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Centredale Manor Restoration Project Superfund Site 
Comments of Emhart Industries, Inc. on EPA's Interim Final 


Feasibility Study Report (April 30, 2010) 


Executive Summary 

\ Introduction 

The United States Environmental Protection Agency ("EPA") released an Interim Final 

Feasibility Study Report ("FS Report") for the Centredale Manor Restoration Project Superfund 

Site (the "Site") on April 30, 2010. EPA has provided interested stakeholders the opportunity to 

comment on the FS Report prior to the Agency's anticipated issuance of the Feasibility Study 

Report together with a Proposed Remedial Action Plan for the Site in the summer of 2011. Since 

being notified of its status as a potentially responsible party ("PRP") at the Site, Emhart 

Industries, Inc. ("Emhart") has commenced litigation and established evidence demonstrating 

that the Site contamination resulted from the drum reconditioning operation run by New England 

Container Company ("NECC") on the Site, and not from the operations of Emhart's alleged 

predecessor, Metro-Atlantic, Inc. Emhart Indus., Inc. v. NECC, CA. 06-0218-S (D.R.I. 2009). 

This evidence, which is summarized in Appendix A and incorporated herein by reference, not 

only negates Emhart's responsibility for Site clean-up and disproves EPA's conceptual site 

model, it also puts at issue the validity of EPA's entire analysis of the proposed remedial 

alternatives by invalidating the F020 waste code listing that EPA proposes to apply under the 

Resource Conservation and Recovery Act ("RCRA") to dioxin-contaminated soil and sediment 

at the Site. 

EPA's arbitrary and capricious failure to conform its outdated conceptual site model to 

the current evidentiary record has resulted in a flawed analysis of the remedial alternatives under 

consideration. EPA's flawed reliance on its outdated conceptual site model has led it, in turn, to 
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incorrectly deem contaminated environmental media at the Site to be a RCRA-listed F020 waste. 

This faulty designation, as well as its unsupported assertions that certain soils on the Site 

constitute principal threat waste ("PTW"), has led EPA to further incorporate into its evaluation 

of the remedial alternatives mistaken assumptions regarding the requirements for and costs of 

addressing contaminated environmental media at the Site. This erroneous analytical framework, 

together with other deficiencies in EPA's evaluation of the remedial alternatives discussed 

below, has led EPA to reject feasible, protective, and cost-effective remedial alternatives, in 

favor of unsupportable alternatives that are infeasible, unnecessary, and/or exorbitant in their 

cost, and inconsistent with the requirements of the Comprehensive Environmental Response, 

Compensation and Liability Act ("CERCLA" or "Superfund") and the National Contingency 

Plan ("NCP"). 

In the FS Report, EPA identifies remedial alternatives for each of five "action areas" 

deemed by EPA to require some level of cleanup. The five action areas at the Site are 

denominated by EPA as the: (1) Allendale and Lyman Mill Reach Sediment action area; (2) 

Allendale Reach Floodplain Soil action area; (3) Lyman Mill Reach Stream Sediment and 

Floodplain Soil action area (the "Oxbow Area"); (4) Source Area Soil action area; and (5) 

Source Area Groundwater action area.1 Emhart has identified significant flaws in EPA's 

evaluation of the remedial alternatives presented in the FS Report for each of these action areas. 

In the event of judicial review, EPA's remedy selection process will be evaluated based on the 

information in the administrative record. The comments provided here include abundant factual 

and legal support from the administrative record for a judicial finding that EPA's favored 

1 Please note that throughout this document, defined terms are designated by capitalization. For example, Source 
Area Groundwater and Source Area Soil are EPA defined terms and are capitalized when referring to the particular 
action area. However, when a term such as "source area soil" is not capitalized, it refers to the soil that is present in 
the Source Area Soil action area or also may be present in the Source Area Groundwater action area. 

{W0207351;5} 

ii 



remedies as set forth in the FS Report, if selected for implementation at the Site, are "arbitrary 

and capricious or otherwise not in accordance with law," the standard of review under Section 

1130X2) of CERCLA. 

The significant flaws in the analysis underlying EPA's remedy selection process have 

resulted in a Feasibility Study ("FS") that favors remedial alternatives that are contrary to 

CERCLA and its implementing regulations. For example, with respect to the Allendale and 

Lyman Mill Reach Sediment action area, the FS Report reflects an apparent preference for 

excavation of potentially enormous quantities of sediment and disposal at an off-Site location, 

contrary to both legal requirements under CERCLA and significant considerations regarding 

technical impracticability. The preferred remedies for both the Allendale Reach Floodplain Soil 

action area and the Lyman Mill Reach Stream Sediment and Floodplain Soil action area pose the 

same concerns. 

With respect to the Source Area Soil action area, EPA has expressed a clear preference in 

the FS Report for a capping remedy that meets or exceeds the requirements for closure of a 

hazardous waste landfill under Subtitle C of RCRA. However, the impacted soils at issue are not 

considered to be a waste at all under EPA's own regulations and guidance documents, and 

therefore are not subject to the unduly stringent (and costly) RCRA Subtitle C closure 

requirements that EPA would seek to impose. 

Finally, with respect to Source Area Groundwater action area, EPA neglected even to 

mention in the FS Report that a fully protective remedy already has been implemented by 

Emhart as part of the recent performance of an EPA-approved time critical removal action 

("TCRA"). This failure to acknowledge the previously-completed remediation of this area is 

flatly contrary to the NCP, which requires that EPA fully consider the "no-action" alternative for 
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an area where, as here, a removal or remedial action already has occurred and such action has 

been shown to be protective of human health and the environment. 

Accordingly, the FS Report must be revised to take account of the current administrative 

record and to reflect a complete, accurate, fair and reasoned assessment of the remedial 

alternatives. 

Site Background 

The Site consists of two parcels located at 2072 and 2074 Smith Street ("the peninsula") 

in North Providence, Rhode Island, and downstream areas that EPA alleges have been impacted 

by activities conducted historically on the two parcels. Currently, there are two high-rise 

apartment buildings known as Brook Village and Centredale Manor on the parcels. On the 

eastern portion of the Site there is a drainage swale or "tail race" that empties into a wooded 

wetland to the south. The Woonasquatucket River (the "River") flows along the western portion 

of the Site. Hazardous substances, including volatile organic compounds ("VOCs"), dioxins, 

polychlorinated biphenyls ("PCBs"), metals, pesticides, and herbicides, have been identified in 

y y - > 

soil, sediment, and groundwater samples collected at various areas of the Site. 

EPA alleges that historic drum reconditioning and chemical manufacturing contributed to 

contamination on the Site. Between approximately 1952 and 1972, NECC operated a steel drum 

reconditioning business on the peninsula area of the Site, which included an incinerator to bum 

residue and paint from inside 55-gallon open-head steel drums, and a caustic bath process for 

cleaning the inside of 55-gallon closed-head drums. These NECC operations were situated near 

the tail race on the eastern side of the peninsula. NECC also stored drums to the south and west 

of the buildings in which it conducted its drum cleaning operation, extending over to the western 

area of the peninsula adjacent to the River. As a result of these and other activities conducted by 
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NECC relating to its drum reconditioning business, a number of hazardous substances were 

released or disposed of throughout the Site, including dioxins, PCBs, pesticides, and herbicides. 

In approximately 1944, Atlantic Chemical Company ("Atlantic Chemical") began 

operations at the Site, producing textile chemicals including defoamers, fire retardants, dye 

fixatives, water repellants, resins, cotton-softeners, powdered soaps, a metal stripper, and 

sulfonated tallow for wool. In 1953, Atlantic Chemical changed its name to Metro-Atlantic, Inc. 

("Metro-Atlantic"), and continued to operate on the Site until approximately 1968. For a period 

of less than one year in the mid-1960s, Metro-Atlantic manufactured hexachlorophene ("HCP") 

in a building separate from its main building operation, and located on the west side of the 

peninsula. EPA alleges that Metro-Atlantic's HCP operation resulted in the release of dioxins at 

the Site and, therefore, dioxin-contaminated environmental media at the Site must be handled as 

a RCRA-listed F020 waste. Emhart is the alleged successor to Metro-Atlantic. 

Emhart's History of Cooperation with EPA 

Since 2000, Emhart has worked with EPA in good faith to establish a cleanup approach 

for the Site that is cost-effective, implementable, and fully protective of human health and the 

environment, while at the same time pursuing discovery from NECC, which resulted in the 

establishment of a factual record which would permit EPA to update and supplement its 

conceptual site model. Between 2000 and 2006, Emhart and several other Potentially 

Responsible Parties ("PRPs") completed three removal actions at the Site. In 2000, Emhart and 

four other PRPs installed a temporary soil cap and implemented limited flood control measures 

at the Site pursuant to a Unilateral Administrative Order ("UAO"). Beginning in 2001, pursuant 

to a second UAO, Emhart and four other PRPs performed additional cleanup measures at the 

Site, including restoring Allendale Dam, sampling residential soils and shoreline sediments, and 

excavating such soils and sediments containing greater than one part per billion ("ppb") of 
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dioxin. In September 2003, Emhart and fourteen other PRPs entered into an Administrative 

Order on Consent with EPA, under which a third removal action was conducted to address 

contaminated soils and sediments in the vicinity of the tail race. 

In 2007 and 2008, pursuant to an Administrative Settlement Agreement and Order on 

Consent ("Settlement Agreement"), Emhart performed hydrodynamic modeling of certain 

remedial alternatives and a comparative ecological risk assessment to assist EPA in conducting 

the FS. Moreover, in 2009 and 2010, pursuant to another Settlement Agreement, Emhart 

performed a TCRA in the Source Area Groundwater action area, which involved excavation and 

off-Site disposal of delineated soils and sediments, and the installation of an impermeable cap. 

More recently, in June 2010, Emhart entered into a Settlement Agreement with EPA to 

perform a supplemental investigation of the Lyman Mill Reach Stream Sediment and Floodplain 

Soil action area ("Oxbow Area"). The purpose of this investigation was to collect additional data 

to permit EPA to: (1) properly evaluate the remedial alternatives set forth in its FS Report; (2) 

analyze potential risks to human health and the environment; and (3) select the proposed 

remedial action for the Oxbow Area of the Site based on more complete information. 

Contemporaneous with its efforts outlined above to cooperate with EPA, Emhart 

developed and submitted extensive evidentiary material to EPA in an effort to supplement the 

administrative record for the Site and thus provide the factual support for EPA to update its 

original site conceptual model. As explained in the following sections, however, EPA failed to 

undertake any such update. 

{W0207351;5} 

vi 



Summary of Applicable Laws, Regulations, and Guidance 

EPA's remedy selection process for the Site must comport with applicable laws, 

regulations, and guidance, which include: 

o	 The Comprehensive Environmental Response, Compensation and Liability Act, 

CERCLA Section 121, which sets forth the requirements for selection of remedial 

actions at Superfund sites, including reliability, cost-effectiveness, and protection of 

human health and the environment. 

o	 The National Contingency Plan ("NCP"), which requires EPA to develop a fully 

informed conceptual site model consistent with the record evidence, and also outlines 

nine criteria that EPA must address in evaluating whether remedial alternatives meet 

the requirements of CERCLA Section 121. These criteria include two threshold 

criteria (protection of human health and the environment; and compliance with 

federal and state applicable or relevant and appropriate requirements); five primary 

balancing criteria (long-term effectiveness and permanence; reduction of contaminant 

toxicity, mobility, or volume through treatment; short-term effectiveness; 

implementability; and cost); and two modifying criteria (state acceptance, and 

community acceptance). 

o	 Applicable or Relevant and Appropriate Requirements ("ARARs") posed by federal 

environmental or more stringent state laws, with which remedies selected by EPA 

must comply. ARARs identified for the Site include the following: 

•	 The Resource Conservation and Recovery Act ("RCRA"), and the Toxic 

Substances Control Act ("TSCA"); 
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• Preliminary Remediation Goals ("PRGs") for dioxins and dioxin-like 

contaminants in soils; 

•	 Executive Orders, which EPA requires "to be considered" consistent with 

CERCLA; 

•	 Requirements promulgated by the Rhode Island Department of Environmental 

Management ("RIDEM") regarding the siting of waste treatment, storage and 

disposal facilities; control of discharges to surface waters; and prevention of 

further degradation of surface waters and groundwater; and 

o	 The Information Quality Act ("IQA"), which requires that information and data 

disseminated by EPA meet government standards for objectivity, utility, and 

integrity. 

Additionally, EPA must follow applicable guidance and policy, including the principles 

for managing contamination in sediments and Remedial Investigation/Feasibility Study 

("RI/FS") guidance encompassed within EPA technical and policy documents aimed at guiding 

the development of the conceptual site model, the evaluation of remedial alternatives during the 

FS and remedy selection process, and specific risk management decision-making. 

Discussion of Remedial Alternatives 

EPA's evaluation of remedial alternatives presented in the FS Report suffers from major 

deficiencies, including the following: 

o	 EPA's conceptual site model for the Site is static, outdated, and factually erroneous. 

Moreover, it is not supported by information in the administrative record. 

o	 EPA incorrectly deems all contaminated environmental media at the Site to be a 

RCRA-listed F020 waste. However, the contaminants cannot be traced to a release of 
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waste from a single original process meeting any listing description. EPA also 

inconsistently classifies the contaminated environmental media and misapplies 

RCRA, which results in EPA favoring more costly remedial alternatives than are 

necessary or permissible. 

o	 EPA fails to meet the requirements of the IQA; it omits information and data 

concerning changed Site conditions, including improvements resulting from the 

TCRA completed by Emhart in the Source Area Groundwater action area, and recent 

soil and sediment sampling data for the Oxbow Area. 

o	 EPA inadequately defines the dioxin cleanup goals for the Site, referencing upstream 

background concentrations that are uncertain, and improperly considers speculative 

future changes to the PRGs for dioxins and dioxin-like contaminants in soils, rather 

than evaluating the remedial alternatives based on current requirements. 

o	 EPA fails to adequately define the volume of soil and sediment to be excavated and 

disposed in confined disposal facilities ("CDFs"), or excavated and disposed off-Site 

under several of the remedial alternatives, which creates substantial uncertainty 

regarding the cost and feasibility of implementing such remedial alternatives. 

With regard to each of the five action areas at the Site, EPA's location-specific analysis 

also is flawed, resulting in the "screening out" or rejection of otherwise cost-effective, protective, 

and implementable remedial alternatives, as discussed below: 

o	 For the Allendale and Lyman Mill Sediment action areas: 

•	 EPA improperly applies Executive Order ("EO") 11988 to reject the nearshore 

CDF disposal alternative. EO 11988 is not an absolute prohibition against 

selecting a remedy in a floodplain; it applies only where the option under 
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consideration would adversely affect the floodplain. Here, hydrodynamic 

modeling demonstrates that the nearshore CDF disposal option would have 

negligible effect on the floodplain and floodplain inundation. EPA also fails 

to recognize that off-Site disposal of contaminated soil and sediment is 

infeasible due to the unpredictable ~ and potentially high ~ volume and cost, 

potential unavailability of off-Site disposal capacity, the environmental impact 

of transport, and other factors requiredto be considered. 

EPA improperly screens out, without substantive consideration, the channel-

only configuration for pond remediation, based on the supposition that there 

would be community opposition. However, EPA cannot apply the community 

acceptance criteria as a basis to screen out an otherwise acceptable remedial 

alternatives at the FS stage; rather, EPA must first apply the two threshold and 

five primary balancing criteria under the NCP. In fact, EPA did not apply the 

community acceptance criteria to alternatives that it favors, which already are 

known to have community opposition, such as the upland CDF disposal 

option. 

With regard to the upland CDF option, EPA fails to address key uncertainties 

regarding: (1) the volume of contaminated soil and sediment to be excavated 

and disposed of; (2) the availability for purchase and the price of properties 

upon which to construct the upland CDFs; (3) the ability to obtain a Land 

Disposal Restriction ("LDR") treatability variance; (4) whether the upland 

CDFs would be deemed "on-Site" for purpose of CERCLA's permitting 

exemptions; (5) the suitability and sufficiency of space to construct upland 
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CDFs of requisite capacity; and (6) the practicability of conducting 

confirmatory sampling to establish the adequacy of the cleanup. If these 

uncertainties are adequately addressed, a modified approach involving the 

placement of upland CDFs may be implementable. 

•	 Off-Site disposal is not a feasible option because there may not be off-Site 

facilities able to accept the volume of excavated material at the time that the 

remedy is implemented, and because this option would run afoul of EPA's 

extensive efforts to promote green remediation. 

Emhart's recommended approach, which involves the placement of excavated soils and 

sediments into a nearshore CDF or isolation caps within the footprints of the ponds, is the most 

protective, implementable, and cost-effective disposal option for soils and sediments to be 

excavated at the Site. 

o	 For the Allendale Reach Floodplain Soil action area, EPA's location-specific 

analysis is flawed for the same reasons and in the same manner as the analysis of 

alternatives for the Allendale and Lyman Mill Sediment action area, as discussed 

above. 

o	 For the Lyman Mill Reach Stream Sediment and Floodplain Soil action area (the 

"Oxbow Area"), EPA failed to consider data from Emhart's supplemental 

investigation; instead, it relied on scant data to identify and evaluate remedies that, 

consequently, are unreliable. EPA goes so far as to even identify possible remedies in 

the FS Report for emergent wetland and floodplain soil at the confluence of 

Assapumpsett Brook and the River, and in the southeastern portion of Lyman Mill 

Pond, despite the absence of any analytical data whatsoever from those areas. 
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Specifically, analytical data produced in September and November 2010, from the 

additional sampling conducted by Emhart under the Settlement Agreement with EPA 

to further investigate the Oxbow Area, demonstrates that dioxin levels in these soils 

do not pose an unacceptable risk to human health or the environment. Consequently, 

excavation and/or thin layer capping of these areas is not warranted. Moreover, in 

accordance with the NCP, the analytical data collected by Emhart must be 

incorporated into the FS, applied in further consideration of risk to human health or 

the environment, and evaluated in determining the need for, and, as appropriate, the 

selection of, remedial alternatives for the Oxbow Area of the Site, 

o	 For the Source Area Soil action area: 

•	 EPA incorrectly applies RCRA closure requirements to contaminated 

environmental, in-place media, which are not hazardous waste subject to 

RCRA regulation. Further, EPA concludes that soils in this action area are 

PTW, although there is no evidence in the administrative record to conclude 

that magnetic anomalies found in preliminary testing or PCBs found in soil 

samples are relevant for purposes of declaring the soil to be PTW. 

•	 Based on the misapplication of RCRA and the unsubstantiated conclusion that 

PTW is present at the Site, EPA arbitrarily and capriciously screens out 

Emhart's recommended approach, Alternative 2 - long-term monitoring and 

maintenance of the existing surfaces. With modification, this approach would 

address EPA's concern regarding contaminants present in the soil at 

concentrations that may trigger Rhode Island's-^GB leachability criteria, and 

also would address TSCA closure requirements. In fact, Alternative 2, if 
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modified, is fully protective of human health and the environment, 

implementable, and cost-effective. 

•	 EPA gives no consideration to the need to relocate the residents of the Brook 

Village and Centredale Manor apartments, and the inherent danger, difficulty, 

and impracticability of such relocation activities to effectuate alternatives 

involving excavation of soil and/or replacement of the existing caps in this 

area. 

o	 For the Source Area Groundwater action area, EPA improperly rejects the "no

action" alternative as not protective, having failed to address the work performed in 

the TCRA and the associated improvement in Site conditions since the Remedial 

Investigation ("RI") was conducted. The TCRA, by agreement with EPA, was to be 

subsequently evaluated with respect to its success in mitigating: (1) potential impacts 

to groundwater and the River, through excavation and off-Site disposal of certain 

identified contaminated soils and sediments, and (2) potential migration of any 

residual contamination through installation of an impermeable cap. However, EPA 

fails to consider the "no action" alternative due to the Agency's continuing - and 

erroneous - assumption in its conceptual site model that dioxins are migrating in 

groundwater via facilitated or colloidal transport mechanisms. The TCRA effectively 

mitigated any risk associated with such theoretical migration. Moreover, post-TCRA 

groundwater sampling at monitoring wells installed for that purpose has yielded 

results significantly lower than EPA's cleanup goals, demonstrating the efficacy of 

the TCRA, and the appropriateness of EPA selecting the "no-action" alternative, 

which is fully protective of human health and the environment. 
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Conclusion 

In summary, in its FS analysis, EPA has disregarded key legal requirements in CERCLA, 

and has ignored crucial technical facts and evaluation processes contrary to the NCP, rendering 

the resulting alternatives analysis and EPA's favored remedial alternatives unreliable and, 

consequently, unsupportable under the standard of review in CERCLA Section 113 for numerous 

reasons, including the following: 

• EPA arbitrarily, and contrary to its own regulations, rules and guidance 

documents, concludes that all impacted environmental media at the Site contain a 

RCRA F-listed waste, and that certain soils contain PTW; 

• EPA fails to acknowledge the TCRA, and its mitigation of the need for further 

remediation of the source area groundwater; 

• EPA makes improper assumptions regarding community opposition to the most 

cost-effective remedial alternatives for the Ponds and the River sediment (while 

ignoring the high probability of community opposition to the alternative that EPA 

champions); 

• EPA misconstrues RCRA and TSCA, and misapplies the ARARs, leading to 

improper and unsupported conclusions regarding the scope of necessary 

excavation and capping; 

• EPA improperly applies EO 11988 when evaluating the implementability of the 

nearshore CDF, and ignores the hydrodynamic modeling demonstrating that the 

nearshore CDF would result in no appreciable flood inundation effects on the 

system; and 

• EPA fails to adequately assess the cost and timeliness with which an upland CDF 
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could be sited. 

Based on the foregoing listed failures of EPA to comply with the requirements of 

CERCLA and its implementing regulations and guidance documents, EPA is poised to select 

remedial alternatives for the designated action areas at the Site that are infeasible to implement, 

unnecessary, and unreasonably costly, including remedies that would require excavation and off-

Site disposal of large quantities of soil and sediment, and the installation of RCRA-compliant 

caps. Emhart's comments on the FS Report demonstrate that far more cost effective, equally 

protective, and readily achievable remedial alternatives (including the "no action" alternative for 

Source Area Groundwater) are available that would fulfill the mandates of CERCLA and the 

NCP. By ignoring important evidence and maintaining its sorely out-of-date conceptual site 

model, EPA has premised its evaluation of remedial alternatives in the FS Report on faulty and 

erroneous assumptions about the sources, types, and attributes of Site contaminants. Moreover, 

in failing to consider important facts and scientific data included in the administrative record 

since the Remedial Investigation was conducted, EPA has failed to give the requisite 

consideration to effective, implementable, cost-effective and equally protective remedial 

alternatives that are available. 

All of the foregoing-described conduct engaged in by EPA is arbitrary and capricious, 

and contrary to CERCLA, the NCP, and EPA's own guidance. Accordingly, EPA must consider 

the information highlighted in these comments and the accompanying appendix, and rectify its 

fundamentally flawed feasibility study analysis by: 1) updating its conceptual site model to 

accurately reflect the current state of the administrative record; 2) properly applying Site 

ARARS, including abandoning its incorrect F020 waste code and PTW designations for in-place 
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contaminated environmental media; and 3) re-evaluating and modifying the remedial alternatives 

under consideration for the Site. 
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Centredale Manor Restoration Project Superfund Site 

Emhart Industries, Inc.'s Comments on the Interim Final Feasibility Study Report 


(April 30, 2010) 


I. Introduction 

Emhart Industries, Inc. ("Emhart") respectfully submits these comments on the Interim 

Final Feasibility Study Report ("FS Report") released by the Environmental Protection Agency 

("EPA") for the Centredale Manor Restoration Project Superfund Site in North Providence, 

Rhode Island (the "Site"), and requests that they be included in the administrative record for the 

Site. We have included herein an overview of the Site background, including the Site history 

and a description of historic Site operations; a summary of the laws, regulations, and guidance 

applicable to EPA's remedy selection process at the Site; and a discussion of the various 

remedial alternatives under consideration by EPA for each of the designated "action areas" at the 

Site. For ease of review, we also have included an Executive Summary of our comments at the 

outset of this document. Moreover, we have provided in Appendix A, which is incorporated 

herein by reference, an evidentiary summary documenting the flaws in EPA's conceptual site 

model and RCRA waste code determination identified in the FS Report. 

Emhart has identified herein numerous shortcomings in EPA's remedy selection process 

as embodied in the FS Report. In the likely event of judicial review, the validity of EPA's 

remedy selection process will be determined based solely on the administrative record. The 

comments provided herein include abundant factual and legal support that would permit a 

judicial finding that EPA's remedy selection process was "arbitrary and capricious or otherwise 

not in accordance with law," the standard of review under Section 113(j)(2) of the 

2 Emhart reserves its right to file further comments upon EPA's release of the final Feasibility Study and Proposed 
Remedial Action Plan for the Site. 
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Comprehensive Environmental Response, Compensation and Liability Act ("CERCLA" or 

"Superfund"). 

The Site consists of two parcels located at 2072 and 2074 Smith Street (the "peninsula") 

in North Providence, Rhode Island, adjacent to the Woonasquatucket River ("River"), and 

downstream areas that allegedly have been impacted by activities on the two parcels. Substances 

designated as "hazardous" under CERCLA, including volatile organic compounds ("VOCs"), 

semivolatile organic compounds ("SVOCs"), dioxins, furans, polychlorinated biphenyls 

("PCBs"), metals, herbicides, and pesticides, have been detected at the Site, including on the two 

parcels, along the riverbank, and in sediments in two downstream ponds - Allendale Pond and 

Lyman Mill Pond. 

In the FS Report, EPA identifies remedial alternatives for each of five "action" areas 

deemed by EPA to require some level of cleanup. The five action areas at the Site are 

denominated as: (1) Allendale and Lyman Mill Reach Sediment, consisting of Allendale Pond, 

the River channel north of Allendale Pond, and Lyman Mill Pond; (2) Allendale Reach 

Floodplain Soil, consisting of the floodplain areas abutting the river channel north of Allendale 

Pond and abutting Allendale Pond itself; (3) Lyman Mill Reach Stream Sediment and Floodplain 

Soil (the "Oxbow Area"), consisting of the stream channel and old mill raceway connecting 

Allendale and Lyman Mill Ponds, as well as the forested wetland southwest of Allendale Dam 

and floodplain areas abutting Lyman Mill Pond; (4) Source Area Soil; and (5) Source Area 

Groundwater.3 

3 Please note that throughout this document, defined terms are designated by capitalization. For example, Source 
Area Groundwater and Source Area Soil are EPA defined terms and are capitalized when referring to the particular 
action area. However, when a term such as "source area soil" is not capitalized, it refers to the soil that is present in 
the Source Area Soil action area or also may be present in the Source Area Groundwater action area. 
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Emhart has identified herein significant flaws in EPA's remedy selection process, which 

have resulted in a FS Report that favors remedial alternatives that are neither implementable nor 

cost-effective, and, further, are contrary to CERCLA and the National Contingency Plan 

("NCP"), its implementing regulations. For example, with respect to the Allendale and Lyman 

Mill Reach Sediment action area, the FS Report reflects an apparent preference for excavation of 

potentially enormous quantities of sediment and disposal at an off-Site location, contrary to both 

legal requirements under CERCLA and significant considerations regarding technical 

impracticability. The preferred remedies for both the Allendale Reach Floodplain Soil action 

area, and the Lyman Mill Reach Stream Sediment and Floodplain Soil action area, pose many of 

the same concerns. 

With respect to the Source Area Soil action area, EPA has expressed a clear preference in 

the FS Report for a capping remedy that meets or exceeds the requirements for closure of a 

hazardous waste landfill under Subtitle C of the Resource Conservation and Recovery Act 

("RCRA"). However, the impacted soils at issue are not considered to be a waste at all under 

EPA's own regulations and guidance documents, and therefore are not subject to the unduly 

stringent (and costly) RCRA Subtitle C closure requirements that EPA would seek to impose. 

Finally, with respect to the Source Area Groundwater action area, EPA neglected to even 

mention in the FS Report that a fully protective remedy already has been implemented by 

Emhart as part of the performance of an EPA-approved time critical removal action ("TCRA"). 

This failure to acknowledge the previously-completed remediation of this area is flatly contrary 

to the NCP, which requires that EPA fully consider the "no-action" alternative for an area where, 

as here, a removal or remedial action has already occurred and such action has been shown to be 

protective of human health and the environment. 
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II. Background 

A. Site History 

In or around 1952, the New England Container Company ("NECC") began a steel drum , 

reconditioning operation at the Site whose primary facilities were on the eastern side of the 

peninsula adjacent to the "tailrace." However, NECC's receiving, storage and waste disposal 

activities eventually encompassed much of the peninsula. As documented in Appendix A, this 

operation included the processing through an incinerator of residue-laden 55-gallon open-head 

steel drums, which thereafter were reconditioned and painted for reuse. For a period of time, 

NECC also reconditioned residue-laden 55-gallon closed-head drums by means of a caustic 

washing process. These processes and other activities conducted by NECC in connection 

therewith resulted in the release of a large volume of numerous CERCLA hazardous substances 

at the Site, including dioxins, PCBs, pesticides, and herbicides. NECC operated at the Site until 

1972. 

Atlantic Chemical Company began operations at the Site in 1944, as a manufacturer of 

textile chemicals and, for a period of time, products used in the paper industry. In 1953, Atlantic 

Chemical changed its name to Metro-Atlantic, Inc. ("Metro-Atlantic") and continued to operate 

on the Site until 1968. As further documented in Appendix A, for a period of months in the mid

1960s, Metro-Atlantic manufactured hexachlorophene ("HCP") in a building separate from its 

main operations. EPA wrongly alleges that Metro-Atlantic's HCP operation resulted in the 

release of dioxins at the Site. Emhart is the alleged successor to Metro-Atlantic. 

Currently, there are two high-rise apartment buildings, known as Brook Village and 

Centredale Manor, on the parcels. Adjacent to the eastern side of the peninsula is a drainage 

swale or "tail race" that ultimately empties into Allendale Pond. The River flows along the 

western side of the peninsula. 
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B. Emhart's History of Cooperation 

EPA released an Interim Final Remedial Investigation Report ("RI Report") for the Site 

in June 2005. The FS Report that is the subject of the comments provided herein was released in 

April 2010. During the preparation of the FS, Emhart cooperated with EPA to carry out 

extensive additional sampling and analysis necessary to complete the Site characterization 

process and assessment of remedial alternatives, document the efficacy of response activities to 

date, and confirm that contaminants are not migrating in source area groundwater, as discussed 

below. 

As early as 2000, Emhart began working with EPA to identify a range of remedial 

alternatives for the Site in an effort to establish a sensible cleanup approach that is both cost-

effective and fully protective of human health and the environment. Since that time, Emhart has 

expended in excess of $10 million in investigating and mitigating potential hazards at the Site. 

Initial measures, some of which were undertaken in conjunction with one or more other 

Potentially Responsible Parties ("PRPs"), included installation of a temporary soil cap and 

implementation of flood control measures on the peninsula, restoration of Allendale Dam, 

sampling and excavation of residential soils and shoreline sediments, and capping of soils and 

sediments adjacent to the eastern side of the peninsula. 

In 2007 and 2008, Emhart performed a hydrodynamic analysis of the River and Allendale 

Pond, and a Comparative Ecological Risk Assessment, to further EPA's evaluation of remedial 

alternatives. This resulted in the incorporation of a "nearshore" confined disposal facility 

. ("CDF") as an additional disposal option under consideration by EPA. Thereafter, in 2009 and 

2010, Emhart excavated a large volume of soils and sediments, which were disposed off-Site, 

and installed an impermeable cap in fulfillment of the requirements of the aforementioned TCRA 

to address the Source Area Groundwater action area. 
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Also in 2009, Emhart commenced litigation against NECC and began pursuing 

discovery. The litigation resulted in a greatly expanded factual record which directly refuted the 

"conceptual site model" in EPA's RI Report. Emhart Indus., Inc. v. NECC, CA. 06-0218-S 

(D.R.I. 2009). 

Most recently, Emhart performed a supplemental investigation at the location designated 

as the "Lyman Mill Reach Stream Sediment and Floodplain Soils action area." The purpose of 

that investigation was to collect additional data necessary to permit EPA to evaluate properly the 

remedial alternatives under consideration for this area, analyze potential risks to human health 

and the environment posed by this area, and ultimately to select an appropriate remedial action 

for this area. 

Notwithstanding Emhart's aforementioned record of cooperation with EPA, and its 

submission to EPA of extensive evidentiary material revealing gross inaccuracies in the 

"conceptual site model" contained in its RI Report, EPA apparently elected to disregard much of 

the technical input and factual record developed by Emhart, and in 2010 released its flawed 

FS Report. 

III. Summary of Applicable Laws, Regulations, and Guidance 

A. CERCLA and NCP Requirements for Remedy Selection 

1. CERCLA § 121 

Section 121 of CERCLA sets forth the requirements for selecting remedial actions at 

CERCLA sites, including the one at issue here. See 42 U.S.C. § 9621. CERCLA § 121 requires 

the selection of remedies that comply with the NCP, are highly reliable, and provide long-term 

protection of human health and the environment. Id. § 9621(a). Cost-effectiveness is an 

essential requirement for any remedial action selected for a CERCLA site. Id. § 9621(a), (b). 

Section 121 also requires selected remedial actions to comply with legally "applicable or 
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relevant and appropriate requirements" ("ARARs"), which are cleanup standards and other 

environmental protection standards and criteria established under federal law, and under state 

law if the state requirements are more stringent than federal obligations. Id. § 9621(d). 

CERCLA § 121(e)(1) provides that "[n]o Federal, State, or local permit shall be required 

for the portion of any removal or remedial action conducted entirely onsite, where such remedial 

action is selected and carried out in compliance with this section." 42 U.S.C. § 9621(e)(1). The 

NCP defines "on-Site" as "the areal extent of contamination and all suitable areas in very close 

proximity to the contamination necessary for implementation of the response action." 40 C.F.R. 

§ 300.400(e)(1). For an area to qualify as "on-Site," it must be (1) necessary for implementation 

of a response action, (2) suitable, and (3) in very close proximity to the contamination area. 

United States v. General Electric Co., 460 F. Supp. 2d 395, 403 (N.D.N.Y. 2006). The 

definition of "on-Site" is broader than the related concept of "area of contamination" and, thus, 

provides flexibility when implementation of the response action requires activities outside the 

area of contamination itself and/or areas not contiguous with the site. See U.S. EPA, 

Introduction to ARARs: Applicable or Relevant and Appropriate Requirements (Jun. 1992), at 5. 

2. NCP Requirements 

a. Development of Conceptual Site Model 

The NCP requires EPA to develop a "conceptual site model" at the earliest stages of the 

RI process. See 40 C.F.R. § 300.430(b)(2) (EPA "shall. . . develop a conceptual understanding 

of the site based on the evaluation of existing data . . ."). EPA interpretive guidance also 

recognizes the development of a "conceptual site model" as a critical part of the site investigative 

process. See U.S. EPA, Guidance for Conducting Remedial Investigations and Feasibility 

Studies Under CERCLA, OSWER Dir. 9355.3-01 (Oct. 1988) ("RI/FS Guidelines"), at 2-3 to 2

7. The RI/FS Guidelines identify the development of a conceptual site model as a specific 
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activity to be conducted in the project planning stage for the RI/FS. It is used to assess "both the 

nature and the extent of contamination and to identify potential exposure pathways and potential 

human health and/or environmental receptors." Id. at 2-3. The RI/FS Guidelines further identify 

the categories of information to be considered in developing the conceptual site model. The 

"conceptual site model .should include known and suspected sources of contamination, types of 

contaminants and affected media, known and potential routes of migration, and known or 

potential human and environmental receptors." Id. at 2-7. 

In applying the conceptual site model to the RI/FS process, EPA guidance clearly 

recognizes that the conceptual site model should be "carefully maintained and updated 

throughout the life of the site activities." See U.S. EPA, Data Quality Objectives Process for 

Hazardous Waste Site Investigations, EPA QA/G-4HW, EPA/600/R-00/007, January 2000, at 

15 L (providing guidance on developing data quality objectives for environmental data collection 

in support of hazardous waste site investigations, including Superfund remedial investigations). 

Regarding the process for developing and screening remedial action alternatives for the 

FS, EPA guidance states that "[s]ite characterization activities are typically continued throughout 

the . . . process," and that "[t]he need for additional data may be determined at any time and/or a 

number of times throughout the process." U.S. EPA, The Feasibility Study: Development and 

Screening of Remedial Action Alternatives, OSWER Directive 9355.3-01FS3, November 1989. 

b. Remedy Selection Criteria 

The NCP identifies the criteria EPA must use in evaluating remedial alternatives for 

cleaning up a Superfund site consistent with CERCLA § 121 cleanup standards. See 40 C.F.R. 

§ 300.430. For each remedial alternative being considered in the cleanup of a Superfund site, the 

NCP requires EPA to conduct a detailed analysis based on nine criteria. These criteria include 
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two "threshold criteria," "five primary balancing criteria," and two "modifying criteria." 40 

C.F.R. § 300.430(f)(l)(i)(A)-(C). 

The two threshold criteria are (1) overall protection of human health and the 

environment; and (2) compliance with ARARs. Id. § 300.430(e)(9)(iii)(A)-(B). The first 

threshold criterion focuses on whether the proposed remedial alternative provides adequate 

protection to human health and the environment - assessing both long-term and short-term 

effectiveness. The second threshold criterion assesses whether the proposed remedial alternative 

is in compliance with specific federal and state environmental regulations, and includes 

consideration of chemical-specific, location-specific, and action-specific ARARs. If an ARAR 

cannot be met for any particular remedial alternative, EPA must consider whether a waiver of 

that particular requirement is appropriate. See RI/FS Guidelines, at 6-7 to 6-8. 

The five primary balancing criteria are: (1) long-term effectiveness and permanence, 

which assesses the risk remaining at the site upon completion of a remedial action; (2) reduction 

of toxicity, mobility, or volume through treatment, and how such treatment will address the site's 

principal threats; (3) short-term effectiveness, which assesses the remedial alternative during the 

construction and implementation phase and considers factors such as environmental impact and 

protection of the community and workers during the remedial action; (4) implementability, 

which evaluates the technical and administrative feasibility of the remedial alternative; and (5) 

cost, which includes consideration of direct and indirect capital costs, annual operation and 

maintenance costs, and net present value of such costs. 40 C.F.R. §§ 300.430(e)(9)(iii)(C)-(G). 

Cost is a "central factor in all Superfund remedial selection decisions." Id. § 300.430(e)(9)(iii); 

see also U.S. EPA, The Role of Cost in the Superfund Remedy Selection Process, Pub. 9200.3

23FS(Sep. 1996), a t l . 
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The two modifying criteria are (1) state acceptance, including consideration of a State's 

key issues and concerns, as well as state ARARs and use of waivers; and (2) community 

acceptance - taking into consideration community support and opposition to a proposed remedial 

alternative. 40 C.F.R. § 300.430(e)(9)(iii)(H)-(I). 

EPA must follow specific procedures in applying these nine criteria. See U.S. EPA, 

A Guide to Preparing Superfund Proposed Plans, Records of Decision, and Other Remedy 

Selection Decision Documents, OSWER 9200.1-23P (Jul. 1999) ("Guide to Preparing Superfund 

Proposed Plans'"), at 1-5. As explained by the U.S. Court of Appeals for the D.C. Circuit: 

While the NCP identifies nine criteria to be used in selecting a remedy, all of the 
criteria are not given equal weight. Instead, they are divided into three 
classifications: threshold criteria, primary balancing criteria, and modifying 
criteria. Under this structure, "[o]verall protection of human health and the 
environment and compliance with ARARs (unless a specific ARAR is waived) 
are threshold requirements that each alternative must meet in order to be eligible 
for selection." 40 C.F.R. § 300.430(f)(l)(i)(A). EPA explained in the preamble 
to the NCP that remedial alternatives "must be demonstrated to be protective ... in 
order to be eligible for consideration in the balancing process by which the 
remedy is selected." 55 Fed. Reg. 8726 (1990). 

State of Ohio v. EPA, 997 F.2d 1520, 1531 (D.C. Cir. 1993). 

Thus, a proposed remedial alternative is only eligible for consideration if it meets the two 

threshold criteria. 40 C.F.R. § 300.430(f)(l)(i)(A). Thereafter, EPA must use the five primary 

balancing criteria to evaluate each remedial alternative. Id. § 300.430(f)(l)(i)(B). EPA must 

select preferred remedial alternatives that satisfy the threshold criteria and provide the "best 

balance of trade-offs" with respect to the five primary balancing criteria. Id. 
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§ 300.430(f)(l)(ii)(E). The preferred remedial alternatives selected in the FS are to be based on 

EPA's assessment of these first seven criteria.4 

Once the preferred remedial alternatives are selected for the site, EPA prepares and 

publishes a proposed plan for public and state consideration. Id. § 300.430(f)(2). If necessary, 

EPA can modify the plan based on the comments received from the State and the community, 

thereby applying the "state acceptance" and "community acceptance" modifying criteria. 

Id. § 300.430(f)(4). As EPA notes in its RI/FS Guidelines, "[modifying criteria, ... may be 

considered to the extent that information is available during the FS, but can be fully considered 

only after public comment is received on the Proposed Plan. In the final balancing of trade-offs 

between alternatives upon which the final remedy selection is based, modifying criteria are of 

equal importance to the balancing criteria." See Guide to Preparing Superfund Proposed Plans, 

at 3-7 (emphasis added). 

3. Standard of Review 

In the event of judicial review, a court will evaluate EPA's remedy selection process 

under the standard of judicial review set forth in CERCLA § 113(j)(l), which provides that 

"judicial review of any issues concerning the adequacy of any response action taken or ordered 

by the [EPA] shall be limited to the administrative record." 42 U.S.C. § 9613(j)(l). 

CERCLA § 113(j)(2) further provides that, in considering objections, the court may reject the 

response action selected if "the objecting party can demonstrate, on the administrative record, 

that the decision was arbitrary and capricious or otherwise not in accordance with law." 

M  § 96130(2). 

4 The RI is the key tool for initially collecting and characterizing the relevant site data, which can then be used to 
conduct a detailed analysis of proposed remedial alternatives in the FS, applying the threshold and primary 
balancing criteria consistent with the requirements of CERCLA and the NCP. Id. § 300.430(e). 
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In assessing whether EPA's decision-making is arbitrary and capricious under CERCLA 

§ 113(j), courts have examined whether "[t]he agency has relied on factors which Congress has 

not intended it to consider, entirely failed to consider an important aspect of the problem, offered 

an explanation for its decision that runs counter to the evidence before the agency, or is so 

implausible that it would not be ascribed to a difference in view or the product of agency 

expertise." United States v. Burlington N.R.R. Co., 200 F.3d 679, 689 (10th Cir. 1999). 

B.	 Principles for Managing Contaminated Sediments 

EPA issued its Contaminated Sediment Remediation Guidance for Hazardous Waste Sites 

to provide technical and policy guidance for federal and state project managers considering 

remedial response actions under CERCLA. See U.S. EPA, Contaminated Sediment Remediation 

Guidance for Hazardous Waste Sites, OSWER 9355.0-85 (Dec. 2005), Executive Summary 

("Contaminated Sediment Remediation Guidance"). The emphasis of this guidance is on 

evaluating alternatives during the feasibility study and remedy selection stage. See id. at 1-2. As 

EPA points out, "many aspects of the cleanup process may be more complex at sediment sites 

versus sites with soil or ground water contamination alone," and a number of potentially 

complicating factors for addressing contaminated sediment sites are identified: 

•	 sediment sites may have a large number of sources, some of which can be 

ongoing and difficult to control; 

•	 the sediment environment is usually dynamic, and understanding the effect of 

natural forces and man-made (anthropogenic) events on sediment movement and 

stability as well as contaminant transport can be difficult; 

•	 cleanup work in an aquatic environment is frequently difficult from an 

engineering perspective and may be more costly than other media; 
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•	 contamination is often diffuse and the sites are often large and diverse (e.g., 

mixed use, numerous property owners); 

•	 many sediment sites contain ecologically valuable resources or legislatively 

protected species or habitats; 

•	 for large sites, a number of communities with differing views and opinions may 

be affected; and 

• there may be significant injuries to trustee resources at sediment sites. 

See id. at 1-3 to 1-4. 

The Contaminated Sediment Remediation Guidance incorporates EPA's Principles for 

Managing Contaminated Sediment Risks at Hazardous Waste Sites, OSWER Dir. 9285.6-08 

(Feb. 2002) ("Principles for Managing Contaminated Sediment Risks"), issued by the Office of 

Solid Waste and Emergency Response. See Contaminated Sediment Remediation Guidance, at 

1 -5. Principles for Managing Contaminated Sediment Risks outlines a framework for making 

risk management decisions concerning hazardous waste sites that have contaminated sediments. 

It presents an iterative approach to site evaluation to ensure that the site is fully understood 

before remedial decisions are made. See Principles for Managing Contaminated Sediment Risks, 

at 1. Specifically, the guidance in the Principles for Managing Contaminated Sediment Risks 

presents eleven risk management principles to be considered, the following eight of which 

predominate: 

•	 develop and refine a conceptual site model that considers sediment stability; 

•	 use an iterative approach in a risk-based framework; 

•	 carefully evaluate the assumptions and uncertainties associated with site 

characterization data and site models; 
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•	 select site-specific, project-specific, and sediment-specific risk management 

approaches that will achieve risk-based goals; 

•	 ensure that sediment cleanup levels are clearly tied to risk management goals; 

•	 maximize the effectiveness of institutional controls and recognize their 

limitations; 

•	 design remedies to minimize short-term risks while achieving long-term 

protection; and 

•	 monitor during and after sediment remediation to assess and document remedy 

effectiveness. 

Id. at 2-9. These principles are intended to be applied within the framework of EPA's existing 

statutory and regulatory requirements, including the NCP's nine remedy selection criteria (40 

C.F.R. § 300.430). See id. at 1-2. 

Moreover, the Contaminated Sediment Remediation Guidance instructs the remedy 

selection teams to refer to OSRTI Sediment Team andNRRB [National Remedy Review Board] 

Coordination at Large Sediment Sites, OSWER Dir. 9285.6-11 (Mar. 2004), to help ensure that 

the principles are appropriately considered before making site-specific risk management 

decisions. Contaminated Sediment Remediation Guidance, at 1-5. 

C.	 Applicable or Relevant and Appropriate Requirements ("ARARs") 

CERCLA § 121(d)(2) requires that the level of control for any contaminant that will 

remain on-Site after completion of the remedial action must meet ARARs posed by Federal 

environmental or more stringent State laws. See 42 U.S.C. § 9621(d)(2); see also U.S. EPA, 

CERCLA Compliance With Other Laws Manual: Interim Final (Aug. 1988) ("CERCLA 

Compliance With Other Laws Manual"), at 1-2. EPA may obtain a waiver of an ARAR if, inter 
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alia, (1) compliance with an ARAR will result in greater risk to human health and the 

environment; (2) compliance with an ARAR is technically impracticable; (3) the selected remedy 

will attain an equivalent standard of performance; or (4) a State has not consistently applied the 

ARAR. See 42 U.S.C. § 9621(d)(4); see also CERCLA Compliance With Other Laws Manual, at 

1-71 to 1-75. 

Requirements are "applicable" if they "specifically address a hazardous substance, 

pollutant, contaminant, remedial action, location, or other circumstance found at a CERCLA 

site." See 40 C.F.R. § 300.5. In order for a requirement to be applicable, "the remedial action or 

the circumstances at the site [should] satisfy all of the jurisdictional prerequisites of a 

requirement." CERCLA Compliance With Other Laws Manual, at 1-10 (emphasis added). 

Requirements that are not applicable may be "relevant and appropriate" if they "address 

problems or situations sufficiently similar to those encountered at the CERCLA site that their use 

is well suited to the particular site." See 40 C.F.R. § 300.5. A determination must be made that 

the requirement is both relevant and appropriate based on the evaluation of site-specific factors. 

See CERCLA Compliance With Other Laws Manual, at 1-10. 

1. Resource Conservation and Recovery Act ("RCRA") 

a. Definition of Hazardous Waste and the Contained-in Policy 

RCRA regulates the identification and management of hazardous waste. See 42 U.S.C. 

§ 6902. RCRA is potentially applicable to remedies at sites that involve the cleanup of material 

identified as RCRA hazardous waste. Before a material can be identified as a RCRA hazardous 

waste, however, it must first be classified as a solid waste. EPA's RCRA regulations set forth 

the scope of what is considered solid waste, which generally includes any material that is 

discarded, disposed, abandoned, or recycled in a way that is inherently "waste-like." 

40 C.F.R. §261.2. 
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Pursuant to EPA's "contained-in policy," environmental media (including soil and 

sediment) are not "solid waste" and therefore, cannot themselves be hazardous waste. 

Moreover, contaminated environmental media are not subject to regulation under RCRA unless 

they "contain" hazardous waste. U.S. EPA, Management of Remediation Waste Under RCRA 

(Oct. 1998), at 9. EPA guidance provides that contaminated environmental media contain 

hazardous waste: "(1) when they exhibit a characteristic of hazardous waste; or (2) when they are 

contaminated with concentrations of hazardous constituents from listed hazardous waste that are 

above-health-based levels." Id. If contaminated environmental media contain hazardous waste, 

they are subject to all applicable RCRA requirements until they no longer contain hazardous 

waste. Contaminated environmental media no longer contain hazardous waste: "(1) when they 

no longer exhibit a characteristic of hazardous waste; and (2) when concentrations of hazardous 

constituents from listed hazardous wastes are below health-based levels." Id. at 9-10. 

b. Land Disposal Restrictions 

Congress created EPA's Land Disposal Restrictions ("LDR") program under authority 

provided through enactment of the Hazardous and Solid Waste Amendments of 1984 

("HSWA"). The implementing regulations are found at 40 C.F.R. Part .268. The LDR program 

is intended to ensure that toxic constituents present in hazardous waste are properly treated 

before hazardous waste is land disposed. 

5 As discussed in the LDR Phase IV Final Rule, "[u]nder the 'contained-in' policy, EPA requires that soil (and other 
environmental media), although not wastes themselves, be managed as if they were hazardous waste if they contain 
hazardous waste or exhibit the characteristic of hazardous waste." See 63 Fed. Reg. 28,556, 28,621 (May 26, 1998); 
see also Letter from U.S. EPA to Thomas C. Jorling, Commissioner, Department of Environmental Conservation, 
State of New York (Jun. 19, 1989) (PPC 9441.1989(30)) ("Under our regulations, contaminated media are not 
considered solid waste in the sense of being abandoned, recycled, or inherently waste-like as those terms are defined 
in the regulations.") (emphasis added); Letter from U.S. EPA to John E. Ely, Enforcement Director, Virginia 
Department of Waste Management (Mar. 26, 1991) (PPC 9441.1991(04)) ("Our federal regulations at 40 C.F.R. Part 
261.3 identify hazardous wastes. Among other things, these regulations state that a solid waste mixed with a 
hazardous waste is a hazardous waste. However, these regulations generally do not specifically address 
environmental media, which are not solid wastes, mixed with listed hazardous waste.") (emphasis added). 
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As part of its implementation of the LDR program, EPA has developed mandatory 

technology-based treatment standards that must be met before hazardous waste is placed in a 

landfill. Wastes that do not meet treatment standards cannot be land disposed unless EPA has 

granted a variance, extension, or exclusion, or the waste is managed pursuant to an approved "no 

migration" petition. Solvents and dioxin-containing wastes both are subject to established 

treatment standards. 

(i)	 Alternative Treatment Standards for Contaminated 
Soil 

Remediation of hazardous waste sites will often produce contaminated soil that the 

generator must handle as hazardous waste because it contains a listed hazardous waste or it 

exhibits a characteristic of hazardous waste. These remediation wastes, due to either their large 

volume or unique properties, are not always amenable to the applicable treatment standards. 

Because of this, EPA designated soil as a unique treatability group and promulgated alternative 

soil-specific treatment standards in the Phase IV Final Rule (63 Fed. Reg. 28,556; May 26, 

1998). As with hazardous waste, RCRA prohibits the land disposal of hazardous soil until the 

soil has been treated to meet LDR standards. The soil standards mandate reduction of hazardous 

constituents by 90 percent, capped at 10 times the universal treatment standard ("UTS"). 

(ii) Variance from a Treatment Standard 

With the establishment of soil-specific standards, EPA promulgated an additional 

provision in 40 C.F.R. § 268.44 for contaminated soil. Pursuant to § 268.44(h)(3), variances 

from otherwise applicable LDR treatment standards may be approved if it is determined that 

compliance with the treatment standard would result in treatment beyond the point at which 

short- and long-term threats to human health and the environment are minimized. This allows a 

site-specific, risk-based determination to supersede the technology-based LDR treatment 
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standards under certain circumstances, allowing regulators to align cleanup levels and treatment 

levels. Alternative LDR treatment standards established through site-specific risk-based 

variances are required to be within the range of values the Agency generally finds acceptable for 

risk-based cleanup levels. Decisions to grant or deny these variances are made by EPA Regions 

or authorized States. 

(iii) Dioxin-Containing Waste 

EPA has determined that incineration is the Best Demonstrated Available Technology 

("BDAT") for the treatment of dioxin-containing restricted RCRA hazardous waste. See 40 

C.F.R. § 268.40. While any technology short of dilution is permissible for achieving the 

required contaminant levels, only incineration has been able to achieve them. 

c. Applicability of "F" Waste Code 

Solid waste is considered to be hazardous if it is a material listed by regulation under one 

of four waste codes (F, K, P and U), or is a material exhibiting any of the following 

characteristics: (1) ignitability, (2) corrosivity, (3) reactivity, or (4) Extraction Procedure ("EP") 

Toxicity. 40 C.F.R. § 261.11. The F code listings represent hazardous wastes from "non

specific sources," and include waste material from industrial and manufacturing processes. See 

40 C.F.R. § 261.31. The F020 code, which is at issue at the Site, is applied to wastes "from the 

production or manufacturing use ... of tri- or tetrachlorophenol, or of intermediates used to 

produce their pesticide derivatives. (This listing does not include wastes from the production of 

Hexachlorophene from highly purified 2,4,5-trichlorophenol.)." 40 C.F.R. § 261.31. 

EPA policy states that "[s]ite managers are not required to presume that a CERCLA 

hazardous substance is a RCRA hazardous waste unless there is affirmative evidence to support 

such a finding." U.S. EPA, Determining When Land Disposal Restrictions (LDRs) Are 

Applicable to CERCLA Response Actions, Dir. 9347.3-05FS (Jul. 1989), at 2. .Moreover, 
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"[w]here a facility owner/operator makes a good faith effort to determine if a material is a listed 

hazardous waste but cannot make such a determination because documentation regarding a 

source of contamination, contaminant, or waste is unavailable or inconclusive ... one may 

assume the source, contaminant or waste is not listed hazardous waste ...." See Management of 

Remediation Waste Under RCRA, at 5. Therefore, provided the material in question does not 

exhibit a characteristic of hazardous waste, RCRA requirements do not apply. See id. 

EPA has discussed this approach in a number of contexts. In the preamble of the 

proposed NCP, EPA noted that it is often necessary to know the source of a waste to determine 

whether it is a RCRA listed hazardous waste and that "at many CERCLA sites no information 

exists on the source of the wastes." 53 Fed. Reg. 51,394, 51,444 (Dec. 21, 1988). EPA 

recommended that available site information, such as manifests, storage records and vouchers, be 

used to ascertain the sources of wastes, but when this documentation is not available or 

inconclusive, it may be assumed that the wastes are not listed wastes. Id. EPA confirmed this 

approach in the preamble to the final NCP. See 55 Fed. Reg. 8,666, 8,758 (Mar. 8, 1990); see 

also Management of Remediation Waste Under RCRA, at 4-5. 

In the HWIR-Media proposed rule, 61 Fed. Reg. 18,780 (Apr. 29, 1996), EPA expanded 

the policy to also cover dates of waste disposal - if, after a good faith effort to determine dates of 

disposal, a facility owner/operator is unable to make such a determination because 

documentation of dates of disposal is unavailable or inconclusive, one may assume disposal 

occurred prior to the effective date of applicable LDRs. Id. at 18,805. EPA concluded that "if 

information is not available or inconclusive, facility owner/operators may generally assume that 

the material contaminating the media were not hazardous wastes." Id. 
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The LDR Phase IV Final Rule, 63 Fed. Reg. 28,556 (May 26, 1998), supports this 

interpretation and provides guidance on the type of assessment needed to determine the source of 

waste. EPA reiterated that "if information is not available or inconclusive, it is generally 

reasonable to assume that contaminated soils do not contain untreated hazardous waste placed 

after the effective dates of applicable land disposal prohibitions." Id. at 28,619. Further, 

"program implementers and facility owners/operators cannot make the determination that 

information on the types of waste contamination or dates or placement is unavailable or 

inconclusive without first making a good faith effort to uncover such information." Id. 

d.	 Applicability of RCRA and the LDRs to In-Place 
Contaminated Soil 

In-place contaminated environmental media are not subject to RCRA LDR regulations, 

because the LDRs do not apply to in-situ contaminated soil. This is consistent with the EPA 

policy that "[i]n order for something to be classified as a hazardous waste it must first be a solid 

waste. In-place media does not meet the definition of solid waste. That's where it is supposed to 

be. It's not discarded." U.S. EPA, Training Curriculum: Session 10, RCRA Hazardous Waste 

Identification: Special Regulatory Conventions (emphasis in original). 

EPA explicitly states in its 1998 Phase IV LDR rulemaking that the LDRs do not apply to 

in-situ contaminated soils: 

Land disposal restrictions only attach to prohibited hazardous waste (or hazardous 
contaminated soil) when it is (1) generated and (2) placed in a land disposal unit 
[footnote omitted]. Therefore, if contaminated soil is not removed from the land 
(i.e., generated), LDRs cannot apply. Similarly, if contaminated soil is removed 
from the land (i.e., generated) yet never placed in a land disposal unit, LDRs 
cannot apply. In other words, LDRs do not apply to contaminated soil in situ or 
force excavation of contaminated soil. If soils are excavated, however, LDRs 
may apply, as discussed below. 

63 Fed. Reg. at 28,617 (emphasis added). 

Footnote 43 in the quoted text discusses EPA's area of contamination policy: 
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Note that, as discussed later in today's preamble, nothing in today's final rule 
affects implementation of the existing "area of contamination" policy. Therefore, 
soil managed within areas of contamination, even if it is "removed from the land" 
within such an area, would not be considered to be "generated." 

M a  t 28,617 n.43. 

In publishing the HWIR-Media proposed rules, EPA made clear that the contaminated 

media rules apply only after a decision has been reached under other rules and guidance to 

remove contaminated media and manage them other than in-situ: 

EPA wishes to emphasize that the proposed HWIR-media rules would not affect 
which media or wastes at a site must be cleaned up, or how much contaminated 
media should be excavated. Such decisions are usually made according to 
Federal or State cleanup laws and regulations, most of which specify certain 
guidelines or criteria for determining how sites are to be cleaned up. Only after 
those decisions are made would these HWIR-media regulations come into play. 

61 Fed. Reg. at 18,789. 

Capping wastes in-place does not constitute a placement/land disposal management 

practice for purposes of the LDRs. See U.S. EPA, Superfund Management of Investigation-

Derived Wastes During Site Inspections, Dir. 9345.3-02 (May 1991). When managed in-situ, 

environmental media not removed from the area of contamination do not trigger the LDRs: 

In the area of contamination policy, EPA interprets RCRA to allow certain 
discrete areas of generally dispersed contamination to be considered a RCRA unit 
(usually a landfill). 55 FR 8758-8760 (March 8, 1999). This interpretation allows 
hazardous wastes (and hazardous contaminated soils) to be consolidated, treated 
in situ or left in place within an area of contamination without triggering the 
RCRA land disposal restrictions or minimum technology requirements - since 
such activities would not involve "placement into a land disposal unit," which is 
the statutory trigger for LDR. EPA clarifies that its interpretation of LDR 
applicability for contaminated soil does not, in any way, affect implementation of 
the area of contamination policy. 

63 Fed. Reg. at 28,620 (emphasis added). 
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2. Toxic Substances Control Act ("TSCA") 

Pursuant to TSCA, EPA has promulgated regulations to address the cleanup and disposal 

of PCB remediation waste. See 40 C.F.R. Part 761, Subpart F. "PCB remediation waste" 

includes "waste containing PCBs as a result of a spill, release, or other unauthorized disposal ... 

prior to April 18, 1978, that are currently at concentrations > 50 parts per million ("ppm") PCB, 

regardless of the concentrations of the original spill." 40 C.F.R. § 761.3. Bulk PCB remediation 

waste (e.g., soils and sediments) with concentrations less than or equal to 100 ppm may remain 

in-place in low occupancy areas if the area is capped. Id. § 761.61(a)(4)(i)(B)(3). The cap must 

be of sufficient thickness to "prevent or minimize human exposure, infiltration of water, and 

erosion" and be subject to appropriate institutional controls. Id. § 761.61(a)(7)-(8). 

3. Preliminary Remediation Goals ("PRGs") for Dioxins in Soils 

The current PRG for dioxin in residential soil is 1 ug/kg. In May 2009, EPA issued a 

"Science Plan for Activities Related to Dioxins in the Environment" detailing a plan, with 

interim milestones, for completion of the Agency's reassessment of the health risks of exposure 

to dioxin, entitled "Exposure and Human Health Reassessment of 2,3,7,8-Tetrachlorodibenzo-p-

Dioxin ("TCDD") and Related Compounds" and commonly known as the "dioxin reassessment." 

One of the plan's interim milestones is the issuance of updated interim PRGs for dioxins and 

dioxin-like compounds (including certain PCBs) in soils. In late December 2009, EPA issued its 

draft updated interim PRGs. The draft interim PRGs proposed by EPA are more stringent than 

the existing ones, and would reduce the PRGs for soil in industrial and commercial areas from 

between 5,000 and 20,000 parts per trillion ("ppt") to 950 ppt, and the PRGs for soil in 

residential areas from 1,000 ppt to 72 ppt. U.S. EPA, Public Review Draft, Draft Recommended 

Interim Preliminary Remediation Goals for Dioxin in Soil at CERCLA and RCRA Sites, OSWER 

Dir. 9200.3-56 (Dec. 30, 2009)("Public Review Draft"), at 13. Notice of the draft interim PRGs 
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was published in the Federal Register on January 7, 2010. 75 Fed. Reg. 984 (Jan. 7, 2010), and 

EPA has not yet finalized the interim PRGs. 

EPA's Public Review Draft expressly states that: "the findings and conclusions in this 

document are for public review and should not be construed to represent any final agency 

determination or policy" (document footer). Moreover, EPA states that: "[u]ntil these draft 

recommended interim PRGs are finalized, EPA will continue to use the 1998 recommended 

interim PRGs (EPA 1998)." Id. at pg. 2. 

4, Executive Orders 

EPA does not consider Executive Orders to be ARARs; instead, they are "to-be

considered" materials ("TBCs"). U.S. EPA, Considering Wetlands at CERCLA Sites, Pub. 

9280.0-03 (May 1994), at 11-12. In its guidance, EPA states that TBCs "are meant to 

complement the use of ARARs, not to compete with or replace them. TBCs are not legally 

enforceable and therefore are not ARARs. Their identification and use are not mandatory." Id. 

at 11. EPA also states that Executive Orders "differ from other TBCs in that they are orders of 

the President to all Executive Branch employees, so that even though they are not ARARs under 

CERCLA they should he complied with." Id. at 12 (emphasis added). 

5. State ARARs 

On-site remedial actions must attain promulgated State environmental and facility siting 

requirements that are more stringent than Federal ARARs, if the State requirement is identified 

in a "timely" manner. See 42 U.S.C. § 9621(d)(2); see also U.S. EPA, CERCLA Compliance . 

With Other Laws Manual: Part II. Clean Air Act and Other Environmental Statutes and State 

Requirements, OSWER Dir. 9234.1-02 (Aug. 1989) ("CERCLA Compliance With Other Laws 

Manual: Part IF), at 7-1. Potential State ARARs include requirements regarding the siting of 

waste treatment, storage and disposal facilities; control of discharges to surface waters; and 
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preventing further degradation of surface waters and groundwater. CERCLA Compliance With 

Other Laws Manual: Part II, at 7-10, 7-26 to 7-27, 7-28, 7-30. A State ARAR may be waived if 

the State has inconsistently applied the standard at cleanup sites within the state. See 42 U.S.C. 

§ 9621(d)(4)(E). 

Chemical-specific State ARARs identified by EPA for the Site include Rhode Island 

Department of Environmental Management ("RIDEM") Rules and Regulations for the 

Investigation and Remediation of Hazardous Material Releases (Feb. 2004) ("Remediation 

Regulations"). In accordance with Rule 8.02 of the Remediation Regulations, unless otherwise 

specified, "soil contaminated as a result of a release of hazardous materials shall be remediated 

in a manner which meets the direct exposure and leachability criteria for each hazardous, 

substance established in Rule 8.02.B (Method 1 Soil Objectives: Tables 1 and 2), Rule 8.02.C 

(Method 2 Soil Objectives) or Rule 8.04 (Method 3 Remedial Objectives); or the background 

concentration of the hazardous substance as established by Rule 8.06 (Background 

Concentrations for Soils)." 

Soil at the Site has been determined to contain contaminants subject to the Rule 8.02.B 

soil objectives. In accordance with Rule 8.03 of the Remediation Regulations, "groundwater 

contaminated as a result of a release of hazardous materials located in a GB area shall be 

remediated to a concentration which meets the groundwater objective for each hazardous 

substance established in Rule 8.03.B.ii (Method 1 GB Groundwater Objectives) and specified in 

Table 4, Rule 8.03.C (Method 2 GB Groundwater Objectives) or Rule 8.04 (Method 3 Remedial 

Objectives); or the background concentration of the hazardous substance." Groundwater at the 

Site has been determined to contain contaminants subject to the Rule 8.03 GB groundwater 

objectives. 
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Action-specific State ARARs identified by EPA for the Site include RIDEM Rules and 

Regulations for Hazardous Waste Management (Amendment Eff Feb. 9, 2007) ("Hazardous 

Waste Regulations"). Rhode Island has been delegated authority to administer the federal RCRA 

statute through its regulations. The standards set forth in 40 C.F.R. Part 261 are incorporated 

into the State requirements by reference. The Hazardous Waste Regulations set forth 

requirements for hazardous waste determination according to Federal (40 C.F.R. § 262.11) and 

State (Rule 5.08) definitions. As provided in Table 3-1 of the FS Report, "[s]olid waste 

generated by excavation of soils or sediments at the Site is required to undergo hazardous waste 

determination." EPA takes the position, as presented in Table 3-1 of the FS Report, that the 

RIDEM standard is "relevant and appropriate because wastes that may be classified as 

hazardous waste were disposed of prior to 1980." 

D. Information Quality Act ("IQA") 

The IQA, Section 515(a) of the Treasury and General Government Appropriations Act 

for Fiscal Year 2001 (Public Law 106-554; H.R. 5658), was passed in 2000 as a rider to an 

omnibus budget package. The IQA directs the Office of Management and Budget ("OMB") to 

develop guidelines to "ensur[e] and maximize[e] the quality, objectivity, utility, and integrity of 

information" disseminated by federal agencies "in fulfillment of the purposes [of] the Paperwork 

Reduction Act." Id. 

In 2002, OMB issued Guidelines for Ensuring and Maximizing the Quality, Objectivity, 

Utility, and Integrity of Information Disseminated by Federal Agencies ("OMB Guidelines"). 67 

Fed. Reg. 8452 (Feb. 22, 2002). Pursuant to the OMB Guidelines, EPA issued its Guidelines for 

Ensuring and Maximizing the Quality, Objectivity, Utility, and Integrity of Information 

Disseminated by the Environmental Protection Agency in October 2002 ("EPA Guidelines"). 
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Information and data disseminated by EPA must meet OMB and EPA standards for 

"objectivity," "integrity," and "utility." EPA Guidelines, at 3. According to the EPA Guidelines: 

"Objectivity" focuses on whether the disseminated information is being presented 
in an accurate, clear, complete, and unbiased manner, and as a matter of 
substance, is accurate, reliable, and unbiased. "Integrity" refers to security, such 
as the protection of information from unauthorized access or revision, to ensure 
that the information is not compromised through corruption or falsification. 
"Utility" refers to the usefulness of the information to the intended users. 

EPA Guidelines, at 15. 

IV.	 Discussion of Remedial Alternatives 

A. Site-Wide Considerations 

EPA has divided the Site into five "action areas," and Emhart has provided specific 

comments with respect to the remedial alternatives under consideration for each of those action 

areas in Section IV.B. herein. However, there area number of overarching issues and 

misapplications of law by EPA that have implications for the remedy selection process, either 

site-wide or for more than one action area. These broader considerations are discussed below. 

1.	 EPA's Conceptual Site Model Required by the NCP is not Supported 
by the Administrative Record 

Given the often substantial passage of time between the performance of a Remedial 

Investigation and the Feasibility Study that follows, the development by EPA of a conceptual site 

model is not a static exercise. Rather, it is to be an iterative process that evolves over time as 

additional information is identified or discovered and evaluated in each of the categories that 

comprise the elements of the conceptual site model (see Section III. A.2.). Here, the FS Report 

reflects a static, outdated, and factually erroneous conceptual site model that is not supported by 

the administrative record. 

The Centredale Manor Site provides a prime example of the need for EPA to build upon 

and refine the initial conceptual site model over time to conform to the information in the 
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administrative record. During the five-year period that elapsed between EPA's issuance of the 

RI Report and its issuance of the FS Report, a great deal of additional information and data were 

added to the administrative record, and previously collected information was further evaluated in 

light of newly discovered evidence. For reasons that are not clear, EPA has declined to 

incorporate the significant amount of additional Site information developed over time, leaving its 

conceptual site model essentially unchanged from that developed over five years ago. Thus, 

proper site characterization, upon which the conceptual site model and, ultimately, the RI/FS 

must be based, is significantly impaired. 

In the RI Report, EPA set forth a conceptual site model in which it identified Metro

Atlantic's HCP process as the principal source of the dioxin and hexachloroxanthene ("HCX") 

contamination identified in Site samples. Emhart has submitted extensive documentation to EPA 

for inclusion in the administrative record demonstrating that NECC's drum reconditioning 

operation, rather than Metro-Atlantic's HCP manufacturing process, was the likely source of the 

dioxin and HCX found at the Site. An objective evaluation of previously available information, 

coupled with the supplemental factual record developed during the past five years (as described 

in detail in Appendix A to these comments), leads inexorably to the conclusion that NECC and 

its customers were the principal, if not the sole, source of the dioxin and HCX at the Site. EPA's 

refusal to update and revise its conceptual site model with respect to "the known and suspected 

sources of contamination," or "the type of contamination" at the Site is indisputably at odds with 

its own guidance! See RI/FS Guidelines, at 2-7. 

For example, EPA's conceptual site model does not consider the collocation of chemicals 

in soil present at depth in the "footprint" of the former HCP manufacturing building. A review 

of the data from soil samples collected from CMS-451 and MW-05S shows the presence of 
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elevated concentrations of the herbicide methylchlorophenoxy-propionic acid ("MCPP"). MCPP 

was detected in samples collected in the "footprint" of the former HCP manufacturing building 

(CMS-451) at concentrations ranging between 20 mg/kg and 68 mg/kg at depths of 5 to 10 feet 

below ground surface. MCPP is not known to have been utilized or otherwise associated with 

Metro-Atlantic's operations. Thus, its presence at these very elevated concentrations at depth in 

the "footprint" of the former HCP building indicates that the disposal of chemicals used by 

others occurred in this area. Nevertheless, EPA does not present any analysis or conclusions 

regarding these data and/or their impact on the conceptual site model. 

Moreover, EPA's conceptual site model fails to consider the congener profile of the 

dioxins found in the Site samples, and no effort whatsoever has been made by EPA to identify 

the source(s) of the dioxins by performing a chemical analysis of the 2,3,7,8-tetrachlorodibenzo

p-dioxin ("2,3,7,8-TCDD"). As demonstrated in Appendix A, if EPA had conducted such a 

chemical evaluation, it would have discovered that the 2,3,7,8-TCDD identified in the Site 

samples did not come from the sodium 2,4,5-tricholorophenolate ("Na-2,4,5-TCP") that Metro-

Atlantic received exclusively from Diamond Alkali and used in its HCP manufacturing process, 

and therefore must have come from a source other than Metro-Atlantic. 

Further, EPA's conceptual site model is inconsistent with sworn testimony and physical 

evidence provided by Emhart to EPA for inclusion in the administrative record. For example, 

the FS Report states that chemicals were possibly discharged directly to the River from the HCP 

building. See FS Report, at 2-12 (emphasis added). EPA cites the testimony of Kenneth 

Michael Neri in support of this aspect of the conceptual site model. However, the only mention 

by Mr. Neri of a discharge to the River is from a pipe he recalls being located "anywhere from a 

hundred feet to 100 yards" downstream of the Smith Street bridge. However, in a later 
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examination of Mr. Neri, he placed the alleged pipe "closer to Smith Street." See Trial 

Transcript of K. Neri, Emhart Indus., Inc. v. Home Ins., Co., CA. 02-053-S (D.R.I.) (Oct. 6, 

2006), at 9:17-10:4, 39:25-40:6. In fact, the northernmost comer of the HCP building was 

approximately 480 feet south of the Smith Street Bridge; thus, the pipe noted by Mr. Neri was 

not even in the immediate vicinity of the HCP plant. Further, Mr. Neri testified that he had no 

knowledge of what may have been discharging from the pipe. See id. at 11:6-8, 23:13-15. 

Rather, both deposition testimony and physical evidence demonstrate that the HCP 

building was connected to the sanitary sewer and not a source of discharges to the River. See 

Trial Transcript of J. Buonanno, Emhart Indus., Inc. v. NECC, CA. 06-218-S (D.R.I.) (Jan. 14, 

2009), at 38:19-39:2; see also Supplemental Expert Report of Dr. James R. Kittrell (May 5, 

2010), at 2. Photographic evidence collected in 2009 and provided to EPA in connection with 

the TCRA excavation show the HCP building footprint to be devoid of any subsurface structures, 

such as a dry well or leaching trenches, that could have served as a means of onsite waste 

disposal during or in connection with the HCP manufacturing process. See Addendum to Expert 

Report of John R. Kastrinos (Mar. 31, 2010), at 6. In fact, the referenced photographic evidence 

of the excavation shows utilities, including a sewer, serving the area of the HCP building, thus 

supporting other testimony and evidence that the plant was connected to the municipal sewer 

system. See Appendix A at p. A-l5. 

In its conceptual site model, EPA also ignores established expert opinion that no liquids 

containing dioxin would have been discharged in the HCP production process, and that even if 

such liquids were discharged, the volume of dioxin contained therein would have been so 

infinitesimal that the liquids could not possibly have accounted for the volume of dioxin present 

on the Site. See Supplemental Report of Dr. Francesco Stellacci (Dec. 24, 2009), at 3; see also 
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discussion, infra, at A-14 to A-16. EPA further ignores expert opinion that the activated 

charcoal filtration used by Metro-Atlantic would have removed from HCP process wastes any 

dioxin or HCX present, see Supplemental Report of Dr. Francesco Stellacci (Jan. 12, 2009), at 4

5, and also ignores testimony that HCP process filters were disposed of off site. See Trial 

Transcript of J. Buonanno, Emhart Indus., Inc. v. Home Ins., Co., CA. 02-053-S (D.R.I.) (Sep. 

14, 2006), at 87:3-11; Trial Transcript of J. Nadeau, Emhart Indus., Inc. v. Home Ins., Co., CA. 

02-053-S (D.R.I.) (Sep. 15, 2006), at 27:23-28:8, 48:5-49:10; Trial Transcript of J. Turcone, 

Emhart Indus., Inc. v. Home Ins., Co., CA. 02-053-S (D.R.I.) (Sep. 18, 2006), at 5-7; see also 

discussion, infra, at A-l 1 to A-14. Finally, EPA also disregards expert opinion establishing that 

no activated charcoal was associated with the 2,3,7,8-TCDD found on the Site, further 

supporting the conclusion that HCP process filters containing 2,3,7,8-TCDD were not disposed 

of on Site. See Supplemental Report of Dr. Francesco Stellacci (Jan. 12, 2009), at 8-9; see also 

discussion, infra, at A-l 1 to A-14. 

None of the testimony cited by EPA permits the conclusion that Metro-Atlantic 

discharged chemicals from the HCP building directly into the River or onto the ground. The 

record is clear that, to the extent that there was any liquid waste whatsoever from Metro

Atlantic's HCP operation, it would only have been discharged into the sewer, not into the River 

nor onto the ground at the Site. 

Another deficiency in EPA's conceptual site model is that it fails to explain the presence 

of high concentrations of HCX in the tail race, just adjacent to and downstream of NECC's drum 

washing and refurbishing operations. EPA has steadfastly contended that any HCX would have 

been associated with Metro-Atlantic's HCP process. However, samples from the tail race, 

including SD-30, CMS-SS-4104, CMS-SS-4111, CMS-SS-4111, CMS-SS-4109, and CMS-SS

{W020735I;5J 

30 



4106, reveal HCX concentrations ranging from 11,382 pg/g to 93,773 pg/g. In contrast, soil 

sample CM-SO-MW05-0406 collected from the footprint of the former HCP building were 

found to contain only 2,350 pg/g HCX, consistent with HCX concentrations in numerous 

upstream background samples (SD-33, SD-34, SD-35, and SD-37).- Similarly, sediment samples 

collected downstream of the former HCP plant, at WRC-SD-2010 through WRC-SD-2013, did 

not contain HCX concentrations above those reported for upstream samples. These observations 

belie EPA's contention, as expressed in its conceptual site model, that the HCX at the Site was 

indisputably a "marker" directly associated with the HCP manufacturing process. 

The validity of EPA's conceptual site model is further placed into question by data from 

surface and subsurface soil samples collected from the riverbank on the western shore of the 

River. These sampling locations, CMS-022, CMS-023, and CMS-024 are not, according to field 

sampling notes, in depositional areas. Rather, they are in an erosional area. See Trip Report: Soil 

Sampling, 15-19 February 1999 (Mar. 1999), at Appendix C. Nevertheless, samples collected 

from these locations were found to contain concentrations of 2,3,7,8-TCDD as high as 73,000 

ng/kg in surface and subsurface soils. These concentrations are in sharp contrast to dioxin levels 

detected in soil samples elsewhere on the western side of the River, and cannot be explained by 

any facet of EPA's conceptual site model. 

The presence of elevated levels of 2,3,7,8-TCDD in these soils located on the western 

bank of the River, particularly the subsurface soil, does not comport with EPA's conceptual site 

model depicted in the FS Report or the RI Report. In fact, neither the RI Report or the FS Report 

discuss these sampling locations specifically, nor do they discuss the means by which 2,3,7,8

TCDD came to be located at these locations and depths. These sampling locations and depths, 

the dioxin concentrations, and the described physical characteristics of the sampling locations 
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(i.e., erosional) all are inconsistent with EPA's conceptual site model for the Site. EPA's failure 

to address in any fashion this anomalous data is contrary to the requirements of the NCP, and 

clearly demonstrates the flaws in EPA's Site model. 

In sum, EPA premises its evaluation of remedial alternatives in the FS Report on faulty 

assumptions about the sources, types, and attributes of contamination at the Site. In failing to 

consider important facts and scientific data, EPA overlooks compelling evidence demonstrating 

that its conceptual site model and underlying site characterization are seriously flawed. By 

maintaining its sorely out-of-date and erroneous conceptual site model in the face of substantial 

conflicting evidence, EPA has engaged in arbitrary and capricious conduct and has failed to 

properly comply with a major aspect of the RI/FS "scoping" requirements under the NCP. See 

40 C.F.R. § 300.430(b)(2). Furthermore, as discussed below, EPA's faulty conceptual site model 

has resulted in the Agency's erroneous application of the F020 waste code at the Site. Emhart 

respectfully submits that EPA, in accordance with the NCP and the RI/FS Guidelines, is required 

by law to update its conceptual site model to reflect current Site information, and to revise its 

evaluation of the remedial alternatives accordingly. 

2.	 The F020 Waste Code Has Been Applied Improperly, Unnecessarily 
Limiting Remedial Options and Increasing Costs 

The underlying assumption in the FS Report that all contaminated media at the Site 

contain a RCRA F-listed waste, namely F020, see FS Report, at 7-6, is plainly erroneous. That 

assumption - and the assessment of remedial alternatives flowing from it - must be corrected. 

EPA's wrongful application of the F020 waste code to impacted soil has led the Agency to favor 

unnecessarily costly remedial alternatives, and is at odds with both EPA guidance and with 

EPA's classification of contaminated environmental media at the Site during previous removal 

actions. 
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As discussed in Section III.C.I.e. above, it is not permissible to assume that all impacted 

media at the Site contains an F-listed waste where the presence of contamination in the media 

cannot be traced back to a release of waste from an original process meeting the F020 

description. The administrative record and EPA's conceptual site model do not support the 

conclusion that all dioxins found in Site samples came from Metro-Atlantic's former HCP 

operation. The lack of evidence linking dioxins at the Site to a F020 waste source is 

overwhelming. See, e.g., Letter from D. Scotti, LEA, to A. Krasko, EPA, Re: Remedial 

Alternative for Source-area Soil (Sep. 11, 2007). Rather, current evidence points to NECC's 

drum reconditioning operation as the sole or predominant source of dioxin presently found at the 

Site. 

EPA's application of the F020 waste code to dioxin at the Site is arbitrary and capricious. 

The record in this proceeding is entirely devoid of any evidence whatsoever that spills, releases, 

dumping, or disposal of any dioxin or dioxin-containing chemicals occurred in connection with 

Metro-Atlantic's HCP production process. Moreover, as discussed in Appendix A, the "profile" 

of the dioxin found in samples in the area of Metro-Atlantic's former HCP operation, and 

throughout the remainder of the Site, is completely inconsistent with the byproduct contaminants 

that likely would have been contained in the sodium 2,4,5-trichlorophenolate ("Na-2,4,5-TCP") 

"starter" material that Metro-Atlantic procured as a raw material from Diamond Alkali. See also 

Expert Report of Dr. Gregory Fu (Jan. 7, 2011), at 5; and Supplemental Expert Report of Dr. 

James R. Kittrell (Jan. 7, 2011), at 26 ("Dioxin congener profiles of the 'source-like' samples at 

the Site are not consistent with Crude TCP delivered to the Site from Diamond Alkali in 1964

1965."). 
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In making its arbitrary and capricious determination that the source of the dioxin at the 

Site is a F020 listed waste, EPA completely disregards the most obvious and well-documented 

source of Site dioxin ~ the drums received by NECC from customers of its drum reconditioning 

operation during the period 1952 through 1972. The administrative record documents 

indisputably that NECC received 55-gallon steel drums from at least 19 customers in the textile 

chemical industry, which contained approximately 650 different types of chemical residues. 

During the relevant time period, NECC also received 55-gallon steel drums from at least 10 

customers in the chemical and petroleum industry, and from two military bases containing 

approximately 370 different types of chemical residues. See Expert Report of Dr. James R. 

Kittrell (Jan. 15, 2009), at 4-45; Expert Report of Dr. Richard Aspland (Jan. 13, 2009), at 8-68. 

Many of the chemicals attributable to NECC's customers have been found as 

contaminants at the Site. See Updated Expert Report of Dr. Gregory Fu (Feb. 6, 2009), at 5. 

According to Dr. Fu, a professor of organic chemistry at the Massachusetts Institute of 

Technology, of the various chemical residues present in 55-gallon steel drums that NECC is 

known to have received for reconditioning, nine contained dioxins as a contaminant. Ibid. 

Moreover, of the various chemical residues present in 55-gallon steel drums that NECC received 

for reconditioning during the relevant time period, over 150 generated dioxins during NECC's 

incineration process through one of two chemical processes known as the "precursor" and "de 

novo" routes. See id. at 5, 20. Dioxins also were produced during NECC's incineration process 

when certain chemical residues were in the presence of certain other chemical residues, such as 

those containing chlorine, through either the "precursor" or "de novo" routes. Id. 

EPA's Office of Solid Waste has taken the position that "[i]f the waste in question cannot 

be traced back to an original process that would generate a waste meeting any listing description. 
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then it is exempt from regulation providing that it does not fail a hazardous waste characteristic 

test." Letter from S. Lowrance, EPA, to J. Noles, Laidlaw Environmental Services (TS), Inc. 

(Dec. 24, 1992) (PPC 9444.1992(09)); see also Memorandum from J. Skinner, Director, to D. 

Wagoner, Director, Air and Waste Management Division, Region VII (Jan. 6, 1984) (PPC 

9441.1984(01)) Re: Soils From Missouri Dioxin Sites ("If the exact origin of the toxicants is not 

known, the soils cannot be considered RCRA hazardous wastes unless they exhibit one or more 

of the characteristics of hazardous waste ...."). As noted previously, the dioxins in the soil and 

sediment that will need to be managed during the implementation of the Site remedy cannot be 

traced back to a single original process that would meet a hazardous waste code listing. 

Moreover, the dioxins are not characteristically hazardous waste. Thus, RCRA, and the F020 

waste code, are not applicable. 

Further, EPA has taken inconsistent positions regarding the application of the F020 waste 

code during the course of the Site investigation. For example, EPA's contractor, Battelle, 

disposed of investigation-derived waste as a non-listed waste when implementing an EPA-

approved sampling plan, notwithstanding that Battelle was sampling in the area of the former 

HCP manufacturing facility that EPA contends is the source of the dioxin. See Battelle, Final 

Work Plan, Groundwater, Semi-permeable Membrane Device (SPMD) and Sediment Collections 

(Apr. 2005), at 5, 6. In addition, when the PRPs excavated soil from residential/recreational-use 

properties in the floodplain as part of a removal action, EPA approved the PRPs' request to 

dispose of the excavated soil without an F020 waste code. See Email from E. Vaudo, EPA, to J. 

Muys, Swidler & Berlin (Dec. 19, 2002). In contrast, EPA required that materials associated 

with the restoration of Allendale Dam, and materials removed from the footprint of and 

immediately proximate to the former HCP manufacturing building, be characterized as F020 
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waste. Now, for the first time, EPA is taking the position that all impacted media must be 

managed as containing an F-listed waste, without any indication in the administrative record or 

elsewhere that EPA is relying on new information. 

EPA's wrongful application of the F020 waste code to the environmental media at the 

Site has limited the remedial options available to be considered in the FS Report, screening-out 

viable remedial alternatives and unnecessarily favoring more costly remedial alternatives. 

Without the unlawful impediment created by EPA's determination to apply the F020 waste code, 

excavated soil and sediment could be placed in a confined disposal facility ("CDF") not subject . 

to RCRA closure requirements. 

Furthermore, EPA has not even evaluated in the FS another implication of misapplying 

the F020 waste code to excavated soil, sediment or debris. There are just three incinerators 

within the United States that have the potential to accept F020 wastes: Clean Harbors Deer Park 

Incineration Facility in Deer Park, Texas; Veolia Environmental Services Facility in Port Arthur, 

Texas; and Clean Harbors Aragonite Incineration Facility in Grantsville, Utah. Currently, 

however, none of these facilities are permitted to accept F020 waste. Although one or more of 

these facilities could potentially accept F020 waste with a permit modification, such 

modifications typically take several years to obtain. 

As importantly, the facilities in Texas have capacity to accept 70 tons per day, and the 

Utah facility has capacity to accept 50 tons per day. These daily capacities represent the total 

capacity to accept hazardous waste from all shippers within the United States. In the unit costs 

presented in Appendix J of the FS Report, EPA identifies off-Site hazardous waste disposal costs 

based on a quote from Clean Harbors. It is noted that the EPA has assumed a production rate for 

loading and off-Site disposal of hazardous waste of 260 tons per day. 
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So, for example, even assuming, under the excavation options considered in the FS 

Report, that the estimated 112,900 tons of material to be removed and disposed off-Site legally 

could be received by the Clean Harbors facility in Texas as a hazardous waste, which could not 

occur without a permit modification, under current capacity constraints, it would take 

approximately five years for Clean Harbors to process the total volume of waste needed to 

complete the project. This calculation is based on EPA's unrealistic assumption that the Clean 

Harbors facility would accept waste from the Site exclusively for that entire period. A more 

realistic estimate would be based on the assumption that the material could not be shipped to the 

Clean Harbors' facility at maximum capacity on a daily basis, in which case it would take 

decades to complete the project. 

While there are incinerators in Canada, there are few facilities in Canada that can accept 

the waste today, resulting in a less than competitive market. Thus, the disposal costs that would 

be incurred in shipping the waste to Canada — setting aside the cost and environmental impact of 

transport — are very high and are set by a few facilities. These increased costs are not factored 

into the evaluation presented in the FS Report. Clearly, EPA has not evaluated this alternative at 

the level of detail mandated by the NCP. 

The application of the F020 waste code, and the determination that excavated material is 

a hazardous waste, also would subject this otherwise non-RCRA regulated material to the State 

of Rhode Island Hazardous Waste Generation Fee. This fee is $46 per ton of hazardous waste 

manifested in Rhode Island. EPA failed, though, to include this state levy in the estimated costs 

presented in the FS Report. Thus, approximately $5.2 million would need to be added to the cost 

estimate of the project if the excavated material were to carry the F020 waste code. 
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To comply with the NCP and its implementing guidance, EPA must reevaluate its 

application of the F020 waste code and associated RCRA requirements to contaminated media at 

the Site, and revise its evaluation of the remedial alternatives considered in the FS Report 

accordingly. 

3.	 EPA Has Not Fulfilled the Requirements of the IQA and 
Implementing Guidelines Because EPA Failed to Incorporate Current 
Site Data 

As discussed in Section III.D. above, information and data disseminated by EPA must 

meet OMB and EPA standards for "objectivity," "utility," and "integrity." In order to meet the 

"objectivity" standard, the information and data must be,"presented in an accurate, clear, 

complete, and unbiased manner" and be "accurate, reliable, and unbiased." The FS Report does 

not satisfy these requirements. 

First, the information on which EPA bases its conceptual site model is not "accurate, 

reliable and unbiased." The conceptual site model does not reflect newly developed evidence 

regarding NECC's drum reconditioning operation and its identification as the likely source of the 

dioxin and HCX on the Site. 

Second, EPA makes a number of inaccurate factual assertions in the FS Report regarding 

the Source Area Groundwater action area, and makes virtually no mention of the TCRA that 

Emhart conducted in this action area in 2009 and 2010. Instead, EPA describes a contamination 

profile in this area based on sampling results from 2000, 2005 and 2008 - before the TCRA was 

completed. 

For example, EPA's description of the Source Area Groundwater action area in the FS 

Report notes that "[d]uring high-precipitation conditions, groundwater flow is apparently east-

southeast and the river recharges the aquifer everywhere except in the immediate vicinity of the 

small groundwater mound beneath the Brook Village parking lot." FS Report, at 2-8. However, 
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as a result of observations made during implementation of the TCRA, EPA became aware as 

early as 2010 that no groundwater mound was located in this area. See Loureiro Engineering 

Associates, Inc., Addendum No. I, Completion of Work Report, Time-Critical Removal Action 

(Apr. 2010), atA.3-3. 

EPA further noted in the FS Report that "[contaminated groundwater discharging to the 

Woonasquatucket River in the vicinity of the Brook Village parking lot is likely an ongoing 

source or migration pathway for 2,3,7,8-TCDD from the source area to the Woonasquatucket 

River." FS Report, at 2-19. EPA wholly fails to acknowledge that even if groundwater was at 

one time a source or migration pathway for dioxin to the River (which Emhart disputes), the 

TCRA has since fully remediated this area. See LEA, Addendum No. I, Completion of Work 

Report, Time-Critical Removal Action (Apr. 2010), at A.5-5. Finally, the FS Report observes 

that "[principal threat wastes for the CMRP site also include highly-toxic soils on the west side 

of the Brook Village parking lot and potentially NAPL." FS Report, at 2-21. Again, there is no 

mention of the fact that these "highly toxic" soils were excavated and removed during 

implementation of the TCRA. See LEA, Completion of Work Report, Time-Critical Removal 

Action (Feb. 2010), at 4-3. 

EPA's failure to acknowledge the TCRA in the FS Report clearly biases its evaluation of 

remedial alternatives for the Source Area Soil action area. For example, if the FS Report took 

the TCRA into consideration in identifying the required areal extent of cleanup, both the Brook 

Village parking lots and areas to the west near the bank of the River would be eliminated from 

consideration, as these areas were addressed by the TCRA. Finally, the FS Report contains no 

discussion whatsoever of the March 30, 2010 flood event which occurred prior to EPA's release 

of the Report, and resulted in record high flows (>1750 cubic feet per second ("cfs")). It is 
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noteworthy, but never mentioned by EPA in the FS Report, that these historically high flows 

resulted in no damage to the existing soil caps in the Source Area Soil action area. See EPA 

Memorandum Regarding Post-Flood Inspection of April 15, 2010 (Apr. 27, 2010). It must be 

assumed that disclosure of this finding in the FS Report would have engendered further support 

for retaining Alternative 2 (Monitor and Maintain Existing Surfaces) as the favored remedy for 

the Source Area Soil. 

Emhart respectfully submits that EPA must update the FS Report to fully address the 

more recent Site data, and to account for the beneficial effect of the TCRA on the protection of 

human health and the environment, in its evaluation of remedial alternatives for Source Area 

Groundwater and Soil. 

4.	 EPA Should Eliminate from the FS Report Reference to the Draft 
Recommended Interim PRGs, Which Are Inapplicable to the 
Evaluation of Remedial Alternatives 

EPA should remove from the FS Report any analysis concerning the Draft Recommended 

Interim PRGs for dioxin in soil. The Draft Recommended Interim PRGs have no bearing on the 

development of Site cleanup goals. They are not ARARs, nor are they TBCs. In fact, EPA's 

Public Review Draft of the Draft Recommended Interim Preliminary Remediation Goals for 

Dioxin in Soil at CERCLA and RCRA Sites (OSWER 9200-3.56), expressly states that: "the 

findings and conclusions in this document are for public review and should not be construed to 

represent any final agency determination or policy" (document footer). Moreover, EPA states 

that: "[u]ntil these draft recommended interim PRGs are finalized, EPA will continue to use the 

1998 recommended interim PRGs (EPA 1998)." Id. at pg. 2. Thus, the Draft Recommended 

Interim PRGs for dioxin in soil are not intended for use until finalized, are inapplicable to any 

evaluation of remedial alternatives at the Site, and should not be discussed in the FS. 
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Furthermore, the evaluation in Appendix N of the FS Report, which presents a cursory 

discussion of the potential effect of a revised PRG for dioxin on the implementability and cost of 

various remedial alternatives, should be stricken because EPA lacks a basis to delineate or 

include additional areas within the spatial extent of the cleanup area represented by locations 

with dioxin TEQ concentrations below the current PRG for dioxin in soil (1 ug/kg). 

EPA recognizes the shortcoming of its analysis. It states that: 

[t]he proposed cleanup areas or remedial footprints as conveyed in 
[Appendix N], are conceptual. More precise cleanup footprints 
will be developed during the remedial design, and the removal of 
contaminated media will be confirmed through appropriate 
sampling and monitoring. 

FS Report, at N-3. Presently, EPA is unable to specify the spatial extent of any such additional 

areas and the concomitant additional soil volumes to be remediated, or the cost implications of 

remediating any such additional areas under a revised PRG. Consequently, EPA's attempt to 

assess the costs and feasibility of the various disposal options in the FS Report, and particularly 

in Appendix N, with reference to hypothetical future cleanup goals is of no utility. 

In lieu of speculating about remedial alternatives based on a host of unknown variables, 

EPA must apply the current dioxin PRG to the known facts of the Site in completing the FS 

Report. 

5.	 EPA's Analysis of Remedial Alternatives Must Give Proper Weight to 
Remedies That Reduce Uncertainties in Cost and Implementability 

As discussed in Section III.A, above, the Site cleanup goals, to which the remedial 

alternatives are addressed, must reflect CERCLA §121 standards. However, EPA fails to define 

the Site cleanup goals coherently and consistently in the FS Report, thus introducing uncertainty 

concerning both the spatial extent of the cleanup area and the volume of contaminated 
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environmental media requiring remediation. These flaws, in turn, undercut the validity of EPA's 

analysis of the cost and feasibility of its favored remedial alternatives. 

However, EPA could eliminate the uncertainty engendered in the FS regarding the cost 

and feasibility of the disposal alternatives, and significantly reduce the volume of contaminated 

soils and sediment requiring removal,'by selecting for the Allendale and Lyman Mill Reach 

Sediment action area a remedial alternative that incorporates as a primary component the in-situ 

capping of impacted sediment, such as Alternative 8a (Partial Excavation, Isolation Capping 

and Disposal and/or Treatment). The in situ remedial alternatives proposed for this action area 

are protective of human health and the environment, cost-effective, and feasible to implement. 

In addition, the selection of a remedy of this nature would fulfill the National Remedy Review 

Board's ("NRRB") recommendations that EPA reconsider the merits of remedial alternatives 

that include both excavation and capping. See U.S. EPA, National Remedy Review Board 

Recommendations for the Centredale Manor Restoration Project Site (Oct. 28, 2010), at 4. The 

FS Report must be revised to fully and fairly evaluate such alternatives. 

Where EPA does" calculate and apply a Site-specific cleanup goal to its analysis in the FS 

Report, with respect to pond sediments and floodplain soils, its calculation of the cleanup goal is 

fatally flawed. Pond sediments and floodplain soils comprise, by volume, most of the 

environmental media slated by EPA for remediation. See FS Report, Table 3-8. EPA's volume 

estimates are based on the sediment and floodplain soil cleanup goals identified in Tables 3-3 

and 3-4 of the FS Report, respectively. According to these tables, the basis for the 2,3,7,8

TCDD cleanup goals is "upstream background."6 However, EPA acknowledges that upstream 

6 Emhart does not agree with EPA that "upstream background" is the appropriate cleanup goal for pond sediments 
and floodplain soils at this Site. Nonetheless, Emhart believes that an accurate and fully informed calculation of 

{W02P7351;5} 

42 



background data for sediments and floodplain soils is uncertain due to the paucity of existing 

data for these media. 

The uncertainty in upstream background concentrations also translates to uncertainty in 

the removal volume estimates presented in the FS Report for Allendale and Lyman Mill Reach 

Sediment, Allendale Reach Floodplain Soil, and Lyman Mill Reach Stream Sediment and 

Floodplain Soil. This occurs because EPA is uncertain regarding how much sediment and soil 

would need to be removed to meet its putative cleanup goals. The absence of clarity regarding 

cleanup values, and the concomitant uncertainty as to removal volumes, has significant 

implications for CDF design and/or off-Site disposal costs. 

Furthermore, in suggesting that significant delineation of impacted soil during the 

remedial design would be required in order to determine removal volumes, EPA recognizes that 

it does not know the extent of impacts to Site soils, particularly at depth. Therefore, the volume 

of soil required to be remediated could vary substantially from EPA's volume estimate presented 

in the FS Report. Consequently, Emhart submits that the soil and sediment removal volumes 

estimated in the FS Report likely are inaccurate (perhaps grossly so), resulting in an imprecise 

analysis of the remedial alternatives. This deficiency should be corrected by according proper 

weight to the in situ remedial options, which are both fully protective of human health and the 

environment and are not directly dependent on the final values determined for upstream 

background media. The use of an in situ remedy, such as Alternative 8 for sediments, would 

ensure that sediment remediation costs, volumes, and implementability do not vary significantly, 

upstream background levels would yield a higher number than that calculated by EPA, leading to the conclusion that 
a significantly higher cleanup value is consistent with the NCP. 

{W0207351;5} 

43 



even if EPA's assumptions regarding upstream background values change subsequently based on 

additional data that may be acquired in the future. 

B.	 Discussion of EPA-Designated Action Areas 

1. Allendale and Lyman Mill Reach Sediment 

EPA is considering five alternatives for Allendale and Lyman Mill Reach Sediment: 

•	 no action. 

•	 full excavation with the dams remaining in place (Alternative 7), with disposal 

either through: placement of excavated material in an "upland" confined disposal 

facility (CDF) (7a); placement of excavated material in a nearshore CDF (7b); on-

Site incineration (7d); or off-Site disposal (7e). 

•	 full excavation with the dams replaced with new weir structures, with disposal 

through placement of excavated material in a nearshore CDF (Alternative 10b). • 

•	 partial excavation and isolation capping alternative with the dams remaining in 

place (Alternative 8), with disposal either through: placement of excavated 

material in an "upland" CDF (8a); placement of excavated material in a nearshore 

CDF (8b); on-Site incineration (8d); or off-Site disposal (8e). 

•	 partial excavation, isolation capping, and on-Site consolidation alternative with 

the dams replaced with new weir structures (Alterative 1 If) (EPA has screened-

out the "channel-only" configuration for Alternative 11). 

Emhart's recommended approach for Allendale and Lyman Mill Reach Sediment 

involves the placement of excavated sediments in a nearshore CDF or within isolation caps 

within the footprints of the ponds. Sediment that is not excavated would be capped in-situ. If 

EPA decides that a nearshore CDF cannot be implemented at the Site, as discussed below, the 
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Agency must satisfactorily address the many uncertainties inherent in the upland CDF disposal 

option before it can select a remedial alternative that includes an upland CDF. 

a.	 The Nearshore CDF Disposal Option is Implementable, 
Protective, and Cost-Effective 

In contrast to the upland CDF disposal option that EPA appears to favor, the nearshore 

CDF disposal option is technically feasible and readily implementable. It also is equally 

protective of human health and the environment, and is not burdened by the need to acquire 

multiple properties whose availability is unknown. The estimated remedial costs for excavation 

with onsite containment in a nearshore CDF are approximately $9 million less than EPA's 

estimated costs for an upland CDF, the real costs of which still are unknown. Nevertheless, EPA 

promotes the upland CDF disposal option despite its uncertain implementability and potentially 

exorbitant costs, in lieu of the exceedingly more implementable and cost-effective nearshore 

CDF option. 

(i)	 EPA Has Inappropriately Relied on Executive Orders 
to Eliminate the Nearshore CDF Disposal Options from 
Consideration 

EPA erroneously relies on Executive Order 11988 to effectively eliminate consideration 

of the nearshore CDF as a viable disposal option. EPA states that since "a portion of the 

nearshore CDF would require the permanent occupancy and modification of the floodplain," 

Executive Order 11988 requires a determination "that there was no other practicable alternative 

before selecting this option as the preferred remedy." See, e.g., FS Report, at 6-17. In fact, the 

nearshore CDF disposal option would not have any adverse effect on the floodplain; therefore, 

neither the Executive Order nor EPA policy requires that EPA make the stated determination. 

Executive Order 11988 states that "[i]f an agency has determined to, or proposes to, 

conduct, support, or allow an action to be located in a floodplain, the agency shall consider 

{W0207351;5} 

45 



alternatives to avoid adverse effects and incompatible development in the floodplains." 

Executive Order 11988, § 2(a)(2) (emphasis added). EPA policy emphasizes "[i]f there is no 

floodplain/wetlands impact identified, the action may proceed without further consideration of 

the remaining procedures set forth below." See U.S. EPA, Statement of Procedures on 

Floodplain Management and Wetlands Protection (Jan. 5, 1979), at § 6(a)(1). 

Hydrodynamic modeling performed by Anchor QEA, LLC ("QEA"), an EPA-approved 

contractor, has demonstrated that the remedial alternatives that use a nearshore CDF would 

"result in predicted flood inundation that has no appreciable effect beyond that for existing 

conditions for the areas adjacent to Allendale and Lyman Mill Ponds, even for 100-year flood 

events." See QEA, Hydrodynamic Analysis of Remedial Alternatives (Nov. 16, 2007), at ES-2. 

Moreover, the results of the hydrodynamic modeling analysis demonstrate that the nearshore 

CDF alternatives "would have a negligible effect on flood stage height and floodplain inundation 

during high-flow events (100-year flood) in the region downstream of Manton Dam," and, 

further, that such alternatives can be engineered to minimize erosion. See id. at ES-2 to ES-3. 

Therefore, fully consistent with the Executive Order and EPA's Statement of Procedures, given 

that no impact has been identified for the floodplain, the nearshore CDF disposal option should 

be considered viable. 

Moreover, EPA has never interpreted Executive Order 11988 as an absolute prohibition 

against selecting a remedy in a floodplain. On the contrary, EPA has routinely considered and 

selected alternatives in a floodplain where circumstances indicate that the remedy is the least 

damaging and most cost-effective alternative. When such remedies are selected, as stated in 

Executive Order 11988, efforts must be made to "reduce the risk of flood loss, to minimize the 
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impact of floods on human safety, health and welfare, and to restore and preserve the natural and 

beneficial values served by floodplains." EO 11988, at § 1. 

One recent example of a floodplain remedy selection in Region 1 is the Record of 

Decision released on September 30, 2010 concerning the Nyanza Chemical Waste Dump 

Superfund Site (Operable Unit 4, Sudbury River) (Sep. 2010) ("Nyanza Chemical ROD"). In the 

Nyanza Chemical ROD, EPA fully acknowledges and accounts for Executive Order 11988 in 

considering various alternatives, yet selects a remedy involving the modification and occupancy 

of a floodplain. This selection does not result from a determination that all other remedies are 

prohibitive. Instead, EPA weighs the pros and cons of each possible alternative and concludes 

that the selected remedy "is the least damaging practicable alternative because this alternative 

impacts the smallest area among all active alternatives considered, is expected to meet cleanup 

goals in a short timeframe (approximately 10 years) in the most contaminated part of the river, 

and presents fewer impediments to successful restoration of the aquatic environment." Nyanza 

Chemical ROD, at 4. EPA equates "practicable" within the meaning of Executive Order 11988 

to cost-effective, stating that the alternatives to the selected remedy "are not cost-effective under 

the conditions found at this Site, and therefore not practicable." Id. at 74. 

The consideration of cost-effectiveness was hardly an aberration, as EPA routinely takes 

cost into account in its analysis of Executive Order 11988 and remedy alternatives. For example, 

at Pownal Tannery Superfund Site, Region 1 chose to locate a solid waste facility within a 100

year flood plain of the Hoosic River in Vermont. See ROD for Pownal Tannery Superfund Site, 

Pownal, Vermont (Sep. 2002) ("Pownal Tannery ROD"). The Pownal Tannery ROD states that 

off-Site disposal was investigated during the FS stage, but no solid waste facility was identified 

that could take the volume of dioxin-contaminated waste that would be generated. EPA further 
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states that the waste "could be exported to Canada for treatment and disposal, but for an 

impracticably high cost." Pownal Tannery ROD, Executive Summary, at 2 (emphasis added). 

"It was determined that the selected remedy of on-Site disposal of the waste in a consolidated 

landfill located within the higher area of the flood plain (outside of the higher energy flood way) 

is the most practicable and cost-effective alternative." Id. The Pownal Tannery ROD states that 

because the selected alternative could be designed and implemented to be resistant to flood 

damage, and would minimize the effects on the existing floodplain, the selected remedy was "the 

best practicable alternative." Id. 

Therefore, EPA should not rely on Executive Order 11988 to effectively eliminate the 

nearshore CDF as a viable disposal alternative. Instead, consistent with the Executive Order, 

EPA policy, and remedy decisions at other sites in Region 1, EPA should give adequate 

consideration to the nearshore CDF, which is the most practicable and cost-effective disposal 

alternative under evaluation. 

(ii)	 Contrary to the NCP, EPA Has Erroneously Screened 
Out Effective Remedial Alternatives that Include the 
Nearshore CDF Disposal Option 

Contrary to the NCP, EPA "screens out" the "channel-only" configuration for Alternative 

11 for the Allendale and Lyman Mill Reach Sediment action area. The NCP allows EPA to 

remove alternatives from consideration at the screening stage if they are not effective, 

implementable or cost-effective. See 40 C.F.R. § 300.430(e)(7). However, none of these factors 

justifies "screening-out" the "channel-only" configuration for Alternative 11. Rather, EPA 

unjustifiably screens out this alternative based on its application of improper criteria and in 

violation of the NCP, stating that "[l]ocal residents that live along the river might express 

concerns regarding replacing the dams, especially because this would result in a reduction of 

open water area." FS Report, at 5-30 (emphasis added). Moreover, EPA states in the FS Report 
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that "[t]he channel-only configuration (Figure 5-22), however, is screened out because it is 

expected that there would be considerable public opposition due to the substantive reduction in 

the water area." Id. (emphasis added). 

EPA cannot use the community acceptance criteria as the sole basis to screen out a 

remedial alternative at the FS stage. As discussed in Section III.A.3. above, in evaluating a 

remedial alternative, the NCP requires EPA to first consider the threshold criteria and then if 

these are met to consider the primary balancing criteria in selecting and screening out remedial 

alternatives for the FS. Applying any other evaluative process contravenes statutory and 

regulatory requirements and internal EPA guidance. In fact, EPA acknowledges in the FS 

Report that it may not circumvent the NCP alternatives evaluation process. See, e.g., FS Report, 

at 6-1 ("The assessment of the modifying criteria is generally not completed until after state and 

public comments on the Proposed Plan are received"). The NCP specifically states that 

community acceptance cannot be assessed until comments on the proposed plan are received. 

See 40 C.F.R. § 300.430(e)(9)(iii)(I). Further, EPA guidance provides that "information 

available on the community acceptance criterion may be limited before the public comment 

period for the Proposed Plan and the RI/FS Report" and EPA "should not speculate on 

community acceptance of the alternatives." See A Guide to Preparing Superfund Proposed 

Plans, at 3-9 (emphasis added). Notwithstanding the requirements of the NCP and its own 

guidance, however, EPA screens out the channel-only configuration for Alternative 11 based on 

sheer conjecture regarding "expected" public opinion. This elimination of the "channel-only" 

alternative has occurred far in advance of the required public comment period, after which the 

NCP instructs that EPA shall apply the community acceptance criteria. 
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Notwithstanding the foregoing, in an about-face, EPA does not apply potential public 

opposition as a selection criterion to any other alternative, particularly the upland CDF disposal 

option, to which the Town of Johnston already has expressed opposition. EPA should retain the 

"channel-only" configuration for Alternative 11 in order that the full range of effective, 

implementable and cost-effective remedial alternatives will be subject to public comment, as 

mandated by the NCP. 

b.	 EPA Has Failed to Address Key Uncertainties Concerning the 
Implementability and Cost Effectiveness of an Upland CDF 

Several of the remedial alternatives contemplate disposal of excavated environmental 

media in one or more upland CDF(s). With respect to this disposal option, EPA states that 

dewatered, contaminated sediment could be contained in one or more CDF(s) constructed on 

properties above the 100-year flood elevation that would be acquired and deemed "on-Site" for 

permitting purposes. 

The total volume of Site sediment requiring removal, including the over-dredge 

allowance, is calculated by EPA to be 155,800 cubic yards ("cy"). If the Allendale and Lyman 

Mill Floodplain soils are included, an additional 29,700 cy would require removal. The 

excavated sediment would be dewatered, reducing its estimated volume to 97,900 cy.7 FS 

Report, at J-55. If the dewatered sediment and the floodplain soils are included, EPA estimates 

the volume of material that would be placed in the upland CDF(s) to be 127,600 cy. 

As an initial matter, EPA may not consider the selection of this remedial alternative until 

the administrative record is supplemented to address the following threshold issues: (1) the 

capacity of the targeted properties to contain the excavated sediment and soil; (2) the availability 

7 EPA assumes a reduction in sediment volume of approximately 37% resulting from the dewatering. There is no 
support in the administrative record for this assumption, which Emhart believes to be over-stated. 
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of the targeted properties for purchase at fair market value; (3) the ability to obtain a waiver from 

the LDR requirements; (4) the qualification of the properties for "on-Site" classification; (5) the 

suitability of the properties to contain the proposed CDFs; and (6) the implementability of EPA's 

"excavate and test" approach. Each of these considerations is discussed below. 

(i)	 Properties Targeted By EPA for Placement of Upland 
CDFs Are of Limited Size 

The size of the properties identified by EPA as potential locations at which an upland 

CDF could be constructed is limited. Thus, the capacity of any upland CDFs to be constructed 

on these properties also is limited. 

EPA has proposed an "excavate and test" iterative approach to sediment and soil removal 

that is intended to address the potential capacity limitations. See, e.g., FS Report, at 5-18. Under 

EPA's proposed approach, the total volume of sediment and soil that ultimately would be 

excavated from the Allendale and Lyman Mill Reach areas would not be known prior to remedy 

implementation, but provision would be made for the placement of a thin-layer cover over 

impacted sediments and soils that remain in place due to limits on the capacity of the CDFs: 

Alternative 6 assumes that a thin-layer cover would be placed over residual 
contamination rather than conducting continuous dredging; the latter would not be 
practical considering the limited capacity for on-Site disposal and the high cost of off-
Site disposal and/or treatment. 

Id. at 5-12. 

EPA also acknowledges the need to limit excavation in implementing Alternative 7 due 

to the likely limited capacity of the proposed upland CDF(s): 

This alternative includes a thin-layer cover as a contingency provided confirmation 
sampling reveals areas of deeper contamination or areas where the residual 
concentrations are above the cleanup goals. A thin-layer cover would be placed in order 
to reduce residual contaminant concentrations throughout the ponds to acceptable levels 
so that the RAOs could be achieved. Cost estimates assume the thin-layer cover will be 
required. 

{W0207351;5J 

51 



Id. at 5-18. 

In light of the substantial uncertainties regarding EPA's implementation of the "excavate 

and test" approach, EPA's cost estimates for this range of alternatives must be viewed as highly 

suspect. See Letter from D. Scotti, LEA, to A. Krasko, EPA (May 16, 2008/ Accordingly, in 

order to determine whether an upland CDF may be a viable, cost-effective remedial alternative, 

EPA first must develop a sound excavation approach that is based on the known areal extent and 

depth of sediment and soil to be excavated, and which incorporates the application of a thin layer 

cover as EPA contemplates in the FS Report. For example, Figure 5-6 of the FS Report shows 

three potential locations at Lyman Mill Reach where a CDF could be constructed above the 100

year flood elevation. Possibly, a CDF could be constructed on the two proposed northern CDF 

locations, assuming that the existing soil within the footprint of the proposed CDFs was removed 

down to the ground surface elevation at the downhill dike and was shipped off-Site for disposal 

at a certified facility. However, EPA has not presented any information regarding the quality of 

the soil at any of the proposed CDF locations. In the absence of such necessary information, 

EPA is unable to provide cost estimates for the disposal of any such soil, including the cost of 

the upland CDF disposal option. 

Moreover, the FS Report indicates that, even using EPA's,estimated volumes, the 

combined capacity of the two proposed northern CDF locations would be sufficient only to 

contain the excavated sediments (after mechanical dewatering), but not the floodplain soils to be 

excavated from Lyman Mill Reach. See FS Report, at 5-13. Thus, in order to realistically 

implement the upland CDF remedial alternative', construction of a third upland CDF with 

sufficient capacity for sediment and floodplain soil would be required, further south, near the 

head of Lyman Mill Pond, and above the 100-year flood elevation. See FS Report, Figure 5-6. 
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(ii)	 Property for CDFs Has Not Been Purchased and Cost 
of Purchase is Not Included in EPA's Cost Estimate 

The construction of upland CDF(s) at the locations identified on Figure 5-6 of the FS 

Report is dependent on the ability to acquire and access those properties. These properties must 

be acquired by purchase or condemnation to effectuate the proposed remedy, and EPA has not 

demonstrated that their acquisition can readily be achieved. 

Recent experience with several current landowners illustrates that acquisition and/or 

access may not be readily achieved without significant negotiation or legal recourses. For 

example, Integral Consulting, Inc. ("Integral"), an environmental consulting company, on behalf 

of Emhart, attempted to obtain access to the properties identified by the Town of Johnston on 

property Map 35, Lot 8 and Map 36, Lots 187, and 186 for the purpose of collecting soil and 

sediment samples in the Oxbow Area of the Site. Lots 8 and 187 comprise a significant portion 

of the central CDF pictured in Figure 5-6 of the FS Report. Although Integral attempted to gain 

access to these properties, as well as Lots 6, 7, 8, 9, and 18 that border lots 8 and 187 to the west, 

access was denied by the property owner in a July 28, 2010 letter. EPA subsequently 

corresponded with this property owner in an August 24, 2010 letter from Anna Krasko 

attempting to facilitate access to these properties. Despite EPA's written access request, which 

suggested a "lengthy legal process under Superfund Law" might occur if access were not 

granted, the property owner denied access. 

Similarly, Integral requested access to another parcel, also owned by the Town of 

Johnston, identified on Map 36, Lot 186, in connection with another planned sampling event in 

the Oxbow Area. This property also would have to be accessed if sediment were transported 

directly from Lyman Mill Pond to the southern-most proposed CDF location shown on Figure 5

6 of the FS Report. However, an August 6, 2010 letter from the Town of Johnston's Solicitor to 
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Integral stated, "the Town of Johnston is not prepared to provide consent for access to its 

property." This letter also stated that, "[fjhe Town administration has repeatedly advised all 

parties that it is adamant in its opposition to disposal of contaminated sediment within the 

Town's limits." 

Further, the April 8, 2009 notes prepared by EPA technical representatives from a report 

by its technical consultants, Battelle, regarding a meeting with a representative of Baccala 

Concrete Corp. state that the current owners of the southern-most CDF location shown on Figure 

5-6 of the FS Report met with EPA representatives "to discuss the potential of locating a 

confined disposal facility (CDF) on the property." The notes are devoid of any comment, 

positive or otherwise, by the Baccala Concrete representative regarding the company's 

willingness to allow the EPA to locate a CDF on its property. 

The PRPs who may be required by EPA to perform an upland CDF remedy have no 

independent authority to compel the property owners to sell their land. See, e.g., United States v. 

Hardage, 58 F.3d 569 (10th Cir. 1995). EPA has authority to seek court-ordered access to a 

property to effectuate a response action only if (1) EPA's right of entry has been obstructed; (2) 

EPA has a reasonable basis to believe that there may be a release or threat of release of a 

hazardous substance, pollutant, or contaminant; (3) EPA has sought consent to entry; and (4) the 

demand for entry is not arbitrary, capricious, an abuse of discretion, or otherwise illegal. See, 

e.g., United States v. W.R. Grace & Co., 134 F. Supp. 2d 1182, 1185-86 (D. Mont. 2001). While 

EPA also may obtain property by condemnation under CERCLA Section 104(j) if it is needed to 

conduct a remedial action, demanding possession of a parcel without adequate justification may 

be deemed arbitrary and capricious. See id. at 1189 ("If...the EPA sought access to an 

'innocent' [i.e., uncontaminated] tract of land in order to dump hazardous waste on it, its demand 
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for entry might be considered arbitrary and capricious. If other alternatives for disposal were 

plainly superior to the EPA's proposed actions, then its demand for entry might be an abuse of 

discretion."). Thus, a Rhode Island court may very well reject a demand by EPA for access to 

the properties upland of the Site based on a finding that the Agency's demand is arbitrary and 

capricious, and an abuse of EPA's discretion. 

Finally, EPA does not factor the cost of acquiring such properties into its cost estimate 

for the upland CDF disposal option, as required by the NCP and EPA guidance for purposes of 

conducting the detailed analysis of alternatives. See 40 C.F.R. § 300.430(e)(9)(iii)(G); see also 

RI/FS Guidelines, at 6-11. Also, EPA's cost analysis does not consider that if one or more of the 

properties identified for the upland CDF are not available, the disposal costs would skyrocket. 

(iii)	 Availability of a LDR Treatability Variance is 
Uncertain 

EPA assumes, without substantiation, that it can obtain a LDR treatability variance to 

place dioxin-contaminated soils and sediments in upland CDFs. See, e.g., FS Report, at 7-6. 

However, the FS Report does not contain the information required by EPA guidance to 

document the Agency's intent to comply with the LDRs through a treatability variance. See U.S. 

EPA, Superfund LDR Guide #6A (2nd Edition), Obtaining a Soil and Debris Treatability 

Variance for Remedial Actions (Sep. 1990), at 4. Once again, EPA's failure to follow the 

applicable procedural requirements for performing the FS has resulted in the Agency's 

expression of preference for a particular remedial alternative, absent a sufficient basis to properly 

evaluate its effectiveness, implementability, and cost. 

(iv)	 It is Uncertain Whether the Upland CDFs Would Be 
"On-Site" as Defined by CERCLA 

As discussed, the FS Report identifies three potential locations for the upland CDFs, all 

situated within the Lyman Mill area: "The northern CDF would be built where the current 
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ground surface slopes up to the northwest of Lyman Mill Pond. The second CDF could be built 

south of the abandoned channel where the current ground surface slopes up along the western 

border of the Oxbow .... The third CDF with sufficient capacity (for sediment and floodplain 

soil) could be constructed further south, near the head of Lyman Mill Pond and above the 100

year flood elevation." See FS Report, at 5-13 and Fig. 5-6. EPA acknowledges that use of these 

locations may result in some destruction of upland habitat and/or wetlands, and has stated that 

mitigation for wetland impacts would be required. Also, the proposed locations would require 

evaluation of their relative ecological functions and values during the remedial design. See FS 

Report, at 5-13. 

For an upland CDF to qualify as "on-Site" for purposes of obtaining CERCLA permit 

waivers, it must be (1) necessary, (2) suitable, and (3) in very close proximity to the 

contamination area. See General Electric Co., 460 F. Supp. 2d 395, 403 (N.D.N.Y. 2006). The 

proposed upland CDF locations, perhaps, may qualify as being in "very close proximity" to the 

Site. They are contiguous with Allendale Pond and Lyman Mill Reach and Pond, all of which 

comprise EPA-designated action areas requiring clean-up. The GE court found that a processing 

facility to be built within 1.4 miles of the Hudson River Site was in "very close proximity," even 

though the location itself was not contaminated with hazardous substances. However, given the 

multitude of remedial options that are under consideration for the Site, if options not requiring 

disposal in an upland CDF(s) meet the NCP criteria, then the upland CDF may not be 

"necessary." Moreover, if there are significant issues concerning the impact on the wetlands 

and/or habitat, or concerning whether the EPA can obtain the land necessary for the upland CDF, 

the upland CDF may not be "suitable" for purposes of meeting the "on-Site" criteria. 
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(v)	 Suitability of the Targeted Properties for Placement of 
Upland CDFs Has Not Been Determined < 

Prior to issuing a Proposed Plan, EPA must determine that the properties are suitable for 

upland CDFs, which would require that soil samples be collected and analyzed for geotechnical 

and chemical testing. The test results would indicate, for example, whether shallow bedrock is 

present that would preclude the proper construction of an upland CDF. Such testing also would 

indicate, for example, whether the soil at the property is contaminated, and the nature and extent 

of any such contamination. 

Without this information, EPA cannot properly estimate the cost of the upland CDF 

disposal option because the cost to excavate and properly dispose of any contaminated soil that 

may be present at the property is not known. Moreover, if the soil is contaminated, the question 

arises as to where the contaminated soil removed to create the CDF would be disposed. It does 

not appear that EPA has considered, as part of its alternatives analysis, whether the proposed 

properties may have environmental issues that present significant hazards. Despite EPA's effort 

to estimate the cost associated with selection of upland CDFs as the preferred disposal option, 

EPA has failed to conduct any such testing and has not identified the locations of potential 

disposal facilities that could accommodate any contaminated soil that is found. 

(vi)	 EPA's Confirmation Sampling Approach is Not 
Implementable 

As already discussed, the "excavate and test" iterative approach to sediment removal 

proposed in the FS Report, see, e.g., FS Report, at 5-36, does not allow for an accurate estimate 

of the volume of sediment to be excavated. Moreover, this approach, under which sediment 

samples would be collected following the excavation of impacted sediment, is infeasible to 

implement due to inherent time constraints' in the approach. Assuming that the samples are 

obtained the day of excavation and are submitted for laboratory analysis that same day, the 

{W0207351;5} 

57 



earliest that the sample results would be known is approximately three weeks later. The results 

also would require validation and evaluation, which would take approximately an additional 

three weeks. It is assumed that, in the interim, other areas of sediment could be excavated. 

However, there would be limitations on the areas that could be excavated during this minimum 

six week time period, because the remedy would have to be conducted in an upstream to 

downstream manner. Thus, it is likely that remediation activities would be delayed due to the 

timing of receipt of the laboratory analytical results and their validation and/or evaluation. 

This approach simply is not practicable or implementable during a construction project 

involving heavy machinery. Also, during this time, the excavated areas would be subject to 

impacts from precipitation events and the release of pond water from upstream reservoirs, 

making it very problematic to manage water within the remediation cells. One potentially 

implementable method to conduct this excavation remedy would be to forego the unnecessary 

"excavate and test" iterative approach and, instead, simply place a soil cover over areas 

excavated to a pre-determined depth, which already is contemplated by EPA. This latter method 

also would provide the requisite volume certainty in constructing the CDF. 

c. Modified Approach to Implementing Upland CDF Alternative 

If a favorable resolution of the foregoing issues is obtained, the upland CDF disposal 

option may be implementable, assuming EPA were to: 1) define the volume of soil and sediment 

to be placed in an upland CDF of known capacity; and 2) limit excavation to an amount of 

material equal to or less than the CDF capacity. In this scenario, further testing would be 

required to adequately determine the reduction in sediment volume that could be expected to 

occur through dewatering and compaction, and to identify the volume of the sediments that 

contain the highest concentration of contaminants to be placed in the upland CDF. EPA already 

contemplates the limitation of this disposal option by virtue of its assumption that a thin-layer 
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cover would be placed over residual contamination, rather than conducting continuous 

dredging/excavation, because "the latter would not be practical considering the limited capacity 

for on-Site disposal and the high cost of off-Site disposal and/or treatment" under Alternatives 6 

and 7 (Full Excavation and Disposal and/or Treatment). FS Report, at 5-12. Instead, under a 

modified approach similar to the nearshore CDF option, the sediments containing the highest 

concentrations of contaminants could be removed from the ponds and placed in a single upland . 

CDF. A cover could be placed over the residual contamination. 

This modified approach, which would eliminate the possibility of a lack of capacity 

within a CDF, is protective, implementable, and cost-effective. 

d. Off-Site Disposal is Not Feasible 

Under the off-Site disposal and/or treatment option, excavated soil, sediment, and debris 

would be shipped off of the Site, and disposed either by containment in a designated facility or 

by thermal treatment. As provided in the FS Report, the dewatered, dredged material would be 

analyzed for dioxin and other contaminant concentrations to characterize the materials, and to 

determine which type of landfill would be required or if the materials need to be treated. Once 

the appropriate disposal facility were identified, the dewatered material would be loaded onto 

trucks and taken to a regional rail loading facility for transportation to the designated disposal 

facility. 

Off-Site disposal is not a viable option for several reasons, including EPA's inability at 

this junction to determine whether there would be any off-Site facilities capable of accepting the 

excavated material at the time that the remedy is implemented. Facilities that are capable of 

accepting the requisite waste types today may not have the capacity to accept such waste at the 

time that the remedy would be implemented. Moreover, facilities that are operating today may 

not be in operation at the time that the remedy is implemented, or such facilities may not have 
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the capacity to accept the waste or accept the waste on a schedule that is commensurate with the 

remediation schedule. The few facilities that may be able to accept the waste may be able to do 

so only on a schedule that is extended over many years, due to capacity constraints. Lastly, there 

are few facilities that can accept the waste today, resulting in a less-than competitive market. 

Thus, the disposal costs that would be incurred are subject to very high prices that are set by 

these few facilities. In a market that lacks competition, this could result in costs that are not 

realistically factored into the evaluation presented in the FS Report. Also, there is no known 

regional rail loading facility for transportation; nor has one been identified in the FS Report. 

Thus, the costs assumed in the FS Report do not take into account alternative shipping methods. 

Even if off-Site disposal were a feasible option, it is one that would run afoul of EPA's 

extensive efforts to promote green remediation. One of the primary objectives of EPA's Green 

Remediation Guidelines and Superfund Green Remediation Strategy (Sep. 2010) is the 

minimization of air emissions. The transport of large volumes of contaminated soil and sediment 

would be directly contrary to EPA's directive that "[s]ite management plans should specify 

procedures for minimizing worker and community exposure to emissions, and for minimizing 

fuel consumption or otherwise securing alternatives to petroleum-based fuel." See U.S. EPA, 

Green Remediation: Incorporating Sustainable Environmental Practices into Remediation of 

Contaminated Sites (Apr. 2008), at 14. Thus, the off-Site disposal option should be evaluated 

with appropriate consideration given to EPA's Green Remediation strategy. 

e.	 Emhart's Recommended Approach for the Allendale and 
Lyman Mill Reach Sediment is Protective, Implementable, and 
Cost-Effective 

To recap, Emhart's recommended approach for the Allendale and Lyman Mill Reach 

Sediment action areas involves the placement of excavated sediments in a nearshore CDF or 

within isolation caps within the footprints of the ponds. Sediments that are not excavated would 
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be capped in-situ. As discussed, this approach is described in the FS Report, in general, as 

Alternatives 1 Ob (Dam Replacement, Excavation, and Disposal in a Nearshore CDF) and 11 f 

(Dam Replacement, Partial Excavation, Isolation Capping and Consolidation). This approach is 

protective of human health and the environment, and is implementable and cost effective. EPA 

should revise its analysis of the upland CDF alternative to address the concerns raised above, and 

give full consideration to the nearshore CDF option. 

2. Allendale Reach Floodplain Soil 

EPA is considering three alternatives for Allendale Reach Floodplain Soil: 

(1) full excavation (Alternative 5), with a nearshore (Alternative 5b) or upland 

(Alternative 5a) CDF disposal option; 

(2) full excavation, and on-Site thermal treatment (Alternative 5d); or 

(3) full excavation and off-Site disposal and/or treatment (Alternative 5e). 

Although EPA treats Allendale Reach Floodplain Soil as a separate action area, the proposed 

remedies for this area are subject to the same concerns and limitations as the alternatives 

proposed for the Allendale and Lyman Mill Reach Sediment, as discussed in Section IV.B.l. 

above. Thus, Emhart reiterates its objections to EPA's analysis of the remedial alternatives for 

Allendale Reach Floodplain Soil, and submits that Emhart's preferred alternative, namely 

placement of excavated sediment in a nearshore CDF or within isolation caps within the pond 

footprints, is implementable, cost-effective, and protective of human health and the environment, 

as required by the NCP. 

3.	 Lyman Mill Reach Stream Sediment and Floodplain Soil (Oxbow 
Area) 

EPA is considering two basic alternatives for Lyman Mill Reach Stream Sediment and 

Floodplain Soil: 
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(1)	 targeted excavation and enhanced natural recovery (ENR) (Alternative 3), with 

containment in either a nearshore (Alternative 3b) or an upland (Alternatives 3a) 

CDF; on-Site incineration (Alternative 3d); or off-Site disposal (Alternative 3e); 

or 

(2)	 partial excavation and ENR (Alternative 5), with containment in either a 

nearshore (Alternative 5b) or an upland (Alternatives 5a) CDF; on-Site 

incineration (Alternative 5d); or off-Site disposal (Alternative 5e). 

a.	 EPA Should Not Finalize a Remedy for this Action Area 
Without Considering Data from Emhart's Ongoing 
Supplemental Investigation 

Emhart submits that the FS Report must be revised to take account of new sampling data 

for this action area collected by Emhart under an agreement with EPA, which indicates that the 

remedial alternatives presently discussed in the FS Report are overreaching. The paucity of 

floodplain soil and wetland sediment data for this action area hampered EPA's ability to assess 

remedial alternatives with any certainty. Recognizing this shortcoming and the need to obtain 

additional data for this action area, EPA entered into an Administrative Settlement Agreement 

and Order on Consent with Emhart to conduct a supplement investigation of floodplain soils and 

wetland sediments in Lyman Mill Pond. (CERCA Docket No. 01-2010-045) ("Order"). Since 

EPA's issuance of the FS Report, Emhart has completed and submitted to EPA extensive 

additional sampling and analytical data. Without the results of the work described in the Order, 

EPA cannot adequately assess the distribution and occurrence of contaminants in this area, 

accurately quantify the potential human health and ecological health risk, or properly assess 

whether the remedial alternatives under consideration for the Oxbow Area are appropriate. 

Consequently, it would be inconsistent with the NCP and premature for EPA to identify a 

favored a remedy for this action area without first obtaining and analyzing the data necessary to 
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adequately characterize it. As discussed below, data from Emhart's supplemental investigation 

suggest that the remedial alternatives under consideration in the FS Report for the Oxbow Area 

are not appropriate. 

b. Overview of Emhart's Ongoing Supplemental Investigation 

EPA relied on scant data to identify remedial alternatives for this action area, particularly 

for the floodplain soils and sediment in the Oxbow Area and the Lyman Mill Reach Floodplain 

Soil. For example, the Oxbow Area baseline risk assessment, which determines the need for 

remediation, was conducted based on the results of only seven sediment/floodplain soil samples. 

See Battelle, Addendum to the BHHRA and BERA (Aug. 2006). Additionally, remediation 

alternatives for floodplain soil located at the confluence of Assapumpsett Brook and the River 

and in the southeastern portion of Lyman Mill Pond were evaluated without any analytical data 

from those areas. Thus, EPA's determination of appropriate remedies for these areas, if any, 

could not be made with confidence based on the data available to EPA when it prepared the FS 

Report. 

To address this paucity of data, Emhart, subsequent to issuance of the draft FS Report, 

agreed with EPA to collect soil and sediment samples in the area of the Oxbow and the other 

emergent wetland/floodplain soils within the remediation footprint as defined in the FS Report. 

See Order; see also Integral Consulting, Inc. Sampling and Analysis Plan for the Supplemental 

Investigation of the Lyman Mill Reach Sediment and Flood Plain Soils (Jun. 21, 2010). The 

Statement of Purpose in the Order provides that, 

the data collected, in the performance of the aforementioned investigation shall be 
considered by EPA, if available, as a factor in the 1) evaluation of the remedial 
alternatives set forth in the Feasibility Study; 2) analysis of potential risks to human 
health" or the environment; and 3) selection of the proposed remedy. 

See Order, at 4. 
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Emhart has fulfilled the requirements of the Order in good faith, performing two field 

events to obtain sampling data for both flood plain soils and wetland sediment. Floodplain soils 

were sampled in September and November 2010, and sediment samples were collected in 

November 2010. Additionally, in accordance with Section IX of the Order, Emhart has provided 

to EPA validated analytical data from all field sampling activities, as well as field notes, soil 

boring logs, and sampling location photographs. This data must be incorporated by EPA into the 

remedy selection process. 

c.	 Summary of Preliminary Data and Implications for Remedy 
Selection 

Emhart has evaluated the data in light of the foregoing-stated purposes for its collection. 

Some of the initial findings regarding that assessment were transmitted to EPA in a November 

10, 2010 letter from Patrick Gwinn of Integral Consulting, Inc. to Anna Krasko of EPA. 

A review of the sampling data indicates that concentrations of dioxins are most elevated 

in the northeastem-most portion of the Oxbow Area (in the immediate vicinity of SSG-01 and 

LPX-SD-4405), while levels of dioxins detected in samples collected throughout the remainder 

of the upland and forested wetland portions of the Oxbow area are much lower. As discussed in 

Mr. Gwinn's November 10, 2010 letter, the supplemental soil data collected in 2010 have 

significantly altered the human health and ecological risk computed for the forested wetland 

portion of the Oxbow area. Given the difficulty of accessing much of the forested wetland 

portions of the Oxbow area, receptor exposures are very limited. Thus, this area does not pose 

an unacceptable risk to human health under current and foreseeable future uses. Moreover, the 

computed risks to terrestrial ecological receptors are essentially equivalent to the risks computed 

for terrestrial receptors in upstream environs at Greystone Mill. Consequently, excavation and/or 
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thin layer capping in upland and forested wetland portions of the Oxbow area is unwarranted, 

and a "no action" alternative instead must be considered, consistent with the NCP. 

Surface soil sampling data from the forested and emergent wetlands located at the 

confluence of Assapumpsett Brook and the River, and in the southeastern portion of Lyman Mill 

Pond (SSG-31 and SSG-32), also suggest that these areas require no remediation. The sample 

collected from the forested wetland (SSG-31) contained 48.7 pg/g dioxin TEQ. The emergent 

wetland sample (SS_G-32) contained 140 pg/g dioxin TEQ. The average TEQ concentration for 

these samples is 94.35 pg/g, which, if applied to the risk assessment paradigm used by EPA's 

contractor Battelle in the Oxbow Area BERA, would result in risk to terrestrial ecological 

receptors that is lower than that posed upstream at Greystone Mill to the same receptors. 

Furthermore, these reported dioxin TEQ concentrations would not pose a significant human 

health risk to potential receptors accessing this land. Based on this information, EPA must 

reconsider the need for excavation and/or thin layer capping remedial alternatives for this area, 

and, instead, consider a "no action" alternative. 

Surface soil samples collected from floodplain soils located in the southeastern portion of 

Lyman Mill pond adjacent to Earl and Jefferson Streets (SS_G-30 and SS_G-33) had dioxin 

TEQ concentrations of 14.7 and 0.864 pg/g, respectively. Based on these data, it appears that 

this area is not being impacted by upstream contamination. Nonetheless, in the FS Report, EPA 

is considering excavation and/or thin layer capping of these flood plain soils. FS Report, at 5-42 

to 5-45. However, the September 2010 sampling data suggest that remediation is unnecessary in 

this area. Therefore, EPA should reconsider a "no action" alternative for this area. 

The 2010 sampling effort also included the collection of analytical and physical 

parameter data, such as sediment grain size distribution and total organic carbon, from the 
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scrub/shrub and emergent wetlands at the northern and northeastern extents of Lyman Mill Pond 

(i.e., south and east of the Oxbow area). Previously, no samples had been collected from this 

area. Thus, any remedial considerations in the FS Report for this area would have been made by 

extrapolation of the conditions in other areas. Now, EPA must assess the sampling data for the 

scrub/shrub and emergent wetlands in considering remedial alternatives for this area. 

The supplemental dioxin sampling data raises questions regarding the prior risk 

assessment results and the remedy selection process for the Oxbow Area forested wetland and 

other Lyman Mill flood plain soils currently targeted by EPA for remediation. EPA agreed in 

the Order to conduct additional risk assessments and reassess remedial considerations when the 

final validated floodplain soil and wetland sediment data become available. See Order, at 4. The 

foregoing discussion illustrates the potentially significant impact of these new data on the 

reassessment of any remedial alternatives for these areas. In short, the analytical data upon 

which EPA has relied in the FS Report are inadequate to accurately assess the need for, nature, 

or scope of a remedy for the sediments and floodplain soils in the Oxbow area. 

In accordance with the NCP, EPA must fully incorporate the supplemental sampling data 

into the risk assessment and remedy selection process prior to the issuance of a proposed 

remedial action plan. This approach also is consistent with the stated purpose of the Order, and 

the iterative approach to risk assessment as presented in the Principles for Managing 

Contaminated Sediment Risks. Moreover, it comports with comments made to the EPA by U.S. 

Fish and Wildlife. See Letter from T. Chapman, Fish & Wildlife Service, to A. Krasko, EPA 

(Jul. 26,2010). . 

4. Source Area Soil 


EPA is considering three alternatives for Source Area Soil: 


(1) no action (Alternative 1); 
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(2)	 targeted excavation, upgrade and maintain existing surfaces, with off-Site 

disposal (Alternative 3); or 

(3)	 targeted excavation, convert to RCRA caps and maintain, with off-Site disposal 

(Alternative 4). 

Alternative 2, long-term monitoring ands maintenance of existing surfaces, including 

existing caps, parking lots, paved surfaces, rip rap and landscaped areas, was improperly 

"screened out" by EPA in the FS Report. For the reasons set forth more fully below, EPA's 

elimination of Alternative 2 was arbitrary and capricious, and merits reconsideration. Several 

removal actions already have been undertaken to remediate source area soil at the Site. In 2000, 

Emhart and others installed a soil cap (Cap No. 2), and flood control berm along the western 

extent of the Site. Moreover, in 2003, Emhart and others installed a cap (Cap No. 3) over 

contaminated soils and sediments within the former tailrace. Finally, during 2009 and 2010, 

Emhart performed the TCRA, described in Section IV.B.S.b., which involved the excavation and 

off-Site disposal of source area soils and sediments from both the Source Area Soil and Source 

Area Groundwater action areas, and the installation of an impermeable cap. All of these TCRA 

activities performed by Emhart were overseen by EPA, and determined by the Agency to be 

protective of human health and the environment. 

In light of the foregoing, Emhart's recommended approach for Source Area Soil to ensure 

the long-term protection of human health and the environment is to monitor and maintain the 

existing surfaces; extend the cap areas, as discussed herein, to address certain soils not currently 

capped; and, as necessary, conduct limited excavation of soils in areas exceeding TSCA 

requirements for PCBs. The soils requiring excavation could be consolidated and covered with a 

RCRA/TSCA compliant cap. 
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a.	 EPA Has Improperly Applied RCRA Closure Requirements 

(i)	 In-Place Environmental Media Are Not Waste Subject 
to RCRA Closure Requirements-

As discussed in Section IV.A.2., EPA has concluded incorrectly that all contaminated 

media at the Site contain a RCRA F-listed waste. EPA not only makes an unsupportable 

assumption that the source area soils are a hazardous waste, it also incorrectly concludes that the 

RCRA cap remedial alternative for application in the Source Area Soil action area is the only 

alternative that would comply with all ARARs. 

In fact, RCRA requirements only apply if the response activity "constitutes treatment, 

storage, or disposal" of a hazardous waste. See U.S. EPA, CERCLA Compliance with Other 

Laws Manual, RCRA ARARs: Focus on Closure Requirements (Oct. 1989), at 3. Even 

assuming, arguendo, that the contaminated media at the Site contain a hazardous waste, which 

Emhart disputes, disposal does not occur when wastes are consolidated within the same area of 

contamination or unit, treated in situ, or capped or left in place. See id. At the Site, the source 

area soils have been capped in place. Therefore, RCRA closure requirements are not applicable. 

Because, as discussed in Sections III.C. La. and d., environmental media are not waste, 

RCRA does not apply to the Site environmental media unless and until they are removed from 

the land or the area of contamination. EPA has implicitly conceded this point; most notably, it 

recently has concluded that the source area soil is not a waste by allowing Centredale Manor 

Limited Partnership LLC to manage soil excavated during a recent waterline replacement project 

as environmental media. EPA has allowed the placement of these soils — soils within the same 

source area and with the same contaminant concentrations ~ to be excavated and used as backfill 

within the areas of excavation. By this action, EPA has acknowledged that the source area soils 
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are environmental media and are not subject to RCRA closure requirements. This interpretation 

by EPA, alone, would allow the source area soil to remain in place. 

(ii)	 Insufficient Basis to Conclude that Principal Threat 
Waste is Present at the Site and Thus that RCRA 
Closure is Required 

EPA has identified a limited area within the Source Area Soil action area under and south 

of the southern-most parking lot for the Centredale Manor Apartments as an area containing 

magnetic anomalies. See FS Report, at 2-2 to 2-3 and Figure 2-1. While EPA defines this area 

in the RI Report simply as one within which soils contain magnetic anomalies, in the FS Report 

EPA classifies the soils in this area as constituting principal threat waste ("PTW") under the 

NCP. See RI Report, at 1-5; FS Report, at 2-21. This classification is significant because it leads 

EPA to further conclude - erroneously - that RCRA closure requirements apply. 

The NCP provides that EPA is expected to employ treatment technologies to address the 

principal threats at a site, when practicable, and engineering controls to address waste that poses 

a relatively low long-term threat or if treatment is impracticable. See 40 C.F.R. 

§ 300.430(a)(iii)(A)-(B). These expectations reflect the fact that source materials can be safely 

contained and that treatment for all waste will not be appropriate or necessary to ensure 

protection of human health and the environment. 

In general, PTW are those source materials considered to be highly toxic or highly 

mobile, which generally cannot be contained in a reliable manner and/or would present a 

significant risk to human health or the, environment should exposure occur. "Principal threats" 

include "liquids, soils and sediments contaminated with high concentrations of toxic compounds, 

and highly mobile materials." Id. § 300.430(a)(iii)(A). Low-level threat wastes are those source 

materials that generally can be reliably contained and that would present only a low risk in the 

event of a release. See U.S. EPA, A Guide to Principal Threat and Low-Level Threat Wastes, 
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OSWER Superfund Publication: 9380.3-06FS (Nov. 1991), at 2. Low-level threats include 

source materials that exhibit low toxicity, low mobility in the environment, or are near health-

based levels. See id. Wastes generally considered to be low-level threat wastes include non-

mobile contaminated source material of low to moderate toxicity, surface soil containing 

contaminants that are relatively immobile in air or groundwater, low leachability contaminants 

such as low molecular weight compounds, or low toxicity source material. See id. 

According to EPA, PTW at the Site includes: (i) buried waste material in the Source Area 

Soil action area that contains magnetic anomalies; and (ii) highly-toxic soils, and, potentially 

NAPL, in the Source Area Groundwater action area. See FS Report, at 2-21.8 As demonstrated 

below, EPA lacks a sufficient basis to conclude that PTW is present at the Site. Thus, there is no 

basis for EPA's assertion that RCRA closure requirements apply. 

The source area soils reported to contain magnetic anomalies do not meet the definition 

of PTW. Geophysical surveys performed at the Site that resulted in the identification of these 

anomalies are simply a preliminary investigation tool to locate possible below ground surface 

anomalies, including buried drums. However, they do not provide the basis or support for EPA's 

assertion that PTW is present in the source area soil, absent follow-up investigation that leads to 

the identification of drum-related hazardous substances that qualify as PTW. 

In fact, more often than not, magnetic anomalies are not buried, intact drums containing 

hazardous material; rather, they are other relatively benign metallic debris. Thus, one would not 

expect to find drum-related hazardous substances in soils, including in the Source Area Soil 

action area under and south of the southern-most Centredale Manor Apartments' parking lot, 

While EPA suggests that dioxin-contaminated soils and sediments in other areas of the Site are highly toxic 
materials that potentially could meet the definition of PTW, the Agency further explains that Site-specific factors, 
nonetheless, indicate that it may be appropriate to address these materials as low-level threat waste. See FS Report, 
at 2-21. 
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which the FS Report states, without support, may contain buried bulk metallic materials, absent 

additional evidence. Accordingly, EPA has failed to provide any justification for defining soils 

with magnetic anomalies as PTW, and there is no evidence in the administrative record 

supporting EPA's conclusion that soils defined by the boundaries shown in Figures 2-1, 5-28, 

and 5-29 of the FS Report are PTW. 

Similarly, although a few crushed drum lids were found during the TCRA in the soils 

within the Source Area Groundwater action area, there were no findings indicating the presence 

of buried, intact drums of toxic material that might constitute PTW. Performed in 2009 and 

2010, the TCRA required the excavation and disposal off-Site of allegedly highly toxic soils in 

this area. However, as further described below in Section IV.B.4. and 5., EPA has failed to 

acknowledge the performance or describe the positive impact of the TCRA on current conditions 

in the Source Area Groundwater and Soil action areas of the Site, including the absence of PTW. 

In light of the foregoing, EPA has not established that PTW is present at the Site. Rather, 
i 

EPA's stated preference for remedial alternatives requiring RCRA closure is based on 

unsubstantiated conclusions regarding the presence of PTW. Thus, EPA's selection of a remedy 

requiring RCRA closure would be arbitrary and capricious and contravene the NCP. 

Accordingly, EPA should not select an excavation remedial alternative for the Source Area Soil 

action area. Instead, Emhart submits that EPA must reconsider its refusal to include 

Alternative 2 in the array of remedial alternatives for Source Area Soil and should select that 

option which entails long-term monitoring and maintenance of the existing caps and paved 

surfaces. The application of Remedial Alternative 2 in the Source Area Soil action area would 

ensure that the surfaces remain intact, thereby preventing direct contact with the underlying 

contaminated soils. 
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b. EPA Has Erred in Screening Out Remedial Alternative 2 

Under Alternative 2, long-term monitoring and maintenance of the existing surfaces, 

including the existing caps, parking lots, paved surfaces, rip rap and landscaped areas, would be 

performed to prevent erosion and potential exposure of contaminated source area soil. 

Application of this alternative also would ensure that the surfaces remain intact, thereby 

preventing direct contact with the underlying contaminated soils. 

The existing caps are protective of human health and the environment, and RCRA caps 

would be no more protective than the existing caps. See Letter from J. Loureiro, LEA, and J. 

Muys, Sullivan & Worcester, to A. Krasko, EPA (Jun. 8, 2007). The long-term protectiveness of 

the caps was demonstrated, although not mentioned in Section 2.3.5 of the FS Report, following 

the highest recorded flood event on the River, which occurred on March 30, 2010 and resulted in 

record high flows (>1750 cfs). Even with these historically high flows, no damage resulted to 

the present soil caps. See Letter from EPA Re: Interim Final Feasibility Study (May 7, 2010), at 

2 ("The flooding caused no significant structural damage to the caps or armoring."). 

According to EPA, Alternative 2 would not comply with the ARARs for GB leachability, 

RCRA or TSCA closure, residential direct exposure, or EPA's recommended residential level for 

dioxin in soil (EPA, 1998). See FS Report, at 5-54. EPA concludes that these requirements must 

be met or waived in order for Alternative 2 to meet CERCLA requirements. See id. However, 

as discussed above, RCRA closure requirements do not apply. As for residential direct exposure 

to contaminated soils, with just a modest extension of the protective surfaces already in place, 

this concern could be fully addressed. (In contrast, as discussed in Section IV.B.4. below, the 

relocation of residents to avoid direct exposure to contaminated soils and sediments if 

Alternatives 3 or 4 are chosen is highly problematic.) As set forth in Section IV.B.4.b.(i) below, 
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EPA has incorrectly applied the GB leachability criteria. And, TSCA is not a bar to leaving 

impacted media in place, as discussed below in Section IV.BAb.(ii). 

EPA's failure to acknowledge that the existing surfaces satisfy performance standards 

and its misapplication of the Site ARARs has resulted in EPA screening out the most practicable 

alternative for the Source Area Soil action area. See FS Report, at 5-54 to 5-55. 

(i)	 EPA Incorrectly Asserts that PCBs Are Present In Soil 
at Concentrations Above the GB Leachability Criteria 

EPA asserts in the FS Report that Alternative 2 was screened-out because the existing 

caps would not reduce precipitation infiltration into the groundwater, rior would this alternative 

actively remediate the area where contaminants in the groundwater are above the Rhode Island 

GB groundwater criteria and where contaminants in the soil are above the GB leachability 

criteria. FS Report, at 5-54. 

In evaluating soil data, EPA compares contaminant concentrations to the Method 1 Soil 

Objectives specified in Table 2 of the Rhode Island Remediation Regulations. From its 

evaluation, EPA concludes that the concentration of PCBs in source area soil (mass) exceeds the 

GB leachability criterion of 10 milligrams per kilogram (mg/kg). However, this conclusion is 

premature; the Remediation Regulations allow for a comparison of the soil data to an alternative 

criterion for PCBs, not only to the Soil Objectives specified in Table 2. The Remediation 

Regulations provide that: 

[w]ith respect to any hazardous substance in soil, the Director may approve a 
leachability criterion provided it is demonstrated to the satisfaction of the Director 
that the application of such leachability criterion at the contaminated-site is 
protective of the following: 

a.	 The actual and potential uses of the groundwater at the contaminated-site 
by ensuring that, at a minimum, the leachability criterion will not 
contribute to an exceedance of the applicable groundwater objective for 
the hazardous substance; and 
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b.	 Surface water at or in the vicinity of the contaminated-site from potential 
migration of groundwater. 

Remediation Regulations, § 8.02(A)(ii)(l). 

When describing Alternative 3 (Targeted Excavation, Upgrade and Maintain Existing 

Surfaces and Disposal and/or Treatment), EPA contemplates that if there is no potential to leach, 

then the soils containing PCBs that apparently exceed the GB leachability criterion can remain; 

thus, it is necessary to obtain an accurate assessment of whether migration of the PCBs is likely. 

See FS Report, at 5-55 n.50. EPA has not completed the evaluation of whether or not PCBs have 

the potential to leach from the soil. While EPA performed a Method 1 analysis in accordance 

with the RIDEM regulations by comparing mass results to the tabulate criteria, this is only the 

beginning of the necessary evaluation. See Remediation Regulations, § 8.02. As noted in these 

regulations, as quoted above, this evaluation does not end with the Method 1 analysis. EPA fails 

to take this into consideration in performing its evaluation; therefore, it prematurely concludes 

that concentrations of PCBs in soil exceed the GB leachability criterion. 

Rather, the soil should have been sampled and subjected to a leachability test, such as the 

Synthetic Precipitation Leaching Procedure ("SPLP"), in order to complete the evaluation of 

whether the PCBs have the potential to leach from the soil. The SPLP test was devised to 

provide a realistic evaluation of leaching potential; thus, it serves as an appropriate test upon 

which to determine the leachability criterion as identified in the RIDEM regulations discussed 

above. Nonetheless, EPA did not subject soils sampled in the source area to the SPLP test, thus 

failing to complete the necessary leachability evaluation. Therefore, EPA's conclusion regarding 

the potential leachability of PCBs from soil is based on an incomplete analysis and, accordingly, 

is arbitrary and capricious. In fact, based on the Site groundwater data, it is likely that SPLP 
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testing of source area soil would demonstrate that PCBs do not have the potential to leach into 

groundwater. 

Further support for the conclusion that surface water is not contributing to leaching of 

PCBs in soil to groundwater is found in EPA's statement that: "the existing interim caps and 

parking lots in the source area currently appear to be effective in limiting the leaching of 

contaminants into groundwater, except in the vicinity of Well MW-05S in the Brook Village 

parking lot where discharge of contaminated groundwater to the Woonasquatucket River 

occurs." FS Report, at 5-54. Moreover, as discussed in Section IV.B.S.b. below, the TCRA 

completed in the Source Area Groundwater action area successfully addresses any potential 

impacts from the vicinity of the Brook Village parking lot, which EPA fails to take into 

consideration. Therefore, EPA's conclusion that concentrations of PCBs in soil exceed the GB 

leachability criterion is inconsistent with current data, which do not indicate that leaching is 

occurring. In light of the foregoing, it is imperative that EPA conduct the requested leachability 

testing under the Rhode Island Remediation Regulations prior to selecting the preferred 

alternative for the Source Area Soil action area. 

(ii)	 EPA Improperly Asserts that Alternative 2 Does Not 
Satisfy TSCA Closure Requirements 

In the FS Report, EPA fails to consider that the EPA Region I PCB Coordinator has the 

discretionary authority, based upon a risk-based analysis, to allow source area soil impacted with 

PCBs to remain in-place under TSCA. EPA has failed to perform such an analysis; therefore, it 

is unknown whether, under TSCA, PCB-impacted soils will require removal. Thus, 

Alternative 2, which would allow the impacted soils to remain in place, should be carried 

through a detailed evaluation. Alternative 3 includes targeted excavation to remove alleged 

PTW and contaminated soil that exceeds the TSCA and GB leachability criteria, as well as 
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upgrading and maintaining the existing surfaces to prevent exposure to or migration of 

contaminated soil in the Source Area Soil action area. Excavated material would be shipped off-

Site for disposal and/or treatment. However, as previously discussed, little or no data exist to 

support the assumptions regarding PTW and contaminated soil that underlie EPA's favored 

remedies for source area soils at the Site. For instance, just west of the Centredale Manor 

apartment building, the proposed excavation and soil removal remedy is not consistent with the 

data: there are no data that warrant the removal of soil from this area or the capping of the 

parking lot area. Further, EPA has failed to justify why source area soils that have not been 

addressed yet need to be covered with an additional 12 inches of clean soil. 

Undoubtedly, such action would be unnecessary because the TSCA requirements would 

be satisfied if the modified Alternative 2 approach suggested by Emhart is implemented: the 

consolidation of the soil that would be excavated under Alternative 3 (TSCA "hot spots") into a 

single RCRA/TSCA cap/cell placed over the area defined by EPA as containing PTW. 

With some simple modifications to address potential exposure to contaminated source 

area soils at several small landscaped areas, Alternative 2 would be equally protective of human 

health and the environment as Alternative 3 and Alternative 4 (Targeted Excavation, Convert to 

RCRA Caps and Maintain, and Disposal and/or Treatment). Thus, EPA's conduct would be 

arbitrary and capricious were it to select a remedy costing nearly $20 million (Alternatives 3 or 

4), when the same outcome could be achieved for approximately $5 million (Alternative 2). 

c.	 EPA Retains Infeasible Alternatives While Improperly 
Screening Out Viable Ones 

Infeasible alternatives retained by EPA include Alternative 3 and 4, which involve 

extensive excavation of soils. EPA does not consider the short-term negative impacts that would 

result from the implementation of Alternatives 3 and 4, and which would not result if Alternative 

{W0207351;5} 

76 



2 were to be implemented. Alternatives 3 and 4 would result in unnecessary and unacceptable 

risks to the resident population of the Brook Village and Centredale Manor apartments from the 

potential exposure to fugitive, airborne contaminants generated during the extensive excavation 

of soils. 

In evaluating these alternatives, EPA fails to address the problems inherent in relocating 

the residents of the Brook Village and Centredale Manor apartments, which would be necessary 

to implement Alternatives 3 and 4. Nor does the evaluation of Alternatives 3 and 4 consider the 

costs resulting from the relocation of the residents. This task would be formidable, if not 

impossible, given the demographics of the population residing at the Site. Under both 

Alternative 3 and Alternative 4, the existing surfaces (parking lot paving) would be removed up 

to the apartment buildings, exposing the impacted soils and sediments. Due to the risk to human 

health that would occur, access to the buildings over the exposed soils and sediments would be 

prohibited. 

The human health risks associated with the short-term effectiveness of Alternatives 3 and 

4 would make the implementability of either of these remedial alternatives highly questionable. 

In fact, the short-term risks to human health posed by implementation of Alternatives 3 and 4 

would justify a waiver of applicable ARARs, if there were any, since "compliance with such 

requirement at the facility will result in greater risk to human health and the environment than 

alternative options." See 42 U.S.C. § 9621(d)(4)(B); see also CERCLA Compliance With Other 

Laws Manual, at 1 -72 ("Meeting an ARAR could also pose greater risks to workers or 

residents.... If protective measures were not practicable, then use of this waiver might be 

appropriate."). 
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Furthermore, unlike Alternative 2, Alternatives 3 and 4 are at odds with EPA's green 

remediation guidance, insofar as it requires transportation by truck of large volumes of waste 

material. See EPA's Green Remediation Guidelines and Superfund Green Remediation Strategy 

(Sep. 2010); U.S. EPA, Green Remediation Incorporating Sustainable Environmental Practices 

into Remediation of Contaminated Sites (Apr. 2008). 

As recommended by Emhart, Alternative 2 should be fully evaluated with the suggested 

modifications. As modified, the entire cost of implementing Alternative 2 would be 

approximately $5 million dollars, thus eliminating the additional estimated $15 million cost of 

shipping and disposing of impacted soils off-Site under Alternatives 3 or 4. 

5. Source Area Groundwater 

EPA is considering three alternatives for the Source Area Groundwater action area: 

•	 excavation and dewatering (Alternative 2); 

•	 in-situ treatment using chemical oxidation (Alternative 5); or 

• no action (Alternative 1). 

.EPA's evaluation of the remedial alternatives for this area is flawed insofar as it fails 

completely to address the results of the TCRA. Under EPA's direction, a fully protective 

remedy already has .been implemented in the Source Area Groundwater action area by agreement 

between EPA and Emhart. Thus, EPA should have fully developed the "no-action" alternative in 

the FS Report, rather than considering other alternatives. 

a.	 EPA Has Improperly Concluded that the No-Action 
Alternative is Not Protective 

The NCP specifically provides that EPA develop a range of remedial alternatives for a 

site or portions thereof, "which may be no further action if some removal or remedial action has 

already occurred at the site." 40 CF.R. § 300.430(e)(6). Here, in contravention of the NCP, 
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EPA ignores the TCRA that Emhart conducted in the Source Area Groundwater action area in 

2009 and 2010, instead proposing a similar excavation and dewatering remedy (Alternative 2). 

EPA provides no explanation for this failure. Post-TCRA sampling data confirm that the 

TCRA meets the performance standards set by EPA in the Work Plan - i.e., by EPA's own 

criteria, the TCRA has produced results that are fully protective of human health and the 

environment. See LEA, Addendum No. I, Completion of Work Report, Time-Critical Removal 

Action (Apr. 2010). If EPA had taken the TCRA remediation and the post-TCRA sampling 

results into account, it would necessarily have concluded that no further action is necessary in 

this area, consistent with the NCP. 

b. Description of Time Critical Removal Action ("TCRA") 

In August 2009, Emhart voluntarily entered into an Administrative Settlement Agreement 

and Order on Consent ("AOC") with EPA (CERCLA Docket No. 01-2009-0086) to perform the 

TCRA, wherein Emhart agreed to excavate and dispose off-Site delineated dioxin-contaminated 

soils within the Source Area Groundwater and Source Area Soil action areas, and to install an 

impermeable cap, at a cost of approximately $3 million. EPA issued a Notice of Completion for 

the TCRA work on July 27, 2010. 

The TCRA was approved by EPA in an Action Memorandum dated July 16, 2009, which 

described the remedial nature of the TCRA as follows: 

Impacts to the Woonasquatucket River and groundwater can be effectively 
reduced by excavation and disposal of contaminated soils in the area near the 
eastern bank of the river at the southern end of the Brook Village parking lot. The 
subsequent installation of an impermeable cap will prevent percolation of 
precipitation through underlying soils and further mitigate the migration of any 
residual contamination. The cap also provides a physical barrier that minimizes 
the possibility of direct exposure to residual levels of dioxin in soils. 

Further description of the purpose of the TCRA is reflected in the May 8, 2009 correspondence 

from Emhart's contractor, LEA, to Ted Bazenas, EPA's On-Site Coordinator for the Site, which 
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stated that "[t]he proposed limited excavation and capping remedy would provide overall, long-

term protection of human health and the environment," consistent with remedial goals. Id. "The 

excavation component of the remedy, which USEPA is requiring, and the capping component of 

the remedy would effectively mitigate the potential transport mechanisms identified in USEPA's 

conceptual site model in shallow groundwater in this area of the Site." Id. 

The language of the AOC reflected EPA's expectation that no further action would be 

necessary in this area following completion of the TCRA: "EPA believes that, subject to post-

implementation monitoring, the removal action will mitigate a potential risk to public health, 

welfare or the environment posed by this area of the Site." See AOC, at 9. See also EPA's 

September 7, 2010 Press Release entitled "Short-Term Clean-up Completed at Centredale Manor 

Restoration Project in N. Providence." 

c. Dioxin Was Not Migrating in Groundwater 

Notwithstanding the foregoing, the FS Report appears to reflect a wholly unsubstantiated 

assumption by EPA that dioxin transport via groundwater to the River has served as a 

contaminant through both pre- and post-TCRA. For example, this flawed assumption, 

sometimes referred to by EPA as "facilitated transport," pervasively undermines EPA's analysis 

of the remedial alternatives for the Source Area Groundwater action area. 

Even prior to completion of the TCRA, the data simply did not confirm the occurrence of 

facilitated transport of dioxin. As explained in submissions dated June 8, August 15, and 

October 15, 2007, and incorporated in the administrative record, Emhart has shown that 

sampling results from the area surrounding the former HCP building do not support the 

assumption of facilitated transport of dioxin in groundwater. See also LEA, Shallow 

Groundwater Data Report (Sep. 12, 2008), at 8-1 to 8-3. EPA nonetheless asserts in the FS 

Report that "[fjhe elevated concentrations of 2,3,7,8-TCDD in adjacent river sediment may 

{W0207351;5} 

80 



reflect legacy contamination from historic site activities, continuing contributions from 

contaminated groundwater, or a combination of the two." FS Report, at 2-19 (emphasis added). 

This is sharply at odds with post-TCRA groundwater monitoring. See LEA, Addendum No. 1

Completion of Work Report, Time Critical Removal Action (Apr. 2010), at A.5-5. 

d.	 Even If Dioxin Previously Were Migrating in Groundwater, 
the TCRA is Fully Protective 

Assuming, arguendo, that dioxin previously was migrating in source area groundwater, 

the TCRA more than adequately mitigated the risks associated with this potential migration 

pathway such that further action is unnecessary. This is confirmed by the results of groundwater 

samples collected on February 2, 2009, from the two monitoring wells installed as part of the 

TCRA to verify the efficacy of the TCRA. See id. Groundwater sampling results for 2,3,7,8

TCDD from these two monitoring wells were 1.7 pg/L and 6.7 pg/L; both of which are 

significantly lower than EPA's proposed groundwater cleanup goal of 1,768 pg/L developed in 

the FS Report. See FS Report, Appendix F. 

The TCRA resulted in groundwater concentrations of dioxin up to three orders of 

magnitude lower than EPA's groundwater cleanup goal identified in the FS, thus demonstrating 

that the TCRA effectively mitigated any risk that may have been posed by groundwater transport 

of dioxin to surface water, if it had been occurring. Accordingly, no further action is warranted 

in the Source Area Groundwater action area. 

V.	 Conclusion 

In summary, during the FS process EPA has circumvented key legal requirements in 

CERCLA, and has ignored crucial technical facts and evaluation processes contrary to the NCP. 

These actions have rendered the resulting alternatives analysis and EPA's favored remedial 
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alternatives unreliable and, consequently, unsupportable under the standard of review in 

CERCLA Section 113 for numerous reasons, including the following: 

•	 EPA arbitrarily and contrary to its own regulations, rules, and guidance 

documents concludes that all impacted environmental media at the Site contain a 

RCRA F-listed waste, and that certain soils contain PTW; 

•	 EPA fails to acknowledge the TCRA, and its mitigation of the need for further 

remediation of the Source Area Groundwater; 

•	 EPA makes improper assumptions regarding community opposition to the most 

cost-effective remedial alternatives for the Ponds and the River sediment (while 

ignoring the high probability of community opposition to the alternative that EPA 

champions); 

•	 EPA misconstrues RCRA and TSCA and misapplies the ARARs, leading to 

improper and unsupported conclusions regarding the scope of necessary 

excavation and capping; 

•	 EPA improperly applies EO 11988 when evaluating the implementability of the 

nearshore CDF, and ignores the hydrodynamic modeling demonstrating that the 

nearshore CDF would result in no appreciable flood inundation effects on the 

system; and 

•	 EPA fails to adequately assess the cost and timeliness with which an upland CDF 

could be sited. 

Based on the foregoing listed failures of EPA to comply with the requirements of 

CERCLA and its implementing regulations and guidance documents, EPA is poised to select 

remedial alternatives for the designated action areas at the Site that are infeasible to implement, 
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unnecessary, and unreasonably costly, including remedies that would require excavation and off-

Site disposal of large quantities of soil and sediment, and the installation of RCRA-compliant 

caps. Emhart's comments on the FS Report demonstrate that far more cost-effective, equally 

protective, and readily achievable remedial alternatives (including the "no-action" alternative for 

Source Area Groundwater) are available that would fulfill the mandates of CERCLA Section 121 

and the NCP. By ignoring important evidence, and maintaining its sorely out-of-date conceptual 

site model, EPA has premised its evaluation of remedial alternatives in the FS Report on faulty 

and erroneous assumptions about the sources, types, and attributes of Site contaminants. 

Moreover, in failing to consider important facts and scientific data placed in the administrative 

record since the RI was conducted, EPA has failed to give the requisite consideration to 

effective, implementable, cost-effective and equally protective alternatives that are available. 

{W0207351;5} 

83 



« 
,* 

All of the foregoing-described conduct engaged in by EPA is arbitrary and capricious, 

and contrary to CERCLA, the NCP, and EPA's own guidance. Accordingly, EPA must rectify 

its fundamentally flawed feasibility study process by considering the information highlighted in 

these comments and the accompanying appendix, and updating its conceptual site model 

accordingly; properly applying Site ARARS, including abandoning its incorrect F020 waste code 

and PTW designations for in-place contaminated environmental media; and re-evaluating and 

modifying the remedial alternatives under consideration for the Site. 

Respectfully submitted, 

EMHART INDUSTRIES, INC. 

By its attorneys, 

Jqgfoie C. Muys, Jr. ' iy v 

Jeffrey M. Karp 

SULLIVAN & WORCESTER, LLC 
1666 K Street, NW, Suite 700 
Washington, D.C. 20006 
Tel: 202-775-1200 • 
Fax: 202-293-2275 

{W0207351;5} 

84 



t-y-

APPENDIX A 


SUMMARY OF EVIDENTIARY BASIS FOR EMHART'S COMMENTS THAT EPA'S 

CONCEPTUAL SITE MODEL AND RCRA WASTE CODE DETERMINATION ARE 


SERIOUSLY FLAWED 


I. Introduction 

As discussed in Emhart's comments, EPA's arbitrary and capricious disregard for 

important facts and scientific data in the administrative record has resulted in EPA overlooking 

compelling evidence demonstrating that its conceptual site model is seriously flawed. Moreover, 

EPA's faulty conceptual site model has resulted in the Agency's erroneous application of the 

RCRA F020 waste code at the Site. In turn, these deficiencies have undermined the validity of 

EPA's analysis of remedial alternatives in the FS Report. Consequently, Emhart submits, it is 

incumbent on EPA to re-evaluate the remedial alternatives, based on an accurate, comprehensive 

analysis of the data currently available. Following is the evidentiary basis for Emhart's position 

that EPA's conceptual site model and RCRA waste code determination are seriously flawed. 

The full administrative record demonstrates that the 2,3,7,8-tetrachlorodibenzo-p-dioxin 

("2,3,7,8-TCDD") found in Site samples resulted from NECC's refurbishing of barrels 

containing waste received from its customers. The higher concentration of 2,3,7,8-TCDD in 

comparison to other dioxin congeners in Site samples provides conclusive scientific evidence, as 

discussed below, that the 2,3,7,8 TCDD found in Site samples was not in the sodium 2,4,5

trichlorophenolate ("Na-2,4,5-TCP") that Metro-Atlantic received exclusively from Diamond 

Alkali and used in its hexachlorophene ("HCP") manufacturing process. 

The administrative record further demonstrates that NECC and its customers caused the 

PCB contamination found in Site samples. See RI Report, at 4-12, 4-13; see also Dep. of 

M. Robinette, NECC Expert In Emhart Indus., Inc. v. NECC, CA. No. 06-218-S (D.R.I.) 
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(Sep. 11, 2009), at 141:21-22 ("I think NECC customers contributed oil, VOCs, some PCBs, 

some metals."), 143:22-144:4 ("Of the PCBs, I think they [NECC] definitely contributed Aroclor 

1254 because that was found very much coincident with the drum storage areas that they 

participated with."); Expert Report of Dr. James R. Kittrell (Jan. 15, 2009), at 27. 

The record makes clear that any dioxin that may have been contained in the Na-2,4,5

TCP that Metro-Atlantic used in its HCP manufacturing process was not released onto the Site. 

It was filtered out by activated charcoal filters that were disposed of off site. There was no 

activated charcoal associated with the 2,3,7,8-TCDD found on the Site. If the source of the 

2,3,7,8-TCDD found on the Site had been the disposal of filters from the Metro-Atlantic HCP 

plant, activated charcoal would have been found with the 2,3,7,8-TCDD. It was not so found. 

Moreover, there was little or no dioxin in aqueous liquids in the HCP manufacturing 

process; whatever may have been in such liquids was disposed of through the municipal sewer 

systems. Nor would dioxins have been produced in the course of Metro-Atlantic's HCP 

manufacturing process. Metro-Atlantic did not use the Givaudan HCP manufacturing process 

reported to have led to dioxin releases in other geographic locations. Rather, Metro-Atlantic 

used a distinct patented process that could not have caused a release of 2,3,7,8-TCDD. 

By contrast, the NECC drum reconditioning operation undeniably caused routine releases 

of raw chemicals and products of incineration from the contents of drums containing residues of 

countless hazardous substances, including dioxin-containing and dioxin-producing substances 

and PCBs. In addition, the incineration of drums containing certain types of chemical residues 

produced dioxins. 

II.	 NECC's Drum Reconditioning Process Generated and Was the Source of Dioxins At 
the Site 

NECC brought to the Site customers' drums that contained 2,4,5-trichlorophenol ("2,4,5
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TCP"), 2,3,7,8-TCDD, and other dioxin congeners, as well as chemicals that degraded to 2,4,5

TCP or, when incinerated alone or in combination with other compounds, produced 

polychlorinated dibenzodioxins and polychlorinated dibenzofurans ("PCDDs/PCDFs"). 

A. Overview of NECC's Operations at the Site 

From approximately 1952 to 1971, NECC operated a drum reconditioning facility on a 

portion of the Site located on a peninsula bordered by U.S. Route 44, the River, and the tail race. 

See NECC Supp'l CERCLA § 104(e) Response (Feb. 8, 2002). NECC's buildings were located 

along the tail race, a narrow channel with an upstream section, known as the head race, that is no 

longer connected to the River. The head race was filled prior to 1956. The tail race enters 

Allendale Pond near the southern terminus of the peninsula. Historic aerial photographs indicate 

that NECC used other areas of the Site, including an open area west of its buildings, various 

areas along the River, and an access road that roughly paralleled the river, for movement, storage 

and staging of drums. There were spills and leaks onto the ground from the drums prior to 

reconditioning. See Dep. of R. Nadeau, Emhart Indus., Inc. v. Home Ins. Co., CA. No. 02-053-S 

(D.R.I.) (Dec. 17, 2002), at 12-13; Dep. of J. Cifelli, Emhart Indus., Inc. v. Home Ins. Co., CA. 

No. 02-053-S (D.R.I.) (Feb. 13, 2003), at 29-30. NECC also buried drums that were not 

reconditioned in the southern portion of the Site. See Aff. of E. Izzo (Oct. 28, 2000). 

As part of the reconditioning process, NECC moved drums through a furnace by placing 

them upside down on a conveyor. See Dep. of R. Nadeau, Emhart Indus., Inc. v. Home Ins. Co., 

CA. No. 02-053-S (D.R.I.) (Dec. 17, 2002), at 12; Dep. of J. Cifelli, Emhart Indus., Inc. v. 

Home Ins. Co., CA. No. 02-053-S (D.R.I.) (Feb. 13, 2003), at 19. Any liquid or sludge 

remaining in the drums was drained into a cement pit under the conveyor or was spilled onto the 

ground. See Dep. of R. Nadeau, Emhart Indus., Inc. v. Home Ins. Co., CA. No. 02-053-S 

(D.R.I.) (Dec. 17, 2002), at 12, 32; Dep. of J. Cifelli, Emhart Indus., Inc. v. Home Ins. Co., CA. 
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No. 02-053-S (D.R.I.) (Feb. 13, 2003), at 19, 22. When the pit was full, the material, including 

residual chemicals and ash from the furnace, was taken to an area south of the facility and 

dumped. See Dep. of R. Nadeau, Emhart Indus., Inc. v. Home Ins. Co., CA. No. 02-053-S 

(D.R.I.) (Dec. 17, 2002), at 12-13, 31-32. 

NECC also had a drum washing operation in which closed head drums were washed in 

caustic liquid baths. See Dep. of R. Nadeau, Russell-Stanley Holdings, Inc. v. Vincent J. 

Buonanno, CA. 01-cv-2818 (S.D.N.Y.) (Oct. 1, 2002), at 39:18-23, 41:18-42:4; see also Dep. of 

J. Cifelli, Emhart Indus., Inc. v. Home Ins. Co., CA. No. 02-053-S (D.R.I.) (Feb. 13, 2003), at 

42:4-51:1. Substantial amounts of contaminated liquids were released to the Site from this 

operation. See Dep. of T. Lussier, Emhart Indus., Inc. v. NECC, CA. No. 06-218-S (D.R.I.) 

(Apr. 30, 2009), at 29-30; see also Dep. of C Maine, Emhart Indus., Inc. v. NECC, CA. No. 06

218-S (D.R.I.) (Apr. 29, 2009), at 9:5-7, 9:18-21; 12:20-13:10, 17:18-24, 30:1-9; see also Dep. 

of C. Maine, Emhart Indus., Inc. v. NECC, CA. No. 06-218-S (D.R.I.) (Apr. 29, 2009), at Exh. 

2. 

B. Chemicals Sent to the Site by NECC's Customers 

During the relevant time period, NECC received 55-gallon steel drums from at least 10 

customers in the chemical and petroleum industry, and from two military bases (i.e., 4800 drums 

from Quonset Naval Base ("Quonset") and Otis Air Base ("Otis")) containing approximately 370 

different chemical residues, including compounds likely containing 2,3,7,8-TCDD, 2,4,5-TCP 

precursors, and PCBs. See Supplemental Expert Report of Dr. James R. Kittrell (Jan. 7, 2011), 

at 26; see also Expert Report of Dr. James R. Kittrell (Jan. 15, 2009), at 27; RI Report, at 4-12 to 

4-13 ("[t]he former drum reconditioning facility probably received chemical shipping and 

storage containers from numerous sources and may be the original source of the PCBs. The 

former drum reconditioning operation in the source area likely washed pesticide and PCB 
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residues into the source area soils."). These customers and chemical residues are'identified in 

the expert report of Dr. James R. Kittrell (Jan. 15, 2009). Moreover, NECC received 55-gallon 

steel drums from at least nineteen (19) customers in the textile chemical industry during the 

relevant time period. These drums contained approximately 650 different chemical residues 

from dyes, pigments, textile auxiliary, specialty finishing chemicals, and waste products. The 

chemical residues included mineral acids, organic acids, alkalis and salts, and other organic 

chemicals (e.g., chlorinated solvents, alcohols, aromatic hydrocarbons, aliphatic hydrocarbons, 

and other oils, fats and waxes). These customers and chemical residues are identified in the 

expert report of Dr. Richard Aspland (Jan. 13, 2009). 

Numerous chemicals that were handled by NECC's customers in 55-gallon drums during 

the relevant time period have been detected as contaminants at the Site. See Updated Expert 

Report of Dr. Gregory Fu (Feb. 6, 2009). According to Dr. Fu, a professor of organic chemistry 

at the Massachusetts Institute of Technology ("MIT"), of the various chemical residues present 

in 55-gallon steel drums received by NECC for reconditioning, nine were either dioxins 

themselves or contained dioxins as a contaminant. See id. at 5. Certain compounds or 

formulations that were sent to the Site from Quonset and Otis, such as Silvex and 2,4,5

trichlorophenoxyacetic ("2,4,5-T"), degrade swiftly to 2,4,5-TCP and also were contaminated 

with 2,3,7,8-TCDD. See Supplemental Expert Report of Dr. James R. Kittrell (Jan. 7, 2011), at 

29. Moreover, of the various chemical residues present in 55-gallon steel drums that NECC 

received for reconditioning, over 150 generated dioxins during NECC's incineration process 

through one of two chemical processes known as the "precursor" and "de novo" routes. See id. 

at 7-9. Dioxins and furans also were produced during NECC's incineration process when certain 

chemical residues were in the presence of certain other chemical residues, through either the 
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"precursor" or "de novo" routes. See id. at 9-20. 

III.	 Metro-Atlantic's HCP Manufacturing Operations Could Not Have Caused 2,3,7,8
TCDD Contamination at the Site 

A. Description of Metro-Atlantic's HCP Manufacturing Process 

For a period of less than one year during the 1964-1965 time period, Metro-Atlantic 

manufactured HCP, which EPA has incorrectly speculated is the source of the dioxin 

contamination at the Site. The HCP manufacturing process used by Metro-Atlantic, unlike other 

HCP manufacturing processes such as the Givaudan process, does not generate still bottoms 

contaminated with 2,3,7,8-TCDD.1 

Metro-Atlantic manufactured HCP using a process developed and patented by Thomas 

Cleary (the "Cleary process"). Mr. Cleary developed this process to avoid infringing upon the 

patent for the HCP manufacturing process held by Givaudan Corporation (the "Givaudan 

process"). Dep. of T. Cleary, Emhart Indus., Inc. v. Home Ins. Co., CA. No. 02-053-S (D.R.I.) 

(Feb. 10, 2003), at 21; see also Cleary Statement (Apr. 8, 2008), at 1. The Cleary process was a 

so-called "batch" process, in which a producer moves materials from one vessel to another, and 

completes a full production cycle before beginning another "batch." See Cleary Statement (Apr. 

8, 2008), at 1; see also Expert Report of Dr. Francesco Stellacci (Jan. 12, 2009), at 3. 

The Cleary process involved the purification of Na-2,4,5-TCP, which was used in the 

production of HCP. By adding and removing other liquids (which were collected for reuse in 

subsequent batches), and by variously heating, agitating and cooling the resulting mixtures in 

different reaction vessels during the production process, Metro-Atlantic facilitated a series of 

chemical reactions whereby the Na-2,4,5-TCP was removed from the "starter" solution, purified 

1 None of Metro-Atlantic's other manufacturing operations did or could have produced dioxin, and there is no 
allegation that those operations were responsible for dioxin contamination at the Site. 
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(i.e., converted into pure Na-2,4,5-TCP), and then converted into HCP. The HCP, in turn, was 

extracted in two distinct "crops" of solid products, a first crop of higher purity HCP and a second 

crop of slightly lower purity HCP. The entire process took about 24 hours and resulted in the 

formation of approximately 300 pounds of dry HCP per batch of starter material. See Cleary 

Statement (Apr. 8, 2008), at 1. 

Diamond Alkali Company ("Diamond Alkali") supplied Metro-Atlantic with a crude 

(i.e., unpurified), alkaline starter solution of 30% Na-2,4,5-TCP in water, with a small percentage 

(less than 2%) of residual methanol remaining from the production of Na-2,4,5-TCP from 

1,2,4,5-tetrachlorobenzene. The solution also contained a small percentage of 2,4,5-TCP as a 

function of the solubility of 2,4,5-TCP in the aqueous solutions. This crude "starter" solution 

was transferred from a tanker truck directly into the first reaction vessel at the HCP building. 

See Expert Report of Dr. Francesco Stellacci (Jan. 12, 2009), at 2; see also Cleary Statement 

(Apr. 8, 2008), at 2. 

There is no evidence in the administrative record that any spills occurred during this 

transfer stage, or, for that matter, at any other stage of the HCP production process. Moreover, it 

is highly unlikely that any such spills of the starter material occurred. This material is comprised 

of a liquid that rapidly evaporates leaving a strong odor that would cause human discomfort. As 

a consequence, these chemicals are maintained and transferred in a manner that avoids their 

exposure to the atmosphere. See Expert Report of Dr. Francesco Stellacci (Jan. 12, 2009), at 2; 

see also Cleary Statement (Apr. 8, 2008), at 2. Moreover, Metro-Atlantic had economic 

incentive to use all of the Na-2,4,5-TCP in its HCP manufacturing process and would not tolerate 

losses due to spillage. See Supplemental Expert Report of Dr. James Kittrell (May 5, 2010), at 3. 

Metro-Atlantic had a limited supply of the Na-2,4,5-TCP (not exceeding 25,000 kgs) from 
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Diamond Alkali, which further supports the conclusion that losses due to spillage would not be 

tolerated. See Dep. of T. Cleary, Emhart Indus., Inc. v. Home Ins. Co., CA. No. 02-053-S 

(D.R.I.) (Feb. 10, 2003), at Exh. 15. 

Once in this first reaction vessel, the crude starter solution from Diamond Alkali was 

treated with additional 30% aqueous sodium hydroxide ("NaOH") to convert any residual 2,4,5

TCP in the solution to Na-2,4,5-TCP. During this step, the Na-2,4,5-TCP precipitated out of the 

solution. The precipitate was separated from the solution by filtering it in a centrifuge. The 

precipitate, known as "filter cake," was recovered and washed with an additional 30% aqueous 

solution of NaOH. The 30% aqueous NaOH solution was collected and reused in subsequent 

batches. Expert Report of Dr. Francesco Stellacci (Jan. 12, 2009), at 3; Cleary Statement (Apr. 

8, 2008), at 2. This procedure follows common and safe synthetic chemical practices and is 

among the most effective to achieve the starting reagent needed to produce HCP. See U.S. 

Patent 3,499,045 (Mar. 3, 1970); see also Cleary Statement (Apr. 8, 2008), at 1-3. The 

procedure further indicates that Mr. Cleary was concerned with the yields of the reaction. 

Although this step is not strictly necessary, it was done only to maximize the quality of the HCP 

produced by decreasing the by-products overall, and reasonably added cost to the final product. 

Expert Report of Dr. Francesco Stellacci (Jan. 12, 2009), at 3. 

Because the Na-2,4,5-TCP "filter cake" was the desired end product of this first stage of 

the Cleary process, Metro-Atlantic had a strong economic incentive to recover all of the filter 

cake. To that end, it extracted all of the filter cake into perchloroethylene ("PCE") and 

transferred this Na-2,4,5-TCP solution from the centrifuge into a second reaction vessel. Id. at 3. 

In the next step of the Cleary process, which took place in a second reaction vessel, the Na-2,4,5

TCP was re-protonated, that is the sodium cation was replaced with a proton (H+) forming 2,4,5
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TCP. Id. The filter cake was extracted (i.e., slurried) in PCE and this mixture was heated to 

50°C Sulfuric acid was added slowly to this mixture with agitation (stirring). Agitation was 

stopped two hours following completion of sulfuric acid addition. This process allowed the 

biphasic mixture to separate, and resulted in a quantitative conversion of all the Na-2,4,5-TCP to 

2,4,5-TCP. The aqueous phase liquid was collected and re-used in subsequent batches. Id. at 3; 

see also Cleary Statement (Apr. 8, 2008), at 2. The organic phase, a solution of pure 2,4,5-TCP 

in PCE, was transferred to a third reaction vessel. Id. at 3. In the next stage of the Cleary 

process, which took place in the third reaction vessel, the 2,4,5-TCP in solution with PCE was 

heated to 75°C Paraformaldehyde (0.5 equivalents) was added to the reaction mixture, followed 

by slow addition of sulfuric acid (0.5 equivalents). This reaction resulted in the formation of an 

intermediate compound; however, both the paraformaldehyde and sulfuric acid are limiting 

reagents in the reaction, and, as a result, there was only partial conversion to the intermediate. 

Therefore, some 2,4,5-TCP (approximately 0.5 equivalents) remained un-reacted in the reaction 

vessel. The products of this reaction were not isolated, but rather were taken directly into the 

next step of the HCP manufacturing process. Expert Report of Dr. Francesco Stellacci (Jan. 12, 

2009), at 3; see also Cleary Statement (Apr. 8, 2008), at 2-3. 

The reaction mixture was maintained at 75°C and additional sulfuric acid (0.5 

equivalents) was added slowly. The reaction mixture was agitated for two more hours after 

addition of the sulfuric acid. This reaction resulted in the formation of HCP in a PCE solution. 

The reaction was complete after two hours and an aliquot of the liquid was removed and the 

melting point was determined to establish complete conversion to HCP. See Expert Report of 

Dr. Francesco Stellacci (Jan. 12, 2009), at 3; see also Cleary Statement (Apr. 8, 2008), at 3. 

The reaction mixture was maintained at 75 °C Approximately 1 pound of calcium 
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carbonate was added to the reaction vessel to neutralize the residual sulfuric acid globules. A 

fine powder form of Nuchar (10 lbs.) was added to the reaction vessel and the solution was 

stirred for approximately 30 minutes. Nuchar is a brand name for a form of carbon black; it is a 

fine particulate material made of carbon atoms similar to graphite. The solution was hot filtered 

to remove the Nuchar and calcium sulfate byproducts. The filter cake was then washed with 

additional PCE. Expert Report of Dr. Francesco Stellacci (Jan. 12, 2009), at 3; see also Cleary 

Statement (Apr. 8, 2008), at 3. This is the only step where Nuchar was added. The Nuchar was 

not reused in subsequent batches. See Expert Report of Dr. Francesco Stellacci (Jan. 12, 2009), 

at 3; see also Cleary Statement (Apr. 8, 2008), at 3. 

The HCP solution, now in a fourth reaction vessel (and now "clear" because the Nuchar 

removed the color), was allowed to cool to room temperature, during which time some of the 

HCP precipitated out of the solution. Dep. of T. Cleary, Emhart Indus., Inc. v. Home Ins. Co., 

CA. No. 02-053-S (D.R.I.) (Feb. 10, 2003), at 42. This precipitate was collected by filtration, 

dried, placed in 50-lbs. fiber drums, and sold as a "first crop" of pharmaceutical grade HCP to 

Sterling-Winthrop, Inc. See Expert Report of Dr. Francesco Stellacci (Jan. 12, 2009), at 3; see 

also Cleary Statement (Apr. 8, 2008), at 3. The PCE from the filter press was recycled too. U.S. 

EPA, Dioxins (EPA-600/2-80-197) (Nov. 1980), at 108. 

In the final step of the Cleary process, the remaining PCE-HCP solution (filtrate) was 

subjected to distillation to recover the PCE for reuse. Upon cooling, the additional HCP that 

precipitated out of the solution was collected by filtration, dried and sent to Kalo Laboratory as a 

second crop of HCP product. See Expert Report of Dr. Francesco Stellacci (Jan. 12, 2009), at 3; 

see also Cleary Statement (Apr. 8, 2008), at 4. 

The process - from introduction of raw materials into the first reaction vessel to 
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production of the final product - took approximately twenty-four hours per batch. See Cleary 

Statement (Apr. 8, 2008), at 1. This process did not involve the use of steel drums. Id. at 3; see 

also Dep. of V. Buonanno, Emhart Indus., Inc. v. NECC, CA. 06-218-S (D.R.I.) (Oct. 22, 2008), 

at 96:12-15. 

It has been suggested that unidentified "still bottoms" may have existed at the end of the 

Cleary process because such wastes were reported in a 1972 report by Radian Corporation 

addressing the Givaudan HCP manufacturing process. However, the Givaudan process differed 

from the Cleary process in many respects because Thomas Cleary specifically developed the 

patented Cleary process to avoid infringing the patent on the competing Givaudan process. 

Among other things, as previously highlighted, the Givaudan process was a single-vessel 

"continuous" process, whereas the Cleary process was a multi-vessel "batch" process. 

Additionally, there is no indication in the record that the Givaudan process, like the Cleary 

process, resulted in multiple "crops" of HCP product or reuse of the PCE solution out of which 

those "crops" precipitated. See Expert Report of Dr. Francesco Stellacci (Jan. 12, 2009) at 3; see 

also Cleary Statement (Apr. 8, 2008), at 3-4; U.S. EPA, Dioxins (EPA-600/2-80-197) (Nov. 

1980), at 108. 

Thus, no evidence exists from which to conclude that the Cleary process generated 

residual "still bottoms" requiring disposal. To the contrary, the patent for the Cleary process 

describes a manufacturing process that did not involve "still bottoms." Supplemental Expert 

Report of Dr. Francesco Stellacci (Dec. 24, 2009), at 3. 

B.	 Nuchar Would Have Removed Any Contamination Present in the Na-2,4,5
TCP Starter Material or Generated During the HCP Manufacturing Process 

Although it has been suggested that some dioxin might have been present as a 

contaminant in the Na-2,4,5-TCP starter material supplied'to Metro-Atlantic by Diamond Alkali, 
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any dioxin that might have been present as a contaminant was removed by the Nuchar that was 

added during the final step of the reaction. See Expert Report of Dr. Francesco Stellacci (Jan. 

12, 2009), at 5; see also Expert Report of Dr. Francesco Stellacci (Jan. 10, 2011), at 1. The HCP 

process incorporated a decolorization step in which Nuchar was added to the reaction mixture. 

Nuchar has a large surface with a high affinity (i.e., strongly attractive) to planar molecules such 

as dioxins or furans. Once a planar molecule with delocalized electrons (such as dioxin or 

hexachloroxanthene) binds to graphitic carbon, it does not detach. Carbon materials (when in 

graphitic form) are very rich in such electrons. Hence, the Nuchar would strongly attract small 

molecules such as dioxins that have delocalized electrons. Expert Report of Dr. Francesco 

Stellacci (Jan. 12, 2009), at 4. 

Nuchar was used as a means to decolorize the final product because, in the HCP product, 

color was determined by the presence of small quantities of molecules with delocalized 

electrons. During the 30 minutes in which Nuchar was in contact with the reaction mixture 

(during the second to last step in the HCP production process), the Nuchar acted like a sponge, 

attracting and trapping all of the planar molecules (e.g., dioxins/furans) that were present with 

delocalized electrons. Thus, Nuchar was the perfect material of choice to remove such planar 

molecules. Id. at 4. The effectiveness of the Nuchar filtration is evident in Mr. Cleary's 

testimony that the resulting liquid was clear, almost colorless. See Dep. of T. Cleary, Emhart 

Indus., Inc. v. Home Ins. Co., CA. No. 02-053-S (D.R.I.) (Feb. 10, 2003), at 42. 

The quantity of the Nuchar used in the Metro-Atlantic HCP manufacturing process was 

sufficient to adsorb all of the dioxin from the solution mixture. In fact, more than 100 times the 

Nuchar needed to adsorb the dioxin was used in this stage of the process. In other words, 0.1 lbs. 

of Nuchar would have been sufficient to remove irreversibly all the dioxin from the reaction, yet 
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Metro-Atlantic used 10 lbs. per batch treatment. Expert Report of Dr. Francesco Stellacci (Jan. 

12, 2009), at 5-6. 

The Cleary process of manufacturing HCP did not independently produce additional 

dioxin or any similar molecules. Such molecules were not generated even as trace by-products. 

Id. at 4. Even if, as suggested, hexachloroxanthene ("HCX") had been present in the reaction 

vessel or generated in connection with the Cleary process, it too would have been adsorbed on 

the Nuchar. HCX, like dioxin, is a planar molecule with delocalized electrons. Hence, for the 

reasons described above, HCX also would have been adsorbed on the free adsorption sites of the 

Nuchar. Id. at 4. 

While it has been suggested that the dioxin at the Site may have resulted from Metro-

Atlantic discarding Nuchar and other filter solids on the Site, there is no such evidence in the 

record. In fact, Metro-Atlantic disposed of the Nuchar by having it trucked off the Site, as 

Metro-Atlantic did with other solid wastes in 1964 and 1965. See Trial Transcript of J. 

Buonanno, Emhart Indus., Inc. v. Home Ins., Co.,C.A. 02-053-S (D.R.I.) (Sep. 14, 2006), at 

87:3-11; Trial Transcript of J. Nadeau, Emhart Indus., Inc. v. Home Ins., Co., CA. 02-053-S 

(D.R.I.) (Sep. 15, 2006), at 27:23-28:8, 48:5-49:10; Trial Transcript of J. Turcone, Emhart 

Indus., Inc. v. Home Ins., Co., CA. 02-053-S (D.R.I.) (Sep. 18, 2006), at 5-7. 

The application of internal standard procedures used by EPA to validate its recovery 

procedures in extracting dioxin from Site samples further belies any suggestion that the spent 

Nuchar was disposed of on the ground at the Site, given the absence of activated carbon in the 

samples analyzed. Expert Report of Dr. Francesco Stellacci (Jan. 12, 2009), at 9. Because of the 

high affinity of Nuchar surfaces to chemical molecules, the efficiency of recovery during EPA's 

internal standards tests would have been adversely affected if Nuchar had been contained in Site 
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soil or sediment samples. If activated carbon was present in the samples analyzed, the internal 

1 ^ 

standard recoveries for C12 radio-labeled 2,3,7,8-TCDD would be extremely low, in the order 

of 1%) or less. Id. at 9. However, the data from the Remedial Investigation (RI) reveal that the 
1 ^ 

C12 radio-labeled 2,3,7,8-TCDD was recovered in 71-103% yields. Thus, the data indicates 

that the analytical method was functioning correctly with minimal effect on the recovery of 

PCDDs/PCDFs (dioxins and furans) from the samples. Id. at 8. Therefore, none of the samples 

analyzed in the RI Report contained dioxin adsorbed on Nuchar. Id. at 9. 
C.	 Any Dioxin Found in Aqueous Solutions Associated with HCP 

Manufacturing Would Be Infinitesimally Small and Would Have Been 
Discarded, Along with the Aqueous Solution, in the Sewer 

While it has been suggested that 2,3,7,8-TCDD might have been present in the HCP 

process from an alleged aqueous (water) waste stream and then discarded, this hypothetical 

scenario ignores the fact that the solubility of 2,3,7,8-TCDD in water is extremely low: only 

0.000317 ppm (or 0.317 ppb). Supplemental Expert Report of Dr. Francesco Stellacci (Dec. 24, 

2009), at 3. Thus, any aqueous waste streams disposed of from the HCP manufacturing 

operation would contain very little 2,3,7,8-TCDD (i.e., on the order of 5 micrograms total for the 

duration of the HCP manufacturing process). Moreover, this speculative argument also ignores 

the fact that, to the extent there was any aqueous liquid waste from the HCP process, it would 

have run only into the sewer system, not the River, and thereafter would not be found at the Site. 

See Town Council of North Providence, Meeting Minutes (Jul. 6, 1964), at 3 (during visit to 

Metro-Atlantic, "all chemical waste was deposited through the sewer system"). Trial Transcript 

of J. Buonanno, Emhart Indus., Inc. v. NECC, CA. 06-218-S (D.R.I.) (Jan. 14, 2009), at 38-40. 

The sewer connections to the Site were available by the early 1940s. See Easement (Jan. 

4, 1941) (beginning at Smith Street and running south down Mill Street); Easement (Oct. 7, 

1939) (running along tailrace south of Steere Avenue); Easement (Jan. 23, 1939) (running north 
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from Grover Street; parallel to tailrace); Easement (Jan. 17, 1939) (running mostly parallel to 

tailrace, to the north and south of Redfem Street, but cutting across the tailrace two plats north of 

Redfem Street); Easement (Jan. 17, 1939) (running south from Redfem Street, parallel to 

tailrace); Easement (Jan. 24, 1939) (running north from George Street, parallel to the tailrace); 

Easement (Oct. 2, 1940) (running south from George Street, parallel to the tailrace, and across 

Grover Street, cutting across portion of Site); Easement (Oct. 2, 1940) (running north from 

Stevens street along tailrace). Furthermore, in 1956, the local plumbing code enacted required 

that facilities be connected to the sewer system, where such connections were available. See 

Building Ordinance of the City of Providence, Article 17, Chapter 1700.0, et al. (1956). 

Metro-Atlantic's main plant, which housed its textile operations, was connected to the 

sewer before the operations commenced at the HCP building. See Town Council of North 

Providence, Meeting Minutes (Oct. 1, 1956), at 1 ("Metro-Atlantic Co has tied in its domestic 

sewage system with the Town."). When the HCP building was constructed, it also was 

connected to the existing sewer system. See Trial Transcript of J. Buonanno, Emhart Indus., Inc. 

v. NECC, CA. 06-218-S (D.R.I.) (Jan. 14, 2009), at 38:19-39:2. This was further confirmed 

when pipes connecting the HCP plant to the sewer were unearthed during the 2009 TCRA that 

was conducted at the Site. See Expert Report of Dr. James R. Kittrell (May 5, 2010), at 2; LEA

001237; LEA-002018; LEA-001283; Bennett Soil Boring Sample Tracings (Mar. 22, 2010) 

(showing location of pipes unearthed). 

Also, Metro-Atlantic did not use a septic system to manage its waste. See Trial 

Transcript of J. Buonanno, Emhart Indus., Inc. v. NECC, CA. 06-218-S (D.R.I.) (Jan. 14, 2009), 

at 38:22-39:4; Expert Report of Dr. James R. Kittrell (May 5, 2010), at 2; Addendum to Expert 

Report of John Kastrinos (Mar. 31, 2010), at 6. Nor did it use dry wells or leaching pits. Id. at 6. 
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Given that Metro-Atlantic was connected to the sewer, any alleged aqueous waste from the HCP 

building would have been disposed of in the sewer. See Town Council of North Providence, 

Meeting Minutes (Jul. 6, 1964), at 3 (during visit to Metro-Atlantic, "all chemical waste was 

deposited through the sewer system"); Expert Report of Dr. James R. Kittrell (May 5, 2010), at 

2; Trial Transcript of J. Buonanno, Emhart Indus., Inc. v. NECC, CA. 06-218-S (D.R.I.) (Jan. 

14, 2009), at 38:15-40:5, 42:8-44:8; Trial Transcript of J. Buonanno, Emhart Indus., Inc. v. 

Home Ins., Co., CA. 02-053-S (D.R.I.) (Sep. 14, 2006), at 85:7-19; Dep. of D. Paterson, Emhart 

Indus., Inc. v. Home Ins., Co., CA. 02-053-ML (D.R.I.) (Dec. 20, 2002), at 9:8-15; Trial 

Transcript of J. Priest, Emhart Indus., Inc. v. Home Ins., Co., CA. 02-053-S (D.R.I.) (Jan. 17, 

2003), at 25:12-26:3; Dep. of J. Buonanno, Emhart Indus., Inc. v. Home Ins., Co., CA. 02-053-S 

(D.R.I.) (Jan. 17, 2003), at 15:3-14, 16:20-17:1, 116:6-11. Thus, no such waste material would 

have been disposed of into the River or onto the ground at the Site. 

IV.	 The Dioxin Found in Site Samples Could Not Have Come From the Na-2,4,5-TCP 
Used in Metro-Atlantic's HCP Process 

There is scientific evidence that the 2,3,7,8-TCDD identified in samples on the Site did 

not come from the Na-2,4,5-TCP that Metro-Atlantic used in its HCP manufacturing process. 

The chemical reaction that produces Na-2,4,5-TCP also produces a variety of dioxin and furan 

congeners, including 2,3,7,8-TCDD, that are contaminants in the Na-2,4,5-TCP product. Unless 

Na-2,4,5-TCP is purified, the 2,3,7,8-TCDD produced is accompanied by other dioxin and furans 

congeners. See Expert Report of Dr. Gregory Fu (Jan. 7, 2011), at 5. However, various 

purification techniques alter the dioxin/furan pattern of the dioxin contaminants. See 

Supplemental Expert Report of Dr. James R. Kittrell (Jan. 7, 2011), at 14. Thus, 2,3,7,8-TCDD 

dioxin/furan patterns constitute unique fingerprints indicating whether it results from a purified 

or unpurified source of 2,4,5-TCP. Id. at 14-15. 
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The Site samples contain 2,3,7,8-TCDD produced from a manufacturing source (as well 

as 2,3,7,8-TCDD produced from combustion). However, the dioxin/furan pattern of the 2,3,7,8

TCDD from a manufactured source found in Site samples demonstrates conclusively that it did 

not come from the Na-2,4,5-TCP Metro-Atlantic purchased from Diamond Alkali in the 1964

1965 time period for use in its HCP operation. The Diamond Alkali Na-2,4,5-TCP produced at 

that time was not purified. Therefore, it had a relatively large dioxin/furan concentration, with 

other dioxins and furans present with the 2,3,7,8-TCDD. However, there were little or no other 

dioxin or furan congeners with the non-combustion produced 2,3,7,8-TCDD found at the Site. 

The 2,3,7,8-TCDD found at the Site was from a purified product, see Expert Report of Dr. 

Gregory Fu (May 6, 2010), at 5, and accordingly could not have come from the 1964-1965 

Diamond Alkali product used by Metro-Atlantic. 

The National Institute of Occupational Safety and Health Dioxin Registry Reports 

("NIOSH Reports") indicate that it was not until September 1967 that Diamond Alkali began to 

purify its Na-2,4,5-TCP with a charcoal cartridge filtration system. Moreover, Diamond Alkali's 

method lowered the concentrations of all dioxins and furans uniformly. Unlike other 

manufacturers purification processes, Diamond Alkali's did not alter the dioxin/furan profile. 

See Supplemental Expert Report of Dr. James R. Kittrell (Jan. 7, 2011), at 9. Consequently, 

even the post-1967 purified Diamond Alkali Na-2,4,5-TCP would have contained a whole family 

of dioxin and furan congeners (albeit at lower total concentrations). Therefore, the 2,3,7,8

TCDD found on the Site could not have originated from the post-1967 Diamond Alkali product 

either. Further, Diamond Alkali's manufacture of Na-2,4,5-TCP resulted in the formation of 

2,3,7,8-tetrachlorodibenzofuran ("2,3,7,8-TCDF"). See Expert Report of Dr. Gregory Fu (Jan. 7, 

2011), at 5. The absence of 2,3,7,8-TCDF in the Site samples is further evidence that the 
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2,3,7,8-TCDD found on the Site did not originate from the Diamond Alkali Na-2,4,5-TCP. See 

id.; see also Supplemental Expert Report of Dr. James R. Kittrell (Jan. 7, 2011), at 26 ("Dioxin 

congener profiles of the 'source-like' samples at the Site are not consistent with Crude TCP 

delivered to the Site from Diamond Alkali in 1964-1965."). Accordingly, EPA's belief that the 

2,3,7,8-TCDD found on the Site came from the Metro-Atlantic HCP operation lacks a supporting 

foundation, and is entirely refuted by the fact record and the scientific evidence. 

V.	 The Dioxin Found in Site Samples Compels the Conclusion that It Came From 
NECC's Customers 

The NIOSH Reports further compel the conclusion that the 2,3,7,8-TCDD found on the 

Site came from NECC's customers. Manufacturers other than Diamond Alkali did use 

purification processes that altered the dioxin/furan congener patterns. The 2,3,7,8-TCDD profile 

similar to that found at the Site is from a purified Na-2,4,5-TCP with an altered congener profile. 

As early as 1965, manufacturers other than Diamond Alkali began purifying their Na-2,4,5-TCP 

in an attempt to remove the 2,3,7,8-TCDD by-products. Dow's manufacturing procedure, for 

example, included a TCA decantation process to remove the dioxin by-products from its Na-

2,4,5-TCP. This procedure removed the higher chlorinated dioxin congeners, leaving a small 

amount of 2,3,7,8-TCDD, but virtually none of the other dioxin congeners. In 1967, another 

producer of Na-2,4,5-TCP, Occidental Chemical Company (f/k/a Hooker Chemical), purified its 

2,4,5-TCP by vacuum distillation. The vacuum distillation method did not remove all 2,3,7,8

TCDD from the 2,4,5-TCP, however, but left up to 1 ppm 2,3,7,8-TCDD in the 2,4,5-TCP. See 

Supplemental Expert Report of Dr. James R. Kittrell (Jan. 7, 2011), at 21. Since the boiling 

points of the dioxin congeners other than 2,3,7,8-TCDD are higher than that of 2,3,7,8-TCDD, in 

this purification process the dioxin congeners other than 2,3,7,8-TCDD would not boil off with 

the purified 2,4,5-TCP. Accordingly, the 2,4,5-TCP purified by such a vacuum distillation 
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process would have a dioxin congener profile with 2,3,7,8-TCDD but little or no other dioxin or 

furan congeners. The samples from the Site have such a profile. 

As discussed in Section IV above, the dioxin profile at the Site is inconsistent with the 

TCP produced by Diamond Alkali during the time period of interest. However, manufacturers 

other than Diamond Alkali did use purification processes that would have produced a dioxin 

congener profile similar to that found at the Site. Accordingly, the conclusion is compelled that 

the 2,3,7,8-TCDD found on the Site did not come from the Diamond Alkali Na-2,4,5-TCP used 

by Metro-Atlantic. Rather, more likely than not, the dioxin at the Site came from the materials in 

NECC's customers' drums. See Supplemental Expert Report of Dr. James R. Kittrell (Jan. 7, 

2011), at 4, 26 (stating that the contamination more likely than not "originated from NECC 

barrels brought on Site and stored in the vicinity of the Metro-Atlantic plant and originating from 

herbicides leaking from those barrels"). 

{W0207351;5} 

A-19 



 
 

 
 

 
 

 

  
  
  
  
  

  
    

 
  

 
   

 
   

 
     

 
  
  
   

 
    

   
  

  
   

 
   
 

   
 

 
 

    
  

 
  
  
  
 

  
  

 
   

 

INDEX
 

Document # Document Citation 

1 Interim Final Feasibility Study Report (April 30, 2010) 
2 Executive Order 11988 
3 Interim Final Remedial Investigation Report (June 2005) 
4 United States v. General Electric Co., 460 F. Supp. 2d 395 (N.D.N.Y. 2006) 
5 U.S. EPA, Introduction to ARARs:  Applicable or Relevant and Appropriate 

Requirements (Jun. 1992) 
6 U.S. EPA, Guidance for Conducting Remedial Investigations and Feasibility 

Studies Under CERCLA, OSWER Dir. 9355.3-01 (Oct. 1988) 
7 U.S. EPA, Data Quality Objectives Process for Hazardous Waste Site 

Investigations, EPA QA/G-4HW, EPA/600/R-00/007 (Jan. 2000) 
8 U.S. EPA, The Feasibility Study: Development and Screening of Remedial 

Action Alternatives, OSWER Dir. 9355.3-01FS3 (Nov. 1989) 
9 U.S. EPA, The Role of Cost in the Superfund Remedy Selection Process, Pub. 

9200.3-23FS (Sep. 1996) 
10 U.S. EPA, A Guide to Preparing Superfund Proposed Plans, Records of 

Decision, and Other Remedy Selection Decision Documents, OSWER 9200.1
23P (Jul. 1999) 

11 State of Ohio v. EPA, 997 F.2d 1520 (D.C. Cir. 1993) 
12 United States v. Burlington N.R.R. Co., 200 F.3d 679 (10th Cir. 1999) 
13 U.S. EPA, Contaminated Sediment Remediation Guidance for Hazardous 

Waste Sites, OSWER 9355.0-85 (Dec. 2005) 
14 U.S. EPA, Principles for Managing Contaminated Sediment Risks at Hazardous 

Waste Sites, OSWER Dir. 9285.6-08 (Feb. 2002) 
15 OSRTI Sediment Team and NRRB [National Remedy Review Board] 

Coordination at Large Sediment Sites, OSWER Dir. 9285.6-11 (Mar. 5, 2004) 
16 U.S. EPA, CERCLA Compliance With Other Laws Manual:  Interim Final (Aug. 

1988) 
17 Phase IV Final Rule (63 Fed. Reg. 28,556: May 26, 1998) 
18 Letter from U.S. EPA to Thomas C. Jorling, Commissioner, Department of 

Environmental Conservation, State of New York (Jun. 19, 1989) (PPC 
9441.1989(30)) 

19 Letter from U.S. EPA to John E. Ely, Enforcement Director, Virginia Department 
of Waste Management (Mar. 26, 1991) (PPC 9441.1991(04)) 

20 U.S. EPA, Management of Remediation Waste Under RCRA (Oct. 1998) 
21 U.S. EPA, Determining When Land Disposal Restrictions (LDRs) Are Applicable 

to CERCLA Response Actions, Dir. 9347.3-05FS (Jul. 1989) 
22 53 Fed. Reg. 51,394 (Dec. 21, 1988) 
23 55 Fed. Reg. 8,666 (Mar. 8, 1990) 
24 61 Fed. Reg. 18,780 (Apr. 29, 1996) 
25 U.S. EPA, Training Curriculum:  Session 10, RCRA Hazardous Waste 

Identification:  Special Regulatory Conventions 
26 U.S. EPA, Superfund Management of Investigation-Derived Wastes During Site 

Inspections, Dir. 9345.3-02 (May 1991) 
27 U.S. EPA, Science Plan for Activities Related to Dioxins in the Environment 

(May 26, 2009) 

1
 
{W0207094; 4} 



 
 

 
 

 
 

 

   
  

 
  
   
    

 
 

 
  

  
 

 
 

 
 

 
  

 
 

 
  

 
  
  
  
  
 

 
  

 
 

 
  
   

 
  
  
   
  
  
  

 
 

 
 

INDEX
 

Document # Document Citation 

28 U.S. EPA, Public Review Draft, Draft Recommended Interim Preliminary 
Remediation Goals for Dioxin in Soil at CERCLA and RCRA Sites, OSWER Dir. 
9200.3-56 (Dec. 30, 2009) 

29 75 Fed. Reg. 984 (Jan. 7, 2010) 
30 U.S. EPA, Considering Wetlands At CERCLA Sites, Pub. 9280.0-03 (May 1994) 
31 U.S. EPA, CERCLA Compliance With Other Laws Manual:  Part II.  Clean Air 

Act and Other Environmental Statutes and State Requirements, OSWER Dir. 
9234.1-02 (Aug. 1989) 

32 Rhode Island Department of Environmental Management (“RIDEM”) Rules and 
Regulations for the Investigation and Remediation of Hazardous Material 
Releases (Feb. 2004) 

33 RIDEM Rules and Regulations for Hazardous Waste Management (Amendment 
Eff. Feb. 9, 2007) 

34 Guidelines for Ensuring and Maximizing the Quality, Objectivity, Utility, and 
Integrity of Information Disseminated by Federal Agencies (67 Fed. Reg. 8452 
(Feb. 22, 2002)) 

35 Guidelines for Ensuring and Maximizing the Quality, Objectivity, Utility, and 
Integrity of Information Disseminated by the Environmental Protection Agency 
(Oct. 2002) 

36 Trial Transcript of K. Neri, Emhart Indus., Inc. v. Home Ins., Co., C.A. 02-053-S 
(D.R.I.) (Oct. 6, 2006) 

37 Trial Transcript of J. Buonanno, Emhart Indus., Inc. v. NECC, C.A. 06-218-S 
(D.R.I.) (Jan. 14, 2009) 

38 Supplemental Expert Report of Dr. James R. Kittrell (May 5, 2010) 
39 Addendum to Expert Report of Dr. John R. Kastrinos (Mar. 31, 2010) 
40 Supplemental Expert Report of Dr. Francesco Stellacci (Dec. 24, 2009) 
41 Supplemental Expert Report of Dr. Francesco Stellacci (Jan. 12, 2009) 
42 Trial Transcript of J. Buonanno, Emhart Indus., Inc. v. Home Ins., Co., C.A. 02

053-S (D.R.I.) (Sep. 14, 2006) 
43 Trial Transcript of J. Nadeau, Emhart Indus., Inc. v. Home Ins., Co., C.A. 02

053-S (D.R.I.) (Sep. 15, 2006) 
44 Trial Transcript of J. Turcone, Emhart Indus., Inc. v. Home Ins., Co., C.A. 02

053-S (D.R.I.) (Sep. 18, 2006) 
45 Trip Report:  Soil Sampling, 15-19 February 1999 (Mar. 1999) 
46 Letter from D. Scotti, LEA, to A. Krasko, EPA Re: Remedial Alternative for 

Source Area Soil (Sep. 11, 2007) 
47 Expert Report of Dr. Gregory Fu (Jan. 7, 2011) 
48 Supplemental Expert Report of Dr. James R. Kittrell (Jan. 7, 2011) 
49 Expert report of Dr. James R. Kittrell (Jan. 15, 2009) 
50 Expert report of Dr. Richard Aspland (Jan. 13, 2009) 
51 Updated Expert Report of Dr. Gregory Fu (Feb 6, 2009) 
52 Letter from S. Lowrance, EPA, to J. Noles, Laidlaw Environmental Services 

(TS), Inc. (Dec. 24, 1992) (PPC 9444.1992(09)) 
53 Memorandum from J. Skinner, Director, to D. Wagoner, Director, Air and Waste 

Management Division, Region VII (Jan. 6, 1984) (PPC 9441-1984(01)) Re: Soils 
From Missouri Dioxin Sites 

2 
{W0207094; 4} 



 
 

 
 

 
 

 

 
 

    

  
 

  
  

  
    

  
  
  

  
    
  
 

 
  
    
  

 
  
  
   

   
   

  
   

  
  

 
   
  

 
 

  
  

  
   

  
     

 
 

 
 

  

INDEX
 

Document # Document Citation 

54 Battelle, Final Work Plan, Groundwater, Semi-permeable Membrane Device 
(SPMD) and Sediment Collections (Apr. 2005) 

55 Email from E. Vaudo, EPA to J. Muys, Swidler & Berlin (Dec. 19, 2002) 

56 LEA, Addendum No. 1, Completion of Work Report, Time-Critical Removal 
Action (Apr. 2010) 

57 LEA, Completion of Work Report, Time-Critical Removal Action (Feb. 2010) 
58 U.S. EPA, National Remedy Review Board Recommendations for the 

Centredale Manor Restoration Project Site (Oct. 28, 2010) 
59 U.S. EPA, Statement of Procedures on Floodplain Management and Wetlands 

Protection (Jan. 5, 1979) 
60 QEA, Hydrodynamic Analysis of Remedial Alternatives (Nov. 16, 2007) 
61 ROD for Nyanza Chemical Waste Dump Superfund Site (Operable Unit 4, 

Sudbury River) (Sep. 2010) 
62 ROD for Pownal Tannery Superfund Site, Pownal, Vermont (Sep. 2002) 
63 Letter from D. Scotti of LEA to A. Krasko of EPA (May 16, 2008) 
64 Letter from property owners to Integral Consulting, Inc. (“Integral”) (Jul. 28, 

2010) 
65 Letter from A. Krasko, EPA to property owners (Aug. 24, 2010) 
66 Letter from the Town of Johnston’s Solicitor to Integral (Aug. 6, 2010) 
67 Notes prepared by EPA technical representatives from Battelle reporting on a 

meeting with a representative of Baccala Concrete Corp. (Apr. 8, 2009) 
68 United States v. Hardage, 58 F.3d 569 (10th Cir. 1995) 
69 United States v. W.R. Grace & Co., 134 F. Supp. 2d 1182 (D. Mont. 2001) 
70 U.S. EPA, Superfund LDR Guide #6A (2nd Edition), Obtaining a Soil and Debris 

Treatability Variance for Remedial Actions (Sep. 1990) 
71 EPA’s Green Remediation Guidelines and Superfund Green Remediation 

Strategy (Sep. 2010) 
72 U.S. EPA, Green Remediation: Incorporating Sustainable Environmental 

Practices into Remediation of Contaminated Sites (Apr. 2008) 
73 Administrative Settlement Agreement and Order on Consent, CERCLA Docket 

No. 01-2010-045 
74 Battelle, Addendum to the BHHRA and BERA (Aug. 2006) 
75 Integral Consulting, Inc. Sampling and Analysis Plan for the Supplemental 

Investigation of the Lyman Mill Reach Sediment and Flood Plain Soils (Jun. 21, 
2010) 

76 Letter from P. Gwinn, Integral to A. Krasko, EPA (Nov. 10, 2010) 
77 Letter from T. Chapman, Fish & Wildlife Service, to A. Krasko, EPA (Jul. 26, 

2010) 
78 U.S. EPA, CERCLA Compliance with Other Laws Manual, RCRA ARARs:  

Focus on Closure Requirements (Oct. 1989) 
79 U.S. EPA, A Guide to Principal Threat and Low-Level Threat Wastes, OSWER 

Superfund Publication 9380.3-06FS (Nov. 1991) 
80 EPA Memorandum Regarding Post-Flood Inspection of April 15, 2010 (Apr. 27, 

2010) 
81 Letter from J. Loureiro. LEA and J. Muys, Sullivan & Worcester to A. Krasko of 

EPA (Jun. 8, 2007) 

3 
{W0207094; 4} 



 
 

 
 

 
 

 

  
  

 
  
  
 

 
 

  
  
  
 

 
    
 

 
 

 
  
  

 
 

 
  

 
  

 
  

 
   
 

 
    
   
 

 
  
  
   

  
  
  
 

 
 
  

   
 

INDEX
 

Document # Document Citation 

82 Letter from EPA Re: Interim Final Feasibility Study (May 7, 2010) 
83 Administrative Settlement Agreement and Order on Consent, CERCLA Docket 

No. 01-2009-0086 
84 Notice of Completion of the TCRA work (Jul. 27, 2010) 
85 Action Memorandum dated July 16, 2009 
86 Letter from D. Scotti, Loureiro Engineering Associates, Inc. (“LEA”), to T. 

Bazenas, EPA (May 8, 2009) 
87 EPA Press Release entitled “Short-Term Clean-up Completed at Centredale 

Manor Restoration Project in N. Providence” (Sep. 7, 2010) 
88 June 8, August 15, and October 15, 2007 Submissions 
89 LEA, Shallow Groundwater Data Report (Sep. 12, 2008) 
90 Dep. of M. Robinette, Emhart Indus., Inc. v. NECC, C.A. 06-218-S (D.R.I.) (Sep. 

11, 2009) 
91 NECC Supp’l CERCLA § 104(e) Response (Feb. 8, 2002) 
92 Dep. of R. Nadeau, Emhart Indus., Inc. v. Home Ins. Co., C.A. No. 02-053-S 

(D.R.I.) (Dec. 17, 2002) 
93 Dep. of J. Cifelli, Emhart Indus., Inc. v. Home Ins. Co., C.A. No. 02-053-S 

(D.R.I.) (Feb. 13, 2003) 
94 Aff. of E. Izzo (Oct. 28, 2000) 
95 Dep. of R. Nadeau, Russell-Stanley Holdings, Inc. v. Vincent J. Buonanno, C.A. 

01-cv-2818 (S.D.N.Y.) (Oct. 1, 2002) 
96 Dep. of T. Lussier, Emhart Indus., Inc. v. NECC, C.A. No. 06-218-S (D.R.I.) 

(Apr. 30, 2009) 
97 Dep. of C. Maine, Emhart Indus., Inc. v. NECC, C.A. No. 06-218-S (D.R.I.) (Apr. 

29, 2009) 
98 Dep. of C. Maine, Emhart Indus., Inc. v. NECC, C.A. No. 06-218-S (D.R.I.) (Apr. 

29, 2009), Exh. 2 
99 Dep. of  T. Cleary, Emhart Indus., Inc. v. Home Ins. Co., C.A. No. 02-053-S 

(D.R.I.) (Feb. 10, 2003) 
100 T. Cleary Statement (Apr. 8, 2008) 
101 Dep. of  T. Cleary, Emhart Indus., Inc. v. Home Ins. Co., C.A. No. 02-053-S 

(D.R.I.) (Feb. 10, 2003), Exhibit 15 
102 U.S. Patent 3,499,045 (Mar. 3, 1970) 
103 U.S. EPA, Dioxins (EPA-600/2-80-197) (Nov. 1980) 
104 Dep. of V. Buonanno, Emhart Indus., Inc. v. NECC, C.A. 06-218-S (D.R.I.) (Oct. 

22, 2008) 
105 Expert Report of Dr. Francesco Stellacci (Jan. 10, 2011) 
106 Town Council of North Providence, Meeting Minutes (Jul. 6, 1964) 
107 Easement (Jan. 4, 1941) 

Easement (Oct. 7, 1939) 
Easement (Jan. 23, 1939) 
Easement (Jan. 17, 1939) 
Easement (Jan. 17, 1939) 
Easement (Jan. 24, 1939 
Easement (Oct. 2, 1940 
Easement (Oct. 2, 1940) 

108 Building Ordinance of the City of Providence, Article 17, Chapter 1700.0, et al. 
(1956) 

4 
{W0207094; 4} 



 
 

 
 

 
 

 

  
  
  
 

 
 

 
 

 
  

 

INDEX
 

Document # Document Citation 

109 Town Council of North Providence, Meeting Minutes (Oct. 1, 1956) 
110 LEA-001237; LEA-002018; LEA-001283 
111 Bennett Soil Boring Sample Tracings (Mar. 22, 2010) 
112 Dep. of D. Paterson, Emhart Indus., Inc. v. Home Ins., Co., C.A. 02-053-ML 

(D.R.I.) (Dec. 20, 2002) 
113 Trial Transcript of J. Priest,  Emhart Indus., Inc. v. Home Ins., Co., C.A. 02-053

S (D.R.I.) (Jan. 17, 2003) 
114 Dep. of J. Buonanno, Emhart Indus., Inc. v. Home Ins., Co., C.A. 02-053-S 

(D.R.I.) (Jan. 17, 2003) 
115 Expert Report of Dr. Gregory Fu (May 6, 2010) 

5 
{W0207094; 4} 



 
 

 
  

 
  
 

     
 

  
 

   
 

      
            

 
 

 
 
                    
 
                       
                    
 

  
 

 
 

________________________________________________________  
 

  
      

 
  

  
 

 
 

 
 

REPOSITORY TARGET SHEET 

US EPA New England
 
Superfund Document Management System / 


RCRA Document Management System
 
Native Files Target Sheet 

SDMS Document ID #: ____486500__________
 

Site Name: _Centredale Manor Restoration Project____________
 

File Break: _04.06_____
 

File Type(s) Attached (examples: Excel file or .jpg):
 

_.PDF________________________
 

Document Type this Target Sheet Represents:
 

[ ] Map [ ] Photograph   [ ] Graph/Chart 

[ ] Video [ ] Compact Disc [ X ] Other (Specify 
below) 

Documents 1 through 56 as listed in the Index. ____________________ 
Documents 57 through 115 are located in SDMS# 486501_____________ 

Description or Comments: 

To view the attached files, open the “Attachment Panel”
 

by clicking on the paper clip  - at the bottom left of this window.
 

** Please note to view attachments the software corresponding with
 
the specified file type is necessary. **
 

For any additional assistance please contact the EPA New England Office of
 
Site Remediation and Restoration Records and Information Center-


Telephone (617) 918 1440
 


	RETURN TO ROD AR INDEX 




 
 
 


Interim Final 
 


Feasibility Study 
Centredale Manor Restoration Project 


Superfund Site 
North Providence, Rhode Island 


 
 
 


Contract No. DACW33-01-D-0004 and DACW33-03-D-0004 
Delivery Order No. 01 and 26 


 
 
 


Prepared for 
 


U.S. EPA Region 1 
5 Post Office Square, Suite 100 


Boston, MA  02109 
 
 


and 
 
 


U.S. Army Corps of Engineers 
New England District 


696 Virginia Road 
Concord, MA  01742 


 
 
 
 


Prepared by 
 


Battelle 
397 Washington Street 
Duxbury, MA  02332 


 
 
 
 
 


April 30, 2010 







Interim Final CMRP Feasibility Study Report  April 2010 ii


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


This page intentionally left blank  







EXECUTIVE SUMMARY 


The United States Environmental Protection Agency (EPA) Region I is conducting a Remedial 
Investigation and Feasibility Study (RI/FS) for the Centredale Manor Restoration Project (CMRP) 
Superfund site located in North Providence, Rhode Island (Figure ES-1).  The main part of the CMRP 
site, which is referred to as the source area, is located at 2072 and 2074 Smith Street (Route 44).  The 
CMRP site also includes free-flowing reaches and impoundments of the Woonasquatucket River adjacent 
to and downstream of the source area 
where contamination was historically 
released to the environment.  The source 
area was used for chemical manufacturing 
and drum recycling operations, and is 
currently occupied by the Brook Village 
and Centredale Manor apartment 
complexes. 
 
The RI completed for the site evaluated 
the sources, nature, and extent of contam-
ination at the site; characterized the fate 
and transport of contaminants; and 
evaluated potential human health and 
ecological risks resulting from exposure 
to contaminants at the site (Battelle, 
2005a).  The RI conclusions regarding 
source identification and control, nature 
and extent of contamination, fate and 
transport, exposure pathways, and human 
health and ecological risks were 
integrated into a conceptual site model 
(CSM), which was used in the FS to 
develop and evaluate suitable and 
appropriate remedial alternatives to 
address contamination at the site.     
 


Figure ES-1. Site Map 


Areas evaluated in the FS include the 
source area and the reach of the 
Woonasquatucket River and its associated 
floodplain habitat, from Route 44 (Smith 
Street) downstream to the Lyman Mill 
Dam.  This reach of the river includes 
two dammed impoundments, Allendale 
and Lyman Mill Ponds, which are 
connected by a free-flowing channel 
(Figure ES-1).  This FS also includes an 
approach to assess site conditions at 
downstream areas to determine if additional action may be warranted following the implementation of a 
sediment remedy at Allendale and Lyman Mill.  The results of the FS will be used by EPA, in 
consultation with the State of Rhode Island, to propose a preferred remedial action for the CMRP site.  
The preferred alternative will be presented in a Proposed Plan for Remedial Action that will be presented 
to the public.  After the Proposed Plan is reviewed by the public, EPA will respond to public comments 
and select a remedy in a Record of Decision (ROD). 
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REMEDIAL INVESTIGATION SUMMARY 
 
Site History 
 
The main part of the CMRP site, referred to as the source area, encompasses approximately 9 acres and is 
comprised of parking lots, roadways, and the Centredale Manor and Brook Village apartment complexes 
(Figure ES-2).  Chemical manufacturing activities took place at the source area from approximately 1943 
until the early 1970s.  It is believed that the Metro Atlantic Chemical Company manufactured 
hexachlorophene at the source area around 1965 in a building on the eastern bank of the 
Woonasquatucket River, in what is now the Brook Village parking lot.  1,2,4,5,7,8-hexachloroxanthene 
and 2,3,7,8-tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD) are associated with this process.  Other chemical 
processes also occurred.  The New England Container Company, Inc., operated an incinerator-based drum 
reconditioning facility at the source area from 1952 until the early 1970s.  Chemical residues were 
dumped or burned prior to drum 
reconditioning.  Residues associated 
with drum reconditioning operations are 
a source of dioxins, furans and other 
chemicals at the CMRP site.  Evidence 
from historical photographs, state report 
files, and geophysical testing suggests 
that buried waste material may still be 
present in the source area. 
 
In 1972, a fire destroyed most of the 
property structures.  Brook Village was 
constructed in 1977 and Centredale 
Manor was constructed in 1982.  Dioxin 
was first identified in the area in 1996 in 
fish collected from the 
Woonasquatucket River by EPA.  Since 
that time, EPA has conducted numerous 
investigations to characterize the nature 
and extent of contamination at the 
CMRP site under current conditions.  
Elevated levels of contaminants 
including dioxin (primarily 2,3,7,8-
TCDD), polychlorinated biphenyls 
(PCBs), volatile organic compounds 
(VOCs), semivolatile organic 
compounds (SVOCs), and metals have 
been detected in various media 
including soil, groundwater, sediment, 
surface water, and biota.  The CMRP 
site was listed on the National Priorities 
List in 2000. Figure ES-2.  Historical Features of the Source Area
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Site Actions 
 
Contamination at the CMRP site is being addressed in two stages: immediate (removal) actions and long-
term (remedial) actions.  A time critical removal action (TCRA) for the source area soils was conducted at 
the CMRP site in 1999-2000 to reduce the immediate threat to the health of residents on and near the site.  
The major activities conducted under the TCRA included construction of two interim soil caps and 
installation of fencing to restrict access to potentially contaminated areas.  Repairs to the fence along 
Allendale Pond were performed in 2005; this also included relocating fencing in areas that were under 
water following the reconstruction of Allendale Dam in 2002.  An Engineering Evaluation/Cost Analysis 
was performed in 2000 as the basis for a non-time critical removal action (NTCRA).  The NTCRA 
included reconstruction of Allendale Dam and restoration of Allendale Pond (to its pre-1991 level), and 
excavation of contaminated floodplain soils in 11 residential-use properties and recreational access points 
along Allendale and Lyman Mill Ponds.  Another TCRA was performed in 2003-2004 to cap 
contaminated soils and sediments in the former tailrace on the east side of the source area. 
 
Conceptual Site Model 
 


Figure ES-3. Illustration of the Generalized Conceptual Site Model 


EPA conducted a series of investigations from 1999 to 2004 to characterize the nature and extent of 
contamination at the site, to better understand contaminant fate and transport processes, and to develop 
baseline risk assessments to assess current and potential future risk to human and ecological receptors 
from exposure to contamination at the CMRP site.  Studies were also performed to address EPA’s 
sediment management principles (EPA, 2002).  EPA conducted additional investigations in 2004-2006 to 
address data gaps identified in the RI and address concerns of stakeholders.  These studies focused on 
better understanding the 1) potential migration and flux of contaminants in groundwater at the source area 
to the surface water of the Woonasquatucket River; 2) vertical and spatial extent of contamination and 
rate of sediment accumulation at Lyman Mill Pond; 3) potential transport of dioxin downstream of Lyman 
Mill Dam under non-resuspending conditions; and 4) and potential current and future risks to human and 
ecological receptors from exposure to contaminated floodplain soil at the Oxbow, a forested wetland 
located 
immediately 
southwest of 
Allendale Dam.  
Results from 
the 
supplemental 
investigations, 
as well as 
results from a 
groundwater 
investigation 
conducted in 
2008 by 
Loureiro 
Engineering 
Associates, 
were used to 
refine the CSM 
for the site 
(Figure ES-3).  
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Table ES-1. Summary Statistics for Dioxin (ng/kg) and PCB 
(mg/kg) in Allendale and Lyman Mill Reach Sediment and 
Floodplain Soil  


Allendale Lyman Mill
2,3,7,8-
TCDD


Total 
PCB


2,3,7,8-
TCDD


Total 
PCB


Sediment
% Detection 97% 89% 97% 80% 
Minimum 0.2 0.0006 0.035 0.0006 
Maximum


The risk assessments showed that the receptors at risk include residents living along the river, visiting 
recreational anglers, passive recreational visitors, benthic invertebrate communities, fish, and bird and 
mammal populations.  Overall, the greatest risks at the CMRP site are associated with consumption of 
contaminated fish or prey, and direct contact with contaminated sediment and floodplain soil.  Risk-based 
preliminary remediation goals (PRGs) 
were derived by medium (biota, 
sediment and floodplain soil) and 
exposure pathway (ingestion, direct 
contact) for contaminants that presents 
a risk to human and/or ecological 
receptors at the site.  Contaminants in 
sediment and floodplain soil 
associated with human health and 
ecological risk include dioxin,  
dioxin-like PCBs, PCBs, and selected 
pesticides, SVOCs, and metals 
(summary statistics for selected 
contaminants are summarized in  


110,000 28 49,421 3.26 
Geometric 
Mean 879 0.27 433 0.135 


Floodplain Soil 
% DetectionTable ES-1). 86% 80% 87% 39% 
Minimum 0.24 0.037 0.095 0.030 
Maximum 1,510 0.78 1,130 0.859 
Geometric 
Mean 22.4 0.258 8.58 0.055 


(median) 


Contaminants in source area soil that 
presents a risk to human health and 
the environment through residential 
direct exposure and leaching of 
contaminants from soil to the underlying groundwater include: dioxin/furans, PCBs, selected pesticides, 
SVOCs, metals and VOCs.  While groundwater at the site is not a source of drinking water, the 
groundwater discharge pathway into the Woonasquatucket River can be a contributor to risk identified for 
consumption of fish through bioaccumulation.  Contaminants in groundwater include dioxin (2,3,7,8-
TCDD), tetrachloroethylene (PCE), and trichloroethylene (TCE). 


FEASIBILITY STUDY SUMMARY


Remedial Action Objectives, ARARs, and Cleanup Goals 


The establishment of remedial action objectives (RAOs, also referred to as cleanup objectives) is the first 
step in the FS process of developing and evaluating remedial action alternatives.  The RAOs were 
developed to protect human and ecological receptors against potential adverse effects associated with 
exposure to contamination at the CMRP site.  RAOs focus on reduction or elimination of specific 
exposure-related risks associated with ingestion of contaminated fish or prey or direct contact with or 
ingestion of contaminants in sediment and soil.  RAOs for ecological health also consider balancing 
remediation while minimizing the destruction of sensitive habitat.  RAOs were also designed to minimize 
potential migration of contaminants to protect groundwater quality and the surface water of the 
Woonasquatucket River. 


The next step in the FS process is to identify potential applicable or relevant and appropriate requirements 
(ARARs) and guidance and advisories (To Be Considered [TBC] criteria) pertinent to the remediation at 
the CMRP site.  Potential ARARs and TBC criteria were identified based on federal and state regulations, 
requirements, and guidance applicable to the CMRP site.  Those ARARs that are relevant for the remedial 
alternatives were analyzed in detail in the FS report.  Notably, ARARs for the protection of floodplains 
and wetlands were considered because areas and media evaluated in this FS include floodplain and 
wetland areas that border parts of the Woonasquatucket River at Allendale and Lyman Mill. 
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Table ES-2. Proposed Cleanup Goals for 
Dioxin (ng/kg or pg/L), PCB (mg/kg) and PCE 
(µg/L) 


Contaminant
Media 2,3,7,8-TCDD Total PCB 


Sediment 14.7 0.21 
Floodplain Soil 17 1.7 
Source Area 
Soil 


Dioxin TEQ Total PCB 
1,000 10 


Source Area 
Groundwater 


2,3,7,8-TCDD PCE 
1,768 150 


Next, cleanup goals for the site were developed based on an evaluation of potential ARARs, TBCs, risk-
based PRGs (for the most sensitive receptor or exposure pathway), and site background data.  Where a 
risk-based PRG and ARAR or TBC was available for 
the same contaminant, the lower, more protective 
value was used in the cleanup goal determination.  In 
general, the cleanup goals are based on the risk-based 
PRG (and/or ARAR/TBC) or background, whichever 
is higher because it is not possible to clean up below 
background.  Overall, cleanup goals are frequently 
based on background for sediment and floodplain soil 
and on ARARs for source area soil and groundwater.  
Proposed cleanup goals for selected contaminants in 
sediment, soil, and groundwater are summarized in 
Table ES-2. 


Areas and Volumes above Cleanup Goals 


The proposed areas for cleanup developed in the FS were delineated by constructing a footprint to 
encompass all sampling locations with contaminant concentrations in excess of the cleanup goals 
developed for human and ecological protection.  Based on the extent of contaminant concentrations 
exceeding cleanup goals at the CMRP site, proposed cleanup areas were developed for sediment and 
floodplain soil at the reaches of Allendale and Lyman Mill and soil and groundwater at the source area 
(Table ES-3).  The proposed cleanup areas are conceptual; more precise cleanup areas will be developed 
during the remedial design. 


An adaptive management approach is proposed to evaluate whether additional action is warranted for 
downstream reaches of the river following implementation of a sediment remedy upstream.  EPA, in 
consultation with Rhode Island Department of Environmental Management and other stakeholders, will 
determine if additional action is warranted to address contaminated sediments in reaches downstream of 
Lyman Mill Dam. 


Table ES-3. Proposed Cleanup Areas and Volumes for the CMRP Site 


Action Area/ 
Media Description 


Cleanup Area In-Situ
Removal 
Volume 


(cubic yards)


(square
feet) (acre) 


River channel north of Allendale Pond1Allendale 
Reach/Sediment and Allendale Pond 673,600 15.5 48,200 


Lyman Mill 
Reach/Sediment Lyman Mill Pond 1,022,000 23.5 91,000 


Allendale Reach/ 
Floodplain Soil 


Floodplain areas abutting river channel north 
of Allendale Pond1 and Allendale Pond 64,600 1.5 2,400 


Lyman Mill 
Reach/Stream 
Sediment and 
Floodplain Soil 


Stream channel and old mill raceway 
connecting Allendale and Lyman Mill Ponds, 
Oxbow (forested wetland southwest of 
Allendale Dam), and floodplain areas 
abutting Lyman Mill Pond 


940,000 21.6 34,800 


Source Area/Soil Source area (2072 and 2074 Smith Street) 339,500 7.8 62,900 


Source Area/ 
Groundwater 


Impacted area at Brook Village parking lot 
(submerged contaminated soils that serve as 
contaminant source to groundwater) 


5,500 0.13 1,300 


1 Upstream limit in vicinity of Brook Village.


Interim Final CMRP Feasibility Study Report  April 2010 vii







 
Screening of Remedial Alternatives 
 
The FS evaluated a range of remedial alternatives suitable for achieving the cleanup objectives.  The 
specific remedial technologies and process options evaluated included various natural recovery options, 
containment or removal options, forms of in-situ and ex-situ treatment, various transportation methods 
and disposal options, and types of monitoring.  Remedial alternatives evaluated to address contaminated 
sediment and floodplain soil at the reaches of Allendale and Lyman Mill and contaminated soil and 
groundwater at the source area are summarized below.   
   


• No Action – alternatives developed for sediment, soil, and groundwater include an option for No 
Action, which entails no active remediation.  In accordance with the National Hazardous 
Substances and Pollution Contingency Plan (NCP) requirements, the No Action alternative is 
carried through the FS process for each action area and is used as a basis of comparison to the 
other alternatives. 


• Natural Recovery – alternatives developed for sediment and floodplain soil include options for 
monitored natural recovery (MNR) or enhanced natural recovery (ENR).  The MNR alternative 
would rely on natural recovery processes (e.g., burial of contaminated material by cleaner 
material) to reduce surface contamination over time.  The ENR alternative would provide a thin-
layer cover to enhance the natural recovery processes.  MNR and ENR are best suited for use in 
stable, depositional environments where contaminant concentrations are low, contaminants are 
unlikely to bioaccumulate, and natural recovery processes are occurring within an acceptable time 
frame.  Both the MNR and ENR alternatives would provide monitoring to assess the rate of 
recovery and risk reduction.  


• Containment – alternatives developed for sediment, soil, and groundwater include options for an 
isolation cap or hydraulic barrier to isolate contamination from the environment.  The isolation 
cap would be placed over contaminated sediment or soil to prevent exposure to the contaminated 
material beneath the cap and prevent migration or leaching of contaminants from the sediment or 
soil.  The isolation cap would be designed to be stable in non-depositional areas and resist erosion 
during flood events.  The hydraulic barrier would include options either to install a barrier around 
the groundwater impacted area to prevent the discharge of contaminated groundwater to the 
Woonasquatucket River or to provide hydraulic control through pump and treat.  For source area 
soil, the containment alternatives include options for 1) long-term operation and maintenance of 
the existing surfaces (caps, parking lots, paved surfaces, rip rap, landscape areas) to prevent 
erosion and potential exposure of contaminated soils, 2) upgrading and extending the existing 
caps to cover landscape areas, or 3) converting the existing surfaces to Resource Conservation 
and Recovery Act (RCRA) caps. 


• Full Removal – alternatives developed for sediment, soil, and groundwater include options 
utilizing dredging and/or excavation to remove all contaminated material with contaminant 
concentrations above the cleanup goals.  Confirmation sampling would be performed to verify 
that the cleanup goals had been achieved. 


• Partial Removal – hybrid alternatives developed for sediment and soil include options for targeted 
and/or partial excavation in conjunction with either isolation capping or ENR.  Under these 
hybrid alternatives, contaminated material from targeted areas (e.g., areas of higher erosion 
potential in the ponds, areas where contaminant concentrations are in excess of ARARs, or areas 
where principal threat waste may be located at the source area) would be removed using 
excavation.  An isolation cap or thin-layer cover (ENR) would then be placed wherever 
contaminated material above the cleanup goals remained in place. 
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• In-situ Treatment – alternatives developed for groundwater include options for in-situ biological 
or chemical treatment.  For in-situ biological treatment, a permeable reactive barrier comprised of 
clean, organic rich material would be installed between the groundwater impacted area and the 
Woonasquatucket River.  The barrier would allow the passive flow of water while resulting in 
either the degradation and/or retention of contaminants.  VOCs would be removed through 
anerobic dechlorination and biogeochemical processes, and dioxin would be removed by sorption 
to the organic material and subsequent biodegradation.  For in-situ chemical treatment, an 
oxidizing agent would be injected into the groundwater at the impacted area that would cause the 
rapid chemical destruction of the VOCs in the groundwater and oxidation of dioxins. 


• Disposal and/or Treatment – contaminated material removed under the removal alternatives 
would be contained on site in an upland or nearshore confined disposal facility (CDF), treated on-
site by thermal treatment, or shipped off site for disposal and/or treatment.  An additional disposal 
option utilizing on-site consolidation and capping was also considered for the sediment partial 
removal alternative with the dams being replaced.  Groundwater removed under the excavation 
alternative or extracted under the pump and treat options would be treated to remove 
contaminants and returned to the Woonasquatucket River. 


 
Remedial alternatives developed for sediment also included options for leaving the dams in place, 
removing the dams, or replacing the dams with new weir structures designed to allow fish (including 
catadromous and anadromous species) to migrate upriver, allow water to flow freely between the ponds, 
and change the vertical profile of the river channel to provide ponded water surfaces at the locations of 
the existing ponds. 
 
All of the remedial alternatives, except No Action, include long-term monitoring to assess recovery and 
risk reduction, and to assess the impact of the remedial action on the downstream areas.  Long-term 
monitoring and maintenance would also be required to protect the integrity of the thin cover (ENR), 
isolation cap, or any CDFs constructed on site.  Maintenance of the Allendale and Lyman Mill Dams (or 
weir structures) would also be required for those alternatives where contamination remained in the river 
or floodplain.  Institutional controls (ICs) would also be required wherever contamination remained in 
place to prevent future releases and potential future human exposure.  For the source area, the ICs would 
prohibit future excavation, restrict access for buried utilities, prevent the construction of buildings with 
pilings or basements, require maintenance of the caps, parking lots, paved surfaces, and rip rap areas, and 
prevent the use of groundwater.  All of the alternatives include periodic reporting of remedy progress and 
efficacy, as well as five-year reviews. 
 
The proposed remedial alternatives for sediment, soil, and groundwater were screened against the short- 
and long-term aspects of three broad criteria during this stage: effectiveness, implementability, and cost.  
The screening was performed with a level of detail sufficient to distinguish among the alternatives and 
ensure that the alternatives were being compared on an equivalent basis.  The goal of alternative 
screening is to reduce the number of alternatives that will undergo a more thorough and extensive analysis 
(EPA, 1988).  With the exception of No Action, alternatives that are not protective of human health and 
the environment or do not comply with ARARs (except where conditions for an ARAR waiver exist) 
were screened out.  The alternatives with the most favorable evaluation of all three criteria were retained 
for a more detailed evaluation, along with the No Action alternative (Alternative 1).  Based on the 
screening evaluation, the following remedial alternatives were retained and evaluated in greater detail.  
 
Allendale and Lyman Mill Reach Sediment 
 


• a full excavation alternative with the dams remaining in place (Alternative 7) or with the dams 
replaced with new weir structures (Alternative 10), and 
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• a partial excavation and isolation capping alternative with the dams remaining in place 
(Alternative 8) or with the dams replaced (Alternative 11). 


 
Allendale Reach Floodplain Soil 
 


• a full excavation alternative (Alternative 5). 
 
Lyman Mill Reach Stream Sediment and Floodplain Soil 
 


• a targeted excavation and ENR alternative (Alternative 3), and 
• a partial excavation and ENR alternative (Alternative 5). 


 
Source Area Soil 
 


• a targeted excavation and cap upgrade alternative (Alternative 3), and 
• a targeted excavation and RCRA cap alternative (Alternative 4). 
 


Source Area Groundwater 
 


• an excavation and dewatering alternative (Alternative 2), and 
• an in-situ treatment alternative using chemical oxidation (Alternative 5). 


 
Detailed and Comparative Analysis of Remedial Alternatives  
 
The remedial alternatives proposed in the FS would, at a minimum, address contamination that presents a 
risk to human health and the environment, and achieve the cleanup objectives at varying levels of 
effectiveness.  Alternatives were individually evaluated in more detail against the NCP criteria, and the 
alternatives were then compared to identify the key tradeoffs among them.  Key findings from the 
comparative analysis of alternatives for sediment, soil and groundwater are summarized below. 
 
Allendale and Lyman Mill Sediment – Among the sediment alternatives evaluated, full removal using 
excavation (Alternatives 7 and 10) would provide the highest level of protection to human health and the 
environment.  Under these alternatives, all sediment above the cleanup goals would be removed, which 
would quickly reduce human health and ecological risk to acceptable levels.  Partial removal using 
excavation in conjunction with isolation capping (Alternatives 8 and 11) would also provide effective 
protection, although sediment above the cleanup goals would remain in place under the isolation cap and 
could be released in the future should catastrophic events occur or if monitoring, maintenance and/or ICs 
are not effective in the long term.  Disposal options that used on-site thermal treatment (Alternatives 7d, 
8d, 10d, and 11d) or off-site disposal and/or treatment (Alternatives 7e, 8e, 10e, and 11e) would provide 
the highest level of long-term effectiveness and permanence because the contaminated sediment would 
either be incinerated or shipped off site.  Disposal options that used on-site containment in a CDF 
(Alternatives 7a, 7b, 8a, 8b, 10a, 10b, 11a and 11b) would provide effective long-term protection at costs 
that are substantially lower than the on-site treatment or off-site disposal and/or treatment options, 
although under Alternatives 7b, 8b, 10b and 11b, contaminants remain in the floodplain in CDFs.   
 
All of the excavation alternatives constitute a discharge of dredged or fill material into the waters of the 
state/US, thereby triggering state and federal wetlands requirements that would have to be addressed.  As 
a result, these actions must be evaluated to determine the least damaging practicable alternative.  The 
nearshore CDF alternative (Alternatives 7b, 8b, and 10b), as well as Alternative 11, would result in the 
permanent occupancy and modification of the floodplain, and a determination would need to be made that 
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there was no other practicable alternative before selecting one of these options as the preferred remedy.  
The upland CDF alternatives (Alternatives 7a, 8a, 10a, and 11a) could potentially result in the destruction 
of low-quality wetlands.  In addition, these alternatives may require a treatability variance to reduce the 
amount of treatment required prior to disposal.  Among the alternatives evaluated, the full excavation and 
on-site thermal treatment or off-site disposal and/or treatment alternatives (Alternatives 7d, 7e, 10d, and 
10e) would result in the greatest reduction of toxicity, mobility, and volume of contamination through 
treatment.  The No Action and excavation alternatives utilizing on-site containment in a nearshore CDF 
(7b, 8b, 10b, and 11b) or consolidation (Alternative 11f) do not require treatment of contaminated 
material, although all of these alternatives with the exception of No Action (Alternative 1) would reduce 
mobility.  Potential short-term impacts to the community during construction and remedy implementation 
would be limited and of short duration, whereas short-term impacts to the environment would be more 
substantial.  All of the excavation and capping alternatives would result in the complete loss of the 
benthic habitat in both ponds and the elimination of fish populations and other water-dependent species.  
This loss would have significant short-term impact on the overall ecological health of the ponds, and full 
recovery would likely require several (possibly up to five) years.  The RAOs would be achieved at the 
completion of remedy implementation, which is expected to take approximately two years. 
 
While the technology, equipment, and materials required for excavation and capping are readily available, 
these alternatives could be difficult to implement from an administrative perspective.  The land in the 
immediate vicinity of the CMRP site is privately owned and already developed in many areas.  Therefore, 
limited space is available on site, and upland land area would be required to provide staging areas for 
construction and sediment processing.  The work would be done near residential areas, so that short-term 
impacts from construction would have to be controlled.  Upland land area would also be required for the 
on-site disposal facilities (Alternatives 7a, 8a, 10a, and 11a) or on-site incinerator (Alternatives 7d, 8d, 
10d, and 11d).  The advantage of constructing CDFs within the pond footprints is that there is sufficient 
space on site for the disposal facilities, although the public may oppose the reduction of open water area.  
The nearshore CDF (Alternatives 7b, 8b, and 10b), as well as Alternative 11, would result in the 
permanent occupancy and modification of the floodplain, and a determination would need to be made that 
there was no other practicable alternative before selecting one of these options as the preferred remedy.  
Concerns regarding air quality may also make it difficult to implement the on-site thermal treatment 
disposal option (Alternatives 7d, 8d, 10d, and 11d).  Under all alternatives other than No Action, impacts 
to wetlands and floodplains would need to be minimized to the extent possible and mitigation for 
unavoidable wetland impacts would be required. 
 
Present worth costs for the No Action alternative is $450,000.  Present worth costs for the excavation 
alternatives range from $35,000,000 for Alternative 11f (dam replacement, partial excavation, isolation 
capping and on-site consolidation) to $119,000,000 for Alternative 10d (dam replacement, excavation, 
and on-site thermal treatment).  Costs for excavation with on-site containment are approximately half the 
cost for on-site thermal treatment or off-site disposal and/or treatment. 
 
Allendale Reach Floodplain Soil – Two alternatives were evaluated in detail for Allendale reach 
floodplain soil, including No Action (Alternative 1) and excavation and disposal and/or treatment 
(Alternative 5).  Excavation will provide a higher level of protection to human health and the environment 
and, used in conjunction with on-site thermal treatment or off-site disposal and/or treatment, will provide 
higher long-term effectiveness and permanence because the excavated material would be incinerated or 
removed from the site.  This alternative would remove all floodplain soil above the cleanup goals and 
quickly reduce risk to acceptable levels. 
 
The No Action alternative would not comply with ARARs for residential direct exposure or EPA’s 
recommended residential level for dioxin in soil.  The excavation alternative is expected to comply with 
ARARs and EPA’s dioxin requirements, although this alternative would constitute a discharge of dredged 
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or fill material into the waters of the state/US, thereby triggering state and federal wetlands requirements 
that would have to be addressed.  As a result, these actions must be evaluated to determine the least 
damaging practicable alternative.  In addition, a portion of the nearshore CDF (Alternative 5b) would 
require the permanent occupancy and modification of the floodplain, and a determination would need to 
be made that there was no other practicable alternative before selecting this option as the preferred 
remedy.  The upland CDF (Alternative 5a) could potentially result in the destruction of low-quality 
wetlands.  Among the alternatives evaluated, the excavation and on-site thermal treatment alternative 
(Alternative 5d) would result in the greatest reduction of toxicity, mobility, and volume of contamination 
through treatment.  The No Action and excavation alternative utilizing containment (Alternatives 5a, 5b 
and 5e) would not require treatment, although all of these alternatives, with the exception of No Action 
(Alternative 1), would reduce mobility.  Potential short-term impacts to the community during 
construction and remedy implementation would be limited and of short duration.  The excavation 
alternative (Alternative 5), however, would result in the elimination of floodplain soil infauna and riparian 
vegetation and collateral impacts to wildlife that rely on this habitat for shelter and food.  At least several 
years would be required before the remediated areas recovered sufficiently to provide the environmental 
services that this habitat typically provides.  The RAOs would be achieved at the completion of remedy 
implementation, which is expected to take approximately one month.  The excavation alternative would 
result in unavoidable wetland loss and/or impacts requiring mitigative measures, and the disposal options 
would present some aspects that would have to be addressed (as described above for sediment).  
 
Present worth costs for the No Action alternative is $0.  Present worth costs for the excavation alternative 
ranges from $1,400,000 for on-site containment (Alternatives 5a and 5b) to $4,300,000 for on-site thermal 
treatment (Alternative 5d).   
 
Lyman Mill Reach Stream Sediment and Floodplain Soil – Among the alternatives evaluated, the 
excavation alternatives (Alternatives 3 and 5) would provide effective protection of human health because 
floodplain soil with contaminant concentrations in excess of ARARs or EPA’s recommended residential 
level for dioxin in soil would be removed, and either contained on site, destroyed, or shipped off site for 
disposal and/or treatment.  With respect to ecological protection, remediation in this action area represents 
a balance between destruction of a portion of the forested wetland habitat in the removal and staging areas 
versus the long-term benefit of contaminated sediment/soil removal.  Among the alternatives evaluated, 
targeted excavation (Alternative 3) would provide a somewhat lower level of ecological protection than 
Alternative 5 because a smaller volume of contaminated material would be removed from the system.  
However, it would preserve nearly nine additional acres of a regionally important forested wetland 
complex that is providing habitat to a variety of plants, invertebrates, and wildlife populations including 
possibly vernal pool species.  The population level effects of eliminating this valuable hardwood forest 
habitat are considered to outweigh the potential benefits of reducing the risk in a quicker fashion.  Both 
excavation alternatives (Alternatives 3 and 5) would provide effective protection in the long term, 
although a minimum of several decades may be required to attain the ecological cleanup objectives.  This 
delay in achieving the remedial goals for ecological receptors is balanced by the need to preserve the 
habitat necessary to maintain the receptors to be protected. 
 
The No Action alternative would not comply with ARARs.  The excavation alternatives (Alternatives 3 
and 5) would comply with ARARs for residential direct exposure and EPA’s recommended residential 
level for dioxin in soil; however, without a waiver the excavation alternatives would not comply with 
RCRA Subtitle C closure requirements.  Excavation would result in the destruction of wetlands, and 
placing fill in a wetland and floodplain will trigger state and federal wetlands requirements that would 
have to be addressed.  As a result, these actions must be evaluated to determine the least damaging 
practicable alternative.  The excavation (Alternatives 3 and 5) and nearshore CDF (Alternative 3b and 5b) 
alternatives would also require the permanent occupancy and modification of the floodplain, and a 
determination would need to be made that there was no other practicable alternative before selecting one 
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of these options as the preferred remedy.  The upland CDF alternatives (Alternatives 3a and 5a) could 
potentially result in the destruction of low-quality wetlands.  In addition, these alternatives might require 
a treatability variance to reduce the amount of treatment required for sediment prior to disposal.  Among 
the alternatives evaluated, the excavation and on-site thermal treatment and off-site disposal and/or 
treatment alternatives (Alternatives 5d and 3d, followed by 5e and 3e) would result in the greatest 
reduction of toxicity, mobility, and volume of contamination through treatment.  The No Action and 
excavation alternatives utilizing on-site containment (Alternatives 3a, 3b, 5a, and 5b) would not require 
treatment, although all of these alternatives, with the exception of No Action (Alternative 1), would 
reduce mobility.  The No Action alternative would have no short-term impacts to the community, the 
environment or workers, whereas the excavation alternatives (Alternatives 3 and 5) would result in the 
destruction of wetland and floodplain habitat that could take decades to recover. 
 
The excavation alternatives (Alternatives 3 and 5) would result in unavoidable wetland loss and/or 
impacts requiring mitigative measures, and the disposal options would present some aspects that would 
have to be addressed (as described above for sediment).  Although targeted excavation (Alternative 3) is 
expected to be less difficult to implement compared to the partial excavation alternative (Alternative 5), 
because the magnitude of wetlands destruction is reduced (i.e., 4.8 acres of wetlands destroyed under 
Alternative 3 compared to 13.5 acres destroyed under Alternative 5), both might present some 
implementability issues that would have to be addressed.  If the presence of vernal pool habitat is 
confirmed within the current proposed cleanup area at the Oxbow, special care would have to be given 
during the design and construction aspects of any alternative other than No Action to mitigate concerns 
for animals that occur in vernal pools, which typically are very sensitive to environmental disturbances. 
 
Present worth costs for the No Action alternative is $250,000.  Present worth costs for the excavation 
alternatives range from $9,700,000 for targeted excavation, ENR, and on-site containment (Alternatives 
3a and 3b) to $42,000,000 for partial excavation, ENR, and on-site thermal treatment (Alternative 5d).  
Costs for excavation with on-site containment are approximately half the cost for on-site thermal 
treatment or off-site disposal and/or treatment. 
 
Source Area Soil – Among the alternatives evaluated for source area soil, the targeted excavation and 
RCRA cap alternative (Alternative 4) would provide the highest level of protection to human health and 
the environment and higher long-term effectiveness and permanence.  Under this alternative, potential 
buried waste material that could be highly toxic or highly mobile would be removed using excavation and 
shipped off site for disposal and/or treatment.  All existing surfaces (caps, parking lots, paved surfaces, rip 
rap, landscape areas) would be upgraded to RCRA caps that would provide stable and reliable long-term 
containment of contamination that remains in place.  Moreover, the RCRA cap alternative is the only 
alternative that would comply with all ARARs, including requirements for RCRA and TSCA closure.  
The targeted excavation and cap upgrade alternative (Alternative 3) would also provide effective 
protection of human health and the environment, although the upgraded caps under this alternative would 
not comply with RCRA closure requirements or eliminate rainwater/snowmelt infiltration into the 
underlying soil and groundwater. 
 
The No Action alternative would not include treatment, whereas the targeted excavation and capping 
alternatives (Alternatives 3 and 4) would include treatment to reduce the toxicity, mobility, or volume of 
contamination.  The No Action alternative would not adversely impact the surrounding community and 
habitat because no construction activities would be required.  The targeted excavation and capping 
alternatives, however, would result in the destruction of existing wetlands and placement of fill in wetland 
areas.  As a result, these actions must be evaluated to determine the least damaging practicable 
alternative.  The targeted excavation and capping alternatives would also require the permanent 
occupancy and modification of the floodplain, and a determination would need to be made that there was 
no other practicable alternative before selecting one of these options as the preferred remedy.  
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Implementation of the No Action alternative would be routine, whereas the targeted excavation and 
capping alternatives would be more difficult because the remediation area is in close proximity to a 
sensitive population and there is limited space to conduct construction activities.  All appropriate 
measures including engineering controls, dust suppression techniques, and site perimeter air (dust) 
monitoring would be taken to mitigate risks to the residents, community and on-site workers.  
Additionally, all work would be performed in phases to minimize these impacts, and measures would be 
taken to provide residents continued access to the buildings and parking areas.   
 
Present worth costs for the No Action alternative is $170,000.  Present worth costs for the targeted 
excavation and capping alternatives range from $19,600,000 for the cap upgrade alternative (Alternative 
3e) to $21,300,000 for the RCRA cap alternative (Alternative 4e). 
 
Source Area Groundwater – Among all the alternatives evaluated for groundwater, the 
excavation/dewatering alternative (Alternative 2) would provide the highest level of both protection to 
human health and the environment and long-term effectiveness and permanence.  Under this alternative, 
the contaminated soil would be removed and disposed off site, and the contaminated groundwater would 
be removed, treated, and returned to the Woonasquatucket River.  The in-situ chemical oxidation 
alternative (Alternative 5) would provide some overall protection of human health and the environment, 
but the long-term effectiveness with respect to dioxin removal is unproven. 
 
The excavation/dewatering alternative would comply with ARARs, whereas the in-situ chemical 
oxidation alternative might not comply with the ARARs for surface water quality and would require a 
non-CERCLA (Comprehensive Environmental Response, Compensation, and Liability Act) waiver if 
underground injections of chemical oxidants occur within 50 ft of a river.  The excavation/dewatering and 
in-situ chemical oxidation alternatives would reduce the toxicity, mobility, and volume of contamination 
through treatment.  Among the action alternatives, in-situ chemical oxidation would have fewest impacts 
to workers or residents compared to the excavation/dewatering alternative.  All of the groundwater 
alternatives are implementable, although there might be some specialized aspects to each of the 
alternatives such as requiring mobilization from outside the region or requiring specialized experience or 
equipment. 
 
Present worth costs for the No Action alternative is $270,000.  Present worth costs for the action 
alternatives range from $1,200,000 for in-situ chemical oxidation (Alternative 5) to $3,000,000 for 
excavation/dewatering (Alternative 2).  
 
Next Steps 
 
The remedy considered most appropriate to achieve CERCLA requirements will be proposed by EPA in 
close coordination with the State of Rhode Island.  Once proposed, the remedy for the site will be 
described in a Proposed Plan, which will be available for review and comment by the public.  After 
consideration of public comments, the remedy selection decision will be documented in a ROD. 
 
Following collection of additional baseline data and implementation of the selected remedy itself, the 
long-term monitoring plan will be executed to assess overall performance.  Using an adaptive 
management approach, information from the monitoring plan and review process will be evaluated to 
determine whether potential down river contamination concerns might also need to be addressed. 
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1.0 INTRODUCTION 


The United States Environmental Protection Agency (EPA) Region I is conducting a Remedial 
Investigation and Feasibility Study (RI/FS) for the Centredale Manor Restoration Project Superfund site 
(hereafter referred to as the CMRP site) located in North Providence, Rhode Island (Figure 1-1).  The 
main part of the CMRP site, which is referred to as the source area, is located at 2072 and 2074 Smith 
Street (Route 44) (Figure 1-2).  The CMRP site also includes free-flowing reaches and impoundments of 
the Woonasquatucket River adjacent to and downstream of the source area (Figure 1-1) where 
contamination has come to be located.  Historically, the source area was used for chemical manufacturing 
and drum recycling operations, and is currently occupied by the Brook Village and Centerdale Manor 
apartment complexes.  This report presents the results of the FS completed for the CMRP site; results 
from the RI are reported in the Interim Final Remedial Investigation, Centredale Manor Restoration 
Project Superfund Site (Battelle, 2005a).  The FS was completed following Guidance for Conducting 
Remedial Investigations and Feasibility Studies Under CERCLA (EPA, 1988), the final RI/FS Work Plan 
for the CMRP site (Battelle, 2003a), and Principles for Managing Contaminated Sediment Risks at 
Hazardous Waste Sites (EPA, 2002).  Areas evaluated in the FS include the source area and reaches of the 
river immediately downstream of the source area, i.e., Allendale and Lyman Mill.  This report also 
includes an approach to assess site conditions at downstream areas to determine if additional action may 
be warranted following the implementation of a sediment remedy at Allendale and Lyman Mill. 
 


1.1 Study Objectives and Approach 


The purpose of this FS is to identify and evaluate a range of remedial alternatives to address soil, 
groundwater, and sediment contamination at the CMRP site that poses an unacceptable risk to human 
health or the environment.  The areas and media that are evaluated in this FS are as follows: 
 


• Source area soil  
• Source area groundwater  
• Allendale reach sediment  
• Allendale reach floodplain soil  
• Lyman Mill reach sediment  
• Lyman Mill reach stream sediment and floodplain soil 


 
In this FS, the term ‘reach’ is used to describe a segment of the river of specified length.  The Allendale 
reach is an approximate 0.65 mile long segment of the Woonasquatucket River bounded to the north by 
Route 44 and to the south by Allendale Dam (Figure 1-1).  The Allendale reach includes the stream 
adjacent to the source area and Allendale Pond.  The Lyman Mill reach is approximately 0.85 miles long 
and is bounded to the north by Allendale Dam and to the south by Lyman Mill Dam (Figure 1-1).  The 
Lyman Mill reach includes the stream and old race way beneath Allendale Dam, a forested wetland, and 
Lyman Mill Pond.  Areas and media evaluated in this FS include floodplain and wetland areas that border 
parts of the river along the reaches of Allendale and Lyman Mill (Figure 1-3).   Areas of wetland habitat 
shown in Figure 1-3 are identified according to the Rhode Island Geographical Information System 
(RIGIS) database.  The most significant wetland area within this reach of the river is the Oxbow, a 
forested wetland (inset in Figure 1-3 shows United States Army Corps of Engineers [USACE] classified 
wetland types and delineated boundaries in the Oxbow).  Additional wetland habitat (not shown in Figure 
1-3) is present in adjoining floodplains in both Allendale and Lyman Mill Ponds. 
 
This FS also evaluates the long-term effectiveness of time critical removal actions (TCRA) and non-time 
critical removal actions (NTCRA) previously performed at the CMRP site (Section 2.2.2) to determine 
whether additional action is needed to achieve a permanent remedy. 
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This FS provides a detailed analysis of a range of alternatives for remediation at the CMRP site.  This was 
accomplished using the following steps: 
 


• Remedial action objectives (RAOs) were formulated for the CMRP site based on protection of 
human health and the environment, and applicable or relevant and appropriate requirements 
(ARARs) of federal and state law; 


• Preliminary remediation goals (PRGs) were identified, and proposed remediation goals (RGs, 
hereafter referred to as cleanup goals) capable of achieving the RAOs were established; 


• Areas of the CMRP site and volumes of contaminated media requiring remediation to achieve the 
RAOs were identified; and 


• A range of alternatives capable of achieving the cleanup goals were identified, developed, 
screened, and evaluated. 


 
The results of the FS will be used by EPA and other stakeholders to propose a preferred remedial action 
for the CMRP site.  The preferred alternative will be presented in a Proposed Plan for Remedial Action 
that will be presented to the public.  After the Proposed Plan is reviewed by the public, EPA will respond 
to public comments and select a remedy in a Record of Decision (ROD). 
 


1.2 Report Organization 


This report was prepared in accordance with the National Oil and Hazardous Substance Pollution 
Contingency Plan (NCP) and EPA guidance under the Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA) (EPA, 1988).  The FS is organized in 8 sections and 14 
appendices, as follows: 
 
Section 1.0: Introduction. This section is an introduction and describes the objectives and technical 
approach of the FS. 
 
Section 2.0: Remedial Investigation Summary. This section includes a description of the CMRP site 
and its physical setting, the conceptual site model (CSM), and a summary of the conclusions from the 
human health and ecological risk assessment. 
 
Section 3.0: Development of Remedial Action Objectives and Action Areas. This section provides a 
summary of ARARs and To Be Considered (TBC) criteria, and presents RAOs based on risk and 
exposure pathways.  Remedial goals for those areas of the site that pose an unacceptable risk are defined 
and the conceptual remedial footprints for source area soil and groundwater, sediment, and floodplain soil 
to which removal, containment, or treatment may be applied are developed. 
 
Section 4.0: Identification and Screening of Remedial Technologies and Process Options. This 
section identifies and describes general response actions and associated remedial technologies that could 
be applied at the CMRP site.  The response actions and technologies are screened against the NCP 
threshold criteria (i.e., effectiveness, implementability, and cost) to select those technologies that are most 
suitable and appropriate to be incorporated into remedial alternatives. 
 
Section 5.0: Identification and Screening of Remedial Alternatives. Potential remedial alternatives 
that could be applied at the CMRP site are identified, described, and combined in Section 5.0; these 
alternatives are also screened on the basis of effectiveness, implementability, and cost. 
 


Interim Final CMRP Feasibility Study Report  April 2010 1-2







Section 6.0: Detailed Evaluation of Remedial Alternatives. The detailed evaluation of the remedial 
alternatives retained after the alternative screening process is presented in Section 6.0.  The remedial 
alternatives are evaluated in detail using the seven NCP criteria; alternatives are also compared and 
contrasted to identify strengths and weaknesses. 
 
Section 7.0: Summary and Conclusions. This section presents the summary and conclusions of the 
comparative analysis of the remedial alternatives. 
 
Section 8.0: References. This section includes the references that have been cited and used to develop 
this report. 
 
Appendix A: Supplemental Groundwater Investigations. This appendix provides the results of 
supplemental groundwater investigations conducted at the source area in 2004 and 2006. 
 
Appendix B: Supplemental Sediment Investigations. This appendix provides the results of a 
supplemental sediment investigation conducted at Lyman Mill Pond in 2005. 
 
Appendix C: Supplemental Surface Water Investigations. This appendix provides the results of 
supplemental surface water investigations conducted at the CMRP site in 2004. 
 
Appendix D: Preliminary Remediation Goals for the Oxbow. This appendix provides the risk-based 
PRGs developed for the Oxbow, a forested wetland located southwest of Allendale Dam. 
 
Appendix E: Quantitative Analysis of Sediment Capping Alternative. This appendix provides the 
quantitative analysis of the existing conditions and post-capping alternative conditions, and identifies 
areas and percent of pond bed with potential significant scour during periods of flood river flow.  
 
Appendix F: Proposed Cleanup Goals for the CMRP Site. Data evaluations conducted to determine 
proposed cleanup goals for the CMRP site are summarized in this appendix. 
 
Appendix G: Proposed Remedial Footprints for the CMRP Site. Data evaluations conducted to 
determine the proposed remediation footprints for the CMRP site are summarized in this appendix. 
 
Appendix H: Conceptual Long-term Monitoring Approach. A conceptual approach for post-remedial 
monitoring is described in this appendix. 
 
Appendix I: Remedial Technologies. Examples of possible containment, removal, transport, dewatering, 
disposal and treatment technologies that were considered during the alternative screening process are 
described in greater detail in this appendix. 
 
Appendix J: Remedial Alternative Cost Estimates. This appendix includes FS-level cost estimates for 
the alternatives evaluated in Section 6.0. 
 
Appendix K: Comparative Net Risk Analysis for Sediment Alternatives. This appendix provides the 
comparative net risk analysis which evaluates the risk of remedy implementation versus long-term risk 
reduction for the sediment alternatives evaluated in Section 6.0. 
 
Appendix L: Confined Disposal Facility Equivalent Design Analysis. This appendix evaluates how a 
single liner and leachate collection system in an on-site upland confined disposal facility (CDF) would 
comply with either the State of Rhode Island solid or hazardous waste regulations. 
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Appendix M: Comparative Net Risk Analysis for Floodplain Soil Alternatives. This appendix 
provides the comparative net risk analysis which evaluates the risk of remedy implementation versus 
long-term risk reduction for the floodplain soil alternatives evaluated in Section 6.0. 
 
Appendix N: Evaluation of EPA’s Draft Recommended Interim Preliminary Remediation Goals for 
Dioxin in Soil Released December 30, 2009. Data evaluations conducted to assess impacts, if any, of 
EPA’s draft recommended interim PRGs for dioxin in soil (EPA, 2009) on proposed cleanup goals, 
cleanup areas, and remedial alternatives for the CMRP site are summarized in this appendix. 
 







2.0 REMEDIAL INVESTIGATION SUMMARY 


This section summarizes information presented in the Interim Final Remedial Investigation, Centredale 
Manor Restoration Project Superfund Site, North Providence, Rhode Island (Battelle, 2005a).  Briefly, 
this section includes a description of the CMRP site location and history, investigations conducted to 
characterize the site, the physical setting, and the CSM which describes the sources, nature and extent of 
contamination, contaminant fate and transport mechanisms, and exposure pathways and potential 
receptors at risk.  Key findings from the baseline human health risk assessment (BHHRA) and the 
baseline ecological risk assessment (BERA) are also summarized. 
 


2.1 Site Location and History 


The area evaluated in this FS includes a reach of the Woonasquatucket River and its associated floodplain 
habitat, approximately 1.5 miles long, from Route 44 (Smith Street) downstream to the Lyman Mill Dam 
(Figure 1-1).  From north to south, this reach of the river has two dammed impoundments, Allendale and 
Lyman Mill Ponds, which are connected by a free-flowing channel.  Greystone Mill Pond, upstream of 
the Route 44 Bridge, was used as a background area for the RI.  The areas evaluated are located in North 
Providence, Providence, and Johnston, Rhode Island. 
 
The source area encompasses approximately nine acres and is comprised of parking lots, roadways, and 
the Centredale Manor and Brook Village apartment complexes (Figure 1-2).  The source area is bounded 
on the north by Route 44, on the south by Allendale Pond, on the west by the Woonasquatucket River, 
and on the east by commercial and residential properties along Route 44.  Three interim soil caps have 
been constructed over contaminated soils in the source area: one to the south of the Centredale Manor 
south parking lot (Cap Area #1), one to the west of the Centredale Manor building (Cap Area #2), and one 
in the former tailrace (drainage channel) east of the Centredale Manor building (Cap Area #3). 
 
Potential historical sources of contamination include but are not limited to chemical manufacturing 
process discharges, residues associated with drum reconditioning operations, and handling, storage and 
disposal of chemicals in drums, stockpiles and surface impoundments (EPA, 2000a).   
 
Chemical manufacturing activities took place at the source area from approximately 1943 until the early 
1970s.  It is believed that the Metro Atlantic Chemical Company manufactured hexachlorophene at the 
CMRP site around 1965 (Cleary, 2003) in a building on the eastern bank of the Woonasquatucket River, 
in what is now the Brook Village parking lot (Figure 2-1).  1,2,4,5,7,8-hexachloroxanthene (HCX) and 
2,3,7,8-tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD) are associated with this process (Beliveau et al., 
2003; Archer and Crone, 2000).  Metro Atlantic also sent drums to New England Container Company, 
Inc. for reconditioning.  Other chemical processes also occurred. 
 
The New England Container Company, Inc. operated an incinerator-based drum reconditioning facility at 
the source area (Figure 2-1) from 1952 until the early 1970s.  Chemical residues were dumped or burned 
prior to drum reconditioning (Emhart Industries v. Home Insurance Co., 2006a).  Residues associated 
with drum reconditioning operations are a source of dioxins, furans and other chemicals at the CMRP site. 
 
Evidence from historical photographs, state report files and geophysical testing suggest that buried waste 
material may still be present in the source area.  Locations of the former chemical manufacturing and 
drum reconditioning buildings and areas of possible buried metallic materials are shown in Figure 2-1.   
 
In 1972, a fire destroyed most property structures.  Brook Village was constructed in 1977 and Centredale 
Manor was constructed in 1982.  Dioxin was first identified in the area in 1996 in fish collected from the 
Woonasquatucket River by EPA (EPA, 1996a; EPA, 1998a).  Since that time, EPA has conducted 
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numerous investigations to characterize the nature and extent of contamination at the CMRP site under 
current conditions.  Elevated levels of contaminants including dioxin (primarily 2,3,7,8-TCDD), 
polychlorinated biphenyls (PCBs), volatile organic compounds (VOCs), semivolatile organic compounds 
(SVOCs), and metals have been detected in various media including soil, groundwater, sediment, surface 
water, and biota.  The CMRP site was listed on the National Priorities List in 2000. 
 
A fish consumption advisory was issued by the Rhode Island Department of Health (RIDOH) and EPA in 
1999 for dioxin, PCBs, and mercury.  This advisory was updated in 2003, and reinforced that the public 
should not eat fish caught from the Woonasquatucket River below the Johnston and Smithfield town lines 
(EPA, 2003a).  The reach of the river that includes the CMRP site is listed as an impaired water body 
under Section 303(d) of the Clean Water Act.  Impairment has been attributed to pathogens, metals 
(copper, lead, zinc, and mercury), PCBs, dioxins, excess algal growth, and low dissolved oxygen (Rhode 
Island Department of Environmental Management [RIDEM], 2008a).  RIDEM conducted a Total 
Maximum Daily Load (TMDL) study for the river, and identified dissolved metals and bacteria TMDLs 
for the watershed in April 2007 (RIDEM, 2007), which were made available for public comment in 2008 
(RIDEM, 2008b). 
 
EPA has used a variety of mechanisms to keep the public informed about activities at the CMRP site, and 
to solicit input from the public and stakeholders on critical issues.  These mechanisms include public 
meetings, open houses, dissemination of numerous site updates and fact sheets, press releases, and 
individual contact with residents near the site on an as-needed basis.  Updated site information is made 
available to the public on EPA’s Superfund Web site (EPA, 2010).  A Management Action Committee, 
which includes representatives from local, state, and federal agencies, community leaders, and 
community-based environmental groups, has also met periodically since 2000 to discuss project-specific 
issues and any progress being made.  EPA has also convened a dialog process, a series of facilitated 
meetings with stakeholders, to discuss the RI/FS. 
 


2.2 Site Characterization 


A number of investigations have been conducted at the CMRP site since 1996 to establish and confirm 
the presence of contamination at the site, to support TCRA and NTCRA activities, and to support the 
development of long-term (remedial) actions.  Results of the major investigations are summarized below. 
 
2.2.1 Summary of Historical Site Investigations 


EPA conducted a number of investigations from 1996 to 2002 to document the presence of contamination 
at the CMRP site, and support TCRA and NTCRA activities.  Samples of soil, sediment, drinking water, 
and indoor air were collected, analyzed and evaluated.  Contaminants detected in source area soils and 
Allendale and Lyman Mill reach sediments include dioxins, furans, pesticides, PCBs, VOCs, polycyclic 
aromatic hydrocarbons (PAHs), and various metals.  Results from these studies indicated that short-term 
removal actions were needed to minimize exposure to contaminated soils in some areas, and prevent 
erosion and transport of contaminated soils into the Woonasquatucket River.  Drinking water, indoor air 
samples, and soils in recreational use properties adjacent to the CMRP site were found to pose no risk to 
human health. 
 
Geophysical surveys were conducted in the source area in 1999 to determine whether any buried waste 
material was present in the source area (Roy F. Weston, 1999).  Thirteen significant undetermined 
electromagnetic anomalies were identified, some of which appeared to be buried anthropogenic features 
such as subsurface utilities and fill or construction-related debris, natural stratigraphic features such as 
paleochannels, and possibly alluvial deposits.  Anomalies beneath the south end of the Centredale Manor 
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parking lot were interpreted as having the highest potential for containing buried bulk metallic materials 
(Figure 2-1). 
 
2.2.2 Summary of Site Actions 


Contamination at the CMRP site is being addressed in two stages: immediate (removal) actions, and long-
term (remedial) actions.  Actions taken at the CMRP site are summarized in Table 2-1.  Briefly, a TCRA 
for the source area soils was conducted at the CMRP site in 1999-2000 to reduce the immediate threat to 
the health of residents on and near the site.  The major activities conducted under the TCRA included 
construction of two interim soil caps and installation of fencing to restrict access to potentially 
contaminated areas.  Repairs to the fence along Allendale Pond were performed in 2005; this also 
included relocating fencing in areas that were under water following the reconstruction of Allendale Dam 
in 2002. 
 
An Engineering Evaluation/Cost Analysis (EE/CA) was performed in 2000 as the basis for a NTCRA 
(Tetra Tech NUS Inc. [TTNUS], 2000a).  The NTCRA included reconstruction of Allendale Dam and 
restoration of Allendale Pond, and excavation of contaminated floodplain soils in 11 residential-use 
properties and recreational access points along Allendale and Lyman Mill Ponds (sample data for 
contaminated material excavated under the NTCRAs were not used in the data evaluations to characterize 
nature and extent of contamination).  Another TCRA was performed in 2003-2004 to cap contaminated 
soils and sediments in the former tailrace on the east side of the source area. 
 
2.2.3 Summary of Remedial Investigation Activities 


EPA conducted a series of investigations from 1999 to 2004 to characterize the nature and extent of 
contamination in source area soil and groundwater, sediment, floodplain soil, surface water, and 
biological tissue at the CMRP site.  In addition, these investigations focused on gaining a better 
understanding of contaminant fate and transport processes and collecting data to support the baseline risk 
assessments.  Investigations included: a vapor-to-water diffusion survey to characterize contaminated 
groundwater discharge from the source area to the Woonasquatucket River (U.S. Geological Survey 
[USGS], 2000); characterization of contaminants on residential use properties adjacent to the river and in 
river sediment and water (TTNUS, 2000b and 2001); characterization of soil and groundwater 
contamination and hydrogeology at the source area (TTNUS, 2002; Battelle, 2003b); and an investigation 
to characterize contamination in floodplain soil at a forested wetland (hereafter referred to as the Oxbow) 
located southwest of Allendale Dam in the Lyman Mill reach (Battelle, 2004a). 
 
Several sediment-related studies were also conducted in the Allendale and Lyman Mill reaches as 
follows: 


• a geomorphology investigation was conducted to identify morphological features and changes 
along the Woonasquatucket River (USACE/Engineer Research and Development Center 
[ERDC], 2004); 


• a geophysical survey was conducted to map water depth and soft sediment thickness in Allendale 
and Lyman Mill Ponds (Lockheed Martin, 2003); 


• sediment cores from Allendale and Lyman Mill Ponds were characterized to assess the vertical 
and spatial extent of contamination, estimate the rate of sediment accumulation, and identify 
relationships between depth, age, and dioxin contamination in the ponds, if any (USACE/ERDC, 
2004; Battelle, 2005a); and 


• a sediment stability evaluation was conducted to assess the impacts of sediment erosion, 
transport, and deposition processes on surficial sediment bed and water column concentrations of 
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dioxin within Allendale and Lyman Mill Ponds (Quantitative Environmental Analysis [QEA], 
2004). 


 
Baseline risk assessments were conducted to assess current and potential future risk to human health and 
ecological receptors from exposure to contamination at the CMRP site (MACTEC, 2004 and 2005a).  An 
environmental forensics review of soil and sediment chemistry data was also conducted to differentiate, if 
possible, chemical contamination signatures from the CMRP site from those in background and reference 
samples (NewFields, 2005). 
 
2.2.4 Summary of Supplemental Site Investigations 


EPA conducted additional investigations in 2004-2006 to address data gaps identified in the RI and 
address concerns of stakeholders.  Briefly, these studies were conducted to gain a better understanding of 
potential 2,3,7,8-TCDD migration associated with the contaminated groundwater plume in the northwest 
region of the Brook Village parking lot, confirm the direction of groundwater flow in the source area, and 
estimate the potential flux of 2,3,7,8-TCDD from groundwater to surface water of the Woonasquatucket 
River (Battelle, 2005b and 2006). 
 
A sediment coring study was conducted in 2005 (Battelle, 2005c) to assess the vertical and spatial extent 
of contamination at Lyman Mill Pond, estimate the rate of sediment accumulation, and identify 
relationships between depth, age, and dioxin contamination, if any.  A surface water investigation was 
conducted in 2004 (Battelle, 2004b) to verify that no net transport of dioxin was occurring downstream of 
Lyman Mill Dam under non-resuspending conditions.  Human health and ecological risks from exposure 
to contaminants at the Oxbow were characterized in 2006; supplemental evaluations of potential human 
health risk based on an alternative exposure scenario were evaluated in 2009 in response to concerns and 
comments raised during stakeholder meetings.  Results from the supplemental groundwater, sediment, 
and surface water investigations are presented in Appendices A, B, and C, respectively.  Results from the 
Oxbow risk assessment are reported in MACTEC and Battelle (2006).  Risk-based PRGs for the Oxbow 
and results from the alternative exposure scenario are presented in Appendix D. 
 


2.3 Physical Setting 


The physical characteristics of the CMRP site and surrounding region are summarized below; additional 
detail is presented in the RI (Battelle, 2005a). 
 
2.3.1 Demography and Land Use 


Land use at the CMRP site is summarized in Table 2-2.  The Brook Village and Centredale Manor 
apartment complexes occupy the northern portion of the site.  This area is currently covered by buildings, 
pavement, landscaping, and interim protective caps, and is expected to remain a multi-family residential 
area.  The locations of known underground utilities in the source area are shown in Figure 2-2.  
Institutional controls (ICs) are not currently in place to manage excavations on the CMRP site (e.g., to 
install or repair utilities). 
 
Land use on the east side of the Woonasquatucket River in the vicinity of the CMRP site in North 
Providence, Rhode Island, is primarily residential, with some commercial and light industrial properties.  
The western side of the river in Johnston, Rhode Island, is characterized by mixed residential, 
commercial, and industrial use.  The North Smithfield wastewater treatment plant is located upstream 
from the CMRP site, in the Greystone Mill Pond area.  The Woonasquatucket River was recognized 
within the larger Blackstone River drainage as one of the 14 American Heritage Rivers in 1998, and is 
currently the focus of urban revitalization and watershed restoration efforts.  The Woonasquatucket River 
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Watershed Council (WRWC), formed shortly after the American Heritage River designation, is a 
community-based environmental group that works closely with RIDEM and other state and federal 
agencies to design and implement projects in the watershed.  In 2008, with WRWC involvement, a fish 
ladder project at the Rising Sun Mills Dam was completed, which marks the beginning of the restoration 
of herring and alewife populations in the Woonasquatucket River.  Future land use in the area is not 
expected to change significantly. 
 
Groundwater in the vicinity of the CMRP site and surface water from the Woonasquatucket River are not 
used as drinking water sources.  Groundwater at the site is federally classified as Class III: Not a Potential 
Source of Drinking Water and/or of Limited Beneficial Use.  Under state groundwater regulations, this 
aquifer part is also classified as GB (defined as “may not be suitable for public or private drinking water 
use without treatment due to known or presumed degradation” [RIDEM, 2005a]).  However, because the 
state has not obtained EPA approval of a Comprehensive State Ground Water Protection Program, it is 
necessary to default to the federal classification.  A  groundwater classification map is shown in  
Figure 2-3.  RIDEM water quality regulations designate the reach of the river in the vicinity of the CMRP 
site as a Class B1 water body, which is defined as follows: 
 


“Designated for primary and secondary contact recreational activities1 and fish and wildlife 
habitat.  They shall be suitable for compatible industrial processes and cooling, 
hydropower, aquacultural uses, navigation, and irrigation and other agricultural uses.  
These waters shall have good aesthetic value.  Primary contact recreational activities may 
be impacted due to pathogens from approved wastewater discharges” (RIDEM, 2005a). 


 
The section of the Woonasquatucket River running through the CMRP site is an important recreational 
asset recognized by the Rhode Island Statewide Planning Program, Rivers Policy and Classification Plan, 
which states that “Rhode Island's rivers, lakes, ponds, and estuarine waterbodies are an important 
recreational asset and shall be managed as such, except in instances when they are drinking water 
supplies, or habitat for rare or endangered species, that would be harmed by recreational use.”  The plan 
also states that “The natural, cultural, and historic features of river systems and their adjacent lands shall 
be preserved and protected to the maximum extent possible” (Rhode Island Statewide Planning Program, 
2004).  As a specific goal, the policy for the lower segments of the Woonasquatucket River is “to 
complete the removal of dioxin contaminated sediment and restore the river for contact recreational uses 
by 2020.”  Currently, Greystone Mill, Allendale, Lyman Mill, and Manton Ponds are considered suitable 
for canoeing and other non-contact recreational activities. 
 
2.3.2 Dam Ownership and Dam Conditions 


The owner on record for Allendale Dam is The Mill at Allendale Condominium (Allendale Title 
Easement, 2002).  Floodwaters breached the Allendale Dam in 1991, reducing the surface water level in 
Allendale Pond.  The dam was breached again in 2001, exposing most of the Allendale Pond bottom 
adjacent to residential properties along the eastern bank of the pond.  In early 2002, Allendale Dam was 
reconstructed and Allendale Pond was restored to its pre-1991 elevation as part of an NTCRA. 
 
The owner on record for Lyman Mill Dam is Theta Properties, Inc. (RIDEM, 2005b).  The dam was 
inspected in 1999 (USACE, 1999) in response to the discovery of dioxin in the pond sediments; an 
inspection report, which included recommendations for repair and further investigation, was forwarded to 


                                                      
1 According to RIDEM (2005a), primary contact recreational activities “means any recreational activities in which 
there is prolonged and intimate contact by the human body with the water, involving considerable risk of ingesting 
water, such as swimming, diving, water skiing and surfing.”  Secondary contact physical activities include activities 
with minimal contact, such as boating and fishing. 
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the registered owner (RIDEM, 1999).  Overall, the inspection report indicated that the dam was in fair 
condition and did not show signs of immediate danger of failure.  However, the report indicated that the 
dam was not properly maintained and the low level gates were inoperable, substantial vegetation was 
present and/or concrete surfaces were deteriorating.  The report also stated that Lyman Mill Dam could be 
susceptible to rapid erosion during a 100-year flood, which could result in the washout of sediments 
behind the dam; however, the report indicated that sudden catastrophic failure appeared unlikely. 
 
The Lyman Mill Dam was inspected again in 2005 and findings (USACE, 2005) were consistent with the 
1999 inspection, although some minor changes in recommended remedial repairs were identified.  
Overall, recommendations for repair included 1) that a shallow toe drain system be constructed along the 
entire downstream edge of the embankment to control the observed seepage; 2) that gate structure 2 be 
rehabilitated to allow use of the gate during emergencies, inspections and construction activities; 3) that 
the gate closest to the spillway be repaired (significant amount of leakage was observed); 4) that gate 
structure 1 be sealed to prevent erosion of the embankment; and (5) that vegetation from embankments 
and gate structures be cleared. 
 
2.3.3 Geomorphology 


According to USACE/ERDC (2004), the Woonasquatucket River was once typical of most New England 
rivers: narrow, slightly sinuous, and fast flowing.  The man-made alterations of the river channel from the 
construction of mill dams in the 1800s greatly influenced the river morphology and sedimentation.  
Surficial deposits in the area of the Woonasquatucket River watershed are predominantly glacial and can 
be classified broadly as glacial till or stratified drift (Krinsley, 1949; Smith, 1956).  The bedrock 
underlying the surficial deposits consists of Pennsylvanian sandstone, shale, and conglomerates of the 
Narragansett Basin and older igneous and metamorphic rocks surrounding the basin (Smith, 1956). 
 
The Woonasquatucket River is entrenched in a valley train, and geomorphic features along the river are 
typical of those found in riverine and glacial systems.  The valley train limits the movement of Allendale 
Pond to the west; as a result, the position of the west bank of the Woonasquatucket River has changed 
very little over time.  The east bank of the river in this area was developed as a residential area between 
1888 and 1935.  The river terrace along the east bank of the Woonasquatucket River is a former 
floodplain and is classified as a depositional feature; floodplain deposition occurs when sediment is 
transported over the riverbanks during high flows.  The Centredale Manor and Brook Village Apartments 
are constructed on artificial fill on the floodplain of the river. 
 
The Allendale reach has undergone significant changes due to the breaching of Allendale Dam in 1991 
and 2001.  The breach may have contributed to the transport of contaminated sediment downstream of the 
dam and also altered geomorphic features along the river.  The reconstruction of Allendale Dam in early 
2002 restored Allendale Pond to its pre-1991 elevation and minimized the potential for transport of 
contaminated sediments downstream of the dam. 
 
Below Allendale Dam, the river channel had been historically sinuous as evidenced by an oxbow within 
approximately 27 acres of bordering wetland (Oxbow Area in Figures 1-1 and 1-3) where the active river 
flow once existed.  Since that time, the channel has been straightened and dredged material from the 
channelization was used to build a levee covered with cobbles from the river channel.  The Oxbow, a 
forested wetland, is located southwest of Allendale Dam (Figures 1-1 and 1-3).  An abandoned channel 
located within the Oxbow is still in communication with the river during times of high water, and the 
presence of floodplain deposits along the western ridge of this area indicates that overbank river flow has 
occurred. 
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Lyman Mill Pond is bordered by a valley train on the west bank and river terrace deposits on the east 
bank.  Below the Lyman Mill Dam, the river was diverted almost due east to accommodate the 
Lymansville Mill. 
 
2.3.4 Soils 


USACE/ERDC (2004) reported that soils at and near the CMRP site reflect post-glacial development. 
Soil types on both sides of the Woonasquatucket River in the Allendale reach are primarily classified as 
Udorthents-Urban and Canton-Urban soil complexes.  These soils are well drained and composed of fine 
sandy loam; urban areas are covered by pavement and buildings.  Moderately to excessively drained soils 
are also located along the west bank of Allendale Pond and to the east of the source area. 
 
A variety of soil types characterize the Lyman Mill reach of the river, consisting of poorly- to well-
drained soils.  Moderately well-drained, fine sandy loam soils are present in the Oxbow.  Adrian muck, a 
very poorly drained soil composed of black muck at the surface and fine sand in the subsurface, was also 
found in the southern part of the Oxbow.  The west side of the river is covered primarily by gravelly sand 
loam.  Somewhat excessively drained sandy loam soils are located along the eastern side of Lyman Mill 
Pond. 
 
2.3.5 Meteorology 


According to the National Oceanic and Atmospheric Administration’s (NOAA) National Climatic Data 
Center (NCDC), the weather in the vicinity of Providence (including the CMRP site) is influenced by its 
proximity to Narragansett Bay and the Atlantic Ocean (NCDC, 2010).  Coastal storms usually produce 
the most severe weather.  Since 1900, Rhode Island has experienced five hurricanes, including three 
major hurricanes (i.e., greater than Category 3).  Hurricanes affecting New England typically occur in late 
summer or early fall (NOAA Coastal Services Center, 2009).  Thunderstorms are responsible for much of 
the rainfall from May through August, and usually produce heavy rainfall that, in turn, can result in the 
flooding of the Woonasquatucket River.  The most recent documented flooding of the river occurred on 
October 15, 2005. 
 
2.3.6 Geology 


According to TTNUS (2002), characterization of subsurface geology in the source area showed that the 
overburden is largely comprised of silty sands and gravels underlain by bedrock.  The majority of the 
source area is covered with loose to very dense fill, comprised of unsorted silt, sand, and gravel with trace 
amounts of anthropogenic debris (e.g., fragments of wood, metal, brick).  Fill thickness appears to vary 
significantly across the source area, with a typical thickness of approximately 6 to 8 feet (ft).  Fill material 
is underlain by fine-grained floodplain deposits, followed by sand and gravel, fine sand and silt, possible 
till, and bedrock.  The most common soil type present at the source area is sand and gravel; thickness of 
this stratigraphic unit ranges from 12.5 to 43 ft, and appears to extend well beyond the boundaries of the 
site (Smith, 1956).  Bedrock is located approximately 40 to 60 ft below ground surface (bgs) in the source 
area, and is situated above a north-south trending bedrock valley.  A geologic cross-section of the source 
area showing site bedrock and overburden stratigraphy is provided in Figure 2-4. 


 
2.3.7 Hydrogeology 


The aquifer at the source area is divided into three major components: bedrock, deep overburden and 
shallow overburden (aquifer characteristics are summarized in Table 2-3).  Bedrock beneath most of the 
source area is composed of foliated, gray to green schist or gneiss; granite has also been found in the 
northern part of the source area (TTNUS, 2002).  The overburden at the source area is generally 
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composed of sands and gravels, ranging from fine to coarse gravel and cobbles to poorly-graded, silty, 
fine to medium sands.  Discontinuous lenses of silty fine sand and sandy silt are also present within the 
sands and gravels.  Beneath the sands and gravel layer, a layer of dense to very dense, unsorted grain size 
mixture is present, possibly representing a basal till.  Investigations conducted in the spring of 2001 
showed that shallow subsurface soils in the source area appear to be highly permeable and high amounts 
of precipitation can locally alter the groundwater flow (TTNUS, 2002).  During high-precipitation 
conditions, groundwater flow is apparently to the east-southeast and the river recharges the aquifer 
everywhere except in the immediate vicinity of the small groundwater mound beneath the Brook Village 
parking lot (TTNUS, 2002).  Under low precipitation conditions, groundwater flow appears to the south 
and the aquifer recharges the river except at the south end of the source area where it appears that the 
river still loses water to the aquifer (TTNUS, 2002).  The localized groundwater mound beneath the 
Brook Village parking lot was apparent under both low-flow and high-flow conditions in spring 2001, 
and may be due to groundwater perched above a low-permeability silt lens or man-made structure 
(TTNUS, 2002).  No strong, sitewide vertical hydraulic gradient was evident. 
 
Additional investigations conducted in the fall of 2001 (TTNUS, 2002), fall of 2002 (Battelle, 2003b), 
and winter of 2006 (Appendix A) also showed that groundwater flow was generally to the south under 
low-flow conditions.  The groundwater mound beneath the Brook Village parking lot was less 
pronounced in fall 2001 and 2002; however, the groundwater mound was evident again in the winter of 
2006 (Figure 2-5). 
 
2.3.8 Sediment and Surface Water 


The Woonasquatucket River is approximately 19 miles long, originating in North Smithfield, Rhode 
Island, and discharging to Providence Harbor approximately 8.5 miles downstream of the CMRP site.  
The river drains an area of approximately 50 square miles.  The reaches or segments of the river evaluated 
in this FS include the Allendale and Lyman Mill reaches, an approximate 1.5 mile stretch of the river 
from Route 44 to Lyman Mill Dam that includes floodplain and wetland areas. 
 
2.3.8.1 Allendale Reach 


The Allendale reach of the Woonasquatucket River spans from Route 44 past the source area to the 
Allendale Dam and includes Allendale Pond (Figures 1-1 and 1-3).  The river channel from the Route 44 
Bridge to the head of Allendale Pond is straight and approximately 1,500 ft long.  The channel bed is 
composed of gravel, cobbles, and sand.  The eastern bank of the river along this reach is armored with rip 
rap installed in 1999 to prevent bank erosion.  The 100-yr flood elevation follows a gradient of 101.2 ft at 
the Route 44 Bridge (Federal Emergency Management Agency [FEMA], 1999) to 97 ft at Allendale Dam 
(USACE, 2003a).2 
 
The majority of data used to characterize Allendale Pond were collected after the disruptive events (i.e., 
dam breach in 1991 and 2001 and dam reconstruction in summer 2002), and include bathymetric and soft-
sediment thickness data collected from the fall 2002 geophysical investigation and radiometric age dating 
and dioxin profile data from the 2003 and 2005 vibracoring investigations.  Allendale Pond (restored to 
its pre-1991 level) has an area of approximately 14.7 acres.  The hydrodynamic model, developed using 
bathymetric data from the fall 2002 geophysical investigation (Lockheed Martin, 2003), showed a 
minimal gradient in the water surface elevation during the 100-yr flood between the dam and the 
upstream extent of the pond.  Inundation mapping conducted by USACE confirmed the low gradient 


                                                      
2 For the purposes of this FS, it is assumed that the 100-yr flood elevation transition from 101.2 to 97 ft occurs along 
the stream channel between the Route 44 Bridge and the upstream extent of Allendale Pond, and that the 100-yr 
flood elevation at Allendale Pond is based on the stage height at the dam (97 ft according to USACE, 2003a). 
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(USACE, 2000).  Thus, assuming that the water surface elevation within the pond is equal to the stage 
height at the dam, the normal water and 100-yr flood elevations in Allendale Pond are 93.5 and 97 ft, 
respectively (USACE, 2003a). 
 
Allendale Pond is a relatively shallow pond, with water depths ranging from less than 0.5 ft to a 
maximum of approximately 10 ft (Lockheed Martin, 2003) (Figure 2-6).  Shallow areas of the pond are 
generally located in the north central and northeast regions of the pond.  Deeper areas are generally 
located in the southern part of the pond.  A deep flow channel is apparent along the western side of the 
pond, appears to cut across to the eastern side in the southern part of the pond, and then curves around 
towards the dam. 
 
Soft sediment is underlain by hard sediment or possibly bedrock throughout the pond.  The thickest soft 
sediments occur away from the present flow channel, in shallow water depths, although thick sediments 
also occur in deeper water in the southern portion of the pond (Figure 2-7).  Apparent bedrock outcrops 
were observed on the east side of the pond, approximately halfway between the head of the pond and 
Allendale Dam. 
 
The sediment bed in Allendale Pond is generally composed of cohesive sediment (i.e., muddy sediment 
with some sand and gravel).  The surface layer (i.e., approximately top 6 to 12 inches) in Allendale Pond 
is primarily composed of fine-grained cohesive sediment with sandy sediment found in the deeper 
portions of the bed.  Core logs presented in USACE/ERDC (2004) show that, generally, surficial 
sediment is classified as peat. 
 
Sedimentation rates for Allendale Pond range on average from 0.5 centimeters per year (cm/yr) to 0.8 
cm/yr (QEA, 2004), indicating that it will take approximately 40 to 60 years for 1 foot of sediment to 
accumulate on the pond bottom. 
 
2.3.8.2 Lyman Mill Reach 


The Lyman Mill reach includes the segment of the river between the Allendale and Lyman Mill Dams.  
This segment of the river includes the Oxbow and Lyman Mill Pond.  The Woonasquatucket River is 
channelized below Allendale Dam (Figure 1-1).  The Oxbow (Figure 2-8) has an area of approximately 
27 acres.  Lyman Mill Pond is located south of the Oxbow, and has an area of approximately 23.5 acres.  
The 100-yr flood elevation follows a gradient of 82.1 ft at the stream below the Allendale Dam to 80.6 ft 
at the Lyman Mill Dam (FEMA, 1993).3  More recent studies are consistent with these flood elevation 
values.  A wetland delineation study at the Oxbow (Section 2.3.10) showed that the wetland boundary to 
the north generally followed the 82-ft elevation contour (USACE, 2008).  Further, among the floodplain 
soils collected at the Oxbow, only the sample collected above the 82-ft elevation contour had a dioxin 
signature similar to background,4 indicating that this area had not been impacted by site contamination 
during flooding (MACTEC and Battelle, 2006).  The normal water and 100-yr flood elevations at Lyman 
Mill Pond (77 and 80.6 ft, respectively) are based on the hydrodynamic model (QEA, 2004) developed 
using bathymetric data from the 2002 geophysical investigation at Lyman Mill Pond (Lockheed Martin, 
2003).  A recent survey at Lyman Mill Dam confirmed the normal water elevation of 77 ft (Loureiro 
Engineering Associates [LEA], 2005). 
 


                                                      
3 For the purposes of this FS, it is assumed that the 100-yr flood elevation transition from 82.1 to 80.6 ft occurs 
along the stream channel just north of the Lee Romano ball field, where the surface water transitions from free-
flowing to lacustrine (i.e., lake-like) conditions. 
4 The background dioxin signature is typically dominated by octachlorinated dibenzo-p-dioxin relative to the other 
congeners.  The site dioxin signature is typically dominated by high levels of TCDD relative to the other congeners. 
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The water level in Lyman Mill Pond has probably remained relatively constant for many years, and water 
depths range from less than 1 ft to a maximum of 9 ft (Lockheed Martin, 2003) (Figure 2-9).  A deep flow 
channel is apparent along the eastern side of the pond.  A prominent north-south trending ridge of sand 
and gravel divides the southernmost part of the pond. 
 
Shallow water in the north end of the pond corresponds with thicker soft sediments (Figure 2-10).  Soft 
sediments are underlain by a relatively hard sediment or possible bedrock; ground penetrating radar data 
suggest that bedrock is probably close to the surface in the central part of the pond (Lockheed Martin, 
2003). 
 
Sediment cores from Lyman Mill Pond consistently show a surface layer of gelatinous, highly organic silt 
ranging from less than 1 ft in the northern section of the pond to almost 4 ft in the southern portion 
(average thickness of about 2 ft).  The organic silt layer is underlain by peat, clay, and sand in most 
locations.  Gravel was found in some cores, especially those located in the flow channel. 
 
Sedimentation rates for Lyman Mill Pond range on average from 0.5 cm/yr to 0.6 cm/yr (Appendix B), 
indicating that it will take approximately 50 to 60 years for 1 ft of sediment to accumulate on the pond 
bottom. 
 
2.3.9 Surface Water Hydrology 


The USGS has monitored streamflow for the Woonasquatucket River at Centerdale (USGS gauge station 
01114500) since the early 1940s, and a wide range of streamflow statistical data is available on the Web 
(USGS, 2010).  Streamflow is from north to south.  Annual mean streamflow has ranged from 50 cubic 
feet per second (cfs) to 100 cfs in most years.  The highest measured peak streamflow (1,530 cfs) was 
recorded in October 2005, which corresponds with the last documented flooding of the Woonasquatucket 
River. 
 
Historical flowrate data from the USGS gauging station were used by USACE/ERDC to conduct a flood 
frequency analysis for determining flood flowrates with return periods ranging from 5 to 100 years.  
These flowrates were used in the sediment stability study to predict areas and depths of erosion resulting 
from flood events (QEA, 2004 and 2006).  ERDC updated the flood frequency analysis in 2006 to include 
recent streamflow data from the USGS, and to calculate flowrates for a range of flood return periods 
ranging from 5 to 1,000 years.  Table 2-4 summarizes the flowrates calculated in the updated flood 
frequency analysis (USACE/ERDC, 2006).  For the 100-yr flood, the highest peak flow is 2,300 cfs 
(average regional skew, expected probability peak).  This flowrate was used in the FS alternatives 
analysis (Section 6.0). 
 
2.3.10 Ecology 


The ecological habitats associated with the CMRP site are characteristic of fragmented, disturbed, and 
developed landscapes in the New England region and include riverine, lacustrine, and palustrine systems 
(MACTEC, 2004).  Overall, a diverse mix of animals (invertebrates, fish, amphibians, birds, and 
mammals) and plants occur in (or adjacent to) the Woonasquatucket River.  At the level of river from the 
site downstream into Providence, Rhode Island, fish and aquatic invertebrates associated with the 
Woonasquatucket River are typical of a warm-water fishery in New England; these organisms support a 
variety of wildlife species with diets that consist primarily of fish, invertebrates, or a variety of prey types 
(piscivores, insectivores/vermivores, and omnivores, respectively).  However, upstream of Greystone Mill 
Pond, the aquatic habitat is more typical of a cool water fishery with habitat that can support rainbow 
trout (Libby, 2004). 
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Floodplain and wetland areas that border parts of the river provide ecological habitat to animals and 
plants.  For the purpose of this FS, floodplain areas are defined as the area above the normal water 
elevation and below the 100-yr flood elevation.  Wetlands are generally recognized as habitats where the 
land is inundated and surface soils are wet for some period of time each year, but not necessarily 
permanently wet.  Wetland definitions vary depending on the jurisdiction; federal jurisdictional wetlands 
are identified using positive field indicators for hydric soils, hydrology, and wetland plants (i.e., the 3-
parameter method; Environmental Laboratory, 1987).  Although RIDEM uses a similar procedure to 
delineate wetland boundaries, state regulations also recognize the presence of perimeter and submergent 
plant community wetlands (RIDEM, 2009).  Pond, stream, and floodplain areas within the 1.5 mile reach 
of the river identified for the site are shown in Figure 1-3.  In addition, wetland areas included in the 
RIGIS are depicted in this figure as well as federal jurisdictional wetlands in the Oxbow (inset to Figure 
1-3) delineated by the USACE (2008). 
 
The most significant wetland area addressed in this FS is the Oxbow located within the Lyman Mill 
reach.  The Oxbow (inset in Figure 1-3) is characterized as a palustrine forested5 wetland dominated by 
mature red maple trees (Acer rubrum) bordered to the south by fringing palustrine emergent and scrub 
shrub wetland habitats.  Although approximate acreage for the palustrine forested and emergent wetland 
habitat types has not been measured, the USACE New England District has conducted a wetland 
delineation and functional assessment of the Oxbow (USACE, 2008), which provided acreage estimates 
that are summarized in Table 2-5.  According to USACE (2008), “the Oxbow is among the largest areas 
of forested riparian habitat remaining along the Woonasquatucket River downstream of the Smithfield 
town line.  The vegetated wetlands exhibit functions that are typical of freshwater palustrine systems.  
The most important function provided by the Oxbow wetlands is wildlife habitat.  Other wetland 
functions and values provided by the wetlands to a notable degree include flood flow alteration, fish 
habitat, sediment/toxicant reduction, nutrient removal/transformation, production export, 
uniqueness/heritage value, and carbon sequestration.”  Some small potential vernal pools are also located 
within the Oxbow (inset in Figure 1-3); as described in the USACE (2008) report, although these pools 
lack some of the features characteristic of classic vernal pools they may be permanent fishless pools as 
defined by Colburn (2004).  Because fish are excluded from these types of habitats (either because of 
their ephemeral nature or the lack of connectivity with larger aquatic habitat), they are important to 
regionally rare animals such as salamanders and certain invertebrates, whose aquatic stages are 
susceptible to fish predation. 
 
Within the reaches comprising the Allendale and Lyman Mill Ponds, wetland vegetation (e.g., black 
willow [Salix nigra] and yellow birch [Betula alleghaniensis]) is found within the narrow riparian zone 
along the pond edges and it is likely that federal jurisdictional wetlands and floodplains are coincident 
throughout most of this zone.  Scrub/shrub (including alders [Alnus spp.]) and herbaceous marsh (such as 
rushes and sedges) wetland vegetation is also present in the floodplain located immediately south of Cap 
Area #1 and similar vegetation may have (or may) become re-established along portions of Cap Area #3 
(i.e., the former mill tailrace located just east of the Centredale Manor apartment building following the 
removal action in 2004).  Finally, areas of the two ponds dominated by emergent vegetation such as 
cattail (Typha latifolia) and swamp loosestrife (Decodon verticillatus) are considered wetlands under 
federal jurisdiction.  This emergent marsh wetland habitat is most extensively developed in the northern 
portion of Lyman Mill Pond, just south of the Oxbow Area, but sporadic occurrences have been noted 
elsewhere. 
 


                                                      
5 Part of the palustrine forest above the 100-yr floodplain (inset in Figure 1-3) is influenced by a storm drain and by 
seepage from the adjacent steeply sloped upland; for the purposes of this FS this area above the 100-yr floodplain is 
not considered part of the floodplain. 
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As mentioned above, federal jurisdictional wetlands are also recognized as wetland resource areas under 
the RI Fresh Water Wetlands Act (RIDEM, 2009); however, the state jurisdiction also extends to a 
number of additional wetland types.  Under the state regulations, the free-flowing portion of the river 
immediately downgradient of the Allendale Dam is considered to be a “flowing water wetland” and the 
slow-flowing portions of the Woonasquatucket River behind the Allendale and Lyman Mill Dams may be 
either “flowing water” or “standing water” wetlands pending a specific determination by a state wetlands 
biologist (Kowal, 2010).  State regulations also recognize a 50 foot “perimeter” wetland associated with 
swamps, marsh, and pond habitats and a 200 foot “riverbank” wetland associated with rivers that are 10 ft 
or greater in width.  Finally, any “Area Subject to Flooding” or other areas defined by the 100 year flood 
boundary (i.e., Flood Plain) are considered freshwater wetlands, although these resource areas do not have 
associated perimeter or riverbank wetlands associated with them (RIDEM, 2009).  In summary, 
floodplain areas are always considered wetlands from the state perspective, both Allendale and Lyman 
Mill Sediment Action Areas are wetlands (being either river or pond wetlands and also in many areas 
including Submergent Plant Community wetlands [open water habitat associated with some of Allendale 
Pond and a majority of Lyman Mill Pond] along with fringing Emergent Plant Community wetland along 
portions of both ponds).  Finally, riverbank wetlands extend landward from the edge of the Allendale and 
Lyman Mill Sediment action area to a distance of either 50 or 200 ft depending on whether a given reach 
of the river is considered to be “pond” or “river” wetland.   
 


2.4 Conceptual Site Model 


This section summarizes the most significant findings of the RI (Battelle, 2005a), which are incorporated 
into an integrated CSM for the CMRP site.  The CSM illustrates the sources of contamination, release 
mechanisms, transport pathways, migration routes, contaminated media, exposure pathways, and potential 
receptors (Figures 2-11a and 2-11b). 
 
Findings from the supplemental investigations (Section 2.2.4) which were conducted to address data gaps 
identified in the RI have been incorporated into the CSM; complete details regarding the supplemental 
investigations are provided in Appendices A, B, and C. 
 
2.4.1 Primary Sources of Contamination  


The primary sources of contamination included handling, storage and disposal of chemicals associated 
with the chemical manufacturing and drum reconditioning operations that occurred at the source area 
from approximately 1943 to the early 1970s (EPA, 2000a).  The facilities responsible for these activities 
are no longer in operation. 
 
2.4.2 Primary Release and Transport Mechanisms  


Chemicals were apparently released directly to the ground, buried, and possibly discharged directly to the 
Woonasquatucket River (Emhart Industries v. Home Insurance Co., 2006b).  Direct infiltration of 
chemicals and leaching through the ground surface led to the contamination of surface and subsurface 
soils in the source area.  Leaching has led to localized groundwater contamination.  Discharge of 
chemicals directly into the river, overland flow of chemicals, and erosion and transport of contaminated 
soils at the source area by surface runoff resulted in contamination of surface water and sediment in the 
adjacent river and ponds and former tailrace on the east side of the source area site. 
 
2.4.3 Nature and Extent of Contamination 


Primary release and transport mechanisms led to the contamination of source area soil and groundwater, 
river and pond sediments, floodplain soils, surface water, and biota at the CMRP site (Figure 2-11a and 
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Table 2-6a).  Major findings regarding the nature and extent of contamination in these media are 
summarized below, with a focus on chemicals for which there are established PRGs (i.e., dioxin), 
potential ARARs for the site (i.e., RIDEM residential direct exposure and GB leachability criteria for 
soils, RIDEM GB groundwater objectives, and federal Water Quality Criteria [WQC]), or contaminants 
that were determined to be the primary contributors to unacceptable human health and ecological risks 
(statistical summaries of the site data are presented in Table 2-6b). 


2.4.3.1 Source Area Soils 


Summary Statistics for Dioxin and PCB in Source 
Area Soil (see Table 2-6b and Battelle [2005a] for 
detail data) 


Dioxin TEQ 
(ng/kg) 


Total PCB 
(mg/kg) 


% Detection 100% 74% 


Minimum 0.000079 0.0074 


Maximum 140,000 1,300 
Geometric 
Mean 118 0.29 


Location 
Maximum


CMS-240 
(Cap Area #1) 


CMS-147 
(Cap Area #1) 


Concentrations of dioxin are above EPA’s recommended residential level6 (dioxin as toxic equivalency 
[TEQ]) in surface soils (0 to 1 ft bgs) throughout the source area (Figure 2-12).  Contaminant 
concentrations in vadose zone soils (average thickness of the vadose zone in the source area is 5 ft) were 
also above RIDEM residential direct exposure and GB leachability criteria at numerous locations 
throughout the source area (representative contaminants including total PCBs and VOCs are shown in 
Figures 2-13 and 2-14, respectively).  The contaminants most frequently detected at concentrations 
exceeding the residential direct exposure criteria are dioxin (Figure 2-12), medium to high molecular 
weight PAHs, PCBs (Figure 2-13), and several inorganics.  Concentrations of total PCB exceed the Toxic 
Substances Control Act (TSCA) criteria of 50 milligrams per kilogram (mg/kg) at 15 locations at the 
source area, many of the exceedances occur at the 
central and southern portions of the source area 
under Cap Area #1 and the Centredale Manor 
parking lots (Figure 2-13).  VOCs exceeded the 
direct exposure criteria in some samples, but at a 
lower frequency than the analytes noted above.  
Leachability criteria for VOCs were exceeded in 
samples from six locations (Figure 2-14).  The 
majority of source area soils with contaminant 
concentrations above the exposure or leachability 
criteria are located in paved or capped areas.  
However, soils in several small areas that are not 
paved or capped have contaminant concentrations 
exceeding either RIDEM’s direct exposure criteria 
or EPA’s recommended residential level for 
dioxin. 


Dioxin is most widespread and present at the highest concentrations under Cap Area #1 (Figure 2-12).  
Soil sampled at numerous locations beneath Cap Area #2 also contained dioxin TEQ at concentrations 
above EPA’s recommended residential level (Figure 2-12).  PCB concentrations exceed RIDEM’s 
residential direct exposure and GB leachability criteria at numerous locations in the central and southern 
portion of the source area (but not in the Brook Village parking lot) (Figure 2-13).  Dioxin TEQ 
concentrations decrease with increasing depth, with only localized contamination found at depths greater 
than 5 ft bgs.  PCB concentrations are highest at 2 to 3 ft bgs, and then decrease with increasing depth. 


                                                     
6 EPA’s recommended residential level for dioxin (as TEQ) of 1,000 nanograms per kilogram (ng/kg) (or 1 part per 
billion [ppb]) (EPA, 1998b).  Dioxin TEQ (also referred to as dioxin/furans TEQ) concentrations reported in the FS 
are calculated using Toxic Equivalency Factors (TEFs – ranging from 0 to 1) to express the concentrations of 
individual dioxin and furan congeners in terms of their equivalent toxicity relative to 2,3,7,8-TCDD.  The TEQ (or 
overall toxic equivalency to 2,3,7,8-TCDD) is the sum of the concentrations of the 17 dioxin-furan compounds with 
established TEFs that exceed zero, each multiplied by the corresponding TEF value. 
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Six VOCs exceeded the RIDEM direct exposure criteria for soils in more than one vadose zone sample: 
benzene, chlorobenzene, tetrachloroethylene (PCE), trichloroethylene (TCE), vinyl chloride, and xylenes 
(Battelle, 2005a).  SVOC and metals concentrations were also above the RIDEM direct exposure criteria 
for residential soils at several locations. 


2.4.3.2 Source Area Groundwater 


Groundwater contamination at the CMRP site is not pervasive or widespread.  Instead, leaching of 
contaminants from soil has led to localized groundwater contamination, particularly on the west side of 
the Brook Village parking lot, adjacent to the Woonasquatucket River.  For example, in 2002, 
concentrations of VOCs were below RIDEM GB groundwater criteria except for PCE in samples from 
two wells (MW05S and MW14M) in the Brook Village parking lot and one well (MW13D) in the 
southern end of the source area (Figure 2-15; TCE was also in excess of RIDEM GB groundwater criteria 
at MW05S).  PCE concentrations in the southern well were two orders of magnitude lower compared to 
levels measured at MW05S in the Brook Village parking lot.  Elevated concentrations of VOCs (i.e., 
PCE, TCE, and cis-1,2-dichloroethylene) were also measured in groundwater sampled along the eastern 
bank of the river adjacent to the Brook Village parking lot (LEA, 2008).  VOC concentrations generally 
decreased from 2001 to 2002.  Groundwater data collected at Well MW-05S in 2005 suggest that VOC 
concentrations have continued to decline (Figure 2-16 and Appendix A).  Trace levels of other 
contaminants (e.g., phenols and dioxin) have been detected in some groundwater samples. 


Summary Statistics for Dioxin, PCE, and TCE in Source 
Area Groundwater (see Table 2-6b and Appendix G for 
detail data)  


2,3,7,8-TCDD 
(pg/L) 


PCE
(µg/L) 


TCE
(µg/L) 


% Detection 49% 41% 34% 


Minimum 0.95 0.1 0.0435 


Maximum 6,154 61,000 2,500 


Median 3.4 5.0 3.2 


Location 
Maximum


MW-LEA-02 
(river bank at 


Brook Village 
parking lot) 


MW-05S 
(Brook Village 


parking lot) 


High concentrations of dioxin (2,3,7,8-TCDD) were also measured in groundwater samples from Well 
MW-05S (Figure 2-16), whereas dioxin concentrations in groundwater from other monitoring wells in the 
source area were two or three orders of magnitude lower.  A passive vapor diffusion survey identified a 
plume of VOC-contaminated groundwater discharging to the river near and immediately downstream of 
Well MW-05S (USGS, 2000).  Sampling at one boring location near MW-05S noted a greenish non-
aqueous phase liquid (NAPL), and Well MW-05S has PCE concentrations suggestive of the presence of NAPL.  
It appears that groundwater in the vicinity of Well MW-05S contains dissolved or suspended 
concentrations of dioxin, which is believed to be subsequently discharging to the river.  Supplemental 
groundwater investigations conducted at the source area in 2005 demonstrated that the                                                           
groundwater plume is likely an ongoing source or migration pathway of dioxin (2,3,7,8-TCDD) from the 
source area to the Woonasquatucket River (Appendix A).  The 2008 groundwater investigation confirmed 
the presence of dioxin (2,3,7,8-TCDD) in 
groundwater (in dissolved phase and whole 
water) sampled along an 85-ft stretch of the 
eastern bank of the river in the area of the 
groundwater plume; the highest dioxin 
concentrations (2,740 picograms per liter 
[pg/L] and 6,150 pg/L) were measured in 
groundwater immediately west and 
downgradient of Well MW-05S (LEA, 2008).  
Estimates of the potential flux of 2,3,7,8-
TCDD from groundwater to surface water of 
the river suggest that 2,3,7,8-TCDD loadings 
to the river could range from 140 to 4,200 
micrograms of 2,3,7,8-TCDD per year 
(Appendix A, Table A-8).  The wide range in 
loading values reflects uncertainty with key 
hydrogeologic and groundwater chemical 
factors used to estimate the flux (Appendix A). 
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2.4.3.3 Allendale and Lyman Mill Reach Sediments 


The baseline risk assessments (Section 2.5) indicated that the greatest human health and ecological risks 
at the CMRP site are associated with exposure to contaminants that reside in sediments and pose a 
bioaccumulation hazard.  The predominant contributors to human health and ecological risk are dioxin 
(2,3,7,8-TCDD and dioxin TEQ) and PCBs although other contaminants also contribute to ecological 
risks to specific receptors.  For instance, a substantial number of PAHs, pesticides, and inorganic 
contaminants were detected in pond sediments at concentrations exceeding sediment benchmarks 
protective of exposures to benthic macroinvertebrates.  This potential toxicity was confirmed by the 
results of laboratory toxicity tests, which demonstrated statistically significant adverse effects to 
laboratory test organisms relative to background conditions. 


Dioxin contamination in the Allendale and Lyman Mill sediments is characterized by 2,3,7,8-TCDD, 
which was typically detected at high concentrations relative to the other congeners.  Widespread dioxin 
contamination is evident in the surface (uppermost 1 ft) sediments at Allendale (Figure 2-17) and Lyman 
Mill (Figure 2-18) Ponds.  The vertical extent of dioxin contamination typically showed higher 
contamination in the uppermost 1 ft of sediment in Allendale Pond (Figure 2-19), and in the uppermost 


Summary Statistics for Dioxin and PCB in Allendale and Lyman Mill 
Reach Sediment (see Table 2-6b, Battelle [2005a], and Appendix B of 
this FS for detail data) 


Allendale Lyman Mill
2,3,7,8-
TCDD
(ng/kg)


Total 
PCB


(mg/kg)


2,3,7,8-
TCDD
(ng/kg)


Total 
PCB


(mg/kg)
% Detection 97% 89% 97% 80% 


Minimum 0.2 0.0006 0.035 0.0006 


Maximum 110,000 28 49,421 3.26 
Geometric 
Mean 879 0.27 433 0.135 


Location 
Maximum CMS-208 CMS-607 LPX-SD-4205 


1 to 2 ft in Lyman Mill Pond (Figure 2-20).  Dioxin concentrations are highest in Allendale Pond (mean 
concentration of 972 ng/kg dioxin TEQ and 879 ng/kg 2,3,7,8-TCDD), and decrease in a downstream 
direction.  Moreover, surface dioxin concentrations at Allendale Pond are generally highest where soft 
sediments have accumulated and are thickest, i.e., outside the deeper flow channel, in the shallow portions 
of the pond (compare Figures 2-6, 
2-7 and 2-17).  Dioxin (TEQ and 
2,3,7,8-TCDD) concentrations in 
the Allendale and Lyman Mill 
reaches of the river are 
significantly7 higher than 
upstream (background) 
concentrations (Appendix B, 
Table B-4).  Similar to dioxin, the 
mean concentrations of a majority 
of other contaminants are 
typically highest in Allendale 
Pond sediments; however, 
average concentrations of 
technical chlordane, arsenic, and 
vanadium are greatest in Lyman 
Mill Pond followed by Allendale 
Pond (Appendix B, Table B-4). 


Radiometric age dating results indicate that no significant dioxin contamination was found in sediments 
deposited prior to 1940.  Maximum dioxin concentrations generally correspond to sediments deposited 
between about 1950 and 1970 at Allendale Pond; this period corresponds with the years when the 
chemical manufacturing and barrel refurbishing operations took place.  Maximum dioxin concentrations 
in Lyman Mill Pond generally correspond to sediment deposited between 1960 and 2000 (Appendix B), 
which corresponds with the time that chemical manufacturing and drum reconditioning activities occurred 
at the CMRP site and possibly also reflects downstream transport of contaminated sediments following 


                                                     
7 Statistical comparisons were conducted using a modified Kaplan-Meier test at the 0.05 significance level; 
statistical methods are summarized in Appendix B and described in detail in Appendix A of the site RI (Battelle, 
2005a). 
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the breach of the Allendale Dam in 1991 and again in 2001.  The most recently deposited sediments at 
Allendale and Lyman Mill Ponds still show evidence of dioxin contamination, which may reflect that 
upland sources were not completely controlled (i.e., most of the contaminated soils in the source area 
were not capped) until approximately 2004.  Additionally, post-depositional processes (such as 
bioturbation and sediment resuspension) may have mixed surface sediment with more highly-
contaminated subsurface sediment. 
 
While dioxin and other hydrophobic organic compounds tend to adsorb to fine-grained sediment particles 
and organic material, dioxin (TEQ) concentration and total organic carbon (TOC) content are not well 
correlated;8 therefore, organic content cannot be used as a reliable predictor of dioxin contamination.  
Although dioxin (TEQ) concentration and grain size are not well correlated, dioxin concentrations are 
lowest in samples with less than 20% silt+clay and less than 3% TOC content.  
 
An environmental forensics review of sediment chemistry data for chlorinated organic compounds 
suggests that different contaminants could have had different release histories and transport mechanisms.  
For example, dioxin (primarily 2,3,7,8-TCDD) contamination in sediment extended further downstream 
from the source area compared to PCB and pesticide contamination.  Further, 2,3,7,8-TCDD 
concentrations in sediment are significantly higher in the reaches of the river adjacent to and downstream 
of the CMRP site relative to upstream background concentrations; whereas, PCB and pesticide 
concentrations in sediment generally were not significantly higher than upstream background 
concentrations below Allendale Dam (Battelle, 2005a).  These differences could arise from differences in 
timing, location, and magnitude of the original releases, and in subsequent transport mechanisms. 
 
2.4.3.4 Allendale and Lyman Mill Reach Floodplain Soils 


Floodplain soils are located in floodplain and wetland areas that border parts of the river (Figure 1-3).  
Throughout the reaches associated with Allendale and Lyman Mill Ponds (with the exception of the 
Oxbow Area), it is likely that the majority of the bordering floodplain area includes federal jurisdictional 
wetlands.  This conclusion is based on the presence of positive wetland indicators (i.e., hydric soils, 
vegetation, and hydrology) that have been observed during various site visits by wetland scientists.  The 
predominant contributor to human health and ecological risk is dioxin (2,3,7,8-TCDD and dioxin TEQ) 
although other contaminants (e.g., PCBs and selected pesticides and metals) also contribute to risks to 
specific receptors.  Dioxin concentrations are higher in the Allendale and Lyman Mill floodplain soils 
compared to the upstream background area (MACTEC, 2004), but are only present at concentrations 
above EPA’s recommended residential level (EPA, 1998b) at less than 3% of the locations sampled.9  
The highest dioxin concentration was detected in the Oxbow wetland, within approximately 75 ft of 
Woonasquatucket River in an area where floodwaters appear to routinely overflow the banks of the river 
(MACTEC and Battelle, 2006).  Dioxin TEQ concentrations in floodplain soils from the Oxbow wetland 
are within the range measured in sediment samples from Allendale and Lyman Mill Ponds (Battelle, 
2005a), suggesting that low-lying areas in this forested wetland have been impacted by contamination 
from the CMRP site.  This is consistent with the geomorphology investigation which showed that this 
area is impacted during flooding and times of high water.  Further, all but one of the Oxbow floodplain 
soils had a dioxin signature dominated by 2,3,7,8-TCDD, which is consistent with the CMRP site dioxin 
signature (MACTEC and Battelle, 2006).  The sample collected above the 100-yr flood elevation had a 
dioxin signature similar to background concentrations (MACTEC and Battelle, 2006). 


the 


                                                      
8 Correlation coefficients <0.3 (Battelle, 2005a).   
9 Sample data for contaminated material excavated under the NTCRAs were not used to characterize the nature and 
extent of contamination.  Dioxin TEQ concentrations are in excess of EPA’s recommended residential level at one 
location along the western shore of Allendale Pond; three locations in the Oxbow (sampled after the NTCRA); and 
two locations along the eastern shore of Lyman Mill Pond. 
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Summary Statistics for Dioxin and PCB in Allendale and Lyman Mill 
Reach Floodplain Soil (see Table 2-6b and Battelle [2005a] 
for detail data) 


Allendale Lyman Mill
2,3,7,8-
TCDD
(ng/kg)


Total 
PCB


(mg/kg)


2,3,7,8-
TCDD
(ng/kg)


Total 
PCB


(mg/kg)
% Detection 86% 80% 87% 39% 


Minimum 0.24 0.037 0.095 0.030 


Maximum 1,510 0.78 1,130 0.859 
Geometric 
Mean 22.4 0.258 8.58 0.055 


(median) 


Location 
Maximum CMS-019 


SS-05
(near Cap 
Area #1) 


LPX-FP-4004 (Oxbow) 


Contaminant concentrations were below the available RIDEM GB leachability criteria in floodplain soils 
associated with Allendale and Lyman Mill reaches (including Oxbow wetland).10  Detected 
concentrations of many contaminants (e.g., SVOCs, VOCs, metals) in floodplain soils were also below 
the available RIDEM residential direct exposure criteria.  Contaminants infrequently (<10% of the 
samples) measured at 
concentrations in excess of the 
residential direct exposure criteria 
include pyrene, fluoranthene, 
phenanthrene, anthracene, 
dieldrin, antimony, copper and 
chromium.  The most common 
contaminant detected at 
concentrations in excess of the 
residential direct exposure criteria 
was lead (61% of samples), 
followed by chrysene, beryllium, 
benzo(a)pyrene, arsenic, 
manganese,
benzo(k)fluoranthene, 
benzo(b)fluoranthene, 
benzo(a)anthracene, technical 
chlordane, indeno(1,2,3-
cd)pyrene, and benzo(g,h,i)perylene. 


2.4.3.5 Allendale and Lyman Mill Reach Surface Water 


Summary Statistics for Dioxin in Allendale and 
Lyman Mill Reach Surface Water (see Table 2-6b and 
Appendix C of this FS for detail data) 


Allendale Lyman Mill 


2,3,7,8-TCDD (pg/L)


% Detection 42% 60% 


Minimum 0.145 1.75 


Maximum 4,000 853 
Median 1.9 3.65 


Location 
Maximum APB-SW-2029 


WRL-SD-2042 
(stream channel 


at Oxbow) 


Dioxin (2,3,7,8-TCDD) concentrations in surface water at the Allendale and Lyman Mill reaches of the 
river are higher than background concentrations (dioxin was undetected in surface water at the upstream 
background; Appendix C).  Even so, the BHHRA found that potential risks from direct exposure (dermal 
contact and incidental ingestion) to dioxin in 
surface water were not above the management 
range for Superfund (MACTEC, 2005a).  The 
BERA found that the consumption of site 
surface water did not pose a risk to wildlife 
receptors; however, this was not necessarily the 
case for aquatic organisms that could be 
exposed to contamination through direct contact 
or ingestion pathways (MACTEC, 2004). 


Detected concentrations of many contaminants 
(e.g., SVOCs, VOCs, and PCBs) were below 
the State of Rhode Island standards or federal 
WQC11 (RIDEM, 2006 and EPA, 2006) in 


                                                     
10 Results from the comparison of floodplain soil data to the RIDEM residential direct exposure and GB leachability 
criteria are provided in Appendix F, Table F-2b. 
11 Chronic ambient freshwater and human health for consumption of water + organism criteria (RIDEM, 2006 and 
EPA, 2006). 
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surface water at the CMRP site.12  Contaminants infrequently (<5% of the samples) detected at 
concentrations in excess of the standards/WQC include: chrysene, bis(2-ethylhexyl)phthalate, 4,4’-
dichlorodiphenyltrichloroethylene (4,4’-DDE), 4,4’-dichlorodiphenyltrichloroethane (4,4’-DDT), endrin, 
alpha-BHC, alpha-chlordane, gamma-chlordane, total PCB, beryllium, cadmium, chromium, nickel, and 
selenium.  The most common contaminant detected at concentrations in excess of the standards/WQC 
was copper (54% of samples), followed by arsenic, dioxin (2,3,7,8-TCDD), zinc, lead, and thallium.  
Among these contaminants, copper, arsenic, zinc, and lead were also measured in upstream locations at 
concentrations in excess of the standards/WQC, albeit generally at lower concentrations on average 
compared to concentrations at the source area.  The presence of copper, arsenic, zinc, and lead in surface 
water at upstream locations suggests that the site contributes some of this contamination but that there are 
other upstream sources.  Dioxin (2,3,7,8-TCDD) was not detected in upstream locations and thallium was 
only detected in upstream locations at concentrations below the WQC.  
 
2.4.3.6 Allendale and Lyman Mill Reach Biota 


Contaminant concentrations in biota and their significance are evaluated in the BERA and BHHRA 
(MACTEC, 2004 and 2005a).  Although a fish consumption advisory has been issued by the State of 
Rhode Island, it is not believed to provide a sufficient barrier for human exposure to contaminated biota 
from the Woonasquatucket River in the short term.  However, the advisory may be effective in reducing 
fish consumption rates in the reach of the river at the site.  The BHHRA (MACTEC, 2005a) indicated that 
the consumption of contaminated fish was the predominant exposure pathway to non-cancer risk at the 
site, with Aroclor 1254 contributing the greatest portion of non-cancer risk.  Fish consumption (and 
exposure to sediment) is also the predominant contributor to cancer risk, with dioxins and furans 
(primarily 2,3,7,8-TCDD) representing the largest chemical contributor to cancer risk.  In general, the 
concentrations in fish tissue of the predominant risk contributors appear to be correlated with the  
corresponding sediment concentrations.  Summary statistics and exposure point concentrations (EPCs) for 
contaminants in biota that contribute to carcinogenic and non-carcinogenic risks at Allendale and Lyman 
Mill Ponds are presented in Section 2.5.1 (Tables 2-7a and 2-7c).  EPCs for the predominant contributors 
to risk (dioxin TEQ and Aroclor 1254) were slightly higher at Lyman Mill Pond compared to Allendale 
Pond. 
 
The BERA (MACTEC, 2004) demonstrated that fish tissue residues of 4,4’-
dichlorodiphenyldichloroethane (4,4’-DDD), 4,4’- -DDE, technical chlordane, Aroclor 1254, total 
Aroclors, dioxin TEQ, PCB TEQ, aluminum, barium, selenium, vanadium, and zinc pose an unacceptable 
risk to fish receptors.  Moreover, the concentrations of 4,4-DDD, 4,4’-DDE, technical chlordane, Aroclor 
1254, total Aroclors, dioxin TEQ, PCB TEQ, and zinc in fish tissue were shown to pose an unacceptable 
risk to piscivorous wildlife receptors that feed on fish from Allendale and Lyman Mill Ponds.  These 
contaminants were detected in Allendale Pond and Lyman Mill Pond at concentrations that are elevated 
above background conditions; in general, average concentrations in biological tissue are greatest in 
Allendale Pond followed by Lyman Mill Pond although in some cases the reverse is true (e.g., coplanar 
PCBs [white sucker, tree swallow nestlings], chlordane [white sucker]).  In general, the analytical data for 
contaminants in biological tissue appear to correlate well with the sediment chemistry data with respect to 
the relative magnitude (among different contaminants) and location (among different exposure areas). 
 
2.4.3.7 Downstream Areas (Manton Pond and Former Dyerville Pond) 


The greatest human health and ecological risks at downstream areas of the site (i.e., Manton Pond and the 
former Dyerville Pond [only pilings remain of the former Dyerville Dam, which apparently failed in the 


                                                      
12 Results from the comparison of surface water data to the State of Rhode Island standards and federal WQC are 
provided in Appendix F, Table F-3b. 
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1990s]) appear to be associated with the sediments that pose a bioaccumulation hazard (MACTEC, 2004 
and 2005a).  The predominant contributors to risk are dioxin (2,3,7,8-TCDD and dioxin TEQ) and PCBs 
although other contaminants such as selected pesticides (i.e., 4,4’- DDE, 4,4’- DDD, dieldrin, technical 
chlordane), metals (i.e., aluminum, barium, methyl mercury, vanadium, and zinc), and SVOCs (i.e., 
benzo(a)pyrene) also contribute as risks to specific receptors. 
 
Concentrations of dioxin in sediment from reaches of the river downstream of Lyman Mill Dam were 
significantly higher relative to upstream background concentrations (Battelle, 2005a).  However, 
concentrations of all other contaminants were not significantly different from upstream background 
concentrations (Battelle, 2005a), which is not unexpected in an urban setting such as the Lower 
Woonasquatucket River Watershed. 
 
Results from investigations conducted since actions were taken to control the primary sources of 
contamination at the source area (Section 2.2.2) suggest that dioxin (2,3,7,8-TCDD) concentrations in 
surface sediment at downstream locations have decreased in recent years and are approaching upstream 
background concentrations (i.e., 14.7 ng/kg based on arithmetic mean of background data).  For example, 
the median dioxin (2,3,7,8-TCDD) concentration in surface sediment at Manton Pond in April 2005 was 
48.7 ng/kg (Battelle, 2005d), which represents a four-fold reduction compared to median concentrations 
in sediment collected in 1998–2000 (median concentration 190 ng/kg).  Similarly, dioxin (2,3,7,8-TCDD) 
concentrations in three of four surface sediments collected in November 2006 at locations downstream of 
Manton Pond (EA Engineering, Science, and Technology, Inc., 2007) were below upstream background 
concentrations. 
 
While the data are limited, results from these recent investigations suggest that dioxin concentrations may 
be decreasing over time, possibly due to natural recovery and control of primary sources of contamination 
at the source area.  Downstream areas would continue to be assessed as part of the monitoring program 
(see Section 3.6). 
 
2.4.4 Secondary Release and Transport Mechanisms 


The most important potential transport mechanisms currently affecting the source area include erosion 
and runoff of contaminated soils, volatilization of contaminants from soils, leaching of contaminants from 
soil to groundwater, and advection of contaminants from groundwater to surface water and river sediment 
(Figures 2-11a and 2-11b).  Erosion and runoff of contaminated soils, however, does not appear to be a 
major pathway of concern since implementation of TCRAs because the soil caps and paved surfaces 
currently prevent erosion and runoff.  Volatilization of VOCs from vadose zone soils is not likely to be a 
significant pathway given the localized nature of VOC contamination, apparent lack of VOC migration 
into the Centredale Manor and Brook Village buildings, and presence of soil caps or pavement over the 
majority of the site.  A leachability evaluation indicated that, with the exception of the vicinity of the 
Brook Village parking lot, leaching does not appear to be a major pathway of concern (Battelle, 2004c).  
Contaminated groundwater discharging to the Woonasquatucket River in the vicinity of the Brook Village 
parking lot is likely an ongoing source or migration pathway for 2,3,7,8-TCDD from the source area to 
the Woonasquatucket River (Appendix A and Section 2.4.3.2).  While the magnitude of the ongoing 
groundwater source is not clear, concentrations of 2,3,7,8-TCDD in surface river sediments adjacent to 
this area were detected at elevated levels (Section 3.4), indicating risk.  The elevated concentrations of 
2,3,7,8-TCDD in adjacent river sediment may reflect legacy contamination from historic site activities, 
continuing contributions from contaminated groundwater, or a combination of the two. 
 
Because of the hydrophobic and persistent nature of the primary contaminants (i.e., dioxin and PCBs), 
sediment resuspension and downstream transport are likely to be the most important potential transport 
pathways in the Woonasquatucket River (Figure 2-11a).  A sediment stability evaluation of Allendale and 
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Lyman Mill Ponds indicated that during a rare flood (i.e., 100-yr return period), significant scour (i.e., 
more than approximately 1 cm of erosion) will occur over 3% or less of the bed area in Allendale Pond, 
and over a larger area (up to 8%) in Lyman Mill Pond (Appendix E).  Scour would generally occur in the 
northern portion of both ponds, with maximum erosion near the upstream inlets.  Sediment eroded in the 
upstream portion of each pond during a flood would be transported downstream by river currents.  A 
portion of the eroded sediment is likely to be redeposited within each pond where current velocities tend 
to decrease. 
 
Analysis of surface water data from 1999 and 2004 (QEA, 2004 and 2006) suggests that minimal net 
export of dioxin from the two ponds occurs during low-flow, non-resuspending conditions.  The water 
column load of dioxin entering the study area (i.e., the background load) is approximately equal to the 
load over Lyman Mill Dam during low-flow periods. 
 
Evaluation of the biota data revealed the presence of contamination in biological tissue of various trophic 
level organisms (MACTEC, 2004 and 2005a), indicating that bioaccumulation is a significant transport 
pathway at the CMRP site for transfer of contaminants from lower trophic level organisms into upper 
trophic level organisms (Figure 2-11b).  Compounds with a tendency to bioaccumulate are taken up by 
biota and are transferred through aquatic food webs.  As a consequence, wildlife species that consume 
these lower trophic level organisms are also exposed to contaminants.  Humans also are exposed to the 
contaminants through ingestion of fish and possibly other aquatic organisms. 
 
Vertical dioxin profiles in sediment cores at Allendale and Lyman Mill Ponds (Figures 2-19 and 2-20) 
indicate that natural recovery (i.e., burial of contaminated sediment by cleaner sediment) may be 
occurring in some areas of the ponds, but not in others.  A natural recovery trend is not expected to be 
apparent in the ponds at this point because contaminated soils in the source area were not completely 
capped until 2004, and post-depositional processes will continue to mix surface and subsurface sediments.  
Based on the average sedimentation rate for Allendale and Lyman Mill Ponds (Section 2.3.8), it will take 
approximately 40 to 60 years for 1 ft of clean sediment to deposit on the pond bottoms. 
 
2.4.5 Principal Threat and Low-level Threat Wastes 


The identification of principal threat and low-level threat wastes is applied on a site-specific basis with 
respect to characterizing the source(s) of contamination, i.e., source material.  Examples of source 
materials generally include drummed wastes, contaminated soil and debris, pools of dense NAPLs 
submerged beneath groundwater or in fractured bedrock, and contaminated sediments and sludges.  Non-
source materials include groundwater, surface water, and residuals resulting from treatment of site 
materials.  Consideration of site-specific factors can influence the determination as to whether a source 
material is a principal or low-level threat waste (EPA, 1991a). 
 
Potential principal threat and low-level threat wastes for the CMRP site are summarized in Table 2-8.  
Principal threat wastes are those source materials considered to be highly toxic or highly mobile, that 
generally cannot be reliably contained or would present a significant risk to human health or the 
environment should exposure occur.  Wastes generally considered to be principal threats are liquid, 
mobile and/or highly-toxic source material.  Low-level threat wastes are those source materials that 
generally can be reliably contained and that would present only a low risk in the event of a release.  They 
include source materials that exhibit low toxicity, low mobility in the environment, or are near health-
based levels.  Wastes generally considered to be low-level threat wastes include non-mobile contaminated 
source material of low to moderate toxicity, surface soil containing contaminants that are relatively 
immobile in air or groundwater, low leachability contaminants or low toxicity source material. 
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Principal threat wastes for the CMRP site include buried waste material that still may be present in the 
source area, particularly near the southern area of Cap Area #1 (buried waste materials are shown as 
possible buried metallic materials in Figure 2-1). This material under Cap Area #1 could be highly toxic 
and highly mobile and could present a significant risk to human health or the environment should 
exposure occur.  Principal threat wastes for the CMRP site also include highly-toxic soils on the west side 
of the Brook Village parking lot and potentially NAPL.  Leaching of contaminants from these soils has 
led to localized groundwater contamination in this area (maximum dioxin concentration in soil and 
groundwater is 140,000 ng/kg in soil at CMS-451 and 6,150 pg/L in groundwater at MW-LEA-02), and 
the enhanced transport of dioxin (2,3,7,8-TCDD) from the source area to the Woonasquatucket River (see 
Section 2.4.4).   
 
Dioxin-contaminated soil and sediment at the CMRP site are highly toxic materials that could meet the 
definition of principal threat waste.  However, site specific factors indicate it may be appropriate to 
address this material as low-level threat waste.  While the dioxin-contaminated source area soil and 
Allendale and Lyman Mill reach sediment are toxic, these source materials exhibit low mobility in the 
environment.  Hydrodynamic modeling performed for the site also showed that the risk of significant 
erosion is low in the majority of the pond areas, even during a rare flood event.  The contamination is 
widely distributed with no identifiable ‘hot spot’ areas.  Moreover, the contaminants in the sediment are 
hydrophobic and insoluble in nature, which makes them likely to remain sorbed to organic carbon in the 
sediment and relatively immobile (i.e., low volatility, low leachability).  Finally, Allendale and Lyman 
Mill Ponds are relatively stable depositional settings.  A similar conclusion can be reached for the 
floodplain soils because the contaminant levels are low and contamination is generally not mobile. 
 


2.5 Summary of Human Health and Ecological Risks 


This section summarizes the most significant findings of the baseline risk assessments that evaluated 
human health and ecological risk from exposure to contamination at the CMRP site (MACTEC, 2005a 
and 2004; MACTEC and Battelle, 2006).  Overall, the risk assessments showed that the receptors at risk 
include residents living along the river, visiting recreational anglers, passive recreational visitors, benthic 
invertebrate communities, fish, and bird and mammal populations.  Visiting subsistence anglers were also 
found to be at risk, however, it is uncertain whether there is currently a significant population of 
subsistence anglers at the CMRP site (MACTEC, 2005a).  Moreover, large uncertainties are also 
associated with the actual fish consumption patterns and rates for this exposure scenario.  As a result, the 
summary of human health risks described below does not include a discussion of the visiting subsistence 
anglers.  Further details regarding the potential risks to this receptor subpopulation are provided in an 
appendix to the BHHRA (MACTEC, 2005a). 
 
Overall, the greatest risks at the CMRP site are associated with consumption of contaminated fish or prey, 
and direct contact with contaminated sediment and floodplain soil.  The primary risk drivers are dioxin 
(2,3,7,8-TCDD and dioxin TEQ13) and PCBs but other contaminants contribute to risk as well. 
 
2.5.1 Human Health Risks 


The BHHRA evaluated potential risks to human health associated with the consumption of fish and 
human contact with sediment, soil (bank, surface soils, and floodplain), and surface water at the CMRP 
site.  Exposure to source area soils was not evaluated because TCRAs have been taken to prevent human 
contact with source area soils (Section 2.2.2) and additional actions will be taken in accordance with 
                                                      
13 TEFs used to calculate dioxin TEQ were revised in 2005 (Van den Berg et al., 2006) from the 1998 values (Van den Berg et 
al., 1998) used in the baseline risk assessments.  The revised TEF values are not expected to impact the risk assessment 
conclusions because in general, the great majority of the overall TEQ concentrations are contributed by 2,3,7,8-TCDD (which 
has a TEF equal to one in both the 1998 and 2005 lists). 
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ARARs and the EPA guidance dioxin level to ensure the remedy remains protective.  Exposure to 
residential-use groundwater was not evaluated because groundwater is not a source of drinking water at 
the site.  However, the groundwater discharge pathway into the river can be a contributor to risk identified 
for consumption of fish through bioaccumulation.  Overall, findings from the BHHRA (MACTEC, 
2005a) showed that the greatest human health risks at the CMRP site are associated with potential 
exposure to dioxins and furans (primarily 2,3,7,8-TCDD) from consumption of fish. 
 
Action is generally warranted at a site where the incremental risks (i.e., those related to exposures in 
excess of background conditions) from exposure to contamination are above EPA’s guidelines, i.e., 
reasonable maximum exposure (RME) cancer risk of one in ten thousand (10-4) and non-cancer hazard 
index (HI) value of 1.  Key findings from the BHHRA summarized in this section focus on site 
contamination that presents cumulative cancer and non-cancer risks above EPA’s guidelines.  Key 
findings are discussed in terms of who is at risk and what exposure routes, areas, media, and contaminants 
present risk above EPA’s guidelines.  Supporting information from the risk assessment is summarized in 
Table 2-7 and Tables 2-9 through 2-12.  Summary statistics and EPCs for the contaminants that contribute 
to carcinogenic and non-carcinogenic risk are summarized in Table 2-7.  Cancer and non-carcinogenic 
toxicity data for all contaminants and exposure pathways with actionable risk are summarized in Tables 
2-9 and 2-10, respectively.  The carcinogenic and non-carcinogenic risk results are summarized in Tables 
2-11 and 2-12, respectively. 
 
2.5.1.1 Human Receptors at Risk 


The BHHRA (MACTEC, 2005a; MACTEC and Battelle, 2006) indicated that residents living along the 
river, visiting recreational anglers, and passive recreational visitors14 are at risk from exposure to 
contamination at the CMRP site.  Exposure to biota by consumption of fish and exposure to sediment and 
floodplain soil by dermal contact and incidental ingestion present cumulative incremental risks above 
EPA’s guidelines, as follows: 
 
Biota – Residents living along the river and visiting recreational anglers that consume contaminated fish 
from Allendale and Lyman Mill reaches are at risk.  The contaminants in Allendale reach biota that 
present cumulative incremental cancer risk above EPA’s guidelines include: Aroclor 1254, Aroclor 1268, 
dieldrin, technical chlordane, dioxin-like PCBs (reported as PCB TEQ), and dioxins and furans (primarily 
2,3,7,8-TCDD) (Tables 2-11a and 2-11c).  The contaminants in Lyman Mill reach biota that present 
cumulative incremental cancer risk above EPA’s guidelines include: benzo(a)pyrene, 4,4’-DDE, Aroclor 
1254, Aroclor 1268, dieldrin, technical chlordane, dioxin-like PCBs (reported as PCB TEQ), and dioxins 
and furans (primarily 2,3,7,8-TCDD) (Tables 2-11b and 2-11d).  The contaminant in the biota at 
Allendale and Lyman Mill reaches that present cumulative incremental non-cancer risk above EPA’s 
guidelines is Aroclor 1254 (Tables 2-12a through 2-12d). 
 
Sediment – Residents living along the river that are exposed to Allendale and Lyman Mill sediment 
through dermal contact and incidental ingestion are at risk.  The contaminants in Allendale sediment that 
present cumulative incremental cancer risk above EPA’s guidelines to residents include: benzo(a)pyrene, 
dibenzo(a,h)anthracene, arsenic, and dioxins and furans (primarily 2,3,7,8-TCDD) (Table 2-11a).  The 
contaminants in Lyman Mill sediment that present cumulative incremental cancer risks above EPA’s 
guidelines to residents include: n-nitroso-di-n-propylamine, benzo(a)pyrene, dibenzo(a,h)anthracene, 
arsenic, and dioxins and furans (primarily 2,3,7,8-TCDD) (Table 2-11b).  Exposure to Allendale and 
Lyman Mill sediment do not present cumulative non-cancer risk above EPA’s guidelines. 
 
                                                      
14 The calculated risks associated with floodplain soil exposure at the Oxbow Area for the passive recreational 
visitor are within the EPA acceptable risk range based on the alternative exposure scenario (Appendix D, Part III). 
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Floodplain Soil – Passive recreational persons that visit the Oxbow wetland and are exposed to floodplain 
soil through dermal contact and incidental ingestion are at risk.  The contaminants in Oxbow floodplain 
soil that present cumulative incremental cancer risks above EPA’s guidelines include: Aroclor 1254, 
arsenic, and dioxins and furans (reported as dioxin TEQ) (Table 2-11e).  Dioxin TEQ is the largest single 
contributor to the incremental cancer risk.  Exposure to floodplain soils at the Oxbow wetland does not 
present cumulative non-cancer risk above EPA’s guidelines. 
 
Exposure to surface water and bank soil at Allendale and Lyman Mill reaches does not present an 
unacceptable risk to residents living along the river or visiting recreational anglers.  Contaminants in 
surface water and sediment,15 however, can indirectly lead to risk as a consequence of anglers consuming 
fish tissue that has bioaccumulated contaminants from these media.  
 
In summary, the human health risks are summarized below. 
 
Allendale Reach 


• Fish Consumption – Cancer risk to residents and visiting recreational anglers through ingestion 
(biota consumption) of Aroclor 1254, Aroclor 1268, dieldrin, technical chlordane, dioxin-like 
PCBs (PCB TEQ), and dioxins and furans (primarily 2,3,7,8-TCDD).  Non-cancer risk to 
residents and visiting recreational anglers through ingestion (biota consumption) of Aroclor 1254. 


• Sediment – Cancer risk to residents through dermal contact/incidental ingestion of 
benzo(a)pyrene, dibenzo(a,h)anthracene, arsenic, and dioxins and furans (primarily 2,3,7,8-
TCDD). 


 
Lyman Mill Reach 


• Fish Consumption – Cancer risk to residents and visiting recreational anglers through ingestion 
(biota consumption) of benzo(a)pyrene, 4,4’-DDE, Aroclor 1254, Aroclor 1268, dieldrin, 
technical chlordane, dioxin-like PCBs (PCB TEQ), and dioxins and furans (primarily 2,3,7,8-
TCDD).  Non-cancer risk to residents and visiting recreational anglers through ingestion (biota 
consumption) of Aroclor 1254. 


• Sediment – Cancer risk to residents through dermal contact/incidental ingestion of n-nitroso-di-n-
propylamine, benzo(a)pyrene, dibenzo(a,h)anthracene, arsenic, and dioxins and furans (primarily 
2,3,7,8-TCDD). 


• Floodplain Soil – Cancer risk to passive recreational visitors to the Oxbow through dermal 
contact/incidental ingestion of Aroclor 1254, arsenic, and dioxins and furans (dioxin TEQ). 


 
2.5.2 Ecological Risks 


The BERA evaluated potential adverse ecological effects to wildlife associated with the consumption of 
contaminated prey, drinking water, and the incidental ingestion of surface soil and sediment during 
foraging or preening activities.  In addition, the BERA evaluated potential ecological effects to other 
ecological receptors (including macroinvertebrates and fish) associated with direct contact and ingestion 
of surface water, sediment, and/or floodplain soil. 
 
Ecological receptor species considered in the BERA include aquatic and floodplain invertebrates, 
amphibians, fish, birds, and mammals that depend on aquatic resources of the Woonasquatucket River. 


                                                      
15 The relative significance of the surface water and sediment media on the potential bioaccumulation of 
contaminants in aquatic food webs associated with Allendale Pond and Lyman Mill Pond was not determined in the 
BHHRA. 
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Overall, findings from the BERA (MACTEC, 2004) indicate that the primary exposure pathway of 
concern to wildlife receptors is ingestion of contaminated prey, and that concentrations of the 
predominant risk contributors (e.g., dioxin) in prey (biota) are directly related to corresponding sediment 
and floodplain soil concentrations for aquatic and floodplain exposures, respectively.  As a result, the 
greatest ecological risks at the CMRP site are associated with potential exposure to sediments and 
floodplain soils, which pose a bioaccumulation hazard through indirect trophic transfer. 
 
Aquatic and floodplain invertebrates that are exposed to sediment and floodplain soils via the direct 
consumption and ingestion exposure pathways are also at risk. 
 
Key findings from the BERA summarized in this section are discussed in terms of which receptors appear 
to be at substantial risk of harm, and what areas, media, and contaminants present risk above EPA’s 
guidelines (i.e., Hazard Quotient [HQ] value of 1 or higher16).  Supporting information from the risk 
assessment is summarized in Tables 2-13 through 2-15.  Summary statistics and screening toxicity data 
for the contaminants contributing to ecological risk are summarized in Table 2-13.  Ecological exposure 
pathways of concern evaluated in the BERA are summarized in Table 2-14.  Toxicity tests and field 
studies conducted to evaluate ecological effects and assessment and measurement endpoints used for the 
assessment are summarized in Table 2-15.  Threshold contaminant concentrations in sediment and 
floodplain soil media below which ecological receptors are believed to be adequately protected are 
summarized in Table 2-16. 
 
2.5.2.1 Ecological Receptors at Risk of Harm 


The BERA (MACTEC, 2004; MACTEC and Battelle, 2006) determined that wildlife and other ecological 
receptors (including fish and invertebrates) appear to be at substantial risk of harm from exposure to 
contamination at the CMRP site.  For wildlife receptors, potential exposure to sediment and floodplain 
soil contaminants that have bioaccumulated in prey tissue was identified as the most significant pathway, 
with the incidental ingestion of sediment or floodplain soil (during foraging and preening activities) of 
secondary importance.  Potential wildlife exposures to contaminants associated with the drinking water 
pathway were found to be inconsequential.  The bioaccumulation of contaminants in fish tissue was 
determined to pose a substantial risk of harm to this receptor group; however, it was not possible to 
evaluate the relative significance of the various exposure pathways (primarily dermal exposure and 
ingestion).  Macroinvertebrates could be potentially exposed to contaminants in sediment and floodplain 
soils via the direct contact and ingestion exposure pathways and as with fish, the relative importance of 
the different exposure pathways could not be assessed. 
 
Biota – Piscivorous and insectivorous mammal and bird populations that forage in Allendale Pond and 
Lyman Mill Pond are at substantial risk of harm due to the consumption of fish and insect prey that have 
bioaccumulated contaminants in sediment (and potentially surface water).  In addition, the incidental 
ingestion of sediment (associated with foraging and preening activities) was identified as an exposure 
pathway of secondary concern while the consumption of drinking water was found to pose only a 
deminimis level of risks to these receptors. 
 
Consumption of contaminated fish from Allendale Pond containing total Aroclors, dioxin TEQ, and 
Aroclor 1254 by heron and kingfisher receptors present incremental risk in excess of EPA’s guidelines.  
In Lyman Mill Pond, consumption of contaminated fish that have bioaccumulated total Aroclors, dioxin 
TEQ, 4,4’-DDE, PCB TEQ, Aroclor 1254, 4,4’-DDD and technical chlordane (kingfisher only) present an 


                                                      
16 Here and throughout this section, HQs are reported as unitless values derived as the ratio of an exposure estimate 
(in units of either a medium concentration or dose) divided by a toxicological benchmark estimate (in the same units 
of medium concentration or dose). 
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incremental risk to the heron and kingfisher in excess of EPA’s guidelines.  The incremental risks 
associated with the two ponds are of the same order of magnitude although generally slightly higher in 
Lyman Mill Pond compared to Allendale Pond.  For instance, in the case of the heron, incremental risks 
for Allendale Pond (based on no observed adverse effects level [NOAELs]) range from 1.4 (Aroclor 
1254) to 7.6 (dioxin TEQ), whereas the incremental risks for Lyman Mill Pond range from  
1.3 (4,4’-DDD) to 7.8 (dioxin TEQ).  In the case of the otter, only exposure to dioxin TEQ in its fish diet 
from Allendale Pond poses an incremental risk of harm in excess of EPA’s guidelines; in Lyman Mill 
Pond, the incremental risks associated with dietary exposures to dioxin TEQ, Aroclor 1254, and PCB 
TEQ all exceed EPA’s guidelines.  As in the case of the heron, risks are slightly greater in Lyman Mill 
Pond compared to Allendale Pond (NOAEL-based incremental risks for dioxin TEQ are 7.0 and 5.6, 
respectively). 
 
For aquatic-dependent wildlife that forage primarily on emerging insects (including adult tree swallows 
and little brown bats), only dioxin TEQ contributed to the incremental risk in excess of EPA’s guidelines.  
Incremental risks to both receptors are higher in Allendale Pond compared to Lyman Mill Pond: for the 
swallow, the incremental risks (based on the NOAEL) are 29 and 7.6, respectively, whereas for the bat, 
the corresponding risks are 220 and 58. 
 
Vermivorus mammal and bird populations that forage in the Oxbow Area and other floodplain habitat 
associated with Allendale Pond and Lyman Mill Ponds are also at substantial risk of harm due to the 
consumption of earthworm prey that have bioaccumulated contaminants (in particular dioxin TEQ) in 
floodplain soil.  In addition, the incidental ingestion of floodplain soil (associated with foraging and 
preening activities) was identified as an exposure pathway of primary concern.  The incremental risk 
(based on NOAELs) in excess of EPA’s guidelines for Allendale Pond are 6.6 and 130 for the woodcock 
and shrew receptors, respectively.  For the shrew, Aroclor 1254 also contributes to the incremental risk 
with a NOAEL-based value of 1.3.  In the Oxbow, consumption of contaminated earthworms and 
incidental ingestion of floodplain soil that contain dioxin TEQ, total Aroclors, Aroclor 1254 (shrew only), 
antimony (shrew only), cadmium (shrew only), lead (woodcock only) and zinc (woodcock only) present 
an incremental risk to the woodcock and shrew receptors in excess of EPA’s guidelines.  Incremental 
risks are somewhat higher than those associated with Allendale Pond.  For instance, the incremental risks 
associated with dioxin TEQ (NOAEL-based) for the shrew are 180 (Oxbow) and 130  
(Allendale Pond). 
 
Both pelagic and demersal fish populations that reside in Allendale and Lyman Mill Ponds may be at 
substantial risk of harm due to exposure to contaminants that have bioaccumulated in their tissue as a 
result of direct exposure to sediment and surface water and indirectly through consumption of 
contaminated prey items.  Although tissue residues in adult fish generally appear to be lower than 
concentrations associated with early life stage effects in their offspring, these residues are predicted to 
adversely effect the adult fish.  White sucker (representative of demersal, omnivorous fish populations) 
tissue residues of Aroclor 1254, technical chlordane, dioxin TEQ, selenium, and zinc present an 
incremental risk in both Allendale and Lyman Mill Ponds that are in excess of EPA’s guidelines.  In 
addition, 4,4’-DDD, 4,4’-DDE, aluminum, and vanadium contribute to the incremental risks in Lyman 
Mill Pond.  Incremental risks (based on NOAEL values) for the individual contaminants range from 1.2 
(zinc) to 6.4 (technical chlordane) in Allendale Pond and from 1.1 (zinc) to 110 (technical chlordane) in 
Lyman Mill Pond.  Largemouth bass (representative of pelagic, piscivorous fish populations) tissue 
residues of technical chlordane, dioxin TEQ, aluminum, barium, vanadium, and zinc present an 
incremental risk in Lyman Mill Pond (no bass were collected in Allendale Pond) that are in excess of 
EPA’s guidelines.  One source of uncertainty in the BERA was the failure of two site-specific fish 
community studies to corroborate effects predicted by the residue based analysis. 
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Surface Water – As discussed above, exposure to contaminants in drinking water was determined to pose 
no substantive risk to wildlife receptors.  However, the relative significance of the surface water and 
sediment media on the potential bioaccumulation of contaminants in aquatic food webs associated with 
Allendale Pond and Lyman Mill Pond has not been determined.  Surface water concentrations for gamma-
chlordane, endosulfan sulfate, dioxin TEQ, , silver, thallium, and zinc in Allendale Pond  and alpha- and 
gamma-chlordane, dioxin TEQ, lead, silver, and thallium in Lyman Mill Pond present an incremental risk 
(based on comparison to WQC) in excess of EPA guidelines.  Incremental risks (based on NOAELs) 
range from 1.2 (endosulfan sulfate) to 110 (dioxin TEQ) in Allendale Pond and from 1.2 (lead) to 85 
(dioxin TEQ) in Lyman Mill Pond.  
 
Sediment – The BERA (MACTEC, 2004) concluded that macroinvertebrate communities found in 
Allendale and Lyman Mill Ponds are at substantial risk of harm from direct exposure to contaminants in 
sediment located in depositional areas (lentic) but not in the free-running reach of the river between 
Allendale and Lyman Mill Ponds.  These conclusions were drawn primarily from site-specific studies that 
identified statistically significant toxicological effects in laboratory sediment bioassays as compared to 
background control sediments and an absence of observable effects in a macroinvertebrate community 
study conducted in lotic portions of the study area. 
 
Average concentrations for a variety of sediment contaminants in Allendale Pond including PAHs 
(acenaphthene, acenaphthylene, anthracene, benzo(a)anthracene, benzo(b)fluoranthene, 
benzo(g,h,i)perylene, benzo(k)fluoranthene, benzo(a)pyrene, chrysene, dibenzo(a,h)anthracene, 
fluoranthene, fluorene, indeno(1,2,3-cd)pyrene, naphthalene, phenanthrene, and pyrene), di-n-
butylphthalate, PCBs (Aroclors 1248, 1254, 1260, and total), dioxin TEQ, and metals (chromium, copper, 
cyanide, lead, mercury, and zinc) present an incremental risk (based on comparison to sediment 
benchmarks) in excess of EPA guidelines.  In Lyman Mill Pond, the average sediment concentrations of 
contaminants including PAHs (acenaphthene, acenaphthylene, benzo(b)fluoranthene, 
benzo(g,h,i)perylene, dibenzo(a,h)anthracene, fluorene, indeno(1,2,3-cd)pyrene, 2-methylnaphthalene, 
naphthalene, and pyrene), di-n-butylphthalate, pesticides (alpha- and gamma-chlordane, technical 
chlordane, 4,4’-DDD, 4,4’-DDE, dieldrin, and endrin), PCBs (Aroclors 1254, 1268, and total), dioxin 
TEQ, and metals (cadmium, copper, lead, and zinc) present an incremental risk (based on comparison to 
sediment benchmarks) in excess of EPA guidelines.  Incremental risks (based on average concentrations) 
range from 1.1 (zinc) to 800 (dioxin TEQ) in Allendale Pond and from 1.0 (4,4’-DDE) to 3,200 (technical 
chlordane) in Lyman Mill Pond. 
 
As the concentrations of most contaminants detected in the prey (e.g., fish and insects) of aquatic-
dependent wildlife are correlated with sediment levels, the results described above for biota are indirectly 
attributable to contaminants in sediment, as well. 
 
Floodplain Soil – The BERA concluded that the macroinvertebrate communities residing in the 
floodplain habitat associated with the reaches of Allendale and Lyman Mill (including the Oxbow Area) 
are unlikely to be at substantial risk of harm from contaminants in floodplain soils as a result of direct 
contact and ingestion exposure pathways.  Although contaminant concentrations in floodplain soil do 
exceed floodplain soil benchmarks, the site-specific soil invertebrate study concluded that there were no 
discernable differences in community-level endpoints between those associated with Allendale Pond and 
Lyman Mill Pond and background locations.  Nonetheless, because the concentrations of most 
contaminants detected in the prey (e.g., earthworms) of wildlife that forage in these floodplains are 
correlated with soil concentrations, the results described above for biota are indirectly attributable to 
contaminants in floodplain soil. 
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In summary, the ecological risks by area are summarized below. 
 
Allendale Reach 


• Biota Tissue – Hazards to fish-feeding avian wildlife through ingestion of fish prey containing 
total Aroclors, dioxin TEQ (primarily 2,3,7,8-TCDD), Aroclor 1254, and PCB TEQ.  Hazards to 
fish-feeding mammalian wildlife through ingestion of fish prey containing dioxin TEQ.  Hazards 
to invertebrate-feeding wildlife through ingestion of aquatic prey containing dioxin TEQ, and 
PCB TEQ and through ingestion of floodplain prey containing dioxin TEQ and Aroclor 1254.  
Hazards to fish exposed through multiple exposure pathways that result in elevated body burdens 
of Aroclor 1254, technical chlordane, dioxin TEQ, selenium, and zinc. 


• Surface Water – Hazards to aquatic animals (including invertebrates and fish) through direct 
contact with and ingestion of water containing gamma-chlordane, endosulfan sulfate, dioxin 
TEQ, silver, thallium, and zinc. 


• Sediment – Hazards to aquatic invertebrates through direct contact with and ingestion of 
sediments containing PAHs (acenaphthene, acenaphthylene, anthracene, benzo(a)anthracene, 
benzo(b)fluoranthene, benzo(g,h,i)perylene, benzo(k)fluoranthene, benzo(a)pyrene, chrysene, 
dibenzo(a,h)anthracene, fluoranthene, fluorene, indeno(1,2,3-cd)pyrene, naphthalene, 
phenanthrene, and pyrene), di-n-butylphthalate, PCBs (Aroclors 1248, 1254, 1260, and total), 
dioxin TEQ, and metals (chromium, copper, cyanide, lead, mercury, and zinc). 


• Floodplain Soil – The risks associated with ecological exposure to floodplain soil are related to 
the bioaccumulation hazards posed by dioxin TEQ and Aroclor 1254 in soil invertebrate tissue 
(see above). 


 
Lyman Mill Reach 


• Biota Tissue – Hazards to fish-feeding avian wildlife through ingestion of fish prey containing 
total Aroclors, dioxin TEQ, 4,4’-DDE, PCB TEQ, Aroclor 1254, 4,4’-DDD and technical 
chlordane.  Hazards to fish-feeding mammalian wildlife through ingestion of fish prey containing 
dioxin TEQ, Aroclor 1254, and PCB TEQ.  Hazards to invertebrate-feeding wildlife through 
ingestion of aquatic prey containing dioxin TEQ and PCB TEQ or through ingestion of floodplain 
prey containing 2,3,7,8-TCDD (dioxin TEQ), 4,4’-DDE, dieldrin, antimony, arsenic, cadmium, 
lead, selenium, and zinc.  Hazards to fish exposed through multiple exposure pathways that result 
in elevated body burdens of Aroclor 1254, technical chlordane, 4,4’-DDD, 4,4’-DDE, dioxin 
TEQ, aluminum, barium, selenium, vanadium and zinc.  


• Surface Water – Hazards to aquatic animals (including invertebrates and fish) through direct 
contact with and ingestion of water containing alpha- and gamma-chlordane, dioxin TEQ, lead, 
silver, and thallium. 


• Sediment – Hazards to aquatic invertebrates through direct contact with and ingestion of 
sediments containing PAHs (acenaphthene, acenaphthylene, benzo(b)fluoranthene, 
benzo(g,h,i)perylene, dibenzo(a,h)anthracene, fluorene, indeno(1,2,3-cd)pyrene, 2-
methylnaphthalene, naphthalene, and pyrene), di-n-butylphthalate, pesticides (alpha- and gamma-
chlordane, technical chlordane, 4,4’-DDD, 4,4’-DDE, dieldrin, and endrin), PCBs (Aroclors 
1254, 1268, and total), dioxin TEQ, and metals (cadmium, copper, lead, and zinc). 


• Floodplain Soil – The risks associated with ecological exposure to floodplain soil are related to 
the bioaccumulation hazards posed by dioxin TEQ cadmium, lead, selenium, and zinc in soil 
invertebrate tissue (see above). 
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3.0 DEVELOPMENT OF REMEDIAL ACTION OBJECTIVES 
AND ACTION AREAS 


The RI (Battelle, 2005a) and baseline risk assessments (MACTEC, 2004 and 2005a; MACTEC and 
Battelle, 2006) for the CMRP site identified a number of exposure scenarios associated with unacceptable 
risks to human and ecological receptors.  This section identifies the RAOs necessary to address 
potentially unacceptable human health and ecological risks, presents potential ARARs and TBC criteria, 
PRGs and cleanup goals for the contaminants that drive risk at the site, and identifies the areas of the site 
where contaminant concentrations exceed cleanup goals.  In addition, this section describes an adaptive 
management approach to address areas downstream of Lyman Mill Dam following implementation of the 
sediment remedy at the reaches of Allendale and Lyman Mill. 
 


3.1 Remedial Action Objectives 


The establishment of RAOs or cleanup objectives is the first step in the process of developing and 
evaluating remedial action alternatives.  RAOs provide a general description of what the CERCLA 
remedy at the site will be designed to accomplish (EPA, 1988).  Each RAO specifies the contaminants, 
the relevant exposure routes and receptors, and an acceptable contaminant concentration or range of 
concentrations for each exposure pathway.  RAOs were developed following EPA guidance (EPA, 1988 
and 2005).  Medium-specific RAOs that are based on protection of human health and ecological receptors 
are described below. 
 
3.1.1 Human Health RAOs 


The RAOs specified for protecting human health focus on reduction or elimination of specific exposure-
related risks.  Residents living along the river, visiting recreational anglers, and passive recreational 
visitors were considered in developing the RAOs related to human health risks.  RAOs for the residential 
and visiting angler scenarios considered the consumption of contaminated fish and other biota.  RAOs for 
the residential scenarios also considered the incidental ingestion of and direct contact with sediment from 
the reaches of Allendale and Lyman Mill.  RAOs for the passive recreational visitor considered incidental 
ingestion and direct contact with floodplain soil from the Oxbow.  Medium-specific RAOs for the 
protection of human health include: 
 
Allendale and Lyman Mill reach sediment. Prevent direct human exposure by incidental ingestion of 
and dermal contact with sediments containing contaminants at concentrations that would result in: 
 


• A total excess lifetime cancer risk greater than the target risk range of one in one million (10-6) to 
one in ten thousand (10-4); or 


• An HI greater than 1. 
 
Prevent human ingestion of fish and other aquatic organisms containing contaminants at concentrations 
that would result in: 
 


• A total excess lifetime cancer risk greater than the target risk range of 10-6 to 10-4 ; or 
• An HI greater than 1. 
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Allendale and Lyman Mill reach floodplain soil. Prevent direct human exposure by incidental ingestion 
of and dermal contact with floodplain soil that contain contaminants at concentrations that would result: 
 


• In excess of ARARs (e.g., RIDEM residential direct exposure and GB leachability criteria) and/or 
a total excess lifetime cancer risk17 greater than the target risk range of 10-6 to 10-5; 


• In excess of ARARs (e.g., RIDEM residential direct exposure and GB leachability criteria) and/or 
an HI greater than 1; or 


• In excess of EPA’s recommended residential level for dioxin (as TEQ) of 1,000 ng/kg (EPA, 
1998b).18 


 
Allendale and Lyman Mill reach surface water. The baseline risk assessment (MACTEC, 2005a) 
indicated that exposure to surface water at the site does not present human health risk.  However, 
contaminants in surface water can indirectly lead to human health risks following consumption of biota 
tissue that have accumulated contaminants in their tissues.  As a result, action should be taken to 
minimize migration of contaminants to surface water to the extent possible. 
 
Source Area soils. Prevent direct human exposure by incidental ingestion of and dermal contact with 
source area soils that contain contamination in excess of ARARs (e.g.., RIDEM residential direct 
exposure criteria and TSCA requirements for PCBs) and EPA's recommended residential level for dioxin 
(EPA, 1998b). 
 
In addition, prevent leaching or migration of contaminants from vadose zone soils that would result in 
groundwater contamination in excess of ARARs (e.g., RIDEM GB leachability criteria). 
 
Source Area groundwater. Prevent migration of contaminants from groundwater at the source area that 
would result in surface water contamination in excess of ARARs (e.g., State of Rhode Island standards 
and federal WQC: chronic ambient freshwater and human health criteria for consumption of water and 
aquatic organisms) or that could indirectly lead to unacceptable human health risks.  In addition, improve 
groundwater quality so that ARARs (i.e., State of Rhode Island GB groundwater objectives) are met. 
 
3.1.2 Ecological RAOs 


The RAOs for protecting the environment were developed to be consistent with the assessment endpoints 
(i.e., “protect and maintain”) established in the BERA (MACTEC, 2004; MACTEC and Battelle, 2006).  
Macroinvertebrates, fish and wildlife that consume fish and/or other aquatic prey items, and wildlife that 
consume terrestrial prey items within the floodplain of the Woonasquatucket River were considered in the 
development of the RAOs.  The following exposure pathways and effects were the basis of the RAOs 
developed for ecological receptors: 
 


• Direct contact with surface water and sediment containing contaminants that result in community-
level effects in benthic macroinvertebrates occurring in lentic (i.e., slow moving) habitats within 
the river; 


                                                      
17 The Rhode Island Site Remediation Regulations define acceptable carcinogenic risk as within the range 
of 10-6 to 10-5.  
18 EPA released Draft Recommended Interim Preliminary Remediation Goals for Dioxin in Soil at CERCLA and 
RCRA Sites on December 30, 2009 (EPA, 2009).  An evaluation of potential impacts of the recommended interim 
PRGs on cleanup goals, cleanup areas, and remedial alternatives developed in this FS is provided in Appendix N of 
the FS report. 
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• Direct contact with abiotic media and consumption of aquatic prey items containing  
contaminants by predatory fish that result in maternal transfer of contaminants to eggs and early 
life-stage effects and other bioaccumulation-related effects in fish; 


• Consumption of contaminated fish by piscivorous bird receptors which results in adverse 
survival, growth, and/or reproductive effects in piscivorous bird receptors; 


• Consumption of contaminated emerging insects which results in reduced egg hatchability and 
other bioaccumulation-related effects in insectivorous bird receptors; and, 


• Incidental soil ingestion and consumption of contaminated soil invertebrates (e.g., earthworms) 
by insectivorous/vermivorous mammals which result in adverse survival, growth, and/or 
reproductive effects in insectivorous/vermivorous mammals. 


 
Ecologically-based RAOs also considered several goals of the River’s Policy and Classification Plan 
established by the Rhode Island Statewide Planning Program (2004).  Policy R-5 states that “Rhode 
Island's rivers, lakes, ponds, and estuarine waterbodies are an important recreational asset and shall be 
managed as such, except in instances when they are drinking water supplies, or habitat for rare or 
endangered species, that would be harmed by recreational use.”  In Policy R-6, “suburban and urban areas 
priority shall be given to the preservation and restoration of habitat and the establishment of greenways 
that link natural, historic, and cultural communities and/or provide recreational opportunity.”  Finally, 
Policy R-7 sets forth that “The natural, cultural, and historic features of river systems and their adjacent 
lands shall be preserved and protected to the maximum extent possible.” 
 
Ecologically-based RAOs for sediment, floodplain soil, surface water, and groundwater are designed to 
minimize potential downstream migration of contamination that would result in surface water 
concentrations above the State of Rhode Island standards and federal WQC or concentrations in the 
Woonasquatucket River above the sediment cleanup goals.  In addition, sediment and floodplain soil 
RAOs for the protection of the ecological receptors include: 
 
Allendale and Lyman Mill reach sediment. Prevent dermal contact, ingestion, and uptake by aquatic 
invertebrates, fish, amphibians, birds, and mammals to sediments containing contaminants at levels that 
would result in unacceptable impacts. 
 
Allendale and Lyman Mill reach floodplain soil. Prevent dermal contact, ingestion, and uptake by 
floodplain plants, soil invertebrates, birds, and mammals to floodplain soils containing contaminants at 
levels that would result in unacceptable impacts.  For ecological receptors, the RAO is to maximize 
hazard reduction and minimize remediation-related habitat loss. 
 
Allendale and Lyman Mill reach surface water.19 Prevent migration of contaminants from sediment, 
groundwater, or soils that would result in surface water concentrations in the Woonasquatucket River in 
excess of ARARs (e.g., State of Rhode Island standards and federal WQC: chronic ambient freshwater). 
 
The reach of the Woonasquatucket River (including Allendale and Lyman Mill Ponds) is classified as 
Class B1 water in the State of Rhode Island, and all Class B criteria must be met (RIDEM, 2000).  
Further, the Governor’s Narragansett Bay and Watershed Planning Commission (established by an 
Executive Order issued on October 22, 2003) initial charge to make the Blackstone, Woonasquatucket 
and Wood-Pawcatuck Rivers, and Greenwich Bay fishable and swimmable by 2015 is identified as a 
long-term goal for this portion of the river. 
                                                      
19 The BERA (MACTEC, 2004) concluded that aquatic macroinvertebrate communities found in slow-moving (but not fast-
moving) reaches of the river were at substantial risk of harm based on consideration of contaminant concentrations in sediment, 
surface water, biological tissue, and toxicity tests. 
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Source Area groundwater. Prevent migration of contaminants from groundwater at the source area that 
would result in surface water concentrations in excess of the ARARs (e.g., State of Rhode Island 
standards and federal WQC: chronic ambient freshwater). 
 


3.2 Applicable or Relevant and Appropriate Requirements 


The next step in the process of developing and evaluating remedial action alternatives is to identify 
potential ARARs, guidance and advisories (TBC criteria). 
 
3.2.1 Introduction to Potential ARARs and To Be Considered Criteria 


This section identifies potential ARARs and TBC criteria based on federal and State of Rhode Island 
regulations, requirements, and guidance applicable to the CMRP site, and sets forth those ARARs that are 
relevant for the remedial alternatives analyzed in detail in this FS report.  Only substantive portions of 
laws and regulations are ARARs (ARARs do not include administrative or procedural requirements).  In 
addition, under CERCLA, permits are not required to be obtained for actions taken on site; only the 
substantive requirements thereof must be met.  Key requirements and the reasons for their applicability or 
relevance and appropriateness have been integrated into the detailed evaluation of alternatives presented 
in Section 6.0.  Potential ARARs are summarized in Table 3-1. 
 
The identification of ARARs is an iterative process.  The final determination of ARARs will be made in 
the ROD as part of the response action selection process. 
 
3.2.1.1 Summary of CERCLA and NCP Requirements 


Section 121 of CERCLA requires that primary consideration be given to remedial alternatives that attain 
or surpass ARARs.  ARARs consist of: 
 


• any standard, requirement, criterion, or limitation promulgated under federal environmental law; 
and 


• any promulgated standard, requirement, criterion, or limitation under a state environmental or 
facility citing law that is more stringent than the associated federal standard, requirement, 
criterion, or limitation. 


 
Applicable requirements are defined as any cleanup standards, standards of control, or other 
environmental protection requirements, criteria, or limitations promulgated under state or federal law that 
directly address a hazardous substance, pollutant, contaminant, remedial action, location, or other 
circumstance at a CERCLA site. 
 
Relevant and appropriate requirements are defined as cleanup standards, standards of control, or other 
environmental protection requirements, criteria, or limitations promulgated under state or federal law, that 
although not “applicable” (as defined above), address problems or situations sufficiently similar 
(i.e., relevant) to those encountered at the CERCLA site with a well suited (appropriate) use.  TBC 
criteria are non-promulgated, non-enforceable guidelines or criteria that may be useful in developing 
remedial action alternatives and for determining cleanup levels protective of human health and the 
environment. 
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Alternatives that do not attain all ARARs may be selected if any of the following six conditions for the 
waiver of an ARAR exist: 
 


• the action is an interim measure, and the final remedy will achieve the ARAR upon completion; 


• compliance with the ARAR will result in greater risk to human health and the environment; 


• compliance with the ARAR is technically infeasible; 


• an alternative remedial action will attain the equivalent of the ARAR; 


• the state has not consistently applied the requirement in similar circumstances (applies to state 
ARARs only); and, 


• compliance with the ARAR will not provide a balance between protecting public welfare and the 
environment with the availability of funds (applies only to Superfund financed actions). 


 
ARARs fall into three general categories, as follows: 
 


• chemical-specific ARARs are health- or risk-based numerical values or methodologies that 
establish concentration limits for specific chemical constituents; 


• location-specific ARARs are restrictions based upon concentrations of chemical constituents or 
conduct of activities in particular locations (e.g., wetlands, floodplains, historic sites, sensitive 
habitats).  Location-specific ARARs may restrict or preclude certain remedial actions in an area; 
and, 


• action-specific ARARs are technology or activity-based controls or restrictions pertaining to 
implementing a given remedy. 


 
EPA (1988) guidance recommends that the lead federal agency consult with the state when identifying 
state ARARs for remedial actions.  EPA formally requested state chemical-, location-, and action-specific 
ARARs for the CMRP site from RIDEM in a letter dated September 28, 2004.  RIDEM provided 
potential ARARs in a letter dated October 4, 2004, as modified on September 26, 2007.  Potential ARARs 
identified by RIDEM have been incorporated into the FS (Table 3-1). 
 
3.2.1.2 Waste Characterization 


The selection of ARARs involves the characterization of wastes according to Federal Resource 
Conservation and Recovery Act (RCRA) and state hazardous waste requirements.  As previously noted, 
the final determination of ARARs will be made in the ROD.  Waste disposals will be conducted in 
accordance with applicable federal and state regulations. 
 
Waste disposal options evaluated in the FS include options for “F” listed, TSCA, and unregulated wastes.  
F-listed wastes are known as wastes from non-specific sources (40 CFR §261.31) such as common 
manufacturing and industrial processes and include wastes generated from the production or 
manufacturing use of trichlorophenol (F020).  Currently, F-listed wastes can be shipped and disposed of 
within the U.S. and Canada, and both incineration and landfill options are available depending on the 
concentrations.  TSCA waste is known as PCB-remediation waste, and consists of contaminated soils 
present at the source area with total PCB concentrations in excess of 50 mg/kg.   
 
For off-site disposal options within the U.S., F-listed waste or characteristic waste (i.e., exceeds Toxicity 
Characteristic Leaching Procedure [TCLP] concentration) with contaminant concentrations in excess of 
the treatment standards listed in 40 CFR §268.40 of the Land Disposal Restrictions (LDR) or the 
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alternative treatment standards for contaminated soil in 40 CFR §268.49 (applicable to soil only) would 
require disposal by incineration.  The LDR alternative treatment standards in 40 CFR §268.49 apply to 
land disposal of contaminated soils where contaminant concentrations for each underlying hazardous 
constituent in the waste is below 10 times the universal treatment standard (UTS) criteria.  For example, if 
an F-listed waste contains arsenic, and the UTS for arsenic is 500 mg/kg, then soil with arsenic 
concentrations above 5,000 mg/kg may require incineration.  To incinerate dioxin-listed hazardous 
wastes, a destruction and removal efficiency (DRE) of 99.9999% must be achieved (40 CFR 
§264.343(a)(2)).  F-listed waste or characteristic waste with contaminant concentrations below the 
applicable treatment standards in 40 CFR §268.40 or the alternative treatment standards for contaminated 
soil in 40 CFR §268.49 (applicable to soil only) could be disposed of in a hazardous waste landfill.  
Certain facilities in Canada may allow land disposal of F-listed waste or characteristic waste above the 
U.S. treatment standards.  Waste that is neither F-listed nor characteristic (i.e., below TCLP 
concentration) may be disposed of as non-hazardous at a local, permitted landfill.   
 
For on-site disposal options, all waste can be addressed without treatment, regardless of its 
characterization or contaminant concentrations, if such waste is consolidated or treated in-situ within an 
“area of contamination.”  The consolidation or in-situ treatment of waste within an “area of 
contamination” is not considered disposal and, thus, does not trigger the LDRs or minimum technology 
requirements.  However, if waste is managed ex-situ (such as through dewatering in a separate container) 
or transferred from one “area of contamination” to another, then the LDRs must be met (i.e., F-listed or 
characteristic soil waste with an underlying hazardous constituent that exceeds 10 times the UTS in 40 
CFR §268.48 and F-listed or characteristic sediment waste with an underlying hazardous constituent that 
exceeds the treatment standards in 40 CFR §268.40 will need to be treated prior to disposal). 
 
It may be possible to reduce the amount of treatment required before disposal of sediment by seeking a 
treatability variance pursuant to 40 CFR §268.44(a)(2).  Under this scenario, the variance would allow for 
the disposal of un-treated sediment if the sediment meets the alternative soil treatment standards in 40 
CFR §268.49 (i.e., each underlying hazardous constituent in the waste is below 10 times the UTS 
criteria).  A treatability variance would be appropriate here because it would encourage removal of the 
contaminated sediment and soil.     
 
For purposes of developing cost estimates for the remedial alternatives identified in the FS, sediment and 
floodplain soil data for the Allendale and Lyman Mill reaches of the river and soil data for the source area 
were compared to the treatment standards and UTS criteria.  For sediment, approximately 50% of data 
exceeded the UTS criteria.20  (For purposes of the treatability variance approach discussed above, 
approximately 10% of the sediment data exceeded the 10 times UTS criteria.)  For floodplain soil, less 
than 5% of the data exceeded the UTS criteria, except at the Oxbow where approximately 40% of the data 
exceeded the UTS criteria.  All floodplain soils meet the 10 times UTS criteria.  For source area 
groundwater, approximately 30% of the data (contaminated soils within the groundwater cleanup area) 
exceeded the UTS criteria and approximately 20% exceeded the 10 times UTS criteria.  As mentioned 
above, all F-listed and/or characteristic waste with underlying hazardous constituents in excess of the 
treatment standards (40 CFR §268.40 or the alternative treatment standards for soil in 40 CFR §268.49) 
must either be managed within an “area of contamination” or treated prior to disposal.   
 
Potential waste scenarios and disposal options are summarized in Table 3-2.  The application of the LDRs 
and their effect on disposal options will be discussed in more detail in Section 6.0. 
 


                                                      
20 Land disposal of soils containing dioxin at concentrations 5 times the UTS, or 5 μg/kg, is currently allowed in 
Quebec, Canada.  Approximately 20% of the sediment data exceed the 5 times UTS criteria. 
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3.3 Preliminary Remediation Goals 


The next step in the process of developing and evaluating remedial action alternatives is to develop PRGs, 
which are risk-based concentrations of chemicals in environmental media that have been brought forward 
from the human health and ecological risk assessments conducted for the site.  Risk-based PRGs were 
developed for contaminants in biota, sediment and floodplain soil.  Risk-based PRGs were not developed 
for surface water.  Cleanup goals for contaminants in surface water, soil, and groundwater are based on an 
evaluation of ARARs as described in Section 3.4. 
 
PRGs were developed at various risk levels (excess lifetime cancer risk of 10-6, 10-5, and 10-4 and non-
cancer HQs of 0.1, 1.0, and 10) for exposure scenarios and contaminants that pose a risk to human and/or 
ecological receptors at the CMRP site.  PRGs for specific environmental media (e.g., sediment, floodplain 
soil, biota tissue) were calculated using these target risk levels, toxicological benchmarks, and receptor-
specific exposure parameters as necessary (e.g., body weight and ingestion rates for dose-dependent 
exposure).  In addition, contaminant transfer factors (biota sediment accumulation factors [BSAFs] and 
bioaccumulation factors [BAFs]) were used to estimate protective abiotic media concentrations based on 
tissue concentrations established for the various target risk levels.  As mentioned in Section 2.4.3.3, 
dioxin TEQs and sediment TOC are not well correlated, limiting the predictive ability of site-specific 
media transfer factors such as BSAFs for this contaminant.  However, sediment PRGs were calculated 
using average TOC and fish lipid concentrations for Allendale and Lyman Mill and the use of BSAFs is 
justified as long as it can be reasonably assumed that the ratio of these two parameters will not differ 
substantively in the future.  Details regarding the derivation of PRGs and PRG summary tables are 
presented in MACTEC (2005b).  PRGs derived for the Oxbow are presented in Appendix D. 
 
PRGs were developed consistent with EPA guidelines (EPA, 1991b, 2001a, and 2002), and are based on 
the baseline risk assessments conducted for the CMRP site and the physical and chemical conditions of 
the site.  As a result, the PRGs are site-specific and appropriate for use in the remedial decision-making 
process. 
 
3.3.1 Site-Specific Human Health PRGs 


Human health PRGs were derived, by medium and exposure pathway, for all contaminants contributing to 
an excess lifetime cancer risk greater than 10-6 and/or a non-cancer HQ greater than 1.0.21  Overall, 
human health PRGs were derived for biota (fish tissue) and sediment for the fish consumption pathway 
and for sediment and floodplain soil for the direct contact and incidental ingestion pathways.  Biota PRG
were calculated as an interim step in the derivation of biota consumption-based sediment PRGs.  
Sediment PRGs were derived for the fish consumption pathway because the persistent, bioaccumulating 
substances in fish tissue that are the major contributors to human health risk (primarily dioxins and 
are typically present in fish as the result of bioaccumulation from sediments (MACTEC, 2005b).  Biota 
PRGs are not presented in this FS because the sediment PRGs (based on fish consumption and d
contact/incidental ingestion) were used to determine proposed cleanup areas; complete details regarding 
the biota PRGs, calculated as an interim step, are available in MACTEC (2005b).  The remedial 
requirements for sediments were developed primarily to identify actions necessary to ultimately achieve 
the biota tissue PRGs. 


s 


PCBs) 


irect 


                                                     


 
Allendale and Lyman Mill reach sediment, Combined Fish Diet. PRGs were developed for residents 
and visiting recreational anglers.  Contaminants identified based on cancer risk are: dioxins and furans 
(reported as 2,3,7,8-TCDD), dioxin-like PCBs (TEQ), Aroclor 1254, technical chlordane, dieldrin, 


 
21 Human health PRGs were also derived for other chemicals with HQ greater than 0.1 to provide additional 
perspective concerning cumulative risks from multiple compounds. 
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4,4’-DDE (Lyman Mill only), benzo(a)pyrene (Lyman Mill only), and Aroclor 1268.  The contaminant 
identified based on non-cancer risk22 is Aroclor 1254; only Aroclor 1254 was associated with an HQ 
greater than 1.0. 
 
The PRGs for dioxins and dioxin-like PCBs are based on cancer risk only because a non-cancer reference 
dose is not available for dioxins, and the non-cancer effects associated with the dioxin-like PCBs have 
been evaluated as a component of the assessment of the reported Aroclors.  The PRGs for Aroclor 1254 
are based on both cancer risk and non-cancer risk. 
 
Allendale and Lyman Mill reach sediment, Direct Contact and Incidental Ingestion. PRGs were 
developed for residents.  Contaminants identified based on a cancer risk are: dioxins and furans (reported 
as 2,3,7,8-TCDD), arsenic, benzo(a)pyrene, dibenzo(a,h)anthracene, and N-nitrosodi-n-propylamine 
(Lyman Mill only).  No contaminants were identified based on non-cancer risk (no chemicals had an HQ 
greater than 1.0). 
 
Lyman Mill reach floodplain Soil, Direct Contact and Incidental Ingestion. PRGs were developed for 
the passive recreational visitor exposed to floodplain soil at the Oxbow area of Lyman Mill reach.  The 
contaminants identified based on a cancer risk are dioxins and furans (reported as dioxin TEQ), Aroclor 
1254, and arsenic.  No contaminants were identified based on non-cancer risk (HQ greater than 1.0). 
 
3.3.2 Site-Specific Ecological PRGs 


Ecological PRGs were derived for Allendale and Lyman Mill sediments23 and floodplain soils based on 
risks to the most sensitive receptors identified for each pathway and/or endpoint evaluated in the BERA 
(MACTEC, 2004 and Appendix D).  PRGs developed for Oxbow floodplain soils (Appendix D) differ 
from the PRGs developed in MACTEC (2005b) for Allendale and Lyman Mill floodplain soils because 
the Oxbow is where the most significant ecological exposures will occur.  PRGs were developed for 
sediments and floodplain soils because ecological receptors exposed to contaminants in these media, 
either directly or through biological uptake, were determined to be at substantial risk of harm.  In general, 
PRGs were developed based on measurement endpoints used in the BERA, and were calculated for 
NOAEL, Lowest Observed Adverse Effect Level (LOAEL), and Maximum Allowable Toxicant 
Concentration (MATC) endpoints where available.  For each of these endpoints (NOAEL, LOAEL, and 
MATC), PRGs were calculated based on target HQ values of 0.1, 1.0, and 10. 
 
Allendale and Lyman Mill reach sediment. PRGs were developed for demersal fish (white sucker and 
American eel), pelagic fish (largemouth bass), piscivorous wildlife (belted kingfisher), and insectivorous 
wildlife (tree swallow embryos).  PRGs were developed for the following contaminants: dioxin TEQ, 
dioxin-like PCBs (TEQ), Aroclor 1254, total Aroclors, technical chlordane, 4,4’-DDD (Lyman Mill 
only), 4,4’-DDE (Lyman Mill only), aluminum (Lyman Mill only), barium (Lyman Mill only), selenium, 
vanadium (Lyman Mill only), and zinc. 
 


                                                      
22 Several chemicals contributed to non-cancer risk as described in MACTEC (2005b), but Aroclor 1254 is 
identified on the basis of an HQ greater than 1.0. 
23 Although the BERA (MACTEC, 2004) identified actionable risk to the macroinvertebrate community associated 
with exposure to sediment and floodplain soil containing elevated contaminant concentrations, it was not possible to 
derive PRGs using the available site-specific effects information.  Moreover, it is not appropriate to develop PRGs 
based on generic benchmarks, which are conservative in nature and intended for screening purposes only.  
Ecological PRGs were derived to be protective of the bioaccumulation hazards posed to aquatic organisms and 
wildlife.  Consideration of the spatial distribution and magnitude of the risk estimates for vertebrate receptors 
supports the use of fish- and wildlife-based PRGs as protective surrogates for invertebrate receptors as well.  
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Allendale and Lyman Mill reach floodplain soil. PRGs were developed for soil invertebrates 
(earthworm) and vermivorous wildlife (American woodcock, short-tailed shrew) for the following 
contaminants: dioxin (2,3,7,8-TCDD and TEQ), Aroclor 1254, total Aroclors, 4,4’-DDE, dieldrin, 
antimony, arsenic, cadmium, lead, selenium, and zinc.  (PRGs for all contaminants except dioxin are 
applicable to Lyman Mill floodplain soil only; PRGs for dioxin are applicable to Allendale and Lyman 
Mill floodplain soil.) 


3.4 Cleanup Goals 


Remediation and cleanup goals are often 
interchangeable, although ‘cleanup goals’ 
are typically developed during the Record of 
Decision and are based on a consideration 
of ‘remediation goals’ developed during the 
Feasibility Study.  The term ‘cleanup goal’ is 
used here for simplicity.


This section describes the general approach and rationale used to develop remediation or cleanup goals 
for sediment, floodplain soil, surface water, and source area soil and groundwater at the CMRP site 
(additional details are provided in Attachment F).  Cleanup goals are used to determine the proposed 
cleanup areas and are based on an evaluation of potential 
ARARs, TBCs, PRGs and site background data.  There 
are no applicable chemical-specific ARARs for sediment 
or site-specific PRGs for surface water, source area soil, 
or source area groundwater.  In general, the cleanup goal 
is based on the PRG (and/or ARAR) or background, 
whichever is higher. 


Proposed Cleanup Goals for 
Selected Contaminants in Allendale 
and Lyman Mill Sediment 
(see Table 3-3 for complete list) 


Proposed Cleanup Goals 


2,3,7,8-TCDD 
(ng/kg) 


Total PCB 
(mg/kg) 


14.7 0.21 


Allendale and Lyman Mill reach sediment. Cleanup goals for sediment are summarized in Table 3-3.  
Cleanup goals are selected based on the PRG or background concentration, whichever is higher (see 
Appendix F for comparison of PRGs to site background data).  For carcinogenic effects, the lowest risk 
level value (PRG associated with 10-6 or one-in-one million risk) was compared to the background 
concentration.  For non-carcinogenic effects and all ecologically-protective PRGs, the middle risk level 
value (PRG associated with target HQ of 1) was compared to the background concentration.  For a given 
contaminant, the PRG compared to background was based on the most sensitive receptor or exposure 
pathway.  For example, PRGs were developed for 2,3,7,8-TCDD 
based on the direct contact with sediment (26.2 ng/kg) and 
combined fish diet (0.5 ng/kg) exposure pathways for residents 
living along the river and visiting recreational anglers.  The more 
protective of these PRGs for the most sensitive receptor (i.e., 
residents living along the river consuming fish with a combined 
fish diet, 0.5 ng/kg) was compared to background concentrations 
to develop cleanup goals for the CMRP site (Appendix F,  
Table F-1).  In general, cleanup goals for sediment are based on 
background concentrations (Table 3-3). 


Fish tissue concentrations (i.e., biota tissue targets) in Allendale Pond and Lyman Mill Pond that 
correspond to the sediment cleanup goals are also presented in Appendix F (Attachment F-1).  These 
concentrations are distinct from the fish tissue PRGs provided in the MACTEC (2005b) because they 
were derived using sediment cleanup goals rather than sediment PRGs and, in the majority of cases, are 
based on background conditions rather than the (lower) risk protective levels.  Biota tissue targets were 
not used in the determination of remedial footprints, but rather to better understand the anticipated 
residual risks following remedy implementation for pond sediment.  In addition, these concentrations will 
be an important tool in evaluating monitoring data and assessing compliance with RAOs. 


Allendale and Lyman Mill reach floodplain soil. Cleanup goals for floodplain soil are summarized in 
Table 3-4.  Cleanup goals are based on an evaluation of potential ARARs, TBCs, PRGs and site data.  
Potential ARARs include the RIDEM residential direct exposure and GB leachability criteria (RIDEM, 
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2004).  TBCs include EPA's recommended residential level for dioxin (EPA, 1998b).24  PRGs include 
risk-based concentrations and are based on the most sensitive receptor or exposure pathway.  For 
carcinogenic effects, the lowest risk level value (PRG associated with 10-6 or one-in-one million risk) was 
used.  For non-carcinogenic effects and all ecologically-protective PRGs, the middle risk level value 
(PRG associated with target HQ of 1) was used. 


Cleanup goals for floodplain soil were determined in an iterative approach.  First, the site data were 
evaluated to identify contaminants detected at concentrations in excess of the ARARs or TBCs (see 
Appendix F, Table F-2b for comparison of site data to ARARs and TBCs).  Next, the site data were 
statistically evaluated using methods established for the RI (Battelle, 2005a) to determine if the 
contaminants detected at concentrations in excess of ARARs were consistent with background conditions.
Contaminants that were detected in excess of ARARs or TBCs and were determined to be significantly 
higher than background conditions were retained for cleanup goal determination; these contaminants 
represent a subset of the contaminants for which risk-based PRGs are available.  Contaminants detected in 
excess of ARARs or TBCs but found to be consistent with, or less than background conditions were not 
included in the determination of cleanup goals unless a risk-based PRG was available for the contaminant. 


Proposed Cleanup Goals for Selected 
Contaminants in Allendale and 
Lyman Mill Floodplain Soil 
(See Table 3-4 for complete list) 


Proposed Cleanup Goals 
2,3,7,8-TCDD 


(ng/kg) 
Total PCB 


(mg/kg) 
17 1.7 


Next, for contaminants with an ARAR, TBC and PRG, the lower of the values was compared to the site 
background concentration to determine the cleanup goal (Appendix F, Table F-2a).  (Where multiple 
PRGs were available, the more protective PRG value based on the most sensitive receptor and exposure 
pathway was used in the comparison as described above for 
sediment.)  For example, the ARAR and PRG values for total 
PCB are 10 mg/kg and 1.7 mg/kg (based on ecological health 
American woodcock diet), respectively.  The lower of the two 
values (ecological health PRG of 1.7 mg/kg) was then compared 
to the background concentration (0.06 mg/kg), and the higher of 
the values was identified as the proposed cleanup goal.  Cleanup 
goals for floodplain soil are based on background concentrations 
for some contaminants and on risk-based PRGs for other 
contaminants (Table 3-4). 


Allendale and Lyman Mill reach surface water. Cleanup goals for surface water are summarized in 
Table 3-5.  Cleanup goals are based on an evaluation of potential ARARs and site data.  Potential ARARs 
include the State of Rhode Island standards and federal WQC: chronic ambient freshwater and human 
health criteria for consumption of water and aquatic organisms (RIDEM, 2006 and EPA, 2006 and 
1990a).  State standards and federal WQC have been promulgated for approximately 150 pollutants, and 
provide for the protection of aquatic life and human health in surface water.  The WQC criteria for dioxin 
(2,3,7,8-TCDD) was modified based on site-specific bioaccumulation factors as described in Appendix F 
(Attachment F-2). 


Cleanup goals for surface water were determined in an iterative approach.  First, the site data were 
evaluated to identify contaminants detected at concentrations in excess of the ARARs (Appendix F, Table 
F-3b).  For contaminants with multiple ARAR values, the lower (more protective) value was used in the 
data comparison.  For example, the federal WQC and State of Rhode Island standards for arsenic are 150 
micrograms per liter (µg/L) (federal and state freshwater chronic criteria/standards), 0.018 µg/L (federal 
human health consumption of water + organism), and 0.18 µg/L (state human health consumption of 
water + organism).  The lower of these values (0.018 µg/L) was compared to the site data (Appendix F, 


                                                     
24 EPA’s new proposed residential level for dioxin (EPA, 2009) is used in the cleanup goal determination provided 
in Appendix N. 
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Table F-3b).  Next, the site data were statistically evaluated using methods established for the RI 
(Battelle, 2005a) to determine if the contaminants detected at concentrations in excess of ARARs were 
consistent with background conditions.  Among the contaminants that were detected in excess of ARARs, 
only dioxin (2,3,7,8-TCDD) was retained for cleanup goal determination because it was the only 
contaminant determined to be significantly higher than background conditions.  The cleanup goal for 
dioxin (2,3,7,8-TCDD) is based on the ARAR as modified based on site-specific bioaccumulation factors. 


Source Area soil. Cleanup goals for soils at the source area are summarized in Table 3-6.  Cleanup goals 
are based on an evaluation of potential ARARs, TBCs, and site data.  Potential ARARs include Rule 
8.02B of the Rhode Island Remediation Regulations (RIDEM, 2004), which states that soil contaminated 
as a result of a release of hazardous materials must be remediated in a manner that meets the direct 
exposure and leachability criteria for each hazardous substance present.  Because the CMRP site is used 
for residential purposes, the residential direct exposure and leachability criteria are potential ARARs for 
the site and these criteria must be applied to soils throughout the vadose zone.  The leachability criteria 
are intended to ensure protection of the designated groundwater classification; therefore, the GB 
leachability criteria apply to site soils as long as application of these criteria does not contribute to actual 
or potential adverse impacts to surface water and/or sediment.  GB leachability criteria have been 
promulgated for VOCs and PCBs only.  Potential TBCs include EPA's recommended residential level for 
dioxin (EPA, 1998b),25 which was recommended as the cleanup level for residential properties, and was 
used as the basis for the first TCRA and the NTCRA.   


Proposed Cleanup Goals for Selected 
Contaminants in Source Area Soil 
(See Table 3-6 for complete list)  


Proposed Cleanup Goals 
Dioxin TEQ 


(ng/kg) 
Total PCB 


(mg/kg) 
PCE


(mg/kg) 
1,000 10 4.2 


Contaminants detected in source area soils at concentrations in excess of the ARARs (applicable to 
vadose zone soils) or TBCs (applicable to surface soils) were used in the determination of cleanup goals 
(see Appendix F, Table F-4b for comparison of site data 
to ARARs and TBCs).  For contaminants with multiple 
ARAR values, the lower (more protective) value was 
identified as the proposed cleanup goal (Appendix F, 
Table F-4a).  For example, potential ARARs for benzene 
are 2.5 mg/kg (RIDEM residential direct exposure 
criteria) and 4.3 mg/kg (RIDEM GB soil leachability 
criteria).  The lower of these values (2.5 mg/kg) was 
identified as the proposed cleanup goal. 


Proposed Cleanup Goals for Selected 
Contaminants in Source Area Groundwater 
(See Table 3-7 for complete list)  


Proposed Cleanup Goals 
2,3,7,8-


TCDD (pg/L) 
PCE


(µg/L) 
TCE


(µg/L) 
1,768 150 540 


Source Area groundwater. Cleanup goals for source area groundwater are summarized in Table 3-7.  
Cleanup goals are based on an evaluation of potential ARARs and site data.  Potential ARARs include 
Rules 8.03 and 8.02.B of the Rhode Island Remediation Regulations (RIDEM, 2004).  Rule 8.03 states 
that groundwater contaminated as a result of a release of hazardous materials located in a GB area shall be 
remediated to a concentration that meets the GB groundwater objectives.  Rule 8.02.B provides GB soil 
leachability criteria that are intended to ensure protection of the designated groundwater classification.  
Rules 8.03 and 8.02B are promulgated for VOCs 
(groundwater and soil leachability) and PCBs (soil 
leachability).  Contaminants detected in source area 
groundwater and soil at concentrations in excess of the 
ARARs (see Appendix F, Tables F-4b and F-5b for 
comparison of source area soil and groundwater data to 
ARARs, respectively) were used in the determination 
of cleanup goals. 


                                                     
25 EPA’s new proposed residential level for dioxin (EPA, 2009) is used in the cleanup goal determination provide in 
Appendix N 
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One of the RAOs for groundwater is based on preventing the migration of contaminants (i.e., dioxins) 
from groundwater at the source area to the river that would result in surface water concentrations in 
excess of the ARARs for those media.  The RIDEM GB criteria (soil leachability and groundwater 
objectives), however, have not been promulgated for dioxin.  Therefore, cleanup goals were developed for 
this exposure pathway using a simplified mass balance analysis (based on the relative mixing of 
groundwater with surface water and the partitioning of dioxin between soil and groundwater) to determine 
the concentrations of dioxin (2,3,7,8-TCDD) in soil and groundwater that would result in surface water 
concentrations that meet ARARs.  These ARARs are based on the State of Rhode Island standards and 
federal WQC (human health scenario including drinking water and fish consumption), as modified based 
on site-specific bioaccumulation factors.  Complete details of the approach used to develop the cleanup 
goals for 2,3,7,8-TCDD in source area soil and groundwater are presented in Appendix F (Attachments 
F-2 and F-3). 


3.5 Areas and Volumes above Cleanup Goals 


Areas and Volumes above Cleanup Goals at the CMRP Site 
(See Table 3-8 for detail) 


Action Area Media 
Cleanup Area and Volumes 
Square 


Feet Acres Cubic
Yards1


Allendale 
Sediment 673,600 15.5 48,200 
Floodplain Soil 64,600 1.5 2,400 


Lyman Mill 
Sediment (pond) 1,022,000 23.5 91,000 
Stream Sediment/ 
Floodplain Soil 940,000 21.6 34,800 


Source Area 
Soil 339,500 7.8 62,900 
Groundwater 5,500 0.13 1,300 


1 In-situ removal volumes do not include any allowance for 
over-excavation or over-dredging.


This section describes how proposed areas for cleanup at the CMRP site were identified, including 
sediment, floodplain soil, and source area soil and groundwater.  The implementation of the selected 
sediment remedy will result in the surface water cleanup goals ultimately being attained.26  Overall, the 
proposed areas for cleanup were delineated by constructing a footprint to encompass all sampling 
locations with cleanup goal exceedances (see Appendix G for comparisons of site data to the cleanup 
goals).  Areas and theoretical volumes for cleanup are summarized in Table 3-8, by action area and 
media.  The theoretical volumes are based on the removal depth needed to reach the cleanup goals, but do 
not include any allowance for 
over-excavation or over-
dredging which is needed to 
perform the remediation.  
The volumes described in the 
alternative descriptions and 
cost estimates in subsequent 
sections in this FS are higher 
because they include an over-
dredge or over-excavation 
allowance. 


The proposed cleanup areas 
or remedial footprints as 
conveyed in this FS are 
conceptual.  More precise 
cleanup footprints will be 
developed during the remedial design, and the removal of contaminated media will be confirmed through 
appropriate sampling and monitoring (see monitoring details for each remedial alternative in Section 6.0).  
Proposed cleanup footprints evaluated in this FS are discussed below, by action area and media. 


3.5.1 Allendale Reach Sediment 


The proposed cleanup area for Allendale sediments is shown in Figures 3-1 and 3-5.  The spatial extent of 
the proposed footprint encompasses the river channel bounded to the north by Route 44 (Figure 3-5) and 
the entire Allendale Pond (Figure 3-1) bounded by the normal water elevation (93.5 ft at the Allendale 


                                                     
26 The surface water cleanup goals serve as useful benchmarks that will be monitored during remedy implementation 
to assess short-term impacts and post-construction to assess system recovery. 
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Dam).  The proposed area is approximately 15.5 acres, with a removal volume of approximately 48,200 
cubic yards (cy).  Concentrations of dioxin are above the cleanup goal of 14.7 ng/kg in nearly all surface 
(top 1 foot) sediment samples; concentrations of the other contaminants are also above the cleanup goals 
at numerous locations throughout Allendale Pond (sediment cleanup goals are summarized in Table 3-3; 
the comparison of site data to sediment cleanup goals is provided in Appendix G, Table G-1).  The 
vertical extent of the footprint is determined by comparing sub-surface data for all contaminants to the 
cleanup goals at each sampling location.  The depth for cleanup corresponds to that depth at which 
concentrations of the contaminants do not exceed the cleanup goals.  For the river channel, the vertical 
extent is assumed to be 1 foot in the absence of sub-surface data, but will be confirmed during the 
remedial design.  For Allendale Pond, the vertical extent varies by location in the pond (Appendix G, 
Table G-3), with an average vertical extent of 1.9 ft. 
 
Overall, the spatial and vertical extent of the proposed cleanup area at Allendale Pond is driven by the 
cleanup goal for 2,3,7,8-TCDD.  Areas with concentrations of other contaminants at levels above the 
cleanup goals generally represent a smaller area within the 2,3,7,8-TCDD footprint, suggesting that 
cleanup for 2,3,7,8-TCDD will address the other contaminants as well.  Further, due to the widespread 
extent of the dioxin contamination and because the cleanup goals are generally based on background, 
limiting cleanup to ‘hot spot’ areas only would not be sufficient to reduce the surface weighted average 
concentration to a level below the cleanup goals, as illustrated in the cleanup curve shown in Appendix G 
(Figure G-1 and Table G-5). 
 
3.5.2 Lyman Mill Reach Sediment 


The proposed cleanup area for Lyman Mill sediments is shown in Figure 3-2.  The spatial extent of the 
proposed footprint encompasses all of Lyman Mill Pond bounded by the normal water elevation (77 ft at 
the Lyman Mill Dam) (sediment from the stream channel and old mill raceway connecting Allendale and 
Lyman Mill Ponds is included under the action area described in Section 3.5.4).  The proposed area is 
approximately 23.5 acres with a volume of approximately 91,000 cy. Concentrations of dioxin are above 
the cleanup goal of 14.7 ng/kg in all but two surface (top 1 foot) sediment samples (sediment cleanup 
goals are summarized in Table 3-3; the comparison of site data to sediment cleanup goals is provided in 
Appendix G, Table G-2).  The vertical extent of the footprint is determined using the same approach 
utilized for Allendale Pond.  The vertical extent of contamination in Lyman Mill Pond varies by location 
in the pond (Appendix G, Table G-4), but has an average depth of 2.4 ft.  
 
Similar to the situation in Allendale Pond, cleanup for 2,3,7,8-TCDD at Lyman Mill Pond will address 
other contaminants as well, and remediation of the entire pond (as opposed to remediation of ‘hot spot’ 
areas only) is required to meet both the cleanup goals and RAOs (Appendix G, Figure G-2 and 
Table G-6). 
 
3.5.3 Allendale Reach Floodplain Soil 


The proposed cleanup area for Allendale floodplain soils is shown in Figures 3-3a and 3-3b; this proposed 
area is approximately 1.5 acres with a volume of approximately 2,400 cy.27  The spatial extent of the 
proposed footprint encompasses floodplain areas28 along the river channel north of Allendale Pond and 
the shore of Allendale Pond.  Floodplain soils at Allendale reach pose an exposure hazard to ecological 
receptors (see Section 2.5) but these receptors are only exposed in that portion of the floodplain that 


                                                      
27 Appendix N describes how the proposed area and volume for cleanup would change using EPA’s new proposed 
residential level for dioxin (EPA, 2009).  
28 Area between the normal water and 100-yr flood elevations; 100-yr flood gradient of 101.2 ft downstream of 
Route 44 to 97 ft at the Allendale Dam (see Section 2.3.8.1). 
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provides suitable habitat (i.e., a vertically stratified riparian vegetation).  Therefore, the spatial extent of 
the proposed footprint was delineated to include: 
 


• Areas of high value ecological floodplain habitat with contaminant concentrations above the 
cleanup goals; 


• Areas that have potential for erosion; and, 


• Areas with contaminant concentrations in excess of ARARs (RIDEM residential direct exposure 
and GB leachability criteria [RIDEM, 2004]) or EPA’s recommended residential level for dioxin 
(EPA, 1998b). 


 
Selected floodplain soil locations with contaminant concentrations above the ecological cleanup goals are 
not included in the cleanup area either because these specific concentrations are unlikely to contribute to 
overall area wide exposures exceeding acceptable risk thresholds or ecological exposures are not 
anticipated due to the nature of the specific habitat conditions present at the sampling locations.  With 
regard to overall contaminant exposures, some locations were not included in the cleanup area because 
contamination in the surrounding area (and at depth) is below the cleanup goals or the cleanup goals are 
only slightly exceeded and the concentrations are comparable to results for upstream background. 
Considering habitat conditions and the likelihood of future exposures by ecological receptors, some of 
these locations abut residential properties and lack natural vegetation, elsewhere particularly along steep 
portions of the western bank of the Allendale reach, the floodplain zone is too narrow to provide 
significant habitat (see Appendix G, Table G-7 and Figure G-3).  Additional sampling will be performed 
during the design phase to verify the spatial extent of the footprint.  
 
Overall, the proposed cleanup area encompasses nearly all floodplain locations with contaminant 
concentrations above the ecological cleanup goals and all locations with contamination in excess of 
ARARs and/or EPA’s recommended residential level for dioxin (EPA, 1998b) (see Appendix G, 
Table G-7). 
 
The vertical extent of the footprint is based on a removal depth of 1 foot, which would be subsequently 
backfilled by 1 foot of clean material.  This 1 foot vertical zone encompasses the area where the most 
significant ecological exposures occur.  The actual depth of removal would extend deeper within the 
vadose zone to meet ARARs or EPA’s dioxin requirements as necessary, and would be determined during 
design based on sampling and analysis of deeper soil samples. 
 
3.5.4 Lyman Mill Reach Stream Sediment and Floodplain Soil 


The proposed cleanup area for Lyman Mill reach stream sediments and floodplain soils is shown in 
Figures 3-4a and 3-4b.  The proposed area is approximately 21.6 acres, with a volume of approximately 
34,800 cy.29  The spatial extent of the proposed footprint is determined separately for the stream sediment 
and floodplain soil as described below.  The vertical extent of the footprint is assumed to be 1 foot, which 
encompasses the area where the most significant ecological exposures occur.  The actual depth of removal 
would extend deeper within the vadose zone to meet ARARs or EPA’s dioxin requirements as necessary, 
and would be determined during design based on sampling and analysis of deeper soil samples.   
 


                                                      
29 Appendix N describes how the proposed area and volume for cleanup would change using EPA’s new proposed 
residential level for dioxin (EPA, 2009). 
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3.5.4.1 Lyman Mill Reach Stream Sediment 


The spatial extent of the proposed footprint encompasses submerged sediments located within the stream 
and old mill raceway connecting Allendale and Lyman Mill Ponds (Figure 3-4a).  Concentrations of 
dioxin are above the cleanup goal of 14.7 ng/kg in nearly all surface (top 1 foot) sediment samples; 
concentrations of other contaminants are also above the cleanup goals, but to a lesser extent (sediment 
cleanup goals are summarized in Table 3-3; the comparison of site data to sediment cleanup goals is 
provided in Appendix G, Table G-8).   
 
3.5.4.2 Lyman Mill Reach Floodplain Soil 


The spatial extent of the proposed footprint encompasses floodplain areas30 at the Oxbow (Figure 3-4a) 
and along the shore of Lyman Mill Pond (Figure 3-4b).  Given that the Oxbow represents a significant 
wildlife habitat and unique area along the lower Woonasquatucket River, the proposed footprint in this 
area was further delineated to ensure that the net environmental benefit that was derived from the 
proposed action was maximized. 
 
Oxbow – Local topography, vegetation, and land use were reviewed to delineate the proposed footprint to 
remediate areas to protect human health and to maximize hazard reduction to ecological receptors at risk 
subject to the constraints of minimizing remediation related habitat loss.  Areas within the 100-yr 
floodplain but above the 78-ft topographic contour were generally excluded from the proposed footprint 
because: 1) the available chemical data indicate that the highest contaminant concentrations are primarily 
within 1-ft of the normal water elevation and 2) the shift in vegetation from scrub/shrub wetland to forest 
also tends to occur along this boundary.  Unlike the forested portions of the Oxbow (which could take 
many decades to recover), the scrub/shrub wetland habitat would likely recover within a decade or so of a 
remedial action.  Further discussion of the characteristic vegetative communities found within the Oxbow 
is provided in USACE (2008). 
 
The area immediately southwest of the stream channel and old mill raceway in the northern section of the 
Oxbow (Figure 3-4a) is included in the proposed footprint even though it is higher than 78-ft in elevation.  
Elevated dioxin concentrations were found near this area, suggesting that this area receives overbank 
deposits during flooding. 
 
Overall, the proposed areas for cleanup at the Oxbow encompass all floodplain soil locations with 
contamination above the cleanup goals and all locations with contamination in excess of ARARs 
(RIDEM residential direct exposure criteria [RIDEM, 2004]; there were no exceedances of RIDEM’s GB 
leachability criteria), and/or EPA’s recommended residential level for dioxin (EPA, 1998b) (see 
Appendix G, Table G-9).   
 
Lyman Mill Shore – Floodplain soils along the shore of Lyman Mill Pond pose an exposure hazard to 
ecological receptors only.  Therefore, the spatial extent of the proposed footprint was delineated to 
include only areas with contaminant concentrations above the cleanup goals (see Appendix G, Table G-9 
and Figure G-4) that represent high value ecological floodplain habitat or have potential for erosion, and 
areas with contaminant concentrations in excess of ARARs (RIDEM residential direct exposure and GB 
leachability criteria [RIDEM, 2004]) or EPA’s recommended residential level for dioxin (EPA, 1998b) as 
follows: 


                                                      
30 Area between the normal and 100-yr flood elevations; 100-yr flood gradient of 82.1 ft at the stream below 
Allendale Dam to 80.6 ft at the Lyman Mill Dam (see Section 2.3.8.2). 
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• The small area along the eastern shore south of Falco Street (contaminant concentrations at one 
location in this area are in excess of ARARs and EPA’s recommended residential level for 
dioxin); 


• The forested area occurring along the eastern shore, between Jefferson and Earl Streets 
(contaminant concentrations are above cleanup goals at multiple locations at this area); and, 


• The small peninsula north of the confluence of Assapumpset Brook and Lyman Mill Pond (there 
are no available contaminant data for this area, but the area has potential for erosion). 


 
Floodplain areas that do not represent high value ecological habitat (i.e., areas are developed, in close 
proximity to residential structures and lacking native vegetation or where the grade is steep and the 
riparian zone only narrowly defined) and have low potential for erosion were excluded from the proposed 
footprint (Appendix G, Figure G-4), as follows: 


• The small isolated patches of floodplain vegetation occurring along the eastern shore, between 
Warren Avenue and Lyman Mill Dam (concentrations of arsenic and lead are in excess of 
RIDEM’s residential direct exposure criteria at these areas [see Appendix G, Table G-9]; 
however, these contaminants appear to be comparable to background conditions and additional 
sampling will be performed during design to confirm background conditions as described in 
Section 3.4 and Appendix F); and 


• The western shore of Lyman Mill Pond, except the small peninsula north of the confluence of 
Assapumpset Brook and Lyman Mill Pond which is included in the footprint because it is a large 
depositional area that has likely been impacted by riverborne contaminants and could represent a 
substantial recontamination hazard.31 


 
3.5.5 Source Area Soil 


The proposed cleanup area for source area soils is shown in Figure 3-5.  The proposed area is 
approximately 7.8 acres, with a volume of approximately 62,900 cy.  The spatial extent of the proposed 
footprint encompasses the entire source area except for a small area located to the north near Brook 
Village, where contaminant concentrations are below the cleanup goals (cleanup goals are based on 
ARARs and EPA’s recommended residential level for dioxin).32  Overall, areas included in the proposed 
footprint encompass the three capped areas, parking lots, paved surfaces, rip rap and landscaped areas in 
the source area.  The vertical extent of the footprint extends to 5 ft bgs, and is based on the average 
thickness of the vadose zone.  Concentrations of dioxin TEQ, PCBs, pesticides, VOCs, SVOCs, and 
metals are above the cleanup goals at multiple locations and depths within the proposed footprint (see 
Appendix F, Table F-4b). 
 
3.5.6 Source Area Groundwater 


The proposed cleanup area for groundwater is shown in Figure 3-6.  The proposed area is approximately 
0.13 acres, with a volume of approximately 1,300 cy.  The proposed cleanup area was determined based 
on the comparison of site data to cleanup goals and an evaluation of key findings from supporting 
investigations (Appendix G), including the USGS vapor diffusion study (USGS, 2000), the SPMD study 
(Appendix A), and the 2008 groundwater investigation (LEA, 2008). 
 


                                                      
31 However, there are no available contaminant data for this area. 
32 Appendix N describes how the proposed area and volume for cleanup would change using EPA’s new proposed 
residential level for dioxin (EPA, 2009). 


Interim Final CMRP Feasibility Study Report  April 2010 3-16







The proposed cleanup area for groundwater encompasses the VOC and dioxin-impacted area on the west 
side of the Brook Village parking lot, where contaminant concentrations are in excess of the cleanup 
goals and contaminated groundwater is discharging to the river (see Appendix G, Table G-10 and G-11).  
The western boundary of the proposed remedial footprint encompasses the area where the maximum 
potential dioxin load to the river from contaminated groundwater discharge could occur as identified 
based on the SPMD study (Appendix A) and corroborated based on groundwater samples collected from 
three wells located along the eastern bank of the river (LEA, 2008).  The eastern boundary of the 
proposed remedial footprint encompasses borings CMS-451, CMS-453, and MW-05S, locations with the 
highest dioxin-contaminated soils at depths near the water table.  The vertical extent of the footprint is 
based on an average depth of 8 ft bgs, which encompasses the expected depth of contaminated soils that 
appear to be serving as contaminant sources to groundwater (Appendix G).  Dioxin concentrations at 
deeper depths are generally below the cleanup goals, and there is no evidence of NAPLs below 6 ft bgs. 
 
The proposed cleanup area excludes locations where contamination has been variable (MW-14M33) or 
was generally low and decreased to acceptable levels in 2002 (GEC6, MW07S, MW02D, MW13B) and 
locations where the existing surfaces appear to be protective of the underlying groundwater (Appendix 
G).  The proposed cleanup area also does not include one location at the southern end of the source area 
where concentrations of PCE were slightly above the cleanup goal in 2002 (220 µg/L compared to 
cleanup goal of 150 µg/L).    
 


3.6 Contingency Monitoring and Evaluations for Downstream Areas 


Results from recent investigations suggest that dioxin concentrations in surface sediment from reaches of 
the river downstream of Lyman Mill Dam have decreased in recent years and are approaching 
background concentrations (see Section 2.4.3.7), possibly due to natural recovery and control of primary 
sources of contamination upstream at the source area.  Since 2005, dioxin concentrations in surface 
sediment at downstream areas (2,3,7,8-TCDD concentrations in surface sediment range from 9.1 to 130 
ng/kg, with an average concentration of 52.6 ng/kg) are within an order of magnitude of the cleanup goal 
established for Allendale and Lyman Mill sediment (14.7 ng/kg).  Even so, contaminated sediments at 
Allendale and Lyman Mill Pond are currently secondary sources of contamination to downstream areas. 
 
This section describes an adaptive management approach that would be used to evaluate whether 
additional action is warranted for downstream reaches of the river following implementation of a 
sediment remedy upstream.  Adaptive management is the use of a structured process of selecting a 
management action, monitoring the effects of the action, and applying those lessons to optimize 
management action and guide future decisions.  Adaptive management is not a means to sanction less 
rigorous cleanups or to avoid public scrutiny of the decision-making process.  Overall, an adaptive 
management process such as a decision tree (Figure 3-7) would be used to address contaminated 
sediments in reaches of the river downstream of Lyman Mill Dam to: 
 


1) describe specific monitoring activities that would be performed to assess the rate of recovery at 
downstream areas, and 


2) identify triggers for future potential actions (e.g., cleanup goal exceedances). 
 
Environmental monitoring at the site is an important component of the remedial action.  The sediment 
alternatives evaluated in this FS (see Section 6.0) include monitoring before, during and after 
construction.  Overall, monitoring data will be used to assess site conditions, evaluate recovery, determine 


                                                      
33 PCE concentrations in groundwater at MW14M were below RIDEM GB objectives in 2001, but in excess of 
criteria (13x criteria) in 2002. 
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impacts the remedy may have on downstream areas, and support five-year reviews.  Data from pre-
construction monitoring will become the new baseline and would be used in conjunction with post-
construction monitoring data to evaluate impacts of remedy implementation and recovery or improvement 
over time (Figure 3-7).  Post-construction monitoring data would include confirmation sampling 
conducted immediately following construction and long-term monitoring conducted once the system has 
equilibrated approximately one year after construction is complete.  Monitoring data would support the 
general decision-making process and specific risk evaluations (i.e., confirming that the remedy remained 
effective and that the cleanup goals were still protective) and would assess whether monitoring opt-out 
provisions could be considered. 
 
An overview of the components of the long-term monitoring plan (LTMP) for the site is provided in 
Appendix H; a more detailed and comprehensive LTMP would be developed during remedial design.  As 
part of the long-term monitoring in the downstream areas, data quality objectives will be established 
detailing such items as purpose and objectives, sample design, and number and location of samples.  
Objectives of the long-term monitoring will include determining whether contaminant concentrations in 
downstream areas have decreased over time with upstream source control and/or if natural recovery is 
occurring.  Specific media to be collected for long-term monitoring will be determined during 
development of the LTMP.  Sampling as part of long-term monitoring may consist of any or all of the 
following: sediment surface grab sampling (to measure surficial contaminant concentrations), sediment 
core sampling (to determine whether deposition is occurring using such methods as radioisotope dating), 
and/or biota sampling (to assess bioavailability and bioaccumulation potential).  In addition, toxicity 
testing and/or other measures of ecological effects might be necessary to determine whether contaminant 
exposures were still resulting in unacceptable ecological risks.  Samples will be collected at downstream 
areas using a statistically-based sampling design that will be described in the monitoring plan.  The 
geographic extent of the downstream area for monitoring will also be identified in the monitoring plan. 
 
Allendale and Lyman Mill Dams are privately owned.  Allendale Dam was reconstructed in 2002, 
whereas Lyman Mill Dam is currently in need of repair and maintenance.  In tandem with the remedial 
actions occurring in the two ponds and the source area, dam maintenance needs to be performed (unless 
an alternative involving dam removal is selected) and enforced to minimize the potential for future dam 
breaches which could result in sediment transport downstream.  The long-term monitoring effort for the 
remedy will include dam maintenance (unless an alternative involving dam removal is selected). 
 
Long-term monitoring at the site would commence following completion of the construction to ensure the 
RAOs have been met.  It is anticipated that monitoring for the source area and downstream areas would 
start one year after the end of construction and continue on a regular basis.  Study area conditions would 
be reassessed after a proposed timeframe of five years.  If, after five years, downstream risks remained the 
same or decreased, then a determination of whether to re-evaluate monitoring frequency would be made 
(Figure 3-7).  If, after five years, downriver risks increased or site conditions changed, then additional 
remedial action in these areas might be warranted.  As part of the long-term monitoring in the 
downstream areas, specific triggers will be proposed to specify when monitoring could cease or when site 
conditions warranted additional remedial action in the downstream areas.  Cleanup goal exceedances are 
one such trigger that might require further evaluation of the data to determine whether a remedial action 
was necessary.  The results of the adaptive management approach will be used by EPA in consultation 
with RIDEM and other stakeholders to determine if additional action to address contaminated sediments 
in reaches downstream of Lyman Mill Dam was warranted.  Results from the adaptive management 
approach could be the basis of an Explanation of Significant Difference or ROD if downstream action 
was deemed warranted. 
 







4.0 IDENTIFICATION AND SCREENING OF REMEDIAL TECHNOLOGIES 
AND PROCESS OPTIONS 


The purpose of this section is to identify and screen a range of general response actions, remedial 
technologies, and process options that may be suitable for achieving the RAOs for sediment, soil, and 
groundwater at the CMRP site.  General response actions are various approaches that could be used to 
satisfy the RAOs (Section 3.1).  The term "technology" refers to general categories of remediation 
mechanisms or tools, such as isolation caps or dredging.  The term "process option" refers to specific 
processes within each technology family, such as using sand for an isolation cap or mechanical equipment 
for dredging.  A general response action may be accomplished by several types of remedial technologies, 
and process options are specific methodologies within each technology type. 
 
The initial screening process is intended to eliminate technologies and process options that are 
inappropriate or infeasible for the CMRP site.  The initial screening analysis of technologies and process 
options is based on a subset of the NCP screening criteria described below, including effectiveness, 
implementability, and cost.  The criterion of effectiveness was given the most weight, followed by 
implementability, and then cost. 
 
Effectiveness 
 
The potential effectiveness of each remedial technology and process option is evaluated by considering 
the degree to which it meets the following criteria: 
 


• The ability of the options to meet the RAOs;  


• Potential impacts to human health and the environment during the construction and 
implementation phase; and 


• Reliability with respect to the contaminants and conditions at the site.  A summary of the areas of 
contamination and contaminant concentrations is provided in Section 2.4 and specific 
contaminants at the CMRP site are discussed in Section 2.5. 


 
Technologies providing significantly less effectiveness than other, more promising technologies may be 
eliminated, and alternatives that do not adequately protect human health and the environment must be 
eliminated from further consideration.  Effectiveness is evaluated using terms such as: not effective; or 
low, moderate, and high effectiveness. 
 
Implementability 
 
Implementability focuses on the technical feasibility and availability of the technologies that each 
alternative would employ, and the administrative feasibility of implementing the alternative.  
Technologies that are technically or administratively infeasible or that would require equipment, 
specialists, or facilities that are not available within a reasonable period of time, may be eliminated from 
further consideration.  Implementability is generally evaluated using terms such as: infeasible or not 
possible, or complex/difficult, moderate, and easily (i.e., high) implementable. 
 
Cost 
 
Cost plays a limited role in screening of technologies and process options.  The costs of construction and 
any long-term costs to operate and maintain the technologies are considered.  The costs are based on 
engineering judgment and available historical information rather than detailed estimates.  Cost is 
qualitatively assessed as being low, moderate, high, and very high. 
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General response actions, technologies and process options for sediment, soil, and groundwater at the 
CMRP site are described and evaluated in Sections 4.1 through 4.4 as outlined below.  Broad categories 
of response actions include no action, institutional actions, containment actions, such as capping, removal 
actions such as excavation, and treatment.  The most suitable technologies and process options retained 
after screening are used in the development of remedial alternatives for the CMRP site (see Section 5.0). 
 


General Response Action 
Section Description by Media 


Sediment Soil Groundwater 
No Action 4.1 4.1 4.1 
Institutional Controls 4.2.1 4.3.1 4.4.1 
Engineering Controls 4.2.2 4.3.2 — 
Monitored Natural Recovery 4.2.3 4.3.3 — 
Monitored Natural Attenuation — — 4.4.2 
Containment (In-Situ Capping) 4.2.4 4.3.4 4.4.3 
Removal 4.2.5 4.3.5 — 
Transportation 4.2.6 4.3.6 — 
Dewatering 4.2.7 4.3.7 4.4.4 
Disposal 4.2.8 4.3.8 — 
Treatment 4.2.9 4.3.9, 4.3.10 4.4.5, 4.4.6 


4.1 No Action 


In accordance with NCP requirements (EPA, 1988), the No Action response must be carried through the 
entire FS process to serve as the baseline condition to which all other response actions are compared.  As 
a result, No Action is a general response common to sediment, soil, and groundwater at the CMRP site.  
The No Action response does not include technologies such as ICs or treatment; however, this response 
could include monitoring.  For example, if the risk at a site was low but more contaminated material was 
present at depth, monitoring could be implemented to track the changes in contaminant levels over time.  
No Action may be appropriate if a site does not currently pose a potential threat to human health or the 
environment, if a site is not expected to present a threat in the future, or if previous remedial actions have 
eliminated the need for further actions. 
 
Effectiveness 
 
The No Action response would not reduce potential exposure to contaminated media at the CMRP site 
and would not be effective in reducing the potential risk to human health or the environment. 
 
Implementability 
 
No Action is both technically and administratively easily implementable. 
 
Cost 
 
Because no action would be taken, no costs would apply to this option other than monitoring costs which 
would be low. 
 
Screening Result 
 
No Action is retained as a baseline in the evaluation of sediment, soil, and groundwater alternatives. 
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4.2 General Response Actions and Technologies for Sediment 


General response actions, technologies, and process options for sediments located in the Allendale and 
Lyman Mill reaches of the river are described and evaluated in this section, and summarized in Table 4-1.  
Additional details regarding sediment response actions are also provided in Appendix I. 


4.2.1 Institutional Controls  


4.2.1.1 Description of Institutional Controls 
 
ICs are measures used to protect human health and the environment where residual contamination 
remains on site above safe levels.  ICs are defined by EPA (2003b) as “non-engineering instruments, such 
as administrative and legal controls that help to minimize the potential for human exposure to 
contamination and/or protect the integrity of a remedy.”  ICs are often used in conjunction with 
engineering controls (ECs), which are engineering measures designed to minimize the potential for 
human exposure to contamination and measures to contain or reduce contamination.  ICs are described in 
detail below.  Specific measures identified for the CMRP site are identified and evaluated as well. 
 
ICs are non-engineering instruments designed to limit land or resource use and/or make information 
available to modify or guide human behavior at the site.  EPA (2003b) defines four general categories of 
ICs, as follows: 
 


1) Proprietary Controls – these controls are based on state law and use a variety of tools to prohibit 
activities that may compromise the effectiveness of the remedy or restrict activities or future uses 
of resources that may result in unacceptable risk to human health or the environment. They may 
also be used to provide site access for operation and maintenance (O&M) activities.  The most 
common examples of proprietary controls are easements and covenants; 


2) Government Controls – these controls impose land or resource restrictions using the authority of 
an existing unit of government.  Typical examples of governmental controls include zoning, 
building codes, local ordinances, drilling permit requirements and state or local groundwater use 
regulations; 


3) Enforcement and Permit Tools with IC Components – these types of legal tools include orders, 
permits, and consent decrees.  These instruments may be issued unilaterally or negotiated to 
compel a party to limit certain site activities as well as ensure the performance of affirmative 
obligations (e.g., to monitor and report on an IC’s effectiveness); and 


4) Informational Devices – these tools provide information or notification about whether a remedy is 
operating as designed and/or that residual or contained contamination may remain on site.  
Typical information devices include state registries, deed notices, and advisories. 


 
Proprietary controls identified for the CMRP site include covenants and easements.  Covenants could be 
used to prohibit future activities that could lead to the release of contaminated sediment (e.g., excavation 
or unauthorized dam alterations) and restrict uses such as anchoring and swimming.  Easements could be 
used to provide site access where access is needed in the future. 
 
Government controls identified for the CMRP site include local ordinances or zoning.  Local ordinances 
or zoning could be used to prohibit activities that could lead to contact with contaminated sediments or 
new releases to the environment (e.g., excavation). 
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Informational devices identified for the CMRP site include legal notices, advisories, dissemination of 
information or notices to the public using outreach documents and/or signs.  Legal notices and advisories 
could be used to inform the public of existing contamination on a site, and are often implemented with 
signs or ECs such as fences.  Consumption and health advisories could be used to restrict fish 
consumption (a fish consumption advisory is currently in place for the lower Woonasquatucket River, see 
Section 2.1).  These advisories could protect human health by limiting potential exposure to contaminated 
fish, although no enforcement mechanism for such advisories is available.  Public outreach documents 
could be used to inform the public of site contamination, and identify measures that should be taken to 
prevent exposure to site contamination.  Public outreach documents are currently in place for the site, and 
include the Do’s and Don’ts for the Woonasquatucket River.  Signs could be used to inform the public of 
fishing advisories.  Signs are currently in place at the site to warn the public against eating fish caught 
from the lower Woonasquatucket River. 
 
4.2.1.2 Screening of Institutional Controls 
 
Effectiveness 
 
The use of ICs is somewhat effective in reducing exposure to contamination by limiting the amount of 
direct contact with contaminated media.  However, the effectiveness of ICs alone would be uncertain 
because of the inherent difficulty in enforcing such restrictions.  ICs would not achieve the long-term goal 
that this portion of the Woonasquatucket River be fishable and swimmable.  Nor would ICs effectively 
address risk to ecological receptors.  Overall, ICs are considered to have low to moderate effectiveness. 
 
Implementability 
 
ICs are easily implemented at sites where contamination above risk based levels remains in place. 
 
Cost 
 
The cost is low because no construction work would be required. 
 
Screening Result 
 
ICs are retained for alternative development.  These controls would not be used as the sole element of any 
alternative, but would be used in combination with other response actions as part of several alternatives. 


4.2.2 Engineering Controls 


4.2.2.1 Description of Engineering Controls 
 
Like ICs, ECs are measures used to protect human health and the environment where residual 
contamination remains on site above safe levels.  ECs are engineering measures designed to minimize the 
potential for human exposure to contamination and measures to contain or reduce contamination.  ECs 
identified for the CMRP site include perimeter fences, warning buoys, and maintenance of the Allendale 
and Lyman Mill Dams (for alternatives that assume the dams remain in place) or removal of these dams 
altogether.  A perimeter fence could be used to limit exposure by restricting public access to areas of the 
site.  A perimeter fence is currently in place at the source area and Allendale Pond.  Warning buoys could 
be placed in the water to warn boaters to stay out of the area and not to fish in the area.  The Allendale 
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and Lyman Mill Dams can be maintained to minimize the risk of structural breaches that could potentially 
transport contaminated sediments downstream. 
 
A dam is a barrier that impounds water in a river or stream.  Dams generally serve the primary purpose of 
retaining water for intended purposes such as providing water for irrigation to town or city water supplies, 
improving navigation, creating a reservoir of water to supply industrial uses, generating hydroelectric 
power, creating recreation areas or habitat for fish and wildlife, or retaining wet season flow to minimize 
downstream flood risk.  The Allendale and Lyman Mill Dams no longer serve their original intended 
industrial purpose.  However, the dams now act to reduce the risk of transport of contaminated sediments 
downstream.  Remedial alternatives developed in Section 5 include a range of alternatives, some that 
include maintaining the current dams, some that include replacement of the dams with a smaller weir-type 
structure, and some that include removal of the dams altogether.  The recreational and ecological habitat 
the dams created in the Allendale and Lyman Mill Ponds will be altered and abutting properties could be 
impacted if the dams are replaced with smaller weir structures or removed.  The advantages and 
disadvantages of each approach will be discussed in Section 6.0. 
 
4.2.2.2 Screening of Engineering Controls 
 
Effectiveness 
 
Most ECs have limited effectiveness in reducing exposure to contamination in the long term because of 
the inherent difficulty in enforcing such restrictions.  ECs would not achieve the long-term goal that this 
portion of the Woonasquatucket River be fishable and swimmable.  Nor would ECs effectively address 
risk to ecological receptors. 
 
Maintenance of the Allendale and Lyman Mill Dams would have high effectiveness in preventing 
structural breaches that could potentially transport contaminated sediments downstream provided the 
dams are reliably maintained. 
 
Overall, ECs are considered to have low to moderate effectiveness. 
 
Implementability 
 
ECs are easily implemented at sites where contamination above risk based levels remains in place.  Long-
term maintenance of the Allendale and Lyman Mill Dams may be more difficult from an administrative 
perspective because the dams are privately owned. 
 
Cost 
 
The cost is low because no substantive construction work would be required. 
 
Screening Result 
 
ECs are retained for alternative development.  These controls would not be used as the sole element of 
any alternative, but would be used in combination with other response actions as part of several 
alternatives. 
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4.2.3 Monitored Natural Recovery 


4.2.3.1 Description of Monitored Natural Recovery 
 
Monitored natural recovery (MNR) relies on ongoing, naturally occurring processes to contain, destroy, 
or reduce the bioavailability or toxicity of contaminants in surface sediments over time, thereby reducing 
risk to human and/or ecological receptors (EPA, 2005).  These natural processes include physical, 
biological and chemical mechanisms.  Figure 4-1 presents a generalized summary of the different 
processes that contribute to natural recovery; the processes expected to be the most relevant to the CMRP 
site are the natural deposition of clean sediment (i.e., burial of contaminated sediment by cleaner 
sediment) and biological degradation.  In stable depositional areas, clean sediments tend to naturally 
cover contaminated sediments after sources of contamination are reduced or eliminated. 
 
A number of physical processes can result in a change of chemical concentrations in the surface sediment 
over time.  Deposition of clean sediment over contaminated sediment reduces risk by containing sediment 
in place and covering surface contaminant concentrations.  Other processes such as erosion, dispersion, 
bioturbation, advection and volatilization may reduce chemical concentrations and bioavailability on a 
specific site, but may result in moving contaminants to another medium or area.  Therefore, it is important 
that monitoring methods used are designed to verify which processes are occurring at the site. 
 
In order for MNR to be effective, significant sources of contamination to sediments must be eliminated, 
exposure to unacceptable levels of contamination during the recovery period must be addressed, and 
monitoring of the recovery process and comparison of the actual rate of recovery to the predicted rate 
would be required. 
 
MNR would generally be used with ICs and/or ECs because contamination above cleanup goals would 
remain in the sediment.  After cleanup goals are reached, ICs and/or ECs would be needed in the long 
term to reduce the risk of re-exposing buried contamination. 
 
4.2.3.2 Screening of Monitored Natural Recovery 
 
Effectiveness 
 
MNR could potentially provide some degree of effectiveness for contaminated sediment at depositional 
areas of Allendale and Lyman Mill Ponds.  MNR would not be effective, however, for areas where 
erosion is expected to occur during flood flows, or in the river channel areas.  The CSM for the CMRP 
river and pond sediment shows that the primary mechanism for ongoing release of contaminants from the 
sediment to the environment is through sediment resuspension to the surface water.  Deposition of clean 
sediments during MNR would reduce this exposure and minimize downstream transport of the 
contamination by burying contaminated sediments to a depth below the biologically active zone (BAZ). 
 
Some of the physical conditions in the Allendale and Lyman Mill Ponds appear to be appropriate for 
MNR.  The two ponds are generally shallow with slow-moving waters behind the dams; further, clay and 
silt sized particles, which are characteristic of depositional areas, have accumulated behind each of the 
dams.  Further, the hydrophobic and insoluble nature of the contaminants, such as dioxin and PCBs, 
makes it likely to remain sorbed to organic carbon in the sediment.  The sedimentation rates in the two 
ponds range from 0.5 to 0.8 cm/yr in Allendale Pond and from 0.5 to 0.6 cm/yr in Lyman Mill Pond 
(Section 2.3.8).  It is thought that the BAZ is 1 ft (30.5 cm) thick in the ponds; this is a conservative 
assumption and the actual thickness of the BAZ could be less depending upon the thickness of the oxic 
sediment layer in the ponds.  The sedimentation rates in the ponds are not expected to change 
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dramatically because land use in the watershed is not likely to be altered substantially.  With the current 
sedimentation rates it would take approximately 40 to 60 years to accumulate 1 ft of material in the 
deeper, quiescent areas of the ponds (Section 2.3.8).  Material would not likely accumulate in the northern 
inlets in either pond due to the higher current velocities and scour potential in these areas. 
  
Although natural biological degradation can theoretically occur, the rate would be very slow at the CMRP 
site based on the recalcitrant characteristics of contaminants.  Natural degradation of dioxins and PCBs 
has been documented in laboratory-based studies; however, the effectiveness of natural degradation at 
large-scale field sites is less certain and the implementation period is expected to be prohibitively long.  
The specific conditions, such as having the appropriate bacterial populations and environmental 
conditions to support them, may also be absent at the CMRP site. 
 
The MNR response action would eventually meet the sediment RAOs in depositional areas of the river in 
that the residual risk would decrease with time and physical deposition of clean sediments would 
minimize downstream transport of contamination in these areas of the site.  However, there might be little 
reduction in risk to human health or the environment for a very long time until safe levels are reached and 
not all areas can be effectively addressed. 
 
Overall, MNR utilizing natural physical deposition is considered to be low to moderately effective, 
whereas natural biological degradation is considered not effective. 
 
Implementability 
 
MNR is easily implemented at sites where contamination above risk based levels remains in place.  It is 
technically feasible to address some areas of the CMRP site using MNR (assuming natural physical 
deposition).  This option is administratively feasible in that only monitoring would be required and these 
services are readily available.  No in-water construction is required thereby eliminating any administrative 
implementability issues. 
 
Cost 
 
The costs for MNR are low, and would be limited to costs for collection and evaluation of monitoring 
data. 
 
Screening Result 
 
MNR utilizing natural physical deposition is retained for alternative development.  MNR utilizing natural 
biological degradation is screened out. 


4.2.4 Containment (In-Situ Capping) 


4.2.4.1 Description of Containment (In-Situ Capping) 
 
Capping of contaminated sediment in place can be a reliable response action depending upon site 
conditions.  According to Palermo et al. (1998): 
 


Capping of contaminated material in open-water sites began in the late 1970s, and a number of 
capping operations under a variety of disposal conditions have been accomplished.  Field 
experience with these projects has shown that the capping concept is technically and 
operationally feasible.
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The cost of capping is generally lower than alternatives involving confined (diked) disposal 
facilities.  The geochemical environment for subaqueous capping favors long-term stability of 
contaminants as compared with the upland environment where geochemical changes may favor 
increased mobility of contaminants.  Capping is therefore an attractive alternative for disposal of 
contaminated sediments from both economic and environmental standpoints. 


 
Capping would reduce exposure of human or ecological receptors by preventing direct contact and the 
migration of contamination from the sediment to the water column.  The most common technology is an 
isolation cap, where clean material is placed over contaminated sediment to prevent direct contact and 
sediment erosion, and retard migration into surface water.  Another technology, a reactive cap, involves 
addition of reactive materials to the cap to increase adsorption, react with contaminants, or accelerate 
biological degradation.  In some locations, placement of cap materials will raise the existing ground 
surface or mudline elevation which may change habitat types and/or reduce flood storage capacity.  In 
this situation, the top layer of the cap can be modified to support habitats such as wetland plantings 
(referred to as a wetland cap).  In depositional areas, a thin-layer cap may be used to improve habitat 
substrate and to accelerate natural recovery (referred to as a habitat cap).  Where contamination exists 
along a shoreline, caps can be placed in the zone between subaqueous areas and upland areas.  These 
shoreline stabilization caps may be placed on relatively steep slopes and can be designed to resist erosion 
by waves, wind and river flows.  These capping technologies are discussed in further detail below.  
Additional details about cap design and placement are discussed in Appendix I. 


 
Isolation Capping Technology 
 
The primary objectives of isolation caps according to Palermo et al. (1998) are: 
 


• Physical isolation of the contaminated sediment from the benthic environment. 
• Stabilization of contaminated material, preventing resuspension and transport to other areas.  
• Reduction of the flux of dissolved contaminants into the cap and overlying water column. 


 
Isolation caps are commonly constructed of granular material (e.g., sand), geosynthetic membranes, 
bentonite, or clean dredged material, and range from one to several feet thick.  The isolation layer may be 
supplemented by additional layers for various purposes such as providing habitat or erosion control. 
 
Isolation caps are an effective remedy under the right conditions.  The effectiveness and implementability 
of isolation capping depends on the following factors: 
 


• Potential water column impacts during placement.  Cap material must be placed through the 
water column to cover contaminated sediment.  During placement, there is the potential for some 
of the cap material to be released into the water column and transported with the current; because 
the cap material would be composed of clean material, this would not result in any chemical 
contamination of the river.  However, cap placement could result in localized, temporary 
increases in turbidity levels.  There is also the potential for contaminated sediments to be 
resuspended into the water column as the cap material is placed onto the sediment bed. 


• Ability to obtain and place the cap materials.  The implementability of capping depends on the 
availability of cap materials, the ability to transport the materials to the site, and the ability to 
place the materials. 


• Long-term cap stability.  The cap must be stable in the long term to provide an effective 
remedy.  The evaluation must consider the potential for long-term erosion by currents, waves, or 
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other forces such as anchors and boat traffic, potential bioturbation, and long-term contaminant 
migration due to advection or diffusion. 


• Site stability.  The site must provide stable, reliable, long-term support for the cap.  The site 
should be in areas where sediment naturally deposits and where areas are relatively level. 


 
The factors affecting isolation cap effectiveness depend on the specific site conditions.  These are 
described in the guidance documents prepared by EPA and USACE for capping contaminated sediments 
(Palermo et al., 1998; Herbich, 2000).  Isolation caps have been shown to be effective under the 
conditions described below. 
 
In general, the candidate site for isolation capping should be classified as non-dispersive, where sediment 
is in a stable depositional area.  Ideally, the capping site should be in a low-energy location with little 
potential for cap erosion.  However, capping can be successful in higher energy sites provided that the cap 
design accounts for erosion potential. 
 
Capping is most effective where the bottom slope is close to horizontal.  As the slope angle increases, 
there is an increase in potential lateral movement of either soft, contaminated sediment or cap material.  
Isolation caps have been placed on slopes as steep as 2 ft horizontal to 1 ft vertical (which is a slope of 
50% or approximately 26 degrees) along shorelines using special construction methods and erosion 
control layers added to the cap (Tetra Tech Foster Wheeler Inc., 2003).  The cap design must consider the 
potential for erosion due to waves and water currents including storm induced flows.  In areas of potential 
erosion, the upper cap layers should be constructed with coarse-grained material and/or armor stone to 
resist storm induced waves and currents.  The design should be based on storms with a return interval of 
50 to 100 years (Palermo et al., 1998). 
 
Caps have been placed in water depths of up to 100 ft.  In general, deeper water depths provide a more 
stable bottom because there are no wave effects, low erosion due to propeller forces, and low current 
velocities.  However, caps have been used in shallow water areas and can be effective when erosion 
control is considered in the design process. 
 
A procedure for designing the thickness and types of materials in caps is provided in the USACE 
guidance on capping (Palermo et al., 1998).  The total cap thickness is the sum of four components: (1) 
thickness required to provide chemical isolation; (2) thickness equal to the depth in which the deepest 
burrowing organism at the site can reach (called the bioturbation depth); (3) thickness that could be 
eroded during storms or floods; and (4) thickness equal to the self-weight consolidation of the cap 
material.  For caps made with sand or gravel, the consolidation thickness is essentially zero.  Figure 4-2 
shows a typical cross-section for capping along a shoreline area. 
 
Reactive Cap Technology 
 
Reactive capping is an innovative technology for improving cap performance.  A demonstration project 
was conducted in the Anacostia River in Washington, DC, to develop methods for designing, 
constructing, and monitoring reactive or active caps (Reible et al., 2003).  As a new and emerging 
technology, reactive caps are not identified in the EPA guidance on capping (Palermo et al., 1998); 
however, the Contaminated Sediment Guidance for Hazardous Waste Sites (EPA, 2005) indicates that 
“reactive or adsorptive materials may be used to enhance chemical isolation capacity.” 
 
Capping with clean sediment is an effective technology.  However, there could be situations when such 
conventional capping techniques may not be protective of human health and the environment.  These 
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include areas where the chemical concentrations are relatively high, where groundwater gradients could 
lead to advection of contaminants through the cap, or where NAPL could migrate through the cap (Reible 
et al., 2003).  In these instances, it may be appropriate to design a cap that incorporates some form of 
treatment such as activated carbon, zero-valent iron, or an organic soil or sediment. 
 
Wetland Cap Technology 
 
The difference between wetland caps and isolation caps is that the top layer of cap material in a wetland 
cap is designed to support wetland vegetation, and the cap must be at the appropriate elevation relative to 
the surface water elevations to promote vegetative growth.  In order to provide environmental protection, 
a wetland cap should be made from two layers.  The lower layer should be designed as the chemical 
isolation layer.  The upper layer should be designed with the soil types best suited to support the target 
vegetation types.  The thickness of the upper layer should be based on plant root depths and potential 
bioturbation depth. 
 
Habitat Enhancement Cap Technology (Thin-Layer Cover) 
 
Habitat enhancement capping is a method of enhancing or accelerating natural recovery.  These caps have 
also been called thin-layer covers.  Habitat enhancement caps are not designed to provide chemical 
isolation; therefore, they do not need to be designed to prevent chemical migration by diffusion or 
advection.  The cap would be designed to provide a degree of physical separation of the contaminated 
sediment from the benthic environment and to reduce resuspension or transport of contaminated sediment 
particles. 
 
The material type selected for a thin-layer habitat cap depends on the type of habitat needed.  For 
example, at the Ketchikan Pulp Company site in Alaska, natural sediments were covered with excessive 
amounts of man-made organic material from historic wastewater treatment plant discharges from the Mill 
wastewater treatment plant (EPA, 1999).  The habitat was degraded by the physical presence of the man-
made material; therefore, one of the criteria for the thin-layer cap was to reduce the organic content at the 
surface.  Therefore, the cap was made from inorganic sand with almost no organic matter or clay 
particles. 
 
Shoreline Stabilization Cap Technology 
 
In areas of potential erosion, such as shorelines, caps must be designed to prevent erosion.  In this 
situation, the upper layer of the cap can be made from armor stone designed to be stable in a storm or 
flood (Palermo et al., 1998). 
 
The armor layer would be designed using established methods for shoreline protection, such as those 
described in Appendix A of the USACE guidance (Palermo et al., 1998).  The armor layer would be 
placed over the isolation layer or over an intermediate layer of coarse sand.  The intermediate layer may 
be necessary to provide a stable base for the armor to prevent fine-grained particles in the isolation layer 
from migrating into the void spaces in the armor layer.  A separate bioturbation layer is generally not 
needed because the armor would prevent burrowing organisms from reaching the isolation layer.  In some 
instances, biodegradable fabric can also be used to temporarily stabilize materials while re-establishing 
vegetation. 
 
The installation of a shoreline cap uses similar methods to sediment removal (Section 4.2.5) and dredged 
material transport (Section 4.2.6). 
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4.2.4.2 Screening of Containment (In-Situ Capping) 
 
Effectiveness 
 
Capping contaminated sediment would be a somewhat effective response action, especially in the 
depositional areas of the ponds.  However, in shallow, erosional areas such as the upstream inlets and the 
river channel areas (i.e., channel area between the Route 44 Bridge and Allendale Pond and the stream 
channel connecting the two ponds) placement of a cap that will be resistant to the current velocities may 
require some excavation of underlying material in order for the new cap surface to remain below the 
present water line.  As described above in the MNR response action (Section 4.2.3), the most important 
potential mechanism for ongoing release of contamination from the sediment to the environment is 
through sediment resuspension and downstream transport of sediment particles.  Capping would be a 
fairly effective response action for minimizing transport via this pathway. 
 
Allendale and Lyman Mill Ponds are shallow ponds behind dams, with slow-moving waters and fine-
grained silt and clay sediment, which is characteristic of depositional areas.  This makes the Allendale and 
Lyman Mill Ponds more appropriate sites for capping.  The insoluble nature of the primary contaminants 
makes them likely to remain sorbed to the organic matter and fine-grained materials in the pond 
sediments. 
 
Isolation capping, wetland capping, and shoreline stabilization could all potentially be used in the 
Allendale and Lyman Mill reaches.  These capping technologies could achieve the sediment RAOs and 
could be effective in protecting human health and the environment by preventing direct contact and 
essentially eliminating contaminant migration to the overlying surface water providing the caps are not 
disturbed.  The thin-layer habitat enhancement capping technology would have lower overall 
effectiveness as a stand-alone alternative.  The thin layer of material would be more readily mixed with 
surface sediment via bioturbation and would provide less protection from direct exposure to 
contamination than an isolation cap.  In some situations, reactive caps with additives for improving 
sorption of contamination can be more protective than an isolation cap.  However, given the low 
solubility of the chemicals and low advection due to groundwater flow, a reactive cap would not provide a 
substantial improvement compared to a conventional isolation cap.  Overall, the capping response action 
could provide reliable long-term protection, as long as the cap remained intact and was not disturbed.  
This would require ICs and long-term O&M to ensure the integrity of the cap. 
 
There could be some short-term impacts to water quality, for resuspension of contaminated sediment, and 
migration of contaminants to the porewater during capping.  However, these could be controlled using 
standard construction techniques.  In addition, placement of the cap would result in the loss of benthic 
organisms, although decisions regarding the type of cap could be used to enhance recovery of the benthic 
habitat. 
 
Overall, the capping technologies have moderate effectiveness, with the exception of habitat enhancement 
and reactive caps, which would have lower overall effectiveness. 
 
Implementability 
 
Isolation capping, wetland capping, shoreline stabilization, and habitat enhancement capping are all 
technically implementable.  These caps can be designed and implemented in the Allendale and Lyman 
Mill reaches with special construction techniques for working in shallow water.  However, cap placement 
in the vegetated areas near some sections of the shoreline may require removal of the existing vegetation; 
this will likely be difficult due to the very soft sediment and shallow water.  In some cases, the vegetation 
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may be removed from shore by using long-reach equipment; however, other areas may require the use of 
specialized low ground pressure or amphibious equipment to work in the shallow areas along the 
shoreline.  Placement of caps in shallow water and along shorelines has been successfully implemented at 
similar sites (Palermo et al., 1998), and the implementability and acceptability can be increased with the 
use of wetland caps or other habitat enhancement layers that improve the existing habitat. 
 
The capping response action is administratively implementable and the capping materials and 
construction and monitoring equipment and personnel are readily available from several commercial 
companies.  Capping may result in impacts to wetland and floodplain areas that would have to be assessed 
(see Section 4.5.2.4). 
 
Overall, all of the capping technologies are considered to be moderately implementable. 
 
Cost 
 
The costs for all capping technologies would be moderate. 
 
Screening Result 
 
Isolation capping, wetland capping, shoreline stabilization, and habitat enhancement capping are all 
retained for alternative development.  Reactive capping is retained for consideration in the final design as 
part of an isolation cap alternative. 


4.2.5 Sediment Removal 


4.2.5.1 Description of Sediment Removal 
 
Sediment removal is a response action that involves moving sediment from its current location to a new 
location that reduces potential mobility and exposure of human or ecological receptors to the sediment.  
Dredging is defined as the technology where sediment under water is removed.  Excavation is defined as 
the technology where the overlying water is drained and then the sediment is removed using conventional 
earthmoving equipment. 
 
Dredging would apply to those alternatives where the existing dams would remain in operation during 
and after sediment remediation.  For those response actions where the dams would be removed, dredging 
would not be needed because most of the sediment would be exposed after dam removal.  Excavation 
would apply to all alternatives. 
 
Dredging Technology 
 
Dredges are commonly classified as mechanical, hydraulic, hybrid, or pneumatic (USACE, 1983; 
Herbich, 2000).  Mechanical dredges use digging buckets (such as a clamshell) that are suspended by a 
cable from a crane, an excavator on a fixed arm, or dragline buckets that are suspended by a cable from a 
crane.  Hydraulic dredges add water to sediment to create a slurry that can be pumped in a pipeline to the 
sediment processing site or to a hopper dredge.  Hybrid dredges use mechanical devices to first remove 
sediment and then mix sediment with water to create a slurry which is pumped to a sediment processing 
site.  The hybrid process option includes various pumps that can move slurries with higher solids content 
than traditional hydraulic dredges, so that less water is added to produce the slurry.  Pneumatic dredges 
are similar to hydraulic dredges, except that they use pneumatic systems to move the dredged material.   
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Mechanical Dredging Process Option 
Mechanical dredging buckets are similar to land-based crane and bucket excavators.  The bucket is 
dropped through the water column and penetrates into the sediment by gravity.  The bucket is closed and 
then lifted from the sediment through the water column.  When the bucket is above the water surface, it is 
moved to deposit the dredged material into a transport container or onto a suitable staging area.  The 
container is typically a barge, hopper, and conveyor system, or land-based truck, and the staging area is 
commonly a dedicated shoreline area (e.g., a levee or dewatering area).  
 
Mechanical dredges remove sediment at nearly the in-place density and water content.  However, some 
water is added to the collected sediment because every grab cannot be filled completely with sediment.  
Mechanical dredges typically include water at a volume of 20% to 50% of the bucket capacity.  
 
Enclosed environmental buckets (Figure 4-3) have been designed to remove sediment in relatively thin 
layers and to create a seal to reduce sediment loss, which minimizes sediment resuspension during 
dredging.  These types of buckets have been used in several projects in the Great Lakes (EPA, 1994a), in 
the Pacific Northwest, and in New Bedford, Massachusetts (Palermo et al., 2004).  Some environmental 
buckets use hydraulic cylinders to close the clamshell, which provides a tighter seal and further reduces 
sediment loss.  
 
Other types of mechanical dredging systems include backhoes and dragline dredges.  Backhoes are 
similar to land-based excavators but can be placed either on barges or the shoreline and used to remove 
sediment.  Backhoes have not been used extensively for contaminated sediment removal projects due to 
the difficulty of excavating continuous, level areas, and the potential loss of sediment from the open exca-
vator bucket; additionally, unless modified specifically for work in soft sediments, a backhoe is likely to 
become stuck.  Backhoes can be more effective than clamshells for removing dense or hard material, and 
are effective for dredging slopes along shorelines.  Backhoes are most effective in shoreline or shallow-
water work where they can be placed either on land or on shallow-draft pontoon barges.   
 
Dragline dredges use a barge-mounted crane which is similar to a clamshell dredge.  However, dragline 
buckets are open on one side and are lowered into the sediment with a lifting cable, then pulled back 
towards the crane with a second cable.  Draglines have been used in navigational dredging and are used in 
mining operations because they are efficient at removing large quantities of sediment.  They have been 
used rarely for contaminated sediment projects because the open side of the bucket does not effectively 
contain the dredged sediments, which can increase resuspension rates. 
 
Hydraulic Dredge Process Option 
There are several types of hydraulic dredges that use different methods to loosen sediment and guide the 
material into a suction pipe.  A cutter head dredge has a rotating head that cuts into the sediment.  An 
auger dredge has a horizontal auger that loosens the sediment and pulls it to the center of the dredge 
where the suction inlet pipe is located.  Some hydraulic dredges do not use any cutting device and rely 
only on suction to remove the sediment.  A large amount of water must be added to create a slurry and 
remove sediment.  In general, the volume of water added is five to 10 times the in-place volume of 
sediment removed.  
 
The cutter head system is the most common technology used to remove sediment.  Cutter head dredges 
can remove a wide variety of sediment types, including dense sand and hard clay.  Because suction 
dredges do not use a cutting device to loosen the sediment, they can generally only remove soft sediments 
with little debris.  Suction dredges often include water jets to help loosen the sediment.  Figure 4-4 shows 
a schematic of a typical hydraulic cutter head dredge and discharge pipeline system.  
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Pneumatic Dredge Process Options 
Pneumatic dredges are similar to hydraulic dredges, except that a pressure gradient created with 
compressed air is used to lift and move dredged material instead of a pump.  Pneumatic dredges are not 
common, and are used primarily for small-scale cleanup of spilled contaminants and marine archaeology. 
 
Excavation Technology 
 
To perform excavation of sediment, the overlying water must be temporarily removed and a temporary 
water containment barrier (cofferdam) is often needed.  Once the water is removed, the exposed sediment 
can be removed using conventional upland excavation equipment.   
 
At many sites, the exposed sediment will still have high water content and very low strength.  In these 
cases, it may be necessary to install temporary access roads so that excavators and haul trucks can access 
the excavation area.  Once roads are installed, excavators with long arms can reach distances of up to 50 
ft from the edge of the road to remove sediment and place it into trucks for hauling.  If the sediment is 
dense enough, temporary roads may not be necessary.  
 
Cofferdams 
There are several types of cofferdams.  One common type of cofferdam is a berm, or dam, made from 
natural earth materials.  These are similar to earth dams or flood control levees along rivers.  Earth berms 
have to be wider at the bottom than at the top to be stable.  Typical earth berms have side slopes of 3 ft 
horizontal to 1 ft vertical (which is a slope of 33% or approximately 18 degrees) and are about 10 ft wide 
at the top.  For a water depth of 8 ft, a typical berm would be built 10 ft high, 10 ft wide at the top and 70 
ft wide at the base (two sides that are 30 ft wide plus a 10 foot wide center section).  Earth dams generally 
have clay in the interior to reduce water seepage through the dam.  It is not feasible to build berms 
underwater with clay, so temporary cofferdams are usually built with fine sand covered with gravel-sized 
rock for erosion protection.  Pumps are placed inside the cofferdam to remove any water that seeps 
through the berm. 
 
Cofferdams are often built with steel sheet piles (Figure 4-5).  For sites with shallow water (less than 10 
to 15 ft) and the proper soil conditions, a single row of vertical sheet piles can be used.  For deeper water 
depths (10 to 30 ft), a single sheet pile does not have adequate strength to resist the water pressure.  In this 
situation, cofferdams can be made by installing two parallel rows of sheet piling and placing sand 
between the sheets, or by installing the sheet piles in an inter-locking circular shape and filling the inside 
with sand.  
 
Fabric Dams 
Fabric dams could also be used if site conditions are appropriate.  These types of dams are constructed by 
placing an impervious membrane over a free-standing steel support structure.  Portadam® is one example 
of this type of dam.  Fabric dams are designed for use in open water up to 12 ft deep; these dams can be 
constructed without extensive excavation or fill and without constructing temporary dikes or berms.  The 
waterproof membrane is also flexible, allowing for relatively easy installation in any configuration and 
over uneven sediment bed contours.  The installation process for a fabric dam is illustrated in Figure 4-6.  
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4.2.5.2 Screening of Sediment Removal 
 
Effectiveness 
 
Sediment removal by dredging or excavation is a very effective response action because it would achieve 
the sediment RAOs at the end of construction.  Dredging or excavation provide very effective protection 
by removing the contaminated sediment from the environment that presents an unacceptable risk, thereby 
greatly reducing the risk of exposure to chemical contaminants or migration of contaminants that may 
present an unacceptable risk in the future.  Once the sediment is removed, confirmation sampling would 
be performed to confirm that the cleanup goals were met.  Additionally, because nearly all of the 
contamination that presents an unacceptable risk is removed, the need for monitoring as a way to ensure 
protectiveness in the long term is greatly diminished. 


 
For dredging, there is the potential for short-term impacts to water quality and potential for residual 
contamination (National Academies Press, 2007; EPA, 1994a).  During any dredge operation, some 
sediment becomes resuspended into the water column.  This sediment can be carried by water currents 
until it settles back to the bottom.  This potential impact would be monitored by taking water quality 
samples in the surrounding areas.  The environment would be protected by compliance with appropriate 
short-term water quality criteria; however, it is not possible to remove all contaminated sediment because 
the work is performed underwater and every dredge leaves some residual material on the bottom.  
Confirmation sampling would be performed after the completion of dredging to demonstrate that 
contaminant concentrations in the remaining sediments are below the cleanup goals.  For excavation, the 
water level would be lowered to expose the sediment, which could result in unpleasant odors and short-
term loss of shallow-water habitat.  However, removal using excavation is much more precise and there 
are fewer problems associated with residual contamination and downstream transport of suspended 
materials. 
 
Overall, dredging is considered moderately effective and excavation is considered highly effective 
because the excavation methods allow for more precise removal of contaminated material, minimizing the 
amount of excess material, or overdredge, removed from a site. 
 
Implementability 
 
Sediment removal by dredging or excavation are proven technologies that have been successfully 
implemented at other sites (USACE, 1990; Scenic Hudson, 2000), and would be technically and 
administratively implementable at the CMRP site.  Sediment removal at Allendale and Lyman Mill 
reaches using dredging or excavation would present some technical implementability issues that could be 
addressed using standard construction techniques.  For example, dredging in the vegetated areas along the 
shorelines would require removal of the existing vegetation and would require low-ground pressure or 
amphibious equipment.  For excavation, the gate structures at Lyman Mill Dam would require repairs to 
be returned to operable condition.  Large pumps could be used to pump water around Lyman Mill Dam 
and either repairs to the gates could be made after the pond elevation is lowered (for alternatives where 
the dams remain), or the dam would be removed (for alternatives without the dams).  Once the pond 
levels were lowered, most of the sediment in the ponds would be removed using excavation equipment.  
The sediment would still likely have a relatively high water content and low ground-pressure vehicles or 
other equipment designed to work on soft mud would be required.  The river channel remaining after the 
water level is lowered would be fairly narrow, and excavation equipment would have booms or arms long 
enough to remove sediment from the channel sides and bottom.  The presence of substantial amounts of 
debris can present technical implementability issues with respect to sediment removal using dredging.  
Debris can become entangled in the cutterheads and plug in slurry pipelines when using hydraulic 
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dredges.  Debris can prevent clamshell buckets from closing when using mechanical dredging, which can 
lead to greater impacts to water quality.  Debris would not present substantive implementability issues 
using excavation. 
 
The technical implementability of the sediment removal response action is considered moderate and the 
construction and monitoring equipment and personnel are readily available from several commercial 
companies.  Dredging or excavation may result in impacts to wetland and floodplain areas that would 
have to be assessed (see Section 4.5.2.5). 
 
Cost 
 
Both dredging and excavating contaminated sediment would have moderate costs. 
 
Screening Result 
 
Dredging and excavation are retained for alternative development. 


4.2.6 Transportation 


4.2.6.1 Description of Transportation 
 
Like sediment removal, dredged or excavated material can be transported using either mechanical or 
hydraulic methods.  Mechanical methods include floating barges, amphibious vehicles, wheeled vehicles, 
railroads, or conveyors.  With all mechanical methods, the dredged/excavated material is moved with 
essentially no change in water content.  Mechanical methods are similar to conventional methods used for 
upland soil transport.  Hydraulic methods use a pump and pipeline to transport sediment in a slurry form.   
 
When a conventional hydraulic dredge is used, the slurry that leaves the dredge can be pumped without 
adding any more water.  When dredged material removed by mechanical dredging is transported by 
pipeline, water must be added to produce a slurry. 
 
In the majority of projects, sediment that is dredged with mechanical equipment is transported with 
mechanical methods and likewise, sediment that is dredged with hydraulic equipment is transported by 
hydraulic methods.  Sediment that has been dredged or excavated with mechanical equipment is almost 
always too thick to move with pumps.  Unless water is added to make a slurry (as in some hybrid 
systems), hydraulic transport is not possible.  Sediment that has been dredged with hydraulic equipment is 
in a slurry form that behaves more like a liquid than solid material.  It is typically not practical to 
transport slurries with most mechanical equipment, although there are exceptions.  Therefore, sediment 
transport technologies are screened separately from sediment removal technologies. 
 
Mechanical Transport Technology 
 
Barge Process Option 
Barges are the most common method of transport for mechanically dredged sediment (EPA, 1994a).  
Hopper barges hold the dredged material in compartments during transport, then release the material 
through doors in the bottom of the compartment.  Split-hull barges are a special type of hopper barge that 
are constructed in two halves which are connected by hinges at the top.  They have one compartment that 
runs the entire length of the barge.  At the disposal site, hydraulic cylinders or cables split the two halves 
apart at the bottom and the material falls out.  Deck barges simply have flat surfaces to hold equipment or 
materials.  Some deck barges have sideboards to prevent materials from falling into the water.
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Barges are used to transport dredged sediment over water.  Sediments can be loaded directly onto barges 
during dredging operations, after which the barge would transport sediments to a pier or shoreline where 
the sediment could be offloaded mechanically or hydraulically.  Barges also can be used to transport 
dewatered sediments, in which case the sediment would be loaded from land and onto the barge for 
transport over water.  Barges frequently require liners and a retaining system to protect against spillage. 
 
Truck Process Option 
After dewatering, trucks can be used for land transport of dredged material to an appropriate disposal site.  
Truck containers frequently require liners and lids/covers to protect against spillage. 
 
Rail Process Option 
Rail transport can be available for movement of dredged material to an appropriate disposal site.  Rail 
transport requires the presence of an existing rail system that can connect a site with a selected disposal 
location.  Similar to trucks, rail containers frequently require liners and lids to protect against spillage. 
 
Conveyor Process Option 
Conveyors have also been used for transporting bulk materials such as coal and mine ore.  For sediment 
projects, conveyors have been used to move sediment from barges onto shore, between dewatering or 
other processing equipment, and to spread material at the disposal site. 
 
Hydraulic Transport Technology 


Hydraulic transport is defined as the process of pumping sediment slurry through a solid pipeline.  
Hydraulic transport can be an economical method of transporting large volumes of sediment over rela-
tively short distances, especially when connected directly to the discharge from hydraulic dredges.  For 
water transport, pipelines can either float on the water or be submerged to rest on the sediment surface.  
Steel and high-density polyethylene (HDPE) are the most commonly used pipe materials to support 
hydraulic transport. 
 
When a conventional hydraulic dredge is used, the slurry that leaves the dredge typically can be pumped 
without adding additional water.  When dredged material removed by mechanical dredging is transported 
by pipeline, water must be added to the sediment to create a slurry.  For long transport distances, booster 
pumps can be installed along the pipe route.  These pumps boost the pressure to increase the total 
achievable transport distance.  The maximum distance of dredged material transport by pipeline is 
generally in the range of 2 to 10 miles. 
 
Multiple transport methods, including truck and rail transport, can be combined.  All transport methods 
generally require water- and spill-control systems (e.g., liners and adequate freeboard) to prevent 
uncontrolled sediment and water spills during transport. 
 
4.2.6.2 Screening of Transportation 
 
Effectiveness 
 
Mechanical and hydraulic transport are highly effective and proven technologies for moving 
contaminated sediment from the dredge site to the treatment or disposal site.  With any method, the 
contaminated material would be safely contained and would be moved with low risk of spillage.  
Equipment reliability and safety are equivalent to conventional earthwork construction. 
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Implementability 
 
Mechanical and hydraulic transport technologies are proven technologies that have been successfully 
implemented on dredging and upland soil transportation projects, and would be technically and 
administratively implementable at the CMRP site.  The shallow water depths in the Allendale and Lyman 
Mill Ponds would limit the size of the barges and dredges that can be used.  While this equipment is 
specialized, it is available from commercial contractors and equipment leasing companies. 
 
Cost 
 
The cost of transportation depends primarily on the distance traveled.  Both technologies are expected to 
have moderate costs. 
 
Screening Result 
 
Mechanical transport and hydraulic transport are retained for alternative development. 
 
4.2.7 Dewatering 


4.2.7.1 Description of Dewatering 
 
After sediment is dredged or excavated, the material is generally too wet to be transported directly to a 
disposal facility.  As indicated in Section 4.2.5.1, mechanical dredging can increase the in-place sediment 
volume by 20% to 50%, and hydraulic dredging can add up to five to 10 times the in-place sediment 
volume as water.  Excavation in the dry would not include the volume of water typical of mechanical 
dredges and, as a result, would not significantly reduce the in-situ solids content of the sediment.  
Dewatering is performed routinely for the management of contaminated dredge sediments and can reduce 
the weight and volume of sediment designated for off-site disposal, which can reduce controls and 
restrictions on transportation.  Accordingly, dewatering can reduce transportation and disposal costs.  
Figure 4-7 shows a schematic example of a dredging, transport, dewatering, and water treatment system. 
 
The management of water removal from wet sediments is an integral component of the dewatering 
approach.  The magnitude and extent of water management requirements typically depend on the 
dredging method (mechanical dredging typically requires much less water management than hydraulic 
dredging) and the dewatering method (passive dewatering typically requires less water management than 
mechanical dewatering).  The two types of dewatering are discussed below. 
 
Passive Dewatering Technology 
 
Passive dewatering refers to methods that use drainage or evaporation to remove water from the dredged 
material.  The most common and lowest cost method is to place dredged material into a detention basin, 
composed of perimeter berms and a sand bottom overlain by a geomembrane liner, or tank and let the 
sediment particles settle out by gravity.  Dewatering in a basin or tank may result from particle settling, 
surface drainage, or self-weight consolidation.  Water on the surface may evaporate, reducing the amount 
of water in the sediment.  After settling, the overlying water (called supernatant) can be removed by 
slowly draining over an outlet weir.  After most of the water is removed, air drying can be used to remove 
more water from the dredged material. 
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Passive dewatering is most effective when the dredged material can be spread into thin layers (2 to 4 ft 
thick) and left in the basin or tanks for several weeks or months.  The rate of dewatering is not constant 
and generally proceeds more slowly with time.  When hydraulic transport is used, the majority of 
sediment particles settle relatively quickly (one or two days) and an interface forms between the 
supernatant on the top and the sediment solids on the bottom.  This generally does not occur when 
mechanical dredging and transport are used because the material remains in a solid phase. 
 
Additional time is required for passive dewatering after the initial particle settling phase.  The supernatant 
will contain some clay and colloid particles that will remain in suspension for a long period of time.  It is 
generally best to remove the supernatant to facilitate evaporation.  The supernatant may require treatment, 
such as filtering, before being disposed or discharged back to the river.  In its natural setting, sediment 
density increases with increasing depth below the mudline due to the process of consolidation.  As 
sediment is deposited, the weight of the material increases the vertical stress on the underlying sediment, 
resulting in some of the porewater being squeezed out.  This process is called self-weight consolidation 
and also occurs in detention basins. 
 
Passive dewatering has substantial space requirements. For example, a detention area of 25 acres with 
sediment 2 ft thick would have the capacity to dewater 80,000 cy of dredged sediment. 
 
Solidification Technology 
 
Solidification is the technology of mixing additives with the sediment to form a solid mass with high 
shear strength.  The most common additives are cement, lime, and fly ash.  Solidification has been used 
on several sediment sites and recent experience in the northeast is summarized in a guidance document 
prepared for the Port Authority of New York and New Jersey (PANYNJ, 1999).  Solidification was used 
on two projects in New Bedford: the State Pier Dredging performed by the City of New Bedford and for 
dredging performed as part of bulkhead construction by the USACE (1990).  
 
Mechanical Dewatering Technology 
 
In some situations, gravity settling and passive dewatering are insufficient and mechanical systems are 
used to enhance and accelerate the dewatering process.  Mechanical dewatering technologies include belt 
presses, filtration (e.g., plate and frame and geotextile filter), and heat/forced air systems.  The equipment 
cannot handle debris or gravel-sized material, so pre-treatment is required prior to dewatering.  Water 
may need to be added to slurry and process excavated sediment which contain higher in-situ solids 
content compared to dredged sediment.  A typical dewatering system includes the following:  
 


• Separation of coarse-grained material (sand and gravel) from fine-grained material (silt and clay), 
• Polymer storage and mixing tanks,  
• Slurry mixing tanks to add polymer and make consistent slurry density for treatment, 
• Pumping and piping to feed dewatering equipment, 
• Dewatering equipment, 
• Water pumping system to transport water to treatment system, 
• Conveyor systems to move dewatered material to loading area, 
• Material loading area,  
• Water treatment system. 
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Figure 4-8 shows a schematic of a typical belt-type dewatering press.  Belt presses have continuous belts 
similar to conveyor belts.  In a belt press, the dredge slurry is compressed between a pair of belts to 
squeeze out water.  Plate and frame systems pump slurry into a void space between two plates lined with 
a permeable fabric.  The plates are pushed together under high pressure to squeeze out water.  Geotextile 
filtration methods involve placing dredge sediment on top of a membrane or into a tube shaped 
membrane.  Water is then forced through pores in the geotextile membrane via gravity or hydraulic 
pressure.  The dewatered sediment from these filtration systems (generally called filter cake) can be 
handled with conventional earthmoving equipment after dewatering.  The advantages of the plate and 
frame press option is that it is capable of producing filter cake at much higher percent solids (60%) 
compared to the belt press option (50%), thereby reducing the volume/mass of material for disposal.  The 
somewhat higher cost of the plate and frame press method may be overcome by the cost savings due to 
reduction in disposal volume/mass.  Bench-scale testing would be performed during design to evaluate 
the mechanical dewatering options provided mechanical dewatering is a component of the remedy 
selected.   
 
Large centrifuges or cyclonic separators may also be used to separate water and solids.  These machines 
separate the solid and liquid phase using rotational force.  Large-scale centrifuges developed for the oil 
industry are capable of processing 6 to 12 tons of material per hour.   
 
Belt presses and other filtration technologies are used primarily with hydraulic dredge operations.  Excess 
water usually must be treated and discharged to a sanitary sewer, storm drain system, or returned to the 
dredge site.   
 
In order to implement an active dewatering system, a minimum of two acres is required to accommodate 
stockpiles and allow for equipment staging.  Ideally, a minimum of five acres would be used; the larger 
area would more easily accommodate the construction of temporary buildings and temporary stockpiles 
for sediment transfer activities.  Temporary buildings, constructed of canvas or a similar material 
stretched over steel framing, are used to minimize and contain any dust generated by sediment handling.  
 
4.2.7.2 Screening of Dewatering 
 
Effectiveness 
 
Passive dewatering is a highly effective method to reduce the volume of material for disposal when there 
is space to construct a detention basin and time to let the dredged material dry for several weeks or 
months.  The rate of passive dewatering can be increased by removing the surface water that accumulates, 
or by installing a drainage system on the bottom of the basin.  Passive dewatering is more effective in 
warm, dry weather because evaporation occurs faster in warm temperatures and precipitation adds to the 
water in a detention basin. 
 
Solidification would be highly effective in creating material with higher strength and lower water content.  
Amendments such as lime or portland cement could be added in lieu of dewatering to prepare the material 
for mechanical transport.  This alternative may be necessary if passive or mechanical dewatering on site is 
not feasible. 
 
Mechanical dewatering would also be a highly effective method to reduce the volume of material for 
disposal.  All types of sediment can be dewatered with these systems, although it is easier to dewater sand 
than silt or clay, which comprises much of the sediment at the CMRP site.  The silt and clay in Allendale 
and Lyman Mill Ponds has high in-situ water content (i.e., greater than 50% water by weight) and these 
types of fine-grained sediment can be dewatered effectively with mechanical dewatering equipment. 
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All of the dewatering technologies could have short-term impacts on surface water quality that would be 
addressed using standard engineering controls.  Passive dewatering also includes the potential for odors 
that could impact nearby residents. 
 
Overall, passive dewatering, solidification, and mechanical dewatering would all be highly effective at the 
CMRP site. 
 
Implementability 
 
The technical implementability of passive dewatering is contingent upon the availability of adequate 
upland areas adjacent to the ponds.  The southern section of the source area (Cap Area #1) is a potential 
location for passive dewatering; however, this area encompasses only approximately 1.5 acres.  There are 
some privately owned commercial and industrial parcels on the west side of the Lyman Mill and 
Allendale Ponds that have areas ranging from about 0.5 to about 2 acres; however, the availability of 
these properties for dewatering purposes is not certain.  Ideally, each pond would have a dewatering area; 
this would minimize the amount of transport of wet sediment. 
 
Solidification could be implemented using conventional construction methods.  Dredged material has 
been successfully treated with cement or lime type material for solidification or stabilization at several 
sites (PANYNJ, 1999). 
 
Mechanical dewatering is routinely used on dredging projects and could be implemented at the CMRP 
site.  Potential technical implementability issues include the presence of debris and vegetated material 
mixed in with the dredged/excavated sediment, which is expected in the pond sediment.  Debris and 
vegetation would have to be removed prior to mechanical dewatering, which would make the overall 
dewatering process moderately complex.  Mechanical dewatering is administratively implementable and 
the construction equipment is readily available from numerous contactors and equipment leasing 
companies. 
 
All of the dewatering technologies might have potential impacts to wetland and/or floodplain areas that 
would have to be assessed if an upland processing area is not available (see Section 4.5.2.7). 
 
Overall, passive dewatering is considered technically infeasible to implement because of the limited space 
in the vicinity of both Allendale and Lyman Mill Ponds and the close proximity of residential areas.  The 
implementability of solidification and mechanical dewatering technologies is considered moderate. 
 
Cost 
 
Passive dewatering is a low cost technology for dewatering dredged/excavated material if space is 
available.  The costs for solidification are moderate.  Mechanical dewatering costs are also moderate, but 
are generally higher compared to passive dewatering and solidification because of additional costs 
associated with pre-treatment. 
 
Screening Result 
 
Mechanical dewatering and solidification are retained for alternative development.  Passive dewatering is 
screened out due to the lack of available space leading to significant implementability concerns. 
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4.2.8 Sediment Disposal 


4.2.8.1 Description of Sediment Disposal 
 
Sediment disposal involves moving sediment and debris into a containment facility to reduce exposure to 
the material.  This can occur without treatment of the sediment, after treatment, which is a separate 
response action, or after dewatering of sediment depending upon the regulatory nature of the material and 
the method of disposal.  Disposal technologies described and evaluated below include options for on- and 
off-site disposal using either confined aquatic disposal (CAD) cells or a confined disposal facility (CDF).  
The distinction between these technologies is that CAD cells contain dredged material in an area 
constructed beneath the water, whereas CDFs contain dredged material in areas constructed in 
subaqueous, intertidal, or upland land areas and the top of the CDFs would be above the normal water 
surface elevation.  Disposal using on-site consolidation is also considered. 
 
On-Site Confined Aquatic Disposal Technology 
 
In the CAD technology, the untreated dredged material is moved directly into an area beneath the water 
on the site, and covered with clean cap material.  The area where the sediment would be deposited can be 
made by dredging a pit or by using a natural depression in the mudline.  With this technology, it is not 
feasible to place impermeable liners beneath the sediment before it is moved into the CAD cell or to 
attempt collection and treatment of porewater. 
 
CAD is only practical with mechanical dredging and transport because contaminated dredged material 
must drop through the water column and land in a predetermined area.  The slurry that would be 
discharged from hydraulic dredging would be dispersed in the water column, which has the potential to 
spread contamination into the surrounding areas of the site. 
 
CAD cells are only effective in relatively stable depositional areas beneath the water with low potential 
for erosion.  A CAD site must have the same characteristics as described in Section 4.2.4 for capping 
because contaminated sediment would remain under a cap.  In addition, a deep natural depression is 
needed to serve as the disposal area or a pit must be dredged. 
 
CAD cells require extensive long-term monitoring and maintenance to ensure cap integrity and stability 
of buried sediments and contaminants.  Figure 4-9 shows typical CAD cell designs.  Key advantages of 
utilizing a CAD cell are that sediment does not require dewatering or treatment, the disposal area is 
unobtrusive, contaminants are isolated from contact with the environment as long as the CAD cell 
remains intact, and costs are likely to be relatively low.  Disadvantages are that long-term integrity must 
be maintained, the use of waterway may be restricted, and locating an appropriate CAD site may be 
difficult.  Site use restrictions would have to be imposed to help with long-term reliability.  Restrictions 
would include items such as not allowing future dredging for deeper navigation, not allowing anchors 
which may penetrate the cap and not allowing any other construction dredging in the CAD site. 
 
Off-site Confined Aquatic Disposal Facility Technology 
 
The general description of the CAD cell provided above is also relevant to an off-site CAD facility and 
the design and monitoring requirements would be similar.  Dredged material from the CMRP site could 
potentially be disposed of at an off-site CAD location, such as Providence Harbor CAD cells, which are 
used to isolate material dredged from navigation channels and harbors that did not meet the criteria for 
disposal at an off-shore disposal site.  In order to use this disposal option, sediment removed from 
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Allendale and Lyman Mill Ponds would be removed, dewatered, transported, and then shipped to the off-
site CAD cell. 
 
On-site Nearshore Confined Disposal Facility Technology 
 
The Nearshore CDF is a technology where dredged/excavated material is moved to a subaqueous or 
intertidal land area inside perimeter dikes or berms that are built up above the water surface level.  The 
principal difference between nearshore and aquatic disposal is that in the nearshore technology, the 
disposal area is separated from the surface water by perimeter berms and the final cover over a CDF is 
above the normal water level.  There may be a pond inside the CDF to facilitate placement of the floating 
hydraulic pipeline, or the area may be above the water level and conventional earthmoving equipment 
would be used to move the material. 
 
Nearshore disposal can be used with either mechanical or hydraulic dredging and mechanical or hydraulic 
transport.  With hydraulic transport, the area inside the perimeter dikes is usually filled with water and 
floating pipelines distribute dredged material throughout the site.  The ponded area also serves as a 
detention basin for dewatering the dredged material and for initial gravity settling of the supernatant water 
that separates from the dredged slurry. 
 
With mechanical transport, the water inside the CDF may be left in place or may be removed.  If the site 
is deep enough, it may be possible to leave a small opening in the dike and bring haul barges into the 
disposal area.  As the depth decreases, it is usually necessary to close the dike, remove surface water and 
completely fill in the “dry” area. 
 
Once filled, CDFs can be capped with clean material; these caps may be permeable or impermeable, 
depending upon the nature of the contaminants and porewater, as well as the intended use after closure.  
An additional process that may be associated with a CDF would be the installation of a base liner and 
collection system.  A soil gas collection system may also be utilized if necessary.  Long-term monitoring 
would be required to ensure that contaminants within the CDF were not leaking from the CDF and 
adversely impacting the surrounding environment.  The CDF structure and cap also would require 
periodic inspection and maintenance.  ICs (i.e., deed restrictions) would be required to prohibit future 
uses that could potentially disrupt the integrity of the CDF. 
 
Advantages of CDFs are that they can be easy to implement provided that appropriate site conditions 
exist.  In addition, CDFs built and monitored over the last 20 years have been shown to be effective and 
reliable (Herbich, 2000; Palermo and Averett, 2000).  The disadvantages of CDFs are long-term risks of 
leaving highly contaminated material on site in a floodplain, potential loss of shoreline and/or surface 
water depending on where the CDF is sited, and long-term obligations to ensure integrity must be 
maintained.  The long-term O&M of these facilities is crucial and needs to be properly addressed and 
administered in order for them to function and protect human health and the environment.  Guidance 
regarding O&M requirements and landscape planting and vegetation management on any flood damage 
mitigation structure is provided in USACE (2006 and 2009). 
 
On-site Consolidation 
 
For the purposes of this FS, on-site consolidation is a technology where dredged/excavated material is 
moved to a intertidal land area that is built up above the water surface level and is contained under a final 
cover system protected by an armored slope.  On-site consolidation is conceptually similar to the 
nearshore CDF technology in some respects and different in others.  Like the nearshore CDF, the disposal 
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area is separated from the surface water and the final cover is above the normal water elevation.  
However, on-site consolidation is structurally different from the nearshore CDF technology in that the 
contaminated sediment is consolidated under a cover system and an armored slope rather than inside 
perimeter berms and dikes.   
 
The contaminated sediment is moved into the consolidation area by mechanical transport following 
mechanical excavation.  Once placed in the consolidation area, the contaminated sediment is capped with 
clean material as described above for the nearshore CDF except that on-site consolidation would not 
include a base liner or collection system.  Long-term monitoring would be required to ensure that 
contaminants within the consolidation area were not migrating outside the consolidation area and 
adversely impacting the surrounding environment.  The armored slope (e.g., concrete wall) and cap also 
would require periodic inspection and maintenance.  ICs (i.e., deed restrictions) would be required to 
prohibit future uses that could potentially disrupt the integrity of the consolidation area. 
 
The advantages and disadvantages of on-site consolidation are similar to that described for nearshore 
CDF, except that there are additional reliability concerns because on-site consolidation does not include 
key structural components of a CDF (i.e., perimeter berms and dikes). 
 
On-site Upland Confined Disposal Facility Technology 
 
For purposes of this FS, an on-site upland CDF is a monofill, similar to a solid waste or hazardous waste 
landfill, that is designed and built solely for dredged/excavated material from the CMRP site.  A multi-
user facility that accepts dredged material from several dredge projects, and a permitted solid waste or 
hazardous waste landfill that can accept dredged material as well as municipal waste, are considered off-
site disposal options and are discussed below. 
 
The on-site upland CDF or monofill may be able to accept material by hydraulic transport in a manner 
similar to a nearshore CDF.  The first step for a monofill is to construct the disposal facility.  This 
consists of perimeter dikes and possibly a bottom liner, leachate collection system and water treatment 
system, if needed.  After construction of the disposal site, dredged slurry can be discharged directly into 
the containment area.  For a monofill, slurry can be pumped into the site for the duration of the dredging 
work, then passive dewatering can be performed after the completion of dredging.  Once the dredged 
material has been dewatered, a cover similar to a conventional landfill could be placed. 
 
Off-site Disposal Facility Technology 
 
For off-site disposal options, including a multi-user facility or permitted landfill, the dredged material 
must be dewatered prior to disposal.  These facilities are designed and operated to transport and place 
waste material with conventional upland earthmoving equipment and cannot handle slurry material. 
 
Major advantages of on-site upland and off-site landfill disposal are that these are proven and reliable 
technologies, contaminants are isolated from the environment in a secure and regulated environment, on-
site upland disposal sites exist (although are owned by private parties), off-site disposal facilities exist, 
and disposal costs can be competitive with treatment costs.  Disadvantages are that dewatering generally 
is required, disposal costs can change with time and may increase, transportation to disposal facilities is 
required, and contaminants are relocated but are not necessarily destroyed. 
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4.2.8.2 Screening of Sediment Disposal  
 
Effectiveness 
 
On-site CAD.  If properly implemented, operated and maintained in the long term, a CAD cell would be 
moderately effective in preventing the resuspension of contaminated sediment and the migration of 
contaminants into the surface water.  However, because contamination remains in place beneath the water 
there is the chance that contamination could be released in the future despite efforts to properly monitor 
and maintain this option.  There is a potential for short-term impacts to the water quality at the disposal 
area because contaminated sediment would be falling through the water column.  The risk would be 
relatively low at Allendale and Lyman Mill Ponds because the contaminants are sorbed onto the sediment 
particles and have low solubility, and the current speeds in the ponds are low.  However, it is not possible 
to ensure that all of the contaminated material would reach the disposal area and there could be some 
migration of contaminated particles in the surface water as a result. 
 
Off-site CAD.  Shipping the dredged/excavated sediment off site for disposal at a federally maintained 
CAD cell is a highly effective option provided the CAD location would accept dioxin-contaminated 
material from an inland site (see Implementability, below).  Whether or not treatment would be required 
would also need to be evaluated. 
 
On-site Nearshore or Upland CDF.  Moving the dredged material into a nearshore CDF could also be 
effective for the CMRP site, although locating the CDF in a floodplain (nearshore CDF option) is less 
than ideal for long-term protection.  The contaminated sediment could be contained inside perimeter dikes 
and covered with soil or an impermeable membrane and soil.  Nearshore CDFs are more effective in the 
long term than CAD cells because the top cover is above the water level and can be monitored with 
greater reliability.  There would also be less of a short-term impact to water quality because the dredged 
material is moved inside the perimeter dikes.  Supernatant from the dredged material can be collected and 
treated, if needed. 
 
Moving contaminated material into an on-site upland CDF is a highly effective option for the CMRP site.  
The contaminated material would be contained inside the perimeter dikes and covered with soil.  
Depending on the chemical concentrations in the sediment porewater and the site conditions, the bottom 
of an upland CDF could be lined with a geomembrane and a leachate collection system could be installed 
at the bottom to collect leachate from the dredged material. 
 
On-site Consolidation.  Moving the dredged/excavated sediment into a consolidation area would be 
effective for the CMRP site, although locating the consolidation area in the floodplain presents reliability 
concerns as described above for the nearshore CDF.  The contaminated sediment would be contained 
under a cover with an isolation cap and armored slope designed to withstand erosion during flood events.  
However, the containment structure (armored slope and isolation cap) would not provide as effective 
protection in the long-term compared to a CDF constructed with perimeter berms and dikes.  
 
Off-site Disposal at Permitted Facility.  Shipping the dredged/excavated sediment off site for disposal at a 
permitted landfill is a highly effective option for the CMRP site.  Whether or not treatment would be 
required would also need to be evaluated. 
 
In summary, moving dredged material into a CAD cell, CDF, or on-site consolidation area or shipping the 
material off site for disposal would reduce risks to levels that would achieve the RAOs, and provide 
varying degrees of reliable long-term protection depending upon the option used.  These technologies 
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would prevent exposure of human and ecological receptors to unacceptable levels of contamination.  The 
CAD technology is moderately effective because of the potential for migration of contamination during 
implementation as well as issues regarding long-term protection.  The nearshore CDF and on-site 
consolidation are moderately effective because of issues regarding long-term protection (contaminated 
material remains on site in the floodplain).  Upland CDFs and shipping material off site for disposal are 
the most effective because the contaminated sediment would be removed from the river and ponds and 
outside the floodplain and it is easier to monitor containment facilities that are above the water surface. 
 
Implementability 
 
On-site CAD.  The water is shallow in Allendale and Lyman Mill Ponds, and there are no natural 
depressions large enough to contain the volume of contaminated sediment for the CAD disposal option.  
Instead, a pit would need to be dredged to contain the contaminated sediment.  In order to contain all of 
the contaminated sediment from the Allendale and Lyman Mill reaches and place a 4-ft thick layer of 
clean material over the contaminated material, a total of eight pits would be needed (four in each pond), 
and each pit would need to be approximately 18 ft deep.   During implementation, the contaminated 
sediment would have to be removed and placed in a temporary stockpile.  To construct a pit to the 
required depth, a large volume of clean sediment would also have to be removed and stockpiled.   After 
the non-contaminated sediment was removed to the design depth, contaminated sediment from the 
stockpile and contaminated sediment from other areas of the ponds could be moved into the pit.  When 
dredging was completed, a cap of non-contaminated material would be placed over the top of the CAD 
cell.  The remaining non-contaminated material from the pits would need to be disposed of off site. 
 
The thickness of soft sediment in Allendale and Lyman Mill Ponds is generally less than 10 ft.  Below 
this depth, much harder material such as dense sands and gravels or bedrock is present.  Geologic borings 
performed during the restoration of Allendale Dam indicated that bedrock ranged from 5 to 10 ft below 
the sediment surface in the vicinity of the dam (LEA, 2005).  These types of materials would be very 
difficult to remove due to equipment limitations; only small equipment could be used at the CMRP site 
because of access limitations.  Additionally, available land on and surrounding the site is limited and 
acquiring adequate space for the temporary stockpiles is expected to complicate implementation.  As a 
result, the implementability of an on-site CAD cell is considered technically infeasible. 
 
Off-site CAD.  The implementability of the off-site CAD cell option (such as the Providence Harbor CAD 
cells) is expected to be administratively infeasible.  Federally maintained CAD cells are intended for 
navigation projects (e.g., maintenance dredging and associated navigation-related dredging).  There is no 
precedent for Superfund sites utilizing federally maintained CAD cells for the off-site disposal of 
contaminated sediment, especially dioxin-contaminated sediment originating from an inland location. 
Moreover, the Providence Harbor CAD facility has not accepted dioxin-contaminated sediments (Goulet, 
2006) and may not be able to accept dioxin waste under federal law.  Further, the large volume of dredged 
material from the CMRP site would substantially reduce the capacity of the Providence Harbor CAD 
facility, and impact other users (marine facilities) who have limited or no disposal options. 
 
On-site Nearshore or Upland CDF.  Disposal on site at a nearshore or upland CDF (i.e., monofill) is 
technically and administratively implementable because these options involve standard construction 
techniques and the construction equipment and materials are readily available.  A nearshore CDF could be 
constructed along the shoreline of the ponds and an upland CDF could be constructed on site and above 
the 100-yr flood elevation.  “On site” is defined as the areal extent of contamination and all suitable areas 
in very close proximity to the contamination necessary for implementation of the response action (40 
CFR §300.5).  For purposes of this FS, the proposed locations for the upland CDF would all be 
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considered on site as defined in the NCP.  If the CDF was built over contaminated soil in the source area, 
it could be designed to further reduce leachate and precipitation infiltration into the soil, which would 
provide more protection to the groundwater.  These disposal options would pose some administrative 
implementability issues, however, that would have to be addressed.  For the nearshore CDF, there would 
be a reduction in water area and flood storage capacity.  For the upland CDF, an acceptable location 
would need to be found and then a property interest acquired.  In addition, treatment may be required for 
some materials if sediment waste is managed ex-situ (such as through dewatering in a separate container) 
or the CDF is located outside the “area of contamination”.  Both disposal options could also have 
potential impacts to wetland and/or floodplain areas that would have to be assessed (see Section 4.5.2.8). 
 
On-site Consolidation.  Disposal on site at a consolidation area constructed along the shoreline of the 
ponds is technically implementable as described above for nearshore CDFs.  This disposal option, 
however, would present some administrative implementability issues that would have to be addressed.  
As described for the nearshore CDF disposal option, on-site consolidation would require a reduction in 
water area and would reduce flood storage capacity.   
 
Off-site Disposal at Permitted Facility.  Shipping contaminated sediment off site to a permitted landfill is 
technically and administratively implementable.  The dredged/excavated material could be dewatered on 
site and then taken to an off-site facility for treatment and/or disposal. 
 
In summary, implementation of the on- or off-site CAD cell options is considered infeasible whereas the 
on-site nearshore or upland CDF, on-site consolidation, and off-site disposal options are more easily 
implemented at this site. 
 
Cost 
 
Among the disposal options considered, on-site consolidation or construction of an on-site CDF 
(nearshore or upland CDF) is expected to be more cost effective compared to either the CAD cell or off-
site disposal options.  The off-site CAD cell option is expected to have higher costs due to the expected 
administrative difficulty to obtain approval for disposal.  Disposal at an off-site permitted landfill can be 
very costly, especially if treatment is required. 
 
Screening Result 
 
On-site nearshore CDF, on-site upland CDF, on-site consolidation, and off-site disposal at a permitted 
facility are retained for alternative development.  On- and off-site CAD cells are screened out. 


4.2.9 Ex-Situ Treatment 


4.2.9.1 Description of Ex-Situ Treatment 
 
Ex-situ treatment technologies include physical, chemical, thermal, and biological processes.  Ex-situ 
treatments typically are applied to achieve contaminant levels compatible with final disposal locations 
(e.g., to meet landfill acceptance criteria), reduce costs by generating material with less stringent disposal 
requirements or reducing the volume of contaminated material, generate material that can be beneficially 
reused either on or off site, or minimize liability.  Ex-situ treatment technologies include stabilization, 
thermal treatment, biological treatment, and chemical treatment.  Because CMRP sediments are 
contaminated with both organic and inorganic contaminants, these treatment technologies are assessed for 
their ability to address one or more contaminant types. 
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Stabilization Technology 
 
Stabilization involves the mixing of additives to reduce the chemical mobility of the sediment-borne 
contaminants.  The difference between stabilization and solidification (Section 4.2.7) is that the objective 
of stabilization is to reduce the mobility of chemicals by reducing their solubility or leachability.  
Stabilization can be conducted on or off site at a disposal facility.  Stabilization also can reduce 
contaminant bioavailability sufficiently to allow on- or off-site beneficial reuse.  Sediment amendments 
used for stabilization typically include cementitious (e.g., portland cement), polymeric, soluble phosphate, 
or pozzolanac (e.g., fly ash and kiln dust) materials.  Limestone can be an effective metal binding agent, 
and can lead to the precipitation or accretion of metals as carbonate precipitates. 
 
Stabilization is typically accomplished using a mixing vessel, an additive feed system, and a dedicated 
curing area.  Binding/stabilizing agents, additive ratios, mixing times and curing conditions are selected 
on a site by site basis, and are based on the results of bench-scale and/or pilot-scale treatability studies.  
Figure 4-10 shows a general schematic of the ex-situ stabilization process. 
 
The advantages of stabilization are that it can be accomplished using readily available equipment (e.g., 
mixers) and additives (e.g., portland cement).  Stabilization also is a relatively low-energy and low-
intensity process, and is generally less expensive than other ex-situ treatment technologies such as 
thermal technologies or sediment washing.  The disadvantages of stabilization are that it can be very 
difficult to formulate an appropriate stabilizer for complex suites of contaminants.  Stabilization is much 
less effective for organic contaminants than for inorganic contaminants.  In fact, certain organic 
contaminants can actually impede the stabilization reaction, particularly at high concentrations. 
 
Pretreatment may be required before stabilization to achieve an appropriate sediment water content or to 
screen out debris.  In addition, ECs can be required to minimize dust generation or air emissions during 
the stabilization process.  Stabilization often results in an increased waste volume for ultimate disposal, 
due to the addition of the stabilizing agent(s). 
 
Thermal Treatment Technology 
 
Thermal desorption is used to treat organic or volatile organometallic contaminants in soil and sediment.  
The process involves heating and agitating sediment in a thermal reactor while exposing the sediment to a 
carrier gas or vacuum.  The process does not destroy contaminants, but rather volatilizes constituents into 
the vapor phase.  The carrier gas transports the volatilized contaminants to an off-gas treatment system.  
Typically, an off-gas treatment system consists of a particulate removal stage and a contaminant removal 
stage (e.g., activated carbon).  In some cases, organic constituents are destroyed using a secondary 
combustion chamber or a catalytic oxidizer. 
 
Low temperature (200°F to 600°F) thermal desorption is suitable for the treatment of VOCs and SVOCs 
(including lower-molecular weight PAHs).  High-temperature (600°F to 1,000°F) thermal desorption is 
suitable for the treatment of PCBs, pesticides, and SVOCs with higher boiling points (including high-
molecular-weight PAHs).  Thermal desorbers are readily available as mobile or transportable units.  This 
technology is therefore often conducted on site, which minimizes sediment transport requirements and 
costs.   
 
The advantages of thermal desorption are that it is a well-proven technology for the treatment of organic 
contamination in soil.  In fact, thermal desorption is a presumptive remedy at CERCLA sites with VOC 
contamination in soils (EPA, 1993).  Thermal desorption can lead to volume reductions for solid waste 
disposal and to less costly solid waste disposal options.  The disadvantages of thermal desorption are that 
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it is less proven when dealing with aquatic sediments as opposed to upland soils, and site-specific 
treatability studies often are required.  A major obstacle to thermal desorption for contaminated sediments 
is the high water content in sediments, which requires greater energy input to raise sediment temperatures 
and may slow down the mass transfer of contaminants to the gas phase.  The efficacy of thermal 
desorption decreases with increased sediment organic content and decreased sediment grain size (e.g., 
finer sediments). 
 
Pretreatment is often required before the thermal desorption process is initiated to achieve an appropriate 
sediment water content and to screen out debris.  After treatment, the sediment waste stream may require 
further treatment and/or stabilization depending on the residual contaminant levels. 
 
Incineration Process Option 
Incineration can be applied to treat most organic and organometallic contaminants in nonaqueous and 
aqueous media.  Incinerators use controlled combustion of a fuel source to destroy organic contaminants 
via high temperature oxidation reactions within a contained reactor.  Incineration can be implemented on 
site using mobile or transportable units, or off site at a permitted incineration facility.  Most organic com-
pounds are destroyed at temperatures ranging from 1,100°F to 1,200°F.  Typical mobile incinerators 
operate between 1,400°F and 2,200°F and commercial hazardous waste incinerators operate from 1,200°F 
to 3,000°F.  Figure 4-11 provides a schematic representation of a typical incineration process. 
 
Incineration thermally oxidizes organic contaminants to basic mineral constituents, namely carbon 
dioxide, water, or simple acids (e.g., hydrochloric acid [HCl]).  Incineration is capable of achieving 
destruction efficiencies for PCBs, PAHs, and dioxins on the order of 99.99% (National Research Council 
[NRC], 1997; Federal Remediation Technologies Roundtable [FRTR], 2002).  To burn the dioxin-listed 
hazardous wastes, DRE of 99.9999% must be achieved (40 CFR §264.343(a)(2)); dioxin treatment 
technologies exist that are capable of achieving 99.9999% DRE (Poillon, 1991).  More detailed 
information regarding the temperature range and residence time would be determined during design 
provided the remedy selected includes on-site thermal treatment.  Inorganic constituents such as metals 
are typically concentrated in the resulting ash from the incineration process, and may require additional 
treatment, management, and disposal.  The residue from incineration can be disposed of off site, or used 
beneficially under appropriate circumstances. 
 
Off-gas treatment is commonly required with incineration.  Off-gas treatment is necessary to remove 
particulates, to neutralize acid gases (e.g., NOx, SOx or HCl) that may be generated during the combustion 
process, and to protect against the potential release of dioxins or dioxin-like organic compounds.  Off-gas 
treatment can be complicated if volatile metals (e.g., mercury) that are not fully destroyed by high 
temperature reactions are released. 
 
On- and off-site incineration has been employed to treat organic contaminants at more than 150 
Superfund sites nationwide (FRTR, 2002).  At the Baird and McGuire site in Holbrook, MA, sediments 
impacted with dioxins, VOCs, PAHs, pesticides, and metals were incinerated in a rotary kiln incinerator, 
and the resulting solid material was reused on site (EPA, 1998c). 
 
The advantages of incineration are that it is a proven technology with few technical limitations.  
Incineration is also suitable for a number of contaminants and for most environmental media, and 
generally is capable of significant contaminant destruction efficiencies.  The disadvantages of incineration 
are that pretreatment is generally required (particularly for sediment dewatering and debris removal), 
incineration is very expensive for wet sediments, and controlling air emissions can be difficult and costly.  
Waste streams remaining after treatment include air and ash.  Ash may require post-treatment 
stabilization if inorganic constituents are present (e.g., cadmium, chromium, and lead). 
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Biological Treatment Technology 
 
Biological treatment can be performed with either aerobic or anaerobic bacteria.  In both methods, the 
sediment is mixed with the appropriate nutrients and the temperature and oxygen conditions are adjusted 
to accelerate degradation of the contaminants.  Information on the results of recent demonstrations for 
upland soil is available from the FRTR web site (www.frtr.gov/costperf). 
 
Ex-situ biological treatment systems are designed to provide optimal water content, aeration, nutrient 
levels, pH, and temperature to promote biological transformation and/or degradation of contaminants.  In 
general, biological treatment is suitable only for certain organic constituents, and is accomplished by 
promoting degradation by indigenous (e.g., naturally occurring) organisms.  However, microorganisms 
can be added to the reaction from some other source to accelerate biological degradation.  Biological 
treatment can be implemented on or off site, but is more typically implemented on site. 
 
The advantages of biological treatment technologies are that such systems can be constructed using 
readily available equipment (e.g., mixers and particle separators), and bioremediation is a relatively low-
energy, low-intensity, and low-cost process.  The disadvantages of biological treatment are that it can be 
difficult to formulate an appropriate amendment for complex suites of contaminants, and pretreatment, 
dewatering, and air emissions controls may be required.  Waste streams can still remain after treatment, 
requiring further treatment, proper management, and/or disposal.  Biological treatment is not a field-
proven technology for sediments, particularly for PCB- and dioxin-contaminated sediment. 
 
Chemical Treatment Technology 
 
Chemical treatment is the technology of mixing chemicals into the sediment to change the form of the 
contaminant to a less toxic or less mobile form or to separate the contaminants from the sediment.  
Information on the results of recent demonstrations for upland soil is available from the FRTR web site 
(www.frtr.gov/costperf).  Soil washing consists of separating fine soil particles with sorbed contaminants 
from bulk soil in an aqueous-based system on the basis of particle size.  The process can be augmented 
with a basic leaching agent, surfactant, pH adjustment, or chelating agent to help remove organics and 
heavy metals. 
 
Solvent or chemical extraction is a common form of chemical treatment using organic solvent as the 
extractant.  It is typically used in combination with other technologies, such as solidification/stabilization, 
incineration, or soil washing, depending upon site-specific conditions.  Solvent extraction can also be 
used as a standalone technology in some instances.  Organically bound metals can be extracted along with 
the target organic contaminants, thereby creating residuals with special handling requirements.  Traces of 
solvent may remain within the treated soil matrix, so the extractant toxicity is an important consideration. 
The treated media are usually returned to the site after having met Best Demonstrated Available 
Technology and other standards. 
 
In some cases, solidification (Section 4.2.7) and stabilization technologies can be used to physically bind 
or enclose contaminants within a stabilized mass (solidification), or to induce chemical reactions between 
the stabilizing agent and contaminants to reduce their mobility (stabilization). 
 
Reduction/oxidation treatments chemically convert hazardous contaminants to non-hazardous or less 
toxic compounds that are more stable, less mobile, and/or inert.  The oxidizing agents most commonly 
used are ozone, hydrogen peroxide, hypochlorites, chlorine, and chlorine dioxide. 
 



http://www.frtr.gov/costperf

http://www.frtr.gov/costperf
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During the dehalogenation process, reagents such as alkaline polyethylene glycol or potassium 
polyethylene glycol (KPEG) are added to soils contaminated with halogenated organics.  The 
dehalogenation process is achieved by either the replacement of the halogen molecules or the 
decomposition and partial volatilization of the contaminants.  Base-catalyzed decomposition is a 
technology in which contaminated material is screened, processed with a crusher mill, and mixed with 
sodium bicarbonate.  The mixture is heated to above 330 °C (630°F) in a reactor to partially decompose 
and volatilize the contaminants.  The volatilized contaminants are captured, condensed, and treated 
separately. 
 
Separation technologies attempt to concentrate contaminated solids using either physical or chemical 
techniques, such as sieving, magnetic separation, and gravity separation.  SVOCs, fuels, and inorganics 
are the target contaminant classes for separation methods, but these alternatives can be used on selected 
VOCs and pesticides.  Magnetic separation is specifically used on heavy metals, radionuclides, and 
magnetic radioactive particles.  Physical separation is often used as a pre-treatment measure to chemical 
treatments based on the assumption that most of the contamination is sorbed to the finer soil or sediment 
fraction.  One advantage of physical separation processes is that high throughputs can be achieved with 
relatively small equipment. 
 
The most important factors in the evaluation of dredged/excavated material treatment are the 
concentrations and mobility of the contaminants present at the site and the post-treatment contaminant 
concentration goals.  For Allendale and Lyman Mill sediments, the major contaminants are dioxins and 
PCBs, and selected pesticides, SVOCs, and metals (Sections 2.5 and 3.4). 
 
The sediment at the CMRP site is dominated by silts and clays and the primary contaminants (dioxins and 
PCBs) have low water solubility, are strongly bound to the silt and clay sediment particles and their mean 
concentration is relatively low.  The mean concentration is the most applicable to use in screening 
treatment technologies because sediment would be well mixed during the dredging, dewatering and pre-
treatment processes which are necessary prior to starting treatment.  In this situation, solvent extraction or 
chemical treatment is inefficient and ineffective because it is difficult to obtain contact between all 
sediment particles and the extraction solvent or chemical reagents.  Even with crushing and mixing 
treatment equipment, some of the sediment remains in intact chunks and no treatment is possible inside 
the discrete chunks of contaminated sediment materials. 
 
Treatment of sediment or soil is a complicated process.  For all of the treatment technologies evaluated, 
the sediment would have to be dredged and transported to an upland or off-site processing area for 
treatment.  For all the technologies, except solidification, the dredged material would have to be screened 
and dewatered prior to treatment. 
 
4.2.9.2 Screening of Ex-Situ Treatment 
 
Effectiveness 
 
Stabilization.  Stabilization is considered to have low effectiveness because the contaminants at the 
CMRP site are already relatively immobile. 
 
Thermal Treatment.  Thermal treatment by incineration, either on or off site, is highly effective in 
destroying most organic contaminants including dioxins, PCBs, and SVOCs (EPA, 1998d), thereby 
effectively reducing their toxicity.  However, metals are largely unaffected by incineration and the 
incinerator emissions and byproducts may require additional treatment due to metals content. 
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Biological Treatment.  Dioxins are very resistant to biotic degradation; although microbial dioxin 
degradation has been observed in laboratory settings, the degradation rates are very slow.  Biological 
treatment would have low effectiveness. 
 
Chemical Treatment.  Dehalogenation using KPEG and base catalyzed decomposition have been shown 
to be partially effective in treating dioxins on relatively small scales; however, FRTR notes that high clay 
and moisture content may affect effectiveness (and costs).  Additionally, dehalogenation may not 
completely destroy a contaminant and simply result in the formation of another compound that may or 
may not be less toxic; dehalogenation will also not remove the treatment byproduct from the sediment or 
soil being treated.  Chemical treatment would have low effectiveness. 
 
Implementability 
 
Stabilization.  Stabilization could be implemented using conventional construction methods.  Dredged 
material has been successfully treated with cement or lime type material for stabilization (or 
solidification) at several sites (PANYNJ, 1999).  This technology has been used for sediment, but high 
water content, debris and difficulty in mixing sediments makes implementation moderately difficult. 
 
Thermal Treatment.  Thermal treatment is a proven technology, although concerns about air emissions 
from incinerators often make implementation difficult from an administrative perspective.  For example, 
incineration was initially selected for treatment of PCB contaminated sediments at New Bedford Harbor 
(Massachusetts), but the remedy was changed based on strong public opposition.  On-site incineration 
could have significant administrative implementability issues particularly if the public expressed 
opposition to this option.  The limited availability of space to construct treatment facilities and stockpiling 
areas could also make this option technically difficult to implement.  Off-site incineration would have 
fewer implementability issues because there are licensed, commercial facilities available that have 
experience in treating soils and sediment with the types of contamination present at the CMRP site. 
 
Biological and Chemical Treatment.  Biological and chemical treatments would be technically infeasible 
to implement. Treatment systems for the chemical and biological treatment of sediments are in the 
development stage and full-scale application of these technologies has not yet been proven.  Either 
technology would require the acquisition of elaborate temporary equipment and material handling 
systems to implement. 
 
All of the ex-situ treatment technologies except off-site thermal treatment might have potential impacts to 
wetlands and/or floodplain areas that would have to be assessed if an upland treatment area is not 
available (Section 4.5.2.9). 
 
Cost 
 
Stabilization.  The costs for stabilization are the lowest of the treatment technologies, but are still 
considered moderate. 
 
Thermal Treatment.  The cost for on- or off-site thermal treatment would be very high.  Incineration costs 
from completed projects were reported to be about $650 per cubic yard for treatment of sediment at the 
Bayou Bonfouca Superfund Site (FRTR, 1995) and $540 per ton for treatment of soil at the Baird and 
McGuire Superfund Site (EPA, 1998c).  Additionally, the presence of metals in the sediments may result 
in higher costs associated with scrubbing stack emissions and treating metals in the ash. 
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Biological Treatment.  The cost for biological treatment is estimated to be high based on the costs 
projected for full-scale treatment.  Additionally, this technology is typically not cost effective for large 
waste volumes and concentrations of chlorinated organics greater than 5% require large volumes of 
reagent.   Finally, the capture and treatment of residuals (volatilized contaminants captured, dust, and 
other condensates) may be difficult, especially when the material contains high levels of fines and 
moisture. 
 
Chemical Treatment.  The cost for chemical treatment is estimated to be very high.  For example, 
estimated costs were projected to be $1,000 per cubic yard for the chemical treatment of New Bedford 
Harbor sediments (FRTR, 1996). 
 
Screening Result 
 
Thermal treatment by incineration (both on and off site) is retained for alternative development.  
Although the costs associated with incineration are very high, the technology is proven and is very 
effective for most of the contaminants present at the CMRP site. 
 
Stabilization is screened out due to low effectiveness.  Biological and chemical treatment technologies are 
screened out because of limited effectiveness, high costs (chemical treatment), and difficulty in 
implementation. 
 


4.3 General Response Actions and Technologies for 
Source Area Soils and Floodplain Soils 


 
General response actions, technologies and process options for soils located in the source area, and 
floodplain soils located at the Allendale and Lyman Mill reaches of the river are described and evaluated 
in this section, and summarized in Table 4-2.  Additional details regarding the soil response actions are 
provided in Appendix I. 


4.3.1 Institutional Controls 


4.3.1.1 Description of Institutional Controls 
 
ICs are described in detail in Section 4.2.1.  Potential ICs identified for the source area soils and 
floodplain soils include covenants and easements.  Covenants could be used to prohibit future activities 
such as excavation that could potentially expose and mobilize the contaminated soils.  Easements could 
be used to provide site access to the source area to monitor and maintain the caps and surfaces (parking 
lots, rip rap, landscaped areas) at the source area. 
 
Governmental controls could include land or water use restrictions that could be used to restrict actions 
such as building, utility or other construction activities that could result in contaminated soil being 
released to the environment.  Governmental controls could also include zoning ordinances, such as 
requirements for walkways or boardwalks, which would protect the public’s health by restricting public 
access to limit exposure to contaminated soils. 
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4.3.1.2 Screening of Institutional Controls 
 
Effectiveness 
 
ICs would be effective in reducing exposure to contamination by limiting the amount of direct contact 
with contaminated media.  However, ICs to protect human health are only as effective as the enforcement 
of these controls.  This is particularly true in the case where controls are required to be put in place to 
achieve long-term protection at a site.  Additionally, ICs are not effective in protecting ecological 
receptors.  As a standalone response action, ICs have low effectiveness. 
 
Implementability 
 
ICs are easily implemented at contaminated sites. 
 
Cost 
 
The cost is low because only administrative actions are required. 
 
Screening Result 
 
ICs are retained for alternative development.  These controls would not be used as the sole element of any 
alternative, but could be used in combination with other options as part of several alternatives. 


4.3.2 Engineering Controls 


4.3.2.1 Description of Engineering Controls 
 
ECs could include physical barriers, such as a perimeter fence, that would limit exposure by restricting 
public access. 
 
4.3.2.2 Screening of Engineering Controls 
 
Effectiveness 
 
ECs would be effective in reducing exposure to contamination by limiting contact with contaminated 
media.  ECs would have varying degrees of effectiveness depending on the type of physical barrier used.  
As a standalone measure, ECs would have low to moderate effectiveness. 
 
Implementability 
 
ECs are easily implemented at contaminated sites. 
 
Cost 
 
The cost is low because limited construction work is required. 
 
Screening Result 
 
ECs are retained for alternative development.  These controls would not be used as the sole element of 
any alternative, but would be used in combination with other options as part of several alternatives. 
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4.3.3 Monitored Natural Recovery 


4.3.3.1 Description of Monitored Natural Recovery 
 
MNR for source area soils and floodplain soils would rely upon natural processes, such as deposition of 
new soils and natural degradation of contaminants.  The source area soils and floodplain soils are, by 
definition, in depositional areas; however, the deposition of clean material would typically be limited to 
over bank deposition occurring during flood events.  Therefore, burial of contaminants would be a 
sporadic process.  MNR could also rely on natural biological degradation of contaminants to reduce the 
risk that contamination in soil presents. 
 
4.3.3.2 Screening of Monitored Natural Recovery  
 
Effectiveness 
 
MNR would not be an effective remedy for source area soils and floodplain soils because the majority of 
the soils at the source area have already been capped, and natural deposition of clean material over the 
floodplain soils would likely only occur during flood events.  As a result, contaminants in the surface 
layers of the floodplain soils would remain exposed.  In addition, covering source area soils and 
floodplain soil by MNR would not meet regulatory requirements for capping hazardous waste. 
Additionally, as described in Section 4.2.3.2, natural biodegradation of dioxins/furans and the inorganic 
contaminants would not be effective.  Finally, all sources of contamination would need to be addressed to 
maximize the effectiveness of this response action.  Sources of contamination at the source area have 
been mostly controlled, with the exception of the groundwater discharge under the Brook Village parking 
lot. 
 
Implementability 
 
MNR is easily implemented at contaminated sites.  Technologies are available to predict rate of recovery 
and to monitor the long-term effectiveness. 
 
Cost 
 
MNR costs are low, and include costs associated with the generation of monitoring data (i.e., sample 
collection and analysis). 
 
Screening Result 
 
MNR is screened out for alternative development because it would not be an effective means of risk 
reduction and would not meet regulatory requirements for capping hazardous waste. 


4.3.4 Containment (In-Situ Capping) 


4.3.4.1 Description of Containment (In-Situ Capping) 
 
Several types of caps are available to reduce human and ecological exposure by preventing direct contact 
with the soil and reducing the migration of contaminants to other media.  Isolation capping and shoreline 
stabilization methods are described in Section 4.2.4. 
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4.3.4.2 Screening of Containment (In-Situ Capping) 
 
Screening results for isolation and shoreline stabilization cap technologies are the same as described for 
sediment in Section 4.2.4.2, and are summarized below. 
 
Effectiveness 
 
The source area is currently covered by caps or asphalt parking lots acting as a cap; these containment 
mechanisms have been effective thus far.  Capping contaminated soil in the floodplain areas would be 
effective provided the caps were designed to meet regulatory requirements for capping hazardous waste.  
However, capping contaminated soil in floodplain areas is less than ideal because contamination is left in 
the floodplain in the long term and may present some ARAR compliance issues.  Shoreline stabilization 
capping methods would be used to reduce potential erosional effects and prevent physical transport of 
materials. 
 
Isolation and shoreline stabilization capping would both be moderately effective in reducing the risk 
associated with exposure to source area soils and floodplain soils.  They would be effective in protecting 
human health and the environment by preventing direct contact with contaminated soil left in place.  
These capping technologies would also essentially eliminate contaminant migration to the surface water 
in the Woonasquatucket River provided the caps are not disturbed.  Overall, the capping technologies 
could provide reliable long-term protection as long as the cap remained intact and was not disturbed.  ICs 
and long-term O&M of the caps would be required to ensure their integrity. 
 
Short-term impacts associated with capping contaminated source area soils would be low to medium 
because the existing interim caps would either be incorporated into the design of the new cap and 
contaminated soils would not be disturbed, or a new cap would be constructed which requires disturbance 
of underlying soil.  The placement of caps over the floodplain soils would destroy existing habitat in the 
short term.  Caps could be engineered so that the top layer included the appropriate soil and plantings to 
expedite re-establishment of floodplain habitat. 
 
Overall, the isolation and shoreline stabilization capping technologies are considered to be moderately 
effective. 
 
Implementability 
 
The capping technologies listed are all proven methods and are technically implementable.  The caps can 
be designed and implemented in the source area and floodplain reaches of Allendale and Lyman Mill, 
although cap placement in nearshore areas will likely be difficult due to the very soft sediment and 
shallow water (see Section 4.2.4.2).  Placement of caps along shorelines has been successfully 
implemented at similar sites (Palermo et al., 1988), and the implementability and acceptability can be 
increased with the use of wetland caps or other habitat enhancement layers that improve the existing 
habitat. 
 
The capping response action is technically implementable and the capping materials and construction and 
monitoring equipment and personnel are available from several commercial companies.  Capping would 
result in impacts to wetland and floodplain areas, which would have to be assessed (see Section 4.5.3.3). 
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Cost 
 
All of the capping technologies would have moderate costs.  The shoreline stabilization would require 
more advanced design and more specialized materials for construction.   
 
Screening Result 
 
Isolation capping and shoreline stabilization are retained for alternative development because they would 
be effective at reducing risk and are moderate in cost. 


4.3.5 Soil Removal 


4.3.5.1 Description of Soil Removal 
 
Soil removal is the response action of moving contaminated soil from a current location to a new location. 
Removal of the contaminated soils will reduce the mobility of contaminants and reduces or eliminates the 
potential exposure to humans and ecological receptors by removing the contaminated soils from the 
environment.  The two process options considered for soil removal are excavation and dredging inside 
flooded excavation.  The latter option is considered in case materials below the groundwater table need to 
be removed. 
 
Excavation 
 
Excavation of contaminated soils using conventional earthmoving equipment is the primary technology 
for this response action and is described in detail in Section 4.2.5.  The contaminated material is removed 
and transported for disposal, which are separate response actions (see Sections 4.3.6 through 4.3.8).  
 
Some pretreatment of the soil may be required depending on the regulatory nature of the material and the 
location of disposal. 
 
Dredging Inside Flooded Excavation 
 
Mechanical or hydraulic dredging techniques, described in Section 4.2.5, would be used to remove 
contaminated material should the excavated areas flood during construction.  The sediment transport and 
dewatering technologies discussed in Sections 4.2.6 and 4.2.7 would also be applicable to soils that had 
been removed from flooded excavation pits. 
 
4.3.5.2 Screening of Soil Removal 
 
Effectiveness 
 
In general, soil removal is an effective response action because it removes the source of contamination 
that presents a risk to human health and the environment.  There are several advantages to soil removal.   
 
The risk of residual contamination and contaminant migration at the end of construction is minimized.  
Further, the risk of any restrictions on future site use or the need for long-term monitoring would be 
minimized as well. 
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For floodplain soils, soil removal by either dredging or excavation would be effective provided 
confirmation sampling is conducted to confirm that the RAOs were achieved.  However, the extent to 
which soil removal in the floodplain areas would destroy habitat would have to be evaluated. 
 
For source area soils, soil removal by excavation would also be effective, except in the event of a large 
scale excavation where the magnitude of the short-term impacts would greatly limit the effectiveness of 
this option.  Highly contaminated soil that remains in the source area is in close proximity to the 
Centredale Manor and Brook Village apartment buildings.  Large scale removal of contaminated soils 
would likely be a major disruption for elderly residents and could present potential health risks due to 
dust generation and emissions, although these impacts could be addressed with engineering controls.  
Large scale removal of contaminated soils could also require relocation of residents which could present 
significant short-term health impacts that may be unacceptable as most residents are elderly.  Soil removal 
by excavation would be more effective using focused excavation as appropriate to remove ‘hot spot’ soils. 
 
Implementability 
 
Soil removal is technically and administratively implementable, although soil removal by dredging in a 
flooded excavation area can be technically more challenging compared to excavation in dry areas.  Soil 
removal by dredging in flooded excavation areas is possible if soil from below the groundwater table 
must be removed.  This option may be less expensive than dewatering excavation pits, which could 
require sheet piles to be installed around the excavated area and pumping and treatment of the flood 
water.  The technical implementability of soil removal by dredging in flooded excavation areas would be 
difficult. 
 
Soil removal by excavation is a proven technology and would be technically implementable at the CMRP 
site, although the limited availability of space within which to work could pose some administrative 
implementability issues that would need to be addressed. 
 
Overall, the soil removal technologies are technically implementable and the construction equipment and 
personnel are readily available.  However, soil removal at the source area could be difficult to implement 
from an administrative perspective because of potential short-term impacts from construction activities to 
the elderly residents that live at the source area.  In addition, excavation and dredging may result in 
impacts to wetland and floodplain areas that would need to be assessed (see Section 4.5.3.4). 
 
Cost 
 
The cost for dredging inside a flooded excavation area would be high.  Excavation would have moderate 
costs. 
 
Screening Result 
 
Conventional excavation and dredging inside flooded excavation areas are retained for alternative 
development for soils. 
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4.3.6 Transportation 


4.3.6.1 Description of Transportation 
 
The mechanical transport mechanisms (amphibious or wheeled vehicles, rail, or conveyors) described in 
Section 4.2.6 for dredged/excavated sediment are applicable for soils removed by either conventional 
excavation or dredging inside flooded excavation areas. 
 
4.3.6.2 Screening of Transportation 
 
Effectiveness 
 
Mechanical transport is a highly effective and proven technology for moving contaminated materials from 
the excavation/dredging site to the treatment or disposal facility.  Contaminated soil would be contained 
and moved with minimal risk of loss to the environment.  The equipment reliability, safety, and 
accessibility are comparable to that of conventional construction equipment. 
 
Implementability 
 
Mechanical transport is routinely used on upland soil transportation projects, and would be technically 
and administratively implementable at the CMRP site.  The construction equipment is readily available 
from numerous contractors and equipment rental companies.  
 
Cost 
 
Transportation costs depend upon the distance traveled.  Costs associated with mechanical transport are 
moderate. 
 
Screening Result 
 
Mechanical transport is retained for alternative development. 


4.3.7 Dewatering 


4.3.7.1 Description of Dewatering 
 
The dewatering technologies are the same as described in Section 4.2.7 for sediment, and include passive 
dewatering techniques (gravity separation and air drying), solidification, and mechanical dewatering 
methods (belt filter press, plate and frame press, and centrifugation).  Source area soils would not require 
dewatering; however, some floodplain soils may have relatively high water content. 
 
4.3.7.2 Screening of Dewatering 
 
Effectiveness 
 
Passive and mechanical dewatering are highly effective methods of reducing the volume of contaminated 
material for disposal and/or treatment.  Passive dewatering is effective when adequate space is available 
to construct the detention ponds.  Section 4.2.7 details the construction and space requirements of passive 
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dewatering schemes.  Mechanical methods would also be effective, although it is generally easier to 
dewater sand than silt or clay using these systems.  Solidification would be highly effective in creating 
material with higher strength and lower water content. 
 
Implementability 
 
As discussed in Section 4.2.7.2, there is insufficient space for passive dewatering at the CMRP site and 
this technology is technically infeasible as a result. 
 
Solidification has been used at other soil sites and can be implemented with moderate effort. 
 
Mechanical dewatering, though easily implemented for saturated sediments, is more challenging and 
difficult for soils that include vegetated material.  Additionally, available dewatering systems require the 
input to be in a slurry form, which would require adding water to most excavated/dredged soil.  This 
would add to the complexity of the process.  The technical implementability of mechanical dewatering is 
difficult for source area soils and floodplain soils. 
 
All of the dewatering technologies might have potential impacts to wetland and floodplain areas that 
would have to be assessed if an upland processing area is not available (see Section 4.5.3.6). 
 
Cost 
 
Passive dewatering is a low cost technology.  There are initial expenses of constructing the settling ponds, 
but once that has been completed there is minimal use of equipment or labor.  Solidification is a moderate 
cost technology.  Mechanical dewatering is a high cost technology because the vegetation in the 
excavated/dredged soil would need to be removed and the soil would also need to be made into a slurry 
before treatment. 
 
Screening Result 
 
Passive dewatering is screened out as technically infeasible.  Mechanical dewatering of soils is eliminated 
because of the expected implementation difficulties.  Moreover, mechanical treatment is not warranted 
because the water content of most soils is expected to be low initially.  Solidification is retained for 
alternative development. 


4.3.8 Soil Disposal 


4.3.8.1 Description of Soil Disposal 
 
This response action is the same as described for dredged sediment disposal in Section 4.2.8, and includes 
options for on-site disposal in a nearshore or upland CDF and off-site disposal at a permitted facility.   
CAD technologies are not considered for soils because these technologies are technically infeasible and 
were screened out in Section 4.2.8.  Whether or not treatment would be required would also need to be 
evaluated.  The most likely scenario for on-site disposal would be in combination with on-site disposal of 
sediments. 
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4.3.8.2 Screening of Soil Disposal  
 
Screening results for on-site disposal in a nearshore or upland CDF and off-site disposal at a permitted 
facility are the same as described for sediment disposal in Section 4.2.8.2, and are summarized below. 
 
Effectiveness 
 
On-site Nearshore or Upland CDF.  Moving the dredged/excavated material into a nearshore CDF could 
also be effective for the CMRP site, although locating the CDF in a floodplain is less than ideal for long-
term protection.  The contaminated soil could be contained inside perimeter dikes and covered with soil 
or an impermeable membrane and soil.  Supernatant from the dredged/excavated material can be collected 
and treated, if needed. 
 
Moving contaminated soil into an on-site upland CDF is a highly effective option for the CMRP site.  The 
contaminated material would be contained inside the perimeter dikes and covered with soil.  Depending 
on the chemical concentrations in the porewater and the site conditions, the bottom of an upland CDF 
could be lined with a geomembrane and a leachate collection system could be installed at the bottom to 
collect leachate from the dredged/excavated material.  
 
Off-site Disposal at Permitted Facility.  Shipping the material off site for disposal at a permitted landfill 
is also a highly effective option for the CMRP site.  Whether or not treatment would be required would 
also need to be evaluated. 
 
In summary, moving dredged/excavated material into an on-site CDF or shipping the material off site for 
disposal would reduce risks to levels that would achieve the RAOs, and provide varying degrees of 
reliable long-term protection depending upon the option used.  These technologies would prevent to 
varying degrees exposure of human and ecological receptors to unacceptable levels of contamination.  
On-site upland CDFs and shipping material off site for disposal are the most effective because the 
contaminated soil would be removed from the river, ponds and floodplain areas, and it is easier to monitor 
containment facilities that are above the water surface. 
 
Implementability 
 
On-site Nearshore or Upland CDF.  Disposal on-site at a nearshore or upland CDF (i.e., monofill) is 
technically and administratively implementable because these options involve standard construction 
techniques and the construction equipment and materials are readily available.  A nearshore CDF could be 
constructed along the shoreline of the ponds and an upland CDF could be constructed on site above the 
100-yr flood elevation.  If the CDF was built over contaminated soil in the source area, it could be 
designed to further reduce leachate and precipitation infiltration into the soil, which would provide more 
protection to the groundwater.  These disposal options would pose some administrative implementability 
issues, however, that would have to be addressed.  For the nearshore CDF, there would be a reduction in 
water area and flood storage capacity.  For the upland CDF, an acceptable location would need to be 
found and then a property interest must be acquired.  In addition, treatment may be required for some 
material if the soil waste is managed ex-situ or the CDF is located outside the “area of contamination”.  
Both disposal options could also have potential impacts to wetland and/or floodplain areas that would 
need to be assessed (see Section 4.5.2.8). 
 
Off-site Disposal at Permitted Facility.  Disposal at an off-site CDF is technically and administratively 
implementable.  The dredged/excavated material could be dewatered on site and then taken to an off-site 
facility for treatment and/or disposal. 
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Cost 
 
Among the disposal options considered, construction of an on-site CDF (nearshore or upland CDF) is 
expected to be more cost effective compared to off-site disposal options.  Disposal at an off-site permitted 
landfill can be very costly, especially if treatment is required. 
 
Screening Result 
 
On-site nearshore CDF, on-site upland CDF, and off-site disposal at a permitted facility are retained for 
alternative development. 


4.3.9 Ex-Situ Treatment 


4.3.9.1 Description of Ex-Situ Treatment 
 
Treatment technologies and process options considered for removed soil are the same as those described 
in Section 4.2.9 for dredged material treatment, and include stabilization, on- and off-site thermal 
treatment, biological treatment and chemical treatment. 
 
As with treatment of dredged sediment, the most important factors in the evaluation of ex-situ soil 
treatment are the regulatory status of the material to be treated, concentrations and mobility of the 
contaminants, and their respective cleanup goals.  Cleanup goals for source area soils were identified for 
dioxin TEQ, and selected pesticides, PCBs, SVOCs, metals, and VOCs (see Section 3.4).  Cleanup goals 
for floodplain soil were identified for dioxins and PCBs (including total Aroclor and Aroclor 1254), 
pesticides (4,4’-DDE, dieldrin), and metals (antimony, arsenic, cadmium, lead, selenium, and zinc) (see 
Section 3.4). 
 
For all of the treatment technologies considered, removed soil would need to be transported to a staging 
and processing area for treatment.  Some floodplain soil may require dewatering prior to treatment using 
all technologies, except solidification. 
 
4.3.9.2 Screening of Ex-Situ Treatment 
 
Screening results are the same as described for dredged sediment treatment in Section 4.2.9.2, and are 
summarized below. 
 
Effectiveness 
 
Stabilization.  Stabilization would have low effectiveness because treatment is not expected to have a 
substantive effect on contaminant mobility given that the primary contaminants are hydrophobic and 
strongly sorbed to soil particles. 
 
Thermal Treatment.  Thermal treatment by incineration, either on or off site, is highly effective in 
destroying most organic contaminants including dioxins, PCBs, and SVOCs (EPA, 1998d), thereby 
effectively reducing their toxicity.  However, metals are largely unaffected by incineration and the 
incinerator emissions and byproducts may require additional treatment due to metals content. 
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Biological and Chemical Treatment.  Biological and chemical treatment would have low effectiveness as 
described in Section 4.2.9.2.  Briefly, dioxins are very resistant to biotic degradation and the associated 
degradation rates are very slow.  Chemical treatment may not completely destroy a contaminant, and may 
not be cost effective for large waste volumes. 
 
Implementability 
 
Stabilization.  Stabilization could be implemented using conventional construction methods.  Excavated 
soil could be effectively treated using cement or lime type material that has been successfully used for 
dredged sediments at several locations (PANYNJ, 1999).  The presence of debris and vegetation that 
might require removal makes implementation moderately difficult. 
 
Thermal Treatment.  The equipment and operation of thermal treatment systems is an established 
technology; however, air quality concerns can make implementation difficult from an administrative 
perspective.  On-site incineration would require addressing potential concerns from nearby residents.  The 
limited availability of space to construct treatment facilities and stockpiling areas could also make this 
option technically difficult to implement. 
 
Off-site incineration is technically and administratively implementable because there are licensed, 
commercial facilities available that have experience in treating soils (and sediment) with the contaminants 
found at the CMRP site. 
 
Biological and Chemical Treatment.  Biological and chemical treatments would be technically infeasible 
to implement.  Treatment systems for the chemical and biological treatment of soil are in the development 
stage and full-scale application of these technologies has not yet been proven.  Either technology would 
require the acquisition of elaborate temporary equipment and material handling systems to implement. 
 
All of the ex-situ treatment technologies except off-site thermal treatment could result in additional 
administrative implementability issues that would have to be assessed if an upland treatment area is not 
available (Section 4.5.2.9). 
 
Cost 
 
Stabilization.  The costs for stabilization are the lowest of the treatment technologies, but are still 
considered moderate. 
 
Thermal Treatment.  The cost for thermal treatment by on- or off-site incineration would be very high. 
 
Biological and Chemical Treatment.  The cost of biological and chemical treatment is high and very high, 
respectively. 
 
Screening Result 
 
Thermal treatment by incineration (both on and off site) is retained for alternative development.  
Stabilization is screened out due to low effectiveness.  Biological and chemical treatment technologies are 
screened out because of low effectiveness, high costs, and difficulty in implementation. 
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4.3.10 In-Situ Treatment 


4.3.10.1 Description of In-Situ Treatment 
 
In-situ soil treatment technologies and process options considered for the CMRP site include 
solidification and stabilization, thermal, and biological treatments (Table 4-2).  The key difference 
between ex-situ soil treatment and in-situ soil treatment is that soil removal is not required for in-situ 
treatment. In-situ treatment would be applied to the in-place soil to a pre-determined depth. 
 
General descriptions of all of the treatment technologies and process options are provided in Section 
4.2.9, except for thermal treatments including in-situ thermal desorption, electrical resistance heating, and 
steam injection and a biological treatment option for phytoremediation.  These treatments processes are 
described below. 
 
Thermal Treatment Technology 
 
Thermal treatment works according to the same principles described in Section 4.2.9.  Generally, the heat 
increases the volatilization rate of organics to facilitate extraction.  Volatilized contaminants are typically 
removed from the vadose zone using soil vapor extraction and aboveground treatment of the off-gas is 
required.  When temperatures are sufficiently high, some breakdown of compounds occur in-situ. 
 
The method of supplying the heat varies when treating soils in-situ.  Specific types of thermal treatment 
process options include conductive heating/in-situ thermal desorption, electrical resistance heating, and 
steam heating. 
 
In-Situ Thermal Desorption Process Option 
Metal heaters are installed in subsurface wells or a metal blanket is placed over the soil.  Heat flows into 
the soil primarily by conduction from heaters operating between 540°C and 815°C (1,000°F to 1,500°F).   
As the soil is heated, water boils and contaminants are volatilized.  An applied vacuum draws 
contaminants toward vapor extraction wells for aboveground treatment.  The conductive heating process 
is very uniform in its vertical and horizontal sweep, allowing high DRE of chlorinated VOCs, PCBs, and 
PAHs, and dioxins (Baker and Heron, 2004). 
 
Electrical Resistance Heating Process Option 
This option delivers an electrical current underground through steel wells.  The heat from the current 
converts groundwater and the moisture in soil to steam, which volatilizes contaminants. 
 
Steam Injection Process Option 
Steam injection forces steam underground through wells.  The steam heats the area and mobilizes volatile 
contaminants.  Condensed water must be collected and treated aboveground.  Soil temperatures reach up 
to 100 °C (212 °F). 
 
Biological Treatment Technology 
 
Biological treatment is an innovative technology and works according to the principles described in 
Section 4.2.9.  Generally, bacteria are used to accelerate the degradation of contaminants in contaminated 
soils or sediments.  Information on the results of recent demonstrations for upland soil is available from 
the FRTR Web site (www.frtr.gov/costperf). 
 



http://www.frtr.gov/costperf
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Phytoremediation Process Option 
Phytoremediation is the use of plants to remediate environmental media.  This technology involves the 
interaction of plant roots and the microorganisms associated with these root systems to remediate 
contaminated soil and groundwater.  Phytoremediation is generally used as an in-situ technology, but it 
can also be used ex-situ.  The technology utilizes the natural hydraulic and metabolic processes of plants 
and is thereby passive and solar-driven.  Phytoremediation can be used in combination with mechanical 
treatment methods or as a standalone treatment method. 
 
4.3.10.2 Screening of In-Situ Treatment 
 
Effectiveness 
 
Solidification/Stabilization.  These technologies have not been proven for use with dioxins on a large 
scale, and would not be practical for use in vegetated floodplain soil areas.  These technologies are rated 
as having low effectiveness. 
 
Thermal Treatment.  One thermal process, in-situ thermal desorption (ISTD), uses conductive heating 
accompanied by vapor treatment, and has been shown to be highly effective for the in-situ remediation of 
dioxin contaminated soils as well as other organic contaminants such as PCBs, SVPCs and pesticides that 
need to be addressed at the site.  Electrical resistance heating applies alternating current to heat soil until 
the boiling point of water at depth is reached, but would not be effective for the in-situ remediation of 
dioxin contaminated soils because dioxins and other low-vapor pressure chemicals will not vaporize at 
boiling water temperatures.  Similarly, the steam stripping process option would not be effective for 
dioxin contaminated soils because the temperatures are too low. 
 
Biological Treatment.  Dioxins are very resistant to breakdown by microorganisms and biological 
treatments would have low effectiveness.  Certain types of fungus can break down dioxins, but the 
process is very slow and has not been proven effective in large scale, field-based pilot studies.  Similarly, 
phytoremediation, in which contaminants are taken up by plant roots and sometimes broken down, shows 
promise but has not yet been proven for persistent organic compounds. 
 
Implementability 
 
The solidification/stabilization and thermal treatment technologies would be very difficult to implement 
because of potential impacts to wetland and floodplain areas, the ecology and local residents.  The 
biological treatment technology is also infeasible because appropriate microorganisms or plants to 
conduct biological treatment are not available. 
 
All of the in-situ treatment technologies could have potential impacts to wetland and floodplain areas that 
would have to be assessed. 
 
Cost 
 
Solidification/Stabilization.  These technologies are capital intensive and would have high costs. 
Thermal Treatment.  ISTD is a high cost option because of the high capital, energy, and treatment costs. 
Biological Treatment.  This technology has moderate costs largely due to the cost of materials or plants. 
 
Screening Result 
 
None of these in-situ treatment technologies is retained for alternative development. 
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4.4 General Response Actions and Technologies for Groundwater 
 
General response actions, technologies and process options for source area groundwater are described and 
evaluated in this section, and summarized in Table 4-3.  Additional details regarding the groundwater 
response actions are provided in Appendix I. 


4.4.1 Institutional Controls 


4.4.1.1 Description of Institutional Controls 
 
ICs for groundwater are similar to those considered for sediment (Section 4.2.1) and source area soils 
(Section 4.3.1).  Potential ICs identified for source area groundwater include land and water use 
restrictions to restrict extraction of and contact with contaminated groundwater or restrict actions that 
could result in contaminated groundwater being released to the environment (e.g., excavation).   
 
4.4.1.2 Screening of Institutional Controls 
 
Effectiveness 
 
ICs would not reduce residual risk or achieve the RAOs including preventing contaminant migration from 
groundwater at the impacted area to surface water.  Hence, ICs are not effective as a standalone measure, 
but could be effective if used in conjunction with other options. 
 
Implementability 
 
ICs are easily implemented at contaminated sites. 
 
Cost 
 
The cost is low because no construction work is required. 
 
Screening Result  
 
ICs are retained for alternative development.  These controls would not be used as the sole element of any 
alternative, but would be used in combination with other response actions. 
 
4.4.2 Monitored Natural Attenuation 


4.4.2.1 Description of Monitored Natural Attenuation 
 
Monitored natural attenuation (MNA) for groundwater is comparable in some ways to MNR for sediment.  
For example, natural attenuation relies on natural processes to clean up or attenuate pollution in soil and 
groundwater.  Natural attenuation occurs at most contaminated sites.  However, the right conditions must 
exist underground to clean sites properly and in a timely manner.  MNA involves testing groundwater 
concentrations to assess the extent that contaminants are naturally attenuating.  Attenuation can occur 
through natural microbial biodegradation, adsorption of contaminants to soil, dispersion, and 
volatilization.  MNA works best where the contaminant source has been removed. 
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4.4.2.2 Screening of Monitored Natural Attenuation 
 
Effectiveness 
 
Dioxins are characterized as being highly recalcitrant within the natural environment, with extremely 
slow natural biological degradation rates.  The presence of dioxins in groundwater indicates that natural 
adsorption of dioxin to soil particles with accompanying settling/deposition is not occurring fast enough 
to sufficiently remove the dioxins from the groundwater prior to reaching the river sediment.  PCE and 
other VOCs, which are thought to be one of the mechanisms by which dioxin is mobilized in the 
groundwater at the CMRP site, can be treated using MNA.  However, natural attenuation of these 
chemicals requires relatively low existing contaminant levels, and time and space to be effective and the 
proximity of the contaminated groundwater plume to the Woonasquatucket River poses a potential 
recontamination threat to the river and pond sediments.  Therefore, MNA would not be effective. 
 
Implementability 
 
MNA is easily implemented at contaminated sites. 
 
Cost 
 
MNA costs are generally low, and would be limited to costs associated with the generation of monitoring 
data (i.e., sample collection and analysis). 
 
Screening Result  
 
MNA would not be effective and is screened out as a result. 
 
4.4.3 Containment 
 
4.4.3.1 Description of Containment  
 
Containment of contaminated groundwater would reduce the potential exposure of human or ecological 
receptors to dioxin by reducing contaminant migration to surface water or sediment along the 
Woonasquatucket River.  In-place containment technologies include using either subterranean hydraulic 
barriers or hydraulic pumping to limit groundwater movement.  Establishment of hydraulic control has 
proven effective at many sites to protect downgradient receptors, but does not directly reduce contaminant 
toxicity within the impacted area. 
 
Subterranean Hydraulic Barrier Technology 
 
Subterranean physical barriers can include a slurry wall, a steel sheet pile wall, or chemical or cement 
ground injection.  These technologies can be used to stop groundwater from flowing through or out of a 
location, thus preventing contaminant mobilization and transport. 
 
Slurry Wall Process Option 
Slurry walls are created by digging a trench around all, or part, of a contaminated site and filling the 
trench with a slurry, which forms an impermeable barrier when cured.  Slurries are often made using 
bentonite clay and water, but may also contain chemical cementing agents or soil, depending upon the site 
conditions and contamination (Water Technology International Corporation [WTIC], 1997). 
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Sheet Pile Wall Process Option 
Impermeable barriers can also be created by placing sections of steel plate into the ground around all or 
part of a contaminated site.  The steel is often corrugated to add strength and is driven into the ground 
using a pile driver.  The edges interlock so that a continuous wall is formed; if a small gap is present 
between sheets, it can be injected with grout or will seal itself with fine particles over time (WTIC, 1997). 
 
Cement or Chemical Grout Injection Process Option 
This process option is very similar to a slurry wall, with the exception that grout (in the form of a slurry) 
is injected into the soil through boreholes instead of a trench.  Injections are performed at numerous 
boreholes around the site so that a complete, impermeable barrier is formed (WTIC, 1997). 
 
Ideally, the physical hydraulic barrier would extend vertically down into the confining aquifer layer to 
prevent groundwater from flowing beneath the barrier.  The barrier could consist of any number of 
configurations, including a single downgradient barrier or a barrier that surrounds the entire groundwater 
impacted area.  A downgradient barrier would require hydraulic pumping along the barrier to prevent 
groundwater from flowing around or underneath the barrier.  A barrier that surrounds the entire impacted 
area may also require some form of capping to prevent water infiltration from precipitation, or hydraulic 
pumping to remove infiltrated water. 
 
Hydraulic Control Technology  
 
Hydraulic control of groundwater through pumping is established through an extraction trench or series of 
extraction wells located within or downgradient of the impacted groundwater area.  Monitoring wells are 
needed to evaluate the effectiveness of the hydraulic control.  In addition, the extracted groundwater 
generally requires aboveground treatment.  Extracted groundwater treatment options are discussed in 
Section 4.4.5. 
 
4.4.3.2 Screening of Containment  
 
Effectiveness 
 
In-place containment technologies of subterranean hydraulic barriers or hydraulic control would prevent 
migration of contaminated groundwater from reaching sediment or surface water but may not meet other 
requirements (e.g., GB standards).  Also, the presence of NAPL could compromise the effectiveness if 
NAPLs migrate downward into the confining layer. 
 
The success of a subterranean hydraulic barrier would depend on preventing groundwater from flowing 
around or under the barrier by (1) minimizing infiltration of groundwater into the impacted area through 
proper capping, (2) installing the barrier to an adequate depth to prevent flow under the barrier, and (3) 
either surrounding the entire impacted area or installing a groundwater extraction system to remove 
groundwater behind the barrier. 
 
Hydraulic control through groundwater extraction has proven effective at many sites, as long as adequate 
groundwater capture is obtained. 
 
There would be some reduction in toxicity or volume of contamination using hydraulic control (pumping 
with aboveground treatment), but no reductions in contamination through treatment using hydraulic 
containment.  Both technologies could disturb the elderly occupants of the Brook Village to some degree.  
Therefore, both technologies are rated as having moderate effectiveness.  
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Implementability 
 
Subterranean hydraulic barriers and hydraulic control are proven technologies that can be implemented at 
the CMRP site.  The site area is relatively small and the groundwater is relatively shallow, allowing 
implementation of either technology.  However, the technologies would need to be implemented 
relatively deep to reach the confining bedrock layer located approximately 40 to 60 ft bgs.  Hence, these 
hydraulic technologies are each considered as having moderate implementability. 
 
Cost 
 
The subterranean hydraulic barrier technology is a moderate cost technology because of the high initial 
capital cost but minimal long-term maintenance.  The hydraulic control technology also has moderate 
costs because of the initial capital cost for the treatment system installation and long-term O&M costs. 
 
Screening Result 
 
Subterranean hydraulic barrier and hydraulic control technologies are retained for alternative 
development. 


4.4.4 Excavation/Dewatering 


4.4.4.1 Description of Excavation/Dewatering 
 
This response action involves short-term removal of contaminated groundwater within the impacted area 
in conjunction with focused soil excavation (see Section 4.3.5) at a small area along the west side of the 
Brook Village parking lot (see Section 3.5.6, Figure 3-6).  Combining these actions within the impacted 
area allows removal of a large portion of the contaminant mass, resulting in a substantial decrease in 
subsequent dissolved-phase contaminant concentrations.  This response action provides long-term 
protection through reduction of contaminant mass. 
 
Short-term Pumping Technology 
 
Groundwater is pumped for several days prior to, during, and/or after soil has been excavated.  The 
excavated pit may be left open for several days to allow additional infiltration of groundwater into the pit 
and subsequent pumping.  The extracted groundwater generally requires aboveground treatment.  
Extracted groundwater treatment options are discussed in Section 4.4.5. 
 
4.4.4.2 Screening of Excavation/Dewatering 
 
Effectiveness 
 
Generally, groundwater removal in conjunction with soil excavation within the saturated zone very 
effectively removes a large portion of the contaminant mass from groundwater at contaminated sites, 
allowing a significant reduction in chemical concentrations.  At the CMRP site, once the excavation and 
dewatering are completed, groundwater monitoring would then be performed to confirm that the RAOs 
were met. The disadvantage of dewatering is that either on- or off-site temporary groundwater treatment 
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would be required,34 and groundwater concentrations may remain above cleanup goals if the 
contamination is not sufficiently removed.  This response action would also disturb the elderly occupants 
of the Brook Village apartment building to some degree.  Overall, dewatering is an effective technology 
to consider because it minimizes residual risk through removal of the contaminant source.  Dewatering is 
given a moderate rating for effectiveness when combined with excavation because it will remove much, 
but not all, of the contaminant mass.  Bench-scale testing of dewatering technologies is recommended if 
the selected process has not been previously demonstrated with site contaminants. 
 
Implementability 
 
Dewatering is a proven technology that can be implemented at the CMRP site.  Dewatering in association 
with excavation is routine work that is frequently performed and there should be no administrative issues 
related to implementability.  Dewatering would have easy implementability due to its minimal short-term 
impacts and ease to implement in conjunction with excavation.  Potential impacts to the floodplain would 
also be temporary. 
 
Cost 
 
Dewatering is low cost because of its short-term duration and ability to use rented equipment and 
conventional treatment/disposal options. 
 
Screening Result 
 
Dewatering is retained for alternative development in conjunction with source area excavation. 


4.4.5 Pump and Treatment 


4.4.5.1 Description of Pump and Treatment 
 
Groundwater pumping is a component of many pump-and-treat processes, which are some of the most 
commonly used groundwater remediation technologies at contaminated sites.  Possible objectives of 
groundwater pumping include removal of dissolved contaminants from the subsurface, and containment 
of contaminated groundwater to prevent migration. 
 
Treatment of the extracted groundwater may include the design of a train of processes such as filtration, 
NAPL phase separation, air strippers, carbon systems, bioreactor, or chemical reaction tailored to remove 
specific contaminants.  These available treatment technologies are discussed below. 
 
Physical Treatment Technology 
 
Commonly used physical ex-situ groundwater treatment process options include precipitation/ 
coagulation/ flocculation, filtration, air stripping, and carbon adsorption. 
 


 
34 An area for a skid-mounted groundwater treatment system and/or holding tanks could be located at the Brook Village parking 
lot. 
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Precipitation/Coagulation/Flocculation Process Option 
This process transforms dissolved contaminants into an insoluble solid, facilitating the contaminant's 
subsequent removal from the liquid phase by sedimentation or filtration (Figure 4-12).  The process 
usually uses pH adjustment, addition of a chemical precipitant, and flocculation.  These process options 
most frequently apply to inorganic compounds. 
 
Filtration Process Option 
Separation techniques concentrate contaminated wastewater through physical or chemical means.  The 
separation may be based on a particle size (e.g., bag filter or cartridge filter) or specific density (e.g., 
gravity separation of NAPL phase).  Advanced filtration may involve membranes.  Lignin 
adsorption/sorptive clays are used to treat aqueous waste streams with organic, inorganic and heavy 
metals contamination.  The waste stream is treated due to the molecular adhesion of the contaminants to 
an adsorptive surface. 
 
Air Stripping Process Option 
Figure 4-13 shows a schematic of a typical air stripping process.  Volatile organics are partitioned from 
groundwater by increasing the surface area of the contaminated water exposed to air.  Aeration methods 
include packed towers, diffused aeration, tray aeration, and spray aeration. 
 
Activated Carbon Adsorption Process Option 
Figure 4-14 shows a schematic of a typical activated carbon adsorption process.  Groundwater is pumped 
through a series of canisters or columns containing activated carbon to which dissolved organic 
contaminants adsorb.  Periodic replacement or regeneration of saturated carbon is required.  Pretreatment 
for removal of suspended solids from streams to be treated is an important design consideration.  If not 
removed, suspended solids in a liquid stream may accumulate in the column, causing an increase in 
pressure drop.  When the pressure drop becomes too high, the accumulated solids must be removed (for 
example, by backwashing).  The solids removal process necessitates adsorber downtime and may result in 
carbon loss and disruption of the mass transfer zone. 
 
Biological Treatment Technology 
 
The ex-situ biological groundwater process option considered for the CMRP site is anaerobic degradation.  
A general description of anaerobic degradation is provided in Section 4.2.9.  Contaminants in extracted 
groundwater are put into contact with microorganisms in attached or suspended growth biological 
reactors.  In suspended systems, such as activated sludge, contaminated groundwater is circulated in an 
aeration basin.  In attached systems, such as rotating biological contractors and trickling filters, 
microorganisms are established on an inert support matrix. 
 
Chemical Treatment Technology 
 
The most widely applied chemical treatment technology for ex-situ treatment of groundwater containing 
organics involves reduction/oxidation (redox) reactions that chemically convert hazardous contaminants 
to nonhazardous or less toxic compounds that are more stable, less mobile, or inert.  This and other 
available chemical treatment technologies are discussed in Section 4.2.9.  The most common redox 
chemical reaction process is ultraviolet (UV) oxidation, which uses UV light to oxidize organic 
compounds.  The groundwater must be free of turbidity to prevent interference with the UV light. 
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4.4.5.2 Screening of Pump and Treatment 
 
Groundwater could be extracted either from an extraction trench or from a series of vertical groundwater 
extraction wells.  Aboveground treatment could consist of any number of physical, biological, or 
chemical treatment technologies. 
 
Effectiveness 
 
Groundwater extraction is an option for addressing the types of contamination found in the groundwater 
at the impacted area.  However, it generally takes decades to remove contaminant mass, as contaminant 
removal is diffusion limited.  Dioxins in particular have such a low solubility and high partitioning 
coefficient for desorption that it would take hundreds of years to effect significant desorption from the 
soils to the aqueous phase using pump and treat.  Hence, a groundwater extraction system would require 
operation for many years before acceptable levels are reached in the groundwater. 
 
The treatment technologies applicable to both VOC and dioxin removal include: 


• Physical filtration, including advanced filtration or activated carbon processes. 


• Chemical treatment using UV oxidation after removal of sediment, turbidity, iron, and 
manganese. 


 
A treatment train consisting of one or several of the above processes would be required and would be 
modified over time as influent concentrations change. 
 
Pump and treat combined with physical or chemical treatment are moderately effective because of the 
time required to remove contaminant mass.  Pumping and biological treatment would have low 
effectiveness, because the biological treatment of dioxins is ineffective. 
 
Implementability 
 
Pump and treat is a proven technology that is technically and administratively implementable at the site.  
However, potential impacts on the floodplain areas would need to be assessed (see Section 4.5.4.4).  
Pump and treat combined with physical or chemical treatment has moderate implementability.  Pump and 
treat combined with biological treatment is not implementable. 
 
Cost 
 
Pump and treat using physical (filtration or adsorption) processes would have moderate costs because of 
their long-term duration and O&M costs.  Pumping and chemical (UV oxidation process) or biological 
treatment is a high cost option. 
 
Screening Result 
 
Pump and treat combined with physical or chemical treatment is retained for alternative development.  
Pump and treat with biological treatment is screened out. 
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4.4.6 In-Situ Treatment 


4.4.6.1 Description of In-Situ Treatment  
 
In-situ response actions are often implemented for cleanup of hazardous waste sites based on their 
effectiveness in removing mass and potentially lower costs than ex-situ treatment.  In-situ groundwater 
technologies consist of physical, biological, and chemical treatment technologies. 
 
Physical Treatment Technology 
 
Two physical treatment process options, air sparging and thermal treatment, address volatile or 
recalcitrant organic compounds. 
 
Air Sparging Process Option 
Air sparging involves the injection of air or oxygen through a contaminated aquifer (Figure 4-15). 
Injected air traverses horizontally and vertically in channels through the soil column, creating an 
underground stripper that removes volatile and semivolatile organic contaminants by volatilization.  The 
injected air helps to flush the contaminants into the unsaturated zone.  Soil vapor extraction usually is 
implemented in conjunction with air sparging to remove the generated vapor-phase contamination from 
the vadose zone.  Oxygen added to the contaminated groundwater and vadose-zone soils also can enhance 
biodegradation of contaminants below and above the water table. 
 
Thermal Treatment Process Option 
Thermal treatment technologies are usually applied to contaminated soil but may also be applied to 
groundwater.  Thermal technologies are discussed in Section 4.2.9. 
 
Biological Treatment Technology 
 
In-situ biological groundwater process options considered for the CMRP site include anaerobic 
degradation, passive/reactive treatment walls, and phytoremediation.  General descriptions of anaerobic 
degradation and phytoremediation are provided in Sections 4.2.9 and 4.3.10, respectively.  Additional 
discussion is provided below for passive/reactive treatment walls. 
 
Passive/Reactive Treatment Wall Process Options 
Figure 4-16 shows a schematic of a typical passive treatment wall.  Passive treatment walls, also known 
as permeable reactive barriers (PRBs) or chemical filters, are installed across the flow path of a 
contaminated groundwater plume.  These barriers allow the passive flow of water while prohibiting the 
movement of contaminants by employing agents within the wall such as zero-valent metals, chelators 
(ligands selected for their specificity for a given metal), sorbents, and microorganisms.  The contaminants 
are either degraded or retained in a concentrated form by the barrier material, which may need to be 
replaced periodically.  The wall could provide permanent containment for relatively benign residues or 
provide a decreased volume of the more toxic contaminants for subsequent treatment. 
 
In its simplest form, a reactive barrier consists of a trench in the path of a dissolved groundwater plume.  
This trench is filled with an organic barrier or reactive material, such as tree mulch or granular iron.  The 
main advantage of this system is that, generally, no pumping or aboveground treatment is required; the 
contaminated water passively moves through the barrier.  Because there are no aboveground installations, 
the affected property can be put to productive use while it is being cleaned up.  Passive treatment walls 
are increasingly being installed for cleanup based on their effectiveness, longevity, and low maintenance 
costs.  This would be an effective mechanism for the treatment of VOCs.  However, it is less clear how 







Media: Groundwater 
General Response Action: In-Situ Treatment 
Technology: Physical, Biological and Chemical Treatment 


Interim Final CMRP Feasibility Study Report  April 2010 4-54


effectively a passive treatment wall would capture and degrade dioxins and eliminate their potential 
migration within the groundwater.  This application of a reactive barrier would require treatability testing 
to examine the applicability for dioxins at the CMRP site. 
 
Chemical Treatment Technology 
 
The chemical treatment technologies most widely applied in-situ involve reduction/oxidation (redox) 
reactions that chemically convert hazardous contaminants to non-hazardous or less toxic compounds that 
are more stable, less mobile, or inert.  This and other available chemical treatment technologies were 
discussed in Section 4.2.9. 
 
4.4.6.2 Screening of In-Situ Treatment 
 
Effectiveness 
 
A number of in-situ technologies have proven effective with VOCs.  While there are fewer case studies of 
in-situ removal of dioxin from groundwater, there are several technologies that would likely prove 
effective in reducing the mobility of the dioxin.  A treatability study would be recommended to verify the 
site-specific effectiveness. 
 
Physical Treatment.  One physical process, ISTD, which uses conductive heating of both soil and 
groundwater, has proven effective for removal of recalcitrant compounds including dioxins.  However, in 
order to be effective, this technology must be accompanied by vapor treatment and hydraulic control.  
These technologies are more effective above the groundwater table level because there is less soil 
moisture to heat.  Below the groundwater table, it is more difficult to generate enough energy to raise the 
soil and groundwater temperature.  Furthermore, the proximity to the river raises the concern of elevated 
water temperatures within the river.  Hence, this technology would be moderately effective. 
 
Biological Treatment.  Dioxins are very resistant to breakdown by microorganisms.  Certain types of 
fungus can break down dioxins, but the process is very slow.  VOCs, on the other hand, are more readily 
biodegradable.  Passive biowalls installed downgradient of a plume have been developed to allow in-situ 
anaerobic biodegradation of organic compounds.  Recent work has been performed regarding the viability 
of biomulch walls for in-situ biodegradation of VOCs (Air Force Center for Engineering and the 
Environment, 2008).  Given the high affinity of dioxins to sorb to organic material, there is a high 
probability that a passive biowall would effectively remove both VOCs and dioxin from groundwater.  
However, this technology has not been proven for dioxins.  Biological treatment using biowalls would be 
moderately effective at treating VOCs.  The effectiveness of dioxin reduction is uncertain. 
 
Chemical Treatment.  Chemical oxidation is an effective mechanism for degrading chlorinated solvents 
(tetra- and trichloroethylene).  While dioxins are not readily oxidized, laboratory and limited field data 
indicate that the dioxins will be chemically oxidized when reacted with sufficiently strong radicals.  
Chemical treatment would be moderately effective, but this option would need to be evaluated in a 
treatability study. 
 
Implementability 
 
Physical Treatment.  Known vendors exist for ISTD, but implementation of this innovative technology 
would be difficult because it has site-specific challenges and would be highly disruptive to the site. 
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Biological Treatment.  A number of passive biowalls have been installed at other groundwater sites, 
including biomulch treatment walls using natural tree products, which would be readily available in the 
local area.  This technology is considered easy to implement. 
 
Chemical Treatment.  This technology has been used at other groundwater sites and the construction 
equipment and materials would be readily available.  This technology is considered easy to implement. 
 
Potential impacts to the floodplain would be temporary. 
 
Cost 
 
Physical Treatment.  ISTD is a high cost option because of the high capital, energy, and ex-situ treatment 
costs. 
 
Biological Treatment.  The biowall process option would have moderate costs.  Biowalls can be low cost 
in some situations because of the low capital cost (use native materials) and minimal long-term 
maintenance costs (may need to be refreshed once each decade).  For the CMRP site, treatment of VOCs 
and dioxin is expected to be more complicated and a treatability study should be performed during design 
to provide more information on cost and effectiveness. 
 
Chemical Treatment.  This technology has moderate costs because of the generally high capital cost for 
chemicals and injection wells. 
 
Screening Result 
 
Biological (biowall) and chemical treatment technologies are retained for alternative development.  
Physical treatment is screened out. 
 


4.5 Technology Impacts on Wetlands and Floodplains 
 
Under the Clean Water Act § 404(b)(1) Guidelines, no discharge of dredged or fill material is permitted if 
there is a practical alternative to the proposed discharge that would have less adverse impact to the 
aquatic ecosystem so long as the alternative does not have other significant adverse environmental 
impacts (40 CFR § 230.10(a)).  Under the Wetlands Executive Order 11990, and Floodplain Executive 
Order 11988, adverse impacts to these areas must be avoided wherever there is a practicable alternative to 
address contamination at a site.  Floodplain requirements focus on avoiding to the extent practical the 
long- and short-term adverse impacts associated with the occupancy and modification of floodplains and 
to avoid direct or indirect support of floodplain development wherever there is a practicable alternative.  
Wetlands requirements focus on avoiding to the extent possible the long- and short-term adverse impacts 
associated with the destruction or modification of wetlands and to avoid direct or indirect support of new 
construction in wetlands wherever there is a practicable alternative.  This section describes the potential 
long-term permanent adverse impacts of sediment, soil, and groundwater remediation technologies that 
were retained in Sections 4.1 through 4.4 on wetlands and floodplains consistent with the focus of these 
requirements.  With regard to potential archeological impacts, no structures (e.g., dams) located at the 
action areas evaluated in this FS are listed on the National Register of Historic Places and the State of 
Rhode Island has not identified any historic structures within or adjacent to the action areas. 
 







 


The overall impacts associated with implementing the identified remedial technologies will best be 
understood once the alternatives have been developed and evaluated in Sections 5.0 and 6.0 of this FS.  
The establishment of temporary work areas and access ramps will result in a temporary occupancy in 
floodplain areas but no modification of the floodplain.  Other activities discussed below could result in 
occupation and modification of floodplains. Before an alternative that results in occupation and 
modification of floodplains can be selected, EPA must look at all of the other options for cleanup and 
make a determination that there is no practical alternative to taking this action except for the alternative 
that results in occupation and modification of floodplains.  
 
In areas where contamination is found above cleanup goals in wetland areas, there is no practical 
alternative to doing work in these wetland areas because this is where the contamination is located.  In 
these cases, there is no practical alternative to the destruction of wetland areas.  As a result, EPA must 
evaluate alternatives to select the least damaging practicable alternative consistent with Clean Water Act 
requirements.  EPA also focuses on minimizing impacts to the wetland areas in these circumstances.  
Where activities are proposed that result in destruction of wetlands or the discharge of dredged or fill 
material in wetland areas where there is no contamination above cleanup goals, EPA must look at all of 
the other options for cleanup and make a determination that there is no practical alternative to taking this 
action.  If this determination is made, EPA would then evaluate alternatives to select the least damaging 
practicable alternative consistent with Clean Water Act requirements. 
 
Wetland definitions vary depending on the jurisdiction, but are generally recognized as wet habitats 
where the land is wet for some period of time each year, but not necessarily permanently wet, and 
supports a predominance of plant species adapted to living in wet conditions.  For the purpose of this 
assessment, floodplain areas are defined as the area above the normal water elevation and below the 100-
yr flood elevation.  Wetland and floodplain areas border parts of the Woonasquatucket River that runs 
along the CMRP site (Figure 1-3, Section 2.3.10). 


4.5.1 No Action 


The No Action response was retained according to the NCP guidance (EPA, 1988).  This action is 
common to sediment, soil, and groundwater at the CMRP site.  The No Action response would not have 
any impact on wetlands and floodplains.  However, No Action would not provide effective protection to 
human health and the environment from exposure to contaminated sediment, soil, or groundwater at the 
site. 


4.5.2 Allendale and Lyman Mill Reach Sediment 


Sediment addressed in this FS is located in the open water area upstream of the Allendale and Lyman Mill 
Dams during normal river flow.  The action area is bounded to the north by the Route 44 Bridge and to 
the south by Lyman Mill dam.  For purposes of the FS, contaminated sediment is not located in the 
floodplain.  However, actions taken to address sediment may result in occupancy and modification of the 
floodplain, destruction and modification of wetlands or the discharge of dredged or fill material.  Potential 
actions in wetlands and floodplains from implementation of the sediment technologies retained from the 
screening analysis (Section 4.2) are described below. 
 
4.5.2.1 Institutional Controls 
 
ICs would not have any impact on wetlands and floodplains.  
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4.5.2.2 Engineering Controls 
 
ECs identified for the CMRP site would not have any impact on wetlands and floodplains. 
   
4.5.2.3 Monitored Natural Recovery 
 
The MNR technology would not have any impact on wetlands and floodplains beyond what naturally 
occurs.  The rate of sedimentation is estimated to vary between 0.5 to 0.8 cm/year in Allendale Pond and 
between 0.5 to 0.6 cm/year in Lyman Mill Pond.  MNR would not change these natural sedimentation 
rates.  
  
4.5.2.4 Containment (In-Situ Capping) 
 
Capping contaminated media is an effective and proven technology used to protect human health and the 
environment from exposure to contamination at a site.  By capping contamination in the ponds, 
approximately 7.1 acres of new floodplain areas would be created in shallow areas of the ponds where the 
water depth is less than the cap thickness, unless this technology is combined with sediment removal.  
Because this technology would result in the placement of a structure (cap) in the newly created 
floodplain, it would result in an occupancy and modification of the floodplain.  Thus, a determination 
would first need to be made concluding that there is no other practicable alternative that would not also 
include floodplain occupancy and modification.  In addition, capping would involve the discharge of 
dredged or fill material to “waters of the United States”.  EPA must look at all of the other options for 
cleanup to see if a determination can be made that there is no practical alternative to taking this action that 
would not also include discharge of dredged or fill material.  If this determination is made, EPA would 
then evaluate alternatives to select the least damaging practicable alternative consistent with Clean Water 
Act requirements. 
 
4.5.2.5 Sediment Removal 
 
Sediment removal technologies, including dredging and excavation, would provide effective protection to 
human health and the environment by removing the source of contamination.  There are no significant 
activities related to these actions that would result in occupancy and modification of the floodplain or 
destruction and modification of wetlands except to the extent that contamination is located in wetland 
areas.  In addition, assuming dredging or excavation would result in other than a deminimis discharge of 
dredged or fill material to waters of the US, EPA must look at all of the other options for cleanup to see if 
a determination can be made that there is no practical alternative to taking this action.  If this 
determination is made, EPA would then evaluate alternatives to select the least damaging practicable 
alternative consistent with Clean Water Act requirements. 
 
4.5.2.6 Transportation 
 
All in-situ capping and sediment removal alternatives rely on mechanical transportation to transport 
material at the construction site.  In-situ capping alternatives also rely on the hydraulic transport of 
capping material to the pond areas.  There are no significant activities related to these actions that would 
result in occupancy and modification of the floodplain or destruction and modification of wetlands except 
to the extent that contamination is located in wetland areas.  
  
4.5.2.7 Dewatering 
 
Dewatering technologies are often used in combination with sediment removal technologies to reduce the 
volume of material for disposal or treatment.  For those sediment removal alternatives that include on-site 
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containment in an upland CDF, on-site treatment, or off-site disposal, an upland processing area would be 
needed for mechanical dewatering and/or solidification.  (Disposal in a nearshore CDF would not require 
dewatering.)  Assuming there is an upland area available for this activity, there are no significant 
activities related to dewatering that would result in occupancy and modification of the floodplain or 
destruction and modification of wetlands except to the extent that contamination is located in wetland 
areas.   
 
4.5.2.8 Disposal 
 
Disposal technologies retained from the screening analysis include on-site containment, either in a 
nearshore CDF or an upland CDF, or off-site disposal at a licensed facility.  The potential long-term 
impacts to wetlands and floodplains from these disposal alternatives are described below.  
 
On-site Nearshore Confined Disposal Facility 
 
Nearshore CDFs are constructed in open water, wetland or floodplain areas and are filled so that the top 
cover is above the normal water level.  A permanent perimeter dike would be installed along the shoreline 
and adjacent to the floodplain area.  Because this technology would include placement of contamination 
and a structure (dike) on existing floodplain as well as placement of a structure (cap) in the newly created 
floodplain, it would result in an occupancy and modification of the floodplain and destruction of 
wetlands.  Thus, a determination would first need to be made concluding that there is no other practicable 
alternative.  In addition, placement of the nearshore CDF would result in the discharge of dredged or fill 
material to waters of the US.  As a result, EPA must look at all of the other options for cleanup to see if a 
determination can be made that there is no practical alternative to taking this action.  If this determination 
is made, EPA would then evaluate alternatives to select the least damaging practicable alternative 
consistent with Clean Water Act requirements. 
 
Upland Confined Disposal Facility 
 
As discussed in Section 5.1.6.1, there are three potential upland CDF locations.  The location south of the 
abandoned channel contains low-quality wetlands at the center of its footprint.  Although this location 
does not have sufficient disposal capacity for all of the excavated sediment, it may be selected in 
combination with one of the other potential locations.  Selection of a location for the upland CDF that 
contains wetlands would require a determination that there is no other practicable alternative.  Capacity 
requirements and potential impacts to the floodplain and wetland areas will be evaluated in greater detail 
as the remedial alternatives are developed and analyzed in Sections 5.0 and 6.0 of this FS.   
 
Off-site Disposal 
 
Disposal off site would not have any impacts to wetlands or floodplain areas of the site. 
 
4.5.2.9 Ex-Situ Treatment 
 
Thermal treatment by on-site incineration would require a parcel of property comprising approximately 2 
acres.  There would be no impacts to wetlands or floodplains if on-site incineration were conducted in 
upland areas outside of wetlands or floodplains.  If there is no such upland area that could be acquired, 
then a determination would need to be made that there is no practicable alternative before consideration 
could be given to locating the on-site incinerator in a floodplain. 
 
Thermal treatment at an off-site licensed facility would not have any impact on wetlands or floodplains. 
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4.5.2.10 Dam Removal or Replacement 
 
Dam removal or replacement could happen in conjunction with one of the sediment technologies 
discussed above.  As discussed in Section 2.3.10, wetland areas border parts of the Woonasquatucket 
River including areas located adjacent to the Allendale and Lyman Mill Dams (Figure 1-3).  Along with 
anticipated beneficial effects on water quality and fish passage, dam removal or replacement may have 
long-term impacts such as a reduction in open water area and an increase in the spatial extent of 
floodplain and/or wetland habitat (the positive and negative effects potentially associated with dam 
removal will be discussed and evaluated in Section 6.2 of this FS).  Dam removal or replacement would 
also result in the destruction of some bordering wetlands due to the lowering of the water table.  A 
determination would first have to be made that there is no other practicable alternative to 
destroying/modifying wetlands before this alternative can be selected.  In addition, Section 404 of the 
Clean Water Act establishes a policy of no net loss to wetlands (EPA and Department of the Army, 
1990b).  For dam removal to be acceptable, it (a) should not cause or contribute to significant degradation 
of the waters or result in a net loss of wetlands, (b) should be designed to have minimal adverse impact, 
(c) should not have any practicable alternatives, and (d) should be in the public interest.  EPA will have to 
find that the benefits of dam removal outweigh the loss of wetlands, or that the loss of wetlands is 
mitigated by creation of wetlands elsewhere.  Potential changes to the floodplain and wetland areas will 
be evaluated in greater detail as the remedial alternatives are developed and analyzed in Sections 5.0 and 
6.0 of this FS. 


4.5.3 Source Area Soils and Floodplain Soils 


Soil addressed in this FS is located in the source area and wetland and floodplain areas at the reaches of 
Allendale and Lyman Mill.  In the source area, specific wetland areas include riverbank wetland as 
administered by RIDEM and potential federal jurisdictional wetland that have or could become re-
established along portions of Cap Area #3 (former mill tailrace located just east of the Centredale Manor 
apartment building).  The source area soil action area is bounded to the north by the Brook Village 
apartment building and to the south by Cap Area #1.  While this area is developed, approximately 85% of 
the area (approximately 7.6 acres) is located within the 100-yr flood elevation.  The Allendale and Lyman 
Mill floodplain soil action areas are bounded by the normal water level and 100-yr flood elevations.  The 
Lyman Mill action area also includes the Oxbow, a forested wetland located immediately west of the 
stream channel connecting Allendale and Lyman Mill Ponds.  As a result, most of the soil contamination 
is located either in a floodplain or wetland.  Potential long-term impacts to wetlands and floodplains from 
implementation of the soil technologies retained from the screening analysis (Section 4.3) are described 
below.  
 
4.5.3.1 Institutional Controls 
 
ICs would not have any impact on wetlands or floodplains.  
  
4.5.3.2 Engineering Controls 
 
ECs identified for the CMRP site would not have any impact on wetlands or floodplains.  
  
4.5.3.3 Containment (In-Situ Capping) 
 
Capping contaminated media is an effective and proven technology used to protect human health and the 
environment from exposure to contamination at a site.  Because capping would result in a permanent 
modification and occupancy of floodplain areas a determination would first need to be made that there is 
no other practicable alternative before doing work in a floodplain area.  Where contamination above 
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cleanup goals is located in wetland areas, there is no practical alternative to doing work that will not result 
in the destruction of wetlands.  In addition, capping in some areas would involve the discharge of dredged 
or fill material to waters of the US.  EPA must look at all of the other options for cleanup to see if a 
determination can be made that there is no practical alternative to taking this action.  If this determination 
is made, EPA would then evaluate alternatives to select the least damaging practicable alternative 
consistent with Clean Water Act requirements. 
 
4.5.3.4 Soil Removal 
 
Excavation would provide effective protection to human health and the environment by removing the 
source of contamination.  Some soil contamination that presents an unacceptable risk is located in wetland 
areas.  Removal of soil from these areas would result in the destruction of some wetlands.  Where 
contamination above cleanup goals is located in wetland areas, there is no practical alternative to doing 
work that will not result in the destruction of wetlands.  In addition, assuming dredging or excavation 
would result in other than a deminimis discharge of dredged or fill material to waters of the US, EPA 
must look at all of the other options for cleanup to see if a determination can be made that there is no 
practical alternative to taking this action.  If this determination is made, EPA would then evaluate 
alternatives to select the least damaging practicable alternative consistent with Clean Water Act 
requirements. 
 
4.5.3.5 Transportation 
 
All in-situ capping and soil removal alternatives rely on mechanical transportation to transport material at 
the construction site.  There are no significant activities related to these actions that adversely impact 
wetlands and floodplain areas of the site in the long term; potential short-term impacts and mitigation 
options are discussed in Section 6.0. 
 
4.5.3.6 Dewatering 
 
Dewatering technologies are often used in combination with sediment removal technologies to reduce the 
volume of material for disposal or treatment.  Dewatering would probably not be necessary for soil, 
however, because source area soils are expected to be much drier than sediment and floodplain soils are 
expected to have high amounts of vegetation that would hinder the dewatering process.  In the event that 
dewatering is needed for soil, impacts to floodplain areas are the same as described for dewatering 
sediment (Section 4.5.2.7). 
 
4.5.3.7 Disposal 
 
Potential impacts to wetlands and floodplains from on-site containment in a nearshore CDF or upland 
CDF or off-site disposal at a licensed facility is the same as described for sediment (Section 4.5.2.8). 
 
4.5.3.8 Ex-Situ Treatment 
 
Potential impacts on wetlands and floodplains from ex-situ treatment technologies is the same as 
described for sediment (Section 4.5.2.9). 
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4.5.4 Source Area Groundwater 


Groundwater addressed in this FS is located within the impacted area beneath the Brook Village parking 
lot and is bounded to the east by monitoring well GEC-5 and to the west by the Woonasquatucket River.  
This action area is located in the floodplain as well as riverbank wetland (as defined by RIDEM).  
However, no long-term impacts would occur unless a permanent treatment facility was constructed in the 
floodplain (see Section 4.5.4.4).  The majority of the technologies would be implemented below the 
ground surface which is not considered part of the floodplain.  Potential actions in wetlands and 
floodplains from implementation of the groundwater technologies retained from the screening analysis 
(Section 4.4) are described below.  The potential short-term impacts associated with implementation of 
these technologies and mitigation options are discussed in Section 6.0. 
 
4.5.4.1 Institutional Controls 
 
ICs would not have any impact on wetlands or floodplains.  
  
4.5.4.2 Containment 
 
In-place containment at the CMRP site would not have any long-term impact on the floodplain.  
Implementation of the in-place containment technologies (e.g., subterranean hydraulic barrier such as a 
sheet pile wall or hydraulic control such as extraction wells) would occur below the ground surface which 
is not considered floodplain and would not result in occupancy and modification of the floodplain or 
destruction and modification of wetlands. 
 
4.5.4.3 Excavation/Dewatering 
 
There are no significant activities related to dewatering that would result in occupancy and modification 
of the floodplain or destruction and modification of wetlands. 
 
4.5.4.4 Pump and Treatment 
 
Groundwater pump-and-treat processes are some of the most commonly used groundwater remediation 
technologies at contaminated sites.  This technology would require construction of a permanent 
groundwater treatment facility.  There would be no additional significant impacts to wetlands or 
floodplains if the groundwater treatment facility was located in an upland area.  If there is no upland area 
outside of floodplain and wetland areas that could be acquired to locate the groundwater treatment 
facility, then a determination would need to be made that there is no practicable alternative before 
consideration could be given to locating this in a floodplain or wetland area. 
 
4.5.4.5 In-Situ Treatment 
 
In-situ treatment of contaminated groundwater, using either biological or chemical treatment, would not 
result in occupancy and modification of the floodplain.  In-situ treatment using either biological or 
chemical treatment would occur below the ground surface which is not considered a floodplain.  For 
example, in-situ chemical treatment would include injection of an oxidizing agent into the subsurface soil.
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5.0 IDENTIFICATION AND SCREENING OF REMEDIAL ALTERNATIVES 


The purpose of this section is to develop and screen a range of remedial alternatives to address 
contaminated sediment, soil, and groundwater at the CMRP site.  The remedial alternatives are developed 
by assembling various technologies and process options screened in Section 4.0.  Primary remedial 
technologies, such as capping or excavation, are combined with various process options and/or control 
measures (e.g., monitoring programs, ICs, and treatment or containment) to develop each of the 
alternatives.  The alternatives presented meet the NCP requirement to assess a range of remedial 
approaches for a given site.  In addition to the alternatives developed using the technologies described in 
Section 4.0, the No Action alternative is also evaluated as a stand-alone alternative according to the NCP 
requirements to serve as the baseline condition. 
 
The proposed remedial alternatives are screened against the short- and long-term aspects of three broad 
criteria during this stage: effectiveness, implementability, and cost (described below).  The screening is 
performed with a level of detail sufficient to distinguish among the alternatives and ensure that the 
alternatives are being compared on an equivalent basis.  The goal of alternative screening is to reduce the 
number of alternatives that will undergo a more thorough and extensive analysis (EPA, 1988).  With the 
exception of No Action, alternatives that are not protective of human health and the environment and that 
do not comply with ARARs (except where conditions for an ARAR waiver exist) are screened out.  The 
alternatives with the most favorable evaluation of all three criteria are retained for a more detailed 
evaluation in Section 6.0.   
 
Effectiveness 
 
Each remedial alternative is evaluated based on its potential effectiveness in providing protection to 
human health and the environment and the reduction in toxicity, mobility, or volume of contamination 
that it will achieve through treatment.  Both the short- and long-term effectiveness of each remedial 
alternative is evaluated, where: 
 


• Short-term effectiveness refers to control of adverse impacts on human health and the 
environment posed during the construction and implementation period; and 


• Long-term effectiveness refers to the ability of an alternative to maintain reliable protection of 
human health and the environment over time once the remedial action is complete and the RAOs 
(cleanup objectives) have been met. 


 
Effectiveness is qualitatively evaluated using such terms as: not effective; or low, moderate, and high 
effectiveness. 
 
Implementability 
 
The implementability criterion considers both the technical and administrative feasibility of constructing, 
operating and maintaining a remedial alternative based on site conditions.  Technical feasibility refers to 
the ability to construct, reliably operate, and meet technology-specific regulations until a remedial action 
is completed; O&M, replacement and monitoring aspects of an alternative also are considered as part of 
the technical feasibility.  Administrative feasibility refers to the ability to obtain approvals from other 
offices and agencies, the availability of treatment, storage, and disposal services and capacity.  The 
requirements for, and availability of, specialized equipment or technical staff are also considered during 
the assessment of administrative feasibility. 
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Implementability is generally evaluated using terms such as: infeasible or not possible, or 
complex/difficult, moderate, and easily (i.e., high) implementable. 
 
Cost 
 
During the screening of alternatives, the relative costs for each alternative are estimated so that the 
different options may be compared; relative cost accuracy is sufficient at this stage of the FS.  Cost 
estimates for alternative screening are generally based on a variety of cost-estimating data and resources.  
These can include, but are not limited to, vendor information, cost curves, generic unit costs, cost-
estimating guidance documents, engineering judgment and previous experience, and available historic 
information.  For comparison purposes, costs are calculated as present value worth costs, which are 
calculated by applying a 7% discount rate per EPA guidance (1988 and 2000b).  More accurate cost 
estimates, specific to the CMRP site, will be developed in support of the detailed analysis (Section 6.0). 
 
The costs of the sediment and floodplain soil (Lyman Mill only) alternatives are compared using the 
descriptors and the associated ranges of dollar values below: 
  
 Very High  present worth cost greater than $75 million 
 High   present worth cost ranges from $50 million to $75 million 
 Moderate    present worth cost ranges from $25 million to $50 million 
 Low    present worth cost ranges from $1 million to $25 million 
 Very Low present worth cost less than $1 million 
 
Different cost ranges are used for the Allendale floodplain soil and source area soil and groundwater 
because these areas have smaller remedial footprints and, hence, substantially smaller volumes of material 
for remediation.  The costs of alternatives for these areas are compared using the following descriptors 
and ranges of dollar values: 
 
 Very High present worth cost greater than $10 million 


High  present worth cost range from $5 million to $10 million 
 Moderate present worth costs range from $3 million to $5 million 
 Low  present worth cost ranges from $1 million to $3 million 
 Very Low present worth cost less than $1 million 
 
The monitoring assumptions used for the cost estimates are considered reasonable and provide sufficient 
detail to compare technology costs in this FS.  The actual, detailed monitoring strategies are created 
during the remedial design phase of the CERCLA process and are based on the selected remedies and 
site-specific conditions.  The assumptions listed in this FS are strictly for the purpose of estimating costs 
so that the alternatives can be accurately compared.  These assumptions (e.g., quantities and frequencies) 
are not intended to be prescriptive for the various remedies.







Action Area and Media: Allendale and Lyman Mill Reach Sediment 
Alternative: 1 - No Action


5.1 Allendale and Lyman Mill Reach Sediment Alternatives 


This section presents a range of alternatives 
designed to achieve cleanup objectives and 
address contaminated sediment at the reaches 
of Allendale and Lyman Mill that presents an 
unacceptable risk to human health and the 
environment.  A total of 11 remedial 
alternatives are described and screened, which 
include some that rely on natural recovery and 
others that rely on containment, removal, or a 
combination of these options.  Some of the 
alternatives rely on maintaining the Allendale 
and Lyman Mill Dams, whereas others include 
replacement of the dams with a smaller weir-
type structure or removal of the dams 
altogether.  Monitoring and ICs are common 
components to many of the sediment 
alternatives and all of the alternatives include 
five-year reviews.   


Allendale and Lyman Mill Reach 
Sediment Alternatives 


1 No Action 
2 Limited Action 
3 Monitored Natural Recovery 
4 Enhanced Natural Recovery 
5 Isolation Capping 
6 Dredging and Disposal and/or Treatment 
7 Excavation and Disposal and/or Treatment 


8 Partial Excavation, Isolation Capping and 
Disposal and/or Treatment 


9 Dam Removal and Isolation Capping 


10 Dam Replacement, Excavation and Disposal 
and/or Treatment 


11 Dam Replacement, Partial Excavation, Isolation 
Capping and Disposal and/or Treatment 


Shading represents alternatives retained for detailed 
evaluation in Section 6.0. 


5.1.1 Alternative 1: No Action 


5.1.1.1 Description of No Action 


In accordance with the NCP requirements, the No Action alternative must be carried through the entire FS 
process to serve as the baseline condition.  This alternative would entail no active remediation of the 
contaminated sediments at the reaches of Allendale and Lyman Mill.  Five-year reviews and periodic 
monitoring, triggered by severe weather events, would be performed to assess conditions, but these are 
not requirements.  Monitored natural recovery processes, ICs, and rigorous long-term monitoring are not 
components of this alternative. 


5.1.1.2 Screening of No Action 


Effectiveness 


Alternative 1, No Action would not provide effective protection to human health and the environment 
because contaminated sediment that presents a risk would remain on site unaddressed.  This alternative 
may not comply with ARARs for surface water quality.  There would be no short-term impacts because 
no construction would be performed that could disrupt the local community or environment.  This 
alternative would not provide long-term protection because no action would be taken to contain, reduce 
downstream transport, or remove the contaminated sediment that presents a risk.  Nor would this 
alternative reduce the toxicity, mobility or volume of contamination through treatment. 


Implementability 


Alternative 1, No Action would be technically and administratively implementable at the CMRP site 
because it would not require engineering or physical construction.  Nor would this alternative require any 
institutional or access controls or maintenance of existing features (e.g., dams and fences).  The 
implementation of periodic monitoring would not present any unusual issues. 
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Action Area and Media: Allendale and Lyman Mill Reach Sediment 
Alternative: 1 - No Action 


Cost 
 
The total present worth costs would be very low (<$1 million).  There are no capital costs; rather, costs 
are based solely on periodic monitoring to support five-year reviews. 
 
Screening Result 
 
Alternative 1, No Action is retained for detailed evaluation in accordance with the NCP. 
 
5.1.2 Alternative 2: Limited Action 
 
5.1.2.1 Description of Limited Action 
 
Alternative 2, Limited Action is the same as No Action except this alternative would include ICs to 
minimize the potential for human exposure, as follows: 
 


• Restrict public consumption of area wildlife (e.g., fish, shellfish, turtles, or eels) and plants 


• Restrict public swimming, wading, or water-based fishing 


• Restrict contact with contaminated sediment 


• Restrict future dredging or excavation 


• Maintain signage and public outreach documents (e.g., Do’s and Don’ts for the 
Woonasquatucket River) 


 
This alternative would also include ECs to minimize the potential for human exposure to contaminated 
sediment.  ECs could include physical barriers such as perimeter fences to restrict public access to the site 
and requirements for long-term maintenance of the Allendale and Lyman Mill Dams to ensure that the 
dams remain structurally sound and stable.  
 
5.1.2.2 Screening of Limited Action 
 
Effectiveness 
 
Alternative 2, Limited Action would not provide effective protection to human health or the environment 
because contamination that presents a risk would remain on site.  While ICs and ECs could be used to 
minimize human exposure and protect the public, the short- and long-term effectiveness of these 
measures is uncertain because they can be difficult to monitor and enforce particularly given the nature of 
this site (river with significant public access, etc.).  Moreover, these controls would not protect ecological 
health because the current exposure pathways to ecological receptors would remain in place. 
 
This alternative may not comply with ARARs for surface water quality.  There would be no short-term 
impacts because no construction would be performed that could disrupt the local community or 
environment.  This alternative would not provide long-term protection because no action would be taken 
to contain or remove the contaminated sediment that presents a risk.  There would be no reductions in 
toxicity, mobility or volume of contamination through treatment under this alternative. 
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Action Area and Media: Allendale and Lyman Mill Reach Sediment 
Alternative: 2 - Limited Action 


Implementability 
 
Alternative 2, Limited Action would be technically and administratively implementable at the CMRP site 
because it would require minimal construction and engineering.  Additionally, some of the ICs and ECs 
required for this alternative are already in place at the CMRP site, including fishing advisory and signage 
and a perimeter fence at Allendale Pond.  Hence, this alternative presents no unusual implementability 
issues. 
 
Requirements for dam maintenance and restrictions on consumption of area wildlife could present some 
administrative implementability issues that would have to be addressed.  Agreement for access from 
owners of the dams would be needed.  Restrictions on consumption of area wildlife would have to be 
addressed in a similar manner to those actions currently used to restrict fishing (advisories and signage).  
These measures would require coordination with State and local governments and possibly affected 
landowners. 
 
Cost 
 
The cost of this alternative would be very low (<$1 million). 
 
Screening Result 
 
Alternative 2, Limited Action is screened out because it is not considered protective of human and 
ecological health. 
 
5.1.3 Alternative 3: Monitored Natural Recovery 
 
5.1.3.1 Description of Monitored Natural Recovery 
 
The basic principles of MNR are described in Section 4.2.3.  Site-specific, physical processes that would 
contribute to risk reduction must be well-understood to fully evaluate MNR.  The sedimentation rates at 
the CMRP site have been estimated at 0.5 to 0.8 cm/yr in Allendale Pond and 0.5 to 0.6 cm/yr in Lyman 
Mill Pond (Section 2.3.8).  Several other evaluations would be required to implement MNR in Allendale 
and Lyman Mill Ponds, as follows: 
 


• Evaluation of frequency and intensity of potential erosion due to storms and floods;  


• Evaluation of potential impact of future watershed changes in terms of sediment deposition; and, 


• Monitoring the rate of natural recovery in surface sediment concentrations by monitoring the 
physical conditions at the site and sediment chemistry data. 


 
Monitoring the rate of recovery is an important component of this alternative and one of the key 
differences between MNR and No Action.  More monitoring would be required for this alternative than 
any other alternative to verify that the surface sediment concentrations are decreasing, and that 
contaminated sediment is not migrating downstream.  For example, sampling and analysis of surface and 
subsurface sediment could be performed to evaluate the thickness of the sediment deposited over time and 
to confirm that the contaminated sediments have not migrated away from the site.  Biota monitoring, 
including fish, would also be conducted to determine biota recovery and when the fish might be safe to 
eat.  Cost estimates for this alternative are based on annual monitoring on a 30 year time period and 
assume that reviews would be conducted every five years.  The long-term monitoring would be used to 
monitor impacts of the remedial action on downstream areas, to determine the extent to which surface 
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sediments recover and the cleanup objectives are achieved, and to ensure long-term protection.  Periodic 
reporting would be required to document MNR progress and efficacy, and the long-term monitoring 
results would be used by the Agencies to determine if additional evaluations or clean-ups are warranted. 
 
ICs would be required in association with MNR because contamination above the cleanup goals would 
remain in the sediment during the recovery period.  ICs could include recreational use restrictions and 
hunting and fishing advisories.  Assuming cleanup goals were reached in surface sediment, long-term ICs, 
such as restrictive easements, would be needed to reduce the risk of exposing buried contamination.  The 
future use restrictions could include, but not be limited to: limitations on the size of boat anchors allowed 
in the ponds, prohibition against digging in the sediment, restrictions on future excavation and dredging, 
and restrictions on future access to utilities.  Additionally, this alternative assumes that low energy 
environments in Allendale and Lyman Mill Ponds would not change; therefore, the success of this 
alternative would also be contingent upon the maintenance of the Allendale and Lyman Mill Dams. 
 
5.1.3.2 Screening of Monitored Natural Recovery 
 
Effectiveness 
 
Alternative 3, Monitored Natural Recovery would not provide effective protection to human health and 
the environment because site conditions are generally not conducive to MNR.  That is, dioxin 
concentrations are high and widespread, the primary risk drivers (dioxin, PCBs) are known to 
bioaccumulate, and it may take several decades before surface concentrations are reduced by natural 
processes to levels not posing a risk to human health and the environment.  In addition, ICs would not 
mitigate any short-term ecological risks.  Natural recovery (i.e., burial of contaminated sediment by 
cleaner sediment) might be sufficient to effectively reduce risk in depositional areas of the ponds.  
However, a natural recovery trend is not apparent at this time (see Section 2.4.4).  Further, based on the 
relatively low sedimentation rates at Allendale and Lyman Mill Ponds, it might take several decades to 
accumulate a 10 to 30 cm thick layer of clean sediment.  MNR would not be effective at all in non-
depositional areas of the ponds or the river channel north of Allendale Pond. 
 
Natural biological degradation would also not be effective for reducing contaminant concentrations in the 
surface sediments to acceptable levels.  Inorganic contaminants do not biodegrade, and while natural 
degradation of the primary risk drivers (dioxin and PCBs; Section 4.2.3), can theoretically occur, the rate 
would be very slow at the CMRP site based on the recalcitrant characteristics of these contaminants. 
 
This alternative may not comply with ARARs for surface water quality.  There would be no short-term 
impacts because no construction would be performed that could disrupt the local community or 
environment.  However, this alternative would not provide long-term protection because high levels of 
contamination would continue to present unacceptable risk while MNR occurs, and some areas might 
never be sufficiently addressed.  This alternative would not reduce the toxicity, mobility or volume of 
contamination through treatment. 
 
Implementability 
 
Alternative 3, Monitored Natural Recovery would be technically and administratively implementable at 
the CMRP site.  This alternative would require no action beyond a detailed baseline site characterization, 
monitoring, and continued execution and maintenance of the ICs.  Requirements for dam maintenance 
could present some administrative implementability issues.  That is, agreement for access from owners of 
the dams would be needed. 
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Cost 
 
The costs associated with MNR would be low (between $1 million and $25 million). 
 
Screening Result 
 
Alternative 3, Monitored Natural Recovery is screened out primarily due to the uncertainty associated 
with the effectiveness of the alternative and the very long implementation period expected before the 
cleanup objectives would be achieved, if at all. 
 
5.1.4 Alternative 4:  Enhanced Natural Recovery 
 
5.1.4.1 Description of Enhanced Natural Recovery 
 
In the Enhanced Natural Recovery (ENR) alternative, a thin layer of cover material would be placed over 
contaminated sediment to accelerate natural recovery processes and reduce exposure hazards to the 
benthic community.  The cover would be placed over the entire pond bottoms at Allendale (Figure 3-1) 
and Lyman Mill (Figure 3-2) Ponds.  The cover thickness and composition would be determined during 
the design phase, but a thickness of 6 inches is assumed for the screening analysis.  The material used to 
create the cover could be chosen based on chemical isolation properties or the ability to provide suitable 
habitat for benthic organisms. 
 
ENR would provide rapid and relatively inexpensive contaminant cover, and is suitable in low-energy and 
depositional environments if natural recovery processes are expected to occur over time.  A thin-layer 
cover is not suitable in high-energy environments such as the river channel north of Allendale Pond. The 
channel would be armored under this alternative to prevent erosion and downstream transport of 
contaminated sediment during high flow events. 
 
The monitoring and dam maintenance requirements, ICs, and periodic reporting to document remedy 
progress and efficacy would be the same as described for Alternative 3, Monitored Natural Recovery 
(Section 5.1.3).  Long-term monitoring and maintenance of the thin-layer cover would also be required. 
 
5.1.4.2 Screening of Enhanced Natural Recovery 
 
Effectiveness   
 
Alternative 4, Enhanced Natural Recovery would provide limited protection to human health and the 
environment.  The thin-layer cover placed under this alternative would not be thick enough to provide 
long-term, reliable chemical isolation of contaminated sediment from the environment.  A thin-layer 
cover is typically only 3 to 6 inches thick as compared to an isolation cap that is 24 inches thick.  Natural 
biological activity and bioturbation would result in mixing of the clean thin-layer cover material with the 
underlying contaminated sediment, and, as a result, ENR would not isolate all burrowing benthic 
organisms from contact with contaminated sediment.  Moreover, sedimentation rates at the Allendale and 
Lyman Mill Ponds are very low and it is expected to take decades for effective burial of contaminated 
sediment by cleaner sediment to reduce risks to human health and the environment. 
 
Floodplain/wetland and Clean Water Act Section 404 requirements would have to be evaluated for 
compliance.  Short-term impacts to the local community would be minor (e.g., construction related noise) 
and of short duration.  There would be some short-term impacts to the benthic community because 
sedentary and fragile organisms would be smothered by the cover material and recovery would depend 
upon recolonization rates.  Placement of the thin-layer cover could have short-term impacts to water 
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quality; however, the cover would be comprised of clean material and potential impacts would be minor 
provided appropriate techniques and controls are used.  This alternative might not provide long-term, 
reliable protection because thin-layer covers are not typically armored to protect against erosion.  
Moreover, there would be uncertainty associated with the long- and short-term stability of the thin-layer 
cover, especially during floods or other periods of high water flow.  Additionally, this alternative would 
not provide long-term protection in the non-depositional areas of the rivers/ponds because there would not 
be an adequate deposition of clean material over time.  This alternative would not reduce the toxicity, 
mobility, or volume of contamination through treatment. 
 
Implementability 
 
Alternative 4, Enhanced Natural Recovery would be technically and administratively implementable at 
the CMRP site.  The Allendale and Lyman Mill action areas are accessible from land, and to a lesser 
degree, from water, for the construction and placement of a thin-layer cover.  The thin-layer cover would 
be constructed using clean sand, clay, silt, or a mixture of these materials, which are all readily 
obtainable.  The implementation of a monitoring program and ICs would not present any unusual issues. 
 
Requirements for dam maintenance, potential impacts from occupancy and modification of floodplain 
areas, and discharge of dredged and/or fill material to waters of the US could present some administrative 
implementability issues that would have to be assessed.  Thus, a determination would need to be made 
that there was no other practicable alternative before selecting this option as the preferred remedy. 
 
Cost 
 
Alternative 4, Enhanced Natural Recovery would have low costs (between $1 million and $25 million). 
 
Screening Result 
 
Alternative 4, Enhanced Natural Recovery is screened out based on the uncertainty associated with the 
long-term effectiveness of this alternative at the CMRP site, the ability to meet cleanup objectives in the 
long term, and the duration of the implementation period before cleanup objectives would be achieved.   
 
5.1.5 Alternative 5:  Isolation Capping 
 
5.1.5.1 Description of Isolation Capping 
 
The isolation capping technology is described in Section 4.2.4.  Under this alternative, clean imported 
material would be placed over the entire pond bottom at Allendale and Lyman Mill Ponds (conceptual 
remediation footprints for both ponds shown in Figures 5-1 and 5-3; cross-section for Allendale Pond 
shown in Figure 5-2) to provide chemical isolation and prevent exposure to the contaminated sediment.  
Neither dredging nor excavation would be performed prior to placing cap material; therefore, the post-cap 
surface elevation would be higher than the existing sediment surface elevation.  The cap would consist of 
an isolation layer and an erosion control layer; a typical cross-section is illustrated in Figure 5-2. 
 
The screening level costs assume: 
 


• The top 12–inch thick layer of the cap would be designed to provide habitat in areas that remain 
under water after capping and substrate for wetland vegetation in the marshy areas.
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• The average cap thickness over the entire pond area will be 24 inches, with a minimum thickness 
of 18 inches at any sub-region within the pond.  Sand caps would be placed using a sand spreader 
barge (see Appendix I for further detail). 


• The cap would be installed by placing thin layers (two 6-inch layers followed by a 12-inch layer) 
through the overlying water to prevent soft, contaminated sediments from being displaced by the 
heavier cap material. 


• A production rate of 500 tons per day would be achievable, and it would take approximately 10 
days to cap 1 acre. 


• Water quality downstream would be monitored for total suspended solids during implementation. 
 


The cap would be designed to be stable and resist erosion during flood events.  The actual cap 
composition, thickness and placement techniques would be determined during the design phase.  The 2 
foot cap assumed for costing purposes would require 3,230 cy of cap material per acre (or 4,850 tons of 
sand/acre). 
 
Placement of cap material without removal of sediment would result in a reduction of the depth of water 
in the ponds.  The reduction in depth would be equal to the cap thickness minus the amount of 
consolidation settlement of the underlying native sediment.  In areas where the water depth is less than net 
reduction in depth, cap placement would result in conversion of normal pond water area to floodplain 
soils because the top of the cap would be above the normal water level.  The area where the water level is 
less than 2 ft (estimated cap thickness) is about 1.3 acres in Allendale Pond and 5.8 acres in Lyman Mill 
Pond for a total of 7.1 acres.  This would also result in loss of flood storage capacity. 
 
This alternative includes mitigation for short-term loss of habitat due to placing cap material over the 
existing sediment.  Within the ponds, mitigation would consist of plantings in shallow water (that is less 
than about 2 ft) to provide improved habitat (e.g., fish refugia, nursery areas, and habitat structures such 
as submerged logs or woody structures).  The vegetation types would be determined during final design.  
However, there are no areas where mitigation for the loss of 7.1 acres of open water is practical in the 
area of Allendale or Lyman Mill Ponds.  
 
A quantitative analysis of cap stability against erosion during flood flows was performed for Allendale 
and Lyman Mill Ponds (Appendix E).  This analysis evaluated the potential erosion that would occur with 
a 2-ft thick cap in place over the existing sediment.  The cap stability was evaluated by performing a 
hydrodynamic analysis using a 100-yr flood flow rate of 2,300 cfs.  The preliminary cap design discussed 
below was not specifically designed to withstand ice scour.  Although the slower moving currents in the 
ponds will tend to reduce the risk to the cap integrity associated with ice scour, this is a concern at the 
upstream inlets and near the dams where current velocities are higher.  The cap placed at these areas 
would need to be reinforced with cobble and coarse gravel to protect against erosion.  The final cap 
design developed during the remedial design phase could consider ice scour should this alternative be 
selected. 
 
An isolation cap is not suitable in high-energy environments such as the river channel north of Allendale 
Pond.  Contaminated sediment within the river channel would be dredged to a removal depth of 2 ft 
(includes 1 foot over-dredge allowance) and backfilled with clean material (e.g., coarse gravel).  The 
dredged sediment would be dewatered, stockpiled, characterized, and transported off site for disposal 
and/or treatment (Option e), as discussed in the dredging alternative (Section 5.1.6). 
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Long-term monitoring, dam maintenance, and ICs would be required to maintain cap integrity and 
prevent other activities (e.g., excavation) that could expose contaminated sediment under the cap.  A 
monitoring program would evaluate whether cap material has eroded and would measure the chemical 
concentrations in surface and subsurface sediments.  Biota monitoring, including fish, would also be 
conducted to determine biota recovery and when the fish might be safe to eat.  Finally, monitoring 
downstream of the Lyman Mill Dam would also be performed to monitor the impact of the remedial 
action on the downstream areas.  Periodic reporting would be required to document remedy progress and 
efficacy, and the long-term monitoring results would be used by the Agencies to determine if additional 
evaluations or clean-ups are warranted. 
 
5.1.5.2 Screening of Isolation Capping 
 
Effectiveness  
 
Alternative 5, Isolation Capping would provide moderately effective protection to human health and the 
environment because the contamination would be isolated from the environment, thereby preventing 
exposure to contaminated sediment.  The relatively low-energy environments of the Allendale and Lyman 
Mill Ponds are conducive to isolation capping; however, the potential for erosion at the river channel and 
northern inlets of the ponds during high flow events does reduce the potential effectiveness of this 
alternative.  In addition, the threat to cap integrity posed by ice scour during winter months at the 
upstream inlets and near the dams also contributes to the reduced potential effectiveness.  Site 
contamination sources, with the exception of discharge of contaminated groundwater to the 
Woonasquatucket River near the Brook Village parking lot, have been controlled, thereby minimizing the 
risk of future cap contamination. 
 
Floodplain/wetland and Clean Water Act Section 404 requirements would have to be evaluated for 
compliance.  RCRA Subtitle C requirements are relevant but not appropriate for subaqueous closure and, 
therefore, do not have to be met.  Placing the isolation fill would reduce flood storage capacity, create 
approximately 7 acres of new floodplain and change some habitat types, and result in the permanent 
occupancy and modification of the floodplain.  Potential short-term impacts to the community (e.g., 
construction related noise) would be limited because the implementation period for this alternative is 
expected to be relatively short (e.g., on the order of 8 months for Allendale Pond and one year for Lyman 
Mill Pond).  Capping could also have short-term impacts to water quality.  However, the cap would be 
comprised of clean material and potential impacts would be minor provided appropriate techniques and 
controls are used.  There would, however, be significant short-term impacts to ecological receptors 
because benthic organisms would be buried by the cap and it would likely take two to five years for the 
benthic macroinvetebrate community to recover.  This alternative would provide long-term protection 
provided the cap is monitored and maintained.  This alternative would not reduce the toxicity, mobility, or 
volume of contamination through treatment, although the mobility of contamination would be reduced by 
the cap. 
 
Implementability 
 
Alternative 5, Isolation Capping would be technically implementable at the CMRP site.  The capping 
technology has been field proven and the capping materials (e.g., sand or gravel) are readily obtainable.  
The Allendale and Lyman Mill action areas are generally accessible from land; however, the shallow 
water might pose some obstacles and require specialized equipment to facilitate cap placement within the 
ponds.  The implementation of a monitoring program and ICs would not present any unusual issues.  
Requirements for dam maintenance and impacts from occupancy and modification of floodplains and 
discharge of dredged and/or fill material to waters of the US could present some administrative 
implementability issues that would have to be assessed.  Additionally, it is expected that mitigation for 
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any open water areas converted to floodplain and replacement of flood storage capacity would be required 
to comply with the ARARs.  This alternative would also require the permanent occupancy and 
modification of the floodplain, and a determination would need to be made that there was no other 
practicable alternative before selecting this option as the preferred remedy.   
   
Cost 
 
Alternative 5, Isolation Capping would have low costs (between $1 million and $25 million). 
 
Screening Result 
 
Alternative 5, Isolation Capping is screened out because it would only provide moderate long-term 
protection due to concerns of maintaining cap integrity during high flow events and in the winter from ice 
scour.  In addition, this alternative would result in conversion of about 7.1 acres of open water to 
floodplain, which would require substantial mitigation to address.   
 
5.1.6 Alternative 6:  Dredging and Disposal and/or Treatment  
 
5.1.6.1 Description of Dredging and Disposal and/or Treatment 
 
Under Alternative 6, Dredging and Disposal and/or Treatment, contaminated sediment would be removed 
from the reaches at Allendale and Lyman Mill using dredging (dredging technologies are described in 
Section 4.2.5).  Dredged material would be mechanically dewatered to reduce the volume of material for 
disposal and/or treatment.  Five separate disposal and/or treatment options, described in detail below, are 
evaluated as part of this alternative, including options for on-site containment, on-site thermal treatment 
and off-site disposal and/or treatment. 
 
Screening level costs for Alternative 6 are based on the following assumptions: 
 


• Temporary work areas would have to be cleared and vessel launch ramps would have to be 
constructed at Allendale and Lyman Mill Ponds. 


• Water-based, small, shallow-draft hydraulic dredging equipment would be used for sediment 
removal. 


• The production rate is assumed to be 200 cubic yards per day (cy/d). 


• A 1 foot over-dredge allowance is assumed for the volume calculations; because dredging 
equipment is typically not able to remove material to precise depths, it is necessary to allow for 
removal below the target depth. 


• The dredged material would be mechanically dewatered prior to disposal and/or treatment and 
water removed from the material would be pumped into a treatment system.  The extracted water 
would be tested on a regular basis to confirm that chemical concentrations are at levels acceptable 
for return to the surface water in accordance with ARARs. 


 
The estimated dredge surfaces for Allendale and Lyman Mill Ponds are presented in Figures 5-1 and 5-3; 
the associated cross sections are illustrated in Figures 5-4 and 5-5.  These were developed using the 
available chemistry and geotechnical data for surface and subsurface sediment samples in each pond.  The 
depths and locations of sediment with contaminant concentrations above the cleanup goals in each pond 
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were plotted on a grid in AutoCAD and the computer calculated the theoretical removal elevation (i.e., 
feet above mean sea level) that would be required to remove contaminated sediment.  A computer 
program in AutoCAD was used to interpolate the dredge depth between the various locations.  The total 
volume of sediment requiring removal, including the over-dredge allowance, was calculated to be 73,100 
cy for Allendale reach (approximately 70,700 cy in Allendale Pond and 2,400 in the river channel north 
of Allendale Pond) and 129,000 cy for Lyman Mill Pond.  The average dredge depth is 2.0 ft in Allendale 
Pond, 1 foot in the river channel, and 2.4 ft in Lyman Mill Pond (not including over-dredge allowance).  
The sediment from Allendale and Lyman Mill Ponds would be processed by mechanical dewatering to 
reduce the volume.  After dewatering, the volume for disposal is estimated to be 127,000 cy (52,400 cy 
for Allendale Pond, 2,400 cy for the river channel,35 and 72,000 cy for Lyman Mill Pond). 
 
A surface water collection system would be installed to collect and pump precipitation and water 
separated from the dredged sediment to a treatment plant.  For cost estimations, it is assumed that the 
water treatment plant would be built on land at the same site where the dredged material was dewatered. 
 
Upon completion of dredging, bathymetric surveys and sediment sampling activities would be conducted 
to confirm that sediment was removed to the required elevations and to ensure that the post-dredge 
concentrations met the cleanup requirements.  There is the potential for some residual contamination to 
remain at the sediment surface after dredging.  Alternative 6 assumes that a thin-layer cover would be 
placed over residual contamination rather than conducting continuous dredging; the latter would not be 
practical considering the limited capacity for on-site disposal and the high cost of off-site disposal and/or 
treatment. 
 
The monitoring and dam maintenance requirements, ICs, and periodic reporting of remedy progress and 
efficacy would be similar to that described for the capping alternative (Section 5.1.5), although less 
monitoring would be required after dredging because the residual concentrations and mass of 
contamination remaining in the sediment would be significantly reduced by removal.  In addition, any 
disposal facilities constructed on site would require long-term monitoring and maintenance and ICs to 
protect the integrity of the facility.  Future use restrictions would be required to prevent excavation or 
other activities that could adversely impact the integrity of the CDFs (e.g., limit the size of woody 
vegetation on top of the CDFs, prevent the construction of buildings with basements or burial of utilities 
on or in the CDF cap). 
 
The five disposal and/or treatment options include: 
 
Option 6a: On-site Containment in an Upland CDF 
Dewatered, contaminated sediment could be contained in a CDF constructed on site and above the 100-
year flood elevation. “On site” is defined as the areal extent of contamination and all suitable areas in 
very close proximity to the contamination necessary for implementation of the response action (40 CFR 
§300.5).  For purposes of this FS, the proposed locations for the upland CDF would all be considered on 
site as defined in the NCP.  The CDF would be designed in accordance with the procedures given in the 
Upland Testing Manual (USACE, 2003b).  CDF design and construction information are summarized 
below, and described in detail in Appendix I. 
 
It is assumed that the CDF perimeter dikes would be constructed of sand and gravel and the very soft soils 
under the dike location would be replaced with compacted sand and gravel.  The base of the CDF would 
consist of a layer of screened sand, a geomembrane liner, and a 12 inch layer of fine sand that would 


                                                      
35 Sediment from the river channel is expected to be more coarse (e.g., gravel) with higher density compared to pond 
sediments.  Sediment from the river channel would not be dewatered because dewatering is not expected to result in 
a substantive volume reduction.  
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include a leachate collection system.  Upon completion of removal activities, a cover system would be 
placed consisting of (a) a low-permeability soil layer, (b) geomembrane, (c) drain layer, (d) geotextile, 
and (e) protective soil layer.  The top layer could be covered with either topsoil and vegetation or gravel 
and asphalt, depending on the expected future use. 
 
Figure 5-6 shows three potential locations at Lyman Mill reach where a CDF could be constructed above 
the 100-year flood elevation; a representative cross section for the northern CDF is shown in Figure 5-7.  
The northern CDF could be built where the current ground surface slopes up to the northwest of Lyman 
Mill Pond.  A second CDF would be built south of the abandoned channel where the current ground 
surface slopes up along the western border of the Oxbow.  There would be containment dikes on the 
downhill side, but no dike would be needed on the uphill side of the areas.  It is assumed that the dikes 
could not be higher than 10 ft above the existing ground surface.  The combined maximum capacity 
available at the two CDF locations would be about 136,000 cy, assuming that the existing soil within the 
footprint of the CDF was removed down to the ground surface elevation at the downhill dike.36  The 
combined capacity would be sufficient to contain all of the sediment (after mechanical dewatering), but 
would not have capacity for floodplain soils from Lyman Mill Reach.  A third CDF with sufficient 
capacity (for sediment and floodplain soil) could be constructed further south, near the head of Lyman 
Mill Pond and above the 100-year flood elevation (Figure 5-6). 
 
The northern CDF location is vegetated with mature forest trees and is part of one of the largest blocks of 
wooded riparian forest remaining in the lower Woonasquatucket River watershed (USACE, 2008).  The 
other potential locations identified in Figure 5-6 are in various stages of regeneration (e.g., old field and 
early successional forest) following more recent disturbance (southern CDF) and which also contain some 
relatively low-value wetland habitat (CDF south of abandoned channel) (Figure 5-6).  Use of these 
locations would result in some destruction of upland habitat and/or wetlands.  As with remediation in the 
sediment action areas, mitigation for wetland impacts associated with construction of an upland CDF 
would need to be provided.  Even if wetland impacts were avoided during siting of the upland CDF, the 
various options for placement would be evaluated with respect to their relative ecological functions and 
values during design.  Consistent with the decision process outlined in the dredge material management 
technical framework document (EPA/USACE, 2004), a preference for siting the upland CDF on the 
location with the lowest relative functional value would be established providing that engineering 
requirements and other project objectives could also be met. 
 
Option 6b: On-site Containment in a Nearshore CDF 
Another containment option is to construct a nearshore CDF, which would be designed in accordance 
with the procedures in USACE (2003b).  CDF design and construction information are summarized 
below, and described in detail in Appendix I. 
 
The major differences between Options 6a and 6b are: 
 


• Under Option 6b, the nearshore CDF would be constructed adjacent to an existing shoreline, in an 
area where the ground surface elevation is presently below the 100-year flood elevation and could 
be below the normal water level.  The cover system would be designed to resist erosion during 
flood events. 


• Under Option 6b, the nearshore CDF would not have a bottom liner or leachate collection system. 


• Under Option 6b, the top of a nearshore CDF could be below the 100-year flood elevation and 
could provide floodplain area, or could be constructed above the 100-year flood elevation.  Some 
destruction of bordering wetlands would occur where the CDF is placed.  


                                                      
36 Existing soil would be tested and shipped off site for disposal at a certified facility. 
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• Under Option 6a, some material may require treatment before it can be placed in the upland CDF 
or it must be taken off site for treatment prior to disposal.  The amount of material requiring 
treatment could be reduced by obtaining a variance from the applicable treatment standards under 
the LDRs.   


 
The construction materials used for the dikes and the process for capping the nearshore CDF would be 
identical to that described for Option 6a. 
 
A nearshore CDF could potentially be constructed on top of the interim cover at Cap Area #1, with an 
extension into the adjacent floodplain at the northern end of Allendale Pond.  Although a jurisdictional 
boundary delineation has not been conducted, the peninsula south of Cap Area #1 contains vegetated 
wetlands (Section 2.3.10), including both scrub/shrub and emergent marsh, and use of this area would 
result in some wetland impacts that would require mitigation.  Figures 5-8 and 5-9 show the conceptual 
site plan and a cross-section for this facility.  The maximum capacity would be approximately 60,000 cy, 
which is not sufficient to contain all of the contaminated sediment (and floodplain soil) under the full 
removal alternatives.  Therefore, Option 6b would need to be used in conjunction with another disposal 
option. 
 
Option 6c: On-site Containment in an Island CDF 
Under Option 6c, contaminated sediment would be contained in an island CDF constructed entirely in the 
open-water area of one of the ponds.  Structurally and conceptually, an island CDF would be similar to a 
nearshore CDF (Option 6b).  The first step would be to construct perimeter dikes to contain the dredged 
sediment; once in place, surface water would be removed to allow placement and compaction of the 
dewatered dredged sediment using the same earthwork methods used for CDFs constructed under Options 
6a and 6b. 
 
Figure 5-10 shows the potential location for an island CDF at Allendale Pond; a cross-section of the CDF 
is shown in Figure 5-11.  There are two variations of this disposal alternative because the containment 
facility could be capped in two different ways.  A “wetland cap” could be implemented, in which the top 
of the cover would be designed to reach a lower surface elevation to provide new floodplain area.  The 
second option would be to design the cap to reach a higher surface elevation and create an upland area 
within the pond (i.e., “island”).  Both cover systems would be designed to resist erosion during flood 
events.  The maximum capacity for the Option 6c, constructed with an upland cap, would be about 20,000 
cy.  This capacity is clearly insufficient to contain all of the dredged sediment. 
 
Option 6d: On-site Thermal Treatment 
Under Option 6d, dewatered, dredged material would be treated on site using thermal treatment, i.e., 
incineration.  The thermal treatment technology is described in detail in Section 4.2.9 and Appendix I. 
The screening level cost estimates assume that: 
 


• Dredged material would be dewatered and stockpiled prior to treatment. 


• The three types of solids produced from the dewatering process (debris, sand/gravel, and silt/clay) 
would require separate treatment. 


• Ash would need to be stockpiled and characterized prior to disposal. 


• The ash would be transported off site by trucks to a regional rail loading facility for transportation 
to a designated disposal facility. 
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Option 6e:  Off-site Disposal and/or Treatment 
This option is similar to Option 6d, except that the dewatered, dredged sediment would be shipped off site 
for disposal, and disposed either by containment in a designated facility or by thermal treatment.  The 
dewatered, dredged material would be analyzed for dioxin and TCLP concentrations to determine the 
designation of the materials and to determine which type of landfill is required or if the materials need to 
be treated.  Once the appropriate disposal facility is identified, the dewatered material would be loaded 
onto trucks and taken to a regional rail loading facility for transportation to the designated disposal 
facility. 
 
5.1.6.2 Screening of Dredging and Disposal and/or Treatment 
 
Effectiveness 
 
Alternative 6, Dredging and Disposal and/or Treatment would provide moderately effective protection to 
human health and the environment, depending on the disposal and/or treatment option selected.  Dredging 
by itself would provide moderate protection to human health and the environment.  Residuals that are 
often associated with dredging operations could result in a residual risk to human health and the 
environment that exceeds the cleanup goals.  This alternative assumes that a thin-layer cover would be 
placed over the pond bottom at the completion of dredging operations to prevent exposure to ‘residual’ 
sediment contamination.  In the river channel north of Allendale Pond, a cover of coarse gravel would be 
placed over the channel bottom to prevent erosion and downstream transport of contaminated sediment 
during high flow events.  The disposal and/or treatment options proposed are also field proven and 
effective options.  The on-site containment options (Options 6a through 6c) would provide varying 
degrees of protection through chemical isolation, and would be designed to protect surface water, 
groundwater and air quality.  On-site containment in an upland CDF (Option 6a) would be more effective 
compared to on-site containment in a nearshore CDF (Option 6b) or on-site containment in an island CDF 
(Option 6c) because the disposal facility would be located outside of the floodplain; under Options 6b and 
6c the contamination would remain in the river/floodplain areas.  Options 6d and 6e would provide the 
most reliable long-term protection because the organic contaminants would be destroyed through 
treatment (Option 6d) or the contaminated material would be removed from the CMRP site and shipped to 
a licensed facility for disposal and/or treatment (Option 6e).   
 
Floodplain/wetland and Clean Water Act Section 404 requirements would have to be evaluated for 
compliance under all options.  Short-term impacts to the local community would be minor (e.g., 
construction related noise and possible odors) and of short duration.  In contrast, short-term impacts to the 
environment would be significant, primarily because dredging would eliminate existing benthic habitat.  
Sediment resuspension and potential release of contamination during dredging activities could also impact 
water quality.  Even with environmental dredges, it is impossible to remove sediment without causing 
some resuspension, which would be carried downriver.  Flood storage capacity would be reduced under 
Options 6b (nearshore CDF) and 6c (island CDF).  The toxicity, mobility, or volume of contamination 
would be reduced through treatment under Option 6d (on-site thermal treatment) and under Options 6a 
(upland CDF) and 6e (off-site disposal and/or treatment) provided some of the material requires 
treatment. 
 
Implementability 
 
Dredging would be technically and administratively implementable at the CMRP site.  Dredging is a 
proven technology, and while the equipment required to perform dredging in very shallow water is 
specialized, it is available from commercial contractors.  Temporary roads, staging areas, and access areas 
are routinely constructed at sites similar to the CMRP site.  The implementation of a monitoring program 
and ICs would not present any unusual issues.  Requirements for dam maintenance (all options) and 
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potential impacts to floodplain and wetland areas for Options 6b and 6c (and possibly wetland impacts for 
Option 6a) could present some administrative implementability issues that would have to be assessed.  
Replacement of flood storage capacity would be required under Options 6b (nearshore CDF) and 6c 
(island CDF).    
 
The disposal and/or treatment options would be technically implementable at the CMRP site.  The 
technologies are field proven and the construction equipment and materials required to implement this 
alternative are commercially available.  All of the disposal and/or treatment options would present some 
administrative implementability issues that would have to be addressed.  For example, there is limited 
space on site for sediment processing and land would have to be obtained to locate the processing facility.  
Additional issues specific to each of the options include: 
 


• On-site containment in an upland CDF (Option 6a) – land would have to be obtained to locate the 
disposal facility and some of the sediment could require treatment to meet LDRs (Section 
3.2.1.2).   It is possible to reduce the amount of treatment needed by seeking a treatability 
variance that would require treatment of sediment consistent with the alternative soil treatment 
standards in 40 CFR §268.49.  A treatability variance is appropriate here to encourage removal of 
the sediment from the floodplain.  The upland CDF located south of the abandoned channel in the 
Oxbow area includes some low value wetland.  As a result, if this location is selected as one of 
the upland CDFs, some destruction of wetlands would occur that would need to be assessed.   


• On-site containment in a nearshore CDF (Option 6b) or island CDF (Option 6c) – neither of these 
options by themselves would have sufficient capacity to contain all the dredged sediment, and 
would need to be used in conjunction with another option.  In addition, both of these options 
would require the permanent occupancy of the floodplain and destruction of wetlands/discharge 
of dredged and/or fill material into waters of the US, and a determination would need to be made 
that there was no other practicable alternative before selecting one of these options as the 
preferred remedy. 


• On-site thermal treatment (Option 6d) – this option relies on the ability to obtain mobile 
incineration units capable of sustaining high temperatures needed for the destruction of dioxins 
and furans.  In addition, while these units can be safely operated, local residents might express 
concern regarding emissions. 


• Off-site disposal and/or treatment (Option 6e) – this option relies on the ability to identify 
permitted facilities with sufficient capacity to handle the volume of contaminated sediment from 
the CMRP site, which is not expected to be a significant problem.  In addition, some of the 
sediment might need to be treated to meet LDRs. 


 
Cost 
 
The estimated total cost for Alternative 6 ranges from high (between $50 million and $75 million) to very 
high (>$75 million), depending on the disposal and/or treatment option selected.  The highest costs are 
estimated for Option 6d, On-site Thermal Treatment, followed by Option 6e, Off-site Disposal and/or 
Treatment.  Estimated costs for on-site containment (Options 6a and 6b) are approximately half the cost 
for on-site thermal treatment (Option 6d) or off-site disposal and/or treatment (Option 6e).  Estimated 
costs for On-site Containment in an Upland CDF (Option 6a) could increase depending on the amount of 
material requiring treatment. 
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Screening Result 
 
Alternative 6, Dredging and Disposal or Treatment is screened out because of the short-term water quality 
impacts, the difficulty in achieving the cleanup goals due to residual contamination, and the slow 
production rate when working in shallow water.  While the disposal and/or treatment options (6a through 
6e) are screened out in conjunction with dredging, the same options are also considered with excavation 
(Section 5.1.7). 
 
5.1.7 Alternative 7:  Excavation and Disposal and/or Treatment  
 
5.1.7.1 Description of Excavation and Disposal and/or Treatment 
 
Alternative 7 is similar to the dredging alternative (Alternative 6, Section 5.1.6) in that contaminated 
sediment with contaminant concentrations above the cleanup goals would be removed.  The primary 
difference between the alternatives is that under the excavation alternative the water elevations would be 
lowered incrementally in both ponds and the exposed sediment would be removed using typical 
earthwork equipment.  The river flow would be diverted to the eastern portion of the ponds while 
excavation was done in the western portion and then diverted to the western portion while excavation was 
done in the eastern portion. 
 
The screening level cost estimates are based on the following assumptions: 
 


• Temporary roadways or work platforms will likely need to be constructed using gravel or mats to 
provide stable work platforms for the earthmoving equipment. 


• Low-ground pressure and long-reach equipment would be required because the surface sediment 
is very soft and would not have sufficient strength to support wheeled vehicles; in some areas, the 
low-ground pressure equipment might not even be supported. 


• The gate structures in the Lyman Mill Dam would be repaired and gravity would be used to drain 
the pond. 


• The production rate is assumed to be 400 cy/d.  The work period is assumed to be approximately 
7 months to excavate Allendale Pond (including the river channel) and 12 months to excavate 
Lyman Mill Pond. 


• The excavated sediment would be mechanically dewatered to reduce the volume of material for 
disposal (except under Option 7b).  The water removed from the material would be pumped into a 
treatment system.  The extracted water would be tested on a regular basis to confirm that 
chemical concentrations are at levels acceptable for return to the surface water in accordance with 
ARARs.  Conventional earthwork equipment would be used to manage the dewatered material. 


• Under Option 7b (nearshore CDF), the excavated sediment would be moved directly into the 
nearshore CDF without dewatering. 


 
The estimated excavation surfaces for Allendale and Lyman Mill Ponds are shown in Figures 5-1 and 5-3; 
the associated cross sections are illustrated in Figures 5-4 and 5-5 (surfaces and cross sections are the 
same as those for dredging).  Removal using excavation would be more accurate than dredging because 
contaminated sediment would not be re-suspended by the removal work and less contaminated sediment 
would be left in place by the excavator than by a dredge.  Therefore, only limited excavation below the 
depth of contamination would be needed.  As a result, the volume of sediment excavated in this 
alternative would be substantially less than removed in the dredging alternative.  The total volume of 
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sediment requiring removal, including the over-excavation allowance, would be approximately 155,800 
cy (2,400 cy in the river channel north of Allendale Pond, 52,900 cy in Allendale Pond, and 100,500 cy in 
Lyman Mill Pond).  The sediment from Allendale Pond and Lyman Mill Pond would be processed by 
mechanical dewatering to reduce the volume.  After dewatering, the volume for disposal is estimated to 
be 97,700 cy (2,400 cy for the river channel, 39,200 cy for Allendale Pond, and 56,100 cy for Lyman Mill 
Pond). 
 
Upon completion of excavation, physical surveys and sediment sampling activities would be conducted to 
confirm that sediment was removed to the required elevations and to ensure that the post-excavation 
concentrations met the cleanup goals.  This alternative includes a thin-layer cover as a contingency 
provided confirmation sampling reveals areas of deeper contamination or areas where the residual 
concentrations are above the cleanup goals.  A thin-layer cover would be placed in order to reduce 
residual contaminant concentrations throughout the ponds to acceptable levels so that the RAOs could be 
achieved.  Cost estimates assume the thin-layer cover will be required. 
 
The monitoring and dam maintenance requirements, ICs, periodic reporting of remedy progress and 
efficacy, and disposal and/or treatment options are the same as described for the dredging alternative 
(Section 5.1.6).  The disposal options are the same as described for the dredging alternative, except that 
Option 7b includes more sites for construction of a nearshore CDF as described below. 
 


• Option 7a: On-site Containment in an Upland CDF 
• Option 7b: On-site Containment in a Nearshore CDF 
• Option 7c: On-site Containment in an Island CDF 
• Option 7d: On-site Thermal Treatment 
• Option 7e: Off-site Disposal and/or Treatment 


 
Option 7b: On-site Containment in a Nearshore CDF 
This disposal option is the same as described for Alternative 6, Option 6b (Section 5.1.6), except that 
more sites, in addition to the potential location at Cap Area #1, are considered for the nearshore CDFs.  
With the normal water elevation lowered, the newly exposed areas outside of the stream channel could be 
utilized for nearshore CDFs.  Figure 5-12 shows potential locations where nearshore CDFs could be 
constructed within the Allendale Pond and Lyman Mill Pond footprints.  Under this disposal option, 
excavation would not be required within the footprint of the nearshore CDFs, thereby reducing the total 
volume of sediment requiring removal to approximately 123,500 cy (2,400 cy for river channel north of 
Allendale Pond, 44,300 cy for Allendale Pond, and 76,800 cy for Lyman Mill Pond; volumes include 
over-excavation allowance).  (Approximately 32,300 cy of contaminated sediment within the CDF 
footprints would remain in place.)  Excavated sediment consolidated into the CDFs located within the 
pond footprint would not be dewatered.  The CDFs would use the present day shoreline as part of the 
containment structure, with dikes constructed out from the newly formed shoreline to complete the 
enclosures (representative cross sections for the Allendale and Lyman Mill Ponds are shown in  
Figure 5-13a and 5-13b, respectively).  Thus, new uplands might be created in these areas and new 
wetlands might be created in the other areas of the ponds outside of the areas occupied by the channel and 
pond/backwater areas. 
 
The nearshore CDF located at Allendale Pond would encompass approximately 4 acres and the two 
nearshore CDFs at Lyman Mill Pond would encompass approximately 7 acres (Figure 5-12).  The 
combined capacity of the nearshore CDFs would be approximately 125,000 cy, which is sufficient to 
contain all of the excavated sediment.  The final design height could be increased approximately 1.5 feet 
to increase capacity to also contain floodplain soil removed from other action areas.  Once all of the 
excavated sediment is consolidated into the CDFs, an appropriate cover system designed to resist erosion 
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during flood events would be placed.  The nearshore CDFs could be finished to grade to allow beneficial 
re-use or development of the created uplands after completion.  The surface of each pond area would be 
restored to enhance the wetland environment and to provide for the long-term effectiveness of the 
alternative. 
 
5.1.7.2 Screening of Excavation and Disposal and/or Treatment 
 
Effectiveness 
 
Alternative 7, Excavation and Disposal and/or Treatment would provide highly effective protection to 
human health and the environment.  Excavation is a highly effective, field-proven option that allows for 
targeted, precise removal of contaminated sediment, thereby minimizing the risk of residual 
contamination and maximizing the long-term effectiveness.  The disposal and/or treatment options are 
also field proven and effective options as described for the dredging alternative (Section 5.1.6.2). 
 
Floodplain/wetland and Clean Water Act Section 404 requirements would have to be evaluated for 
compliance under all options.  Potential short-term impacts to the community would be minor, whereas 
impacts to the environment would be more significant, primarily because excavation would eliminate 
existing benthic habitat in the river/ponds.  This alternative could also have short-term impacts on water 
quality, although this would be reduced to the maximum extent possible using excavation.  Flood storage 
capacity would be reduced under Options 7b (nearshore CDF) and 7c (island CDF).  The toxicity, 
mobility, or volume of contamination would be reduced through treatment under Option 7d (on-site 
thermal treatment) and under Options 7a (upland CDF) and 7e (off-site disposal and/or treatment) 
provided some of the sediment requires treatment. 
 
Implementability 
 
Excavation would be technically and administratively implementable at the CMRP site.  The earth 
moving equipment and low ground-pressure equipment required for the removal effort are readily 
available from commercial vendors, as is the pumping equipment required to lower the water level of 
Lyman Mill Dam.  The repairs required to the gate structure at Lyman Mill Dam would be standard civil 
engineering construction and should not pose an obstacle for this alternative.  Temporary roads, staging 
areas, and access areas are routinely constructed at sites similar to the CMRP site.  The implementation of 
a monitoring program and ICs would not present any unusual issues.  Requirements for dam maintenance 
(all options) and potential impacts to floodplain and wetland areas for Options 7b and 7c (and possibly 
wetland impacts for Option 7a) could present some administrative implementability issues that would 
have to be assessed.  Replacement of flood storage capacity would be required under Options 7b 
(nearshore CDF) and 7c (island CDF). 
 
All of the disposal and/or treatment options would have some administrative implementability issues that 
would need to be addressed.  Under Option 7a (upland CDF), land would have to be obtained for the 
disposal facility, some wetlands could be destroyed depending on the CDF location (Section 5.1.6.2), and 
some of the sediment could require treatment to meet LDRs.  The amount of required treatment could be 
reduced by obtaining a variance from the treatability standards.  Under Option 7b (nearshore CDF), the 
CDF could be constructed within the pond footprints and would have sufficient capacity to contain all of 
the excavated sediment.  The nearshore CDFs could also have sufficient capacity to contain all of the 
floodplain soil removed under the full removal alternatives for Allendale and Lyman Mill (Sections 5.2 
and 5.3) provided the design height of the CDF was increased approximately 1.5 feet.  However, on-site 
containment in a nearshore CDF (Option 7b) or island CDF (Option 7c) would require the permanent 
occupancy of the floodplain and destruction of wetlands/discharge of dredged and/or fill material into 
waters of the US, and a determination would need to be made that there was no other practical alternative 
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before selecting this option as the preferred remedy.  Option 7d (on-site thermal treatment) would require 
mobile incineration units, and while these units can be safely operated, local residents might express 
concern regarding emissions.  Option 7e (off-site disposal and/or treatment) relies on the ability to 
identify permitted facilities with sufficient capacity to handle the volume of contaminated sediment from 
the CMRP site, which is not expected to be a significant problem.  In addition, some of the sediment 
might need to be treated to meet LDRs. 
 
Cost 
 
The estimated total cost for Alternative 7 ranges from moderate (between $25 million and $50 million) to 
very high (>$75 million), depending on the disposal and/or treatment option selected.  The highest costs 
are estimated for Option 7d, On-site Thermal Treatment, followed by Option 7e, Off-site Disposal and/or 
Treatment.  Estimated costs for on-site containment (Options 7a through 7c) are approximately half the 
cost for on-site thermal treatment or off-site disposal and/or treatment (Options 7d or 7e).  Estimated costs 
for On-site Containment in an Upland CDF (Option 7a) could increase depending on the amount of 
material requiring treatment. 
 
Screening Result 
 
Alternative 7, Excavation is retained because this alternative would be highly effective and 
implementable at the CMRP site.  All of the disposal and/or treatment options are retained except Option 
c (Island CDF), which is screened out due to insufficient capacity.  For Option b (Nearshore CDF), CDFs 
located within the existing pond footprints are retained but the CDF at Cap Area #1 is screened out due to 
insufficient capacity. 
 
5.1.8 Alternative 8:  Partial Excavation, Isolation Capping and Disposal and/or Treatment 
 
5.1.8.1 Description of Partial Excavation, Isolation Capping and Disposal and/or Treatment 
 
This alternative is a combination of Alternative 5, Isolation Capping (Section 5.1.5) and Alternative 7, 
Excavation and Disposal and/or Treatment (Section 5.1.7).  The general descriptions were presented in 
the previous sections.  One of the key differences between the excavation and partial excavation 
alternatives is that the design objectives for partial excavation are different.   
 
Under the partial excavation alternative, it is not necessary to excavate to the full depth of contamination 
because an isolation cap (designed to resist erosion during flood events) will be placed over the entire 
pond bottoms, thereby covering any remaining contamination present at levels above the cleanup goals.   
 
In this alternative, excavation would be conducted in:  
 


• Areas where the current water depth is less than about 2 feet, so that the final elevation of the top 
of the cap will be below the normal pond levels, 


• Areas of high erosion potential, to reduce risk of cap erosion, or 


• Areas of highest contaminants concentrations in the sediment.  
 
The monitoring and dam maintenance requirements, ICs, and periodic reporting of remedy progress and 
efficacy are the same as described for the capping alternative (Section 5.1.5).  Disposal and treatment 
options are the same as described for the excavation alternative (Section 5.1.7), except that on-site 
containment in an island CDF (Option c) is not considered due to insufficient capacity. 
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• Option 8a: On-site Containment in an Upland CDF 
• Option 8b: On-site Containment in a Nearshore CDF 
• Option 8d: On-site Thermal Treatment 
• Option 8e: Off-site Disposal and/or Treatment 


 
For Options 8a, 8d and 8e, the purposes of excavation would be to lower the surface where the water 
depth is less than 2 feet and to lower the surface in areas of highest erosion.  These areas are illustrated in 
Figures 5-14 (Allendale) and 5-15 (Lyman Mill) and the associated cross-sections are presented in 
Figures 5-16 and 5-17.  The total estimated removal volume, including the over-excavation allowance, is 
64,400 cy (2,400 cy for river channel north of Allendale Pond, 23,000 cy for Allendale Pond, and 39,000 
for Lyman Mill Pond).  The sediment from Allendale Pond and Lyman Mill Pond would be processed by 
mechanical dewatering to reduce the volume.  After dewatering, the volume for disposal is estimated to 
be 41,200 cy (2,400 for river channel north of Allendale Pond, 17,000 cy for Allendale Pond, and 21,800 
cy for Lyman Mill Pond). 
 
For Option 8b, the primary purpose of excavation would be to remove sediments with the highest 
contaminant concentrations (excavation areas are shown in Figures 5-18; cross sections for both ponds 
are shown in Figure 5-19a [Allendale Pond] and 5-19b [Lyman Mill Pond]).  The total estimated removal 
volume is 56,500 cy (2,400 cy for river channel north of Allendale Pond, 23,060 cy for Allendale Pond, 
and 31,060 cy for Lyman Mill Pond; volumes include over-excavation allowance).  A nearshore CDF 
would be constructed on the west bank of Lyman Mill Pond (Figure 5-18).  The CDF would be about 5 
acres in size and would be constructed so that the top of the final cover would be above the 100-year 
flood elevation.  


 
5.1.8.2 Screening of Partial Excavation, Isolation Capping and Disposal and/or Treatment 
 
Effectiveness 
 
Alternative 8, Partial Excavation, Isolation Capping and Disposal and/or Treatment would provide 
moderate protection to human health and the environment.  Targeted excavation would be highly 
effective at removing sediment from areas with higher erosion potential, would maintain flood flow 
capacity and improve the long-term reliability of the caps.  Isolation capping would be moderately 
effective because any remaining contamination on site would be chemically isolated from the 
environment to prevent exposure.  Contamination above the cleanup goals, however, would remain in the 
river/ponds and this alternative is dependent upon long-term monitoring and O&M of the isolation cap to 
protect human health and the environment in the long term.  In addition, the potential for erosion at the 
river channel and northern inlets of the ponds during high flow events does reduce the potential 
effectiveness of this alternative.  The disposal and/or treatment options are field proven and effective 
options as described for the dredging alternative (Section 5.1.6.2). 
 


Floodplain/wetland and Clean Water Act Section 404 requirements would have to be evaluated for 
compliance under all options.  RCRA Subtitle C capping requirements are relevant but not appropriate for 
subaqueous closure and, therefore, do not have to be met.  Potential short-term impacts to the community 
(e.g., construction related noise) would be minor and of short duration.  In contrast, short-term impacts to 
the environment would be significant, primarily because of the elimination of existing benthic habitat.  
Potential short-term impacts to downstream water quality would be reduced using excavation.  This 
alternative would provide some long-term protection provided the cap was monitored and maintained.  
Flood storage capacity would be reduced under Option 8b (nearshore CDF).  This alternative would 
reduce the toxicity, mobility, or volume of contamination through treatment under Option 8d (on-site 
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thermal treatment) and under Options 8a (upland CDF) and 8e (off-site disposal and/or treatment) 
provided some of the material requires treatment. 
 
Implementability 
 
Alternative 8, Partial Excavation, Isolation Capping and Disposal and/or Treatment would be technically 
and administratively implementable at the CMRP site.  The excavation and capping technologies are field 
proven and the required construction equipment and materials are readily available.  The implementation 
of a monitoring program and ICs would not present any unusual issues.  Requirements for dam 
maintenance and potential impacts to wetland and floodplain areas could present some administrative 
implementability issues that would have to be assessed for all options.  
 
The disposal and/or treatment options would also be technically and administratively implementable as 
described for the excavation alternative (Section 5.1.7.2). The technologies are field proven and the 
construction equipment and materials required to implement this alternative are commercially available.  
All of the disposal and/or treatment options would have some administrative implementability issues that 
would need to be addressed.  Under Option 8a (upland CDF), land would have to be obtained for the 
disposal facility, some wetlands could be destroyed depending on the CDF location (Section 5.1.6.2), and 
some of the sediment could require treatment to meet LDRs (Section 3.2.1.2).  The amount of required 
treatment could be reduced by obtaining a variance from the treatability standards.  Option 8b (nearshore 
CDF) would require the permanent occupancy of the floodplain and destruction of wetlands/discharge of 
dredged and/or fill material into waters of the US, and a determination would need to be made that there 
was no other practicable alternative before selecting this option as the preferred remedy.  Replacement of 
flood storage capacity would also be required under Option 8b.   Option 8d (on-site thermal treatment) 
would require mobile incineration units, and while these units can be safely operated, local residents 
might express concern regarding emissions.  Finally, Option 8e (off-site disposal and/or treatment) relies 
on the ability to identify permitted facilities with sufficient capacity to handle the volume of contaminated 
sediment from the CMRP site, which is not expected to be a significant problem.  In addition, some of the 
sediment might need to be treated to meet LDRs. 
 
Cost 
 
The estimated total cost for Alternative 8 ranges from moderate (between $25 million and $50 million) to 
high (between $50 million and $75 million), depending on the disposal and/or treatment option selected.  
The highest costs are estimated for Option 8d, On-site Thermal Treatment and Option 8e, Off-site 
Disposal and/or Treatment.  Estimated costs for on-site containment (Options 8a and 8b) are 
approximately half the cost for on-site thermal treatment or off-site disposal and/or treatment (Options 8d 
and 8e).  Estimated costs for On-site Containment in an Upland CDF (Option 8a) could increase 
depending on the amount of material requiring treatment. 
 
Screening Result 
 
Alternative 8, Partial Excavation, Isolation Capping and Disposal and/or Treatment is carried forward to 
the detailed analysis.  All of the disposal and/or treatment options are also retained. 
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5.1.9 Alternative 9: Dam Removal and Isolation Capping 
 
5.1.9.1 Description of Dam Removal and Isolation Capping 
 
Under this alternative, the Allendale and Lyman Mill Dams would be permanently removed and an 
isolation cap would be placed over the entire river/pond bottoms (Figures 3-1 and 3-2).  Sediment 
upstream of the dams would be removed to create a transition slope from the river bed elevation 
downstream of the dams and the new river bed upstream of the dams.  The initial sand layers would be 
placed using hydraulic equipment, as described for Alternative 5 (Section 5.1.5).  Surface water diversion 
and pond dewatering would be implemented to enable removal of the dams and placement of the isolation 
cap.  Temporary roadways and equipment support facilities would be constructed so that low-ground 
pressure equipment could be used to transport and place cap materials within the area of the existing 
river/ponds. 
 
Without the dams in place, the flow velocity of the river would be higher in the new channels than under 
current conditions and the river channel would become incised without armor rock to reduce erosion.  A 
multi-layer cap made from the following layers (from bottom to top) would be placed over the river/pond 
bottoms to isolate the contaminated sediment and protect against erosion: 
 


• Sand over existing contaminated sediment, 
• Gravel layer over the sand, and 
• Armor rock protection layer over the gravel. 


 
The total thickness of the cap would vary over different areas of the river/ponds.  For alternative 
screening, it is anticipated that the total thickness would be on the order of 4 to 6 ft.  The post-cap surface 
elevation would be higher than the existing sediment surface because neither dredging nor excavation 
would be performed prior to placing cap material. 
 
The monitoring requirements, ICs, and periodic reporting of remedy progress and efficacy are the same as 
described for the capping alternative (Section 5.1.5), except that maintenance of the dams would not be 
applicable under this alternative. 
 
5.1.9.2 Screening of Dam Removal and Isolation Capping 
 
Effectiveness 
 
Alternative 9, Dam Removal and Isolation Capping would not provide adequate protection to human 
health and the environment.  This alternative would not include any excavation or engineering of a stream 
channel that could improve the long-term reliability of the cap and protect against erosion and potential 
exposure of contamination that remains in place.  Furthermore, with the dams removed the area that 
would become the active river channel would not be a stable or suitable area in which to place an 
isolation cap.  While the cap would be constructed of large rock for stability, the flow velocity of the river 
would be much higher with the dams removed and the fast-flowing water might scour sediment below the 
armor rock resulting in potential exposure and migration of contaminated sediment that remained in 
place.  It is unlikely that the river would erode the large armor rock themselves, but there could be 
localized areas in the new river channel where there would be higher flow velocities, which could scour 
finer grained sediment particles between the armor rocks. 
 
Floodplain/wetland and Clean Water Act Section 404 requirements would have to be evaluated for 
compliance.  RCRA Subtitle C capping requirements are relevant but not appropriate for subaqueous 
closure and, therefore, do not have to be met.  Dam removal and capping would also have significant 
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short-term impacts to the environment, primarily because lowering of the surface water elevation and 
capping would eliminate the existing benthic macroinvetebrate community.  Long-term protection is 
uncertain because contaminated sediment would remain under the cap and contaminant migration would 
be a continuing concern.  This alternative would not reduce the toxicity, mobility, or volume of 
contamination through treatment. 
 
Implementability 
 
The technologies, construction equipment, and material required for dam removal and capping are readily 
available.  However, isolation capping would not be implementable within the boundaries of the current 
ponds if the dams were removed because the necessary thickness of the cap (4 to 6 ft) would result in 
post-cap elevations several feet higher than existing conditions, which would significantly impact the 
flow of the Woonasquatucket River.  It might also result in higher surface water elevations upriver from 
the site.  The water upriver would be higher than under the existing conditions in order to develop the 
energy necessary for water flow over the new cap.  This would apply to both normal river flow and flows 
during rainstorms.  The impact would be the most detrimental during periods of flood flows and would 
likely result in unacceptable impacts (e.g., flooding) to the property owners along the river. 
 
If this alternative was implemented, it is expected that the river would be forced to flow in a channel 
without adjacent pond areas.  This would dramatically change the nature of the environment.  Moreover, 
this alternative would require the permanent occupancy and modification of the floodplain and 
destruction of wetlands/discharge of dredged and/or fill material into waters of the US.  Thus, a 
determination that there was no other practicable alternative would need to be made before selecting this 
option as the preferred remedy. 
 
Cost 
 
The estimated costs for this alternative would be low (between $1 million and $25 million). 
 
Screening Result 
 
Alternative 9, Dam Removal and Isolation Capping is screened out because it is not implementable and 
has low effectiveness. 
 
5.1.10 Alternative 10: Dam Replacement, Excavation and Disposal and/or Treatment 
 
5.1.10.1 Description of Dam Replacement, Excavation and Disposal and/or Treatment 
 
This alternative is the same as Alternative 7, Excavation and Disposal and/or Treatment (Section 5.1.7), 
except that the Allendale and Lyman Mill Dams would be replaced with new weir structures and the size 
of the water body would be reduced depending on the disposal option used.  The new weir structures 
would be lower than the existing dams and would be sloped on both the upstream and downstream sides 
to provide free flow of river water without any vertical drops.  The general descriptions are consistent 
with Alternative 7 (Section 5.1.7), as are most of the site-specific details except that hydrodynamic 
modeling was performed to evaluate the effects of replacing the dams with weir structures on water flow 
and flooding potential (discussed in Section 6.0).  Under this alternative, the weir structures would be 
designed to: 
 


• maximize the size of the open water area to allow fish (including catadromous and anadromous 
species) to migrate upriver, 
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• allow water to flow freely between the ponds at all times, and 


• change the vertical profile of the river channel to provide ponded water surfaces at the locations 
of the existing ponds. 


 
Prior to dam replacement, water diversion measures would be implemented to enable the excavation of 
sediments.  The removal area and depth of excavation are assumed to be the same as for Alternative 7, 
except that under Option 10b (nearshore CDF) excavation would not be required within the footprint of 
the nearshore CDFs (Figure 5-20).  This would reduce the in-place removal volumes for Option 10b to 
approximately 111,800 cy (2,400 cy for river channel north of Allendale Pond, 35,400 cy for Allendale 
Pond, and 74,000 cy for Lyman Mill Pond; volumes include over-excavation allowance).37  This 
alternative includes a thin-layer cover as a contingency provided confirmation sampling reveals areas of 
deeper contamination or areas where the residual concentrations are above the cleanup goals.  A thin-
layer cover would be placed in order to reduce residual contaminant concentrations throughout the ponds 
to acceptable levels so that the RAOs could be achieved.  Following excavation, sediment would be 
mechanically dewatered under all disposal options except Option 10b (nearshore CDF). 
 
The spatial extent of the final water body would be reduced under all options because replacing the dams 
with smaller weir structures will lower the normal water elevation thereby converting open water to 
floodplain/wetland.  The final water body would be further reduced (approximately 50% smaller 
compared to current conditions) under Option 10b (nearshore CDF) because the CDFs would be 
constructed within the pond footprints thereby converting open water to upland.  Under Option 10b, the 
final water body would be comprised of the river channel and pond/backwater areas along the eastern 
shoreline of both ponds (Figure 5-20).  The nearshore CDFs would be designed to be stable during a 100-
year flood. 
 
The monitoring requirements, ICs, and periodic reporting of remedy progress and efficacy are the same as 
described for the dredging alternative (Section 5.1.6).  The new weirs would also need to be maintained in 
the long term.  Disposal and treatment options are also the same as described for the dredging alternative 
(Section 5.1.6), except that containment in an Island CDF (Option c) was not considered due to 
insufficient capacity and with the dams removed there are more sites available for the nearshore CDFs 
(Option 10b).  The four disposal and/or treatment options include: 
 


• Option 10a: On-site Containment in an Upland CDF 
• Option 10b: On-site Containment in a Nearshore CDF 
• Option 10d: On-site Thermal Treatment 
• Option 10e: Off-site Disposal and/or Treatment 


 
Option 10b: On-site Containment in a Nearshore CDF 
This disposal option is the same as described for Alternative 7, Option 7b (Section 5.1.7).  With the dams 
removed and the normal water elevation lowered, the newly exposed areas outside of the new stream 
channel could be utilized for nearshore CDFs.  Figure 5-20 shows potential locations where nearshore 
CDFs could be constructed within the Allendale and Lyman Mill Pond footprints.  Within the Allendale 
Pond footprint, a CDF could be constructed along the western shoreline.  Within the Lyman Mill Pond 
footprint, two CDFs could be constructed at the southern extent of the pond.  These CDFs would use the 
present day shoreline as part of the containment structure with dikes constructed out from the newly 
                                                      
37 Under the nearshore CDF option, only sediment outside the CDF footprint is excavated.  The CDF footprint is 
slightly larger under Alternative 10b (Figure 5-20) compared to Alternative 7b (Figure 5-12) because excavation 
around the dams is required.  As a result, the volume of sediment excavated outside the CDF footprint is slightly less 
under Alternative 10b (i.e., 111,800 cy) compared to Alternative 7b (123,500 cy).  
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formed shoreline to complete the enclosures (representative cross sections for CDFs at both ponds are 
shown in Figures 5-21a and 5-21b).  Thus, new uplands might be created in these areas and new wetlands 
might be created in the other areas of the ponds outside of the areas occupied by the channel and 
pond/backwater areas. 
 
The nearshore CDFs located at Allendale and Lyman Mill Ponds (Figure 5-20) would encompass 
approximately 13 acres.  Once all of the excavated sediment is consolidated in the CDFs, an appropriate 
cover system would be placed.  The nearshore CDFs could be finished to grade to allow beneficial reuse.  
The surface of each pond area would be restored to enhance the wetland environment and to provide for 
the long-term effectiveness of the alternative. 
 
5.1.10.2 Screening of Dam Replacement, Excavation and Disposal and/or Treatment 
 
Effectiveness 
 
Alternative 10, Dam Replacement, Excavation and Disposal and/or Treatment would provide highly 
effective protection to human health and the environment because as described for Alternative 7 (Section 
5.1.7), the contaminated sediment would be removed and either confined on site in engineered CDFs, 
destroyed using treatment, or transported off site for disposal and/or treatment.   Long-term effectiveness 
varies depending upon the disposal and/or treatment option selected.  The on-site containment options 
(Options 10a and 10b) would provide varying degrees of protection through chemical isolation, and 
would be designed to protect surface water, groundwater and air quality.  Option 10a (upland CDF) would 
be more effective compared to Option 10b (nearshore CDF) because the disposal facility would be 
located outside of the floodplain, whereas under Option 10b the contamination would remain in the 
river/floodplain areas.  Options 10d and 10e would provide the most reliable long-term protection because 
the organic contaminants would be destroyed through treatment (Option 10d) or the contaminated 
material would be removed from the CMRP site and shipped to a licensed facility for disposal and/or 
treatment (Option 10e). 
 
Floodplain/wetlands and Clean Water Act Section 404 requirements would have to be evaluated for 
compliance under all options.  There would be significant short-term impacts because lowering of the 
surface water elevation and excavation would eliminate existing benthic habitat.  Flood storage capacity 
would be reduced under Option 10b (nearshore CDF).  The toxicity, mobility, or volume of 
contamination would be reduced through treatment under Option 10d (on-site thermal treatment) and 
under Options 10a (upland CDF) and 10e (off-site disposal and/or treatment) provided some material 
required treatment. 
 
Implementability 
 
Alternative 10, Dam Replacement, Excavation and Disposal and/or Treatment would be technically 
implementable at the CMRP site.  The technologies, construction equipment and materials required to 
implement this alternative are readily available as described for the excavation alternative with the dams 
in place (Section 5.1.7.2).  Replacement of the Allendale and Lyman Mill Dams with weir structures 
would not affect the overall technical implementability of Alternative 10 because it involves standard 
construction equipment and civil engineering considerations.  Dam replacement, however, will result in 
destruction of some wetlands and could present some administrative implementability issues that would 
have to be assessed. Moreover, local residents that live along the river might express concerns regarding 
replacing the dams, especially if this resulted in a reduction of open water area.  
 
The disposal and/or treatment options would also be technically and administratively implementable at 
the CMRP site, although each of the options would present some administrative implementability issues 
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that would need to be addressed as described for the excavation alternative with the dams in place 
(Section 5.1.7.2).  Briefly, on-site containment in an upland CDF (Option 10a) would require that land be 
obtained for the disposal facility, some of the sediment could require treatment to meet LDRs (a 
treatability variance could be obtained to reduce the level of treatment needed), and some wetlands could 
be destroyed depending on the location of the CDF (Section 5.1.6.2).  On-site containment in a nearshore 
CDF (Option 10b) would provide CDFs with sufficient capacity, but this option would require the 
permanent occupancy of the floodplain and destruction of wetlands/discharge of dredged and/or fill 
material into waters of the US and a determination would need to be made that there was no other 
practicable alternative before selecting this option as the preferred remedy.  Replacement of flood storage 
capacity would also be required under Option 10b.   On-site thermal treatment (Option 10d) would 
require mobile incineration units, and while these units can be safely operated, local residents might 
express concern regarding emissions.  Finally, off-site disposal and/or treatment (Option 10e) relies on the 
ability to identify permitted facilities with sufficient capacity to handle the volume of contaminated 
sediment from the CMRP site, which is not expected to be a significant problem.  In addition, some of the 
sediment might need to be treated to meet LDRs. 
 
Cost 
 
The estimated total cost for Alternative 10 ranges from moderate (between $25 million and $50 million) 
to very high (>$75 million), depending on the disposal and/or treatment option selected.  The lowest costs 
are estimated for Option 10b, On-site Containment in a Nearshore CDF.  The highest costs are estimated 
for Option 10d, On-site Thermal Treatment, followed by Option 10e, Off-site Disposal and/or Treatment.  
Estimated costs for Option 10a, On-site Containment in an Upland CDF could increase depending on the 
amount of material requiring treatment. 
 
Screening Result 
 
Alternative 10, Dam Replacement, Excavation and Disposal and/or Treatment is carried forward to the 
detailed analysis because this alternative would be highly effective and is expected to be implementable at 
the CMRP site.  All of the disposal and/or treatment options are also retained. 
 
5.1.11 Alternative 11: Dam Replacement, Partial Excavation, Isolation Capping and Disposal 


and/or Treatment 
 
5.1.11.1 Description of Dam Replacement, Partial Excavation, Isolation Capping and Disposal 


and/or Treatment 
 
This alternative is a combination of the Alternative 5 Isolation Capping (Section 5.1.5) and Alternative 10 
Dam Replacement, Excavation and Disposal and/or Treatment (Section 5.1.10).  The general descriptions 
in the previous sections, as well as most of the site-specific details are also pertinent to this alternative 
except that the final water body under Alternative 11 includes two potential configurations.  The first 
configuration includes an engineered channel without a new weir structure (Figure 5-22 shows a site plan 
with associated cross sections illustrated in Figures 5-23a and 5-23b) and the second configuration 
includes an engineered channel with open water areas along the eastern shoreline upstream of new weir 
structures (Figure 5-24 shows a site plan with associated cross sections illustrated in Figures 5-25a and  
5-25b).  The key differences between the excavation (Alternative 10) and partial excavation (Alternative 
11) alternatives are that the design objectives for partial excavation are different.  In Alternative 11, the 
primary objectives of excavation are to: 
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• Excavate contaminated sediment from areas within the existing footprint of the ponds that will be 
under water during average flow conditions38 such that a specific river channel/pond 
configuration is achieved while minimizing the amount of sediment to be excavated for disposal 
and/or treatment. 


• Maximize the open water area of the river channel/pond configuration that would result from the 
replacement of the dams with weirs by relocating clean sediment to shape the areas of the ponds.  
Following the removal of the contaminated sediment, underlying clean sediment would be 
relocated and placed over contaminated sediment that remains in place. 


• Areas of contaminated sediment that remains in place would be covered with cap materials that 
are equivalent to those to be provided for the on-site CDF option. 


• Construct the isolation caps to be resistant to high energy flows and potential erosion during flood 
events. 


 
Because a cap would cover any contaminated sediment remaining in place, it would not be necessary to 
excavate sediment from the entire footprint of the ponds.  The spatial extent of the excavation area is 
shown in Figures 5-22 (channel only configuration) and 5-24 (channel plus ponds configuration) for 
Allendale and Lyman Mill Ponds.  Representative cross sections for the channel only configuration are 
shown in Figures 5-23a (Allendale Pond) and 5-23b (Lyman Mill Pond).  Representative cross sections 
for the channel plus ponds configuration are shown in Figures 5-25a (Allendale Pond) and 5-25b (Lyman 
Mill Pond).  Focused excavation to achieve a final water body comprised of the river channel only 
(Figure 5-22) would result in an estimated sediment removal volume for both ponds of approximately 
33,600 cy (2,400 cy from river channel north of Allendale Pond, 14,300 cy from Allendale Pond, and 
16,900 cy from Lyman Mill Pond).  Focused excavation to achieve a final water body comprised of the 
river channel and ponds (Figure 5-24) would result in an estimated sediment removal volume for both 
ponds of approximately 59,800 cy (2,400 cy from river channel north of Allendale Pond, 20,700 cy from 
Allendale Pond, and 36,700 cy from Lyman Mill Pond).  Once the contaminated sediment is removed, 
the underlying clean sediment would be relocated to shape the surface water body to maximize the size 
of the ponds.  The clean sediment would be relocated over areas where contaminated sediment remains 
in place, and an appropriate cover system (comparable to that used for the upland CDF [Figure 5-7]) 
designed to resist erosion during flood events would be placed.   


 
The new stream channel in both ponds would consist of engineered structures along the entire length of 
the channel to prevent erosion during high flow and migration of the Woonasquatucket River into the 
floodplain, which would still contain some contaminated material.  The area of the channel and 
pond/backwater areas would be designed to be stable during a 100-year flood, and would be backfilled or 
armored, as necessary. 
 
Excavation operations would generally be the same as previously described for Alternative 7 (Section 
5.1.7), except that there would be additional construction measures to replace the dams.  Capping 
operations would generally be the same as previously described for Alternative 5 (Section 5.1.5), except 
that the quantitative analysis of the capping alternative included an evaluation of the effects of replacing 
the dams with weir structures on water flow and flooding potential (discussed in Section 6.0).  
Monitoring and ICs would generally be the same as previously described for Alternative 5 (Section 
5.1.5).  The new weirs would also need to be maintained in the long term. 
 


                                                      
38 Based on current conditions. 
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There are five disposal options for Alternative 11, four of which are the same as described for Alternative 
7 (Section 5.1.7), as well as a fifth option (Option 11f) unique to this alternative, as follows: 
 


• Option 11a: On-site Containment in an Upland CDF 
• Option 11b: On-site Containment in an Nearshore CDF 
• Option 11d: On-site Thermal Treatment 
• Option 11e: Off-site Disposal and/or Treatment 
• Option 11f: On-site Consolidation  


 
Option 11f: On-site Consolidation 
Under Option 11f, the material removed from the new river channel and pond areas would be 
consolidated on top of contaminated sediment in what would become the new floodplain.  Once all of the 
excavated sediment is consolidated, and an appropriate cover system (comparable to that used for the 
upland CDF [Figure 5-7] designed to resist erosion during flood events would be placed.  The surface of 
the former pond bottom in each area would be restored to enhance the wetland environment and to 
provide for the long-term effectiveness of the alternative. 
 
5.1.11.2 Screening of Dam Replacement, Partial Excavation, Isolation Capping and Disposal 


and/or Treatment 
 
Effectiveness 


Alternative 11, Dam Replacement, Partial Excavation, Isolation Capping and Disposal and/or Treatment 
would provide moderate protection to human health and the environment because contamination would 
be removed, confined, destroyed or shipped off site.  Under this alternative, the contaminated sediment 
within the stream channel and new pond areas would be removed, and as a result, the risk of downstream 
transport of contaminated material is minimized.  While the new stream channel would be engineered for 
stability (resist erosion and prevent meandering) under a range of flood flows, it might not be conducive 
to habitat restoration.  All of the disposal and/or treatment options would provide effective protection as 
described for Alternative 10 (Section 5.1.10.2), although on-site consolidation (Option 11f) would be less 
effective compared to the other options considered under this alternative (Options 11a, b, d, and e) 
because there is some potential for cap erosion during flooding and severe events, especially in areas 
where the cap would be below the 100-year flood elevation.  Options 11a, 11d and 11e would provide 
greater protection than Options 11b and 11f because contamination would be relocated out of the 
floodplain. 
 
Floodplain/wetland and Clean Water Act Section 404 requirements would have to be evaluated for 
compliance under all options.  The short-term impacts to the community would include construction 
related noise and possible odors.  There would be significant short-term impacts to ecological receptors 
because excavation and capping would eliminate existing benthic habitat.  Potential short-term impacts to 
downstream water quality would be reduced because the majority of the excavation would be performed 
in the dry areas or in areas that were separated by dikes or sheet pile from the active channel.  The long-
term impacts of this alternative would include the reduction in open water area and an increase in the 
spatial extent of floodplain and/or wetland habitat.  Monitoring and ICs would be required to verify the 
long-term effectiveness of the on-site containment options (Options 11a, b, and f) because contamination 
that presents a risk would remain on site.  The toxicity, mobility or volume of contamination would be 
reduced through treatment under Option 11d (on-site thermal treatment) and under Options 11a (upland 
CDF) and 11e (off-site disposal and/or treatment) provided some material requires treatment. 
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Implementability 
 
Alternative 11, Dam Replacement, Partial Excavation, Isolation Capping and Disposal and/or Treatment 
would be technically implementable at the CMRP site.  The technologies, construction equipment and 
materials required to implement this alternative are readily available as described for the dam replacement 
(Alternative 10, Section 5.1.10.2), excavation (Alternative 7, Section 5.1.7.2) and capping (Alternative 5, 
Section 5.1.5.2) alternatives.  Key features of this alternative, however, could present some administrative 
implementability issues that would have to be addressed.  Local residents that live along the river might 
express concerns regarding replacing the dams, especially because this would result in a reduction of open 
water area.  In addition, all of the options would result in the destruction of some bordering wetlands and 
would require the permanent occupancy and modification of the floodplain.  Hence, a determination 
would need to be made that there was no other practicable alternative before selecting this option as the 
preferred remedy. 
 
Cost 
 
The estimated total cost for Alternative 11 ranges from moderate (between $25 million and $50 million) 
to high (between $50 million and $75 million), depending on the disposal and/or treatment option 
selected.  The highest costs are estimated for Option 11d, On-site Thermal Treatment and Option 11e, 
Off-site Disposal and/or Treatment.  The lowest costs are estimated for Option 11f, On-site 
Consolidation.  Estimated costs for On-site Containment in an Upland CDF (Option 11a) could increase 
depending on the amount of material requiring treatment. 
 
Screening Result 
 
Alternative 11, Dam Replacement, Partial Excavation, Isolation Capping and Disposal and/or Treatment 
is carried forward to the detailed analysis because this alternative would be  effective and potentially 
could be implementable at the CMRP site although significant wetlands/404 and floodplain issues would 
have to be addressed.  The channel only configuration (Figure 5-22), however, is screened out because it 
is expected that there would be considerable public opposition due to the substantive reduction in the 
water area.  The final water body configuration would be determined during the remedial design provided 
Alternative 11 is selected as the final remedy. 
 


5.2 Allendale Reach Floodplain Soil Alternatives 
 
This section presents a range of alternatives designed to achieve cleanup objectives and address 
contaminated floodplain soil at Allendale reach39 (Figures 3-3a and 3-3b) that presents an exposure 
hazard to ecological receptors.  Some wetland areas are located at this action area, including scrub/shrub 
and herbaceous marsh wetland vegetation in the floodplain located immediately south of Cap Area #1 
(Section 2.3.10).  In areas where contamination is found above cleanup goals in wetland areas, there is no 
practical alternative to doing work in these wetland areas because this is where the contamination is 
located.  As a result, EPA wetlands/404 requirements focus on identifying the least damaging practicable 
alternative and minimizing impacts to the wetland areas. 
 


 
39 Appendix N describes how the proposed area for cleanup would change using EPA’s new proposed residential 
level for dioxin (EPA, 2009). 
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Allendale Reach Floodplain Soil Alternatives 


1 No Action 
2 Monitored Natural Recovery 
3 Enhanced Natural Recovery 
4 Isolation Capping 


5 Excavation and Disposal and/or 
Treatment 


Shading represents alternatives retained for detailed 
evaluation in Section 6.0. 


A total of five remedial alternatives are described and screened, which include some that rely on natural 
recovery and others that rely on containment or removal.  Monitoring and ICs are common components to 
many of the alternatives, and all alternatives include five-year reviews.  Although all of the alternatives 
except No Action assume that the Allendale and Lyman Mill Dams will remain in place, maintenance of 
the dams is not required because even if a catastrophic breech of the dam(s) occurred this would not result 
in the erosion and downstream transport of floodplain 
soils at Allendale reach.  Therefore, the long-term 
effectiveness and permanence of a remedy to address 
contaminated floodplain soils at Allendale reach is not 
contingent upon the long-term maintenance of the 
Allendale or Lyman Mill Dams. 


5.2.1 Alternative 1:  No Action 


5.2.1.1 Description of No Action 


In accordance with the NCP requirements, the No 
Action alternative must be carried through the entire FS process to serve as the baseline condition.  This 
alternative would entail no active remediation of the contaminated floodplain soils at Allendale reach.  
Five-year reviews and periodic monitoring, triggered by severe weather events, would be performed to 
assess conditions, but these are not requirements.  Monitored natural recovery processes, ICs, and 
rigorous long-term monitoring are not components of this alternative. 


5.2.1.2 Screening of No Action 


Effectiveness 


Alternative 1, No Action would not provide effective protection to human health and the environment 
because contaminated floodplain soil that presents an exposure hazard to ecological receptors would 
remain on site unaddressed.  This alternative will not comply with ARARs for residential direct exposure 
or EPA’s recommended level for dioxin in soil (EPA, 1998b).  There would be no short-term impacts 
because no construction would be performed that could disrupt the local community or environment.  
This alternative would not provide long-term protection because no action would be taken to contain, 
reduce downstream transport, or remove the contaminated floodplain soil that presents a risk.  There also 
would be no reduction of toxicity, mobility or volume of contamination through treatment. 


Implementability 


Alternative 1, No Action would be technically and administratively implementable at the CMRP site 
because it would not require engineering or physical construction.  Nor would this alternative require any 
institutional or access controls or maintenance of existing features (e.g., dams).  The implementation of 
periodic monitoring would not present any unusual issues. 


Cost


The total present worth costs would be very low (<$1 million).  There are no capital costs; rather, costs 
are based solely on periodic monitoring to support five-year reviews. 


Screening Result 


Alternative 1, No Action is retained for detailed evaluation in accordance with the NCP. 
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5.2.2 Alternative 2:  Monitored Natural Recovery 
 
5.2.2.1 Description of Monitored Natural Recovery 
 
MNR is described in detail in Section 5.1.3.1.  Briefly, this alternative relies on natural processes to 
reduce risk by containing or reducing the bioavailability or toxicity of contaminants in surface soils over 
time.  There would be no direct, active remediation and the contaminated floodplain soils would remain in 
place. 
 
A rigorous monitoring program would be conducted concurrently with sediment monitoring performed in 
support of the sediment alternatives (Section 5.1).  The long-term monitoring would be used to monitor 
the impact of the remedial action on downstream areas, to monitor the rate of recovery and determine 
when the cleanup objectives were achieved.  Monitoring would be conducted to verify that surface 
concentrations are decreasing, evaluate the thickness of material deposited over time, and confirm that 
contaminated floodplain soils have not migrated downstream or to adjacent areas.  Long-term biota 
monitoring would also be conducted to determine biota recovery and when animal tissue was safe to eat.  
Cost estimates for this alternative are based on annual monitoring on a 30 year time period and assume 
that reviews would be conducted every five years.  Periodic reporting would be required to document 
MNR progress and efficacy, and the long-term monitoring results would be used by the Agencies to 
determine if additional evaluations or clean-ups were warranted. 
 
ICs would be required as part of this alternative to prevent the potential release of contamination and/or 
downstream transport of contaminated floodplain soil. 
 
5.2.2.2 Screening of Monitored Natural Recovery 
 
Effectiveness 
 
Alternative 2, Monitored Natural Recovery would not provide effective protection to human health and 
the environment because site conditions are generally not conducive to MNR.  Dioxin represents a 
bioaccumulation hazard, and it could take hundreds of years for 30 cm of clean soil to deposit in the 
floodplain and reduce surface concentrations to levels that do not pose a hazard to ecological receptors.  
Nor would natural biological degradation be effective for reducing contaminant concentrations in the 
surface soils to acceptable levels because while this process can theoretically occur, the rate would be 
very slow at the CMRP site based on the recalcitrant characteristics of the contaminants.  Finally, the 
reach of the Woonasquatucket River at the CMRP site is prone to flooding, and contaminated material 
might migrate downstream during high flow events. 
 
This alternative will not comply with ARARs for RCRA closure, residential direct exposure, or EPA’s 
recommended residential level for dioxin in soil (EPA, 1998b).  There would be no short-term impacts 
because no construction would be performed that could disrupt the local community or environment.  
However, this alternative would not provide long-term protection because contamination remaining on 
site would not be confined, and would continue to present an exposure hazard to ecological receptors 
while MNR occurs.  This alternative would not reduce the toxicity, mobility or volume of contamination 
through treatment. 
 
Implementability 
 
Alternative 2, Monitored Natural Recovery would be technically and administratively implementable at 
the CMRP site.  This alternative would require no additional engineering or physical construction beyond 
a detailed baseline site characterization, monitoring, and continued execution and maintenance of the ICs. 
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Cost 
 
The costs associated with MNR would be very low (<$1 million). 
 
Screening Result 
 
Alternative 2, Monitored Natural Recovery is screened out primarily due to the uncertainty associated 
with the effectiveness of the alternative and the very long implementation period expected before the 
cleanup objectives would be achieved if at all.  Nor would this alternative comply with ARARs. 
 
5.2.3 Alternative 3: Enhanced Natural Recovery 
 
5.2.3.1 Description of Enhanced Natural Recovery 
 
Under this alternative, a thin-layer cover would be placed over contaminated floodplain soils within the 
remedial footprint40 (Figures 3-3a and 3-3b) to accelerate natural recovery and reduce exposure hazards to 
the invertebrate community.  The final composition and thickness of the cover would be determined 
during remedial design, but the screening level costs assume a cover thickness of 3 inches.  Some 
vegetation might need to be cleared to create work areas prior to cover placement. 
 
The monitoring, ICs, and periodic reporting of remedy progress and efficacy would be the same as 
described for Alternative 2, Monitored Natural Recovery (Section 5.2.2).  Long-term monitoring and 
maintenance of the thin-layer cover would also be required. 
 
5.2.3.2 Screening of Enhanced Natural Recovery 
 
Effectiveness 
 
Alternative 3, Enhanced Natural Recovery would provide limited protection to human health and the 
environment.  Although soil exposures to wildlife would be reduced by the cover material, existing 
floodplain habitat would be eliminated and recovery would require some number of years.  
Contamination would remain in place, and the thin cover would not be thick enough to provide long-term, 
reliable chemical isolation of contaminated floodplain soil from the environment.  Natural biological 
activity, which results in mixing of the surface and sub-surface soil, would not prevent contact of all 
invertebrate organisms with the contaminated soil.  Nor would the cover be thick enough to resist erosion 
during flooding or high flow events.  While surface concentrations would be reduced, deposition rates are 
slow and it might take hundreds of years for effective burial of contaminated soil in the floodplain to 
eliminate hazards to ecological receptors. 
 
Because contamination above cleanup goals is located in wetland areas, there is no practical alternative to 
conducting work in a wetland and so the focus would be on identifying the least damaging practicable 
alternative and minimizing impacts.   This alternative will not comply with ARARs for RCRA closure, 
residential direct exposure, or EPA’s recommended residential level for dioxin in soil (EPA, 1998b).  The 
short-term impacts to the local community would be minor (e.g., construction related noise) and of short 
duration.  However, placement of clean cover material in the floodplain would destroy existing ecological 
habitat (both soil and vegetation) and reduce flood storage capacity.  This alternative would provide 


 
40 Appendix N describes how the proposed area for cleanup would change using EPA’s new proposed residential 
level for dioxin (EPA, 2009). 







Action Area and Media: Allendale Reach Floodplain Soil 
Alternative: 3 – Enhanced Natural Recovery 


limited long-term protection because of the uncertainty associated with the long-term stability of the 
cover, especially during floods or other periods of high water flow.  This alternative would not reduce the 
toxicity, mobility or volume of contamination through treatment. 
 
Implementability 
 
Alternative 3, Enhanced Natural Recovery would be technically implementable at the CMRP site.  The 
required equipment and materials would be readily available from commercial vendors.  The Allendale 
floodplain areas are accessible from land, although some vegetation would need to be cleared to construct 
work and staging areas, and temporary roads.  The monitoring program and ICs would be easily 
implemented. 
 
Impacts to wetlands and floodplains would need to be minimized.  Wetland restoration/replication would 
be required as well as replacement of flood storage capacity. 
 
Cost 
 
Alternative 3, Enhanced Natural Recovery would have low costs (between $1 million and $3 million). 
 
Screening Result 
 
Alternative 3, Enhanced Natural Recovery is screened out because of its low effectiveness, the expected 
long implementation period, and significant implementability issues.  Nor would this alternative comply 
with ARARs. 
 
5.2.4 Alternative 4:  Isolation Capping 
 
5.2.4.1 Description of Isolation Capping 
 
Under this alternative, an isolation cap would be placed over contaminated floodplain soils41  
(Figures 3-3a and 3-3b) to prevent the exposure to or downstream transport of contaminated material.  
Construction activities and production rates would be comparable to the isolation cap for sediments 
(Section 5.1.5), except that work would be performed above the normal water elevation and the cap 
material would be placed using upland earthwork equipment and methods.  Briefly, some vegetation 
might need to be cleared to create work areas prior to cap placement.  The cap composition and thickness 
would be determined during design, but a thickness of 42 inches is assumed for the screening analysis for 
a cap that would meet RCRA requirements.  The post-cap surface elevation would be increased by 
approximately 3.5 feet wherever the cap is placed. 
 
Long-term monitoring and ICs would be required to maintain cap integrity and prevent other activities 
that could result in the potential release and/or downstream transport of contaminated floodplain soil.  The 
monitoring program, conducted concurrently with sediment monitoring, would evaluate whether cap 
material has eroded and would measure the chemical concentrations in surface and subsurface soils.  
Monitoring downstream of the Lyman Mill Dam would also be performed to monitor the impact of the 
remedial action on the downstream areas.  Periodic reporting would be required to document remedy 
progress and efficacy, and the long-term monitoring results would be used by the Agencies to determine 
if additional evaluations or clean-ups are warranted. 


                                                      
41 Appendix N describes how the proposed area for cleanup would change using EPA’s new proposed residential 
level for dioxin (EPA, 2009). 
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5.2.4.2 Screening of Isolation Capping 
 
Effectiveness 
 
Alternative 4, Isolation Capping would provide moderately effective protection to human health and the 
environment because it would isolate the contamination, minimize the mobility of contaminated 
floodplain soil, and prevent exposure to the environment as long as the cap was properly monitored and 
maintained.  As a result, hazards to ecological receptors would be reduced.  The isolation cap would be 
engineered to resist erosion and be stable during flooding and high flow events.  The uppermost layer of 
the cap could also be constructed of materials that would be conducive to supporting floodplain 
vegetation. 
 
Because contamination above cleanup goals is located in wetland areas, there is no practical alternative to 
conducting work in a wetland and so the focus would be on identifying the least damaging practicable 
alternative and minimizing impacts.  This alternative will comply with ARARs for RCRA closure 
(Subtitle C requirements for capping), residential direct exposure, and EPA’s recommended residential 
level for dioxin (EPA, 1998b).  The short-term impacts to the local community would be minor (e.g., 
construction related noise) and of short duration.  Short-term impacts to the environment would be more 
substantive.  Capping would destroy existing wetland and floodplain habitat.  Capping would also raise 
the ground surface elevation in the floodplain, which would reduce flood storage capacity and result in a 
permanent occupancy and modification of the floodplain.  Capping would provide long-term protection 
provided the cap was properly monitored and maintained.  This alternative would not reduce the toxicity, 
mobility or volume of contamination through treatment, although the mobility of the contamination 
would be reduced by the cap. 
 
Implementability 
 
Alternative 4, Isolation Capping would be technically implementable at the CMRP site.  The capping 
technology is proven, capping materials are readily available, and implementation of a monitoring 
program and ICs would not present any unusual issues.  Accessing the areas of the floodplain that require 
capping may pose some challenges.  Most areas of the Allendale reach floodplain requiring remediation 
are located near residential properties and the ability to stage large equipment and trucks, as well as 
stockpile capping materials will be limited. 
 
Impacts to wetlands and floodplains would need to be minimized.  Wetland restoration/replication would 
be required as well as replacement of flood storage capacity. 
 
Cost 
 
Alternative 4, Isolation Capping would have low costs (between $1 million and $3 million). 
 
Screening Result 
 
Alternative 4, Isolation Capping is screened out because, while it is moderately effective, the short- and 
long-term impacts to the wetland and floodplain areas would make this alternative very difficult to 
implement. 
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5.2.5 Alternative 5: Excavation and Disposal and/or Treatment 
 
5.2.5.1 Description of Excavation and Disposal and/or Treatment 
 
In Alternative 5, Excavation and Disposal and/or Treatment, contaminated floodplain soils would be 
removed using conventional excavation techniques.  Construction activities and production rates would 
be comparable to the excavation alternative for sediments (Section 5.1.7), except that work would be 
performed in the floodplain.  Briefly, contaminated soil within the remedial footprint (Figures 3-3a  
and 3-3b) would be removed to a depth of 1 foot, resulting in a removal volume of 2,400 cy (does not 
include over-excavation allowance).42  A depth of 1 foot has been assumed because that is considered the 
depth to which ecological receptors are at risk of exposure through foraging or digging.  (The excavation 
depth would extend deeper within the vadose zone to meet ARARs or EPA’s dioxin requirements as 
necessary.)  After excavation, confirmation samples would be collected to verify that the cleanup goals 
are met.  Backfill would then be placed to restore the site grade to the existing elevation and provide 
substrate for re-vegetation of the area.  The vegetation would consist of plantings similar in nature to 
species currently growing in the floodplain (e.g., black willow) and fruit-bearing wetland shrubs; planting 
specifics would be identified during the remedial design phase.  Floodplain soils are expected to be drier 
than sediments, and are not expected to require dewatering prior to disposal and/or treatment. 
 
Long-term soil monitoring would not be required provided that confirmation sampling demonstrated that 
the cleanup goals were achieved.  Long-term biota monitoring would be conducted to determine biota 
recovery and when animal tissue was safe to eat.  Monitoring downstream of the Lyman Mill Dam would 
also be performed to monitor the impact of the remedial action on the downstream areas.  Further, any 
disposal facilities constructed on site would require long-term monitoring, maintenance, and ICs to 
protect the integrity of the facility.  Future use restrictions would be required to prevent excavation or 
other activities that could adversely impact the integrity of the CDFs (e.g., limit the size of woody 
vegetation on top of the CDFs, prevent the construction of buildings with basements or burial of utilities 
on or in the CDF cap).  Periodic reporting would be required to document remedy progress and efficacy, 
and the long-term monitoring results would be used by the Agencies to determine if additional 
evaluations or clean-ups were warranted. 
 
Disposal options are the same as those described for sediment Alternative 7, Excavation and Disposal 
and/or Treatment (Section 5.1.7), except that containment in an Island CDF (Option c) is not considered 
due to insufficient capacity (to contain all excavated sediment and floodplain soil). 
 


• Option 5a: On-site Containment in an Upland CDF 
• Option 5b: On-site Containment in a Nearshore CDF 
• Option 5d: On-site Thermal Treatment 
• Option 5e: Off-site Disposal and/or Treatment 


 
It may also be possible to use some of the excavated floodplain soil to assist in grading and building the 
bottom layer of the cap to be constructed under Alternative 4 of the Source Area soil alternatives (see 
Section 5.4.4.1) should this be implemented.  This material would not need to comply with the LDRs 
because it would be consolidated within an area of contamination.  Use of some of the excavated 
floodplain soils in this way would reduce the amount of material requiring disposal. 
 


                                                      
42 Appendix N describes how the excavation area and volume would change using EPA’s new proposed residential 
level for dioxin (EPA, 2009). 
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5.2.5.2 Screening of Excavation and Disposal and/or Treatment 
 
Effectiveness 
 
Alternative 5, Excavation and Disposal and/or Treatment would provide highly effective protection to 
human health and the environment because the contaminated floodplain soil would be removed, and 
either confined on site in engineered CDFs, destroyed using treatment, or transported off site for disposal 
and/or treatment.  The disposal and/or treatment options proposed are field proven and, in the case of 
containment facilities, widely used.  Properly engineered and maintained CDFs would provide long-term, 
reliable containment of the contaminated soil (Options 5a, 5b, and 5e) although some options are more 
reliable than others.  Option 5a (upland CDF) would be more effective compared to Option 5b (nearshore 
CDF) because the disposal facility would be located outside of the floodplain, whereas under Option 5b 
the contamination would remain in the river/floodplain areas.  Options 5d and 5e would provide the most 
reliable long-term protection because the organic contaminants would be destroyed through treatment 
(Option 5d) or the contaminated material would be removed from the CMRP site and shipped to a 
licensed facility for disposal and/or treatment (Option 5e). 
 
Because contamination above cleanup goals is located in wetland areas, there is no practical alternative to 
conducting work in a wetland and so the focus would be on identifying the least damaging practicable 
alternative and minimizing impacts.  Option 5a could also have wetland impacts depending on the 
selected location of the CDF.  Option 5b would impact wetlands and floodplains and include a discharge 
of dredged and/or fill material to waters of the US.  Alternative 5 will comply with ARARs for RCRA 
closure, residential direct exposure and EPA’s recommended residential level for dioxin in soil (EPA, 
1998b).  The short-term impacts to the local community would be minor (e.g., construction related noise 
and possible odors) and of short duration.  Short-term impacts to the environment, however, would be 
more substantive, primarily because excavation would destroy existing wetland and floodplain habitat.  
This alternative would provide long-term protection because the contaminated soil would be removed, 
and the risk of residual contamination is low using excavation.  Flood storage capacity would be reduced 
under Option 5b (nearshore CDF).  This alternative would reduce the toxicity, mobility, or volume of 
contamination through treatment under Option 5d (on-site thermal treatment) and under Options 5a (on-
site containment in an upland CDF) and 5e (off-site disposal and/or treatment) provided some of the soil 
requires treatment. 
 
Implementability 
 
Excavation would be technically and administratively implementable at the CMRP site.  Excavation is a 
proven technology and the required equipment and materials are readily available from commercial 
vendors.  The implementation of a monitoring program and ICs would not present any unusual issues.  
Impacts to wetlands and floodplains would need to be minimized and wetland restoration/replication 
would be required, as well as replacement of flood storage capacity under Option 5b (nearshore CDF). 
 
The disposal and/or treatment options would be technically implementable at the CMRP site.  The 
technologies are field proven and the required construction equipment and materials are commercially 
available.  CDFs are widely used and the construction, operation and maintenance of CDFs are 
considered routine.  The disposal and/or treatment options would present some administrative 
implementability issues that would have to be addressed.  Briefly, on-site containment in an upland CDF 
(Option 5a) would require that land be obtained to locate the disposal facility and some wetlands could be 
destroyed depending on the location of the upland CDF (Section 5.1.6.2).  Option 5b (nearshore CDF) 
would require the permanent occupancy and modification of the floodplain and destruction of 
wetlands/discharge of dredged and/or fill material into waters of the US, and a determination would need 
to be made that there was no other practicable alternative before selecting this option as the preferred 
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remedy.  On-site thermal treatment (Option 5d) relies on the ability to obtain mobile incineration units 
capable of sustaining high temperatures needed for the destruction of dioxins and furans.  In addition, 
while these units can be safely operated, local residents might express concern regarding emissions.  
Finally, off-site disposal and/or treatment (Option 5e) relies on the ability to identify permitted facilities 
with sufficient capacity to handle the volume of contaminated material from the CMRP site, which is not 
expected to be a significant problem.   
 
Cost 
 
It is assumed that the implementation of a remedial alternative to address the floodplain soils would be 
carried out concurrently with that of the sediments and the treatment or disposal options would be 
common to both areas to improve the overall efficiency of the selected remedies.  Costs for the long-term 
O&M of the on-site CDF (Options 5a and 5b) are covered under the sediment excavation alternative 
(Section 5.1.7) and are not duplicated here. 
 
Overall, the estimated costs of Alternative 5, Excavation and Disposal and/or Treatment range from low 
(between $1 million and $3 million) to moderate (between $3 million and $5 million), depending on the 
disposal and/or treatment option.  Estimated costs for Option 5d, On-site Thermal Treatment and Option 
5e, Off-site Disposal and/or Treatment are substantially higher compared to Option 5a, On-site 
Containment in an Upland CDF or Option 5b, On-site Containment in a Nearshore CDF. 
 
Screening Result 
 
Alternative 5, Excavation and Disposal and/or Treatment is retained for detailed analysis because this 
alternative is highly effective and expected to be implementable.  All of the disposal options are retained.  
Option 5b, On-site Containment in a Nearshore CDF is implementable provided that there is no other 
practicable alternative. 
 


5.3 Lyman Mill Reach Stream Sediment and Floodplain Soil 
(Including Oxbow) Alternatives  


 
This section presents a range of alternatives designed to achieve cleanup objectives and address 
contaminated sediment and floodplain soil at the reach of Lyman Mill (Figures 3-4a and 3-4b).43  
Contaminated sediment in the stream channel and old mill raceway connecting Allendale and Lyman Mill 
Ponds and contaminated floodplain soil at the Oxbow (Figure 3-4a) presents an unacceptable risk to 
human health and the environment.  Contaminated floodplain soil along the shore of Lyman Mill Pond 
(Figure 3-4b) presents an exposure hazard to ecological receptors.  In areas where contamination is found 
above cleanup goals in wetland areas, there is no practical alternative to conducting work in these wetland 
areas because this is where the contamination is located.  As a result, EPA wetlands/404 requirements 
focus on identifying the least damaging practicable alternative and minimizing impacts to the wetland 
areas.  In addition, because of the critical and highly sensitive ecosystems located in this area (see Section 
2.3.10), extensive excavation of contamination in the floodplain is not practical because it would destroy 
this habitat.  As a result, there is no practical alternative to the occupancy and modification to floodplain 
areas in this portion of the site.   
 


 
43 Appendix N describes how the proposed area for cleanup would change using EPA’s new proposed residential 
level for dioxin (EPA, 2009). 
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Lyman Mill Reach Stream Sediment and 
Floodplain Soil Alternatives 


1 No Action 
2 Monitored Natural Recovery 


3 Targeted Excavation, Enhanced Natural 
Recovery and Disposal and/or Treatment 


4 Excavation and Disposal and/or 
Treatment 


5 Partial Excavation, Enhanced Natural 
Recovery and Disposal and/or Treatment 


Shading represents alternatives retained for detailed 
evaluation in Section 6.0. 


A total of five remedial alternatives for Lyman Mill reach stream sediment and floodplain soil are 
described and screened, some that rely on natural recovery and others that rely on containment, removal, 
or a combination of these options.  Monitoring and ICs are common components to many of the 
alternatives, and all alternatives include five-year reviews.  All of the alternatives, with the exception of 
No Action, assume that the Allendale and Lyman Mill Dams will remain in place.  Maintenance of 
Allendale Dam would be required because if a 
catastrophic breech of the dam occurred this could 
result in the erosion and downstream transport of 
contaminated stream sediment and floodplain soils at 
Lyman Mill reach (particularly those located in the 
Oxbow Area).  Therefore, the long-term effectiveness 
and permanence of a remedy to address contaminated 
stream sediment and floodplain soil at Lyman Mill 
reach is contingent upon the long-term maintenance 
of the Allendale Dam.  Consideration of the impacts 
of dam replacement is discussed in Section 6.0.   


5.3.1 Alternative 1:  No Action 


5.3.1.1 Description of No Action 


In accordance with the NCP requirements, the No Action alternative must be carried through the entire FS 
process to serve as a baseline condition.  This alternative would entail no active remediation of 
contaminated sediments and floodplain soils at the Lyman Mill reach.  Five-year reviews and periodic 
monitoring, triggered by severe weather events, would be performed to assess conditions, but these are 
not requirements.  Monitored natural recovery processes, ICs, and rigorous long-term monitoring are not 
components of this alternative. 


5.3.1.2 Screening of No Action 


Effectiveness 


Alternative 1, No Action would not provide effective protection to human health and the environment 
because contaminated material that presents a risk would remain on site unaddressed.  This alternative 
will not comply with ARARs for residential direct exposure or EPA’s recommended residential level for 
dioxin in soil (EPA, 1998b).  There would be no short-term impacts because no construction would be 
performed that could disrupt the local community or environment.  This alternative would not provide 
long-term protection because no action would be taken to contain, reduce downstream transport, or 
remove the contaminated material that presents a risk.  Nor would this alternative reduce the toxicity, 
mobility or volume of contamination through treatment. 


Implementability 


Alternative 1, No Action would be technically and administratively implementable at the CMRP site 
because it would not require engineering or physical construction.  Nor would this alternative require any 
institutional or access controls or maintenance of existing features (e.g., dams and fences).  The 
implementation of periodic monitoring would not present any unusual issues. 
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Cost 
 
The total present worth costs would be very low (<$1 million), and would include periodic monitoring to 
support five-year reviews. 
 
Screening Result 
 
Alternative 1, No Action is retained for detailed evaluation in accordance with the NCP. 
 
5.3.2 Alternative 2:  Monitored Natural Recovery 
 
5.3.2.1 Description of Monitored Natural Recovery 
 
Alternative 2, Monitored Natural Recovery would rely on natural processes to reduce the bioavailability 
or toxicity of contaminants in surface sediments and floodplain soils over time, thereby reducing risk to 
human and ecological receptors.  While the exact rate of deposition is not known for the Lyman Mill 
reach stream sediment and floodplain soils (including the Oxbow), it is expected that it may take on the 
order of hundreds of years for contaminated sediment and floodplain soil to be buried by 1 foot of clean 
material,44 especially in the Oxbow.  Site processes must be well-understood to show that MNR would be 
effective, and additional evaluations would need to be conducted to implement this alternative, as follows: 
 


• determination of deposition rates within the Oxbow; 


• evaluation of frequency and intensity of potential erosion or deposition due to storms and floods;  


• evaluation of potential impact of future use in terms of sediment deposition; and, 


• monitoring the rate of natural recovery in surface sediment and floodplain soil concentrations by 
monitoring the physical conditions at the site and sediment/soil chemistry data. 


 
Monitoring the rate of recovery is an important component of this alternative and one of the key 
differences between MNR and No Action.  More monitoring would be performed for this alternative than 
any other alternative to verify that the surface sediment/soil concentrations were decreasing, and that 
contaminated sediment/soil was not migrating downstream.  For example, sampling and analysis of 
surface and subsurface sediment/soil samples could be performed to evaluate the thickness of the 
sediment/soil deposited over time and to confirm that the contaminated sediments and floodplain soils 
had not migrated away from this area of the site.  Long-term biota monitoring would also be conducted to 
determine biota recovery and when animal tissue was safe to eat.  Cost estimates for this alternative are 
based on annual monitoring on a 30 year time period and assume that reviews would be conducted every 
five years.  The long-term monitoring would be used to monitor the impact of the remedial action on 
downstream areas, to determine the extent to which surface sediments and floodplain soils recovered and 
the cleanup objectives were achieved, and to determine whether or not this alternative was protective in 
the long term.  Periodic reporting would be required to document MNR progress and efficacy, and the 
long-term monitoring results would be used by the Agencies to determine if additional evaluations or 
clean-ups were warranted. 


                                                      
44 Section 2.3.8 indicates that it would take approximately 40 to 60 years for 1 foot of clean sediment to deposit at 
Allendale and Lyman Mill Ponds based on the estimated sedimentation rates for these areas. Sedimentation rates at 
the Oxbow are expected to be even lower because sediment is only deposited during periods of flooding. Assuming 
that sedimentation rates at the Oxbow are approximately 5 to 10 times slower than Allendale and Lyman Mill Ponds, 
then it might take on the order of hundreds of years for 1 foot of clean sediment to deposit in the Oxbow. 
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ICs would be required in association with MNR because contamination above the cleanup goals would 
remain in the sediment/soil during the very long recovery period.  ICs could include recreational use 
restrictions and hunting and fishing advisories.  Assuming cleanup goals in surface sediment/soil were 
reached, long-term ICs, such as restrictive easements and recreational use restrictions, would be needed to 
reduce the risk of exposing buried contamination. The future use restrictions could include, but not be 
limited to: restrictions on future excavation and dredging and restrictions on future access to utilities.   
Additionally, this alternative assumes that low energy environments in the Oxbow would not change; 
therefore, the success of this alternative would also be contingent upon the maintenance of the Allendale 
Dam.  Should the dam be removed or replaced with a smaller weir structure, then additional evaluations 
would need to be conducted to better understand the impact of dam removal and/or replacement on 
hydrodynamics and depositional processes at the Lyman Mill reach, including the Oxbow.  A preliminary 
analysis suggests that dam removal and/or replacement is expected to minimally impact water levels and 
groundwater flow patterns at the Oxbow (USACE, 2007). 
 
5.3.2.2 Screening of Monitored Natural Recovery 
 
Effectiveness 
 
Alternative 2, Monitored Natural Recovery by itself would not provide effective protection to human 
health and the environment because no action would be taken to remove, isolate or treat contaminated 
material that presents a risk.  Moreover, site conditions are generally not conducive to MNR and natural 
processes (e.g., deposition of clean material, degradation of contaminants) are expected to take a long 
time (in excess of a century) to reduce site risks to acceptable levels.  While the majority of this area 
would likely have low potential for erosion, sediment deposition occurs predominantly during flood 
events and the sedimentation rate is too low for MNR to work within a reasonable timeframe.  The areas 
with the highest erosion potential are those within, and in immediate proximity to, the stream channel 
connecting Allendale and Lyman Mill Ponds.  Although risks to human health could be managed with ICs 
(e.g., restricted access and boardwalks) to minimize exposure to contaminated material (assuming they 
were effectively monitored and enforced), risk to ecological receptors would not be reduced for a very 
long time because the current exposure pathways to ecological receptors would remain in place.  MNR 
also would not reduce the potential for contaminated materials to be transported downstream. 
 
This alternative will not comply with ARARs for RCRA closure, residential direct exposure or EPA’s 
recommended residential level for dioxin in soil (EPA, 1998b).  There would be no short-term impacts 
because no construction would be performed that could disrupt the local community or habitat.  However, 
this alternative would not provide long-term protection because no action would be taken to remove, 
contain or reduce downstream transport of contaminated material, and contamination would continue to 
present a risk while MNR occurs.  This alternative would not reduce the toxicity, mobility or volume of 
contamination through treatment. 
 
Implementability 
 
Alternative 2, Monitored Natural Recovery would be technically and administratively implementable at 
the CMRP site.  The only construction that might be required would be for mechanisms to limit exposure 
to human receptors (e.g., fencing and/or a boardwalk).  The implementation of a monitoring program and 
ICs would not present any unusual issues.  Requirements for dam maintenance could present some 
administrative implementability issues that would have to be addressed.  That is, agreement for access 
from owners of the dams would be needed. 
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Cost 
 
The costs associated with MNR would be low (between $1 million and $25 million). 
 
Screening Result 
 
Alternative 2, Monitored Natural Recovery is screened out because by itself it would not be protective of 
human health and the environment, the implementation period would be prohibitively long, the risks to 
ecological receptors would not be reduced for a very long time, and ARARs would not be met. 
 
5.3.3 Alternative 3:  Targeted Excavation, Enhanced Natural Recovery (Thin-layer Cover) and 


Disposal and/or Treatment 
 
5.3.3.1 Description of Targeted Excavation, Enhanced Natural Recovery (Thin-layer Cover) and 


Disposal and/or Treatment 
 
This alternative relies on a combination of targeted excavation and ENR to achieve the cleanup 
objectives.  Under this alternative, contaminated sediment and floodplain soil would be removed from 
targeted areas using conventional excavation techniques.  Construction activities and production rates 
would be comparable to the excavation alternative for sediments (Section 5.1.7), except that work would 
also be performed in wetland and floodplain areas.  Briefly, targeted excavation would be used to remove 
the top 1 foot of sediment from the stream channel connecting Allendale and Lyman Mill Ponds (this area 
is not suitable for thin-layer cover) and the top 1 foot of floodplain soil from areas where contaminant 
concentrations are in excess of ARARs for residential direct exposure or EPA’s recommended residential 
level for dioxin in soil (EPA, 1998b) (Figures 5-26a and 5-26b show the targeted excavation areas).45  
The approximate excavation area and volume are 4.8 acres and 9,700 cy (based on excavation depth of 1 
foot and over-excavation allowance of 0.25 ft; the excavation depth would extend deeper within the 
vadose zone as necessary to meet ARARs or EPA’s dioxin requirements), respectively.  The excavated 
material would not be dewatered due to the high amount of vegetation.  After excavation, confirmation 
samples would be collected to verify that the cleanup goals were met.  Backfill would then be placed to
design grades throughout excavated areas; backfill material utilized in the wetland areas would be sandy
loam from upland borrow pits and backfill material in the stream channel would be gravel and cobbles 
from upland sources.  Backfill in the wetland areas would provide substrate for re-vegetation of the area. 
The vegetation would consist of plantings similar in nature to species currently growing in the floodpla
planting specifics would be identified during the remedial design phase.  Excavation of the stream 
channel would also cause some loss of vegetation and destabilization of the bank itself requiring focused 
restoration including regrading, stabilization techniques as warranted, and plantings.  Potential restoration 
activities are described in further detail in Section 6.0. 
 
A thin-layer cover (ENR) would be placed over areas within the remedial footprint that were not 
excavated (i.e., 16.8 acres, see Figures 5-26a and 5-26b) to accelerate the natural recovery processes.  
ENR would provide a rapid and relatively inexpensive contamination cover and is suitable in low-energy 
and depositional environments where natural recovery processes are expected to occur over time.  ENR 
would also reduce exposure of aquatic and floodplain organisms to contaminated material, while 
minimizing the destruction of the wetland habitat.  The cover thickness and composition would be 
determined during the design phase, and the cover material would provide suitable substrate for 


 
45 Appendix N describes how the excavation area and volume would change using EPA’s new proposed residential 
level for dioxin (EPA, 2009). 
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indigenous flora and fauna.  For costing purposes, a thickness of 3 inches is assumed.  To minimize 
impacts to the ecological habitat, the thin-layer cover would be applied during the dormant season using a 
broadcast or spraying technique analogous to lawn hydro-seeding. 
 
This alternative also includes flow control structures to divert stream flow into the Oxbow to accelerate 
the natural recovery processes and allow for the burial of contaminated material in this area.  
Opportunities to minimize potential short-circuiting of floodwaters through the Oxbow (e.g., regrading 
and/or backfilling portions of the channel remnant) would also be evaluated in the final design phase. 
 
The monitoring and dam maintenance requirements, ICs, and periodic reporting to document remedy 
progress and efficacy would be the same as those described for Alternative 2, Monitored Natural 
Recovery (Section 5.3.2).  The thin-layer cover and any disposal facilities constructed on site would 
require long-term monitoring and maintenance to protect the integrity of the cover and facility.  Future 
use restrictions would be required to prevent excavation or other activities that could adversely impact the 
integrity of the CDF (e.g., limit the size of woody vegetation on top of the CDFs) or expose 
contamination beneath the thin-layer cover.  Periodic reporting would be required to document remedy 
progress and efficacy, and the long-term monitoring results would be used by the Agencies to determine 
if additional evaluations or clean-ups were warranted. 
 
Disposal options are similar to those described for sediment Alternative 7, Excavation and Disposal 
and/or Treatment (Section 5.1.7), except that containment in an Island CDF (Option c) is not considered. 
 


• Option 3a: On-site Containment in an Upland CDF 
• Option 3b: On-site Containment in a Nearshore CDF 
• Option 3d: On-site Thermal Treatment 
• Option 3e: Off-site Disposal and/or Treatment 


 
As mentioned in Section 5.2.5.1, it may also be possible to use some of the excavated floodplain soil to 
assist in grading and building the bottom layer of the cap to be constructed under Alternative 4 of the 
Source Area soil alternatives (see Section 5.4.4.1) should this be implemented.  This material would not 
need to comply with the LDRs because it would be consolidated within an area of contamination.  Use of 
some of the excavated floodplain soils in this way would reduce the amount of material requiring 
disposal. 
 
5.3.3.2 Screening of Targeted Excavation, Enhanced Natural Recovery (Thin-layer Cover) and 


Disposal and/or Treatment 
 
Effectiveness 
 
Alternative 3, Targeted Excavation, Enhanced Natural Recovery and Disposal and/or Treatment would 
provide moderately effective protection to human health and the environment.  Targeted excavation from 
the stream channel would reduce downstream transport of contaminated sediment/soil during high flow 
events and targeted excavation from areas that exceed residential direct exposure criteria and/or EPA’s 
recommended residential level for dioxin in soil (EPA, 1998b) would provide protection to human health.  
While contamination would remain on site at areas not excavated, placement of a thin-layer cover at these 
areas would minimize direct contact and reduce surface concentrations, which in turn would reduce the 
risk to human and ecological receptors, further increasing the overall effectiveness.  Implementation of 
ICs would provide further protection to human health by lowering the potential for human exposure; ICs 
are only effective if adequately monitored, enforced, and maintained.  ICs would not reduce exposure to 
ecological receptors; however, the local habitat (which currently provides both shelter and foraging 
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opportunities to the entire floodplain community) would not be destroyed as part of the remedy.  As with 
MNR, this alternative relies upon natural processes to reduce risk over time, such as the burial of 
contaminated material by clean sediment/soil (deposition) and degradation of contaminants.  The 
deposition rate is expected to be relatively low and the overall implementation period of this alternative is 
expected to take a long time.  The utilization of various flow changing techniques (e.g., groins, vanes, or 
barbs) in the free-flowing portion of the river adjacent to the Oxbow could be considered during the 
design phase.  By enhancing the lateral migration of sediment-laden floodwaters, such structures have the 
potential to increase sediment deposition rates in the floodplain and improve the overall effectiveness of 
this alternative (Natural Resources Conservation Service, 2007; Federal Interagency Stream Restoration 
Working Group [FISRWG], 2001). 
 
The disposal and/or treatment options proposed are field proven and, in the case of CDFs, widely used.  
Properly engineered and maintained CDFs would provide long-term, reliable containment of the 
contaminated material (Options 3a, 3b, and 3e).  Among the on-site disposal options, Option 3a (upland 
CDF) would provide more effective long-term protection compared to Option 3b (nearshore CDF) 
because the disposal facility would be located outside of the floodplain, whereas under Option 3b the 
contamination would remain in the river/ponds.  Among all disposal options, Options 3d and 3e would 
provide the most reliable long-term protection because the organic contaminants would be destroyed 
through treatment (Option 3d) or the contaminated material would be removed from the CMRP site and 
shipped to a licensed facility for disposal and/or treatment (Option 3e). 
 
Because contamination above cleanup goals is located in wetland areas, there is no practical alternative to 
conducting work in a wetland and so the focus would be on identifying the least damaging practicable 
alternative and minimizing impacts.  Option 3a could also have wetland impacts depending on the 
selected location of the CDF.  Option 3b would also impact wetlands and floodplains and include a 
discharge of dredged and/or fill material to waters of the US.  This alternative will comply with ARARs 
for residential direct exposure and EPA’s recommended residential level for dioxin in soil (EPA, 1998b).  
However, without a waiver, it would not comply with the RCRA, Subtitle C, closure regulations.  Short-
term impacts to the local community would be minor and of short duration.  Short-term impacts to the 
habitat could be more substantive.  In areas that are excavated, the wetlands will be destroyed.  In areas 
where the thin-layer cover is placed (which represents the majority of the cleanup area), the cover would 
be applied during the dormant season using low-impact methods to minimize impact on the existing 
wetland vegetation.  This alternative might not be protective in the long term primarily because thin-layer 
covers are not typically armored to protect against erosion that may occur during high flow events.  Flood 
storage capacity will be reduced under Option 3b (nearshore CDF).  This alternative would reduce the 
toxicity, mobility, or volume of contamination through treatment under Option 3d (on-site thermal 
treatment) and under Options 3a (upland CDF) and 3e (off-site disposal and/or treatment) provided some 
of the sediment/soil requires treatment. 
 
Implementability 
 
Alternative 3, Targeted Excavation, Enhanced Natural Recovery and Disposal and/or Treatment would be 
technically and administratively implementable at the CMRP site.  The construction needs would be 
minimal; however, working in the relatively soft, wet soils may pose some challenges, and specialized 
low-ground pressure equipment might be required.  Locating sufficient cap material of suitable 
composition, particularly an acceptable organic content, might also pose some implementability 
challenges.  The implementation of a monitoring program and ICs would not present any unusual issues. 
Requirements for dam maintenance and potential impacts to the wetland and floodplain areas could 
present some administrative implementability issues that would have to be assessed.  For dam 
maintenance, agreement for access from owners of the dams would be needed.  Impacts to wetlands and 
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floodplains would need to be minimized.  Wetland restoration/replication would be required as well as 
replacement of flood storage capacity. 
 
The disposal and/or treatment options would be technically implementable at the CMRP site.  The 
technologies are field proven and the required construction equipment and materials are commercially 
available.  CDFs are widely used and the construction, operation and maintenance of CDFs are 
considered routine.  All of the disposal and/or treatment options would present some administrative 
implementability issues that would have to be addressed.  Briefly, on-site containment in an upland CDF 
(Option 3a) would require that land be obtained to locate the disposal facility, some wetlands could be 
destroyed depending on the location of the upland CDF (Section 5.1.6.2), and some of the sediment/soil 
could require treatment.  A treatability variance could be obtained to reduce the amount of treatment 
needed for sediment under Option 3a (Section 5.1.6.2).   Option 3b would require the permanent 
occupancy and modification of the floodplain and destruction of wetlands/discharge of dredged and/or fill 
material into waters of the US, and a determination would need to be made that there was no other 
practicable alternative before selecting this option as the preferred remedy.  On-site thermal treatment 
(Option 3d) relies on the ability to obtain mobile incineration units capable of sustaining high 
temperatures needed for the destruction of dioxins and furans.  In addition, while these units can be safely 
operated, local residents might express concern regarding emissions.  Finally, off-site disposal and/or 
treatment (Option 3e) relies on the ability to identify permitted facilities with sufficient capacity to handle 
the volume of contaminated material from the CMRP site, which is not expected to be a significant 
problem.   
 
Cost 
 
The costs associated with Alternative 3, Targeted Excavation, Enhanced Natural Recovery and Disposal 
and/or Treatment would be low (between $1 million and $25 million).  Estimated costs for On-site 
Containment in an Upland CDF (Option 3a) could increase depending on the amount of material 
requiring treatment. 
 
Screening Result 
 
Alternative 3, Targeted Excavation, Enhanced Natural Recovery and Disposal and/or Treatment is 
retained for detailed analysis.  While the implementation period is long, this alternative would provide 
moderate protection and minimize short-term impacts to ecological habitat.  This alternative would result 
in the destruction of some wetland and floodplain habitat (i.e., 4.8 acres), but is considered implementable 
provided that there is no other practicable alternative.  The implementation of ENR should not 
substantially impact habitat value because the vegetative structure is vertically stratified and herbaceous 
groundcover is just one component of the overall habitat provided, which could be restored relatively 
quickly.  Moreover, ENR would be implemented during the dormant season to minimize impacts to the 
wetland and floodplain areas. 
 
5.3.4 Alternative 4:  Excavation and Disposal and/or Treatment 
 
5.3.4.1 Description of Excavation and Disposal and/or Treatment 
 
Under this alternative, contaminated sediment and floodplain soils would be removed using conventional 
excavation techniques.  Construction activities and production rates would be comparable to the 
excavation alternative for sediments (Section 5.1.7), except that work would also be performed in wetland 
and floodplain areas.  Briefly, vegetation and contaminated sediment and floodplain soil within the 21.6 
acre remedial footprint (Figures 3-4a and 3-4b) would be removed to a depth of 1 foot, resulting in a 
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removal volume of approximately 43,500 cy (includes 0.25 ft over-excavation allowance).46  A depth of 1 
foot is considered to be protective of human and ecological receptors (the excavation depth would extend 
deeper within the vadose zone as necessary to meet ARARs or EPA’s dioxin requirements).  The 
excavated material would not be dewatered due to the high amount of vegetation. After excavation, 
confirmation samples would be collected to verify that the cleanup goals are met.  Backfill would then be 
placed to design grades throughout excavated areas; backfill material utilized in the wetland areas would 
be sandy loam from upland borrow pits and backfill material in the stream channel would be gravel and 
cobbles from upland sources.  Backfill in the wetland areas would provide substrate for re-vegetation of 
the area.  The vegetation would consist of plantings similar in nature to species currently growing in the 
floodplain; planting specifics would be identified during the remedial design phase.  Excavation of the 
stream channel would also cause some loss of vegetation and destabilization of the bank itself requiring 
focused restoration including regrading, stabilization techniques as warranted and plantings.  Potential 
restoration activities are described in further detail in Section 6.0. 
 
Long-term sediment/soil monitoring would not be required provided the confirmation sampling 
demonstrates that the cleanup goals were achieved.  Long-term biota monitoring would be conducted to 
determine biota recovery and when animal tissue was safe to eat.  Monitoring downstream of the Lyman 
Mill Dam would also be performed to monitor the impact of the remedial action on the downstream areas.  
Further, any disposal facilities constructed on site would require long-term monitoring and maintenance 
to protect the integrity of the facility.  Future use restrictions would be required to prevent excavation or 
other activities that could adversely impact the integrity of the CDF (e.g., limit the size of woody 
vegetation on top of the CDFs).  Periodic reporting would be required to document remedy progress and 
efficacy, and the long-term monitoring results would be used by the Agencies to determine if additional 
evaluations or clean-ups were warranted. 
 
Disposal options are similar to those described for sediment Alternative 7, Excavation and Disposal 
and/or Treatment (Section 5.1.7), except that containment in an Island CDF (Option c) is not considered 
due to insufficient capacity. 
 


• Option 4a: On-site Containment in an Upland CDF 
• Option 4b: On-site Containment in a Nearshore CDF 
• Option 4d: On-site Thermal Treatment 
• Option 4e: Off-site Disposal and/or Treatment 


 
As mentioned in Section 5.2.5.1, it may also be possible to use some of the excavated floodplain soil to 
assist in grading and building the bottom layer of the cap to be constructed under Alternative 4 of the 
Source Area soil alternatives (see Section 5.4.4.1) should this be implemented.  This material would not 
need to comply with the land disposal restrictions because it would be consolidated within an area of 
contamination.  Use of some of the excavated floodplain soils in this way would reduce the amount of 
material requiring disposal. 
 
5.3.4.2 Screening of Excavation and Disposal and/or Treatment 
 
Effectiveness 
 
Alternative 4, Excavation and Disposal or Treatment would provide highly effective protection to human 
health and the environment because contaminated material would be removed and replaced with clean 
backfill, thereby reducing human and ecological exposure to site contamination.  Further, the removed 
                                                      
46 Appendix N describes how the excavation area and volume would change using EPA’s new proposed residential 
level for dioxin (EPA, 2009). 


Interim Final CMRP Feasibility Study Report  April 2010 5-46







Action Area and Media: Lyman Mill Reach Stream Sediment and Floodplain Soil (Including Oxbow) 
Alternative: 4 – Excavation and Disposal and/or Treatment 


material would be confined on site in engineered CDFs, destroyed through treatment, or transported off 
site for disposal and/or treatment.  The disposal and/or treatment options proposed are field proven and, in 
the case of CDFs, widely used.  Properly engineered and maintained CDFs would provide long-term, 
reliable containment of the contaminated material (Options 4a, 4b, and 4e).  Among the on-site disposal 
options, Option 4a (Upland CDF) would provide more effective long-term protection compared to Option 
4b (Nearshore CDF) because the disposal facility would be located outside of the floodplain, whereas 
under Option 4b the contamination would remain in the river/ponds.  Among all the disposal options, 
Options 4d and 4e would provide the most reliable long-term protection because the organic contaminants 
would be destroyed through treatment (Option 4d) or the contaminated material would be removed from 
the CMRP site and shipped to a licensed facility for disposal and/or treatment (Option 4e). 
 
Because contamination above cleanup goals is located in wetland areas, there is no practical alternative to 
doing work in a wetland and so the focus would be on identifying the least damaging practicable 
alternative and minimizing impacts.  Option 4a could also have wetland impacts depending on the 
selected location of the CDF.  Option 4b would also impact wetlands and floodplains and include a 
discharge of dredged and/or fill material to waters of the US.  This alternative will comply with ARARs 
for RCRA closure, residential direct exposure and EPA’s recommended residential level for dioxin in soil 
(EPA, 1998b).  The short-term impacts to the local community would be minor (e.g., construction related 
noise and possible odors) and of short duration.  Short-term impacts to the environment, however, would 
be more substantive, primarily because excavation would destroy wetland areas and ecological habitat 
including some forested areas that could take decades to recover.  This alternative would provide long-
term protection because the contamination would be removed and either confined, destroyed, or shipped 
off site.  Moreover, the risk of residual contamination would be low using this alternative.  Flood storage 
capacity would be reduced under Option 4b (nearshore CDF).  The toxicity, mobility, or volume of 
contamination would be reduced through treatment under Option 4d (on-site thermal treatment) and under 
Options 4a (upland CDF) and 4e (off-site disposal and/or treatment) provided some of the sediment/soil 
requires treatment. 
 
Implementability 
 
Excavation would be technically and administratively implementable at the CMRP site.  Excavation is a 
proven technology, and the required equipment is available from commercial vendors, although 
specialized, low-ground pressure equipment might be needed to work in areas with wet, organic rich soils.  
Locating sufficient backfill material of suitable composition, particularly an acceptable organic content, 
might pose some implementability challenges.  The implementation of a monitoring program and ICs 
would not present any unusual issues.  Requirements for dam maintenance and potential impacts to the 
wetland and floodplain areas could present some administrative implementability issues that would have 
to be assessed.  For dam maintenance, agreement for access from owners of the dams would be needed.  
Impacts to wetlands and floodplains would need to be minimized.  Wetland restoration/replication would 
be required as well as replacement of flood storage capacity. 
 
The disposal and/or treatment options would be technically implementable at the CMRP site.  The 
technologies are field proven and the required construction equipment and materials are commercially 
available.  CDFs are widely used and the construction, operation and maintenance of CDFs are 
considered routine.  All of the disposal and/or treatment options would present some administrative 
implementability issues that would have to be addressed.  For example, there is limited space on site for 
sediment/soil processing and land would have to be obtained to locate the processing facility (all options).  
On-site containment in an upland CDF (Option 4a) would require that land be obtained to locate the 
disposal facility, some wetlands could be destroyed depending on the location of the upland CDF (Section 
5.1.6.2), and some of the sediment/soil could require treatment.  A treatability variance could be obtained 
to reduce the amount of treatment needed for sediment under Option 4a (Section 5.1.6.2).  On-site 
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containment in a nearshore CDF (Option 4b) would require the permanent occupancy and modification of 
the floodplain and destruction of wetlands/discharge of dredged and/or fill material into waters of the US, 
and a determination would need to be made that there was no other practicable alternative before selecting 
this option as the preferred remedy.  On-site thermal treatment (Option 4d) relies on the ability to obtain 
mobile incineration units capable of sustaining high temperatures needed for the destruction of dioxins 
and furans.  In addition, while these units can be safely operated, local residents might express concern 
regarding emissions.  Finally, off-site disposal and/or treatment (Option 4e) relies on the ability to 
identify permitted facilities with sufficient capacity to handle the volume of contaminated material from 
the CMRP site, which is not expected to be a significant problem.   
 
Cost 
 
The estimated costs for Alternative 4 range from low (between $1 million and $25 million) to high 
(between $50 million and $75 million), depending on the disposal and/or treatment option selected.  
Estimated costs for on-site containment (Options 4a and 4b) are substantially lower compared to costs for 
Option 4d, On-site Thermal Treatment or Option 4e, Off-site Disposal and/or Treatment.  Estimated costs 
for Option 4a, On-site Containment in an Upland CDF could increase depending on the amount of 
material requiring treatment. 
 
Screening Result 
 
Alternative 4, Excavation and Disposal and/or Treatment is screened out because of significant 
effectiveness and implementability issues regarding the destruction of wetland and floodplain areas that 
could take many decades to recover.  This alternative would result in the complete destruction of the 
entire (i.e., 21.6 acres) Oxbow floodplain/wetland system that provides valuable wildlife habitat and is 
one of the largest tracts of mature forested riparian habitat remaining in the lower Woonasquatucket River 
watershed. 
 
5.3.5 Alternative 5:  Partial Excavation, Enhanced Natural Recovery and Disposal and/or 


Treatment 
 
5.3.5.1 Description of Partial Excavation, Enhanced Natural Recovery and Disposal and/or 


Treatment 
 
This alternative is similar to Alternative 3, Targeted Excavation, Enhanced Natural Recovery and 
Disposal and/or Treatment (Section 5.3.3), except that a larger area within the cleanup area will be 
remediated using excavation.  The general descriptions were presented in the Section 5.3.3.  Under this 
alternative, the top 1 foot of floodplain soil would be excavated from areas where contaminant 
concentrations are in excess of ARARs for residential direct exposure or EPA’s recommended residential 
level for dioxin in soil (EPA, 1998b), as well as from areas targeted to maximize mass removal, areas of 
highest potential human exposure and areas with higher potential for downstream transport of 
contaminated sediment and floodplain soil (Figures 5-27a and 5-27b), as follows: 
 


• The old mill raceway – contaminant concentrations in sediments are above the cleanup goals in 
this area, and may pose a human health risk to nearby residents.  Much of the area surrounding 
the raceway is maintained as lawns and one segment of the raceway is immediately adjacent to 
the Allendale condominiums, and could pose a higher risk of human exposure relative to other 
areas. 
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• The stream channel connecting Allendale and Lyman Mill Ponds – contaminant concentrations in 
the stream sediments are above the cleanup goals, and this area is included to reduce the potential 
for downstream transport of contaminated material to Lyman Mill Pond. 


• The bank along the western side of the stream channel – this area appears to be a desirable 
location for fishing, and is included to reduce the potential risk to anglers visiting the area. 


• The abandoned channel within the Oxbow – this area serves as aquatic habitat, at least seasonally, 
and according to the exposure assumptions developed in the BERA, this area may pose a risk to 
ecological receptors.  Further, this area was in communication with the river during times of high 
water, and appears to have been impacted by site activities evidenced by contamination above the 
cleanup goals. 


• The area of emergent marsh and scrub/shrub vegetation south of the abandoned channel and the 
small peninsula north of the confluence of Assapumpset Brook and Lyman Mill Pond – heavy 
vegetation in these areas could have trapped contaminated sediments and floodplain soils over 
time, especially during flooding.  Contaminated material at these areas could migrate to and 
recontaminate pond areas during normal flow (river channel and brook flow through these areas) 
and/or high flow or flood events.  Excavation within these areas is expected to reduce area-wide 
contamination, thereby reducing risk, and should also remove potentially contaminated material 
that could be transported downstream.  Finally, the vegetation present in these areas is expected 
to become reestablished relatively quickly after remedy implementation (i.e., on the order of a 
decade). 


 
Figures 5-27a and 5-27b show the partial excavation footprint.47  The approximate removal area and 
volume is 13.5 acres and 27,300 cy (based on the excavation depth of 1 foot and 0.25 ft over-excavation 
allowance; the excavation depth would extend deeper within the vadose zone as necessary to meet 
ARARs or EPA’s dioxin requirements), respectively.  The excavated material would not be dewatered 
due to the high amount of vegetation.  Following excavation, confirmation samples would be collected to 
verify that the cleanup goals had been achieved and the excavated areas would be backfilled to design 
grades throughout excavated areas with clean, suitable material.  Backfill material utilized in the wetland 
areas would be sandy loam from upland borrow pits and backfill material in the stream channel would be 
gravel and cobbles from upland sources.  Backfill in the wetland areas would provide substrate for re-
vegetation of the area.  The vegetation would consist of plantings similar in nature to species currently 
growing in the floodplain; planting specifics would be identified during the remedial design phase. 
 
A thin-layer cover identical to that described in Alternative 3 (Section 5.3.3) would be placed over areas 
within the remedial footprint that were not excavated (Figures 5-27a and 5-27b).  This alternative would 
impact the streambank along the entire reach of the river channel; in addition to some loss of vegetation 
and destabilization throughout, there would be substantial loss of bank tree canopy in the portion of the 
bank on the west side that is targeted for excavation.  As a result, focused restoration including regrading, 
stabilization techniques as warranted and plantings would be required to mitigate these impacts.  Potential 
restoration activities are described in further detail in Section 6.0. 
 
This alternative also includes flow control structures to divert stream flow into the Oxbow to accelerate 
the natural recovery processes and allow for the burial of contaminated material in this area.  
Opportunities to minimize potential short-circuiting of floodwaters through the Oxbow (e.g., regrading 
and/or backfilling portions of the channel remnant) would also be evaluated in the final design phase. 
 
                                                      
47 Appendix N describes how the excavation area and volume would change using EPA’s new proposed residential 
level for dioxin (EPA, 2009). 
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Long-term monitoring and dam maintenance requirements, ICs, and periodic reporting to document 
remedy progress and efficacy would be the same as described for the Alternative 3 (Section 5.3.3).  
Disposal options are similar to those described for sediment Alternative 7, Excavation and Disposal 
and/or Treatment (Section 5.1.7), except that containment in an Island CDF (Option c) is not considered 
due to insufficient capacity. 
 


• Option 5a: On-site Containment in an Upland CDF 
• Option 5b: On-site Containment in a Nearshore CDF 
• Option 5d: On-site Thermal Treatment 
• Option 5e: Off-site Disposal and/or Treatment 


 
Any disposal facilities constructed on site would require long-term monitoring and maintenance to protect 
the integrity of the facility.  Future use restrictions would be required to prevent excavation or other 
activities that could adversely impact the integrity of the CDFs or expose contamination that remains on 
site at levels above the cleanup goals. 
 
As mentioned in Section 5.2.5.1, it may also be possible to use some of the excavated floodplain soil to 
assist in grading and building the bottom layer of the cap to be constructed under Alternative 4 of the 
Source Area soil alternatives (see Section 5.4.4.1) should this be implemented.  This material would not 
need to comply with the LDRs because it would be consolidated within an area of contamination.  Use of 
some of the excavated floodplain soils in this way would reduce the amount of material requiring 
disposal. 
 
5.3.5.2 Screening of Partial Excavation, Enhanced Natural Recovery and Disposal and/or Treatment 
 
Effectiveness 
 
Alternative 5, Partial Excavation, Enhanced Natural Recovery and Disposal and/or Treatment would 
provide moderately to highly effective protection to human health and the environment because 
contaminated sediment and floodplain soil would either be removed and replaced with clean backfill, or 
covered with a thin-layer of clean material.  Excavation would target areas that exceed residential direct 
exposure criteria and/or EPA’s recommended residential level for dioxin in soil (EPA, 1998b), areas for 
mass removal, and areas of higher potential for human exposure and downstream migration, whereas 
ENR would target more sensitive ecological habitat areas.  The combination of focused removal and ENR 
would reduce surface contamination, as well as reduce exposure and risk to human and ecological 
receptors.  ICs would provide further protection to human health by lowering the potential for human 
exposure; ICs  are only effective if adequately monitored, enforced, and maintained.  ICs would not 
reduce exposure to ecological receptors; however, the local habitat (which currently provides both shelter 
and foraging opportunities to the entire floodplain community) would not be destroyed as part of the 
remedy. The disposal and/or treatment options would contribute to the long-term effectiveness of the 
remedy, either by confining the material on site (Options 5a and 5b), destroying the material through 
treatment (Option 5d), or transporting it off site for disposal and/or treatment (Option 5e) as described for 
Alternative 3 (Section 5.3.3.2). 
 
Because contamination above acceptable levels is located in wetland areas, there is no practical 
alternative to conducting work in a wetland and so the focus would be on identifying the least damaging 
practicable alternative and minimizing impacts.  Option 5a could also have wetland impacts depending on 
the selected location of the CDF.  Option 5b would also impact wetlands and floodplains and include a 
discharge of dredged and/or fill material to waters of the US.  This alternative will comply with ARARs 
for residential direct exposure and EPA’s recommended residential level for dioxin in soil (EPA, 1998b).  
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Without a waiver, however, this alternative would not comply with the Subtitle C closure regulations 
under RCRA.  The short-term impacts to the local community would be minor (e.g., construction related 
noise and possible odors) and of short duration.  Short-term impacts to the environment, however, would 
be more substantive, primarily because excavation would destroy some wetland and floodplain habitat, 
and recovery of scrub/shrub type wetland plants could take over a decade.  Long-term effectiveness is 
moderate because while much of the contamination would be removed, some contamination above the 
cleanup goals would remain in areas that rely on ENR.  (The ENR areas would have to be continually 
monitored and maintained.)  The toxicity, mobility, or volume of contamination would be reduced 
through treatment under Option 5d (on-site thermal treatment) and under Options 5a (upland CDF) and 5e 
(off-site disposal and/or treatment) provided some of the sediment/soil requires treatment. 
 
Implementability 
 
Alternative 5, Partial Excavation, Enhanced Natural Recovery and Disposal and/or Treatment would be 
technically implementable at the CMRP site as described for the full excavation alternative (Section 
5.3.4.2).  Requirements for dam maintenance and impacts to wetland and floodplain areas could present 
some administrative implementability issues that would have to be addressed.  For dam maintenance, 
access from owners of the dams would be needed.  Impacts to wetlands and floodplains would need to be 
minimized.  Wetland restoration/replication would be required as well as replacement of flood storage 
capacity. 
 
The disposal and/or treatment options would be technically implementable at the CMRP site.  The 
technologies are field proven and the required construction equipment and materials are commercially 
available.  CDFs are widely used and the construction, operation and maintenance of CDFs are 
considered routine.  All of the disposal and/or treatment options would present some administrative 
implementability issues that would have to be addressed.  For example, there is limited space on site for 
sediment/soil processing and land would have to be obtained to locate the processing facility (all options).  
On-site containment in an upland CDF (Option 5a) would require that land be obtained to locate the 
disposal facility, some wetlands could be destroyed depending on the location of the CDF (Section 
5.1.6.2), and some of the sediment/soil could require treatment.  A treatability variance could be obtained 
to reduce the amount of treatment needed for sediment under Option 5a (Section 5.1.6.2).  On-site 
containment in a nearshore CDF (Option 5b) would require the permanent occupancy and modification of 
the floodplain and further destruction of wetlands, and a determination would need to be made that there 
was no other practicable alternative before selecting this option as the preferred remedy.  On-site thermal 
treatment (Option 5d) relies on the ability to obtain mobile incineration units capable of sustaining high 
temperatures needed for the destruction of dioxins and furans.  In addition, while these units can be safely 
operated, local residents might express concern regarding emissions.  Finally, off-site disposal and/or 
treatment (Option 5e) relies on the ability to identify permitted facilities with sufficient capacity to handle 
the volume of contaminated material from the CMRP site, which is not expected to be a significant 
problem.   
 
Cost 
 
The estimated costs for Alternative 5 range from low (between $1 million and $25 million) to moderate 
(between $25 million and $50 million), depending on the disposal and/or treatment option selected.  Costs 
for on-site containment (Options 5a and 5b) are approximately half that of costs for Option 5d, On-site 
Thermal Treatment or Option 5e, Off-site Disposal and/or Treatment.  Estimated costs for Option 5a, On-
site Containment in an Upland CDF could increase depending on the amount of material requiring 
treatment. 
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Screening Result 
 
Alternative 5, Partial Excavation, Enhanced Natural Recovery and Disposal and/or Treatment is retained 
for detailed analysis.  This alternative would provide effective protection to human health and the 
environment and focused excavation (i.e., approximately 13.5 acres) would reduce the extent of habitat 
destruction during remedy implementation. 
   


5.4 Source Area Soil Alternatives 
 
Site actions were taken in the late 1990s and early 2000s to reduce the immediate human health threat to 
residents on and near the site from exposure to contaminated soils in the source area (see Section 2.2.2 
and Table 2-1).  Among the actions taken was the construction of three protective caps to cover 
contaminated soils in the source area (Figure 1-2), as follows: 


• Construction of an interim protective cap (Cap Area #1) in a formerly wooded area 
immediately south of the Centredale Manor parking lot.  This area was prone to flooding and 
had some of the highest concentrations of dioxin and PCBs in surface soil at the site.  
Contaminated source area soils were capped with intermediate cover material (6 inches 
minimum thickness), a geotextile liner, and approximately 12 inches of final cover material.  
The uppermost layer consisted of 4 inches of loam and a vegetative cover. 


• Construction of a second interim cap (Cap Area #2) between the Woonasquatucket River and 
the Centredale Manor building.  This area also was prone to flooding and contained elevated 
concentrations of dioxin in surface soils.  Contaminated source area soils were capped with a 
geotextile fabric liner, 6 inches of sand fill, and 12 inches of common fill.  The uppermost 
layer consisted of loam and a vegetative cover.  A flood control berm was constructed along 
the western edge of the cap to reduce erosion. 


• Construction of a permeable protective cap (Cap Area #3) over contaminated soils and 
sediments in the former tailrace, installation of a precast modular storm water control 
structure at the terminus of a storm drain at the north end of the tailrace, and construction of a 
drainage swale along the length of the capped area (LEA, 2003 and 2004).  The majority of 
the tailrace was capped with a cellular containment system consisting from the bottom up of 
approximately 6 inches of sand, a geotextile fabric, and a 6-inch-thick cellular containment 
system filled with and covered by 1.5-inch aggregate material.  A soil cap consisting of 
geotextile fabric covered by 20 inches of bank run gravel and 4 inches of loam was 
constructed at the north end of the tailrace. 


 
These site actions were taken to minimize human exposure to contaminated soils and prevent soil erosion 
and runoff into the Woonasquatucket River.  An evaluation of the protectiveness from exposure to the 
source area soils and of the integrity of the existing interim caps, rip rap, and pavement at the source area 
is presented in this section as part of the process of selecting components of the permanent remedy. 
 
The source area soil action area is located within the floodplain (Figure 1-2), and approximately 85% of 
the area is between the normal water and 100-yr flood elevations.  This area also includes riverbank 
wetland resource areas as well as wetland vegetation that may become re-established within the former 
tailrace (Cap Area #3) (Section 2.3.10).  In areas where contamination is found above cleanup goals in 
wetland areas, there is no practical alternative to doing work in these wetland areas because this is where 
the contamination is located.  As a result, EPA wetlands/404 requirements focus on identifying the least 
damaging practicable alternative and minimizing impacts to the wetland areas. 
 







Action Area and Media: Source Area Soil 
Alternative: 1 – No Action


Source Area Soil Alternatives 
1 No Action 
2 Monitor and Maintain Existing Surfaces 


3
Targeted Excavation, Upgrade and 
Maintain Existing Surfaces, and Disposal 
and/or Treatment 


4
Targeted Excavation, Convert to RCRA 
Caps and Maintain and Disposal and/or 
Treatment 


5 Excavation and Disposal and/or Treatment 


Shading represents alternatives retained for detailed 
evaluation in Section 6.0. 


A total of five remedial alternatives, designed to achieve the cleanup objectives and address contaminated 
soil at the source area, are described and screened in this section.  Some of the alternatives rely on using 
the existing interim caps and parking lots as the component of the remedy and others rely either on 
upgrading the existing interim caps and parking lots 
or removing the contaminated source area soils using 
excavation.  Monitoring and ICs are common 
components to many of the alternatives, and all 
alternatives include five-year reviews. 


5.4.1 Alternative 1:  No Action 


5.4.1.1 Description of No Action 


In accordance with the NCP requirements, the No 
Action alternative must be carried through the entire 
FS process to serve as the baseline condition.  This 
alternative would entail no active remediation of the 
contaminated soils at the source area.  Five-year reviews and periodic monitoring, triggered by severe 
weather events, would be performed to assess conditions, but these are not requirements.  Monitored 
natural recovery processes, ICs, and rigorous long-term monitoring are not components of this alternative. 


5.4.1.2 Screening of No Action 


Effectiveness 


Alternative 1, No Action would not provide adequate protection of human health and the environment.  
The existing parking lots and interim caps are currently effective at minimizing human exposure to 
contaminated source area soils and preventing soil erosion and runoff into the Woonasquatucket River.  
However, without long-term monitoring and maintenance of the parking lots and caps, which is not 
required under this alternative, the long-term reliability and effectiveness of this alternative is low. 


This alternative will not comply with the ARARs for TSCA closure, residential direct exposure, GB 
leachability, or EPA’s recommended residential level for dioxin in soil (EPA, 1998b).  There would be no 
short-term impacts because no construction would be performed that could disrupt the local community or 
environment.  This alternative would not provide long-term protection because maintenance of the 
existing interim caps and parking lots is not required under this alternative.  Nor would this alternative 
reduce the toxicity, mobility or volume of contamination through treatment. 


Implementability 


Alternative 1, No Action would be technically and administratively implementable at the CMRP site 
because it would not require engineering or physical construction.  Nor would this alternative require any 
institutional or access controls or maintenance of existing features (e.g., caps or parking lots).  The 
implementation of periodic monitoring would not present any unusual issues. 


Cost


The estimated total present worth costs would be very low (<$1 million). 


Screening Result 


Alternative 1, No Action is retained for detailed evaluation in accordance with the NCP. 
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5.4.2 Alternative 2:  Monitor and Maintain Existing Surfaces 
 
5.4.2.1 Description of Monitor and Maintain Existing Surfaces 
 
Under this alternative, long-term monitoring and maintenance of the existing surfaces, including the 
existing interim caps, parking lots, paved surfaces, rip rap and landscaped areas (Figure 3-5),48 would be 
performed to prevent erosion and potential exposure of contaminated source area soils.  Long-term 
monitoring and maintenance would include annual inspections and maintenance of the caps, parking lots, 
monitoring wells, rip rap and landscape areas.  Maintenance activities could include seeding the cap areas, 
mowing the caps, and sealing cracks in the parking lot pavement.  Periodic monitoring would also be 
performed to verify that contamination left in place remains contained, and that no future releases occur. 
 
ICs would be implemented to prevent human exposure, and would include, but not be limited to, 
prohibiting future excavation, restricting access for buried utilities, and preventing the construction of 
buildings with pilings or basements.  Periodic reporting would be required to document remedy progress 
and efficacy. 
 
5.4.2.2 Screening of Monitor and Maintain Existing Surfaces 
 
Effectiveness 
 
Alternative 2, Monitor and Maintain Existing Surfaces would provide some protection to human health 
and the environment.  Long-term monitoring and maintenance of the existing interim caps and paved 
surfaces would verify that the surfaces remain intact, thereby preventing direct contact with the 
contaminated soils below.  However, the existing caps would not reduce precipitation infiltration into the 
groundwater, nor would this alternative actively remediate the area where contaminants in the 
groundwater are above the GB groundwater criteria and where contaminants in the soil are above the GB 
leachability criteria.  Periodic monitoring would be performed to verify that contamination left in place 
remained relatively immobile, and that no releases had occurred.  ICs would be implemented to restrict 
any excavation activities on the site and prevent exposure to contaminated source area soils.  Potential 
exposure to contaminated source area soils in several small landscape areas that are not paved or capped 
could still occur. 
 
The existing interim caps and parking lots in the source area currently appear to be effective in limiting 
the leaching of contaminants into groundwater, except in the vicinity of Well MW-05S in the Brook 
Village parking lot where discharge of contaminated groundwater to the Woonasquatucket River occurs.  
Measures to prevent the migration of contaminated groundwater to the river are addressed with the 
groundwater alternatives (Section 5.5). 
 
Because contamination above cleanup goals is located in wetland areas, there is no practical alternative to 
doing work in a wetland and so the focus would be on identifying the least damaging practicable 
alternative and minimizing impacts.  This alternative will not comply with the ARARs for RCRA or 
TSCA closure, residential direct exposure, GB leachability, or EPA’s recommended residential level for 
dioxin in soil (EPA, 1998b).  These requirements must be met or waived in order for this alternative to 
meet CERCLA requirements.  Short-term impacts to the local community would be minor because 
activities would be limited to maintenance activities.  Long-term O&M activities, however, could result in 
the destruction of wetlands.  This alternative provides some long-term protection because the existing 
surfaces, which cover the majority of contaminated soils in the source area, would continue to prevent 
                                                      
48 Appendix N describes how the cleanup area would change using EPA’s new proposed residential level for dioxin 
(EPA, 2009). 
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exposure to contamination as long as they are adequately monitored and maintained.  However, potential 
exposure to contaminated source area soils at several small landscape areas could still occur.  In addition, 
no action would be taken to address VOCs in soil that leach to groundwater.  This alternative would not 
reduce the toxicity, mobility or volume of contamination through treatment. 
 
Implementability 
 
Alternative 2, Monitor and Maintain Existing Surfaces is technically and administratively implementable 
at the CMRP site.  Impacts to wetlands and floodplains would need to be minimized, and wetland 
restoration/replication would be required.  Long-term monitoring, O&M of the existing surfaces, and ICs 
would not present any unusual issues. 
 
Cost 
 
The estimated total present worth costs for Alternative 2, Monitor and Maintain Existing Surfaces, would 
be very low (<$1 million). 
 
Screening Result 
 
Alternative 2, Monitor and Maintain Existing Surfaces is screened out because it does not comply with 
ARARs.  
 
5.4.3 Alternative 3:  Targeted Excavation, Upgrade and Maintain Existing Surfaces and Disposal 


and/or Treatment  
 
5.4.3.1 Description of Targeted Excavation, Upgrade and Maintain Existing Surfaces and Disposal 


and/or Treatment  
 
This alternative includes targeted excavation to remove principal threat waste and contaminated soil that 
exceed the TSCA and GB leachability criteria, as well as upgrading and maintaining the existing surfaces 
to prevent exposure to or migration of contaminated soil at the source area.  Excavated material would be 
shipped off-site for disposal and/or treatment. 
 
Conventional earth moving equipment would be used to excavate the principal threat waste and 
contaminated soil.  Figure 5-28 shows the areas that would be excavated under this alternative.49  The 
spatial extent of the principal threat waste excavation area encompasses the area interpreted as having the 
highest potential for containing buried bulk metallic materials (Roy F. Weston, 1999, see Section 2.4.5).  
The vertical extent of this excavation area is 4 ft bgs, which is based on the average fill thickness at the 
source area and confirmed by soil borings collected at this area (TTNUS, 2002).  The TSCA/GB 
leachability excavation areas encompass all locations where there are chemical concentrations above the 
TSCA/GB leachability criteria.50  Each location represents a polygon shaped area of contamination, 
where the spatial extent of the area extends approximately half-way between contaminated locations and 
clean locations.  The vertical extent of these excavation areas ranges from 1 to 5 ft bgs, and encompass


 
49 Appendix N describes how the excavation area and volume would change using EPA’s new proposed residential 
level for dioxin (EPA, 2009). 
50 The existing paved surfaces are considered an impermeable barrier.  Contaminated soil beneath the paved surfaces 
with GB leachability exceedances would not be excavated; areas under paved surfaces with TSCA exceedances, 
however, would be excavated. 
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the depth to clean (i.e., depth at which there are no exceedances of the cleanup goals).  The total volume 
of source area soil that would be excavated under this alternative is 9,800 cy (does not include over-
excavation allowance).   
 
This alternative includes an initial assessment to identify design improvements needed to restore the 
existing interim caps to meet the requirements of the original designs; a more detailed analysis would be 
performed during design.  After the principal threat waste and contaminated soil was removed, the 
existing interim caps, parking lots, paved surfaces, and rip rap areas shown in Figure 5-28 would be 
repaired where necessary.  In addition, the existing interim caps would be extended to cover landscape 
areas within the proposed remedial footprint (Figures 3-5 and 5-28).  Construction activities and 
production rates would be comparable to the isolation cap for floodplain soils (Section 5.2.4).  The costs 
for this alternative assume that the cap upgrade would consist of removing vegetation, placing 1 foot of 
additional material over the existing interim caps, and hydro-seeding all capped areas to accelerate grass 
growth which would control soil erosion.  The post-cap surface elevation would be increased by 
approximately 1 foot at all cap areas and landscape areas where the cap is extended.  Upgrades to the 
parking lots would include placement of asphalt sealant over the entire parking lot areas.   
 
Monitoring and ICs would be required because contamination above the residential direct exposure 
criteria would remain on site.  Long-term O&M of the existing surfaces (caps, parking lots, paved 
surfaces, and rip rap) would be required.  ICs would be implemented to prevent human exposure, and 
would include, but not be limited to, prohibiting future excavation, restricting access for buried utilities, 
preventing the construction of buildings with pilings or basements, and maintenance of the caps and 
parking lots.  Periodic reporting would be required to document remedy progress and efficacy. 
 
The disposal and/or treatment option includes: 
 
Option 3e:  Off-site Disposal and/or Treatment 
Under Option 3e, principal threat waste, debris, excavated source area soils, and vegetation debris would 
be transported to a staging and processing area.  Composite samples would be analyzed for dioxin, other 
contaminants, and TCLP to determine the designation of the materials and to determine which type of 
landfill is required or if the materials need to be treated prior to disposal.  Once the appropriate disposal 
facility was identified, the excavated source area soil would be loaded onto trucks and taken to a regional 
rail loading facility for transportation to the disposal facility.  The vegetation removed would be managed 
as hazardous debris and shipped off site for disposal and/or treatment. 
 
5.4.3.2 Screening of Targeted Excavation, Upgrade and Maintain Existing Surfaces and Disposal 


and/or Treatment 
 
Effectiveness 
 
Alternative 3, Targeted Excavation, Upgrade and Maintain Existing Surfaces, and Disposal and/or 
Treatment would provide moderate protection to human health and the environment.  This alternative 
would be effective in preventing direct contact with contamination by people who might use the source 
area, as long as the cover was properly maintained and monitored.  Upgrades to the existing interim caps 
and parking lots in conjunction with extending the caps and/or paved surfaces to cover contaminated soils 
at landscaped areas and long-term O&M would also prevent surface erosion and exposure to the 
underlying contaminated source area soils.  The disposal and/or treatment option proposed would provide 
reliable long-term protection because the contaminated material would be removed from the source area 
and shipped to a licensed facility for disposal and/or treatment (Option 3e). 
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Because contamination above acceptable levels is located in wetland areas, there is no practical 
alternative to doing work in a wetland and so the focus would be on identifying the least damaging 
practicable alternative and minimizing impacts.  This alternative will comply with ARARs for TSCA, 
residential direct exposure, GB leachability, and EPA’s recommended residential level for dioxin in soil 
(EPA, 1998b).  Without a waiver, however, this alternative would not comply with the Subtitle C closure 
regulations under RCRA.  These requirements must be met or waived in order for this alternative to meet 
CERCLA requirements.  There would be short-term impacts because construction activities could be 
disruptive to residents.  However, all work would be performed in phases and actions would be taken 
during construction to minimize impacts to the community.  Excavation would result in the destruction of 
existing wetlands.  Placement of clean cover in the floodplain would result in the permanent occupancy 
and modification of the floodplain and destruction of existing wetlands, and would reduce flood storage 
capacity.  This alternative would reduce the toxicity, mobility, or volume of contamination through 
treatment provided some of the material shipped off site for disposal requires treatment. 
 
Implementability 
 
Alternative 3, Targeted Excavation, Upgrade and Maintain Existing Surfaces and Disposal and/or 
Treatment would be technically and administratively implementable at the CMRP site.  The materials and 
equipment required to upgrade and maintain the caps are readily available from commercial vendors and 
there would be minimal engineering required for this alternative.  There is limited space for staging areas; 
however, this should not present any significant issues because previous site actions have included 
construction of caps at the source area.  Long-term monitoring and ICs would not present any unusual 
issues.   
 
Resident concerns about disruptions from construction activities and impacts to floodplain and wetland 
areas would present some administrative implementability issues that would need to be assessed.  
Construction activities would occur in close proximity to the resident apartment buildings, and residents 
might raise concerns about disruptions during construction.  All work would be performed in phases and 
engineering controls would be implemented to minimize impacts to the residents.  Impacts to wetlands 
and floodplains would need to be minimized.  Wetland restoration/replication would be required as well 
as replacement of flood storage capacity.  Placement of clean cover material at the source area would 
require the permanent occupancy and modification of the floodplain and destruction of wetlands, and a 
determination would need to be made that there is no other practicable alternative before selection of this 
option as the preferred remedy. 
 
Cost 
 
The estimated costs for Alternative 3, Targeted Excavation, Upgrade and Maintain Existing Surfaces and 
Disposal and/or Treatment would be very high (greater than $10 million). 
 
Screening Result 
 
Alternative 3, Targeted Excavation, Upgrade and Maintain Existing Surfaces and Disposal and/or 
Treatment is carried forward for detailed analysis.  This alternative would be moderately effective and is 
considered implementable.  This alternative would result in the permanent occupancy and modification of 
the floodplain and destruction of wetlands, and a determination would first need to be made that there was 
no other practicable alternative. 
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5.4.4 Alternative 4:  Targeted Excavation, Convert to RCRA Caps and Maintain and Disposal 
and/or Treatment 


 
5.4.4.1 Description of Targeted Excavation, Convert to RCRA Caps and Maintain and Disposal 


and/or Treatment 
 
In this alternative, principal threat waste would be removed and the existing surfaces would be upgraded 
to meet the guidance for caps over unlined hazardous waste landfills in EPA, Region 1 (EPA, 2001b).   
 
Conventional earth moving equipment would be used to excavate principal threat waste and the excavated 
material would be transported off site for disposal and/or treatment.  Figure 5-29 shows the area that 
would be excavated under this alternative.51  The spatial extent of the principal threat waste excavation 
area encompasses the area interpreted as having the highest potential for containing buried bulk metallic 
materials (Roy F. Weston, 1999).  The vertical extent of this excavation area is 4 ft bgs, which is based on 
the average fill thickness at the source area and confirmed by soil borings collected at this area (TTNUS, 
2002).  The total volume of source area soil that would be excavated under this alternative is 5,500 cy 
(does not include over-excavation allowance). 
 
After the principal threat waste was removed, the existing interim caps and parking lots would be 
upgraded to meet the guidance for caps over unlined hazardous waste landfills in EPA, Region 1 (EPA, 
2001b).  The RCRA cap specifications would also be TSCA compliant.  In addition, the RCRA/TSCA 
caps would be extended to cover landscape areas within the proposed remedial footprint (Figures 3-5 and 
5-29).  Two cross-sections, designated S-1 and S-2, showing the placement of a RCRA/TSCA cap at the 
source area are shown in Figures 5-30a and 5-30b.   The cross sections extend from the Woonasquatucket 
River on the west to Cap Area #3 on the east.  
 
The guidance (EPA, 2001b) prescribes a cover system with the following components (listed from top to 
bottom); descriptions of the layers are described in detail in Section 6.8.3: 
 


1. Topsoil Layer   
2. Protective Soil Layer 
3. Geotextile  
4. Drainage Layer 
5. Geomembane  
6. Bottom Low-Permeability Layer 
7. Gas Vent Layer (optional) 
8. Base (leveling) Layer 


 
In the three soil cap areas, the interim soil material previously placed would serve as the Base Layer, Gas 
Vent Layer and Bottom Low-Permeability Layer.  The following work elements would be required to 
upgrade the existing soil covers: 
 


1. Regrade the site to provide a minimum slope of 3%. 


2. Install a Geomembrane Layer using 60 mil thick linear low density polyethylene (LLDPE) or 
HDPE. 


3. Install a sand and gravel Drain Layer.  For estimating costs in this FS, assume that imported sand 
and gravel would be used with a thickness of 12 inches. 


                                                      
51 Appendix N describes how the excavation area and volume would change using EPA’s new proposed residential 
level for dioxin (EPA, 2009). 
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4. Install a geotextile on top of the Drain Layer to prevent fine-grained soil from the top layers from 
migrating into the pore spaces and reducing the permeability. 


5. Install a Protective Soil Layer.  For costing purposes, this is assumed to be 12 inches thick. 


6. Install a Topsoil Layer.  This is assumed to be 6 inches thick for this FS. 
 
For the source area, a total thickness of 18 inches for the Topsoil and Protective Layers would be 
sufficient to protect the Drain Layer and Low-Permeability Layers.  The use of a sand and gravel drain 
layer instead of a thinner geocomposite drain provides a total of 30 inches of soil over the geomembrane 
layer, which is more than the total of 24 inches shown in the EPA Region 1 Guidance.  The climate at this 
site is more moderate than northern New England so a total thickness of 30 inches would be sufficient to 
protect the geomembrane from damage by frost or future use.  The sand and gravel in the Drain Layer 
would not be susceptible to damage from frost or future use. 
 
In the paved areas, the existing asphalt would be removed and recycled into new asphalt for the new 
paving.  The existing soils under the pavement would serve as the Base Layer and Gas Vent Layer.  The 
following work elements would be required to upgrade the existing pavement areas: 
 


1. Remove and grind the existing asphalt. 


2. Install a Bottom Low-Permeability Layer and regrade the site to provide a minimum slope of 3%.  
This layer could potentially be made using contaminated floodplain soil excavated as part of the 
Allendale and Lyman Mill floodplain soil alternatives.  


3. Install a Geomembrane Layer using LLDPE or HDPE. 


4. Install a sand and gravel Drain Layer.  For estimating costs in the FS, assume that imported sand 
and gravel would be used with a thickness of 12 inches.  Install a geotextile on top of the Drain 
Layer to prevent fine-grained soil from the top layers from migrating into the pore spaces and 
reducing the permeability. 


5. Install a total of 12 inches of gravel base and asphalt pavement to replace the pavement and serve 
as the Protective Layer. 


 
This would provide a total of 24 inches of gravel, sand or asphalt over the Geomembrane Layer, which 
would protect it from frost damage or from damage due to traffic loads. 
 
Long-term monitoring requirements, ICs, and periodic reporting to document remedy progress and 
efficacy would be the same as described for Alternative 2 (Section 5.4.2.1).  Excavated material and 
debris would be shipped off site for disposal and/or treatment (Option 4e) as described for Alternative 3 
(Section 5.4.3.1). 
 
5.4.4.2 Screening of Targeted Excavation, Convert to RCRA Caps and Maintain and Disposal and/or 


Treatment 
 
Effectiveness 
 
Excavating principal threat waste and converting the existing interim caps and parking lots to 
RCRA/TSCA caps and maintaining them would provide highly effective and long-term, reliable 
protection of human health and the environment.  The RCRA/TSCA caps would be impermeable and 
would prevent both direct exposure and leaching of contaminants from source area soil to the underlying 
groundwater.  These engineered caps are widely used and field proven to be effective at isolating 
contaminated material and protecting human and ecological receptors from exposure to contaminated 
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material. The disposal and/or treatment option proposed would provide reliable long-term protection 
because the contaminated material would be removed from the source area and shipped to a licensed 
facility for disposal and/or treatment (Option 4e). 
 
Because contamination above acceptable levels is located in wetland areas, there is no practical 
alternative to doing work in a wetland and so the focus would be on identifying the least damaging 
practicable alternative and minimizing impacts.  This alternative is expected to comply with ARARs for 
RCRA/TSCA closure, residential direct exposure and GB leachability, and EPA’s recommended 
residential level for dioxin in soil (EPA, 1998b).  There would be short-term impacts because construction 
activities could be disruptive to the residents; however, the implementation time would be relatively short 
(less than one year) and all work would be performed in phases and actions would be taken during 
construction to minimize impacts to the community.  Excavation would result in the destruction of 
existing wetlands.  Placement of clean cover in the floodplain would result in the permanent occupancy 
and modification of the floodplain and destruction of existing wetlands, and would reduce flood storage 
capacity.  This alternative would reduce the toxicity, mobility, or volume of contamination through 
treatment provided some of the material shipped off site for disposal requires treatment.  The mobility of 
the contamination would be reduced by the RCRA/TSCA caps. 
 
Implementability 
 
Alternative 4, Targeted Excavation, Convert to RCRA Caps and Maintain and Disposal and/or Treatment 
would be technically and administratively implementable at the CMRP site as described for Alternative 3 
(Section 5.4.3.2).  Briefly, the capping technologies are field proven, the construction materials and 
equipment are readily available, and there would be minimal engineering requirements.  There is limited 
space for staging areas; however this should not present any significant technical implementability issues 
because previous site actions have included construction of caps at the source area.  Long-term 
monitoring and ICs would not present any unusual issues. 
 
Resident concerns about disruptions from construction activities and impacts to floodplain and wetland 
areas would present some administrative implementability issues that would need to be assessed.  
Construction activities would occur in close proximity to the resident apartment buildings, and residents 
might raise concerns about disruptions during construction.  All work would be performed in phases and 
engineering controls would be implemented to minimize impacts to the residents.  Impacts to wetlands 
and floodplains would need to be minimized.  Wetland restoration/replication would be required as well 
as replacement of flood storage capacity.  Placement of clean cover material at the source area would 
require the permanent occupancy and modification of the floodplain and destruction of wetlands, and a 
determination would need to be made that there is no other practicable alternative before selection of this 
option as the preferred remedy. 
 
Cost 
 
The estimated costs for Alternative 4, Targeted Excavation, Convert to RCRA Caps and Maintain, and 
Disposal and/or Treatment would be very high (greater than $10 million). 
 
Screening Result 
 
Alternative 4, Targeted Excavation, Convert to RCRA Caps and Maintain and Disposal and/or Treatment 
is retained for detailed analysis because it is expected to be highly effective and implementable at the 
CMRP site.  This alternative would result in the permanent occupancy and modification of the floodplain 
and destruction of some wetlands, and a determination would first need to be made that there was no 
other practicable alternative. 
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5.4.5 Alternative 5:  Excavation and Disposal and/or Treatment   
 
5.4.5.1 Description of Excavation and Disposal and/or Treatment 
 
Under Alternative 5, principal threat waste and contaminated source area soils beneath the existing 
surfaces (Figure 3-5) and above the groundwater table elevation would be excavated using conventional 
earth moving equipment and transported off site for disposal and/or treatment. 
 
The volume of source area soil that would be removed under this alternative is 62,900 cy (does not 
include over-excavation allowance).52  The practical depth of removal would be limited to the depth of 
the groundwater table, which varies with precipitation levels and climate throughout the year, but 
averages approximately 5 feet (Battelle, 2005a) at the source area. 


                                                     


 
Because the site contains two buildings with residential units, the work would be performed in multiple 
phases and underground utilities in the excavation area would be kept in service with temporary supply 
lines.  The utilities would have to be replaced when the excavation was complete. 
 
After the principal threat waste and source area soil were removed, they would be replaced with clean 
imported fill and the site grade restored.  It would not be practical to leave the ground surface 5 ft lower 
than the current conditions because without filling, the ground surface would be below flood levels.  In 
addition, the storm drains and sanitary sewer lines likely would not function if they were re-installed 5 
feet deeper than current conditions.  After the site was filled to grade, the pavement would be replaced 
and new topsoil and vegetation would be planted in the soil areas. 
 
While a large volume of contaminated source area soil would be removed from the site under this 
alternative, it is not possible to completely remove all of the contaminated soil from the source area.  The 
existing apartment buildings have to remain in service and contaminated source area soil beneath these 
buildings would not be removed as a result.  Further, the groundwater table is controlled by the 
Woonasquatucket River and it is not practical to remove all soil below the groundwater table.  Therefore, 
ICs similar to those currently in place would be required at the CMRP site to prohibit future excavation, 
restrict access for buried utilities and prevent the construction of buildings with pilings or basements. 
 
Excavated material and debris would be shipped off site for disposal and/or treatment (Option 5e) as 
described for Alternative 3 (Section 5.4.3.1). 
 
5.4.5.2 Screening of Excavation and Disposal and/or Treatment 
 
Effectiveness 
 
Alternative 5, Excavation and Disposal and/or Treatment would provide highly effective and long-term, 
reliable protection to human health and the environment because the principal threat waste and a majority 
of the contaminated soils would be removed and transported off site for disposal and/or treatment. 
 
Because contamination above acceptable levels is located in wetland areas, there is no practical 
alternative to doing work in a wetland and so the focus would be on identifying the least damaging 
practicable alternative and minimizing impacts.  This alternative is expected to comply with all ARARs 
because the majority of the contaminated soil would be removed and the excavation areas back-filled with 
clean fill.  While engineering controls would be used to minimize short-term impacts and potential risk, 


 
52 Appendix N describes how the excavation area and volume would change using EPA’s new proposed residential 
level for dioxin (EPA, 2009). 
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the short-term impacts would be significant, primarily because dust and noise from the construction 
activities could pose a risk to residents during remedy implementation.  It is unclear if excavation could 
be conducted safely given the close proximity of contamination to residences and residents of the two 
apartment buildings might need to be relocated during construction.  Because of the age and health of the 
residents in these buildings, relocation could have significant impacts.  Excavation would also result in 
the destruction of existing wetlands.  The toxicity, mobility or volume of contamination would be reduced 
through treatment provided some of the material shipped off site for disposal requires treatment. 


Implementability 


Alternative 5, Excavation and Disposal and/or Treatment would be extremely difficult to implement due 
to significant logistical and administrative implementability issues.  For example, it could be difficult to 
maintain functioning utilities during construction.  This alternative could also potentially require that the 
residents of the two apartment buildings be relocated.  Impacts to wetlands and floodplains would need to 
be minimized, and wetland restoration/replication would be required.  This alternative would result in the 
destruction of wetlands, and a determination would need to be made that there was no other practicable 
alternative before selecting this option as the preferred remedy. 


Cost


The estimated costs for Alternative 5, Excavation and Disposal and/or Treatment would be very high 
(>$10 million). 


Screening Result 


Alternative 5, Excavation and Disposal and/or Treatment is screened out primarily because of the 
significant short-term impacts and implementability issues including the potential need to relocate the 
residents of the Brook Village and Centredale Manor apartment buildings. 


5.5 Source Area Groundwater Alternatives 


Source Area Groundwater Alternatives 


1 No Action 
2 Excavation/Dewatering 
3a Hydraulic Containment Barrier 
3b Hydraulic Control through Pump and Treat 


3c Combined Hydraulic Barrier and 
Hydraulic Control 


4 Permeable Reactive Barrier (Biowall) 
5 In-Situ Chemical Oxidation 


Shading represents alternatives retained for detailed 
evaluation in Section 6.0 


The groundwater action area is located along the bank of the Woonasquatucket River (Figure 3-6) and 
includes riverbank wetland resource areas (Section 2.3.10).  In areas where contamination is found above 
cleanup goals in wetland areas, there is no practical alternative to doing work in these wetland areas 
because this is where the contamination is located.  
As a result, EPA wetland requirements focus on 
identifying the least damaging practicable 
alternative and minimizing impacts to the wetland 
areas.  This section presents a range of alternatives 
designed to achieve cleanup objectives and address 
contaminated groundwater at the source area.  A 
total of five remedial alternatives are described and 
screened, some that rely on containment and others 
that rely on removal and/or treatment.  Monitoring 
and ICs are common components to many of the 
groundwater alternatives, and all alternatives 
include five-year reviews. 
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5.5.1 Alternative 1:  No Action 
 
5.5.1.1 Description of No Action 
 
In accordance with the NCP requirements, the No Action alternative must be carried through the entire FS 
process to serve as the baseline condition.  This alternative would entail no active remediation of the 
groundwater at the source area.  Five-year reviews and periodic monitoring, triggered by severe weather 
events, would be performed to assess conditions, but these are not requirements.  Monitored natural 
recovery processes, ICs, and rigorous long-term monitoring are not components of this alternative.  
RIDEM would maintain the GB groundwater classification, preventing the use of groundwater as a 
drinking water source although this is not a component of the alternative. 
 
5.5.1.2 Screening of No Action 
 
Effectiveness 
 
Alternative 1, No Action would not provide effective protection to human health and the environment.  
No action would be taken to remove the contamination or prevent migration of contaminated groundwater 
to the Woonasquatucket River.  This alternative will not comply with ARARs for state groundwater 
quality.  Discharges of contaminants from the source area could continue to degrade water quality of the 
river and groundwater contamination at three locations in the source area exceeds the state GB 
groundwater objectives (see Section 2.4.3.2).  There would be no short-term impacts because no action 
would be taken that could disrupt the local community or habitat.  By itself, this alternative would not 
provide long-term protection because no action would be taken to address contaminated groundwater.  
This alternative would not reduce the toxicity, mobility or volume of contamination through treatment. 
 
Implementability 
 
Alternative 1, No Action is technically and administratively implementable at the CMRP site because no 
physical construction would be required.  Nor would this alternative require any institutional or access 
controls, O&M activities, or maintenance of existing features.  The implementation of periodic 
monitoring would not present any unusual issues. 
 
Cost 
 
The estimated costs for the No Action alternative would be very low (<$1 million), and would include 
costs for periodic monitoring and five-year reviews. 
 
Screening Result 
 
Alternative 1, No Action is carried forward for detailed evaluation in accordance with the NCP. 
 
5.5.2 Alternative 2:  Excavation/Dewatering 
 
5.5.2.1 Description of Excavation/Dewatering 
 
This alternative is similar to the excavation and disposal and/or treatment alternative for source area soils 
(Alternative 5, Section 5.4.5), except that the aerial extent of the excavation footprint would be 
substantially smaller, focusing only on the groundwater-impacted area on the west side of the Brook 
Village parking lot (Figure 3-6).  Excavation would also continue below the water table to remove all 
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contaminant sources.  In this alternative, groundwater within the impacted area would be lowered through 
pumping, exposed soil would be excavated using conventional earthwork equipment to a pre-determined 
depth, and additional dewatering within the excavation would continue for several days as needed.  The 
excavated area would be backfilled with clean soil and the site restored. 
 
The screening costs assume that approximately 1,300 cy of source area soil would be removed from the 
impacted area (Figure 3-6), resulting in approximately 80,000 gal of extracted groundwater for treatment.  
The source area soils would be stockpiled, characterized and transported off site for disposal and/or 
treatment, as discussed in the excavation alternative for source area soil (Section 5.4.5, Option 5e).  
Extracted groundwater would be temporarily stored in tanks until treated and discharged to the river.  The 
water would be tested on a regular basis to confirm that chemical concentrations were at levels acceptable 
for return to the surface water in accordance with ARAR requirements. 
 
This alternative includes ICs to maintain the groundwater classification, restricting future site 
groundwater use as a potential drinking water source.  Periodic monitoring would be conducted in support 
of the five-year reviews. 
 
5.5.2.2 Screening of Excavation/Dewatering 
 
Effectiveness 
 
Alternative 2, Excavation/Dewatering would provide moderately to highly effective protection to human 
health and the environment because the source of contamination to groundwater would be removed, 
thereby preventing migration of contamination to the river. 
 
State wetlands and Clean Water Act Section 404 requirements would have to be evaluated for 
compliance.  This alternative will comply with ARARs for state groundwater quality (the source area soil 
remedy will also address compliance with leachability criteria for the source area soil action area).  
Potential short-term impacts (e.g., noise and dust) to local residents during construction would be of short 
duration.  In addition, engineering measures would be taken to minimize impacts to residents during 
construction.  Excavation could result in the destruction of some riverbank wetland resource areas.  This 
alternative would provide long-term protection because excavation allows for targeted, precise removal of 
contaminated soils that act as a continuing source of contamination to the groundwater, and there is 
minimal risk of residual contamination.  The toxicity, mobility, or volume of contamination would be 
reduced through treatment because a portion of the soil transported off site would likely require treatment 
to meet LDRs (see Section 3.2.1.2). 
 
Implementability 
 
Alternative 2, Excavation/Dewatering would be technically and administratively implementable at the 
CMRP site.  The excavation, dewatering, disposal and/or treatment technologies are field proven and 
have been implemented successfully on numerous projects.  Construction equipment and personnel would 
be readily available from commercial companies in the region. 
 
This alternative could present some administrative implementability issues that would have to be 
addressed.  Construction activities could be disruptive to residents, although these activities would be 
contained to the Brook Village parking lot and engineering measures would be taken to minimize impacts 
to residents.  Contaminated soils in the floodplain would be excavated, the area backfilled with clean soil 
and the floodplain restored at the completion of construction.  Impacts to wetlands would need to be 
minimized and mitigated as necessary.     
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Cost 
 
The estimated cost for Alternative 2 would be low (between $1 million and $3 million), but will depend 
on the final volumes of source area soil excavated and groundwater dewatered, and the cost of off-site 
disposal and/or treatment (e.g., incineration). 
 
Screening Result 
 
Alternative 2, Excavation/Dewatering is retained for detailed evaluation because this alternative would be 
effective and implementable. 
 
5.5.3 Alternative 3a:  Hydraulic Containment Barrier 
 
5.5.3.1 Description of Hydraulic Containment Barrier 
 
A hydraulic barrier provides hydraulic containment by creating a physical barrier preventing groundwater 
flow.  This alternative would include barrier installation, groundwater elevation monitoring, and ICs. 
 
As presented in Section 4.4.3, physical barriers might be constructed using an injected slurry, a driven 
steel sheet pile, or cement or chemical grout injection.  This technology has occasionally been 
implemented at contaminated groundwater sites at depths exceeding 50 or 60 ft. 
 
Available monitoring data for the CMRP site indicate that groundwater flow at the source area is to the 
east-southeast and that the river recharges the aquifer everywhere except in the immediate vicinity of a 
small groundwater mound located beneath the Brook Village parking lot near MW-05S (see Section 
2.3.7).  This local groundwater high may be due to groundwater perched above a low-permeability silt 
lens or man-made structure (Battelle, 2005a).  Because of the hydraulic mound, a successful hydraulic 
barrier would need to completely encircle the groundwater impacted area to effectively prevent further 
migration of contaminated groundwater to the river.  In addition, because the confining bedrock is located 
40 to 60 ft bgs, the hydraulic barrier would need to extend approximately 60 ft bgs. For purposes of the 
FS, a 350-ft perimeter, 60-ft deep barrier is estimated, as illustrated in Figure 5-31. 
 
A number of techniques can be employed to prevent groundwater from bypassing a physical hydraulic 
barrier, including hydraulic control (e.g., French drains; groundwater pumping) and surface caps to 
prevent infiltration.  For Alternative 3a, it is assumed that one of the source area soil alternatives would be 
selected with this alternative to prevent water infiltration into the hydraulically contained area, and that no 
groundwater extraction would be necessary.  (Alternative 3a would be most effective when used in 
combination with Source Area Soil Alternative 4, which includes a RCRA cover that would prevent water 
infiltration into the hydraulically contained area.)  Piezometers would be installed on each side of the 
barrier to ensure that groundwater does not build up within the containment barrier.  If Alternative 3a was 
selected and proved ineffective in preventing groundwater flow to the river, hydraulic control could be 
added as a contingency.  This option is explored separately in Alternative 3c (Section 5.5.5). 
 
The present worth costs of Alternative 3a are based on a 30-year total implementation duration, consisting 
primarily of monitoring groundwater elevations throughout this period. 
 
A hydraulic containment barrier would be expected to be compatible with current and future land uses at 
Brook Village.  The hydraulic containment barrier would be located entirely underground, primarily 
under the existing parking lot.  ICs would be required to prevent the exposure of groundwater as a result 
of excavation, demolition, or other activities.  ICs would also be required to  maintain the groundwater 
classification, restricting future site groundwater use as a potential drinking water source. 
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5.5.3.2 Screening of Hydraulic Containment Barrier 
 
Effectiveness 
 
Alternative 3a, Hydraulic Containment Barrier would provide moderately effective protection to human 
health and the environment.  While this alternative would not destroy contaminants, it would contain the 
contamination and prevent its migration to the river.  The success of the alternative, however, depends on 
the ability of the surface cap to prevent infiltration.  Also, the presence of NAPL could compromise the 
effectiveness if NAPLs migrate downward over time into the confining layer. 
 
State wetland requirements would have to be evaluated for compliance.  This alternative is expected to 
comply with ARARs for state water quality by preventing discharges of contamination from the impacted 
area that could continue to degrade water quality of the river.  However, this alternative may not comply 
with ARARs for state groundwater quality, especially at Well MW-05S.  Potential short-term impacts 
(e.g., noise and dust) to local residents during construction would be of short duration.  In addition, 
engineering measures would be taken to minimize impacts to residents during construction.  This 
alternative would provide long-term protection provided the containment barrier and surface cap are 
maintained.  This alternative would not reduce the toxicity, mobility, or volume of contamination through 
treatment. 
 
Implementability 
 
Alternative 3a, Hydraulic Containment Barrier would be technically difficult to implement at the CMRP 
site.  While hydraulic containment is a proven technology and the construction equipment and materials 
would be readily available, installation of a 60 ft deep hydraulic barrier into bedrock near a river at the 
site would be challenging.  This alternative could present some administrative implementability issues 
that would have to be addressed.  The large equipment required would cause some disruption to nearby 
residents, but the impact would be limited in time and scope (i.e., less than one year).  Impacts to 
wetlands would need to be minimized and mitigated as necessary.  Overall, the implementation of the 
hydraulic containment barrier alternative is considered low. 
 
Cost 
 
The estimated costs for Alternative 3a would be low (between $1 million and $3 million). 
 
Screening Result 
 
Alternative 3a, Hydraulic Containment Barrier is screened out because this alternative may not meet all 
ARARs and would be technically difficult to implement.  
 
5.5.4 Alternative 3b:  Hydraulic Control through Pump and Treat 
 
5.5.4.1 Description of Hydraulic Control through Pump and Treat 
 
Hydraulic control consists of hydraulic containment achieved through pumping and treatment of 
groundwater.  Hydraulic control would include extraction well installation, pump and treatment, 
groundwater monitoring, and ICs. 
 
As presented in Section 4.4.3, containment might be achieved by establishing hydraulic control of 
groundwater.  As presented in Section 4.4.5, aboveground treatment of the extracted groundwater could 
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consist of any number of physical, biological, or chemical treatment technologies.  Physical treatment 
using separation, filtration, or adsorption processes would likely be the most cost effective for the CMRP 
site, and are commonly applied at groundwater sites. 
 
Based on analysis of available site data, hydraulic control could be achieved throughout the impacted 
groundwater area using a single extraction well with an anticipated extraction rate of one (1) gallon per 
minute (gpm).  Groundwater pumping would counteract the apparent groundwater mound located near 
MW-05S, and prevent further migration of groundwater from MW-05S towards the river.  Additional 
monitoring wells would be installed to verify groundwater flow patterns.  For purposes of the FS, one 
extraction well and two monitoring wells would be installed, as illustrated in Figure 5-32. 
 
Depths of the extraction wells would be explored in the design phase.  For purposes of the cost estimate, 
well depths to 20 ft bgs are assumed.  Additional soil and groundwater characterization data would be 
collected during well installation. 
 
Groundwater treatment would be achieved using physical treatment consisting of the following unit 
operations:  an air stripper to remove high concentrations of VOCs, an advanced filtration system to 
remove dioxins, and carbon for further polishing.  The treated groundwater would be tested on a regular 
basis to confirm that chemical concentrations meet ARAR requirements before discharge to the river.  
The groundwater treatment system would be housed in a building to protect equipment and to reduce 
noise and safety hazards to nearby residents. 
 
System operation would consist of daily and weekly O&M labor, supplies, and utilities.  In addition, 
groundwater elevations and concentrations would be monitored periodically (assumed quarterly during 
the first 5 years, then reduced to semiannually thereafter). 
 
The present worth costs of Alternative 3b are based on a 30-year total implementation duration, consisting 
of groundwater pumping, system O&M, and groundwater monitoring throughout this period.  The ICs 
required for this alternative would be the same as Alternative 3a. 
 
5.5.4.2 Screening of Hydraulic Control through Pump and Treat 
 
Effectiveness 
 
Alternative 3b, Hydraulic Control through Pump and Treat would provide some protection to human 
health and the environment because it provides both containment and, to some extent, removal and 
treatment of contaminants, thus preventing migration to the river.  State wetlands and Clean Water Act 
Section 404 requirements would have to be evaluated for compliance.  This alternative is expected to 
comply with ARARs for state water quality.  This alternative may not comply with ARARs for state 
groundwater quality, especially at Well MW-05S.   
 
There would be some short-and long-term disruption to nearby residents during remedy implementation.  
This alternative would provide long-term protection because the contaminated groundwater would be 
hydraulically contained in the long term to prevent additional releases to surface water.  There would be 
some reduction in the toxicity, mobility, or volume of contamination through treatment. 
 
Implementability 
 
Alternative 3b, Hydraulic Control through Pump and Treat would be technically implementable at the 
CMRP site.  Hydraulic control is a proven technology, and the construction equipment and materials 
would be readily available. 
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Action Area and Media: Source Area Groundwater 
Alternative: 3b – Hydraulic Control through Pump and Treat 
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This alternative could present some administrative implementability issues that would have to be 
addressed.  This alternative would require construction of a permanent groundwater treatment facility, 
and land would have to be obtained to locate the facility.  If an upland area could not be acquired to locate 
the groundwater treatment facility, then a determination would need to be made that there was no 
practicable alternative before consideration could be given to locating this facility in the floodplain at the 
source area.  If the groundwater treatment facility was located at the source area, it could cause some 
short- and long-term disruption to nearby residents.  Impacts to wetlands would need to be minimized and 
mitigated as necessary. 
 
Cost 
 
The estimated costs for Alternative 3b, Hydraulic Control would be high (between $5 million and $10 
million), primarily because of the long-term O&M required under this alternative. 
 
Screening Result 
 
Alternative 3b, Hydraulic Control through Pump and Treat is screened out because it may not meet all 
ARARs, there could be significant implementability issues siting a permanent groundwater treatment 
facility if an upland area is not available, and the relatively high costs associated with the long-term O&M 
expected for this alternative. 
 
5.5.5 Alternative 3c:  Combined Hydraulic Barrier and Hydraulic Control 
 
5.5.5.1 Description of Combined Hydraulic Barrier and Hydraulic Control 
 
This alternative combines the installation of a hydraulic barrier (Alternative 3a, Section 5.5.3), such as 
sheet piling, with hydraulic control using pumping and treatment (Alternative 3b, Section 5.5.4).  This 
technology has been successfully implemented at a number of contaminated groundwater sites, most often 
using a French drain to collect groundwater accumulating in front of the hydraulic barrier. 
 
5.5.5.2 Screening of Combined Hydraulic Barrier and Hydraulic Control 
 
Effectiveness 
 
Alternative 3c, Combined Hydraulic Barrier and Hydraulic Control would provide highly effective 
protection to human health and the environment because it provides both containment and, to some 
extent, removal and treatment of contaminants, thus preventing migration to the river. 
State wetlands and Clean Water Act Section 404 requirements would have to be evaluated for 
compliance.  This alternative is expected to comply with ARARs for state water quality by preventing 
discharges of contamination from the impacted area that could continue to degrade water quality of the 
river.  This alternative may not comply with ARARs for state groundwater quality, especially at Well 
MW-05S.  There would be short-term impacts to the nearby residents during both subsurface and 
aboveground construction work, and hence the nearby residents would be impacted more than with either 
Alternatives 3a or 3b (Sections 5.5.3 and 5.5.4).  However, the short-term impacts would be of short 
duration (i.e., on the order of several months).  Under this alternative, contaminated groundwater would 
be hydraulically contained in the long term to prevent additional releases to surface water.  There would 
be some reduction in the toxicity, mobility, or volume of contamination through treatment.







Action Area and Media: Source Area Groundwater 
Alternative: 3c – Combined Hydraulic Barrier and Hydraulic Control 


Implementability 
 
Alternative 3c, Combined Hydraulic Barrier and Hydraulic Control would be technically implementable 
at the CMRP site.  Hydraulic containment and control are proven technologies and the required materials 
and equipment would be readily available. 
 
This alternative could present some administrative implementability issues that would have to be 
addressed.  For example, this alternative would require construction of a permanent groundwater 
treatment facility, and land would have to be obtained to locate the facility.  If an upland area could not be 
acquired to locate the groundwater treatment facility, then a determination would need to be made that 
there was no practicable alternative before consideration could be given to locating this facility in the 
floodplain at the source area.  If the groundwater treatment facility were to be located at the source area, it 
could cause some short-term and long-term disruption to nearby residents.  Impacts to wetlands would 
need to be minimized and mitigated as necessary. 
 
Cost 
 
The estimated costs for Alternative 3c would be high (between $5 million and $10 million), based on both 
large capital costs and the extent of long-term O&M required under this alternative. 
 
Screening Result 
 
As discussed in Alternative 3a, the effectiveness of a hydraulic barrier alone is uncertain at the CMRP 
site, and adding hydraulic control would effectively prevent groundwater from flowing over or below the 
hydraulic barrier.  However, there are few advantages over Alternative 3b, which would be equally 
effective in preventing groundwater migration.  Alternative 3c, Combined Hydraulic Barrier and 
Hydraulic Control is screened out based on high costs associated with the long-term O&M, difficulty in 
siting a treatment facility, and the alternative may not meet all ARARs. 
 
5.5.6 Alternative 4:  Permeable Reactive Barrier (Biowall)  
 
5.5.6.1 Description of Permeable Reactive Barrier (Biowall) 
 
Biowalls are one form of PRBs shown to be effective in providing passive in-situ groundwater treatment.  
Alternative 4 includes biowall installation, groundwater monitoring, and ICs.  The proposed location of 
the biowall is shown in Figure 5-33. 
 
A biowall is a PRB constructed of natural biological materials (such as tree mulch, compost, or other 
plant material) and/or activated carbon to provide a long-term carbon source.  The biowalls provide a 
long-term carbon source to stimulate anaerobic degradation of contaminants in groundwater over a period 
of 10 years or more (Henry et al., 2005).  Piping can be installed to allow soluble food-grade vegetable oil 
or a similar carbon substrate to be added to regenerate the biowall. 
 
As groundwater flows through the biowall, VOCs would be removed through anaerobic dechlorination 
and biogeochemical processes.  In addition, dioxins could be removed from groundwater through two 
mechanisms: (1) sorption and (2) biodegradation.  Sorption would occur as colloids transporting 
mobilized dioxins (Hoffman and Wendelborn, 2007) were caught within the biowall and the dioxins, 
which are hydrophobic, sorbed onto the organic material present within the biowall.  Anaerobic 
dechlorination of the dioxins would also proceed slowly within the aqueous phase (Krumins et al., 2007).  
Feasibility testing is recommended prior to full-scale implementation to evaluate how effective these 
dioxin removal mechanisms would be within the biowall. 
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Action Area and Media: Source Area Groundwater 
Alternative: 4 – Permeable Reactive Barrier (Biowall) 


Installation of a passive biowall would likely not impact observed groundwater flow patterns.  Hence, 
additional hydraulic control is not necessary.  Groundwater monitoring wells would be installed along the 
wall to measure removal of VOCs and dioxins from groundwater. 
 
For the purposes of this FS evaluation, the present worth costs of Alternative 4 are based on a 30-year 
total implementation duration, consisting primarily of monitoring to evaluate the effectiveness of the 
biowall and replenishment of the biowall with a degradable substrate at five-year intervals.  Groundwater 
elevations and concentrations of VOCs and dioxin in groundwater upgradient and downgradient of the 
biowall would be monitored. 
 
A biowall would be expected to be compatible with current and future land uses at Brook Village.  The 
biowall would be located entirely underground, primarily under the existing parking lot.  ICs would be 
required to prevent the exposure of groundwater as a result of excavation, demolition, or other activities.   
ICs would also be required to maintain the groundwater classification, restricting future site groundwater 
use as a potential drinking water source. 
 
5.5.6.2 Screening of Permeable Reactive Barrier (Biowall) 
 
Effectiveness 
 
The effectiveness of Alternative 4, Permeable Reactive Barrier, is uncertain with regards to protection of 
human health and the environment.  This alternative biodegrades VOCs and may immobilize dioxin 
contaminants, thus preventing their migration to the river while enhancing long-term reductive 
dechlorination of the dioxins.  However, the success of this alternative depends on the ability of the 
biowall (1) to fully degrade VOCs and (2) to permanently remove dioxins from groundwater.  PCE and 
TCE degradation forms the intermediary degradation products dichloroethene and vinyl chloride, which 
may accumulate if conditions are not sufficiently reducing.  Bench scale testing may be needed to 
evaluate the potential for DCE-stall and whether bioaugmentation is warranted.  Also, permanent removal 
of dioxins from groundwater using biowalls has not yet been demonstrated in field applications and 
therefore feasibility testing would be required to confirm the effectiveness. 
 
State wetlands and Clean Water Act Section 404 requirements would have to be evaluated for 
compliance.  This alternative may not comply with ARARs for state groundwater quality, based on 
leaving contaminants untreated upgradient of the biowall and based on the uncertain effectiveness of 
permanent treatment within the biowall.  The large equipment required would cause some short-term 
impacts to nearby residents, but the disruption would be of short duration (i.e., less than one year).  This 
alternative would provide long-term protection by the removal of VOCs from the contaminated 
groundwater; dioxins would also likely be removed but the long-term effectiveness of dioxin removal is 
uncertain.  There would be some reduction in the toxicity, mobility, or volume of contamination through 
treatment. 
 
Implementability 
 
Alternative 4, Permeable Reactive Barrier would be technically and administratively implementable at the 
CMRP site.  Biowall materials would be readily available from local vendors.  Obtaining specialized deep 
trenching equipment and an experienced crew might require a mobilization from outside the region, but 
such firms do exist. 
 
This alternative could present some administrative implementability issues that would have to be 
addressed.  Construction activities would be disruptive to nearby residents.  Impacts to wetlands would 
need to be minimized and mitigated as necessary. 


Interim Final CMRP Feasibility Study Report  April 2010 5-70







Action Area and Media: Source Area Groundwater 
Alternative: 4 – Permeable Reactive Barrier (Biowall) 


Cost 
 
The estimated cost for Alternative 4 would be low (between $1 million and $3 million). 
 
Screening Result 
 
Alternative 4, Permeable Reactive Biowall is screened out because it may not meet ARARs and it is 
unproven with respect to removal of dioxins from groundwater. 
 
5.5.7 Alternative 5:  In-Situ Chemical Oxidation 
 
5.5.7.1 Description of In-Situ Chemical Oxidation 
 
As described in Section 4.4.6, in-situ chemical oxidation would involve the injection of an oxidizing 
agent such as ozone, hydrogen peroxide, or persulfate into the impacted groundwater in the vicinity of 
well MW-05S (Figure 3-6).  The oxidizing agent would cause the rapid chemical destruction of 
chlorinated compounds in groundwater, including PCE, TCE, and dioxins.  Although studies are limited, 
successful oxidation of dioxins has been demonstrated (Lundy, 2005).   
 
The area to be treated is estimated as 50 ft by 100 ft and 12 ft deep.  Periodic monitoring would be 
conducted to evaluate the effectiveness of the remedy, and to support the five-year reviews.  ICs would be 
required to prevent the exposure of groundwater as a result of excavation, demolition, or other activities.  
ICs would also be required to maintain the groundwater classification, restricting future site groundwater 
use as a potential drinking water source. 
 
5.5.7.2 Screening of In-Situ Chemical Oxidation 
 
Effectiveness 
 
Alternative 5, In-Situ Chemical Oxidation will destroy chlorinated solvents.  While field applications for 
dioxins are limited, some or all of the dioxins might be directly oxidized and destroyed by the reagent.  
Therefore, the effectiveness depends on the ability of the reagent to contact and react with the dioxins and 
solvents.  This, in turn, depends directly on (1) the adequacy of source zone characterization, and (2) 
adding sufficient reagent volume to contact and destroy the solvents.  Subsequent applications might be 
needed if a rebound in contamination is observed; two to three applications are routine. 
 
State wetlands requirements would have to be evaluated for compliance.  This alternative is expected to 
comply with ARARs, although a waiver may be required if injections are made within 50 feet of the river.  
There would be limited short-term impacts to the local community during remedy implementation 
because the remediation activities would be confined to a very small area at the Brook Village parking lot 
and smaller equipment would be required compared to the other groundwater alternatives.  Short-term 
impacts to habitat are a concern due to oxidation within 50 feet of the river, though these impacts would 
likely be minimized through the use of a fast-acting reagent focused on in-situ application within the 
impacted area of groundwater contamination.  This alternative might be effective in the long term 
assuming dioxin destruction is effective.  This alternative would reduce the toxicity, mobility or volume 
of contamination through treatment. 
 
Implementability 
 
There are some administrative implementability issues that would need to be addressed under this 
alternative.  A waiver may be required if underground injections of chemical oxidants occur within 50 ft 
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Alternative: 5 – In-Situ Chemical Oxidation 
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of a river.  This ARAR could impede implementation of this technology, which is otherwise 
implementable at the CMRP site.  Impacts to wetlands would need to be minimized and mitigated as 
necessary.  As with other groundwater treatment alternatives, obtaining the specialized equipment and an 
experienced crew might require mobilization from outside the region, but such equipment and staff are 
commercially available. 
 
Cost 
 
The estimated costs for Alternative 5 would be low (between $1 million and $3 million), but will depend 
on the size of the treated area and the number of injections required.  There would be minimal long-term 
operation costs required. 
 
Screening Result 
 
Alternative 5, In-Situ Chemical Oxidation is retained for detailed evaluation because this alternative is 
expected to be moderately effective and implementable, and has low costs. 
 


5.6 Alternatives Retained for Detailed Analysis 
 
Alternatives discussed above were screened based upon the screening criteria required by the NCP.  With 
the exception of No Action, alternatives that are not protective of human health and the environment or do 
not comply with ARARs (except where conditions for an ARAR waiver exist) were screened out.  Based 
on the screening evaluation, the following remedial alternatives are developed in more detail in Section 
6.0, along with the No Action alternative (Alternative 1).  
 
Allendale and Lyman Mill Reach Sediment 


• a full excavation alternative with the dams remaining in place (Alternative 7) or with the dams 
replaced with new weir structures (Alternative 10), and 


• a partial excavation and isolation capping alternative with the dams remaining in place 
(Alternative 8) or with the dams replaced with new weir structures (Alternative 11, water body 
configuration comprised of river channel and small ponds). 


 
Allendale Reach Floodplain Soil 


• a full excavation alternative (Alternative 5). 


 
Lyman Mill Reach Stream Sediment and Floodplain Soil (Including Oxbow) 


• a targeted excavation and ENR alternative (Alternative 3), and 
• a partial excavation and ENR alternative (Alternative 5). 


 
Source Area Soil 


• a targeted excavation and cap upgrade alternative (Alternative 3), and 
• a targeted excavation and RCRA cap alternative (Alternative 4). 


 
Source Area Groundwater 


• an excavation and dewatering alternative (Alternative 2), and 
• in-situ treatment using chemical oxidation (Alternative 5). 







6.0 DETAILED EVALUATION OF REMEDIAL ALTERNATIVES 


In this section, the remedial alternatives that were developed to address contaminated sediment, soil, and 
groundwater at the CMRP site and were retained from the screening analysis (Section 5.6) are evaluated 
in more detail.  This evaluation is performed in two stages.  The first step is to evaluate each remedial 
alternative individually against the NCP criteria.  The second step is to perform a comparative analysis of 
all of the alternatives relative to each other using the same criteria.  The alternatives are compared so that 
the key tradeoffs among them are identified.  This approach to analyzing alternatives is designed to 
provide sufficient information to adequately compare the alternatives, select an appropriate remedy for a 
site, and demonstrate satisfaction of the CERCLA remedy selection requirements in the ROD. 
 


6.1 NCP Evaluation Criteria 
 
The NCP, 40 CFR Section 300.430(e)(9)(iii), describes nine criteria to be used for a detailed analysis of 
alternatives after the remedial alternative screening is complete.  The criteria fall into three categories: 
threshold, primary balancing, and modifying, as described below. 
 
Threshold criteria are factors that an alternative must meet in order to be eligible for selection; these 
criteria relate directly to statutory findings that must ultimately be made in the ROD.  The two threshold 
criteria are as follows: 
 


• Overall protection of human health and the environment, and 
• Compliance with ARARs. 


 
Five primary balancing criteria are used to evaluate those alternatives that meet the threshold criteria.  
The level of detail required to analyze each alternative against these evaluation criteria depends on site- 
and project-specific factors, as well as the technologies under consideration.  This analysis is conducted 
with sufficient detail so that the significant aspects of each alternative and any uncertainties associated 
with the evaluation are understood.  The primary balancing criteria are as follows: 
 


• Long-term effectiveness and permanence; 
• Reduction of toxicity, mobility, or volume through treatment; 
• Short-term effectiveness; 
• Implementability; and 
• Cost. 


 
Finally, two modifying criteria need to be considered.  The assessment of the modifying criteria is 
generally not completed until after state and public comments on the Proposed Plan are received.  The 
two modifying criteria are identified as: 
 


• State acceptance, and 
• Community acceptance. 


 
Each of these nine criteria is discussed in greater detail below. 
 
6.1.1 Overall Protection of Human Health and the Environment 
 
Each alternative must be assessed to determine whether it can adequately protect human health and the 
environment.  The evaluation of the overall protection of human health and the environment for each 
alternative draws upon the factors assessed under other evaluation criteria.  The criteria specifically 
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considered are long-term effectiveness and permanence, short-term effectiveness, and compliance with 
ARARs. 
 
This assessment focuses on whether a specific alternative achieves adequate protection, and describes 
how the site risks posed through the exposure pathways addressed in the FS are eliminated, reduced, or 
controlled through treatment, engineering, or ICs.  This evaluation also considers whether an alternative 
poses any unacceptable short-term or cross-media impacts. 
 
6.1.2 Compliance with ARARs 
 
This criterion is used to determine whether an alternative will comply with the federal and state ARARs 
introduced in Section 3.2 and identified in Table 3-1; alternative-specific ARARs are identified in the 
detailed evaluation of alternatives.  ARARs are those cleanup standards, standards of control, or other 
substantive environmental protection requirements promulgated under federal or state environmental 
laws.  Only substantive portions of laws and regulations are ARARs (ARARs do not include 
administrative or procedural requirements).  In addition, under CERCLA, permits are not required to be 
obtained for actions conducted on site and only the substantive requirements thereof must be met.  The 
detailed analysis for each alternative summarizes which requirements are applicable or relevant and 
appropriate, and describes how the alternative meets the requirements. 
 
"Applicable" requirements are those substantive environmental requirements that specifically address a 
hazardous substance, pollutant, contaminant, remedial action, or other circumstance found at a CERCLA 
site.  "Relevant and appropriate" requirements are such standards that, while not applicable, address 
problems or situations sufficiently similar to those encountered at the site where their use is indicated. 
 
The following three types of ARARs are addressed for each alternative: 
 


• compliance with chemical-specific ARARs (e.g., maximum contaminant levels); 


• compliance with location-specific ARARs (e.g., preservation of historic sites, protection of 
wetlands); and, 


• compliance with action-specific ARARs (e.g., RCRA minimum technology standards) 
 
According to EPA (1996b), a waiver is available under CERCLA if any one of six bases exists with 
respect to the remedial alternative, as follows: 
 


1) The alternative is an interim measure that will become part of a total remedial action that will 
attain the ARAR; 


2) Compliance with the requirement will result in greater risk to human health and the environment 
than other alternatives; 


3) Compliance with the requirement is technically impracticable from an engineering perspective; 


4) The alternative will attain a standard of performance that is equivalent to that required under the 
otherwise applicable standard, requirement, or limitation through use of another method; 


5) With respect to a state requirement, the state has not consistently applied, or demonstrated the 
intention to consistently apply, the promulgated requirement in similar circumstances at other 
remedial actions within the state; or 
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6) For Superfund-financed response actions only, an alternative that attains the ARAR will not 
provide a balance between the need for protection of human health and the environment at the site 
and the availability of Fund monies to respond to other sites. 


 
6.1.3 Long-Term Effectiveness and Permanence 
 
The long-term effectiveness criterion addresses the ability of an alternative to maintain reliable protection 
of human health and the environment over time once the RAOs (cleanup objectives) have been met.  The 
primary focus of this evaluation is the extent and effectiveness of the controls that may be required to 
manage the risk posed by treatment residuals and/or untreated wastes.  This assessment of long-term 
effectiveness is made considering the following two major factors: 
 


• the magnitude of the residual risk posed by waste remaining at the completion of remedial 
activities, and 


• the adequacy and reliability of controls. 
 
Residual risks consider the volume, toxicity, mobility and bioavailability of the untreated waste and 
treatment residuals and residual contamination, as well as their propensity to bioaccumulate (EPA, 1988; 
2005).  As a component of the overall comparative analysis, the residual risks associated with a given 
action-based alternative are compared to the total site risk associated with current conditions when 
contrasted to the no-action alternative. 
 
6.1.4 Reduction of Toxicity, Mobility, or Volume through Treatment 
 
This criterion addresses the statutory preference for selecting remedial actions that employ treatment 
technologies that permanently and significantly reduce toxicity, mobility, or volume of the hazardous 
substances as their principal element.   
 
This evaluation considers the following specific factors: 
 


• the treatment processes employed and the materials treated; 


• the amount of hazardous substances, pollutants, or contaminants that will be destroyed, treated 
including how the principal threat(s) will be addressed or recycled; 


• the degree of expected reduction in toxicity, mobility, or volume measured as a percentage of 
reduction (or order of magnitude); 


• the degree to which the treatment will be irreversible;  


• the type and quantity of treatment residuals that will remain following treatment; and 


• whether the alternative would satisfy the statutory preference for treatment as a principal element. 
 


6.1.5 Short-Term Effectiveness 
 
Short-term effectiveness refers to control of adverse impacts on human health and the environment posed 
during the construction and implementation of an alternative until remedial response objectives are 
achieved.  Alternatives should be evaluated with respect to their effects on human health and the 
environment during implementation of the proposed remedial action including the length of time until 
protection is achieved. 
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6.1.6 Implementability 
 
The implementability criterion refers to the technical and administrative feasibility of implementing a 
given remedial alternative.  Implementability refers to the ease or difficulty of implementing an 
alternative considering the following factors, as appropriate: 
 


• technical feasibility, including technical difficulties and unknowns associated with the 
construction and operation of a technology, the reliability of the technology, the ease of 
undertaking additional remedial actions, and the ability to monitor the effectiveness of the 
remedy; 


• administrative feasibility, including activities needed to coordinate with other offices and 
agencies; and, 


• availability of services and materials, including the availability of adequate off-site treatment, 
storage capacity and disposal services; the availability of necessary equipment and specialists and 
provisions to ensure any necessary additional resources; the availability of services and materials 
including the potential for obtaining competitive bids; and the availability of prospective 
technologies. 


 
6.1.7 Cost 
 
The cost criterion refers to the initial capital cost to design, purchase, construct, and implement the 
remedial alternative, as well as the cost of operating and maintaining the alternative.  For each remedial 
alternative, a cost estimate is developed based on conceptual engineering data, unit costs available from 
EPA guidance documents when available, costs developed based on treatability tests, other literature 
available, vendor quotes, and engineering design experience.  The cost estimate for a remedial alternative 
consists of three principal elements: 
 


• Capital Costs:  Capital costs consist of direct (construction) and indirect (non-construction and 
overhead) costs.  Direct costs include the cost for equipment, labor, and materials incurred to 
develop, construct, and implement a remedial action.  Examples of direct costs include expenses 
for construction, equipment, land and site-development, buildings and services, relocation, and 
disposal.  Indirect costs include expenditures for engineering, financial, and other services that are 
not part of the actual installation activities but are required to complete the installation of 
remedial activities.  Examples of indirect costs may include pre-design sampling, design, 
construction quality control and quality assurance, engineering expenses, license and permit 
costs, startup and demobilization costs, and contingency allowances. 


• Annual O&M Costs:  Annual O&M costs refer to the post-construction cost items that are 
necessary to ensure the continued effectiveness of a remedial action.  These costs typically 
consist of long-term power and material costs (primarily applicable to the operational costs of a 
water treatment facility), equipment replacement costs, and long-term O&M costs. 


• Present Worth Analysis:  This type of analysis is used to compare expenditures for various 
alternatives that may occur over different time periods by evaluating all of the costs on a common 
base year.  This allows the costs for different remedial action alternatives to be compared on the 
basis of a single cost representing an amount that, if invested in the base year and disbursed as 
needed, would be sufficient to cover all costs associated with the remedial action over its planned 
life. 
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As stated in the EPA guidance for preparing cost estimates for feasibility studies (EPA, 2000b), the 
recommended discount rate of 7% should be used.  The discount rate represents the time value of money.  
As specified in the FS guidance, a 30-year performance period is assumed for all alternatives.  The 
remedial design and construction actions would be implemented in a shorter time period, but cost 
estimates for ICs, maintenance and long-term activities are based on a 30-year time period in those 
alternatives where contaminated sediment, soil, or groundwater remains on the site.  This does not mean 
that the monitoring or maintenance and operations would stop after 30 years.  Monitoring and five-year 
reviews could continue indefinitely. 
 
The alternatives have been developed conceptually in this FS using the data available from the 
investigation reports, and the cost estimates are intended to reflect the actual cost of the remedial 
alternative to within an accuracy of +50% to -30%.  The estimated costs presented in this report are 
prepared for alternative comparison and selection of the recommended remedial action.  The costs are 
based on the information available at the time of the estimate; cost estimates include the acquisition of 
property associated with remedy implementation.  The actual costs of remediation depend on many 
variables, including quantity of contaminated sediments, disposal fees, health and safety regulations, 
ARAR requirements, labor and equipment costs, and the final project scope.  As a result, the final project 
costs will vary from the estimates presented herein.  Costs are expected to be within the range of accuracy 
typical for FS or conceptual engineering cost estimates (+50% to -30%).  Because of this, project 
feasibility and funding needs must be carefully reviewed prior to making specific financial decisions to 
help ensure proper evaluation and adequate funding. 
 
6.1.8 State Acceptance 
 
This criterion evaluates the position and key concerns of the State of Rhode Island related to the 
alternatives.  This assessment will not be completed until comments on the FS and Proposed Plan are 
received.  Responses to state concerns and comments would be documented in the ROD. 
 
6.1.9 Community Acceptance 
 
This criterion evaluates the issues and/or concerns raised by the public regarding each of the alternatives 
being considered.  This assessment will not be completed until comments on the FS and Proposed Plan 
are received.  Comments may be submitted during the public comment period. 
 







Action Area and Media: Allendale and Lyman Mill Reach Sediment 
Alternative: 1 – No Action


6.2 Detailed Evaluation of Allendale and Lyman Mill Sediment Alternatives 


Allendale and Lyman Mill Reach Sediment 
Alternatives Retained for Detailed Analysis 


1 No Action 
7 Excavation and Disposal and/or Treatment 


8 Partial Excavation, Isolation Capping and 
Disposal and/or Treatment 


10 Dam Replacement, Excavation and 
Disposal and/or Treatment 


11 
Dam Replacement, Partial Excavation, 
Isolation Capping and Disposal and/or 
Treatment 


The five Allendale and Lyman Mill sediment alternatives retained from the screening analysis are 
described further in this section and are evaluated against the NCP criteria (excluding State and 
Community Acceptance, which are considered after comments to the FS and Proposed Plan are received).  
All alternatives include five-year reviews.  The 
excavation alternatives assume that implementation 
of a sediment remedy would be performed in an 
upstream to downstream direction (beginning at 
Allendale reach) to prevent re-contamination of 
excavated areas within the river/ponds.  The 
Allendale and Lyman Mill Dams should also be 
inspected prior to implementing a sediment remedy. 


6.2.1 Alternative 1: No Action 


6.2.1.1 Description of No Action 


In accordance with the NCP requirements, the No Action alternative must be carried through the entire FS 
process, and is used as a basis of comparison to the other alternatives.  This alternative would entail no 
active remediation of the contaminated sediments.  Five-year reviews and periodic monitoring, triggered 
by severe weather events, are incorporated into this alternative.  For cost estimating, it is assumed that 
there would be one biological survey (annual sampling and fish tissue chemistry testing) and report to 
EPA on the conditions of the site every five years. 


Monitored natural recovery processes, ICs, and rigorous long-term monitoring are not components of this 
alternative.


6.2.1.2 Evaluation of No Action 


Results from the evaluation of Alternative 1, No Action against the NCP criteria are discussed below and 
summarized in Table 6-1. 


Overall Protection of Human Health and the Environment 


This alternative would not provide effective protection because contaminated sediment that presents a risk 
to human health and the environment would remain on site unaddressed.  With the exception of VOC-
contaminated groundwater discharge to the river at the Brook Village parking lot, most sources of 
contamination to the sediment have been controlled, and natural recovery may reduce risk to human 
health and the environment by reducing the contaminant concentrations in the surface sediment over time.  
However, there would be no data to demonstrate this reduction and no monitoring of natural recovery 
processes or contingency action to limit or control future migration of sediment contamination.  
Moreover, natural recovery is expected to take a long time (i.e., 40 to 60 years for 1 foot of clean 
sediment to deposit; see Section 2.3.8) based on the estimated sedimentation rates at Allendale and 
Lyman Mill Ponds. 


Compliance with ARARs 


ARARs specific to the No Action alternative are summarized in Table 6-2. 
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Long-Term Effectiveness and Permanence 
 
The No Action alternative would not be effective in the long term because no action would be taken to 
contain, reduce erosion and downstream transport, or remove the contaminated sediment that presents a 
risk.  The residual risk remains high as no actions are taken to address sediment and no controls are in 
place to adequately and/or reliably prevent exposure in the long term.   
 
Reduction of Toxicity, Mobility or Volume through Treatment 
 
There would be no reduction of toxicity, mobility or volume of contamination through treatment.   
 
Short-Term Effectiveness 
 
This alternative would be highly effective in the short term because there would not be any intrusive work 
into the contaminated sediments that could disrupt the local community or environment or present a risk 
to on-site workers.  However, it would not achieve the cleanup objectives. 
 
Implementability 
 
This alternative would be easily implemented because it would not require engineering or physical 
construction.  Nor would this alternative require any institutional or access controls or maintenance of 
existing features (e.g., dams and fences).  The implementation of periodic monitoring would not present 
any unusual issues. 
 
Cost 
 
Detailed cost estimates are presented in Appendix J.  There would be no capital associated with the No 
Action alternative; however, periodic monitoring and five-year reviews are estimated to cost $36,000, 
resulting in a total present worth cost of approximately $450,000. 
 
6.2.2 Alternative 7:  Excavation and Disposal and/or Treatment 
 
6.2.2.1 Description of Excavation and Disposal and/or Treatment 
 
In Alternative 7, Excavation and Disposal and/or Treatment, contaminated sediment with contamination 
above the cleanup goals would be removed using excavation.  Prior to excavation, the pond water 
elevations would be lowered so that the exposed sediment could be excavated using conventional 
earthwork equipment.  The water level in Allendale Pond would be lowered by opening the gates at the 
Allendale Dam and letting the water drain.  In order to minimize the amount of suspended sediment 
transported downstream, the gates would be lowered incrementally and the water would be discharged at 
a controlled rate.  In addition, a turbidity barrier would be installed upstream from the dam gate structure 
to reduce the potential for migration of suspended sediment downstream from the gate structure.  The 
water level for Lyman Mill Pond could be incrementally lowered by pumping around the dam or by 
repairing the gates at the dam.53  The actual method used would be determined during final design if this 
alternative is selected; however, costing estimates in this FS assume that the gates would be repaired and 
gravity drainage used to lower the water level.  
 


 
53 The gates are not currently operational and would require repair prior to initiating the construction sequence. 
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Disposal and/or treatment options are described in more detail below and include: Option 7a, On-site 
Containment in an Upland CDF; Option 7b, On-site Containment in a Nearshore CDF; Option 7d, On-site 
Thermal Treatment and Option 7e, Off-site Disposal and/or Treatment.  The work in the pond areas 
would be the same for each option, except as noted in the following paragraphs. 
 
The river channel, within the ponds and north of Allendale Pond, would still be present.  As presented in 
Section 2.3.9, the mean average flow in the Woonasquatucket River at Centredale ranged from 50 to 100 
cfs in most years.  The flow increases significantly during flood events and the estimated flows are 893 
and 2,300 cfs for flood return periods of 5 and 100 years, respectively.  The areas of active sediment 
removal would be separated from the active river channel by a hydraulic barrier.  For purposes of 
estimating costs in this FS, it is assumed that steel sheet pile would be driven along the length of the 
ponds to separate removal areas from river flow.  The removal work would be done on the west side of 
the barrier while the river flowed on the east side, and then the flow would be switched for removal on the 
east side. 
 
During design and work plan preparation, contingency plans would be developed to handle the flood 
flows that may occur during the time of sediment excavation.  Since the removal of sediment would take 
several months (as described below), it is likely that some flooding would occur during the time this work 
is conducted.  The flood flows could be handled by one half of the pond area outside the work zone, 
thereby not impacting the construction activities.   
 
In order to attain the RAOs (cleanup objectives) related to biota consumption (Section 3.1.1) as quickly as 
possible, an attempt will be made to collect all fish stranded during the construction phase.  All stranded 
fish would be euthanized and taken off site for disposal.  Disposal of stranded fish will prevent secondary 
contamination of sensitive species via scavenging of contaminated fish and prevent disease generation 
from decaying biomass.  No attempt to collect other aquatic animals such as turtles and amphibians would 
be made because much greater resources would be required to collect them (i.e., these biota would not be 
stranded like fish once the pond water was withdrawn) and they do not appear to pose as significant an 
exposure threat to humans and wildlife receptors at the site.  The removal of resident fish from the ponds 
would effectively reduce the fish consumption risks to humans and piscivorous wildlife immediately 
although the temporary loss of this resource would impact aquatic-dependent wildlife species until the 
fishery had recovered (see further discussion in Appendix K). 
 
The surface sediment in both ponds is very soft and would not be able to support wheeled vehicles, even 
after drying for several days.  In this case, low-ground pressure equipment would be used (i.e., crawler 
mounted equipment with extra-wide tracks).  In areas too soft to even support low-ground pressure 
equipment, hydraulic excavators with extra-long booms would be used to remove sediment.  The 
excavators would work from a network of temporary roadways that could be constructed using gravel or 
mats placed over the sediment after the water level was lowered. 
 
Following removal, confirmation sampling would be conducted to verify that the cleanup goals were 
achieved (see Appendix J for assumptions regarding types and quantities of confirmation samples), and 
the excavated sediment would be disposed of and/or treated.  The sequence of excavation activities, 
excavation volumes and rates, sediment processing, mitigation/restoration activities, long-term 
monitoring and ICs, and disposal or treatment options are described below. 
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Construction Sequence 
 
A typical construction sequence for disposal Options 7a, 7d and 7e is described below:  
 


1. Clear temporary work areas and build access ramps to the ponds. 


2. For the on-site disposal options, construct CDF disposal facility and water treatment system prior 
to sediment removal. 


3. Construct sediment dewatering area, install dewatering equipment and water treatment equipment 
and truck loading and decontamination facilities prior to excavation. 


4. Drain the ponds one at a time beginning with Allendale Pond, excavate sediment from the ponds 
in an upstream to downstream direction, dewater using mechanical means and move excavated 
material into the CDF or transport off site for disposal. 


5. For the on-site disposal options, operate the CDF water treatment system during excavation. 


6. For the on-site disposal options, place a cap over the CDF. 


7. Evaluate sediment confirmation samples and determine need for a thin-layer of soil cover. 


8. Remove the temporary vessel launch ramps and restore the vegetation in the temporary work 
areas. 


 
A typical construction sequence for disposal Option 7b (on-site nearshore CDF) is similar to Option 7a, 
except that the CDFs would be constructed within the pond footprint and excavated sediment would not 
be dewatered, as described below: 
 


1. Clear temporary work areas and build access ramps to the ponds. 


2. Drain the ponds one at a time beginning with Allendale Pond and construct perimeter 
containment walls for the CDF. 


3. Install water treatment equipment and truck loading and decontamination facilities prior to 
excavation. 


4. Excavate sediment from the ponds in an upstream to downstream direction and consolidate 
excavated material into the CDF. 


5. Place a cap over the CDF.  The cap would be designed to resist erosion during flood events. 


6. Evaluate sediment confirmation samples and determine need for a thin-layer of soil cover. 


7. Remove the temporary vessel launch ramps and restore the vegetation in the temporary work 
areas. 


 
Excavation Volumes and Rates 
 
Estimated excavation surfaces for Allendale and Lyman Mill Ponds (Figures 5-1 and 5-3) are the same as 
presented in Section 5.1.7.  These surfaces were developed using the available chemistry and geotechnical 
data for surface and subsurface sediment samples in each pond. 
 


• For Options 7a, 7d and 7e, the total volume of sediment requiring excavation was calculated 
to be 155,800 cy (2,400 cy in the river channel north of Allendale Pond, 52,900 cy in 
Allendale Pond and 100,500 cy in Lyman Mill Pond).  The back-calculated, average 
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excavation depth in Allendale Pond is 2.2 ft and 2.7 ft in Lyman Mill, assuming an over-
excavation thickness of 0.25 ft. 


• For Option 7b, the contaminated sediment within the perimeter of the CDFs would not have 
to be excavated (Figure 5-12).  The total volume of sediment requiring excavation under 
Option 7b was calculated to be 123,500 cy (2,400 in river channel north of Allendale Pond, 
44,300 cy in Allendale Pond and 76,800 cy in Lyman Mill Pond; 32,300 cy within the CDF 
footprint would remain in place). 


 
The rate of excavation would be controlled by the rate of material transport from the ponds to the 
sediment processing area and the rate of mechanical dewatering.  It is assumed that one long-reach 
excavator working to remove a thin layer of soft sediment would remove about 400 in-situ cy/day for 
Options 7a, 7d and 7e and 500 cy/day for Option 7b.  This volume could be dewatered (Options 7a, 7d, 
and 7e only) with modular equipment that could be delivered by trucks and stockpiled on the site.  For 
Options 7a, 7d and 7e, sediment excavation would take approximately 28 weeks for Allendale Pond and 
50 weeks for Lyman Mill Pond.  For Option 7b, sediment excavation would take approximately 19 weeks 
for Allendale Pond and 31 weeks for Lyman Mill Pond. 
 
Sediment Processing 
 
Except for Option 7b, it is assumed that the excavated sediment would be dewatered, and after 
dewatering, the sediment would be placed and compacted in a CDF using conventional earthwork 
equipment or stockpiled to await on-site treatment or off-site disposal/treatment.  Because space is limited 
at the CMRP site, mechanical dewatering would be employed and the dewatered sediment (filter cake) 
would then be handled with conventional earthmoving equipment to place into stockpiles or into a CDF.  
If the material was being disposed off site, the material would be properly characterized and classified 
and then loaded onto trucks for transport to an appropriately licensed disposal facility.  (Under Option 7a, 
sediment would be characterized during the remedial design phase.)  Mechanical dewatering would 
reduce the overall volume of contaminated sediment for disposal or treatment by approximately 37%.54 
 
Water separated from the excavated material would be pumped to a treatment system.  The treatment 
system would consist of a settling basin sized to provide time for suspended sediment to settle, followed 
by additional treatment as necessary to meet discharge criteria.  The water would be tested on a regular 
basis to confirm that chemical concentrations were at levels acceptable for return to the surface water in 
accordance with ARAR requirements.  The costs in this FS are based on the assumption that treatment by 
sand filtration and activated carbon adsorption would be sufficient.  However, this would be evaluated in 
further detail as part of the final design. 
 
Upland space would be required for the mechanical dewatering and water treatment facilities.  In 
addition, it is assumed that the dewatered sediment would be stockpiled and tested for designation prior to 
off-site disposal to determine if the material could be placed into a solid waste landfill, hazardous waste 
landfill or require treatment prior to disposal. 
 
Testing sediment samples for dioxins is a complicated analysis and cannot be performed quickly; the 
standard turn-around time is 3 weeks.  Removal of 2,000 in-situ cubic yards per week would produce 
approximately 1,100 cy of dewatered sediment for disposal.  The material could be stored between 
concrete blocks stacked 6-ft high on temporary asphalt pavement pads.  The volume of material generated 


                                                      
54 Dewatering to increase the sediment solids content from an average of 40% in Allendale and 32% in Lyman Mill 
to 50% by weight, would reduce the disposal/treatment volume from 155,800 cy to 97,700 cy.  It is assumed that no 
volume reduction would be obtained in the 2,400 cy dredged from the river channel. 
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in one week would require a storage area of approximately 5,000 square feet or an area of 50 ft by 100 ft.  
A storage area large enough to contain the material from 4 weeks of removal activities would be needed 
due to the standard turn-around time for dioxin testing.  The sediment stockpiles would be covered to 
prevent infiltration of rainwater, which would increase the sediment weight and decrease the strength.  
Simply covering the stockpiles with tarps is not sufficient because they cannot keep all the water out and 
are labor intensive to install, maintain and remove.  The sediment would need to be stockpiled under 
temporary “car-port” type structures with a roof and walls on three sides.  These structures could be pre-
engineered steel buildings or buildings made from fabric placed over a steel or aluminum frame and 
placed over the asphalt and concrete pads described above. 
 
An area of 2 to 3 acres would be required for the treatment equipment and sediment stockpiles.  One 
possible location would be on Cap Area #1 in the source area.  The cap area is approximately 85,000 
square feet (2 acres).  For Option 7b, no dewatering would be needed because the wet sediment could be 
placed directly into the nearshore CDFs. 
 
Cover Placement 
 
It is conservatively estimated that there could be areas of the river/ponds where dioxin concentrations 
remain above the cleanup goals, even after excavation.  Deeper excavation over a significant percentage 
of the surface area is considered to be impractical because of the limited capacity of the on-site disposal 
areas and the high cost of off-site disposal and/or treatment options.  In addition, this cover, if needed, 
will result in risk reduction sufficient to meet RAOs.  Therefore, this alternative includes a contingency to 
place a thin-layer cover over areas of the ponds where dioxin concentrations are above the cleanup goals 
after excavation (based on evaluation of confirmation samples).  The cover thickness and composition 
would be determined during the design phase, but a six inch cover comprised of sand is assumed for 
costing purposes (a thinner cover would be difficult to place using routine construction equipment, and 
would not be as protective as a 6 inch cover). 
 
Mitigation 
 
With the exception of Option 7b (nearshore CDF) and possibly Option 7a (upland CDF), there would be 
no loss of aquatic or wetland/floodplain area associated with this alternative.  However, remedy 
implementation would involve the destruction of an existing aquatic habitat structure (both benthic and 
pelagic) and the temporary extirpation of the vast majority of the fish55 and invertebrate communities.  
Secondary impacts include the markedly reduced aquatic productivity anticipated in the years following 
implementation of the remedy that will impact aquatic-dependent wildlife and anglers that fish in these 
ponds.  Collateral impacts to floodplain soils, including destruction of vegetation and soil compaction, are 
also anticipated due to the movement of heavy machinery across the floodplains to access existing aquatic 
areas during remediation. 
 
Figure 6-1 presents an overview of the different habitat features associated with this alternative and 
possible mitigation components for each.  If a thin layer cover was necessary (contingency to address 
cleanup goal exceedances), it could be designed as a benthic habitat layer consisting of optimal grain size 
and organic carbon content for growth of benthic and epibenthic macroinvertebrates and submerged 
woody material could be included to provide some interim structural diversity.  Populations of important 
species such as bass and sunfish could be re-stocked to expedite recovery of the community.  The 
movement of heavy equipment across the floodplain could be limited to as few access points as possible 
and weight-dissipating structures could be laid down to distribute the weight so that soil compaction 
                                                      
55 Resident fish would be collected and euthanized to ensure that the contaminated fish consumption pathway was 
reduced as part of the remedy implementation. 
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concerns were minimized to the extent possible.  Following implementation of the sediment remedy, the 
impacted floodplain soil could be manually aerated56 and then revegetated with appropriate 
floodplain/riparian shrubs and tree species. 
 
Option 7b (nearshore CDF) would involve the permanent loss of approximately 11 acres of aquatic 
habitat (approximately 4 acres in Allendale Pond and 7 acres in Lyman Mill Pond; Appendix K,  
Table K-1).  Out-of-kind mitigation for this lost habitat could be provided adjacent to the river, most 
likely along the western shore of Lyman Mill Pond57 and developing a permanent buffer zone.  In 
addition, historical filling activities near the southwestern corner of the Oxbow Area and possibly at the 
confluence of Assapumpset Stream with the river provide opportunities for wetland restoration.58  The fill 
material could be removed, the original soil material tested for contamination (and further excavated as 
necessary), the land surface graded to re-establish proper wetland hydrology and then replanted to 
develop 11 acres of emergent marsh, scrub/shrub or palustrine forest habitat as specified in the mitigation 
planning document.  Appendix K provides an overview of possible mitigation requirements and planning 
for the sediment action area. 
 
Long-Term Monitoring, Dam Maintenance and Institutional Controls 
 
Long-term monitoring is included in this alternative because it is conservatively estimated that some 
contamination might remain in the ponds after excavation, even after RAOs have been achieved.  Long-
term monitoring and ICs would be required for on-site containment Options 7a and 7b (upland and 
nearshore CDFs).  Long-term monitoring is also necessary to confirm that this alternative remains 
protective in the long term and to support five-year reviews.  Details of the monitoring plan would be 
developed during final design.  The general approach for monitoring and the assumptions used to estimate 
annual costs are described in a conceptual long-term monitoring approach presented in Appendix H. 
 
Sediment monitoring would be performed to confirm that the sediment is meeting cleanup objectives.  
The monitoring program would also include benthic community analysis, surface water chemistry to 
assess water quality, and fish chemistry to determine progress in achieving the biota tissue targets 
(Appendix F, Attachment F-1).  Monitoring downstream of the Lyman Mill Dam would also be 
performed to assess impacts of the remedial action on the downstream areas.  Periodic reporting would be 
required to document remedy progress and efficacy, and the long-term monitoring results will be used by 
the Agencies to determine if additional evaluations or clean-ups are warranted.   
 
Any disposal facilities constructed on site (Options 7a and 7b) would require long-term monitoring, 
maintenance and ICs to protect the integrity of the facility.  Future use restrictions would be required to 
prevent excavation or other activities that could adversely impact the integrity of the CDFs (e.g., limit the 
size of woody vegetation on top of the CDFs, prevent the construction of buildings with basements or 
burial of utilities on or in the CDF cap).  Maintenance of the Allendale and Lyman Mill Dams would be 
required to ensure that the dams remain structurally sound and stable for any options where inherent 
hazard remains in the river or floodplain.   
                                                      
56 If the floodplain soil within the particular access point was also within the soil footprint, then it would be 
remediated concurrently with the sediment and the aeration step would not be necessary. 
57 Several candidate locations along the western edge of Lyman Mill Pond include the mouth of Assapumpset 
Stream and former wetland situated southwest of the river channel remnant in the Oxbow area (Appendix K, 
Figure K-1), which was filled sometime between 1962 and 2003 (USACE, 2008).  The USACE report also 
identified a couple other potential restoration opportunities along the eastern shoreline of Lyman Mill Pond 
(see Figure 6 in USACE, 2008).  
58 Low-value wetland habitat is present within the boundary of this area which has been proposed as a potential 
upland CDF location (Appendix K, Figure K-1).  Consequently, if this area were selected under Option 7a, some 
compensatory mitigation would be required for this alternative as well. 
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Disposal and/or Treatment Options 
 
The disposal and/or treatment options evaluated for Alternative 7 are: 
 
 Option 7a: On-site Containment in an Upland CDF 
 Option 7b: On-site Containment in a Nearshore CDF 
 Option 7d: On-site Thermal Treatment 
 Option 7e: Off-site Disposal and/or Treatment 
 
The disposal and/or treatment options are described below. 
 
Option 7a – On-site Containment in an Upland CDF 
 
This option provides for construction of a CDF on site and above the 100-year flood elevation.  “On site” 
is defined as the areal extent of contamination and all suitable areas in very close proximity to the 
contamination necessary for implementation of the response action (40 CFR §300.5).  For purposes of 
this FS, the proposed locations for the upland CDF would all be considered on site as defined in the NCP.  
The CDF would be designed in accordance with the procedures given in the Upland Testing Manual 
(USACE, 2003b).  The CDF would be designed and built to meet state landfill regulations for hazardous 
waste (see Appendix L) and RCRA requirements.  As discussed in Section 3.2.1.2, excavated sediment 
processed by mechanical dewatering and placed in an upland CDF would have to meet LDRs.  For Option 
7a, it is assumed that a treatability variance could be obtained to reduce the amount of treatment needed 
and that 10% of the sediment would need to be taken off site for disposal by incineration (as described in 
Option 7e). 
  
A generalized sequence of construction for a CDF is listed below: 
 


1. Clear site vegetation. 


2. Remove soil to prepare the ground surface for installation of bottom liner and leachate collection 
system.  In some sites, it may be possible to increase the capacity by lowering the ground surface 
elevation by removing additional clean material from the current ground surface. 


3. Construct perimeter dikes, install a base liner and leachate collection system. 


4. Connect the leachate collection and storm water collection system to a water treatment plant.  
This could be a separate plant at the CDF site or a connection to the water treatment plant used to 
treat return water separated from the excavated sediment.  The option of discharging leachate to a 
public sewer facility would be evaluated during design, if this alternative was selected. 


5. Place excavated, dewatered sediment into the CDF.  


6. Install a cover over contaminated sediment and prepare surface for future use. 
 


For this FS, it is assumed that the perimeter dikes would be built with sand and gravel supplied by 
commercial vendors.  In order to provide a stable foundation, very soft soils under the dike location 
would have to be removed and replaced with compacted sand and gravel.  The dikes would have an 
outside slope of three horizontal to one vertical (3H:1V) and an inside slope of 2H:1V.  The inside slope 
can be steeper because it only has to be stable before the sediment is placed inside and does not have to 
support the lateral pressure from sediment on the outside of the dike. 
 
Because a CDF is designed and built to contain only one type of material, a single geomembrane liner 
would be sufficient to protect the environment.  The liner system would be designed to meet requirements 
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in state regulations (see Appendix L).  A support layer of screened sand would be placed, then covered 
with a geomembrane, which in turn would be covered with a layer of fine sand about 12 inches thick.  
The sand layer would include perforated pipes to collect leachate that would be generated as the sediment 
compressed.  
 
When the sediment was placed to the final design height, a cover system would be installed.  The cover 
system would meet the requirements for alternate RCRA covers, as described in Section 6.8.3.1 for the 
source area soils and would meet RCRA Subtitle C capping requirements.  As shown in Figure 5-7, the 
cap would consist of (a) a 12-inch-thick low-permeability layer of soil to support a geomembrane, (b) a 
geomembrane to reduce infiltration of precipitation, (c ) a 12-inch-thick sand drain layer to protect the 
geomembrane and to drain precipitation, (d) a geotextile separation layer, (e) a 12-inch-thick protection 
layer of soil and (f) a 6-inch-thick layer of topsoil.  The topsoil and vegetation could be replaced with 
gravel and asphalt for future use.  Future uses could include public parks or recreation uses such as a 
greenway and bike paths that could be developed in coordination with ongoing watershed initiatives and 
in coordination with regional partners, or commercial development.  Site use restrictions would limit the 
size of trees or woody vegetation and would prohibit the construction of buildings with basements or 
buried utilities. 
 
Figure 5-6 shows three potential locations at Lyman Mill reach where a CDF could be constructed above 
the 100-year flood elevation as described in Section 5.1.6; a representative cross section for the northern 
CDF is shown in Figure 5-7.  The northern CDF would be built where the current ground surface slopes 
up to the west of Lyman Mill Pond.  A second CDF would be built south of the abandoned channel where 
the current ground surface slopes up along the western border of the Oxbow.  There would be 
containment dikes on the downhill side, but no dike would be needed on the uphill side of the areas.  The 
top of the final cover would be sloped with a grade of 2% (i.e., 2 ft vertical drop per 100 ft of horizontal 
distance) to provide the minimum slope for drainage and also provide a nearly level area for future use.  
The height of the downhill dike would be limited by the strength of the underlying native soils and to 
avoid the visual impact of creating new hills.  It is assumed that the dikes could not be higher than 10 ft 
above the existing ground surface.  The combined maximum capacity available at the two CDF locations 
would be about 136,000 cy (Table 6-3), assuming that the existing soil was removed down to the ground 
surface elevation at the downhill dike.59  The combined capacity would be sufficient to contain all of the 
river/pond sediment (after mechanical dewatering) and floodplain soil removed under the excavation 
alternatives.  A third CDF with sufficient capacity could also be constructed further south, near the head 
of Lyman Mill Pond and above the 100-year flood elevation (Figure 5-6). 
 
One of the potential CDFs (northern CDF) contains established hardwood forest and use of this area 
would result in destruction of valuable ecological habitat.  Another of the potential CDFs (south of the 
abandoned channel) contains low-value wetlands (Appendix K, Figure K-1).  During the design phase, 
the relative environmental services provided by individual areas identified as potential upland CDF 
locations would be evaluated as one set of criteria in the selection process.   
 
Option 7b – On-site Containment in a Nearshore CDF 
 
Under this disposal alternative, a nearshore CDF encompassing approximately 4 acres would be 
constructed within the existing footprint and along the western shoreline of Allendale Pond as shown in 
Figure 5-12.  Nearshore CDFs encompassing approximately 7 acres would be constructed within the 
existing footprint and at the southern extent of Lyman Mill Pond as shown in Figure 5-12.  The combined 
capacity of the nearshore CDFs would be approximately 125,000 cy, which is sufficient to contain all the 


                                                      
59 Existing soil would be tested and disposed off site at a permitted facility. 
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excavated sediment.  The final design height could be increased approximately 1.5 feet to increase 
capacity to also contain floodplain soil removed from other action areas. 
 
The layout is based on the assumption that the perimeter containment walls would be constructed from 
cast-in-place reinforced concrete (Figures 5-13a and 5-13b).  During final design the use of other types of 
containment structures would be evaluated.  The perimeter walls would require a foundation supported by 
either dense soil or piles.  The type and strength of the sediments at the perimeter wall locations are not 
known at this time.  The cost estimate assumes steel pilings would be needed.  Upon placing the sediment 
to the final design height, a cover system would be installed.  This cover system would be the same as 
described for the upland CDF. 
 
The anticipated sequence of construction activities for sediment excavation and containment in a 
nearshore CDF with the dams remaining in place is as follows: 
 


1. Site preparation. 


2. After lowering the water level in the pond, excavate sediment to the containment wall footing 
subgrade. 


3. Install support piles for the containment wall, if needed. 


4. Construct perimeter containment wall. 


5. Consolidate excavated sediment into the CDF. 


6. Install a cover over contaminated sediment and prepare surface for future use.  The cover system 
would be designed to resist erosion during flood events. 


 
A quantitative hydrodynamic analysis of Alternative 7 Option 7b was performed to evaluate the effects of 
constructing the nearshore CDF on water flow and flooding potential.  The results of this analysis 
included an estimate of the extent of channel and floodplain inundation, water depth and surface water 
elevation, current velocity, bed shear stress, and stable bed particle size (QEA, 2007).  Based on an 
evaluation of the model output, this option would result in predicted flood inundation that has limited 
effect beyond that for existing conditions for the areas adjacent to Allendale and Lyman Mill Ponds, even 
for 100-year flood events.  This option would result in negligible effect on flood stage height and 
floodplain inundation during high-flow events in the region downstream of Lyman Mill Dam.60  Overall, 
Alternative 7b would result in the loss of approximately 62,000 cy of flood storage capacity, which would 
be replaced by excavation for the out-of-kind mitigation described above. 
 
Option 7d: Treatment using On-site Thermal Treatment 
 
Under this option, the excavated, dewatered sediment would be treated on site using thermal treatment 
(incineration).  A typical construction sequence consists of: 
 


1. Clear temporary work areas and build vessel launch ramps. 


2. Construct sediment dewatering area, install dewatering and water treatment equipment, and 
construct incineration facility prior to the start of excavation. 


3. Excavate sediment, dewater, place into stockpile or begin feeding into the incineration unit. 


4. Remove the temporary vessel launch ramps and restore vegetation in the temporary work areas. 
 


                                                      
60 Alternative 4 in the QEA analysis is (2007) the same Alternative 7, Option 7b in this FS.  
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It is not practical to assume that the dewatered, excavated material could be loaded directly into the 
incinerator from the dewatering equipment.  The dewatering process produces water and three types of 
solids: debris, sand/gravel, and silt/clay.  Each type of material would be stockpiled and treated 
separately. 
 
The ash produced from the incineration process would be stockpiled and sampled for characterization 
prior to disposal.  Once the material was characterized and an appropriate landfill designated for disposal, 
the ash would be loaded onto trucks and taken to a regional rail loading facility for transportation to the 
designated disposal facility. 
 
Option 7e:  Off-site Disposal and/or Treatment 
 
This option is similar to Option 7d, except that excavated, dewatered sediment would be disposed of off 
site, by containment at a permitted facility and/or treatment. 


 
Each of the three types of solids produced by the dewatering process, debris, sand/gravel, and silt/clay 
would be placed into separate stockpiles and sampled on a daily basis because the post-processing 
contaminant concentrations in the sediment will be different than the in-situ concentrations.  
Representative, composite samples would be taken and analyzed for total dioxin and furans to determine 
if disposal by incineration is required according to the LDRs (see Section 3.2.1.2).  Representative, 
composite samples would also be taken and analyzed for TCLP concentrations to determine the 
designation of the materials as solid or hazardous waste and to determine which type of landfill is 
required.  Once the appropriate disposal facility is identified, the dewatered material would be loaded 
onto trucks and taken to a regional rail loading facility for transportation to the designated disposal 
facility. 
 
Dewatered sediment that is designated as hazardous waste would be subject to LDRs.  F-listed or 
characteristic sediment waste with an underlying hazardous constituent that meets the treatment standards 
in 40 CFR §268.40 would be taken to a licensed hazardous waste landfill for disposal.  F-listed or 
characteristic sediment waste that exceeds treatment standards in 40 CFR §268.40 would be taken to an 
off-site incinerator.  Approximately 50% of the Allendale and Lyman Mill sediment samples contain 
dioxin at concentrations in excess of the treatment standards in 40 CFR §268.40 (Section 3.2.1.2).  
Therefore, the costs are based on the assumption that 50% of the sediments would be taken to an off-site 
landfill and that 50% would be taken to an off-site incinerator for treatment. 
 
6.2.2.2 Evaluation of Excavation and Disposal and/or Treatment 
 
Results from the evaluation of Alternative 7, Excavation and Disposal and/or Treatment against the NCP 
criteria are discussed below and summarized in Table 6-4.   
 
Overall Protection of Human Health and the Environment 
 
Excavation would provide high overall protection by removing the source of contamination, which would 
lower the concentration of contaminants in the surface sediment where exposure is likely, and quickly 
reduce human health and ecological risk to acceptable levels.  The depth of excavation would be designed 
to remove all sediment in the river/ponds that contain contamination above the cleanup goals.  However, 
the sediment cleanup goal for dioxin (i.e., 2,3,7,8-TCDD) is based on background and it may be difficult 
to achieve that in all areas of the river/pond.  If, following excavation, it was determined that cleanup 
goals had not been universally achieved, then a contingency action involving placement of a thin-layer 
cover over areas where dioxin remains above background would be implemented.  Placement of the thin-
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layer cover would reduce contaminant concentrations throughout the ponds to acceptable levels so that 
the RAOs could be achieved. 
 
Excavation would be effective in the long term because nearly all of the sediment with contamination 
above the cleanup goals would be removed from the river/ponds and either contained in a secure disposal 
facility or treated by incineration.  This would reduce the human health risk to background levels and 
would eliminate the risk of sediment with contaminants above the cleanup goals migrating downstream 
due to erosion during flood flows for Options 7a, 7d, and 7e.  The contamination remains in the 
floodplain under Option 7b and therefore would be less protective overall. 
 
Compliance with ARARs   
 
ARARs specific to Alternative 7 are summarized in Table 6-5.  Assuming that excavation involves more 
than a deminimis/incidental discharge to surface water, Clean Water Act Section 404 requirements are 
triggered by excavation.  In addition, the thin cover (all options), dewatering (all options except 7b), 
nearshore CDF (Option 7b), and possibly the upland CDF (Option 7a) also trigger Section 404 
requirements.  As a result, these actions must be evaluated to determine the least damaging practicable 
alternative.  State wetlands requirements will also need to be addressed.  Under Option 7a (upland CDF), 
selection of the CDF that contains low-quality wetlands would result in the destruction of the wetlands.  
Option 7b (nearshore CDF) would impact wetlands and floodplains and include a discharge of dredged 
and/or fill material to waters of the US.  In addition, a portion of the nearshore CDF would require the 
permanent occupancy and modification of the floodplain.  According to Executive Order 11988, a 
determination would need to be made that there was no other practicable alternative before selecting this 
option as the preferred remedy.  Flood storage capacity would be reduced under Option 7b.  In addition, 
some of the sediment could require treatment if it exceeds the treatment standards set forth in the LDRs.  
A treatability variance could be obtained to reduce the amount of treatment needed under Option 7a.  As 
long as the sediment is not dewatered first, or otherwise treated ex-situ, the sediment does not need to 
meet the treatment standards in the LDRs prior to disposal in a nearshore CDF (Option 7b) that is within 
the area of contamination. 
 
Long-Term Effectiveness and Permanence 
 
Excavation would remove contaminated sediment from the river/ponds to provide a very high level of 
risk reduction and low residual risk.  In order to meet the RAOs, a thin-layer cover might be needed if 
post-excavation contaminant concentrations exceeded the cleanup goals in some areas.  Inherent hazard 
would be further reduced for Options 7d and 7e because sediment would be incinerated on site (Option 
7d) or taken off site for disposal or treatment (Option 7e).  The inherent hazard is somewhat higher for the 
upland (Option 7a) and nearshore (Option 7b) CDFs as sediment above cleanup levels remains untreated 
on site.  However, under both of the options contaminated sediment is either removed from the 
river/ponds and placed in secure upland locations (Option 7a) or consolidated along the shore in 
nearshore CDFs (Option 7b).  The upland CDF would have a liner and would be outside of the floodplain 
while the nearshore CDF would not be lined and would be located within the floodplain thereby 
increasing the inherent hazard and reliance on other controls.  Long-term monitoring, maintenance and 
ICs are necessary to protect the integrity of both CDF options.  These controls are only effective if 
adequately monitored and enforced.  Dam maintenance would also be critical for the effectiveness of 
Alternative 7 for any options where inherent hazard remains in the river/ponds or floodplain. 
 
Reduction of Toxicity, Mobility or Volume through Treatment 
 
The toxicity, mobility, or volume of contamination would be reduced through treatment under Options 7a 
(upland CDF), 7d (on-site thermal treatment), and 7e (off-site disposal and/or treatment).  The nearshore 
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CDF option (Option 7b) would reduce the mobility of the contaminated sediment particles, although not 
through treatment. 
 
Short-Term Effectiveness 
 
During the construction and implementation period for this alternative, potential short-term impacts to 
human health would be limited and of short duration, whereas short-term impacts to the environment 
would be more substantive.  Excavation would require temporary work areas in areas that border and 
occupy parts of the floodplain.  The temporary work areas would be cleared of vegetation and access 
ramps would be constructed to provide access to the river/ponds.  One access point would be required at 
each pond. 
 
During pond lowering, there would be potential for contaminated sediment to be eroded and carried 
downstream through the open gates in the dams.  This would be limited by controlling the rate of water 
release and water monitoring would be performed downriver of the dams to verify compliance with water 
quality ARARs.  Engineering controls will be a component of this alternative and dust suppression 
techniques would be employed in conjunction with work area and site perimeter air (dust) monitoring.  
With those measures in place, releases of contaminants beyond the work zone at levels of concern for the 
community would not occur.  People working and living in the neighboring area would not have access to 
the work zone during excavation and capping activities. 
 
For the on-site containment options (Options 7a and 7b), there would be additional minimal construction 
impacts at the CDF site from site clearing and earthwork construction.  The potential for exposure to 
hazardous substances by remedial workers would be addressed and controlled by the health and safety 
plans, emergency response plans, engineering controls (dust suppression), and personal protective 
equipment. 
 
For the on-site incineration option (Option 7d), there would be air emissions from the incinerator 
operation.  Incineration of sediment requires that the sediment particles be heated to high temperatures, 
which requires burning fossil fuel, such as natural gas or fuel oil and will result in emission of combustion 
byproducts.  However, this technology would be conducted consistent with approved designs that would 
require that the air emissions of contaminants or additional byproducts produced during treatment be at 
levels below regulatory standards. 
 
For Options 7a, 7d, and 7e, there would be truck traffic into and out of the processing area.  With the 
assumed removal of 400 in-situ cy/d, there would be approximately 12 to 15 truck and trailer loads of 
sediment removed per work day.  There would be material and fuel deliveries and traffic from worker 
vehicles.  Traffic routes would be designed to minimize impact(s) on the community.  Engineering 
controls would be implemented to minimize releases of contaminants during such transport (transport 
vehicles would need to be contained, and any off-site transport would be performed in a manner that does 
not remove impacted sediment from the work area except in a containerized manner).  
 
There would be significant short-term impacts to ecological receptors because excavation would result in 
the destruction of the existing benthic habitat in both ponds and the elimination of the fish communities 
and other species that use surface water as habitat.  It is expected that the site would be re-colonized by 
organisms from upriver that would migrate into both ponds (see Appendix K).  This loss would have a 
significant short-term impact on the overall ecological health of the ponds because the entire surface area 
of both ponds would be affected.  Full recovery, with respect to overall biomass and species diversity of 
the benthic macro invertebrate community, would likely require on the order of between two to five years.  
During this time, those higher trophic level species that depend on pond biological productivity (e.g., fish, 
piscivorous and insectivorous wildlife) would also be impacted.  Under this alternative, it is anticipated 
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that the existing warm-water fishery in Allendale and Lyman Mill Ponds would fully recover within 5 
years and that future use scenarios for the fishery would be similar to existing conditions. 
 
The RAOs would be achieved at the completion of remedy implementation, which is estimated to take 
approximately two years. 
 
Implementability 
 
The construction and operation of all options present some technical issues that can be addressed.  
Excavation of soft sediments after lowering overlying surface water is a proven technology and has been 
successfully implemented at other contaminated sediment sites.  Because the very soft sediment is too 
weak to support conventional earthmoving equipment, the work would be performed using low-ground 
pressure, track-mounted excavators with extra long booms.  Temporary haul roads covered with 
geotextile fabric and gravel would be constructed to provide roadways for off-road trucks. 
 
Requirements for dam maintenance and potential impacts to floodplain and wetland areas under the 
nearshore CDF (Option 7b) and possibly the upland CDF (Option 7a) options (discussed below) could 
present some administrative implementability issues that would have to be addressed.  For dam 
maintenance, agreement for access from owners of the dams would be needed.  All of the disposal and/or 
treatment options would also present some technical or administrative implementability issues that would 
have to be addressed.  For example, there is limited space on the site for sediment processing and disposal 
facilities.  As described above, mechanical dewatering would be used for Options 7a, 7d, and 7e to 
increase the solids content of the excavated sediment, which would reduce the weight and volume that 
requires treatment or disposal.  Upland land area is required for the sediment dewatering and water 
treatment facilities.  The specific location for the upland processing and support area has not been 
determined, so obtaining property access will be required.  All treatment and/or disposal options will 
require monitoring including air monitoring during construction/excavation.  If issues are detected, work 
at the site would cease and corrective measures would be taken.  For the upland CDF (Option 7a), 
monitoring would be required to ensure that the cap is properly maintained.  For the nearshore CDF 
(Option 7b), increased monitoring would be required because of the additional risk presented from the 
location of the CDF in the floodplain.  Air emissions monitoring is an integral component of the on-site 
incinerator option (Option 7d).  In addition, temperatures must be monitored so that the appropriate 
destruction efficiency is met.  Finally, no additional monitoring is required at the site for the off-site 
disposal/treatment option (Option 7e) beyond what would be required during excavation and in the long 
term to assess recovery and support five-year reviews. 
 
Implementability of Option 7a, On-site Containment in an Upland CDF depends on obtaining use of 
approximately 8 acres of property adjacent to the ponds.  In addition, some of the sediment could require 
treatment to meet LDRs.  A treatability variance could be obtained to reduce the amount of treatment 
needed.  In addition, one of the upland CDF locations contains some low-quality wetlands.   
 
Implementability of Option 7b, On-site Containment in a Nearshore CDF depends on filling 
approximately 30% of the pond area to construct the CDFs.  Although the pond area below the normal 
pond surface elevation is not floodplain, there would be a portion of the nearshore CDFs built in areas of 
existing floodplains between the existing pond shoreline and existing upland area.  Therefore, a portion of 
the CDFs would require the permanent occupancy and modification of the floodplain.  According to 
Executive Order 11988, a determination would need to be made that there was no other practicable 
alternative before selecting this option as the preferred remedy.  In addition, the nearshore CDF may have 
technical reliability issues given that construction of the CDF is partially in the river and partially in the 
floodplain.  Although the CDF will be constructed to withstand erosion, the possibility still exists for 
catastrophic failure.  Replacement of lost flood storage capacity would be required under Option 7b. 
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Implementability of Option 7d, On-site Thermal Treatment relies on the ability to obtain mobile 
incineration units capable of sustaining high temperatures needed for the destruction of dioxins and 
furans.  These units have limited availability.  Temporary access for the incineration facility will be 
needed.  Moreover, while these units can be safely operated, local residents might express concern 
regarding emissions. 
 
Implementability of Option 7e, Off-site Disposal and/or Treatment requires permitted facilities with 
sufficient capacity to handle the volume of contaminated sediment from the CMRP site.  Based upon 
contacts with permitted facilities, it appears that facilities with sufficient capacity are available to receive 
this material.  It is assumed that the sediment would have to be tested to determine if the material could be 
taken to a hazardous waste landfill without treatment.  F-listed or characteristic sediment waste with 
underlying hazardous constituents that meet the treatment standards (40 CFR §268.40) would be taken to 
a licensed hazardous waste landfill for disposal.  F-listed or characteristic sediment waste that exceeds the 
treatment standards in 40 CFR §268.40 would be taken to an off-site incinerator. 
 
Cost 
 
The detailed cost evaluations for Alternative 7, Excavation and Disposal and/or Treatment, is presented in 
Appendix J.  The capital, operation and monitoring, and present worth costs are listed below: 


 
Option 7a: On-site 
Containment in an 
Upland CDF 


Capital cost and baseline monitoring $58,000,000
Annual cost for years 1 to 30 $220,000
Present worth costs $61,000,000


Option 7b: On-site 
Containment in a 
Nearshore CDF 


Capital cost and baseline monitoring $44,000,000
Annual cost for years 1 to 30 $230,000
Present worth costs $47,000,000


Option 7d: On-site 
Thermal Treatment 


Capital cost and baseline monitoring $115,000,000
Annual cost for years 1 to 30 $200,000
Present worth costs $118,000,000


Option 7e: Off-site 
Disposal and/or 
Treatment 


Capital cost and baseline monitoring $114,000,000
Annual cost for years 1 to 30 $200,000
Present worth costs $116,000,000


 
6.2.3 Alternative 8:  Partial Excavation, Isolation Capping and Disposal and/or Treatment 
 
6.2.3.1 Description of Partial Excavation, Isolation Capping and Disposal and/or Treatment 
 
Under this alternative, contaminated sediment would be removed from targeted areas using excavation 
and an isolation cap designed to withstand erosion during flood events would be placed over the entire 
pond bottom at Allendale and Lyman Mill to provide chemical isolation and prevent exposure to 
contaminated sediment that remains in place.  Under the partial excavation alternative, it is not necessary 
to excavate to the full depth of contamination above the cleanup goals because a cap (designed to resist 
erosion during flood events) will cover any remaining contamination to isolate it from the environment.  
The general descriptions for excavation, as well as most of the site-specific details described for 
Alternative 7 (Section 6.2.2), are pertinent to this alternative.  The principles of isolation capping are 
discussed in Section 4.2.4.   
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In this alternative, excavation would be conducted in:  
 


• Areas where the current water depth is less than about 2 feet, so that the final elevation of the top 
of the cap will be below the normal pond levels, 


• Areas of high erosion potential, to reduce risk of cap erosion, or 


• Areas of highest contaminated concentrations in the sediment.  
 
Following removal, the excavated sediment would be disposed of and/or treated.  The sequence of 
excavation, capping, and mitigation activities are described below.  There are four disposal and/or 
treatment options, which are the same as described for Alternative 7 (Section 6.2.2): 
 
 Option 8a: On-site Containment in an Upland CDF 
 Option 8b: On-site Containment in a Nearshore CDF 
 Option 8d: On-site Thermal Treatment 
 Option 8e: Off-site Disposal and/or Treatment 
 
Excavation Volumes and Rates  
 
For Options 8a, 8d, and 8e, the purposes of excavation would be to lower the surface where the water 
depth is less than 2 feet and to lower the surface in areas of highest erosion.  These areas are illustrated in 
Figure 5-14 (Allendale) and Figure 5-15 (Lyman Mill) and the associated cross-sections are presented in 
Figures 5-16 and 5-17. 
 


• The total estimated removal volume, including the over-excavation allowance, is 64,400 cy 
(2,400 cy for river channel north of Allendale Pond, 23,000 cy for Allendale Pond, and 39,000 for 
Lyman Mill Pond). 


• The sediment from Allendale Pond and Lyman Mill Pond would be processed by mechanical 
dewatering to reduce the volume.  After dewatering, the volume for disposal is estimated to be 
41,200 cy (2,400 cy for river channel north of Allendale Pond, 17,000 cy for Allendale Pond, and 
21,800 cy for Lyman Mill Pond). 


 
For Option 8b, the primary purpose of excavation would be to remove sediments with the highest 
contaminated concentrations.  These areas are illustrated in Figure 5-18 and the associated cross-section is 
presented in Figure 5-19a. 
 


• The total estimated removal volume is 56,500 cy (2,400 for the river channel north of Allendale 
Pond, 23,060 cy for Allendale Pond and 31,060 cy for Lyman Mill Pond). 


• A nearshore CDF would be constructed on the west bank of Lyman Mill Pond.  The CDF would 
be about 5 acres in size and would be constructed so that the top of the final cover would be 
above the 100-year flood elevation (Figures 5-18 and 5-19b).  


 
The rate of excavation is the same as described for Alternative 7 (Section 6.2.2).  For Options 8a, 8d and 
8e, sediment excavation would take approximately 13 weeks for Allendale Pond and 20 weeks for Lyman 
Mill Pond.  For Option 8b, sediment excavation would take approximately 10 weeks for Allendale Pond 
and 12 weeks for Lyman Mill Pond.  Excavated sediment would be processed for disposal and/or 
treatment as described for Alternative 7 (Section 6.2.2). 
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Isolation Cap 
 


Following removal, a two-layer sand and gravel cap, consisting of an isolation layer overlain by an 
erosion control/ bioturbation layer, would be placed over the entire pond bottom at Allendale and Lyman 
Mill Ponds.  The estimated total thickness of the cap is determined by considering the components 
detailed below: 
 


• For sediments in both Allendale and Lyman Mill Ponds a bottom isolation layer thickness of 12 
inches is expected to be protective because the contaminants have low water solubility and are 
bound to the organic-rich sediment particles. 


• Bioturbation depths vary from site to site, but surficial mixing is typically 4 inches (10 cm) for 
freshwater sediment and total bioturbation depths are typically in the range of 8 to 12 inches (20 
to 30 cm for sand sediment in fresh water [USACE, 2001]).  For Allendale and Lyman Mill 
Ponds, a top bioturbation layer thickness of 4 to 8 inches (6 inch average thickness) is expected to 
be protective because deeper burrowing species are unlikely in the limited areas within the two 
ponds. 


• Allendale and Lyman Mill Ponds are sheltered from wind and waves; therefore, no significant 
wave or current erosion is expected under normal conditions.  Even so, the top erosion 
control/bioturbation layer would be designed to protect against potential erosion during high flow 
events and provide habitat in open water areas and substrate for wetland vegetation in the marsh 
areas. 


• For caps made with sand or gravel, the consolidation thickness is essentially zero, therefore the 
cap thickness is not expected to change and extra material would not need to be applied to 
account for consolidation. 


 
The total minimum cap thickness is 18 inches, which is the sum of the bottom isolation layer (12 inches) 
and the top erosion control/bioturbation layer (6 inches).  Because the cap in Alternative 8 will be placed 
after excavation in the “dry”, the cost estimate is based on a placement thickness of 1.5 feet.  The actual 
thickness would be determined during final design.  Moreover, the thickness of the isolation layer would 
be revised during design based on modeling of chemical flux through the cap material.  The analysis 
would be done using a procedure similar to the model described in Appendix B of guidance for 
subaqueous cap design (Palermo et al., 1998).  This model accounts for chemical movement through the 
cap due to (a) advection resulting from porewater migration caused by consolidation settlement of the 
contaminated sediment under the cap, (b) diffusion of chemicals from porewater in the contaminated 
sediment to the porewater in the cap material and (c) advection caused by porewater migration from the 
contaminated sediment through the cap material caused by groundwater flow to the surface water.  For 
hydrophobic contaminants (such as PCBs, PAHs, and dioxins) the isolation layer thickness required for 
diffusion during consolidation settlement is a small fraction of the sediment consolidation. 
 
Based on current conditions in Allendale and Lyman Mill Ponds it is anticipated that some remediated 
aquatic habitat will become revegetated by aquatic plants, particularly in areas with slower current flow 
and shallow depth.  Freshwater emergent plants (i.e., those that are rooted in sediment with stems that 
grow above the water level) could include the invasive common reed (Phragmites australis), cattail 
(Typha spp.), and potentially bulrush (Scirpus spp.).  Typical root penetration depth of these plant types is 
summarized in Table 6-6.  Although the roots may extend into the bottom isolation layer, only bulrush 
roots have the potential to extend completely through a cap with average thickness of 24 inches.  Even if 
roots did completely penetrate the cap, it is unlikely that this would pose a significant recontamination 
issue.  Extremely hydrophobic chemicals such as dioxins and PCBs will tend to remain bound to the 
sediment matrix underneath the cap rather than being translocated into the water-based vascular system of 
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emergent plants.  Additionally, unlike woody vascular plants that may be uprooted by strong winds or 
flood conditions, the stems of emergent plants will generally bend and rupture (lodge) if the current 
velocity becomes too large.  Trees will not grow in the cap area within the ponds.  Finally, there would be 
no impacts to groundwater recharge in the vicinity of the two ponds because the cap would be comprised 
of permeable materials. 
 
Cap Placement 
 
The cap would be placed following excavation in the “dry”.  For alternative evaluation and cost 
estimating, it is assumed that caps would be placed using low-ground pressure equipment.  The soft 
native sediment would consolidate under the weight of the cap material, which would result in porewater 
containing dissolved contaminants migrating upward into the porewater in the cap material.  Porewater 
from the cap would then be displaced into the surface water.  Porewater and potential contaminant 
movement would be evaluated during design as part of the contaminant transport analysis.  The cap 
would be designed so that contaminant movement would have an insignificant impact on the cap material 
and overlying surface water. 
 
The cost for cap placement depends on the daily cost of crew and equipment, and the production rate.  For 
this evaluation, a production rate of 500 tons per working day is assumed.  The total quantity of cap 
material required is approximately 188,000 tons for Options 8a, 8d and 8e and 124,000 tons for Option 
8b.  Therefore, cap installation time would be 25 weeks (Option 8b) to 38 weeks (Options 8a, 8d, and 8e) 
using two work crews (Appendix J). 
 
River Channel 
 
An isolation cap is not suitable in high-energy environments such as the river channel north of Allendale 
Pond.  Contaminated sediment within the river channel would be dredged to a removal depth of 2 ft 
(includes 1 foot over-dredge allowance), and backfilled with clean material such as coarse gravel.   
 
Cap Stability and Design 
 
A quantitative analysis of cap stability against erosion during flood flows was performed for Allendale 
and Lyman Mill Ponds (Appendix E) for Alternative 5 (Section 5.1.5), which was for the case where a 
two-foot thick cap was placed over the existing sediment.  The analysis also evaluated the stability of the 
existing sediment surface.  The top of the cap for Alternative 8 would be lower than the cap evaluated for 
Alternative 5, but higher than the existing sediment surface.  Therefore, the erosion potential for the cap 
in this alternative can be assessed by interpolating between results for the existing surface and two-foot 
thick cap. 
 
The cap stability was evaluated by performing a hydrodynamic analysis using a 100-yr flood flow rate of 
2,300 cfs.  The preliminary cap design discussed below was not specifically designed to withstand ice 
scour.  Although the slower moving currents in the ponds will tend to reduce the risk to the cap integrity 
associated with ice scour, this is a concern at the upstream inlets and near the dams where current 
velocities are higher.  The cap placed at these areas would need to be reinforced with cobble and coarse 
gravel to protect against erosion.  The final cap design developed during the remedial design phase could 
consider ice scour should this alternative be selected. 
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The top layer of the cap would be designed to withstand potential erosion during a 100-year flood.61  In 
order to properly evaluate this alternative and estimate construction costs, the average grain size of cap 
particles required to withstand erosion was calculated (Appendix E).  The cap grain size that would be 
needed is summarized below for a two-foot thick cap: 
 


• For the majority of Allendale Pond, the average grain size would be less than 10 millimeters 
(mm), or (0.39 inches).  Cap material with an average grain size of about 10 mm would be 
classified as sandy gravel and would typically contain a range of particle sizes from gravel-sized 
particles less than 38 mm (1.5 inches) to fine sand with grain sizes of greater than 0.1 mm (0.004 
inches). 


• In the northern portion of the pond, where it connects to the main river channel, the average grain 
size would have to be greater than 80 mm (3 inches).  In these areas, the cap material would be 
classified as cobble or coarse gravel and would typically contain particle sizes from cobbles less 
than 300 mm (12 inches) to coarse sand with grain sizes greater than 10 mm (0.4 inches). 


 
• For the southern area of Lyman Mill Pond where the water is deeper, and the eastern pond area, 


the average grain size would be 10 mm (0.39 inches), or less, as indicated by the two blue 
shading zones. 


• In the narrow center area of Lyman Mill Pond, where there is less water depth, the average grain 
size would be about 20 to 40 mm (0.8 to 1.6 inches), as indicated by the yellow and light-green 
zones on the figures.  This material would be classified as gravel and would typically contain 
particle sizes from gravel less than 80 mm (3 inches) to coarse sand with grain sizes greater than 
10 mm (0.4 inches). 


• In the northern portion of the Lyman Mill Pond, where it connects to the main river channel, the 
average grain size would have to be greater than 80 mm (3 inches). 


 
An assessment of the impact of more rare floods to a cap was performed by evaluating the erosion 
resulting from a 500-year flood.  In Allendale Pond, the average grain size required for the majority of the 
cap would be the same for the 500-year flood as the 100-year flood.  There is some difference in the 
northern end of the pond where the flow velocities would be higher.  In Lyman Mill Pond, the cap grain 
size would be the same in the deeper water in the southern and eastern portions of the pond.  In the 
narrow center area, a cap with an average grain size on the upper end of the range for a 100-year flood  
(40 mm) would also be stable with the flow from a 500-year flood.  As with Allendale Pond, there is 
some difference in the northern end of the pond where the flow velocities would be higher. 
 
In summary, the quantitative hydrodynamic analysis shows that the cap could be stable in both Allendale 
and Lyman Mill Ponds in a 100-year flood.  Additionally, a cap designed for a 100-year flood would 
likely be stable in the unlikely event of even higher flows, except for small areas in the north end of both 
ponds where they connect to the main river channel.  Because this analysis is based upon modeling, some 
uncertainty remains regarding the actual stability of the cap that covers this highly contaminated 
sediment.  
 


                                                      
61 A 100-yr flood is a probabilistic assessment that means a given event has a one in one hundred chance (1 percent) 
of occurrence in any given year, or a “return period” of once every 100 years.  These assessments are based on 
statistical frequency of collected data (see Section 2.3.9).  It should be understood that the 100 year return period 
storm has a 9.6% chance of occurrence in 10 years, 22% chance in 25 years, 39% chance in 50 years, and 63% 
chance in 100 years. (chance of occurrence = 1-[1-(1/return period)]number years). 
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Construction Monitoring 
 
Water quality downstream of the dams would be monitored during excavation and placement of the cap.  
The cap material would not have chemical contamination, and hence there would be no potential for 
impacts to water quality chemistry from the cap material.  A physical survey would be conducted at the 
completion of construction activities to confirm that the isolation cap has been placed over the entire pond 
bottom and meets the design thickness. 
 
Mitigation 
 
Water depth in the ponds would be reduced and there would be short-term loss of habitat due to placing 
cap material over the existing sediment.  Remedy implementation would involve the destruction of 
existing aquatic habitat structure (both benthic and pelagic) and the temporary extirpation of the vast 
majority of the fish62 and invertebrate communities.  Secondary impacts to aquatic-dependent wildlife 
and anglers that fish in these ponds and collateral impacts to floodplain soils, would be similar to th
described in Alternative 7 (Section 6.2.2). 


ose 


                                                     


 
Figure 6-2 presents an overview of the different habitat features associated with this alternative and 
possible mitigation components for each.  The cap could be designed to include a benthic habitat layer 
consisting of optimal grain size and organic carbon content for growth of benthic and epibenthic 
macroinvertebrates and submerged woody material could be included to provide some interim structural 
diversity.   
 
Populations of important species such as bass and sunfish could be re-stocked to expedite recovery of the 
community.  Following implementation of the sediment remedy, the floodplain soil could be revegetated 
with appropriate floodplain/riparian shrubs and tree species. 
 
Option 8b (nearshore CDF) would involve the permanent loss of approximately 5 acres of aquatic habitat 
in the lower portion of Lyman Mill Pond (Appendix K, Table K-1).  Out-of-kind mitigation for the lost 
aquatic habitat could be provided as described in Alternative 7; 5 acres of emergent marsh, scrub/shrub or 
palustrine forest habitat could be restored as specified in the mitigation planning document.63   
Appendix K provides an overview of possible mitigation requirements and planning for the sediment 
action area. 
 
Long-Term Monitoring, Dam Maintenance, and Institutional Controls 
 
Monitoring, dam maintenance and ICs would be consistent with those outlined for Alternative 7 (Section 
6.2.2), except that additional ICs, monitoring and maintenance would be required for the isolation cap.  
These ICs such as deed and use restrictions would be required to prevent contact with contaminated 
sediment beneath the isolation cap.  The ICs could include, but may not be limited to: restrictions on 
future excavation or dredging on site, limitations on the size of boats allowed on the ponds and restricted 
access for utilities and utility crossings.  According to EPA (2005), monitoring an in-situ cap includes 
assessing both cap performance (e.g., retention qualities and erosion) and recovery of the biological 
communities (especially macro invertebrates) that support the river ecosystem.  The monitoring program 
would be designed to ensure that the cap material had not been eroded and to measure the chemical 


 
62 Resident fish would be collected and euthanized to ensure that the contaminated fish consumption pathway was 
reduced as part of the remedy implementation. 
63 Low-value wetland habitat is present within the boundary of this area which has been proposed as a potential 
upland CDF location (Appendix K, Figure K-1).  Consequently, if this area were selected under Option 8a, some 
compensatory mitigation would be required for this alternative as well. 
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concentrations in surface and subsurface sediments.  Maintenance of the dams would be required to 
ensure that the dams remain structurally sound and stable because if the dams failed, the resulting 
increase in water flow velocity would have the potential to erode the cap material and underlying 
contaminated sediment. 
 
6.2.3.2 Evaluation of Partial Excavation, Isolation Capping and Disposal and/or Treatment 
 
Results from the evaluation of Alternative 8, Partial Excavation, Isolation Capping and Disposal and/or 
Treatment against the NCP criteria are discussed below and summarized in Table 6-7. 
 
Overall Protection of Human Health and the Environment 
 
Partial excavation followed by capping would provide some overall protection by removing and 
containing the source of contamination, which would lower the concentration of contaminants in the 
surface sediment where exposure is most likely.  Targeted excavation would address sediment in the areas 
most susceptible to erosion which would reduce the risk of potential cap erosion during periods of flood 
flows.  Placement of clean cap material over the entire pond bottom would reduce the surface 
concentrations so that exposure to contaminated sediment would be reduced.  The results of the RI and 
hydrodynamic modeling performed for this FS show that the risk of erosion is low in the majority of the 
pond areas.  The cap thickness and material types would be designed to restrict potential contaminant 
migration from contaminated sediment through the cap by either diffusion or advection.  The cap would 
be designed using methods developed by EPA and USACE, which would provide long-term isolation of 
contaminants in the underlying sediments.  The combination of excavation and capping would reduce the 
risk of direct exposure to background levels and would reduce the risk of downstream migration of 
sediment with contaminants above the cleanup goals. 
 
Compliance with ARARs 
 
ARARs specific to Alternative 8 are summarized in Table 6-8.  Assuming that excavation involves more 
than a deminimis/incidental discharge to surface water, Section 404 requirements are triggered by 
excavation.  In addition, the isolation cap (all options), the nearshore CDF (Option 8b) and possibly the 
upland CDF (Option 8a) also trigger Section 404 requirements.  As a result, these actions must be 
evaluated to determine the least damaging practicable alternative.  State wetlands requirements will also 
need to be addressed.  In addition, isolation capping and the nearshore CDF (Option 8b) would require the 
permanent occupancy and modification of the floodplain.  According to Executive Order 11988, a 
determination would need to be made that there was no other practicable alternative before selecting this 
option as the preferred remedy.  In addition, some of the sediment could require treatment if it exceeds the 
treatment standards set forth in the LDRs.  A treatability variance could be obtained to reduce the amount 
of treatment needed under Option 8a.  As long as the sediment is not dewatered first, or otherwise treated 
ex-situ, the sediment does not need to meet the treatment standards in the LDRs prior to disposal in a 
nearshore CDF (Option 8b) that is within the area of contamination 
  
Long-Term Effectiveness and Permanence 
 
Partial excavation would provide some risk reduction because sediment in the areas most susceptible to 
erosion or sediment with highest contamination would be removed and either contained in an engineered 
facility or treated by incineration.  Residual risk after the contaminated sediment is excavated and a cap is 
installed will be reduced, provided the cap is designed, constructed and maintained to provide long-term 
isolation of contaminants.  Where contamination remains under the cap in the river/ponds inherent hazard 
of waste remains and there is potential for future migration of contaminated sediment particles downriver 
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as a result of flood flows.  However, the cap is in a relatively stable depositional area and would provide 
fairly reliable chemical isolation with the top layer of the cap designed to withstand erosion.   
 
The inherent hazard of the disposal and/or treatment options is the same as Alternative 7 (Section 6.2.2.2).  
All options rely heavily upon ICs to prevent disturbance to the river bed to remain effective in the long 
term.  These controls are only effective if adequately monitored and enforced.  Long-term monitoring, 
maintenance, including maintenance of the dams, and ICs would be critical to control physical 
disturbances and protect the integrity of the cap or any type of on-site disposal facility (Options 8a and 
8b) for the long-term effectiveness of this alternative. 
 
Reduction of Toxicity, Mobility or Volume through Treatment 
 
The toxicity, mobility, or volume of contamination would be reduced through treatment under Options 8a 
(upland CDF), 8d (on-site thermal treatment), and 8e (off-site disposal and/or treatment).  The nearshore 
CDF option (Options 8b) and isolation cap (all options) would reduce the mobility of the contaminated 
sediment particles, although not through treatment. 
 
Short-Term Effectiveness 
 
Potential impacts to the community and environment posed during the construction and implementation 
period would be consistent with Alternative 7 (see Section 6.2.2.2).  The RAOs would be achieved at the 
completion of remedy implementation, which is estimated to take approximately two years. 
 
Implementability 
 
All of the implementation issues identified for Alternative 7 (as related to excavation and Options 7a, d, 
and e) are the same for this alternative, except under Option 8a (upland CDF) a smaller parcel of land  
(6 acres) would be required because a smaller volume of sediment would be removed under the partial 
excavation alternative compared to full excavation (Alternative 7).  In addition, requirements for 
replacement flood storage capacity would be smaller under Option 8b (i.e., approximately 28,000 cy lost 
under Option 8b compared to 62,000 cy lost under Option 7b). 
 
Cost 
 
The detailed cost evaluation for Alternative 8, Partial Excavation, Isolation Capping, and Disposal and/or 
Treatment, is presented in Appendix J.  The capital, operation and monitoring, and present worth costs are 
listed below: 


 
Option 8a: On-site 
Containment in an 
Upland CDF 


Capital cost and baseline monitoring $41,000,000
Annual cost for years 1 to 30 $370,000
Present worth costs $45,000,000


Option 8b: On-site 
Containment in a 
Nearshore CDF 


Capital cost and baseline monitoring $32,000,000
Annual cost for years 1 to 30 $370,000
Present worth costs $36,000,000


Option 8d: On-site 
Thermal Treatment 


Capital cost and baseline monitoring $63,000,000
Annual cost for years 1 to 30 $340,000
Present worth costs $67,000,000


Option 8e: Off-site 
Disposal and/or 
Treatment 


Capital cost and baseline monitoring $62,000,000
Annual cost for years 1 to 30 $340,000
Present worth costs $66,000,000







Action Area and Media: Allendale and Lyman Mill Reach Sediment 
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6.2.4 Alternative 10:  Dam Replacement, Excavation and Disposal and/or Treatment 
 
6.2.4.1 Description of Dam Replacement, Excavation and Disposal and/or Treatment 
 
This alternative is the same as Alternative 7, Excavation and Disposal and/or Treatment (Section 6.2.2), 
except that the Allendale and Lyman Mill Dams would be replaced with new weir structures and the size 
of the water body would be reduced depending on the disposal option used.  The new weir structures 
would be lower than the existing dams and would be sloped on both the upstream and downstream sides 
to provide free flow of river water without any vertical drops.  The general descriptions are consistent 
with Alternative 7 (Section 6.2.2), as are most of the site-specific details except that hydrodynamic 
modeling was performed to evaluate the effects of replacing the dams with weir structures on water flow 
and flooding potential. 
 
The key difference between Alternatives 7 and 10 is that under Alternative 10 the Allendale and Lyman 
Mill Dams would be replaced with weir structures, which would be designed to: 
 


• maximize the size of the open water area to allow fish (including catadromous and anadromous 
species) to migrate upriver, 


• allow water to flow freely between the ponds at all times, and 


• change the vertical profile of the river channel to provide ponded water surfaces at the locations 
of the existing ponds. 


 
Following removal, confirmation sampling would be conducted to verify that the cleanup goals were 
achieved (see Appendix J for assumptions regarding types and quantities of confirmation samples), and 
the excavated sediment would be disposed of and/or treated.  Excavation operations, sediment 
processing, construction monitoring, and long-term monitoring and ICs would generally be the same as 
previously described for Alternative 7 (Section 6.2.2), except that dams would be replaced with weir 
structures that would be maintained in the long term.  There are four disposal options for Alternative 10, 
which are the same as described for Alternative 7 (Section 6.2.2) as follows: 
 


 Option 10a: On-site Containment in an Upland CDF 
 Option 10b: On-site Containment in a Nearshore CDF 
 Option 10d: On-site Thermal Treatment 
 Option 10e: Off-site Disposal and/or Treatment 
 
The construction sequence, excavation volumes and rates, and mitigation activities for Alternative 10 are 
described below. 
 
Construction Sequence 
 
A typical construction sequence for disposal Options 10a, 10d and 10e is described below: 
 


1. Clear temporary work areas and build access ramps to the ponds. 


2. For the on-site disposal options, construct CDF disposal facility and water treatment system prior 
to sediment removal. 


3. Construct sediment dewatering area, install dewatering equipment and water treatment equipment 
and truck loading and decontamination facilities prior to excavation. 
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4. Drain the ponds one at a time beginning with Allendale Pond and excavate sediment from the 
river/ponds in an upstream to downstream direction. 


5. Remove sediment upstream of dams, existing timbers, and dam concrete. 


6. Dewater excavated sediment using mechanical means and place dewatered material in the on-site 
CDF or transport off site for disposal.  Take debris to off-site disposal facilities. 


7. For the on-site disposal options, operate the CDF water treatment system during excavation. 


8. For the on-site disposal options, place a cap over the CDF. 


9. Evaluate sediment confirmation samples and determine need for a thin-layer of soil cover. 


10. Install new weir structures to replace dams. 


11. Remove the temporary vessel launch ramps and restore the vegetation in the temporary work 
areas. 


 
A typical construction sequence for disposal Option 10b (on-site containment in a nearshore CDF) is 
similar, except for the sequence of construction the CDFs, as described below: 
 


1. Clear temporary work areas and build access ramps to the ponds. 


2. Drain the ponds one at a time beginning with Allendale Pond and construct perimeter 
containment walls for the CDF. 


3. Install water treatment equipment and truck loading and decontamination facilities prior to 
excavation. 


4. Excavate sediment from the river/ponds in an upstream to downstream direction and consolidate 
sediment into CDFs. 


5. Remove sediment upstream of dams, existing timbers, and dam concrete. 


6. Place sediment into CDF and take debris to off-site disposal facilities. 


7. Place a cap over the CDF.  The cap would be designed to resist erosion during flood events. 


8. Evaluate sediment confirmation samples and determine need for a thin-layer of soil cover. 


9. Install new weir structures to replace dams. 


10. Remove the temporary vessel launch ramps and restore the vegetation in the temporary work 
areas. 


 
A quantitative hydrodynamic analysis was performed for Alternative 10 Option 10b (nearshore CDF) to 
evaluate the effects of dam replacement and constructing the nearshore CDF on water flow and flooding 
potential.  The results of this analysis included an estimate of the extent of channel and floodplain 
inundation, water depth and surface water elevation, current velocity, bed shear stress, and stable bed 
particle size (QEA, 2007).  Based on an evaluation of the model output, this option would result in 
predicted flood inundation that has no appreciable effect beyond that for existing conditions for the areas 
adjacent to Allendale and Lyman Mill Ponds, even for 100-year flood events.  This option would result in 
negligible effect on flood stage height and floodplain inundation during high-flow events in the region 
downstream of Lyman Mill Dam.64  Alternative 10b would result in the loss of approximately 76,000 cy 
of flood storage capacity within the CDF footprint, which would be replaced by the increase in storage 
capacity behind the new weir structures.  The new water surface will be about 5.5 feet lower in Allendale 


                                                      
64 Alternative 2 in the QEA analysis (2007) is the same Alternative 10, Option 10b in this FS.  
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and 3.0 feet lower in Lyman Mill (Figure 5-21a and 5-21b).  The flood storage gained between the 
existing and proposed water surfaces is about 166,000 cy, which is greater than the loss due to the CDFs. 
 
Excavation Volumes and Rates 
 
The excavation surfaces, method (long-reach excavator) and rate (400 cy/d for Options 10a, d, and e and 
500 cy/d for Option 10b) of sediment excavation would be the same as Alternative 7 (Section 6.2.2). 
 


• For Options 10a, 10d and 10e, the total volume of sediment requiring excavation would be 
approximately 155,800 cy (2,400 cy in the river channel north of Allendale Pond, 52,900 cy in 
Allendale Pond and 100,500 cy in Lyman Mill Pond). 


• For Option 10b, the contaminated sediment within the perimeter of the nearshore CDFs would 
not have to be excavated (Figure 5-20).  The total volume of sediment requiring excavation would 
be approximately 111,800 cy (2,400 cy in the river channel north of Allendale Pond, 35,400 cy in 
Allendale Pond and 74,000 cy in Lyman Mill Pond; 44,000 cy within the CDF footprint would 
remain in place).65 


 
For Options 10a, 10d, and 10e, sediment excavation would take approximately 28 weeks for Allendale 
Pond and 50 weeks for Lyman Mill Pond.  For Option 10b, sediment excavation would take about 15 
weeks for Allendale Pond and 30 weeks for Lyman Mill Ponds. 
 
Mitigation 
 
This alternative would result in the conversion of approximately 5 acres of aquatic habitat to 
wetland/floodplain (i.e., approximately 1 acre in Allendale Pond and 4 acres in Lyman Mill Pond; 
Appendix K, Table K-1) due to removal of dams and reconfiguration of the ponds.  In addition, Option 
10b (nearshore CDF) would result in the permanent conversion of an additional 13 acres to upland.  
Remedy implementation would involve the destruction of existing aquatic habitat structure (both benthic 
and pelagic) and the temporary extirpation of the vast majority of the fish66 and invertebrate communities.  
Secondary impacts to aquatic-dependent wildlife and anglers that fish in these ponds and collateral 
impacts to floodplain soils would be similar to those described in Alternative 7 (Section 6.2.2). 
 
Figure 6-3 presents an overview of the different habitat features associated with this alternative and 
possible mitigation components for each.  The thin layer cover could be designed as a benthic habitat 
layer consisting of optimal grain size and organic carbon content for growth of benthic and epibenthic 
macroinvertebrates and submerged woody material could be included to provide some interim structural 
diversity.  Populations of important species such as bass and sunfish could be re-stocked to expedite 
recovery of the community.  Potential mitigation for fish community impacts could also be provided by 
the increased fish passage possible with the removal of the dams under this alternative, which could result 
in the recolonization of portions of the watershed by anadromous fish species (e.g., alewifes, herring).  
Under this alternative, it is anticipated that the existing aquatic habitat in Allendale and Lyman Mill 
Ponds would gradually transition toward a cooler water fishery.  Although future use scenarios for the 
fishery would be similar to existing conditions, the presence of more attractive game species could attract 
broader angler use of the river.  According to the AMEC (2009) study conducted to evaluate ecological 
                                                      
65 Under the nearshore CDF option, only sediment outside the CDF footprint is excavated.  The CDF footprint is 
slightly larger under Alternative 10b (Figure 5-20) compared to Alternative 7b (Figure 5-12) because excavation 
around the dams is required.  As a result, the volume of sediment excavated outside the CDF footprint is slightly less 
under Alternative 10b (i.e., 111,800 cy) compared to Alternative 7b (123,500 cy). 
66 Resident fish would be collected and euthanized to ensure that the contaminated fish consumption pathway was 
reduced as part of the remedy implementation. 
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impacts associated with the dam removal alternatives, “Although the weirs would restrict flow, they 
would still allow a certain degree of water flow between ponds thereby allowing some fish species to 
migrate above, below, and between the ponds.”  Additional analysis regarding impacts to fish passage 
(e.g., assessment by fish passage experts to determine if weir design is functional for fish passage) could 
be performed during the design phase.    
 
There would be an overall conversion of aquatic to upland (floodplain) habitat and a shift from aquatic-
dependent to terrestrial wildlife species under this alternative.  Following implementation of the sediment 
remedy, 5 acres of floodplain could be revegetated with appropriate floodplain/riparian shrubs and tree 
species as mitigation for the lost (converted) aquatic habitat.  This in-place mitigation would enhance the 
visual appeal and functioning of the existing riparian habitat.  Out-of-kind mitigation for the additional 
aquatic habitat lost under Option 10b (nearshore CDF) could be provided as described in Alternative 7 
(Section 6.2.2); 13 acres of emergent marsh, scrub/shrub or palustrine forest habitat could be restored as 
specified in the mitigation planning document.  Appendix K provides an overview of possible mitigation 
requirements and planning for the sediment action area. 
 
6.2.4.2 Evaluation of Dam Replacement, Excavation and Disposal and/or Treatment 
 
Results from the evaluation of Alternative 10, Dam Replacement, Excavation and Disposal and/or 
Treatment against the NCP criteria are discussed below and summarized in Table 6-9. 
 
Overall Protection of Human Health and the Environment 
 
Excavation would provide high overall protection by removing the source of contamination, which would 
lower the concentration of contaminants in the surface sediment where exposure is likely, and quickly 
reduce human health and ecological risk to acceptable levels.  The depth of excavation would be designed 
to remove all sediment in the river/ponds that contain contamination above the cleanup goals.  However, 
the sediment cleanup goal for dioxin (i.e., 2,3,7,8-TCDD) is based on background and it may be difficult 
to achieve that in all areas of the pond.  If, following excavation, it was determined that cleanup goals had 
not been universally achieved, then a contingency action involving placement of a thin-layer cover over 
areas where dioxin remains above background would be implemented.  Placement of the thin-layer cover 
would reduce exposure to contaminant concentrations throughout the ponds so that the RAOs could be 
achieved. 
 
Excavation would be effective in the long term because all or nearly all of the sediment with 
contamination above the cleanup goals would be removed from the river/ponds and either contained in a 
secure disposal facility or treated by incineration.  This would reduce the human health risk to 
background levels and would eliminate the risk of sediment with contamination above cleanup goals 
migrating downstream due to erosion during flood flows for Options 10 a, 10d, and 10e.  The 
contamination remains in the floodplain under Option 10b and therefore would be less protective overall. 
 
Compliance with ARARs 
  
ARARs specific to Alternative 10 are summarized in Table 6-10.  Assuming that excavation involves 
more than a deminimis/incidental discharge to surface water, Section 404 requirements are triggered by 
excavation.  In addition, the nearshore CDF (Option 10b) and possibly upland CDF (Option 10a), dam 
replacement and thin cover (all options) also trigger wetlands/Section 404 requirements.  As a result, 
these actions must be evaluated to determine the least damaging practicable alternative.  State wetlands 
requirements will also need to be addressed.  Under Option 10b (on-site confinement in a nearshore CDF) 
a portion of the nearshore CDF would require the permanent occupancy and modification of the 
floodplain.  According to Executive Order 11988, a determination would need to be made that there was 
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no other practicable alternative before selecting this option as the preferred remedy.  In addition, some of 
the sediment could require treatment if it exceeds the treatment standards set forth in the LDRs.  A 
treatability variance could be obtained to reduce the amount of treatment needed under Option 10a.  As 
long as the sediment is not dewatered first, or otherwise treated ex-situ, the sediment does not need to 
meet the treatment standards in the LDRs prior to disposal in a nearshore CDF (Option 10b) that is within 
the area of contamination. 
   
Long-Term Effectiveness and Permanence 
 
The long-term effectiveness and permanence would be the same as Alternative 7 (Section 6.2.2.2).  
Inspections and long-term maintenance of the weir structure would be required for Alternative 10.   
 
Reduction of Toxicity, Mobility or Volume through Treatment 
 
The toxicity, mobility, or volume of contamination would be reduced through treatment under Options 
10a (upland CDF), 10d (on-site thermal treatment), and 10e (off-site disposal and/or treatment).  The 
nearshore CDF option (Option 10b) would reduce the mobility of the contaminated sediment particles, 
although not through treatment. 
 
Short-Term Effectiveness 
 
The short-term impacts would be the same as Alternative 7 (Section 6.2.2.2), except that dam replacement 
would substantially alter the ecological habitat associated with Allendale and Lyman Mill Ponds such that 
species assemblages more characteristic of running water rather than lacustrine (i.e., lake) conditions 
would be favored post-construction.67  Under this alternative, the river edge would come to be located up 
to 150 to 200 feet farther west of its present boundary and many residents located along the eastern edge 
of Allendale and Lyman Mill Ponds would lose waterfront.   
 
The RAOs would be achieved at the completion of remedy implementation, which is estimated to take 
approximately two years. 
 
Implementability 
 
The implementability issues are the same as for Alternative 7 (Section 6.2.2.2), except that the flood 
storage lost under Option 10b would be replaced by the increase in storage capacity behind the new weir 
structures.  In addition, replacement of the Allendale and Lyman Mill Dams with weir structures involves 
standard construction equipment and civil engineering considerations.  Potential public opposition to dam 
replacement would have to be addressed.   
 
Cost 
  
The capital, operation and monitoring, and present worth costs for Options 10a, 10d, and 10e would be 
the same as costs presented for Alternative 7, except that the capital and present worth costs would 
increase by approximately $1 million to account for costs associated with dam replacement and 
mitigation.  The detailed cost evaluation for Option 10b, On-site Containment in a Nearshore CDF, is 
presented in Appendix J.  The capital, operation and monitoring, and present worth costs for all options 
are listed below: 


                                                      
67 The proposed design does include provision for several pool features. 
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Option 10a: On-site 
Containment in an 
Upland CDF 


Capital cost and baseline monitoring $59,000,000
Annual cost for years 1 to 30 $220,000
Present worth costs $62,000,000


Option 10b: On-site 
Containment in a 
Nearshore CDF 


Capital cost and baseline monitoring $47,000,000
Annual cost for years 1 to 30 $240,000
Present worth costs $50,000,000


Option 10d: On-site 
Thermal Treatment 


Capital cost and baseline monitoring $116,000,000
Annual cost for years 1 to 30 $200,000
Present worth costs $119,000,000


Option 10e: Off-site 
Disposal and/or 
Treatment 


Capital cost and baseline monitoring $115,000,000
Annual cost for years 1 to 30 $200,000
Present worth costs $117,000,000


 
6.2.5 Alternative 11:  Dam Replacement, Partial Excavation, Isolation Capping and Disposal 


and/or Treatment 
 
6.2.5.1 Description of Dam Replacement, Partial Excavation, Isolation Capping and Disposal and/or 


Treatment 
 
This alternative is a combination of the Alternative 8 Partial Excavation, Isolation Capping and Disposal 
and/or Treatment (Section 6.2.3) and Alternative 10 Dam Replacement, Excavation and Disposal or 
Treatment (Section 6.2.4).  The general descriptions in the previous sections, as well as most of the site-
specific details, are still pertinent to this alternative except that (a) the quantitative analysis of the capping 
alternative included an evaluation of the effects of removing the dams on water flow and flooding 
potential and (b) the cap would be placed using land-based equipment, rather than floating equipment.  
The key differences between the excavation alternative and partial excavation alternative are that the 
design objectives for partial excavation are different.  In Alternative 11, the primary objectives of 
excavation are to: 
 


• Excavate contaminated sediment from areas within the existing footprint of the river/ponds that 
will be under water during average flow conditions such that a specific river channel/pond 
configuration is achieved while minimizing the amount of sediment to be excavated for disposal 
and/or treatment. 


• Maximize the open water area of the river channel/pond configuration that would result from the 
replacement of the dams with weirs by relocating clean sediment to shape the areas of the ponds.  
Following the removal of the contaminated sediment, underlying clean sediment would be 
relocated and placed over contaminated sediment that remains in place. 


• Cover areas of contaminated sediment that remains in place with cap materials that are equivalent 
to those to be provided for the on-site CDF option. 


• Construct the isolation caps to be resistant to high energy flows and potential erosion. 
 


Because a cap would cover any contaminated sediment remaining in place, it would not be necessary to 
excavate sediment from the entire footprint of the ponds. 
 







Action Area and Media: Allendale and Lyman Mill Reach Sediment 
Alternative: 11 – Dam Replacement, Partial Excavation, Isolation Capping and Disposal and/or Treatment 


Focused excavation to achieve a final water body comprised of the river channel and ponds (Figure 5-24) 
would result in an estimated sediment excavation volume for both ponds of approximately 59,900 cy.  
Once the contaminated sediment is removed, the underlying clean sediment would be relocated to shape 
the surface water body to maximize the size of the ponds (cross sections shown in Figures 5-25a and 5-
25b).  The clean sediment would be relocated over areas where contaminated sediment remains in place, 
and an appropriate cover system (RCRA cap comparable to that used for the upland CDF [Figure 5-7]) 
would be placed to complete the cap over sediment that remains in place.  The cover system would be 
designed to resist erosion during flood events. 
 
It is likely that soft sediment would consolidate under the weight of the cap material, causing pore water 
containing water soluble contaminants to migrate upward into the pore water in the cap material.  Pore 
water from the cap would then be displaced into the surface water.  Pore water and potential contaminant 
movement would be evaluated during design as part of the contaminant transport analysis.  The cap 
would be designed so that contaminant movement would have an insignificant impact on the cap 
material.  Construction monitoring would be performed to confirm that surface water quality is protected 
during construction and would include monitoring water quality downstream of the dams during 
placement of the cap.  In addition, a physical survey would be conducted at the completion of 
construction activities to confirm that the isolation caps meet the design thickness and have been placed 
over all of the contaminated sediments remaining in place. 
 
Following removal, confirmation sampling would be conducted to verify that the cleanup goals were 
achieved (see Appendix J for assumptions regarding types and quantities of confirmation samples), and 
the excavated sediment would be disposed of and/or treated.  Excavation operations would generally be 
the same as previously described for Alternative 7 (Section 6.2.2), except that there would be additional 
construction measures to replace the dams with new weir structures.  The cap materials would be placed 
using land-based equipment and methods because the ponds will be drained when the cap is placed.  
Sand would be delivered to the site by truck and placed in temporary stockpiles.  Cap material would be 
loaded into off-road trucks and delivered to the cap area, where it would be spread using a grader and 
small dozer. 
 
Requirements for sediment processing, construction monitoring, and long-term monitoring and ICs 
would generally be the same as described for Alternative 8 (Section 6.2.3).  There are five disposal 
options for Alternative 11, four of which are the same as described for Alternative 7 (Section 6.2.2) as 
well as a fifth option (Option 11f) unique to this alternative, as follows: 
 


 Option 11a: On-site Containment in an Upland CDF 
 Option 11b: On-site Containment in a Nearshore CDF 
 Option 11d: On-site Thermal Treatment 
 Option 11e: Off-site Disposal and/or Treatment 
 Option 11f: On-site Consolidation 
 
The construction sequence, excavation volumes and rates, cap stability and design, and mitigation 
activities for Alternative 11 are described below. 
 
Construction Sequence 
 
A typical construction sequence for sediment excavation and isolation capping with disposal Options 11a, 
11d and 11e and dam replacement is described below: 
 


1. Clear temporary work areas and build access ramps to the ponds. 
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2. For the on-site disposal option, construct CDF disposal facility and water treatment system prior 
to sediment removal. 


3. Construct sediment dewatering area, install dewatering equipment and water treatment equipment 
and truck loading and decontamination facilities prior to excavation. 


4. Drain the ponds one at a time beginning with Allendale Pond and excavate sediment from the 
ponds in an upstream to downstream direction. 


5. Import cap materials and cover contaminated sediments. 


6. Dewater excavated sediment using mechanical means and place dewatered material in the CDF or 
transport off site for disposal.  Take debris to off-site disposal facilities. 


7. For the on-site disposal option, operate the CDF water treatment system during excavation. 


8. For the on-site disposal option, place a cap over the CDF. 


9. Evaluate sediment confirmation samples and determine need for a thin-layer soil cover over the 
excavated areas. 


10. Remove sediment upstream of dams, existing timbers, and dam concrete. 


11. Place a cap over sediment from dam removal work. 


12. Install new weir structures to replace dams. 


13. Remove the temporary vessel launch ramps and restore the vegetation in the temporary work 
areas. 


 
The anticipated sequence of construction activities for sediment excavation and isolation capping with 
disposal Option 11b (on-site nearshore CDF) and dam replacement is described below: 
 


1. Clear temporary work areas and build access ramps to the ponds. 


2. Drain the ponds one at a time beginning with Allendale Pond and construct perimeter 
containment walls for the CDF. 


3. Install water treatment equipment and truck loading and decontamination facilities prior to 
excavation. 


4. Excavate sediment from the ponds in an upstream to downstream direction and place into CDFs. 


5. Consolidate sediment into CDF and take debris to off-site disposal facilities. 


6. Import cap material and cover contaminated sediment. 


7. Evaluate sediment confirmation samples and determine need for a thin-layer soil cover over the 
excavated areas. 


8. Remove sediment upstream of dams, existing timbers, and dam concrete. 


9. Place a cap over the CDF.  The cap would be designed to resist erosion during flood events. 


10. Install new weir structures to replace dams. 


11. Remove the temporary vessel launch ramps and restore the vegetation in the temporary work 
areas. 
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The anticipated sequence of construction activities for sediment excavation and isolation capping with 
disposal Option 11f (on-site consolidation) and dam replacement is described below: 
 


1. Clear temporary work areas and build access ramps to the ponds. 


2. Drain the ponds one at a time beginning with Allendale Pond. 


3. Excavate sediment from the ponds in an upstream to downstream direction and place into the 
consolidation areas. 


4. Import cap materials and cover contaminated sediments. 


5. Remove sediment upstream of dams, existing timbers, and dam concrete. 


6. Place sediment into consolidation areas and take debris to off-site disposal facilities. 


7. Place a cap over sediment from dam removal work.  The cap would be designed to resist erosion 
during flood events. 


8. Install new weir structures to replace dams. 


9. Remove the temporary vessel launch ramps and restore the vegetation in the temporary work 
areas. 


 
A quantitative hydrodynamic analysis was performed for Alternative 11 Option 11f (nearshore CDF) to 
evaluate the effects of dam replacement and constructing the on-site consolidation area on water flow and 
flooding potential.  The results of this analysis included an estimate of the extent of channel and 
floodplain inundation, water depth and surface water elevation, current velocity, bed shear stress, and 
stable bed particle size (QEA, 2007).  Based on an evaluation of the model output, this option would 
result in predicted flood inundation that has no appreciable effect beyond that for existing conditions for 
the areas adjacent to Allendale and Lyman Mill Ponds, even for 100-year flood events.  This option 
would result in negligible effect on flood stage height and floodplain inundation during high-flow events 
in the region downstream of Lyman Mill Dam.68  Alternative 11f (and 11b) would result in the loss of 
approximately 68,000 cy of flood storage capacity within the on-site consolidation area, which would be 
replaced by the increase in storage capacity behind the new weir structures.  The new water surface will 
be about 5 feet lower in Allendale and 3 feet lower in Lyman Mill (Figure 5-25a and 5-25b).  The flood 
storage gained between the existing and proposed water surfaces is about 175,000 cy, which is greater 
than the loss due to the consolidation area. 
 
Excavation Volumes and Rates 
 
Estimated excavation surfaces for Allendale and Lyman Mill Ponds are shown in Figure 5-24.  The same 
excavation footprint would be used for all disposal or treatment options, resulting in approximately 
59,800 cy of contaminated sediment from Allendale and Lyman Mill Ponds combined (including the river 
channel north of Allendale Pond).  The excavation method (long-reach excavator) and rate (400 cy/d for 
Options 11a, 11d, and 11e and 500 cy/d for Option 11b and 11f) for sediment excavation would be the 
same as Alternative 7 (Section 6.2.2).  Excavation and disposal or treatment of approximately 59,800 cy 
would take about 30 weeks for Options 11a, 11d, and 11e and about 24 weeks for Options 11b and 11f.  
Importing and placing approximately 150,000 tons of cap material would take about 30 weeks, with two 
crews for Option 11f. 
 


                                                      
68 Alternative 3 in the QEA analysis (2007) is the same Alternative 11, Option 11f  in this FS, except that the QEA 
analysis assumed a 2-ft isolation cap cover system for the consolidation area rather than a RCRA cap.  
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Cap Stability and Design 
 
A quantitative hydrodynamic analysis of the partial excavation and isolation capping alternative was 
performed to evaluate the effects of replacing the dams with weir structures on water flow and flooding 
potential.  The results of this analysis included an estimate of the extent of channel and floodplain 
inundation, water depth and surface water elevation, current velocity, bed shear stress, and stable bed 
particle size (QEA, 2007).  Based on an evaluation of the model output, this alternative would result in 
predicted flood inundation that has no appreciable effect beyond that for existing conditions for the areas 
adjacent to Allendale and Lyman Mill Ponds, even for 100-year flood events.  Also, this alternative would 
result in reasonable predicted ranges of current velocities and current speeds indicating that the alternative 
may be engineered to minimize erosion.  This analysis was used to identify the stable bed particle size for 
a 24-inch cap placed over contaminated sediment.  The predicted stable bed particle size is commercially 
available and would protect against erosion during flood flows.  The stability analysis was performed 
using a 100-year flood flow rate of 2,300 cfs.  The quantitative hydrodynamic analysis shows that the cap 
would be stable in both Allendale and Lyman Mill Ponds in a 100-year flood. 
 
The top layer of the cap would be designed to resist potential erosion during a 100-year flood.  To 
properly evaluate this alternative and estimate construction costs, the grain size of cap particles required 
to resist erosion were obtained from the predicted stable bed particle sizes. 
 
Mitigation 
 
This alternative would result in the conversion of approximately 23 acres of aquatic habitat to 
wetland/floodplain and/or upland (Appendix K, Table K-1).  Remedy implementation would involve the 
destruction of existing aquatic habitat structure (both benthic and pelagic) and the temporary extirpation 
of the vast majority of the fish69 and invertebrate communities.  Secondary impacts to aquatic-dependent 
wildlife and anglers that fish in these ponds and collateral impacts to floodplain soils would be similar to 
those described in Alternative 7 (Section 6.2.2). 
 
Figure 6-4 presents an overview of the different habitat features associated with this alternative and 
possible mitigation components for each.  The thin-layer cover could be designed as a benthic habitat 
layer consisting of optimal grain size and organic carbon content for growth of benthic and epibenthic 
macroinvertebrates and submerged woody material could be included to provide some interim structural 
diversity.  Similar to the other excavation alternatives, mitigation for fish community impacts could be 
achieved through re-stocking of important species and (as with Alternative 10) the increased fish passage 
allowed by the replacement of the dams with weir structures.  Following implementation of the sediment 
remedy,  the created floodplain habitat (i.e., approximately 23 acres under Options 11a, d, and e and 11 
acres under Options 11b and 11f) could be vegetated with appropriate floodplain/riparian herbaceous and 
shrubs species as mitigation for lost aquatic habitat. 
 
Out-of-kind/place mitigation for the additional aquatic habitat lost under Options 11b and 11f could be 
provided as described in Alternative 7 (Section 6.2.2); 12 acres of emergent marsh, scrub/shrub or 
palustrine forest habitat could be restored as specified in the mitigation planning document prepared as 
part of the final design.  Additional out-of-place mitigation may be required under all options for this 
alternative.  During design it may be determined that uncontrolled growth of vegetation in some portion 
of the new floodplain area would pose an unacceptable risk of future exposure and recontamination 


                                                      
69 Resident fish would be collected and euthanized to ensure that the contaminated fish consumption pathway was 
reduced as part of the remedy implementation. 
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following storm damage or tree death.70  If this determination were made, vegetation maintenance could 
be required and the resulting habitat would likely be incapable of fully compensating for the lost (aquatic) 
habitat that currently exists.  Appendix K provides an overview of possible mitigation requirements and 
planning for the sediment action area. 
 
6.2.5.2 Evaluation of Dam Replacement, Partial Excavation, Isolation Capping and Disposal or 


Treatment 
 
Results from the evaluation of Alternative 11, Dam Replacement, Partial Excavation, Isolation Capping 
and Disposal and/or Treatment against the NCP criteria are discussed below and summarized in  
Table 6-11. 
 
Overall Protection of Human Health and the Environment 
 
Partial excavation followed by capping would provide some overall protection by removing and 
containing the source of contamination, which would lower the concentration of contaminants in the 
surface sediment where exposure is most likely.  Targeted excavation would address sediment in the areas 
most susceptible to erosion which would reduce the risk of potential cap erosion during periods of flood 
flows.  Placement of clean cap material over the entire pond bottom would reduce the surface 
concentrations so that the cleanup goals would be achieved at the end of construction.  The results of the 
RI and hydrodynamic modeling performed for this FS show that the risk of erosion is low in the majority 
of the pond areas.  The cap thickness and material types would be designed to restrict potential 
contaminant migration from contaminated sediment through the cap by either diffusion or advection.  The 
cap would be designed using methods developed by EPA and USACE, which would provide long-term 
isolation of contaminants in the underlying sediments.  The combination of excavation and capping would 
reduce the risk of direct exposure to background levels and would reduce the risk of downstream 
migration of sediment with contaminants above the cleanup goals.  Option 11f would be less protective 
overall compared to the other options because the contamination would be capped in place, rather than 
contained in a controlled disposal facility or incinerated. 
 
Compliance with ARARs 
 
ARARs specific to Alternative 11 are summarized in Table 6-12.  Assuming that excavation involves 
more than a deminimis/incidental discharge to surface water, Section 404 requirements are triggered by 
excavation.  In addition, dam replacement, the isolation cap, the nearshore CDF (Option 11b), 
consolidation (Option 11f) and possibly the upland CDF (Option 11a) also trigger Section 404 
requirements.  As a result, these actions must be evaluated to determine the least damaging practicable 
alternative.  State wetlands requirements will also need to be addressed.  In addition, isolation capping (all 
options), the nearshore CDF (Option 11b) and consolidation (Option 11f) would require the permanent 
occupancy and modification of the floodplain.  According to Executive Order 11988, a determination 
would need to be made that there was no other practicable alternative before selecting this option as the 
preferred remedy.  In addition, some of the sediment could require treatment if it exceeds the treatment 
standards set forth in the LDRs.  A treatability variance could be obtained to reduce the amount of 
treatment needed under Option 11a.  As long as the sediment is not dewatered first, or otherwise treated 
ex-situ, the sediment does not need to meet the treatment standards in the LDRs prior to disposal in a 


                                                      
70 According to United States Department of Agriculture (USDA) Plants database (http://plants.usda.gov/), the 
minimum rooting depth of several common riparian/floodplain tree species (including red maple and black willow) 
approach 3 feet; minimum rooting depths for common shrubs species (e.g., alder and sweet pepperbush) are on the 
order of 1.5 feet. 
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nearshore CDF (Option 11b) that is within the area of contamination.  The same would be true for the on-
site consolidation option (Option 11f).   
 
Long-Term Effectiveness and Permanence 
 
The long-term effectiveness and permanence would be the same as Alternative 8 (Section 6.2.3.2), except 
there are additional reliability issues for Option 11f (on-site consolidation) because the contaminated 
sediment would be consolidated and capped in place rather than contained in a controlled disposal 
facility.  Inspections and long-term maintenance of the weir structures would be required for Alternative 
11.   
 
Reduction of Toxicity, Mobility or Volume through Treatment 
 
The toxicity, mobility, or volume of contamination would be reduced through treatment under Options 
11a (upland CDF), 11d (on-site thermal treatment), and 11e (off-site disposal and/or treatment).  Isolation 
capping (all options) and the on-site containment options (Options 11b and 11f) would reduce the 
mobility of the contaminated sediment particles, although not through treatment.  Contaminated sediment 
particles may be more mobile under Option 11f because the material would be consolidated and capped in 
place, rather than contained in a controlled disposal facility.  
 
Short-Term Effectiveness 
 
The short-term impacts are the same as those identified for Alternative 10 (Section 6.2.4.2), except that 
more aquatic habitat is lost and converted to floodplain/wetland under Alternative 11 (approximately 18 
additional acres of aquatic habitat is lost compared to Options 10a, 10d and 10e and approximately 5 
additional acres of aquatic habitat is lost compared to Option 10b).  The RAOs would be achieved at the 
completion of remedy implementation, which is estimated to take approximately one year for Option 11f 
(on-site consolidation) and upwards of two years for the other options.  As with Alternative 10, the 
transition from a warm- to a cool-water fishery could attract broader angler use of the river. 
 
Implementability 
 
The implementability issues are the same as for Alternative 10 (Section 6.2.4.2), except under Option 11a 
(upland CDF) a smaller parcel of land would be required because a smaller volume of sediment would be 
removed under the partial excavation alternative compared to full excavation (Alternative 10).  
 
Cost 
 
The capital, operation and monitoring, and present worth costs for Options 11a, 11d, and 11e would be 
about $3 million less than costs presented for Alternative 8 because the capital and present worth costs 
would increase for costs associated with dam replacement and mitigation, and decrease for reduction in 
cap material volume.  The same is true for Option 11b, except that the overall costs would be 
approximately $500,000 higher compared to Alternative 8b to cover additional mitigation costs.  The 
detailed cost evaluations for Option 11f, On-site Consolidation, is presented in Appendix J.  The capital, 
operation and monitoring, and present worth costs for all options are listed below: 
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Option 11a: On-site 
Containment in an 
Upland CDF 


Capital cost and baseline monitoring $38,000,000
Annual cost for years 1 to 30 $370,000
Present worth costs $42,000,000


Option 11b: On-site 
Containment in a 
Nearshore CDF 


Capital cost and baseline monitoring $32,000,000
Annual cost for years 1 to 30 $370,000
Present worth costs $37,000,000


Option 11d: On-site 
Thermal Treatment 


Capital cost and baseline monitoring $60,000,000
Annual cost for years 1 to 30 $340,000
Present worth costs $64,000,000


Option 11e: Off-site 
Disposal and/or 
Treatment 


Capital cost and baseline monitoring $59,000,000
Annual cost for years 1 to 30 $340,000
Present worth costs $63,000,000


Option 11f: On-site 
Consolidation 


Capital cost and baseline monitoring $30,000,000
Annual cost for years 1 to 30 $370,000
Present worth costs $35,000,000


 
6.3 Comparative Analysis of the Allendale and Lyman Mill Sediment Alternatives 


 
The five alternatives for Allendale and Lyman Mill sediments (Alternative 1, No Action; Alternative 7, 
Excavation and Disposal and/or Treatment; Alternative 8, Partial Excavation, Isolation Capping and 
Disposal and/or Treatment; Alternative 10, Dam replacement, Excavation and Disposal and/or Treatment; 
and Alternative 11, Dam replacement, Partial Excavation, Isolation Capping and Disposal and/or 
Treatment) are compared below to better understand the key tradeoffs among the alternatives; key 
features of the alternatives are summarized in Table 6-13. 
 
Overall, among the sediment alternatives evaluated, full removal using excavation (Alternatives 7 and 10) 
would provide the highest level of protection to human health and the environment.  Disposal options that 
use on-site thermal treatment (Alternatives 7d and 10d) or off-site disposal and/or treatment (Alternatives 
7e and 10e) will provide the highest level of long-term effectiveness and permanence, but the costs are 
substantially higher than the on-site containment options.  Disposal options that use on-site containment 
(7a, 7b, 10a and 10b) would provide effective long-term protection at costs that are substantially lower 
than the on-site treatment or off-site disposal and/or treatment options.   
 
6.3.1 Overall Protection of Human Health and the Environment 
 
As discussed previously in Section 6.2, the human health and ecological risk drivers are directly tied to 
the contaminated sediments and the consumption of contaminated prey or fish such that the cleanup 
objectives can be attained by remediating the surface sediments, or the biologically active zone.  The No 
Action alternative would not provide any protection of human health or the environment because no 
active remediation would be conducted.   
 
Among the alternatives evaluated, Alternatives 7 (Excavation and Disposal and/or Treatment), and 10 
(Dam Replacement, Excavation and Disposal and/or Treatment) provide the greatest overall protection of 
human health and the environment by removing the source of contamination from the river/ponds which 
would lower the concentration of contaminants in the surface sediment where exposure is likely, and 
quickly reduce human health and ecological risk to acceptable levels.  Excavation would be highly 
effective in the long term because all or nearly all of the sediment with contamination above the cleanup 
goals would be removed from the river/ponds and either contained in a secure disposal facility or treated 
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by incineration.  This would reduce the human health risk to background levels and would eliminate the 
risk of sediment with contamination above cleanup goals migrating downstream due to erosion during 
flood flows as would be the case for Alternatives 8 and 11.  The contamination remains in the floodplain 
under Options 7b and10b and therefore these options would be less protective overall relative to the other 
options under Alternatives 7 and 10. 
 
Alternative 8 (Partial Excavation, Isolation Capping and Disposal and/or Treatment) and Alternative 11 
(Dam Replacement/ Partial Excavation, Isolation Capping and Disposal and/or Treatment) provide some 
overall protection by partially removing and containing the source of contamination, which would lower 
the concentration of contaminants in the surface sediment where exposure is most likely.  Placement of 
clean cap material over the entire pond bottom would reduce the surface concentrations so that the 
cleanup goals would be achieved at the end of construction.  Although all of these alternatives would be 
designed to be secure, some risk remains that sediment above safe levels could be released in the future 
should catastrophic events occur or if monitoring, maintenance and/or ICs are not effective in the long 
term.  As a result, the overall protection of human health and the environment of these alternatives while 
greater than the No Action alternative, is less than those alternatives that remove contamination from the 
river. 
 
6.3.2 Compliance with ARARs 
 
All alternatives other than the No Action alternative have floodplain/wetlands and Section 404 impacts, 
although some Alternatives (7 and 10) have considerably fewer impacts than others (Alternatives 8 and 
11) because the latter two include capping considerable areas of contaminated sediment in 
wetlands/floodplain areas.  All alternatives must be evaluated to determine the least damaging practicable 
alternative for wetlands purposes.  Alternatives 7b, 8b, 10b, and 11 would involve permanent occupancy 
and modification of the floodplain.  For those alternatives with floodplain impacts, a determination would 
need to be made that there was no other practicable alternative before selecting any of these alternatives 
as the preferred remedy.  Alternatives 7a, 8a, 10a, and 11a could potentially result in the destruction of 
low-quality wetlands that may be located in areas selected for the upland CDF.  In addition, these 
alternatives may require a treatability variance to reduce the amount of treatment required prior to 
disposal. 
 
6.3.3 Long-Term Effectiveness and Permanence 
 
The No Action alternative is not considered effective with respect to long-term effectiveness and 
permanence as  the residual risk remains high and there are no controls to prevent exposure.  Those 
alternatives that require full excavation and on-site thermal treatment or off-site disposal and/or treatment 
(Alternatives 7d, 7e, 10d, and 10e) provide the greatest long-term effectiveness and permanence.  Under 
these alternatives, the excavated material would either be completely removed from the site or treated by 
incineration, which would destroy the organic contaminants.  
 
Residual Risk 
 
Tables 6-14 and 6-15 summarize the residual risks (i.e., the risks based on anticipated contaminant 
exposures following attainment of the cleanup objectives) to human health and ecological receptors for 
Allendale and Lyman Mill Ponds sediment, respectively.  The calculated residual risks are equivalent for 
all active remedies and in most cases are considerably less than the No Action alternative.71  The residual 
risks are summarized in the following sections with detailed analysis provided in Appendix K.
                                                      
71 The residual risk estimates assume that contamination in fish and other prey organism tissues in the river/ponds 
are at or below risk-based concentrations for consumer organisms.  If contaminated organisms remained in the 
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Allendale Pond (and river channel north of pond).  For each active remedial alternative, the residual 
carcinogenic risk to humans is 5.E-05, which is within the EPA cancer risk range and two orders of 
magnitude less than residual risks under the No Action alternative (Table 6-14a).  Organ-specific 
noncarcinogenic hazards to exposed human receptors are less than 1 under all remedial alternatives  
(Table 6-14b). 
 
Residual risks to ecological receptors (fish and wildlife) are also lower under the active remedial 
alternatives (Table 6-14d) compared to the No Action alternative (Table 6-14c).  Under the No Action 
alternative, residual risks to piscivorous and insectivorous wildlife are 40 and 20, respectively; these risks 
are considerably lower for the action alternatives (i.e., 0.7 and 0.04, respectively).  In the case of fish 
receptors, residual risks under the active remedial alternatives are lower than for the No Action alternative 
(i.e., 30 versus 70, respectively); however, in all cases, elevated risks remain because background 
concentrations of several contaminants exceed risk-based sediment threshold concentrations.  Technical 
chlordane accounts for the majority (i.e., 27/30 = 90%) of the elevated risks but selenium and zinc also 
contribute (Table 6-14d). 
 
Lyman Mill Pond.  For each active remedial alternative, the residual carcinogenic risk to humans is 
6.E-05 (Table 6-15b), which is within the EPA cancer risk range and two orders of magnitude less than 
residual risks under the No Action alternative (Table 6-15a).  Organ-specific noncarcinogenic hazards to 
exposed human receptors are less than 1 under all remedial alternatives (Table 6-15b). 
 
Residual risks to ecological receptors (fish and wildlife) are also lower under the active remedial 
alternatives (Table 6-15d) compared to the No Action alternative (Table 6-15c).  Under the No Action 
alternative, residual risks to piscivorous and insectivorous wildlife are both 10; these risks are 
considerably lower for the action alternatives (i.e., 4 and 0.5, respectively).  None of the alternatives is 
capable of achieving a Target Hazard of 1 for wildlife because background pesticide (i.e., 4,4’-DDE and 
4,4’-DDD) concentrations exceed the risk-based sediment concentrations.  In the case of fish receptors, 
residual risks under the active remedial alternatives are lower than for the No Action Alternative (i.e., 60 
versus 100, respectively for demersal fish and 50 versus 80, respectively, for pelagic fish).  The elevated 
risks that remain are due to background concentrations of several contaminants that exceed risk-based 
sediment threshold concentrations.  Technical chlordane accounts for  nearly half  (i.e., 29/60 = 48%) of 
the elevated residual risk to demersal fish with minor contributions from other inorganic contaminants 
including aluminum, barium, selenium, vanadium and zinc (Table 6-15d). 
 
Inherent Hazard 
 
The inherent hazard is reduced for excavation alternatives where upland and nearshore CDFs are used 
(Alternatives 7a, 7b, 10a, and 10b).  Under these alternatives some or all sediment above cleanup levels 
remains untreated on site.  However, under these alternatives contaminated sediment is either removed 
from the river and placed in secure upland locations or consolidated along the shore in nearshore CDFs.  
The upland CDF (Alternatives 7a and 10a) would have a liner, would be outside of the floodplain, and 
some waste may be treated while the nearshore CDF (Alternatives 7b and 10b) would not be lined, would 
be located within the floodplain, and no waste would be treated.  ICs are necessary to prevent the 
disturbance of the caps for both CDF options.  These controls are only effective if adequately monitored 
and enforced.  There are additional reliability issues for Alternatives 7b and 10b because the CDF is 


                                                                                                                                                                           
river/ponds following the conclusion of remedial activities, then these residual risk estimates would apply once the 
tissue had equilibrated with the remediated sediment substrate.  Alternatively, contaminated fish could be removed 
from the river/ponds during implementation of the selected remedial alternative, which would cause an immediate 
reduction in risk to the levels presented above. 
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located in the river/floodplain that would affect overall protection.  Those alternatives that require 
treatment or off-site disposal (Alternatives 7d, 7e, 10d and 10e) have the least inherent hazard. 
 
The inherent hazard is highest for those alternatives where contaminated sediment is capped in place 
(Alternatives 8 and 11).  Those alternatives that require treatment (8d, 8e, 11d and 11e) have slightly less 
inherent hazard.  Even though the cap would provide reliable chemical isolation, the inherent hazard 
remains high as contaminated sediment remains in the river at high levels.  Although the top layer of the 
cap would be designed to withstand erosion and the site is a stable depositional area, long-term 
maintenance and monitoring are critical for these alternatives to adequately and reliably prevent exposure 
to contamination in the long term.  Because contaminated sediment would remain in place, there would 
still be potential for migration of contaminated sediment downstream.  In addition, Alternatives 8 and 11 
rely significantly on long-term ICs including possibly restricting some boating and recreational activities 
in the river to prevent disturbance of the cap.  These controls are only effective if adequately enforced.   
 
6.3.4 Reduction of Toxicity, Mobility or Volume through Treatment  
 
Alternatives 7d, 7e, 10d, and 10e require the greatest reduction of toxicity, mobility and volume through 
treatment followed by Alternatives 8d, 8e, 11d, and 11e.  Some material would also be treated under 
Alternatives 7a, 8a, 10a, and 11a.  The No Action and excavation alternatives utilizing on-site 
containment in a nearshore CDF (7b, 8b, 10b, and 11b) or consolidation (Option 11f) do not require 
treatment of contaminated material, although all of these alternatives with the exception of No Action 
reduce mobility.   
 
6.3.5 Short-Term Effectiveness  
 
The No Action alternative has no short-term impacts to the community, the environment or workers.  The 
short-term impacts to the community are fairly similar for all alternatives although there are some minor 
differences for the alternatives that require on-site treatment (Alternatives 7d, 8d, 10d and 11d) and those 
alternatives that require on-site containment (Alternatives 7a, 7b, 8a, 8b, 10a, 10b, 11a, 11b, and 11f).  
Those options that require operation of a treatment facility would have air emissions albeit at very low 
levels.  The incinerator exhaust would be treated; however, it is typically not possible to remove all 
contaminants or odors from the emissions.  An on-site incinerator would also utilize fuels such as natural 
gas or fuel oil, the combustion of which would result in additional exhaust emissions.  Alternatives 
including on-site containment options (Alternatives 7a, 7b, 8a, 8b, 10a, 10b, 11a, 11b, and 11f) would 
also have some short-term impacts to the areas and community surrounding the CDF sites.  Construction 
activities will temporarily increase during the time work is done in these areas.  The short-term impacts to 
workers are all relatively the same under all alternatives.   
 
There are however, some differences in impacts to the environment under the different alternatives.  For 
those alternatives that require a cap (Alternatives 8 and 11) there could be some short-term water quality 
impacts due to increased suspended materials during cap placement.  Additionally, the placement of the 
cap material would result in the burial and complete loss of the benthic macroinvertebrate community.  
Similarly, the excavation or partial excavation alternatives (Alternatives 7, 8, 10 and 11) would result in 
the complete elimination of the benthic macroinvertebrate and fish communities.  One potential difference 
in short-term impacts between the capping and excavation alternatives would be if the capping 
alternatives required a more erosion-resistant cover substrate than the excavation alternative.  If the 
capping substrate was less favorable for recolonization by macroinvertebrates, the delay in the 
reestablishment of the base of the aquatic food web in the ponds could in turn delay the recovery of the 
fishery and wildlife populations. 
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As discussed in further detail in Appendix K, the time for the pond ecosystems to recover to a point where 
expected services are again routinely provided is dependent on the degree to which habitat restoration 
features are included in the final design.  It is assumed that any restoration (e.g., biological habitat cap 
layer, restoration of SAV or riparian vegetation) could be components of any of the active remedial 
alternatives so that the short-term effectiveness criterion would not be a discriminator among them.  
However, as noted above, design criteria associated with the construction of nearshore CDFs (i.e., 
Alternatives 7b, 8b, 10b, and 11b) would limit or prevent the establishment of a functional riparian zone 
in perpetuity. 
 
With regard to the community, the river edge under the dam replacement alternatives (Alternatives 10 and 
11) would come to be located up to 150 to 200 feet farther west of its present boundary and many 
residents located along the eastern edge of Allendale and Lyman Mill Ponds would lose waterfront.  On 
the other hand, that area would provide the natural beauty of the developing riparian habitat. 
   
6.3.6 Implementability  
 
All of the alternatives, except the No Action alternative, present different technical and administrative 
feasibility issues.  Those alternatives that require excavation and on-site containment (Alternatives 7a, 7b, 
8a, 8b, 10a, 10b, 11a, and 11b) will require adequate space for the disposal facility which makes 
implementability of these options more difficult.  In addition, those alternatives that require on-site 
incineration (Alternatives 7d, 8d, 10d, and 11d) would require the acquisition of adequate land for 
dewatering, stockpiling, and treatment areas.  Additionally, vendors specializing in on site, high-
temperature incineration of hazardous waste are needed and the incinerator would be required to meet the 
air-quality ARAR criteria.  Gaining public acceptance is an important component of these options.  These 
issues make implementability of the on-site treatment options (Alternatives 7d, 8d, 10d, and 11d) more 
difficult.  Those alternatives that require dam replacement (Alternatives 10 and 11) will also present 
public acceptance issues that may make implementation more difficult.  Under all alternatives other than 
No Action, impacts to wetlands and floodplains would need to be minimized to the extent possible and 
mitigation for unavoidable wetland impacts and replacement of lost flood storage capacity would be 
required.  Requirements for out-of-place compensatory mitigation for unavoidable losses of aquatic 
habitat would be higher for Alternative 10b, followed by Alternatives 11b, 11f, 7b and 8b.  Alternatives 
7b and 8b would require greater flood storage replacement than Alternatives 10 and 11, which would gain 
capacity behind the new weir structures.  Finally, alternatives with upland disposal (Alternatives 7a, 8a, 
10a, and 11a) may need to obtain a treatability variance to reduce the amount of treatment required prior 
to disposal. 
 
6.3.7 Cost 
 
The costs for all the Allendale and Lyman Mill sediment alternatives are presented in Table 6-13.  Present 
worth costs for No Action (Alternative 1) is $450,000.  Present worth costs for the action-based 
alternatives range from $35,000,000 for dam replacement, partial excavation, isolation capping and on-
site consolidation (Alternative 11f) to $119,000,000 for dam replacement, excavation and on-site 
treatment (Alternative 10d). 
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6.4 Detailed Evaluation of Allendale Floodplain Soil Alternatives 


Allendale Reach Floodplain Soil 
Alternatives Retained for 
Detailed Analysis 


1 No Action 


5 Excavation and Disposal 
and/or Treatment 


The two Allendale floodplain soil alternatives retained from the screening analysis are described further 
in this section and are evaluated against the NCP criteria (excluding State and Community Acceptance, 
which are considered after comments to the FS and Proposed Plan are received).  All alternatives include 
five-year reviews.  It is assumed that implementation of a floodplain soil remedy would be carried out 
concurrently with the sediment remedy at Allendale, and that all 
work would be performed in an upstream to downstream direction 
to prevent re-contamination of areas previously remediated. 


Some wetland areas are located at this action area, including 
scrub/shrub and herbaceous marsh wetland vegetation in the 
floodplain located immediately south of Cap Area #1 (Section 
2.3.10).  Because some soil contamination is located in wetland 
areas, there is no practical alternative to destruction of these wetlands. 


6.4.1 Alternative 1:  No Action 


6.4.1.1 Description of No Action 


In accordance with the NCP requirements, the No Action alternative must be carried through the entire FS 
process, and is used as a basis of comparison to the other alternatives.  This alternative would entail no 
active remediation of the contaminated floodplain soils.  Five-year reviews and periodic monitoring, 
triggered by severe weather events, are incorporated into this alternative.  For cost estimating, it is 
assumed that these activities would be covered under the sediment No Action alternative (Section 6.2.1).  
Monitored natural recovery processes, ICs, and rigorous long-term monitoring are not components of this 
alternative.


6.4.1.2 Evaluation of No Action 


Results from the evaluation of Alternative 1, No Action against the NCP criteria are discussed below and 
summarized in Table 6-16. 


Overall Protection of Human Health and the Environment 


This alternative would not provide overall protection of human health and the environment because the 
contaminated floodplain soil that presents an exposure hazard would remain on site unaddressed.  
Because some of the primary sources of contamination to the floodplain soils have been controlled (see 
Section 2.2.2), natural recovery may reduce risk to human health and the environment by reducing the 
contaminant concentrations in the surface soil over time.  However, there would be no data to 
demonstrate this reduction and no monitoring of natural recovery processes or contingency action to limit 
or control future migration of soil contamination or exposure to soil. 


Compliance with ARARs 


The No Action alternative does not comply with state ARARs for residential direct exposure or EPA’s 
recommended residential level for dioxin (EPA, 1998b) (Table 6-17). 
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Long-Term Effectiveness and Permanence 
 
The No Action alternative would not be effective in the long term because no action would be taken to 
contain, reduce erosion and downstream transport, or remove the contaminated floodplain soil that 
presents a risk.  The residual risk remains high as no actions are taken to address floodplain soil and no 
controls are in place to adequately and/or reliably prevent exposure in the long term.   
 
Reduction of Toxicity, Mobility or Volume through Treatment 
 
There would not be a reduction of toxicity, mobility or volume of contamination through treatment.   
 
Short-Term Effectiveness 
 
This alternative has no short-term impacts because there would not be any intrusive work or construction 
that would result in short-term impacts to the local community, habitat or workers.  This alternative, 
however, would not achieve the cleanup objectives. 
 
Implementability 
 
This alternative would not present any implementation issues because it would not require engineering or 
physical construction.  Nor would this alternative require any institutional or access controls or 
maintenance of existing features (e.g., dams and fences).  The implementation of periodic monitoring 
would not present any unusual issues. 
 
Cost 
 
There would be no capital or long-term monitoring costs for the No Action alternative.  Costs for periodic 
monitoring and five-year reviews are covered under the No Action alternative for sediment (Section 
6.2.1.2). 
 
6.4.2 Alternative 5: Excavation and Disposal and/or Treatment 
 
6.4.2.1 Description of Excavation and Disposal and/or Treatment 
 
In Alternative 5, Excavation and Disposal and/or Treatment, contaminated floodplain soils that present an 
exposure hazard would be removed using conventional excavation techniques (Figures 3-3a and 3-3b 
show areas where floodplain soil would be excavated).  For cost estimating in this FS, it is assumed that 
contaminated floodplain soil would be removed to a depth of 1 foot, replaced with clean fill, and the 
floodplain habitat restored.  A depth of 1 foot was assumed because this is generally considered the depth 
to which the majority of relevant ecological exposures occur as a result of foraging or burrowing 
activities.  The actual depth of excavation would extend deeper within the vadose zone to meet ARARs or 
EPA’s dioxin requirements as necessary, and would be determined during design based on sampling and 
analysis of deeper soil samples.   
 
It is assumed that removal of floodplain soils would be carried out concurrently with the sediment 
excavation alternative(s), and that pond water levels would be below the normal water levels so that all 
work would be performed above the water level. 
 
The surface soils in the floodplain areas are expected to be soft and may not be able to support wheeled 
vehicles, even after drying for several days.  In this case, low-ground pressure equipment would be used 
(i.e., crawler mounted equipment with extra-wide tracks).  With the pond water level lowered, the 
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excavated soils would be transported using off-road trucks on temporary haul roads along the pond 
shoreline to a temporary work area at the source area.  This would eliminate the need for any trucks 
hauling contaminated soil on the local residential streets. 
 
Following removal, confirmation sampling would be conducted to verify that the cleanup goals were 
achieved (see Appendix J for assumptions regarding types and quantities of confirmation samples). 
The sequence of excavation activities, excavation volumes and rates, soil processing, mitigation activities, 
long-term monitoring and ICs, and disposal and/or treatment options are described below.  This 
alternative assumes that soil dewatering would not be required. 
 
Construction Sequence 
 
A typical construction sequence is described below: 
 


1. Clear temporary work areas and build access ramps to the ponds. (Use same areas cleared for 
pond sediment removal, if the removal or partial removal alternative is selected for Allendale 
Pond). 


2. For the on-site disposal option, construct CDF disposal facility prior to soil removal. 


3. Construct stockpiling, truck loading and decontamination facilities prior to excavation. 


4. Lower the water level in Allendale Pond, excavate floodplain soils in an upstream to downstream 
direction, and place excavated material in the CDF or transport off site for disposal. 


5. For the on-site disposal options, operate the CDF water treatment system during excavation. 


6. For the on-site disposal options, place a cap over the CDF. 


7. Evaluate confirmation samples, place backfill, and restore site grade and habitat. 


8. Remove the temporary roadways and restore the vegetation in the temporary work areas. 
 
Excavation Volumes and Rates 
 
Figures 3-3a and 3-3b show the areas that will be excavated under this alternative.  The estimated volume 
of soil that will be excavated is approximately 2,400 cy (does not include over-excavation allowance).72  
The rate of excavation would be controlled by the rate of material transport from the floodplain areas to 
the upland processing area.  It is assumed that one long-reach excavator working to remove a 1-foot thick 
layer of soil would remove about 400 in-situ cy/d.  Soil excavation would take approximately 1 week. 
 
Floodplain Soil Processing 
 
It is assumed that the excavated floodplain soils would be much drier than the pond sediments and would 
likely not require any kind of dewatering prior to disposal or treatment. 
 
Floodplain soils would be stockpiled in the same processing area established for pond sediments; an area 
of 2 to 3 acres would be required.  One possible location would be on Cap Area #1 in the source area, 
which has an area of approximately 2 acres.  Stockpiled floodplain soils would be tested as needed for 
off-site disposal, and then loaded onto trucks or rail cars for transport to an appropriately licensed 
disposal facility.  (Under Option 5a, floodplain soil would be characterized during the remedial design 
phase.)  
                                                      
72 Appendix N describes how the proposed area for cleanup would change using EPA’s new proposed residential 
level for dioxin (EPA, 2009). 
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Mitigation 
 
Figure 6-5 presents an overview of the different habitat features associated with this alternative (1.5 acres) 
and possible mitigation components for each.  After excavation and evaluation of the confirmation 
samples, imported backfill would be placed to restore the site grade to existing elevation and to provide 
subgrade for re-vegetation of the area.  The area could be planted with common floodplain trees (e.g., 
black willow, red maple) and fruit-bearing wetland shrubs such as elderberry and highbush blueberry.  
The specific species, planting specifications and monitoring requirements would be identified during the 
remedial design phase. 
 
Long-Term Monitoring and Institutional Controls 
 
A conceptual long-term monitoring approach is presented in Appendix H.  Long-term monitoring would 
be required to determine biota recovery and when animal tissue was safe to eat, to assess the impact of the 
remedial action on the downstream areas, and to determine if additional evaluations or clean-ups are 
warranted. 
 
Any disposal facilities constructed on site (Options 5a and 5b) would require long-term monitoring, 
maintenance and ICs to protect the integrity of the facility.  Future use restrictions would be required to 
prevent excavation or other activities that could adversely impact the integrity of the CDFs (e.g., limit the 
size of woody vegetation on top of the CDFs, prevent the construction of buildings with basements or 
burial of utilities on or in the CDF cap). 
 
Disposal or Treatment Options 
 
It is assumed that the implementation of a remedial alternative to address the floodplain soil would be 
carried out concurrently with the sediment remediation, and the disposal and/or treatment options would 
be common to both action areas to improve the overall efficiency of the selected remedies.  It is assumed 
that the on-site disposal and/or treatment option(s) for floodplain soil would only be used if the on-site 
disposal and/or treatment option(s) was also implemented for the sediment remediation.  The off-site 
disposal and/or treatment option could be implemented independent of the selected alternative for the 
sediments. 
 
It may also be possible to use some of the excavated floodplain soil to assist in grading and building the 
bottom layer of the cap to be constructed under Alternative 4 of the Source Area soil alternatives (see 
Section 6.8.3.1) if this alternative is selected.  This material would not need to comply with the land 
disposal restrictions because it would be consolidated within an area of contamination.  Use of some of 
the excavated floodplain soils in this way would reduce the amount of material requiring disposal. 
 
The disposal and/or treatment options include: 
 
Option 5a:  On-site Containment in an Upland CDF 
 
One option for containment of the floodplain soils is an on-site upland CDF as described in Section 6.2.2.  
The maximum capacity available would be about 136,000 cy (Table 6-3), which would provide sufficient 
capacity for both the sediments and the floodplain soils. 
 
The capital cost estimate is based on the back-calculated unit cost per cubic yard of capacity in the CDF.  
Costs for the long-term O&M of the on-site CDF are covered under the sediment excavation alternative 
and are not duplicated here.  The costs assume that treatment is not required because existing floodplain 
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soil data for Allendale reach meet the LDR alternative treatment standards in 40 CFR §268.49 (applicable 
to soil only); this assumption would be confirmed during design. 
 
Option 5b:  On-site Containment in a Nearshore CDF 
 
One option for containment of the floodplain soils is a nearshore CDF as described in Section 6.2.2.  The 
maximum capacity available for the nearshore CDFs would be about 125,000 cy (Table 6-3), which 
would provide sufficient capacity for both the sediments and the floodplain soils. 
 
The capital cost estimate is based on the back-calculated unit cost per cubic yard of capacity in the CDF.  
Costs for the long-term O&M of the on-site CDF are covered under the sediment excavation alternative 
and are not duplicated here. 
 
Option 5d:  On-site Thermal Treatment 
 
Under this option, the excavated floodplain soil would be treated on site using thermal treatment 
(incineration) as described in Section 6.2.2.  Because the contaminated material would be removed, 
treated, and then disposed of at an off-site facility, ICs would not be required to restrict any future use of 
the area. 
 
Option 5e:  Off-site Disposal and/or Treatment 
 
Under this option, the excavated floodplain soil would be disposed of off site as described in Section 
6.2.2, either by containment in a designated facility or thermal treatment.  Representative, composite 
samples would be taken and analyzed for dioxin and furans to determine if disposal by incineration is 
required according to the LDRs (i.e., F-listed or characteristic soil waste with an underlying hazardous 
constituent that exceeds 10 times the UTS in 40 CFR §268.48 will need to be treated prior to disposal, see 
Section 3.2.1.2).  Representative, composite samples would also be taken and analyzed for TCLP 
concentrations to determine the designation of the materials as solid or hazardous waste and to determine 
which type of landfill is required.  Once the appropriate disposal facility is identified, the excavated 
floodplain soil would be loaded onto trucks and transported to the appropriate location.  The costs assume 
that all of the excavated floodplain soil would meet the LDR alternative treatment standards in 40 CFR 
§268.49 (applicable to soil only).  These assumptions would be confirmed during design.  There would be 
no restrictions of future use at the site under this alternative.   
 
6.4.2.2 Evaluation of Excavation and Disposal or Treatment 
 
Results from the evaluation of Alternative 5, Excavation and Disposal and/or Treatment against the NCP 
criteria are discussed below and summarized in Table 6-18. 
 
Overall Protection of Human Health and the Environment 
 
Excavation of the surface 1 foot (or deeper within vadose zone to meet ARARs) of floodplain soil and 
backfill with clean material would provide high overall protection of human health and the environment 
because all of the soil with contaminant concentrations above the cleanup goals would be removed from 
the floodplains and either contained in a secure CDF or treated by incineration. 
 
Compliance with ARARs 
 
ARARs specific to Alternative 5 are summarized in Table 6-19.  Placement of backfill in wetland areas, 
the nearshore CDF (Option 5b), and possibly the upland CDF (Option 5a) trigger wetlands/Section 404 
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requirements.  As a result, these actions must be evaluated to determine the least damaging practicable 
alternative.  State wetlands requirements will also need to be addressed.  Under Option 5b, a portion of 
the nearshore CDF would require the permanent occupancy and modification of the floodplain.  
According to Executive Order 11988, a determination would need to be made that there was no other 
practicable alternative before selecting this option as the preferred remedy.  Under Options 5a and 5e, 
some of the floodplain soil could require treatment if it exceeds the alternative treatment standards for 
contaminated soil set forth in the LDRs (40 CFR § 268.49); however this is unlikely based on the existing 
data.  Floodplain soil excavated and contained in a nearshore CDF (Option 5b) would not need to meet 
the treatment standards set forth in the LDRs because it would be consolidated in an area of 
contamination and would not require any dewatering or other ex-situ activities.  
 
Alternative 5 will comply with ARARs for residential direct exposure and EPA’s recommended 
residential level for dioxin (EPA, 1998b), as well as Subtitle C closure requirements under RCRA.   
 
Long-Term Effectiveness and Permanence 
 
Excavation would remove contaminated floodplain soil and provide a very high level of risk reduction 
and low residual risk.  Inherent hazards would be further reduced for Options 5d and 5e because 
floodplain soil would be incinerated on site (Option 5d) or taken off site for disposal or treatment (Option 
5e), and would not rely on ICs and long-term monitoring to remain effective in the long term.  The 
inherent hazard is higher for the upland (Option 5a) and nearshore (Option 5b) CDFs as floodplain soil 
above cleanup levels remains untreated on site.  However, under both of the options contaminated 
floodplain soil is either removed from the floodplain and either placed in secure upland locations (Option 
5a) or consolidated along the shore in nearshore CDFs (Option 5b).  The upland CDF would have a liner 
and would be outside of the floodplain while the nearshore CDF would not be lined and would be located 
within the floodplain thereby increasing the inherent hazard and reliance on other controls.  Long-term 
monitoring, maintenance and ICs are necessary to protect the integrity of both CDF options.  These 
controls are only effective if adequately monitored and enforced.  
 
Reduction of Toxicity, Mobility or Volume through Treatment 
 
The toxicity, mobility, or volume of contamination would be reduced through treatment under Option 5d 
(on-site thermal treatment).  The on-site containment options (Options 5a and 5b) and off-site disposal 
option (Option 5e) would reduce the mobility of the contaminated soil particles, although not through 
treatment. 
 
Short-Term Effectiveness 
 
During the construction and implementation period for this alternative, potential short-term impacts to the 
community from excavation would be limited and of short duration and are basically those associated 
with standard small-scale construction projects.  Because the disposal and/or treatment options required 
under Alternative 5 are combined with the disposal and/or treatment options for the sediment excavation 
alternatives (Section 6.2), the short-term impacts to the community as a result of disposal and/or treatment 
will be the same as for Alternative 7 for Allendale and Lyman reach sediment (Section 6.2.2.2).  
 
Short-term impacts to the environment would be substantial for this alternative.  Birds and animals that 
use the floodplain for habitat would be displaced during construction, but would be expected to return 
once the remediation was completed and soil infauna and vegetation had become re-established.  
Excavation would result in destruction of the existing habitat.  At least several years would be required 
before the remediated areas had recovered sufficiently to provide the environmental services that this 
habitat typically provides.  In that time period, the invertebrate soil community and riparian vegetation 
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would have become re-established and thus capable of providing shelter and forage opportunities to 
wildlife.  Obviously, longer lengths of time would be required to replace adult floodplain trees but every 
reasonable step would be taken to avoid damaging them under this alternative.  The ecological recovery 
process would be facilitated by including habitat enhancement features in the construction sequence; as 
mentioned above, these components would include using an organic loam for backfill and selecting and 
planting appropriate riparian vegetation with high wildlife value. 
 
There would be no unusual issues related to worker impacts under this alternative.  
 
The RAOs would be achieved at the completion of remedy implementation, which is estimated to take 
approximately one month.  
 
Implementability 
 
Overall, this alternative raises some limited implementation issues.  Construction in areas having soft 
soils can pose unique challenges; however, specialized, low ground-pressure equipment would be used in 
conjunction with the establishment of temporary work platforms and access roads.  There are no unusual 
implementability issues related to the availability of services and materials.  Sandy loam cover material is 
expected to be readily available from local construction supply companies. 
 
Impacts to wetlands and floodplains would need to be minimized to the extent possible and mitigation for 
unavoidable wetland impacts and lost flood storage capacity would be required. 
 
Because the disposal and/or treatment options required under this alternative are combined with the 
disposal and/or treatment options for the sediment excavation alternatives (Section 6.2), the 
implementability issues that result from disposal and/or treatment will be the same as for Alternative 7 for 
Allendale and Lyman reach sediment (Section 6.2.2.2), except that treatment would probably not be 
required under Option 5a (upland CDF) because the existing soil data meet the LDR alternative treatment 
standards in 40 CFR §268.49.  
 
Cost 
 
The detailed cost evaluations for Alternative 5, Excavation and Disposal and/or Treatment, are presented 
in Appendix J.  The capital, operation and monitoring, and present worth costs are listed below.  Annual 
monitoring and maintenance costs include costs for vegetation monitoring and invasive species 
management; all other annual monitoring and maintenance costs are covered under the sediment 
excavation alternative. 
 


Option 5a: On-site 
Containment in an 
Upland CDF 


Capital cost and baseline monitoring $1,300,000
Annual cost for years 1 to 30 $7,000
Present worth costs $1,400,000


Option 5b: On-site 
Containment in a 
Nearshore CDF 


Capital cost and baseline monitoring $1,300,000
Annual cost for years 1 to 30 $7,000
Present worth costs $1,400,000


Option 5d: On-site 
Thermal Treatment 


Capital cost and baseline monitoring $4,200,000
Annual cost for years 1 to 30 $7,000
Present worth costs $4,300,000


Option 5e: Off-site 
Disposal and/or 
Treatment 


Capital cost and baseline monitoring $3,100,000
Annual cost for years 1 to 30 $7,000
Present worth costs $3,200,000







Allendale Reach Floodplain Soil 
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6.5 Comparative Analysis of the Allendale Floodplain Soil Alternatives 
 
The two alternatives for Allendale floodplain soils (Alternative 1, No Action and Alternative 5, 
Excavation and Disposal and/or Treatment) are compared below to better understand the key tradeoffs 
among the alternatives; key features of the alternatives are summarized in Table 6-20.  Overall, 
excavation (Alternative 5) will provide a higher level of protection to human health and the environment 
and, used in conjunction with on-site thermal treatment (Alternative 5d) or off-site disposal and/or 
treatment (Alternative 5e), will provide higher long-term effectiveness and permanence because the 
excavated material would be incinerated or removed from the site. 
 
6.5.1 Overall Protection of Human Health and the Environment 
 
The primary exposure pathways for floodplain soils are exposure by ecological receptors to contaminants 
in floodplain soil, either directly or through biological uptake.  Hazards posed under current conditions 
are above the EPA criteria.  Contaminant concentrations in floodplain soil also exceed state standards for 
residential direct exposure and EPA’s recommended residential level for dioxin in soil (EPA, 1998b).  
The No Action alternative would not provide any protection to human health or the environment because 
no active remediation would be performed.  The excavation and disposal and/or treatment alternative 
(Alternative 5) provides the greatest overall protection of human health and the environment by removing 
the source of contamination from the floodplain which would quickly reduce risk to acceptable levels.  
Excavation would lower the concentrations of contaminants in the surface soil, effectively reducing 
ecological hazards to background levels.  All soil contamination above the cleanup goals would be 
removed from the floodplain and contained in a disposal facility or treated.  This would prevent human 
and ecological exposure to contamination and eliminate the risk of contaminant migration downstream 
due to erosion during flood flows, as would be the case for Alternative 1.  Under Alternative 5b, the 
contamination is contained in a CDF constructed in the floodplain, and would be less protective overall 
relative to the other options under Alternative 5. 
 
6.5.2 Compliance with ARARs 
 
The No Action alternative does not comply with ARARs for state residential direct exposure or EPA’s 
recommended residential level for dioxin in soil (EPA, 1998b).  Alternative 5 would have 
wetlands/Section 404 impacts, so the focus would be on identifying the least damaging practical 
alternative and minimizing impacts.  Among the disposal and/or treatment options, the on-site 
containment options (Alternatives 5a and 5b) would present more ARAR issues.  Alternative 5a would 
result in the destruction of wetlands if the selected upland CDF location contains wetlands.  Alternative 
5b would require a permanent occupancy and modification of the floodplain, and may also result in the 
filling of wetlands.  For these alternatives, a determination would need to be made that there was no other 
practicable alternative to the filling of wetlands and/or the occupancy or modification of the floodplain 
before selecting this option as the preferred remedy.  
 
6.5.3 Long-Term Effectiveness and Permanence 
 
The No Action alternative is not effective or permanent in the long term and the residual risk remains 
high.  In addition, there are no controls to prevent exposure.  Alternative 5 would provide a very high 
level of risk reduction and low residual risk because the contamination would be removed and either 
contained in a disposal facility or treated.  Among the disposal and/or treatment options, on-site thermal 
treatment or off-site disposal and/or treatment (Alternatives 5d and 5e) would provide the greatest long-
term effectiveness and permanence as the inherent hazard is very low, and these options would not rely on 
ICs and long-term monitoring to be effective in the long term. 
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Tables 6-21a and 6-21b summarize the residual risks associated with the two alternatives (Alternative 1, 
No Action and Alternative 5, Excavation and Disposal and/or Treatment, respectively) considered under 
this analysis.  As discussed previously, dioxin is the only contaminant posing unacceptable risk for 
Allendale reach floodplain soil and the short-tailed shrew (insectivorous wildlife) is the primary receptor 
of concern.  The active remedial alternative would cause an order of magnitude reduction in the residual 
risk relative to the No Action alternative (0.5 versus 20, respectively). 
 
The inherent hazard is somewhat higher for the on-site containment options (Alternatives 5a and 5b) 
because floodplain soil above cleanup levels remains untreated on site, and these options would rely on 
other controls to be effective in the long term.  There are additional reliability issues for Alternative 5b 
because the CDF is located in the river/floodplain.  Long-term monitoring, maintenance and ICs are 
necessary to protect the integrity of both CDF options.  These controls are only effective if adequately 
monitored and enforced.  
 
6.5.4 Reduction of Toxicity, Mobility or Volume through Treatment 
 
Alternative 5d requires the greatest reduction of toxicity, mobility and volume through treatment.  No 
Action and all the excavation alternatives utilizing on-site containment (Alternatives 5a and 5b) or off-site 
disposal (Alternative 5e) would not require treatment of contaminated material, although the containment 
options do reduce mobility.  
  
6.5.5 Short-Term Effectiveness 
 
The No Action alternative has no short-term impacts to the community, the environment or workers.  The 
short-term impacts to the community are fairly similar for all options under Alternative 5 although there 
are some minor differences for Alternative 5d (on-site treatment) and those alternatives that require on-
site containment (Alternatives 5a and 5b).  The alternative that requires operation of a treatment facility 
(Alternative 5d) would have air emissions albeit at very low levels.  The incinerator exhaust would be 
treated; however, it is typically not possible to remove all contaminants or odors from the emissions.  An 
on-site incinerator would also utilize fuels such as natural gas or fuel oil, the combustion of which would 
result in additional exhaust emissions.  Alternatives including on-site containment (Alternatives 5a and 
5b) would also have some short-term impacts to the areas and community surrounding the CDF sites.  
Construction activities will temporarily increase during the time work is done in these areas.  The short-
term impacts to workers are all relatively the same under all alternatives.  
  
All options under Alternative 5 would have short-term impacts on the environment due to the elimination 
of floodplain soil infauna and riparian vegetation and collateral impacts to wildlife that rely on this habitat 
for shelter and food.  The short-term environmental impacts would be minimized by including habitat 
restoration as a component of the excavation alternative.  The use of an organic loam to backfill 
excavated areas followed by planting appropriate riparian vegetation (both trees and shrubs) would 
facilitate the ecological recovery process. 
 
6.5.6 Implementability 
 
There are no implementability issues for the No Action alternative because no construction activities 
would be required.  The disposal and/or treatment options under Alternative 5 present different technical 
and administrative feasibility issues.  The options that require on-site containment (Alternatives 5a and 
5b) in conjunction with the sediment on-site disposal options (Section 6.2), will require adequate space 
for the disposal facility which makes implementability of these options more difficult.  In addition, the 
option that requires on-site incineration (Alternative 5d) would require the acquisition of adequate land 
for dewatering, stockpiling, and treatment areas for both, sediment and soil.  Additionally, vendors 
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specializing in on-site, high-temperature incineration of hazardous waste are needed and the incinerator 
would be required to meet the air-quality ARAR criteria.  Gaining public acceptance is an important 
component of this option.  These issues make implementability of Alternative 5d more difficult.  The 
options that require the filling of wetlands (Alternative 5b and possibly Alternative 5a if the selected 
upland CDF contains wetlands) would require a determination that there was no other practicable 
alternative before selecting this alternative as the preferred remedy.  Alternative 5b presents floodplain 
issues that would have to be addressed and replacement of flood storage capacity would be required. 


6.5.7 Cost


The costs for all the Allendale floodplain soil alternatives are presented in Table 6-20.  Total present 
worth cost for Alternative 1, No Action, is $0 because costs for periodic monitoring and five-year reviews 
are covered under the sediment No Action alternative (see Section 6.2.1.2).  Total present worth costs for 
Alternative 5, Excavation and Disposal and/or Treatment range from $1,400,000 for on-site containment 
(Alternatives 5a and 5b) to $4,300,000 for on-site thermal treatment (Alternative 5d). 


6.6 Detailed Evaluation of Lyman Mill Reach Stream Sediment and Floodplain 
Soil (including Oxbow) Alternatives 


Lyman Mill Reach Stream Sediment and 
Floodplain Soil Alternatives Retained for 
Detailed Analysis 


1 No Action 


3
Targeted Excavation, Enhanced 
Natural Recovery and Disposal 
and/or Treatment 


5
Partial Excavation, Enhanced 
Natural Recovery and Disposal 
and/or Treatment 


The three Lyman Mill reach stream sediment and floodplain soil alternatives retained from the screening 
analysis are described further in this section and are evaluated against the NCP criteria (excluding State 
and Community Acceptance, which are considered after comments to the FS and Proposed Plan are 
received).  All alternatives include five-year reviews.  All of the alternatives, with the exception of No 
Action, assume that the Allendale and Lyman Mill Dams 
will remain in place.  It is also assumed that 
implementation of a floodplain soil remedy would be 
carried out concurrently with the sediment remedy at 
Lyman Mill, and that all work would be performed in an 
upstream to downstream direction to prevent re-
contamination of areas previously remediated. 


Some wetlands are located at this action area, including the 
Oxbow, a forested wetland located southwest of Allendale 
Dam (Section 2.3.10).  Because some soil contamination is 
located in wetland areas, there is no practical alternative to 
destruction of these wetlands. 


6.6.1 Alternative 1:  No Action 


6.6.1.1 Description of No Action 


In accordance with the NCP requirements, the No Action alternative must be carried through the entire FS 
process, and is used as a basis of comparison to the other alternatives.  This alternative would entail no 
active remediation of the contaminated sediment or floodplain soils.  Five-year reviews and periodic 
monitoring, triggered by severe weather events, are incorporated into this alternative.  For cost estimating, 
it is assumed that there would be one physical survey and report to EPA on the conditions of the site 
every five years.  Monitored natural recovery processes, ICs, and rigorous long-term monitoring are not 
components of this alternative. 
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6.6.1.2 Evaluation of No Action 
 
Results from the evaluation of Alternative 1, No Action against the NCP criteria are discussed below and 
summarized in Table 6-22. 
 
Overall Protection of Human Health and the Environment 
 
The No Action alternative would not provide overall protection because contaminated material that 
presents a risk to human health and the environment would remain on site unaddressed.  Assuming 
additional actions are taken upstream to address groundwater, soil and sediment, future migration of 
contaminated sediment from Allendale Pond to the Lyman Mill reach would be reduced.  Natural 
deposition of cleaner material at Lyman Mill reach may eventually reduce the overall risk with time; 
however, because rigorous long-term monitoring would not be conducted, there would be no way to 
demonstrate or evaluate this reduction. 
 
Compliance with ARARs 
 
This alternative will not comply with ARARs for state residential direct exposure or EPA’s recommended 
residential level for dioxin in soil (EPA, 1998b) (Table 6-23).   
 
Long-Term Effectiveness and Permanence 
 
The No Action alternative would not be effective in the long term because no action would be taken to 
contain, reduce erosion and downstream transport, or remove the contaminated sediment/soil that presents 
a risk.  The residual risk remains high as no actions are taken to address sediment/soil and no controls are 
in place to adequately and/or reliably prevent exposure in the long term. 
 
Reduction of Toxicity, Mobility or Volume through Treatment 
 
There would be no reduction of toxicity, mobility or volume of contamination through treatment.   
 
Short-Term Effectiveness 
 
This alternative would have no short-term impacts because there would not be any intrusive work into the 
contaminated sediment/soil that could disrupt the local community or environment or present a risk to on-
site workers.  However, it would not achieve the cleanup objectives. 
 
Implementability 
 
This alternative would be easily implemented because it would not require engineering or physical 
construction.  Nor would this alternative require any institutional or access controls or maintenance of 
existing features (e.g., dams).  The implementation of periodic monitoring would not present any unusual 
issues. 
 
Cost 
 
There would be no capital costs for this alternative.  The cost for periodic monitoring of site conditions 
and five-year reviews would be approximately $20,000 for a present worth cost of approximately 
$250,000. 
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6.6.2 Alternative 3:  Targeted Excavation, Enhanced Natural Recovery (Thin-Layer Cover) and 
Disposal and/or Treatment 


 
6.6.2.1 Description of Targeted Excavation, Enhanced Natural Recovery (Thin-Layer Cover) and 


Disposal and/or Treatment 
 
Alternative 3 includes excavation and removal of contaminated sediment and floodplain soil from 
targeted areas within the remedial footprint and placement of a thin-layer cover over the remaining areas 
to accelerate the natural recovery processes by placing clean material over the underlying contaminated 
material.   
 
Under this alternative, access areas would need to be created so that all areas of the remedial footprint 
could be reached.  Additionally, staging areas to stockpile the cover material would be required; space 
surrounding the site is limited and any work would need to be closely coordinated with local authorities to 
ensure access to residential properties is not compromised and to ensure that measures would be taken to 
protect public health during remedy implementation.  It is assumed that the remedy selected for this area 
would be implemented concurrently with the remedy for Lyman Mill Pond sediments and would use the 
staging areas and access roadways installed for the sediment remediation and that any excavation 
activities would be conducted after the pond water levels were temporarily lowered. 
 
Targeted excavation would be used to remove the top 1 foot of sediment from the stream channel 
connecting Allendale and Lyman Mill Ponds (this area would not be suitable for a thin-layer cover) and 
the top 1 foot of floodplain soil from areas where contaminant concentrations are in excess of state 
ARARs for residential direct exposure or EPA’s recommended residential level for dioxin in soil (EPA, 
1998b).  A depth of 1 foot was assumed because this is generally considered the depth to which the 
majority of relevant ecological exposures occur as a result of foraging or burrowing activities, as well as 
human exposure.  The actual depth of excavation would extend deeper within the vadose zone as 
necessary to meet ARARs or EPA’s dioxin requirements, and would be determined during design based 
on sampling and analysis of deeper sediment/soil samples.  Excavation and backfill volumes will also be 
evaluated during design to ensure no net loss of flood storage capacity from placement of the thin-layer 
cover in wetland/floodplain areas.73  Data needs would include, but may not be limited to, the collection 
of floodplain soil and sediment samples within the cleanup area, as well as a survey to more precisely 
delineate the boundaries between the various vegetation types represented.   
 
Following removal, confirmation sampling would be conducted to verify that the cleanup goals were 
achieved (see Appendix J for assumptions regarding types and quantities of confirmation samples), and 
the excavated sediment/soil would be disposed or treated.  The sequence of excavation activities, 
excavation/backfill volumes and rates, cover placement, sediment/soil processing, flow control structures, 
mitigation activities, long-term monitoring and ICs, and disposal or treatment options are described 
below.   
 
Construction Sequence 
 
A typical construction sequence is presented below: 
 


1. Construct temporary access roads and staging areas. 


                                                      
73 With an average of 1.25 ft of excavation (includes 0.25 ft over-excavation allowance), the volume of backfill and 
thin-layer cover would be greater than the excavation volume, which would result in a small loss of flood storage 
capacity.  Excavation an average of 0.5 ft deeper would be one way to increase flood storage capacity equal to the 
volume of backfill.  
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2. Clear debris and vegetation as necessary. 


3. Excavate contaminated soil/sediment in an upstream to downstream direction, stockpile and 
dispose. 


4. If material was to be disposed off site, testing would be conducted to determine the appropriate 
disposal designation. 


5. Evaluate confirmation samples and backfill excavated areas with clean material. 


6. Place enhanced natural cover in areas that were not remediated with excavation, which could be 
performed concurrently with backfill placement. 


7. Plant appropriate types of vegetation within the excavation footprint to enhance ecosystem 
recovery. 


 
Excavation/Backfill Volumes and Rates 
 
Sediment and floodplain soil would be removed during periods of low water level in Lyman Mill Pond, 
so that no additional lowering of surface water would be required.  In this alternative, 4.8 acres would be 
excavated (Figures 5-26a and 5-26b) and backfilled with clean material to provide subgrade for re-
vegetation of the area.74 
 


• Approximately 9,700 cy of floodplain soil and stream sediment would be removed from the 
excavation footprint under this alternative, including a 0.25 foot over-excavation allowance. 


• Approximately 10,100 tons (or 6,800 cy) of soil would be placed for the thin-layer cover.  
 
The excavation rate for sediments and floodplain soils is assumed to be 200 cy/d; the placement rate of 
clean backfill is assumed to be 500 tons/day; placement of thin-layer cover is assumed to be 70 tons/day; 
and the rate of replanting vegetation is assumed to be 7,400 square feet per day (sq ft/d).  Including the 
required wetland mitigation and streambank restoration activities (see discussion on mitigation below), it 
is estimated that this alternative would take approximately one year to implement. 
 
Cover Design and Placement 
 
The final composition and thickness of the cover would be determined during the design phase; however, 
for the purposes of evaluating this alternative, a cover thickness of 3 inches with a composition similar to 
the existing soils is assumed. 
 
The cover material would be placed over 16.8 acres of contaminated sediments and floodplain soils 
within the entire remedial footprint (21.6 acres) that were not remediated by excavation (Figures 5-26a 
and 5-26b).  The conventional method of placing soil cover material would be to deliver material to the 
site by dump truck, dump the soil onto the ground, and spread with crawler tractors with bulldozing 
blades.  This method would require that all trees and shrubs be removed and would trample and uproot a 
significant portion of the existing grass type vegetation in the wetland area.  In order to reduce the need 
for tree and shrub removal and to minimize the impact on the existing roots, an alternative method of 
cover placement would be used in this alternative.  Under this alternative, cover material would be placed 
using a hydraulic slurry method which involves adding water to the cover material to form a slurry and 
then spraying the slurry over the area until the appropriate thickness is achieved.  Although the concept of 


                                                      
74 Appendix N describes how the excavation area and volume would change using EPA’s new proposed residential 
level for dioxin (EPA, 2009). 
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pumping soil slurries has been used for placing aquatic caps and is used in the mining industry, use of this 
technology for placing wetland covers is an innovative application. 
 
In order to create a soil slurry that could be pumped, water would be added to the soil in a hopper and the 
slurry fed into pumps connected to a network of pipes and hoses for distribution.  A temporary network of 
slurry pipes would be installed to allow access to the cleanup area.  These pipes would be placed on the 
existing ground surface and held in place with temporary earth anchors or weights (such as sand bags).  
The pipe and hoses could be placed using small low-ground pressure equipment commonly used in 
landscape maintenance work.  This would have much less impact on the existing vegetation than 
conventional heavy earthmoving equipment, which can harm or kill trees through soil compaction.  Most 
of the water added to form the slurry (referred to as carriage water) would quickly separate from the cover 
soil and would drain into the wetland.  The flow rate of carriage water would be about 300 gpm.  It is 
expected that this water would result in a temporary increase in the water surface elevation in the wetland; 
however, no adverse impacts are expected because the wetland is periodically inundated with water 
during periods of natural flooding. 
 
Placement of 3 inches of clean material would require approximately 10,100 tons of cover material.  For 
cost estimating and scheduling purposes, it is assumed that the slurry would be placed using a 4-inch 
diameter hose with a sand slurry discharge rate of approximately 350 gpm.   
 
Sediment/Floodplain Soil Processing 
 
The wetland soils would contain more vegetation and would have higher in-situ solids content than the 
river/pond sediments.  Therefore, the wetland soils and sediments removed using excavation would not be 
processed with mechanical dewatering.  It is assumed that the final volume and weight in a disposal 
facility would be the same as the in-situ volume and weight.  The excavated soil/sediment would be 
stockpiled in the same processing area established for pond sediments.  Stockpiled soil/sediment would be 
tested as needed for off-site disposal, and then loaded onto trucks for transport to an appropriately 
licensed disposal facility.  (Under Option 3a, floodplain soil would be characterized during the remedial 
design phase.)  
 
Flow Control Structures 
 
This alternative would be further developed during the design phase to include diverting some of the flow 
from the Woonasquatucket River into and through the Oxbow area to increase the rates of natural 
sediment deposition.  Some site regrading would also be conducted within the Oxbow, including filling 
and the creation of baffles in portions of the river channel remnant; this is intended to minimize the short-
circuiting of floodwaters through the wetland system and increase sediment deposition rates.  This aspect 
of the alternative may be important if the selected remedy for the sediment includes the removal of 
Allendale and Lyman Mill Dams.  If Lyman Mill Dam was removed, the normal water level would be 
lower compared to current conditions and the habitat within the Lyman Mill reach could transition from 
aquatic to riparian wetland and/or floodplain habitat or even upland in some areas .  Deposition rates are 
expected to be lower in an upland setting than in a wetland setting, and removing dams could retard 
natural recovery processes in these areas.75 


                                                      
75 Some uncertainty remains regarding the potential impacts of replacing the Lyman Mill Dam with a weir structure 
on hydrological conditions within the Oxbow area.  Although a hydrological analysis concluded that there would be 
no substantive effects on water balance in the wetlands because the area receives much of its water from 
precipitation and runoff from adjoining upland areas (USACE, 2007), a more detailed assessment during final 
design would be warranted in the event that this alternative were selected. 
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Mitigation 
 
This remedy would involve the destruction of some existing forested and/or scrub/shrub habitat structure 
and jurisdictional wetland.  Soil excavation and application of a soil cover would either eliminate (soil 
excavation) or potentially degrade (thin-layer cover) the floodplain soil community.  In addition, 
remediation of the lotic portion of the river would destroy benthic habitat and the benthos itself and 
sediment excavation would destroy a portion of the adjacent riverbank including some riparian vegetation 
and tree root system. 
 
The application of the cover material could be performed during the dormant season to minimize damage 
to the existing vegetation.  This application process significantly reduces the amount of vegetation that 
would need to be removed or mowed prior to cap placement; however, the placement of 3 inches of cover 
material may have deleterious effects to the trees within the Oxbow.  For example, the cover may make it 
more difficult for trees to access sufficient oxygen, and could also damage the shallow root systems 
typical of trees growing in hydric soils.  Limited data are available to speculate about which species of 
trees currently at the Oxbow may be most affected by application of the thin-layer cover.  The Iowa State 
University Forestry Extension Web site provides a classification system based on tolerance to root 
damage.  For the species that have been documented occurring in the Oxbow wetland (USACE, 2008), 
red oak and swamp white oak are classified as being “very sensitive”, red maple is considered to be 
“moderately sensitive”, and black willow and cottonwood are considered “somewhat tolerant” to root 
damage effects.  Sensitive species, such as oaks, can be killed by the addition of even a couple inches of 
fill on existing grade.  These effects can be minimized by using cover material that allows air passage 
(e.g., sandy loam much better than clay), avoiding compaction of existing soil, and limiting grade changes 
to outside the dripline.  It is anticipated that the majority of the dominant canopy species (e.g., red maple) 
can be preserved if remedy implementation practices are mindful of the above provisions. 
 
Figure 6-6 presents an overview of the different habitat features associated with this alternative and 
possible mitigation components for each.  After excavation and evaluation of the confirmation samples, 
imported backfill (with appropriate humic content to facilitate infaunal recolonization) could be placed to 
established design grades to provide subgrade for re-vegetation of the area.  The area could be planted 
with common floodplain trees (e.g., black willow, red maple) and fruit-bearing wetland shrubs such as 
elderberry and highbush blueberry.  An appropriate herbaceous seed mix could be applied to rapidly 
stabilize the soils.  The specific species, planting specifications and monitoring requirements would be 
identified during the remedial design phase.  The vegetation could consist of canopy species saplings 
(e.g., red maple, cottonwood, and swamp white oak), balled shrubs (e.g., highbush blueberry, alder, and 
northern arrowwood), and a wetland grass mix (to stabilize exposed soil in the short term). 
 
Mitigation for impacts associated with the sediment remediation could include back-filling with sediment 
of similar composition to emulate current benthic habitat structure (and provide similar sediment 
stability).  Restoration of the entire section of river bank could include use of techniques to ensure bank 
stability (e.g., installation of “Biolog” or equivalent at toe of the slope and biodegradable erosion control 
blanket) along with shrub plantings to compensate for loss of riparian vegetation. 
 
Long-Term Monitoring, Dam Maintenance and Institutional Controls 
 
Long-term monitoring, maintenance of Allendale Dam, and ICs would be required to maintain the 
integrity of the thin-layer cover and stream restoration and prevent activities (e.g., excavation) that could 
expose the underlying contaminated sediment/soil.  Long-term monitoring would be designed to evaluate 
the integrity of the thin-layer cover and stream restoration, whether any downstream transport of 
contaminated sediment/soil is occurring, and the rate at which recovery is occurring after the placement of 
the natural cover material. 
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For example, sediment/soil monitoring would be performed to evaluate the thickness of the sediment/soil 
deposited over time and to confirm that the contaminated sediment/soils had not migrated away from this 
area of the site.  Long-term biota monitoring would be conducted to determine biota recovery and when 
animal tissue was safe to eat.  Water quality monitoring would be performed to assess the quality of the 
surface water and potential for downriver transport.  Monitoring downstream of the Lyman Mill Dam 
would also be performed to assess impact of the remedial action on the downstream areas.  Periodic 
reporting would be required to document remedy progress and efficacy, and the long-term monitoring 
results would be used by the Agencies to determine if additional evaluations or clean-ups were warranted.  
Details of the monitoring plan would be developed during final design.  The general approach for 
monitoring and the assumptions used to estimate annual costs are described in a conceptual long-term 
monitoring approach presented in Appendix H. 
 
Maintenance of the Allendale Dam would be required to prevent sudden release of water that could erode 
the cover or contaminated sediment/soil, which would not be the case with the downstream Lyman Mill 
Dam.  However, both dams could be removed in a controlled fashion without impact to this alternative.  
ICs restricting site access and use would be required to prevent the disturbance of the CDFs (Options 3a 
and 3b) and thin-layer cover (all options).  In addition, ICs (such as boardwalks and fencing) could be 
used to enhance remedy effectiveness by further reducing human exposure. 
 
Disposal and/or Treatment Options 
 
It is assumed that the implementation of a remedial alternative to address floodplain soil would be carried 
out concurrently with the sediment remediation, and the disposal and/or treatment options would be 
common to both action areas to improve the overall efficiency of the selected remedies.  It is assumed that 
the on-site disposal and/or treatment option(s) for floodplain soil would only be used if the on-site 
disposal and/or treatment option(s) was also implemented for the sediment remediation.  The off-site 
disposal and/or treatment option could be implemented independent of the selected alternative for the 
sediments. 
 
It may also be possible to use some of the excavated floodplain soil to assist in grading and building the 
bottom layer of the cap to be constructed under Alternative 4 of the Source Area soil alternatives (see 
Section 6.8.3.1) assuming this alternative was selected.  This material would not need to comply with the 
land disposal restrictions because it would be consolidated within an area of contamination.  Use of some 
of the excavated floodplain soils in this way would reduce the amount of material requiring disposal 
 
Disposal and/or treatment options are the same as described for sediment (Section 6.2.2) and include: 
 


Option 3a: On-site Containment in an Upland CDF 
Option 3b: On-site Containment in a Nearshore CDF 
Option 3d: On-site Thermal Treatment 
Option 3e: Off-site Disposal and/or Treatment 


 
Option 3a:  On-site Containment in an Upland CDF 
 
Under this option, the costs assume that a treatability variance could be obtained to reduce the amount of 
treatment needed for sediment and that treatment would not be required because all of the sediment would 
meet the treatability variance (existing sediment data from the stream channel and old mill raceway meet 
10x the UTS).  The costs also assume that treatment would not be required for the floodplain soil because 
existing floodplain soil data for Lyman Mill reach meet the LDR alternative treatment standards in 40 
CFR §268.49 (applicable to soil only).  These assumptions would be confirmed during design. 
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Option 3b:  On-site Containment in a Nearshore CDF 
 
Under this option, the costs assume that treatment is not required because the excavated sediment/soil 
would be consolidated in-situ in a nearshore CDF within an “area of contamination.” 
   
Option 3d:  On-site Thermal Treatment 
 
Under this option, the excavated sediment/soil would be treated on site using thermal treatment 
(incineration) as described in Section 6.2.2.  
 
Option 3e:  Off-site Disposal and/or Treatment 
 
Under this option, the excavated sediment/soil would be disposed of off site as described in Section 6.2.2, 
either by containment in a designated facility or thermal treatment.  Representative, composite samples 
would be taken and analyzed for dioxin and furans to determine if disposal by incineration is required 
according to the LDRs (i.e., F-listed or characteristic soil waste with an underlying hazardous constituent 
that exceeds 10 times the UTS in 40 CFR §268.48 will need to be treated prior to disposal, see Section 
3.2.1.2).  Representative, composite samples would also be taken and analyzed for TCLP concentrations 
to determine the designation of the materials as solid or hazardous waste and to determine which type of 
landfill is required.  Once the appropriate disposal facility is identified, the excavated floodplain soil 
would be loaded onto trucks and transported to the appropriate location.  The costs assume that 
approximately 50% of the sediment from the stream channel and old mill raceway would require 
treatment to meet the LDRs and that all of the floodplain soil would meet the LDR alternative treatment 
standards in 40 CFR §268.49 (applicable to soil only).  These assumptions would be confirmed during 
design. 
 
6.6.2.2 Evaluation of Targeted Excavation, Enhanced Natural Recovery (Thin-Layer Cover) and 


Disposal and/or Treatment 
 
Results from the evaluation of Alternative 3, Targeted Excavation, Enhanced Natural Recovery (Thin-
Layer Cover) and Disposal and/or Treatment against the NCP criteria are discussed below and 
summarized in Table 6-24. 
 
Overall Protection of Human Health and the Environment 
 
This alternative would provide some protection of human health and the environment because some 
contaminated sediment/soil would be removed and surface concentrations would be reduced by the thin-
layer cover.  Contaminated sediment from the stream channel (an erosional area) and floodplain soil from 
areas with contaminant concentrations in excess of ARARs or EPA’s dioxin requirements would be 
removed and either contained in a disposal facility or treated.  However, because some contaminated 
sediment/soil would remain in place under the thin-layer cover, ICs restricting site access and use would 
be required to prevent the disturbance of the CDFs (Options 3a and 3b) and thin-layer cover (all options).  
In addition, ICs (such as boardwalks and fencing) could be used to enhance remedy effectiveness by 
further reducing human exposure.  This alternative would provide some reduction in ecological exposures 
in the short term; however, ecological receptors may continue to be at risk of harm over an extended 
period of time from exposure to contaminated sediment/soils.  Ecological receptors are thought to have 
the ability to burrow or dig to depths of 1 foot or greater; therefore, there is a potential that some may 
burrow through the thin-layer cover and into contaminated sediment/soil.  
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Compliance with ARARs 
 
ARARs specific to Alternative 3 are summarized in Table 6-25.  Assuming that excavation involves more 
than a deminimis/incidental discharge to surface water, Clean Water Act Section 404 requirements are 
triggered by excavation.  In addition, placement of backfill in wetland areas, the nearshore CDF (Option 
3b), and possibly the upland CDF (Option 3a) also trigger wetlands/Section 404 requirements.  As a 
result, these actions must be evaluated to determine the least damaging practicable alternative.  State 
wetlands requirements will also need to be addressed.  The thin-layer cover (all options) and nearshore 
CDF (Option 3b) would also require the permanent occupancy and modification of the floodplain.  
According to Executive Order 11988, a determination would need to be made that there was no other 
practicable alternative before selecting this option as the preferred remedy.  In addition, some of the 
sediment could require treatment if it exceeds the treatment standards set forth in the LDRs.  A treatability 
variance could be obtained to reduce the amount of treatment needed for sediment under Option 3a.  The 
Subtitle C requirements under RCRA would have to be waived for this alternative.  The waiver would be 
based on the determination that the placement of a RCRA-compliant cap would result in greater risk to 
the environment.  Specifically, the cover proposed under this alternative would allow for preservation of a 
majority of the existing forested wetland that provides a regionally-important habitat to a variety of birds 
and animals (including potential threatened/endangered vernal pool species).  However, requiring a 
thicker, impermeable cap would permanently eliminate one of the largest areas of remaining forested 
riparian habitat remaining along the Woonasquatucket River downstream of the Smithfield town line.  
 
Long-Term Effectiveness and Permanence  
 
Alternative 3 would provide some risk reduction because sediment in the areas most susceptible to 
erosion (stream channel) and floodplain soil with contamination in excess of ARARs or EPA’s dioxin 
requirements would be removed and either contained in an engineered facility or treated by incineration.  
Additionally, placement of a thin-layer cover would reduce surface concentrations, where exposure is 
most likely.  However, where contamination remains under the cover inherent hazard of waste remains 
and there is potential for future exposure to and migration of contaminated sediment/soil particles 
downriver as a result of flood flows.  Because of the potential for erosion and redeposition during severe 
storm events, maintenance and monitoring are critical to the long-term adequacy and reliability of this 
alternative.  Implementation of ICs would provide further protection to human health by lowering the 
potential for human exposure; ICs are only effective if adequately monitored, enforced, and maintained.  
ICs are not reliable or effective in addressing ecological risk.  
 
Inherent hazard of the disposal and/or treatment options is the same as the sediment excavation alternative 
(Alternative 7, Section 6.2.2.2).  Long-term monitoring, maintenance, including maintenance of Allendale 
Dam, and ICs would be critical to control physical disturbances and protect the integrity of the cover (all 
options) or any type of on-site disposal facility (Options 3a and 3b) for the long-term effectiveness of this 
alternative. 
 
Reduction of Toxicity, Mobility or Volume through Treatment  
 
The toxicity, mobility, or volume of contamination would be reduced through treatment under Options 3d 
(on-site thermal treatment) and 3e (off-site disposal and/or treatment).  The on-site containment options 
(Option 3a and 3b), and to a lesser extent the thin-layer cover (all options), would reduce the mobility of 
the contaminants, although not through treatment.   
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Short-Term Effectiveness 
 
Alternative 3 is expected to have some short-term impacts.  However, potential short-term impacts to 
human health, on-site workers and the community would be limited.  Temporary work areas and an 
access roadway would be set up and the work areas cleared of vegetation.  There would be truck traffic 
into and out of the area to deliver the cover material and fuel; traffic would also increase slightly due to 
site workers traveling back and forth to the job site.  The application of cover material will also require 
petroleum powered engines and generators; therefore, there will be some short-term low level air 
emissions associated with this alternative. 
 
Potential short-term impacts to the environment would be minimized to the extent practical by conducting 
construction activities during the dormant season, limiting excavation to targeted areas, and placing the 
soil cover using an innovative hydraulic slurry system.  In the targeted excavation areas, removal of 
sediment and floodplain soil and placement of backfill would result in the destruction of approximately 
4.8 acres existing habitat, which may take at least a decade to become reestablished in areas of emergent 
marsh.  Placement of the soil cover using the hydraulic slurry method would not destroy the existing 
shrub and tree vegetation and would minimize the magnitude of the impacts to the red maple swamp 
habitat, which would result in fewer short-term impacts to this portion of the site.  As discussed in the 
wetland delineation and functions and values assessment of the Oxbow (USACE, 2008), the mature red 
maple floodplain forest found in the Oxbow provides a number of environmental functions (including a 
unique recreational area) to both people and the local ecosystem, and these would be lost if the area was 
cleared using the traditional earthwork approach.   
 
The application of a 3 inch layer of material is not expected to have deleterious effects on the majority of 
the indigenous vegetation, particularly if a porous cover material is used and sensitive species such as 
swamp white oak are avoided (or the cover thickness is reduced).  Damage would be further minimized 
by applying the cover material during the dormant season (e.g., late fall or early winter).  It is expected 
that some small areas of habitat would be disrupted due to the installation of temporary access roadways 
along the main river channel; however, the locations of these areas would be designed to minimize 
ecological impact as much as possible.   
 
Placement of the soil cover would not impact mobile animals in the wetland because they would have 
time to move away from the construction activities.  Non-mobile animals, such as soil invertebrates that 
live in the wetland soils, would be buried by the cover; however, it is expected that they would quickly 
colonize the newly applied cap material both from below and from areas outside the soil cover.  The 
thinness of the proposed cover is anticipated to minimize mortality to soil macroinvertebrate communities 
during the construction phase. 
 
The ecological exposures would diminish over time, as the layer of clean material deposited within the 
area increased in thickness and chemical degradation (organic contaminations only) occurred.  However, 
the rate of deposition of clean material is expected to be low and the time to achieve RAOs for this 
alternative may be on the order of several decades to well over a century.  Based on the model analysis 
for the most sensitive ecological receptor, the time to reach the cleanup goals for this alternative varies  
from 30 to a couple hundred years, with an expected duration of approximately 60 years.76  The cleanup 


                                                      
76 Appendix M describes the results of a sensitivity analysis conducted to evaluate the predictive floodplain soil 
contaminant exposure model for ecological receptors; results are summarized Table M-15.  The sensitivity analysis 
assessed the impact of a range of potential values for the two most important determinants of future exposure and 
risk (i.e., the average annual deposition rate and the chemical half-life of organic contaminants in floodplain soil).  
In addition to a no deposition scenario, the deposition rate was assumed to vary by an order of magnitude between 
0.024 and 0.24 inches per year.  The annual half-life (i.e., time for half of the contaminant mass to degrade) for 


Interim Final CMRP Feasibility Study Report  April 2010 6-63







Action Area and Media: Lyman Mill Reach Stream Sediment and Floodplain Soil (Including Oxbow) 
Alternative: 3 – Targeted Excavation, Enhanced Natural Recovery and Disposal and/or Treatment 


goals for the passive recreational visitor receptor is expected to be reached in about 15 years  
(Appendix M). 
 
Implementability 
 
Overall, this alternative raises some limited implementation issues.  Construction in areas having soft 
soils can pose unique challenges; however, specialized, low ground-pressure equipment would be used in 
conjunction with the establishment of temporary work platforms and access roads.  As mentioned above, 
use of a hydraulic slurry method for the placement of a wetland cover is not routine.  However, such a 
broadcast placement method has been successfully demonstrated at other sites including an EPA 
demonstration project in Casper, Wyoming in early 2000 (A. Fitzpatrick, 2002).  There are no unusual 
implementability issues related to the availability of services and materials.  Sandy loam cover material is 
expected to be readily available from local construction supply companies. 
 
Because this alternative leaves contaminated sediment and floodplain soil in place over an extended 
period of time, technical problems could occur in the future.  Monitoring and enforcement of ICs would 
be necessary to ensure the successful implementation of this alternative.  The implementation of a 
monitoring program and ICs would not present any unusual issues.  Requirements for dam maintenance 
and impacts to wetland/floodplain areas could present some implementability issues that would have to be 
assessed.  For dam maintenance, agreement for access from owners of the dams would be needed.  
Impacts to wetlands and floodplains would need to be minimized to the extent possible and mitigation for 
unavoidable wetland impacts and replacement for lost flood storage capacity would be required.  In 
addition, this alternative will face additional implementation issues if the presence of vernal pool habitat 
is confirmed within the current remediation footprint.  The animals that occur in vernal pools are typically 
very sensitive to environmental disturbances and special care would have to be taken during the design 
and construction aspects of these alternatives to mitigate these concerns.  Even the application of a 3 inch 
layer of natural soil cover could have some deleterious effects on these areas.  Finally, as discussed above, 
a waiver from the RCRA Subtitle C closure regulations would have to be obtained for this alternative.   
 
Because the disposal and/or treatment options required under Alternative 3 are combined with the 
disposal and/or treatment options for the sediment excavation alternatives (Section 6.2), the 
implementability issues that result from disposal and/or treatment will be the same as for Alternative 7 for 
Allendale and Lyman reach sediment (Section 6.2.2.2). 
 


                                                                                                                                                                           
2,3,7,8-TCDD, the primary human health and ecological risk driver for floodplain soil, was assumed to vary 
between 6.5 to 51.7 years; a no degradation scenario was also conducted.  Time estimates to achieve the RAOs are 
based on the model analysis for the most sensitive ecological receptor (i.e., short-tailed shrew) and for the 
contaminant 2,3,7,8-TCDD. 
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Cost 
 
The detailed cost evaluation for Alternative 3, Targeted Excavation, Enhanced Natural Recovery (Thin-
Layer Cover) and Disposal and/or Treatment, is presented in Appendix J; costs for water quality 
monitoring are captured under the sediment alternatives.  The capital, operation and monitoring, and 
present worth costs are listed below: 
 


Option 3a: On-site 
Containment in an 
Upland CDF 


Capital cost and baseline monitoring $7,000,000
Annual cost for years 1 to 30 $220,000
Present worth costs $9,700,000


Option 3b: On-site 
Containment in a 
Nearshore CDF 


Capital cost and baseline monitoring $7,000,000
Annual cost for years 1 to 30 $220,000
Present worth costs $9,700,000


Option 3d: On-site 
Thermal Treatment 


Capital cost and baseline monitoring $16,000,000
Annual cost for years 1 to 30 $200,000
Present worth costs $19,000,000


Option 3e: Off-site 
Disposal and/or 
Treatment 


Capital cost and baseline monitoring $13,000,000
Annual cost for years 1 to 30 $200,000
Present worth costs $16,000,000


 
6.6.3 Alternative 5:  Partial Excavation, Enhanced Natural Recovery and Disposal and/or 


Treatment 
 
6.6.3.1 Description of Partial Excavation, Enhanced Natural Recovery and Disposal and/or 


Treatment 
 
Under this alternative, the top 1 foot of contaminated sediment and floodplain soil would be removed 
using excavation from areas where contaminant concentrations are in excess of ARARs for residential 
direct exposure or EPA’s recommended residential level for dioxin in soil (EPA, 1998b), as well as at 
areas with the highest potential for future erosion, from low-lying channels where contaminated sediment 
has accumulated, and from areas with the most frequent human exposure.  After excavation, these areas 
would be backfilled with clean material and the site restored.  Areas within the remedial footprint that are 
not excavated would rely on ENR (Section 6.6.2) in conjunction with ICs to further reduce potential 
human exposure to site contamination. 
 
A depth of 1 foot was assumed because this is generally considered the depth to which the majority of 
relevant ecological exposures occur as a result of foraging or burrowing activities, and the depth of most 
likely human exposure.  The actual depth of excavation would extend deeper within the vadose zone as 
necessary to meet ARARs or EPA’s dioxin requirements, and would be determined during design based 
on sampling and analysis of deeper sediment/soil samples.  Excavation and backfill volumes will also be 
evaluated during design to ensure no net loss of flood storage capacity from placement of the thin-layer 
cover in wetland/floodplain areas.77  Data needs would include, but may not be limited to, the collection 
of floodplain soil and sediment samples within this area, as well as a survey to more precisely delineate 
the boundaries between the various vegetation types represented.   
 


                                                      
77 There would be no net loss of flood storage capacity if the backfill volume excludes the over-excavation 
allowance (0.25 ft). 
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It is assumed that this remedy would be implemented concurrently with the remedy selected for Lyman 
Mill Pond sediments and that any excavation activities would be conducted after the pond water levels 
were temporarily lowered.  Temporary gravel access roadways would be constructed on the east and west 
side of the pond and along the river channel between Lyman Mill Pond and Allendale Dam.  These 
roadways would also provide access to this action area. 
 
Following removal, confirmation sampling would be conducted to verify that the cleanup goals were 
achieved (see Appendix J for assumptions regarding types and quantities of confirmation samples), and 
the excavated sediment/soil would be disposed or treated.  The sequence of excavation activities, 
excavation/backfill volumes and rates, cover placement, floodplain soil/sediment processing, long-term 
monitoring and ICs, and disposal or treatment options are described below.   
 
Construction Sequence 
 
A typical construction sequence is presented below: 
 


1. Construct temporary access roads and staging areas. 


2. Clear debris and vegetation as necessary. 


3. Excavate contaminated soil/sediment in an upstream to downstream direction, stockpile and 
dispose. 


4. If material was to be disposed off site, testing would be conducted to determine the appropriate 
disposal designation. 


5. Evaluate confirmation samples and backfill excavated areas with clean material. 


6. Place enhanced natural cover in areas that were not remediated with excavation, which could be 
performed concurrently with backfill placement. 


7. Plant appropriate types of vegetation within the excavation footprint to enhance ecosystem 
recovery. 


 
Excavation/Backfill Volumes and Rates  
 
Sediment and floodplain soil would be removed during periods of low water level in Lyman Mill Pond, 
so that no additional lowering of surface water would be required.  In this alternative, 13.5 acres would be 
excavated (Figures 5-27a and 5-27b) and backfilled with clean material to provide subgrade for re-
vegetation of the area.78   
 


• Approximately 27,300 cy of floodplain soil and sediment would be removed from the excavation 
footprint under this alternative, including a 0.25 foot over-excavation allowance. 


• Approximately 4,900 tons (or 3,200 cy) of soil would be placed for the thin-layer cover.  
 
The excavation rate for sediments and floodplain soils is assumed to be 200 cy/d; the placement rate of 
clean backfill is assumed to be 500 tons/day; placement of thin-layer cover is assumed to be 70 tons/day; 
and the rate of replanting vegetation is assumed to be 7,400 sq ft/d.  Including the required wetland 
mitigation and streambank restoration activities (see discussion on mitigation below), it is estimated that 
this alternative would take approximately one year to implement. 


                                                      
78 Appendix N describes how the excavation area and volume would change using EPA’s new proposed residential 
level for dioxin (EPA, 2009). 
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Cover Placement 
 
Under this alternative, a thin-layer cover would be placed using the same methods as described in 
Alternative 3 (Section 6.6.2).  The cover would be placed over the 8.0 acre area within the remedial 
footprint that is not excavated (Figures 5-27a and 5-27b).  The final composition and thickness of the 
cover would be determined during the design phase; however, for the purposes of evaluating this 
alternative, a cover thickness of 3 inches with a composition physically similar to the soils indigenous to 
the Oxbow area is assumed.  Placement of a soil cover in the 8.0 acre area would preserve the existing 
shrub and tree vegetation to the maximum extent possible. 
 
The 8.0 acre area would require approximately 4,900 tons of cover material to place a 3 inch thin-layer 
cover.  For cost estimating and scheduling purposes, it is assumed that the cover would be placed at a 
discharge rate of approximately 350 gpm.  This would place approximately 70 tons per working day. 
 
Sediment/Floodplain Soil Processing 
 
The excavated sediment/soil would be processed for disposal as described for Alternative 3 (Section 
6.6.2). 
 
Flow Control Structures 
 
Similar to Alternative 3 (Section 6.6.2), this alternative would be further developed during the design 
phase to include diverting some of the flow from the Woonasquatucket River into and through the Oxbow 
area to increase the rates of natural sediment deposition.   
 
Mitigation 
 
Similar to Alternative 3 (Section 6.6.2), this remedy would involve the destruction of some existing 
forested and/or scrub/shrub habitat structure and jurisdictional wetland.  Soil excavation and application 
of a soil cover would either eliminate (soil excavation) or potentially degrade (thin-layer cover) the 
floodplain soil community.  In addition, remediation of the lotic portion of the river would destroy 
benthic habitat and the benthos itself and sediment excavation would destroy a portion of the adjacent 
riverbank including some riparian vegetation and tree root system.  In addition, a more extensive width of 
river bank habitat located along the western shore opposite and upriver of the Lee Romano Ballfield 
would be destroyed. 
 
Figure 6-7 presents an overview of the different habitat features associated with this alternative and 
possible mitigation components for each.  Mitigation measures including plantings would be similar to 
that described in Section 6.6.3.1.  The riverbank restoration of the western side would be more extensive 
(approximately 25 feet wide) and in addition to bank stabilization measures, as described under 
Alternative 3, tree and shrub plantings would be included as mitigation for these impacts.  Finally, 
contaminated soil that was excavated under Alternative 5b would be contained on site in a nearshore CDF 
and mitigation for the incremental loss of aquatic habitat involved could be provided by the same 
measures described previously for the sediment alternatives (i.e., preservation uplands and/or wetland 
restoration). 
 
Long-Term Monitoring, Dam Maintenance and Institutional Controls 
 
Long-term monitoring, dam maintenance and ICs would be required as described for Alternative 3 
(Section 6.6.2) to ensure that the thin-layer cover remained in place, to prevent activities (e.g., 
excavation) that could expose the underlying contaminated material, and to quantify the recovery 
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occurring within the area.  Details of the monitoring plan would be developed during final design.  The 
general approach for monitoring and the assumptions used to estimate annual costs are described in a 
conceptual long-term monitoring approach presented in Appendix H. 
 
Maintenance of the Allendale Dam would be required to prevent a sudden release of water that could 
erode the cover or contaminated sediment/soil, which is not a case with the downstream Lyman Mill 
Dam.  However, both dams could be removed in a controlled fashion without impact to this alternative.  
ICs restricting site use and limiting access would be used to further limit human exposure to contaminated 
material that remained on site.  These controls could include, but not be limited to, access restrictions 
(i.e., fencing and requirements for boardwalks) and future use restrictions to prevent excavation in the 
area.  Long-term monitoring and ICs would also be required to maintain any type of on-site containment 
facility. 
 
Disposal and/or Treatment Options 
 
Disposal and/or treatment options are the same as described for Alternative 3 (Section 6.6.2.2) and 
include: 
 


Option 5a: On-site Containment in an Upland CDF 
Option 5b: On-site Containment in a Nearshore CDF 
Option 5d: On-site Thermal Treatment 
Option 5e: Off-site Disposal and/or Treatment 


 
Under Option 5a, the costs assume that no treatment is required because the sediment would meet the 
treatability variance and the floodplain soil would meet the LDR alternative treatment standards in 40 
CFR §268.49 (applicable to soil only).  Under Option 5e, the costs assume that approximately 50% of the 
sediment from the stream channel and old mill raceway would require treatment to meet the LDRs and 
that all of the floodplain soil would meet the LDR alternative treatment standards in 40 CFR §268.49 
(applicable to soil only).  These assumptions would be confirmed during design. 
 
It may also be possible to use some of the excavated floodplain soil to assist in grading and building the 
bottom layer of the cap to be constructed under Alternative 4 of the Source Area Soils Alternatives (see 
Section 6.8.3.1) should this alternative be selected.  This material would not need to comply with the 
LDRs because it would be consolidated within an area of contamination.  Use of some of the excavated 
floodplain soils in this way would reduce the amount of material requiring disposal 
 
6.6.3.2 Evaluation of Partial Excavation, Enhanced Natural Recovery and Disposal and/or 


Treatment 
 
Results from the evaluation of Alternative 5, Partial Excavation, Enhanced Natural Recovery and 
Disposal and/or Treatment, against the NCP criteria are discussed below and summarized in Table 6-26. 
 
Overall Protection of Human Health and the Environment 
 
Alternative 5, Partial Excavation, Enhanced Natural Recovery and Disposal and/or Treatment, would 
provide some overall protection of human health and the environment, and would help balance the long-
term benefits of soil/sediment removal with the short-term benefit of protecting valuable existing wetland 
tree and shrub habitat.  The primary risk to human health is from direct contact with sediments and 
floodplain soils; this risk would be eliminated in areas that were excavated and backfilled, and minimized 
elsewhere by the combination of placement of a thin-layer cover and use of appropriate ICs to restrict 
access and prevent digging or excavation within the remedial footprint. 
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The risks to ecological receptors, which are based on direct contact or ingestion of contaminated prey, 
would also be reduced under this alternative.  Such risks would be eliminated in areas that were excavated 
and backfilled.  The shrub and forested wetland in the 8.0 acres not excavated would continue to provide 
habitat to ecological receptors.  Additionally, the placement of a 3 inch layer of natural cover material in 
the remaining area of the footprint will provide further reduction in exposure to contaminants.  However, 
because the cover material is only estimated to be 3 inches thick, the potential for exposure of burrowing 
organisms would not be eliminated until cleanup objectives are met.  Similarly, the bioaccumulation 
hazard to wildlife would be reduced but not eliminated over an extended period of time. 
 
Compliance with ARARs 
 
ARARs specific to Alternative 5 are summarized in Table 6-27.  Excavation, placement of backfill/cover 
material in wetland areas, the nearshore CDF (Option 5b), and possibly the upland CDF (Option 5a) will 
trigger wetlands/Section 404 requirements.  As a result, these actions must be evaluated to determine the 
least damaging practicable alternative.  State wetlands requirements will also need to be addressed.  The 
thin-layer cover (all options) and nearshore CDF (Option 5b) would also require the permanent 
occupancy and modification of the floodplain.  According to Executive Order 11988, a determination 
would need to be made that there was no other practicable alternative before selecting this option as the 
preferred remedy.  In addition, some of the sediment could require treatment if it exceeds the treatment 
standards set forth in the LDRs.  A treatability variance could be obtained to reduce the amount of 
treatment needed for sediment under Option 5a.  The Subtitle C requirements under RCRA would have to 
be waived for this alternative.  The waiver would be based on the determination that the placement of a 
RCRA-compliant cap would result in greater risk to the environment.  Specifically, the cap proposed 
under this alternative would allow for preservation of a majority of the existing forested wetland that 
provides a regionally-important habitat to a variety of birds and animals (including potential 
threatened/endangered vernal pool species).  However, requiring a thicker, impermeable cap would 
permanently eliminate one of the largest areas of remaining forested riparian habitat remaining along the 
Woonasquatucket River downstream of the Smithfield town line.  
 
Long-Term Effectiveness and Permanence 
 
Partial excavation would be somewhat effective in the long term because the contaminated sediment/soil 
would be removed and either contained in a disposal facility or treated.  In addition, placement of a thin-
layer cover would facilitate risk reduction through natural recovery.  All sediment and floodplain soil will 
be excavated from areas with contamination in excess of ARARs or EPA’s dioxin requirements, as well 
as from areas of highest potential for future erosion, from low-lying channels where contaminated 
sediment has accumulated, and from areas with potential for frequent human exposure.  As a result, the 
residual risk would be significantly reduced particularly for human receptors.  The elevated post-
construction ecological residual risk from contamination remaining in place under the thin-layer cover 
would be further reduced over time as clean material was deposited within the area.  However, inherent 
hazard of waste remains wherever contamination remains on site (under the thin-layer cover and 
contained in the upland and nearshore CDFs). 
 
Inherent hazard of the disposal and/or treatment options is the same as the sediment excavation alternative 
(Alternative 7, Section 6.2.2.2).  Long-term monitoring, maintenance, including maintenance of the 
Allendale Dam, and ICs would be critical to control physical disturbances and protect the integrity of the 
thin-layer cover (all options) or any type of on-site disposal facility (Options 5a and 5b) for the long-term 
effectiveness of this alternative.  Implementation of ICs would provide further protection to human health 
by lowering the potential for human exposure; ICs are only effective if adequately monitored, enforced, 
and maintained.  ICs are not reliable or effective in addressing ecological risk.   
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Reduction of Toxicity, Mobility or Volume through Treatment 
 
The toxicity, mobility, or volume of contamination would be reduced through treatment under Option 5d 
(on-site thermal treatment) and Option 5e (off-site disposal and/or treatment).  The on-site containment 
options (Options 5a and 5b) and to a lesser extent the thin-layer cover (all options) would reduce the 
mobility of the contaminated sediment/soil particles, although not through treatment. 
 
Short-Term Effectiveness 
 
This alternative would have the same short-term impacts as Alternative 3 (Section 6.6.3.2), although 
adverse impacts to the environment would be more extensive because a larger area would be excavated 
under this alternative.  Excavation and removal of sediment and floodplain soil and placement of backfill 
would result in the destruction of approximately 13.5 acres of existing habitat, including emergent marsh, 
scrub/shrub and forested areas (Figures 5-27a and 5-27b).  It may take at least a decade for habitat to 
become reestablished in areas of emergent marsh, and a considerably longer time (on the order of several 
decades) in areas with a well-developed tree canopy.   
 
As discussed in Section 6.6.2.2, anticipated human and ecological exposures will diminish over time, as 
the layer of clean material deposited within the area increased in thickness and chemical degradation 
(organic contaminations only) occurred.  However, the rate of deposition of clean material is expected to 
be low and the time to achieve RAOs for this alternative may be on the order of several decades to well 
over a century.  Based on the sensitivity results presented in Appendix M (Table M-15) the time for 
2,3,7,8-TCDD to reach the clean-up goal for the most sensitive ecological receptor under this alternative79 
varies from 30 to over 250 years, with an expected duration of approximately 55 years.  The clean-up goal 
for the passive recreational visitor receptor is expected to be reached in less than 8 years. 
 
Implementability 
 
Overall, this alternative raises the same limited implementability issues as Alternative 3 (Section 6.6.3.2).   
 
Cost 
 
The detailed cost evaluation for Alternative 5, Partial Excavation, Enhanced Natural Recovery and 
Disposal and/or Treatment, is presented in Appendix J; costs for water quality monitoring are captured 
under the sediment alternatives.  The capital, operation and monitoring, and present worth costs are:  
 


Option 5a: On-site 
Containment in an 
Upland CDF 


Capital cost and baseline monitoring $14,000,000
Annual cost for years 1 to 30 $220,000
Present worth costs $16,000,000


Option 5b: On-site 
Containment in a 
Nearshore CDF 


Capital cost and baseline monitoring $13,000,000
Annual cost for years 1 to 30 $220,000
Present worth costs $16,000,000


Option 5d: On-site 
Thermal Treatment 


Capital cost and baseline monitoring $40,000,000
Annual cost for years 1 to 30 $200,000
Present worth costs $42,000,000


Option 5e: Off-site 
Disposal and/or 
Treatment 


Capital cost and baseline monitoring $29,000,000
Annual cost for years 1 to 30 $200,000
Present worth costs $32,000,000


                                                      
79 This is based on the most sensitive ecological receptor for this contaminant, which is the short-tailed shrew. 
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6.7 Comparative Analysis of the Lyman Mill Reach Stream Sediment and 
Floodplain Soil Alternatives 


 
The three alternatives for Lyman Mill reach stream sediments and floodplain soils (Alternative 1, No 
Action; Alternative 3, Targeted Excavation, Enhanced Natural Recovery and Disposal and/or Treatment; 
and Alternative 5, Partial Excavation, Enhanced Natural Recovery and Disposal and/or Treatment) are 
compared below to better understand the key tradeoffs among the alternatives; key features of the 
alternatives are summarized in Table 6-28.  Overall, among the alternatives evaluated, partial excavation 
(Alternative 5) will provide the highest level of protection to human health and the environment and a 
higher level of long-term effectiveness and permanence because a larger volume of contaminated material 
would be removed from the system.  None of the alternatives, however, would provide immediate, 
complete protection of ecological receptors from exposures to contaminated material.  Rather, a minimum 
of several decades would likely be required to attain the ecological cleanup objectives.  This delay in 
achieving the remedial goals for ecological receptors is balanced by the need to preserve the habitat 
necessary to maintain the receptors warranting protection. 
 
6.7.1 Overall Protection of Human Health and the Environment 
 
The human health and ecological risks for this action area are associated with direct contact exposure with 
contaminated sediments and soils and consumption of prey items that have bioaccumulated contaminants 
from these media.  Due to the high value of much of the ecological habitat in this area, the cleanup 
objectives have been developed in an effort to obtain an optimal balance between the ecological benefits 
of the removal of contaminated sediment and soil versus the loss and destruction of sensitive habitat.  
Because of the mature nature of this floodplain forest along with its relative scarcity in this urbanized 
watershed, the impacts associated with large-scale excavation in the Oxbow would extend out for many 
decades.  As a result, overall protection balances the benefits of reducing human risk with the benefits of 
protecting valuable existing wetland tree and shrub habitat in the long term. 
 
The No Action alternative would provide little protection to either human health or the environment 
because nothing would be performed to address the risks associated with the current exposure pathways. 
 
Alternatives 3 and 5 would provide more protection to human health and the environment, with 
Alternative 5 (Partial Excavation and ENR) providing greater protection of human health and the 
environment.  Both Alternatives 3 and 5 would protect human health through the targeted excavation of 
sediment and floodplain soil in areas where there is a greater likelihood of human exposure with 
Alternative 5 requiring more of the material that presents a risk to be removed. 
 
Alternative 5 would provide some protection of ecological receptors even though a larger portion of the 
area would be excavated and backfilled.  The application of the thin-layer cover in the remaining area 
would also accelerate the natural recovery, but would not provide significant risk reduction in the short 
term, as discussed above.  This alternative would reduce the potential for downstream transport of 
contaminants into Lyman Mill Pond compared to Alternative 3.  Alternative 3 would be somewhat less 
protective of human health because of the reduced excavation footprint.  Alternative 3 also includes 
placement of the thin-layer cover and, thus, would be similar to Alternative 5 in terms of short-term 
impacts to ecological receptors. 
 
6.7.2 Compliance with ARARs 
 
Alternative 1 (No Action) would not comply with state ARARs for residential direct exposure or EPA’s 
recommended residential level for dioxin in soil (EPA, 1998b).  The action-based alternatives 
(Alternatives 3 and 5) would both involve the placement of fill in waters of the state/US, the destruction 
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of wetlands, and the permanent occupancy and modification of the floodplain.  Therefore, a determination 
would need to be made that there was no other practicable alternative before selecting any of these 
alternatives as the preferred remedy.  None of the alternatives would satisfy the Subtitle C regulations 
under RCRA.  For Alternatives 3 and 5, a waiver could be obtained on the basis that placement of a 
RCRA-compliant cap would create a greater risk to the environment than the proposed cap. 
 
With respect to the disposal component of these alternatives, Alternatives 3b and 5b would involve 
additional permanent occupancy and modification of the floodplain, and the filling of wetlands.  
Alternatives 3a and 5a could also result in the filling of wetlands if the selected upland CDF location 
contains wetlands.  In addition, under Alternatives 3a and 5a, some of the sediment could require 
treatment if it exceeds the treatment standards set forth in the LDRs.  A treatability variance could be 
obtained to reduce the amount of treatment needed. 
 
6.7.3 Long-Term Effectiveness and Permanence 
 
The three alternatives evaluated in the detailed analysis exhibit a range with respect to the long-term 
effectiveness and permanence of the remedy.  Alternative 1 (No Action) would not be effective in the 
long term because the risk remains high and there are no controls to prevent exposure.  
 
Alternatives 3 (Targeted Excavation, Enhanced Natural Recovery and Disposal and/or Treatment) and 5 
(Partial Excavation, Enhanced Natural Recovery and Disposal and/or Treatment) would be more effective 
in the long term than the No Action alternative.  Excavation of contaminated sediment/soil and placement 
of clean backfill in areas of potential human exposure and potential downstream migration would provide 
an increased level of long-term protection of human health and the environment.  Alternative 5 would 
provide a greater level of risk reduction than Alternative 3 throughout the post-construction period 
because more of the contamination would be removed and either contained in a disposal facility or 
treated.  Ultimately (estimated duration of 55 to 60 years), both action-based alternatives would achieve a 
low residual risk.  Although not necessary to achieve RAOs, ICs are included as a component of both 
Alternatives 3 and 5 in order to provide enhanced protectiveness by reducing human exposure to 
contamination.  ICs would be necessary to prevent the disturbance of the CDFs (Alternatives 3a, 3b, 5a 
and 5b) and thin-layer cover under Alternatives 3 and 5.  These controls are only effective if adequately 
monitored and enforced.  ECs (walkways) could be used under Alternatives 3 and 5 to provide further 
protection to human health.  There are additional reliability issues for Alternatives 3b and 5b because the 
CDF is located in the river/floodplain. 
 
Residual Risk 
 
Table 6-29 summarizes the calculated residual risks (i.e., the risks based on anticipated contaminant 
exposures following attainment of the cleanup objectives) to human health and ecological receptors for 
Lyman Mill reach stream sediment and floodplain soil.  The residual risks are equivalent for all active 
remedies and in most cases are considerably less than the No Action alternative.  The residual risks are 
summarized in the following sections with detailed analysis provided in Appendix M. 
 
For each active remedial alternative, the residual carcinogenic risk to humans is 7.E-06, which is well 
within the EPA cancer risk range and more than an order of magnitude less than residual risks under the 
No Action alternative (Table 6-29a).  Organ-specific noncarcinogenic hazards to exposed human 
receptors are less than 1 under all remedial alternatives (Tables 6-29a and 6-29b). 
 
Residual risks to ecological receptors (fish and wildlife) are also lower under the active remedial 
alternatives (Table 6-29d) compared to the No Action alternative (Table 6-29c).  Under the No Action 
alternative, residual risks to birds and mammals are 50 and 400, respectively; these risks are considerably 
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lower for the action alternatives (i.e., 7 and 5, respectively).  In the case of soil invertebrates, residual 
risks under the active remedial alternatives are lower than for the No Action alternative (i.e., 100 versus 
300, respectively); however, in all cases, elevated risks remain because background concentrations of 
several contaminants exceed risk-based sediment threshold concentrations.  Dieldrin and cadmium 
accounts for the majority of the elevated risks but 4,4’-DDE and zinc also contribute (Table 6-29d). 
 
Inherent Hazard 
 
The inherent hazard remains under all action alternatives because contamination above the cleanup goals 
remains in place in the floodplain under the thin-layer cover for an extended period of time.  Among the 
disposal options, the inherent hazard is higher for the on-site containment options (Alternatives 3a, 3b, 5a 
and 5b) because floodplain soil above cleanup levels remains untreated on site, and these options would 
rely on other controls to be effective in the long term.  There are additional reliability issues for Option 5b 
because the CDF is located in the river/floodplain.  Long-term monitoring, maintenance and ICs are 
necessary to protect the integrity of both CDF options.  These controls are only effective if adequately 
monitored and enforced. 
 
6.7.4 Reduction of Toxicity, Mobility or Volume through Treatment 
 
Alternatives 5d and 3d would require the greatest reduction of toxicity, mobility and volume through 
treatment, followed by Alternatives 5e and 3e.  The thin-layer cover (Alternatives 3 and 5) and on-site 
containment options (Alternatives 3a, 3b, 5a, and 5b) would reduce the mobility of the contaminated 
sediment/soil, although not through treatment.  The No Action (Alternative 1) would not provide any 
treatment or reduction in mobility, toxicity or volume.  
 
6.7.5 Short-Term Effectiveness 
 
The No Action alternative has no short-term impacts to the community, the environment or workers.  The 
short-term impacts to the community and on-site workers are fairly similar for the remaining alternatives.  
Both Alternatives 3 and 5 would result in increased traffic around the site.  Generators, heavy equipment, 
and large trucks would be used during remedy implementation.  This would result in a temporary increase 
in noise and air emissions.  These emissions would be within acceptable safe levels. 
 
Disposal of sediment/soils would involve transport of excavated materials to an on-site or off-site facility.  
Engineering controls would be implemented to eliminate releases of contaminants during such transport.  
Additionally, if on-site treatment is utilized (Alternatives 3d and 5d), there would be air emissions 
associated with the incinerator operations.  These emissions would be within acceptable safe levels. 
 
Alternative 5, which includes excavating and backfilling, as well as construction activities related to the 
various disposal options, would present the most short-term impacts to the environment.  The removal 
footprint for this alternative is approximately 13.5 acres and includes areas of emergent marsh, 
scrub/shrub vegetation, as well as some areas with mature trees.  The remaining 8.0 acres would be 
covered with 3 inches of enhanced natural cover, which is less invasive, but not without some adverse 
effects.  It is unlikely that 3 inches of material placed within this area would have a substantial deleterious 
effect on resident biota; however, there would be some disruption to the soil community and the 
herbaceous stratum.  Any sediment removal and backfilling activities will result in destruction of the 
habitat in the removal and staging areas.  Although the remedy would include placing topsoil and planting 
vegetation at the conclusion of implementation, the emergent marsh and scrub/shrub area is expected to 
take approximately a decade to fully develop.  Mature trees would take even longer (on the order of 
decades) to become fully restored with respect to vegetative biomass and canopy cover criteria. 
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Alternative 3 would have somewhat fewer short-term impacts to the environment than Alternative 5 due 
to the reduced excavation footprint (4.8 acres excavated under Alternative 3 compared to 13.5 acres 
excavated under Alternative 5).  The targeted excavation area in this alternative is limited to those areas 
that exceed state ARARs for residential direct exposure and EPA’s recommended residential level for 
dioxin (EPA, 1998b), as well as the stream channel (which would not be suitable for the thin cover).  
Areas not remediated by excavation would be covered with 3 inches of enhanced natural cover, which is 
less invasive, but not without some adverse effects (e.g., some disruption to the soil community and the 
herbaceous stratum, same as Alternative 5).  However, in contrast to Alternative 5, the time to achieve the 
Target Hazard for 2,3,7,8-TCDD is anticipated to take approximately 60 rather than 55 years under this 
alternative.  This time differential is the tradeoff associated with the reduced footprint (i.e., approximately 
8.7 fewer acres of impact to wetland vegetation).  The delay in achieving the remedial goals (for 
ecological receptors) is balanced by the need to preserve the habitat necessary to maintain the receptors to 
be protected.  As has been noted previously, this area provides a unique environmental function in the 
lower Woonasquatucket River watershed as one of the largest remaining tracts of undisturbed forested 
wetland.   
 
Comparing across the three remedial alternatives for a given model scenario, the difference between the 
most and least effective remedies can range up to 100 years (Table M-15).  Based on the current 
understanding of the hydrodynamics of this reach of the Woonasquatucket River and professional 
judgment concerning likely soil degradation rates, the best estimates of the amount of time to reach the 
desired Target Hazard is 55 years (Alternative 5), 60 years (Alternative 3) and 105 years (No Action 
alternative).80  The RAOs for human health will be achieved in less than 8 and 15 years for Alternatives 5 
and 3, respectively (Figure 6-8). The No Action alternative is expected to achieve the RAO (again based 
on 2,3,7,8-TCDD) in approximately 55 years (Figure 6-8). 
   
6.7.6 Implementability 
 
All of the alternatives except the No Action alternative present technical and administrative feasibility 
issues.  Alternative 3, however, may have fewer implementability issues compared to Alternative 5 
because the magnitude of wetlands destruction is reduced (i.e., 4.8 acres of wetlands destroyed under 
Alternative 3 compared to 13.5 acres destroyed under Alternative 5). 
   
Alternatives 3 and 5 would require space for construction activities such as material stockpiling and 
equipment staging.  Space is very limited on site and the surrounding land is privately owned and, in most 
cases, already developed.  In addition, both alternatives will require construction in areas having soft 
soils.  Alternatives 3 and 5 will both face additional implementation issues if the presence of vernal pool 
habitat is confirmed within the current remediation footprint.  The animals that occur in vernal pools are 
typically very sensitive to environmental disturbances and special care would have to be taken during the 
design and construction aspects of these alternatives to mitigate these concerns.  Even the application of a 
3 inch layer of natural soil cover could have some deleterious effects on these areas.  Both alternatives 
will also require a determination that there is no other practicable alternative before they can be selected 
as the remedy because of the resulting permanent occupancy and modification of the floodplain.   
 
Alternatives 3 and 5, the nearshore CDF (Alternatives 3b and 5b), and possibly the upland CDF 
(Alternatives 3a and 5a) would have wetlands and Section 404 requirements.  Alternatives 3 and 5 would 


                                                      
80 This is based on an assumed annual deposition rate of 0.12  inches/year and a half-life of 2,3,7,8-TCDD in soil of 
12.9 years for the action-based alternatives and a slower deposition rate (0.048 inches/year) but same assumed half-
life for the No Action alternative (highlighted in Appendix M, Table M-15).  The faster deposition rate assumed for 
Alternatives 3 and 5 is based on the inclusion of engineering structures to divert floodwaters into the Oxbow and to 
maximize retention time within the area (Appendix M). 
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also result in the permanent occupancy and modification of the floodplain.  The application of slurry for 
cap placement has been widely used in aquatic settings; however, using this method for cover placement 
in wetland or more terrestrial regimes is an innovative application and may pose some unforeseen 
challenges.


The implementability of Alternatives 3 and 5 is largely determined by the various disposal options 
associated with this alternative.  Those options that include on-site treatment and/or disposal facilities 
(Alternatives 3a, 3b, 3d, 5a, 5b, and 5d) will require adequate space for such facilities.  The option that 
requires on-site incineration (Alternatives 3d and 5d) would have additional implementability issues 
because of the need for vendors specializing in on-site, high-temperature incineration of hazardous waste.  
Gaining public acceptance is an important component as well.   


6.7.7 Cost


The costs for the four alternatives are presented in Table 6-28.  The present worth costs for No Action is 
$250,000.  Present worth costs for the action-based alternatives range from $9,700,000 for targeted 
excavation, ENR and on-site containment (Alternatives 3a and 3b) to $42,000,000 for partial excavation, 
ENR and on-site thermal treatment (Alternative 5d). 


6.8 Detailed Evaluation of Source Area Soil Alternatives 


Source Area Soil Alternatives Retained 
 for Detailed Analysis 


1 No Action 


3
Targeted Excavation, Upgrade Caps 
and Maintain and Disposal and/or 
Treatment 


4
Targeted Excavation, Convert to 
RCRA Caps and Maintain and 
Disposal and/or Treatment 


The three source area soil alternatives retained from the screening analysis are described further in this 
section and are evaluated against the NCP criteria (excluding State and Community Acceptance, which 
are considered after comments to the FS and Proposed Plan are received).  All alternatives include five-
year reviews.  The source area soil action area is located 
within the floodplain (Figure 1-2).  This area also includes 
riverbank wetland resource areas as well as wetland 
vegetation that may become re-established within the 
former tailrace (Cap Area #3) (Section 2.3.10).  Because 
some soil contamination is located in wetland areas, there is 
no practical alternative to destruction of these wetlands. 


As described in Section 3.1, the cleanup objectives for 
source area soils are: 


• Prevent direct human exposure to source area soils that contain contamination in excess of 
ARARs (e.g., RIDEM residential direct exposure and TSCA requirements for PCBs) and EPA’s 
recommended residential level for dioxin (EPA, 1998b); and 


• Prevent leaching or migration of contaminants from vadose zone soils that would result in 
groundwater contamination in excess of ARARs (e.g., RIDEM GB leachability criteria). 


Site actions were completed in 1999-2000 and 2003-2004 to reduce the immediate human health threat to 
residents on and near the site from exposure to contaminated soils in the source area (see Section 2.2.2 
and Table 2-1).  The work done in 1999-2000 was a TCRA that included protective caps in Areas #1 and 
#2, as described below: 
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• Construction of an interim protective cap (Cap Area #1) in a formerly wooded area 
immediately south of the Centredale Manor parking lot.  This area was prone to flooding and 
had some of the highest concentrations of dioxin and PCBs in surface soil at the site.  
Contaminated source area soils were capped with intermediate cover material (6 inches 
minimum thickness), a geotextile liner, and approximately 12 inches of final cover material.  
The uppermost layer consists of 4 inches of loam and a vegetative cover. 


• Construction of a second interim cap (Cap Area #2) between the Woonasquatucket River and 
the Centredale Manor building.  This area also was prone to flooding and contained elevated 
concentrations of dioxin in surface soils.  Contaminated source area soils were capped with a 
geotextile fabric liner, 6 inches of sand fill, and 12 inches of common fill.  The uppermost 
layer consists of loam and a vegetative cover.  A flood control berm was constructed along 
the western edge of the cap to reduce erosion. 


 
The work done in 2003-2004 was a TCRA that included protective caps in Area 3 and stormwater 
control facilities, as described below. 


 
• Construction of a permeable protective cap (Cap Area #3) over contaminated soils and 


sediments in the former tailrace, installation of a precast modular stormwater control structure 
at the terminus of a storm drain at the north end of the tailrace, and construction of a drainage 
swale along the length of the capped area (LEA, 2004).  The majority of the tailrace is capped 
with a cellular confinement system consisting from the bottom up of approximately 6 inches 
of sand, a geotextile fabric, and a 6-inch-thick cellular confinement system filled with and 
covered by 1.5-inch aggregate material.  A soil cap consisting of geotextile fabric covered by 
20 inches of bank run gravel and 4 inches of loam was constructed at the north end of the 
tailrace. 


The ground surface elevations in a significant percentage of Cap Areas #1, #2, and #3 are below the 100-
year flood elevation (Figure 1-2), as are some of the parking lots, paved surfaces and landscaped areas.  
Approximately 85% (7.6 acres) of the source area is below the 100-year flood elevation, indicating that 
these areas may be subject to erosion during flooding.  In 2002, Atlantic Environmental Technologies, 
Inc. (AET) performed an assessment of the condition of the interim caps (AET, 2002).  The report notes 
the following findings: 


• Some areas on the Interim Caps have been impacted by limited amounts of erosion as evidenced 
by the apparent lack of vegetative cover in these locations. 


• Areas of “raindrop” erosion and the initial stages of “sheet” erosion, as defined by the 1989 
editions of the State of Rhode Island’s Soil Erosion and Sediment Control Handbook, were also 
observed. 


• Interim Caps #1 and #2 appeared to have experienced settlement, which resulted in hummocking 
(uneven grades) across both caps. 


• Stormwater in Cap Area #1 is more likely to be recharged directly through the site soils than 
directed to overland flow to the tributary areas (due to the hummocking and site grading). 


• The swale drainage system did not fully encompass the perimeter of Cap Area #1 or Cap Area #2. 
 
As described in Section 2.4.3.1, there is widespread contamination above the state ARARs for residential 
direct exposure in vadose zone soils at the source area, as well as dioxin contamination above EPA’s 
recommended residential level for dioxin in surface soil (representative contaminants dioxin TEQ and 
total PCB shown in Figures 2-12 and 2-13, respectively).  The majority of the exceedances, however, are 
in paved or capped areas.  Concentrations of total PCB were above the TSCA criteria (40 CFR 761; 50 
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mg/kg total PCB) in samples from 15 locations at the source area (Figure 2-13).  The majority of 
exceedances (10 out of 15) occur at the central and southern portions of the source area under Cap Area 
#1 and the Centredale Manor parking lots. 
 
Leachability criteria for VOCs were exceeded, but only in samples from six locations (Figure 2-14).  
Leaching of contaminants from soil has led to localized groundwater contamination, particularly on the 
west side of the Brook Village parking lot adjacent to the Woonasquatucket River (Appendix G, Figure 
G-9).  Concentrations of dioxin and VOCs (PCE and TCE) were above the cleanup goals in samples from 
five locations at the Brook Village parking lot.  These data suggest that the existing surfaces (existing 
interim caps, pavement, and rip rap) appear to be protective of the underlying groundwater at the source 
area, except at the west side of the Brook Village parking lot.   
 
Remedial alternatives for the vadose zone soil and groundwater at the Brook Village parking lot are 
addressed as a separate action area in Sections 6.10 and 6.11.  Potential remediation of the vadose zone 
soil and groundwater contamination for the other areas (Figure 3-5, Table 6-30) is considered as part of 
the residential soil remediation in this section. 
 
6.8.1 Alternative 1:  No Action 
 
6.8.1.1 Description of No Action 
 
In accordance with the NCP requirements, the No Action alternative must be carried through the entire FS 
process, and is used as a basis of comparison to the other alternatives.  This alternative would entail no 
active remediation of the contaminated source area soils or maintenance of the prior removal actions.  
Five-year reviews and periodic monitoring, triggered by severe weather events, are incorporated into this 
alternative.  For cost estimating, it is assumed that there would be one physical survey and report to EPA 
on the conditions of the site every five years.  Monitored natural recovery processes, ICs, and rigorous 
long-term monitoring are not components of this alternative. 
 
6.8.1.2 Evaluation of No Action 
 
Results from the evaluation of Alternative 1, No Action against the NCP criteria are discussed below and 
summarized in Table 6-31. 
 
Overall Protection of Human Health and the Environment 
 
The No Action alternative would not provide additional overall protection of human health and the 
environment.  Three “removal actions”81 have been completed including the installation of three interim 
soil covers at the source area which provide a cap that reduces direct human exposure to vadose zone 
soils.  The existing interim caps currently provide some overall protection, but without long-term 
monitoring, maintenance and ICs to maintain the integrity of the soil caps conditions would likely 
deteriorate over time.  For example, a site inspection in 2002 showed a limited amount of erosion had 
occurred at Cap Area #1 and Cap Area #2, likely because the caps are located within flood zones  
(Figure 1-2) and have no apparent maintenance program (AET, 2002). 
 


                                                      
81 The term “removal actions” refers to remediation measures taken before a ROD is issued and the action can 
include containment of contaminated soils as a remedial measure.  The term does not mean that contaminated soils 
were excavated and taken off site. 
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Compliance with ARARs 
 
ARARs specific to the No Action alternative are summarized in Table 6-32.  This alternative will not 
comply with ARARs for residential direct exposure, GB leachability, TSCA closure or EPA’s 
recommended residential level for dioxin in soil (EPA, 1998b).   
 
Long-Term Effectiveness and Permanence 
 
The residual risk and inherent hazard remains high without an applicable RCRA and TSCA closure.  In 
addition, contamination above acceptable levels would remain in areas that are not capped.  There would 
be no adequate or reliable controls to prevent exposure in the long term or maintain the controls currently 
in place.  Without long-term monitoring and ICs to maintain the integrity of the existing surfaces, there 
would be risk of future uncontrolled exposure and migration of contaminated soils by erosion and 
transport to the Woonasquatucket River and Allendale Pond. 
 
Reduction of Toxicity, Mobility or Volume through Treatment 
 
There would not be a reduction of toxicity, mobility or volume of contamination through treatment with 
this alternative. 
 
Short-Term Effectiveness 
 
This alternative has no short-term impacts on the community, the environment or workers because there 
would not be any construction or intrusive work required under this alternative. 
 
Implementability 
 
There are no implementability issues as no activities are required under this alternative.   
 
Cost 
 
There would be no costs associated with the No Action alternative if no monitoring was conducted.  If 
periodic monitoring is implemented, the annual cost for monitoring would be $14,000 and the present 
worth costs would be $170,000. 
 
6.8.2 Alternative 3:  Targeted Excavation, Upgrade and Maintain Existing Surfaces and Disposal 


and/or Treatment 
 
6.8.2.1 Description of Targeted Excavation, Upgrade and Maintain Existing Surfaces and Disposal 


and/or Treatment 
 
Alternative 3 includes targeted excavation to remove principal threat waste and contaminated soil that 
exceeds the TSCA or GB leachability criteria, as well as extending the existing caps to cover existing 
landscape areas and upgrading and maintaining the existing surfaces to prevent exposure to or migration 
of contaminated soil at the source area (Figure 5-28).  Excavated material would be shipped off site for 
disposal and/or treatment (Option 3e). 
 







Action Area and Media: Source Area Soil 
Alternative: 3 – Targeted Excavation, Upgrade and Maintain Existing Surfaces and Disposal and/or Treatment 


The health and safety of residents would be protected during construction.  This is especially important 
for the source area because the residents in the Brook Village and Centredale Manor apartment buildings, 
located at the source area are mostly elderly.  Elderly populations are typically more sensitive to 
contaminants in the air and soil and to uncontaminated dust and chemicals used in standard construction.  
Additional steps would be taken so that the work was performed in a manner that would protect the health 
and safety of the residents, would protect the existing facilities from contamination and provide 
continuous access to the facilities.  All work would be coordinated with management of Brook Village 
and Centredale Manor to provide continuous access to the residents and building service providers.  The 
remedial action work plans, which would be submitted to EPA and the state before construction, would 
include a traffic control plan, a contamination migration control plan, and a resident health and safety 
plan.82  These plans would describe measures that would be implemented to provide continuous access, 
protect existing property, and protect residents’ health and safety during construction.  The management 
of Brook Village and Centredale Manor would be contacted during the preparation of these plans to 
facilitate coordination and obtain their input into the procedures.  After approval by EPA, these plans 
would be provided to the residential facilities management. 
 
Following removal, confirmation sampling would be conducted to verify that the cleanup goals were 
achieved (see Appendix J for assumptions regarding types and quantities of confirmation samples).  The 
sequence of excavation activities, excavation/backfill volumes and rates, soil processing, construction to 
upgrade existing surfaces, construction monitoring, long-term monitoring and ICs, and disposal and/or 
treatment options are described below.  Construction activities would occur at the source area, where 
there is limited area for stockpile of material and equipment storage. 
 
Construction Sequence 
 
The work would be done in phases to minimize disruption to the residents.  An example construction 
sequence is described below: 
 


1. Construct stockpiling, truck loading and decontamination facilities prior to excavation. 


2. Excavate principal threat waste and transport off site for treatment/disposal. 


3. Clear vegetation and install upgraded cap in Cap Area #1. 


4. Excavate source area soils (TSCA/GB leachability areas) in Cap Area #3 east of Centredale 
Manor and transport off site for treatment/disposal. 


5. Upgrade cap in Cap Area #3. 


6. Excavate source area soils (TSCA/GB leachability area) in area north of Centredale Manor and 
transport off site for treatment/disposal. 


7. Upgrade cap in landscape areas north of Centredale Manor. 


8. Excavate source area soil (TSCA/GB leachability area) on north end of Cap Area #2 and 
transport off site for treatment/disposal.  


9. Upgrade cap in Cap Area #2. 


                                                      
82 State and federal wetlands may be associated with the source area soil action area and mitigation for any losses to 
these resource areas would need to be provided for if unavoidable impacts occurred as a result of remedy 
implementation.  However, the developed nature of the source area (i.e., buildings, pavement and cover systems) 
introduces some questions regarding the need for mitigation in this area that would need to be resolved with the 
appropriate regulatory authorities during the design phase.  Any potential impacts would be evaluated and provided 
for at that time as one component of the overall mitigation planning for the project. 
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10. Upgrade cap in landscape areas around Centredale Manor 


11. Apply sealer to asphalt parking lot areas 


12. Remove the temporary roadways and restore the vegetation in the temporary work areas. 
 
Excavation/Backfill Volumes and Rates 
 
Conventional earth moving equipment would be used to excavate the principal threat waste and 
contaminated soil.  Figure 5-28 shows the areas that would be excavated under this alternative.83  The 
spatial extent of the principal threat waste excavation area encompasses the area interpreted as having the 
highest potential for containing buried bulk metallic materials (Roy F. Weston, 1999).  The vertical extent 
of this excavation area is 4 ft bgs, which is based on the average fill thickness at the source area and 
confirmed by soil borings collected at this area (TTNUS, 2002).  The TSCA/GB leachability excavation 
areas encompass all locations where there are chemical concentrations above the TSCA/GB leachability 
criteria.84  Each location represents a polygon shaped area of contamination, where the spatial extent of 
the area extends approximately half-way between contaminated locations and clean locations.  The 
vertical extent of these excavation areas ranges from 1 to 5 ft bgs, and encompasses the depth to clean 
(i.e., the depth at which contamination does not exceed TSCA and/or GB leachability criteria).  The total 
volume of source area soil that would be excavated under this alternative is 9,800 cy (5,500 cy in 
principal threat area and 4,300 cy in TSCA/GB leachability area; does not include over-excavation 
allowance).  Approximately 15,900 tons of backfill would be placed in the excavated area. 
 
The excavation and backfill rates are assumed to be approximately 400 cy/d and 500 tons/day, 
respectively.  Based on these rates, it will take approximately 5 weeks to excavate the principal threat 
waste and contaminated soil and 6 weeks to place backfill.  After excavation and evaluation of the 
confirmation samples, imported backfill would be placed to restore the site grade to existing elevation and 
to provide subgrade for the soil cap or asphalt.   
 
Source Area Soil Processing 
 
The excavated soil will generally be above the elevation of the groundwater table, so continual 
groundwater pumping and treatment will not be required.  However, some of the deeper excavations may 
be below shallow groundwater during some seasons in the year.  Therefore, this alternative includes 
provisions for pumping groundwater and stormwater from the excavations and treatment in a temporary 
treatment system.  
 
Upgrade Existing Surfaces 
 
This alternative includes an initial assessment to identify design improvements needed to restore the 
existing interim caps to meet the requirements of the original designs; a more detailed analysis would be 
performed during design.  Construction to upgrade the existing surfaces would be performed following 
completion of excavation activities (above). 
 
In the three existing interim cap areas the upgrade would include the following: 


• Remove existing vegetation and take off site for disposal as hazardous debris.  There are no trees 
in the cap areas and the vegetation that has grown since the caps were placed would be removed.   


                                                      
83 Appendix N describes how the excavation area and volume would change using EPA’s new proposed residential 
level for dioxin (EPA, 2009). 
84 The existing paved surfaces are considered an impermeable barrier under state law.  Contaminated soil beneath 
the paved surfaces with GB leachability exceedances would not be excavated. 
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• Import loam type soil to fill depressions in the cap area where water could form shallow ponds 
and to provide soil with nutrients for healthy vegetation.  For cost estimating purposes, it is 
assumed that an average fill thickness of 0.5 ft would be needed to fill low areas to provide soil 
for vegetation. 


• Place hydro-seed to establish grass that would control soil erosion. 


• The new soil and grass would cover any areas where erosion has exposed the geotextile fabric 
that was placed for the existing soil caps. 


 
Excavation activities would be limited to some small landscape areas, and all work would be performed 
where the existing ground surface is above the normal water levels in Woonasquatucket River and 
Allendale Pond, so dewatering would not be required. 
 
In the parking lot and paved areas, asphalt sealant would be placed over the entire paved surfaces.  The 
asphalt sealing would have to be performed in one area at a time to provide residents with continuous 
access and vehicle parking. 
 
In the landscaped areas, which encompasses approximately 60,500 square feet at the source area, the top 
2.5 ft of soil would be removed and replaced with a cap that matches the existing interim cap.  This would 
include from bottom to surface (a) 6 inches of fill, (b) a geotextile fabric layer, (c) 12 inches of imported 
fill and (d) 6 inches of topsoil.  Once the cap was in place, the areas could be covered with grass or 
decorative landscape plantings with shallow (< 6 inches) root systems. 
 
Overall, a total of approximately 11,000 tons of imported fill would be required to upgrade the existing 
interim caps and extend the caps to cover the landscaped areas.  This would require approximately 275 
truck loads of material, which could be delivered at a rate of 25 trucks per day for 2 weeks.  The 
estimated construction duration to upgrade the existing interim caps and extend the caps to cover the 
landscaped areas is approximately four weeks.  It would take approximately two weeks to install asphalt 
sealant on the site. 
 
In this alternative, the ground surface elevation after upgrading the caps would be an average of 0.5 ft 
higher and this has the potential to impact flood storage especially because a significant percentage of the 
cap areas are below the 100-yr flood elevation (Figure 1-2).  The volume of fill for all three cap areas 
would be 93,000 cubic feet.  The estimated flows during flood events are 893 and 2,300 cfs for flood 
return periods of 5 and 100 years, respectively.  The potential impact to flood storage can be assessed by 
calculating the time it would take flood flows to fill a volume equal to the fill volume.  For this 
assessment, assume that all the cap areas are below the 100-year flood elevation.  In this simplified case, 
for the floods with 5-year and 100-year return periods, the flood flows would be equal to the fill volume 
in 100 and 40 seconds, respectively.  Mitigative measures to replace lost flood storage capacity would be 
evaluated during design if this option is selected as the remedy. 
 
Construction Monitoring 
 
During all construction, work would be limited to normal work hours.  During earthwork construction, 
dust and noise would be controlled to protect the health of the residents of the two on-site buildings and 
surrounding neighborhoods.  Air and noise monitoring and abatement would be performed to ensure that 
the residents were not exposed to unsafe levels of particulates or volatiles in the air or unsafe noise levels.  
Dust and erosions controls may include actions such as applying water to keep the soil moist, covering 
exposed soil with straw or natural fiber mats, covering soil stockpiles with fabric, or installing silt fences 
around the perimeter of the site.  Noise controls may include features such as mufflers on all equipment, 
or enclosing generators and air compressors in sound-reduction enclosures. 
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Long-Term Monitoring and Institutional Controls 
 
A conceptual long-term monitoring approach is presented in Appendix H.  Because the contamination 
would remain on site, ICs would be required to prevent contact with contaminated source area soil.  The 
ICs would prohibit future excavation, restrict access for buried utilities, prevent the construction of 
buildings with pilings or basements, and require maintenance of the caps, parking lots, paved surfaces, 
and rip rap areas.  The existing groundwater monitoring wells would be protected and used for long-term 
groundwater monitoring.  Periodic reporting would be required to document remedy progress and 
efficacy. 
 
Disposal or Treatment Options 
 
The disposal and/or treatment option evaluated for Alternative 3 is described below: 
 
Option 3e:  Off-site Disposal and/or Treatment 
 
The excavated soil would be sampled on a daily basis.  Representative, composite samples would be 
taken and analyzed for total dioxin and furans to determine if disposal by incineration is required 
according to the LDRs (see Section 3.2.1.2).  Representative, composite samples would also be taken and 
analyzed for TCLP concentrations to determine the designation of the materials as solid or hazardous 
waste and to determine which type of landfill is required.  Once the appropriate disposal facility is 
identified, the excavated soil would be loaded onto trucks or rail cars and transported to the appropriate 
location. 
 
F-listed or characteristic soil waste with an underlying hazardous constituent that meets the alternative 
treatment standards in 40 CFR §268.49 would be taken to a licensed hazardous waste landfill for disposal.  
F-listed or characteristic soil waste that exceeds treatment standards in 40 CFR §268.49 would be taken to 
an off-site incinerator.  Approximately 10% of the source area soil samples (from the planned excavation 
areas) contain dioxin or PCBs at concentrations in excess of the treatment standards in 40 CFR §268.49 
(Section 3.2.1.2).  Therefore, the costs are based on the assumption that 90% of the soils would be taken 
to an off-site landfill and that 10% would be taken to an off-site incinerator for treatment.  Costs assume 
that 100% of the principal threat waste and hazardous debris would be taken to the off-site facility for 
incineration. 
 
6.8.2.2 Evaluation of Targeted Excavation, Upgrade and Maintain Existing Surfaces and Disposal 


and/or Treatment 
 
Results from the evaluation of Alternative 3, Targeted Excavation, Upgrade and Maintain Existing 
Surfaces and Disposal and/or Treatment, against the NCP criteria are discussed below and summarized in 
Table 6-33. 
 
Overall Protection of Human Health and the Environment 
 
Removal of principal threat waste and contaminated soil that exceeds TSCA/GB leachability criteria in 
conjunction with extending and upgrading the soil caps would provide moderate overall protection of 
human health and the environment.  Targeted removal of principal threat waste would remove highly 
toxic or highly mobile waste that generally cannot be reliably contained and could present a significant 
risk to human health or the environment should exposure occur.  Targeted removal of contaminated soil 
that exceeds TSCA would prevent exposure to toxic soils.  Targeted removal of contaminated soil that 
exceeds GB leachability criteria, extending the caps over landscape areas, and upgrading the existing 
surfaces would be effective in preventing erosion of surface soils and migration of the contaminants in 
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eroded soil at the source area, and would effectively isolate contaminants from human exposure.  The risk 
of exposure to contamination that remains in place would be reduced with ICs restricting site activities. 
 
The soil caps would not prevent precipitation infiltration into the groundwater.  The pavement in the 
existing parking lots reduces infiltration in the parking lot areas, but re-directs the run-off to the edges of 
the parking lot where it can infiltrate into the ground.  Moreover, a waiver would be required for the 
RCRA closure requirements. 
 
Compliance with ARARs 
 
ARARs specific to Alternative 3 are summarized in Table 6-34.  This alternative would not comply with 
RCRA closure requirements.  In addition, excavation and placement of fill in wetland areas would result 
in the destruction of existing wetlands and will trigger wetlands/Section 404 requirements.  As a result, 
these actions must be evaluated to determine the least damaging practicable alternative.  State wetlands 
requirements will also need to be addressed.  Under this alternative, there would be permanent occupancy 
and modification of the floodplain.  According to Executive Order 11988, a determination would need to 
be made that there was no other practicable alternative before selecting this option as the preferred 
remedy.   
 
Long-Term Effectiveness and Permanence 
 
Excavation and removal of the principal threat waste and contaminated soil that exceeds TSCA/GB 
leachability will be effective in the long term.  Upgrading the existing surfaces and extending the caps 
over landscaped areas would increase the effectiveness of this alternative.  Some contaminated soil would 
remain in the floodplain.  Inherent hazard of contamination will remain on site under an upgraded cap but 
without an applicable RCRA closure.  Risk reduction will be high as long as the cap is designed, 
constructed and maintained to provide long-term isolation of contaminants. 
 
Long-term monitoring and maintenance of the upgraded surfaces would be required to prevent erosion 
and exposure of the underlying contaminated soils.  In addition, ICs would be required to prevent human 
exposure, and could include restrictions on excavation, access for buried utilities, and construction with 
pilings or basements.  However, these controls are only effective if adequately monitored and enforced. 
 
Periodic monitoring would also be performed to verify that contamination left in place remains relatively 
immobile, and that no future releases occur. 
 
Reduction of Toxicity, Mobility or Volume through Treatment 
 
There would be a reduction of toxicity, mobility or volume of contamination through treatment with this 
alternative.  The mobility of the contaminated soil would be reduced by the isolation cap, although not 
through treatment. 
 
Short-Term Effectiveness 
 
There would be some short-term impacts to the community, environment and workers during construction 
of this alternative.  There would be some potential risk to on-site residents from dust generated during 
construction activities and VOCs generated during installation of asphalt sealants.  However, access to the 
work zone during construction activities would be prohibited and all appropriate measures including 
engineering controls, dust suppression techniques, and site perimeter air (dust) monitoring would be taken 
to mitigate risks to the residents and community.  Additionally, all work would be performed in phases to 
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minimize these impacts, and measures would be taken to provide residents continued access to the 
buildings and parking areas. 
 
Site workers would be protected by dust and erosion control measures implemented during construction.  
Potentially contaminated soil would be transported in covered trucks, and trucks would be cleaned to 
prevent contaminated soil being deposited within the site.  ECs and personal protection equipment would 
be used to meet worker safety regulations.   
 
Excavation and placement of fill in wetland areas would result in the destruction of existing wetlands. 
 
The RAO to prevent direct human contact with the contaminated vadose zone soil would be achieved at 
the completion of remedy implementation, which is expected to be approximately three months.  
Achieving this RAO, however, is contingent on long-term monitoring and maintenance of the existing 
surfaces that would continue after construction activities are complete. 
 
The time to achieve the RAO to prevent migration or leaching of contaminants to soil and groundwater is 
unknown, because some precipitation infiltration to the underlying soil and groundwater could still occur 
under this alternative.  However, contaminated soil that exceeds the GB leachability criteria would be 
removed and should reduce the potential leaching of contaminants from soil to groundwater. 
 
Implementability 
 
Alternative 3 would be moderately difficult to implement.  The cap materials and pavement sealing 
materials would be available from common commercial sources and all work could be performed with 
conventional earthwork or paving equipment.  Although the construction would be routine, 
implementation at this site would be more difficult because remediation work would be conducted in 
close proximity to apartment buildings with a sensitive population.  In addition, there is limited space 
available for equipment, material stockpiles and efficient work operations.  The sequence of work would 
be constrained by the need to maintain access to Brook Village and Centredale Manor and the lack of 
space.  As stated above, work would be limited to normal business hours Monday through Friday.  The 
contractors would develop a traffic control plan and coordinate with the management of Brook Village 
and Centredale Manor to provide continuous access to residents and building service providers.   
 
This alternative results in a permanent occupancy and modification of floodplain and a determination 
would need to be made that there was no other practicable alternative before selecting this option as the 
preferred remedy.  Impacts to wetlands and floodplains would need to be minimized to the extent possible 
and mitigation for unavoidable wetland impacts would be required, as well as replacement of flood 
storage capacity.  In addition, a waiver from the Subtitle C closure requirements of RCRA would need to 
be obtained. 
 
Cost 
 
The detailed cost evaluation for Alternative 3, Targeted Excavation, Upgrade and Maintain the Existing 
Surfaces and Off-site Disposal and/or Treatment, is presented in Appendix J.  The capital, operation and 
monitoring, and present worth costs are listed below: 
 


Option 3e: Off-site 
Disposal and/or 
Treatment 


Capital cost and baseline monitoring $19,100,000
Annual cost for years 1 to 30 $37,000
Present worth costs $19,600,000
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6.8.3 Alternative 4:  Targeted Excavation, Convert to RCRA Caps and Maintain and Disposal 
and/or Treatment 


 
6.8.3.1 Description of Targeted Excavation, Convert to RCRA Caps and Maintain and Disposal 


and/or Treatment 
 
In this alternative, principal threat waste would be removed by excavation and existing interim caps and 
paved surfaces (Figure 5-29) would be upgraded to meet the guidance for caps over unlined hazardous 
waste landfills.  The cap would also be extended to cover landscaped areas within the proposed remedial 
footprint (Figure 5-29).  Measures would be taken to provide continuous access, protect existing property, 
and protect site worker and resident’s health and safety during construction as described for Alternative 3 
(Section 6.8.2). 
 
The sequence of excavation activities, excavation/backfill volumes and rates, soil processing, construction 
to convert the existing surfaces to RCRA caps, relocation of utilities, construction monitoring, long-term 
monitoring and ICs, and disposal and/or treatment options are described below.  Construction activities 
would occur at the source area, where there is limited area for stockpile of material and equipment 
storage. 
 
Construction Sequence 
 
The work would be done in phases to minimize disruption to the residents.  An example construction 
sequence is described below: 
 


1. Construct stockpiling, truck loading and decontamination facilities prior to excavation. 


2. Excavate principal threat waste and transport off site for disposal/treatment. 


3. Relocate underground utilities. 


4. Clear vegetation and install RCRA cap in Cap Area #1. 


5. Install RCRA cap in Cap Area #3. 


6. Install RCRA cap in Cap Area #2. 


7. Install RCRA cap in landscape areas around Centredale Manor 


8. Install RCRA cap in asphalt parking lot and access roadway southwest of Centredale Manor. 


9. Install RCRA cap in asphalt parking lot and access roadways north of Centredale Manor. 


10. Install RCRA cap in parking lot and access roadways south of Brook Village. 


11. Remove the temporary roadways and restore the vegetation in the temporary work areas. 
 
Excavation/Backfill Volumes and Rates 
 
Conventional earth moving equipment would be used to excavate the principal threat waste from the 
southern portion of the source area at Cap Area #1 (Figure 5-29).  The spatial extent of the principal threat 
waste excavation area encompasses the area interpreted as having the highest potential for containing 
buried bulk metallic materials (Roy F. Weston, 1999).  The vertical extent of this excavation area is 4 ft 
bgs, which is based on the average fill thickness at the source area and confirmed by soil borings 
collected at this area (TTNUS, 2002).  The total volume of source area soil that would be excavated under 
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this alternative is 5,500 cy (does not include over-excavation allowance).85  Approximately 8,900 tons of 
backfill would be placed in the excavated area. 
 
The excavation and backfill rates are assumed to be approximately 400 cy/d and 500 tons/day, 
respectively.  Based on these rates, it will take approximately 3 weeks to excavate the principal threat 
waste and contaminated soil and 4 weeks to place backfill.  After excavation, imported backfill would be 
placed to restore the site grade to existing elevation and to provide subgrade for the soil cap or asphalt.   
 
Source Area Soil Processing 
 
The excavated soil will generally be above the elevation of the groundwater table, so continual 
groundwater pumping and treatment will not be required.  However, some of the deeper excavations may 
be below shallow groundwater during some seasons in the year.  Therefore, this alternative includes 
provisions for pumping groundwater and stormwater from the excavations and treatment in a temporary 
treatment system.  
 
Cap Design and Construction 
 
The RCRA cap would be designed to meet the requirements of the EPA Region 1 guidance for RCRA 
covers over unlined hazardous waste landfills (EPA, 2001b); the RCRA cap will meet TSCA 
requirements.  A cross-section showing the placement of a RCRA cap at the source area, bounded to the 
west by the Woonasquatucket River and to the east by the steps to the Centredale Manor apartment 
building, is shown in Figure 5-30b.  A cross-section of a representative RCRA cap showing the cover 
system is presented in Figure 5-30a.  As shown on Table 6-30, the total area of the existing interim soil 
caps is 186,000 square feet (4.3 acres) and the total area of existing pavement is 93,000 square feet (2.1 
acres). 
 
In the three soil cap areas, the interim soil material previously placed would serve as the Base Layer, Gas 
Vent Layer and Bottom Low-Permeability Layer.  The following work elements would be required to 
upgrade the existing soil covers: 
 


1. Regrade the site to provide a minimum slope of 3%.  This could be performed with 
contaminated floodplain soil excavated from the ponds as part of the Allendale and Lyman Mill 
floodplain soil alternatives (see Sections 6.4 and 6.6).  Approximately 14,900 tons of imported 
soil would be required. 


2. Install a Geomembrane Layer using 60 mil thick LLDPE or HDPE.  This would cover the cap 
area of 186,000 square feet. 


3. Install a Drain Layer.  For estimating costs in the FS, it is assumed that imported sand and gravel 
would be used, with a layer thickness of 12 inches.  Install a geotextile on top of the Drain Layer 
to prevent fine-grained soil from the top layers from migrating into the pore spaces and reducing 
the permeability.  Approximately 12,000 tons would be required. 


4. Install a Protective Soil Layer.  For this FS, this layer is assumed to be 12 inches thick.  
Approximately 12,000 tons would be required. 


5. Install a Topsoil Layer.  For this FS, this layer is assumed to be 6 inches thick.  Approximately 
6,000 tons would be required. 


 


                                                      
85 Appendix N describes how the excavation area and volume would change using EPA’s new proposed residential 
level for dioxin (EPA, 2009). 
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For the source area, a total thickness of 18 inches for the Topsoil and Protective Layers would be 
sufficient to protect the Drain Layer and Low-Permeability Layers.  The use of a sand and gravel drain 
layer instead of a thinner geocomposite drain provides a total of 30 inches of soil over the geomembrane 
layer, which is more than the total of 24 inches shown in the Region 1 guidance (EPA, 2001b).  The 
climate at this site is more moderate than northern New England so a total thickness of 30 inches would 
be enough to protect the geomembrane from damage by frost or future use.  The sand and gravel in the 
Drain Layer would not be susceptible to damage from frost or future use. 
 
In the paved areas, the existing asphalt would be removed and recycled into new asphalt for the new 
paving, or transported to an off-site disposal or recycling facility.  The existing soils under the pavement 
would serve as the Base Layer and Gas Vent Layer.  The following work elements would be required to 
upgrade the existing pavement areas: 
 


1. Remove existing asphalt and take to an off-site disposal or recycling facility. 


2. Install a Bottom Low-Permeability Layer and regrade the site to provide a minimum slope of 
3%.  This layer could be made using contaminated floodplain soil excavated as part of the 
Allendale and Lyman Mill floodplain soil alternatives (see Sections 6.4 and 6.6).  
Approximately 6,000 tons of imported soil would be required. 


3. Install a Geomembrane Layer using 60 mil thick LLDPE or HDPE over an area of about 93,000 
sf. 


4. Install a sand and gravel Drain Layer.  For estimating costs in the FS, it is assumed that imported 
sand and gravel would be used, with a layer thickness of 12 inches.  Install a geotextile on top of 
the Drain Layer to prevent fine-grained soil from the top layers from migrating into the pore 
spaces and reducing the permeability.  Approximately 6,000 tons would be required. 


5. Install a total of 12 inches of gravel base and asphalt pavement to replace the pavement and 
serve as the Protective Layer.  Approximately 6,000 tons would be required. 


 
This would provide a total of 24 inches of gravel, sand or asphalt over the Geomembrane Layer, which 
would protect it from frost damage or from damage due to traffic loads. 
 
The total weight of imported fill materials required would be about 72,000 tons (45,000 tons for the 
interim cap areas, 18,000 tons for pavement areas, and 8,900 tons for the excavation areas).  This would 
require 25 trucks per day for about 125 working days, or 25 weeks.  The estimated construction time for 
the three interim cap areas is approximately 25 weeks and the estimated time for the pavement areas is 
approximately 10 weeks, for a total construction time of 35 weeks, or 8 months. 
 
In the landscaped areas (1.4 acres) that are not capped, 3.5 ft of soil would be removed and a 12 inch thick 
layer of silt installed.  The silt layer would be covered with a geomembrane, drain layer, protective soil 
layer and topsoil as described above for the three cap areas.  The total thickness of the new cap would be 
3.5 ft, so that the future ground surface would be the same elevation as the existing ground. 
 
In this alternative, the ground surface elevation after upgrading the caps would be an average of 2.5 ft 
higher and this has the potential to impact flood storage, especially because a significant percentage of the 
cap areas are below the 100-yr flood elevation (Figure 1-2).  The volume of fill for all three cap areas 
would be 248,000 cubic feet and the volume for imported cap materials would be 372,000 cubic feet, for 
a total volume of 620,000 cubic feet in the three cap areas.  The estimated flows during flood events are 
893 and 2,300 cfs for flood return periods of 5 and 100 years, respectively.  The potential impact to flood 
storage can be assessed by calculating the time it would take flood flows to fill a volume equal to the fill 
volume.  For this assessment, assume that all the cap areas are below the 100-year flood elevation.  In this 
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simplified case, for the floods with 5-year and 100-year return periods, the flood flows would be equal to 
the fill volume in 690 and 270 seconds, respectively.  Mitigative measures to replace lost flood storage 
capacity would be evaluated during design if this option is selected as the remedy.  
 
Relocation of Utilities 
 
This alternative also includes placement of underground utilities into trenches with only clean soils.  
Because the two buildings on the property are occupied, continuous service must be provided to the 
buildings.  If the residents remain on site during the construction, the most practical method to 
accomplish this construction would be to install new underground utilities parallel to the existing utilities, 
then remove the existing lines.  The new utilities would include the following: 
 


• Sanitary sewer lines – The costs are based on the assumption that the trenches would be an 
average of 4 ft wide and 10 ft deep. 


• Water, natural gas and storm drains – The costs are based on the assumption that the trenches 
would be an average of 2 ft wide and 4 ft deep. 


• Electric power, telephone, communication cable and parking lot lighting – The costs are based on 
the assumption that all lines would be inside rigid conduit and that the trenches would be an 
average of 2 ft wide and 4 ft deep. 


 
After the new utilities were installed, connected, and buried in trenches with clean soil, the existing 
utilities would be excavated and removed.  It is assumed that the soil removed from both new trenches 
and existing trenches would be contaminated and would be placed in the existing soil cap areas, then 
covered with the new RCRA caps. 
 
Construction Monitoring 
 
During all construction, work would be limited to normal work hours.  During earthwork construction, 
dust and noise would be controlled to protect the health of the residents of the two on-site buildings and 
surrounding neighborhoods.  Air and noise monitoring and abatement would be performed to ensure that 
the residents were not exposed to unsafe levels of particulates or volatiles in the air or unsafe noise levels.  
Dust and erosion controls may include actions such as applying water to keep the soil moist, covering 
exposed soil with straw or natural fiber mats, covering soil stockpiles with fabric, or installing silt fences 
around the perimeter of the site.  Noise controls may include features such as mufflers of all equipment, 
or enclosing generators and air compressors in sound-reduction enclosures. 
 
Long-Term Monitoring and Institutional Controls 
 
A conceptual long-term monitoring approach is presented in Appendix H.  Because the contamination 
would remain on site, ICs would be required to prevent contact with contaminated source area soil.  The 
ICs would include prohibiting future excavation, restricting access for buried utilities, preventing the 
construction of buildings with pilings or basements, and maintenance of the caps and parking lots.  The 
existing groundwater monitoring wells would be protected and raised to the new ground surface 
elevations and used for long-term groundwater monitoring.   
 
Disposal or Treatment Options 
 
This alternative includes one disposal option: Option 4e, Off-site Disposal and/or Treatment. 
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Principal threat waste, hazardous debris and excavated soil would be treated/disposed of off site at a 
permitted facility.   


 
The excavated soil would be sampled on a daily basis.  Representative, composite samples would be 
taken and analyzed for total dioxin and furans to determine treatment for LDRs (see Section 3.2.1.2).  
Representative, composite samples would also be taken and analyzed for TCLP concentrations to 
determine the designation of the materials as solid or hazardous waste and to determine which type of 
landfill is required.  Once the appropriate disposal facility is identified, the soil would be loaded onto 
trucks and transported to the appropriate location. 
 
Excavated soil that is designated as hazardous waste would be subject to LDRs.  F-listed or characteristic 
soil waste with an underlying hazardous constituent that meets the alternative treatment standards in 40 
CFR §268.49 would be taken to a licensed hazardous waste landfill for disposal.  F-listed or characteristic 
soil waste that exceeds treatment standards in 40 CFR §268.49 would be taken to an off-site incinerator.  
The costs are based on the assumption that all of the principal threat waste, hazardous debris and 
excavated soils would be taken to an off-site incinerator for treatment. 
   
6.8.3.2 Evaluation of Targeted Excavation, Convert to RCRA Caps and Maintain and Disposal 


and/or Treatment 
 
Results from the evaluation of Alternative 4, Targeted Excavation, Convert to RCRA Caps and Maintain 
and Disposal and/or Treatment against the NCP criteria are discussed below and summarized in  
Table 6-35. 
 
Overall Protection of Human Health and the Environment 
 
Removal of principal threat waste and converting the existing surfaces to RCRA caps would provide high 
overall protection of human health and the environment.  Targeted removal of principal threat waste 
would remove highly toxic or highly mobile waste that generally cannot be reliably contained and could 
present a significant risk to human health or the environment should exposure occur.  The RCRA caps 
would prevent direct human contact with contaminated soils and prevent migration or leaching of 
contaminants from soil that would result in soil or groundwater contamination in excess of ARARs.  The 
RCRA cap would be effective in the long term because caps constructed of natural earth materials and 
geosynthetics would be stable in the long term and would provide effective and reliable containment of 
contaminated soils.  The RCRA cap would also essentially eliminate precipitation infiltration into the 
vadose zone soil, which would provide additional protection against contaminant migration and leaching 
into the soil and groundwater. 
 
Compliance with ARARs 
 
ARARs specific to Alternative 4 are summarized in Table 6-36.  This alterative will comply with all 
ARARs, including requirements for TSCA and RCRA closure.  Excavation and placement of fill in 
wetland areas will result in the destruction of existing wetlands and will trigger wetlands/Section 404 
requirements.  As a result, these actions must be evaluated to determine the least damaging practicable 
alternative.  State wetlands requirements will also need to be addressed.  Under this alternative, there 
would be permanent occupancy and modification of the floodplain.  According to Executive Order 11988, 
a determination would need to be made that there was no other practicable alternative before selecting this 
option as the preferred remedy.   
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Long-Term Effectiveness and Permanence 
 
Excavation and off-site disposal/treatment of the principal threat waste will be effective in the long term.  
Capping contaminated soils with a RCRA and TSCA cap would increase the long-term effectiveness of 
this alternative by providing highly reliable chemical isolation.  Risk reduction will be high as the cap 
will be designed, constructed and maintained in compliance with RCRA and TSCA closure requirements.  
Because contaminated soil is only contained and remains under the cap, inherent hazard of waste also 
remains.  Long-term monitoring, maintenance, and ICs would be required to protect integrity of the caps.  
ICs would also be required to prevent human exposure, and could include restrictions on excavation, 
access for buried utilities, and construction with pilings or basements.  However, these controls are only 
effective if adequately monitored and enforced.  Finally, there are additional reliability issues for this 
alternative because the cap is located in the floodplain.   
 
Reduction of Toxicity, Mobility or Volume through Treatment 
 
There would be a reduction of toxicity, mobility or volume of contamination through treatment with this 
alternative.  The mobility of the contaminated soil would be reduced by the RCRA cap, although not 
through treatment. 
 
Short-Term Effectiveness 
 
Short-term impacts to the community and the environment would be similar to Alternative 3 (Section 
6.8.2.2).  The RAOs would be achieved at the completion of remedy implementation, which is expected 
to be approximately eight months.   
 
Implementability 
 
The cap, membrane cover, pavement and utility materials would be available from common commercial 
sources and all work could be performed with conventional earthwork or paving equipment.  Although 
the construction would be routine, implementation at the source area would be more difficult because the 
remedial work would be conducted in close proximity to apartment buildings with a sensitive population.  
In addition, there is limited space available for equipment, material stockpiles and efficient work 
operations.  Construction of the clean utility corridor would also present some logistical issues.  The 
sequence of work would be constrained by the need to maintain access to Brook Village and Centredale 
Manor, maintain utilities, and the lack of space.  As stated above, work would be limited to normal 
business hours Monday through Friday.  The contractors would develop a traffic control plan and 
coordinate with the management of Brook Village and Centredale Manor to provide continuous access to 
residents and building service providers.   
 
With the installation of the new caps, the existing ground surface would be higher than the existing 
grades, except in the drainage area of Cap Area #3 where some excavation would be performed to 
maintain the site grade.  This would not impact the Centredale Manor apartment building because the 
ground floor is higher than the surrounding parking lots and there would simply be fewer steps up to the 
main entrance.  The new cap would be installed under the parking lot south of Brook Village building, but 
not in the access roadways or lawn areas to the east, north or west.  Therefore, this would not impact the 
access or stormwater drainage around Brook Village.  Placement of permanent fill in the floodplain, 
however, would result in a permanent occupancy and modification of floodplain areas, and a 
determination would need to be made that there was no other practicable alternative before selecting this 
option as the preferred remedy.  This alternative also requires the filling of wetland areas.  Impacts to 
wetlands and floodplains would need to be minimized to the extent possible and mitigation for 
unavoidable wetland impacts would be required, as well as replacement of flood storage capacity.   
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Cost 
 
The detailed cost evaluation for Alternative 4, Targeted Excavation, Convert to RCRA Caps and Maintain 
and Off-site Disposal and/or Treatment, is presented in Appendix J.  The capital, operation and 
monitoring, and present worth costs are listed below: 
 


Option 4e: Off-site 
Disposal and/or 
Treatment 


Capital cost and baseline monitoring $20,800,000 
Annual cost for years 1 to 30 $38,000 
Present worth costs $21,300,000 


 
6.9 Comparative Analysis of the Source Area Soil Alternatives 


 
The three alternatives for source area soils (Alternative 1, No Action; Alternative 3, Targeted Excavation, 
Upgrade and Maintain Existing Surfaces and Disposal and/or Treatment; and Alternative 4, Targeted 
Excavation, Convert to RCRA Caps and Maintain and Disposal and/or Treatment) are compared below to 
better understand the key tradeoffs among the alternatives; key features of the alternatives are 
summarized in Table 6-37.  Overall, among the alternatives evaluated, the targeted excavation and 
upgrade to RCRA cap alternative (Alternative 4) would provide the highest level of protection to human 
health and the environment and higher long-term effectiveness and permanence.  This is the only 
alternative that will comply with all ARARs, including RCRA and TSCA closure requirements. 
 
6.9.1 Overall Protection of Human Health and the Environment 
 
The cleanup objectives for source area soils are to 1) prevent direct human contact with source area soils 
that contain contamination above ARARs and EPA’s recommended residential level for dioxin and 2) 
prevent leaching or migration of contaminants in vadose zone soils that would result in groundwater 
contamination in excess of ARARs for leachability.  The previously described removal actions and 
installation of the existing interim caps in three areas at the source area prevent direct human contact to 
the soils., The No Action alternative would provide no additional overall protection of human health and 
the environment.  Because this alternative does not include any long-term monitoring, it would not be 
possible to determine or evaluate the risks of future exposure. 
 
Alternative 3 (Targeted Excavation, Upgrade and Maintain Existing Surfaces and Disposal and/or 
Treatment) would provide a higher level of protection compared to the No Action alternative and 
Alternative 4 (Targeted Excavation, Convert to RCRA Caps and Maintain and Disposal and/or 
Treatment) would provide a higher level of protection when compared to Alternative 3.  Both types of 
caps would be very effective at preventing human contact with the contaminated source area soil, and 
with proper monitoring and maintenance, these types of caps are stable and reliable in the long term.   
 
Alternative 4 would provide the highest level of overall protection to human health and the environment.  
This is the only alternative that would comply with RCRA closure requirements and eliminate 
precipitation infiltration to the caps and in areas where soil or groundwater contains VOCs above the 
ARARs for GB leachability and groundwater quality. 
 







Source Area Soil 
Comparative Analysis of Alternatives 


6.9.2 Compliance with ARARs 
 
The No Action alternative will not comply with ARARs.  Among the alternatives evaluated, only 
Alternative 4 will comply with all ARARs, including RCRA Subtitle C requirements for closure.  The 
RCRA cap would also comply with TSCA regulations and would prevent exposure to PCB-contaminated 
waste as long as the caps are maintained.  Alternative 3 would comply with all ARARs except 
requirements for RCRA closure; these requirements would not be met without a waiver.  
 
Alternatives 3 and 4 would require the filling of wetlands.  As a result, these actions must be evaluated to 
determine the least damaging practicable alternative.  State wetlands requirements will also need to be 
addressed.  Both alternatives would result in a permanent occupancy and modification of the floodplain.  
According to Executive Order 11988, a determination would need to be made that there was no other 
practicable alternative before selecting any of these options as the preferred remedy. 
 
6.9.3 Long-Term Effectiveness and Permanence 
 
For Alternative 1, No Action, the residual risk remains high and there are no ICs to prevent exposure or 
actions required to maintain the controls currently in place.  Although the inherent hazard remains under 
Alternatives 3 and 4, there are ICs to prevent exposure and actions required to maintain the controls 
would be included as part of these alternatives.  These controls are only effective if adequately monitored 
and enforced.  Among the alternatives, Alternative 4 would provide the highest long-term effectiveness 
and permanence because the RCRA/TSCA caps would provide reliable chemical isolation and would be 
designed, constructed and maintained in compliance with RCRA and TSCA closure requirements. 
 
6.9.4 Reduction of Toxicity, Mobility or Volume through Treatment 
 
Alternative 3e would require the greatest reduction of toxicity, mobility and volume through treatment, 
followed by Alternative 4e.  The caps under Alternatives 3 and 4 would reduce the mobility of the 
contaminated soil, although not through treatment.  The No Action (Alternative 1) would not provide any 
treatment or reduction in mobility, toxicity or volume.  
 
6.9.5 Short-Term Effectiveness 
 
Alternative 1 would have fewer short-term impacts on the community, the environment and workers 
compared to Alternatives 3 and 4 because no construction activities would be performed for Alternative 1  
and there would be little disruption to the residents of Centredale Manor, Brook Village, or the nearby 
community. 
 
Alternatives 3 and 4 could be accomplished using routine construction methods and asphalt paving could 
be performed using the materials and equipment typically used for routine road construction.  However, 
both alternatives would involve some disruption to the local residents, as well as exposure of workers to 
contamination during excavation activities.  Appropriate health and safety measures would be used to 
protect workers.  The total time for on-site construction of Alternative 3 would be about 3 months and the 
construction time for Alternative 4 would be about 8 months.  Although construction activities would be 
conducted during regular business hours, there would be an increase in the volume of traffic and noise in 
the immediate vicinity of the site.   
 
6.9.6  Implementability 
 
The No Action alternative would not require any action to be taken at the site and therefore does not 
present any implementability issues. 
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Although the construction work for Alternatives 3 and 4 would be routine, implementation at this site 
would be more difficult because the remediation area is in close proximity to apartment buildings with a 
sensitive population and there is limited space available for material stockpiles, equipment storage and 
efficient work operations.  In addition, both of these alternatives would result in the filling of wetlands 
and the permanent occupancy and modification of the floodplain.  Impacts to wetlands and floodplains 
would need to be minimized to the extent possible and mitigation for unavoidable floodplain/wetland 
impacts would be required, as well as replacement of flood storage capacity. 


Alternative 4 is comparatively more difficult to implement compared to Alternative 3 because  
construction activities would be more extensive, especially in the parking areas with respect to placing the 
RCRA cap and installing a clean utility corridor. 


6.9.7 Cost


The costs for the Source Area soil alternatives are presented in Table 6-37.  Present worth costs for No 
Action (Alternative 1) is $170,000.  Present worth costs for the action-based alternatives range from 
$19,600,000 for targeted excavation with the cap upgrade (Alternative 3e) to $21,300,000 for targeted 
excavation with the RCRA cap upgrade (Alternative 4e). 


6.10 Detailed Evaluation of Source Area Groundwater Alternatives 


Source Area Groundwater 
Alternatives Retained for Detailed 
Analysis 


1 No Action 
2 Excavation/Dewatering 
5 In-Situ Chemical Oxidation 


The three Source Area groundwater alternatives retained from the screening analysis are described further 
in this section and are evaluated against the NCP criteria (excluding State and Community Acceptance, 
which are considered after comments to the FS and Proposed Plan are received).  All alternatives include 
five-year reviews.  The groundwater action area is located along 
the bank of the Woonasquatucket River (Figure 3-6) and 
includes riverbank wetland resource areas (Section 2.3.10).  
Because some soil contamination is located in wetland areas, 
there is no practical alternative to destruction of these wetlands. 


A leachability evaluation (Battelle, 2004c) indicated that 
leaching of contaminants from soil to groundwater does not 
appear to be a major pathway of concern at the source area, 
except at the Brook Village parking lot where concentrations of PCE and TCE in the groundwater were 
one to two orders of magnitude above the RIDEM GB groundwater objectives.  High concentrations of 
dioxin (2,3,7,8-TCDD) were also measured in groundwater at this location, and a plume of VOC-
contaminated groundwater is discharging to the river within 30-ft of this location.  Supplemental 
groundwater investigations demonstrated that the groundwater plume is likely an ongoing source or 
migration pathway of dioxin (2,3,7,8-TCDD) from the source area to the Woonasquatucket River (Section 
2.4.3.2).  Hence, the cleanup objectives for source area groundwater focus on preventing migration and 
discharge of contaminated groundwater into the Woonasquatucket River, and reducing groundwater 
contamination so that ARARs (i.e., RIDEM GB groundwater objectives) are met. 
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6.10.1 Alternative 1:  No Action 
 
6.10.1.1 Description of No Action 
 
In accordance with the NCP requirements, the No Action alternative must be carried through the entire FS 
process, and is used as a basis of comparison to the other alternatives.  This alternative would entail no 
active remediation of the contaminated groundwater.  Five-year reviews and periodic monitoring 
(conducted in conjunction with source area soils), triggered by severe weather events, are incorporated 
into this alternative.  For cost estimating, it is assumed that there would be one groundwater monitoring 
event and report to EPA every five years.  Monitored natural attenuation processes, ICs, and rigorous 
long-term monitoring are not components of this alternative.   
 
6.10.1.2 Evaluation of No Action 
 
Results from the evaluation of Alternative 1, No Action against the NCP criteria are discussed below and 
summarized in Table 6-38. 
 
Overall Protection of Human Health and the Environment 
 
Alternative 1, No Action would not provide any overall protection of human health and the environment.  
Contaminants already within the saturated zone are above cleanup goals and no action would be taken to 
remove the contamination or prevent migration of contaminated groundwater to the Woonasquatucket 
River. 
 
Compliance with ARARs 
 
ARARs specific to Alternative 1, No Action are summarized in Table 6-39.  This alternative would not 
comply with the ARARs for groundwater and surface water quality.  Concentrations of PCE and TCE 
remain above RIDEM GB groundwater objectives and discharges of dioxin from the site could continue 
to degrade the Woonasquatucket River.   
 
Long-Term Effectiveness and Permanence 
 
The residual risk remains high under this alternative as no action is taken to address the contamination 
and the existing dioxins in the groundwater are resistant to natural biodegradation and would likely 
continue to migrate to the Woonasquatucket River.  There are no actions required to adequately and 
reliably control the contamination that remains in place. 
 
Reduction of Toxicity, Mobility or Volume through Treatment 
 
There would not be a reduction of toxicity, mobility or volume of contamination through groundwater 
treatment under this alternative.  Groundwater concentrations might be naturally attenuated over time, but 
without rigorous long-term monitoring it would not be possible to measure this reduction. 
 
Short-Term Effectiveness 
 
This alternative has no short-term impacts on the community, the environment or workers because there 
would not be any construction or intrusive work required under this alternative. 
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Implementability 
 
The No Action alternative does not present any implementability issues as no actions are required under 
this alternative. 
 
Cost 
 
The detailed cost evaluation for Alternative 1, No Action is presented in Appendix J.  The capital, 
operation and monitoring, and present worth costs of this alternative are listed below: 
 


Capital cost and baseline monitoring $0 
Annual cost for years 1 to 30 $22,000 
Present worth costs $270,000 


 
6.10.2 Alternative 2:  Excavation/Dewatering 
 
6.10.2.1 Description of Excavation/Dewatering 
 
Removing the source of pollution is one of the most effective means to reduce long-term impacts on 
groundwater.  In this remedial alternative, groundwater within the proposed cleanup area (Figure 3-6) 
would be lowered through pumping, steel shoring will be installed along the eastern bank of the 
Woonasquatucket River, and exposed soil would be excavated using conventional earthwork equipment 
to a pre-determined depth.  Additional dewatering within the excavation would continue for several 
weeks.  The soils would be stockpiled, characterized, and transported off site for disposal and/or 
treatment, as discussed in the excavation alternative for source area soil (Alternative 3e, Section 6.8.2).  
The excavation area would be backfilled with clean soil and the site restored.  It is estimated that this 
alternative would take approximately four weeks to implement. 
 
The health and safety of residents would be protected during construction.  This is especially important 
for the source area because the residents in the Brook Village and Centredale Manor apartment buildings, 
located at the source area are mostly elderly.  Elderly populations are typically more sensitive to 
contaminants in the air and soil and to uncontaminated dust and chemicals used in standard construction.   
 
Additional steps would be taken so that the work was performed in a manner that would protect the health 
and safety of the residents and would protect the existing facilities from contamination.  All work would 
be coordinated with management of Brook Village and Centredale Manor to provide continuous access to 
the residents, building service providers, and to the facilities.  The remedial action work plans, which 
would be submitted to EPA and the state before construction, would include a traffic control plan, a 
contamination migration control plan and a resident health and safety plan.  These plans would describe 
measures that would be implemented to provide continuous access, protect existing property and protect 
resident’s health and safety during construction.  The management of Brook Village and Centredale 
Manor would be contacted during the preparation of these plans to facilitate coordination and obtain their 
input into the procedures.  After approval by EPA, these plans would be provided to the residential 
facilities management. 
 







Action Area and Media: Source Area Groundwater 
Alternative: 2 – Excavation/Dewatering 


Excavation 
 
In this alternative, long-term impacts on groundwater and the Woonasquatucket River would be 
effectively reduced by excavating vadose-zone and saturated soils in the vicinity of MW-05S that contain 
contamination impacting groundwater.  This in turn will reduce the groundwater impact to the 
Woonasquatucket River.  Excavation would target the VOC and dioxin-impacted areas at the west side of 
the Brook Village parking lot (see Section 3.5.6, Figure 3-6).  The impacted area is approximately 0.13 
acres and extends along approximately 100 ft of the eastern river bank (Figure 3-6).  The vertical extent 
of the cleanup area ranges from an estimated 89 ft to 96 ft mean sea level (MSL), which encompasses the 
expected depth of contaminated soils that appear to be serving as contaminant sources to groundwater 
(Appendix G, Figures G-6, G-7, and G-8).  Dioxin concentrations below these excavation depths appear 
to be below the cleanup goals.   
 
This alternative assumes that the excavation area extends to the river, and that shoring in conjunction with 
pumping would be required to prevent surface water from entering the excavation area.  This approach 
would result in a total excavation volume of approximately 1,300 cy of soil (or 2,000 tons), which would 
remove the contaminated soils that are serving as contaminant sources to groundwater.  Post-construction 
monitoring would be performed to evaluate groundwater quality at the groundwater action area. 
 
Dewatering 
 
With groundwater at 1 to 3 ft bgs, dewatering would be required throughout the excavation process.  The 
dewatering, in addition to facilitating the removal of saturated soils, would allow removal of 
contaminated groundwater.  Dewatering would require the use of electrical pumps.  Extracted 
groundwater would be temporarily stored in tanks until treated and discharged.  Based on analysis of 
available site data, the anticipated extraction rate from the area near MW-05S is 1 gpm.  Assuming that 
dewatering takes place over the course of 28 days and providing a safety factor of 2, an estimated 80,000 
gallons would be generated.  Dewatering fluids removed from within the soil excavation area during the 
course of excavation would either be transported and disposed off site or treated on site and discharged to 
the river.  For costing purposes, on-site treatment and discharge was assumed using a treatment system 
consisting of the following components: an oil/water separator, a fractionation tank, bag filters, advanced 
filtration system to remove dioxins, and granular activated carbon filters. 
 
Overall, it is estimated that soil/groundwater removal and dewatering would take approximately 4 to 5 
weeks, based on a production rate of 50 to 60 cy/d. 
 
Construction Monitoring 
 
During all construction, work would be limited to normal work hours.  During earthwork construction, 
dust and noise would be controlled to protect health of the residences of the two on-site buildings, which 
include sensitive populations, and surrounding neighborhoods.  Air and noise monitoring and abatement 
would be performed to ensure that the residents were not exposed to unsafe levels of particulates or 
volatiles in the air or unsafe noise levels.  Dust and erosion controls may include actions such as applying 
water to keep the soil moist, covering exposed soil with straw or natural fiber mats, covering soil 
stockpiles with fabric, or installing silt fences around the perimeter of the site.  Noise controls may 
include feature such as mufflers on all equipment, or enclosing generators and air compressors in sound 
reduction enclosures.  Treated groundwater would be tested on a regular basis to confirm that chemical 
concentrations were at levels acceptable for return to the surface water in accordance with ARAR 
requirements. 
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Long-Term Monitoring and Institutional Controls 
 
This alternative includes periodic monitoring (Appendix H) to support five-year reviews and ICs to 
prevent the use of groundwater.   
   
Off-Site Disposal and/or Treatment 
 
Target excavation concentrations for PCE, TCE, and 2,3,7,8-TCDD are near or above the UTS identified 
in 40 CFR 268.48.  Based on the site history and concentrations of contaminants, it is assumed that the 
excavated soils would be designated as hazardous waste and would be subject to LDRs.  Excavated soils 
that contain underlying hazardous constituents less than 10 times the UTS would be taken to a licensed 
hazardous waste landfill for disposal.  Dewatered soil that contains underlying hazardous constituents 
more than 10 times the UTS, would be taken to an off-site incinerator.  Based on limited site data, the 
costs assume that 80% of the soils would be taken to an off-site hazardous waste landfill and that 20% 
would be taken to an off-site incinerator for treatment. 
 
6.10.2.2 Evaluation of Excavation/Dewatering 
 
Results from the evaluation of Alternative 2, Excavation/Dewatering against the NCP criteria are 
discussed below and summarized in Table 6-40. 
 
Overall Protection of Human Health and the Environment 
 
Alternative 2, Excavation/Dewatering would provide high overall protection and would achieve the 
cleanup objectives by removing the contaminant source from soil and groundwater, which in turn would 
reduce PCE and TCE concentrations in groundwater to levels that meet the RIDEM GB groundwater 
objectives and prevent future migration of contaminated groundwater towards the Woonasquatucket 
River. 
 
Compliance with ARARs 
 
ARARs specific to Alternative 2 are summarized in Table 6-41.  This alternative is expected to comply 
with ARARs for groundwater and surface water quality.  Excavation, dewatering, and placement of the 
sheet pile wall as a permanent structure in the river would trigger Clean Water Act Section 404 
requirements.  As a result, these actions must be evaluated to determine the least damaging practicable 
alternative.  Excavation could result in the destruction of some riverbank wetland resource areas and state 
wetlands requirements will need to be addressed.  
 
Long-Term Effectiveness and Permanence 
 
Excavation would be highly effective in the long term because the residual risk is very low as 
contaminated source area soils and groundwater would be permanently removed from the impacted area.  
This would achieve the cleanup objectives by reducing the mass of contaminants of interest (PCE, TCE, 
and dioxins) from migrating toward the river.  The long-term effectiveness of this alternative would rely 
on ICs to prevent the use of groundwater.  These controls are only effective if adequately monitored and 
enforced. 
 
Reduction of Toxicity, Mobility or Volume through Treatment 
 
This alternative will reduce toxicity, mobility or volume of contamination through treatment as at least a 
portion of the excavated material will require treatment prior to disposal. 
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Action Area and Media: Source Area Groundwater 
Alternative: 2 – Excavation/Dewatering 
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Short-Term Effectiveness 
 
There are some short-term impacts to the community under this alternative.  There is the potential for 
exposure to contaminated soils during excavation, stockpiling and loading of contaminated soils.  
However, standard safety measures would be put in place to reduce the risk of exposure.  Worker and 
resident health would be protected by dust and erosion control.  Potentially contaminated soil would be 
transported in covered trucks, and trucks would be cleaned to prevent contaminated soil from being 
deposited within the site.  ECs and personal protection equipment would be used to meet worker safety 
regulations.  Air and noise monitoring and abatement would be performed to ensure that the residents are 
not exposed to unsafe levels of particulates or volatiles in the air or unsafe noise levels.  In addition, 
because of the location of this work in parking lots used by the residents, a plan would need to be 
implemented to ensure that there is minimal disruption to those using the parking lots. 
 
The RAOs would be achieved at completion of the construction activities, which are estimated to take 
approximately one month. 
 
Implementability 
 
The equipment and expertise required to excavate the soil and dewater the excavation would be readily 
available from commercial vendors and is a highly reliable means for addressing this type of 
contamination.  Earth moving equipment is readily available, as is the pumping equipment required to 
lower the groundwater.  Excavation near the river and below the groundwater presents an added degree of 
difficulty, as shoring and dewatering are required.  Sufficient capacity exists for off-site treatment and 
disposal. 
 
As stated above, work would be limited to normal business hours Monday through Friday.  The 
contractors would develop a traffic control plan and coordinate with the management of Brook Village 
and Centredale Manor to provide continuous access to residents and building service providers 
 
Impacts to riverbank wetland resource areas would need to be minimized consistent with federal and state 
requirements. 
 
Cost 
 
The detailed cost evaluation for Alternative 2, Excavation/Dewatering is presented in Appendix J.  The 
capital, operation and monitoring, and present worth costs of this alternative are listed below: 
 


Capital cost and baseline monitoring $2,700,000 
Annual cost for years 1 to 30 $24,000 
Present worth costs $3,000,000 


 







Action Area and Media: Source Area Groundwater 
Alternative: 5 – In-Situ Chemical Oxidation 


6.10.3 Alternative 5:  In-Situ Chemical Oxidation 
 
6.10.3.1 Description of In-Situ Chemical Oxidation 
 
As described in Section 5.5.7, in-situ chemical oxidation would involve the injection of an oxidizing 
agent such as ozone, hydrogen peroxide, or persulfate into the groundwater in the vicinity of Well MW-
05S.  The oxidizing agent would cause the rapid chemical destruction of the PCE and TCE in the 
groundwater, and possibly dioxins. 
 
The oxidation technology proposed for the CMRP site is hydrogen peroxide added using the Cool-Ox™ 
process.  Modified Fenton’s reagent and persulfate processes could also be considered.  The Cool-Ox™ 
process injects an aqueous suspension of solid peroxygen compounds that slowly hydrolyze in-situ to 
generate hydrogen peroxide.  This process does not release known free radical sinks such as carbonates.  
Unlike Fenton’s reagent, this process does not generate heat.  Also, the relative insolubility of the solid 
peroxygen compounds allows the oxidizers to be produced over an extended period of time. 
 
Unlike Fenton’s reactions that require a low acidic pH, the optimum pH of the Cool-Ox™ process is 
approximately pH 8.  This allows the hydrogen peroxide to more easily oxidize a variety of contaminants 
including phenolic, chloro-phenolic, and chlorinated organic compounds (including dioxins) that become 
increasingly soluble in aqueous solutions as the pH is increased.  The effective oxidation of phenols and 
dioxins was demonstrated in a recent field study using this process (Lundy, 2005).  Field studies using 
persulfate to treat dioxins are in progress at a Kalispell, Montana site (Trihydro, 2009).  Soil mixing can 
be performed to maximize treatment effectiveness. 
 
Pre-Construction Activities 
 
Treatability testing would be conducted prior to full-scale implementation to evaluate the soil oxidant 
demand, optimize oxidant type and injection concentrations, and to evaluate the need for soil mixing.  
Toxic by-products or intermediates will be monitored during the treatability testing of the in-situ chemical 
oxidation so as to demonstrate its effectiveness in completely destroying dioxin groundwater 
contaminants.  In addition, confirmation soil sampling would be conducted during design to confirm 
spatial and vertical extent of the impacted area.  For the purposes of this FS, the area to be treated is 
estimated as 50 ft by 100 ft and up to 12 ft deep. 
 
Construction Activities 
 
The solid peroxygen compounds would be injected using a direct-push technology rig at approximately 5-
foot spacings.  This alternative would not yield contaminated material that would require disposal.  The 
construction time for this alternative would be approximately four weeks. 
 
Construction Monitoring 
 
Soil and groundwater monitoring will be performed during construction activities to measure the removal 
of VOCs and dioxin in groundwater and soil at the impacted area. 
 
Long-Term Monitoring and Institutional Controls 
 
A conceptual long-term monitoring approach is presented in Appendix H.  Chemical oxidation would 
significantly reduce PCE and TCE concentrations in groundwater at the site and would prevent the 
migration of dioxins to the river.  However, periodic monitoring would be conducted to evaluate the 
effectiveness of the remedy, and to support the five-year reviews.  ICs may be required to prevent 
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Action Area and Media: Source Area Groundwater 
Alternative: 5 – In-Situ Chemical Oxidation 


exposure to groundwater as a result of excavation, demolition, or other activities; ICs would also be 
required to prevent the use of groundwater. 
 
6.10.3.2 Evaluation of In-Situ Chemical Oxidation 
 
Results from the evaluation of Alternative 5, In-Situ Chemical Oxidation against the NCP criteria are 
discussed below and summarized in Table 6-42. 
 
Overall Protection of Human Health and the Environment 
 
Alternative 5, In-Situ Chemical Oxidation would provide moderate overall protection of human health 
and the environment as concentrations of PCE and TCE would probably be reduced near or below the 
RIDEM GB groundwater objectives and removing the contaminant source from source area soil and 
groundwater would reduce or eliminate future migration of dioxins towards the Woonasquatucket River. 
 
Compliance with ARARs 
 
ARARs specific to Alternative 5 are summarized in Table 6-43.  This alternative will probably comply 
with ARARs for groundwater quality.  This alternative may not comply with ARARs for surface water 
quality because the technology is unproven with respect to destruction of low-level dioxin contamination.   
A non-CERCLA waiver may be required if underground injections of chemical oxidants occur within 50 
ft of a river.  State wetlands requirements would have to be evaluated for compliance. 
 
Monitoring wells would be installed and monitored between the application area and the 
Woonasquatucket River to ensure that application chemicals do not impact the surface water.   
 
Long-Term Effectiveness and Permanence 
 
In-situ chemical oxidation would effectively destroy chlorinated solvents and possibly dioxins.  Bench-
scale and pilot testing would be required to confirm the effectiveness for dioxins and site-specific 
conditions.  Risk reduction could be high although there is some uncertainty regarding the technology.  
The alternative depends on the ability of the reagent to contact and react with the dioxin and solvents.  
Soil mixing during application would increase contact.  Follow-on treatments would be applied if rebound 
in contamination levels was observed 
 
Periodic monitoring of groundwater will be conducted to assess the efficacy of the remedy.  ICs would be 
required to prevent the exposure to groundwater as a result of excavation, demolition, or other activities.  
ICs restricting future site groundwater use would also be required.  However, these controls are only 
effective if adequately monitored and enforced. 
 
Reduction of Toxicity, Mobility or Volume through Treatment 
 
This alternative would reduce the toxicity, mobility, and volume of PCE, TCE and dioxin through 
chemical treatment. 
 
Short-Term Effectiveness 
 
There would be limited short-term impacts to the local community during remedy implementation 
because the remediation activities would be confined to a very small area at the Brook Village parking lot 
and smaller, mobile equipment would be used.  Workers would implement appropriate engineering 
controls and use personal protection equipment to ensure safety. 
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Action Area and Media: Source Area Groundwater 
Alternative: 5 – In-Situ Chemical Oxidation 
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Short-term impacts to habitat are a concern due to oxidation within 50 feet of the river, though these 
impacts would likely be minimized through the use of a fast-acting reagent focused on in-situ application 
within areas of groundwater contamination.  The reactants also would not generate subsurface heat. 
 
The RAOs are expected to be achieved immediately upon completion of construction activities, which are 
estimated to take approximately one month. 
 
Implementability 
 
There are some implementability issues that would need to be addressed under this alternative.  Obtaining 
the specialized equipment and an experienced crew may require mobilization from outside the region, but 
such equipment and staff are commercially available.  The space required for the mobile equipment is the 
equivalent of several parking spaces, so there would be minimal impact on residents.   
 
There is some question regarding the reliability of this technology to reduce contaminant concentrations 
to cleanup goals although follow-on treatments could be applied.  There are limited case studies 
supporting the effectiveness of this technology with respect to dioxins.  Bench-scale testing and a field 
demonstration with adequate monitoring may be desired to confirm the safety and effectiveness of the in-
situ chemical oxidation alternative.  Monitoring along the river is a key component of this alternative to 
ensure that application chemicals do not impact the surface water.  In addition, a non-CERCLA waiver 
may be required if chemical oxidants are injected within 50 ft of a river.  Impacts to riverbank wetland 
resource areas would need to be addressed consistent with federal and state requirements. 
 
Cost 
 
The detailed cost evaluation for Alternative 5, In-Situ Chemical Oxidation is presented in Appendix J.  
The capital, operation and monitoring, and present worth costs of this alternative are listed below: 
 


Capital cost and baseline monitoring $880,000 
Annual cost for years 1 to 30 $27,000 
Present worth costs $1,200,000 


 
6.11 Comparative Analysis of the Source Area Groundwater Alternatives 


 
The three alternatives for source area groundwater (Alternative 1, No Action; Alternative 2, 
Excavation/Dewatering; and Alternative 5, In-Situ Chemical Oxidation) are compared below to better 
understand the key tradeoffs among the alternatives.  Overall, among all the alternatives evaluated, the 
excavation/dewatering alternative (Alternative 2) would provide the highest level of both protection to 
human health and the environment and long-term effectiveness and permanence. 
 
6.11.1 Overall Protection of Human Health and the Environment 
 
The source area groundwater alternatives would protect human health and the environment as follows. 
 


• Alternative 1, No Action, offers no overall protection of human health and the environment, as 
this alternative does not remove or prevent migration of PCE, TCE, and dioxin at the impacted 
area.   


• Alternative 2, Excavation/Dewatering, provides the highest overall protection because PCE, TCE, 
and dioxin in soil and groundwater are permanently removed from the impacted area although 
there is some short-term disruption to the community. 







Source Area Groundwater 
Comparative Analysis of Alternatives 


• Alternative 5, In-Situ Chemical Oxidation, appears promising in its ability to reduce both the 
toxicity and volume of PCE, TCE, and dioxins in groundwater, and migration of these 
contaminants into the Woonasquatucket River, though there are limited case studies supporting 
the effectiveness with respect to dioxins.  Although this alternative will clearly reduce 
contaminant concentrations, it is unclear if it will meet cleanup levels.  As a result, this alternative 
provides some overall protection of human health and the environment. 


 
6.11.2 Compliance with ARARs 
 
Among the alternatives evaluated, only Alternative 2, Excavation/Dewatering, would clearly comply with 
ARARs.  Alternative 1, No Action, does not comply with ARARs for groundwater and surface water 
quality.  Alternative 5, In-Situ Chemical Oxidation, may not comply with ARARs for surface water 
quality and a non-CERCLA waiver may be required if chemical oxidants are injected within 50 ft of a 
river. 


  
6.11.3 Long-Term Effectiveness and Permanence 
 
Alternative 1, No Action, offers the least long-term effectiveness, as PCE, TCE, and dioxins are left in 
place at the impacted area, and no action would be taken to contain or remove the contamination or 
prevent the migration of contamination to the river.  As a result, the residual risk remains high and there 
are no adequate or reliable controls in place to otherwise address the contamination. 
Alternative 2, Excavation/Dewatering, generally has a high degree of long-term effectiveness and 
permanence, as PCE, TCE, and dioxins in groundwater and soil are removed from the impacted area.  As 
a result, the residual risk is very low.   
 
The long-term effectiveness of Alternative 5, In-Situ Chemical Oxidation, depends on the success of the 
chemical delivery and ability to contact contaminants.  Also, the effectiveness depends on the ability of 
the reagents to oxidize dioxins, which limited studies indicate will occur.  Bench-scale and pilot studies 
will be needed prior to implementation to confirm effectiveness for dioxins and site-specific conditions.  
In addition, sufficient characterization and monitoring data will need to be obtained to ensure adequate 
destruction. 


 
6.11.4 Reduction of Toxicity, Mobility or Volume through Treatment 
 
Among the alternatives evaluated, Alternative 2 Excavation/Dewatering, and Alternative 5, In-Situ 
Chemical Oxidation, would reduce the toxicity, mobility and volume of contamination through treatment.   
 
6.11.5 Short-Term Effectiveness 
 
Of the active source area groundwater alternatives, Alternative 5, In-Situ Chemical Oxidation, has the 
fewest short-term impacts, as follows: 
 


• There are no short-term impacts to the community, workers or the environment under Alternative 
1, No Action, because it does not involve construction.  However, contaminated groundwater 
would continue to migrate to the Woonasquatucket River and impact surface water quality. 


• Alternative 2, Excavation/Dewatering, has some short-term impacts to the community during the 
construction phase because excavation would occur in close proximity to the Brook Village 
apartment building and some disruption to residents’ activities is expected.   
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Source Area Groundwater 
Comparative Analysis of Alternatives 
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• Alternative 5, In-Situ Chemical Oxidation, has fewer impacts on the community as it uses a 
mobile, small rig that treats PCE, TCE, and dioxin in-situ, and therefore has much fewer impacts 
than Alternative 2 to residents. 


 
Neither Alternative 2 nor Alternative 5 has any significant short-term impacts to workers or the 
environment.  


 
6.11.6 Implementability 
 
Alternative 1 No Action, would not present any implementability issues.  Alternatives 2 and 5 would each 
have limited implementability issues.  Alternative 2 (Excavation/Dewatering) would require specialized 
experience and equipment for working near the river.  Alternative 5 (In-Situ Chemical Oxidation) may 
require mobilization from outside the region, and a non-CERCLA waiver may be required if chemical 
oxidants are injected within 50 ft of a river.  Impacts to riverbank wetland resource areas would need to 
be minimized and wetlands mitigation may be required under Alternatives 2 and 5. 
 
6.11.7 Cost 
 
The total present worth costs for No Action (Alternative 1) is $270,000.  Present worth costs for the 
action-based alternatives range from $1,200,000 for in-situ chemical oxidation (Alternative 5) to 
$3,000,000 for excavation/dewatering (Alternative 2).
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7.0 SUMMARY AND CONCLUSIONS 


This FS was prepared to develop and evaluate suitable and appropriate remedial alternatives to address 
contaminated sediment, soil and groundwater at the CMRP site located in North Providence, Rhode 
Island.  The primary objectives of the FS are to identify the contaminants in sediment, soil, and 
groundwater that present a risk to human health and the environment; develop RAOs (cleanup 
objectives), identify potential ARARs and TBCs, and develop cleanup goals; identify areas at the CMRP 
site that require remedial action; select appropriate remediation technologies that would be effective at the 
site; and develop remedial alternatives to address contamination, including estimates of anticipated costs, 
that would achieve the RAOs. 


Contaminants that Present Risk at the CMRP Site 


Remedial investigations have been conducted to characterize the nature and extent of contamination, 
better understand contaminant fate and transport processes, and develop appropriate human health and 
ecological risk assessments.  Conclusions from these investigations were integrated into a CSM for the 
site.  These investigation activities have previously been described in detail during the RI phase, and are 
summarized in this FS.  Overall, the greatest risks at the CMRP site are associated with consumption of 
contaminated fish or prey, and direct contact with contaminated sediment and floodplain soil.  
Contaminants include dioxin, PCBs, pesticides, SVOCs, metals, and VOCs. 


RAOs, ARARs and Cleanup Goals 


Proposed Cleanup Areas and Volumes for the CMRP Site 


Action Area/Media 
Cleanup Area In-Situ


Removal 
Volume (cy)(sq ft) (acre) 


Allendale Reach/Sediment 673,600 15.5 48,200 
Lyman Mill Reach/Sediment 1,022,000 23.5 91,000
Allendale Reach/ 
Floodplain Soil 64,600 1.5 2,400 


Lyman Mill Reach/Stream 
Sediment and Floodplain Soil 940,000 21.6 34,800 


Source Area/Soil 339,500 7.8 62,900 
Source Area/ 
Groundwater 5,500 0.13 1,300 


The RAOs were developed to protect human and ecological receptors from potential adverse effects 
associated with ingestion of or contact with contaminants, as well as to minimize potential migration of 
contaminants to protect groundwater quality and the surface water of the Woonasquatucket River.  
ARARs and TBCs that would be pertinent to the remediation at the CMRP site were identified, and 
include local, state, and federal action-specific, chemical-specific, and location-specific laws, regulations, 
and guidance.  Cleanup goals were developed based on an evaluation of risk-based PRGs (for the most 
sensitive receptor or exposure pathway), potential ARARs and TBCs, and site background data.  Where a 
risk-based PRG and ARAR or TBC was available for the same contaminant, the lower, more protective 
value was used in the cleanup goal determination. In general, the cleanup goals are based on the risk-
based PRG (and/or ARAR/TBC) or background, whichever is higher because it is not possible to clean up 
below background.  Overall, 
proposed cleanup goals are 
frequently based on background 
for sediment and floodplain soil, 
and on ARARs for source area soil 
and groundwater. 


Areas at the Site that Require 
Remedial Action 


Based on the extent of contaminant 
concentrations exceeding cleanup 
goals in sediment, soil, and 
groundwater at the CMRP site, the 
following areas and volumes were 
evaluated for remediation: 
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Screening of Remedial Alternatives 
 
Alternatives that were evaluated initially in this FS for remediation of contaminated sediment and 
floodplain soil at the reaches of Allendale and Lyman Mill and contaminated soil and groundwater at the 
source area are summarized below. 
 
Allendale and Lyman Mill Sediment and Floodplain Soil – Alternatives that were evaluated for 
remediation of contaminated sediment and floodplain soil include alternatives based on No Action, 
limited action, MNR, ENR, capping, dredging, and excavation.  Sediment alternatives consider leaving 
the dams in place, removing the dams, or replacing the dams with new weir structures designed to allow 
fish (including catadromous and anadromous species) to migrate upriver.  The dredging and/or excavation 
alternatives would remove contaminated sediment and floodplain soil to a depth needed to reach the 
cleanup goals.  Hybrid alternatives were also evaluated that use a combination of partial removal with 
either isolation capping for sediment or ENR (thin cover) for floodplain soil.  Under these hybrid 
alternatives, excavation would be used to remove sediment to a uniform depth from areas of shallow 
water and high erosion potential or areas with the highest contaminant concentrations or remove 
floodplain soil from areas that present higher potential for exposure, downstream migration, or risk.  
Sediment and floodplain soil removed under the excavation alternatives would be contained on site in a 
CDF, treated on site by thermal treatment, or shipped off site for disposal and/or treatment.  An additional 
disposal option utilizing on-site consolidation and capping was also considered for the sediment partial 
excavation alternative with the dams replaced. 
 
All of the alternatives except No Action include long-term monitoring to assess recovery and risk 
reduction, and to assess the impact of the remedial action on the downstream areas.  Long-term 
monitoring, maintenance, and ICs would also be required to prevent exposure to contamination that 
remains in place or protect the integrity of the thin cover (ENR), isolation cap, or any on-site containment 
facilities.  Maintenance of the Allendale and Lyman Mill Dams (or weir structures) would also be 
required for alternatives where contamination remains in the river/floodplain.  All of the alternatives 
include periodic reporting of remedy progress and efficacy, as well as five-year reviews. 
 
Source Area Soil – Alternatives evaluated for remediation of source area soil include alternatives based 
on No Action, maintaining existing surfaces, targeted excavation combined with either upgrading or 
converting existing surfaces to RCRA caps, and excavation.  The maintenance alternative would provide 
long-term operation and maintenance of the existing surfaces (caps, parking lots, paved surfaces, rip rap, 
landscape areas) to prevent erosion and potential exposure of contaminated soils.  The targeted excavation 
and cap upgrade alternative would include excavation to remove principal threat waste and contaminated 
soil that exceeds the TSCA/GB leachability criteria in conjunction with evaluating and repairing the 
existing surfaces where necessary, and extending the existing caps to cover contaminated landscape areas.  
The targeted excavation and RCRA cap alternative would include targeted excavation to remove principal 
threat waste in conjunction with upgrading the existing surfaces (caps, parking lots, paved surfaces, 
landscape areas) to meet the requirements for caps over unlined hazardous waste landfills in EPA  
Region 1.  The excavation alternative would remove principal threat waste and contaminated soil to a 
uniform depth (5-feet bgs, average thickness of vadose zone), backfill to restore site grade, and re-
vegetate the soil areas.  Soil, principal threat waste, and hazardous debris removed under the excavation 
alternatives would be shipped off site for disposal and/or treatment. 
 
All of the remedial alternatives except No Action would include long-term monitoring and maintenance 
to verify that contamination left in place remains relatively immobile.  ICs would also be required to 
prevent future releases and potential future human exposure to contaminated soil.  The ICs would prohibit 
future excavation, restrict access for buried utilities, prevent the construction of buildings with pilings or 
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basements, and require maintenance of the caps, parking lots, paved surfaces, and rip rap areas.  All of the 
alternatives include periodic reporting of remedy progress and efficacy, as well as five-year reviews. 
 
Source Area Groundwater – Alternatives evaluated for remediation of groundwater at the source area 
include alternatives based on No Action, excavation, hydraulic containment, and in-situ treatment.  The 
excavation/dewatering alternative is a removal alternative that relies on excavation below the 
groundwater table to remove submerged contaminated soils that serve as a contaminant source to the 
groundwater and dewatering to remove contaminated groundwater within the excavation area.  The 
hydraulic containment alternatives include options either to install a barrier around the groundwater 
impacted area to prevent the discharge of contaminated groundwater to the Woonasquatucket River or to 
provide hydraulic control through pump and treat.  Groundwater removed under the excavation 
alternative or extracted under the pump and treat options would be treated to remove contaminants and 
returned to the Woonasquatucket River.  In-situ treatment alternatives evaluated include biological and 
chemical treatment.  For in-situ biological treatment, a PRB comprised of clean, organic rich material 
would be installed between the groundwater impacted area and the Woonasquatucket River.  The barrier 
would allow the passive flow of water while either degrading or retaining the contaminants.  VOCs would 
be removed through anerobic dechlorination and biogeochemical processes and dioxin would be removed 
by sorption to the organic material and biodegradation.  For in-situ chemical treatment, an oxidizing agent 
would be injected into the groundwater at the impacted area that would cause the rapid chemical 
destruction of the VOCs in the groundwater, and oxidation of dioxins.  Feasibility testing would be 
required to demonstrate the effectiveness of dioxin removal using either of the in-situ treatment 
alternatives.  A field demonstration with adequate monitoring of toxic by-products or intermediates may 
also be desired to confirm the safety and effectiveness of the in-situ chemical oxidation alternative.   
 
All of the remedial alternatives except No Action would include ICs to prevent the use of groundwater, as 
well as periodic monitoring to support five-year reviews.  The in-situ chemical oxidation alternative 
would also require ICs to prevent the exposure of groundwater as a result of excavation, demolition, or 
other activities. 
 
Remedial Alternatives Retained for Detailed Analysis 
 
Alternatives discussed above were screened based upon the screening criteria required by the NCP.  With 
the exception of No Action, alternatives that are not protective of human health and the environment or do 
not comply with ARARs (except where conditions for an ARAR waiver exist) were screened out.  Based 
on the screening evaluation, the following remedial alternatives were evaluated in more detail, along with 
the No Action alternative (Alternative 1).  
 
Allendale and Lyman Mill Reach Sediment 


• a full excavation alternative with the dams remaining in place (Alternative 7) or with the dams 
replaced with new weir structures (Alternative 10), and 


• a partial excavation and isolation capping alternative with the dams remaining in place 
(Alternative 8) or with the dams replaced with new weir structures (Alternative 11, water body 
configuration comprised of river channel and small ponds). 


 
Allendale Reach Floodplain Soil 


• a full excavation alternative (Alternative 5). 
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Lyman Mill Reach Stream Sediment and Floodplain Soil (Including Oxbow) 


• a targeted excavation and ENR alternative (Alternative 3), and 
• a partial excavation and ENR alternative (Alternative 5). 


 
Source Area Soil 


• a targeted excavation and cap upgrade alternative (Alternative 3), and 
• a targeted excavation and RCRA cap alternative (Alternative 4). 


 
Source Area Groundwater 


• an excavation and dewatering alternative (Alternative 2), and 
• an in-situ treatment alternative using chemical oxidation (Alternative 5). 


 
All of the Allendale and Lyman Mill reach sediment and floodplain soil alternatives include disposal 
options based on on-site containment in an upland or nearshore CDF, on-site thermal treatment, or off-site 
disposal and/or treatment.  All of the source area soil and groundwater alternatives include disposal 
options based on off-site disposal and/or treatment. 
 
Comparative Analysis of Alternatives 
 
Overall, the remedial alternatives proposed in the FS would address contaminated sediment, soil, and 
groundwater that presents a risk to human health and the environment, and would achieve the cleanup 
objectives at varying levels of effectiveness as described below.  The No Action alternative (Alternative 
1) would not provide effective protection because contaminated material that presents a risk to human 
health and the environment would remain on site unaddressed. 
 


• Allendale and Lyman Mill Sediment Alternatives 7 and 10 would provide the greatest overall 
protection because all sediment above the cleanup goals would be removed from the river/ponds, 
which would quickly reduce human health and ecological risk to acceptable levels.  Alternatives 
8 and 11 would also reduce human health and ecological risks, but sediment above the cleanup 
goals would remain in place under the isolation cap and could be released in the future should 
catastrophic events occur or if monitoring, maintenance and/or ICs were not effective in the long 
term.  Among the disposal options, on-site thermal treatment (Alternatives 7d, 8d, 10d, or 11d) 
or off-site disposal and/or treatment (Alternatives 7e, 8e,10e, or 11e) would provide the highest 
level of long-term effectiveness and permanence because the contaminated sediment would 
either be destroyed or shipped off site for disposal.  Disposal options that use on-site containment 
in a CDF (Alternatives 7a, 7b, 8a, 8b, 10a, 10b, 11a, and 11b) would also provide very effective 
long-term protection at costs that are substantially lower than the on-site treatment or off-site 
disposal and/or treatment options, although under Alternatives 7b, 8b, 10b, and 11b contaminants 
would remain in the floodplain in CDFs.  Contaminated sediment would also remain in the 
floodplain under Alternative 11f.  


• Allendale Reach Floodplain Soil Alternative 5 would remove all soil above the cleanup goals 
and quickly reduce risk to acceptable levels.  Although significantly more expensive than other 
disposal options, on-site thermal treatment (Alternative 5d) or off-site disposal and/or treatment 
(Alternative 5e) would provide the highest level of long-term effectiveness and permanence.  


• Lyman Mill Reach Stream Sediment and Floodplain Soil Alternatives 3 and 5 would achieve 
human health objectives quickly through targeted excavation.  These alternatives would not 
provide immediate, complete protection of ecological receptors from exposures to contaminated 
material, rather, a minimum of several decades may be required to attain the ecological cleanup 
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objectives.  This delay in achieving the remedial goals for ecological receptors is balanced by the 
need to preserve the habitat necessary to maintain the receptors to be protected.  Alternative 3 
would provide a somewhat lower level of ecological protection than Alternative 5 because a 
smaller volume of contaminated material would be removed from the system.  However, it 
would preserve nearly nine additional acres of a regionally important forested wetland complex 
that is providing habitat to a variety of plants, invertebrates, and wildlife populations including 
possibly vernal pool species.  Although the time for risk reduction until ecologically-based 
RAOs are achieved is extended by about 5 years under this alternative compared to Alternative 
5, the impacts to wildlife populations from eliminating this valuable hardwood forest habitat 
outweigh the potential benefits of reducing the risk in a slightly quicker fashion.   


• Source Area Soil Alternative 4 would provide the greatest overall protection because principal 
threat waste that could be highly toxic or highly mobile would be removed and all existing 
surfaces would be upgraded to RCRA caps, which would effectively isolate the contamination 
that remains in place and comply with all ARARs, including RCRA and TSCA closure 
requirements.  Alternative 3 would also provide effective protection of human health and the 
environment, although the upgraded caps under this alternative would not comply with RCRA 
closure requirements or eliminate rainwater/snowmelt infiltration into the underlying soil and 
groundwater.  


• Source Area Groundwater Alternative 2 would provide the greatest overall protection because 
the contaminant source would be removed, which would reduce contamination in groundwater to 
acceptable levels, as well as prevent future migration of contaminated groundwater to the 
Woonasquatucket River.  This is the only alternative that will comply with all ARARs.  
Alternative 5 would provide some overall protection of human health and the environment, but 
the long-term effectiveness with respect to dioxin removal is unproven and it might not comply 
with ARARs for surface water quality.  


 
All of the sediment and soil alternatives constitute a discharge of dredged or fill material into the waters 
of the state/US, thereby triggering state and federal wetlands requirements that would have to be 
addressed.  Moreover, because contamination is found above cleanup goals in wetland areas, there is no 
practical alternative to the destruction of wetland areas.  As a result, actions would need to be taken to 
minimize impacts and EPA would need to evaluate alternatives to select the least damaging practicable 
alternative consistent with Clean Water Act requirements. 
 
Uncertainties 
 
Important uncertainties associated with this FS are summarized below, and the potential effects of the 
uncertainties on the FS conclusions are described.  Once selected, following the public comment period, 
the remedy for the site will be documented in a ROD, and will be further developed through a detailed 
design to address these uncertainties. 


• Cleanup Goals – Additional sampling and analysis will be needed during the remedial design 
to verify the proposed cleanup goals.  Specifically, additional background sampling is 
required to verify background conditions at the time of site remediation and the statistical 
comparisons, and assess impacts, if any, to the proposed cleanup goals for floodplain soil, 
sediment and surface water.  Additional sampling and analysis is also required to verify that 
“undetected” contaminants are not present in site soil and surface water at concentrations in 
excess of ARARs or TBCs (see Appendix F); the analytical methods must be capable of 
measuring contaminants at concentrations below the ARARs and TBCs. 


• Cleanup Areas – The proposed cleanup areas or remedial footprints are conceptual and more 
precise cleanup footprints will be developed during the remedial design.  For example, 
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additional coring will need to be performed at Allendale and Lyman Mill Ponds to confirm 
the vertical extent of the contamination.  Additional sampling and analysis will also be 
needed to confirm the horizontal and vertical extent of the remedial footprints for Allendale 
and Lyman Mill reach floodplain soils.  Additional investigations should also be considered 
to confirm the presence of vernal pool habitat within the current remediation footprint for the 
Oxbow.   


• Disposal Options – The off-site disposal and/or treatment options evaluated in this FS are 
based on the assumption that contaminated media at the CMRP site is an F-listed waste or 
characteristic waste, and that approximately 50% of the sediment waste could require 
incineration to meet treatment standards listed in 40 CFR §268.40 and all of the floodplain 
soils would meet the LDR alternative treatment standards for soil in 40 CFR §268.49.  
(Excavated sediment and soil would be characterized for waste-disposal requirements, 
including hazardous waste criteria, and handled and disposed appropriately.)   
 
The on-site upland CDF disposal option evaluated in this FS assumes that a treatability 
variance will be obtained to reduce the amount of treatment required before disposal of 
sediment waste in the upland CDF, and that 10% of the sediment waste would be shipped off 
site for treatment.  The on-site nearshore CDF disposal option assumes that all waste can be 
addressed without treatment, regardless of its characterization or contaminant concentrations, 
if such waste is consolidated or treated in-situ within an “area of contamination.”  On-site 
disposal costs could increase if the treatability variance is not obtained under the upland CDF 
option or if the nearshore CDF is not located within the area of contamination and some of 
the material needs to be shipped off site for incineration to meet LDRs. 
 
Potential changes to waste disposal regulations or location of a potential on-site disposal 
facility, that could impact the cost estimates will be assessed during the remedial design 
phase. 
 
In the event that the selected remedy includes on-site containment in an upland CDF, 
potential upland CDF locations should be evaluated with respect to acquisition potential and 
environmental services (wetlands or other valued habitat attributes) that could be lost or 
degraded if the land was converted to a containment structure.  


• Sediment Processing – In the event that a sediment alternative is selected that includes 
mechanical dewatering, additional bench-scale testing using site sediment is recommended to 
evaluate the effectiveness of the plate and frame filter press and belt press process options. 


• Source Area Groundwater – In the event that Alternative 5, In-situ Chemical Oxidation is 
selected as the preferred remedy, bench-scale and pilot testing would be required to confirm 
the effectiveness of this response action to capture, degrade, or destroy low-concentration 
dioxins and eliminate their potential migration within the groundwater.  A field 
demonstration with adequate monitoring of toxic by-products or intermediates may be desired 
to confirm the safety and effectiveness of this response action.   


• Mitigation –The action-based alternatives for sediment and soil will result in unavoidable 
wetland loss and/or impacts requiring mitigative measures.  In some areas federal/state 
resource determinations and/or functional assessments would be necessary to quantify the 
amount of required mitigation.  In addition, in-place mitigation may not feasible or sufficient 
to fully compensate for the projected impacts in many cases (e.g., nearshore CDFs) and it is 
assumed that appropriate land could be acquired to address this project need.  (Estimated 
costs for out-of-kind mitigation included under the sediment alternatives assume soil removed 
in support of the mitigation has low-level contamination.)  Finally, the successful restoration 
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of wetlands and particularly forested habitats depends on a number of factors that interact in 
ways that cannot be fully understood beforehand.  As a result, there are considerable 
uncertainties regarding the outcome of the mitigation efforts, whether the lost functional 
attributes can be fully replaced and if so, the length of time required to reach this goal. 


For sediment Alternative 11 (Dam Replacement, Partial Excavation, Isolation Capping and 
Disposal and/or Treatment), additional out-of-place mitigation and vegetation maintenance 
may be required if it is determined that uncontrolled growth of vegetation in some portion of 
the new floodplain area would pose an unacceptable risk of future exposure.  If this finding is 
made, the resulting habitat would likely be incapable of fully compensating for the lost 
(aquatic) habitat that currently exists. 


Mitigation measures to replace floodplain storage capacity that could be lost under selected 
alternatives would also be evaluated during design.  For example, excavation and backfill 
volumes will need to be evaluated during design to ensure no net loss of flood storage 
capacity from placement of the thin-layer cover in wetland/floodplain areas under the Lyman 
Mill reach stream sediment and floodplain soil alternatives.  


• Consistent with EPA’s risk management principals, contamination at the CMRP site has been 
and will continue to be addressed in an iterative fashion.  This FS evaluated a range of 
remedial alternatives for contaminated sediment at the Allendale and Lyman Mill reaches of 
the Woonasquatucket River.  It is anticipated that an adaptive management approach will be 
used in the assessment of the downgradient reaches of the river.  The collection and 
evaluation of monitoring data following implementation of the selected upstream sediment 
remedy will help determine whether downgradient conditions are improving following 
control of upgradient sources. 


 
Next Steps 
 
The remedy considered most appropriate to achieve the cleanup objectives will ultimately be selected 
by EPA in close coordination with the State of Rhode Island.  The remedy is subject to review by the 
EPA National Remedy Review Board.  The proposed remedy for the site will be described in a 
Proposed Plan, which will be available for review and comment by the public.  After consideration of 
public comments, the remedy selection decision will be documented in a ROD.  
 
Following collection of additional baseline data and implementation of the selected remedy itself, the 
long-term monitoring plan will be executed to assess overall performance.  Using an adaptive 
management approach, information from the monitoring plan and review process will be evaluated to 
determine whether potential down river contamination concerns may also need to be addressed. 
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Figure 1-1.  Site Map 
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Figure 1-3.  Floodplain and RIGIS Wetland Areas that Border Parts of the Woonasquatucket River along the Reaches of Allendale  


and Lyman Mill 


 


Wetlands based on photointerpretation of 1988 aerial photographs 
(one quarter acre polygon interpretation) by the RI Geographica l 
Information System program. The majority of the wetland habitat 
shown in the figure is located in the Oxbow Area (see insert) and 
was determined to be federal jurisdictional wetlands (USACE. 
2008) . In add ition to the identifi ed areas. additiona l wetlands are 
present including along the eastern shore of Allenda le Pond and 
directly south of Cap Area 1 below Centreda le Manor. Although a 
formal determination has not been conducted . it is li kely that these 
additiona l areas also include both federal jurisdictional wetlands and 
lands protected under the RI Fresh \/Vater Wetlands Act 
(i.e .. vegetated. perim eter. and riverbank wetlands). 
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Figure 2-1.  Historical Features of the Source Area  
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Figure 2-2.  Location of Known Underground Utilities at the Source Area 
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Figure 2-3.  RIDEM Groundwater Classification Map
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Figure 2-4.  Source Area Stratigraphy 
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Figure 2-5.  Water Table Elevations at the Source Area, December 2006 
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Figure 2-6.  Water Depth in Allendale Pond 
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Figure 2-7.  Apparent Soft Sediment Thickness in Allendale Pond
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Figure 2-8.  Site Map of the Oxbow Area 


 







 


 
 


Figure 2-9.  Water Depth at Lyman Mill Pond 
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Figure 2-10.  Apparent Soft Sediment Thickness at Lyman Mill Pond
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Figure 2-11a.  Generalized Conceptual Site Model for the CMRP Site 


 







 


 


 


Figure 2-11b.  Illustration of the Generalized Conceptual Site Model for the CMRP Site 
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Figure 2-12.  Dioxin TEQ Concentration in Source Area Soils, Surface (0-1 feet) 
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Figure 2-13.  Total PCB Concentration in Source Area Soils, Vadose Zone (0-5 feet) 
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Figure 2-14.  Source Area Soil Locations where VOCs in Vadose Zone (0-5 feet) Exceed GB Leachability Criteria 
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Figure 2-15.  Source Area Groundwater Locations where PCE Concentrations Exceed GB Groundwater Objective, 2002
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Figure 2-16.  VOC (PCE and TCE) and Dioxin (2,3,7,8-TCDD) Concentrations in Groundwater at 
Well MW-05S, 2001 to 2008 Sampling Periods 
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Figure 2-17.  Dioxin (2,3,7,8-TCDD) Concentrations in Surface Sediment (0-1 feet) at Allendale Pond 


Interim Final CMRP Feasibility Study Report April 2010 


CMS-624 


Banelle o 75 150 300 Explanation: • Allendale Surface - 2,3,7,8-TCDD Concentration (N 
<000 
500 - 1000 


Feet Roads 1,000 - 2,000 


I--------------J------------------j 2,000-3,000 
1 11997 River Channel }g:;:; :;o');::O 
1~ISoil Cap '10,000 


111111111111111 Recent Flow (Scour) Channel 


Con/ouring done using Eal1.hVision geospalial modeling software 
(Method: Minimum Tension gridding a9orithm) 


Note: Average concentration reported when 
than one sample included in depth interval 


Date: 
417110 


Allendale 


Drawn By: Jim Hicks (Battelle) 


Checked by: Deirdre Dahlen (Battelle) 


ProJection: Rhode Island State Plane (NAD 83 







 


 


Figure 2-18.  Dioxin (2,3,7,8-TCDD) Concentrations in Surface Sediment (0-1 feet) at Lyman Mill Pond 
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Figure 2-19.  Vertical Profiles of Dioxin (TEQ) Concentrations at Allendale Pond Sediment, May 2003 
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Figure 2-20.  Vertical Profiles of Dioxin (TEQ) Concentrations at Lyman Mill Pond Sediment, May 2003 and March 2005 
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Figure 3-7.  Adaptive Management Decision Tree to Address Contaminated Sediments in 
Downstream Areas 
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Figure 4-1.  Example Natural Processes for Consideration of Monitored Natural Recovery 


 


 


Figure 4-2.  Example Cross-section for an Isolation Cap Placed Along a Shoreline 
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Figure 4-3.  Typical Enclosed Environmental Dredging Bucket 
 


 


 


Figure 4-4.  Typical Hydraulic Dredge and Pipeline Transport System 
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Figure 4-5.  Photograph of an Example Cofferdam 


 


 


 


Figure 4-6.  Diagram of a Portable Dam used to Contain Water 
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Figure 4-7.  Example of a Typical Dredging, Dewatering, and Water Treatment System 
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Figure 4-8.  Schematic of a Typical Belt Dewatering Process 
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Figure 4-9.  Typical CAD Designs 
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Figure 4-10.  Schematic of the Ex-situ Stabilization Process used to Treat Sediment or Soil 
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Figure 4-11.  Schematic of a Typical Incineration Process 
 
 


 


Figure 4-12.  Schematic of a Precipitation Process used to Treat Extracted Groundwater 
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Figure 4-13.  Schematic of a Air Stripping Process used to Treat Extracted Groundwater 
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Figure 4-14.  Schematic of an Activated Carbon Adsorption Process used to Treat  
Extracted Groundwater 
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Figure 4-15.  Schematic of an Air Sparging Process used for In-situ Treatment of Groundwater 
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Figure 4-16.  Conceptual Illustration of a Permeable Reactive Barrier 
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Table 2-1. Actions Taken at the CMRP Site 


Date Action Legal 
Authority


Who 
Undertook Results Related 


Documents 
1999–2000 Fencing constructed in 


source area and in 
residential areas 
adjoining Allendale 
Pond (repairs to the 
fence were performed 
in 2005); 
Construction of two 
interim protective caps 
and a flood control 
berm in the source area; 
Placement of riprap 
along eastern bank of 
the Woonasquatucket 
River in the source area 


EPA, 
Region I 


Combination 
of fund-lead 
and PRP-lead 


Restrict access to 
potentially 
contaminated media; 
Isolate contaminated 
soils to minimize 
human exposure; 
Reduce/prevent erosion 
and runoff of 
contaminated soils to 
the river 


EPA Region I 
Action 
Memorandum, 
dated May 4, 
1999, as 
amended 
September 13, 
1999 and 
June 1, 2000 


2000–2003 EE/CA; 
Reconstruction of the 
Allendale Dam and 
restoration of Allendale 
Pond in 2002; 
Excavation and 
remediation of 
contaminated 
floodplain soils in 
eleven action areas on 
residential properties 
and recreational access 
points along Allendale 
and Lyman Mill Ponds  


EPA, 
Region I 


PRP-lead Mitigate unacceptable 
human health risk from 
exposure to 
contaminated soils on 
residential and 
recreational use 
properties on the 
Woonasquatucket 
River floodplain 
between Route 44 and 
the Lyman Mill Dam; 
Prevent further 
downstream migration 
of sediment-bound 
contaminants; 
Minimize exposure to 
site-related 
contaminants   


TTNUS, 2000a;  
EPA OSWER 
Directive 
9200.4-26 
(Approaches for 
Addressing 
Dioxins in Soil 
at CERCLA and 
RCRA Sites, 
April 13, 1998); 
Action 
Memorandum 
dated January 
18, 2001 (EPA, 
2001c); and 
Completion of 
Work Report 
(LEA, 2005) 


2003–2004 Construction of 
permeable protective 
cap in former tailrace, 
installation of a precast 
modular stormwater 
control structure at the 
north end of the 
tailrace, and 
construction of a 
drainage swale along 
the capped area 


EPA, 
Region I 


PRP-lead Minimize potential 
erosion and 
downstream transport 
of contaminated soils 
and sediments in the 
former tailrace on the 
east side of the source 
area 


Completion of 
Work Report 
(LEA, 2004) 


Key: 
CERCLA - Comprehensive Environmental Response, Compensation, and Liability Act of 1980; EE/CA - Engineering 
Evaluation/Cost Analysis; LEA - Loureiro Engineering Associates; OSWER - Office of Solid Waste and Emergency Response; 
PRP - Potentially Responsible Party; RCRA - Resource Conservation and Recovery Act; TTNUS - Tetra Tech NUS, Inc.;  
EPA – United States Environmental Protection Agency 
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Table 2-2. Land Uses1 


 Current On-
site Use 


Current 
Adjacent Use 


Reasonable 
Potential 


Beneficial Use 


Basis for Potential 
Beneficial Use 


Land Mixed 
residential, 
with some 
commercial 
and light 
industrial 


Mixed residential, 
with some 
commercial and 
light industrial 


Recreational/ 
Residential 


Rhode Island Statewide Planning 
Program, Rivers Policy and 
Classification Plan 


Undeveloped 
woods and 
wetland 


Mixed residential, 
with some 
commercial and 
light industrial 


Recreational Rhode Island Statewide Planning 
Program, Rivers Policy and 
Classification Plan; Oxbow Wetland 
Analysis (USACE, 2008); 
Watershed Initiatives2 


Shallow 
Groundwater 


None3 None3 None3 Not applicable 


Deep 
Groundwater 


None Yacht Club 
Flavored Seltzer 
& Soda bottling 
plant 


None Not applicable 


Surface 
Water 


Recreational4 Recreational Recreational Rhode Island Statewide Planning 
Program, Rivers Policy and 
Classification Plan; 
Watershed Initiatives2 


Notes: 
1 Land use assumes that the Allendale and Lyman Mill Dams will remain in place. Land use would need to be re-evaluated if the 
remedy selected includes dam removal and/or replacement. 
2 Remediation at the CMRP site will contribute to achieving the long-term goal to improve conditions in the watershed.  The 
Narragansett Bay and Watershed Planning Commission identified that “By 2015, make the Blackstone, Woonasquatucket and 
Wood-Pawcatuck Rivers, and Greenwich Bay fishable and swimmable”.  Local urban revitalization and watershed restoration 
efforts also promote the development of areas for recreational activities. 
3 Groundwater at the site is federally classified as Class III: Not a Potential Source of Drinking Water and/or of Limited 
Beneficial Use.  Under state groundwater regulations, this aquifer part is also classified as GB (defined as “may not be suitable 
for public or private drinking water use without treatment due to known or presumed degradation” [RIDEM, 2005a]). The 
proposed groundwater alternatives assume that institutional controls will be implemented to prevent the use of groundwater. 
4 Surface water at the site is classified as Class B1 (see Section 2.3.1). 


Key: 
USACE - United States Army Corps of Engineers 
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Table 2-3. Summary of Aquifer Characteristics1 


Aquifer/Aquitard 
Formation/Confined 


Flow Direction, 
Quantity 


Source 
Contaminants Discharges To NAPLs Dissolved 


VOCs 
Shallow Overburden, 
silty sands and gravel 
(0-14 feet bgs) 


South/0.21 
feet/day average 
groundwater 
velocity 


Chemicals released 
directly to the 
ground and/or 
buried; 
soil is a secondary 
source 


Woonasquatucket 
River2; the source 
area is bounded to 
the west by the 
river 
(see Figure 1-2) 


Yes 
(in 
soils) 


Yes, PCE 
and TCE 


Deep Overburden, sand 
and gravel, possible till 
(23-70 feet bgs) 


South-southeast/ 
0.55 feet/day 
average 
groundwater 
velocity 


Shallow 
Overburden 


Shallow 
Overburden 


No Yes, 
PCE and 
chloroethane 


Bedrock South-
southeast/27 
feet/day average 
groundwater 
velocity 


Overburden Deep Overburden No Yes, 
PCE and 
chloroethane 


Notes: 
1 Data source: Battelle, 2005a. 
2 Under low-flow conditions the aquifer recharges the river except in the southern portion of the source area where the river still 
loses water to the aquifer; under high-flow conditions the river recharges the aquifer except in the vicinity of the small 
groundwater mound located beneath the Brook Village parking lot. 


Key: 
bgs - below ground surface; NAPL - non-aqueous phase liquid; PCE - tetrachloroethylene; TCE - trichloroethylene; 
VOCs - volatile organic compounds 


 


 


Table 2-4. Flood Frequency Data1 


Flood Return 
Period (yr) 


Percent Probability of 
Occurring in 10-yr 


Flow Rate 
(cfs) 


5 89 893 
10 65 1,150 
25 34 1,550 
50 18 1,900 


100 10 2,300 
200 5 2,760 
500 2 3,480 


1000 1 4,140 


Notes: 
1 Data source: USACE/ERDC, 2006. The flood frequency analysis was conducted using the Log Pearson Type 
III distribution as described in Bulletin 17B of the Hydrology Subcommittee, Guidelines for Determining Flood 
Frequency, and accepted by federal agencies as the standard to conduct this type of analysis.  Reported flow 
rates are based on average regional skew, expected probability peak. 


Key: 
cfs - cubic feet per second; yr - year 


 







 


Table 2-5. Community and Acreage Estimates at Lyman Mill Pond and the Oxbow Area1 


Community Type Area (acres) 
Lacustrine  


Open Water2 20.9 
Palustrine  


Open Water 0.9 
Emergent vegetation, persistent 5.4 
Scrub-shrub, broad-leaved deciduous 0.9 
Forest, broad-leaved deciduous 11.1 
Mixed open water, persistent emergent 0.5 
Mixed persistent emergent, scrub-shrub 2.2 
Mixed scrub-shrub, forested 3.8 


Riverine  
Open Water 1.5 
Intermittent Stream <0.1 


Upland  
Forest 10.6 
Shrub 1.5 
Grassland 3.0 


Other  
Vernal Pool or Potential Vernal Pool 0.1 
Sediment Retention Basin 1.0 


Total3 63.4 


Notes: 
1 Data source: USACE, 2008. 
2 Acreage estimate for Lyman Mill Pond (i.e., 20.9 acres) is slightly lower compared to the 
estimate reported in Section 2.3.8.2 (i.e., 23.5 acres); the difference in estimates is 
associated with the persistent emergent vegetation in the transition zone between the Oxbow 
and Lyman Mill Pond areas. 
3 Total acreage estimate (i.e., 63.4 acres) includes upland areas (forest, shrub, and sediment 
retention basin), which are not included in acreage estimates reported in Section 2.3.8.2 
(i.e., approximately 50.5 acres including 27 acres Oxbow and 23.5 acres Lyman Mill Pond).   
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Table 2-6a. Sources, Nature and Extent of Contamination at the CMRP site terim
 Final C


M
RP Feasibility Study Repor


(Summary statistics reported in Table 2-6b) 


Suspected 
Contamination 


Source 
Contaminant Medium 


Affected Release Mechanisms Contamination Volume or 
Areal Extent Sampling Activities 


Chemical 
manufacturing and 
drum reconditioning 
operations (1940s to 
1970s) 
 


Dioxins (primarily 
2,3,7,8-TCDD), 
furans, HCX, PCBs, 
VOCs, SVOCs, and 
metals 


Soil, 
groundwater, 
sediment,  
surface water, 
and biota 


Chemicals released 
directly to the ground, 
buried, and possibly 
discharged directly to 
the Woonasquatucket 
River 


Study area evaluated in the RI 
includes the 3-mile reach of the 
river from the Route 44 Bridge 
immediately upstream of the 
Brook Village apartment 
complex, downstream to the 
former Dyerville Dam;  Area 
evaluated in the FS includes the 
1.5-mile reach of the River from 
the Route 44 Bridge to Lyman 
Mill Dam 


Approximately 40 
investigations 
conducted from 1997 to 
2006; approximately 
1,000 soils, 450 
sediments, 100 
groundwater, and 60 
surface water 
chemically analyzed 
(see Tables 1-2, 2-1, 4-
1 of RI [Battelle, 
2005a]) 


t 
5 


April 2010 


Key: 
FS – feasibility study; HCX - hexachloroxanthene; PCB - polychlorinated biphenyl; RI - Remedial Investigation report; SVOC - semi-volatile organic compound; VOC - 
volatile organic compound  


 


 







 


Table 2-6b. Sources, Nature and Extent of Contamination at the CMRP Site, Summary Statistics 


Affected 
Medium1 Contaminant1 Concentration 


Range2 
Concentration 


Average3 Mobility Toxicity4 


Source 
Area, Soil 


Dioxin TEQ 0.000079– 
140000 ng/kg 


118 ng/kg Low B25 


PCBs (total Aroclors) 0.0074–1300 mg/kg 0.29 mg/kg Low B26 
Dieldrin 0.0002–9.9 mg/kg 0.0009 mg/kg Low B2 
Technical chlordane 0.0009-10.6 mg/kg - Low B2 
Benzo(a)anthracene 0.006–8.5 mg/kg 0.22 mg/kg Low B2 
Benzo(a)pyrene 0.006–8.9 mg/kg 0.25 mg/kg Low B2 
Benzo(b)fluoranthene 0.0235–10 mg/kg 0.30 mg/kg Low B2 
Benzo(g,h,i)perylene 0.0041–5.3 mg/kg - Low D 
Benzo(k)fluoranthene 0.0099–8.8 mg/kg - Low B2 
Biphenyl 0.041-1.61 mg/kg - Low B2 
Bis(2-
ethyhexyl)phthalate 


0.042-460 mg/kg 0.18 mg/kg Low B2 


Chrysene 0.0045–11 mg/kg 0.27 mg/kg Low B2 
Dibenzo(a,h)anthracene 0.0048–2.2 mg/kg - Low B2 
Fluoranthene 0.0235–24 mg/kg 0.46 mg/kg Low D 
Indeno(1,2,3-c,d)pyrene 0.0055–5.3 mg/kg - Low B2 
Naphthalene 0.0021–84 mg/kg - Low D 
Pentachlorophenol 0.011–18 mg/kg - Low B2 
Pyrene 0.0235–23 mg/kg 0.47 mg/kg Low D 
Antimony 0.08–27.8 mg/kg - Low ND 
Arsenic 0.27–49.3 mg/kg 3.40 mg/kg Low A 
Beryllium 0.03–3.90 mg/kg 0.41 mg/kg Low B2 
Cadmium 0.03–180 mg/kg 0.32 mg/kg Low B1 
Lead 2.2–3160 mg/kg 53.8 mg/kg Low B2 
Manganese 35.7–6420 mg/kg 194 mg/kg Low D 
Thallium 0.16–13.4 mg/kg - Low D 
Benzene 0.0003–480 mg/kg - High A 


Chlorobenzene 0.0004–1000 mg/kg - Moderate to 
Very High D 


Dichloroethane (1,2-) 0.0002–1.7 mg/kg - 
High to 


Very High 
B2 


Dichloroethene (cis-1,2) 0.0005-500 mg/kg - 
High to 


Very High 
D 


Ethyl benzene 0.0003–81 mg/kg - Moderate D 
Tetrachloroethene (PCE) 0.0002–1700 mg/kg - High B2 


Toluene 0.0003–430 mg/kg - 
Very High 


to Moderate 
D 


Trichloroethene (TCE) 0.0002–2400 mg/kg - 
Moderate to 


High 
B2 


Vinyl chloride 0.0006–2.3 mg/kg - High A 
Xylenes (Total) 0.0009–380 mg/kg - Moderate D 


Source 
Area, 
Ground-
water 


2,3,7,8-TCDD 0.95–6154 pg/L - Low B2 


Dibromochloropropane 
(DBCP) 0.4-7 µg/L - High B2 


Tetrachloroethene (PCE) 0.1–61000 µg/L - High B2 
Trichloroethene (TCE) 0.0435–2500 µg/L - Moderate B2 
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Table 2-6b. (continued) 


Affected 
Medium1 Contaminant1 Concentration 


Range2 
Concentration 


Average3 Mobility Toxicity4 


Allendale, 
Sediment 


2,3,7,8-TCDD 0.2–110000 ng/kg8 879 ng/kg8 Low B2 
Dioxin TEQ 0.52–110000 ng/kg 972 ng/kg Low B25 
PCB TEQ 147–147 ng/kg 147 ng/kg Low B26 
Total Aroclors 0.0006–28 mg/kg 0.27 mg/kg Low B26 
Aroclor 1254 0.0006–28 mg/kg 0.27 mg/kg Low B2 
Aroclor 1268 0.034–0.16 mg/kg 0.067 mg/kg Low B2 
Dieldrin 0.0001–0.17 mg/kg - Low B2 
Technical Chlordane 0.0005–0.97 mg/kg 0.028 mg/kg Low B2 
Benzo(a)pyrene 0.012–9.62 mg/kg 0.72 mg/kg Low B2 
Dibenzo(a,h)anthracene 0.016–2.6 mg/kg - Low B2 
Arsenic 0.31–18 mg/kg 3.03 mg/kg Low A 
Selenium 0.30–4.7 mg/kg - Low D 
Zinc 0.26–2088 mg/kg 299 mg/kg Low D 


Lyman Mill, 
Sediment 


2,3,7,8-TCDD 0.035–49421 ng/kg 433 ng/kg Low B2 
Dioxin TEQ 0.2–49737 ng/kg 533 ng/kg Low B25 
PCB TEQ 17–64.9 ng/kg 18.6 ng/kg Low B26 
Total Aroclors 0.0006–3.26 mg/kg 0.135 mg/kg Low B25 
Aroclor 1254 0.0006–2.6 mg/kg 0.13 mg/kg Low B2 
Aroclor 1268 0.012–0.31 mg/kg - Low B2 
4,4'-DDD 0.00015–0.05 mg/kg - Low B2 
4,4'-DDE 0.000067–0.046 mg/kg - Low B2 
Dieldrin 0.0001–0.027 mg/kg - Low B2 
Technical Chlordane 0.017–2.21 mg/kg 0.4 mg/kg Low B2 
Benzo(a)pyrene 0.012–7.04 mg/kg 0.67 mg/kg Low B2 
Dibenzo(a,h)anthracene 0.016–1.24 mg/kg - Low B2 
N-nitroso-di-n-
propylamine 0.008–2.1 mg/kg7 - Low B2 


Aluminum 1690–27773 mg/kg 8075 mg/kg Low D 
Arsenic 0.031–14.8 mg/kg 3.95 mg/kg Low A 


Barium 
10–380 mg/kg 92.2 mg/kg Low Not 


classified 
Selenium 0.027–4.5 mg/kg - Low D 


Vanadium 
4.0–91.7 mg/kg 27.2 mg/kg Low Not 


classified 
Zinc 15.4–2060 mg/kg 256 mg/kg Low D 


Allendale, 
Floodplain 
Soil 


Dioxin TEQ Not detected–1939 
ng/kg 


44.1 ng/kg Low B25 


2,3,7,8-TCDD 0.2405–1510 ng/kg 22.4 ng/kg Low B2 


Lyman Mill, 
Floodplain 
Soil 


Dioxin TEQ 0.68–1291 ng/kg 20.4 ng/kg Low B25 
2,3,7,8-TCDD 0.0948–1130 ng/kg 8.58 ng/kg Low B2 
Total Aroclors 0.030–0.859 mg/kg - Low B26 
Aroclor 1254 0.00506–0.938 mg/kg - Low B2 
4,4-DDE 0.00175–1.0 mg/kg 0.0052 mg/kg Low B2 
Dieldrin 0.000745–0.015 mg/kg - Low B2 
Antimony 0.04–38.2 mg/kg - Low ND 
Arsenic 0.8–55.6 mg/kg 5.94 mg/kg Low A 
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Table 2-6b. (continued) 


Affected 
Medium1 Contaminant1 Concentration 


Range2 
Concentration 


Average3 Mobility Toxicity4 


Lyman Mill, 
Floodplain 
Soil 


Cadmium 0.035–5.2 mg/kg 0.203 mg/kg Low B1 
Lead 8.1–2460 mg/kg 164 mg/kg Low B2 
Selenium 0.25–2.4 mg/kg - Low D 
Zinc 17.9–2190 mg/kg 189 mg/kg Low D 


Oxbow, 
Floodplain 
Soil 


Dioxin TEQ 347–4291 ng/kg 995 ng/kg Low B25 
2,3,7,8-TCDD 12.2–4270 ng/kg 1409 ng/kg Low B2 
Total Aroclors 0.103–3.58 mg/kg 0.412 mg/kg Low B26 
Aroclor 1254 0.00848–3.58 mg/kg 0.412 mg/kg Low B2 
4,4-DDE 0.00251–0.0424 mg/kg 0.00618 mg/kg Low B2 
Dieldrin 0.00008–0.0634 mg/kg 0.00297 mg/kg Low B2 
Antimony 0.922–7.01 mg/kg 2.31 mg/kg Low D 


 Arsenic 0.181–12.8 mg/kg 2.91 mg/kg Low A 
Cadmium 0.0075–8.25 mg/kg 2.61 mg/kg Low B1 
Lead 44.4–1835 mg/kg 275 mg/kg Low B2 
Selenium 0.205–2.22 mg/kg 1.52 mg/kg Low D 
Zinc 58.3–1867 mg/kg 240 mg/kg Low D 


Allendale, 
Surface Water 


2,3,7,8-TCDD 0.145 – 4000 pg/L - Low B2 


Lyman Mill, 
Surface Water 


2,3,7,8-TCDD 1.75 – 853 pg/L 3.65 pg/L Low B2 


Notes: 
1 Summary statistics are provided for affected medium and contaminants for which cleanup goals are developed (as described in 
Section 3.4), as follows:  


• Source Area Soils - contaminants detected in soil samples at concentrations in excess of the RIDEM residential direct 
exposure or GB leachability criteria (RIDEM, 2004; applicable to vadose zone), or EPA’s recommended residential level 
for dioxin (EPA, 1998b; applicable to surface soil); 


• Source Area Groundwater – contaminants detected in groundwater at concentrations in excess of the RIDEM GB 
groundwater objectives (RIDEM, 2004) as well as dioxin; 


• Allendale and Lyman Mill Reach Sediment - contaminants for which there are risk-based (human health and ecological) 
PRGs (MACTEC, 2005b); 


• Allendale and Lyman Mill Reach Floodplain Soil - contaminants for which there are risk-based (human health and 
ecological) PRGs (MACTEC, 2005b and Appendix D), as well as contaminants detected in floodplain soils at 
concentrations in excess of the RIDEM residential direct exposure criteria (RIDEM, 2004; applicable to vadose zone; 
there were no exceedances of the GB leachability criteria) or EPA’s recommended residential level for dioxin (EPA, 
1998b); and 


• Allendale and Lyman Mill Reach Surface Water – cleanup goals developed for dioxin to serve as a useful benchmark that 
will be monitored during remedy implementation.   


2 The minimum concentration is based on the minimum detected concentration or ½ the method detection limit for non-detects, 
whichever is smaller.  The maximum concentration is based on the maximum detected value, unless otherwise indicated. Data 
source is the RI (Battelle, 2005a) for source area soil, Allendale sediment and floodplain soil, Lyman Mill floodplain soil and 
Oxbow floodplain soil; data source is RI (Battelle, 2005a), Appendix A, and LEA (2008) for source area groundwater; and data 
source is Appendix B for Lyman Mill sediment. 
3 Average concentrations are only reported where the detection frequency is 50% or higher; reported as ‘-’  where the detection 
frequency is less than 50%. The geometric mean is reported for data that are lognormally distributed; the median data (italics) is 
reported for data that are not lognormally or normally distributed; the arithmetic mean (bold) is reported for data that are normally 
distributed. Data source is the RI (Battelle, 2005a) for source area soil, Allendale sediment and floodplain soil, Lyman Mill 
floodplain soil and Oxbow floodplain soil; data source is RI (Battelle, 2005a) and LEA (2008) for source area groundwater; and 
data source is Appendix B for Lyman Mill sediment. 
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Table 2-6b. (continued) 
Notes: (cont) 
4 Toxicity based on Weight of Evidence/Cancer Guideline Descriptions (http://rais.ornl.gov/tox/rap_toxp.shtml), including: 


A – human carcinogen 
B1 – probable human carcinogen, indicates that limited human data are available 
B2 – probable human carcinogen, indicates that sufficient evidence in animals and inadequate or no evidence in humans 
C – possible human carcinogen 
D – not classifiable as a human carcinogen 
E – evidence of noncarcinogeniety 
ND – no data available 


5 Based on toxicity profile for 2,3,7,8-TCDD. 
6 Based on toxicity profile for Aroclor 1254. 
7 Maximum concentration based on detection limit. 
8 Concentration range and average do not include sediment data from 2005 SPMD investigation (Appendix A); however, 
concentrations of 2,3,7,8-TCDD in surface sediments from the 2005 SPMD investigation are within the concentration range 
reported here. 


Key: 
mg/kg - milligrams per kilogram; ng/kg - nanograms per kilogram; PCB - polychlorinated biphenyl; TEQ - toxic equivalency 



http://rais.ornl.gov/tox/rap_toxp.shtml
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Table 2-7a. Summary of Chemicals of Concern and Medium-Specific Exposure Point Concentrations 
Scenario Timeframe: Current          
Receptor: Resident Living Along the River / Visiting Recreational Angler        
Medium: Biota          
Exposure Medium: Biota          
           


Exposure 
Point Chemical of Concern 


Concentration Detected 


Units 
Frequency of 


Detection 


Exposure 
Point 


Concentration 


Exposure 
Point 


Concentration 
Units 


Statistical 
Measure Minimum  Maximum 


Allendale 
Pond 


Aroclor 1254 0.43 3.2 mg/kg 18 / 20 1.9 mg/kg Avg (1) 
Aroclor 1268 0.018 0.077 mg/kg 11 / 20 0.027 mg/kg Avg (1) 
Dieldrin 0.0017 0.014 mg/kg 19 / 20 0.0089 mg/kg Avg (1) 
Technical Chlordane 0.10 1.2 mg/kg 20 / 20 0.47 mg/kg Avg (1) 
Toxicity Equivalency (PCB 
Congeners) - Mammals 0.000018 0.000042 mg/kg 6 / 6 0.000032 mg/kg Avg (1) 
Toxicity Equivalency 
(Dioxins/Furans) - Mammals 0.0000096 0.00080 mg/kg 20 / 20 0.00030 mg/kg Avg (1) 


Notes: 
(1) – Exposure point concentration is the average of the exposure point concentrations for American eel and white sucker.  
 
Key:          
mg/kg - milligrams per kilogram         
PCB - Polychlorinated Biphenyl         


t 
10 


April 2010 
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Table 2-7b. Summary of Chemicals of Concern and Medium-Specific Exposure Point Concentrations 
Scenario Timeframe: Current          
Receptor: Resident Living Along the 
River          
Medium: Sediment          
Exposure Medium: Sediment          
           


Exposure 
Point Chemical of Concern 


Concentration Detected 


Units 
Frequency of 


Detection 


Exposure 
Point 


Concentration 


Exposure 
Point 


Concentration 
Units 


Statistical 
Measure Minimum  Maximum 


Allendale 
Pond 


Benzo(a)pyrene 0.064 9.2 mg/kg 45 / 48 4.0 mg/kg 
95% 


UCL-T 


Dibenzo(a,h)anthracene 0.077 2.6 mg/kg 26 / 47 2.0 mg/kg 
95% 


UCL-T 


Arsenic 1 18 mg/kg 48 / 51 5.8 mg/kg 
95% 


UCL-NP 
Toxicity Equivalency 
(Dioxins/Furans) - 
Mammals 0.0000012 0.0730 mg/kg 149 / 149 0.0057 mg/kg 


95% 
UCL-NP 


Key           
95% UCL-T:  95% Upper Concentration Limit on the mean, lognormal distribution       
95% UCL-NP:  95% Upper Concentration Limit on the mean, nonparametric distribution.  Arithmetic mean used to approximate the 95% UCL for 
nonparametric data. 
mg/kg - milligrams per kilogram          


t 
11 


April 2010 
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Table 2-7c. Summary of Chemicals of Concern and Medium-Specific Exposure Point Concentrations 
Scenario Timeframe: Current          
Receptor: Resident Living Along the River / Visiting Recreational Angler     
Medium: Biota          
Exposure Medium: Biota          
           


Exposure 
Point Chemical of Concern 


Concentration Detected 


Units 
Frequency of 


Detection 


Exposure 
Point 


Concentration 


Exposure 
Point 


Concentration 
Units 


Statistical 
Measure Minimum  Maximum 


Lyman 
Mill Pond 


Benzo(a)pyrene 0.00014 0.01469 mg/kg 18 / 30 0.0055 mg/kg Avg (1) 
4,4'-DDE 0.02045 0.28651 mg/kg 30 / 30 0.089 mg/kg Avg (1) 
Aroclor 1254 0.089 7.1 mg/kg 30 / 30 2.1 mg/kg Avg (1) 
Aroclor 1268 0.007 0.1 mg/kg 20 / 30 0.021 mg/kg Avg (1) 
Dieldrin 0.001 0.01 mg/kg 30 / 30 0.0057 mg/kg Avg (1) 
Technical Chlordane 0.073 2.6 mg/kg 30 / 30 1.0 mg/kg Avg (1) 
Toxicity Equivalency 
(PCB Congeners) - 
Mammals 0.0000014 0.000060 mg/kg 11 / 11 0.000041 mg/kg Avg (1) 
Toxicity Equivalency 
(Dioxins/Furans) - 
Mammals 0.0000099 0.0014 mg/kg 30 / 30 0.00037 mg/kg Avg (1) 


Notes: 
(1) - Exposure point concentration is the average of the exposure point concentrations for American eel, largemouth bass and white sucker.  
 
Key: 
mg/kg - milligrams per kilogram          
PCB - Polychlorinated Biphenyl          


t 
12 


April 2010 
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Table 2-7d. Summary of Chemicals of Concern and Medium-Specific Exposure Point Concentrations 
Scenario Timeframe: Current          
Receptor: Resident Living Along the River          
Medium: Sediment          
Exposure Medium: Sediment          
           


Exposure Point Chemical of Concern 


Concentration Detected 


Units 
Frequency of 


Detection 


 
Exposure Point
Concentration


 
Exposure Point 
Concentration 


Units 


 
 


Statistical 
Measure Minimum Maximum 


Lyman Mill Pond 


Benzo(a)pyrene 0.045 6.2 mg/kg 34 / 40 2.9 mg/kg 95% UCL-T 
Dibenzo(a,h)anthracene 0.078 1.1 mg/kg 17 / 40 1.1 mg/kg Maximum 
N-nitroso-di-n-
propylamine 1.4 1.4 mg/kg 1 / 33 1.3 mg/kg 95% UCL-N (1)
Arsenic 1.2 13.2 mg/kg 37 / 39 6.4 mg/kg 95% UCL-T 
Toxicity Equivalency 
(Dioxins/Furans) - 
Mammals 0.00000089 0.0080 mg/kg 46 / 46 0.0080 mg/kg Maximum 


t 
13 


April 2010 


Notes: 
(1) – Statistic calculated using an earlier version of EPA ProUCL software (circa 2004) with non-detected values replaced with one-half the reported 
analytical detected level.  
 
Key 
95% UCL-T:  95% Upper Concentration Limit on the mean, lognormal distribution  
95% UCL-N:  95% Upper Concentration Limit on the mean, normal distribution 
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Table 2-7e. Summary of Chemicals of Concern and Medium-Specific Exposure Point Concentrations 


Scenario Timeframe: Current          
Receptor: Passive Recreational Visitor          
Medium: Soil          
Exposure Medium: Flood Plain Soil          
           


Exposure Point Chemical of Concern 


Concentration Detected 


Units 
Frequency of 


Detection 


 
Exposure 


Point 
Concentration 


 
Exposure 


Point 
Concentration 


Units 


 
Statistical 
Measure Minimum  Maximum 


Oxbow Area 


Aroclor 1254 0.64 3.6 mg/kg 2 / 3 3.6 mg/kg Maximum 
Arsenic 2.6 12.8 mg/kg 4 / 4 12.8 mg/kg Maximum 
Toxicity Equivalency 
(Dioxins/Furans) - 
Mammals 0.00035 0.0043 mg/kg 7 / 7 0.0043 mg/kg Maximum 


Key           
mg/kg - milligrams per kilogram          







 


Table 2-8a. Principal and Low-level Threats at the CMRP Site 
(source media, affected media, contaminant data, and affected receptors summarized in Table 2-8b) 


Principal 
Threats Medium Contaminant(s)1 Action To Be Taken 


Buried waste 
material  


Soil/Liquid Chemicals that were 
potentially used on site were 
identified based on drum 
labels and included caustics, 
halogenated solvents, PCBs, 
and inks 


Preferred remedy not selected yet. 
Potential remedial alternatives include no 
action, or targeted excavation in 
combination with either upgrading the 
existing caps and parking lots or converting 
the existing surfaces to RCRA caps. 


Leaching Soil (west side 
of Brook 
Village parking 
lot) 


Dioxin and VOCs Preferred remedy not selected yet. 
Potential remedial alternatives include no 
action, excavation of contaminated soils for 
groundwater protection, or in-situ chemical 
treatment. 


Low-level 
Threats Medium Contaminant(s) Action To Be Taken 


Resuspension 
and Transport 


Sediment and 
floodplain soil 


Dioxin; PCBs; Pesticides; 
SVOCs, and metals 


Preferred remedy not selected yet. 
Potential remedial alternatives for sediment 
include no action, excavation, or partial 
excavation with isolation capping. 
 
Potential remedial alternatives for 
floodplain soil include no action, 
excavation, targeted excavation with 
enhanced natural recovery (thin-layer 
cover), or partial excavation with enhanced 
natural recovery. 


Fish 
Consumption and 
Dermal Contact 


Biota, 
sediment, 
floodplain soil, 
and surface 
water 


Dioxin; PCBs, Pesticides, 
SVOCs, and metals 


As above 


Leaching Source area 
soil 


PCB and VOCs Preferred remedy not selected yet. 
Potential remedial alternatives include no 
action, or targeted excavation in 
combination with either upgrading the 
existing caps and parking lots or converting 
the existing surfaces to RCRA caps. 


Groundwater 
discharge to 
Woonasquatucket 
River 


Groundwater 
(in vicinity of 
Brook Village 
parking lot) 


Dioxin2 and VOCs Preferred remedy not selected yet. 
Potential remedial alternatives include no 
action, excavation of contaminated soils for 
groundwater protection, or in-situ chemical 
treatment. 


Notes: 
1 See Table 2-8b for detailed contaminant data. 
2 Groundwater is not a source of drinking water, and VOCs in surface water do not pose unacceptable risk to ecological 
receptors. However, dioxin appears to be mobilized in groundwater and discharging to the river in the vicinity of the Brook 
Village parking lot. 


Key: 
PCB - polychlorinated biphenyl; RCRA - Resource Conservation and Recovery Act; SVOCs - semi-volatile organic compounds; 
TEQ - toxic equivalency; VOCs - volatile organic compounds
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Table 2-8b. Principal and Low-level Threats: Source Media, Affected Media, Contaminants, 
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Reasons, Concentrations, and Impacted Receptors 


Principal Threats 
Source 
Media Affected Media Contaminant(s) Reason(s) Concentration(s)1 Receptors 


Buried 
waste 
material  


Source area soil 
and groundwater 


Chemicals that were 
potentially used on site 
were identified based 
on drum labels and 
included caustics, 
halogenated solvents, 
PCBs, and inks 


Buried waste 
may leach into 
soil and 
groundwater and 
migrate to 
surface water 


Unknown Residents living along 
the river and ecological 
receptors 


Soil Source area soil at 
west side of Brook 
Village parking lot 


Dioxin and VOCs Contaminants 
may leach into 
groundwater and 
migrate to 
surface water 


140,000 ng/kg (2,3,7,8-TCDD); 
1,700 mg/kg (PCE); 
2,400 mg/kg (TCE) 


Residents living along 
the river and ecological 
receptors 


Low-level Threats 
Source 
Media Affected Media Contaminant(s) Reason(s) Concentration(s)1 Receptors 


Sediment Biota, sediment, 
floodplain soil, 
and surface water 


Dioxin; PCBs; 
Pesticides; SVOCs; 
metals 
 
(PCB concentrations 
are below TSCA 
criteria) 
 


Resuspension 
and transport, 
bioaccumulation 
hazard and 
toxicity 


110,000 ng/kg (2,3,7,8-TCDD and dioxin 
TEQ); 
147 ng/kg (coplanar PCB TEQ); 
28 mg/kg (total Aroclors); 
28 mg/kg (Aroclor 1254); 
0.31 mg/kg (Aroclor 1268); 
0.046 mg/kg (4,4’-DDE); 
0.050 mg/kg (4,4’-DDD); 
0.17 mg/kg (dieldrin); 
2.2 mg/kg (technical chlordane); 
9.6 mg/kg (benzo(a)pyrene); 
2.6 mg/kg (dibenzo(a,h)anthracene); 
2.1 mg/kg (N-nitroso-di-n-propylamine)2; 
27,773 mg/kg (aluminum); 
18 mg/kg (arsenic); 
380 mg/kg (barium); 
4.7 mg/kg (selenium); 
91.7 mg/kg (vanadium); 
2,088 mg/kg (zinc) 


Residents living along 
the river, visiting 
recreational anglers, 
and ecological receptors 


t 
16 


April 2010 
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Table 2-8b. (continued) 


Low-level Threats 
Source 
Media Affected Media Contaminant(s) Reason(s) Concentration(s)1 Receptors 


Floodplain 
Soil 


Biota, sediment, 
and surface water 


Dioxin; PCBs; 
Pesticides; and metals 
 
(PCB concentrations 
are below TSCA 
criteria) 


Resuspension 
and transport, 
bioaccumulation 
hazard and 
toxicity 
 
Exceeds RIDEM 
criteria and 
EPA’s 
recommended 
residential level 
for dioxin 


4,291 ng/kg (dioxin TEQ) 
4,270 ng/kg (2,3,7,8-TCDD) 
3.58 mg/kg (total Aroclors); 
3.58 mg/kg (Aroclor 1254); 
1 mg/kg (4,4’-DDE); 
0.063 mg/kg (dieldrin); 
38.2 mg/kg (antimony); 
55.6 mg/kg (arsenic); 
8.25 mg/kg (cadmium); 
2,460 mg/kg (lead): 
2.4 mg/kg (selenium) 
2,190 mg/kg (zinc) 


Passive recreational 
visitor and ecological 
receptors 


Source area 
soil 


Soil (surface and 
subsurface), 
groundwater, 
surface water, and 
sediment 


Dioxin; PCBs; 
Pesticides; VOCs; 
SVOCs; metals 


Exceeds RIDEM 
criteria, EPA’s 
recommended 
residential level 
for dioxin, and 
TSCA criteria 


140,000 ng/kg (dioxin TEQ); 
1,300 mg/kg (total Aroclors); 
9.9 mg/kg (dieldrin); 
10.6 mg/kg (technical chlordane); 
8.5 mg/kg (benzo(a)anthracene); 
8.9 mg/kg (benzo(a)pyrene); 
10 mg/kg (benzo(b)fluoranthene); 
5.3 mg/kg (benzo(g,h,i)perylene); 
8.8 mg/kg (benzo(k)fluoranthene); 
1.61 mg/kg (biphenyl); 
460 mg/kg (bis(2-
ethylhexyl)phthalate); 
11 mg/kg (chrysene); 
2.2 mg/kg (dibenzo(a,h)anthracene); 
24 mg/kg (fluoranthene); 
5.3 mg/kg (indeno(1,2,3-c,d)pyrene); 
84 mg/kg (naphthalene); 
18 mg/kg (pentachlorophenol); 
23 mg/kg (pyrene); 
27.8 mg/kg (antimony); 
49.3 mg/kg (arsenic); 
3.9 mg/kg (beryllium); 


Residents living along 
the river and ecological 
receptors 


t 
17 


April 2010 
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Table 2-8b. (continued) 
Low-level Threats 
Source 
Media Affected Media Contaminant(s) Reason(s) Concentration(s)1 Receptors 


Source area 
soil (cont) 


Soil (surface and 
subsurface), 
groundwater, 
surface water, and 
sediment 


Dioxin; PCBs; 
Pesticides; VOCs; 
SVOCs; metals 


Exceeds RIDEM 
criteria, EPA’s 
recommended 
residential level 
for dioxin, and 
TSCA criteria 


180 mg/kg (cadmium); 
3,160 mg/kg (lead); 
6,420 mg/kg (manganese); 
13.4 mg/kg (thallium); 
480 mg/kg (benzene); 
1,000 mg/kg (chlorobenzene); 
1.7 mg/kg (1,2-dichloroethane); 
500 mg/kg (dichloroethene (cis-1,2); 
81 mg/kg (ethyl benzene); 
1,700 mg/kg (PCE); 
430 mg/kg (toluene); 
2,400 mg/kg (TCE); 
2.3 mg/kg (vinyl chloride); 
380 mg/kg (total xylenes); 


Residents living along 
the river and ecological 
receptors 


Groundwater 
(non source 
material) 


Surface water and 
sediment 


Dioxin3 and VOCs  Exceeds RIDEM 
criteria; 
Contaminated 
groundwater 
likely migration 
pathway from 
source area to 
river for dioxin 


6,154 pg/L (2,3,7,8-TCDD); 
61,000 µg/L (PCE); 
2,500 µg/L (TCE) 


Residents living along 
the river, visiting 
recreational anglers, and 
ecological receptors 


t 
18 


April 2010 


Notes: 
1 Maximum detected concentration reported, by media and across all exposure areas (see Table 2-6 for additional statistical data). Data source is the RI (Battelle, 2005a) for 
source area soil and floodplain soil; data source is the RI (Battelle, 2005a) and Appendix B for sediment; and data source is the RI (Battelle, 2005a), Appendix A, and LEA 
(2008) for groundwater. 
2 Contaminant not detected in site samples; value reported is based on laboratory detection limit. 
3 Groundwater is not a source of drinking water, and VOCs in surface water do not pose unacceptable risk to ecological receptors. However, dioxin appears to be mobilized 
in groundwater and discharging to the river in the vicinity of the Brook Village parking lot. 


Key: 
mg/kg - milligrams per kilogram; ng/kg - nanograms per kilogram; PCB - polychlorinated biphenyl; PCE - tetrachloroethylene; RIDEM - Rhode Island Department of 
Environmental Management; SVOCs - semi-volatile organic compounds; TCE - trichloroethylene; TEQ - toxic equivalency
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Table 2-9. Cancer Toxicity Data Summary 
Pathway: Ingestion, Dermal 


Chemical of Concern 


Oral Cancer Slope Factor 
Absorbed Cancer Slope 


Factor for Dermal 


Weight of 
Evidence / 


Cancer 
Guideline 


Description 
 


Source 
 


Date1 


Date of 
Last IRIS 
Revision2 Value Units Value Units 


Benzo(a)pyrene 7.3 (mg/kg/day) -1 7.3 (mg/kg/day) -1 B2 IRIS 2/25/2010 11/1/1994 
Dibenzo(a,h)anthracene3 7.3 (mg/kg/day) -1 7.3 (mg/kg/day) -1 B2 IRIS 2/25/2010 3/1/1994 
N-nitroso-di-n-propylamine 7.0 (mg/kg/day) -1 7 (mg/kg/day) -1 B2 IRIS 2/25/2010 7/1/1993 
4,4'-DDE 0.34 (mg/kg/day) -1 0.34 (mg/kg/day) -1 B2 IRIS 2/25/2010 8/22/1988 
Aroclor-12544 2.0 (mg/kg/day) -1 2 (mg/kg/day) -1 B2 IRIS 2/25/2010 6/1/1997 
Aroclor-1268 2.0 (mg/kg/day) -1 2 (mg/kg/day) -1 B2 IRIS 2/25/2010 6/1/1997 
Dieldrin 16 (mg/kg/day) -1 16 (mg/kg/day) -1 B2 IRIS 2/25/2010 7/1/1993 
Technical Chlordane 0.35 (mg/kg/day) -1 0.35 (mg/kg/day) -1 B2 IRIS 2/25/2010 2/7/1998 
Arsenic 1.5 (mg/kg/day) -1 1.5 (mg/kg/day) -1 A IRIS 2/25/2010 4/10/1998 
Toxicity Equivalency (PCB 
Congeners) – Mammals5 150000 (mg/kg/day) -1 150000 (mg/kg/day) -1 B2 


HEAST 
(1997) — NA 


Toxicity Equivalency 
(Dioxins/Furans) - Mammals5 150000 (mg/kg/day) -1 150000 (mg/kg/day) -1 B2 


HEAST 
(1997) — NA 


Notes: 
1 Date value was obtained from IRIS. 
2 Indicates most recent revisions to the IRIS carcinogenicity assessments.  EPA Group  
3 As indicated in the EPA Region 1 Risk Updates (EPA, 1994b), the following interim peer-reviewed policy can be used to assign cancer 
potency values to different PAHs (EPA, July 1993. Provisional Guidance for Quantitative Risk Assessment of Polycyclic Aromatic 
Hydrocarbons; EPA/600/R-93/069) until a national standard is adopted. Following this policy, the oral cancer slope factor for 
dibenzo(a,h)anthracene (with a compound relative potency value of 1.0) is the same as that of benzo(a)pyrene. 


A - Human carcinogen 
B2 - Probable human 
carcinogen - indicates sufficient 
evidence in animals and 
inadequate or no evidence in 
humans 


4The oral cancer slope factors presented in this table are for a mixture of PCBs.  EPA IRIS files currently do not identify oral cancer slope 
factors for individual Aroclors.  The values shown are "high-risk and persistence; upper bound slope factors". 
5Both cancer slope factors (HEAST, 1997. FY-1997 Update, EPA 540/R-97-036, July) and toxicity equivalence factors (WHO. 2006. 
“The 2005 World Health Organization Reevaluation of Human and Mammalian Toxic Equivalency Factors for Dioxins and Dioxin-Like 
Compounds,” Toxicological Sciences 93(2), 223-241) are used to calculate risk for dioxin and furan congeners. 


Key: 
 


 
mg/kg/day - milligrams per kilogram per day; IRIS - Integrated Risk Information System; HEAST - Health Effects Assessment Summary Tables; 
PCB - Polychlorinated Biphenyl; NA - Not applicable 


t 
19 


April 2010 
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Table 2-10. Non-Cancer Toxicity Data Summary 


Pathway: Ingestion, Dermal 


Chemical of 
Concern 


Chronic / 
Subchronic 


Oral RfD 
Value  


Oral RfD 
Units 


Dermal 
RfD 


Dermal 
RfD Units Primary Target Organ 


Combined 
Uncertainty 
Modifying 


Factors 


Sources of 
RfD: 


Target 
Organ 


Dates of 
RfD: 


Target 
Organ 


Aroclor 1254 chronic 0.00002 mg/kg/day 0.00002 mg/kg/day 
Immune 


system/Immunotoxicity 300 IRIS 
February, 


2003 


Key:          
mg/kg/day - milligrams per kilogram per day        
IRIS - Integrated Risk Information System        
RfD - Reference Dose         
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Table 2-11a. Risk Characterization Summary – Carcinogens 


Scenario Timeframe: Current/Future       
Receptor Population: Resident Living Along the River      
Receptor Age: Young Child/Adult (Ages 0-30)      
         
    Carcinogenic Risk 


Medium 
Exposure 
Medium 


Exposure 
Point Chemical of Concern Ingestion Inhalation Dermal 


External 
(Radiation) 


Exposure 
Routes 
Total 


Biota Biota Allendale 
Pond 


Aroclor 1254 3.5E-04 -- -- -- 3.5E-04 
Aroclor 1268 5.0E-06 -- -- -- 5.0E-06 
Dieldrin 1.3E-05 -- -- -- 1.3E-05 
Technical Chlordane 1.5E-05 -- -- -- 1.5E-05 
Toxicity Equivalency (PCB 
Congeners) - Mammals 4.4E-04 -- -- -- 4.4E-04 
Toxicity Equivalency 
(Dioxins/Furans) - 
Mammals 4.2E-03 -- -- -- 4.2E-03 


      
  


Biota Risk Total: 5E-03 


Sediment Sediment Allendale 
Pond 


Benzo(a)pyrene 6.7E-06 -- 3.2E-06 -- 9.9E-06 
Dibenzo(a,h)anthracene 3.4E-06 -- 1.6E-06 -- 4.9E-06 
Arsenic 2.0E-06 -- 2.2E-07 -- 2.2E-06 
Toxicity Equivalency 
(Dioxins/Furans) - 
Mammals 2.0E-04 -- 2.1E-05 -- 2.2E-04 


      Sediment Risk Total: 2E-04 
Key:        Total Risk: 5E-03 
PCB - Polychlorinated Biphenyl       


t 
21 


April 2010 
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Table 2-11b. Risk Characterization Summary - Carcinogens 
Scenario Timeframe: Current/Future 
Receptor Population: Resident Living Along the River 
Receptor Age: Young Child/Adult (Ages 0-30) 
         
    Carcinogenic Risk 


Medium 
Exposure 
Medium Exposure Point Chemical of Concern Ingestion Inhalation Dermal 


External 
(Radiation) 


Exposure 
Routes 
Total 


Biota Biota 
Lyman Mill 
Pond 
  


Benzo(a)pyrene 3.7E-06 -- -- -- 3.7E-06 
4,4'-DDE 2.8E-06 -- -- -- 2.8E-06 
Aroclor 1254 3.9E-04 -- -- -- 3.9E-04 
Aroclor 1268 4.0E-06 -- -- -- 4.0E-06 
Dieldrin 8.4E-06 -- -- -- 8.4E-06 
Technical Chlordane 3.3E-05 -- -- -- 3.3E-05 
Toxicity Equivalency (PCB 
Congeners) - Mammals 5.6E-04 -- -- -- 5.6E-04 
Toxicity Equivalency 
(Dioxins/Furans) - Mammals 5.1E-03 -- -- -- 5.1E-03 


      
  


Biota Risk Total: 6E-03 


Sediment Sediment Lyman Mill 
Pond 


Benzo(a)pyrene 4.9E-06 -- 2.3E-06 -- 7.2E-06 
Dibenzo(a,h)anthracene 1.8E-06 -- 8.5E-07 -- 2.6E-06 
N-nitroso-di-n-propylamine 2.1E-06 -- 7.6E-07 -- 2.9E-06 
Arsenic 2.2E-06 -- 2.4E-07 -- 2.4E-06 
Toxicity Equivalency 
(Dioxins/Furans) - Mammals 2.8E-04 -- 3.0E-05 -- 3.1E-04 


   
  


Sediment Risk Total: 3E-04 


Key:        Total Risk: 6E-03 
PCB - Polychlorinated Biphenyl       


t 
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Table 2-11c. Risk Characterization Summary - Carcinogens 
Scenario Timeframe: 
Current/Future       
Receptor Population: Visiting Recreational Angler      
Receptor Age: Young Child/Adult (Ages 0-30)      
         
    Carcinogenic Risk 


Medium 
Exposure 
Medium 


Exposure 
Point Chemical of Concern Ingestion Inhalation Dermal 


External 
(Radiation) 


Exposure 
Routes 
Total 


Biota Biota Allendale 
Pond 


Aroclor 1254 3.5E-04 -- -- -- 3.5E-04 
Aroclor 1268 5.0E-06 -- -- -- 5.0E-06 
Dieldrin 1.3E-05 -- -- -- 1.3E-05 
Technical Chlordane 1.5E-05 -- -- -- 1.5E-05 
Toxicity Equivalency (PCB 
Congeners) - Mammals 4.4E-04 -- -- -- 4.4E-04 
Toxicity Equivalency 
(Dioxins/Furans) - Mammals 4.2E-03 -- -- -- 4.2E-03 


       Biota Risk Total: 5E-03 
Key:        Total Risk: 5E-03 
PCB - Polychlorinated Biphenyl       


t 
23 


April 2010 
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Table 2-11d. Risk Characterization Summary - Carcinogens 


Scenario Timeframe: 
Current/Future       
Receptor Population: Visiting Recreational Angler      
Receptor Age: Young Child/Adult (Ages 0-30)      
         
    Carcinogenic Risk 


Medium 
Exposure 
Medium Exposure Point Chemical of Concern Ingestion Inhalation Dermal 


External 
(Radiation) 


Exposure 
Routes 
Total 


Biota Biota Lyman Mill 
Pond   


Benzo(a)pyrene 3.7E-06 -- -- -- 3.7E-06 
4,4'-DDE 2.8E-06 -- -- -- 2.8E-06 
Aroclor 1254 3.9E-04 -- -- -- 3.9E-04 
Aroclor 1268 4.0E-06 -- -- -- 4.0E-06 
Dieldrin 8.4E-06 -- -- -- 8.4E-06 
Technical Chlordane 3.3E-05 -- -- -- 3.3E-05 
Toxicity Equivalency (PCB 
Congeners) - Mammals 5.6E-04 -- -- -- 5.6E-04 
Toxicity Equivalency 
(Dioxins/Furans) - Mammals 5.1E-03 -- -- -- 5.1E-03 


       Biota Risk Total: 6E-03 
Key:        Total Risk: 6E-03 
PCB - Polychlorinated Biphenyl       


t 
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April 2010 


 







 


I


 


nterim
 Final C


M
RP Feasibility Study Repor


 
Table 2-11e. Risk Characterization Summary - Carcinogens 


Scenario Timeframe: Current/Future       
Receptor Population: Passive Recreational Visitor      
Receptor Age: Young Child/Adult (Ages 0-30)     
         
    Carcinogenic Risk 


Medium 
Exposure 
Medium Exposure Point Chemical of Concern Ingestion Inhalation Dermal 


External 
(Radiation) 


Exposure 
Routes 
Total 


Soil Floodplain 
Soil 


Oxbow Area 
  
  


Aroclor 1254 2.7E-06 -- 1.7E-06 -- 4.4E-06 
Arsenic 7.3E-06 -- 9.6E-07 -- 8.2E-06 
Toxicity Equivalency 
(Dioxins/Furans) - Mammals 2.4E-04 -- 3.2E-05 -- 2.8E-04 


       Soil Risk Total: 3E-04 
        Total Risk: 3E-04 


t 
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Table 2-12a. Risk Characterization Summary - Non-Carcinogens 
Scenario Timeframe: 
Current/Future       
Receptor Population: Resident Living Along the River      
Receptor Age: Child        
         
     Non-Carcinogenic Hazard Quotient 


Medium 
Exposure 
Medium Exposure Point Chemical of Concern 


Primary Target 
Organ Ingestion Inhalation Dermal 


Exposure 
Routes 
Total 


Biota Biota Allendale Pond Aroclor 1254 Immune system 2.8E+01 -- -- 2.8E+01 
      Biota Hazard Index Total: 3E+01 
      Immune System Hazard Index: 3E+01 t 


26 
April 2010 
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Table 2-12b. Risk Characterization Summary - Non-Carcinogens 
Scenario Timeframe: Current/Future       
Receptor Population: Resident Living Along the River      
Receptor Age: Child        
         
     Non-Carcinogenic Hazard Quotient 


Medium 
Exposure 
Medium 


Exposure 
Point Chemical of Concern 


Primary Target 
Organ Ingestion Inhalation Dermal 


Exposure 
Routes 
Total 


Biota Biota Lyman Mill 
Pond Aroclor 1254 Immune system 3.2E+01 -- -- 3.2E+01 


      Biota Hazard Index Total: 3E+01 
      Immune System Hazard Index: 3E+01 t 


27 
April 2010 


 







 


I


 


nterim
 Final C


M
RP Feasibility Study Repor


Table 2-12c. Risk Characterization Summary - Non-Carcinogens 
Scenario Timeframe: Current/Future       
Receptor Population: Visiting Recreational Angler      
Receptor Age: Child        
         
     Non-Carcinogenic Hazard Quotient 


Medium 
Exposure 
Medium Exposure Point 


Chemical of 
Concern 


Primary Target 
Organ Ingestion Inhalation Dermal 


Exposure 
Routes 
Total 


Biota Biota Allendale Pond Aroclor 1254 Immune system 2.8E+01 -- -- 2.8E+01 
      Biota Hazard Index Total: 3E+01 
      Immune System Hazard Index: 3E+01 t 


28 
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Table 2-12d. Risk Characterization Summary - Non-Carcinogens 
Scenario Timeframe: Current/Future       
Receptor Population: Visiting Recreational Angler      
Receptor Age: Child        
         
     Non-Carcinogenic Hazard Quotient 


Medium 
Exposure 
Medium Exposure Point 


Chemical of 
Concern 


Primary Target 
Organ Ingestion Inhalation Dermal 


Exposure 
Routes 
Total 


Biota Biota Lyman Mill 
Pond Aroclor 1254 Immune system 3.2E+01 -- -- 3.2E+01 


      Biota Hazard Index Total: 3E+01 
      Immune System Hazard Index: 3E+01 t 


29 
April 2010 
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Table 2-13a. Occurrence, Distribution, and Selection of Chemicals of Concern (COCs) 
Exposure Medium:  Allendale Sediment 


 
Chemical of 


Concern1 


Min 
Conc.2 


(ppm) 


 
Max Conc.3 


(ppm) 


Mean 
Conc.3 


 (ppm) 


RME 
Conc.3 


(ppm) 
Statistical 
Measure3,4 


Background 
conc.5 
(ppm) 


Screening 
Toxicity 
Value3 
(ppm) 


Screening 
Toxicity 


Value 
Source3 HQ6 


Dioxins and 
furans (TEQ- 
Bird) 


8.96E-08 0.073 0.0058 0.027 95% UCL-T 0.000034 2.6E-06 Wildlife 
PCL 2.8E+04 


Aroclor 1254 0.011 27 1.5 2.4 95% UCL-T 0.15 0.055 Wildlife 
PCL 4.9E+02 


Total Aroclors 0.011 27 1.53 2.3 95% UCL-T 0.21 0.023 NOAA 
ER-L 1.2E+03 


Technical 
chlordane 0.06385 0.85181 0.515 0.651 95% UCL-N 0.4 0.0005 NOAA 


ER-L 1.7E+03 


Selenium 0.58 3.8 1.1 1.4 95% UCL-T 1.1 0.52 Wildlife 
PCL 7.3E+00 


Zinc 23 2088 354 482.4 95% UCL-T 221 0.37 Wildlife 
PCL 5.6E+03 


t 
30 


April 2010 


Notes: 
1 The Chemicals of Concern listed in this table are a subset of those that were identified as resulting in actionable risks to one or more ecological receptor in the BERA 
(MACTEC, 2004).  Specifically, remediation goals were not developed for macroinvertebrates due to the lack of appropriate site-specific effects information and those 
chemicals posing an actionable risk to this receptor group only are not listed.  Consideration of the spatial distribution and magnitude of the risk estimates for vertebrate 
receptors supports the use of fish- and wildlife-based values as protective surrogates for invertebrate receptors. 
2 Minimum concentration detected in Allendale, Lyman Mill, Manton and Dyerville exposure areas; data from the BERA (MACTEC, 2004). 
3 Maximum, mean concentrations, statistical measures, and toxicity data from the BERA (MACTEC, 2004). 
4 Statistical measures for the RME EPC are: 


95% UCL – T:  95% upper confidence on the mean, lognormal distribution 
95% UCL – N:  95% upper confidence on the mean, normal distribution 
95% UCL – NP:  95% upper confidence on the mean, nonparametric distribution; arithmetic mean used to approximate the 95% UCL. 
Max:  Maximum detection concentration, applied if fewer than 10 samples or if the 95% UCL is greater than the maximum concentration. 
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Table 2-13a. (continued) 


 
Notes: (cont) 
 
5 Background concentrations from Table 5-1, Interim Final PRG Report Part II (MACTEC, 2005b). 
6 HQ is defined as the Maximum Concentration/Screening Toxicity Value. 


Key: 
EPC - Exposure Point Concentration; RME - Reasonable Maximum Exposure; NOAA ER-L - National Oceanic and Atmospheric Administration Effects Range-Low; 
PCL - Protective Concentration Level; protective of semi-aquatic wildlife exposure to sediment via incidental sediment ingestion and consumption of contaminated prey; 
value is minimum of selected receptor species; ppm – parts per million (equivalent to mg/kg or milligrams per kilogram) 


t 
31 


April 2010 
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Table 2-13b.  Occurrence, Distribution, and Selection of Chemicals of Concern (COCs) 
Exposure Medium:  Lyman Mill Sediment 


Chemical of 
Concern1 


Min 
Conc.2 
(ppm) 


Max 
Conc.3 
(ppm) 


Mean 
Conc.3 


(ppm) 


RME 
Conc.3 
(ppm) 


Statistical 
Measure3,4 


Back-
ground 
Conc.5 
(ppm) 


Screening 
Toxicity 
Value3 
(ppm) 


Screening 
Toxicity 
Value 


Source3 


HQ6 


Dioxins and 
furans 
(TEQ-Bird)7 8.96E-08 0.00808 0.0018 0.00808 Max 0.000034 2.6E-06 Wildlife PCL 3.1E+03 
Coplanar 
PCBs (TEQ-
Bird)7 1.27E-05 0.00021 0.00015 0.00021 Max 0.000045 2.6E-06 Wildlife PCL 8.1E+01 
Aroclor 1254 0.011 2.2 0.27 0.49 95% UCL-T 0.15 0.055 Wildlife PCL 4.0E+01 


Total Aroclors 0.011 2.2 0.2629 0.39 95% UCL-T 0.21 0.023 NOAA ER-L 9.6E+01 


4,4’-DDD 0.00002 0.052 0.0093 0.0093 95% UCL-NP 0.0049 0.002 NOAA ER-L 2.6E+01 


4,4’-DDE 0.00031 0.048 0.0083 0.011 95% UCL-T 0.006 0.0021 Wildlife PCL 2.3E+01 
Technical 
chlordane 0.06385 2.2 1.3 2.21273 Max 0.4 0.0005 NOAA ER-L 4.4E+03 


Aluminum 1640 27773 10181 13069 95% UCL-T 8210 44 Wildlife PCL 6.3E+02 


Barium 7.6 380 130 207 95% UCL-T 134 54 Wildlife PCL 7.0E+00 


Selenium 0.58 2.9 0.96 1.2 95% UCL-T 1.1 0.52 Wildlife PCL 5.6E+00 


Vanadium8 4 91.7 35.5 91.7 Max 37.6 9.6 Wildlife PCL 9.6E+00 


Zinc 23 1662 391 758 95% UCL-T 221 0.37 Wildlife PCL 4.5E+03 


t 
32 


April 2010 


Notes: 
1 The Chemicals of Concern listed in this table are a subset of those that were identified as resulting in actionable risks to one or more ecological receptor in the BERA 
(MACTEC, 2004).  Specifically, remediation goals were not developed for macroinvertebrates due to the lack of appropriate site-specific effects information and those 
chemicals posing an actionable risk to this receptor group only are not listed.  Consideration of the spatial distribution and magnitude of the risk estimates for vertebrate 
receptors supports the use of fish- and wildlife-based values as protective surrogates for invertebrate receptors. 
2 Minimum concentration detected in Allendale, Lyman Mill, Manton and Dyerville exposure areas; data from the BERA (MACTEC, 2004). 
3 Maximum, mean concentrations, statistical measures, and toxicity data from the BERA (MACTEC, 2004). 
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Table 2-13b.  (continued) 
 


Notes: (cont) 
4 Statistical measures for the RME EPC are: 


95% UCL – T:  95% upper confidence on the mean, lognormal distribution. 
95% UCL – NP:  95% upper confidence on the mean, nonparametric distribution; arithmetic mean used to approximate the 95% UCL. 
Max:  Maximum detection concentration, applied if fewer than 10 samples or if the 95% UCL is greater than the maximum concentration. 
5 Background concentrations from Table 5-1, Interim Final PRG Report Part II (MACTEC, 2005b). 
6 HQ is defined as the Maximum Concentration/Screening Toxicity Value.  
7 The BERA (MACTEC, 2004) determined that exposure to dioxin and furans and coplanar PCBs would result in actionable risks to mammalian wildlife as well as bird and 
fish receptors; however, of these groups, mammals were determined to be the least sensitive and they thus would be protected by actions taken to eliminate risks to these other 
receptor categories. 
8 Minimum, maximum and statistical measures for vanadium from RI because, in the BERA, it was screened out as a COPEC in sediment but retained as a COPEC for fish 
tissue. 


t 
33 


April 2010 


 


Key: 
EPC - Exposure Point Concentration; RME - Reasonable Maximum Exposure; NOAA ER-L - National Oceanic and Atmospheric Administration Effects Range-Low; 
PCL - Protective Concentration Level; protective of semi-aquatic wildlife exposure to sediment via incidental sediment ingestion and consumption of contaminated prey; 
value is minimum of selected receptor species; ppm – parts per million (equivalent to mg/kg or milligrams per kilogram) 
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Table 2-13c. Occurrence, Distribution, and Selection of Chemicals of Concern (COCs) 


Exposure Medium:  Allendale Soil 


 
Chemical of 


Concern1 


 
Min  


Conc.2  


(ppm) 


 
Max 


Conc.3 
(ppm) 


Mean 
Conc.3 


(ppm) 


RME 
Conc.3 
(ppm) 


Statistical 
Measure3,4 


Background 
Conc.5 
(ppm) 


Screening 
Toxicity 
Value3 
(ppm) 


Screening 
Toxicity 
Value 


Source3 HQ6 
Dioxins and 
furans (TEQ- 
mammal)7 8.5E-07 0.0281 0.00083 0.0024 95% UCL-T 0.000050 8.9E-07 Wildlife PCL 3.2E+04 


 
Notes: 
1 The Chemical of Concern listed in this table is a subset of those that were identified as resulting in actionable risks to one or more ecological receptor in the BERA 
(MACTEC, 2004).  Specifically, remediation goals were not developed for macroinvertebrates due to the lack of appropriate site-specific effects information and those 
chemicals posing an actionable risk to this receptor group only are not listed.  Consideration of the spatial distribution and magnitude of the risk estimates for vertebrate 
receptors supports the use of wildlife-based values as protective surrogates for invertebrate receptors. 


t 
34 


April 2010 


2 Minimum concentration detected in Allendale and Lyman Mill exposure areas; data from the BERA (MACTEC, 2004).  
3 Maximum, mean concentrations, statistical measures, and toxicity data from the BERA (MACTEC, 2004).   
4 Statistical measures for the RME EPC are: 
 
95% UCL – T:  95% upper confidence on the mean, lognormal distribution. 
Max:  Maximum detection concentration, applied if fewer than 10 samples or if the 95% UCL is greater than the maximum concentration.   
 
5 Background concentrations from Table 5-2, Interim Final PRG Report Part II (MACTEC, 2005b). 
6 HQ is defined as the Maximum Concentration/Screening Toxicity Value. 
7The BERA (MACTEC, 2004) determined that exposure to dioxin and furans would result in actionable risks to avian wildlife as well as mammals; however, birds were 
determined to be less sensitive and they thus would be protected by actions taken to eliminate risks to mammals that forage in floodplain soils at the site. 


Key: 
EPC - Exposure Point Concentration; RME - Reasonable Maximum Exposure; PCL - Protective Concentration Level; protective of semi-aquatic wildlife exposure to 
sediment via incidental sediment ingestion and consumption of contaminated prey; value is minimum of selected receptor species; ppm – parts per million (equivalent to 
mg/kg or milligrams per kilogram) 
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Table 2-13d.  Occurrence, Distribution, and Selection of Chemicals of Concern (COCs) 


Exposure Medium:  Lyman Mill Floodplain Soil (Including Oxbow) 


 
Chemical of 


Concern1 


 
Min 


Conc.2 


(ppm) 


 
Max 


Conc.2 
(ppm) 


Mean 
Conc.2 
(ppm) 


RME 
Conc.2 
 (ppm) 


Statistical 
Measure2,3 


Background 
Conc.4 
(ppm) 


Screening 
Toxicity 
Value2 
(ppm) 


Screening 
Toxicity Value 


Source2 HQ5 


2,3,7,8-TCDD 1.2E-05 0.00427 0.001745 0.0043 Max 0.000017 8.9E-07 Wildlife PCL 4.8E+03 
Dioxins and 
furans (TEQ- 
mammal)6 


0.000347 0.00429 0.00181 0.00429 Max 0.000050 8.9E-07 Wildlife PCL 
4.8E+03 


4,4’-DDE 0.006 0.042 0.018 0.04236 Max 0.013 0.0025 EPA Region IV 1.7E+01 


Antimony 0.92 7.0 3.03 7.0 Max 0.62 0.045 Wildlife PCL 1.6E+02 


Aroclor 1254 0.0085 3.58 1.41 3.583 Max 0.52 0.092 Wildlife PCL 3.9E+01 
Cadmium 1.2 8.3 4.0 8.3 Max 1.6 1.7 Wildlife PCL 4.9E+00 


Dieldrin 0.0025 0.063 0.0231 0.06338 Max 0.0063 0.0005 EPA Region IV 1.3E+02 


Lead 44 1835 575.0 1835 Max 450 20 Wildlife PCL 9.2E+01 


Total Aroclors 0.103 3.583 1.441 3.583 Max NA 1.7 Wildlife PCL 2.1E+00 


Zinc 109 1867 645 1867 Max 288 76 Wildlife PCL 2.5E+01 


Arsenic7 0.181 7.42 5.5 7.42 Max 7.7 0.22 Wildlife PCL 3.4E+01 


Selenium7 0.205        0.779 0.43 0.779 Max 0.7 0.34 Wildlife PCL 2.3E+00 


t 
35 


April 2010 


 
Notes: 
1 The Chemical of Concern listed in this table is a subset of those that were identified as resulting in actionable risks to one or more ecological receptor in the BERA 
(MACTEC, 2004) and the Addendum to the BERA (MACTEC, Inc. and Battelle. 2006).  Specifically, remediation goals were not developed for macroinvertebrates due to 
the lack of appropriate site-specific effects information and those chemicals posing an actionable risk to this receptor group only are not listed.  Consideration of the spatial 
distribution and magnitude of the risk estimates for vertebrate receptors supports the use of wildlife-based values as protective surrogates for invertebrate receptors. 
2 Minimum, maximum, mean concentrations, statistical measures, and toxicity data from the Oxbow Area Addendum to the BERA (MACTEC, Inc. and Battelle. 2006); the 
Oxbow is where the most significant ecological exposures will occur. 
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Table 2-13d.  (continued) 
 


Notes: (cont) 
3 Statistical measures for the RME EPC are: 


Max:  Maximum detection concentration, applied if fewer than 10 samples or if the 95% UCL is greater than the maximum concentration.   
 


4 Background concentrations from Oxbow Area PRGs (Appendix D). 
5 HQ is defined as the Maximum Concentration/Screening Toxicity Value. 
6 The Oxbow Area Addendum to the BERA ((MACTEC, Inc. and Battelle. 2006) determined that exposure to dioxin and furans would result in actionable risks to avian 
wildlife as well as mammals; however, birds were determined to be less sensitive and they thus would be protected by actions taken to eliminate risks to mammals that forage 
in floodplain soils at the site. 
7  COC identified for Lyman Mill floodplain soil in BERA (MACTEC, 2004); Minimum concentration from the site RI (Battelle, 2005a) for Oxbow and other statistical 
measures as reported in BERA (MACTEC, 2004). 


t 
36 


April 2010 
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Table 2-14. Ecological Exposure Pathways of Concern 


 
Exposure 
Medium 


 
Sensitive 


Environment 
Flag 


Y or N 
 


Receptor1 


Endangered/ 
Threatened 


Species 
Flag Y or N 


 
Exposure 


Routes 


 
Assessment 
Endpoints 


 
Measurement Endpoints 


Sediment N Benthic 
organisms 


N Ingestion, 
respiration, 
and direct 
contact 
with 
chemicals 
in sediment 


Protection and 
Maintenance 
(i.e., survival, growth, 
reproduction) of 
aquatic invertebrate 
communities, which 
are a forage base for 
fish and wildlife 
populations 


Comparison of surface water COPC 
concentrations to criteria/guidelines 
Comparison of sediment COPC 
concentrations to benchmarks/guidelines 
Site-specific whole sediment laboratory 
bioassays 
Comparison of measured COPC 
concentrations in aquatic 
macroinvertebrates to Critical Body 
Residues (CBRs) 
Site-specific study of aquatic 
macroinvertebrate community 
structure/function 
Site-specific study of emerging aquatic 
macroinvertebrate productivity 


Surface 
Water 


N Fish N Ingestion, 
respiration, 
and direct 
contact 
with 
chemicals 
in surface 
water 


Protection and 
maintenance of 
demersal, omnivorous 
fish populations as a 
forage base or sport 
fishery 


Fish length-weight relationships and 
condition indices relative to habitat 
characterization 
Percent gross lesions in individual fish 
Demographic structure analysis of 
dominant species 
Species richness and relative abundance of 
ichthyoplankton 
Comparison of measured concentrations or 
toxic equivalencies in fish tissue to 
literature derived CBRs 
Comparison of modeled concentrations or 
toxic equivalencies in eggs and fish tissue 
to site-specific CBRs 
Partial life cycle laboratory bioassay using 
channel catfish eggs, embryos, and fry 


t 
37 


April 2010 
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Table 2-14.  (continued) 


Exposure 
Medium 


Sensitive 
Environment 


Flag 
Y or N Receptor1 


Endangered
/Threatened 


Species 
Flag Y or N 


Exposure 
Routes 


Assessment 
Endpoints Measurement Endpoints 


Surface 
Water 


N Fish N Ingestion, 
respiration, 
and direct 
contact 
with 
chemicals 
in surface 
water 


Protection and 
maintenance of pelagic, 
piscivorous or semi-
piscivorous fish 
populations as a forage 
base or sport fishery 


Fish length-weight relationships and 
condition indices relative to habitat 
characterization 
Percent gross lesions in individual fish 


Demographic structure analysis of 
dominant species 
Species richness and relative abundance of 
ichthyoplankton 
Comparison of measured concentrations or 
toxic equivalencies in fish tissue to 
literature-derived CBRs 
Comparison of modeled concentrations or 
toxic equivalencies in eggs and fish tissue 
to site-specific CBRs 


Soil N Terrestrial 
invertebrates 


N Ingestion 
and direct 
contact 
with 
chemicals 
in wetland 
soils 


Protection and 
maintenance (i.e., 
survival, growth, 
reproduction) of 
floodplain invertebrate 
communities, which are 
a forage base for 
wildlife populations


Comparison of floodplain soil COPC 
concentrations to benchmarks/guidelines 
Comparison of measured site-specific 
COPC concentrations in floodplain soil 
invertebrates to CBRs 
Site-specific study of floodplain soil 
invertebrate community structure/function 


t 
38 


April 2010 
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Table 2-14.  (continued) 


Exposure 
Medium 


Sensitive 
Environment 


Flag 
Y or N Receptor1 


Endangered/
Threatened 


Species 
Flag Y or N 


Exposure 
Routes 


Assessment 
Endpoints Measurement Endpoints 


Biological 
Tissue 


N Wildlife N Ingestion 
and direct 
contact 
with 
chemicals 
in wetland 
soils, 
sediment, 
and surface 
water 


Protection and 
maintenance of 
piscivorous mammal 
and bird populations 


Comparison of estimated ingestion doses in 
piscivorous wildlife with TRVs and toxic 
equivalencies 
Comparison of estimated piscivorous 
wildlife residues with CBRs 


Protection and 
maintenance of 
omnivorous mammal 
and bird populations 


Comparison of estimated ingestion doses in 
omnivorous wildlife with TRVs and TEQs 


Protection and mainte-
nance of insectivorous 
mammal and bird 
populations 


Comparison of estimated ingestion doses in 
insectivorous wildlife with TRVs and toxic 
equivalencies 
Comparison of measured insectivorous 
wildlife tissue and/or egg residues with 
CBR data 
Comparison of estimated insectivorous 
wildlife tissue and/or egg residues with site-
specific CBR data 
Site-specific measurement of reproductive 
effects in local tree swallow populations 
Site-specific survey of calling amphibians 
Elevated MFO activity in tree swallow 
nestling liver tissue 


t 
39 


April 2010 


Note: 
1 The indicated receptor for each exposure medium was determined to be the most sensitive to contaminants associated with this medium although it should 
be recognized that other receptor categories could also be exposed. 


Key: 
COPC – chemical of potential concern; CBR – critical body residue; MFO – mixed function oxidase; TEQ – toxic equivalency; 
TRV – toxicity reference value 
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Table 2-15. Summary of Toxicity and Field Studies  


Environmental Media Study Name Endpoints Results 
Sediment Chronic life-cycle test with 


Chironomus dilutus (formerly 
known as C. tentans) 


• Survival 
• Growth 
• Reproduction 


• Significant reduction in survival in all 
treatment samples 


• Growth significantly reduced in one 
test sample 


• Reproduction similar in all treatments 
and control, but number of egg cases 
lower in one sample 


Chronic life-cycle test with 
Hyalella azteca 


• Survival 
• Growth 
• Reproduction 


• Significant reduction in survival in six 
treatment samples 


• Growth significantly reduced in three 
samples 


• Reproduction similar in all treatments 
and control samples 


Benthic macroinvertebrate 
community study 


• Taxa richness 
• Biotic index 
• Ratio of scrapers to filterers 
• Ratio of EPT to Chironomidae 


abundance 
• Percent contribution of the 


dominant family 
• EPT richness index 
• Community loss index 


Taxa richness was high at all stations with 
none of the stations having numerical 
dominance by a single taxon greater than 
27.2% and most below 20%.  EPT to 
Chironomidae abundance ratio and EPT 
richness metrics received an optimal score 
of 6 at all stations except one.  Analysis of 
benthic data from six of the eight stations 
indicated no impairment when compared to 
background station.  Overall, good to 
excellent habitats for supporting benthic 
communities were found and the 
communities downstream of the source 
area did not appear to be substantially 
impaired.   


Soil  Floodplain soil invertebrate 
community study 


• Abundance of organisms 
• Species diversity 
• Overlap of shared fauna 


A total of 19 invertebrate taxa were 
collected.  Earthworms numerically 
dominated the taxonomic community 
samples, representing approximately 73% 
of the overall fauna collected.  
Aporrectoda rosea dominated the upstream 
background stations and Lumbriculus 


t 
40 


April 2010 
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Table 2-15. Summary of Toxicity and Field Studies  


Environmental Media Study Name Endpoints Results 
rubellus was dominant in the sampling 
stations.  Other invertebrates collected 
were arthropods, gastropods, and 
nematodes.  Conclusions indicate that there 
were no adverse effects evident in the 
floodplain communities relative to the 
upstream background locations.   


Tissue Fish population and community 
study 


Index of Biotic Integrity (IBI) metrics Overall, the fish assemblage within the 
study area appeared to be in relatively 
good condition.  Two samples appeared to 
be the most affected.  The relatively high 
abundance of generalist feeders, such as 
sunfish, bullheads, and white sucker, 
suggest that these areas are low to 
moderate quality habitats.   


Ichthyoplankton survey Abundance, diversity, and pathological 
measurements 


Ichthyoplankton from the study area 
appeared to be developing normally with 
only a few gross abnormalities observed.   


Partial life-cycle (ELS) bioassay Evaluation of the lethal and sublethal 
effects of TCDD, PCB congeners, and 
HCX on fish embryos and larvae, 
including: 


• Days to hatch 
• Hatching success 
• Fry survival 
• Fry growth 
• Developmental malformations 


 


Waterborne exposure of channel catfish 
eggs to increasing concentrations of 
TCDD, PCB-77, and PCB-126, with and 
without HCX added at approximately 5-
times the concentration of TCDD, were 
negatively correlated with hatching success 
and fry survival 32 days post-hatch.  
Estimated EC10 and EC25 values for fry 
survival across exposures in channel 
catfish eggs to TCDD and PCBs, with and 
without HCX, are 319 and 510 pg TEC/g 
egg wet weight, respectively.   


Key: 
EPT - Ephemeroptera, Plecoptera, and Trichoptera; ELS - early life stage; HCX - hexachloroxanthene; IBI - Index of Biotic Integrity; MFO - Mixed 
Function Oxidase; PCB - polychlorinated biphenyl; TCDD - Tetrachlorodibenzo-p-dioxin; TEQ - toxic equivalency; TRV - toxicity reference value 
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Table 2-16. COC Concentrations Expected to Provide Adequate Protection to Ecological Receptors 
 


Habitat Type/ 
Name 


 
Exposure 
Medium 


 
COC 


Protective Level 


(ppm) 
 


Basis 
 


Assessment Endpoint 
Allendale  Sediment Dioxins and 


furans (TEQ) 
0.00029 Middle risk range value (i.e., 


Hazard Index of 1) for the most 
sensitive ecological exposure 
pathway - bird 


Protection and mainte-
nance of insectivorous 
mammal and bird 
populations 


Coplanar PCBs 
(TEQ) 


0.000025 Background  


Aroclor 1254 0.15 Background  
Total Aroclors 0.21 Background  
Technical 
chlordane 


0.4 Background  


Selenium 1.1 Background  
Zinc 220 Background  


Soil Arsenic 7.7 Background  
Cadmium 1.6 Background  
Selenium 0.7 Background  
Dioxin/furan 
TEQ 


0.000055 
Background 


 


Lyman Mill Sediment Dioxins and 
furans (TEQ) 


0.00029 Middle risk range value (i.e., 
Hazard Index of 1) for the most 
sensitive ecological exposure 
pathway - bird 


Protection and mainte-
nance of insectivorous 
mammal and bird 
populations 


Coplanar PCBs 
(TEQ) 


0.000025 Background  


Aroclor 1254 0.15 Background  
Total Aroclors 0.21 Background  
4,4’-DDD 0.0084 Middle risk range value (i.e., 


Hazard Index of 1) for the most 
sensitive ecological exposure 
pathway - bird 


Protection and mainte-
nance of piscivorous 
mammal and bird 
populations 


4,4’-DDE 0.006 Background  


t 
42 


April 2010 
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Table 2-16.  (continued) 


 
Habitat Type/ 


Name 


 
Exposure 
Medium 


 
COC 


Protective Level 


(ppm) 
 


Basis 
 


Assessment Endpoint 
Lyman Mill Sediment 4,4’-DDE 0.006 Background  


Technical 
chlordane 0.4 


Background  


Aluminum 8200 Background  
Barium 130 Background  
Selenium 1.1 Background  
Vanadium 38 Background  
Zinc 220 Background  


Oxbow 
Area/Lyman 
Mill 


Soil 2,3,7,8-TCDD 0.000017 Background  
4,4’-DDD 0.0082 Background  
4,4’-DDE 0.013 Background  
Antimony 0.62 Background  
Beryllium 3.1 Background  
Cadmium 1.6 Background  
Dieldrin 0.0063 Background  
Lead 450 Background  
Lindane 0.00005 Middle risk range value (i.e., 


Hazard Index of 1) for the most 
sensitive ecological exposure 
pathway - invertebrate 


Protection and maintenance 
(i.e., survival, growth, 
reproduction) of floodplain 
invertebrate communities, 
which are a forage base for 
wildlife populations 


Total Aroclors 1.7 Middle risk range value (i.e., 
Hazard Index of 1) for the most 
sensitive ecological exposure 
pathway - bird 


Protection and maintenance 
of insectivorous mammal 
and bird populations 


Zinc 288 Background  


Key: 


PCB – polychlorinated biphenyl; ppm – parts per million (or mg/kg, milligrams per kilogram); TEQ – toxic equivalency 







 


Interim
 Final C


M
RP Feasibility Study Report 


44 
April 2010 


This page intentionally left blank 


 







Table 3-1. Potential Applicable or Relevant and Appropriate Requirements (ARARs) and To Be 
Considered (TBC) Criteria for the CMRP Site 


Requirement Status Synopsis Potential 
Application 


Chemical-Specific ARARs 
Federal Requirements 
Clean Water Act 
Federal Water Quality 
Criteria, Section 304(a) 
40 CFR 131.11 1976, 
1980, and 1986 


R & A Ambient Water Quality Criteria (AWQC) are 
provided by EPA for chemicals for both the 
protection of human health and the protection 
of aquatic life. 


Exceedances of 
AWQC are present in 
Woonasquatucket 
River. 


OSWER Directive 92-4-
26, Approaches for 
Addressing Dioxins in Soil 
at CERCLA and RCRA 
Sites (April 13, 1998) 


TBC One part per billion (ppb, or 1000 ng/kg) 
dioxin (as TEQ) is to be generally used as a 
starting point for setting cleanup levels for 
CERCLA removal sites and as a Preliminary 
Remediation Goal (PRG) for remedial sites 
for dioxin in surface soil involving residential 
exposure scenarios.   A cleanup range of 5 to 
20 ppb of dioxin (as TEQ) has been 
established for commercial and industrial 
exposure scenarios. 


Soil at the site 
contains dioxin at 
levels above the PRG. 


Draft Recommended 
Interim Preliminary 
Remediation Goals for 
Dioxin in Soil at CERCLA 
and RCRA Sites 
(December 30, 2009) 


TBC Draft recommended interim PRGs of 72 parts 
per trillion (ppt or ng/kg) dioxin (as TEQ) for 
residential exposure scenarios and 950 ppt 
dioxin (as TEQ) for commercial and 
industrial exposure scenarios are 
recommended as a starting point for setting 
cleanup levels for CERCLA removal sites. 


Soil at the site 
contains dioxin at 
levels above the draft 
recommended interim 
PRGs. 


Guidelines for 
Carcinogenic Risk 
Assessment, EPA/630/P-
03/001F (March 2005) 


TBC These guidelines provide guidance on 
conducting risk assessments involving 
carcinogens. 


Guidelines used to 
evaluate all risk 
assessments on 
carcinogenicity. 


Supplemental Guidance 
for Assessing 
Susceptibility from Early-
Life Exposure to 
Carcinogens, EPA/630/R-
03/003F (March 2005) 


TBC This provides guidance on assessing risk to 
children from carcinogens. 


Guidance used to 
evaluate all risk to 
children from 
carcinogens. 


EPA Risk Reference Doses 
(RfDs) 


TBC RfDs are estimates of a daily exposure 
concentration that is likely to be without 
appreciable risk of deleterious effects during 
a lifetime exposure. 


RfDs used to 
characterize human 
health risks due to 
non-carcinogens in 
site media. 


Human Health Assessment 
Cancer Slope Factors 
(CSFs) 


TBC CSFs are estimates of the upper-bound 
probability of an individual developing 
cancer as a result of a lifetime exposure to a 
particular concentration of a potential 
carcinogen. 


CSFs used to compute 
the individual 
incremental cancer 
risk resulting from 
exposure to 
carcinogens in site 
media. 


EPA Carcinogenic 
Assessment Group 
Potency Factors 


TBC These factors are used to evaluate an 
acceptable risk from a carcinogen. 


Used to evaluate 
carcinogenicity of 
dioxin. 


EPA Health Advisories TBC EPA publishes contaminant-specific health 
advisories that indicate the non-carcinogenic 
risks associated with consuming 
contaminated drinking water. 


EPA may use Health 
Advisories to 
establish criteria in 
the absence of other 
criteria. 
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Table 3-1. (continued) 


Requirement Status Synopsis Potential 
Application 


Chemical-Specific ARARs (cont) 
Federal Requirements (cont) 
Safe Drinking Water Act 
Maximum Contaminant 
Levels (MCLs), 40 CFR 
141.11-141.13 


Not Applicable The highest level of a contaminant that is 
allowed in drinking water. MCLs are set as 
close to Maximum Contaminant Levels Goals 
(MCLGs) as feasible using the best available 
treatment technology and taking cost into 
consideration. MCLs are enforceable standards. 


MCLs are not relevant 
and appropriate as the 
groundwater at the site 
is not a potential 
drinking water source.  


Safe Drinking Water Act 
Maximum Contaminant 
Levels Goals (MCLGs), 40 
CFR 141.50-141.51 


Not Applicable The level of a contaminant in drinking water 
below which there is no known or expected risk 
to health. MCLGs allow for a margin of safety 
and are non-enforceable public health goals. 


MCLGs are not 
relevant and 
appropriate as the 
groundwater at the site 
is not a potential 
drinking water source.  


State Requirements 
RIDEM Rules and 
Regulations for the 
Investigation and 
Remediation of Hazardous 
Material Releases (i.e., 
Remediation Regulations), 
2/04 


Applicable Unless otherwise specified, soil contaminated 
as a result of a release of hazardous materials 
shall be remediated in a manner which meets 
the direct exposure and leachability criteria for 
each hazardous substance established in Rule 
8.02.B (Method 1 Soil Objectives).  Similarly, 
groundwater objectives established in Rule 
8.03 shall be applied to contaminated sites. 


Soil at the site 
contains contaminants 
subject to the Rule 
8.02B soil objectives. 
 
Groundwater at the 
site contains 
contaminants subject 
to the Rule 8.03 GB 
groundwater 
objectives. 


RIDEM Rules and 
Regulations for 
Groundwater Quality, 5/06 


Not Applicable Establishes MCLs, limits, and requirements for 
current and future public water supply systems. 


MCLs are not relevant 
and appropriate as the 
groundwater at the site 
is not a potential 
drinking water source.  


Location-Specific ARARs 
Federal Requirements 
Fish and Wildlife 
Coordination Act 16 U.S.C. 
661, Fish and Wildlife 
Protection (40 CFR Section 
6.302(g)) 


Applicable Requires that a federal agency involved in 
actions that will result in the control or 
structural modification of any stream or water 
body to take action to prevent, mitigate, or 
compensate for project-related losses of fish 
and wildlife resources. Encourages that any 
federal agency proposing to modify a body of 
water to consult with the U.S. Fish and Wildlife 
Service, National Marine Fisheries Service, and 
other related state agencies. 


On-site remediation 
activities may include 
modifications to the 
Woonasquatucket 
River. 


Clean Water Act, Section 
404(b)(1) Guidelines for 
specification of disposal 
sites for dredged or fill 
material, 40 CFR Part 230, 
231 and 33 CFR Parts 320-
323 and Guidelines for 
Compensatory Mitigation 
for Losses of Aquatic 
Resources, 33 CFR Part 
332   


Applicable Outlines requirements for the discharge of 
dredged or fill materials into surface waters, 
including wetlands.  Such discharges are not 
allowed if there are practicable alternatives 
with less adverse impact.  Sets standards for 
restoration and mitigation required as a result 
of unavoidable impacts to aquatic resources. 


On-site remediation 
activities may include 
discharge of dredged 
or fill material into the 
Woonasquatucket 
River.   
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Table 3-1. (continued) 


Requirement Status Synopsis Potential 
Application 


Location-Specific ARARs (cont) 
Federal Requirements (cont) 
Rivers and Harbors Act 
Section 10  (33 U.S.C. 
Section 403) 


Applicable Prohibits unauthorized obstruction or alteration 
of navigable waters of the U.S. 


Remediation activities 
may involve 
obstruction or 
alteration of the 
Woonasquatucket 
River. 


Protection of Wetlands 
(Executive Order 11990) 


TBC Federal agencies are required to avoid 
adversely impacting wetlands unless there is no 
practicable alternative and the proposed action 
includes all practicable measures to minimize 
harm to wetlands that may result from such use. 


Some wetlands are 
located within the site 
boundaries.  Any 
activities in wetland 
areas will need to 
comply with this 
order. 


Floodplain Management 
(Executive Order 11988)  


TBC Federal agencies are required to avoid 
occupancy and modification of a floodplain 
unless there is no practicable alternative and 
avoid support of floodplain development 
wherever there is a practicable alternative. 


The site is located in a 
100-yr floodplain.  If 
no practicable 
alternative, any 
activity will be 
designed to minimize 
such impacts. 


Endangered Species Act of 
1973, 16 USC 1531 et seq. 
50 CFR 402 


Potentially 
Applicable 


Establishes requirements to protect species 
threatened by extinction and habitats critical to 
their survival. 


Site includes part of 
the Woonasquatucket 
River and some 
wetlands. There are no 
known habitats for 
threatened or 
endangered species at 
Allendale and Lyman 
Mill Ponds, but 
transient bald eagles 
may occasionally 
occur within the 
Woonasquatucket 
River watershed.  


Archaeological and 
Historical Preservation Act 
of 1974 Public Law  
93-291 


Not applicable Requires action to recover and preserve 
artifacts in areas where activity may cause 
irreparable harm, loss, or destruction of 
significant artifacts. 


There are presently no 
known areas with 
potential to contain 
significant 
archaeological or 
historical artifacts. 


State Requirements 
RIDEM Rules and 
Regulations for Hazardous 
Waste Management, 
Location Standards for 
Hazardous Waste Facilities 


Potentially 
Applicable 


Rhode Island is delegated to administer the 
federal RCRA statute through its state 
regulations.  The standards of 40 CFR 
264.18(b) are incorporated by reference.   
 
Facility located in 100-yr floodplain must be 
designed, constructed, operated and maintained 
to prevent washout of any hazardous waste by 
100-yr flood, unless demonstrate no adverse 
effects on human health or environment will 
result from washout. 


Treatment, disposal, 
and storage of 
hazardous materials 
may take place at the 
site, which is located 
within the 100-yr 
floodplain. 
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Table 3-1. (continued) 


Requirement Status Synopsis Potential 
Application 


Location-Specific ARARs (cont) 
State Requirements (cont) 
RIDEM Rules and 
Regulations Governing the 
Enforcement of the 
Freshwater Wetlands Act 
(December 2009) 


Applicable Sets requirements to prevent the undesirable 
drainage, excavation, filling, alteration, 
encroachment, or any other form of disturbance 
or destruction to a wetland. 


Some wetlands are 
located within the site 
boundaries.  


RIDEM Rules and 
Regulations for 
Groundwater Quality, 5/06 


Not Applicable Sets forth policy to protect future and present 
sources of drinking water by protection of the 
groundwater, aquifers, recharge areas, and 
watersheds. 
 
 


Groundwater and 
surface water at and 
near the site are not 
currently a source of 
drinking water.   


Action-Specific ARARs 
Federal Requirements 
TSCA PCB regulations 
(40 CFR 761, Subparts B 
and C) 


Applicable Establishes requirements for addressing PCB-
contaminated remediation waste.  


PCBs are present in 
source area soil.  


Invasive Species 
(Executive Order 13112) 


TBC Federal agencies are directed to prevent the 
introduction of invasive species and provide for 
their control and to minimize the economic, 
ecological, and human health impacts that 
invasive species cause when requiring actions 
that impact the environment. 


Actions that may be 
taken in the river, 
wetlands and/or 
floodplains could 
result in the 
introduction of 
invasive species. 


RCRA (40 CFR 264, 
Subpart AA) 


Potentially 
Applicable 


Air emission standards for process vents apply 
to process vents that manage hazardous wastes  
with organic concentrations of at least 10 parts 
per million by weight (ppmw).  
 


Should incinerator 
operations manage 
hazardous wastes with 
organic concentrations 
of at least 10 ppm by 
weight, vents operated 
as part of the system 
will comply with these 
requirements. 


RCRA (40 CFR 264, 
Subpart BB) 
 
 
 


Potentially 
Applicable 


Air emission standards for equipment leaks 
apply to equipment that contains or contacts 
hazardous wastes with organic concentrations 
of at least 10 percent by weight. 
 


Should equipment 
used in incineration 
come into contact with 
hazardous wastes 
containing organic 
concentrations of at 
least 10 percent by 
weight, these 
regulations will be 
followed.  
 


RCRA (40 CFR 264, 
Subpart CC)  
 


Potentially 
Applicable 


Air emission standards for tanks, surface 
impoundments, and containers used to manage 
hazardous waste.  Emission controls required if 
tanks, surface impoundments, and containers 
used to manage hazardous waste have more 
than 500 ppmw of volatile organics.   


If tanks, surface 
impoundments, and 
containers used to 
manage hazardous 
waste have more than 
500 ppmw of volatile 
organics, then these 
requirements will be 
met.   
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Table 3-1. (continued) 


Requirement Status Synopsis Potential 
Application 


Action-Specific ARARs (cont) 
Federal Requirements (cont) 
CAA National Emissions 
Standards for Hazardous 
Air Pollutants: Site 
remediation (40 CFR 63, 
Subpart GGGGG)   
 


Potentially 
Applicable 


Applicable to major sources of hazardous air 
pollutants. 


If site remediation 
activities result in 
emissions or potential 
to emit hazardous air 
pollutants that qualify 
as a major source, then 
these requirements 
will be met. 


RCRA Land Disposal 
Restrictions  (40 CFR 268) 


Potentially 
Applicable 


These regulations identify treatment standards 
for hazardous wastes and specify requirements 
that generators, transporters, and owners or 
operators of treatment, storage, and disposal 
facilities that manage restricted wastes destined 
for land disposal must meet. 


Material subject to 
these regulations 
placed in upland CDFs 
must be treated to 
meet these 
requirements. 


State Requirements 
RIDEM Rules and 
Regulations for Hazardous 
Waste Management 
Amendment Eff. 2/9/07 
Identification and Listing of 
Hazardous Wastes 


R & A Rhode Island is delegated to administer the 
federal RCRA statute through its regulations.  
The standards of 40 Part 261 of RCRA are 
incorporated by reference.  Sets forth 
requirements for hazardous waste determination 
according to federal (40 CFR 262.11) and State 
of Rhode Island (Rule 5.08) definitions. 


Solid waste generated 
by excavation of soils 
or sediments at the site 
will undergo 
hazardous waste 
determination. 
 
The standard is 
‘relevant and 
appropriate’ because 
wastes that may be 
classified as hazardous 
waste were disposed 
of prior to 1980. 


RIDEM Rules and 
Regulations for Hazardous 
Waste Management, 
Section 9 (3/07) – 
Operation Requirements for 
Treatment, Storage, and 
Disposal Facilities 


Potentially 
Applicable 


Outlines operational requirements for all 
hazardous waste treatment, storage, and 
disposal facilities, including general waste 
analyses, security procedures, inspections, 
safety, etc. Sets design, construction, and 
operational requirements for hazardous waste 
containers and tanks, and closure requirements 
for hazardous waste facilities. 


If remediation at the 
site includes some of 
these activities, 
substantive 
requirements must be 
met. 


RIDEM Rules and 
Regulations for Hazardous 
Waste Management, 
Section 10 (3/07) – Land 
Disposal Facilities 


Potentially 
Applicable 


Outlines design, operational, and closure 
requirements for land disposal facilities. 


Requirements must be 
met for CDFs 
constructed on site as 
well as other 
activities. 


RIDEM Rules and 
Regulations for Hazardous 
Waste Management, 
Section 11 (3/07) - 
Incinerators 


Potentially 
Applicable 


Outlines design, operational, and closure 
requirements for incinerator facilities. 


If remediation at the 
site includes on-site 
thermal treatment, 
substantive 
requirements must be 
met. 
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Table 3-1. (continued) 


Requirement Status Synopsis Potential 
Application 


Action-Specific ARARs (cont) 
State Requirements (cont) 
RIDEM Rules and 
Regulations for the 
Investigation and 
Remediation of Hazardous 
Material Releases (i.e., 
Remediation Regulations), 
(2/04) DEM-DSR-01-93 
Section 8.0 
(Risk Management) 


Applicable This section regulates impacted media (soil and 
groundwater only) at contaminated sites and 
sets minimum risk standards under state law. (1 
× 10-5). 


This section was used 
to develop cleanup 
goals for the site. 
 


RIDEM Rules and 
Regulations for Dredging 
and the Management of 
Dredged Material 
(2/03) 


Not Applicable Sets standards for any remedial action or 
removal action including dredging of sediments 
in marine waters. 


Applies only to marine 
waters of the state and 
freshwater upland 
disposal sites. 


RIDEM Water Quality 
Regulations, 7/06 


Applicable Provides water classification for surface waters 
in Rhode Island and sets ambient water quality 
criteria for toxic substances and governs water 
quality impacts associated with site activities. 


Remediation activities 
may affect water 
quality. 


RIDEM Regulations for the 
Rhode Island Pollutant 
Discharge Elimination 
System (RIPDES) 
(2/03) 


Potentially 
Applicable 


Sets requirements for discharges to surface 
waters and to protect waters from discharges of 
pollutants. 


Remediation activities 
may require discharge 
of water to the 
Woonasquatucket 
River; these 
regulations are 
applicable to 
discharges as a result 
of extracting 
groundwater or 
dewatering an 
excavation area.   


RIDEM Rules and 
Regulations for 
Groundwater Quality, 5/06 


Applicable Establishes construction standards for 
permanent monitoring wells and abandonment 
procedures (Appendix 1) 


The site contains 
approximately 33 
monitoring wells.  
 


RIDEM Oil Pollution 
Control Regulations  
(1/91, Refiled 12/01) 


Not Applicable Establishes guidelines for the prevention of 
discharge, escape or release of oil into the 
waters of the state 


No oil will be 
discharged during the 
remedial action. 


RIDEM Underground 
Injection Control Program 
(5/05) 


Potentially 
Applicable 


Establishes rules for remedial actions that 
include subsurface discharge or underground 
injection of treated or untreated groundwater.  


May be applicable to 
subsurface injection of 
chemical oxidants. 


RIDEM Solid Waste 
Regulation No. 1, Rules 
and Regulations for Solid 
Waste Management 
(10/05) 


Potentially 
Applicable 


Applicable for the minimization of 
environmental hazards associated with the 
operation of solid waste facilities. 


CDFs containing non-
hazardous waste 
would need to be 
constructed in 
accordance with 
substantive provisions. 


RIDEM Solid Waste 
Regulation No. 2 (2/97) 


Potentially 
Applicable 


Establishes standards for construction of final 
covers, leachate collection systems and 
monitoring plans that result from on-site 
remedial actions. 


CDFs containing non-
hazardous waste 
would need to be 
constructed in 
accordance with 
substantive provisions. 
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Table 3-1. (continued) 


Requirement Status Synopsis Potential 
Application 


Action-Specific ARARs (cont) 
State Requirements (cont) 
RIDEM Pretreatment 
Regulations (7/84) 


Not Applicable Applicable for any remedial action where 
treated or untreated liquids are discharged to a 
Publically Owned Treatment Works (POTW) 
facility. 


No liquids will be 
discharged to a 
POTW. 


RI Air Pollution Control 
Regulation #1: Visible 
Emissions 
(8/67, Amended 7/07) 
 


Applicable Establishes opacity limitations for contaminant 
emissions 


Remediation activities 
could potentially 
result in visible 
emissions. If these 
standards are 
exceeded, emissions 
would need to be 
managed through 
engineering controls. 


RI Air Pollution Control 
Regulation #5: Fugitive 
Dust, 7/19/07 


Applicable Requires that reasonable measures be taken to 
prevent particulate matter from becoming 
airborne. 


Remediation activities 
could potentially 
result in fugitive dust.   
Appropriate measures 
would need to be 
taken to prevent 
particulate matter 
from becoming 
airborne. 


RI Air Pollution Control 
Regulation #7: Emissions 
Detrimental to Persons or 
Property, 7/19/07 


Applicable Prohibits emissions of contaminants which may 
be injurious to human, plant, or animal life or 
cause damage to property or which 
unreasonably interfere with the enjoyment of 
life and property. 
 


Remediation activities 
may result in 
emissions  


RI Air Pollution Control 
Regulation #15: Control of 
Organic Solvent Emissions, 
7/19/07 


Potentially 
Applicable 


Limits the amount of organic solvents emitted 
to the atmosphere 


Remediation activities 
could result in 
emission of organic 
solvents to the 
atmosphere.  


RI Air Pollution Control 
Regulation #22: Air Toxics 
(4/04) Air Toxics 
Guideline, and Air 
Modeling Guidelines 
(6/05), 7/19/07 


Potentially 
Applicable  


Prohibits the emissions of specified 
contaminants that result in ground level 
concentrations greater than ambient level 
concentrations. 


Remediation activities 
could result in 
emission of toxics to 
the atmosphere. 


Key 
R & A - relevant and appropriate; TBC - to be considered. 
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Table 3-2. Off-Site Waste Disposal Options at the CMRP Site 


Waste 
Classification 


Waste 
Concentration Disposal Requirement Comment 


F020 Do not meet treatment 
standards of 40 CFR 
268.40 
(e.g., Dioxins > 1 µg/kg 
or > 0.001 mg/kg) 


Incineration Within U.S., based on F-
listing (40 CFR 261.31), 
accompanying Land 
Disposal Restrictions 
(LDRs) for dioxins (40 CFR 
268.31), and treatment 
standards for hazardous 
waste (40 CFR 268.40) 


Hazardous landfill For soil, constituents must 
meet 10 times the Universal 
Treatment Standards (UTS) 
(40 CFR 268.48) (LDR 
alternative treatment 
standards do not apply to 
sediment) 
 
Landfill disposal may be 
possible in Canada (Quebec) 
for dioxins < 5 µg/kg 


Meet treatment 
standards of 40 CFR 
268.40 
(e.g., Dioxins < 1 µg/kg 
or < 0.001 mg/kg) 


Hazardous landfill Within U.S. 40 CFR 
261.31(d)(1) allows 
exception to LDR if 
concentrations meet Subpart 
D (40 CFR 268.40 
Treatment Standards for 
Hazardous Waste) 


Non-listed > TCLP concentration Incineration For soil, constituents that 
exceed 10 times the UTS (40 
CFR 268.48) 
 
For sediment, constituents 
that exceed treatment 
standards (40 CFR 268.40) 


Hazardous landfill  For soil, constituents must 
meet 10 times the UTS (40 
CFR 268.48) 
 
For sediment, constituents 
must meet the treatment 
standards (40 CFR 268.40) 


< TCLP concentrations Local non-hazardous landfill Waste that is neither listed 
nor characteristic (40 CFR 
261.24) 


Key: 
LDR – land disposal restrictions; TCLP - toxicity characteristic leaching procedure; UTS – universal treatment 
standard; µg/kg - micrograms per kilogram; mg/kg – milligrams per kilogram 
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Table 3-3. Proposed Cleanup Goals for Allendale and Lyman Mill Reach Sediment1 


Contaminant 
Sediment 
Cleanup 


Goal 
Basis Explanation 


(Receptor/Exposure Pathway) 


Dioxin and Dioxin-like Polychlorinated Biphenyls (ng/kg) 


2,3,7,8-TCDD2 14.7 Background 
Human health risk-based PRG (combined fish diet, 
10-6) value of 0.5 ng/kg is below upstream 
background value of 14.7 ng/kg. 


Coplanar PCB TEQ 24.9 Background 
Human health risk based PRG (combined fish diet, 
10-6) value of 0.0058 ng/kg is below upstream 
background value of 24.9 ng/kg 


Pesticides and Polychlorinated Biphenyls (mg/kg) 


Total Aroclors 
(total PCB) 0.21 Background  


Ecological risk based PRG (Belted Kingfisher diet, 
hazard index of 1) value of 0.124 mg/kg is below 
upstream background value of 0.21 mg/kg 


Aroclor 1254 0.15 Background  
Human health risk based PRG (combined fish diet, 
10-6) value of 0.00374 mg/kg is below upstream 
background value of 0.15 mg/kg 


Aroclor 1268 0.14 Background  
Human health risk based PRG (combined fish diet, 
10-6) value of 0.0137 mg/kg is below upstream 
background value of 0.14 mg/kg 


4,4’-DDD3 0.0084 Ecological risk-
based PRG Belted Kingfisher diet, hazard index of 1 


4,4’-DDE3 0.006 Background 


Ecological risk based PRG (Belted Kingfisher diet, 
hazard index of 1) value of 0.0034 mg/kg is below 
upstream background value of 0.006 mg/kg 
 
(Human health risk-based PRG [combined fish diet, 
10-6] value is 0.0096 mg/kg) 


Dieldrin 0.0026 Background  
Human health risk based PRG (combined fish diet, 
10-6) value of 0.0015 mg/kg is below upstream 
background value of 0.0026 mg/kg 


Technical Chlordane 0.4 Background  


Ecological risk based PRG (White Sucker CBR, 
hazard index of 1) value of 0.014 mg/kg is below 
upstream background value of 0.4 mg/kg 
 
(Human health risk-based PRG [combined fish diet, 
10-6] value is 0.05 mg/kg) 


Semi-volatile organic compounds (mg/kg) 


Benzo(a)pyrene 1.4 Background  


Human health risk based PRG (Resident Living 
Along the River, direct contact, 10-6) value of 0.4 
mg/kg is below upstream background value of 1.4 
mg/kg 


Dibenzo(a,h)anthracene 0.97 Background  


Human health risk based PRG (Resident Living 
Along the River, direct contact, 10-6) value of 0.4 
mg/kg is below upstream background value of 0.97 
mg/kg 


N-nitroso-di-n-
propylamine3 0.456 Human health 


risk-based PRG 


Resident Living Along the River, 
Direct contact, 10-6 (not detected in upstream 
background) 
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Table 3-3. (continued) 


Contaminant 
Sediment 
Cleanup 


Goal 
Basis Explanation 


(Receptor/Exposure Pathway) 


Metals (mg/kg) 


Aluminum3 8210 Background  
Ecological risk based PRG (Largemouth Bass CBR, 
hazard index of 1) value of 973 mg/kg is below 
upstream background value of 8210 mg/kg 


Arsenic 3.9 Background  
Human health risk based PRG (direct contact, 10-6) 
value of 2.62 mg/kg is below upstream background 
value of 3.9 mg/kg 


Barium3 134 Background  
Ecological risk based PRG (White Sucker CBR, 
hazard index of 1) value of 45.5 mg/kg is below 
upstream background value of 134 mg/kg 


Selenium 1.1 Background  
Ecological risk based PRG (White Sucker CBR, 
hazard index of 1) value of 0.444 mg/kg is below 
upstream background value of 1.1 mg/kg 


Vanadium3 37.6 Background  
Ecological risk based PRG (Largemouth Bass CBR, 
hazard index of 1) value of 22.2 mg/kg is below 
upstream background value of 37.6 mg/kg 


Zinc 221 Background 
Ecological risk based PRG (Largemouth Bass CBR, 
hazard index of 1) value of 36.2 mg/kg is below 
upstream background value of 221 mg/kg 


Notes: 
1 Proposed cleanup goals are based on the PRGs developed for the most sensitive receptor and/or exposure pathway, or 
background, whichever value is higher. See Appendix F (Table F-1) for additional detail regarding comparison of PRGs to 
background data.  Appendix F (Attachment F-1, Table 7) summarizes the fish tissue concentrations (target tissue concentrations) 
anticipated following attainment of sediment cleanup goals presented in this table.   
2 This cleanup goal is also protective of ecological receptors.  As shown in Appendix F, Table F-1, a sediment cleanup goal for 
dioxin/furan TEQ of 289 ng/kg is protective of the most sensitive ecological receptor (tree swallow CBR, hazard index of 1). 
3 Applicable to Lyman Mill reach sediment only. 


Key: 


CBR - critical body residue; PCB - polychlorinated biphenyl; PRG - preliminary remediation goal; TEQ - toxic equivalency; 
mg/kg - milligram per kilogram; and ng/kg - nanograms per kilogram 
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Table 3-4. Proposed Cleanup Goals for Allendale and Lyman Mill Reach Floodplain Soil1 


Contaminant Cleanup 
Goal Basis Explanation (Receptor/Exposure Pathway) 


Dioxin (ng/kg) 


2,3,7,8-TCDD 17 Background 


Ecological risk-based PRG (Short-tailed Shrew 
CBR, hazard index of 1) value of 10 ng/kg is below 
upstream background value of 17 ng/kg. 
 
(Human health risk-based PRG [Passive 
Recreational Visitor, direct contact 10-6) value of 16 
ng/kg dioxin TEQ is below upstream background 
value of 50 ng/kg) 


Pesticides/PCBs (mg/kg) 
Total Aroclors2 
(total PCB) 1.7 Ecological risk-


based PRG American Woodcock diet, hazard index of 1 


Aroclor 12542 0.82 Human health risk-
based PRG Passive Recreational Visitor, Direct Contact, 10-6 


4,4’-DDE2 0.016 Ecological risk-
based PRG American Woodcock CBR, hazard index of 1 


Dieldrin2 0.04 ARAR 
RIDEM residential direct exposure 
(Ecological risk-based PRG [American Woodcock 
CBR, hazard index of 1] value is 0.041 mg/kg) 


Metals (mg/kg) 


Antimony2 0.62 Background 
Ecological risk based PRG (Short-tailed Shrew diet, 
hazard index of 1) value of 0.47 mg/kg is below 
upstream background value of 0.62 mg/kg 


Arsenic2 7.7 Background 
Human health risk PRG (Passive Recreational 
Visitor, direct contact 10-6) value of 1.6 mg/kg is 
below upstream background value of 7.7 mg/kg. 


Cadmium2 3.8 Ecological risk-
based PRG Short-tailed Shrew diet, hazard index of 1 


Lead2 450 Background 
Ecological risk based PRG (American Woodcock 
diet, hazard index of 1) value of 160 mg/kg is below 
upstream background value of 450 mg/kg 


Selenium2 0.7 Background 
Ecological risk based PRG (Short-tailed Shrew diet, 
hazard index of 1) value of 0.16 mg/kg is below 
upstream background value of 0.7 mg/kg 


Zinc2 320 Ecological risk-
based PRG American Woodcock diet, hazard index of 1 


Notes: 
1 Proposed cleanup goals are based on an evaluation of risk-based PRGs (developed for the most sensitive receptor and/or 
exposure pathway), potential ARARs, TBCs, and site background data, as described in Section 3.4 and Appendix F.  
Contaminants detected in excess of ARARs but found to be consistent with, or less than background conditions were not retained 
for cleanup goal determination unless a risk-based PRG was available for the contaminant (Appendix F).  Cleanup goals were not 
developed for undetected contaminants where the laboratory detection limits were in excess of ARARs.  Additional sampling will 
be performed during the design phase to verify background conditions and the statistical comparisons, and verify undetected 
contaminants using analytical methods capable of measuring concentrations at levels below the ARARs.   These data will be 
evaluated to assess impacts, if any, to the proposed cleanup goals.  However, all numeric criteria for all contaminants listed as 
ARARs must be met regardless of whether or not they are identified above as proposed cleanup goals except where background 
is an issue. 
2 Applicable to Lyman Mill reach floodplain soil only (including Oxbow). 
Key: 
ARAR - Applicable or Relevant and Appropriate Requirement; CBR - critical body residue; PCB - polychlorinated biphenyl; 
PRG - preliminary remediation goal; TBC - to be considered; TEQ - toxic equivalency; mg/kg - milligram per kilogram; and 
ng/kg - nanograms per kilogram 
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Table 3-5. Proposed Cleanup Goals for Surface Water1 


Contaminant Cleanup 
Goal Basis Explanation 


Dioxin (pg/L) 


2,3,7,8-TCDD 0.5 ARAR Federal and state WQC based on human health 
scenario including drinking water and fish 
consumption, as modified based on site specific 
bioaccumulation factors (see Appendix F); 
undetected at upstream background. 


Notes: 
1 Proposed cleanup goals for surface water are based on an evaluation of potential ARARs and site background data, as described 
in Section 3.4 and Appendix F.  Potential ARARs include the State of Rhode Island standards and federal WQC: chronic ambient 
freshwater and human health criteria for consumption of water + organism (RIDEM, 2006 and EPA, 2006).  Contaminants 
detected in excess of ARARs but found to be consistent with, or less than background conditions were not retained for cleanup 
goal determination (Appendix F).  Cleanup goals were not developed for undetected contaminants where the laboratory detection 
limits were in excess of ARARs.  Additional sampling will be performed during the design phase to verify background conditions 
and the statistical comparisons, and verify undetected contaminants using analytical methods capable of measuring 
concentrations at levels below the ARARs.   These data will be evaluated to assess impacts, if any, to the proposed cleanup goals. 
However, all numeric criteria for all contaminants listed as ARARs must be met regardless of whether or not they are identified 
above as proposed cleanup goals except where background is an issue. 


Key: 
ARAR - Applicable or Relevant and Appropriate Requirement; pg/L - picograms per liter; WQC – water quality criteria 
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Table 3-6. Proposed Cleanup Goals for Source Area Soils1 


Contaminant2 Cleanup Goal Basis Explanation 
Dioxin (ng/kg) 


Dioxin TEQ 1000 TBC EPA’s recommended residential level 
for dioxin (EPA, 1998b) 


Pesticides/PCBs (mg/kg) 


Total Aroclors (total PCB) 10 ARAR RIDEM residential direct exposure criteria 
Dieldrin 0.04 ARAR RIDEM residential direct exposure criteria 
Technical Chlordane 0.5 ARAR RIDEM residential direct exposure criteria 


Semi-volatile Organic Compounds (mg/kg) 


Benzo(a)anthracene 0.9 ARAR RIDEM residential direct exposure criteria 


Benzo(a)pyrene 0.4 ARAR RIDEM residential direct exposure criteria 


Benzo(b)fluoranthene 0.9 ARAR RIDEM residential direct exposure criteria 


Benzo(g,h,i)perylene 0.8 ARAR RIDEM residential direct exposure criteria 


Benzo(k)fluoranthene 0.9 ARAR RIDEM residential direct exposure criteria 


Biphenyl, 1,1- 0.8 ARAR RIDEM residential direct exposure criteria 


Bis(2-ethylhexyl)phthalate 46 ARAR RIDEM residential direct exposure criteria 


Chrysene 0.4 ARAR RIDEM residential direct exposure criteria 


Dibenzo(a,h)anthracene 0.4 ARAR RIDEM residential direct exposure criteria 


Fluoranthene 20 ARAR RIDEM residential direct exposure criteria 


Indeno(1,2,3-cd)pyrene 0.9 ARAR RIDEM residential direct exposure criteria 


Naphthalene 54 ARAR RIDEM residential direct exposure criteria 


Pentachlorophenol 5.3 ARAR RIDEM residential direct exposure criteria 


Pyrene 13 ARAR RIDEM residential direct exposure criteria 


Metals (mg/kg) 


Antimony 10 ARAR RIDEM residential direct exposure criteria 


Arsenic 7 ARAR RIDEM residential direct exposure criteria 


Beryllium 0.4 ARAR RIDEM residential direct exposure criteria 


Cadmium 39 ARAR RIDEM residential direct exposure criteria 


Lead 150 ARAR RIDEM residential direct exposure criteria 


Manganese 390 ARAR RIDEM residential direct exposure criteria 


Thallium 5.5 ARAR RIDEM residential direct exposure criteria 
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Table 3-6. (continued) 


Contaminant2 Cleanup 
Goal Basis Explanation 


Volatile organic compounds (mg/kg) 


Benzene 2.5 ARAR RIDEM residential direct exposure criteria 
Chlorobenzene 100 ARAR RIDEM GB leachability criteria  
Dichloroethane (1,2-) 0.9 ARAR RIDEM residential direct exposure criteria 
Dichloroethene (cis-1,2-) 60 ARAR RIDEM GB leachability criteria 
Ethyl benzene 62 ARAR RIDEM GB leachability criteria 
Tetrachloroethene (PCE) 4.2 ARAR RIDEM GB leachability criteria 
Toluene 54 ARAR RIDEM GB leachability criteria 
Trichloroethene (TCE) 13 ARAR RIDEM residential direct exposure criteria 
Vinyl chloride 0.02 ARAR RIDEM residential direct exposure criteria 
Xylenes (Total) 110 ARAR RIDEM residential direct exposure criteria 


Notes: 
1 Cleanup goals applicable to vadose zone soils at the Source Area, except dioxin TEQ applicable to surface soils (0 to 1 ft bgs). 
However, all numeric criteria for all contaminants listed as ARARs must be met regardless of whether or not they are identified 
above as proposed cleanup goals except where background is an issue. 
2 Contaminants are identified based on those chemicals detected in vadose zone samples at concentrations in excess of the potential 
ARARs (RIDEM residential direct exposure and GB leachability criteria, RIDEM, 2004) or detected in surface samples at 
concentrations in excess of EPA’s recommended residential level for dioxin (EPA, 1998b) as described in Appendix F. 


Key: 
ARAR - Applicable or Relevant and Appropriate Requirement; PCB - polychlorinated biphenyl; RIDEM – Rhode Island 
Department of Environmental Management; TBC - to be considered; TEQ, toxic equivalency; mg/kg - milligram per kilogram; and 
ng/kg - nanograms per kilogram 
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Table 3-7. Proposed Cleanup Goals for Protection of Source Area Groundwater 


Contaminant1 


Cleanup Goals based on 
Groundwater/Surface 
Water Mixing Model 2 


Cleanup Goals based on ARARs  
RIDEM GB Criteria 


Soil (ng/kg) Groundwater 
(pg/L) 


Soil Leachability 
Criteria3 (mg/kg) 


Groundwater 
Objectives3 (µg/L) 


2,3,7,8-TCDD 8,600 1,768 NA NA 
Total PCB NA NA 10 NA 
Benzene NA NA 4.3 – 4 
Chlorobenzene NA NA 100 – 4 
Dibromochloropropane (DBCP) NA NA NA 2 
Dichloroethene (cis-1,2-) NA NA 60 – 4 
Ethyl benzene NA NA 62 – 4 
Tetrachloroethene (PCE) NA NA 4.2 150 
Toluene NA NA 54 – 4 
Trichloroethene (TCE) NA NA 20 540 


Notes: 
1 Contaminants are identified based on those chemicals detected in source area soil (vadose zone) or groundwater samples at 
concentrations in excess of the potential ARARs (RIDEM GB soil leachability criteria and groundwater objectives) as described 
in Appendix F.  However, all numeric criteria for all contaminants listed as ARARs must be met regardless of whether or not 
they are identified above as proposed cleanup goals except where background is an issue. 
2 Cleanup goals developed in support of RAO to prevent migration of contaminants (dioxin) in groundwater discharging to river 
that would result in surface water concentrations in excess of ARARs (ambient water quality criteria for dioxin modified based 
on site-specific bioaccumulation factors as described in Appendix F). 
3 GB soil leachability and groundwater criteria promulgated in the RIDEM Remediation Regulations (RIDEM, 2004). 
4 RIDEM GB groundwater objectives promulgated for this contaminant, however cleanup goals were not developed because it 
was not detected in source area groundwater at concentrations in excess of the ARAR (see footnote 1). 


Key: 
ARAR - Applicable or Relevant and Appropriate Requirement; PCB - polychlorinated biphenyl; RIDEM – Rhode Island 
Department of Environmental Management; NA - not applicable; mg/kg - milligram per kilogram; ng/kg - nanograms per 
kilogram; pg/L – picograms per liter; and µg/L – micrograms per liter 
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Table 3-8. Area and Volume Estimates for Proposed Cleanup Areas 


Action Area/Media 
Cleanup Area In-Situ Removal 


Volume1 
(cy) (sq ft) (ac) 


Allendale Reach/Sediment 673,600 15.5 48,200 
Lyman Mill Reach/Sediment 1,022,000 23.5 91,000 
Allendale Reach/Floodplain Soil 64,600 1.5 2,400 
Lyman Mill Reach/Stream Sediment 
and Floodplain Soil2 940,000 21.6 34,800 


Source Area/Soil3 339,500 7.83 62,900 
Source Area/Groundwater 5,500 0.13 1,3004 
Notes: 
1 In-situ removal volumes do not include any allowance for over-excavation or over-dredging which is needed 
to perform the remediation.  The volumes described in the alternative descriptions and cost estimates in 
subsequent sections of this FS are higher because they include an over-dredge or over-excavation allowance. 
2 Action area includes the Oxbow area located southwest of Allendale Dam. 
3 Majority of cleanup area is comprised of existing interim caps and paved surfaces (6.4 acres), and the 
remaining area is comprised of landscape areas, walkways, and rip rap. 
4 The volume of material, either source area soil or groundwater, removed is variable and dependent upon the 
specific alternative.  The specific volume of groundwater to be removed (i.e. in the case of a pump and 
treatment alternative) is not able to be calculated; the treatment would be considered complete when 
confirmation testing indicated that the levels of dissolved parameters had dropped below the clean up goals. 
 
Key: 
sq ft – square feet; ac – acres; cy – cubic yards 
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Table 4-1. Screening Evaluation of General Response Actions, Technologies and Process Options for Sediment 


General Response Action Screening Criteria Retained for 
Detailed 
Analysis Technologies Process Options Effectiveness Implement-


ability Cost 


NO ACTION 
— — Not Effective Easily Low Yes 
INSTITUITIONAL CONTROLS 


Covenants and easements 
Local ordinances and zoning 
Informational devices 


Deed restrictions on excavation and future use; 
No dredge zones in public waterway; No anchor 
zones; Swimming restrictions; Fish 
consumption or health advisory 


Low to Moderate Easily Low Yes 


ENGINEERING CONTROLS 


Physical barriers Perimeter fence; Warning buoys of restricted 
zones Low to Moderate Easily Low Yes 


Dam maintenance and/or 
removal 


Maintenance of dams, replacement with smaller 
structures, and/or dam removal to minimize risk 
of structural breaches 


High Moderate Low Yes 


MONITORED NATURAL RECOVERY 
Natural deposition of native 
sediment Natural physical deposition Low to Moderate Easily Low Yes 


Natural biological 
degradation Natural biological activity Not Effective Easily Low No 


CONTAINMENT 


Isolation cap Sand/silt cap; Geosynthetic membrane cap; 
Bentonite blanket cap Moderate Moderate Moderate Yes 


Reactive cap Treatment cap: such as organic soil or sediment, 
activated carbon Moderate Moderate Moderate Yes 


Wetland cap 
Thick cap to raise ground elevation; Wetland 
soil for plant growth; Biodegradable fabric; 
Wetland planting 


Moderate Moderate Moderate Yes 


Habitat enhancement cap or 
thin layer cover 


Thin-layer cover to improve habitat and 
accelerate natural recovery Low Moderate Moderate Yes 


Shoreline stabilization cap Rock rip-rap; Biodegradable fabric; Vegetation Moderate Moderate Moderate Yes 
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Table 4-1. (continued) 


General Response Action Screening Criteria Retained for 
Detailed 
Analysis Technologies Process Options Effectiveness Implement-


ability Cost 


SEDIMENT REMOVAL 
Dredging (subaqueous 
excavation) Mechanical; Hydraulic; Hybrid; Pneumatic Moderate Moderate Moderate Yes 


Excavation (after lowering 
water level) 


Cofferdam dewatering (either circular or double-
wall earth filled); Single sheet pile wall; Fabric 
dam; Earth dam 


High Moderate Moderate Yes 


TRANSPORTATION 


Mechanical transport Floating barge; Amphibious vehicle; Wheeled 
vehicle; Rail; Conveyor High Easily Moderate Yes 


Hydraulic transport Pipeline slurry direct from dredge; Pipeline slurry 
from hybrid dredge or mixing basin High Easily Moderate Yes 


DEWATERING 
Passive dewatering Gravity separation; Air drying High Infeasible Low No 
Solidification Mix with cement, lime or fly ash High Moderate Moderate Yes 


Mechanical dewatering Belt filter press; Plate and frame press; 
Centrifuge High Moderate Moderate Yes 


SEDIMENT DISPOSAL 
On- or off-site confined 
aquatic disposal 


Excavate subaqueous pit; place material in 
natural depression Moderate Infeasible Moderate No 


On-site nearshore confined 
disposal facility 


Permeable dikes and cap; Impermeable dike 
and/or cap; Base liner and leachate collection; 
Soil gas collection system 


Moderate Moderate Low Yes 


On-site consolidation 
Move dredged/excavated sediment into 
consolidation area and cover with isolation cap 
and an armored slope 


Moderate Moderate Low Yes 


On- or off-site upland 
confined disposal facility 


Monofill for dredged material; Multiuser facility; 
Hazardous waste landfill High Easily to 


Moderate1 Low2 Yes 


EX-SITU TREATMENT 


Stabilization Mix with cement, lime or fly ash; Mix with 
custom-designed stabilization agents Low Moderate Moderate No 


Thermal treatment Incineration (high-temperature destruction); 
Thermal desorption (low-temperature separation) High Moderate to 


Complex/Difficult3 Very High Yes 
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Table 4-1. (continued) 


General Response Action Screening Criteria Retained for 
Detailed 
Analysis Technologies Process Options Effectiveness Implement-


ability Cost 


EX-SITU TREATMENT (continued) 
Biological treatment Aerobic degradation; Anaerobic degradation Low Infeasible High No 
Chemical treatment Solvent extraction; Chemical reaction Low Infeasible Very High No 


Notes: 
1 On-site disposal at an upland facility would be moderate; disposal off site at permitted facility would be easy to implement. 
2 Costs for disposal off site at a permitted facility could be very high if treatment is required. 
3 On-site thermal treatment would be complex/difficult and off-site disposal by incineration at a permitted facility would be moderate. 
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Table 4-2. Screening Evaluation of General Response Actions, Technologies and Process Options 
for Source Area Soil and Floodplain Soil 


General Response Action Screening Criteria Retained for 
Detailed 
Analysis Technologies Process Options Effectiveness Implement-


ability Cost 


NO ACTION 
— — Not Effective Easily Low Yes 
INSTITUITIONAL CONTROLS 


Covenants and easements; 
Land or water use restrictions; 
Local ordinances and zoning 


Land use restrictions on excavation and future 
use; Restrict actions such as building, utility, 
and other construction activities; Zoning 
ordinances to require walkways or boardwalks  


Low  Easily Low Yes 


ENGINEERING CONTROLS 


Physical barriers Perimeter fence Low to 
Moderate Easily Low Yes 


MONITORED NATURAL RECOVERY 
Natural deposition of new soil Natural physical deposition Not Effective Easily Low No 
Natural biological 
degradation Natural biological activity Not Effective Easily Low No 


CONTAINMENT 


Isolation cap Clay, asphalt or concrete cap; Geosynthetic 
membrane cap; Bentonite blanket cap Moderate Moderate Moderate Yes 


Shoreline stabilization cap Rock rip-rap; Biodegradable fabric; Vegetation Moderate Moderate Moderate Yes 
SOIL REMOVAL 


Excavation Mechanical High Moderate to 
Complex/Difficult Moderate Yes 


Dredging inside flooded 
excavation Mechanical; Hydraulic High Complex/Difficult High Yes 


TRANSPORTATION 


Mechanical transport Amphibious vehicle; Wheeled vehicle; Rail; 
Conveyor High Easily Moderate Yes 
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Table 4-2. (continued) 


General Response Action Screening Criteria Retained for 
Detailed 
Analysis Technologies Process Options Effectiveness Implement-


ability Cost 


DEWATERING 
Passive dewatering Gravity separation; Air drying High Infeasible Low No 


Solidification Mix with cement, lime or fly ash with deep soil 
mixing High Moderate Moderate Yes 


Mechanical dewatering Belt filter press; Plate and frame press; 
Centrifuge High Complex/Difficult High No 


SOIL DISPOSAL 
On-site nearshore confined 
disposal facility Combined disposal with CDF for sediment Moderate Moderate Moderate Yes 


On- or off-site upland 
confined disposal facility Monofill for soil; Hazardous waste landfill High Easily to 


Moderate1 Moderate2 Yes 


EX-SITU TREATMENT 


Stabilization Mix with cement, lime or fly ash; Mix with 
custom-designed stabilization agents Low Moderate Moderate No 


Thermal treatment 
Incineration (high-temperature destruction); 
Thermal desorption (low-temperature 
separation) 


High Moderate to 
Complex/Difficult3 Very High Yes 


Biological treatment Aerobic degradation Low Infeasible High No 
Chemical treatment Solvent extraction; Chemical reaction Low Infeasible Very High No 
IN-SITU TREATMENT 
Solidification/Stabilization Mix with cement, lime or fly ash; Mix with 


custom-designed stabilization agents Low Complex/Difficult High No 


Thermal treatment In-situ thermal desorption; Electrical resistance 
heating; Stream stripping High Complex/Difficult High No 


Biological treatment Anaerobic degradation; Phytoremediation Low Infeasible Moderate No 


Notes: 
1 On-site disposal at an upland facility would be moderate; disposal off site at permitted facility would be easy to implement. 
2 Costs for disposal off site at a permitted facility could be very high if treatment is required. 
3 On-site thermal treatment would be complex/difficult and off-site disposal by incineration at a permitted facility would be moderate. 
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Table 4-3. Screening Evaluation of General Response Actions, Technologies and Process Options for Groundwater 


General Response Action Screening Criteria Retained for 
Detailed 
Analysis Technologies Process Options Effectiveness Implement-


ability Cost 


NO ACTION 
— — Not Effective Easily Low Yes 
INSTITUITIONAL CONTROLS 
Land and water use 
restrictions Deed restrictions on groundwater use  Low Easily Low Yes 


MONITORED NATURAL ATTENUATION 
Natural degradation Natural biological activity Not Effective1 Easily Low No 
CONTAINMENT 
Subterranean hydraulic 
barrier 


Slurry wall; Steel sheet pile wall; Cement or 
chemical grout injection Moderate Moderate Moderate Yes 


Hydraulic control Pump to lower groundwater table; Aboveground 
treatment Moderate Moderate Moderate Yes 


EXCAVATION/DEWATERING 


Short-term pumping Dewatering in conjunction with mechanical soil 
excavation below groundwater table Moderate Easily Low Yes 


PUMP AND TREATMENT 


Physical treatment 
Precipitation/coagulation/flocculation; 
Filtration; Air stripping; Activated carbon 
adsorption 


Moderate Moderate Moderate Yes 


Biological treatment Anaerobic degradation Low Infeasible High No 
Chemical treatment Chemical reactions Moderate Moderate High Yes 
IN-SITU TREATMENT 
Physical treatment Air sparging; Thermal Moderate Complex/Difficult High No 


Biological treatment Anaerobic degradation; Passive/reactive 
treatment walls; Phytoremediation Moderate2 Easily Moderate Yes 


Chemical treatment Chemical reactions Moderate2 Easily Moderate Yes 


Notes: 
1 Not effective for dioxins, but effective for VOCs. 
2 Effectiveness for dioxins would need to be evaluated. 
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Table 6-1. Detailed Analysis of Allendale and Lyman Mill Sediment Alternative 1, No Action  


EVALUATION CRITERIA ALTERNATIVE ALLENDALE AND LYMAN MILL 
SEDIMENT-1: NO ACTION 


OVERALL PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT 
Human Health Protection and 
Environment 


Contaminated sediment would remain on site unaddressed and 
continue to present a risk to human health and the environment. 
 
The existing controls (perimeter fence at Allendale Pond and 
fishing advisories) would not effectively limit exposure to 
human and ecological receptors. 


COMPLIANCE WITH ARARS 
Chemical-, Location-, and Action-
Specific 


See Table 6-2.   


LONG-TERM EFFECTIVENESS AND PERMANENCE 
Magnitude of Residual Risk Existing risk will remain because no action would be taken to 


isolate or destroy the contaminated sediment or prevent the 
erosion and migration of contaminated sediment downstream.  
Migration of contaminated sediment downstream may increase 
future risk in these areas.  Natural recovery processes may 
decrease risk from contaminated sediment in the very long 
term. 


Adequacy and Reliability of Controls This alternative does not include measures to maintain and 
enforce access restrictions or control physical disturbance of the 
sediment to minimize exposure to contaminants in the long 
term.  There are no controls to require maintenance of the 
privately owned dams along the river, and downstream 
transport of contaminated sediment could occur in the event of 
a dam breach. 


REDUCTION OF TOXICITY, MOBILITY, OR VOLUME 
Treatment Process Used and Materials 
Treated 


None proposed for this alternative. 


Amount Destroyed or Treated None anticipated. 
Degree of Expected Reductions of 
Toxicity, Mobility, or Volume 
Through Treatment 


No reductions in toxicity, mobility, or volume of contamination 
is anticipated for this alternative.   


Degree to Which Treatment is 
Irreversible 


Not applicable. 


Type and Quantity of Residuals 
Remaining After Treatment 


There would be no residuals because no treatment is planned 
for this alternative. 


SHORT-TERM EFFECTIVENESS 
Protection of Community During 
Remedial Action 


Not applicable, as no remedial actions are proposed for this 
alternative. 
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Table 6-1. (continued) 


EVALUATION CRITERIA ALTERNATIVE ALLENDALE AND LYMAN MILL 
SEDIMENT-1: NO ACTION 


SHORT-TERM EFFECTIVENESS 
Protection of Workers During 
Remedial Action 


Not applicable, as no remedial actions are proposed for this 
alternative. 


Environmental Impacts Not applicable, as no remedial actions are proposed for this 
alternative 


Time Until Remedial Action 
Objectives are Achieved 


While some reduction in risk is possible due to natural 
deposition, it is unknown if or when cleanup objectives would 
be reached.  (Based on estimated rates, it would take 40 to 60 
years for a one foot thick layer of new sediment to be deposited 
in the ponds and not all areas may be covered.) 


IMPLEMENTABILITY 
Ability to Construct and Operate the 
Technology 


Not applicable, as no remedial technology is implemented 
under this alternative. 


Reliability of the Technology Not applicable, as no remedial technology is implemented 
under this alternative. 


Ease of Undertaking Additional 
Remedial Actions, If Necessary 


This alternative does not preclude future remedial activities. 


Ability to Monitor the Effectiveness of 
Remedy 


Five-year reviews and periodic monitoring, triggered by severe 
weather events, are incorporated into this alternative.  Periodic 
monitoring would include routine testing and could be easily 
implemented. 


Ability to Obtain Approvals and 
Coordinate with Other Agencies 


Not applicable, as no activities requiring approval are planned 
for this alternative. 


Availability of Off-Site Treatment, 
Storage, and Disposal Services and 
Capacity 


Not applicable for this alternative. 


Availability of Necessary Equipment 
and Specialists 


Not applicable for this alternative. 


Availability of Technology Not applicable for this alternative. 
COST1 


Capital Cost $0
Present Worth of Long-term 
Monitoring and Maintenance 


$450,000 
(includes costs for periodic monitoring and five-year reviews)


Total Present Worth Cost $450,000


Notes: 
1Detailed cost estimates provided in Appendix J. 
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Table 6-2. Potential Applicable or Relevant and Appropriate Requirements (ARARs) and To Be 
Considered (TBC) Criteria for Allendale and Lyman Mill Sediment Alternative 1, No Action1 


Requirement Status Synopsis 
Action to be 


Taken to Attain 
Requirement 


Chemical-Specific ARARs 
Federal Requirements 
Clean Water Act 
Federal Water Quality 
Criteria, Section 304(a) 
40 CFR 131.11 1976, 1980, 
and 1986. 


R & A Ambient Water Quality Criteria (AWQC) are 
provided by EPA for chemicals for both the 
protection of human health and the protection 
of aquatic life. 


Contributions of 
contaminants from 
sediment that exceed 
AWQC in the 
Woonasquatucket 
River will not be 
minimized to the 
maximum extent 
practical. 


Guidelines for 
Carcinogenic Risk 
Assessment, EPA/630/P-
03/001F (March 2005) 


TBC These guidelines provide guidance on 
conducting risk assessments involving 
carcinogens. 


Alternative would not 
prevent exposure to 
contaminants 
considered under this 
guidance. 


Supplemental Guidance for 
Assessing Susceptibility 
from Early-Life Exposure 
to Carcinogens, 
EPA/630/R-03/003F 
(March 2005) 


TBC These guidelines provide guidance on 
conducting risk assessments involving 
carcinogens. 


Alternative would not 
prevent exposure to 
contaminants 
potentially considered 
under this guidance. 


EPA Risk Reference Doses 
(RfDs) 


TBC RfDs are estimates of a daily exposure 
concentration that is likely to be without 
appreciable risk of deleterious effects during a 
lifetime exposure. 


Alternative would not 
prevent exposure to 
contaminants 
potentially considered 
under this guidance. 


Human Health Assessment 
Cancer Slope Factors 
(CSFs) 


TBC CSFs are estimates of the upper-bound 
probability of an individual developing cancer 
as a result of a lifetime exposure to a particular 
concentration of a potential carcinogen. 


Alternative would not 
prevent exposure to 
contaminants 
potentially considered 
under this assessment. 


EPA Carcinogenic 
Assessment Group Potency 
Factors 


TBC These factors are used to evaluate an acceptable 
risk from a carcinogen. 


Alternative would not 
prevent exposure to 
contaminants 
potentially considered 
under this assessment. 


EPA Health Advisories TBC EPA publishes contaminant-specific health 
advisories that indicate the non-carcinogenic 
risks associated with consuming contaminated 
drinking water. 


Alternative would not 
prevent exposure to 
contaminants 
potentially considered 
under these advisories. 


Notes: 
1 With no action, there are no location- or action-specific ARARs. 


Key: 
R & A – Relevant and Appropriate; TBC – To Be Considered 
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Table 6-3. Estimated On-site CDF Capacities1 


On-site CDF Areas 
Average 
length 


(ft) 


Average 
Width (ft) 


Top of 
Berm 


Elevation 
(ft) 


Top of 
Cover 


(ft) 


Capacity 
(cy) 


North Oxbow Area      
Option 12 370 600 93 104 74,000 
Option 23 370 600 93 104 52,000 


South Oxbow Area      
Option 12 300 340 86 94 62,000 
Option 23 300 340 86 94 42,000 


Combined North and South Oxbow 94,000 to 
136,000 


Cap Area #1 and Southern 
Peninsula      


Option 14 520 200 100 104 35,200 
Option 24 520 200 106 110 59,600 


      
Allendale Pond Nearshore CDF4 1,200 150 94 97 42,900 
Lyman Mill Pond Nearshore CDF4      


East CDF 700 180 78 80 34,900 
West CDF 700 280 78 80 47,400 


Combined Allendale and Lyman Mill Pond CDFs 125,2005 
Concrete Plant      
Option 1 600 580 100  110 115,000 
Option 2 600 580 102.5 112.5 133,000 


Notes: 
1 Excavated material from other areas of the site (e.g., floodplain soil) could be utilized to regrade the source area 
under Source Area Soil Alternative 4, should this be implement, which would provide additional CDF capacity. 
2Assumes that the existing soil is removed down to the ground surface elevation at the downhill dike prior to CDF 
construction. 
3Same as note 1, except that perimeter berms would be built 50 feet upland from edge of floodplain. 
4 Capacity varies depending on the height of the dike.  Maximum capacity under Option 2 based on a higher dike 
compared to Option 1. 
5 Raising the final height of the CDFs by approximately 1.5 ft would increase capacity sufficiently to also contain 
excavated floodplain soil. 
 
Key: 
CDF – confined disposal facility; cy – cubic yards; ft – feet 
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Table 6-4. Detailed Analysis of Allendale and Lyman Mill Sediment Alternative 7, Excavation and 
Disposal and/or Treatment  


EVALUATION CRITERIA ALTERNATIVE ALLENDALE AND LYMAN MILL 
SEDIMENT-7: EXCAVATION AND DISPOSAL AND/OR 


TREATMENT 
OVERALL PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT 


Human Health Protection and 
Environment 


The excavation and removal of sediments would provide high 
overall protection to human health and the environment by 
quickly reducing human health and ecological risk to 
acceptable levels.  In addition, the removal of resident fish from 
the ponds would effectively reduce the fish consumption risks 
to humans and piscivorous wildlife.  Removal of the sediment 
would prevent contaminant migration downstream due to 
erosion for Options 7a (upland CDF), 7d (on-site thermal 
treatment) and 7e (off-site disposal and/or treatment).  
However, contamination would remain in the floodplain for 
Option 7b (nearshore CDF) which would reduce its overall 
protection. 


COMPLIANCE WITH ARARS
Chemical-, Location-, and Action-
Specific 
 
 


ARARs specific to Alternative 7 are summarized in Table 6-5.  
Assuming that excavation involves more than a deminimis/ 
incidental discharge to surface water, Clean Water Act Section 
404 requirements are triggered by excavation.  In addition, the 
thin cover (all options), dewatering (all options except 7b), 
nearshore CDF (Option 7b), and possibly the upland CDF 
(Option 7a) also trigger Section 404 requirements.  As a result, 
these actions must be evaluated to determine the least damaging 
practicable alternative.  State wetlands requirements will also 
need to be addressed. 
 
Under Option 7a (upland CDF), selection of the CDF that 
contains low-quality wetlands would result in the destruction of 
the wetlands.  Option 7b (nearshore CDF) would impact 
wetlands and floodplains and include a discharge of dredged 
and/or fill material to waters of the US.  In addition, a portion 
of the nearshore CDF would require the permanent occupancy 
and modification of the floodplain.  According to Executive 
Order 11988, a determination would need to be made that there 
was no other practicable alternative before selecting this option 
as the preferred remedy.  Flood storage capacity would be 
reduced under Option 7b. 
 
In addition, some of the sediment could require treatment if it 
exceeds the treatment standards set forth in the LDRs.  A 
treatability variance could be obtained to reduce the amount of 
treatment needed under Option 7a.  As long as the sediment is 
not dewatered first, or otherwise treated ex-situ, the sediment 
does not need to meet the treatment standards in the LDRs prior 
to disposal in a nearshore CDF (Option 7b) that is within the 
area of contamination. 
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Table 6-4. (continued)  


EVALUATION CRITERIA ALTERNATIVE ALLENDALE AND LYMAN MILL 
SEDIMENT-7: EXCAVATION AND DISPOSAL AND/OR 


TREATMENT 
LONG-TERM EFFECTIVENESS AND PERMANENCE 


Magnitude of Residual Risk Excavation would remove contaminated sediment from the 
river/ponds to provide a very high level of risk reduction and 
low residual risk.  In order to meet the RAOs, a thin-layer cover 
would be placed on top of the sediment if post-excavation 
contaminant concentrations exceeded the cleanup goals in some 
locations.  Inherent hazard would be further reduced for 
Options 7d and 7e because sediment would be incinerated on 
site or taken off site for disposal or treatment.  Inherent hazard 
would be somewhat higher for Option 7a (upland CDF) because 
the contamination would remain on site, although in a secure 
upland disposal facility.  The highest inherent hazard will 
remain for Option 7b (nearshore CDF) because the 
contamination would remain in the floodplain, adjacent to the 
river, although also in a controlled disposal facility. 


Adequacy and Reliability of Controls Excavation would be effective in the long term because the 
contaminated sediment would be removed and either contained 
on site, destroyed, or shipped off site for disposal or treatment.  
This alternative can be reliable as long as long-term monitoring, 
maintenance and ICs are implemented for any type of on-site 
disposal facility (Options 7a and 7b).  Maintenance, monitoring, 
and ICs are particularly important for Option 7b (nearshore 
CDF) because the inherent hazard remains in the floodplain 
adjacent to the river.  Dam maintenance would also be critical 
for the effectiveness of Alternative 7 for any options where 
inherent hazard remains in the river or floodplain. 


REDUCTION OF TOXICITY, MOBILITY, OR VOLUME 
Treatment Process Used and Materials 
Treated 


Options 7a and 7e assume some material will require treatment 
to meet LDRs.  Option 7d includes on-site incineration.   


Amount Destroyed or Treated Under Option 7a, approximately 9,800 cy of dewatered 
sediment would be treated (10% of the total dewatered 
volume).  Under Option 7d, approximately 155,800 cy of 
sediment would be excavated, dewatered, and treated.  Under 
Option 7e, approximately 49,000 cy (50% of the total 
dewatered volume) would be treated. 
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Table 6-4. (continued) 


EVALUATION CRITERIA ALTERNATIVE ALLENDALE AND LYMAN MILL 
SEDIMENT-7: EXCAVATION AND DISPOSAL AND/OR 


TREATMENT 
REDUCTION OF TOXICITY, MOBILITY, OR VOLUME 


Degree of Expected Reductions of 
Toxicity, Mobility, or Volume 
Through Treatment 


There would be a reduction of toxicity, mobility, or volume of 
contamination from incineration under Options 7a, 7d, and 7e. 
 
There would be no treatment under Option 7b, although the 
mobility of the contaminated sediment particles would be 
reduced by the disposal facility. 


Degree to Which Treatment is 
Irreversible 


For sediments that undergo thermal treatment (Options 7a, 7d, 
and 7e), the process is irreversible. 


Type and Quantity of Residuals 
Remaining After Treatment 


Excavation would produce no residuals. 
 
Air emissions of contaminants or additional by-products 
produced during on- or off-site thermal treatment (Options 7a, 
7d, and 7e) would be at levels below regulatory standards.  
After incineration, the volume of inorganic sediment particles 
would be nearly the same as the pre-treatment volume, but 
concentrations of chemical contaminants would be below 
detection limits. 


SHORT-TERM EFFECTIVENESS 
Protection of Community During 
Remedial Action 


All of the options would result in limited impacts to the 
community from construction.  Access to the work zone during 
construction activities would be prohibited, and engineering 
controls, dust suppression techniques, and site perimeter air 
(dust) monitoring will mitigate risks to the community.  An on-
site incinerator under Option 7d would result in air emissions 
which would be monitored to ensure that they are below 
regulatory standards. 


Protection of Workers During 
Remedial Action 


Health and safety plans, emergency response plans, engineering 
controls (dust suppression), and personal protective equipment 
will be used during site activities, mitigating risks to workers.   


Environmental Impacts Excavation would result in destruction of the existing benthic 
habitat in both ponds and the elimination of the fish 
communities.  In addition, aquatic-dependent wildlife 
populations would be adversely affected until primary and 
secondary productivity in the ponds becomes re-established, 
which could take two to five years.  During pond lowering, 
there is the potential for downstream migration of contaminated 
sediment.  Up to an acre of floodplain habitat would be 
impacted during the remedial construction phase. 


Time Until Remedial Action 
Objectives are Achieved 


RAOs are achieved immediately upon completion of remedy 
implementation, which is estimated to take approximately two 
years. 
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Table 6-4. (continued) 


EVALUATION CRITERIA ALTERNATIVE ALLENDALE AND LYMAN MILL 
SEDIMENT-7: EXCAVATION AND DISPOSAL AND/OR 


TREATMENT 
IMPLEMENTABILITY 


Ability to Construct and Operate the 
Technology 


For all options, the very soft surface sediments would require 
the use of low-ground pressure equipment and hydraulic 
excavators.  Temporary haul roads would need to be 
constructed to provide access.  For Options 7a, 7d and 7e, an 
upland land area is required for sediment dewatering.  For 
Option 7a, additional land is needed for a disposal facility and 
Option 7d requires land for an incinerator.  This property may 
need to be acquired from private parties.  Increased monitoring 
would be needed for Options 7a, 7b and 7d relative to Option 
7e.   


Reliability of the Technology Excavation of soft sediments after lowering over-lying surface 
water is a proven technology and has been successfully 
implemented at other contaminated sediment sites.  CDFs are 
widely used and CDF construction and thermal treatment are 
proven technologies.  However, a nearshore CDF under Option 
7b could present additional reliability concerns given that it 
would be located partially in the river. 


Ease of Undertaking Additional 
Remedial Actions, If Necessary 


This alternative would not preclude additional future remedial 
actions. 


Ability to Monitor the Effectiveness of 
Remedy 


The effectiveness of excavation and water quality protection 
measures could be monitored with routine testing.  
Confirmation sampling would be performed at the completion 
of construction activities to determine if the cleanup goals were 
achieved.  A thin-layer cover would be placed over areas where 
contamination is above the cleanup goals, even after 
excavation. 
 
Long-term monitoring would be required to assess recovery of 
biological communities, assess the impact of the remedial 
action on downstream areas, and determine if additional 
evaluations or clean-ups are warranted.  Increased monitoring 
would be needed for the on-site containment (Options 7a and 
7b) and on-site treatment (Option 7d) options.  However, these 
monitoring programs would not present any unusual issues. 
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Table 6-4. (continued) 


EVALUATION CRITERIA ALTERNATIVE ALLENDALE AND LYMAN MILL 
SEDIMENT-7: EXCAVATION AND DISPOSAL AND/OR 


TREATMENT 
IMPLEMENTABILITY 


Ability to Obtain Approvals and 
Coordinate with Other Agencies 


For those components with wetlands/404 impacts, these actions 
must be evaluated to determine the least damaging practicable 
alternative.  For Option 7a, some low-value wetlands could be 
destroyed depending on the location of the CDF and a 
treatability variance may need to be obtained.  For Option 7b, a 
portion of the CDF would require the permanent occupancy and 
modification of the floodplain, and a determination would need 
to be made concluding that there is no other practicable 
alternative before selecting this option.   
 
Coordination with adjacent property owners, and appropriate 
federal, state, and local agencies would be required to 
implement ICs. 


Availability of Off-Site Treatment, 
Storage, and Disposal Services and 
Capacity 


Off-site landfill and treatment options are readily available.  
Samples of dewatered sediment could be tested to determine if 
the material could be taken to a hazardous waste landfill 
without treatment. 


Availability of Necessary Equipment 
and Specialists 


Excavation and CDF construction contractors and equipment 
are readily available.  Thermal treatment equipment is 
commercially available. 


Availability of Technology Technology is common enough that required equipment and 
materials would be readily available. 


COST1


Capital Cost Option 7a, On-site Upland CDF  $58,000,000
Option 7b, On-site Nearshore CDF   $44,000,000
Option 7d, On-site Thermal Treatment  $115,000,000
Option 7e, Off-site Disposal and/or Treatment  $114,000,000


Present Worth of Long-term 
Monitoring and Maintenance 


Option 7a, On-site Upland CDF  $2,800,000
Option 7b, On-site Nearshore CDF   $2,900,000
Option 7d, On-site Thermal Treatment  $2,700,000
Option 7e, Off-site Disposal and/or Treatment  $2,500,000


Total Present Worth Cost Option 7a, On-site Upland CDF $61,000,000
Option 7b, On-site Nearshore CDF $47,000,000
Option 7d, On-site Thermal Treatment  $118,000,000
Option 7e, Off-site Disposal and/or Treatment  $116,000,000


Notes: 
1Detailed cost estimates provided in Appendix J. 
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Table 6-5. Potential Applicable or Relevant and Appropriate Requirements (ARARs) and To Be 
Considered (TBC) Criteria for Allendale and Lyman Mill Sediment Alternative 7, Excavation and 


Disposal and/or Treatment 


Requirement Status Synopsis 
Action to be 


Taken to Attain 
Requirement 


Chemical-Specific ARARs (there are no applicable State Requirements) 
Federal Requirements 
Clean Water Act 
Federal Water Quality 
Criteria, Section 304(a) 
40 CFR 131.11 1976, 1980, 
and 1986. 


R & A Ambient Water Quality Criteria (AWQC) are 
provided by EPA for chemicals for both the 
protection of human health and the protection 
of aquatic life. 


Contaminants that 
exceed AWQC in the 
Woonasquatucket 
River will be 
minimized to the extent 
practical. 


Guidelines for 
Carcinogenic Risk 
Assessment, EPA/630/P-
03/001F (March 2005) 


TBC These guidelines provide guidance on 
conducting risk assessments involving 
carcinogens. 


Guidelines used to 
evaluate all risk 
assessments on 
carcinogenicity. 


Supplemental Guidance for 
Assessing Susceptibility 
from Early-Life Exposure 
to Carcinogens, 
EPA/630/R-03/003F 
(March 2005) 


TBC These guidelines provide guidance on 
conducting risk assessments involving 
carcinogens 


Guidelines used to 
evaluate all risk 
assessments on 
carcinogenicity in 
children. 


EPA Risk Reference Doses 
(RfDs) 


TBC RfDs are estimates of a daily exposure 
concentration that is likely to be without 
appreciable risk of deleterious effects during a 
lifetime exposure. 


RfDs used to 
characterize human 
health risks due to non-
carcinogens in site 
media. 


Human Health Assessment 
Cancer Slope Factors 
(CSFs) 


TBC CSFs are estimates of the upper-bound 
probability of an individual developing cancer 
as a result of a lifetime exposure to a particular 
concentration of a potential carcinogen. 


CSFs used to compute 
the individual 
incremental cancer risk 
resulting from exposure 
to carcinogens in site 
media. 


EPA Carcinogenic 
Assessment Group Potency 
Factors 


TBC These factors are used to evaluate an 
acceptable risk from a carcinogen. 


Used to evaluate 
carcinogenicity of 
dioxin. 


EPA Health Advisories TBC EPA publishes contaminant-specific health 
advisories that indicate the non-carcinogenic 
risks associated with consuming contaminated 
drinking water. 


Health Advisories used 
to establish criteria in 
the absence of other 
standards. 


Location-Specific ARARs 
Federal Requirements 
Fish and Wildlife 
Coordination Act 16 
U.S.C. 661, Fish and 
Wildlife Protection (40 
CFR Section 6.302(g)) 


Applicable Requires that a federal agency take action to 
prevent, mitigate, or compensate for project-
related losses of fish and wildlife resources.  
Encourages that any federal agency proposing 
to modify a body of water to consult with the 
U.S. Fish and Wildlife Service, National 
Marine Fisheries Service, and other related 
state agencies. 


Construction activities 
under this alternative in 
the Woonasquatucket 
River are subject to 
these requirements.  
Actions will be taken in 
accordance with these 
requirements. 
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Table 6-5. (continued) 


Requirement Status Synopsis 
Action to be 


Taken to Attain 
Requirement  


Location-Specific ARARs (cont) 
Federal Requirements (cont) 
Clean Water Act, Section 
404 Guidelines for 
discharge of dredged or fill 
material into waters of US 
(40 CFR Parts 230 and 231, 
33 CFR Parts 320-323, and 
33 CFR Part 332) 


Applicable Outlines requirements for the discharge of 
dredged or fill materials into surface waters, 
including wetlands.  Such discharges are not 
allowed if there are practicable alternatives with 
less adverse impact.  Sets standards for 
restoration and mitigation required as a result of 
unavoidable impacts to aquatic resources. 


Excavation, thin 
cover, dewatering, and 
nearshore CDF (and 
potentially upland 
CDF) subject to these 
requirements.  
Activities must be 
conducted in 
accordance with these 
requirements 
including but not 
limited to mitigation 
and/or restoration.  
Alternative must be 
evaluated to determine 
least damaging 
practicable alternative 
before it can be 
selected. 


Rivers and Harbors Act 
Section 10  (33 U.S.C. 
Section 403) 


Applicable Sets forth criteria for placing dams/structures in 
navigable waters of the U.S. 


Thin cover and 
nearshore CDF subject 
to these requirements.  
Activities must be 
conducted in 
accordance with these 
requirements. 


Protection of Wetlands 
(Executive Order 11990)  


TBC Federal agencies are required to avoid 
adversely impacting wetlands unless there is no 
practicable alternative and the proposed action 
includes all practicable measures to minimize 
harm to wetlands that may result from such use. 


An upland CDF 
containing wetlands 
can only be selected if 
there is no practicable 
alternative to 
destruction of 
wetlands. 


Floodplain Management 
(Executive Order 11988)  


TBC Federal agencies are required to avoid impacts 
associated with the occupancy and modification 
of a floodplain and avoid support of floodplain 
development wherever there is a practicable 
alternative. 


Nearshore CDF can 
only be selected if 
there is no practicable 
alternative to 
occupancy and 
modification of 
floodplain. 


State Requirements 
RIDEM Rules and 
Regulations for Hazardous 
Waste Management, 
Location Standards for 
Hazardous Waste Facilities 


R & A: 
Nearshore CDF 


Rhode Island is delegated to administer the 
federal RCRA statute through its state 
regulations.  The standards of 40 CFR 
264.18(b) are incorporated by reference.   
 
Facility located in 100-yr floodplain must be 
designed, constructed, operated and maintained 
to prevent washout of any hazardous waste by 
100-yr flood, unless demonstrate no adverse 
effects on human health or environment will 
result from washout. 


Nearshore CDF must 
be constructed in 
accordance with these 
requirements. 
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Table 6-5. (continued) 


Requirement Status Synopsis 
Action to be 


Taken to Attain 
Requirement 


Location-Specific ARARs (cont) 
State Requirements (cont) 
RIDEM Rules and 
Regulations Governing the 
Enforcement of the 
Freshwater Wetlands Act 
(December 2009) 


Applicable Sets requirements to prevent the undesirable 
drainage, excavation, filling, alteration, 
encroachment, or any other form of disturbance 
or destruction to a wetland. 


Activities required by 
RIDEM for 
remediation will be 
conducted in 
accordance with these 
requirements. 


Action-Specific ARARs 
Federal Requirements 
Clean Water Act 
Federal Water Quality 
Criteria, Section 304(a) 
40 CFR 131.11 1976, 1980, 
and 1986. 


Applicable Ambient Water Quality Criteria (AWQC) are 
provided by EPA for chemicals for both the 
protection of human health and the protection 
of aquatic life. 


Excavation, 
dewatering, thin 
cover, and nearshore 
CDF must be 
conducted so that 
there are no 
exceedances of 
AWQC.   


RCRA (40 CFR 264, 
Subpart AA) 


Applicable: 
On-site 
Incineration 


Air emission standards for process vents apply 
to process vents that manage hazardous wastes 
with organic concentrations of at least 10 parts 
per million by weight (ppmw).  
 


Should incinerator 
operations manage 
hazardous wastes with 
organic concentrations 
of at least 10 ppm by 
weight, vents operated 
as part of the system 
will comply with these 
requirements. 


RCRA (40 CFR 264, 
Subpart BB) 
 
 
 


Applicable: 
On-site 
Incineration 


Air emission standards for equipment leaks 
apply to equipment that contains or contacts 
hazardous wastes with organic concentrations 
of at least 10 percent by weight. 
 


Should equipment 
used in incineration 
come into contact with 
hazardous wastes 
containing organic 
concentrations of at 
least 10 percent by 
weight, these 
regulations will be 
followed.  
 


RCRA (40 CFR 264, 
Subpart CC)  
 


Applicable: 
Upland CDF 
On-site 
Incineration 
Off-site 
Disposal 


Air emission standards for tanks, surface 
impoundments, and containers used to manage 
hazardous waste.  Emission controls required if 
tanks, surface impoundments, and containers 
used to manage hazardous waste have greater 
than 500 ppmw of volatile organics.   


If tanks, surface 
impoundments, and 
containers used to 
manage hazardous 
waste have greater 
than 500 ppmw of 
volatile organics then 
these requirements 
will be met.   
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Table 6-5. (continued) 


Requirement Status Synopsis 
Action to be 


Taken to Attain 
Requirement 


Action-Specific ARARs (cont) 
Federal Requirements (cont) 
CAA National Emissions 
Standards for Hazardous 
Air Pollutants: Site 
remediation (40 CFR 63, 
Subpart GGGGG)   


 


Applicable: 
On-site 
Incineration 


Applicable to major sources of hazardous air 
pollutants conducting site remediation. 


On-site thermal 
treatment must meet 
these substantive 
requirements. 


RCRA Land Disposal 
Restrictions  (40 CFR 268) 


Applicable: 
Upland CDF 


These regulations identify treatment standards 
for hazardous wastes and specify requirements 
that generators, transporters, and owners or 
operators of treatment, storage, and disposal 
facilities that manage restricted wastes destined 
for land disposal must meet.


Material subject to 
these regulations 
placed in upland CDF 
must be treated to 
meet these 
requirements.


Invasive Species 
(Executive Order 13112) 


TBC Federal agencies are directed to prevent the 
introduction of invasive species and provide for 
their control and to minimize the economic, 
ecological, and human health impacts that 
invasive species cause when requiring actions 
that impact the environment. 


Actions will be taken 
to address invasive 
species consistent with 
the Executive Order. 


State Requirements 
RIDEM Rules and 
Regulations for Hazardous 
Waste Management 
Amendment Eff. 2/9/07 
Identification and Listing of 
Hazardous Wastes 


Applicable: 
Upland CDF 
On-site 
Incineration 
Off-site 
Disposal 


Rhode Island is delegated to administer the 
federal RCRA statute through its regulations.  
The standards of 40 Part 261 of RCRA are 
incorporated by reference.  Sets forth 
requirements for hazardous waste determination 
according to federal (40 CFR 262.11) and RI 
State (Rule 5.08) definitions. 


Used to determine 
appropriate disposal 
for contaminated 
sediment. 


RIDEM Rules and 
Regulations for Hazardous 
Waste Management, 
Section 9 (3/07) – 
Operation Requirements for 
Treatment, Storage, and 
Disposal Facilities 


Applicable: 
Upland CDF 
On-site 
incineration  
 
R & A: 
Nearshore CDF 


Outlines operational requirements for all 
hazardous waste treatment, storage, and 
disposal facilities, including general waste 
analyses, security procedures, inspections, 
safety, etc.  Sets design, construction, and 
operational requirements for hazardous waste 
containers and tanks, and closure requirements 
for hazardous waste facilities. 


Substantive 
requirements related 
to land disposal or on-
site incineration must 
be met. 


RIDEM Rules and 
Regulations for Hazardous 
Waste Management, 
Section 10 (3/07) – Land 
Disposal Facilities 


Applicable:  
Upland CDF 
 
R & A 
Nearshore CDF 


Outlines design, operational, and closure 
requirements for land disposal facilities. 


Substantive 
requirements related 
to land disposal must 
be met for CDFs 
constructed on site. 


RIDEM Rules and 
Regulations for Hazardous 
Waste Management, 
Section 11 (3/07) - 
Incinerators 


Applicable:  
On-site 
Incineration 


Outlines design, operational, and closure 
requirements for incinerator facilities. 


On-site incineration 
must be conducted to 
meet these substantive 
requirements. 


RIDEM Water Quality 
Regulations, 7/06 


Applicable Provides water classification for surface waters 
in Rhode Island and sets ambient water quality 
criteria for toxic substances and governs water 
quality impacts associated with site activities. 


Excavation, thin 
cover, dewatering 
(discharge of dredged 
return water) and 
nearshore CDF must 
be conducted so that 
there are no 
exceedances of water 
quality standards. 
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Table 6-5. (continued) 


Requirement Status Synopsis 
Action to be 


Taken to Attain 
Requirement 


Action-Specific ARARs (cont) 
State Requirements (cont) 
RI Air Pollution Control 
Regulation #1: Visible 
Emissions 
(8/67, Amended 7/07) 


Applicable Establishes opacity limitations for 
contaminant emissions. 


Remediation will be 
conducted to meet the 
standards for visible 
emissions. 


RI Air Pollution Control 
Regulation #5: Fugitive 
Dust, 7/19/07 


Applicable Requires that reasonable precaution be taken 
to prevent particulate matter from becoming 
airborne. 


Actions will be taken  
to prevent particulate 
matter from becoming 
airborne in 
accordance with these 
regulations  


RI Air Pollution Control 
Regulation #7: Emissions 
Detrimental to Persons or 
Property, 7/19/07 


Applicable Prohibits emissions of contaminants which 
may be injurious to human, plant, or animal 
life or cause damage to property or which 
unreasonably interfere with the enjoyment 
of life and property. 
 


Any potential 
emissions subject to 
these requirements 
will meet these 
standards.  


RI Air Pollution Control 
Regulation #15: Control of 
Organic Solvent 
Emissions, 7/19/07 


Applicable: 
On-site 
incineration 
 


Limits the amount of organic solvents 
emitted to the atmosphere 


Any emissions of 
organic solvents will 
be controlled to 
ensure that the 
standards are met.  


RI Air Pollution Control 
Regulation #22: Air 
Toxics (4/04) Air Toxics 
Guideline, and Air 
Modeling Guidelines 
(6/05), 7/19/07 


Applicable:  
On-site 
incineration 
 


Prohibits the emissions of specified 
contaminants that result in ground level 
concentrations greater than ambient level 
concentrations. 


Remediation will be 
conducted so that 
these requirements are 
met. 


  Key: 
R & A – Relevant and Appropriate; TBC – To Be Considered 
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Table 6-6. Typical Root Penetration Depths for Freshwater Emergent Plants 


Taxon Root Penetration 
(ft) References 


Common reed 1 ½ to 2 Gersberg et al., 1985 as cited in EPA, 1988, 
1993; Crites and Middlebrooks, 1995 as cited in 
Korkusuz 2005 


Cattail 1 
Bulrush 2 to 2 ½ 
Key: 
ft – feet 







Interim Final CMRP Feasibility Study Report 82 April 2010 


Table 6-7. Detailed Analysis of Allendale and Lyman Mill Sediment Alternative 8, Partial 
Excavation, Isolation Capping and Disposal and/or Treatment  


EVALUATION CRITERIA ALTERNATIVE ALLENDALE AND LYMAN MILL 
SEDIMENT- 8: PARTIAL EXCAVATION, ISOLATION 


CAPPING, AND DISPOSAL AND/OR TREATMENT 
OVERALL PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT 


Human Health Protection and 
Environment 


The removal of sediment from shallow areas and areas with 
high erosion potential would provide some protection by 
reducing concentrations in areas where exposure is most likely 
and reducing the risk of potential cap erosion.  Capping 
sediments would isolate the remaining contaminants from the 
environment and restrict potential contaminant migration.  The 
removal of resident fish from the ponds would effectively 
reduce the fish consumption risks to humans and piscivorous 
wildlife. 


COMPLIANCE WITH ARARS
Chemical-, Location-, and Action-
Specific 
 


ARARs specific to Alternative 8 are summarized in Table 6-8.   
Assuming that excavation involves more than a deminimis/ 
incidental discharge to surface water, Section 404 requirements 
are triggered by excavation.  In addition, the isolation cap (all 
options), the nearshore CDF (Option 8b) and possibly the 
upland CDF (Option 8a) also trigger Section 404 requirements.  
As a result, these actions must be evaluated to determine the 
least damaging practicable alternative.  State wetlands 
requirements will also need to be addressed. 
 
In addition, isolation capping and the nearshore CDF (Option 
8b) would require the permanent occupancy and modification 
of the floodplain.  According to Executive Order 11988, a 
determination would need to be made that there was no other 
practicable alternative before selecting this option as the 
preferred remedy. 
 
In addition, some of the sediment could require treatment if it 
exceeds the treatment standards set forth in the LDRs.  A 
treatability variance could be obtained to reduce the amount of 
treatment needed under Option 8a.  As long as the sediment is 
not dewatered first, or otherwise treated ex-situ, the sediment 
does not need to meet the treatment standards in the LDRs prior 
to disposal in a nearshore CDF (Option 8b) that is within the 
area of contamination. 
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Table 6-7. (continued) 


EVALUATION CRITERIA ALTERNATIVE ALLENDALE AND LYMAN MILL 
SEDIMENT- 8: PARTIAL EXCAVATION, ISOLATION 


CAPPING, AND DISPOSAL AND/OR TREATMENT 
LONG-TERM EFFECTIVENESS AND PERMANENCE 


Magnitude of Residual Risk Residual risk after the contaminated sediment is excavated and 
a cap is installed will be reduced, provided the cap is designed, 
constructed and maintained to provide long-term isolation of 
contaminants.  Where contamination remains under the cap in 
the river and contained on site in a controlled disposal facility 
(Options 8a and 8b), inherent hazard of waste also remains.  
Partial excavation would provide some risk reduction because 
sediment in the areas most susceptible to erosion or sediment 
with highest contamination would be removed and either 
contained in an engineered facility or treated by incineration. 


Adequacy and Reliability of Controls Reliability of a cap over contaminated sediment would be 
dependent upon monitoring, maintenance and ICs.  In addition, 
the cap is in a relatively stable depositional area and would 
provide reliable chemical isolation with the top layer of the cap 
designed to withstand erosion, although there are some 
reliability concerns because contamination is still located in the 
river/ponds. 
 
Long-term monitoring, maintenance, including maintenance of 
the dams, and ICs would be critical to control physical 
disturbances and protect the integrity of the cap or any type of 
on-site disposal facility (Options 8a and 8b) for the long-term 
effectiveness of this alternative. 


REDUCTION OF TOXICITY, MOBILITY, OR VOLUME 
Treatment Process Used and Materials 
Treated 


Options 8a and 8e assume some material will require treatment 
to meet LDRs.  Option 8d includes on-site incineration. 


Amount Destroyed or Treated Under Option 8a, approximately 4,100 cy of dewatered 
sediment would be treated (10% of the total dewatered 
volume).  Under Option 8d, approximately 64,400 cy of 
sediment would be excavated, dewatered, and treated.  Under 
Option 8e, approximately 21,000 cy of dewatered sediment 
would be treated (50% of the total dewatered volume) 


Degree of Expected Reductions of 
Toxicity, Mobility, or Volume 
Through Treatment 


There would be a reduction of toxicity, mobility, or volume of 
contamination by incineration under Options 8a (upland CDF), 
8d (on-site thermal treatment), and Option 8e (off-site disposal 
and/or treatment). 
 
There would be no reduction of toxicity, mobility, or volume of 
contamination through treatment under Option 8b, although the 
mobility of the contaminated sediment particles would be 
reduced by the isolation cap in both ponds and the disposal 
facility. 


Degree to Which Treatment is 
Irreversible 


For sediments that undergo thermal treatment (Options 8a, 8d, 
and 8e), the process is irreversible. 
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Table 6-7. (continued) 


EVALUATION CRITERIA ALTERNATIVE ALLENDALE AND LYMAN MILL 
SEDIMENT- 8: PARTIAL EXCAVATION, ISOLATION 


CAPPING, AND DISPOSAL AND/OR TREATMENT 
REDUCTION OF TOXICITY, MOBILITY, OR VOLUME 


Type and Quantity of Residuals 
Remaining After Treatment 


Excavation would produce no residuals.  For sediments that 
remain on site under the cap, there would be no residuals. 


Air emissions of contaminants or additional by-products 
produced during on- or off-site thermal treatment (Options 8a, 
8d and 8e) would be at levels below regulatory standards.  After 
incineration, the volume of inorganic sediment particles would 
be nearly the same as the pre-treatment volume, but 
concentrations of chemical contaminants would be below 
detection limits. 


SHORT-TERM EFFECTIVENESS 
Protection of Community During 
Remedial Action 


All of the options would present limited impacts to the 
community from construction.  Access to the work zone during 
excavation and capping activities would be prohibited, and 
engineering controls, dust suppression techniques, and site 
perimeter air (dust) monitoring will mitigate risks to the 
community.  An on-site incinerator under Option 8d would 
result in air emissions which would be monitored to ensure that 
they are below regulatory standards. 


Protection of Workers During 
Remedial Action 


Health and safety plans, emergency response plans, engineering 
controls (dust suppression), and personal protective equipment 
will be used during construction activities, mitigating risks to 
workers.   


Environmental Impacts Excavation and capping would result in destruction of the 
existing benthic habitat in both ponds and the elimination of the 
fish communities.  In addition, aquatic-dependent wildlife 
populations would be adversely affected until primary and 
secondary productivity in the ponds had become re-established 
which could take two to five years.  During pond lowering, 
there is the potential for downstream migration of contaminated 
sediment.  Cap placement could increase non-contaminated 
suspending solids. 


Time Until Remedial Action 
Objectives are Achieved 


RAOs are achieved immediately upon completion of remedy 
implementation, which is estimated to take approximately two 
years. 


IMPLEMENTABILITY 
Ability to Construct and Operate the 
Technology 


For all options, the very soft surface sediments would require 
the use of low-ground pressure equipment and hydraulic 
excavators.  Temporary haul roads would need to be 
constructed to provide access.  For Options 8a, 8d and 8e, an 
upland land area is required for sediment dewatering and water 
treatment.  Additional land is needed for a disposal facility 
under Option 8a.  Option 8d requires land for an incinerator.  
These properties may need to be acquired from private parties.   
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Table 6-7. (continued) 


EVALUATION CRITERIA ALTERNATIVE ALLENDALE AND LYMAN MILL 
SEDIMENT- 8: PARTIAL EXCAVATION, ISOLATION 


CAPPING, AND DISPOSAL AND/OR TREATMENT 
IMPLEMENTABILITY 


Reliability of the Technology Excavation and capping technologies are field proven 
technologies.  Sand caps have been successfully placed over 
soft sediment similar to those found at this site.  However, 
habitat restoration activities have historically had variable 
success rates.  CDFs are widely used and CDF construction and 
thermal treatment are proven technologies although they have 
greater reliability when located outside of floodplain areas. 


Ease of Undertaking Additional 
Remedial Actions, If Necessary 


This alternative would not preclude additional future remedial 
actions. 


Ability to Monitor the Effectiveness of 
Remedy 


The effectiveness of excavation and water quality protection 
measures could be monitored with routine testing.  A physical 
survey would be conducted at the completion of construction 
activities to confirm that the isolation cap was placed over the 
entire pond bottom and meets the design thickness. 
 
Long-term monitoring would be required to assess cap 
performance and recovery of biological communities, assess the 
impact of the remedial action on downstream areas, and 
determine if additional evaluations or clean-ups are warranted.  
It can be more difficult to monitor in a subaqueous 
environment.  The implementation of a long-term monitoring 
program and enforcement of ICs are critical to the success of 
this alternative.  Increased monitoring programs would be 
needed for the on-site containment (Options 8a and 8b) and 
treatment (Option 8d) options. 


Ability to Obtain Approvals and 
Coordinate with Other Agencies 


For those components with wetlands/404 impacts, these actions 
must be evaluated to determine the least damaging practicable 
alternative.  In addition, capping (all options) and the nearshore 
CDF (Option 8b) would take place in the waterway and would 
require the permanent occupancy and modification of the 
floodplain.  Thus, a determination must first be made 
concluding that there is no other practicable alternative.  For 
Option 8a, some low-value wetlands could be destroyed 
depending on the location of the CDF and a treatability 
variance may need to be obtained. 
 
Coordination with adjacent property owners, and appropriate 
federal, state, and local agencies would be required to 
implement ICs. 


Availability of Off-Site Treatment, 
Storage, and Disposal Services and 
Capacity 


Off-site landfill and treatment options are readily available 
Samples of dewatered sediment could be tested to determine if 
the material could be taken to a hazardous waste landfill 
without treatment. 


Availability of Necessary Equipment 
and Specialists 


Construction equipment and personnel are readily available.  
Thermal treatment equipment is commercially available. 
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Table 6-7. (continued) 


EVALUATION CRITERIA ALTERNATIVE ALLENDALE AND LYMAN MILL 
SEDIMENT- 8: PARTIAL EXCAVATION, ISOLATION 


CAPPING, AND DISPOSAL AND/OR TREATMENT 
IMPLEMENTABILITY


Availability of Technology Technology is common enough that required equipment and 
materials would be readily available. 


COST1 
Capital Cost Option 8a, On-site Upland CDF  $41,000,000


Option 8b, On-site Nearshore CDF   $32,000,000
Option 8d, On-site Thermal Treatment  $63,000,000
Option 8e, Off-site Disposal and/or Treatment  $62,000,000


Present Worth of Long-term 
Monitoring and Maintenance 


Option 8a, On-site Upland CDF  $4,500,000
Option 8b, On-site Nearshore CDF   $4,600,000
Option 8d, On-site Thermal Treatment  $4,100,000
Option 8e, Off-site Disposal and/or Treatment  $3,900,000


Total Present Worth Cost Option 8a, On-site Upland CDF  $45,000,000
Option 8b, On-site Nearshore CDF   $36,000,000
Option 8d, On-site Thermal Treatment  $67,000,000
Option 8e, Off-site Disposal and/or Treatment  $66,000,000


Notes: 
1Detailed cost estimates provided in Appendix J. 
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Table 6-8. Potential Applicable or Relevant and Appropriate Requirements (ARARs) and To Be 
Considered (TBC) Criteria for Allendale and Lyman Mill Sediment Alternative 8, Partial 


Excavation, Isolation Capping and Disposal and/or Treatment 


Requirement Status Synopsis 
Action to be 


Taken to Attain 
Requirement 


Chemical-Specific ARARs (there are no applicable State Requirements) 
Federal Requirements 
Clean Water Act 
Federal Water Quality 
Criteria, Section 304(a) 
40 CFR 131.11 1976, 1980, 
and 1986. 


R & A Ambient Water Quality Criteria (AWQC) are 
provided by EPA for chemicals for both the 
protection of human health and the protection 
of aquatic life. 


Contaminants that 
exceed AWQC in the 
Woonasquatucket 
River will be 
minimized to the 
extent practical. 


Guidelines for 
Carcinogenic Risk 
Assessment, EPA/630/P-
03/001F (March 2005) 


TBC These guidelines provide guidance on 
conducting risk assessments involving 
carcinogens. 


Guidelines used to 
evaluate all risk 
assessments on 
carcinogenicity. 


Supplemental Guidance for 
Assessing Susceptibility 
from Early-Life Exposure 
to Carcinogens, 
EPA/630/R-03/003F 
(March 2005) 


TBC These guidelines provide guidance on 
conducting risk assessments involving 
carcinogens 


Guidelines used to 
evaluate all risk 
assessments on 
carcinogenicity in 
children. 


EPA Risk Reference Doses 
(RfDs) 


TBC RfDs are estimates of a daily exposure 
concentration that is likely to be without 
appreciable risk of deleterious effects during a 
lifetime exposure. 


RfDs used to 
characterize human 
health risks due to 
non-carcinogens in 
site media. 


Human Health Assessment 
Cancer Slope Factors 
(CSFs) 


TBC CSFs are estimates of the upper-bound 
probability of an individual developing cancer 
as a result of a lifetime exposure to a particular 
concentration of a potential carcinogen. 


CSFs used to compute 
the individual 
incremental cancer 
risk resulting from 
exposure to 
carcinogens in site 
media. 


EPA Carcinogenic 
Assessment Group Potency 
Factors 


TBC These factors are used to evaluate an acceptable 
risk from a carcinogen. 


Used to evaluate 
carcinogenicity of 
dioxin. 


EPA Health Advisories TBC EPA publishes contaminant-specific health 
advisories that indicate the non-carcinogenic 
risks associated with consuming contaminated 
drinking water. 


Used to establish 
criteria in the absence 
of other standards.. 


Location-Specific ARARs 
Federal Requirements 
Fish and Wildlife 
Coordination Act 16 U.S.C. 
661, Fish and Wildlife 
Protection (40 CFR Section 
6.302(g)) 


Applicable Requires that a federal agency take action to 
prevent, mitigate, or compensate for project-
related losses of fish and wildlife resources.  
Encourages that any federal agency proposing 
to modify a body of water to consult with the 
U.S. Fish and Wildlife Service, National 
Marine Fisheries Service, and other related 
state agencies. 


Construction activities 
under this alternative 
in Woonasquatucket 
River are subject to 
these requirements.  
Actions will be taken 
in accordance with 
these requirements. 
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Table 6-8. (continued) 


Requirement Status Synopsis 
Action to be 


Taken to Attain 
Requirement 


Location-Specific ARARs (cont) 
Federal Requirements (cont) 
Clean Water Act, Section 
404 Guidelines for 
discharge of dredged or fill 
material into waters of US 
(40 CFR Parts 230 and 231, 
33 CFR Parts 320-323, and 
33 CFR Part 332) 


Applicable Outlines requirements for the discharge of 
dredged or fill materials into surface waters, 
including wetlands.  Such discharges are not 
allowed if there are practicable alternatives with 
less adverse impact.  Sets standards for 
restoration and mitigation required as a result of 
unavoidable impacts to aquatic resources. 


Excavation, isolation 
capping, dewatering 
and nearshore CDF 
(and potentially 
upland CDF) subject 
to these requirements.  
Activities must be 
conducted in 
accordance with these 
requirements 
including but not 
limited to mitigation 
and/or restoration.  
Alternative must be 
evaluated to determine 
least damaging 
practicable alternative 
before it can be 
selected.  


Rivers and Harbors Act 
Section 10  (33 U.S.C. 
Section 403) 


Applicable Sets forth criteria for placing dams/structures in 
navigable waters of the U.S. 


Isolation capping and 
nearshore CDF subject 
to these requirements.  
Activities must be 
conducted in 
accordance with these 
requirements  


Protection of Wetlands 
(Executive Order 11990) 


TBC Federal agencies are required to avoid 
adversely impacting wetlands unless there is no 
practicable alternative and the proposed action 
includes all practicable measures to minimize 
harm to wetlands that may result from such use. 


An upland CDF 
containing wetlands 
can only be selected if 
there is no practicable 
alternative to 
destruction of 
wetlands. 


Floodplain Management 
(Executive Order 11988)  


TBC Federal agencies are required to avoid impacts 
associated with the occupancy and modification 
of a floodplain and avoid support of floodplain 
development wherever there is a practicable 
alternative. 


Nearshore CDF can 
only be selected if 
there is no practicable 
alternative to 
occupancy and 
modification of 
floodplain. 


State Requirements    
RIDEM Rules and 
Regulations Governing the 
Enforcement of the 
Freshwater Wetlands Act 
(December 2009) 


Applicable Sets requirements to prevent the undesirable 
drainage, excavation, filling, alteration, 
encroachment, or any other form of disturbance 
or destruction to a wetland. 


Activities required by 
RIDEM for 
remediation will be 
conducted in 
accordance with these 
requirements. 
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Table 6-8. (continued) 


Requirement Status Synopsis 
Action to be 


Taken to Attain 
Requirement 


Location-Specific ARARs (cont) 
State Requirements (cont) 
RIDEM Rules and 
Regulations for Hazardous 
Waste Management, 
Location Standards for 
Hazardous Waste Facilities 


 R & A Rhode Island is delegated to administer the 
federal RCRA statute through its state 
regulations.  The standards of 40 CFR 
264.18(b) are incorporated by reference.   
 
Facility located in 100-yr floodplain must be 
designed, constructed, operated and maintained 
to prevent washout of any hazardous waste by 
100-yr flood, unless demonstrate no adverse 
effects on human health or environment will 
result from washout. 


Isolation cap and 
nearshore CDF must 
be constructed in 
accordance with these 
requirements 


Action-Specific ARARs 
Federal Requirements 
Clean Water Act 
Federal Water Quality 
Criteria, Section 304(a) 
40 CFR 131.11 1976, 1980, 
and 1986. 


Applicable Ambient Water Quality Criteria (AWQC) are 
provided by EPA for chemicals for both the 
protection of human health and the protection 
of aquatic life. 


Excavation, placement 
of cap, dewatering, 
and nearshore CDF 
must be conducted so 
that there are no 
exceedances of 
AWQC.   


RCRA (40 CFR 264, 
Subpart AA) 


Applicable: 
On-site 
Incineration 


Air emission standards for process vents apply 
to process vents that manage hazardous wastes 
with organic concentrations of at least 10 parts 
per million by weight (ppmw).  
 


Should incinerator 
operations manage 
hazardous wastes with 
organic concentrations 
of at least 10 ppm by 
weight, vents operated 
as part of the system 
will comply with these 
requirements. 


RCRA (40 CFR 264, 
Subpart BB) 
 
 
 


Applicable: 
On-site 
Incineration 


Air emission standards for equipment leaks 
apply to equipment that contains or contacts 
hazardous wastes with organic concentrations 
of at least 10 percent by weight. 
 


Should equipment 
used in incineration 
come into contact with 
hazardous wastes 
containing organic 
concentrations of at 
least 10 percent by 
weight, these 
regulations will be 
followed.  
 


RCRA (40 CFR 264, 
Subpart CC)  
 


Applicable: 
Upland CDF 
On-site 
Incineration 
Off-site 
Disposal 


Air emission standards for tanks, surface 
impoundments, and containers used to manage 
hazardous waste.  Emission controls required if 
tanks, surface impoundments, and containers 
used to manage hazardous waste have greater 
than 500 ppmw of volatile organics.   


If tanks, surface 
impoundments, and 
containers used to 
manage hazardous 
waste have greater 
than 500 ppmw of 
volatile organics then 
these requirements 
will be met.   
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Table 6-8. (continued) 


Requirement Status Synopsis 
Action to be 


Taken to Attain 
Requirement 


Action-Specific ARARs (cont) 
Federal Requirements (cont) 
CAA National Emissions 
Standards for Hazardous 
Air Pollutants: Site 
remediation (40 CFR 63, 
Subpart GGGGG)   
 


Applicable: 
On-site 
Incineration 


Applicable to major sources of hazardous air 
pollutants conducting site remediation. 


On-site thermal 
treatment must meet 
these substantive 
requirements. 


RCRA Land Disposal 
Restrictions  (40 CFR 268) 


Applicable: 
Upland CDF 


These regulations identify treatment standards 
for hazardous wastes and specify requirements 
that generators, transporters, and owners or 
operators of treatment, storage, and disposal 
facilities that manage restricted wastes destined 
for land disposal must meet. 


Material subject to 
these regulations 
placed in upland CDF 
must be treated to 
meet these 
requirements. 


Invasive Species 
(Executive Order 13112) 


TBC Federal agencies are directed to prevent the 
introduction of invasive species and provide for 
their control and to minimize the economic, 
ecological, and human health impacts that 
invasive species cause when requiring actions 
that impact the environment. 


Actions will be taken 
to address invasive 
species consistent with 
the Executive Order. 


State Requirements 
RIDEM Rules and 
Regulations for Hazardous 
Waste Management 
Amendment Eff. 2/9/07 
Identification and Listing of 
Hazardous Wastes 


Applicable: 
Upland CDF 
On-site 
incineration 
Off-site disposal 


Rhode Island is delegated to administer the 
federal RCRA statute through its regulations.  
The standards of 40 Part 261 of RCRA are 
incorporated by reference.  Sets forth 
requirements for hazardous waste determination 
according to federal (40 CFR 262.11) and RI 
State (Rule 5.08) definitions. 


Used to determine 
appropriate treatment 
and or disposal. 


RIDEM Rules and 
Regulations for Hazardous 
Waste Management, 
Section 9 (3/07) – 
Operation Requirements for 
Treatment, Storage, and 
Disposal Facilities 


Applicable: 
Upland CDF  
On-site 
incineration 
 
R & A: 
Nearshore CDF 


Outlines operational requirements for all 
hazardous waste treatment, storage, and 
disposal facilities, including general waste 
analyses, security procedures, inspections, 
safety, etc.  Sets design, construction, and 
operational requirements for hazardous waste 
containers and tanks, and closure requirements 
for hazardous waste facilities. 


Substantive 
requirements related 
to land disposal or 
incineration must be 
met. 


RIDEM Rules and 
Regulations for Hazardous 
Waste Management, 
Section 10 (3/07) – Land 
Disposal Facilities 


Applicable: 
Upland CDF 
 
R & A: 
Nearshore CDF 


Outlines design, operational, and closure 
requirements for land disposal facilities. 


Substantive 
requirements related 
to land disposal must 
be met for CDFs 
constructed on site. 


RIDEM Rules and 
Regulations for Hazardous 
Waste Management, 
Section 11 (3/07) - 
Incinerators 


Applicable: 
On-site 
incineration 


Outlines design, operational, and closure 
requirements for incinerator facilities. 


On-site thermal 
treatment must meet 
these substantive 
requirements. 
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Table 6-8. (continued) 


Requirement Status Synopsis Action to be Taken to 
Attain Requirement 


Action-Specific ARARs (cont) 
State Requirements (cont) 
RIDEM Water Quality 
Regulations, 7/06 


Applicable Provides water classification for surface 
waters in Rhode Island and sets ambient 
water quality criteria for toxic substances 
and governs water quality impacts 
associated with site activities. 


Excavation, placement of 
cap, dewatering (discharge 
of dredged return water) and 
nearshore CDF must be 
conducted so that there are 
no exceedances of water 
quality standards.   


RI Air Pollution Control 
Regulation #1: Visible 
Emissions 
(8/67, Amended 7/07) 
 


Applicable 
 
 


Establishes opacity limitations for 
contaminant emissions. 


Remediation will be 
conducted to meet the 
standards for visible 
emissions.  


RI Air Pollution Control 
Regulation #5: Fugitive 
Dust, 7/19/07 


Applicable Requires that reasonable precaution be taken 
to prevent particulate matter from becoming 
airborne. 


Actions will be taken to 
prevent particulate matter 
from becoming airborne in 
accordance with these 
regulations. 


RI Air Pollution Control 
Regulation #7: Emissions 
Detrimental to Persons or 
Property, 7/19/07 


Applicable Prohibits emissions of contaminants which 
may be injurious to human, plant, or animal 
life or cause damage to property or which 
unreasonably interfere with the enjoyment 
of life and property. 


Any potential emissions 
subject to these 
requirements will meet these 
standards. 


RI Air Pollution Control 
Regulation #15: Control of 
Organic Solvent 
Emissions, 7/19/07 


Applicable: 
On-site 
incineration 
 


Limits the amount of organic solvents 
emitted to the atmosphere 


Any emissions of organic 
solvents will be controlled 
to ensure that the standards 
are met.  


RI Air Pollution Control 
Regulation #22: Air 
Toxics (4/04) Air Toxics 
Guideline, and Air 
Modeling Guidelines 
(6/05), 7/19/07 


Applicable: 
On-site 
incineration 
 


Prohibits the emissions of specified 
contaminants that result in ground level 
concentrations greater than ambient level 
concentrations. 


Remediation will be 
conducted so that these 
requirements are met.   


Key: 
R & A – Relevant and Appropriate; TBC – To Be Considered 
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Table 6-9. Detailed Analysis of Allendale and Lyman Mill Sediment Alternative 10, Dam 
Replacement, Excavation and Disposal and/or Treatment  


EVALUATION CRITERIA ALTERNATIVE ALLENDALE AND LYMAN MILL 
SEDIMENT- 10: DAM REPLACEMENT, EXCAVATION, 


AND DISPOSAL AND/OR TREATMENT 
OVERALL PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT 


Human Health Protection and 
Environment 


The excavation and removal of sediments would provide high 
overall protection to human health and the environment by 
quickly reducing human health and ecological risk to 
acceptable levels.  In addition, the removal of resident fish from 
the ponds would effectively reduce the fish consumption risks 
to humans and piscivorous wildlife.  Removal of the sediment 
would prevent contaminant migration downstream due to 
erosion for Options 10a (upland CDF), 10d (on-site thermal 
treatment) and 10e (off-site disposal and/or treatment).  
However, contamination would remain in the floodplain for 
Option 10b (nearshore CDF) which would reduce its overall 
protection. 


COMPLIANCE WITH ARARS
Chemical-, Location-, and Action-
Specific 
 


ARARs specific to Alternative 10 are summarized in 
Table 6-10.  Assuming that excavation involves more than a 
deminimis/incidental discharge to surface water, Section 404 
requirements are triggered by excavation.  In addition, the 
nearshore CDF (Option 10a) and possibly upland CDF (Option 
10b), dam replacement and thin cover (all options) also trigger 
wetlands/Section 404 requirements.  As a result, these actions 
must be evaluated to determine the least damaging practicable 
alternative.  State wetlands requirements will also need to be 
addressed. 
 
Under Option 10b (on-site confinement in a nearshore CDF) a 
portion of the nearshore CDF would require the permanent 
occupancy and modification of the floodplain.  According to 
Executive Order 11988, a determination would need to be made 
that there was no other practicable alternative before selecting 
this option as the preferred remedy. 
 
In addition, some of the sediment could require treatment if it 
exceeds the treatment standards set forth in the LDRs.  A 
treatability variance could be obtained to reduce the amount of 
treatment needed under Option 10a.  As long as the sediment is 
not dewatered first, or otherwise treated ex-situ, the sediment 
does not need to meet the treatment standards in the LDRs prior 
to disposal in a nearshore CDF (Option 10b) that is within the 
area of contamination. 
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Table 6-9. (continued) 


EVALUATION CRITERIA ALTERNATIVE ALLENDALE AND LYMAN MILL 
SEDIMENT- 10: DAM REPLACEMENT, EXCAVATION, 


AND DISPOSAL AND/OR TREATMENT 
LONG-TERM EFFECTIVENESS AND PERMANENCE 


Magnitude of Residual Risk Excavation would remove contaminated sediment from the 
river to provide a very high level of risk reduction.  In order to 
meet the RAOs, a thin-layer cover may be placed on top of the 
sediment if post-excavation contaminant concentrations exceed 
the cleanup goals in some locations.  Inherent hazards would be 
further reduced for Options 10d and 10e because sediment 
would be incinerated on site or taken off site for disposal or 
treatment.  Inherent hazard would be somewhat higher for 
Option 10a because the contamination would remain on site, 
although in a secure upland disposal facility.  The inherent 
hazard would be highest for Option 10b because the 
contamination would remain in the floodplain, adjacent to the 
river, although also in a controlled disposal facility. 


Adequacy and Reliability of Controls Excavation would be effective in the long term because the 
contaminated sediment would be removed and either contained 
on site, destroyed, or shipped off site for disposal or treatment.  
This alternative can be reliable as long as long-term monitoring, 
maintenance and ICs are implemented for any type of on-site 
disposal facility (Options 10a and 10b).  Maintenance, 
monitoring, and ICs are particularly important for Option 10b 
because the inherent hazard remains in the floodplain adjacent 
to the river.  Inspections and long-term maintenance of the weir 
structure would also be required for Alternative 10 for any 
options where inherent hazard remains in the river or 
floodplain. 


REDUCTION OF TOXICITY, MOBILITY, OR VOLUME 
Treatment Process Used and Materials 
Treated 


Options 10a and 10e assume some material will require 
treatment to meet LDRs.  Option 10d includes an on-site 
incineration option. 


Amount Destroyed or Treated Under Option 10a, approximately 9,800 cy of dewatered 
sediment would be treated (10% of the total dewatered 
volume).  Under Option 10d, approximately 155,800 cy of 
sediment would be excavated, dewatered, and treated.  Under 
Option 10e, approximately 49,000 cy of dewatered sediment 
would be treated (50% of the total dewatered volume). 


Degree of Expected Reductions of 
Toxicity, Mobility, or Volume 
Through Treatment 


There would be a reduction in the toxicity, mobility, or volume 
of contamination from incineration under Options 10a, 10d, and 
10e.    
 
There would no treatment under Option 10b, although the 
mobility of the contaminated sediment particles would be 
reduced by the disposal facility. 


Degree to Which Treatment is 
Irreversible 


For sediments that undergo thermal treatment (Options 10a, 10d 
and 10e), the process is irreversible. 
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Table 6-9. (continued) 


EVALUATION CRITERIA ALTERNATIVE ALLENDALE AND LYMAN MILL 
SEDIMENT- 10: DAM REPLACEMENT, EXCAVATION, 


AND DISPOSAL AND/OR TREATMENT 
REDUCTION OF TOXICITY, MOBILITY, OR VOLUME 


Type and Quantity of Residuals 
Remaining After Treatment 


Excavation would produce no residuals. 
 
Air emissions of contaminants or additional by-products 
produced during on-site or off-site thermal treatment (Options 
10a, 10d and 10e) would be at levels below regulatory 
standards.  After incineration, the volume of inorganic sediment 
particles would be nearly the same as the pre-treatment volume, 
but concentrations of chemical contaminants would be below 
detection limits. 


SHORT-TERM EFFECTIVENESS 
Protection of Community During 
Remedial Action 


This alternative would permanently reduce the size of the 
waterbodies bordering adjacent property owners along the 
eastern shore of both ponds.  Depending on the specific 
disposal option selected, open water habitat would be replaced 
with either floodplain or an engineered containment structure.  
All of the options would present limited impacts to the 
community from construction.  Access to the work zone during 
excavation activities would be prohibited, and engineering 
controls, dust suppression techniques, and site perimeter air 
(dust) monitoring will mitigate risks to the community.  An on-
site incinerator under Option 10d would result in air emissions 
which would be monitored to ensure that they are below 
regulatory standards. 


Protection of Workers During 
Remedial Action 


Health and safety plans, emergency response plans, engineering 
controls (dust suppression), and personal protective equipment 
will be used during construction activities, mitigating risks to 
workers.   


Environmental Impacts Excavation would result in destruction of the existing benthic 
habitat in both ponds and the elimination of the fish 
communities.  In addition, aquatic-dependent wildlife 
populations would be adversely affected until primary and 
secondary productivity in the ponds becomes re-established 
which could take two to five years.  During pond lowering and 
dam replacement, there is the potential for downstream 
migration of contaminated sediment.   
 
Replacing the dams with a smaller weir structure would 
permanently reduce the size of the lacustrine (i.e., lake) habitat, 
increase the river riparian habitat and convert some aquatic 
habitat to floodplain habitat.  It may be difficult to predict fully 
the impact of replacement of the dams. 


Time Until Remedial Action 
Objectives are Achieved 


RAOs are achieved immediately upon completion of remedy 
implementation, which is estimated to take approximately two 
years. 
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Table 6-9. (continued) 


EVALUATION CRITERIA ALTERNATIVE ALLENDALE AND LYMAN MILL 
SEDIMENT- 10: DAM REPLACEMENT, EXCAVATION, 


AND DISPOSAL AND/OR TREATMENT 
IMPLEMENTABILITY 


Ability to Construct and Operate the 
Technology 


Replacement of the dams with weir structures involves standard 
construction equipment and civil engineering considerations.  
However, public opposition would have to be addressed. 
 
For all options, the very soft surface sediments would require 
the use of low-ground pressure equipment and hydraulic 
excavators.  Temporary haul roads would need to be 
constructed to provide access.  For Options 10a, 10d and 10e, 
an upland land area is required for sediment dewatering.  For 
Option 10a, additional land is needed for a disposal facility and 
Option 10d requires land for an incinerator.  This property may 
need to be acquired from private parties.  Increased monitoring 
would be needed for Options 10a, 10b and 10d relative to 
Option 10e.  


Reliability of the Technology Dam construction, excavation, and CDF construction 
technologies are field proven.  Excavation of soft sediments 
after lowering over-lying surface water has been successfully 
implemented at other contaminated sediment sites.  CDFs are 
widely used and CDF construction and thermal treatment are 
proven technologies.  However, a nearshore CDF under Option 
10b could present additional reliability concerns given that it 
would be located partially in the river. 


Ease of Undertaking Additional 
Remedial Actions, If Necessary 


This alternative would not preclude additional future remedial 
actions. 


Ability to Monitor the Effectiveness of 
Remedy 


The effectiveness of excavation and water quality protection 
measures could be monitored with routine testing.  
Confirmation sampling would be performed at the completion 
of construction activities to determine if the cleanup goals were 
achieved.  A thin-layer cover would be placed over areas where 
contamination is above the cleanup goals, even after 
excavation. 
 
Long-term monitoring would be required to assess recovery of 
biological communities, assess the impact of the remedial 
action on downstream areas, and determine if additional 
evaluations or clean-ups are warranted.  Increased monitoring 
would be needed for the on-site containment options (Options 
10a and 10b) and on-site treatment (Option 10d).  However, 
these monitoring programs would not present any unusual 
issues. 
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Table 6-9. (continued) 


EVALUATION CRITERIA ALTERNATIVE ALLENDALE AND LYMAN MILL 
SEDIMENT- 10: DAM REPLACEMENT, EXCAVATION, 


AND DISPOSAL AND/OR TREATMENT 
IMPLEMENTABILITY 


Ability to Obtain Approvals and 
Coordinate with Other Agencies 


Potential public opposition to replacing the dams with smaller 
weir structures would need to be addressed.  Local residents that 
live along the river may express concerns regarding replacing 
the dams, especially if it would result in a reduction of open 
water area (Option 10b).   
 
For those components with wetlands/404 impacts, these actions 
must be evaluated to determine the least damaging practicable 
alternative.  For Option 10a, some low-value wetlands could be 
destroyed depending on the location of the CDF and a 
treatability variance may need to be obtained.  For Option 10b, a 
portion of the CDF would require the permanent occupancy and 
modification of the floodplain, and a determination would need 
to be made concluding that there is no other practicable 
alternative before selecting this option.   
 
Coordination with adjacent property owners, and appropriate 
federal, state, and local agencies would be required to 
implement ICs. 


Availability of Off-Site Treatment, 
Storage, and Disposal Services and 
Capacity 


Off-site landfill and treatment options are readily available.  
Samples of the dewatered sediment could be tested to determine 
if the material could be taken to a hazardous waste landfill 
without treatment. 


Availability of Necessary Equipment 
and Specialists 


Excavation and CDF construction contractors and equipment are 
readily available.  Thermal treatment equipment is commercially 
available. 


Availability of Technology All materials, equipment, personnel, and services required to 
construct and operate this alternative are readily available. 


COST1


Capital Cost Option 10a, On-site Upland CDF  $59,000,000
Option 10b, On-site Nearshore CDF   $47,000,000
Option 10d, On-site Thermal Treatment  $116,000,000
Option 10e, Off-site Disposal and/or Treatment  $115,000,000


Present Worth of Long-term 
Monitoring and Maintenance 


Option 10a, On-site Upland CDF  $2,800,000
Option 10b, On-site Nearshore CDF   $3,000,000
Option 10d, On-site Thermal Treatment  $2,700,000
Option 10e, Off-site Disposal and/or Treatment  $2,500,000


Total Present Worth Cost Option 10a, On-site Upland CDF  $62,000,000
Option 10b, On-site Nearshore CDF   $50,000,000
Option 10d, On-site Thermal Treatment  $119,000,000
Option 10e, Off-site Disposal and/or Treatment  $117,000,000


Notes: 
1Detailed cost estimates provided in Appendix J. 
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Table 6-10. Potential Applicable or Relevant and Appropriate Requirements (ARARs) and To Be 
Considered (TBC) Criteria for Allendale and Lyman Mill Sediment Alternative 10, Dam 


Replacement, Excavation and Disposal and/or Treatment  


Requirement Status Synopsis 
Action to be 


Taken to Attain 
Requirement 


Chemical-Specific ARARs (there are no applicable State Requirements) 
Federal Requirements 
Clean Water Act 
Federal Water Quality 
Criteria, Section 304(a) 
40 CFR 131.11 1976, 1980, 
and 1986. 


R & A Ambient Water Quality Criteria (AWQC) are 
provided by EPA for chemicals for both the 
protection of human health and the protection 
of aquatic life. 


Contaminants that 
exceed AWQC in the 
Woonasquatucket 
River will be 
minimized to the extent 
practical. 


Guidelines for 
Carcinogenic Risk 
Assessment, EPA/630/P-
03/001F (March 2005) 


TBC These guidelines provide guidance on 
conducting risk assessments involving 
carcinogens. 


Guidelines used to 
evaluate all risk 
assessments on 
carcinogenicity. 


Supplemental Guidance for 
Assessing Susceptibility 
from Early-Life Exposure 
to Carcinogens, 
EPA/630/R-03/003F 
(March 2005) 


TBC These guidelines provide guidance on 
conducting risk assessments involving 
carcinogens 


Guidelines used to 
evaluate all risk 
assessments on 
carcinogenicity in 
children. 


EPA Risk Reference Doses 
(RfDs) 


TBC RfDs are estimates of a daily exposure 
concentration that is likely to be without 
appreciable risk of deleterious effects during a 
lifetime exposure. 


RfDs used to 
characterize human 
health risks due to non-
carcinogens in site 
media. 


Human Health Assessment 
Cancer Slope Factors 
(CSFs) 


TBC CSFs are estimates of the upper-bound 
probability of an individual developing cancer 
as a result of a lifetime exposure to a particular 
concentration of a potential carcinogen. 


CSFs used to compute 
the individual 
incremental cancer risk 
resulting from exposure 
to carcinogens in site 
media. 


EPA Carcinogenic 
Assessment Group Potency 
Factors 


TBC These factors are used to evaluate an 
acceptable risk from a carcinogen. 


Used to evaluate 
carcinogenicity of 
dioxin. 


EPA Health Advisories TBC EPA publishes contaminant-specific health 
advisories that indicate the non-carcinogenic 
risks associated with consuming contaminated 
drinking water. 


Health Advisories used 
to establish criteria in 
the absence of other 
standards. 


Location-Specific ARARs 
Federal Requirements 
Fish and Wildlife 
Coordination Act 16 
U.S.C. 661, Fish and 
Wildlife Protection (40 
CFR Section 6.302(g)) 


Applicable Requires that a federal agency take action to 
prevent, mitigate, or compensate for project-
related losses of fish and wildlife resources.  
Encourages that any federal agency proposing 
to modify a body of water to consult with the 
U.S. Fish and Wildlife Service, National 
Marine Fisheries Service, and other related 
state agencies. 


Construction activities 
under this alternative in 
the Woonasquatucket 
River are subject to 
these requirements.  
Actions will be taken in 
accordance with these 
requirements. 
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Table 6-10. (continued) 


Requirement Status Synopsis 
Action to be 


Taken to Attain 
Requirement  


Location-Specific ARARs (cont) 
Federal Requirements (cont) 
Clean Water Act, Section 
404 Guidelines for 
discharge of dredged or fill 
material into waters of US 
(40 CFR Parts 230 and 231, 
33 CFR Parts 320-323, and 
33 CFR Part 332) 


Applicable Outlines requirements for the discharge of 
dredged or fill materials into surface waters, 
including wetlands.  Such discharges are not 
allowed if there are practicable alternatives with 
less adverse impact.  Sets standards for 
restoration and mitigation required as a result of 
unavoidable impacts to aquatic resources. 


Dam replacement, 
excavation, thin cover, 
dewatering, and 
nearshore CDF (and 
potentially upland 
CDF) are subject to 
these requirements.  
Activities must be 
conducted in 
accordance with these 
requirements 
including but not 
limited to mitigation 
and/or restoration.  
Alternative must be 
evaluated to determine 
least damaging 
practicable alternative 
before it can be 
selected. 


Rivers and Harbors Act 
Section 10  (33 U.S.C. 
Section 403) 


Applicable Sets forth criteria for placing dams/structures in 
navigable waters of the U.S. 


Dam replacement, thin 
cover and nearshore 
CDF subject to these 
requirements.  
Activities must be 
conducted in 
accordance with these 
requirements. 


Protection of Wetlands 
(Executive Order 11990)  


TBC Federal agencies are required to avoid 
adversely impacting wetlands unless there is no 
practicable alternative and the proposed action 
includes all practicable measures to minimize 
harm to wetlands that may result from such use. 


This alternative can 
only be selected if 
there is no practicable 
alternative to 
destruction of 
wetlands. 


Floodplain Management 
(Executive Order 11988)  


TBC Federal agencies are required to avoid impacts 
associated with the occupancy and modification 
of a floodplain and avoid support of floodplain 
development wherever there is a practicable 
alternative. 


Nearshore CDF can 
only be selected if 
there is no practicable 
alternative to 
occupancy and 
modification of 
floodplain. 


State Requirements 
RIDEM Rules and 
Regulations for Hazardous 
Waste Management, 
Location Standards for 
Hazardous Waste Facilities 


R & A: 
Nearshore CDF 


Rhode Island is delegated to administer the 
federal RCRA statute through its state 
regulations.  The standards of 40 CFR 
264.18(b) are incorporated by reference.   
 
Facility located in 100-yr floodplain must be 
designed, constructed, operated and maintained 
to prevent washout of any hazardous waste by 
100-yr flood, unless demonstrate no adverse 
effects on human health or environment will 
result from washout. 


Nearshore CDF must 
be constructed in 
accordance with these 
requirements. 
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Table 6-10. (continued) 


Requirement Status Synopsis 
Action to be 


Taken to Attain 
Requirement 


Location-Specific ARARs (cont) 
State Requirements (cont) 
RIDEM Rules and 
Regulations Governing the 
Enforcement of the 
Freshwater Wetlands Act 
(December 2009) 


Applicable Sets requirements to prevent the undesirable 
drainage, excavation, filling, alteration, 
encroachment, or any other form of disturbance 
or destruction to a wetland. 


Activities required by 
RIDEM for 
remediation will be 
conducted in 
accordance with these 
requirements. 


Action-Specific ARARs 
Federal Requirements 
Clean Water Act 
Federal Water Quality 
Criteria, Section 304(a) 
40 CFR 131.11 1976, 1980, 
and 1986. 


Applicable Ambient Water Quality Criteria (AWQC) are 
provided by EPA for chemicals for both the 
protection of human health and the protection 
of aquatic life. 


Dam replacement, 
excavation, 
dewatering, thin 
cover, and nearshore 
CDF must be 
conducted so that 
there are no 
exceedances of 
AWQC.   


RCRA (40 CFR 264, 
Subpart AA) 


Applicable: 
On-site 
Incineration 


Air emission standards for process vents apply 
to process vents that manage hazardous wastes 
with organic concentrations of at least 10 parts 
per million by weight (ppmw).  
 


Should incinerator 
operations manage 
hazardous wastes with 
organic concentrations 
of at least 10 ppm by 
weight, vents operated 
as part of the system 
will comply with these 
requirements. 


RCRA (40 CFR 264, 
Subpart BB) 
 
 
 


Applicable: 
On-site 
Incineration 


Air emission standards for equipment leaks 
apply to equipment that contains or contacts 
hazardous wastes with organic concentrations 
of at least 10 percent by weight. 
 


Should equipment 
used in incineration 
come into contact with 
hazardous wastes 
containing organic 
concentrations of at 
least 10 percent by 
weight, these 
regulations will be 
followed.  
 


RCRA (40 CFR 264, 
Subpart CC)  
 


Applicable: 
Upland CDF 
On-site 
Incineration 
Off-site 
Disposal 


Air emission standards for tanks, surface 
impoundments, and containers used to manage 
hazardous waste.  Emission controls required if 
tanks, surface impoundments, and containers 
used to manage hazardous waste have greater 
than 500 ppmw of volatile organics.   


If tanks, surface 
impoundments, and 
containers used to 
manage hazardous 
waste have greater 
than 500 ppmw of 
volatile organics then 
these requirements 
will be met.   
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Table 6-10. (continued) 


Requirement Status Synopsis 
Action to be 


Taken to Attain 
Requirement 


Action-Specific ARARs (cont) 
Federal Requirements (cont) 
CAA National Emissions 
Standards for Hazardous 
Air Pollutants: Site 
remediation (40 CFR 63, 
Subpart GGGGG)   


 


Applicable: 
On-site 
Incineration 


Applicable to major sources of hazardous air 
pollutants conducting site remediation. 


On-site thermal 
treatment must meet 
these substantive 
requirements. 


RCRA Land Disposal 
Restrictions  (40 CFR 268) 


Applicable: 
Upland CDF 


These regulations identify treatment standards 
for hazardous wastes and specify requirements 
that generators, transporters, and owners or 
operators of treatment, storage, and disposal 
facilities that manage restricted wastes destined 
for land disposal must meet.


Material subject to 
these regulations 
placed in upland CDF 
must be treated to 
meet these 
requirements.


Invasive Species 
(Executive Order 13112) 


TBC Federal agencies are directed to prevent the 
introduction of invasive species and provide for 
their control and to minimize the economic, 
ecological, and human health impacts that 
invasive species cause when requiring actions 
that impact the environment. 


Actions will be taken 
to address invasive 
species consistent with 
the Executive Order. 


State Requirements 
RIDEM Rules and 
Regulations for Hazardous 
Waste Management 
Amendment Eff. 2/9/07 
Identification and Listing of 
Hazardous Wastes 


Applicable: 
Upland CDF 
On-site 
Incineration 
Off-site 
Disposal 


Rhode Island is delegated to administer the 
federal RCRA statute through its regulations.  
The standards of 40 Part 261 of RCRA are 
incorporated by reference.  Sets forth 
requirements for hazardous waste determination 
according to federal (40 CFR 262.11) and RI 
State (Rule 5.08) definitions. 


Used to determine 
appropriate disposal 
for contaminated 
sediment. 


RIDEM Rules and 
Regulations for Hazardous 
Waste Management, 
Section 9 (3/07) – 
Operation Requirements for 
Treatment, Storage, and 
Disposal Facilities 


Applicable: 
Upland CDF 
On-site 
incineration  
 
R & A: 
Nearshore CDF 


Outlines operational requirements for all 
hazardous waste treatment, storage, and 
disposal facilities, including general waste 
analyses, security procedures, inspections, 
safety, etc.  Sets design, construction, and 
operational requirements for hazardous waste 
containers and tanks, and closure requirements 
for hazardous waste facilities. 


Substantive 
requirements related 
to land disposal or on-
site incineration must 
be met. 


RIDEM Rules and 
Regulations for Hazardous 
Waste Management, 
Section 10 (3/07) – Land 
Disposal Facilities 


Applicable:  
Upland CDF 
 
R & A: 
Nearshore CDF 


Outlines design, operational, and closure 
requirements for land disposal facilities. 


Substantive 
requirements related 
to land disposal must 
be met for CDFs 
constructed on site. 


RIDEM Rules and 
Regulations for Hazardous 
Waste Management, 
Section 11 (3/07) - 
Incinerators 


Applicable:  
On-site 
Incineration 


Outlines design, operational, and closure 
requirements for incinerator facilities. 


On-site incineration 
must be conducted to 
meet these substantive 
requirements. 
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Table 6-10. (continued) 


Requirement Status Synopsis 
Action to be 


Taken to Attain 
Requirement 


Action-Specific ARARs (cont) 
State Requirements (cont) 
RIDEM Water Quality 
Regulations, 7/06 


Applicable Provides water classification for surface 
waters in Rhode Island and sets ambient 
water quality criteria for toxic substances 
and governs water quality impacts 
associated with site activities. 


Dam replacement, 
excavation, thin 
cover, dewatering 
(discharge of dredged 
return water) and 
nearshore CDF must 
be conducted so that 
there are no 
exceedances of water 
quality standards. 


RI Air Pollution Control 
Regulation #1: Visible 
Emissions 
(8/67, Amended 7/07) 
 


Applicable Establishes opacity limitations for 
contaminant emissions 


Remediation will be 
conducted to meet the 
standards for visible 
emissions. 


RI Air Pollution Control 
Regulation #5: Fugitive 
Dust, 7/19/07 


Applicable Requires that reasonable precaution be taken 
to prevent particulate matter from becoming 
airborne. 


Actions will be taken  
to prevent particulate 
matter from becoming 
airborne in 
accordance with these 
regulations  


RI Air Pollution Control 
Regulation #7: Emissions 
Detrimental to Persons or 
Property, 7/19/07 


Applicable Prohibits emissions of contaminants which 
may be injurious to human, plant, or animal 
life or cause damage to property or which 
unreasonably interfere with the enjoyment 
of life and property. 
 


Any potential 
emissions subject to 
these requirements 
will meet these 
standards.  


RI Air Pollution Control 
Regulation #15: Control of 
Organic Solvent 
Emissions, 7/19/07 


Applicable: 
On-site 
incineration 
 


Limits the amount of organic solvents 
emitted to the atmosphere 


Any emissions of 
organic solvents will 
be controlled to 
ensure that the 
standards are met.  


RI Air Pollution Control 
Regulation #22: Air 
Toxics (4/04) Air Toxics 
Guideline, and Air 
Modeling Guidelines 
(6/05), 7/19/07 


Applicable: 
On-site 
incineration 
 


Prohibits the emissions of specified 
contaminants that result in ground level 
concentrations greater than ambient level 
concentrations. 


Remediation will be 
conducted so that 
these requirements are 
met. 


  Key: 
R & A – Relevant and Appropriate; TBC – To Be Considered 







Interim Final CMRP Feasibility Study Report 102 April 2010 


Table 6-11. Detailed Analysis of Allendale and Lyman Mill Sediment Alternative 11, Dam 
Replacement, Partial Excavation, Isolation Capping and Disposal and/or Treatment  


EVALUATION CRITERIA ALTERNATIVE ALLENDALE AND LYMAN MILL 
SEDIMENT- 11: DAM REPLACEMENT, PARTIAL 


EXCAVATION, ISOLATION CAPPING, AND 
DISPOSAL AND/OR TREATMENT 


OVERALL PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT 
Human Health Protection (and 
Environment) 


The partial excavation of sediment from areas that would form 
the new smaller ponds and areas with high erosion potential 
would provide some protection by reducing concentrations in 
areas where erosion is more likely.  Capping sediments would 
isolate the remaining contaminants from the environment and 
reduce potential contaminant migration.  Option 11f would be 
less protective overall because contamination would be capped 
in place.  In addition, the removal of resident fish from the 
ponds would effectively reduce the fish consumption risks to 
humans and piscivorous wildlife. 


COMPLIANCE WITH ARARS
Chemical-, Location-, and Action-
Specific 
 
   


ARARs specific to Alternative 11 are summarized in  
Table 6-12.  Assuming that excavation involves more than a 
deminimis/incidental discharge to surface water, Section 404 
requirements are triggered by excavation.  In addition, dam 
replacement, the isolation cap, the nearshore CDF (Option 11b), 
consolidation (Option 11f) and possibly the upland CDF 
(Option 11) also trigger Section 404 requirements.  As a result, 
these actions must be evaluated to determine the least damaging 
practicable alternative.  State wetlands requirements will also 
need to be addressed. 
 
In addition, isolation capping (all options), the nearshore CDF 
(Option 11b) and consolidation (Option 11f) would require the 
permanent occupancy and modification of the floodplain.  
According to Executive Order 11988, a determination would 
need to be made that there was no other practicable alternative 
before selecting this option as the preferred remedy. 
 
In addition, some of the sediment could require treatment if it 
exceeds the treatment standards set forth in the LDRs.  A 
treatability variance could be obtained to reduce the amount of 
treatment needed under Option 11a.  As long as the sediment is 
not dewatered first, or otherwise treated ex-situ, the sediment 
does not need to meet the treatment standards in the LDRs prior 
to disposal in a nearshore CDF (Option 11b) that is within the 
area of contamination.  The same would be true for the on-site 
consolidation option (Option 11f).   
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Table 6-11. (continued) 


EVALUATION CRITERIA ALTERNATIVE ALLENDALE AND LYMAN MILL 
SEDIMENT- 11: DAM REPLACEMENT, PARTIAL 


EXCAVATION, ISOLATION CAPPING, AND 
DISPOSAL AND/OR TREATMENT 


LONG-TERM EFFECTIVENESS AND PERMANENCE 
Magnitude of Residual Risk Residual risk after the contaminated sediment is partially 


excavated and a cap is installed will be low, provided the cap is 
designed, constructed and maintained to provide long-term 
isolation of contaminants.  Sediment would be removed from 
areas with the highest potential for erosion and the cap would 
provide chemical isolation.  However, the inherent hazard 
would remain because most of the sediment would remain in 
the river and newly formed floodplain areas under the cap.  
Partial excavation would provide some risk reduction because 
sediment in the areas most susceptible to erosion would be 
removed and either contained in an engineered facility or 
treated by incineration. 


Adequacy and Reliability of Controls Reliability of a cap over contaminated sediment would be 
dependent upon monitoring, maintenance and ICs.  In addition, 
the cap is in a relatively stable depositional area and would 
provide reliable chemical isolation with the top layer of the cap 
designed to withstand erosion, although there are some 
reliability concerns because contamination is still located in the 
floodplain. 


Long-term monitoring, maintenance and ICs would be required 
to protect integrity of the cap, maintain any type of on-site 
disposal facility, and prevent other activities that could result in 
a release of contamination that remains in-place.    


Inspections and long-term maintenance of the weir structure 
would also be required for Alternative 11. 


REDUCTION OF TOXICITY, MOBILITY, OR VOLUME 
Treatment Process Used and Materials 
Treated 


Options 11a and 11e assume some material will require 
treatment to meet LDRs.  Option 11d includes on-site 
incineration. 


Amount Destroyed or Treated Under Option 11a, approximately 3,800 cy of dewatered 
sediment would be treated (10% of the total dewatered 
volume).  Under Option 11d, approximately 59,800 cy of 
sediment would be excavated, dewatered, and treated.  Under 
Option 11e, approximately 19,000 cy of dewatered sediment 
would be treated (50% of the total dewatered volume). 


Degree of Expected Reductions of 
Toxicity, Mobility, or Volume 
Through Treatment 


There would be a reduction of toxicity, mobility, or volume of 
contamination by incineration under Options 11a, 11d, and 11e. 


There would be no reduction of toxicity, mobility, or volume of 
contamination through treatment for Options 11b and 11f; 
however, the mobility of the contaminated sediment particles 
would be reduced by the isolation cap (all options) and disposal 
facility. 
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Table 6-11. (continued) 


EVALUATION CRITERIA ALTERNATIVE ALLENDALE AND LYMAN MILL 
SEDIMENT- 11: DAM REPLACEMENT, PARTIAL 


EXCAVATION, ISOLATION CAPPING, AND 
DISPOSAL AND/OR TREATMENT 


REDUCTION OF TOXICITY, MOBILITY, OR VOLUME 
Degree to Which Treatment is 
Irreversible 


For sediments that undergo thermal treatment (Options 11a, 11d 
and 11e), the process is irreversible. 


Type and Quantity of Residuals 
Remaining After Treatment 


Excavation would produce no residuals.  For sediments that 
remain on site under the cap, there would be no residuals. 


Air emissions of contaminants or additional by-products 
produced during on-site or off-site thermal treatment (Options 
11a, 11d and 11e) would be at levels below regulatory 
standards.  After incineration, the volume of inorganic sediment 
particles would be nearly the same as the pre-treatment volume, 
but concentrations of chemical contaminants would be below 
detection limits. 


SHORT-TERM EFFECTIVENESS 
Protection of Community During 
Remedial Action 


This alternative would permanently reduce the size of the 
waterbodies bordering adjacent property owners along the 
eastern shore of both ponds.  Depending on the specific 
disposal option selected, open water habitat would be replaced 
with either floodplain or an engineered containment structure.  
All of the options would present limited impacts to the 
community from construction.  Access to the work zone during 
excavation and capping activities would be prohibited, and 
engineering controls, dust suppression techniques, and site 
perimeter air (dust) monitoring will mitigate risks to the 
community.  An on-site incinerator under Option 11d would 
result in air emissions which would be monitored to ensure that 
they are below regulatory standards. 


Protection of Workers During 
Remedial Action 


Health and safety plans, emergency response plans, engineering 
controls (dust suppression), and personal protective equipment 
will be used during construction activities, mitigating risks to 
workers.   


Environmental Impacts Excavation would result in destruction of the existing benthic 
habitat in both ponds and the elimination of the fish 
communities.  In addition, aquatic-dependent wildlife 
populations would be adversely affected until primary and 
secondary productivity in the ponds has become re-established 
which could take two to five years.  During dam replacement 
and pond lowering, there is the potential for downstream 
migration of contaminated sediment. 


Replacing the dams with a smaller weir structure would 
permanently reduce the size of the lacustrine (i.e., lake) habitat, 
increase the river riparian habitat and convert some aquatic 
habitat to floodplain habitat.  It may be difficult to predict fully 
the impact of replacement of the dams. 
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Table 6-11. (continued) 


EVALUATION CRITERIA ALTERNATIVE ALLENDALE AND LYMAN MILL 
SEDIMENT- 11: DAM REPLACEMENT, PARTIAL 


EXCAVATION, ISOLATION CAPPING, AND 
DISPOSAL AND/OR TREATMENT 


SHORT-TERM EFFECTIVENESS 
Time Until Remedial Action 
Objectives are Achieved 


RAOs are achieved immediately upon completion of remedy 
implementation, which is estimated to take approximately one 
year for Option 11f (on-site consolidation) and upwards of two 
years for Options 11a, 11b, 11d, and 11e. 


IMPLEMENTABILITY 
Ability to Construct and Operate the 
Technology 


Replacement of the dams with weir structures involves standard 
construction equipment and civil engineering considerations.  
However, public opposition would have to be addressed. 
 
For all options, the very soft surface sediments would require 
the use of low-ground pressure equipment and hydraulic 
excavators.  Temporary haul roads would need to be 
constructed to provide access.  For Options 11a, 11d and 11e, 
an upland land area is required for the sediment dewatering.  
For Option 11a, additional land is needed for a disposal facility 
and Option 11d requires land for an incinerator.  These 
properties may need to be acquired from private parties.  
Increased monitoring would be needed for Options 11a, 11b, 
11d, and 11f relative to Option 11e.  


Reliability of the Technology Dam construction, excavation and capping technologies are 
field proven.  Sand caps have been successfully placed over soft 
sediment similar to those found at this site.  However, habitat 
restoration activities have historically had variable success 
rates.  CDFs are widely used and CDF construction and thermal 
treatment are proven technologies.  However, a nearshore CDF 
(Option 11b) and on-site consolidation (Option 11f) could 
present additional reliability concerns given that it would be 
located partially in the river/floodplain. 


Ease of Undertaking Additional 
Remedial Actions, If Necessary 


This alternative would not preclude additional future remedial 
actions. 
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Table 6-11. (continued) 


EVALUATION CRITERIA ALTERNATIVE ALLENDALE AND LYMAN MILL 
SEDIMENT- 11: DAM REPLACEMENT, PARTIAL 


EXCAVATION, ISOLATION CAPPING, AND 
DISPOSAL AND/OR TREATMENT 


IMPLEMENTABILITY 
Ability to Monitor the Effectiveness of 
Remedy 


The effectiveness of excavation and water quality protection 
measures could be monitored with routine testing.  A physical 
survey would be conducted at the completion of construction 
activities to confirm that the isolation cap was placed over the 
entire pond bottom and meets the design thickness. 
 
Long-term monitoring would be required to assess cap 
performance and recovery of biological communities, monitor 
the impact of the remedial action on downstream areas, and 
determine if additional evaluations or clean-ups are warranted.  
It can be more difficult to monitor in a subaqueous 
environment.  The implementation of a long-term monitoring 
program and enforcement of ICs are critical to the success of 
this alternative but should not present any unusual issues.  
Increased monitoring programs would be needed for the on-site 
containment (Options 11a, 11b and 11f) and treatment (Option 
11d) options. 


Ability to Obtain Approvals and 
Coordinate with Other Agencies 


Potential public opposition to replacing the dams with smaller 
weir structures would need to be addressed.  Local residents 
that live along the river may express concerns regarding 
replacing the dams, especially because this would result in a 
reduction of open water area.   
 
For those components with wetlands/404 impacts, these actions 
must be evaluated to determine the least damaging practicable 
alternative.  In addition, capping (all options) and the nearshore 
CDF and consolidation options (Options 11b and 11f) would 
constitute a permanent occupancy of the floodplain, and thus a 
determination must first be made concluding that there is no 
other practicable alternative.  For Option 11a, some low-value 
wetlands could be destroyed depending on the location of the 
CDF and a treatability variance may need to be obtained. 
 
Coordination with adjacent property owners, and appropriate 
federal, state, and local agencies would be required to 
implement ICs. 


Availability of Off-Site Treatment, 
Storage, and Disposal Services and 
Capacity 


Off-site landfill and treatment options are readily available.  It 
is assumed that the dewatered sediment could be tested to 
determine if the material could be taken to a hazardous waste 
landfill without treatment. 


Availability of Necessary Equipment 
and Specialists 


Construction equipment and personnel are readily available.  
Thermal treatment equipment is commercially available. 


Availability of Technology All materials, equipment, personnel, and services required to 
construct and operate this alternative are readily available. 
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Table 6-11. (continued) 


EVALUATION CRITERIA ALTERNATIVE ALLENDALE AND LYMAN MILL 
SEDIMENT- 11: DAM REPLACEMENT, PARTIAL 


EXCAVATION, ISOLATION CAPPING, AND 
DISPOSAL AND/OR TREATMENT 


COST1


Capital Cost Option 11a, On-site Upland CDF  $38,000,000
Option 11b, On-site Nearshore CDF   $32,000,000
Option 11d, On-site Thermal Treatment  $60,000,000
Option 11e, Off-site Disposal and/or Treatment  $59,000,000
Option 11f, On-site Consolidation $30,000,000


Present Worth of Long-term 
Monitoring and Maintenance 


Option 11a, On-site Upland CDF  $4,500,000
Option 11b, On-site Nearshore CDF   $4,600,000
Option 11d, On-site Thermal Treatment  $4,100,000
Option 11e, Off-site Disposal and/or Treatment  $3,900,000
Option 11f, On-site Consolidation $4,500,000


Total Present Worth Cost Option 11a, On-site Upland CDF  $42,000,000
Option 11b, On-site Nearshore CDF   $37,000,000
Option 11d, On-site Thermal Treatment  $64,000,000
Option 11e, Off-site Disposal and/or Treatment  $63,000,000
Option 11f, On-site Consolidation $35,000,000


Notes: 
1Detailed cost estimates provided in Appendix J. 
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Table 6-12. Potential Applicable or Relevant and Appropriate Requirements (ARARs) and To Be 
Considered (TBC) Criteria for Allendale and Lyman Mill Sediment Alternative 11, Dam 


Replacement, Partial Excavation, Isolation Capping and Disposal and/or Treatment  


Requirement Status Synopsis 
Action to be 


Taken to Attain 
Requirement 


Chemical-Specific ARARs (there are no applicable State Requirements) 
Federal Requirements 
Clean Water Act 
Federal Water Quality 
Criteria, Section 304(a) 
40 CFR 131.11 1976, 1980, 
and 1986. 


R & A Ambient Water Quality Criteria (AWQC) are 
provided by EPA for chemicals for both the 
protection of human health and the protection 
of aquatic life. 


Contaminants that 
exceed AWQC in the 
Woonasquatucket 
River will be 
minimized to the 
extent practical. 


Guidelines for 
Carcinogenic Risk 
Assessment, EPA/630/P-
03/001F (March 2005) 


TBC These guidelines provide guidance on 
conducting risk assessments involving 
carcinogens. 


Guidelines used to 
evaluate all risk 
assessments on 
carcinogenicity. 


Supplemental Guidance for 
Assessing Susceptibility 
from Early-Life Exposure 
to Carcinogens, 
EPA/630/R-03/003F 
(March 2005) 


TBC These guidelines provide guidance on 
conducting risk assessments involving 
carcinogens 


Guidelines used to 
evaluate all risk 
assessments on 
carcinogenicity in 
children. 


EPA Risk Reference Doses 
(RfDs) 


TBC RfDs are estimates of a daily exposure 
concentration that is likely to be without 
appreciable risk of deleterious effects during a 
lifetime exposure. 


RfDs used to 
characterize human 
health risks due to 
non-carcinogens in 
site media. 


Human Health Assessment 
Cancer Slope Factors 
(CSFs) 


TBC CSFs are estimates of the upper-bound 
probability of an individual developing cancer 
as a result of a lifetime exposure to a particular 
concentration of a potential carcinogen. 


CSFs used to compute 
the individual 
incremental cancer 
risk resulting from 
exposure to 
carcinogens in site 
media. 


EPA Carcinogenic 
Assessment Group Potency 
Factors 


TBC These factors are used to evaluate an acceptable 
risk from a carcinogen. 


Used to evaluate 
carcinogenicity of 
dioxin. 


EPA Health Advisories TBC EPA publishes contaminant-specific health 
advisories that indicate the non-carcinogenic 
risks associated with consuming contaminated 
drinking water. 


Used to establish 
criteria in the absence 
of other standards.. 


Location-Specific ARARs 
Federal Requirements 
Fish and Wildlife 
Coordination Act 16 U.S.C. 
661, Fish and Wildlife 
Protection (40 CFR Section 
6.302(g)) 


Applicable Requires that a federal agency take action to 
prevent, mitigate, or compensate for project-
related losses of fish and wildlife resources.  
Encourages that any federal agency proposing 
to modify a body of water to consult with the 
U.S. Fish and Wildlife Service, National 
Marine Fisheries Service, and other related 
state agencies. 


Construction activities 
under this alternative 
in Woonasquatucket 
River are subject to 
these requirements.  
Actions will be taken 
in accordance with 
these requirements. 
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Table 6-12. (continued) 


Requirement Status Synopsis 
Action to be 


Taken to Attain 
Requirement 


Location-Specific ARARs (cont) 
Federal Requirements (cont) 
Clean Water Act, Section 
404 Guidelines for 
discharge of dredged or fill 
material into waters of US 
(40 CFR Parts 230 and 231, 
33 CFR Parts 320-323, and 
33 CFR Part 332) 


Applicable Outlines requirements for the discharge of 
dredged or fill materials into surface waters, 
including wetlands.  Such discharges are not 
allowed if there are practicable alternatives with 
less adverse impact.  Sets standards for 
restoration and mitigation required as a result of 
unavoidable impacts to aquatic resources. 


Dam replacement, 
excavation, isolation 
capping, dewatering, 
nearshore CDF (and 
potentially upland 
CDF), and 
consolidation subject 
to these requirements.  
Activities must be 
conducted in 
accordance with these 
requirements 
including but not 
limited to mitigation 
and/or restoration.  
Alternative must be 
evaluated to determine 
least damaging 
practicable alternative 
before it can be 
selected.  


Rivers and Harbors Act 
Section 10  (33 U.S.C. 
Section 403) 


Applicable Sets forth criteria for placing dams/structures in 
navigable waters of the U.S. 


Dam replacement, 
isolation capping, and 
nearshore CDF  
subject to these 
requirements.  
Activities must be 
conducted in 
accordance with these 
requirements  


Protection of Wetlands 
(Executive Order 11990)  


TBC Federal agencies are required to avoid 
adversely impacting wetlands unless there is no 
practicable alternative and the proposed action 
includes all practicable measures to minimize 
harm to wetlands that may result from such use. 


This alternative can 
only be selected if 
there is no practicable 
alternative to 
destruction of 
wetlands. 


Floodplain Management 
(Executive Order 11988)  


TBC Federal agencies are required to avoid impacts 
associated with the occupancy and modification 
of a floodplain and avoid support of floodplain 
development wherever there is a practicable 
alternative. 


This alternative and 
nearshore CDF can 
only be selected if 
there is no practicable 
alternative to 
occupancy and 
modification of 
floodplain. 


State Requirements    
RIDEM Rules and 
Regulations Governing the 
Enforcement of the 
Freshwater Wetlands Act 
(December 2009) 


Applicable Sets requirements to prevent the undesirable 
drainage, excavation, filling, alteration, 
encroachment, or any other form of disturbance 
or destruction to a wetland. 


Activities required by 
RIDEM for 
remediation will be 
conducted in 
accordance with these 
requirements. 
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Table 6-12. (continued) 


Requirement Status Synopsis 
Action to be 


Taken to Attain 
Requirement 


Location-Specific ARARs (cont) 
State Requirements (cont) 
RIDEM Rules and 
Regulations for Hazardous 
Waste Management, 
Location Standards for 
Hazardous Waste Facilities 


 R & A Rhode Island is delegated to administer the 
federal RCRA statute through its state 
regulations.  The standards of 40 CFR 
264.18(b) are incorporated by reference.   
 
Facility located in 100-yr floodplain must be 
designed, constructed, operated and maintained 
to prevent washout of any hazardous waste by 
100-yr flood, unless demonstrate no adverse 
effects on human health or environment will 
result from washout. 


Isolation cap and 
nearshore CDF must 
be constructed in 
accordance with these 
requirements. 


Action-Specific ARARs 
Federal Requirements 
Clean Water Act 
Federal Water Quality 
Criteria, Section 304(a) 
40 CFR 131.11 1976, 1980, 
and 1986. 


Applicable Ambient Water Quality Criteria (AWQC) are 
provided by EPA for chemicals for both the 
protection of human health and the protection 
of aquatic life. 


Dam replacement, 
excavation, placement 
of cap, nearshore 
CDF, and 
consolidation must be 
conducted so that 
there are no 
exceedances of 
AWQC.   


RCRA (40 CFR 264, 
Subpart AA) 


Applicable: 
On-site 
Incineration 


Air emission standards for process vents apply 
to process vents that manage hazardous wastes 
with organic concentrations of at least 10 parts 
per million by weight (ppmw).  
 


Should incinerator 
operations manage 
hazardous wastes with 
organic concentrations 
of at least 10 ppm by 
weight, vents operated 
as part of the system 
will comply with these 
requirements. 


RCRA (40 CFR 264, 
Subpart BB) 
 
 
 


Applicable: 
On-site 
Incineration 


Air emission standards for equipment leaks 
apply to equipment that contains or contacts 
hazardous wastes with organic concentrations 
of at least 10 percent by weight. 
 


Should equipment 
used in incineration 
come into contact with 
hazardous wastes 
containing organic 
concentrations of at 
least 10 percent by 
weight, these 
regulations will be 
followed.  
 


RCRA (40 CFR 264, 
Subpart CC)  
 


Applicable: 
Upland CDF 
On-site 
Incineration 
Off-site 
Disposal 


Air emission standards for tanks, surface 
impoundments, and containers used to manage 
hazardous waste.  Emission controls required if 
tanks, surface impoundments, and containers 
used to manage hazardous waste have greater 
than 500 ppmw of volatile organics.   


If tanks, surface 
impoundments, and 
containers used to 
manage hazardous 
waste have greater 
than 500 ppmw of 
volatile organics then 
these requirements 
will be met.   
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Table 6-12. (continued) 


Requirement Status Synopsis 
Action to be 


Taken to Attain 
Requirement 


Action-Specific ARARs (cont) 
Federal Requirements (cont) 
CAA National Emissions 
Standards for Hazardous 
Air Pollutants: Site 
remediation (40 CFR 63, 
Subpart GGGGG)   
 


Applicable: 
On-site 
Incineration 


Applicable to major sources of hazardous air 
pollutants conducting site remediation. 


On-site thermal 
treatment must meet 
these substantive 
requirements. 


RCRA Land Disposal 
Restrictions  (40 CFR 268) 


Applicable: 
Upland CDF 


These regulations identify treatment standards 
for hazardous wastes and specify requirements 
that generators, transporters, and owners or 
operators of treatment, storage, and disposal 
facilities that manage restricted wastes destined 
for land disposal must meet. 


Material subject to 
these regulations 
placed in upland CDF 
must be treated to 
meet these 
requirements. 


Invasive Species 
(Executive Order 13112) 


TBC Federal agencies are directed to prevent the 
introduction of invasive species and provide for 
their control and to minimize the economic, 
ecological, and human health impacts that 
invasive species cause when requiring actions 
that impact the environment. 


Actions will be taken 
to address invasive 
species consistent with 
the Executive Order. 


State Requirements 
RIDEM Rules and 
Regulations for Hazardous 
Waste Management 
Amendment Eff. 2/9/07 
Identification and Listing of 
Hazardous Wastes 


Applicable: 
Upland CDF 
On-site 
incineration 
Off-site disposal 


Rhode Island is delegated to administer the 
federal RCRA statute through its regulations.  
The standards of 40 Part 261 of RCRA are 
incorporated by reference.  Sets forth 
requirements for hazardous waste determination 
according to federal (40 CFR 262.11) and RI 
State (Rule 5.08) definitions. 


Used to determine 
appropriate treatment 
and or disposal 


RIDEM Rules and 
Regulations for Hazardous 
Waste Management, 
Section 9 (3/07) – 
Operation Requirements for 
Treatment, Storage, and 
Disposal Facilities 


Applicable: 
Upland CDF  
On-site 
incineration 
 
R & A: 
Nearshore CDF 
Consolidation 
Isolation 
Capping 


Outlines operational requirements for all 
hazardous waste treatment, storage, and 
disposal facilities, including general waste 
analyses, security procedures, inspections, 
safety, etc.  Sets design, construction, and 
operational requirements for hazardous waste 
containers and tanks, and closure requirements 
for hazardous waste facilities. 


Substantive 
requirements related 
to land disposal, 
incineration, or 
closure must be met. 


RIDEM Rules and 
Regulations for Hazardous 
Waste Management, 
Section 10 (3/07) – Land 
Disposal Facilities 


Applicable: 
Upland CDF 
 
R & A: 
Nearshore CDF 
Consolidation 
Isolation 
Capping 


Outlines design, operational, and closure 
requirements for land disposal facilities. 


Substantive 
requirements related 
to land disposal, 
incineration, or 
closure must be met. 


RIDEM Rules and 
Regulations for Hazardous 
Waste Management, 
Section 11 (3/07) - 
Incinerators 


Applicable: 
On-site 
incineration 


Outlines design, operational, and closure 
requirements for incinerator facilities. 


On-site thermal 
treatment must meet 
these substantive 
requirements. 
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Table 6-12. (continued) 


Requirement Status Synopsis Action to be Taken to 
Attain Requirement 


Action-Specific ARARs (cont) 
State Requirements (cont) 
RIDEM Water Quality 
Regulations, 7/06 


Applicable Provides water classification for surface 
waters in Rhode Island and sets ambient 
water quality criteria for toxic substances 
and governs water quality impacts 
associated with site activities. 


Dam replacement, 
excavation, placement of 
cap, dewatering (discharge 
of dredged return water), 
nearshore CDF, and 
consolidation must be 
conducted so that there are 
no exceedances of water 
quality standards.   


RI Air Pollution Control 
Regulation #1: Visible 
Emissions 
(8/67, Amended 7/07) 
 


Applicable  
 
 


Establishes opacity limitations for 
contaminant emissions 


Remediation will be 
conducted to meet the 
standards for visible 
emissions.  


RI Air Pollution Control 
Regulation #5: Fugitive 
Dust, 7/19/07 


Applicable Requires that reasonable precaution be taken 
to prevent particulate matter from becoming 
airborne. 


Actions will be taken to 
prevent particulate matter 
from becoming airborne in 
accordance with these 
regulations. 


RI Air Pollution Control 
Regulation #7: Emissions 
Detrimental to Persons or 
Property, 7/19/07 


Applicable  Prohibits emissions of contaminants which 
may be injurious to human, plant, or animal 
life or cause damage to property or which 
unreasonably interfere with the enjoyment 
of life and property. 
 


Any potential emissions 
subject to these 
requirements will meet these 
standards. 


RI Air Pollution Control 
Regulation #15: Control of 
Organic Solvent 
Emissions, 7/19/07 


Applicable:  
On-site 
incineration 
 


Limits the amount of organic solvents 
emitted to the atmosphere 


Any emissions of organic 
solvents will be controlled 
to ensure that the standards 
are met.  


RI Air Pollution Control 
Regulation #22: Air 
Toxics (4/04) Air Toxics 
Guideline, and Air 
Modeling Guidelines 
(6/05), 7/19/07 


Applicable: 
On-site 
incineration 
 


Prohibits the emissions of specified 
contaminants that result in ground level 
concentrations greater than ambient level 
concentrations. 


Remediation will be 
conducted so that these 
requirements are met.   


Key: 
R & A – Relevant and Appropriate; TBC – To Be Considered
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Table 6-13. Key Features of the Allendale and Lyman Mill Reach Sediment Alternatives 


Alternative 
Present 
Worth 
Cost 


Remediation 
Area (acres) 


Excavation 
Volume (cy) 


Difference 
in Habitat 


(acres) 


Residual Risk1 Estimated 
Time to 
RAOs 


RME 
Cancer2 


HI 
Immune2,3 


HI 
Ecological4 


1 - No Action $450K — — — 


5.E-03 
(Allendale) 


 
6.E-03 
(Lyman 


Mill) 


30 
(Allendale) 


 
30 (Lyman 


Mill) 


20-70 
(Allendale) 


 
10-100 
(Lyman 


Mill) 


Unknown 


7 - 
Excavation 
and Disposal 
and/or 
Treatment  


Option 7a $61M Excavate: 39 
Total: 39 155,800 — 


5.E-05 
(Allendale) 


 
6.E-05 


(Lyman 
Mill) 


0.8 
(Allendale) 


 
0.8 (Lyman 


Mill) 
 
 


0.04-30 
(Allendale) 


 
0.5-60 


(Lyman 
Mill) 


2 years Option 7b $47M 
Excavate: 28 


CDF: 11 
Total: 39 


123,500 -11 AQ; 
+11UP 


Option 7d $118M Excavate: 39 
Total: 39 155,800 — 


Option 7e $116M — 


8 - Partial 
Excavation, 
Isolation 
Capping and 
Disposal 
and/or 
Treatment 


Option 8a $45M 
 Excavate: 26 


Isolation Cap: 39 
Total: 39 


64,400 — 


2 years Option 8b $36M 


Excavate: 23 
Isolation Cap: 34 


CDF: 5 
Total: 39 


56,500 -5 AQ; 
+5 UP 


Option 8d $67M Excavate: 26 
Isolation Cap: 39 


Total: 39 
64,400 


— 


Option 8e $66M — 
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Table 6-13. (continued) 


Alternative 
Present 
Worth 
Cost 


Remediation 
Area (acres) 


Excavation 
Volume (cy) 


Difference 
in Habitat 


(acres) 


Residual Risk1 Estimated 
Time to 
RAOs 


RME 
Cancer2 


HI 
Immune2,3 


HI 
Ecological4 


10 - Dam 
Replacement, 
Excavation 
and Disposal 
and/or 
Treatment 


Option 10a $62M Excavate: 39 
Total: 39 155,800 


-5 AQ; 
+5 FP/ 


WET 


5.E-05 
(Allendale) 


 
6.E-05 


(Lyman 
Mill) 


0.8 
(Allendale) 


 
0.8 (Lyman 


Mill) 
 
 


0.04-30 
(Allendale) 


 
0.5-60 


(Lyman 
Mill) 


2 years Option 10b $50M 
Excavate: 26 


CDF: 13 
Total: 39 


111,800 


-18 AQ; 
+5 FP/ 
WET, 


+13 UP 
Option 10d $119M Excavate: 39 


Total: 39 155,800 
-5 AQ; 
+5 FP/ 


WET Option 10e $117M 


11 - Dam 
Replacement, 
Partial 
Excavation, 
Isolation 
Capping and 
Disposal 
and /or 
Treatment 


Option 11a $42M 
Excavate:16 


Isolation Cap: 23 
Total: 39 


59,800 


-23 AQ; 
+23 FP/ 


WET 


1 year 
(Option 


11f) 
 


2 years (all 
other 


options) 


Option 11b $37M 


Excavate:16 
Isolation Cap/ 


CDF: 23 
Total: 39 


-23 AQ; 
+ 11 FP/ 


WET, 
+12 UP 


Option 11d $64M Excavate:16 
Isolation Cap:23 


Total: 39 


-23 AQ; 
+23 FP/ 


WET Option 11e $63M 


Option 11f $35M 


Excavate: 16 
Isolation Cap: 23 


Total: 39 


-23 AQ; 
+ 11 FP/ 


WET, 
+12 UP 


Notes: 
1Residual risks are those risks that remain following attainment of the cleanup objectives; residual risks for No Action are based on current conditions. 
2Based on receptor at highest risk, i.e., Resident Living Along the River; summary of information in Tables 6-14 and 6-15 and in Appendix K.  
3 Residual risk for action-based alternatives calculated using estimated regional background values derived by excluding elevated upriver background results collected 
between the Smithfield Wastewater Treatment Plant and Route 44. 
4Summary of information presented in Tables 6-14 and 6-15. 


Key 
AQ – Aquatic; FP/WET – Floodplain/Wetland; UP – Upland; CDF – Confined Disposal Facility; Option a – On-site Containment in Upland CDF; Option b – On-site 
Containment in Nearshore CDF; Option d – On-site Thermal Treatment; Option e – Off-site Disposal and/or Treatment; Option f – On-site Consolidation  
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Table 6-14a. Summary of Residual Risks1 for Human Health, 
Allendale Reach Sediment Alternative 1-No Action2 


 
Sediment Contact and Sediment Associated Fish Consumption 


for a Resident Living Along the River 
 


Carcinogenic  
Contaminant 


Cancer 
Classification Basis No Action RME 


Risk 


Benzo(a)pyrene B2 Risk 1.E-05 A 
Dibenz(a,h)anthracene B2 Risk 5.E-06 A 
Dieldrin B2 Risk 1.E-05 B 
Technical Chlordane B2 Risk 2.E-05 B 
Aroclor 1254 B2 Risk 3.E-04 B 
Aroclor 1268 B2 Risk 5.E-06 B 
Arsenic A Risk 2.E-06 A 
2,3,7,8-Tetrachlorodibenzo-p-dioxin B2 Risk 4.E-03 C 
Coplanar PCBs (TEQ) B2 Risk 4.E-04 C 
  Sum of Carcinogenic Risk 5.E-03 


Non-Carcinogenic  
Contaminant 


Target  
Endpoint Basis No Action RME 


Hazard Index 


Benzo(a)pyrene Kidney Risk 0.0003 A 
Dibenz(a,h)anthracene Kidney Risk 0.0002 A 
Dieldrin Liver Risk 0.05 B 
Technical Chlordane Liver Risk 0.3 B 
Aroclor 1254 Immune system Risk 28 B 
Aroclor 1268 Immune system Risk 0.4 B 
Arsenic Skin Risk 0.04 A 
2,3,7,8-Tetrachlorodibenzo-p-dioxin -- Risk -- D 
Coplanar PCBs (TEQ) -- Risk -- D 


  HI Kidney 0.0005 
  HI Liver 0.4 
  HI Immune System 30 
  HI Skin 0.04 


 
Notes: 
1Residual risks are those risks that remain following attainment of the cleanup objectives. 
2Residual risks for No Action are based on current risks. 


Key: 
A - No action cancer risk and/or hazard index for direct contact. 
B - No action cancer risk and/or hazard index for fish consumption. 
C - No action cancer risk and/or hazard index for fish consumption and direct contact. 
D - RME no action Hazard Index not calculated for this compound due to lack of noncarcinogenic toxicity data. 
HI - Hazard Index 
RME - Reasonable Maximum Exposure 
PCB - polychlorinated biphenyl 
TEQ - toxic equivalent 
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Table 6-14b. Summary of Residual Risks1 for Human Health, 
Allendale Reach Sediment Action-Based Alternatives (Alternatives 7, 8, 10, and 11) 


 
Sediment and Sediment Associated Fish Consumption 


for a Resident Living Along the River 
 


Carcinogenic  
Contaminant 


Cancer 
Classification 


Sediment 
Cleanup Goal 


(mg/Kg) 
Basis RME Residual 


Cancer Risk 


Benzo(a)pyrene B2 1.4 Background 4.E-06 A 
Dibenz(a,h)anthracene B2 0.97 Background 2.E-06 A 
Dieldrin B2 0.0026 Background 2.E-06 B 
Technical Chlordane B2 0.4 Background 8.E-06 B 
Aroclor 1254 B2 0.031 Background2 8.E-06 B 
Aroclor 1268 B2 0.023 Background2 2.E-06 B 
Arsenic A 3.9 Background 1.E-06 A 
2,3,7,8-Tetrachlorodibenzo-p-dioxin B2 0.000015 Background 3.E-05 C 
Coplanar PCBs (TEQ) B2 0.000025 Background -- D 


 Sum of Carcinogenic Risk 5.E-05  


Non-Carcinogenic  
Contaminant 


Target  
Endpoint 


Sediment 
Cleanup Goal 


(mg/Kg) 
Basis RME Residual 


Hazard Index 


Benzo(a)pyrene Kidney 1.4 Background 0.0001 A 
Dibenz(a,h)anthracene Kidney 0.97 Background 0.00008 A 
Dieldrin Liver 0.0026 Background 0.007 B 
Technical Chlordane Liver 0.4 Background 0.1 B 
Aroclor 1254 Immune system 0.031 Background2 0.7 B 
Aroclor 1268 Immune system 0.023 Background2 0.1 B 
Arsenic Skin 3.9 Background 0.03 A 
2,3,7,8-Tetrachlorodibenzo-p-dioxin -- 0.000015 Background -- E 
Coplanar PCBs (TEQ) -- 0.000025 Background -- E 


  HI Kidney 0.00008  
  HI Liver 0.2  


 HI Immune System 0.8  
  HI Skin 0.03  


Notes: 
1Residual risks are those risks that remain following attainment of the cleanup objectives. 
2Estimated regional background values derived by excluding elevated upriver background results collected between the 
Smithfield Wastewater Treatment Plant and Route 44. 


Key: 
A - Residual cancer risk and/or hazard index for direct contact. 
B - Residual cancer risk and/or hazard index for fish consumption. 
C - Residual cancer risk and/or hazard index for fish consumption and direct contact. 
D – Residual cancer risk and/or hazard index not calculated for Coplanar PCBs due to highly uncertain BSAFs.  Use of this 
Cleanup Goal with the existing BSAFs would be inconsistent with the previously calculated risk at Greystone Mill Pond (the 
background area). 
E – RME Residual Hazard Index not calculated for this compound due to lack of noncarcinogenic toxicity data. 
HI - Hazard Index 
RME - Reasonable Maximum Exposure 
mg/kg - milligrams/kilogram 
PCB - polychlorinated biphenyl 
TEQ - toxic equivalent 
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Table 6-14c. Summary of Residual Risks1 for Ecological Health, 
Allendale Reach Sediment Alternative 1-No Action2 


 
Sediment Contact and Sediment Associated Prey Consumption by Ecological Receptors 


 


 
Contaminanta 


Current 
Conditionsb 


(mg/Kg) 


 
Basis 


Residual Hazard Quotientsc 


Demersal Fishd Pelagic Fishd Piscivorous 
Wildlifee 


Insectivorous 
Wildlifef 


2.3.7.8-TCDD 0.0058 Risk 15 A N/A   19 C 15 D 
Aroclor 1254 1.5 Risk 6.8 A N/A   4.7 C -   
Total Aroclors 1.53 Risk -   N/A   14 C -   
Technical Chlordane 0.515 Risk 34 A N/A   -   -   
Selenium 1.1 Risk 2.6 A N/A   -   -   
Zinc 354 Risk 7.3 A N/A   -   -   


HI 70   -   40   20   


Notes: 
1Residual risks are those risks that remain following attainment of the cleanup objectives. 
2Residual risks for No Action are based on current risks. 
a. Comprehensive list of all sediment contaminants identified for ecological receptors; see Table 1-1 in the Interim Final PRG (Part II) report (MACTEC, 2005). 
b. Sediment Exposure Point Concentrations (EPCs) obtained from Table 27 in the BERA (MACTEC, 2004). 
c. Calculated by dividing the remediation goal by the PRG for the most sensitive measurement endpoint for each receptor category. 
d. Sediment concentrations protective of demersal and pelagic fish were derived using: (A) literature-derived CBR and (B) site-specific ELS thresholds; the basis (i.e., 


most protective of available PRGs) for the residual hazard calculation indicated.  The white sucker and large-mouth bass are representative receptor species for these 
two assessment endpoints, respectively. 


e. Sediment concentrations protective of piscivorous wildlife were derived using: (C) dietary exposure modeling.  The belted kingfisher is the representative receptor 
species for this assessment endpoint. 


f. Sediment concentrations protective of insectivorous wildlife were derived using: (D) literature-derived CBR and (E) site-specific percent hatchability thresholds; the basis (i.e., 
most protective of available PRGs) for the residual hazard calculation indicated.  The tree swallow is the representative receptor species for this assessment endpoint.


Key: 
HI - Hazard Index 
mg/Kg - milligrams/kilogram 
PCB - polychlorinated biphenyl 
TEQ - Toxic Equivalent 
N/A - not applicable 
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Table 6-14d. Summary of Residual Risks1 for Ecological Health, 
Allendale Reach Action-Based Sediment Alternatives (Alternatives 7, 8, 10, and 11) 


 
Sediment Contact and Sediment Associated Prey Consumption by Ecological Receptors 


 


 
Contaminanta 


Sediment 
Cleanup Goalb 


(mg/Kg) 


 
Basis 


Residual Hazard Quotientsc 


Demersal Fishd Pelagic Fishd Piscivorous 
Wildlifee 


Insectivorous 
Wildlifef 


2,3,7,8-TCDD 0.0000147 Background 0.038 A N/A   0.049 C 0.039 D 
Aroclor 1254 0.031 Backgroundg 0.14 A N/A   0.10 C -   
Total Aroclors 0.060 Backgroundg -   N/A   0.55 C -   
Technical Chlordane 0.4 Background 27 A N/A   -   -   
Selenium 1.1 Background 2.6 A N/A   -   -   
Zinc 221 Background 4.5 A N/A   -   -   


HI 30       0.7   0.04   


Notes: 
1Residual risks are those risks that remain following attainment of the cleanup objectives. 
a. Comprehensive list of all sediment contaminants identified for ecological receptors; see Table 1-1 in the Interim Final PRG (Part II) report (MACTEC, 2005). 
b. Sediment remediation goals are summarized in Table 3-3 of the FS report. 
c. Calculated by dividing the remediation goal by the PRG for the most sensitive measurement endpoint for each receptor category. 
d. Sediment concentrations protective of demersal and pelagic fish were derived using: (A) literature-derived CBR and (B) site-specific ELS thresholds; the basis (i.e., 


most protective of available PRGs) for the residual hazard calculation indicated.  The white sucker and large-mouth bass are representative receptor species for these 
two assessment endpoints, respectively. 


e. Sediment concentrations protective of piscivorous wildlife were derived using: (C) dietary exposure modeling.  The belted kingfisher is the representative receptor 
species for this assessment endpoint. 


f.  Sediment concentrations protective of insectivorous wildlife were derived using: (D) literature-derived CBR and (E) site-specific percent hatchability thresholds; the basis 
(i.e., most protective of available PRGs) for the residual hazard calculation indicated.  The tree swallow is the representative receptor species for this assessment endpoint.


g.  Estimated regional background values derived by excluding elevated upriver background results collected between the Smithfield Wastewater 
     Treatment Plant and Route 44. 
Key: 
HI - Hazard Index 
mg/Kg - milligrams/kilogram 
PCB - polychlorinated biphenyl 
TEQ - Toxic Equivalent 
N/A - not applicable 
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Table 6-15a. Summary of Residual Risks1 for Human Health, 
Lyman Mill Reach Sediment Alternative 1-No Action2 


 
Sediment and Sediment Associated Fish Consumption 


for a Resident Living Along the River 


Carcinogenic  
Contaminants3 


Cancer 
Classification Basis No Action RME 


Risk 


Benzo(a)pyrene B2 Risk 1.E-05 C 
Dibenz(a,h)anthracene B2 Risk 3.E-06 A 
N-nitroso-di-n-propylamine B2 Risk 3.E-06 A 
Dieldrin B2 Risk 8.E-06 B 
Technical Chlordane B2 Risk 3.E-05 B 
Aroclor 1254 B2 Risk 4.E-04 B 
Aroclor 1268 B2 Risk 4.E-06 B 
Arsenic A Risk 2.E-06 A 
2,3,7,8-Tetrachlorodibenzo-p-dioxin B2 Risk 5.E-03 C 
Coplanar PCBs (TEQ) B2 Risk 6.E-04 C 
   Sum of Carcinogenic Risk 6.E-03 


Non-Carcinogenic  
Contaminants 


Target  
Endpoint Basis No Action RME 


Hazard Index 
Benzo(a)pyrene Kidney Risk 0.0004 C 
Dibenz(a,h)anthracene Kidney Risk 0.00009 A 
N-Nitroso-di-n-propylamine -- Risk -- E 
Dieldrin Liver Risk 0.03 B 
Technical Chlordane Liver Risk 0.6 B 
Aroclor 1254 Immune system Risk 32 B 
Aroclor 1268 Immune system Risk 0.3 B 
Arsenic Skin Risk 0.04 A 
2,3,7,8-Tetrachlorodibenzo-p-dioxin -- Risk -- D 
Coplanar PCBs (TEQ) -- Risk -- D 


  HI Kidney 0.0004 
  HI Liver 0.6 
  HI Immune System 30 
  HI Skin 0.04 


Notes: 
1Residual risks are those risks that remain following attainment of the cleanup objectives. 
2Residual risks for No Action are based on current risks 
3Comprehensive list of all sediment contaminants identified for human receptors; see Table 1-3 in the Interim Final PRG 
(Part I) report (MACTEC, 2005). 


Key: 
A - No action  cancer risk and/or hazard index for direct contact. 
B - No action  cancer risk and/or hazard index for fish consumption. 
C -No action cancer risk and/or hazard index for fish consumption and direct contact. 
D - RME no action Hazard Index not calculated for this compound due to lack of noncarcinogenic toxicity data. 
HI - Hazard Index 
RME - Reasonable Maximum Exposure 
PCB - polychlorinated biphenyl 
TEQ - toxic equivalent 
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Table 6-15b. Summary of Residual Risks1 for Human Health, 
Lyman Mill Reach Sediment Action-Based Alternatives (Alternatives 7, 8, 10, and 11) 


Sediment and Sediment Associated Fish Consumption 
for a Resident Living Along the River 


Carcinogenic  
Contaminant3 


Cancer 
Classification 


Sediment 
Cleanup Goal 


(mg/Kg) 
Basis RME Residual 


Cancer Risk 


Benzo(a)pyrene B2 1.4 Background 4.E-06 C 
Dibenz(a,h)anthracene B2 0.97 Background 2.E-06 A 
N-Nitroso-di-n-propylamine B2 0.46 Risk 1.E-06 A 
Dieldrin B2 0.0026 Background 2.E-06 B 
Technical Chlordane B2 0.40 Background 8.E-06 B 
Aroclor 1254 B2 0.031 Background2 8.E-06 B 
Aroclor 1268 B2 0.023 Background2 2.E-06 B 
Arsenic A 3.9 Background 1.E-06 A 
2,3,7,8-Tetrachlorodibenzo-p-dioxin B2 0.000015 Background 3.E-05 C 
Coplanar PCBs (TEQ) B2 0.000025 Background -- D 


 Sum of Carcinogenic Risk 6.E-05  


Non-Carcinogenic  
Contaminant 


Target  
Endpoint 


Sediment 
Cleanup Goal 


(mg/Kg) 
Basis RME Residual 


Hazard Index 


Benzo(a)pyrene Kidney 1.4 Background 0.0001 C 
Dibenz(a,h)anthracene Kidney 0.97 Background 0.00008 A 
N-Nitroso-di-n-propylamine -- 0.46 Risk -- E 
Dieldrin Liver 0.0026 Background 0.007 B 
Technical Chlordane Liver 0.40 Background 0.1 B 
Aroclor 1254 Immune system 0.031 Background2 0.7 B 
Aroclor 1268 Immune system 0.023 Background2 0.1 B 
Arsenic Skin 3.9 Background 0.03 A 
2,3,7,8-Tetrachlorodibenzo-p-dioxin -- 0.000015 Background -- E 
Coplanar PCBs (TEQ) -- 0.000025 Background -- E 


  HI Kidney 0.0002  
  HI Liver 0.2  


 HI Immune System 0.8  
  HI Skin 0.03  


Notes: 
1Residual risks are those risks that remain following attainment of the cleanup objectives. 
2Estimated regional background values derived by excluding elevated upriver background results collected between the 
Smithfield Wastewater Treatment Plant and Route 44. 
3Comprehensive list of all sediment contaminants identified for human receptors; see Table 1-3 in the Interim Final PRG 
(Part I) report (MACTEC, 2005). 


 


Key: 
A - Residual cancer risk and/or hazard index for direct contact. 


    


B - Residual cancer risk and/or hazard index for fish consumption.    
C - Residual cancer risk and/or hazard index for fish consumption and direct contact.   
D - Residual cancer risk and/or hazard index not calculated for Coplanar PCBs due to highly uncertain BSAFs.  Use of 
this Remedial Goal with the existing BSAFs would be inconsistent with the previously calculated risk at Greystone Mill 
Pond (the background area). 


 


E - RME Residual Hazard Index not calculated for this compound due to lack of noncarcinogenic toxicity data.  
HI - Hazard Index      
RME - Reasonable Maximum Exposure      
mg/kg - milligrams/kilogram      
PCB - polychlorinated biphenyl      
TEQ - toxic equivalent      
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Table 6-15c. Summary of Residual Risks1 for Ecological Health, 
Lyman Mill Reach Sediment Alternative 1-No Action2 


 
Sediment Contact and Sediment Associated Prey Consumption by Ecological Receptors 


 


 
Contaminanta 


Current 
Conditionsb 


(mg/Kg) 


 
Basis 


Residual Hazard Quotientsc 


Demersal Fishd Pelagic Fishd Piscivorous 
Wildlifee 


Insectivorous 
Wildlifef 


2,3,7,8-TCDD 0.0018 Risk 3.5 A 1.5 A 5.1 C 8.2 D 
Coplanar PCBs (TEQ) 0.00015 Risk 0.29 B -   1.3 C 2.8 D 
Aroclor 1254 0.27 Risk 0.96 A -   0.66 C -   
Total Aroclors 0.2629 Risk -   -   1.9 C -   
Technical Chlordane 1.3 Risk 91 A 43 A 0.37 C -   
4.4'-DDE 0.0083 Risk 0.59 A -   2.4 C -   
4,4'-DDD 0.0093 Risk 0.44 A -   1.1 C -   
Aluminum 10181 Risk 9.4 A 11 A -   -   
Barium 130 Risk 9.0 A 16 A -   -   
Selenium 0.96 Risk 2.0 A -   -   -   
Vanadiumg 27.2 Risk 0.9 A 1.2 A -   -   
Zinc 391 Risk 11 A 11 A -   -   


HI 100   80   10   10   
Notes: 
1Residual risks are those risks that remain following attainment of the cleanup objectives. 
2Residual risks for No Action are based on current risks. 
a. Comprehensive list of all sediment contaminants identified for ecological receptors; see Table 1-1 in the Interim Final PRG (Part II) report (MACTEC, 2005). 
b. Sediment Exposure Point Concentrations (EPCs) obtained from Table 27 in the BERA (MACTEC, 2004) except where noted. 
c. Calculated by dividing the remediation goal by the PRG for the most sensitive measurement endpoint for each receptor category. 
d. Sediment concentrations protective of demersal and pelagic fish were derived using: (A) literature-derived CBR and (B) site-specific ELS thresholds; the basis (i.e., most 


protective of available PRGs) for the residual hazard calculation indicated.  The white sucker and large-mouth bass are representative receptor species for these two 
assessment endpoints, respectively. 


e. Sediment concentrations protective of piscivorous wildlife were derived using: (C) dietary exposure modeling.  The belted kingfisher is the representative receptor species for 
this assessment endpoint. 


f.  Sediment concentrations protective of insectivorous wildlife were derived using: (D) literature-derived CBR and (E) site-specific percent hatchability thresholds; the basis 
(i.e., most protective of available PRGs) for the residual hazard calculation indicated.  The tree swallow is the representative receptor species for this assessment endpoint. 


g.  Analytical data for vanadium not available in BERA data set; reported value obtained from RI sample data (Appendix B, Table B-3). 


Key: 
HI - Hazard Index; mg/Kg - milligrams/kilogram; PCB - polychlorinated biphenyl; TEQ - Toxic Equivalent; N/A - not applicable 
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Table 6-15d. Summary of Residual Risks1 for Ecological Health, 
Lyman Mill Reach Action-Based Sediment Alternatives (Alternatives 7, 8, 10, and 11) 


Sediment Contact and Sediment Associated Prey Consumption by Ecological Receptors 


 
Contaminanta 


Sediment 
Cleanup Goalb 


(mg/Kg) 


 
Basis 


Residual Hazard Quotientsc 


Demersal Fishd Pelagic Fishd Piscivorous 
Wildlifee 


Insectivorous 
Wildlifef 


2,3,7,8-TCDD 0.0000147 Background 0.028 A 0.012 A 0.042 C 0.067 D 
Coplanar PCBs (TEQ) 0.0000249 Background 0.049 B -   0.21 C 0.46 D 
Aroclor 1254 0.031 Backgroundg 0.11 A -   0.076 C -   
Total Aroclors 0.060 Backgroundg -   -   0.43 C -   
Technical Chlordane 0.4 Background 29 A 13 A 0.11 C -   
4.4'-DDE 0.006 Background 0.43 A -   1.8 C -   
4,4'-DDD 0.0084 Kingfisher diet 0.40 A -   1.0 C -   
Aluminum 8210 Background 7.6 A 8.4 A -   -   
Barium 134 Background 9.3 A 16 A -   -   
Selenium 1.1 Background 2.3 A -   -   -   
Vanadium 37.6 Background 1.3 A 1.7 A -   -   
Zinc 221 Background 6.1 A 6.1 A -   -   


HI 60   50   4   0.5   


Notes: 
1Residual risks are those risks that remain following attainment of the cleanup objectives. 
a. Comprehensive list of all sediment contaminants identified for ecological receptors; see Table 1-1 in the Interim Final PRG (Part II) report (MACTEC, 2005). 
b. Sediment remediation goals are summarized in Table 3-3. 
c. Calculated by dividing the remediation goal by the PRG for the most sensitive measurement endpoint for each receptor category. 
d. Sediment concentrations protective of demersal and pelagic fish were derived using: (A) literature-derived CBR and (B) site-specific ELS thresholds; the basis (i.e., most 


protective of available PRGs) for the residual hazard calculation indicated.  The white sucker and large-mouth bass are representative receptor species for these two 
assessment endpoints, respectively. 


e. Sediment concentrations protective of piscivorous wildlife were derived using: (C) dietary exposure modeling.  The belted kingfisher is the representative receptor 
species for this assessment endpoint. 


f. Sediment concentrations protective of insectivorous wildlife were derived using: (D) literature-derived CBR and (E) site-specific percent 
hatchability thresholds; the basis (i.e., most protective of available PRGs) for the residual hazard calculation indicated.  The tree swallow is the 
representative receptor species for this assessment endpoint. 


g. Estimated regional background values derived by excluding elevated upriver background results collected between the Smithfield Wastewater 
    Treatment Plant and Route 44. 
Key: 
HI - Hazard Index; mg/Kg - milligrams/kilogram; PCB - polychlorinated biphenyl; TEQ - Toxic Equivalent; N/A - not applicable
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Table 6-16. Detailed Analysis of Allendale Reach Floodplain Soil Alternative 1, No Action  


EVALUATION CRITERIA ALTERNATIVE ALLENDALE REACH FLOODPLAIN 
SOIL-1: NO ACTION 


OVERALL PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT 
Human Health Protection and the 
Environment 


Direct contact with contaminated floodplain soil does not 
present an actionable risk to human health.  However, under 
this alternative, the contaminated floodplain soil would remain 
in place and could be transported downstream, especially 
during flooding or high flow events. 
 
Contaminated soil would remain on site unaddressed and 
continue to pose an exposure hazard to ecological receptors. 
 
The existing controls (perimeter fence at Allendale Pond) 
would not effectively limit exposure to human and ecological 
receptors. 


COMPLIANCE WITH ARARS
Chemical-, Location-, and Action-
Specific 


See Table 6-17.  This alternative will not comply with ARARs 
for residential direct exposure or EPA’s recommended 
residential level for dioxin in soil (EPA, 1998b). 


LONG-TERM EFFECTIVENESS AND PERMANENCE 
Magnitude of Residual Risk The residual risk is high because no actions are taken to address 


the contaminated floodplain soil or reduce the risk of erosion 
and migration downstream. 


Adequacy and Reliability of Controls There would be no controls in place to adequately and/or 
reliably prevent exposure in the long term. 


REDUCTION OF TOXICITY, MOBILITY, OR VOLUME 
Treatment Process Used and Materials 
Treated 


None proposed for this alternative. 


Amount Destroyed or Treated None anticipated. 
Degree of Expected Reductions of 
Toxicity, Mobility, or Volume 
Through Treatment 


No reductions in toxicity, mobility, or volume of contamination 
are anticipated for this alternative.   


Degree to Which Treatment is 
Irreversible 


Not applicable. 


Type and Quantity of Residuals 
Remaining After Treatment 


There would be no residuals because treatment is not planned 
for this alternative. 


SHORT-TERM EFFECTIVENESS 
Protection of Community During 
Remedial Action 


Not applicable, as no remedial actions are proposed for this 
alternative. 
 
 


Protection of Workers During 
Remedial Action 


Not applicable, as no remedial actions are proposed for this 
alternative. 


Environmental Impacts Not applicable, as no remedial actions are proposed for this 
alternative 
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Table 6-16. (continued) 


EVALUATION CRITERIA ALTERNATIVE ALLENDALE REACH FLOODPLAIN 
SOIL-1: NO ACTION 


SHORT-TERM EFFECTIVENESS 
Time Until Remedial Action 
Objectives are Achieved 


While some reduction in risk is possible due to natural 
deposition, it is unknown if or when cleanup objectives would 
be achieved.  (Based on estimated rates, it could take 50 – 100 
years for a one foot thick layer of new sediment to be deposited 
on top of existing soil.) 


IMPLEMENTABILITY 
Ability to Construct and Operate the 
Technology 


Not applicable, as no remedial technology is implemented 
under this alternative. 


Reliability of the Technology Not applicable, as no remedial technology is implemented 
under this alternative. 


Ease of Undertaking Additional 
Remedial Actions, If Necessary 


This alternative does not preclude future remedial activities. 


Ability to Monitor the Effectiveness of 
Remedy 


Five-year reviews and periodic monitoring, triggered by severe 
weather events, are incorporated into this alternative.  Periodic 
monitoring would include routine testing and could be easily 
implemented. 


Ability to Obtain Approvals and 
Coordinate with Other Agencies 


Not applicable, as no activities requiring approval are planned 
for this alternative. 


Availability of Off-Site Treatment, 
Storage, and Disposal Services and 
Capacity 


Not applicable for this alternative. 


Availability of Necessary Equipment 
and Specialists 


Not applicable for this alternative. 


Availability of Technology Not applicable for this alternative. 
COST1


Capital Cost $0
Present Worth of Long-term 
Monitoring and Maintenance 


$0 
(costs for periodic monitoring and five-year reviews are 


covered under the sediment No Action alternative, Table 6-1)
Total Present Worth Cost $0
Notes: 
1Detailed costs estimates provided in Appendix J. 
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 Table 6-17. Potential Applicable or Relevant and Appropriate Requirements (ARARs) and To Be 
Considered (TBC) Criteria for Allendale Reach Floodplain Soil Alternative 1, No Action1 


Requirement Status Synopsis 
Action to Be 


Taken to Attain 
Requirement 


Chemical-Specific ARARs 
Federal Requirements 
OSWER Directive 92-4-26, 
Approaches for Addressing 
Dioxins in Soil at CERCLA 
and RCRA Sites (April 13, 
1998) 


TBC Guidance cleanup levels for CERCLA removal 
sites and PRGs for remedial sites for dioxin (as 
TEQ) in surface soil involving residential 
exposure scenarios.  Also establishes a cleanup 
range for dioxin (as TEQ) for commercial and 
industrial exposure scenarios. 


Some residential use 
soils at the site 
contains dioxin at 
levels above the PRG 
and will not be 
addressed by this 
alternative. 


Draft Recommended 
Interim Preliminary 
Remediation Goals for 
Dioxin in Soil at CERCLA 
and RCRA Sites 
(December 30, 2009) 


TBC Draft recommended interim PRGs of 72 parts 
per trillion (ppt or ng/kg) dioxin (as TEQ) for 
residential exposure scenarios and 950 ppt 
dioxin (as TEQ) for commercial and industrial 
exposure scenarios are recommended as a 
starting point for setting cleanup levels for 
CERCLA removal sites. 


Soil at the site 
contains dioxin at 
levels above the draft 
recommended interim 
PRGs. 


Clean Water Act 
Federal Water Quality 
Criteria, Section 304(a) 
40 CFR 131.11 1976, 1980, 
and 1986. 


R & A Ambient Water Quality Criteria (AWQC) are 
provided by EPA for chemicals for both the 
protection of human health and the protection 
of aquatic life. 


Contributions of 
contaminants from 
floodplain soil that 
exceed AWQC in the 
Woonasquatucket 
River will not be 
minimized to the 
maximum extent 
practical. 


Guidelines for 
Carcinogenic Risk 
Assessment, EPA/630/P-
03/001F (March 2005) 


TBC These guidelines provide guidance on 
conducting risk assessments involving 
carcinogens. 


Alternative would not 
prevent exposure to 
contaminants 
considered under this 
guidance. 


Supplemental Guidance for 
Assessing Susceptibility 
from Early-Life Exposure 
to Carcinogens, 
EPA/630/R-03/003F 
(March 2005) 


TBC These guidelines provide guidance on 
conducting risk assessments involving 
carcinogens 


Alternative would not 
prevent exposure to 
contaminants 
considered under this 
guidance. 


EPA Risk Reference Doses 
(RfDs) 


TBC RfDs are estimates of a daily exposure 
concentration that is likely to be without 
appreciable risk of deleterious effects during a 
lifetime exposure. 


Alternative would not 
prevent exposure to 
contaminants 
considered under this 
guidance. 


Human Health Assessment 
Cancer Slope Factors 
(CSFs) 


TBC CSFs are estimates of the upper-bound 
probability of an individual developing cancer 
as a result of a lifetime exposure to a particular 
concentration of a potential carcinogen. 


Alternative would not 
prevent exposure to 
contaminants 
considered under this 
guidance. 


EPA Carcinogenic 
Assessment Group Potency 
Factors 


TBC These factors are used to evaluate an acceptable 
risk from a carcinogen. 


Alternative would not 
prevent exposure to 
contaminants 
considered under this 
guidance. 
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Table 6-17. (continued) 


Requirement Status Synopsis 
Action to Be 


Taken to Attain 
Requirement 


Chemical-Specific ARARs (cont) 
Federal Requirements (cont) 
EPA Health Advisories TBC EPA publishes contaminant-specific health 


advisories that indicate the non-carcinogenic 
risks associated with consuming contaminated 
drinking water. 


Alternative would not 
prevent exposure to 
contaminants 
potentially considered 
under these advisories. 


State Requirements 
RIDEM Rules and 
Regulations for the 
Investigation and 
Remediation of Hazardous 
Material Releases (i.e., 
Remediation Regulations), 
2/04 


Applicable Unless otherwise specified, soil contaminated 
as a result of a release of hazardous materials 
shall be remediated in a manner which meets 
the direct exposure and leachability criteria for 
each hazardous substance established in Rule 
8.02.B (Method 1 Soil Objectives). 


Some residential use 
soils at the site contain 
contaminants subject 
to the Rule 8.02B soil 
objectives and would 
not be addressed by 
this alternative. 


Notes: 
1 With no action, there are no location- or action-specific ARARs. 


Key: 
R & A – Relevant and Appropriate; TBC – To Be Considered 
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Table 6-18. Detailed Analysis of Allendale Reach Floodplain Soil Alternative 5, Excavation and 
Disposal and/or Treatment  


EVALUATION CRITERIA ALTERNATIVE ALLENDALE REACH FLOODPLAIN 
SOIL-5: EXCAVATION AND DISPOSAL AND/OR 


TREATMENT 
OVERALL PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT 


Human Health Protection and the 
Environment 


The removal of the top one foot (or deeper within the vadose 
zone to meet ARARs) of floodplain soil and backfill with clean 
material would achieve high overall protection because all of 
the soil with contaminant concentrations above cleanup goals 
would be removed.  


COMPLIANCE WITH ARARS
Chemical-, Location-, and Action-
Specific 
 
 


ARARs specific to Alternative 5 are summarized in Table 6-19.  
Placement of backfill in wetland areas, the nearshore CDF 
(Option 5b), and possibly the upland CDF (Option 5a) trigger 
wetlands/Section 404 requirements.  As a result, these actions 
must be evaluated to determine the least damaging practicable 
alternative.  State wetlands requirements will also need to be 
addressed. 
 
Under Option 5b, a portion of the nearshore CDF would require 
the permanent occupancy and modification of the floodplain.  
According to Executive Order 11988, a determination would 
need to be made that there was no other practicable alternative 
before selecting this option as the preferred remedy. 
 
Under Options 5a and 5e, some of the floodplain soil could 
require treatment if it exceeds the alternative treatment 
standards for contaminated soil set forth in the LDRs (40 CFR § 
268.49); however this is unlikely based on the existing data.  
Floodplain soil excavated and contained in a nearshore CDF 
(Option 5b) would not need to meet the treatment standards set 
forth in the LDRs because it would be consolidated in an area 
of contamination and would not require any dewatering or other 
ex-situ activities.  
 
Alternative 5 will comply with ARARs for residential direct 
exposure and EPA’s recommended residential level for dioxin 
(EPA, 1998b), as well as Subtitle C closure requirements under 
RCRA. 


LONG-TERM EFFECTIVENESS AND PERMANENCE 
Magnitude of Residual Risk Excavation would be effective in the long term because the 


contaminated soil would be removed and either contained on 
site, destroyed, or shipped off site for disposal and/or treatment 
thereby greatly reducing the residual risk.   


Adequacy and Reliability of Controls Because this alternative relies on excavation to remove 
contaminated soil, there is little reliance on controls.  However, 
long-term monitoring, maintenance and ICs would be required 
to maintain any type of on-site disposal facility (Options 5a and 
5b). 
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Table 6-18. (continued) 


EVALUATION CRITERIA ALTERNATIVE ALLENDALE REACH FLOODPLAIN 
SOIL-5: EXCAVATION AND DISPOSAL AND/OR 


TREATMENT 
REDUCTION OF TOXICITY, MOBILITY, OR VOLUME 


Treatment Process Used and Materials 
Treated 


Option 5d includes on-site incineration.   


Amount Destroyed or Treated Under Option 5d, approximately 2,400 cy of soil would be 
excavated and treated. 


Degree of Expected Reductions of 
Toxicity, Mobility, or Volume 
Through Treatment 


There would be a reduction of toxicity, mobility, or volume of 
contamination through incineration under Option 5d. 
 
There would be no reduction of toxicity, mobility, or volume of 
contamination through treatment for the containment options 
(Options 5a and 5e [assuming concentrations are below the 
alternative treatment standards for soil] and 5b), although the 
mobility of the contaminated soil particles would be reduced by 
the disposal facility. 


Degree to Which Treatment is 
Irreversible 


For soils that undergo thermal treatment (Option 5d), the 
process is irreversible. 


Type and Quantity of Residuals 
Remaining After Treatment 


Excavation would produce no residuals. 
 
Air emissions of contaminants or additional by-products 
produced during on-site thermal treatment (Option 5d) would 
be at levels below regulatory standards.  After incineration, the 
volume of inorganic soil particles would be nearly the same as 
the pre-treatment volume, but concentrations of organic 
chemical contaminants would be below detection limits. 


SHORT-TERM EFFECTIVENESS 
Protection of Community During 
Remedial Action 


All of the options would present limited impacts to the 
community from construction.  Access to the work zone during 
construction activities would be prohibited, and engineering 
controls, dust suppression techniques, and site perimeter air 
(dust) monitoring will mitigate risks to the community.  An on-
site incinerator under Option 5d would result in air emissions 
which would be monitored to ensure that they were below 
regulatory standards. 


Protection of Workers During 
Remedial Action 


Health and safety plans, emergency response plans, engineering 
controls (dust suppression), and personal protective equipment 
will be used during site activities, mitigating risks to workers.   
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Table 6-18. (continued) 


EVALUATION CRITERIA ALTERNATIVE ALLENDALE REACH FLOODPLAIN 
SOIL-5: EXCAVATION AND DISPOSAL AND/OR 


TREATMENT 
SHORT-TERM EFFECTIVENESS 


Environmental Impacts Excavation would result in the temporary destruction of the 
existing habitat, the elimination of floodplain soil infauna and 
riparian vegetation, and collateral impacts to wildlife that rely 
on this habitat for shelter and food.  At least several years 
would be required for the remediated areas to recover 
sufficiently to provide the environmental services that this 
habitat typically provides.  Habitat enhancement during 
construction will help facilitate ecological recovery. 


Time Until Remedial Action 
Objectives are Achieved 


RAOs are achieved immediately upon completion of remedy 
implementation, which is estimated to take approximately one 
month. 


IMPLEMENTABILITY 
Ability to Construct and Operate the 
Technology 


For all options, the soft soils would require the use of low-
ground pressure equipment and hydraulic excavators.  
Temporary work areas would need to be set up and the areas 
cleared of vegetation.  Temporary haul roads would need to be 
constructed to provide access. 
 
Upland land is required for the temporary work areas and soil 
processing areas (all options except Option 5b).  Additional 
land is needed for a disposal facility (Option 5a) and Option 5d 
requires land for an incinerator.  This property may need to be 
acquired from private parties.  Increased monitoring would be 
needed for Options 5a, 5b, and 5d relative to Option 5e. 


Reliability of the Technology Excavation, CDF construction and thermal treatment 
technologies have been successfully implemented at other 
contaminated soil sites, although the nearshore CDF (Option 
5b) could present additional reliability concerns because it is 
located in the floodplain/river.  Habitat restoration activities 
have historically had variable success rates. 


Ease of Undertaking Additional 
Remedial Actions, If Necessary 


This alternative would not preclude additional future remedial 
actions. 


Ability to Monitor the Effectiveness of 
Remedy 


The effectiveness of excavation and water quality protection 
measures could be monitored with routine testing.  
Confirmation sampling would be performed at the completion 
of construction activities to determine if the cleanup goals were 
achieved. 
 
Long-term monitoring would be required to assess the rate of 
recovery and degree of functioning of riparian vegetation 
(including the tree, shrub, and herbaceous cover strata), assess 
the impact of the remedial action on downstream areas, and 
determine if additional evaluations or clean-ups are warranted.  
Additional monitoring would be needed for the nearshore CDF 
(Option 5b) and on-site treatment (Option 5d) options.   
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Table 6-18. (continued) 


EVALUATION CRITERIA ALTERNATIVE ALLENDALE REACH FLOODPLAIN 
SOIL-5: EXCAVATION AND DISPOSAL AND/OR 


TREATMENT 
IMPLEMENTABILITY 


Ability to Monitor the Effectiveness 
of Remedy (cont) 


However, these monitoring programs would not present any 
unusual issues. 


Ability to Obtain Approvals and 
Coordinate with Other Agencies 


Because this alternative constitutes the placement of fill in 
waters of the US, a determination must first be made that this is 
the least damaging practicable alternative to the aquatic 
environment.  In addition, this alternative would require the 
permanent occupancy and modification of the floodplain, and a 
determination would first need to be made concluding that there 
is no other practicable alternative before selecting this option as 
the preferred remedy.  For Option 5a, some low-value wetlands 
could be destroyed depending on the location of the CDF. 
 
Coordination with adjacent property owners, and appropriate 
federal, state, and local agencies would be required to implement 
ICs. 
 
Access from property owners may be required.  


Availability of Off-Site Treatment, 
Storage, and Disposal Services and 
Capacity 


Off-site landfill and treatment options are readily available.  
Samples of the excavated soil could be tested to determine if the 
material could be taken to a hazardous waste landfill without 
treatment. 


Availability of Necessary Equipment 
and Specialists 


Excavation and CDF construction contractors and equipment are 
readily available.  Thermal treatment equipment is commercially 
available. 


Availability of Technology Technology is common enough that required equipment and 
materials would be readily available. 


COST1


Capital Cost Option 5a, On-site Upland CDF  $1,300,000
Option 5b, On-site Nearshore CDF   $1,300,000
Option 5d, On-site Thermal Treatment  $4,200,000
Option 5e, Off-site Disposal and/or Treatment  $3,100,000


Present Worth of Long-term 
Monitoring and Maintenance 


Option 5a, On-site Upland CDF  $100,000
Option 5b, On-site Nearshore CDF   $100,000
Option 5d, On-site Thermal Treatment  $100,000
Option 5e, Off-site Disposal and/or Treatment  $100,000


Total Present Worth Cost Option 5a, On-site Upland CDF  $1,400,000
Option 5b, On-site Nearshore CDF   $1,400,000
Option 5d, On-site Thermal Treatment  $4,300,000
Option 5e, Off-site Disposal and/or Treatment  $3,200,000


Notes: 
1Detailed costs estimates provided in Appendix J. 
 







 


Interim Final CMRP Feasibility Study Report 131 April 2010 


Table 6-19. Potential Applicable or Relevant and Appropriate Requirements (ARARs) and To Be 
Considered (TBC) Criteria for Allendale Reach Floodplain Soil Alternative 5, Excavation and 


Disposal and/or Treatment 


Requirement Status Synopsis 
Action to Be 


Taken to Attain 
Requirement 


Chemical-Specific ARARs 
Federal Requirements 
OSWER Directive 92-4-26, 
Approaches for Addressing 
Dioxins in Soil at CERCLA 
and RCRA Sites (April 13, 
1998) 


TBC Guidance cleanup levels for CERCLA removal 
sites and PRGs for remedial sites for dioxin (as 
TEQ) in surface soil involving residential 
exposure scenarios.  Also establishes a cleanup 
range for dioxin (as TEQ) for commercial and 
industrial exposure scenarios. 


Soil at the site that 
contains dioxin at 
levels above that 
recommended in this 
guidance would be 
addressed under this 
alternative. 


Draft Recommended 
Interim Preliminary 
Remediation Goals for 
Dioxin in Soil at CERCLA 
and RCRA Sites 
(December 30, 2009) 


TBC Draft recommended interim PRGs of 72 parts 
per trillion (ppt or ng/kg) dioxin (as TEQ) for 
residential exposure scenarios and 950 ppt 
dioxin (as TEQ) for commercial and industrial 
exposure scenarios are recommended as a 
starting point for setting cleanup levels for 
CERCLA removal sites. 


Soil at the site 
contains dioxin at 
levels above the draft 
recommended interim 
PRGs. 


Clean Water Act Federal 
Water Quality Criteria, 
Section 304(a) 40 CFR 
131.11 1976, 1980, and 
1986.   


R & A Ambient Water Quality Criteria (AWOC) are 
provided by EPA for chemicals for both the 
protection of human health and the protection 
of aquatic life.  


Contaminants from 
floodplain soil that 
contribute to 
exceedances of  
AWQC in 
Woonasquatucket 
River will be 
minimized to the 
extent practical. 


Guidelines for 
Carcinogenic Risk 
Assessment, EPA/630/P-
03/001F (March 2005) 


TBC These guidelines provide guidance on 
conducting risk assessments involving 
carcinogens. 


Guidelines used to 
evaluate all risk 
assessments on 
carcinogenicity. 


Supplemental Guidance for 
Assessing Susceptibility 
from Early-Life Exposure 
to Carcinogens, 
EPA/630/R-03/003F 
(March 2005) 


TBC These guidelines provide guidance on 
conducting risk assessments involving 
carcinogens 


Guidelines used to 
evaluate all risk 
assessments on 
carcinogenicity in 
children. 


EPA Risk Reference Doses 
(RfDs) 


TBC RfDs are estimates of a daily exposure 
concentration that is likely to be without 
appreciable risk of deleterious effects during a 
lifetime exposure. 


RfDs used to 
characterize human 
health risks due to 
non-carcinogens in 
site media. 


Human Health Assessment 
Cancer Slope Factors 
(CSFs) 


TBC CSFs are estimates of the upper-bound 
probability of an individual developing cancer 
as a result of a lifetime exposure to a particular 
concentration of a potential carcinogen. 


CSFs used to compute 
the individual 
incremental cancer 
risk resulting from 
exposure to 
carcinogens in site 
media. 


EPA Carcinogenic 
Assessment Group Potency 
Factors 


TBC These factors are used to evaluate an acceptable 
risk from a carcinogen. 


Used to evaluate 
carcinogenicity of 
dioxin. 
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Table 6-19. (continued) 


Requirement Status Synopsis 
Action to Be 


Taken to Attain 
Requirement 


Chemical-Specific ARARs (cont) 
Federal Requirements (cont) 
EPA Health Advisories TBC EPA publishes contaminant-specific health 


advisories that indicate the non-carcinogenic 
risks associated with consuming contaminated 
drinking water. 


Used to establish 
criteria in the absence 
of other standards.. 


State Requirements 
RIDEM Rules and 
Regulations for the 
Investigation and 
Remediation of Hazardous 
Material Releases (i.e., 
Remediation Regulations), 
2/04 


Applicable Unless otherwise specified, soil contaminated 
as a result of a release of hazardous materials 
shall be remediated in a manner which meets 
the direct exposure and leachability criteria for 
each hazardous substance established in Rule 
8.02.B (Method 1 Soil Objectives). 


Some residential use 
soils at the site contain 
contaminants subject 
to the Rule 8.02B soil 
objectives and would 
be addressed under 
this alternative 
consistent with state 
requirements. 


Location-Specific ARARs 
Federal Requirements 
Fish and Wildlife 
Coordination Act 16 U.S.C. 
661, Fish and Wildlife 
Protection (40 CFR Section 
6.302(g)) 


Applicable Requires that a federal agency take action to 
prevent, mitigate, or compensate for project-
related losses of fish and wildlife resources.  
Encourages that any federal agency proposing 
to modify a body of water to consult with the 
U.S. Fish and Wildlife Service, National 
Marine Fisheries Service, and other related 
state agencies. 


Construction activities 
under this alternative 
in the 
Woonasquatucket 
River are subject to 
these requirements.  
Actions will be taken 
in accordance with 
these requirements. 


Clean Water Act, Section 
404 Guidelines for 
discharge of dredged or fill 
material into waters of US 
(40 CFR Parts 230 and 231, 
33 CFR Parts 320-323, and 
33 CFR Part 332) 


Applicable Outlines requirements for the discharge of 
dredged or fill materials into surface waters, 
including wetlands.  Such discharges are not 
allowed if there are practicable alternatives with 
less adverse impact.  Sets standards for 
restoration and mitigation required as a result of 
unavoidable impacts to aquatic resources. 


Excavation, placement 
of backfill, and 
nearshore CDF (and 
potentially upland 
CDF) subject to these 
requirements.  
Activities must be 
conducted in 
accordance with these 
requirements, 
including but not 
limited to mitigation 
and/or restoration.  
Alternative must be 
evaluated to determine 
least damaging 
practicable alternative 
before it can be 
selected. 


Rivers and Harbors Act 
Section 10  (33 U.S.C. 
Section 403) 


Applicable Sets forth criteria for placing dams/structures in 
navigable waters of the U.S. 


Nearshore CDF 
subject to these 
requirements.  
Activities must be 
conducted in 
accordance with these 
requirements. 
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Table 6-19. (continued) 


Requirement Status Synopsis 
Action to Be 


Taken to Attain 
Requirement 


Location-Specific ARARs (cont) 
Federal Requirements (cont) 
Protection of Wetlands 
(Executive Order 11990)  


TBC Federal agencies are required to avoid 
adversely impacting wetlands unless there is no 
practicable alternative and the proposed action 
includes all practicable measures to minimize 
harm to wetlands that may result from such use. 


Excavation, placement 
of backfill, and the 
nearshore CDF (and 
potentially the upland 
CDF) are subject to 
these requirements.  
Activities must be 
conducted in 
accordance with these 
requirements. 


Floodplain Management 
(Executive Order 11988)  


TBC Federal agencies are required to avoid impacts 
associated with the occupancy and modification 
of a floodplain and avoid support of floodplain 
development wherever there is a practicable 
alternative. 


Nearshore CDF 
alternative can only be 
selected if there is no 
practicable alternative 
to occupancy and 
modification of 
floodplain. 


State Requirements 
RIDEM Rules and 
Regulations for Hazardous 
Waste Management, 
Location Standards for 
Hazardous Waste Facilities 


R & A: 
Nearshore CDF 


Rhode Island is delegated to administer the 
federal RCRA statute through its state 
regulations.  The standards of 40 CFR 
264.18(b) are incorporated by reference.   
 
Facility located in 100-yr floodplain must be 
designed, constructed, operated and maintained 
to prevent washout of any hazardous waste by 
100-yr flood, unless demonstrate no adverse 
effects on human health or environment will 
result from washout. 


Nearshore CDF must 
meet these 
requirements. 


RIDEM Rules and 
Regulations Governing the 
Enforcement of the 
Freshwater Wetlands Act 
(December 2009) 


Applicable Sets requirements to prevent the undesirable 
drainage, excavation, filling, alteration, 
encroachment, or any other form of disturbance 
or destruction to a wetland. 


Activities required by 
RIDEM for 
remediation will be 
conducted in 
accordance with these 
requirements. 
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Table 6-19. (continued) 


Requirement Status Synopsis 
Action to Be 


Taken to Attain 
Requirement 


Action-Specific ARARs 
Federal Requirements 
Clean Water Act 
Federal Water Quality 
Criteria, Section 304(a) 
40 CFR 131.11 1976, 1980, 
and 1986. 


Applicable Ambient Water Quality Criteria (AWQC) are 
provided by EPA for chemicals for both the 
protection of human health and the protection 
of aquatic life. 


Excavation, placement 
of backfill, and 
nearshore CDF must 
be conducted so that 
there are no 
exceedances of 
AWQC.   


RCRA (40 CFR 264, 
Subpart AA) 


Applicable: 
On-site 
Incineration 


Air emission standards for process vents apply 
to process vents that manage hazardous wastes 
with organic concentrations of at least 10 parts 
per million by weight (ppmw).  
 


Should incinerator 
operations manage 
hazardous wastes with 
organic concentrations 
of at least 10 ppm by 
weight, vents operated 
as part of the system 
will comply with these 
requirements. 


RCRA (40 CFR 264, 
Subpart BB) 
 
 
 


Applicable: 
On-site 
Incineration 


Air emission standards for equipment leaks 
apply to equipment that contains or contacts 
hazardous wastes with organic concentrations 
of at least 10 percent by weight. 
 


Should equipment 
used in incineration 
come into contact with 
hazardous wastes 
containing organic 
concentrations of at 
least 10 percent by 
weight, these 
regulations will be 
followed.  


CAA National Emissions 
Standards for Hazardous 
Air Pollutants: Site 
remediation (40 CFR 63, 
Subpart GGGGG)   
 


Applicable: 
On-site 
Incineration 


Applicable to major sources of hazardous air 
pollutants conducting site remediation. 


On-site incineration 
must be conducted to 
meet these substantive 
requirements. 


RCRA Land Disposal 
Restrictions  (40 CFR 268) 


Applicable: 
Upland CDF 


These regulations identify treatment standards 
for hazardous wastes and specify requirements 
that generators, transporters, and owners or 
operators of treatment, storage, and disposal 
facilities that manage restricted wastes destined 
for land disposal must meet. 


Material subject to 
these regulations 
placed in upland CDF 
must be treated to 
meet these 
requirements. 


Invasive Species 
(Executive Order 13112) 


TBC Federal agencies are directed to prevent the 
introduction of invasive species and provide for 
their control and to minimize the economic, 
ecological, and human health impacts that 
invasive species cause when requiring actions 
that impact the environment. 


Actions will be taken 
to address invasive 
species consistent with 
the Executive Order. 
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Table 6-19. (continued) 


Requirement Status Synopsis 
Action to Be 


Taken to Attain 
Requirement 


Action-Specific ARARs (cont) 
State Requirements 
RIDEM Rules and 
Regulations for Hazardous 
Waste Management 
Amendment Eff. 2/9/07 
Identification and Listing 
of Hazardous Wastes 


Applicable: 
Upland CDF 
Incineration 
Off-site 
Disposal 


Rhode Island is delegated to administer the 
federal RCRA statute through its 
regulations.  The standards of 40 Part 261 of 
RCRA are incorporated by reference.  Sets 
forth requirements for hazardous waste 
determination according to federal (40 CFR 
262.11) and RI State (Rule 5.08) definitions. 


Will be used to 
determine appropriate 
treatment and 
disposal. 


RIDEM Rules and 
Regulations for the 
Investigation and 
Remediation of Hazardous 
Material Releases (i.e., 
Remediation Regulations), 
(2/04) DEM-DSR-01-93 
Section 8.0 
(Risk Management) 


Applicable This section regulates impacted media at 
contaminated sites. 


This section was used 
to develop cleanup 
goals for the site.  
This alternative meets 
this requirement. 
 


RIDEM Rules and 
Regulations for Hazardous 
Waste Management, 
Section 9 (3/07) – 
Operation Requirements 
for Treatment, Storage, 
and Disposal Facilities 


Applicable and 
R & A  
 


Outlines operational requirements for all 
hazardous waste treatment, storage, and 
disposal facilities, including general waste 
analyses, security procedures, inspections, 
safety, etc.  Sets design, construction, and 
operational requirements for hazardous 
waste containers and tanks, and closure 
requirements for hazardous waste facilities. 


Substantive 
requirements related 
to land disposal, on-
site incineration, or 
closure must be met. 


RIDEM Rules and 
Regulations for Hazardous 
Waste Management, 
Section 10 (3/07) – Land 
Disposal Facilities 


Applicable: 
Upland CDF 
 
R & A: 
Nearshore CDF 
Floodplain 
 


Outlines design, operational, and closure 
requirements for land disposal facilities. 


Substantive 
requirements for land 
disposal must be met 
for CDFs constructed 
on site.  Substantive 
requirements related 
to closure must be 
met. 


RIDEM Rules and 
Regulations for Hazardous 
Waste Management, 
Section 11 (3/07) - 
Incinerators 


Applicable: 
On-site 
incineration  


Outlines design, operational, and closure 
requirements for incinerator facilities. 


On-site incineration 
must be conducted to 
meet these substantive 
requirements. 


RIDEM Water Quality 
Regulations, 7/06 


Applicable Provides water classification for surface 
waters in Rhode Island and sets ambient 
water quality criteria for toxic substances 
and governs water quality impacts 
associated with site activities. 


Excavation, 
placement of backfill, 
and nearshore CDF 
must be conducted so 
that there are no 
exceedances of water 
quality standards. 


RI Air Pollution Control 
Regulation #1: Visible 
Emissions 
(8/67, Amended 7/07) 


Applicable Establishes opacity limitations for 
contaminant emissions 


Remediation will be 
conducted to meet the 
standards for visible 
emissions.  


RI Air Pollution Control 
Regulation #5: Fugitive 
Dust, 7/19/07 


Applicable Requires that reasonable precaution be taken 
to prevent particulate matter from becoming 
airborne. 


Actions will be taken 
to prevent particulate 
matter from becoming 
airborne in 
accordance with these 
regulations. 
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Table 6-19. (continued) 


Requirement Status Synopsis 
Action to Be 


Taken to Attain 
Requirement 


Action-Specific ARARs (cont) 
State Requirements (cont) 
RI Air Pollution Control 
Regulation #7: Emissions 
Detrimental to Persons or 
Property, 7/19/07 


Applicable Prohibits emissions of contaminants which 
may be injurious to human, plant, or animal 
life or cause damage to property or which 
unreasonably interfere with the enjoyment 
of life and property. 
 


Any potential 
emissions subject to 
these requirements 
will meet these 
standards.  


RI Air Pollution Control 
Regulation #15: Control of 
Organic Solvent 
Emissions, 7/19/07 


Applicable: 
On-site 
incineration 
 


Limits the amount of organic solvents 
emitted to the atmosphere 


Any emissions of 
organic solvents will 
be controlled to 
ensure that the 
standards are met.  


RI Air Pollution Control 
Regulation #22: Air 
Toxics (4/04) Air Toxics 
Guideline, and Air 
Modeling Guidelines 
(6/05), 7/19/07 


Applicable: 
On-site 
incineration 
 


Prohibits the emissions of specified 
contaminants that result in ground level 
concentrations greater than ambient level 
concentrations. 


Remediation will be 
conducted so that 
these requirements are 
met.   


Key: 
R & A – Relevant and Appropriate; TBC – To Be Considered 
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 Table 6-20. Key Features of the Allendale Reach Floodplain Soil Alternatives 


  Alternative 
  


1 – No 
Action 


5 – Excavation and Disposal and/or Treatment 
  Option 5a, 


On-site 
Containment 


in Upland 
CDF 


Option 5b, 
On-site 


Containment 
in Nearshore 


CDF 


Option 5d, 
On-site 


Thermal 
Treatment 


Option 5e, 
Off-site 
Disposal 
and/or 


Treatment 
Present Worth Cost $04 $1.4M $1.4M $4.3M $3.2M 


Remediation Area (acres) — Excavate: 1.5 
Total: 1.5 


Excavation Volume (cy) — 2,400 
Difference in Habitat (acres) — — 


Residual 
Risk1 


RME Cancer2 2E-05 NA (no actionable risk for human health) 
HI Immune2 — NA (no actionable risk for human health) 
HI Ecological3 20 0.5 


Estimated Time to 
Achieve RAOs Unknown 1 month 


Notes: 
1Residual risks are those risks that remain following attainment of the cleanup objectives; residual risks for No 
Action are based on current conditions. 
2Based on receptor at highest risk, i.e., Resident Living Along the River (MACTEC, 2005a). 
3Summary of information presented in Table 6-21. 
4 Costs for periodic monitoring and five-year reviews are covered under the Allendale and Lyman Mill Sediment 
Alternative 1, No Action. 
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Table 6-21a.  Summary of Residual Risks1 for Ecological Health,  
Allendale Reach Floodplain Soil Alternative 1-No Action2 


 


Floodplain Soil Contact and Prey Consumption by Ecological Receptors 
 


 
Contaminanta 


Current 
Conditionsb 


(mg/Kg) 


 
Basis 


Residual Hazard 
Quotientsc 


Insectivorous 
wildlifed 


2,3,7,8-TCDD 0.00083 Central Tendency 22 A 
HI 20   


Notes: 
1Residual risks are those risks that remain following attainment of the cleanup objectives. 
2Residual risks for No Action are based on current risks. 
a. Comprehensive list of all floodplain soil contaminants identified for ecological receptors; see Table 1-1 in the Interim Final 


PRG report (MACTEC, 2005). 
b. Floodplain soil Exposure Point Concentrations (EPCs) obtained from Table 67 in the BERA (MACTEC, 2004).  
c. Calculated by dividing the existing conditions by the PRG for the most sensitive measurement endpoint for each receptor 


category. 
d. Floodplain soil concentrations protective of insectivorous wildlife were derived using: (A) dietary exposure modeling.  The 


short-tailed shrew is the representative receptor species for this assessment endpoint. 


Key: 
    


HI - Hazard Index     
mg/Kg - milligrams/kilogram     
TEQ - Toxic Equivalent     
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Table 6-21b.  Summary of Residual Risks1 for Ecological Health,  
Allendale Reach Floodplain Soil Alternative 5-Excavation and Disposal and/or Treatment 


 


Floodplain Soil Contact and Prey Consumption by Ecological Receptors 
 


 
Contaminanta 


Floodplain Soil 
Cleanup Goalb 


(mg/Kg) 


 
Basis 


Residual Hazard 
Quotientsc 


Insectivorous 
wildlifed 


2,3,7,8-TCDD 0.000017 Background 0.46 A 
HI 0.5   


Notes: 
1Residual risks are those risks that remain following attainment of the cleanup objectives. 
a. Comprehensive list of all floodplain soil contaminants identified for ecological receptors; see Table 1-1 in the Interim Final 


PRG report (MACTEC, 2005). 
b. Floodplain soil remediation goals are summarized in Table 3-4 of the FS report.  
c. Calculated by dividing the remediation goal by the PRG for the most sensitive measurement endpoint for each receptor 


category. 
d. Floodplain soil concentrations protective of insectivorous wildlife were derived using: (A) dietary exposure modeling.  The 


short-tailed shrew is the representative receptor species for this assessment endpoint. 


Key: 
    


HI - Hazard Index     
mg/Kg - milligrams/kilogram     
TEQ - Toxic Equivalent     
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Table 6-22. Detailed Analysis of Lyman Mill Reach Stream Sediment and Floodplain Soil 
Alternative 1, No Action  


EVALUATION CRITERIA ALTERNATIVE LYMAN MILL REACH STREAM 
SEDIMENT AND FLOODPLAIN SOIL -1: NO ACTION 


OVERALL PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT 
Human Health Protection and the 
Environment 


Contaminated sediment and floodplain soil would remain on 
site unaddressed and continue to present a risk to human health 
and the environment. 


COMPLIANCE WITH ARARS 
Chemical-, Location-, and Action-
Specific 


See Table 6-23.  This alternative will not comply with ARARs 
for residential direct exposure or EPA’s recommended 
residential level for dioxin (EPA, 1998b). 


LONG-TERM EFFECTIVENESS AND PERMANENCE 
Magnitude of Residual Risk The residual risk is high because no actions are taken to address 


contaminated sediment and floodplain soil or reduce the risk of 
erosion and migration downstream.  


Adequacy and Reliability of Controls There would be no controls in place to adequately and/or 
reliably prevent exposure in the long term.  In addition, there 
would be no controls to ensure maintenance of the privately 
owned dams which could lead to downstream transport of 
contaminated sediment in the event of a dam breach. 


REDUCTION OF TOXICITY, MOBILITY, OR VOLUME 
Treatment Process Used and Materials 
Treated 


None proposed for this alternative. 


Amount Destroyed or Treated None anticipated. 
Degree of Expected Reductions of 
Toxicity, Mobility, or Volume 
Through Treatment 


No reductions in toxicity, mobility, or volume of contamination 
anticipated for this alternative.  


Degree to Which Treatment is 
Irreversible 


Not applicable. 


Type and Quantity of Residuals 
Remaining After Treatment 


There would be no residuals because no treatment is planned 
for this alternative. 


SHORT-TERM EFFECTIVENESS 
Protection of Community During 
Remedial Action 


Not applicable, as no remedial actions are proposed for this 
alternative. 


Protection of Workers During 
Remedial Action 


Not applicable, as no remedial actions are proposed for this 
alternative. 


Environmental Impacts Not applicable, as no remedial actions are proposed for this 
alternative 







 


Interim Final CMRP Feasibility Study Report 141 April 2010 


Table 6-22. (continued) 


EVALUATION CRITERIA ALTERNATIVE LYMAN MILL REACH STREAM 
SEDIMENT AND FLOODPLAIN SOIL -1: NO ACTION 


SHORT-TERM EFFECTIVENESS 
Time Until Remedial Action 
Objectives are Achieved 


The time to achieve RAOs may be on the order of several 
decades to well over a century depending on the deposition and 
chemical decay rates.  Overall, the time to reach the cleanup 
goals for the most sensitive ecological receptor (short-tailed 
shrew) varies from 40 to greater than 250 years, best estimate is 
approximately 105 years.  The time to reach the cleanup goals 
for the passive recreational visitor is expected to be reached in 
about 55 years. 


IMPLEMENTABILITY 
Ability to Construct and Operate the 
Technology 


Not applicable, as no remedial technology is implemented 
under this alternative. 


Reliability of the Technology Not applicable, as no remedial technology is implemented 
under this alternative. 


Ease of Undertaking Additional 
Remedial Actions, If Necessary 


This alternative does not preclude future remedial activities. 


Ability to Monitor the Effectiveness of 
Remedy 


Five-year reviews and periodic monitoring, triggered by severe 
weather events, are incorporated into this alternative.  Periodic 
monitoring would include routine testing and could be easily 
implemented. 


Ability to Obtain Approvals and 
Coordinate with Other Agencies 


Not applicable, as no activities requiring approval are planned 
for this alternative. 


Availability of Off-Site Treatment, 
Storage, and Disposal Services and 
Capacity 


Not applicable for this alternative. 


Availability of Necessary Equipment 
and Specialists 


Not applicable for this alternative. 


Availability of Technology Not applicable for this alternative. 
COST1 


Capital Cost $0
Present Worth of Long-term 
Monitoring and Maintenance 


$250,000 
(includes costs for periodic monitoring and five-year reviews)


Total Present Worth Cost $250,000
Notes: 
1Detailed cost estimates provided in Appendix J. 
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Table 6-23. Potential Applicable or Relevant and Appropriate Requirements (ARARs) and To Be 
Considered (TBC) Criteria for Lyman Mill Reach Stream Sediment and Floodplain Soil 


Alternative 1, No Action1 


Requirement Status Synopsis 
Action to Be 


Taken to Attain 
Requirement 


Chemical-Specific ARARs 
Federal Requirements 
OSWER Directive 92-4-26, 
Approaches for Addressing 
Dioxins in Soil at CERCLA 
and RCRA Sites (April 13, 
1998) 


TBC Guidance cleanup levels for CERCLA removal 
sites and PRGs for remedial sites for dioxin (as 
TEQ) in surface soil involving residential 
exposure scenarios.  Also establishes a cleanup 
range for dioxin (as TEQ) for commercial and 
industrial exposure scenarios. 


Some residential use 
soils at the site 
contains dioxin at 
levels above the PRG 
and will not be 
addressed by this 
alternative. 


Draft Recommended 
Interim Preliminary 
Remediation Goals for 
Dioxin in Soil at CERCLA 
and RCRA Sites 
(December 30, 2009) 


TBC Draft recommended interim PRGs of 72 parts 
per trillion (ppt or ng/kg) dioxin (as TEQ) for 
residential exposure scenarios and 950 ppt 
dioxin (as TEQ) for commercial and industrial 
exposure scenarios are recommended as a 
starting point for setting cleanup levels for 
CERCLA removal sites. 


Soil at the site 
contains dioxin at 
levels above the draft 
recommended interim 
PRGs. 


Clean Water Act 
Federal Water Quality 
Criteria, Section 304(a) 
40 CFR 131.11 1976, 1980, 
and 1986. 


R & A Ambient Water Quality Criteria (AWQC) are 
provided by EPA for chemicals for both the 
protection of human health and the protection 
of aquatic life. 


Contributions of 
contaminants from 
sediment/floodplain 
soil that exceed 
AWQC in the 
Woonasquatucket 
River will not be 
minimized to the 
maximum extent 
practical. 


Guidelines for 
Carcinogenic Risk 
Assessment, EPA/630/P-
03/001F (March 2005) 


TBC These guidelines provide guidance on 
conducting risk assessments involving 
carcinogens. 


Alternative would not 
prevent exposure to 
contaminants 
considered under this 
guidance. 


Supplemental Guidance for 
Assessing Susceptibility 
from Early-Life Exposure 
to Carcinogens, 
EPA/630/R-03/003F 
(March 2005) 


TBC These guidelines provide guidance on 
conducting risk assessments involving 
carcinogens 


Alternative would not 
prevent exposure to 
contaminants 
considered under this 
guidance. 


EPA Risk Reference Doses 
(RfDs) 


TBC RfDs are estimates of a daily exposure 
concentration that is likely to be without 
appreciable risk of deleterious effects during a 
lifetime exposure. 


Alternative would not 
prevent exposure to 
contaminants 
considered under this 
guidance. 


Human Health Assessment 
Cancer Slope Factors 
(CSFs) 


TBC CSFs are estimates of the upper-bound 
probability of an individual developing cancer 
as a result of a lifetime exposure to a particular 
concentration of a potential carcinogen. 


Alternative would not 
prevent exposure to 
contaminants 
considered under this 
guidance. 


EPA Carcinogenic 
Assessment Group Potency 
Factors 


TBC These factors are used to evaluate an acceptable 
risk from a carcinogen. 


Alternative would not 
prevent exposure to 
contaminants 
considered under this 
guidance. 
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Table 6-23. (continued) 


Requirement Status Synopsis 
Action to Be 


Taken to Attain 
Requirement 


Chemical-Specific ARARs (cont) 
Federal Requirements (cont) 
EPA Health Advisories TBC EPA publishes contaminant-specific health 


advisories that indicate the non-carcinogenic 
risks associated with consuming contaminated 
drinking water. 


Alternative would not 
prevent exposure to 
contaminants 
potentially considered 
under these advisories. 


State Requirements 
RIDEM Rules and 
Regulations for the 
Investigation and 
Remediation of Hazardous 
Material Releases (i.e., 
Remediation Regulations), 
2/04 


Applicable Unless otherwise specified, soil contaminated 
as a result of a release of hazardous materials 
shall be remediated in a manner which meets 
the direct exposure and leachability criteria for 
each hazardous substance established in Rule 
8.02.B (Method 1 Soil Objectives). 


Some residential use 
soils at the site contain 
contaminants subject 
to the Rule 8.02B soil 
objectives and would 
not be addressed by 
this alternative. 


Notes: 
1 With no action, there are no location- or action-specific ARARs. 


Key: 
R & A – Relevant and Appropriate; TBC – To Be Considered 
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Table 6-24. Detailed Analysis of Lyman Mill Reach Stream Sediment and Floodplain Soil 
Alternative 3, Targeted Excavation, Enhanced Natural Recovery and Disposal and/or Treatment 


EVALUATION CRITERIA ALTERNATIVE LYMAN MILL REACH STREAM 
SEDIMENT AND FLOODPLAIN SOIL -3: TARGETED 
EXCAVATION, ENHANCED NATURAL RECOVERY 


AND DISPOSAL AND/OR TREATMENT 
OVERALL PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT 


Human Health Protection and the 
Environment 


The combination of targeted excavation and removal of 
contaminated sediment/soil and placement of a thin-layer cover 
would provide some protection to human health and the 
environment.  Removal of the sediment from the stream 
channel would reduce contaminant migration downstream due 
to erosion.  In addition, removal of contaminated soil that 
exceeds ARARs or EPA’s dioxin requirements in combination 
with a thin cover would reduce exposure to contamination and 
accelerate the natural recovery processes.  Flow control 
structures to divert stream flow into the Oxbow would also 
accelerate the natural recovery processes.  However, because 
some contamination would remain in place, ICs restricting site 
access and use would be required to prevent the disturbance of 
the CDFs (Options 3a and 3b) and thin-layer cover (all options).  
In addition, ICs (such as boardwalks and fencing) could be used 
to enhance remedy effectiveness by further reducing human 
exposure. 


Potential risks to ecological receptors would be reduced, but not 
eliminated because contaminated sediment/soil under the thin-
layer cover could continue to present an exposure hazard to 
burrowing aquatic and floodplain organisms over an extended 
period of time until the cleanup objectives are met.  In addition, 
the bioaccumulation hazard to wildlife would be reduced but 
not eliminated over an extended period of time until cleanup 
objectives are met. 


COMPLIANCE WITH ARARS
Chemical-, Location-, and Action-
Specific 


ARARs specific to Alternative 3 are summarized in Table 6-25.  
Assuming that excavation involves more than a 
deminimis/incidental discharge to surface water, Clean Water 
Act Section 404 requirements are triggered by excavation.  In 
addition, placement of backfill in wetland areas, the nearshore 
CDF (Option 3b), and possibly the upland CDF (Option 3a) 
also trigger wetlands/Section 404 requirements.  As a result, 
these actions must be evaluated to determine the least damaging 
practicable alternative.  State wetlands requirements will also 
need to be addressed. 


The thin-layer cover (all options) and nearshore CDF (Option 
3b) would also require the permanent occupancy and 
modification of the floodplain.  According to Executive Order 
11988, a determination would need to be made that there was 
no other practicable alternative before selecting this option as 
the preferred remedy. 
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Table 6-24. (continued) 


EVALUATION CRITERIA ALTERNATIVE LYMAN MILL REACH STREAM 
SEDIMENT AND FLOODPLAIN SOIL -3: TARGETED 
EXCAVATION, ENHANCED NATURAL RECOVERY 


AND DISPOSAL AND/OR TREATMENT 
COMPLIANCE WITH ARARS 


Chemical-, Location-, and Action-
Specific (continued) 


In addition, some of the sediment could require treatment if it 
exceeds the treatment standards set forth in the LDRs.  A 
treatability variance could be obtained to reduce the amount of 
treatment needed for sediment under Option 3a. 


The Subtitle C requirements under RCRA would have to be 
waived for this alternative.  The waiver would be based on the 
determination that the placement of a RCRA-compliant cap 
would result in greater risk to the environment.  Specifically, 
the cover proposed under this alternative would allow for 
preservation of a majority of the existing forested wetland that 
provides a regionally-important habitat to a variety of birds and 
animals (including potential threatened/endangered vernal pool 
species).  However, requiring a thicker, impermeable cap would 
permanently eliminate one of the largest areas of forested 
riparian habitat remaining along the Woonasquatucket River 
downstream of the Smithfield town line. 


LONG-TERM EFFECTIVENESS AND PERMANENCE 
Magnitude of Residual Risk Targeted excavation would be somewhat effective in the long 


term because some contaminated sediment/soil would be 
removed and either contained on site, destroyed, or shipped off 
site for disposal and treatment.  Targeted excavation will 
remove floodplain soil from areas where contaminant 
concentrations are in excess of ARARs for residential direct 
exposure or EPA’s recommended residential level for dioxin in 
soil (EPA, 1998b), and provide a higher level of risk reduction 
for human receptors.  Although post-construction ecological 
residual risk would remain elevated as a result of leaving 
contamination in place under the thin-layer cover, targeted 
excavation would remove some of the contamination from 
areas with the highest likelihood of downstream migration.  ICs 
and ECs would be used to further minimize human exposure. 


The risks to ecological receptors would be further reduced over 
time, as clean material was deposited within the area.  
However, the overall implementation period for this alternative 
is expected to be long (e.g., several decades to well over a 
century) even with the inclusion of river flow-diversion 
structures to increase sedimentation rates in the Oxbow.  As a 
result, ecological receptors would continue to be at risk of harm 
from exposure to contaminants where contamination remains in 
place in the area where enhanced natural recovery occurs.  This 
alternative does not involve significant destruction of ecological 
habitat which would be balanced against the benefits of a more 
intrusive excavation. 
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Table 6-24. (continued) 


EVALUATION CRITERIA ALTERNATIVE LYMAN MILL REACH STREAM 
SEDIMENT AND FLOODPLAIN SOIL -3: TARGETED 
EXCAVATION, ENHANCED NATURAL RECOVERY 


AND DISPOSAL AND/OR TREATMENT 
LONG-TERM EFFECTIVENESS AND PERMANENCE 


Adequacy and Reliability of Controls Long-term monitoring, maintenance, including maintenance of 
the dam, and ICs would be necessary to assure the long-term 
protectiveness of this alternative, including the soil cover and 
any on-site disposal facility under Options 3a and 3b.  
 
Although not necessary to achieve RAOs, implementation of 
ICs would provide further protection to human health by 
lowering the potential for human exposure; ICs are only 
effective if adequately monitored, enforced, and maintained.  
ICs are not reliable or effective in addressing ecological risk.   


REDUCTION OF TOXICITY, MOBILITY, OR VOLUME 
Treatment Process Used and Materials 
Treated 


Option 3d includes on-site incineration.  Option 3e assumes 
some material will require treatment to meet LDRs.   


Amount Destroyed or Treated Under Option 3d, approximately 9,700 cy of sediment/soil 
would be excavated and treated.  Under Option 3e, 
approximately 1,200 cy of sediment would be treated (50% of 
the total volume). 


Degree of Expected Reductions of 
Toxicity, Mobility, or Volume 
Through Treatment 


There would be a reduction of toxicity, mobility, or volume of 
contamination by incineration under Options 3d and 3e.  
 
There would be no reduction of toxicity, mobility, or volume of 
contamination through treatment for Options 3a and 3b; 
however, the mobility of the contaminated sediment particles 
would be reduced by the disposal facility, if used. 


Degree to Which Treatment is 
Irreversible 


For sediment/soil that undergo thermal treatment (Options 3d 
and 3e), the process is irreversible. 


Type and Quantity of Residuals 
Remaining After Treatment 


Excavation would produce no residuals. 
 
Air emissions of contaminants or additional by-products 
produced during on-site or off-site thermal treatment (Options 
3d and 3e) would be at levels below regulatory standards.  After 
incineration, the volume of inorganic soil particles would be 
nearly the same as the pre-treatment volume, but concentrations 
of organic chemical contaminants would be below detection 
limits. 


SHORT-TERM EFFECTIVENESS 
Protection of Community During 
Remedial Action 


All of the options would result in limited impacts to the 
community from construction.  Access to the work zone during 
construction activities would be prohibited, and engineering 
controls, dust suppression techniques, and site perimeter air 
(dust) monitoring will mitigate risks to the community.  An on-
site incinerator under Option 3d would result in air emissions 
which would be monitored to ensure that they are below 
regulatory standards. 
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Table 6-24. (continued) 


EVALUATION CRITERIA ALTERNATIVE LYMAN MILL REACH STREAM 
SEDIMENT AND FLOODPLAIN SOIL -3: TARGETED 
EXCAVATION, ENHANCED NATURAL RECOVERY 


AND DISPOSAL AND/OR TREATMENT 
SHORT-TERM EFFECTIVENESS 


Protection of Workers During 
Remedial Action 


Health and safety plans, emergency response plans, engineering 
controls (dust suppression), and personal protective equipment 
will be used during site activities, mitigating risks to workers.   


Environmental Impacts Excavation would temporarily destroy existing habitat, which 
may take at least a decade to become reestablished in areas of 
emergent marsh. 
 
Application of cover material may have deleterious effects to 
the trees within the Oxbow.  However, using a hydraulic slurry 
method and performing the work during the dormant season 
(e.g., late fall or early winter) would minimize damage to 
vegetation.  Non-mobile animals, such as soil invertebrates, 
would be buried by the cover; however, it is expected that they 
would quickly colonize the newly applied cap material.  Some 
short-term air emissions from truck traffic and petroleum 
powered engines and generators are associated with this 
alternative. 


Time Until Remedial Action 
Objectives are Achieved 


The time to achieve RAOs may be on the order of several 
decades to well over a century depending on the deposition and 
chemical decay rates.  Overall, the time to reach the cleanup 
goals for the most sensitive ecological receptor (short-tailed 
shrew) varies from 30 to a couple hundred years, best estimate 
is approximately 60 years.  The time to reach the cleanup goals 
for the passive recreational visitor is expected to be in about 15 
years (based on meeting the Rhode Island carcinogenic risk 
range of 10-6 to 10-5; post-construction residual risk estimates 
would be within EPA’s risk range, see Appendix M).   
 
Flow control structures will be incorporated into the design to 
direct flood flows over the entire area, which will increase the 
rate of clean sediment deposition. 
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Table 6-24. (continued) 


EVALUATION CRITERIA ALTERNATIVE LYMAN MILL REACH STREAM 
SEDIMENT AND FLOODPLAIN SOIL -3: TARGETED 
EXCAVATION, ENHANCED NATURAL RECOVERY 


AND DISPOSAL AND/OR TREATMENT 
IMPLEMENTABILITY 


Ability to Construct and Operate the 
Technology 


For all options, the soft soils would require the use of low-
ground pressure equipment and hydraulic excavators.  
Temporary work areas would need to be set up and the areas 
cleared of vegetation.  Temporary haul roads would need to be 
constructed to provide access.  Obtaining property access is 
expected to be difficult.   
 
Use of a hydraulic slurry method for placement of a wetland 
cover is not routine, but such a broadcast method has been 
successfully demonstrated at other sites.  The soft surface 
sediment/soil would require the use of low-ground pressure 
equipment and hydraulic excavators but should not present any 
significant issues.   
 
Upland land is required for the temporary work areas and 
sediment/soil processing areas (all options except Option 3b).  
Additional land is needed for a disposal facility (Option 3a) and 
Option 3d requires land for an incinerator.  This property may 
need to be acquired from private parties.  Increased monitoring 
would be needed for Options 3a, 3b, and 3d relative to 
Option 3e. 


Reliability of the Technology Excavation, CDF construction and thermal treatment 
technologies have been successfully implemented at other 
contaminated soil sites, although the nearshore CDF (Option 
3b) could present additional reliability concerns because it is 
located in the floodplain/river.  Although the concept of 
pumping soils slurries has been used for placing aquatic caps 
and is used in the mining industry, use of this technology for 
placing wetland covers is an innovative application.  Habitat 
restoration activities have historically had variable success 
rates.  Because contamination remains in place, technical 
problems could arise in the future. 


Ease of Undertaking Additional 
Remedial Actions, If Necessary 


This alternative would not preclude additional future remedial 
actions. 
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Table 6-24. (continued) 


EVALUATION CRITERIA ALTERNATIVE LYMAN MILL REACH STREAM 
SEDIMENT AND FLOODPLAIN SOIL -3: TARGETED 
EXCAVATION, ENHANCED NATURAL RECOVERY 


AND DISPOSAL AND/OR TREATMENT 
IMPLEMENTABILITY 


Ability to Monitor the Effectiveness of 
Remedy 


The effectiveness of excavation and water quality protection 
measures could be monitored with routine testing.  
Confirmational sampling would be performed at the completion 
of construction activities to verify that the cleanup goals were 
achieved.  A physical survey would also be conducted at the 
completion of construction activities to confirm that the cover 
was placed over the entire remedial footprint and meets the 
design thickness. 
 
Long-term monitoring would be required to assess cover 
performance and the rate at which recovery is occurring, assess 
the impact of the remedial action on downstream areas, and 
determine if additional evaluations or clean-ups are warranted.  
Increased monitoring would be needed for the on-site 
containment (Options 3a and 3b) and treatment (Option 3d) 
options.  However, these monitoring programs would not 
present any unusual issues.  The implementation of a long-term 
monitoring program and enforcement of institutional controls 
are critical to the success of this alternative. 


Ability to Obtain Approvals and 
Coordinate with Other Agencies 


Because this alternative constitutes the placement of fill in 
waters of the US, a determination must first be made that this is 
the least damaging practicable alternative to the aquatic 
environment.  In addition, this alternative would require the 
permanent occupancy and modification the floodplain, and a 
determination would first need to be made concluding that there 
is no other practicable alternative before selecting this option as 
the preferred remedy.  For Option 3a, some low-value wetlands 
could be destroyed depending on the location of the CDF and a 
treatability variance may need to be obtained for sediment 
depending on contaminant concentrations. 


Ability to Obtain Approvals and 
Coordinate with Other Agencies (cont) 


Coordination with adjacent property owners, and appropriate 
federal, state, and local agencies would be required to 
implement ICs. 
 
Access from property owners would be required to obtain 
access to the site and to maintain Allendale Dam. 


Availability of Off-Site Treatment, 
Storage, and Disposal Services and 
Capacity 


Off-site landfill and treatment options are readily available.  
Samples of excavated sediment/floodplain soil could be tested 
to determine if the material could be taken to a hazardous waste 
landfill without treatment. 


Availability of Necessary Equipment 
and Specialists 


Construction equipment and personnel are readily available. 


Availability of Technology Technology is common enough that required equipment and 
materials would be readily available. 
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Table 6-24. (continued) 


EVALUATION CRITERIA ALTERNATIVE LYMAN MILL REACH STREAM 
SEDIMENT AND FLOODPLAIN SOIL -3: TARGETED 
EXCAVATION, ENHANCED NATURAL RECOVERY 


AND DISPOSAL AND/OR TREATMENT 
COST1 


Capital Cost Option 3a, On-site Upland CDF  $7,000,000
Option 3b, On-site Nearshore CDF   $7,000,000
Option 3d, On-site Thermal Treatment  $16,000,000
Option 3e, Off-site Disposal and/or Treatment  $13,000,000


Present Worth of Long-term 
Monitoring and Maintenance 


Option 3a, On-site Upland CDF  $2,700,000
Option 3b, On-site Nearshore CDF   $2,700,000
Option 3d, On-site Thermal Treatment  $2,400,000
Option 3e, Off-site Disposal and/or Treatment  $2,400,000


Total Present Worth Cost Option 3a, On-site Upland CDF  $9,700,000
Option 3b, On-site Nearshore CDF   $9,700,000
Option 3d, On-site Thermal Treatment  $19,000,000
Option 3e, Off-site Disposal and/or Treatment  $16,000,000


Notes: 
1Detailed cost estimates provided in Appendix J. 
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Table 6-25. Potential Applicable or Relevant and Appropriate Requirements (ARARs) and To Be 
Considered (TBC) Criteria for Lyman Mill Reach Stream Sediment and Floodplain Soil 


Alternative 3, Targeted Excavation, Enhanced Natural Recovery and Disposal and/or Treatment 


Requirement Status Synopsis 
Action to Be 


Taken to Attain 
Requirement 


Chemical-Specific ARARs 
Federal Requirements 
OSWER Directive 92-4-26, 
Approaches for Addressing 
Dioxins in Soil at CERCLA 
and RCRA Sites (April 13, 
1998) 


TBC Guidance cleanup levels for CERCLA removal 
sites and PRGs for remedial sites for dioxin (as 
TEQ) in surface soil involving residential 
exposure scenarios.  Also establishes a cleanup 
range for dioxin (as TEQ) for commercial and 
industrial exposure scenarios. 


Soil at the site that 
contains dioxin at 
levels above that 
recommended in this 
guidance would be 
addressed under this 
alternative. 


Draft Recommended 
Interim Preliminary 
Remediation Goals for 
Dioxin in Soil at CERCLA 
and RCRA Sites 
(December 30, 2009) 


TBC Draft recommended interim PRGs of 72 parts 
per trillion (ppt or ng/kg) dioxin (as TEQ) for 
residential exposure scenarios and 950 ppt 
dioxin (as TEQ) for commercial and industrial 
exposure scenarios are recommended as a 
starting point for setting cleanup levels for 
CERCLA removal sites. 


Soil at the site 
contains dioxin at 
levels above the draft 
recommended interim 
PRGs. 


Clean Water Act Federal 
Water Quality Criteria, 
Section 304(a) 40 CFR 
131.11 1976, 1980, and 
1986.   


R & A Ambient Water Quality Criteria (AWOC) are 
provided by EPA for chemicals for both the 
protection of human health and the protection 
of aquatic life.  


Contaminants from 
sediment/floodplain 
soil that exceed 
AWQC in 
Woonasquatucket 
River will be 
minimized to the 
extent practical. 


Guidelines for 
Carcinogenic Risk 
Assessment, EPA/630/P-
03/001F (March 2005) 


TBC These guidelines provide guidance on 
conducting risk assessments involving 
carcinogens. 


Guidelines used to 
evaluate all risk 
assessments on 
carcinogenicity. 


Supplemental Guidance for 
Assessing Susceptibility 
from Early-Life Exposure 
to Carcinogens, 
EPA/630/R-03/003F 
(March 2005) 


TBC These guidelines provide guidance on 
conducting risk assessments involving 
carcinogens 


Guidelines used to 
evaluate all risk 
assessments on 
carcinogenicity in 
children. 


EPA Risk Reference Doses 
(RfDs) 


TBC RfDs are estimates of a daily exposure 
concentration that is likely to be without 
appreciable risk of deleterious effects during a 
lifetime exposure. 


RfDs used to 
characterize human 
health risks due to 
non-carcinogens in 
site media. 


Human Health Assessment 
Cancer Slope Factors 
(CSFs) 


TBC CSFs are estimates of the upper-bound 
probability of an individual developing cancer 
as a result of a lifetime exposure to a particular 
concentration of a potential carcinogen. 


CSFs used to compute 
the individual 
incremental cancer 
risk resulting from 
exposure to 
carcinogens in site 
media. 


EPA Carcinogenic 
Assessment Group Potency 
Factors 


TBC These factors are used to evaluate an acceptable 
risk from a carcinogen. 


Used to evaluate 
carcinogenicity of 
dioxin. 


EPA Health Advisories TBC EPA publishes contaminant-specific health 
advisories that indicate the non-carcinogenic 
risks associated with consuming contaminated 
drinking water. 


Used to establish 
criteria in the absence 
of other standards.. 
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Table 6-25. (continued) 


Requirement Status Synopsis 
Action to Be 


Taken to Attain 
Requirement 


Chemical-Specific ARARs (cont) 
State Requirements 
RIDEM Rules and 
Regulations for the 
Investigation and 
Remediation of Hazardous 
Material Releases (i.e., 
Remediation Regulations), 
2/04 


Applicable Unless otherwise specified, soil contaminated 
as a result of a release of hazardous materials 
shall be remediated in a manner which meets 
the direct exposure and leachability criteria for 
each hazardous substance established in Rule 
8.02.B (Method 1 Soil Objectives). 


Some residential use 
soils at the site contain 
contaminants subject 
to the Rule 8.02B soil 
objectives and would 
be addressed under 
this alternative 
consistent with state 
requirements. 


Location-Specific ARARs 
Federal Requirements 
Fish and Wildlife 
Coordination Act 16 U.S.C. 
661, Fish and Wildlife 
Protection (40 CFR Section 
6.302(g)) 


Applicable Requires that a federal agency take action to 
prevent, mitigate, or compensate for project-
related losses of fish and wildlife resources.  
Encourages that any federal agency proposing 
to modify a body of water to consult with the 
U.S. Fish and Wildlife Service, National 
Marine Fisheries Service, and other related 
state agencies. 


Construction activities 
under this alternative 
in the 
Woonasquatucket 
River are subject to 
these requirements.  
Actions will be taken 
in accordance with 
these requirements. 


Clean Water Act, Section 
404 Guidelines for 
discharge of dredged or fill 
material into waters of US 
(40 CFR Parts 230 and 231, 
33 CFR Parts 320-323, and 
33 CFR Part 332) 


Applicable Outlines requirements for the discharge of 
dredged or fill materials into surface waters, 
including wetlands.  Such discharges are not 
allowed if there are practicable alternatives with 
less adverse impact.  Sets standards for 
restoration and mitigation required as a result of 
unavoidable impacts to aquatic resources. 


Excavation/backfill, 
placement of thin 
cover, and nearshore 
CDF (and potentially 
upland CDF) subject 
to these requirements.  
Activities must be 
conducted in 
accordance with these 
requirements, 
including but not 
limited to mitigation 
and/or restoration.  
Alternative must be 
evaluated to determine 
least damaging 
practicable alternative 
before it can be 
selected. 


Rivers and Harbors Act 
Section 10  (33 U.S.C. 
Section 403) 


Applicable Sets forth criteria for placing dams/structures in 
navigable waters of the U.S. 


Backfill/thin cover, 
nearshore CDF, and 
flow control structures 
subject to these 
requirements.  
Activities must be 
conducted in 
accordance with these 
requirements. 
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Table 6-25. (continued) 


Requirement Status Synopsis 
Action to Be 


Taken to Attain 
Requirement 


Location-Specific ARARs (cont) 
Federal Requirements (cont) 
Protection of Wetlands 
(Executive Order 11990)  


TBC Federal agencies are required to avoid 
adversely impacting wetlands unless there is no 
practicable alternative and the proposed action 
includes all practicable measures to minimize 
harm to wetlands that may result from such use. 


Excavation/backfill, 
placement of thin 
cover, and nearshore 
CDF (and potentially 
upland CDF) are 
subject to these 
requirements.  
Activities must be 
conducted in 
accordance with these 
requirements. 


Floodplain Management 
(Executive Order 11988)  


TBC Federal agencies are required to avoid impacts 
associated with the occupancy and modification 
of a floodplain and avoid support of floodplain 
development wherever there is a practicable 
alternative. 


This alternative and 
nearshore CDF 
alternative can only be 
selected if there is no 
practicable alternative 
to occupancy and 
modification of 
floodplain. 


State Requirements 
RIDEM Rules and 
Regulations for Hazardous 
Waste Management, 
Location Standards for 
Hazardous Waste Facilities 


R & A 
 


Rhode Island is delegated to administer the 
federal RCRA statute through its state 
regulations.  The standards of 40 CFR 
264.18(b) are incorporated by reference.   
 
Facility located in 100-yr floodplain must be 
designed, constructed, operated and maintained 
to prevent washout of any hazardous waste by 
100-yr flood, unless demonstrate no adverse 
effects on human health or environment will 
result from washout. 


Nearshore CDF must 
meet these 
requirements. 
 
The Subtitle C 
requirements under 
RCRA would have to 
be waived for this 
alternative (see Table 
6-24).   


RIDEM Rules and 
Regulations Governing the 
Enforcement of the 
Freshwater Wetlands Act 
(December 2009) 


Applicable Sets requirements to prevent the undesirable 
drainage, excavation, filling, alteration, 
encroachment, or any other form of disturbance 
or destruction to a wetland. 


Activities required by 
RIDEM for 
remediation will be 
conducted in 
accordance with these 
requirements. 
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Table 6-25. (continued) 


Requirement Status Synopsis 
Action to Be 


Taken to Attain 
Requirement 


Action-Specific ARARs 
Federal Requirements 
Clean Water Act 
Federal Water Quality 
Criteria, Section 304(a) 
40 CFR 131.11 1976, 1980, 
and 1986. 


Applicable Ambient Water Quality Criteria (AWQC) are 
provided by EPA for chemicals for both the 
protection of human health and the protection 
of aquatic life. 


Excavation/backfill, 
placement of thin 
cover, and nearshore 
CDF must be 
conducted so that 
there are no 
exceedances of 
AWQC.   


RCRA (40 CFR 264, 
Subpart AA) 


Applicable: 
On-site 
Incineration 


Air emission standards for process vents apply 
to process vents that manage hazardous wastes 
with organic concentrations of at least 10 parts 
per million by weight (ppmw).  
 


Should incinerator 
operations manage 
hazardous wastes with 
organic concentrations 
of at least 10 ppm by 
weight, vents operated 
as part of the system 
will comply with these 
requirements. 


RCRA (40 CFR 264, 
Subpart BB) 
 
 
 


Applicable: 
On-site 
Incineration 


Air emission standards for equipment leaks 
apply to equipment that contains or contacts 
hazardous wastes with organic concentrations 
of at least 10 percent by weight. 
 


Should equipment 
used in incineration 
come into contact with 
hazardous wastes 
containing organic 
concentrations of at 
least 10 percent by 
weight, these 
regulations will be 
followed.  
 


CAA National Emissions 
Standards for Hazardous 
Air Pollutants: Site 
remediation (40 CFR 63, 
Subpart GGGGG)   
 


Applicable: 
On-site 
Incineration 


Applicable to major sources of hazardous air 
pollutants conducting site remediation. 


On-site incineration 
must be conducted to 
meet these substantive 
requirements. 


RCRA Land Disposal 
Restrictions  (40 CFR 268) 


Applicable: 
Upland CDF 


These regulations identify treatment standards 
for hazardous wastes and specify requirements 
that generators, transporters, and owners or 
operators of treatment, storage, and disposal 
facilities that manage restricted wastes destined 
for land disposal must meet. 


Material subject to 
these regulations 
placed in upland CDF 
must be treated to 
meet these 
requirements. 


Invasive Species 
(Executive Order 13112) 


TBC Federal agencies are directed to prevent the 
introduction of invasive species and provide for 
their control and to minimize the economic, 
ecological, and human health impacts that 
invasive species cause when requiring actions 
that impact the environment. 


Actions will be taken 
to address invasive 
species consistent with 
the Executive Order. 
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Table 6-25. (continued) 


Requirement Status Synopsis 
Action to Be 


Taken to Attain 
Requirement 


Action-Specific ARARs (cont) 
State Requirements    
RIDEM Rules and 
Regulations for Hazardous 
Waste Management 
Amendment Eff. 2/9/07 
Identification and Listing of 
Hazardous Wastes 


Applicable: 
Upland CDF 
Incineration 
Off-site 
Disposal 


Rhode Island is delegated to administer the 
federal RCRA statute through its regulations.  
The standards of 40 Part 261 of RCRA are 
incorporated by reference.  Sets forth 
requirements for hazardous waste determination 
according to federal (40 CFR 262.11) and RI 
State (Rule 5.08) definitions. 


Will be used to 
determine appropriate 
treatment and disposal 


RIDEM Rules and 
Regulations for the 
Investigation and 
Remediation of Hazardous 
Material Releases (i.e., 
Remediation Regulations), 
(2/04) DEM-DSR-01-93 
Section 8.0 
(Risk Management) 


Applicable This section regulates impacted media at 
contaminated sites. 


This section was used 
to develop cleanup 
goals for the site.  This 
alternative meets this 
requirement. 
 


RIDEM Rules and 
Regulations for Hazardous 
Waste Management, 
Section 9 (3/07) – 
Operation Requirements for 
Treatment, Storage, and 
Disposal Facilities 


Applicable and  
R & A 


Outlines operational requirements for all 
hazardous waste treatment, storage, and 
disposal facilities, including general waste 
analyses, security procedures, inspections, 
safety, etc.  Sets design, construction, and 
operational requirements for hazardous waste 
containers and tanks, and closure requirements 
for hazardous waste facilities. 


Substantive 
requirements related 
to land disposal, on-
site incineration, or 
closure must be met. 
 
The Subtitle C 
requirements under 
RCRA would have to 
be waived for this 
alternative (see Table 
6-24).   


RIDEM Rules and 
Regulations for Hazardous 
Waste Management, 
Section 10 (3/07) – Land 
Disposal Facilities 


Applicable and 
R & A 
 


Outlines design, operational, and closure 
requirements for land disposal facilities. 


Substantive 
requirements for land 
disposal must be met 
for CDFs constructed 
on site.  Substantive 
requirements for 
closure must be met. 
 
The Subtitle C 
requirements under 
RCRA would have to 
be waived for this 
alternative (see Table 
6-24).   


RIDEM Rules and 
Regulations for Hazardous 
Waste Management, 
Section 11 (3/07) - 
Incinerators 


Applicable: 
On-site 
incineration  


Outlines design, operational, and closure 
requirements for incinerator facilities. 


On-site incineration 
must be conducted to 
meet these substantive 
requirements. 
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Table 6-25. (continued) 


Requirement Status Synopsis 
Action to Be 


Taken to Attain 
Requirement 


Action-Specific ARARs (cont) 
State Requirements (cont) 
RIDEM Water Quality 
Regulations, 7/06 


Applicable Provides water classification for surface 
waters in Rhode Island and sets ambient 
water quality criteria for toxic substances 
and governs water quality impacts 
associated with site activities. 


Excavation/backfill, 
placement of thin 
cover, and nearshore 
CDF must be 
conducted so that 
there are no 
exceedances of water 
quality standards. 


RI Air Pollution Control 
Regulation #1: Visible 
Emissions 
(8/67, Amended 7/07) 


Applicable Establishes opacity limitations for 
contaminant emissions 


Remediation will be 
conducted to meet the 
standards for visible 
emissions.  


RI Air Pollution Control 
Regulation #5: Fugitive 
Dust, 7/19/07 


Applicable Requires that reasonable precaution be taken 
to prevent particulate matter from becoming 
airborne. 


Actions will be taken 
to prevent particulate 
matter from becoming 
airborne in 
accordance with these 
regulations. 


RI Air Pollution Control 
Regulation #7: Emissions 
Detrimental to Persons or 
Property, 7/19/07 


Applicable Prohibits emissions of contaminants which 
may be injurious to human, plant, or animal 
life or cause damage to property or which 
unreasonably interfere with the enjoyment 
of life and property. 
 


Any potential 
emissions subject to 
these requirements 
will meet these 
standards.  


RI Air Pollution Control 
Regulation #15: Control of 
Organic Solvent 
Emissions, 7/19/07 


Applicable: 
On-site 
incineration 
 


Limits the amount of organic solvents 
emitted to the atmosphere 


Any emissions of 
organic solvents will 
be controlled to 
ensure that the 
standards are met.  


RI Air Pollution Control 
Regulation #22: Air 
Toxics (4/04) Air Toxics 
Guideline, and Air 
Modeling Guidelines 
(6/05), 7/19/07 


Applicable: 
On-site 
incineration 
 


Prohibits the emissions of specified 
contaminants that result in ground level 
concentrations greater than ambient level 
concentrations. 


Remediation will be 
conducted so that 
these requirements are 
met.   


Key: 
R & A – Relevant and Appropriate; TBC – To Be Considered 


 







 


Interim Final CMRP Feasibility Study Report 157 April 2010 


Table 6-26. Detailed Analysis of Lyman Mill Reach Stream Sediment and Floodplain Soil 
Alternative 5, Partial Excavation, Enhanced Natural Recovery and Disposal and/or Treatment  


EVALUATION CRITERIA ALTERNATIVE LYMAN MILL REACH STREAM 
SEDIMENT AND FLOODPLAIN SOIL -5: PARTIAL 


EXCAVATION, ENHANCED NATURAL RECOVERY, 
AND DISPOSAL AND/OR TREATMENT 


OVERALL PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT 
Human Health Protection and the 
Environment 


This alternative would provide some overall protection of 
human health and the environment, and would help balance the 
long-term benefits of sediment/soil removal with the short-term 
benefit of protecting valuable existing wetland habitat.  
Targeted excavation and removal of contaminated soil from 
areas where contaminant concentrations are in excess of 
ARARs or EPA’s dioxin requirements, as well as removal of 
contaminated sediment and soil from areas with the highest 
potential human exposure and areas with higher potential for 
downstream transport of contaminated sediment/floodplain soil 
would minimize human and ecological exposure to 
contamination.  Placement of a thin cover would further reduce 
exposure to contamination, and used in combination with flow 
control structures to divert stream flow into the Oxbow would 
also accelerate the natural recovery processes.   


Potential risks to ecological receptors would be reduced, but not 
eliminated because contaminated sediment/soil under the thin-
layer cover could continue to present an exposure hazard to 
burrowing aquatic and floodplain organisms over an extended 
period of time until the cleanup objectives are met.  In addition, 
the bioaccumulation hazard to wildlife would be reduced but 
not eliminated over an extended period of time until cleanup 
objectives are met. 


COMPLIANCE WITH ARARS
Chemical-, Location-, and Action-
Specific 


ARARs specific to Alternative 5 are summarized in Table 6-27.  
Excavation, placement of backfill/cover material in wetland 
areas, the nearshore CDF (Option 5b), and possibly the upland 
CDF (Option 5a) will trigger wetlands/Section 404 
requirements.  As a result, these actions must be evaluated to 
determine the least damaging practicable alternative.  State 
wetlands requirements will also need to be addressed. 


The thin-layer cover (all options) and nearshore CDF (Option 
5b) would also require the permanent occupancy and 
modification of the floodplain.  According to Executive Order 
11988, a determination would need to be made that there was 
no other practicable alternative before selecting this option as 
the preferred remedy. 


In addition, some of the sediment could require treatment if it 
exceeds the treatment standards set forth in the LDRs.  A 
treatability variance could be obtained to reduce the amount of 
treatment needed for sediment under Option 5a. 
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Table 6-26. (continued) 


EVALUATION CRITERIA ALTERNATIVE LYMAN MILL REACH STREAM 
SEDIMENT AND FLOODPLAIN SOIL -5: PARTIAL 


EXCAVATION, ENHANCED NATURAL RECOVERY, 
AND DISPOSAL AND/OR TREATMENT 


COMPLIANCE WITH ARARS 
Chemical-, Location-, and Action-
Specific (continued) 


The Subtitle C requirements under RCRA would have to be 
waived for this alternative.  The waiver would be based on the 
determination that the placement of a RCRA-compliant cap 
would result in greater risk to the environment.  Specifically, 
the cap proposed under this alternative would allow for 
preservation of a majority of the existing forested wetland that 
provides a regionally-important habitat to a variety of birds and 
animals (including potential threatened/endangered vernal pool 
species).  However, requiring a thicker, impermeable cap would 
permanently eliminate one of the largest areas of remaining 
forested riparian habitat remaining along the Woonasquatucket 
River downstream of the Smithfield town line. 


LONG-TERM EFFECTIVENESS AND PERMANENCE 
Magnitude of Residual Risk Partial excavation would be somewhat effective in the long 


term because the contaminated sediment/soil would be removed 
and either contained on site, destroyed, or shipped off-site for 
disposal and treatment.  In addition, placement of a thin-layer 
cover would facilitate risk reduction through natural recovery.  
All sediment and floodplain soil will be excavated from areas 
where contaminant concentrations are in excess of ARARs for 
residential direct exposure or EPA’s recommended residential 
level for dioxin in soil (EPA, 1998b), as well as from areas of 
highest potential for future erosion, from low-lying channels 
where contaminated sediment has accumulated, and from areas 
with potential for frequent human exposure; therefore the 
residual risk would be significantly reduced particularly for 
human receptors.  The elevated post-construction ecological 
residual risk from contamination remaining in place under the 
thin-layer cover would be further reduced over time as clean 
material was deposited within the area, although this process 
will be fairly slow even with the inclusion of river flow-
diversion structures to increase sedimentation rates in the 
Oxbow.   


Adequacy and Reliability of Controls Long-term monitoring, maintenance, including maintenance of 
the dam, and ICs would be critical to ensure the long-term 
protectiveness of the thin-layer cover and any type of on-site 
disposal facility (Options 5a and 5b). 
 
Although not necessary to achieve RAOs, implementation of 
ICs would provide further protection to human health by 
lowering the potential for human exposure; ICs are only 
effective if adequately monitored, enforced, and maintained.  
ICs are not reliable or effective in addressing ecological risk.   
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 Table 6-26. (continued) 


EVALUATION CRITERIA ALTERNATIVE LYMAN MILL REACH STREAM 
SEDIMENT AND FLOODPLAIN SOIL -5: PARTIAL 


EXCAVATION, ENHANCED NATURAL RECOVERY, 
AND DISPOSAL AND/OR TREATMENT 


REDUCTION OF TOXICITY, MOBILITY, OR VOLUME 
Treatment Process Used and Materials 
Treated 


Option 5d includes on-site incineration.  Option 5e assumes 
some sediment would require treatment to meet LDRs.    


Amount Destroyed or Treated Under Option 5d, approximately 27,300 cy of sediment/soil 
would be excavated and treated.  Under Option 5e, 
approximately 1,200 cy of sediment would be excavated and 
treated (50% of the sediment volume). 


Degree of Expected Reductions of 
Toxicity, Mobility, or Volume 
Through Treatment 


There would be a reduction of toxicity, mobility, or volume of 
contamination by incineration under Options 5d and 5e. 
 
There would not be a reduction of toxicity, mobility, or volume 
of contamination through treatment for the on-site containment 
options (Options 5a and 5b), although the mobility of the 
contaminated sediment/soil particles would be reduced by the 
disposal facility and thin-layer cover. 


Degree to Which Treatment is 
Irreversible 


For sediment/soil that undergoes thermal treatment (Options 5d 
and 5e), the process is irreversible. 


Type and Quantity of Residuals 
Remaining After Treatment 


Excavation would produce no residuals. 
 
Air emissions of contaminants or additional by-products 
produced during on- or off-site thermal treatment (Options 5d 
and 5e) would be at levels below regulatory standards.  After 
incineration, the volume of inorganic sediment/soil particles 
would be nearly the same as the pre-treatment volume, but the 
concentrations of organic chemical contaminants would be 
below detection limits. 


SHORT-TERM EFFECTIVENESS 
Protection of Community During 
Remedial Action 


All of the options would present limited impacts to the 
community from construction.  Access to the work zone during 
construction activities would be prohibited, and engineering 
controls, dust suppression techniques, and site perimeter air 
(dust) monitoring will mitigate risks to the community.  An on-
site incinerator under Option 5d would result in air emissions 
which would be monitored to ensure that they are below 
regulatory standards. 


Protection of Workers During 
Remedial Action 


Health and safety plans, emergency response plans, engineering 
controls (dust suppression), and personal protective equipment 
will be used during site activities, mitigating risks to workers.   


Environmental Impacts Excavation would temporarily destroy existing habitat, which 
may take at least a decade to become reestablished in areas of 
emergent marsh, and a considerably longer time (on the order 
of several decades) in areas with a well-developed tree canopy. 
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Table 6-26. (continued) 


EVALUATION CRITERIA ALTERNATIVE LYMAN MILL REACH STREAM 
SEDIMENT AND FLOODPLAIN SOIL -5: PARTIAL 


EXCAVATION, ENHANCED NATURAL RECOVERY, 
AND DISPOSAL AND/OR TREATMENT 


SHORT-TERM EFFECTIVENESS 
Time Until Remedial Action 
Objectives are Achieved 


The time to achieve RAOs may be on the order of several 
decades to well over a century depending on the deposition and 
chemical decay rates.  Overall, the time to reach the cleanup 
goals for the most sensitive ecological receptor (short-tailed 
shrew) varies from 30 to over 250 years, best estimate is 
approximately 55 years.  The time to reach the cleanup goals 
for the passive recreational visitor is expected to be reached in 
slightly less than 8 years (based on meeting the Rhode Island 
carcinogenic risk range of 10-6 to 10-5; post-construction 
residual risk estimates would be within EPA’s risk range, see 
Appendix M). 
 
Flow control structures will be incorporated into the design to 
direct flood flows over the entire area, which will increase the 
rate of clean sediment deposition. 


IMPLEMENTABILITY 
Ability to Construct and Operate the 
Technology 


Use of a hydraulic slurry method for placement of a wetland 
cover is not routine; however, the relevant technologies have 
been successfully utilized in other situations to meet similar 
objectives.  The soft surface sediment/floodplain soil would 
require the use of low-ground pressure equipment and hydraulic 
excavators but should not present any significant issues.  
Temporary haul roads would need to be constructed to provide 
access.  Obtaining property access is expected to be difficult.   


Upland land is required for the temporary work areas and 
sediment/soil processing areas (all options except Option 5b).  
Additional land is needed for a disposal facility (Option 5a) and 
Option 5d requires land for an incinerator.  This property may 
need to be acquired from private parties.  Increased monitoring 
would be needed for Options 5a, 5b, and 5d relative to Option 
5e. 


Reliability of the Technology Excavation and CDF construction are proven technologies and 
has been successfully implemented at other contaminated 
sediment/soil sites. 


Although the concept of pumping soils slurries has been used 
for placing aquatic caps and is used in the mining industry, use 
of this technology for placing wetland covers is an innovative 
application.  In addition, habitat restoration activities have 
historically had variable success rates. 


Ease of Undertaking Additional 
Remedial Actions, If Necessary 


This alternative would not preclude additional future remedial 
actions. 
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Table 6-26. (continued) 


EVALUATION CRITERIA ALTERNATIVE LYMAN MILL REACH STREAM 
SEDIMENT AND FLOODPLAIN SOIL -5: PARTIAL 


EXCAVATION, ENHANCED NATURAL RECOVERY, 
AND DISPOSAL AND/OR TREATMENT 


IMPLEMENTABILITY 
Ability to Monitor the Effectiveness of 
Remedy 


The effectiveness of excavation and water quality protection 
measures could be monitored with routine testing.  
Confirmational sampling would be performed at the completion 
of construction activities to verify that the cleanup goals were 
achieved.  A physical survey would also be conducted at the 
completion of construction activities to confirm that the cover 
was placed over the entire remedial footprint and meets the 
design thickness. 
 
Long-term monitoring would be required to assess cover 
performance and the rate at which recovery is occurring, assess 
the impact of the remedial action on downstream areas, and 
determine if additional evaluations or clean-ups are warranted.  
Increased monitoring would be needed for the on-site 
containment (Options 5a and 5b) and treatment (Option 5d) 
options.  However, these monitoring programs would not 
present any unusual issues.  The implementation of a long-term 
monitoring program and enforcement of institutional controls 
are critical to the success of this alternative. 


Ability to Obtain Approvals and 
Coordinate with Other Agencies 


Because this alternative constitutes the placement of fill in 
waters of the US, a determination must first be made that this is 
the least damaging practicable alternative to the aquatic 
environment.  In addition, this alternative would require the 
permanent occupancy and modification of the floodplain, and a 
determination would first need to be made concluding that there 
is no other practicable alternative before selecting this option as 
the preferred remedy.  For Option 5a, some low-value wetlands 
could be destroyed depending on the location of the CDF and a 
treatability variance may need to be obtained. 
 
Coordination with adjacent property owners, and appropriate 
federal, state, and local agencies would be required to 
implement ICs. 
 
Access from property owners would be required to obtain 
access to the site and to maintain Allendale Dam. 


Availability of Off-Site Treatment, 
Storage, and Disposal Services and 
Capacity 


Off-site landfill and treatment options are readily available 
Samples of excavated sediment/soil could be tested to 
determine if the material could be taken to a hazardous waste 
landfill without treatment. 


Availability of Necessary Equipment 
and Specialists 


Excavation, cover placement, and CDF construction contractors 
and equipment are readily available. 


Availability of Technology Technology is common enough that required equipment and 
materials would be readily available. 
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Table 6-26. (continued) 


EVALUATION CRITERIA ALTERNATIVE LYMAN MILL REACH STREAM 
SEDIMENT AND FLOODPLAIN SOIL -5: PARTIAL 


EXCAVATION, ENHANCED NATURAL RECOVERY, 
AND DISPOSAL AND/OR TREATMENT 


COST1


Capital Cost Option 5a, On-site Upland CDF  $14,000,000
Option 5b, On-site Nearshore CDF   $13,000,000
Option 5d, On-site Thermal Treatment  $40,000,000
Option 5e, Off-site Disposal and/or Treatment  $29,000,000


Present Worth of Long-term 
Monitoring and Maintenance 


Option 5a, On-site Upland CDF  $2,700,000
Option 5b, On-site Nearshore CDF   $2,700,000
Option 5d, On-site Thermal Treatment  $2,400,000
Option 5e, Off-site Disposal and/or Treatment  $2,400,000


Total Present Worth Cost Option 5a, On-site Upland CDF  $16,000,000
Option 5b, On-site Nearshore CDF   $16,000,000
Option 5d, On-site Thermal Treatment  $42,000,000
Option 5e, Off-site Disposal and/or Treatment  $32,000,000


Notes: 
1Detailed cost estimates provided in Appendix J. 
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Table 6-27. Potential Applicable or Relevant and Appropriate Requirements (ARARs) for Lyman 
Mill Reach Stream Sediment and Floodplain Soil Alternative 5, Partial Excavation, Enhanced 


Natural Recovery and Disposal and/or Treatment 


Requirement Status Synopsis 
Action to Be 


Taken to Attain 
Requirement 


Chemical-Specific ARARs 
Federal Requirements 
OSWER Directive 92-4-26, 
Approaches for Addressing 
Dioxins in Soil at CERCLA 
and RCRA Sites (April 13, 
1998) 


TBC Guidance cleanup levels for CERCLA removal 
sites and PRGs for remedial sites for dioxin (as 
TEQ) in surface soil involving residential 
exposure scenarios.  Also establishes a cleanup 
range for dioxin (as TEQ) for commercial and 
industrial exposure scenarios. 


Soil at the site that 
contains dioxin at 
levels above that 
recommended in this 
guidance would be 
addressed under this 
alternative. 


Draft Recommended 
Interim Preliminary 
Remediation Goals for 
Dioxin in Soil at CERCLA 
and RCRA Sites 
(December 30, 2009) 


TBC Draft recommended interim PRGs of 72 parts 
per trillion (ppt or ng/kg) dioxin (as TEQ) for 
residential exposure scenarios and 950 ppt 
dioxin (as TEQ) for commercial and industrial 
exposure scenarios are recommended as a 
starting point for setting cleanup levels for 
CERCLA removal sites. 


Soil at the site 
contains dioxin at 
levels above the draft 
recommended interim 
PRGs. 


Clean Water Act Federal 
Water Quality Criteria, 
Section 304(a) 40 CFR 
131.11 1976, 1980, and 
1986.   


R & A Ambient Water Quality Criteria (AWOC) are 
provided by EPA for chemicals for both the 
protection of human health and the protection 
of aquatic life.  


Contaminants from 
sediment/floodplain 
soil that exceed 
AWQC in 
Woonasquatucket 
River will be 
minimized to the 
extent practical. 


Guidelines for 
Carcinogenic Risk 
Assessment, EPA/630/P-
03/001F (March 2005) 


TBC These guidelines provide guidance on 
conducting risk assessments involving 
carcinogens. 


Guidelines used to 
evaluate all risk 
assessments on 
carcinogenicity. 


Supplemental Guidance for 
Assessing Susceptibility 
from Early-Life Exposure 
to Carcinogens, 
EPA/630/R-03/003F 
(March 2005) 


TBC These guidelines provide guidance on 
conducting risk assessments involving 
carcinogens 


Guidelines used to 
evaluate all risk 
assessments on 
carcinogenicity in 
children. 


EPA Risk Reference Doses 
(RfDs) 


TBC RfDs are estimates of a daily exposure 
concentration that is likely to be without 
appreciable risk of deleterious effects during a 
lifetime exposure. 


RfDs used to 
characterize human 
health risks due to 
non-carcinogens in 
site media. 


Human Health Assessment 
Cancer Slope Factors 
(CSFs) 


TBC CSFs are estimates of the upper-bound 
probability of an individual developing cancer 
as a result of a lifetime exposure to a particular 
concentration of a potential carcinogen. 


CSFs used to compute 
the individual 
incremental cancer 
risk resulting from 
exposure to 
carcinogens in site 
media. 


EPA Carcinogenic 
Assessment Group Potency 
Factors 


TBC These factors are used to evaluate an acceptable 
risk from a carcinogen. 


Used to evaluate 
carcinogenicity of 
dioxin. 


EPA Health Advisories TBC EPA publishes contaminant-specific health 
advisories that indicate the non-carcinogenic 
risks associated with consuming contaminated 
drinking water. 


Used to establish 
criteria in the absence 
of other standards.. 
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Table 6-27. (continued) 


Requirement Status Synopsis 
Action to Be 


Taken to Attain 
Requirement 


Chemical-Specific ARARs (cont) 
State Requirements 
RIDEM Rules and 
Regulations for the 
Investigation and 
Remediation of Hazardous 
Material Releases (i.e., 
Remediation Regulations), 
2/04 


Applicable Unless otherwise specified, soil contaminated 
as a result of a release of hazardous materials 
shall be remediated in a manner which meets 
the direct exposure and leachability criteria for 
each hazardous substance established in Rule 
8.02.B (Method 1 Soil Objectives). 


Some residential use 
soils at the site contain 
contaminants subject 
to the Rule 8.02B soil 
objectives and would 
be addressed under 
this alternative 
consistent with state 
requirements. 


Location-Specific ARARs 
Federal Requirements 
Fish and Wildlife 
Coordination Act 16 U.S.C. 
661, Fish and Wildlife 
Protection (40 CFR Section 
6.302(g)) 


Applicable Requires that a federal agency take action to 
prevent, mitigate, or compensate for project-
related losses of fish and wildlife resources.  
Encourages that any federal agency proposing 
to modify a body of water to consult with the 
U.S. Fish and Wildlife Service, National 
Marine Fisheries Service, and other related 
state agencies. 


Construction activities 
under this alternative 
in the 
Woonasquatucket 
River are subject to 
these requirements.  
Actions will be taken 
in accordance with 
these requirements. 


Clean Water Act, Section 
404 Guidelines for 
discharge of dredged or fill 
material into waters of US 
(40 CFR Parts 230 and 231, 
33 CFR Parts 320-323, and 
33 CFR Part 332) 


Applicable Outlines requirements for the discharge of 
dredged or fill materials into surface waters, 
including wetlands.  Such discharges are not 
allowed if there are practicable alternatives with 
less adverse impact.  Sets standards for 
restoration and mitigation required as a result of 
unavoidable impacts to aquatic resources. 


Excavation/backfill, 
placement of thin 
cover, and nearshore 
CDF (and potentially 
upland CDF) are 
subject to these 
requirements.  
Activities must be 
conducted in 
accordance with these 
requirements, 
including but not 
limited to mitigation 
and/or restoration.  
Alternative must be 
evaluated to determine 
least damaging 
practicable alternative 
before it can be 
selected. 


Rivers and Harbors Act 
Section 10  (33 U.S.C. 
Section 403) 


Applicable Sets forth criteria for placing dams/structures in 
navigable waters of the U.S. 


Backfill/thin cover, 
nearshore CDF, and 
flow control structures 
subject to these 
requirements.  
Activities must be 
conducted in 
accordance with these 
requirements. 
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Table 6-27. (continued) 


Requirement Status Synopsis 
Action to Be 


Taken to Attain 
Requirement 


Location-Specific ARARs (cont) 
Federal Requirements (cont) 
Protection of Wetlands 
(Executive Order 11990)  


TBC Federal agencies are required to avoid 
adversely impacting wetlands unless there is no 
practicable alternative and the proposed action 
includes all practicable measures to minimize 
harm to wetlands that may result from such use. 


Excavation/backfill, 
placement of thin 
cover, and nearshore 
CDF (and potentially 
upland CDF) are 
subject to these 
requirements.  
Activities must be 
conducted in 
accordance with these 
requirements. 


Floodplain Management 
(Executive Order 11988)  


TBC Federal agencies are required to avoid impacts 
associated with the occupancy and modification 
of a floodplain and avoid support of floodplain 
development wherever there is a practicable 
alternative. 


This alternative and 
nearshore CDF can 
only be selected if 
there is no practicable 
alternative to 
occupancy and 
modification of 
floodplain. 


State Requirements 
RIDEM Rules and 
Regulations for Hazardous 
Waste Management, 
Location Standards for 
Hazardous Waste Facilities 


R & A: 
Nearshore CDF 


Rhode Island is delegated to administer the 
federal RCRA statute through its state 
regulations.  The standards of 40 CFR 
264.18(b) are incorporated by reference.   
 
Facility located in 100-yr floodplain must be 
designed, constructed, operated and maintained 
to prevent washout of any hazardous waste by 
100-yr flood, unless demonstrate no adverse 
effects on human health or environment will 
result from washout. 


Nearshore CDF must 
meet these 
requirements. 
 
Contamination from 
areas prone to erosion 
is excavated. 
 
The Subtitle C 
requirements under 
RCRA would have to 
be waived for this 
alternative (see Table 
6-26).   


RIDEM Rules and 
Regulations Governing the 
Enforcement of the 
Freshwater Wetlands Act 
(December 2009) 


Applicable Sets requirements to prevent the undesirable 
drainage, excavation, filling, alteration, 
encroachment, or any other form of disturbance 
or destruction to a wetland. 


Activities required by 
RIDEM for 
remediation will be 
conducted in 
accordance with these 
requirements. 
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Table 6-27. (continued) 


Requirement Status Synopsis 
Action to Be 


Taken to Attain 
Requirement 


Action-Specific ARAR 
Federal Requirements 
Clean Water Act 
Federal Water Quality 
Criteria, Section 304(a) 
40 CFR 131.11 1976, 1980, 
and 1986. 


Applicable Ambient Water Quality Criteria (AWQC) are 
provided by EPA for chemicals for both the 
protection of human health and the protection 
of aquatic life. 


Excavation/backfill, 
placement of thin 
cover, and nearshore 
CDF must be 
conducted so that 
there are no 
exceedances of 
AWQC.   


RCRA (40 CFR 264, 
Subpart AA) 


Applicable: 
On-site 
Incineration 


Air emission standards for process vents apply 
to process vents that manage hazardous wastes 
with organic concentrations of at least 10 parts 
per million by weight (ppmw).  
 


Should incinerator 
operations manage 
hazardous wastes with 
organic concentrations 
of at least 10 ppm by 
weight, vents operated 
as part of the system 
will comply with these 
requirements. 


RCRA (40 CFR 264, 
Subpart BB) 
 
 
 


Applicable: 
On-site 
Incineration 


Air emission standards for equipment leaks 
apply to equipment that contains or contacts 
hazardous wastes with organic concentrations 
of at least 10 percent by weight. 
 


Should equipment 
used in incineration 
come into contact with 
hazardous wastes 
containing organic 
concentrations of at 
least 10 percent by 
weight, these 
regulations will be 
followed.  
 


CAA National Emissions 
Standards for Hazardous 
Air Pollutants: Site 
remediation (40 CFR 63, 
Subpart GGGGG)   
 


Applicable: 
On-site 
Incineration 


Applicable to major sources of hazardous air 
pollutants conducting site remediation. 


On-site incineration 
must be conducted to 
meet these substantive 
requirements. 


RCRA Land Disposal 
Restrictions  (40 CFR 268) 


Applicable: 
Upland CDF 


These regulations identify treatment standards 
for hazardous wastes and specify requirements 
that generators, transporters, and owners or 
operators of treatment, storage, and disposal 
facilities that manage restricted wastes destined 
for land disposal must meet. 


Material subject to 
these regulations 
placed in upland CDF 
must be treated to 
meet these 
requirements. 


Invasive Species 
(Executive Order 13112) 


TBC Federal agencies are directed to prevent the 
introduction of invasive species and provide for 
their control and to minimize the economic, 
ecological, and human health impacts that 
invasive species cause when requiring actions 
that impact the environment. 


Actions will be taken 
to address invasive 
species consistent with 
the Executive Order. 
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Table 6-27. (continued) 


Requirement Status Synopsis 
Action to Be 


Taken to Attain 
Requirement 


Action-Specific ARARs 
State Requirement 
RIDEM Rules and 
Regulations for Hazardous 
Waste Management 
Amendment Eff. 2/9/07 
Identification and Listing 
of Hazardous Wastes 


Applicable: 
Upland CDF 
On-site 
Incineration 
Off-site 
Disposal 


Rhode Island is delegated to administer the 
federal RCRA statute through its 
regulations.  The standards of 40 Part 261 of 
RCRA are incorporated by reference.  Sets 
forth requirements for hazardous waste 
determination according to federal (40 CFR 
262.11) and RI State (Rule 5.08) definitions. 


Will be used to 
determine appropriate 
treatment and 
disposal. 


RIDEM Rules and 
Regulations for the 
Investigation and 
Remediation of Hazardous 
Material Releases (i.e., 
Remediation Regulations), 
(2/04) DEM-DSR-01-93 
Section 8.0 
(Risk Management) 


Applicable This section regulates impacted media at 
contaminated sites. 


This section was used 
to develop cleanup 
goals for the site.  
This alternative meets 
this requirement. 
 


RIDEM Rules and 
Regulations for Hazardous 
Waste Management, 
Section 9 (3/07) – 
Operation Requirements 
for Treatment, Storage, 
and Disposal Facilities 


Applicable and 
R & A 


Outlines operational requirements for all 
hazardous waste treatment, storage, and 
disposal facilities, including general waste 
analyses, security procedures, inspections, 
safety, etc.  Sets design, construction, and 
operational requirements for hazardous 
waste containers and tanks, and closure 
requirements for hazardous waste facilities. 


Substantive 
requirements related 
to land disposal, on-
site incineration, or 
closure must be met. 
 
The Subtitle C 
requirements under 
RCRA would have to 
be waived for this 
alternative (see Table 
6-24).   


RIDEM Rules and 
Regulations for Hazardous 
Waste Management, 
Section 10 (3/07) – Land 
Disposal Facilities 


Applicable and 
R & A 


Outlines design, operational, and closure 
requirements for land disposal facilities. 


Substantive 
requirements for land 
disposal must be met 
for CDFs constructed 
on site.  Substantive 
requirements for 
closure must be met. 
 
The Subtitle C 
requirements under 
RCRA would have to 
be waived for this 
alternative (see Table 
6-24).   


RIDEM Rules and 
Regulations for Hazardous 
Waste Management, 
Section 11 (3/07) - 
Incinerators 


Applicable: 
On-site 
incineration  


Outlines design, operational, and closure 
requirements for incinerator facilities. 


On-site incineration 
must be conducted to 
meet these substantive 
requirements. 
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Table 6-27. (continued) 


Requirement Status Synopsis 
Action to Be 


Taken to Attain 
Requirement 


Action-Specific ARARs 
State Requirement 
RIDEM Water Quality 
Regulations, 7/06 


Applicable Provides water classification for surface 
waters in Rhode Island and sets ambient 
water quality criteria for toxic substances 
and governs water quality impacts 
associated with site activities. 


Excavation/backfill, 
placement of thin 
cover, and nearshore 
CDF must be 
conducted so that 
there are no 
exceedances of water 
quality standards. 


RI Air Pollution Control 
Regulation #1: Visible 
Emissions 
(8/67, Amended 7/07) 


Applicable Establishes opacity limitations for 
contaminant emissions 


Remediation will be 
conducted to meet the 
standards for visible 
emissions.  


RI Air Pollution Control 
Regulation #5: Fugitive 
Dust, 7/19/07 


Applicable Requires that reasonable precaution be taken 
to prevent particulate matter from becoming 
airborne. 


Actions will be taken 
to prevent particulate 
matter from becoming 
airborne in 
accordance with these 
regulations. 


RI Air Pollution Control 
Regulation #7: Emissions 
Detrimental to Persons or 
Property, 7/19/07 


Applicable Prohibits emissions of contaminants which 
may be injurious to human, plant, or animal 
life or cause damage to property or which 
unreasonably interfere with the enjoyment 
of life and property. 
 


Any potential 
emissions subject to 
these requirements 
will meet these 
standards.  


RI Air Pollution Control 
Regulation #15: Control of 
Organic Solvent 
Emissions, 7/19/07 


Applicable: On-
site incineration 
 


Limits the amount of organic solvents 
emitted to the atmosphere 


Any emissions of 
organic solvents will 
be controlled to 
ensure that the 
standards are met.  


RI Air Pollution Control 
Regulation #22: Air 
Toxics (4/04) Air Toxics 
Guideline, and Air 
Modeling Guidelines 
(6/05), 7/19/07 


Applicable: On-
site incineration 
 


Prohibits the emissions of specified 
contaminants that result in ground level 
concentrations greater than ambient level 
concentrations. 


Remediation will be 
conducted so that 
these requirements are 
met.   


Key: 
R & A – Relevant and Appropriate; TBC – To Be Considered 
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Table 6-28. Key Features of the Lyman Mill Reach Stream Sediment and Floodplain Soil Alternatives1 


Alternative 
Present 
Worth 
Cost 


Remediation 
Area (acres) 


Excava
-tion 


Volume 
(cy) 


Difference 
in Habitat 


(acres) 


Residual Risk2
Estimated 


Time to 
RAOs5 


RME 
Cancer3 


HI 
Immune3 


HI 
Skin3 


HI 
Ecological4 


1 – No Action $250K — — — 3.E-04 0.7 0.1 50 - 400 


Ecological: 45 
to over 250 
years, best 


estimate 105 
years 


Human: about 
55 years 


3 – Targeted 
Excavation, 
Enhanced Natural 
Recovery, and 
Disposal and/or 
Treatment 


Option 3a $9.7M 


Excavate: 4.8 
ENR: 16.8 
Total: 21.6 


9,700 — 


7.E-06 0.2 0.08 


100 (soil 
inverte-
brates) 


 
7 (birds) 


 
5 


(mammals) 


Ecological: 30 
to couple 


hundred years, 
best estimate 60 


years 


Human: about 
15 years 


Option 3b $9.7M 


Option 3d $19M 


Option 3e $16M 


5 – Partial 
Excavation, 
Enhanced Natural 
Recovery 
and Disposal 
and/or Treatment 


Option 5a $16M 


Excavate: 13.5 
ENR: 8.0 


Total: 21.6 
27,300 — 


Ecological: 30 
to over 250 
years, best 
estimate 55 


years 


Human: slightly 
less than 8 years 


Option 5b $16M 


Option 5d $42M 


Option 5e $32M 


Notes: 
1Post-construction risks (i.e., those existing immediately following completion of remedy implementation phase) for each alternative are presented in Appendix M.  The 
exposure estimates are based on projected area-weighted soil concentrations and assumed annual sediment deposition and degradation rates for 2,3,7,8-TCDD.  Appendix M 
provides further details on the model and information regarding the time course of risk reduction for ecological receptors following remedy implementation. 
2Residual risks are those risks that remain following attainment of the cleanup objectives; residual risks for No Action are based on current conditions. 
3Based on receptor at highest risk, i.e., Resident Living Along the River; summary of information in Tables 6-29a and 6-29b.  Post-construction carcinogenic risks for 
Alternatives 1, 3 and 5 are 3.E-04, 4.E-05, and 2.E-05, respectively.  The non-carcinogenic risks (immune system) are 0.9, 0.3, and 0.2 for Alternatives 1, 3, and 5 respectively, 
whereas post-construction non-carcinogenic risks (skin) are all 0.1.  
4Based on receptor at highest risk, i.e., short-tailed shrew; a summary of information presented in Tables 6-29c and 6-29d. 
5 Times estimates are based on a sensitivity analysis conducted to evaluate the predictive floodplain soil contaminant exposure model for ecological receptors presented in 
Appendix M (Table M-15).  The sensitivity analysis assessed the impact of a range of potential values for the two most important determinants of future exposure and risk (i.e., 
the average annual deposition rate and the chemical half-life of organic contaminants in floodplain soil).  Time estimates presented here are based on the contaminant 2,3,7,8-
TCDD; time estimates for the ecological receptor are based on the most sensitive ecological receptor (i.e., short-tailed shrew). 
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Table 6-29a. Summary of Residual Risks1 for Human Health, 
Lyman Mill Reach Stream Sediment and Floodplain Soil Alternative 1-No Action2 


 
Floodplain Soil Contact for a Passive Recreational Visitor 


 


Carcinogenic  
Contaminant 


Cancer 
Classification Basis 


No Action RME 
Residual Cancer 


Risk 


Aroclor 1254 B2 Risk 4.E-06 A 
Arsenic A Risk 8.E-06 A 
2,3,7,8-TCDD B2 Risk 3.E-04 A 


 Sum of Carcinogenic Risk 3.E-04  


Non-Carcinogenic  
Contaminant 


Target  
Endpoint Basis No Action RME 


Hazard Index 


Aroclor 1268 Immune system Risk 0.7 A 
Arsenic Skin Risk 0.1 A 
2,3,7,8-TCDD -- Risk -- B 


HI Kidney --  
HI Liver --  


HI Immune System 0.7 A 
HI Skin 0.1 A 


 
Notes: 
1Residual risks are those risks that remain following attainment of the cleanup objectives. 
2Residual risks for No Action are based on current risks (i.e., maximum concentrations). 
 
A - Residual cancer risk and/or hazard index for direct contact. 
B - RME Residual Hazard Index not calculated for this compound due to lack of noncarcinogenic 
toxicity data. 
 
HI - Hazard Index 
RME - Reasonable Maximum Exposure 
mg/Kg - milligrams/kilogram 
TEQ - toxic equivalent 
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Table 6-29b. Summary of Residual Risks1 for Human Health, 
Lyman Mill Reach Stream Sediment and Floodplain Soil Action-Based Alternatives 


(Alternatives 3 and 5) 
 


Floodplain Soil Contact for a Passive Recreational Visitor 
 


Carcinogenic  
Contaminant 


Cancer 
Classification 


Floodplain Soil 
Cleanup Goal 


(mg/Kg) 
Basis RME Residual 


Cancer Risk 


Aroclor 1254 B2 0.82 HH PRG 1.E-06 A 
Arsenic A 7.7 Background 5.E-06 A 
2,3,7,8-TCDD B2 0.000017 Background 1.E-06 A 


 Sum of Carcinogenic Risk 7.E-06  


Non-Carcinogenic  
Contaminant 


Target  
Endpoint 


Floodplain Soil 
Cleanup Goal 


(mg/Kg) 
Basis RME Residual 


Hazard Index 


Aroclor 1268 Immune system 0.82 HH PRG 0.2 A 
Arsenic Skin 7.7 Background 0.08 A 
2,3,7,8-TCDD -- 0.000017 Background -- B 


  HI Kidney --  
  HI Liver --  


  
HI Immune 


System 0.2 A 


  HI Skin 0.08 A 
 
Notes: 
1Residual risks are those risks that remain following attainment of the cleanup objectives. 
A - Residual cancer risk and/or hazard index for direct contact. 
B - RME Residual Hazard Index not calculated for this compound due to lack of noncarcinogenic 


toxicity data. 
 
HH PRG - Human Health Risk-based PRG 
HI - Hazard Index 
RME - Reasonable Maximum Exposure 
mg/Kg - milligrams/kilogram 
TEQ - toxic equivalent 
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Table 6-29c. Summary of Residual Risks1 for Ecological Health, 
Lyman Mill Reach Stream Sediment and Floodplain Soil Alternative 1-No Action2 


 
Floodplain Soil Contact and Prey Consumption by Ecological Receptors 


 


Contaminanta 
Current 


Conditionsb 
(mg/Kg) 


Basis 
Residual Hazard Quotientsc 


Soil 
Invertebratesd 


Wildlife - 
Birdse 


Wildlife - 
Mammalsf 


2,3,7,8-TCDD 0.0043 Risk -   22 C 430 E 
Aroclor 1254 3.58 Risk -   -   2 F 
Total Aroclors 3.58 Risk -   2 D 2 F 
4.4'-DDE 0.042 Risk 17 A 3 C -   
Dieldrin 0.063 Risk 130 A 2 C -   
Antimony 7.0 Risk 2 A -   15 F 
Cadmium 8.3 Risk 100 B -   2 F 
Lead 1835 Risk 4 A 11 D -   
Zinc 1867 Risk 73 B 6 D -   


HI 300 50 400 
 


Notes: 
1Residual risks are those risks that remain following attainment of the cleanup objectives. 
2Residual risks for No Action are based on current risks. 
a. Includes all floodplain soil contaminants identified for ecological receptors in Table 3-4 of the FS report, with the 


exception of arsenic and selenium.  The BERA (MACTEC, 2004) concluded that exposure to these two 
contaminants in limited floodplain habitat along the eastern shore of Lyman Mill Pond might present unacceptable 
risks to ecological receptors; however, the addendum to the BERA (MACTEC and Battelle, 2006), which focused 
on the much more extensive floodplain habitat associated with the Oxbow and adjoining areas, came to an 
opposite conclusion.  Consequently, arsenic and selenium were not included in this table. 


b. Under the NFA alternative, anticipated exposure would remain unchanged; current conditions represented by 
maximum detected concentration.  From Table 2 in the Addendum to the Interim Final Baseline Ecological Risk 
Assessment: Oxbow Area (Battelle, 2006). 


c. Calculated by dividing the current condition exposure concentration by the PRG for the most sensitive 
measurement endpoint for each receptor category.  A dash indicates no unacceptable risk for that particular 
receptor. 


d. Floodplain soil concentrations protective of soil invertebrates were derived using: (A) soil screening benchmarks 
and (B) literature-derived CBR thresholds. 


e. Floodplain soil concentrations protective of vermivorous wildlife (birds) were derived using: (C) literature-
derived CBRs and (D) dietary exposure modeling.  The American woodcock is the representative receptor species 
for this assessment endpoint. 


f. Floodplain soil concentrations protective of vermivorous wildlife (mammals) were derived using: (E) literature-
derived CBRs and (F) dietary exposure modeling.  The short-tailed shrew is the representative receptor species for 
this assessment endpoint. 


 
HI - Hazard Index 
mg/Kg - milligrams/kilogram 







 


Interim Final CMRP Feasibility Study Report 173 April 2010 


Table 6-29d. Summary of Residual Risks1 for Ecological Health, 
Lyman Mill Reach Stream Sediment and Floodplain Soil Action-Based Alternatives 


(Alternatives 3 and 5) 
 


Floodplain Soil Contact and Prey Consumption by Ecological Receptors 
 


Contaminanta 


Floodplain 
Soil Cleanup 


Goalb 
(mg/Kg) 


 
Basis 


Residual Hazard Quotientsc 


Soil 
Invertebratesd Wildlife - Birdse Wildlife - 


Mammalsf 
2,3,7,8-TCDD 0.000017 Background - 0.089 C 1.7 E 


Aroclor 1254 0.82 Human 
Health PRG -  -  0.41 F 


Total Aroclors 1.7 Avian Dose - 1.0 D 0.85 F 
4.4'-DDE 0.016 Avian CBR 6.4 A 1.0 C - 
Dieldrin 0.04 ARAR 82 A 1.0 C - 
Antimony 0.62 Background 0.18 A - 1.3 F 


Cadmium 3.8 Mammal 
Dose 48 B -  1.0 F 


Lead 450 Background 0.90 A 2.8 D - 
Zinc 320 Avian Dose 12 B 1.0 D - 
Notes HI 100 7 5 


 
Notes: 
1Residual risks are those risks that remain following attainment of the cleanup objectives. 
a. Includes all floodplain soil contaminants identified for ecological receptors in Table 3-4 of the FS report, with the 


exception of arsenic and selenium.  The BERA (MACTEC, 2004) concluded that exposure to these two 
contaminants in limited floodplain habitat along the eastern shore of Lyman Mill Pond might present unacceptable 
risks to ecological receptors; however, the addendum to the BERA (MACTEC and Battelle, 2006), which focused 
on the much more extensive floodplain habitat associated with the Oxbow and adjoining areas, came to an 
opposite conclusion.  Consequently, arsenic and selenium were not included in this table. 


b. Floodplain soil remediation goals are summarized in Table 3-4 of the FS report. 
c. Calculated by dividing the current condition exposure concentration by the PRG for the most sensitive 


measurement endpoint for each receptor category.  A dash indicates no unacceptable risk for that particular 
receptor. 


d. Floodplain soil concentrations protective of soil invertebrates were derived using: (A) soil screening benchmarks 
and (B) literature-derived CBR thresholds. 


e. Floodplain soil concentrations protective of vermivorous wildlife (birds) were derived using: (C) literature-
derived CBRs and (D) dietary exposure modeling.  The American woodcock is the representative receptor species 
for this assessment endpoint. 


f. Floodplain soil concentrations protective of vermivorous wildlife (mammals) were derived using: (E) literature-
derived CBRs and (F) dietary exposure modeling.  The short-tailed shrew is the representative receptor species for 
this assessment endpoint. 


 
ARAR – Applicable or Relevant and Appropriate Requirement 
HI - Hazard Index 
mg/Kg - milligrams/kilogram 
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Table 6-30. Existing Surfaces and Excavation Areas at the Source Area 


Proposed Cleanup Area 
Surface Area 


(sq ft) (acres) 
Existing Cap Areas 
   Cap Area #1 85,000 2.0 
   Cap Area #2 48,000 1.1 
   Cap Area #3 53,000 1.2 


TOTALS 186,000 4.3 
Parking Lot Areas 
   Southwest of Centredale Manor 34,000 0.8 
   North of Centredale Manor 27,000 0.6 
   South of Brook Village 32,000 0.7 


TOTALS 93,000 2.1 
Landscape, Walkway, Service Road 
and Rip Rap Areas 60,500 1.4 


Excavation Areas  
   Principal Threat Waste 37,000 0.8 
   TSCA/GB Leachability 39,000 0.9 


TOTALS 76,000 1.7 


Key: 
sq ft – square feet. 
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Table 6-31. Detailed Analysis of Source Area Soil Alternative 1, No Action  


EVALUATION CRITERIA ALTERNATIVE SOURCE AREA SOIL -1: NO ACTION 
OVERALL PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT 


Human Health Protection and the 
Environment 


The existing interim caps, parking lots and pavement currently 
reduce the risk of direct human exposure to contaminated 
vadose zone soils.  However, without additional actions this 
alternative would not be protective in the long term.  
This alternative would not prevent precipitation infiltration into 
the underlying soil and groundwater. 


COMPLIANCE WITH ARARS 
Chemical-, Location-, and Action-
Specific 


ARARs specific to the No Action alternative are summarized in 
Table 6-32.  This alternative would not comply with ARARs 
for residential direct exposure, GB leachability, TSCA closure, 
or EPA’s recommended residential level for dioxin in soil 
(EPA, 1998b). 


LONG-TERM EFFECTIVENESS AND PERMANENCE 
Magnitude of Residual Risk Inherent hazard and risk of existing contaminated soil will 


remain in the floodplain without an applicable RCRA and 
TSCA closure.  In addition, contamination above acceptable 
levels would remain in areas that are not capped. 


Adequacy and Reliability of Controls There would be no adequate or reliable controls to prevent 
exposure in the long term or maintain the controls currently in 
place.  Without long-term monitoring and ICs to maintain the 
integrity of the existing surfaces, there would be risk of future 
uncontrolled exposure and migration of contaminated soils by 
erosion and transport to the Woonasquatucket River and 
Allendale Pond. 


REDUCTION OF TOXICITY, MOBILITY, OR VOLUME 
Treatment Process Used and Materials 
Treated 


None proposed for this alternative. 


Amount Destroyed or Treated None anticipated. 
Degree of Expected Reductions of 
Toxicity, Mobility, or Volume 
Through Treatment 


No reductions of toxicity, mobility, or volume of contamination 
through treatment is anticipated with this alternative.  The 
mobility of the contaminated soil particles would be reduced by 
the existing interim caps and paved surfaces. 


Degree to Which Treatment is 
Irreversible 


Not applicable. 


Type and Quantity of Residuals 
Remaining After Treatment 


There would be no residuals because treatment is not planned 
for this alternative. 
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Table 6-31. (continued) 


EVALUATION CRITERIA ALTERNATIVE SOURCE AREA SOIL -1: NO ACTION 
SHORT-TERM EFFECTIVENESS 


Protection of Community During 
Remedial Action 


Not applicable, as no remedial actions are proposed for this 
alternative. 
 
 


Protection of Workers During 
Remedial Action 


Not applicable, as no remedial actions are proposed for this 
alternative. 


Environmental Impacts Not applicable, as no remedial actions are proposed for this 
alternative 


Time Until Remedial Action 
Objectives are Achieved 


This alternative would not achieve the RAOs. 


IMPLEMENTABILITY 
Ability to Construct and Operate the 
Technology 


Not applicable, as no remedial technology is implemented 
under this alternative. 


Reliability of the Technology Not applicable, as no remedial technology is implemented 
under this alternative. 


Ease of Undertaking Additional 
Remedial Actions, If Necessary 


This alternative does not preclude future remedial activities. 


Ability to Monitor the Effectiveness of 
Remedy 


Five-year reviews and periodic monitoring, triggered by severe 
weather events, are incorporated into this alternative.  Periodic 
monitoring would include routine testing and could be easily 
implemented. 


Ability to Obtain Approvals and 
Coordinate with Other Agencies 


Not applicable, as no activities requiring approval are planned 
for this alternative. 


Availability of Off-Site Treatment, 
Storage, and Disposal Services and 
Capacity 


Not applicable for this alternative. 


Availability of Necessary Equipment 
and Specialists 


Not applicable for this alternative. 


Availability of Technology Not applicable for this alternative. 
COST1 


Capital Cost $0
Present Worth of Long-term 
Monitoring and Maintenance 


$170,000 
(includes costs for periodic monitoring and five-year reviews)


Total Present Worth Cost $170,000


Notes 
1Detailed cost estimates provided in Appendix J. 
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Table 6-32. Potential Applicable or Relevant and Appropriate Requirements (ARARs) and To Be 
Considered (TBC) Criteria for Source Area Soil Alternative 1, No Action1 


Requirement Status Synopsis 
Action to Be 


Taken to Attain 
Requirement 


Chemical-Specific ARARs 
Federal Requirements 
OSWER Directive 92-4-26, 
Approaches for Addressing 
Dioxins in Soil at 
CERCLA and RCRA Sites 
(April 13, 1998) 


TBC Guidance cleanup levels for CERCLA removal 
sites and PRGs for remedial sites for dioxin (as 
TEQ) in surface soil involving residential 
exposure scenarios.  Also establishes a cleanup 
range for dioxin (as TEQ) for commercial and 
industrial exposure scenarios. 


Soil at the source area 
contains dioxin at 
levels above the PRG 
established pursuant to 
this guidance.  This 
alternative will not 
address soils that 
exceed the level 
recommended in this 
guidance. 


Draft Recommended 
Interim Preliminary 
Remediation Goals for 
Dioxin in Soil at CERCLA 
and RCRA Sites 
(December 30, 2009) 


TBC Draft recommended interim PRGs of 72 parts 
per trillion (ppt or ng/kg) dioxin (as TEQ) for 
residential exposure scenarios and 950 ppt 
dioxin (as TEQ) for commercial and industrial 
exposure scenarios are recommended as a 
starting point for setting cleanup levels for 
CERCLA removal sites. 


Soil at the site 
contains dioxin at 
levels above the draft 
recommended interim 
PRGs. 


TSCA PCB Regulations 
(40 CFR 761) 


Applicable Establishes requirements for PCB-remediation 
waste.  


PCBs present in 
source area soil would 
not be addressed under 
this alternative. 


Clean Water Act 
Federal Water Quality 
Criteria, Section 304(a) 
40 CFR 131.11 1976, 1980, 
and 1986. 


R & A Ambient Water Quality Criteria (AWQC) are 
provided by EPA for chemicals for both the 
protection of human health and the protection 
of aquatic life. 


Contributions of 
contaminants from 
source area soil that 
exceed AWQC in the 
Woonasquatucket 
River will not be 
minimized to the 
maximum extent 
practical. 


State Requirements 
RIDEM Rules and 
Regulations for the 
Investigation and 
Remediation of Hazardous 
Material Releases (i.e., 
Remediation Regulations), 
2/04 


Applicable Unless otherwise specified, soil contaminated 
as a result of a release of hazardous materials 
shall be remediated in a manner which meets 
the direct exposure and leachability criteria for 
each hazardous substance established in Rule 
8.02.B (Method 1 Soil Objectives). 
 
Groundwater objectives established in Rule 
8.03 provide groundwater cleanup criteria. 


Soils at the source area 
contain contaminants 
subject to the Rule 
8.02B soil objectives 
and would not be 
addressed by this 
alternative. 
 
Groundwater at the 
source area contains 
contaminants subject 
to the Rule 8.03 GB 
groundwater 
objectives that would 
not be addressed under 
this alternative. 


 Notes: 
1 With no action, there are no location- or action-specific ARARs. 


Key: 
R & A – Relevant and Appropriate; TBC – To Be Considered 
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Table 6-33. Detailed Analysis of Source Area Soil Alternative 3, Targeted Excavation, Upgrade and 
Maintain Existing Surfaces and Disposal and/or Treatment 


EVALUATION CRITERIA ALTERNATIVE SOURCE AREA SOIL-3: TARGETED 
EXCAVATION, UPGRADE AND MAINTAIN EXISTING 


SURFACES AND DISPOSAL AND/OR TREATMENT 
OVERALL PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT 


Human Health Protection and the 
Environment 


Removal of principal threat waste and contaminated soil that 
exceeds TSCA/GB leachability criteria, in conjunction with 
upgrading the existing surfaces (existing interim caps, parking 
lots, landscape areas, and rip rap), would provide moderate 
protection to human health and the environment.  Targeted 
removal of principal threat waste would remove highly toxic or 
highly mobile waste that generally cannot be reliably contained 
and could present a significant risk to human health or the 
environment should exposure occur.  Targeted removal of 
contaminated soil that exceeds TSCA would prevent exposure 
to toxic soils.  Targeted removal of contaminated soil that 
exceeds GB leachability criteria, upgrading the existing 
surfaces, and extending the caps over landscape areas would 
reduce migration of contaminated soil at the source area to the 
Woonasquatucket River and Allendale Pond.  The risk of 
exposure to contamination that remains in place would be 
reduced with ICs restricting site activities. 


COMPLIANCE WITH ARARS
Chemical-, Location-, and Action-
Specific 


ARARs specific to Alternative 3 are summarized in Table 6-34.  
This alternative would not comply with RCRA closure 
requirements.  In addition, excavation and placement of fill in 
wetland areas would result in the destruction of existing 
wetlands and will trigger wetlands/Section 404 requirements.  
As a result, these actions must be evaluated to determine the 
least damaging practicable alternative.  State wetlands 
requirements will also need to be addressed. 
 
Under this alternative, there would be permanent occupancy 
and modification of the floodplain.  According to Executive 
Order 11988, a determination would need to be made that there 
was no other practicable alternative before selecting this option 
as the preferred remedy. 


LONG-TERM EFFECTIVENESS AND PERMANENCE 
Magnitude of Residual Risk Excavation and removal of the principal threat waste and 


contaminated soil that exceeds TSCA/GB leachability will be 
effective in the long term.  Upgrading the existing surfaces and 
extending the caps over landscaped areas would increase the 
effectiveness of this alternative.  Some contaminated soil would 
remain in the floodplain.  Inherent hazard of contamination will 
remain on site under an upgraded cap but without an applicable 
RCRA closure.  Risk reduction will be high as long as the cap 
is designed, constructed and maintained to provide long-term 
isolation of contaminants. 
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Table 6-33. (continued) 


EVALUATION CRITERIA ALTERNATIVE SOURCE AREA SOIL-3: TARGETED 
EXCAVATION, UPGRADE AND MAINTAIN EXISTING 


SURFACES AND DISPOSAL AND/OR TREATMENT 
LONG-TERM EFFECTIVENESS AND PERMANENCE 


Adequacy and Reliability of Controls Long-term monitoring and maintenance of the upgraded 
surfaces would be required to prevent erosion and exposure of 
the underlying contaminated soils.  In addition, ICs would be 
required to prevent human exposure, and could include 
restrictions on excavation, access for buried utilities, and 
construction with pilings or basements.  However, these 
controls are only effective if adequately monitored and 
enforced. 
 
Periodic monitoring would also be performed to verify that 
contamination left in place remains relatively immobile, and 
that no future releases occur. 


REDUCTION OF TOXICITY, MOBILITY, OR VOLUME 
Treatment Process Used and Materials 
Treated 


This alternative assumes principal threat waste and some 
contaminated soil will be treated off site to meet LDRs. 


Amount Destroyed or Treated Approximately 9,800 cy of contaminated material would be 
excavated and approximately 5,900 cy would be treated. 


Degree of Expected Reductions of 
Toxicity, Mobility, or Volume 
Through Treatment 


There would be a reduction of toxicity, mobility, or volume of 
contamination through treatment under this alternative. 
 
The mobility of the contaminated soil particles that remain in 
place would be reduced by the upgraded caps and paved 
surfaces. 


Degree to Which Treatment is 
Irreversible 


For contaminated soils that undergo thermal treatment, the 
process is irreversible. 


Type and Quantity of Residuals 
Remaining After Treatment 


Excavation would produce no residuals.  For soil that remains 
on site under the cap, there would be no residuals. 
 
Air emissions of contaminants or additional by-products 
produced during off-site thermal treatment (Option 3e) would 
be at levels below regulatory standards.  After incineration, the 
volume of inorganic sediment/soil particles would be nearly the 
same as the pre-treatment volume, but the concentrations of 
organic chemical contaminants would be below detection 
limits. 
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Table 6-33. (continued) 


EVALUATION CRITERIA ALTERNATIVE SOURCE AREA SOIL-3: TARGETED 
EXCAVATION, UPGRADE AND MAINTAIN EXISTING 


SURFACES AND DISPOSAL AND/OR TREATMENT 
SHORT-TERM EFFECTIVENESS 


Protection of Community During 
Remedial Action 


There would be some short-term impacts to the community 
from construction.  Access to the work zone during 
construction activities would be prohibited, but measures would 
be taken to provide residents access to the buildings and 
parking areas.  There would be potential risk to residents from 
dust and VOCs generated during excavation activities and 
installation of asphalt sealants.  However, all appropriate 
measures including engineering controls, dust suppression 
techniques, and site perimeter air (dust) monitoring would be 
taken to mitigate risks to the community. 


Protection of Workers During 
Remedial Action 


Health and safety plans, emergency response plans, engineering 
controls, and personal protective equipment will be used during 
construction activities, mitigating risks to workers.  


Environmental Impacts Excavation and placement of fill in wetland areas would result 
in the destruction of existing wetlands. 


Time Until Remedial Action 
Objectives are Achieved 


The RAO to prevent direct human contact with the 
contaminated vadose zone soil would be achieved at the 
completion of remedy implementation, which is estimated to 
take approximately three months.  Achieving this RAO, 
however, is contingent on long-term monitoring and 
maintenance of the existing surfaces that would continue after 
construction activities are complete. 
 
The time to achieve the RAO to prevent migration or leaching 
of contaminants to soil and groundwater that would result in 
contamination above the ARARs is unknown, because some 
precipitation infiltration to the underlying soil and groundwater 
could still occur under this alternative.  However, contaminated 
soil that exceeds the GB leachability criteria would be removed 
and should reduce the potential leaching of contaminants from 
soil to groundwater.  


IMPLEMENTABILITY 
Ability to Construct and Operate the 
Technology 


The limited space on site for staging areas and the close 
proximity of the construction zone to residents would present 
some implementability challenges.  However, all construction 
would be performed in phases, and all work could be performed 
with conventional earthwork or paving equipment. 
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Table 6-33. (continued) 


EVALUATION CRITERIA ALTERNATIVE SOURCE AREA SOIL-3: TARGETED 
EXCAVATION, UPGRADE AND MAINTAIN EXISTING 


SURFACES AND DISPOSAL AND/OR TREATMENT 
IMPLEMENTABILITY 


Reliability of the Technology Excavation and capping are proven technologies and have been 
successfully implemented at contaminated soil sites.  The 
existing interim caps are made from natural earth materials that 
are stable and erosion would be controlled by existing rock rip 
rap and grass over the soil areas.  These features would provide 
effective and reliable prevention of direct contact with vadose 
zone soils. 


Ease of Undertaking Additional 
Remedial Actions, If Necessary 


This alternative would not preclude additional future remedial 
actions. 


Ability to Monitor the Effectiveness of 
Remedy 


The effectiveness of excavation and air/water quality protection 
measures could be monitored with routine testing.  A physical 
survey would also be conducted at the completion of 
construction activities to confirm that the isolation cap meets 
the design thickness. 
 
Long-term monitoring would be required to assess cap 
performance and determine if additional actions are warranted.  
The implementation of a long-term monitoring program and 
enforcement of ICs are critical to the success of this alternative. 


Ability to Obtain Approvals and 
Coordinate with Other Agencies 


Coordination with the management of the Centredale Manor 
and Brook Village apartment buildings, adjacent property 
owners, and appropriate federal, state, and local agencies would 
be required to implement ICs, develop a traffic control plan, 
and provide continuous access to residents and building service 
providers. 
 
Because this alternative constitutes the placement of fill in 
waters of the US, a determination must first be made that this is 
the least damaging practicable alternative to the aquatic 
environment.  In addition, this alternative would require the 
permanent occupancy and modification of the floodplain, and a 
determination would first need to be made concluding that there 
is no other practicable alternative before selecting this option as 
the preferred remedy.   


Availability of Off-Site Treatment, 
Storage, and Disposal Services and 
Capacity 


Off-site landfill and treatment options are readily available.  
Samples of excavated soil could be tested to determine if the 
material could be taken to a hazardous waste landfill without 
treatment. 


Availability of Necessary Equipment 
and Specialists 


Excavation and construction equipment and personnel, and 
monitoring equipment and personnel, are readily available. 


Availability of Technology Technology is common enough that required equipment and 
materials would be readily available. 
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Table 6-33. (continued) 


EVALUATION CRITERIA ALTERNATIVE SOURCE AREA SOIL-3: TARGETED 
EXCAVATION, UPGRADE AND MAINTAIN EXISTING 


SURFACES AND DISPOSAL AND/OR TREATMENT 
COST1


Capital Cost Option 3e, Off-site Disposal and/or Treatment  $19,100,000
Present Worth of Long-term 
Monitoring and Maintenance Option 3e, Off-site Disposal and/or Treatment  $500,000


Total Present Worth Cost Option 3e, Off-site Disposal and/or Treatment  $19,600,000


Notes: 
1Detailed cost estimates provided in Appendix J. 
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Table 6-34. Potential Applicable or Relevant and Appropriate Requirements (ARARs) and To Be 
Considered (TBC) Criteria for Source Area Soil Alternative 3, Targeted Excavation, Upgrade and 


Maintain Existing Surfaces and Disposal and/or Treatment 


Requirement Status Synopsis 
Action to Be 


Taken to Attain 
Requirement 


Chemical-Specific ARARs 
Federal Requirements 
OSWER Directive 92-4-
26, Approaches for 
Addressing Dioxins in Soil 
at CERCLA and RCRA 
Sites (April 13, 1998) 


TBC Guidance cleanup levels for CERCLA 
removal sites and PRGs for remedial sites for 
dioxin (as TEQ) in surface soil involving 
residential exposure scenarios.  Also 
establishes a cleanup range for dioxin (as 
TEQ) for commercial and industrial exposure 
scenarios. 


Soils at the source area 
contains dioxin at levels 
above the PRG.  This 
soil will be addressed 
consistent with this 
guidance. 


Draft Recommended 
Interim Preliminary 
Remediation Goals for 
Dioxin in Soil at CERCLA 
and RCRA Sites 
(December 30, 2009) 


TBC Draft recommended interim PRGs of 72 parts 
per trillion (ppt or ng/kg) dioxin (as TEQ) for 
residential exposure scenarios and 950 ppt 
dioxin (as TEQ) for commercial and industrial 
exposure scenarios are recommended as a 
starting point for setting cleanup levels for 
CERCLA removal sites. 


Soil at the site contains 
dioxin at levels above 
the draft recommended 
interim PRGs. 


Clean Water Act Federal 
Water Quality Criteria, 
Section 304(a) 40 CFR 
131.11 1976, 1980, and 
1986.   


R & A Ambient Water Quality Criteria (AWOC) are 
provided by EPA for chemicals for both the 
protection of human health and the protection 
of aquatic life.  


Contaminants from soil 
that exceed AWQC in 
Woonasquatucket River 
will be minimized to 
the extent practical. 


State Requirements    
RIDEM Rules and 
Regulations for the 
Investigation and 
Remediation of Hazardous 
Material Releases (i.e., 
Remediation Regulations), 
2/04 


Applicable Unless otherwise specified, soil contaminated 
as a result of a release of hazardous materials 
shall be remediated in a manner which meets 
the direct exposure and leachability criteria for 
each hazardous substance established in Rule 
8.02.B (Method 1 Soil Objectives). 
 
Groundwater objectives established in Rule 
8.03 provide groundwater cleanup criteria. 


Soils at the source area 
contain contaminants 
subject to the Rule 
8.02B soil objectives 
and would be addressed 
under this alternative 
consistent with state 
requirements. 
 
Groundwater at the 
source area contains 
contaminants subject to 
the Rule 8.03 GB 
groundwater objectives 
and would be addressed 
under this alternative 
consistent with state 
requirements. 
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Table 6-34. (continued) 


Requirement Status Synopsis 
Action to Be 


Taken to Attain 
Requirement 


Location-Specific ARARs 
Federal Requirements 
Clean Water Act, Section 
404 Guidelines for 
discharge of dredged or fill 
material into waters of US 
(40 CFR Parts 230 and 231, 
33 CFR Parts 320-323, and 
33 CFR Part 332) 


Applicable Outlines requirements for the discharge of 
dredged or fill materials into surface waters, 
including wetlands.  Such discharges are not 
allowed if there are practicable alternatives with 
less adverse impact. 


Excavation/backfill 
and capping subject to 
these requirements.  
Activities must be 
conducted in 
accordance with these 
requirements, 
including but not 
limited to mitigation 
and/or restoration.  
Alternative must be 
evaluated to determine 
least damaging 
practicable alternative 
before it can be 
selected. 


Protection of Wetlands 
(Executive Order 11990)  


TBC Federal agencies are required to avoid 
adversely impacting wetlands unless there is no 
practicable alternative and the proposed action 
includes all practicable measures to minimize 
harm to wetlands that may result from such use. 


Excavation/backfill 
and capping are 
subject to these 
requirements.  
Activities must be 
conducted in 
accordance with these 
requirements. 


Floodplain Management 
(Executive Order 11988)  


TBC Federal agencies are required to avoid impacts 
associated with the occupancy and modification 
of a floodplain and avoid support of floodplain 
development wherever there is a practicable 
alternative. 


This alternative can 
only be selected if 
there is no practicable 
alternative to 
occupancy and 
modification of 
floodplain.  Source 
area soil is located 
within the 100 year 
floodplain. 


State Requirements 
RIDEM Rules and 
Regulations for Hazardous 
Waste Management, 
Location Standards for 
Hazardous Waste Facilities 


Applicable Rhode Island is delegated to administer the 
federal RCRA statute through its state 
regulations.  The standards of 40 CFR 
264.18(b) are incorporated by reference.   
 
Facility located in 100-yr floodplain must be 
designed, constructed, operated and maintained 
to prevent washout of any hazardous waste by 
100-yr flood, unless demonstrate no adverse 
effects on human health or environment will 
result from washout. 


Hazardous waste 
remains in place 
within the 100-yr 
floodplain under this 
alternative.  As a 
result, these 
requirements must be 
met.  Principal threat 
waste and 
contaminated soils 
from areas prone to 
migration are 
excavated. 
 
This alternative would 
not comply with 
RCRA closure 
requirements.   
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Table 6-34. (continued) 


Requirement Status Synopsis 
Action to Be 


Taken to Attain 
Requirement 


Location-Specific ARARs (cont) 
State Requirements (cont) 
RIDEM Rules and 
Regulations Governing the 
Enforcement of the 
Freshwater Wetlands Act 
(December 2009) 


Applicable Sets requirements to prevent the undesirable 
drainage, excavation, filling, alteration, 
encroachment, or any other form of disturbance 
or destruction to a wetland. 


Activities required by 
RIDEM for 
remediation will be 
conducted in 
accordance with these 
requirements. 


Action-Specific ARAR    
Federal Requirements    
TSCA PCB Regulations 
(40 CFR 761) 


Applicable Establishes requirements for PCB-remediation 
waste.  


PCBs present in 
source area soil will 
be addressed in 
accordance with these 
requirements. 
  


Clean Water Act 
Federal Water Quality 
Criteria, Section 304(a) 
40 CFR 131.11 1976, 1980, 
and 1986. 


Applicable Ambient Water Quality Criteria (AWQC) are 
provided by EPA for chemicals for both the 
protection of human health and the protection 
of aquatic life. 


Excavation/backfill 
and capping must be 
conducted so that 
there are no 
exceedances of 
AWQC.   


Invasive Species 
(Executive Order 13112) 


TBC Federal agencies are directed to prevent the 
introduction of invasive species and provide for 
their control and to minimize the economic, 
ecological, and human health impacts that 
invasive species cause when requiring actions 
that impact the environment. 


Actions will be taken 
to address invasive 
species consistent with 
the Executive Order. 


State Requirement 
RIDEM Rules and 
Regulations for Hazardous 
Waste Management 
Amendment Eff. 2/9/07 
Identification and Listing of 
Hazardous Wastes 


Applicable 
 


Rhode Island is delegated to administer the 
federal RCRA statute through its regulations.  
The standards of 40 Part 261 of RCRA are 
incorporated by reference.  Sets forth 
requirements for hazardous waste determination 
according to federal (40 CFR 262.11) and RI 
State (Rule 5.08) definitions. 


Will be used to 
determine appropriate 
treatment and disposal 


RIDEM Rules and 
Regulations for the 
Investigation and 
Remediation of Hazardous 
Material Releases (i.e., 
Remediation Regulations), 
(2/04) DEM-DSR-01-93 
Section 8.0 
(Risk Management) 


Applicable This section regulates impacted media at 
contaminated sites. 


This section was used 
to develop cleanup 
goals for the site.  This 
alternative meets this 
requirement. 
 


RIDEM Rules and 
Regulations for Hazardous 
Waste Management, 
Section 9 (3/07) – 
Operation Requirements for 
Treatment, Storage, and 
Disposal Facilities 


R & A 
 


Outlines operational requirements for all 
hazardous waste treatment, storage, and 
disposal facilities, including general waste 
analyses, security procedures, inspections, 
safety, etc.  Sets design, construction, and 
operational requirements for hazardous waste 
containers and tanks, and closure requirements 
for hazardous waste facilities. 


Substantive 
requirements related 
to closure may not be 
met. 
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Table 6-34. (continued) 


Requirement Status Synopsis 
Action to Be 


Taken to Attain 
Requirement 


Action-Specific ARARs (cont) 
State Requirement (cont) 
RIDEM Rules and 
Regulations for Hazardous 
Waste Management, 
Section 10 (3/07) – Land 
Disposal Facilities 


R & A  
 
 
 


Outlines design, operational, and closure 
requirements for land disposal facilities. 


This alternative will 
not meet the 
substantive 
requirements related 
to land disposal. 


RIDEM Water Quality 
Regulations, 7/06 


Applicable Provides water classification for surface 
waters in Rhode Island and sets ambient 
water quality criteria for toxic substances 
and governs water quality impacts 
associated with site activities. 


Excavation/backfill 
and capping must be 
conducted so that 
there are no 
exceedances of water 
quality standards. 


RI Air Pollution Control 
Regulation #1: Visible 
Emissions 
(8/67, Amended 7/07) 


Applicable Establishes opacity limitations for 
contaminant emissions 


Remediation will be 
conducted to meet the 
standards for visible 
emissions.  


RI Air Pollution Control 
Regulation #5: Fugitive 
Dust, 7/19/07 


Applicable Requires that reasonable precaution be taken 
to prevent particulate matter from becoming 
airborne. 


Actions will be taken 
to prevent particulate 
matter from becoming 
airborne in 
accordance with these 
regulations. 


RI Air Pollution Control 
Regulation #7: Emissions 
Detrimental to Persons or 
Property, 7/19/07 


Applicable Prohibits emissions of contaminants which 
may be injurious to human, plant, or animal 
life or cause damage to property or which 
unreasonably interfere with the enjoyment 
of life and property. 
 


Any potential 
emissions subject to 
these requirements 
will meet these 
standards.  


Key: 
R & A – Relevant and Appropriate; TBC – To Be Considered 
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Table 6-35. Detailed Analysis of Source Area Soil Alternative 4, Targeted Excavation, Convert to 
RCRA Caps and Maintain and Disposal and/or Treatment 


EVALUATION CRITERIA ALTERNATIVE SOURCE AREA SOIL-4: TARGETED 
EXCAVATION, CONVERT TO RCRA CAPS AND 


MAINTAIN AND DISPOSAL AND/OR TREATMENT 
OVERALL PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT 


Human Health Protection and the 
Environment 


Removal of principal threat waste and converting the existing 
surfaces (interim caps, parking lots, pavement, and landscape 
areas) to RCRA caps would be highly protective of human 
health and the environment.  Targeted removal of principal 
threat waste would remove highly toxic or highly mobile waste 
that generally cannot be reliably contained and could present a 
significant risk to human health or the environment should 
exposure occur.  The RCRA caps would also meet TSCA 
requirements for capping PCB remediation waste.  This 
alternative would prevent direct contact with soil, prevent 
erosion and runoff of contaminated soils, and prevent 
precipitation infiltration into the groundwater. 


COMPLIANCE WITH ARARS
Chemical-, Location-, and Action-
Specific 


ARARs specific to Alternative 4 are summarized in Table 6-36.  
This alterative will comply with all ARARs, including 
requirements for TSCA and RCRA closure.  Excavation and 
placement of fill in wetland areas will result in the destruction 
of existing wetlands and will trigger wetlands/Section 404 
requirements.  As a result, these actions must be evaluated to 
determine the least damaging practicable alternative.  State 
wetlands requirements will also need to be addressed. 
 
Under this alternative, there would be permanent occupancy 
and modification of the floodplain.  According to Executive 
Order 11988, a determination would need to be made that there 
was no other practicable alternative before selecting this option 
as the preferred remedy. 


LONG-TERM EFFECTIVENESS AND PERMANENCE 
Magnitude of Residual Risk Excavation and off-site disposal or treatment of the principal 


threat waste will be effective in the long term.  Capping 
contaminated soils with a RCRA and TSCA cap would increase 
the long-term effectiveness of this alternative by providing 
highly reliable chemical isolation.  Risk reduction will be high 
as the cap will be designed, constructed and maintained in 
compliance with RCRA and TSCA closure requirements.  
Because contaminated soil is only contained and remains under 
the cap, inherent hazard of waste also remains. 
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Table 6-35. (continued) 


EVALUATION CRITERIA ALTERNATIVE SOURCE AREA SOIL-4: TARGETED 
EXCAVATION, CONVERT TO RCRA CAPS AND 


MAINTAIN AND DISPOSAL AND/OR TREATMENT 
LONG-TERM EFFECTIVENESS AND PERMANENCE 


Adequacy and Reliability of Controls Long-term monitoring, maintenance, and ICs would be required 
to protect integrity of the caps.  ICs would also be required to 
prevent human exposure, and could include restrictions on 
excavation, access for buried utilities, and construction with 
pilings or basements.  However, these controls are only 
effective if adequately monitored and enforced.   


REDUCTION OF TOXICITY, MOBILITY, OR VOLUME 
Treatment Process Used and Materials 
Treated 


This alternative assumes principal threat waste will be shipped 
off site for treatment. 


Amount Destroyed or Treated Approximately 5,500 cy of principal threat waste would be 
excavated and treated. 


Degree of Expected Reductions of 
Toxicity, Mobility, or Volume 
Through Treatment 
 


There would be a reduction of toxicity, mobility, or volume of 
contamination through treatment under this alternative. 
The mobility of the contaminated soil particles that remain in 
place would be reduced by the RCRA caps. 


Degree to Which Treatment is 
Irreversible 


For contaminated soils that undergo thermal treatment, the 
process is irreversible. 


Type and Quantity of Residuals 
Remaining After Treatment 


Excavation would produce no residuals.  For soil that remains 
on site under the cap, there would be no residuals. 
 
Air emissions of contaminants or additional by-products 
produced during off-site thermal treatment (Option 4e) would 
be at levels below regulatory standards.  After incineration, the 
volume of inorganic sediment/soil particles would be nearly the 
same as the pre-treatment volume, but the concentrations of 
organic chemical contaminants would be below detection 
limits. 


SHORT-TERM EFFECTIVENESS 
Protection of Community During 
Remedial Action 


There would be some short-term impacts to the community 
from construction.  Access to the work zone during 
construction activities would be prohibited, but measures would 
be taken to provide residents access to the buildings and 
parking areas and maintain utilities.  Construction of the clean 
utility corridor would require excavation into contaminated soil 
and could result in potential exposure.  There would also be 
potential risk to residents from dust and VOCs generated during 
excavation activities and installation of asphalt sealants.  
However, all appropriate measures including engineering 
controls, dust suppression techniques, and site perimeter air 
(dust) monitoring would be taken to mitigate risks to the 
community. 


Protection of Workers During 
Remedial Action 


Health and safety plans, emergency response plans, engineering 
controls (dust suppression), and personal protective equipment 
will be used during construction activities, mitigating risks to 
workers. 
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Table 6-35. (continued) 


EVALUATION CRITERIA ALTERNATIVE SOURCE AREA SOIL-4: TARGETED 
EXCAVATION, CONVERT TO RCRA CAPS AND 


MAINTAIN AND DISPOSAL AND/OR TREATMENT 
SHORT-TERM EFFECTIVENESS 


Environmental Impacts Excavation and placement of fill in wetland areas would result 
in the destruction of existing wetlands. 


Time Until Remedial Action 
Objectives are Achieved 


The RAOs would be achieved at the completion of remedy 
implementation, which is estimated to take approximately 8 
months.  Achieving the RAOs, however, is contingent on long-
term monitoring and maintenance of the RCRA caps that would 
continue after construction activities are complete. 


IMPLEMENTABILITY 
Ability to Construct and Operate the 
Technology 


Generally, this alternative could be easily implemented, and all 
work could be performed in phases with conventional 
earthwork or paving equipment.  Additional steps may need to 
be taken to address the concern of working near an apartment 
building for the elderly.  Although there is limited space for 
staging areas, this should not raise significant implementability 
concerns.   


Reliability of the Technology Excavation and capping are proven technologies that have been 
successfully implement at soil sites.  The RCRA cap would be 
made from natural earth materials and geosynthetic materials 
that are proven to be stable in the long term.  There may be 
some additional reliability issues because the cap would be 
located in the floodplain. 


Ease of Undertaking Additional 
Remedial Actions, If Necessary 


This alternative would not preclude additional future remedial 
actions. 


Ability to Monitor the Effectiveness of 
Remedy 


The effectiveness of excavation and air/water quality protection 
measures could be monitored with routine testing.  A physical 
survey would be conducted at the completion of construction 
activities to confirm that the RCRA cap meets the design 
specifications. 
 
Long-term monitoring would be required to assess cap 
performance and determine if additional actions are warranted.  
The implementation of long-term monitoring and enforcement 
of ICs are critical to the success of this alternative. 
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Table 6-35. (continued) 


EVALUATION CRITERIA ALTERNATIVE SOURCE AREA SOIL-4: TARGETED 
EXCAVATION, CONVERT TO RCRA CAPS AND 


MAINTAIN AND DISPOSAL AND/OR TREATMENT 
IMPLEMENTABILITY 


Ability to Obtain Approvals and 
Coordinate with Other Agencies 


Coordination with the management of the Centredale Manor 
and Brook Village apartment buildings, adjacent property 
owners, and appropriate federal, state, and local agencies would 
be required to implement ICs, develop a traffic control plan, 
and provide continuous access to residents and building service 
providers.  Residents’ concerns about disruptions from 
construction activities would need to be addressed.   
 
Because this alternative constitutes the placement of fill in 
waters of the US, a determination must first be made that this is 
the least damaging practicable alternative to the aquatic 
environment.  In addition, this alternative would require the 
permanent occupancy and modification of the floodplain, and a 
determination would first need to be made concluding that there 
is no other practicable alternative before selecting this option as 
the preferred remedy.   


Availability of Off-Site Treatment, 
Storage, and Disposal Services and 
Capacity 


Off-site landfill and treatment options are readily available.  
This alternative assumes principal threat waste will be shipped 
off site for treatment. 


Availability of Necessary Equipment 
and Specialists 


Construction equipment and personnel, and monitoring 
equipment and personnel, are readily available. 


Availability of Technology Technology is common enough that required equipment and 
materials would be readily available. 


COST1


Capital Cost Option 4e, Off-site Disposal and/or Treatment  $20,800,000
Present Worth of Long-term 
Monitoring and Maintenance Option 4e, Off-site Disposal and/or Treatment  $500,000


Total Present Worth Cost Option 4e, Off-site Disposal and/or Treatment  $21,300,000


Notes: 
1Detailed cost estimates provided in Appendix J. 
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Table 6-36. Potential Applicable or Relevant and Appropriate Requirements (ARARs) and To Be 
Considered (TBC) Criteria for Source Area Soil Alternative 4, Targeted Excavation, Convert to 


RCRA Caps and Maintain and Disposal and/or Treatment 


Requirement Status Synopsis 
Action to Be 


Taken to Attain 
Requirement 


Chemical-Specific ARARs 
Federal Requirements 
OSWER Directive 92-4-
26, Approaches for 
Addressing Dioxins in Soil 
at CERCLA and RCRA 
Sites (April 13, 1998) 


TBC Guidance cleanup levels for CERCLA 
removal sites and PRGs for remedial sites for 
dioxin (as TEQ) in surface soil involving 
residential exposure scenarios.  Also 
establishes a cleanup range for dioxin (as 
TEQ) for commercial and industrial exposure 
scenarios. 


Soil at the source area 
contains dioxin at levels 
above the PRG.  This 
soil will be addressed 
consistent with this 
guidance. 


Draft Recommended 
Interim Preliminary 
Remediation Goals for 
Dioxin in Soil at CERCLA 
and RCRA Sites 
(December 30, 2009) 


TBC Draft recommended interim PRGs of 72 parts 
per trillion (ppt or ng/kg) dioxin (as TEQ) for 
residential exposure scenarios and 950 ppt 
dioxin (as TEQ) for commercial and industrial 
exposure scenarios are recommended as a 
starting point for setting cleanup levels for 
CERCLA removal sites. 


Soil at the site contains 
dioxin at levels above 
the draft recommended 
interim PRGs. 


Clean Water Act Federal 
Water Quality Criteria, 
Section 304(a) 40 CFR 
131.11 1976, 1980, and 
1986.   


R & A Ambient Water Quality Criteria (AWOC) are 
provided by EPA for chemicals for both the 
protection of human health and the protection 
of aquatic life.  


Contaminants from soil 
that exceed AWQC in 
Woonasquatucket River 
will be minimized to 
the extent practical. 


State Requirements    
RIDEM Rules and 
Regulations for the 
Investigation and 
Remediation of Hazardous 
Material Releases (i.e., 
Remediation Regulations), 
2/04 


Applicable Unless otherwise specified, soil contaminated 
as a result of a release of hazardous materials 
shall be remediated in a manner which meets 
the direct exposure and leachability criteria for 
each hazardous substance established in Rule 
8.02.B (Method 1 Soil Objectives). 
 
Groundwater objectives established in Rule 
8.03 provide groundwater cleanup criteria. 


Soils at the source area 
contain contaminants 
subject to the Rule 
8.02B soil objectives 
and would be addressed 
under this alternative 
consistent with state 
requirements. 
 
Groundwater at the 
source area contains 
contaminants subject to 
the Rule 8.03 GB 
groundwater objectives 
and would be addressed 
under this alternative 
consistent with state 
requirements. 
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Table 6-36. (continued) 


Requirement Status Synopsis 
Action to Be 


Taken to Attain 
Requirement 


Location-Specific ARARs  
Federal Requirements (cont) 
Clean Water Act, Section 
404 Guidelines for 
discharge of dredged or fill 
material into waters of US 
(40 CFR Parts 230 and 231, 
33 CFR Parts 320-323, and 
33 CFR Part 332) 


Applicable Outlines requirements for the discharge of 
dredged or fill materials into surface waters, 
including wetlands.  Such discharges are not 
allowed if there are practicable alternatives with 
less adverse impact. 


Excavation/backfill 
and capping subject to 
these requirements.  
Activities must be 
conducted in 
accordance with these 
requirements, 
including but not 
limited to mitigation 
and/or restoration.  
Alternative must be 
evaluated to determine 
least damaging 
practicable alternative 
before it can be 
selected. 


Protection of Wetlands 
(Executive Order 11990)  


TBC Federal agencies are required to avoid 
adversely impacting wetlands unless there is no 
practicable alternative and the proposed action 
includes all practicable measures to minimize 
harm to wetlands that may result from such use. 


Excavation/backfill 
and capping are 
subject to these 
requirements.  
Activities must be 
conducted in 
accordance with these 
requirements. 


Floodplain Management 
(Executive Order 11988)  


TBC Federal agencies are required to avoid impacts 
associated with the occupancy and modification 
of a floodplain and avoid support of floodplain 
development wherever there is a practicable 
alternative. 


This alternative can 
only be selected if 
there is no practicable 
alternative to 
occupancy and 
modification of 
floodplain.  Source 
area soil is located 
within the 100 year 
floodplain. 


State Requirements 
RIDEM Rules and 
Regulations for Hazardous 
Waste Management, 
Location Standards for 
Hazardous Waste Facilities 


Applicable Rhode Island is delegated to administer the 
federal RCRA statute through its state 
regulations.  The standards of 40 CFR 
264.18(b) are incorporated by reference.   
 
Facility located in 100-yr floodplain must be 
designed, constructed, operated and maintained 
to prevent washout of any hazardous waste by 
100-yr flood, unless demonstrate no adverse 
effects on human health or environment will 
result from washout. 


Hazardous waste 
remains in place 
within the 100-yr 
floodplain under this 
alternative.  As a 
result, these 
requirements must be 
met. 
 
Principal threat waste 
is excavated and 
disposed off site. 


RIDEM Rules and 
Regulations Governing the 
Enforcement of the 
Freshwater Wetlands Act 
(December 2009) 


Applicable Sets requirements to prevent the undesirable 
drainage, excavation, filling, alteration, 
encroachment, or any other form of disturbance 
or destruction to a wetland. 


Activities required by 
RIDEM for 
remediation will be 
conducted in 
accordance with these 
requirements. 
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Table 6-36. (continued) 


Requirement Status Synopsis 
Action to Be 


Taken to Attain 
Requirement 


Action-Specific ARAR    
Federal Requirements    
TSCA PCB Regulations 
(40 CFR 761) 


Applicable Establishes requirements for PCB-remediation 
waste.  


PCBs present in 
source area soil will 
be addressed in 
accordance with these 
requirements. 
  


Clean Water Act 
Federal Water Quality 
Criteria, Section 304(a) 
40 CFR 131.11 1976, 1980, 
and 1986. 


Applicable Ambient Water Quality Criteria (AWQC) are 
provided by EPA for chemicals for both the 
protection of human health and the protection 
of aquatic life. 


Excavation/backfill 
and capping must be 
conducted so that 
there are no 
exceedances of 
AWQC.   


Invasive Species 
(Executive Order 13112) 


TBC Federal agencies are directed to prevent the 
introduction of invasive species and provide for 
their control and to minimize the economic, 
ecological, and human health impacts that 
invasive species cause when requiring actions 
that impact the environment. 


Actions will be taken 
to address invasive 
species consistent with 
the Executive Order. 


State Requirement    
RIDEM Rules and 
Regulations for Hazardous 
Waste Management 
Amendment Eff. 2/9/07 
Identification and Listing of 
Hazardous Wastes 


Applicable 
 


Rhode Island is delegated to administer the 
federal RCRA statute through its regulations.  
The standards of 40 Part 261 of RCRA are 
incorporated by reference.  Sets forth 
requirements for hazardous waste determination 
according to federal (40 CFR 262.11) and RI 
State (Rule 5.08) definitions. 


Will be used to 
determine appropriate 
treatment and 
disposal. 


RIDEM Rules and 
Regulations for the 
Investigation and 
Remediation of Hazardous 
Material Releases (i.e., 
Remediation Regulations), 
(2/04) DEM-DSR-01-93 
Section 8.0 
(Risk Management) 


Applicable This section regulates impacted media at 
contaminated sites. 


This section was used 
to develop cleanup 
goals for the site.  This 
alternative meets this 
requirement. 
 


RIDEM Rules and 
Regulations for Hazardous 
Waste Management, 
Section 9 (3/07) – 
Operation Requirements for 
Treatment, Storage, and 
Disposal Facilities 


R & A  
 


Outlines operational requirements for all 
hazardous waste treatment, storage, and 
disposal facilities, including general waste 
analyses, security procedures, inspections, 
safety, etc.  Sets design, construction, and 
operational requirements for hazardous waste 
containers and tanks, and closure requirements 
for hazardous waste facilities. 


Substantive 
requirements related 
to land disposal must 
be met. 


RIDEM Rules and 
Regulations for Hazardous 
Waste Management, 
Section 10 (3/07) – Land 
Disposal Facilities 


R & A  
 
 
 


Outlines design, operational, and closure 
requirements for land disposal facilities. 


This alternative will 
meet the substantive 
requirements related 
to land disposal. 


RIDEM Water Quality 
Regulations, 7/06 


Applicable Provides water classification for surface waters 
in Rhode Island and sets ambient water quality 
criteria for toxic substances and governs water 
quality impacts associated with site activities. 


Excavation and 
capping must be 
conducted so that 
there are no 
exceedances of water 
quality standards. 
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Table 6-36. (continued) 


Requirement Status Synopsis 
Action to Be 


Taken to Attain 
Requirement 


Action-Specific ARARs (cont) 
State Requirement (cont) 
RI Air Pollution Control 
Regulation #1: Visible 
Emissions 
(8/67, Amended 7/07) 


Applicable Establishes opacity limitations for 
contaminant emissions 


Remediation will be 
conducted to meet the 
standards for visible 
emissions.  


RI Air Pollution Control 
Regulation #5: Fugitive 
Dust, 7/19/07 


Applicable Requires that reasonable precaution be taken 
to prevent particulate matter from becoming 
airborne. 


Actions will be taken 
to prevent particulate 
matter from becoming 
airborne in 
accordance with these 
regulations. 


RI Air Pollution Control 
Regulation #7: Emissions 
Detrimental to Persons or 
Property, 7/19/07 


Applicable Prohibits emissions of contaminants which 
may be injurious to human, plant, or animal 
life or cause damage to property or which 
unreasonably interfere with the enjoyment 
of life and property. 
 


Any potential 
emissions subject to 
these requirements 
will meet these 
standards.  


Key: 
R & A – Relevant and Appropriate; TBC – To Be Considered 
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Table 6-37. Key Features of the Source Area Soil Alternatives 


 Alternative 
 


1 – No Action 


3e – Targeted Excavation, 
Upgrade and Maintain Existing 
Surfaces, and Off-site Disposal 


and/or Treatment 


4e – Targeted Excavation, 
Convert to RCRA Caps and 


Maintain, and Off-site Disposal 
and/or Treatment 


Present 
Worth Cost $170K1 $19.6M $21.3M 


Remediation 
Area (acres) — 


Excavate: 1.7 
Isolation Cap: 7.8 


Total: 7.8 


Excavate: 0.85 
Isolation Cap: 7.8 


Total: 7.8 
Excavation 
Volume (cy) — 9,800 5,500 


Estimated 
Time to 
Achieve 
RAOs 


Unknown 


3 months (after construction 
complete), to achieve RAO to 


prevent direct contact 
 


Unknown for RAO to prevent 
migration and leaching of 
contaminants from soil to 


groundwater  


8 months (after construction 
complete)   


 
Achieving the RAOs, contingent 


on long-term monitoring and 
maintenance of the RCRA caps. 


Notes: 
1 If periodic monitoring is implemented, the annual cost for monitoring would be $14,000 and the present worth 
costs would be $170,000. 
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Table 6-38. Detailed Analysis of Source Area Groundwater Alternative 1, No Action  


EVALUATION CRITERIA GROUNDWATER ALTERNATIVE-1: NO ACTION 
OVERALL PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT 


Human Health Protection and the 
Environment 


Contaminated groundwater would remain on site unaddressed 
and could continue to migrate and discharge into the 
Woonasquatucket River. 
 
The existing controls (GB groundwater classification) would 
limit groundwater exposure to human receptors. 


COMPLIANCE WITH ARARS 
Chemical-, Location-, and Action-
Specific 


See Table 6-39.  This alternative would not comply with 
ARARs for surface water and groundwater quality. 


LONG-TERM EFFECTIVENESS AND PERMANENCE 
Magnitude of Residual Risk Existing risk will remain as no action is taken to address the 


contamination.  Contaminants would continue to migrate to the 
Woonasquatucket River. 


Adequacy and Reliability of Controls There are no actions to reliably and adequately control the 
contamination and no controls in place to prevent exposure. 


REDUCTION OF TOXICITY, MOBILITY, OR VOLUME 
Treatment Process Used and Materials 
Treated 


None proposed for this alternative. 


Amount Destroyed or Treated None anticipated. 
Degree of Expected Reductions of 
Toxicity, Mobility, or Volume 
Through Treatment 


No reductions in toxicity, mobility or volume of contamination 
through groundwater treatment will occur under this alternative. 
 
Groundwater concentrations might be naturally attenuated over 
time, but without rigorous long-term monitoring it would not be 
possible to assess the rate of recovery. 


Degree to Which Treatment is 
Irreversible 


Not applicable. 


Type and Quantity of Residuals 
Remaining After Treatment 


There would be no residuals because no treatment is planned 
for this alternative. 


SHORT-TERM EFFECTIVENESS 
Protection of Community During 
Remedial Action 


Not applicable as no remedial actions are proposed for this 
alternative. 


Protection of Workers During 
Remedial Action 


Not applicable as no remedial actions are proposed for this 
alternative. 


Environmental Impacts Not applicable as no remedial actions are proposed for this 
alternative. 
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Table 6-38. (continued) 


EVALUATION CRITERIA GROUNDWATER ALTERNATIVE-1: NO ACTION 
SHORT-TERM EFFECTIVENESS 


Time Until Remedial Action 
Objectives are Achieved 


While some reduction in risk is possible due to natural 
attenuation, it is unknown if or when the cleanup objectives 
would be reached because groundwater monitoring is not 
included with this alternative. 


IMPLEMENTABILITY 
Ability to Construct and Operate the 
Technology 


Not applicable as no remedial technology is proposed as part of 
this alternative. 


Reliability of the Technology Not applicable as no remedial technology is proposed for this 
alternative. 


Ease of Undertaking Additional 
Remedial Actions, If Necessary 


This alternative does not preclude future remedial activities. 
 


Ability to Monitor the Effectiveness of 
Remedy 


Five year reviews and periodic monitoring, triggered by severe 
weather events, are incorporated into this alternative.  It is 
assumed that there would be one groundwater monitoring event 
and report to EPA every five years.  Periodic monitoring would 
include routine testing and could be easily implemented. 


Ability to Obtain Approvals and 
Coordinate with Other Agencies 


Not applicable as no remedial technology is proposed as part of 
this alternative. 


Availability of Off-Site Treatment, 
Storage, and Disposal Services and 
Capacity 


Not applicable for this alternative. 


Availability of Necessary Equipment 
and Specialists 


Not applicable for this alternative. 


Availability of Technology Not applicable for this alternative. 
COST1 


Capital Cost $0
Present Worth of Long-term 
Monitoring and Maintenance 


$270,000 
(includes periodic monitoring; costs for five-year reviews 


covered under Source Area soil alternatives)
Total Present Worth Cost $270,000
Notes: 
2Detailed cost estimates provided in Appendix J. 
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Table 6-39. Potential Applicable or Relevant and Appropriate Requirements (ARARs) and To Be 
Considered (TBC) Criteria for Source Area Groundwater Alternative 1, No Action1 


Requirement Status Synopsis 
Action to Be 


Taken to Attain 
Requirement 


Chemical-Specific ARARs 
Federal Requirements 
Clean Water Act 
Federal Water Quality 
Criteria, Section 304(a) 
40 CFR 131.11 1976, 1980, 
and 1986. 


Applicable Ambient Water Quality Criteria (AWQC) are 
provided by EPA for chemicals for both the 
protection of human health and the protection 
of aquatic life. 


Discharges from the 
action area may cause 
degradation of surface 
water quality of the 
Woonasquatucket 
River in excess of 
AWQC.  This 
alternative would not 
address these 
exceedances. 


State Requirements 
RIDEM Rules and 
Regulations for the 
Investigation and 
Remediation of Hazardous 
Material Releases (i.e., 
Remediation Regulations), 
2/04 


Applicable Groundwater objectives established in Rule 
8.03  provide groundwater cleanup criteria.. 


Groundwater at the 
action area contains 
contaminants subject 
to the Rule 8.03 GB 
groundwater 
objectives that would 
not be addressed 
under this alternative. 


RIDEM Water Quality 
Regulations, 7/06 


Applicable Provides water classification for surface waters 
in Rhode Island and sets ambient water quality 
criteria for toxic substances. 


Discharges from the 
action area may cause 
degradation of surface 
water quality of 
Woonasquatucket 
River in excess of 
water quality 
standards.  This 
alternative would not 
address these 
exceedances. 


 Notes: 
1 With no action, there are no location- or action-specific ARARs. 
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Table 6-40. Detailed Analysis of Source Area Groundwater Alternative 2, Excavation/Dewatering  


EVALUATION CRITERIA GROUNDWATER ALTERNATIVE 2:  
EXCAVATION/DEWATERING 


OVERALL PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT 
Human Health Protection (and the 
Environment) 


The removal of contaminated soil and groundwater would 
mitigate risks by reducing VOC concentrations in groundwater 
to levels that meet the ARARs for groundwater quality and 
preventing future migration of contaminated groundwater to the 
Woonasquatucket River. 


COMPLIANCE WITH ARARS 
Chemical-, Location-, and Action-
Specific 


ARARs specific to Alternative 2 are summarized in Table 6-41.  
This alternative is expected to comply with ARARs for 
groundwater and surface water quality.  Excavation, 
dewatering, and placement of the sheet pile wall as a permanent 
structure in the river would trigger Clean Water Act Section 
404 requirements.  As a result, these actions must be evaluated 
to determine the least damaging practicable alternative.  
Excavation could result in the destruction of some riverbank 
wetland resource areas and state wetlands requirements will 
need to be addressed. 


LONG-TERM EFFECTIVENESS AND PERMANENCE 
Magnitude of Residual Risk Removal of the contaminant source and off-site disposal and 


treatment of contaminated soil would provide long-term highly 
reliable protection from leaching of contaminants from soil to 
groundwater and from migration of contaminated groundwater 
to the Woonasquatucket River. 


Adequacy and Reliability of Controls Periodic monitoring of groundwater will be conducted to assess 
the efficacy of the remedy.  ICs would be required to prevent 
the use of groundwater.  However, these controls are only 
effective if adequately monitored and enforced. 


REDUCTION OF TOXICITY, MOBILITY, OR VOLUME 
Treatment Process Used and Materials 
Treated 


Extracted groundwater would be treated.  Some of the 
excavated soil will likely require treatment to meet LDRs.  


Amount Destroyed or Treated Approximately 80,000 gallons of extracted groundwater would 
be treated and returned to the surface water in accordance with 
ARAR requirements. 
 
Approximately 1,300 cubic yards of excavated soil would be 
shipped off site.  Some of this material will likely require 
treatment to meet LDRs. 


Degree of Expected Reductions of 
Toxicity, Mobility, or Volume 
Through Treatment 


For excavated soils that are incinerated (up to 1,300 cy), the 
mobility, toxicity and volume would be reduced.  


Degree to Which Treatment is 
Irreversible 


For soils that undergo thermal treatment, the process is 
irreversible. 
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Table 6-40. (continued) 


EVALUATION CRITERIA GROUNDWATER ALTERNATIVE 2:  
EXCAVATION/DEWATERING 


REDUCTION OF TOXICITY, MOBILITY, OR VOLUME 
Type and Quantity of Residuals 
Remaining After Treatment 


Excavation would produce no residuals. 
 
Air emissions of contaminants or additional by-products 
produced during off-site thermal treatment would be at levels 
below regulatory standards.  After incineration, the volume of 
inorganic sediment/soil particles would be nearly the same as 
the pre-treatment volume, but the concentrations of organic 
chemical contaminants would be below detection limits. 


SHORT-TERM EFFECTIVENESS 
Protection of Community During 
Remedial Action 


There would be some short-term impacts to the community 
under this alternative.  There is the potential for exposure to 
contaminated soils.  However, actions would be taken during 
construction to minimize such impacts.  Access to the work 
zone during construction activities would be prohibited, and 
engineering controls, dust suppression techniques, site 
perimeter air (dust) monitoring, and air and noise monitoring 
and abatement will mitigate risks to the community.  In 
addition, actions would be taken to minimize disruption to use 
of the parking lots by the residents. 


Protection of Workers During 
Remedial Action 


Health and safety plans, emergency response plans, engineering 
controls (dust suppression), and personal protective equipment 
will be used during construction activities, mitigating risks to 
workers. 


Environmental Impacts Excavation would require the temporary occupancy of 
floodplain areas during construction and temporary work areas 
would be cleared of vegetation.  The floodplain would be 
restored at the completion of construction. 


Time Until Remedial Action 
Objectives are Achieved 


RAOs would be achieved immediately upon completion of 
remedy implementation, which is estimated to take 
approximately one month. 


IMPLEMENTABILITY 
Ability to Construct and Operate the 
Technology 


This alternative would be relatively easy to implement, and all 
work could be performed with conventional earthwork 
equipment.  There is limited space for staging areas, however 
this should not present any significant implementability issues.  
In addition, excavation near the river would present an added 
degree of difficulty but should not raise significant issues.    


Reliability of the Technology Excavation of soils is a highly reliable and proven technology, 
although excavation near the river and below the groundwater 
can present some challenges.  Groundwater and soil disposal 
and/or treatment technologies are proven technologies. 


Ease of Undertaking Additional 
Remedial Actions, If Necessary 


This alternative would not preclude additional future remedial 
actions. 
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Table 6-40. (continued) 


EVALUATION CRITERIA GROUNDWATER ALTERNATIVE 2:  
EXCAVATION/DEWATERING 


IMPLEMENTABILITY 
Ability to Monitor the Effectiveness of 
Remedy 


During construction, treated groundwater would be tested on a 
regular basis to confirm that chemical concentrations were at 
levels acceptable for return to the surface water in accordance 
with ARAR requirements. 
 
Periodic monitoring would be performed to assess the efficacy 
of the remedy in support of five year reviews.  The 
implementation of periodic monitoring would not present any 
unusual issues. 


Ability to Obtain Approvals and 
Coordinate with Other Agencies 


Coordination with the management of the Centredale Manor 
and Brook Village apartment buildings, adjacent property 
owners, and appropriate federal, state, and local agencies would 
be required to develop a traffic control plan, and provide 
continuous access to residents and building service providers. 
 
Residents’ concerns about disruptions from construction 
activities would need to be addressed.   
 
Impacts to riverbank wetland resource areas would need to be 
addressed consistent with federal and state requirements. 


Availability of Off-Site Treatment, 
Storage, and Disposal Services and 
Capacity 


Off-site landfill and treatment options are readily available.  
Samples of excavated soil could be tested to determine if the 
material could be taken to a hazardous waste landfill without 
treatment. 


Availability of Necessary Equipment 
and Specialists 


Excavation and groundwater pumping construction contractors 
and equipment are readily available.  Treatment equipment is 
also readily available. 


Availability of Technology Technology is common enough that required equipment and 
materials would be readily available. 


COST1 
Capital Cost $2,700,000
Present Worth of Long-term 
Monitoring and Maintenance 


$300,000 
(costs for five-year reviews covered under 


Source Area soil alternatives)
Total Present Worth Cost $3,000,000
Notes: 
1Detailed cost estimates provided in Appendix J. 
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Table 6-41. Potential Applicable or Relevant and Appropriate Requirements (ARARs) and To Be 
Considered (TBC) Criteria for Source Area Groundwater Alternative 2, Excavation/Dewatering 


Requirement Status Synopsis 
Action to Be 


Taken to Attain 
Requirement 


Chemical-Specific ARARs 
Federal Requirements 
Clean Water Act Federal 
Water Quality Criteria, 
Section 304(a) 40 CFR 
131.11 1976, 1980, and 
1986.   


R & A Ambient Water Quality Criteria (AWOC) are 
provided by EPA for chemicals for both the 
protection of human health and the protection 
of aquatic life.  


Contaminants that 
exceed AWQC in 
Woonasquatucket River 
will be minimized to 
the extent practical. 


State Requirements    
RIDEM Rules and 
Regulations for the 
Investigation and 
Remediation of Hazardous 
Material Releases (i.e., 
Remediation Regulations), 
2/04 


Applicable Groundwater objectives established in Rule 
8.03 03  provide groundwater cleanup criteria. 


Groundwater at the 
action area contains 
contaminants subject to 
the Rule 8.03 GB 
groundwater objectives 
and would be addressed 
under this alternative 
consistent with state 
requirements. 
 
Contaminated soils that 
exceed GB leachability 
criteria in Rule 8.02.B  
will be addressed under 
the Source Area Soil 
remedy. 


RIDEM Water Quality 
Regulations, 7/06 


R & A Provides water classification for surface 
waters in Rhode Island and sets water quality 
standards. 


Contaminants that 
exceed water quality 
standards in 
Woonasquatucket River 
will be minimized to 
the extent practical.   


Location-Specific ARARs 
Federal Requirements 
Clean Water Act, Section 
404 Guidelines for 
discharge of dredged or fill 
material into waters of US 
(40 CFR Parts 230 and 
231, 33 CFR Parts 320-
323, and 33 CFR Part 332) 


Applicable Outlines requirements for the discharge of 
dredged or fill materials into surface waters, 
including wetlands.  Such discharges are not 
allowed if there are practicable alternatives 
with less adverse impact.  Sets standards for 
restoration and mitigation required as a result 
of unavoidable impacts to aquatic resources. 


Excavation/backfill, 
dewatering, capping, 
and sheet pile wall are 
subject to these 
requirements.  
Activities must be 
conducted in 
accordance with these 
requirements, including 
but not limited to 
mitigation and/or 
restoration.  Alternative 
must be evaluated to 
determine least 
damaging practicable 
alternative before it can 
be selected. 
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Table 6-41. (continued) 


Requirement Status Synopsis 
Action to Be 


Taken to Attain 
Requirement 


Location-Specific ARARs (cont) 
Federal Requirements (cont) 
Rivers and Harbors Act 
Section 10  (33 U.S.C. 
Section 403) 


Applicable Sets forth criteria for placing dams/structures in 
navigable waters of the U.S. 


Coffer dam and sheet 
pile wall subject to 
these requirements.  
Activities must be 
conducted in 
accordance with these 
requirements. 


Protection of Wetlands 
(Executive Order 11990)  


TBC Federal agencies are required to avoid 
adversely impacting wetlands unless there is no 
practicable alternative and the proposed action 
includes all practicable measures to minimize 
harm to wetlands that may result from such use. 


Excavation/backfill 
and capping are 
subject to these 
requirements.  
Activities must be 
conducted in 
accordance with these 
requirements. 


State Requirement    
RIDEM Rules and 
Regulations Governing the 
Enforcement of the 
Freshwater Wetlands Act 
(December 2009) 


Applicable Sets requirements to prevent the undesirable 
drainage, excavation, filling, alteration, 
encroachment, or any other form of disturbance 
or destruction to a wetland. 


Some riverbank 
wetland resource areas 
are located within the 
site boundaries.  
Activities must be 
conducted in 
accordance with Rule 
6.08. 


Action-Specific ARAR    
Federal Requirements    
Clean Water Act 
Federal Water Quality 
Criteria, Section 304(a) 
40 CFR 131.11 1976, 1980, 
and 1986. 


Applicable Ambient Water Quality Criteria (AWQC) are 
provided by EPA for chemicals for both the 
protection of human health and the protection 
of aquatic life. 


Excavation/backfill, 
dewatering, and 
capping must be 
conducted so that 
there are no 
exceedances of 
AWQC.   


State Requirement 
 RIDEM Regulations for 
the Rhode Island Pollutant 
Discharge Elimination 
System (RIPDES) 
(2/03) 


Applicable Contains discharge limitations, monitoring 
requirements, and best management practices 
applicable to discharges to navigable waters.   


Remediation activities 
may require discharge 
of water to the 
Woonasquatucket 
River as a result of 
extracting 
groundwater or 
dewatering an 
excavation.  Discharge 
of treated groundwater 
to river will meet 
substantive 
requirements. 
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Table 6-41. (continued) 


Requirement Status Synopsis 
Action to Be 


Taken to Attain 
Requirement 


Action-Specific ARARs (cont) 
State Requirement (cont) 
RIDEM Water Quality 
Regulations, 7/06 


Applicable Provides water classification for surface 
waters in Rhode Island and sets ambient 
water quality criteria for toxic substances 
and governs water quality impacts 
associated with site activities. 


Excavation/backfill, 
dewatering, and 
capping must be 
conducted so that 
there are no 
exceedances of water 
quality standards. 


RIDEM Rules and 
Regulations for 
Groundwater Quality, 5/06 


Applicable Establishes construction standards for 
permanent monitoring wells and 
abandonment procedures (Appendix 1) 


Monitoring wells will 
comply with these 
standards. 


RIDEM Rules and 
Regulations for Hazardous 
Waste Management 
Amendment Eff. 2/9/07 
Identification and Listing 
of Hazardous Wastes 


Applicable 
 


Rhode Island is delegated to administer the 
federal RCRA statute through its 
regulations.  The standards of 40 Part 261 of 
RCRA are incorporated by reference.  Sets 
forth requirements for hazardous waste 
determination according to federal (40 CFR 
262.11) and RI State (Rule 5.08) definitions. 


Material generated by 
excavation will 
undergo hazardous 
waste determination 
to determine 
appropriate treatment 
and disposal. 


RIDEM Rules and 
Regulations for the 
Investigation and 
Remediation of Hazardous 
Material Releases (i.e., 
Remediation Regulations), 
(2/04) DEM-DSR-01-93 
Section 8.0 
(Risk Management) 


Applicable This section regulates impacted media at 
contaminated sites. 


This section was used 
to develop cleanup 
goals for the site.  
This alternative will 
meet these 
requirements. 
 


RIDEM Rules and 
Regulations for Hazardous 
Waste Management, 
Section 9 (3/07) – 
Operation Requirements 
for Treatment, Storage, 
and Disposal Facilities 


Applicable Outlines operational requirements for all 
hazardous waste treatment, storage, and 
disposal facilities, including general waste 
analyses, security procedures, inspections, 
safety, etc.  Sets design, construction, and 
operational requirements for hazardous 
waste containers and tanks, and closure 
requirements for hazardous waste facilities. 


Substantive 
requirements related 
to excavated material 
and closure must be 
met. 


RI Air Pollution Control 
Regulation #1: Visible 
Emissions 
(8/67, Amended 7/07) 


Applicable Establishes opacity limitations for 
contaminant emissions 


Remediation will be 
conducted to meet the 
standards for visible 
emissions.  


RI Air Pollution Control 
Regulation #5: Fugitive 
Dust, 7/19/07 


Applicable Requires that reasonable precaution be taken 
to prevent particulate matter from becoming 
airborne. 


Actions will be taken 
to prevent particulate 
matter from becoming 
airborne in 
accordance with these 
regulations. 


RI Air Pollution Control 
Regulation #7: Emissions 
Detrimental to Persons or 
Property, 7/19/07 


Applicable Prohibits emissions of contaminants which 
may be injurious to human, plant, or animal 
life or cause damage to property or which 
unreasonably interfere with the enjoyment 
of life and property. 
 


Any potential 
emissions subject to 
these requirements 
will meet these 
standards.  


Key: 
R & A – Relevant and Appropriate; TBC – To Be Considered 
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Table 6-42. Detailed Analysis of Source Area Groundwater Alternative 5, In-Situ Chemical 
Oxidation  


EVALUATION CRITERIA GROUNDWATER ALTERNATIVE 5:  IN-SITU 
CHEMICAL OXIDATION 


OVERALL PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT 
Human Health Protection and the 
Environment 


This alternative may be protective of human health and the 
environment because concentrations of PCE and TCE would 
probably be reduced to acceptable levels and migration of 
contaminants to the river could be reduced or eliminated. 


COMPLIANCE WITH ARARS 
Chemical-, Location-, and Action-
Specific 
  


ARARs specific to Alternative 5 are summarized in 
Table 6-43.  This alternative will probably comply with ARARs 
for groundwater quality.  This alternative may not comply with 
ARARs for surface water quality because the technology is 
unproven with respect to destruction of low-level dioxin 
contamination.  A non-CERCLA waiver may be required if 
underground injections of chemical oxidants occur within 50 ft 
of a river.  State wetlands requirements would have to be 
evaluated for compliance. 
 
Monitoring wells would be installed and monitored between the 
application area and the Woonasquatucket River to ensure that 
application chemicals do not impact the surface water. 


LONG-TERM EFFECTIVENESS AND PERMANENCE 
Magnitude of Residual Risk In-situ chemical oxidation would effectively destroy 


chlorinated solvents and possibly dioxins.  Bench-scale and 
pilot testing would be required to confirm the effectiveness for 
dioxins and site conditions. 
 
Risk reduction could be high although there is some uncertainty 
regarding the technology.  The alternative depends on the 
ability of the reagent to contact and react with the dioxin and 
solvents.  Follow-on treatments would be applied if rebound in 
contamination levels were observed 


Adequacy and Reliability of Controls Periodic monitoring of groundwater will be conducted to assess 
the efficacy of the remedy.  ICs may be required to prevent 
exposure to groundwater as a result of excavation, demolition, 
or other activities.  ICs restricting future site groundwater use 
would be required.  However, these controls are only effective 
if adequately monitored and enforced. 


REDUCTION OF TOXICITY, MOBILITY, OR VOLUME 
Treatment Process Used and Materials 
Treated 


This alternative involves the injection of an oxidizing agent 
such as ozone, hydrogen peroxide, or persulfate into the 
groundwater in the vicinity of Well MW-05S.  The oxidizing 
agent would cause the rapid chemical destruction of the PCE 
and TCE in the groundwater, and possibly dioxins. 


Amount Destroyed or Treated The area to be treated is estimated as 50 ft by 100 ft and up to 
12 ft deep.  Injections would be made at approximately 5-foot 
spacings. 
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Table 6-42. (continued) 


EVALUATION CRITERIA GROUNDWATER ALTERNATIVE 5:  IN-SITU 
CHEMICAL OXIDATION 


REDUCTION OF TOXICITY, MOBILITY, OR VOLUME 
Degree of Expected Reductions of 
Toxicity, Mobility, or Volume 
Through Treatment 


This alternative would reduce the toxicity, mobility, and 
volume of PCE, TCE and dioxin through chemical treatment. 


Degree to Which Treatment is 
Irreversible 


For soils and groundwater that undergo chemical treatment, the 
process is irreversible. 


Type and Quantity of Residuals 
Remaining After Treatment 


In-situ chemical treatment would produce no residuals. 


SHORT-TERM EFFECTIVENESS 
Protection of Community During 
Remedial Action 


The short-term impacts to the community should be limited 
because the work would be confined to a small area and actions 
would be taken during construction to minimize impacts.  
Access to the work zone during construction activities would be 
prohibited, and engineering controls (dust and noise control) 
would mitigate risks to the residents and community. 


Protection of Workers During 
Remedial Action 


Health and safety plans, emergency response plans, engineering 
controls (dust suppression and noise control), and personal 
protective equipment will be used during construction 
activities, mitigating risks to workers. 


Environmental Impacts This alternative would require the temporary occupancy of 
floodplain areas during construction and temporary work areas 
would be cleared of vegetation.  The floodplain would be 
restored at the completion of construction. 
 
Short-term impacts to habitat are a concern due to oxidation 
within 50 feet of the river, though these impacts would likely be 
minimized through the use of a fast-acting reagent focused on 
in-situ application within areas of groundwater contamination. 


Time Until Remedial Action 
Objectives are Achieved 


The RAOs are expected to be achieved immediately upon 
completion of remedy implementation, which is estimated to 
take approximately one month. 


IMPLEMENTABILITY 
Ability to Construct and Operate the 
Technology 


Obtaining the specialized equipment and experienced crew may 
require mobilization from outside the region.   


Reliability of the Technology There is some question regarding the reliability of this 
technology to reduce contaminant concentrations.  In-situ 
chemical treatment is a proven technology for the destruction of 
chlorinated solvents, but bench-scale testing and a field 
demonstration with adequate monitoring may be desired to 
confirm the safety and effectiveness of the in-situ chemical 
oxidation alternative.  


Ease of Undertaking Additional 
Remedial Actions, If Necessary 


This alternative would not preclude additional future remedial 
actions. 
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Table 6-42. (continued) 


EVALUATION CRITERIA GROUNDWATER ALTERNATIVE 5:  IN-SITU 
CHEMICAL OXIDATION 


IMPLEMENTABILITY 
Ability to Monitor the Effectiveness of 
Remedy 


Soil and groundwater monitoring would be performed during 
construction activities to measure the removal of VOCs and 
dioxin in groundwater and soil at the impacted area. 
 
Periodic monitoring would be required to assess the long-term 
effectiveness of the remedy. 
 
Monitoring would require routine testing and could be easily 
implemented. 


Ability to Obtain Approvals and 
Coordinate with Other Agencies 


Coordination with the management of the Centredale Manor 
and Brook Village apartment buildings, adjacent property 
owners, and appropriate federal, state, and local agencies would 
be required to develop a traffic control plan, and provide 
continuous access to residents and building service providers. 
 
Residents’ concerns about disruptions from construction 
activities would need to be addressed.   
 
Impacts to riverbank wetland resource areas would need to be 
addressed consistent with federal and state requirements. 


Availability of Off-Site Treatment, 
Storage, and Disposal Services and 
Capacity 


Not applicable for this alternative. 


Availability of Necessary Equipment 
and Specialists 


Obtaining the specialized equipment and an experienced crew 
may require a mobilization from outside the region, but such 
equipment and staff are commercially available. 


Availability of Technology Technology is common enough that the required equipment and 
materials would be commercially available. 


COST1 
Capital Cost $880,000
Present Worth of Long-term 
Monitoring and Maintenance 


$330,000 
(costs for five-year reviews covered under 


Source Area soil alternatives)
Total Present Worth Cost $1,200,000
Notes: 
1Detailed cost estimates provided in Appendix J. 
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Table 6-43. Potential Applicable or Relevant and Appropriate Requirements (ARARs) and To Be 
Considered (TBC) Criteria for Source Area Groundwater Alternative 5, In-Situ Chemical 


Oxidation 


Requirement Status Synopsis 
Action to Be 


Taken to Attain 
Requirement 


Chemical-Specific ARARs 
Federal Requirements 
Clean Water Act Federal 
Water Quality Criteria, 
Section 304(a) 40 CFR 
131.11 1976, 1980, and 
1986.   


R & A Ambient Water Quality Criteria (AWOC) are 
provided by EPA for chemicals for both the 
protection of human health and the protection 
of aquatic life.  


Contaminants that 
exceed AWQC in 
Woonasquatucket River 
will be minimized to 
the extent practical but 
surface water 
requirements may not 
be met. 


State Requirements    
RIDEM Rules and 
Regulations for the 
Investigation and 
Remediation of Hazardous 
Material Releases (i.e., 
Remediation Regulations), 
2/04 


Applicable Groundwater objectives established in Rule 
8.03 03 provide groundwater cleanup criteria. 


Groundwater at the 
action area contains 
contaminants subject to 
the Rule 8.03 GB 
groundwater objectives 
and would be addressed 
under this alternative 
consistent with state 
requirements. 
 
Contaminated soils that 
exceed GB leachability 
criteria in Rule 8.02.B 
will be addressed under 
the Source Area Soil 
remedy. 


RIDEM Water Quality 
Regulations, 7/06 


R & A Provides water classification for surface 
waters in Rhode Island and sets water quality 
standards. 


Contaminants that 
exceed water quality 
standards in 
Woonasquatucket River 
will be minimized to 
the extent practical but 
surface water 
requirements may not 
be met.   


Location-Specific ARARs (there are no Federal requirements) 
State Requirements 
RIDEM Rules and 
Regulations Governing the 
Enforcement of the 
Freshwater Wetlands Act 
(December 2009) 


Applicable Sets requirements to prevent the undesirable 
drainage, excavation, filling, alteration, 
encroachment, or any other form of 
disturbance or destruction to a wetland. 


Some riverbank 
wetland resource areas 
are located within the 
site boundaries.  
Activities required by 
RIDEM for remediation 
are permitted provided 
site plans are submitted 
to the Freshwater 
Wetland Program for 
review and activities 
are conducted in 
accordance with Rule 
6.08.  
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Table 6-43. (continued) 


Requirement Status Synopsis 
Action to Be 


Taken to Attain 
Requirement 


Action-Specific ARAR (there are no Federal requirements) 
State Requirement    
RIDEM Rules and 
Regulations for 
Groundwater Quality, 5/06 


Applicable Establishes construction standards for 
permanent monitoring wells and abandonment 
procedures (Appendix 1) 


Monitoring wells will 
comply with these 
standards. 


RIDEM Rules and 
Regulations for the 
Investigation and 
Remediation of Hazardous 
Material Releases (i.e., 
Remediation Regulations), 
(2/04) DEM-DSR-01-93 
Section 8.0 
(Risk Management) 


Applicable This section regulates impacted media at 
contaminated sites. 


This section was used 
to develop cleanup 
goals for the site.  This 
alternative will meet 
these requirements. 
 


RIDEM Underground 
Injection Control Program 
(5/05) 


Applicable Establishes rules for remedial actions that 
include subsurface discharge or underground 
injection of treated or untreated groundwater.  


Subsurface injections 
of chemical oxidants 
must meet these 
requirements. 


RI Air Pollution Control 
Regulation #1: Visible 
Emissions 
(8/67, Amended 7/07) 


Applicable Establishes opacity limitations for contaminant 
emissions 


Remediation will be 
conducted to meet the 
standards for visible 
emissions.  


RI Air Pollution Control 
Regulation #5: Fugitive 
Dust, 7/19/07 


Applicable Requires that reasonable precaution be taken to 
prevent particulate matter from becoming 
airborne. 


Actions will be taken 
to prevent particulate 
matter from becoming 
airborne in accordance 
with these regulations. 


RI Air Pollution Control 
Regulation #7: Emissions 
Detrimental to Persons or 
Property, 7/19/07 


Applicable Prohibits emissions of contaminants which may 
be injurious to human, plant, or animal life or 
cause damage to property or which 
unreasonably interfere with the enjoyment of 
life and property. 
 


Any potential 
emissions subject to 
these requirements 
will meet these 
standards.  


Key: 
R & A – Relevant and Appropriate; TBC – To Be Considered







 


Interim Final CMRP Feasibility Study Report 210 April 2010 


This page intentionally left blank 







 


 


APPENDIX A 


 


Supplemental Groundwater Investigations 







Interim Final CMRP Feasibility Study Report A-1 April 2010 
Appendix A 


SUPPLEMENTAL GROUNDWATER INVESTIGATIONS 
 


 
A.1 Introduction 
 
Appendix A presents information relevant to groundwater investigations conducted in 2005 and 2006 to 
address community concerns and the important data gaps identified in the Remedial Investigation (RI) 
(Battelle, 2005a).  Overall, groundwater contamination does not appear to be pervasive at the Centredale 
Manor Restoration Project (CMRP) site.  However, elevated concentrations of selected volatile organic 
compounds (VOCs), specifically perchloroethylene (PCE; also called tetrachloroethene) and 
trichloroethylene (TCE; also called trichloroethene) have been measured in the groundwater at Well MW-
05S in the Brook Village parking lot next to the Woonasquatucket River.  High concentrations (>1,000 
picrograms per liter [pg/L]) of dioxin (primarily 2,3,7,8-tetrachlorodibenzo-p-dioxin [2,3,7,8-TCDD]) 
have also been measured in this well. Site investigations along the eastern river bank by passive vapor 
diffusion (PVD) technique also identified VOC-contaminated groundwater discharging to the river in a 
lateral direction and immediately downstream of this area (Church et al., 2000).  Additionally, during a 
1999 investigation, 2,3,7,8-TCDD was measured in surface water adjacent to MW-05S at 10.3 pg/L. 
 
The 2005 investigation utilized semi-permeable membrane devices (SPMDs) to determine if there 
was a potential for VOC contamination to increase dissolved concentrations of 2,3,7,8-TCDD in 
groundwater, and subsequently mobilize 2,3,7,8-TCDD in the subsurface discharge to the river by 
groundwater migration pathway.  Results from the investigation suggest that the contaminated 
groundwater plume appears to be an ongoing source or migration pathway of 2,3,7,8-TCDD from the 
site to the river.  An additional investigation was conducted in December 2006 to evaluate the 
groundwater flow regime in the source area and calculate an estimate of the potential flux of 2,3,7,8-
TCDD from the groundwater to the surface water of the Woonasquatucket River.  Details regarding 
the 2005 (Section A.2) and 2006 (Section A.3) investigations are presented below. 
 
A.2 2005 Groundwater SPMD Investigation 
 
Study Objectives 
 
The primary objectives of the investigation were: 1) to gain a better understanding of the potential 
migration of TCDD dissolved in the contaminated groundwater plume; and 2) determine if groundwater 
could be an ongoing source or migration pathway of TCDD from the site to the river. 
 
Methods 
 
Field 
 
The field sampling activities and the methods used are described in Battelle (2005a, b).  In summary, 
SPMDs were deployed in groundwater at Well MW-05S and at five sampling locations in the 
Woonasquatucket River (Figure A-1), both in the water column and buried in the river sediment 
(Figure A-2).  Water column SPMDs were deployed to sample dissolved 2,3,7,8-TCDD in the free-
flowing overlying river, whereas SPMDs buried in the river sediment were deployed to sample dissolved 
2,3,7,8-TCDD in the sediment pore water and transient groundwater flowing to the river.  In addition, co-
located sediments were collected at the five river SPMD sampling locations from approximately the same 
depth at which the SPMDs were buried.  Finally, groundwater was directly sampled from Well MW-05S 
and analyzed for a suite of dioxin/furan isomers (including 2,3,7,8-TCDD) and VOCs.  VOCs were not 
measured in the SPMDs or sediments because they do not accumulate to any significant degree in such 
samples. 
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River sampling locations CMS-SPMD2, CMS-SPMD3, and CMS-SPMD4 were selected to be within the 
area of expected plume discharge, or within a zone influenced by the plume, at approximately 10 to 15 
feet (ft) upstream, 10 to 15 ft downstream, and 25 ft downstream of Well MW-05S, respectively.  The 
other two sampling locations, CMS-SPMD1 and CMS-SPMD5, were selected to be outside the direct 
influence of the plume, upstream and downstream by approximately 200 ft and 250 ft, respectively.  The 
SPMDs were deployed on June 3, 2005, and retrieved 27 days later.  The sediment samples were 
collected on the day of SPMD deployment, whereas the groundwater samples were collected on the day 
of SPMD retrieval. 
 
 


 
Figure A-1.  SPMD Sampling Locations. Co-located Sediments were Collected at each 


Woonasquatucket River SPMD Location; Groundwater was Collected at Well MW-05S  
(Sample locations are accurate to 4-6 m, and as a result, CMS-SPMD1 appears to be located on the Brook Village 


Patio area, even though this station is actually located along the eastern edge of the river channel) 
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Figure A-2.  Diagram of SPMD Deployment at the CMRP Site 
 
Laboratory 
 
The laboratory sample analysis activities and the methods used are described in Battelle (2005a, b).  In 
summary, excess algal material was documented and carefully wiped off the SPMDs with ChemWipes, 
and the SPMDs were placed in individual Teflon® jars with a small amount of sodium sulfate.  Surrogate 
internal standard compounds for isotope dilution method analysis were added to each sample and the 
samples were serially extracted three times (>12 hours, 12 hours, and 2 hours) with hexane.  The hexane 
extract was purified, and dioxin concentrations (i.e., 2,3,7,8-TCDD) were determined by high-resolution 
gas chromatography/high-resolution mass spectrometry (HRGC/HRMS), in accordance with EPA 
Method 1613.  Results were reported as picograms of 2,3,7,8-TCDD per SMPD (Battelle, 2005b). 
Conversion of the SPMD results to a water concentration basis is discussed below. 
 
Water Concentration Estimation Using SPMD Data 
 
SPMDs have been used widely to monitor concentrations of non-polar compounds in aquatic systems, 
primarily as a tool to determine relative concentration differences among sampling stations, either alone 
or in conjunction with caged bivalves (Axelman et al., 1999; Baussant et al., 2001; Durell et al., 2006; 
Hoefelt & Shea, 1997; Peven et al., 1996; Prest et al., 1992; Richardson et al., 2003).  Methods have been 
developed for using SPMD concentration data to estimate the contaminant concentration in the 
surrounding water.  It should be noted that concentrations estimated using SPMDs are highly dependent 
on the accuracy of the key factors that influence contaminant uptake by SPMDs, such as the log Kow of 
the compounds of interest, the contaminant uptake rate (Rs) for the compounds of interest, the water flow 
characteristics of the SPMD holder, the water temperature, the water flow rate, and the degree of 
biofouling, to mention some of the major factors.  The inherent uncertainties in estimating these factors 
can contribute to significant error and uncertainty in any estimated water concentrations.  For instance, 
estimating the flow rate of the groundwater experienced by the buried SPMDs is extremely challenging, 
and a large uncertainty cannot be avoided; SPMDs are more suitable for estimating water concentrations 
in a free flowing system than in pore water or groundwater.  The actual SPMD membrane concentrations, 
rather than estimated water concentrations, may therefore be more suitable for directly comparing relative 
exposure to the contaminants of interest.  
 


 6 in


  ~3 in deep 
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The general method that was used to estimate the water concentrations that the deployed SPMDs were 
exposed to are described by Huckins et al. (1993) (Equation 1), with adjustments to account for the water 
flow rate based on Booij et al., (1998) and personal communications with Huckins and Booij (Durell, 
2005). 
 
Equation 1:  Cw = CSPMD/[(Rs × F) × t] 
 
where  
 
CSPMD = concentration of chemical in SPMD (pg/SPMD), 
Rs = sampling rate (3.8 L/day used for 2,3,7,8-TCDD), 
F = sampling rate (Rs) correction factor, to adjust Rs for actual water flow rate (cm/s; correction factors 
of 0.125 to 3 were used, depending on flow rate).  Adjustments to base sampling rates are described 
below. 
t = sampling/uptake time (27 days used). 
 
Sampling rates (Rs) have not been widely published for 2,3,7,8-TCDD, and the base Rs value of 3.8 
L/day used in this study is from a single source (McCarthy and Gale, 1999).1  Sampling rates remain 
relatively constant between 2°C and 13°C for PAH, but increase substantially between 13°C and 30°C 
(Booij et al., 2003; Booij et al., 2000; Huckins et al., 2000).  It is unclear how the Rs values reported by 
USGS (which did not specify a temperature) translate to the 16 to 20°C water temperatures during the 
deployment period, although it is likely that the USGS study was performed at similar temperatures.   


 
Three adjustments to the Rs value were considered; adjustments to reflect (1) the flow rate of the water in 
which the SPMDs were deployed, (2) water temperatures, and (3) biofouling of the SPMDs.  These are all 
factors that have been described as having the potential to affect uptake rates (Booij et al., 2000; 
Booij et al., 2002; Booij et al., 2003; Durell et al., 2006; Huckins et al., 1999; Huckins et al., 2000; 
Luellen and Shea, 2002; Richardson et al., 2002; Vrana and Shürman, 2002).  Most published base 
sampling rates are based on a flow rate of 1 cm/s and a water temperature of 20°C.  Importantly, the 
USGS sampling rate that was used did not specify a water flow or temperature.1  This may be a 
significant limitation to the base sampling rate value that was used; it was assumed that it was based on a 
flow rate of approximately 1 cm/s and was not impacted by temperature differences.  Huckins and Booij 
have determined the following relationship between flow rate and sampling rates for PAH; flow rates of 
0.03, 1, and 30 cm/s generated Rs values of 2.7, 3, and 8.7, respectively, given otherwise constant 
conditions.  This relationship generates the following equation: 
 
Equation 2:  Rs = – 0.0038(flow rate)2 + 0.3132(flow rate) + 2.6906 
 
By entering flow rate assumptions of 1 cm/s and 13 cm/s (typical North Sea current) into this equation, 
the Rs value for most PAH has been determined to be 2.0 times higher at a flow rate of 13 cm/s than a 
flow rate of 1 cm/s.  However, it is unclear how flow rates should be adjusted for the very low flows 
encountered in the Centredale SPMD investigation, particularly since the flows were not specified for the 


                                                           
1 Review of the US Geological Survey (USGS) report suggests that USGS did not generate the sampling rate of 3.8 L/day (Rs 
value). Instead, the original source of the sampling rate is Rantalainen et al. (2000). According to Rantalainen et al. (2000), the 
Rs value of 3.8 L/day was generated under controlled conditions in a lab-based experiment with a water temperature of 19°C, 
which is consistent with the Centredale SPMD investigation. While some flow related data are reported in Rantalainen et al. 
(2000), the direct flow rate across the SPMD membrane is not documented. The flow rate has a substantial impact to the overall 
uptake, but because the Rs value incorporates the volume (unit is L/day) the flow rate should not dramatically influence the 
uptake rate, i.e., the Rs value under more standard flow conditions. 
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base Rs value.  Therefore, professional judgment was used to estimate the flow rate correction factors 
(Table A-1) based on the estimated flow rates for this study and the relationships between flow and 
sampling rates described above for PAH compounds.  In addition, the water flows experienced in this 
study were dramatically different, and not well known, for the river, buried sediment, and groundwater 
deployments.  The water flows were estimated as described in Attachment A-1.  Table A-1 summarizes 
the adjustments that were made to the base SPMD sampling rate based on estimated water flows. 
 


Table A-1.  SPMD Sampling Rate Adjustments Based on Estimated Water Flow Rates 


SPMD Deployment Location 
Base 


Sampling Rate 
(Rs; L/day) 


Estimated Flow 
Ratea (cm/s) 


Flow Rate Rs 
Correctionb (F) 


Adjusted 
Sampling Rate 


(Rs; L/day) 
River 3.8 35.3 3 11.4 
Sediment buried and well – 
best/average estimate 3.8 0.000074 


(0.21 ft/day) 0.25 0.95 


Sediment buried and well – high 
flow estimate 3.8 0.000176 


(0.5 ft/day) 0.5 1.9 


Sediment buried and well – low 
flow estimate 3.8 0.000011 


(0.03 ft/day) 0.125 0.48 
a The water flows were estimated as described in Attachment A-1. 
b The flow rate correction factor was assigned based on professional judgment and previous experience. 
 
The water temperature was between 16 and 20°C during deployment (about 16.2°C for sediment buried 
SPMDs and about 19.6°C for river deployed SPMDs).  Sampling rate increases with increasing water 
temperature, but the small deviation from the likely temperature encountered in the USGS study and this 
study would not be expected to significantly impact the rate (Booij et al., 2000; Booij et al., 2003), so no 
adjustment was made for the water temperature.  Biofouling of the SPMD membranes reduces the rate of 
contaminant uptake, and methods exist for adjusting the Rs value accordingly (Huckins et al., 2000).  
However, biofouling typically begins after 7 to 14 days in coastal water (Hoefelt and Shea, 1997; Huckins 
et al., 2000) and occurs more slowly and less severely in colder, lower nutrient waters.  Minimal 
biofouling was observed on the SPMDs after the 27 days of deployment in this study; some was observed 
for river location CMS-SPMD5 and some discoloration (possibly biofouling) was observed for the well 
deployed SPMDs.  “Biofouling” was observed on the SMPD cages deployed in the water column, 
especially at location CMS-SPMD2.  Extensive biofouling to the cage may have resulted in a non-
uniform flow within the cage, which in turn may contribute to variable contaminant retention.  For this 
study, the degree of biofouling and the resulting contaminant retention could not be well estimated with 
the available information, and was assumed to not be a significant factor in the contaminant uptake and 
was not factored into the Rs value adjustment.  The pre-spiking of SPMD with performance reference 
compounds has recently been used by other investigators to account for the effect of biofouling, and other 
factors that impact the SPMDs potential loss and uptake of target compounds (Huckins et al., 2000; Booij 
et al., 2002).  The SPMDs were deployed for 27 days; therefore, this was the sampling time used (t in 
Equation 1) since boundary layer controlled compounds, which is typically the condition for organic 
compounds with log Kow > 4.4, will continuously sample in such a time period and will not reach 
equilibrium.  The log Kow for 2,3,7,8-TCDD is about 6.8.  Additional background information related to 
SPMDs and the assumptions used to estimate the water concentrations can be found in Attachment A-1.   
 
The sampling rates, and thus the estimated water concentration, should be used with caution.  Although 
the estimated water concentrations provide additional supporting information, the absolute water 
concentrations that were calculated include a large, and unknown, amount of uncertainty because of the 
uncertainties in the sampling rate (i.e., because of uncertainties in the water flow estimates, lack of 
knowledge of the temperature and flows used for the base sampling rate, and the impact of biofouling).  
However, the water concentrations may be used for relative comparison of samples expected to have 
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experienced similar conditions (e.g., buried SPMDs at locations CMS-SPMD2, CMS-SPMD3, and CMS-
SPMD4); the estimated water concentrations for river deployed SPMDs should not be compared to the 
data for sediment buried SPMDs, even on a relative basis.  Similarly, when comparing the total amount of 
2,3,7,8-TCDD measured in the actual SPMDs, this is best done on a relative basis, and one should keep in 
mind the deployment condition, and not compare SPMDs deployed under dramatically different 
conditions (i.e., should not compare river SPMD and buried SPMD data). 
 
Results and Discussion 
 
The analytical results reported in Battelle (2005b) are summarized below and were used to estimate the 
contaminant concentration in the surrounding water as described in the methods section of this document. 
 
Groundwater 
 
Concentrations of PCE, TCE, and 2,3,7,8-TCDD in groundwater collected at Well MW-05S in June 2005 
confirmed results from the 2001 (TTNUS, 2002) and 2002 (Battelle, 2003) investigations which showed 
high concentrations of PCE, TCE, and 2,3,7,8-TCDD in groundwater from this well (Table A-2).  VOC 
compound concentrations appear to decrease from 2001 to 2005, whereas 2,3,7,8-TCDD concentrations 
in 2005 were comparable to 2001 values (Table A-2). 
 


Table A-2.  PCE, TCE, and 2,3,7,8-TCDD Concentrations in Groundwater at Well MW-05S(a) 


Parameter Units Summer 2001 
Investigation 


Fall 2002 
Investigation 


Summer 2005 
Investigation 


Median Value 
 


PCE µg/L 61,000 28,000 17,000 28,000 
TCE µg/L 2,500 1,800 1,400 1,800 
2,3,7,8-TCDD pg/L 4,180 1,030 4,145 4,145 


(a) Field duplicates were collected for only for selected parameters and sampling events, and as a result field duplicate data 
when available were not used. 


 
River Sediments 
 
The river sediment 2,3,7,8-TCDD concentrations were clearly highest at location CMS-SPMD2 followed 
by CMS-SPMD3 (Table A-3 and Figure A-3);  CMS-SPMD2 had about 5 times higher 2,3,7,8-TCDD 
concentrations than CMS-SPMD3; these locations were within 25 ft of each other in the area expected to 
be most influenced by any contamination in the groundwater at Well MW-05S.  These elevated sediment 
concentrations may be the result of historically contaminated sediment from land-based activities and/or 
from contributions from contaminated groundwater (or a combination of the two).  Lower concentrations 
were measured in the sediment farther downstream at CMS-SPMD4 and CMS-SPMD5, and only trace 
levels were measured in the upstream sediments (CMS-SPMD1); the 2,3,7,8-TCDD concentrations at 
CMS-SPMD4 and CMS-SPMD5 were a factor of 10 lower than at CMS-SPMD2.  The sediments were 
visually inspected during collection and were consistently “coarse sand” with low organic content (total 
organic carbon and grain size measurements were not performed on the sediments), and would not be 
expected to capture or retain 2,3,7,8-TCDD contamination to a large degree.   
 







Interim Final CMRP Feasibility Study Report A-7 April 2010 
Appendix A 


Table A-3.  2,3,7,8-TCDD Concentrations in River Sediment Co-located with SPMDs 


Sample ID Location ID Sample Type 
Sediment 


Concentration 
(pg/g dry) 


CMS-SD-5001 CMS-SPMD1 Sediment 2.58 
CMS-SD-5002 CMS-SPMD2 Sediment 5,070 
CMS-SD-5003 CMS-SPMD3 Sediment 1,190 
CMS-SD-5004 CMS-SPMD4 Sediment 446 
CMS-SD-5005 CMS-SMPD5 Sediment 437 


 
 
 


0


1000


2000


3000


4000


5000


6000


SPMD1 SPMD2 SPMD3 SPMD4 SPMD5


Sampling Location


C
on


ce
nt


ra
tio


n 
(p


g/
g 


dr
y)


Upstream                                                                                   Downstream     
 


Figure A-3.  2,3,7,8-TCDD Concentrations (pg/g) in Co-located River Sediments Sampled at River 
SPMD Locations 
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River and Well SPMDs  
 
Raw SPMD and estimated water concentration results for the river (water column and buried sediment) 
and well SPMDs are summarized in Table A-4.  The 2,3,7,8-TCDD concentrations in the SPMDs ranged 
from 16.5 pg/SPMD (CMS-SPMD1) to 47,900 pg/SPMD (CMS-SPMD3) for the SPMDs deployed in the 
monitoring well and buried in the sediment (Table A-4).  The concentrations ranged from 13.2 pg/SPMD 
(one of CMS-SPMD1 replicates) to 552 pg/SPMD (one of CMS-SPMD2 replicates) for the SPMDs 
deployed in the water column of the river, and was 7.56 pg/SPMD and 83.4 pg/SPMD for the blank 
SPMD and trip blank samples, respectively (Table A-4).  
 
The low concentrations measured in the blank SPMD illustrates that the SPMDs themselves, together 
with the analytical laboratory method, contribute only trace levels of 2,3,7,8-TCDD to the measurements 
(<10 pg) (Table A-4).  The trip blank, on the other hand, demonstrates the high efficiency of SPMDs for 
capturing contaminants from most environments (including the air while handling and transporting 
SPMDs), and suggests that SPMD results may not be able to reliably detect a field “signal” for 2,3,7,8-
TCDD unless the concentration is above about 100 pg.  The 2,3,7,8-TCDD concentrations measured in 
the river deployed SPMDs were consistently low, and generally near trip blank levels, with the exception 
for one of the duplicates from CMS-SPMD2 (552 pg/SPMD) (Table A-4 and Figure A-4).  The duplicate 
samples collected at CMS-SPMD1 and CMS-SPMD2 had quite variable concentrations (Table A-4 and 
Figure A-4).  Much of this variability may possibly be attributable to variable background and/or blank 
levels, or even biofouling of the SPMD cages as was evident at CMS-SPMD2.  Biofouling of the cage 
may have resulted in restricted or reduced water flow, and possibly contributed to variable flow across the 
replicate SPMDs, which in turn could have contributed to the variable concentrations.  These generally 
low, and somewhat variable, water column data do not reveal a clear 2,3,7,8-TCDD signal that can be 
attributed to the sampling location or a source.  This finding could be expected, considering the 
significant dilution and relatively rapid flow of the river; it would not be expected that a slow 
groundwater source or elevated sediment concentrations at a discrete location would yield a surface water 
“signal” at that location.  The 2,3,7,8-TCDD concentrations detected in the river deployed SPMDs can 
primarily be attributed to background levels, and were not found to be useful for determining the 
likelihood of an existing source of contaminated groundwater to the river. 
 
The uncertainty in the water concentrations estimated using the SPMD data is unknown, and likely large, 
as discussed earlier.  The uncertainty is particularly large for the buried sediment and well SPMD samples 
because of the low and difficult to predict flows; high/low estimates, along with average condition 
estimates, are presented in Table A-5 for these samples.  Even these high/low estimates may not capture 
the actual range of the possible concentrations.  However, despite these uncertainties, these data can, 
together with the base SPMD data, be used to obtain a general sense for the approximate relative 
concentrations at the locations where the SPMDs were deployed (assuming water flows and other 
conditions are comparable).  
 
Consistent with the river sediment data, the buried sediment SPMDs had the highest concentration of 
2,3,7,8-TCDD at locations CMS-SPMD2 and CMS-SPMD3 (Table A-5 and Figure A-5).  The 
concentrations in the buried SPMDs at locations CMS-SPMD2 and CMS-SPMD3 were similar to each 
other, and more than a factor of 10 higher than the next highest concentration, which was at CMS-
SPMD4, about 25 ft downstream of CMS-SPMD3.  These observed buried sediment SPMD results are 
consistent with expectations; CMS-SPMD2 and CMS-SPMD3 were the two locations expected to be 
most influenced by the contaminant plume that has been identified and the 2,3,7,8-TCDD observed in 
Well MW-05S. 
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Table A-4.  2,3,7,8-TCDD Concentrations in Deployed SPMDs and Estimated Concentrations for 


Surrounding Water 


Sample ID Location ID SPMD Sample 
Type 


SPMD 
Concentration 


Estimated Water 
Concentration (pg/L) 


pg/SPMD Sediment/Well 
Deployed 


Stream 
Deployed 


CMS-SPMD1-S-01 CMS-SPMD1 Sediment 16.5 0.64 — 
CMS-SPMD2-S-01 CMS-SPMD2 Sediment 46,900 1,830 — 
CMS-SPMD3-S-01 CMS-SPMD3 Sediment 47,900 1,870 — 
CMS-SPMD4-S-01 CMS-SPMD4 Sediment 2,910 113 — 
CMS-SPMD5-S-01 CMS-SMPD5 Sediment 160 6.24 — 
CMS-SPMD-MW05S-01 Well MW-05S Well Water 2,470 96.3 — 
CMS-SPMD1-W-01 CMS-SPMD1 Water Column 154 — 0.501 
CMS-SPMD1-W-02 CMS-SPMD1 Water Column 13.2 — 0.043 
CMS-SPMD2-W-01 CMS-SPMD2 Water Column 552 — 1.79 
CMS-SPMD2-W-02 CMS-SPMD2 Water Column 86.9 — 0.282 
CMS-SPMD3-W-01 CMS-SPMD3 Water Column 117 — 0.379 
CMS-SPMD3-W-02 CMS-SPMD3 Water Column 79.4 — 0.258 
CMS-SPMD4-W-01 CMS-SPMD4 Water Column 74.0 — 0.241 
CMS-SPMD4-W-02 CMS-SPMD4 Water Column 74.9 — 0.243 
CMS-SPMD5-W-01 CMS-SPMD5 Water Column 115 — 0.373 
CMS-SPMD5-W-02 CMS-SPMD5 Water Column 132 — 0.429 
TB Trip Blank Trip Blank 83.4 3.25 0.271 
SB Blank SPMD Blank SPMD 7.56 0.295 0.025 
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Figure A-4.  Estimated 2,3,7,8-TCDD Concentrations (pg/L) in River Water for SPMDs Deployed 


in the River Water Column 
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Table A-5.  2,3,7,8-TCDD Concentrations in Groundwater/Pore Water Estimated Using Deployed 


SPMDs – Estimated Average Value and High/Low Range 


Sample ID Location ID SPMD Sample 
Type 


Estimated Water Concentration (pg/L) 
Average Flow 


Estimate 
High Flow 
Estimate 


Low Flow 
Estimate 


CMS-SPMD1-S-01 CMS-SPMD1 Sediment 0.64 0.32 1.29 
CMS-SPMD2-S-01 CMS-SPMD2 Sediment 1,830 915 3,660 
CMS-SPMD3-S-01 CMS-SPMD3 Sediment 1,870 935 3,740 
CMS-SPMD4-S-01 CMS-SPMD4 Sediment 113 56.6 227 
CMS-SPMD5-S-01 CMS-SMPD5 Sediment 6.24 3.12 12.5 
CMS-SPMD-MW05S-01 Well MW-05S Well Water 96.3 48.1 193 
TB Trip Blank Trip Blank 3.25 1.63 6.50 
SB Blank SPMD Blank SPMD 0.295 0.147 0.589 
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Figure A-5.  Estimated 2,3,7,8-TCDD Concentrations (pg/L) in Groundwater/Pore Water at the 
Point of Plume Discharge for SPMDs Buried in the River Sediment  


(concentrations based on average flow estimates) 
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 Conclusions 
 
These results show that the sediment and pore water/groundwater at locations CMS-SPMD2 and CMS-
SPMD3 have substantially higher 2,3,7,8-TCDD concentrations than other nearby river sediment 
locations.  It should be noted that it is unclear how much of the 2,3,7,8-TCDD sampled by the SPMDs is 
from pore water associated with contaminated sediment and how much is from contaminated groundwater 
flowing through these sediments and to the river.  However, the data indicate that the sediment and buried 
SPMD concentrations do not correlate well, which may be the result of different contaminant retention 
characteristics of the sediments at the different locations, or that the sediments indeed are not the source 
of most of the 2,3,7,8-TCDD measured in the SPMDs.  Nonetheless, based on the existing data and data 
review, the concentrations of 2,3,7,8-TCDD in buried SPMD and sediment, together with the uniformly 
sandy and low organic characteristics of these sediments, suggest that the sediments themselves are likely 
not the primary source of the 2,3,7,8-TCDD sampled by the buried SPMDs; rather groundwater flowing 
through the sediments may be a source of 2,3,7,8-TCDD to these SPMDs.  These data suggest that there 
may be an ongoing groundwater source of 2,3,7,8-TCDD to these sediments and the river.   
 
 
A.3 2006 Groundwater Investigation 
 
Study Objectives 
 
A groundwater investigation was conducted in December 2006 to respond to uncertainties associated with 
groundwater contamination at the source area. The primary goals of the study were to 1) evaluate the 
groundwater flow regime in the source area and 2) calculate an estimate of the potential flux of TCDD 
from the groundwater to the surface water of the Woonasquatucket River. 
 
Methods  
 
Groundwater Flow 
 
Water level measurements were collected on December 27 and 28, 2006, according to the methods 
described in Battelle (2006).  Water level measurements were collected from two surface water locations 
in the river, and 23 monitoring wells and 14 shallow overburden piezometers installed in the source area.  
The groundwater elevation was determined by subtracting the measured depth to groundwater from the 
surveyed elevation of the top of the well riser at each location.  The surface water elevation from the 
USGS gauge station 01114500 located immediately upstream of the source area was collected from data 
available on the Web (http://nwis.waterdata.usgs.gov/nwis/).  Groundwater and surface water elevation 
data are summarized in Tables A-6 and A-7, respectively. 
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Table A-6.  Groundwater Elevation Data Collected at the CMRP Site, December 2006 


Boring Northing (a) Easting (a) 
Top of Riser 


Elevation 
(ft) 


Collection 
Date 


Depth to 
Ground-
water (ft) 


Groundwater 
Elevation (ft) 


GEC-2 282219.95 331641.29 103.80 12/28/2006 7.50 96.30 
GEC-4 282142.86 331616.28 102.34 12/28/2006 6.35 95.99 
GEC-6 282028.49 331650.67 99.70 12/28/2006 3.65 96.05 
GEC-7 281990.25 331696.75 98.90 12/28/2006 2.90 96.00 
MW-01S 281970.35 331841.81 99.23 12/27/2006 3.20 96.03 
MW-02D 281435.54 332002.13 99.95 12/28/2006 5.10 94.85 
MW-02M 281446.73 331999.44 99.78 12/28/2006 4.95 94.83 
MW-02S 281459.31 332019.46 97.16 12/28/2006 2.75 94.41 
MW-03S 282104.34 331787.56 100.59 12/27/2006 4.35 96.24 
MW-04B 281137.18 331994.98 98.17 12/27/2006 4.30 93.87 
MW-04D 281142.69 331986.75 98.70 12/28/2006 4.45 94.25 
MW-04S 281148.63 331981.18 98.79 12/28/2006 4.80 93.99 
MW-05S 282100.30 331613.19 102.34 12/27/2006 4.20 98.14 
MW-06S 281925.58 331684.87 100.50 12/27/2006 4.80 95.70 
MW-08S 281409.29 331727.56 96.33 12/28/2006 1.80 94.53 
MW-09S 281241.86 331797.08 100.55 12/27/2006 6.05 94.50 
MW-10B 282151.72 331826.13 108.11 12/28/2006 11.55 96.56 
MW-10D 282155.94 331824.98 107.99 12/28/2006 11.40 96.59 
MW-11B 281773.14 331366.64 119.30 12/28/2006 22.45 96.85 
MW-11M 281774.41 331373.63 118.73 12/28/2006 22.15 96.58 
MW-13S 281287.17 332135.38 98.85 12/27/2006 3.90 94.95 
MW-14M 282015.56 331645.60 99.31 12/28/2006 3.00 96.31 
MW-15D 282204.45 331619.16 102.69 12/27/2006 6.15 96.54 
P2 282123.78 331613.82 102.63 12/27/2006 5.00 97.63 
P3 282133.12 331663.37 103.40 12/27/2006 7.20 96.20 
P5 281922.30 331605.21 101.59 12/27/2006 6.05 95.54 
P6 281955.45 331773.16 97.59 12/27/2006 1.70 95.89 
P7 281710.53 331726.37 97.61 12/27/2006 2.00 95.61 
P8 281715.46 331785.48 98.79 12/27/2006 3.40 95.39 
P9 281765.54 331879.58 97.57 12/27/2006 2.15 95.42 
P10 281476.69 331835.15 98.14 12/27/2006 2.90 95.24 
P12 281251.54 331898.86 98.26 12/27/2006 2.90 95.36 
P16 282477.80 331655.35 105.01 12/27/2006 8.20 96.81 
P17 281148.37 331885.20 95.89 12/27/2006 1.60 94.29 
P19 282241.12 331656.76 104.55 12/28/2006 8.20 96.35 
P20 282078.96 331620.95 102.25 12/27/2006 4.30 97.95 
P21 281974.73 331635.36 98.98 12/27/2006 3.00 95.98 


(a) Projection Rhode Island Plane (NAD 83 feet) 
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Table A-7.  Surface Water Data Collected at the CMRP Site, December 2006 


Location Northing (a) Easting (a) Collection 
Date 


Surface 
Water 


Elevation (ft) 
SP-04 282586.61 331515.14 12/27/2006 97.90 
Near MW-05S 282106.98 331597.59 12/27/2006 95.59 
Near P17 281171.72 331856.55 12/27/2006 94.21 


(a) Projection Rhode Island Plane (NAD 83 feet) 
 
 
TCDD Flux Estimate 
 
The potential bulk flux of TCDD from groundwater to surface water was estimated as described in 
Battelle (2006) using available hydrogeologic and groundwater chemical concentration data in the 
vicinity of Well MW-05S and a simplistic fate and transport model.  A range of values were initially 
determined because many of the site-specific parameters are variable.  Specifically, values for the mean 
hydraulic conductivity and effective porosity were obtained from the Draft Technical Memorandum – 
Source Area Investigation (TTNUS, 2002) and used along with the most recent measured hydraulic 
gradient to estimate the groundwater velocity towards the Woonasquatucket River.  Groundwater 
velocity is calculated using the following equation: 
 


GWv = (K*I)/ne  
 
where: 
 GWv  = the groundwater velocity (ft/day) 
 K  = hydraulic conductivity (generally presented in ft/day) 
 I  =  gradient (unitless, this is calculated as feet of drop over feet of distance)   


ne  =  effective porosity (unitless, this is a percentage of the available porosity for fluid movement 
compared to the total void space in a material) 


 
The discharge volume of water is defined as follows: 
 


Q = KIA 
 
where: 
 Q = specific discharge (typically cubic feet/day) 
 A = cross sectional area (square feet) 
 
The cross sectional area of discharge has a length and width component; some initial assumptions were 
made to determine reasonable values for these parameters.  The length of the potential cross-sectional 
area of discharge was estimated using the results of the 1999 USGS Vapor Diffusion Study (Church et al., 
2000) and the 2005 SPMD study (see Attachment A-1).  The USGS study identified the seepage of VOC-
contaminated groundwater to the Woonasquatucket River in the vicinity of Well MW-05S along 
approximately 250 feet of its eastern bank; the highest VOC concentrations were present along the 75 feet 
of the riverbank adjacent to, and immediately south of, Well MW-05S.  The SPMDs buried in the river 
sediments within the 75-foot span of high VOC seepage contained higher levels of TCDD than those 
deployed further up- or down-stream.  
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The width (depth) of the discharge area was assumed to be approximately 2 feet.  The river depth in this 
area is approximately 2 feet deep during normal flow conditions.  Additionally, the boring log for Well 
MW-05S indicated that from 4 to 6 feet bgs a green non-aqueous phase liquid (NAPL) was present 
(TTNUS, 2002); this corresponds to the depth interval with the highest VOC and TCDD concentrations 
detected in soil, as well as the staining observed on the SPMD deployed in monitoring well MW-05S 
during the 2005 study. 
 
The application of a chemical retardation factor by aquifer materials was considered in the TCDD flux 
estimate.  The chemical retardation factors for PCE, TCE, and cis-dichloroethene (cDCE) were 
calculated; however, an assumption was made that the solvent most likely to be mobilizing TCDD is 
PCE, because it is present at the highest concentrations.  The concentrations of PCE, TCE, and TCDD in 
groundwater sampled from Well MW-05S are summarized in Table A-2 (supporting calculations 
provided in Attachment A-2).  The retardation factor was calculated using the following equation: 
 


R = 1 + rbkd /q 
 
where: 


R = retardation factor (unitless, the final result has a unit of mL/ cm3, which is equivalent to 1) 
rb = bulk density (g/cm3) = rs(1-q)  
rs = solids density (g/cm3) 
q = porosity  (unitless) 
kd = (soil) distribution coefficient (mL/g) = foc*Koc  
foc = fraction organic carbon (unitless, this is expressed as the mass of organic carbon [g] per 
mass of soil or sediment [g]) 
Koc = organic carbon/water partition coefficient (mL/g) 


 
The solids density was assumed to be 2.65, which is a typical default value for quartz-derived earth 
materials; the resulting bulk density is 1.72.  The porosity was assumed to be 0.35, as stated in TTNUS 
(2002).  The soil distribution coefficient was calculated using the low and median values for the fraction 
organic carbon (0.0048 and 0.02, respectively) based on actual total organic content (TOC) site data, as 
well as a fraction organic carbon equal to 0.001, which is typically representative of sandy and gravelly 
aquifer materials.  The organic carbon/water partition coefficients were taken from the Soil Screening 
Guidance, Users Guide (United States Environmental Protection Agency [EPA], 1996).  The resulting 
retardation factors for PCE were determined to be 4.66, 16.3, and 1.76, respectively.   
 
To calculate the velocity of the PCE moving through the aquifer, the following equation was used: 
 
     Cv = GWv /R 
where: 
 
 Cv = contaminant velocity (ft/day) 
 
The flux of PCE to the river was determined similarly by applying the retardation factor, “R”, to the 
discharge (“Q”) using the following equation: 
 


QPCE = (KIA)/R 
 
where:  
 
 QPCE = the discharge of PCE from a given cross-sectional area (cubic ft/day) 
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Assumptions for TCDD Flux Estimate 
 
The potential TCDD flux estimates are based on the most realistic assumptions for the CMRP site, as 
follows: 
 


 Hydraulic conductivity values ranging from 11 to 55 ft/day were used; however, the only 
estimates discussed hereafter use the site average of 23 feet/day. 


 
 Two separate cross-sectional areas are included in each estimate.  The first, 150 ft2, is based on 


discharge occurring over a 2 foot width along 75 feet of river bank.  The second assumes 
discharge is occurring along a 250 foot length of the river.  The discharge width of 2 feet is based 
on boring logs and staining exhibited by the deployed SPMD.  The boring log indicated that dark 
green NAPL was present from 4 to 6 feet bgs.  Additionally, the SPMD deployed in Well MW-
05S exhibited a yellow-green tinge upon retrieval; the upper 19 inches of the SPMD was stained, 
which is the segment of the device that was deployed at a depth of approximately 4.5 ft to 6 ft 
below the surface.   


 
A range of hydraulic gradients (I) was used to derive a range of estimates; however, only the estimates 
calculated using the value of 0.015, based on the most recent site conditions, are discussed within the 
results section.  This value is reasonable, as previously it was noted in TTNUS (2002) that the site-wide 
hydraulic gradient was approximately 0.0032; however, the groundwater mound in the vicinity of well 
MW-05S results in a localized, steeper gradient.  A relatively steep, localized gradient of approximately 
0.04 or 0.05 was estimated for the area immediately west of Well MW-05S; since the groundwater mound 
is small in size, this steeper gradient is quite localized and the flux calculations did not consider this a 
reasonable value to use along the entire length of river bank.  However, if this value was applied only to 
the shorter discharge area (75 ft length of river bank), the resulting flux estimates are equivalent to 
maximum values listed in Table A-8.  
 


 Retardation factors for all three solvents found at the site were calculated using a range of values 
for the fraction organic carbon (foc).  The retardation factors considered in this estimate are those 
calculated for PCE, using foc values of 0.02, 0.0048, and 0.001; the first two values represent the 
median and the lowest sampled values for the source area soils.   A foc value of 0.001, which is 
typical of sandy and gravelly aquifers, was also considered. 


 
 TCDD is assumed to be moving at the same rate as PCE.   


 
 
Results and Discussion 
 
Groundwater Flow 
 
Groundwater-surface water interactions were evaluated by comparing concurrent water level data 
collected in December 2006 from surface water monitoring locations and the closest shallow piezometer.  
Flow rates in the Woonasquatucket River monitored by the USGS gauge station ranged from 154 to 158 
cubic feet per second (cfs) during the investigation, which represent moderate flow conditions.  Under 
these conditions, the direction of shallow groundwater flow was generally to the south (Figure A-6) which 
is consistent with investigations conducted in the fall of 2001 (TTNUS, 2002) and October 2002 (Battelle, 
2003).  The water table was elevated at Well MW-05S and in the area immediately surrounding this well 
(Figure A-6), causing an apparent mound of groundwater that includes a local westward flow component 
toward the Woonasquatucket River.   
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Figure A-6. Water Table Elevations, October 2002, December 2006 
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TCDD Flux Estimate 
 
The potential flux of TCDD from the site to the Woonasquatucket River is summarized in Table A-8. 
Results are presented as a range of values, and were calculated according to the equations and 
assumptions described in the methods section, above.  
 


Table A-8.  Estimated Flux of TCDD into the Woonasquatucket River; Estimates were derived 
using the retardation rate calculated for PCE with the various levels of organic carbon(a) 


Fraction Organic Carbon (foc) 
TCDD Flux (µg TCDD/year) 


Along 75 ft Riverbank Along 250 ft Riverbank 
0.001 1,260 4,200 


0.0048 480 1,600 
0.02 140 460 


(a) Detail calculations provided in Attachment A-2 
 
If the assumption that PCE/TCDD is not retarded by aquifer materials and is moving freely with the 
groundwater, the flux of TCDD to the Woonasquatucket River is estimated to be between 2,200 and 
7,400 µg TCDD/yr.  Both values are calculated using a gradient of 0.015 and a hydraulic conductivity of 
23 ft/day (the site average).  The former value was estimated using the smaller cross-sectional area of 150 
square feet, while the later value was estimated using the assumption that discharge is occurring along the 
entire 250 foot length of river bank.  Since no retardation factor was considered, both of these values 
over-estimate the TCDD flux to the river. 
 
When the retardation factor for PCE is calculated using the median organic carbon content of soils at the 
CMRP site (foc = 0.02), along with the assumptions previously listed for the hydraulic conductivity and 
the gradient, the flux estimate ranges from 140 to 460 µg TCDD/year, depending upon the cross-sectional 
area used.  
 
If the minimum organic carbon content based on site samples (foc = 0.0048) is used and the other 
variables are held constant, the two flux estimates are 480 to 1,600 µg TCDD/year.  Additionally, if the 
retardation value for PCE is calculated using an foc value of 0.001, which is typical of sandy and gravelly 
materials, the TCDD flux is estimated to be 1,260 to 4,200 µg TCDD/year.   
 
These estimates are in close agreement with a flux estimate prepared using data derived from the SPMD 
study.  The SPMD study indicated that the average concentration of TCDD in groundwater/pore water at 
deployment locations in the river sediment located within 15-ft of Well MW-05S averaged 1,830 to 1,870 
pg/L TCDD under normal flow conditions.  If these TCDD concentration values are used to estimate the 
TCDD flux using the same groundwater discharge parameters as the previous estimate (i.e., Q=1338 and 
4460 L/day), the estimated TCDD flux to the Woonasquatucket River is between 990 and 3,300 µg 
TCDD/year.  It should be noted that the SPMD estimates were generated using a lower groundwater 
velocity, since the site-wide average value for the hydraulic head was used in those calculations; 
therefore, the estimated concentration of TCDD in water based on the SPMD interpretations may be 
biased low. 
 
Several sources of uncertainty are associated with the flux estimate presented above.  The assumption that 
TCDD is only moving with PCE may bias the flux estimate slightly.  The calculated retardation factors 
for TCE were very similar to those determined for PCE; however, the retardation factors calculated for 
cDCE were lower than those of either PCE or TCE, due to a lower organic carbon/water coefficient.  The 
values used for the fraction of organic carbon present in the aquifer materials are based on site-specific 
data; however, these data are typically collected from samples in the vadose zone, not the saturated zone 
and may result in a bias toward higher retardation factors.  A lower foc of 0.001 was included since, based 
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on well installation data, it is known that much of the subsurface material in this area is comprised of sand 
and gravel with a relatively minor fines component.   
 
This estimate was conducted using a very simplistic transport model and also does not account for any 
natural attenuation or diffusion; additionally, this calculation does not address how long the estimated 
flux would occur.  Also, while the length and width utilized for the cross sectional area are reasonable 
assumptions, the actual dimensions of the discharge area may be different.  
 
Discussion 
 
A simplified mass balance analysis was conducted to assess the effect that the 2,3,7,8-TCDD loadings 
from groundwater at the CMRP source area (in the vicinity of Well MW-05S) may have on surface water 
concentrations of the Woonasquatucket River and post-remediation, surface-layer sediment 
concentrations in Allendale and Lyman Mill Ponds.  First, the total 2,3,7,8-TCDD concentration in the 
river water column (i.e., sum of dissolved and particulate concentrations) due to the 2,3,7,8-TCDD 
loadings from groundwater was calculated by dividing the loading (pg 2,3,7,8-TCDD/day) by the daily-
average flow (L/day).  Next, the particulate concentration of 2,3,7,8-TCDD (e.g., pg 2,3,7,8-TCDD/g 
sediment) was calculated by dividing the calculated total water-column concentration (pg 2,3,7,8-
TCDD/L) by the total suspended solids (TSS) concentration (mg sediment/L water) in the river. 
Calculated river water-column and particulate concentrations are summarized in Table A-9; values are 
presented under a range of flow and TSS conditions.  Flow data are available on the Web and are based 
on the stream flow data collected at the USGS Centredale gauging station 
(http://waterdata.usgs.gov/ri/nwis/dvstat).  The range of TSS values is based on data collected at the 
CMRP site in July 2001, and is representative of typical river conditions under low to average flow 
conditions. 
 
The calculated values are conservative estimates of the river water-column and particulate concentrations 
for 2,3,7,8-TCDD, and may be biased high because the analysis is based on a series of conservative 
assumptions used to estimate potential impacts to sediment quality.  Specifically, the analysis assumed 
that 1) the loadings from the groundwater to the river are constant over time; 2) all of the 2,3,7,8-TCDD 
in the water column is associated with the particulate phase; and 3) water-column particulates will deposit 
uniformly over the entire sediment bed and, as a result, particulate concentrations are representative of 
post-remediation, surface-layer concentrations. 
 
Calculated river-water column concentrations for 2,3,7,8-TCDD attributed to the ongoing groundwater 
source (Table A-9) frequently exceed screening surface water concentrations developed by U.S. EPA 
under the Great Lakes Initiative (GLI) for protection of piscivorous mammal receptors (i.e., mink and 
otter),2 especially under low- and average-flow conditions.  However, the GLI value is intended for 
screening purposes and may not be appropriate for assessing actual conditions at the CMRP site.  In 
addition, measured concentrations of 2,3,7,8-TCDD in the surface water upgradient3 of the CMRP site are 
                                                           
2 EPA (1995) has developed screening surface water concentrations protective of bioaccumulation hazards posed by several 
bioaccumulative compounds including 2,3,7,8-TCDD under the Great Lakes Initiative (GLI).  All Tier I wildlife standards were  
developed using the methodology provided by Code of Federal Regulations, title 40,  part 132, Appendix D, entitled "Great Lakes Water 
Quality  Initiative Methodology for the Development of Wildlife Criteria," as amended through March 12, 1997.  The GLI Tier I 
criterion for 2,3,7,8-TCDD is 0.0031 pg/L based on conservative exposure dose modeling for piscivorous mammal receptors (i.e., mink 
and otter).  As noted in the criteria document, the criterion was derived using various uncertainty factors to account for data gaps 
(toxicological extrapolation) and basin-specific bioaccumulation factors (EPA, 1995) that may not be appropriate for other study areas.  
The GSI 2,3,7,8-TCDD bioaccumulation factor (BAF = 264,000 L/kg) results in a predicted tissue concentration for trophic level 4 prey 
items (i.e., predatory fish such as largemouth bass) of about a part per trillion at the criterion value; the average Lyman Mill largemouth 
bass tissue was 191 pg/g (Table 90 in MACTEC, 2004).  The uptake assumption employed in the criteria document is thus not unrealistic 
for the CMRP study area.   
 
3 Measured concentrations of 2,3,7,8-TCDD in surface water upstream of the CMRP site ranged from 1.7 to 2.65 pg/L. 
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higher compared to calculated river water-column concentrations attributed to the ongoing groundwater 
source (Table A-9), suggesting that the 2,3,7,8-TCDD loadings from groundwater at the CMRP source 
area is not substantially impacting the surface water of the Woonasquatucket River relative to upgradient 
conditions. 
 
Comparison of the calculated particulate concentrations (Table A-9) to the sediment cleanup goal for 
2,3,7,8-TCDD (14.7 pg/g based on background) suggest that the groundwater ongoing source should not 
result in surface-layer sediment concentrations of 2,3,7,8-TCDD in Allendale and Lyman Mill Ponds at 
levels above the cleanup goal, except for possibly under low-flow conditions (and average-flow 
conditions for the maximum loadings; see Table A-9).  This simplified mass balance analysis is a 
conservative assessment of the potential for adverse effects due to the ongoing 2,3,7,8-TCDD 
groundwater source after remediation is complete.  A more robust analysis is recommended to support a 
risk management decision at the site, and ensure that the CERCLA remedy selected is designed to 
accomplish the RAOs.   


Table A-9.  Estimated Particulate Concentrations of 2,3,7,8-TCDD based on 2,3,7,8-TCDD 
Loadings Estimates under a Range of Flow and TSS Conditions(a,b) 


TCDD Loading from 
Groundwater 
(Table A-8) 


Surface 
Water 


Daily-mean 
Flow 


Calculated 
Water-column 


Concentration of 
2,3,7,8-TCDD 


Calculated Particulate Concentration 
of 2,3,7,8-TCDD 


Low TSS Average TSS High TSS 


µg/yr pg/day cfs and L/day pg/L pg/g pg/g pg/g 
140 3.8E+05 


4.4 cfs 
1.1E+07 L/day 


low flow 


0.035 15 8.4 2.5 
480 1.3E+06 0.12 51 29 8.4 


1260 3.5E+06 0.32 130 76 22 
460 1.3E+06 0.12 49 28 8.1 


1600 4.4E+06 0.4 170 96 28 
4200 1.2E+07 1.1 440 250 74 
140 3.8E+05 


74 cfs 
 1.8E+08 


L/day 
average flow 


0.0021 0.89 0.51 0.15 
480 1.3E+06 0.0073 3 1.7 0.51 


1260 3.5E+06 0.019 8 4.6 1.3 
460 1.3E+06 0.007 2.9 1.7 0.48 


1600 4.4E+06 0.024 10 5.8 1.7 
4200 1.2E+07 0.064 27 15 4.4 
140 3.8E+05 


775 cfs 
1.9E+09 L/day 


high flow 


0.0002 0.084 0.048 0.014 
480 1.3E+06 0.00069 0.29 0.17 0.048 


1260 3.5E+06 0.0018 0.76 0.43 0.13 
460 1.3E+06 0.00066 0.28 0.16 0.046 


1600 4.4E+06 0.0023 0.96 0.55 0.16 
4200 1.2E+07 0.0061 2.5 1.4 0.42 


µg/yr: micrograms per year; pg/day: picograms per day; cfs: cubic feet per second; pg/L: picograms per liter; 
pg/g: picograms per gram 
Bold values in shaded cells indicated calculated particulate concentrations above the sediment cleanup goal for 2,3,7,8-TCDD 
(14.7 pg/g). 
(a) Low-, average-, and high-flow data are available on the Web, and are based on the daily mean values for each day 
for 64-65 years of record in, cfs (Calculation Period 1940-10-01 to 2005-09-30). ). (http://waterdata.usgs.gov/ri/nwis/ 
dvstat/?search_site_no=01114500&agency_cd=USGS&referred_module=sw&format=sites_selection_links). 
(b) Range in TSS values used to estimate the particulate concentrations are based on TSS data collected for the CMRP 
site; where low TSS = 2.4 mg/L; average TSS = 4.2 mg/L; and high TSS = 14 mg/L. 
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ATTACHMENT A-1 


BACKGROUND INFORMATION AND ASSUMPTIONS 
FOR SPMD-BASED WATER CALCULATIONS 


 
 
This attachment provides additional information on SPMDs, assumptions made, and calculations 
performed to estimate parameters that were relevant to generating the water column concentration 
estimates that have been presented.   
 
SPMD Membrane Information 
 
The information on the SPMDs (e.g., size and lipid fill material) was obtained from Environmental 
Sampling Technologies’ website (http://www.est-labs.com).  This information was confirmed via 
telephone with laboratory staff, who also provided specific Triolein weights.  This information is 
presented below: 
 


SPMD vendor:   Environmental Sampling Technologies Inc.  
(EST ; http://www.est-labs.com).   


SPMD width:  2.5 cm 
 SPMD length:  91.4cm (between the welds) 


SPMD thickness: 70-95 µm 
 SPMD tubing type: lay flat low density polyethylene, additive free 


Lipid material: Triolein 
Triolein:  99% purity (1.0 mL used); 0.951 g Triolein/SPMD.   
Membrane:  surface area to total SPMD volume (SA-V) ratio ≈90cm2/mL or 


≈460cm2/mL of Triolein 
Lipid-to-membrane:  mass ratio ≈0.2 
Weight of SPMD:  4.4 to 4.6 grams 


 
Temperature 
 
Temperature readings were taken from well water and the river upon deployment.  In addition, weather 
data for the month of June were downloaded from ‘Weather Underground’ (www.wunderground.com).  
The average air temperature for the Providence area ranged from 15 to 25°C; the average mean 
temperature was at 21°C (Table A-10).   
 


Table A-10.  Temperature Data for the Providence, RI Area for June 2005 


Date 
 


Temperature (°C) Date 
 


Temperature (°C) Date 
 


Temperature (°C) 
High Average Low High Average Low High Average Low 


1 20.6 15.6 10.6 11 30.6 25.0 19.4 21 27.8 19.4 11.1 
2 17.8 13.9 10.0 12 31.1 25.6 19.4 22 24.4 20.0 15.6 
3 23.9 17.8 11.7 13 33.3 28.3 22.8 23 24.4 18.9 12.8 
4 26.7 20.6 14.4 14 33.9 23.9 13.3 24 29.4 21.1 12.8 
5 31.1 23.3 15.0 15 15.0 12.8 10.6 25 33.9 26.7 18.9 
6 22.2 18.3 14.4 16 19.4 15.0 10.6 26 34.4 27.8 21.1 
7 30.0 23.3 16.7 17 24.4 18.9 12.8 27 27.8 23.9 20.0 
8 30.6 23.9 16.7 18 21.1 16.7 11.7 28 25.6 22.8 20.0 
9 30.6 25.0 18.9 19 19.4 15.6 11.7 29 32.2 26.7 21.1 


10 26.7 23.3 19.4 20 22.8 16.1 9.4 30 23.9 21.7 19.4 
Data from www.wunderground.com  
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The water temperature in the river was 19.5 to 19.6°C; since the air temperatures were not substantially 
different from that of the river water, it is assumed to be unlikely the water temperature changed enough 
to significantly alter the SPMD uptake rates.  The temperature in the well was also measured upon 
deployment (16.2°C); the temperature of groundwater is likely to be relatively constant and the 
temperature would be unlikely to exhibit a change large enough to change the SPMD uptake rates. 
 
River Flow 
 
USGS maintains a staff gauge immediately upstream of where the SPMDs were deployed.  Stream 
discharge data (in cubic feet per second) are available on the website: 
http://waterdata.usgs.gov/ri/nwis/uv/?site_no=01114500&PARAmeter_cd=00065,00060  
The linear river flow velocity was derived using surface measurements of discharge and stream velocity 
downloaded from the USGS website.  Specifically, 195 records dating from 1983 to 2005 were used in 
the analysis.  The discharge was plotted against the stream velocity and Microsoft® Excel was used to 
apply an exponential trend line (Figure A-7).  The equation for this trend line was solved for stream 
velocity as a function of discharge (Equation 1) and subsequently used to calculate estimated stream 
velocities based on the stream discharges for June 2005 (Table A-11).  The average flow rate during the 
time of deployment was calculated to be 35.3 cm/second. 
 
 Stream Velocity = ln(X/9.104)/1.0098      Eq. 1. 
 
where,  


X is the stream discharge as measured by the USGS staff gauge near the CMRP site. 
 
A stream velocity measurement was taken by USGS staff on June 10, 2005 near the gauge at the CMRP 
site.  The measured value was 1.31 ft/second, the value calculated using the above formula and discharge 
measurement was 1.28 ft/second; this agreement illustrates that the equation is a reasonable approach for 
calculating the stream velocity. 
 


Discharge vs. Stream Flow for the Woonasquatucket River, North Providence, RI.


y = 9.104e^1.0098x
R^2 = 0.8724
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Figure A-7.  Plot of Stream Discharge Against Stream Flow for  
the Woonasquatucket River, near Centerdale, Rhode Island 
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Table A-11.  River Flow Rates Calculated Using USGS Staff Gauge Information for June 2005.  
The average velocity used in calculations is 35.3 cm/sec. 


Date 
Stream Discharge in 


cfs (cubic feet per 
second)* 


Calculated 
linear flow 
(ft/second) 


Calculated 
Linear Flow 


(cm/sec) 
6/1/2005 72 2.05 62.42 
6/2/2005 66 1.96 59.79 
6/3/2005 61 1.88 57.42 
6/4/2005 56 1.80 54.83 
6/5/2005 54 1.76 53.74 
6/6/2005 47 1.63 49.55 
6/7/2005 41 1.49 45.42 
6/8/2005 37 1.39 42.32 
6/9/2005 34 1.30 39.77 
6/10/2005 33 1.28 38.87 
6/11/2005 31 1.21 36.98 
6/12/2005 30 1.18 35.99 
6/13/2005 29 1.15 34.97 
6/14/2005 30 1.18 35.99 
6/15/2005 31 1.21 36.98 
6/16/2005 29 1.15 34.97 
6/17/2005 31 1.21 36.98 
6/18/2005 31 1.21 36.98 
6/19/2005 30 1.18 35.99 
6/20/2005 27 1.08 32.81 
6/21/2005 25 1.00 30.49 
6/22/2005 24 0.96 29.26 
6/23/2005 23 0.92 27.97 
6/24/2005 22 0.87 26.63 
6/25/2005 20 0.78 23.76 
6/26/2005 19 0.73 22.21 
6/27/2005 18 0.68 20.58 
6/28/2005 18 0.68 20.58 
6/29/2005 19 0.73 22.21 
6/30/2005 20 0.78 23.76 


*Value measured by USGS gauge station 1114500. 
 
 
Groundwater Flow 
 
The range of groundwater flows were determined using the ranges of hydraulic conductivities (K) and 
horizontal gradients (I) measured on the site during the initial site investigation (TTNUS, 2002).  The 
hydraulic conductivities measured at the site ranged from 4 to 55 feet/day and the vertical head changes 
ranged from 0.000 to 0.009.  An effective porosity of 0.35 was used for this site based on the value 
assigned by TetraTech (who cited Dominico and Schwartz, 1998).  The calculated site average vertical 
head change was 0.0032 (determined by TetraTech).    
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Groundwater velocity was calculated using Equation 2: 
 
   GWv = (K*I)/ne        Eq. 2. 
 
 where 
  GWv  = the groundwater velocity 
  K  = hydraulic conductivity (generally presented in ft/day) 
  I  =  horizontal gradient (unitless, this is calculated as feet of drop over feet of distance)   


ne  =  effective porosity (unitless, this is a percentage of the available porosity for fluid 
movement compared to the total void space in a material) 


 
The values used to calculate the entire range of possible groundwater flows at the CMRP site are 
presented in Table A-12.  The range of groundwater flows that are likely most probable at Well MW-05S 
are those highlighted within the table.  There are several reasons for narrowing the range to these values: 
 


1. The range of I values used encompasses those measured in the shallow overburden and at 
depth.  The average value calculated by TTNUS (0.0032) included a very high I value (0.008) 
that was measured at depth.  This would likely not be applicable to the shallow overburden, 
based on available field measurements.  Most of the I values measured at shallower depths 
ranged from 0.001 to 0.003; the average of these values is 0.0015.  A value of 0.0032 was 
chosen within the range to represent the upper limit of the vertical gradient in the shallow 
overburden, 0.001 was selected as the lower limit. 


 
2. Measured hydraulic conductivities at the site ranged from 4 to 55 ft per day.  The lower 


values, 4 and 9 ft/day respectively, were measured from wells that had significant silt content 
or silty/organic rich layers that would have likely influenced groundwater flow.  These values 
are not likely to be applicable in the vicinity of Well MW-05S.   


 
3. The three wells proximal to Well MW-05S had measured K values of 20, 21, and 55 ft/day.  


The well with the highest K value was near the former tail race.  A velocity calculated with a 
value of 11 ft/day will be retained as a lower limit for groundwater flow in the vicinity of 
Well MW-05S and a value of 55 ft/day will be retained for the upper limit. 


 
4. The boring log for Well MW-05S was reviewed and the types of material present ranged 


from silty sand to gravel.  When compared to the data TTNUS 2002 (Table A-13) compiled, 
similar wells had K values ranging from 21 to 55 ft/day.  The wells with the highest values 
(MW-01 and MW-04) are located on the eastern and southern edges of the site. 


 
The most probable range of groundwater flow near Well MW-05S is 0.03 to 0.50 ft/day, this range was 
calculated using the maximum likely I value in the shallow overburden.  The value of 0.21 ft/day was 
cited as a site wide average groundwater velocity in TTNUS, 2002, is within the range stated, and was 
used as the best estimate/average ground water flow value for the area near MW-05S. 
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Table A-12.  Groundwater Variables and Calculated Groundwater Velocities for the  
CMRP Site in the Vicinity of Well MW-05S.  Shaded cells indicate the most likely flow rates in the 


vicinity of MW-05S. 


K 
(Hydraulic 


Conductivity; ft/day) 


I 
(Hydraulic Gradient; 


unitless) 


Effective 
Porosity 
(unitless) 


GW velocity 
(ft/day) 


4 0.05 0.35 0.57 
4 0.1 0.35 1.14 
4 0.0032 0.35 0.04 
4 0.001 0.35 0.01 
4 0.0015 0.35 0.02 
4 0.009 0.35 0.10 


11 0.05 0.35 1.57 
11 0.1 0.35 3.14 
11 0.0032 0.35 0.10 
11 0.001 0.35 0.03 
11 0.0015 0.35 0.05 
11 0.009 0.35 0.28 
23 0.05 0.35 3.29 
23 0.1 0.35 6.57 
23 0.0032 0.35 0.21 
23 0.001 0.35 0.07 
23 0.0015 0.35 0.10 
23 0.009 0.35 0.59 
55 0.05 0.35 7.86 
55 0.1 0.35 15.71 
55 0.0032 0.35 0.50 
55 0.001 0.35 0.16 
55 0.0015 0.35 0.24 
55 0.009 0.35 1.41 


 
Table A-13.  Soil Descriptions and K values measured at the CMRP site 


Location Tested Interval 
(ft bgs) Soil Description K 


(ft/day) 


MW-01S 4.3-8.5 
Fill (fine to coarse sand, trace silt) over fine to 
coarse sand and gravel 55 


MW-02S 3.8-10.0 
Fill (fine to coarse sand, some gravel, trace silt, 
wood, brick, glass) over silty fine sand 9 


MW-03S 5.2-10.1 
Fill (fine to coarse sand, trace silt, wood, brick 
asphalt?) over fine to coarse sand and gravel 20 


MW-04S 6.7-14.7 
Fine to coarse sand, little to some gravel, trace to 
little silt 48 


MW-06S 5.4-10.0 
Fill (brick fragments, sand, gravel, silt) over fine to 
coarse sand 11 


MW-07S 3.8-9.0 
Fine to coarse sand over fine to coarse gravel with 
some fine to coarse sand. 21 


MW-08S 3.1-11.4 


Fill (silty f-m sand, trace glass, wood, over gravelly 
fine to coarse sand with cobbles and two inch thick 
layer of organic silt/peat 4 


MW-09S 7.8-11.5 Sand and gravel, extent of fines unknown 12 
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Groundwater Flow within Well MW-05S 
 
According to the Superfund Program Representative Sampling Guidance, Volume 5: Water and 
Sediment, Part II – Groundwater (EPA, 1995) little or no vertical mixing occurs in non-pumping wells, 
resulting in stratification.  However, water within the screened zone of the well mixes with groundwater 
as a result of normal flow patterns.  Water in the well above the screened zone is likely to remain isolated 
and become stagnant.   
 
In the case of Well MW-05S, the well is screened at the interval of 3.1 to 8.0 ft bgs (feet bgs).  The 
groundwater surface elevation at the time of SPMD deployment was 4.4 ft bgs, with the total water depth 
in the well 3.6 ft.  The SPMDs were deployed below the 4.4 ft bgs level.  The majority, if not all, of the 
SPMD units were suspended within the screened segment of the well; however, there is a possibility that 
a small portion of the SPMD was suspended in the lower-most, unscreened section of the well.  The 
ground water flows experienced by the deployed SPMDs were therefore assumed to be the same for the 
well deployed SPMDs as for the sediment buried SPMDs. 
 
 
2,3,7,8-TCDD Log Kow and Rs Values 
 
The Log Kow value fpr 2.3.7.8-TCDD, 6.8, was obtained from an EPA dioxin fact sheet 
(www.epa.gov/OGWDW/dwh/t-soc/dioxin.html) and also confirmed with the Syracuse Research 
Database (http://esc.syrres.com/interknow/webprop.exe?CAS=1746-01-6). 
 
The base Rs value for 2,3,7,8-TCDD, 3.8 L/day, was obtained from Investigation of the Distribution of 
Organochlorine and Polycyclic Aromatic Hydrocarbon Compounds in the Lower Columbia River Using 
Semipermeable Membrane Devices (McCarthy and Gale, 1999).  This report also cited a log Kspmd value 
of 6.3. 
 
SPMD Biofouling Information 
 
Biofouling was documented upon SPMD collection.  The SPMD cage at location CMS-SPMD5 exhibited 
biofouling; it was documented as having “spotty, filamentous growth.”  Additionally, green discoloration 
was observed on the SPMDs retrieved from the well (MW-05S).  It is unclear if this discoloration is due 
to bacterial growth, other biofouling, dye, or other factors.  Figures A-8 and A-9 illustrate the 
observations with the SPMDs retrieved from CMS-SPMD5 and MW-05S.  
 
The SPMD cage at location CMS-SPMD2 also exhibited significant biofouling (Figure A-10), which may 
have contributed to restricted or reduced water flow. 
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Figure A-8.  Picture of Spotty Growth on the SPMD Recovered from the River (Water Column) 


at Location CMS-SPMD5 
 


 
Figure A-9.  Discoloration of SPMDs Collected from Well MW-05S after 27-day Deployment 
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Figure A-10.  Biofouling of the Water Column SPMD Cage at CMS-SDMD2 after 27-day 


Deployment 







ATTACHMENT A-2
Supporting Calculations


Contribution of 
PCE (ug/day)


Contribution of 
TCE (ug/day)


Contribution of 
2,3,7,8-TCDD 


(pg/day)


Contribution of 
2,3,7,8-TCDD 


(ug/yr)
11 150 0.0032 0.35 0.10 5.28 149.5296 4.19E+06 2.69E+05 6.20E+05 226
11 500 0.0032 0.35 0.10 17.6 498.432 1.40E+07 8.97E+05 2.07E+06 754
11 150 0.009 0.35 0.28 14.85 420.552 1.18E+07 7.57E+05 1.74E+06 636
11 500 0.009 0.35 0.28 49.5 1401.84 3.93E+07 2.52E+06 5.81E+06 2,121
11 150 0.015 0.35 0.47 24.75 700.92 1.96E+07 1.26E+06 2.91E+06 1,060
11 500 0.015 0.35 0.47 82.5 2336.4 6.54E+07 4.21E+06 9.68E+06 3,535
11 150 0.05 0.35 1.57 82.5 2336.4 6.54E+07 4.21E+06 9.68E+06 3,535
11 500 0.05 0.35 1.57 275 7788 2.18E+08 1.40E+07 3.23E+07 11,783
21 150 0.0032 0.35 0.19 10.08 285.4656 7.99E+06 5.14E+05 1.18E+06 432
21 500 0.0032 0.35 0.19 33.6 951.552 2.66E+07 1.71E+06 3.94E+06 1,440
21 150 0.009 0.35 0.54 28.35 802.872 2.25E+07 1.45E+06 3.33E+06 1,215
21 500 0.009 0.35 0.54 94.5 2676.24 7.49E+07 4.82E+06 1.11E+07 4,049
21 150 0.015 0.35 0.90 47.25 1338.12 3.75E+07 2.41E+06 5.55E+06 2,024
21 500 0.015 0.35 0.90 157.5 4460.4 1.25E+08 8.03E+06 1.85E+07 6,748
21 150 0.05 0.35 3.00 157.5 4460.4 1.25E+08 8.03E+06 1.85E+07 6,748
23 150 0.0032 0.35 0.21 11.04 312.6528 8.75E+06 5.63E+05 1.30E+06 473
23 500 0.0032 0.35 0.21 36.8 1042.176 2.92E+07 1.88E+06 4.32E+06 1,577
23 150 0.009 0.35 0.59 31.05 879.336 2.46E+07 1.58E+06 3.64E+06 1,330
23 500 0.009 0.35 0.59 103.5 2931.12 8.21E+07 5.28E+06 1.21E+07 4,435
23 150 0.015 0.35 0.99 51.75 1465.56 4.10E+07 2.64E+06 6.07E+06 2,217
23 500 0.015 0.35 0.99 172.5 4885.2 1.37E+08 8.79E+06 2.02E+07 7,391
23 150 0.05 0.35 3.29 172.5 4885.2 1.37E+08 8.79E+06 2.02E+07 7,391
23 150 0.05 0.35 3.29 172.5 4885.2 1.37E+08 8.79E+06 2.02E+07 7,391
23 500 0.05 0.35 3.29 575 16284 4.56E+08 2.93E+07 6.75E+07 24,636
55 150 0.0032 0.35 0.50 26.4 747.648 2.09E+07 1.35E+06 3.10E+06 1,131
55 500 0.0032 0.35 0.50 88 2492.16 6.98E+07 4.49E+06 1.03E+07 3,770
55 150 0.009 0.35 1.41 74.25 2102.76 5.89E+07 3.78E+06 8.72E+06 3,181
55 500 0.009 0.35 1.41 247.5 7009.2 1.96E+08 1.26E+07 2.91E+07 10,604
55 150 0.015 0.35 2.36 123.75 3504.6 9.81E+07 6.31E+06 1.45E+07 5,302
55 500 0.015 0.35 2.36 412.5 11682 3.27E+08 2.10E+07 4.84E+07 17,674
55 150 0.05 0.35 7.86 412.5 11682 3.27E+08 2.10E+07 4.84E+07 17,674


foc R
PCE 0.0048 4.66
PCE 0.001 1.8
PCE 0.02 16.3


Retardation factors (R) determined using a range of fraction organic carbon (foc) and the USEPA Soil Screening Guidance.
The median concentrations of PCE, TCE and TCDD in groundwater presented in Table A-2 are used to calculate the flux.


PCE Retardation Factors


No Redardation Factors


K- Hydraulic 
Conductivity 


(ft/day)


A - Cross 
Sectional Area 


(ft^2)


I (Hydraulic 
Gradient - 
Unitless)


Effective 
Porosity 
(unitless)


GW velocity 
(ft/day)


Q - Specific 
Discharge 
(ft^3/day)


Q - Converted to 
L/day
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11 150 0.0032 0.35 0.10 5.28 149.5296
11 500 0.0032 0.35 0.10 17.6 498.432
11 150 0.009 0.35 0.28 14.85 420.552
11 500 0.009 0.35 0.28 49.5 1401.84
11 150 0.015 0.35 0.47 24.75 700.92
11 500 0.015 0.35 0.47 82.5 2336.4
11 150 0.05 0.35 1.57 82.5 2336.4
11 500 0.05 0.35 1.57 275 7788
21 150 0.0032 0.35 0.19 10.08 285.4656
21 500 0.0032 0.35 0.19 33.6 951.552
21 150 0.009 0.35 0.54 28.35 802.872
21 500 0.009 0.35 0.54 94.5 2676.24
21 150 0.015 0.35 0.90 47.25 1338.12
21 500 0.015 0.35 0.90 157.5 4460.4
21 150 0.05 0.35 3.00 157.5 4460.4
23 150 0.0032 0.35 0.21 11.04 312.6528
23 500 0.0032 0.35 0.21 36.8 1042.176
23 150 0.009 0.35 0.59 31.05 879.336
23 500 0.009 0.35 0.59 103.5 2931.12
23 150 0.015 0.35 0.99 51.75 1465.56
23 500 0.015 0.35 0.99 172.5 4885.2
23 150 0.05 0.35 3.29 172.5 4885.2
23 150 0.05 0.35 3.29 172.5 4885.2
23 500 0.05 0.35 3.29 575 16284
55 150 0.0032 0.35 0.50 26.4 747.648
55 500 0.0032 0.35 0.50 88 2492.16
55 150 0.009 0.35 1.41 74.25 2102.76
55 500 0.009 0.35 1.41 247.5 7009.2
55 150 0.015 0.35 2.36 123.75 3504.6
55 500 0.015 0.35 2.36 412.5 11682
55 150 0.05 0.35 7.86 412.5 11682


foc R
PCE 0.0048 4.66
PCE 0.001 1.8
PCE 0.02 16.3


Retardation factors (R) determined using a range of fraction organic carbon (foc) and the USEPA Soil Screening Guidance.
The median concentrations of PCE, TCE and TCDD in groundwater presented in Table A-2 are used to calculate the flux.


PCE Retardation Factors


K- Hydraulic 
Conductivity 


(ft/day)


A - Cross 
Sectional Area 


(ft^2)


I (Hydraulic 
Gradient - 
Unitless)


Effective 
Porosity 
(unitless)


GW velocity 
(ft/day)


Q - Specific 
Discharge 
(ft^3/day)


Q - Converted to 
L/day


Velocity of PCE 
(ft/day)


Q - Specific Discharge 
of Contaminants/day 


(ft^3/day)
Q - Converted to L 


PCE/day


Contribution of 
2,3,7,8-TCDD 


(pg/day)


Contribution of 
2,3,7,8-TCDD 


(ug/yr)
5.71E-02 3.00E+00 8.48E+01 3.52E+05 128
5.71E-02 9.98E+00 2.83E+02 1.17E+06 428
1.60E-01 8.42E+00 2.39E+02 9.89E+05 361
1.60E-01 2.81E+01 7.95E+02 3.30E+06 1,203
2.67E-01 1.40E+01 3.98E+02 1.65E+06 602
2.67E-01 4.68E+01 1.33E+03 5.49E+06 2,005
8.91E-01 4.68E+01 1.33E+03 5.49E+06 2,005
8.91E-01 1.56E+02 4.42E+03 1.83E+07 6,684
1.09E-01 5.72E+00 1.62E+02 6.71E+05 245
1.09E-01 1.91E+01 5.40E+02 2.24E+06 817
3.06E-01 1.61E+01 4.55E+02 1.89E+06 689
3.06E-01 5.36E+01 1.52E+03 6.29E+06 2,297
5.11E-01 2.68E+01 7.59E+02 3.15E+06 1,148
5.11E-01 8.93E+01 2.53E+03 1.05E+07 3,828
1.70E+00 8.93E+01 2.53E+03 1.05E+07 3,828
1.19E-01 6.26E+00 1.77E+02 7.35E+05 268
1.19E-01 2.09E+01 5.91E+02 2.45E+06 894
3.36E-01 1.76E+01 4.99E+02 2.07E+06 755
3.36E-01 5.87E+01 1.66E+03 6.89E+06 2,516
5.59E-01 2.94E+01 8.31E+02 3.45E+06 1,258
5.59E-01 9.79E+01 2.77E+03 1.15E+07 4,193
1.86E+00 9.79E+01 2.77E+03 1.15E+07 4,193
1.86E+00 9.79E+01 2.77E+03 1.15E+07 4,193
1.86E+00 3.26E+02 9.24E+03 3.83E+07 13,976
2.85E-01 1.50E+01 4.24E+02 1.76E+06 642
2.85E-01 4.99E+01 1.41E+03 5.86E+06 2,139
8.02E-01 4.21E+01 1.19E+03 4.94E+06 1,805
8.02E-01 1.40E+02 3.98E+03 1.65E+07 6,016
1.34E+00 7.02E+01 1.99E+03 8.24E+06 3,008
1.34E+00 2.34E+02 6.63E+03 2.75E+07 10,026
4.46E+00 2.34E+02 6.63E+03 2.75E+07 10,026


Retardation factors based on foc = .001  (sandy/gravel aquifer)
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11 150 0.0032 0.35 0.10 5.28 149.5296
11 500 0.0032 0.35 0.10 17.6 498.432
11 150 0.009 0.35 0.28 14.85 420.552
11 500 0.009 0.35 0.28 49.5 1401.84
11 150 0.015 0.35 0.47 24.75 700.92
11 500 0.015 0.35 0.47 82.5 2336.4
11 150 0.05 0.35 1.57 82.5 2336.4
11 500 0.05 0.35 1.57 275 7788
21 150 0.0032 0.35 0.19 10.08 285.4656
21 500 0.0032 0.35 0.19 33.6 951.552
21 150 0.009 0.35 0.54 28.35 802.872
21 500 0.009 0.35 0.54 94.5 2676.24
21 150 0.015 0.35 0.90 47.25 1338.12
21 500 0.015 0.35 0.90 157.5 4460.4
21 150 0.05 0.35 3.00 157.5 4460.4
23 150 0.0032 0.35 0.21 11.04 312.6528
23 500 0.0032 0.35 0.21 36.8 1042.176
23 150 0.009 0.35 0.59 31.05 879.336
23 500 0.009 0.35 0.59 103.5 2931.12
23 150 0.015 0.35 0.99 51.75 1465.56
23 500 0.015 0.35 0.99 172.5 4885.2
23 150 0.05 0.35 3.29 172.5 4885.2
23 150 0.05 0.35 3.29 172.5 4885.2
23 500 0.05 0.35 3.29 575 16284
55 150 0.0032 0.35 0.50 26.4 747.648
55 500 0.0032 0.35 0.50 88 2492.16
55 150 0.009 0.35 1.41 74.25 2102.76
55 500 0.009 0.35 1.41 247.5 7009.2
55 150 0.015 0.35 2.36 123.75 3504.6
55 500 0.015 0.35 2.36 412.5 11682
55 150 0.05 0.35 7.86 412.5 11682


foc R
PCE 0.0048 4.66
PCE 0.001 1.8
PCE 0.02 16.3


Retardation factors (R) determined using a range of fraction organic carbon (foc) and the USEPA Soil Screening Guidance.
The median concentrations of PCE, TCE and TCDD in groundwater presented in Table A-2 are used to calculate the flux.


PCE Retardation Factors


K- Hydraulic 
Conductivity 


(ft/day)


A - Cross 
Sectional Area 


(ft^2)


I (Hydraulic 
Gradient - 
Unitless)


Effective 
Porosity 
(unitless)


GW velocity 
(ft/day)


Q - Specific 
Discharge 
(ft^3/day)


Q - Converted to 
L/day


Velocity of PCE 
(ft/day)


Q - Specific Discharge 
of Contaminants/day 


(ft^3/day)
Q - Converted to 


L/day


Contribution of 
2,3,7,8-TCDD 


(pg/day)


Contribution of 
2,3,7,8-TCDD 


(ug/yr)
6.19E-03 3.25E-01 9.20E+00 3.81E+04 14
6.19E-03 1.08E+00 3.07E+01 1.27E+05 46
1.74E-02 9.13E-01 2.59E+01 1.07E+05 39
1.74E-02 3.04E+00 8.62E+01 3.57E+05 130
2.90E-02 1.52E+00 4.31E+01 1.79E+05 65
2.90E-02 5.07E+00 1.44E+02 5.96E+05 217
9.67E-02 5.07E+00 1.44E+02 5.96E+05 217
9.67E-02 1.69E+01 4.79E+02 1.99E+06 725
1.18E-02 6.20E-01 1.76E+01 7.28E+04 27
1.18E-02 2.07E+00 5.85E+01 2.43E+05 89
3.32E-02 1.74E+00 4.94E+01 2.05E+05 75
3.32E-02 5.81E+00 1.65E+02 6.82E+05 249
5.54E-02 2.91E+00 8.23E+01 3.41E+05 125
5.54E-02 9.69E+00 2.74E+02 1.14E+06 415
1.85E-01 9.69E+00 2.74E+02 1.14E+06 415
1.29E-02 6.79E-01 1.92E+01 7.97E+04 29
1.29E-02 2.26E+00 6.41E+01 2.66E+05 97
3.64E-02 1.91E+00 5.41E+01 2.24E+05 82
3.64E-02 6.37E+00 1.80E+02 7.47E+05 273
6.06E-02 3.18E+00 9.02E+01 3.74E+05 136
6.06E-02 1.06E+01 3.01E+02 1.25E+06 455
2.02E-01 1.06E+01 3.01E+02 1.25E+06 455
2.02E-01 1.06E+01 3.01E+02 1.25E+06 455
2.02E-01 3.54E+01 1.00E+03 4.15E+06 1,515
3.09E-02 1.62E+00 4.60E+01 1.91E+05 70
3.09E-02 5.41E+00 1.53E+02 6.35E+05 232
8.70E-02 4.57E+00 1.29E+02 5.36E+05 196
8.70E-02 1.52E+01 4.31E+02 1.79E+06 652
1.45E-01 7.61E+00 2.16E+02 8.94E+05 326
1.45E-01 2.54E+01 7.19E+02 2.98E+06 1,087
4.83E-01 2.54E+01 7.19E+02 2.98E+06 1,087


Retardation factors based on foc = .02 (median value of CMRP soils)
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11 150 0.0032 0.35 0.10 5.28 149.5296
11 500 0.0032 0.35 0.10 17.6 498.432
11 150 0.009 0.35 0.28 14.85 420.552
11 500 0.009 0.35 0.28 49.5 1401.84
11 150 0.015 0.35 0.47 24.75 700.92
11 500 0.015 0.35 0.47 82.5 2336.4
11 150 0.05 0.35 1.57 82.5 2336.4
11 500 0.05 0.35 1.57 275 7788
21 150 0.0032 0.35 0.19 10.08 285.4656
21 500 0.0032 0.35 0.19 33.6 951.552
21 150 0.009 0.35 0.54 28.35 802.872
21 500 0.009 0.35 0.54 94.5 2676.24
21 150 0.015 0.35 0.90 47.25 1338.12
21 500 0.015 0.35 0.90 157.5 4460.4
21 150 0.05 0.35 3.00 157.5 4460.4
23 150 0.0032 0.35 0.21 11.04 312.6528
23 500 0.0032 0.35 0.21 36.8 1042.176
23 150 0.009 0.35 0.59 31.05 879.336
23 500 0.009 0.35 0.59 103.5 2931.12
23 150 0.015 0.35 0.99 51.75 1465.56
23 500 0.015 0.35 0.99 172.5 4885.2
23 150 0.05 0.35 3.29 172.5 4885.2
23 150 0.05 0.35 3.29 172.5 4885.2
23 500 0.05 0.35 3.29 575 16284
55 150 0.0032 0.35 0.50 26.4 747.648
55 500 0.0032 0.35 0.50 88 2492.16
55 150 0.009 0.35 1.41 74.25 2102.76
55 500 0.009 0.35 1.41 247.5 7009.2
55 150 0.015 0.35 2.36 123.75 3504.6
55 500 0.015 0.35 2.36 412.5 11682
55 150 0.05 0.35 7.86 412.5 11682


foc R
PCE 0.0048 4.66
PCE 0.001 1.8
PCE 0.02 16.3


Retardation factors (R) determined using a range of fraction organic carbon (foc) and the USEPA Soil Screening Guidance.
The median concentrations of PCE, TCE and TCDD in groundwater presented in Table A-2 are used to calculate the flux.


PCE Retardation Factors


K- Hydraulic 
Conductivity 


(ft/day)


A - Cross 
Sectional Area 


(ft^2)


I (Hydraulic 
Gradient - 
Unitless)


Effective 
Porosity 
(unitless)


GW velocity 
(ft/day)


Q - Specific 
Discharge 
(ft^3/day)


Q - Converted to 
L/day


Velocity of PCE 
(ft/day)


Q - Specific Discharge 
of Contaminants/day 


(ft^3/day)
Q - Converted to 


L/day


Contribution of 
2,3,7,8-TCDD 


(pg/day)


Contribution of 
2,3,7,8-TCDD 


(ug/yr)
2.16E-02 1.13E+00 3.21E+01 1.33E+05 49
2.16E-02 3.78E+00 1.07E+02 4.43E+05 162
6.07E-02 3.19E+00 9.02E+01 3.74E+05 137
6.07E-02 1.06E+01 3.01E+02 1.25E+06 455
1.01E-01 5.31E+00 1.50E+02 6.23E+05 228
1.01E-01 1.77E+01 5.01E+02 2.08E+06 759
3.37E-01 1.77E+01 5.01E+02 2.08E+06 759
3.37E-01 5.90E+01 1.67E+03 6.93E+06 2,528
4.12E-02 2.16E+00 6.13E+01 2.54E+05 93
4.12E-02 7.21E+00 2.04E+02 8.46E+05 309
1.16E-01 6.08E+00 1.72E+02 7.14E+05 261
1.16E-01 2.03E+01 5.74E+02 2.38E+06 869
1.93E-01 1.01E+01 2.87E+02 1.19E+06 434
1.93E-01 3.38E+01 9.57E+02 3.97E+06 1,448
6.44E-01 3.38E+01 9.57E+02 3.97E+06 1,448
4.51E-02 2.37E+00 6.71E+01 2.78E+05 102
4.51E-02 7.90E+00 2.24E+02 9.27E+05 338
1.27E-01 6.66E+00 1.89E+02 7.82E+05 285
1.27E-01 2.22E+01 6.29E+02 2.61E+06 952
2.12E-01 1.11E+01 3.14E+02 1.30E+06 476
2.12E-01 3.70E+01 1.05E+03 4.35E+06 1,586
7.05E-01 3.70E+01 1.05E+03 4.35E+06 1,586
7.05E-01 3.70E+01 1.05E+03 4.35E+06 1,586
7.05E-01 1.23E+02 3.49E+03 1.45E+07 5,287
1.08E-01 5.67E+00 1.60E+02 6.65E+05 243
1.08E-01 1.89E+01 5.35E+02 2.22E+06 809
3.03E-01 1.59E+01 4.51E+02 1.87E+06 683
3.03E-01 5.31E+01 1.50E+03 6.23E+06 2,276
5.06E-01 2.66E+01 7.52E+02 3.12E+06 1,138
5.06E-01 8.85E+01 2.51E+03 1.04E+07 3,793
1.69E+00 8.85E+01 2.51E+03 1.04E+07 3,793


Retardation factors based on foc = .0048  (low value of CMRP soils)
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SUPPLEMENTAL SEDIMENT INVESTIGATION 
 


 
B.1 Introduction 
 
Appendix B presents information relevant to a sediment investigation conducted at Lyman Mill Pond in 
March 2005 to address key data gaps identified in the Remedial Investigation (RI) (Battelle, 2005a) and 
support the development and evaluation of remedial alternatives for Lyman Mill sediment.  Details 
regarding the investigation and an evaluation of the investigation results in context of the RI conclusions 
are presented below.   
 
B.2 Study Objectives 
 
Sediment core samples were collected from 10 locations to better define the nature and extent of 
contamination of Lyman Mill Pond sediments and to acquire radiometric and geotechnical data to support 
the development and screening of remedial alternatives.  The radiometric data were used to estimate 
sedimentation rates and identify the sediment depth associated with the onset of waste-related activities at 
the site and to identify relationships between sediment depth, age, and dioxin concentration.   Data from 
the March 2005 investigation were used in conjunction with data from earlier investigations to develop 
remedial footprints and evaluate remedial alternatives in the feasibility study (FS).  Results from the 
March 2005 investigation were also evaluated to determine if the 2005 data were consistent with the 
general conclusions of the site RI (Battelle, 2005a). 
 
B.3 Methods 
 
Cores were collected for geotechnical and chemical analysis from 10 locations (Figure B-1); a second 
core was collected from five of the locations for radiometric dating.  The sediment cores were visually 
described, photo-documented and sub-sampled for chemical, radioisotope and geotechnical testing; core 
logs are provided in Attachment B-1. Three samples were collected from each chemistry core for 
dioxin/furan analysis to locate where in the sediment strata the dioxin was deposited; one surface sample 
(0 to 0.5 ft), one mid-depth sample (1.2 to 1.3 ft), and one deep sample (2.4 to 2.5 ft).  Surface samples 
were also analyzed for polychlorinated biphenyls (PCBs, as Aroclor), pesticides, polynuclear aromatic 
hydrocarbons (PAHs) and metals.  Selected sediment samples from the May 2003 sediment investigation 
at Lyman Mill Pond (Figure B-1) were removed from frozen storage and analyzed for dioxin/furans, 
PCB, pesticides, PAHs and metals.  A sub-set of the March 2005 sediment core samples were also 
analyzed for Atterberg Limits, grain size, specific gravity, and percent solids.  Radiometric age dating 
was conducted on four sediment cores collected in March 2005. 
 
Methods used for sample collection, core processing, and physical and chemical testing are provided in 
Battelle (2005b, c).  Methods used for data management and analysis (e.g., handling of non-detects and 
statistical evaluations) are consistent with those described in Appendix A of the site RI (Battelle, 2005a).   
Inferential statistical comparisons, consisting of a modified Kaplan-Meier test (a nonparametric survival 
analysis technique that can be used regardless of whether the data are normally or non-normally 
distributed) were conducted for comparing the distribution of concentrations from Lyman Mill reach to 
upstream (background) samples to determine whether or not contaminant concentrations were 
significantly different (at the 95% level of confidence) than background. The null hypothesis for this test 
is that the distribution of concentrations from Lyman Mill reach is not different than the upstream 
background at the 0.05 level of significance. 
 







Interim Final CMRP Feasibility Study Report B-2 April 2010 
Appendix B 


B.4 Results and Discussion 
 
Physical and chemical data are reported in Battelle (2005d); evaluation of the sediment data with respect 
to the major conclusions of the site RI is discussed below. 
 
Physical Characteristics 
 
Sediment cores collected from Lyman Mill Pond in March 2005 ranged from 2.8 to 6.6 ft in length 
(Attachment B-1).  A layer of gelatinous, highly organic material was found at the sediment surface in all 
cores.  This layer ranged in thickness from 0 to 4.3 ft, with an average thickness of about 2.3 ft and was 
underlain by peat, clay, silt, and sand in most locations.  Gravel was found in three of the cores (LPX-SD-
4502, LPX-SD-4506, and LPX-SD-4507).  Grain size results were consistent with the visual descriptions 
in that sediment was comprised of fine grained material, with 85% or more silt + clay. 
 
The site RI reported a sedimentation rate of approximately 0.3 centimeters per year (cm/yr) for Lyman 
Mill Pond.  However, the sedimentation rate was determined based on radioisotope data (210Pb and 137Cs)  
for a single sediment core collected from the pond in 2003.  Four additional sediment cores were collected 
from Lyman Mill Pond in 2005 and analyzed for the radioisotopes 210Pb and 137Cs to better estimate the 
sedimentation rates in the pond.  Test results are provided in Attachment B-2 and estimated sedimentation 
rates for Lyman Mill Pond are summarized in Table B-1.  Although there is variability in sedimentation 
rate in Lyman Mill Pond, a reasonable estimate of a representative (or average) range of sedimentation 
rate for this pond is 0.5 to 0.6 cm/yr. 
 
Nature and Extent of Contamination 
 
The nature and extent of contamination in Woonasquatucket River sediments is described in the site RI 
(Battelle, 2005a), and was based on all relevant and existing site data.  Results from the 2005 sediment 
investigation were used to better define the vertical and horizontal extent of contamination at Lyman Mill 
Pond and assess if the 2005 data were consistent with the major findings of the site RI (Battelle, 2005a).  
 
Table B-2 lists all sediment samples collected at Lyman Mill Pond from 1998 to 2005 and the associated 
analytical parameters.  Statistical summaries (i.e., frequency of detection, minimum and maximum values, 
central tendency, standard deviation and location of maximum value) for all analytical data from 1998 to 
2005 are presented in Table B-3.  Results from the statistical comparison are summarized in Table B-4. 
 
The nature and extent of contamination for contaminants determined to contribute to ecological 
(MACTEC, 2004) and human health (MACTEC, 2005) risk, for Allendale and Lyman Mill sediment, are 
described below.  
 
Dioxins and Furans 
 
Dioxin (i.e., 2,3,7,8-TCDD and toxic equivalency [TEQ]) was found to contribute to human health and 
ecological risk.  The data distribution of dioxin TEQ in sediment samples from the Woonasquatucket 
River are shown graphically, in an upstream to downstream direction, as side-by-side boxplots in Figure 
B-2.  Dioxin concentrations measured in sediment collected from Lyman Mill Pond in 2005 are 
substantially higher compared to data from earlier investigations (1998–2003).  Even so, the 2005 
sediment data are consistent with the major findings from the site RI.  That is, dioxin (2,3,7,8-TCDD and 
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dioxin TEQ) concentrations continued to be significantly higher at Lyman Mill1 compared to the 
upstream background concentrations (Table B-4).  Further, mean dioxin TEQ concentrations in sediment 
decrease in a downstream direction from the CMRP source area (Figure B-2), with the highest 
concentrations measured at Allendale Pond (mean concentration of 972 nanograms per kilogram [ng/kg]), 
followed by Lyman Mill Pond (mean concentration of 533 ng/kg).  
 
Dioxin TEQ concentrations in surface (uppermost 1 ft) sediment are generally between 10 and 10,000 
ng/kg with localized areas of higher concentrations (i.e., >10,000 ng/kg) throughout the pond  
(Figure B-3).  The maximum dioxin TEQ concentration in surface sediment in Lyman Mill Pond is 
45,700 ng/kg, located in the upstream inlet of the pond (LPX-SD-4510).  Relatively lower concentrations 
(i.e., <1,000 ng/kg) tend to occur in the stream connecting Allendale and Lyman Mill Ponds, the shallow 
embayment on the east side of the pond, and behind the Lyman Mill Dam (Figure B-3).  Comparison of 
the surface dioxin TEQ patterns with apparent soft sediment thickness in Lyman Mill Pond (Figure 2-10 
of the FS report) indicates that areas with thicker accumulations of soft sediment (i.e., depositional areas) 
generally correspond to areas with higher surface dioxin TEQ concentrations. 
 
Figure B-4 shows the vertical distribution of dioxin TEQ concentrations in samples from the May 2003 
and March 2005 sediment cores collected in Lyman Mill Pond.  Dioxin TEQ concentrations decrease with 
increasing depth at most locations (Figure B-4), and generally approach background within 2.5-ft below 
the sediment surface at most locations sampled.  Dioxin TEQ concentrations, however, increased with 
depth at LPX-SD-4205 (maximum TEQ concentration of 49,700 ng/kg at 2.5 ft below sediment surface).  
A gradient of TEQ concentration with depth was not observed at LPX-SD-4505.  LPX-SD-4205 and 
LPX-SD-4505 are located in the southern region of the pond along the eastern shore (Figure B-4).  
Overall, the maximum dioxin TEQ concentrations usually occur in the uppermost 1 ft, with isolated 
contamination below 2 ft at some locations (LPX-SD-4205, LPX-SD-4505).  
 
The radiometric vertical profiles (Attachment B-2) show dioxin TEQ concentrations and location of the 
1940 time horizon based on radiometric age dating results (the 1940 time horizon incorporates uncertainty 
associated with the sediment age estimates, and represents the segment of the core that corresponds to the 
onset of CMRP site-related activities).  Radiometric age dating results show a good correlation with 
dioxin concentrations, with no significant contamination found in sediments deposited prior to 1940. 
Maximum dioxin TEQ concentrations generally correspond to samples dated from about 1960 to 2000, 
except for one sample from core LPX-SD-4510 (Figure B-5).  These dates encompass the period when 
hexachlorophene was manufactured on the site (around 1965).  The most recently deposited sediments 
still show evidence of dioxin contamination, which may reflect that the major upland sources were not 
controlled (i.e., contaminated soils in the source area were not capped) until approximately 2004.  The 
breach of Allendale Dam in 1991 and again in 2001 may have also contributed to the downstream 
transport of contaminated sediments from Allendale Pond to Lyman Mill Pond (see Contaminant Fate and 
Transport discussion below).  Finally, post-depositional processes including bioturbation and sediment 
resuspension mix surface and subsurface sediments, resulting in the distribution of dioxin throughout the 
active layer.  Assuming an average sedimentation rate in Lyman Mill Pond of 0.5 to 0.6 cm/year, a 1 ft 
depth corresponds to an age of 50 to 60 years (i.e., 1944-1954). 
 


                                                      
1 Dioxin (2,3,7,8-TCDD and dioxin TEQ) concentrations in sediment are significantly higher in all reaches of the 
river adjacent to and downstream (i.e., Allendale, Lyman Mill, Manton, and Dyerville) of the CMRP source area 
relative to upstream background concentrations.   
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Semivolatile Organic Compounds 
 
Benzo(a)pyrene, dibenz(a,h)anthracene, and n-nitroso-di-n-propylamine2 were found to contribute to 
human health risk.  The 2005 Lyman Mill sediment data are consistent with the major findings of the site 
RI (Battelle, 2005a).  That is, benzo(a)pyrene was detected in more than 50% of the samples and 
dibenz(a,h)anthracene was detected in less than 50% of the samples (Table B-3).  Further, concentrations 
of benzo(a)pyrene and dibenz(a,h)anthracene in Lyman Mill sediment were not significantly different 
compared to the upstream background (Table B-4). 
 
PCBs and Pesticides 
 
PCBs and pesticides that contribute to ecological and human health risk include coplanar PCBs, Aroclor 
1254, Aroclor 1268, total Aroclor, 4,4′-DDD, 4,4′-DDE, dieldrin, and technical chlordane.  The data 
distribution of Aroclor 1254 (primary contributor to non-cancer risk) in sediment samples from the 
Woonasquatucket River are shown graphically, in an upstream to downstream direction, as side-by-side 
boxplots in Figure B-6.   
 
The 2005 Lyman Mill sediment data are consistent with the major findings of the site RI (Battelle, 
2005a). For example, PCB (Aroclors 1254, 1268 and total) and pesticide concentrations in the Lyman 
Mill reach of the river are not significantly higher than background concentrations (Table B-4).  Further, 
Aroclor 1254 was the most frequently detected aroclor (Table B-3).  Pesticides were undetected in 50% or 
more of the Lyman Mill sediment samples, except for chlordane (alpha, gamma, and technical).  The 
highest median concentration of technical chlordane is in the upstream reach of the river, followed by 
Lyman Mill and Allendale sediments. 
 
Metals and Inorganics 
 
Metal and inorganic chemicals contributing to risk include aluminum, arsenic, barium, selenium, 
vanadium, and zinc.  Concentrations of the metals and inorganic contaminants in Lyman Mill Pond 
sediment are not significantly different compared to the upstream background (Table B-4), which is 
consistent with the major findings of the site RI (Battelle, 2005a). 
 
Contaminant Fate and Transport 
 
Contaminant fate and transport mechanisms are described in the site RI (Battelle, 2005a).  The site RI 
indicated that the breach of the Allendale Dam in 1991 and again in 2001 may have resulted in the 
downstream transport of contaminated sediment from Allendale Pond to Lyman Mill Pond.  Dioxin 
concentrations in surface sediment from Lyman Mill Pond were significantly higher in 2005 compared to 
the 1998 and 1999 sampling periods (Figure B-7). 
 
B.5 Summary and Conclusions 
 
Sediment data from Lyman Mill Pond (1998–2005) suggest that the dioxin contamination is spatially 
widespread and that concentrations decrease with increasing depth at most locations sampled.  Dioxin 
concentrations were generally highest in the uppermost 1 ft and approach background 2.5 ft below the 
sediment surface at most locations.  Dioxin (2,3,7,8-TCDD and dioxin TEQ) concentrations were 
significantly higher at Allendale and Lyman Mill Ponds compared to the  upstream background.  Mean 
concentrations of dioxin decrease in a downstream direction from the CMRP source area, with the highest 
                                                      
2 Sediment samples collected in 2005 at Lyman Mill Pond were not analyzed for n-nitroso-di-n-propylamine; this 
chemical was undetected in sediment samples from previous investigations. 
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concentrations at Allendale Pond followed by Lyman Mill Pond.  Concentrations of other contaminants in 
Lyman Mill sediment (i.e., those that contribute to human health and ecological risk) were not 
significantly different compared to the upstream background.   
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Figure B-1.  Lyman Mill Pond Sediment Core Locations, March 2005 and Archive Samples from May 2003
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Figure B-2.  Boxplot of Dioxin TEQ in Sediment Samples from the Woonasquatucket River 


Each boxplot shows the data distribution (note the log scale); the ends of the box represent the 
25th and 75th quartiles, and the line across the middle represents the median value.  The solid lines are 


“whiskers” that extend to the minimum and maximum values. 
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Figure B-3.  Dioxin TEQ Concentration in Lyman Mill Pond Surface (0-1 ft) Sediment Samples 
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Figure B-4.  Vertical Profile of Dioxin TEQ Concentration in Lyman Mill Pond, May 2003 and March 2005 
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Figure B-6.  Boxplot of Aroclor 1254 in Sediment Samples from the Woonasquatucket River 


Each boxplot shows the data distribution (note the log scale); the ends of the box represent the 25th and 
75th quartiles, and the line across the middle represents the median value.  The solid lines are “whiskers” 


that extend to the minimum and maximum values. 
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Oneway Analysis of Log (2,3,7,8-TCDD, ng/kg) By Year 
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Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio Prob > F
Year 4 15.874469 3.96862 4.3813 0.0031
Error 74 67.030205 0.90581  
C. Total 78 82.904673  
Means for Oneway Anova 
Level Number Mean Std Error Lower 95% Upper 95% 
1998 11 2.15097 0.28696 1.5792 2.7227 
1999 39 2.66127 0.15240 2.3576 2.9649 
2001 12 2.99568 0.27474 2.4482 3.5431 
2003 7 3.23506 0.35972 2.5183 3.9518 
2005 10 3.73635 0.30097 3.1367 4.3360 
Std Error uses a pooled estimate of error variance 
Means Comparisons 
Comparisons for each pair using Student's t 


t Alpha 
1.99254 0.05 


Abs(Dif)-LSD 2005 2003 2001 1999 1998
2005 -0.8481 -0.4333 -0.0713 0.4029 0.7568
2003 -0.4333 -1.0137 -0.6625 -0.2047 0.1672
2001 -0.0713 -0.6625 -0.7742 -0.2916 0.0531
1999 0.4029 -0.2047 -0.2916 -0.4294 -0.1371
1998 0.7568 0.1672 0.0531 -0.1371 -0.8086
 
Positive values show pairs of means that are significantly different. 
 
Level    Mean 
2005 A     3.7363507 
2003 A B   3.2350565 
2001 A B   2.9956754 
1999   B C 2.6612738 
1998     C 2.1509673 
 
Levels not connected by same letter are significantly different 


 
Figure B-7. Results from the One-Way Analysis of Variance for 2,3,7,8-TCDD Concentrations 
(ng/kg, log transformed) in Lyman Mill Sediments during the 1998 to 2005 Sampling Periods 


The means diamond illustrates the sample mean and 95% confidence interval. The line 
across each diamond represents the group mean. The vertical span of each diamond 


represents the 95% confidence interval for each group.







Table B-1.  Estimated Sedimentation Rates


Sedimentation Rate 
(cm/yr)


210Pb Analysis 210Pb Analysis 137Cs Analysis
LPX-SD-4201 (a) 0.3 0.26 – 0.35 NA


LPX-SD-4502 1.2 0.82 – 1.48 0.36 – 0.58


LPX-SD-4503 1.1 0.62 – 1.25 0.73 – 0.94
LPX-SD-4509 NA NA NA
LPX-SD-4510 0.32 0.31 – 0.34 0.11 – 0.45


(a) Sediment core from May 2003 investigation; results presented in QEA (2004)
NA = not analyzed due to non-interpretable profiles ( 210Pb and 137Cs profiles non-interpretable for LPX-
SD-4509; 137Cs profiles non-interpretable for LPX-SD-4201).  


Pond Boring ID
Sedimentation Rate Range 


(cm/yr)


Lyman Mill 
Pond
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Table B-2. List of Lyman Mill Pond Sediment Samples Currently in the CMRP Database


RI_S
AMPLE_G


ROUP


NSAMPLE


FIELD_Q
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BORIN
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TOP_O
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AMPLE


BOTTOM_O
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AMPLE
DATASOURCE
VOCs
SVOCs
Herb


ici
des


Pes
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PCBs
Meta


ls
D/F, H


CX (1
)


AVS/SEM
GS TOC
Ancil


lar
y (


2)


Lyman Mill sediment SD-10 NORMAL 9/9/1998 SD-10 0 0.5 SPINA x x x x x
Lyman Mill sediment SD-11 NORMAL 9/9/1998 SD-11 0 1 SPINA x x x x x
Lyman Mill sediment SD-12 NORMAL 9/9/1998 SD-12 0 1 SPINA x x x x x
Lyman Mill sediment SD-13 NORMAL 9/9/1998 SD-13 0 1 SPINA x x x x x
Lyman Mill sediment SD-14 NORMAL 9/9/1998 SD-14 0 0.5 SPINA x x x x x
Lyman Mill sediment SD-15 NORMAL 9/9/1998 SD-15 0 0.5 SPINA x x x x
Lyman Mill sediment SD-16 NORMAL 9/9/1998 SD-16 0 0.5 SPINA x x x x
Lyman Mill sediment SD-17 NORMAL 9/9/1998 SD-17 0 0.5 SPINA x x x x
Lyman Mill sediment SD-18 NORMAL 9/9/1998 SD-18 0 0.25 SPINA x x x x
Lyman Mill sediment SD-19 NORMAL 9/9/1998 SD-19 0 0.25 SPINA x x x x
Lyman Mill sediment DAM003-SD NORMAL 10/23/1998 Lymansville Dam 0 0.33 SPINA x x x x x x
Lyman Mill sediment 3428-CMS-217 Field Dup. 3428-CMS-217 2/16/1999 CMS-217 0 0.25 IT x
Lyman Mill sediment 3428-CMS-217D Field Dup. 3428-CMS-217 2/16/1999 CMS-217 0 0.25 IT x
Lyman Mill sediment 3428-CMS-218 NORMAL 2/16/1999 CMS-218 0 0.25 IT x
Lyman Mill sediment 3428-CMS-219 NORMAL 2/16/1999 CMS-219 0 0.25 IT x
Lyman Mill sediment AD-05-A Field Dup. AD-05-A 7/20/1999 AD-05 0 1 IT x x x x x x
Lyman Mill sediment AD-05-A-D Field Dup. AD-05-A 7/20/1999 AD-05 0 1 IT x
Lyman Mill sediment CMS-457-A NORMAL 7/22/1999 CMS-457 0 1 IT x
Lyman Mill sediment CMS-458-A NORMAL 7/22/1999 CMS-458 0 1 IT x
Lyman Mill sediment CMS-459-A NORMAL 7/22/1999 CMS-459 0 1 IT x
Lyman Mill sediment CMS-468-A NORMAL 7/27/1999 CMS-468 0 1 IT x
Lyman Mill sediment LPX-BK-2006X-01 NORMAL 10/21/1999 LPX-BK-2006 0 0.5 TTNUS x x x
Lyman Mill sediment LPX-BK-2006Y-01 NORMAL 10/21/1999 LPX-BK-2006 0 0.5 TTNUS x x x x x
Lyman Mill sediment LPX-BK-2006Z-01 NORMAL 10/21/1999 LPX-BK-2006 0 0.5 TTNUS x x x x x
Lyman Mill sediment LPX-BK-2008X-01 NORMAL 10/21/1999 LPX-BK-2008 0 0.5 TTNUS x x x x x
Lyman Mill sediment LPX-BK-2008Y-01 NORMAL 10/21/1999 LPX-BK-2008 0 0.5 TTNUS x x x x x
Lyman Mill sediment LPX-BK-2008Z-01 NORMAL 10/21/1999 LPX-BK-2008 0 0.5 TTNUS x x x x x
Lyman Mill sediment WRL-BK-2004X-01 NORMAL 10/21/1999 WRL-BK-2004 0 0.5 TTNUS x x x x x
Lyman Mill sediment WRL-BK-2004Y-01 NORMAL 10/21/1999 WRL-BK-2004 0 0.5 TTNUS x x x
Lyman Mill sediment WRL-BK-2004Z-01 NORMAL 10/21/1999 WRL-BK-2004 0 0.5 TTNUS x x x x x
Lyman Mill sediment WRL-BK-2005X-01 NORMAL 10/21/1999 WRL-BK-2005 0 0.5 TTNUS x x x x x
Lyman Mill sediment WRL-BK-2005Y-01 NORMAL 10/21/1999 WRL-BK-2005 0 0.5 TTNUS x x x x x
Lyman Mill sediment WRL-BK-2005Z-01 NORMAL 10/21/1999 WRL-BK-2005 0 0.5 TTNUS x x x x x
Lyman Mill sediment WRL-SD-2038-01 NORMAL 10/25/1999 WRL-SD-2038 0 0.5 TTNUS x x x x x x x x x
Lyman Mill sediment WRL-SD-2039-01 NORMAL 10/25/1999 WRL-SD-2039 0 0.5 TTNUS x x x x x x x x x
Lyman Mill sediment WRL-DU-102599A Field Dup. WRL-SD-2040-01 10/25/1999 WRL-SD-2040 0 0.5 TTNUS x x x x x x x x x
Lyman Mill sediment WRL-SD-2040-01 Field Dup. WRL-SD-2040-01 10/25/1999 WRL-SD-2040 0 0.5 TTNUS x x x x x x x x
Lyman Mill sediment WRL-SD-2041-01 NORMAL 10/25/1999 WRL-SD-2041 0 0.5 TTNUS x x x x x x x x x
Lyman Mill sediment WRL-SD-2042-01 NORMAL 11/2/1999 WRL-SD-2042 0 0.5 TTNUS x x x x x x x x x
Lyman Mill sediment LPX-SD-2051-01 NORMAL 11/4/1999 LPX-SD-2051 0 0.5 TTNUS x x x x x x x x x
Lyman Mill sediment LPX-SD-2052-000.5-01 NORMAL 11/4/1999 LPX-SD-2052 0 0.5 TTNUS x x x x x x x x x
Lyman Mill sediment LPX-SD-2052-0.504-01 NORMAL 11/4/1999 LPX-SD-2052 0.5 4 TTNUS x x x x x
Lyman Mill sediment LPX-SD-2053-000.5-01 Field Dup. LPX-SD-2053-000.5-


01
11/4/1999 LPX-SD-2053 0 0.5 TTNUS x x x x x x x x x


Lyman Mill sediment LPX-DU-110499A Field Dup. LPX-SD-2053-000.5-
01


11/4/1999 LPX-SD-2053 0 0.5 TTNUS x x x x x x


Lyman Mill sediment LPX-SD-2053-0.502-01 NORMAL 11/4/1999 LPX-SD-2053 0.5 2 TTNUS x x x x x
Lyman Mill sediment LPX-SD-2053-0204-01 NORMAL 11/4/1999 LPX-SD-2053 2 4 TTNUS x x x x x
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Table B-2. List of Lyman Mill Pond Sediment Samples Currently in the CMRP Database
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Lyman Mill sediment LPX-SD-2049-01 NORMAL 11/5/1999 LPX-SD-2049 0 0.5 TTNUS x x x x x x x x x
Lyman Mill sediment LPX-SD-2050-01 NORMAL 11/5/1999 LPX-SD-2050 0 0.5 TTNUS x x x x x x x x x
Lyman Mill sediment LPX-SD-2045-01 NORMAL 11/8/1999 LPX-SD-2045 0 0.5 TTNUS x x x x x x x x x
Lyman Mill sediment LPX-SD-2046-000.5-01 NORMAL 11/8/1999 LPX-SD-2046 0 0.5 TTNUS x x x x x x x x x
Lyman Mill sediment LPX-SD-2046-0.502-01 NORMAL 11/8/1999 LPX-SD-2046 0.5 2 TTNUS x x x x x
Lyman Mill sediment LPX-SD-2046-0204-01 NORMAL 11/8/1999 LPX-SD-2046 2 4 TTNUS x x x x x
Lyman Mill sediment LPX-SD-2047-01 NORMAL 11/8/1999 LPX-SD-2047 0 0.5 TTNUS x x x x x x x x x
Lyman Mill sediment WRL-SD-2043-01 NORMAL 11/8/1999 WRL-SD-2043 0 0.5 TTNUS x x x x x x x x x
Lyman Mill sediment LPX-SD-2048-000.5-01 Field Dup. LPX-SD-2048-000.5-


01
11/9/1999 LPX-SD-2048 0 0.5 TTNUS x x x x x x x x x


Lyman Mill sediment LPX-SD-DU-110999A Field Dup. LPX-SD-2048-000.5-
01


11/9/1999 LPX-SD-2048 0 0.5 TTNUS x x x x x x x x x


Lyman Mill sediment LPX-SD-2048-0.502-01 NORMAL 11/9/1999 LPX-SD-2048 0.5 2 TTNUS x x x x x
Lyman Mill sediment LPX-SD-2048-0204-01 NORMAL 11/9/1999 LPX-SD-2048 2 4 TTNUS x x x x x
Lyman Mill sediment WRL-SD-2044-000.5-01 NORMAL 11/9/1999 WRL-SD-2044 0 0.5 TTNUS x x x x x x x x x
Lyman Mill sediment WRL-SD-2044-0.502-01 NORMAL 11/9/1999 WRL-SD-2044 0.5 2 TTNUS x x x x x
Lyman Mill sediment WRL-SD-2044-0203-01 NORMAL 11/9/1999 WRL-SD-2044 2 3 TTNUS x x x x x
Lyman Mill sediment WRM-SD-2054-01 NORMAL 12/2/1999 WRM-SD-2054 0 0.5 TTNUS x x x x x
Lyman Mill sediment LPX-SD-4011-0000-01 NORMAL 7/10/2001 LPX-SD-4011 0 0.5 HARDING ESE x x x x x x x x
Lyman Mill sediment LPX-SD-4012-0000-01 NORMAL 7/10/2001 LPX-SD-4012 0 0.5 HARDING ESE x x x x x x x x
Lyman Mill sediment LPX-SD-4013-0000-01 NORMAL 7/10/2001 LPX-SD-4013 0 0.5 HARDING ESE x x x x x x x x
Lyman Mill sediment LPX-SD-4013-DUP Field Dup. LPX-SD-4013-0000-


01
7/10/2001 LPX-SD-4013 0 0.5 HARDING ESE x x


Lyman Mill sediment LPX-SD-4001-0000-01 NORMAL 7/12/2001 LPX-SD-4001 0 0.5 HARDING ESE x x x x x x x x
Lyman Mill sediment LPX-SD-4002-0000-01 NORMAL 7/12/2001 LPX-SD-4002 0 0.5 HARDING ESE x x x x x x x x
Lyman Mill sediment LPX-SD-4004-0000-01 NORMAL 7/12/2001 LPX-SD-4004 0 0.5 HARDING ESE x x x x x x x x
Lyman Mill sediment WRL-SD-4005-0000-01 NORMAL 7/12/2001 WRL-SD-4005 0 0.5 HARDING ESE x x x x x x x x
Lyman Mill sediment WRL-SD-071201-A Field Dup. WRL-SD-4005-


0000-01
7/12/2001 WRL-SD-4005 0 0.5 HARDING ESE x x


Lyman Mill sediment LPX-SD-071601-A Field Dup. LPX-SD-4013-0000-
01


7/16/2001 LPX-SD-4013 0 0.5 HARDING ESE x x x x x x x x x


Lyman Mill sediment WRL-SD-2041-02 Field Dup. WRL-SD-2041-02 7/24/2001 WRL-SD-2041 0 0.2 TTNUS x x x x x
Lyman Mill sediment WRL-SD-DUP01-02 Field Dup. WRL-SD-2041-02 7/24/2001 WRL-SD-2041 0 0.2 TTNUS x x x x x
Lyman Mill sediment WRL-SD-2042-02 NORMAL 7/24/2001 WRL-SD-2042 0 0.3 TTNUS x x x x x
Lyman Mill sediment WRL-SD-2071-01 NORMAL 7/24/2001 WRL-SD-2071 0 0.2 TTNUS x x x x x
Lyman Mill sediment LPX-SD-2045B-02 NORMAL 7/25/2001 LPX-SD-2045B 0 0.3 TTNUS x x x x
Lyman Mill sediment LPX-SD-2072-01 NORMAL 7/25/2001 LPX-SD-2072 0 0.5 TTNUS x x x x x
Lyman Mill sediment WRL-SD-2043-02 NORMAL 7/25/2001 WRL-SD-2043 0 0.2 TTNUS x x x x x
Lyman Mill sediment LPX-SD-4201-0010-01 NORMAL 5/8/2003 LPX-SD-4201 0 1 USACE WES x x
Lyman Mill sediment LPX-SD-4201-0035-0045 NORMAL 5/8/2003 LPX-SD-4201 0.35 0.45 USACE WES x
Lyman Mill sediment LPX-SD-4201-0095-0105 NORMAL 5/8/2003 LPX-SD-4201 0.95 1.05 USACE WES x
Lyman Mill sediment LPX-SD-4201-1031-01 NORMAL 5/8/2003 LPX-SD-4201 1 3.1 USACE WES x x x
Lyman Mill sediment LPX-SD-4201-0125-0135 NORMAL 5/8/2003 LPX-SD-4201 1.25 1.35 USACE WES x
Lyman Mill sediment LPX-SD-4201-3136-01 NORMAL 5/8/2003 LPX-SD-4201 3.1 3.6 USACE WES x x
Lyman Mill sediment LPX-SD-4201-3942-01 NORMAL 5/8/2003 LPX-SD-4201 3.9 4.2 USACE WES x
Lyman Mill sediment LPX-SD-4202-0005-01 NORMAL 5/8/2003 LPX-SD-4202 0 0.5 USACE WES x x
Lyman Mill sediment LPX-SD-4202-3637-01 NORMAL 5/8/2003 LPX-SD-4202 3.6 3.7 USACE WES x
Lyman Mill sediment LPX-SD-4202-4042-01 NORMAL 5/8/2003 LPX-SD-4202 4 4.2 USACE WES x
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Table B-2. List of Lyman Mill Pond Sediment Samples Currently in the CMRP Database
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Lyman Mill sediment LPX-SD-4203-0012-01 NORMAL 5/8/2003 LPX-SD-4203 0 1.2 USACE WES x x x
Lyman Mill sediment LPX-SD-4203-1225-01 NORMAL 5/8/2003 LPX-SD-4203 1.2 2.5 USACE WES x
Lyman Mill sediment LPX-SD-4203-3135-01 NORMAL 5/8/2003 LPX-SD-4203 3.1 3.5 USACE WES x
Lyman Mill sediment LPX-SD-4203-3537-01 NORMAL 5/8/2003 LPX-SD-4203 3.5 3.7 USACE WES x
Lyman Mill sediment LPX-SD-4204-0018-01 NORMAL 5/8/2003 LPX-SD-4204 0 1.8 USACE WES x x x
Lyman Mill Sediment LPX-SD-4204-0110-0120 NORMAL 5/8/2003 LPX-SD-4204 1.1 1.2 USACE WES x
Lyman Mill sediment LPX-SD-4204-1824-01 NORMAL 5/8/2003 LPX-SD-4204 1.8 2.4 USACE WES x
Lyman Mill Sediment LPX-SD-4204-0235-0245 NORMAL 5/8/2003 LPX-SD-4204 2.35 2.45 USACE WES x
Lyman Mill sediment LPX-SD-4204-2427-01 NORMAL 5/8/2003 LPX-SD-4204 2.4 2.7 USACE WES x
Lyman Mill sediment LPX-SD-4204-3438-01 NORMAL 5/8/2003 LPX-SD-4204 3.4 3.8 USACE WES x
Lyman Mill sediment LPX-SD-4205-0015-01 NORMAL 5/8/2003 LPX-SD-4205 0 1.5 USACE WES x x x
Lyman Mill Sediment LPX-SD-4205-0130-0140 NORMAL 5/8/2003 LPX-SD-4205 1.3 1.4 USACE WES x
Lyman Mill sediment LPX-SD-4205-1523-01 NORMAL 5/8/2003 LPX-SD-4205 1.5 2.3 USACE WES x x x
Lyman Mill sediment LPX-SD-4205-2333-01 NORMAL 5/8/2003 LPX-SD-4205 2.3 3.3 USACE WES x
Lyman Mill Sediment LPX-SD-4205-0240-0250 NORMAL 5/8/2003 LPX-SD-4205 2.4 2.5 USACE WES x
Lyman Mill sediment LPX-SD-4206-0009-01 NORMAL 5/8/2003 LPX-SD-4206 0 0.9 USACE WES x x x
Lyman Mill sediment LPX-SD-4206-1118-01 NORMAL 5/8/2003 LPX-SD-4206 1.1 1.8 USACE WES x x
Lyman Mill sediment LPX-SD-4206-1823-01 NORMAL 5/8/2003 LPX-SD-4206 1.8 2.3 USACE WES x
Lyman Mill sediment LPX-SD-4207-0000-0010 NORMAL 5/8/2003 LPX-SD-4207 0 0.1 USACE WES x
Lyman Mill sediment LPX-SD-4207-0009-01 NORMAL 5/8/2003 LPX-SD-4207 0 0.9 USACE WES x x
Lyman Mill sediment LPX-SD-4207-0920-01 NORMAL 5/8/2003 LPX-SD-4207 0.9 2 USACE WES x
Lyman Mill sediment LPX-SD-4207-0110-0120 NORMAL 5/8/2003 LPX-SD-4207 1.1 1.2 USACE WES x
Lyman Mill Sediment LPX-SD-4205-0000-0050 NORMAL 5/9/2003 LPX-SD-4205 0.4 0.5 USACE WES x x x x x
Lyman Mill sediment LPX-SD-4208-0000-0010 NORMAL 5/9/2003 LPX-SD-4208 0 0.1 USACE WES x
Lyman Mill sediment LPX-SD-4208-0011-01 NORMAL 5/9/2003 LPX-SD-4208 0 1.1 USACE WES x x x
Lyman Mill sediment LPX-SD-4208-1125-01 NORMAL 5/9/2003 LPX-SD-4208 1.1 2.5 USACE WES x x x
Lyman Mill sediment LPX-SD-4208-0120-0130 NORMAL 5/9/2003 LPX-SD-4208 1.2 1.3 USACE WES x
Lyman Mill sediment LPX-SD-4208-0190-0200 NORMAL 5/9/2003 LPX-SD-4208 1.9 2 USACE WES x
Lyman Mill sediment LPX-SD-4209-0000-0010 NORMAL 5/9/2003 LPX-SD-4209 0 0.1 USACE WES x
Lyman Mill sediment LPX-SD-4209-0008-01 NORMAL 5/9/2003 LPX-SD-4209 0 0.8 USACE WES x x x
Lyman Mill sediment LPX-SD-4209-0812-01 NORMAL 5/9/2003 LPX-SD-4209 0.8 1.2 USACE WES x x
Lyman Mill sediment LPX-SD-4209-1226-01 NORMAL 5/9/2003 LPX-SD-4209 1.2 2.6 USACE WES x x x
Lyman Mill sediment LPX-SD-4209-0145-0155 NORMAL 5/9/2003 LPX-SD-4209 1.45 1.55 USACE WES x
Lyman Mill Sediment LPX-SD-4209-0245-0255 NORMAL 5/9/2003 LPX-SD-4209 2.45 2.55 USACE WES x
Lyman Mill sediment LPX-SD-4209-2634-01 NORMAL 5/9/2003 LPX-SD-4209 2.6 3.4 USACE WES x
Lyman Mill sediment LPX-SD-4210-0015-01 NORMAL 5/9/2003 LPX-SD-4210 0 1.5 USACE WES x x x
Lyman Mill sediment LPX-SD-4210-1523-01 NORMAL 5/9/2003 LPX-SD-4210 1.5 2.3 USACE WES x x
Lyman Mill sediment LPX-SD-4210-2328-01 NORMAL 5/9/2003 LPX-SD-4210 2.3 2.8 USACE WES x
Lyman Mill Sediment LPX-SD-4204-0000-0050 NORMAL 5/10/2003 LPX-SD-4204 0.3 0.4 USACE WES x x x x x
Lyman Mill Sediment LPX-SD-4501-0000-0005 NORMAL 3/30/2005 LPX-SD-4501 0 0.5 BATTELLE x x x x x
Lyman Mill Sediment LPX-SD-4501-0000-0019 NORMAL 3/30/2005 LPX-SD-4501 0.5 1.9 BATTELLE x x
Lyman Mill Sediment LPX-SD-4501-0012-0013 NORMAL 3/30/2005 LPX-SD-4501 1.2 1.3 BATTELLE x
Lyman Mill Sediment LPX-SD-4501-0019-0023 NORMAL 3/30/2005 LPX-SD-4501 1.9 2.3 BATTELLE x
Lyman Mill Sediment LPX-SD-4501-0024-0025 NORMAL 3/30/2005 LPX-SD-4501 2.4 2.5 BATTELLE x
Lyman Mill Sediment LPX-SD-4505-0000-0005 NORMAL 3/30/2005 LPX-SD-4505 0 0.5 BATTELLE x x x x x
Lyman Mill Sediment LPX-SD-4505-0000-0039 NORMAL 3/30/2005 LPX-SD-4505 0.5 3.9 BATTELLE x x
Lyman Mill Sediment LPX-SD-4505-0012-0013 NORMAL 3/30/2005 LPX-SD-4505 1.2 1.3 BATTELLE x
Lyman Mill Sediment LPX-SD-4505-0024-0025 NORMAL 3/30/2005 LPX-SD-4505 2.4 2.5 BATTELLE x
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Table B-2. List of Lyman Mill Pond Sediment Samples Currently in the CMRP Database
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Lyman Mill Sediment LPX-SD-4506-0000-0005 NORMAL 3/30/2005 LPX-SD-4506 0 0.5 BATTELLE x x x x x
Lyman Mill Sediment LPX-SD-4506-0000-0043 NORMAL 3/30/2005 LPX-SD-4506 0.5 4.3 BATTELLE x x
Lyman Mill Sediment LPX-SD-4506-0012-0013 NORMAL 3/30/2005 LPX-SD-4506 1.2 1.3 BATTELLE x
Lyman Mill Sediment LPX-SD-4506-0024-0025 NORMAL 3/30/2005 LPX-SD-4506 2.4 2.5 BATTELLE x
Lyman Mill Sediment LPX-SD-4507-0000-0005 NORMAL 3/30/2005 LPX-SD-4507 0 0.5 BATTELLE x x x x x
Lyman Mill Sediment LPX-SD-4507-0000-0035 NORMAL 3/30/2005 LPX-SD-4507 0.5 3.5 BATTELLE x x
Lyman Mill Sediment LPX-SD-4507-0012-0013 NORMAL 3/30/2005 LPX-SD-4507 1.2 1.3 BATTELLE x
Lyman Mill Sediment LPX-SD-4507-0024-0025 NORMAL 3/30/2005 LPX-SD-4507 2.4 2.5 BATTELLE x
Lyman Mill Sediment LPX-SD-4508-0000-0005 NORMAL 3/30/2005 LPX-SD-4508 0 0.5 BATTELLE x x x x x
Lyman Mill Sediment LPX-SD-4508-0000-0015 NORMAL 3/30/2005 LPX-SD-4508 0.5 1.5 BATTELLE x
Lyman Mill Sediment LPX-SD-4508-0012-0013 NORMAL 3/30/2005 LPX-SD-4508 1.2 1.3 BATTELLE x
Lyman Mill Sediment LPX-SD-4508-0024-0025 NORMAL 3/30/2005 LPX-SD-4508 2.4 2.5 BATTELLE x
Lyman Mill Sediment LPX-SD-4509-0000-0005 NORMAL 3/30/2005 LPX-SD-4509 0 0.5 BATTELLE x x x x x
Lyman Mill Sediment LPX-SD-4509-0000-0010 NORMAL 3/30/2005 LPX-SD-4509 0.5 1 BATTELLE x
Lyman Mill Sediment LPX-SD-4509-0010-0018 NORMAL 3/30/2005 LPX-SD-4509 1 1.8 BATTELLE x x
Lyman Mill Sediment LPX-SD-4509-0012-0013 NORMAL 3/30/2005 LPX-SD-4509 1.2 1.3 BATTELLE x
Lyman Mill Sediment LPX-SD-4509-0024-0025 NORMAL 3/30/2005 LPX-SD-4509 2.4 2.5 BATTELLE x
Lyman Mill Sediment LPX-SD-4510-0000-0005 NORMAL 3/30/2005 LPX-SD-4510 0 0.5 BATTELLE x x x x x
Lyman Mill Sediment LPX-SD-4510-0000-0033 NORMAL 3/30/2005 LPX-SD-4510 0.5 3.3 BATTELLE x x
Lyman Mill Sediment LPX-SD-4510-0012-0013 NORMAL 3/30/2005 LPX-SD-4510 1.2 1.3 BATTELLE x
Lyman Mill Sediment LPX-SD-4510-0024-0025 NORMAL 3/30/2005 LPX-SD-4510 2.4 2.5 BATTELLE x
Lyman Mill Sediment LPX-SD-4502-0000-0005 NORMAL 3/31/2005 LPX-SD-4502 0 0.5 BATTELLE x x x x x
Lyman Mill Sediment LPX-SD-4502-0005-0029 NORMAL 3/31/2005 LPX-SD-4502 0.5 2.9 BATTELLE x
Lyman Mill Sediment LPX-SD-4502-0012-0013 NORMAL 3/31/2005 LPX-SD-4502 1.2 1.3 BATTELLE x
Lyman Mill Sediment LPX-SD-4502-0024-0025 NORMAL 3/31/2005 LPX-SD-4502 2.4 2.5 BATTELLE x
Lyman Mill Sediment LPX-SD-4503-0000-0005 NORMAL 3/31/2005 LPX-SD-4503 0 0.5 BATTELLE x x x x x
Lyman Mill Sediment LPX-SD-4503-0000-0033 NORMAL 3/31/2005 LPX-SD-4503 0.5 3.3 BATTELLE x
Lyman Mill Sediment LPX-SD-4503-0012-0013 NORMAL 3/31/2005 LPX-SD-4503 1.2 1.3 BATTELLE x
Lyman Mill Sediment LPX-SD-4503-0024-0025 NORMAL 3/31/2005 LPX-SD-4503 2.4 2.5 BATTELLE x
Lyman Mill Sediment LPX-SD-4504-0000-0005 NORMAL 3/31/2005 LPX-SD-4504 0 0.5 BATTELLE x x x x x
Lyman Mill Sediment LPX-SD-4504-0000-0030 NORMAL 3/31/2005 LPX-SD-4504 0.5 3 BATTELLE x
Lyman Mill Sediment LPX-SD-4504-0012-0013 NORMAL 3/31/2005 LPX-SD-4504 1.2 1.3 BATTELLE x
Lyman Mill Sediment LPX-SD-4504-0024-0025 NORMAL 3/31/2005 LPX-SD-4504 2.4 2.5 BATTELLE x
Lyman Mill sediment 06199 (3) NORMAL Water St. 0 0 SPINA x x


Sample Number 0 72 0 78 78 71 121 27 45 70 56


VOCs, Volatile organic compounds
SVOCs, Semi-volatile organic compounds
PCBs, Polychlorinated biphenyls
D/F, Dioxin/furans
AVS/SEM, Acid volatile sulfide/simultaneously extracted metals
GS, Grain size
TOC, Total organic carbon content
(1) Selected samples only analyzed for 2,3,7,8-TCDD; not all samples analyzed for HCX
(2) Ancillary parameters generally include geotechnical parameters such as Atterberg Limits, percent moisture, organic matter, and ash, percent 
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Table B-3. Lyman Mill Sediment Statistical Summary


PARAMETER Units No. Obs
No. 


Detected
% 


Detected
Distribution 


(a) MIN A. Mean A. StDev G. Mean G. StDev Median MAX
MAX 


(detected)


MAX 
(detected) 
Qualifier


Location of 
MAX (detected) Sample ID of MAX (detected)


Dioxin/Furans/HCX
1,2,3,4,6,7,8-HpCDD ng/kg 112 93 83 Norm 0.065 428 472 502 3215 3215 J LPX-SD-4205 LPX-SD-4205-0240-0250
1,2,3,4,6,7,8-HpCDF ng/kg 112 100 89 Lnrm 0.07 88.5 9.40 173 2385 2376 LPX-SD-4501 LPX-SD-4501-0012-0013
1,2,3,4,7,8,9-HpCDF ng/kg 112 84 75 Lnrm 0.085 4.24 11.90 8 1725 176 LPX-SD-4510 LPX-SD-4510-0024-0025
1,2,3,4,7,8-HxCDD ng/kg 112 84 75 Lnrm 0.065 3.51 7.81 5.6 1165 56.33 J LPX-SD-4205 LPX-SD-4205-0240-0250
1,2,3,4,7,8-HxCDF ng/kg 108 94 87 Lnrm 0.03 15.43 6.09 20.85 1420 264 LPX-SD-4510 LPX-SD-4510-0024-0025
1,2,3,6,7,8-HxCDD ng/kg 110 97 88 Lnrm 0.06 14.59 5.67 24.05 1065 130 J LPX-SD-4205 LPX-SD-4205-0240-0250
1,2,3,6,7,8-HxCDF ng/kg 108 94 87 Lnrm 0.03 10.30 6.00 14.2 1115 336 J LPX-SD-4208 LPX-SD-4208-0190-0200
1,2,3,7,8,9-HxCDD ng/kg 112 94 84 Lnrm 0.06 10.95 7.69 16.9 1455 147 J LPX-SD-4205 LPX-SD-4205-0240-0250
1,2,3,7,8,9-HxCDF ng/kg 102 40 39 None 0.04 1.31 1700 18.09 J LPX-SD-4510 LPX-SD-4510-0024-0025
1,2,3,7,8-PeCDD ng/kg 112 85 76 Lnrm 0.05 3.96 5.85 6.44 1115 164 J LPX-SD-4205 LPX-SD-4205-0240-0250
1,2,3,7,8-PeCDF ng/kg 109 84 77 Lnrm 0.06 3.60 8.15 5.8 1775 101 LPX-SD-4204 LPX-SD-4204-0110-0120
1,2,4,5,7,8-hexachloro(9h)xanthene ng/Kg 63 50 79 Lnrm 1.42 160 38.32 549 166500 166500 J SD-18 SD-18
2,3,4,6,7,8-HxCDF ng/kg 108 91 84 Lnrm 0.035 7.73 7.90 12.26 2150 87.44 J LPX-SD-4208 LPX-SD-4208-0190-0200
2,3,4,7,8-PeCDF ng/kg 112 91 81 Lnrm 0.05 5.50 6.23 7.1 1165 76.63 J LPX-SD-4205 LPX-SD-4205-0240-0250
2,3,7,8-TCDD ng/kg 119 115 97 Lnrm 0.035 433 16.92 778 49421 49421 J LPX-SD-4205 LPX-SD-4205-0240-0250
2,3,7,8-TCDF ng/kg 112 100 89 Lnrm 0.04 10.12 5.64 16.1 217 217 # LPX-SD-4205 LPX-SD-4205-0240-0250
2,4,6,8-TCDT NG/KG 1 0 0
OCDD ng/kg 112 92 82 Norm 0.085 2697 3157 2716 18864 18864 J LPX-SD-4207 LPX-SD-4207-0000-0010
OCDF ng/kg 111 89 80 Lnrm 0.08 142 13.59 228 6440 3282 LPX-SD-4510 LPX-SD-4205-0240-0250
PCDD/Fs NG/KG 53 44 83 Lnrm 12.55 1774 17.97 3520 24600 24600 LPX-SD-2050 LPX-SD-2050-01
TEQ ng/Kg 119 119 100 Lnrm 0.2 533 12.64 864 49737 49737 LPX-SD-4205 LPX-SD-4205-0240-0250
Total HpCDD ng/kg 91 80 88 Norm 0.065 1109 1117 827 5586.8 5587 J LPX-SD-4205 LPX-SD-4510-0024-0025
Total HpCDF ng/kg 91 85 93 Lnrm 0.075 156 10.23 367 3856 3856 J LPX-SD-4501 LPX-SD-4205-0240-0250
Total HxCDD ng/kg 91 83 91 Norm 0.06 208 208 153 1173 1173 J LPX-SD-4205 LPX-SD-4205-0240-0250
Total HxCDF ng/kg 91 86 95 Lnrm 0.035 133 9.81 273 3999 3999 J LPX-SD-4510 LPX-SD-4205-0240-0250
Total PeCDD ng/kg 91 76 84 Lnrm 0.05 25.21661155 12.38 33.6 1067 1067 J LPX-SD-4205 LPX-SD-4205-0240-0250
Total PeCDF ng/kg 91 90 99 Lnrm 0.12 133 8.30 196 6039 6039 J LPX-SD-4205 LPX-SD-4507-0000-0035
Total TCDD ng/kg 91 88 97 Lnrm 0.035 519 16.55 840 506071 506071 J LPX-SD-4205 LPX-SD-4509-0010-0018
Total TCDF ng/kg 90 86 96 Lnrm 0.04 104 7.31 155 4023 4023 J LPX-SD-4205 LPX-SD-4507-0000-0035


Metals
Aluminum mg/Kg 69 69 100 Lnrm 1690 8075 1.85 8580 27773 27773 J LPX-SD-4011 LPX-SD-4011-0000-01
Antimony mg/Kg 68 30 44 None 0.0225 0.5775 8.2 8.2 J WRL-SD-2044 WRL-SD-2044-000.5-01
Arsenic mg/Kg 70 55 79 Norm 0.0305 3.95 2.67 4 24.05 14.8 LPX-SD-2053 LPX-SD-2053-0204-01
Barium mg/Kg 70 70 100 Lnrm 10 92.2 2.36 99.6 380 380 J LPX-SD-4004 LPX-SD-4004-0000-01
Beryllium mg/Kg 69 68 99 Lnrm 0.055 1.07 2.48 1.3 4.36 4.36 LPX-SD-4012 LPX-SD-4012-0000-01
Cadmium mg/Kg 69 52 75 Norm 0.025 1.25 1.46 1.2 7 7 J WRL-SD-2044 WRL-SD-2044-0.502-01
Calcium MG/KG 48 48 100 None 158 1465 2040 5860 5860 LPX-SD-2050 LPX-SD-2050-01
Chromium mg/Kg 70 70 100 Norm 2.8 91.4 65.7 83.5 259 259 J LPX-SD-4011 LPX-SD-4011-0000-01
Cobalt mg/Kg 69 52 75 Lnrm 0.6 5.71 2.98 5.9 26.6 26.6 LPX-SD-4012 LPX-SD-4012-0000-01
Copper mg/Kg 69 66 96 Norm 2.65 86.9 66.8 71.3 319 319 LPX-SD-2046 LPX-SD-2046-0.502-01
Cyanide MG/KG 1 0 0 None 3.75 3.75 3.75
Iron mg/Kg 69 69 100 Lnrm 4890 13739 1.73 13300 41293 41293 LPX-SD-4012 LPX-SD-4012-0000-01
Lead mg/Kg 70 70 100 Norm 11.5 206 137 183 613 613 J LPX-SD-4011 LPX-SD-4011-0000-01
Magnesium MG/KG 48 48 100 Lnrm 358 1459 1.78 1560 3620 3620 Lymansville Dam DAM003-SD
Manganese mg/Kg 69 69 100 Lnrm 44.1 379 2.30 403 1970 1970 LPX-SD-2050 LPX-SD-2050-01
Mercury UG/G_DRYWT 69 65 94 Norm 0.005 0.3208 0.2564 0.28 1.2 1.2 J LPX-SD-2048 LPX-SD-DU-110999A
Methyl mercury mg/Kg 20 20 100 None 0 0.002236 0 0.01 0.01 J WRL-SD-4005 WRL-SD-4005-0000-01
Molybdenum mg/Kg 21 16 76 Norm 0.345 6.45 5.71 7.43 17.5 17.5 LPX-SD-4510 LPX-SD-4510-0000-0005
Nickel mg/Kg 69 55 80 Lnrm 1.4 19.24 4.37 21.2 113 113 LPX-SD-2050 LPX-SD-2050-01
Potassium MG/KG 47 47 100 Lnrm 218 750 1.76 852 1980 1980 J LPX-SD-2052 LPX-SD-2052-000.5-01
Selenium mg/Kg 69 15 22 None 0.027 0.53 20.05 4.5 J WRL-SD-2044 WRL-SD-2044-0.502-01
Silver mg/Kg 70 31 44 None 0.0075 1.175 14.6 14.6 WRL-SD-2044 WRL-SD-2044-000.5-01
Sodium MG/KG 47 15 32 None 3.355 29.2 434 434 LPX-SD-2045B LPX-SD-2045B-02
Thallium mg/Kg 68 14 21 None 0.032 0.3925 5 4.9 J LPX-SD-4205 LPX-SD-4205-0000-0050
Vanadium mg/Kg 69 69 100 Lnrm 4 27.2 1.77 29.6 91.7 91.7 LPX-SD-4012 LPX-SD-4012-0000-01
Zinc mg/Kg 69 68 99 Lnrm 15.4 256 2.97 311 2060 2060 J WRL-SD-2044 WRL-SD-2044-0.502-01
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Table B-3. Lyman Mill Sediment Statistical Summary


PARAMETER Units No. Obs
No. 


Detected
% 


Detected
Distribution 


(a) MIN A. Mean A. StDev G. Mean G. StDev Median MAX
MAX 


(detected)


MAX 
(detected) 
Qualifier


Location of 
MAX (detected) Sample ID of MAX (detected)


Semi-volatile Organic Compounds
1,1'-biphenyl UG/KG 21 17 81 None 27.34 15.10 50.04 3450 94.6 J LPX-SD-4205 LPX-SD-4205-0000-0050
1,2,4-trichlorobenzene UG/KG 45 0 0 None 15.16 15.16 2100
1,2-dichlorobenzene UG/KG 45 0 0 None 10.59 10.59 2100
1,3-dichlorobenzene UG/KG 45 0 0 None 9.84 9.84 2100
1,4-dichlorobenzene UG/KG 45 0 0 None 9.55 9.55 2100
2,2'-oxybis(1-chloropropane) UG/KG 49 0 0 None 6.9 9.60 2100
2,4,5-trichlorophenol UG/KG 52 0 0 None 11.36 22.68 5500
2,4,6-trichlorophenol UG/KG 49 0 0 None 10.71 19.95 2100
2,4-dichlorophenol UG/KG 49 0 0 None 14.43 17.53 2100
2,4-dimethylphenol UG/KG 49 0 0 None 12.99 17.75 2100
2,4-dinitrophenol UG/KG 39 0 0 None 30.36 30.36 5500
2,4-dinitrotoluene UG/KG 49 0 0 None 5.42 19.08 2100
2,6-dinitrotoluene UG/KG 49 0 0 None 7.93 19.21 2100
2-chloronaphthalene UG/KG 49 0 0 None 2.94 17.68 2100
2-chlorophenol UG/KG 49 0 0 None 9.31 12.09 2100
2-methylnaphthalene UG/KG 67 19 28 None 8.67 76.80 2100 393 J LPX-SD-4205 LPX-SD-4205-0000-0050
2-methylphenol UG/KG 49 0 0 None 11.69 27.42 2100
2-nitroaniline UG/KG 49 0 0 None 15.89 17.69 5500
2-nitrophenol UG/KG 52 0 0 None 13.36 19.53 2100
3,3'-dichlorobenzidine UG/KG 49 0 0 None 48.42 50.94 2100
3-nitroaniline UG/KG 49 0 0 None 12.62 33.11 5500
4,6-dinitro-2-methylphenol UG/KG 49 0 0 None 7.64 40.43 5500
4-bromophenyl-phenylether UG/KG 49 0 0 None 6.62 16.77 2100
4-chloro-3-methylphenol UG/KG 49 0 0 None 12.96 14.05 2100
4-chloroaniline UG/KG 49 0 0 None 36.59 41.62 2100
4-chlorophenyl-phenylether UG/KG 49 0 0 None 8.52 21.50 2100
4-methylphenol UG/KG 52 2 4 None 13.61 185 2600 2600 WRL-SD-2041 WRL-SD-DUP01-02
4-nitroaniline UG/KG 49 0 0 None 11.2 12.62 5500
4-nitrophenol UG/KG 50 0 0 None 18.81 251 5500
Acenaphthene UG/KG 70 25 36 None 4.71 113 2100 327 LPX-SD-4012 LPX-SD-4012-0000-01
Acenaphthylene UG/KG 71 23 32 None 4.34 195 2100 429 LPX-SD-4012 LPX-SD-4012-0000-01
Acetophenone UG/KG 4 0 0 None 380 2300 3450
Anthracene UG/KG 71 32 45 None 14.02 320 2100 1124 LPX-SD-4012 LPX-SD-4012-0000-01
Atrazine UG/KG 4 0 0 None 380 2300 3450
Bapeq UG/KG 47 39 83 None 0.05 741 540 5300 5300 Lymansville Dam DAM003-SD
Benzaldehyde UG/KG 24 21 88 None 78 874 225 3450 459 LPX-SD-4013 LPX-SD-071601-A
Benzo(a)anthracene UG/KG 71 60 85 Lnrm 19.88 689 5.14 1000 5529 5529 LPX-SD-4013 LPX-SD-071601-A
Benzo(a)pyrene UG/KG 71 61 86 Lnrm 11.90 671 5.41 1094 7040 7040 LPX-SD-4013 LPX-SD-071601-A
Benzo(b)fluoranthene UG/KG 71 62 87 Lnrm 16.51 868 4.98 1200 8635 8635 LPX-SD-4013 LPX-SD-071601-A
Benzo(g,h,i)perylene UG/KG 71 50 70 Lnrm 24.89 334 12.41 690 5594 5594 LPX-SD-4013 LPX-SD-071601-A
Benzo(k)fluoranthene UG/KG 71 61 86 Lnrm 13.97 645 5.32 960 8122 8122 LPX-SD-4013 LPX-SD-071601-A
Bis(2-chloroethoxy)methane UG/KG 49 0 0 None 6.11 14.47 2100
Bis(2-chloroethyl)ether UG/KG 49 0 0 None 7.59 8.38 2100
Bis(2-ethylhexyl)phthalate UG/KG 57 39 68 Lnrm 12.82 212 9.25 460 7900 7900 J LPX-SD-4012 LPX-SD-4012-0000-01
Butylbenzylphthalate UG/KG 57 15 26 None 10.31 200 2100 1200 J LPX-SD-4012 LPX-SD-4012-0000-01
Caprolactam UG/KG 4 0 0 None 380 2300 3450
Carbazole UG/KG 57 15 26 None 22.15 200 2100 810 WRL-SD-2041 WRL-SD-DUP01-02
Chrysene UG/KG 71 63 89 Lnrm 20.26 883 4.75 1481 9697 9697 LPX-SD-4013 LPX-SD-071601-A
Dibenzo(a,h)anthracene UG/KG 71 31 44 None 16.13 350 2100 1238 LPX-SD-4013 LPX-SD-071601-A
Dibenzofuran UG/KG 68 22 32 None 6.72 97.9 2100 274 LPX-SD-4013 LPX-SD-071601-A
Diethylphthalate UG/KG 51 0 0 None 8.09 16.73 2100
Dimethylphthalate UG/KG 50 1 2 None 3.79 16.86 2100 180 J LPX-SD-2045B LPX-SD-2045B-02
Di-n-butylphthalate UG/KG 56 7 13 None 8.41 17.30 2100 290 J LPX-SD-4012 LPX-SD-4012-0000-01
Di-n-octylphthalate UG/KG 53 4 8 None 12.04 12.38 2100 400 J LPX-SD-4012 LPX-SD-4012-0000-01
Fluoranthene UG/KG 71 68 96 Lnrm 23.28 1539 4.42 2600 18647 18647 LPX-SD-4013 LPX-SD-071601-A
Fluorene UG/KG 71 27 38 None 7.69 180 2100 671 LPX-SD-4012 LPX-SD-4012-0000-01
Hexachlorobenzene UG/KG 49 0 0 None 4.16 16.65 2100
Hexachlorobutadiene UG/KG 49 0 0 None 9.14 20.95 2100
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Table B-3. Lyman Mill Sediment Statistical Summary


PARAMETER Units No. Obs
No. 


Detected
% 


Detected
Distribution 


(a) MIN A. Mean A. StDev G. Mean G. StDev Median MAX
MAX 


(detected)


MAX 
(detected) 
Qualifier


Location of 
MAX (detected) Sample ID of MAX (detected)


Hexachlorocyclopentadiene UG/KG 49 0 0 None 5.08 16.13 2100
Hexachloroethane UG/KG 49 0 0 None 9.38 10.89 2100
High Molecular Weight Pahs UG/KG 47 44 94 None 13.98 8483 4000 40000 40000 Lymansville Dam DAM003-SD
Indeno(1,2,3-cd)pyrene UG/KG 71 55 77 Lnrm 15.56 563 7.71 750 6063 6063 LPX-SD-4013 LPX-SD-071601-A
Isophorone UG/KG 49 0 0 None 5.93 14.76 2100
Low Molecular Weight Pahs UG/KG 47 35 74 None 13.98 555 440 3900 3900 AD-05 AD-05-A
Naphthalene UG/KG 68 20 29 None 9.03 120 2100 388 J LPX-SD-4205 LPX-SD-4205-0000-0050
Nitrobenzene UG/KG 49 0 0 None 6.84 16.3 2100
N-nitroso-di-n-propylamine UG/KG 49 0 0 None 8.26 22.81 2100
N-nitroso-diphenylamine UG/KG 49 0 0 None 5.57 15.04 2100
Pentachlorophenol UG/KG 52 0 0 None 11.03 22.30 5500
Phenanthrene UG/KG 71 59 83 Lnrm 18.36 799 5.25 1181 8379 8379 LPX-SD-4012 LPX-SD-4012-0000-01
Phenol UG/KG 52 1 2 None 10.50 54.78 2100 96 JEB WRL-SD-2041 WRL-SD-DUP01-02
Pyrene UG/KG 71 64 90 Lnrm 16.06 1314 4.43 1900 14006 14006 LPX-SD-4013 LPX-SD-071601-A
Total PAH UG/KG 52 49 94 Lnrm 13.98 3960 7.04 5150 95489 95489 LPX-SD-4013 LPX-SD-071601-A
Total Semi-volatile Organics UG/KG 1 1 100 None 19000 19000 19000 19000 J AD-05 AD-05-A


PCB as Aroclors
Aroclor, Total UG/KG 71 57 80 Lnrm 0.6035 135 8.04 147 3257 3257 LPX-SD-4205 LPX-SD-4205-0000-0050
Aroclor-1016 UG/KG 75 0 0 None 0.934 17.36 265
Aroclor-1221 UG/KG 75 0 0 None 0.9575 17.95 265
Aroclor-1232 UG/KG 75 0 0 None 0.8395 17.36 265
Aroclor-1242 UG/KG 75 0 0 None 1.05 17.36 265
Aroclor-1248 UG/KG 75 16 21 None 1.34 20 320 94 LPX-SD-2048 LPX-SD-2048-0.502-01
Aroclor-1254 UG/KG 77 61 79 Lnrm 0.6035 130 7.81 130 2600 2600 * LPX-SD-2046 LPX-SD-2046-0.502-01
Aroclor-1260 UG/KG 75 7 9 None 1.50 18.75 320 320 LPX-SD-2046 LPX-SD-2046-0.502-01
Aroclor-1262 UG/KG 1 0 0
Aroclor-1268 UG/KG 22 10 45 None 12.23 30.63 314 314 J LPX-SD-4013 LPX-SD-4013-0000-01


PCB as Congeners
(no change from Remedial Investigation Report, Appendix C, Table C-9)


Pesticides/Herbicides
4,4'-DDD UG/KG 75 30 40 None 0.152 2.15 50.19 50.19 J LPX-SD-4013 LPX-SD-4013-0000-01
4,4'-DDE UG/KG 75 34 45 None 0.0665 2.3 46.16 46.16 J LPX-SD-4506 LPX-SD-4506-0000-0005
4,4'-DDT UG/KG 77 32 42 None 0.13 2.3 39 39 J WRL-SD-2071 WRL-SD-2071-01
aldrin NG/G_DRY 75 1 1 None 0.0305 0.7621 13.5 0.58 J SD-12 SD-12
alpha-BHC UG/KG 75 0 0 None 0.0565 0.8425 13.5
alpha-Chlordane UG/KG 78 51 65 Lnrm 0.0425 5.76 34.84 6.6 140.75 141 LPX-SD-4004 LPX-SD-4004-0000-01
beta-BHC UG/KG 74 0 0 None 0.0345 0.8 13.5
delta-BHC UG/KG 71 0 0 None 0.0475 0.75 13.5
dieldrin NG/G_DRY 75 15 20 None 0.1175 1.85 27.5 17 P WRL-BK-2004 WRL-BK-2004Z-01
endosulfan I NG/G_DRY 71 0 0 None 0.071 0.75 13.5
endosulfan II NG/G_DRY 75 26 35 None 0.067 2.4 290 290 EB* LPX-SD-2046 LPX-SD-2046-0.502-01
endosulfan sulfate NG/G_DRY 74 4 5 None 0.145 1.02 27.5 10.55 WRL-SD-4005 WRL-SD-4005-0000-01
endrin NG/G_DRY 75 3 4 None 0.12 0.975 27.5 9.5 LPX-SD-2046 LPX-SD-2046-0.502-01
endrin aldehyde NG/G_DRY 71 0 0 None 0.069 0.7925 27.5
endrin ketone NG/G_DRY 69 0 0 None 0.1165 0.4845 27.5
gamma-BHC UG/KG 74 2 3 None 0.0745 0.8 13.5 7 WRL-SD-2041 WRL-SD-DUP01-02
gamma-Chlordane UG/KG 76 45 59 Lnrm 0.03 4.69 4.26 4.05 69.88 69.88 LPX-SD-4011 LPX-SD-4011-0000-01
heptachlor NG/G_DRY 75 3 4 None 0.063 0.75 13.5 0.81 J LPX-SD-4013 LPX-SD-071601-A
heptachlor epoxide NG/G_DRY 73 2 3 None 0.0335 0.7647 13.5 6 P WRL-SD-2042 WRL-SD-2042-02
methoxychlor NG/G_DRY 74 3 4 None 0.165 1.005 135 39 LPX-SD-2046 LPX-SD-2046-0.502-01
Technical Chlordane UG/KG 23 22 96 Lnrm 17 399 3.11 327 2213 2213 LPX-SD-4004 LPX-SD-4004-0000-01
Toxaphene UG/KG 75 0 0 None 4.95 25.87 550
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Table B-3. Lyman Mill Sediment Statistical Summary


PARAMETER Units No. Obs
No. 


Detected
% 


Detected
Distribution 


(a) MIN A. Mean A. StDev G. Mean G. StDev Median MAX
MAX 


(detected)


MAX 
(detected) 
Qualifier


Location of 
MAX (detected) Sample ID of MAX (detected)


Ancillary
Ash Percent 14 14 100 None 2.7 1.20 5.25 8.5 8.5 LPX-SD-4201 LPX-SD-4201-1031-01
Liquid Limit 20 20 100 Norm 37 142 55.9 147 273 273 LPX-SD-4201 LPX-SD-4201-1031-01
Organic Matter Percent 14 14 100 None 18 9.85 26.7 59.6 59.6 LPX-SD-4209 LPX-SD-4209-0812-01
Percent Clay Percent 27 27 100 Norm 1.23 23.9 12.2 27.28 45.2 45.2 LPX-SD-4210 LPX-SD-4210-0015-01
Percent Fines (silt + clay) Percent 39 39 100 None 3 29.7 83 99.81 99.81 LPX-SD-4004 LPX-SD-4004-0000-01
Percent Gravel Percent 45 45 100 None 0 13.4 0 77.18 77.18 LPX-SD-4206 LPX-SD-4206-1823-01
Percent Moisture Percent 19 19 100 None 37.7 9.29 67.7 85.7 85.7 LPX-SD-4012 LPX-SD-4012-0000-01
Percent Sand Percent 45 45 100 None 0.19 22.7 14.27 80 80 WRL-SD-2038 WRL-SD-2038-01
Percent Silt Percent 27 27 100 None 3.51 17.1 62.32 85.05 85.05 LPX-SD-4013 LPX-SD-071601-A
Percent Solids Percent 31 31 100 None 14.3 10.1 30 62.3 62.3 LPX-SD-4209 LPX-SD-4209-0812-01
Plastic Limit 20 20 100 Lnrm 35 78.4 1.38 76 168 168 LPX-SD-4201 LPX-SD-4201-1031-01
Plasticity Index 20 20 100 Norm 2 59.7 34.4 71 105 105 LPX-SD-4201 LPX-SD-4201-0010-01


LPX-SD-4201 LPX-SD-4201-1031-01
Specific Gravity 37 37 100 None 1.7 0.2862 2.59 2.65 2.65 LPX-SD-2045 LPX-SD-2045-01


LPX-SD-2046 LPX-SD-2046-000.5-01
LPX-SD-2047 LPX-SD-2047-01
LPX-SD-2048 LPX-SD-2048-000.5-01
LPX-SD-2049 LPX-SD-2049-01
LPX-SD-2050 LPX-SD-2050-01
LPX-SD-2051 LPX-SD-2051-01
LPX-SD-2052 LPX-SD-2052-000.5-01
LPX-SD-2053 LPX-SD-2053-000.5-01
LPX-SD-2048 LPX-SD-DU-110999A
WRL-SD-2040 WRL-DU-102599A
WRL-SD-2038 WRL-SD-2038-01
WRL-SD-2039 WRL-SD-2039-01
WRL-SD-2041 WRL-SD-2041-01
WRL-SD-2042 WRL-SD-2042-01
WRL-SD-2043 WRL-SD-2043-01
WRL-SD-2044 WRL-SD-2044-000.5-01


Total Organic Carbon Percent 73 73 100 Norm 0.1 8.31 5.77 8.49 26.99 26.99 LPX-SD-4201 LPX-SD-4201-3942-01
Water Content Percent 28 28 100 Norm 62 265 123 255 635 635 LPX-SD-4012 LPX-SD-4012-0000-01


Notes
(a) Distributional tests were performed at the .05 level of significance.


Abbreviations Definition
MIN Minimum
MAX Maximum
Lnrm log normal
Norm normal
A. Mean arithmetic mean
A. StDev arithmetic standard deviation
G. Mean geometric mean
G. StDev geometric standard deviation
No. Detected Number detected
No. Obs Number of observations
ng/kg nanograms per kilogram
mg/kg milligrams per kilogram
µg/kg micrograms per kilogram
pct percent
J Quantitation approximate
* From dilution analysis
P (not defined in project documents)
JEB Quantitation approximate, Equipment Blank Contamination
EB* Equipment Blank Contamination, From dilution analysis
# Confirmation analysis
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Minimum Maximum 
Detected


Geometric 
Mean (d) Minimum Maximum 


Detected
Geometric 


Mean (d) Minimum Maximum 
Detected


Geometric 
Mean (d)


TCDD 0.2 110000 879 (H) 0.035 49421 433 (H) 0.15 86.6 0.43
TEQ 0.52 110000 972 (H) 0.2 49737 533 (H) 2.3 179 21


Benzo(a)pyrene 0.012 9.62 0.72 (L) 0.012 7.04 0.67 0.1 6.2 2.2
Dibenz(a,h)anthracene 0.016 2.6 - 0.016 1.24 - 0.016 0.88 0.45
n-nitroso-di-n-propylamine 0.023 NA - 0.0083 NA - (L) 0.023 NA -


PCB TEQ 0.00015 0.00015 0.00015 0.000017 0.000065 0.000019 0.000025 0.000037 0.000031
Aroclor-1254 0.0006 28 0.27 (H) 0.0006 2.6 0.13 0.0006 7.8 0.11
Aroclor-1268 0.034 0.16 0.067 0.012 0.31 - (L) 0.022 0.25 0.081
Total Aroclor 0.0006 28 0.27 0.0006 3.26 0.135 0.0006 7.8 0.17
4,4'-DDD 0.00002 0.04 - 0.0002 0.05 - 0.0002 0.019 0.002
4,4'-DDE 0.00007 0.23 - 0.000067 0.046 - 0.0001 0.031 -
Dieldrin 0.0001 0.17 - (H) 0.0001 0.017 - 0.0001 0.0094 -
Technical Chlordane 0.0005 0.97 0.028 0.017 2.21 0.40 0.15 0.74 0.37


Aluminum 1790 22168 8990 1690 27773 8075 1880 24690 7348
Arsenic 0.31 18.0 3.03 0.031 14.8 3.95 0.36 13.5 3.83
Barium 0.40 326 110 10.0 380 92.2 7.60 375 160
Selenium 0.30 4.70 - (L) 0.027 4.5 - (L) 0.38 3.60 0.91
Vanadium 4.85 111 24.7 4 91.7 27.2 6.80 159 39.8
Zinc 0.26 2088 299 15.4 2060 256 11.4 856 175


Notes


(b) Data source: Battelle (2005a).
(c) Statistical results updated from RI (Battelle, 2005a) to include results from March 2005 sediment investigation at Lyman Mill Pond.
(d) Central tendency not determined for analytes with less than 50% detected results, as indicated by a dash.
Bold = arithmetic mean (data normally distributed)
Italics  = median (data not lognormally or normally distributed)
H = indicates that distribution of concentrations is significantly higher (at the 95% level of confidence) than background.  
L = indicates that distribution of concentrations is significantly lower (at the 95% level of confidence) than background.
mg/kg - milligrams per kilogram
ng/kg - nanograms per kilogram


(a) Statistical comparisons conducted using a modified Kaplan-Meier test.


Semivolatile Organic Compounds (mg/kg)


PCBs and Pesticides (mg/kg)


Inorganics (mg/kg)


Table B-4.  Statistical Summary for Chemicals of Concern for Sediment From the Allendale, Lyman Mill and Upstream 
Reaches of the Woonasquatucket River (a)


PARAMETER
Allendale Sediment (b) Lyman Mill Sediment (c) Upstream Sediment (Background) (b)


Dioxins/Furans (ng/kg)
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ATTACHMENT B-1 
Core Logs from March 2005 Sediment Investigation at Lyman Mill Pond 
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PROJECT NAME: Centredale Manor Restoration Project 
lOCATION: Woonasquatucket River, North Providence, RI 
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PROJECT NAME: Centredale Manor Restoration Project 


LOCATION: Woonasquatucket River, North Providence, RI 


BORING NUMOER: LPX-S[).4502 
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PROJECT NAME: Centredale Manor Restoration Project 


LOCATION: Woonasquatucket River, North Providence, RI 


BORING NUMOER: LPX-S[).4502 
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PROJECT NAME: Centredale Manor Restoration Project 


LOCATION: Woonasquatucket River, North Providence, RI 


BORING NUMOER: LPX-S[).4502 (211).Pb, 137·Cs) 


LOCATION p~tIlon91: 27£lI24 4 334090.5 


g , 
c 
o 


.~ .§-", 
o 


00 - 0 6ft - Ubfown, 
not consistent. SIi:lht 
hyd rocarbon odof 


Black, incon so li date d, 
woo dy debri s@ 2.Dft, 
slow co lor change to 


dk brown , darker than 
aboy" inte",.1 


-~~,;:ft' ,U brown, 
~:~::~_upwa'd 


. sequence, coarse, 
sand@bo mo mof 
sand ,nterva l 


3.4 ft - black, ofga nic, 
woody debfis@ 3.B ft , 
peat 


, 


DATE: 4rffiAl5 


TOTAL DEPTH: 5.2 ft 


.~ 







 


 


Interim
 Final C


M
RP Feasibility Study Report 


B
-29 


April 2010 
Appendix B 


 


PROJECT NAME: Centredale Manor Restoration Project 


LOCATION: Woonasquatucket River, North Providence, RI 


BORING NUMOER: LPX-S[).4502 (21I).Pb. 137·Cs) 


LOCATION p~tIlon91: 27£lI24 4 334090.5 
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PROJECT NAME: Centredale Manor Restoration Project 


LOCATION: Woonasquatucket River, North Providence, RI 


BORING NUMOER: LPX-S[).4503 


LOCATION p~tIlong): 276219.3333901 9 
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PROJECT NAME: Centredale Manor Restoration Project 
LOCATION: Woonasquatucket River, North Providence, RI 


BORING NUMBER: LPX-SD-4503 


LOCATION (Iat/long): 27621933339]19 
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PROJECT NAME: Centredale Manor Restoration Project 


LOCATION: Woonasquatucket River, North Providence, RI 


BORING NUMOER: LPX-S[).4503 (21I).Pb. 137·Cs); (Sulfur) 


LOCATION p~tIlon91: 276219.3 333!:IJ1 9 
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PROJECT NAME: Centredale Manor Restoration Project 
LOCATION: Woonasquatucket River, North Providence, RI 


BORING NUMBER: LPX-SD-4503 (210-Pb, 137-Cs); (Sulfur) 


LOCATION (Iat/long): 276219.3 3339]1.9 
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PROJECT NAME: Centredale Manor Restoration Project 


LOCATION: Woonasquatucket River, North Providence, RI 


BORING NUMOER: LPX-S[)'.504 


LOCATION p~tIlong): 27W5.6 331564 3 
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PROJECT NAME: Centredale Manor Restoration Project 


LOCATION: Woonasquatucket River, North Providence, RI 


BORING NUMOER: LPX-S[).4505 


LOCATION p~tIlong): 276735.5 331327 3 
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PROJECT NAME: Centredale Manor Restoration Project 


LOCATION: Woonasquatucket River, North Providence, RI 


BORING NUMOER: LPX-S[).4505 


LOCATION p~tIlong): 276735.5 331327 3 
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PROJECT NAME: Centredale Manor Restoration Project 


LOCATION: Woonasquatucket River, North Providence, RI 


BORING NUMOER: LPX-S[).4505 (Sulfur) 


LOCATION p~tIlong): 276735.5 331327 3 
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PROJECT NAME: Centredale Manor Restoration Project 


LOCATION: Woonasquatucket River, North Providence, RI 


BORING NUMOER: LPX-S[).4505 (Sulfur) 


LOCATION p~tIlong): 276735.5 331327 3 
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PROJECT NAME: Centredale Manor Restoration Project 


LOCATION: Woonasquatucket River, North Providence, RI 


BORING NUMOER: LPX-S[),. so; 


LOCATION p~tIlong): ~5.3 33l593.3 
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PROJECT NAME: Centredale Manor Restoration Project 


LOCATION: Woonasquatucket River, North Providence, RI 


BORING NUMOER: LPX-S[),. so; 


LOCATION p~tIlong): ~5.3 33l593.3 
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PROJECT NAME: Centredale Manor Restoration Project 


LOCATION: Woonasquatucket River, North Providence, RI 


BORING NUM8ER: LPX-S[).4507 


LOCATION p~tIlong): 277370.8 331379 9 
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PROJECT NAME: Centredale Manor Restoration Project 


LOCATION: Woonasquatucket River, North Providence, RI 


BORING NUM8ER: LPX-S[).4507 


LOCATION p~tIlong): 277370.8 331379 9 
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PROJECT NAME: Centredale Manor Restoration Project 


LOCATION: Woonasquatucket River, North Providence, RI 


BORING NUM8ER: LPX-S[).4507 (Sulfur) 


LOCATION p~tIlong): 277370.8 331379 9 
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PROJECT NAME: Centredale Manor Restoration Project 
LOCATION: Woonasquatucket River, North Providence, RI 


BORING NUM8ER: LPX-S[).4507 (Sulfur) 


LOCATION p~tIlong): 277370.8 331379 9 
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PROJECT NAME: Centredale Manor Restoration Project 
LOCATION: Woonasquatucket River, North Providence, RI 


BORING NUM8ER: LPX-S[).451l3 


LOCATION p~tIlong): 27726E1.8 n.o27 9 
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PROJECT NAME: Centredale Manor Restoration Project 
LOCATION: Woonasquatucket River, North Providence, RI 


BORING NUMBER: LPX-SD-451J3 


LOCATION (Iat/long): 277268.8 334027.9 
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PROJECT NAME: Centredale Manor Restoration Project 


LOCATION: Woonasquatucket River, North Providence, RI 


BORING NUM8ER: LPX-S[).45(J9 
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PROJECT NAME: Centredale Manor Restoration Project 
LOCATION: Woonasquatucket River, North Providence, RI 


BORING NUMBER: LPX-SD-4509 


LOCATION (Iat/long): 277418.1 333505.6 
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PROJECT NAME: Centredale Manor Restoration Project 


LOCATION: Woonasquatucket River, North Providence, RI 


BORING NUMOER: LPX-S[).45(J9 (211).Pb, 137·Cs) 
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ATTACHMENT B-2 
Analysis of Radioisotope Cores, 


March 2005 Sediment Investigation at Lyman Mill Pond
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305 West Grand Avenue 
Suite 300 
Montvale, NJ 07645 
TEL (201) 930-9890 
FAX (201) 930-9805 
 
290 Elwood Davis Road 
Suite 230 
Liverpool, NY 13088 
TEL (315) 453-9009 
FAX (315) 453-9010 
 
80 Glen Street 
Suite 2 
Glens Falls, NY 12801 
TEL (518) 792-3709 
FAX (518) 792-3719 
 
800 Brazos Street 
Suite 1040 
Austin, TX 78701 
TEL (512) 707-0090 
FAX (512) 275-0915 


March 10, 2006 
 
Ms. Deirdre Dahlen 
Battelle 
397 Washington Street 
Duxbury, MA  02332 
 
SUBMITTAL OF DELIVERABLE: Analysis of Radioisotope Cores Collected in Lyman 
Mill Pond During March 2005, Centredale Manor Restoration Project Superfund Site 
 
Dear Ms. Dahlen: 
 
This draft letter report documents results from the analysis of radioisotope cores collected 
in Lyman Mill Pond for your review and comment.  Please contact me if you would like 
to discuss this letter report or have any questions.  
 
The radioisotopes cesium-137 (137Cs) and lead-210 (210Pb) are used to age-date sediments 
and to establish sedimentation rates in estuarine and freshwater systems (Olsen et al. 
1978, Orson et al. 1990).  Descriptions of the geochronology analyses that are used to 
evaluate four radioisotope cores collected in Lyman Mill Pond are provided below.  The 
sediment cores, collected in the pond during March 2005, were analyzed for 
radioisotopes (i.e., 210Pb and 137Cs activity).  The vertical profiles of 137Cs and 210Pb for 
each core are presented on Figures 1 through 4.  Analyses of these vertical profiles were 
conducted to develop estimates of sedimentation rates in Lyman Mill Pond.  The results 
of these analyses are presented below.  Note that an examination of the 137Cs and 210Pb 
profiles for core LPX-SD-4509 (Figure 3) indicates that these profiles are not 
interpretable and this core is excluded from the geochronology analyses. 
 
For convenience, the results of an analysis of core LPX-SD-4201, which was collected in 
Lyman Mill Pond during March 2003, are incorporated into this analysis.  The results 
from an analysis of that core were originally presented in QEA (2005). 
 


210Pb Data Analysis 


Lead-210 (210Pb), which is a decay product of volatilized atmospheric radon-222 (222Rn), 
is present in sediments primarily as a result of recent atmospheric deposition.  Radon-222 
is a volatile, short-lived, intermediate daughter of uranium-238 (238U), a naturally-
occurring radioisotope found in the earth’s crust.  The 210Pb activity in a sediment sample 
represents the total 210Pb activity, which is measured indirectly by analysis of its 
radioactive decay products bismuth-210 or polonium-210.  Total 210Pb activity (210PbT), 
is composed of two components: 1) unsupported 210Pb (210Pbu), which represents 210Pb 
that is deposited on the earth’s surface at an approximately constant rate via atmospheric 
deposition; and 2) supported 210Pb (210Pbs), which is the background 210Pb activity in the 


 
  www.qeallc.com 







Ms. Deirdre Dahlen 
March 10, 2006 
Page 2 of 6 


sediment.  In aquatic environments, the approximately constant atmospheric flux of 210Pb, and its 
decay half-life of 22.3 years, results in relatively homogeneous 210Pb activities within the 
biologically-active surface layer of the sediment bed and activities that decay exponentially 
below this depth.  For this reason, 210Pb serves as a useful tracer for estimating sedimentation 
rates in aquatic systems (Olsen et al. 1978, Orson et al. 1990, Robbins 1978). 


Two models may be used to calculate sedimentation rates using 210Pb data: 1) constant rate of 
supply (CRS); and 2) constant initial concentration (CIC).  The CRS model assumes that the 
210Pb supply from the atmosphere to the sediment bed is constant and is independent of changes 
in sedimentation rate.  Variation in the sedimentation rate causes either dilution (i.e., increased 
sedimentation rate) or concentration (i.e., decreased sedimentation rate) of 210Pb levels.  The CIC 
model assumes that the initial unsupported 210Pb activity is constant and it is not dependent on 
changes in sedimentation rate.  Thus, variation in the amount of 210Pb removed from the water 
column to the sediment bed is correlated to the variation in sedimentation rate (Allen et al. 
1993). 
 
For this analysis, the CIC model is used.  The first step in the analysis is to determine 210Pbs for a 
core in order to calculate 210Pbu: 
 
 210Pbu =  210PbT -  210Pbs (1) 
 
Average values of 210Pbs were determined for each core (see Table 1).  Data points used to 
calculate the average value in each core are shown as open circles on the left panels of Figures 1, 
2 and 4.   
 
Table 1.  Estimated sedimentation rates based on 210Pb data. 


Core Number 
Average 210Pbs 


Activity 
(pCi/g dry) 


Estimated 
Sedimentation Rate 


(cm/yr) 
LPX-SD-4502 1.9 1.2 
LPX-SD-4503 1.3 1.1 
LPX-SD-4510 2.0 0.32 


   LPX-SD-4501(a) 0.56 0.30 
(a) Presented in QEA (2005). 


 
The next step in the analysis is to evaluate the vertical profile of 210Pbu (unsupported) activity, 
which is presented for three cores on the left panels of Figures 1, 2 and 4.  Unsupported 210Pbu 
activity data are transformed to ln(210Pbu) and plotted as a function of depth in the sediment bed 
(dbed).  A linear regression analysis of ln(210Pbu) versus dbed (in feet) is conducted and the slope 
of the regression line (m) is determined.  Sedimentation rate (PbR) is calculated using: 
 
 PbR = - 0.948/m (2) 
 
Where:  PbR has units of cm/yr. 
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The estimated sedimentation rates for the three cores range from 0.32 to 1.2 cm/yr (Table 1).  
Due to variability in the data, some uncertainty is inherent in the analysis of 210Pb data.  While 
each rate presented in Table 1 may be thought of as the ‘best’ estimate of average sedimentation 
rate for a particular core, the uncertainty associated with that ‘best’ estimate should be 
quantified. Thus, the following procedure was developed for evaluating uncertainty in the 
sedimentation rate analysis.   
 
For each core, a total of N 210Pbu data points were used in the regression analysis to determine m 
and PbR.  For convenience, the sedimentation rate determined from the regression analysis 
conducted with N data points is denoted as PbRN.  Because a large portion of the uncertainty in 
results is due to the subset of data points used in the regression analysis, the variability in PbR is 
estimated by creating N sub-samples, with each sub-sample consisting of (N-1) data points.  A 
sub-sample is generated by removing one data point from the original group of N values.  This 
process is repeated until each data point has been removed one time.  For each of the sub-
samples from a particular core, the regression analysis is conducted and a regression slope is 
determined, producing N values of m (i.e., mn for n = 1, N).  Statistical analysis of mn yields a 
95% CI for m for each core.  The range of sedimentation rates for a particular core was estimated 
by using the upper- and lower-bound values of the 95% CI for m in Equation (2).  The resulting 
ranges of sedimentation rates are tabulated in Table 2. 
 
Table 2.  Estimated ranges of sedimentation rates. 


Core Number Sedimentation Rate Range: 
210Pb Analysis (cm/yr) 


Sedimentation Rate Range: 
137Cs Analysis (cm/yr) 


LPX-SD-4502 0.82  1.48 NA 
LPX-SD-4503 0.62  1.25 0.36  0.58 
LPX-SD-4510 0.31  0.34 0.73  0.94 


   LPX-SD-4501(a) 0.26  0.35 0.11  0.45 
NA = no analysis due to non-interpretable 137Cs profile 
(a) Presented in QEA (2005). 


 


137Cs Data Analysis 


Cesium-137 (137Cs) levels in sediments are derived from atmospheric fallout during nuclear 
weapons testing.  The first occurrence of detectable 137Cs in sediments generally marks the year 
1954, while peak levels correspond to 1963 (Simpson et al. 1976). Based on these dates, the best 
estimate of the long-term average sedimentation rate for a particular core is computed by 
dividing the depth of sediment between the sediment surface and the buried 137Cs peak by the 
number of years between 1963 and the time of core collection (e.g., 42 years for a core collected 
in 2005).  A 137Cs vertical profile may also be examined to identify the first detectable presence 
of 137Cs, which generally signifies the year 1954, to corroborate, where possible, the 
sedimentation rates estimated from the locations of the 137Cs peaks.  For this evaluation, the 
sedimentation rate for a particular core is computed by dividing the depth of sediment between 
the sediment surface and the first detectable presence of 137Cs (found deeper in the core) by the 
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number of years between 1954 and the time of core collection (e.g., 51 years for a core collected 
in 2005). 
 
The average sedimentation rate based on location of the peak 137Cs concentration in a core (CsR, 
in cm/yr) is calculated using: 
 
 CsR = dp / 42  (3) 
 
Where:  dp is depth of the peak concentration (cm) and 42 years is the lapsed time period 
between 1963 and core collection in 2005.  Vertical profiles of 137Cs activity are presented on the 
middle panels of Figures 1 to 4.  Examination of these profiles shows that peak 137Cs 
concentrations are evident in two of the four cores, with cores LPX-SD-4502 and LPX-SD-4509 
having non-interpretable profiles.  The 137Cs peaks, however, are generally not well defined or 
highly resolved, i.e., relatively large vertical distances exist between sample points in the core.  
Thus, the average sedimentation rate cannot be estimated with a high-degree of accuracy based 
on the depth of the 137Cs peak. 
 
The uncertainty in the location of the 137Cs peak in a core is addressed as follows.  As with the 
210Pb uncertainty analysis, the 137Cs data are used to determine a range of sedimentation rates for 
a particular core.  The first step in the analysis is to identify the peak 137Cs concentration 
(137Cspeak) in a core.  This value represents the average activity in a sediment segment that is 
typically 0.1 ft (3 cm) thick.  Vertical spacing between segments is generally greater than 0.1 ft.  
The next step is to define the 1963 time horizon in a core as the zone in which the maximum 
137Cs concentration exists.  This zone (i.e., 1963 time horizon) is assumed to extend from the 
lower-edge of the segment immediately above 137Cspeak to the upper-edge of the segment 
immediately below 137Cspeak (see middle panels of Figures 2 and 4); the 1963 time horizon 
extends from dlower to dupper in the core.  Finally, these two depths are used in Equation (3) to 
calculate a range for CsR in a particular core.  The results of this analysis are tabulated in Table 2. 


Comparison of Sedimentation Rates Based on 210Pb and 137Cs Data 


Independent estimates of sedimentation rate are provided by the 210Pb and 137Cs analyses.  
Combining the estimated rates from these two approaches yields an improved understanding of 
the depositional environment in Lyman Mill Pond.  Frequency distributions of upper- and lower-
bound estimates of sedimentation rates based on the 210Pb and 137Cs analyses (see Table 2) in 
Lyman Mill Pond are presented on Figure 5.  These results indicate that, generally, the 210Pb and 
137Cs analyses produce consistent upper- and lower-bound estimates of sedimentation rate.  
Median values of lower- and upper-bound sedimentation rates are about 0.4 and 0.6 cm/yr, 
respectively.  While there is variability in sedimentation rate in Lyman Mill Pond, with an 
approximate overall range of 0.1 to 1.5 cm/yr, a reasonable estimate of a representative (or 
average) range of sedimentation rate for this pond is 0.5 to 0.6 cm/yr.  
 


 







Ms. Deirdre Dahlen 
March 10, 2006 
Page 5 of 6 


Dioxin Bed Concentration Data 


Sediment samples from the geochronology cores were also analyzed for dioxin concentrations.  
For convenience, dioxins in this analysis are expressed as toxic equivalency quotient (TEQ) 
concentration.  Vertical profiles of dioxin TEQ concentration in the four geochronology cores 
are displayed on the right panel of Figures 1 to 4.  In general, maximum TEQ concentrations in 
the cores are less than 10 µg/kg, with the exception of core LPX-SD-4510 (maximum value of 
approximately 40-50 µg/kg).  In addition, maximum concentrations usually occur in the upper 1 
ft (30 cm) of the core. 
 
Chemical manufacturing activities at the Centredale Manor site began in approximately 1940.  
Therefore, it is reasonable to assume that negligible dioxin concentrations will occur below the 
1940 time horizon (1940-TH) in the sediment bed.  Thus, determining the 1940-TH in the 
sediment bed may provide useful information for developing certain remedial alternatives for 
Lyman Mill Pond. 
 
The depth of the 1940-TH is calculated by multiplying sedimentation rate by the time period 
between 1940 and 2005.  Uncertainty in the estimated sedimentation rate, however, must be 
incorporated into the time horizon, which is accomplished by using the ranges listed in Table 2.  
This approach yields the 1940-TH ranges, based on the 210Pb and 137Cs analyses, shown on 
Figures 1 to 4 (represented as the cross-hatched zones on the figures).  Examination of these 
figures shows that the 1940-TH is relatively thick in some cores (approximately 1 ft) due to 
uncertainty in sedimentation rate.  The range of 1940-TH depths in Lyman Mill Pond is 
indicated on Figure 6, which presents the frequency distributions of minimum and maximum 
depths of the 1940-TH.  These results indicate that a representative estimate for the 1940-TH in 
Lyman Mill Pond is a depth between 0.7 and 2 ft. 
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Figure 1.  Vertical profiles of Pb-210 activity and Cs-137 activity and dioxin TEQ concentration for core LPX-SD-4502 in Lyman Mill
Pond (March 2005 data).
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Figure 2.  Vertical profiles of Pb-210 activity and Cs-137 activity and dioxin TEQ concentration for core LPX-SD-4503 in Lyman Mill
Pond (March 2005 data).
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Figure 3.  Vertical profiles of Pb-210 activity and Cs-137 activity and dioxin TEQ concentration for core LPX-SD-4509 in Lyman Mill
Pond (March 2005 data).
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Figure 4.  Vertical profiles of Pb-210 activity and Cs-137 activity and dioxin TEQ concentration for core LPX-SD-4510 in Lyman Mill
Pond (March 2005 data).
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Figure 5. Frequency distributions of upper- and lower-bound estimates of Lyman Mill
Pond sedimentation rates based on analysis of Pb-210 and Cs-137 activity data.
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Figure 6.  Frequency distributions of minimum and maximum depths of 1940-TH
in Lyman Mill Pond sediment cores.
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SUPPLEMENTAL SURFACE WATER INVESTIGATIONS 
 


 
C.1 Introduction 
 
Appendix C presents information relevant to a surface water investigation conducted at the 
Woonasquatucket River in December 2004 to address key data gaps identified in the Remedial 
Investigation (RI) (Battelle, 2005a).  Details regarding the investigation and an evaluation of the 
investigation results in context of the RI conclusions are presented below. 
 
C.2 Study Objectives 
 
Surface water samples were collected from three locations in December 2004 to test the validity of 
hypotheses on low-flow dioxin loads at the site.  Quantitative Environmental Analysis (QEA) 
hypothesized that no net transport of dioxin was occurring downstream of Lyman Mill Dam under non-
resuspending conditions (QEA, 2004). 
 
C.3 Methods 
 
Surface water samples (unfiltered) were collected from three locations including an upstream location 
near Route 44, immediately upstream of the Allendale Dam, and immediately upstream of the Lyman 
Mill Dam (Figure C-1).  One sample was collected at each of these locations three times over a two week 
period in December 2004 (total of nine samples collected).  All samples were analyzed for dioxin/furans 
and results are reported in Battelle (2005b). 
 
Methods used for sample collection and chemical testing are provided in Battelle (2004 and 2002a, b).  
Methods used for data management and analysis (e.g., handling of non-detects and calculation of 
statistical summaries) are consistent with those described in Appendix A of the site RI (Battelle, 2005a).    
 
C.4 Results and Discussion 
 
Evaluations to test the validity of hypotheses on low-flow dioxin loads are presented in QEA (2006) and 
are summarized below.  An evaluation of the December 2004 surface water data with respect to the major 
conclusions of the site RI is also discussed below.  
 
Physical Characteristics 
 
The flow rate in the Woonasquatucket River during the December 2004 investigation ranged from 106 to 
130 cubic feet/second (cfs), which represents low to moderate flow conditions (the average flow rate at 
the U.S. Geological Survey [USGS] Centerdale gauging station is approximately 73 cfs [USGS, 1996]).  
Sediment resuspension is not expected to occur under these flow conditions.  
 
Nature and Extent of Contamination 
 
The nature and extent of contamination in Woonasquatucket River surface water are described in the site 
RI (Battelle, 2005a), and were based on all relevant and existing site data.  Results from the 2004 surface 
water investigation were evaluated to assess if the 2004 data were consistent with the major findings of 
the site RI (Battelle, 2005a).   
 
Table C-1 lists all surface water samples collected at the Centredale Manor Restoration Project (CMRP) 
site and the associated analytical parameters.  Statistical summaries (i.e., frequency of detection, 
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minimum and maximum values, central tendency, standard deviation and location of maximum value) for 
the dioxin/furan data from 1998 to 2004 are presented in Tables C-2 (upstream), C-3 (Allendale reach), 
and C-4 (Lyman Mill reach).   Statistical summaries for all other analytical data (e.g., metals) and other 
reaches of the river (e.g., Manton) are unchanged from that reported with the site RI (Battelle, 2005a). 
 
Sample results for dioxin (as toxic equivalency [TEQ]) are shown graphically as a side-by-side boxplot in 
Figure C-2.  The boxplot shows the data distribution.  The ends of the box represent the 25th and 75th 
quartiles, and the line across the middle represents the median value.  The solid lines are “whiskers” that 
extend to the minimum and maximum values.  Dioxins and furans were generally undetected or detected 
at trace levels (< 20 picograms per liter [pg/L]) in the 2004 samples and median concentrations of dioxin 
TEQ were less than or comparable to data from previous investigations (1998–2001).  Consistent with 
previous investigations, the highest median concentration of dioxin TEQ in 2004 was measured in surface 
water from the Lyman Mill reach of the river, followed by Allendale (Figure C-2). 
 
Contaminant Fate and Transport 
 
Contaminant fate and transport mechanisms are described in the site RI (Battelle, 2005a).  Overall, the 
water column load analysis of October-November 1999 surface water data found minimal net export of 
dioxin from Allendale and Lyman Mill Ponds occurs during low-flow, non-resuspending conditions 
(QEA, 2004).  In other words, the water-column load of dioxin entering the study area (i.e., the 
background load) is approximately equal to the load over Lyman Mill Dam during low-flow periods. 
However, the October-November 1999 data set is limited, with only three to five samples in Zones 1 
(upstream), 3 (downstream portion of Allendale Pond), and 5 (downstream portion of Lyman Mill Pond) 
(QEA, 2004).  Thus, uncertainty exists in the estimates of dioxin loads and the conclusions/insights 
developed from this analysis.  Results from the 2004 surface water investigation were used to assess the 
validity of these hypotheses.   
 
Results from the water column load analysis of the December 2004 data are discussed in detail in QEA 
(2006).  Briefly, the December 2004 data support the conclusions based on the October-November 1999 
data (QEA, 2006).  For example, the average dioxin loads in Zones 1 (upstream) and 3 (downstream 
portion of Allendale Pond) during December 2004 were very similar to loads during the October-
November 1999 period; average loads in Zones 1 and 3 were within 5 percent during the two periods 
(QEA, 2006).  The average load in Zone 5 during December 2004 was about twice as large as the load 
during October-November 1999, but the two mean values were not statistically different at a 95% 
confidence level (QEA, 2006).  
 
Baseline Risk Assessment 
 
Major findings from the Baseline Human Health Risk Assessment (BHHRA) (MACTEC, 2004a) and the 
Baseline Ecological Risk Assessment (BERA) (MACTEC, 2004b) are summarized in the site RI 
(Battelle, 2005a).  The BERA found that potential risks to ecological receptors from ingestion of or direct 
contact with surface water were not significant compared with potential risks from bioaccumulation and 
trophic transfer (MACTEC, 2004b).  
 
The BHHRA (MACTEC, 2004a) had found potentially unacceptable risk from direct exposure to dioxin 
in surface water.  However, uncertainties associated with the direct exposure pathway were evaluated in 
greater detail (total dioxin vs. dissolved-phase) to refine the risk estimates for the surface water direct 
exposure pathway.  Dioxin/furan results from the 2004 surface water investigation were included in these 
subsequent evaluations.  The re-issued BHHRA (MACTEC, 2005) found that potential risks from direct 
exposure to dioxin in surface water were not above the USEPA Superfund risk range at Allendale or 
Lyman Mill Ponds. 
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C.5 Summary and Conclusions 
 
The December 2004 data are consistent with the major findings presented in the site RI and support the 
conclusions on low-flow dioxin loads, indicating minimal net export of dioxin from Allendale and Lyman 
Mill Ponds occurs during low-flow, non-resuspending conditions.  Human and ecological receptors do not 
appear to be at risk from exposure to surface water at the site (human health and ecological risks are 
summarized in Section 2.5 of the feasibility study). 
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Figure C-1. Surface Water Samples Locations, December 2004 
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Figure C-2.  Boxplot of Dioxin TEQ in Surface Water Samples from the Woonasquatucket River 
(note log scale) 


Each boxplot shows the data distribution (note the log scale); the ends of the box represent the 25th and 75th 
quartiles, and the line across the middle represents the median value.  The solid lines are “whiskers” that extend to 


the minimum and maximum value 
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Table C-1. List of Surface Water Samples Currently in the CMRP Database
CMRP Feasibility Study Report
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Upstream surface water DAM001-SW NORMAL 10/23/1998 Esmond Dam SPINA x
Upstream surface water RCC-SW-3001-01 NORMAL 11/10/1999 RCC-SD-3001 TTNUS x x x x x
Upstream surface water RCC-SW-3001-01F NORMAL 11/10/1999 RCC-SD-3001 TTNUS x
Upstream surface water RCC-SW-3002-01 Field Dup. RCC-SW-


3002-01
11/10/1999 RCC-SD-3002 TTNUS x x x x x


Upstream surface water RCC-SW-3002-01F NORMAL 11/10/1999 RCC-SD-3002 TTNUS x
Upstream surface water RCC-SW-3003-01 NORMAL 11/10/1999 RCC-SD-3003 TTNUS x x x x x
Upstream surface water RCC-SW-3003-01F NORMAL 11/10/1999 RCC-SD-3003 TTNUS x
Upstream surface water RCC-SW-DU-111099A Field Dup. RCC-SW-


3002-01
11/10/1999 RCC-SD-3002 TTNUS x


Upstream surface water RWR-SW-5001-01 NORMAL 7/17/2001 RWR-SW-5001 HARDING ESE x x x x x x x x
Upstream surface water RWR-SW-5002-01 NORMAL 7/17/2001 RWR-SW-5002 HARDING ESE x x x x x x x x
Upstream surface water RWR-SW-6001-0000-01 NORMAL 12/9/2004 RWR-SW-6001 BATTELLE x
Upstream surface water RWR-SW-6001-0000-02 NORMAL 12/16/2004 RWR-SW-6001 BATTELLE x
Upstream surface water RWR-SW-6001-0000-03 NORMAL 12/18/2004 RWR-SW-6001 BATTELLE x


Sample Number 2 5 0 5 5 6 5 6 0 0 2 3


Source Area surface water CMW-SW-2016-01 NORMAL 10/26/1999 CMW-SD-2016 TTNUS x x x x x
Source Area surface water CMW-SW-2016-01F NORMAL 10/26/1999 CMW-SD-2016 TTNUS x
Source Area surface water CMW-SW-2019-01 NORMAL 10/26/1999 CMW-SD-2019 TTNUS x x x x x
Source Area surface water CMW-SW-2019-01F NORMAL 10/26/1999 CMW-SD-2019 TTNUS x
Source Area surface water CMW-SW-2020-01 NORMAL 10/26/1999 CMW-SD-2020 TTNUS x x x x x
Source Area surface water CMW-SW-2020-01F NORMAL 10/26/1999 CMW-SD-2020 TTNUS x
Source Area surface water CMW-SW-2021-01 NORMAL 10/26/1999 CMW-SD-2021 TTNUS x x x x x
Source Area surface water CMW-SW-2021-01F NORMAL 10/26/1999 CMW-SD-2021 TTNUS x
Source Area surface water CMW-SW-2022-01 NORMAL 10/27/1999 CMW-SD-2022 TTNUS x x x x
Source Area surface water CMW-SW-2022-01F NORMAL 10/27/1999 CMW-SD-2022 TTNUS x


Sample Number 0 5 0 5 5 5 5 4 0 0 0 0


Allendale surface water WRC-SW-2009-01 NORMAL 11/1/1999 WRC-SD-2009 TTNUS x x x x x
Allendale surface water WRC-SW-2009-01F NORMAL 11/1/1999 WRC-SD-2009 TTNUS x
Allendale surface water WRC-SW-2010-01 NORMAL 11/2/1999 WRC-SD-2010 TTNUS x x x x x
Allendale surface water WRC-SW-2010-01F NORMAL 11/2/1999 WRC-SD-2010 TTNUS x
Allendale surface water WRC-SW-2011-01 Field Dup. WRC-SW-


2011-01
11/2/1999 WRC-SD-2011 TTNUS x x x x x


Allendale surface water WRC-SW-2011-01F NORMAL 11/2/1999 WRC-SD-2011 TTNUS x
Allendale surface water WRC-SW-2012-01 NORMAL 11/2/1999 WRC-SD-2012 TTNUS x x x x x
Allendale surface water WRC-SW-2012-01F NORMAL 11/2/1999 WRC-SD-2012 TTNUS x
Allendale surface water WRC-SW-2013-01 NORMAL 11/1/1999 WRC-SD-2013 TTNUS x x x x x
Allendale surface water WRC-SW-2013-01F NORMAL 11/1/1999 WRC-SD-2013 TTNUS x
Allendale surface water WRC-SW-DU-110299A Field Dup. WRC-SW-


2011-01
11/2/1999 WRC-SD-2011 TTNUS x


Allendale surface water APB-SW-2029-01 NORMAL 10/29/1999 APB-SD-2029 TTNUS x x x x x
Allendale surface water APB-SW-2029-01F NORMAL 10/29/1999 APB-SD-2029 TTNUS x
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Table C-1. List of Surface Water Samples Currently in the CMRP Database
CMRP Feasibility Study Report


RI_S
AMPLE_G
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NSAMPLE


FIELD_Q
C_T


YPE


SAMP_D
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BORIN
G


DATASOURCE
VOCs
SVOCs
Herb


ici
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Pes
tic


ides
PCBs
Meta


ls
Meta


ls,
 D
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olve


d


D/F, H
CX


AVS/SEM
GS TOC
Ancil


lar
y (


1)


Allendale surface water APB-SW-2034-01 NORMAL 11/3/1999 APB-SD-2034 TTNUS x x x x x
Allendale surface water APB-SW-2034-01F NORMAL 11/3/1999 APB-SD-2034 TTNUS x
Allendale surface water APC-DU-110399A Field Dup. APC-SW-


2036-01
11/3/1999 APC-SD-2036 TTNUS x x x x


Allendale surface water APC-SW-2035-01 NORMAL 11/3/1999 APC-SD-2035 TTNUS x x x x x
Allendale surface water APC-SW-2035-01F NORMAL 11/3/1999 APC-SD-2035 TTNUS x
Allendale surface water APC-SW-2036-01 Field Dup. APC-SW-


2036-01
11/3/1999 APC-SD-2036 TTNUS x x x x x


Allendale surface water APC-SW-2036-01F NORMAL 11/3/1999 APC-SD-2036 TTNUS x
Allendale surface water CMW-DU-102799B Field Dup. CMW-SW-


2023-01
10/27/1999 CMW-SD-2023 TTNUS x x x x


Allendale surface water CMW-SW-2023-01 Field Dup. CMW-SW-
2023-01


10/27/1999 CMW-SD-2023 TTNUS x x x x x


Allendale surface water CMW-SW-2023-01F Field Dup. CMW-SW-
2023-01F


10/27/1999 CMW-SD-2023 TTNUS x


Allendale surface water CMW-SW-2024-01 NORMAL 10/27/1999 CMW-SD-2024 TTNUS x x x x x
Allendale surface water CMW-SW-2024-01F NORMAL 10/27/1999 CMW-SD-2024 TTNUS x
Allendale surface water CMW-SW-2025-01 NORMAL 10/28/1999 CMW-SD-2025 TTNUS x x x x x
Allendale surface water CMW-SW-2025-01F NORMAL 10/28/1999 CMW-SD-2025 TTNUS x
Allendale surface water CMW-SW-DU-102799B Field Dup. CMW-SW-


2023-01F
10/27/1999 CMW-SD-2023 TTNUS x


Allendale surface water DAM002-SW NORMAL 10/23/1998 Allendale Dam SPINA x
Allendale surface water WRC-SW-2014-01 NORMAL 11/1/1999 WRC-SD-2014 TTNUS x x x x x
Allendale surface water WRC-SW-2014-01F NORMAL 11/1/1999 WRC-SD-2014 TTNUS x
Allendale surface water WRC-SW-2015-01 NORMAL 11/1/1999 WRC-SD-2015 TTNUS x x x x x
Allendale surface water WRC-SW-2015-01F NORMAL 11/1/1999 WRC-SD-2015 TTNUS x
Allendale surface water WRC-SW-4001-01 NORMAL 7/16/2001 WRC-SW-4001 HARDING ESE x x x x x x x x
Allendale surface water WRC-SW-4002-01 NORMAL 7/16/2001 WRC-SW-4002 HARDING ESE x x x x x x x x
Allendale surface water WRC-SW-4003-01 NORMAL 7/16/2001 WRC-SW-4003 HARDING ESE x x x x x x x x
Allendale surface water WRC-SW-4004-01 NORMAL 7/16/2001 WRC-SW-4004 HARDING ESE x x x x x x x x
Allendale surface water APB-SW-6001-0000-01 NORMAL 12/9/2004 APB-SW-6001 BATTELLE x
Allendale surface water APB-SW-6001-0000-02 NORMAL 12/16/2004 APB-SW-6001 BATTELLE x
Allendale surface water APB-SW-6001-0000-03 NORMAL 12/18/2004 APB-SW-6001 BATTELLE x


Sample Number 4 20 0 20 20 20 18 19 0 0 4 5


Lyman Mill surface water DAM003-SW NORMAL 10/23/1998 Lymansville Dam SPINA x
Lyman Mill surface water LPX-DU-110499B Field Dup. LPX-SW-


2051-01
11/4/1999 LPX-SD-2051 TTNUS x


Lyman Mill surface water LPX-SW-2045-01 Field Dup. LPX-SW-
2045-01


11/8/1999 LPX-SD-2045 TTNUS x x x x x


Lyman Mill surface water LPX-SW-2045-01F NORMAL 11/8/1999 LPX-SD-2045 TTNUS x
Lyman Mill surface water LPX-SW-2046-01 NORMAL 11/8/1999 LPX-SD-2046 TTNUS x x x x x
Lyman Mill surface water LPX-SW-2046-01F NORMAL 11/8/1999 LPX-SD-2046 TTNUS x
Lyman Mill surface water LPX-SW-2047-01 NORMAL 11/8/1999 LPX-SD-2047 TTNUS x x x x x
Lyman Mill surface water LPX-SW-2047-01F NORMAL 11/8/1999 LPX-SD-2047 TTNUS x


Interim Final CMRP Feasibility Study Report
Appendix C C-8 April 2010







Table C-1. List of Surface Water Samples Currently in the CMRP Database
CMRP Feasibility Study Report
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Lyman Mill surface water LPX-SW-2048-01 NORMAL 11/9/1999 LPX-SD-2048 TTNUS x x x x x
Lyman Mill surface water LPX-SW-2048-01F NORMAL 11/9/1999 LPX-SD-2048 TTNUS x
Lyman Mill surface water LPX-SW-2049-01 NORMAL 11/5/1999 LPX-SD-2049 TTNUS x x x x x
Lyman Mill surface water LPX-SW-2049-01F NORMAL 11/5/1999 LPX-SD-2049 TTNUS x
Lyman Mill surface water LPX-SW-2050-01 NORMAL 11/4/1999 LPX-SD-2050 TTNUS x x x x x
Lyman Mill surface water LPX-SW-2050-01F NORMAL 11/4/1999 LPX-SD-2050 TTNUS x
Lyman Mill surface water LPX-SW-2051-01 Field Dup. LPX-SW-


2051-01
11/4/1999 LPX-SD-2051 TTNUS x x


Lyman Mill surface water LPX-SW-2051-01A NORMAL 11/9/1999 LPX-SD-2051 TTNUS x x x
Lyman Mill surface water LPX-SW-2051-01F NORMAL 11/4/1999 LPX-SD-2051 TTNUS x
Lyman Mill surface water LPX-SW-2052-01 NORMAL 11/4/1999 LPX-SD-2052 TTNUS x x x x x
Lyman Mill surface water LPX-SW-2052-01F NORMAL 11/4/1999 LPX-SD-2052 TTNUS x
Lyman Mill surface water LPX-SW-2053-01 NORMAL 11/4/1999 LPX-SD-2053 TTNUS x x x x x
Lyman Mill surface water LPX-SW-2053-01F NORMAL 11/4/1999 LPX-SD-2053 TTNUS x
Lyman Mill surface water LPX-SW-DU-110899A Field Dup. LPX-SW-


2045-01
11/8/1999 LPX-SD-2045 TTNUS x x x x x


Lyman Mill surface water WRL-DU-071701-A Field Dup. WRL-SW-
4005-01


7/17/2001 WRL-SW-4005 HARDING ESE x x x x x x x x


Lyman Mill surface water WRL-DU-102599B Field Dup. WRL-SW-
2040-01


10/25/1999 WRL-SD-2040 TTNUS x x x x x


Lyman Mill surface water WRL-DU-102599BF Field Dup. WRL-SW-
2040-01F


10/25/1999 WRL-SD-2040 TTNUS x


Lyman Mill surface water WRL-SW-2039-01 NORMAL 10/25/1999 WRL-SD-2039 TTNUS x x x x x
Lyman Mill surface water WRL-SW-2039-01F NORMAL 10/25/1999 WRL-SD-2039 TTNUS x
Lyman Mill surface water WRL-SW-2040-01 Field Dup. WRL-SW-


2040-01
10/25/1999 WRL-SD-2040 TTNUS x x x x x


Lyman Mill surface water WRL-SW-2040-01F Field Dup. WRL-SW-
2040-01F


10/25/1999 WRL-SD-2040 TTNUS x


Lyman Mill surface water WRL-SW-2041-01 NORMAL 10/25/1999 WRL-SD-2041 TTNUS x x x x x
Lyman Mill surface water WRL-SW-2041-01F NORMAL 10/25/1999 WRL-SD-2041 TTNUS x
Lyman Mill surface water WRL-SW-2042-01 NORMAL 11/2/1999 WRL-SD-2042 TTNUS x x x x x
Lyman Mill surface water WRL-SW-2042-01F NORMAL 11/2/1999 WRL-SD-2042 TTNUS x
Lyman Mill surface water WRL-SW-2043-01 NORMAL 11/8/1999 WRL-SD-2043 TTNUS x x x x x
Lyman Mill surface water WRL-SW-2043-01F NORMAL 11/8/1999 WRL-SD-2043 TTNUS x
Lyman Mill surface water WRL-SW-2044-01 NORMAL 11/9/1999 WRL-SD-2044 TTNUS x x x x x
Lyman Mill surface water WRL-SW-2044-01F NORMAL 11/9/1999 WRL-SD-2044 TTNUS x
Lyman Mill surface water WRL-SW-4004-01 NORMAL 7/17/2001 WRL-SW-4004 HARDING ESE x x x x x x x x
Lyman Mill surface water WRL-SW-4005-01 NORMAL 7/17/2001 WRL-SW-4005 HARDING ESE x x x x x x x x
Lyman Mill surface water LPX-SW-6001-0000-01 NORMAL 12/9/2004 LPX-SW-6001 BATTELLE x
Lyman Mill surface water LPX-SW-6001-0000-02 NORMAL 12/16/2004 LPX-SW-6001 BATTELLE x
Lyman Mill surface water LPX-SW-6001-0000-03 NORMAL 12/18/2004 LPX-SW-6001 BATTELLE x


Sample Number 3 20 0 20 20 21 19 20 0 0 3 4
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Table C-1. List of Surface Water Samples Currently in the CMRP Database
CMRP Feasibility Study Report


RI_S
AMPLE_G


ROUP


NSAMPLE


FIELD_Q
C_T


YPE


SAMP_D
ATE


BORIN
G


DATASOURCE
VOCs
SVOCs
Herb


ici
des


Pes
tic


ides
PCBs
Meta


ls
Meta


ls,
 D


iss
olve


d


D/F, H
CX


AVS/SEM
GS TOC
Ancil


lar
y (


1)


Assaumpset surface water RAB-SW-3004-01 NORMAL 11/10/1999 RAB-SD-3004 TTNUS x x x x x
Assaumpset surface water RAB-SW-3004-01F NORMAL 11/10/1999 RAB-SD-3004 TTNUS x
Assaumpset surface water RAB-SW-5004-01 NORMAL 7/17/2001 RAB-SW-5004 HARDING ESE x x x x x x x x


Sample Number 1 2 0 2 2 2 2 1 0 0 1 1


Manton surface water DAM004-SW Field Dup. DAM004-SW 10/23/1998 Manton Dam SPINA x


Manton surface water DAM04A-SW Field Dup. DAM004-SW 10/23/1998 Manton Dam SPINA x


Sample Number 0 0 0 0 0 0 0 0 0 0 0 2


Downstream of Manton 
surface water


DAM005-SW NORMAL 10/23/1998 Dyerville Dam SPINA x


Downstream of Manton 
surface water


DAM006-SW NORMAL 10/23/1998 Olneyville Dam SPINA x


Downstream of Manton 
surface water


DAM007-SW NORMAL 10/23/1998 Lonigan Dam SPINA x


Sample Number 0 0 0 0 0 0 0 0 0 0 0 3


VOCs, Volatile organic compounds
SVOCs, Semi-volatile organic compounds
PCBs, Polychlorinated biphenyls
D/F, Dioxin/furans
AVS/SEM, Acid volatile sulfide/simultaneously extracted metals
GS, Grain size
TOC, Total organic carbon content
(1) Ancillary parameters varied by sample, but generally included temperature, nutrients, total suspended solids, biochemical oxygen demand, hardness and pH
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Table C-2.  Upstream Background Surface Water Statistical Summary
CMRP Feasibility Study Report


Parameter Units
No. 


Obs
No. 


Detected
% 


Detected
Distribution 


(a) MIN A. Mean A. StDev G. Mean
G. 


StDev Median MAX
MAX 


(detected)


MAX 
(detected) 


Qualifier
Location of 
MAX (detected)


Sample ID of MAX 
(detected)


Dioxin/Furans/HCX
1,2,3,4,6,7,8-HpCDD pg/L 6 2 33 None 0.13 3.9 12.4 12.4 J RCC-SD-3001 RCC-SW-3001-01
1,2,3,4,6,7,8-HpCDF pg/L 6 0 0 None 0.13 1.17 2.65
1,2,3,4,7,8,9-HpCDF pg/L 6 0 0 None 0.155 1.32 3.4
1,2,3,4,7,8-HxCDD pg/L 6 0 0 None 0.08 1.13 2.7
1,2,3,4,7,8-HxCDF pg/L 6 0 0 None 0.055 0.75 2.2
1,2,3,6,7,8-HxCDD pg/L 6 0 0 None 0.08 1.08 2.55
1,2,3,6,7,8-HxCDF pg/L 6 0 0 None 0.055 0.7 2.05
1,2,3,7,8,9-HxCDD pg/L 6 0 0 None 0.075 1.10 2.65
1,2,3,7,8,9-HxCDF pg/L 6 0 0 None 0.07 0.84 2.4
1,2,3,7,8-PeCDD pg/L 6 0 0 None 0.18 1.00 2.4
1,2,3,7,8-PeCDF pg/L 6 0 0 None 0.23 0.81 1.8
1,2,4,5,7,8-hexachloro(9h)xanthene pg/L 3 0 0
2,3,4,6,7,8-HxCDF pg/L 6 0 0 None 0.06 0.75 2.15
2,3,4,7,8-PeCDF pg/L 6 0 0 None 0.2 0.83 1.9
2,3,7,8-TCDD pg/L 6 0 0 None 0.115 0.99 2.65
2,3,7,8-TCDF pg/L 6 0 0 None 0.105 0.79 2.4
OCDD pg/L 6 1 17 None 0.16 10.35 209.5 209.5 RWR-SW-6001 RWR-SW-6001-0000-02
OCDF pg/L 6 0 0 None 0.165 2.65 5.55
PCDD/Fs pg/L 3 1 33 None 2.85 4.1 24.6 24.6 RCC-SD-3001 RCC-SW-3001-01
TEQ pg/L 6 6 100 Norm 0.04 0.367 0.350 0.34 0.88 0.88 RWR-SW-6001 RWR-SW-6001-0000-01
Total HpCDD pg/L 6 1 17 None 0.13 1.9 24.6 24.6 J RCC-SD-3001 RCC-SW-3001-01
Total HpCDF pg/L 6 0 0 None 0.14 1.31 2.95
Total HxCDD pg/L 6 0 0 None 0.08 1.1 2.65
Total HxCDF pg/L 6 0 0 None 0.06 0.75 2.2
Total PeCDD pg/L 6 0 0 None 0.18 1.00 2.4
Total PeCDF pg/L 6 0 0 None 0.215 0.82 1.85
Total TCDD pg/L 6 0 0 None 0.115 0.99 2.65
Total TCDF pg/L 6 0 0 None 0.105 0.79 2.4


Notes
(a) Distributional tests were performed at the .05 level of significance.


Abbreviation Definition
MIN Minimum
MAX Maximum
Lnrm log normal
Norm normal
A. Mean arithmetic mean
A. StDev arithmetic standard deviation
G. Mean geometric mean
G. StDev geometric standard deviation
No. Detected Number detected
No. Obs Number of observations
pg/L picograms per liter
J Quantitation approximate
EMPC Estimated Maximum Possible Concentration
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Table C-3.  Allendale Surface Water Statistical Summary
CMRP Feasibility Study Report


Parameter Units
No. 


Obs
No. 


Detected
% 


Detected
Distribution 


(a) MIN
A. 


Mean A. StDev
G. 


Mean
G. 


StDev Median MAX
MAX 


(detected)


MAX 
(detected) 


Qualifier
Location of 
MAX (detected)


Sample ID of MAX 
(detected)


Dioxin/Furans/HCX
1,2,3,4,6,7,8-HpCDD pg/L 19 9 47 None 0.15 6.65 2190 2190 J APB-SD-2029 APB-SW-2029-01
1,2,3,4,6,7,8-HpCDF pg/L 19 9 47 None 0.105 8.25 580 580 J APB-SD-2029 APB-SW-2029-01
1,2,3,4,7,8,9-HpCDF pg/L 19 2 11 None 0.13 24.95 50 50 J APB-SD-2029 APB-SW-2029-01
1,2,3,4,7,8-HxCDD pg/L 19 2 11 None 0.07 14.15 28.3 28.3 EMPC APB-SD-2029 APB-SW-2029-01
1,2,3,4,7,8-HxCDF pg/L 19 2 11 None 0.08 11.1 42.7 42.7 J APB-SD-2029 APB-SW-2029-01
1,2,3,6,7,8-HxCDD pg/L 19 3 16 None 0.065 10.55 95.3 95.3 J APB-SD-2029 APB-SW-2029-01
1,2,3,6,7,8-HxCDF pg/L 19 2 11 None 0.08 3.25 34.2 34.2 J APB-SD-2029 APB-SW-2029-01
1,2,3,7,8,9-HxCDD pg/L 19 2 11 None 0.06 14.25 93.5 93.5 J APB-SD-2029 APB-SW-2029-01
1,2,3,7,8,9-HxCDF pg/L 19 0 0 None 0.095 22.15 44.15
1,2,3,7,8-PeCDD pg/L 19 1 5 None 0.18 8.65 14 14 EMPC APB-SD-2029 APB-SW-2029-01
1,2,3,7,8-PeCDF pg/L 19 1 5 None 0.095 10.25 36.4 36.4 EMPC APB-SD-2029 APB-SW-2029-01
1,2,4,5,7,8-hexachloro(9h)xanthene pg/L 16 2 13 None 223.37 247 271 271 J CMW-SD-2024 CMW-SW-2024-01
2,3,4,6,7,8-HxCDF pg/L 19 2 11 None 0.08 19.65 43.6 43.6 J APB-SD-2029 APB-SW-2029-01
2,3,4,7,8-PeCDF pg/L 19 1 5 None 0.075 17.95 19.1 18.3 J APB-SD-2029 APB-SW-2029-01
2,3,7,8-TCDD pg/L 19 8 42 None 0.145 1.9 4000 4000 J APB-SD-2029 APB-SW-2029-01
2,3,7,8-TCDF pg/L 19 2 11 None 0.07 4.15 30.9 30.9 J APB-SD-2029 APB-SW-2029-01
OCDD pg/L 19 15 79 Lnrm 0.135 32.43 5.61 32.7 14890 14890 J APB-SD-2029 APB-SW-2029-01
OCDF pg/L 19 9 47 None 0.19 19.6 1180 1180 J APB-SD-2029 APB-SW-2029-01
PCDD/Fs pg/L 16 15 94 Lnrm 9.3 120 9.18 69.1 27600 27600 APB-SD-2029 APB-SW-2029-01
TEQ pg/L 19 19 100 None 0.62 943 7.3 4090 4090 APB-SD-2029 APB-SW-2029-01
Total HpCDD pg/L 19 9 47 None 0.15 4.15 4130 4130 J APB-SD-2029 APB-SW-2029-01
Total HpCDF pg/L 19 9 47 None 0.12 3.4 1400 1400 J APB-SD-2029 APB-SW-2029-01
Total HxCDD pg/L 19 4 21 None 0.065 2.05 626 626 J APB-SD-2029 APB-SW-2029-01
Total HxCDF pg/L 19 6 32 None 0.085 1.9 741 741 J APB-SD-2029 APB-SW-2029-01
Total PeCDD pg/L 19 2 11 None 0.18 1.75 49.5 49.5 J APB-SD-2029 APB-SW-2029-01
Total PeCDF pg/L 19 2 11 None 0.085 1.6 270 270 J APB-SD-2029 APB-SW-2029-01
Total TCDD pg/L 19 8 42 None 0.145 2.95 4100 4100 J APB-SD-2029 APB-SW-2029-01
Total TCDF pg/L 19 2 11 None 0.07 2.08 234 234 J APB-SD-2029 APB-SW-2029-01


Notes
(a) Distributional tests were performed at the .05 level of significance.


Abbreviations Definition
MIN Minimum
MAX Maximum
Lnrm log normal
Norm normal
A. Mean arithmetic mean
A. StDev arithmetic standard deviation
G. Mean geometric mean
G. StDev geometric standard deviation
No. Detected Number detected
No. Obs Number of observations
pg/L picograms per liter
J Quantitation approximate
EMPC Estimated Maximum Possible Concentration
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Table C-4.  Lyman Mill Surface Water Statistical Summary
CMRP Feasibility Study Report


Parameter Units
No. 


Obs
No. 


Detected
% 


Detected
Distribution 


(a) MIN
A. 


Mean A. StDev
G. 


Mean
G. 


StDev Median MAX
MAX 


(detected)


MAX 
(detected) 


Qualifier
Location of MAX 
(detected)


Sample ID of MAX 
(detected)


Dioxin/Furans/HCX
1,2,3,4,6,7,8-HpCDD pg/L 20 8 40 None 0.085 4.93 149 149 WRL-SD-2042 WRL-SW-2042-01
1,2,3,4,6,7,8-HpCDF pg/L 20 5 25 None 0.115 5.25 58.3 58.3 WRL-SD-2042 WRL-SW-2042-01
1,2,3,4,7,8,9-HpCDF pg/L 20 1 5 None 0.14 4.93 41.85 6.1 EMPC LPX-SD-2048 LPX-SW-2048-01
1,2,3,4,7,8-HxCDD pg/L 20 1 5 None 0.065 3.18 16.75 1.6 J LPX-SD-2048 LPX-SW-2048-01
1,2,3,4,7,8-HxCDF pg/L 20 2 10 None 0.065 2.23 12.35 2.4 EMPC WRL-SD-2041 WRL-SW-2041-01
1,2,3,6,7,8-HxCDD pg/L 20 1 5 None 0.065 2.95 11.7 6.1 J WRL-SD-2042 WRL-SW-2042-01
1,2,3,6,7,8-HxCDF pg/L 20 1 5 None 0.065 2.03 4.05 1.9 EMPC LPX-SD-2048 LPX-SW-2048-01
1,2,3,7,8,9-HxCDD pg/L 20 4 20 None 0.06 3.08 22.4 6.1 J WRL-SD-2042 WRL-SW-2042-01
1,2,3,7,8,9-HxCDF pg/L 20 0 0 None 0.07 2.43 48.45
1,2,3,7,8-PeCDD pg/L 20 0 0 None 0.095 2.28 9.6
1,2,3,7,8-PeCDF pg/L 20 0 0 None 0.15 1.65 11.4
1,2,4,5,7,8-hexachloro(9h)xanthene pg/L 17 3 18 None 18.76 22.1 80.93 80.93 J WRL-SD-2042 WRL-SW-2042-01
2,3,4,6,7,8-HxCDF pg/L 20 1 5 None 0.065 2.7 21.85 5.9 J LPX-SD-2048 LPX-SW-2048-01
2,3,4,7,8-PeCDF pg/L 20 0 0 None 0.135 1.73 19.95
2,3,7,8-TCDD pg/L 20 12 60 None 1.75 1.78 3.65 853 853 WRL-SD-2042 WRL-SW-2042-01
2,3,7,8-TCDF pg/L 20 1 5 None 0.06 1.7 7.7 7.7 J WRL-SD-2042 WRL-SW-2042-01
OCDD pg/L 20 9 45 None 0.075 18.18 1110 1110 WRL-SD-2042 WRL-SW-2042-01
OCDF pg/L 20 6 30 None 0.085 11.65 83.3 83.3 J WRL-SD-2042 WRL-SW-2042-01
PCDD/Fs pg/L 17 14 82 Lnrm 2.9 34.71 11.609 29.7 2610 2610 WRL-SD-2042 WRL-SW-2042-01
TEQ pg/L 20 20 100 None 2.21 192 10.3 861 861 WRL-SD-2042 WRL-SW-2042-01
Total HpCDD pg/L 20 10 50 None 0.085 5.53 281 281 J WRL-SD-2042 WRL-SW-2042-01
Total HpCDF pg/L 20 6 30 None 0.125 3.38 124 124 J WRL-SD-2042 WRL-SW-2042-01
Total HxCDD pg/L 20 4 20 None 0.065 2.85 36.8 36.8 J WRL-SD-2042 WRL-SW-2042-01
Total HxCDF pg/L 20 4 20 None 0.065 2.18 51.9 51.9 J WRL-SD-2042 WRL-SW-2042-01
Total PeCDD pg/L 20 1 5 None 0.095 1.95 18.6 18.6 EMPC LPX-SD-2045 LPX-SW-DU-110899A
Total PeCDF pg/L 20 3 15 None 0.15 1.53 14.6 14.6 J WRL-SD-2042 WRL-SW-2042-01
Total TCDD pg/L 20 11 55 None 0.095 0 3.88 871 871 J WRL-SD-2042 WRL-SW-2042-01
Total TCDF pg/L 20 3 15 None 0.06 2.03 40.4 40.4 J WRL-SD-2042 WRL-SW-2042-01


Notes
(a) Distributional tests were performed at the .05 level of significance.


Abbreviation Definition
MIN Minimum
MAX Maximum
Lnrm log normal
Norm normal
A. Mean arithmetic mean
A. StDev arithmetic standard deviation
G. Mean geometric mean
G. StDev geometric standard deviation
No. Detected Number detected
No. Obs Number of observations
pg/L picograms per liter
J Quantitation approximate
EMPC Estimated Maximum Possible Concentration
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1.0 INTRODUCTION 


MACTEC Engineering and Consulting, Inc. (MACTEC) is pleased to provide this report documenting the 
derivation of human health risk-based preliminary remediation goals (PRGs) for direct contact with 
wetland surface soil at the Oxbow Area (hereafter referred to as the site), which is a component of the 
Centredale Manor Restoration Project (CMRP) Superfund Site in North Providence, Rhode Island.  The 
Oxbow Area is a forested wetland area located to the southwest of Allendale Dam.  It is assumed that the 
Remedial Action Objectives (RAOs) for the Oxbow Area surface soils will address, in part, the human 
health exposure pathways that are associated with cancer and/or noncancer risks above the EPA’s risk 
management criteria as identified in the August 2006 Addendum to the Interim Final Baseline Risk 
Assessment: Oxbow Area, Part I – Human Health (MACTEC and Battelle, 2006), hereafter referred to as 
the baseline human health risk assessment or BHHRA.  Those exposure pathways are identified below.   


1.1 Document the Need for PRGs – Summary of Baseline Human Health Risk 
Assessment Results 


The Addendum to the Interim Final Baseline Risk Assessment: Oxbow Area, Part I – Human Health 
(MACTEC and Battelle, 2006) evaluated the human health risks associated with potential exposures to 
surficial wetlands soils for a Passive Recreational Visitor to the Oxbow Area.  The BHHRA characterized 
human health cancer and noncancer risks associated with incidental ingestion and dermal contact with 
wetland soils.  Risks were calculated for each chemical in soil, and risks for all chemicals evaluated were 
summed into a cumulative receptor risk for surficial soils.  The BHHRA evaluated both Reasonable 
Maximum Exposure (RME) and Central Tendency (CT) scenarios. 
 
In the BHHRA, the results from the carcinogenic risk assessment were compared to acceptable risk 
ranges established by the United States Environmental Protection Agency (USEPA).  The USEPA's 
guidelines, established in the National Hazardous Substances and Pollution Contingency Plan (NCP) 
identify acceptable exposure levels as those concentration levels "that represent an excess upper bound 
lifetime cancer risk to an individual of between 10-4 [one in ten thousand]and 10-6 [one in one million] 
using information on the relationship between dose and response" (USEPA, 1990).  The selection of the 
actual upper limit cancer risk target is a risk management decision that can vary on a case-by-case basis.  
This PRG document is intended to provide information to support that decision. 
 
The BHHRA also included an evaluation of noncarcinogenic risks.  As defined by USEPA (USEPA, 
1989), a hazard index (HI) of less than 1 indicates that noncarcinogenic toxic effects are unlikely.  An HI 
greater than 1 indicates a greater possibility of a noncarcinogenic toxic effect occurring, but the 
circumstances must be evaluated on a case-by-case basis.  EPA typically considers the need for 
remediation if the HI is greater than one. 
 
In addition to evaluating total risks, the BHHRA also includes an evaluation of incremental risk.  It is 
possible that receptors at the site may be exposed to chemicals of concern both at the site and at other 
locations; incremental risk is a means of quantifying that portion of the total risk to the receptor that is site 
related.  For the purpose of this assessment, incremental risks were defined as the total risk associated 
with the site, minus the risks calculated for the upstream background area, Greystone Mill Pond.  This 
calculation was done for each receptor at each exposure point.   
 
Table ES-1 and Table ES-2 of the BHHRA present the risks calculated for the Passive Recreational 
Visitor at the Oxbow Area and the upstream background area, and also present the incremental risks 
associated with the Oxbow Area.  As shown in Table ES-1, for both RME and CT scenarios for the 
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Passive Recreational Visitor, among the age groups evaluated, the child age group has the highest non-
cancer HI at both the background area and at the Oxbow Area.  The HI values are similar for the 
background area and the Oxbow Area.  The risks associated with the portion of Table ES-1 marked 
“Greystone [a]” are those associated with only those analytical parameter groups that were analyzed at the 
Oxbow Area.  This calculation “normalizes” the background risk estimates so that a direct comparison 
can be made between the background area and the Oxbow Area.  The HI does not have a single, dominant 
chemical contributor.  Ingestion of chromium, vanadium, manganese, arsenic, and Aroclor-1254 in 
floodplain soil is responsible for the majority of the calculated HI. 
 
As shown in Table ES-2 of the BHHRA, for both RME and CT scenarios for the Passive Recreational 
Visitor, the calculated cancer risk for exposure to floodplain soil is greater at the Oxbow Area than at the 
background area.  Dioxin equivalents (toxic equivalent quotient (TEQ)) represent the largest single 
chemical contributor (by a factor of more than 20) to RME and CT cancer risk for the Passive 
Recreational Visitor’s exposure to floodplain soil at the Oxbow Area.  At the background area, 
benzo(a)pyrene, arsenic, and dioxin TEQ are, in that order, the largest contributors to cancer risk.  The 
RME and CT incremental cancer risks for the Oxbow Area are 3 x 10-4 and 8 x 10-6 respectively. 
 
Both RME and CT incremental non-cancer risks associated with floodplain soil exposure at the Oxbow 
Area are well below the non-cancer HI benchmark of one for the Passive Recreational Visitor.  Also, the 
RME incremental cancer risks associated with floodplain soil exposure at the Oxbow Area for the Passive 
Recreational Visitor are higher than the upper end of the Superfund risk range.  The CT incremental 
cancer risk is within the Superfund risk range. 


1.2 Chemicals of Concern for Each of the Media 
The results and conclusions of the BHHRA have identified the chemicals that most significantly 
contribute to human health risks for the biota consumption pathway.  Consistent with USEPA Risk 
Assessment Guidance for Superfund (RAGS) Part D (USEPA, 2001), Standard Table 10s in the BHHRA 
identified those chemicals that are considered chemicals that require further evaluation in the Feasibility 
Study for the Site.  These chemicals are referred to as Chemicals of Concern (COCs) and these COCs 
were identified in Table 10s as chemicals with cancer risk greater than 10-6 and/or Hazard Quotient (HQ) 
greater than 1.  As indicated in RAGS Part D, the concentration associated with a lifetime cancer risk of 1 
x 10-6 is considered the point of departure for development of remediation goals.  Subsequently, other 
factors are considered to determine where within the acceptable risk range the actual remediation goals 
for a given COC will be established.  The floodplain soil COCs for the Oxbow Area include dioxin TEQ, 
arsenic, and Aroclor-1254 based on cancer risk for the RME scenario.  No COCs were identified for non-
cancer effects. For those chemicals in floodplain soils that are associated with an excess lifetime cancer 
risk greater than one-in-one-million and/or a noncancer HQ greater than 1, biota tissue concentrations 
associated with various risk levels (cancer risk of 10 -6, 10-5, 10-4, and HQs of 0.1, 1, and 10) are identified 
(floodplain soil PRGs). 
 
The human health PRGs for floodplain soil have been developed using the procedures and calculations 
identified for soils as described in the Interim Final Preliminary Remediation Goals Report, Part I – 
Human Health (MACTEC, 2005).  The development of risk-based PRGs has been conducted consistent 
with Risk Assessment Guidance for Superfund:  Volume I – Human Health Evaluation Manual (Part B, 
Development of Risk-based Preliminary Remediation Goals), Interim (USEPA, 1991).  The PRGs are 
also being developed consistent with the USEPA’s Risk Assessment Guidance for Superfund (RAGS):  
Part D, Volume I - Human Health Evaluation Manual (Part D, Standardized Planning, Reporting and 
Review of Superfund Risk Assessments) Final (USEPA, 2001).  PRGs can be either generic or site-
specific.  Generic or default PRGs have been developed and published by USEPA based on default 
exposure assumptions and for various media, including fish tissue, however, values for sediment have not 
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been developed (USEPA, 2005).  In addition, although default values are useful for screening purposes, 
site-specific PRGs are more appropriate for use in the remedial decision-making process.  Therefore, the 
PRGs developed for the Site have been based on the BHHRA that has been conducted for the Site and the 
physical and chemical conditions at the Site. 
 


2.0 TECHNICAL APPROACH AND PROCEDURE FOR DEVELOPMENT OF PRGS 


Section 2 presents the technical approach and procedure for the calculation of human health risk-based 
PRGs for floodplain soil at the Oxbow Area.  Following the description of the technical approach and 
procedures, the documentation of the derivation of and the presentation of the human health risk-based 
PRGs is included in Section 3 of the document.  The PRGs for direct contact with floodplain soil were 
been calculated using RAGS Part B equations or modified RAGS Part B equations.  The modifications to 
the RAGS Part B equations were made to account for the evaluation of three age groups in the calculation 
of cumulative receptor risk.  The equations used in the calculation of those direct exposure PRGs are 
presented in Table 1. 


2.1 Floodplain Soil PRGs Based On Direct Contact Exposures 
The BHHRA identified dioxin TEQ, arsenic, and Aroclor-1254 as the only COCs for floodplain soils at 
the Oxbow Area.  The direct contact-based bank soil PRGs are calculated by rearranging the equations 
from the BHHRA, setting the cancer risk equal to the target cancer risk or the target HQ, and solving for 
the floodplain soil concentration.  (PRGs were not calculated for non-carcinogenic effects for dioxin TEQ 
or 2,3,7,8-TCDD.)  The cancer risk-based PRG incorporates exposures (incidental ingestion and dermal 
contact) for all three age groups.  The HQ-based PRG is calculated separately for each age group, since 
the HQs are not additive or cumulative among the age groups.  The equations used to calculate the PRGs 
(at three cancer risk levels and at three HQ values) are shown in the PRG calculation tables that are 
presented in Section 3.0 below.  These equations are consistent with RAGS Part B equations, but have 
been modified to account for the three age groups that have been evaluated in the BHHRA.  Those tables 
also document the exposure assumptions and toxicity values used in the calculations. 


3.0 CALCULATION AND PRESENTATION OF PRGS 


The direct contact-based bank soil PRGs for the Passive Recreational Visitor are presented and 
documented in Table 1.  That table presents the exposure parameters, the toxicity values, and the 
equations that have been used to calculate those PRGs.  All of these PRGs (without all of the supporting 
documentation) are summarized in Table 2.  In that table, for each COC in floodplain soil, PRGs 
associated with target cancer risks of 10-6, 10-5, and 10-4 as well as PRGs associated with noncancer HQs 
of 0.1, 1, and 10 are presented. 


4.0 DISCUSSION OF UNCERTAINTIES 


The uncertainties in the calculated human health risk-based PRGs are generally similar to those identified 
for the risk estimates for the Interim Final BHHRA.  Those uncertainties, briefly summarized, include: 
 
Not all COCs are necessarily “site-related”.  It appears that some of the COCs, such as arsenic, although 
they were associated with risks sufficient to identify them as COCs, may not be associated with releases 
at the Oxbow Area but may rather be associated with other regional sources.   
 
Toxicity Data for Dioxins.  Based on information in USEPA’s Reassessment Document for Dioxin, the 
cancer slope factor for 2,3,7,8-TCDD that was utilized for dioxin-TEQ in the BHHRA and in the 
derivation of the floodplain soil PRGs could be revised, possibly upwards, by a factor of approximately 7.  
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Such a revision would suggest that the cancer risk-based PRGs should be lowered by a factor of 
approximately 7.  This would likely result in dioxin-TEQ PRGs that are below reported background 
conditions for the site.  In addition, there is currently not a noncancer Reference Dose upon which a 
noncancer risk-based floodplain soil PRG for dioxin-TEQ could be derived. 
 
A single, limited environmental investigation event has provided the analytical data that has been utilized 
in the BHHRA and in the derivation of the PRGs.  A full suite of analytical parameters was not included 
in the analysis of most of the floodplain soil samples evaluated in the BHHRA.  However, given that the 
dioxin TEQ is such a predominant contributor to site risk, it is unlikely that the inclusion of additional 
analytical parameters would have substantially changed the results and conclusions of the assessment. 
The values for receptor-specific exposure parameters such as soil contact rates and soil ingestion rates 
have been identified in a conservative manner.  Default USEPA residential values have been applied to 
this passive recreational scenario.  Values have been identified based on available guidance and 
professional judgment.  In risk assessment, when values are assigned in lieu of actual measurements, there 
is some uncertainty in the values, and that uncertainty may have an impact on the results of the risk 
assessment.  In that context, the exposure estimates and associated risk estimates in this assessment would 
likely be overestimated rather than underestimated.  Some factors that were not specifically addressed in 
the calculations could result in lower risk estimates. 
 
Non-cancer risk was not quantitatively evaluated for potential exposures to dioxins and furans.  There is 
not currently a published USEPA oral RfD available for 2,3,7,8-TCDD, any other dioxin or furan 
congener.  USEPA has concluded that the current average dioxin exposure to the human population is 
greater than the RfDs that would be calculated based on available data.  USEPA, therefore, concluded that 
RfD values would not be informative for safety assessment (USEPA, 2000).  Non-cancer effects such as 
effects on reproduction and development, suppression of the immune system, and chloracne (USEPA, 
2000) have been associated with these compounds in animal studies and it is likely that similar effects 
might occur with human exposure.  Therefore, the non-cancer risk associated with potential exposure to 
dioxins and furans are understated in the BHHRA and are not quantitatively evaluated in the development 
of the PRGs. 


5.0 COMPARISON OF PRGS TO BACKGROUND CONDITIONS 


Consistent with the results of the BHHRA, some of the calculated sediment PRGs for the COCs are lower 
than the representative floodplain soil concentrations at the upstream background area, Greystone Mill 
Pond.   
 
For dioxin TEQ, the floodplain soil PRGs at target cancer risks of 10-6, 10-5, and 10-4 are 0.000016 mg/kg, 
0.00016 mg/kg and 0.0016 mg/kg.  In the four background soil samples, dioxin TEQ concentrations 
ranged from 0.000038 mg/kg to 0.00011 mg/kg.  The arithmetic mean floodplain soil dioxin TEQ 
concentration at the background area is 0.00005 mg/kg.  The dioxin-TEQ PRGs set at a cancer risk target 
of 10-6 is below each of the dioxin TEQ concentrations reported in soils at the background area.  The 
dioxin-TEQ PRGs set at target cancer risks of 10-5 and 10-4 are above the range of reported dioxin TEQ 
concentrations in floodplain soil at the background area.   
 
For Aroclor-1254, the soil PRGs at target cancer risks of 10-6, 10-5, and 10-4 are 0.82 mg/kg, 8.2 mg/kg, 
and 82 mg/kg and the associated non-carcinogenic effects based PRGs (for the child) at HQ of 0.1, 1, and 
10 respectively are 0.5 mg/kg, 5.0 mg/kg, and 50 mg/kg.  In the four background soil samples, Aroclor-
1254 concentrations ranged from 0.207 mg/kg to 0.84 mg/kg with an arithmetic mean of 0.52 mg/kg.  The 
maximum Aroclor-1254 concentration in background soils is greater than the cancer risk-based PRG 
(based on one in one million risk).  All of the Aroclor-1254 PRGs are above the arithmetic mean Aroclor-
1254 concentration in floodplain soil in the background area. 
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For arsenic, the soil PRGs at target cancer risks of 10-6, 10-5, and 10-4 are 1.6 mg/kg, 16 mg/kg, and 160 
mg/kg and the associated non-carcinogenic effects based PRGs (for the child) at HQ of 0.1, 1, and 10 
respectively are 9.7 mg/kg, 97 mg/kg, and 970 mg/kg.  In the four background soil samples, arsenic 
concentrations ranged from 5.6 mg/kg to 12 mg/kg with an arithmetic mean concentration of 7.7 mg/kg.  
With the exception of the PRG based on 10-6 cancer risk (1.6 mg/kg), all PRGs are above the arithmetic 
mean arsenic concentration in floodplain soil at the background area.  The Rhode Island Remediation 
Regulations contain soil a direct-exposure criteria for arsenic for residential land use of 7 mg/kg, which is 
based on a conservative estimate of the Rhode Island soil background concentration.  It should be noted 
that arsenic concentrations in floodplain soil are very similar to those reported for the floodplain soils in 
the background area, suggesting there may be little or no CMRP impact on floodplain soil in the Oxbow 
Area.  
 
The comparison of PRGs to background conditions for dioxin TEQ, Aroclor-1254 and arsenic is 
summarized below. 
 


Flood Plain Soil PRGs (mg/kg) Background Floodplain Soil (mg/kg) 


Target Cancer Risk Target Hazard 
Quotient Analyte 


1 x 10-6 1 x 10-5 1 x 10-4 0.1 1 10 


Minimum 
Detected 


Concentration 


Maximum 
Detected 


Concentration


Arithmetic 
Mean 


Dioxin TEQ 0.000016 0.00016 0.0016 NA NA NA 0.000038 0.00011 0.00005
Aroclor-1254 0.82 8.2 82 0.5 5 50 0.21 0.84 0.52
Arsenic 1.6 16 160 9.7 97 970 5.6 12 7.7


 


6.0 COMPARISON OF SITE CONCENTRATIONS TO PRGS 


In order to provide a general sense of the distribution of COC sediment concentrations relative to the 
calculated floodplain soil PRGs, the following text indicates the frequency at which concentrations of 
COCs in Oxbow Area floodplain soil are above the corresponding cancer risk-based PRGs (at target 
cancer risk of 10-6) and non-cancer risk-based PRGs (HQ equal to one). 
 
For dioxin-TEQ, all seven soil samples have dioxin TEQ concentrations above the floodplain soil PRG 
set at the target cancer risk of 10-6 (and also above the PRG set at the target cancer risk of 10-5).  For 
Aroclor-1254, two of four samples have concentrations above the floodplain soil PRG set at the target 
cancer risk of 10-6.  None of the Oxbow Area soil samples have Aroclor-1254 concentrations above the 
above floodplain soil PRG set at the target HQ of one.  For arsenic, the detected concentrations are above 
the floodplain soil PRG set at the target cancer risk of 10-6.  None of the detected arsenic concentrations is 
above the floodplain soil PRG set at the target HQ of one. 
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Table 1
Derivation of Floodplain Soil Based Human Health Preliminary Remediation Goals - Direct Contact


Oxbow Preliminary Remediation Goals Report - Oxbow Area - Human Health
Centredale Manor Restoration Project Superfund Site


North Providence, Rhode Island


SCENARIO TIMEFRAME: CURRENT/FUTURE
MEDIUM: SOIL
EXPOSURE MEDIUM: FLOODPLAIN SOIL


EXPOSURE ROUTE RECEPTOR 
POPULATION RECEPTOR AGE EXPOSURE POINT PARAMETER CODE PARAMETER DEFINITION VALUE UNITS RATIONALE/


REFERENCE
INGESTION PASSIVE ADULT OXBOW IR-S INGESTION RATE OF SOIL 100 mg/day USEPA, 19941


RECREATIONAL FI FRACTION INGESTED 1 unitless Professional Judgement
VISITOR (ages 19 and above) EF EXPOSURE FREQUENCY 78 day/yr Professional Judgement2


ED EXPOSURE DURATION 12 yr USEPA, 19943,4


BW BODY WEIGHT 70 kg USEPA, 1994
AT-C AVERAGING TIME (CANCER) 25550 day USEPA, 1989
AT-N AVERAGING TIME (NONCANCER) 4380 day USEPA, 1989


ADOLESCENT OXBOW IR-S INGESTION RATE OF SOIL 100 mg/day USEPA, 19941


FI FRACTION INGESTED 1 unitless Professional Judgement
(ages 7 - 18) EF EXPOSURE FREQUENCY 78 day/yr Professional Judgement2


ED EXPOSURE DURATION 12 yr USEPA, 19944


BW BODY WEIGHT 45 kg USEPA, 19975


AT-C AVERAGING TIME (CANCER) 25550 day USEPA, 1989
AT-N AVERAGING TIME (NONCANCER) 4380 day USEPA, 1989


CHILD OXBOW IR-S INGESTION RATE OF SOIL 200 mg/day USEPA, 19941


FI FRACTION INGESTED 1 unitless Professional Judgement
(ages 1 - 6) EF EXPOSURE FREQUENCY 78 day/yr Professional Judgement2


ED EXPOSURE DURATION 6 yr USEPA, 19944


BW BODY WEIGHT 15 kg USEPA, 1994
AT-C AVERAGING TIME (CANCER) 25550 day USEPA, 1989
AT-N AVERAGING TIME (NONCANCER) 2190 day USEPA, 1989


CF CONVERSION FACTOR 0.000001 kg/mg


DERMAL PASSIVE ADULT OXBOW AF ADHERENCE FACTOR 0.07 mg/cm2 USEPA, 20017


RECREATIONAL (ages 19 and above) ABS ABSORPTION FACTOR chemical-specific unitless USEPA, 20018


VISITOR (Wading) SA SKIN SURFACE AREA AVAILABLE FOR CONTACT 5700 cm2/day USEPA, 20019


EV EVENT DAY 1 unitless Professional Judgement
EF EXPOSURE FREQUENCY 78 day/yr Professional Judgement2


ED EXPOSURE DURATION 12 yr USEPA, 19943,4


BW BODY WEIGHT 70 kg USEPA, 1994
AT-C AVERAGING TIME (CANCER) 25550 day USEPA, 1989
AT-N AVERAGING TIME (NONCANCER) 4380 day USEPA, 1989


ADOLESCENT OXBOW AF ADHERENCE FACTOR 0.2 mg/cm2 USEPA, 20017


(ages 7 - 18) ABS ABSORPTION FACTOR chemical-specific unitless USEPA, 20018


(Wading) SA SKIN SURFACE AREA AVAILABLE FOR CONTACT 4800 cm2/day USEPA, 19976


EV EVENT DAY 1 unitless Professional Judgement
EF EXPOSURE FREQUENCY 78 day/yr Professional Judgement2


ED EXPOSURE DURATION 12 yr USEPA, 19944


BW BODY WEIGHT 45 kg USEPA, 19975


AT-C AVERAGING TIME (CANCER) 25550 day USEPA, 1989
AT-N AVERAGING TIME (NONCANCER) 4380 day USEPA, 1989


CHILD OXBOW AF ADHERENCE FACTOR 0.2 mg/cm2 USEPA, 20017


(ages 1 - 6) ABS ABSORPTION FACTOR chemical-specific unitless USEPA, 20018


(Wading) SA SKIN SURFACE AREA AVAILABLE FOR CONTACT 2800 cm2/day USEPA, 20019


EV EVENT DAY 1 unitless Professional Judgement
EF EXPOSURE FREQUENCY 78 day/yr Professional Judgement2


ED EXPOSURE DURATION 6 yr USEPA, 19944


BW BODY WEIGHT 15 kg USEPA, 1994
AT-C AVERAGING TIME (CANCER) 25550 day USEPA, 1989
AT-N AVERAGING TIME (NONCANCER) 2190 day USEPA, 1989


CF CONVERSION FACTOR 0.000001 kg/mg


USEPA, 1989. “Risk Assessment Guidance for Superfund, Volume 1, Human Health Evaluation Manual (Part A)”; Office of Emergency and Remedial Response; EPA-540/1-89/002 (interim final);  Washington, D.C., December. 
USEPA, 1994.  “Risk Updates No. 2”; USEPA Region I, Waste Management Division; August.  Values from "Attachment 2" to Risk Updates No. 2.
USEPA, 1997.  "Exposure Factors Handbook, Volume 1"; Office of Research and Development; EPA-600/P-95/002Fa; Washington, D.C.; August.
USEPA, 2001.  "Risk Assessment Guidance for Superfund.  Volume I:  Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment) Interim.  EPA/540/R/99/005.
1 - Soil ingestion rate used.
2 - Value based on exposure during wading, swimming, and walking/exploring banks (4 days per week June - August), and walking/exploring banks (2 days per week May, Sept, Oct).  
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Table 1
Derivation of Floodplain Soil Based Human Health Preliminary Remediation Goals - Direct Contact


Oxbow Preliminary Remediation Goals Report - Oxbow Area - Human Health
Centredale Manor Restoration Project Superfund Site


North Providence, Rhode Island


SCENARIO TIMEFRAME: CURRENT/FUTURE
MEDIUM: SOIL
EXPOSURE MEDIUM: FLOODPLAIN SOIL


3 - Representing ages 19 and above of a 30-year residential exposure duration.
4 - The total RME exposure duration is 30 years, consistent with USEPA, 1994.  The allocation of exposure duration for the three age groups is based on professional judgement.
5 - Values are the average of 50th percentile body weights for males and females ages 7 through 18.
6 - Values are the average of 50th percentile body surface areas (sum of areas for face, hands, forearms, lower legs, and feet) for males in the various age groups indicated.
7 - Values for residential exposure to soil used as conservative estimate of potential soil adherence associated with recreational walking/exploring.
8 - Values are provided (Table 3-4 of USEPA, 2001) for arsenic, cadmium, chlordane, 2,4-D, DDT (used for DDD, DDE), TCDD, lindane (used for other BHC isomers), PAHs, PCBs, and pentachlorophenol.  A single value is listed for all other SVOCs.
     No values are listed for VOCs, other pesticides, or other inorganics and, subsequently, no value will be assigned to the ABSd term for COPCs falling into those categories.
9 - Values for residential exposure to soil used as conservative estimate of potential surface area exposed to soil during recreational walking/exploring.


mg - milligrams
cm2 - square centimeters
kg - kilograms


Based on cancer risk, 


COMPOUND OF POTENTIAL CONCERN ORAL SLOPE FACTOR
(mg/kg/day)-1


DERMAL SLOPE 
FACTOR


(mg/kg/day)-1


DERMAL ABSORPTION 
FACTOR [ABS]


PRG
ELCR = 10-4


(mg/Kg)


PRG
ELCR = 10-5


(mg/Kg)


PRG
ELCR = 10-6


(mg/Kg)
2,3,7,8-TCDD 150000 150000 0.03 0.0016 0.00016 0.000016
Aroclor 1254 2 2 0.14 81.7 8.2 0.82
Arsenic 1.5 1.5 0.03 156 15.6 1.6
TRsoil - Target Risk
ELCR - Excess Lifetime Cancer Risk


Based on non-cancer risk, 


COMPOUND OF POTENTIAL CONCERN
ORAL CHRONIC 


REFERENCE DOSE
(mg/kg/day)


DERMAL CHRONIC 
REFERENCE DOSE


(mg/kg/day)


DERMAL ABSORPTION 
FACTOR [ABS]


PRG
ADULT 
HI = 0.1
(mg/Kg)


PRG
ADULT 
HI = 1


(mg/Kg)


PRG
ADULT 
HI = 10
(mg/Kg)


PRG
ADOLESCENT 


HI = 0.1
(mg/Kg)


PRG
ADOLESCENT 


HI = 1
(mg/Kg)


PRG
ADOLESCENT 


HI = 10
(mg/Kg)


PRG
CHILD
HI = 0.1
(mg/Kg)


PRG
CHILD 
HI = 1


(mg/Kg)


PRG
CHILD 
HI = 10
(mg/Kg)


2,3,7,8-TCDD NA NA 0.03 --- --- --- --- --- --- --- --- ---
Aroclor 1254 0.00002 0.00002 0.14 4.2 42.0 420 1.8 18.0 180 0.5 5.0 50
Arsenic 0.0003 0.0003 0.03 87.8 878 8776 49.0 490 4905 9.7 97.1 971


THI - Target Hazard Index
HI - Hazard Index
NA - not available
--- No PRG calculated
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Table 2
Preliminary Remediation Goals - Floodplain Soil Direct Contact


Oxbow Preliminary Remediation Goals Report - Oxbow Area - Human Health
Centredale Manor Restoration Project Superfund Site


North Providence, Rhode Island


COMPOUND OF POTENTIAL 
CONCERN


PRG
ELCR = 10-4


(mg/Kg)


PRG
ELCR = 10-5


(mg/Kg)


PRG
ELCR = 10-6


(mg/Kg)


PRG
ADULT 
HI = 0.1
(mg/Kg)


PRG
ADULT 
HI = 1


(mg/Kg)


PRG
ADULT 
HI = 10
(mg/Kg)


PRG
ADOLESCENT 


HI = 0.1
(mg/Kg)


PRG
ADOLESCENT 


HI = 1
(mg/Kg)


PRG
ADOLESCENT 


HI = 10
(mg/Kg)


PRG
CHILD 
HI = 0.1
(mg/Kg)


PRG
CHILD 
HI = 1


(mg/Kg)


PRG
CHILD 
HI = 10
(mg/Kg)


2,3,7,8-TCDD (dioxin-TEQ) 0.0016 0.00016 0.000016 --- --- --- --- --- --- --- --- ---
Aroclor 1254 81.7 8.2 0.82 4.2 42.0 420 1.8 18.0 180 0.50 5.0 50.4
Arsenic 156 15.6 1.6 87.8 878 8776 49.0 490 4905 9.7 97.1 971
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ACRONYMS AND ABBREVIATIONS 
 


 
BAF   Bioaccumulation factor 
BERA   Baseline ecological risk assessment 
BMF   Biomagnification factor 
BSAF   Biota-soil accumulation factor 
BW   Body weight 
 
CBR   Critical body residue 
CMRP   Centredale Manor Restoration Project 
COCs   Chemicals of concern 
 
4,4’- DDD  4,4,’-dichlorodiphenyldichloroethane 
4,4’- DDE  4,4’-dichlorodiphenyldichloroethylene 
dw   Dry weight 
 
g   Gram 
 
HI   Hazard index 
HQ   Hazard quotient 
 
IR   Ingestion rate 
 
kg   Kilogram 
 
LOAEL  Lowest observed adverse effects level 
 
MATC   Maximum allowable toxicant concentration 
mg   Milligram 
 
NOAEL  No observed adverse effects level 
 
PCB   Polychlorinated biphenyl 
PRG   Preliminary remediation goal 
 
SFF   Site foraging frequency 
 
2,3,7,8-TCDD  2,3,7,8-tetrachlorodibenzo-p-dioxin 
TEQ   Toxic equivalency 
THQ   Target hazard quotient 
TOC   Total organic carbon 
TRV   Toxicity reference dose 
 
ww   Wet weight 
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1.0 INTRODUCTION 
Ecologically-based Preliminary Remediation Goals (PRGs) were derived for the Oxbow Area floodplain 
soils based on risks identified in the Addendum to the Interim Final Baseline Risk Assessment Oxbow 
Area Part II (Battelle and MACTEC, 2006).  A process similar to that employed to develop PRGs for 
other exposure areas and site media at the Centredale Manor Restoration Project (CMRP) Superfund Site 
was used to ensure that consistent and comparable information was provided for risk management 
decision making.  Ecologically-based PRGs for other impacted media at the site (e.g., sediment, Allendale 
Pond floodplain soils) are documented in the Interim Final Preliminary Remediation Goals Report Part II 
(MACTEC, 2005) based on risks identified in the Baseline Ecological Risk Assessment (BERA) for the 
CMRP Site (MACTEC, 2004).  PRGs were calculated for chemicals of concern (COCs) in floodplain soil 
and biota based on risks to the most sensitive receptors identified for each pathway and/or endpoint 
evaluated in the Addendum to the BERA (Battelle and MACTEC, 2006).  The PRGs that were developed 
for the Oxbow Area floodplain soil relate specifically to bioaccumulation hazards, which are the primary 
hazards posed by the COCs to ecological receptors at the Site. 


1.1 Summary of the Addendum to the Baseline Ecological Risk Assessment Results 
The BERA Addendum evaluated potential risks to ecological receptors that occur in the Oxbow Area, 
which is immediately west of the Woonasquatucket River below the Allendale Dam (Figure 2, Battelle 
and MACTEC, 2006).  Risks were evaluated based on direct contact with and/or incidental ingestion of 
surface soil and the consumption of contaminated biota.  Three assessment endpoint receptors were 
evaluated: 


• Protection and maintenance (i.e., survival, growth, and reproduction) of floodplain invertebrate 
communities which serve as a forage base for wildlife. 


• Protection and maintenance of vermivorous (i.e., earthworm-feeding) mammal and bird 
populations. 


• Protection and maintenance of omnivorous mammal populations. 
 
Results of the ecological assessment of Oxbow floodplain soil exposures (BERA Addendum, Battelle and 
MACTEC, 2006) indicated that endpoint receptors are possibly or probably at substantial risk of harm 
from exposure to site-related COCs in floodplain soil or in biological tissue residues as follows: 


• Based on a comparison of maximum and average floodplain soil concentrations to screening 
benchmarks, the soil invertebrate community occurring within the Oxbow Area may be at 
substantial risk of harm (i.e., hazard index [HI =280] greatly exceeds 1) due to exposure to 
pesticides (including dieldrin, lindane, 4,4’-dichlorodiphenyldichloroethane [4,4’- DDD], and 
4,4’-dichlorodiphenyldichloroethylene [4,4’- DDE]), and zinc in floodplain soil.  However, other 
measures used to assess this endpoint did not support the conclusion that there is substantial risk 
of harm to the soil invertebrate community.  For instance, the hazard quotients (HQs) for 
estimated earthworm tissue concentration indicate less potential for risk (No observed adverse 
effects level [NOAEL HQ=32] and a Lowest observed adverse effects level [LOAEL HQ=120]).  
Furthermore, an evaluation of the soil invertebrate community study conducted to support the 
BERA suggests that the invertebrate fauna is comparable to other exposure areas at the 
Centredale Site and is not distinguishable from the upper background area. 


• Vermivorous mammal and bird populations that occur within the Oxbow Area appear to be at 
substantial risk of harm due to direct exposure to site-related contaminants in floodplain soil and 
prey items.  2,3,7,8-tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD) is the most substantial 
contributor to the estimated risks to vermivorous receptors, accounting for up to 90 percent of the 
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total hazard (Battelle and MACTEC, 2006).  In addition, based on modeled tissue concentrations, 
consumption of contaminated earthworm prey may result in elevated tissue residues in these 
receptors, potentially resulting in adverse reproductive effects (i.e., bioaccumulation hazard). 


• Dietary exposures and modeled tissue burdens in avian egg and mammal liver tissue pose a 
substantial risk of harm to vermivorous wildlife species, with HQs ranging up to nearly 100 (e.g., 
Table 10 [Battelle and MACTEC, 2006]). 


• Omnivorous mammal populations that forage within the study area are not at substantial risk of 
harm from exposure to site-related contaminants in floodplain soil and terrestrial prey items. 


1.2 Ecological Chemicals of Concern for Oxbow Area Floodplain Soil 
Table 1 provides a summary of the PRGs that were developed for each endpoint receptor.  In general, the 
COCs for which PRGs were developed are those that resulted in the highest incremental risk for a given 
species relative to the background area (as summarized in the incremental risk tables in the Addendum to 
the BERA).  These chemicals include dioxin and furans, dioxin-like polychlorinated biphenyls (PCBs), 
PCB Aroclors, pesticides (technical chlordane, 4,4’-DDE, and 4,4’-DDD), and several inorganic 
compounds.  Although a toxic equivalency (TEQ) approach was previously used to derive a single PRG 
for dioxins and furans (MACTEC, 2005), with one exception1, 2,3,7,8-TCDD accounted for almost all of 
the hazard associated with ecological exposure to dioxins and furans (ranging from 98 to 99 percent of the 
total TEQ in individual floodplain soil samples; Figure 5 in the BERA Addendum [Battelle and 
MACTEC, 2006]). 
 
PRGs were developed based on the measurement endpoints used in the Addendum to the BERA.  For the 
earthworm receptor, PRGs were developed using (1) soil screening benchmarks protective of soil 
invertebrates and (2) tissue threshold concentrations based on literature-derived critical body residues 
(CBRs).  PRGs for vermivorous wildlife were developed in two ways as well: (1) using the exposure dose 
model to back-calculate protective media concentrations and (2) using tissue threshold concentrations 
based on literature-derived CBRs. 


                                                 
1 2,3,7,8-TCDD represented 4% of the TEQ calculated for sample LPX-SD-4404 and the TEQ was the lowest of all 
samples (Battelle, 2005).  Based on a review of topographic information, it is believed that this location is not within 
the site boundary as defined by the 100-year floodplain. 
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2.0 TECHNICAL APPROACH AND PROCEDURE FOR DEVELOPMENT OF PRGS 
Site-specific PRGs were developed based on the conclusions of the BERA Addendum and the physical 
and chemical conditions at the Oxbow Area.  PRGs were developed consistent with Risk Assessment 
Guidance for Superfund: Volume I – Human Health Evaluation Manual (Part B, Development of Risk-
based Preliminary Remediation Goals), Interim (USEPA, 1991).  To the extent possible, derivation of 
ecological PRGs was consistent with the procedures used to derive human health PRGs for the Oxbow 
Area. 
 
In general, floodplain soil PRGs for ecological receptors were derived by dividing the risk threshold 
concentrations for prey tissue by site-specific biota-soil accumulation factors (BSAFs) appropriate for 
each receptor of concern.  Risk threshold concentrations for earthworm tissue were divided by the 
appropriate BSAFs to derive floodplain soil PRGs protective of these endpoint receptors.  BSAFs were 
derived using the geometric mean concentration of the total organic carbon (TOC) normalized floodplain 
soil concentrations and the lipid-normalized biota tissue concentrations2. 
 
For each COC, for a given endpoint receptor and measurement endpoint, PRGs were calculated for both 
NOAEL and LOAEL endpoints where available.  The geometric mean of the NOAEL and LOAEL values 
(i.e., Maximum Allowable Toxicant Concentration [MATC]) was also calculated.  For each of these 
benchmarks (i.e., NOAEL, LOAEL, and MATC), PRGs were calculated based on target HQ values of 
0.1, 1.0, and 10. 
 
Specific procedures used to derive PRGs for each of the endpoint receptors of concern are detailed in the 
following sections. 


2.1 Procedure for Development of Floodplain Soil PRGs Protective of Earthworms and 
Other Soil Invertebrates 


The following procedure was used to develop floodplain soil PRGs protective of floodplain soil 
invertebrates for the COCs identified in Table 1. 
 
Ecological earthworm tissue PRGs were developed for each of the COCs based on literature-derived 
CBRs.  Earthworm tissue PRGs based on the literature-derived CBRs were calculated using NOAEL- and 
LOAEL-based CBR values and the geometric mean of these values as follows: 
 


CBRTHQPRGearthworm *=    Equation 1 
 


where: 
 
PRGearthworm = PRG for earthworm tissue (mg COC/kg earthworm tissue) 
THQ  = Target Hazard Quotient for the COC based on tissue residue effects 


(dimensionless); PRGs were calculated using THQs of 0.1, 1.0, and 10. 
CBR  = Critical Body Residue (mg COC/kg earthworm tissue).  NOAEL- and LOAEL-


based CBR values presented in Table 5 of the BERA Addendum (Battelle and 
MACTEC, 2006).  The MATC-based CBR is the geometric mean of the 
NOAEL- and LOAEL-based values.  CBR-based PRGs for earthworm tissue are 
presented in Table 2. 


 


                                                 
2 For organic COCs only; in the case of inorganic COCs, geometric means for non-normalized data were used. 
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Floodplain soil concentrations based on these protective tissue residues were then calculated by dividing 
the PRGearthworm values by the corresponding BSAF for organic COCs or Bioaccumulation Factor (BAF) 
for inorganic COCs as derived in the BERA Addendum (Table 3)3: 
 


earthworm


soilearthworm
soil LipidBSAF


TOCPRG
PRG


][*
][*


=    Equation 2 


 
where: 
 
PRGsoil  = PRG for floodplain soil that is protective of soil invertebrates (mg COC/kg soil). 
BSAF4  = Biota-Soil Accumulation Factor (g organic carbon in soil/g lipid in earthworm) 
[TOC]soil = Average TOC concentration in Oxbow soil reported as dry weight mg organic 


carbon/kg soil) 
[Lipid]earthworm = Average lipid concentration in Lyman Mill earthworm tissues (mg lipid/kg 


earthworm tissue) 
PRGearthworm = PRG for earthworm tissue (mg COC/kg earthworm tissue) 
 


BAF
PRG


PRG earthworm
soil =    Equation 3 


 
For inorganic COCs, BAFs (i.e., ratio of non-normalized COC concentration in earthworm tissue by non-
normalized chemical concentration in floodplain soil) were used (Equation 3).  The PRGs were calculated 
based on target HQ values of 0.1, 1.0, and 10. 
 
Floodplain soil PRGs based on protection of soil invertebrates using tissue CBRs are presented in Table 
3. 
 
Ecological PRGs were developed for each of the COCs based on literature-derived soil screening 
benchmarks.  Floodplain soil PRGs based on the literature-derived CBRs were calculated using soil 
screening values as follows: 


 
TRVTHQPRGsoil *=    Equation 4 


 
where: 
 
PRGsoil  = PRG for floodplain soil that is protective of soil invertebrates (mg COC/kg soil). 
THQ  = Target Hazard Quotient for the COC based on tissue residue effects 


(dimensionless); PRGs were calculated using THQs of 0.1, 1.0, and 10. 
TRV  = Toxicity Reference Value (mg COC/kg soil).  Literature-based soil screening 


values are presented in Table 4 of the BERA Addendum (Battelle and MACTEC, 
2006). 


 


                                                 
3 The earthworm BSAFs were derived assuming that the typical lipid percentage in Oxbow floodplain earthworms is 
2.66% based on the average of Lyman Mill earthworm samples collected to support the BERA (Table 20; 
MACTEC, 2004).  A floodplain soil TOC of 8.88% was also used based on the average of LPX-SD-4402 and field 
duplicate (“R” samples) (Battelle,2004). 
4 This term was developed as a means of quantifying organic contaminant uptake by biota from the sediment 
medium; however, the application to floodplain soils is appropriate and straightforward. 
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PRGs based on use of these soil screening levels are presented in Table 4. 


2.2 Procedure for Development of Floodplain Soil PRGs Protective of Vermivorous 
Wildlife. 


The following procedure was used to develop floodplain soil PRGs protective of vermivorous (i.e., 
earthworm-feeding) wildlife for the COCs identified in Table 1. 
 
Ecological earthworm tissue PRGs were developed for each COC that are protective of the effects to 
American woodcock embryos (eggs).  Ecological earthworm tissue PRGs were developed that are 
protective of the American woodcock embryos based on CBRs as follows: 
 


CBRTHQPRGegg *=    Equation 5 
 
where: 
 
PRGegg  = PRG for woodcock eggs (mg COC/kg egg tissue). 
THQ  = Target Hazard Quotient for the COC based on tissue residue effects 


(dimensionless); PRGs were calculated using THQs of 0.1, 1.0, and 10. 
CBR  = Critical Body Residue (mg COC/kg egg tissue).  NOAEL- and LOAEL-based 


CBR values presented in Table 5 of the BERA Addendum (Battelle and 
MACTEC, 2006).  The MATC-based CBR is the geometric mean of the 
NOAEL- and LOAEL-based values.  CBR-based egg tissue PRGs are presented 
in Table 5.   


 
Protective COC concentrations in food (earthworm tissue) were estimated using the protective avian egg 
tissue concentration and Biomagnification Factors (BMFs) as follows: 
 


egg


earthwormegg
earthworm LipidBMF


LipidPRG
PRG


][*
][*


=   Equation 6 


where: 
 
PRGearthworm = PRG for earthworm tissue that is protective of woodcock embryos associated 


with a bioaccumulation hazard (mg COC/kg soil) 
PRGegg  = PRG for woodcock eggs as calculated in Equation 6 (mg COC/kg egg tissue). 
[Lipid]earthworm = Average lipid concentration in Lyman Mill earthworm tissues (kg lipid/kg 


earthworm tissue) 
BMF  = Biomagnification Factor (kg earthworm lipid/kg egg lipid) 
[Lipid]egg = Average lipid concentration in woodcock embryo tissues (kg egg lipid/kg egg 


tissue) 
 
The COC-specific BMFs were calculated as follows: 
 


ln,


ln,


][
][


earthworm


egg


C
C


BMF =     Equation 7 
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where: 
 
BMF  = Biomagnification Factor (g earthworm lipid/g egg lipid) 
[C]swallow,ln = Lipid-normalized COC concentration in woodcock egg tissue reported as wet 


weight (mg COC/kg lipid in egg tissue) 
[C]earthworm,ln       = Lipid-normalized COC concentration in earthworm tissue reported as wet weight 


(mg COC/kg lipid in earthworm tissue)  
 
PRGs for earthworm tissue based on this endpoint, along with the BMFs, are presented in Table 6.  
Equation 2 was then used to calculate the corresponding floodplain soil PRGs (Table 7). 
 
A similar approach was employed to calculated floodplain soil PRGs based on acceptable tissue 
concentrations in mammalian liver tissue.  Equations 5 and 6 were modified with the PRGegg term 
replaced with a corresponding PRGliver term and Tables 8, 9, and 10 present the derived PRGs for 
mammal liver, earthworm tissue, and floodplain soil, respectively, based on this endpoint. 
 
Ecological earthworm tissue PRGs were developed for each of the COCs based on exposure dose 
modeling.  Ecological earthworm tissue PRGs were developed that are protective of the American 
woodcock and short-tailed shrew earthworm ingestion pathway for each COC in earthworm tissue as 
follows: 
 


   
   SFFIRSFFPIR
TOC


LipidBSAF
SFFPIRBAF


BWTRVTHQPRG


soilewfood
soil


ewew
plantfoodplant


soil


****
*


***


**















  Equation 8 


 
where: 
 
PRGsoil  = PRG for floodplain soil that is protective of wildlife (mg COC/kg soil). 
THQ  = Target Hazard Quotient for the COC based on tissue residue effects 


(dimensionless); PRGs were calculated using THQs of 0.1, 1.0, and 10. 
TRV  = Toxicity Reference Value.  Receptor-specific literature-based toxicity threshold 


value.  NOAEL and LOAEL-based TRV values were obtained from Table D-4 
(Appendix D) of the BERA (MACTEC, 2004).  The MATEC-based TRV is the 
geometric mean o f the NOAEL- and LOAEL-based values. 


BW  = Receptor body weight (0.2 kg, woodcock; 0.017 kg, shrew).  Literature –based 
value obtained from Table I-2 of the BERA (MACTEC, 2004). 


BAFplant  = Bioaccumulation Factor between soil and edible portions of plants consumed by 
the receptor (ug COC plant tissue [ww]/ug COC soil [dw]) 


IRfood  = Food (earthworm) ingestion rate (0.082 kg/day, woodcock; 0.013 kg/day, shrew).  
Literature-based value obtained from Table I-2 of the BERA (MACTEC, 2004). 


Pplant  = Percentage of plant types in the diet 
SFF  = Site Foraging Frequency (unitless); fraction of time receptor is assumed to forage 


at the site. 
BSAFew  = Earthworm-Soil Accumulation Factor (g organic carbon in soil/g lipid in 


earthworm) 
[TOC]soil = Average TOC concentration in Oxbow soil reported as dry weight mg organic 


carbon/kg soil) 
[Lipid]ew = Average lipid concentration in Lyman Mill earthworm tissues (mg lipid/kg 


earthworm tissue) 
Pew  = Percentage of earthworms in the diet of the receptor 
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IRsoil  = Ingestion rate of soil (associated with typical foraging activities); kg (dw) per 
day. 


 
Floodplain soil PRGs that are protective of the dietary exposure pathway to floodplain avian and 
mammalian receptors are presented in Tables 11 and 12, respectively. 


 


3.0 CALCULATION AND PRESENTATION OF ECOLOGICAL PRGS 
Table 13 summarizes the PRG values calculated for each receptor and endpoint evaluated in the BERA 
Addendum for the Oxbow Area.  Values presented are based on the MATC TRVs for THQs of 0.1, 1.0, 
and 10.  The calculations for the PRGs using the NOAEL- and LOAEL-based TRVs can be found in 
Tables 2 through 12.  As described in the previous section, PRGs estimated using CBRs and soil 
screening benchmarks for earthworms were not included in the derivation of the final ecological PRG.  
Consequently, the ecological PRG for each COC was determined as the lower of the two sets of values 
calculated for birds and mammals (based on residue- and dose-modeling approaches).  For each COC, the 
lowest, most conservative (i.e., receptor/endpoint combination requiring the most stringent degree of 
remediation) PRG is highlighted.  These values were compared to PRGs calculated for human receptors 
to identify the overall PRG for each COC (Table F-2A of Appendix F to the Feasibility Study (Battelle, 
2009)). 
 


4.0 DISCUSSION OF UNCERTAINTIES 
Uncertainties associated with the calculated ecological PRGs are generally similar to those identified for 
the risk estimate in the BERA Addendum.  These uncertainties are summarized below. 


• There are uncertainties associated with the CBR values used to develop floodplain soil PRGs for 
earthworms, woodcock eggs, and mammalian liver cells; they are neither site-specific nor specific 
to the particular receptors being evaluated.  See below for a specific discussion regarding the 
mammalian CBR for 2,3,7,8-TCDD. 


• The PRGs developed in this report may not be protective of exposures to early life stages of 
sensitive amphibians and invertebrates.  Surface water exposures were not evaluated in the BERA 
Addendum because, with the exception of the former river channel, the majority of the Oxbow 
Area does not typically contain standing water.  Also, there were no surface water analytical data 
available to evaluate exposure to this environmental media.  Results of habitat analysis and 
wetland delineation of the Oxbow Area were also not available.  It is possible, however, that 
vernal pools are present and that seasonal exposures to sensitive aquatic organisms could occur.   


• There are uncertainties associated with the actual plant tissue concentrations in the Oxbow Area 
because floodplain soil PRGs protective of the short-tailed shrew were calculated using literature-
based plant BAFs rather than site-specific plant tissue data. In addition, a plant BAF was not 
available for dioxin TEQ.  Therefore, the PRGs developed for dioxin TEQ account only for 
dietary exposures from earthworms and likely result in an under-protective PRG.  However, 
because plants constitute only a small percentage of the shrew’s diet (i.e., approximately 14%), 
these uncertainties are unlikely to significantly impact the calculated PRGs. 


• There are uncertainties associated with the dioxin TEQ TRV for the short-tailed shrew.  The 
selected TRV is based on a chronic study involving the administration of 2,3,7,8-TCDD to rats in 
their diet (Table D-4 in the BERA [MACTEC, 2004]) and measuring the effects on fertility and 
neonatal survival.  This study selected as most appropriate because it  evaluated  relevant 
measurement endpoints, was a chronic study, and involved the administration of the contaminant 
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in the diet.  However, the rat may be more or less sensitive to 2,3,7,8-TCDD dietary exposures 
than the shrew and other small wild mammals. 


• Compared to the avian CBRs, there are relatively large uncertainties associated with the 
mammalian tissue CBRs used in the assessment.  Residue-based CBRs for the short-tailed shrew 
are based on a study by Leonards et al. (1997) that evaluated adverse effects associated with a 
range of organochlorine compounds in mink liver tissue.  Potential concerns with this study are 
related to the need for inter-specific extrapolation, the effects (histological) observed, and the lack 
of similar toxicological data.  A review of Table 13 indicates that the mammalian CBR endpoint 
was selected as the lowest ecological PRG only in the case of 2,3,7,8-TCDD.  The PRG based on 
the mammalian dose assessment is approximately 3.5 times higher than that based on the 
mammalian residue-based analysis.  Due to these uncertainties and given that the other wildlife 
receptor appears to be less sensitive than the shrew, deriving the overall ecological PRG using the 
dose-model rather than the CBR value for 2,3,7,8-TCDD should be considered. 


• Uncertainties are associated with the BSAFs and BMFs used in the PRG calculations due to 
variability in detected concentrations of COCs in floodplain soil or earthworm tissue collected 
from different locations within a given area.  Generally, the BSAFs were reasonably consistent 
among the exposure areas, suggesting that the data utilized in BSAF and PRG development were 
appropriate.  No BSAFs for earthworms are available for comparison to results of other studies. 


• It is believed that the uncertainties associated with the floodplain PRGs developed for soil 
invertebrates are relatively large compared to those based on wildlife endpoints.  For instance, the 
TRVs used to establish PRGs protective of direct contact exposures are based on conservative 
soil screening levels that are not appropriate for establishing cleanup levels.  As a result, it is 
recommended that PRGs based on these endpoints not be used to establish cleanup goals for the 
Oxbow Area. 


 


5.0 COMPARISON OF PRGS TO BACKGROUND CONDITIONS 
Table 13 compares floodplain soil PRGs calculated for the short-tailed shrew and American woodcock to 
chemical concentrations detected in the upstream background area (Greystone Mill Pond).  Ecological 
PRGs were identified as the lowest avian or mammalian PRG calculated for each COC.  Background 
concentrations are highlighted wherever the value exceeds the identified ecological PRG (for a given 
THQ). 
 
PRGs that are lower than background concentrations may represent unrealistic remediation goals.  Using 
a THQ of 0.1, MATC-based floodplain soil PRGs for 2,3,7,8-TCDD, 4,4’-DDE, antimony, Aroclor-1254, 
cadmium, dieldrin, lead, and zinc are below the respective average background conditions.  For a THQ 
equivalent to 1.0, only the ecological PRGs for 2,3,7,8-TCDD, antimony, and lead are below the 
respective average background concentrations.  All ecological PRGs based on a THQ of 10 are above 
average background conditions. 
 
It is important to note that the average background floodplain soil concentration of 0.000017 mg/kg 
2,3,7,8-TCDD is different from the dioxin TEQ of 0.00005 mg/kg (0.05 ppb).  Although 2,3,7,8-TCDD 
typically comprises over 95 percent of the TEQs in site media, this is not the case for background 
floodplain soils at the site (Battelle, 2006).  This has resulted in a difference in reported values. 
 
Ecological PRGs derived in this report and background values for floodplain soil are presented in Table 
F-2A of Appendix F to the Feasibility Study (Battelle, 2009 along with the human health PRGs developed 
by MACTEC (Part I of this report).  This summary was used to develop the proposed remediation goals. 
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6.0 COMPARISON OF SITE CONCENTRATIONS TO ECOLOGICAL PRGS 
This section provides a brief discussion of the distribution of COC soil concentrations relative to the 
calculated floodplain soil PRGs.  Figure 1 presents the locations for the samples evaluated in the 
Addendum to the Interim Final Baseline Risk Assessment: Oxbow Report (Battelle and MACTEC, 2006).  
The results of a comparison between site concentrations and Ecological PRGs are summarized in Table 
14. 
 
Note that the detected concentrations of 2,3,7,8-TCDD and antimony exceed the lowest ecological PRG 
at all sampling locations.  The concentrations of lead and total Aroclors exceed the lowest PRGs at all but 
one location and, conversely, the concentrations of cadmium and lead in Oxbow floodplain soils are less 
than the lowest ecological PRG at all but one location.  No discernable pattern in exceedances was 
identified between or across locations. 
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Table 1 


Summary of Preliminary Remediation Goals (PRGs) Developed for Ecological Receptors 
 


Centredale Manor Restoration Project Superfund Site 
North Providence, Rhode Island 


 
Receptor Risk Basis Chemicals of Concerna 


Soil Invertebratesb Soil Screening Benchmarks Dieldrin, lindane, zinc, 4,4’-DDE, 4,4’-DDD, beryllium, 
lead, antimony 


Estimated tissue residue Cadmium, zinc 
Vermivorous Wildlife – 
American Woodcock 


Food chain exposure dose modeling 
(earthworm consumption) 


Dioxins and furans, zinc, lead, total Aroclors 


Estimated tissue residue Dioxins and furans, 4,4-DDE, dieldrin 
Vermivorous Wildlife – 
Short-tailed Shrew 


Food chain exposure dose modeling 
(earthworm consumption) 


Dioxins and furans, antimony, total Aroclors, Aroclor 1254, 
cadmium 


Estimated tissue residue Dioxins and furans 
 
Footnotes: 
a.  PRGs were developed for those Chemicals of Concern (COCs) with incremental risks exceeding 1. 
b.  PRGs were identified for soil invertebrates for comparison purposes only.  The BERA Addendum relied solely on available 
screening benchmarks to evaluate potential ecological risks to this receptor category and it is unlikely that these benchmarks constitute 
an appropriate basis for establishing PRGs.  Bolded constituents are those that were identified as a COC for this receptor group only. 
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Table 2
Derivation of Preliminary Remediation Goals for Earthworm Tissue Based on Critical Body Residue Values


Centredale Manor Restoration Project Superfund Site
North Providence, Rhode Island
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RECEPTOR: Soil Invertebrates
EXPOSURE MEDIUM: Floodplain Soil


RISK BASIS: CBR Threshold


PRGearthworm = Earthworm Tissue PRG (ug/g; wet-weight basis)
THQ = Target Hazard Quotient (unitless)
CBR = Critical Body Residue (ug/g; wet weight basis)


Critical Body Residues (CBRs)a


Cadmium ug/g 1.1 0.093 0.32
Zinc ug/g 13 20 16


Calculated Earthworm Tissue PRGs
Basis NOAEL LOAEL MATC
THQ 0.1 1 10 0.1 1 10 0.1 1 10


Cadmium 0.11 1.1 11 0.0093 0.093 0.93 0.032 0.32 3.2
Zinc 1.3 13 130 2 20 200 1.6 16 160


NOAEL - No Observed Adverse Effect Level
LOAEL - Lowest Observed Adverse Effect Level
MATC  - (Maximum Allowable Toxicant Concentration) is calculated as the geometric mean of the NOAEL and LOAEL values.
PRG - Preliminary Remediation Goal


a.  Values obtained from Table 5 in Battelle, 2006 : Addendum to the Interim Final Baseline Risk Assessment: Oxbow Area and BERA (MACTEC, 2004; Table G-1)


LOAEL MATCChemical of Concern


Chemical of Concern


Units NOAEL


CBRTHQPRGearthworm *=
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Derivation of Preliminary Remediation Goals for Floodplain Soil Based on Earthworm Critical Body Residue Values
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RECEPTOR: Soil Invertebrates
EXPOSURE MEDIUM: Floodplain Soil


RISK BASIS: CBR Threshold


for inorganics


PRGsoil = Floodplain Soil PRG (ug/g; dry-weight basis)
PRGearthworm = Earthworm Tissue PRG (ug/g; wet-weight basis)
BAF = Bioaccumulation Factor (g soil/g tissue)


Calculated Earthworm Tissue PRGsa


Basis NOAEL LOAEL MATC
THQ 0.1 1 10 0.1 1 10 0.1 1 10


Cadmium 0.11 1.1 11 0.0093 0.093 0.93 0.032 0.32 3.2
Zinc 1.3 13 130 2 20 200 1.6 16 160


Calculated Floodplain Soil PRGs
Basis NOAEL LOAEL MATC
THQ 0.1 1 10 0.1 1 10 0.1 1 10


Cadmium 4.016 0.027 0.27 2.7 0.0023 0.023 0.23 0.0080 0.080 0.80
Zinc 0.618 2.1 21 210 3.2 32 320 2.6 26 260


NOAEL - No Observed Adverse Effect Level
LOAEL - Lowest Observed Adverse Effect Level
MATC (Maximum Allowable Toxicant Concentration) is calculated as the geometric mean of the NOAEL and LOAEL values.
PRG - Preliminary Remediation Goal


a.  Values as presented in Table 2.


Chemical of Concern BSAFb


Chemical of Concern


b.  Mean Biota Soil Accumulation Factors (BSAFs presented in Table J-8 of the BERA (MACTEC, 2004) and Table 3 of the Addedum to the Interim Final BERA: Oxbow Area (Battelle, 
2006).


BAF
PRG


PRG earthworm
soil =







Table 4
Derivation of Preliminary Remediation Goals for Floodplain Soil Based on Invertebrate Soil Screening Values


Centredale Manor Restoration Project Superfund Site
North Providence, Rhode Island


16


RECEPTOR: Soil Invertebrates
EXPOSURE MEDIUM: Floodplain Soil


RISK BASIS: Screening Benchmark


PRGsoil = Floodplain Soil PRG (ug/g; dry-weight basis)
THQ = Target Hazard Quotient (unitless)
TRV = Soil Toxicity Reference Value(ug/g; dry-weight basis)
PRG - Preliminary Remediation Goal


Target Hazard Quotient


Dieldrin 0.0005 ug/g 0.00005 0.0005 0.005
Lindane 0.00005 ug/g 0.000005 0.00005 0.0005
Zinc 100 ug/g 10 100 1000
4,4'-DDE 0.0025 ug/g 0.00025 0.0025 0.025
4,4'-DDD 0.0025 ug/g 0.00025 0.0025 0.025
Beryllium 1.1 ug/g 0.11 1.1 11
Lead 500 ug/g 50 500 5000
Antimony 3.5 ug/g 0.35 3.5 35


a.  Soil TRVs based on lowest available invertebrate screening benchmark values as summarized in the BERA (MACTEC, 2004; Table D-3) and in the Addendum to the Interim Final 
BERA: Oxbow Area (Battelle, 2006:Table 4).


1.0 10Chemical of Concern Units 0.1TRVa


TRVTHQPRGsoil *=







Table 5
Derivation of Preliminary Remediation Goals for Woodcock Tissue Based on Critical Body Residues for Woodcock Eggs
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RECEPTOR: American Woodcock
EXPOSURE MEDIUM: Floodplain Soil


RISK BASIS: CBR Threshold


PRGegg = Woodcock egg PRG (ug/g; wet-weight basis)
THQ = Target Hazard Quotient (unitless)
CBR = Critical Body Residue (ug/g; wet weight basis)


Critical Body Residues (CBRs)a


2,3,7,8-TCDD ug/g 0.000070 0.0012 0.00029
4,4'-DDE ug/g 0.10 0.10 0.10
Dieldrin ug/g 0.059 0.059 0.059


Calculated Woodcock Egg PRGs
Basis NOAEL LOAEL MATC
THQ 0.1 1 10 0.1 1 10 0.1 1 10


2,3,7,8-TCDD 0.0000070 0.000070 0.00070 0.00012 0.0012 0.012 0.000029 0.00029 0.0029
4,4'-DDE 0.010 0.10 1.0 0.010 0.10 1.0 0.010 0.10 1.0
Dieldrin 0.0059 0.059 0.59 0.0059 0.059 0.59 0.0059 0.059 0.59


NOAEL - No Observed Adverse Effect Level
LOAEL - Lowest Observed Adverse Effect Level
MATC (Maximum Allowable Toxicant Concentration) is calculated as the geometric mean of the NOAEL and LOAEL values.
PRG - Preliminary Remediation Goal


a.  Values obtained from Table 10 in Battelle, 2006.  Addendum to the Interim Final Baseline Risk Assessment: Oxbow Area.


LOAEL MATCChemical of Concern


Chemical of Concern


Units NOAEL


CBRTHQPRGegg *=







Table 6
Derivation of Preliminary Remediation Goals for Earthworm Tissue Based on Critical Body Residues for Woodcock Eggs
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RECEPTOR: American Woodcock
EXPOSURE MEDIUM: Floodplain Soil


RISK BASIS: CBR Threshold


PRGearthworm = Earthworm Tissue PRG (ug/g; wet-weight basis)
PRGegg = Woodcock egg PRG (ug/g; wet-weight basis)a


Lipidegg = Percent lipid content of woodcock egg (g/g; wet-weight basis)b


Lipidearthworm = Percent lipid content of earthworm tissue (g/g; wet-weight basis)c


BMF = Biomagnification Factor (g earthworm lipid/g egg lipid)
PRG - Preliminary Remediation Goal


Calculated Earthworm Tissue PRGs
Basis NOAEL LOAEL MATC
THQ 0.1 1 10 0.1 1 10 0.1 1 10


2,3,7,8-TCDD 6.99 0.00000035 0.0000035 0.000035 0.0000059 0.000059 0.00059 0.0000014 0.000014 0.00014
4,4'-DDE 13.3 0.00026 0.0026 0.026 0.00026 0.0026 0.026 0.00026 0.0026 0.026
Dieldrin 2.82 0.00072 0.0072 0.072 0.00072 0.0072 0.072 0.00072 0.0072 0.072


NOAEL - No Observed Adverse Effect Level
LOAEL - Lowest Observed Adverse Effect Level
MATC (Maximum Allowable Toxicant Concentration) is calculated as the geometric mean of the NOAEL and LOAEL values.


a.  Values as calculated in Table 5.
b.  Estimated as average lipid percentage in gull eggs as reported by Braune and Norstrom (1989)


Selected valued: 7.7%
c.  Estimated as average earthworm lipid percentage in 3 Lyman Mill samples collected to support the BERA (MACTEC, 2004).


Selected valued: 2.66%
d. Values obtained from Table 10 in the Addendum to the Interim Final BERA: Oxbow Area (Battelle, 2006)


Chemical of Concern BMFd


egg


earthwormegg
earthworm LipidBMF


LipidPRG
PRG


][*


][*
=







Table 7
Derivation of Preliminary Remediation Goals for Floodplain Soil Based on Critical Body Residues for Woodcock Eggs
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RECEPTOR: American Woodcock
EXPOSURE MEDIUM: Floodplain soil


RISK BASIS: CBR Threshold


PRGsoil = Floodplain Soil PRG (ug/g; dry-weight basis)
PRGearthworm = Earthworm Tissue PRG (ug/g; wet-weight basis)a


BSAF = Biota-Soil Accumulation Factor (g organic carbon in soil/g lipid in earthworm)b


TOCsoil = Average TOC concentration in Oxbow soil reported as dry weight ug organic carbon/g soil)c


Lipidearthworm = Average lipid concentration in Lyman Mill earthworm tissues (ug lipid/g earthworm tissue)d


Calculated Earthworm Tissue PRGsa


Basis NOAEL LOAEL MATC
THQ 0.1 1 10 0.1 1 10 0.1 1 10


2,3,7,8-TCDD 6.99 0.00000035 0.0000035 0.000035 0.0000059 0.000059 0.00059 0.0000014 0.000014 0.00014
4,4'-DDE 13.3 0.00026 0.0026 0.026 0.00026 0.0026 0.026 0.00026 0.0026 0.026
Dieldrin 2.82 0.00072 0.0072 0.072 0.00072 0.0072 0.072 0.00072 0.0072 0.072


Calculated Floodplain Soil PRGs
Basis NOAEL LOAEL MATC
THQ 0.1 1 10 0.1 1 10 0.1 1 10


2,3,7,8-TCDD 0.252 0.0000046 0.000046 0.00046 0.000079 0.00079 0.0079 0.000019 0.00019 0.0019
4,4'-DDE 0.545 0.0016 0.016 0.16 0.0016 0.016 0.16 0.0016 0.016 0.16
Dieldrin 0.583 0.0041 0.041 0.41 0.0041 0.041 0.41 0.0041 0.041 0.41


NOAEL - No Observed Adverse Effect Level
LOAEL - Lowest Observed Adverse Effect Level
MATC (Maximum Allowable Toxicant Concentration) is calculated as the geometric mean of the NOAEL and LOAEL values.


a.  Values as calculated in Table 6.
b. Values obtained from Table 3 in the Addendum to the Interim Final BERA: Oxbow Area (Battelle, 2006)
c. Estimated as average TOC in LPX-SD-4402 and field duplicate (RI sample collected by Battelle in 2004).


Selected value: 8.88%
d.  Estimated as average earthworm lipid percentage in 3 Lyman Mill samples collected to support the BERA (MACTEC, 2004).


Selected value: 2.66%


Chemical of Concern BMF


Chemical of Concern BSAFb


earthworm


soilearthworm
soil LipidBSAF


TOCPRG
PRG


][*


][*
=







Table 8
Derivation of Preliminary Remediation Goals for Short-tailed Shrew Tissue Based on Critical Body Residues
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North Providence, Rhode Island
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RECEPTOR: Short-tailed Shrew
EXPOSURE MEDIUM: Floodplain Soil


RISK BASIS: CBR Threshold


PRGliver = Mammal liver PRG (ug/g; wet-weight basis)
THQ = Target Hazard Quotient (unitless)
CBR = Critical Body Residue (ug/g; wet weight basis)


Critical Body Residues (CBRs)a


2,3,7,8-TCDD ug/g 0.00015 0.00023 0.00019


Calculated Mammal Liver PRGs
Basis NOAEL LOAEL MATC
THQ 0.1 1 10 0.1 1 10 0.1 1 10


2,3,7,8-TCDD 0.000015 0.00015 0.0015 0.000023 0.00023 0.0023 0.000019 0.00019 0.0019


NOAEL - No Observed Adverse Effect Level
LOAEL - Lowest Observed Adverse Effect Level
MATC (Maximum Allowable Toxicant Concentration) is calculated as the geometric mean of the NOAEL and LOAEL values.
PRG - Preliminary Remediation Goal


a.  Values obtained from Table 11 in Battelle, 2006.  Addendum to the Interim Final Baseline Risk Assessment: Oxbow Area & in Table G-1 of the BERA (MACTEC, 2004)


LOAEL MATCChemical of Concern


Chemical of Concern


Units NOAEL


CBRTHQPRGliver *=







Table 9
Derivation of Preliminary Remediation Goals for Earthworm Tissue Based on Critical Body Residues for Shrew Liver Tissue
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RECEPTOR: Short-tailed Shrew
EXPOSURE MEDIUM: Floodplain Soil


RISK BASIS: CBR Threshold


PRGearthworm = Earthworm Tissue PRG (ug/g; wet-weight basis)
PRGliver = Mammal liver PRG (ug/g; wet-weight basis)a


Lipidearthworm = Percent lipid content of earthworm tissue (g/g; wet-weight basis)b


Lipidliver = Percent lipid content of mammal liver (g/g; wet-weight basis)c


BMF = Biomagnification Factor (g earthworm lipid/g liver lipid)d


PRG - Preliminary Remediation Goal
Calculated Earthworm Tissue PRGs


Basis NOAEL LOAEL MATC
THQ 0.1 1 10 0.1 1 10 0.1 1 10


2,3,7,8-TCDD 11 0.00000082 0.0000082 0.000082 0.0000013 0.000013 0.00013 0.0000010 0.000010 0.00010


NOAEL - No Observed Adverse Effect Level
LOAEL - Lowest Observed Adverse Effect Level
MATC (Maximum Allowable Toxicant Concentration) is calculated as the geometric mean of the NOAEL and LOAEL values.


a.  Values as calculated in Table 8.
b.  Estimated as average earthworm lipid percentage in 3 Lyman Mill samples collected to support the BERA (MACTEC, 2004).


Selected value: 2.66%
c.  Estimated as the average lipid percentage in five otter liver samples (Leonards et al. , 1997)


Selected value: 4.4%
d. Values obtained from Table 11 in the Addendum to the Interim Final BERA: Oxbow Area (Battelle, 2006)


Chemical of Concern BMFd


liver


earthwormliver
earthworm LipidBM F


LipidPRGPRG
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RECEPTOR: Short-tailed Shrew
EXPOSURE MEDIUM: Floodplain Soil


RISK BASIS: CBR Threshold


PRGsoil = Floodplain Soil PRG (ug/g; dry-weight basis)
PRGearthworm = Earthworm Tissue PRG (ug/g; wet-weight basis)a


TOCsoil = Average TOC concentration in Oxbow soil reported as dry weight ug organic carbon/g soil)b


Lipidearthworm = Average lipid concentration in Lyman Mill earthworm tissues (ug lipid/g earthworm tissue)c


BSAF = Biota-Soil Accumulation Factor (g organic carbon in soil/g lipid in earthworm)


Calculated Earthworm Tissue PRGsa


Basis NOAEL LOAEL MATC
THQ 0.1 1 10 0.1 1 10 0.1 1 10


2,3,7,8-TCDD 11 0.00000082 0.0000082 0.000082 0.0000013 0.000013 0.00013 0.0000010 0.000010 0.00010


Calculated Floodplain Soil PRGs
Basis NOAEL LOAEL MATC
THQ 0.1 1 10 0.1 1 10 0.1 1 10


2,3,7,8-TCDD 0.252 0.000011 0.00011 0.0011 0.000017 0.00017 0.0017 0.000014 0.00014 0.0014


NOAEL - No Observed Adverse Effect Level
LOAEL - Lowest Observed Adverse Effect Level
MATC (Maximum Allowable Toxicant Concentration) is calculated as the geometric mean of the NOAEL and LOAEL values.


a.  Values as calculated in Table 9.
b. Estimated as average TOC in LPX-SD-4402 and field duplicate (RI sample collected by Battelle in 2004).


Selected value: 8.88%
c.  Estimated as average earthworm lipid percentage in 3 Lyman Mill samples collected to support the BERA (MACTEC, 2004).


Selected value: 2.66%
d. Values obtained from Table 3 in the Addendum to the Interim Final BERA: Oxbow Area (Battelle, 2006)


Chemical of Concern BMF


Chemical of Concern BSAFd


earthworm
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soil LipidBSAF
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RECEPTOR: American Woodcock
EXPOSURE MEDIUM: Floodplain Soil


RISK BASIS: Food Chain Dose Modeling


Parameter 
Symbol Parameter Definition Units Valuec Note


PRGsoil Floodplain soil PRG protective of the woodcock ug/g Calculated
THQ Target Hazard Quotient unitless 0.1, 1.0, 10
TRV Literature-based Toxicity Reference Value ug/g-day COC-specific a


BAFplant Literature-based plant Biota Accumulation Factor g (dw soil)/g (ww tissue) COC-specific b
BSAFew Earthworm Biota-Soil Accumulation Factor g (soil TOC)/g (tissue lipid) COC-specific c


IRfood Ingestion Rate of Food kg-day 0.082 d
IRsoil Ingestion Rate of Soil kg-day 0.012 assumption
Pplant Percent plants in diet unitless 0% e
Pew Percent earthworms in diet unitless 100% e
SFF Site Foraging Frequency unitless 100% f
BW Body Weight kg 0.2 g


[Lipid]ew Lipid concentration in earthworm tissue g (lipid)/g (tissue) 2.66% h
[TOC]soil Total organic carbon concentration in soil g (TOC)/g (soil) 8.88% i


Chemical Specific Parameters


Toxicity Reference Valuesa Plant BAFb Earthworm BSAFj


Units NOAEL LOAEL MATC Units Value Units Value
2,3,7,8-TCDD ug/g-d 0.000014 0.00014 0.000044 gsoil/gtissue 0 gsoil/gtissue 0.252
Zinc ug/g-d 15 130 44 gsoil/gtissue 0.35 gsoil/gtissue 0.618
Lead ug/g-d 3.9 39 12 gsoil/gtissue 0.019 gsoil/gtissue 0.145
Total Aroclors ug/g-d 0.11 0.28 0.18 gsoil/gtissue 0.00061 gsoil/gtissue 0.366


Chemical of 
Concern


( ) [ ]
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NOAEL - No Observed Adverse Effect Level
LOAEL - Lowest Observed Adverse Effect Level
MATC (Maximum Allowable Toxicant Concentration) is calculated as the geometric mean of the NOAEL and LOAEL values.


Calculated Floodplain Soil PRGs
Basis NOAEL LOAEL MATC
THQ 0.1 1 10 0.1 1 10 0.1 1 10


2,3,7,8-TCDD 0.000015 0.00015 0.0015 0.00015 0.0015 0.015 0.000049 0.00049 0.0049
Zinc 11 110 1100 96 960 9600 32 320 3200
Lead 5.0 50 500 50 500 5000 16 160 1600
Total Aroclors 0.10 1.0 10 0.27 2.7 30 0.17 1.7 17


Notes:
a.  Values from Table D-4 (Appendix D of the BERA (MACTEC, 2004).
b.  Values from Table J-1 (Appendix J) of the BERA (MACTEC, 2004) & Addendum to Interim Final BERA: Oxbow Area, Table C.2-1 (Battelle, 2006)
c.  Values from Table 19 of the BERA (MACTEC, 2004) & Tables C.1-1,C.1-3, 8 & 10 from the Addendum to the Interim Final BERA: Oxbow Area (Battelle, 2006)
d. USEPA, 1993.
e. Whitaker and Feraro, 1963.
f. Buckner, 1966.
g. Guilday, 1957.
h.  Estimated as average earthworm lipid percentage in 3 Lyman Mill samples collected to support the BERA (MACTEC, 2004).
i. Estimated as average TOC in LPX-SD-4402 and field duplicate (RI sample collected by Battelle in 2004).


    j. Values from Table 3 (Addendum to the Interim Final BERA: Oxbow Area (Battelle, 2006))


Chemical of 
Concern
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RECEPTOR: Short-tailed Shrew
EXPOSURE MEDIUM: Floodplain Soil


RISK BASIS: Food Chain Dose Modeling


Parameter 
Symbol Parameter Definition Units Valuec Note


PRGsoil Floodplain soil PRG protective of the shrew ug/g Calculated
THQ Target Hazard Quotient unitless 0.1, 1.0, 10
TRV Literature-based Toxicity Reference Value ug/g-day COC-specific a


BAFplant Literature-based plant Biota Accumulation Factor g (dw soil)/g (ww tissue) COC-specific b
BSAFew Earthworm Biota-Soil Accumulation Factor g (soil TOC)/g (tissue lipid) COC-specific c


IRfood Ingestion Rate of Food kg-day 0.013 d
IRsoil Ingestion Rate of Soil kg-day 0.00064 assumption
Pplant Percent plants in diet unitless 14% e
Pew Percent earthworms in diet unitless 85% e
SFF Site Foraging Frequency unitless 100% f
BW Body Weight kg 0.017 g


[Lipid]ew Lipid concentration in earthworm tissue g (lipid)/g (tissue) 2.66% h
[TOC]soil Total organic carbon concentration in soil g (TOC)/g (soil) 8.88% i


Chemical Specific Parameters


Toxicity Reference Valuesa Plant BAFb Earthworm BSAFj


Units NOAEL LOAEL MATC Units Value Units Value
2,3,7,8-TCDD ug/g-d 0.0000010 0.000010 0.0000032 gsoil/gtissue 0 gsoil/gtissue 0.252
Antimony ug/g-d 0.026 0.26 0.082 gsoil/gtissue 0.002 gsoil/gtissue 0.699
Total Aroclors ug/g-d 0.068 0.68 0.22 gsoil/gtissue 0.00061 gsoil/gtissue 0.366
Aroclor-1254 ug/g-d 0.068 0.68 0.22 gsoil/gtissue 0.0014 gsoil/gtissue 0.354
Cadmium ug/g-d 1.0 10 3.2 gsoil/gtissue 0.044 gsoil/gtissue 4.016
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NOAEL - No Observed Adverse Effect Level
LOAEL - Lowest Observed Adverse Effect Level
MATC (Maximum Allowable Toxicant Concentration) is calculated as the geometric mean of the NOAEL and LOAEL values.


Calculated Floodplain Soil PRGs
Basis NOAEL LOAEL MATC
THQ 0.1 1 10 0.1 1 10 0.1 1 10


2,3,7,8-TCDD 0.0000012 0.000012 0.00012 0.000012 0.00012 0.0012 0.0000036 0.000036 0.00036
Antimony 0.015 0.15 1.5 0.15 1.5 15 0.047 0.47 4.7
Total Aroclors 0.062 0.62 6.2 0.62 6.2 62 0.20 2.0 20
Aroclor-1254 0.064 0.64 6.4 0.64 6.4 64 0.20 2.0 20
Cadmium 0.12 1.2 12 1.2 12 120 0.38 3.8 38


Notes:
a.  Values from Table D-4 (Appendix D of the BERA (MACTEC, 2004).
b.  Values from Table J-1 (Appendix J) of the BERA (MACTEC, 2004) & Addendum to Interim Final BERA: Oxbow Area, Table C.2-1 (Battelle, 2006)
c.  Values from Table 19 of the BERA (MACTEC, 2004) & Tables C.2-4, 9 & 10 from the Addendum to the Interim Final BERA: Oxbow Area (Battelle, 2006)
d. USEPA, 1993.
e. Whitaker and Feraro, 1963.
f. Buckner, 1966.
g. Guilday, 1957.
h.  Estimated as average earthworm lipid percentage in 3 Lyman Mill samples collected to support the BERA (MACTEC, 2004).
i. Estimated as average TOC in LPX-SD-4402 and field duplicate (RI sample collected by Battelle in 2004).


    j. Values from Table 3 (Addendum to the Interim Final BERA: Oxbow Area (Battelle, 2006))


Chemical of 
Concern
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Receptor/Endpoint
Soil Invertebrate Avian Mammal


CBRa SSLb CBRc DOSEd CBRe DOSEf


THQ = 0.1


2,3,7,8-TCDD - - 0.000019 0.000049 0.0000010 0.0000036 0.0000010 0.000017 Mammalian-CBR
4,4'-DDD - 0.00025 - - - - 0.0082 No Ecological PRG
4,4'-DDE - 0.00025 0.0016 - - - 0.0016 0.013 Avian-CBR
Antimony - 0.35 - - - 0.047 0.047 0.62 Mammalian-Dose Assessment
Aroclor-1254 - - - - - 0.20 0.20 0.52 Mammalian-Dose Assessment
Beryllium - 0.11 - - - - 3.1 No Ecological PRG
Cadmium 0.0080 - - - - 0.38 0.38 1.6 Mammalian-Dose Assessment
Dieldrin - 0.00005 0.0041 - - - 0.0041 0.0063 Avian-CBR
Lead - 50 - 16 - - 16 450 Avian-Dose Assessment
Lindane - 0.000005 - - - - -i No Ecological PRG
Total Aroclors - - - 0.17 - 0.20 0.17 -i Avian-Dose Assessment
Zinc 2.6 10 - 32 - - 32 288 Avian-Dose Assessment


THQ = 1.0


2,3,7,8-TCDD - - 0.00019 0.00049 0.000010 0.000036 0.000010 0.000017 Mammalian-CBR
4,4'-DDD - 0.0025 - - - - 0.0082 No Ecological PRG
4,4'-DDE - 0.0025 0.016 - - - 0.016 0.013 Avian-CBR
Antimony - 3.5 - - - 0.47 0.47 0.62 Mammalian-Dose Assessment
Aroclor-1254 - - - - - 2.0 2.0 0.52 Mammalian-Dose Assessment
Beryllium - 1.1 - - - - 3.1 No Ecological PRG
Cadmium 0.080 - - - - 3.8 3.8 1.6 Mammalian-Dose Assessment
Dieldrin - 0.0005 0.041 - - - 0.041 0.0063 Avian-CBR
Lead - 500 - 160 - - 160 450 Avian-Dose Assessment
Lindane - 0.00005 - - - - -i No Ecological PRG
Total Aroclors - - - 1.7 - 2.0 1.7 -i Avian-Dose Assessment
Zinc 26 100 - 320 - - 320 288 Avian-Dose Assessment


THQ = 10


2,3,7,8-TCDD - - 0.0019 0.0049 0.00010 0.00036 0.00010 0.000017 Mammalian-CBR
4,4'-DDD - 0.025 - - - - 0.0082 No Ecological PRG
4,4'-DDE - 0.025 0.16 - - - 0.16 0.013 Avian-CBR
Antimony - 35 - - - 4.7 4.7 0.62 Mammalian-Dose Assessment
Aroclor-1254 - - - - - 20 20 0.52 Mammalian-Dose Assessment
Beryllium - 11 - - - - 3.1 No Ecological PRG
Cadmium 0.80 - - - - 38 38 1.6 Mammalian-Dose Assessment
Dieldrin - 0.005 0.41 - - - 0.41 0.0063 Avian-CBR
Lead - 5000 - 1600 - - 1600 450 Avian-Dose Assessment
Lindane - 0.0005 - - - - -i


No Ecological PRG


Selected PRG Basis


Floodplain 
Soil 


Backgroundh


Lowest 
Ecological 


PRGgChemical of Concern
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Receptor/Endpoint
Soil Invertebrate Avian Mammal


CBRa SSLb CBRc DOSEd CBRe DOSEf
Selected PRG Basis


Floodplain 
Soil 


Backgroundh


Lowest 
Ecological 


PRGgChemical of Concern
Total Aroclors - - - 17 - 20 17 -i Avian-Dose Assessment
Zinc 260 1000 - 3200 - - 3200 288 Avian-Dose Assessment


Notes:
All units in mg/kg (ppm).


a.  Ecological PRGs based on residue-based benchmarks for soil invertebrates are presented in Table 3.
b.  Ecological PRGs based on soil screening benchmarks for soil invertebrates are presented in Table 4.
c.  Ecological PRGs based on residue-based benchmarks for avian embryos are presented in Table 7.
d.  Ecological PRGs based on woodcock dietary exposures are presented in Table 11.
e.  Ecological PRGs based on residue-based benchmarks for shrew liver tissue are presented in Table 10.
f.  Ecological PRGs based on shrew dietary exposures are presented in Table 12.
g.  As discussed in the text, only the wildlife-based endpoints were used to develop the ecological PRGs; the shaded and bolded values in the receptor/endpoint columns
highlight the basis (i.e., lowest of the wildlife values) of the ecological PRGs.
h.  Average soil concentrations in Greystone floodplain soil samples (Tabel 67 in the Baseline Ecological Risk Assessment [MACTEC, 2004]); 
shaded and bolded values are higher than lowest PRG.
i.  No background soil datum is available.


It is important to note that the average background floodplain soil concentration of 0.000017 mg/kg 2,3,7,8-TCDD is different from the dioxin TEQ of 0.00005 mg/kg (0.05 ppb).  
Although 2,3,7,8-TCDD typically comprises over 95 percent of the TEQs in site media, this is not the case for background floodplain soils at the site (Battelle, 2006).
This has resulted in a difference in reported values.







 


Table 14. 
Summary of Oxbow Concentrations of Contaminants of Concern Compared with Ecologically-


Derived Preliminary Remediation Goals 
 


COC Locations < Ecological PRG Locations > Ecological PRG 
2,3,7,8-
TCDD none -4402 (duplicate), -4402, -4403, -


4404, -4405, -4406, -4407 
4,4’-DDD -4402 (duplicate), -4402, -4402a, -4404 -4407 


Antimony none -4401, -4401 (duplicate), -4402, -
4404, -4407 


Aroclor-1254 -4402 (duplicate), -4402, -4404 -4402a, -4407 
Cadmium -4401 (duplicate), -4401, -4402, -4407 -4404 
Dieldrin -4402 (duplicate), -4402, -4404, -4407 -4402a, 


Lead -4402, -4401, -4401 (duplicate), -4404, -
4407 


Total Aroclor -4404 -4402 (duplicate), -4402, -4402a, 
-4407 


Zinc -4401 (duplicate), -4401, -4402 -4404, -4407 
a. This sample was extracted twice, first using the wet, low-solids content sediment material and 


again using the freeze-dried material from the same sample location.  Sample data for the wet and 
freeze-dried material extracts did not compare well; concentrations reported in the freeze-dried 
samples were higher (Battelle, 2004). 
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Figure 1.  Sample Locations in the Oxbow Area 


(Samples LPX-SD-4401, LPX-SD-4402, and LPX-SD-4403 were collected within the abandoned channel and were submerged sediments at time of collection) 
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Oxbow Risk Assessment Alternative Scenario Summary 


The following text summarizes the 2006 human health risk assessment for floodplain soils in the Oxbow 
Area and then also summarizes the results of a risk assessment based on an alternative exposure scenario. 
 
MACTEC prepared the Part I Baseline Human Health Risk Assessment for the Oxbow Area for the 
Centredale Manor Restoration Project (CMRP) Superfund Site located in North Providence, Rhode 
Island, in June 2006.  The BHHRA was conducted in accordance with the United States Environmental 
Protection Agency (USEPA) Risk Assessment Guidance for Superfund (RAGS) Parts A, D, and E 
(USEPA, 1989, 2001a, 2001b), as well as USEPA Region I risk assessment guidance contained in Risk 
Updates (USEPA, 1994, 1995, 1999). 
 
The Oxbow Area is a forested wetland area located to the southwest of Allendale Dam.  The Oxbow Area 
is an undeveloped parcel, the majority of which is located within the 100-year floodplain.  The abandoned 
channel previously received flow at its western end and flowed eastward to the Woonasquatucket River.  
The abandoned channel now is relatively stagnant except during rainfall events; the amount of water 
present in the channel is seasonal, with little or no water present during the summer months.   
 
Available data indicate that flooding of the Woonasquatucket River may have deposited CMRP site-
related contaminants in and on the surficial soils and sediment in the Oxbow Area.  Floodplain sediment 
(surficial soils for the purposes of the BHHRA) sampling and analysis at the Site have detected elevated 
(above typical background) levels of dioxin (particularly 2,3,7,8- tetrachlorodibenzo-p-dioxin [TCDD]), 
some pesticides and polychlorinated biphenyls (PCBs) (primarily Aroclor-1254), and selected metals 
(Battelle, 2004). 
 
Local residents and visitors to the area may enter the Oxbow Area and walk along a riverside earthen 
trail.  There was some evidence that adolescents or young adults have at some time been present in the 
area, since a weather-worn wooden tree-house was observed within the area.  There is no evidence that 
hunting is an activity in the Oxbow Area.  It is possible that as the CMRP site and the Woonasquatucket 
River are restored, the Oxbow Area might become a more attractive area for passive recreation (hiking, 
bird-watching, picnicking, etc.).  It was assumed that recreational visitors to the Site could contact these 
floodplain soils and sediment during passive recreational activities within the Oxbow Area.  The goal of 
the BHHRA was to evaluate current and potential future risks to human health associated with human 
contact with floodplain surface soils in the Oxbow Area. 
 
The BHHRA analyzed potential risks for both current and likely future conditions associated with 
hazardous substance releases from the site in the absence of any actions to control or mitigate these 
releases (i.e., under an assumption of no action).  Current and potential future exposure to floodplain soils 
may occur at the Oxbow Area. 
 
HUMAN HEALTH RISK ASSESSMENT 


The 2006 BHHRA was based on data collected in the June 2004 floodplain soil sampling event; the data 
were validated consistent with USEPA guidelines (Battelle, 2004).  The BHHRA also compared Oxbow 
Area floodplain soil risks to those calculated for floodplain soils at the background area referred to as 
Greystone Mill Pond Area. 
 
In floodplain soil at the Oxbow Area, the identified COPCs for floodplain soil included dioxins and 
furans, Aroclor 1254, seven pesticides, and eight inorganics/metals (including copper, lead, and zinc).  In 
floodplain soil at the upstream background area (Greystone Mill Pond Area), COPCs included dioxin-like 
compounds (hexachloroxanthene [HCX], dioxins and furans, and coplanar PCBs), Aroclors 1254 and 
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1268, two pesticides, several polycyclic aromatic hydrocarbons (PAHs), and eleven inorganics/metals 
(including copper and lead).  Toxicity values were obtained from USEPA recommended sources, 
including the USEPA’s Integrated Risk Information System (IRIS), USEPA Region III Risk-Based 
Concentration Table, the USEPA Region IX PRGs Table, and the USEPA’s National Center for 
Environmental Assessment publications, and various USEPA reports. 
 
The potentially exposed human populations identified for evaluation in the BHHRA included passive 
recreational visitors who may or may not live in the immediate vicinity of the Site, but who would visit 
the Oxbow Area for passive recreational activities.  The BHHRA focused only on the potential exposures 
to floodplain soils in the Oxbow Area, since potential exposures to surface water and sediment in the river 
and fish consumption had previously been evaluated in the BHHRA for the CMRP site.  The same 
receptor was evaluated at the background area as well to establish a baseline for calculation of 
incremental risks.  A single exposure point, identified as the entire Oxbow Area, was identified for 
evaluation of floodplain soil by the passive recreational visitor.  This exposure point was represented by 
the seven samples (plus two duplicates) that were collected in the area. 
 
The passive recreational visitor was assumed to be exposed to floodplain soil via incidental ingestion and 
dermal contact.  It was assumed that passive recreational visitors included young children (ages 1 through 
6), older children (ages 7 through 18), and adults (assumed ages 19 through 30).  Exposures were 
evaluated based on two scenarios, the reasonable maximum exposure (RME) and central tendency (CT) 
scenarios.   
 
The RME exposure scenario is the highest exposure that is reasonably expected to occur at a site.  In the 
RME scenario, the passive recreational visitor was exposed to soil 78 days per year.  The RME values 
assumed that a receptor uses the Site for all of their outdoor activities (e.g., recreational play/exploration, 
recreational angling, or subsistence angling).  The RME scenario assumed that the passive recreational 
visitor would be exposed to this area 78 days per year, accounting for four days per week between June 
and August, and two days per week for May, September, and October.  The exposure frequency of 78 
days per year may be an overly conservative estimate of the exposure frequency to Oxbow Area soils.   
 
The CT exposure is the typical or average exposure that would be expected in a population.  The CT 
parameters accommodate the assumption that a more “typical” or “average” receptor would spend a 
portion of their outdoor time at the Site (i.e., would access other, non-Site related areas for recreational 
purposes).  It was assumed in the 2006 BHHRA that for the CT scenario, the passive recreational visitor 
was exposed to soil 39 days per year.  The CT exposure scenario assumes a lower soil ingestion rate, 
exposure duration, and adherence factor in the calculations of risk as compared to the RME exposure 
scenario. 
 
The frequency of exposure for the passive recreational visitor to soils in the Oxbow Area was reviewed in 
response to concerns and comments raised during stakeholders meetings.  An alternative exposure 
scenario was evaluated to address these concerns. 
 
The alternative exposure scenario evaluated the passive recreational visitor at an exposure frequency of 
26 days per year (RME scenario) or 13 days per year (CT scenario) assuming that a passive recreational 
visitor will be on the property one day per week or once every other week, respectively, during May 
through October.  All other exposure factors and EPCs considered in the alternative exposure scenario 
were the same as those used in the 2006 BHHRA.   
 
Consistent with USEPA guidance (USEPA, 1989), exposures were assessed for both RME and CT 
exposure.  The two scenarios are assessed to place some boundaries on the estimates of exposure, since 
the exposures are not actually measured and there is variability among people who might be present at the 
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Site with respect to frequency and duration of exposure, the contact rates and consumption rates, and the 
locations where they are present now and in the future. 
 
RISK SUMMARY 


The revised cancer and non-cancer risk estimates were developed for both RME and CT passive 
recreational visitor exposure scenarios.  Table 1 and Table 2 present the risks calculated for the passive 
recreational visitor at the Oxbow Area for the RME and CT exposure scenarios, respectively.  The non-
cancer HI was below one for all age groups for the RME and CT scenarios.  As shown in Table 1, for the 
RME scenario for the passive recreational visitor, among the age groups evaluated, the child age group 
had the highest non-cancer HI at the Oxbow Area (0.4).  As shown in Table 2, for the CT scenarios for 
the passive recreational visitor, among the age groups evaluated, the child age group had the highest non-
cancer HI at the Oxbow Area (0.05).  Ingestion of Aroclor-1254, arsenic, and vanadium in floodplain soil 
were the primary contributors to the calculated HI.   
 
The RME and CT cancer risk associated with floodplain soil exposure at the Oxbow Area for the passive 
recreational visitor was within the Superfund risk range.  The RME cancer risks for the Oxbow Area was 
1x10-4.  The calculated cancer risk for exposure to floodplain soil for the CT scenario was 3x10-6 at the 
Oxbow Area.  Dioxin equivalents (toxic equivalent quotient [TEQs]) represented the largest single 
chemical contributor to RME and CT cancer risk for the passive recreational visitor’s exposure to 
floodplain soil at the Oxbow Area.   
 
Incremental risks above background (as was done in the 2006 BHHRA) were not calculated for the 
alternative exposure scenario.  The calculated risks for the alternative scenario are within the USEPA 
acceptable risk range (between 1x10-6 and 1x10-4) and the incremental risks would only reduce that risk 
further. 
 
No PRGs have been derived for the alternate exposure scenario since the calculated risks are not 
considered actionable. 
 
DISCUSSION 


As mentioned previously, the 2006 BHHRA calculated risks based on an RME scenario assuming 
exposures to Oxbow area soils 78 days per year and the CT scenario assuming exposures for 39 days per 
year.  The calculated RME cancer risk and non-cancer HI are 3x10-4 and 1, respectively.  The calculated 
CT cancer risk and non-cancer HI are 9x10-6 and 0.1, respectively. 
 
The alternative exposure scenario assumed that exposures occurred 26 days per year for the RME risk 
scenario and 13 days per year for the CT risk scenario.  The calculated RME cancer risk and non-cancer 
HI are 1x10-4 and 0.4, respectively.  The calculated CT cancer risk and non-cancer HI are 3x10-6 and 0.05, 
respectively. 
 
The alternative exposure scenario may be more appropriate for the current and future land use scenario.  
In discussions with stakeholders, there was concern that the 2006 BHHRA was too conservative.  The 
nature of the area and the current and future land uses are not expected to have recreational visitors with 
the frequency as described in the 2006 BHHRA.  The alternative scenario assumes  visitors will be in the 
area approximately once a week for the duration of the warmer weather months (May through October) 
for the RME exposure scenario and once every two weeks for the CT exposure scenario (May through 
October). 
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TABLE 1
RISK ASSESSMENT SUMMARY - REASONABLE MAXIMUM EXPOSURE


ADDENDUM TO BASELINE HUMAN HEALTH RISK ASSESSMENT: OXBOW AREA
CENTREDALE MANOR RESTORATION PROJECT SUPERFUND SITE


NORTH PROVIDENCE, RHODE ISLAND


Exposure Scenario Receptor Exposure Point Exposure Route Excess Lifetime Hazard
Cancer Risk Quotient


Current/Future - Oxbow Area


Passive Recreational Visitor Child (ages 1 through 6) Floodplain Soil Incidental ingestion 5.5E-05 0.3
Dermal contact 4.8E-06 0.07


Total Risk: 5.9E-05 0.4


Older Child (ages 7 through 18) Floodplain Soil Incidental ingestion 1.8E-05 0.05
Dermal contact 5.4E-06 0.04


Total Risk: 2.4E-05 0.1


Adult (ages 19 and above) Floodplain Soil Incidental ingestion 1.2E-05 0.04
Dermal contact 1.5E-06 0.01


Total Risk: 1.3E-05 0.05


Total Receptor Risk: 1E-04 NC


NC - Not calculated Prepared by / Date: MH 4/16/2009
Checked by / Date: BJR 5/13/09
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TABLE 2
RISK ASSESSMENT SUMMARY - CENTRAL TENDENCY


ADDENDUM TO BASELINE HUMAN HEALTH RISK ASSESSMENT:  OXBOW AREA 
CENTREDALE MANOR RESTORATION PROJECT SUPERFUND SITE


NORTH PROVIDENCE, RHODE ISLAND


Exposure Scenario Receptor Exposure Point Exposure Route Excess Lifetime Hazard
Cancer Risk Quotient


Current/Future - Oxbow Area


Passive Recreational Visitor Child (ages 1 through 6) Floodplain Soil Incidental ingestion 1.9E-06 0.04
Dermal contact 6.7E-08 0.003


Total Risk: 2.0E-06 0.05


Passive Recreational Visitor Older Child (ages 7 through 18) Floodplain Soil Incidental ingestion 4.8E-07 0.007
Dermal contact 5.7E-08 0.002


Total Risk: 5.4E-07 0.009


Passive Recreational Visitor Adult (ages 19 and above) Floodplain Soil Incidental ingestion 4.1E-07 0.005
Dermal contact 1.5E-08 0.0003


Total Risk: 4.3E-07 0.005


Total Receptor Risk: 3E-06 NC


NC - Not calculated Prepared by / Date: MH  5/4/09
Checked by / Date: BJR 5/13/09
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305 West Grand Avenue 
Suite 300 
Montvale, NJ 07645 
TEL (201) 930-9890 
FAX (201) 930-9805 
 
290 Elwood Davis Road 
Suite 230 
Liverpool, NY 13088 
TEL (315) 453-9009 
FAX (315) 453-9010 
 
80 Glen Street 
Suite 2 
Glens Falls, NY 12801 
TEL (518) 792-3709 
FAX (518) 792-3719 
 
800 Brazos Street 
Suite 308 
Austin, TX 78701 
TEL (512) 707-0090 
FAX (512) 275-0915 


December 11, 2006 
 
Ms. Deirdre Dahlen 
Battelle 
397 Washington Street 
Duxbury, MA  02332 
 
SUBMITTAL OF DELIVERABLE: Quantitative Analysis of Cap Stability , Centredale 
 Manor Restoration Project Superfund Site 
 
Dear Ms. Dahlen: 
 
This draft letter report documents results from analyses for Allendale and Lyman Mill 
Ponds conducted by QEA to evaluate: 1) effect of new estimate of 100-yr flood discharge 
on erosion potential; 2) effects of 2-ft thick cap on hydrodynamics during floods; 3) stable 
cap material during floods; and 4) sensitivity of model results to 500-yr flood discharge.  
Please contact me if you would like to discuss this letter report or have any questions. 
 
Re-Evaluation of 100-Year Flood Using Updated Discharge Value 
 
The flood frequency analysis was recently updated by Maureen Corcoran (Corcoran 
2006).  The results of this re-analysis caused the estimate of the 100-yr flood discharge to 
increase from 1,850 cfs to 2,300 cfs.  The effects of the increased flow rate on the 100-yr 
flood results presented in QEA (2006) were evaluated and those results are presented 
below. 
 
Hydrodynamic simulations of the 100-yr flood, using a flow rate of 2,300 cfs, were 
conducted using the current bathymetry in Allendale and Lyman Mill Ponds.  In addition, 
the potential effects on flood hydrodynamics in the two ponds of reduced water depth due 
to a 2-ft thick cap were investigated.  Comparisons of the cumulative frequency 
distributions of depth-averaged current velocity and bed shear stress in Allendale Pond for 
flood flows of 1,850 and 2,300 cfs are presented on Figure 1.  The increased flow rate has 
a minor effect on the overall distributions of current velocity and shear stress in the pond.  
Decreasing water depth by 2 feet, due to a cap, causes current velocity and shear stress to 
increase, as would be expected.  Spatial distributions of current velocity in Allendale Pond 
for a flow rate of 2,300 cfs using the original bathymetry and decreased bathymetry due to 
a 2-ft cap are shown on Figures 2 and 3, respectively. 
 
The analyses presented in QEA (2006) regarding erosion potential during a 100-year 
flood were repeated using the updated flood discharge of 2,300 cfs.  The approach in QEA 
(2006) used three methods for evaluating erosion potential: 1) areas of critical shear stress 
exceedance (i.e., shear stress greater than 0.1 and 0.5 Pa); 2) areas of potential-
measurable-erosion (i.e., velocity greater than 2 ft/s); and 3) areas of estimated scour 
depth.  Of these three methods, the potential-measurable-erosion and estimated scour 
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depth results are the most reliable for evaluating sediment stability.  Areas where the critical 
shear stress is exceeded only provide an estimate of potential areas for erosion, but do not 
provide any information on the depth of scour. 
 
Predicted areas within Allendale Pond of potential scour based on the critical shear stress criteria 
(i.e., shear stress exceeding 0.1 or 0.5 Pa) for the original bathymetry and decreased bathymetry 
due to a 2-ft cap are presented on Figures 4 and 5, respectively.  Predicted areas of potential-
measurable-erosion (i.e., velocity greater than 2 ft/s) for the original bathymetry and decreased 
bathymetry due to a 2-ft cap are presented on Figures 6 and 7, respectively.  The spatial 
distribution of potential scour depth for a flow rate of 2,300 cfs and the original bathymetry is 
shown on Figure 8.  Updated quantitative estimates of potential scour area, potential-measurable-
erosion areas, and bed scour for the revised 100-yr flood discharge, with and without a 2-ft thick 
cap, are presented in Tables 1, 2 and 3, respectively.  Note that the original results presented in 
QEA (2006) for the 5-yr through 50-yr floods are shown in black in those tables and the updated 
results are shown in red. 
 
Comparisons of the cumulative frequency distributions of depth-averaged current velocity and 
bed shear stress in Lyman Mill Pond for flood flows of 1,850 and 2,300 cfs are presented on 
Figure 9.  The increased flow rate has a minor effect on the overall distributions of current 
velocity and shear stress in the pond.  Decreasing water depth by 2 feet, due to a cap, causes 
current velocity and shear stress to increase, as would be expected.  Spatial distributions of 
current velocity in Lyman Mill Pond for a flow rate of 2,300 cfs using the original bathymetry 
and decreased bathymetry due to a 2-ft cap are shown on Figures 10a,b and 11a,b, respectively. 
 
Predicted areas within Lyman Mill Pond of potential scour based on the critical shear stress 
criteria for the 100-yr flood (2,300 cfs) with and without a 2-ft thick cap are presented on Figures 
12 and 13, respectively.  Predicted areas of potential-measurable-erosion with and without a 2-ft 
thick cap are presented on Figures 14 and 15, respectively.  The spatial distribution of potential 
scour depth during the 100-yr flood without a cap is shown on Figure 16.  Updated quantitative 
estimates of potential scour area, potential-measurable-erosion areas, and bed scour for the 
revised 100-yr flood discharge, with and without a 2-ft thick cap, are presented in Tables 4, 5 and 
6, respectively.  Note that the original results presented in QEA (2006) for the 5-yr through 50-yr 
floods are shown in black in those tables and the updated results are shown in red. 
 
Table 1. Potential scour areas in Allendale Pond. 


Flood Return 
Period 
(years) 


Area with 
τ > 0.1 Pa 
(hectares) 


% of Pond Area 
with τ > 0.1 Pa 


Area with 
τ > 0.5 Pa 
(hectares) 


% of Pond Area 
with τ > 0.5 Pa 


5 1.24 28 0.21 5 
10 1.84 41 0.27 6 
25 2.39 53 0.41 9 
50 2.62 58 0.50 11 


100 2.96 66 0.96 21 
100 (with capping) 3.26 73 1.88 42 


500 3.20 71 1.82 40 
500 (with capping) 3.37 75 2.53 56 
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Table 2. Areas of potential significant scour in Allendale Pond. 


Flood Return Period 
(years) 


Area with u > 2 ft/s 
(hectares) % of Pond Area with u > 2 ft/s 


5 0.05 1 
10 0.09 2 
25 0.16 3 
50 0.19 4 
100 0.32 7 


100 (with capping) 0.63 14 
500 0.64 14 


500 (with capping) 1.21 27 
 


 
Table 3. Impacts of bed scour in Allendale Pond. 


Flood Return Period 
(years) 


Area with 
Scour > 1 cm 


(hectares) 


% of Pond Area with 
Scour > 1 cm 


Mass of Eroded 
Sediment 


(metric tons) 


5 0.02 <1 5 
10 0.04 1 10 
25 0.05 1 17 
50 0.06 1 23 
100 0.13 3 48 
500 0.21 5 105 


 


 
Table 4. Potential scour areas in Lyman Mill Pond. 


Flood Return Period 
(years) 


Area with 
τ > 0.1 Pa 
(hectares) 


% of Pond Area 
with τ > 0.1 Pa 


Area with 
τ > 0.5 Pa 
(hectares) 


% of Pond Area 
with τ > 0.5 Pa 


5 3.68 42 1.09 12 
10 4.16 47 1.67 19 
25 4.65 53 2.19 25 
50 4.88 55 2.49 28 


100 5.26 60 2.94 33 
100 (with capping) 5.80 66 4.01 45 


500 5.55 63 3.88 44 
500 (with capping) 5.95 68 4.63 52 
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Table 5. Areas of potential significant scour in Lyman Mill Pond. 


Flood Return Period 
(years) 


Area with u > 2 ft/s 
(hectares) % of Pond Area with u > 2 ft/s 


5 0.14 2 
10 0.27 3 
25 0.42 5 
50 0.68 8 


100 1.67 19 
100 (with capping) 2.55 29 


500 2.47 28 
500 (with capping) 3.15 36 


 


Table 6. Impacts of bed scour in Lyman Mill Pond. 


Flood Return Period 
(years) 


Area with 
Scour > 1 cm 


(hectares) 


% of Pond Area with 
Scour > 1 cm 


Mass of Eroded 
Sediment 


(metric tons) 
5 0.04 <1 42 


10 0.16 2 62 
25 0.28 3 91 
50 0.35 4 115 
100 0.66 8 189 
500 1.65 19 311 


 
 
Cap Stability Analysis 


The cap stability analysis was conducted using two methods for estimating the minimum median 
particle diameter (i.e., D50) for cap material that is stable for a particular flow condition in 
Allendale and Lyman Mill Ponds.  The two methods used in this analysis are: 1) modified 
Shields equation; and 2) Ishbash equation.  Both of these methods were applied to a cap stability 
analysis for the Grasse River in New York (BBL 2004).  The modified Shields equation uses the 
bed shear stress (τ) to determine the stable D50 value: 
 
 D50 = 4 τ / [( γs - γw ) θcr ] (1) 
 
where θcr is the critical Shields parameter, γs is specific weight of cap material, and γw is specific 
weight of water.  The critical Shields parameter is set equal to 0.05 for the cap stability analysis. 
 


The Ishbash equation uses the current velocity (u) to determine the stable D50 value: 
 


 D50 = γw u2 / [2g ( γs - γw ) C2 ] (2) 
 
where C is the Ishbash constant for non-turbulent flow (1.2) and g is the acceleration due to 
gravity. 
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Spatial distributions of stable D50 values in Allendale Pond during the 100-yr flood (2,300 cfs) 
with a 2-ft thick cap using the Ishbash and modified Shields equations are presented on Figures 
17 and 18, respectively.  Cumulative frequency distributions of stable D50 values with a cap 
using the Ishbash and modified Shields equations are compared on Figure 19.  Spatial 
distributions of stable D50 values in Allendale Pond during the 100-yr flood (2,300 cfs) without a 
cap using the Ishbash and modified Shields equations are presented on Figures 20 and 21, 
respectively.  Cumulative frequency distributions of stable D50 values without a cap using the 
Ishbash and modified Shields equations are compared on Figure 22.  These results show that the 
two methods produce very similar results. 
 
Spatial distributions of stable D50 values in Lyman Mill Pond during the 100-yr flood (2,300 cfs) 
with a 2-ft thick cap using the Ishbash and modified Shields equations are presented on Figures 
23a,b and 24a,b, respectively.  Cumulative frequency distributions of stable D50 values with a 
cap using the Ishbash and modified Shields equations are compared on Figure 25.  Spatial 
distributions of stable D50 values in Lyman Mill Pond during the 100-yr flood (2,300 cfs) without 
a cap using the Ishbash and modified Shields equations are presented on Figures 26a,b and 27a,b, 
respectively.  Cumulative frequency distributions of stable D50 values without a cap using the 
Ishbash and modified Shields equations are compared on Figure 28.  As for the Allendale Pond 
analysis, these results show that the two methods produce very similar results. 
 
Effects of 500-Yr Flood 
 
The sensitivity of the model predictions to a rarer flood than the 100-yr flood (i.e., 1% chance of 
occurring in any given year) was investigated using simulations of the 500-yr flood (i.e., 0.2% 
chance of occurring in any given year).  Maureen Corcoran (Corcoran 2006) provided an 
estimate of 3,480 cfs for the 500-yr flood discharge, which was used in the model simulations 
discussed below.  
 
Predicted areas within Allendale Pond of potential-measurable-erosion (i.e., velocity greater than 
2 ft/s) during the 500-yr flood for the original bathymetry and decreased bathymetry due to a 2-ft 
cap are presented on Figures 29 and 30, respectively.  The spatial distribution of potential scour 
depth for a flow rate of 3,480 cfs and the original bathymetry is shown on Figure 31.  
Quantitative estimates of potential scour area, potential-measurable-erosion areas, and bed scour 
for the 500-yr flood discharge, with and without a 2-ft thick cap, are presented in Tables 1, 2 and 
3, respectively. 
 
Predicted areas within Lyman Mill Pond of potential-measurable-erosion during the 500-yr flood 
for the original bathymetry and decreased bathymetry due to a 2-ft cap are presented on Figures 
32 and 33, respectively.  The spatial distribution of potential scour depth for a flow rate of 3,480 
cfs and the original bathymetry is shown on Figure 34.  Quantitative estimates of potential scour 
area, potential-measurable-erosion areas, and bed scour for the 500-yr flood discharge, with and 
without a 2-ft thick cap, are presented in Tables 4, 5 and 6, respectively. 
 
Spatial distributions of stable D50 values in Allendale Pond during the 500-yr flood with a 2-ft 
thick cap using the Ishbash and modified Shields equations are presented on Figures 35 and 36, 
respectively.  Cumulative frequency distributions of stable D50 values with a cap using the 
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Ishbash and modified Shields equations are compared on Figure 37.  Spatial distributions of 
stable D50 values in Allendale Pond during the 500-yr flood without a cap using the Ishbash and 
modified Shields equations are presented on Figures 38 and 39, respectively.  Cumulative 
frequency distributions of stable D50 values without a cap using the Ishbash and modified Shields 
equations are compared on Figure 40. 
 
Spatial distributions of stable D50 values in Lyman Mill Pond during the 500-yr flood with a 2-ft 
thick cap using the Ishbash and modified Shields equations are presented on Figures 41 a,b and 
42a,b, respectively.  Cumulative frequency distributions of stable D50 values with a cap using the 
Ishbash and modified Shields equations are compared on Figure 43.  Spatial distributions of 
stable D50 values in Lyman Mill Pond during the 500-yr flood without a cap using the Ishbash 
and modified Shields equations are presented on Figures 44a,b and 45a,b, respectively.  
Cumulative frequency distributions of stable D50 values without a cap using the Ishbash and 
modified Shields equations are compared on Figure 46. 
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Sincerely, 
 
Quantitative Environmental Analysis, LLC 
 
 
 
C. Kirk Ziegler 
Senior Vice President 
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Figure 1.  Cumulative frequency distributions of current velocity
and bed shear stress during 100-yr flood in Allendale Pond.
Z0 = 1mm
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Figure 2.
Predicted current velocities 


during 100-yr flood (2,300 cfs)  
  in Allendale Pond with no cap.
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Figure 3.
Predicted current velocities


        during 100-yr flood (2,300 cfs) 
               in Allendale Pond with


                    2-ft cap.
.
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Figure 4.
Predicted areas of potential 


scour based on critical shear
stress criteria for 100-yr flood


                      (2,300 cfs) in Allendale Pond 
                                             with no cap.
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Figure 5.
Predicted areas of potential 


scour based on critical shear
stress criteria for 100-yr flood


       (2,300 cfs) in Allendale Pond
                         with 2-ft cap.
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Figure 6.
Predicted areas of


potential-measurable-erosion
  for 100-yr flood (2,300 cfs) 


             in Allendale Pond 
                  with no cap.


BATcen:124 December 2006


Legend
Shoreline


Velocity
> 2 ft/s







Allendale Dam


FC - \\Fanghui\d_drive\BATcen\Analysis\GISplot\Finalplot\Fig3-23_Al_vel_updated.mxd


Locator Map


0 1,000 2,000500
meters


Graphic Scale


Figure 7.
Predicted areas of


potential-measurable-erosion
              for 100-yr flood (2,300 cfs)


                            in Allendale Pond 
                                         with 2-ft cap.


                                        BATcen:124   December 2006


Legend
Shoreline


Velocity
> 2 ft/s







Allendale Dam


FC - \\Fanghui\d_drive\BATcen\Analysis\GISplot\Finalplot\Fig3-25_Al_scour_depth_updated.mxd


Locator Map


0 1,000 2,000500
meters


Graphic Scale


Figure 8.
Predicted distribution of scour 
      depth for 100-yr flood


     (2,300 cfs) in   Allendale Pond 
                    with no cap.
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Figure 9.  Cumulative frequency distributions of current velocity
and bed shear stress during 100-yr flood in Lyman Mill Pond.
Z0 = 1mm
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Figure 10a.
Predicted current velocities


  during 100-yr flood (2,300 cfs)
               in Lyman Mill Pond 


                                 with no cap. 
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Figure 10b.
Predicted current velocities


        during 100-yr flood (2,300 cfs) 
                    in Lyman Mill Pond 


                           with no cap
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Figure 11a.
Predicted current velocities


  during 100-yr flood (2,300 cfs)
              in Lyman Mill Pond
                    with 2-ft cap.
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Figure 11b.
Predicted current velocities


                                during 100-yr flood (2,300 cfs)
                                              in Lyman Mill Pond


                                            with 2-ft cap.
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Figure 12.
Predicted areas of potential
scour based on critical shear


stress criteria for 100-yr flood 
(2,300 cfs) in Lyman Mill Pond


with no cap.
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Figure 13.
Predicted areas of potential
scour based on critical shear


stress criteria for 100-yr flood 
(2,300 cfs) in Lyman Mill Pond


with 2-ft cap.
BATcen:124 December 2006
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Figure 14.
Predicted areas of 


potential-measurable-erosion
for 100-yr flood (2,300 cfs)


in Lyman Mill Pond
with no cap.
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Figure 15.
Predicted areas of 


potential-measurable-erosion
for 100-yr flood (2,300 cfs)


in Lyman Mill Pond
with 2-ft cap.
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Figure 16.
Predicted distribution of scour


depth for 100-yr flood 
(2,300 cfs) in Lyman Mill Pond


with no cap.
BATcen:124 December 2006
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Figure 17.
Predicted D50 of stable


cap material (Isbash equation)
 for 100-yr flood (2,300 cfs) in
Allendale Pond with 2-ft cap.


BATcen:124 December 2006
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Figure 18.
Predicted D50 of stable cap
material (modified Shields
equation for 100-yr flood
(2,300 cfs) in Allendale


Pond with 2-ft cap.
BATcen:124 December 2006
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Figure 19.  Cumulative frequency distributions of predicted D50 of stable
cap material for 100-yr flood (2,300 cfs) in Allendale Pond with 2-ft cap.
allen_100yr_reslt_cap.shp


cfo - E:\BATcen\Analysis\D50\plot_d50_allendale.pro
Mon Dec 11 14:51:26 2006
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Figure 20.
Predicted D50 of stable


cap material (Isbash
equation) for 100-yr flood


(2,300 cfs) in Allendale
Pond with no cap.


BATcen:124 December 2006
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Figure 21.
Predicted D50 of stable


cap material (modified Shields
equation) for 100-yr flood


(2,300 cfs) in Allendale
Pond with no cap.
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Figure 22.  Cumulative frequency distributions of predicted D50 of stable
cap material for 100-yr flood (2,300 cfs) in Allendale Pond with no cap.
Al_100yr_reslt_060918.shp
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Figure 23a.
Predicted D50 of stable


cap material (Isbash equation)
 for 100-yr flood (2,300 cfs) in
Lyman Mill Pond with 2-ft cap.
BATcen:124 December 2006
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Figure 23b.
Predicted D50 of stable


cap material (Isbash equation)
 for 100-yr flood (2,300 cfs) in
Lyman Mill Pond with 2-ft cap.
BATcen:124 December 2006
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Figure 24a.
Predicted D50 of stable cap
material (modified Shields
equation for 100-yr flood
(2,300 cfs) in Lyman Mill


Pond with 2-ft cap.
BATcen:124 December 2006
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Figure 24b.
Predicted D50 of stable cap
material (modified Shields
equation for 100-yr flood
(2,300 cfs) in Lyman Mill


Pond with 2-ft cap.
BATcen:124 December 2006
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Figure 25.  Cumulative frequency distributions of predicted D50 of stable
cap material for 100-yr flood (2,300 cfs) in Lyman Mill Pond with 2-ft cap.
lyman_100yr_reslts_cap.shp


cfo - E:\BATcen\Analysis\D50\plot_d50_lyman.pro
Mon Dec 11 14:49:05 2006
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Figure 26a.
Predicted D50 of stable


cap material (Isbash
equation) for 100-yr flood
(2,300 cfs) in Lyman Mill


Pond with no cap.
BATcen:124 December 2006
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Figure 26b.
Predicted D50 of stable


cap material (Isbash
equation) for 100-yr flood
(2,300 cfs) in Lyman Mill


Pond with no cap.
BATcen:124 December 2006
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Figure 27a.
Predicted D50 of stable


cap material (modified Shields
equation) for 100-yr flood
(2,300 cfs) in Lyman Mill


Pond with no cap.
BATcen:124 December 2006
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Figure 27b.
Predicted D50 of stable


cap material (modified Shields
equation) for 100-yr flood
(2,300 cfs) in Lyman Mill


Pond with no cap.
BATcen:124 December 2006
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Figure 28.  Cumulative frequency distributions of predicted D50 of stable
cap material for 100-yr flood (2,300 cfs) in Lyman Mill Pond with no cap.
lyman_100yr_reslts_no_cap.shp
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Figure 29.
Predicted areas of


potential-measurable-erosion:
500-yr flood (3,480 cfs)


in Allendale pond
with no cap.
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Figure 30.
Predicted areas of


potential-measurable-erosion:
500-yr flood (3,480 cfs)


in Allendale pond
with 2-ft cap.
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Figure 31.
Predicted distribution of scour 


depth for 500-yr flood 
(3,480 cfs) in Allendale pond


with no cap.
BATcen:124 December 2006
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Figure 32.
Predicted areas of 


potential-measurable-erosion
for 500-yr flood (3,480 cfs)


in Lyman Mill Pond
with no cap.


BATcen:124 December 2006
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Figure 33.
Predicted areas of 


potential-measurable-erosion
for 500-yr flood (3,480 cfs)


in Lyman Mill Pond
with 2-ft cap.


BATcen:124 December 2006
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Figure 34.
Predicted distribution of scour


depth for 500-yr flood 
(3,480 cfs) in Lyman Mill Pond


with no cap.
BATcen:124 December 2006
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Figure 35.
Predicted D50 of stable


cap material (Isbash
equation) for 500-yr flood


(3,480 cfs) in Allendale
Pond with 2-ft cap.
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Figure 36.
Predicted D50 of stable


cap material (modified Shields
equation) for 500-yr flood


(3,480 cfs) in Allendale
Pond with 2-ft cap.
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Figure 37.  Cumulative frequency distributions of predicted D50 of stable
cap material for 500-yr flood (3,480 cfs) in Allendale Pond with 2-ft cap.
allen_500yr_results_cap.shp


cfo - E:\BATcen\Analysis\D50\plot_d50_allendale.pro
Mon Dec 11 14:50:15 2006







Allendale Dam


CO - E:\BATcen\GIS\predicted_d50_isbash.mxd


Locator Map



0 1,000 2,000500


meters
Graphic Scale


Figure 38.
Predicted D50 of stable


cap material (Isbash
equation) for 500-yr flood


(3,480 cfs) in Allendale
Pond with no cap.
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Figure 39.
Predicted D50 of stable


cap material (modified Shields
equation) for 500-yr flood


(3,480 cfs) in Allendale
Pond with no cap.
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Figure 40.  Cumulative frequency distributions of predicted D50 of stable
cap material for 500-yr flood (3,480 cfs) in Allendale Pond with no cap.
allen_500yr_results_no_capping.shp


cfo - E:\BATcen\Analysis\D50\plot_d50_allendale.pro
Mon Dec 11 14:49:48 2006
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Figure 41a.
Predicted D50 of stable


cap material (Isbash
equation) for 500-yr flood
(3,480 cfs) in Lyman Mill


Pond with 2-ft cap.
BATcen:124 December 2006
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Figure 41b.
Predicted D50 of stable


cap material (Isbash
equation) for 500-yr flood
(3,480 cfs) in Lyman Mill


Pond with 2-ft cap.
BATcen:124 December 2006
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Figure 42a.
Predicted D50 of stable


cap material (modified Shields
equation) for 500-yr flood
(3,480 cfs) in Lyman Mill


Pond with 2-ft cap.
BATcen:124 December 2006
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Figure 42b.
Predicted D50 of stable


cap material (modified Shields
equation) for 500-yr flood
(3,480 cfs) in Lyman Mill


Pond with 2-ft cap.
BATcen:124 December 2006
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Figure 43.  Cumulative frequency distributions of predicted D50 of stable
cap material for 500-yr flood (3,480 cfs) in Lyman Mill Pond with 2-ft cap.
lyman_500yr_results_cap.shp


cfo - E:\BATcen\Analysis\D50\plot_d50_lyman.pro
Mon Dec 11 14:47:46 2006
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Figure 44a.
Predicted D50 of stable


cap material (Isbash
equation) for 500-yr flood
(3,480 cfs) in Lyman Mill


Pond with no cap.
BATcen:124 December 2006
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Figure 44b.
Predicted D50 of stable


cap material (Isbash
equation) for 500-yr flood
(3,480 cfs) in Lyman Mill


Pond with no cap.
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Figure 45a.
Predicted D50 of stable


cap material (modified Shields
equation) for 500-yr flood
(3,480 cfs) in Lyman Mill


Pond with no cap.
BATcen:124 December 2006
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Figure 45b.
Predicted D50 of stable


cap material (modified Shields
equation) for 500-yr flood
(3,480 cfs) in Lyman Mill


Pond with no cap.
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Figure 46.  Cumulative frequency distributions of predicted D50 of stable
cap material for 500-yr flood (3,480 cfs) in Lyman Mill Pond with no cap.
lyman_500yr_results_no_cap.shp


cfo - E:\BATcen\Analysis\D50\plot_d50_lyman.pro
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PROPOSED CLEANUP GOALS FOR THE CMRP SITE 
 


 
F.1 Introduction 
 
Cleanup goals for the Centredale Manor Restoration Project (CMRP) Superfund Site were developed for 
sediment (Section F.2), floodplain soil (Section F.3), surface water (Section F.4), source area soil (Section 
F.5) and source area groundwater (Section F.6).  Cleanup goals are based on an evaluation of potential 
relevant and appropriate requirements (ARARs), To Be Considered (TBC) criteria, preliminary 
remediation goals (PRGs) and site background data as described below.1  Cleanup goals developed in this 
appendix were used in the feasibility study (FS) to determine proposed areas for cleanup (Section 3.5 and 
Appendix G). 
 
F.2 Allendale and Lyman Mill Reach Sediment  
 
Cleanup goals for sediment are presented in Table F-1, and are selected based on the PRG or background 
concentration, whichever is higher, where: 


 The background is the arithmetic mean2 of the site background concentrations. 
 For carcinogenic effects, the lowest risk value (PRG associated with 10-6 or one in one million 


risk) was compared to background. 
 For non-carcinogenic effects and all ecologically-protective PRGs, the middle risk value (PRG 


associated with target hazard quotient [HQ] of 1) was compared to background. 
 
There are no chemical-specific ARARs directly applicable for sediment. 
 
For a given contaminant, the PRG compared to background was based on the most sensitive receptor or 
exposure pathway. For example, PRGs were developed for 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) 
based on the direct contact with sediment (26.2 nanograms per kilogram [ng/kg]) and combined fish diet 
(0.5 ng/kg) exposure pathways.  The more protective of these PRGs (i.e., combined fish diet, 0.5 ng/kg) 
was compared to background to develop cleanup goals for the CMRP site (see Table F-1). 
 
Fish tissue concentrations (i.e., biota tissue targets) in Allendale Pond and Lyman Mill Pond that 
correspond to the sediment cleanup goals are presented in Attachment F-1.  These concentrations are 
distinct from the fish tissue PRGs provided in MACTEC (2005) because they were derived using 
sediment cleanup goals rather than sediment PRGs and in the majority of cases are based on background 
conditions rather than the (lower) risk protective levels.  Biota tissue targets are not used in the 
determination of remedial footprints, but rather to better understand the anticipated residual risks 
following remedy implementation for pond sediment.  In addition, these concentrations will be an 
important tool in evaluating monitoring data and assessing compliance with remedial action objectives 
(RAOs). 
 


                                                 
1 ARARs and TBC criteria are described in Section 3.2 and risk-based PRGs are described in Section 3.3. 
2 The use of the arithmetic mean to represent background conditions is a reasonable approach that will be re-
evaluated during design once additional background data are available.  That is, the distribution of the data will be 
examined to identify the most appropriate use of the central tendency (arithmetic mean for normally distributed data 
or geometric mean for log normally distributed data). 
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F.3 Allendale and Lyman Mill Reach Floodplain Soil 
 
Cleanup goals for floodplain soil are presented in Table F-2a, and are based on an evaluation of potential 
ARARs, TBC criteria, PRGs and site background data, where: 


 The background is the arithmetic mean1 of the site background concentrations. 
 Potential ARARs include the Rhode Island Department of Environmental Management (RIDEM) 


residential direct exposure and GB leachability criteria (RIDEM, 2004).  
 TBC criteria include United States Environmental Protection Agency’s (EPA) recommended 


residential level for dioxin3 of 1,000 ng/kg (dioxin as toxic equivalency [TEQ]) (EPA, 1998b).4 
 For carcinogenic effects, the lowest risk value (PRG associated with 10-6 or one in one million 


risk) was compared to background. 
 For non-carcinogenic effects and all ecologically-protective PRGs, the middle risk value  


(PRG associated with HQ of 1) was compared to background. 
 
Proposed cleanup goals were developed in a step-wise process, as follows: 
 
Step 1 – The first step included a comparison of Allendale and Lyman Mill floodplain soil data to the 
available ARARs (Table F-2b).  Contaminants in soil with detected concentrations in excess of the 
ARARs were retained for cleanup goal determination; this included dioxin (TEQ), pesticides (i.e., 
dieldrin and technical chlordane), metals (i.e., antimony, arsenic, beryllium, chromium, copper, lead, and 
manganese), and semivolatile organic compounds (SVOCs) (i.e., anthracene, benzo(a)anthracene, 
benzo(a)pyrene, benzo(b)fluoranthene, benzo(g,h,i)perylene, benzo(k)fluoranthene, chrysene, 
dibenzo(a,h)anthracene, fluoranthene, indeno(1,2,3-c,d)pyrene, phenanthrene, and pyrene).  Many of 
these contaminants were detected at concentrations in excess of the ARARs in only 10% or fewer of the 
soil samples (see Table F-2b for comparison of soil data to ARARs). 
 
Contaminants that were undetected (i.e., ‘U’ or ‘UJ’ qualified) or detected at concentrations below the 
available ARAR were excluded from the cleanup goal determination, unless a risk-based PRG was 
available for the contaminant (i.e., Aroclor 1254, total PCB, 4,4’-DDE, cadmium, selenium and zinc).  
Nor were cleanup goals developed for undetected contaminants where the laboratory detection limits 
were in excess of the ARARs (see Table F-2b); additional sampling will be performed during the design 
phase to verify that these contaminants are not present in site floodplain soil at concentrations in excess of 
ARARs.  
 
Step 2 – Next, the Allendale and Lyman Mill floodplain soil data were statistically evaluated to determine 
if the contaminants measured at concentrations in excess of the ARARs (Step 1) were consistent with 
background conditions.  The statistical tests used to evaluate the floodplain soil data included a 
comparison of two populations using a proportional hazard analysis and the Wilcoxon test (this statistical 
analysis is consistent with the approach used in the Remedial Investigation [RI] [Battelle, 2005] to 
evaluate significant differences among the sediment data).  A detailed description of the statistical 
analysis methods are provided in Appendix A to the RI (Battelle 2005).  Briefly, the proportional hazard 
analysis was used (at the 0.05 significance level) for comparing soil concentrations for the various 


                                                 
3 EPA released Draft Recommended Interim Preliminary Remediation Goals for Dioxin in Soil at CERCLA and 
RCRA Sites on December 30, 2009 (EPA, 2009), after the Draft FS report was prepared for Agency review.  An 
evaluation of potential impacts of the draft guidance (EPA, 2009) on cleanup goals, cleanup areas, and remedial 
alternatives developed in this FS is provided in Appendix N. 
4 EPA’s new proposed residential level for dioxin (EPA, 2009) is used in the cleanup goal determination provided in 
Appendix N. 
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locations to those for the upstream background location (i.e., Greystone Mill).  The proportional hazard 
analysis was performed using a program written in SAS programming software.  No existing procedure 
performs the proportional hazards test, so code was written to perform the test.  The code was tested using 
a dataset with known results to verify that it was performing correctly.  The Wilcoxon test was also 
performed on the data (using SAS PROC NPAR1WAY) and used to validate the results of the 
proportional hazards analysis.  Contaminants that were detected in excess of the ARARs and were 
determined to be significantly higher than background conditions (i.e., the median concentration for the 
test exposure area [i.e., Allendale, Lyman Mill, and Oxbow] was significantly higher than the background 
median concentration) were retained for cleanup goal determination; these included dioxin, antimony, and 
selenium.  Contaminants detected in excess of ARARs but found to be consistent with, or less than 
background conditions were not retained for cleanup goal determination unless a risk-based PRG was 
available for the contaminant. 
 
The robustness of the statistical test is limited by the small test population (n = 4) for the upstream 
background location in that there are not sufficient number of records (i.e., statistical power) to disprove 
the null hypothesis (i.e., that the two datasets are statistically different).  However, additional background 
sampling will be performed during the design phase to verify background conditions and the statistical 
comparisons, and assess impacts, if any, to the proposed cleanup goals.   
 
Step 3 – Next, for contaminants with a risk-based PRG and contaminants with an available ARAR 
(retained from Step 2 above), the lower (more protective) value was used in the cleanup goal 
determination.  PRG values used in the evaluation were based on the most sensitive receptor or exposure 
pathway, and are based on values developed in MACTEC (2005) and Appendix D of the FS.  Ecological 
PRGs developed for Oxbow floodplain soils (Appendix D of the FS) supercede PRGs developed for 
Allendale and Lyman Mill floodplain soils (MACTEC, 2005) because the Oxbow is where the most 
significant ecological exposures will occur. 
 
Step 4 – The cleanup goal selected is based on the ARAR/TBC/PRG value (Step 3, above) or 
background, whichever is higher.  Cleanup goals are presented in Table F-2a. 
 
F.4 Allendale and Lyman Mill Reach Surface Water 
 
Cleanup goals for surface water are presented in Table F-3a, and are based on an evaluation of potential 
ARARs and site background data, where: 


 The background is the arithmetic mean1 of the site background concentrations. 
 Potential ARARs include the State of Rhode Island standards and federal water quality criteria 


(WQC) for chronic ambient freshwater and human health criteria for consumption of water plus 
organism (RIDEM, 2006; EPA, 2006). 


 
There are no risk-based PRGs for surface water.  The federal WQC and State of Rhode Island standards 
(human health scenario including drinking water and fish consumption) for dioxin (2,3,7,8-TCDD) was 
modified based on site-specific bioaccumulation factors (see Attachment F-2), resulting in a surface water 
concentration of 0.5 picograms per liter (pg/L) which was used in the cleanup goal determination. 
 
Proposed cleanup goals were developed in a step-wise process, as follows: 
 
Step 1 – For contaminants with multiple ARAR values, the lower (more protective) value was used in the 
cleanup goal determination.  For example, the federal WQC and State of Rhode Island standards for 
arsenic are 150 micrograms per liter (µg/L) (federal and state freshwater chronic criteria), 0.018 µg/L 
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(federal human health consumption of water + organism), and 0.18 µg/L (state human health consumption 
of water + organism).  The lower of these values (0.018 µg/L) was selected as the ARAR. 
 
Step 2 – Next, the CMRP site surface water data were compared to the available ARARs (Table F-3b).  
Contaminants in surface water with detected concentrations in excess of the ARARs were retained for 
cleanup goal determination; this included dioxin (2,3,7,8-TCDD), pesticides (i.e., 4,4’-DDE, 4,4’-DDT, 
aldrin, endrin, alpha-BHC, alpha-chlordane, gamma-chlordane), polychlorinated biphenyls (PCBs, as 
total Aroclor), metals (i.e., arsenic, beryllium, cadmium, chromium, copper, lead, nickel, selenium, 
thallium, and zinc; and non-priority pollutants aluminum, iron, and manganese), SVOCs (i.e., bis(2-
ethylhexyl)phthalate and chrysene), and volatile organic compounds (VOCs) (i.e., tetrachloroethene).  
Many of these contaminants were detected at concentrations in excess of the ARARs in only 10% or 
fewer of the surface water samples (see Table F-3b for comparison of surface water data to ARARs). 
 
Contaminants that were undetected (i.e., ‘U’ or ‘UJ’ qualified) or detected at concentrations below the 
available ARAR were excluded from the cleanup goal determination.  Nor were cleanup goals developed 
for undetected contaminants where the laboratory detection limits were in excess of the ARARs (see 
Table F-3b); additional sampling will be performed during the design phase to verify that these 
contaminants are not present in site surface water at concentrations in excess of ARARs.  
 
Freshwater criteria for selected metals (cadmium, copper, lead, nickel and zinc) were corrected for 
hardness according to the WQC/standards guidance (EPA, 2006; RIDEM, 2006).  Freshwater chronic 
criteria for pentachlorophenol were corrected for pH using a pH value of 8.8 (MACTEC, 2004).  
Freshwater criteria for selected metals are expressed in terms of the dissolved metal in the water column.  
The majority of the CMRP surface water samples were analyzed as total, unfiltered samples rather than as 
dissolved fractions.  CMRP site data were compared directly to the freshwater criteria, without applying a 
conversion factor to correct in terms of total recoverable versus dissolved fraction.  The direct comparison 
to freshwater criteria could over-estimate the exposure with respect to total versus dissolved 
concentrations in the water column. 
 
Step 3 – Next, the CMRP site surface water data were statistically evaluated (as described in Step 2 for 
floodplain soil, above) to determine if the contaminants measured in surface water at concentrations in 
excess of the ARARs (Step 2) were consistent with background conditions.  Contaminants that were 
detected in excess of the ARARs and were determined to be significantly higher than background 
conditions (i.e., the median concentration for the test exposure area [i.e., Source Area, Allendale, and 
Lyman Mill] was significantly higher than the background median concentration) were retained for 
cleanup goal determination.  The only contaminant that met these conditions was dioxin (2,3,7,8-TCDD). 
 
The robustness of the statistical test is limited by the high frequency of non-detects and the small test 
populations as described above for floodplain soil (the number of samples in the upstream background 
location ranged from 5 to 11, depending on the chemical). However, additional background sampling will 
be performed during the design phase to verify background conditions and the statistical comparisons, 
and assess impacts, if any, to the proposed cleanup goals.   
 
Step 4 – The cleanup goal is based on the ARAR value (Step 3, above) or background, whichever is 
higher.  Because dioxin (2,3,7,8-TCDD) was undetected in the upstream background, the ARAR 
(modified based on site-specific bioaccumulation factors, see Attachment F-2) was selected as the cleanup 
goal. 
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F.5 Source Area Soil 
 
Cleanup goals for source area soils are presented in Table F-4a, and are based on an evaluation of 
potential ARARs and TBC criteria, including: 


 Potential ARARs including RIDEM residential direct exposure and GB leachability criteria 
(RIDEM, 2004); 


 TBC criteria including EPA’s recommended residential level for dioxin2 (i.e., 1,000 ng/kg dioxin 
TEQ) (EPA, 1998).5 


 
There are no applicable risk-based PRGs or background data for source area soils. 
 
Proposed cleanup goals were developed in a step-wise process, as follows: 
 
Step 1 – For contaminants with multiple ARAR values, the lower (more protective) value was used in the 
cleanup goal determination.  For example, the RIDEM residential direct exposure and GB leachability 
criteria for benzene are 2.5 milligrams per kilogram (mg/kg) and 4.3 mg/kg, respectively.  The lower of 
these values (2.5 mg/kg) was selected as the ARAR. 
 
Step 2 – Next, the source area soil data were compared to the available ARARs (from step 1 above) and 
TBC criteria (see Table F-4b).  Contaminants in vadose zone soils (0 to 5 ft below ground surface [bgs]) 
detected at concentrations in excess of the available ARAR or detected in surface soil (0 to 1 ft bgs) at 
concentrations in excess of the TBC criteria were retained for cleanup goal determination. 
 
Contaminants that were undetected (i.e., ‘U’ or ‘UJ’ qualified) or detected at concentrations below the 
available ARAR were excluded from the cleanup goal determination.  Nor were cleanup goals developed 
for undetected contaminants where the laboratory detection limits were in excess of the ARARs (see 
Table F-4b); additional sampling will be performed during the design phase to verify that these 
contaminants are not present in source area soil at concentrations in excess of ARARs.  
 
Step 3 – Cleanup goals are selected based on those chemicals detected in source area soils at 
concentrations in excess of the available ARARs or TBC (Step 2, above).  Overall, cleanup goals were 
identified for 35 chemicals, including dioxin TEQ, total PCBs, and selected pesticides, SVOCs, metals, 
and VOCs. 
 
F.6 Source Area Groundwater 
 
Cleanup goals for source area groundwater are presented in Table F-5a, and are based on contaminants 
detected in source area soil and groundwater at concentrations in excess of potential ARARs, including 
Rules 8.03 and 8.02.B of the Rhode Island Remediation Regulations (RIDEM, 2004) as follows: 


 Rule 8.03 states that groundwater contaminated as a result of a release of hazardous materials 
located in a GB area shall be remediated to a concentration that meets the GB groundwater 
objectives.  GB groundwater objectives have been promulgated for VOCs only. 


 Rule 8.02.B provides GB soil leachability criteria that are intended to ensure protection of the 
designated groundwater classification.  GB soil leachability criteria are promulgated for VOCs 
and PCB. 


 


                                                 
5 EPA’s new proposed residential level for dioxin (EPA, 2009) is used in the cleanup goal determination provided in 
Appendix N. 
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Contaminants in source area soil and groundwater detected at concentrations in excess of the available 
ARARs were retained for cleanup goal determination (see Table F-5b for comparison of source area 
groundwater data to ARARs and Table F-4b for comparison of source area soil data to ARARs).  
Contaminants that were undetected (i.e., ‘U’ or ‘UJ’ qualified) or detected at concentrations below the 
available ARAR were excluded from the cleanup goal determination.  (Note: laboratory achieved 
detection limits were at levels below the available ARARs.) 
 
Dioxin is also identified as a contaminant for groundwater; however, promulgated standards are not 
available for this chemical based on the RIDEM criteria.  Therefore, cleanup goals were developed for 
this exposure pathway using a simplified mass balance analysis based on the relative mixing of 
groundwater with surface water and the partitioning of dioxin between soil and groundwater as described 
in Attachment F-3. 
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Attachment F-1 
Derivation of Fish Target Tissue Concentrations Following 


Attainment of the Sediment Cleanup Goals 
 
This attachment presents the approach used to estimate fish tissue concentration (target tissue 
concentrations) in Allendale and Lyman Mill Pond that are expected following attainment of the sediment 
cleanup goals as described in Section 3.0.  It is anticipated that these calculations will be used during the 
decision-making process to better understand residual risks following implementation of a sediment 
remedy as related to background risks.  In addition, these data may be helpful during the monitoring 
phase as a tool for assessing compliance with RAOs. 
 
The development of the sediment PRGs is documented in the Interim Final Preliminary Remediation 
Goals Report (MACTEC, 2005), and the proposed sediment cleanup goals are summarized in Table F-1.  
The report provides detailed information on the procedures used to calculate protective concentrations 
based on different receptors (largemouth bass, white sucker, belted kingfisher) and approaches used to 
estimate ecological risk (residue- and dose-based exposures).  In addition to the sediment medium, the 
document presents PRGs specifically for fish tissue, the latter values differing from those developed in 
this section in that they did not consider the practicality of achieving a level of risk reduction in the 
context of an environment where exposures to background conditions could pose an unacceptable risk to 
specific receptor groups.  Because sediment cleanup goals (as opposed to PRGs) do incorporate 
background conditions (and in fact a majority are based on background concentrations in lieu of lower 
risk-protective concentrations), the residual risk estimates are larger than if the strictly risk-based 
sediment PRGs could be achieved.  This also holds true for the equilibrium fish tissue concentrations 
associated with the remediated sediments. 
 
In general, fish target tissue concentrations expected following attainment of the sediment cleanup goals 
for organic contaminants in Allendale and Lyman Mill Pond sediment were calculated by multiplying the 
cleanup goal concentrations by site-specific biota sediment accumulation factor (BSAFs) appropriate for 
each receptor of concern and adjusting for percent lipid in fish tissue and total organic carbon (TOC) in 
sediment.  BSAFs were calculated for individual exposure areas and were derived as the ratio of the 
geometric mean concentrations of the lipid-normalized biota tissue concentrations and the TOC-
normalized sediment concentrations. 
 
Introduction/Approach 
 
The sediment cleanup goals were developed based on human health and ecological risk considerations as 
well as existing background conditions.  The human health risk-based sediment PRGs (MACTEC, 2005) 
were based on direct contact exposures and biota consumption exposures.  The ecological risk based 
sediment PRGs (MACTEC, 2005) were derived considering three separate measurement endpoints 
evaluated as part of the baseline ecological risk assessment (BERA) (MACTEC, 2004), including critical 
body residues (CBRs) in adult fish tissue, CBRs in fish early life stages (ELS), and food chain exposures 
for sensitive piscivores (i.e., belted kingfisher).   
 
In general, the sediment PRGs were based on bioaccumulative exposures because that pathway was 
associated with higher risks than the direct contact exposure pathways (MACTEC 2005).  For some of the 
contaminants, sediment cleanup goals were set at background concentrations because some of the more 
stringent risk-based PRGs were lower than the current background concentrations (e.g., the PRG for 
dioxin TEQ at a target cancer risk level of 10-5 (0.48 ng/kg) was below the corresponding sediment 
background concentration of 14.7 ng/kg) and it would not be feasible to achieve them. 
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The sediment PRGs were calculated based on the most conservative (i.e., lowest) risk-based fish tissue 
PRGs and the site-specific determination of the relationship between sediment concentrations of bio-
accumulating substances and the corresponding biota tissue concentrations for those substances.  The 
relationship between the sediment concentrations and biota tissue concentrations was characterized by 
calculating BSAFs (in units of goc/glipid) using the following equation: 
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where:  
 
[Chemicali]biota j =  Chemical concentration of the ith chemical in the jth biota (mg/kgbiota); 
[Lipid]biota j =  Lipid content of biota (kglipid/kgbiota); 
[Chemicali]sed =  Concentration of the ith chemical in sediment (mg/kgsed); and, 
[TOC]sed =  Total organic carbon content in sediment (kgoc/kgsed). 
 
 
Table 1 presents BSAFs for the following human health contaminants: benzo(a)pyrene, DDE, dieldrin, 
technical chlordane, Aroclor-1254, Aroclor-1268, and 2,3,7,8-tetrachlorodibenzo-p-dioxin along with the 
following ecological contaminants: DDE, DDD, technical chlordane, Aroclor-1254, Aroclor-Total, and 
dioxin/furan [TEQs].  BSAFs for dibenzo(a,h)anthracene and N-nitroso-di-n-propylamine are not 
included because these human health contaminants are associated with the direct contact exposure 
pathway and there is no need to estimate fish tissue concentrations.  In addition, no BSAF for coplanar 
polychlorinated biphenyls (PCBs) (a contaminant for both human health and ecological receptors) is 
presented because a review of the background dataset concluded that the uncertainties inherent in 
developing a BSAF for this parameter were so substantial (due to large variability in background tissue 
concentrations) that developing a BSAF was not warranted.  BSAFs for dioxin/furan TEQs based both on 
avian and fish Toxicity Equivalency Factors (TEFs) are presented and the larger of the two was used in 
the subsequent analysis to insure a conservative approach. 
 
The BSAFs presented in Table 1 were developed using the procedures described in the Interim Final – 
Preliminary Remediation Goals Report (MACTEC, 2005).  BSAFs are presented for white sucker (WS) 
collected in Allendale Pond (AP), and Lyman Mill Pond (LMP) as well as the upriver background area at 
Greystone Mill Pond (GMP).  BSAFs were also calculated for largemouth bass (LMB) collected at both 
LMP and GMP; however, tissue data are not available for this species in Allendale Pond. 
 
The BSAF for each contaminant was used to calculate the risk-based sediment PRG (in units of mg/kg) as 
follows: 
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where: 
 
Tissue PRGi,j,k =  Tissue PRG for the ith chemical in the jth biota tissue at the kth risk level (mg/kgbiota); 
[Lipid]biota j =  Lipid content in the jth biota (kglipid/kg); 
BSAFi,j  =  BSAF for the ith chemical in the jth biota(kgoc/kglipid); and, 
[TOC]sed =  Total organic carbon content in sediment (kgoc/kgsed). 


 
The hypothetical biota tissue concentrations after completion of a remedy that achieves the sediment 
cleanup goal (Sediment Cleanup Goali) (assuming equilibrium between sediment and biota tissue) can be 
calculated as follows: 
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Evaluation of Human Health Residual Risks 
 
Table 2 presents a summary of the sediment cleanup goals and fish target tissue concentrations based on 
the human health target risk levels for carcinogenic contaminants (MACTEC, 2005).  A target Excess 
Lifetime Cancer Risk (ELCR) level of one-in-a million (10-6) was used in the calculations along with a 
target hazard index of 1 for non-carcinogenic contaminants.  Fish target tissue concentrations for the 
combined fish diet (MACTEC, 2005) were estimated using Equation 3.  Because the sediment cleanup 
goal for this pathway was based on the combined fish diet exposure scenario (which considered fish 
consumption inclusive of both Allendale and Lyman Mill Ponds), separate fish tissue concentrations were 
not calculated for the two ponds.  However, anticipated reductions in fish tissue concentrations for each 
pond are presented as the ratio of current conditions (i.e., the exposure point concentration [EPC] for the 
combined fish diet exposure) and the estimated tissue concentration at the sediment cleanup goal (Table 
2).  For carcinogenic contaminants, the estimated reduction in fish tissue concentrations are substantial, 
ranging from 55% to 99% in Allendale Pond (excluding benzo(a)pyrene) and 73% to 99% in Lyman Mill 
Pond.  The fish tissue concentration for benzo(a)pyrene is predicted to decrease by only 2% in Allendale 
(Table 2).  For contaminants with non-carcinogenic effects, a substantial reduction in fish tissue 
concentrations following attainment of the sediment cleanup goals is also predicted for most 
contaminants.  However, fish tissue concentrations of benzo(a)pyrene and DDE (2% and 27% reduction, 
respectively at Allendale Pond) are expected to be the least responsive to an active sediment remedy 
implementation. 
 
Table 3 presents estimated residual human health risks associated with the proposed sediment cleanup 
goals and the combined fish diet.  It should be noted that the total cancer risk for that exposure pathway 
would be within the Superfund Risk Range.  The estimated total non-cancer Hazard Index (HI) for this 
pathway is 0.9, which is less than the target risk level (HI = 1).  
 
Evaluation of Ecological Residual Risks 
 
Table 4 presents the estimated fish tissue concentrations for ecological organic contaminants anticipated 
following achievement of the proposed sediment cleanup goals.  Tissue concentrations are presented for 
each pond and fish species evaluated separately.  Table 5 summarizes the fish tissue remediation goals 
based on the three ecological endpoints (i.e., CBRs in adult fish tissue, CBRs in fish early life stages 
[ELS], and food chain exposures for sensitive piscivores [belted kingfisher]) that are relevant to 
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establishing PRGs in fish tissue.  For each contaminant, the lowest available PRG for individual 
endpoints was selected as the overall PRGfish concentration for ecological receptors. 
 
Table 6 presents a summary of the biota target tissue concentrations for Allendale Pond and Lyman Mill 
Pond, respectively.  The table presents the fish tissue PRGs, sediment concentrations associated with the 
fish tissue PRGs, sediment cleanup goals, measured biota background concentrations, current biota tissue 
exposure point concentrations in Allendale Pond and Lyman Mill Pond, the biota target tissue 
concentrations, and the estimated percent reduction in biota tissue concentrations associated with 
achievement of the sediment cleanup goals. 
 
For Allendale Pond, white sucker fish tissue concentrations for a majority of contaminants (exceptions are 
DDE, and DDD) are anticipated to decrease substantially (61 to 94%) following implementation of the 
sediment remedy (Table 6).  As with the human health analysis, residual risks were estimated as the ratio 
of the fish target tissue concentrations and fish tissue PRGs.  In one instance (technical chlordane), the 
residual risk estimate is 26; those for the other contaminants evaluated are less than 1. Total residual risks 
for fish (based on CBRs) and kingfisher (based on dose modeling) are 30 and 4, respectively. 
 
For Lyman Mill Pond, white sucker fish tissue concentrations are anticipated to decrease substantially (57 
to 97%) following implementation of the sediment remedy (Table 6).  As found for Allendale Pond, the 
residual risks associated with technical chlordane residues in fish tissue are 31; those for the other 
contaminants evaluated are less than 1.  Total residual risks for fish (based on CBRs) and kingfisher 
(based on dose modeling) are 30 and 4, respectively. 
 
In the case of largemouth bass at Lyman Mill Pond, fish tissue concentrations for all contaminants (with 
the exception of technical chlordane) are anticipated to decrease following implementation of the 
sediment remedy (Table 6).  The majority of contaminants are anticipated to decline substantially (77% to 
94%) compared to current conditions; however DDD and DDE are expected to decrease less (6% and 
30%, respectively).  As found for the white sucker, the expected residual risk associated with technical 
chlordane residues in largemouth bass tissue in Lyman Mill are elevated (13); those for the other 
contaminants evaluated are all less than 1.  Total residual risks for fish (based on CBRs) and kingfisher 
(based on dose modeling) are 10 and 2, respectively. 
 
Summary 
 
Table 7 summarizes the fish target tissue concentrations based on human health and ecological receptors 
(Tables 3 and 6, respectively) derived in this analysis.  The overall minimum concentrations represent the 
fish tissue concentrations for contaminants based on the combined fish diet (human health) or individual 
fish species (ecological receptors) that are anticipated in Allendale and Lyman Mill Ponds following 
attainment of the sediment RAOs.  The above analysis predicts that a substantial decrease in the biota 
tissue concentrations for most contaminants will occur over time following implementation of the 
selected sediment remedy.  The total cancer risk for the combined fish diet exposure pathway would be 
within the Superfund Risk Range.  While the residual risk estimates for ecological receptors exposed to 
technical chlordane exceed 1.0, the findings of this analysis do support a conclusion that the incremental 
risk (i.e., those risks associated with contaminant concentrations elevated above background) for both 
human and ecological receptors would be acceptable (i.e., less than 1.0) for all other contaminants.  As 
evidenced by the substantial use of background concentrations in developing sediment remediation goals 
(in lieu of the more protective risk-based PRGs), a consideration of existing background conditions in the 
watershed demonstrate that it is not feasible to achieve a total residual risk of one or lower.
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Table 1
Site‐Derived Bioaccumulation Factors (BAFs) and Biota Sediment Accumulation Factors (BSAFs) for COCs


Centredale Manor Restoration Project Superfund Site
North Providence, Rhode Island


BSAFc


Largemouth Bass (LMB) White Sucker (WS)
Areab GMP AP LPX GMP AP LPX


Benzo(a)pyrene NC NA 6.0E‐03 NC 3.9E‐04 7.9E‐04
4,4'‐DDE 3.1E+01 NA 1.9E+01 5.5E+00 4.5E+00 5.0E+00
4,4'‐DDD 2.2E+00 NA 2.0E+00 2.0E+00 2.1E+00 2.0E+00
Dieldrin NC NA 7.6E‐01 NC 6.0E‐01 4.2E‐01
Technical Chlordane 3.5E‐01 NA 9.0E‐01 4.3E‐01 5.4E‐01 4.9E‐01
Aroclor‐1254 3.7E+00 NA 7.4E+00 8.4E‐01 4.6E+00 2.7E+00
Aroclor‐1268 NC NA 2.4E+00 NC 4.3E‐01 6.6E‐01
Aroclor‐Total 3.7E+00 NA 3.4E+00 7.5E‐01 4.1E+00 2.4E+00
2,3,7,8‐Tetrachlorodibenzo‐p‐dioxin NC NA 5.5E‐01 NC 2.7E‐01 2.0E‐01
Dioxin Toxicity Equivalency ‐ Birdsd 6.7E‐02 NA 3.4E‐01 1.2E‐01 3.8E‐01 2.5E‐01
Dioxin Toxicity Equivalency ‐ Fishd 8.3E‐02 NA 4.1E‐01 5.8E‐02 3.9E‐01 2.2E‐01
Dioxin/furans (TEQ) 8.3E‐02 NA 4.1E‐01 1.2E‐01 3.9E‐01 2.5E‐01


Fish Lipide


Exposure Area TOCe LMB WS
Units mgoc/kgsed mglip/kgtis


Greystone 53,781         18,879           97,539          
Allendale 44,385         NA 53,880          
Lyman Mill 47,041         17,299           75,710          


Contaminanta
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Table 1
Site‐Derived Bioaccumulation Factors (BAFs) and Biota Sediment Accumulation Factors (BSAFs) for COCs


Centredale Manor Restoration Project Superfund Site
North Providence, Rhode Island


Notes
Where not specified, units in mg/kg (wet weight).
a.  Contaminants as presented in Table F‐1 of this FS report (Appendix F) that are considered to pose a bioaccumulative hazard. 
b.  Exposure Areas include Greyston Mill Pond (GMP), Allendale Pond (AP) and Lyman Mill Pond (LPX); 


GMP is the upstream background area.
c.  Biota Sediment Accumulation Factors (BSAFs) are calculated for organic contaminants as the ratio of the average lipid‐


normalized fish tissue concentration divided by the average organic carbon‐normalized sediment concentration.  
Carbon and lipid normalized concentrations derived using the information provided in the table above.
BSAFs are in units of goc/glipid (Tables 2‐3 and 2‐4 in Part II; MACTEC, 2005).


d.  TEQ based on bird and fish TEFs; the final TEQ was selected based on the higher of these two values.
e.  Geometric mean for total organic carbon and fish lipid concentrations (Table 2‐5 in Part II; MACTEC, 2005).


Key
AP ‐ Allendale Pond
BAF ‐ bioaccumulation factor
BSAF ‐ biota‐sediment accumulation factor
GMP ‐ Greystone Mill Pond
LPX ‐ Lyman Mill Pond
NA ‐ not available
NC ‐ not calculated
mg/kg ‐ milligrams per kilogram
TEQ ‐ toxic equivalency
TOC ‐ total organic carbon
LMB ‐ large mouth bass
WS ‐ white sucker
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Table 2
Sediment Cleanup Goals and Associated Calculated Fish Target Tissue Concentrations ‐ Human Health Contaminants


Centredale Manor Restoration Project Superfund Site
North Providence, Rhode Island


Cancer risk Greystone Allendale Allendale Lyman Mill Lyman Mill Average


Tissue 
PRG@10‐6 
cancer risk 
(mg/kg)


Sed PRG @ 
10‐6 cancer 
risk (mg/kg)


Sediment 
Cleanup Goal 


(mg/kg) N
ot
e


Fish Target Tissue 
Concentration 


(mg/kg)


Current Background 
Combined Fish Tissue 


Concentration 
(Exposure Point 
Concentration) 


(mg/kg)


Current Combined Fish 
Tissue Concentration 


(Exposure Point 
Concentration) 


(mg/kg)


Anticipated 
Reduction in 


Concentration (%)


Current Combined 
Fish Tissue 


Concentration 
(Exposure Point 
Concentration)


Anticipated 
Reduction in 


Concentration (%)


Anticipated 
Reduction in 


Concentration and 
Associated Biota 
Consumption Risk 


(%)
Benzo(a)pyrene 0.0015 1.4 1.4 0.0015 0.0010 0.0015 2% 0.0055 73% 37%
4,4'‐DDE 0.032 0.011 NA NA 0.033 0.025 NA 0.089 NA NA
Aroclor‐1254 0.0054 0.0046 0.031 (1) 0.037 0.18 1.9 98% 2.1 98% 98%
Aroclor‐1268 0.0054 0.012 0.023 (1) 0.011 0.085 0.027 NA 0.022 NA NA
Dieldrin 0.00067 0.0016 0.0026 0.0011 0.0027 0.0089 88% 0.0057 81% 84%
Technical Chlordane 0.031 0.058 0.40 0.21 0.21 0.47 55% 1.0 79% 67%
Coplanar PCB TEQ 7.2E‐08 4.3E‐09 2.5E‐05 4.1E‐04 NA/ID 3.2E‐05 NA/ID 4.1E‐05 NA/ID NA/ID
2,3,7,8‐TCDD 7.2E‐08 4.8E‐07 1.5E‐05 2.2E‐06 1.4E‐06 3.0E‐04 99% 3.7E‐04 99% 99%


Notes
(1) Estimated regional background values derived by excluding elevated upriver background results collected between the Smithfield Wastewater Treatment Plant and Route 44. 


Key
ELCR ‐ Excess Lifetime Cancer Risk
HI ‐ hazard index
mg/kg ‐ milligrams per kilogram
NA = not applicable ‐ sediment PRG is not based on biota tissue consumption   
NA/ID = not applicable/insufficient data ‐ insufficient data to establish quantitative biota‐sediment accumulation factors   
PRG ‐ preliminary remediation goal
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Table 2
Sediment Cleanup Goals and Associated Calculated Fish Target Tissue Concentrations ‐ Human Health Contaminants


Centredale Manor Restoration Project Superfund Site
North Providence, Rhode Island


Non‐cancer risk Greystone Allendale Allendale Lyman Mill Lyman Mill Average


Tissue PRG@ 
Hazard Index 
of 1 (mg/kg)


Sed PRG @ 
Hazard 


Index of 1 
(mg/kg)


Sediment 
Cleanup Goal 


(mg/kg) N
ot
e


Fish Target Tissue 
Concentration 


(mg/kg)


Current Background 
Combined Fiish Tissue 


Concentration 
(Exposure Point 
Concentration) 


(mg/kg)


Current Combined Fish 
Tissue Concentration 


(Exposure Point 
Concentration) 


(mg/kg)


Anticipated 
Reduction in 


Concentration (%)


Current Combined 
Fish Tissue 


Concentration 
(Exposure Point 
Concentration)


Anticipated 
Reduction in 


Concentration (%)


Anticipated 
Reduction in 


Concentration and 
Associated Biota 
Consumption Risk 


(%)
Benzo(a)pyrene 100 94756 1.4 0.0015 0.0010 0.0015 2% 0.0055 73% 37%
4,4'‐DDE 1.7 0.56 0.006 0.018 0.033 0.025 27% 0.089 80% 53%
Aroclor‐1254 0.067 0.056 0.031 (1) 0.037 0.1770 1.9 98% 2.1 98% 98%
Aroclor‐1268 0.067 0.14 0.023 (1) 0.011 0.0851 0.027 NA 0.0215 NA NA
Dieldrin 0.17 0.40 0.0026 0.0011 0.0027 0.0089 88% 0.0057 81% 84%
Technical Chlordane 1.7 3.10 0.40 0.22 0.2056 0.47 53% 1.0 78% 66%
Coplanar PCB TEQ NA/ND 2.5E‐05 NA/ND NA/ND 3.2E‐05 NA/ND 4.1E‐05 NA/ND NA/ND
2,3,7,8‐TCDD NA/ND 1.5E‐05 NA/ND 1.4E‐06 3.0E‐04 NA/ND 3.7E‐04 NA/ND NA/ND


Notes
shading indicates current tissue concentrations are below the non‐cancer risk‐based tissue PRG at HI =1    


(1) Estimated regional background values derived by excluding elevated upriver background results collected between the Smithfield Wastewater Treatment Plant and Route 44.
Key


mg/kg ‐ milligrams per kilogram
NA = not applicable ‐ sediment PRG is not based on biota tissue consumption  
NA/ND = not applicable/no non‐cancer toxicity data avaialable to establish PRG  
PRG ‐ preliminary remediation goal
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Table 3
Estimated Residual Human Health Risks Associated with Sediment Cleanup Goals and Combined Fish Diet ‐ Human Health Contaminants


Centredale Manor Restoration Project Superfund Site
North Providence, Rhode Island


Cancer risk


Tissue PRG@10‐6 
cancer risk (mg/kg)


Sed PRG @ 10‐6 
cancer risk (mg/kg)


Sediment Cleanup 
Goal (mg/kg) N


ot
e Fish Target Tissue 


Concentration (mg/kg)


Residual Risk 
Combined Fish Diet 


Post‐Remedy
Benzo(a)pyrene 0.0015 1.4 1.4 0.0015 1.0E‐06
4,4‐DDE 0.032 0.011 NA
Aroclor‐1254 0.0054 0.0046 0.031 (1) 0.037 6.8E‐06
Aroclor‐1268 0.0054 0.012 0.023 (1) 0.011 2.0E‐06
Dieldrin 0.00067 0.0016 0.0026 0.0011 1.6E‐06
Technical Chlordane 0.031 0.058 0.4 0.2125 6.9E‐06
Coplanar PCB TEQ 7.2E‐08 4.3E‐09 2.5E‐05 NA/ID NA/ID
2,3,7,8‐TCDD 7.2E‐08 4.8E‐07 1.5E‐05 2.2E‐06 3.1E‐05


Total: 5E‐05
Key


NA = not applicable ‐ sediment PRG is not based on biota tissue consumption
NA/ID = not applicable/insufficient data ‐ insufficient data to establish quantitative biota‐sediment accumulation factors    


Non‐cancer risk


Tissue PRG@ Hazard 
Index of 1 (mg/kg)


Sed PRG @ Hazard 
Index of 1 (mg/kg)


Sediment Cleanup 
Goal (mg/kg) N


ot
e Fish Target Tissue 


Concentration (mg/kg)


Residual Risk 
Combined Fish Diet 


Post‐Remedy
Benzo(a)pyrene 100 94756 1.4 0.0015 0.000015
4,4‐DDE 1.7 0.56 0.006 0.018 0.011
Aroclor‐1254 0.067 0.056 0.031 (1) 0.04 0.55
Aroclor‐1268 0.067 0.14 0.023 (1) 0.011 0.16
Dieldrin 0.17 0.40 0.0026 0.0011 0.0065
Technical Chlordane 1.7 3.10 0.4 0.22 0.13
Coplanar PCB TEQ NA/ND 2.5E‐05 NA/ND NA/ND
2,3,7,8‐TCDD NA/ND 1.5E‐05 NA/ND NA/ND


Total: 0.9
Notes


Key
NA = not applicable ‐ sediment PRG is not based on biota tissue consumption   
NA/ND = not applicable/no non‐cancer toxicity data available to establish PRG   


(1) Estimated regional background values derived by excluding elevated upriver background results collected
between the Smithfield Wastewater Treatment Plant and Route 44.
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Table 4
Estimated Fish Target Tissue Concentrations Following Achievement of Sediment Cleanup Goals ‐ Ecological Contaminants


Centredale Manor Restoration Project Superfund Site
North Providence, Rhode Island


Fish Target Tissue Concentrationb,c


Largemouth Bass White Sucker
AP LPX AP LPX


4,4'‐DDE 6.0E‐03 1 HH, ECO NC 4.1E‐02 3.3E‐02 4.8E‐02
4,4'‐DDD 8.4E‐03 2 ECO NC 6.2E‐03 2.1E‐02 2.8E‐02
Technical Chlordane 4.0E‐01 1 HH, ECO NC 1.3E‐01 2.6E‐01 3.1E‐01
Aroclor‐1254 3.1E‐02 1 HH, ECO NC 8.4E‐02 1.7E‐01 1.4E‐01
Aroclor‐Total 6.0E‐02 1 ECO NC 7.6E‐02 3.0E‐01 2.3E‐01
Dioxin/furans (TEQ) 2.9E‐04 3 HH, ECO NC 4.4E‐05 1.4E‐04 1.2E‐04


Notes
Units in mg/kg (dry weight ‐ sediment and wet weight ‐ tissue).
a.  Contaminants, Cleanup Goals, and the most sensitive receptor type, as presented in Table F‐1 of Appendix F to the FS report.
b.  Exposure Areas include Allendale Pond (AP) and Lyman Mill Pond (LPX).
c.  Anticipated fish tissue concentration when the Sediment Cleanup Goal has been achieved;  calculated by multiplying the sediment   


cleanup goal by the site‐derived BAF (inorganic contaminants) or BSAF (organic contaminants), respectively.  Values for organic  
contaminants converted to mg/kg units by multiplying by fish tissue lipid fraction and dividing by sediment organic fraction (Table 1).  


d.  Basis for the sediment cleanup goal: 1 ‐ background, 2 ‐ ECO (belted kingfisher diet), and 3 ‐ ECO (tree swallow CBR).


Key
AP ‐ Allendale Pond
BAF ‐ bioaccumulation factor
BSAF ‐ biota sediment accumulation factor
CBR ‐ critical body residue
ECO ‐ ecological
LPX ‐ Lyman Mill Pond
HH ‐ human health
NC ‐ not calculated
mg/kg ‐ milligrams per kilogram
TEQ ‐ toxic equivalency


Sediment Cleanup 


Goala   B
as
is
d


Receptor 


TypeaContaminanta
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Table 5
Summary of Preliminary Remediation Goals for Fish Tissue Based on Protection of Ecological Receptors


Centredale Manor Restoration Project Superfund Site
North Providence, Rhode Island


PRGfish
a


CBRb ELSc
 Piscivore @ 


Target HQ  = 1d
Lowest 


Ecological PRGe


4,4‐DDD 0.069 NC 0.028 0.028
4,4‐DDE 0.11 NC 0.028 0.028
Technical Chlordane 0.010 NC 2.8 0.010
Aroclor‐1254 1.2 NC 1.8 1.2
Aroclor‐Total NA NC 0.50 0.50
Dioxin Toxicity Equivalency ‐ Birds NA NA 0.00014 ‐
Dioxin Toxicity Equivalency ‐ Fish 0.00019 0.00040 NA ‐
Dioxin Toxicity Equivalency 0.00019 0.00040 0.00014 0.00014


Notes
a.  PRGs based on fish tissue; units in mg/kg (wet weight).
b.  Based on Critical Body Residues (CBRs) from Table 2‐1, Interim Final ‐ Preliminary Remediation


Goals Report, Part II (MACTEC, 2005).
c.  Based on Early Life Stage effects (ELS) from Table 2‐2, Interim Final ‐ Preliminary Remediation


Goals Report, Part II (MACTEC, 2005).
d.  Based on Belted Kingfisher food web modeling from Table 2‐10, Interim Final ‐ Preliminary Remediation


Goals Report, Part II (MACTEC, 2005).
e.  Lowest of the PRGs for fish tissue based on the 3 endpoints.
f.   Based on geometric mean of LOAEL and estimated NOAEL (based on application of a 10‐fold


extrapolation factor from Table 2‐1 (Part II, MACTEC, 2005).


Key
CBR ‐ critical body residue
ELS ‐ early life stage
HQ ‐ hazard quotient
LOAEL ‐ lowest observed adverse effects level
mg/kg ‐ milligrams per kilogram
NA ‐ not available
NC ‐ not calculated
NOAEL ‐ no observed adverse effects level
PRG ‐ preliminary remediation goal


Contaminant
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Table 6
Anticipated Fish Target Tissue Concentrations Developed Based on Sediment Cleanup Goals Protective of Ecological Receptors


Centredale Manor Restoration Project Superfund Site
North Providence, Rhode Island


Existing Condition Fish 


Tissue Concentrationf (EPC) Residual Riski


Greystone Allendale Fish Piscivore


4,4'‐DDE 0.028 0.0051 0.0060 0.051 0.029 0.033 No reduction 0.30 1.2
4,4'‐DDD 0.028 0.011 0.0084 0.022 0.013 0.021 No reduction 0.31 0.76
Technical Chlordane 0.010 0.015 0.40 0.28 0.67 0.26 61% 26 0.095
Aroclor‐1254 1.2 0.22 0.031 (1) 0.20 2.9 0.17 94% 0.14 0.10
Aroclor‐Total 0.50 0.10 0.060 (1) 0.26 2.9 0.30 90% ‐ 0.6
Dioxin/furans (TEQ) 0.00014 0.00030 0.00029 0.000010 0.00060 0.00014 77% 0.72 0.98


Total: 30 4


4,4'‐DDE 0.028 0.0035 0.0060 0.051 0.21 0.048 77% 0.70 1.73
4,4'‐DDD 0.028 0.0085 0.0084 0.022 0.064 0.028 57% 0.25 1.0
Technical Chlordane 0.010 0.013 0.40 0.28 2.6 0.31 88% 31 0.11
Aroclor‐1254 1.2 0.28 0.031 (1) 0.20 5.2 0.14 97% 0.11 0.08
Aroclor‐Total 0.50 0.13 0.060 (1) 0.26 5.3 0.23 96% ‐ 0.5
Dioxin/furans (TEQ) 0.00014 0.00035 0.00029 0.000010 0.0010 0.00012 88% 0.61 0.82


Total: 30 4


4,4'‐DDE 0.028 0.0041 0.0060 0.064 0.059 0.041 30% 0.60 1.5
4,4'‐DDD 0.028 0.038 0.0084 0.0042 0.0066 0.0062 6% 0.06 0.22
Technical Chlordane 0.010 0.030 0.40 0.044 0.13 0.13 No reduction 13 0.048
Aroclor‐1254 1.2 0.45 0.031 (1) 0.32 1.3 0.084 94% 0.07 0.05
Aroclor‐Total 0.50 0.40 0.060 (1) 0.41 1.4 0.076 94% ‐ 0.15
Dioxin/furans (TEQ) 0.00014 0.00093 0.00029 0.00000091 0.00019 0.000044 77% 0.23 0.31


Total: 10 2


Lyman Mill Pond ‐ White Sucker


Lyman Mill Pond ‐ Largemouth Bass


Sediment 


Cleanup Goald
Fish Target Tissue 


Concentrationg


Reductionh in 
Tissue 


Concentrations 
(%)


Fish Tissue 
Concentration 


(PRGfish)b  @ 
Target HQ = 1


Sediment 


Concentrationc 


@ Target HQ = 1Contaminanta


Allendale Pond ‐ White Sucker


N
ot
ee
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Table 6
Anticipated Fish Target Tissue Concentrations Developed Based on Sediment Cleanup Goals Protective of Ecological Receptors


Centredale Manor Restoration Project Superfund Site
North Providence, Rhode Island


Notes
Units in mg/kg (dry weight ‐ sediment and wet weight ‐ tissue).
a Biota cleanup goals developed for all contaminants with sediment cleanup goals based on protection to ecological receptors


 except PCB TEQ for which the uncertainties associated with the BSAF development were considered too large to warrant use in the 
analysis; see text for further discussion.


b As summarized in Table 5; lowest PRG for fish tissue based on critical body residue (including early life stage test) and food chain   
modeling (Belted Kingfisher).


c Calculated by dividing the PRGfish concentration term by the BAF/BSAF (Table 1); for BSAFs, the PRG fish was also multiplied by the
sediment organic carbon and divided by fish lipid values.


d Sediment Cleanup Goals presented in Table F‐1; shading/bolding indicates sediment concentrations greater than those associated with an 
ecologically‐protective  target tissue concentration.


e (1) Estimated regional background values derived by excluding elevated upriver background results collected between the 
        Smithfield Wastewater Treatment Plant and Route 44.
f Existing fish tissue EPCs for white sucker from Table 81 of the BERA (MACTEC, 2005) for Greystone Mill Pond and Allendale Pond.


Values for dioxin/furan TEQs are the largest of the values calculated using mammal, bird, and fish TEFs.
g From Table 2; shaded cells indicate that the anticipated fish tissue concentration is less than existing conditions.
h Calculated as the difference between the current (existing conditions) fish tissue concentration and that anticipated following remediation   


divided by existing conditions.
i Residual risk calculated by dividing the anticipated fish tissue concentration by the appropriate PRGfish value in Table 5; the CBR‐based


values were used for fish and the piscivore‐based value for the piscivorous bird receptors, respectively. A dash indicates that the contaminant      
was not a risk driver for a particular receptor category.  HIs were rounded to one significant figure to match reporting requirements for     
human health risks (non‐cancer).


Key
BAF ‐ bioaccumulation factor
BSAF ‐ biota sediment accumulation factor
CBR ‐ critical body residue
EPC ‐ Exposure Point Concentration
HQ ‐ hazard quotient
mg/kg ‐ milligrams/kilogram
PCB ‐ polychlorinated biphenyls
PRG ‐ preliminary remediation goal
TEQ ‐ toxic equivalent
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Table 7
Summary of Fish Target Tissue Concentrations Anticipated Following Attainment of Sediment Cleanup Goals


Centredale Manor River Restoration Superfund Site
North Providence, Rhode Island


Ecologicalb


Allendale Lyman Mill


Cancer
Non‐
cancer Minimum


White 
Sucker


White 
Sucker


Largemouth 
Bass


Benzo(a)pyrene 0.0015 0.0015 0.0015 0.0015 1
4,4'‐DDE NA 0.018 0.018 0.033 0.048 0.041 0.033 0.018 1
4,4'‐DDD 0.021 0.028 0.0062 0.0062 0.0062 2
Aroclor‐1254 0.037 0.037 0.037 0.17 0.14 0.084 0.084 0.037 1
Aroclor‐1268 0.011 0.011 0.011 0.011 1
Aroclor‐Total 0.30 0.23 0.076 0.076 0.076 2
Dieldrin 0.0011 0.0011 0.0011 0.0011 1
Technical Chlordane 0.21 0.22 0.21 0.26 0.31 0.13 0.13 0.13 2
2,3,7,8‐TCDD 0.0000022 NA 0.0000022 0.0000022 1
Dioxin/furans (TEQ) 0.00014 0.00012 0.000044 0.000044 0.000044 2


Notes
Units in mg/kg (dry weight ‐ sediment and wet weight ‐ tissue).
a. Values presented in Table 2.
b. Values presented in Table 6.
c.  Basis for the minimum concentration: 1 ‐ human and 2 ‐ ecological.


Key
NA ‐ not applicable
mg/kg ‐ milligrams per kilogram
Shading indicates that the compound was not a contaminant for a given receptor category.


Ba
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MinimumMinimum
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Attachment F-2 
Derivation of a Site-Specific Surface Water Benchmark for the CMRP Site 


 
Available surface water benchmarks for exposure to 2,3,7,8-TCDD were identified and are summarized in 
Table 1.  These include values designed to be protective of both human health and ecological exposures.  
The site-specific values (1.8 pg ℓ-1 and 0.39 pg ℓ-1) for the CMRP site are also presented based on 
methodology described in this attachment.  This analysis focuses primarily on the development of site-
specific bioaccumulation factors because this parameter has a strong influence on all criteria values.  EPA 
(2003, 2006) encourages the use of site-specific information in the development of appropriate water 
quality benchmarks.  A site-specific value of 0.50 pg ℓ-1


 is proposed as the basis for establishing a 
protective soil cleanup level.  This value would be protective of humans exposed via fish ingestion and 
water consumption routes based on a target risk of 10-5.  The proposed value is slightly higher than the 
modified Great Lakes Water Quality Initiative (GLWQI based on protection of wildlife receptors to 
bioaccumulation hazards) value but the difference is considered insignificant based on the uncertainties in 
the calculations. 
 
Calculation of Site-Specific Bioaccumulation Factors 
 
In order to evaluate the appropriateness of the available surface water criterion for TCDD, site-specific 
bioaccumulation factors (BAFs) were calculated using available analytical data collected to support the 
RI and risk assessment studies for the CMRP site (Battelle, 2005; MACTEC, 2004).  The following 
sections provide details on the calculation of the site-specific BAF terms for use in developing a cleanup 
goal for the groundwater source area at the CMRP site. 
 


Table 1.  Available Surface Water Benchmarks for 2,3,7,8-TCDD 


Basis Valuea Notes Reference 
Great Lakes Water 
Quality Initiative  
(GLWQI) Criterion 


0.0031 Lowest of mammalian and avian values EPA, 
1984;1995 


National Ambient 
Water Quality Criteria 
(NAWQC)b 


0.005 Human health for consumption of water + organisms EPA, 1984; 
2006 0.0051 Human health for consumption of organisms only 


RIDEM Ambient 
Water Quality Criteriac 


0.050 Human health for consumption of water + organisms RIDEM, 
2009 0.051 Human health for consumption of organisms only 


Site-specific Ambient 
Water Quality Criteria 
(human health based) 


1.8  (Human health for consumption of water + 
organisms) based on site-specific exposure 
assumptions based on 10-5 cancer risk level. 


 


Based on modified 
GLWQI methodology 
(ecological based) 


0.39 Value derived using site-specific bioaccumulation 
factors 


 


a. Units in pg ℓ-1. 
b. Established at a risk level of 10-6 assuming a lifetime exposure to a 70 kg male consuming 17.5 grams per 


day of fish and shellfish and ingesting 2.0 liters of water per day. 
c. Same as above but established at a risk level of 10-5. 


 
Lipid-Normalized Fish Tissue Concentrations.  The white sucker and largemouth bass were selected as 
representative upper trophic level receptors (trophic level 3 and 4 receptors, respectively).  Table 2 
presents a statistical summary of the lipid-normalized tissue concentrations for white sucker and 
largemouth bass samples collected in Allendale (white sucker only) and Lyman Mill.  The average lipid-
normalized tissue concentrations of 2,3,7,8-TCDD for white sucker samples from Allendale Pond and 
Lyman Mill Pond are 0.0087 micrograms per gram (µg g-1)-lipid and 0.0080 µg g-1-lipid, respectively.  
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The average lipid-normalized tissue concentration for largemouth bass samples from Lyman Mill Pond is 
0.0088 µg g-1-lipid. 
 


Table 2.  Statistical Summary of Lipid-Normalized TCDD Concentrations Measured in White 
Sucker and Largemouth Bass Samples from the CMRP Site 


Statistics 
White Sucker Largemouth Bass 


Allendale Pond Lyman Mill Pond Lyman Mill Pond 
Count 13 12 10 


Minimum 1.18E-03 3.80E-03 4.70E-03 
Maximum 2.19E-02 1.31E-02 1.63E-02 


Arithmetic Mean 8.74E-03 8.04E-03 8.76E-03 
Geometric Mean 5.99E-03 7.61E-03 8.16E-03 


50th percentile (Median) 7.65E-03 8.19E-03 7.74E-03 
90th percentile 1.77E-02 1.11E-02 1.48E-02 
95th percentile 1.96E-02 1.21E-02 1.56E-02 


Variance 4.83E-05 7.14E-06 1.40E-05 
Coefficient of Variance 0.55% 0.089% 0.16% 


Units in µg g-1 lipid except for Count and Coefficient of Variance (CV) statistics. 
White sucker data presented in Appendix J of the Baseline Ecological Risk Assessment (MACTEC, 2004); largemouth bass 
tissue concentrations and lipid content from project database. 


 
Freely Dissolved Fraction of TCDD in Water Column.  Equation 1 was used to calculate the site-specific 
freely dissolved chemical fraction of TCDD in the water column using the mean particulate organic 
carbon (POC) and dissolved organic carbon (DOC) concentrations determined from the July 2001 dataset 
and assuming a logKow value of 6.8 (EPA, 1995). 
 


 owow
fd KDOCKPOC


f
**08.0*1


1



  Equation 1 


where, 
 
ffd = freely dissolved chemical fraction of TCDD in water column 
POC = particulate organic carbon concentration in water column (mg ℓ-1) 
DOC = dissolved organic carbon concentration in water column (mg ℓ-1) 
Kow = octanol-water partition coefficient 
 
Organic carbon fractions in CMRP site surface water (both DOC and TOC) were analyzed in samples 
collected by Harding ESE to support the risk assessments in 2001.  Four samples (WRC-SW-4001 
through 4004) were collected on July 16, 2001 in Allendale Pond and two samples (WRL-SW-4004-01 
and 4005-01) along with a duplicate (WRL-DU-071701A) were collected in Lyman Mill Pond on July 
17, 2001.  For each normal sample the DOC concentration was subtracted from the TOC value to estimate 
the POC concentration.  Arithmetic mean DOC concentrations for Allendale Pond and Lyman Mill Pond 
are 5.05 milligrams per liter (mg ℓ-1) and 5.31 mg ℓ-1, respectively and corresponding estimated POC 
concentrations are 0.188 mg ℓ-1 and 0.125 mg ℓ-1.  Using Equation 1, the estimated freely dissolved 
fraction of TCDD in Allendale Pond and Lyman Mill Pond is 0.211 and 0.224, respectively. 
 
Chemical Concentration of TCDD in Water Column.  The average TCDD concentrations measured in 
Allendale and Lyman Mill Ponds are presented in Table 3 along with other summary statistics. 
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Table 3.  Statistical Summary of TCDD Concentrations Measured in Surface Water Samples from 
CMRP Site 


Statistics Allendale Pond Lyman Mill Pond 
Count 11 15 


Number Detects 3 8 
Detection Frequency 27% 53% 


Minimum 0.245 1.45 
Maximum 4000 853 


Arithmetic Mean 438 85.6 
Geometric Mean 5.81 11.4 


50th Percentile (Median) 2.3 4.3 
90th Percentile 760 149 
95th Percentile 2380 366 


Variance 1447112 47558 
Coefficient of Variance 330533% 55553% 


Units in pg ℓ-1 except for Count, Number of Detects, Detection Frequency, and CV 
statistics.  For results reported as “non-detected” and EMPC (estimated maximum 
potential concentration), one-half the reported detection limit was used in 
calculating statistics.  Note that EMPC values were not counted as detects. 
Data as presented in the site RI (Battelle, 2005). 


 
Freely Dissolved TCDD Concentrations in Surface Water.  The freely dissolved chemical fraction in the 
water term (Cw


fd) is calculated as follows: 
 


wfd
fd


w CfC *   Equation 2 
where: 
 
Cw


fd = freely dissolved chemical concentration (ng ℓ-1) 
ffd = freely dissolved chemical fraction of TCDD in water column 
Cw = chemical concentration (ng ℓ-1) 
 
Using Equation 2, the estimated freely dissolved TCDD concentrations in Allendale Pond and Lyman 
Mill Pond are 92.5 pg ℓ-1 and 19.2 pg ℓ-1, respectively. 
 
Site-Specific Total BAF Computation.  Following EPA (2003, 2008) guidance, Equations 3 and 4 were 
used to estimate site-specific Total BAFs for both trophic level (TL) level 3 and 4 aquatic organisms 
(white sucker and largemouth bass, respectively):  
 


l
fd


w


lfd
lii fC


C
BAFBAFBaseline 1_ ,   Equation 3 


where: 
 
Baseline BAFi   = Site-specific Baseline Bioaccumulation Factor (ℓ kg-1-lipid) for trophic level i 
Cl  = lipid-normalized concentration of TCDD in fish tissue (µg g-1-lipid) 
Cw


fd  = freely dissolved chemical concentration (ng ℓ-1) 
fl  = mass fraction of wet tissue that is lipid (unitless) 
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  fdil
t
Ti fBAFBaselinefBAFTotal *1_*_ ,   Equation 4 


where: 
 
Total_BAFi,T t  = Total Bioaccumulation Factor for trophic level i (ℓ kg-1) 
fl  = mass fraction of wet tissue that is lipid (kg-lipid kg-1) 
ffd  = freely dissolved chemical fraction of TCDD in water column (unitless) 
 
Estimated site-specific baseline and total BAFs for white sucker (TL3) and largemouth bass (TL4) are 
presented in Table 4.  Total BAFs for white sucker based on analytical data collected in Allendale Pond 
and Lyman Mill Pond are 1,000 ℓ kg-1 and 1,300 ℓ kg-1, respectively; the Total BAF for largemouth bass 
(Lyman Mill only) is 2,400 ℓ kg-1. 
 


Table 4.  Derivation of Site Specific Baseline and Total Bioaccumulation Factors 


Area  Species Cl Cw
fd fl ffd 


Baseline 
BAFi Total BAFi 


 Units 
μg g-1 
lipid ng ℓ-1 


kg-lipid kg-


1 unitless 
ℓ kg-1-
lipid ℓ kg-1 


Allendale Pond White Sucker 8.7E-03 0.092 5.07% 0.21 9.4E+04 1.0E+03 
Lyman Mill Pond White Suckera 8.0E-03 0.092 7.15% 0.21 8.7E+04 1.3E+03 
Lyman Mill Pond Largemouth Bass 8.76E-03 0.019 2.34% 0.22 4.6E+05 2.4E+03 


Allendale Pond data used for the surface water terms in the case of the Lyman Mill white sucker calculation because of the 
likelihood that white sucker migrated down river following the breach of the Allendale Dam in July 2001 and were 
subsequently collected for tissue analysis.  This was not done for largemouth bass because this species was not observed in 
Allendale Pond in 2001 prior to the dam breach. 


  
Existing NAWQC for bioaccumulating substances were calculated using Bioconcentration Factors 
(BCFs) rather than BAFs as recommended in current guidance (EPA, 2003; 2008).  For TCDD, a BCF of 
5,000 was used to estimate fish tissue concentration term in deriving a water criterion protective of fish 
consumption (EPA, 2002).  Site-specific BCFs were calculated for Tier Level 3 and 4 organisms using 
Equation 5-6 in EPA (2008) that were rearranged as follows: 
 






















 1*_* l


i


i
fdi f


FCM
BAFBaselinefBCF  Equation 5 


where: 
 
BCFi  =  Bioconcentration Factor for the ith trophic level (ℓ kg-1) 
ffd  = freely dissolved chemical fraction of TCDD in water column (unitless) 
fl  = mass fraction of wet tissue that is lipid (kg-lipid kg-1) 
Baseline BAFi = site-specific Baseline Bioaccumulation Factor (ℓ kg-1-lipid) for trophic level i 
FCMi   = food-chain multiplier for trophic level i (unitless) 
 
Site-specific BCF values corresponding to Tier Level 3 and 4 fish (white sucker and largemouth bass, 
respectively) were calculated using Equation 5 and are presented in Table 5.  All BCFs are less than the 
default value used in the derivation of the NAWQC (i.e., 5,000 ℓ kg-1). 
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Table 5.  Derivation of Site-Specific Bioconcentration Factors Based on Estimated Baseline BAFs 


Area Species 
Baselinea 


BAFi FCMb fl
a ffd


a BCF 


  Units ℓ kg-1-lipid   kg-lipid kg-1   ℓ kg-1 
Allendale Pond White Sucker 9.4E+04 14.355 5.07% 0.21 7.1E+01 
Lyman Mill Pond White Sucker 8.7E+04 14.335 7.15% 0.21 9.2E+01 
Lyman Mill Pond Largemouth Bass 4.6E+05 26.669 2.34% 0.22 9.0E+01 


a. Values as presented in Table 4. 
b. Food chain models (FCMs) for Trophic Level 3 and 4 organisms from Table 1 in Appendix B to Part 132 of the Water 


Quality Guidance for the Great Lakes System, assuming a LogKow for TCDD of 6.8. 
 
Comparison of Mammalian Surface Water Criteria Based on Site-Specific Total BAFs and Those 
Based on GLWQI Default Assumptions 


 
Equation 6 is the equation used to develop the GLWQI criterion for TCDD (based on piscivorous 
mammal exposures); the criterion is the geometric mean of values estimated for mink and otter receptors.  
This equation was also used to estimate a protective surface water criterion for TCDD for the CMRP site.  
Table 6 presents the comparison between the protective water criterion based on the default assumptions 
employed in the development of the mammalian GLWQI criterion for TCDD (i.e., 0.0031 pg ℓ-1) and the 
site-specific criterion (0.39 pg ℓ-1).  
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  Equation 6 


 
where, 
 
WV(mink) = Surface water criterion protective of mink exposures (pg ℓ-1) 
TD  = Protective benchmark Test Dose (μg kg-1-d) 
Wt  = Receptor body weight (kg) 
UFA  = Interspecies Uncertainty Factor (unitless) 
UFS  = Subchronic-to-Chronic Uncertainty Factor (unitless) 
UFL  = LOAEL (lowest observed adverse effects level) to NOAEL (no observed 


 adverse effects level ) Uncertainty Factor (unitless) 
W(mink)  = Receptor water ingestion rate (ℓ d-1) 
F(mink,i)  = Daily food ingestion rate of Trophic Level i prey (kg d-1) 
BAFj  = Trophic level-specific Bioaccumulation Factor for Trophic Level j (ℓ kg-1) 
 
For the otter receptor, which was the representative piscivorous mammal evaluated in the BERA 
(MACTEC, 2004), there is a greater than two-order of magnitude difference between the Great Lakes 
criteria and the derived site-specific values (0.0032 pg ℓ-1 and 0.40 pg ℓ-1) primarily due to differences in 
the uptake assumptions for trophic level 3 and 4 fish (i.e., white sucker and largemouth bass).  Results for 
the mink are similar to those derived for the otter (i.e., 0.0029 pg ℓ-1 and 0.38 pg ℓ-1, respectively) 
(Table 6). 
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Comparison of Human Health-Protective Surface Water Criteria Based on Site-Specific Total 
BAFs and National Ambient Water Quality Criteria 
 
Equation 7 was used to calculate site-specific ambient water quality criteria (AWQCs) based on human 
consumption of fish and water (EPA, 2002): 
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 Equation 7 


where: 
 
AWQC = Ambient water quality criteria (pg ℓ-1) 
q1 = Cancer potency factor (mg kg-1-day) 
BW = Adult human body weight (kg) 
CF = conversion factor (pg mg-1) 
DI = water ingestion rate (ℓ day-1) 
FI = fish intake (kg day-1) 
BCF = Bioconcentration factor (ℓ kg-1) 
 
Adjusted AWQC based on a target risk of 10-5 and site-specific BCFs for Allendale Pond and Lyman Mill 
Pond white sucker are 2.0 and 1.8 pg ℓ-1, respectively; for largemouth bass in Lyman Mill Pond, the 
AWQC is 1.8 pg ℓ-1 (Table 7).  The geometric mean of the two Lyman Mill Pond results is also 1.8 pg ℓ-1. 
 
Uncertainty Assessment 
 
The primary uncertainties associated with this analysis are associated with the limitations of the available 
data including TCDD concentrations in surface water and fish and DOC and POC concentrations in 
surface water.  The nature of the uncertainties relate to how well the available data capture the relevant 
spatial and temporal variability present and the accuracy of the selected (average) values.  Overall, the 
calculated BSAFs (from the EPA BSAF database; EPA, 2009) show fairly good consistency between the 
different fish species and among the different exposure points (Figure 1). 
 
Available POC and DOC data are limited as there are relatively few samples available and these were all 
collected in July 2001.  Although site-specific analytical data are not available to assess monthly or yearly 
variability in POC and DOC concentrations in the Woonasquatucket River, EPA (2003) provides national 
default values for DOC and POC (2.9 mg ℓ-1 and 0.5 mg ℓ-1, respectively) based on approximately 
110,000 DOC measurements and 86,000 POC measurements in U.S. fresh and estuarine surface waters 
and include samples collected from both stream/riverine and lake/reservoir habitats.  The national default 
values are based on the median (i.e., 50th percentile) values.  The arithmetic mean DOC and POC 
concentrations (5th and 95th percentile values in parentheses) for stream/riverine samples are 5.6 (0.7 – 
16.5) mg ℓ-1 and 1.3 (0 – 5) mg ℓ-1, respectively; the arithmetic mean DOC and POC concentrations for 
lake/reservoir samples are 2.9 (1.0 – 7.8) mg ℓ-1 and 0.5 (0.08 – 1.3) mg ℓ-1, respectively (EPA, 2003).  
The estimated organic carbon concentrations in Allendale Pond and Lyman Mill Pond (i.e., average DOC 
concentrations for Allendale Pond and Lyman Mill Pond are 5.05 mg ℓ-1 and 5.31 mg ℓ-1, respectively and 
corresponding estimated POC concentrations are 0.188 mg ℓ-1 and 0.125 mg ℓ-1) appear to be reasonable 
compared to the national default values. 
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Analytical data for TCDD concentrations in surface water are also limited, had low detection frequencies, 
and were not collected concurrently with the DOC (and TOC) samples.  Based on the relatively large 
variability in TCDD concentrations measured in site surface water samples (Table 3), this parameter 
appears to contribute the greatest uncertainty to the analysis.  It is not possible to assess how relevant or 
representative the surface water exposure concentrations selected in this analysis are to the conditions 
associated with the fish tissue dataset. 
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 Table 6.  Comparison of Great Lakes Surface Water Criteria for TCDD with Adjusted Values Based on Site-Specific Total BAFs 


Species 


Adult 
Body 


Weight 


Water 
Ingestion 


Rate 
Food Ingestion Rate in 
Each Trophic Levelb Bioaccumulation Factorsb Uncertainty Factorsc 


Toxicological 
Benchmark 


Dose 


Great Lakes 
Water 


Criteriond 
Symbol Wt W TL3 TL4 Other TL3 TL4 Other UFA UFS UFL TD WV 


Units kg ℓ d-1 kg d-1 ℓ kg-1 Unitless μg kg-1-d pg ℓ-1 


Original Great Lakes Criterion Computationsa 
Mink 0.8 0.81 0.159 0 0.0177 172,100 264,100 0 10 1 1 0.001 0.0029 
Otter 7.4 0.6 0.976 0.244 0 172,100 264,100 0 10 1 1 0.001 0.0032 
Mammaliane                         0.0031 
Recalculated Criteria Using Site-Specific BAFs 
Mink 0.8 0.81 0.159 0 0.0177 1,310 2,400 0 10 1 1 0.001 0.38 
Otter 7.4 0.6 0.976 0.244 0 1,310 2,400 0 10 1 1 0.001 0.40 
Mammaliane                         0.39 


a. Values from Great Lakes Water Quality Initiative Criteria Document (EPA, 1995). 
b. Rates and factors provided for applicable trophic level categories (Trophic Levels 3 and 4 and other). 
c. UFA - Interspecies Uncertainty Factor; UFS - Subchronic-to-Chronic Uncertainty Factory; UFL - LOAEL-to-NOAEL Uncertainty Factor. 
d. Wildlife Protective Water Quality Criteria calculated using Equation 6. 
e. Geometric mean of mink and otter water criteria 


 
Table 7.  Comparison of NAWQC with Values Based on Site-Specific Exposure Terms (Including BCFs) 


  Symbol Incremental 
Risk 


q1 DI BW FI BCF Conversion AWQC 
Basis Units mg kg-1day ℓ day-1 kg kg day-1 ℓ kg-1 pg mg-1 pg ℓ-1 
NAWQCb   1.00E-06 1.56E+05 2 70 0.0175 5000 1.00E+09 5.0E-03 
Allendale Pondc White Sucker 1.00E-05 1.56E+05 1.2 70 0.014 71 1.00E+09 2.0E+00 
Lyman Mill Pondc White Sucker 1.00E-05 1.56E+05 1.2 70 0.014 92 1.00E+09 1.8E+00 
Lyman Mill Pondc Largemouth Bass 1.00E-05 1.56E+05 1.2 70 0.014 90 1.00E+09 1.8E+00 
Site-specific 
Valued   1.00E-05 1.56E+05 1.2 70 0.014 91 1.00E+09 1.8E+00 
a. See text for explanation of terms. 
b. National Ambient Water Quality Criteria (EPA, 2006) based on human consumption of water and organisms.  Parameter values as presented in the Human Health 


Criteria Calculation Matrix (EPA, 2002). 
c. Daily water intake and fish ingestion rates as assumed in the BHHRA (MACTEC, 2004).  BCFs as calculated in Equation 5 based on site-specific Total BAFs 


(see Table 4). 
d. Site-specific value calculated using a geometric mean of the Lyman Mill Pond Tier Level 3 and 4 BCFs. 
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Figure 1. Plot of Biota Sediment Accumulation Factors for White Sucker and Largemouth Bass, Woonasquatucket River 
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Attachment F-3 
Development of Source Area Groundwater Cleanup Goals 


 
 
Introduction 
 
This attachment describes the approach used to develop site-specific risk-based groundwater and soil 
cleanup goals within the groundwater source area at the CMRP site.  The cleanup goals will be used to 
determine potential cleanup areas to address groundwater contamination at the CMRP site.  The FS for 
the site describes a range of alternatives (e.g., no action, containment, treatment, and removal) capable of 
achieving the RAOs and addressing groundwater contamination at the source area.  The groundwater 
alternative must be capable of achieving the RAOs identified in the FS, as follows: 
 


Groundwater. RAOs for source area groundwater are based on (1) preventing migration of 
contaminants of interest (i.e., dioxins) to the river, and (2) addressing those chemicals (Table 1) 
detected in groundwater at concentrations that exceed potential ARARs, namely Rule 8.03 of the 
Rhode Island Remediation Regulations.  This regulation states that groundwater contaminated as a 
result of a release of hazardous materials located in a GB area shall be remediated to a 
concentration that meets the GB groundwater objectives.  GB groundwater objectives have been 
promulgated for VOCs only.  Rule 8.02.B of the Rhode Island Remediation Regulations also 
provides GB soil leachability criteria that are intended to ensure protection of the designated 
groundwater classification.  GB soil leachability criteria are promulgated for VOCs and PCBs.  
Cleanup goals developed in the FS for the protection of groundwater are summarized in 
Table 1. 


 


Table 1. Proposed Cleanup Goals for Protection of Groundwater 


 Contaminant1 


Cleanup Goal based on ARARs (RIDEM 
GB Criteria) 


Soil Leachability 
Criteria (mg/kg) 


Groundwater 
Objectives (µg/L) 


Total PCB 10 N/A 
Benzene 4.3 – 2 
Chlorobenzene 100 – 2 
Dibromochloropropane (DBCP) N/A 2 
Dichloroethene (cis-1,2-) 60 – 2 
Ethyl benzene 62 – 2 
Tetrachloroethene (PCE) 4.2 150 
Toluene 54 – 2 
Trichloroethene (TCE) 20 540 
1 Contaminants are identified based on those chemicals detected in source area soil (vadose 
zone) or groundwater samples at concentrations in excess of the potential ARARs: GB soil 
leachability and groundwater criteria promulgated in the RIDEM Remediation Regulations 
(RIDEM, 2004).  
2 RIDEM GB groundwater objectives promulgated for this chemical, but cleanup goals are not 
applicable because the chemical was not detected in source area groundwater at concentrations 
in excess of the RIDEM GB groundwater objectives. 
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The RIDEM GB criteria are promulgated for VOCs, but not for dioxin.  Therefore, a site-specific risk-
based soil and groundwater cleanup goal for dioxin (i.e., 2,3,7,8-TCDD) is calculated as described in this 
attachment using the following steps: 


1) Identify applicable RAOs; the only RAO related to 2,3,7,8-TCDD is preventing migration of 
groundwater to surface water  


2) Identify an applicable surface water concentration that meets ARARs (State of Rhode Island and 
federal water quality criteria), as modified based on site-specific ecological and human health 
risks  


3) Consider relative mixing of groundwater with surface water to establish the 2,3,7,8-TCDD flux 
threshold from groundwater that causes surface water concentrations to exceed ARARs  


4) Calculate groundwater transport rates to establish the allowable 2,3,7,8-TCDD concentration in 
groundwater 


5) Use the site-specific relationship between soil and groundwater partitioning to establish the soil 
cleanup goal of the 2,3,7,8-TCDD concentration in source area soils that is protective of the 
groundwater and therefore the surface water 


 
Surface Water Level 
 
Attachment F-2 contains the rationale for selecting 0.5 pg/L as the 2,3,7,8-TCDD surface water 
concentration that meets ARARs. 
 
Groundwater Flux to Surface Water 
 
Groundwater investigations and calculations performed at the site previously developed the relationship 
between 2,3,7,8-TCDD loading from groundwater to the river water-column.  This relationship was 
evaluated for multiple river flow scenarios:  low flow, average flow, and high flow (Appendix A of the 
FS, Table A-9).  However, reviewers of that earlier document expressed concerns regarding the degree of 
uncertainty contained in the assumptions used in the Part II calculations, namely: 


1) Insufficient data to evaluate the annual variability in groundwater flux to the river;  
2) Limited groundwater contaminant data to sufficiently define the spatial extent of the contaminant 


plume at the point of discharge into the river; and 
3) Uncertain transport mechanism for dioxins (e.g., solvents including PCE; colloids). 
 


These uncertainties cannot be fully resolved using the available site data.  On account of these 
uncertainties, conservative assumptions were used based on the existing available data as follows: 


1) Mid-range, average, and high hydraulic conductivities were selected (21, 23, and 55 feet per day 
[ft/day]).   


2) Hydraulic gradients of both 0.015 ft/ft and 0.05 ft/ft were modeled.   
3) Based on United States Geological Survey (USGS) vapor diffusion data and on the recent 


characterization work by the site potentially responsible parties (PRPs), a discharge width of 85 
feet by 2 feet appears reasonable (LEA, 2008).  However, a width or depth approximately three 
times this was also modeled.   


4) No retardation factor for 2,3,7,8-TCDD was assumed.  It is unclear what the transport mechanism 
is for the dioxins in groundwater.  2,3,7,8-TCDD itself has a very high retardation factor, based 
on its log Koc of 6.6 or higher.  However, the 2,3,7,8-TCDD may be mobile through colloidal 
transport or other means.  It is conservatively assumed that the colloids may move with 
groundwater without retardation. 
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Groundwater Cleanup Goals  
 
In order to prevent water-column concentrations from exceeding 0.5 pg/L (surface water level) under the 
most conservative low-flow scenario, 2,3,7,8-TCDD loadings must remain below 9.8E+06 picograms per 
day (pg/day), or 3,572 micrograms per year (μg/yr) (Table 2).  This is based on the following calculation 
and inputs: 
 


Csw * Qsw = Mflux 
where: 
 


Csw  = surface water level for 2,3,7,8-TCDD (pg/L) = 0.5  
Qsw  = low surface water daily-mean flow (liters per day [L/day]) = 2.0E+07 (8 cubic 


 feet per second, low-flow conditions) 
Mflux  = mass flux (pg/day) 


 
Once the maximum allowable mass flux from the groundwater to surface water is calculated, the 
groundwater concentration that would produce this mass flux is calculated as follows: 
 


Mflux / Qgw = Cgw 
where: 
 


Mflux = mass flux (pg/day)  
Qgw = specific discharge (L/day)  
Cgw = average groundwater 2,3,7,8-TCDD concentration (pg/L)  


 
where: 


Qgw = 28.32 L/ ft3 * K * I * A  
 


Qgw = specific discharge (L/day)  
K = hydraulic conductivity (ft/day) 
I = hydraulic gradient (unitless) 
A = area of groundwater/surface water interface (ft2)  
 


Using the conservative values discussed above and assuming no retardation, the maximum allowable 
2,3,7,8-TCDD groundwater concentration is between 251 and 7,313 pg/L (Table 2).  The most 
conservative would be selecting 251 pg/L as the cleanup goal for 2,3,7,8-TCDD in groundwater, though 
this is likely overly conservative.  A more reasonable, yet still conservative, scenario is selecting the 
average site hydraulic conductivity of 23 ft/day, a hydraulic gradient of 0.05, and cross-sectional area of 
170 ft2, leading to a 2,3,7,8-TCDD groundwater cleanup goal of 1,768 pg/L. 
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0.5 1.96E+07 9.79E+06 3,572 21 0.015 0.35 0.90 150 47.25 1,338 7,313 6.6 4.E+06 0.01 291 8.2 35.5 
        21 0.015 0.35 0.90 170 53.55 1,517 6,453 6.6 4.E+06 0.01 257 8.2 31.3 
        21 0.015 0.35 0.90 500 157.5 4,460 2,194 6.6 4.E+06 0.01 87 8.2 10.7 
        23 0.015 0.35 0.99 150 51.75 1,466 6,677 6.6 4.E+06 0.01 266 8.2 32.4 
        23 0.015 0.35 0.99 170 58.65 1,661 5,892 6.6 4.E+06 0.01 235 8.2 28.6 
        23 0.015 0.35 0.99 500 172.5 4,885 2,003 6.6 4.E+06 0.01 80 8.2 9.7 
        55 0.015 0.35 2.36 150 123.75 3,505 2,792 6.6 4.E+06 0.01 111 8.2 13.6 
        55 0.015 0.35 2.36 170 140.25 3,972 2,464 6.6 4.E+06 0.01 98 8.2 12.0 
        55 0.015 0.35 2.36 500 412.5 11,682 838 6.6 4.E+06 0.01 33 8.2 4.1 
        21 0.05 0.35 3.00 150 157.5 4,460 2,194 6.6 4.E+06 0.01 87 8.2 10.7 
        21 0.05 0.35 3.00 170 178.5 5,055 1,936 6.6 4.E+06 0.01 77 8.2 9.4 
        21 0.05 0.35 3.00 500 525 14,868 658 6.6 4.E+06 0.01 26 8.2 3.2 
        23 0.05 0.35 3.29 150 172.5 4,885 2,003 6.6 4.E+06 0.01 80 8.2 9.7 
        23 0.05 0.35 3.29 170 195.5 5,537 1,768 6.6 4.E+06 0.01 70 8.2 8.6 
        23 0.05 0.35 3.29 500 575 16,284 601 6.6 4.E+06 0.01 24 8.2 2.9 
        55 0.05 0.35 7.86 150 412.5 11,682 838 6.6 4.E+06 0.01 33 8.2 4.1 
        55 0.05 0.35 7.86 170 467.5 13,240 739 6.6 4.E+06 0.01 29.4 8.2 3.6 
        55 0.05 0.35 7.86 500 1375 38,940 251 6.6 4.E+06 0.01 10.0 8.2 1.2 
Calibration Using Site Data (Determination of DOC Adjustment Factor) 
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                    Actual 4,180           20.4 


            
     Calculated Using Above 


Assumptions 4,180 6.6 4.E+06 0.01 166.4 8.2 20.3 
Highlighted cells identify the proposed cleanup goals  
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Soil Cleanup Goals  
 
The relationship between soil and groundwater 2,3,7,8-TCDD concentrations at the site can be estimated 
using published chemical data, assuming that concentrations are approximately in equilibrium, and then 
calibrated/confirmed based on measurements of actual concentrations measured in MW-05S.  The 
relationship between soil and groundwater concentrations is:  
 


Cs = Cgw * Koc * foc  
where: 
 


Cs = soil cleanup goal concentration for 2,3,7,8-TCDD (micrograms per kilogram 
[μg/kg]) [derived from  groundwater] 


Cgw = groundwater 2,3,7,8-TCDD concentration (pg/L) 
Koc = soil sorption coefficient (m3


water/gsolid)  
foc = fraction organic matter (unitless)  


 
The following assumptions were used: 


1) log Koc = 6.6 in mixed solvent system (Walters and Guiseppi-Elie, 1988) 
2) foc = 0.01 (conservative value) 


 
The above equation does not take into account that aqueous concentrations increase in the presence of 
DOC.  Each part per million (ppm) of DOC increases the apparent groundwater concentration (Table 3; 
Chai, 2008). 
 
Maximum concentrations of 2,3,7,8-TCDD measured in soil and groundwater at Well MW-05S were 
20,380 ng/kg (20.38 µg/kg at 4-6 feet below ground surface [bgs]) and 4,180 pg/L (total, unfiltered 
groundwater), respectively (Table 4).  Using these site-specific values in the Soil Cleanup Goals 
calculations above indicates that an adjustment factor of 8.2 is required to account for the difference 
between measured soil and groundwater concentrations (Table 2). This most closely matches the scenario 
of DOC equal to 2 ppm, shown highlighted and an adjustment factor of approximately 9 (Table 3). 
 
Therefore, assuming this relationship throughout the groundwater source area, groundwater 
concentrations of 251 pg/L equate to 10 µg/kg, but should be adjusted to 1.2 µg/kg based on an assumed 
concentration of 2 ppm DOC and an adjustment factor of 8.2 (Table 2).  Therefore, the most conservative 
soil cleanup goal for 2,3,7,8-TCDD is 1.2 µg/kg.  A more reasonable, yet still conservative, cleanup goal 
for 2,3,7,8-TCDD in soil assuming the average site hydraulic conductivity of 23 ft/day, a hydraulic 
gradient of 0.05, and cross-sectional area of 170 ft2 is 8.6 µg/kg (or 8,600 ng/kg).  A sensitivity analysis 
was also performed (below) to better understand which factors used to develop the soil cleanup goals 
contribute most of the variance in the cleanup goal values.  The analysis indicated that the proposed 
cleanup goal (8.6 µg/kg) is within the range of cleanup goal values yielded from the sensitivity analysis, 
and that changes to the input factors did not result in substantive impacts to the proposed remedial 
footprint. 
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Table 3.  Impact of DOC on Apparent Aqueous Phase Concentrations 


Soil 
Concentration 


Cs (ng/kg) 
logKoc 


Fraction 
Organic 
Caron 
(foc) 


Groundwater 
Concentration 


Cw (ng/L) 


Dissolved 
Organic 
Carbon 
(DOC) 
(ppm) 


Apparent 
Cw with 


DOC 
(ng/L) 


Factor to 
Adjust for 


DOC 


20000 6.6 1.0% 0.50    
20000 6.6 1.0% 0.50 1 2.50 5 
20000 6.6 1.0% 0.50 2 4.50 9 
20000 6.6 1.0% 0.50 3 6.50 13 
Source:  Chai, 2008 
Highlighted row most closely resembles CMRP site conditions 


 
 


Table 4.  Correspondence of Measured 2,3,7,8-TCDD Concentrations at Well MW-05S and LEA 
Wells Located Along Eastern Bank of the River  


Sample 
Date 


MW-05S LEA Wells (a) 
Depth Interval 


(ft) Soil 
(µg/kg) Q Groundwater (b) 


(pg/L) Q Groundwater (b) 
(pg/L) Q 


Top Bottom 
6/18/2001 1 2 0.0027 EB     
6/18/2001 2 4 0.695 $EB     
6/19/2001 4 6 20.38 EMPC     
6/19/2001 8 10 0.745 $EB     
6/19/2001 10 12 0.330 EB     
8/15/2001     4180 J   


11/21/2002     1032.69    
6/30/2005     4144.76    
2/25/2008     338.87  Well#1: 68.04 J 


    
 


 Well#2: 2472.72 
(duplicate: 6154.18) 


J 
J 


      Well#3: 233.87 J 


Bold values are in excess of proposed cleanup goals (1,768 pg/L for groundwater and 8.6 µg/kg for soil). 
Q – qualifier (EB, equipment blank contamination; $, from dilution analysis; EMPC, estimated maximum possible 
concentration; J, quantitation approximate). 
(a) Analysis of co-located soils in progress; 39.91 µg/kg 2,3,7,8-TCDD measured in composite waste sample 
from the drill cuttings at the 3 LEA well locations. 
(b) Analysis of unfiltered groundwater samples. 


 
 
Sensitivity Analysis 
 
A sensitivity ratio (SR) analysis was performed according to EPA (2001) to better understand which 
factors used to develop the soil cleanup goals (Equation 1) contribute most of the variance in the cleanup 
goal values.  In this approach, the SR is equal to the percentage change in output (e.g., cleanup goal 
value) divided by the percentage change in input for a specific input variable (Equation 2).  The resulting 
cleanup goal value is considered most sensitive to input variables that yield the highest absolute value for 
SR. 
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Equation 1 (defined above) 
 


Cs = [(Csw * Qsw) /(28.32 L/ ft3 * K * I * A)] * Koc * foc 
 
Equation 2 


SR = (Y2 – Y1 / Y1) * 100% 
 (X2 – X1 / X1) * 100% 
where: 


 
SR = sensitivity ratio 
Y1 = the baseline value of the output variable using baseline values of input variables 
Y2 = the value of the output variable after changing the value of one input variable 
X1 = the baseline point estimate for an input variable 
X2 = the value of the input variable after changing X1 


 
Based on the SR analysis, a change in the hydraulic gradient variable from 0.05 (X1) to 0.015 (X2) has the 
highest relative influence on the soil cleanup goal value (Table 5).  Even so, the proposed soil cleanup 
goal (baseline Y1 output value of 8.6 μg/kg) falls within the range of the possible output cleanup goal 
values (Y2, Table 5). 
 


Table 5.  Sensitivity Ratio Analysis 


Input Variable Units X1 X2 (a) Y2 
(soil RG) SR 


Surface water value (Csw) pg/L 0.5 0.05 0.9 1 
5.0 85.8 1 


Daily mean river flow (Qsw) L/day 2.0E+07 1.2E+08 50.5 1 
1.8E+08 79.1 1 


Hydraulic conductivity (K) ft/day 23 21 9.4 -1.10 
55 3.6 -0.42 


Hydraulic gradient (I) unitless 0.05 0.015 28.6 -3.33 


Discharge area (A) ft2 170 150 9.7 -1.13 
500 2.9 -0.34 


Soil sorption coefficient (Koc) m3
water/gsolid 6.6 N/A N/A N/A 


Fraction organic carbon (foc) unitless 0.01 0.0048 4.1 1 
0.02 17.2 1 


(a) X2 values are based on site data and represent the range of values used to develop soil cleanup goals (see Soil 
Cleanup Goals, above). 


 
Changes to the input variables yield a range of cleanup goal values within one order of magnitude of the 
proposed cleanup goal (Table 5).  The range of cleanup goal values directly impacts the extent of cleanup 
goal exceedances (i.e., areas with dioxin concentrations in excess of the cleanup goal), which in turn may 
impact the spatial and vertical extent of the proposed remedial footprint (see Appendix G for proposed 
remedial footprints).  A comparison of site data to the minimum and maximum cleanup goal values 
identified from the SR analysis (0.9 μg/kg and 85.8 μg/kg, Table 5) reveals that while the number of 
cleanup goal exceedances can vary substantially, there were no substantive impacts to the remedial 
footprint developed based on the proposed cleanup goal and an evaluation of the site data (Appendix G).  
For example, there were substantially more locations and/or depths with exceedances to the minimum 
cleanup goal (n=158 locations/depths above 0.9 μg/kg) compared to the proposed cleanup goal (n= 45  
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locations/depths above 8.6 μg/kg).  However, the cleanup goal exceedances occur at the same general 
areas of the site,6 which were excluded from the remedial footprint (with the exception of the Brook 
Village parking lot) because site data suggest that the existing surfaces appear to be protective of the 
underlying groundwater (Appendix G).  The spatial extent of the cleanup goal exceedances (above 
minimum cleanup goal value) at the Brook Village parking lot extends beyond the northern boundary of 
the proposed remedial footprint and encompasses sub-surface soils at CMS-448 (7-8 ft bgs) and CMS-
450 (5 to 6 ft bgs) and surface soils at MW-15D, CMS-702, CMS-703, and CMS-051.  Contaminant 
concentrations at these locations, however, are below the RIDEM GB soil leachability and groundwater 
criteria (Battelle, 2005).  Moreover, dioxin was undetected in groundwater at MW-15D.  These findings 
suggest that the proposed remedial footprint is valid, and that additional action to address contaminated 
soils north of the proposed footprint (identified based on exceedances of the minimum cleanup goal) is 
not warranted. 
 
While there were substantially fewer locations and/or depths with exceedances to the maximum cleanup 
goal (n=4 locations/depths above 85.8 μg/kg) compared to the proposed cleanup goal (n=45), the Brook 
Village parking lot remains an area of concern.  Approximately 140 μg/kg of 2,3,7,8-TCDD, the highest 
concentration at the source area, was measured at CMS-451 in sub-surface (5-6 ft bgs) soil at depths near 
the water table.  This cleanup goal exceedance, in conjunction with site data from the USGS vapor 
diffusion study, SPMD study, and recent groundwater investigation (LEA, 2008) confirm the validity of 
the proposed remedial footprint (Appendix G).  Exceedances of the maximum cleanup goal also occur in 
surface soils located under Cap Area 1 (CMS-140, CMS-240) and Cap Area 2 (CMS-060); however, 
these areas were excluded from the remedial footprint because the site data suggest that the existing 
interim caps are protective of the underlying groundwater (Appendix G). 


 
Conclusions and Recommendations 
 
Remediation of dioxin-contaminated soils for groundwater protection will achieve the RAOs to (1) 
prevent migration of contaminants of interest (i.e., dioxins) to the river, and (2) address those chemicals 
detected in groundwater at concentrations that exceed potential ARARs.  Promulgated standards are not 
available for 2,3,7,8-TCDD in soil or groundwater based on the RIDEM GB criteria.  Therefore, 
reasonable and conservative assumptions are used to calculate cleanup goals for 2,3,7,8-TCDD.  This 
approach was also used to calculate cleanup goals for PCE and TCE in groundwater and soil, using the 
applicable RIDEM surface water standards as the surface water concentration.  Calculated soil cleanup 
goal values were comparable to the RIDEM GB leachability criteria for these chemicals, indicating that 
this approach is consistent with overall site objectives of protecting surface water based on soil 
concentrations.  Calculated groundwater cleanup goal values for PCE and TCE, however, were much 
higher indicating that the RIDEM GB groundwater objectives would require cleanup to a more stringent 
level than required to protect surface water. 
 
Uncertainties associated with factors (e.g., hydraulic conductivity, hydraulic gradient, fraction organic 
carbon, and DOC factors) used in the calculation can contribute to uncertainty in the proposed cleanup 
goal.  While conservative assumptions were made as the basis for the cleanup goals, collection of 
additional site-specific data to confirm these factors would reduce the degree of uncertainty associated 
with the proposed cleanup goals for 2,3,7,8-TCDD in groundwater and soil.  A sensitivity analysis 
performed to better understand which input factors contribute most of the variance in the cleanup goals 
indicated that changes in the hydraulic gradient has the highest relative influence on the soil cleanup goal 


                                                 
6 The majority of cleanup goal exceedances (above minimum cleanup goal value of 0.9 μg/kg or proposed cleanup goal value of 
8.6 μg/kg) occur in surface soils located in areas under the existing interim caps and paved surfaces.  Cleanup goal exceedances 
(above 0.9 μg/kg or 8.6 μg/kg) also occur in surface and sub-surface soils located at the Brook Village parking lot and selected 
locations near the river, under Cap Area 2 and rip rap along the eastern bank of the river 







 


Interim Final CMRP Feasibility Study Report F–41 April 2010 
Appendix F 


value.  Even so, a comparison of site data to the range of cleanup goal values yielded from the sensitivity 
analysis suggests that changes in the factors has no substantive impacts on the proposed remedial 
footprint (Appendix G). 
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Appendix F


Table F-1. Proposed Cleanup Goals for Allendale and Lyman Mill Reach Sediments, Comparison of Risk-based PRGs to Background.
(All units are in mg/kg; parts per million)


Lower Middle Upper
ECOfish Largemouth Bass CBR 9.7E+01 9.7E+02 9.7E+03
ECOfish White Sucker CBR 1.1E+02 1.1E+03 1.1E+04


Arsenic HH(h) Resident Living along the River Direct Contact(j) 2.6E+00 2.6E+01 2.6E+02 3.9E+00 3.9E+00
Barium ECOfish White Sucker CBR(i) 4.6E+00 4.6E+01 4.6E+02 1.3E+02 1.3E+02
Selenium ECOfish White Sucker CBR 4.4E-02 4.4E-01 4.4E+00 1.1E+00 1.1E+00 Bkgd


ECOfish Largemouth Bass CBR 2.2E+00 2.2E+01 2.2E+02
ECOfish White Sucker CBR 3.0E+00 3.0E+01 3.0E+02
ECOfish Largemouth Bass CBR 3.6E+00 3.6E+01 3.6E+02
ECOfish White Sucker CBR 4.2E+00 4.2E+01 4.2E+02
HH(h) Resident Living along the River Direct Contact(j) 4.0E-01 4.0E+00 4.0E+01
HH(h) Combined Fish Diet(j) 2.3E+00 2.3E+01 2.3E+02
HH Residential Living along the River Direct Contact 1.2E+03 1.2E+04 1.2E+05
HH Combined Diet (Child)(k) 1.6E+04 1.6E+05 1.6E+06


Dibenz(a,h)anthracene(h) HH(h) Resident Living along the River Direct Contact(j) 4.0E-01 4.0E+00 4.0E+01 9.7E-01 9.7E-01 Bkgd
N-nitroso-di-n-propylamine HH(h) Resident Living along the River Direct Contact(j) 4.6E-01 4.6E+00 4.6E+01 nd(l) 4.6E-01 C


ECObird Belted Kingfisher Diet 3.4E-04 3.4E-03 3.4E-02
ECOfish White Sucker CBR 1.4E-03 1.4E-02 1.4E-01
HH(h) Combined Fish Diet(j) 9.6E-03 9.6E-02 9.6E-01
HH Combined Diet (Child)(k) 5.0E-02 5.0E-01 5.0E+00


ECObird Belted Kingfisher Diet 8.4E-04 8.4E-03 8.4E-02
ECOfish White Sucker CBR 2.1E-03 2.1E-02 2.1E-01
HH(h) Combined Fish Diet(i) 1.5E-03 1.5E-02 1.5E-01
HH Combined Diet (Child)(k) 3.8E-02 3.8E-01 3.8E+00


ECOfish White Sucker CBR 1.4E-03 1.4E-02 1.4E-01
ECOfish Largemouth Bass CBR 3.0E-03 3.0E-02 3.0E-01
HH(h) Combined Fish Diet(j) 5.0E-02 5.0E-01 5.0E+00
HH Combined Diet (Child)(k) 2.7E-01 2.7E+00 2.7E+01


ECObird Belted Kingfisher Diet 3.5E-01 3.5E+00 3.5E+01
HH(h) Combined Fish Diet(j) 3.7E-03 3.7E-02 3.7E-01
HH Combined Diet (Child)(k) 4.6E-03 4.6E-02 4.6E-01


ECOfish White Sucker CBR 2.5E-02 2.5E-01 2.5E+00
ECObird Belted Kingfisher Diet 3.6E-02 3.6E-01 3.6E+00
HH(h) Combined Fish Diet(j) 1.4E-02 1.4E-01 1.4E+00
HH Combined Diet (Child)(k) 1.7E-02 1.7E-01 1.7E+00


Aroclor-Total ECObird Belted Kingfisher Diet 1.2E-02 1.2E-01 1.2E+00 2.1E-01 2.1E-01 Bkgd
HH(h) Combined Fish Diet(j) 5.8E-09 5.8E-08 5.8E-07


ECObird Tree Swallow CBR 5.4E-06 5.4E-05 5.4E-04
ECObird Belted Kingfisher Diet 1.2E-05 1.2E-04 1.2E-03
ECOfish White Sucker ELS 5.1E-05 5.1E-04 5.1E-03
HH(h) Combined Fish Diet(j) 5.0E-07 5.0E-06 5.0E-05 1.5E-05 Bkgd
HH(h) Resident Living along the River Direct Contact(j) 2.6E-05 2.6E-04 2.6E-03 2.6E-05 C


2.5E-05


1.5E-05


Bkgd


Bkgd


Bkgd2.5E-05


1.5E-01


4.0E-01


Bkgd


Bkgd


Bkgd


Bkgd


Bkgd


NC


3.8E+01


2,3,7,8-Tetrachlorodibenzo-p -
dioxin


Bkgd


Bkgd


1.5E-01


1.4E-01 1.4E-01


2.6E-03 2.6E-03


4.0E-01


2.2E+02 2.2E+02


6.0E-03 6.0E-03


4.9E-03 8.4E-03


Aroclor-1254


Aroclor-1268


Coplanar PCBs (TEQ)


4,4'-DDE


4,4'-DDD


Dieldrin


Technical Chlordane


Vanadium


Zinc


Benzo(a)pyrene(h)


Receptor Category(b) Proposed Cleanup 
Goal(f)


1.4E+00 1.4E+00


8.2E+03 8.2E+03


3.8E+01


B
as


is
(g


)


Contaminant(a) Receptor/Scenario(c) Background(e)
Risk Range(d)


Bkgd


Aluminum
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Appendix F


Table F-1. Proposed Cleanup Goals for Allendale and Lyman Mill Reach Sediments, Comparison of Risk-based PRGs to Background.
(All units are in mg/kg; parts per million)


Lower Middle Upper
Receptor Category(b) Proposed Cleanup 


Goal(f) B
as


is
(g


)


Contaminant(a) Receptor/Scenario(c) Background(e)
Risk Range(d)


ECObird Tree Swallow CBR 2.9E-05 2.9E-04 2.9E-03
ECObird Belted Kingfisher Diet 3.2E-05 3.2E-04 3.2E-03
ECOfish White Sucker CBR 4.5E-05 4.5E-04 4.5E-03
ECObird Tree Swallow Egg Hatchability 9.0E-05 9.0E-04 9.0E-03
ECOfish Largemouth Bass CBR 1.2E-04 1.2E-03 1.2E-02
ECOfish White Sucker ELS 1.4E-04 1.4E-03 1.4E-02
ECOfish Largemouth Bass ELS 3.8E-04 3.8E-03 3.8E-02


All units in milligrams per kilogram (mg/kg); parts per million.
(a)  Cleanup goals were developed for risk-based contaminants for which Preliminary Remediation Goals (PRGs) were calculated are listed in Table 1-3 in the 


Interim Final Preliminary Remediation Goal Report Part I - Human Health  (MACTEC, 2005); ecological contaminants are listed in Table 1-1 in Part II of this report.
(b)  PRG basis (HH - human health and ECO - ecological); for ecological receptors the generic category is indicated: bird, fish, mammal.
(c)  Specific receptor and exposure scenario or pathway for which PRGs were developed include the following (tables where the PRGs are presented are also indicated). 
      Ranked from most to least stringent.


Receptor/Scenario Table #
Human Health - Part I Resident Living along the River Direct Contact 3-16


Combined Fish Diet 5-2
Resident Living along the River Direct Contact 
(Child) 3-16
Combined Diet (Child) 3-12


Ecological - Part II Tree Swallow CBR 2-20, 2-21, 2-22
Belted Kingfisher Diet 2-20, 2-21, 2-22
White Sucker CBR 2-20, 2-21, 2-22
Tree Swallow Egg Hatchability 2-20, 2-21, 2-22
Largemouth Bass CBR 2-20, 2-21, 2-22
White Sucker ELS 2-20, 2-21, 2-22
Largemouth Bass ELS 2-20, 2-21, 2-22


(d)  Except as noted, the lower, middle and upper range values are based on target hazards of 0.1, 1.0, and 10  
(non-carcinogenic effects - humans and ecological receptors) and 10 -6, 10-5, and 10-4 risk levels for (carcinogenic effects - humans only).
Bolding indicates values that are less than background.


(e)  Background values as presented in the Interim Final PRG report (Part I: Table 5-2, Part II: Table 5-1, MACTEC, 2005); 
background values for TEQs calculated using mammal, bird, or fish TEFs as appropriate for the specific receptor at risk.


(f)  Proposed Cleanup Goal is the lower risk range value (i.e. based on a total excess cancer risk of 10 -6) for carcinogenic effects and the middle risk 
range value (i.e., Superfund benchmark Hazard Index of 1.0) for non-carcinogenic effects (and all ecologically-protective PRGs), 
but defaults to background if either of these is less than site background.


(g)  The basis of the Cleanup Goal is: 
Bkgd Background


C Carcinogenic effects, lower risk range value for most sensitive human exposure
NC Non-carcinogenic effects, middle risk range value of the most sensitive human or ecological exposure pathway


(h)  Based on carcinogenic effects.
(i)  No MATC could be calculated for Barium because only a Lowest Observed Adverse Effect Level (LOAEL) derived PRG was available.


Thus the LOAEL, rather than a MATC, is the basis for the PRG presented.
(j)  Based on total excess cancer risk for all age groups combined.
(k)  Based on non-carcinogenic Hazard Index for the most sensitive age group.
(l)  nd - Analyte was not detected in Greystone Mill Pond surficial sediments.


3.4E-05 NC2.9E-04Dioxin/Furans (TEQ)


Interim Final CMRP Feasibility Study Report
Appendix F F-46 April 2010







Appendix F


Table F-2a. Proposed Cleanup Goals for Allendale and Lyman Mill Reach Floodplain Soils,
Comparison of ARARs, TBCs, and Risk-based PRGs to Background.


(All units are in mg/kg; parts per million)


Lower Middle Upper
Antimony ECOmam Short-tailed Shrew/Diet 1.0E+01 4.7E-02 4.7E-01 4.7E+00 6.2E-01 6.2E-01 Bkgd


HH Passive Recreational Visitor/Direct 
Contact 1.6E+00 1.6E+01 1.6E+02


ECOmam Short-tailed Shrew/Diet 3.4E-01 3.4E+00 3.4E+01
Beryllium(i) Resident Direct Exposure 4.0E-01 N/A N/A N/A 3.1E+00 N/A NA
Cadmium ECOmam Short-tailed Shrew/Diet 3.9E+01 3.8E-01 3.8E+00 3.8E+01 1.6E+00 3.8E+00 NC
Chromium(i) Resident Direct Exposure 3.9E+02 N/A N/A N/A 2.3E+02 N/A NA
Copper(i) Resident Direct Exposure 3.1E+03 N/A N/A N/A 2.1E+02 N/A NA
Lead ECObird American Woodcock/Diet 1.5E+02 1.6E+01 1.6E+02 1.6E+03 4.5E+02 4.5E+02 Bkgd
Manganese(i) Resident Direct Exposure 3.9E+02 N/A N/A N/A 1.8E+03 N/A NA
Selenium ECOmam Short-tailed Shrew/Diet 3.9E+02 1.6E-02 1.6E-01 1.6E+00 7.0E-01 7.0E-01 Bkgd
Zinc ECObird American Woodcock/Diet 6.0E+03 3.2E+01 3.2E+02 3.2E+03 2.9E+02 3.2E+02 NC
4,4’-DDE ECObird American Woodcock/CBR N/A 1.6E-03 1.6E-02 1.6E-01 1.3E-02 1.6E-02 NC
Dieldrin ECObird American Woodcock/CBR 4.0E-02 4.1E-03 4.1E-02 4.1E-01 6.3E-03 4.1E-02 ARAR


ECOmam Short-tailed Shrew/CBR 2.0E-01 2.0E+00 2.0E+01


HH Passive Recreational Visitor/Direct 
Contact 8.2E-01 8.2E+00 8.2E+01


ECObird American Woodcock/Diet 1.7E-01 1.7E+00 1.7E+01
ECOmam Short-tailed Shrew/Diet 2.0E-01 2.0E+00 2.0E+01


Technical Chlordane(i) Resident Direct Exposure 5.0E-01 N/A N/A N/A 4.3E-01 N/A NA
Anthracene(i) Resident Direct Exposure 3.5E+01 N/A N/A N/A 7.1E-01 N/A NA
Benzo(a)anthracene(i) Resident Direct Exposure 9.0E-01 N/A N/A N/A 3.1E+00 N/A NA
Benzo(a)pyrene(i) Resident Direct Exposure 4.0E-01 N/A N/A N/A 3.1E+00 N/A NA
Benzo(b)fluoranthene(i) Resident Direct Exposure 9.0E-01 N/A N/A N/A 3.5E+00 N/A NA
Benzo(g,h,i)perylene(i) Resident Direct Exposure 8.0E-01 N/A N/A N/A 2.3E+00 N/A NA
Benzo(k)fluoranthene(i) Resident Direct Exposure 9.0E-01 N/A N/A N/A 3.2E+00 N/A NA
Biphenyl(j) Resident Direct Exposure 8.0E-01 N/A N/A N/A 4.6E-02 N/A NA
Chrysene(i) Resident Direct Exposure 4.0E-01 N/A N/A N/A 3.8E+00 N/A NA
Dibenzo(a,h)anthracene(i) Resident Direct Exposure 4.0E-01 N/A N/A N/A 6.1E-01 N/A NA
Fluoranthene(i) Resident Direct Exposure 2.0E+01 N/A N/A N/A 7.0E+00 N/A NA
Indeno(1,2,3-c,d)pyrene(i) Resident Direct Exposure 9.0E-01 N/A N/A N/A 2.5E+00 N/A NA
Phenanthrene(i) Resident Direct Exposure 4.0E+01 N/A N/A N/A 4.0E+00 N/A NA
Pyrene(i) Resident Direct Exposure 1.3E+01 N/A N/A N/A 5.8E+00 N/A NA


ECOmam Short-tailed Shrew/CBR 1.0E-06 1.0E-05 1.0E-04
ECOmam Short-tailed Shrew/Diet 3.6E-06 3.6E-05 3.6E-04
ECObird American Woodcock/CBR 1.9E-05 1.9E-04 1.9E-03
ECObird American Woodcock/Diet 4.9E-05 4.9E-04 4.9E-03


Bkgd


C


NC


Bkgd


7.7E+00


8.2E-01


1.7E+00


7.7E+00


5.2E-01


6.0E-01


1.7E-05


Arsenic


1.0E+01


1.0E+01


N/A


Total Aroclor


2,3,7,8-Tetrachlorodibenzo-p -
dioxin 1.7E-05


Aroclor 1254


Risk Range(e)


Background(f)
Proposed 
Cleanup 
Goal(g) B


as
is


(h
)


Contaminant(a) Receptor Category (b) Receptor/Scenario (c) ARAR/TBC (d)


7.0E+00
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Appendix F


Table F-2a. Proposed Cleanup Goals for Allendale and Lyman Mill Reach Floodplain Soils,
Comparison of ARARs, TBCs, and Risk-based PRGs to Background.


(All units are in mg/kg; parts per million)


Lower Middle Upper


Risk Range(e)


Background(f)
Proposed 
Cleanup 
Goal(g) B


as
is


(h
)


Contaminant(a) Receptor Category (b) Receptor/Scenario (c) ARAR/TBC (d)


HH Passive Recreational Visitor/Direct 
Contact 1.6E-05 1.6E-04 1.6E-03


ECOmam Short-tailed Shrew/Diet 3.7E-06 3.7E-05 3.7E-04


All units are in milligrams per kilogram (mg/kg); parts per million.


(b)   PRG basis (HH - human health and ECO - ecological); for ecological receptors the generic category is indicated: bird, mammal.
(c)   Specific receptor and exposure scenario or pathway for which PRGs were developed include the following (tables where the PRGs are presented are also indicated).  Ranked from most to least stringent.


Receptor/Scenario Appendix D of this report MACTEC (2005b)
Human Health - Part I Passive Recreational User 


Direct Contact
2 N/A


Ecological - Part II Short-tailed Shrew CBR 8, 9, 10
American Woodcock CBR 5, 6, 7
Short-tailed Shrew Diet 12 2-20, 2-21, 2-22
American Woodcock Diet 11 


(d)   ARARs include RIDEM residential direct exposure and GB leachability criteria (RIDEM, 2004) and TBC criteria include EPA's recommended residential level for dioxin in soil (EPA, 1998b).


ARAR Applicable or Relevant and Appropriate Requirement
Bkgd Background


C Carcinogenic effects, lower risk range value for most sensitive human exposure
NA Not applicable because contaminant statistically determined to be consistent with, or less than background conditions (see note 'i').
NC Non-carcinogenic effects, middle risk range value of the most sensitive human or ecological exposure pathway


(i)  Contaminants detected in floodplain soil at concentration in excess of potential ARARs/TBC, but found to be consistent with, or less than background conditions (based on a statistical evaluation of the data) were not included in 
the cleanup goal determination.  Additional sampling will be performed during design to verify background conditions, and assess impacts, if any, to the proposed cleanup goals.


(a)  Cleanup goals were developed for risk-based contaminants for which Preliminary Remediation Goals (PRGs) were calculated (see Table 1 of Appendix D [Parts I and II] to this report and MACTEC [2005b, Part II]) and 
contaminants detected at concentrations in excess of ARARs or To Be Considered (TBC) criteria (see Table F-2b for data comparisons to ARARs and TBC).


Cleanup goals were not developed for contaminants that were undetected (i.e., results are 'U' or 'UJ' qualified) or detected at concentrations below ARARs (see Table F-2b for data comparisons to ARARs).  Nor 
were cleanup goals developed for undetected contaminants where the laboratory detection limits are in excess of ARARs (see Table F-2b); additional sampling will be performed during design to verify 
undetected contaminants, and assess impacts, if any, to the proposed cleanup goals.


(h)  The basis of the Cleanup Goal is:


(e)   Except as noted, the lower, middle and upper range values are based on target hazards of 0.1, 1.0, and 10  (non-carcinogenic effects - humans and ecological receptors) and 10-6, 10-5, and 10-4 risk levels for (carcinogenic 
effects - humans only). Bolding indicates values that are less than background.


(g)   Proposed Cleanup Goal is the lower risk range value (i.e. based on a total excess cancer risk of 10-6) for carcinogenic effects and the middle risk range value (i.e., Superfund benchmark Hazard Index of 1.0) for non-
carcinogenic effects (and all ecologically-protective PRGs), but defaults to background if either of these is less than site background.


Table #


Bkgd5.0E-05


(f)   Background values as presented in Appendix D (Part I, Human Health [Section 5.0] and Part II, Ecological [Table 13]); background values are based on the arithmetic mean of the four background floodplain soil samples (RWR-
FP-5001-0000-01, RWR-FP-5002-0000-01, RWR-FP-5003-0000-01, and RWR-FP-5004-0000-01).  Additional sampling will be performed during design to verify background conditions.


Dioxin/Furans (TEQ) 1.0E-03 5.0E-05


Interim Final CMRP Feasibility Study Report
Appendix F F-48 April 2010







Appendix F


Table F-2b. Comparison of Allendale and Lyman Mill Floodplain Soil Data to Potential ARARs and TBCs


RI_SAMPLE_GROUP BORING TO
P_


O
F_


SA
M


PL
E 


(ft
)


B
O


TT
O


M
_O


F
_S


A
M


PL
E 


(ft
)


PARAMETER LAB_RESULT UNIT QUAL


RIDEM Direct 
Exposure 
Criteria 
(MG/KG)


RIDEM GB 
Leachability 


Criteria 
(MG/KG)


EPA's 
Recommended 


Residential Level 
for Dioxin (NG/KG)


Exceed 
Criteria 


(Y/N)
Volatile Organics
Allendale soil CMS-418 0 1 Benzene 0.0045 MG/KG U 2.5 4.3 nc NA
Allendale soil CMS-418 1 2 Benzene 0.0054 MG/KG U 2.5 4.3 nc NA
Allendale soil CMS-418 0 1 Bromodichloromethane 0.0045 MG/KG U 10 nc nc NA
Allendale soil CMS-418 1 2 Bromodichloromethane 0.0054 MG/KG U 10 nc nc NA
Allendale soil CMS-418 0 1 Bromoform 0.0045 MG/KG U 81 nc nc NA
Allendale soil CMS-418 1 2 Bromoform 0.0054 MG/KG U 81 nc nc NA
Allendale soil CMS-418 0 1 Bromomethane 0.0045 MG/KG U 0.8 nc nc NA
Allendale soil CMS-418 1 2 Bromomethane 0.0054 MG/KG U 0.8 nc nc NA
Allendale soil CMS-418 0 1 Carbon Tetrachloride 0.0045 MG/KG U 1.5 5.0 nc NA
Allendale soil CMS-418 1 2 Carbon Tetrachloride 0.0054 MG/KG U 1.5 5.0 nc NA
Allendale soil CMS-418 0 1 Chlorobenzene 0.0045 MG/KG U 210 100 nc NA
Allendale soil CMS-418 1 2 Chlorobenzene 0.0054 MG/KG U 210 100 nc NA
Allendale soil CMS-418 0 1 Chloroform 0.0045 MG/KG U 1.2 nc nc NA
Allendale soil CMS-418 1 2 Chloroform 0.0054 MG/KG U 1.2 nc nc NA
Allendale soil CMS-418 0 1 Dibromochloromethane 0.0045 MG/KG U 7.6 nc nc NA
Allendale soil CMS-418 1 2 Dibromochloromethane 0.0054 MG/KG U 7.6 nc nc NA
Allendale soil CMS-418 0 1 1,2-dibromo-3-chloropropane 0.009 MG/KG U 0.5 nc nc NA
Allendale soil CMS-418 1 2 1,2-dibromo-3-chloropropane 0.011 MG/KG U 0.5 nc nc NA
Allendale soil CMS-418 0 1 1,1-dichloroethane 0.0045 MG/KG U 920 nc nc NA
Allendale soil CMS-418 1 2 1,1-dichloroethane 0.0054 MG/KG U 920 nc nc NA
Allendale soil CMS-418 0 1 1,2-dichloroethane 0.0045 MG/KG U 0.9 2.3 nc NA
Allendale soil CMS-418 1 2 1,2-dichloroethane 0.0054 MG/KG U 0.9 2.3 nc NA
Allendale soil CMS-418 0 1 1,1-dichloroethene 0.0045 MG/KG U 0.2 0.7 nc NA
Allendale soil CMS-418 1 2 1,1-dichloroethene 0.0054 MG/KG U 0.2 0.7 nc NA
Allendale soil CMS-418 0 1 Cis-1,2-dichloroethene 0.0045 MG/KG U 630 60 nc NA
Allendale soil CMS-418 1 2 Cis-1,2-dichloroethene 0.002 MG/KG J 630 60 nc N
Allendale soil CMS-418 0 1 Trans-1,2-dichloroethene 0.0045 MG/KG U 1100 92 nc NA
Allendale soil CMS-418 1 2 Trans-1,2-dichloroethene 0.0054 MG/KG U 1100 92 nc NA
Allendale soil CMS-418 0 1 1,2-dichloropropane 0.0045 MG/KG U 1.9 70 nc NA
Allendale soil CMS-418 1 2 1,2-dichloropropane 0.0054 MG/KG U 1.9 70 nc NA
Allendale soil CMS-418 0 1 Ethylbenzene 0.0045 MG/KG U 71 62 nc NA
Allendale soil CMS-418 1 2 Ethylbenzene 0.0054 MG/KG U 71 62 nc NA
Allendale soil CMS-418 0 1 Isopropylbenzene 0.0045 MG/KG U 27 nc nc NA
Allendale soil CMS-418 1 2 Isopropylbenzene 0.0054 MG/KG U 27 nc nc NA
Allendale soil CMS-418 0 1 Methylene Chloride 0.009 MG/KG U 45 nc nc NA
Allendale soil CMS-418 1 2 Methylene Chloride 0.011 MG/KG U 45 nc nc NA
Allendale soil CMS-418 0 1 Styrene 0.0045 MG/KG U 13 64 nc NA
Allendale soil CMS-418 1 2 Styrene 0.0054 MG/KG U 13 64 nc NA
Allendale soil CMS-418 0 1 1,1,1,2-tetrachloroethane 0.0045 MG/KG U 2.2 nc nc NA
Allendale soil CMS-418 1 2 1,1,1,2-tetrachloroethane 0.0054 MG/KG U 2.2 nc nc NA
Allendale soil CMS-418 0 1 1,1,2,2-tetrachloroethane 0.0045 MG/KG U 1.3 nc nc NA
Allendale soil CMS-418 1 2 1,1,2,2-tetrachloroethane 0.0054 MG/KG U 1.3 nc nc NA
Allendale soil CMS-418 0 1 Tetrachloroethene 0.0045 MG/KG U 12 4.2 nc NA
Allendale soil CMS-418 1 2 Tetrachloroethene 0.0054 MG/KG U 12 4.2 nc NA


Potential ARARs and TBC1
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Table F-2b. Comparison of Allendale and Lyman Mill Floodplain Soil Data to Potential ARARs and TBCs


RI_SAMPLE_GROUP BORING TO
P_


O
F_


SA
M


PL
E 


(ft
)


B
O


TT
O


M
_O


F
_S


A
M


PL
E 


(ft
)


PARAMETER LAB_RESULT UNIT QUAL


RIDEM Direct 
Exposure 
Criteria 
(MG/KG)


RIDEM GB 
Leachability 


Criteria 
(MG/KG)


EPA's 
Recommended 


Residential Level 
for Dioxin (NG/KG)


Exceed 
Criteria 


(Y/N)


Potential ARARs and TBC1


Allendale soil CMS-418 0 1 Toluene 0.0045 MG/KG U 190 54 nc NA
Allendale soil CMS-418 1 2 Toluene 0.0054 MG/KG U 190 54 nc NA
Allendale soil CMS-418 0 1 1,1,1-trichloroethane 0.0045 MG/KG U 540 160 nc NA
Allendale soil CMS-418 1 2 1,1,1-trichloroethane 0.0054 MG/KG U 540 160 nc NA
Allendale soil CMS-418 0 1 1,1,2-trichloroethane 0.0045 MG/KG U 3.6 nc nc NA
Allendale soil CMS-418 1 2 1,1,2-trichloroethane 0.0054 MG/KG U 3.6 nc nc NA
Allendale soil CMS-418 0 1 Trichloroethene 0.0045 MG/KG U 13 20 nc NA
Allendale soil CMS-418 1 2 Trichloroethene 0.0054 MG/KG U 13 20 nc NA
Allendale soil CMS-418 0 1 Vinyl Chloride 0.0045 MG/KG U 0.02 nc nc NA
Allendale soil CMS-418 1 2 Vinyl Chloride 0.0054 MG/KG U 0.02 nc nc NA
Allendale soil CMS-418 0 1 Total Xylenes 0.0045 MG/KG U 110 nc nc NA
Allendale soil CMS-418 1 2 Total Xylenes 0.0054 MG/KG U 110 nc nc NA
Semivolatiles
Lyman Mill soil LPX-FP-4004 0 0.5 Acenaphthene 0.01054 MG/KG J 43 nc nc N
Lyman Mill soil LPX-FP-4006 0 0.5 Acenaphthene 0.02138 MG/KG 43 nc nc N
Lyman Mill soil LPX-FP-4007 0 0.5 Acenaphthene 0.07158 MG/KG 43 nc nc N
Allendale soil CMS-418 0 1 Acenaphthene 0.13 MG/KG J 43 nc nc N
Allendale soil CMS-418 1 2 Acenaphthene 0.087 MG/KG J 43 nc nc N
Lyman Mill soil LPX-4112 0 0.5 Acenaphthene 0.013975148 MG/KG J 43 nc nc N
Lyman Mill soil LPX-4112 0 0.5 Acenaphthene 0.004739811 MG/KG J 43 nc nc N
Lyman Mill soil LPX-4113 0 0.5 Acenaphthene 2.589521986 MG/KG 43 nc nc N
Lyman Mill soil LPX-4114 0 0.5 Acenaphthene 0.010250158 MG/KG 43 nc nc N
Allendale soil SS-04 0 1.5 Acenaphthene 0.21 MG/KG J 43 nc nc N
Allendale soil SS-05 0 1.5 Acenaphthene 0.48 MG/KG U 43 nc nc NA
Allendale soil RES-14-421-01 0 1 Acenaphthene 0.37 MG/KG U 43 nc nc NA
Lyman Mill soil RES-10-004-01 0 1 Acenaphthene 0.46 MG/KG U 43 nc nc NA
Lyman Mill soil RES-10-005-01 0 1 Acenaphthene 3.3 MG/KG U 43 nc nc NA
Lyman Mill soil RES-10-042-01 0 1 Acenaphthene 0.82 MG/KG U 43 nc nc NA
Lyman Mill soil RES-10-044-01 0 1 Acenaphthene 4.3 MG/KG U 43 nc nc NA
Lyman Mill soil RES-10-053-01 0 1 Acenaphthene 0.5 MG/KG U 43 nc nc NA
Lyman Mill soil RES-10-068-01 0 1 Acenaphthene 2 MG/KG U 43 nc nc NA
Lyman Mill soil RES-10-074-01 0 1 Acenaphthene 5 MG/KG U 43 nc nc NA
Lyman Mill soil RES-10-075-01 0 1 Acenaphthene 9.2 MG/KG U 43 nc nc NA
Lyman Mill soil RES-10-076-01 0 1 Acenaphthene 9.7 MG/KG U 43 nc nc NA
Lyman Mill soil RES-10-604-01 0 1 Acenaphthene 3.1 MG/KG U 43 nc nc NA
Lyman Mill soil RES-11-011-01 0 1 Acenaphthene 0.53 MG/KG U 43 nc nc NA
Lyman Mill soil RES-11-012-01 0 1 Acenaphthene 0.12 MG/KG J 43 nc nc N
Lyman Mill soil RES-11-328-01 0 1 Acenaphthene 2.7 MG/KG U 43 nc nc NA
Lyman Mill soil RES-11-419-01 0 1 Acenaphthene 4 MG/KG U 43 nc nc NA
Lyman Mill soil RES-11-420-01 0 1 Acenaphthene 0.46 MG/KG U 43 nc nc NA
Lyman Mill soil RES-11-422-01 0 1 Acenaphthene 0.47 MG/KG U 43 nc nc NA
Lyman Mill soil RES-11-423-01 0 1 Acenaphthene 0.41 MG/KG U 43 nc nc NA
Lyman Mill soil RES-11-424-01 0 1 Acenaphthene 14 MG/KG J 43 nc nc N
Lyman Mill soil RES-11-426-01 0 1 Acenaphthene 0.37 MG/KG U 43 nc nc NA
Lyman Mill soil RES-11-427-01 0 1 Acenaphthene 0.36 MG/KG U 43 nc nc NA
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Table F-2b. Comparison of Allendale and Lyman Mill Floodplain Soil Data to Potential ARARs and TBCs
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Exceed 
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(Y/N)


Potential ARARs and TBC1


Lyman Mill soil RES-11-428-01 0 1 Acenaphthene 0.08 MG/KG J 43 nc nc N
Lyman Mill soil RES-11-429-01 0 1 Acenaphthene 0.4 MG/KG UJ 43 nc nc NA
Lyman Mill soil RES-11-430-01 0 1 Acenaphthene 0.37 MG/KG U 43 nc nc NA
Lyman Mill soil RES-11-431-01 0 1 Acenaphthene 2 MG/KG U 43 nc nc NA
Lyman Mill soil RES-11-432-01 0 1 Acenaphthene 3.5 MG/KG U 43 nc nc NA
Lyman Mill soil RES-11-486-01 0 1 Acenaphthene 4.8 MG/KG U 43 nc nc NA
Lyman Mill soil RES-11-497-01 0 1 Acenaphthene 0.44 MG/KG U 43 nc nc NA
Lyman Mill soil RES-11-577-01 0 1 Acenaphthene 3.9 MG/KG U 43 nc nc NA
Lyman Mill soil RES-12-556-01 0 1 Acenaphthene 4 MG/KG U 43 nc nc NA
Lyman Mill soil RES-12-560-01 0 1 Acenaphthene 2 MG/KG U 43 nc nc NA
Lyman Mill soil RES-12-560-02 0 1 Acenaphthene 0.24 MG/KG J 43 nc nc N
Lyman Mill soil RES-10-044-01 0 1 Acenaphthene 4.4 MG/KG U 43 nc nc NA
Lyman Mill soil RES-10-053-01 0 1 Acenaphthene 0.48 MG/KG U 43 nc nc NA
Lyman Mill soil LPX-FP-4004 0 0.5 Acenaphthylene 0.02823 MG/KG J 23 nc nc N
Lyman Mill soil LPX-FP-4006 0 0.5 Acenaphthylene 0.01934 MG/KG 23 nc nc N
Lyman Mill soil LPX-FP-4007 0 0.5 Acenaphthylene 0.21323 MG/KG 23 nc nc N
Allendale soil CMS-418 0 1 Acenaphthylene 0.83 MG/KG J 23 nc nc N
Allendale soil CMS-418 1 2 Acenaphthylene 0.13 MG/KG J 23 nc nc N
Lyman Mill soil LPX-4112 0 0.5 Acenaphthylene 0.013761158 MG/KG J 23 nc nc N
Lyman Mill soil LPX-4112 0 0.5 Acenaphthylene 0.007094581 MG/KG J 23 nc nc N
Lyman Mill soil LPX-4113 0 0.5 Acenaphthylene 0.152004309 MG/KG 23 nc nc N
Lyman Mill soil LPX-4114 0 0.5 Acenaphthylene 0.013445742 MG/KG 23 nc nc N
Allendale soil SS-04 0 1.5 Acenaphthylene 0.38 MG/KG J 23 nc nc N
Allendale soil SS-05 0 1.5 Acenaphthylene 0.058 MG/KG J 23 nc nc N
Allendale soil RES-14-421-01 0 1 Acenaphthylene 0.37 MG/KG U 23 nc nc NA
Lyman Mill soil RES-10-004-01 0 1 Acenaphthylene 0.46 MG/KG U 23 nc nc NA
Lyman Mill soil RES-10-005-01 0 1 Acenaphthylene 3.3 MG/KG U 23 nc nc NA
Lyman Mill soil RES-10-042-01 0 1 Acenaphthylene 0.82 MG/KG U 23 nc nc NA
Lyman Mill soil RES-10-044-01 0 1 Acenaphthylene 4.3 MG/KG U 23 nc nc NA
Lyman Mill soil RES-10-053-01 0 1 Acenaphthylene 0.5 MG/KG U 23 nc nc NA
Lyman Mill soil RES-10-068-01 0 1 Acenaphthylene 2 MG/KG U 23 nc nc NA
Lyman Mill soil RES-10-074-01 0 1 Acenaphthylene 5 MG/KG U 23 nc nc NA
Lyman Mill soil RES-10-075-01 0 1 Acenaphthylene 3.1 MG/KG J 23 nc nc N
Lyman Mill soil RES-10-076-01 0 1 Acenaphthylene 9.7 MG/KG U 23 nc nc NA
Lyman Mill soil RES-10-604-01 0 1 Acenaphthylene 3.1 MG/KG U 23 nc nc NA
Lyman Mill soil RES-11-011-01 0 1 Acenaphthylene 0.3 MG/KG J 23 nc nc N
Lyman Mill soil RES-11-012-01 0 1 Acenaphthylene 0.16 MG/KG J 23 nc nc N
Lyman Mill soil RES-11-328-01 0 1 Acenaphthylene 2.7 MG/KG U 23 nc nc NA
Lyman Mill soil RES-11-419-01 0 1 Acenaphthylene 4 MG/KG U 23 nc nc NA
Lyman Mill soil RES-11-420-01 0 1 Acenaphthylene 0.46 MG/KG U 23 nc nc NA
Lyman Mill soil RES-11-422-01 0 1 Acenaphthylene 0.47 MG/KG U 23 nc nc NA
Lyman Mill soil RES-11-423-01 0 1 Acenaphthylene 0.41 MG/KG U 23 nc nc NA
Lyman Mill soil RES-11-424-01 0 1 Acenaphthylene 110 MG/KG U 23 nc nc NA
Lyman Mill soil RES-11-426-01 0 1 Acenaphthylene 0.37 MG/KG U 23 nc nc NA
Lyman Mill soil RES-11-427-01 0 1 Acenaphthylene 0.36 MG/KG U 23 nc nc NA
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Table F-2b. Comparison of Allendale and Lyman Mill Floodplain Soil Data to Potential ARARs and TBCs
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Lyman Mill soil RES-11-428-01 0 1 Acenaphthylene 0.44 MG/KG U 23 nc nc NA
Lyman Mill soil RES-11-429-01 0 1 Acenaphthylene 0.4 MG/KG U 23 nc nc NA
Lyman Mill soil RES-11-430-01 0 1 Acenaphthylene 0.37 MG/KG U 23 nc nc NA
Lyman Mill soil RES-11-431-01 0 1 Acenaphthylene 2 MG/KG U 23 nc nc NA
Lyman Mill soil RES-11-432-01 0 1 Acenaphthylene 3.5 MG/KG U 23 nc nc NA
Lyman Mill soil RES-11-486-01 0 1 Acenaphthylene 4.8 MG/KG U 23 nc nc NA
Lyman Mill soil RES-11-497-01 0 1 Acenaphthylene 0.44 MG/KG U 23 nc nc NA
Lyman Mill soil RES-11-577-01 0 1 Acenaphthylene 3.9 MG/KG U 23 nc nc NA
Lyman Mill soil RES-12-556-01 0 1 Acenaphthylene 4 MG/KG U 23 nc nc NA
Lyman Mill soil RES-12-560-01 0 1 Acenaphthylene 2 MG/KG U 23 nc nc NA
Lyman Mill soil RES-12-560-02 0 1 Acenaphthylene 2.1 MG/KG U 23 nc nc NA
Lyman Mill soil RES-10-044-01 0 1 Acenaphthylene 4.4 MG/KG U 23 nc nc NA
Lyman Mill soil RES-10-053-01 0 1 Acenaphthylene 0.48 MG/KG U 23 nc nc NA
Lyman Mill soil LPX-FP-4004 0 0.5 Anthracene 0.04475 MG/KG J 35 nc nc N
Lyman Mill soil LPX-FP-4006 0 0.5 Anthracene 0.05724 MG/KG 35 nc nc N
Lyman Mill soil LPX-FP-4007 0 0.5 Anthracene 0.27532 MG/KG 35 nc nc N
Allendale soil CMS-418 0 1 Anthracene 0.9 MG/KG J 35 nc nc N
Allendale soil CMS-418 1 2 Anthracene 0.3 MG/KG J 35 nc nc N
Lyman Mill soil LPX-4112 0 0.5 Anthracene 0.035021132 MG/KG J 35 nc nc N
Lyman Mill soil LPX-4112 0 0.5 Anthracene 0.015949197 MG/KG J 35 nc nc N
Lyman Mill soil LPX-4113 0 0.5 Anthracene 3.381073831 MG/KG 35 nc nc N
Lyman Mill soil LPX-4114 0 0.5 Anthracene 0.028373713 MG/KG 35 nc nc N
Allendale soil SS-04 0 1.5 Anthracene 0.52 MG/KG 35 nc nc N
Allendale soil SS-05 0 1.5 Anthracene 0.12 MG/KG J 35 nc nc N
Allendale soil RES-14-421-01 0 1 Anthracene 0.37 MG/KG U 35 nc nc NA
Lyman Mill soil RES-10-004-01 0 1 Anthracene 0.018 MG/KG J 35 nc nc N
Lyman Mill soil RES-10-005-01 0 1 Anthracene 3.3 MG/KG U 35 nc nc NA
Lyman Mill soil RES-10-042-01 0 1 Anthracene 0.017 MG/KG J 35 nc nc N
Lyman Mill soil RES-10-044-01 0 1 Anthracene 0.14 MG/KG J 35 nc nc N
Lyman Mill soil RES-10-053-01 0 1 Anthracene 0.5 MG/KG U 35 nc nc NA
Lyman Mill soil RES-10-068-01 0 1 Anthracene 0.036 MG/KG J 35 nc nc N
Lyman Mill soil RES-10-074-01 0 1 Anthracene 0.65 MG/KG J 35 nc nc N
Lyman Mill soil RES-10-075-01 0 1 Anthracene 2.6 MG/KG J 35 nc nc N
Lyman Mill soil RES-10-076-01 0 1 Anthracene 1.6 MG/KG J 35 nc nc N
Lyman Mill soil RES-10-604-01 0 1 Anthracene 0.05 MG/KG J 35 nc nc N
Lyman Mill soil RES-11-011-01 0 1 Anthracene 0.22 MG/KG J 35 nc nc N
Lyman Mill soil RES-11-012-01 0 1 Anthracene 0.35 MG/KG J 35 nc nc N
Lyman Mill soil RES-11-328-01 0 1 Anthracene 2.7 MG/KG U 35 nc nc NA
Lyman Mill soil RES-11-419-01 0 1 Anthracene 4 MG/KG U 35 nc nc NA
Lyman Mill soil RES-11-420-01 0 1 Anthracene 0.46 MG/KG U 35 nc nc NA
Lyman Mill soil RES-11-422-01 0 1 Anthracene 0.47 MG/KG U 35 nc nc NA
Lyman Mill soil RES-11-423-01 0 1 Anthracene 0.41 MG/KG U 35 nc nc NA
Lyman Mill soil RES-11-424-01 0 1 Anthracene 40 MG/KG J 35 nc nc Y
Lyman Mill soil RES-11-426-01 0 1 Anthracene 0.026 MG/KG J 35 nc nc N
Lyman Mill soil RES-11-427-01 0 1 Anthracene 0.36 MG/KG U 35 nc nc NA
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Table F-2b. Comparison of Allendale and Lyman Mill Floodplain Soil Data to Potential ARARs and TBCs


RI_SAMPLE_GROUP BORING TO
P_


O
F_


SA
M


PL
E 


(ft
)


B
O


TT
O


M
_O


F
_S


A
M


PL
E 


(ft
)


PARAMETER LAB_RESULT UNIT QUAL


RIDEM Direct 
Exposure 
Criteria 
(MG/KG)


RIDEM GB 
Leachability 


Criteria 
(MG/KG)


EPA's 
Recommended 


Residential Level 
for Dioxin (NG/KG)


Exceed 
Criteria 


(Y/N)


Potential ARARs and TBC1


Lyman Mill soil RES-11-428-01 0 1 Anthracene 0.12 MG/KG J 35 nc nc N
Lyman Mill soil RES-11-429-01 0 1 Anthracene 0.027 MG/KG J 35 nc nc N
Lyman Mill soil RES-11-430-01 0 1 Anthracene 0.37 MG/KG U 35 nc nc NA
Lyman Mill soil RES-11-431-01 0 1 Anthracene 2 MG/KG U 35 nc nc NA
Lyman Mill soil RES-11-432-01 0 1 Anthracene 3.5 MG/KG U 35 nc nc NA
Lyman Mill soil RES-11-486-01 0 1 Anthracene 4.8 MG/KG U 35 nc nc NA
Lyman Mill soil RES-11-497-01 0 1 Anthracene 0.44 MG/KG U 35 nc nc NA
Lyman Mill soil RES-11-577-01 0 1 Anthracene 3.9 MG/KG U 35 nc nc NA
Lyman Mill soil RES-12-556-01 0 1 Anthracene 0.43 MG/KG J 35 nc nc N
Lyman Mill soil RES-12-560-01 0 1 Anthracene 0.068 MG/KG J 35 nc nc N
Lyman Mill soil RES-12-560-02 0 1 Anthracene 0.63 MG/KG J 35 nc nc N
Lyman Mill soil RES-10-044-01 0 1 Anthracene 0.11 MG/KG J 35 nc nc N
Lyman Mill soil RES-10-053-01 0 1 Anthracene 0.48 MG/KG U 35 nc nc NA
Lyman Mill soil LPX-FP-4004 0 0.5 Benzo(a)anthracene 0.29695 MG/KG J 0.9 nc nc N
Lyman Mill soil LPX-FP-4006 0 0.5 Benzo(a)anthracene 0.24599 MG/KG 0.9 nc nc N
Lyman Mill soil LPX-FP-4007 0 0.5 Benzo(a)anthracene 1.74881 MG/KG 0.9 nc nc Y
Allendale soil CMS-418 0 1 Benzo(a)anthracene 1.9 MG/KG J 0.9 nc nc Y
Allendale soil CMS-418 1 2 Benzo(a)anthracene 0.92 MG/KG 0.9 nc nc Y
Lyman Mill soil LPX-4112 0 0.5 Benzo(a)anthracene 0.141837166 MG/KG 0.9 nc nc N
Lyman Mill soil LPX-4112 0 0.5 Benzo(a)anthracene 0.104743057 MG/KG 0.9 nc nc N
Lyman Mill soil LPX-4113 0 0.5 Benzo(a)anthracene 7.300804202 MG/KG 0.9 nc nc Y
Lyman Mill soil LPX-4114 0 0.5 Benzo(a)anthracene 0.172462303 MG/KG 0.9 nc nc N
Allendale soil SS-04 0 1.5 Benzo(a)anthracene 2.4 MG/KG 0.9 nc nc Y
Allendale soil SS-05 0 1.5 Benzo(a)anthracene 0.46 MG/KG J 0.9 nc nc N
Allendale soil RES-14-421-01 0 1 Benzo(a)anthracene 0.37 MG/KG U 0.9 nc nc NA
Lyman Mill soil RES-10-004-01 0 1 Benzo(a)anthracene 0.12 MG/KG J 0.9 nc nc N
Lyman Mill soil RES-10-005-01 0 1 Benzo(a)anthracene 3.3 MG/KG U 0.9 nc nc NA
Lyman Mill soil RES-10-042-01 0 1 Benzo(a)anthracene 0.12 MG/KG J 0.9 nc nc N
Lyman Mill soil RES-10-044-01 0 1 Benzo(a)anthracene 0.49 MG/KG J 0.9 nc nc N
Lyman Mill soil RES-10-053-01 0 1 Benzo(a)anthracene 0.084 MG/KG J 0.9 nc nc N
Lyman Mill soil RES-10-068-01 0 1 Benzo(a)anthracene 0.23 MG/KG J 0.9 nc nc N
Lyman Mill soil RES-10-074-01 0 1 Benzo(a)anthracene 2.1 MG/KG J 0.9 nc nc Y
Lyman Mill soil RES-10-075-01 0 1 Benzo(a)anthracene 17 MG/KG 0.9 nc nc Y
Lyman Mill soil RES-10-076-01 0 1 Benzo(a)anthracene 7.2 MG/KG J 0.9 nc nc Y
Lyman Mill soil RES-10-604-01 0 1 Benzo(a)anthracene 0.4 MG/KG J 0.9 nc nc N
Lyman Mill soil RES-11-011-01 0 1 Benzo(a)anthracene 0.76 MG/KG 0.9 nc nc N
Lyman Mill soil RES-11-012-01 0 1 Benzo(a)anthracene 1.3 MG/KG J 0.9 nc nc Y
Lyman Mill soil RES-11-328-01 0 1 Benzo(a)anthracene 0.46 MG/KG J 0.9 nc nc N
Lyman Mill soil RES-11-419-01 0 1 Benzo(a)anthracene 0.3 MG/KG J 0.9 nc nc N
Lyman Mill soil RES-11-420-01 0 1 Benzo(a)anthracene 0.12 MG/KG J 0.9 nc nc N
Lyman Mill soil RES-11-422-01 0 1 Benzo(a)anthracene 0.092 MG/KG J 0.9 nc nc N
Lyman Mill soil RES-11-423-01 0 1 Benzo(a)anthracene 0.41 MG/KG U 0.9 nc nc NA
Lyman Mill soil RES-11-424-01 0 1 Benzo(a)anthracene 140 MG/KG 0.9 nc nc Y
Lyman Mill soil RES-11-426-01 0 1 Benzo(a)anthracene 0.098 MG/KG J 0.9 nc nc N
Lyman Mill soil RES-11-427-01 0 1 Benzo(a)anthracene 0.03 MG/KG J 0.9 nc nc N
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Table F-2b. Comparison of Allendale and Lyman Mill Floodplain Soil Data to Potential ARARs and TBCs
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Lyman Mill soil RES-11-428-01 0 1 Benzo(a)anthracene 0.43 MG/KG J 0.9 nc nc N
Lyman Mill soil RES-11-429-01 0 1 Benzo(a)anthracene 0.1 MG/KG J 0.9 nc nc N
Lyman Mill soil RES-11-430-01 0 1 Benzo(a)anthracene 0.035 MG/KG J 0.9 nc nc N
Lyman Mill soil RES-11-431-01 0 1 Benzo(a)anthracene 0.13 MG/KG J 0.9 nc nc N
Lyman Mill soil RES-11-432-01 0 1 Benzo(a)anthracene 3.5 MG/KG U 0.9 nc nc NA
Lyman Mill soil RES-11-433-01 0 1 Benzo(a)anthracene 0.61 MG/KG J 0.9 nc nc N
Lyman Mill soil RES-11-486-01 0 1 Benzo(a)anthracene 0.64 MG/KG J 0.9 nc nc N
Lyman Mill soil RES-11-497-01 0 1 Benzo(a)anthracene 0.44 MG/KG U 0.9 nc nc NA
Lyman Mill soil RES-11-577-01 0 1 Benzo(a)anthracene 3.9 MG/KG U 0.9 nc nc NA
Lyman Mill soil RES-12-556-01 0 1 Benzo(a)anthracene 2.6 MG/KG J 0.9 nc nc Y
Lyman Mill soil RES-12-560-01 0 1 Benzo(a)anthracene 0.28 MG/KG J 0.9 nc nc N
Lyman Mill soil RES-12-560-02 0 1 Benzo(a)anthracene 2.3 MG/KG 0.9 nc nc Y
Lyman Mill soil RES-10-044-01 0 1 Benzo(a)anthracene 0.58 MG/KG J 0.9 nc nc N
Lyman Mill soil RES-10-053-01 0 1 Benzo(a)anthracene 0.48 MG/KG U 0.9 nc nc NA
Lyman Mill soil LPX-FP-4004 0 0.5 Benzo(a)pyrene 0.34967 MG/KG J 0.4 nc nc N
Lyman Mill soil LPX-FP-4006 0 0.5 Benzo(a)pyrene 0.28137 MG/KG 0.4 nc nc N
Lyman Mill soil LPX-FP-4007 0 0.5 Benzo(a)pyrene 2.06637 MG/KG 0.4 nc nc Y
Allendale soil CMS-418 0 1 Benzo(a)pyrene 1.5 MG/KG J 0.4 nc nc Y
Allendale soil CMS-418 1 2 Benzo(a)pyrene 0.76 MG/KG 0.4 nc nc Y
Lyman Mill soil LPX-4112 0 0.5 Benzo(a)pyrene 0.11171805 MG/KG 0.4 nc nc N
Lyman Mill soil LPX-4112 0 0.5 Benzo(a)pyrene 0.086273457 MG/KG 0.4 nc nc N
Lyman Mill soil LPX-4113 0 0.5 Benzo(a)pyrene 5.115831402 MG/KG 0.4 nc nc Y
Lyman Mill soil LPX-4114 0 0.5 Benzo(a)pyrene 0.127806849 MG/KG 0.4 nc nc N
Allendale soil SS-04 0 1.5 Benzo(a)pyrene 2.6 MG/KG 0.4 nc nc Y
Allendale soil SS-05 0 1.5 Benzo(a)pyrene 0.5 MG/KG 0.4 nc nc Y
Allendale soil RES-14-421-01 0 1 Benzo(a)pyrene 0.37 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-10-004-01 0 1 Benzo(a)pyrene 0.11 MG/KG J 0.4 nc nc N
Lyman Mill soil RES-10-005-01 0 1 Benzo(a)pyrene 3.3 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-10-042-01 0 1 Benzo(a)pyrene 0.12 MG/KG J 0.4 nc nc N
Lyman Mill soil RES-10-044-01 0 1 Benzo(a)pyrene 0.42 MG/KG J 0.4 nc nc Y
Lyman Mill soil RES-10-053-01 0 1 Benzo(a)pyrene 0.1 MG/KG J 0.4 nc nc N
Lyman Mill soil RES-10-068-01 0 1 Benzo(a)pyrene 0.24 MG/KG J 0.4 nc nc N
Lyman Mill soil RES-10-074-01 0 1 Benzo(a)pyrene 1.8 MG/KG J 0.4 nc nc Y
Lyman Mill soil RES-10-075-01 0 1 Benzo(a)pyrene 20 MG/KG 0.4 nc nc Y
Lyman Mill soil RES-10-076-01 0 1 Benzo(a)pyrene 8.6 MG/KG J 0.4 nc nc Y
Lyman Mill soil RES-10-604-01 0 1 Benzo(a)pyrene 0.44 MG/KG J 0.4 nc nc Y
Lyman Mill soil RES-11-011-01 0 1 Benzo(a)pyrene 0.96 MG/KG 0.4 nc nc Y
Lyman Mill soil RES-11-012-01 0 1 Benzo(a)pyrene 1.7 MG/KG J 0.4 nc nc Y
Lyman Mill soil RES-11-328-01 0 1 Benzo(a)pyrene 0.61 MG/KG J 0.4 nc nc Y
Lyman Mill soil RES-11-419-01 0 1 Benzo(a)pyrene 0.5 MG/KG J 0.4 nc nc Y
Lyman Mill soil RES-11-420-01 0 1 Benzo(a)pyrene 0.14 MG/KG J 0.4 nc nc N
Lyman Mill soil RES-11-422-01 0 1 Benzo(a)pyrene 0.12 MG/KG J 0.4 nc nc N
Lyman Mill soil RES-11-423-01 0 1 Benzo(a)pyrene 0.41 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-11-424-01 0 1 Benzo(a)pyrene 110 MG/KG J 0.4 nc nc Y
Lyman Mill soil RES-11-426-01 0 1 Benzo(a)pyrene 0.12 MG/KG J 0.4 nc nc N
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Table F-2b. Comparison of Allendale and Lyman Mill Floodplain Soil Data to Potential ARARs and TBCs
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Lyman Mill soil RES-11-427-01 0 1 Benzo(a)pyrene 0.36 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-11-428-01 0 1 Benzo(a)pyrene 0.42 MG/KG J 0.4 nc nc Y
Lyman Mill soil RES-11-429-01 0 1 Benzo(a)pyrene 0.062 MG/KG J 0.4 nc nc N
Lyman Mill soil RES-11-430-01 0 1 Benzo(a)pyrene 0.37 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-11-431-01 0 1 Benzo(a)pyrene 2 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-11-432-01 0 1 Benzo(a)pyrene 3.5 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-11-433-01 0 1 Benzo(a)pyrene 0.6 MG/KG J 0.4 nc nc Y
Lyman Mill soil RES-11-486-01 0 1 Benzo(a)pyrene 0.84 MG/KG J 0.4 nc nc Y
Lyman Mill soil RES-11-497-01 0 1 Benzo(a)pyrene 0.44 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-11-577-01 0 1 Benzo(a)pyrene 3.9 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-12-556-01 0 1 Benzo(a)pyrene 3.2 MG/KG J 0.4 nc nc Y
Lyman Mill soil RES-12-560-01 0 1 Benzo(a)pyrene 0.34 MG/KG J 0.4 nc nc N
Lyman Mill soil RES-12-560-02 0 1 Benzo(a)pyrene 2 MG/KG J 0.4 nc nc Y
Lyman Mill soil RES-10-044-01 0 1 Benzo(a)pyrene 0.53 MG/KG J 0.4 nc nc Y
Lyman Mill soil RES-10-053-01 0 1 Benzo(a)pyrene 0.48 MG/KG U 0.4 nc nc NA
Lyman Mill soil LPX-FP-4004 0 0.5 Benzo(b)fluoranthene 0.419 MG/KG J 0.9 nc nc N
Lyman Mill soil LPX-FP-4006 0 0.5 Benzo(b)fluoranthene 0.29653 MG/KG 0.9 nc nc N
Lyman Mill soil LPX-FP-4007 0 0.5 Benzo(b)fluoranthene 2.81441 MG/KG 0.9 nc nc Y
Allendale soil CMS-418 0 1 Benzo(b)fluoranthene 0.33 MG/KG UJ 0.9 nc nc NA
Allendale soil CMS-418 1 2 Benzo(b)fluoranthene 0.37 MG/KG U 0.9 nc nc NA
Lyman Mill soil LPX-4112 0 0.5 Benzo(b)fluoranthene 0.140583719 MG/KG 0.9 nc nc N
Lyman Mill soil LPX-4112 0 0.5 Benzo(b)fluoranthene 0.122515952 MG/KG 0.9 nc nc N
Lyman Mill soil LPX-4113 0 0.5 Benzo(b)fluoranthene 5.13834656 MG/KG 0.9 nc nc Y
Lyman Mill soil LPX-4114 0 0.5 Benzo(b)fluoranthene 0.206637959 MG/KG 0.9 nc nc N
Allendale soil SS-04 0 1.5 Benzo(b)fluoranthene 3.2 MG/KG * 0.9 nc nc Y
Allendale soil SS-05 0 1.5 Benzo(b)fluoranthene 0.67 MG/KG 0.9 nc nc N
Allendale soil RES-14-421-01 0 1 Benzo(b)fluoranthene 0.37 MG/KG U 0.9 nc nc NA
Lyman Mill soil RES-10-004-01 0 1 Benzo(b)fluoranthene 0.12 MG/KG J 0.9 nc nc N
Lyman Mill soil RES-10-005-01 0 1 Benzo(b)fluoranthene 3.3 MG/KG U 0.9 nc nc NA
Lyman Mill soil RES-10-042-01 0 1 Benzo(b)fluoranthene 0.11 MG/KG J 0.9 nc nc N
Lyman Mill soil RES-10-044-01 0 1 Benzo(b)fluoranthene 0.41 MG/KG J 0.9 nc nc N
Lyman Mill soil RES-10-053-01 0 1 Benzo(b)fluoranthene 0.5 MG/KG U 0.9 nc nc NA
Lyman Mill soil RES-10-068-01 0 1 Benzo(b)fluoranthene 0.29 MG/KG J 0.9 nc nc N
Lyman Mill soil RES-10-074-01 0 1 Benzo(b)fluoranthene 1.4 MG/KG J 0.9 nc nc Y
Lyman Mill soil RES-10-075-01 0 1 Benzo(b)fluoranthene 20 MG/KG 0.9 nc nc Y
Lyman Mill soil RES-10-076-01 0 1 Benzo(b)fluoranthene 9 MG/KG J 0.9 nc nc Y
Lyman Mill soil RES-10-604-01 0 1 Benzo(b)fluoranthene 0.55 MG/KG J 0.9 nc nc N
Lyman Mill soil RES-11-011-01 0 1 Benzo(b)fluoranthene 1.5 MG/KG 0.9 nc nc Y
Lyman Mill soil RES-11-012-01 0 1 Benzo(b)fluoranthene 3.1 MG/KG J 0.9 nc nc Y
Lyman Mill soil RES-11-328-01 0 1 Benzo(b)fluoranthene 1 MG/KG J 0.9 nc nc Y
Lyman Mill soil RES-11-419-01 0 1 Benzo(b)fluoranthene 0.42 MG/KG J 0.9 nc nc N
Lyman Mill soil RES-11-420-01 0 1 Benzo(b)fluoranthene 0.17 MG/KG J 0.9 nc nc N
Lyman Mill soil RES-11-422-01 0 1 Benzo(b)fluoranthene 0.2 MG/KG J 0.9 nc nc N
Lyman Mill soil RES-11-423-01 0 1 Benzo(b)fluoranthene 0.41 MG/KG U 0.9 nc nc NA
Lyman Mill soil RES-11-424-01 0 1 Benzo(b)fluoranthene 120 MG/KG 0.9 nc nc Y
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Table F-2b. Comparison of Allendale and Lyman Mill Floodplain Soil Data to Potential ARARs and TBCs
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Lyman Mill soil RES-11-426-01 0 1 Benzo(b)fluoranthene 0.14 MG/KG J 0.9 nc nc N
Lyman Mill soil RES-11-427-01 0 1 Benzo(b)fluoranthene 0.038 MG/KG J 0.9 nc nc N
Lyman Mill soil RES-11-428-01 0 1 Benzo(b)fluoranthene 0.54 MG/KG 0.9 nc nc N
Lyman Mill soil RES-11-429-01 0 1 Benzo(b)fluoranthene 0.13 MG/KG J 0.9 nc nc N
Lyman Mill soil RES-11-430-01 0 1 Benzo(b)fluoranthene 0.039 MG/KG J 0.9 nc nc N
Lyman Mill soil RES-11-431-01 0 1 Benzo(b)fluoranthene 2 MG/KG U 0.9 nc nc NA
Lyman Mill soil RES-11-432-01 0 1 Benzo(b)fluoranthene 0.44 MG/KG J 0.9 nc nc N
Lyman Mill soil RES-11-433-01 0 1 Benzo(b)fluoranthene 0.7 MG/KG J 0.9 nc nc N
Lyman Mill soil RES-11-486-01 0 1 Benzo(b)fluoranthene 1.2 MG/KG J 0.9 nc nc Y
Lyman Mill soil RES-11-497-01 0 1 Benzo(b)fluoranthene 0.44 MG/KG U 0.9 nc nc NA
Lyman Mill soil RES-11-577-01 0 1 Benzo(b)fluoranthene 0.21 MG/KG J 0.9 nc nc N
Lyman Mill soil RES-12-556-01 0 1 Benzo(b)fluoranthene 3.1 MG/KG J 0.9 nc nc Y
Lyman Mill soil RES-12-560-01 0 1 Benzo(b)fluoranthene 0.38 MG/KG J 0.9 nc nc N
Lyman Mill soil RES-12-560-02 0 1 Benzo(b)fluoranthene 1.8 MG/KG J 0.9 nc nc Y
Lyman Mill soil RES-10-044-01 0 1 Benzo(b)fluoranthene 0.5 MG/KG J 0.9 nc nc N
Lyman Mill soil RES-10-053-01 0 1 Benzo(b)fluoranthene 0.48 MG/KG U 0.9 nc nc NA
Lyman Mill soil LPX-FP-4004 0 0.5 Benzo(g,h,i)perylene 0.29644 MG/KG J 0.8 nc nc N
Lyman Mill soil LPX-FP-4006 0 0.5 Benzo(g,h,i)perylene 0.22254 MG/KG 0.8 nc nc N
Lyman Mill soil LPX-FP-4007 0 0.5 Benzo(g,h,i)perylene 1.97047 MG/KG 0.8 nc nc Y
Allendale soil CMS-418 0 1 Benzo(g,h,i)perylene 0.58 MG/KG J 0.8 nc nc N
Allendale soil CMS-418 1 2 Benzo(g,h,i)perylene 0.34 MG/KG J 0.8 nc nc N
Lyman Mill soil LPX-4112 0 0.5 Benzo(g,h,i)perylene 0.090558064 MG/KG 0.8 nc nc N
Lyman Mill soil LPX-4112 0 0.5 Benzo(g,h,i)perylene 0.091277312 MG/KG 0.8 nc nc N
Lyman Mill soil LPX-4113 0 0.5 Benzo(g,h,i)perylene 3.172739721 MG/KG 0.8 nc nc Y
Lyman Mill soil LPX-4114 0 0.5 Benzo(g,h,i)perylene 0.135161805 MG/KG 0.8 nc nc N
Allendale soil SS-04 0 1.5 Benzo(g,h,i)perylene 1.3 MG/KG 0.8 nc nc Y
Allendale soil SS-05 0 1.5 Benzo(g,h,i)perylene 0.31 MG/KG J 0.8 nc nc N
Allendale soil RES-14-421-01 0 1 Benzo(g,h,i)perylene 0.37 MG/KG UJ 0.8 nc nc NA
Lyman Mill soil RES-10-004-01 0 1 Benzo(g,h,i)perylene 0.071 MG/KG J 0.8 nc nc N
Lyman Mill soil RES-10-005-01 0 1 Benzo(g,h,i)perylene 3.3 MG/KG U 0.8 nc nc NA
Lyman Mill soil RES-10-042-01 0 1 Benzo(g,h,i)perylene 0.82 MG/KG U 0.8 nc nc NA
Lyman Mill soil RES-10-044-01 0 1 Benzo(g,h,i)perylene 4.3 MG/KG U 0.8 nc nc NA
Lyman Mill soil RES-10-053-01 0 1 Benzo(g,h,i)perylene 0.5 MG/KG U 0.8 nc nc NA
Lyman Mill soil RES-10-068-01 0 1 Benzo(g,h,i)perylene 2 MG/KG UJ 0.8 nc nc NA
Lyman Mill soil RES-10-074-01 0 1 Benzo(g,h,i)perylene 1.3 MG/KG J 0.8 nc nc Y
Lyman Mill soil RES-10-075-01 0 1 Benzo(g,h,i)perylene 15 MG/KG J 0.8 nc nc Y
Lyman Mill soil RES-10-076-01 0 1 Benzo(g,h,i)perylene 7.2 MG/KG J 0.8 nc nc Y
Lyman Mill soil RES-10-604-01 0 1 Benzo(g,h,i)perylene 0.34 MG/KG J 0.8 nc nc N
Lyman Mill soil RES-11-011-01 0 1 Benzo(g,h,i)perylene 0.31 MG/KG J 0.8 nc nc N
Lyman Mill soil RES-11-012-01 0 1 Benzo(g,h,i)perylene 0.47 MG/KG J 0.8 nc nc N
Lyman Mill soil RES-11-328-01 0 1 Benzo(g,h,i)perylene 2.7 MG/KG U 0.8 nc nc NA
Lyman Mill soil RES-11-419-01 0 1 Benzo(g,h,i)perylene 4 MG/KG UJ 0.8 nc nc NA
Lyman Mill soil RES-11-420-01 0 1 Benzo(g,h,i)perylene 0.46 MG/KG U 0.8 nc nc NA
Lyman Mill soil RES-11-422-01 0 1 Benzo(g,h,i)perylene 0.47 MG/KG U 0.8 nc nc NA
Lyman Mill soil RES-11-423-01 0 1 Benzo(g,h,i)perylene 0.41 MG/KG U 0.8 nc nc NA
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Table F-2b. Comparison of Allendale and Lyman Mill Floodplain Soil Data to Potential ARARs and TBCs
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Lyman Mill soil RES-11-424-01 0 1 Benzo(g,h,i)perylene 58 MG/KG J 0.8 nc nc Y
Lyman Mill soil RES-11-426-01 0 1 Benzo(g,h,i)perylene 0.094 MG/KG J 0.8 nc nc N
Lyman Mill soil RES-11-427-01 0 1 Benzo(g,h,i)perylene 0.36 MG/KG U 0.8 nc nc NA
Lyman Mill soil RES-11-428-01 0 1 Benzo(g,h,i)perylene 0.083 MG/KG J 0.8 nc nc N
Lyman Mill soil RES-11-429-01 0 1 Benzo(g,h,i)perylene 0.072 MG/KG J 0.8 nc nc N
Lyman Mill soil RES-11-430-01 0 1 Benzo(g,h,i)perylene 0.37 MG/KG U 0.8 nc nc NA
Lyman Mill soil RES-11-431-01 0 1 Benzo(g,h,i)perylene 2 MG/KG U 0.8 nc nc NA
Lyman Mill soil RES-11-432-01 0 1 Benzo(g,h,i)perylene 3.5 MG/KG U 0.8 nc nc NA
Lyman Mill soil RES-11-433-01 0 1 Benzo(g,h,i)perylene 0.44 MG/KG J 0.8 nc nc N
Lyman Mill soil RES-11-486-01 0 1 Benzo(g,h,i)perylene 4.8 MG/KG U 0.8 nc nc NA
Lyman Mill soil RES-11-497-01 0 1 Benzo(g,h,i)perylene 0.44 MG/KG U 0.8 nc nc NA
Lyman Mill soil RES-11-577-01 0 1 Benzo(g,h,i)perylene 3.9 MG/KG UJ 0.8 nc nc NA
Lyman Mill soil RES-12-556-01 0 1 Benzo(g,h,i)perylene 2.6 MG/KG J 0.8 nc nc Y
Lyman Mill soil RES-12-560-01 0 1 Benzo(g,h,i)perylene 0.2 MG/KG J 0.8 nc nc N
Lyman Mill soil RES-12-560-02 0 1 Benzo(g,h,i)perylene 1.3 MG/KG J 0.8 nc nc Y
Lyman Mill soil RES-10-044-01 0 1 Benzo(g,h,i)perylene 0.45 MG/KG J 0.8 nc nc N
Lyman Mill soil RES-10-053-01 0 1 Benzo(g,h,i)perylene 0.48 MG/KG U 0.8 nc nc NA
Lyman Mill soil LPX-FP-4004 0 0.5 Benzo(k)fluoranthene 0.37161 MG/KG J 0.9 nc nc N
Lyman Mill soil LPX-FP-4006 0 0.5 Benzo(k)fluoranthene 0.27486 MG/KG 0.9 nc nc N
Lyman Mill soil LPX-FP-4007 0 0.5 Benzo(k)fluoranthene 2.38312 MG/KG 0.9 nc nc Y
Allendale soil CMS-418 0 1 Benzo(k)fluoranthene 3.1 MG/KG J 0.9 nc nc Y
Allendale soil CMS-418 1 2 Benzo(k)fluoranthene 1.4 MG/KG 0.9 nc nc Y
Lyman Mill soil LPX-4112 0 0.5 Benzo(k)fluoranthene 0.12657818 MG/KG 0.9 nc nc N
Lyman Mill soil LPX-4112 0 0.5 Benzo(k)fluoranthene 0.110045155 MG/KG 0.9 nc nc N
Lyman Mill soil LPX-4113 0 0.5 Benzo(k)fluoranthene 5.718437084 MG/KG 0.9 nc nc Y
Lyman Mill soil LPX-4114 0 0.5 Benzo(k)fluoranthene 0.181485347 MG/KG 0.9 nc nc N
Allendale soil SS-04 0 1.5 Benzo(k)fluoranthene 0.96 MG/KG 0.9 nc nc Y
Allendale soil SS-05 0 1.5 Benzo(k)fluoranthene 0.26 MG/KG J 0.9 nc nc N
Allendale soil RES-14-421-01 0 1 Benzo(k)fluoranthene 0.37 MG/KG U 0.9 nc nc NA
Lyman Mill soil RES-10-004-01 0 1 Benzo(k)fluoranthene 0.12 MG/KG J 0.9 nc nc N
Lyman Mill soil RES-10-005-01 0 1 Benzo(k)fluoranthene 3.3 MG/KG U 0.9 nc nc NA
Lyman Mill soil RES-10-042-01 0 1 Benzo(k)fluoranthene 0.11 MG/KG J 0.9 nc nc N
Lyman Mill soil RES-10-044-01 0 1 Benzo(k)fluoranthene 0.37 MG/KG J 0.9 nc nc N
Lyman Mill soil RES-10-053-01 0 1 Benzo(k)fluoranthene 0.5 MG/KG U 0.9 nc nc NA
Lyman Mill soil RES-10-068-01 0 1 Benzo(k)fluoranthene 0.21 MG/KG J 0.9 nc nc N
Lyman Mill soil RES-10-074-01 0 1 Benzo(k)fluoranthene 1.8 MG/KG J 0.9 nc nc Y
Lyman Mill soil RES-10-075-01 0 1 Benzo(k)fluoranthene 23 MG/KG 0.9 nc nc Y
Lyman Mill soil RES-10-076-01 0 1 Benzo(k)fluoranthene 9.6 MG/KG J 0.9 nc nc Y
Lyman Mill soil RES-10-604-01 0 1 Benzo(k)fluoranthene 0.43 MG/KG J 0.9 nc nc N
Lyman Mill soil RES-11-011-01 0 1 Benzo(k)fluoranthene 1.6 MG/KG 0.9 nc nc Y
Lyman Mill soil RES-11-012-01 0 1 Benzo(k)fluoranthene 2.7 MG/KG J 0.9 nc nc Y
Lyman Mill soil RES-11-328-01 0 1 Benzo(k)fluoranthene 0.85 MG/KG J 0.9 nc nc N
Lyman Mill soil RES-11-419-01 0 1 Benzo(k)fluoranthene 0.54 MG/KG J 0.9 nc nc N
Lyman Mill soil RES-11-420-01 0 1 Benzo(k)fluoranthene 0.19 MG/KG J 0.9 nc nc N
Lyman Mill soil RES-11-422-01 0 1 Benzo(k)fluoranthene 0.13 MG/KG J 0.9 nc nc N
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Table F-2b. Comparison of Allendale and Lyman Mill Floodplain Soil Data to Potential ARARs and TBCs
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Lyman Mill soil RES-11-423-01 0 1 Benzo(k)fluoranthene 0.41 MG/KG U 0.9 nc nc NA
Lyman Mill soil RES-11-424-01 0 1 Benzo(k)fluoranthene 100 MG/KG J 0.9 nc nc Y
Lyman Mill soil RES-11-426-01 0 1 Benzo(k)fluoranthene 0.14 MG/KG J 0.9 nc nc N
Lyman Mill soil RES-11-427-01 0 1 Benzo(k)fluoranthene 0.042 MG/KG J 0.9 nc nc N
Lyman Mill soil RES-11-428-01 0 1 Benzo(k)fluoranthene 0.39 MG/KG J 0.9 nc nc N
Lyman Mill soil RES-11-429-01 0 1 Benzo(k)fluoranthene 0.12 MG/KG J 0.9 nc nc N
Lyman Mill soil RES-11-430-01 0 1 Benzo(k)fluoranthene 0.036 MG/KG J 0.9 nc nc N
Lyman Mill soil RES-11-431-01 0 1 Benzo(k)fluoranthene 2 MG/KG U 0.9 nc nc NA
Lyman Mill soil RES-11-432-01 0 1 Benzo(k)fluoranthene 0.49 MG/KG J 0.9 nc nc N
Lyman Mill soil RES-11-433-01 0 1 Benzo(k)fluoranthene 0.88 MG/KG J 0.9 nc nc N
Lyman Mill soil RES-11-486-01 0 1 Benzo(k)fluoranthene 0.8 MG/KG J 0.9 nc nc N
Lyman Mill soil RES-11-497-01 0 1 Benzo(k)fluoranthene 0.44 MG/KG U 0.9 nc nc NA
Lyman Mill soil RES-11-577-01 0 1 Benzo(k)fluoranthene 0.25 MG/KG J 0.9 nc nc N
Lyman Mill soil RES-12-556-01 0 1 Benzo(k)fluoranthene 4 MG/KG J 0.9 nc nc Y
Lyman Mill soil RES-12-560-01 0 1 Benzo(k)fluoranthene 0.38 MG/KG J 0.9 nc nc N
Lyman Mill soil RES-12-560-02 0 1 Benzo(k)fluoranthene 2.3 MG/KG 0.9 nc nc Y
Lyman Mill soil RES-10-044-01 0 1 Benzo(k)fluoranthene 0.53 MG/KG J 0.9 nc nc N
Lyman Mill soil RES-10-053-01 0 1 Benzo(k)fluoranthene 0.48 MG/KG U 0.9 nc nc NA
Lyman Mill soil LPX-FP-4004 0 0.5 1,1'-biphenyl 0.00328 MG/KG J 0.8 nc nc N
Lyman Mill soil LPX-FP-4006 0 0.5 1,1'-biphenyl 0.01552 MG/KG 0.8 nc nc N
Lyman Mill soil LPX-FP-4007 0 0.5 1,1'-biphenyl 0.01551 MG/KG 0.8 nc nc N
Lyman Mill soil LPX-4112 0 0.5 1,1'-biphenyl 0.002800038 MG/KG 0.8 nc nc N
Lyman Mill soil LPX-4112 0 0.5 1,1'-biphenyl 0.001114679 MG/KG 0.8 nc nc N
Lyman Mill soil LPX-4113 0 0.5 1,1'-biphenyl 0.502843786 MG/KG 0.8 nc nc N
Lyman Mill soil LPX-4114 0 0.5 1,1'-biphenyl 0.002203212 MG/KG 0.8 nc nc N
Allendale soil RES-14-421-01 0 1 1,1'-biphenyl 0.37 MG/KG U 0.8 nc nc NA
Lyman Mill soil RES-10-004-01 0 1 1,1'-biphenyl 0.46 MG/KG U 0.8 nc nc NA
Lyman Mill soil RES-10-005-01 0 1 1,1'-biphenyl 3.3 MG/KG U 0.8 nc nc NA
Lyman Mill soil RES-10-042-01 0 1 1,1'-biphenyl 0.12 MG/KG J 0.8 nc nc N
Lyman Mill soil RES-10-044-01 0 1 1,1'-biphenyl 4.3 MG/KG U 0.8 nc nc NA
Lyman Mill soil RES-10-053-01 0 1 1,1'-biphenyl 0.5 MG/KG U 0.8 nc nc NA
Lyman Mill soil RES-10-068-01 0 1 1,1'-biphenyl 2 MG/KG U 0.8 nc nc NA
Lyman Mill soil RES-10-074-01 0 1 1,1'-biphenyl 5 MG/KG U 0.8 nc nc NA
Lyman Mill soil RES-10-075-01 0 1 1,1'-biphenyl 9.2 MG/KG U 0.8 nc nc NA
Lyman Mill soil RES-10-076-01 0 1 1,1'-biphenyl 9.7 MG/KG U 0.8 nc nc NA
Lyman Mill soil RES-10-604-01 0 1 1,1'-biphenyl 3.1 MG/KG U 0.8 nc nc NA
Lyman Mill soil RES-11-011-01 0 1 1,1'-biphenyl 0.53 MG/KG U 0.8 nc nc NA
Lyman Mill soil RES-11-012-01 0 1 1,1'-biphenyl 0.65 MG/KG U 0.8 nc nc NA
Lyman Mill soil RES-11-328-01 0 1 1,1'-biphenyl 2.7 MG/KG U 0.8 nc nc NA
Lyman Mill soil RES-11-419-01 0 1 1,1'-biphenyl 4 MG/KG U 0.8 nc nc NA
Lyman Mill soil RES-11-420-01 0 1 1,1'-biphenyl 0.46 MG/KG U 0.8 nc nc NA
Lyman Mill soil RES-11-422-01 0 1 1,1'-biphenyl 0.47 MG/KG U 0.8 nc nc NA
Lyman Mill soil RES-11-423-01 0 1 1,1'-biphenyl 0.41 MG/KG U 0.8 nc nc NA
Lyman Mill soil RES-11-424-01 0 1 1,1'-biphenyl 110 MG/KG U 0.8 nc nc NA
Lyman Mill soil RES-11-426-01 0 1 1,1'-biphenyl 0.37 MG/KG U 0.8 nc nc NA
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Lyman Mill soil RES-11-427-01 0 1 1,1'-biphenyl 0.36 MG/KG U 0.8 nc nc NA
Lyman Mill soil RES-11-428-01 0 1 1,1'-biphenyl 0.44 MG/KG U 0.8 nc nc NA
Lyman Mill soil RES-11-429-01 0 1 1,1'-biphenyl 0.4 MG/KG U 0.8 nc nc NA
Lyman Mill soil RES-11-430-01 0 1 1,1'-biphenyl 0.37 MG/KG U 0.8 nc nc NA
Lyman Mill soil RES-11-431-01 0 1 1,1'-biphenyl 2 MG/KG U 0.8 nc nc NA
Lyman Mill soil RES-11-432-01 0 1 1,1'-biphenyl 3.5 MG/KG U 0.8 nc nc NA
Lyman Mill soil RES-11-486-01 0 1 1,1'-biphenyl 4.8 MG/KG U 0.8 nc nc NA
Lyman Mill soil RES-11-497-01 0 1 1,1'-biphenyl 0.44 MG/KG U 0.8 nc nc NA
Lyman Mill soil RES-11-577-01 0 1 1,1'-biphenyl 3.9 MG/KG U 0.8 nc nc NA
Lyman Mill soil RES-12-556-01 0 1 1,1'-biphenyl 4 MG/KG U 0.8 nc nc NA
Lyman Mill soil RES-12-560-01 0 1 1,1'-biphenyl 2 MG/KG U 0.8 nc nc NA
Lyman Mill soil RES-12-560-02 0 1 1,1'-biphenyl 2.1 MG/KG U 0.8 nc nc NA
Lyman Mill soil RES-10-044-01 0 1 1,1'-biphenyl 4.4 MG/KG U 0.8 nc nc NA
Lyman Mill soil RES-10-053-01 0 1 1,1'-biphenyl 0.48 MG/KG U 0.8 nc nc NA
Lyman Mill soil LPX-FP-4004 0 0.5 Bis(2-ethylhexyl)phthalate 0.31 MG/KG J 46 nc nc N
Lyman Mill soil LPX-FP-4006 0 0.5 Bis(2-ethylhexyl)phthalate 0.45 MG/KG J 46 nc nc N
Lyman Mill soil LPX-FP-4007 0 0.5 Bis(2-ethylhexyl)phthalate 1.6 MG/KG 46 nc nc N
Allendale soil CMS-418 0 1 Bis(2-ethylhexyl)phthalate 0.18 MG/KG J 46 nc nc N
Allendale soil CMS-418 1 2 Bis(2-ethylhexyl)phthalate 0.42 MG/KG 46 nc nc N
Lyman Mill soil LPX-4112 0 0.5 Bis(2-ethylhexyl)phthalate 0.22 MG/KG J 46 nc nc N
Lyman Mill soil LPX-4112 0 0.5 Bis(2-ethylhexyl)phthalate 0.28 MG/KG J 46 nc nc N
Lyman Mill soil LPX-4113 0 0.5 Bis(2-ethylhexyl)phthalate 0.065 MG/KG J 46 nc nc N
Lyman Mill soil LPX-4114 0 0.5 Bis(2-ethylhexyl)phthalate 0.28 MG/KG J 46 nc nc N
Allendale soil SS-04 0 1.5 Bis(2-ethylhexyl)phthalate 0.29 MG/KG J 46 nc nc N
Allendale soil SS-05 0 1.5 Bis(2-ethylhexyl)phthalate 0.16 MG/KG J 46 nc nc N
Allendale soil RES-14-421-01 0 1 Bis(2-ethylhexyl)phthalate 0.37 MG/KG UJ 46 nc nc NA
Lyman Mill soil RES-10-004-01 0 1 Bis(2-ethylhexyl)phthalate 0.061 MG/KG J 46 nc nc N
Lyman Mill soil RES-10-005-01 0 1 Bis(2-ethylhexyl)phthalate 3.3 MG/KG U 46 nc nc NA
Lyman Mill soil RES-10-042-01 0 1 Bis(2-ethylhexyl)phthalate 0.21 MG/KG J 46 nc nc N
Lyman Mill soil RES-10-044-01 0 1 Bis(2-ethylhexyl)phthalate 0.55 MG/KG J 46 nc nc N
Lyman Mill soil RES-10-053-01 0 1 Bis(2-ethylhexyl)phthalate 0.17 MG/KG J 46 nc nc N
Lyman Mill soil RES-10-068-01 0 1 Bis(2-ethylhexyl)phthalate 0.58 MG/KG J 46 nc nc N
Lyman Mill soil RES-10-074-01 0 1 Bis(2-ethylhexyl)phthalate 5 MG/KG UJ 46 nc nc NA
Lyman Mill soil RES-10-075-01 0 1 Bis(2-ethylhexyl)phthalate 9.2 MG/KG UJ 46 nc nc NA
Lyman Mill soil RES-10-076-01 0 1 Bis(2-ethylhexyl)phthalate 9.7 MG/KG UJ 46 nc nc NA
Lyman Mill soil RES-10-604-01 0 1 Bis(2-ethylhexyl)phthalate 0.37 MG/KG J 46 nc nc N
Lyman Mill soil RES-11-011-01 0 1 Bis(2-ethylhexyl)phthalate 0.13 MG/KG J 46 nc nc N
Lyman Mill soil RES-11-012-01 0 1 Bis(2-ethylhexyl)phthalate 2.9 MG/KG 46 nc nc N
Lyman Mill soil RES-11-328-01 0 1 Bis(2-ethylhexyl)phthalate 2.7 MG/KG U 46 nc nc NA
Lyman Mill soil RES-11-419-01 0 1 Bis(2-ethylhexyl)phthalate 4 MG/KG UJ 46 nc nc NA
Lyman Mill soil RES-11-420-01 0 1 Bis(2-ethylhexyl)phthalate 0.46 MG/KG U 46 nc nc NA
Lyman Mill soil RES-11-422-01 0 1 Bis(2-ethylhexyl)phthalate 0.6 MG/KG U 46 nc nc NA
Lyman Mill soil RES-11-423-01 0 1 Bis(2-ethylhexyl)phthalate 1.4 MG/KG EB 46 nc nc N
Lyman Mill soil RES-11-424-01 0 1 Bis(2-ethylhexyl)phthalate 110 MG/KG U 46 nc nc NA
Lyman Mill soil RES-11-426-01 0 1 Bis(2-ethylhexyl)phthalate 0.2 MG/KG JEB 46 nc nc N
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Table F-2b. Comparison of Allendale and Lyman Mill Floodplain Soil Data to Potential ARARs and TBCs
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Lyman Mill soil RES-11-427-01 0 1 Bis(2-ethylhexyl)phthalate 0.049 MG/KG JEB 46 nc nc N
Lyman Mill soil RES-11-428-01 0 1 Bis(2-ethylhexyl)phthalate 0.44 MG/KG U 46 nc nc NA
Lyman Mill soil RES-11-429-01 0 1 Bis(2-ethylhexyl)phthalate 0.056 MG/KG JEB 46 nc nc N
Lyman Mill soil RES-11-430-01 0 1 Bis(2-ethylhexyl)phthalate 0.39 MG/KG EB 46 nc nc N
Lyman Mill soil RES-11-431-01 0 1 Bis(2-ethylhexyl)phthalate 2 MG/KG JEB 46 nc nc N
Lyman Mill soil RES-11-432-01 0 1 Bis(2-ethylhexyl)phthalate 3.5 MG/KG U 46 nc nc NA
Lyman Mill soil RES-11-433-01 0 1 Bis(2-ethylhexyl)phthalate 1.9 MG/KG J 46 nc nc N
Lyman Mill soil RES-11-486-01 0 1 Bis(2-ethylhexyl)phthalate 4.8 MG/KG U 46 nc nc NA
Lyman Mill soil RES-11-497-01 0 1 Bis(2-ethylhexyl)phthalate 0.13 MG/KG J 46 nc nc N
Lyman Mill soil RES-11-577-01 0 1 Bis(2-ethylhexyl)phthalate 1.2 MG/KG J 46 nc nc N
Lyman Mill soil RES-12-556-01 0 1 Bis(2-ethylhexyl)phthalate 0.66 MG/KG JEB 46 nc nc N
Lyman Mill soil RES-12-560-01 0 1 Bis(2-ethylhexyl)phthalate 0.53 MG/KG JEB 46 nc nc N
Lyman Mill soil RES-12-560-02 0 1 Bis(2-ethylhexyl)phthalate 2.1 MG/KG U 46 nc nc NA
Lyman Mill soil RES-10-044-01 0 1 Bis(2-ethylhexyl)phthalate 4.2 MG/KG J 46 nc nc N
Lyman Mill soil RES-10-053-01 0 1 Bis(2-ethylhexyl)phthalate 0.075 MG/KG J 46 nc nc N
Allendale soil CMS-418 0 1 Bis(2-chloroethyl)ether 0.33 MG/KG UJ 0.6 nc nc NA
Allendale soil CMS-418 1 2 Bis(2-chloroethyl)ether 0.37 MG/KG U 0.6 nc nc NA
Allendale soil SS-04 0 1.5 Bis(2-chloroethyl)ether 0.43 MG/KG U 0.6 nc nc NA
Allendale soil SS-05 0 1.5 Bis(2-chloroethyl)ether 0.48 MG/KG U 0.6 nc nc NA
Allendale soil RES-14-421-01 0 1 Bis(2-chloroethyl)ether 0.37 MG/KG U 0.6 nc nc NA
Lyman Mill soil RES-10-004-01 0 1 Bis(2-chloroethyl)ether 0.46 MG/KG U 0.6 nc nc NA
Lyman Mill soil RES-10-005-01 0 1 Bis(2-chloroethyl)ether 3.3 MG/KG U 0.6 nc nc NA
Lyman Mill soil RES-10-042-01 0 1 Bis(2-chloroethyl)ether 0.82 MG/KG U 0.6 nc nc NA
Lyman Mill soil RES-10-044-01 0 1 Bis(2-chloroethyl)ether 4.3 MG/KG U 0.6 nc nc NA
Lyman Mill soil RES-10-053-01 0 1 Bis(2-chloroethyl)ether 0.5 MG/KG U 0.6 nc nc NA
Lyman Mill soil RES-10-068-01 0 1 Bis(2-chloroethyl)ether 2 MG/KG U 0.6 nc nc NA
Lyman Mill soil RES-10-074-01 0 1 Bis(2-chloroethyl)ether 5 MG/KG U 0.6 nc nc NA
Lyman Mill soil RES-10-075-01 0 1 Bis(2-chloroethyl)ether 9.2 MG/KG U 0.6 nc nc NA
Lyman Mill soil RES-10-076-01 0 1 Bis(2-chloroethyl)ether 9.7 MG/KG U 0.6 nc nc NA
Lyman Mill soil RES-10-604-01 0 1 Bis(2-chloroethyl)ether 3.1 MG/KG U 0.6 nc nc NA
Lyman Mill soil RES-11-011-01 0 1 Bis(2-chloroethyl)ether 0.53 MG/KG U 0.6 nc nc NA
Lyman Mill soil RES-11-012-01 0 1 Bis(2-chloroethyl)ether 0.65 MG/KG U 0.6 nc nc NA
Lyman Mill soil RES-11-328-01 0 1 Bis(2-chloroethyl)ether 2.7 MG/KG U 0.6 nc nc NA
Lyman Mill soil RES-11-419-01 0 1 Bis(2-chloroethyl)ether 4 MG/KG U 0.6 nc nc NA
Lyman Mill soil RES-11-420-01 0 1 Bis(2-chloroethyl)ether 0.46 MG/KG U 0.6 nc nc NA
Lyman Mill soil RES-11-422-01 0 1 Bis(2-chloroethyl)ether 0.47 MG/KG U 0.6 nc nc NA
Lyman Mill soil RES-11-423-01 0 1 Bis(2-chloroethyl)ether 0.41 MG/KG U 0.6 nc nc NA
Lyman Mill soil RES-11-424-01 0 1 Bis(2-chloroethyl)ether 110 MG/KG UJ 0.6 nc nc NA
Lyman Mill soil RES-11-426-01 0 1 Bis(2-chloroethyl)ether 0.37 MG/KG U 0.6 nc nc NA
Lyman Mill soil RES-11-427-01 0 1 Bis(2-chloroethyl)ether 0.36 MG/KG U 0.6 nc nc NA
Lyman Mill soil RES-11-428-01 0 1 Bis(2-chloroethyl)ether 0.44 MG/KG U 0.6 nc nc NA
Lyman Mill soil RES-11-429-01 0 1 Bis(2-chloroethyl)ether 0.4 MG/KG UJ 0.6 nc nc NA
Lyman Mill soil RES-11-430-01 0 1 Bis(2-chloroethyl)ether 0.37 MG/KG U 0.6 nc nc NA
Lyman Mill soil RES-11-431-01 0 1 Bis(2-chloroethyl)ether 2 MG/KG U 0.6 nc nc NA
Lyman Mill soil RES-11-432-01 0 1 Bis(2-chloroethyl)ether 3.5 MG/KG U 0.6 nc nc NA
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Table F-2b. Comparison of Allendale and Lyman Mill Floodplain Soil Data to Potential ARARs and TBCs
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Lyman Mill soil RES-11-486-01 0 1 Bis(2-chloroethyl)ether 4.8 MG/KG U 0.6 nc nc NA
Lyman Mill soil RES-11-497-01 0 1 Bis(2-chloroethyl)ether 0.44 MG/KG U 0.6 nc nc NA
Lyman Mill soil RES-11-577-01 0 1 Bis(2-chloroethyl)ether 3.9 MG/KG U 0.6 nc nc NA
Lyman Mill soil RES-12-556-01 0 1 Bis(2-chloroethyl)ether 4 MG/KG U 0.6 nc nc NA
Lyman Mill soil RES-12-560-01 0 1 Bis(2-chloroethyl)ether 2 MG/KG U 0.6 nc nc NA
Lyman Mill soil RES-12-560-02 0 1 Bis(2-chloroethyl)ether 2.1 MG/KG UJ 0.6 nc nc NA
Lyman Mill soil RES-10-044-01 0 1 Bis(2-chloroethyl)ether 4.4 MG/KG U 0.6 nc nc NA
Lyman Mill soil RES-10-053-01 0 1 Bis(2-chloroethyl)ether 0.48 MG/KG U 0.6 nc nc NA
Allendale soil CMS-418 0 1 Bis-(2-chloroisopropyl)ether 0.33 MG/KG UJ 9.1 nc nc NA
Allendale soil CMS-418 1 2 Bis-(2-chloroisopropyl)ether 0.37 MG/KG U 9.1 nc nc NA
Allendale soil CMS-418 0 1 4-chloroaniline 0.33 MG/KG UJ 310 nc nc NA
Allendale soil CMS-418 1 2 4-chloroaniline 0.37 MG/KG U 310 nc nc NA
Allendale soil SS-04 0 1.5 4-chloroaniline 0.43 MG/KG U 310 nc nc NA
Allendale soil SS-05 0 1.5 4-chloroaniline 0.48 MG/KG U 310 nc nc NA
Allendale soil RES-14-421-01 0 1 4-chloroaniline 0.37 MG/KG U 310 nc nc NA
Lyman Mill soil RES-10-004-01 0 1 4-chloroaniline 0.46 MG/KG U 310 nc nc NA
Lyman Mill soil RES-10-005-01 0 1 4-chloroaniline 3.3 MG/KG U 310 nc nc NA
Lyman Mill soil RES-10-042-01 0 1 4-chloroaniline 0.82 MG/KG U 310 nc nc NA
Lyman Mill soil RES-10-044-01 0 1 4-chloroaniline 4.3 MG/KG U 310 nc nc NA
Lyman Mill soil RES-10-053-01 0 1 4-chloroaniline 0.5 MG/KG U 310 nc nc NA
Lyman Mill soil RES-10-068-01 0 1 4-chloroaniline 2 MG/KG U 310 nc nc NA
Lyman Mill soil RES-10-074-01 0 1 4-chloroaniline 5 MG/KG U 310 nc nc NA
Lyman Mill soil RES-10-075-01 0 1 4-chloroaniline 9.2 MG/KG U 310 nc nc NA
Lyman Mill soil RES-10-076-01 0 1 4-chloroaniline 9.7 MG/KG U 310 nc nc NA
Lyman Mill soil RES-10-604-01 0 1 4-chloroaniline 3.1 MG/KG U 310 nc nc NA
Lyman Mill soil RES-11-011-01 0 1 4-chloroaniline 0.53 MG/KG U 310 nc nc NA
Lyman Mill soil RES-11-012-01 0 1 4-chloroaniline 0.65 MG/KG U 310 nc nc NA
Lyman Mill soil RES-11-328-01 0 1 4-chloroaniline 2.7 MG/KG U 310 nc nc NA
Lyman Mill soil RES-11-419-01 0 1 4-chloroaniline 4 MG/KG U 310 nc nc NA
Lyman Mill soil RES-11-420-01 0 1 4-chloroaniline 0.46 MG/KG U 310 nc nc NA
Lyman Mill soil RES-11-422-01 0 1 4-chloroaniline 0.47 MG/KG U 310 nc nc NA
Lyman Mill soil RES-11-423-01 0 1 4-chloroaniline 0.41 MG/KG U 310 nc nc NA
Lyman Mill soil RES-11-424-01 0 1 4-chloroaniline 110 MG/KG U 310 nc nc NA
Lyman Mill soil RES-11-426-01 0 1 4-chloroaniline 0.37 MG/KG U 310 nc nc NA
Lyman Mill soil RES-11-427-01 0 1 4-chloroaniline 0.36 MG/KG U 310 nc nc NA
Lyman Mill soil RES-11-428-01 0 1 4-chloroaniline 0.44 MG/KG U 310 nc nc NA
Lyman Mill soil RES-11-429-01 0 1 4-chloroaniline 0.4 MG/KG U 310 nc nc NA
Lyman Mill soil RES-11-430-01 0 1 4-chloroaniline 0.37 MG/KG U 310 nc nc NA
Lyman Mill soil RES-11-431-01 0 1 4-chloroaniline 2 MG/KG U 310 nc nc NA
Lyman Mill soil RES-11-432-01 0 1 4-chloroaniline 3.5 MG/KG U 310 nc nc NA
Lyman Mill soil RES-11-486-01 0 1 4-chloroaniline 4.8 MG/KG U 310 nc nc NA
Lyman Mill soil RES-11-497-01 0 1 4-chloroaniline 0.44 MG/KG U 310 nc nc NA
Lyman Mill soil RES-11-577-01 0 1 4-chloroaniline 3.9 MG/KG U 310 nc nc NA
Lyman Mill soil RES-12-556-01 0 1 4-chloroaniline 4 MG/KG U 310 nc nc NA
Lyman Mill soil RES-12-560-01 0 1 4-chloroaniline 2 MG/KG U 310 nc nc NA
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Table F-2b. Comparison of Allendale and Lyman Mill Floodplain Soil Data to Potential ARARs and TBCs
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Lyman Mill soil RES-12-560-02 0 1 4-chloroaniline 2.1 MG/KG U 310 nc nc NA
Lyman Mill soil RES-10-044-01 0 1 4-chloroaniline 4.4 MG/KG U 310 nc nc NA
Lyman Mill soil RES-10-053-01 0 1 4-chloroaniline 0.48 MG/KG U 310 nc nc NA
Allendale soil CMS-418 0 1 2-chlorophenol 0.33 MG/KG UJ 50 nc nc NA
Allendale soil CMS-418 1 2 2-chlorophenol 0.37 MG/KG U 50 nc nc NA
Allendale soil SS-04 0 1.5 2-chlorophenol 0.43 MG/KG U 50 nc nc NA
Allendale soil SS-05 0 1.5 2-chlorophenol 0.48 MG/KG U 50 nc nc NA
Allendale soil RES-14-421-01 0 1 2-chlorophenol 0.37 MG/KG U 50 nc nc NA
Lyman Mill soil RES-10-004-01 0 1 2-chlorophenol 0.46 MG/KG U 50 nc nc NA
Lyman Mill soil RES-10-005-01 0 1 2-chlorophenol 3.3 MG/KG U 50 nc nc NA
Lyman Mill soil RES-10-042-01 0 1 2-chlorophenol 0.82 MG/KG U 50 nc nc NA
Lyman Mill soil RES-10-044-01 0 1 2-chlorophenol 4.3 MG/KG U 50 nc nc NA
Lyman Mill soil RES-10-053-01 0 1 2-chlorophenol 0.5 MG/KG U 50 nc nc NA
Lyman Mill soil RES-10-068-01 0 1 2-chlorophenol 2 MG/KG U 50 nc nc NA
Lyman Mill soil RES-10-074-01 0 1 2-chlorophenol 5 MG/KG U 50 nc nc NA
Lyman Mill soil RES-10-075-01 0 1 2-chlorophenol 9.2 MG/KG U 50 nc nc NA
Lyman Mill soil RES-10-076-01 0 1 2-chlorophenol 9.7 MG/KG U 50 nc nc NA
Lyman Mill soil RES-10-604-01 0 1 2-chlorophenol 3.1 MG/KG U 50 nc nc NA
Lyman Mill soil RES-11-011-01 0 1 2-chlorophenol 0.53 MG/KG U 50 nc nc NA
Lyman Mill soil RES-11-012-01 0 1 2-chlorophenol 0.65 MG/KG U 50 nc nc NA
Lyman Mill soil RES-11-328-01 0 1 2-chlorophenol 2.7 MG/KG U 50 nc nc NA
Lyman Mill soil RES-11-419-01 0 1 2-chlorophenol 4 MG/KG U 50 nc nc NA
Lyman Mill soil RES-11-420-01 0 1 2-chlorophenol 0.46 MG/KG U 50 nc nc NA
Lyman Mill soil RES-11-422-01 0 1 2-chlorophenol 0.47 MG/KG U 50 nc nc NA
Lyman Mill soil RES-11-423-01 0 1 2-chlorophenol 0.41 MG/KG U 50 nc nc NA
Lyman Mill soil RES-11-424-01 0 1 2-chlorophenol 110 MG/KG U 50 nc nc NA
Lyman Mill soil RES-11-426-01 0 1 2-chlorophenol 0.37 MG/KG U 50 nc nc NA
Lyman Mill soil RES-11-427-01 0 1 2-chlorophenol 0.36 MG/KG U 50 nc nc NA
Lyman Mill soil RES-11-428-01 0 1 2-chlorophenol 0.44 MG/KG U 50 nc nc NA
Lyman Mill soil RES-11-429-01 0 1 2-chlorophenol 0.4 MG/KG U 50 nc nc NA
Lyman Mill soil RES-11-430-01 0 1 2-chlorophenol 0.37 MG/KG U 50 nc nc NA
Lyman Mill soil RES-11-431-01 0 1 2-chlorophenol 2 MG/KG U 50 nc nc NA
Lyman Mill soil RES-11-432-01 0 1 2-chlorophenol 3.5 MG/KG U 50 nc nc NA
Lyman Mill soil RES-11-486-01 0 1 2-chlorophenol 4.8 MG/KG U 50 nc nc NA
Lyman Mill soil RES-11-497-01 0 1 2-chlorophenol 0.44 MG/KG U 50 nc nc NA
Lyman Mill soil RES-11-577-01 0 1 2-chlorophenol 3.9 MG/KG U 50 nc nc NA
Lyman Mill soil RES-12-556-01 0 1 2-chlorophenol 4 MG/KG U 50 nc nc NA
Lyman Mill soil RES-12-560-01 0 1 2-chlorophenol 2 MG/KG U 50 nc nc NA
Lyman Mill soil RES-12-560-02 0 1 2-chlorophenol 2.1 MG/KG U 50 nc nc NA
Lyman Mill soil RES-10-044-01 0 1 2-chlorophenol 4.4 MG/KG U 50 nc nc NA
Lyman Mill soil RES-10-053-01 0 1 2-chlorophenol 0.48 MG/KG U 50 nc nc NA
Lyman Mill soil LPX-FP-4004 0 0.5 Chrysene 0.45735 MG/KG J 0.4 nc nc Y
Lyman Mill soil LPX-FP-4006 0 0.5 Chrysene 0.32025 MG/KG 0.4 nc nc N
Lyman Mill soil LPX-FP-4007 0 0.5 Chrysene 2.83046 MG/KG 0.4 nc nc Y
Allendale soil CMS-418 0 1 Chrysene 1.8 MG/KG J 0.4 nc nc Y
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Table F-2b. Comparison of Allendale and Lyman Mill Floodplain Soil Data to Potential ARARs and TBCs
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Allendale soil CMS-418 1 2 Chrysene 0.83 MG/KG 0.4 nc nc Y
Lyman Mill soil LPX-4112 0 0.5 Chrysene 0.159123597 MG/KG 0.4 nc nc N
Lyman Mill soil LPX-4112 0 0.5 Chrysene 0.121871023 MG/KG 0.4 nc nc N
Lyman Mill soil LPX-4113 0 0.5 Chrysene 7.505017916 MG/KG 0.4 nc nc Y
Lyman Mill soil LPX-4114 0 0.5 Chrysene 0.211894473 MG/KG 0.4 nc nc N
Allendale soil SS-04 0 1.5 Chrysene 2.2 MG/KG 0.4 nc nc Y
Allendale soil SS-05 0 1.5 Chrysene 0.47 MG/KG J 0.4 nc nc Y
Allendale soil RES-14-421-01 0 1 Chrysene 0.37 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-10-004-01 0 1 Chrysene 0.16 MG/KG J 0.4 nc nc N
Lyman Mill soil RES-10-005-01 0 1 Chrysene 3.3 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-10-042-01 0 1 Chrysene 0.18 MG/KG J 0.4 nc nc N
Lyman Mill soil RES-10-044-01 0 1 Chrysene 0.82 MG/KG J 0.4 nc nc Y
Lyman Mill soil RES-10-053-01 0 1 Chrysene 0.098 MG/KG J 0.4 nc nc N
Lyman Mill soil RES-10-068-01 0 1 Chrysene 0.34 MG/KG J 0.4 nc nc N
Lyman Mill soil RES-10-074-01 0 1 Chrysene 2.4 MG/KG J 0.4 nc nc Y
Lyman Mill soil RES-10-075-01 0 1 Chrysene 29 MG/KG 0.4 nc nc Y
Lyman Mill soil RES-10-076-01 0 1 Chrysene 10 MG/KG 0.4 nc nc Y
Lyman Mill soil RES-10-604-01 0 1 Chrysene 0.7 MG/KG J 0.4 nc nc Y
Lyman Mill soil RES-11-011-01 0 1 Chrysene 1.2 MG/KG 0.4 nc nc Y
Lyman Mill soil RES-11-012-01 0 1 Chrysene 2.1 MG/KG 0.4 nc nc Y
Lyman Mill soil RES-11-328-01 0 1 Chrysene 0.7 MG/KG J 0.4 nc nc Y
Lyman Mill soil RES-11-419-01 0 1 Chrysene 0.52 MG/KG J 0.4 nc nc Y
Lyman Mill soil RES-11-420-01 0 1 Chrysene 0.15 MG/KG J 0.4 nc nc N
Lyman Mill soil RES-11-422-01 0 1 Chrysene 0.14 MG/KG J 0.4 nc nc N
Lyman Mill soil RES-11-423-01 0 1 Chrysene 0.41 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-11-424-01 0 1 Chrysene 150 MG/KG 0.4 nc nc Y
Lyman Mill soil RES-11-426-01 0 1 Chrysene 0.15 MG/KG J 0.4 nc nc N
Lyman Mill soil RES-11-427-01 0 1 Chrysene 0.042 MG/KG J 0.4 nc nc N
Lyman Mill soil RES-11-428-01 0 1 Chrysene 0.52 MG/KG 0.4 nc nc Y
Lyman Mill soil RES-11-429-01 0 1 Chrysene 0.17 MG/KG J 0.4 nc nc N
Lyman Mill soil RES-11-430-01 0 1 Chrysene 0.042 MG/KG J 0.4 nc nc N
Lyman Mill soil RES-11-431-01 0 1 Chrysene 0.22 MG/KG J 0.4 nc nc N
Lyman Mill soil RES-11-432-01 0 1 Chrysene 0.42 MG/KG J 0.4 nc nc Y
Lyman Mill soil RES-11-433-01 0 1 Chrysene 1 MG/KG J 0.4 nc nc Y
Lyman Mill soil RES-11-486-01 0 1 Chrysene 1.1 MG/KG J 0.4 nc nc Y
Lyman Mill soil RES-11-497-01 0 1 Chrysene 0.44 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-11-577-01 0 1 Chrysene 3.9 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-12-556-01 0 1 Chrysene 3.9 MG/KG J 0.4 nc nc Y
Lyman Mill soil RES-12-560-01 0 1 Chrysene 0.38 MG/KG J 0.4 nc nc N
Lyman Mill soil RES-12-560-02 0 1 Chrysene 2.3 MG/KG 0.4 nc nc Y
Lyman Mill soil RES-10-044-01 0 1 Chrysene 0.8 MG/KG J 0.4 nc nc Y
Lyman Mill soil RES-10-053-01 0 1 Chrysene 0.48 MG/KG U 0.4 nc nc NA
Lyman Mill soil LPX-FP-4004 0 0.5 Dibenzo(a,h)anthracene 0.07375 MG/KG J 0.4 nc nc N
Lyman Mill soil LPX-FP-4006 0 0.5 Dibenzo(a,h)anthracene 0.05503 MG/KG 0.4 nc nc N
Lyman Mill soil LPX-FP-4007 0 0.5 Dibenzo(a,h)anthracene 0.46627 MG/KG 0.4 nc nc Y
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Table F-2b. Comparison of Allendale and Lyman Mill Floodplain Soil Data to Potential ARARs and TBCs
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Allendale soil CMS-418 0 1 Dibenzo(a,h)anthracene 0.33 MG/KG UJ 0.4 nc nc NA
Allendale soil CMS-418 1 2 Dibenzo(a,h)anthracene 0.13 MG/KG J 0.4 nc nc N
Lyman Mill soil LPX-4112 0 0.5 Dibenzo(a,h)anthracene 0.027376699 MG/KG 0.4 nc nc N
Lyman Mill soil LPX-4112 0 0.5 Dibenzo(a,h)anthracene 0.025775198 MG/KG 0.4 nc nc N
Lyman Mill soil LPX-4113 0 0.5 Dibenzo(a,h)anthracene 0.668079575 MG/KG 0.4 nc nc Y
Lyman Mill soil LPX-4114 0 0.5 Dibenzo(a,h)anthracene 0.03778289 MG/KG 0.4 nc nc N
Allendale soil SS-04 0 1.5 Dibenzo(a,h)anthracene 0.46 MG/KG 0.4 nc nc Y
Allendale soil SS-05 0 1.5 Dibenzo(a,h)anthracene 0.12 MG/KG J 0.4 nc nc N
Allendale soil RES-14-421-01 0 1 Dibenzo(a,h)anthracene 0.37 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-10-004-01 0 1 Dibenzo(a,h)anthracene 0.46 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-10-005-01 0 1 Dibenzo(a,h)anthracene 3.3 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-10-042-01 0 1 Dibenzo(a,h)anthracene 0.82 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-10-044-01 0 1 Dibenzo(a,h)anthracene 4.3 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-10-053-01 0 1 Dibenzo(a,h)anthracene 0.5 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-10-068-01 0 1 Dibenzo(a,h)anthracene 2 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-10-074-01 0 1 Dibenzo(a,h)anthracene 5 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-10-075-01 0 1 Dibenzo(a,h)anthracene 4.5 MG/KG J 0.4 nc nc Y
Lyman Mill soil RES-10-076-01 0 1 Dibenzo(a,h)anthracene 2.7 MG/KG J 0.4 nc nc Y
Lyman Mill soil RES-10-604-01 0 1 Dibenzo(a,h)anthracene 3.1 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-11-011-01 0 1 Dibenzo(a,h)anthracene 0.14 MG/KG J 0.4 nc nc N
Lyman Mill soil RES-11-012-01 0 1 Dibenzo(a,h)anthracene 0.17 MG/KG J 0.4 nc nc N
Lyman Mill soil RES-11-328-01 0 1 Dibenzo(a,h)anthracene 2.7 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-11-419-01 0 1 Dibenzo(a,h)anthracene 4 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-11-420-01 0 1 Dibenzo(a,h)anthracene 0.46 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-11-422-01 0 1 Dibenzo(a,h)anthracene 0.47 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-11-423-01 0 1 Dibenzo(a,h)anthracene 0.41 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-11-424-01 0 1 Dibenzo(a,h)anthracene 26 MG/KG J 0.4 nc nc Y
Lyman Mill soil RES-11-426-01 0 1 Dibenzo(a,h)anthracene 0.37 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-11-427-01 0 1 Dibenzo(a,h)anthracene 0.36 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-11-428-01 0 1 Dibenzo(a,h)anthracene 0.44 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-11-429-01 0 1 Dibenzo(a,h)anthracene 0.4 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-11-430-01 0 1 Dibenzo(a,h)anthracene 0.37 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-11-431-01 0 1 Dibenzo(a,h)anthracene 2 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-11-432-01 0 1 Dibenzo(a,h)anthracene 3.5 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-11-433-01 0 1 Dibenzo(a,h)anthracene 0.13 MG/KG J 0.4 nc nc N
Lyman Mill soil RES-11-486-01 0 1 Dibenzo(a,h)anthracene 4.8 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-11-497-01 0 1 Dibenzo(a,h)anthracene 0.44 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-11-577-01 0 1 Dibenzo(a,h)anthracene 3.9 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-12-556-01 0 1 Dibenzo(a,h)anthracene 0.93 MG/KG J 0.4 nc nc Y
Lyman Mill soil RES-12-560-01 0 1 Dibenzo(a,h)anthracene 2 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-12-560-02 0 1 Dibenzo(a,h)anthracene 2.1 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-10-044-01 0 1 Dibenzo(a,h)anthracene 4.4 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-10-053-01 0 1 Dibenzo(a,h)anthracene 0.48 MG/KG U 0.4 nc nc NA
Allendale soil CMS-418 0 1 1,2-dichlorobenzene 0.33 MG/KG UJ 510 nc nc NA
Allendale soil CMS-418 1 2 1,2-dichlorobenzene 0.37 MG/KG UJ 510 nc nc NA
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Table F-2b. Comparison of Allendale and Lyman Mill Floodplain Soil Data to Potential ARARs and TBCs
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Allendale soil SS-04 0 1.5 1,2-dichlorobenzene 0.43 MG/KG U 510 nc nc NA
Allendale soil SS-05 0 1.5 1,2-dichlorobenzene 0.48 MG/KG U 510 nc nc NA
Allendale soil CMS-418 0 1 1,2-dichlorobenzene 0.0045 MG/KG U 510 nc nc NA
Allendale soil CMS-418 1 2 1,2-dichlorobenzene 0.0054 MG/KG U 510 nc nc NA
Allendale soil CMS-418 0 1 1,3-dichlorobenzene 0.33 MG/KG UJ 430 nc nc NA
Allendale soil CMS-418 1 2 1,3-dichlorobenzene 0.37 MG/KG U 430 nc nc NA
Allendale soil SS-04 0 1.5 1,3-dichlorobenzene 0.43 MG/KG U 430 nc nc NA
Allendale soil SS-05 0 1.5 1,3-dichlorobenzene 0.48 MG/KG U 430 nc nc NA
Allendale soil CMS-418 0 1 1,3-dichlorobenzene 0.0045 MG/KG U 430 nc nc NA
Allendale soil CMS-418 1 2 1,3-dichlorobenzene 0.0054 MG/KG U 430 nc nc NA
Allendale soil CMS-418 0 1 1,4-dichlorobenzene 0.33 MG/KG UJ 27 nc nc NA
Allendale soil CMS-418 1 2 1,4-dichlorobenzene 0.37 MG/KG UJ 27 nc nc NA
Allendale soil SS-04 0 1.5 1,4-dichlorobenzene 0.43 MG/KG U 27 nc nc NA
Allendale soil SS-05 0 1.5 1,4-dichlorobenzene 0.48 MG/KG U 27 nc nc NA
Allendale soil CMS-418 0 1 1,4-dichlorobenzene 0.0045 MG/KG U 27 nc nc NA
Allendale soil CMS-418 1 2 1,4-dichlorobenzene 0.0054 MG/KG U 27 nc nc NA
Allendale soil CMS-418 0 1 3,3'-dichlorobenzidine 1.6 MG/KG UJ 1.4 nc nc NA
Allendale soil CMS-418 1 2 3,3'-dichlorobenzidine 1.8 MG/KG U 1.4 nc nc NA
Allendale soil SS-04 0 1.5 3,3'-dichlorobenzidine 0.43 MG/KG U 1.4 nc nc NA
Allendale soil SS-05 0 1.5 3,3'-dichlorobenzidine 0.48 MG/KG U 1.4 nc nc NA
Allendale soil RES-14-421-01 0 1 3,3'-dichlorobenzidine 0.37 MG/KG U 1.4 nc nc NA
Lyman Mill soil RES-10-004-01 0 1 3,3'-dichlorobenzidine 0.46 MG/KG UJ 1.4 nc nc NA
Lyman Mill soil RES-10-005-01 0 1 3,3'-dichlorobenzidine 3.3 MG/KG UJ 1.4 nc nc NA
Lyman Mill soil RES-10-042-01 0 1 3,3'-dichlorobenzidine 0.82 MG/KG UJ 1.4 nc nc NA
Lyman Mill soil RES-10-044-01 0 1 3,3'-dichlorobenzidine 4.3 MG/KG UJ 1.4 nc nc NA
Lyman Mill soil RES-10-053-01 0 1 3,3'-dichlorobenzidine 0.5 MG/KG U 1.4 nc nc NA
Lyman Mill soil RES-10-068-01 0 1 3,3'-dichlorobenzidine 2 MG/KG U 1.4 nc nc NA
Lyman Mill soil RES-10-074-01 0 1 3,3'-dichlorobenzidine 5 MG/KG U 1.4 nc nc NA
Lyman Mill soil RES-10-075-01 0 1 3,3'-dichlorobenzidine 9.2 MG/KG U 1.4 nc nc NA
Lyman Mill soil RES-10-076-01 0 1 3,3'-dichlorobenzidine 9.7 MG/KG U 1.4 nc nc NA
Lyman Mill soil RES-10-604-01 0 1 3,3'-dichlorobenzidine 3.1 MG/KG UJ 1.4 nc nc NA
Lyman Mill soil RES-11-011-01 0 1 3,3'-dichlorobenzidine 0.53 MG/KG U 1.4 nc nc NA
Lyman Mill soil RES-11-012-01 0 1 3,3'-dichlorobenzidine 0.65 MG/KG U 1.4 nc nc NA
Lyman Mill soil RES-11-328-01 0 1 3,3'-dichlorobenzidine 2.7 MG/KG U 1.4 nc nc NA
Lyman Mill soil RES-11-419-01 0 1 3,3'-dichlorobenzidine 4 MG/KG U 1.4 nc nc NA
Lyman Mill soil RES-11-420-01 0 1 3,3'-dichlorobenzidine 0.46 MG/KG U 1.4 nc nc NA
Lyman Mill soil RES-11-422-01 0 1 3,3'-dichlorobenzidine 0.47 MG/KG U 1.4 nc nc NA
Lyman Mill soil RES-11-423-01 0 1 3,3'-dichlorobenzidine 0.41 MG/KG U 1.4 nc nc NA
Lyman Mill soil RES-11-424-01 0 1 3,3'-dichlorobenzidine 110 MG/KG U 1.4 nc nc NA
Lyman Mill soil RES-11-426-01 0 1 3,3'-dichlorobenzidine 0.37 MG/KG U 1.4 nc nc NA
Lyman Mill soil RES-11-427-01 0 1 3,3'-dichlorobenzidine 0.36 MG/KG U 1.4 nc nc NA
Lyman Mill soil RES-11-428-01 0 1 3,3'-dichlorobenzidine 0.44 MG/KG U 1.4 nc nc NA
Lyman Mill soil RES-11-429-01 0 1 3,3'-dichlorobenzidine 0.4 MG/KG U 1.4 nc nc NA
Lyman Mill soil RES-11-430-01 0 1 3,3'-dichlorobenzidine 0.37 MG/KG U 1.4 nc nc NA
Lyman Mill soil RES-11-431-01 0 1 3,3'-dichlorobenzidine 2 MG/KG U 1.4 nc nc NA
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Table F-2b. Comparison of Allendale and Lyman Mill Floodplain Soil Data to Potential ARARs and TBCs
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Lyman Mill soil RES-11-432-01 0 1 3,3'-dichlorobenzidine 3.5 MG/KG U 1.4 nc nc NA
Lyman Mill soil RES-11-486-01 0 1 3,3'-dichlorobenzidine 4.8 MG/KG U 1.4 nc nc NA
Lyman Mill soil RES-11-497-01 0 1 3,3'-dichlorobenzidine 0.44 MG/KG U 1.4 nc nc NA
Lyman Mill soil RES-11-577-01 0 1 3,3'-dichlorobenzidine 3.9 MG/KG U 1.4 nc nc NA
Lyman Mill soil RES-12-556-01 0 1 3,3'-dichlorobenzidine 4 MG/KG U 1.4 nc nc NA
Lyman Mill soil RES-12-560-01 0 1 3,3'-dichlorobenzidine 2 MG/KG U 1.4 nc nc NA
Lyman Mill soil RES-12-560-02 0 1 3,3'-dichlorobenzidine 2.1 MG/KG U 1.4 nc nc NA
Lyman Mill soil RES-10-044-01 0 1 3,3'-dichlorobenzidine 4.4 MG/KG U 1.4 nc nc NA
Lyman Mill soil RES-10-053-01 0 1 3,3'-dichlorobenzidine 0.48 MG/KG U 1.4 nc nc NA
Allendale soil CMS-418 0 1 2,4-dichlorophenol 0.33 MG/KG UJ 30 nc nc NA
Allendale soil CMS-418 1 2 2,4-dichlorophenol 0.37 MG/KG U 30 nc nc NA
Allendale soil SS-04 0 1.5 2,4-dichlorophenol 0.43 MG/KG U 30 nc nc NA
Allendale soil SS-05 0 1.5 2,4-dichlorophenol 0.48 MG/KG U 30 nc nc NA
Allendale soil RES-14-421-01 0 1 2,4-dichlorophenol 0.37 MG/KG U 30 nc nc NA
Lyman Mill soil RES-10-004-01 0 1 2,4-dichlorophenol 0.46 MG/KG U 30 nc nc NA
Lyman Mill soil RES-10-005-01 0 1 2,4-dichlorophenol 3.3 MG/KG U 30 nc nc NA
Lyman Mill soil RES-10-042-01 0 1 2,4-dichlorophenol 0.82 MG/KG U 30 nc nc NA
Lyman Mill soil RES-10-044-01 0 1 2,4-dichlorophenol 4.3 MG/KG U 30 nc nc NA
Lyman Mill soil RES-10-053-01 0 1 2,4-dichlorophenol 0.5 MG/KG U 30 nc nc NA
Lyman Mill soil RES-10-068-01 0 1 2,4-dichlorophenol 2 MG/KG U 30 nc nc NA
Lyman Mill soil RES-10-074-01 0 1 2,4-dichlorophenol 5 MG/KG U 30 nc nc NA
Lyman Mill soil RES-10-075-01 0 1 2,4-dichlorophenol 9.2 MG/KG U 30 nc nc NA
Lyman Mill soil RES-10-076-01 0 1 2,4-dichlorophenol 9.7 MG/KG U 30 nc nc NA
Lyman Mill soil RES-10-604-01 0 1 2,4-dichlorophenol 3.1 MG/KG U 30 nc nc NA
Lyman Mill soil RES-11-011-01 0 1 2,4-dichlorophenol 0.53 MG/KG U 30 nc nc NA
Lyman Mill soil RES-11-012-01 0 1 2,4-dichlorophenol 0.65 MG/KG U 30 nc nc NA
Lyman Mill soil RES-11-328-01 0 1 2,4-dichlorophenol 2.7 MG/KG U 30 nc nc NA
Lyman Mill soil RES-11-419-01 0 1 2,4-dichlorophenol 4 MG/KG U 30 nc nc NA
Lyman Mill soil RES-11-420-01 0 1 2,4-dichlorophenol 0.46 MG/KG U 30 nc nc NA
Lyman Mill soil RES-11-422-01 0 1 2,4-dichlorophenol 0.47 MG/KG U 30 nc nc NA
Lyman Mill soil RES-11-423-01 0 1 2,4-dichlorophenol 0.41 MG/KG U 30 nc nc NA
Lyman Mill soil RES-11-424-01 0 1 2,4-dichlorophenol 110 MG/KG U 30 nc nc NA
Lyman Mill soil RES-11-426-01 0 1 2,4-dichlorophenol 0.37 MG/KG U 30 nc nc NA
Lyman Mill soil RES-11-427-01 0 1 2,4-dichlorophenol 0.36 MG/KG U 30 nc nc NA
Lyman Mill soil RES-11-428-01 0 1 2,4-dichlorophenol 0.44 MG/KG U 30 nc nc NA
Lyman Mill soil RES-11-429-01 0 1 2,4-dichlorophenol 0.4 MG/KG U 30 nc nc NA
Lyman Mill soil RES-11-430-01 0 1 2,4-dichlorophenol 0.37 MG/KG U 30 nc nc NA
Lyman Mill soil RES-11-431-01 0 1 2,4-dichlorophenol 2 MG/KG U 30 nc nc NA
Lyman Mill soil RES-11-432-01 0 1 2,4-dichlorophenol 3.5 MG/KG U 30 nc nc NA
Lyman Mill soil RES-11-486-01 0 1 2,4-dichlorophenol 4.8 MG/KG U 30 nc nc NA
Lyman Mill soil RES-11-497-01 0 1 2,4-dichlorophenol 0.44 MG/KG U 30 nc nc NA
Lyman Mill soil RES-11-577-01 0 1 2,4-dichlorophenol 3.9 MG/KG U 30 nc nc NA
Lyman Mill soil RES-12-556-01 0 1 2,4-dichlorophenol 4 MG/KG U 30 nc nc NA
Lyman Mill soil RES-12-560-01 0 1 2,4-dichlorophenol 2 MG/KG U 30 nc nc NA
Lyman Mill soil RES-12-560-02 0 1 2,4-dichlorophenol 2.1 MG/KG U 30 nc nc NA
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Table F-2b. Comparison of Allendale and Lyman Mill Floodplain Soil Data to Potential ARARs and TBCs
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Lyman Mill soil RES-10-044-01 0 1 2,4-dichlorophenol 4.4 MG/KG U 30 nc nc NA
Lyman Mill soil RES-10-053-01 0 1 2,4-dichlorophenol 0.48 MG/KG U 30 nc nc NA
Allendale soil CMS-418 0 1 Diethylphthalate 0.33 MG/KG UJ 340 nc nc NA
Allendale soil CMS-418 1 2 Diethylphthalate 0.37 MG/KG U 340 nc nc NA
Allendale soil SS-04 0 1.5 Diethylphthalate 0.43 MG/KG U 340 nc nc NA
Allendale soil SS-05 0 1.5 Diethylphthalate 0.48 MG/KG U 340 nc nc NA
Allendale soil RES-14-421-01 0 1 Diethylphthalate 0.37 MG/KG U 340 nc nc NA
Lyman Mill soil RES-10-004-01 0 1 Diethylphthalate 0.46 MG/KG U 340 nc nc NA
Lyman Mill soil RES-10-005-01 0 1 Diethylphthalate 3.3 MG/KG U 340 nc nc NA
Lyman Mill soil RES-10-042-01 0 1 Diethylphthalate 0.82 MG/KG U 340 nc nc NA
Lyman Mill soil RES-10-044-01 0 1 Diethylphthalate 4.3 MG/KG U 340 nc nc NA
Lyman Mill soil RES-10-053-01 0 1 Diethylphthalate 0.5 MG/KG U 340 nc nc NA
Lyman Mill soil RES-10-068-01 0 1 Diethylphthalate 2 MG/KG U 340 nc nc NA
Lyman Mill soil RES-10-074-01 0 1 Diethylphthalate 5 MG/KG U 340 nc nc NA
Lyman Mill soil RES-10-075-01 0 1 Diethylphthalate 9.2 MG/KG U 340 nc nc NA
Lyman Mill soil RES-10-076-01 0 1 Diethylphthalate 9.7 MG/KG U 340 nc nc NA
Lyman Mill soil RES-10-604-01 0 1 Diethylphthalate 3.1 MG/KG U 340 nc nc NA
Lyman Mill soil RES-11-011-01 0 1 Diethylphthalate 0.53 MG/KG U 340 nc nc NA
Lyman Mill soil RES-11-012-01 0 1 Diethylphthalate 0.65 MG/KG U 340 nc nc NA
Lyman Mill soil RES-11-328-01 0 1 Diethylphthalate 2.7 MG/KG U 340 nc nc NA
Lyman Mill soil RES-11-419-01 0 1 Diethylphthalate 4 MG/KG U 340 nc nc NA
Lyman Mill soil RES-11-420-01 0 1 Diethylphthalate 0.46 MG/KG U 340 nc nc NA
Lyman Mill soil RES-11-422-01 0 1 Diethylphthalate 0.47 MG/KG U 340 nc nc NA
Lyman Mill soil RES-11-423-01 0 1 Diethylphthalate 0.41 MG/KG U 340 nc nc NA
Lyman Mill soil RES-11-424-01 0 1 Diethylphthalate 110 MG/KG U 340 nc nc NA
Lyman Mill soil RES-11-426-01 0 1 Diethylphthalate 0.37 MG/KG U 340 nc nc NA
Lyman Mill soil RES-11-427-01 0 1 Diethylphthalate 0.36 MG/KG U 340 nc nc NA
Lyman Mill soil RES-11-428-01 0 1 Diethylphthalate 0.44 MG/KG U 340 nc nc NA
Lyman Mill soil RES-11-429-01 0 1 Diethylphthalate 0.4 MG/KG U 340 nc nc NA
Lyman Mill soil RES-11-430-01 0 1 Diethylphthalate 0.37 MG/KG U 340 nc nc NA
Lyman Mill soil RES-11-431-01 0 1 Diethylphthalate 2 MG/KG U 340 nc nc NA
Lyman Mill soil RES-11-432-01 0 1 Diethylphthalate 3.5 MG/KG U 340 nc nc NA
Lyman Mill soil RES-11-486-01 0 1 Diethylphthalate 4.8 MG/KG U 340 nc nc NA
Lyman Mill soil RES-11-497-01 0 1 Diethylphthalate 0.44 MG/KG U 340 nc nc NA
Lyman Mill soil RES-11-577-01 0 1 Diethylphthalate 3.9 MG/KG U 340 nc nc NA
Lyman Mill soil RES-12-556-01 0 1 Diethylphthalate 4 MG/KG U 340 nc nc NA
Lyman Mill soil RES-12-560-01 0 1 Diethylphthalate 2 MG/KG U 340 nc nc NA
Lyman Mill soil RES-12-560-02 0 1 Diethylphthalate 2.1 MG/KG U 340 nc nc NA
Lyman Mill soil RES-10-044-01 0 1 Diethylphthalate 4.4 MG/KG U 340 nc nc NA
Lyman Mill soil RES-10-053-01 0 1 Diethylphthalate 0.48 MG/KG U 340 nc nc NA
Allendale soil CMS-418 0 1 2,4-dimethylphenol 0.33 MG/KG UJ 1400 nc nc NA
Allendale soil CMS-418 1 2 2,4-dimethylphenol 0.37 MG/KG U 1400 nc nc NA
Allendale soil SS-04 0 1.5 2,4-dimethylphenol 0.43 MG/KG U 1400 nc nc NA
Allendale soil SS-05 0 1.5 2,4-dimethylphenol 0.48 MG/KG U 1400 nc nc NA
Allendale soil RES-14-421-01 0 1 2,4-dimethylphenol 0.37 MG/KG U 1400 nc nc NA
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Lyman Mill soil RES-10-004-01 0 1 2,4-dimethylphenol 0.46 MG/KG U 1400 nc nc NA
Lyman Mill soil RES-10-005-01 0 1 2,4-dimethylphenol 3.3 MG/KG U 1400 nc nc NA
Lyman Mill soil RES-10-042-01 0 1 2,4-dimethylphenol 0.82 MG/KG U 1400 nc nc NA
Lyman Mill soil RES-10-044-01 0 1 2,4-dimethylphenol 4.3 MG/KG U 1400 nc nc NA
Lyman Mill soil RES-10-053-01 0 1 2,4-dimethylphenol 0.5 MG/KG U 1400 nc nc NA
Lyman Mill soil RES-10-068-01 0 1 2,4-dimethylphenol 2 MG/KG U 1400 nc nc NA
Lyman Mill soil RES-10-074-01 0 1 2,4-dimethylphenol 5 MG/KG U 1400 nc nc NA
Lyman Mill soil RES-10-075-01 0 1 2,4-dimethylphenol 9.2 MG/KG U 1400 nc nc NA
Lyman Mill soil RES-10-076-01 0 1 2,4-dimethylphenol 9.7 MG/KG U 1400 nc nc NA
Lyman Mill soil RES-10-604-01 0 1 2,4-dimethylphenol 3.1 MG/KG U 1400 nc nc NA
Lyman Mill soil RES-11-011-01 0 1 2,4-dimethylphenol 0.53 MG/KG U 1400 nc nc NA
Lyman Mill soil RES-11-012-01 0 1 2,4-dimethylphenol 0.65 MG/KG U 1400 nc nc NA
Lyman Mill soil RES-11-328-01 0 1 2,4-dimethylphenol 2.7 MG/KG U 1400 nc nc NA
Lyman Mill soil RES-11-419-01 0 1 2,4-dimethylphenol 4 MG/KG U 1400 nc nc NA
Lyman Mill soil RES-11-420-01 0 1 2,4-dimethylphenol 0.46 MG/KG U 1400 nc nc NA
Lyman Mill soil RES-11-422-01 0 1 2,4-dimethylphenol 0.47 MG/KG U 1400 nc nc NA
Lyman Mill soil RES-11-423-01 0 1 2,4-dimethylphenol 0.41 MG/KG U 1400 nc nc NA
Lyman Mill soil RES-11-424-01 0 1 2,4-dimethylphenol 110 MG/KG U 1400 nc nc NA
Lyman Mill soil RES-11-426-01 0 1 2,4-dimethylphenol 0.37 MG/KG U 1400 nc nc NA
Lyman Mill soil RES-11-427-01 0 1 2,4-dimethylphenol 0.36 MG/KG U 1400 nc nc NA
Lyman Mill soil RES-11-428-01 0 1 2,4-dimethylphenol 0.44 MG/KG U 1400 nc nc NA
Lyman Mill soil RES-11-429-01 0 1 2,4-dimethylphenol 0.4 MG/KG U 1400 nc nc NA
Lyman Mill soil RES-11-430-01 0 1 2,4-dimethylphenol 0.37 MG/KG U 1400 nc nc NA
Lyman Mill soil RES-11-431-01 0 1 2,4-dimethylphenol 2 MG/KG U 1400 nc nc NA
Lyman Mill soil RES-11-432-01 0 1 2,4-dimethylphenol 3.5 MG/KG U 1400 nc nc NA
Lyman Mill soil RES-11-486-01 0 1 2,4-dimethylphenol 4.8 MG/KG U 1400 nc nc NA
Lyman Mill soil RES-11-497-01 0 1 2,4-dimethylphenol 0.44 MG/KG U 1400 nc nc NA
Lyman Mill soil RES-11-577-01 0 1 2,4-dimethylphenol 3.9 MG/KG U 1400 nc nc NA
Lyman Mill soil RES-12-556-01 0 1 2,4-dimethylphenol 4 MG/KG U 1400 nc nc NA
Lyman Mill soil RES-12-560-01 0 1 2,4-dimethylphenol 2 MG/KG U 1400 nc nc NA
Lyman Mill soil RES-12-560-02 0 1 2,4-dimethylphenol 2.1 MG/KG U 1400 nc nc NA
Lyman Mill soil RES-10-044-01 0 1 2,4-dimethylphenol 4.4 MG/KG U 1400 nc nc NA
Lyman Mill soil RES-10-053-01 0 1 2,4-dimethylphenol 0.48 MG/KG U 1400 nc nc NA
Allendale soil CMS-418 0 1 Dimethylphthalate 0.33 MG/KG UJ 1900 nc nc NA
Allendale soil CMS-418 1 2 Dimethylphthalate 0.37 MG/KG U 1900 nc nc NA
Allendale soil SS-04 0 1.5 Dimethylphthalate 0.43 MG/KG U 1900 nc nc NA
Allendale soil SS-05 0 1.5 Dimethylphthalate 0.48 MG/KG U 1900 nc nc NA
Allendale soil RES-14-421-01 0 1 Dimethylphthalate 0.37 MG/KG U 1900 nc nc NA
Lyman Mill soil RES-10-004-01 0 1 Dimethylphthalate 0.46 MG/KG U 1900 nc nc NA
Lyman Mill soil RES-10-005-01 0 1 Dimethylphthalate 3.3 MG/KG U 1900 nc nc NA
Lyman Mill soil RES-10-042-01 0 1 Dimethylphthalate 0.82 MG/KG U 1900 nc nc NA
Lyman Mill soil RES-10-044-01 0 1 Dimethylphthalate 4.3 MG/KG U 1900 nc nc NA
Lyman Mill soil RES-10-053-01 0 1 Dimethylphthalate 0.5 MG/KG U 1900 nc nc NA
Lyman Mill soil RES-10-068-01 0 1 Dimethylphthalate 2 MG/KG U 1900 nc nc NA
Lyman Mill soil RES-10-074-01 0 1 Dimethylphthalate 5 MG/KG U 1900 nc nc NA
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Table F-2b. Comparison of Allendale and Lyman Mill Floodplain Soil Data to Potential ARARs and TBCs
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Potential ARARs and TBC1


Lyman Mill soil RES-10-075-01 0 1 Dimethylphthalate 9.2 MG/KG U 1900 nc nc NA
Lyman Mill soil RES-10-076-01 0 1 Dimethylphthalate 9.7 MG/KG U 1900 nc nc NA
Lyman Mill soil RES-10-604-01 0 1 Dimethylphthalate 3.1 MG/KG U 1900 nc nc NA
Lyman Mill soil RES-11-011-01 0 1 Dimethylphthalate 0.53 MG/KG U 1900 nc nc NA
Lyman Mill soil RES-11-012-01 0 1 Dimethylphthalate 0.65 MG/KG U 1900 nc nc NA
Lyman Mill soil RES-11-328-01 0 1 Dimethylphthalate 2.7 MG/KG U 1900 nc nc NA
Lyman Mill soil RES-11-419-01 0 1 Dimethylphthalate 4 MG/KG U 1900 nc nc NA
Lyman Mill soil RES-11-420-01 0 1 Dimethylphthalate 0.46 MG/KG U 1900 nc nc NA
Lyman Mill soil RES-11-422-01 0 1 Dimethylphthalate 0.47 MG/KG U 1900 nc nc NA
Lyman Mill soil RES-11-423-01 0 1 Dimethylphthalate 0.41 MG/KG U 1900 nc nc NA
Lyman Mill soil RES-11-424-01 0 1 Dimethylphthalate 110 MG/KG U 1900 nc nc NA
Lyman Mill soil RES-11-426-01 0 1 Dimethylphthalate 0.37 MG/KG U 1900 nc nc NA
Lyman Mill soil RES-11-427-01 0 1 Dimethylphthalate 0.36 MG/KG U 1900 nc nc NA
Lyman Mill soil RES-11-428-01 0 1 Dimethylphthalate 0.44 MG/KG U 1900 nc nc NA
Lyman Mill soil RES-11-429-01 0 1 Dimethylphthalate 0.4 MG/KG U 1900 nc nc NA
Lyman Mill soil RES-11-430-01 0 1 Dimethylphthalate 0.37 MG/KG U 1900 nc nc NA
Lyman Mill soil RES-11-431-01 0 1 Dimethylphthalate 2 MG/KG U 1900 nc nc NA
Lyman Mill soil RES-11-432-01 0 1 Dimethylphthalate 3.5 MG/KG U 1900 nc nc NA
Lyman Mill soil RES-11-486-01 0 1 Dimethylphthalate 4.8 MG/KG U 1900 nc nc NA
Lyman Mill soil RES-11-497-01 0 1 Dimethylphthalate 0.44 MG/KG U 1900 nc nc NA
Lyman Mill soil RES-11-577-01 0 1 Dimethylphthalate 3.9 MG/KG U 1900 nc nc NA
Lyman Mill soil RES-12-556-01 0 1 Dimethylphthalate 4 MG/KG U 1900 nc nc NA
Lyman Mill soil RES-12-560-01 0 1 Dimethylphthalate 2 MG/KG U 1900 nc nc NA
Lyman Mill soil RES-12-560-02 0 1 Dimethylphthalate 2.1 MG/KG U 1900 nc nc NA
Lyman Mill soil RES-10-044-01 0 1 Dimethylphthalate 4.4 MG/KG U 1900 nc nc NA
Lyman Mill soil RES-10-053-01 0 1 Dimethylphthalate 0.48 MG/KG U 1900 nc nc NA
Lyman Mill soil LPX-FP-4004 0 0.5 2,4-dinitrophenol 2.6 MG/KG UJ 160 nc nc NA
Lyman Mill soil LPX-FP-4006 0 0.5 2,4-dinitrophenol 2.6 MG/KG UJ 160 nc nc NA
Lyman Mill soil LPX-FP-4007 0 0.5 2,4-dinitrophenol 3 MG/KG UJ 160 nc nc NA
Allendale soil CMS-418 0 1 2,4-dinitrophenol 1.6 MG/KG UJ 160 nc nc NA
Allendale soil CMS-418 1 2 2,4-dinitrophenol 1.8 MG/KG UJ 160 nc nc NA
Lyman Mill soil LPX-4112 0 0.5 2,4-dinitrophenol 1.9 MG/KG U 160 nc nc NA
Lyman Mill soil LPX-4112 0 0.5 2,4-dinitrophenol 1.9 MG/KG U 160 nc nc NA
Lyman Mill soil LPX-4113 0 0.5 2,4-dinitrophenol 1.9 MG/KG U 160 nc nc NA
Lyman Mill soil LPX-4114 0 0.5 2,4-dinitrophenol 2.1 MG/KG U 160 nc nc NA
Allendale soil SS-04 0 1.5 2,4-dinitrophenol 1.1 MG/KG U 160 nc nc NA
Allendale soil SS-05 0 1.5 2,4-dinitrophenol 1.2 MG/KG UJ 160 nc nc NA
Allendale soil RES-14-421-01 0 1 2,4-dinitrophenol 0.92 MG/KG U 160 nc nc NA
Lyman Mill soil RES-10-004-01 0 1 2,4-dinitrophenol 1.2 MG/KG UJ 160 nc nc NA
Lyman Mill soil RES-10-005-01 0 1 2,4-dinitrophenol 8.3 MG/KG UJ 160 nc nc NA
Lyman Mill soil RES-10-042-01 0 1 2,4-dinitrophenol 2 MG/KG UJ 160 nc nc NA
Lyman Mill soil RES-10-044-01 0 1 2,4-dinitrophenol 11 MG/KG UJ 160 nc nc NA
Lyman Mill soil RES-10-053-01 0 1 2,4-dinitrophenol 1.3 MG/KG U 160 nc nc NA
Lyman Mill soil RES-10-068-01 0 1 2,4-dinitrophenol 5 MG/KG U 160 nc nc NA
Lyman Mill soil RES-10-074-01 0 1 2,4-dinitrophenol 12 MG/KG U 160 nc nc NA
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Table F-2b. Comparison of Allendale and Lyman Mill Floodplain Soil Data to Potential ARARs and TBCs
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Lyman Mill soil RES-10-075-01 0 1 2,4-dinitrophenol 23 MG/KG U 160 nc nc NA
Lyman Mill soil RES-10-076-01 0 1 2,4-dinitrophenol 24 MG/KG U 160 nc nc NA
Lyman Mill soil RES-10-604-01 0 1 2,4-dinitrophenol 7.7 MG/KG UJ 160 nc nc NA
Lyman Mill soil RES-11-011-01 0 1 2,4-dinitrophenol 1.3 MG/KG U 160 nc nc NA
Lyman Mill soil RES-11-012-01 0 1 2,4-dinitrophenol 1.6 MG/KG U 160 nc nc NA
Lyman Mill soil RES-11-328-01 0 1 2,4-dinitrophenol 6.8 MG/KG U 160 nc nc NA
Lyman Mill soil RES-11-419-01 0 1 2,4-dinitrophenol 10 MG/KG U 160 nc nc NA
Lyman Mill soil RES-11-420-01 0 1 2,4-dinitrophenol 1.1 MG/KG U 160 nc nc NA
Lyman Mill soil RES-11-422-01 0 1 2,4-dinitrophenol 1.2 MG/KG U 160 nc nc NA
Lyman Mill soil RES-11-423-01 0 1 2,4-dinitrophenol 1 MG/KG UJ 160 nc nc NA
Lyman Mill soil RES-11-424-01 0 1 2,4-dinitrophenol 280 MG/KG UJ 160 nc nc NA
Lyman Mill soil RES-11-426-01 0 1 2,4-dinitrophenol 0.92 MG/KG U 160 nc nc NA
Lyman Mill soil RES-11-427-01 0 1 2,4-dinitrophenol 0.9 MG/KG UJ 160 nc nc NA
Lyman Mill soil RES-11-428-01 0 1 2,4-dinitrophenol 1.1 MG/KG U 160 nc nc NA
Lyman Mill soil RES-11-429-01 0 1 2,4-dinitrophenol 1 MG/KG UJ 160 nc nc NA
Lyman Mill soil RES-11-430-01 0 1 2,4-dinitrophenol 0.93 MG/KG U 160 nc nc NA
Lyman Mill soil RES-11-431-01 0 1 2,4-dinitrophenol 5.1 MG/KG U 160 nc nc NA
Lyman Mill soil RES-11-432-01 0 1 2,4-dinitrophenol 8.7 MG/KG U 160 nc nc NA
Lyman Mill soil RES-11-486-01 0 1 2,4-dinitrophenol 12 MG/KG U 160 nc nc NA
Lyman Mill soil RES-11-497-01 0 1 2,4-dinitrophenol 1.1 MG/KG U 160 nc nc NA
Lyman Mill soil RES-11-577-01 0 1 2,4-dinitrophenol 9.8 MG/KG U 160 nc nc NA
Lyman Mill soil RES-12-556-01 0 1 2,4-dinitrophenol 10 MG/KG UJ 160 nc nc NA
Lyman Mill soil RES-12-560-01 0 1 2,4-dinitrophenol 4.9 MG/KG UJ 160 nc nc NA
Lyman Mill soil RES-12-560-02 0 1 2,4-dinitrophenol 5.3 MG/KG UJ 160 nc nc NA
Lyman Mill soil RES-10-044-01 0 1 2,4-dinitrophenol 11 MG/KG U 160 nc nc NA
Lyman Mill soil RES-10-053-01 0 1 2,4-dinitrophenol 1.2 MG/KG U 160 nc nc NA
Allendale soil CMS-418 0 1 2,4-dinitrotoluene 0.33 MG/KG UJ 0.9 nc nc NA
Allendale soil CMS-418 1 2 2,4-dinitrotoluene 0.37 MG/KG U 0.9 nc nc NA
Allendale soil SS-04 0 1.5 2,4-dinitrotoluene 0.43 MG/KG U 0.9 nc nc NA
Allendale soil SS-05 0 1.5 2,4-dinitrotoluene 0.48 MG/KG U 0.9 nc nc NA
Allendale soil RES-14-421-01 0 1 2,4-dinitrotoluene 0.37 MG/KG U 0.9 nc nc NA
Lyman Mill soil RES-10-004-01 0 1 2,4-dinitrotoluene 0.46 MG/KG U 0.9 nc nc NA
Lyman Mill soil RES-10-005-01 0 1 2,4-dinitrotoluene 3.3 MG/KG U 0.9 nc nc NA
Lyman Mill soil RES-10-042-01 0 1 2,4-dinitrotoluene 0.82 MG/KG U 0.9 nc nc NA
Lyman Mill soil RES-10-044-01 0 1 2,4-dinitrotoluene 4.3 MG/KG U 0.9 nc nc NA
Lyman Mill soil RES-10-053-01 0 1 2,4-dinitrotoluene 0.5 MG/KG U 0.9 nc nc NA
Lyman Mill soil RES-10-068-01 0 1 2,4-dinitrotoluene 2 MG/KG U 0.9 nc nc NA
Lyman Mill soil RES-10-074-01 0 1 2,4-dinitrotoluene 5 MG/KG U 0.9 nc nc NA
Lyman Mill soil RES-10-075-01 0 1 2,4-dinitrotoluene 9.2 MG/KG U 0.9 nc nc NA
Lyman Mill soil RES-10-076-01 0 1 2,4-dinitrotoluene 9.7 MG/KG U 0.9 nc nc NA
Lyman Mill soil RES-10-604-01 0 1 2,4-dinitrotoluene 3.1 MG/KG U 0.9 nc nc NA
Lyman Mill soil RES-11-011-01 0 1 2,4-dinitrotoluene 0.53 MG/KG U 0.9 nc nc NA
Lyman Mill soil RES-11-012-01 0 1 2,4-dinitrotoluene 0.65 MG/KG U 0.9 nc nc NA
Lyman Mill soil RES-11-328-01 0 1 2,4-dinitrotoluene 2.7 MG/KG U 0.9 nc nc NA
Lyman Mill soil RES-11-419-01 0 1 2,4-dinitrotoluene 4 MG/KG U 0.9 nc nc NA
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Table F-2b. Comparison of Allendale and Lyman Mill Floodplain Soil Data to Potential ARARs and TBCs
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Lyman Mill soil RES-11-420-01 0 1 2,4-dinitrotoluene 0.46 MG/KG U 0.9 nc nc NA
Lyman Mill soil RES-11-422-01 0 1 2,4-dinitrotoluene 0.47 MG/KG U 0.9 nc nc NA
Lyman Mill soil RES-11-423-01 0 1 2,4-dinitrotoluene 0.41 MG/KG U 0.9 nc nc NA
Lyman Mill soil RES-11-424-01 0 1 2,4-dinitrotoluene 110 MG/KG U 0.9 nc nc NA
Lyman Mill soil RES-11-426-01 0 1 2,4-dinitrotoluene 0.37 MG/KG U 0.9 nc nc NA
Lyman Mill soil RES-11-427-01 0 1 2,4-dinitrotoluene 0.36 MG/KG U 0.9 nc nc NA
Lyman Mill soil RES-11-428-01 0 1 2,4-dinitrotoluene 0.44 MG/KG U 0.9 nc nc NA
Lyman Mill soil RES-11-429-01 0 1 2,4-dinitrotoluene 0.4 MG/KG U 0.9 nc nc NA
Lyman Mill soil RES-11-430-01 0 1 2,4-dinitrotoluene 0.37 MG/KG U 0.9 nc nc NA
Lyman Mill soil RES-11-431-01 0 1 2,4-dinitrotoluene 2 MG/KG U 0.9 nc nc NA
Lyman Mill soil RES-11-432-01 0 1 2,4-dinitrotoluene 3.5 MG/KG U 0.9 nc nc NA
Lyman Mill soil RES-11-486-01 0 1 2,4-dinitrotoluene 4.8 MG/KG U 0.9 nc nc NA
Lyman Mill soil RES-11-497-01 0 1 2,4-dinitrotoluene 0.44 MG/KG U 0.9 nc nc NA
Lyman Mill soil RES-11-577-01 0 1 2,4-dinitrotoluene 3.9 MG/KG U 0.9 nc nc NA
Lyman Mill soil RES-12-556-01 0 1 2,4-dinitrotoluene 4 MG/KG U 0.9 nc nc NA
Lyman Mill soil RES-12-560-01 0 1 2,4-dinitrotoluene 2 MG/KG U 0.9 nc nc NA
Lyman Mill soil RES-12-560-02 0 1 2,4-dinitrotoluene 2.1 MG/KG U 0.9 nc nc NA
Lyman Mill soil RES-10-044-01 0 1 2,4-dinitrotoluene 4.4 MG/KG U 0.9 nc nc NA
Lyman Mill soil RES-10-053-01 0 1 2,4-dinitrotoluene 0.48 MG/KG U 0.9 nc nc NA
Lyman Mill soil LPX-FP-4004 0 0.5 Fluoranthene 0.79252 MG/KG J 20 nc nc N
Lyman Mill soil LPX-FP-4006 0 0.5 Fluoranthene 0.59605 MG/KG 20 nc nc N
Lyman Mill soil LPX-FP-4007 0 0.5 Fluoranthene 4.87119 MG/KG 20 nc nc N
Allendale soil CMS-418 0 1 Fluoranthene 3.8 MG/KG J 20 nc nc N
Allendale soil CMS-418 1 2 Fluoranthene 2.1 MG/KG 20 nc nc N
Lyman Mill soil LPX-4112 0 0.5 Fluoranthene 0.330768072 MG/KG 20 nc nc N
Lyman Mill soil LPX-4112 0 0.5 Fluoranthene 0.210053019 MG/KG 20 nc nc N
Lyman Mill soil LPX-4113 0 0.5 Fluoranthene 21.77809159 MG/KG 20 nc nc Y
Lyman Mill soil LPX-4114 0 0.5 Fluoranthene 0.381116777 MG/KG 20 nc nc N
Allendale soil SS-04 0 1.5 Fluoranthene 4.7 MG/KG * 20 nc nc N
Allendale soil SS-05 0 1.5 Fluoranthene 1.1 MG/KG 20 nc nc N
Allendale soil RES-14-421-01 0 1 Fluoranthene 0.051 MG/KG J 20 nc nc N
Lyman Mill soil RES-10-004-01 0 1 Fluoranthene 0.22 MG/KG J 20 nc nc N
Lyman Mill soil RES-10-005-01 0 1 Fluoranthene 3.3 MG/KG U 20 nc nc NA
Lyman Mill soil RES-10-042-01 0 1 Fluoranthene 0.2 MG/KG J 20 nc nc N
Lyman Mill soil RES-10-044-01 0 1 Fluoranthene 1.2 MG/KG J 20 nc nc N
Lyman Mill soil RES-10-053-01 0 1 Fluoranthene 0.18 MG/KG J 20 nc nc N
Lyman Mill soil RES-10-068-01 0 1 Fluoranthene 0.49 MG/KG J 20 nc nc N
Lyman Mill soil RES-10-074-01 0 1 Fluoranthene 4.6 MG/KG J 20 nc nc N
Lyman Mill soil RES-10-075-01 0 1 Fluoranthene 68 MG/KG 20 nc nc Y
Lyman Mill soil RES-10-076-01 0 1 Fluoranthene 19 MG/KG 20 nc nc N
Lyman Mill soil RES-10-604-01 0 1 Fluoranthene 0.79 MG/KG J 20 nc nc N
Lyman Mill soil RES-11-011-01 0 1 Fluoranthene 2 MG/KG 20 nc nc N
Lyman Mill soil RES-11-012-01 0 1 Fluoranthene 3.4 MG/KG 20 nc nc N
Lyman Mill soil RES-11-328-01 0 1 Fluoranthene 1.1 MG/KG J 20 nc nc N
Lyman Mill soil RES-11-419-01 0 1 Fluoranthene 0.59 MG/KG J 20 nc nc N
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Table F-2b. Comparison of Allendale and Lyman Mill Floodplain Soil Data to Potential ARARs and TBCs
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Lyman Mill soil RES-11-420-01 0 1 Fluoranthene 0.26 MG/KG J 20 nc nc N
Lyman Mill soil RES-11-422-01 0 1 Fluoranthene 0.24 MG/KG J 20 nc nc N
Lyman Mill soil RES-11-423-01 0 1 Fluoranthene 0.41 MG/KG U 20 nc nc NA
Lyman Mill soil RES-11-424-01 0 1 Fluoranthene 300 MG/KG J 20 nc nc Y
Lyman Mill soil RES-11-426-01 0 1 Fluoranthene 0.29 MG/KG J 20 nc nc N
Lyman Mill soil RES-11-427-01 0 1 Fluoranthene 0.072 MG/KG J 20 nc nc N
Lyman Mill soil RES-11-428-01 0 1 Fluoranthene 1 MG/KG 20 nc nc N
Lyman Mill soil RES-11-429-01 0 1 Fluoranthene 0.17 MG/KG J 20 nc nc N
Lyman Mill soil RES-11-430-01 0 1 Fluoranthene 0.08 MG/KG J 20 nc nc N
Lyman Mill soil RES-11-431-01 0 1 Fluoranthene 0.22 MG/KG J 20 nc nc N
Lyman Mill soil RES-11-432-01 0 1 Fluoranthene 0.72 MG/KG J 20 nc nc N
Lyman Mill soil RES-11-433-01 0 1 Fluoranthene 1.3 MG/KG J 20 nc nc N
Lyman Mill soil RES-11-486-01 0 1 Fluoranthene 1.7 MG/KG J 20 nc nc N
Lyman Mill soil RES-11-497-01 0 1 Fluoranthene 0.44 MG/KG U 20 nc nc NA
Lyman Mill soil RES-11-577-01 0 1 Fluoranthene 3.9 MG/KG U 20 nc nc NA
Lyman Mill soil RES-12-556-01 0 1 Fluoranthene 7.7 MG/KG 20 nc nc N
Lyman Mill soil RES-12-560-01 0 1 Fluoranthene 0.7 MG/KG J 20 nc nc N
Lyman Mill soil RES-12-560-02 0 1 Fluoranthene 5 MG/KG 20 nc nc N
Lyman Mill soil RES-10-044-01 0 1 Fluoranthene 1.2 MG/KG J 20 nc nc N
Lyman Mill soil RES-10-053-01 0 1 Fluoranthene 0.052 MG/KG J 20 nc nc N
Lyman Mill soil LPX-FP-4004 0 0.5 Fluorene 0.01638 MG/KG J 28 nc nc N
Lyman Mill soil LPX-FP-4006 0 0.5 Fluorene 0.02379 MG/KG 28 nc nc N
Lyman Mill soil LPX-FP-4007 0 0.5 Fluorene 0.10614 MG/KG 28 nc nc N
Allendale soil CMS-418 0 1 Fluorene 0.5 MG/KG J 28 nc nc N
Allendale soil CMS-418 1 2 Fluorene 0.11 MG/KG J 28 nc nc N
Lyman Mill soil LPX-4112 0 0.5 Fluorene 0.016587217 MG/KG J 28 nc nc N
Lyman Mill soil LPX-4112 0 0.5 Fluorene 0.004859444 MG/KG J 28 nc nc N
Lyman Mill soil LPX-4113 0 0.5 Fluorene 2.81320729 MG/KG 28 nc nc N
Lyman Mill soil LPX-4114 0 0.5 Fluorene 0.009877592 MG/KG 28 nc nc N
Allendale soil SS-04 0 1.5 Fluorene 0.28 MG/KG J 28 nc nc N
Allendale soil SS-05 0 1.5 Fluorene 0.051 MG/KG J 28 nc nc N
Allendale soil RES-14-421-01 0 1 Fluorene 0.37 MG/KG U 28 nc nc NA
Lyman Mill soil RES-10-004-01 0 1 Fluorene 0.46 MG/KG U 28 nc nc NA
Lyman Mill soil RES-10-005-01 0 1 Fluorene 3.3 MG/KG U 28 nc nc NA
Lyman Mill soil RES-10-042-01 0 1 Fluorene 0.82 MG/KG U 28 nc nc NA
Lyman Mill soil RES-10-044-01 0 1 Fluorene 4.3 MG/KG U 28 nc nc NA
Lyman Mill soil RES-10-053-01 0 1 Fluorene 0.5 MG/KG U 28 nc nc NA
Lyman Mill soil RES-10-068-01 0 1 Fluorene 2 MG/KG U 28 nc nc NA
Lyman Mill soil RES-10-074-01 0 1 Fluorene 0.52 MG/KG J 28 nc nc N
Lyman Mill soil RES-10-075-01 0 1 Fluorene 5.3 MG/KG J 28 nc nc N
Lyman Mill soil RES-10-076-01 0 1 Fluorene 1.7 MG/KG J 28 nc nc N
Lyman Mill soil RES-10-604-01 0 1 Fluorene 3.1 MG/KG U 28 nc nc NA
Lyman Mill soil RES-11-011-01 0 1 Fluorene 0.073 MG/KG J 28 nc nc N
Lyman Mill soil RES-11-012-01 0 1 Fluorene 0.14 MG/KG J 28 nc nc N
Lyman Mill soil RES-11-328-01 0 1 Fluorene 2.7 MG/KG U 28 nc nc NA
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Table F-2b. Comparison of Allendale and Lyman Mill Floodplain Soil Data to Potential ARARs and TBCs
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Potential ARARs and TBC1


Lyman Mill soil RES-11-419-01 0 1 Fluorene 4 MG/KG U 28 nc nc NA
Lyman Mill soil RES-11-420-01 0 1 Fluorene 0.46 MG/KG U 28 nc nc NA
Lyman Mill soil RES-11-422-01 0 1 Fluorene 0.47 MG/KG U 28 nc nc NA
Lyman Mill soil RES-11-423-01 0 1 Fluorene 0.41 MG/KG U 28 nc nc NA
Lyman Mill soil RES-11-424-01 0 1 Fluorene 16 MG/KG J 28 nc nc N
Lyman Mill soil RES-11-426-01 0 1 Fluorene 0.37 MG/KG U 28 nc nc NA
Lyman Mill soil RES-11-427-01 0 1 Fluorene 0.36 MG/KG U 28 nc nc NA
Lyman Mill soil RES-11-428-01 0 1 Fluorene 0.059 MG/KG J 28 nc nc N
Lyman Mill soil RES-11-429-01 0 1 Fluorene 0.4 MG/KG U 28 nc nc NA
Lyman Mill soil RES-11-430-01 0 1 Fluorene 0.37 MG/KG U 28 nc nc NA
Lyman Mill soil RES-11-431-01 0 1 Fluorene 2 MG/KG U 28 nc nc NA
Lyman Mill soil RES-11-432-01 0 1 Fluorene 3.5 MG/KG U 28 nc nc NA
Lyman Mill soil RES-11-486-01 0 1 Fluorene 4.8 MG/KG U 28 nc nc NA
Lyman Mill soil RES-11-497-01 0 1 Fluorene 0.44 MG/KG U 28 nc nc NA
Lyman Mill soil RES-11-577-01 0 1 Fluorene 3.9 MG/KG U 28 nc nc NA
Lyman Mill soil RES-12-556-01 0 1 Fluorene 4 MG/KG U 28 nc nc NA
Lyman Mill soil RES-12-560-01 0 1 Fluorene 2 MG/KG U 28 nc nc NA
Lyman Mill soil RES-12-560-02 0 1 Fluorene 0.25 MG/KG J 28 nc nc N
Lyman Mill soil RES-10-044-01 0 1 Fluorene 4.4 MG/KG U 28 nc nc NA
Lyman Mill soil RES-10-053-01 0 1 Fluorene 0.48 MG/KG U 28 nc nc NA
Allendale soil CMS-418 0 1 Hexachlorobenzene 0.33 MG/KG UJ 0.4 nc nc NA
Allendale soil CMS-418 1 2 Hexachlorobenzene 0.37 MG/KG U 0.4 nc nc NA
Allendale soil SS-04 0 1.5 Hexachlorobenzene 0.43 MG/KG U 0.4 nc nc NA
Allendale soil SS-05 0 1.5 Hexachlorobenzene 0.48 MG/KG U 0.4 nc nc NA
Allendale soil RES-14-421-01 0 1 Hexachlorobenzene 0.37 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-10-004-01 0 1 Hexachlorobenzene 0.46 MG/KG UJ 0.4 nc nc NA
Lyman Mill soil RES-10-005-01 0 1 Hexachlorobenzene 3.3 MG/KG UJ 0.4 nc nc NA
Lyman Mill soil RES-10-042-01 0 1 Hexachlorobenzene 0.82 MG/KG UJ 0.4 nc nc NA
Lyman Mill soil RES-10-044-01 0 1 Hexachlorobenzene 4.3 MG/KG UJ 0.4 nc nc NA
Lyman Mill soil RES-10-053-01 0 1 Hexachlorobenzene 0.5 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-10-068-01 0 1 Hexachlorobenzene 2 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-10-074-01 0 1 Hexachlorobenzene 5 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-10-075-01 0 1 Hexachlorobenzene 9.2 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-10-076-01 0 1 Hexachlorobenzene 9.7 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-10-604-01 0 1 Hexachlorobenzene 3.1 MG/KG UJ 0.4 nc nc NA
Lyman Mill soil RES-11-011-01 0 1 Hexachlorobenzene 0.53 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-11-012-01 0 1 Hexachlorobenzene 0.65 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-11-328-01 0 1 Hexachlorobenzene 2.7 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-11-419-01 0 1 Hexachlorobenzene 4 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-11-420-01 0 1 Hexachlorobenzene 0.46 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-11-422-01 0 1 Hexachlorobenzene 0.47 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-11-423-01 0 1 Hexachlorobenzene 0.41 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-11-424-01 0 1 Hexachlorobenzene 110 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-11-426-01 0 1 Hexachlorobenzene 0.37 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-11-427-01 0 1 Hexachlorobenzene 0.36 MG/KG U 0.4 nc nc NA
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Table F-2b. Comparison of Allendale and Lyman Mill Floodplain Soil Data to Potential ARARs and TBCs
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Lyman Mill soil RES-11-428-01 0 1 Hexachlorobenzene 0.44 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-11-429-01 0 1 Hexachlorobenzene 0.4 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-11-430-01 0 1 Hexachlorobenzene 0.37 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-11-431-01 0 1 Hexachlorobenzene 2 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-11-432-01 0 1 Hexachlorobenzene 3.5 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-11-486-01 0 1 Hexachlorobenzene 4.8 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-11-497-01 0 1 Hexachlorobenzene 0.44 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-11-577-01 0 1 Hexachlorobenzene 3.9 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-12-556-01 0 1 Hexachlorobenzene 4 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-12-560-01 0 1 Hexachlorobenzene 2 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-12-560-02 0 1 Hexachlorobenzene 2.1 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-10-044-01 0 1 Hexachlorobenzene 4.4 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-10-053-01 0 1 Hexachlorobenzene 0.48 MG/KG U 0.4 nc nc NA
Allendale soil CMS-418 0 1 Hexachlorobutadiene 0.33 MG/KG UJ 8.2 nc nc NA
Allendale soil CMS-418 1 2 Hexachlorobutadiene 0.37 MG/KG U 8.2 nc nc NA
Allendale soil SS-04 0 1.5 Hexachlorobutadiene 0.43 MG/KG U 8.2 nc nc NA
Allendale soil SS-05 0 1.5 Hexachlorobutadiene 0.48 MG/KG U 8.2 nc nc NA
Allendale soil RES-14-421-01 0 1 Hexachlorobutadiene 0.37 MG/KG U 8.2 nc nc NA
Lyman Mill soil RES-10-004-01 0 1 Hexachlorobutadiene 0.46 MG/KG U 8.2 nc nc NA
Lyman Mill soil RES-10-005-01 0 1 Hexachlorobutadiene 3.3 MG/KG U 8.2 nc nc NA
Lyman Mill soil RES-10-042-01 0 1 Hexachlorobutadiene 0.82 MG/KG U 8.2 nc nc NA
Lyman Mill soil RES-10-044-01 0 1 Hexachlorobutadiene 4.3 MG/KG U 8.2 nc nc NA
Lyman Mill soil RES-10-053-01 0 1 Hexachlorobutadiene 0.5 MG/KG U 8.2 nc nc NA
Lyman Mill soil RES-10-068-01 0 1 Hexachlorobutadiene 2 MG/KG U 8.2 nc nc NA
Lyman Mill soil RES-10-074-01 0 1 Hexachlorobutadiene 5 MG/KG U 8.2 nc nc NA
Lyman Mill soil RES-10-075-01 0 1 Hexachlorobutadiene 9.2 MG/KG U 8.2 nc nc NA
Lyman Mill soil RES-10-076-01 0 1 Hexachlorobutadiene 9.7 MG/KG U 8.2 nc nc NA
Lyman Mill soil RES-10-604-01 0 1 Hexachlorobutadiene 3.1 MG/KG U 8.2 nc nc NA
Lyman Mill soil RES-11-011-01 0 1 Hexachlorobutadiene 0.53 MG/KG U 8.2 nc nc NA
Lyman Mill soil RES-11-012-01 0 1 Hexachlorobutadiene 0.65 MG/KG U 8.2 nc nc NA
Lyman Mill soil RES-11-328-01 0 1 Hexachlorobutadiene 2.7 MG/KG U 8.2 nc nc NA
Lyman Mill soil RES-11-419-01 0 1 Hexachlorobutadiene 4 MG/KG U 8.2 nc nc NA
Lyman Mill soil RES-11-420-01 0 1 Hexachlorobutadiene 0.46 MG/KG U 8.2 nc nc NA
Lyman Mill soil RES-11-422-01 0 1 Hexachlorobutadiene 0.47 MG/KG U 8.2 nc nc NA
Lyman Mill soil RES-11-423-01 0 1 Hexachlorobutadiene 0.41 MG/KG U 8.2 nc nc NA
Lyman Mill soil RES-11-424-01 0 1 Hexachlorobutadiene 110 MG/KG U 8.2 nc nc NA
Lyman Mill soil RES-11-426-01 0 1 Hexachlorobutadiene 0.37 MG/KG U 8.2 nc nc NA
Lyman Mill soil RES-11-427-01 0 1 Hexachlorobutadiene 0.36 MG/KG U 8.2 nc nc NA
Lyman Mill soil RES-11-428-01 0 1 Hexachlorobutadiene 0.44 MG/KG U 8.2 nc nc NA
Lyman Mill soil RES-11-429-01 0 1 Hexachlorobutadiene 0.4 MG/KG U 8.2 nc nc NA
Lyman Mill soil RES-11-430-01 0 1 Hexachlorobutadiene 0.37 MG/KG U 8.2 nc nc NA
Lyman Mill soil RES-11-431-01 0 1 Hexachlorobutadiene 2 MG/KG U 8.2 nc nc NA
Lyman Mill soil RES-11-432-01 0 1 Hexachlorobutadiene 3.5 MG/KG U 8.2 nc nc NA
Lyman Mill soil RES-11-486-01 0 1 Hexachlorobutadiene 4.8 MG/KG U 8.2 nc nc NA
Lyman Mill soil RES-11-497-01 0 1 Hexachlorobutadiene 0.44 MG/KG U 8.2 nc nc NA
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Table F-2b. Comparison of Allendale and Lyman Mill Floodplain Soil Data to Potential ARARs and TBCs
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Lyman Mill soil RES-11-577-01 0 1 Hexachlorobutadiene 3.9 MG/KG U 8.2 nc nc NA
Lyman Mill soil RES-12-556-01 0 1 Hexachlorobutadiene 4 MG/KG U 8.2 nc nc NA
Lyman Mill soil RES-12-560-01 0 1 Hexachlorobutadiene 2 MG/KG U 8.2 nc nc NA
Lyman Mill soil RES-12-560-02 0 1 Hexachlorobutadiene 2.1 MG/KG U 8.2 nc nc NA
Lyman Mill soil RES-10-044-01 0 1 Hexachlorobutadiene 4.4 MG/KG U 8.2 nc nc NA
Lyman Mill soil RES-10-053-01 0 1 Hexachlorobutadiene 0.48 MG/KG U 8.2 nc nc NA
Allendale soil CMS-418 0 1 Hexachlorobutadiene 0.0045 MG/KG U 8.2 nc nc NA
Allendale soil CMS-418 1 2 Hexachlorobutadiene 0.0054 MG/KG U 8.2 nc nc NA
Allendale soil CMS-418 0 1 Hexachloroethane 0.33 MG/KG UJ 46 nc nc NA
Allendale soil CMS-418 1 2 Hexachloroethane 0.37 MG/KG U 46 nc nc NA
Allendale soil SS-04 0 1.5 Hexachloroethane 0.43 MG/KG U 46 nc nc NA
Allendale soil SS-05 0 1.5 Hexachloroethane 0.48 MG/KG U 46 nc nc NA
Allendale soil RES-14-421-01 0 1 Hexachloroethane 0.37 MG/KG U 46 nc nc NA
Lyman Mill soil RES-10-004-01 0 1 Hexachloroethane 0.46 MG/KG U 46 nc nc NA
Lyman Mill soil RES-10-005-01 0 1 Hexachloroethane 3.3 MG/KG U 46 nc nc NA
Lyman Mill soil RES-10-042-01 0 1 Hexachloroethane 0.82 MG/KG U 46 nc nc NA
Lyman Mill soil RES-10-044-01 0 1 Hexachloroethane 4.3 MG/KG U 46 nc nc NA
Lyman Mill soil RES-10-053-01 0 1 Hexachloroethane 0.5 MG/KG U 46 nc nc NA
Lyman Mill soil RES-10-068-01 0 1 Hexachloroethane 2 MG/KG U 46 nc nc NA
Lyman Mill soil RES-10-074-01 0 1 Hexachloroethane 5 MG/KG U 46 nc nc NA
Lyman Mill soil RES-10-075-01 0 1 Hexachloroethane 9.2 MG/KG U 46 nc nc NA
Lyman Mill soil RES-10-076-01 0 1 Hexachloroethane 9.7 MG/KG U 46 nc nc NA
Lyman Mill soil RES-10-604-01 0 1 Hexachloroethane 3.1 MG/KG U 46 nc nc NA
Lyman Mill soil RES-11-011-01 0 1 Hexachloroethane 0.53 MG/KG U 46 nc nc NA
Lyman Mill soil RES-11-012-01 0 1 Hexachloroethane 0.65 MG/KG U 46 nc nc NA
Lyman Mill soil RES-11-328-01 0 1 Hexachloroethane 2.7 MG/KG U 46 nc nc NA
Lyman Mill soil RES-11-419-01 0 1 Hexachloroethane 4 MG/KG U 46 nc nc NA
Lyman Mill soil RES-11-420-01 0 1 Hexachloroethane 0.46 MG/KG U 46 nc nc NA
Lyman Mill soil RES-11-422-01 0 1 Hexachloroethane 0.47 MG/KG U 46 nc nc NA
Lyman Mill soil RES-11-423-01 0 1 Hexachloroethane 0.41 MG/KG U 46 nc nc NA
Lyman Mill soil RES-11-424-01 0 1 Hexachloroethane 110 MG/KG U 46 nc nc NA
Lyman Mill soil RES-11-426-01 0 1 Hexachloroethane 0.37 MG/KG U 46 nc nc NA
Lyman Mill soil RES-11-427-01 0 1 Hexachloroethane 0.36 MG/KG U 46 nc nc NA
Lyman Mill soil RES-11-428-01 0 1 Hexachloroethane 0.44 MG/KG U 46 nc nc NA
Lyman Mill soil RES-11-429-01 0 1 Hexachloroethane 0.4 MG/KG U 46 nc nc NA
Lyman Mill soil RES-11-430-01 0 1 Hexachloroethane 0.37 MG/KG U 46 nc nc NA
Lyman Mill soil RES-11-431-01 0 1 Hexachloroethane 2 MG/KG U 46 nc nc NA
Lyman Mill soil RES-11-432-01 0 1 Hexachloroethane 3.5 MG/KG U 46 nc nc NA
Lyman Mill soil RES-11-486-01 0 1 Hexachloroethane 4.8 MG/KG U 46 nc nc NA
Lyman Mill soil RES-11-497-01 0 1 Hexachloroethane 0.44 MG/KG U 46 nc nc NA
Lyman Mill soil RES-11-577-01 0 1 Hexachloroethane 3.9 MG/KG U 46 nc nc NA
Lyman Mill soil RES-12-556-01 0 1 Hexachloroethane 4 MG/KG U 46 nc nc NA
Lyman Mill soil RES-12-560-01 0 1 Hexachloroethane 2 MG/KG U 46 nc nc NA
Lyman Mill soil RES-12-560-02 0 1 Hexachloroethane 2.1 MG/KG U 46 nc nc NA
Lyman Mill soil RES-10-044-01 0 1 Hexachloroethane 4.4 MG/KG U 46 nc nc NA
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Table F-2b. Comparison of Allendale and Lyman Mill Floodplain Soil Data to Potential ARARs and TBCs
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Lyman Mill soil RES-10-053-01 0 1 Hexachloroethane 0.48 MG/KG U 46 nc nc NA
Lyman Mill soil LPX-FP-4004 0 0.5 Indeno(1,2,3-cd)pyrene 0.32296 MG/KG J 0.9 nc nc N
Lyman Mill soil LPX-FP-4006 0 0.5 Indeno(1,2,3-cd)pyrene 0.23708 MG/KG 0.9 nc nc N
Lyman Mill soil LPX-FP-4007 0 0.5 Indeno(1,2,3-cd)pyrene 2.1227 MG/KG 0.9 nc nc Y
Allendale soil CMS-418 0 1 Indeno(1,2,3-cd)pyrene 0.63 MG/KG J 0.9 nc nc N
Allendale soil CMS-418 1 2 Indeno(1,2,3-cd)pyrene 0.33 MG/KG J 0.9 nc nc N
Lyman Mill soil LPX-4112 0 0.5 Indeno(1,2,3-cd)pyrene 0.103850468 MG/KG 0.9 nc nc N
Lyman Mill soil LPX-4112 0 0.5 Indeno(1,2,3-cd)pyrene 0.097461038 MG/KG 0.9 nc nc N
Lyman Mill soil LPX-4113 0 0.5 Indeno(1,2,3-cd)pyrene 3.570834399 MG/KG J 0.9 nc nc Y
Lyman Mill soil LPX-4114 0 0.5 Indeno(1,2,3-cd)pyrene 0.148109391 MG/KG 0.9 nc nc N
Allendale soil SS-04 0 1.5 Indeno(1,2,3-cd)pyrene 1.5 MG/KG 0.9 nc nc Y
Allendale soil SS-05 0 1.5 Indeno(1,2,3-cd)pyrene 0.35 MG/KG J 0.9 nc nc N
Allendale soil RES-14-421-01 0 1 Indeno(1,2,3-cd)pyrene 0.37 MG/KG U 0.9 nc nc NA
Lyman Mill soil RES-10-004-01 0 1 Indeno(1,2,3-cd)pyrene 0.078 MG/KG J 0.9 nc nc N
Lyman Mill soil RES-10-005-01 0 1 Indeno(1,2,3-cd)pyrene 3.3 MG/KG U 0.9 nc nc NA
Lyman Mill soil RES-10-042-01 0 1 Indeno(1,2,3-cd)pyrene 0.094 MG/KG J 0.9 nc nc N
Lyman Mill soil RES-10-044-01 0 1 Indeno(1,2,3-cd)pyrene 4.3 MG/KG U 0.9 nc nc NA
Lyman Mill soil RES-10-053-01 0 1 Indeno(1,2,3-cd)pyrene 0.5 MG/KG U 0.9 nc nc NA
Lyman Mill soil RES-10-068-01 0 1 Indeno(1,2,3-cd)pyrene 0.2 MG/KG J 0.9 nc nc N
Lyman Mill soil RES-10-074-01 0 1 Indeno(1,2,3-cd)pyrene 1.2 MG/KG J 0.9 nc nc Y
Lyman Mill soil RES-10-075-01 0 1 Indeno(1,2,3-cd)pyrene 15 MG/KG 0.9 nc nc Y
Lyman Mill soil RES-10-076-01 0 1 Indeno(1,2,3-cd)pyrene 7.7 MG/KG J 0.9 nc nc Y
Lyman Mill soil RES-10-604-01 0 1 Indeno(1,2,3-cd)pyrene 0.38 MG/KG J 0.9 nc nc N
Lyman Mill soil RES-11-011-01 0 1 Indeno(1,2,3-cd)pyrene 0.38 MG/KG J 0.9 nc nc N
Lyman Mill soil RES-11-012-01 0 1 Indeno(1,2,3-cd)pyrene 0.47 MG/KG J 0.9 nc nc N
Lyman Mill soil RES-11-328-01 0 1 Indeno(1,2,3-cd)pyrene 2.7 MG/KG U 0.9 nc nc NA
Lyman Mill soil RES-11-419-01 0 1 Indeno(1,2,3-cd)pyrene 4 MG/KG U 0.9 nc nc NA
Lyman Mill soil RES-11-420-01 0 1 Indeno(1,2,3-cd)pyrene 0.46 MG/KG U 0.9 nc nc NA
Lyman Mill soil RES-11-422-01 0 1 Indeno(1,2,3-cd)pyrene 0.47 MG/KG U 0.9 nc nc NA
Lyman Mill soil RES-11-423-01 0 1 Indeno(1,2,3-cd)pyrene 0.41 MG/KG U 0.9 nc nc NA
Lyman Mill soil RES-11-424-01 0 1 Indeno(1,2,3-cd)pyrene 56 MG/KG J 0.9 nc nc Y
Lyman Mill soil RES-11-426-01 0 1 Indeno(1,2,3-cd)pyrene 0.085 MG/KG J 0.9 nc nc N
Lyman Mill soil RES-11-427-01 0 1 Indeno(1,2,3-cd)pyrene 0.36 MG/KG U 0.9 nc nc NA
Lyman Mill soil RES-11-428-01 0 1 Indeno(1,2,3-cd)pyrene 0.098 MG/KG J 0.9 nc nc N
Lyman Mill soil RES-11-429-01 0 1 Indeno(1,2,3-cd)pyrene 0.056 MG/KG J 0.9 nc nc N
Lyman Mill soil RES-11-430-01 0 1 Indeno(1,2,3-cd)pyrene 0.37 MG/KG U 0.9 nc nc NA
Lyman Mill soil RES-11-431-01 0 1 Indeno(1,2,3-cd)pyrene 2 MG/KG U 0.9 nc nc NA
Lyman Mill soil RES-11-432-01 0 1 Indeno(1,2,3-cd)pyrene 3.5 MG/KG U 0.9 nc nc NA
Lyman Mill soil RES-11-433-01 0 1 Indeno(1,2,3-cd)pyrene 0.42 MG/KG J 0.9 nc nc N
Lyman Mill soil RES-11-486-01 0 1 Indeno(1,2,3-cd)pyrene 4.8 MG/KG U 0.9 nc nc NA
Lyman Mill soil RES-11-497-01 0 1 Indeno(1,2,3-cd)pyrene 0.44 MG/KG U 0.9 nc nc NA
Lyman Mill soil RES-11-577-01 0 1 Indeno(1,2,3-cd)pyrene 3.9 MG/KG U 0.9 nc nc NA
Lyman Mill soil RES-12-556-01 0 1 Indeno(1,2,3-cd)pyrene 2.5 MG/KG J 0.9 nc nc Y
Lyman Mill soil RES-12-560-01 0 1 Indeno(1,2,3-cd)pyrene 0.2 MG/KG J 0.9 nc nc N
Lyman Mill soil RES-12-560-02 0 1 Indeno(1,2,3-cd)pyrene 1.1 MG/KG J 0.9 nc nc Y
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Table F-2b. Comparison of Allendale and Lyman Mill Floodplain Soil Data to Potential ARARs and TBCs
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Lyman Mill soil RES-10-044-01 0 1 Indeno(1,2,3-cd)pyrene 4.4 MG/KG U 0.9 nc nc NA
Lyman Mill soil RES-10-053-01 0 1 Indeno(1,2,3-cd)pyrene 0.48 MG/KG U 0.9 nc nc NA
Lyman Mill soil LPX-FP-4004 0 0.5 2-methylnaphthalene 0.00782 MG/KG J 123 nc nc N
Lyman Mill soil LPX-FP-4006 0 0.5 2-methylnaphthalene 0.01729 MG/KG 123 nc nc N
Lyman Mill soil LPX-FP-4007 0 0.5 2-methylnaphthalene 0.03566 MG/KG 123 nc nc N
Allendale soil CMS-418 0 1 2-methylnaphthalene 0.33 MG/KG UJ 123 nc nc NA
Allendale soil CMS-418 1 2 2-methylnaphthalene 0.37 MG/KG U 123 nc nc NA
Lyman Mill soil LPX-4112 0 0.5 2-methylnaphthalene 0.005630443 MG/KG J 123 nc nc N
Lyman Mill soil LPX-4112 0 0.5 2-methylnaphthalene 0.00238364 MG/KG J 123 nc nc N
Lyman Mill soil LPX-4113 0 0.5 2-methylnaphthalene 1.560172535 MG/KG 123 nc nc N
Lyman Mill soil LPX-4114 0 0.5 2-methylnaphthalene 0.004453971 MG/KG 123 nc nc N
Allendale soil SS-04 0 1.5 2-methylnaphthalene 0.078 MG/KG J 123 nc nc N
Allendale soil SS-05 0 1.5 2-methylnaphthalene 0.48 MG/KG U 123 nc nc NA
Allendale soil RES-14-421-01 0 1 2-methylnaphthalene 0.37 MG/KG U 123 nc nc NA
Lyman Mill soil RES-10-004-01 0 1 2-methylnaphthalene 0.46 MG/KG U 123 nc nc NA
Lyman Mill soil RES-10-005-01 0 1 2-methylnaphthalene 3.3 MG/KG U 123 nc nc NA
Lyman Mill soil RES-10-042-01 0 1 2-methylnaphthalene 0.82 MG/KG U 123 nc nc NA
Lyman Mill soil RES-10-044-01 0 1 2-methylnaphthalene 4.3 MG/KG U 123 nc nc NA
Lyman Mill soil RES-10-053-01 0 1 2-methylnaphthalene 0.5 MG/KG U 123 nc nc NA
Lyman Mill soil RES-10-068-01 0 1 2-methylnaphthalene 2 MG/KG U 123 nc nc NA
Lyman Mill soil RES-10-074-01 0 1 2-methylnaphthalene 5 MG/KG U 123 nc nc NA
Lyman Mill soil RES-10-075-01 0 1 2-methylnaphthalene 1.1 MG/KG J 123 nc nc N
Lyman Mill soil RES-10-076-01 0 1 2-methylnaphthalene 9.7 MG/KG U 123 nc nc NA
Lyman Mill soil RES-10-604-01 0 1 2-methylnaphthalene 3.1 MG/KG U 123 nc nc NA
Lyman Mill soil RES-11-011-01 0 1 2-methylnaphthalene 0.53 MG/KG U 123 nc nc NA
Lyman Mill soil RES-11-012-01 0 1 2-methylnaphthalene 0.65 MG/KG U 123 nc nc NA
Lyman Mill soil RES-11-328-01 0 1 2-methylnaphthalene 2.7 MG/KG U 123 nc nc NA
Lyman Mill soil RES-11-419-01 0 1 2-methylnaphthalene 4 MG/KG U 123 nc nc NA
Lyman Mill soil RES-11-420-01 0 1 2-methylnaphthalene 0.46 MG/KG U 123 nc nc NA
Lyman Mill soil RES-11-422-01 0 1 2-methylnaphthalene 0.47 MG/KG U 123 nc nc NA
Lyman Mill soil RES-11-423-01 0 1 2-methylnaphthalene 0.41 MG/KG U 123 nc nc NA
Lyman Mill soil RES-11-424-01 0 1 2-methylnaphthalene 110 MG/KG U 123 nc nc NA
Lyman Mill soil RES-11-426-01 0 1 2-methylnaphthalene 0.37 MG/KG U 123 nc nc NA
Lyman Mill soil RES-11-427-01 0 1 2-methylnaphthalene 0.36 MG/KG U 123 nc nc NA
Lyman Mill soil RES-11-428-01 0 1 2-methylnaphthalene 0.044 MG/KG J 123 nc nc N
Lyman Mill soil RES-11-429-01 0 1 2-methylnaphthalene 0.4 MG/KG U 123 nc nc NA
Lyman Mill soil RES-11-430-01 0 1 2-methylnaphthalene 0.37 MG/KG U 123 nc nc NA
Lyman Mill soil RES-11-431-01 0 1 2-methylnaphthalene 2 MG/KG U 123 nc nc NA
Lyman Mill soil RES-11-432-01 0 1 2-methylnaphthalene 3.5 MG/KG U 123 nc nc NA
Lyman Mill soil RES-11-486-01 0 1 2-methylnaphthalene 4.8 MG/KG U 123 nc nc NA
Lyman Mill soil RES-11-497-01 0 1 2-methylnaphthalene 0.44 MG/KG U 123 nc nc NA
Lyman Mill soil RES-11-577-01 0 1 2-methylnaphthalene 3.9 MG/KG U 123 nc nc NA
Lyman Mill soil RES-12-556-01 0 1 2-methylnaphthalene 4 MG/KG U 123 nc nc NA
Lyman Mill soil RES-12-560-01 0 1 2-methylnaphthalene 2 MG/KG U 123 nc nc NA
Lyman Mill soil RES-12-560-02 0 1 2-methylnaphthalene 2.1 MG/KG U 123 nc nc NA
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Table F-2b. Comparison of Allendale and Lyman Mill Floodplain Soil Data to Potential ARARs and TBCs
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Potential ARARs and TBC1


Lyman Mill soil RES-10-044-01 0 1 2-methylnaphthalene 4.4 MG/KG U 123 nc nc NA
Lyman Mill soil RES-10-053-01 0 1 2-methylnaphthalene 0.48 MG/KG U 123 nc nc NA
Lyman Mill soil LPX-FP-4004 0 0.5 Naphthalene 0.01275 MG/KG J 54 nc nc N
Lyman Mill soil LPX-FP-4006 0 0.5 Naphthalene 0.02965 MG/KG 54 nc nc N
Lyman Mill soil LPX-FP-4007 0 0.5 Naphthalene 0.0634 MG/KG 54 nc nc N
Allendale soil CMS-418 0 1 Naphthalene 0.33 MG/KG UJ 54 nc nc NA
Allendale soil CMS-418 1 2 Naphthalene 0.37 MG/KG U 54 nc nc NA
Lyman Mill soil LPX-4112 0 0.5 Naphthalene 0.009018602 MG/KG J 54 nc nc N
Lyman Mill soil LPX-4112 0 0.5 Naphthalene 0.003968665 MG/KG J 54 nc nc N
Lyman Mill soil LPX-4113 0 0.5 Naphthalene 4.389892848 MG/KG 54 nc nc N
Lyman Mill soil LPX-4114 0 0.5 Naphthalene 0.007855454 MG/KG 54 nc nc N
Allendale soil SS-04 0 1.5 Naphthalene 0.11 MG/KG J 54 nc nc N
Allendale soil SS-05 0 1.5 Naphthalene 0.48 MG/KG U 54 nc nc NA
Allendale soil RES-14-421-01 0 1 Naphthalene 0.37 MG/KG U 54 nc nc NA
Lyman Mill soil RES-10-004-01 0 1 Naphthalene 0.46 MG/KG U 54 nc nc NA
Lyman Mill soil RES-10-005-01 0 1 Naphthalene 3.3 MG/KG U 54 nc nc NA
Lyman Mill soil RES-10-042-01 0 1 Naphthalene 0.18 MG/KG J 54 nc nc N
Lyman Mill soil RES-10-044-01 0 1 Naphthalene 4.3 MG/KG U 54 nc nc NA
Lyman Mill soil RES-10-053-01 0 1 Naphthalene 0.5 MG/KG U 54 nc nc NA
Lyman Mill soil RES-10-068-01 0 1 Naphthalene 2 MG/KG U 54 nc nc NA
Lyman Mill soil RES-10-074-01 0 1 Naphthalene 5 MG/KG U 54 nc nc NA
Lyman Mill soil RES-10-075-01 0 1 Naphthalene 2.3 MG/KG J 54 nc nc N
Lyman Mill soil RES-10-076-01 0 1 Naphthalene 9.7 MG/KG U 54 nc nc NA
Lyman Mill soil RES-10-604-01 0 1 Naphthalene 3.1 MG/KG U 54 nc nc NA
Lyman Mill soil RES-11-011-01 0 1 Naphthalene 0.53 MG/KG U 54 nc nc NA
Lyman Mill soil RES-11-012-01 0 1 Naphthalene 0.65 MG/KG U 54 nc nc NA
Lyman Mill soil RES-11-328-01 0 1 Naphthalene 2.7 MG/KG U 54 nc nc NA
Lyman Mill soil RES-11-419-01 0 1 Naphthalene 4 MG/KG U 54 nc nc NA
Lyman Mill soil RES-11-420-01 0 1 Naphthalene 0.46 MG/KG U 54 nc nc NA
Lyman Mill soil RES-11-422-01 0 1 Naphthalene 0.47 MG/KG U 54 nc nc NA
Lyman Mill soil RES-11-423-01 0 1 Naphthalene 0.41 MG/KG U 54 nc nc NA
Lyman Mill soil RES-11-424-01 0 1 Naphthalene 110 MG/KG U 54 nc nc NA
Lyman Mill soil RES-11-426-01 0 1 Naphthalene 0.37 MG/KG U 54 nc nc NA
Lyman Mill soil RES-11-427-01 0 1 Naphthalene 0.36 MG/KG U 54 nc nc NA
Lyman Mill soil RES-11-428-01 0 1 Naphthalene 0.065 MG/KG J 54 nc nc N
Lyman Mill soil RES-11-429-01 0 1 Naphthalene 0.4 MG/KG U 54 nc nc NA
Lyman Mill soil RES-11-430-01 0 1 Naphthalene 0.37 MG/KG U 54 nc nc NA
Lyman Mill soil RES-11-431-01 0 1 Naphthalene 2 MG/KG U 54 nc nc NA
Lyman Mill soil RES-11-432-01 0 1 Naphthalene 3.5 MG/KG U 54 nc nc NA
Lyman Mill soil RES-11-486-01 0 1 Naphthalene 4.8 MG/KG U 54 nc nc NA
Lyman Mill soil RES-11-497-01 0 1 Naphthalene 0.44 MG/KG U 54 nc nc NA
Lyman Mill soil RES-11-577-01 0 1 Naphthalene 3.9 MG/KG U 54 nc nc NA
Lyman Mill soil RES-12-556-01 0 1 Naphthalene 4 MG/KG U 54 nc nc NA
Lyman Mill soil RES-12-560-01 0 1 Naphthalene 2 MG/KG U 54 nc nc NA
Lyman Mill soil RES-12-560-02 0 1 Naphthalene 2.1 MG/KG U 54 nc nc NA
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Table F-2b. Comparison of Allendale and Lyman Mill Floodplain Soil Data to Potential ARARs and TBCs
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Lyman Mill soil RES-10-044-01 0 1 Naphthalene 4.4 MG/KG U 54 nc nc NA
Lyman Mill soil RES-10-053-01 0 1 Naphthalene 0.48 MG/KG U 54 nc nc NA
Allendale soil CMS-418 0 1 Naphthalene 0.0045 MG/KG U 54 nc nc NA
Allendale soil CMS-418 1 2 Naphthalene 0.0054 MG/KG U 54 nc nc NA
Lyman Mill soil LPX-FP-4004 0 0.5 Pentachlorophenol 2.6 MG/KG U 5.3 nc nc NA
Lyman Mill soil LPX-FP-4006 0 0.5 Pentachlorophenol 2.6 MG/KG U 5.3 nc nc NA
Lyman Mill soil LPX-FP-4007 0 0.5 Pentachlorophenol 3 MG/KG U 5.3 nc nc NA
Allendale soil CMS-418 0 1 Pentachlorophenol 1.6 MG/KG UJ 5.3 nc nc NA
Allendale soil CMS-418 1 2 Pentachlorophenol 1.8 MG/KG U 5.3 nc nc NA
Lyman Mill soil LPX-4112 0 0.5 Pentachlorophenol 1.9 MG/KG U 5.3 nc nc NA
Lyman Mill soil LPX-4112 0 0.5 Pentachlorophenol 1.9 MG/KG U 5.3 nc nc NA
Lyman Mill soil LPX-4113 0 0.5 Pentachlorophenol 1.9 MG/KG U 5.3 nc nc NA
Lyman Mill soil LPX-4114 0 0.5 Pentachlorophenol 2.1 MG/KG U 5.3 nc nc NA
Allendale soil SS-04 0 1.5 Pentachlorophenol 1.1 MG/KG UJ 5.3 nc nc NA
Allendale soil SS-05 0 1.5 Pentachlorophenol 1.2 MG/KG UJ 5.3 nc nc NA
Allendale soil RES-14-421-01 0 1 Pentachlorophenol 0.92 MG/KG UJ 5.3 nc nc NA
Lyman Mill soil RES-10-004-01 0 1 Pentachlorophenol 1.2 MG/KG UJ 5.3 nc nc NA
Lyman Mill soil RES-10-005-01 0 1 Pentachlorophenol 8.3 MG/KG UJ 5.3 nc nc NA
Lyman Mill soil RES-10-042-01 0 1 Pentachlorophenol 2 MG/KG UJ 5.3 nc nc NA
Lyman Mill soil RES-10-044-01 0 1 Pentachlorophenol 11 MG/KG UJ 5.3 nc nc NA
Lyman Mill soil RES-10-053-01 0 1 Pentachlorophenol 1.3 MG/KG U 5.3 nc nc NA
Lyman Mill soil RES-10-068-01 0 1 Pentachlorophenol 5 MG/KG UJ 5.3 nc nc NA
Lyman Mill soil RES-10-074-01 0 1 Pentachlorophenol 12 MG/KG UJ 5.3 nc nc NA
Lyman Mill soil RES-10-075-01 0 1 Pentachlorophenol 23 MG/KG UJ 5.3 nc nc NA
Lyman Mill soil RES-10-076-01 0 1 Pentachlorophenol 24 MG/KG UJ 5.3 nc nc NA
Lyman Mill soil RES-10-604-01 0 1 Pentachlorophenol 7.7 MG/KG UJ 5.3 nc nc NA
Lyman Mill soil RES-11-011-01 0 1 Pentachlorophenol 1.3 MG/KG U 5.3 nc nc NA
Lyman Mill soil RES-11-012-01 0 1 Pentachlorophenol 1.6 MG/KG U 5.3 nc nc NA
Lyman Mill soil RES-11-328-01 0 1 Pentachlorophenol 6.8 MG/KG U 5.3 nc nc NA
Lyman Mill soil RES-11-419-01 0 1 Pentachlorophenol 10 MG/KG UJ 5.3 nc nc NA
Lyman Mill soil RES-11-420-01 0 1 Pentachlorophenol 1.1 MG/KG U 5.3 nc nc NA
Lyman Mill soil RES-11-422-01 0 1 Pentachlorophenol 1.2 MG/KG U 5.3 nc nc NA
Lyman Mill soil RES-11-423-01 0 1 Pentachlorophenol 1 MG/KG U 5.3 nc nc NA
Lyman Mill soil RES-11-424-01 0 1 Pentachlorophenol 280 MG/KG U 5.3 nc nc NA
Lyman Mill soil RES-11-426-01 0 1 Pentachlorophenol 0.92 MG/KG U 5.3 nc nc NA
Lyman Mill soil RES-11-427-01 0 1 Pentachlorophenol 0.9 MG/KG U 5.3 nc nc NA
Lyman Mill soil RES-11-428-01 0 1 Pentachlorophenol 1.1 MG/KG U 5.3 nc nc NA
Lyman Mill soil RES-11-429-01 0 1 Pentachlorophenol 1 MG/KG U 5.3 nc nc NA
Lyman Mill soil RES-11-430-01 0 1 Pentachlorophenol 0.93 MG/KG U 5.3 nc nc NA
Lyman Mill soil RES-11-431-01 0 1 Pentachlorophenol 5.1 MG/KG U 5.3 nc nc NA
Lyman Mill soil RES-11-432-01 0 1 Pentachlorophenol 8.7 MG/KG U 5.3 nc nc NA
Lyman Mill soil RES-11-486-01 0 1 Pentachlorophenol 12 MG/KG U 5.3 nc nc NA
Lyman Mill soil RES-11-497-01 0 1 Pentachlorophenol 1.1 MG/KG U 5.3 nc nc NA
Lyman Mill soil RES-11-577-01 0 1 Pentachlorophenol 9.8 MG/KG UJ 5.3 nc nc NA
Lyman Mill soil RES-12-556-01 0 1 Pentachlorophenol 10 MG/KG U 5.3 nc nc NA
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Table F-2b. Comparison of Allendale and Lyman Mill Floodplain Soil Data to Potential ARARs and TBCs
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Lyman Mill soil RES-12-560-01 0 1 Pentachlorophenol 4.9 MG/KG U 5.3 nc nc NA
Lyman Mill soil RES-12-560-02 0 1 Pentachlorophenol 5.3 MG/KG U 5.3 nc nc NA
Lyman Mill soil RES-10-044-01 0 1 Pentachlorophenol 11 MG/KG UJ 5.3 nc nc NA
Lyman Mill soil RES-10-053-01 0 1 Pentachlorophenol 1.2 MG/KG U 5.3 nc nc NA
Lyman Mill soil LPX-FP-4004 0 0.5 Phenanthrene 0.33152 MG/KG J 40 nc nc N
Lyman Mill soil LPX-FP-4006 0 0.5 Phenanthrene 0.3401 MG/KG 40 nc nc N
Lyman Mill soil LPX-FP-4007 0 0.5 Phenanthrene 2.13094 MG/KG 40 nc nc N
Allendale soil CMS-418 0 1 Phenanthrene 3.4 MG/KG J 40 nc nc N
Allendale soil CMS-418 1 2 Phenanthrene 1.3 MG/KG 40 nc nc N
Lyman Mill soil LPX-4112 0 0.5 Phenanthrene 0.203207556 MG/KG J 40 nc nc N
Lyman Mill soil LPX-4112 0 0.5 Phenanthrene 0.094205752 MG/KG J 40 nc nc N
Lyman Mill soil LPX-4113 0 0.5 Phenanthrene 24.62921168 MG/KG 40 nc nc N
Lyman Mill soil LPX-4114 0 0.5 Phenanthrene 0.173628699 MG/KG 40 nc nc N
Allendale soil SS-04 0 1.5 Phenanthrene 3.9 MG/KG * 40 nc nc N
Allendale soil SS-05 0 1.5 Phenanthrene 0.58 MG/KG 40 nc nc N
Allendale soil RES-14-421-01 0 1 Phenanthrene 0.37 MG/KG U 40 nc nc NA
Lyman Mill soil RES-10-004-01 0 1 Phenanthrene 0.12 MG/KG J 40 nc nc N
Lyman Mill soil RES-10-005-01 0 1 Phenanthrene 3.3 MG/KG U 40 nc nc NA
Lyman Mill soil RES-10-042-01 0 1 Phenanthrene 0.13 MG/KG J 40 nc nc N
Lyman Mill soil RES-10-044-01 0 1 Phenanthrene 0.97 MG/KG J 40 nc nc N
Lyman Mill soil RES-10-053-01 0 1 Phenanthrene 0.17 MG/KG J 40 nc nc N
Lyman Mill soil RES-10-068-01 0 1 Phenanthrene 0.28 MG/KG J 40 nc nc N
Lyman Mill soil RES-10-074-01 0 1 Phenanthrene 4 MG/KG J 40 nc nc N
Lyman Mill soil RES-10-075-01 0 1 Phenanthrene 63 MG/KG 40 nc nc Y
Lyman Mill soil RES-10-076-01 0 1 Phenanthrene 17 MG/KG 40 nc nc N
Lyman Mill soil RES-10-604-01 0 1 Phenanthrene 0.32 MG/KG J 40 nc nc N
Lyman Mill soil RES-11-011-01 0 1 Phenanthrene 1.1 MG/KG 40 nc nc N
Lyman Mill soil RES-11-012-01 0 1 Phenanthrene 2.2 MG/KG 40 nc nc N
Lyman Mill soil RES-11-328-01 0 1 Phenanthrene 0.46 MG/KG J 40 nc nc N
Lyman Mill soil RES-11-419-01 0 1 Phenanthrene 4 MG/KG U 40 nc nc NA
Lyman Mill soil RES-11-420-01 0 1 Phenanthrene 0.091 MG/KG J 40 nc nc N
Lyman Mill soil RES-11-422-01 0 1 Phenanthrene 0.11 MG/KG J 40 nc nc N
Lyman Mill soil RES-11-423-01 0 1 Phenanthrene 0.41 MG/KG U 40 nc nc NA
Lyman Mill soil RES-11-424-01 0 1 Phenanthrene 180 MG/KG J 40 nc nc Y
Lyman Mill soil RES-11-426-01 0 1 Phenanthrene 0.12 MG/KG J 40 nc nc N
Lyman Mill soil RES-11-427-01 0 1 Phenanthrene 0.36 MG/KG U 40 nc nc NA
Lyman Mill soil RES-11-428-01 0 1 Phenanthrene 1 MG/KG 40 nc nc N
Lyman Mill soil RES-11-429-01 0 1 Phenanthrene 0.072 MG/KG J 40 nc nc N
Lyman Mill soil RES-11-430-01 0 1 Phenanthrene 0.37 MG/KG U 40 nc nc NA
Lyman Mill soil RES-11-431-01 0 1 Phenanthrene 2 MG/KG U 40 nc nc NA
Lyman Mill soil RES-11-432-01 0 1 Phenanthrene 3.5 MG/KG U 40 nc nc NA
Lyman Mill soil RES-11-433-01 0 1 Phenanthrene 0.7 MG/KG J 40 nc nc N
Lyman Mill soil RES-11-486-01 0 1 Phenanthrene 0.66 MG/KG J 40 nc nc N
Lyman Mill soil RES-11-497-01 0 1 Phenanthrene 0.44 MG/KG U 40 nc nc NA
Lyman Mill soil RES-11-577-01 0 1 Phenanthrene 3.9 MG/KG U 40 nc nc NA
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Table F-2b. Comparison of Allendale and Lyman Mill Floodplain Soil Data to Potential ARARs and TBCs
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Lyman Mill soil RES-12-556-01 0 1 Phenanthrene 4.1 MG/KG 40 nc nc N
Lyman Mill soil RES-12-560-01 0 1 Phenanthrene 0.28 MG/KG J 40 nc nc N
Lyman Mill soil RES-12-560-02 0 1 Phenanthrene 3.6 MG/KG 40 nc nc N
Lyman Mill soil RES-10-044-01 0 1 Phenanthrene 0.92 MG/KG J 40 nc nc N
Lyman Mill soil RES-10-053-01 0 1 Phenanthrene 0.48 MG/KG U 40 nc nc NA
Lyman Mill soil LPX-FP-4004 0 0.5 Phenol 0.51 MG/KG U 6000 nc nc NA
Lyman Mill soil LPX-FP-4006 0 0.5 Phenol 0.51 MG/KG U 6000 nc nc NA
Lyman Mill soil LPX-FP-4007 0 0.5 Phenol 0.58 MG/KG U 6000 nc nc NA
Allendale soil CMS-418 0 1 Phenol 0.33 MG/KG UJ 6000 nc nc NA
Allendale soil CMS-418 1 2 Phenol 0.37 MG/KG U 6000 nc nc NA
Lyman Mill soil LPX-4112 0 0.5 Phenol 0.4 MG/KG U 6000 nc nc NA
Lyman Mill soil LPX-4112 0 0.5 Phenol 0.4 MG/KG U 6000 nc nc NA
Lyman Mill soil LPX-4113 0 0.5 Phenol 0.4 MG/KG U 6000 nc nc NA
Lyman Mill soil LPX-4114 0 0.5 Phenol 0.44 MG/KG U 6000 nc nc NA
Allendale soil SS-04 0 1.5 Phenol 0.43 MG/KG U 6000 nc nc NA
Allendale soil SS-05 0 1.5 Phenol 0.48 MG/KG U 6000 nc nc NA
Allendale soil RES-14-421-01 0 1 Phenol 0.37 MG/KG U 6000 nc nc NA
Lyman Mill soil RES-10-004-01 0 1 Phenol 0.46 MG/KG U 6000 nc nc NA
Lyman Mill soil RES-10-005-01 0 1 Phenol 3.3 MG/KG U 6000 nc nc NA
Lyman Mill soil RES-10-042-01 0 1 Phenol 0.82 MG/KG U 6000 nc nc NA
Lyman Mill soil RES-10-044-01 0 1 Phenol 4.3 MG/KG U 6000 nc nc NA
Lyman Mill soil RES-10-053-01 0 1 Phenol 0.5 MG/KG U 6000 nc nc NA
Lyman Mill soil RES-10-068-01 0 1 Phenol 2 MG/KG U 6000 nc nc NA
Lyman Mill soil RES-10-074-01 0 1 Phenol 5 MG/KG U 6000 nc nc NA
Lyman Mill soil RES-10-075-01 0 1 Phenol 9.2 MG/KG U 6000 nc nc NA
Lyman Mill soil RES-10-076-01 0 1 Phenol 9.7 MG/KG U 6000 nc nc NA
Lyman Mill soil RES-10-604-01 0 1 Phenol 3.1 MG/KG U 6000 nc nc NA
Lyman Mill soil RES-11-011-01 0 1 Phenol 0.53 MG/KG U 6000 nc nc NA
Lyman Mill soil RES-11-012-01 0 1 Phenol 0.65 MG/KG U 6000 nc nc NA
Lyman Mill soil RES-11-328-01 0 1 Phenol 2.7 MG/KG U 6000 nc nc NA
Lyman Mill soil RES-11-419-01 0 1 Phenol 4 MG/KG U 6000 nc nc NA
Lyman Mill soil RES-11-420-01 0 1 Phenol 0.46 MG/KG U 6000 nc nc NA
Lyman Mill soil RES-11-422-01 0 1 Phenol 0.47 MG/KG U 6000 nc nc NA
Lyman Mill soil RES-11-423-01 0 1 Phenol 0.41 MG/KG U 6000 nc nc NA
Lyman Mill soil RES-11-424-01 0 1 Phenol 110 MG/KG U 6000 nc nc NA
Lyman Mill soil RES-11-426-01 0 1 Phenol 0.37 MG/KG U 6000 nc nc NA
Lyman Mill soil RES-11-427-01 0 1 Phenol 0.36 MG/KG U 6000 nc nc NA
Lyman Mill soil RES-11-428-01 0 1 Phenol 0.44 MG/KG U 6000 nc nc NA
Lyman Mill soil RES-11-429-01 0 1 Phenol 0.4 MG/KG U 6000 nc nc NA
Lyman Mill soil RES-11-430-01 0 1 Phenol 0.37 MG/KG U 6000 nc nc NA
Lyman Mill soil RES-11-431-01 0 1 Phenol 2 MG/KG U 6000 nc nc NA
Lyman Mill soil RES-11-432-01 0 1 Phenol 3.5 MG/KG U 6000 nc nc NA
Lyman Mill soil RES-11-486-01 0 1 Phenol 4.8 MG/KG U 6000 nc nc NA
Lyman Mill soil RES-11-497-01 0 1 Phenol 0.44 MG/KG U 6000 nc nc NA
Lyman Mill soil RES-11-577-01 0 1 Phenol 3.9 MG/KG U 6000 nc nc NA
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Table F-2b. Comparison of Allendale and Lyman Mill Floodplain Soil Data to Potential ARARs and TBCs
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Lyman Mill soil RES-12-556-01 0 1 Phenol 4 MG/KG U 6000 nc nc NA
Lyman Mill soil RES-12-560-01 0 1 Phenol 2 MG/KG U 6000 nc nc NA
Lyman Mill soil RES-12-560-02 0 1 Phenol 2.1 MG/KG U 6000 nc nc NA
Lyman Mill soil RES-10-044-01 0 1 Phenol 4.4 MG/KG U 6000 nc nc NA
Lyman Mill soil RES-10-053-01 0 1 Phenol 0.48 MG/KG U 13 nc nc NA
Lyman Mill soil LPX-FP-4004 0 0.5 Pyrene 0.62517 MG/KG J 13 nc nc N
Lyman Mill soil LPX-FP-4006 0 0.5 Pyrene 0.49012 MG/KG 13 nc nc N
Lyman Mill soil LPX-FP-4007 0 0.5 Pyrene 3.84604 MG/KG 13 nc nc N
Allendale soil CMS-418 0 1 Pyrene 3.5 MG/KG J 13 nc nc N
Allendale soil CMS-418 1 2 Pyrene 2.2 MG/KG 13 nc nc N
Lyman Mill soil LPX-4112 0 0.5 Pyrene 0.282915852 MG/KG 13 nc nc N
Lyman Mill soil LPX-4112 0 0.5 Pyrene 0.185135467 MG/KG 13 nc nc N
Lyman Mill soil LPX-4113 0 0.5 Pyrene 17.27173454 MG/KG 13 nc nc Y
Lyman Mill soil LPX-4114 0 0.5 Pyrene 0.337203519 MG/KG 13 nc nc N
Allendale soil SS-04 0 1.5 Pyrene 3.5 MG/KG * 13 nc nc N
Allendale soil SS-05 0 1.5 Pyrene 0.75 MG/KG 13 nc nc N
Allendale soil RES-14-421-01 0 1 Pyrene 0.055 MG/KG J 13 nc nc N
Lyman Mill soil RES-10-004-01 0 1 Pyrene 0.23 MG/KG J 13 nc nc N
Lyman Mill soil RES-10-005-01 0 1 Pyrene 3.3 MG/KG UJ 13 nc nc NA
Lyman Mill soil RES-10-042-01 0 1 Pyrene 0.25 MG/KG J 13 nc nc N
Lyman Mill soil RES-10-044-01 0 1 Pyrene 1.1 MG/KG J 13 nc nc N
Lyman Mill soil RES-10-053-01 0 1 Pyrene 0.26 MG/KG J 13 nc nc N
Lyman Mill soil RES-10-068-01 0 1 Pyrene 0.48 MG/KG J 13 nc nc N
Lyman Mill soil RES-10-074-01 0 1 Pyrene 4.1 MG/KG J 13 nc nc N
Lyman Mill soil RES-10-075-01 0 1 Pyrene 57 MG/KG J 13 nc nc Y
Lyman Mill soil RES-10-076-01 0 1 Pyrene 18 MG/KG J 13 nc nc Y
Lyman Mill soil RES-10-604-01 0 1 Pyrene 0.77 MG/KG J 13 nc nc N
Lyman Mill soil RES-11-011-01 0 1 Pyrene 2.4 MG/KG 13 nc nc N
Lyman Mill soil RES-11-012-01 0 1 Pyrene 5 MG/KG 13 nc nc N
Lyman Mill soil RES-11-328-01 0 1 Pyrene 0.77 MG/KG J 13 nc nc N
Lyman Mill soil RES-11-419-01 0 1 Pyrene 0.55 MG/KG J 13 nc nc N
Lyman Mill soil RES-11-420-01 0 1 Pyrene 0.2 MG/KG J 13 nc nc N
Lyman Mill soil RES-11-422-01 0 1 Pyrene 0.17 MG/KG J 13 nc nc N
Lyman Mill soil RES-11-423-01 0 1 Pyrene 0.41 MG/KG U 13 nc nc NA
Lyman Mill soil RES-11-424-01 0 1 Pyrene 280 MG/KG J 13 nc nc Y
Lyman Mill soil RES-11-426-01 0 1 Pyrene 0.23 MG/KG J 13 nc nc N
Lyman Mill soil RES-11-427-01 0 1 Pyrene 0.057 MG/KG J 13 nc nc N
Lyman Mill soil RES-11-428-01 0 1 Pyrene 0.85 MG/KG 13 nc nc N
Lyman Mill soil RES-11-429-01 0 1 Pyrene 0.18 MG/KG J 13 nc nc N
Lyman Mill soil RES-11-430-01 0 1 Pyrene 0.062 MG/KG J 13 nc nc N
Lyman Mill soil RES-11-431-01 0 1 Pyrene 0.21 MG/KG J 13 nc nc N
Lyman Mill soil RES-11-432-01 0 1 Pyrene 0.48 MG/KG J 13 nc nc N
Lyman Mill soil RES-11-433-01 0 1 Pyrene 1.5 MG/KG J 13 nc nc N
Lyman Mill soil RES-11-486-01 0 1 Pyrene 1.2 MG/KG J 13 nc nc N
Lyman Mill soil RES-11-497-01 0 1 Pyrene 0.44 MG/KG U 13 nc nc NA
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Table F-2b. Comparison of Allendale and Lyman Mill Floodplain Soil Data to Potential ARARs and TBCs
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Potential ARARs and TBC1


Lyman Mill soil RES-11-577-01 0 1 Pyrene 3.9 MG/KG UJ 13 nc nc NA
Lyman Mill soil RES-12-556-01 0 1 Pyrene 5.8 MG/KG 13 nc nc N
Lyman Mill soil RES-12-560-01 0 1 Pyrene 0.5 MG/KG J 13 nc nc N
Lyman Mill soil RES-12-560-02 0 1 Pyrene 4.9 MG/KG 13 nc nc N
Lyman Mill soil RES-10-044-01 0 1 Pyrene 1.1 MG/KG J 13 nc nc N
Lyman Mill soil RES-10-053-01 0 1 Pyrene 0.073 MG/KG J 13 nc nc N
Allendale soil CMS-418 0 1 1,2,4-trichlorobenzene 0.33 MG/KG UJ 96 nc nc NA
Allendale soil CMS-418 1 2 1,2,4-trichlorobenzene 0.37 MG/KG U 96 nc nc NA
Allendale soil SS-04 0 1.5 1,2,4-trichlorobenzene 0.43 MG/KG U 96 nc nc NA
Allendale soil SS-05 0 1.5 1,2,4-trichlorobenzene 0.48 MG/KG U 96 nc nc NA
Lyman Mill soil LPX-FP-4004 0 0.5 2,4,5-trichlorophenol 2.6 MG/KG U 330 nc nc NA
Lyman Mill soil LPX-FP-4006 0 0.5 2,4,5-trichlorophenol 2.6 MG/KG U 330 nc nc NA
Lyman Mill soil LPX-FP-4007 0 0.5 2,4,5-trichlorophenol 3 MG/KG U 330 nc nc NA
Allendale soil CMS-418 0 1 2,4,5-trichlorophenol 0.33 MG/KG UJ 330 nc nc NA
Allendale soil CMS-418 1 2 2,4,5-trichlorophenol 0.37 MG/KG U 330 nc nc NA
Lyman Mill soil LPX-4112 0 0.5 2,4,5-trichlorophenol 0.4 MG/KG U 330 nc nc NA
Lyman Mill soil LPX-4112 0 0.5 2,4,5-trichlorophenol 0.4 MG/KG U 330 nc nc NA
Lyman Mill soil LPX-4113 0 0.5 2,4,5-trichlorophenol 0.4 MG/KG U 330 nc nc NA
Lyman Mill soil LPX-4114 0 0.5 2,4,5-trichlorophenol 0.44 MG/KG U 330 nc nc NA
Allendale soil SS-04 0 1.5 2,4,5-trichlorophenol 0.18 MG/KG J 330 nc nc N
Allendale soil SS-05 0 1.5 2,4,5-trichlorophenol 1.2 MG/KG U 330 nc nc NA
Allendale soil RES-14-421-01 0 1 2,4,5-trichlorophenol 0.92 MG/KG U 330 nc nc NA
Lyman Mill soil RES-10-004-01 0 1 2,4,5-trichlorophenol 1.2 MG/KG U 330 nc nc NA
Lyman Mill soil RES-10-005-01 0 1 2,4,5-trichlorophenol 8.3 MG/KG U 330 nc nc NA
Lyman Mill soil RES-10-042-01 0 1 2,4,5-trichlorophenol 2 MG/KG U 330 nc nc NA
Lyman Mill soil RES-10-044-01 0 1 2,4,5-trichlorophenol 11 MG/KG U 330 nc nc NA
Lyman Mill soil RES-10-053-01 0 1 2,4,5-trichlorophenol 1.3 MG/KG U 330 nc nc NA
Lyman Mill soil RES-10-068-01 0 1 2,4,5-trichlorophenol 5 MG/KG U 330 nc nc NA
Lyman Mill soil RES-10-074-01 0 1 2,4,5-trichlorophenol 12 MG/KG U 330 nc nc NA
Lyman Mill soil RES-10-075-01 0 1 2,4,5-trichlorophenol 23 MG/KG U 330 nc nc NA
Lyman Mill soil RES-10-076-01 0 1 2,4,5-trichlorophenol 24 MG/KG U 330 nc nc NA
Lyman Mill soil RES-10-604-01 0 1 2,4,5-trichlorophenol 7.7 MG/KG U 330 nc nc NA
Lyman Mill soil RES-11-011-01 0 1 2,4,5-trichlorophenol 1.3 MG/KG U 330 nc nc NA
Lyman Mill soil RES-11-012-01 0 1 2,4,5-trichlorophenol 1.6 MG/KG U 330 nc nc NA
Lyman Mill soil RES-11-328-01 0 1 2,4,5-trichlorophenol 6.8 MG/KG U 330 nc nc NA
Lyman Mill soil RES-11-419-01 0 1 2,4,5-trichlorophenol 10 MG/KG U 330 nc nc NA
Lyman Mill soil RES-11-420-01 0 1 2,4,5-trichlorophenol 1.1 MG/KG U 330 nc nc NA
Lyman Mill soil RES-11-422-01 0 1 2,4,5-trichlorophenol 1.2 MG/KG U 330 nc nc NA
Lyman Mill soil RES-11-423-01 0 1 2,4,5-trichlorophenol 1 MG/KG U 330 nc nc NA
Lyman Mill soil RES-11-424-01 0 1 2,4,5-trichlorophenol 280 MG/KG U 330 nc nc NA
Lyman Mill soil RES-11-426-01 0 1 2,4,5-trichlorophenol 0.92 MG/KG U 330 nc nc NA
Lyman Mill soil RES-11-427-01 0 1 2,4,5-trichlorophenol 0.9 MG/KG U 330 nc nc NA
Lyman Mill soil RES-11-428-01 0 1 2,4,5-trichlorophenol 1.1 MG/KG U 330 nc nc NA
Lyman Mill soil RES-11-429-01 0 1 2,4,5-trichlorophenol 1 MG/KG U 330 nc nc NA
Lyman Mill soil RES-11-430-01 0 1 2,4,5-trichlorophenol 0.93 MG/KG U 330 nc nc NA
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Table F-2b. Comparison of Allendale and Lyman Mill Floodplain Soil Data to Potential ARARs and TBCs
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Lyman Mill soil RES-11-431-01 0 1 2,4,5-trichlorophenol 5.1 MG/KG U 330 nc nc NA
Lyman Mill soil RES-11-432-01 0 1 2,4,5-trichlorophenol 8.7 MG/KG U 330 nc nc NA
Lyman Mill soil RES-11-486-01 0 1 2,4,5-trichlorophenol 12 MG/KG U 330 nc nc NA
Lyman Mill soil RES-11-497-01 0 1 2,4,5-trichlorophenol 1.1 MG/KG U 330 nc nc NA
Lyman Mill soil RES-11-577-01 0 1 2,4,5-trichlorophenol 9.8 MG/KG U 330 nc nc NA
Lyman Mill soil RES-12-556-01 0 1 2,4,5-trichlorophenol 10 MG/KG U 330 nc nc NA
Lyman Mill soil RES-12-560-01 0 1 2,4,5-trichlorophenol 4.9 MG/KG U 330 nc nc NA
Lyman Mill soil RES-12-560-02 0 1 2,4,5-trichlorophenol 5.3 MG/KG U 330 nc nc NA
Lyman Mill soil RES-10-044-01 0 1 2,4,5-trichlorophenol 11 MG/KG U 330 nc nc NA
Lyman Mill soil RES-10-053-01 0 1 2,4,5-trichlorophenol 1.2 MG/KG U 330 nc nc NA
Allendale soil CMS-418 0 1 2,4,6-trichlorophenol 0.33 MG/KG UJ 58 nc nc NA
Allendale soil CMS-418 1 2 2,4,6-trichlorophenol 0.37 MG/KG U 58 nc nc NA
Allendale soil SS-04 0 1.5 2,4,6-trichlorophenol 0.43 MG/KG U 58 nc nc NA
Allendale soil SS-05 0 1.5 2,4,6-trichlorophenol 0.48 MG/KG U 58 nc nc NA
Allendale soil RES-14-421-01 0 1 2,4,6-trichlorophenol 0.37 MG/KG U 58 nc nc NA
Lyman Mill soil RES-10-004-01 0 1 2,4,6-trichlorophenol 0.46 MG/KG U 58 nc nc NA
Lyman Mill soil RES-10-005-01 0 1 2,4,6-trichlorophenol 3.3 MG/KG U 58 nc nc NA
Lyman Mill soil RES-10-042-01 0 1 2,4,6-trichlorophenol 0.82 MG/KG U 58 nc nc NA
Lyman Mill soil RES-10-044-01 0 1 2,4,6-trichlorophenol 4.3 MG/KG U 58 nc nc NA
Lyman Mill soil RES-10-053-01 0 1 2,4,6-trichlorophenol 0.5 MG/KG U 58 nc nc NA
Lyman Mill soil RES-10-068-01 0 1 2,4,6-trichlorophenol 2 MG/KG U 58 nc nc NA
Lyman Mill soil RES-10-074-01 0 1 2,4,6-trichlorophenol 5 MG/KG U 58 nc nc NA
Lyman Mill soil RES-10-075-01 0 1 2,4,6-trichlorophenol 9.2 MG/KG U 58 nc nc NA
Lyman Mill soil RES-10-076-01 0 1 2,4,6-trichlorophenol 9.7 MG/KG U 58 nc nc NA
Lyman Mill soil RES-10-604-01 0 1 2,4,6-trichlorophenol 3.1 MG/KG U 58 nc nc NA
Lyman Mill soil RES-11-011-01 0 1 2,4,6-trichlorophenol 0.53 MG/KG U 58 nc nc NA
Lyman Mill soil RES-11-012-01 0 1 2,4,6-trichlorophenol 0.65 MG/KG U 58 nc nc NA
Lyman Mill soil RES-11-328-01 0 1 2,4,6-trichlorophenol 2.7 MG/KG U 58 nc nc NA
Lyman Mill soil RES-11-419-01 0 1 2,4,6-trichlorophenol 4 MG/KG U 58 nc nc NA
Lyman Mill soil RES-11-420-01 0 1 2,4,6-trichlorophenol 0.46 MG/KG U 58 nc nc NA
Lyman Mill soil RES-11-422-01 0 1 2,4,6-trichlorophenol 0.47 MG/KG U 58 nc nc NA
Lyman Mill soil RES-11-423-01 0 1 2,4,6-trichlorophenol 0.41 MG/KG U 58 nc nc NA
Lyman Mill soil RES-11-424-01 0 1 2,4,6-trichlorophenol 110 MG/KG U 58 nc nc NA
Lyman Mill soil RES-11-426-01 0 1 2,4,6-trichlorophenol 0.37 MG/KG U 58 nc nc NA
Lyman Mill soil RES-11-427-01 0 1 2,4,6-trichlorophenol 0.36 MG/KG U 58 nc nc NA
Lyman Mill soil RES-11-428-01 0 1 2,4,6-trichlorophenol 0.44 MG/KG U 58 nc nc NA
Lyman Mill soil RES-11-429-01 0 1 2,4,6-trichlorophenol 0.4 MG/KG U 58 nc nc NA
Lyman Mill soil RES-11-430-01 0 1 2,4,6-trichlorophenol 0.37 MG/KG U 58 nc nc NA
Lyman Mill soil RES-11-431-01 0 1 2,4,6-trichlorophenol 2 MG/KG U 58 nc nc NA
Lyman Mill soil RES-11-432-01 0 1 2,4,6-trichlorophenol 3.5 MG/KG U 58 nc nc NA
Lyman Mill soil RES-11-486-01 0 1 2,4,6-trichlorophenol 4.8 MG/KG U 58 nc nc NA
Lyman Mill soil RES-11-497-01 0 1 2,4,6-trichlorophenol 0.44 MG/KG U 58 nc nc NA
Lyman Mill soil RES-11-577-01 0 1 2,4,6-trichlorophenol 3.9 MG/KG U 58 nc nc NA
Lyman Mill soil RES-12-556-01 0 1 2,4,6-trichlorophenol 4 MG/KG U 58 nc nc NA
Lyman Mill soil RES-12-560-01 0 1 2,4,6-trichlorophenol 2 MG/KG U 58 nc nc NA
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Table F-2b. Comparison of Allendale and Lyman Mill Floodplain Soil Data to Potential ARARs and TBCs
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Potential ARARs and TBC1


Lyman Mill soil RES-12-560-02 0 1 2,4,6-trichlorophenol 2.1 MG/KG U 58 nc nc NA
Lyman Mill soil RES-10-044-01 0 1 2,4,6-trichlorophenol 4.4 MG/KG U 58 nc nc NA
Lyman Mill soil RES-10-053-01 0 1 2,4,6-trichlorophenol 0.48 MG/KG U 58 nc nc NA
Pesticides/PCBs
Oxbow Area soil LPX-SD-4402 0 0.5 alpha-Chlordane 0.00014 MG/KG U 0.5 nc nc NA
Oxbow Area soil LPX-SD-4402 0 0.5 alpha-Chlordane 0.00021 MG/KG R 0.5 nc nc N
Oxbow Area soil LPX-SD-4404 0 0.5 alpha-Chlordane 0.00119 MG/KG J 0.5 nc nc N
Oxbow Area soil LPX-SD-4402 0 0.5 alpha-Chlordane 0.00121 MG/KG J 0.5 nc nc N
Oxbow Area soil LPX-SD-4407 0 0.5 alpha-Chlordane 0.00768 MG/KG J 0.5 nc nc N
Lyman Mill soil LPX-FP-4004 0 0.5 alpha-Chlordane 0.00284 MG/KG 0.5 nc nc N
Lyman Mill soil LPX-FP-4004 0 0.5 alpha-Chlordane 0.01673 MG/KG J 0.5 nc nc N
Lyman Mill soil LPX-FP-4006 0 0.5 alpha-Chlordane 0.00123 MG/KG J 0.5 nc nc N
Lyman Mill soil LPX-FP-4007 0 0.5 alpha-Chlordane 0.02223 MG/KG 0.5 nc nc N
Lyman Mill soil LPX-4112 0 0.5 alpha-Chlordane 0.114081969 MG/KG 0.5 nc nc N
Lyman Mill soil LPX-4112 0 0.5 alpha-Chlordane 0.088781096 MG/KG 0.5 nc nc N
Lyman Mill soil LPX-4113 0 0.5 alpha-Chlordane 0.006033912 MG/KG 0.5 nc nc N
Lyman Mill soil LPX-4114 0 0.5 alpha-Chlordane 0.030959041 MG/KG 0.5 nc nc N
Allendale soil SS-04 0 1.5 alpha-Chlordane 0.0022 MG/KG J 0.5 nc nc N
Allendale soil SS-05 0 1.5 alpha-Chlordane 0.001 MG/KG J 0.5 nc nc N
Allendale soil RES-14-421-01 0 1 alpha-Chlordane 0.0019 MG/KG U 0.5 nc nc NA
Lyman Mill soil RES-10-004-01 0 1 alpha-Chlordane 0.0024 MG/KG U 0.5 nc nc NA
Lyman Mill soil RES-10-005-01 0 1 alpha-Chlordane 0.0086 MG/KG 0.5 nc nc N
Lyman Mill soil RES-10-042-01 0 1 alpha-Chlordane 0.0056 MG/KG 0.5 nc nc N
Lyman Mill soil RES-10-044-01 0 1 alpha-Chlordane 0.0044 MG/KG U 0.5 nc nc NA
Lyman Mill soil RES-10-053-01 0 1 alpha-Chlordane 0.0026 MG/KG U 0.5 nc nc NA
Lyman Mill soil RES-10-068-01 0 1 alpha-Chlordane 0.0016 MG/KG J 0.5 nc nc N
Lyman Mill soil RES-10-074-01 0 1 alpha-Chlordane 0.0073 MG/KG 0.5 nc nc N
Lyman Mill soil RES-10-075-01 0 1 alpha-Chlordane 0.0024 MG/KG U 0.5 nc nc NA
Lyman Mill soil RES-10-076-01 0 1 alpha-Chlordane 0.006 MG/KG 0.5 nc nc N
Lyman Mill soil RES-10-604-01 0 1 alpha-Chlordane 0.007 MG/KG 0.5 nc nc N
Lyman Mill soil RES-11-011-01 0 1 alpha-Chlordane 0.0028 MG/KG U 0.5 nc nc NA
Lyman Mill soil RES-11-012-01 0 1 alpha-Chlordane 0.015 MG/KG 0.5 nc nc N
Lyman Mill soil RES-11-328-01 0 1 alpha-Chlordane 0.0044 MG/KG 0.5 nc nc N
Lyman Mill soil RES-11-419-01 0 1 alpha-Chlordane 0.0089 MG/KG 0.5 nc nc N
Lyman Mill soil RES-11-420-01 0 1 alpha-Chlordane 0.0024 MG/KG U 0.5 nc nc NA
Lyman Mill soil RES-11-422-01 0 1 alpha-Chlordane 0.0024 MG/KG U 0.5 nc nc NA
Lyman Mill soil RES-11-423-01 0 1 alpha-Chlordane 0.0021 MG/KG U 0.5 nc nc NA
Lyman Mill soil RES-11-424-01 0 1 alpha-Chlordane 0.018 MG/KG 0.5 nc nc N
Lyman Mill soil RES-11-426-01 0 1 alpha-Chlordane 0.0065 MG/KG 0.5 nc nc N
Lyman Mill soil RES-11-427-01 0 1 alpha-Chlordane 0.0018 MG/KG U 0.5 nc nc NA
Lyman Mill soil RES-11-428-01 0 1 alpha-Chlordane 0.0022 MG/KG U 0.5 nc nc NA
Lyman Mill soil RES-11-429-01 0 1 alpha-Chlordane 0.0021 MG/KG U 0.5 nc nc NA
Lyman Mill soil RES-11-430-01 0 1 alpha-Chlordane 0.0019 MG/KG U 0.5 nc nc NA
Lyman Mill soil RES-11-431-01 0 1 alpha-Chlordane 0.0021 MG/KG U 0.5 nc nc NA
Lyman Mill soil RES-11-432-01 0 1 alpha-Chlordane 0.0057 MG/KG 0.5 nc nc N
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Table F-2b. Comparison of Allendale and Lyman Mill Floodplain Soil Data to Potential ARARs and TBCs
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Lyman Mill soil RES-11-433-01 0 1 alpha-Chlordane 0.021 MG/KG J 0.5 nc nc N
Lyman Mill soil RES-11-486-01 0 1 alpha-Chlordane 0.026 MG/KG 0.5 nc nc N
Lyman Mill soil RES-11-497-01 0 1 alpha-Chlordane 0.0035 MG/KG 0.5 nc nc N
Lyman Mill soil RES-11-577-01 0 1 alpha-Chlordane 0.004 MG/KG U 0.5 nc nc NA
Lyman Mill soil RES-12-556-01 0 1 alpha-Chlordane 0.011 MG/KG 0.5 nc nc N
Lyman Mill soil RES-12-560-01 0 1 alpha-Chlordane 0.002 MG/KG U 0.5 nc nc NA
Lyman Mill soil RES-12-560-02 0 1 alpha-Chlordane 0.0022 MG/KG U 0.5 nc nc NA
Lyman Mill soil RES-10-044-01 0 1 alpha-Chlordane 0.0046 MG/KG U 0.5 nc nc NA
Lyman Mill soil RES-10-053-01 0 1 alpha-Chlordane 0.0025 MG/KG U 0.5 nc nc NA
Oxbow Area soil LPX-SD-4402 0 0.5 gamma-Chlordane 0.00019 MG/KG R 0.5 nc nc N
Oxbow Area soil LPX-SD-4402 0 0.5 gamma-Chlordane 0.00208 MG/KG J 0.5 nc nc N
Oxbow Area soil LPX-SD-4402 0 0.5 gamma-Chlordane 0.0021 MG/KG J 0.5 nc nc N
Oxbow Area soil LPX-SD-4404 0 0.5 gamma-Chlordane 0.00293 MG/KG 0.5 nc nc N
Oxbow Area soil LPX-SD-4407 0 0.5 gamma-Chlordane 0.00694 MG/KG 0.5 nc nc N
Lyman Mill soil LPX-FP-4004 0 0.5 gamma-Chlordane 0.00114 MG/KG U 0.5 nc nc NA
Lyman Mill soil LPX-FP-4004 0 0.5 gamma-Chlordane 0.00526 MG/KG U 0.5 nc nc NA
Lyman Mill soil LPX-FP-4006 0 0.5 gamma-Chlordane 0.00149 MG/KG U 0.5 nc nc NA
Lyman Mill soil LPX-FP-4007 0 0.5 gamma-Chlordane 0.00136 MG/KG U 0.5 nc nc NA
Lyman Mill soil LPX-4112 0 0.5 gamma-Chlordane 0.094451444 MG/KG 0.5 nc nc N
Lyman Mill soil LPX-4112 0 0.5 gamma-Chlordane 0.076153193 MG/KG 0.5 nc nc N
Lyman Mill soil LPX-4113 0 0.5 gamma-Chlordane 7.00668E-05 MG/KG U 0.5 nc nc NA
Lyman Mill soil LPX-4114 0 0.5 gamma-Chlordane 0.025544582 MG/KG 0.5 nc nc N
Allendale soil SS-04 0 1.5 gamma-Chlordane 0.0022 MG/KG UJ 0.5 nc nc NA
Allendale soil SS-05 0 1.5 gamma-Chlordane 0.0025 MG/KG U 0.5 nc nc NA
Allendale soil RES-14-421-01 0 1 gamma-Chlordane 0.0019 MG/KG U 0.5 nc nc NA
Lyman Mill soil RES-10-004-01 0 1 gamma-Chlordane 0.0024 MG/KG U 0.5 nc nc NA
Lyman Mill soil RES-10-005-01 0 1 gamma-Chlordane 0.005 MG/KG 0.5 nc nc N
Lyman Mill soil RES-10-042-01 0 1 gamma-Chlordane 0.0038 MG/KG J 0.5 nc nc N
Lyman Mill soil RES-10-044-01 0 1 gamma-Chlordane 0.0044 MG/KG U 0.5 nc nc NA
Lyman Mill soil RES-10-053-01 0 1 gamma-Chlordane 0.0026 MG/KG U 0.5 nc nc NA
Lyman Mill soil RES-10-068-01 0 1 gamma-Chlordane 0.002 MG/KG U 0.5 nc nc NA
Lyman Mill soil RES-10-074-01 0 1 gamma-Chlordane 0.0026 MG/KG 0.5 nc nc N
Lyman Mill soil RES-10-075-01 0 1 gamma-Chlordane 0.0024 MG/KG 0.5 nc nc N
Lyman Mill soil RES-10-076-01 0 1 gamma-Chlordane 0.0039 MG/KG 0.5 nc nc N
Lyman Mill soil RES-10-604-01 0 1 gamma-Chlordane 0.0047 MG/KG 0.5 nc nc N
Lyman Mill soil RES-11-011-01 0 1 gamma-Chlordane 0.0028 MG/KG U 0.5 nc nc NA
Lyman Mill soil RES-11-012-01 0 1 gamma-Chlordane 0.011 MG/KG 0.5 nc nc N
Lyman Mill soil RES-11-328-01 0 1 gamma-Chlordane 0.0044 MG/KG 0.5 nc nc N
Lyman Mill soil RES-11-419-01 0 1 gamma-Chlordane 0.0041 MG/KG U 0.5 nc nc NA
Lyman Mill soil RES-11-420-01 0 1 gamma-Chlordane 0.0024 MG/KG U 0.5 nc nc NA
Lyman Mill soil RES-11-422-01 0 1 gamma-Chlordane 0.0024 MG/KG U 0.5 nc nc NA
Lyman Mill soil RES-11-423-01 0 1 gamma-Chlordane 0.0021 MG/KG U 0.5 nc nc NA
Lyman Mill soil RES-11-424-01 0 1 gamma-Chlordane 0.0021 MG/KG U 0.5 nc nc NA
Lyman Mill soil RES-11-426-01 0 1 gamma-Chlordane 0.0039 MG/KG 0.5 nc nc N
Lyman Mill soil RES-11-427-01 0 1 gamma-Chlordane 0.0018 MG/KG U 0.5 nc nc NA
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Table F-2b. Comparison of Allendale and Lyman Mill Floodplain Soil Data to Potential ARARs and TBCs


RI_SAMPLE_GROUP BORING TO
P_


O
F_


SA
M
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E 


(ft
)


B
O
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A
M
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(ft
)


PARAMETER LAB_RESULT UNIT QUAL


RIDEM Direct 
Exposure 
Criteria 
(MG/KG)


RIDEM GB 
Leachability 


Criteria 
(MG/KG)


EPA's 
Recommended 


Residential Level 
for Dioxin (NG/KG)


Exceed 
Criteria 


(Y/N)


Potential ARARs and TBC1


Lyman Mill soil RES-11-428-01 0 1 gamma-Chlordane 0.0022 MG/KG U 0.5 nc nc NA
Lyman Mill soil RES-11-429-01 0 1 gamma-Chlordane 0.0021 MG/KG U 0.5 nc nc NA
Lyman Mill soil RES-11-430-01 0 1 gamma-Chlordane 0.0019 MG/KG U 0.5 nc nc NA
Lyman Mill soil RES-11-431-01 0 1 gamma-Chlordane 0.0021 MG/KG U 0.5 nc nc NA
Lyman Mill soil RES-11-432-01 0 1 gamma-Chlordane 0.0042 MG/KG 0.5 nc nc N
Lyman Mill soil RES-11-433-01 0 1 gamma-Chlordane 0.018 MG/KG J 0.5 nc nc N
Lyman Mill soil RES-11-486-01 0 1 gamma-Chlordane 0.016 MG/KG 0.5 nc nc N
Lyman Mill soil RES-11-497-01 0 1 gamma-Chlordane 0.0027 MG/KG 0.5 nc nc N
Lyman Mill soil RES-11-577-01 0 1 gamma-Chlordane 0.004 MG/KG U 0.5 nc nc NA
Lyman Mill soil RES-12-556-01 0 1 gamma-Chlordane 0.01 MG/KG U 0.5 nc nc NA
Lyman Mill soil RES-12-560-01 0 1 gamma-Chlordane 0.002 MG/KG U 0.5 nc nc NA
Lyman Mill soil RES-12-560-02 0 1 gamma-Chlordane 0.0022 MG/KG U 0.5 nc nc NA
Lyman Mill soil RES-10-044-01 0 1 gamma-Chlordane 0.0046 MG/KG U 0.5 nc nc NA
Lyman Mill soil RES-10-053-01 0 1 gamma-Chlordane 0.0025 MG/KG U 0.5 nc nc NA
Oxbow Area soil LPX-SD-4402 0 0.5 Technical Chlordane 0.0162 MG/KG U 0.5 nc nc NA
Oxbow Area soil LPX-SD-4402 0 0.5 Technical Chlordane 0.01626 MG/KG U 0.5 nc nc NA
Oxbow Area soil LPX-SD-4407 0 0.5 Technical Chlordane 0.02034 MG/KG U 0.5 nc nc NA
Oxbow Area soil LPX-SD-4402 0 0.5 Technical Chlordane 0.02466 MG/KG R 0.5 nc nc N
Oxbow Area soil LPX-SD-4404 0 0.5 Technical Chlordane 0.03008 MG/KG 0.5 nc nc N
Lyman Mill soil LPX-FP-4004 0 0.5 Technical Chlordane 0.07963 MG/KG J 0.5 nc nc N
Lyman Mill soil LPX-FP-4004 0 0.5 Technical Chlordane 0.47336 MG/KG J 0.5 nc nc N
Lyman Mill soil LPX-FP-4006 0 0.5 Technical Chlordane 0.08655 MG/KG J 0.5 nc nc N
Lyman Mill soil LPX-FP-4007 0 0.5 Technical Chlordane 0.45584 MG/KG 0.5 nc nc N
Allendale soil CMS-418 0 1 Technical Chlordane 0.017 MG/KG UJ 0.5 nc nc NA
Allendale soil CMS-418 1 2 Technical Chlordane 0.019 MG/KG UJ 0.5 nc nc NA
Lyman Mill soil LPX-4112 0 0.5 Technical Chlordane 1.216700183 MG/KG 0.5 nc nc Y
Lyman Mill soil LPX-4112 0 0.5 Technical Chlordane 0.943340695 MG/KG 0.5 nc nc Y
Lyman Mill soil LPX-4113 0 0.5 Technical Chlordane 0.490363182 MG/KG 0.5 nc nc N
Lyman Mill soil LPX-4114 0 0.5 Technical Chlordane 0.598420099 MG/KG 0.5 nc nc Y
Oxbow Area soil LPX-SD-4402 0 0.5 dieldrin 0.00016 MG/KG UJ 0.04 nc nc NA
Oxbow Area soil LPX-SD-4402 0 0.5 dieldrin 0.0019 MG/KG J 0.04 nc nc N
Oxbow Area soil LPX-SD-4407 0 0.5 dieldrin 0.00251 MG/KG 0.04 nc nc N
Oxbow Area soil LPX-SD-4404 0 0.5 dieldrin 0.00343 MG/KG 0.04 nc nc N
Oxbow Area soil LPX-SD-4402 0 0.5 dieldrin 0.06338 MG/KG J 0.04 nc nc Y
Lyman Mill soil LPX-FP-4004 0 0.5 Dieldrin 0.0022 MG/KG 0.04 nc nc N
Lyman Mill soil LPX-FP-4004 0 0.5 Dieldrin 0.01313 MG/KG J 0.04 nc nc N
Lyman Mill soil LPX-FP-4006 0 0.5 Dieldrin 0.00149 MG/KG U 0.04 nc nc NA
Lyman Mill soil LPX-FP-4007 0 0.5 Dieldrin 0.0054 MG/KG 0.04 nc nc N
Allendale soil CMS-418 0 1 Dieldrin 0.0017 MG/KG U 0.04 nc nc NA
Allendale soil CMS-418 1 2 Dieldrin 0.00098 MG/KG J 0.04 nc nc N
Lyman Mill soil LPX-4112 0 0.5 Dieldrin 0.003217027 MG/KG 0.04 nc nc N
Lyman Mill soil LPX-4112 0 0.5 Dieldrin 0.002883255 MG/KG 0.04 nc nc N
Lyman Mill soil LPX-4113 0 0.5 Dieldrin 0.003356571 MG/KG 0.04 nc nc N
Lyman Mill soil LPX-4114 0 0.5 Dieldrin 0.002559174 MG/KG 0.04 nc nc N
Allendale soil RES-14-421-01 0 1 Dieldrin 0.0037 MG/KG U 0.04 nc nc NA


Interim Final CMRP Feasibility Study Report
Appendix F F-87 April 2010







Appendix F


Table F-2b. Comparison of Allendale and Lyman Mill Floodplain Soil Data to Potential ARARs and TBCs


RI_SAMPLE_GROUP BORING TO
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PARAMETER LAB_RESULT UNIT QUAL


RIDEM Direct 
Exposure 
Criteria 
(MG/KG)


RIDEM GB 
Leachability 


Criteria 
(MG/KG)


EPA's 
Recommended 


Residential Level 
for Dioxin (NG/KG)


Exceed 
Criteria 


(Y/N)


Potential ARARs and TBC1


Lyman Mill soil RES-10-004-01 0 1 Dieldrin 0.0047 MG/KG U 0.04 nc nc NA
Lyman Mill soil RES-10-005-01 0 1 Dieldrin 0.0067 MG/KG U 0.04 nc nc NA
Lyman Mill soil RES-10-042-01 0 1 Dieldrin 0.0081 MG/KG U 0.04 nc nc NA
Lyman Mill soil RES-10-044-01 0 1 Dieldrin 0.0085 MG/KG U 0.04 nc nc NA
Lyman Mill soil RES-10-053-01 0 1 Dieldrin 0.0051 MG/KG U 0.04 nc nc NA
Lyman Mill soil RES-10-068-01 0 1 Dieldrin 0.004 MG/KG U 0.04 nc nc NA
Lyman Mill soil RES-10-074-01 0 1 Dieldrin 0.005 MG/KG U 0.04 nc nc NA
Lyman Mill soil RES-10-075-01 0 1 Dieldrin 0.0046 MG/KG U 0.04 nc nc NA
Lyman Mill soil RES-10-076-01 0 1 Dieldrin 0.0048 MG/KG U 0.04 nc nc NA
Lyman Mill soil RES-10-604-01 0 1 Dieldrin 0.0061 MG/KG U 0.04 nc nc NA
Lyman Mill soil RES-11-011-01 0 1 Dieldrin 0.0054 MG/KG U 0.04 nc nc NA
Lyman Mill soil RES-11-012-01 0 1 Dieldrin 0.0066 MG/KG U 0.04 nc nc NA
Lyman Mill soil RES-11-328-01 0 1 Dieldrin 0.015 MG/KG 0.04 nc nc N
Lyman Mill soil RES-11-419-01 0 1 Dieldrin 0.008 MG/KG U 0.04 nc nc NA
Lyman Mill soil RES-11-420-01 0 1 Dieldrin 0.0046 MG/KG UJ 0.04 nc nc NA
Lyman Mill soil RES-11-422-01 0 1 Dieldrin 0.0047 MG/KG U 0.04 nc nc NA
Lyman Mill soil RES-11-423-01 0 1 Dieldrin 0.0041 MG/KG U 0.04 nc nc NA
Lyman Mill soil RES-11-424-01 0 1 Dieldrin 0.0041 MG/KG U 0.04 nc nc NA
Lyman Mill soil RES-11-426-01 0 1 Dieldrin 0.0037 MG/KG U 0.04 nc nc NA
Lyman Mill soil RES-11-427-01 0 1 Dieldrin 0.0035 MG/KG U 0.04 nc nc NA
Lyman Mill soil RES-11-428-01 0 1 Dieldrin 0.0044 MG/KG U 0.04 nc nc NA
Lyman Mill soil RES-11-429-01 0 1 Dieldrin 0.004 MG/KG U 0.04 nc nc NA
Lyman Mill soil RES-11-430-01 0 1 Dieldrin 0.0038 MG/KG U 0.04 nc nc NA
Lyman Mill soil RES-11-431-01 0 1 Dieldrin 0.0041 MG/KG U 0.04 nc nc NA
Lyman Mill soil RES-11-432-01 0 1 Dieldrin 0.0069 MG/KG U 0.04 nc nc NA
Lyman Mill soil RES-11-486-01 0 1 Dieldrin 0.0097 MG/KG U 0.04 nc nc NA
Lyman Mill soil RES-11-497-01 0 1 Dieldrin 0.0044 MG/KG U 0.04 nc nc NA
Lyman Mill soil RES-11-577-01 0 1 Dieldrin 0.0078 MG/KG U 0.04 nc nc NA
Lyman Mill soil RES-12-556-01 0 1 Dieldrin 0.02 MG/KG U 0.04 nc nc NA
Lyman Mill soil RES-12-560-01 0 1 Dieldrin 0.0039 MG/KG U 0.04 nc nc NA
Lyman Mill soil RES-12-560-02 0 1 Dieldrin 0.0043 MG/KG U 0.04 nc nc NA
Lyman Mill soil RES-10-044-01 0 1 Dieldrin 0.0088 MG/KG U 0.04 nc nc NA
Lyman Mill soil RES-10-053-01 0 1 Dieldrin 0.0048 MG/KG U 0.04 nc nc NA
Oxbow Area soil LPX-SD-4404 0 0.5 Aroclor, Total 0.10311 MG/KG 10 10 nc N
Oxbow Area soil LPX-SD-4402 0 0.5 Aroclor, Total 0.18542 MG/KG 10 10 nc N
Oxbow Area soil LPX-SD-4402 0 0.5 Aroclor, Total 0.33914 MG/KG 10 10 nc N
Oxbow Area soil LPX-SD-4407 0 0.5 Aroclor, Total 0.63783 MG/KG 10 10 nc N
Oxbow Area soil LPX-SD-4402 0 0.5 Aroclor, Total 3.5833 MG/KG 10 10 nc N
Lyman Mill soil LPX-FP-4004 0 0.5 Aroclor, Total 0.14252 MG/KG 10 10 nc N
Lyman Mill soil LPX-FP-4004 0 0.5 Aroclor, Total 0.85924 MG/KG J 10 10 nc N
Lyman Mill soil LPX-FP-4006 0 0.5 Aroclor, Total 0.27811 MG/KG J 10 10 nc N
Lyman Mill soil LPX-FP-4007 0 0.5 Aroclor, Total 0.10873 MG/KG J 10 10 nc N
Allendale soil CMS-418 0 1 Aroclor, Total 0.21 MG/KG 10 10 nc N
Allendale soil CMS-418 1 2 Aroclor, Total 0.2 MG/KG 10 10 nc N
Allendale soil SS-04 0 1.5 Aroclor, Total 0.41 MG/KG 10 10 nc N
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Table F-2b. Comparison of Allendale and Lyman Mill Floodplain Soil Data to Potential ARARs and TBCs


RI_SAMPLE_GROUP BORING TO
P_
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PARAMETER LAB_RESULT UNIT QUAL


RIDEM Direct 
Exposure 
Criteria 
(MG/KG)


RIDEM GB 
Leachability 


Criteria 
(MG/KG)


EPA's 
Recommended 


Residential Level 
for Dioxin (NG/KG)


Exceed 
Criteria 


(Y/N)


Potential ARARs and TBC1


Allendale soil SS-05 0 1.5 Aroclor, Total 0.78 MG/KG 10 10 nc N
Allendale soil RES-14-421-01 0 1 Aroclor, Total 0.074 MG/KG U 10 10 nc NA
Lyman Mill soil RES-10-004-01 0 1 Aroclor, Total 0.095 MG/KG U 10 10 nc NA
Lyman Mill soil RES-10-005-01 0 1 Aroclor, Total 0.14 MG/KG U 10 10 nc NA
Lyman Mill soil RES-10-042-01 0 1 Aroclor, Total 0.16 MG/KG U 10 10 nc NA
Lyman Mill soil RES-10-044-01 0 1 Aroclor, Total 0.35 MG/KG 10 10 nc N
Lyman Mill soil RES-10-053-01 0 1 Aroclor, Total 0.041 MG/KG 10 10 nc N
Lyman Mill soil RES-10-068-01 0 1 Aroclor, Total 0.081 MG/KG U 10 10 nc NA
Lyman Mill soil RES-10-074-01 0 1 Aroclor, Total 0.1 MG/KG U 10 10 nc NA
Lyman Mill soil RES-10-075-01 0 1 Aroclor, Total 0.094 MG/KG U 10 10 nc NA
Lyman Mill soil RES-10-076-01 0 1 Aroclor, Total 0.098 MG/KG U 10 10 nc NA
Lyman Mill soil RES-10-604-01 0 1 Aroclor, Total 0.073 MG/KG 10 10 nc N
Lyman Mill soil RES-11-011-01 0 1 Aroclor, Total 0.11 MG/KG U 10 10 nc NA
Lyman Mill soil RES-11-012-01 0 1 Aroclor, Total 0.15 MG/KG 10 10 nc N
Lyman Mill soil RES-11-328-01 0 1 Aroclor, Total 0.34 MG/KG 10 10 nc N
Lyman Mill soil RES-11-419-01 0 1 Aroclor, Total 0.16 MG/KG U 10 10 nc NA
Lyman Mill soil RES-11-420-01 0 1 Aroclor, Total 0.093 MG/KG U 10 10 nc NA
Lyman Mill soil RES-11-422-01 0 1 Aroclor, Total 0.095 MG/KG U 10 10 nc NA
Lyman Mill soil RES-11-423-01 0 1 Aroclor, Total 0.083 MG/KG U 10 10 nc NA
Lyman Mill soil RES-11-424-01 0 1 Aroclor, Total 0.082 MG/KG U 10 10 nc NA
Lyman Mill soil RES-11-426-01 0 1 Aroclor, Total 0.075 MG/KG U 10 10 nc NA
Lyman Mill soil RES-11-427-01 0 1 Aroclor, Total 0.072 MG/KG U 10 10 nc NA
Lyman Mill soil RES-11-428-01 0 1 Aroclor, Total 0.18 MG/KG 10 10 nc N
Lyman Mill soil RES-11-429-01 0 1 Aroclor, Total 0.081 MG/KG U 10 10 nc NA
Lyman Mill soil RES-11-430-01 0 1 Aroclor, Total 0.076 MG/KG U 10 10 nc NA
Lyman Mill soil RES-11-431-01 0 1 Aroclor, Total 0.064 MG/KG 10 10 nc N
Lyman Mill soil RES-11-432-01 0 1 Aroclor, Total 0.14 MG/KG U 10 10 nc NA
Lyman Mill soil RES-11-433-01 0 1 Aroclor, Total 0 MG/KG U 10 10 nc NA
Lyman Mill soil RES-11-486-01 0 1 Aroclor, Total 0.2 MG/KG U 10 10 nc NA
Lyman Mill soil RES-11-497-01 0 1 Aroclor, Total 0.03 MG/KG 10 10 nc N
Lyman Mill soil RES-11-577-01 0 1 Aroclor, Total 0.086 MG/KG 10 10 nc N
Lyman Mill soil RES-12-556-01 0 1 Aroclor, Total 0.41 MG/KG U 10 10 nc NA
Lyman Mill soil RES-12-560-01 0 1 Aroclor, Total 0.079 MG/KG U 10 10 nc NA
Lyman Mill soil RES-12-560-02 0 1 Aroclor, Total 0.087 MG/KG U 10 10 nc NA
Lyman Mill soil RES-10-044-01 0 1 Aroclor, Total 0.35 MG/KG 10 10 nc N
Lyman Mill soil RES-10-053-01 0 1 Aroclor, Total 0.042 MG/KG 10 10 nc N
Lyman Mill soil LPX-4112 0 0.5 Aroclor, Total 0.825747244 MG/KG 10 10 nc N
Lyman Mill soil LPX-4112 0 0.5 Aroclor, Total 0.938052628 MG/KG 10 10 nc N
Lyman Mill soil LPX-4113 0 0.5 Aroclor, Total 0.010121433 MG/KG U 10 10 nc NA
Lyman Mill soil LPX-4114 0 0.5 Aroclor, Total 0.466650329 MG/KG 10 10 nc N
Dioxin (ng/kg)
Oxbow Area soil LPX-SD-4404 0 0.5 TEQ 347 NG/KG nc nc 1000 N
Oxbow Area soil LPX-SD-4402 0 0.5 TEQ 405 NG/KG nc nc 1000 N
Oxbow Area soil LPX-SD-4403 0 0.5 TEQ 524 NG/KG nc nc 1000 N
Oxbow Area soil LPX-SD-4402 0 0.5 TEQ 795 NG/KG nc nc 1000 N
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Table F-2b. Comparison of Allendale and Lyman Mill Floodplain Soil Data to Potential ARARs and TBCs
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RIDEM Direct 
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(MG/KG)
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Leachability 
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(MG/KG)


EPA's 
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Residential Level 
for Dioxin (NG/KG)


Exceed 
Criteria 


(Y/N)


Potential ARARs and TBC1


Oxbow Area soil LPX-SD-4406 0 0.5 TEQ 1831 NG/KG nc nc 1000 Y
Oxbow Area soil LPX-SD-4407 0 0.5 TEQ 2102 NG/KG nc nc 1000 Y
Oxbow Area soil LPX-SD-4405 0 0.5 TEQ 4291 NG/KG nc nc 1000 Y
Lyman Mill soil LPX-FP-4004 0 0.5 TEQ 1130 NG/KG nc nc 1000 Y
Lyman Mill soil LPX-FP-4006 0 0.5 TEQ 154 NG/KG nc nc 1000 N
Lyman Mill soil LPX-FP-4007 0 0.5 TEQ 82 NG/KG nc nc 1000 N


Allendale Soil AP-DEL-20 0 1 TEQ 3.8768
PG/G_DR
YWT nc nc 1000 N


Allendale Soil AP-DEL-20 1 2 TEQ 7.3
PG/G_DR
YWT nc nc 1000 N


Allendale Soil AP-DEL-19 0 1 TEQ 1.928
PG/G_DR
YWT nc nc 1000 N


Allendale Soil AP-DEL-19 1 2 TEQ 3.1
PG/G_DR
YWT nc nc 1000 N


Allendale Soil AP-DEL-18 0 1 TEQ 282.87
PG/G_DR
YWT nc nc 1000 N


Allendale Soil AP-DEL-18 1 2 TEQ 789.3
PG/G_DR
YWT nc nc 1000 N


Allendale Soil AP-DEL-17 0 1 TEQ 871.536
PG/G_DR
YWT nc nc 1000 N


Allendale Soil AP-DEL-16 0 1 TEQ 2.737
PG/G_DR
YWT nc nc 1000 N


Allendale Soil AP-DEL-16 1 2 TEQ 0.014
PG/G_DR
YWT nc nc 1000 N


Allendale Soil AP-DEL-15 0 1 TEQ 113.328
PG/G_DR
YWT nc nc 1000 N


Allendale Soil AP-DEL-15 1 2 TEQ 3.0
PG/G_DR
YWT nc nc 1000 N


Allendale Soil AP-DEL-14 0 1 TEQ 283.12
PG/G_DR
YWT nc nc 1000 N


Allendale Soil AP-DEL-14 1 2 TEQ 466.8
PG/G_DR
YWT nc nc 1000 N


Allendale Soil AP-DEL-13 0 1 TEQ 145.287
PG/G_DR
YWT nc nc 1000 N


Allendale Soil AP-DEL-13 1 2 TEQ 4.1
PG/G_DR
YWT nc nc 1000 N


Allendale Soil AP-DEL-12 0 1 TEQ 49.493
PG/G_DR
YWT nc nc 1000 N


Allendale Soil AP-DEL-12 1 2 TEQ 47.6
PG/G_DR
YWT nc nc 1000 N


Allendale Soil AP-DEL-11 0 1 TEQ 25
PG/G_DR
YWT nc nc 1000 N


Allendale Soil AP-DEL-11 1 2 TEQ 4.7
PG/G_DR
YWT nc nc 1000 N
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Table F-2b. Comparison of Allendale and Lyman Mill Floodplain Soil Data to Potential ARARs and TBCs
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PARAMETER LAB_RESULT UNIT QUAL


RIDEM Direct 
Exposure 
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(MG/KG)


RIDEM GB 
Leachability 


Criteria 
(MG/KG)


EPA's 
Recommended 


Residential Level 
for Dioxin (NG/KG)


Exceed 
Criteria 


(Y/N)


Potential ARARs and TBC1


Allendale Soil AP-DEL-10 0 1 TEQ 2.593
PG/G_DR
YWT nc nc 1000 N


Allendale Soil AP-DEL-10 1 2 TEQ 1.6
PG/G_DR
YWT nc nc 1000 N


Allendale Soil AP-DEL-09 0 1 TEQ 0.011
PG/G_DR
YWT nc nc 1000 N


Allendale Soil AP-DEL-09 1 2 TEQ 18.5
PG/G_DR
YWT nc nc 1000 N


Allendale Soil AP-DEL-08 0 1 TEQ 104.883
PG/G_DR
YWT nc nc 1000 N


Allendale Soil AP-DEL-08 1 2 TEQ 6.9
PG/G_DR
YWT nc nc 1000 N


Allendale Soil AP-DEL-07 0 1 TEQ 142.51
PG/G_DR
YWT nc nc 1000 N


Allendale Soil AP-DEL-07 1 2 TEQ 145.9
PG/G_DR
YWT nc nc 1000 N


Allendale Soil AP-DEL-06 0 1 TEQ 1.93
PG/G_DR
YWT nc nc 1000 N


Allendale Soil AP-DEL-06 1 2 TEQ 6.8
PG/G_DR
YWT nc nc 1000 N


Allendale Soil AP-DEL-05 0 1 TEQ 484.26
PG/G_DR
YWT nc nc 1000 N


Allendale Soil AP-DEL-05 1 2 TEQ 17.0
PG/G_DR
YWT nc nc 1000 N


Source Area soil 2 CMS-001 0 0.25 TEQ 26.1 NG/KG nc nc 1000 N
Source Area soil 2 CMS-001 0 0.25 TEQ 19 NG/KG nc nc 1000 N
Source Area soil 2 CMS-002 0 0.25 TEQ 125 NG/KG nc nc 1000 N
Source Area soil 2 CMS-003 0 0.25 TEQ 7.8 NG/KG nc nc 1000 N
Source Area soil 2 CMS-004 0 0.25 TEQ 18.6 NG/KG nc nc 1000 N
Source Area soil 2 CMS-004 0 0.25 TEQ 27.1 NG/KG nc nc 1000 N
Source Area soil 2 CMS-005 0 0.25 TEQ 166 NG/KG nc nc 1000 N
Source Area soil 2 CMS-005 0 0.25 TEQ 322 NG/KG nc nc 1000 N
Source Area soil 2 CMS-006 0 0.25 TEQ 14.6 NG/KG nc nc 1000 N
Source Area soil 2 CMS-007 0 0.25 TEQ 485 NG/KG nc nc 1000 N
Source Area soil 2 CMS-008 0 0.25 TEQ 14.9 NG/KG nc nc 1000 N
Source Area soil 2 CMS-009 0 0.25 TEQ 32.2 NG/KG nc nc 1000 N
Source Area soil 2 CMS-010 0 0.25 TEQ 18.9 NG/KG nc nc 1000 N
Source Area soil 2 CMS-011 0 0.25 TEQ 200 NG/KG nc nc 1000 N
Source Area soil 2 CMS-012 0 0.25 TEQ 151 NG/KG nc nc 1000 N
Source Area soil 2 CMS-013 0 0.25 TEQ 236 NG/KG nc nc 1000 N
Source Area soil 2 CMS-014 0 0.25 TEQ 25.6 NG/KG nc nc 1000 N
Source Area soil 2 CMS-015 0 0.25 TEQ 45.5 NG/KG nc nc 1000 N
Source Area soil 2 CMS-016 0 0.25 TEQ 815 NG/KG nc nc 1000 N
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Table F-2b. Comparison of Allendale and Lyman Mill Floodplain Soil Data to Potential ARARs and TBCs
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PARAMETER LAB_RESULT UNIT QUAL


RIDEM Direct 
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RIDEM GB 
Leachability 
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(MG/KG)


EPA's 
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Residential Level 
for Dioxin (NG/KG)


Exceed 
Criteria 


(Y/N)


Potential ARARs and TBC1


Source Area soil 2 CMS-017 0 0.25 TEQ 302 NG/KG nc nc 1000 N
Allendale soil CMS-018 0 0.25 TEQ 38.1 NG/KG nc nc 1000 N
Allendale soil CMS-019 0 0.25 TEQ 1510 NG/KG nc nc 1000 Y
Allendale soil CMS-184 0 0.25 TEQ 88.3 NG/KG nc nc 1000 N
Allendale soil CMS-185 0 0.25 TEQ 61.6 NG/KG nc nc 1000 N
Allendale soil CMS-189 0 0.25 TEQ 153 NG/KG nc nc 1000 N
Allendale soil CMS-197 0 0.25 TEQ 616 NG/KG nc nc 1000 N
Allendale soil CMS-019 0 1 TEQ 34 NG/KG nc nc 1000 N
Allendale soil CMS-418 0 1 TEQ 240 NG/KG nc nc 1000 N
Allendale soil CMS-446 0 1 TEQ 60 NG/KG nc nc 1000 N
Allendale soil CMS-447 0 1 TEQ 58 NG/KG nc nc 1000 N
Allendale soil CMS-460 0 1 TEQ 6.1 NG/KG nc nc 1000 N
Allendale soil CMS-461 0 1 TEQ 31.3 NG/KG nc nc 1000 N
Allendale soil CMS-462 0 1 TEQ 34.3 NG/KG nc nc 1000 N
Allendale soil CMS-463 0 1 TEQ 25.2 NG/KG nc nc 1000 N
Allendale soil CMS-463 0 1 TEQ 18.1 NG/KG nc nc 1000 N
Allendale soil CMS-464 0 1 TEQ 13.2 NG/KG nc nc 1000 N
Allendale soil CMS-466 0 1 TEQ 93.5 NG/KG nc nc 1000 N
Allendale soil CMS-469 0 1 TEQ 9.9 NG/KG nc nc 1000 N
Allendale soil CMS-473 0 1 TEQ 6.8 NG/KG nc nc 1000 N
Allendale soil CMS-474 0 1 TEQ 77.5 NG/KG nc nc 1000 N
Allendale soil CMS-475 0 1 TEQ 5.9 NG/KG nc nc 1000 N
Allendale soil CMS-478 0 1 TEQ 115 NG/KG nc nc 1000 N
Allendale soil CMS-479 0 1 TEQ 11.3 NG/KG nc nc 1000 N
Allendale soil CMS-480 0 1 TEQ 13.5 NG/KG nc nc 1000 N
Allendale soil CMS-485 0 1 TEQ 42.1 NG/KG nc nc 1000 N
Allendale soil CMS-486 0 1 TEQ 6.1 NG/KG nc nc 1000 N
Allendale soil CMS-488 0 1 TEQ 2.5 NG/KG nc nc 1000 N
Allendale soil CMS-491 0 1 TEQ 13.9 NG/KG nc nc 1000 N
Allendale soil CMS-492 0 1 TEQ 37.9 NG/KG nc nc 1000 N
Allendale soil CMS-497 0 1 TEQ 81.8 NG/KG nc nc 1000 N
Allendale soil CMS-498 0 1 TEQ 87.2 NG/KG nc nc 1000 N
Allendale soil CMS-499 0 1 TEQ 93.6 NG/KG nc nc 1000 N
Lyman Mill soil LPX-4112 0 0.5 TEQ 5 NG/KG nc nc 1000 N
Lyman Mill soil LPX-4113 0 0.5 TEQ 5 NG/KG nc nc 1000 N
Lyman Mill soil LPX-4114 0 0.5 TEQ 7 NG/KG nc nc 1000 N
Allendale soil RES-14-210-02 0 1 TEQ 14.6 NG/KG nc nc 1000 N
Allendale soil RES-14-210-03 0 1 TEQ 15 NG/KG nc nc 1000 N
Allendale soil RES-14-365-02 0 1 TEQ 88.2 NG/KG nc nc 1000 N
Allendale soil RES-14-365-03 0 1 TEQ 106 NG/KG nc nc 1000 N
Allendale soil RES-14-366-03 0 1 TEQ 13.4 NG/KG nc nc 1000 N
Allendale soil RES-14-399-02 0 1 TEQ 58 NG/KG nc nc 1000 N
Allendale soil RES-14-422-02 0 1 TEQ 24.9 NG/KG nc nc 1000 N
Allendale soil RES-14-425-02 0 1 TEQ 9.7 NG/KG nc nc 1000 N
Allendale soil RES-14-425-03 0 1 TEQ 8.1 NG/KG nc nc 1000 N
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Table F-2b. Comparison of Allendale and Lyman Mill Floodplain Soil Data to Potential ARARs and TBCs
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Lyman Mill soil RES-10-004-01 0 1 TEQ 119 NG/KG nc nc 1000 N
Lyman Mill soil RES-10-004-02 0 1 TEQ 6.6 NG/KG nc nc 1000 N
Lyman Mill soil RES-10-004-03 0 1 TEQ 2.1 NG/KG nc nc 1000 N
Lyman Mill soil RES-10-005-01 0 1 TEQ 155 NG/KG nc nc 1000 N
Lyman Mill soil RES-10-005-02 0 1 TEQ 9 NG/KG nc nc 1000 N
Lyman Mill soil RES-10-005-03 0 1 TEQ 3.1 NG/KG nc nc 1000 N
Lyman Mill soil RES-10-042-01 0 1 TEQ 365 NG/KG nc nc 1000 N
Lyman Mill soil RES-10-042-02 0 1 TEQ 4.5 NG/KG nc nc 1000 N
Lyman Mill soil RES-10-042-03 0 1 TEQ 4.4 NG/KG nc nc 1000 N
Lyman Mill soil RES-10-044-01 0 1 TEQ 534 NG/KG nc nc 1000 N
Lyman Mill soil RES-10-044-02 0 1 TEQ 62.8 NG/KG nc nc 1000 N
Lyman Mill soil RES-10-044-03 0 1 TEQ 12.4 NG/KG nc nc 1000 N
Lyman Mill soil RES-10-053-01 0 1 TEQ 43.2 NG/KG nc nc 1000 N
Lyman Mill soil RES-10-053-02 0 1 TEQ 8.6 NG/KG nc nc 1000 N
Lyman Mill soil RES-10-053-03 0 1 TEQ 2.3 NG/KG nc nc 1000 N
Lyman Mill soil RES-10-068-01 0 1 TEQ 26.7 NG/KG nc nc 1000 N
Lyman Mill soil RES-10-068-02 0 1 TEQ 9.3 NG/KG nc nc 1000 N
Lyman Mill soil RES-10-068-03 0 1 TEQ 20 NG/KG nc nc 1000 N
Lyman Mill soil RES-10-074-01 0 1 TEQ 16.9 NG/KG nc nc 1000 N
Lyman Mill soil RES-10-074-02 0 1 TEQ 89.4 NG/KG nc nc 1000 N
Lyman Mill soil RES-10-074-03 0 1 TEQ 17.6 NG/KG nc nc 1000 N
Lyman Mill soil RES-10-075-01 0 1 TEQ 14.5 NG/KG nc nc 1000 N
Lyman Mill soil RES-10-075-02 0 1 TEQ 3.8 NG/KG nc nc 1000 N
Lyman Mill soil RES-10-075-03 0 1 TEQ 5.9 NG/KG nc nc 1000 N
Lyman Mill soil RES-10-076-01 0 1 TEQ 116 NG/KG nc nc 1000 N
Lyman Mill soil RES-10-076-02 0 1 TEQ 18.2 NG/KG nc nc 1000 N
Lyman Mill soil RES-10-076-03 0 1 TEQ 3.8 NG/KG nc nc 1000 N
Lyman Mill soil RES-10-604-01 0 1 TEQ 264 NG/KG nc nc 1000 N
Lyman Mill soil RES-10-604-02 0 1 TEQ 52.6 NG/KG nc nc 1000 N
Lyman Mill soil RES-10-604-03 0 1 TEQ 3.4 NG/KG nc nc 1000 N
Lyman Mill soil RES-11-011-01 0 1 TEQ 7.3 NG/KG nc nc 1000 N
Lyman Mill soil RES-11-011-02 0 1 TEQ 4.5 NG/KG nc nc 1000 N
Lyman Mill soil RES-11-011-03 0 1 TEQ 4.5 NG/KG nc nc 1000 N
Lyman Mill soil RES-11-012-01 0 1 TEQ 13.7 NG/KG nc nc 1000 N
Lyman Mill soil RES-11-012-02 0 1 TEQ 3.5 NG/KG nc nc 1000 N
Lyman Mill soil RES-11-012-03 0 1 TEQ 6.2 NG/KG nc nc 1000 N
Lyman Mill soil RES-11-328-01 0 1 TEQ 388 NG/KG nc nc 1000 N
Lyman Mill soil RES-11-328-02 0 1 TEQ 23.5 NG/KG nc nc 1000 N
Lyman Mill soil RES-11-328-03 0 1 TEQ 3.7 NG/KG nc nc 1000 N
Lyman Mill soil RES-11-396-02 0 1 TEQ 62.5 NG/KG nc nc 1000 N
Lyman Mill soil RES-11-396-03 0 1 TEQ 9.2 NG/KG nc nc 1000 N
Lyman Mill soil RES-11-419-01 0 1 TEQ 596 NG/KG nc nc 1000 N
Lyman Mill soil RES-11-419-02 0 1 TEQ 148 NG/KG nc nc 1000 N
Lyman Mill soil RES-11-419-03 0 1 TEQ 2.2 NG/KG nc nc 1000 N
Lyman Mill soil RES-11-420-01 0 1 TEQ 11.3 NG/KG nc nc 1000 N
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Table F-2b. Comparison of Allendale and Lyman Mill Floodplain Soil Data to Potential ARARs and TBCs
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Lyman Mill soil RES-11-420-02 0 1 TEQ 6.2 NG/KG nc nc 1000 N
Lyman Mill soil RES-11-420-03 0 1 TEQ 2.3 NG/KG nc nc 1000 N
Lyman Mill soil RES-11-420-04 0 1 TEQ 116 NG/KG nc nc 1000 N
Lyman Mill soil RES-11-422-01 0 1 TEQ 40.1 NG/KG nc nc 1000 N
Lyman Mill soil RES-11-422-02 0 1 TEQ 6.8 NG/KG nc nc 1000 N
Lyman Mill soil RES-11-422-03 0 1 TEQ 4.4 NG/KG nc nc 1000 N
Lyman Mill soil RES-11-423-01 0 1 TEQ 13.7 NG/KG nc nc 1000 N
Lyman Mill soil RES-11-423-02 0 1 TEQ 0.81 NG/KG nc nc 1000 N
Lyman Mill soil RES-11-423-03 0 1 TEQ 0.92 NG/KG nc nc 1000 N
Lyman Mill soil RES-11-424-01 0 1 TEQ 42.9 NG/KG nc nc 1000 N
Lyman Mill soil RES-11-424-02 0 1 TEQ 34.3 NG/KG nc nc 1000 N
Lyman Mill soil RES-11-424-03 0 1 TEQ 28.5 NG/KG nc nc 1000 N
Lyman Mill soil RES-11-425-02 0 1 TEQ 10.5 NG/KG nc nc 1000 N
Lyman Mill soil RES-11-425-03 0 1 TEQ 1.2 NG/KG nc nc 1000 N
Lyman Mill soil RES-11-426-01 0 1 TEQ 36.9 NG/KG nc nc 1000 N
Lyman Mill soil RES-11-426-02 0 1 TEQ 1.9 NG/KG nc nc 1000 N
Lyman Mill soil RES-11-426-03 0 1 TEQ 0.81 NG/KG nc nc 1000 N
Lyman Mill soil RES-11-427-01 0 1 TEQ 0.96 NG/KG nc nc 1000 N
Lyman Mill soil RES-11-427-02 0 1 TEQ 1.2 NG/KG nc nc 1000 N
Lyman Mill soil RES-11-427-03 0 1 TEQ 1.2 NG/KG nc nc 1000 N
Lyman Mill soil RES-11-428-01 0 1 TEQ 5.1 NG/KG nc nc 1000 N
Lyman Mill soil RES-11-428-02 0 1 TEQ 3.4 NG/KG nc nc 1000 N
Lyman Mill soil RES-11-428-03 0 1 TEQ 3.1 NG/KG nc nc 1000 N
Lyman Mill soil RES-11-428-G 0 1 TEQ 1.4 NG/KG nc nc 1000 N
Lyman Mill soil RES-11-429-01 0 1 TEQ 18 NG/KG nc nc 1000 N
Lyman Mill soil RES-11-429-02 0 1 TEQ 8.2 NG/KG nc nc 1000 N
Lyman Mill soil RES-11-430-01 0 1 TEQ 1.6 NG/KG nc nc 1000 N
Lyman Mill soil RES-11-430-02 0 1 TEQ 8.3 NG/KG nc nc 1000 N
Lyman Mill soil RES-11-430-03 0 1 TEQ 2.6 NG/KG nc nc 1000 N
Lyman Mill soil RES-11-431-01 0 1 TEQ 35.7 NG/KG nc nc 1000 N
Lyman Mill soil RES-11-431-02 0 1 TEQ 30.1 NG/KG nc nc 1000 N
Lyman Mill soil RES-11-431-03 0 1 TEQ 4.6 NG/KG nc nc 1000 N
Lyman Mill soil RES-11-432-01 0 1 TEQ 129 NG/KG nc nc 1000 N
Lyman Mill soil RES-11-432-02 0 1 TEQ 5.2 NG/KG nc nc 1000 N
Lyman Mill soil RES-11-432-03 0 1 TEQ 8.4 NG/KG nc nc 1000 N
Lyman Mill soil RES-11-433-01 0 1 TEQ 1170 NG/KG nc nc 1000 Y
Lyman Mill soil RES-11-433-02 0 1 TEQ 145 NG/KG nc nc 1000 N
Lyman Mill soil RES-11-433-03 0 1 TEQ 29.6 NG/KG nc nc 1000 N
Lyman Mill soil RES-11-486-01 0 1 TEQ 47 NG/KG nc nc 1000 N
Lyman Mill soil RES-11-486-02 0 1 TEQ 74.3 NG/KG nc nc 1000 N
Lyman Mill soil RES-11-486-03 0 1 TEQ 66.5 NG/KG nc nc 1000 N
Lyman Mill soil RES-11-497-01 0 1 TEQ 7.6 NG/KG nc nc 1000 N
Lyman Mill soil RES-11-497-02 0 1 TEQ 6.4 NG/KG nc nc 1000 N
Lyman Mill soil RES-11-497-03 0 1 TEQ 5.4 NG/KG nc nc 1000 N
Lyman Mill soil RES-11-577-01 0 1 TEQ 418 NG/KG nc nc 1000 N
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Table F-2b. Comparison of Allendale and Lyman Mill Floodplain Soil Data to Potential ARARs and TBCs
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Lyman Mill soil RES-11-577-02 0 1 TEQ 71.1 NG/KG nc nc 1000 N
Lyman Mill soil RES-11-577-03 0 1 TEQ 20.3 NG/KG nc nc 1000 N
Lyman Mill soil RES-12-556-01 0 1 TEQ 39.5 NG/KG nc nc 1000 N
Lyman Mill soil RES-12-556-02 0 1 TEQ 19.6 NG/KG nc nc 1000 N
Lyman Mill soil RES-11-425-03 0 1 TEQ 2.4 NG/KG nc nc 1000 N
Lyman Mill soil RES-11-428-03 0 1 TEQ 3.4 NG/KG nc nc 1000 N
Lyman Mill soil RES-11-420-03 0 1 TEQ 2.3 NG/KG nc nc 1000 N
Lyman Mill soil RES-11-432-01 0 1 TEQ 169 NG/KG nc nc 1000 N
Lyman Mill soil RES-11-486-01 0 1 TEQ 51.8 NG/KG nc nc 1000 N
Lyman Mill soil RES-11-328-01 0 1 TEQ 349 NG/KG nc nc 1000 N
Lyman Mill soil RES-11-577-01 0 1 TEQ 325 NG/KG nc nc 1000 N
Lyman Mill soil RES-10-604-01 0 1 TEQ 233 NG/KG nc nc 1000 N
Lyman Mill soil RES-10-074-01 0 1 TEQ 33.1 NG/KG nc nc 1000 N
Lyman Mill soil RES-10-075-01 0 1 TEQ 10.9 NG/KG nc nc 1000 N
Lyman Mill soil RES-10-053-03 0 1 TEQ 3.3 NG/KG nc nc 1000 N
Lyman Mill soil RES-11-011-03 0 1 TEQ 6.9 NG/KG nc nc 1000 N
Lyman Mill soil SS-99-07 0 0.25 TEQ 239 NG/KG nc nc 1000 N
Lyman Mill soil SS-99-08 0 0.25 TEQ 207 NG/KG nc nc 1000 N
Lyman Mill soil SS-99-09 0 0.25 TEQ 202 NG/KG nc nc 1000 N
Lyman Mill soil SS-99-10 0 0.25 TEQ 166 NG/KG nc nc 1000 N
Lyman Mill soil SS-99-11 0 0.25 TEQ 198 NG/KG nc nc 1000 N
Lyman Mill soil SS-99-12 0 0.25 TEQ 188 NG/KG nc nc 1000 N
Lyman Mill soil SS-99-13 0 0.25 TEQ 202 NG/KG nc nc 1000 N
Lyman Mill soil SS-99-14 0 0.25 TEQ 198 NG/KG nc nc 1000 N
Lyman Mill soil SS-99-15 0 0.25 TEQ 246 NG/KG nc nc 1000 N
Lyman Mill soil SS-99-16 0 0.25 TEQ 218 NG/KG nc nc 1000 N
Lyman Mill soil SS-99-21 0 0.25 TEQ 0.68 NG/KG nc nc 1000 N
Lyman Mill soil SS-99-22 0 0.25 TEQ 1.5 NG/KG nc nc 1000 N
Lyman Mill soil SS-99-23 0 0.25 TEQ 3.5 NG/KG nc nc 1000 N
Lyman Mill soil SS-99-24 0 0.25 TEQ 3.6 NG/KG nc nc 1000 N
Lyman Mill soil SS-99-25 0 0.25 TEQ 4.7 NG/KG nc nc 1000 N
Allendale soil 06-DEL-200 0 2 TEQ 0 NG/KG nc nc 1000 N
Allendale soil 06-DEL-100 0 2 TEQ 1 NG/KG nc nc 1000 N
Allendale soil 07-DEL-100 0 2 TEQ 11 NG/KG nc nc 1000 N
Allendale soil 07-DEL-202 0 2 TEQ 98 NG/KG nc nc 1000 N
Allendale soil 07-DEL-203 0 2 TEQ 406 NG/KG nc nc 1000 N
Allendale soil 07-DEL-201 0 2 TEQ 432 NG/KG nc nc 1000 N
Allendale soil 07-DEL-400 0 2 TEQ 16 NG/KG nc nc 1000 N
Allendale soil 07-DEL-300 0 2 TEQ 3 NG/KG nc nc 1000 N
Allendale soil 05-DEL-200 0 2 TEQ 9 NG/KG nc nc 1000 N
Allendale soil 05-DEL-100 0 2 TEQ 105 NG/KG nc nc 1000 N
Allendale soil 04-DEL-203 0 2 TEQ 311 NG/KG nc nc 1000 N
Allendale soil 04-DEL-202 0 2 TEQ 57 NG/KG nc nc 1000 N
Allendale soil 04-DEL-201 0 2 TEQ 141 NG/KG nc nc 1000 N
Allendale soil 04-DEL-100 0 2 TEQ 4 NG/KG nc nc 1000 N
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Table F-2b. Comparison of Allendale and Lyman Mill Floodplain Soil Data to Potential ARARs and TBCs
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Allendale soil 03/04-DEL-102 0 2 TEQ 290 NG/KG nc nc 1000 N
Allendale soil 03/04-DEL-102 0 2 TEQ 136 NG/KG nc nc 1000 N
Lyman Mill soil 12-DEL-101 0 1 TEQ 820 NG/KG nc nc 1000 N
Lyman Mill soil 12-DEL-102 0 2 TEQ 9 NG/KG nc nc 1000 N
Lyman Mill soil 12-DEL-103 0 1 TEQ 617 NG/KG nc nc 1000 N
Lyman Mill soil 11-DEL-100 0 2 TEQ 51 NG/KG nc nc 1000 N
Lyman Mill soil 12-DEL-200 0 1.5 TEQ 4 NG/KG nc nc 1000 N
Lyman Mill soil 9-DEL-300 0 2 TEQ 12 NG/KG nc nc 1000 N
Lyman Mill soil 9-DEL-100 0 2 TEQ 15 NG/KG nc nc 1000 N
Lyman Mill soil 9-DEL-202 0 2 TEQ 17 NG/KG nc nc 1000 N
Lyman Mill soil 9-DEL-203 0 2 TEQ 60 NG/KG nc nc 1000 N
Lyman Mill soil 9-DEL-201 0 2 TEQ 20 NG/KG nc nc 1000 N
Lyman Mill soil 10-DEL-302 0 2 TEQ 98 NG/KG nc nc 1000 N
Lyman Mill soil 10-DEL-301 0 2 TEQ 333 NG/KG nc nc 1000 N
Lyman Mill soil 10-DEL-301 0 2 TEQ 374 NG/KG nc nc 1000 N
Lyman Mill soil 10-DEL-100 0 2 TEQ 13 NG/KG nc nc 1000 N
Lyman Mill soil 10-DEL-200 0 2 TEQ 45 NG/KG nc nc 1000 N
Inorganics
Oxbow Area soil LPX-SD-4402 0 0.5 Antimony 0.922 MG/KG 10 nc nc N
Oxbow Area soil LPX-SD-4401 0 0.5 Antimony 1.37 MG/KG J 10 nc nc N
Oxbow Area soil LPX-SD-4401 0 0.5 Antimony 2.63 MG/KG J 10 nc nc N
Oxbow Area soil LPX-SD-4407 0 0.5 Antimony 2.8 MG/KG 10 nc nc N
Oxbow Area soil LPX-SD-4404 0 0.5 Antimony 7.01 MG/KG 10 nc nc N
Lyman Mill soil LPX-FP-4004 0 0.5 Antimony 0.112 MG/KG U 10 nc nc NA
Lyman Mill soil LPX-FP-4006 0 0.5 Antimony 0.704 MG/KG J 10 nc nc N
Lyman Mill soil LPX-FP-4007 0 0.5 Antimony 0.213 MG/KG J 10 nc nc N
Lyman Mill soil LPX-4112 0 0.5 Antimony 0.0702 MG/KG J 10 nc nc N
Lyman Mill soil LPX-4112 0 0.5 Antimony 0.13 MG/KG J 10 nc nc N
Lyman Mill soil LPX-4113 0 0.5 Antimony 0.0675 MG/KG J 10 nc nc N
Lyman Mill soil LPX-4114 0 0.5 Antimony 0.163 MG/KG J 10 nc nc N
Allendale soil RES-14-421-01 0 1 Antimony 0.48 MG/KG UJ 10 nc nc NA
Lyman Mill soil RES-10-004-01 0 1 Antimony 0.86 MG/KG UJ 10 nc nc NA
Lyman Mill soil RES-10-005-01 0 1 Antimony 0.82 MG/KG UJ 10 nc nc NA
Lyman Mill soil RES-10-042-01 0 1 Antimony 38.2 MG/KG J 10 nc nc Y
Lyman Mill soil RES-10-044-01 0 1 Antimony 3.8 MG/KG J 10 nc nc N
Lyman Mill soil RES-10-053-01 0 1 Antimony 1.4 MG/KG U 10 nc nc NA
Lyman Mill soil RES-10-068-01 0 1 Antimony 0.52 MG/KG UJ 10 nc nc NA
Lyman Mill soil RES-10-074-01 0 1 Antimony 2.5 MG/KG J 10 nc nc N
Lyman Mill soil RES-10-075-01 0 1 Antimony 3.2 MG/KG J 10 nc nc N
Lyman Mill soil RES-10-076-01 0 1 Antimony 2.2 MG/KG UJ 10 nc nc NA
Lyman Mill soil RES-10-604-01 0 1 Antimony 0.76 MG/KG UJ 10 nc nc NA
Lyman Mill soil RES-11-011-01 0 1 Antimony 1.2 MG/KG U 10 nc nc NA
Lyman Mill soil RES-11-012-01 0 1 Antimony 2.5 MG/KG J 10 nc nc N
Lyman Mill soil RES-11-328-01 0 1 Antimony 1.9 MG/KG U 10 nc nc NA
Lyman Mill soil RES-11-419-01 0 1 Antimony 2.2 MG/KG UJ 10 nc nc NA
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Lyman Mill soil RES-11-420-01 0 1 Antimony 1.5 MG/KG U 10 nc nc NA
Lyman Mill soil RES-11-422-01 0 1 Antimony 1.8 MG/KG U 10 nc nc NA
Lyman Mill soil RES-11-423-01 0 1 Antimony 1.3 MG/KG U 10 nc nc NA
Lyman Mill soil RES-11-424-01 0 1 Antimony 7.1 MG/KG 10 nc nc N
Lyman Mill soil RES-11-426-01 0 1 Antimony 1.5 MG/KG U 10 nc nc NA
Lyman Mill soil RES-11-427-01 0 1 Antimony 1.1 MG/KG U 10 nc nc NA
Lyman Mill soil RES-11-428-01 0 1 Antimony 1.6 MG/KG J 10 nc nc N
Lyman Mill soil RES-11-429-01 0 1 Antimony 1.3 MG/KG U 10 nc nc NA
Lyman Mill soil RES-11-430-01 0 1 Antimony 1.3 MG/KG U 10 nc nc NA
Lyman Mill soil RES-11-431-01 0 1 Antimony 2.3 MG/KG J 10 nc nc N
Lyman Mill soil RES-11-432-01 0 1 Antimony 3.1 MG/KG J 10 nc nc N
Lyman Mill soil RES-11-433-01 0 1 Antimony 17 MG/KG 10 nc nc Y
Lyman Mill soil RES-11-486-01 0 1 Antimony 5.8 MG/KG 10 nc nc N
Lyman Mill soil RES-11-497-01 0 1 Antimony 1.3 MG/KG U 10 nc nc NA
Lyman Mill soil RES-11-577-01 0 1 Antimony 1 MG/KG UJ 10 nc nc NA
Lyman Mill soil RES-12-556-01 0 1 Antimony 3.1 MG/KG 10 nc nc N
Lyman Mill soil RES-12-560-01 0 1 Antimony 1.2 MG/KG U 10 nc nc NA
Lyman Mill soil RES-12-560-02 0 1 Antimony 1.3 MG/KG U 10 nc nc NA
Lyman Mill soil RES-10-044-01 0 1 Antimony 5.2 MG/KG J 10 nc nc N
Lyman Mill soil RES-10-053-01 0 1 Antimony 1.4 MG/KG J 10 nc nc N
Oxbow Area soil LPX-SD-4401 0 0.5 Arsenic 1.448 MG/KG U 7 nc nc NA
Oxbow Area soil LPX-SD-4407 0 0.5 Arsenic 2.61 MG/KG 7 nc nc N
Oxbow Area soil LPX-SD-4401 0 0.5 Arsenic 2.99 MG/KG 7 nc nc N
Oxbow Area soil LPX-SD-4402 0 0.5 Arsenic 3.16 MG/KG 7 nc nc N
Oxbow Area soil LPX-SD-4404 0 0.5 Arsenic 12.8 MG/KG 7 nc nc Y
Lyman Mill soil LPX-FP-4004 0 0.5 Arsenic 4.25 MG/KG 7 nc nc N
Lyman Mill soil LPX-FP-4006 0 0.5 Arsenic 7.42 MG/KG 7 nc nc Y
Lyman Mill soil LPX-FP-4007 0 0.5 Arsenic 4.93 MG/KG 7 nc nc N
Allendale soil CMS-418 0 1 Arsenic 1.5 MG/KG J 7 nc nc N
Allendale soil CMS-418 1 2 Arsenic 1.3 MG/KG J 7 nc nc N
Lyman Mill soil LPX-4112 0 0.5 Arsenic 9.64 MG/KG 7 nc nc Y
Lyman Mill soil LPX-4112 0 0.5 Arsenic 11.5 MG/KG 7 nc nc Y
Lyman Mill soil LPX-4113 0 0.5 Arsenic 9.98 MG/KG 7 nc nc Y
Lyman Mill soil LPX-4114 0 0.5 Arsenic 9.77 MG/KG 7 nc nc Y
Allendale soil RES-14-421-01 0 1 Arsenic 3 MG/KG 7 nc nc N
Lyman Mill soil RES-10-004-01 0 1 Arsenic 9.1 MG/KG 7 nc nc Y
Lyman Mill soil RES-10-005-01 0 1 Arsenic 8.1 MG/KG 7 nc nc Y
Lyman Mill soil RES-10-042-01 0 1 Arsenic 55.6 MG/KG 7 nc nc Y
Lyman Mill soil RES-10-044-01 0 1 Arsenic 14.8 MG/KG 7 nc nc Y
Lyman Mill soil RES-10-053-01 0 1 Arsenic 2.8 MG/KG J 7 nc nc N
Lyman Mill soil RES-10-068-01 0 1 Arsenic 7.1 MG/KG 7 nc nc Y
Lyman Mill soil RES-10-074-01 0 1 Arsenic 8.9 MG/KG 7 nc nc Y
Lyman Mill soil RES-10-075-01 0 1 Arsenic 32.8 MG/KG 7 nc nc Y
Lyman Mill soil RES-10-076-01 0 1 Arsenic 7.7 MG/KG 7 nc nc Y
Lyman Mill soil RES-10-604-01 0 1 Arsenic 4 MG/KG 7 nc nc N
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Table F-2b. Comparison of Allendale and Lyman Mill Floodplain Soil Data to Potential ARARs and TBCs
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Lyman Mill soil RES-11-011-01 0 1 Arsenic 3.9 MG/KG 7 nc nc N
Lyman Mill soil RES-11-012-01 0 1 Arsenic 7.8 MG/KG 7 nc nc Y
Lyman Mill soil RES-11-328-01 0 1 Arsenic 4.9 MG/KG 7 nc nc N
Lyman Mill soil RES-11-419-01 0 1 Arsenic 3.5 MG/KG 7 nc nc N
Lyman Mill soil RES-11-420-01 0 1 Arsenic 6.7 MG/KG 7 nc nc N
Lyman Mill soil RES-11-422-01 0 1 Arsenic 6.6 MG/KG 7 nc nc N
Lyman Mill soil RES-11-423-01 0 1 Arsenic 1.7 MG/KG J 7 nc nc N
Lyman Mill soil RES-11-424-01 0 1 Arsenic 2.9 MG/KG 7 nc nc N
Lyman Mill soil RES-11-426-01 0 1 Arsenic 2.7 MG/KG J 7 nc nc N
Lyman Mill soil RES-11-427-01 0 1 Arsenic 3.4 MG/KG 7 nc nc N
Lyman Mill soil RES-11-428-01 0 1 Arsenic 3.6 MG/KG 7 nc nc N
Lyman Mill soil RES-11-429-01 0 1 Arsenic 8.7 MG/KG 7 nc nc Y
Lyman Mill soil RES-11-430-01 0 1 Arsenic 1.6 MG/KG U 7 nc nc NA
Lyman Mill soil RES-11-431-01 0 1 Arsenic 1.7 MG/KG J 7 nc nc N
Lyman Mill soil RES-11-432-01 0 1 Arsenic 2.6 MG/KG J 7 nc nc N
Lyman Mill soil RES-11-433-01 0 1 Arsenic 9.6 MG/KG 7 nc nc Y
Lyman Mill soil RES-11-486-01 0 1 Arsenic 6.5 MG/KG 7 nc nc N
Lyman Mill soil RES-11-497-01 0 1 Arsenic 3 MG/KG 7 nc nc N
Lyman Mill soil RES-11-577-01 0 1 Arsenic 5.1 MG/KG 7 nc nc N
Lyman Mill soil RES-12-556-01 0 1 Arsenic 9.3 MG/KG 7 nc nc Y
Lyman Mill soil RES-12-560-01 0 1 Arsenic 5.8 MG/KG 7 nc nc N
Lyman Mill soil RES-12-560-02 0 1 Arsenic 10.9 MG/KG 7 nc nc Y
Lyman Mill soil RES-10-044-01 0 1 Arsenic 14.4 MG/KG 7 nc nc Y
Lyman Mill soil RES-10-053-01 0 1 Arsenic 3.2 MG/KG 7 nc nc N
Oxbow Area soil LPX-SD-4401 0 0.5 Barium 163 MG/KG 5500 nc nc N
Oxbow Area soil LPX-SD-4402 0 0.5 Barium 174 MG/KG 5500 nc nc N
Oxbow Area soil LPX-SD-4401 0 0.5 Barium 224 MG/KG 5500 nc nc N
Oxbow Area soil LPX-SD-4407 0 0.5 Barium 288 MG/KG 5500 nc nc N
Oxbow Area soil LPX-SD-4404 0 0.5 Barium 514 MG/KG 5500 nc nc N
Lyman Mill soil LPX-FP-4004 0 0.5 Barium 72.3 MG/KG 5500 nc nc N
Lyman Mill soil LPX-FP-4006 0 0.5 Barium 842 MG/KG 5500 nc nc N
Lyman Mill soil LPX-FP-4007 0 0.5 Barium 105 MG/KG 5500 nc nc N
Allendale soil CMS-418 0 1 Barium 16.6 MG/KG J 5500 nc nc N
Allendale soil CMS-418 1 2 Barium 18.8 MG/KG J 5500 nc nc N
Lyman Mill soil LPX-4112 0 0.5 Barium 51.6 MG/KG 5500 nc nc N
Lyman Mill soil LPX-4112 0 0.5 Barium 54.7 MG/KG 5500 nc nc N
Lyman Mill soil LPX-4113 0 0.5 Barium 126 MG/KG 5500 nc nc N
Lyman Mill soil LPX-4114 0 0.5 Barium 80.7 MG/KG 5500 nc nc N
Allendale soil RES-14-421-01 0 1 Barium 25.8 MG/KG 5500 nc nc N
Lyman Mill soil RES-10-004-01 0 1 Barium 63.7 MG/KG 5500 nc nc N
Lyman Mill soil RES-10-005-01 0 1 Barium 59.5 MG/KG 5500 nc nc N
Lyman Mill soil RES-10-042-01 0 1 Barium 286 MG/KG 5500 nc nc N
Lyman Mill soil RES-10-044-01 0 1 Barium 65.7 MG/KG 5500 nc nc N
Lyman Mill soil RES-10-053-01 0 1 Barium 34.9 MG/KG 5500 nc nc N
Lyman Mill soil RES-10-068-01 0 1 Barium 23.7 MG/KG 5500 nc nc N
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Table F-2b. Comparison of Allendale and Lyman Mill Floodplain Soil Data to Potential ARARs and TBCs
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Lyman Mill soil RES-10-074-01 0 1 Barium 142 MG/KG 5500 nc nc N
Lyman Mill soil RES-10-075-01 0 1 Barium 874 MG/KG 5500 nc nc N
Lyman Mill soil RES-10-076-01 0 1 Barium 608 MG/KG 5500 nc nc N
Lyman Mill soil RES-10-604-01 0 1 Barium 73.8 MG/KG 5500 nc nc N
Lyman Mill soil RES-11-011-01 0 1 Barium 82.6 MG/KG 5500 nc nc N
Lyman Mill soil RES-11-012-01 0 1 Barium 202 MG/KG 5500 nc nc N
Lyman Mill soil RES-11-328-01 0 1 Barium 186 MG/KG 5500 nc nc N
Lyman Mill soil RES-11-419-01 0 1 Barium 99.8 MG/KG 5500 nc nc N
Lyman Mill soil RES-11-420-01 0 1 Barium 37 MG/KG 5500 nc nc N
Lyman Mill soil RES-11-422-01 0 1 Barium 47.4 MG/KG 5500 nc nc N
Lyman Mill soil RES-11-423-01 0 1 Barium 19.6 MG/KG 5500 nc nc N
Lyman Mill soil RES-11-424-01 0 1 Barium 56 MG/KG 5500 nc nc N
Lyman Mill soil RES-11-426-01 0 1 Barium 17.7 MG/KG 5500 nc nc N
Lyman Mill soil RES-11-427-01 0 1 Barium 21.5 MG/KG 5500 nc nc N
Lyman Mill soil RES-11-428-01 0 1 Barium 48.7 MG/KG 5500 nc nc N
Lyman Mill soil RES-11-429-01 0 1 Barium 37.6 MG/KG 5500 nc nc N
Lyman Mill soil RES-11-430-01 0 1 Barium 16.9 MG/KG 5500 nc nc N
Lyman Mill soil RES-11-431-01 0 1 Barium 45.2 MG/KG 5500 nc nc N
Lyman Mill soil RES-11-432-01 0 1 Barium 45.3 MG/KG 5500 nc nc N
Lyman Mill soil RES-11-433-01 0 1 Barium 208 MG/KG 5500 nc nc N
Lyman Mill soil RES-11-486-01 0 1 Barium 136 MG/KG 5500 nc nc N
Lyman Mill soil RES-11-497-01 0 1 Barium 53.3 MG/KG 5500 nc nc N
Lyman Mill soil RES-11-577-01 0 1 Barium 40.5 MG/KG 5500 nc nc N
Lyman Mill soil RES-12-556-01 0 1 Barium 222 MG/KG 5500 nc nc N
Lyman Mill soil RES-12-560-01 0 1 Barium 44.2 MG/KG 5500 nc nc N
Lyman Mill soil RES-12-560-02 0 1 Barium 85.9 MG/KG 5500 nc nc N
Lyman Mill soil RES-10-044-01 0 1 Barium 67.3 MG/KG 5500 nc nc N
Lyman Mill soil RES-10-053-01 0 1 Barium 35.2 MG/KG 5500 nc nc N
Oxbow Area soil LPX-SD-4401 0 0.5 Beryllium 2.69 MG/KG 0.4 nc nc Y
Oxbow Area soil LPX-SD-4407 0 0.5 Beryllium 3.46 MG/KG 0.4 nc nc Y
Oxbow Area soil LPX-SD-4401 0 0.5 Beryllium 3.61 MG/KG 0.4 nc nc Y
Oxbow Area soil LPX-SD-4404 0 0.5 Beryllium 4.54 MG/KG 0.4 nc nc Y
Oxbow Area soil LPX-SD-4402 0 0.5 Beryllium 7.9 MG/KG 0.4 nc nc Y
Lyman Mill soil LPX-FP-4004 0 0.5 Beryllium 1.06 MG/KG 0.4 nc nc Y
Lyman Mill soil LPX-FP-4006 0 0.5 Beryllium 0.649 MG/KG 0.4 nc nc Y
Lyman Mill soil LPX-FP-4007 0 0.5 Beryllium 0.698 MG/KG 0.4 nc nc Y
Allendale soil CMS-418 0 1 Beryllium 0.21 MG/KG J 0.4 nc nc N
Allendale soil CMS-418 1 2 Beryllium 0.19 MG/KG J 0.4 nc nc N
Lyman Mill soil LPX-4112 0 0.5 Beryllium 0.473 MG/KG 0.4 nc nc Y
Lyman Mill soil LPX-4112 0 0.5 Beryllium 0.556 MG/KG 0.4 nc nc Y
Lyman Mill soil LPX-4113 0 0.5 Beryllium 0.934 MG/KG 0.4 nc nc Y
Lyman Mill soil LPX-4114 0 0.5 Beryllium 0.623 MG/KG 0.4 nc nc Y
Allendale soil RES-14-421-01 0 1 Beryllium 0.36 MG/KG 0.4 nc nc N
Lyman Mill soil RES-10-004-01 0 1 Beryllium 0.92 MG/KG 0.4 nc nc Y
Lyman Mill soil RES-10-005-01 0 1 Beryllium 0.86 MG/KG 0.4 nc nc Y
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Table F-2b. Comparison of Allendale and Lyman Mill Floodplain Soil Data to Potential ARARs and TBCs
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Lyman Mill soil RES-10-042-01 0 1 Beryllium 0.79 MG/KG 0.4 nc nc Y
Lyman Mill soil RES-10-044-01 0 1 Beryllium 0.93 MG/KG 0.4 nc nc Y
Lyman Mill soil RES-10-053-01 0 1 Beryllium 0.28 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-10-068-01 0 1 Beryllium 0.42 MG/KG 0.4 nc nc Y
Lyman Mill soil RES-10-074-01 0 1 Beryllium 0.48 MG/KG 0.4 nc nc Y
Lyman Mill soil RES-10-075-01 0 1 Beryllium 0.39 MG/KG 0.4 nc nc N
Lyman Mill soil RES-10-076-01 0 1 Beryllium 0.42 MG/KG 0.4 nc nc Y
Lyman Mill soil RES-10-604-01 0 1 Beryllium 0.72 MG/KG 0.4 nc nc Y
Lyman Mill soil RES-11-011-01 0 1 Beryllium 0.24 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-11-012-01 0 1 Beryllium 0.35 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-11-328-01 0 1 Beryllium 0.38 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-11-419-01 0 1 Beryllium 0.75 MG/KG 0.4 nc nc Y
Lyman Mill soil RES-11-420-01 0 1 Beryllium 0.29 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-11-422-01 0 1 Beryllium 0.36 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-11-423-01 0 1 Beryllium 0.26 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-11-424-01 0 1 Beryllium 0.25 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-11-426-01 0 1 Beryllium 0.29 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-11-427-01 0 1 Beryllium 0.21 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-11-428-01 0 1 Beryllium 0.28 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-11-429-01 0 1 Beryllium 0.25 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-11-430-01 0 1 Beryllium 0.26 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-11-431-01 0 1 Beryllium 0.24 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-11-432-01 0 1 Beryllium 0.41 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-11-497-01 0 1 Beryllium 0.26 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-11-577-01 0 1 Beryllium 0.65 MG/KG 0.4 nc nc Y
Lyman Mill soil RES-12-556-01 0 1 Beryllium 0.25 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-12-560-01 0 1 Beryllium 0.25 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-12-560-02 0 1 Beryllium 0.27 MG/KG U 0.4 nc nc NA
Lyman Mill soil RES-10-044-01 0 1 Beryllium 0.94 MG/KG 0.4 nc nc Y
Lyman Mill soil RES-10-053-01 0 1 Beryllium 0.28 MG/KG U 0.4 nc nc NA
Oxbow Area soil LPX-SD-4401 0 0.5 Cadmium 0.06 MG/KG UJ 39 nc nc NA
Oxbow Area soil LPX-SD-4402 0 0.5 Cadmium 1.19 MG/KG 39 nc nc N
Oxbow Area soil LPX-SD-4401 0 0.5 Cadmium 2.87 MG/KG J 39 nc nc N
Oxbow Area soil LPX-SD-4407 0 0.5 Cadmium 3.77 MG/KG 39 nc nc N
Oxbow Area soil LPX-SD-4404 0 0.5 Cadmium 8.25 MG/KG 39 nc nc N
Lyman Mill soil LPX-FP-4004 0 0.5 Cadmium 0.463 MG/KG J 39 nc nc N
Lyman Mill soil LPX-FP-4006 0 0.5 Cadmium 3.18 MG/KG 39 nc nc N
Lyman Mill soil LPX-FP-4007 0 0.5 Cadmium 1.76 MG/KG 39 nc nc N
Allendale soil CMS-418 0 1 Cadmium 0.16 MG/KG J 39 nc nc N
Allendale soil CMS-418 1 2 Cadmium 0.16 MG/KG J 39 nc nc N
Lyman Mill soil LPX-4112 0 0.5 Cadmium 0.222 MG/KG J 39 nc nc N
Lyman Mill soil LPX-4112 0 0.5 Cadmium 0.184 MG/KG J 39 nc nc N
Lyman Mill soil LPX-4113 0 0.5 Cadmium 0.409 MG/KG J 39 nc nc N
Lyman Mill soil LPX-4114 0 0.5 Cadmium 0.428 MG/KG J 39 nc nc N
Allendale soil RES-14-421-01 0 1 Cadmium 0.07 MG/KG U 39 nc nc NA
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Table F-2b. Comparison of Allendale and Lyman Mill Floodplain Soil Data to Potential ARARs and TBCs
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Lyman Mill soil RES-10-004-01 0 1 Cadmium 0.09 MG/KG U 39 nc nc NA
Lyman Mill soil RES-10-005-01 0 1 Cadmium 0.11 MG/KG U 39 nc nc NA
Lyman Mill soil RES-10-042-01 0 1 Cadmium 5 MG/KG 39 nc nc N
Lyman Mill soil RES-10-044-01 0 1 Cadmium 1.7 MG/KG 39 nc nc N
Lyman Mill soil RES-10-053-01 0 1 Cadmium 0.28 MG/KG U 39 nc nc NA
Lyman Mill soil RES-10-068-01 0 1 Cadmium 0.07 MG/KG U 39 nc nc NA
Lyman Mill soil RES-10-074-01 0 1 Cadmium 2.2 MG/KG J 39 nc nc N
Lyman Mill soil RES-10-075-01 0 1 Cadmium 3 MG/KG J 39 nc nc N
Lyman Mill soil RES-10-076-01 0 1 Cadmium 1 MG/KG J 39 nc nc N
Lyman Mill soil RES-10-604-01 0 1 Cadmium 0.14 MG/KG UJ 39 nc nc NA
Lyman Mill soil RES-11-011-01 0 1 Cadmium 0.32 MG/KG J 39 nc nc N
Lyman Mill soil RES-11-012-01 0 1 Cadmium 1.6 MG/KG J 39 nc nc N
Lyman Mill soil RES-11-328-01 0 1 Cadmium 0.41 MG/KG J 39 nc nc N
Lyman Mill soil RES-11-419-01 0 1 Cadmium 0.14 MG/KG U 39 nc nc NA
Lyman Mill soil RES-11-420-01 0 1 Cadmium 0.29 MG/KG U 39 nc nc NA
Lyman Mill soil RES-11-422-01 0 1 Cadmium 0.36 MG/KG U 39 nc nc NA
Lyman Mill soil RES-11-423-01 0 1 Cadmium 0.26 MG/KG U 39 nc nc NA
Lyman Mill soil RES-11-424-01 0 1 Cadmium 0.71 MG/KG 39 nc nc N
Lyman Mill soil RES-11-426-01 0 1 Cadmium 0.29 MG/KG U 39 nc nc NA
Lyman Mill soil RES-11-427-01 0 1 Cadmium 0.21 MG/KG U 39 nc nc NA
Lyman Mill soil RES-11-428-01 0 1 Cadmium 0.28 MG/KG U 39 nc nc NA
Lyman Mill soil RES-11-429-01 0 1 Cadmium 0.25 MG/KG U 39 nc nc NA
Lyman Mill soil RES-11-430-01 0 1 Cadmium 0.26 MG/KG U 39 nc nc NA
Lyman Mill soil RES-11-431-01 0 1 Cadmium 0.49 MG/KG 39 nc nc N
Lyman Mill soil RES-11-432-01 0 1 Cadmium 0.53 MG/KG J 39 nc nc N
Lyman Mill soil RES-11-433-01 0 1 Cadmium 5.2 MG/KG 39 nc nc N
Lyman Mill soil RES-11-497-01 0 1 Cadmium 0.26 MG/KG U 39 nc nc NA
Lyman Mill soil RES-11-577-01 0 1 Cadmium 0.15 MG/KG U 39 nc nc NA
Lyman Mill soil RES-12-556-01 0 1 Cadmium 1.1 MG/KG 39 nc nc N
Lyman Mill soil RES-12-560-01 0 1 Cadmium 0.25 MG/KG U 39 nc nc NA
Lyman Mill soil RES-12-560-02 0 1 Cadmium 0.27 MG/KG U 39 nc nc NA
Lyman Mill soil RES-10-044-01 0 1 Cadmium 1.4 MG/KG 39 nc nc N
Lyman Mill soil RES-10-053-01 0 1 Cadmium 0.28 MG/KG U 39 nc nc NA
Oxbow Area soil LPX-SD-4401 0 0.5 Chromium 18.1 MG/KG J 390 nc nc N
Oxbow Area soil LPX-SD-4401 0 0.5 Chromium 43.1 MG/KG J 390 nc nc N
Oxbow Area soil LPX-SD-4407 0 0.5 Chromium 46.1 MG/KG J 390 nc nc N
Oxbow Area soil LPX-SD-4404 0 0.5 Chromium 101 MG/KG J 390 nc nc N
Oxbow Area soil LPX-SD-4402 0 0.5 Chromium 104 MG/KG J 390 nc nc N
Lyman Mill soil LPX-FP-4004 0 0.5 Chromium 33.9 MG/KG 390 nc nc N
Lyman Mill soil LPX-FP-4006 0 0.5 Chromium 107 MG/KG 390 nc nc N
Lyman Mill soil LPX-FP-4007 0 0.5 Chromium 27.2 MG/KG U 390 nc nc NA
Allendale soil CMS-418 0 1 Chromium 9.9 MG/KG 390 nc nc N
Allendale soil CMS-418 1 2 Chromium 6.8 MG/KG 390 nc nc N
Lyman Mill soil LPX-4112 0 0.5 Chromium 20.6 MG/KG 390 nc nc N
Lyman Mill soil LPX-4112 0 0.5 Chromium 21.7 MG/KG 390 nc nc N
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Table F-2b. Comparison of Allendale and Lyman Mill Floodplain Soil Data to Potential ARARs and TBCs
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Lyman Mill soil LPX-4113 0 0.5 Chromium 27 MG/KG 390 nc nc N
Lyman Mill soil LPX-4114 0 0.5 Chromium 22.3 MG/KG 390 nc nc N
Allendale soil RES-14-421-01 0 1 Chromium 5.4 MG/KG 390 nc nc N
Lyman Mill soil RES-10-004-01 0 1 Chromium 16 MG/KG 390 nc nc N
Lyman Mill soil RES-10-005-01 0 1 Chromium 18.9 MG/KG 390 nc nc N
Lyman Mill soil RES-10-042-01 0 1 Chromium 52.6 MG/KG 390 nc nc N
Lyman Mill soil RES-10-044-01 0 1 Chromium 52.6 MG/KG 390 nc nc N
Lyman Mill soil RES-10-053-01 0 1 Chromium 10.5 MG/KG 390 nc nc N
Lyman Mill soil RES-10-068-01 0 1 Chromium 10.6 MG/KG 390 nc nc N
Lyman Mill soil RES-10-074-01 0 1 Chromium 23.1 MG/KG 390 nc nc N
Lyman Mill soil RES-10-075-01 0 1 Chromium 41 MG/KG 390 nc nc N
Lyman Mill soil RES-10-076-01 0 1 Chromium 115 MG/KG 390 nc nc N
Lyman Mill soil RES-10-604-01 0 1 Chromium 23.5 MG/KG 390 nc nc N
Lyman Mill soil RES-11-011-01 0 1 Chromium 8.9 MG/KG 390 nc nc N
Lyman Mill soil RES-11-012-01 0 1 Chromium 25.7 MG/KG 390 nc nc N
Lyman Mill soil RES-11-328-01 0 1 Chromium 25.6 MG/KG 390 nc nc N
Lyman Mill soil RES-11-419-01 0 1 Chromium 29.1 MG/KG 390 nc nc N
Lyman Mill soil RES-11-420-01 0 1 Chromium 9.6 MG/KG 390 nc nc N
Lyman Mill soil RES-11-422-01 0 1 Chromium 20.6 MG/KG 390 nc nc N
Lyman Mill soil RES-11-423-01 0 1 Chromium 4.6 MG/KG 390 nc nc N
Lyman Mill soil RES-11-424-01 0 1 Chromium 7.5 MG/KG 390 nc nc N
Lyman Mill soil RES-11-426-01 0 1 Chromium 7.1 MG/KG 390 nc nc N
Lyman Mill soil RES-11-427-01 0 1 Chromium 8.3 MG/KG 390 nc nc N
Lyman Mill soil RES-11-428-01 0 1 Chromium 10.9 MG/KG 390 nc nc N
Lyman Mill soil RES-11-429-01 0 1 Chromium 8.9 MG/KG 390 nc nc N
Lyman Mill soil RES-11-430-01 0 1 Chromium 1.8 MG/KG 390 nc nc N
Lyman Mill soil RES-11-431-01 0 1 Chromium 10.5 MG/KG 390 nc nc N
Lyman Mill soil RES-11-432-01 0 1 Chromium 28.2 MG/KG 390 nc nc N
Lyman Mill soil RES-11-433-01 0 1 Chromium 275 MG/KG 390 nc nc N
Lyman Mill soil RES-11-486-01 0 1 Chromium 404 MG/KG 390 nc nc Y
Lyman Mill soil RES-11-497-01 0 1 Chromium 8.3 MG/KG 390 nc nc N
Lyman Mill soil RES-11-577-01 0 1 Chromium 24.3 MG/KG 390 nc nc N
Lyman Mill soil RES-12-556-01 0 1 Chromium 18 MG/KG 390 nc nc N
Lyman Mill soil RES-12-560-01 0 1 Chromium 29.7 MG/KG 390 nc nc N
Lyman Mill soil RES-12-560-02 0 1 Chromium 12 MG/KG 390 nc nc N
Lyman Mill soil RES-10-044-01 0 1 Chromium 49.8 MG/KG 390 nc nc N
Lyman Mill soil RES-10-053-01 0 1 Chromium 9.1 MG/KG 390 nc nc N
Oxbow Area soil LPX-SD-4402 0 0.5 Copper 17.2 MG/KG 3100 nc nc N
Oxbow Area soil LPX-SD-4401 0 0.5 Copper 23.9 MG/KG 3100 nc nc N
Oxbow Area soil LPX-SD-4401 0 0.5 Copper 36.7 MG/KG 3100 nc nc N
Oxbow Area soil LPX-SD-4407 0 0.5 Copper 73.2 MG/KG 3100 nc nc N
Oxbow Area soil LPX-SD-4404 0 0.5 Copper 357 MG/KG 3100 nc nc N
Lyman Mill soil LPX-FP-4004 0 0.5 Copper 33.4 MG/KG 3100 nc nc N
Lyman Mill soil LPX-FP-4006 0 0.5 Copper 400 MG/KG 3100 nc nc N
Lyman Mill soil LPX-FP-4007 0 0.5 Copper 86 MG/KG 3100 nc nc N
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Table F-2b. Comparison of Allendale and Lyman Mill Floodplain Soil Data to Potential ARARs and TBCs
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Exceed 
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Potential ARARs and TBC1


Allendale soil CMS-418 0 1 Copper 12.7 MG/KG 3100 nc nc N
Allendale soil CMS-418 1 2 Copper 11.4 MG/KG 3100 nc nc N
Lyman Mill soil LPX-4112 0 0.5 Copper 26.9 MG/KG 3100 nc nc N
Lyman Mill soil LPX-4112 0 0.5 Copper 30 MG/KG 3100 nc nc N
Lyman Mill soil LPX-4113 0 0.5 Copper 29.2 MG/KG 3100 nc nc N
Lyman Mill soil LPX-4114 0 0.5 Copper 36.7 MG/KG 3100 nc nc N
Allendale soil RES-14-421-01 0 1 Copper 8.2 MG/KG 3100 nc nc N
Lyman Mill soil RES-10-004-01 0 1 Copper 25.3 MG/KG 3100 nc nc N
Lyman Mill soil RES-10-005-01 0 1 Copper 32 MG/KG 3100 nc nc N
Lyman Mill soil RES-10-042-01 0 1 Copper 2350 MG/KG 3100 nc nc N
Lyman Mill soil RES-10-044-01 0 1 Copper 82.4 MG/KG 3100 nc nc N
Lyman Mill soil RES-10-053-01 0 1 Copper 23.5 MG/KG 3100 nc nc N
Lyman Mill soil RES-10-068-01 0 1 Copper 18.1 MG/KG 3100 nc nc N
Lyman Mill soil RES-10-074-01 0 1 Copper 142 MG/KG 3100 nc nc N
Lyman Mill soil RES-10-075-01 0 1 Copper 175 MG/KG 3100 nc nc N
Lyman Mill soil RES-10-076-01 0 1 Copper 409 MG/KG 3100 nc nc N
Lyman Mill soil RES-10-604-01 0 1 Copper 45.9 MG/KG 3100 nc nc N
Lyman Mill soil RES-11-011-01 0 1 Copper 28.8 MG/KG 3100 nc nc N
Lyman Mill soil RES-11-012-01 0 1 Copper 251 MG/KG 3100 nc nc N
Lyman Mill soil RES-11-328-01 0 1 Copper 64.3 MG/KG 3100 nc nc N
Lyman Mill soil RES-11-419-01 0 1 Copper 44.1 MG/KG 3100 nc nc N
Lyman Mill soil RES-11-420-01 0 1 Copper 20 MG/KG 3100 nc nc N
Lyman Mill soil RES-11-422-01 0 1 Copper 18.8 MG/KG 3100 nc nc N
Lyman Mill soil RES-11-423-01 0 1 Copper 7.3 MG/KG U 3100 nc nc NA
Lyman Mill soil RES-11-424-01 0 1 Copper 62.2 MG/KG 3100 nc nc N
Lyman Mill soil RES-11-426-01 0 1 Copper 21.6 MG/KG 3100 nc nc N
Lyman Mill soil RES-11-427-01 0 1 Copper 10 MG/KG 3100 nc nc N
Lyman Mill soil RES-11-428-01 0 1 Copper 42.8 MG/KG 3100 nc nc N
Lyman Mill soil RES-11-429-01 0 1 Copper 14.5 MG/KG 3100 nc nc N
Lyman Mill soil RES-11-430-01 0 1 Copper 11 MG/KG 3100 nc nc N
Lyman Mill soil RES-11-431-01 0 1 Copper 53.1 MG/KG 3100 nc nc N
Lyman Mill soil RES-11-432-01 0 1 Copper 138 MG/KG 3100 nc nc N
Lyman Mill soil RES-11-433-01 0 1 Copper 25500 MG/KG 3100 nc nc Y
Lyman Mill soil RES-11-486-01 0 1 Copper 76 MG/KG 3100 nc nc N
Lyman Mill soil RES-11-497-01 0 1 Copper 20.4 MG/KG 3100 nc nc N
Lyman Mill soil RES-11-577-01 0 1 Copper 26.2 MG/KG 3100 nc nc N
Lyman Mill soil RES-12-556-01 0 1 Copper 72.7 MG/KG 3100 nc nc N
Lyman Mill soil RES-12-560-01 0 1 Copper 29.7 MG/KG 3100 nc nc N
Lyman Mill soil RES-12-560-02 0 1 Copper 41.4 MG/KG 3100 nc nc N
Lyman Mill soil RES-10-044-01 0 1 Copper 83.6 MG/KG 3100 nc nc N
Lyman Mill soil RES-10-053-01 0 1 Copper 25.9 MG/KG 3100 nc nc N
Allendale soil CMS-418 0 1 Cyanide 0.51 MG/KG U 200 nc nc NA
Allendale soil CMS-418 1 2 Cyanide 0.56 MG/KG U 200 nc nc NA
Oxbow Area soil LPX-SD-4402 0 0.5 Lead 44.4 MG/KG 150 nc nc N
Oxbow Area soil LPX-SD-4401 0 0.5 Lead 174 MG/KG J 150 nc nc Y
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Table F-2b. Comparison of Allendale and Lyman Mill Floodplain Soil Data to Potential ARARs and TBCs
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Potential ARARs and TBC1


Oxbow Area soil LPX-SD-4407 0 0.5 Lead 246 MG/KG 150 nc nc Y
Oxbow Area soil LPX-SD-4401 0 0.5 Lead 453 MG/KG J 150 nc nc Y
Oxbow Area soil LPX-SD-4404 0 0.5 Lead 1835 MG/KG 150 nc nc Y
Lyman Mill soil LPX-FP-4004 0 0.5 Lead 158 MG/KG 150 nc nc Y
Lyman Mill soil LPX-FP-4006 0 0.5 Lead 901 MG/KG 150 nc nc Y
Lyman Mill soil LPX-FP-4007 0 0.5 Lead 248 MG/KG 150 nc nc Y
Allendale soil CMS-418 0 1 Lead 89.4 MG/KG 150 nc nc N
Allendale soil CMS-418 1 2 Lead 220 MG/KG 150 nc nc Y
Lyman Mill soil LPX-4112 0 0.5 Lead 109 MG/KG J 150 nc nc N
Lyman Mill soil LPX-4112 0 0.5 Lead 169 MG/KG J 150 nc nc Y
Lyman Mill soil LPX-4113 0 0.5 Lead 154 MG/KG J 150 nc nc Y
Lyman Mill soil LPX-4114 0 0.5 Lead 215 MG/KG J 150 nc nc Y
Allendale soil RES-14-421-01 0 1 Lead 35.2 MG/KG 150 nc nc N
Lyman Mill soil RES-10-004-01 0 1 Lead 207 MG/KG 150 nc nc Y
Lyman Mill soil RES-10-005-01 0 1 Lead 112 MG/KG 150 nc nc N
Lyman Mill soil RES-10-042-01 0 1 Lead 368 MG/KG 150 nc nc Y
Lyman Mill soil RES-10-044-01 0 1 Lead 509 MG/KG 150 nc nc Y
Lyman Mill soil RES-10-053-01 0 1 Lead 59 MG/KG 150 nc nc N
Lyman Mill soil RES-10-068-01 0 1 Lead 175 MG/KG 150 nc nc Y
Lyman Mill soil RES-10-074-01 0 1 Lead 952 MG/KG 150 nc nc Y
Lyman Mill soil RES-10-075-01 0 1 Lead 1220 MG/KG 150 nc nc Y
Lyman Mill soil RES-10-076-01 0 1 Lead 2160 MG/KG 150 nc nc Y
Lyman Mill soil RES-10-604-01 0 1 Lead 177 MG/KG 150 nc nc Y
Lyman Mill soil RES-11-011-01 0 1 Lead 162 MG/KG 150 nc nc Y
Lyman Mill soil RES-11-012-01 0 1 Lead 2460 MG/KG 150 nc nc Y
Lyman Mill soil RES-11-328-01 0 1 Lead 325 MG/KG 150 nc nc Y
Lyman Mill soil RES-11-419-01 0 1 Lead 157 MG/KG 150 nc nc Y
Lyman Mill soil RES-11-420-01 0 1 Lead 99.3 MG/KG 150 nc nc N
Lyman Mill soil RES-11-422-01 0 1 Lead 52.3 MG/KG 150 nc nc N
Lyman Mill soil RES-11-423-01 0 1 Lead 11.7 MG/KG 150 nc nc N
Lyman Mill soil RES-11-424-01 0 1 Lead 948 MG/KG 150 nc nc Y
Lyman Mill soil RES-11-426-01 0 1 Lead 92.7 MG/KG 150 nc nc N
Lyman Mill soil RES-11-427-01 0 1 Lead 24.4 MG/KG 150 nc nc N
Lyman Mill soil RES-11-428-01 0 1 Lead 41.2 MG/KG 150 nc nc N
Lyman Mill soil RES-11-429-01 0 1 Lead 28.2 MG/KG 150 nc nc N
Lyman Mill soil RES-11-430-01 0 1 Lead 8.1 MG/KG 150 nc nc N
Lyman Mill soil RES-11-431-01 0 1 Lead 78.4 MG/KG 150 nc nc N
Lyman Mill soil RES-11-432-01 0 1 Lead 79.7 MG/KG 150 nc nc N
Lyman Mill soil RES-11-433-01 0 1 Lead 342 MG/KG 150 nc nc Y
Lyman Mill soil RES-11-486-01 0 1 Lead 436 MG/KG 150 nc nc Y
Lyman Mill soil RES-11-497-01 0 1 Lead 10.4 MG/KG 150 nc nc N
Lyman Mill soil RES-11-577-01 0 1 Lead 176 MG/KG 150 nc nc Y
Lyman Mill soil RES-12-556-01 0 1 Lead 500 MG/KG 150 nc nc Y
Lyman Mill soil RES-12-560-01 0 1 Lead 121 MG/KG 150 nc nc N
Lyman Mill soil RES-12-560-02 0 1 Lead 192 MG/KG 150 nc nc Y
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Table F-2b. Comparison of Allendale and Lyman Mill Floodplain Soil Data to Potential ARARs and TBCs
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Lyman Mill soil RES-10-044-01 0 1 Lead 477 MG/KG 150 nc nc Y
Lyman Mill soil RES-10-053-01 0 1 Lead 60.8 MG/KG 150 nc nc N
Oxbow Area soil LPX-SD-4401 0 0.5 Manganese 809 MG/KG 390 nc nc Y
Oxbow Area soil LPX-SD-4407 0 0.5 Manganese 809 MG/KG 390 nc nc Y
Oxbow Area soil LPX-SD-4402 0 0.5 Manganese 827 MG/KG 390 nc nc Y
Oxbow Area soil LPX-SD-4401 0 0.5 Manganese 834 MG/KG 390 nc nc Y
Oxbow Area soil LPX-SD-4404 0 0.5 Manganese 859 MG/KG 390 nc nc Y
Lyman Mill soil LPX-FP-4004 0 0.5 Manganese 740 MG/KG 390 nc nc Y
Lyman Mill soil LPX-FP-4006 0 0.5 Manganese 470 MG/KG 390 nc nc Y
Lyman Mill soil LPX-FP-4007 0 0.5 Manganese 307 MG/KG 390 nc nc N
Allendale soil CMS-418 0 1 Manganese 134 MG/KG 390 nc nc N
Allendale soil CMS-418 1 2 Manganese 98.7 MG/KG 390 nc nc N
Lyman Mill soil LPX-4112 0 0.5 Manganese 372 MG/KG 390 nc nc N
Lyman Mill soil LPX-4112 0 0.5 Manganese 402 MG/KG 390 nc nc Y
Lyman Mill soil LPX-4113 0 0.5 Manganese 448 MG/KG 390 nc nc Y
Lyman Mill soil LPX-4114 0 0.5 Manganese 478 MG/KG 390 nc nc Y
Allendale soil RES-14-421-01 0 1 Manganese 152 MG/KG 390 nc nc N
Lyman Mill soil RES-10-004-01 0 1 Manganese 197 MG/KG 390 nc nc N
Lyman Mill soil RES-10-005-01 0 1 Manganese 217 MG/KG 390 nc nc N
Lyman Mill soil RES-10-042-01 0 1 Manganese 695 MG/KG 390 nc nc Y
Lyman Mill soil RES-10-044-01 0 1 Manganese 178 MG/KG 390 nc nc N
Lyman Mill soil RES-10-053-01 0 1 Manganese 134 MG/KG 390 nc nc N
Lyman Mill soil RES-10-068-01 0 1 Manganese 66.5 MG/KG 390 nc nc N
Lyman Mill soil RES-10-074-01 0 1 Manganese 311 MG/KG 390 nc nc N
Lyman Mill soil RES-10-075-01 0 1 Manganese 836 MG/KG 390 nc nc Y
Lyman Mill soil RES-10-076-01 0 1 Manganese 2880 MG/KG 390 nc nc Y
Lyman Mill soil RES-10-604-01 0 1 Manganese 168 MG/KG 390 nc nc N
Lyman Mill soil RES-11-011-01 0 1 Manganese 149 MG/KG 390 nc nc N
Lyman Mill soil RES-11-012-01 0 1 Manganese 425 MG/KG 390 nc nc Y
Lyman Mill soil RES-11-328-01 0 1 Manganese 161 MG/KG 390 nc nc N
Lyman Mill soil RES-11-419-01 0 1 Manganese 388 MG/KG 390 nc nc N
Lyman Mill soil RES-11-420-01 0 1 Manganese 129 MG/KG 390 nc nc N
Lyman Mill soil RES-11-422-01 0 1 Manganese 369 MG/KG 390 nc nc N
Lyman Mill soil RES-11-423-01 0 1 Manganese 84.7 MG/KG 390 nc nc N
Lyman Mill soil RES-11-424-01 0 1 Manganese 141 MG/KG 390 nc nc N
Lyman Mill soil RES-11-426-01 0 1 Manganese 144 MG/KG 390 nc nc N
Lyman Mill soil RES-11-427-01 0 1 Manganese 148 MG/KG 390 nc nc N
Lyman Mill soil RES-11-428-01 0 1 Manganese 176 MG/KG 390 nc nc N
Lyman Mill soil RES-11-429-01 0 1 Manganese 175 MG/KG 390 nc nc N
Lyman Mill soil RES-11-430-01 0 1 Manganese 61 MG/KG 390 nc nc N
Lyman Mill soil RES-11-431-01 0 1 Manganese 115 MG/KG 390 nc nc N
Lyman Mill soil RES-11-432-01 0 1 Manganese 228 MG/KG 390 nc nc N
Lyman Mill soil RES-11-433-01 0 1 Manganese 486 MG/KG 390 nc nc Y
Lyman Mill soil RES-11-486-01 0 1 Manganese 314 MG/KG 390 nc nc N
Lyman Mill soil RES-11-497-01 0 1 Manganese 200 MG/KG 390 nc nc N
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Table F-2b. Comparison of Allendale and Lyman Mill Floodplain Soil Data to Potential ARARs and TBCs
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Lyman Mill soil RES-11-577-01 0 1 Manganese 96.5 MG/KG 390 nc nc N
Lyman Mill soil RES-12-556-01 0 1 Manganese 373 MG/KG 390 nc nc N
Lyman Mill soil RES-12-560-01 0 1 Manganese 811 MG/KG 390 nc nc Y
Lyman Mill soil RES-12-560-02 0 1 Manganese 277 MG/KG 390 nc nc N
Lyman Mill soil RES-10-044-01 0 1 Manganese 179 MG/KG 390 nc nc N
Lyman Mill soil RES-10-053-01 0 1 Manganese 121 MG/KG 390 nc nc N
Lyman Mill soil LPX-FP-4004 0 0.5 Mercury 0.209 MG/KG 23 nc nc N
Lyman Mill soil LPX-FP-4006 0 0.5 Mercury 0.245 MG/KG 23 nc nc N
Lyman Mill soil LPX-FP-4007 0 0.5 Mercury 0.159 MG/KG 23 nc nc N
Allendale soil CMS-418 0 1 Mercury 0.041 MG/KG U 23 nc nc NA
Allendale soil CMS-418 1 2 Mercury 0.045 MG/KG U 23 nc nc NA
Lyman Mill soil LPX-4112 0 0.5 Mercury 0.111 MG/KG 23 nc nc N
Lyman Mill soil LPX-4112 0 0.5 Mercury 0.116 MG/KG 23 nc nc N
Lyman Mill soil LPX-4113 0 0.5 Mercury 0.258 MG/KG 23 nc nc N
Lyman Mill soil LPX-4114 0 0.5 Mercury 0.243 MG/KG 23 nc nc N
Allendale soil RES-14-421-01 0 1 Mercury 0.05 MG/KG J 23 nc nc N
Lyman Mill soil RES-10-004-01 0 1 Mercury 0.12 MG/KG J 23 nc nc N
Lyman Mill soil RES-10-005-01 0 1 Mercury 0.13 MG/KG J 23 nc nc N
Lyman Mill soil RES-10-042-01 0 1 Mercury 0.13 MG/KG J 23 nc nc N
Lyman Mill soil RES-10-044-01 0 1 Mercury 1.1 MG/KG J 23 nc nc N
Lyman Mill soil RES-10-053-01 0 1 Mercury 0.14 MG/KG U 23 nc nc NA
Lyman Mill soil RES-10-068-01 0 1 Mercury 0.16 MG/KG J 23 nc nc N
Lyman Mill soil RES-10-074-01 0 1 Mercury 0.33 MG/KG J 23 nc nc N
Lyman Mill soil RES-10-075-01 0 1 Mercury 0.77 MG/KG J 23 nc nc N
Lyman Mill soil RES-10-076-01 0 1 Mercury 0.32 MG/KG J 23 nc nc N
Lyman Mill soil RES-10-604-01 0 1 Mercury 0.09 MG/KG J 23 nc nc N
Lyman Mill soil RES-11-011-01 0 1 Mercury 0.12 MG/KG U 23 nc nc NA
Lyman Mill soil RES-11-012-01 0 1 Mercury 0.18 MG/KG U 23 nc nc NA
Lyman Mill soil RES-11-328-01 0 1 Mercury 0.19 MG/KG U 23 nc nc NA
Lyman Mill soil RES-11-419-01 0 1 Mercury 0.12 MG/KG J 23 nc nc N
Lyman Mill soil RES-11-420-01 0 1 Mercury 0.15 MG/KG U 23 nc nc NA
Lyman Mill soil RES-11-422-01 0 1 Mercury 0.18 MG/KG U 23 nc nc NA
Lyman Mill soil RES-11-423-01 0 1 Mercury 0.12 MG/KG U 23 nc nc NA
Lyman Mill soil RES-11-424-01 0 1 Mercury 0.12 MG/KG U 23 nc nc NA
Lyman Mill soil RES-11-426-01 0 1 Mercury 1.9 MG/KG 23 nc nc N
Lyman Mill soil RES-11-427-01 0 1 Mercury 0.11 MG/KG U 23 nc nc NA
Lyman Mill soil RES-11-428-01 0 1 Mercury 0.14 MG/KG U 23 nc nc NA
Lyman Mill soil RES-11-429-01 0 1 Mercury 0.12 MG/KG U 23 nc nc NA
Lyman Mill soil RES-11-430-01 0 1 Mercury 0.12 MG/KG U 23 nc nc NA
Lyman Mill soil RES-11-431-01 0 1 Mercury 0.12 MG/KG U 23 nc nc NA
Lyman Mill soil RES-11-432-01 0 1 Mercury 0.21 MG/KG U 23 nc nc NA
Lyman Mill soil RES-11-497-01 0 1 Mercury 0.12 MG/KG U 23 nc nc NA
Lyman Mill soil RES-11-577-01 0 1 Mercury 0.18 MG/KG J 23 nc nc N
Lyman Mill soil RES-12-556-01 0 1 Mercury 1 MG/KG 23 nc nc N
Lyman Mill soil RES-12-560-01 0 1 Mercury 0.12 MG/KG U 23 nc nc NA
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Table F-2b. Comparison of Allendale and Lyman Mill Floodplain Soil Data to Potential ARARs and TBCs
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Lyman Mill soil RES-12-560-02 0 1 Mercury 0.14 MG/KG U 23 nc nc NA
Lyman Mill soil RES-10-044-01 0 1 Mercury 3 MG/KG J 23 nc nc N
Lyman Mill soil RES-10-053-01 0 1 Mercury 0.13 MG/KG U 23 nc nc NA
Oxbow Area soil LPX-SD-4401 0 0.5 Nickel 6.91 MG/KG J 1000 nc nc N
Oxbow Area soil LPX-SD-4401 0 0.5 Nickel 18.4 MG/KG J 1000 nc nc N
Oxbow Area soil LPX-SD-4407 0 0.5 Nickel 30.7 MG/KG 1000 nc nc N
Oxbow Area soil LPX-SD-4404 0 0.5 Nickel 30.9 MG/KG 1000 nc nc N
Oxbow Area soil LPX-SD-4402 0 0.5 Nickel 32.4 MG/KG 1000 nc nc N
Lyman Mill soil LPX-FP-4004 0 0.5 Nickel 12.3 MG/KG 1000 nc nc N
Lyman Mill soil LPX-FP-4006 0 0.5 Nickel 25.8 MG/KG 1000 nc nc N
Lyman Mill soil LPX-FP-4007 0 0.5 Nickel 20.4 MG/KG 1000 nc nc N
Allendale soil CMS-418 0 1 Nickel 11 MG/KG 1000 nc nc N
Allendale soil CMS-418 1 2 Nickel 4.8 MG/KG 1000 nc nc N
Lyman Mill soil LPX-4112 0 0.5 Nickel 9.87 MG/KG 1000 nc nc N
Lyman Mill soil LPX-4112 0 0.5 Nickel 10.6 MG/KG 1000 nc nc N
Lyman Mill soil LPX-4113 0 0.5 Nickel 15.2 MG/KG 1000 nc nc N
Lyman Mill soil LPX-4114 0 0.5 Nickel 13.9 MG/KG 1000 nc nc N
Allendale soil RES-14-421-01 0 1 Nickel 4.9 MG/KG 1000 nc nc N
Lyman Mill soil RES-10-004-01 0 1 Nickel 9.1 MG/KG 1000 nc nc N
Lyman Mill soil RES-10-005-01 0 1 Nickel 9.9 MG/KG 1000 nc nc N
Lyman Mill soil RES-10-042-01 0 1 Nickel 38 MG/KG 1000 nc nc N
Lyman Mill soil RES-10-044-01 0 1 Nickel 14.1 MG/KG 1000 nc nc N
Lyman Mill soil RES-10-053-01 0 1 Nickel 6.5 MG/KG 1000 nc nc N
Lyman Mill soil RES-10-068-01 0 1 Nickel 6.6 MG/KG 1000 nc nc N
Lyman Mill soil RES-10-074-01 0 1 Nickel 22 MG/KG J 1000 nc nc N
Lyman Mill soil RES-10-075-01 0 1 Nickel 34.6 MG/KG J 1000 nc nc N
Lyman Mill soil RES-10-076-01 0 1 Nickel 41.6 MG/KG J 1000 nc nc N
Lyman Mill soil RES-10-604-01 0 1 Nickel 15.1 MG/KG 1000 nc nc N
Lyman Mill soil RES-11-011-01 0 1 Nickel 9.6 MG/KG 1000 nc nc N
Lyman Mill soil RES-11-012-01 0 1 Nickel 48.1 MG/KG 1000 nc nc N
Lyman Mill soil RES-11-328-01 0 1 Nickel 13.3 MG/KG 1000 nc nc N
Lyman Mill soil RES-11-419-01 0 1 Nickel 14.2 MG/KG 1000 nc nc N
Lyman Mill soil RES-11-420-01 0 1 Nickel 5.5 MG/KG 1000 nc nc N
Lyman Mill soil RES-11-422-01 0 1 Nickel 15.9 MG/KG 1000 nc nc N
Lyman Mill soil RES-11-423-01 0 1 Nickel 3.2 MG/KG 1000 nc nc N
Lyman Mill soil RES-11-424-01 0 1 Nickel 6.7 MG/KG 1000 nc nc N
Lyman Mill soil RES-11-426-01 0 1 Nickel 4 MG/KG 1000 nc nc N
Lyman Mill soil RES-11-427-01 0 1 Nickel 4.7 MG/KG 1000 nc nc N
Lyman Mill soil RES-11-428-01 0 1 Nickel 10 MG/KG 1000 nc nc N
Lyman Mill soil RES-11-429-01 0 1 Nickel 5.8 MG/KG 1000 nc nc N
Lyman Mill soil RES-11-430-01 0 1 Nickel 7.1 MG/KG 1000 nc nc N
Lyman Mill soil RES-11-431-01 0 1 Nickel 46 MG/KG 1000 nc nc N
Lyman Mill soil RES-11-432-01 0 1 Nickel 9.8 MG/KG 1000 nc nc N
Lyman Mill soil RES-11-433-01 0 1 Nickel 64.6 MG/KG 1000 nc nc N
Lyman Mill soil RES-11-486-01 0 1 Nickel 25.9 MG/KG 1000 nc nc N
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Table F-2b. Comparison of Allendale and Lyman Mill Floodplain Soil Data to Potential ARARs and TBCs
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Lyman Mill soil RES-11-497-01 0 1 Nickel 7.7 MG/KG 1000 nc nc N
Lyman Mill soil RES-11-577-01 0 1 Nickel 9.8 MG/KG 1000 nc nc N
Lyman Mill soil RES-12-556-01 0 1 Nickel 9.2 MG/KG 1000 nc nc N
Lyman Mill soil RES-12-560-01 0 1 Nickel 9.6 MG/KG 1000 nc nc N
Lyman Mill soil RES-12-560-02 0 1 Nickel 14 MG/KG 1000 nc nc N
Lyman Mill soil RES-10-044-01 0 1 Nickel 14.2 MG/KG 1000 nc nc N
Lyman Mill soil RES-10-053-01 0 1 Nickel 5.9 MG/KG 1000 nc nc N
Oxbow Area soil LPX-SD-4401 0 0.5 Selenium 1.52 MG/KG 390 nc nc N
Oxbow Area soil LPX-SD-4401 0 0.5 Selenium 1.64 MG/KG U 390 nc nc NA
Oxbow Area soil LPX-SD-4402 0 0.5 Selenium 1.64 MG/KG U 390 nc nc NA
Oxbow Area soil LPX-SD-4407 0 0.5 Selenium 1.78 MG/KG 390 nc nc N
Oxbow Area soil LPX-SD-4404 0 0.5 Selenium 2.22 MG/KG 390 nc nc N
Lyman Mill soil LPX-FP-4004 0 0.5 Selenium 0.779 MG/KG J 390 nc nc N
Lyman Mill soil LPX-FP-4006 0 0.5 Selenium 0.586 MG/KG U 390 nc nc NA
Lyman Mill soil LPX-FP-4007 0 0.5 Selenium 0.438 MG/KG U 390 nc nc NA
Allendale soil CMS-418 0 1 Selenium 25.3 MG/KG U 390 nc nc NA
Allendale soil CMS-418 1 2 Selenium 28.2 MG/KG U 390 nc nc NA
Lyman Mill soil LPX-4112 0 0.5 Selenium 0.518 MG/KG U 390 nc nc NA
Lyman Mill soil LPX-4112 0 0.5 Selenium 0.797 MG/KG U 390 nc nc NA
Lyman Mill soil LPX-4113 0 0.5 Selenium 1.37 MG/KG U 390 nc nc NA
Lyman Mill soil LPX-4114 0 0.5 Selenium 0.841 MG/KG U 390 nc nc NA
Allendale soil RES-14-421-01 0 1 Selenium 0.41 MG/KG U 390 nc nc NA
Lyman Mill soil RES-10-004-01 0 1 Selenium 0.91 MG/KG J 390 nc nc N
Lyman Mill soil RES-10-005-01 0 1 Selenium 0.64 MG/KG U 390 nc nc NA
Lyman Mill soil RES-10-042-01 0 1 Selenium 0.89 MG/KG U 390 nc nc NA
Lyman Mill soil RES-10-044-01 0 1 Selenium 0.93 MG/KG U 390 nc nc NA
Lyman Mill soil RES-10-053-01 0 1 Selenium 1.4 MG/KG UJ 390 nc nc NA
Lyman Mill soil RES-10-068-01 0 1 Selenium 0.63 MG/KG J 390 nc nc N
Lyman Mill soil RES-10-074-01 0 1 Selenium 0.54 MG/KG U 390 nc nc NA
Lyman Mill soil RES-10-075-01 0 1 Selenium 0.5 MG/KG U 390 nc nc NA
Lyman Mill soil RES-10-076-01 0 1 Selenium 0.58 MG/KG U 390 nc nc NA
Lyman Mill soil RES-10-604-01 0 1 Selenium 0.65 MG/KG U 390 nc nc NA
Lyman Mill soil RES-11-011-01 0 1 Selenium 1.2 MG/KG UJ 390 nc nc NA
Lyman Mill soil RES-11-012-01 0 1 Selenium 1.8 MG/KG UJ 390 nc nc NA
Lyman Mill soil RES-11-328-01 0 1 Selenium 1.9 MG/KG U 390 nc nc NA
Lyman Mill soil RES-11-419-01 0 1 Selenium 0.84 MG/KG U 390 nc nc NA
Lyman Mill soil RES-11-420-01 0 1 Selenium 1.5 MG/KG U 390 nc nc NA
Lyman Mill soil RES-11-422-01 0 1 Selenium 1.8 MG/KG U 390 nc nc NA
Lyman Mill soil RES-11-423-01 0 1 Selenium 1.3 MG/KG U 390 nc nc NA
Lyman Mill soil RES-11-424-01 0 1 Selenium 1.2 MG/KG U 390 nc nc NA
Lyman Mill soil RES-11-426-01 0 1 Selenium 1.5 MG/KG U 390 nc nc NA
Lyman Mill soil RES-11-427-01 0 1 Selenium 1.1 MG/KG U 390 nc nc NA
Lyman Mill soil RES-11-428-01 0 1 Selenium 1.4 MG/KG U 390 nc nc NA
Lyman Mill soil RES-11-429-01 0 1 Selenium 1.3 MG/KG U 390 nc nc NA
Lyman Mill soil RES-11-430-01 0 1 Selenium 1.3 MG/KG U 390 nc nc NA
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Table F-2b. Comparison of Allendale and Lyman Mill Floodplain Soil Data to Potential ARARs and TBCs
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Potential ARARs and TBC1


Lyman Mill soil RES-11-431-01 0 1 Selenium 1.2 MG/KG U 390 nc nc NA
Lyman Mill soil RES-11-432-01 0 1 Selenium 2.1 MG/KG U 390 nc nc NA
Lyman Mill soil RES-11-497-01 0 1 Selenium 1.3 MG/KG UJ 390 nc nc NA
Lyman Mill soil RES-11-577-01 0 1 Selenium 1.9 MG/KG 390 nc nc N
Lyman Mill soil RES-12-556-01 0 1 Selenium 2.4 MG/KG J 390 nc nc N
Lyman Mill soil RES-12-560-01 0 1 Selenium 1.2 MG/KG U 390 nc nc NA
Lyman Mill soil RES-12-560-02 0 1 Selenium 1.3 MG/KG U 390 nc nc NA
Lyman Mill soil RES-10-044-01 0 1 Selenium 1.3 MG/KG J 390 nc nc N
Lyman Mill soil RES-10-053-01 0 1 Selenium 1.4 MG/KG UJ 390 nc nc NA
Oxbow Area soil LPX-SD-4401 0 0.5 Silver 0.399 MG/KG J 200 nc nc N
Oxbow Area soil LPX-SD-4402 0 0.5 Silver 0.452 MG/KG 200 nc nc N
Oxbow Area soil LPX-SD-4401 0 0.5 Silver 1.04 MG/KG J 200 nc nc N
Oxbow Area soil LPX-SD-4407 0 0.5 Silver 1.05 MG/KG 200 nc nc N
Oxbow Area soil LPX-SD-4404 0 0.5 Silver 11.1 MG/KG 200 nc nc N
Lyman Mill soil LPX-FP-4004 0 0.5 Silver 0.407 MG/KG 200 nc nc N
Lyman Mill soil LPX-FP-4006 0 0.5 Silver 1.43 MG/KG 200 nc nc N
Lyman Mill soil LPX-FP-4007 0 0.5 Silver 3.88 MG/KG 200 nc nc N
Allendale soil CMS-418 0 1 Silver 1 MG/KG U 200 nc nc NA
Allendale soil CMS-418 1 2 Silver 1.1 MG/KG U 200 nc nc NA
Lyman Mill soil LPX-4112 0 0.5 Silver 0.173 MG/KG J 200 nc nc N
Lyman Mill soil LPX-4112 0 0.5 Silver 0.201 MG/KG J 200 nc nc N
Lyman Mill soil LPX-4113 0 0.5 Silver 0.257 MG/KG J 200 nc nc N
Lyman Mill soil LPX-4114 0 0.5 Silver 0.27 MG/KG J 200 nc nc N
Allendale soil RES-14-421-01 0 1 Silver 0.23 MG/KG U 200 nc nc NA
Lyman Mill soil RES-10-004-01 0 1 Silver 0.46 MG/KG U 200 nc nc NA
Lyman Mill soil RES-10-005-01 0 1 Silver 0.79 MG/KG U 200 nc nc NA
Lyman Mill soil RES-10-042-01 0 1 Silver 5.1 MG/KG 200 nc nc N
Lyman Mill soil RES-10-044-01 0 1 Silver 1.4 MG/KG 200 nc nc N
Lyman Mill soil RES-10-053-01 0 1 Silver 0.28 MG/KG U 200 nc nc NA
Lyman Mill soil RES-10-068-01 0 1 Silver 0.5 MG/KG U 200 nc nc NA
Lyman Mill soil RES-10-074-01 0 1 Silver 1.6 MG/KG 200 nc nc N
Lyman Mill soil RES-10-075-01 0 1 Silver 2 MG/KG J 200 nc nc N
Lyman Mill soil RES-10-076-01 0 1 Silver 3.6 MG/KG J 200 nc nc N
Lyman Mill soil RES-10-604-01 0 1 Silver 0.58 MG/KG U 200 nc nc NA
Lyman Mill soil RES-11-011-01 0 1 Silver 0.9 MG/KG UJ 200 nc nc NA
Lyman Mill soil RES-11-012-01 0 1 Silver 5.7 MG/KG J 200 nc nc N
Lyman Mill soil RES-11-328-01 0 1 Silver 0.6 MG/KG UJ 200 nc nc NA
Lyman Mill soil RES-11-419-01 0 1 Silver 0.94 MG/KG U 200 nc nc NA
Lyman Mill soil RES-11-420-01 0 1 Silver 0.47 MG/KG UJ 200 nc nc NA
Lyman Mill soil RES-11-422-01 0 1 Silver 0.58 MG/KG U 200 nc nc NA
Lyman Mill soil RES-11-423-01 0 1 Silver 0.26 MG/KG U 200 nc nc NA
Lyman Mill soil RES-11-424-01 0 1 Silver 1.4 MG/KG 200 nc nc N
Lyman Mill soil RES-11-426-01 0 1 Silver 0.64 MG/KG U 200 nc nc NA
Lyman Mill soil RES-11-427-01 0 1 Silver 0.22 MG/KG UJ 200 nc nc NA
Lyman Mill soil RES-11-428-01 0 1 Silver 0.54 MG/KG UJ 200 nc nc NA
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Table F-2b. Comparison of Allendale and Lyman Mill Floodplain Soil Data to Potential ARARs and TBCs
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Lyman Mill soil RES-11-429-01 0 1 Silver 0.26 MG/KG J 200 nc nc N
Lyman Mill soil RES-11-430-01 0 1 Silver 0.26 MG/KG U 200 nc nc NA
Lyman Mill soil RES-11-431-01 0 1 Silver 0.47 MG/KG U 200 nc nc NA
Lyman Mill soil RES-11-432-01 0 1 Silver 0.41 MG/KG U 200 nc nc NA
Lyman Mill soil RES-11-433-01 0 1 Silver 1.4 MG/KG 200 nc nc N
Lyman Mill soil RES-11-486-01 0 1 Silver 0.95 MG/KG U 200 nc nc NA
Lyman Mill soil RES-11-497-01 0 1 Silver 0.26 MG/KG U 200 nc nc NA
Lyman Mill soil RES-11-577-01 0 1 Silver 0.84 MG/KG U 200 nc nc NA
Lyman Mill soil RES-12-556-01 0 1 Silver 0.8 MG/KG U 200 nc nc NA
Lyman Mill soil RES-12-560-01 0 1 Silver 0.65 MG/KG U 200 nc nc NA
Lyman Mill soil RES-12-560-02 0 1 Silver 0.68 MG/KG U 200 nc nc NA
Lyman Mill soil RES-10-044-01 0 1 Silver 2.3 MG/KG 200 nc nc N
Lyman Mill soil RES-10-053-01 0 1 Silver 0.28 MG/KG U 200 nc nc NA
Oxbow Area soil LPX-SD-4407 0 0.5 Thallium 0.401 MG/KG 5.5 nc nc N
Oxbow Area soil LPX-SD-4401 0 0.5 Thallium 0.492 MG/KG 5.5 nc nc N
Oxbow Area soil LPX-SD-4402 0 0.5 Thallium 0.631 MG/KG 5.5 nc nc N
Oxbow Area soil LPX-SD-4401 0 0.5 Thallium 0.791 MG/KG 5.5 nc nc N
Oxbow Area soil LPX-SD-4404 0 0.5 Thallium 1.036 MG/KG 5.5 nc nc N
Lyman Mill soil LPX-FP-4004 0 0.5 Thallium 0.279 MG/KG 5.5 nc nc N
Lyman Mill soil LPX-FP-4006 0 0.5 Thallium 0.575 MG/KG 5.5 nc nc N
Lyman Mill soil LPX-FP-4007 0 0.5 Thallium 0.289 MG/KG 5.5 nc nc N
Allendale soil CMS-418 0 1 Thallium 203 MG/KG U 5.5 nc nc NA
Allendale soil CMS-418 1 2 Thallium 226 MG/KG U 5.5 nc nc NA
Lyman Mill soil LPX-4112 0 0.5 Thallium 0.141 MG/KG J 5.5 nc nc N
Lyman Mill soil LPX-4112 0 0.5 Thallium 0.143 MG/KG J 5.5 nc nc N
Lyman Mill soil LPX-4113 0 0.5 Thallium 0.242 MG/KG J 5.5 nc nc N
Lyman Mill soil LPX-4114 0 0.5 Thallium 0.18 MG/KG J 5.5 nc nc N
Allendale soil RES-14-421-01 0 1 Thallium 0.48 MG/KG U 5.5 nc nc NA
Lyman Mill soil RES-10-004-01 0 1 Thallium 0.61 MG/KG U 5.5 nc nc NA
Lyman Mill soil RES-10-005-01 0 1 Thallium 0.75 MG/KG U 5.5 nc nc NA
Lyman Mill soil RES-10-042-01 0 1 Thallium 1 MG/KG U 5.5 nc nc NA
Lyman Mill soil RES-10-044-01 0 1 Thallium 1.1 MG/KG U 5.5 nc nc NA
Lyman Mill soil RES-10-053-01 0 1 Thallium 2 MG/KG U 5.5 nc nc NA
Lyman Mill soil RES-10-068-01 0 1 Thallium 0.52 MG/KG U 5.5 nc nc NA
Lyman Mill soil RES-10-074-01 0 1 Thallium 0.63 MG/KG U 5.5 nc nc NA
Lyman Mill soil RES-10-075-01 0 1 Thallium 0.59 MG/KG U 5.5 nc nc NA
Lyman Mill soil RES-10-076-01 0 1 Thallium 0.67 MG/KG U 5.5 nc nc NA
Lyman Mill soil RES-10-604-01 0 1 Thallium 0.76 MG/KG U 5.5 nc nc NA
Lyman Mill soil RES-11-011-01 0 1 Thallium 1.7 MG/KG U 5.5 nc nc NA
Lyman Mill soil RES-11-012-01 0 1 Thallium 2.5 MG/KG U 5.5 nc nc NA
Lyman Mill soil RES-11-328-01 0 1 Thallium 2.7 MG/KG UJ 5.5 nc nc NA
Lyman Mill soil RES-11-419-01 0 1 Thallium 0.98 MG/KG U 5.5 nc nc NA
Lyman Mill soil RES-11-420-01 0 1 Thallium 2 MG/KG UJ 5.5 nc nc NA
Lyman Mill soil RES-11-422-01 0 1 Thallium 2.5 MG/KG UJ 5.5 nc nc NA
Lyman Mill soil RES-11-423-01 0 1 Thallium 1.8 MG/KG UJ 5.5 nc nc NA
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Table F-2b. Comparison of Allendale and Lyman Mill Floodplain Soil Data to Potential ARARs and TBCs
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Lyman Mill soil RES-11-424-01 0 1 Thallium 1.7 MG/KG UJ 5.5 nc nc NA
Lyman Mill soil RES-11-426-01 0 1 Thallium 2.1 MG/KG UJ 5.5 nc nc NA
Lyman Mill soil RES-11-427-01 0 1 Thallium 1.5 MG/KG UJ 5.5 nc nc NA
Lyman Mill soil RES-11-428-01 0 1 Thallium 1.9 MG/KG UJ 5.5 nc nc NA
Lyman Mill soil RES-11-429-01 0 1 Thallium 1.8 MG/KG UJ 5.5 nc nc NA
Lyman Mill soil RES-11-430-01 0 1 Thallium 1.8 MG/KG UJ 5.5 nc nc NA
Lyman Mill soil RES-11-431-01 0 1 Thallium 1.6 MG/KG UJ 5.5 nc nc NA
Lyman Mill soil RES-11-432-01 0 1 Thallium 2.9 MG/KG UJ 5.5 nc nc NA
Lyman Mill soil RES-11-497-01 0 1 Thallium 1.8 MG/KG U 5.5 nc nc NA
Lyman Mill soil RES-11-577-01 0 1 Thallium 1 MG/KG U 5.5 nc nc NA
Lyman Mill soil RES-12-556-01 0 1 Thallium 1.8 MG/KG UJ 5.5 nc nc NA
Lyman Mill soil RES-12-560-01 0 1 Thallium 1.7 MG/KG UJ 5.5 nc nc NA
Lyman Mill soil RES-12-560-02 0 1 Thallium 1.9 MG/KG UJ 5.5 nc nc NA
Lyman Mill soil RES-10-044-01 0 1 Thallium 1.2 MG/KG U 5.5 nc nc NA
Lyman Mill soil RES-10-053-01 0 1 Thallium 1.9 MG/KG U 5.5 nc nc NA
Oxbow Area soil LPX-SD-4401 0 0.5 Vanadium 31.8 MG/KG J 550 nc nc N
Oxbow Area soil LPX-SD-4402 0 0.5 Vanadium 43.6 MG/KG 550 nc nc N
Oxbow Area soil LPX-SD-4401 0 0.5 Vanadium 59.8 MG/KG J 550 nc nc N
Oxbow Area soil LPX-SD-4407 0 0.5 Vanadium 62.7 MG/KG 550 nc nc N
Oxbow Area soil LPX-SD-4404 0 0.5 Vanadium 71.1 MG/KG 550 nc nc N
Lyman Mill soil LPX-FP-4004 0 0.5 Vanadium 38.6 MG/KG 550 nc nc N
Lyman Mill soil LPX-FP-4006 0 0.5 Vanadium 42.6 MG/KG 550 nc nc N
Lyman Mill soil LPX-FP-4007 0 0.5 Vanadium 31.6 MG/KG 550 nc nc N
Allendale soil CMS-418 0 1 Vanadium 8.6 MG/KG 550 nc nc N
Allendale soil CMS-418 1 2 Vanadium 6.1 MG/KG 550 nc nc N
Lyman Mill soil LPX-4112 0 0.5 Vanadium 36.3 MG/KG 550 nc nc N
Lyman Mill soil LPX-4112 0 0.5 Vanadium 39.5 MG/KG 550 nc nc N
Lyman Mill soil LPX-4113 0 0.5 Vanadium 54.9 MG/KG 550 nc nc N
Lyman Mill soil LPX-4114 0 0.5 Vanadium 38 MG/KG 550 nc nc N
Allendale soil RES-14-421-01 0 1 Vanadium 8.7 MG/KG 550 nc nc N
Lyman Mill soil RES-10-004-01 0 1 Vanadium 26 MG/KG 550 nc nc N
Lyman Mill soil RES-10-005-01 0 1 Vanadium 20.5 MG/KG 550 nc nc N
Lyman Mill soil RES-10-042-01 0 1 Vanadium 21.5 MG/KG 550 nc nc N
Lyman Mill soil RES-10-044-01 0 1 Vanadium 49.7 MG/KG 550 nc nc N
Lyman Mill soil RES-10-053-01 0 1 Vanadium 14.6 MG/KG 550 nc nc N
Lyman Mill soil RES-10-068-01 0 1 Vanadium 34.3 MG/KG 550 nc nc N
Lyman Mill soil RES-10-074-01 0 1 Vanadium 16 MG/KG J 550 nc nc N
Lyman Mill soil RES-10-075-01 0 1 Vanadium 21 MG/KG J 550 nc nc N
Lyman Mill soil RES-10-076-01 0 1 Vanadium 24.8 MG/KG J 550 nc nc N
Lyman Mill soil RES-10-604-01 0 1 Vanadium 21.6 MG/KG 550 nc nc N
Lyman Mill soil RES-11-011-01 0 1 Vanadium 12.2 MG/KG 550 nc nc N
Lyman Mill soil RES-11-012-01 0 1 Vanadium 36.7 MG/KG 550 nc nc N
Lyman Mill soil RES-11-328-01 0 1 Vanadium 12.2 MG/KG 550 nc nc N
Lyman Mill soil RES-11-419-01 0 1 Vanadium 15.4 MG/KG 550 nc nc N
Lyman Mill soil RES-11-420-01 0 1 Vanadium 12.3 MG/KG 550 nc nc N
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Table F-2b. Comparison of Allendale and Lyman Mill Floodplain Soil Data to Potential ARARs and TBCs
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Lyman Mill soil RES-11-422-01 0 1 Vanadium 13.2 MG/KG 550 nc nc N
Lyman Mill soil RES-11-423-01 0 1 Vanadium 5.9 MG/KG 550 nc nc N
Lyman Mill soil RES-11-424-01 0 1 Vanadium 19.6 MG/KG 550 nc nc N
Lyman Mill soil RES-11-426-01 0 1 Vanadium 11.2 MG/KG 550 nc nc N
Lyman Mill soil RES-11-427-01 0 1 Vanadium 17.1 MG/KG 550 nc nc N
Lyman Mill soil RES-11-428-01 0 1 Vanadium 18.3 MG/KG 550 nc nc N
Lyman Mill soil RES-11-429-01 0 1 Vanadium 21.9 MG/KG 550 nc nc N
Lyman Mill soil RES-11-430-01 0 1 Vanadium 4.1 MG/KG 550 nc nc N
Lyman Mill soil RES-11-431-01 0 1 Vanadium 8.2 MG/KG 550 nc nc N
Lyman Mill soil RES-11-432-01 0 1 Vanadium 9.9 MG/KG 550 nc nc N
Lyman Mill soil RES-11-433-01 0 1 Vanadium 20.8 MG/KG 550 nc nc N
Lyman Mill soil RES-11-486-01 0 1 Vanadium 21.4 MG/KG 550 nc nc N
Lyman Mill soil RES-11-497-01 0 1 Vanadium 10.7 MG/KG 550 nc nc N
Lyman Mill soil RES-11-577-01 0 1 Vanadium 42.3 MG/KG 550 nc nc N
Lyman Mill soil RES-12-556-01 0 1 Vanadium 24 MG/KG 550 nc nc N
Lyman Mill soil RES-12-560-01 0 1 Vanadium 27.7 MG/KG 550 nc nc N
Lyman Mill soil RES-12-560-02 0 1 Vanadium 34.1 MG/KG 550 nc nc N
Lyman Mill soil RES-10-044-01 0 1 Vanadium 51.2 MG/KG 550 nc nc N
Lyman Mill soil RES-10-053-01 0 1 Vanadium 13.8 MG/KG 550 nc nc N
Oxbow Area soil LPX-SD-4401 0 0.5 Zinc 58.3 MG/KG J 6000 nc nc N
Oxbow Area soil LPX-SD-4402 0 0.5 Zinc 109 MG/KG 6000 nc nc N
Oxbow Area soil LPX-SD-4401 0 0.5 Zinc 149 MG/KG J 6000 nc nc N
Oxbow Area soil LPX-SD-4407 0 0.5 Zinc 454 MG/KG 6000 nc nc N
Oxbow Area soil LPX-SD-4404 0 0.5 Zinc 1867 MG/KG 6000 nc nc N
Lyman Mill soil LPX-FP-4004 0 0.5 Zinc 97.5 MG/KG 6000 nc nc N
Lyman Mill soil LPX-FP-4006 0 0.5 Zinc 1150 MG/KG 6000 nc nc N
Lyman Mill soil LPX-FP-4007 0 0.5 Zinc 218 MG/KG 6000 nc nc N
Allendale soil CMS-418 0 1 Zinc 44.8 MG/KG 6000 nc nc N
Allendale soil CMS-418 1 2 Zinc 56 MG/KG 6000 nc nc N
Lyman Mill soil LPX-4112 0 0.5 Zinc 366 MG/KG 6000 nc nc N
Lyman Mill soil LPX-4112 0 0.5 Zinc 397 MG/KG 6000 nc nc N
Lyman Mill soil LPX-4113 0 0.5 Zinc 2190 MG/KG 6000 nc nc N
Lyman Mill soil LPX-4114 0 0.5 Zinc 583 MG/KG 6000 nc nc N
Allendale soil RES-14-421-01 0 1 Zinc 38.5 MG/KG 6000 nc nc N
Lyman Mill soil RES-10-004-01 0 1 Zinc 84.1 MG/KG 6000 nc nc N
Lyman Mill soil RES-10-005-01 0 1 Zinc 77.8 MG/KG 6000 nc nc N
Lyman Mill soil RES-10-042-01 0 1 Zinc 808 MG/KG 6000 nc nc N
Lyman Mill soil RES-10-044-01 0 1 Zinc 504 MG/KG 6000 nc nc N
Lyman Mill soil RES-10-053-01 0 1 Zinc 60.1 MG/KG 6000 nc nc N
Lyman Mill soil RES-10-068-01 0 1 Zinc 59.7 MG/KG 6000 nc nc N
Lyman Mill soil RES-10-074-01 0 1 Zinc 1040 MG/KG 6000 nc nc N
Lyman Mill soil RES-10-075-01 0 1 Zinc 1730 MG/KG 6000 nc nc N
Lyman Mill soil RES-10-076-01 0 1 Zinc 1390 MG/KG 6000 nc nc N
Lyman Mill soil RES-10-604-01 0 1 Zinc 157 MG/KG 6000 nc nc N
Lyman Mill soil RES-11-011-01 0 1 Zinc 189 MG/KG 6000 nc nc N
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Table F-2b. Comparison of Allendale and Lyman Mill Floodplain Soil Data to Potential ARARs and TBCs
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Lyman Mill soil RES-11-012-01 0 1 Zinc 574 MG/KG 6000 nc nc N
Lyman Mill soil RES-11-328-01 0 1 Zinc 315 MG/KG 6000 nc nc N
Lyman Mill soil RES-11-419-01 0 1 Zinc 190 MG/KG 6000 nc nc N
Lyman Mill soil RES-11-420-01 0 1 Zinc 68.1 MG/KG 6000 nc nc N
Lyman Mill soil RES-11-422-01 0 1 Zinc 74.5 MG/KG 6000 nc nc N
Lyman Mill soil RES-11-423-01 0 1 Zinc 17.9 MG/KG 6000 nc nc N
Lyman Mill soil RES-11-424-01 0 1 Zinc 116 MG/KG 6000 nc nc N
Lyman Mill soil RES-11-426-01 0 1 Zinc 43.3 MG/KG 6000 nc nc N
Lyman Mill soil RES-11-427-01 0 1 Zinc 30.5 MG/KG 6000 nc nc N
Lyman Mill soil RES-11-428-01 0 1 Zinc 92.2 MG/KG 6000 nc nc N
Lyman Mill soil RES-11-429-01 0 1 Zinc 42.6 MG/KG 6000 nc nc N
Lyman Mill soil RES-11-430-01 0 1 Zinc 33.4 MG/KG 6000 nc nc N
Lyman Mill soil RES-11-431-01 0 1 Zinc 195 MG/KG 6000 nc nc N
Lyman Mill soil RES-11-432-01 0 1 Zinc 136 MG/KG 6000 nc nc N
Lyman Mill soil RES-11-433-01 0 1 Zinc 1110 MG/KG 6000 nc nc N
Lyman Mill soil RES-11-486-01 0 1 Zinc 364 MG/KG 6000 nc nc N
Lyman Mill soil RES-11-497-01 0 1 Zinc 99.7 MG/KG 6000 nc nc N
Lyman Mill soil RES-11-577-01 0 1 Zinc 50.4 MG/KG 6000 nc nc N
Lyman Mill soil RES-12-556-01 0 1 Zinc 315 MG/KG 6000 nc nc N
Lyman Mill soil RES-12-560-01 0 1 Zinc 83.1 MG/KG 6000 nc nc N
Lyman Mill soil RES-12-560-02 0 1 Zinc 163 MG/KG 6000 nc nc N
Lyman Mill soil RES-10-044-01 0 1 Zinc 468 MG/KG 6000 nc nc N
Lyman Mill soil RES-10-053-01 0 1 Zinc 92.5 MG/KG 6000 nc nc N


Notes:


2 Soils located along western bank of the Woonasquatucket River between RT44 (Smith Street) and Cap Area #1 at Source Area; soils included in Allendale reach floodplain soil action area


2,4,6-trichlorophenol 2,4-dinitrotoluene Acenaphthylene Hexachlorobenzene Naphthalene
2,4-dichlorophenol 2-chlorophenol Bis(2-chloroethyl)ether Hexachlorobutadiene Pentachlorophenol
2,4-dinitrophenol 3,3'-dichlorobenzidine Bis(2-ethylhexyl)phthalate Hexachloroethane Thallium


Key


NA - Undetected contaminants (where qualifier = U, UJ or UEMPC) were not compared to potential ARAR/TBCs.  Nor were cleanup goals developed for undetected contaminants where the laboratory detection 
limits (reported in the LAB_RESULT field) are in excess of ARAR/TBCs, including: 


1 Potential ARARs include RIDEM residential direct exposure and GB leachability criteria (RIDEM, 2004) and TBC criteria include EPA's recommended residential level for dioxin (EPA, 1998b).


ARAR - Applicable or Relevant and Appropriate Requirement; TBC - To Be Considered; nc - no criteria; NA - not applicable; N - No; Y - Yes; MG/KG - milligrams per killogram; NG/KG - nanograms 
per killogram.


Summary statistics for undetected contaminants are reported in Table F-2c; information is presented by contaminant and includes the number of records, number of non-detects, the number and percent of 
records where the non-detect concentration is in excess of the ARAR/TBC, and the number and percent of records where the non-detect concentration is below the ARAR/TBC.
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Appendix F
Table F-2c. Summary on Undetected Contaminants in Allendale and Lyman Mill Reach Floodplain Soil


Parameter N N, non-detects N % N %
1,1'-biphenyl 41 33 18 55% 15 45%
1,1,1,2-tetrachloroethane 2 2 0 0% 2 100%
1,1,1-trichloroethane 2 2 0 0% 2 100%
1,1,2,2-tetrachloroethane 2 2 0 0% 2 100%
1,1,2-trichloroethane 2 2 0 0% 2 100%
1,1-dichloroethane 2 2 0 0% 2 100%
1,1-dichloroethene 2 2 0 0% 2 100%
1,2,4-trichlorobenzene 4 4 0 0% 4 100%
1,2-dibromo-3-chloropropane 2 2 0 0% 2 100%
1,2-dichlorobenzene 6 6 0 0% 6 100%
1,2-dichloroethane 2 2 0 0% 2 100%
1,2-dichloropropane 2 2 0 0% 2 100%
1,3-dichlorobenzene 6 6 0 0% 6 100%
1,4-dichlorobenzene 6 6 0 0% 6 100%
2,4,5-trichlorophenol 45 44 0 0% 44 100%
2,4,6-trichlorophenol 38 38 1 3% 37 97%
2,4-dichlorophenol 38 38 1 3% 37 97%
2,4-dimethylphenol 38 38 0 0% 38 100%
2,4-dinitrophenol 45 45 1 2% 44 98%
2,4-dinitrotoluene 38 38 18 47% 20 53%
2-chlorophenol 38 38 1 3% 37 97%
2-methylnaphthalene 45 35 0 0% 35 100%
3,3'-dichlorobenzidine 38 38 20 53% 18 47%
4-chloroaniline 38 38 0 0% 38 100%
Acenaphthene 45 31 0 0% 31 100%
Acenaphthylene 45 31 1 3% 30 97%
Anthracene 45 16 0 0% 16 100%
Antimony 47 22 0 0% 22 100%
Aroclor, Total 52 25 0 0% 25 100%
Arsenic 49 2 0 0% 2 100%
Barium 49 0 - - - -
Benzene 2 2 0 0% 2 100%
Benzo(a)anthracene 46 7 3 43% 4 57%
Benzo(a)pyrene 46 10 7 70% 3 30%
Benzo(b)fluoranthene 46 9 2 22% 7 78%
Benzo(g,h,i)perylene 46 19 10 53% 9 47%
Benzo(k)fluoranthene 46 7 2 29% 5 71%
Beryllium 47 20 1 5% 19 95%
Bis(2-chloroethyl)ether 38 38 20 53% 18 47%
Bis(2-ethylhexyl)phthalate 46 14 1 7% 13 93%
Bis-(2-chloroisopropyl)ether 2 2 0 0% 2 100%
Bromodichloromethane 2 2 0 0% 2 100%
Bromoform 2 2 0 0% 2 100%
Bromomethane 2 2 0 0% 2 100%
Cadmium 48 21 0 0% 21 100%
Carbon Tetrachloride 2 2 0 0% 2 100%
Chlorobenzene 2 2 0 0% 2 100%
Chloroform 2 2 0 0% 2 100%
Chromium 49 1 0 0% 1 100%
Chrysene 46 6 5 83% 1 17%
Cis-1,2-dichloroethene 2 1 0 0% 1 100%
Copper 49 1 0 0% 1 100%
Cyanide 2 2 0 0% 2 100%
Dibenzo(a,h)anthracene 46 29 23 79% 6 21%
Dibromochloromethane 2 2 0 0% 2 100%
Dieldrin 49 36 0 0% 36 100%
Diethylphthalate 38 38 0 0% 38 100%
Dimethylphthalate 38 38 0 0% 38 100%
Ethylbenzene 2 2 0 0% 2 100%
Fluoranthene 46 4 0 0% 4 100%
Fluorene 45 26 0 0% 26 100%
Hexachlorobenzene 38 38 31 82% 7 18%
Hexachlorobutadiene 40 40 3 8% 37 93%
Hexachloroethane 38 38 1 3% 37 97%
Indeno(1,2,3-cd)pyrene 46 18 9 50% 9 50%
Isopropylbenzene 2 2 0 0% 2 100%
Lead 49 0 - - - -
Manganese 49 0 - - - -
Mercury 42 20 0 0% 20 100%


Non-detect Concentration > 
ARAR/TBC


Non-detect Concentration < 
ARAR/TBC
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Appendix F
Table F-2c. Summary on Undetected Contaminants in Allendale and Lyman Mill Reach Floodplain Soil


Parameter N N, non-detects N % N %


Non-detect Concentration > 
ARAR/TBC


Non-detect Concentration < 
ARAR/TBC


Methylene Chloride 2 2 0 0% 2 100%
Naphthalene 47 36 1 3% 35 97%
Nickel 49 0 - - - -
Pentachlorophenol 45 45 14 31% 31 69%
Phenanthrene 46 11 0 0% 11 100%
Phenol 45 45 0 0% 45 100%
Pyrene 46 4 0 0% 4 100%
Selenium 47 38 0 0% 38 100%
Silver 49 27 0 0% 27 100%
Styrene 2 2 0 0% 2 100%
TEQ 257 1 0 0% 1 100%
Technical Chlordane 15 5 0 0% 5 100%
Tetrachloroethene 2 2 0 0% 2 100%
Thallium 47 35 2 6% 33 94%
Toluene 2 2 0 0% 2 100%
Total Xylenes 2 2 0 0% 2 100%
Trans-1,2-dichloroethene 2 2 0 0% 2 100%
Trichloroethene 2 2 0 0% 2 100%
Vanadium 49 0 - - - -
Vinyl Chloride 2 2 0 0% 2 100%
Zinc 49 0 - - - -
alpha-Chlordane 50 20 0 0% 20 100%
gamma-Chlordane 50 29 0 0% 29 100%


Notes
N, Number of Records


TBC - To Be Considered criteria: EPA's recommended residential level for dioxin in soil (EPA, 1998b)


Applicable or Relevant and Appropriate Requirement (ARAR): RIDEM residential direct exposure and/or GB 
leachability criteria (RIDEM, 2004).
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Table F-3a. Proposed Cleanup Goals for Allendale and Lyman Mill Reach Surface Water, Comparison of ARARs to Background
(All units in ug/L)


Contaminant(a) State of Rhode 
Island Federal(b) State of Rhode 


Island Federal(b)


Priority Pollutants
2,3,7,8-TCDD nc nc 5.0E-08 5.0E-09 5.0E-07 —(f) 5.0E-07 ARAR(g)


Arsenic(h) 150 150 0.18 0.018 0.018 2.5 N/A NA
Beryllium(h) 0.17 nc nc 4 0.17 0.40 N/A NA
Cadmium(h,i) 0.094 0.094 nc 5 0.094 0.78 N/A NA
Chromium(h) 11 11 nc 100 11 3.6 N/A NA
Copper(h,i) 2.7 2.7 1300 1300 2.7 8.9 N/A NA
Lead(h,i) 0.54 0.54 nc nc 0.54 6.0 N/A NA
Nickel(h,i) 16 16 610 610 16 5.2 N/A NA
Selenium(h) 5 5 170 170 5 2.0 N/A NA
Thallium(h) 1 nc 0.24 0.24 0.24 2.7 N/A NA
Zinc(h,i) 36 36 7400 7400 36 33 N/A NA
4,4'-DDE(h) nc nc 0.0022 0.00022 0.00022 —(f) N/A NA
4,4'-DDT(h) 0.001 0.001 0.0022 0.00022 0.00022 —(f) N/A NA
Aldrin(h) nc nc 0.00049 0.000049 0.000049 —(f) N/A NA
Endrin(h) 0.036 0.036 0.059 0.059 0.036 —(f) N/A NA
alpha-BHC(h) nc nc 0.026 0.0026 0.0026 —(f) N/A NA
alpha-Chlordane(h) 0.0043 0.0043 0.008 0.0008 0.0008 —(f) N/A NA
gamma-Chlordane(h) 0.0043 0.0043 0.008 0.0008 0.0008 —(f) N/A NA
Aroclor, Total(h) 0.014 0.014 0.00064 0.000064 0.000064 —(f) N/A NA
Bis(2-ethylhexyl)phthalate(h) 12 nc 12 1.2 1.2 —(f) N/A NA
Chrysene(h) nc nc 0.038 0.0038 0.0038 —(f) N/A NA
Tetrachloroethene(h) 5.3 nc 6.9 0.69 0.69 —(f) N/A NA
Non-priority Pollutants
Aluminum(h) 87 87 nc nc 87 159 N/A NA
Iron(h) 1000 1000 300 300 300 724 N/A NA
Manganese(h) nc nc nc 50 50 202 N/A NA


All units are micrograms per liter (ug/L); parts per billion.


(c) Selected ARAR is the lower of the State or Federal freshwater WQC criteria values.
(d) Based on arithmetic mean of upstream background samples.


ARAR Applicable or Relevant and Appropriate Requirement
Bkgd Background


NA Not applicable because contaminant statistically determined to be consistent with, or less than background conditions (see note 'h').


B
as


is
(e


)


Cleanup goals were not developed for contaminants that were undetected (i.e., results are 'U' or 'UJ' qualified) or detected at concentrations below ARARs (see Table F-3b for data 
comparisons to ARARs).  Nor were cleanup goals developed for undetected contaminants where the laboratory detection limits are in excess of ARARs (see Table F-3b); additional sampling 
will be performed during design to verify undetected contaminants, and assess impacts, if any, to the proposed cleanup goals.


(e) The basis of the Cleanup Goal is: 


(b) Federal freshwater CCC criteria for metals are expressed in terms of the dissolved metal in the water column.  Surface water metals data, however, are based on total 
recoverable metals except where CLASS = MD (for metals dissolved).  Data are compared directly to the freshwater CCC criteria without conversion to correct for total 
recoverable vs. dissolved concentrations in the water column.


Background(d) Proposed 
Cleanup Goal


Potential ARARs


Freshwater Chronic Human Health for Consumption 
of Water + Organism Selected ARAR(c)


(a)  Cleanup goals were developed for contaminants detected at concentrations in excess of ARARs (see Table F-3b for data comparisons to ARARs).
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Appendix F


Table F-3a. Proposed Cleanup Goals for Allendale and Lyman Mill Reach Surface Water, Comparison of ARARs to Background
(All units in ug/L)


(f) Contaminant undetected in upstream background samples.


(i) State of Rhode Island and Federal WQC (freshwater CCC) corrected for hardness according to EPA (2006) and RIDEM (2006).


Key
CCC - chronic freshwater ambient; N/A - not applicable; nc - no criteria.


(h) Contaminant detected in surface water at concentration in excess of potential ARARs, but found to be consistent with, or less than background conditions (based on a 
statistical evaluation of the data) were not included in the cleanup goal determination.  Additional sampling will be performed during design to verify background 
conditions, and assess impacts, if any, to the proposed cleanup goals.


(g) ARAR modified based on site-specific bioaccumulation factors.  This value would be protective of human exposed via fish ingestion and water consumption routes 
based on a target risk of 10-5 as described in Appendix F, Attachments F-2 and F-3.
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Appendix F
Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)
Priority Pollutants
Allendale surface water CMW-SD-2023 Antimony 5 UG/L U 10 nc 5.6 5.6 5.6 NA
Allendale surface water CMW-SD-2023 Antimony 5 UG/L U 10 nc 5.6 5.6 5.6 NA
Allendale surface water CMW-SD-2024 Antimony 5 UG/L U 10 nc 5.6 5.6 5.6 NA
Allendale surface water CMW-SD-2024 Antimony 5 UG/L U 10 nc 5.6 5.6 5.6 NA
Allendale surface water CMW-SD-2023 Antimony 5 UG/L U 10 nc 5.6 5.6 5.6 NA
Allendale surface water CMW-SD-2025 Antimony 5 UG/L U 10 nc 5.6 5.6 5.6 NA
Allendale surface water CMW-SD-2025 Antimony 5 UG/L U 10 nc 5.6 5.6 5.6 NA
Allendale surface water APB-SD-2029 Antimony 5 UG/L U 10 nc 5.6 5.6 5.6 NA
Allendale surface water APB-SD-2029 Antimony 5 UG/L U 10 nc 5.6 5.6 5.6 NA
Allendale surface water WRC-SD-2014 Antimony 2.1 UG/L UJ 10 nc 5.6 5.6 5.6 NA
Allendale surface water WRC-SD-2014 Antimony 2.1 UG/L UJ 10 nc 5.6 5.6 5.6 NA
Allendale surface water WRC-SD-2015 Antimony 2.1 UG/L UJ 10 nc 5.6 5.6 5.6 NA
Allendale surface water WRC-SD-2015 Antimony 2.1 UG/L UJ 10 nc 5.6 5.6 5.6 NA
Allendale surface water APB-SD-2034 Antimony 2.1 UG/L UJ 10 nc 5.6 5.6 5.6 NA
Allendale surface water APB-SD-2034 Antimony 2.1 UG/L UJ 10 nc 5.6 5.6 5.6 NA
Allendale surface water APC-SD-2035 Antimony 9.4 UG/L UJ 10 nc 5.6 5.6 5.6 NA
Allendale surface water APC-SD-2035 Antimony 2.1 UG/L UJ 10 nc 5.6 5.6 5.6 NA
Allendale surface water APC-SD-2036 Antimony 2.1 UG/L UJ 10 nc 5.6 5.6 5.6 NA
Allendale surface water APC-SD-2036 Antimony 2.1 UG/L UJ 10 nc 5.6 5.6 5.6 NA
Allendale surface water WRC-SW-4001 Antimony 0.184 UG/L 10 nc 5.6 5.6 5.6 N
Allendale surface water WRC-SW-4002 Antimony 0.185 UG/L 10 nc 5.6 5.6 5.6 N
Allendale surface water WRC-SW-4003 Antimony 0.183 UG/L 10 nc 5.6 5.6 5.6 N
Allendale surface water WRC-SW-4004 Antimony 0.186 UG/L 10 nc 5.6 5.6 5.6 N
Allendale surface water WRC-SW-4001 Antimony 0.161 UG/L U 10 nc 5.6 5.6 5.6 NA
Allendale surface water WRC-SW-4002 Antimony 0.185 UG/L 10 nc 5.6 5.6 5.6 N
Allendale surface water WRC-SW-4003 Antimony 0.191 UG/L 10 nc 5.6 5.6 5.6 N
Allendale surface water WRC-SW-4004 Antimony 0.178 UG/L 10 nc 5.6 5.6 5.6 N
Assaumpsett surface water RAB-SD-3004 Antimony 5 UG/L U 10 nc 5.6 5.6 5.6 NA
Assaumpsett surface water RAB-SD-3004 Antimony 5 UG/L U 10 nc 5.6 5.6 5.6 NA
Assaumpsett surface water RAB-SW-5004 Antimony 0.118 UG/L 10 nc 5.6 5.6 5.6 N
Assaumpsett surface water RAB-SW-5004 Antimony 0.0652 UG/L U 10 nc 5.6 5.6 5.6 NA
Assaumpsett surface water RAB-SW-5004 Antimony 0.0603 UG/L U 10 nc 5.6 5.6 5.6 NA
Assaumpsett surface water RAB-SW-5004 Antimony 0.0585 UG/L 10 nc 5.6 5.6 5.6 N
Lyman Mill surface water WRL-SD-2040 Antimony 5 UG/L U 10 nc 5.6 5.6 5.6 NA
Lyman Mill surface water WRL-SD-2040 Antimony 5 UG/L U 10 nc 5.6 5.6 5.6 NA
Lyman Mill surface water WRL-SD-2039 Antimony 5 UG/L U 10 nc 5.6 5.6 5.6 NA
Lyman Mill surface water WRL-SD-2039 Antimony 5 UG/L U 10 nc 5.6 5.6 5.6 NA
Lyman Mill surface water WRL-SD-2040 Antimony 5 UG/L U 10 nc 5.6 5.6 5.6 NA
Lyman Mill surface water WRL-SD-2040 Antimony 5 UG/L U 10 nc 5.6 5.6 5.6 NA
Lyman Mill surface water WRL-SD-2041 Antimony 5 UG/L U 10 nc 5.6 5.6 5.6 NA
Lyman Mill surface water WRL-SD-2041 Antimony 5 UG/L U 10 nc 5.6 5.6 5.6 NA
Lyman Mill surface water WRL-SD-2042 Antimony 2.1 UG/L UJ 10 nc 5.6 5.6 5.6 NA
Lyman Mill surface water WRL-SD-2042 Antimony 2.1 UG/L UJ 10 nc 5.6 5.6 5.6 NA


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Lyman Mill surface water LPX-SD-2051 Antimony 2.8 UG/L UJ 10 nc 5.6 5.6 5.6 NA
Lyman Mill surface water LPX-SD-2050 Antimony 2.1 UG/L UJ 10 nc 5.6 5.6 5.6 NA
Lyman Mill surface water LPX-SD-2050 Antimony 2.1 UG/L UJ 10 nc 5.6 5.6 5.6 NA
Lyman Mill surface water LPX-SD-2051 Antimony 2.1 UG/L UJ 10 nc 5.6 5.6 5.6 NA
Lyman Mill surface water LPX-SD-2051 Antimony 2.1 UG/L UJ 10 nc 5.6 5.6 5.6 NA
Lyman Mill surface water LPX-SD-2052 Antimony 2.1 UG/L UJ 10 nc 5.6 5.6 5.6 NA
Lyman Mill surface water LPX-SD-2052 Antimony 2.1 UG/L UJ 10 nc 5.6 5.6 5.6 NA
Lyman Mill surface water LPX-SD-2053 Antimony 2.1 UG/L UJ 10 nc 5.6 5.6 5.6 NA
Lyman Mill surface water LPX-SD-2053 Antimony 2.1 UG/L UJ 10 nc 5.6 5.6 5.6 NA
Lyman Mill surface water LPX-SD-2049 Antimony 2.1 UG/L UJ 10 nc 5.6 5.6 5.6 NA
Lyman Mill surface water LPX-SD-2049 Antimony 2.1 UG/L UJ 10 nc 5.6 5.6 5.6 NA
Lyman Mill surface water LPX-SD-2045 Antimony 5 UG/L U 10 nc 5.6 5.6 5.6 NA
Lyman Mill surface water LPX-SD-2045 Antimony 5 UG/L U 10 nc 5.6 5.6 5.6 NA
Lyman Mill surface water LPX-SD-2046 Antimony 5 UG/L U 10 nc 5.6 5.6 5.6 NA
Lyman Mill surface water LPX-SD-2046 Antimony 5 UG/L U 10 nc 5.6 5.6 5.6 NA
Lyman Mill surface water LPX-SD-2047 Antimony 5 UG/L U 10 nc 5.6 5.6 5.6 NA
Lyman Mill surface water LPX-SD-2047 Antimony 5 UG/L U 10 nc 5.6 5.6 5.6 NA
Lyman Mill surface water LPX-SD-2045 Antimony 5 UG/L U 10 nc 5.6 5.6 5.6 NA
Lyman Mill surface water WRL-SD-2043 Antimony 5 UG/L U 10 nc 5.6 5.6 5.6 NA
Lyman Mill surface water WRL-SD-2043 Antimony 5 UG/L U 10 nc 5.6 5.6 5.6 NA
Lyman Mill surface water LPX-SD-2048 Antimony 5 UG/L U 10 nc 5.6 5.6 5.6 NA
Lyman Mill surface water LPX-SD-2048 Antimony 5 UG/L U 10 nc 5.6 5.6 5.6 NA
Lyman Mill surface water WRL-SD-2044 Antimony 5 UG/L U 10 nc 5.6 5.6 5.6 NA
Lyman Mill surface water WRL-SD-2044 Antimony 5 UG/L U 10 nc 5.6 5.6 5.6 NA
Lyman Mill surface water WRL-SW-4005 Antimony 0.176 UG/L J 10 nc 5.6 5.6 5.6 N
Lyman Mill surface water WRL-SW-4004 Antimony 0.22 UG/L J 10 nc 5.6 5.6 5.6 N
Lyman Mill surface water WRL-SW-4005 Antimony 0.203 UG/L 10 nc 5.6 5.6 5.6 N
Lyman Mill surface water WRL-SW-4005 Antimony 0.189 UG/L 10 nc 5.6 5.6 5.6 N
Lyman Mill surface water WRL-SW-4004 Antimony 0.22 UG/L 10 nc 5.6 5.6 5.6 N
Lyman Mill surface water WRL-SW-4005 Antimony 0.18 UG/L 10 nc 5.6 5.6 5.6 N
Source Area surface water CMW-SD-2016 Antimony 5 UG/L U 10 nc 5.6 5.6 5.6 NA
Source Area surface water CMW-SD-2016 Antimony 5 UG/L U 10 nc 5.6 5.6 5.6 NA
Source Area surface water CMW-SD-2019 Antimony 5 UG/L U 10 nc 5.6 5.6 5.6 NA
Source Area surface water CMW-SD-2019 Antimony 5 UG/L U 10 nc 5.6 5.6 5.6 NA
Source Area surface water CMW-SD-2020 Antimony 5 UG/L U 10 nc 5.6 5.6 5.6 NA
Source Area surface water CMW-SD-2020 Antimony 5 UG/L U 10 nc 5.6 5.6 5.6 NA
Source Area surface water CMW-SD-2021 Antimony 5 UG/L U 10 nc 5.6 5.6 5.6 NA
Source Area surface water CMW-SD-2021 Antimony 5 UG/L U 10 nc 5.6 5.6 5.6 NA
Source Area surface water CMW-SD-2022 Antimony 5 UG/L U 10 nc 5.6 5.6 5.6 NA
Source Area surface water CMW-SD-2022 Antimony 5 UG/L U 10 nc 5.6 5.6 5.6 NA
Source Area surface water WRC-SD-2009 Antimony 2.1 UG/L UJ 10 nc 5.6 5.6 5.6 NA
Source Area surface water WRC-SD-2009 Antimony 2.1 UG/L UJ 10 nc 5.6 5.6 5.6 NA
Source Area surface water WRC-SD-2013 Antimony 2.1 UG/L UJ 10 nc 5.6 5.6 5.6 NA
Source Area surface water WRC-SD-2013 Antimony 2.1 UG/L UJ 10 nc 5.6 5.6 5.6 NA
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Source Area surface water WRC-SD-2010 Antimony 2.1 UG/L UJ 10 nc 5.6 5.6 5.6 NA
Source Area surface water WRC-SD-2010 Antimony 2.1 UG/L UJ 10 nc 5.6 5.6 5.6 NA
Source Area surface water WRC-SD-2011 Antimony 2.1 UG/L UJ 10 nc 5.6 5.6 5.6 NA
Source Area surface water WRC-SD-2011 Antimony 2.1 UG/L UJ 10 nc 5.6 5.6 5.6 NA
Source Area surface water WRC-SD-2012 Antimony 2.1 UG/L UJ 10 nc 5.6 5.6 5.6 NA
Source Area surface water WRC-SD-2012 Antimony 2.1 UG/L UJ 10 nc 5.6 5.6 5.6 NA
Source Area surface water WRC-SD-2011 Antimony 2.1 UG/L UJ 10 nc 5.6 5.6 5.6 NA
Upstream surface water RCC-SD-3001 Antimony 5 UG/L U 10 nc 5.6 5.6 5.6 NA
Upstream surface water RCC-SD-3001 Antimony 5 UG/L U 10 nc 5.6 5.6 5.6 NA
Upstream surface water RCC-SD-3002 Antimony 5 UG/L U 10 nc 5.6 5.6 5.6 NA
Upstream surface water RCC-SD-3002 Antimony 5 UG/L U 10 nc 5.6 5.6 5.6 NA
Upstream surface water RCC-SD-3003 Antimony 5 UG/L U 10 nc 5.6 5.6 5.6 NA
Upstream surface water RCC-SD-3003 Antimony 5 UG/L U 10 nc 5.6 5.6 5.6 NA
Upstream surface water RCC-SD-3002 Antimony 5 UG/L U 10 nc 5.6 5.6 5.6 NA
Upstream surface water RWR-SW-5001 Antimony 0.168 UG/L 10 nc 5.6 5.6 5.6 N
Upstream surface water RWR-SW-5002 Antimony 0.173 UG/L 10 nc 5.6 5.6 5.6 N
Upstream surface water RWR-SW-5001 Antimony 0.149 UG/L U 10 nc 5.6 5.6 5.6 NA
Upstream surface water RWR-SW-5002 Antimony 0.164 UG/L 10 nc 5.6 5.6 5.6 N
Allendale surface water CMW-SD-2023 Arsenic 8.5 UG/L J 150 150 0.18 0.018 0.018 Y
Allendale surface water CMW-SD-2023 Arsenic 8.4 UG/L J 150 150 0.18 0.018 0.018 Y
Allendale surface water CMW-SD-2024 Arsenic 9.3 UG/L J 150 150 0.18 0.018 0.018 Y
Allendale surface water CMW-SD-2024 Arsenic 11.3 UG/L 150 150 0.18 0.018 0.018 Y
Allendale surface water CMW-SD-2023 Arsenic 8 UG/L J 150 150 0.18 0.018 0.018 Y
Allendale surface water CMW-SD-2025 Arsenic 7.2 UG/L J 150 150 0.18 0.018 0.018 Y
Allendale surface water CMW-SD-2025 Arsenic 10.7 UG/L 150 150 0.18 0.018 0.018 Y
Allendale surface water APB-SD-2029 Arsenic 12.5 UG/L 150 150 0.18 0.018 0.018 Y
Allendale surface water APB-SD-2029 Arsenic 6 UG/L U 150 150 0.18 0.018 0.018 NA
Allendale surface water WRC-SD-2014 Arsenic 2.2 UG/L U 150 150 0.18 0.018 0.018 NA
Allendale surface water WRC-SD-2014 Arsenic 2.2 UG/L U 150 150 0.18 0.018 0.018 NA
Allendale surface water WRC-SD-2015 Arsenic 2.2 UG/L U 150 150 0.18 0.018 0.018 NA
Allendale surface water WRC-SD-2015 Arsenic 2.2 UG/L U 150 150 0.18 0.018 0.018 NA
Allendale surface water APB-SD-2034 Arsenic 2.2 UG/L U 150 150 0.18 0.018 0.018 NA
Allendale surface water APB-SD-2034 Arsenic 2.2 UG/L U 150 150 0.18 0.018 0.018 NA
Allendale surface water APC-SD-2035 Arsenic 5.6 UG/L 150 150 0.18 0.018 0.018 Y
Allendale surface water APC-SD-2035 Arsenic 2.2 UG/L U 150 150 0.18 0.018 0.018 NA
Allendale surface water APC-SD-2036 Arsenic 2.4 UG/L J 150 150 0.18 0.018 0.018 Y
Allendale surface water APC-SD-2036 Arsenic 2.2 UG/L U 150 150 0.18 0.018 0.018 NA
Allendale surface water WRC-SW-4001 Arsenic 0.58 UG/L 150 150 0.18 0.018 0.018 Y
Allendale surface water WRC-SW-4002 Arsenic 0.598 UG/L 150 150 0.18 0.018 0.018 Y
Allendale surface water WRC-SW-4003 Arsenic 0.57 UG/L 150 150 0.18 0.018 0.018 Y
Allendale surface water WRC-SW-4004 Arsenic 0.558 UG/L 150 150 0.18 0.018 0.018 Y
Allendale surface water WRC-SW-4001 Arsenic 0.451 UG/L 150 150 0.18 0.018 0.018 Y
Allendale surface water WRC-SW-4002 Arsenic 0.442 UG/L 150 150 0.18 0.018 0.018 Y
Allendale surface water WRC-SW-4003 Arsenic 0.461 UG/L 150 150 0.18 0.018 0.018 Y
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Appendix F
Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Allendale surface water WRC-SW-4004 Arsenic 0.424 UG/L 150 150 0.18 0.018 0.018 Y
Assaumpsett surface water RAB-SD-3004 Arsenic 6 UG/L U 150 150 0.18 0.018 0.018 NA
Assaumpsett surface water RAB-SD-3004 Arsenic 6 UG/L U 150 150 0.18 0.018 0.018 NA
Assaumpsett surface water RAB-SW-5004 Arsenic 0.491 UG/L 150 150 0.18 0.018 0.018 Y
Assaumpsett surface water RAB-SW-5004 Arsenic 0.45 UG/L 150 150 0.18 0.018 0.018 Y
Assaumpsett surface water RAB-SW-5004 Arsenic 0.407 UG/L 150 150 0.18 0.018 0.018 Y
Assaumpsett surface water RAB-SW-5004 Arsenic 0.385 UG/L 150 150 0.18 0.018 0.018 Y
Lyman Mill surface water WRL-SD-2040 Arsenic 6 UG/L U 150 150 0.18 0.018 0.018 NA
Lyman Mill surface water WRL-SD-2040 Arsenic 8 UG/L J 150 150 0.18 0.018 0.018 Y
Lyman Mill surface water WRL-SD-2039 Arsenic 8.9 UG/L J 150 150 0.18 0.018 0.018 Y
Lyman Mill surface water WRL-SD-2039 Arsenic 6 UG/L U 150 150 0.18 0.018 0.018 NA
Lyman Mill surface water WRL-SD-2040 Arsenic 6.2 UG/L J 150 150 0.18 0.018 0.018 Y
Lyman Mill surface water WRL-SD-2040 Arsenic 8.6 UG/L J 150 150 0.18 0.018 0.018 Y
Lyman Mill surface water WRL-SD-2041 Arsenic 9.2 UG/L J 150 150 0.18 0.018 0.018 Y
Lyman Mill surface water WRL-SD-2041 Arsenic 10.5 UG/L 150 150 0.18 0.018 0.018 Y
Lyman Mill surface water WRL-SD-2042 Arsenic 2.2 UG/L U 150 150 0.18 0.018 0.018 NA
Lyman Mill surface water WRL-SD-2042 Arsenic 2.2 UG/L U 150 150 0.18 0.018 0.018 NA
Lyman Mill surface water LPX-SD-2051 Arsenic 2.2 UG/L U 150 150 0.18 0.018 0.018 NA
Lyman Mill surface water LPX-SD-2050 Arsenic 2.2 UG/L U 150 150 0.18 0.018 0.018 NA
Lyman Mill surface water LPX-SD-2050 Arsenic 2.2 UG/L U 150 150 0.18 0.018 0.018 NA
Lyman Mill surface water LPX-SD-2051 Arsenic 2.2 UG/L U 150 150 0.18 0.018 0.018 NA
Lyman Mill surface water LPX-SD-2051 Arsenic 2.2 UG/L U 150 150 0.18 0.018 0.018 NA
Lyman Mill surface water LPX-SD-2052 Arsenic 2.2 UG/L U 150 150 0.18 0.018 0.018 NA
Lyman Mill surface water LPX-SD-2052 Arsenic 2.2 UG/L U 150 150 0.18 0.018 0.018 NA
Lyman Mill surface water LPX-SD-2053 Arsenic 2.2 UG/L U 150 150 0.18 0.018 0.018 NA
Lyman Mill surface water LPX-SD-2053 Arsenic 2.2 UG/L U 150 150 0.18 0.018 0.018 NA
Lyman Mill surface water LPX-SD-2049 Arsenic 2.2 UG/L U 150 150 0.18 0.018 0.018 NA
Lyman Mill surface water LPX-SD-2049 Arsenic 2.2 UG/L U 150 150 0.18 0.018 0.018 NA
Lyman Mill surface water LPX-SD-2045 Arsenic 6 UG/L U 150 150 0.18 0.018 0.018 NA
Lyman Mill surface water LPX-SD-2045 Arsenic 6 UG/L U 150 150 0.18 0.018 0.018 NA
Lyman Mill surface water LPX-SD-2046 Arsenic 6 UG/L U 150 150 0.18 0.018 0.018 NA
Lyman Mill surface water LPX-SD-2046 Arsenic 6 UG/L U 150 150 0.18 0.018 0.018 NA
Lyman Mill surface water LPX-SD-2047 Arsenic 6 UG/L U 150 150 0.18 0.018 0.018 NA
Lyman Mill surface water LPX-SD-2047 Arsenic 6 UG/L U 150 150 0.18 0.018 0.018 NA
Lyman Mill surface water LPX-SD-2045 Arsenic 6 UG/L U 150 150 0.18 0.018 0.018 NA
Lyman Mill surface water WRL-SD-2043 Arsenic 6 UG/L U 150 150 0.18 0.018 0.018 NA
Lyman Mill surface water WRL-SD-2043 Arsenic 6 UG/L U 150 150 0.18 0.018 0.018 NA
Lyman Mill surface water LPX-SD-2048 Arsenic 6 UG/L U 150 150 0.18 0.018 0.018 NA
Lyman Mill surface water LPX-SD-2048 Arsenic 6 UG/L U 150 150 0.18 0.018 0.018 NA
Lyman Mill surface water WRL-SD-2044 Arsenic 6 UG/L U 150 150 0.18 0.018 0.018 NA
Lyman Mill surface water WRL-SD-2044 Arsenic 6 UG/L U 150 150 0.18 0.018 0.018 NA
Lyman Mill surface water WRL-SW-4005 Arsenic 0.497 UG/L 150 150 0.18 0.018 0.018 Y
Lyman Mill surface water WRL-SW-4004 Arsenic 0.533 UG/L 150 150 0.18 0.018 0.018 Y
Lyman Mill surface water WRL-SW-4005 Arsenic 0.549 UG/L 150 150 0.18 0.018 0.018 Y
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Appendix F
Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Lyman Mill surface water WRL-SW-4005 Arsenic 0.444 UG/L 150 150 0.18 0.018 0.018 Y
Lyman Mill surface water WRL-SW-4004 Arsenic 0.446 UG/L 150 150 0.18 0.018 0.018 Y
Lyman Mill surface water WRL-SW-4005 Arsenic 0.416 UG/L 150 150 0.18 0.018 0.018 Y
Source Area surface water CMW-SD-2016 Arsenic 8.7 UG/L J 150 150 0.18 0.018 0.018 Y
Source Area surface water CMW-SD-2016 Arsenic 7.8 UG/L J 150 150 0.18 0.018 0.018 Y
Source Area surface water CMW-SD-2019 Arsenic 10.9 UG/L 150 150 0.18 0.018 0.018 Y
Source Area surface water CMW-SD-2019 Arsenic 8.1 UG/L J 150 150 0.18 0.018 0.018 Y
Source Area surface water CMW-SD-2020 Arsenic 6.1 UG/L J 150 150 0.18 0.018 0.018 Y
Source Area surface water CMW-SD-2020 Arsenic 7.4 UG/L J 150 150 0.18 0.018 0.018 Y
Source Area surface water CMW-SD-2021 Arsenic 9.5 UG/L J 150 150 0.18 0.018 0.018 Y
Source Area surface water CMW-SD-2021 Arsenic 7.7 UG/L J 150 150 0.18 0.018 0.018 Y
Source Area surface water CMW-SD-2022 Arsenic 7.3 UG/L J 150 150 0.18 0.018 0.018 Y
Source Area surface water CMW-SD-2022 Arsenic 7.9 UG/L J 150 150 0.18 0.018 0.018 Y
Source Area surface water WRC-SD-2009 Arsenic 2.2 UG/L U 150 150 0.18 0.018 0.018 NA
Source Area surface water WRC-SD-2009 Arsenic 5.9 UG/L 150 150 0.18 0.018 0.018 Y
Source Area surface water WRC-SD-2013 Arsenic 2.2 UG/L U 150 150 0.18 0.018 0.018 NA
Source Area surface water WRC-SD-2013 Arsenic 2.2 UG/L U 150 150 0.18 0.018 0.018 NA
Source Area surface water WRC-SD-2010 Arsenic 2.2 UG/L U 150 150 0.18 0.018 0.018 NA
Source Area surface water WRC-SD-2010 Arsenic 2.2 UG/L U 150 150 0.18 0.018 0.018 NA
Source Area surface water WRC-SD-2011 Arsenic 2.2 UG/L U 150 150 0.18 0.018 0.018 NA
Source Area surface water WRC-SD-2011 Arsenic 2.2 UG/L U 150 150 0.18 0.018 0.018 NA
Source Area surface water WRC-SD-2012 Arsenic 2.2 UG/L U 150 150 0.18 0.018 0.018 NA
Source Area surface water WRC-SD-2012 Arsenic 2.2 UG/L U 150 150 0.18 0.018 0.018 NA
Source Area surface water WRC-SD-2011 Arsenic 2.2 UG/L U 150 150 0.18 0.018 0.018 NA
Upstream surface water RCC-SD-3001 Arsenic 6 UG/L U 150 150 0.18 0.018 0.018 NA
Upstream surface water RCC-SD-3001 Arsenic 6 UG/L U 150 150 0.18 0.018 0.018 NA
Upstream surface water RCC-SD-3002 Arsenic 6 UG/L U 150 150 0.18 0.018 0.018 NA
Upstream surface water RCC-SD-3002 Arsenic 6 UG/L U 150 150 0.18 0.018 0.018 NA
Upstream surface water RCC-SD-3003 Arsenic 6 UG/L U 150 150 0.18 0.018 0.018 NA
Upstream surface water RCC-SD-3003 Arsenic 6 UG/L U 150 150 0.18 0.018 0.018 NA
Upstream surface water RCC-SD-3002 Arsenic 6 UG/L U 150 150 0.18 0.018 0.018 NA
Upstream surface water RWR-SW-5001 Arsenic 0.539 UG/L 150 150 0.18 0.018 0.018 Y
Upstream surface water RWR-SW-5002 Arsenic 0.55 UG/L 150 150 0.18 0.018 0.018 Y
Upstream surface water RWR-SW-5001 Arsenic 0.414 UG/L 150 150 0.18 0.018 0.018 Y
Upstream surface water RWR-SW-5002 Arsenic 0.444 UG/L 150 150 0.18 0.018 0.018 Y
Allendale surface water CMW-SD-2023 Beryllium 1 UG/L U 0.17 nc nc 4 0.17 NA
Allendale surface water CMW-SD-2023 Beryllium 1 UG/L U 0.17 nc nc 4 0.17 NA
Allendale surface water CMW-SD-2024 Beryllium 1.3 UG/L U 0.17 nc nc 4 0.17 NA
Allendale surface water CMW-SD-2024 Beryllium 1.1 UG/L U 0.17 nc nc 4 0.17 NA
Allendale surface water CMW-SD-2023 Beryllium 1.2 UG/L U 0.17 nc nc 4 0.17 NA
Allendale surface water CMW-SD-2025 Beryllium 1.2 UG/L U 0.17 nc nc 4 0.17 NA
Allendale surface water CMW-SD-2025 Beryllium 1.3 UG/L U 0.17 nc nc 4 0.17 NA
Allendale surface water APB-SD-2029 Beryllium 2 UG/L U 0.17 nc nc 4 0.17 NA
Allendale surface water APB-SD-2029 Beryllium 1 UG/L U 0.17 nc nc 4 0.17 NA
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Appendix F
Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Allendale surface water WRC-SD-2014 Beryllium 0.1 UG/L U 0.17 nc nc 4 0.17 NA
Allendale surface water WRC-SD-2014 Beryllium 0.1 UG/L U 0.17 nc nc 4 0.17 NA
Allendale surface water WRC-SD-2015 Beryllium 0.1 UG/L U 0.17 nc nc 4 0.17 NA
Allendale surface water WRC-SD-2015 Beryllium 0.1 UG/L U 0.17 nc nc 4 0.17 NA
Allendale surface water APB-SD-2034 Beryllium 0.1 UG/L UJ 0.17 nc nc 4 0.17 NA
Allendale surface water APB-SD-2034 Beryllium 0.1 UG/L U 0.17 nc nc 4 0.17 NA
Allendale surface water APC-SD-2035 Beryllium 0.1 UG/L UJ 0.17 nc nc 4 0.17 NA
Allendale surface water APC-SD-2035 Beryllium 0.1 UG/L U 0.17 nc nc 4 0.17 NA
Allendale surface water APC-SD-2036 Beryllium 0.1 UG/L U 0.17 nc nc 4 0.17 NA
Allendale surface water APC-SD-2036 Beryllium 0.1 UG/L U 0.17 nc nc 4 0.17 NA
Allendale surface water WRC-SW-4001 Beryllium 0.05 UG/L J 0.17 nc nc 4 0.17 N
Allendale surface water WRC-SW-4002 Beryllium 0.049 UG/L J 0.17 nc nc 4 0.17 N
Allendale surface water WRC-SW-4003 Beryllium 0.0478 UG/L J 0.17 nc nc 4 0.17 N
Allendale surface water WRC-SW-4004 Beryllium 0.0467 UG/L J 0.17 nc nc 4 0.17 N
Allendale surface water WRC-SW-4001 Beryllium 0.0331 UG/L J 0.17 nc nc 4 0.17 N
Allendale surface water WRC-SW-4002 Beryllium 0.0435 UG/L J 0.17 nc nc 4 0.17 N
Allendale surface water WRC-SW-4003 Beryllium 0.0402 UG/L J 0.17 nc nc 4 0.17 N
Allendale surface water WRC-SW-4004 Beryllium 0.0359 UG/L J 0.17 nc nc 4 0.17 N
Assaumpsett surface water RAB-SD-3004 Beryllium 1 UG/L U 0.17 nc nc 4 0.17 NA
Assaumpsett surface water RAB-SD-3004 Beryllium 1 UG/L U 0.17 nc nc 4 0.17 NA
Assaumpsett surface water RAB-SW-5004 Beryllium 0.0487 UG/L J 0.17 nc nc 4 0.17 N
Assaumpsett surface water RAB-SW-5004 Beryllium 0.0467 UG/L J 0.17 nc nc 4 0.17 N
Assaumpsett surface water RAB-SW-5004 Beryllium 0.0324 UG/L J 0.17 nc nc 4 0.17 N
Assaumpsett surface water RAB-SW-5004 Beryllium 0.0307 UG/L J 0.17 nc nc 4 0.17 N
Lyman Mill surface water WRL-SD-2040 Beryllium 1.8 UG/L U 0.17 nc nc 4 0.17 NA
Lyman Mill surface water WRL-SD-2040 Beryllium 1.4 UG/L U 0.17 nc nc 4 0.17 NA
Lyman Mill surface water WRL-SD-2039 Beryllium 1.3 UG/L U 0.17 nc nc 4 0.17 NA
Lyman Mill surface water WRL-SD-2039 Beryllium 2.3 UG/L U 0.17 nc nc 4 0.17 NA
Lyman Mill surface water WRL-SD-2040 Beryllium 1.9 UG/L U 0.17 nc nc 4 0.17 NA
Lyman Mill surface water WRL-SD-2040 Beryllium 1.9 UG/L U 0.17 nc nc 4 0.17 NA
Lyman Mill surface water WRL-SD-2041 Beryllium 1.5 UG/L U 0.17 nc nc 4 0.17 NA
Lyman Mill surface water WRL-SD-2041 Beryllium 1.5 UG/L U 0.17 nc nc 4 0.17 NA
Lyman Mill surface water WRL-SD-2042 Beryllium 0.2 UG/L 0.17 nc nc 4 0.17 Y
Lyman Mill surface water WRL-SD-2042 Beryllium 0.1 UG/L U 0.17 nc nc 4 0.17 NA
Lyman Mill surface water LPX-SD-2051 Beryllium 0.1 UG/L U 0.17 nc nc 4 0.17 NA
Lyman Mill surface water LPX-SD-2050 Beryllium 0.1 UG/L U 0.17 nc nc 4 0.17 NA
Lyman Mill surface water LPX-SD-2050 Beryllium 0.1 UG/L U 0.17 nc nc 4 0.17 NA
Lyman Mill surface water LPX-SD-2051 Beryllium 0.1 UG/L U 0.17 nc nc 4 0.17 NA
Lyman Mill surface water LPX-SD-2051 Beryllium 0.1 UG/L UJ 0.17 nc nc 4 0.17 NA
Lyman Mill surface water LPX-SD-2052 Beryllium 0.1 UG/L UJ 0.17 nc nc 4 0.17 NA
Lyman Mill surface water LPX-SD-2052 Beryllium 0.1 UG/L U 0.17 nc nc 4 0.17 NA
Lyman Mill surface water LPX-SD-2053 Beryllium 0.1 UG/L U 0.17 nc nc 4 0.17 NA
Lyman Mill surface water LPX-SD-2053 Beryllium 0.1 UG/L U 0.17 nc nc 4 0.17 NA
Lyman Mill surface water LPX-SD-2049 Beryllium 0.1 UG/L UJ 0.17 nc nc 4 0.17 NA
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Appendix F
Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Lyman Mill surface water LPX-SD-2049 Beryllium 0.1 UG/L U 0.17 nc nc 4 0.17 NA
Lyman Mill surface water LPX-SD-2045 Beryllium 1 UG/L U 0.17 nc nc 4 0.17 NA
Lyman Mill surface water LPX-SD-2045 Beryllium 1 UG/L U 0.17 nc nc 4 0.17 NA
Lyman Mill surface water LPX-SD-2046 Beryllium 1 UG/L U 0.17 nc nc 4 0.17 NA
Lyman Mill surface water LPX-SD-2046 Beryllium 1 UG/L U 0.17 nc nc 4 0.17 NA
Lyman Mill surface water LPX-SD-2047 Beryllium 1 UG/L U 0.17 nc nc 4 0.17 NA
Lyman Mill surface water LPX-SD-2047 Beryllium 1 UG/L U 0.17 nc nc 4 0.17 NA
Lyman Mill surface water LPX-SD-2045 Beryllium 1 UG/L U 0.17 nc nc 4 0.17 NA
Lyman Mill surface water WRL-SD-2043 Beryllium 1 UG/L U 0.17 nc nc 4 0.17 NA
Lyman Mill surface water WRL-SD-2043 Beryllium 1 UG/L U 0.17 nc nc 4 0.17 NA
Lyman Mill surface water LPX-SD-2048 Beryllium 1 UG/L U 0.17 nc nc 4 0.17 NA
Lyman Mill surface water LPX-SD-2048 Beryllium 1 UG/L U 0.17 nc nc 4 0.17 NA
Lyman Mill surface water WRL-SD-2044 Beryllium 1 UG/L U 0.17 nc nc 4 0.17 NA
Lyman Mill surface water WRL-SD-2044 Beryllium 1 UG/L U 0.17 nc nc 4 0.17 NA
Lyman Mill surface water WRL-SW-4005 Beryllium 0.0542 UG/L J 0.17 nc nc 4 0.17 N
Lyman Mill surface water WRL-SW-4004 Beryllium 0.0481 UG/L J 0.17 nc nc 4 0.17 N
Lyman Mill surface water WRL-SW-4005 Beryllium 0.0527 UG/L J 0.17 nc nc 4 0.17 N
Lyman Mill surface water WRL-SW-4005 Beryllium 0.0325 UG/L J 0.17 nc nc 4 0.17 N
Lyman Mill surface water WRL-SW-4004 Beryllium 0.0286 UG/L J 0.17 nc nc 4 0.17 N
Lyman Mill surface water WRL-SW-4005 Beryllium 0.0367 UG/L J 0.17 nc nc 4 0.17 N
Source Area surface water CMW-SD-2016 Beryllium 1 UG/L U 0.17 nc nc 4 0.17 NA
Source Area surface water CMW-SD-2016 Beryllium 1 UG/L U 0.17 nc nc 4 0.17 NA
Source Area surface water CMW-SD-2019 Beryllium 1.1 UG/L UJ 0.17 nc nc 4 0.17 NA
Source Area surface water CMW-SD-2019 Beryllium 1 UG/L U 0.17 nc nc 4 0.17 NA
Source Area surface water CMW-SD-2020 Beryllium 1 UG/L U 0.17 nc nc 4 0.17 NA
Source Area surface water CMW-SD-2020 Beryllium 1 UG/L U 0.17 nc nc 4 0.17 NA
Source Area surface water CMW-SD-2021 Beryllium 1 UG/L U 0.17 nc nc 4 0.17 NA
Source Area surface water CMW-SD-2021 Beryllium 2.5 UG/L U 0.17 nc nc 4 0.17 NA
Source Area surface water CMW-SD-2022 Beryllium 1.1 UG/L U 0.17 nc nc 4 0.17 NA
Source Area surface water CMW-SD-2022 Beryllium 1.1 UG/L U 0.17 nc nc 4 0.17 NA
Source Area surface water WRC-SD-2009 Beryllium 0.1 UG/L U 0.17 nc nc 4 0.17 NA
Source Area surface water WRC-SD-2009 Beryllium 0.1 UG/L U 0.17 nc nc 4 0.17 NA
Source Area surface water WRC-SD-2013 Beryllium 0.1 UG/L U 0.17 nc nc 4 0.17 NA
Source Area surface water WRC-SD-2013 Beryllium 0.1 UG/L U 0.17 nc nc 4 0.17 NA
Source Area surface water WRC-SD-2010 Beryllium 0.1 UG/L U 0.17 nc nc 4 0.17 NA
Source Area surface water WRC-SD-2010 Beryllium 0.1 UG/L U 0.17 nc nc 4 0.17 NA
Source Area surface water WRC-SD-2011 Beryllium 0.1 UG/L U 0.17 nc nc 4 0.17 NA
Source Area surface water WRC-SD-2011 Beryllium 0.1 UG/L U 0.17 nc nc 4 0.17 NA
Source Area surface water WRC-SD-2012 Beryllium 0.1 UG/L U 0.17 nc nc 4 0.17 NA
Source Area surface water WRC-SD-2012 Beryllium 0.1 UG/L U 0.17 nc nc 4 0.17 NA
Source Area surface water WRC-SD-2011 Beryllium 0.1 UG/L U 0.17 nc nc 4 0.17 NA
Upstream surface water RCC-SD-3001 Beryllium 1 UG/L U 0.17 nc nc 4 0.17 NA
Upstream surface water RCC-SD-3001 Beryllium 1 UG/L U 0.17 nc nc 4 0.17 NA
Upstream surface water RCC-SD-3002 Beryllium 1 UG/L U 0.17 nc nc 4 0.17 NA
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Appendix F
Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Upstream surface water RCC-SD-3002 Beryllium 1 UG/L U 0.17 nc nc 4 0.17 NA
Upstream surface water RCC-SD-3003 Beryllium 1 UG/L U 0.17 nc nc 4 0.17 NA
Upstream surface water RCC-SD-3003 Beryllium 1 UG/L U 0.17 nc nc 4 0.17 NA
Upstream surface water RCC-SD-3002 Beryllium 1 UG/L U 0.17 nc nc 4 0.17 NA
Upstream surface water RWR-SW-5001 Beryllium 0.0532 UG/L J 0.17 nc nc 4 0.17 N
Upstream surface water RWR-SW-5002 Beryllium 0.0551 UG/L J 0.17 nc nc 4 0.17 N
Upstream surface water RWR-SW-5001 Beryllium 0.032 UG/L J 0.17 nc nc 4 0.17 N
Upstream surface water RWR-SW-5002 Beryllium 0.0366 UG/L J 0.17 nc nc 4 0.17 N
Allendale surface water CMW-SD-2023 Cadmium 1 UG/L U 0.094 0.094 nc 5 0.094 NA
Allendale surface water CMW-SD-2023 Cadmium 1 UG/L U 0.094 0.09 nc 5 0.094 NA
Allendale surface water CMW-SD-2024 Cadmium 1 UG/L U 0.094 0.09 nc 5 0.094 NA
Allendale surface water CMW-SD-2024 Cadmium 1 UG/L U 0.094 0.09 nc 5 0.094 NA
Allendale surface water CMW-SD-2023 Cadmium 1 UG/L U 0.094 0.09 nc 5 0.094 NA
Allendale surface water CMW-SD-2025 Cadmium 1 UG/L U 0.094 0.09 nc 5 0.094 NA
Allendale surface water CMW-SD-2025 Cadmium 1 UG/L U 0.094 0.09 nc 5 0.094 NA
Allendale surface water APB-SD-2029 Cadmium 1 UG/L U 0.094 0.09 nc 5 0.094 NA
Allendale surface water APB-SD-2029 Cadmium 1 UG/L U 0.094 0.09 nc 5 0.094 NA
Allendale surface water WRC-SD-2014 Cadmium 0.3 UG/L U 0.094 0.09 nc 5 0.094 NA
Allendale surface water WRC-SD-2014 Cadmium 0.3 UG/L U 0.094 0.09 nc 5 0.094 NA
Allendale surface water WRC-SD-2015 Cadmium 0.3 UG/L U 0.094 0.09 nc 5 0.094 NA
Allendale surface water WRC-SD-2015 Cadmium 0.3 UG/L U 0.094 0.09 nc 5 0.094 NA
Allendale surface water APB-SD-2034 Cadmium 0.3 UG/L U 0.094 0.09 nc 5 0.094 NA
Allendale surface water APB-SD-2034 Cadmium 0.3 UG/L U 0.094 0.09 nc 5 0.094 NA
Allendale surface water APC-SD-2035 Cadmium 0.3 UG/L U 0.094 0.09 nc 5 0.094 NA
Allendale surface water APC-SD-2035 Cadmium 0.3 UG/L U 0.094 0.09 nc 5 0.094 NA
Allendale surface water APC-SD-2036 Cadmium 0.3 UG/L U 0.094 0.09 nc 5 0.094 NA
Allendale surface water APC-SD-2036 Cadmium 0.3 UG/L U 0.094 0.09 nc 5 0.094 NA
Allendale surface water WRC-SW-4001 Cadmium 0.0223 UG/L J 0.094 0.09 nc 5 0.094 N
Allendale surface water WRC-SW-4002 Cadmium 0.0253 UG/L J 0.094 0.09 nc 5 0.094 N
Allendale surface water WRC-SW-4003 Cadmium 0.0196 UG/L J 0.094 0.09 nc 5 0.094 N
Allendale surface water WRC-SW-4004 Cadmium 0.023 UG/L J 0.094 0.09 nc 5 0.094 N
Allendale surface water WRC-SW-4001 Cadmium 0.0172 UG/L J 0.094 0.09 nc 5 0.094 N
Allendale surface water WRC-SW-4002 Cadmium 0.0129 UG/L J 0.094 0.09 nc 5 0.094 N
Allendale surface water WRC-SW-4003 Cadmium 0.0175 UG/L J 0.094 0.09 nc 5 0.094 N
Allendale surface water WRC-SW-4004 Cadmium 0.0156 UG/L J 0.094 0.09 nc 5 0.094 N
Assaumpsett surface water RAB-SD-3004 Cadmium 1 UG/L U 0.094 0.09 nc 5 0.094 NA
Assaumpsett surface water RAB-SD-3004 Cadmium 1 UG/L U 0.094 0.09 nc 5 0.094 NA
Assaumpsett surface water RAB-SW-5004 Cadmium 0.00964 UG/L J 0.094 0.09 nc 5 0.094 N
Assaumpsett surface water RAB-SW-5004 Cadmium 0.00794 UG/L J 0.094 0.09 nc 5 0.094 N
Assaumpsett surface water RAB-SW-5004 Cadmium 0.00641 UG/L J 0.094 0.09 nc 5 0.094 N
Assaumpsett surface water RAB-SW-5004 Cadmium 0.00345 UG/L J 0.094 0.09 nc 5 0.094 N
Lyman Mill surface water WRL-SD-2040 Cadmium 1 UG/L U 0.094 0.09 nc 5 0.094 NA
Lyman Mill surface water WRL-SD-2040 Cadmium 1 UG/L U 0.094 0.09 nc 5 0.094 NA
Lyman Mill surface water WRL-SD-2039 Cadmium 1 UG/L U 0.094 0.09 nc 5 0.094 NA


Interim Final CMRP Feasibility Study Report
Appendix F F-126 April 2010







Appendix F
Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Lyman Mill surface water WRL-SD-2039 Cadmium 1 UG/L U 0.094 0.09 nc 5 0.094 NA
Lyman Mill surface water WRL-SD-2040 Cadmium 1 UG/L U 0.094 0.09 nc 5 0.094 NA
Lyman Mill surface water WRL-SD-2040 Cadmium 1 UG/L U 0.094 0.09 nc 5 0.094 NA
Lyman Mill surface water WRL-SD-2041 Cadmium 1 UG/L U 0.094 0.09 nc 5 0.094 NA
Lyman Mill surface water WRL-SD-2041 Cadmium 1 UG/L U 0.094 0.09 nc 5 0.094 NA
Lyman Mill surface water WRL-SD-2042 Cadmium 0.3 UG/L U 0.094 0.09 nc 5 0.094 NA
Lyman Mill surface water WRL-SD-2042 Cadmium 0.3 UG/L U 0.094 0.09 nc 5 0.094 NA
Lyman Mill surface water LPX-SD-2051 Cadmium 0.3 UG/L U 0.094 0.09 nc 5 0.094 NA
Lyman Mill surface water LPX-SD-2050 Cadmium 0.3 UG/L U 0.094 0.09 nc 5 0.094 NA
Lyman Mill surface water LPX-SD-2050 Cadmium 0.3 UG/L U 0.094 0.09 nc 5 0.094 NA
Lyman Mill surface water LPX-SD-2051 Cadmium 0.3 UG/L U 0.094 0.09 nc 5 0.094 NA
Lyman Mill surface water LPX-SD-2051 Cadmium 0.3 UG/L U 0.094 0.09 nc 5 0.094 NA
Lyman Mill surface water LPX-SD-2052 Cadmium 0.3 UG/L U 0.094 0.09 nc 5 0.094 NA
Lyman Mill surface water LPX-SD-2052 Cadmium 0.3 UG/L U 0.094 0.09 nc 5 0.094 NA
Lyman Mill surface water LPX-SD-2053 Cadmium 0.3 UG/L U 0.094 0.09 nc 5 0.094 NA
Lyman Mill surface water LPX-SD-2053 Cadmium 0.3 UG/L U 0.094 0.09 nc 5 0.094 NA
Lyman Mill surface water LPX-SD-2049 Cadmium 0.3 UG/L U 0.094 0.09 nc 5 0.094 NA
Lyman Mill surface water LPX-SD-2049 Cadmium 0.3 UG/L U 0.094 0.09 nc 5 0.094 NA
Lyman Mill surface water LPX-SD-2045 Cadmium 1 UG/L U 0.094 0.09 nc 5 0.094 NA
Lyman Mill surface water LPX-SD-2045 Cadmium 1 UG/L U 0.094 0.09 nc 5 0.094 NA
Lyman Mill surface water LPX-SD-2046 Cadmium 1 UG/L U 0.094 0.09 nc 5 0.094 NA
Lyman Mill surface water LPX-SD-2046 Cadmium 1 UG/L U 0.094 0.09 nc 5 0.094 NA
Lyman Mill surface water LPX-SD-2047 Cadmium 1 UG/L U 0.094 0.09 nc 5 0.094 NA
Lyman Mill surface water LPX-SD-2047 Cadmium 1 UG/L U 0.094 0.09 nc 5 0.094 NA
Lyman Mill surface water LPX-SD-2045 Cadmium 1 UG/L U 0.094 0.09 nc 5 0.094 NA
Lyman Mill surface water WRL-SD-2043 Cadmium 1 UG/L U 0.094 0.09 nc 5 0.094 NA
Lyman Mill surface water WRL-SD-2043 Cadmium 1 UG/L U 0.094 0.09 nc 5 0.094 NA
Lyman Mill surface water LPX-SD-2048 Cadmium 1 UG/L U 0.094 0.09 nc 5 0.094 NA
Lyman Mill surface water LPX-SD-2048 Cadmium 1 UG/L U 0.094 0.09 nc 5 0.094 NA
Lyman Mill surface water WRL-SD-2044 Cadmium 1 UG/L U 0.094 0.09 nc 5 0.094 NA
Lyman Mill surface water WRL-SD-2044 Cadmium 1 UG/L U 0.094 0.09 nc 5 0.094 NA
Lyman Mill surface water WRL-SW-4005 Cadmium 0.0293 UG/L J 0.094 0.09 nc 5 0.094 N
Lyman Mill surface water WRL-SW-4004 Cadmium 0.0288 UG/L J 0.094 0.09 nc 5 0.094 N
Lyman Mill surface water WRL-SW-4005 Cadmium 0.0289 UG/L J 0.094 0.09 nc 5 0.094 N
Lyman Mill surface water WRL-SW-4005 Cadmium 0.0143 UG/L J 0.094 0.09 nc 5 0.094 N
Lyman Mill surface water WRL-SW-4004 Cadmium 0.0147 UG/L J 0.094 0.09 nc 5 0.094 N
Lyman Mill surface water WRL-SW-4005 Cadmium 0.0148 UG/L J 0.094 0.09 nc 5 0.094 N
Source Area surface water CMW-SD-2016 Cadmium 1 UG/L U 0.094 0.09 nc 5 0.094 NA
Source Area surface water CMW-SD-2016 Cadmium 1 UG/L U 0.094 0.09 nc 5 0.094 NA
Source Area surface water CMW-SD-2019 Cadmium 1 UG/L U 0.094 0.09 nc 5 0.094 NA
Source Area surface water CMW-SD-2019 Cadmium 1 UG/L U 0.094 0.09 nc 5 0.094 NA
Source Area surface water CMW-SD-2020 Cadmium 1 UG/L U 0.094 0.09 nc 5 0.094 NA
Source Area surface water CMW-SD-2020 Cadmium 1 UG/L U 0.094 0.09 nc 5 0.094 NA
Source Area surface water CMW-SD-2021 Cadmium 1 UG/L U 0.094 0.09 nc 5 0.094 NA
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Appendix F
Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Source Area surface water CMW-SD-2021 Cadmium 1 UG/L U 0.094 0.09 nc 5 0.094 NA
Source Area surface water CMW-SD-2022 Cadmium 1 UG/L U 0.094 0.09 nc 5 0.094 NA
Source Area surface water CMW-SD-2022 Cadmium 1 UG/L U 0.094 0.09 nc 5 0.094 NA
Source Area surface water WRC-SD-2009 Cadmium 0.3 UG/L U 0.094 0.09 nc 5 0.094 NA
Source Area surface water WRC-SD-2009 Cadmium 0.3 UG/L U 0.094 0.09 nc 5 0.094 NA
Source Area surface water WRC-SD-2013 Cadmium 0.3 UG/L U 0.094 0.09 nc 5 0.094 NA
Source Area surface water WRC-SD-2013 Cadmium 0.3 UG/L U 0.094 0.09 nc 5 0.094 NA
Source Area surface water WRC-SD-2010 Cadmium 0.3 UG/L U 0.094 0.09 nc 5 0.094 NA
Source Area surface water WRC-SD-2010 Cadmium 0.3 UG/L U 0.094 0.09 nc 5 0.094 NA
Source Area surface water WRC-SD-2011 Cadmium 0.3 UG/L U 0.094 0.09 nc 5 0.094 NA
Source Area surface water WRC-SD-2011 Cadmium 0.3 UG/L U 0.094 0.09 nc 5 0.094 NA
Source Area surface water WRC-SD-2012 Cadmium 0.3 UG/L U 0.094 0.09 nc 5 0.094 NA
Source Area surface water WRC-SD-2012 Cadmium 0.3 UG/L U 0.094 0.09 nc 5 0.094 NA
Source Area surface water WRC-SD-2011 Cadmium 0.3 UG/L U 0.094 0.09 nc 5 0.094 NA
Upstream surface water RCC-SD-3001 Cadmium 1 UG/L U 0.094 0.09 nc 5 0.094 NA
Upstream surface water RCC-SD-3001 Cadmium 4 UG/L 0.094 0.09 nc 5 0.094 Y
Upstream surface water RCC-SD-3002 Cadmium 1 UG/L U 0.094 0.09 nc 5 0.094 NA
Upstream surface water RCC-SD-3002 Cadmium 1 UG/L U 0.094 0.09 nc 5 0.094 NA
Upstream surface water RCC-SD-3003 Cadmium 1 UG/L U 0.094 0.09 nc 5 0.094 NA
Upstream surface water RCC-SD-3003 Cadmium 1 UG/L U 0.094 0.09 nc 5 0.094 NA
Upstream surface water RCC-SD-3002 Cadmium 1 UG/L U 0.094 0.09 nc 5 0.094 NA
Upstream surface water RWR-SW-5001 Cadmium 0.0184 UG/L J 0.094 0.09 nc 5 0.094 N
Upstream surface water RWR-SW-5002 Cadmium 0.022 UG/L J 0.094 0.09 nc 5 0.094 N
Upstream surface water RWR-SW-5001 Cadmium 0.0114 UG/L J 0.094 0.09 nc 5 0.094 N
Upstream surface water RWR-SW-5002 Cadmium 0.0134 UG/L J 0.094 0.09 nc 5 0.094 N
Allendale surface water CMW-SD-2023 Chromium 1 UG/L U 11 11 nc 100 11 4 NA
Allendale surface water CMW-SD-2023 Chromium 1 UG/L U 11 11 nc 100 11 4 NA
Allendale surface water CMW-SD-2024 Chromium 11 UG/L 11 11 nc 100 11 4 N
Allendale surface water CMW-SD-2024 Chromium 1 UG/L U 11 11 nc 100 11 4 NA
Allendale surface water CMW-SD-2023 Chromium 1 UG/L U 11 11 nc 100 11 4 NA
Allendale surface water CMW-SD-2025 Chromium 1 UG/L U 11 11 nc 100 11 4 NA
Allendale surface water CMW-SD-2025 Chromium 1 UG/L U 11 11 nc 100 11 4 NA
Allendale surface water APB-SD-2029 Chromium 42 UG/L 11 11 nc 100 11 4 Y
Allendale surface water APB-SD-2029 Chromium 1 UG/L U 11 11 nc 100 11 4 NA
Allendale surface water WRC-SD-2014 Chromium 1 UG/L U 11 11 nc 100 11 4 NA
Allendale surface water WRC-SD-2014 Chromium 0.4 UG/L UJ 11 11 nc 100 11 4 NA
Allendale surface water WRC-SD-2015 Chromium 0.4 UG/L UJ 11 11 nc 100 11 4 NA
Allendale surface water WRC-SD-2015 Chromium 1.6 UG/L 11 11 nc 100 11 4 N
Allendale surface water APB-SD-2034 Chromium 1 UG/L U 11 11 nc 100 11 4 NA
Allendale surface water APB-SD-2034 Chromium 0.3 UG/L U 11 11 nc 100 11 4 NA
Allendale surface water APC-SD-2035 Chromium 1.5 UG/L U 11 11 nc 100 11 4 NA
Allendale surface water APC-SD-2035 Chromium 0.8 UG/L U 11 11 nc 100 11 4 NA
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Allendale surface water APC-SD-2036 Chromium 0.5 UG/L UJ 11 11 nc 100 11 4 NA
Allendale surface water APC-SD-2036 Chromium 1 UG/L U 11 11 nc 100 11 4 NA
Allendale surface water WRC-SW-4001 Chromium 12 UG/L U 11 11 nc 100 11 4 NA
Allendale surface water WRC-SW-4002 Chromium 12 UG/L U 11 11 nc 100 11 4 NA
Allendale surface water WRC-SW-4003 Chromium 12 UG/L U 11 11 nc 100 11 4 NA
Allendale surface water WRC-SW-4004 Chromium 12 UG/L U 11 11 nc 100 11 4 NA
Allendale surface water WRC-SW-4001 Chromium 12 UG/L U 11 11 nc 100 11 4 NA
Allendale surface water WRC-SW-4002 Chromium 12 UG/L U 11 11 nc 100 11 4 NA
Allendale surface water WRC-SW-4003 Chromium 12 UG/L U 11 11 nc 100 11 4 NA
Allendale surface water WRC-SW-4004 Chromium 12 UG/L U 11 11 nc 100 11 4 NA
Assaumpsett surface water RAB-SD-3004 Chromium 1 UG/L U 11 11 nc 100 11 4 NA
Assaumpsett surface water RAB-SD-3004 Chromium 1 UG/L U 11 11 nc 100 11 4 NA
Assaumpsett surface water RAB-SW-5004 Chromium 12 UG/L U 11 11 nc 100 11 4 NA
Assaumpsett surface water RAB-SW-5004 Chromium 2.3 UG/L J 11 11 nc 100 11 4 N
Assaumpsett surface water RAB-SW-5004 Chromium 12 UG/L U 11 11 nc 100 11 4 NA
Assaumpsett surface water RAB-SW-5004 Chromium 1.29 UG/L J 11 11 nc 100 11 4 N
Lyman Mill surface water WRL-SD-2040 Chromium 1 UG/L U 11 11 nc 100 11 4 NA
Lyman Mill surface water WRL-SD-2040 Chromium 1 UG/L U 11 11 nc 100 11 4 NA
Lyman Mill surface water WRL-SD-2039 Chromium 1 UG/L J 11 11 nc 100 11 4 N
Lyman Mill surface water WRL-SD-2039 Chromium 1 UG/L U 11 11 nc 100 11 4 NA
Lyman Mill surface water WRL-SD-2040 Chromium 1 UG/L U 11 11 nc 100 11 4 NA
Lyman Mill surface water WRL-SD-2040 Chromium 22.1 UG/L J 11 11 nc 100 11 4 Y
Lyman Mill surface water WRL-SD-2041 Chromium 1 UG/L U 11 11 nc 100 11 4 NA
Lyman Mill surface water WRL-SD-2041 Chromium 1 UG/L U 11 11 nc 100 11 4 NA
Lyman Mill surface water WRL-SD-2042 Chromium 6.3 UG/L 11 11 nc 100 11 4 N
Lyman Mill surface water WRL-SD-2042 Chromium 0.5 UG/L UJ 11 11 nc 100 11 4 NA
Lyman Mill surface water LPX-SD-2051 Chromium 1.2 UG/L U 11 11 nc 100 11 4 NA
Lyman Mill surface water LPX-SD-2050 Chromium 0.7 UG/L U 11 11 nc 100 11 4 NA
Lyman Mill surface water LPX-SD-2050 Chromium 0.8 UG/L U 11 11 nc 100 11 4 NA
Lyman Mill surface water LPX-SD-2051 Chromium 1.2 UG/L U 11 11 nc 100 11 4 NA
Lyman Mill surface water LPX-SD-2051 Chromium 0.6 UG/L U 11 11 nc 100 11 4 NA
Lyman Mill surface water LPX-SD-2052 Chromium 0.4 UG/L UJ 11 11 nc 100 11 4 NA
Lyman Mill surface water LPX-SD-2052 Chromium 0.4 UG/L UJ 11 11 nc 100 11 4 NA
Lyman Mill surface water LPX-SD-2053 Chromium 0.3 UG/L UJ 11 11 nc 100 11 4 NA
Lyman Mill surface water LPX-SD-2053 Chromium 0.4 UG/L UJ 11 11 nc 100 11 4 NA
Lyman Mill surface water LPX-SD-2049 Chromium 0.5 UG/L UJ 11 11 nc 100 11 4 NA
Lyman Mill surface water LPX-SD-2049 Chromium 0.3 UG/L UJ 11 11 nc 100 11 4 NA
Lyman Mill surface water LPX-SD-2045 Chromium 3.7 UG/L 11 11 nc 100 11 4 N
Lyman Mill surface water LPX-SD-2045 Chromium 1 UG/L U 11 11 nc 100 11 4 NA
Lyman Mill surface water LPX-SD-2046 Chromium 2.8 UG/L 11 11 nc 100 11 4 N
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Lyman Mill surface water LPX-SD-2046 Chromium 1 UG/L U 11 11 nc 100 11 4 NA
Lyman Mill surface water LPX-SD-2047 Chromium 1 UG/L U 11 11 nc 100 11 4 NA
Lyman Mill surface water LPX-SD-2047 Chromium 1 UG/L U 11 11 nc 100 11 4 NA
Lyman Mill surface water LPX-SD-2045 Chromium 1 UG/L U 11 11 nc 100 11 4 NA
Lyman Mill surface water WRL-SD-2043 Chromium 3.6 UG/L 11 11 nc 100 11 4 N
Lyman Mill surface water WRL-SD-2043 Chromium 1 UG/L U 11 11 nc 100 11 4 NA
Lyman Mill surface water LPX-SD-2048 Chromium 1 UG/L U 11 11 nc 100 11 4 NA
Lyman Mill surface water LPX-SD-2048 Chromium 1 UG/L U 11 11 nc 100 11 4 NA
Lyman Mill surface water WRL-SD-2044 Chromium 1 UG/L U 11 11 nc 100 11 4 NA
Lyman Mill surface water WRL-SD-2044 Chromium 1 UG/L U 11 11 nc 100 11 4 NA
Lyman Mill surface water WRL-SW-4005 Chromium 12 UG/L U 11 11 nc 100 11 4 NA
Lyman Mill surface water WRL-SW-4004 Chromium 12 UG/L U 11 11 nc 100 11 4 NA
Lyman Mill surface water WRL-SW-4005 Chromium 12 UG/L U 11 11 nc 100 11 4 NA
Lyman Mill surface water WRL-SW-4005 Chromium 12 UG/L U 11 11 nc 100 11 4 NA
Lyman Mill surface water WRL-SW-4004 Chromium 12 UG/L U 11 11 nc 100 11 4 NA
Lyman Mill surface water WRL-SW-4005 Chromium 12 UG/L U 11 11 nc 100 11 4 NA
Source Area surface water CMW-SD-2016 Chromium 1 UG/L U 11 11 nc 100 11 4 NA
Source Area surface water CMW-SD-2016 Chromium 1 UG/L U 11 11 nc 100 11 4 NA
Source Area surface water CMW-SD-2019 Chromium 23.1 UG/L 11 11 nc 100 11 4 Y
Source Area surface water CMW-SD-2019 Chromium 1 UG/L U 11 11 nc 100 11 4 NA
Source Area surface water CMW-SD-2020 Chromium 1 UG/L U 11 11 nc 100 11 4 NA
Source Area surface water CMW-SD-2020 Chromium 1 UG/L U 11 11 nc 100 11 4 NA
Source Area surface water CMW-SD-2021 Chromium 1 UG/L U 11 11 nc 100 11 4 NA
Source Area surface water CMW-SD-2021 Chromium 1 UG/L U 11 11 nc 100 11 4 NA
Source Area surface water CMW-SD-2022 Chromium 1 UG/L U 11 11 nc 100 11 4 NA
Source Area surface water CMW-SD-2022 Chromium 1 UG/L U 11 11 nc 100 11 4 NA
Source Area surface water WRC-SD-2009 Chromium 0.6 UG/L U 11 11 nc 100 11 4 NA
Source Area surface water WRC-SD-2009 Chromium 0.6 UG/L U 11 11 nc 100 11 4 NA
Source Area surface water WRC-SD-2013 Chromium 0.8 UG/L U 11 11 nc 100 11 4 NA
Source Area surface water WRC-SD-2013 Chromium 1.1 UG/L U 11 11 nc 100 11 4 NA
Source Area surface water WRC-SD-2010 Chromium 1.6 UG/L 11 11 nc 100 11 4 N
Source Area surface water WRC-SD-2010 Chromium 0.7 UG/L U 11 11 nc 100 11 4 NA
Source Area surface water WRC-SD-2011 Chromium 0.8 UG/L U 11 11 nc 100 11 4 NA
Source Area surface water WRC-SD-2011 Chromium 0.3 UG/L U 11 11 nc 100 11 4 NA
Source Area surface water WRC-SD-2012 Chromium 1 UG/L U 11 11 nc 100 11 4 NA
Source Area surface water WRC-SD-2012 Chromium 0.5 UG/L U 11 11 nc 100 11 4 NA
Source Area surface water WRC-SD-2011 Chromium 0.3 UG/L U 11 11 nc 100 11 4 NA
Upstream surface water RCC-SD-3001 Chromium 2.5 UG/L 11 11 nc 100 11 4 N
Upstream surface water RCC-SD-3001 Chromium 1 UG/L U 11 11 nc 100 11 4 NA
Upstream surface water RCC-SD-3002 Chromium 8 UG/L 11 11 nc 100 11 4 N
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Upstream surface water RCC-SD-3002 Chromium 1 UG/L U 11 11 nc 100 11 4 NA
Upstream surface water RCC-SD-3003 Chromium 1 UG/L U 11 11 nc 100 11 4 NA
Upstream surface water RCC-SD-3003 Chromium 1 UG/L U 11 11 nc 100 11 4 NA
Upstream surface water RCC-SD-3002 Chromium 8.3 UG/L 11 11 nc 100 11 4 N
Upstream surface water RWR-SW-5001 Chromium 12 UG/L U 11 11 nc 100 11 4 NA
Upstream surface water RWR-SW-5002 Chromium 12 UG/L U 11 11 nc 100 11 4 NA
Upstream surface water RWR-SW-5001 Chromium 12 UG/L U 11 11 nc 100 11 4 NA
Upstream surface water RWR-SW-5002 Chromium 12 UG/L U 11 11 nc 100 11 4 NA
Allendale surface water CMW-SD-2023 Copper 17 UG/L 2.74 2.74 1300 1300 2.74 Y
Allendale surface water CMW-SD-2023 Copper 3.8 UG/L 2.74 2.74 1300 1300 2.74 Y
Allendale surface water CMW-SD-2024 Copper 24.6 UG/L 2.74 2.74 1300 1300 2.74 Y
Allendale surface water CMW-SD-2024 Copper 3.8 UG/L 2.74 2.74 1300 1300 2.74 Y
Allendale surface water CMW-SD-2023 Copper 4.8 UG/L 2.74 2.74 1300 1300 2.74 Y
Allendale surface water CMW-SD-2025 Copper 2.1 UG/L 2.74 2.74 1300 1300 2.74 N
Allendale surface water CMW-SD-2025 Copper 2.6 UG/L 2.74 2.74 1300 1300 2.74 N
Allendale surface water APB-SD-2029 Copper 83.1 UG/L 2.74 2.74 1300 1300 2.74 Y
Allendale surface water APB-SD-2029 Copper 4.7 UG/L 2.74 2.74 1300 1300 2.74 Y
Allendale surface water WRC-SD-2014 Copper 1.6 UG/L 2.74 2.74 1300 1300 2.74 N
Allendale surface water WRC-SD-2014 Copper 1.7 UG/L 2.74 2.74 1300 1300 2.74 N
Allendale surface water WRC-SD-2015 Copper 3.2 UG/L 2.74 2.74 1300 1300 2.74 Y
Allendale surface water WRC-SD-2015 Copper 2.1 UG/L 2.74 2.74 1300 1300 2.74 N
Allendale surface water APB-SD-2034 Copper 6.1 UG/L 2.74 2.74 1300 1300 2.74 Y
Allendale surface water APB-SD-2034 Copper 2.5 UG/L 2.74 2.74 1300 1300 2.74 N
Allendale surface water APC-SD-2035 Copper 2.6 UG/L 2.74 2.74 1300 1300 2.74 N
Allendale surface water APC-SD-2035 Copper 3.6 UG/L 2.74 2.74 1300 1300 2.74 Y
Allendale surface water APC-SD-2036 Copper 16.8 UG/L 2.74 2.74 1300 1300 2.74 Y
Allendale surface water APC-SD-2036 Copper 2.1 UG/L 2.74 2.74 1300 1300 2.74 N
Allendale surface water WRC-SW-4001 Copper 2.01 UG/L J 2.74 2.74 1300 1300 2.74 N
Allendale surface water WRC-SW-4002 Copper 2.11 UG/L J 2.74 2.74 1300 1300 2.74 N
Allendale surface water WRC-SW-4003 Copper 1.88 UG/L J 2.74 2.74 1300 1300 2.74 N
Allendale surface water WRC-SW-4004 Copper 1.88 UG/L J 2.74 2.74 1300 1300 2.74 N
Allendale surface water WRC-SW-4001 Copper 1.31 UG/L J 2.74 2.74 1300 1300 2.74 N
Allendale surface water WRC-SW-4002 Copper 1.46 UG/L J 2.74 2.74 1300 1300 2.74 N
Allendale surface water WRC-SW-4003 Copper 1.34 UG/L J 2.74 2.74 1300 1300 2.74 N
Allendale surface water WRC-SW-4004 Copper 1.43 UG/L J 2.74 2.74 1300 1300 2.74 N
Assaumpsett surface water RAB-SD-3004 Copper 3.5 UG/L 2.74 2.74 1300 1300 2.74 Y
Assaumpsett surface water RAB-SD-3004 Copper 3.4 UG/L 2.74 2.74 1300 1300 2.74 Y
Assaumpsett surface water RAB-SW-5004 Copper 0.666 UG/L J 2.74 2.74 1300 1300 2.74 N
Assaumpsett surface water RAB-SW-5004 Copper 0.658 UG/L J 2.74 2.74 1300 1300 2.74 N
Assaumpsett surface water RAB-SW-5004 Copper 3.24 UG/L U 2.74 2.74 1300 1300 2.74 NA
Assaumpsett surface water RAB-SW-5004 Copper 0.557 UG/L J 2.74 2.74 1300 1300 2.74 N
Lyman Mill surface water WRL-SD-2040 Copper 5.3 UG/L 2.74 2.74 1300 1300 2.74 Y
Lyman Mill surface water WRL-SD-2040 Copper 5.1 UG/L 2.74 2.74 1300 1300 2.74 Y
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Appendix F
Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Lyman Mill surface water WRL-SD-2039 Copper 3.4 UG/L 2.74 2.74 1300 1300 2.74 Y
Lyman Mill surface water WRL-SD-2039 Copper 4.8 UG/L 2.74 2.74 1300 1300 2.74 Y
Lyman Mill surface water WRL-SD-2040 Copper 5.8 UG/L 2.74 2.74 1300 1300 2.74 Y
Lyman Mill surface water WRL-SD-2040 Copper 9.4 UG/L 2.74 2.74 1300 1300 2.74 Y
Lyman Mill surface water WRL-SD-2041 Copper 3.8 UG/L 2.74 2.74 1300 1300 2.74 Y
Lyman Mill surface water WRL-SD-2041 Copper 6.3 UG/L 2.74 2.74 1300 1300 2.74 Y
Lyman Mill surface water WRL-SD-2042 Copper 29.4 UG/L 2.74 2.74 1300 1300 2.74 Y
Lyman Mill surface water WRL-SD-2042 Copper 1.4 UG/L 2.74 2.74 1300 1300 2.74 N
Lyman Mill surface water LPX-SD-2051 Copper 2.1 UG/L 2.74 2.74 1300 1300 2.74 N
Lyman Mill surface water LPX-SD-2050 Copper 9.9 UG/L 2.74 2.74 1300 1300 2.74 Y
Lyman Mill surface water LPX-SD-2050 Copper 10 UG/L 2.74 2.74 1300 1300 2.74 Y
Lyman Mill surface water LPX-SD-2051 Copper 2 UG/L 2.74 2.74 1300 1300 2.74 N
Lyman Mill surface water LPX-SD-2051 Copper 3.6 UG/L 2.74 2.74 1300 1300 2.74 Y
Lyman Mill surface water LPX-SD-2052 Copper 3 UG/L 2.74 2.74 1300 1300 2.74 Y
Lyman Mill surface water LPX-SD-2052 Copper 1.8 UG/L 2.74 2.74 1300 1300 2.74 N
Lyman Mill surface water LPX-SD-2053 Copper 1.3 UG/L 2.74 2.74 1300 1300 2.74 N
Lyman Mill surface water LPX-SD-2053 Copper 2.1 UG/L 2.74 2.74 1300 1300 2.74 N
Lyman Mill surface water LPX-SD-2049 Copper 1.6 UG/L 2.74 2.74 1300 1300 2.74 N
Lyman Mill surface water LPX-SD-2049 Copper 2.4 UG/L 2.74 2.74 1300 1300 2.74 N
Lyman Mill surface water LPX-SD-2045 Copper 5.7 UG/L 2.74 2.74 1300 1300 2.74 Y
Lyman Mill surface water LPX-SD-2045 Copper 4.4 UG/L 2.74 2.74 1300 1300 2.74 Y
Lyman Mill surface water LPX-SD-2046 Copper 18.3 UG/L 2.74 2.74 1300 1300 2.74 Y
Lyman Mill surface water LPX-SD-2046 Copper 5.1 UG/L 2.74 2.74 1300 1300 2.74 Y
Lyman Mill surface water LPX-SD-2047 Copper 6.5 UG/L 2.74 2.74 1300 1300 2.74 Y
Lyman Mill surface water LPX-SD-2047 Copper 5.7 UG/L 2.74 2.74 1300 1300 2.74 Y
Lyman Mill surface water LPX-SD-2045 Copper 5.4 UG/L 2.74 2.74 1300 1300 2.74 Y
Lyman Mill surface water WRL-SD-2043 Copper 20.5 UG/L 2.74 2.74 1300 1300 2.74 Y
Lyman Mill surface water WRL-SD-2043 Copper 7.8 UG/L 2.74 2.74 1300 1300 2.74 Y
Lyman Mill surface water LPX-SD-2048 Copper 5.4 UG/L 2.74 2.74 1300 1300 2.74 Y
Lyman Mill surface water LPX-SD-2048 Copper 8.1 UG/L 2.74 2.74 1300 1300 2.74 Y
Lyman Mill surface water WRL-SD-2044 Copper 4.3 UG/L 2.74 2.74 1300 1300 2.74 Y
Lyman Mill surface water WRL-SD-2044 Copper 6 UG/L 2.74 2.74 1300 1300 2.74 Y
Lyman Mill surface water WRL-SW-4005 Copper 2.27 UG/L J 2.74 2.74 1300 1300 2.74 N
Lyman Mill surface water WRL-SW-4004 Copper 2.33 UG/L J 2.74 2.74 1300 1300 2.74 N
Lyman Mill surface water WRL-SW-4005 Copper 2.49 UG/L J 2.74 2.74 1300 1300 2.74 N
Lyman Mill surface water WRL-SW-4005 Copper 1.5 UG/L J 2.74 2.74 1300 1300 2.74 N
Lyman Mill surface water WRL-SW-4004 Copper 1.63 UG/L J 2.74 2.74 1300 1300 2.74 N
Lyman Mill surface water WRL-SW-4005 Copper 1.55 UG/L J 2.74 2.74 1300 1300 2.74 N
Source Area surface water CMW-SD-2016 Copper 10.4 UG/L 2.74 2.74 1300 1300 2.74 Y
Source Area surface water CMW-SD-2016 Copper 12.7 UG/L 2.74 2.74 1300 1300 2.74 Y
Source Area surface water CMW-SD-2019 Copper 91.4 UG/L 2.74 2.74 1300 1300 2.74 Y
Source Area surface water CMW-SD-2019 Copper 16 UG/L 2.74 2.74 1300 1300 2.74 Y
Source Area surface water CMW-SD-2020 Copper 16.6 UG/L 2.74 2.74 1300 1300 2.74 Y
Source Area surface water CMW-SD-2020 Copper 5.7 UG/L 2.74 2.74 1300 1300 2.74 Y
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Appendix F
Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Source Area surface water CMW-SD-2021 Copper 14.8 UG/L 2.74 2.74 1300 1300 2.74 Y
Source Area surface water CMW-SD-2021 Copper 2.2 UG/L 2.74 2.74 1300 1300 2.74 N
Source Area surface water CMW-SD-2022 Copper 2.5 UG/L 2.74 2.74 1300 1300 2.74 N
Source Area surface water CMW-SD-2022 Copper 3.2 UG/L 2.74 2.74 1300 1300 2.74 Y
Source Area surface water WRC-SD-2009 Copper 1.8 UG/L 2.74 2.74 1300 1300 2.74 N
Source Area surface water WRC-SD-2009 Copper 3.3 UG/L 2.74 2.74 1300 1300 2.74 Y
Source Area surface water WRC-SD-2013 Copper 1.6 UG/L 2.74 2.74 1300 1300 2.74 N
Source Area surface water WRC-SD-2013 Copper 1 UG/L U 2.74 2.74 1300 1300 2.74 NA
Source Area surface water WRC-SD-2010 Copper 3.2 UG/L 2.74 2.74 1300 1300 2.74 Y
Source Area surface water WRC-SD-2010 Copper 1.7 UG/L 2.74 2.74 1300 1300 2.74 N
Source Area surface water WRC-SD-2011 Copper 2.4 UG/L 2.74 2.74 1300 1300 2.74 N
Source Area surface water WRC-SD-2011 Copper 11.2 UG/L 2.74 2.74 1300 1300 2.74 Y
Source Area surface water WRC-SD-2012 Copper 1.9 UG/L 2.74 2.74 1300 1300 2.74 N
Source Area surface water WRC-SD-2012 Copper 1.8 UG/L 2.74 2.74 1300 1300 2.74 N
Source Area surface water WRC-SD-2011 Copper 4.1 UG/L 2.74 2.74 1300 1300 2.74 Y
Upstream surface water RCC-SD-3001 Copper 12.6 UG/L 2.74 2.74 1300 1300 2.74 Y
Upstream surface water RCC-SD-3001 Copper 3.1 UG/L 2.74 2.74 1300 1300 2.74 Y
Upstream surface water RCC-SD-3002 Copper 25.8 UG/L 2.74 2.74 1300 1300 2.74 Y
Upstream surface water RCC-SD-3002 Copper 5.5 UG/L 2.74 2.74 1300 1300 2.74 Y
Upstream surface water RCC-SD-3003 Copper 5.5 UG/L 2.74 2.74 1300 1300 2.74 Y
Upstream surface water RCC-SD-3003 Copper 1 UG/L U 2.74 2.74 1300 1300 2.74 NA
Upstream surface water RCC-SD-3002 Copper 23.5 UG/L 2.74 2.74 1300 1300 2.74 Y
Upstream surface water RWR-SW-5001 Copper 1.71 UG/L J 2.74 2.74 1300 1300 2.74 N
Upstream surface water RWR-SW-5002 Copper 1.78 UG/L J 2.74 2.74 1300 1300 2.74 N
Upstream surface water RWR-SW-5001 Copper 1.19 UG/L J 2.74 2.74 1300 1300 2.74 N
Upstream surface water RWR-SW-5002 Copper 1.44 UG/L J 2.74 2.74 1300 1300 2.74 N
Allendale surface water CMW-SD-2023 Lead 11.5 UG/L 0.54 0.54 nc nc 0.54 Y
Allendale surface water CMW-SD-2023 Lead 2 UG/L U 0.54 0.54 nc nc 0.54 NA
Allendale surface water CMW-SD-2024 Lead 30.2 UG/L 0.54 0.54 nc nc 0.54 Y
Allendale surface water CMW-SD-2024 Lead 2 UG/L U 0.54 0.54 nc nc 0.54 NA
Allendale surface water CMW-SD-2023 Lead 4.1 UG/L J 0.54 0.54 nc nc 0.54 Y
Allendale surface water CMW-SD-2025 Lead 2 UG/L U 0.54 0.54 nc nc 0.54 NA
Allendale surface water CMW-SD-2025 Lead 2 UG/L U 0.54 0.54 nc nc 0.54 NA
Allendale surface water APB-SD-2029 Lead 156 UG/L 0.54 0.54 nc nc 0.54 Y
Allendale surface water APB-SD-2029 Lead 2 UG/L U 0.54 0.54 nc nc 0.54 NA
Allendale surface water WRC-SD-2014 Lead 2.9 UG/L UJ 0.54 0.54 nc nc 0.54 NA
Allendale surface water WRC-SD-2014 Lead 1.5 UG/L UJ 0.54 0.54 nc nc 0.54 NA
Allendale surface water WRC-SD-2015 Lead 1.9 UG/L UJ 0.54 0.54 nc nc 0.54 NA
Allendale surface water WRC-SD-2015 Lead 1.1 UG/L U 0.54 0.54 nc nc 0.54 NA
Allendale surface water APB-SD-2034 Lead 3.3 UG/L U 0.54 0.54 nc nc 0.54 NA
Allendale surface water APB-SD-2034 Lead 1.1 UG/L U 0.54 0.54 nc nc 0.54 NA
Allendale surface water APC-SD-2035 Lead 2.6 UG/L UJ 0.54 0.54 nc nc 0.54 NA
Allendale surface water APC-SD-2035 Lead 1.1 UG/L U 0.54 0.54 nc nc 0.54 NA
Allendale surface water APC-SD-2036 Lead 5.6 UG/L J 0.54 0.54 nc nc 0.54 Y
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Appendix F
Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Allendale surface water APC-SD-2036 Lead 2 UG/L UJ 0.54 0.54 nc nc 0.54 NA
Allendale surface water WRC-SW-4001 Lead 1.19 UG/L 0.54 0.54 nc nc 0.54 Y
Allendale surface water WRC-SW-4002 Lead 1.44 UG/L 0.54 0.54 nc nc 0.54 Y
Allendale surface water WRC-SW-4003 Lead 1.04 UG/L 0.54 0.54 nc nc 0.54 Y
Allendale surface water WRC-SW-4004 Lead 1.1 UG/L 0.54 0.54 nc nc 0.54 Y
Allendale surface water WRC-SW-4001 Lead 0.501 UG/L 0.54 0.54 nc nc 0.54 N
Allendale surface water WRC-SW-4002 Lead 0.492 UG/L 0.54 0.54 nc nc 0.54 N
Allendale surface water WRC-SW-4003 Lead 0.475 UG/L 0.54 0.54 nc nc 0.54 N
Allendale surface water WRC-SW-4004 Lead 0.485 UG/L 0.54 0.54 nc nc 0.54 N
Assaumpsett surface water RAB-SD-3004 Lead 2 UG/L U 0.54 0.54 nc nc 0.54 NA
Assaumpsett surface water RAB-SD-3004 Lead 2 UG/L U 0.54 0.54 nc nc 0.54 NA
Assaumpsett surface water RAB-SW-5004 Lead 0.366 UG/L 0.54 0.54 nc nc 0.54 N
Assaumpsett surface water RAB-SW-5004 Lead 0.357 UG/L 0.54 0.54 nc nc 0.54 N
Assaumpsett surface water RAB-SW-5004 Lead 0.232 UG/L 0.54 0.54 nc nc 0.54 N
Assaumpsett surface water RAB-SW-5004 Lead 0.206 UG/L 0.54 0.54 nc nc 0.54 N
Lyman Mill surface water WRL-SD-2040 Lead 2 UG/L U 0.54 0.54 nc nc 0.54 NA
Lyman Mill surface water WRL-SD-2040 Lead 2 UG/L U 0.54 0.54 nc nc 0.54 NA
Lyman Mill surface water WRL-SD-2039 Lead 2 UG/L U 0.54 0.54 nc nc 0.54 NA
Lyman Mill surface water WRL-SD-2039 Lead 2 UG/L U 0.54 0.54 nc nc 0.54 NA
Lyman Mill surface water WRL-SD-2040 Lead 2 UG/L U 0.54 0.54 nc nc 0.54 NA
Lyman Mill surface water WRL-SD-2040 Lead 2 UG/L U 0.54 0.54 nc nc 0.54 NA
Lyman Mill surface water WRL-SD-2041 Lead 2 UG/L U 0.54 0.54 nc nc 0.54 NA
Lyman Mill surface water WRL-SD-2041 Lead 2 UG/L U 0.54 0.54 nc nc 0.54 NA
Lyman Mill surface water WRL-SD-2042 Lead 21.8 UG/L 0.54 0.54 nc nc 0.54 Y
Lyman Mill surface water WRL-SD-2042 Lead 2.8 UG/L UJ 0.54 0.54 nc nc 0.54 NA
Lyman Mill surface water LPX-SD-2051 Lead 1.9 UG/L UJ 0.54 0.54 nc nc 0.54 NA
Lyman Mill surface water LPX-SD-2050 Lead 3.3 UG/L U 0.54 0.54 nc nc 0.54 NA
Lyman Mill surface water LPX-SD-2050 Lead 2.2 UG/L UJ 0.54 0.54 nc nc 0.54 NA
Lyman Mill surface water LPX-SD-2051 Lead 2.1 UG/L UJ 0.54 0.54 nc nc 0.54 NA
Lyman Mill surface water LPX-SD-2051 Lead 1.1 UG/L U 0.54 0.54 nc nc 0.54 NA
Lyman Mill surface water LPX-SD-2052 Lead 1.4 UG/L UJ 0.54 0.54 nc nc 0.54 NA
Lyman Mill surface water LPX-SD-2052 Lead 1.5 UG/L UJ 0.54 0.54 nc nc 0.54 NA
Lyman Mill surface water LPX-SD-2053 Lead 1.1 UG/L UJ 0.54 0.54 nc nc 0.54 NA
Lyman Mill surface water LPX-SD-2053 Lead 1.1 UG/L U 0.54 0.54 nc nc 0.54 NA
Lyman Mill surface water LPX-SD-2049 Lead 1.6 UG/L UJ 0.54 0.54 nc nc 0.54 NA
Lyman Mill surface water LPX-SD-2049 Lead 2.5 UG/L UJ 0.54 0.54 nc nc 0.54 NA
Lyman Mill surface water LPX-SD-2045 Lead 2 UG/L U 0.54 0.54 nc nc 0.54 NA
Lyman Mill surface water LPX-SD-2045 Lead 2 UG/L U 0.54 0.54 nc nc 0.54 NA
Lyman Mill surface water LPX-SD-2046 Lead 10.2 UG/L 0.54 0.54 nc nc 0.54 Y
Lyman Mill surface water LPX-SD-2046 Lead 2 UG/L U 0.54 0.54 nc nc 0.54 NA
Lyman Mill surface water LPX-SD-2047 Lead 2 UG/L U 0.54 0.54 nc nc 0.54 NA
Lyman Mill surface water LPX-SD-2047 Lead 2 UG/L U 0.54 0.54 nc nc 0.54 NA
Lyman Mill surface water LPX-SD-2045 Lead 2 UG/L U 0.54 0.54 nc nc 0.54 NA
Lyman Mill surface water WRL-SD-2043 Lead 10.2 UG/L 0.54 0.54 nc nc 0.54 Y
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Lyman Mill surface water WRL-SD-2043 Lead 4.7 UG/L 0.54 0.54 nc nc 0.54 Y
Lyman Mill surface water LPX-SD-2048 Lead 2 UG/L U 0.54 0.54 nc nc 0.54 NA
Lyman Mill surface water LPX-SD-2048 Lead 2 UG/L U 0.54 0.54 nc nc 0.54 NA
Lyman Mill surface water WRL-SD-2044 Lead 2 UG/L U 0.54 0.54 nc nc 0.54 NA
Lyman Mill surface water WRL-SD-2044 Lead 2 UG/L U 0.54 0.54 nc nc 0.54 NA
Lyman Mill surface water WRL-SW-4005 Lead 1.94 UG/L 0.54 0.54 nc nc 0.54 Y
Lyman Mill surface water WRL-SW-4004 Lead 2.02 UG/L 0.54 0.54 nc nc 0.54 Y
Lyman Mill surface water WRL-SW-4005 Lead 1.99 UG/L 0.54 0.54 nc nc 0.54 Y
Lyman Mill surface water WRL-SW-4005 Lead 0.641 UG/L 0.54 0.54 nc nc 0.54 Y
Lyman Mill surface water WRL-SW-4004 Lead 0.658 UG/L 0.54 0.54 nc nc 0.54 Y
Lyman Mill surface water WRL-SW-4005 Lead 0.662 UG/L 0.54 0.54 nc nc 0.54 Y
Source Area surface water CMW-SD-2016 Lead 2 UG/L U 0.54 0.54 nc nc 0.54 NA
Source Area surface water CMW-SD-2016 Lead 2 UG/L U 0.54 0.54 nc nc 0.54 NA
Source Area surface water CMW-SD-2019 Lead 223 UG/L 0.54 0.54 nc nc 0.54 Y
Source Area surface water CMW-SD-2019 Lead 2 UG/L U 0.54 0.54 nc nc 0.54 NA
Source Area surface water CMW-SD-2020 Lead 2 UG/L U 0.54 0.54 nc nc 0.54 NA
Source Area surface water CMW-SD-2020 Lead 2 UG/L U 0.54 0.54 nc nc 0.54 NA
Source Area surface water CMW-SD-2021 Lead 2 UG/L U 0.54 0.54 nc nc 0.54 NA
Source Area surface water CMW-SD-2021 Lead 2 UG/L U 0.54 0.54 nc nc 0.54 NA
Source Area surface water CMW-SD-2022 Lead 2 UG/L U 0.54 0.54 nc nc 0.54 NA
Source Area surface water CMW-SD-2022 Lead 2 UG/L U 0.54 0.54 nc nc 0.54 NA
Source Area surface water WRC-SD-2009 Lead 1.1 UG/L U 0.54 0.54 nc nc 0.54 NA
Source Area surface water WRC-SD-2009 Lead 1.9 UG/L UJ 0.54 0.54 nc nc 0.54 NA
Source Area surface water WRC-SD-2013 Lead 3.4 UG/L J 0.54 0.54 nc nc 0.54 Y
Source Area surface water WRC-SD-2013 Lead 1.1 UG/L U 0.54 0.54 nc nc 0.54 NA
Source Area surface water WRC-SD-2010 Lead 6.7 UG/L J 0.54 0.54 nc nc 0.54 Y
Source Area surface water WRC-SD-2010 Lead 1.1 UG/L U 0.54 0.54 nc nc 0.54 NA
Source Area surface water WRC-SD-2011 Lead 2 UG/L UJ 0.54 0.54 nc nc 0.54 NA
Source Area surface water WRC-SD-2011 Lead 1.4 UG/L UJ 0.54 0.54 nc nc 0.54 NA
Source Area surface water WRC-SD-2012 Lead 1.7 UG/L UJ 0.54 0.54 nc nc 0.54 NA
Source Area surface water WRC-SD-2012 Lead 1.1 UG/L U 0.54 0.54 nc nc 0.54 NA
Source Area surface water WRC-SD-2011 Lead 2 UG/L UJ 0.54 0.54 nc nc 0.54 NA
Upstream surface water RCC-SD-3001 Lead 6.8 UG/L 0.54 0.54 nc nc 0.54 Y
Upstream surface water RCC-SD-3001 Lead 2 UG/L U 0.54 0.54 nc nc 0.54 NA
Upstream surface water RCC-SD-3002 Lead 19.6 UG/L 0.54 0.54 nc nc 0.54 Y
Upstream surface water RCC-SD-3002 Lead 2 UG/L U 0.54 0.54 nc nc 0.54 NA
Upstream surface water RCC-SD-3003 Lead 2 UG/L U 0.54 0.54 nc nc 0.54 NA
Upstream surface water RCC-SD-3003 Lead 2 UG/L U 0.54 0.54 nc nc 0.54 NA
Upstream surface water RCC-SD-3002 Lead 21.4 UG/L 0.54 0.54 nc nc 0.54 Y
Upstream surface water RWR-SW-5001 Lead 0.878 UG/L 0.54 0.54 nc nc 0.54 Y
Upstream surface water RWR-SW-5002 Lead 0.924 UG/L 0.54 0.54 nc nc 0.54 Y
Upstream surface water RWR-SW-5001 Lead 0.433 UG/L 0.54 0.54 nc nc 0.54 N
Upstream surface water RWR-SW-5002 Lead 0.542 UG/L 0.54 0.54 nc nc 0.54 Y
Allendale surface water CMW-SD-2023 Mercury 0.2 UG/L U 0.77 0.77 0.14 nc 0.14 NA
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Appendix F
Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Allendale surface water CMW-SD-2023 Mercury 0.2 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Allendale surface water CMW-SD-2024 Mercury 0.2 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Allendale surface water CMW-SD-2024 Mercury 0.2 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Allendale surface water CMW-SD-2023 Mercury 0.2 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Allendale surface water CMW-SD-2025 Mercury 0.2 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Allendale surface water CMW-SD-2025 Mercury 0.2 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Allendale surface water APB-SD-2029 Mercury 0.2 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Allendale surface water APB-SD-2029 Mercury 0.2 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Allendale surface water WRC-SD-2014 Mercury 0.1 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Allendale surface water WRC-SD-2014 Mercury 0.1 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Allendale surface water WRC-SD-2015 Mercury 0.1 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Allendale surface water WRC-SD-2015 Mercury 0.1 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Allendale surface water APB-SD-2034 Mercury 0.1 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Allendale surface water APB-SD-2034 Mercury 0.1 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Allendale surface water APC-SD-2035 Mercury 0.1 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Allendale surface water APC-SD-2035 Mercury 0.1 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Allendale surface water APC-SD-2036 Mercury 0.1 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Allendale surface water APC-SD-2036 Mercury 0.1 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Allendale surface water WRC-SW-4001 Mercury 0.00224 UG/L 0.77 0.77 0.14 nc 0.14 N
Allendale surface water WRC-SW-4002 Mercury 0.00319 UG/L 0.77 0.77 0.14 nc 0.14 N
Allendale surface water WRC-SW-4003 Mercury 0.00211 UG/L 0.77 0.77 0.14 nc 0.14 N
Allendale surface water WRC-SW-4004 Mercury 0.00265 UG/L 0.77 0.77 0.14 nc 0.14 N
Allendale surface water WRC-SW-4001 Mercury 0.00138 UG/L 0.77 0.77 0.14 nc 0.14 N
Allendale surface water WRC-SW-4002 Mercury 0.00146 UG/L 0.77 0.77 0.14 nc 0.14 N
Allendale surface water WRC-SW-4003 Mercury 0.00173 UG/L 0.77 0.77 0.14 nc 0.14 N
Allendale surface water WRC-SW-4004 Mercury 0.00149 UG/L 0.77 0.77 0.14 nc 0.14 N
Assaumpsett surface water RAB-SD-3004 Mercury 0.2 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Assaumpsett surface water RAB-SD-3004 Mercury 0.2 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Assaumpsett surface water RAB-SW-5004 Mercury 0.00223 UG/L 0.77 0.77 0.14 nc 0.14 N
Assaumpsett surface water RAB-SW-5004 Mercury 0.00215 UG/L 0.77 0.77 0.14 nc 0.14 N
Assaumpsett surface water RAB-SW-5004 Mercury 0.00162 UG/L 0.77 0.77 0.14 nc 0.14 N
Assaumpsett surface water RAB-SW-5004 Mercury 0.00151 UG/L 0.77 0.77 0.14 nc 0.14 N
Lyman Mill surface water WRL-SD-2040 Mercury 0.2 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Lyman Mill surface water WRL-SD-2040 Mercury 0.2 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Lyman Mill surface water WRL-SD-2039 Mercury 0.2 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Lyman Mill surface water WRL-SD-2039 Mercury 0.2 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Lyman Mill surface water WRL-SD-2040 Mercury 0.2 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Lyman Mill surface water WRL-SD-2040 Mercury 0.2 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Lyman Mill surface water WRL-SD-2041 Mercury 0.2 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Lyman Mill surface water WRL-SD-2041 Mercury 0.2 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Lyman Mill surface water WRL-SD-2042 Mercury 0.1 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Lyman Mill surface water WRL-SD-2042 Mercury 0.1 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Lyman Mill surface water LPX-SD-2051 Mercury 0.1 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Lyman Mill surface water LPX-SD-2050 Mercury 0.1 UG/L U 0.77 0.77 0.14 nc 0.14 NA
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Lyman Mill surface water LPX-SD-2050 Mercury 0.1 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Lyman Mill surface water LPX-SD-2051 Mercury 0.1 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Lyman Mill surface water LPX-SD-2051 Mercury 0.1 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Lyman Mill surface water LPX-SD-2052 Mercury 0.1 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Lyman Mill surface water LPX-SD-2052 Mercury 0.1 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Lyman Mill surface water LPX-SD-2053 Mercury 0.1 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Lyman Mill surface water LPX-SD-2053 Mercury 0.1 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Lyman Mill surface water LPX-SD-2049 Mercury 0.1 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Lyman Mill surface water LPX-SD-2049 Mercury 0.1 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Lyman Mill surface water LPX-SD-2045 Mercury 0.2 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Lyman Mill surface water LPX-SD-2045 Mercury 0.2 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Lyman Mill surface water LPX-SD-2046 Mercury 0.2 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Lyman Mill surface water LPX-SD-2046 Mercury 0.2 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Lyman Mill surface water LPX-SD-2047 Mercury 0.2 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Lyman Mill surface water LPX-SD-2047 Mercury 0.2 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Lyman Mill surface water LPX-SD-2045 Mercury 0.2 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Lyman Mill surface water WRL-SD-2043 Mercury 0.2 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Lyman Mill surface water WRL-SD-2043 Mercury 0.2 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Lyman Mill surface water LPX-SD-2048 Mercury 0.2 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Lyman Mill surface water LPX-SD-2048 Mercury 0.2 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Lyman Mill surface water WRL-SD-2044 Mercury 0.2 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Lyman Mill surface water WRL-SD-2044 Mercury 0.2 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Lyman Mill surface water WRL-SW-4005 Mercury 0.00437 UG/L 0.77 0.77 0.14 nc 0.14 N
Lyman Mill surface water WRL-SW-4004 Mercury 0.00394 UG/L 0.77 0.77 0.14 nc 0.14 N
Lyman Mill surface water WRL-SW-4005 Mercury 0.00294 UG/L 0.77 0.77 0.14 nc 0.14 N
Lyman Mill surface water WRL-SW-4005 Mercury 0.0013 UG/L 0.77 0.77 0.14 nc 0.14 N
Lyman Mill surface water WRL-SW-4004 Mercury 0.00127 UG/L 0.77 0.77 0.14 nc 0.14 N
Lyman Mill surface water WRL-SW-4005 Mercury 0.00144 UG/L 0.77 0.77 0.14 nc 0.14 N
Source Area surface water CMW-SD-2016 Mercury 0.2 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Source Area surface water CMW-SD-2016 Mercury 0.2 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Source Area surface water CMW-SD-2019 Mercury 0.2 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Source Area surface water CMW-SD-2019 Mercury 0.2 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Source Area surface water CMW-SD-2020 Mercury 0.2 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Source Area surface water CMW-SD-2020 Mercury 0.2 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Source Area surface water CMW-SD-2021 Mercury 0.2 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Source Area surface water CMW-SD-2021 Mercury 0.2 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Source Area surface water CMW-SD-2022 Mercury 0.2 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Source Area surface water CMW-SD-2022 Mercury 0.2 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Source Area surface water WRC-SD-2009 Mercury 0.1 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Source Area surface water WRC-SD-2009 Mercury 0.1 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Source Area surface water WRC-SD-2013 Mercury 0.1 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Source Area surface water WRC-SD-2013 Mercury 0.1 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Source Area surface water WRC-SD-2010 Mercury 0.1 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Source Area surface water WRC-SD-2010 Mercury 0.1 UG/L U 0.77 0.77 0.14 nc 0.14 NA
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Source Area surface water WRC-SD-2011 Mercury 0.1 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Source Area surface water WRC-SD-2011 Mercury 0.1 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Source Area surface water WRC-SD-2012 Mercury 0.1 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Source Area surface water WRC-SD-2012 Mercury 0.1 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Source Area surface water WRC-SD-2011 Mercury 0.1 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Upstream surface water RCC-SD-3001 Mercury 0.2 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Upstream surface water RCC-SD-3001 Mercury 0.2 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Upstream surface water RCC-SD-3002 Mercury 0.2 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Upstream surface water RCC-SD-3002 Mercury 0.2 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Upstream surface water RCC-SD-3003 Mercury 0.2 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Upstream surface water RCC-SD-3003 Mercury 0.2 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Upstream surface water RCC-SD-3002 Mercury 0.2 UG/L U 0.77 0.77 0.14 nc 0.14 NA
Upstream surface water RWR-SW-5001 Mercury 0.00193 UG/L 0.77 0.77 0.14 nc 0.14 N
Upstream surface water RWR-SW-5002 Mercury 0.00188 UG/L 0.77 0.77 0.14 nc 0.14 N
Upstream surface water RWR-SW-5001 Mercury 0.00128 UG/L 0.77 0.77 0.14 nc 0.14 N
Upstream surface water RWR-SW-5002 Mercury 0.00121 UG/L 0.77 0.77 0.14 nc 0.14 N
Allendale surface water CMW-SD-2023 Nickel 4.5 UG/L 16 16 610 610 16 N
Allendale surface water CMW-SD-2023 Nickel 3.2 UG/L 16 16 610 610 16 N
Allendale surface water CMW-SD-2024 Nickel 7.2 UG/L 16 16 610 610 16 N
Allendale surface water CMW-SD-2024 Nickel 4.3 UG/L 16 16 610 610 16 N
Allendale surface water CMW-SD-2023 Nickel 3.3 UG/L J 16 16 610 610 16 N
Allendale surface water CMW-SD-2025 Nickel 4.3 UG/L 16 16 610 610 16 N
Allendale surface water CMW-SD-2025 Nickel 3.8 UG/L J 16 16 610 610 16 N
Allendale surface water APB-SD-2029 Nickel 34.3 UG/L J 16 16 610 610 16 Y
Allendale surface water APB-SD-2029 Nickel 7.3 UG/L 16 16 610 610 16 N
Allendale surface water WRC-SD-2014 Nickel 1.3 UG/L U 16 16 610 610 16 NA
Allendale surface water WRC-SD-2014 Nickel 1.3 UG/L U 16 16 610 610 16 NA
Allendale surface water WRC-SD-2015 Nickel 1.8 UG/L J 16 16 610 610 16 N
Allendale surface water WRC-SD-2015 Nickel 1.3 UG/L J 16 16 610 610 16 N
Allendale surface water APB-SD-2034 Nickel 2.8 UG/L 16 16 610 610 16 N
Allendale surface water APB-SD-2034 Nickel 2.2 UG/L J 16 16 610 610 16 N
Allendale surface water APC-SD-2035 Nickel 1.3 UG/L U 16 16 610 610 16 NA
Allendale surface water APC-SD-2035 Nickel 1.3 UG/L U 16 16 610 610 16 NA
Allendale surface water APC-SD-2036 Nickel 2.9 UG/L 16 16 610 610 16 N
Allendale surface water APC-SD-2036 Nickel 2.2 UG/L J 16 16 610 610 16 N
Allendale surface water WRC-SW-4001 Nickel 1.24 UG/L J 16 16 610 610 16 N
Allendale surface water WRC-SW-4002 Nickel 1.31 UG/L J 16 16 610 610 16 N
Allendale surface water WRC-SW-4003 Nickel 1.25 UG/L J 16 16 610 610 16 N
Allendale surface water WRC-SW-4004 Nickel 1.37 UG/L J 16 16 610 610 16 N
Allendale surface water WRC-SW-4001 Nickel 0.989 UG/L J 16 16 610 610 16 N
Allendale surface water WRC-SW-4002 Nickel 1.11 UG/L J 16 16 610 610 16 N
Allendale surface water WRC-SW-4003 Nickel 1.08 UG/L J 16 16 610 610 16 N
Allendale surface water WRC-SW-4004 Nickel 1.14 UG/L J 16 16 610 610 16 N
Assaumpsett surface water RAB-SD-3004 Nickel 2.1 UG/L J 16 16 610 610 16 N
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Assaumpsett surface water RAB-SD-3004 Nickel 2 UG/L U 16 16 610 610 16 NA
Assaumpsett surface water RAB-SW-5004 Nickel 1.29 UG/L J 16 16 610 610 16 N
Assaumpsett surface water RAB-SW-5004 Nickel 1.26 UG/L J 16 16 610 610 16 N
Assaumpsett surface water RAB-SW-5004 Nickel 1.13 UG/L J 16 16 610 610 16 N
Assaumpsett surface water RAB-SW-5004 Nickel 1.11 UG/L J 16 16 610 610 16 N
Lyman Mill surface water WRL-SD-2040 Nickel 3.6 UG/L J 16 16 610 610 16 N
Lyman Mill surface water WRL-SD-2040 Nickel 3.4 UG/L J 16 16 610 610 16 N
Lyman Mill surface water WRL-SD-2039 Nickel 3.4 UG/L J 16 16 610 610 16 N
Lyman Mill surface water WRL-SD-2039 Nickel 3.6 UG/L J 16 16 610 610 16 N
Lyman Mill surface water WRL-SD-2040 Nickel 3.4 UG/L J 16 16 610 610 16 N
Lyman Mill surface water WRL-SD-2040 Nickel 5.1 UG/L 16 16 610 610 16 N
Lyman Mill surface water WRL-SD-2041 Nickel 3.3 UG/L J 16 16 610 610 16 N
Lyman Mill surface water WRL-SD-2041 Nickel 3.2 UG/L J 16 16 610 610 16 N
Lyman Mill surface water WRL-SD-2042 Nickel 4.1 UG/L 16 16 610 610 16 N
Lyman Mill surface water WRL-SD-2042 Nickel 1.3 UG/L U 16 16 610 610 16 NA
Lyman Mill surface water LPX-SD-2051 Nickel 5.4 UG/L 16 16 610 610 16 N
Lyman Mill surface water LPX-SD-2050 Nickel 1.3 UG/L U 16 16 610 610 16 NA
Lyman Mill surface water LPX-SD-2050 Nickel 1.3 UG/L U 16 16 610 610 16 NA
Lyman Mill surface water LPX-SD-2051 Nickel 1.4 UG/L J 16 16 610 610 16 N
Lyman Mill surface water LPX-SD-2051 Nickel 1.5 UG/L J 16 16 610 610 16 N
Lyman Mill surface water LPX-SD-2052 Nickel 1.3 UG/L U 16 16 610 610 16 NA
Lyman Mill surface water LPX-SD-2052 Nickel 1.3 UG/L U 16 16 610 610 16 NA
Lyman Mill surface water LPX-SD-2053 Nickel 1.3 UG/L U 16 16 610 610 16 NA
Lyman Mill surface water LPX-SD-2053 Nickel 1.3 UG/L U 16 16 610 610 16 NA
Lyman Mill surface water LPX-SD-2049 Nickel 1.6 UG/L J 16 16 610 610 16 N
Lyman Mill surface water LPX-SD-2049 Nickel 1.3 UG/L U 16 16 610 610 16 NA
Lyman Mill surface water LPX-SD-2045 Nickel 3.5 UG/L J 16 16 610 610 16 N
Lyman Mill surface water LPX-SD-2045 Nickel 2 UG/L U 16 16 610 610 16 NA
Lyman Mill surface water LPX-SD-2046 Nickel 2.4 UG/L J 16 16 610 610 16 N
Lyman Mill surface water LPX-SD-2046 Nickel 2 UG/L U 16 16 610 610 16 NA
Lyman Mill surface water LPX-SD-2047 Nickel 2 UG/L U 16 16 610 610 16 NA
Lyman Mill surface water LPX-SD-2047 Nickel 2 UG/L U 16 16 610 610 16 NA
Lyman Mill surface water LPX-SD-2045 Nickel 2 UG/L U 16 16 610 610 16 NA
Lyman Mill surface water WRL-SD-2043 Nickel 3.8 UG/L J 16 16 610 610 16 N
Lyman Mill surface water WRL-SD-2043 Nickel 2 UG/L U 16 16 610 610 16 NA
Lyman Mill surface water LPX-SD-2048 Nickel 2 UG/L U 16 16 610 610 16 NA
Lyman Mill surface water LPX-SD-2048 Nickel 2 UG/L U 16 16 610 610 16 NA
Lyman Mill surface water WRL-SD-2044 Nickel 2 UG/L U 16 16 610 610 16 NA
Lyman Mill surface water WRL-SD-2044 Nickel 2.2 UG/L J 16 16 610 610 16 N
Lyman Mill surface water WRL-SW-4005 Nickel 1.41 UG/L J 16 16 610 610 16 N
Lyman Mill surface water WRL-SW-4004 Nickel 1.54 UG/L J 16 16 610 610 16 N
Lyman Mill surface water WRL-SW-4005 Nickel 1.58 UG/L J 16 16 610 610 16 N
Lyman Mill surface water WRL-SW-4005 Nickel 1.31 UG/L J 16 16 610 610 16 N
Lyman Mill surface water WRL-SW-4004 Nickel 1.4 UG/L J 16 16 610 610 16 N
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Lyman Mill surface water WRL-SW-4005 Nickel 1.38 UG/L J 16 16 610 610 16 N
Source Area surface water CMW-SD-2016 Nickel 4.4 UG/L 16 16 610 610 16 N
Source Area surface water CMW-SD-2016 Nickel 4 UG/L 16 16 610 610 16 N
Source Area surface water CMW-SD-2019 Nickel 18.8 UG/L 16 16 610 610 16 Y
Source Area surface water CMW-SD-2019 Nickel 8.2 UG/L 16 16 610 610 16 N
Source Area surface water CMW-SD-2020 Nickel 5.5 UG/L 16 16 610 610 16 N
Source Area surface water CMW-SD-2020 Nickel 3.8 UG/L J 16 16 610 610 16 N
Source Area surface water CMW-SD-2021 Nickel 5.5 UG/L 16 16 610 610 16 N
Source Area surface water CMW-SD-2021 Nickel 3.4 UG/L J 16 16 610 610 16 N
Source Area surface water CMW-SD-2022 Nickel 4.4 UG/L 16 16 610 610 16 N
Source Area surface water CMW-SD-2022 Nickel 4.6 UG/L 16 16 610 610 16 N
Source Area surface water WRC-SD-2009 Nickel 1.8 UG/L J 16 16 610 610 16 N
Source Area surface water WRC-SD-2009 Nickel 1.3 UG/L U 16 16 610 610 16 NA
Source Area surface water WRC-SD-2013 Nickel 1.3 UG/L U 16 16 610 610 16 NA
Source Area surface water WRC-SD-2013 Nickel 1.3 UG/L U 16 16 610 610 16 NA
Source Area surface water WRC-SD-2010 Nickel 1.6 UG/L J 16 16 610 610 16 N
Source Area surface water WRC-SD-2010 Nickel 1.3 UG/L U 16 16 610 610 16 NA
Source Area surface water WRC-SD-2011 Nickel 1.8 UG/L J 16 16 610 610 16 N
Source Area surface water WRC-SD-2011 Nickel 1.3 UG/L U 16 16 610 610 16 NA
Source Area surface water WRC-SD-2012 Nickel 1.3 UG/L U 16 16 610 610 16 NA
Source Area surface water WRC-SD-2012 Nickel 1.3 UG/L U 16 16 610 610 16 NA
Source Area surface water WRC-SD-2011 Nickel 1.3 UG/L U 16 16 610 610 16 NA
Upstream surface water RCC-SD-3001 Nickel 3.5 UG/L J 16 16 610 610 16 N
Upstream surface water RCC-SD-3001 Nickel 23.2 UG/L 16 16 610 610 16 Y
Upstream surface water RCC-SD-3002 Nickel 6 UG/L 16 16 610 610 16 N
Upstream surface water RCC-SD-3002 Nickel 3.6 UG/L J 16 16 610 610 16 N
Upstream surface water RCC-SD-3003 Nickel 2 UG/L U 16 16 610 610 16 NA
Upstream surface water RCC-SD-3003 Nickel 2 UG/L U 16 16 610 610 16 NA
Upstream surface water RCC-SD-3002 Nickel 6.3 UG/L 16 16 610 610 16 N
Upstream surface water RWR-SW-5001 Nickel 1.15 UG/L J 16 16 610 610 16 N
Upstream surface water RWR-SW-5002 Nickel 1.17 UG/L J 16 16 610 610 16 N
Upstream surface water RWR-SW-5001 Nickel 0.916 UG/L J 16 16 610 610 16 N
Upstream surface water RWR-SW-5002 Nickel 1.16 UG/L J 16 16 610 610 16 N
Allendale surface water CMW-SD-2023 Selenium 5 UG/L U 5 5 170 170 5 NA
Allendale surface water CMW-SD-2023 Selenium 5 UG/L U 5 5 170 170 5 NA
Allendale surface water CMW-SD-2024 Selenium 5 UG/L U 5 5 170 170 5 NA
Allendale surface water CMW-SD-2024 Selenium 5 UG/L U 5 5 170 170 5 NA
Allendale surface water CMW-SD-2023 Selenium 5 UG/L U 5 5 170 170 5 NA
Allendale surface water CMW-SD-2025 Selenium 5 UG/L U 5 5 170 170 5 NA
Allendale surface water CMW-SD-2025 Selenium 5 UG/L U 5 5 170 170 5 NA
Allendale surface water APB-SD-2029 Selenium 10.8 UG/L 5 5 170 170 5 Y
Allendale surface water APB-SD-2029 Selenium 5.3 UG/L 5 5 170 170 5 Y
Allendale surface water WRC-SD-2014 Selenium 1.8 UG/L U 5 5 170 170 5 NA
Allendale surface water WRC-SD-2014 Selenium 1.8 UG/L U 5 5 170 170 5 NA
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Allendale surface water WRC-SD-2015 Selenium 3 UG/L UJ 5 5 170 170 5 NA
Allendale surface water WRC-SD-2015 Selenium 1.8 UG/L U 5 5 170 170 5 NA
Allendale surface water APB-SD-2034 Selenium 1.8 UG/L U 5 5 170 170 5 NA
Allendale surface water APB-SD-2034 Selenium 1.8 UG/L U 5 5 170 170 5 NA
Allendale surface water APC-SD-2035 Selenium 3.1 UG/L J 5 5 170 170 5 N
Allendale surface water APC-SD-2035 Selenium 1.8 UG/L U 5 5 170 170 5 NA
Allendale surface water APC-SD-2036 Selenium 1.8 UG/L U 5 5 170 170 5 NA
Allendale surface water APC-SD-2036 Selenium 3 UG/L UJ 5 5 170 170 5 NA
Allendale surface water WRC-SW-4001 Selenium 0.4 UG/L U 5 5 170 170 5 NA
Allendale surface water WRC-SW-4002 Selenium 0.4 UG/L U 5 5 170 170 5 NA
Allendale surface water WRC-SW-4003 Selenium 0.4 UG/L U 5 5 170 170 5 NA
Allendale surface water WRC-SW-4004 Selenium 0.4 UG/L U 5 5 170 170 5 NA
Allendale surface water WRC-SW-4001 Selenium 0.4 UG/L U 5 5 170 170 5 NA
Allendale surface water WRC-SW-4002 Selenium 0.4 UG/L U 5 5 170 170 5 NA
Allendale surface water WRC-SW-4003 Selenium 0.4 UG/L U 5 5 170 170 5 NA
Allendale surface water WRC-SW-4004 Selenium 0.4 UG/L U 5 5 170 170 5 NA
Assaumpsett surface water RAB-SD-3004 Selenium 5 UG/L U 5 5 170 170 5 NA
Assaumpsett surface water RAB-SD-3004 Selenium 5 UG/L U 5 5 170 170 5 NA
Assaumpsett surface water RAB-SW-5004 Selenium 0.0815 UG/L J 5 5 170 170 5 N
Assaumpsett surface water RAB-SW-5004 Selenium 0.0597 UG/L J 5 5 170 170 5 N
Assaumpsett surface water RAB-SW-5004 Selenium 0.4 UG/L U 5 5 170 170 5 NA
Assaumpsett surface water RAB-SW-5004 Selenium 0.0339 UG/L J 5 5 170 170 5 N
Lyman Mill surface water WRL-SD-2040 Selenium 5 UG/L U 5 5 170 170 5 NA
Lyman Mill surface water WRL-SD-2040 Selenium 5 UG/L U 5 5 170 170 5 NA
Lyman Mill surface water WRL-SD-2039 Selenium 5 UG/L U 5 5 170 170 5 NA
Lyman Mill surface water WRL-SD-2039 Selenium 5 UG/L U 5 5 170 170 5 NA
Lyman Mill surface water WRL-SD-2040 Selenium 5 UG/L U 5 5 170 170 5 NA
Lyman Mill surface water WRL-SD-2040 Selenium 5 UG/L U 5 5 170 170 5 NA
Lyman Mill surface water WRL-SD-2041 Selenium 5 UG/L U 5 5 170 170 5 NA
Lyman Mill surface water WRL-SD-2041 Selenium 5 UG/L U 5 5 170 170 5 NA
Lyman Mill surface water WRL-SD-2042 Selenium 1.8 UG/L U 5 5 170 170 5 NA
Lyman Mill surface water WRL-SD-2042 Selenium 2.3 UG/L UJ 5 5 170 170 5 NA
Lyman Mill surface water LPX-SD-2051 Selenium 1.8 UG/L U 5 5 170 170 5 NA
Lyman Mill surface water LPX-SD-2050 Selenium 1.8 UG/L U 5 5 170 170 5 NA
Lyman Mill surface water LPX-SD-2050 Selenium 1.8 UG/L U 5 5 170 170 5 NA
Lyman Mill surface water LPX-SD-2051 Selenium 1.8 UG/L U 5 5 170 170 5 NA
Lyman Mill surface water LPX-SD-2051 Selenium 1.8 UG/L U 5 5 170 170 5 NA
Lyman Mill surface water LPX-SD-2052 Selenium 1.8 UG/L U 5 5 170 170 5 NA
Lyman Mill surface water LPX-SD-2052 Selenium 1.8 UG/L U 5 5 170 170 5 NA
Lyman Mill surface water LPX-SD-2053 Selenium 1.8 UG/L U 5 5 170 170 5 NA
Lyman Mill surface water LPX-SD-2053 Selenium 1.8 UG/L U 5 5 170 170 5 NA
Lyman Mill surface water LPX-SD-2049 Selenium 1.8 UG/L U 5 5 170 170 5 NA
Lyman Mill surface water LPX-SD-2049 Selenium 1.8 UG/L U 5 5 170 170 5 NA
Lyman Mill surface water LPX-SD-2045 Selenium 5 UG/L U 5 5 170 170 5 NA
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Appendix F
Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Lyman Mill surface water LPX-SD-2045 Selenium 5 UG/L U 5 5 170 170 5 NA
Lyman Mill surface water LPX-SD-2046 Selenium 5 UG/L U 5 5 170 170 5 NA
Lyman Mill surface water LPX-SD-2046 Selenium 5 UG/L U 5 5 170 170 5 NA
Lyman Mill surface water LPX-SD-2047 Selenium 5 UG/L U 5 5 170 170 5 NA
Lyman Mill surface water LPX-SD-2047 Selenium 5 UG/L U 5 5 170 170 5 NA
Lyman Mill surface water LPX-SD-2045 Selenium 5 UG/L U 5 5 170 170 5 NA
Lyman Mill surface water WRL-SD-2043 Selenium 5 UG/L U 5 5 170 170 5 NA
Lyman Mill surface water WRL-SD-2043 Selenium 5 UG/L U 5 5 170 170 5 NA
Lyman Mill surface water LPX-SD-2048 Selenium 5 UG/L U 5 5 170 170 5 NA
Lyman Mill surface water LPX-SD-2048 Selenium 5 UG/L U 5 5 170 170 5 NA
Lyman Mill surface water WRL-SD-2044 Selenium 5 UG/L U 5 5 170 170 5 NA
Lyman Mill surface water WRL-SD-2044 Selenium 5 UG/L U 5 5 170 170 5 NA
Lyman Mill surface water WRL-SW-4005 Selenium 0.4 UG/L U 5 5 170 170 5 NA
Lyman Mill surface water WRL-SW-4004 Selenium 0.4 UG/L U 5 5 170 170 5 NA
Lyman Mill surface water WRL-SW-4005 Selenium 0.4 UG/L U 5 5 170 170 5 NA
Lyman Mill surface water WRL-SW-4005 Selenium 0.4 UG/L U 5 5 170 170 5 NA
Lyman Mill surface water WRL-SW-4004 Selenium 0.4 UG/L U 5 5 170 170 5 NA
Lyman Mill surface water WRL-SW-4005 Selenium 0.4 UG/L U 5 5 170 170 5 NA
Source Area surface water CMW-SD-2016 Selenium 5 UG/L U 5 5 170 170 5 NA
Source Area surface water CMW-SD-2016 Selenium 5 UG/L U 5 5 170 170 5 NA
Source Area surface water CMW-SD-2019 Selenium 5 UG/L U 5 5 170 170 5 NA
Source Area surface water CMW-SD-2019 Selenium 5 UG/L U 5 5 170 170 5 NA
Source Area surface water CMW-SD-2020 Selenium 7.8 UG/L 5 5 170 170 5 Y
Source Area surface water CMW-SD-2020 Selenium 5 UG/L U 5 5 170 170 5 NA
Source Area surface water CMW-SD-2021 Selenium 5 UG/L U 5 5 170 170 5 NA
Source Area surface water CMW-SD-2021 Selenium 5 UG/L U 5 5 170 170 5 NA
Source Area surface water CMW-SD-2022 Selenium 5.9 UG/L 5 5 170 170 5 Y
Source Area surface water CMW-SD-2022 Selenium 5 UG/L U 5 5 170 170 5 NA
Source Area surface water WRC-SD-2009 Selenium 2.8 UG/L UJ 5 5 170 170 5 NA
Source Area surface water WRC-SD-2009 Selenium 1.8 UG/L U 5 5 170 170 5 NA
Source Area surface water WRC-SD-2013 Selenium 1.8 UG/L U 5 5 170 170 5 NA
Source Area surface water WRC-SD-2013 Selenium 1.8 UG/L U 5 5 170 170 5 NA
Source Area surface water WRC-SD-2010 Selenium 1.8 UG/L U 5 5 170 170 5 NA
Source Area surface water WRC-SD-2010 Selenium 2 UG/L UJ 5 5 170 170 5 NA
Source Area surface water WRC-SD-2011 Selenium 2.3 UG/L UJ 5 5 170 170 5 NA
Source Area surface water WRC-SD-2011 Selenium 3.9 UG/L J 5 5 170 170 5 N
Source Area surface water WRC-SD-2012 Selenium 1.8 UG/L U 5 5 170 170 5 NA
Source Area surface water WRC-SD-2012 Selenium 1.8 UG/L U 5 5 170 170 5 NA
Source Area surface water WRC-SD-2011 Selenium 1.8 UG/L U 5 5 170 170 5 NA
Upstream surface water RCC-SD-3001 Selenium 5 UG/L U 5 5 170 170 5 NA
Upstream surface water RCC-SD-3001 Selenium 5 UG/L U 5 5 170 170 5 NA
Upstream surface water RCC-SD-3002 Selenium 5 UG/L U 5 5 170 170 5 NA
Upstream surface water RCC-SD-3002 Selenium 5 UG/L U 5 5 170 170 5 NA
Upstream surface water RCC-SD-3003 Selenium 5 UG/L U 5 5 170 170 5 NA
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Appendix F
Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Upstream surface water RCC-SD-3003 Selenium 5 UG/L U 5 5 170 170 5 NA
Upstream surface water RCC-SD-3002 Selenium 5 UG/L U 5 5 170 170 5 NA
Upstream surface water RWR-SW-5001 Selenium 0.4 UG/L U 5 5 170 170 5 NA
Upstream surface water RWR-SW-5002 Selenium 0.0868 UG/L J 5 5 170 170 5 N
Upstream surface water RWR-SW-5001 Selenium 0.4 UG/L U 5 5 170 170 5 NA
Upstream surface water RWR-SW-5002 Selenium 0.4 UG/L U 5 5 170 170 5 NA
Allendale surface water CMW-SD-2023 Silver 1.3 UG/L J nc nc nc nc nc NA
Allendale surface water CMW-SD-2023 Silver 1.6 UG/L J nc nc nc nc nc NA
Allendale surface water CMW-SD-2024 Silver 1.5 UG/L J nc nc nc nc nc NA
Allendale surface water CMW-SD-2024 Silver 1.4 UG/L J nc nc nc nc nc NA
Allendale surface water CMW-SD-2023 Silver 1.8 UG/L J nc nc nc nc nc NA
Allendale surface water CMW-SD-2025 Silver 1.8 UG/L J nc nc nc nc nc NA
Allendale surface water CMW-SD-2025 Silver 1.4 UG/L J nc nc nc nc nc NA
Allendale surface water APB-SD-2029 Silver 1 UG/L U nc nc nc nc nc NA
Allendale surface water APB-SD-2029 Silver 1.7 UG/L J nc nc nc nc nc NA
Allendale surface water WRC-SD-2014 Silver 0.6 UG/L UJ nc nc nc nc nc NA
Allendale surface water WRC-SD-2014 Silver 0.4 UG/L U nc nc nc nc nc NA
Allendale surface water WRC-SD-2015 Silver 0.4 UG/L U nc nc nc nc nc NA
Allendale surface water WRC-SD-2015 Silver 0.7 UG/L UJ nc nc nc nc nc NA
Allendale surface water APB-SD-2034 Silver 0.4 UG/L U nc nc nc nc nc NA
Allendale surface water APB-SD-2034 Silver 0.4 UG/L U nc nc nc nc nc NA
Allendale surface water APC-SD-2035 Silver 0.4 UG/L U nc nc nc nc nc NA
Allendale surface water APC-SD-2035 Silver 0.4 UG/L U nc nc nc nc nc NA
Allendale surface water APC-SD-2036 Silver 0.4 UG/L U nc nc nc nc nc NA
Allendale surface water APC-SD-2036 Silver 0.4 UG/L U nc nc nc nc nc NA
Allendale surface water WRC-SW-4001 Silver 2.68 UG/L U nc nc nc nc nc NA
Allendale surface water WRC-SW-4002 Silver 2.68 UG/L U nc nc nc nc nc NA
Allendale surface water WRC-SW-4003 Silver 2.68 UG/L U nc nc nc nc nc NA
Allendale surface water WRC-SW-4004 Silver 2.68 UG/L U nc nc nc nc nc NA
Allendale surface water WRC-SW-4001 Silver 2.68 UG/L U nc nc nc nc nc NA
Allendale surface water WRC-SW-4002 Silver 2.68 UG/L U nc nc nc nc nc NA
Allendale surface water WRC-SW-4003 Silver 2.68 UG/L U nc nc nc nc nc NA
Allendale surface water WRC-SW-4004 Silver 2.68 UG/L U nc nc nc nc nc NA
Assaumpsett surface water RAB-SD-3004 Silver 1 UG/L U nc nc nc nc nc NA
Assaumpsett surface water RAB-SD-3004 Silver 1 UG/L U nc nc nc nc nc NA
Assaumpsett surface water RAB-SW-5004 Silver 2.68 UG/L U nc nc nc nc nc NA
Assaumpsett surface water RAB-SW-5004 Silver 0.00671 UG/L J nc nc nc nc nc NA
Assaumpsett surface water RAB-SW-5004 Silver 2.68 UG/L U nc nc nc nc nc NA
Assaumpsett surface water RAB-SW-5004 Silver 0.00334 UG/L J nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2040 Silver 1.6 UG/L J nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2040 Silver 1.6 UG/L J nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2039 Silver 1.6 UG/L J nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2039 Silver 1.1 UG/L J nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2040 Silver 1.2 UG/L J nc nc nc nc nc NA
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Appendix F
Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Lyman Mill surface water WRL-SD-2040 Silver 1.4 UG/L J nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2041 Silver 1.4 UG/L J nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2041 Silver 1.2 UG/L J nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2042 Silver 0.4 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2042 Silver 0.4 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2051 Silver 0.4 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2050 Silver 0.4 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2050 Silver 0.4 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2051 Silver 0.4 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2051 Silver 0.4 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2052 Silver 0.4 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2052 Silver 0.4 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2053 Silver 0.4 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2053 Silver 0.4 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2049 Silver 0.4 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2049 Silver 0.4 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2045 Silver 1 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2045 Silver 1 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2046 Silver 1.1 UG/L UJ nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2046 Silver 1 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2047 Silver 1 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2047 Silver 1 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2045 Silver 1 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2043 Silver 1 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2043 Silver 1 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2048 Silver 1 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2048 Silver 1 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2044 Silver 1 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2044 Silver 1.6 UG/L UJ nc nc nc nc nc NA
Lyman Mill surface water WRL-SW-4005 Silver 2.68 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SW-4004 Silver 2.68 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SW-4005 Silver 2.68 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SW-4005 Silver 2.68 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SW-4004 Silver 2.68 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SW-4005 Silver 2.68 UG/L U nc nc nc nc nc NA
Source Area surface water CMW-SD-2016 Silver 1 UG/L J nc nc nc nc nc NA
Source Area surface water CMW-SD-2016 Silver 1 UG/L U nc nc nc nc nc NA
Source Area surface water CMW-SD-2019 Silver 1.5 UG/L J nc nc nc nc nc NA
Source Area surface water CMW-SD-2019 Silver 1 UG/L U nc nc nc nc nc NA
Source Area surface water CMW-SD-2020 Silver 1 UG/L U nc nc nc nc nc NA
Source Area surface water CMW-SD-2020 Silver 1 UG/L U nc nc nc nc nc NA
Source Area surface water CMW-SD-2021 Silver 1 UG/L U nc nc nc nc nc NA
Source Area surface water CMW-SD-2021 Silver 1.6 UG/L J nc nc nc nc nc NA
Source Area surface water CMW-SD-2022 Silver 1.2 UG/L J nc nc nc nc nc NA
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Source Area surface water CMW-SD-2022 Silver 1 UG/L U nc nc nc nc nc NA
Source Area surface water WRC-SD-2009 Silver 0.4 UG/L U nc nc nc nc nc NA
Source Area surface water WRC-SD-2009 Silver 0.4 UG/L U nc nc nc nc nc NA
Source Area surface water WRC-SD-2013 Silver 0.4 UG/L U nc nc nc nc nc NA
Source Area surface water WRC-SD-2013 Silver 0.4 UG/L U nc nc nc nc nc NA
Source Area surface water WRC-SD-2010 Silver 0.4 UG/L U nc nc nc nc nc NA
Source Area surface water WRC-SD-2010 Silver 0.4 UG/L U nc nc nc nc nc NA
Source Area surface water WRC-SD-2011 Silver 0.4 UG/L U nc nc nc nc nc NA
Source Area surface water WRC-SD-2011 Silver 0.4 UG/L U nc nc nc nc nc NA
Source Area surface water WRC-SD-2012 Silver 0.4 UG/L U nc nc nc nc nc NA
Source Area surface water WRC-SD-2012 Silver 0.4 UG/L U nc nc nc nc nc NA
Source Area surface water WRC-SD-2011 Silver 0.4 UG/L U nc nc nc nc nc NA
Upstream surface water RCC-SD-3001 Silver 1.1 UG/L UJ nc nc nc nc nc NA
Upstream surface water RCC-SD-3001 Silver 1 UG/L U nc nc nc nc nc NA
Upstream surface water RCC-SD-3002 Silver 1 UG/L U nc nc nc nc nc NA
Upstream surface water RCC-SD-3002 Silver 1 UG/L U nc nc nc nc nc NA
Upstream surface water RCC-SD-3003 Silver 1.3 UG/L UJ nc nc nc nc nc NA
Upstream surface water RCC-SD-3003 Silver 1 UG/L U nc nc nc nc nc NA
Upstream surface water RCC-SD-3002 Silver 1.3 UG/L UJ nc nc nc nc nc NA
Upstream surface water RWR-SW-5001 Silver 2.68 UG/L U nc nc nc nc nc NA
Upstream surface water RWR-SW-5002 Silver 2.68 UG/L U nc nc nc nc nc NA
Upstream surface water RWR-SW-5001 Silver 2.68 UG/L U nc nc nc nc nc NA
Upstream surface water RWR-SW-5002 Silver 2.68 UG/L U nc nc nc nc nc NA
Allendale surface water CMW-SD-2023 Thallium 10.9 UG/L 1.0 nc 0.24 0.24 0.24 Y
Allendale surface water CMW-SD-2023 Thallium 7 UG/L U 1.0 nc 0.24 0.24 0.24 NA
Allendale surface water CMW-SD-2024 Thallium 14.5 UG/L 1.0 nc 0.24 0.24 0.24 Y
Allendale surface water CMW-SD-2024 Thallium 7.4 UG/L J 1.0 nc 0.24 0.24 0.24 Y
Allendale surface water CMW-SD-2023 Thallium 7 UG/L U 1.0 nc 0.24 0.24 0.24 NA
Allendale surface water CMW-SD-2025 Thallium 7.5 UG/L J 1.0 nc 0.24 0.24 0.24 Y
Allendale surface water CMW-SD-2025 Thallium 10.6 UG/L J 1.0 nc 0.24 0.24 0.24 Y
Allendale surface water APB-SD-2029 Thallium 12.1 UG/L 1.0 nc 0.24 0.24 0.24 Y
Allendale surface water APB-SD-2029 Thallium 8.9 UG/L UJ 1.0 nc 0.24 0.24 0.24 NA
Allendale surface water WRC-SD-2014 Thallium 2.1 UG/L U 1.0 nc 0.24 0.24 0.24 NA
Allendale surface water WRC-SD-2014 Thallium 2.1 UG/L U 1.0 nc 0.24 0.24 0.24 NA
Allendale surface water WRC-SD-2015 Thallium 2.1 UG/L U 1.0 nc 0.24 0.24 0.24 NA
Allendale surface water WRC-SD-2015 Thallium 3 UG/L UJ 1.0 nc 0.24 0.24 0.24 NA
Allendale surface water APB-SD-2034 Thallium 2.2 UG/L J 1.0 nc 0.24 0.24 0.24 Y
Allendale surface water APB-SD-2034 Thallium 2.1 UG/L U 1.0 nc 0.24 0.24 0.24 NA
Allendale surface water APC-SD-2035 Thallium 2.1 UG/L U 1.0 nc 0.24 0.24 0.24 NA
Allendale surface water APC-SD-2035 Thallium 2.1 UG/L U 1.0 nc 0.24 0.24 0.24 NA
Allendale surface water APC-SD-2036 Thallium 2.1 UG/L U 1.0 nc 0.24 0.24 0.24 NA
Allendale surface water APC-SD-2036 Thallium 4.4 UG/L U 1.0 nc 0.24 0.24 0.24 NA
Allendale surface water WRC-SW-4001 Thallium 0.00607 UG/L J 1.0 nc 0.24 0.24 0.24 N
Allendale surface water WRC-SW-4002 Thallium 0.00725 UG/L J 1.0 nc 0.24 0.24 0.24 N
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Allendale surface water WRC-SW-4003 Thallium 0.00673 UG/L J 1.0 nc 0.24 0.24 0.24 N
Allendale surface water WRC-SW-4004 Thallium 0.00674 UG/L J 1.0 nc 0.24 0.24 0.24 N
Allendale surface water WRC-SW-4001 Thallium 0.00513 UG/L J 1.0 nc 0.24 0.24 0.24 N
Allendale surface water WRC-SW-4002 Thallium 0.00578 UG/L J 1.0 nc 0.24 0.24 0.24 N
Allendale surface water WRC-SW-4003 Thallium 0.00604 UG/L J 1.0 nc 0.24 0.24 0.24 N
Allendale surface water WRC-SW-4004 Thallium 0.00555 UG/L J 1.0 nc 0.24 0.24 0.24 N
Assaumpsett surface water RAB-SD-3004 Thallium 7 UG/L U 1.0 nc 0.24 0.24 0.24 NA
Assaumpsett surface water RAB-SD-3004 Thallium 7 UG/L U 1.0 nc 0.24 0.24 0.24 NA
Assaumpsett surface water RAB-SW-5004 Thallium 0.00594 UG/L J 1.0 nc 0.24 0.24 0.24 N
Assaumpsett surface water RAB-SW-5004 Thallium 0.00511 UG/L J 1.0 nc 0.24 0.24 0.24 N
Assaumpsett surface water RAB-SW-5004 Thallium 0.00954 UG/L J 1.0 nc 0.24 0.24 0.24 N
Assaumpsett surface water RAB-SW-5004 Thallium 0.00806 UG/L J 1.0 nc 0.24 0.24 0.24 N
Lyman Mill surface water WRL-SD-2040 Thallium 7 UG/L U 1.0 nc 0.24 0.24 0.24 NA
Lyman Mill surface water WRL-SD-2040 Thallium 7 UG/L U 1.0 nc 0.24 0.24 0.24 NA
Lyman Mill surface water WRL-SD-2039 Thallium 7 UG/L U 1.0 nc 0.24 0.24 0.24 NA
Lyman Mill surface water WRL-SD-2039 Thallium 7 UG/L UJ 1.0 nc 0.24 0.24 0.24 NA
Lyman Mill surface water WRL-SD-2040 Thallium 7 UG/L U 1.0 nc 0.24 0.24 0.24 NA
Lyman Mill surface water WRL-SD-2040 Thallium 7 UG/L U 1.0 nc 0.24 0.24 0.24 NA
Lyman Mill surface water WRL-SD-2041 Thallium 7 UG/L U 1.0 nc 0.24 0.24 0.24 NA
Lyman Mill surface water WRL-SD-2041 Thallium 7 UG/L U 1.0 nc 0.24 0.24 0.24 NA
Lyman Mill surface water WRL-SD-2042 Thallium 2.1 UG/L U 1.0 nc 0.24 0.24 0.24 NA
Lyman Mill surface water WRL-SD-2042 Thallium 2.1 UG/L U 1.0 nc 0.24 0.24 0.24 NA
Lyman Mill surface water LPX-SD-2051 Thallium 2.1 UG/L U 1.0 nc 0.24 0.24 0.24 NA
Lyman Mill surface water LPX-SD-2050 Thallium 2.1 UG/L U 1.0 nc 0.24 0.24 0.24 NA
Lyman Mill surface water LPX-SD-2050 Thallium 2.1 UG/L U 1.0 nc 0.24 0.24 0.24 NA
Lyman Mill surface water LPX-SD-2051 Thallium 2.1 UG/L U 1.0 nc 0.24 0.24 0.24 NA
Lyman Mill surface water LPX-SD-2051 Thallium 2.1 UG/L U 1.0 nc 0.24 0.24 0.24 NA
Lyman Mill surface water LPX-SD-2052 Thallium 2.1 UG/L U 1.0 nc 0.24 0.24 0.24 NA
Lyman Mill surface water LPX-SD-2052 Thallium 2.1 UG/L U 1.0 nc 0.24 0.24 0.24 NA
Lyman Mill surface water LPX-SD-2053 Thallium 2.1 UG/L U 1.0 nc 0.24 0.24 0.24 NA
Lyman Mill surface water LPX-SD-2053 Thallium 2.1 UG/L U 1.0 nc 0.24 0.24 0.24 NA
Lyman Mill surface water LPX-SD-2049 Thallium 2.1 UG/L U 1.0 nc 0.24 0.24 0.24 NA
Lyman Mill surface water LPX-SD-2049 Thallium 2.1 UG/L U 1.0 nc 0.24 0.24 0.24 NA
Lyman Mill surface water LPX-SD-2045 Thallium 7 UG/L U 1.0 nc 0.24 0.24 0.24 NA
Lyman Mill surface water LPX-SD-2045 Thallium 7.3 UG/L J 1.0 nc 0.24 0.24 0.24 Y
Lyman Mill surface water LPX-SD-2046 Thallium 7 UG/L U 1.0 nc 0.24 0.24 0.24 NA
Lyman Mill surface water LPX-SD-2046 Thallium 9 UG/L 1.0 nc 0.24 0.24 0.24 Y
Lyman Mill surface water LPX-SD-2047 Thallium 7.7 UG/L J 1.0 nc 0.24 0.24 0.24 Y
Lyman Mill surface water LPX-SD-2047 Thallium 7.8 UG/L J 1.0 nc 0.24 0.24 0.24 Y
Lyman Mill surface water LPX-SD-2045 Thallium 7 UG/L U 1.0 nc 0.24 0.24 0.24 NA
Lyman Mill surface water WRL-SD-2043 Thallium 7 UG/L U 1.0 nc 0.24 0.24 0.24 NA
Lyman Mill surface water WRL-SD-2043 Thallium 7 UG/L U 1.0 nc 0.24 0.24 0.24 NA
Lyman Mill surface water LPX-SD-2048 Thallium 7 UG/L U 1.0 nc 0.24 0.24 0.24 NA
Lyman Mill surface water LPX-SD-2048 Thallium 7 UG/L U 1.0 nc 0.24 0.24 0.24 NA
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Appendix F
Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Lyman Mill surface water WRL-SD-2044 Thallium 7 UG/L U 1.0 nc 0.24 0.24 0.24 NA
Lyman Mill surface water WRL-SD-2044 Thallium 7.6 UG/L J 1.0 nc 0.24 0.24 0.24 Y
Lyman Mill surface water WRL-SW-4005 Thallium 0.00601 UG/L J 1.0 nc 0.24 0.24 0.24 N
Lyman Mill surface water WRL-SW-4004 Thallium 0.00722 UG/L J 1.0 nc 0.24 0.24 0.24 N
Lyman Mill surface water WRL-SW-4005 Thallium 0.00678 UG/L J 1.0 nc 0.24 0.24 0.24 N
Lyman Mill surface water WRL-SW-4005 Thallium 0.02 UG/L J 1.0 nc 0.24 0.24 0.24 N
Lyman Mill surface water WRL-SW-4004 Thallium 0.0229 UG/L J 1.0 nc 0.24 0.24 0.24 N
Lyman Mill surface water WRL-SW-4005 Thallium 0.0228 UG/L J 1.0 nc 0.24 0.24 0.24 N
Source Area surface water CMW-SD-2016 Thallium 7 UG/L U 1.0 nc 0.24 0.24 0.24 NA
Source Area surface water CMW-SD-2016 Thallium 7 UG/L U 1.0 nc 0.24 0.24 0.24 NA
Source Area surface water CMW-SD-2019 Thallium 8.9 UG/L UJ 1.0 nc 0.24 0.24 0.24 NA
Source Area surface water CMW-SD-2019 Thallium 7 UG/L U 1.0 nc 0.24 0.24 0.24 NA
Source Area surface water CMW-SD-2020 Thallium 7 UG/L U 1.0 nc 0.24 0.24 0.24 NA
Source Area surface water CMW-SD-2020 Thallium 7 UG/L U 1.0 nc 0.24 0.24 0.24 NA
Source Area surface water CMW-SD-2021 Thallium 7 UG/L U 1.0 nc 0.24 0.24 0.24 NA
Source Area surface water CMW-SD-2021 Thallium 7 UG/L U 1.0 nc 0.24 0.24 0.24 NA
Source Area surface water CMW-SD-2022 Thallium 11.2 UG/L J 1.0 nc 0.24 0.24 0.24 Y
Source Area surface water CMW-SD-2022 Thallium 7 UG/L J 1.0 nc 0.24 0.24 0.24 Y
Source Area surface water WRC-SD-2009 Thallium 4.1 UG/L UJ 1.0 nc 0.24 0.24 0.24 NA
Source Area surface water WRC-SD-2009 Thallium 2.1 UG/L U 1.0 nc 0.24 0.24 0.24 NA
Source Area surface water WRC-SD-2013 Thallium 2.1 UG/L U 1.0 nc 0.24 0.24 0.24 NA
Source Area surface water WRC-SD-2013 Thallium 2.1 UG/L U 1.0 nc 0.24 0.24 0.24 NA
Source Area surface water WRC-SD-2010 Thallium 2.8 UG/L UJ 1.0 nc 0.24 0.24 0.24 NA
Source Area surface water WRC-SD-2010 Thallium 2.1 UG/L U 1.0 nc 0.24 0.24 0.24 NA
Source Area surface water WRC-SD-2011 Thallium 4.3 UG/L U 1.0 nc 0.24 0.24 0.24 NA
Source Area surface water WRC-SD-2011 Thallium 2.1 UG/L U 1.0 nc 0.24 0.24 0.24 NA
Source Area surface water WRC-SD-2012 Thallium 2.2 UG/L UJ 1.0 nc 0.24 0.24 0.24 NA
Source Area surface water WRC-SD-2012 Thallium 2.1 UG/L U 1.0 nc 0.24 0.24 0.24 NA
Source Area surface water WRC-SD-2011 Thallium 2.5 UG/L UJ 1.0 nc 0.24 0.24 0.24 NA
Upstream surface water RCC-SD-3001 Thallium 7 UG/L U 1.0 nc 0.24 0.24 0.24 NA
Upstream surface water RCC-SD-3001 Thallium 7 UG/L U 1.0 nc 0.24 0.24 0.24 NA
Upstream surface water RCC-SD-3002 Thallium 7 UG/L U 1.0 nc 0.24 0.24 0.24 NA
Upstream surface water RCC-SD-3002 Thallium 7 UG/L U 1.0 nc 0.24 0.24 0.24 NA
Upstream surface water RCC-SD-3003 Thallium 7 UG/L U 1.0 nc 0.24 0.24 0.24 NA
Upstream surface water RCC-SD-3003 Thallium 7 UG/L U 1.0 nc 0.24 0.24 0.24 NA
Upstream surface water RCC-SD-3002 Thallium 7 UG/L U 1.0 nc 0.24 0.24 0.24 NA
Upstream surface water RWR-SW-5001 Thallium 0.00741 UG/L J 1.0 nc 0.24 0.24 0.24 N
Upstream surface water RWR-SW-5002 Thallium 0.0064 UG/L J 1.0 nc 0.24 0.24 0.24 N
Upstream surface water RWR-SW-5001 Thallium 0.0067 UG/L J 1.0 nc 0.24 0.24 0.24 N
Upstream surface water RWR-SW-5002 Thallium 0.00908 UG/L J 1.0 nc 0.24 0.24 0.24 N
Allendale surface water CMW-SD-2023 Zinc 32.6 UG/L 36 36 7400 7400 36 N
Allendale surface water CMW-SD-2023 Zinc 78.4 UG/L 36 36 7400 7400 36 Y
Allendale surface water CMW-SD-2024 Zinc 104 UG/L 36 36 7400 7400 36 Y
Allendale surface water CMW-SD-2024 Zinc 121 UG/L 36 36 7400 7400 36 Y


Interim Final CMRP Feasibility Study Report
Appendix F F-147 April 2010







Appendix F
Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Allendale surface water CMW-SD-2023 Zinc 29.6 UG/L 36 36 7400 7400 36 N
Allendale surface water CMW-SD-2025 Zinc 26.7 UG/L 36 36 7400 7400 36 N
Allendale surface water CMW-SD-2025 Zinc 77 UG/L 36 36 7400 7400 36 Y
Allendale surface water APB-SD-2029 Zinc 500 UG/L 36 36 7400 7400 36 Y
Allendale surface water APB-SD-2029 Zinc 100 UG/L J 36 36 7400 7400 36 Y
Allendale surface water WRC-SD-2014 Zinc 12.9 UG/L U 36 36 7400 7400 36 NA
Allendale surface water WRC-SD-2014 Zinc 62 UG/L 36 36 7400 7400 36 Y
Allendale surface water WRC-SD-2015 Zinc 121 UG/L 36 36 7400 7400 36 Y
Allendale surface water WRC-SD-2015 Zinc 61.5 UG/L 36 36 7400 7400 36 Y
Allendale surface water APB-SD-2034 Zinc 37.4 UG/L 36 36 7400 7400 36 Y
Allendale surface water APB-SD-2034 Zinc 95.4 UG/L 36 36 7400 7400 36 Y
Allendale surface water APC-SD-2035 Zinc 15.2 UG/L J 36 36 7400 7400 36 N
Allendale surface water APC-SD-2035 Zinc 75.5 UG/L 36 36 7400 7400 36 Y
Allendale surface water APC-SD-2036 Zinc 34.3 UG/L 36 36 7400 7400 36 N
Allendale surface water APC-SD-2036 Zinc 81.4 UG/L 36 36 7400 7400 36 Y
Allendale surface water WRC-SW-4001 Zinc 6.3 UG/L 36 36 7400 7400 36 N
Allendale surface water WRC-SW-4002 Zinc 6.8 UG/L 36 36 7400 7400 36 N
Allendale surface water WRC-SW-4003 Zinc 5.92 UG/L 36 36 7400 7400 36 N
Allendale surface water WRC-SW-4004 Zinc 6.43 UG/L 36 36 7400 7400 36 N
Allendale surface water WRC-SW-4001 Zinc 4.44 UG/L J 36 36 7400 7400 36 N
Allendale surface water WRC-SW-4002 Zinc 4.62 UG/L J 36 36 7400 7400 36 N
Allendale surface water WRC-SW-4003 Zinc 4.6 UG/L J 36 36 7400 7400 36 N
Allendale surface water WRC-SW-4004 Zinc 4.74 UG/L J 36 36 7400 7400 36 N
Assaumpsett surface water RAB-SD-3004 Zinc 66.5 UG/L 36 36 7400 7400 36 Y
Assaumpsett surface water RAB-SD-3004 Zinc 20.6 UG/L 36 36 7400 7400 36 N
Assaumpsett surface water RAB-SW-5004 Zinc 1.6 UG/L J 36 36 7400 7400 36 N
Assaumpsett surface water RAB-SW-5004 Zinc 1.52 UG/L J 36 36 7400 7400 36 N
Assaumpsett surface water RAB-SW-5004 Zinc 4.8 UG/L U 36 36 7400 7400 36 NA
Assaumpsett surface water RAB-SW-5004 Zinc 1.14 UG/L J 36 36 7400 7400 36 N
Lyman Mill surface water WRL-SD-2040 Zinc 25.5 UG/L 36 36 7400 7400 36 N
Lyman Mill surface water WRL-SD-2040 Zinc 47 UG/L J 36 36 7400 7400 36 Y
Lyman Mill surface water WRL-SD-2039 Zinc 28.1 UG/L 36 36 7400 7400 36 N
Lyman Mill surface water WRL-SD-2039 Zinc 22.9 UG/L J 36 36 7400 7400 36 N
Lyman Mill surface water WRL-SD-2040 Zinc 23.7 UG/L 36 36 7400 7400 36 N
Lyman Mill surface water WRL-SD-2040 Zinc 105 UG/L J 36 36 7400 7400 36 Y
Lyman Mill surface water WRL-SD-2041 Zinc 25.5 UG/L 36 36 7400 7400 36 N
Lyman Mill surface water WRL-SD-2041 Zinc 23.4 UG/L J 36 36 7400 7400 36 N
Lyman Mill surface water WRL-SD-2042 Zinc 53.5 UG/L 36 36 7400 7400 36 Y
Lyman Mill surface water WRL-SD-2042 Zinc 12.9 UG/L U 36 36 7400 7400 36 NA
Lyman Mill surface water LPX-SD-2051 Zinc 12.9 UG/L U 36 36 7400 7400 36 NA
Lyman Mill surface water LPX-SD-2050 Zinc 13.2 UG/L J 36 36 7400 7400 36 N
Lyman Mill surface water LPX-SD-2050 Zinc 86.2 UG/L 36 36 7400 7400 36 Y
Lyman Mill surface water LPX-SD-2051 Zinc 13.4 UG/L J 36 36 7400 7400 36 N
Lyman Mill surface water LPX-SD-2051 Zinc 70.1 UG/L 36 36 7400 7400 36 Y
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Appendix F
Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Lyman Mill surface water LPX-SD-2052 Zinc 23 UG/L J 36 36 7400 7400 36 N
Lyman Mill surface water LPX-SD-2052 Zinc 70.8 UG/L 36 36 7400 7400 36 Y
Lyman Mill surface water LPX-SD-2053 Zinc 16.3 UG/L J 36 36 7400 7400 36 N
Lyman Mill surface water LPX-SD-2053 Zinc 88.3 UG/L 36 36 7400 7400 36 Y
Lyman Mill surface water LPX-SD-2049 Zinc 21.4 UG/L J 36 36 7400 7400 36 N
Lyman Mill surface water LPX-SD-2049 Zinc 74.6 UG/L 36 36 7400 7400 36 Y
Lyman Mill surface water LPX-SD-2045 Zinc 20.8 UG/L 36 36 7400 7400 36 N
Lyman Mill surface water LPX-SD-2045 Zinc 23.1 UG/L 36 36 7400 7400 36 N
Lyman Mill surface water LPX-SD-2046 Zinc 44.2 UG/L 36 36 7400 7400 36 Y
Lyman Mill surface water LPX-SD-2046 Zinc 95.6 UG/L 36 36 7400 7400 36 Y
Lyman Mill surface water LPX-SD-2047 Zinc 22.4 UG/L 36 36 7400 7400 36 N
Lyman Mill surface water LPX-SD-2047 Zinc 20.9 UG/L 36 36 7400 7400 36 N
Lyman Mill surface water LPX-SD-2045 Zinc 17.8 UG/L 36 36 7400 7400 36 N
Lyman Mill surface water WRL-SD-2043 Zinc 75.7 UG/L 36 36 7400 7400 36 Y
Lyman Mill surface water WRL-SD-2043 Zinc 65 UG/L 36 36 7400 7400 36 Y
Lyman Mill surface water LPX-SD-2048 Zinc 19.3 UG/L 36 36 7400 7400 36 N
Lyman Mill surface water LPX-SD-2048 Zinc 27.1 UG/L 36 36 7400 7400 36 N
Lyman Mill surface water WRL-SD-2044 Zinc 25.1 UG/L 36 36 7400 7400 36 N
Lyman Mill surface water WRL-SD-2044 Zinc 22.4 UG/L 36 36 7400 7400 36 N
Lyman Mill surface water WRL-SW-4005 Zinc 13.1 UG/L 36 36 7400 7400 36 N
Lyman Mill surface water WRL-SW-4004 Zinc 9.83 UG/L 36 36 7400 7400 36 N
Lyman Mill surface water WRL-SW-4005 Zinc 9.87 UG/L 36 36 7400 7400 36 N
Lyman Mill surface water WRL-SW-4005 Zinc 6.61 UG/L 36 36 7400 7400 36 N
Lyman Mill surface water WRL-SW-4004 Zinc 7.08 UG/L 36 36 7400 7400 36 N
Lyman Mill surface water WRL-SW-4005 Zinc 6.65 UG/L 36 36 7400 7400 36 N
Source Area surface water CMW-SD-2016 Zinc 68 UG/L 36 36 7400 7400 36 Y
Source Area surface water CMW-SD-2016 Zinc 59.6 UG/L J 36 36 7400 7400 36 Y
Source Area surface water CMW-SD-2019 Zinc 292 UG/L 36 36 7400 7400 36 Y
Source Area surface water CMW-SD-2019 Zinc 78.2 UG/L J 36 36 7400 7400 36 Y
Source Area surface water CMW-SD-2020 Zinc 35.4 UG/L 36 36 7400 7400 36 N
Source Area surface water CMW-SD-2020 Zinc 88.7 UG/L J 36 36 7400 7400 36 Y
Source Area surface water CMW-SD-2021 Zinc 28.7 UG/L 36 36 7400 7400 36 N
Source Area surface water CMW-SD-2021 Zinc 11.8 UG/L UJ 36 36 7400 7400 36 NA
Source Area surface water CMW-SD-2022 Zinc 27.9 UG/L 36 36 7400 7400 36 N
Source Area surface water CMW-SD-2022 Zinc 105 UG/L 36 36 7400 7400 36 Y
Source Area surface water WRC-SD-2009 Zinc 12.9 UG/L U 36 36 7400 7400 36 NA
Source Area surface water WRC-SD-2009 Zinc 86.9 UG/L 36 36 7400 7400 36 Y
Source Area surface water WRC-SD-2013 Zinc 12.9 UG/L U 36 36 7400 7400 36 NA
Source Area surface water WRC-SD-2013 Zinc 54.3 UG/L 36 36 7400 7400 36 Y
Source Area surface water WRC-SD-2010 Zinc 15.6 UG/L J 36 36 7400 7400 36 N
Source Area surface water WRC-SD-2010 Zinc 69.6 UG/L 36 36 7400 7400 36 Y
Source Area surface water WRC-SD-2011 Zinc 12.9 UG/L U 36 36 7400 7400 36 NA
Source Area surface water WRC-SD-2011 Zinc 107 UG/L 36 36 7400 7400 36 Y
Source Area surface water WRC-SD-2012 Zinc 12.9 UG/L U 36 36 7400 7400 36 NA
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Source Area surface water WRC-SD-2012 Zinc 50.6 UG/L 36 36 7400 7400 36 Y
Source Area surface water WRC-SD-2011 Zinc 12.9 UG/L U 36 36 7400 7400 36 NA
Upstream surface water RCC-SD-3001 Zinc 48.2 UG/L 36 36 7400 7400 36 Y
Upstream surface water RCC-SD-3001 Zinc 28 UG/L 36 36 7400 7400 36 N
Upstream surface water RCC-SD-3002 Zinc 76 UG/L 36 36 7400 7400 36 Y
Upstream surface water RCC-SD-3002 Zinc 34.3 UG/L 36 36 7400 7400 36 N
Upstream surface water RCC-SD-3003 Zinc 16.1 UG/L 36 36 7400 7400 36 N
Upstream surface water RCC-SD-3003 Zinc 16.7 UG/L 36 36 7400 7400 36 N
Upstream surface water RCC-SD-3002 Zinc 63.6 UG/L 36 36 7400 7400 36 Y
Upstream surface water RWR-SW-5001 Zinc 6.47 UG/L 36 36 7400 7400 36 N
Upstream surface water RWR-SW-5002 Zinc 6.22 UG/L 36 36 7400 7400 36 N
Upstream surface water RWR-SW-5001 Zinc 5.28 UG/L 36 36 7400 7400 36 N
Upstream surface water RWR-SW-5002 Zinc 5.61 UG/L 36 36 7400 7400 36 N
Allendale surface water CMW-SD-2023 2,3,7,8-TCDD 1.6E-05 UG/L J nc nc 5.E-08 5E-09 5.E-07 Y
Allendale surface water CMW-SD-2023 2,3,7,8-TCDD 2.3E-05 UG/L J nc nc 5.E-08 5E-09 5.E-07 Y
Allendale surface water CMW-SD-2024 2,3,7,8-TCDD 7.6E-04 UG/L nc nc 5.E-08 5E-09 5.E-07 Y
Allendale surface water CMW-SD-2025 2,3,7,8-TCDD 4.6E-06 UG/L U nc nc 5.E-08 5E-09 5.E-07 NA
Allendale surface water APB-SD-2029 2,3,7,8-TCDD 4.0E-03 UG/L J nc nc 5.E-08 5E-09 5.E-07 Y
Allendale surface water WRC-SD-2014 2,3,7,8-TCDD 5.4E-06 UG/L UJ nc nc 5.E-08 5E-09 5.E-07 NA
Allendale surface water WRC-SD-2015 2,3,7,8-TCDD 4.4E-05 UG/L J nc nc 5.E-08 5E-09 5.E-07 Y
Allendale surface water APB-SD-2034 2,3,7,8-TCDD 4.9E-06 UG/L EMPC nc nc 5.E-08 5E-09 5.E-07 Y
Allendale surface water APC-SD-2036 2,3,7,8-TCDD 5.0E-06 UG/L EMPC nc nc 5.E-08 5E-09 5.E-07 Y
Allendale surface water APC-SD-2035 2,3,7,8-TCDD 2.4E-06 UG/L UJ nc nc 5.E-08 5E-09 5.E-07 NA
Allendale surface water APC-SD-2036 2,3,7,8-TCDD 3.3E-06 UG/L UJ nc nc 5.E-08 5E-09 5.E-07 NA
Allendale surface water APB-SW-6001 2,3,7,8-TCDD          9.2E-07 UG/L U nc nc 5.E-08 5E-09 5.E-07 NA
Allendale surface water APB-SW-6001 2,3,7,8-TCDD          1.2E-06 UG/L U nc nc 5.E-08 5E-09 5.E-07 NA
Allendale surface water APB-SW-6001 2,3,7,8-TCDD          4.9E-07 UG/L UEMPC nc nc 5.E-08 5E-09 5.E-07 N
Assaumpsett surface water RAB-SD-3004 2,3,7,8-TCDD 3.2E-06 UG/L U nc nc 5.E-08 5E-09 5.E-07 NA
Lyman Mill surface water WRL-SD-2040 2,3,7,8-TCDD 5.0E-06 UG/L EMPC nc nc 5.E-08 5E-09 5.E-07 Y
Lyman Mill surface water WRL-SD-2039 2,3,7,8-TCDD 9.2E-06 UG/L UJ nc nc 5.E-08 5E-09 5.E-07 NA
Lyman Mill surface water WRL-SD-2040 2,3,7,8-TCDD 2.9E-06 UG/L EMPC nc nc 5.E-08 5E-09 5.E-07 Y
Lyman Mill surface water WRL-SD-2041 2,3,7,8-TCDD 5.3E-05 UG/L J nc nc 5.E-08 5E-09 5.E-07 Y
Lyman Mill surface water WRL-SD-2042 2,3,7,8-TCDD 8.5E-04 UG/L nc nc 5.E-08 5E-09 5.E-07 Y
Lyman Mill surface water LPX-SD-2050 2,3,7,8-TCDD 2.9E-06 UG/L EMPC nc nc 5.E-08 5E-09 5.E-07 Y
Lyman Mill surface water LPX-SD-2051 2,3,7,8-TCDD 4.1E-06 UG/L EMPC nc nc 5.E-08 5E-09 5.E-07 Y
Lyman Mill surface water LPX-SD-2052 2,3,7,8-TCDD 4.7E-06 UG/L U nc nc 5.E-08 5E-09 5.E-07 NA
Lyman Mill surface water LPX-SD-2053 2,3,7,8-TCDD 6.5E-06 UG/L UJ nc nc 5.E-08 5E-09 5.E-07 NA
Lyman Mill surface water LPX-SD-2049 2,3,7,8-TCDD 3.8E-05 UG/L nc nc 5.E-08 5E-09 5.E-07 Y
Lyman Mill surface water LPX-SD-2045 2,3,7,8-TCDD 7.3E-06 UG/L U nc nc 5.E-08 5E-09 5.E-07 NA
Lyman Mill surface water LPX-SD-2046 2,3,7,8-TCDD 1.4E-04 UG/L nc nc 5.E-08 5E-09 5.E-07 Y
Lyman Mill surface water LPX-SD-2047 2,3,7,8-TCDD 7.3E-06 UG/L U nc nc 5.E-08 5E-09 5.E-07 NA
Lyman Mill surface water LPX-SD-2045 2,3,7,8-TCDD 6.4E-06 UG/L U nc nc 5.E-08 5E-09 5.E-07 NA
Lyman Mill surface water WRL-SD-2043 2,3,7,8-TCDD 1.6E-04 UG/L nc nc 5.E-08 5E-09 5.E-07 Y
Lyman Mill surface water LPX-SD-2048 2,3,7,8-TCDD 4.0E-06 UG/L U nc nc 5.E-08 5E-09 5.E-07 NA
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Lyman Mill surface water WRL-SD-2044 2,3,7,8-TCDD 8.6E-06 UG/L U nc nc 5.E-08 5E-09 5.E-07 NA
Lyman Mill surface water LPX-SW-6001 2,3,7,8-TCDD          3.4E-06 UG/L nc nc 5.E-08 5E-09 5.E-07 Y
Lyman Mill surface water LPX-SW-6001 2,3,7,8-TCDD          1.9E-05 UG/L nc nc 5.E-08 5E-09 5.E-07 Y
Lyman Mill surface water LPX-SW-6001 2,3,7,8-TCDD          2.0E-06 UG/L nc nc 5.E-08 5E-09 5.E-07 Y
Source Area surface water CMW-SD-2016 2,3,7,8-TCDD 4.2E-06 UG/L UJ nc nc 5.E-08 5E-09 5.E-07 NA
Source Area surface water CMW-SD-2019 2,3,7,8-TCDD 1.3E-02 UG/L J nc nc 5.E-08 5E-09 5.E-07 Y
Source Area surface water CMW-SD-2020 2,3,7,8-TCDD 2.9E-05 UG/L nc nc 5.E-08 5E-09 5.E-07 Y
Source Area surface water CMW-SD-2021 2,3,7,8-TCDD 3.7E-06 UG/L UJ nc nc 5.E-08 5E-09 5.E-07 NA
Source Area surface water WRC-SD-2009 2,3,7,8-TCDD 7.2E-06 UG/L UJ nc nc 5.E-08 5E-09 5.E-07 NA
Source Area surface water WRC-SD-2013 2,3,7,8-TCDD 5.9E-06 UG/L U nc nc 5.E-08 5E-09 5.E-07 NA
Source Area surface water WRC-SD-2010 2,3,7,8-TCDD 1.0E-05 UG/L J nc nc 5.E-08 5E-09 5.E-07 Y
Source Area surface water WRC-SD-2011 2,3,7,8-TCDD 5.2E-06 UG/L UJ nc nc 5.E-08 5E-09 5.E-07 NA
Source Area surface water WRC-SD-2012 2,3,7,8-TCDD 4.9E-06 UG/L UJ nc nc 5.E-08 5E-09 5.E-07 NA
Upstream surface water RCC-SD-3001 2,3,7,8-TCDD 3.4E-06 UG/L U nc nc 5.E-08 5E-09 5.E-07 NA
Upstream surface water RCC-SD-3002 2,3,7,8-TCDD 5.3E-06 UG/L U nc nc 5.E-08 5E-09 5.E-07 NA
Upstream surface water RCC-SD-3003 2,3,7,8-TCDD 4.0E-06 UG/L U nc nc 5.E-08 5E-09 5.E-07 NA
Upstream surface water RWR-SW-6001 2,3,7,8-TCDD          2.3E-07 UG/L U nc nc 5.E-08 5E-09 5.E-07 NA
Upstream surface water RWR-SW-6001 2,3,7,8-TCDD          3.3E-07 UG/L U nc nc 5.E-08 5E-09 5.E-07 NA
Upstream surface water RWR-SW-6001 2,3,7,8-TCDD          5.5E-07 UG/L U nc nc 5.E-08 5E-09 5.E-07 NA
Allendale surface water WRC-SW-4001 Benzene 1 UG/L U 5.9 nc 22 2.2 2.2 NA
Allendale surface water WRC-SW-4002 Benzene 1 UG/L U 5.9 nc 22 2.2 2.2 NA
Allendale surface water WRC-SW-4003 Benzene 1 UG/L U 5.9 nc 22 2.2 2.2 NA
Allendale surface water WRC-SW-4004 Benzene 1 UG/L U 5.9 nc 22 2.2 2.2 NA
Assaumpsett surface water RAB-SW-5004 Benzene 1 UG/L UJ 5.9 nc 22 2.2 2.2 NA
Upstream surface water RWR-SW-5001 Benzene 1 UG/L U 5.9 nc 22 2.2 2.2 NA
Upstream surface water RWR-SW-5002 Benzene 1 UG/L U 5.9 nc 22 2.2 2.2 NA
Lyman Mill surface water WRL-SW-4005 Benzene 1 UG/L U 5.9 nc 22 2.2 2.2 NA
Lyman Mill surface water WRL-SW-4004 Benzene 1 UG/L U 5.9 nc 22 2.2 2.2 NA
Lyman Mill surface water WRL-SW-4005 Benzene 1 UG/L U 5.9 nc 22 2.2 2.2 NA
Allendale surface water WRC-SW-4001 Bromoform 1 UG/L UJ 33 nc 43 4.3 4.3 NA
Allendale surface water WRC-SW-4002 Bromoform 1 UG/L UJ 33 nc 43 4.3 4.3 NA
Allendale surface water WRC-SW-4003 Bromoform 1 UG/L UJ 33 nc 43 4.3 4.3 NA
Allendale surface water WRC-SW-4004 Bromoform 1 UG/L UJ 33 nc 43 4.3 4.3 NA
Assaumpsett surface water RAB-SW-5004 Bromoform 1 UG/L UJ 33 nc 43 4.3 4.3 NA
Upstream surface water RWR-SW-5001 Bromoform 1 UG/L UJ 33 nc 43 4.3 4.3 NA
Upstream surface water RWR-SW-5002 Bromoform 1 UG/L UJ 33 nc 43 4.3 4.3 NA
Lyman Mill surface water WRL-SW-4005 Bromoform 1 UG/L UJ 33 nc 43 4.3 4.3 NA
Lyman Mill surface water WRL-SW-4004 Bromoform 1 UG/L UJ 33 nc 43 4.3 4.3 NA
Lyman Mill surface water WRL-SW-4005 Bromoform 1 UG/L UJ 33 nc 43 4.3 4.3 NA
Allendale surface water WRC-SW-4001 Carbon Tetrachloride 1 UG/L U 30 nc 2.3 0.23 0.23 NA
Allendale surface water WRC-SW-4002 Carbon Tetrachloride 1 UG/L U 30 nc 2.3 0.23 0.23 NA
Allendale surface water WRC-SW-4003 Carbon Tetrachloride 1 UG/L U 30 nc 2.3 0.23 0.23 NA
Allendale surface water WRC-SW-4004 Carbon Tetrachloride 1 UG/L U 30 nc 2.3 0.23 0.23 NA
Assaumpsett surface water RAB-SW-5004 Carbon Tetrachloride 1 UG/L U 30 nc 2.3 0.23 0.23 NA


Interim Final CMRP Feasibility Study Report
Appendix F F-151 April 2010







Appendix F
Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Upstream surface water RWR-SW-5001 Carbon Tetrachloride 1 UG/L U 30 nc 2.3 0.23 0.23 NA
Upstream surface water RWR-SW-5002 Carbon Tetrachloride 1 UG/L U 30 nc 2.3 0.23 0.23 NA
Lyman Mill surface water WRL-SW-4005 Carbon Tetrachloride 1 UG/L U 30 nc 2.3 0.23 0.23 NA
Lyman Mill surface water WRL-SW-4004 Carbon Tetrachloride 1 UG/L U 30 nc 2.3 0.23 0.23 NA
Lyman Mill surface water WRL-SW-4005 Carbon Tetrachloride 1 UG/L U 30 nc 2.3 0.23 0.23 NA
Allendale surface water WRC-SW-4001 Chlorobenzene 1 UG/L U 18 nc 130 130 18 NA
Allendale surface water WRC-SW-4002 Chlorobenzene 1 UG/L U 18 nc 130 130 18 NA
Allendale surface water WRC-SW-4003 Chlorobenzene 1 UG/L U 18 nc 130 130 18 NA
Allendale surface water WRC-SW-4004 Chlorobenzene 1 UG/L U 18 nc 130 130 18 NA
Assaumpsett surface water RAB-SW-5004 Chlorobenzene 1 UG/L UJ 18 nc 130 130 18 NA
Upstream surface water RWR-SW-5001 Chlorobenzene 1 UG/L U 18 nc 130 130 18 NA
Upstream surface water RWR-SW-5002 Chlorobenzene 1 UG/L U 18 nc 130 130 18 NA
Lyman Mill surface water WRL-SW-4005 Chlorobenzene 1 UG/L U 18 nc 130 130 18 NA
Lyman Mill surface water WRL-SW-4004 Chlorobenzene 1 UG/L U 18 nc 130 130 18 NA
Lyman Mill surface water WRL-SW-4005 Chlorobenzene 1 UG/L U 18 nc 130 130 18 NA
Allendale surface water WRC-SW-4001 Dibromochloromethane 1 UG/L U nc nc 4 0.4 0.4 NA
Allendale surface water WRC-SW-4002 Dibromochloromethane 1 UG/L U nc nc 4 0.4 0.4 NA
Allendale surface water WRC-SW-4003 Dibromochloromethane 1 UG/L U nc nc 4 0.4 0.4 NA
Allendale surface water WRC-SW-4004 Dibromochloromethane 1 UG/L U nc nc 4 0.4 0.4 NA
Assaumpsett surface water RAB-SW-5004 Dibromochloromethane 1 UG/L UJ nc nc 4 0.4 0.4 NA
Upstream surface water RWR-SW-5001 Dibromochloromethane 1 UG/L UJ nc nc 4 0.4 0.4 NA
Upstream surface water RWR-SW-5002 Dibromochloromethane 1 UG/L UJ nc nc 4 0.4 0.4 NA
Lyman Mill surface water WRL-SW-4005 Dibromochloromethane 1 UG/L UJ nc nc 4 0.4 0.4 NA
Lyman Mill surface water WRL-SW-4004 Dibromochloromethane 1 UG/L UJ nc nc 4 0.4 0.4 NA
Lyman Mill surface water WRL-SW-4005 Dibromochloromethane 1 UG/L UJ nc nc 4 0.4 0.4 NA
Allendale surface water WRC-SW-4001 Chloroethane 1 UG/L UJ nc nc nc nc nc NA
Allendale surface water WRC-SW-4002 Chloroethane 1 UG/L UJ nc nc nc nc nc NA
Allendale surface water WRC-SW-4003 Chloroethane 1 UG/L UJ nc nc nc nc nc NA
Allendale surface water WRC-SW-4004 Chloroethane 1 UG/L UJ nc nc nc nc nc NA
Assaumpsett surface water RAB-SW-5004 Chloroethane 1 UG/L UJ nc nc nc nc nc NA
Upstream surface water RWR-SW-5001 Chloroethane 1 UG/L UJ nc nc nc nc nc NA
Upstream surface water RWR-SW-5002 Chloroethane 1 UG/L UJ nc nc nc nc nc NA
Lyman Mill surface water WRL-SW-4005 Chloroethane 1 UG/L UJ nc nc nc nc nc NA
Lyman Mill surface water WRL-SW-4004 Chloroethane 1 UG/L UJ nc nc nc nc nc NA
Lyman Mill surface water WRL-SW-4005 Chloroethane 1 UG/L UJ nc nc nc nc nc NA
Allendale surface water WRC-SW-4001 Chloroform 1 UG/L U 32 nc 57 5.7 5.7 NA
Allendale surface water WRC-SW-4002 Chloroform 1 UG/L U 32 nc 57 5.7 5.7 NA
Allendale surface water WRC-SW-4003 Chloroform 1 UG/L U 32 nc 57 5.7 5.7 NA
Allendale surface water WRC-SW-4004 Chloroform 1 UG/L U 32 nc 57 5.7 5.7 NA
Assaumpsett surface water RAB-SW-5004 Chloroform 1 UG/L U 32 nc 57 5.7 5.7 NA
Upstream surface water RWR-SW-5001 Chloroform 1 UG/L U 32 nc 57 5.7 5.7 NA
Upstream surface water RWR-SW-5002 Chloroform 1 UG/L U 32 nc 57 5.7 5.7 NA
Lyman Mill surface water WRL-SW-4005 Chloroform 1 UG/L U 32 nc 57 5.7 5.7 NA
Lyman Mill surface water WRL-SW-4004 Chloroform 1 UG/L U 32 nc 57 5.7 5.7 NA
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1
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ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Lyman Mill surface water WRL-SW-4005 Chloroform 1 UG/L U 32 nc 57 5.7 5.7 NA
Allendale surface water WRC-SW-4001 Bromodichloromethane 1 UG/L UJ nc nc 5.5 0.55 0.55 NA
Allendale surface water WRC-SW-4002 Bromodichloromethane 1 UG/L U nc nc 5.5 0.55 0.55 NA
Allendale surface water WRC-SW-4003 Bromodichloromethane 1 UG/L UJ nc nc 5.5 0.55 0.55 NA
Allendale surface water WRC-SW-4004 Bromodichloromethane 1 UG/L UJ nc nc 5.5 0.55 0.55 NA
Assaumpsett surface water RAB-SW-5004 Bromodichloromethane 1 UG/L UJ nc nc 5.5 0.55 0.55 NA
Upstream surface water RWR-SW-5001 Bromodichloromethane 1 UG/L UJ nc nc 5.5 0.55 0.55 NA
Upstream surface water RWR-SW-5002 Bromodichloromethane 1 UG/L UJ nc nc 5.5 0.55 0.55 NA
Lyman Mill surface water WRL-SW-4005 Bromodichloromethane 1 UG/L UJ nc nc 5.5 0.55 0.55 NA
Lyman Mill surface water WRL-SW-4004 Bromodichloromethane 1 UG/L UJ nc nc 5.5 0.55 0.55 NA
Lyman Mill surface water WRL-SW-4005 Bromodichloromethane 1 UG/L UJ nc nc 5.5 0.55 0.55 NA
Allendale surface water WRC-SW-4001 1,1-dichloroethane 1 UG/L U nc nc nc nc nc NA
Allendale surface water WRC-SW-4002 1,1-dichloroethane 1 UG/L U nc nc nc nc nc NA
Allendale surface water WRC-SW-4003 1,1-dichloroethane 1 UG/L U nc nc nc nc nc NA
Allendale surface water WRC-SW-4004 1,1-dichloroethane 1 UG/L U nc nc nc nc nc NA
Assaumpsett surface water RAB-SW-5004 1,1-dichloroethane 1 UG/L U nc nc nc nc nc NA
Upstream surface water RWR-SW-5001 1,1-dichloroethane 1 UG/L U nc nc nc nc nc NA
Upstream surface water RWR-SW-5002 1,1-dichloroethane 1 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SW-4005 1,1-dichloroethane 1 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SW-4004 1,1-dichloroethane 1 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SW-4005 1,1-dichloroethane 1 UG/L U nc nc nc nc nc NA
Allendale surface water WRC-SW-4001 1,2-dichloroethane 1 UG/L U 131 nc 3.8 0.38 0.38 NA
Allendale surface water WRC-SW-4002 1,2-dichloroethane 1 UG/L U 131 nc 3.8 0.38 0.38 NA
Allendale surface water WRC-SW-4003 1,2-dichloroethane 1 UG/L U 131 nc 3.8 0.38 0.38 NA
Allendale surface water WRC-SW-4004 1,2-dichloroethane 1 UG/L U 131 nc 3.8 0.38 0.38 NA
Assaumpsett surface water RAB-SW-5004 1,2-dichloroethane 1 UG/L UJ 131 nc 3.8 0.38 0.38 NA
Upstream surface water RWR-SW-5001 1,2-dichloroethane 1 UG/L UJ 131 nc 3.8 0.38 0.38 NA
Upstream surface water RWR-SW-5002 1,2-dichloroethane 1 UG/L UJ 131 nc 3.8 0.38 0.38 NA
Lyman Mill surface water WRL-SW-4005 1,2-dichloroethane 1 UG/L UJ 131 nc 3.8 0.38 0.38 NA
Lyman Mill surface water WRL-SW-4004 1,2-dichloroethane 1 UG/L UJ 131 nc 3.8 0.38 0.38 NA
Lyman Mill surface water WRL-SW-4005 1,2-dichloroethane 1 UG/L UJ 131 nc 3.8 0.38 0.38 NA
Allendale surface water WRC-SW-4001 1,1-dichloroethene 1 UG/L U 13 nc 330 330 13 NA
Allendale surface water WRC-SW-4002 1,1-dichloroethene 1 UG/L U 13 nc 330 330 13 NA
Allendale surface water WRC-SW-4003 1,1-dichloroethene 1 UG/L U 13 nc 330 330 13 NA
Allendale surface water WRC-SW-4004 1,1-dichloroethene 1 UG/L U 13 nc 330 330 13 NA
Assaumpsett surface water RAB-SW-5004 1,1-dichloroethene 1 UG/L U 13 nc 330 330 13 NA
Upstream surface water RWR-SW-5001 1,1-dichloroethene 1 UG/L U 13 nc 330 330 13 NA
Upstream surface water RWR-SW-5002 1,1-dichloroethene 1 UG/L U 13 nc 330 330 13 NA
Lyman Mill surface water WRL-SW-4005 1,1-dichloroethene 1 UG/L U 13 nc 330 330 13 NA
Lyman Mill surface water WRL-SW-4004 1,1-dichloroethene 1 UG/L U 13 nc 330 330 13 NA
Lyman Mill surface water WRL-SW-4005 1,1-dichloroethene 1 UG/L U 13 nc 330 330 13 NA
Allendale surface water WRC-SW-4001 1,2-dichloropropane 1 UG/L U 58 nc 5 0.5 0.5 NA
Allendale surface water WRC-SW-4002 1,2-dichloropropane 1 UG/L U 58 nc 5 0.5 0.5 NA
Allendale surface water WRC-SW-4003 1,2-dichloropropane 1 UG/L U 58 nc 5 0.5 0.5 NA
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1
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ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Allendale surface water WRC-SW-4004 1,2-dichloropropane 1 UG/L U 58 nc 5 0.5 0.5 NA
Assaumpsett surface water RAB-SW-5004 1,2-dichloropropane 1 UG/L UJ 58 nc 5 0.5 0.5 NA
Upstream surface water RWR-SW-5001 1,2-dichloropropane 1 UG/L U 58 nc 5 0.5 0.5 NA
Upstream surface water RWR-SW-5002 1,2-dichloropropane 1 UG/L U 58 nc 5 0.5 0.5 NA
Lyman Mill surface water WRL-SW-4005 1,2-dichloropropane 1 UG/L U 58 nc 5 0.5 0.5 NA
Lyman Mill surface water WRL-SW-4004 1,2-dichloropropane 1 UG/L U 58 nc 5 0.5 0.5 NA
Lyman Mill surface water WRL-SW-4005 1,2-dichloropropane 1 UG/L U 58 nc 5 0.5 0.5 NA
Allendale surface water WRC-SW-4001 Cis-1,3-dichloropropene 1 UG/L U nc nc 0.34 0.34 0.34 4 NA
Allendale surface water WRC-SW-4002 Cis-1,3-dichloropropene 1 UG/L U nc nc 0.34 0.34 0.34 4 NA
Allendale surface water WRC-SW-4003 Cis-1,3-dichloropropene 1 UG/L U nc nc 0.34 0.34 0.34 4 NA
Allendale surface water WRC-SW-4004 Cis-1,3-dichloropropene 1 UG/L U nc nc 0.34 0.34 0.34 4 NA
Assaumpsett surface water RAB-SW-5004 Cis-1,3-dichloropropene 1 UG/L UJ nc nc 0.34 0.34 0.34 4 NA
Upstream surface water RWR-SW-5001 Cis-1,3-dichloropropene 1 UG/L U nc nc 0.34 0.34 0.34 4 NA
Upstream surface water RWR-SW-5002 Cis-1,3-dichloropropene 1 UG/L U nc nc 0.34 0.34 0.34 4 NA
Lyman Mill surface water WRL-SW-4005 Cis-1,3-dichloropropene 1 UG/L U nc nc 0.34 0.34 0.34 4 NA
Lyman Mill surface water WRL-SW-4004 Cis-1,3-dichloropropene 1 UG/L U nc nc 0.34 0.34 0.34 4 NA
Lyman Mill surface water WRL-SW-4005 Cis-1,3-dichloropropene 1 UG/L U nc nc 0.34 0.34 0.34 4 NA
Allendale surface water WRC-SW-4001 Trans-1,3-dichloropropene 1 UG/L U nc nc nc nc nc 4 NA
Allendale surface water WRC-SW-4002 Trans-1,3-dichloropropene 1 UG/L U nc nc nc nc nc 4 NA
Allendale surface water WRC-SW-4003 Trans-1,3-dichloropropene 1 UG/L U nc nc nc nc nc 4 NA
Allendale surface water WRC-SW-4004 Trans-1,3-dichloropropene 1 UG/L U nc nc nc nc nc 4 NA
Assaumpsett surface water RAB-SW-5004 Trans-1,3-dichloropropene 1 UG/L UJ nc nc nc nc nc 4 NA
Upstream surface water RWR-SW-5001 Trans-1,3-dichloropropene 1 UG/L U nc nc nc nc nc 4 NA
Upstream surface water RWR-SW-5002 Trans-1,3-dichloropropene 1 UG/L U nc nc nc nc nc 4 NA
Lyman Mill surface water WRL-SW-4005 Trans-1,3-dichloropropene 1 UG/L U nc nc nc nc nc 4 NA
Lyman Mill surface water WRL-SW-4004 Trans-1,3-dichloropropene 1 UG/L U nc nc nc nc nc 4 NA
Lyman Mill surface water WRL-SW-4005 Trans-1,3-dichloropropene 1 UG/L U nc nc nc nc nc 4 NA
Allendale surface water WRC-SW-4001 Ethylbenzene 1 UG/L U 36 nc 530 530 36 NA
Allendale surface water WRC-SW-4002 Ethylbenzene 1 UG/L U 36 nc 530 530 36 NA
Allendale surface water WRC-SW-4003 Ethylbenzene 1 UG/L U 36 nc 530 530 36 NA
Allendale surface water WRC-SW-4004 Ethylbenzene 1 UG/L U 36 nc 530 530 36 NA
Assaumpsett surface water RAB-SW-5004 Ethylbenzene 1 UG/L U 36 nc 530 530 36 NA
Upstream surface water RWR-SW-5001 Ethylbenzene 1 UG/L U 36 nc 530 530 36 NA
Upstream surface water RWR-SW-5002 Ethylbenzene 1 UG/L U 36 nc 530 530 36 NA
Lyman Mill surface water WRL-SW-4005 Ethylbenzene 1 UG/L U 36 nc 530 530 36 NA
Lyman Mill surface water WRL-SW-4004 Ethylbenzene 1 UG/L U 36 nc 530 530 36 NA
Lyman Mill surface water WRL-SW-4005 Ethylbenzene 1 UG/L U 36 nc 530 530 36 NA
Allendale surface water WRC-SW-4001 Methylene Chloride 1 UG/L U 214 nc 46 4.6 4.6 NA
Allendale surface water WRC-SW-4002 Methylene Chloride 1 UG/L U 214 nc 46 4.6 4.6 NA
Allendale surface water WRC-SW-4003 Methylene Chloride 1 UG/L U 214 nc 46 4.6 4.6 NA
Allendale surface water WRC-SW-4004 Methylene Chloride 0.3 UG/L J 214 nc 46 4.6 4.6 N
Assaumpsett surface water RAB-SW-5004 Methylene Chloride 1 UG/L UJ 214 nc 46 4.6 4.6 NA
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RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Upstream surface water RWR-SW-5001 Methylene Chloride 1 UG/L UJ 214 nc 46 4.6 4.6 NA
Upstream surface water RWR-SW-5002 Methylene Chloride 1 UG/L UJ 214 nc 46 4.6 4.6 NA
Lyman Mill surface water WRL-SW-4005 Methylene Chloride 1 UG/L UJ 214 nc 46 4.6 4.6 NA
Lyman Mill surface water WRL-SW-4004 Methylene Chloride 1 UG/L UJ 214 nc 46 4.6 4.6 NA
Lyman Mill surface water WRL-SW-4005 Methylene Chloride 1 UG/L UJ 214 nc 46 4.6 4.6 NA
Allendale surface water WRC-SW-4001 1,1,2,2-tetrachloroethane 1 UG/L UJ 10 nc 1.7 0.17 0.17 NA
Allendale surface water WRC-SW-4002 1,1,2,2-tetrachloroethane 1 UG/L UJ 10 nc 1.7 0.17 0.17 NA
Allendale surface water WRC-SW-4003 1,1,2,2-tetrachloroethane 1 UG/L UJ 10 nc 1.7 0.17 0.17 NA
Allendale surface water WRC-SW-4004 1,1,2,2-tetrachloroethane 1 UG/L UJ 10 nc 1.7 0.17 0.17 NA
Assaumpsett surface water RAB-SW-5004 1,1,2,2-tetrachloroethane 1 UG/L UJ 10 nc 1.7 0.17 0.17 NA
Upstream surface water RWR-SW-5001 1,1,2,2-tetrachloroethane 1 UG/L UJ 10 nc 1.7 0.17 0.17 NA
Upstream surface water RWR-SW-5002 1,1,2,2-tetrachloroethane 1 UG/L UJ 10 nc 1.7 0.17 0.17 NA
Lyman Mill surface water WRL-SW-4005 1,1,2,2-tetrachloroethane 1 UG/L UJ 10 nc 1.7 0.17 0.17 NA
Lyman Mill surface water WRL-SW-4004 1,1,2,2-tetrachloroethane 1 UG/L UJ 10 nc 1.7 0.17 0.17 NA
Lyman Mill surface water WRL-SW-4005 1,1,2,2-tetrachloroethane 1 UG/L UJ 10 nc 1.7 0.17 0.17 NA
Allendale surface water WRC-SW-4001 Tetrachloroethene 1 UG/L UJ 5.3 nc 6.9 0.69 0.69 NA
Allendale surface water WRC-SW-4002 Tetrachloroethene 1 UG/L UJ 5.3 nc 6.9 0.69 0.69 NA
Allendale surface water WRC-SW-4003 Tetrachloroethene 0.7 UG/L J 5.3 nc 6.9 0.69 0.69 Y
Allendale surface water WRC-SW-4004 Tetrachloroethene 0.5 UG/L J 5.3 nc 6.9 0.69 0.69 N
Assaumpsett surface water RAB-SW-5004 Tetrachloroethene 1 UG/L UJ 5.3 nc 6.9 0.69 0.69 NA
Upstream surface water RWR-SW-5001 Tetrachloroethene 1 UG/L UJ 5.3 nc 6.9 0.69 0.69 NA
Upstream surface water RWR-SW-5002 Tetrachloroethene 1 UG/L UJ 5.3 nc 6.9 0.69 0.69 NA
Lyman Mill surface water WRL-SW-4005 Tetrachloroethene 1 UG/L UJ 5.3 nc 6.9 0.69 0.69 NA
Lyman Mill surface water WRL-SW-4004 Tetrachloroethene 1 UG/L UJ 5.3 nc 6.9 0.69 0.69 NA
Lyman Mill surface water WRL-SW-4005 Tetrachloroethene 1 UG/L UJ 5.3 nc 6.9 0.69 0.69 NA
Allendale surface water WRC-SW-4001 Toluene 1 UG/L U 14 nc 1300 1300 14 NA
Allendale surface water WRC-SW-4002 Toluene 1 UG/L U 14 nc 1300 1300 14 NA
Allendale surface water WRC-SW-4003 Toluene 1 UG/L U 14 nc 1300 1300 14 NA
Allendale surface water WRC-SW-4004 Toluene 1 UG/L U 14 nc 1300 1300 14 NA
Assaumpsett surface water RAB-SW-5004 Toluene 1 UG/L UJ 14 nc 1300 1300 14 NA
Upstream surface water RWR-SW-5001 Toluene 1 UG/L U 14 nc 1300 1300 14 NA
Upstream surface water RWR-SW-5002 Toluene 1 UG/L U 14 nc 1300 1300 14 NA
Lyman Mill surface water WRL-SW-4005 Toluene 1 UG/L U 14 nc 1300 1300 14 NA
Lyman Mill surface water WRL-SW-4004 Toluene 1 UG/L U 14 nc 1300 1300 14 NA
Lyman Mill surface water WRL-SW-4005 Toluene 1 UG/L U 14 nc 1300 1300 14 NA
Allendale surface water WRC-SW-4001 Trans-1,2-dichloroethene 1 UG/L U nc nc 140 140 140 NA
Allendale surface water WRC-SW-4002 Trans-1,2-dichloroethene 1 UG/L U nc nc 140 140 140 NA
Allendale surface water WRC-SW-4003 Trans-1,2-dichloroethene 1 UG/L U nc nc 140 140 140 NA
Allendale surface water WRC-SW-4004 Trans-1,2-dichloroethene 1 UG/L U nc nc 140 140 140 NA
Assaumpsett surface water RAB-SW-5004 Trans-1,2-dichloroethene 1 UG/L U nc nc 140 140 140 NA
Upstream surface water RWR-SW-5001 Trans-1,2-dichloroethene 1 UG/L U nc nc 140 140 140 NA
Upstream surface water RWR-SW-5002 Trans-1,2-dichloroethene 1 UG/L U nc nc 140 140 140 NA
Lyman Mill surface water WRL-SW-4005 Trans-1,2-dichloroethene 1 UG/L U nc nc 140 140 140 NA
Lyman Mill surface water WRL-SW-4004 Trans-1,2-dichloroethene 1 UG/L U nc nc 140 140 140 NA
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Appendix F
Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1
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ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Lyman Mill surface water WRL-SW-4005 Trans-1,2-dichloroethene 1 UG/L U nc nc 140 140 140 NA
Allendale surface water WRC-SW-4001 1,1,1-trichloroethane 1 UG/L U nc nc nc 3 3 NA
Allendale surface water WRC-SW-4002 1,1,1-trichloroethane 1 UG/L U nc nc nc 3 3 NA
Allendale surface water WRC-SW-4003 1,1,1-trichloroethane 1 UG/L U nc nc nc 3 3 NA
Allendale surface water WRC-SW-4004 1,1,1-trichloroethane 1 UG/L U nc nc nc 3 3 NA
Assaumpsett surface water RAB-SW-5004 1,1,1-trichloroethane 1 UG/L U nc nc nc 3 3 NA
Upstream surface water RWR-SW-5001 1,1,1-trichloroethane 1 UG/L U nc nc nc 3 3 NA
Upstream surface water RWR-SW-5002 1,1,1-trichloroethane 1 UG/L U nc nc nc 3 3 NA
Lyman Mill surface water WRL-SW-4005 1,1,1-trichloroethane 1 UG/L U nc nc nc 3 3 NA
Lyman Mill surface water WRL-SW-4004 1,1,1-trichloroethane 1 UG/L U nc nc nc 3 3 NA
Lyman Mill surface water WRL-SW-4005 1,1,1-trichloroethane 1 UG/L U nc nc nc 3 3 NA
Allendale surface water WRC-SW-4001 1,1,2-trichloroethane 1 UG/L U 20 nc 5.9 0.59 0.59 NA
Allendale surface water WRC-SW-4002 1,1,2-trichloroethane 1 UG/L U 20 nc 5.9 0.59 0.59 NA
Allendale surface water WRC-SW-4003 1,1,2-trichloroethane 1 UG/L U 20 nc 5.9 0.59 0.59 NA
Allendale surface water WRC-SW-4004 1,1,2-trichloroethane 1 UG/L U 20 nc 5.9 0.59 0.59 NA
Assaumpsett surface water RAB-SW-5004 1,1,2-trichloroethane 1 UG/L UJ 20 nc 5.9 0.59 0.59 NA
Upstream surface water RWR-SW-5001 1,1,2-trichloroethane 1 UG/L U 20 nc 5.9 0.59 0.59 NA
Upstream surface water RWR-SW-5002 1,1,2-trichloroethane 1 UG/L U 20 nc 5.9 0.59 0.59 NA
Lyman Mill surface water WRL-SW-4005 1,1,2-trichloroethane 1 UG/L U 20 nc 5.9 0.59 0.59 NA
Lyman Mill surface water WRL-SW-4004 1,1,2-trichloroethane 1 UG/L U 20 nc 5.9 0.59 0.59 NA
Lyman Mill surface water WRL-SW-4005 1,1,2-trichloroethane 1 UG/L U 20 nc 5.9 0.59 0.59 NA
Allendale surface water WRC-SW-4001 Trichloroethene 1 UG/L U 43 nc 25 2.5 2.5 NA
Allendale surface water WRC-SW-4002 Trichloroethene 1 UG/L U 43 nc 25 2.5 2.5 NA
Allendale surface water WRC-SW-4003 Trichloroethene 1 UG/L U 43 nc 25 2.5 2.5 NA
Allendale surface water WRC-SW-4004 Trichloroethene 1 UG/L U 43 nc 25 2.5 2.5 NA
Assaumpsett surface water RAB-SW-5004 Trichloroethene 1 UG/L U 43 nc 25 2.5 2.5 NA
Upstream surface water RWR-SW-5001 Trichloroethene 1 UG/L U 43 nc 25 2.5 2.5 NA
Upstream surface water RWR-SW-5002 Trichloroethene 1 UG/L U 43 nc 25 2.5 2.5 NA
Lyman Mill surface water WRL-SW-4005 Trichloroethene 1 UG/L U 43 nc 25 2.5 2.5 NA
Lyman Mill surface water WRL-SW-4004 Trichloroethene 1 UG/L U 43 nc 25 2.5 2.5 NA
Lyman Mill surface water WRL-SW-4005 Trichloroethene 1 UG/L U 43 nc 25 2.5 2.5 NA
Allendale surface water WRC-SW-4001 Vinyl Chloride 1 UG/L U nc nc 0.025 0.025 0.025 NA
Allendale surface water WRC-SW-4002 Vinyl Chloride 1 UG/L U nc nc 0.025 0.025 0.025 NA
Allendale surface water WRC-SW-4003 Vinyl Chloride 1 UG/L U nc nc 0.025 0.025 0.025 NA
Allendale surface water WRC-SW-4004 Vinyl Chloride 1 UG/L U nc nc 0.025 0.025 0.025 NA
Assaumpsett surface water RAB-SW-5004 Vinyl Chloride 1 UG/L U nc nc 0.025 0.025 0.025 NA
Upstream surface water RWR-SW-5001 Vinyl Chloride 1 UG/L U nc nc 0.025 0.025 0.025 NA
Upstream surface water RWR-SW-5002 Vinyl Chloride 1 UG/L U nc nc 0.025 0.025 0.025 NA
Lyman Mill surface water WRL-SW-4005 Vinyl Chloride 1 UG/L U nc nc 0.025 0.025 0.025 NA
Lyman Mill surface water WRL-SW-4004 Vinyl Chloride 1 UG/L U nc nc 0.025 0.025 0.025 NA
Lyman Mill surface water WRL-SW-4005 Vinyl Chloride 1 UG/L U nc nc 0.025 0.025 0.025 NA
Lyman Mill surface water WRL-SD-2040 2-chlorophenol 10 UG/L U 2.9 nc 81 81 2.9 NA
Lyman Mill surface water WRL-SD-2039 2-chlorophenol 10 UG/L U 2.9 nc 81 81 2.9 NA
Lyman Mill surface water WRL-SD-2040 2-chlorophenol 10 UG/L U 2.9 nc 81 81 2.9 NA
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL
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Island Federal 1
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Island Federal 1
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(UG/L) 2
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Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Lyman Mill surface water WRL-SD-2041 2-chlorophenol 10 UG/L U 2.9 nc 81 81 2.9 NA
Source Area surface water CMW-SD-2016 2-chlorophenol 10 UG/L U 2.9 nc 81 81 2.9 NA
Source Area surface water CMW-SD-2019 2-chlorophenol 10 UG/L U 2.9 nc 81 81 2.9 NA
Source Area surface water CMW-SD-2020 2-chlorophenol 10 UG/L U 2.9 nc 81 81 2.9 NA
Source Area surface water CMW-SD-2021 2-chlorophenol 10 UG/L U 2.9 nc 81 81 2.9 NA
Allendale surface water CMW-SD-2023 2-chlorophenol 10 UG/L U 2.9 nc 81 81 2.9 NA
Source Area surface water CMW-SD-2022 2-chlorophenol 10 UG/L U 2.9 nc 81 81 2.9 NA
Allendale surface water CMW-SD-2023 2-chlorophenol 10 UG/L U 2.9 nc 81 81 2.9 NA
Allendale surface water CMW-SD-2024 2-chlorophenol 10 UG/L U 2.9 nc 81 81 2.9 NA
Allendale surface water CMW-SD-2025 2-chlorophenol 10 UG/L U 2.9 nc 81 81 2.9 NA
Allendale surface water APB-SD-2029 2-chlorophenol 10 UG/L U 2.9 nc 81 81 2.9 NA
Source Area surface water WRC-SD-2009 2-chlorophenol 10 UG/L U 2.9 nc 81 81 2.9 NA
Source Area surface water WRC-SD-2013 2-chlorophenol 10 UG/L U 2.9 nc 81 81 2.9 NA
Allendale surface water WRC-SD-2014 2-chlorophenol 10 UG/L U 2.9 nc 81 81 2.9 NA
Allendale surface water WRC-SD-2015 2-chlorophenol 10 UG/L U 2.9 nc 81 81 2.9 NA
Source Area surface water WRC-SD-2010 2-chlorophenol 10 UG/L U 2.9 nc 81 81 2.9 NA
Source Area surface water WRC-SD-2011 2-chlorophenol 10 UG/L U 2.9 nc 81 81 2.9 NA
Source Area surface water WRC-SD-2012 2-chlorophenol 10 UG/L U 2.9 nc 81 81 2.9 NA
Lyman Mill surface water WRL-SD-2042 2-chlorophenol 10 UG/L U 2.9 nc 81 81 2.9 NA
Allendale surface water APB-SD-2034 2-chlorophenol 10 UG/L U 2.9 nc 81 81 2.9 NA
Allendale surface water APC-SD-2036 2-chlorophenol 10 UG/L U 2.9 nc 81 81 2.9 NA
Allendale surface water APC-SD-2035 2-chlorophenol 10 UG/L U 2.9 nc 81 81 2.9 NA
Allendale surface water APC-SD-2036 2-chlorophenol 10 UG/L U 2.9 nc 81 81 2.9 NA
Lyman Mill surface water LPX-SD-2050 2-chlorophenol 10 UG/L U 2.9 nc 81 81 2.9 NA
Lyman Mill surface water LPX-SD-2052 2-chlorophenol 10 UG/L U 2.9 nc 81 81 2.9 NA
Lyman Mill surface water LPX-SD-2053 2-chlorophenol 10 UG/L U 2.9 nc 81 81 2.9 NA
Lyman Mill surface water LPX-SD-2049 2-chlorophenol 10 UG/L U 2.9 nc 81 81 2.9 NA
Lyman Mill surface water LPX-SD-2045 2-chlorophenol 10 UG/L U 2.9 nc 81 81 2.9 NA
Lyman Mill surface water LPX-SD-2046 2-chlorophenol 10 UG/L UJ 2.9 nc 81 81 2.9 NA
Lyman Mill surface water LPX-SD-2047 2-chlorophenol 10 UG/L U 2.9 nc 81 81 2.9 NA
Lyman Mill surface water LPX-SD-2045 2-chlorophenol 10 UG/L U 2.9 nc 81 81 2.9 NA
Lyman Mill surface water WRL-SD-2043 2-chlorophenol 10 UG/L U 2.9 nc 81 81 2.9 NA
Lyman Mill surface water LPX-SD-2048 2-chlorophenol 10 UG/L U 2.9 nc 81 81 2.9 NA
Lyman Mill surface water LPX-SD-2051 2-chlorophenol 10 UG/L U 2.9 nc 81 81 2.9 NA
Lyman Mill surface water WRL-SD-2044 2-chlorophenol 10 UG/L U 2.9 nc 81 81 2.9 NA
Assaumpsett surface water RAB-SD-3004 2-chlorophenol 10 UG/L U 2.9 nc 81 81 2.9 NA
Upstream surface water RCC-SD-3001 2-chlorophenol 10 UG/L U 2.9 nc 81 81 2.9 NA
Upstream surface water RCC-SD-3002 2-chlorophenol 10 UG/L U 2.9 nc 81 81 2.9 NA
Upstream surface water RCC-SD-3003 2-chlorophenol 10 UG/L U 2.9 nc 81 81 2.9 NA
Lyman Mill surface water WRL-SD-2040 2,4-dichlorophenol 10 UG/L U 2.2 nc 77 77 2.2 NA
Lyman Mill surface water WRL-SD-2039 2,4-dichlorophenol 10 UG/L U 2.2 nc 77 77 2.2 NA
Lyman Mill surface water WRL-SD-2040 2,4-dichlorophenol 10 UG/L U 2.2 nc 77 77 2.2 NA
Lyman Mill surface water WRL-SD-2041 2,4-dichlorophenol 10 UG/L U 2.2 nc 77 77 2.2 NA
Source Area surface water CMW-SD-2016 2,4-dichlorophenol 10 UG/L U 2.2 nc 77 77 2.2 NA
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RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 
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(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 
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Source Area surface water CMW-SD-2019 2,4-dichlorophenol 10 UG/L U 2.2 nc 77 77 2.2 NA
Source Area surface water CMW-SD-2020 2,4-dichlorophenol 10 UG/L U 2.2 nc 77 77 2.2 NA
Source Area surface water CMW-SD-2021 2,4-dichlorophenol 10 UG/L U 2.2 nc 77 77 2.2 NA
Allendale surface water CMW-SD-2023 2,4-dichlorophenol 10 UG/L U 2.2 nc 77 77 2.2 NA
Source Area surface water CMW-SD-2022 2,4-dichlorophenol 10 UG/L U 2.2 nc 77 77 2.2 NA
Allendale surface water CMW-SD-2023 2,4-dichlorophenol 10 UG/L U 2.2 nc 77 77 2.2 NA
Allendale surface water CMW-SD-2024 2,4-dichlorophenol 10 UG/L U 2.2 nc 77 77 2.2 NA
Allendale surface water CMW-SD-2025 2,4-dichlorophenol 10 UG/L U 2.2 nc 77 77 2.2 NA
Allendale surface water APB-SD-2029 2,4-dichlorophenol 10 UG/L U 2.2 nc 77 77 2.2 NA
Source Area surface water WRC-SD-2009 2,4-dichlorophenol 10 UG/L U 2.2 nc 77 77 2.2 NA
Source Area surface water WRC-SD-2013 2,4-dichlorophenol 10 UG/L U 2.2 nc 77 77 2.2 NA
Allendale surface water WRC-SD-2014 2,4-dichlorophenol 10 UG/L U 2.2 nc 77 77 2.2 NA
Allendale surface water WRC-SD-2015 2,4-dichlorophenol 10 UG/L U 2.2 nc 77 77 2.2 NA
Source Area surface water WRC-SD-2010 2,4-dichlorophenol 10 UG/L U 2.2 nc 77 77 2.2 NA
Source Area surface water WRC-SD-2011 2,4-dichlorophenol 10 UG/L U 2.2 nc 77 77 2.2 NA
Source Area surface water WRC-SD-2012 2,4-dichlorophenol 10 UG/L U 2.2 nc 77 77 2.2 NA
Lyman Mill surface water WRL-SD-2042 2,4-dichlorophenol 10 UG/L U 2.2 nc 77 77 2.2 NA
Allendale surface water APB-SD-2034 2,4-dichlorophenol 10 UG/L U 2.2 nc 77 77 2.2 NA
Allendale surface water APC-SD-2036 2,4-dichlorophenol 10 UG/L U 2.2 nc 77 77 2.2 NA
Allendale surface water APC-SD-2035 2,4-dichlorophenol 10 UG/L U 2.2 nc 77 77 2.2 NA
Allendale surface water APC-SD-2036 2,4-dichlorophenol 10 UG/L U 2.2 nc 77 77 2.2 NA
Lyman Mill surface water LPX-SD-2050 2,4-dichlorophenol 10 UG/L U 2.2 nc 77 77 2.2 NA
Lyman Mill surface water LPX-SD-2052 2,4-dichlorophenol 10 UG/L U 2.2 nc 77 77 2.2 NA
Lyman Mill surface water LPX-SD-2053 2,4-dichlorophenol 10 UG/L U 2.2 nc 77 77 2.2 NA
Lyman Mill surface water LPX-SD-2049 2,4-dichlorophenol 10 UG/L U 2.2 nc 77 77 2.2 NA
Lyman Mill surface water LPX-SD-2045 2,4-dichlorophenol 10 UG/L U 2.2 nc 77 77 2.2 NA
Lyman Mill surface water LPX-SD-2046 2,4-dichlorophenol 10 UG/L UJ 2.2 nc 77 77 2.2 NA
Lyman Mill surface water LPX-SD-2047 2,4-dichlorophenol 10 UG/L U 2.2 nc 77 77 2.2 NA
Lyman Mill surface water LPX-SD-2045 2,4-dichlorophenol 10 UG/L U 2.2 nc 77 77 2.2 NA
Lyman Mill surface water WRL-SD-2043 2,4-dichlorophenol 10 UG/L U 2.2 nc 77 77 2.2 NA
Lyman Mill surface water LPX-SD-2048 2,4-dichlorophenol 10 UG/L U 2.2 nc 77 77 2.2 NA
Lyman Mill surface water LPX-SD-2051 2,4-dichlorophenol 10 UG/L U 2.2 nc 77 77 2.2 NA
Lyman Mill surface water WRL-SD-2044 2,4-dichlorophenol 10 UG/L U 2.2 nc 77 77 2.2 NA
Assaumpsett surface water RAB-SD-3004 2,4-dichlorophenol 10 UG/L U 2.2 nc 77 77 2.2 NA
Upstream surface water RCC-SD-3001 2,4-dichlorophenol 10 UG/L U 2.2 nc 77 77 2.2 NA
Upstream surface water RCC-SD-3002 2,4-dichlorophenol 10 UG/L U 2.2 nc 77 77 2.2 NA
Upstream surface water RCC-SD-3003 2,4-dichlorophenol 10 UG/L U 2.2 nc 77 77 2.2 NA
Lyman Mill surface water WRL-SD-2040 2,4-dimethylphenol 10 UG/L UJ 2.4 nc 380 380 2.4 NA
Lyman Mill surface water WRL-SD-2039 2,4-dimethylphenol 10 UG/L UJ 2.4 nc 380 380 2.4 NA
Lyman Mill surface water WRL-SD-2040 2,4-dimethylphenol 10 UG/L UJ 2.4 nc 380 380 2.4 NA
Lyman Mill surface water WRL-SD-2041 2,4-dimethylphenol 10 UG/L UJ 2.4 nc 380 380 2.4 NA
Source Area surface water CMW-SD-2016 2,4-dimethylphenol 10 UG/L UJ 2.4 nc 380 380 2.4 NA
Source Area surface water CMW-SD-2019 2,4-dimethylphenol 10 UG/L UJ 2.4 nc 380 380 2.4 NA
Source Area surface water CMW-SD-2020 2,4-dimethylphenol 10 UG/L UJ 2.4 nc 380 380 2.4 NA
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Source Area surface water CMW-SD-2021 2,4-dimethylphenol 10 UG/L UJ 2.4 nc 380 380 2.4 NA
Allendale surface water CMW-SD-2023 2,4-dimethylphenol 10 UG/L UJ 2.4 nc 380 380 2.4 NA
Source Area surface water CMW-SD-2022 2,4-dimethylphenol 10 UG/L UJ 2.4 nc 380 380 2.4 NA
Allendale surface water CMW-SD-2023 2,4-dimethylphenol 10 UG/L UJ 2.4 nc 380 380 2.4 NA
Allendale surface water CMW-SD-2024 2,4-dimethylphenol 10 UG/L UJ 2.4 nc 380 380 2.4 NA
Allendale surface water CMW-SD-2025 2,4-dimethylphenol 10 UG/L UJ 2.4 nc 380 380 2.4 NA
Allendale surface water APB-SD-2029 2,4-dimethylphenol 10 UG/L UJ 2.4 nc 380 380 2.4 NA
Source Area surface water WRC-SD-2009 2,4-dimethylphenol 10 UG/L U 2.4 nc 380 380 2.4 NA
Source Area surface water WRC-SD-2013 2,4-dimethylphenol 10 UG/L U 2.4 nc 380 380 2.4 NA
Allendale surface water WRC-SD-2014 2,4-dimethylphenol 10 UG/L U 2.4 nc 380 380 2.4 NA
Allendale surface water WRC-SD-2015 2,4-dimethylphenol 10 UG/L U 2.4 nc 380 380 2.4 NA
Source Area surface water WRC-SD-2010 2,4-dimethylphenol 10 UG/L U 2.4 nc 380 380 2.4 NA
Source Area surface water WRC-SD-2011 2,4-dimethylphenol 10 UG/L U 2.4 nc 380 380 2.4 NA
Source Area surface water WRC-SD-2012 2,4-dimethylphenol 10 UG/L U 2.4 nc 380 380 2.4 NA
Lyman Mill surface water WRL-SD-2042 2,4-dimethylphenol 10 UG/L U 2.4 nc 380 380 2.4 NA
Allendale surface water APB-SD-2034 2,4-dimethylphenol 10 UG/L U 2.4 nc 380 380 2.4 NA
Allendale surface water APC-SD-2036 2,4-dimethylphenol 10 UG/L U 2.4 nc 380 380 2.4 NA
Allendale surface water APC-SD-2035 2,4-dimethylphenol 10 UG/L U 2.4 nc 380 380 2.4 NA
Allendale surface water APC-SD-2036 2,4-dimethylphenol 10 UG/L U 2.4 nc 380 380 2.4 NA
Lyman Mill surface water LPX-SD-2050 2,4-dimethylphenol 10 UG/L U 2.4 nc 380 380 2.4 NA
Lyman Mill surface water LPX-SD-2052 2,4-dimethylphenol 10 UG/L U 2.4 nc 380 380 2.4 NA
Lyman Mill surface water LPX-SD-2053 2,4-dimethylphenol 10 UG/L U 2.4 nc 380 380 2.4 NA
Lyman Mill surface water LPX-SD-2049 2,4-dimethylphenol 10 UG/L U 2.4 nc 380 380 2.4 NA
Lyman Mill surface water LPX-SD-2045 2,4-dimethylphenol 10 UG/L U 2.4 nc 380 380 2.4 NA
Lyman Mill surface water LPX-SD-2046 2,4-dimethylphenol 10 UG/L UJ 2.4 nc 380 380 2.4 NA
Lyman Mill surface water LPX-SD-2047 2,4-dimethylphenol 10 UG/L U 2.4 nc 380 380 2.4 NA
Lyman Mill surface water LPX-SD-2045 2,4-dimethylphenol 10 UG/L U 2.4 nc 380 380 2.4 NA
Lyman Mill surface water WRL-SD-2043 2,4-dimethylphenol 10 UG/L U 2.4 nc 380 380 2.4 NA
Lyman Mill surface water LPX-SD-2048 2,4-dimethylphenol 10 UG/L U 2.4 nc 380 380 2.4 NA
Lyman Mill surface water LPX-SD-2051 2,4-dimethylphenol 10 UG/L U 2.4 nc 380 380 2.4 NA
Lyman Mill surface water WRL-SD-2044 2,4-dimethylphenol 10 UG/L U 2.4 nc 380 380 2.4 NA
Assaumpsett surface water RAB-SD-3004 2,4-dimethylphenol 10 UG/L U 2.4 nc 380 380 2.4 NA
Upstream surface water RCC-SD-3001 2,4-dimethylphenol 10 UG/L U 2.4 nc 380 380 2.4 NA
Upstream surface water RCC-SD-3002 2,4-dimethylphenol 10 UG/L U 2.4 nc 380 380 2.4 NA
Upstream surface water RCC-SD-3003 2,4-dimethylphenol 10 UG/L U 2.4 nc 380 380 2.4 NA
Lyman Mill surface water WRL-SD-2040 4,6-dinitro-2-methylphenol 25 UG/L U nc nc 13 13 13 NA
Lyman Mill surface water WRL-SD-2039 4,6-dinitro-2-methylphenol 25 UG/L U nc nc 13 13 13 NA
Lyman Mill surface water WRL-SD-2040 4,6-dinitro-2-methylphenol 25 UG/L U nc nc 13 13 13 NA
Lyman Mill surface water WRL-SD-2041 4,6-dinitro-2-methylphenol 25 UG/L U nc nc 13 13 13 NA
Source Area surface water CMW-SD-2016 4,6-dinitro-2-methylphenol 25 UG/L U nc nc 13 13 13 NA
Source Area surface water CMW-SD-2019 4,6-dinitro-2-methylphenol 25 UG/L U nc nc 13 13 13 NA
Source Area surface water CMW-SD-2020 4,6-dinitro-2-methylphenol 25 UG/L U nc nc 13 13 13 NA
Source Area surface water CMW-SD-2021 4,6-dinitro-2-methylphenol 25 UG/L U nc nc 13 13 13 NA
Allendale surface water CMW-SD-2023 4,6-dinitro-2-methylphenol 25 UG/L U nc nc 13 13 13 NA
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Source Area surface water CMW-SD-2022 4,6-dinitro-2-methylphenol 25 UG/L U nc nc 13 13 13 NA
Allendale surface water CMW-SD-2023 4,6-dinitro-2-methylphenol 25 UG/L U nc nc 13 13 13 NA
Allendale surface water CMW-SD-2024 4,6-dinitro-2-methylphenol 25 UG/L U nc nc 13 13 13 NA
Allendale surface water CMW-SD-2025 4,6-dinitro-2-methylphenol 25 UG/L U nc nc 13 13 13 NA
Allendale surface water APB-SD-2029 4,6-dinitro-2-methylphenol 25 UG/L U nc nc 13 13 13 NA
Source Area surface water WRC-SD-2009 4,6-dinitro-2-methylphenol 25 UG/L UJ nc nc 13 13 13 NA
Source Area surface water WRC-SD-2013 4,6-dinitro-2-methylphenol 25 UG/L UJ nc nc 13 13 13 NA
Allendale surface water WRC-SD-2014 4,6-dinitro-2-methylphenol 25 UG/L U nc nc 13 13 13 NA
Allendale surface water WRC-SD-2015 4,6-dinitro-2-methylphenol 25 UG/L UJ nc nc 13 13 13 NA
Source Area surface water WRC-SD-2010 4,6-dinitro-2-methylphenol 25 UG/L U nc nc 13 13 13 NA
Source Area surface water WRC-SD-2011 4,6-dinitro-2-methylphenol 25 UG/L UJ nc nc 13 13 13 NA
Source Area surface water WRC-SD-2012 4,6-dinitro-2-methylphenol 25 UG/L UJ nc nc 13 13 13 NA
Lyman Mill surface water WRL-SD-2042 4,6-dinitro-2-methylphenol 25 UG/L U nc nc 13 13 13 NA
Allendale surface water APB-SD-2034 4,6-dinitro-2-methylphenol 25 UG/L U nc nc 13 13 13 NA
Allendale surface water APC-SD-2036 4,6-dinitro-2-methylphenol 25 UG/L U nc nc 13 13 13 NA
Allendale surface water APC-SD-2035 4,6-dinitro-2-methylphenol 25 UG/L U nc nc 13 13 13 NA
Allendale surface water APC-SD-2036 4,6-dinitro-2-methylphenol 25 UG/L U nc nc 13 13 13 NA
Lyman Mill surface water LPX-SD-2050 4,6-dinitro-2-methylphenol 25 UG/L U nc nc 13 13 13 NA
Lyman Mill surface water LPX-SD-2052 4,6-dinitro-2-methylphenol 25 UG/L U nc nc 13 13 13 NA
Lyman Mill surface water LPX-SD-2053 4,6-dinitro-2-methylphenol 25 UG/L U nc nc 13 13 13 NA
Lyman Mill surface water LPX-SD-2049 4,6-dinitro-2-methylphenol 25 UG/L U nc nc 13 13 13 NA
Lyman Mill surface water LPX-SD-2045 4,6-dinitro-2-methylphenol 25 UG/L U nc nc 13 13 13 NA
Lyman Mill surface water LPX-SD-2046 4,6-dinitro-2-methylphenol 25 UG/L UJ nc nc 13 13 13 NA
Lyman Mill surface water LPX-SD-2047 4,6-dinitro-2-methylphenol 25 UG/L U nc nc 13 13 13 NA
Lyman Mill surface water LPX-SD-2045 4,6-dinitro-2-methylphenol 25 UG/L U nc nc 13 13 13 NA
Lyman Mill surface water WRL-SD-2043 4,6-dinitro-2-methylphenol 25 UG/L U nc nc 13 13 13 NA
Lyman Mill surface water LPX-SD-2048 4,6-dinitro-2-methylphenol 25 UG/L U nc nc 13 13 13 NA
Lyman Mill surface water LPX-SD-2051 4,6-dinitro-2-methylphenol 25 UG/L U nc nc 13 13 13 NA
Lyman Mill surface water WRL-SD-2044 4,6-dinitro-2-methylphenol 25 UG/L U nc nc 13 13 13 NA
Assaumpsett surface water RAB-SD-3004 4,6-dinitro-2-methylphenol 25 UG/L U nc nc 13 13 13 NA
Upstream surface water RCC-SD-3001 4,6-dinitro-2-methylphenol 25 UG/L U nc nc 13 13 13 NA
Upstream surface water RCC-SD-3002 4,6-dinitro-2-methylphenol 25 UG/L U nc nc 13 13 13 NA
Upstream surface water RCC-SD-3003 4,6-dinitro-2-methylphenol 25 UG/L U nc nc 13 13 13 NA
Lyman Mill surface water WRL-SD-2040 2,4-dinitrophenol 25 UG/L UJ 0.69 nc 69 69 0.69 NA
Lyman Mill surface water WRL-SD-2039 2,4-dinitrophenol 25 UG/L UJ 0.69 nc 69 69 0.69 NA
Lyman Mill surface water WRL-SD-2040 2,4-dinitrophenol 25 UG/L UJ 0.69 nc 69 69 0.69 NA
Lyman Mill surface water WRL-SD-2041 2,4-dinitrophenol 25 UG/L UJ 0.69 nc 69 69 0.69 NA
Source Area surface water CMW-SD-2016 2,4-dinitrophenol 25 UG/L UJ 0.69 nc 69 69 0.69 NA
Source Area surface water CMW-SD-2019 2,4-dinitrophenol 25 UG/L UJ 0.69 nc 69 69 0.69 NA
Source Area surface water CMW-SD-2020 2,4-dinitrophenol 25 UG/L UJ 0.69 nc 69 69 0.69 NA
Source Area surface water CMW-SD-2021 2,4-dinitrophenol 25 UG/L UJ 0.69 nc 69 69 0.69 NA
Allendale surface water CMW-SD-2023 2,4-dinitrophenol 25 UG/L UJ 0.69 nc 69 69 0.69 NA
Source Area surface water CMW-SD-2022 2,4-dinitrophenol 25 UG/L UJ 0.69 nc 69 69 0.69 NA
Allendale surface water CMW-SD-2023 2,4-dinitrophenol 25 UG/L UJ 0.69 nc 69 69 0.69 NA
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Allendale surface water CMW-SD-2024 2,4-dinitrophenol 25 UG/L UJ 0.69 nc 69 69 0.69 NA
Allendale surface water CMW-SD-2025 2,4-dinitrophenol 25 UG/L UJ 0.69 nc 69 69 0.69 NA
Allendale surface water APB-SD-2029 2,4-dinitrophenol 25 UG/L UJ 0.69 nc 69 69 0.69 NA
Source Area surface water WRC-SD-2009 2,4-dinitrophenol 25 UG/L UJ 0.69 nc 69 69 0.69 NA
Source Area surface water WRC-SD-2013 2,4-dinitrophenol 25 UG/L UJ 0.69 nc 69 69 0.69 NA
Allendale surface water WRC-SD-2014 2,4-dinitrophenol 25 UG/L U 0.69 nc 69 69 0.69 NA
Allendale surface water WRC-SD-2015 2,4-dinitrophenol 25 UG/L UJ 0.69 nc 69 69 0.69 NA
Source Area surface water WRC-SD-2010 2,4-dinitrophenol 25 UG/L U 0.69 nc 69 69 0.69 NA
Source Area surface water WRC-SD-2011 2,4-dinitrophenol 25 UG/L UJ 0.69 nc 69 69 0.69 NA
Source Area surface water WRC-SD-2012 2,4-dinitrophenol 25 UG/L UJ 0.69 nc 69 69 0.69 NA
Lyman Mill surface water WRL-SD-2042 2,4-dinitrophenol 25 UG/L UJ 0.69 nc 69 69 0.69 NA
Allendale surface water APB-SD-2034 2,4-dinitrophenol 25 UG/L U 0.69 nc 69 69 0.69 NA
Allendale surface water APC-SD-2036 2,4-dinitrophenol 25 UG/L UJ 0.69 nc 69 69 0.69 NA
Allendale surface water APC-SD-2035 2,4-dinitrophenol 25 UG/L U 0.69 nc 69 69 0.69 NA
Allendale surface water APC-SD-2036 2,4-dinitrophenol 25 UG/L UJ 0.69 nc 69 69 0.69 NA
Lyman Mill surface water LPX-SD-2050 2,4-dinitrophenol 25 UG/L UJ 0.69 nc 69 69 0.69 NA
Lyman Mill surface water LPX-SD-2052 2,4-dinitrophenol 25 UG/L U 0.69 nc 69 69 0.69 NA
Lyman Mill surface water LPX-SD-2053 2,4-dinitrophenol 25 UG/L U 0.69 nc 69 69 0.69 NA
Lyman Mill surface water LPX-SD-2049 2,4-dinitrophenol 25 UG/L UJ 0.69 nc 69 69 0.69 NA
Lyman Mill surface water LPX-SD-2045 2,4-dinitrophenol 25 UG/L UJ 0.69 nc 69 69 0.69 NA
Lyman Mill surface water LPX-SD-2046 2,4-dinitrophenol 25 UG/L UJ 0.69 nc 69 69 0.69 NA
Lyman Mill surface water LPX-SD-2047 2,4-dinitrophenol 25 UG/L UJ 0.69 nc 69 69 0.69 NA
Lyman Mill surface water LPX-SD-2045 2,4-dinitrophenol 25 UG/L UJ 0.69 nc 69 69 0.69 NA
Lyman Mill surface water WRL-SD-2043 2,4-dinitrophenol 25 UG/L U 0.69 nc 69 69 0.69 NA
Lyman Mill surface water LPX-SD-2048 2,4-dinitrophenol 25 UG/L UJ 0.69 nc 69 69 0.69 NA
Lyman Mill surface water LPX-SD-2051 2,4-dinitrophenol 25 UG/L UJ 0.69 nc 69 69 0.69 NA
Lyman Mill surface water WRL-SD-2044 2,4-dinitrophenol 25 UG/L UJ 0.69 nc 69 69 0.69 NA
Assaumpsett surface water RAB-SD-3004 2,4-dinitrophenol 25 UG/L UJ 0.69 nc 69 69 0.69 NA
Upstream surface water RCC-SD-3001 2,4-dinitrophenol 25 UG/L UJ 0.69 nc 69 69 0.69 NA
Upstream surface water RCC-SD-3002 2,4-dinitrophenol 25 UG/L UJ 0.69 nc 69 69 0.69 NA
Upstream surface water RCC-SD-3003 2,4-dinitrophenol 25 UG/L UJ 0.69 nc 69 69 0.69 NA
Allendale surface water WRC-SW-4001 2,4-dinitrophenol 50 UG/L UJ 0.69 nc 69 69 0.69 NA
Allendale surface water WRC-SW-4002 2,4-dinitrophenol 50 UG/L UJ 0.69 nc 69 69 0.69 NA
Allendale surface water WRC-SW-4003 2,4-dinitrophenol 48 UG/L UJ 0.69 nc 69 69 0.69 NA
Allendale surface water WRC-SW-4004 2,4-dinitrophenol 50 UG/L UJ 0.69 nc 69 69 0.69 NA
Lyman Mill surface water WRL-SD-2040 2-nitrophenol 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2039 2-nitrophenol 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2040 2-nitrophenol 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2041 2-nitrophenol 10 UG/L U nc nc nc nc nc NA
Source Area surface water CMW-SD-2016 2-nitrophenol 10 UG/L U nc nc nc nc nc NA
Source Area surface water CMW-SD-2019 2-nitrophenol 10 UG/L U nc nc nc nc nc NA
Source Area surface water CMW-SD-2020 2-nitrophenol 10 UG/L U nc nc nc nc nc NA
Source Area surface water CMW-SD-2021 2-nitrophenol 10 UG/L U nc nc nc nc nc NA
Allendale surface water CMW-SD-2023 2-nitrophenol 10 UG/L U nc nc nc nc nc NA
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Source Area surface water CMW-SD-2022 2-nitrophenol 10 UG/L U nc nc nc nc nc NA
Allendale surface water CMW-SD-2023 2-nitrophenol 10 UG/L U nc nc nc nc nc NA
Allendale surface water CMW-SD-2024 2-nitrophenol 10 UG/L U nc nc nc nc nc NA
Allendale surface water CMW-SD-2025 2-nitrophenol 10 UG/L U nc nc nc nc nc NA
Allendale surface water APB-SD-2029 2-nitrophenol 10 UG/L U nc nc nc nc nc NA
Source Area surface water WRC-SD-2009 2-nitrophenol 10 UG/L U nc nc nc nc nc NA
Source Area surface water WRC-SD-2013 2-nitrophenol 10 UG/L U nc nc nc nc nc NA
Allendale surface water WRC-SD-2014 2-nitrophenol 10 UG/L U nc nc nc nc nc NA
Allendale surface water WRC-SD-2015 2-nitrophenol 10 UG/L U nc nc nc nc nc NA
Source Area surface water WRC-SD-2010 2-nitrophenol 10 UG/L U nc nc nc nc nc NA
Source Area surface water WRC-SD-2011 2-nitrophenol 10 UG/L U nc nc nc nc nc NA
Source Area surface water WRC-SD-2012 2-nitrophenol 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2042 2-nitrophenol 10 UG/L U nc nc nc nc nc NA
Allendale surface water APB-SD-2034 2-nitrophenol 10 UG/L U nc nc nc nc nc NA
Allendale surface water APC-SD-2036 2-nitrophenol 10 UG/L U nc nc nc nc nc NA
Allendale surface water APC-SD-2035 2-nitrophenol 10 UG/L U nc nc nc nc nc NA
Allendale surface water APC-SD-2036 2-nitrophenol 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2050 2-nitrophenol 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2052 2-nitrophenol 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2053 2-nitrophenol 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2049 2-nitrophenol 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2045 2-nitrophenol 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2046 2-nitrophenol 10 UG/L UJ nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2047 2-nitrophenol 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2045 2-nitrophenol 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2043 2-nitrophenol 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2048 2-nitrophenol 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2051 2-nitrophenol 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2044 2-nitrophenol 10 UG/L U nc nc nc nc nc NA
Assaumpsett surface water RAB-SD-3004 2-nitrophenol 10 UG/L U nc nc nc nc nc NA
Upstream surface water RCC-SD-3001 2-nitrophenol 10 UG/L U nc nc nc nc nc NA
Upstream surface water RCC-SD-3002 2-nitrophenol 10 UG/L U nc nc nc nc nc NA
Upstream surface water RCC-SD-3003 2-nitrophenol 10 UG/L U nc nc nc nc nc NA
Allendale surface water WRC-SW-4001 2-nitrophenol 10 UG/L U nc nc nc nc nc NA
Allendale surface water WRC-SW-4002 2-nitrophenol 10 UG/L U nc nc nc nc nc NA
Allendale surface water WRC-SW-4003 2-nitrophenol 10 UG/L U nc nc nc nc nc NA
Allendale surface water WRC-SW-4004 2-nitrophenol 10 UG/L U nc nc nc nc nc NA
Assaumpsett surface water RAB-SW-5004 2-nitrophenol 11 UG/L UJ nc nc nc nc nc NA
Upstream surface water RWR-SW-5001 2-nitrophenol 10 UG/L UJ nc nc nc nc nc NA
Upstream surface water RWR-SW-5002 2-nitrophenol 10 UG/L UJ nc nc nc nc nc NA
Lyman Mill surface water WRL-SW-4005 2-nitrophenol 11 UG/L UJ nc nc nc nc nc NA
Lyman Mill surface water WRL-SW-4004 2-nitrophenol 11 UG/L UJ nc nc nc nc nc NA
Lyman Mill surface water WRL-SW-4005 2-nitrophenol 10 UG/L UJ nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2040 4-nitrophenol 25 UG/L UJ nc nc nc nc nc NA
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1
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ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Lyman Mill surface water WRL-SD-2039 4-nitrophenol 25 UG/L UJ nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2040 4-nitrophenol 25 UG/L UJ nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2041 4-nitrophenol 25 UG/L UJ nc nc nc nc nc NA
Source Area surface water CMW-SD-2016 4-nitrophenol 25 UG/L UJ nc nc nc nc nc NA
Source Area surface water CMW-SD-2019 4-nitrophenol 25 UG/L UJ nc nc nc nc nc NA
Source Area surface water CMW-SD-2020 4-nitrophenol 25 UG/L UJ nc nc nc nc nc NA
Source Area surface water CMW-SD-2021 4-nitrophenol 25 UG/L UJ nc nc nc nc nc NA
Allendale surface water CMW-SD-2023 4-nitrophenol 25 UG/L UJ nc nc nc nc nc NA
Source Area surface water CMW-SD-2022 4-nitrophenol 25 UG/L UJ nc nc nc nc nc NA
Allendale surface water CMW-SD-2023 4-nitrophenol 25 UG/L UJ nc nc nc nc nc NA
Allendale surface water CMW-SD-2024 4-nitrophenol 25 UG/L UJ nc nc nc nc nc NA
Allendale surface water CMW-SD-2025 4-nitrophenol 25 UG/L UJ nc nc nc nc nc NA
Allendale surface water APB-SD-2029 4-nitrophenol 25 UG/L UJ nc nc nc nc nc NA
Source Area surface water WRC-SD-2009 4-nitrophenol 25 UG/L U nc nc nc nc nc NA
Source Area surface water WRC-SD-2013 4-nitrophenol 25 UG/L U nc nc nc nc nc NA
Allendale surface water WRC-SD-2014 4-nitrophenol 25 UG/L U nc nc nc nc nc NA
Allendale surface water WRC-SD-2015 4-nitrophenol 25 UG/L U nc nc nc nc nc NA
Source Area surface water WRC-SD-2010 4-nitrophenol 25 UG/L U nc nc nc nc nc NA
Source Area surface water WRC-SD-2011 4-nitrophenol 25 UG/L U nc nc nc nc nc NA
Source Area surface water WRC-SD-2012 4-nitrophenol 25 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2042 4-nitrophenol 25 UG/L U nc nc nc nc nc NA
Allendale surface water APB-SD-2034 4-nitrophenol 25 UG/L U nc nc nc nc nc NA
Allendale surface water APC-SD-2036 4-nitrophenol 25 UG/L U nc nc nc nc nc NA
Allendale surface water APC-SD-2035 4-nitrophenol 25 UG/L U nc nc nc nc nc NA
Allendale surface water APC-SD-2036 4-nitrophenol 25 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2050 4-nitrophenol 25 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2052 4-nitrophenol 25 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2053 4-nitrophenol 25 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2049 4-nitrophenol 25 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2045 4-nitrophenol 25 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2046 4-nitrophenol 25 UG/L UJ nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2047 4-nitrophenol 25 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2045 4-nitrophenol 25 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2043 4-nitrophenol 25 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2048 4-nitrophenol 25 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2051 4-nitrophenol 25 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2044 4-nitrophenol 25 UG/L UJ nc nc nc nc nc NA
Assaumpsett surface water RAB-SD-3004 4-nitrophenol 25 UG/L U nc nc nc nc nc NA
Upstream surface water RCC-SD-3001 4-nitrophenol 25 UG/L U nc nc nc nc nc NA
Upstream surface water RCC-SD-3002 4-nitrophenol 25 UG/L U nc nc nc nc nc NA
Upstream surface water RCC-SD-3003 4-nitrophenol 25 UG/L U nc nc nc nc nc NA
Allendale surface water WRC-SW-4001 4-nitrophenol 50 UG/L U nc nc nc nc nc NA
Allendale surface water WRC-SW-4002 4-nitrophenol 50 UG/L U nc nc nc nc nc NA
Allendale surface water WRC-SW-4003 4-nitrophenol 48 UG/L U nc nc nc nc nc NA
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Allendale surface water WRC-SW-4004 4-nitrophenol 50 UG/L U nc nc nc nc nc NA
Assaumpsett surface water RAB-SW-5004 4-nitrophenol 53 UG/L UJ nc nc nc nc nc NA
Upstream surface water RWR-SW-5001 4-nitrophenol 50 UG/L UJ nc nc nc nc nc NA
Upstream surface water RWR-SW-5002 4-nitrophenol 50 UG/L UJ nc nc nc nc nc NA
Lyman Mill surface water WRL-SW-4005 4-nitrophenol 53 UG/L UJ nc nc nc nc nc NA
Lyman Mill surface water WRL-SW-4004 4-nitrophenol 53 UG/L UJ nc nc nc nc nc NA
Lyman Mill surface water WRL-SW-4005 4-nitrophenol 50 UG/L UJ nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2040 4-chloro-3-methylphenol 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2039 4-chloro-3-methylphenol 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2040 4-chloro-3-methylphenol 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2041 4-chloro-3-methylphenol 10 UG/L U nc nc nc nc nc NA
Source Area surface water CMW-SD-2016 4-chloro-3-methylphenol 10 UG/L U nc nc nc nc nc NA
Source Area surface water CMW-SD-2019 4-chloro-3-methylphenol 10 UG/L U nc nc nc nc nc NA
Source Area surface water CMW-SD-2020 4-chloro-3-methylphenol 10 UG/L U nc nc nc nc nc NA
Source Area surface water CMW-SD-2021 4-chloro-3-methylphenol 10 UG/L U nc nc nc nc nc NA
Allendale surface water CMW-SD-2023 4-chloro-3-methylphenol 10 UG/L U nc nc nc nc nc NA
Source Area surface water CMW-SD-2022 4-chloro-3-methylphenol 10 UG/L U nc nc nc nc nc NA
Allendale surface water CMW-SD-2023 4-chloro-3-methylphenol 10 UG/L U nc nc nc nc nc NA
Allendale surface water CMW-SD-2024 4-chloro-3-methylphenol 10 UG/L U nc nc nc nc nc NA
Allendale surface water CMW-SD-2025 4-chloro-3-methylphenol 10 UG/L U nc nc nc nc nc NA
Allendale surface water APB-SD-2029 4-chloro-3-methylphenol 10 UG/L U nc nc nc nc nc NA
Source Area surface water WRC-SD-2009 4-chloro-3-methylphenol 10 UG/L U nc nc nc nc nc NA
Source Area surface water WRC-SD-2013 4-chloro-3-methylphenol 10 UG/L U nc nc nc nc nc NA
Allendale surface water WRC-SD-2014 4-chloro-3-methylphenol 10 UG/L U nc nc nc nc nc NA
Allendale surface water WRC-SD-2015 4-chloro-3-methylphenol 10 UG/L U nc nc nc nc nc NA
Source Area surface water WRC-SD-2010 4-chloro-3-methylphenol 10 UG/L U nc nc nc nc nc NA
Source Area surface water WRC-SD-2011 4-chloro-3-methylphenol 10 UG/L U nc nc nc nc nc NA
Source Area surface water WRC-SD-2012 4-chloro-3-methylphenol 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2042 4-chloro-3-methylphenol 10 UG/L U nc nc nc nc nc NA
Allendale surface water APB-SD-2034 4-chloro-3-methylphenol 10 UG/L U nc nc nc nc nc NA
Allendale surface water APC-SD-2036 4-chloro-3-methylphenol 10 UG/L U nc nc nc nc nc NA
Allendale surface water APC-SD-2035 4-chloro-3-methylphenol 10 UG/L U nc nc nc nc nc NA
Allendale surface water APC-SD-2036 4-chloro-3-methylphenol 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2050 4-chloro-3-methylphenol 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2052 4-chloro-3-methylphenol 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2053 4-chloro-3-methylphenol 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2049 4-chloro-3-methylphenol 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2045 4-chloro-3-methylphenol 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2046 4-chloro-3-methylphenol 10 UG/L UJ nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2047 4-chloro-3-methylphenol 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2045 4-chloro-3-methylphenol 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2043 4-chloro-3-methylphenol 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2048 4-chloro-3-methylphenol 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2051 4-chloro-3-methylphenol 10 UG/L U nc nc nc nc nc NA
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Appendix F
Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Lyman Mill surface water WRL-SD-2044 4-chloro-3-methylphenol 10 UG/L U nc nc nc nc nc NA
Assaumpsett surface water RAB-SD-3004 4-chloro-3-methylphenol 10 UG/L U nc nc nc nc nc NA
Upstream surface water RCC-SD-3001 4-chloro-3-methylphenol 10 UG/L U nc nc nc nc nc NA
Upstream surface water RCC-SD-3002 4-chloro-3-methylphenol 10 UG/L U nc nc nc nc nc NA
Upstream surface water RCC-SD-3003 4-chloro-3-methylphenol 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2040 Pentachlorophenol 25 UG/L U 0.052 19 2.7 0.27 0.27 NA
Lyman Mill surface water WRL-SD-2039 Pentachlorophenol 25 UG/L U 0.052 19 2.7 0.27 0.27 NA
Lyman Mill surface water WRL-SD-2040 Pentachlorophenol 25 UG/L U 0.052 19 2.7 0.27 0.27 NA
Lyman Mill surface water WRL-SD-2041 Pentachlorophenol 25 UG/L U 0.052 19 2.7 0.27 0.27 NA
Source Area surface water CMW-SD-2016 Pentachlorophenol 25 UG/L U 0.052 19 2.7 0.27 0.27 NA
Source Area surface water CMW-SD-2019 Pentachlorophenol 25 UG/L U 0.052 19 2.7 0.27 0.27 NA
Source Area surface water CMW-SD-2020 Pentachlorophenol 25 UG/L U 0.052 19 2.7 0.27 0.27 NA
Source Area surface water CMW-SD-2021 Pentachlorophenol 25 UG/L U 0.052 19 2.7 0.27 0.27 NA
Allendale surface water CMW-SD-2023 Pentachlorophenol 25 UG/L U 0.052 19 2.7 0.27 0.27 NA
Source Area surface water CMW-SD-2022 Pentachlorophenol 25 UG/L U 0.052 19 2.7 0.27 0.27 NA
Allendale surface water CMW-SD-2023 Pentachlorophenol 25 UG/L U 0.052 19 2.7 0.27 0.27 NA
Allendale surface water CMW-SD-2024 Pentachlorophenol 25 UG/L U 0.052 19 2.7 0.27 0.27 NA
Allendale surface water CMW-SD-2025 Pentachlorophenol 25 UG/L U 0.052 19 2.7 0.27 0.27 NA
Allendale surface water APB-SD-2029 Pentachlorophenol 25 UG/L U 0.052 19 2.7 0.27 0.27 NA
Source Area surface water WRC-SD-2009 Pentachlorophenol 25 UG/L U 0.052 19 2.7 0.27 0.27 NA
Source Area surface water WRC-SD-2013 Pentachlorophenol 25 UG/L U 0.052 19 2.7 0.27 0.27 NA
Allendale surface water WRC-SD-2014 Pentachlorophenol 25 UG/L UJ 0.052 19 2.7 0.27 0.27 NA
Allendale surface water WRC-SD-2015 Pentachlorophenol 25 UG/L U 0.052 19 2.7 0.27 0.27 NA
Source Area surface water WRC-SD-2010 Pentachlorophenol 25 UG/L UJ 0.052 19 2.7 0.27 0.27 NA
Source Area surface water WRC-SD-2011 Pentachlorophenol 25 UG/L U 0.052 19 2.7 0.27 0.27 NA
Source Area surface water WRC-SD-2012 Pentachlorophenol 25 UG/L U 0.052 19 2.7 0.27 0.27 NA
Lyman Mill surface water WRL-SD-2042 Pentachlorophenol 25 UG/L UJ 0.052 19 2.7 0.27 0.27 NA
Allendale surface water APB-SD-2034 Pentachlorophenol 25 UG/L U 0.052 19 2.7 0.27 0.27 NA
Allendale surface water APC-SD-2036 Pentachlorophenol 25 UG/L UJ 0.052 19 2.7 0.27 0.27 NA
Allendale surface water APC-SD-2035 Pentachlorophenol 25 UG/L U 0.052 19 2.7 0.27 0.27 NA
Allendale surface water APC-SD-2036 Pentachlorophenol 25 UG/L UJ 0.052 19 2.7 0.27 0.27 NA
Lyman Mill surface water LPX-SD-2050 Pentachlorophenol 25 UG/L U 0.052 19 2.7 0.27 0.27 NA
Lyman Mill surface water LPX-SD-2052 Pentachlorophenol 25 UG/L U 0.052 19 2.7 0.27 0.27 NA
Lyman Mill surface water LPX-SD-2053 Pentachlorophenol 25 UG/L U 0.052 19 2.7 0.27 0.27 NA
Lyman Mill surface water LPX-SD-2049 Pentachlorophenol 25 UG/L U 0.052 19 2.7 0.27 0.27 NA
Lyman Mill surface water LPX-SD-2045 Pentachlorophenol 25 UG/L U 0.052 19 2.7 0.27 0.27 NA
Lyman Mill surface water LPX-SD-2046 Pentachlorophenol 25 UG/L UJ 0.052 19 2.7 0.27 0.27 NA
Lyman Mill surface water LPX-SD-2047 Pentachlorophenol 25 UG/L U 0.052 19 2.7 0.27 0.27 NA
Lyman Mill surface water LPX-SD-2045 Pentachlorophenol 25 UG/L U 0.052 19 2.7 0.27 0.27 NA
Lyman Mill surface water WRL-SD-2043 Pentachlorophenol 25 UG/L U 0.052 19 2.7 0.27 0.27 NA
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Appendix F
Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Lyman Mill surface water LPX-SD-2048 Pentachlorophenol 25 UG/L U 0.052 19 2.7 0.27 0.27 NA
Lyman Mill surface water LPX-SD-2051 Pentachlorophenol 25 UG/L U 0.052 19 2.7 0.27 0.27 NA
Lyman Mill surface water WRL-SD-2044 Pentachlorophenol 25 UG/L U 0.052 19 2.7 0.27 0.27 NA
Assaumpsett surface water RAB-SD-3004 Pentachlorophenol 25 UG/L U 0.052 19 2.7 0.27 0.27 NA
Upstream surface water RCC-SD-3001 Pentachlorophenol 25 UG/L U 0.052 19 2.7 0.27 0.27 NA
Upstream surface water RCC-SD-3002 Pentachlorophenol 25 UG/L U 0.052 19 2.7 0.27 0.27 NA
Upstream surface water RCC-SD-3003 Pentachlorophenol 25 UG/L U 0.052 19 2.7 0.27 0.27 NA
Allendale surface water WRC-SW-4001 Pentachlorophenol 50 UG/L U 0.052 19 2.7 0.27 0.27 NA
Allendale surface water WRC-SW-4002 Pentachlorophenol 50 UG/L U 0.052 19 2.7 0.27 0.27 NA
Allendale surface water WRC-SW-4003 Pentachlorophenol 48 UG/L U 0.052 19 2.7 0.27 0.27 NA
Allendale surface water WRC-SW-4004 Pentachlorophenol 50 UG/L U 0.052 19 2.7 0.27 0.27 NA
Assaumpsett surface water RAB-SW-5004 Pentachlorophenol 53 UG/L UJ 0.052 19 2.7 0.27 0.27 NA
Upstream surface water RWR-SW-5001 Pentachlorophenol 50 UG/L UJ 0.052 19 2.7 0.27 0.27 NA
Upstream surface water RWR-SW-5002 Pentachlorophenol 50 UG/L UJ 0.052 19 2.7 0.27 0.27 NA
Lyman Mill surface water WRL-SW-4005 Pentachlorophenol 53 UG/L UJ 0.052 19 2.7 0.27 0.27 NA
Lyman Mill surface water WRL-SW-4004 Pentachlorophenol 53 UG/L UJ 0.052 19 2.7 0.27 0.27 NA
Lyman Mill surface water WRL-SW-4005 Pentachlorophenol 50 UG/L UJ 0.052 19 2.7 0.27 0.27 NA
Lyman Mill surface water WRL-SD-2040 Phenol 10 UG/L U 5.6 nc 21000 21000 5.6 NA
Lyman Mill surface water WRL-SD-2039 Phenol 10 UG/L U 5.6 nc 21000 21000 5.6 NA
Lyman Mill surface water WRL-SD-2040 Phenol 10 UG/L U 5.6 nc 21000 21000 5.6 NA
Lyman Mill surface water WRL-SD-2041 Phenol 10 UG/L U 5.6 nc 21000 21000 5.6 NA
Source Area surface water CMW-SD-2016 Phenol 10 UG/L U 5.6 nc 21000 21000 5.6 NA
Source Area surface water CMW-SD-2019 Phenol 2 UG/L J 5.6 nc 21000 21000 5.6 N
Source Area surface water CMW-SD-2020 Phenol 10 UG/L U 5.6 nc 21000 21000 5.6 NA
Source Area surface water CMW-SD-2021 Phenol 10 UG/L U 5.6 nc 21000 21000 5.6 NA
Allendale surface water CMW-SD-2023 Phenol 10 UG/L U 5.6 nc 21000 21000 5.6 NA
Source Area surface water CMW-SD-2022 Phenol 10 UG/L U 5.6 nc 21000 21000 5.6 NA
Allendale surface water CMW-SD-2023 Phenol 10 UG/L U 5.6 nc 21000 21000 5.6 NA
Allendale surface water CMW-SD-2024 Phenol 10 UG/L U 5.6 nc 21000 21000 5.6 NA
Allendale surface water CMW-SD-2025 Phenol 10 UG/L U 5.6 nc 21000 21000 5.6 NA
Allendale surface water APB-SD-2029 Phenol 10 UG/L U 5.6 nc 21000 21000 5.6 NA
Source Area surface water WRC-SD-2009 Phenol 10 UG/L U 5.6 nc 21000 21000 5.6 NA
Source Area surface water WRC-SD-2013 Phenol 10 UG/L U 5.6 nc 21000 21000 5.6 NA
Allendale surface water WRC-SD-2014 Phenol 10 UG/L U 5.6 nc 21000 21000 5.6 NA
Allendale surface water WRC-SD-2015 Phenol 10 UG/L U 5.6 nc 21000 21000 5.6 NA
Source Area surface water WRC-SD-2010 Phenol 10 UG/L U 5.6 nc 21000 21000 5.6 NA
Source Area surface water WRC-SD-2011 Phenol 10 UG/L U 5.6 nc 21000 21000 5.6 NA
Source Area surface water WRC-SD-2012 Phenol 10 UG/L U 5.6 nc 21000 21000 5.6 NA
Lyman Mill surface water WRL-SD-2042 Phenol 10 UG/L U 5.6 nc 21000 21000 5.6 NA
Allendale surface water APB-SD-2034 Phenol 10 UG/L UJ 5.6 nc 21000 21000 5.6 NA
Allendale surface water APC-SD-2036 Phenol 10 UG/L U 5.6 nc 21000 21000 5.6 NA
Allendale surface water APC-SD-2035 Phenol 10 UG/L U 5.6 nc 21000 21000 5.6 NA
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL
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Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1
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ARAR 


(UG/L) 2
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(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Allendale surface water APC-SD-2036 Phenol 10 UG/L U 5.6 nc 21000 21000 5.6 NA
Lyman Mill surface water LPX-SD-2050 Phenol 10 UG/L U 5.6 nc 21000 21000 5.6 NA
Lyman Mill surface water LPX-SD-2052 Phenol 10 UG/L U 5.6 nc 21000 21000 5.6 NA
Lyman Mill surface water LPX-SD-2053 Phenol 10 UG/L U 5.6 nc 21000 21000 5.6 NA
Lyman Mill surface water LPX-SD-2049 Phenol 10 UG/L U 5.6 nc 21000 21000 5.6 NA
Lyman Mill surface water LPX-SD-2045 Phenol 10 UG/L U 5.6 nc 21000 21000 5.6 NA
Lyman Mill surface water LPX-SD-2046 Phenol 10 UG/L UJ 5.6 nc 21000 21000 5.6 NA
Lyman Mill surface water LPX-SD-2047 Phenol 10 UG/L U 5.6 nc 21000 21000 5.6 NA
Lyman Mill surface water LPX-SD-2045 Phenol 10 UG/L U 5.6 nc 21000 21000 5.6 NA
Lyman Mill surface water WRL-SD-2043 Phenol 10 UG/L U 5.6 nc 21000 21000 5.6 NA
Lyman Mill surface water LPX-SD-2048 Phenol 10 UG/L U 5.6 nc 21000 21000 5.6 NA
Lyman Mill surface water LPX-SD-2051 Phenol 10 UG/L U 5.6 nc 21000 21000 5.6 NA
Lyman Mill surface water WRL-SD-2044 Phenol 10 UG/L U 5.6 nc 21000 21000 5.6 NA
Assaumpsett surface water RAB-SD-3004 Phenol 10 UG/L U 5.6 nc 21000 21000 5.6 NA
Upstream surface water RCC-SD-3001 Phenol 10 UG/L U 5.6 nc 21000 21000 5.6 NA
Upstream surface water RCC-SD-3002 Phenol 10 UG/L U 5.6 nc 21000 21000 5.6 NA
Upstream surface water RCC-SD-3003 Phenol 10 UG/L U 5.6 nc 21000 21000 5.6 NA
Allendale surface water WRC-SW-4001 Phenol 10 UG/L U 5.6 nc 21000 21000 5.6 NA
Allendale surface water WRC-SW-4002 Phenol 10 UG/L U 5.6 nc 21000 21000 5.6 NA
Allendale surface water WRC-SW-4003 Phenol 10 UG/L U 5.6 nc 21000 21000 5.6 NA
Allendale surface water WRC-SW-4004 Phenol 10 UG/L U 5.6 nc 21000 21000 5.6 NA
Assaumpsett surface water RAB-SW-5004 Phenol 11 UG/L U 5.6 nc 21000 21000 5.6 NA
Upstream surface water RWR-SW-5001 Phenol 10 UG/L U 5.6 nc 21000 21000 5.6 NA
Upstream surface water RWR-SW-5002 Phenol 10 UG/L U 5.6 nc 21000 21000 5.6 NA
Lyman Mill surface water WRL-SW-4005 Phenol 11 UG/L U 5.6 nc 21000 21000 5.6 NA
Lyman Mill surface water WRL-SW-4004 Phenol 11 UG/L U 5.6 nc 21000 21000 5.6 NA
Lyman Mill surface water WRL-SW-4005 Phenol 10 UG/L U 5.6 nc 21000 21000 5.6 NA
Lyman Mill surface water WRL-SD-2040 2,4,6-trichlorophenol 10 UG/L U 0.36 nc 14 1.4 0.36 NA
Lyman Mill surface water WRL-SD-2039 2,4,6-trichlorophenol 10 UG/L U 0.36 nc 14 1.4 0.36 NA
Lyman Mill surface water WRL-SD-2040 2,4,6-trichlorophenol 10 UG/L U 0.36 nc 14 1.4 0.36 NA
Lyman Mill surface water WRL-SD-2041 2,4,6-trichlorophenol 10 UG/L U 0.36 nc 14 1.4 0.36 NA
Source Area surface water CMW-SD-2016 2,4,6-trichlorophenol 10 UG/L U 0.36 nc 14 1.4 0.36 NA
Source Area surface water CMW-SD-2019 2,4,6-trichlorophenol 10 UG/L U 0.36 nc 14 1.4 0.36 NA
Source Area surface water CMW-SD-2020 2,4,6-trichlorophenol 10 UG/L U 0.36 nc 14 1.4 0.36 NA
Source Area surface water CMW-SD-2021 2,4,6-trichlorophenol 10 UG/L U 0.36 nc 14 1.4 0.36 NA
Allendale surface water CMW-SD-2023 2,4,6-trichlorophenol 10 UG/L U 0.36 nc 14 1.4 0.36 NA
Source Area surface water CMW-SD-2022 2,4,6-trichlorophenol 10 UG/L U 0.36 nc 14 1.4 0.36 NA
Allendale surface water CMW-SD-2023 2,4,6-trichlorophenol 10 UG/L U 0.36 nc 14 1.4 0.36 NA
Allendale surface water CMW-SD-2024 2,4,6-trichlorophenol 10 UG/L U 0.36 nc 14 1.4 0.36 NA
Allendale surface water CMW-SD-2025 2,4,6-trichlorophenol 10 UG/L U 0.36 nc 14 1.4 0.36 NA
Allendale surface water APB-SD-2029 2,4,6-trichlorophenol 10 UG/L U 0.36 nc 14 1.4 0.36 NA
Source Area surface water WRC-SD-2009 2,4,6-trichlorophenol 10 UG/L U 0.36 nc 14 1.4 0.36 NA
Source Area surface water WRC-SD-2013 2,4,6-trichlorophenol 10 UG/L U 0.36 nc 14 1.4 0.36 NA
Allendale surface water WRC-SD-2014 2,4,6-trichlorophenol 10 UG/L U 0.36 nc 14 1.4 0.36 NA
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL
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Rhode 
Island Federal 1
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(UG/L) 2


Exceed 
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(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Allendale surface water WRC-SD-2015 2,4,6-trichlorophenol 10 UG/L U 0.36 nc 14 1.4 0.36 NA
Source Area surface water WRC-SD-2010 2,4,6-trichlorophenol 10 UG/L U 0.36 nc 14 1.4 0.36 NA
Source Area surface water WRC-SD-2011 2,4,6-trichlorophenol 10 UG/L U 0.36 nc 14 1.4 0.36 NA
Source Area surface water WRC-SD-2012 2,4,6-trichlorophenol 10 UG/L U 0.36 nc 14 1.4 0.36 NA
Lyman Mill surface water WRL-SD-2042 2,4,6-trichlorophenol 10 UG/L U 0.36 nc 14 1.4 0.36 NA
Allendale surface water APB-SD-2034 2,4,6-trichlorophenol 10 UG/L U 0.36 nc 14 1.4 0.36 NA
Allendale surface water APC-SD-2036 2,4,6-trichlorophenol 10 UG/L U 0.36 nc 14 1.4 0.36 NA
Allendale surface water APC-SD-2035 2,4,6-trichlorophenol 10 UG/L U 0.36 nc 14 1.4 0.36 NA
Allendale surface water APC-SD-2036 2,4,6-trichlorophenol 10 UG/L U 0.36 nc 14 1.4 0.36 NA
Lyman Mill surface water LPX-SD-2050 2,4,6-trichlorophenol 10 UG/L U 0.36 nc 14 1.4 0.36 NA
Lyman Mill surface water LPX-SD-2052 2,4,6-trichlorophenol 10 UG/L U 0.36 nc 14 1.4 0.36 NA
Lyman Mill surface water LPX-SD-2053 2,4,6-trichlorophenol 10 UG/L U 0.36 nc 14 1.4 0.36 NA
Lyman Mill surface water LPX-SD-2049 2,4,6-trichlorophenol 10 UG/L U 0.36 nc 14 1.4 0.36 NA
Lyman Mill surface water LPX-SD-2045 2,4,6-trichlorophenol 10 UG/L U 0.36 nc 14 1.4 0.36 NA
Lyman Mill surface water LPX-SD-2046 2,4,6-trichlorophenol 10 UG/L UJ 0.36 nc 14 1.4 0.36 NA
Lyman Mill surface water LPX-SD-2047 2,4,6-trichlorophenol 10 UG/L U 0.36 nc 14 1.4 0.36 NA
Lyman Mill surface water LPX-SD-2045 2,4,6-trichlorophenol 10 UG/L U 0.36 nc 14 1.4 0.36 NA
Lyman Mill surface water WRL-SD-2043 2,4,6-trichlorophenol 10 UG/L U 0.36 nc 14 1.4 0.36 NA
Lyman Mill surface water LPX-SD-2048 2,4,6-trichlorophenol 10 UG/L U 0.36 nc 14 1.4 0.36 NA
Lyman Mill surface water LPX-SD-2051 2,4,6-trichlorophenol 10 UG/L U 0.36 nc 14 1.4 0.36 NA
Lyman Mill surface water WRL-SD-2044 2,4,6-trichlorophenol 10 UG/L U 0.36 nc 14 1.4 0.36 NA
Assaumpsett surface water RAB-SD-3004 2,4,6-trichlorophenol 10 UG/L U 0.36 nc 14 1.4 0.36 NA
Upstream surface water RCC-SD-3001 2,4,6-trichlorophenol 10 UG/L U 0.36 nc 14 1.4 0.36 NA
Upstream surface water RCC-SD-3002 2,4,6-trichlorophenol 10 UG/L U 0.36 nc 14 1.4 0.36 NA
Upstream surface water RCC-SD-3003 2,4,6-trichlorophenol 10 UG/L U 0.36 nc 14 1.4 0.36 NA
Lyman Mill surface water WRL-SD-2040 Acenaphthene 10 UG/L U 1.9 nc 670 670 1.9 NA
Lyman Mill surface water WRL-SD-2039 Acenaphthene 10 UG/L U 1.9 nc 670 670 1.9 NA
Lyman Mill surface water WRL-SD-2040 Acenaphthene 10 UG/L U 1.9 nc 670 670 1.9 NA
Lyman Mill surface water WRL-SD-2041 Acenaphthene 10 UG/L U 1.9 nc 670 670 1.9 NA
Source Area surface water CMW-SD-2016 Acenaphthene 10 UG/L U 1.9 nc 670 670 1.9 NA
Source Area surface water CMW-SD-2019 Acenaphthene 10 UG/L U 1.9 nc 670 670 1.9 NA
Source Area surface water CMW-SD-2020 Acenaphthene 10 UG/L U 1.9 nc 670 670 1.9 NA
Source Area surface water CMW-SD-2021 Acenaphthene 10 UG/L U 1.9 nc 670 670 1.9 NA
Allendale surface water CMW-SD-2023 Acenaphthene 10 UG/L U 1.9 nc 670 670 1.9 NA
Source Area surface water CMW-SD-2022 Acenaphthene 10 UG/L U 1.9 nc 670 670 1.9 NA
Allendale surface water CMW-SD-2023 Acenaphthene 10 UG/L U 1.9 nc 670 670 1.9 NA
Allendale surface water CMW-SD-2024 Acenaphthene 10 UG/L U 1.9 nc 670 670 1.9 NA
Allendale surface water CMW-SD-2025 Acenaphthene 10 UG/L U 1.9 nc 670 670 1.9 NA
Allendale surface water APB-SD-2029 Acenaphthene 10 UG/L U 1.9 nc 670 670 1.9 NA
Source Area surface water WRC-SD-2009 Acenaphthene 10 UG/L U 1.9 nc 670 670 1.9 NA
Source Area surface water WRC-SD-2013 Acenaphthene 10 UG/L U 1.9 nc 670 670 1.9 NA
Allendale surface water WRC-SD-2014 Acenaphthene 10 UG/L U 1.9 nc 670 670 1.9 NA
Allendale surface water WRC-SD-2015 Acenaphthene 10 UG/L U 1.9 nc 670 670 1.9 NA
Source Area surface water WRC-SD-2010 Acenaphthene 10 UG/L U 1.9 nc 670 670 1.9 NA
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Appendix F
Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Source Area surface water WRC-SD-2011 Acenaphthene 10 UG/L U 1.9 nc 670 670 1.9 NA
Source Area surface water WRC-SD-2012 Acenaphthene 10 UG/L U 1.9 nc 670 670 1.9 NA
Lyman Mill surface water WRL-SD-2042 Acenaphthene 10 UG/L U 1.9 nc 670 670 1.9 NA
Allendale surface water APB-SD-2034 Acenaphthene 10 UG/L U 1.9 nc 670 670 1.9 NA
Allendale surface water APC-SD-2036 Acenaphthene 10 UG/L U 1.9 nc 670 670 1.9 NA
Allendale surface water APC-SD-2035 Acenaphthene 10 UG/L U 1.9 nc 670 670 1.9 NA
Allendale surface water APC-SD-2036 Acenaphthene 10 UG/L U 1.9 nc 670 670 1.9 NA
Lyman Mill surface water LPX-SD-2050 Acenaphthene 10 UG/L U 1.9 nc 670 670 1.9 NA
Lyman Mill surface water LPX-SD-2052 Acenaphthene 10 UG/L U 1.9 nc 670 670 1.9 NA
Lyman Mill surface water LPX-SD-2053 Acenaphthene 10 UG/L U 1.9 nc 670 670 1.9 NA
Lyman Mill surface water LPX-SD-2049 Acenaphthene 10 UG/L U 1.9 nc 670 670 1.9 NA
Lyman Mill surface water LPX-SD-2045 Acenaphthene 10 UG/L U 1.9 nc 670 670 1.9 NA
Lyman Mill surface water LPX-SD-2046 Acenaphthene 10 UG/L UJ 1.9 nc 670 670 1.9 NA
Lyman Mill surface water LPX-SD-2047 Acenaphthene 10 UG/L U 1.9 nc 670 670 1.9 NA
Lyman Mill surface water LPX-SD-2045 Acenaphthene 10 UG/L U 1.9 nc 670 670 1.9 NA
Lyman Mill surface water WRL-SD-2043 Acenaphthene 10 UG/L U 1.9 nc 670 670 1.9 NA
Lyman Mill surface water LPX-SD-2048 Acenaphthene 10 UG/L U 1.9 nc 670 670 1.9 NA
Lyman Mill surface water LPX-SD-2051 Acenaphthene 10 UG/L U 1.9 nc 670 670 1.9 NA
Lyman Mill surface water WRL-SD-2044 Acenaphthene 10 UG/L U 1.9 nc 670 670 1.9 NA
Assaumpsett surface water RAB-SD-3004 Acenaphthene 10 UG/L U 1.9 nc 670 670 1.9 NA
Upstream surface water RCC-SD-3001 Acenaphthene 10 UG/L U 1.9 nc 670 670 1.9 NA
Upstream surface water RCC-SD-3002 Acenaphthene 10 UG/L U 1.9 nc 670 670 1.9 NA
Upstream surface water RCC-SD-3003 Acenaphthene 10 UG/L U 1.9 nc 670 670 1.9 NA
Allendale surface water WRC-SW-4001 Acenaphthene 0.00242 UG/L U 1.9 nc 670 670 1.9 NA
Allendale surface water WRC-SW-4002 Acenaphthene 0.0024 UG/L U 1.9 nc 670 670 1.9 NA
Allendale surface water WRC-SW-4003 Acenaphthene 0.00462 UG/L U 1.9 nc 670 670 1.9 NA
Allendale surface water WRC-SW-4003 Acenaphthene 0.00145 UG/L J 1.9 nc 670 670 1.9 N
Allendale surface water WRC-SW-4004 Acenaphthene 0.00231 UG/L U 1.9 nc 670 670 1.9 NA
Assaumpsett surface water RAB-SW-5004 Acenaphthene 0.00238 UG/L U 1.9 nc 670 670 1.9 NA
Upstream surface water RWR-SW-5001 Acenaphthene 0.00231 UG/L U 1.9 nc 670 670 1.9 NA
Upstream surface water RWR-SW-5002 Acenaphthene 0.00238 UG/L U 1.9 nc 670 670 1.9 NA
Lyman Mill surface water WRL-SW-4005 Acenaphthene 0.00236 UG/L U 1.9 nc 670 670 1.9 NA
Lyman Mill surface water WRL-SW-4004 Acenaphthene 0.00244 UG/L U 1.9 nc 670 670 1.9 NA
Lyman Mill surface water WRL-SW-4005 Acenaphthene 0.00254 UG/L U 1.9 nc 670 670 1.9 NA
Lyman Mill surface water WRL-SD-2040 Acenaphthylene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2039 Acenaphthylene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2040 Acenaphthylene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2041 Acenaphthylene 10 UG/L U nc nc nc nc nc NA
Source Area surface water CMW-SD-2016 Acenaphthylene 10 UG/L U nc nc nc nc nc NA
Source Area surface water CMW-SD-2019 Acenaphthylene 10 UG/L U nc nc nc nc nc NA
Source Area surface water CMW-SD-2020 Acenaphthylene 10 UG/L U nc nc nc nc nc NA
Source Area surface water CMW-SD-2021 Acenaphthylene 10 UG/L U nc nc nc nc nc NA
Allendale surface water CMW-SD-2023 Acenaphthylene 10 UG/L U nc nc nc nc nc NA
Source Area surface water CMW-SD-2022 Acenaphthylene 10 UG/L U nc nc nc nc nc NA
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Appendix F
Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Allendale surface water CMW-SD-2023 Acenaphthylene 10 UG/L U nc nc nc nc nc NA
Allendale surface water CMW-SD-2024 Acenaphthylene 10 UG/L U nc nc nc nc nc NA
Allendale surface water CMW-SD-2025 Acenaphthylene 10 UG/L U nc nc nc nc nc NA
Allendale surface water APB-SD-2029 Acenaphthylene 10 UG/L U nc nc nc nc nc NA
Source Area surface water WRC-SD-2009 Acenaphthylene 10 UG/L U nc nc nc nc nc NA
Source Area surface water WRC-SD-2013 Acenaphthylene 10 UG/L U nc nc nc nc nc NA
Allendale surface water WRC-SD-2014 Acenaphthylene 10 UG/L U nc nc nc nc nc NA
Allendale surface water WRC-SD-2015 Acenaphthylene 10 UG/L U nc nc nc nc nc NA
Source Area surface water WRC-SD-2010 Acenaphthylene 10 UG/L U nc nc nc nc nc NA
Source Area surface water WRC-SD-2011 Acenaphthylene 10 UG/L U nc nc nc nc nc NA
Source Area surface water WRC-SD-2012 Acenaphthylene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2042 Acenaphthylene 10 UG/L U nc nc nc nc nc NA
Allendale surface water APB-SD-2034 Acenaphthylene 10 UG/L U nc nc nc nc nc NA
Allendale surface water APC-SD-2036 Acenaphthylene 10 UG/L U nc nc nc nc nc NA
Allendale surface water APC-SD-2035 Acenaphthylene 10 UG/L U nc nc nc nc nc NA
Allendale surface water APC-SD-2036 Acenaphthylene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2050 Acenaphthylene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2052 Acenaphthylene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2053 Acenaphthylene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2049 Acenaphthylene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2045 Acenaphthylene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2046 Acenaphthylene 10 UG/L UJ nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2047 Acenaphthylene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2045 Acenaphthylene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2043 Acenaphthylene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2048 Acenaphthylene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2051 Acenaphthylene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2044 Acenaphthylene 10 UG/L U nc nc nc nc nc NA
Assaumpsett surface water RAB-SD-3004 Acenaphthylene 10 UG/L U nc nc nc nc nc NA
Upstream surface water RCC-SD-3001 Acenaphthylene 10 UG/L U nc nc nc nc nc NA
Upstream surface water RCC-SD-3002 Acenaphthylene 10 UG/L U nc nc nc nc nc NA
Upstream surface water RCC-SD-3003 Acenaphthylene 10 UG/L U nc nc nc nc nc NA
Allendale surface water WRC-SW-4001 Acenaphthylene 0.00242 UG/L U nc nc nc nc nc NA
Allendale surface water WRC-SW-4002 Acenaphthylene 0.0024 UG/L U nc nc nc nc nc NA
Allendale surface water WRC-SW-4003 Acenaphthylene 0.00462 UG/L U nc nc nc nc nc NA
Allendale surface water WRC-SW-4003 Acenaphthylene 0.00058 UG/L J nc nc nc nc nc NA
Allendale surface water WRC-SW-4004 Acenaphthylene 0.00231 UG/L U nc nc nc nc nc NA
Assaumpsett surface water RAB-SW-5004 Acenaphthylene 0.00238 UG/L U nc nc nc nc nc NA
Upstream surface water RWR-SW-5001 Acenaphthylene 0.00231 UG/L U nc nc nc nc nc NA
Upstream surface water RWR-SW-5002 Acenaphthylene 0.00238 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SW-4005 Acenaphthylene 0.00156 UG/L J nc nc nc nc nc NA
Lyman Mill surface water WRL-SW-4004 Acenaphthylene 0.00132 UG/L J nc nc nc nc nc NA
Lyman Mill surface water WRL-SW-4005 Acenaphthylene 0.00132 UG/L J nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2040 Anthracene 10 UG/L U nc nc 8300 8300 8300 NA
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Lyman Mill surface water WRL-SD-2039 Anthracene 10 UG/L U nc nc 8300 8300 8300 NA
Lyman Mill surface water WRL-SD-2040 Anthracene 10 UG/L U nc nc 8300 8300 8300 NA
Lyman Mill surface water WRL-SD-2041 Anthracene 10 UG/L U nc nc 8300 8300 8300 NA
Source Area surface water CMW-SD-2016 Anthracene 10 UG/L U nc nc 8300 8300 8300 NA
Source Area surface water CMW-SD-2019 Anthracene 10 UG/L U nc nc 8300 8300 8300 NA
Source Area surface water CMW-SD-2020 Anthracene 10 UG/L U nc nc 8300 8300 8300 NA
Source Area surface water CMW-SD-2021 Anthracene 10 UG/L U nc nc 8300 8300 8300 NA
Allendale surface water CMW-SD-2023 Anthracene 10 UG/L U nc nc 8300 8300 8300 NA
Source Area surface water CMW-SD-2022 Anthracene 10 UG/L U nc nc 8300 8300 8300 NA
Allendale surface water CMW-SD-2023 Anthracene 10 UG/L U nc nc 8300 8300 8300 NA
Allendale surface water CMW-SD-2024 Anthracene 10 UG/L U nc nc 8300 8300 8300 NA
Allendale surface water CMW-SD-2025 Anthracene 10 UG/L U nc nc 8300 8300 8300 NA
Allendale surface water APB-SD-2029 Anthracene 10 UG/L U nc nc 8300 8300 8300 NA
Source Area surface water WRC-SD-2009 Anthracene 10 UG/L U nc nc 8300 8300 8300 NA
Source Area surface water WRC-SD-2013 Anthracene 10 UG/L U nc nc 8300 8300 8300 NA
Allendale surface water WRC-SD-2014 Anthracene 10 UG/L U nc nc 8300 8300 8300 NA
Allendale surface water WRC-SD-2015 Anthracene 10 UG/L U nc nc 8300 8300 8300 NA
Source Area surface water WRC-SD-2010 Anthracene 10 UG/L U nc nc 8300 8300 8300 NA
Source Area surface water WRC-SD-2011 Anthracene 10 UG/L U nc nc 8300 8300 8300 NA
Source Area surface water WRC-SD-2012 Anthracene 10 UG/L U nc nc 8300 8300 8300 NA
Lyman Mill surface water WRL-SD-2042 Anthracene 10 UG/L U nc nc 8300 8300 8300 NA
Allendale surface water APB-SD-2034 Anthracene 10 UG/L U nc nc 8300 8300 8300 NA
Allendale surface water APC-SD-2036 Anthracene 10 UG/L U nc nc 8300 8300 8300 NA
Allendale surface water APC-SD-2035 Anthracene 10 UG/L U nc nc 8300 8300 8300 NA
Allendale surface water APC-SD-2036 Anthracene 10 UG/L U nc nc 8300 8300 8300 NA
Lyman Mill surface water LPX-SD-2050 Anthracene 10 UG/L U nc nc 8300 8300 8300 NA
Lyman Mill surface water LPX-SD-2052 Anthracene 10 UG/L U nc nc 8300 8300 8300 NA
Lyman Mill surface water LPX-SD-2053 Anthracene 10 UG/L U nc nc 8300 8300 8300 NA
Lyman Mill surface water LPX-SD-2049 Anthracene 10 UG/L U nc nc 8300 8300 8300 NA
Lyman Mill surface water LPX-SD-2045 Anthracene 10 UG/L U nc nc 8300 8300 8300 NA
Lyman Mill surface water LPX-SD-2046 Anthracene 10 UG/L UJ nc nc 8300 8300 8300 NA
Lyman Mill surface water LPX-SD-2047 Anthracene 10 UG/L U nc nc 8300 8300 8300 NA
Lyman Mill surface water LPX-SD-2045 Anthracene 10 UG/L U nc nc 8300 8300 8300 NA
Lyman Mill surface water WRL-SD-2043 Anthracene 10 UG/L U nc nc 8300 8300 8300 NA
Lyman Mill surface water LPX-SD-2048 Anthracene 10 UG/L U nc nc 8300 8300 8300 NA
Lyman Mill surface water LPX-SD-2051 Anthracene 10 UG/L U nc nc 8300 8300 8300 NA
Lyman Mill surface water WRL-SD-2044 Anthracene 10 UG/L U nc nc 8300 8300 8300 NA
Assaumpsett surface water RAB-SD-3004 Anthracene 10 UG/L U nc nc 8300 8300 8300 NA
Upstream surface water RCC-SD-3001 Anthracene 10 UG/L U nc nc 8300 8300 8300 NA
Upstream surface water RCC-SD-3002 Anthracene 10 UG/L U nc nc 8300 8300 8300 NA
Upstream surface water RCC-SD-3003 Anthracene 10 UG/L U nc nc 8300 8300 8300 NA
Allendale surface water WRC-SW-4001 Anthracene 0.00242 UG/L U nc nc 8300 8300 8300 NA
Allendale surface water WRC-SW-4002 Anthracene 0.0024 UG/L U nc nc 8300 8300 8300 NA
Allendale surface water WRC-SW-4003 Anthracene 0.00462 UG/L U nc nc 8300 8300 8300 NA
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Allendale surface water WRC-SW-4003 Anthracene 0.00097 UG/L J nc nc 8300 8300 8300 N
Allendale surface water WRC-SW-4004 Anthracene 0.00231 UG/L U nc nc 8300 8300 8300 NA
Assaumpsett surface water RAB-SW-5004 Anthracene 0.00238 UG/L U nc nc 8300 8300 8300 NA
Upstream surface water RWR-SW-5001 Anthracene 0.00231 UG/L U nc nc 8300 8300 8300 NA
Upstream surface water RWR-SW-5002 Anthracene 0.00238 UG/L U nc nc 8300 8300 8300 NA
Lyman Mill surface water WRL-SW-4005 Anthracene 0.00256 UG/L U nc nc 8300 8300 8300 NA
Lyman Mill surface water WRL-SW-4004 Anthracene 0.00286 UG/L U nc nc 8300 8300 8300 NA
Lyman Mill surface water WRL-SW-4005 Anthracene 0.00275 UG/L U nc nc 8300 8300 8300 NA
Lyman Mill surface water WRL-SD-2040 Benzo(a)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water WRL-SD-2039 Benzo(a)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water WRL-SD-2040 Benzo(a)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water WRL-SD-2041 Benzo(a)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Source Area surface water CMW-SD-2016 Benzo(a)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Source Area surface water CMW-SD-2019 Benzo(a)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Source Area surface water CMW-SD-2020 Benzo(a)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Source Area surface water CMW-SD-2021 Benzo(a)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water CMW-SD-2023 Benzo(a)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Source Area surface water CMW-SD-2022 Benzo(a)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water CMW-SD-2023 Benzo(a)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water CMW-SD-2024 Benzo(a)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water CMW-SD-2025 Benzo(a)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water APB-SD-2029 Benzo(a)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Source Area surface water WRC-SD-2009 Benzo(a)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Source Area surface water WRC-SD-2013 Benzo(a)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water WRC-SD-2014 Benzo(a)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water WRC-SD-2015 Benzo(a)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Source Area surface water WRC-SD-2010 Benzo(a)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Source Area surface water WRC-SD-2011 Benzo(a)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Source Area surface water WRC-SD-2012 Benzo(a)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water WRL-SD-2042 Benzo(a)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water APB-SD-2034 Benzo(a)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water APC-SD-2036 Benzo(a)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water APC-SD-2035 Benzo(a)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water APC-SD-2036 Benzo(a)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water LPX-SD-2050 Benzo(a)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water LPX-SD-2052 Benzo(a)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water LPX-SD-2053 Benzo(a)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water LPX-SD-2049 Benzo(a)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water LPX-SD-2045 Benzo(a)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water LPX-SD-2046 Benzo(a)anthracene 10 UG/L UJ nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water LPX-SD-2047 Benzo(a)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water LPX-SD-2045 Benzo(a)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water WRL-SD-2043 Benzo(a)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water LPX-SD-2048 Benzo(a)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Lyman Mill surface water LPX-SD-2051 Benzo(a)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water WRL-SD-2044 Benzo(a)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Assaumpsett surface water RAB-SD-3004 Benzo(a)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Upstream surface water RCC-SD-3001 Benzo(a)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Upstream surface water RCC-SD-3002 Benzo(a)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Upstream surface water RCC-SD-3003 Benzo(a)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water WRC-SW-4001 Benzo(a)anthracene 0.00453 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water WRC-SW-4002 Benzo(a)anthracene 0.00451 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water WRC-SW-4003 Benzo(a)anthracene 0.00462 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water WRC-SW-4003 Benzo(a)anthracene 0.00252 UG/L J nc nc 0.038 0.0038 0.0038 N
Allendale surface water WRC-SW-4004 Benzo(a)anthracene 0.00231 UG/L U nc nc 0.038 0.0038 0.0038 NA
Assaumpsett surface water RAB-SW-5004 Benzo(a)anthracene 0.00238 UG/L U nc nc 0.038 0.0038 0.0038 NA
Upstream surface water RWR-SW-5001 Benzo(a)anthracene 0.00231 UG/L U nc nc 0.038 0.0038 0.0038 NA
Upstream surface water RWR-SW-5002 Benzo(a)anthracene 0.00238 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water WRL-SW-4005 Benzo(a)anthracene 0.00918 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water WRL-SW-4004 Benzo(a)anthracene 0.00906 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water WRL-SW-4005 Benzo(a)anthracene 0.0106 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water WRL-SD-2040 Benzo(a)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water WRL-SD-2039 Benzo(a)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water WRL-SD-2040 Benzo(a)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water WRL-SD-2041 Benzo(a)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Source Area surface water CMW-SD-2016 Benzo(a)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Source Area surface water CMW-SD-2019 Benzo(a)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Source Area surface water CMW-SD-2020 Benzo(a)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Source Area surface water CMW-SD-2021 Benzo(a)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water CMW-SD-2023 Benzo(a)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Source Area surface water CMW-SD-2022 Benzo(a)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water CMW-SD-2023 Benzo(a)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water CMW-SD-2024 Benzo(a)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water CMW-SD-2025 Benzo(a)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water APB-SD-2029 Benzo(a)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Source Area surface water WRC-SD-2009 Benzo(a)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Source Area surface water WRC-SD-2013 Benzo(a)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water WRC-SD-2014 Benzo(a)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water WRC-SD-2015 Benzo(a)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Source Area surface water WRC-SD-2010 Benzo(a)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Source Area surface water WRC-SD-2011 Benzo(a)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Source Area surface water WRC-SD-2012 Benzo(a)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water WRL-SD-2042 Benzo(a)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water APB-SD-2034 Benzo(a)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water APC-SD-2036 Benzo(a)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water APC-SD-2035 Benzo(a)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water APC-SD-2036 Benzo(a)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water LPX-SD-2050 Benzo(a)pyrene 10 UG/L UJ nc nc 0.038 0.0038 0.0038 NA
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Lyman Mill surface water LPX-SD-2052 Benzo(a)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water LPX-SD-2053 Benzo(a)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water LPX-SD-2049 Benzo(a)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water LPX-SD-2045 Benzo(a)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water LPX-SD-2046 Benzo(a)pyrene 10 UG/L UJ nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water LPX-SD-2047 Benzo(a)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water LPX-SD-2045 Benzo(a)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water WRL-SD-2043 Benzo(a)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water LPX-SD-2048 Benzo(a)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water LPX-SD-2051 Benzo(a)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water WRL-SD-2044 Benzo(a)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Assaumpsett surface water RAB-SD-3004 Benzo(a)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Upstream surface water RCC-SD-3001 Benzo(a)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Upstream surface water RCC-SD-3002 Benzo(a)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Upstream surface water RCC-SD-3003 Benzo(a)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water WRC-SW-4001 Benzo(a)pyrene 0.00567 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water WRC-SW-4002 Benzo(a)pyrene 0.00538 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water WRC-SW-4003 Benzo(a)pyrene 0.00462 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water WRC-SW-4003 Benzo(a)pyrene 0.00248 UG/L J nc nc 0.038 0.0038 0.0038 N
Allendale surface water WRC-SW-4004 Benzo(a)pyrene 0.00231 UG/L U nc nc 0.038 0.0038 0.0038 NA
Assaumpsett surface water RAB-SW-5004 Benzo(a)pyrene 0.00238 UG/L U nc nc 0.038 0.0038 0.0038 NA
Upstream surface water RWR-SW-5001 Benzo(a)pyrene 0.00231 UG/L U nc nc 0.038 0.0038 0.0038 NA
Upstream surface water RWR-SW-5002 Benzo(a)pyrene 0.00238 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water WRL-SW-4005 Benzo(a)pyrene 0.01084 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water WRL-SW-4004 Benzo(a)pyrene 0.0096 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water WRL-SW-4005 Benzo(a)pyrene 0.01118 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water WRL-SD-2040 Benzo(b)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water WRL-SD-2039 Benzo(b)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water WRL-SD-2040 Benzo(b)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water WRL-SD-2041 Benzo(b)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Source Area surface water CMW-SD-2016 Benzo(b)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Source Area surface water CMW-SD-2019 Benzo(b)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Source Area surface water CMW-SD-2020 Benzo(b)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Source Area surface water CMW-SD-2021 Benzo(b)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water CMW-SD-2023 Benzo(b)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Source Area surface water CMW-SD-2022 Benzo(b)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water CMW-SD-2023 Benzo(b)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water CMW-SD-2024 Benzo(b)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water CMW-SD-2025 Benzo(b)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water APB-SD-2029 Benzo(b)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Source Area surface water WRC-SD-2009 Benzo(b)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Source Area surface water WRC-SD-2013 Benzo(b)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water WRC-SD-2014 Benzo(b)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water WRC-SD-2015 Benzo(b)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Source Area surface water WRC-SD-2010 Benzo(b)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Source Area surface water WRC-SD-2011 Benzo(b)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Source Area surface water WRC-SD-2012 Benzo(b)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water WRL-SD-2042 Benzo(b)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water APB-SD-2034 Benzo(b)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water APC-SD-2036 Benzo(b)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water APC-SD-2035 Benzo(b)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water APC-SD-2036 Benzo(b)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water LPX-SD-2050 Benzo(b)fluoranthene 10 UG/L UJ nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water LPX-SD-2052 Benzo(b)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water LPX-SD-2053 Benzo(b)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water LPX-SD-2049 Benzo(b)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water LPX-SD-2045 Benzo(b)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water LPX-SD-2046 Benzo(b)fluoranthene 10 UG/L UJ nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water LPX-SD-2047 Benzo(b)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water LPX-SD-2045 Benzo(b)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water WRL-SD-2043 Benzo(b)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water LPX-SD-2048 Benzo(b)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water LPX-SD-2051 Benzo(b)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water WRL-SD-2044 Benzo(b)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Assaumpsett surface water RAB-SD-3004 Benzo(b)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Upstream surface water RCC-SD-3001 Benzo(b)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Upstream surface water RCC-SD-3002 Benzo(b)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Upstream surface water RCC-SD-3003 Benzo(b)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water WRC-SW-4001 Benzo(b)fluoranthene 0.00785 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water WRC-SW-4002 Benzo(b)fluoranthene 0.008 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water WRC-SW-4003 Benzo(b)fluoranthene 0.00466 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water WRC-SW-4003 Benzo(b)fluoranthene 0.00349 UG/L J nc nc 0.038 0.0038 0.0038 N
Allendale surface water WRC-SW-4004 Benzo(b)fluoranthene 0.00368 UG/L U nc nc 0.038 0.0038 0.0038 NA
Assaumpsett surface water RAB-SW-5004 Benzo(b)fluoranthene 0.00238 UG/L U nc nc 0.038 0.0038 0.0038 NA
Upstream surface water RWR-SW-5001 Benzo(b)fluoranthene 0.00347 UG/L U nc nc 0.038 0.0038 0.0038 NA
Upstream surface water RWR-SW-5002 Benzo(b)fluoranthene 0.00325 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water WRL-SW-4005 Benzo(b)fluoranthene 0.01515 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water WRL-SW-4004 Benzo(b)fluoranthene 0.01289 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water WRL-SW-4005 Benzo(b)fluoranthene 0.01535 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water WRL-SD-2040 Benzo(g,h,i)perylene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2039 Benzo(g,h,i)perylene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2040 Benzo(g,h,i)perylene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2041 Benzo(g,h,i)perylene 10 UG/L U nc nc nc nc nc NA
Source Area surface water CMW-SD-2016 Benzo(g,h,i)perylene 10 UG/L U nc nc nc nc nc NA
Source Area surface water CMW-SD-2019 Benzo(g,h,i)perylene 10 UG/L U nc nc nc nc nc NA
Source Area surface water CMW-SD-2020 Benzo(g,h,i)perylene 10 UG/L U nc nc nc nc nc NA
Source Area surface water CMW-SD-2021 Benzo(g,h,i)perylene 10 UG/L U nc nc nc nc nc NA
Allendale surface water CMW-SD-2023 Benzo(g,h,i)perylene 10 UG/L U nc nc nc nc nc NA
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Source Area surface water CMW-SD-2022 Benzo(g,h,i)perylene 10 UG/L U nc nc nc nc nc NA
Allendale surface water CMW-SD-2023 Benzo(g,h,i)perylene 10 UG/L U nc nc nc nc nc NA
Allendale surface water CMW-SD-2024 Benzo(g,h,i)perylene 10 UG/L U nc nc nc nc nc NA
Allendale surface water CMW-SD-2025 Benzo(g,h,i)perylene 10 UG/L U nc nc nc nc nc NA
Allendale surface water APB-SD-2029 Benzo(g,h,i)perylene 10 UG/L U nc nc nc nc nc NA
Source Area surface water WRC-SD-2009 Benzo(g,h,i)perylene 10 UG/L U nc nc nc nc nc NA
Source Area surface water WRC-SD-2013 Benzo(g,h,i)perylene 10 UG/L U nc nc nc nc nc NA
Allendale surface water WRC-SD-2014 Benzo(g,h,i)perylene 10 UG/L U nc nc nc nc nc NA
Allendale surface water WRC-SD-2015 Benzo(g,h,i)perylene 10 UG/L U nc nc nc nc nc NA
Source Area surface water WRC-SD-2010 Benzo(g,h,i)perylene 10 UG/L U nc nc nc nc nc NA
Source Area surface water WRC-SD-2011 Benzo(g,h,i)perylene 10 UG/L U nc nc nc nc nc NA
Source Area surface water WRC-SD-2012 Benzo(g,h,i)perylene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2042 Benzo(g,h,i)perylene 10 UG/L U nc nc nc nc nc NA
Allendale surface water APB-SD-2034 Benzo(g,h,i)perylene 10 UG/L U nc nc nc nc nc NA
Allendale surface water APC-SD-2036 Benzo(g,h,i)perylene 10 UG/L U nc nc nc nc nc NA
Allendale surface water APC-SD-2035 Benzo(g,h,i)perylene 10 UG/L U nc nc nc nc nc NA
Allendale surface water APC-SD-2036 Benzo(g,h,i)perylene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2050 Benzo(g,h,i)perylene 10 UG/L UJ nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2052 Benzo(g,h,i)perylene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2053 Benzo(g,h,i)perylene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2049 Benzo(g,h,i)perylene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2045 Benzo(g,h,i)perylene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2046 Benzo(g,h,i)perylene 10 UG/L UJ nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2047 Benzo(g,h,i)perylene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2045 Benzo(g,h,i)perylene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2043 Benzo(g,h,i)perylene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2048 Benzo(g,h,i)perylene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2051 Benzo(g,h,i)perylene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2044 Benzo(g,h,i)perylene 10 UG/L U nc nc nc nc nc NA
Assaumpsett surface water RAB-SD-3004 Benzo(g,h,i)perylene 10 UG/L U nc nc nc nc nc NA
Upstream surface water RCC-SD-3001 Benzo(g,h,i)perylene 10 UG/L U nc nc nc nc nc NA
Upstream surface water RCC-SD-3002 Benzo(g,h,i)perylene 10 UG/L U nc nc nc nc nc NA
Upstream surface water RCC-SD-3003 Benzo(g,h,i)perylene 10 UG/L U nc nc nc nc nc NA
Allendale surface water WRC-SW-4001 Benzo(g,h,i)perylene 0.00513 UG/L U nc nc nc nc nc NA
Allendale surface water WRC-SW-4002 Benzo(g,h,i)perylene 0.00494 UG/L U nc nc nc nc nc NA
Allendale surface water WRC-SW-4003 Benzo(g,h,i)perylene 0.00462 UG/L U nc nc nc nc nc NA
Allendale surface water WRC-SW-4003 Benzo(g,h,i)perylene 0.00333 UG/L J nc nc nc nc nc NA
Allendale surface water WRC-SW-4004 Benzo(g,h,i)perylene 0.0024 UG/L U nc nc nc nc nc NA
Assaumpsett surface water RAB-SW-5004 Benzo(g,h,i)perylene 0.00238 UG/L U nc nc nc nc nc NA
Upstream surface water RWR-SW-5001 Benzo(g,h,i)perylene 0.00241 UG/L U nc nc nc nc nc NA
Upstream surface water RWR-SW-5002 Benzo(g,h,i)perylene 0.00238 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SW-4005 Benzo(g,h,i)perylene 0.00899 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SW-4004 Benzo(g,h,i)perylene 0.00825 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SW-4005 Benzo(g,h,i)perylene 0.00899 UG/L U nc nc nc nc nc NA
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Lyman Mill surface water WRL-SD-2040 Benzo(k)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water WRL-SD-2039 Benzo(k)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water WRL-SD-2040 Benzo(k)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water WRL-SD-2041 Benzo(k)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Source Area surface water CMW-SD-2016 Benzo(k)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Source Area surface water CMW-SD-2019 Benzo(k)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Source Area surface water CMW-SD-2020 Benzo(k)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Source Area surface water CMW-SD-2021 Benzo(k)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water CMW-SD-2023 Benzo(k)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Source Area surface water CMW-SD-2022 Benzo(k)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water CMW-SD-2023 Benzo(k)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water CMW-SD-2024 Benzo(k)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water CMW-SD-2025 Benzo(k)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water APB-SD-2029 Benzo(k)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Source Area surface water WRC-SD-2009 Benzo(k)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Source Area surface water WRC-SD-2013 Benzo(k)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water WRC-SD-2014 Benzo(k)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water WRC-SD-2015 Benzo(k)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Source Area surface water WRC-SD-2010 Benzo(k)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Source Area surface water WRC-SD-2011 Benzo(k)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Source Area surface water WRC-SD-2012 Benzo(k)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water WRL-SD-2042 Benzo(k)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water APB-SD-2034 Benzo(k)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water APC-SD-2036 Benzo(k)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water APC-SD-2035 Benzo(k)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water APC-SD-2036 Benzo(k)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water LPX-SD-2050 Benzo(k)fluoranthene 10 UG/L UJ nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water LPX-SD-2052 Benzo(k)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water LPX-SD-2053 Benzo(k)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water LPX-SD-2049 Benzo(k)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water LPX-SD-2045 Benzo(k)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water LPX-SD-2046 Benzo(k)fluoranthene 10 UG/L UJ nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water LPX-SD-2047 Benzo(k)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water LPX-SD-2045 Benzo(k)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water WRL-SD-2043 Benzo(k)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water LPX-SD-2048 Benzo(k)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water LPX-SD-2051 Benzo(k)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water WRL-SD-2044 Benzo(k)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Assaumpsett surface water RAB-SD-3004 Benzo(k)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Upstream surface water RCC-SD-3001 Benzo(k)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Upstream surface water RCC-SD-3002 Benzo(k)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Upstream surface water RCC-SD-3003 Benzo(k)fluoranthene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water WRC-SW-4001 Benzo(k)fluoranthene 0.0072 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water WRC-SW-4002 Benzo(k)fluoranthene 0.00732 UG/L U nc nc 0.038 0.0038 0.0038 NA
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Allendale surface water WRC-SW-4003 Benzo(k)fluoranthene 0.00462 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water WRC-SW-4003 Benzo(k)fluoranthene 0.00362 UG/L J nc nc 0.038 0.0038 0.0038 N
Allendale surface water WRC-SW-4004 Benzo(k)fluoranthene 0.00355 UG/L U nc nc 0.038 0.0038 0.0038 NA
Assaumpsett surface water RAB-SW-5004 Benzo(k)fluoranthene 0.00238 UG/L U nc nc 0.038 0.0038 0.0038 NA
Upstream surface water RWR-SW-5001 Benzo(k)fluoranthene 0.00301 UG/L U nc nc 0.038 0.0038 0.0038 NA
Upstream surface water RWR-SW-5002 Benzo(k)fluoranthene 0.00303 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water WRL-SW-4005 Benzo(k)fluoranthene 0.01411 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water WRL-SW-4004 Benzo(k)fluoranthene 0.01299 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water WRL-SW-4005 Benzo(k)fluoranthene 0.01413 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water WRL-SD-2040 Bis(2-chloroethoxy)methane 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2039 Bis(2-chloroethoxy)methane 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2040 Bis(2-chloroethoxy)methane 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2041 Bis(2-chloroethoxy)methane 10 UG/L U nc nc nc nc nc NA
Source Area surface water CMW-SD-2016 Bis(2-chloroethoxy)methane 10 UG/L U nc nc nc nc nc NA
Source Area surface water CMW-SD-2019 Bis(2-chloroethoxy)methane 10 UG/L U nc nc nc nc nc NA
Source Area surface water CMW-SD-2020 Bis(2-chloroethoxy)methane 10 UG/L U nc nc nc nc nc NA
Source Area surface water CMW-SD-2021 Bis(2-chloroethoxy)methane 10 UG/L U nc nc nc nc nc NA
Allendale surface water CMW-SD-2023 Bis(2-chloroethoxy)methane 10 UG/L U nc nc nc nc nc NA
Source Area surface water CMW-SD-2022 Bis(2-chloroethoxy)methane 10 UG/L U nc nc nc nc nc NA
Allendale surface water CMW-SD-2023 Bis(2-chloroethoxy)methane 10 UG/L U nc nc nc nc nc NA
Allendale surface water CMW-SD-2024 Bis(2-chloroethoxy)methane 10 UG/L U nc nc nc nc nc NA
Allendale surface water CMW-SD-2025 Bis(2-chloroethoxy)methane 10 UG/L U nc nc nc nc nc NA
Allendale surface water APB-SD-2029 Bis(2-chloroethoxy)methane 10 UG/L U nc nc nc nc nc NA
Source Area surface water WRC-SD-2009 Bis(2-chloroethoxy)methane 10 UG/L U nc nc nc nc nc NA
Source Area surface water WRC-SD-2013 Bis(2-chloroethoxy)methane 10 UG/L U nc nc nc nc nc NA
Allendale surface water WRC-SD-2014 Bis(2-chloroethoxy)methane 10 UG/L U nc nc nc nc nc NA
Allendale surface water WRC-SD-2015 Bis(2-chloroethoxy)methane 10 UG/L U nc nc nc nc nc NA
Source Area surface water WRC-SD-2010 Bis(2-chloroethoxy)methane 10 UG/L U nc nc nc nc nc NA
Source Area surface water WRC-SD-2011 Bis(2-chloroethoxy)methane 10 UG/L U nc nc nc nc nc NA
Source Area surface water WRC-SD-2012 Bis(2-chloroethoxy)methane 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2042 Bis(2-chloroethoxy)methane 10 UG/L U nc nc nc nc nc NA
Allendale surface water APB-SD-2034 Bis(2-chloroethoxy)methane 10 UG/L U nc nc nc nc nc NA
Allendale surface water APC-SD-2036 Bis(2-chloroethoxy)methane 10 UG/L U nc nc nc nc nc NA
Allendale surface water APC-SD-2035 Bis(2-chloroethoxy)methane 10 UG/L U nc nc nc nc nc NA
Allendale surface water APC-SD-2036 Bis(2-chloroethoxy)methane 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2050 Bis(2-chloroethoxy)methane 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2052 Bis(2-chloroethoxy)methane 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2053 Bis(2-chloroethoxy)methane 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2049 Bis(2-chloroethoxy)methane 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2045 Bis(2-chloroethoxy)methane 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2046 Bis(2-chloroethoxy)methane 10 UG/L UJ nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2047 Bis(2-chloroethoxy)methane 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2045 Bis(2-chloroethoxy)methane 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2043 Bis(2-chloroethoxy)methane 10 UG/L U nc nc nc nc nc NA
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Lyman Mill surface water LPX-SD-2048 Bis(2-chloroethoxy)methane 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2051 Bis(2-chloroethoxy)methane 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2044 Bis(2-chloroethoxy)methane 10 UG/L U nc nc nc nc nc NA
Assaumpsett surface water RAB-SD-3004 Bis(2-chloroethoxy)methane 10 UG/L U nc nc nc nc nc NA
Upstream surface water RCC-SD-3001 Bis(2-chloroethoxy)methane 10 UG/L U nc nc nc nc nc NA
Upstream surface water RCC-SD-3002 Bis(2-chloroethoxy)methane 10 UG/L U nc nc nc nc nc NA
Upstream surface water RCC-SD-3003 Bis(2-chloroethoxy)methane 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2040 Bis(2-chloroethyl)ether 10 UG/L U nc nc 0.3 0.03 0.03 NA
Lyman Mill surface water WRL-SD-2039 Bis(2-chloroethyl)ether 10 UG/L U nc nc 0.3 0.03 0.03 NA
Lyman Mill surface water WRL-SD-2040 Bis(2-chloroethyl)ether 10 UG/L U nc nc 0.3 0.03 0.03 NA
Lyman Mill surface water WRL-SD-2041 Bis(2-chloroethyl)ether 10 UG/L U nc nc 0.3 0.03 0.03 NA
Source Area surface water CMW-SD-2016 Bis(2-chloroethyl)ether 10 UG/L U nc nc 0.3 0.03 0.03 NA
Source Area surface water CMW-SD-2019 Bis(2-chloroethyl)ether 10 UG/L U nc nc 0.3 0.03 0.03 NA
Source Area surface water CMW-SD-2020 Bis(2-chloroethyl)ether 10 UG/L U nc nc 0.3 0.03 0.03 NA
Source Area surface water CMW-SD-2021 Bis(2-chloroethyl)ether 10 UG/L U nc nc 0.3 0.03 0.03 NA
Allendale surface water CMW-SD-2023 Bis(2-chloroethyl)ether 10 UG/L U nc nc 0.3 0.03 0.03 NA
Source Area surface water CMW-SD-2022 Bis(2-chloroethyl)ether 10 UG/L U nc nc 0.3 0.03 0.03 NA
Allendale surface water CMW-SD-2023 Bis(2-chloroethyl)ether 10 UG/L U nc nc 0.3 0.03 0.03 NA
Allendale surface water CMW-SD-2024 Bis(2-chloroethyl)ether 10 UG/L U nc nc 0.3 0.03 0.03 NA
Allendale surface water CMW-SD-2025 Bis(2-chloroethyl)ether 10 UG/L U nc nc 0.3 0.03 0.03 NA
Allendale surface water APB-SD-2029 Bis(2-chloroethyl)ether 10 UG/L U nc nc 0.3 0.03 0.03 NA
Source Area surface water WRC-SD-2009 Bis(2-chloroethyl)ether 10 UG/L U nc nc 0.3 0.03 0.03 NA
Source Area surface water WRC-SD-2013 Bis(2-chloroethyl)ether 10 UG/L U nc nc 0.3 0.03 0.03 NA
Allendale surface water WRC-SD-2014 Bis(2-chloroethyl)ether 10 UG/L UJ nc nc 0.3 0.03 0.03 NA
Allendale surface water WRC-SD-2015 Bis(2-chloroethyl)ether 10 UG/L U nc nc 0.3 0.03 0.03 NA
Source Area surface water WRC-SD-2010 Bis(2-chloroethyl)ether 10 UG/L UJ nc nc 0.3 0.03 0.03 NA
Source Area surface water WRC-SD-2011 Bis(2-chloroethyl)ether 10 UG/L U nc nc 0.3 0.03 0.03 NA
Source Area surface water WRC-SD-2012 Bis(2-chloroethyl)ether 10 UG/L U nc nc 0.3 0.03 0.03 NA
Lyman Mill surface water WRL-SD-2042 Bis(2-chloroethyl)ether 10 UG/L UJ nc nc 0.3 0.03 0.03 NA
Allendale surface water APB-SD-2034 Bis(2-chloroethyl)ether 10 UG/L U nc nc 0.3 0.03 0.03 NA
Allendale surface water APC-SD-2036 Bis(2-chloroethyl)ether 10 UG/L UJ nc nc 0.3 0.03 0.03 NA
Allendale surface water APC-SD-2035 Bis(2-chloroethyl)ether 10 UG/L U nc nc 0.3 0.03 0.03 NA
Allendale surface water APC-SD-2036 Bis(2-chloroethyl)ether 10 UG/L UJ nc nc 0.3 0.03 0.03 NA
Lyman Mill surface water LPX-SD-2050 Bis(2-chloroethyl)ether 10 UG/L U nc nc 0.3 0.03 0.03 NA
Lyman Mill surface water LPX-SD-2052 Bis(2-chloroethyl)ether 10 UG/L U nc nc 0.3 0.03 0.03 NA
Lyman Mill surface water LPX-SD-2053 Bis(2-chloroethyl)ether 10 UG/L U nc nc 0.3 0.03 0.03 NA
Lyman Mill surface water LPX-SD-2049 Bis(2-chloroethyl)ether 10 UG/L U nc nc 0.3 0.03 0.03 NA
Lyman Mill surface water LPX-SD-2045 Bis(2-chloroethyl)ether 10 UG/L U nc nc 0.3 0.03 0.03 NA
Lyman Mill surface water LPX-SD-2046 Bis(2-chloroethyl)ether 10 UG/L UJ nc nc 0.3 0.03 0.03 NA
Lyman Mill surface water LPX-SD-2047 Bis(2-chloroethyl)ether 10 UG/L U nc nc 0.3 0.03 0.03 NA
Lyman Mill surface water LPX-SD-2045 Bis(2-chloroethyl)ether 10 UG/L U nc nc 0.3 0.03 0.03 NA
Lyman Mill surface water WRL-SD-2043 Bis(2-chloroethyl)ether 10 UG/L U nc nc 0.3 0.03 0.03 NA
Lyman Mill surface water LPX-SD-2048 Bis(2-chloroethyl)ether 10 UG/L U nc nc 0.3 0.03 0.03 NA
Lyman Mill surface water LPX-SD-2051 Bis(2-chloroethyl)ether 10 UG/L U nc nc 0.3 0.03 0.03 NA
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL
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Rhode 
Island Federal 1
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Rhode 
Island Federal 1
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(UG/L) 2
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(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Lyman Mill surface water WRL-SD-2044 Bis(2-chloroethyl)ether 10 UG/L U nc nc 0.3 0.03 0.03 NA
Assaumpsett surface water RAB-SD-3004 Bis(2-chloroethyl)ether 10 UG/L U nc nc 0.3 0.03 0.03 NA
Upstream surface water RCC-SD-3001 Bis(2-chloroethyl)ether 10 UG/L U nc nc 0.3 0.03 0.03 NA
Upstream surface water RCC-SD-3002 Bis(2-chloroethyl)ether 10 UG/L U nc nc 0.3 0.03 0.03 NA
Upstream surface water RCC-SD-3003 Bis(2-chloroethyl)ether 10 UG/L U nc nc 0.3 0.03 0.03 NA
Lyman Mill surface water WRL-SD-2040 Bis(2-ethylhexyl)phthalate 10 UG/L U 12 nc 12 1.2 1.2 NA
Lyman Mill surface water WRL-SD-2039 Bis(2-ethylhexyl)phthalate 10 UG/L U 12 nc 12 1.2 1.2 NA
Lyman Mill surface water WRL-SD-2040 Bis(2-ethylhexyl)phthalate 10 UG/L U 12 nc 12 1.2 1.2 NA
Lyman Mill surface water WRL-SD-2041 Bis(2-ethylhexyl)phthalate 10 UG/L U 12 nc 12 1.2 1.2 NA
Source Area surface water CMW-SD-2016 Bis(2-ethylhexyl)phthalate 10 UG/L U 12 nc 12 1.2 1.2 NA
Source Area surface water CMW-SD-2019 Bis(2-ethylhexyl)phthalate 10 UG/L U 12 nc 12 1.2 1.2 NA
Source Area surface water CMW-SD-2020 Bis(2-ethylhexyl)phthalate 10 UG/L U 12 nc 12 1.2 1.2 NA
Source Area surface water CMW-SD-2021 Bis(2-ethylhexyl)phthalate 10 UG/L U 12 nc 12 1.2 1.2 NA
Allendale surface water CMW-SD-2023 Bis(2-ethylhexyl)phthalate 10 UG/L U 12 nc 12 1.2 1.2 NA
Source Area surface water CMW-SD-2022 Bis(2-ethylhexyl)phthalate 10 UG/L U 12 nc 12 1.2 1.2 NA
Allendale surface water CMW-SD-2023 Bis(2-ethylhexyl)phthalate 10 UG/L U 12 nc 12 1.2 1.2 NA
Allendale surface water CMW-SD-2024 Bis(2-ethylhexyl)phthalate 10 UG/L U 12 nc 12 1.2 1.2 NA
Allendale surface water CMW-SD-2025 Bis(2-ethylhexyl)phthalate 10 UG/L U 12 nc 12 1.2 1.2 NA
Allendale surface water APB-SD-2029 Bis(2-ethylhexyl)phthalate 10 UG/L U 12 nc 12 1.2 1.2 NA
Source Area surface water WRC-SD-2009 Bis(2-ethylhexyl)phthalate 10 UG/L U 12 nc 12 1.2 1.2 NA
Source Area surface water WRC-SD-2013 Bis(2-ethylhexyl)phthalate 10 UG/L U 12 nc 12 1.2 1.2 NA
Allendale surface water WRC-SD-2014 Bis(2-ethylhexyl)phthalate 10 UG/L U 12 nc 12 1.2 1.2 NA
Allendale surface water WRC-SD-2015 Bis(2-ethylhexyl)phthalate 10 UG/L U 12 nc 12 1.2 1.2 NA
Source Area surface water WRC-SD-2010 Bis(2-ethylhexyl)phthalate 10 UG/L U 12 nc 12 1.2 1.2 NA
Source Area surface water WRC-SD-2011 Bis(2-ethylhexyl)phthalate 10 UG/L U 12 nc 12 1.2 1.2 NA
Source Area surface water WRC-SD-2012 Bis(2-ethylhexyl)phthalate 10 UG/L U 12 nc 12 1.2 1.2 NA
Lyman Mill surface water WRL-SD-2042 Bis(2-ethylhexyl)phthalate 10 UG/L U 12 nc 12 1.2 1.2 NA
Allendale surface water APB-SD-2034 Bis(2-ethylhexyl)phthalate 10 UG/L U 12 nc 12 1.2 1.2 NA
Allendale surface water APC-SD-2036 Bis(2-ethylhexyl)phthalate 10 UG/L U 12 nc 12 1.2 1.2 NA
Allendale surface water APC-SD-2035 Bis(2-ethylhexyl)phthalate 10 UG/L U 12 nc 12 1.2 1.2 NA
Allendale surface water APC-SD-2036 Bis(2-ethylhexyl)phthalate 10 UG/L U 12 nc 12 1.2 1.2 NA
Lyman Mill surface water LPX-SD-2050 Bis(2-ethylhexyl)phthalate 10 UG/L U 12 nc 12 1.2 1.2 NA
Lyman Mill surface water LPX-SD-2052 Bis(2-ethylhexyl)phthalate 10 UG/L U 12 nc 12 1.2 1.2 NA
Lyman Mill surface water LPX-SD-2053 Bis(2-ethylhexyl)phthalate 10 UG/L U 12 nc 12 1.2 1.2 NA
Lyman Mill surface water LPX-SD-2049 Bis(2-ethylhexyl)phthalate 10 UG/L U 12 nc 12 1.2 1.2 NA
Lyman Mill surface water LPX-SD-2045 Bis(2-ethylhexyl)phthalate 10 UG/L U 12 nc 12 1.2 1.2 NA
Lyman Mill surface water LPX-SD-2046 Bis(2-ethylhexyl)phthalate 10 UG/L UJ 12 nc 12 1.2 1.2 NA
Lyman Mill surface water LPX-SD-2047 Bis(2-ethylhexyl)phthalate 10 UG/L U 12 nc 12 1.2 1.2 NA
Lyman Mill surface water LPX-SD-2045 Bis(2-ethylhexyl)phthalate 10 UG/L U 12 nc 12 1.2 1.2 NA
Lyman Mill surface water WRL-SD-2043 Bis(2-ethylhexyl)phthalate 160 UG/L * 12 nc 12 1.2 1.2 Y
Lyman Mill surface water LPX-SD-2048 Bis(2-ethylhexyl)phthalate 10 UG/L U 12 nc 12 1.2 1.2 NA
Lyman Mill surface water LPX-SD-2051 Bis(2-ethylhexyl)phthalate 10 UG/L U 12 nc 12 1.2 1.2 NA
Lyman Mill surface water WRL-SD-2044 Bis(2-ethylhexyl)phthalate 10 UG/L UJ 12 nc 12 1.2 1.2 NA
Assaumpsett surface water RAB-SD-3004 Bis(2-ethylhexyl)phthalate 1 UG/L J 12 nc 12 1.2 1.2 N
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Upstream surface water RCC-SD-3001 Bis(2-ethylhexyl)phthalate 10 UG/L U 12 nc 12 1.2 1.2 NA
Upstream surface water RCC-SD-3002 Bis(2-ethylhexyl)phthalate 10 UG/L U 12 nc 12 1.2 1.2 NA
Upstream surface water RCC-SD-3003 Bis(2-ethylhexyl)phthalate 10 UG/L U 12 nc 12 1.2 1.2 NA
Allendale surface water WRC-SW-4001 Bis(2-ethylhexyl)phthalate 1 UG/L J 12 nc 12 1.2 1.2 N
Allendale surface water WRC-SW-4002 Bis(2-ethylhexyl)phthalate 10 UG/L U 12 nc 12 1.2 1.2 NA
Allendale surface water WRC-SW-4003 Bis(2-ethylhexyl)phthalate 10 UG/L U 12 nc 12 1.2 1.2 NA
Allendale surface water WRC-SW-4004 Bis(2-ethylhexyl)phthalate 10 UG/L U 12 nc 12 1.2 1.2 NA
Assaumpsett surface water RAB-SW-5004 Bis(2-ethylhexyl)phthalate 11 UG/L U 12 nc 12 1.2 1.2 NA
Upstream surface water RWR-SW-5001 Bis(2-ethylhexyl)phthalate 10 UG/L U 12 nc 12 1.2 1.2 NA
Upstream surface water RWR-SW-5002 Bis(2-ethylhexyl)phthalate 10 UG/L U 12 nc 12 1.2 1.2 NA
Lyman Mill surface water WRL-SW-4005 Bis(2-ethylhexyl)phthalate 11 UG/L U 12 nc 12 1.2 1.2 NA
Lyman Mill surface water WRL-SW-4004 Bis(2-ethylhexyl)phthalate 11 UG/L U 12 nc 12 1.2 1.2 NA
Lyman Mill surface water WRL-SW-4005 Bis(2-ethylhexyl)phthalate 10 UG/L U 12 nc 12 1.2 1.2 NA
Lyman Mill surface water WRL-SD-2040 4-bromophenyl-phenylether 10 UG/L U 0.4 nc nc nc 0.4 NA
Lyman Mill surface water WRL-SD-2039 4-bromophenyl-phenylether 10 UG/L U 0.4 nc nc nc 0.4 NA
Lyman Mill surface water WRL-SD-2040 4-bromophenyl-phenylether 10 UG/L U 0.4 nc nc nc 0.4 NA
Lyman Mill surface water WRL-SD-2041 4-bromophenyl-phenylether 10 UG/L U 0.4 nc nc nc 0.4 NA
Source Area surface water CMW-SD-2016 4-bromophenyl-phenylether 10 UG/L U 0.4 nc nc nc 0.4 NA
Source Area surface water CMW-SD-2019 4-bromophenyl-phenylether 10 UG/L U 0.4 nc nc nc 0.4 NA
Source Area surface water CMW-SD-2020 4-bromophenyl-phenylether 10 UG/L U 0.4 nc nc nc 0.4 NA
Source Area surface water CMW-SD-2021 4-bromophenyl-phenylether 10 UG/L U 0.4 nc nc nc 0.4 NA
Allendale surface water CMW-SD-2023 4-bromophenyl-phenylether 10 UG/L U 0.4 nc nc nc 0.4 NA
Source Area surface water CMW-SD-2022 4-bromophenyl-phenylether 10 UG/L U 0.4 nc nc nc 0.4 NA
Allendale surface water CMW-SD-2023 4-bromophenyl-phenylether 10 UG/L U 0.4 nc nc nc 0.4 NA
Allendale surface water CMW-SD-2024 4-bromophenyl-phenylether 10 UG/L U 0.4 nc nc nc 0.4 NA
Allendale surface water CMW-SD-2025 4-bromophenyl-phenylether 10 UG/L U 0.4 nc nc nc 0.4 NA
Allendale surface water APB-SD-2029 4-bromophenyl-phenylether 10 UG/L U 0.4 nc nc nc 0.4 NA
Source Area surface water WRC-SD-2009 4-bromophenyl-phenylether 10 UG/L U 0.4 nc nc nc 0.4 NA
Source Area surface water WRC-SD-2013 4-bromophenyl-phenylether 10 UG/L U 0.4 nc nc nc 0.4 NA
Allendale surface water WRC-SD-2014 4-bromophenyl-phenylether 10 UG/L U 0.4 nc nc nc 0.4 NA
Allendale surface water WRC-SD-2015 4-bromophenyl-phenylether 10 UG/L U 0.4 nc nc nc 0.4 NA
Source Area surface water WRC-SD-2010 4-bromophenyl-phenylether 10 UG/L U 0.4 nc nc nc 0.4 NA
Source Area surface water WRC-SD-2011 4-bromophenyl-phenylether 10 UG/L U 0.4 nc nc nc 0.4 NA
Source Area surface water WRC-SD-2012 4-bromophenyl-phenylether 10 UG/L U 0.4 nc nc nc 0.4 NA
Lyman Mill surface water WRL-SD-2042 4-bromophenyl-phenylether 10 UG/L U 0.4 nc nc nc 0.4 NA
Allendale surface water APB-SD-2034 4-bromophenyl-phenylether 10 UG/L U 0.4 nc nc nc 0.4 NA
Allendale surface water APC-SD-2036 4-bromophenyl-phenylether 10 UG/L U 0.4 nc nc nc 0.4 NA
Allendale surface water APC-SD-2035 4-bromophenyl-phenylether 10 UG/L U 0.4 nc nc nc 0.4 NA
Allendale surface water APC-SD-2036 4-bromophenyl-phenylether 10 UG/L U 0.4 nc nc nc 0.4 NA
Lyman Mill surface water LPX-SD-2050 4-bromophenyl-phenylether 10 UG/L U 0.4 nc nc nc 0.4 NA
Lyman Mill surface water LPX-SD-2052 4-bromophenyl-phenylether 10 UG/L U 0.4 nc nc nc 0.4 NA
Lyman Mill surface water LPX-SD-2053 4-bromophenyl-phenylether 10 UG/L U 0.4 nc nc nc 0.4 NA
Lyman Mill surface water LPX-SD-2049 4-bromophenyl-phenylether 10 UG/L U 0.4 nc nc nc 0.4 NA
Lyman Mill surface water LPX-SD-2045 4-bromophenyl-phenylether 10 UG/L U 0.4 nc nc nc 0.4 NA
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1
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ARAR 


(UG/L) 2
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(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Lyman Mill surface water LPX-SD-2046 4-bromophenyl-phenylether 10 UG/L UJ 0.4 nc nc nc 0.4 NA
Lyman Mill surface water LPX-SD-2047 4-bromophenyl-phenylether 10 UG/L U 0.4 nc nc nc 0.4 NA
Lyman Mill surface water LPX-SD-2045 4-bromophenyl-phenylether 10 UG/L U 0.4 nc nc nc 0.4 NA
Lyman Mill surface water WRL-SD-2043 4-bromophenyl-phenylether 10 UG/L U 0.4 nc nc nc 0.4 NA
Lyman Mill surface water LPX-SD-2048 4-bromophenyl-phenylether 10 UG/L U 0.4 nc nc nc 0.4 NA
Lyman Mill surface water LPX-SD-2051 4-bromophenyl-phenylether 10 UG/L U 0.4 nc nc nc 0.4 NA
Lyman Mill surface water WRL-SD-2044 4-bromophenyl-phenylether 10 UG/L U 0.4 nc nc nc 0.4 NA
Assaumpsett surface water RAB-SD-3004 4-bromophenyl-phenylether 10 UG/L U 0.4 nc nc nc 0.4 NA
Upstream surface water RCC-SD-3001 4-bromophenyl-phenylether 10 UG/L U 0.4 nc nc nc 0.4 NA
Upstream surface water RCC-SD-3002 4-bromophenyl-phenylether 10 UG/L U 0.4 nc nc nc 0.4 NA
Upstream surface water RCC-SD-3003 4-bromophenyl-phenylether 10 UG/L U 0.4 nc nc nc 0.4 NA
Lyman Mill surface water WRL-SD-2040 Butylbenzylphthalate 10 UG/L U 1.9 nc 1500 1500 1.9 NA
Lyman Mill surface water WRL-SD-2039 Butylbenzylphthalate 10 UG/L U 1.9 nc 1500 1500 1.9 NA
Lyman Mill surface water WRL-SD-2040 Butylbenzylphthalate 10 UG/L U 1.9 nc 1500 1500 1.9 NA
Lyman Mill surface water WRL-SD-2041 Butylbenzylphthalate 10 UG/L U 1.9 nc 1500 1500 1.9 NA
Source Area surface water CMW-SD-2016 Butylbenzylphthalate 10 UG/L U 1.9 nc 1500 1500 1.9 NA
Source Area surface water CMW-SD-2019 Butylbenzylphthalate 10 UG/L U 1.9 nc 1500 1500 1.9 NA
Source Area surface water CMW-SD-2020 Butylbenzylphthalate 10 UG/L U 1.9 nc 1500 1500 1.9 NA
Source Area surface water CMW-SD-2021 Butylbenzylphthalate 10 UG/L U 1.9 nc 1500 1500 1.9 NA
Allendale surface water CMW-SD-2023 Butylbenzylphthalate 10 UG/L U 1.9 nc 1500 1500 1.9 NA
Source Area surface water CMW-SD-2022 Butylbenzylphthalate 10 UG/L U 1.9 nc 1500 1500 1.9 NA
Allendale surface water CMW-SD-2023 Butylbenzylphthalate 10 UG/L U 1.9 nc 1500 1500 1.9 NA
Allendale surface water CMW-SD-2024 Butylbenzylphthalate 10 UG/L U 1.9 nc 1500 1500 1.9 NA
Allendale surface water CMW-SD-2025 Butylbenzylphthalate 10 UG/L U 1.9 nc 1500 1500 1.9 NA
Allendale surface water APB-SD-2029 Butylbenzylphthalate 10 UG/L U 1.9 nc 1500 1500 1.9 NA
Source Area surface water WRC-SD-2009 Butylbenzylphthalate 10 UG/L U 1.9 nc 1500 1500 1.9 NA
Source Area surface water WRC-SD-2013 Butylbenzylphthalate 10 UG/L U 1.9 nc 1500 1500 1.9 NA
Allendale surface water WRC-SD-2014 Butylbenzylphthalate 10 UG/L U 1.9 nc 1500 1500 1.9 NA
Allendale surface water WRC-SD-2015 Butylbenzylphthalate 10 UG/L U 1.9 nc 1500 1500 1.9 NA
Source Area surface water WRC-SD-2010 Butylbenzylphthalate 10 UG/L U 1.9 nc 1500 1500 1.9 NA
Source Area surface water WRC-SD-2011 Butylbenzylphthalate 10 UG/L U 1.9 nc 1500 1500 1.9 NA
Source Area surface water WRC-SD-2012 Butylbenzylphthalate 10 UG/L U 1.9 nc 1500 1500 1.9 NA
Lyman Mill surface water WRL-SD-2042 Butylbenzylphthalate 10 UG/L U 1.9 nc 1500 1500 1.9 NA
Allendale surface water APB-SD-2034 Butylbenzylphthalate 10 UG/L U 1.9 nc 1500 1500 1.9 NA
Allendale surface water APC-SD-2036 Butylbenzylphthalate 10 UG/L U 1.9 nc 1500 1500 1.9 NA
Allendale surface water APC-SD-2035 Butylbenzylphthalate 10 UG/L U 1.9 nc 1500 1500 1.9 NA
Allendale surface water APC-SD-2036 Butylbenzylphthalate 10 UG/L U 1.9 nc 1500 1500 1.9 NA
Lyman Mill surface water LPX-SD-2050 Butylbenzylphthalate 10 UG/L U 1.9 nc 1500 1500 1.9 NA
Lyman Mill surface water LPX-SD-2052 Butylbenzylphthalate 10 UG/L U 1.9 nc 1500 1500 1.9 NA
Lyman Mill surface water LPX-SD-2053 Butylbenzylphthalate 10 UG/L U 1.9 nc 1500 1500 1.9 NA
Lyman Mill surface water LPX-SD-2049 Butylbenzylphthalate 10 UG/L U 1.9 nc 1500 1500 1.9 NA
Lyman Mill surface water LPX-SD-2045 Butylbenzylphthalate 10 UG/L U 1.9 nc 1500 1500 1.9 NA
Lyman Mill surface water LPX-SD-2046 Butylbenzylphthalate 10 UG/L UJ 1.9 nc 1500 1500 1.9 NA
Lyman Mill surface water LPX-SD-2047 Butylbenzylphthalate 10 UG/L U 1.9 nc 1500 1500 1.9 NA


Interim Final CMRP Feasibility Study Report
Appendix F F-182 April 2010







Appendix F
Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL
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(Y/N)
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(UG/L)
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Consumption of Water 
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Potential ARARs


Lyman Mill surface water LPX-SD-2045 Butylbenzylphthalate 10 UG/L U 1.9 nc 1500 1500 1.9 NA
Lyman Mill surface water WRL-SD-2043 Butylbenzylphthalate 10 UG/L U 1.9 nc 1500 1500 1.9 NA
Lyman Mill surface water LPX-SD-2048 Butylbenzylphthalate 10 UG/L U 1.9 nc 1500 1500 1.9 NA
Lyman Mill surface water LPX-SD-2051 Butylbenzylphthalate 10 UG/L U 1.9 nc 1500 1500 1.9 NA
Lyman Mill surface water WRL-SD-2044 Butylbenzylphthalate 10 UG/L UJ 1.9 nc 1500 1500 1.9 NA
Assaumpsett surface water RAB-SD-3004 Butylbenzylphthalate 10 UG/L U 1.9 nc 1500 1500 1.9 NA
Upstream surface water RCC-SD-3001 Butylbenzylphthalate 10 UG/L U 1.9 nc 1500 1500 1.9 NA
Upstream surface water RCC-SD-3002 Butylbenzylphthalate 10 UG/L U 1.9 nc 1500 1500 1.9 NA
Upstream surface water RCC-SD-3003 Butylbenzylphthalate 10 UG/L U 1.9 nc 1500 1500 1.9 NA
Allendale surface water WRC-SW-4001 Butylbenzylphthalate 10 UG/L U 1.9 nc 1500 1500 1.9 NA
Allendale surface water WRC-SW-4002 Butylbenzylphthalate 10 UG/L U 1.9 nc 1500 1500 1.9 NA
Allendale surface water WRC-SW-4003 Butylbenzylphthalate 10 UG/L U 1.9 nc 1500 1500 1.9 NA
Allendale surface water WRC-SW-4004 Butylbenzylphthalate 10 UG/L U 1.9 nc 1500 1500 1.9 NA
Assaumpsett surface water RAB-SW-5004 Butylbenzylphthalate 11 UG/L U 1.9 nc 1500 1500 1.9 NA
Upstream surface water RWR-SW-5001 Butylbenzylphthalate 10 UG/L U 1.9 nc 1500 1500 1.9 NA
Upstream surface water RWR-SW-5002 Butylbenzylphthalate 10 UG/L U 1.9 nc 1500 1500 1.9 NA
Lyman Mill surface water WRL-SW-4005 Butylbenzylphthalate 11 UG/L U 1.9 nc 1500 1500 1.9 NA
Lyman Mill surface water WRL-SW-4004 Butylbenzylphthalate 11 UG/L U 1.9 nc 1500 1500 1.9 NA
Lyman Mill surface water WRL-SW-4005 Butylbenzylphthalate 10 UG/L U 1.9 nc 1500 1500 1.9 NA
Lyman Mill surface water WRL-SD-2040 2-chloronaphthalene 10 UG/L U nc nc 1000 1000 1000 NA
Lyman Mill surface water WRL-SD-2039 2-chloronaphthalene 10 UG/L U nc nc 1000 1000 1000 NA
Lyman Mill surface water WRL-SD-2040 2-chloronaphthalene 10 UG/L U nc nc 1000 1000 1000 NA
Lyman Mill surface water WRL-SD-2041 2-chloronaphthalene 10 UG/L U nc nc 1000 1000 1000 NA
Source Area surface water CMW-SD-2016 2-chloronaphthalene 10 UG/L U nc nc 1000 1000 1000 NA
Source Area surface water CMW-SD-2019 2-chloronaphthalene 10 UG/L U nc nc 1000 1000 1000 NA
Source Area surface water CMW-SD-2020 2-chloronaphthalene 10 UG/L U nc nc 1000 1000 1000 NA
Source Area surface water CMW-SD-2021 2-chloronaphthalene 10 UG/L U nc nc 1000 1000 1000 NA
Allendale surface water CMW-SD-2023 2-chloronaphthalene 10 UG/L U nc nc 1000 1000 1000 NA
Source Area surface water CMW-SD-2022 2-chloronaphthalene 10 UG/L U nc nc 1000 1000 1000 NA
Allendale surface water CMW-SD-2023 2-chloronaphthalene 10 UG/L U nc nc 1000 1000 1000 NA
Allendale surface water CMW-SD-2024 2-chloronaphthalene 10 UG/L U nc nc 1000 1000 1000 NA
Allendale surface water CMW-SD-2025 2-chloronaphthalene 10 UG/L U nc nc 1000 1000 1000 NA
Allendale surface water APB-SD-2029 2-chloronaphthalene 10 UG/L U nc nc 1000 1000 1000 NA
Source Area surface water WRC-SD-2009 2-chloronaphthalene 10 UG/L U nc nc 1000 1000 1000 NA
Source Area surface water WRC-SD-2013 2-chloronaphthalene 10 UG/L U nc nc 1000 1000 1000 NA
Allendale surface water WRC-SD-2014 2-chloronaphthalene 10 UG/L U nc nc 1000 1000 1000 NA
Allendale surface water WRC-SD-2015 2-chloronaphthalene 10 UG/L U nc nc 1000 1000 1000 NA
Source Area surface water WRC-SD-2010 2-chloronaphthalene 10 UG/L U nc nc 1000 1000 1000 NA
Source Area surface water WRC-SD-2011 2-chloronaphthalene 10 UG/L U nc nc 1000 1000 1000 NA
Source Area surface water WRC-SD-2012 2-chloronaphthalene 10 UG/L U nc nc 1000 1000 1000 NA
Lyman Mill surface water WRL-SD-2042 2-chloronaphthalene 10 UG/L U nc nc 1000 1000 1000 NA
Allendale surface water APB-SD-2034 2-chloronaphthalene 10 UG/L U nc nc 1000 1000 1000 NA
Allendale surface water APC-SD-2036 2-chloronaphthalene 10 UG/L U nc nc 1000 1000 1000 NA
Allendale surface water APC-SD-2035 2-chloronaphthalene 10 UG/L U nc nc 1000 1000 1000 NA
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL
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(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
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Allendale surface water APC-SD-2036 2-chloronaphthalene 10 UG/L U nc nc 1000 1000 1000 NA
Lyman Mill surface water LPX-SD-2050 2-chloronaphthalene 10 UG/L U nc nc 1000 1000 1000 NA
Lyman Mill surface water LPX-SD-2052 2-chloronaphthalene 10 UG/L U nc nc 1000 1000 1000 NA
Lyman Mill surface water LPX-SD-2053 2-chloronaphthalene 10 UG/L U nc nc 1000 1000 1000 NA
Lyman Mill surface water LPX-SD-2049 2-chloronaphthalene 10 UG/L U nc nc 1000 1000 1000 NA
Lyman Mill surface water LPX-SD-2045 2-chloronaphthalene 10 UG/L U nc nc 1000 1000 1000 NA
Lyman Mill surface water LPX-SD-2046 2-chloronaphthalene 10 UG/L UJ nc nc 1000 1000 1000 NA
Lyman Mill surface water LPX-SD-2047 2-chloronaphthalene 10 UG/L U nc nc 1000 1000 1000 NA
Lyman Mill surface water LPX-SD-2045 2-chloronaphthalene 10 UG/L U nc nc 1000 1000 1000 NA
Lyman Mill surface water WRL-SD-2043 2-chloronaphthalene 10 UG/L U nc nc 1000 1000 1000 NA
Lyman Mill surface water LPX-SD-2048 2-chloronaphthalene 10 UG/L U nc nc 1000 1000 1000 NA
Lyman Mill surface water LPX-SD-2051 2-chloronaphthalene 10 UG/L U nc nc 1000 1000 1000 NA
Lyman Mill surface water WRL-SD-2044 2-chloronaphthalene 10 UG/L U nc nc 1000 1000 1000 NA
Assaumpsett surface water RAB-SD-3004 2-chloronaphthalene 10 UG/L U nc nc 1000 1000 1000 NA
Upstream surface water RCC-SD-3001 2-chloronaphthalene 10 UG/L U nc nc 1000 1000 1000 NA
Upstream surface water RCC-SD-3002 2-chloronaphthalene 10 UG/L U nc nc 1000 1000 1000 NA
Upstream surface water RCC-SD-3003 2-chloronaphthalene 10 UG/L U nc nc 1000 1000 1000 NA
Lyman Mill surface water WRL-SD-2040 4-chlorophenyl-phenylether 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2039 4-chlorophenyl-phenylether 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2040 4-chlorophenyl-phenylether 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2041 4-chlorophenyl-phenylether 10 UG/L U nc nc nc nc nc NA
Source Area surface water CMW-SD-2016 4-chlorophenyl-phenylether 10 UG/L U nc nc nc nc nc NA
Source Area surface water CMW-SD-2019 4-chlorophenyl-phenylether 10 UG/L U nc nc nc nc nc NA
Source Area surface water CMW-SD-2020 4-chlorophenyl-phenylether 10 UG/L U nc nc nc nc nc NA
Source Area surface water CMW-SD-2021 4-chlorophenyl-phenylether 10 UG/L U nc nc nc nc nc NA
Allendale surface water CMW-SD-2023 4-chlorophenyl-phenylether 10 UG/L U nc nc nc nc nc NA
Source Area surface water CMW-SD-2022 4-chlorophenyl-phenylether 10 UG/L U nc nc nc nc nc NA
Allendale surface water CMW-SD-2023 4-chlorophenyl-phenylether 10 UG/L U nc nc nc nc nc NA
Allendale surface water CMW-SD-2024 4-chlorophenyl-phenylether 10 UG/L U nc nc nc nc nc NA
Allendale surface water CMW-SD-2025 4-chlorophenyl-phenylether 10 UG/L U nc nc nc nc nc NA
Allendale surface water APB-SD-2029 4-chlorophenyl-phenylether 10 UG/L U nc nc nc nc nc NA
Source Area surface water WRC-SD-2009 4-chlorophenyl-phenylether 10 UG/L U nc nc nc nc nc NA
Source Area surface water WRC-SD-2013 4-chlorophenyl-phenylether 10 UG/L U nc nc nc nc nc NA
Allendale surface water WRC-SD-2014 4-chlorophenyl-phenylether 10 UG/L U nc nc nc nc nc NA
Allendale surface water WRC-SD-2015 4-chlorophenyl-phenylether 10 UG/L U nc nc nc nc nc NA
Source Area surface water WRC-SD-2010 4-chlorophenyl-phenylether 10 UG/L U nc nc nc nc nc NA
Source Area surface water WRC-SD-2011 4-chlorophenyl-phenylether 10 UG/L U nc nc nc nc nc NA
Source Area surface water WRC-SD-2012 4-chlorophenyl-phenylether 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2042 4-chlorophenyl-phenylether 10 UG/L U nc nc nc nc nc NA
Allendale surface water APB-SD-2034 4-chlorophenyl-phenylether 10 UG/L U nc nc nc nc nc NA
Allendale surface water APC-SD-2036 4-chlorophenyl-phenylether 10 UG/L U nc nc nc nc nc NA
Allendale surface water APC-SD-2035 4-chlorophenyl-phenylether 10 UG/L U nc nc nc nc nc NA
Allendale surface water APC-SD-2036 4-chlorophenyl-phenylether 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2050 4-chlorophenyl-phenylether 10 UG/L U nc nc nc nc nc NA
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Lyman Mill surface water LPX-SD-2052 4-chlorophenyl-phenylether 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2053 4-chlorophenyl-phenylether 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2049 4-chlorophenyl-phenylether 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2045 4-chlorophenyl-phenylether 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2046 4-chlorophenyl-phenylether 10 UG/L UJ nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2047 4-chlorophenyl-phenylether 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2045 4-chlorophenyl-phenylether 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2043 4-chlorophenyl-phenylether 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2048 4-chlorophenyl-phenylether 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2051 4-chlorophenyl-phenylether 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2044 4-chlorophenyl-phenylether 10 UG/L U nc nc nc nc nc NA
Assaumpsett surface water RAB-SD-3004 4-chlorophenyl-phenylether 10 UG/L U nc nc nc nc nc NA
Upstream surface water RCC-SD-3001 4-chlorophenyl-phenylether 10 UG/L U nc nc nc nc nc NA
Upstream surface water RCC-SD-3002 4-chlorophenyl-phenylether 10 UG/L U nc nc nc nc nc NA
Upstream surface water RCC-SD-3003 4-chlorophenyl-phenylether 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2040 Chrysene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water WRL-SD-2039 Chrysene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water WRL-SD-2040 Chrysene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water WRL-SD-2041 Chrysene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Source Area surface water CMW-SD-2016 Chrysene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Source Area surface water CMW-SD-2019 Chrysene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Source Area surface water CMW-SD-2020 Chrysene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Source Area surface water CMW-SD-2021 Chrysene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water CMW-SD-2023 Chrysene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Source Area surface water CMW-SD-2022 Chrysene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water CMW-SD-2023 Chrysene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water CMW-SD-2024 Chrysene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water CMW-SD-2025 Chrysene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water APB-SD-2029 Chrysene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Source Area surface water WRC-SD-2009 Chrysene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Source Area surface water WRC-SD-2013 Chrysene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water WRC-SD-2014 Chrysene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water WRC-SD-2015 Chrysene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Source Area surface water WRC-SD-2010 Chrysene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Source Area surface water WRC-SD-2011 Chrysene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Source Area surface water WRC-SD-2012 Chrysene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water WRL-SD-2042 Chrysene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water APB-SD-2034 Chrysene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water APC-SD-2036 Chrysene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water APC-SD-2035 Chrysene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water APC-SD-2036 Chrysene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water LPX-SD-2050 Chrysene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water LPX-SD-2052 Chrysene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water LPX-SD-2053 Chrysene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Lyman Mill surface water LPX-SD-2049 Chrysene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water LPX-SD-2045 Chrysene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water LPX-SD-2046 Chrysene 10 UG/L UJ nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water LPX-SD-2047 Chrysene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water LPX-SD-2045 Chrysene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water WRL-SD-2043 Chrysene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water LPX-SD-2048 Chrysene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water LPX-SD-2051 Chrysene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water WRL-SD-2044 Chrysene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Assaumpsett surface water RAB-SD-3004 Chrysene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Upstream surface water RCC-SD-3001 Chrysene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Upstream surface water RCC-SD-3002 Chrysene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Upstream surface water RCC-SD-3003 Chrysene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water WRC-SW-4001 Chrysene 0.01017 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water WRC-SW-4002 Chrysene 0.01064 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water WRC-SW-4003 Chrysene 0.00626 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water WRC-SW-4003 Chrysene 0.00514 UG/L nc nc 0.038 0.0038 0.0038 Y
Allendale surface water WRC-SW-4004 Chrysene 0.00575 UG/L U nc nc 0.038 0.0038 0.0038 NA
Assaumpsett surface water RAB-SW-5004 Chrysene 0.00238 UG/L U nc nc 0.038 0.0038 0.0038 NA
Upstream surface water RWR-SW-5001 Chrysene 0.00523 UG/L U nc nc 0.038 0.0038 0.0038 NA
Upstream surface water RWR-SW-5002 Chrysene 0.00541 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water WRL-SW-4005 Chrysene 0.01894 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water WRL-SW-4004 Chrysene 0.01786 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water WRL-SW-4005 Chrysene 0.02003 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water WRL-SD-2040 Dibenzo(a,h)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water WRL-SD-2039 Dibenzo(a,h)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water WRL-SD-2040 Dibenzo(a,h)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water WRL-SD-2041 Dibenzo(a,h)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Source Area surface water CMW-SD-2016 Dibenzo(a,h)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Source Area surface water CMW-SD-2019 Dibenzo(a,h)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Source Area surface water CMW-SD-2020 Dibenzo(a,h)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Source Area surface water CMW-SD-2021 Dibenzo(a,h)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water CMW-SD-2023 Dibenzo(a,h)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Source Area surface water CMW-SD-2022 Dibenzo(a,h)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water CMW-SD-2023 Dibenzo(a,h)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water CMW-SD-2024 Dibenzo(a,h)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water CMW-SD-2025 Dibenzo(a,h)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water APB-SD-2029 Dibenzo(a,h)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Source Area surface water WRC-SD-2009 Dibenzo(a,h)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Source Area surface water WRC-SD-2013 Dibenzo(a,h)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water WRC-SD-2014 Dibenzo(a,h)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water WRC-SD-2015 Dibenzo(a,h)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Source Area surface water WRC-SD-2010 Dibenzo(a,h)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Source Area surface water WRC-SD-2011 Dibenzo(a,h)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Source Area surface water WRC-SD-2012 Dibenzo(a,h)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water WRL-SD-2042 Dibenzo(a,h)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water APB-SD-2034 Dibenzo(a,h)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water APC-SD-2036 Dibenzo(a,h)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water APC-SD-2035 Dibenzo(a,h)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water APC-SD-2036 Dibenzo(a,h)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water LPX-SD-2050 Dibenzo(a,h)anthracene 10 UG/L UJ nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water LPX-SD-2052 Dibenzo(a,h)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water LPX-SD-2053 Dibenzo(a,h)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water LPX-SD-2049 Dibenzo(a,h)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water LPX-SD-2045 Dibenzo(a,h)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water LPX-SD-2046 Dibenzo(a,h)anthracene 10 UG/L UJ nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water LPX-SD-2047 Dibenzo(a,h)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water LPX-SD-2045 Dibenzo(a,h)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water WRL-SD-2043 Dibenzo(a,h)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water LPX-SD-2048 Dibenzo(a,h)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water LPX-SD-2051 Dibenzo(a,h)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water WRL-SD-2044 Dibenzo(a,h)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Assaumpsett surface water RAB-SD-3004 Dibenzo(a,h)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Upstream surface water RCC-SD-3001 Dibenzo(a,h)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Upstream surface water RCC-SD-3002 Dibenzo(a,h)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Upstream surface water RCC-SD-3003 Dibenzo(a,h)anthracene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water WRC-SW-4001 Dibenzo(a,h)anthracene 0.00242 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water WRC-SW-4002 Dibenzo(a,h)anthracene 0.0024 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water WRC-SW-4003 Dibenzo(a,h)anthracene 0.00462 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water WRC-SW-4003 Dibenzo(a,h)anthracene 0.00046 UG/L J nc nc 0.038 0.0038 0.0038 N
Allendale surface water WRC-SW-4004 Dibenzo(a,h)anthracene 0.00231 UG/L U nc nc 0.038 0.0038 0.0038 NA
Assaumpsett surface water RAB-SW-5004 Dibenzo(a,h)anthracene 0.00238 UG/L U nc nc 0.038 0.0038 0.0038 NA
Upstream surface water RWR-SW-5001 Dibenzo(a,h)anthracene 0.00231 UG/L U nc nc 0.038 0.0038 0.0038 NA
Upstream surface water RWR-SW-5002 Dibenzo(a,h)anthracene 0.00238 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water WRL-SW-4005 Dibenzo(a,h)anthracene 0.00236 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water WRL-SW-4004 Dibenzo(a,h)anthracene 0.00244 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water WRL-SW-4005 Dibenzo(a,h)anthracene 0.00254 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water WRC-SW-4001 1,2-dichlorobenzene 1 UG/L UJ 1.8 nc 420 420 1.8 NA
Allendale surface water WRC-SW-4002 1,2-dichlorobenzene 1 UG/L UJ 1.8 nc 420 420 1.8 NA
Allendale surface water WRC-SW-4003 1,2-dichlorobenzene 1 UG/L UJ 1.8 nc 420 420 1.8 NA
Allendale surface water WRC-SW-4004 1,2-dichlorobenzene 1 UG/L UJ 1.8 nc 420 420 1.8 NA
Assaumpsett surface water RAB-SW-5004 1,2-dichlorobenzene 1 UG/L UJ 1.8 nc 420 420 1.8 NA
Upstream surface water RWR-SW-5001 1,2-dichlorobenzene 1 UG/L UJ 1.8 nc 420 420 1.8 NA
Upstream surface water RWR-SW-5002 1,2-dichlorobenzene 1 UG/L UJ 1.8 nc 420 420 1.8 NA
Lyman Mill surface water WRL-SW-4005 1,2-dichlorobenzene 1 UG/L UJ 1.8 nc 420 420 1.8 NA
Lyman Mill surface water WRL-SW-4004 1,2-dichlorobenzene 1 UG/L UJ 1.8 nc 420 420 1.8 NA
Lyman Mill surface water WRL-SW-4005 1,2-dichlorobenzene 1 UG/L UJ 1.8 nc 420 420 1.8 NA
Allendale surface water WRC-SW-4001 1,3-dichlorobenzene 1 UG/L UJ 8.7 nc 320 320 8.7 NA
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Allendale surface water WRC-SW-4002 1,3-dichlorobenzene 1 UG/L UJ 8.7 nc 320 320 8.7 NA
Allendale surface water WRC-SW-4003 1,3-dichlorobenzene 1 UG/L UJ 8.7 nc 320 320 8.7 NA
Allendale surface water WRC-SW-4004 1,3-dichlorobenzene 1 UG/L UJ 8.7 nc 320 320 8.7 NA
Assaumpsett surface water RAB-SW-5004 1,3-dichlorobenzene 1 UG/L UJ 8.7 nc 320 320 8.7 NA
Upstream surface water RWR-SW-5001 1,3-dichlorobenzene 1 UG/L UJ 8.7 nc 320 320 8.7 NA
Upstream surface water RWR-SW-5002 1,3-dichlorobenzene 1 UG/L UJ 8.7 nc 320 320 8.7 NA
Lyman Mill surface water WRL-SW-4005 1,3-dichlorobenzene 1 UG/L UJ 8.7 nc 320 320 8.7 NA
Lyman Mill surface water WRL-SW-4004 1,3-dichlorobenzene 1 UG/L UJ 8.7 nc 320 320 8.7 NA
Lyman Mill surface water WRL-SW-4005 1,3-dichlorobenzene 1 UG/L UJ 8.7 nc 320 320 8.7 NA
Allendale surface water WRC-SW-4001 1,4-dichlorobenzene 1 UG/L UJ 1.2 nc 63 63 1.2 NA
Allendale surface water WRC-SW-4002 1,4-dichlorobenzene 1 UG/L UJ 1.2 nc 63 63 1.2 NA
Allendale surface water WRC-SW-4003 1,4-dichlorobenzene 1 UG/L UJ 1.2 nc 63 63 1.2 NA
Allendale surface water WRC-SW-4004 1,4-dichlorobenzene 1 UG/L UJ 1.2 nc 63 63 1.2 NA
Assaumpsett surface water RAB-SW-5004 1,4-dichlorobenzene 1 UG/L UJ 1.2 nc 63 63 1.2 NA
Upstream surface water RWR-SW-5001 1,4-dichlorobenzene 1 UG/L UJ 1.2 nc 63 63 1.2 NA
Upstream surface water RWR-SW-5002 1,4-dichlorobenzene 1 UG/L UJ 1.2 nc 63 63 1.2 NA
Lyman Mill surface water WRL-SW-4005 1,4-dichlorobenzene 1 UG/L UJ 1.2 nc 63 63 1.2 NA
Lyman Mill surface water WRL-SW-4004 1,4-dichlorobenzene 1 UG/L UJ 1.2 nc 63 63 1.2 NA
Lyman Mill surface water WRL-SW-4005 1,4-dichlorobenzene 1 UG/L UJ 1.2 nc 63 63 1.2 NA
Lyman Mill surface water WRL-SD-2040 3,3'-dichlorobenzidine 10 UG/L U nc nc 0.21 0.021 0.021 NA
Lyman Mill surface water WRL-SD-2039 3,3'-dichlorobenzidine 10 UG/L U nc nc 0.21 0.021 0.021 NA
Lyman Mill surface water WRL-SD-2040 3,3'-dichlorobenzidine 10 UG/L U nc nc 0.21 0.021 0.021 NA
Lyman Mill surface water WRL-SD-2041 3,3'-dichlorobenzidine 10 UG/L U nc nc 0.21 0.021 0.021 NA
Source Area surface water CMW-SD-2016 3,3'-dichlorobenzidine 10 UG/L U nc nc 0.21 0.021 0.021 NA
Source Area surface water CMW-SD-2019 3,3'-dichlorobenzidine 10 UG/L U nc nc 0.21 0.021 0.021 NA
Source Area surface water CMW-SD-2020 3,3'-dichlorobenzidine 10 UG/L U nc nc 0.21 0.021 0.021 NA
Source Area surface water CMW-SD-2021 3,3'-dichlorobenzidine 10 UG/L U nc nc 0.21 0.021 0.021 NA
Allendale surface water CMW-SD-2023 3,3'-dichlorobenzidine 10 UG/L U nc nc 0.21 0.021 0.021 NA
Source Area surface water CMW-SD-2022 3,3'-dichlorobenzidine 10 UG/L U nc nc 0.21 0.021 0.021 NA
Allendale surface water CMW-SD-2023 3,3'-dichlorobenzidine 10 UG/L U nc nc 0.21 0.021 0.021 NA
Allendale surface water CMW-SD-2024 3,3'-dichlorobenzidine 10 UG/L U nc nc 0.21 0.021 0.021 NA
Allendale surface water CMW-SD-2025 3,3'-dichlorobenzidine 10 UG/L U nc nc 0.21 0.021 0.021 NA
Allendale surface water APB-SD-2029 3,3'-dichlorobenzidine 10 UG/L U nc nc 0.21 0.021 0.021 NA
Source Area surface water WRC-SD-2009 3,3'-dichlorobenzidine 10 UG/L U nc nc 0.21 0.021 0.021 NA
Source Area surface water WRC-SD-2013 3,3'-dichlorobenzidine 10 UG/L U nc nc 0.21 0.021 0.021 NA
Allendale surface water WRC-SD-2014 3,3'-dichlorobenzidine 10 UG/L U nc nc 0.21 0.021 0.021 NA
Allendale surface water WRC-SD-2015 3,3'-dichlorobenzidine 10 UG/L U nc nc 0.21 0.021 0.021 NA
Source Area surface water WRC-SD-2010 3,3'-dichlorobenzidine 10 UG/L U nc nc 0.21 0.021 0.021 NA
Source Area surface water WRC-SD-2011 3,3'-dichlorobenzidine 10 UG/L U nc nc 0.21 0.021 0.021 NA
Source Area surface water WRC-SD-2012 3,3'-dichlorobenzidine 10 UG/L U nc nc 0.21 0.021 0.021 NA
Lyman Mill surface water WRL-SD-2042 3,3'-dichlorobenzidine 10 UG/L U nc nc 0.21 0.021 0.021 NA
Allendale surface water APB-SD-2034 3,3'-dichlorobenzidine 10 UG/L U nc nc 0.21 0.021 0.021 NA
Allendale surface water APC-SD-2036 3,3'-dichlorobenzidine 10 UG/L U nc nc 0.21 0.021 0.021 NA
Allendale surface water APC-SD-2035 3,3'-dichlorobenzidine 10 UG/L U nc nc 0.21 0.021 0.021 NA
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1
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ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Allendale surface water APC-SD-2036 3,3'-dichlorobenzidine 10 UG/L U nc nc 0.21 0.021 0.021 NA
Lyman Mill surface water LPX-SD-2050 3,3'-dichlorobenzidine 10 UG/L UJ nc nc 0.21 0.021 0.021 NA
Lyman Mill surface water LPX-SD-2052 3,3'-dichlorobenzidine 10 UG/L U nc nc 0.21 0.021 0.021 NA
Lyman Mill surface water LPX-SD-2053 3,3'-dichlorobenzidine 10 UG/L U nc nc 0.21 0.021 0.021 NA
Lyman Mill surface water LPX-SD-2049 3,3'-dichlorobenzidine 10 UG/L UJ nc nc 0.21 0.021 0.021 NA
Lyman Mill surface water LPX-SD-2045 3,3'-dichlorobenzidine 10 UG/L U nc nc 0.21 0.021 0.021 NA
Lyman Mill surface water LPX-SD-2046 3,3'-dichlorobenzidine 10 UG/L UJ nc nc 0.21 0.021 0.021 NA
Lyman Mill surface water LPX-SD-2047 3,3'-dichlorobenzidine 10 UG/L U nc nc 0.21 0.021 0.021 NA
Lyman Mill surface water LPX-SD-2045 3,3'-dichlorobenzidine 10 UG/L U nc nc 0.21 0.021 0.021 NA
Lyman Mill surface water WRL-SD-2043 3,3'-dichlorobenzidine 10 UG/L U nc nc 0.21 0.021 0.021 NA
Lyman Mill surface water LPX-SD-2048 3,3'-dichlorobenzidine 10 UG/L U nc nc 0.21 0.021 0.021 NA
Lyman Mill surface water LPX-SD-2051 3,3'-dichlorobenzidine 10 UG/L U nc nc 0.21 0.021 0.021 NA
Lyman Mill surface water WRL-SD-2044 3,3'-dichlorobenzidine 10 UG/L UJ nc nc 0.21 0.021 0.021 NA
Assaumpsett surface water RAB-SD-3004 3,3'-dichlorobenzidine 10 UG/L U nc nc 0.21 0.021 0.021 NA
Upstream surface water RCC-SD-3001 3,3'-dichlorobenzidine 10 UG/L U nc nc 0.21 0.021 0.021 NA
Upstream surface water RCC-SD-3002 3,3'-dichlorobenzidine 10 UG/L U nc nc 0.21 0.021 0.021 NA
Upstream surface water RCC-SD-3003 3,3'-dichlorobenzidine 10 UG/L U nc nc 0.21 0.021 0.021 NA
Lyman Mill surface water WRL-SD-2040 Diethylphthalate 10 UG/L U 58 nc 17000 17000 58 NA
Lyman Mill surface water WRL-SD-2039 Diethylphthalate 10 UG/L U 58 nc 17000 17000 58 NA
Lyman Mill surface water WRL-SD-2040 Diethylphthalate 10 UG/L U 58 nc 17000 17000 58 NA
Lyman Mill surface water WRL-SD-2041 Diethylphthalate 10 UG/L U 58 nc 17000 17000 58 NA
Source Area surface water CMW-SD-2016 Diethylphthalate 10 UG/L U 58 nc 17000 17000 58 NA
Source Area surface water CMW-SD-2019 Diethylphthalate 10 UG/L U 58 nc 17000 17000 58 NA
Source Area surface water CMW-SD-2020 Diethylphthalate 10 UG/L U 58 nc 17000 17000 58 NA
Source Area surface water CMW-SD-2021 Diethylphthalate 10 UG/L U 58 nc 17000 17000 58 NA
Allendale surface water CMW-SD-2023 Diethylphthalate 10 UG/L U 58 nc 17000 17000 58 NA
Source Area surface water CMW-SD-2022 Diethylphthalate 10 UG/L U 58 nc 17000 17000 58 NA
Allendale surface water CMW-SD-2023 Diethylphthalate 10 UG/L U 58 nc 17000 17000 58 NA
Allendale surface water CMW-SD-2024 Diethylphthalate 10 UG/L U 58 nc 17000 17000 58 NA
Allendale surface water CMW-SD-2025 Diethylphthalate 10 UG/L U 58 nc 17000 17000 58 NA
Allendale surface water APB-SD-2029 Diethylphthalate 10 UG/L U 58 nc 17000 17000 58 NA
Source Area surface water WRC-SD-2009 Diethylphthalate 10 UG/L U 58 nc 17000 17000 58 NA
Source Area surface water WRC-SD-2013 Diethylphthalate 10 UG/L U 58 nc 17000 17000 58 NA
Allendale surface water WRC-SD-2014 Diethylphthalate 10 UG/L U 58 nc 17000 17000 58 NA
Allendale surface water WRC-SD-2015 Diethylphthalate 10 UG/L U 58 nc 17000 17000 58 NA
Source Area surface water WRC-SD-2010 Diethylphthalate 10 UG/L U 58 nc 17000 17000 58 NA
Source Area surface water WRC-SD-2011 Diethylphthalate 10 UG/L U 58 nc 17000 17000 58 NA
Source Area surface water WRC-SD-2012 Diethylphthalate 10 UG/L U 58 nc 17000 17000 58 NA
Lyman Mill surface water WRL-SD-2042 Diethylphthalate 10 UG/L U 58 nc 17000 17000 58 NA
Allendale surface water APB-SD-2034 Diethylphthalate 10 UG/L U 58 nc 17000 17000 58 NA
Allendale surface water APC-SD-2036 Diethylphthalate 10 UG/L U 58 nc 17000 17000 58 NA
Allendale surface water APC-SD-2035 Diethylphthalate 10 UG/L U 58 nc 17000 17000 58 NA
Allendale surface water APC-SD-2036 Diethylphthalate 10 UG/L U 58 nc 17000 17000 58 NA
Lyman Mill surface water LPX-SD-2050 Diethylphthalate 10 UG/L U 58 nc 17000 17000 58 NA
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Appendix F
Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Lyman Mill surface water LPX-SD-2052 Diethylphthalate 10 UG/L U 58 nc 17000 17000 58 NA
Lyman Mill surface water LPX-SD-2053 Diethylphthalate 10 UG/L U 58 nc 17000 17000 58 NA
Lyman Mill surface water LPX-SD-2049 Diethylphthalate 10 UG/L U 58 nc 17000 17000 58 NA
Lyman Mill surface water LPX-SD-2045 Diethylphthalate 10 UG/L U 58 nc 17000 17000 58 NA
Lyman Mill surface water LPX-SD-2046 Diethylphthalate 10 UG/L UJ 58 nc 17000 17000 58 NA
Lyman Mill surface water LPX-SD-2047 Diethylphthalate 10 UG/L U 58 nc 17000 17000 58 NA
Lyman Mill surface water LPX-SD-2045 Diethylphthalate 10 UG/L U 58 nc 17000 17000 58 NA
Lyman Mill surface water WRL-SD-2043 Diethylphthalate 10 UG/L U 58 nc 17000 17000 58 NA
Lyman Mill surface water LPX-SD-2048 Diethylphthalate 10 UG/L U 58 nc 17000 17000 58 NA
Lyman Mill surface water LPX-SD-2051 Diethylphthalate 10 UG/L U 58 nc 17000 17000 58 NA
Lyman Mill surface water WRL-SD-2044 Diethylphthalate 10 UG/L U 58 nc 17000 17000 58 NA
Assaumpsett surface water RAB-SD-3004 Diethylphthalate 10 UG/L U 58 nc 17000 17000 58 NA
Upstream surface water RCC-SD-3001 Diethylphthalate 10 UG/L U 58 nc 17000 17000 58 NA
Upstream surface water RCC-SD-3002 Diethylphthalate 10 UG/L U 58 nc 17000 17000 58 NA
Upstream surface water RCC-SD-3003 Diethylphthalate 10 UG/L U 58 nc 17000 17000 58 NA
Lyman Mill surface water WRL-SD-2040 Dimethylphthalate 10 UG/L U 37 nc 270000 270000 37 NA
Lyman Mill surface water WRL-SD-2039 Dimethylphthalate 10 UG/L U 37 nc 270000 270000 37 NA
Lyman Mill surface water WRL-SD-2040 Dimethylphthalate 10 UG/L U 37 nc 270000 270000 37 NA
Lyman Mill surface water WRL-SD-2041 Dimethylphthalate 10 UG/L U 37 nc 270000 270000 37 NA
Source Area surface water CMW-SD-2016 Dimethylphthalate 10 UG/L U 37 nc 270000 270000 37 NA
Source Area surface water CMW-SD-2019 Dimethylphthalate 10 UG/L U 37 nc 270000 270000 37 NA
Source Area surface water CMW-SD-2020 Dimethylphthalate 10 UG/L U 37 nc 270000 270000 37 NA
Source Area surface water CMW-SD-2021 Dimethylphthalate 10 UG/L U 37 nc 270000 270000 37 NA
Allendale surface water CMW-SD-2023 Dimethylphthalate 10 UG/L U 37 nc 270000 270000 37 NA
Source Area surface water CMW-SD-2022 Dimethylphthalate 10 UG/L U 37 nc 270000 270000 37 NA
Allendale surface water CMW-SD-2023 Dimethylphthalate 10 UG/L U 37 nc 270000 270000 37 NA
Allendale surface water CMW-SD-2024 Dimethylphthalate 10 UG/L U 37 nc 270000 270000 37 NA
Allendale surface water CMW-SD-2025 Dimethylphthalate 10 UG/L U 37 nc 270000 270000 37 NA
Allendale surface water APB-SD-2029 Dimethylphthalate 10 UG/L U 37 nc 270000 270000 37 NA
Source Area surface water WRC-SD-2009 Dimethylphthalate 10 UG/L U 37 nc 270000 270000 37 NA
Source Area surface water WRC-SD-2013 Dimethylphthalate 10 UG/L U 37 nc 270000 270000 37 NA
Allendale surface water WRC-SD-2014 Dimethylphthalate 10 UG/L U 37 nc 270000 270000 37 NA
Allendale surface water WRC-SD-2015 Dimethylphthalate 10 UG/L U 37 nc 270000 270000 37 NA
Source Area surface water WRC-SD-2010 Dimethylphthalate 10 UG/L U 37 nc 270000 270000 37 NA
Source Area surface water WRC-SD-2011 Dimethylphthalate 10 UG/L U 37 nc 270000 270000 37 NA
Source Area surface water WRC-SD-2012 Dimethylphthalate 10 UG/L U 37 nc 270000 270000 37 NA
Lyman Mill surface water WRL-SD-2042 Dimethylphthalate 10 UG/L U 37 nc 270000 270000 37 NA
Allendale surface water APB-SD-2034 Dimethylphthalate 10 UG/L U 37 nc 270000 270000 37 NA
Allendale surface water APC-SD-2036 Dimethylphthalate 10 UG/L U 37 nc 270000 270000 37 NA
Allendale surface water APC-SD-2035 Dimethylphthalate 10 UG/L U 37 nc 270000 270000 37 NA
Allendale surface water APC-SD-2036 Dimethylphthalate 10 UG/L U 37 nc 270000 270000 37 NA
Lyman Mill surface water LPX-SD-2050 Dimethylphthalate 10 UG/L U 37 nc 270000 270000 37 NA
Lyman Mill surface water LPX-SD-2052 Dimethylphthalate 10 UG/L U 37 nc 270000 270000 37 NA
Lyman Mill surface water LPX-SD-2053 Dimethylphthalate 10 UG/L U 37 nc 270000 270000 37 NA
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Appendix F
Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Lyman Mill surface water LPX-SD-2049 Dimethylphthalate 10 UG/L U 37 nc 270000 270000 37 NA
Lyman Mill surface water LPX-SD-2045 Dimethylphthalate 10 UG/L U 37 nc 270000 270000 37 NA
Lyman Mill surface water LPX-SD-2046 Dimethylphthalate 10 UG/L UJ 37 nc 270000 270000 37 NA
Lyman Mill surface water LPX-SD-2047 Dimethylphthalate 10 UG/L U 37 nc 270000 270000 37 NA
Lyman Mill surface water LPX-SD-2045 Dimethylphthalate 10 UG/L U 37 nc 270000 270000 37 NA
Lyman Mill surface water WRL-SD-2043 Dimethylphthalate 10 UG/L U 37 nc 270000 270000 37 NA
Lyman Mill surface water LPX-SD-2048 Dimethylphthalate 10 UG/L U 37 nc 270000 270000 37 NA
Lyman Mill surface water LPX-SD-2051 Dimethylphthalate 10 UG/L U 37 nc 270000 270000 37 NA
Lyman Mill surface water WRL-SD-2044 Dimethylphthalate 10 UG/L U 37 nc 270000 270000 37 NA
Assaumpsett surface water RAB-SD-3004 Dimethylphthalate 10 UG/L U 37 nc 270000 270000 37 NA
Upstream surface water RCC-SD-3001 Dimethylphthalate 10 UG/L U 37 nc 270000 270000 37 NA
Upstream surface water RCC-SD-3002 Dimethylphthalate 10 UG/L U 37 nc 270000 270000 37 NA
Upstream surface water RCC-SD-3003 Dimethylphthalate 10 UG/L U 37 nc 270000 270000 37 NA
Lyman Mill surface water WRL-SD-2040 Di-n-butylphthalate 10 UG/L U nc nc 2000 2000 2000 NA
Lyman Mill surface water WRL-SD-2039 Di-n-butylphthalate 10 UG/L U nc nc 2000 2000 2000 NA
Lyman Mill surface water WRL-SD-2040 Di-n-butylphthalate 10 UG/L U nc nc 2000 2000 2000 NA
Lyman Mill surface water WRL-SD-2041 Di-n-butylphthalate 10 UG/L U nc nc 2000 2000 2000 NA
Source Area surface water CMW-SD-2016 Di-n-butylphthalate 10 UG/L U nc nc 2000 2000 2000 NA
Source Area surface water CMW-SD-2019 Di-n-butylphthalate 10 UG/L U nc nc 2000 2000 2000 NA
Source Area surface water CMW-SD-2020 Di-n-butylphthalate 10 UG/L U nc nc 2000 2000 2000 NA
Source Area surface water CMW-SD-2021 Di-n-butylphthalate 10 UG/L U nc nc 2000 2000 2000 NA
Allendale surface water CMW-SD-2023 Di-n-butylphthalate 10 UG/L U nc nc 2000 2000 2000 NA
Source Area surface water CMW-SD-2022 Di-n-butylphthalate 10 UG/L U nc nc 2000 2000 2000 NA
Allendale surface water CMW-SD-2023 Di-n-butylphthalate 10 UG/L U nc nc 2000 2000 2000 NA
Allendale surface water CMW-SD-2024 Di-n-butylphthalate 10 UG/L U nc nc 2000 2000 2000 NA
Allendale surface water CMW-SD-2025 Di-n-butylphthalate 10 UG/L U nc nc 2000 2000 2000 NA
Allendale surface water APB-SD-2029 Di-n-butylphthalate 10 UG/L U nc nc 2000 2000 2000 NA
Source Area surface water WRC-SD-2009 Di-n-butylphthalate 10 UG/L U nc nc 2000 2000 2000 NA
Source Area surface water WRC-SD-2013 Di-n-butylphthalate 10 UG/L U nc nc 2000 2000 2000 NA
Allendale surface water WRC-SD-2014 Di-n-butylphthalate 10 UG/L U nc nc 2000 2000 2000 NA
Allendale surface water WRC-SD-2015 Di-n-butylphthalate 10 UG/L U nc nc 2000 2000 2000 NA
Source Area surface water WRC-SD-2010 Di-n-butylphthalate 10 UG/L U nc nc 2000 2000 2000 NA
Source Area surface water WRC-SD-2011 Di-n-butylphthalate 10 UG/L U nc nc 2000 2000 2000 NA
Source Area surface water WRC-SD-2012 Di-n-butylphthalate 10 UG/L U nc nc 2000 2000 2000 NA
Lyman Mill surface water WRL-SD-2042 Di-n-butylphthalate 10 UG/L U nc nc 2000 2000 2000 NA
Allendale surface water APB-SD-2034 Di-n-butylphthalate 10 UG/L U nc nc 2000 2000 2000 NA
Allendale surface water APC-SD-2036 Di-n-butylphthalate 10 UG/L U nc nc 2000 2000 2000 NA
Allendale surface water APC-SD-2035 Di-n-butylphthalate 10 UG/L U nc nc 2000 2000 2000 NA
Allendale surface water APC-SD-2036 Di-n-butylphthalate 10 UG/L U nc nc 2000 2000 2000 NA
Lyman Mill surface water LPX-SD-2050 Di-n-butylphthalate 10 UG/L U nc nc 2000 2000 2000 NA
Lyman Mill surface water LPX-SD-2052 Di-n-butylphthalate 10 UG/L U nc nc 2000 2000 2000 NA
Lyman Mill surface water LPX-SD-2053 Di-n-butylphthalate 10 UG/L U nc nc 2000 2000 2000 NA
Lyman Mill surface water LPX-SD-2049 Di-n-butylphthalate 10 UG/L U nc nc 2000 2000 2000 NA
Lyman Mill surface water LPX-SD-2045 Di-n-butylphthalate 10 UG/L U nc nc 2000 2000 2000 NA
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Lyman Mill surface water LPX-SD-2046 Di-n-butylphthalate 10 UG/L UJ nc nc 2000 2000 2000 NA
Lyman Mill surface water LPX-SD-2047 Di-n-butylphthalate 10 UG/L U nc nc 2000 2000 2000 NA
Lyman Mill surface water LPX-SD-2045 Di-n-butylphthalate 10 UG/L U nc nc 2000 2000 2000 NA
Lyman Mill surface water WRL-SD-2043 Di-n-butylphthalate 10 UG/L U nc nc 2000 2000 2000 NA
Lyman Mill surface water LPX-SD-2048 Di-n-butylphthalate 10 UG/L U nc nc 2000 2000 2000 NA
Lyman Mill surface water LPX-SD-2051 Di-n-butylphthalate 10 UG/L U nc nc 2000 2000 2000 NA
Lyman Mill surface water WRL-SD-2044 Di-n-butylphthalate 10 UG/L U nc nc 2000 2000 2000 NA
Assaumpsett surface water RAB-SD-3004 Di-n-butylphthalate 10 UG/L U nc nc 2000 2000 2000 NA
Upstream surface water RCC-SD-3001 Di-n-butylphthalate 10 UG/L U nc nc 2000 2000 2000 NA
Upstream surface water RCC-SD-3002 Di-n-butylphthalate 10 UG/L U nc nc 2000 2000 2000 NA
Upstream surface water RCC-SD-3003 Di-n-butylphthalate 10 UG/L U nc nc 2000 2000 2000 NA
Allendale surface water WRC-SW-4001 Di-n-butylphthalate 10 UG/L U nc nc 2000 2000 2000 NA
Allendale surface water WRC-SW-4002 Di-n-butylphthalate 10 UG/L U nc nc 2000 2000 2000 NA
Allendale surface water WRC-SW-4003 Di-n-butylphthalate 10 UG/L U nc nc 2000 2000 2000 NA
Allendale surface water WRC-SW-4004 Di-n-butylphthalate 10 UG/L U nc nc 2000 2000 2000 NA
Assaumpsett surface water RAB-SW-5004 Di-n-butylphthalate 11 UG/L U nc nc 2000 2000 2000 NA
Upstream surface water RWR-SW-5001 Di-n-butylphthalate 10 UG/L U nc nc 2000 2000 2000 NA
Upstream surface water RWR-SW-5002 Di-n-butylphthalate 10 UG/L U nc nc 2000 2000 2000 NA
Lyman Mill surface water WRL-SW-4005 Di-n-butylphthalate 11 UG/L U nc nc 2000 2000 2000 NA
Lyman Mill surface water WRL-SW-4004 Di-n-butylphthalate 11 UG/L U nc nc 2000 2000 2000 NA
Lyman Mill surface water WRL-SW-4005 Di-n-butylphthalate 10 UG/L U nc nc 2000 2000 2000 NA
Lyman Mill surface water WRL-SD-2040 2,4-dinitrotoluene 10 UG/L U 34 nc 1.1 0.11 0.11 NA
Lyman Mill surface water WRL-SD-2039 2,4-dinitrotoluene 10 UG/L U 34 nc 1.1 0.11 0.11 NA
Lyman Mill surface water WRL-SD-2040 2,4-dinitrotoluene 10 UG/L U 34 nc 1.1 0.11 0.11 NA
Lyman Mill surface water WRL-SD-2041 2,4-dinitrotoluene 10 UG/L U 34 nc 1.1 0.11 0.11 NA
Source Area surface water CMW-SD-2016 2,4-dinitrotoluene 10 UG/L U 34 nc 1.1 0.11 0.11 NA
Source Area surface water CMW-SD-2019 2,4-dinitrotoluene 10 UG/L U 34 nc 1.1 0.11 0.11 NA
Source Area surface water CMW-SD-2020 2,4-dinitrotoluene 10 UG/L U 34 nc 1.1 0.11 0.11 NA
Source Area surface water CMW-SD-2021 2,4-dinitrotoluene 10 UG/L U 34 nc 1.1 0.11 0.11 NA
Allendale surface water CMW-SD-2023 2,4-dinitrotoluene 10 UG/L U 34 nc 1.1 0.11 0.11 NA
Source Area surface water CMW-SD-2022 2,4-dinitrotoluene 10 UG/L U 34 nc 1.1 0.11 0.11 NA
Allendale surface water CMW-SD-2023 2,4-dinitrotoluene 10 UG/L U 34 nc 1.1 0.11 0.11 NA
Allendale surface water CMW-SD-2024 2,4-dinitrotoluene 10 UG/L U 34 nc 1.1 0.11 0.11 NA
Allendale surface water CMW-SD-2025 2,4-dinitrotoluene 10 UG/L U 34 nc 1.1 0.11 0.11 NA
Allendale surface water APB-SD-2029 2,4-dinitrotoluene 10 UG/L U 34 nc 1.1 0.11 0.11 NA
Source Area surface water WRC-SD-2009 2,4-dinitrotoluene 10 UG/L U 34 nc 1.1 0.11 0.11 NA
Source Area surface water WRC-SD-2013 2,4-dinitrotoluene 10 UG/L U 34 nc 1.1 0.11 0.11 NA
Allendale surface water WRC-SD-2014 2,4-dinitrotoluene 10 UG/L U 34 nc 1.1 0.11 0.11 NA
Allendale surface water WRC-SD-2015 2,4-dinitrotoluene 10 UG/L U 34 nc 1.1 0.11 0.11 NA
Source Area surface water WRC-SD-2010 2,4-dinitrotoluene 10 UG/L U 34 nc 1.1 0.11 0.11 NA
Source Area surface water WRC-SD-2011 2,4-dinitrotoluene 10 UG/L U 34 nc 1.1 0.11 0.11 NA
Source Area surface water WRC-SD-2012 2,4-dinitrotoluene 10 UG/L U 34 nc 1.1 0.11 0.11 NA
Lyman Mill surface water WRL-SD-2042 2,4-dinitrotoluene 10 UG/L U 34 nc 1.1 0.11 0.11 NA
Allendale surface water APB-SD-2034 2,4-dinitrotoluene 10 UG/L U 34 nc 1.1 0.11 0.11 NA
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Allendale surface water APC-SD-2036 2,4-dinitrotoluene 10 UG/L U 34 nc 1.1 0.11 0.11 NA
Allendale surface water APC-SD-2035 2,4-dinitrotoluene 10 UG/L U 34 nc 1.1 0.11 0.11 NA
Allendale surface water APC-SD-2036 2,4-dinitrotoluene 10 UG/L U 34 nc 1.1 0.11 0.11 NA
Lyman Mill surface water LPX-SD-2050 2,4-dinitrotoluene 10 UG/L U 34 nc 1.1 0.11 0.11 NA
Lyman Mill surface water LPX-SD-2052 2,4-dinitrotoluene 10 UG/L U 34 nc 1.1 0.11 0.11 NA
Lyman Mill surface water LPX-SD-2053 2,4-dinitrotoluene 10 UG/L U 34 nc 1.1 0.11 0.11 NA
Lyman Mill surface water LPX-SD-2049 2,4-dinitrotoluene 10 UG/L U 34 nc 1.1 0.11 0.11 NA
Lyman Mill surface water LPX-SD-2045 2,4-dinitrotoluene 10 UG/L U 34 nc 1.1 0.11 0.11 NA
Lyman Mill surface water LPX-SD-2046 2,4-dinitrotoluene 10 UG/L UJ 34 nc 1.1 0.11 0.11 NA
Lyman Mill surface water LPX-SD-2047 2,4-dinitrotoluene 10 UG/L U 34 nc 1.1 0.11 0.11 NA
Lyman Mill surface water LPX-SD-2045 2,4-dinitrotoluene 10 UG/L U 34 nc 1.1 0.11 0.11 NA
Lyman Mill surface water WRL-SD-2043 2,4-dinitrotoluene 10 UG/L U 34 nc 1.1 0.11 0.11 NA
Lyman Mill surface water LPX-SD-2048 2,4-dinitrotoluene 10 UG/L U 34 nc 1.1 0.11 0.11 NA
Lyman Mill surface water LPX-SD-2051 2,4-dinitrotoluene 10 UG/L U 34 nc 1.1 0.11 0.11 NA
Lyman Mill surface water WRL-SD-2044 2,4-dinitrotoluene 10 UG/L U 34 nc 1.1 0.11 0.11 NA
Assaumpsett surface water RAB-SD-3004 2,4-dinitrotoluene 10 UG/L U 34 nc 1.1 0.11 0.11 NA
Upstream surface water RCC-SD-3001 2,4-dinitrotoluene 10 UG/L U 34 nc 1.1 0.11 0.11 NA
Upstream surface water RCC-SD-3002 2,4-dinitrotoluene 10 UG/L U 34 nc 1.1 0.11 0.11 NA
Upstream surface water RCC-SD-3003 2,4-dinitrotoluene 10 UG/L U 34 nc 1.1 0.11 0.11 NA
Lyman Mill surface water WRL-SD-2040 2,6-dinitrotoluene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2039 2,6-dinitrotoluene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2040 2,6-dinitrotoluene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2041 2,6-dinitrotoluene 10 UG/L U nc nc nc nc nc NA
Source Area surface water CMW-SD-2016 2,6-dinitrotoluene 10 UG/L U nc nc nc nc nc NA
Source Area surface water CMW-SD-2019 2,6-dinitrotoluene 10 UG/L U nc nc nc nc nc NA
Source Area surface water CMW-SD-2020 2,6-dinitrotoluene 10 UG/L U nc nc nc nc nc NA
Source Area surface water CMW-SD-2021 2,6-dinitrotoluene 10 UG/L U nc nc nc nc nc NA
Allendale surface water CMW-SD-2023 2,6-dinitrotoluene 10 UG/L U nc nc nc nc nc NA
Source Area surface water CMW-SD-2022 2,6-dinitrotoluene 10 UG/L U nc nc nc nc nc NA
Allendale surface water CMW-SD-2023 2,6-dinitrotoluene 10 UG/L U nc nc nc nc nc NA
Allendale surface water CMW-SD-2024 2,6-dinitrotoluene 10 UG/L U nc nc nc nc nc NA
Allendale surface water CMW-SD-2025 2,6-dinitrotoluene 10 UG/L U nc nc nc nc nc NA
Allendale surface water APB-SD-2029 2,6-dinitrotoluene 10 UG/L U nc nc nc nc nc NA
Source Area surface water WRC-SD-2009 2,6-dinitrotoluene 10 UG/L U nc nc nc nc nc NA
Source Area surface water WRC-SD-2013 2,6-dinitrotoluene 10 UG/L U nc nc nc nc nc NA
Allendale surface water WRC-SD-2014 2,6-dinitrotoluene 10 UG/L U nc nc nc nc nc NA
Allendale surface water WRC-SD-2015 2,6-dinitrotoluene 10 UG/L U nc nc nc nc nc NA
Source Area surface water WRC-SD-2010 2,6-dinitrotoluene 10 UG/L U nc nc nc nc nc NA
Source Area surface water WRC-SD-2011 2,6-dinitrotoluene 10 UG/L U nc nc nc nc nc NA
Source Area surface water WRC-SD-2012 2,6-dinitrotoluene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2042 2,6-dinitrotoluene 10 UG/L U nc nc nc nc nc NA
Allendale surface water APB-SD-2034 2,6-dinitrotoluene 10 UG/L U nc nc nc nc nc NA
Allendale surface water APC-SD-2036 2,6-dinitrotoluene 10 UG/L U nc nc nc nc nc NA
Allendale surface water APC-SD-2035 2,6-dinitrotoluene 10 UG/L U nc nc nc nc nc NA
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Allendale surface water APC-SD-2036 2,6-dinitrotoluene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2050 2,6-dinitrotoluene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2052 2,6-dinitrotoluene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2053 2,6-dinitrotoluene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2049 2,6-dinitrotoluene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2045 2,6-dinitrotoluene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2046 2,6-dinitrotoluene 10 UG/L UJ nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2047 2,6-dinitrotoluene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2045 2,6-dinitrotoluene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2043 2,6-dinitrotoluene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2048 2,6-dinitrotoluene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2051 2,6-dinitrotoluene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2044 2,6-dinitrotoluene 10 UG/L U nc nc nc nc nc NA
Assaumpsett surface water RAB-SD-3004 2,6-dinitrotoluene 10 UG/L U nc nc nc nc nc NA
Upstream surface water RCC-SD-3001 2,6-dinitrotoluene 10 UG/L U nc nc nc nc nc NA
Upstream surface water RCC-SD-3002 2,6-dinitrotoluene 10 UG/L U nc nc nc nc nc NA
Upstream surface water RCC-SD-3003 2,6-dinitrotoluene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2040 Di-n-octylphthalate 10 UG/L UJ nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2039 Di-n-octylphthalate 10 UG/L UJ nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2040 Di-n-octylphthalate 10 UG/L UJ nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2041 Di-n-octylphthalate 10 UG/L UJ nc nc nc nc nc NA
Source Area surface water CMW-SD-2016 Di-n-octylphthalate 10 UG/L UJ nc nc nc nc nc NA
Source Area surface water CMW-SD-2019 Di-n-octylphthalate 10 UG/L UJ nc nc nc nc nc NA
Source Area surface water CMW-SD-2020 Di-n-octylphthalate 10 UG/L UJ nc nc nc nc nc NA
Source Area surface water CMW-SD-2021 Di-n-octylphthalate 10 UG/L UJ nc nc nc nc nc NA
Allendale surface water CMW-SD-2023 Di-n-octylphthalate 10 UG/L UJ nc nc nc nc nc NA
Source Area surface water CMW-SD-2022 Di-n-octylphthalate 10 UG/L UJ nc nc nc nc nc NA
Allendale surface water CMW-SD-2023 Di-n-octylphthalate 10 UG/L UJ nc nc nc nc nc NA
Allendale surface water CMW-SD-2024 Di-n-octylphthalate 10 UG/L UJ nc nc nc nc nc NA
Allendale surface water CMW-SD-2025 Di-n-octylphthalate 10 UG/L UJ nc nc nc nc nc NA
Allendale surface water APB-SD-2029 Di-n-octylphthalate 10 UG/L UJ nc nc nc nc nc NA
Source Area surface water WRC-SD-2009 Di-n-octylphthalate 10 UG/L U nc nc nc nc nc NA
Source Area surface water WRC-SD-2013 Di-n-octylphthalate 10 UG/L U nc nc nc nc nc NA
Allendale surface water WRC-SD-2014 Di-n-octylphthalate 10 UG/L U nc nc nc nc nc NA
Allendale surface water WRC-SD-2015 Di-n-octylphthalate 10 UG/L U nc nc nc nc nc NA
Source Area surface water WRC-SD-2010 Di-n-octylphthalate 10 UG/L U nc nc nc nc nc NA
Source Area surface water WRC-SD-2011 Di-n-octylphthalate 10 UG/L U nc nc nc nc nc NA
Source Area surface water WRC-SD-2012 Di-n-octylphthalate 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2042 Di-n-octylphthalate 10 UG/L U nc nc nc nc nc NA
Allendale surface water APB-SD-2034 Di-n-octylphthalate 10 UG/L U nc nc nc nc nc NA
Allendale surface water APC-SD-2036 Di-n-octylphthalate 10 UG/L U nc nc nc nc nc NA
Allendale surface water APC-SD-2035 Di-n-octylphthalate 10 UG/L U nc nc nc nc nc NA
Allendale surface water APC-SD-2036 Di-n-octylphthalate 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2050 Di-n-octylphthalate 10 UG/L UJ nc nc nc nc nc NA
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Allendale surface water APC-SD-2036 2,6-dinitrotoluene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2050 2,6-dinitrotoluene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2052 2,6-dinitrotoluene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2053 2,6-dinitrotoluene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2049 2,6-dinitrotoluene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2045 2,6-dinitrotoluene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2046 2,6-dinitrotoluene 10 UG/L UJ nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2047 2,6-dinitrotoluene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2045 2,6-dinitrotoluene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2043 2,6-dinitrotoluene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2048 2,6-dinitrotoluene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2051 2,6-dinitrotoluene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2044 2,6-dinitrotoluene 10 UG/L U nc nc nc nc nc NA
Assaumpsett surface water RAB-SD-3004 2,6-dinitrotoluene 10 UG/L U nc nc nc nc nc NA
Upstream surface water RCC-SD-3001 2,6-dinitrotoluene 10 UG/L U nc nc nc nc nc NA
Upstream surface water RCC-SD-3002 2,6-dinitrotoluene 10 UG/L U nc nc nc nc nc NA
Upstream surface water RCC-SD-3003 2,6-dinitrotoluene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2040 Di-n-octylphthalate 10 UG/L UJ nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2039 Di-n-octylphthalate 10 UG/L UJ nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2040 Di-n-octylphthalate 10 UG/L UJ nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2041 Di-n-octylphthalate 10 UG/L UJ nc nc nc nc nc NA
Source Area surface water CMW-SD-2016 Di-n-octylphthalate 10 UG/L UJ nc nc nc nc nc NA
Source Area surface water CMW-SD-2019 Di-n-octylphthalate 10 UG/L UJ nc nc nc nc nc NA
Source Area surface water CMW-SD-2020 Di-n-octylphthalate 10 UG/L UJ nc nc nc nc nc NA
Source Area surface water CMW-SD-2021 Di-n-octylphthalate 10 UG/L UJ nc nc nc nc nc NA
Allendale surface water CMW-SD-2023 Di-n-octylphthalate 10 UG/L UJ nc nc nc nc nc NA
Source Area surface water CMW-SD-2022 Di-n-octylphthalate 10 UG/L UJ nc nc nc nc nc NA
Allendale surface water CMW-SD-2023 Di-n-octylphthalate 10 UG/L UJ nc nc nc nc nc NA
Allendale surface water CMW-SD-2024 Di-n-octylphthalate 10 UG/L UJ nc nc nc nc nc NA
Allendale surface water CMW-SD-2025 Di-n-octylphthalate 10 UG/L UJ nc nc nc nc nc NA
Allendale surface water APB-SD-2029 Di-n-octylphthalate 10 UG/L UJ nc nc nc nc nc NA
Source Area surface water WRC-SD-2009 Di-n-octylphthalate 10 UG/L U nc nc nc nc nc NA
Source Area surface water WRC-SD-2013 Di-n-octylphthalate 10 UG/L U nc nc nc nc nc NA
Allendale surface water WRC-SD-2014 Di-n-octylphthalate 10 UG/L U nc nc nc nc nc NA
Allendale surface water WRC-SD-2015 Di-n-octylphthalate 10 UG/L U nc nc nc nc nc NA
Source Area surface water WRC-SD-2010 Di-n-octylphthalate 10 UG/L U nc nc nc nc nc NA
Source Area surface water WRC-SD-2011 Di-n-octylphthalate 10 UG/L U nc nc nc nc nc NA
Source Area surface water WRC-SD-2012 Di-n-octylphthalate 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2042 Di-n-octylphthalate 10 UG/L U nc nc nc nc nc NA
Allendale surface water APB-SD-2034 Di-n-octylphthalate 10 UG/L U nc nc nc nc nc NA
Allendale surface water APC-SD-2036 Di-n-octylphthalate 10 UG/L U nc nc nc nc nc NA
Allendale surface water APC-SD-2035 Di-n-octylphthalate 10 UG/L U nc nc nc nc nc NA
Allendale surface water APC-SD-2036 Di-n-octylphthalate 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2050 Di-n-octylphthalate 10 UG/L UJ nc nc nc nc nc NA
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Appendix F
Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Lyman Mill surface water LPX-SD-2052 Di-n-octylphthalate 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2053 Di-n-octylphthalate 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2049 Di-n-octylphthalate 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2045 Di-n-octylphthalate 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2046 Di-n-octylphthalate 10 UG/L UJ nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2047 Di-n-octylphthalate 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2045 Di-n-octylphthalate 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2043 Di-n-octylphthalate 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2048 Di-n-octylphthalate 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2051 Di-n-octylphthalate 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2044 Di-n-octylphthalate 10 UG/L UJ nc nc nc nc nc NA
Assaumpsett surface water RAB-SD-3004 Di-n-octylphthalate 10 UG/L U nc nc nc nc nc NA
Upstream surface water RCC-SD-3001 Di-n-octylphthalate 10 UG/L U nc nc nc nc nc NA
Upstream surface water RCC-SD-3002 Di-n-octylphthalate 10 UG/L U nc nc nc nc nc NA
Upstream surface water RCC-SD-3003 Di-n-octylphthalate 10 UG/L U nc nc nc nc nc NA
Allendale surface water WRC-SW-4001 Di-n-octylphthalate 10 UG/L U nc nc nc nc nc NA
Allendale surface water WRC-SW-4002 Di-n-octylphthalate 10 UG/L U nc nc nc nc nc NA
Allendale surface water WRC-SW-4003 Di-n-octylphthalate 10 UG/L U nc nc nc nc nc NA
Allendale surface water WRC-SW-4004 Di-n-octylphthalate 10 UG/L U nc nc nc nc nc NA
Assaumpsett surface water RAB-SW-5004 Di-n-octylphthalate 11 UG/L U nc nc nc nc nc NA
Upstream surface water RWR-SW-5001 Di-n-octylphthalate 10 UG/L U nc nc nc nc nc NA
Upstream surface water RWR-SW-5002 Di-n-octylphthalate 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SW-4005 Di-n-octylphthalate 11 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SW-4004 Di-n-octylphthalate 11 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SW-4005 Di-n-octylphthalate 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2040 Fluoranthene 10 UG/L U 4.4 nc 130 130 4.4 NA
Lyman Mill surface water WRL-SD-2039 Fluoranthene 10 UG/L U 4.4 nc 130 130 4.4 NA
Lyman Mill surface water WRL-SD-2040 Fluoranthene 10 UG/L U 4.4 nc 130 130 4.4 NA
Lyman Mill surface water WRL-SD-2041 Fluoranthene 10 UG/L U 4.4 nc 130 130 4.4 NA
Source Area surface water CMW-SD-2016 Fluoranthene 10 UG/L U 4.4 nc 130 130 4.4 NA
Source Area surface water CMW-SD-2019 Fluoranthene 10 UG/L U 4.4 nc 130 130 4.4 NA
Source Area surface water CMW-SD-2020 Fluoranthene 10 UG/L U 4.4 nc 130 130 4.4 NA
Source Area surface water CMW-SD-2021 Fluoranthene 10 UG/L U 4.4 nc 130 130 4.4 NA
Allendale surface water CMW-SD-2023 Fluoranthene 10 UG/L U 4.4 nc 130 130 4.4 NA
Source Area surface water CMW-SD-2022 Fluoranthene 10 UG/L U 4.4 nc 130 130 4.4 NA
Allendale surface water CMW-SD-2023 Fluoranthene 10 UG/L U 4.4 nc 130 130 4.4 NA
Allendale surface water CMW-SD-2024 Fluoranthene 10 UG/L U 4.4 nc 130 130 4.4 NA
Allendale surface water CMW-SD-2025 Fluoranthene 10 UG/L U 4.4 nc 130 130 4.4 NA
Allendale surface water APB-SD-2029 Fluoranthene 10 UG/L U 4.4 nc 130 130 4.4 NA
Source Area surface water WRC-SD-2009 Fluoranthene 10 UG/L U 4.4 nc 130 130 4.4 NA
Source Area surface water WRC-SD-2013 Fluoranthene 10 UG/L U 4.4 nc 130 130 4.4 NA
Allendale surface water WRC-SD-2014 Fluoranthene 10 UG/L U 4.4 nc 130 130 4.4 NA
Allendale surface water WRC-SD-2015 Fluoranthene 10 UG/L U 4.4 nc 130 130 4.4 NA
Source Area surface water WRC-SD-2010 Fluoranthene 10 UG/L U 4.4 nc 130 130 4.4 NA
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1
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ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Source Area surface water WRC-SD-2011 Fluoranthene 10 UG/L U 4.4 nc 130 130 4.4 NA
Source Area surface water WRC-SD-2012 Fluoranthene 10 UG/L U 4.4 nc 130 130 4.4 NA
Lyman Mill surface water WRL-SD-2042 Fluoranthene 10 UG/L U 4.4 nc 130 130 4.4 NA
Allendale surface water APB-SD-2034 Fluoranthene 10 UG/L U 4.4 nc 130 130 4.4 NA
Allendale surface water APC-SD-2036 Fluoranthene 10 UG/L U 4.4 nc 130 130 4.4 NA
Allendale surface water APC-SD-2035 Fluoranthene 10 UG/L U 4.4 nc 130 130 4.4 NA
Allendale surface water APC-SD-2036 Fluoranthene 10 UG/L U 4.4 nc 130 130 4.4 NA
Lyman Mill surface water LPX-SD-2050 Fluoranthene 10 UG/L U 4.4 nc 130 130 4.4 NA
Lyman Mill surface water LPX-SD-2052 Fluoranthene 10 UG/L U 4.4 nc 130 130 4.4 NA
Lyman Mill surface water LPX-SD-2053 Fluoranthene 10 UG/L U 4.4 nc 130 130 4.4 NA
Lyman Mill surface water LPX-SD-2049 Fluoranthene 10 UG/L U 4.4 nc 130 130 4.4 NA
Lyman Mill surface water LPX-SD-2045 Fluoranthene 10 UG/L U 4.4 nc 130 130 4.4 NA
Lyman Mill surface water LPX-SD-2046 Fluoranthene 10 UG/L UJ 4.4 nc 130 130 4.4 NA
Lyman Mill surface water LPX-SD-2047 Fluoranthene 10 UG/L U 4.4 nc 130 130 4.4 NA
Lyman Mill surface water LPX-SD-2045 Fluoranthene 10 UG/L U 4.4 nc 130 130 4.4 NA
Lyman Mill surface water WRL-SD-2043 Fluoranthene 10 UG/L U 4.4 nc 130 130 4.4 NA
Lyman Mill surface water LPX-SD-2048 Fluoranthene 10 UG/L U 4.4 nc 130 130 4.4 NA
Lyman Mill surface water LPX-SD-2051 Fluoranthene 10 UG/L U 4.4 nc 130 130 4.4 NA
Lyman Mill surface water WRL-SD-2044 Fluoranthene 10 UG/L U 4.4 nc 130 130 4.4 NA
Assaumpsett surface water RAB-SD-3004 Fluoranthene 10 UG/L U 4.4 nc 130 130 4.4 NA
Upstream surface water RCC-SD-3001 Fluoranthene 10 UG/L U 4.4 nc 130 130 4.4 NA
Upstream surface water RCC-SD-3002 Fluoranthene 10 UG/L U 4.4 nc 130 130 4.4 NA
Upstream surface water RCC-SD-3003 Fluoranthene 10 UG/L U 4.4 nc 130 130 4.4 NA
Allendale surface water WRC-SW-4001 Fluoranthene 0.02389 UG/L U 4.4 nc 130 130 4.4 NA
Allendale surface water WRC-SW-4002 Fluoranthene 0.02379 UG/L U 4.4 nc 130 130 4.4 NA
Allendale surface water WRC-SW-4003 Fluoranthene 0.01798 UG/L U 4.4 nc 130 130 4.4 NA
Allendale surface water WRC-SW-4003 Fluoranthene 0.01358 UG/L 4.4 nc 130 130 4.4 N
Allendale surface water WRC-SW-4004 Fluoranthene 0.0158 UG/L U 4.4 nc 130 130 4.4 NA
Assaumpsett surface water RAB-SW-5004 Fluoranthene 0.0048 UG/L U 4.4 nc 130 130 4.4 NA
Upstream surface water RWR-SW-5001 Fluoranthene 0.01496 UG/L U 4.4 nc 130 130 4.4 NA
Upstream surface water RWR-SW-5002 Fluoranthene 0.01538 UG/L U 4.4 nc 130 130 4.4 NA
Lyman Mill surface water WRL-SW-4005 Fluoranthene 0.03801 UG/L U 4.4 nc 130 130 4.4 NA
Lyman Mill surface water WRL-SW-4004 Fluoranthene 0.03652 UG/L U 4.4 nc 130 130 4.4 NA
Lyman Mill surface water WRL-SW-4005 Fluoranthene 0.0395 UG/L U 4.4 nc 130 130 4.4 NA
Lyman Mill surface water WRL-SD-2040 Fluorene 10 UG/L U nc nc 1100 1100 1100 NA
Lyman Mill surface water WRL-SD-2039 Fluorene 10 UG/L U nc nc 1100 1100 1100 NA
Lyman Mill surface water WRL-SD-2040 Fluorene 10 UG/L U nc nc 1100 1100 1100 NA
Lyman Mill surface water WRL-SD-2041 Fluorene 10 UG/L U nc nc 1100 1100 1100 NA
Source Area surface water CMW-SD-2016 Fluorene 10 UG/L U nc nc 1100 1100 1100 NA
Source Area surface water CMW-SD-2019 Fluorene 10 UG/L U nc nc 1100 1100 1100 NA
Source Area surface water CMW-SD-2020 Fluorene 10 UG/L U nc nc 1100 1100 1100 NA
Source Area surface water CMW-SD-2021 Fluorene 10 UG/L U nc nc 1100 1100 1100 NA
Allendale surface water CMW-SD-2023 Fluorene 10 UG/L U nc nc 1100 1100 1100 NA
Source Area surface water CMW-SD-2022 Fluorene 10 UG/L U nc nc 1100 1100 1100 NA
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RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
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(UG/L) 2
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(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 
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Potential ARARs


Allendale surface water CMW-SD-2023 Fluorene 10 UG/L U nc nc 1100 1100 1100 NA
Allendale surface water CMW-SD-2024 Fluorene 10 UG/L U nc nc 1100 1100 1100 NA
Allendale surface water CMW-SD-2025 Fluorene 10 UG/L U nc nc 1100 1100 1100 NA
Allendale surface water APB-SD-2029 Fluorene 10 UG/L U nc nc 1100 1100 1100 NA
Source Area surface water WRC-SD-2009 Fluorene 10 UG/L U nc nc 1100 1100 1100 NA
Source Area surface water WRC-SD-2013 Fluorene 10 UG/L U nc nc 1100 1100 1100 NA
Allendale surface water WRC-SD-2014 Fluorene 10 UG/L U nc nc 1100 1100 1100 NA
Allendale surface water WRC-SD-2015 Fluorene 10 UG/L U nc nc 1100 1100 1100 NA
Source Area surface water WRC-SD-2010 Fluorene 10 UG/L U nc nc 1100 1100 1100 NA
Source Area surface water WRC-SD-2011 Fluorene 10 UG/L U nc nc 1100 1100 1100 NA
Source Area surface water WRC-SD-2012 Fluorene 10 UG/L U nc nc 1100 1100 1100 NA
Lyman Mill surface water WRL-SD-2042 Fluorene 10 UG/L U nc nc 1100 1100 1100 NA
Allendale surface water APB-SD-2034 Fluorene 10 UG/L U nc nc 1100 1100 1100 NA
Allendale surface water APC-SD-2036 Fluorene 10 UG/L U nc nc 1100 1100 1100 NA
Allendale surface water APC-SD-2035 Fluorene 10 UG/L U nc nc 1100 1100 1100 NA
Allendale surface water APC-SD-2036 Fluorene 10 UG/L U nc nc 1100 1100 1100 NA
Lyman Mill surface water LPX-SD-2050 Fluorene 10 UG/L U nc nc 1100 1100 1100 NA
Lyman Mill surface water LPX-SD-2052 Fluorene 10 UG/L U nc nc 1100 1100 1100 NA
Lyman Mill surface water LPX-SD-2053 Fluorene 10 UG/L U nc nc 1100 1100 1100 NA
Lyman Mill surface water LPX-SD-2049 Fluorene 10 UG/L U nc nc 1100 1100 1100 NA
Lyman Mill surface water LPX-SD-2045 Fluorene 10 UG/L U nc nc 1100 1100 1100 NA
Lyman Mill surface water LPX-SD-2046 Fluorene 10 UG/L UJ nc nc 1100 1100 1100 NA
Lyman Mill surface water LPX-SD-2047 Fluorene 10 UG/L U nc nc 1100 1100 1100 NA
Lyman Mill surface water LPX-SD-2045 Fluorene 10 UG/L U nc nc 1100 1100 1100 NA
Lyman Mill surface water WRL-SD-2043 Fluorene 10 UG/L U nc nc 1100 1100 1100 NA
Lyman Mill surface water LPX-SD-2048 Fluorene 10 UG/L U nc nc 1100 1100 1100 NA
Lyman Mill surface water LPX-SD-2051 Fluorene 10 UG/L U nc nc 1100 1100 1100 NA
Lyman Mill surface water WRL-SD-2044 Fluorene 10 UG/L U nc nc 1100 1100 1100 NA
Assaumpsett surface water RAB-SD-3004 Fluorene 10 UG/L U nc nc 1100 1100 1100 NA
Upstream surface water RCC-SD-3001 Fluorene 10 UG/L U nc nc 1100 1100 1100 NA
Upstream surface water RCC-SD-3002 Fluorene 10 UG/L U nc nc 1100 1100 1100 NA
Upstream surface water RCC-SD-3003 Fluorene 10 UG/L U nc nc 1100 1100 1100 NA
Allendale surface water WRC-SW-4001 Fluorene 0.00242 UG/L U nc nc 1100 1100 1100 NA
Allendale surface water WRC-SW-4002 Fluorene 0.0024 UG/L U nc nc 1100 1100 1100 NA
Allendale surface water WRC-SW-4003 Fluorene 0.00207 UG/L U nc nc 1100 1100 1100 NA
Allendale surface water WRC-SW-4003 Fluorene 0.00462 UG/L U nc nc 1100 1100 1100 NA
Allendale surface water WRC-SW-4004 Fluorene 0.00231 UG/L U nc nc 1100 1100 1100 NA
Assaumpsett surface water RAB-SW-5004 Fluorene 0.00238 UG/L U nc nc 1100 1100 1100 NA
Upstream surface water RWR-SW-5001 Fluorene 0.00231 UG/L U nc nc 1100 1100 1100 NA
Upstream surface water RWR-SW-5002 Fluorene 0.00238 UG/L U nc nc 1100 1100 1100 NA
Lyman Mill surface water WRL-SW-4005 Fluorene 0.00233 UG/L U nc nc 1100 1100 1100 NA
Lyman Mill surface water WRL-SW-4004 Fluorene 0.0027 UG/L U nc nc 1100 1100 1100 NA
Lyman Mill surface water WRL-SW-4005 Fluorene 0.00283 UG/L U nc nc 1100 1100 1100 NA
Lyman Mill surface water WRL-SD-2040 Hexachlorobenzene 10 UG/L U nc nc 0.0028 0.00028 0.00028 NA
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Lyman Mill surface water WRL-SD-2039 Hexachlorobenzene 10 UG/L U nc nc 0.0028 0.00028 0.00028 NA
Lyman Mill surface water WRL-SD-2040 Hexachlorobenzene 10 UG/L U nc nc 0.0028 0.00028 0.00028 NA
Lyman Mill surface water WRL-SD-2041 Hexachlorobenzene 10 UG/L U nc nc 0.0028 0.00028 0.00028 NA
Source Area surface water CMW-SD-2016 Hexachlorobenzene 10 UG/L U nc nc 0.0028 0.00028 0.00028 NA
Source Area surface water CMW-SD-2019 Hexachlorobenzene 10 UG/L U nc nc 0.0028 0.00028 0.00028 NA
Source Area surface water CMW-SD-2020 Hexachlorobenzene 10 UG/L U nc nc 0.0028 0.00028 0.00028 NA
Source Area surface water CMW-SD-2021 Hexachlorobenzene 10 UG/L U nc nc 0.0028 0.00028 0.00028 NA
Allendale surface water CMW-SD-2023 Hexachlorobenzene 10 UG/L U nc nc 0.0028 0.00028 0.00028 NA
Source Area surface water CMW-SD-2022 Hexachlorobenzene 10 UG/L U nc nc 0.0028 0.00028 0.00028 NA
Allendale surface water CMW-SD-2023 Hexachlorobenzene 10 UG/L U nc nc 0.0028 0.00028 0.00028 NA
Allendale surface water CMW-SD-2024 Hexachlorobenzene 10 UG/L U nc nc 0.0028 0.00028 0.00028 NA
Allendale surface water CMW-SD-2025 Hexachlorobenzene 10 UG/L U nc nc 0.0028 0.00028 0.00028 NA
Allendale surface water APB-SD-2029 Hexachlorobenzene 10 UG/L U nc nc 0.0028 0.00028 0.00028 NA
Source Area surface water WRC-SD-2009 Hexachlorobenzene 10 UG/L U nc nc 0.0028 0.00028 0.00028 NA
Source Area surface water WRC-SD-2013 Hexachlorobenzene 10 UG/L U nc nc 0.0028 0.00028 0.00028 NA
Allendale surface water WRC-SD-2014 Hexachlorobenzene 10 UG/L U nc nc 0.0028 0.00028 0.00028 NA
Allendale surface water WRC-SD-2015 Hexachlorobenzene 10 UG/L U nc nc 0.0028 0.00028 0.00028 NA
Source Area surface water WRC-SD-2010 Hexachlorobenzene 10 UG/L U nc nc 0.0028 0.00028 0.00028 NA
Source Area surface water WRC-SD-2011 Hexachlorobenzene 10 UG/L U nc nc 0.0028 0.00028 0.00028 NA
Source Area surface water WRC-SD-2012 Hexachlorobenzene 10 UG/L U nc nc 0.0028 0.00028 0.00028 NA
Lyman Mill surface water WRL-SD-2042 Hexachlorobenzene 10 UG/L U nc nc 0.0028 0.00028 0.00028 NA
Allendale surface water APB-SD-2034 Hexachlorobenzene 10 UG/L U nc nc 0.0028 0.00028 0.00028 NA
Allendale surface water APC-SD-2036 Hexachlorobenzene 10 UG/L U nc nc 0.0028 0.00028 0.00028 NA
Allendale surface water APC-SD-2035 Hexachlorobenzene 10 UG/L U nc nc 0.0028 0.00028 0.00028 NA
Allendale surface water APC-SD-2036 Hexachlorobenzene 10 UG/L U nc nc 0.0028 0.00028 0.00028 NA
Lyman Mill surface water LPX-SD-2050 Hexachlorobenzene 10 UG/L U nc nc 0.0028 0.00028 0.00028 NA
Lyman Mill surface water LPX-SD-2052 Hexachlorobenzene 10 UG/L U nc nc 0.0028 0.00028 0.00028 NA
Lyman Mill surface water LPX-SD-2053 Hexachlorobenzene 10 UG/L U nc nc 0.0028 0.00028 0.00028 NA
Lyman Mill surface water LPX-SD-2049 Hexachlorobenzene 10 UG/L U nc nc 0.0028 0.00028 0.00028 NA
Lyman Mill surface water LPX-SD-2045 Hexachlorobenzene 10 UG/L U nc nc 0.0028 0.00028 0.00028 NA
Lyman Mill surface water LPX-SD-2046 Hexachlorobenzene 10 UG/L UJ nc nc 0.0028 0.00028 0.00028 NA
Lyman Mill surface water LPX-SD-2047 Hexachlorobenzene 10 UG/L U nc nc 0.0028 0.00028 0.00028 NA
Lyman Mill surface water LPX-SD-2045 Hexachlorobenzene 10 UG/L U nc nc 0.0028 0.00028 0.00028 NA
Lyman Mill surface water WRL-SD-2043 Hexachlorobenzene 10 UG/L U nc nc 0.0028 0.00028 0.00028 NA
Lyman Mill surface water LPX-SD-2048 Hexachlorobenzene 10 UG/L U nc nc 0.0028 0.00028 0.00028 NA
Lyman Mill surface water LPX-SD-2051 Hexachlorobenzene 10 UG/L U nc nc 0.0028 0.00028 0.00028 NA
Lyman Mill surface water WRL-SD-2044 Hexachlorobenzene 10 UG/L U nc nc 0.0028 0.00028 0.00028 NA
Assaumpsett surface water RAB-SD-3004 Hexachlorobenzene 10 UG/L U nc nc 0.0028 0.00028 0.00028 NA
Upstream surface water RCC-SD-3001 Hexachlorobenzene 10 UG/L U nc nc 0.0028 0.00028 0.00028 NA
Upstream surface water RCC-SD-3002 Hexachlorobenzene 10 UG/L U nc nc 0.0028 0.00028 0.00028 NA
Upstream surface water RCC-SD-3003 Hexachlorobenzene 10 UG/L U nc nc 0.0028 0.00028 0.00028 NA
Lyman Mill surface water WRL-SD-2040 Hexachlorobutadiene 10 UG/L U nc nc 4.4 0.44 0.44 NA
Lyman Mill surface water WRL-SD-2039 Hexachlorobutadiene 10 UG/L U nc nc 4.4 0.44 0.44 NA
Lyman Mill surface water WRL-SD-2040 Hexachlorobutadiene 10 UG/L U nc nc 4.4 0.44 0.44 NA
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Lyman Mill surface water WRL-SD-2041 Hexachlorobutadiene 10 UG/L U nc nc 4.4 0.44 0.44 NA
Source Area surface water CMW-SD-2016 Hexachlorobutadiene 10 UG/L U nc nc 4.4 0.44 0.44 NA
Source Area surface water CMW-SD-2019 Hexachlorobutadiene 10 UG/L U nc nc 4.4 0.44 0.44 NA
Source Area surface water CMW-SD-2020 Hexachlorobutadiene 10 UG/L U nc nc 4.4 0.44 0.44 NA
Source Area surface water CMW-SD-2021 Hexachlorobutadiene 10 UG/L U nc nc 4.4 0.44 0.44 NA
Allendale surface water CMW-SD-2023 Hexachlorobutadiene 10 UG/L U nc nc 4.4 0.44 0.44 NA
Source Area surface water CMW-SD-2022 Hexachlorobutadiene 10 UG/L U nc nc 4.4 0.44 0.44 NA
Allendale surface water CMW-SD-2023 Hexachlorobutadiene 10 UG/L U nc nc 4.4 0.44 0.44 NA
Allendale surface water CMW-SD-2024 Hexachlorobutadiene 10 UG/L U nc nc 4.4 0.44 0.44 NA
Allendale surface water CMW-SD-2025 Hexachlorobutadiene 10 UG/L U nc nc 4.4 0.44 0.44 NA
Allendale surface water APB-SD-2029 Hexachlorobutadiene 10 UG/L UJ nc nc 4.4 0.44 0.44 NA
Source Area surface water WRC-SD-2009 Hexachlorobutadiene 10 UG/L U nc nc 4.4 0.44 0.44 NA
Source Area surface water WRC-SD-2013 Hexachlorobutadiene 10 UG/L U nc nc 4.4 0.44 0.44 NA
Allendale surface water WRC-SD-2014 Hexachlorobutadiene 10 UG/L U nc nc 4.4 0.44 0.44 NA
Allendale surface water WRC-SD-2015 Hexachlorobutadiene 10 UG/L U nc nc 4.4 0.44 0.44 NA
Source Area surface water WRC-SD-2010 Hexachlorobutadiene 10 UG/L U nc nc 4.4 0.44 0.44 NA
Source Area surface water WRC-SD-2011 Hexachlorobutadiene 10 UG/L U nc nc 4.4 0.44 0.44 NA
Source Area surface water WRC-SD-2012 Hexachlorobutadiene 10 UG/L U nc nc 4.4 0.44 0.44 NA
Lyman Mill surface water WRL-SD-2042 Hexachlorobutadiene 10 UG/L UJ nc nc 4.4 0.44 0.44 NA
Allendale surface water APB-SD-2034 Hexachlorobutadiene 10 UG/L U nc nc 4.4 0.44 0.44 NA
Allendale surface water APC-SD-2036 Hexachlorobutadiene 10 UG/L U nc nc 4.4 0.44 0.44 NA
Allendale surface water APC-SD-2035 Hexachlorobutadiene 10 UG/L U nc nc 4.4 0.44 0.44 NA
Allendale surface water APC-SD-2036 Hexachlorobutadiene 10 UG/L UJ nc nc 4.4 0.44 0.44 NA
Lyman Mill surface water LPX-SD-2050 Hexachlorobutadiene 10 UG/L U nc nc 4.4 0.44 0.44 NA
Lyman Mill surface water LPX-SD-2052 Hexachlorobutadiene 10 UG/L U nc nc 4.4 0.44 0.44 NA
Lyman Mill surface water LPX-SD-2053 Hexachlorobutadiene 10 UG/L U nc nc 4.4 0.44 0.44 NA
Lyman Mill surface water LPX-SD-2049 Hexachlorobutadiene 10 UG/L UJ nc nc 4.4 0.44 0.44 NA
Lyman Mill surface water LPX-SD-2045 Hexachlorobutadiene 10 UG/L U nc nc 4.4 0.44 0.44 NA
Lyman Mill surface water LPX-SD-2046 Hexachlorobutadiene 10 UG/L UJ nc nc 4.4 0.44 0.44 NA
Lyman Mill surface water LPX-SD-2047 Hexachlorobutadiene 10 UG/L U nc nc 4.4 0.44 0.44 NA
Lyman Mill surface water LPX-SD-2045 Hexachlorobutadiene 10 UG/L U nc nc 4.4 0.44 0.44 NA
Lyman Mill surface water WRL-SD-2043 Hexachlorobutadiene 10 UG/L U nc nc 4.4 0.44 0.44 NA
Lyman Mill surface water LPX-SD-2048 Hexachlorobutadiene 10 UG/L U nc nc 4.4 0.44 0.44 NA
Lyman Mill surface water LPX-SD-2051 Hexachlorobutadiene 10 UG/L U nc nc 4.4 0.44 0.44 NA
Lyman Mill surface water WRL-SD-2044 Hexachlorobutadiene 10 UG/L U nc nc 4.4 0.44 0.44 NA
Assaumpsett surface water RAB-SD-3004 Hexachlorobutadiene 10 UG/L U nc nc 4.4 0.44 0.44 NA
Upstream surface water RCC-SD-3001 Hexachlorobutadiene 10 UG/L U nc nc 4.4 0.44 0.44 NA
Upstream surface water RCC-SD-3002 Hexachlorobutadiene 10 UG/L U nc nc 4.4 0.44 0.44 NA
Upstream surface water RCC-SD-3003 Hexachlorobutadiene 10 UG/L U nc nc 4.4 0.44 0.44 NA
Allendale surface water WRC-SW-4001 Hexachlorobutadiene 1 UG/L UJ nc nc 4.4 0.44 0.44 NA
Allendale surface water WRC-SW-4002 Hexachlorobutadiene 1 UG/L UJ nc nc 4.4 0.44 0.44 NA
Allendale surface water WRC-SW-4003 Hexachlorobutadiene 1 UG/L UJ nc nc 4.4 0.44 0.44 NA
Allendale surface water WRC-SW-4004 Hexachlorobutadiene 1 UG/L UJ nc nc 4.4 0.44 0.44 NA
Assaumpsett surface water RAB-SW-5004 Hexachlorobutadiene 1 UG/L UJ nc nc 4.4 0.44 0.44 NA
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Upstream surface water RWR-SW-5001 Hexachlorobutadiene 1 UG/L UJ nc nc 4.4 0.44 0.44 NA
Upstream surface water RWR-SW-5002 Hexachlorobutadiene 1 UG/L UJ nc nc 4.4 0.44 0.44 NA
Lyman Mill surface water WRL-SW-4005 Hexachlorobutadiene 1 UG/L UJ nc nc 4.4 0.44 0.44 NA
Lyman Mill surface water WRL-SW-4004 Hexachlorobutadiene 1 UG/L UJ nc nc 4.4 0.44 0.44 NA
Lyman Mill surface water WRL-SW-4005 Hexachlorobutadiene 1 UG/L UJ nc nc 4.4 0.44 0.44 NA
Lyman Mill surface water WRL-SD-2040 Hexachlorocyclopentadiene 10 UG/L U 0.008 nc 40 40 0.008 NA
Lyman Mill surface water WRL-SD-2039 Hexachlorocyclopentadiene 10 UG/L U 0.008 nc 40 40 0.008 NA
Lyman Mill surface water WRL-SD-2040 Hexachlorocyclopentadiene 10 UG/L U 0.008 nc 40 40 0.008 NA
Lyman Mill surface water WRL-SD-2041 Hexachlorocyclopentadiene 10 UG/L U 0.008 nc 40 40 0.008 NA
Source Area surface water CMW-SD-2016 Hexachlorocyclopentadiene 10 UG/L U 0.008 nc 40 40 0.008 NA
Source Area surface water CMW-SD-2019 Hexachlorocyclopentadiene 10 UG/L U 0.008 nc 40 40 0.008 NA
Source Area surface water CMW-SD-2020 Hexachlorocyclopentadiene 10 UG/L U 0.008 nc 40 40 0.008 NA
Source Area surface water CMW-SD-2021 Hexachlorocyclopentadiene 10 UG/L U 0.008 nc 40 40 0.008 NA
Allendale surface water CMW-SD-2023 Hexachlorocyclopentadiene 10 UG/L U 0.008 nc 40 40 0.008 NA
Source Area surface water CMW-SD-2022 Hexachlorocyclopentadiene 10 UG/L U 0.008 nc 40 40 0.008 NA
Allendale surface water CMW-SD-2023 Hexachlorocyclopentadiene 10 UG/L U 0.008 nc 40 40 0.008 NA
Allendale surface water CMW-SD-2024 Hexachlorocyclopentadiene 10 UG/L U 0.008 nc 40 40 0.008 NA
Allendale surface water CMW-SD-2025 Hexachlorocyclopentadiene 10 UG/L U 0.008 nc 40 40 0.008 NA
Allendale surface water APB-SD-2029 Hexachlorocyclopentadiene 10 UG/L U 0.008 nc 40 40 0.008 NA
Source Area surface water WRC-SD-2009 Hexachlorocyclopentadiene 10 UG/L U 0.008 nc 40 40 0.008 NA
Source Area surface water WRC-SD-2013 Hexachlorocyclopentadiene 10 UG/L U 0.008 nc 40 40 0.008 NA
Allendale surface water WRC-SD-2014 Hexachlorocyclopentadiene 10 UG/L U 0.008 nc 40 40 0.008 NA
Allendale surface water WRC-SD-2015 Hexachlorocyclopentadiene 10 UG/L U 0.008 nc 40 40 0.008 NA
Source Area surface water WRC-SD-2010 Hexachlorocyclopentadiene 10 UG/L U 0.008 nc 40 40 0.008 NA
Source Area surface water WRC-SD-2011 Hexachlorocyclopentadiene 10 UG/L U 0.008 nc 40 40 0.008 NA
Source Area surface water WRC-SD-2012 Hexachlorocyclopentadiene 10 UG/L U 0.008 nc 40 40 0.008 NA
Lyman Mill surface water WRL-SD-2042 Hexachlorocyclopentadiene 10 UG/L U 0.008 nc 40 40 0.008 NA
Allendale surface water APB-SD-2034 Hexachlorocyclopentadiene 10 UG/L U 0.008 nc 40 40 0.008 NA
Allendale surface water APC-SD-2036 Hexachlorocyclopentadiene 10 UG/L U 0.008 nc 40 40 0.008 NA
Allendale surface water APC-SD-2035 Hexachlorocyclopentadiene 10 UG/L U 0.008 nc 40 40 0.008 NA
Allendale surface water APC-SD-2036 Hexachlorocyclopentadiene 10 UG/L U 0.008 nc 40 40 0.008 NA
Lyman Mill surface water LPX-SD-2050 Hexachlorocyclopentadiene 10 UG/L U 0.008 nc 40 40 0.008 NA
Lyman Mill surface water LPX-SD-2052 Hexachlorocyclopentadiene 10 UG/L U 0.008 nc 40 40 0.008 NA
Lyman Mill surface water LPX-SD-2053 Hexachlorocyclopentadiene 10 UG/L U 0.008 nc 40 40 0.008 NA
Lyman Mill surface water LPX-SD-2049 Hexachlorocyclopentadiene 10 UG/L U 0.008 nc 40 40 0.008 NA
Lyman Mill surface water LPX-SD-2045 Hexachlorocyclopentadiene 10 UG/L U 0.008 nc 40 40 0.008 NA
Lyman Mill surface water LPX-SD-2046 Hexachlorocyclopentadiene 10 UG/L UJ 0.008 nc 40 40 0.008 NA
Lyman Mill surface water LPX-SD-2047 Hexachlorocyclopentadiene 10 UG/L U 0.008 nc 40 40 0.008 NA
Lyman Mill surface water LPX-SD-2045 Hexachlorocyclopentadiene 10 UG/L U 0.008 nc 40 40 0.008 NA
Lyman Mill surface water WRL-SD-2043 Hexachlorocyclopentadiene 10 UG/L U 0.008 nc 40 40 0.008 NA
Lyman Mill surface water LPX-SD-2048 Hexachlorocyclopentadiene 10 UG/L U 0.008 nc 40 40 0.008 NA
Lyman Mill surface water LPX-SD-2051 Hexachlorocyclopentadiene 10 UG/L U 0.008 nc 40 40 0.008 NA
Lyman Mill surface water WRL-SD-2044 Hexachlorocyclopentadiene 10 UG/L U 0.008 nc 40 40 0.008 NA
Assaumpsett surface water RAB-SD-3004 Hexachlorocyclopentadiene 10 UG/L U 0.008 nc 40 40 0.008 NA
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Upstream surface water RCC-SD-3001 Hexachlorocyclopentadiene 10 UG/L U 0.008 nc 40 40 0.008 NA
Upstream surface water RCC-SD-3002 Hexachlorocyclopentadiene 10 UG/L U 0.008 nc 40 40 0.008 NA
Upstream surface water RCC-SD-3003 Hexachlorocyclopentadiene 10 UG/L U 0.008 nc 40 40 0.008 NA
Lyman Mill surface water WRL-SD-2040 Hexachloroethane 10 UG/L U 1.1 nc 14 1.4 1.1 NA
Lyman Mill surface water WRL-SD-2039 Hexachloroethane 10 UG/L U 1.1 nc 14 1.4 1.1 NA
Lyman Mill surface water WRL-SD-2040 Hexachloroethane 10 UG/L U 1.1 nc 14 1.4 1.1 NA
Lyman Mill surface water WRL-SD-2041 Hexachloroethane 10 UG/L U 1.1 nc 14 1.4 1.1 NA
Source Area surface water CMW-SD-2016 Hexachloroethane 10 UG/L U 1.1 nc 14 1.4 1.1 NA
Source Area surface water CMW-SD-2019 Hexachloroethane 10 UG/L U 1.1 nc 14 1.4 1.1 NA
Source Area surface water CMW-SD-2020 Hexachloroethane 10 UG/L U 1.1 nc 14 1.4 1.1 NA
Source Area surface water CMW-SD-2021 Hexachloroethane 10 UG/L U 1.1 nc 14 1.4 1.1 NA
Allendale surface water CMW-SD-2023 Hexachloroethane 10 UG/L U 1.1 nc 14 1.4 1.1 NA
Source Area surface water CMW-SD-2022 Hexachloroethane 10 UG/L U 1.1 nc 14 1.4 1.1 NA
Allendale surface water CMW-SD-2023 Hexachloroethane 10 UG/L U 1.1 nc 14 1.4 1.1 NA
Allendale surface water CMW-SD-2024 Hexachloroethane 10 UG/L U 1.1 nc 14 1.4 1.1 NA
Allendale surface water CMW-SD-2025 Hexachloroethane 10 UG/L U 1.1 nc 14 1.4 1.1 NA
Allendale surface water APB-SD-2029 Hexachloroethane 10 UG/L U 1.1 nc 14 1.4 1.1 NA
Source Area surface water WRC-SD-2009 Hexachloroethane 10 UG/L U 1.1 nc 14 1.4 1.1 NA
Source Area surface water WRC-SD-2013 Hexachloroethane 10 UG/L U 1.1 nc 14 1.4 1.1 NA
Allendale surface water WRC-SD-2014 Hexachloroethane 10 UG/L U 1.1 nc 14 1.4 1.1 NA
Allendale surface water WRC-SD-2015 Hexachloroethane 10 UG/L U 1.1 nc 14 1.4 1.1 NA
Source Area surface water WRC-SD-2010 Hexachloroethane 10 UG/L U 1.1 nc 14 1.4 1.1 NA
Source Area surface water WRC-SD-2011 Hexachloroethane 10 UG/L U 1.1 nc 14 1.4 1.1 NA
Source Area surface water WRC-SD-2012 Hexachloroethane 10 UG/L U 1.1 nc 14 1.4 1.1 NA
Lyman Mill surface water WRL-SD-2042 Hexachloroethane 10 UG/L U 1.1 nc 14 1.4 1.1 NA
Allendale surface water APB-SD-2034 Hexachloroethane 10 UG/L U 1.1 nc 14 1.4 1.1 NA
Allendale surface water APC-SD-2036 Hexachloroethane 10 UG/L U 1.1 nc 14 1.4 1.1 NA
Allendale surface water APC-SD-2035 Hexachloroethane 10 UG/L U 1.1 nc 14 1.4 1.1 NA
Allendale surface water APC-SD-2036 Hexachloroethane 10 UG/L U 1.1 nc 14 1.4 1.1 NA
Lyman Mill surface water LPX-SD-2050 Hexachloroethane 10 UG/L U 1.1 nc 14 1.4 1.1 NA
Lyman Mill surface water LPX-SD-2052 Hexachloroethane 10 UG/L U 1.1 nc 14 1.4 1.1 NA
Lyman Mill surface water LPX-SD-2053 Hexachloroethane 10 UG/L U 1.1 nc 14 1.4 1.1 NA
Lyman Mill surface water LPX-SD-2049 Hexachloroethane 10 UG/L U 1.1 nc 14 1.4 1.1 NA
Lyman Mill surface water LPX-SD-2045 Hexachloroethane 10 UG/L U 1.1 nc 14 1.4 1.1 NA
Lyman Mill surface water LPX-SD-2046 Hexachloroethane 10 UG/L UJ 1.1 nc 14 1.4 1.1 NA
Lyman Mill surface water LPX-SD-2047 Hexachloroethane 10 UG/L U 1.1 nc 14 1.4 1.1 NA
Lyman Mill surface water LPX-SD-2045 Hexachloroethane 10 UG/L U 1.1 nc 14 1.4 1.1 NA
Lyman Mill surface water WRL-SD-2043 Hexachloroethane 10 UG/L U 1.1 nc 14 1.4 1.1 NA
Lyman Mill surface water LPX-SD-2048 Hexachloroethane 10 UG/L U 1.1 nc 14 1.4 1.1 NA
Lyman Mill surface water LPX-SD-2051 Hexachloroethane 10 UG/L U 1.1 nc 14 1.4 1.1 NA
Lyman Mill surface water WRL-SD-2044 Hexachloroethane 10 UG/L U 1.1 nc 14 1.4 1.1 NA
Assaumpsett surface water RAB-SD-3004 Hexachloroethane 10 UG/L U 1.1 nc 14 1.4 1.1 NA
Upstream surface water RCC-SD-3001 Hexachloroethane 10 UG/L U 1.1 nc 14 1.4 1.1 NA
Upstream surface water RCC-SD-3002 Hexachloroethane 10 UG/L U 1.1 nc 14 1.4 1.1 NA
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Appendix F
Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Upstream surface water RCC-SD-3003 Hexachloroethane 10 UG/L U 1.1 nc 14 1.4 1.1 NA
Lyman Mill surface water WRL-SD-2040 Indeno(1,2,3-cd)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water WRL-SD-2039 Indeno(1,2,3-cd)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water WRL-SD-2040 Indeno(1,2,3-cd)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water WRL-SD-2041 Indeno(1,2,3-cd)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Source Area surface water CMW-SD-2016 Indeno(1,2,3-cd)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Source Area surface water CMW-SD-2019 Indeno(1,2,3-cd)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Source Area surface water CMW-SD-2020 Indeno(1,2,3-cd)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Source Area surface water CMW-SD-2021 Indeno(1,2,3-cd)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water CMW-SD-2023 Indeno(1,2,3-cd)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Source Area surface water CMW-SD-2022 Indeno(1,2,3-cd)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water CMW-SD-2023 Indeno(1,2,3-cd)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water CMW-SD-2024 Indeno(1,2,3-cd)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water CMW-SD-2025 Indeno(1,2,3-cd)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water APB-SD-2029 Indeno(1,2,3-cd)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Source Area surface water WRC-SD-2009 Indeno(1,2,3-cd)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Source Area surface water WRC-SD-2013 Indeno(1,2,3-cd)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water WRC-SD-2014 Indeno(1,2,3-cd)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water WRC-SD-2015 Indeno(1,2,3-cd)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Source Area surface water WRC-SD-2010 Indeno(1,2,3-cd)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Source Area surface water WRC-SD-2011 Indeno(1,2,3-cd)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Source Area surface water WRC-SD-2012 Indeno(1,2,3-cd)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water WRL-SD-2042 Indeno(1,2,3-cd)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water APB-SD-2034 Indeno(1,2,3-cd)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water APC-SD-2036 Indeno(1,2,3-cd)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water APC-SD-2035 Indeno(1,2,3-cd)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water APC-SD-2036 Indeno(1,2,3-cd)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water LPX-SD-2050 Indeno(1,2,3-cd)pyrene 10 UG/L UJ nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water LPX-SD-2052 Indeno(1,2,3-cd)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water LPX-SD-2053 Indeno(1,2,3-cd)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water LPX-SD-2049 Indeno(1,2,3-cd)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water LPX-SD-2045 Indeno(1,2,3-cd)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water LPX-SD-2046 Indeno(1,2,3-cd)pyrene 10 UG/L UJ nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water LPX-SD-2047 Indeno(1,2,3-cd)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water LPX-SD-2045 Indeno(1,2,3-cd)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water WRL-SD-2043 Indeno(1,2,3-cd)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water LPX-SD-2048 Indeno(1,2,3-cd)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water LPX-SD-2051 Indeno(1,2,3-cd)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water WRL-SD-2044 Indeno(1,2,3-cd)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Assaumpsett surface water RAB-SD-3004 Indeno(1,2,3-cd)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Upstream surface water RCC-SD-3001 Indeno(1,2,3-cd)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Upstream surface water RCC-SD-3002 Indeno(1,2,3-cd)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Upstream surface water RCC-SD-3003 Indeno(1,2,3-cd)pyrene 10 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water WRC-SW-4001 Indeno(1,2,3-cd)pyrene 0.00451 UG/L U nc nc 0.038 0.0038 0.0038 NA
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Allendale surface water WRC-SW-4002 Indeno(1,2,3-cd)pyrene 0.00479 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water WRC-SW-4003 Indeno(1,2,3-cd)pyrene 0.00268 UG/L U nc nc 0.038 0.0038 0.0038 NA
Allendale surface water WRC-SW-4003 Indeno(1,2,3-cd)pyrene 0.00225 UG/L J nc nc 0.038 0.0038 0.0038 N
Allendale surface water WRC-SW-4004 Indeno(1,2,3-cd)pyrene 0.00231 UG/L U nc nc 0.038 0.0038 0.0038 NA
Assaumpsett surface water RAB-SW-5004 Indeno(1,2,3-cd)pyrene 0.00238 UG/L U nc nc 0.038 0.0038 0.0038 NA
Upstream surface water RWR-SW-5001 Indeno(1,2,3-cd)pyrene 0.00231 UG/L U nc nc 0.038 0.0038 0.0038 NA
Upstream surface water RWR-SW-5002 Indeno(1,2,3-cd)pyrene 0.00238 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water WRL-SW-4005 Indeno(1,2,3-cd)pyrene 0.01046 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water WRL-SW-4004 Indeno(1,2,3-cd)pyrene 0.00819 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water WRL-SW-4005 Indeno(1,2,3-cd)pyrene 0.0106 UG/L U nc nc 0.038 0.0038 0.0038 NA
Lyman Mill surface water WRL-SD-2040 Isophorone 10 UG/L U 130 nc 350 35 35 NA
Lyman Mill surface water WRL-SD-2039 Isophorone 10 UG/L U 130 nc 350 35 35 NA
Lyman Mill surface water WRL-SD-2040 Isophorone 10 UG/L U 130 nc 350 35 35 NA
Lyman Mill surface water WRL-SD-2041 Isophorone 10 UG/L U 130 nc 350 35 35 NA
Source Area surface water CMW-SD-2016 Isophorone 10 UG/L U 130 nc 350 35 35 NA
Source Area surface water CMW-SD-2019 Isophorone 10 UG/L U 130 nc 350 35 35 NA
Source Area surface water CMW-SD-2020 Isophorone 10 UG/L U 130 nc 350 35 35 NA
Source Area surface water CMW-SD-2021 Isophorone 10 UG/L U 130 nc 350 35 35 NA
Allendale surface water CMW-SD-2023 Isophorone 10 UG/L U 130 nc 350 35 35 NA
Source Area surface water CMW-SD-2022 Isophorone 10 UG/L U 130 nc 350 35 35 NA
Allendale surface water CMW-SD-2023 Isophorone 10 UG/L U 130 nc 350 35 35 NA
Allendale surface water CMW-SD-2024 Isophorone 10 UG/L U 130 nc 350 35 35 NA
Allendale surface water CMW-SD-2025 Isophorone 10 UG/L U 130 nc 350 35 35 NA
Allendale surface water APB-SD-2029 Isophorone 10 UG/L U 130 nc 350 35 35 NA
Source Area surface water WRC-SD-2009 Isophorone 10 UG/L U 130 nc 350 35 35 NA
Source Area surface water WRC-SD-2013 Isophorone 10 UG/L U 130 nc 350 35 35 NA
Allendale surface water WRC-SD-2014 Isophorone 10 UG/L U 130 nc 350 35 35 NA
Allendale surface water WRC-SD-2015 Isophorone 10 UG/L U 130 nc 350 35 35 NA
Source Area surface water WRC-SD-2010 Isophorone 10 UG/L U 130 nc 350 35 35 NA
Source Area surface water WRC-SD-2011 Isophorone 10 UG/L U 130 nc 350 35 35 NA
Source Area surface water WRC-SD-2012 Isophorone 10 UG/L U 130 nc 350 35 35 NA
Lyman Mill surface water WRL-SD-2042 Isophorone 10 UG/L UJ 130 nc 350 35 35 NA
Allendale surface water APB-SD-2034 Isophorone 10 UG/L U 130 nc 350 35 35 NA
Allendale surface water APC-SD-2036 Isophorone 10 UG/L UJ 130 nc 350 35 35 NA
Allendale surface water APC-SD-2035 Isophorone 10 UG/L U 130 nc 350 35 35 NA
Allendale surface water APC-SD-2036 Isophorone 10 UG/L UJ 130 nc 350 35 35 NA
Lyman Mill surface water LPX-SD-2050 Isophorone 10 UG/L U 130 nc 350 35 35 NA
Lyman Mill surface water LPX-SD-2052 Isophorone 10 UG/L U 130 nc 350 35 35 NA
Lyman Mill surface water LPX-SD-2053 Isophorone 10 UG/L U 130 nc 350 35 35 NA
Lyman Mill surface water LPX-SD-2049 Isophorone 10 UG/L U 130 nc 350 35 35 NA
Lyman Mill surface water LPX-SD-2045 Isophorone 10 UG/L U 130 nc 350 35 35 NA
Lyman Mill surface water LPX-SD-2046 Isophorone 10 UG/L UJ 130 nc 350 35 35 NA
Lyman Mill surface water LPX-SD-2047 Isophorone 10 UG/L U 130 nc 350 35 35 NA
Lyman Mill surface water LPX-SD-2045 Isophorone 10 UG/L U 130 nc 350 35 35 NA
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Lyman Mill surface water WRL-SD-2043 Isophorone 10 UG/L U 130 nc 350 35 35 NA
Lyman Mill surface water LPX-SD-2048 Isophorone 10 UG/L U 130 nc 350 35 35 NA
Lyman Mill surface water LPX-SD-2051 Isophorone 10 UG/L U 130 nc 350 35 35 NA
Lyman Mill surface water WRL-SD-2044 Isophorone 10 UG/L U 130 nc 350 35 35 NA
Assaumpsett surface water RAB-SD-3004 Isophorone 10 UG/L U 130 nc 350 35 35 NA
Upstream surface water RCC-SD-3001 Isophorone 10 UG/L U 130 nc 350 35 35 NA
Upstream surface water RCC-SD-3002 Isophorone 10 UG/L U 130 nc 350 35 35 NA
Upstream surface water RCC-SD-3003 Isophorone 10 UG/L U 130 nc 350 35 35 NA
Lyman Mill surface water WRL-SD-2040 Naphthalene 10 UG/L U 2.6 nc nc nc 2.6 NA
Lyman Mill surface water WRL-SD-2039 Naphthalene 10 UG/L U 2.6 nc nc nc 2.6 NA
Lyman Mill surface water WRL-SD-2040 Naphthalene 10 UG/L U 2.6 nc nc nc 2.6 NA
Lyman Mill surface water WRL-SD-2041 Naphthalene 10 UG/L U 2.6 nc nc nc 2.6 NA
Source Area surface water CMW-SD-2016 Naphthalene 10 UG/L U 2.6 nc nc nc 2.6 NA
Source Area surface water CMW-SD-2019 Naphthalene 10 UG/L U 2.6 nc nc nc 2.6 NA
Source Area surface water CMW-SD-2020 Naphthalene 10 UG/L U 2.6 nc nc nc 2.6 NA
Source Area surface water CMW-SD-2021 Naphthalene 10 UG/L U 2.6 nc nc nc 2.6 NA
Allendale surface water CMW-SD-2023 Naphthalene 10 UG/L U 2.6 nc nc nc 2.6 NA
Source Area surface water CMW-SD-2022 Naphthalene 10 UG/L U 2.6 nc nc nc 2.6 NA
Allendale surface water CMW-SD-2023 Naphthalene 10 UG/L U 2.6 nc nc nc 2.6 NA
Allendale surface water CMW-SD-2024 Naphthalene 10 UG/L U 2.6 nc nc nc 2.6 NA
Allendale surface water CMW-SD-2025 Naphthalene 10 UG/L U 2.6 nc nc nc 2.6 NA
Allendale surface water APB-SD-2029 Naphthalene 10 UG/L U 2.6 nc nc nc 2.6 NA
Source Area surface water WRC-SD-2009 Naphthalene 10 UG/L U 2.6 nc nc nc 2.6 NA
Source Area surface water WRC-SD-2013 Naphthalene 10 UG/L U 2.6 nc nc nc 2.6 NA
Allendale surface water WRC-SD-2014 Naphthalene 10 UG/L U 2.6 nc nc nc 2.6 NA
Allendale surface water WRC-SD-2015 Naphthalene 10 UG/L U 2.6 nc nc nc 2.6 NA
Source Area surface water WRC-SD-2010 Naphthalene 10 UG/L U 2.6 nc nc nc 2.6 NA
Source Area surface water WRC-SD-2011 Naphthalene 10 UG/L U 2.6 nc nc nc 2.6 NA
Source Area surface water WRC-SD-2012 Naphthalene 10 UG/L U 2.6 nc nc nc 2.6 NA
Lyman Mill surface water WRL-SD-2042 Naphthalene 10 UG/L U 2.6 nc nc nc 2.6 NA
Allendale surface water APB-SD-2034 Naphthalene 10 UG/L U 2.6 nc nc nc 2.6 NA
Allendale surface water APC-SD-2036 Naphthalene 10 UG/L U 2.6 nc nc nc 2.6 NA
Allendale surface water APC-SD-2035 Naphthalene 10 UG/L U 2.6 nc nc nc 2.6 NA
Allendale surface water APC-SD-2036 Naphthalene 10 UG/L U 2.6 nc nc nc 2.6 NA
Lyman Mill surface water LPX-SD-2050 Naphthalene 10 UG/L U 2.6 nc nc nc 2.6 NA
Lyman Mill surface water LPX-SD-2052 Naphthalene 10 UG/L U 2.6 nc nc nc 2.6 NA
Lyman Mill surface water LPX-SD-2053 Naphthalene 10 UG/L U 2.6 nc nc nc 2.6 NA
Lyman Mill surface water LPX-SD-2049 Naphthalene 10 UG/L U 2.6 nc nc nc 2.6 NA
Lyman Mill surface water LPX-SD-2045 Naphthalene 10 UG/L U 2.6 nc nc nc 2.6 NA
Lyman Mill surface water LPX-SD-2046 Naphthalene 10 UG/L UJ 2.6 nc nc nc 2.6 NA
Lyman Mill surface water LPX-SD-2047 Naphthalene 10 UG/L U 2.6 nc nc nc 2.6 NA
Lyman Mill surface water LPX-SD-2045 Naphthalene 10 UG/L U 2.6 nc nc nc 2.6 NA
Lyman Mill surface water WRL-SD-2043 Naphthalene 10 UG/L U 2.6 nc nc nc 2.6 NA
Lyman Mill surface water LPX-SD-2048 Naphthalene 10 UG/L U 2.6 nc nc nc 2.6 NA
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Lyman Mill surface water LPX-SD-2051 Naphthalene 10 UG/L U 2.6 nc nc nc 2.6 NA
Lyman Mill surface water WRL-SD-2044 Naphthalene 10 UG/L U 2.6 nc nc nc 2.6 NA
Assaumpsett surface water RAB-SD-3004 Naphthalene 10 UG/L U 2.6 nc nc nc 2.6 NA
Upstream surface water RCC-SD-3001 Naphthalene 10 UG/L U 2.6 nc nc nc 2.6 NA
Upstream surface water RCC-SD-3002 Naphthalene 10 UG/L U 2.6 nc nc nc 2.6 NA
Upstream surface water RCC-SD-3003 Naphthalene 10 UG/L U 2.6 nc nc nc 2.6 NA
Allendale surface water WRC-SW-4001 Naphthalene 0.00358 UG/L U 2.6 nc nc nc 2.6 NA
Allendale surface water WRC-SW-4002 Naphthalene 0.00348 UG/L U 2.6 nc nc nc 2.6 NA
Allendale surface water WRC-SW-4003 Naphthalene 0.00491 UG/L U 2.6 nc nc nc 2.6 NA
Allendale surface water WRC-SW-4003 Naphthalene 0.00766 UG/L B 2.6 nc nc nc 2.6 N
Allendale surface water WRC-SW-4004 Naphthalene 0.00429 UG/L U 2.6 nc nc nc 2.6 NA
Assaumpsett surface water RAB-SW-5004 Naphthalene 0.00863 UG/L U 2.6 nc nc nc 2.6 NA
Upstream surface water RWR-SW-5001 Naphthalene 0.00274 UG/L U 2.6 nc nc nc 2.6 NA
Upstream surface water RWR-SW-5002 Naphthalene 0.00287 UG/L U 2.6 nc nc nc 2.6 NA
Lyman Mill surface water WRL-SW-4005 Naphthalene 0.00237 UG/L U 2.6 nc nc nc 2.6 NA
Lyman Mill surface water WRL-SW-4004 Naphthalene 0.0037 UG/L U 2.6 nc nc nc 2.6 NA
Lyman Mill surface water WRL-SW-4005 Naphthalene 0.00323 UG/L U 2.6 nc nc nc 2.6 NA
Allendale surface water WRC-SW-4001 Naphthalene 1 UG/L UJ 2.6 nc nc nc 2.6 NA
Allendale surface water WRC-SW-4002 Naphthalene 1 UG/L UJ 2.6 nc nc nc 2.6 NA
Allendale surface water WRC-SW-4003 Naphthalene 1 UG/L UJ 2.6 nc nc nc 2.6 NA
Allendale surface water WRC-SW-4004 Naphthalene 1 UG/L UJ 2.6 nc nc nc 2.6 NA
Assaumpsett surface water RAB-SW-5004 Naphthalene 1 UG/L UJ 2.6 nc nc nc 2.6 NA
Upstream surface water RWR-SW-5001 Naphthalene 1 UG/L UJ 2.6 nc nc nc 2.6 NA
Upstream surface water RWR-SW-5002 Naphthalene 1 UG/L UJ 2.6 nc nc nc 2.6 NA
Lyman Mill surface water WRL-SW-4005 Naphthalene 1 UG/L UJ 2.6 nc nc nc 2.6 NA
Lyman Mill surface water WRL-SW-4004 Naphthalene 1 UG/L UJ 2.6 nc nc nc 2.6 NA
Lyman Mill surface water WRL-SW-4005 Naphthalene 1 UG/L UJ 2.6 nc nc nc 2.6 NA
Lyman Mill surface water WRL-SD-2040 Nitrobenzene 10 UG/L U 30 nc 17 17 17 NA
Lyman Mill surface water WRL-SD-2039 Nitrobenzene 10 UG/L U 30 nc 17 17 17 NA
Lyman Mill surface water WRL-SD-2040 Nitrobenzene 10 UG/L U 30 nc 17 17 17 NA
Lyman Mill surface water WRL-SD-2041 Nitrobenzene 10 UG/L U 30 nc 17 17 17 NA
Source Area surface water CMW-SD-2016 Nitrobenzene 10 UG/L U 30 nc 17 17 17 NA
Source Area surface water CMW-SD-2019 Nitrobenzene 10 UG/L U 30 nc 17 17 17 NA
Source Area surface water CMW-SD-2020 Nitrobenzene 10 UG/L U 30 nc 17 17 17 NA
Source Area surface water CMW-SD-2021 Nitrobenzene 10 UG/L U 30 nc 17 17 17 NA
Allendale surface water CMW-SD-2023 Nitrobenzene 10 UG/L U 30 nc 17 17 17 NA
Source Area surface water CMW-SD-2022 Nitrobenzene 10 UG/L U 30 nc 17 17 17 NA
Allendale surface water CMW-SD-2023 Nitrobenzene 10 UG/L U 30 nc 17 17 17 NA
Allendale surface water CMW-SD-2024 Nitrobenzene 10 UG/L U 30 nc 17 17 17 NA
Allendale surface water CMW-SD-2025 Nitrobenzene 10 UG/L U 30 nc 17 17 17 NA
Allendale surface water APB-SD-2029 Nitrobenzene 10 UG/L U 30 nc 17 17 17 NA
Source Area surface water WRC-SD-2009 Nitrobenzene 10 UG/L U 30 nc 17 17 17 NA
Source Area surface water WRC-SD-2013 Nitrobenzene 10 UG/L U 30 nc 17 17 17 NA
Allendale surface water WRC-SD-2014 Nitrobenzene 10 UG/L U 30 nc 17 17 17 NA
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1
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ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Allendale surface water WRC-SD-2015 Nitrobenzene 10 UG/L U 30 nc 17 17 17 NA
Source Area surface water WRC-SD-2010 Nitrobenzene 10 UG/L U 30 nc 17 17 17 NA
Source Area surface water WRC-SD-2011 Nitrobenzene 10 UG/L U 30 nc 17 17 17 NA
Source Area surface water WRC-SD-2012 Nitrobenzene 10 UG/L U 30 nc 17 17 17 NA
Lyman Mill surface water WRL-SD-2042 Nitrobenzene 10 UG/L U 30 nc 17 17 17 NA
Allendale surface water APB-SD-2034 Nitrobenzene 10 UG/L U 30 nc 17 17 17 NA
Allendale surface water APC-SD-2036 Nitrobenzene 10 UG/L U 30 nc 17 17 17 NA
Allendale surface water APC-SD-2035 Nitrobenzene 10 UG/L U 30 nc 17 17 17 NA
Allendale surface water APC-SD-2036 Nitrobenzene 10 UG/L U 30 nc 17 17 17 NA
Lyman Mill surface water LPX-SD-2050 Nitrobenzene 10 UG/L U 30 nc 17 17 17 NA
Lyman Mill surface water LPX-SD-2052 Nitrobenzene 10 UG/L U 30 nc 17 17 17 NA
Lyman Mill surface water LPX-SD-2053 Nitrobenzene 10 UG/L U 30 nc 17 17 17 NA
Lyman Mill surface water LPX-SD-2049 Nitrobenzene 10 UG/L U 30 nc 17 17 17 NA
Lyman Mill surface water LPX-SD-2045 Nitrobenzene 10 UG/L U 30 nc 17 17 17 NA
Lyman Mill surface water LPX-SD-2046 Nitrobenzene 10 UG/L UJ 30 nc 17 17 17 NA
Lyman Mill surface water LPX-SD-2047 Nitrobenzene 10 UG/L U 30 nc 17 17 17 NA
Lyman Mill surface water LPX-SD-2045 Nitrobenzene 10 UG/L U 30 nc 17 17 17 NA
Lyman Mill surface water WRL-SD-2043 Nitrobenzene 10 UG/L U 30 nc 17 17 17 NA
Lyman Mill surface water LPX-SD-2048 Nitrobenzene 10 UG/L U 30 nc 17 17 17 NA
Lyman Mill surface water LPX-SD-2051 Nitrobenzene 10 UG/L U 30 nc 17 17 17 NA
Lyman Mill surface water WRL-SD-2044 Nitrobenzene 10 UG/L U 30 nc 17 17 17 NA
Assaumpsett surface water RAB-SD-3004 Nitrobenzene 10 UG/L U 30 nc 17 17 17 NA
Upstream surface water RCC-SD-3001 Nitrobenzene 10 UG/L U 30 nc 17 17 17 NA
Upstream surface water RCC-SD-3002 Nitrobenzene 10 UG/L U 30 nc 17 17 17 NA
Upstream surface water RCC-SD-3003 Nitrobenzene 10 UG/L U 30 nc 17 17 17 NA
Lyman Mill surface water WRL-SD-2040 N-nitroso-di-n-propylamine 10 UG/L U nc nc 0.05 0.005 0.005 NA
Lyman Mill surface water WRL-SD-2039 N-nitroso-di-n-propylamine 10 UG/L U nc nc 0.05 0.005 0.005 NA
Lyman Mill surface water WRL-SD-2040 N-nitroso-di-n-propylamine 10 UG/L U nc nc 0.05 0.005 0.005 NA
Lyman Mill surface water WRL-SD-2041 N-nitroso-di-n-propylamine 10 UG/L U nc nc 0.05 0.005 0.005 NA
Source Area surface water CMW-SD-2016 N-nitroso-di-n-propylamine 10 UG/L U nc nc 0.05 0.005 0.005 NA
Source Area surface water CMW-SD-2019 N-nitroso-di-n-propylamine 10 UG/L U nc nc 0.05 0.005 0.005 NA
Source Area surface water CMW-SD-2020 N-nitroso-di-n-propylamine 10 UG/L U nc nc 0.05 0.005 0.005 NA
Source Area surface water CMW-SD-2021 N-nitroso-di-n-propylamine 10 UG/L U nc nc 0.05 0.005 0.005 NA
Allendale surface water CMW-SD-2023 N-nitroso-di-n-propylamine 10 UG/L U nc nc 0.05 0.005 0.005 NA
Source Area surface water CMW-SD-2022 N-nitroso-di-n-propylamine 10 UG/L U nc nc 0.05 0.005 0.005 NA
Allendale surface water CMW-SD-2023 N-nitroso-di-n-propylamine 10 UG/L U nc nc 0.05 0.005 0.005 NA
Allendale surface water CMW-SD-2024 N-nitroso-di-n-propylamine 10 UG/L U nc nc 0.05 0.005 0.005 NA
Allendale surface water CMW-SD-2025 N-nitroso-di-n-propylamine 10 UG/L U nc nc 0.05 0.005 0.005 NA
Allendale surface water APB-SD-2029 N-nitroso-di-n-propylamine 10 UG/L U nc nc 0.05 0.005 0.005 NA
Source Area surface water WRC-SD-2009 N-nitroso-di-n-propylamine 10 UG/L U nc nc 0.05 0.005 0.005 NA
Source Area surface water WRC-SD-2013 N-nitroso-di-n-propylamine 10 UG/L U nc nc 0.05 0.005 0.005 NA
Allendale surface water WRC-SD-2014 N-nitroso-di-n-propylamine 10 UG/L U nc nc 0.05 0.005 0.005 NA
Allendale surface water WRC-SD-2015 N-nitroso-di-n-propylamine 10 UG/L U nc nc 0.05 0.005 0.005 NA
Source Area surface water WRC-SD-2010 N-nitroso-di-n-propylamine 10 UG/L U nc nc 0.05 0.005 0.005 NA
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Source Area surface water WRC-SD-2011 N-nitroso-di-n-propylamine 10 UG/L U nc nc 0.05 0.005 0.005 NA
Source Area surface water WRC-SD-2012 N-nitroso-di-n-propylamine 10 UG/L U nc nc 0.05 0.005 0.005 NA
Lyman Mill surface water WRL-SD-2042 N-nitroso-di-n-propylamine 10 UG/L U nc nc 0.05 0.005 0.005 NA
Allendale surface water APB-SD-2034 N-nitroso-di-n-propylamine 10 UG/L U nc nc 0.05 0.005 0.005 NA
Allendale surface water APC-SD-2036 N-nitroso-di-n-propylamine 10 UG/L U nc nc 0.05 0.005 0.005 NA
Allendale surface water APC-SD-2035 N-nitroso-di-n-propylamine 10 UG/L U nc nc 0.05 0.005 0.005 NA
Allendale surface water APC-SD-2036 N-nitroso-di-n-propylamine 10 UG/L U nc nc 0.05 0.005 0.005 NA
Lyman Mill surface water LPX-SD-2050 N-nitroso-di-n-propylamine 10 UG/L U nc nc 0.05 0.005 0.005 NA
Lyman Mill surface water LPX-SD-2052 N-nitroso-di-n-propylamine 10 UG/L U nc nc 0.05 0.005 0.005 NA
Lyman Mill surface water LPX-SD-2053 N-nitroso-di-n-propylamine 10 UG/L U nc nc 0.05 0.005 0.005 NA
Lyman Mill surface water LPX-SD-2049 N-nitroso-di-n-propylamine 10 UG/L U nc nc 0.05 0.005 0.005 NA
Lyman Mill surface water LPX-SD-2045 N-nitroso-di-n-propylamine 10 UG/L U nc nc 0.05 0.005 0.005 NA
Lyman Mill surface water LPX-SD-2046 N-nitroso-di-n-propylamine 10 UG/L UJ nc nc 0.05 0.005 0.005 NA
Lyman Mill surface water LPX-SD-2047 N-nitroso-di-n-propylamine 10 UG/L U nc nc 0.05 0.005 0.005 NA
Lyman Mill surface water LPX-SD-2045 N-nitroso-di-n-propylamine 10 UG/L U nc nc 0.05 0.005 0.005 NA
Lyman Mill surface water WRL-SD-2043 N-nitroso-di-n-propylamine 10 UG/L U nc nc 0.05 0.005 0.005 NA
Lyman Mill surface water LPX-SD-2048 N-nitroso-di-n-propylamine 10 UG/L U nc nc 0.05 0.005 0.005 NA
Lyman Mill surface water LPX-SD-2051 N-nitroso-di-n-propylamine 10 UG/L U nc nc 0.05 0.005 0.005 NA
Lyman Mill surface water WRL-SD-2044 N-nitroso-di-n-propylamine 10 UG/L U nc nc 0.05 0.005 0.005 NA
Assaumpsett surface water RAB-SD-3004 N-nitroso-di-n-propylamine 10 UG/L U nc nc 0.05 0.005 0.005 NA
Upstream surface water RCC-SD-3001 N-nitroso-di-n-propylamine 10 UG/L U nc nc 0.05 0.005 0.005 NA
Upstream surface water RCC-SD-3002 N-nitroso-di-n-propylamine 10 UG/L U nc nc 0.05 0.005 0.005 NA
Upstream surface water RCC-SD-3003 N-nitroso-di-n-propylamine 10 UG/L U nc nc 0.05 0.005 0.005 NA
Lyman Mill surface water WRL-SD-2040 N-nitroso-diphenylamine 10 UG/L UJ 6.5 nc 33 3.3 3.3 NA
Lyman Mill surface water WRL-SD-2039 N-nitroso-diphenylamine 10 UG/L UJ 6.5 nc 33 3.3 3.3 NA
Lyman Mill surface water WRL-SD-2040 N-nitroso-diphenylamine 10 UG/L UJ 6.5 nc 33 3.3 3.3 NA
Lyman Mill surface water WRL-SD-2041 N-nitroso-diphenylamine 10 UG/L UJ 6.5 nc 33 3.3 3.3 NA
Source Area surface water CMW-SD-2016 N-nitroso-diphenylamine 10 UG/L UJ 6.5 nc 33 3.3 3.3 NA
Source Area surface water CMW-SD-2019 N-nitroso-diphenylamine 10 UG/L UJ 6.5 nc 33 3.3 3.3 NA
Source Area surface water CMW-SD-2020 N-nitroso-diphenylamine 10 UG/L UJ 6.5 nc 33 3.3 3.3 NA
Source Area surface water CMW-SD-2021 N-nitroso-diphenylamine 10 UG/L UJ 6.5 nc 33 3.3 3.3 NA
Allendale surface water CMW-SD-2023 N-nitroso-diphenylamine 10 UG/L UJ 6.5 nc 33 3.3 3.3 NA
Source Area surface water CMW-SD-2022 N-nitroso-diphenylamine 10 UG/L UJ 6.5 nc 33 3.3 3.3 NA
Allendale surface water CMW-SD-2023 N-nitroso-diphenylamine 10 UG/L UJ 6.5 nc 33 3.3 3.3 NA
Allendale surface water CMW-SD-2024 N-nitroso-diphenylamine 10 UG/L UJ 6.5 nc 33 3.3 3.3 NA
Allendale surface water CMW-SD-2025 N-nitroso-diphenylamine 10 UG/L UJ 6.5 nc 33 3.3 3.3 NA
Allendale surface water APB-SD-2029 N-nitroso-diphenylamine 10 UG/L UJ 6.5 nc 33 3.3 3.3 NA
Source Area surface water WRC-SD-2009 N-nitroso-diphenylamine 10 UG/L U 6.5 nc 33 3.3 3.3 NA
Source Area surface water WRC-SD-2013 N-nitroso-diphenylamine 10 UG/L U 6.5 nc 33 3.3 3.3 NA
Allendale surface water WRC-SD-2014 N-nitroso-diphenylamine 10 UG/L U 6.5 nc 33 3.3 3.3 NA
Allendale surface water WRC-SD-2015 N-nitroso-diphenylamine 10 UG/L U 6.5 nc 33 3.3 3.3 NA
Source Area surface water WRC-SD-2010 N-nitroso-diphenylamine 10 UG/L U 6.5 nc 33 3.3 3.3 NA
Source Area surface water WRC-SD-2011 N-nitroso-diphenylamine 10 UG/L U 6.5 nc 33 3.3 3.3 NA
Source Area surface water WRC-SD-2012 N-nitroso-diphenylamine 10 UG/L U 6.5 nc 33 3.3 3.3 NA
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Appendix F
Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Lyman Mill surface water WRL-SD-2042 N-nitroso-diphenylamine 10 UG/L U 6.5 nc 33 3.3 3.3 NA
Allendale surface water APB-SD-2034 N-nitroso-diphenylamine 10 UG/L U 6.5 nc 33 3.3 3.3 NA
Allendale surface water APC-SD-2036 N-nitroso-diphenylamine 10 UG/L U 6.5 nc 33 3.3 3.3 NA
Allendale surface water APC-SD-2035 N-nitroso-diphenylamine 10 UG/L U 6.5 nc 33 3.3 3.3 NA
Allendale surface water APC-SD-2036 N-nitroso-diphenylamine 10 UG/L U 6.5 nc 33 3.3 3.3 NA
Lyman Mill surface water LPX-SD-2050 N-nitroso-diphenylamine 10 UG/L U 6.5 nc 33 3.3 3.3 NA
Lyman Mill surface water LPX-SD-2052 N-nitroso-diphenylamine 10 UG/L U 6.5 nc 33 3.3 3.3 NA
Lyman Mill surface water LPX-SD-2053 N-nitroso-diphenylamine 10 UG/L U 6.5 nc 33 3.3 3.3 NA
Lyman Mill surface water LPX-SD-2049 N-nitroso-diphenylamine 10 UG/L U 6.5 nc 33 3.3 3.3 NA
Lyman Mill surface water LPX-SD-2045 N-nitroso-diphenylamine 10 UG/L U 6.5 nc 33 3.3 3.3 NA
Lyman Mill surface water LPX-SD-2046 N-nitroso-diphenylamine 10 UG/L UJ 6.5 nc 33 3.3 3.3 NA
Lyman Mill surface water LPX-SD-2047 N-nitroso-diphenylamine 10 UG/L U 6.5 nc 33 3.3 3.3 NA
Lyman Mill surface water LPX-SD-2045 N-nitroso-diphenylamine 10 UG/L U 6.5 nc 33 3.3 3.3 NA
Lyman Mill surface water WRL-SD-2043 N-nitroso-diphenylamine 10 UG/L U 6.5 nc 33 3.3 3.3 NA
Lyman Mill surface water LPX-SD-2048 N-nitroso-diphenylamine 10 UG/L U 6.5 nc 33 3.3 3.3 NA
Lyman Mill surface water LPX-SD-2051 N-nitroso-diphenylamine 10 UG/L U 6.5 nc 33 3.3 3.3 NA
Lyman Mill surface water WRL-SD-2044 N-nitroso-diphenylamine 10 UG/L U 6.5 nc 33 3.3 3.3 NA
Assaumpsett surface water RAB-SD-3004 N-nitroso-diphenylamine 10 UG/L U 6.5 nc 33 3.3 3.3 NA
Upstream surface water RCC-SD-3001 N-nitroso-diphenylamine 10 UG/L U 6.5 nc 33 3.3 3.3 NA
Upstream surface water RCC-SD-3002 N-nitroso-diphenylamine 10 UG/L U 6.5 nc 33 3.3 3.3 NA
Upstream surface water RCC-SD-3003 N-nitroso-diphenylamine 10 UG/L U 6.5 nc 33 3.3 3.3 NA
Lyman Mill surface water WRL-SD-2040 Phenanthrene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2039 Phenanthrene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2040 Phenanthrene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2041 Phenanthrene 10 UG/L U nc nc nc nc nc NA
Source Area surface water CMW-SD-2016 Phenanthrene 10 UG/L U nc nc nc nc nc NA
Source Area surface water CMW-SD-2019 Phenanthrene 10 UG/L U nc nc nc nc nc NA
Source Area surface water CMW-SD-2020 Phenanthrene 10 UG/L U nc nc nc nc nc NA
Source Area surface water CMW-SD-2021 Phenanthrene 10 UG/L U nc nc nc nc nc NA
Allendale surface water CMW-SD-2023 Phenanthrene 10 UG/L U nc nc nc nc nc NA
Source Area surface water CMW-SD-2022 Phenanthrene 10 UG/L U nc nc nc nc nc NA
Allendale surface water CMW-SD-2023 Phenanthrene 10 UG/L U nc nc nc nc nc NA
Allendale surface water CMW-SD-2024 Phenanthrene 10 UG/L U nc nc nc nc nc NA
Allendale surface water CMW-SD-2025 Phenanthrene 10 UG/L U nc nc nc nc nc NA
Allendale surface water APB-SD-2029 Phenanthrene 10 UG/L U nc nc nc nc nc NA
Source Area surface water WRC-SD-2009 Phenanthrene 10 UG/L U nc nc nc nc nc NA
Source Area surface water WRC-SD-2013 Phenanthrene 10 UG/L U nc nc nc nc nc NA
Allendale surface water WRC-SD-2014 Phenanthrene 10 UG/L U nc nc nc nc nc NA
Allendale surface water WRC-SD-2015 Phenanthrene 10 UG/L U nc nc nc nc nc NA
Source Area surface water WRC-SD-2010 Phenanthrene 10 UG/L U nc nc nc nc nc NA
Source Area surface water WRC-SD-2011 Phenanthrene 10 UG/L U nc nc nc nc nc NA
Source Area surface water WRC-SD-2012 Phenanthrene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2042 Phenanthrene 10 UG/L U nc nc nc nc nc NA
Allendale surface water APB-SD-2034 Phenanthrene 10 UG/L U nc nc nc nc nc NA
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Allendale surface water APC-SD-2036 Phenanthrene 10 UG/L U nc nc nc nc nc NA
Allendale surface water APC-SD-2035 Phenanthrene 10 UG/L U nc nc nc nc nc NA
Allendale surface water APC-SD-2036 Phenanthrene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2050 Phenanthrene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2052 Phenanthrene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2053 Phenanthrene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2049 Phenanthrene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2045 Phenanthrene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2046 Phenanthrene 10 UG/L UJ nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2047 Phenanthrene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2045 Phenanthrene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2043 Phenanthrene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2048 Phenanthrene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2051 Phenanthrene 10 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2044 Phenanthrene 10 UG/L U nc nc nc nc nc NA
Assaumpsett surface water RAB-SD-3004 Phenanthrene 10 UG/L U nc nc nc nc nc NA
Upstream surface water RCC-SD-3001 Phenanthrene 10 UG/L U nc nc nc nc nc NA
Upstream surface water RCC-SD-3002 Phenanthrene 10 UG/L U nc nc nc nc nc NA
Upstream surface water RCC-SD-3003 Phenanthrene 10 UG/L U nc nc nc nc nc NA
Allendale surface water WRC-SW-4001 Phenanthrene 0.00874 UG/L U nc nc nc nc nc NA
Allendale surface water WRC-SW-4002 Phenanthrene 0.00937 UG/L U nc nc nc nc nc NA
Allendale surface water WRC-SW-4003 Phenanthrene 0.0094 UG/L U nc nc nc nc nc NA
Allendale surface water WRC-SW-4003 Phenanthrene 0.00561 UG/L nc nc nc nc nc NA
Allendale surface water WRC-SW-4004 Phenanthrene 0.00672 UG/L U nc nc nc nc nc NA
Assaumpsett surface water RAB-SW-5004 Phenanthrene 0.00697 UG/L U nc nc nc nc nc NA
Upstream surface water RWR-SW-5001 Phenanthrene 0.00466 UG/L U nc nc nc nc nc NA
Upstream surface water RWR-SW-5002 Phenanthrene 0.00537 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SW-4005 Phenanthrene 0.01385 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SW-4004 Phenanthrene 0.01384 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SW-4005 Phenanthrene 0.01386 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2040 Pyrene 10 UG/L U nc nc 830 830 830 NA
Lyman Mill surface water WRL-SD-2039 Pyrene 10 UG/L U nc nc 830 830 830 NA
Lyman Mill surface water WRL-SD-2040 Pyrene 10 UG/L U nc nc 830 830 830 NA
Lyman Mill surface water WRL-SD-2041 Pyrene 10 UG/L U nc nc 830 830 830 NA
Source Area surface water CMW-SD-2016 Pyrene 10 UG/L U nc nc 830 830 830 NA
Source Area surface water CMW-SD-2019 Pyrene 10 UG/L U nc nc 830 830 830 NA
Source Area surface water CMW-SD-2020 Pyrene 10 UG/L U nc nc 830 830 830 NA
Source Area surface water CMW-SD-2021 Pyrene 10 UG/L U nc nc 830 830 830 NA
Allendale surface water CMW-SD-2023 Pyrene 10 UG/L U nc nc 830 830 830 NA
Source Area surface water CMW-SD-2022 Pyrene 10 UG/L U nc nc 830 830 830 NA
Allendale surface water CMW-SD-2023 Pyrene 10 UG/L U nc nc 830 830 830 NA
Allendale surface water CMW-SD-2024 Pyrene 10 UG/L U nc nc 830 830 830 NA
Allendale surface water CMW-SD-2025 Pyrene 10 UG/L U nc nc 830 830 830 NA
Allendale surface water APB-SD-2029 Pyrene 10 UG/L U nc nc 830 830 830 NA
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Source Area surface water WRC-SD-2009 Pyrene 10 UG/L U nc nc 830 830 830 NA
Source Area surface water WRC-SD-2013 Pyrene 10 UG/L U nc nc 830 830 830 NA
Allendale surface water WRC-SD-2014 Pyrene 10 UG/L U nc nc 830 830 830 NA
Allendale surface water WRC-SD-2015 Pyrene 10 UG/L U nc nc 830 830 830 NA
Source Area surface water WRC-SD-2010 Pyrene 10 UG/L U nc nc 830 830 830 NA
Source Area surface water WRC-SD-2011 Pyrene 10 UG/L U nc nc 830 830 830 NA
Source Area surface water WRC-SD-2012 Pyrene 10 UG/L U nc nc 830 830 830 NA
Lyman Mill surface water WRL-SD-2042 Pyrene 10 UG/L U nc nc 830 830 830 NA
Allendale surface water APB-SD-2034 Pyrene 10 UG/L UJ nc nc 830 830 830 NA
Allendale surface water APC-SD-2036 Pyrene 10 UG/L U nc nc 830 830 830 NA
Allendale surface water APC-SD-2035 Pyrene 10 UG/L U nc nc 830 830 830 NA
Allendale surface water APC-SD-2036 Pyrene 10 UG/L U nc nc 830 830 830 NA
Lyman Mill surface water LPX-SD-2050 Pyrene 10 UG/L U nc nc 830 830 830 NA
Lyman Mill surface water LPX-SD-2052 Pyrene 10 UG/L U nc nc 830 830 830 NA
Lyman Mill surface water LPX-SD-2053 Pyrene 10 UG/L U nc nc 830 830 830 NA
Lyman Mill surface water LPX-SD-2049 Pyrene 10 UG/L U nc nc 830 830 830 NA
Lyman Mill surface water LPX-SD-2045 Pyrene 10 UG/L U nc nc 830 830 830 NA
Lyman Mill surface water LPX-SD-2046 Pyrene 10 UG/L UJ nc nc 830 830 830 NA
Lyman Mill surface water LPX-SD-2047 Pyrene 10 UG/L U nc nc 830 830 830 NA
Lyman Mill surface water LPX-SD-2045 Pyrene 10 UG/L U nc nc 830 830 830 NA
Lyman Mill surface water WRL-SD-2043 Pyrene 10 UG/L U nc nc 830 830 830 NA
Lyman Mill surface water LPX-SD-2048 Pyrene 10 UG/L U nc nc 830 830 830 NA
Lyman Mill surface water LPX-SD-2051 Pyrene 10 UG/L U nc nc 830 830 830 NA
Lyman Mill surface water WRL-SD-2044 Pyrene 10 UG/L U nc nc 830 830 830 NA
Assaumpsett surface water RAB-SD-3004 Pyrene 10 UG/L U nc nc 830 830 830 NA
Upstream surface water RCC-SD-3001 Pyrene 10 UG/L U nc nc 830 830 830 NA
Upstream surface water RCC-SD-3002 Pyrene 10 UG/L U nc nc 830 830 830 NA
Upstream surface water RCC-SD-3003 Pyrene 10 UG/L U nc nc 830 830 830 NA
Allendale surface water WRC-SW-4001 Pyrene 0.01691 UG/L U nc nc 830 830 830 NA
Allendale surface water WRC-SW-4002 Pyrene 0.01714 UG/L U nc nc 830 830 830 NA
Allendale surface water WRC-SW-4003 Pyrene 0.01262 UG/L U nc nc 830 830 830 NA
Allendale surface water WRC-SW-4003 Pyrene 0.00961 UG/L nc nc 830 830 830 N
Allendale surface water WRC-SW-4004 Pyrene 0.01077 UG/L U nc nc 830 830 830 NA
Assaumpsett surface water RAB-SW-5004 Pyrene 0.00261 UG/L U nc nc 830 830 830 NA
Upstream surface water RWR-SW-5001 Pyrene 0.01094 UG/L U nc nc 830 830 830 NA
Upstream surface water RWR-SW-5002 Pyrene 0.01067 UG/L U nc nc 830 830 830 NA
Lyman Mill surface water WRL-SW-4005 Pyrene 0.02871 UG/L U nc nc 830 830 830 NA
Lyman Mill surface water WRL-SW-4004 Pyrene 0.02755 UG/L U nc nc 830 830 830 NA
Lyman Mill surface water WRL-SW-4005 Pyrene 0.03043 UG/L U nc nc 830 830 830 NA
Allendale surface water WRC-SW-4001 1,2,4-trichlorobenzene 1 UG/L UJ 1.7 nc 35 35 1.7 NA
Allendale surface water WRC-SW-4002 1,2,4-trichlorobenzene 1 UG/L UJ 1.7 nc 35 35 1.7 NA
Allendale surface water WRC-SW-4003 1,2,4-trichlorobenzene 1 UG/L UJ 1.7 nc 35 35 1.7 NA
Allendale surface water WRC-SW-4004 1,2,4-trichlorobenzene 1 UG/L UJ 1.7 nc 35 35 1.7 NA
Assaumpsett surface water RAB-SW-5004 1,2,4-trichlorobenzene 1 UG/L UJ 1.7 nc 35 35 1.7 NA
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Appendix F
Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Upstream surface water RWR-SW-5001 1,2,4-trichlorobenzene 1 UG/L UJ 1.7 nc 35 35 1.7 NA
Upstream surface water RWR-SW-5002 1,2,4-trichlorobenzene 1 UG/L UJ 1.7 nc 35 35 1.7 NA
Lyman Mill surface water WRL-SW-4005 1,2,4-trichlorobenzene 1 UG/L UJ 1.7 nc 35 35 1.7 NA
Lyman Mill surface water WRL-SW-4004 1,2,4-trichlorobenzene 1 UG/L UJ 1.7 nc 35 35 1.7 NA
Lyman Mill surface water WRL-SW-4005 1,2,4-trichlorobenzene 1 UG/L UJ 1.7 nc 35 35 1.7 NA
Lyman Mill surface water WRL-SD-2040 Aldrin 0.05 UG/L U nc nc 0.00049 0.000049 0.000049 NA
Lyman Mill surface water WRL-SD-2039 Aldrin 0.05 UG/L U nc nc 0.00049 0.000049 0.000049 NA
Lyman Mill surface water WRL-SD-2040 Aldrin 0.05 UG/L U nc nc 0.00049 0.000049 0.000049 NA
Lyman Mill surface water WRL-SD-2041 Aldrin 0.05 UG/L U nc nc 0.00049 0.000049 0.000049 NA
Source Area surface water CMW-SD-2016 Aldrin 0.05 UG/L U nc nc 0.00049 0.000049 0.000049 NA
Source Area surface water CMW-SD-2019 Aldrin 0.05 UG/L U nc nc 0.00049 0.000049 0.000049 NA
Source Area surface water CMW-SD-2020 Aldrin 0.05 UG/L U nc nc 0.00049 0.000049 0.000049 NA
Source Area surface water CMW-SD-2021 Aldrin 0.05 UG/L U nc nc 0.00049 0.000049 0.000049 NA
Allendale surface water CMW-SD-2023 Aldrin 0.05 UG/L U nc nc 0.00049 0.000049 0.000049 NA
Source Area surface water CMW-SD-2022 Aldrin 0.05 UG/L U nc nc 0.00049 0.000049 0.000049 NA
Allendale surface water CMW-SD-2023 Aldrin 0.05 UG/L U nc nc 0.00049 0.000049 0.000049 NA
Allendale surface water CMW-SD-2024 Aldrin 0.05 UG/L U nc nc 0.00049 0.000049 0.000049 NA
Allendale surface water CMW-SD-2025 Aldrin 0.05 UG/L U nc nc 0.00049 0.000049 0.000049 NA
Allendale surface water APB-SD-2029 Aldrin 0.05 UG/L U nc nc 0.00049 0.000049 0.000049 NA
Source Area surface water WRC-SD-2009 Aldrin 0.05 UG/L U nc nc 0.00049 0.000049 0.000049 NA
Source Area surface water WRC-SD-2013 Aldrin 0.05 UG/L U nc nc 0.00049 0.000049 0.000049 NA
Allendale surface water WRC-SD-2014 Aldrin 0.003 UG/L J nc nc 0.00049 0.000049 0.000049 Y
Allendale surface water WRC-SD-2015 Aldrin 0.05 UG/L U nc nc 0.00049 0.000049 0.000049 NA
Source Area surface water WRC-SD-2010 Aldrin 0.05 UG/L U nc nc 0.00049 0.000049 0.000049 NA
Source Area surface water WRC-SD-2011 Aldrin 0.05 UG/L U nc nc 0.00049 0.000049 0.000049 NA
Source Area surface water WRC-SD-2012 Aldrin 0.05 UG/L U nc nc 0.00049 0.000049 0.000049 NA
Lyman Mill surface water WRL-SD-2042 Aldrin 0.015 UG/L J nc nc 0.00049 0.000049 0.000049 Y
Allendale surface water APB-SD-2034 Aldrin 0.011 UG/L J nc nc 0.00049 0.000049 0.000049 Y
Allendale surface water APC-SD-2036 Aldrin 0.05 UG/L U nc nc 0.00049 0.000049 0.000049 NA
Allendale surface water APC-SD-2035 Aldrin 0.059 UG/L nc nc 0.00049 0.000049 0.000049 Y
Allendale surface water APC-SD-2036 Aldrin 0.043 UG/L J nc nc 0.00049 0.000049 0.000049 Y
Lyman Mill surface water LPX-SD-2050 Aldrin 0.05 UG/L U nc nc 0.00049 0.000049 0.000049 NA
Lyman Mill surface water LPX-SD-2052 Aldrin 0.0088 UG/L J nc nc 0.00049 0.000049 0.000049 Y
Lyman Mill surface water LPX-SD-2053 Aldrin 0.05 UG/L U nc nc 0.00049 0.000049 0.000049 NA
Lyman Mill surface water LPX-SD-2049 Aldrin 0.069 UG/L nc nc 0.00049 0.000049 0.000049 Y
Lyman Mill surface water LPX-SD-2045 Aldrin 0.05 UG/L U nc nc 0.00049 0.000049 0.000049 NA
Lyman Mill surface water LPX-SD-2046 Aldrin 0.05 UG/L UJ nc nc 0.00049 0.000049 0.000049 NA
Lyman Mill surface water LPX-SD-2047 Aldrin 0.05 UG/L U nc nc 0.00049 0.000049 0.000049 NA
Lyman Mill surface water LPX-SD-2045 Aldrin 0.05 UG/L U nc nc 0.00049 0.000049 0.000049 NA
Lyman Mill surface water WRL-SD-2043 Aldrin 0.05 UG/L U nc nc 0.00049 0.000049 0.000049 NA
Lyman Mill surface water LPX-SD-2048 Aldrin 0.05 UG/L U nc nc 0.00049 0.000049 0.000049 NA
Lyman Mill surface water LPX-SD-2051 Aldrin 0.05 UG/L U nc nc 0.00049 0.000049 0.000049 NA
Lyman Mill surface water WRL-SD-2044 Aldrin 0.05 UG/L U nc nc 0.00049 0.000049 0.000049 NA
Assaumpsett surface water RAB-SD-3004 Aldrin 0.05 UG/L U nc nc 0.00049 0.000049 0.000049 NA
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Upstream surface water RCC-SD-3001 Aldrin 0.05 UG/L U nc nc 0.00049 0.000049 0.000049 NA
Upstream surface water RCC-SD-3002 Aldrin 0.05 UG/L U nc nc 0.00049 0.000049 0.000049 NA
Upstream surface water RCC-SD-3003 Aldrin 0.05 UG/L U nc nc 0.00049 0.000049 0.000049 NA
Allendale surface water WRC-SW-4001 Aldrin 0.00194 UG/L U nc nc 0.00049 0.000049 0.000049 NA
Allendale surface water WRC-SW-4002 Aldrin 0.00192 UG/L U nc nc 0.00049 0.000049 0.000049 NA
Allendale surface water WRC-SW-4003 Aldrin 0.00369 UG/L U nc nc 0.00049 0.000049 0.000049 NA
Allendale surface water WRC-SW-4003 Aldrin 0.00369 UG/L U nc nc 0.00049 0.000049 0.000049 NA
Allendale surface water WRC-SW-4004 Aldrin 0.00185 UG/L U nc nc 0.00049 0.000049 0.000049 NA
Assaumpsett surface water RAB-SW-5004 Aldrin 0.0019 UG/L U nc nc 0.00049 0.000049 0.000049 NA
Upstream surface water RWR-SW-5001 Aldrin 0.00185 UG/L U nc nc 0.00049 0.000049 0.000049 NA
Upstream surface water RWR-SW-5002 Aldrin 0.0019 UG/L U nc nc 0.00049 0.000049 0.000049 NA
Lyman Mill surface water WRL-SW-4005 Aldrin 0.00189 UG/L U nc nc 0.00049 0.000049 0.000049 NA
Lyman Mill surface water WRL-SW-4004 Aldrin 0.00195 UG/L U nc nc 0.00049 0.000049 0.000049 NA
Lyman Mill surface water WRL-SW-4005 Aldrin 0.00203 UG/L U nc nc 0.00049 0.000049 0.000049 NA
Lyman Mill surface water WRL-SD-2040 alpha-BHC 0.05 UG/L U nc nc 0.026 0.0026 0.0026 NA
Lyman Mill surface water WRL-SD-2039 alpha-BHC 0.05 UG/L U nc nc 0.026 0.0026 0.0026 NA
Lyman Mill surface water WRL-SD-2040 alpha-BHC 0.05 UG/L U nc nc 0.026 0.0026 0.0026 NA
Lyman Mill surface water WRL-SD-2041 alpha-BHC 0.05 UG/L U nc nc 0.026 0.0026 0.0026 NA
Source Area surface water CMW-SD-2016 alpha-BHC 0.05 UG/L U nc nc 0.026 0.0026 0.0026 NA
Source Area surface water CMW-SD-2019 alpha-BHC 0.05 UG/L U nc nc 0.026 0.0026 0.0026 NA
Source Area surface water CMW-SD-2020 alpha-BHC 0.05 UG/L U nc nc 0.026 0.0026 0.0026 NA
Source Area surface water CMW-SD-2021 alpha-BHC 0.05 UG/L U nc nc 0.026 0.0026 0.0026 NA
Allendale surface water CMW-SD-2023 alpha-BHC 0.05 UG/L U nc nc 0.026 0.0026 0.0026 NA
Source Area surface water CMW-SD-2022 alpha-BHC 0.05 UG/L U nc nc 0.026 0.0026 0.0026 NA
Allendale surface water CMW-SD-2023 alpha-BHC 0.05 UG/L U nc nc 0.026 0.0026 0.0026 NA
Allendale surface water CMW-SD-2024 alpha-BHC 0.05 UG/L U nc nc 0.026 0.0026 0.0026 NA
Allendale surface water CMW-SD-2025 alpha-BHC 0.05 UG/L U nc nc 0.026 0.0026 0.0026 NA
Allendale surface water APB-SD-2029 alpha-BHC 0.05 UG/L U nc nc 0.026 0.0026 0.0026 NA
Source Area surface water WRC-SD-2009 alpha-BHC 0.05 UG/L U nc nc 0.026 0.0026 0.0026 NA
Source Area surface water WRC-SD-2013 alpha-BHC 0.05 UG/L U nc nc 0.026 0.0026 0.0026 NA
Allendale surface water WRC-SD-2014 alpha-BHC 0.05 UG/L U nc nc 0.026 0.0026 0.0026 NA
Allendale surface water WRC-SD-2015 alpha-BHC 0.05 UG/L U nc nc 0.026 0.0026 0.0026 NA
Source Area surface water WRC-SD-2010 alpha-BHC 0.05 UG/L U nc nc 0.026 0.0026 0.0026 NA
Source Area surface water WRC-SD-2011 alpha-BHC 0.05 UG/L U nc nc 0.026 0.0026 0.0026 NA
Source Area surface water WRC-SD-2012 alpha-BHC 0.05 UG/L U nc nc 0.026 0.0026 0.0026 NA
Lyman Mill surface water WRL-SD-2042 alpha-BHC 0.05 UG/L UJ nc nc 0.026 0.0026 0.0026 NA
Allendale surface water APB-SD-2034 alpha-BHC 0.05 UG/L U nc nc 0.026 0.0026 0.0026 NA
Allendale surface water APC-SD-2036 alpha-BHC 0.05 UG/L U nc nc 0.026 0.0026 0.0026 NA
Allendale surface water APC-SD-2035 alpha-BHC 0.05 UG/L U nc nc 0.026 0.0026 0.0026 NA
Allendale surface water APC-SD-2036 alpha-BHC 0.043 UG/L J nc nc 0.026 0.0026 0.0026 Y
Lyman Mill surface water LPX-SD-2050 alpha-BHC 0.05 UG/L U nc nc 0.026 0.0026 0.0026 NA
Lyman Mill surface water LPX-SD-2052 alpha-BHC 0.05 UG/L U nc nc 0.026 0.0026 0.0026 NA
Lyman Mill surface water LPX-SD-2053 alpha-BHC 0.05 UG/L U nc nc 0.026 0.0026 0.0026 NA
Lyman Mill surface water LPX-SD-2049 alpha-BHC 0.05 UG/L U nc nc 0.026 0.0026 0.0026 NA


Interim Final CMRP Feasibility Study Report
Appendix F F-212 April 2010







Appendix F
Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Lyman Mill surface water LPX-SD-2045 alpha-BHC 0.05 UG/L U nc nc 0.026 0.0026 0.0026 NA
Lyman Mill surface water LPX-SD-2046 alpha-BHC 0.05 UG/L UJ nc nc 0.026 0.0026 0.0026 NA
Lyman Mill surface water LPX-SD-2047 alpha-BHC 0.05 UG/L U nc nc 0.026 0.0026 0.0026 NA
Lyman Mill surface water LPX-SD-2045 alpha-BHC 0.05 UG/L U nc nc 0.026 0.0026 0.0026 NA
Lyman Mill surface water WRL-SD-2043 alpha-BHC 0.05 UG/L U nc nc 0.026 0.0026 0.0026 NA
Lyman Mill surface water LPX-SD-2048 alpha-BHC 0.05 UG/L U nc nc 0.026 0.0026 0.0026 NA
Lyman Mill surface water LPX-SD-2051 alpha-BHC 0.05 UG/L U nc nc 0.026 0.0026 0.0026 NA
Lyman Mill surface water WRL-SD-2044 alpha-BHC 0.05 UG/L U nc nc 0.026 0.0026 0.0026 NA
Assaumpsett surface water RAB-SD-3004 alpha-BHC 0.05 UG/L U nc nc 0.026 0.0026 0.0026 NA
Upstream surface water RCC-SD-3001 alpha-BHC 0.05 UG/L U nc nc 0.026 0.0026 0.0026 NA
Upstream surface water RCC-SD-3002 alpha-BHC 0.05 UG/L U nc nc 0.026 0.0026 0.0026 NA
Upstream surface water RCC-SD-3003 alpha-BHC 0.05 UG/L U nc nc 0.026 0.0026 0.0026 NA
Allendale surface water WRC-SW-4001 alpha-BHC 0.00194 UG/L U nc nc 0.026 0.0026 0.0026 NA
Allendale surface water WRC-SW-4002 alpha-BHC 0.00192 UG/L U nc nc 0.026 0.0026 0.0026 NA
Allendale surface water WRC-SW-4003 alpha-BHC 0.00369 UG/L U nc nc 0.026 0.0026 0.0026 NA
Allendale surface water WRC-SW-4003 alpha-BHC 0.00369 UG/L U nc nc 0.026 0.0026 0.0026 NA
Allendale surface water WRC-SW-4004 alpha-BHC 0.00185 UG/L U nc nc 0.026 0.0026 0.0026 NA
Assaumpsett surface water RAB-SW-5004 alpha-BHC 0.0019 UG/L U nc nc 0.026 0.0026 0.0026 NA
Upstream surface water RWR-SW-5001 alpha-BHC 0.00185 UG/L U nc nc 0.026 0.0026 0.0026 NA
Upstream surface water RWR-SW-5002 alpha-BHC 0.0019 UG/L U nc nc 0.026 0.0026 0.0026 NA
Lyman Mill surface water WRL-SW-4005 alpha-BHC 0.00189 UG/L U nc nc 0.026 0.0026 0.0026 NA
Lyman Mill surface water WRL-SW-4004 alpha-BHC 0.00195 UG/L U nc nc 0.026 0.0026 0.0026 NA
Lyman Mill surface water WRL-SW-4005 alpha-BHC 0.00203 UG/L U nc nc 0.026 0.0026 0.0026 NA
Lyman Mill surface water WRL-SD-2040 beta-BHC 0.05 UG/L U nc nc 0.091 0.0091 0.0091 NA
Lyman Mill surface water WRL-SD-2039 beta-BHC 0.05 UG/L U nc nc 0.091 0.0091 0.0091 NA
Lyman Mill surface water WRL-SD-2040 beta-BHC 0.05 UG/L U nc nc 0.091 0.0091 0.0091 NA
Lyman Mill surface water WRL-SD-2041 beta-BHC 0.05 UG/L U nc nc 0.091 0.0091 0.0091 NA
Source Area surface water CMW-SD-2016 beta-BHC 0.05 UG/L U nc nc 0.091 0.0091 0.0091 NA
Source Area surface water CMW-SD-2019 beta-BHC 0.05 UG/L U nc nc 0.091 0.0091 0.0091 NA
Source Area surface water CMW-SD-2020 beta-BHC 0.05 UG/L U nc nc 0.091 0.0091 0.0091 NA
Source Area surface water CMW-SD-2021 beta-BHC 0.05 UG/L U nc nc 0.091 0.0091 0.0091 NA
Allendale surface water CMW-SD-2023 beta-BHC 0.05 UG/L U nc nc 0.091 0.0091 0.0091 NA
Source Area surface water CMW-SD-2022 beta-BHC 0.05 UG/L U nc nc 0.091 0.0091 0.0091 NA
Allendale surface water CMW-SD-2023 beta-BHC 0.05 UG/L U nc nc 0.091 0.0091 0.0091 NA
Allendale surface water CMW-SD-2024 beta-BHC 0.05 UG/L U nc nc 0.091 0.0091 0.0091 NA
Allendale surface water CMW-SD-2025 beta-BHC 0.05 UG/L U nc nc 0.091 0.0091 0.0091 NA
Allendale surface water APB-SD-2029 beta-BHC 0.05 UG/L U nc nc 0.091 0.0091 0.0091 NA
Source Area surface water WRC-SD-2009 beta-BHC 0.05 UG/L U nc nc 0.091 0.0091 0.0091 NA
Source Area surface water WRC-SD-2013 beta-BHC 0.05 UG/L U nc nc 0.091 0.0091 0.0091 NA
Allendale surface water WRC-SD-2014 beta-BHC 0.05 UG/L U nc nc 0.091 0.0091 0.0091 NA
Allendale surface water WRC-SD-2015 beta-BHC 0.05 UG/L U nc nc 0.091 0.0091 0.0091 NA
Source Area surface water WRC-SD-2010 beta-BHC 0.05 UG/L U nc nc 0.091 0.0091 0.0091 NA
Source Area surface water WRC-SD-2011 beta-BHC 0.05 UG/L U nc nc 0.091 0.0091 0.0091 NA
Source Area surface water WRC-SD-2012 beta-BHC 0.05 UG/L U nc nc 0.091 0.0091 0.0091 NA
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1
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ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Lyman Mill surface water WRL-SD-2042 beta-BHC 0.05 UG/L UJ nc nc 0.091 0.0091 0.0091 NA
Allendale surface water APB-SD-2034 beta-BHC 0.05 UG/L U nc nc 0.091 0.0091 0.0091 NA
Allendale surface water APC-SD-2036 beta-BHC 0.05 UG/L U nc nc 0.091 0.0091 0.0091 NA
Allendale surface water APC-SD-2035 beta-BHC 0.05 UG/L U nc nc 0.091 0.0091 0.0091 NA
Allendale surface water APC-SD-2036 beta-BHC 0.05 UG/L U nc nc 0.091 0.0091 0.0091 NA
Lyman Mill surface water LPX-SD-2050 beta-BHC 0.05 UG/L U nc nc 0.091 0.0091 0.0091 NA
Lyman Mill surface water LPX-SD-2052 beta-BHC 0.05 UG/L U nc nc 0.091 0.0091 0.0091 NA
Lyman Mill surface water LPX-SD-2053 beta-BHC 0.05 UG/L U nc nc 0.091 0.0091 0.0091 NA
Lyman Mill surface water LPX-SD-2049 beta-BHC 0.05 UG/L U nc nc 0.091 0.0091 0.0091 NA
Lyman Mill surface water LPX-SD-2045 beta-BHC 0.05 UG/L U nc nc 0.091 0.0091 0.0091 NA
Lyman Mill surface water LPX-SD-2046 beta-BHC 0.05 UG/L UJ nc nc 0.091 0.0091 0.0091 NA
Lyman Mill surface water LPX-SD-2047 beta-BHC 0.05 UG/L U nc nc 0.091 0.0091 0.0091 NA
Lyman Mill surface water LPX-SD-2045 beta-BHC 0.05 UG/L U nc nc 0.091 0.0091 0.0091 NA
Lyman Mill surface water WRL-SD-2043 beta-BHC 0.05 UG/L U nc nc 0.091 0.0091 0.0091 NA
Lyman Mill surface water LPX-SD-2048 beta-BHC 0.05 UG/L U nc nc 0.091 0.0091 0.0091 NA
Lyman Mill surface water LPX-SD-2051 beta-BHC 0.05 UG/L U nc nc 0.091 0.0091 0.0091 NA
Lyman Mill surface water WRL-SD-2044 beta-BHC 0.05 UG/L U nc nc 0.091 0.0091 0.0091 NA
Assaumpsett surface water RAB-SD-3004 beta-BHC 0.05 UG/L U nc nc 0.091 0.0091 0.0091 NA
Upstream surface water RCC-SD-3001 beta-BHC 0.05 UG/L U nc nc 0.091 0.0091 0.0091 NA
Upstream surface water RCC-SD-3002 beta-BHC 0.05 UG/L U nc nc 0.091 0.0091 0.0091 NA
Upstream surface water RCC-SD-3003 beta-BHC 0.05 UG/L U nc nc 0.091 0.0091 0.0091 NA
Allendale surface water WRC-SW-4001 beta-BHC 0.00194 UG/L U nc nc 0.091 0.0091 0.0091 NA
Allendale surface water WRC-SW-4002 beta-BHC 0.00192 UG/L U nc nc 0.091 0.0091 0.0091 NA
Allendale surface water WRC-SW-4003 beta-BHC 0.00369 UG/L U nc nc 0.091 0.0091 0.0091 NA
Allendale surface water WRC-SW-4003 beta-BHC 0.00369 UG/L U nc nc 0.091 0.0091 0.0091 NA
Allendale surface water WRC-SW-4004 beta-BHC 0.00185 UG/L U nc nc 0.091 0.0091 0.0091 NA
Assaumpsett surface water RAB-SW-5004 beta-BHC 0.00098 UG/L J nc nc 0.091 0.0091 0.0091 N
Upstream surface water RWR-SW-5001 beta-BHC 0.00185 UG/L U nc nc 0.091 0.0091 0.0091 NA
Upstream surface water RWR-SW-5002 beta-BHC 0.00105 UG/L J nc nc 0.091 0.0091 0.0091 N
Lyman Mill surface water WRL-SW-4005 beta-BHC 0.00137 UG/L J nc nc 0.091 0.0091 0.0091 N
Lyman Mill surface water WRL-SW-4004 beta-BHC 0.00097 UG/L J nc nc 0.091 0.0091 0.0091 N
Lyman Mill surface water WRL-SW-4005 beta-BHC 0.00149 UG/L J nc nc 0.091 0.0091 0.0091 N
Lyman Mill surface water WRL-SD-2040 gamma-BHC 0.05 UG/L U nc nc 0.98 0.98 0.98 NA
Lyman Mill surface water WRL-SD-2039 gamma-BHC 0.05 UG/L U nc nc 0.98 0.98 0.98 NA
Lyman Mill surface water WRL-SD-2040 gamma-BHC 0.05 UG/L U nc nc 0.98 0.98 0.98 NA
Lyman Mill surface water WRL-SD-2041 gamma-BHC 0.05 UG/L U nc nc 0.98 0.98 0.98 NA
Source Area surface water CMW-SD-2016 gamma-BHC 0.05 UG/L U nc nc 0.98 0.98 0.98 NA
Source Area surface water CMW-SD-2019 gamma-BHC 0.05 UG/L U nc nc 0.98 0.98 0.98 NA
Source Area surface water CMW-SD-2020 gamma-BHC 0.05 UG/L U nc nc 0.98 0.98 0.98 NA
Source Area surface water CMW-SD-2021 gamma-BHC 0.05 UG/L U nc nc 0.98 0.98 0.98 NA
Allendale surface water CMW-SD-2023 gamma-BHC 0.05 UG/L U nc nc 0.98 0.98 0.98 NA
Source Area surface water CMW-SD-2022 gamma-BHC 0.05 UG/L U nc nc 0.98 0.98 0.98 NA
Allendale surface water CMW-SD-2023 gamma-BHC 0.05 UG/L U nc nc 0.98 0.98 0.98 NA
Allendale surface water CMW-SD-2024 gamma-BHC 0.05 UG/L U nc nc 0.98 0.98 0.98 NA
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL
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Island Federal 1
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Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Allendale surface water CMW-SD-2025 gamma-BHC 0.05 UG/L U nc nc 0.98 0.98 0.98 NA
Allendale surface water APB-SD-2029 gamma-BHC 0.05 UG/L U nc nc 0.98 0.98 0.98 NA
Source Area surface water WRC-SD-2009 gamma-BHC 0.05 UG/L U nc nc 0.98 0.98 0.98 NA
Source Area surface water WRC-SD-2013 gamma-BHC 0.05 UG/L U nc nc 0.98 0.98 0.98 NA
Allendale surface water WRC-SD-2014 gamma-BHC 0.05 UG/L U nc nc 0.98 0.98 0.98 NA
Allendale surface water WRC-SD-2015 gamma-BHC 0.05 UG/L U nc nc 0.98 0.98 0.98 NA
Source Area surface water WRC-SD-2010 gamma-BHC 0.05 UG/L U nc nc 0.98 0.98 0.98 NA
Source Area surface water WRC-SD-2011 gamma-BHC 0.05 UG/L U nc nc 0.98 0.98 0.98 NA
Source Area surface water WRC-SD-2012 gamma-BHC 0.05 UG/L U nc nc 0.98 0.98 0.98 NA
Lyman Mill surface water WRL-SD-2042 gamma-BHC 0.05 UG/L UJ nc nc 0.98 0.98 0.98 NA
Allendale surface water APB-SD-2034 gamma-BHC 0.05 UG/L U nc nc 0.98 0.98 0.98 NA
Allendale surface water APC-SD-2036 gamma-BHC 0.05 UG/L U nc nc 0.98 0.98 0.98 NA
Allendale surface water APC-SD-2035 gamma-BHC 0.05 UG/L U nc nc 0.98 0.98 0.98 NA
Allendale surface water APC-SD-2036 gamma-BHC 0.05 UG/L U nc nc 0.98 0.98 0.98 NA
Lyman Mill surface water LPX-SD-2050 gamma-BHC 0.05 UG/L U nc nc 0.98 0.98 0.98 NA
Lyman Mill surface water LPX-SD-2052 gamma-BHC 0.05 UG/L U nc nc 0.98 0.98 0.98 NA
Lyman Mill surface water LPX-SD-2053 gamma-BHC 0.05 UG/L U nc nc 0.98 0.98 0.98 NA
Lyman Mill surface water LPX-SD-2049 gamma-BHC 0.05 UG/L U nc nc 0.98 0.98 0.98 NA
Lyman Mill surface water LPX-SD-2045 gamma-BHC 0.05 UG/L U nc nc 0.98 0.98 0.98 NA
Lyman Mill surface water LPX-SD-2046 gamma-BHC 0.05 UG/L UJ nc nc 0.98 0.98 0.98 NA
Lyman Mill surface water LPX-SD-2047 gamma-BHC 0.05 UG/L U nc nc 0.98 0.98 0.98 NA
Lyman Mill surface water LPX-SD-2045 gamma-BHC 0.05 UG/L U nc nc 0.98 0.98 0.98 NA
Lyman Mill surface water WRL-SD-2043 gamma-BHC 0.05 UG/L U nc nc 0.98 0.98 0.98 NA
Lyman Mill surface water LPX-SD-2048 gamma-BHC 0.05 UG/L U nc nc 0.98 0.98 0.98 NA
Lyman Mill surface water LPX-SD-2051 gamma-BHC 0.05 UG/L U nc nc 0.98 0.98 0.98 NA
Lyman Mill surface water WRL-SD-2044 gamma-BHC 0.05 UG/L U nc nc 0.98 0.98 0.98 NA
Assaumpsett surface water RAB-SD-3004 gamma-BHC 0.05 UG/L U nc nc 0.98 0.98 0.98 NA
Upstream surface water RCC-SD-3001 gamma-BHC 0.05 UG/L U nc nc 0.98 0.98 0.98 NA
Upstream surface water RCC-SD-3002 gamma-BHC 0.05 UG/L U nc nc 0.98 0.98 0.98 NA
Upstream surface water RCC-SD-3003 gamma-BHC 0.05 UG/L U nc nc 0.98 0.98 0.98 NA
Allendale surface water WRC-SW-4001 gamma-BHC 0.00194 UG/L U nc nc 0.98 0.98 0.98 NA
Allendale surface water WRC-SW-4002 gamma-BHC 0.00192 UG/L U nc nc 0.98 0.98 0.98 NA
Allendale surface water WRC-SW-4003 gamma-BHC 0.00369 UG/L U nc nc 0.98 0.98 0.98 NA
Allendale surface water WRC-SW-4003 gamma-BHC 0.00369 UG/L U nc nc 0.98 0.98 0.98 NA
Allendale surface water WRC-SW-4004 gamma-BHC 0.00185 UG/L U nc nc 0.98 0.98 0.98 NA
Assaumpsett surface water RAB-SW-5004 gamma-BHC 0.0006 UG/L J nc nc 0.98 0.98 0.98 N
Upstream surface water RWR-SW-5001 gamma-BHC 0.00185 UG/L U nc nc 0.98 0.98 0.98 NA
Upstream surface water RWR-SW-5002 gamma-BHC 0.00075 UG/L J nc nc 0.98 0.98 0.98 N
Lyman Mill surface water WRL-SW-4005 gamma-BHC 0.00072 UG/L J nc nc 0.98 0.98 0.98 N
Lyman Mill surface water WRL-SW-4004 gamma-BHC 0.00062 UG/L J nc nc 0.98 0.98 0.98 N
Lyman Mill surface water WRL-SW-4005 gamma-BHC 0.00083 UG/L J nc nc 0.98 0.98 0.98 N
Lyman Mill surface water WRL-SD-2040 delta-BHC 0.05 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2039 delta-BHC 0.05 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2040 delta-BHC 0.05 UG/L U nc nc nc nc nc NA
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Appendix F
Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Lyman Mill surface water WRL-SD-2041 delta-BHC 0.05 UG/L U nc nc nc nc nc NA
Source Area surface water CMW-SD-2016 delta-BHC 0.05 UG/L U nc nc nc nc nc NA
Source Area surface water CMW-SD-2019 delta-BHC 0.05 UG/L U nc nc nc nc nc NA
Source Area surface water CMW-SD-2020 delta-BHC 0.05 UG/L U nc nc nc nc nc NA
Source Area surface water CMW-SD-2021 delta-BHC 0.05 UG/L U nc nc nc nc nc NA
Allendale surface water CMW-SD-2023 delta-BHC 0.05 UG/L U nc nc nc nc nc NA
Source Area surface water CMW-SD-2022 delta-BHC 0.05 UG/L U nc nc nc nc nc NA
Allendale surface water CMW-SD-2023 delta-BHC 0.05 UG/L U nc nc nc nc nc NA
Allendale surface water CMW-SD-2024 delta-BHC 0.05 UG/L U nc nc nc nc nc NA
Allendale surface water CMW-SD-2025 delta-BHC 0.05 UG/L U nc nc nc nc nc NA
Allendale surface water APB-SD-2029 delta-BHC 0.05 UG/L U nc nc nc nc nc NA
Source Area surface water WRC-SD-2009 delta-BHC 0.0017 UG/L J nc nc nc nc nc NA
Source Area surface water WRC-SD-2013 delta-BHC 0.0096 UG/L J nc nc nc nc nc NA
Allendale surface water WRC-SD-2014 delta-BHC 0.05 UG/L U nc nc nc nc nc NA
Allendale surface water WRC-SD-2015 delta-BHC 0.05 UG/L U nc nc nc nc nc NA
Source Area surface water WRC-SD-2010 delta-BHC 0.05 UG/L U nc nc nc nc nc NA
Source Area surface water WRC-SD-2011 delta-BHC 0.0022 UG/L J nc nc nc nc nc NA
Source Area surface water WRC-SD-2012 delta-BHC 0.05 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2042 delta-BHC 0.05 UG/L UJ nc nc nc nc nc NA
Allendale surface water APB-SD-2034 delta-BHC 0.05 UG/L U nc nc nc nc nc NA
Allendale surface water APC-SD-2036 delta-BHC 0.0059 UG/L J nc nc nc nc nc NA
Allendale surface water APC-SD-2035 delta-BHC 0.05 UG/L U nc nc nc nc nc NA
Allendale surface water APC-SD-2036 delta-BHC 0.05 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2050 delta-BHC 0.05 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2052 delta-BHC 0.05 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2053 delta-BHC 0.05 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2049 delta-BHC 0.05 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2045 delta-BHC 0.05 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2046 delta-BHC 0.05 UG/L UJ nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2047 delta-BHC 0.05 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2045 delta-BHC 0.05 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2043 delta-BHC 0.05 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2048 delta-BHC 0.05 UG/L U nc nc nc nc nc NA
Lyman Mill surface water LPX-SD-2051 delta-BHC 0.05 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2044 delta-BHC 0.05 UG/L U nc nc nc nc nc NA
Assaumpsett surface water RAB-SD-3004 delta-BHC 0.05 UG/L U nc nc nc nc nc NA
Upstream surface water RCC-SD-3001 delta-BHC 0.05 UG/L U nc nc nc nc nc NA
Upstream surface water RCC-SD-3002 delta-BHC 0.05 UG/L U nc nc nc nc nc NA
Upstream surface water RCC-SD-3003 delta-BHC 0.05 UG/L U nc nc nc nc nc NA
Allendale surface water WRC-SW-4001 delta-BHC 0.00194 UG/L U nc nc nc nc nc NA
Allendale surface water WRC-SW-4002 delta-BHC 0.00192 UG/L U nc nc nc nc nc NA
Allendale surface water WRC-SW-4003 delta-BHC 0.00369 UG/L U nc nc nc nc nc NA
Allendale surface water WRC-SW-4003 delta-BHC 0.00369 UG/L U nc nc nc nc nc NA
Allendale surface water WRC-SW-4004 delta-BHC 0.00185 UG/L U nc nc nc nc nc NA


Interim Final CMRP Feasibility Study Report
Appendix F F-216 April 2010







Appendix F
Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Assaumpsett surface water RAB-SW-5004 delta-BHC 0.0019 UG/L U nc nc nc nc nc NA
Upstream surface water RWR-SW-5001 delta-BHC 0.00185 UG/L U nc nc nc nc nc NA
Upstream surface water RWR-SW-5002 delta-BHC 0.0019 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SW-4005 delta-BHC 0.00189 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SW-4004 delta-BHC 0.00195 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SW-4005 delta-BHC 0.00203 UG/L U nc nc nc nc nc NA
Lyman Mill surface water WRL-SD-2040 alpha-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Lyman Mill surface water WRL-SD-2039 alpha-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Lyman Mill surface water WRL-SD-2040 alpha-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Lyman Mill surface water WRL-SD-2041 alpha-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Source Area surface water CMW-SD-2016 alpha-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Source Area surface water CMW-SD-2019 alpha-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Source Area surface water CMW-SD-2020 alpha-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Source Area surface water CMW-SD-2021 alpha-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Allendale surface water CMW-SD-2023 alpha-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Source Area surface water CMW-SD-2022 alpha-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Allendale surface water CMW-SD-2023 alpha-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Allendale surface water CMW-SD-2024 alpha-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Allendale surface water CMW-SD-2025 alpha-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Allendale surface water APB-SD-2029 alpha-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Source Area surface water WRC-SD-2009 alpha-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Source Area surface water WRC-SD-2013 alpha-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Allendale surface water WRC-SD-2014 alpha-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Allendale surface water WRC-SD-2015 alpha-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Source Area surface water WRC-SD-2010 alpha-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Source Area surface water WRC-SD-2011 alpha-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Source Area surface water WRC-SD-2012 alpha-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Lyman Mill surface water WRL-SD-2042 alpha-Chlordane 0.019 UG/L J 0.0043 0.0043 0.008 0.0008 0.0008 4 Y
Allendale surface water APB-SD-2034 alpha-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Allendale surface water APC-SD-2036 alpha-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Allendale surface water APC-SD-2035 alpha-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Allendale surface water APC-SD-2036 alpha-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Lyman Mill surface water LPX-SD-2050 alpha-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Lyman Mill surface water LPX-SD-2052 alpha-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Lyman Mill surface water LPX-SD-2053 alpha-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Lyman Mill surface water LPX-SD-2049 alpha-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Lyman Mill surface water LPX-SD-2045 alpha-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Lyman Mill surface water LPX-SD-2046 alpha-Chlordane 0.05 UG/L UJ 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Lyman Mill surface water LPX-SD-2047 alpha-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Lyman Mill surface water LPX-SD-2045 alpha-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA


Interim Final CMRP Feasibility Study Report
Appendix F F-217 April 2010







Appendix F
Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Lyman Mill surface water WRL-SD-2043 alpha-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Lyman Mill surface water LPX-SD-2048 alpha-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Lyman Mill surface water LPX-SD-2051 alpha-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Lyman Mill surface water WRL-SD-2044 alpha-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Assaumpsett surface water RAB-SD-3004 alpha-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Upstream surface water RCC-SD-3001 alpha-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Upstream surface water RCC-SD-3002 alpha-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Upstream surface water RCC-SD-3003 alpha-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Allendale surface water WRC-SW-4001 alpha-Chlordane 0.00069 UG/L J 0.0043 0.0043 0.008 0.0008 0.0008 4 N
Allendale surface water WRC-SW-4002 alpha-Chlordane 0.00063 UG/L J 0.0043 0.0043 0.008 0.0008 0.0008 4 N
Allendale surface water WRC-SW-4003 alpha-Chlordane 0.00369 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Allendale surface water WRC-SW-4003 alpha-Chlordane 0.00369 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Allendale surface water WRC-SW-4004 alpha-Chlordane 0.00056 UG/L J 0.0043 0.0043 0.008 0.0008 0.0008 4 N
Assaumpsett surface water RAB-SW-5004 alpha-Chlordane 0.0019 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Upstream surface water RWR-SW-5001 alpha-Chlordane 0.00185 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Upstream surface water RWR-SW-5002 alpha-Chlordane 0.0019 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Lyman Mill surface water WRL-SW-4005 alpha-Chlordane 0.00189 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Lyman Mill surface water WRL-SW-4004 alpha-Chlordane 0.00195 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Lyman Mill surface water WRL-SW-4005 alpha-Chlordane 0.00203 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Lyman Mill surface water WRL-SD-2040 gamma-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Lyman Mill surface water WRL-SD-2039 gamma-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Lyman Mill surface water WRL-SD-2040 gamma-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Lyman Mill surface water WRL-SD-2041 gamma-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Source Area surface water CMW-SD-2016 gamma-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Source Area surface water CMW-SD-2019 gamma-Chlordane 0.12 UG/L 0.0043 0.0043 0.008 0.0008 0.0008 4 Y
Source Area surface water CMW-SD-2020 gamma-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Source Area surface water CMW-SD-2021 gamma-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Allendale surface water CMW-SD-2023 gamma-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Source Area surface water CMW-SD-2022 gamma-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Allendale surface water CMW-SD-2023 gamma-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Allendale surface water CMW-SD-2024 gamma-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Allendale surface water CMW-SD-2025 gamma-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Allendale surface water APB-SD-2029 gamma-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Source Area surface water WRC-SD-2009 gamma-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Source Area surface water WRC-SD-2013 gamma-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Allendale surface water WRC-SD-2014 gamma-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Allendale surface water WRC-SD-2015 gamma-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Source Area surface water WRC-SD-2010 gamma-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Source Area surface water WRC-SD-2011 gamma-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Source Area surface water WRC-SD-2012 gamma-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Lyman Mill surface water WRL-SD-2042 gamma-Chlordane 0.021 UG/L J 0.0043 0.0043 0.008 0.0008 0.0008 4 Y
Allendale surface water APB-SD-2034 gamma-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Allendale surface water APC-SD-2036 gamma-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Allendale surface water APC-SD-2035 gamma-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Allendale surface water APC-SD-2036 gamma-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Lyman Mill surface water LPX-SD-2050 gamma-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Lyman Mill surface water LPX-SD-2052 gamma-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Lyman Mill surface water LPX-SD-2053 gamma-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Lyman Mill surface water LPX-SD-2049 gamma-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Lyman Mill surface water LPX-SD-2045 gamma-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Lyman Mill surface water LPX-SD-2046 gamma-Chlordane 0.05 UG/L UJ 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Lyman Mill surface water LPX-SD-2047 gamma-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Lyman Mill surface water LPX-SD-2045 gamma-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Lyman Mill surface water WRL-SD-2043 gamma-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Lyman Mill surface water LPX-SD-2048 gamma-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Lyman Mill surface water LPX-SD-2051 gamma-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Lyman Mill surface water WRL-SD-2044 gamma-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Assaumpsett surface water RAB-SD-3004 gamma-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Upstream surface water RCC-SD-3001 gamma-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Upstream surface water RCC-SD-3002 gamma-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Upstream surface water RCC-SD-3003 gamma-Chlordane 0.05 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Allendale surface water WRC-SW-4001 gamma-Chlordane 0.00055 UG/L J 0.0043 0.0043 0.008 0.0008 0.0008 4 N
Allendale surface water WRC-SW-4002 gamma-Chlordane 0.00075 UG/L J 0.0043 0.0043 0.008 0.0008 0.0008 4 N
Allendale surface water WRC-SW-4003 gamma-Chlordane 0.00369 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Allendale surface water WRC-SW-4003 gamma-Chlordane 0.00369 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Allendale surface water WRC-SW-4004 gamma-Chlordane 0.00056 UG/L J 0.0043 0.0043 0.008 0.0008 0.0008 4 N
Assaumpsett surface water RAB-SW-5004 gamma-Chlordane 0.0019 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Upstream surface water RWR-SW-5001 gamma-Chlordane 0.00185 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Upstream surface water RWR-SW-5002 gamma-Chlordane 0.0019 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Lyman Mill surface water WRL-SW-4005 gamma-Chlordane 0.00189 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Lyman Mill surface water WRL-SW-4004 gamma-Chlordane 0.00195 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Lyman Mill surface water WRL-SW-4005 gamma-Chlordane 0.00203 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Allendale surface water WRC-SW-4001 Technical Chlordane 0.24194 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Allendale surface water WRC-SW-4002 Technical Chlordane 0.24 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Allendale surface water WRC-SW-4003 Technical Chlordane 0.46154 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Allendale surface water WRC-SW-4003 Technical Chlordane 0.46154 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Allendale surface water WRC-SW-4004 Technical Chlordane 0.23077 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Assaumpsett surface water RAB-SW-5004 Technical Chlordane 0.2381 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Upstream surface water RWR-SW-5001 Technical Chlordane 0.23077 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Upstream surface water RWR-SW-5002 Technical Chlordane 0.2381 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Lyman Mill surface water WRL-SW-4005 Technical Chlordane 0.23622 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Lyman Mill surface water WRL-SW-4004 Technical Chlordane 0.2439 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Lyman Mill surface water WRL-SW-4005 Technical Chlordane 0.25424 UG/L U 0.0043 0.0043 0.008 0.0008 0.0008 4 NA
Lyman Mill surface water WRL-SD-2040 4,4'-DDT 0.1 UG/L U 0.001 0.001 0.0022 0.00022 0.00022 NA
Lyman Mill surface water WRL-SD-2039 4,4'-DDT 0.1 UG/L U 0.001 0.001 0.0022 0.00022 0.00022 NA
Lyman Mill surface water WRL-SD-2040 4,4'-DDT 0.1 UG/L U 0.001 0.001 0.0022 0.00022 0.00022 NA
Lyman Mill surface water WRL-SD-2041 4,4'-DDT 0.1 UG/L U 0.001 0.001 0.0022 0.00022 0.00022 NA
Source Area surface water CMW-SD-2016 4,4'-DDT 0.1 UG/L U 0.001 0.001 0.0022 0.00022 0.00022 NA
Source Area surface water CMW-SD-2019 4,4'-DDT 0.1 UG/L U 0.001 0.001 0.0022 0.00022 0.00022 NA
Source Area surface water CMW-SD-2020 4,4'-DDT 0.1 UG/L U 0.001 0.001 0.0022 0.00022 0.00022 NA
Source Area surface water CMW-SD-2021 4,4'-DDT 0.1 UG/L U 0.001 0.001 0.0022 0.00022 0.00022 NA
Allendale surface water CMW-SD-2023 4,4'-DDT 0.1 UG/L U 0.001 0.001 0.0022 0.00022 0.00022 NA
Source Area surface water CMW-SD-2022 4,4'-DDT 0.1 UG/L U 0.001 0.001 0.0022 0.00022 0.00022 NA
Allendale surface water CMW-SD-2023 4,4'-DDT 0.1 UG/L U 0.001 0.001 0.0022 0.00022 0.00022 NA
Allendale surface water CMW-SD-2024 4,4'-DDT 0.1 UG/L U 0.001 0.001 0.0022 0.00022 0.00022 NA
Allendale surface water CMW-SD-2025 4,4'-DDT 0.1 UG/L U 0.001 0.001 0.0022 0.00022 0.00022 NA
Allendale surface water APB-SD-2029 4,4'-DDT 0.1 UG/L U 0.001 0.001 0.0022 0.00022 0.00022 NA
Source Area surface water WRC-SD-2009 4,4'-DDT 0.1 UG/L U 0.001 0.001 0.0022 0.00022 0.00022 NA
Source Area surface water WRC-SD-2013 4,4'-DDT 0.1 UG/L U 0.001 0.001 0.0022 0.00022 0.00022 NA
Allendale surface water WRC-SD-2014 4,4'-DDT 0.1 UG/L U 0.001 0.001 0.0022 0.00022 0.00022 NA
Allendale surface water WRC-SD-2015 4,4'-DDT 0.1 UG/L U 0.001 0.001 0.0022 0.00022 0.00022 NA
Source Area surface water WRC-SD-2010 4,4'-DDT 0.1 UG/L U 0.001 0.001 0.0022 0.00022 0.00022 NA
Source Area surface water WRC-SD-2011 4,4'-DDT 0.1 UG/L U 0.001 0.001 0.0022 0.00022 0.00022 NA
Source Area surface water WRC-SD-2012 4,4'-DDT 0.1 UG/L U 0.001 0.001 0.0022 0.00022 0.00022 NA
Lyman Mill surface water WRL-SD-2042 4,4'-DDT 0.1 UG/L UJ 0.001 0.001 0.0022 0.00022 0.00022 NA
Allendale surface water APB-SD-2034 4,4'-DDT 0.1 UG/L U 0.001 0.001 0.0022 0.00022 0.00022 NA
Allendale surface water APC-SD-2036 4,4'-DDT 0.1 UG/L U 0.001 0.001 0.0022 0.00022 0.00022 NA
Allendale surface water APC-SD-2035 4,4'-DDT 0.1 UG/L U 0.001 0.001 0.0022 0.00022 0.00022 NA
Allendale surface water APC-SD-2036 4,4'-DDT 0.1 UG/L U 0.001 0.001 0.0022 0.00022 0.00022 NA
Lyman Mill surface water LPX-SD-2050 4,4'-DDT 0.01 UG/L J 0.001 0.001 0.0022 0.00022 0.00022 Y
Lyman Mill surface water LPX-SD-2052 4,4'-DDT 0.1 UG/L U 0.001 0.001 0.0022 0.00022 0.00022 NA
Lyman Mill surface water LPX-SD-2053 4,4'-DDT 0.1 UG/L U 0.001 0.001 0.0022 0.00022 0.00022 NA
Lyman Mill surface water LPX-SD-2049 4,4'-DDT 0.1 UG/L U 0.001 0.001 0.0022 0.00022 0.00022 NA
Lyman Mill surface water LPX-SD-2045 4,4'-DDT 0.1 UG/L U 0.001 0.001 0.0022 0.00022 0.00022 NA
Lyman Mill surface water LPX-SD-2046 4,4'-DDT 0.1 UG/L UJ 0.001 0.001 0.0022 0.00022 0.00022 NA
Lyman Mill surface water LPX-SD-2047 4,4'-DDT 0.1 UG/L U 0.001 0.001 0.0022 0.00022 0.00022 NA
Lyman Mill surface water LPX-SD-2045 4,4'-DDT 0.1 UG/L U 0.001 0.001 0.0022 0.00022 0.00022 NA
Lyman Mill surface water WRL-SD-2043 4,4'-DDT 0.1 UG/L U 0.001 0.001 0.0022 0.00022 0.00022 NA
Lyman Mill surface water LPX-SD-2048 4,4'-DDT 0.1 UG/L U 0.001 0.001 0.0022 0.00022 0.00022 NA
Lyman Mill surface water LPX-SD-2051 4,4'-DDT 0.1 UG/L U 0.001 0.001 0.0022 0.00022 0.00022 NA
Lyman Mill surface water WRL-SD-2044 4,4'-DDT 0.1 UG/L U 0.001 0.001 0.0022 0.00022 0.00022 NA
Assaumpsett surface water RAB-SD-3004 4,4'-DDT 0.1 UG/L U 0.001 0.001 0.0022 0.00022 0.00022 NA
Upstream surface water RCC-SD-3001 4,4'-DDT 0.1 UG/L U 0.001 0.001 0.0022 0.00022 0.00022 NA
Upstream surface water RCC-SD-3002 4,4'-DDT 0.1 UG/L U 0.001 0.001 0.0022 0.00022 0.00022 NA
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Upstream surface water RCC-SD-3003 4,4'-DDT 0.1 UG/L U 0.001 0.001 0.0022 0.00022 0.00022 NA
Allendale surface water WRC-SW-4001 4,4'-DDT 0.00194 UG/L U 0.001 0.001 0.0022 0.00022 0.00022 NA
Allendale surface water WRC-SW-4002 4,4'-DDT 0.00192 UG/L U 0.001 0.001 0.0022 0.00022 0.00022 NA
Allendale surface water WRC-SW-4003 4,4'-DDT 0.00369 UG/L U 0.001 0.001 0.0022 0.00022 0.00022 NA
Allendale surface water WRC-SW-4003 4,4'-DDT 0.00369 UG/L U 0.001 0.001 0.0022 0.00022 0.00022 NA
Allendale surface water WRC-SW-4004 4,4'-DDT 0.00185 UG/L U 0.001 0.001 0.0022 0.00022 0.00022 NA
Assaumpsett surface water RAB-SW-5004 4,4'-DDT 0.0019 UG/L U 0.001 0.001 0.0022 0.00022 0.00022 NA
Upstream surface water RWR-SW-5001 4,4'-DDT 0.00185 UG/L U 0.001 0.001 0.0022 0.00022 0.00022 NA
Upstream surface water RWR-SW-5002 4,4'-DDT 0.0019 UG/L U 0.001 0.001 0.0022 0.00022 0.00022 NA
Lyman Mill surface water WRL-SW-4005 4,4'-DDT 0.00189 UG/L U 0.001 0.001 0.0022 0.00022 0.00022 NA
Lyman Mill surface water WRL-SW-4004 4,4'-DDT 0.00195 UG/L U 0.001 0.001 0.0022 0.00022 0.00022 NA
Lyman Mill surface water WRL-SW-4005 4,4'-DDT 0.00203 UG/L U 0.001 0.001 0.0022 0.00022 0.00022 NA
Lyman Mill surface water WRL-SD-2040 4,4'-DDE 0.1 UG/L U nc nc 0.0022 0.00022 0.00022 NA
Lyman Mill surface water WRL-SD-2039 4,4'-DDE 0.1 UG/L U nc nc 0.0022 0.00022 0.00022 NA
Lyman Mill surface water WRL-SD-2040 4,4'-DDE 0.1 UG/L U nc nc 0.0022 0.00022 0.00022 NA
Lyman Mill surface water WRL-SD-2041 4,4'-DDE 0.1 UG/L U nc nc 0.0022 0.00022 0.00022 NA
Source Area surface water CMW-SD-2016 4,4'-DDE 0.1 UG/L U nc nc 0.0022 0.00022 0.00022 NA
Source Area surface water CMW-SD-2019 4,4'-DDE 0.1 UG/L U nc nc 0.0022 0.00022 0.00022 NA
Source Area surface water CMW-SD-2020 4,4'-DDE 0.1 UG/L U nc nc 0.0022 0.00022 0.00022 NA
Source Area surface water CMW-SD-2021 4,4'-DDE 0.1 UG/L U nc nc 0.0022 0.00022 0.00022 NA
Allendale surface water CMW-SD-2023 4,4'-DDE 0.1 UG/L U nc nc 0.0022 0.00022 0.00022 NA
Source Area surface water CMW-SD-2022 4,4'-DDE 0.1 UG/L U nc nc 0.0022 0.00022 0.00022 NA
Allendale surface water CMW-SD-2023 4,4'-DDE 0.1 UG/L U nc nc 0.0022 0.00022 0.00022 NA
Allendale surface water CMW-SD-2024 4,4'-DDE 0.1 UG/L U nc nc 0.0022 0.00022 0.00022 NA
Allendale surface water CMW-SD-2025 4,4'-DDE 0.1 UG/L U nc nc 0.0022 0.00022 0.00022 NA
Allendale surface water APB-SD-2029 4,4'-DDE 0.1 UG/L U nc nc 0.0022 0.00022 0.00022 NA
Source Area surface water WRC-SD-2009 4,4'-DDE 0.1 UG/L U nc nc 0.0022 0.00022 0.00022 NA
Source Area surface water WRC-SD-2013 4,4'-DDE 0.1 UG/L U nc nc 0.0022 0.00022 0.00022 NA
Allendale surface water WRC-SD-2014 4,4'-DDE 0.1 UG/L U nc nc 0.0022 0.00022 0.00022 NA
Allendale surface water WRC-SD-2015 4,4'-DDE 0.1 UG/L U nc nc 0.0022 0.00022 0.00022 NA
Source Area surface water WRC-SD-2010 4,4'-DDE 0.1 UG/L U nc nc 0.0022 0.00022 0.00022 NA
Source Area surface water WRC-SD-2011 4,4'-DDE 0.1 UG/L U nc nc 0.0022 0.00022 0.00022 NA
Source Area surface water WRC-SD-2012 4,4'-DDE 0.1 UG/L U nc nc 0.0022 0.00022 0.00022 NA
Lyman Mill surface water WRL-SD-2042 4,4'-DDE 0.0043 UG/L J nc nc 0.0022 0.00022 0.00022 Y
Allendale surface water APB-SD-2034 4,4'-DDE 0.1 UG/L U nc nc 0.0022 0.00022 0.00022 NA
Allendale surface water APC-SD-2036 4,4'-DDE 0.1 UG/L U nc nc 0.0022 0.00022 0.00022 NA
Allendale surface water APC-SD-2035 4,4'-DDE 0.1 UG/L U nc nc 0.0022 0.00022 0.00022 NA
Allendale surface water APC-SD-2036 4,4'-DDE 0.1 UG/L U nc nc 0.0022 0.00022 0.00022 NA
Lyman Mill surface water LPX-SD-2050 4,4'-DDE 0.1 UG/L U nc nc 0.0022 0.00022 0.00022 NA
Lyman Mill surface water LPX-SD-2052 4,4'-DDE 0.1 UG/L U nc nc 0.0022 0.00022 0.00022 NA
Lyman Mill surface water LPX-SD-2053 4,4'-DDE 0.1 UG/L U nc nc 0.0022 0.00022 0.00022 NA
Lyman Mill surface water LPX-SD-2049 4,4'-DDE 0.1 UG/L U nc nc 0.0022 0.00022 0.00022 NA
Lyman Mill surface water LPX-SD-2045 4,4'-DDE 0.1 UG/L U nc nc 0.0022 0.00022 0.00022 NA
Lyman Mill surface water LPX-SD-2046 4,4'-DDE 0.1 UG/L UJ nc nc 0.0022 0.00022 0.00022 NA
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1
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ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Lyman Mill surface water LPX-SD-2047 4,4'-DDE 0.1 UG/L U nc nc 0.0022 0.00022 0.00022 NA
Lyman Mill surface water LPX-SD-2045 4,4'-DDE 0.1 UG/L U nc nc 0.0022 0.00022 0.00022 NA
Lyman Mill surface water WRL-SD-2043 4,4'-DDE 0.1 UG/L U nc nc 0.0022 0.00022 0.00022 NA
Lyman Mill surface water LPX-SD-2048 4,4'-DDE 0.1 UG/L U nc nc 0.0022 0.00022 0.00022 NA
Lyman Mill surface water LPX-SD-2051 4,4'-DDE 0.1 UG/L U nc nc 0.0022 0.00022 0.00022 NA
Lyman Mill surface water WRL-SD-2044 4,4'-DDE 0.1 UG/L U nc nc 0.0022 0.00022 0.00022 NA
Assaumpsett surface water RAB-SD-3004 4,4'-DDE 0.1 UG/L U nc nc 0.0022 0.00022 0.00022 NA
Upstream surface water RCC-SD-3001 4,4'-DDE 0.1 UG/L U nc nc 0.0022 0.00022 0.00022 NA
Upstream surface water RCC-SD-3002 4,4'-DDE 0.1 UG/L U nc nc 0.0022 0.00022 0.00022 NA
Upstream surface water RCC-SD-3003 4,4'-DDE 0.1 UG/L U nc nc 0.0022 0.00022 0.00022 NA
Allendale surface water WRC-SW-4001 4,4'-DDE 0.00194 UG/L U nc nc 0.0022 0.00022 0.00022 NA
Allendale surface water WRC-SW-4002 4,4'-DDE 0.00192 UG/L U nc nc 0.0022 0.00022 0.00022 NA
Allendale surface water WRC-SW-4003 4,4'-DDE 0.00369 UG/L U nc nc 0.0022 0.00022 0.00022 NA
Allendale surface water WRC-SW-4003 4,4'-DDE 0.00369 UG/L U nc nc 0.0022 0.00022 0.00022 NA
Allendale surface water WRC-SW-4004 4,4'-DDE 0.00185 UG/L U nc nc 0.0022 0.00022 0.00022 NA
Assaumpsett surface water RAB-SW-5004 4,4'-DDE 0.0019 UG/L U nc nc 0.0022 0.00022 0.00022 NA
Upstream surface water RWR-SW-5001 4,4'-DDE 0.00185 UG/L U nc nc 0.0022 0.00022 0.00022 NA
Upstream surface water RWR-SW-5002 4,4'-DDE 0.0019 UG/L U nc nc 0.0022 0.00022 0.00022 NA
Lyman Mill surface water WRL-SW-4005 4,4'-DDE 0.00189 UG/L U nc nc 0.0022 0.00022 0.00022 NA
Lyman Mill surface water WRL-SW-4004 4,4'-DDE 0.00195 UG/L U nc nc 0.0022 0.00022 0.00022 NA
Lyman Mill surface water WRL-SW-4005 4,4'-DDE 0.00203 UG/L U nc nc 0.0022 0.00022 0.00022 NA
Lyman Mill surface water WRL-SD-2040 4,4'-DDD 0.1 UG/L U nc nc 0.0031 0.00031 0.00031 NA
Lyman Mill surface water WRL-SD-2039 4,4'-DDD 0.1 UG/L U nc nc 0.0031 0.00031 0.00031 NA
Lyman Mill surface water WRL-SD-2040 4,4'-DDD 0.1 UG/L U nc nc 0.0031 0.00031 0.00031 NA
Lyman Mill surface water WRL-SD-2041 4,4'-DDD 0.1 UG/L U nc nc 0.0031 0.00031 0.00031 NA
Source Area surface water CMW-SD-2016 4,4'-DDD 0.1 UG/L U nc nc 0.0031 0.00031 0.00031 NA
Source Area surface water CMW-SD-2019 4,4'-DDD 0.1 UG/L U nc nc 0.0031 0.00031 0.00031 NA
Source Area surface water CMW-SD-2020 4,4'-DDD 0.1 UG/L U nc nc 0.0031 0.00031 0.00031 NA
Source Area surface water CMW-SD-2021 4,4'-DDD 0.1 UG/L U nc nc 0.0031 0.00031 0.00031 NA
Allendale surface water CMW-SD-2023 4,4'-DDD 0.1 UG/L U nc nc 0.0031 0.00031 0.00031 NA
Source Area surface water CMW-SD-2022 4,4'-DDD 0.1 UG/L U nc nc 0.0031 0.00031 0.00031 NA
Allendale surface water CMW-SD-2023 4,4'-DDD 0.1 UG/L U nc nc 0.0031 0.00031 0.00031 NA
Allendale surface water CMW-SD-2024 4,4'-DDD 0.1 UG/L U nc nc 0.0031 0.00031 0.00031 NA
Allendale surface water CMW-SD-2025 4,4'-DDD 0.1 UG/L U nc nc 0.0031 0.00031 0.00031 NA
Allendale surface water APB-SD-2029 4,4'-DDD 0.1 UG/L U nc nc 0.0031 0.00031 0.00031 NA
Source Area surface water WRC-SD-2009 4,4'-DDD 0.1 UG/L U nc nc 0.0031 0.00031 0.00031 NA
Source Area surface water WRC-SD-2013 4,4'-DDD 0.1 UG/L U nc nc 0.0031 0.00031 0.00031 NA
Allendale surface water WRC-SD-2014 4,4'-DDD 0.1 UG/L U nc nc 0.0031 0.00031 0.00031 NA
Allendale surface water WRC-SD-2015 4,4'-DDD 0.1 UG/L U nc nc 0.0031 0.00031 0.00031 NA
Source Area surface water WRC-SD-2010 4,4'-DDD 0.1 UG/L U nc nc 0.0031 0.00031 0.00031 NA
Source Area surface water WRC-SD-2011 4,4'-DDD 0.1 UG/L U nc nc 0.0031 0.00031 0.00031 NA
Source Area surface water WRC-SD-2012 4,4'-DDD 0.1 UG/L U nc nc 0.0031 0.00031 0.00031 NA
Lyman Mill surface water WRL-SD-2042 4,4'-DDD 0.1 UG/L UJ nc nc 0.0031 0.00031 0.00031 NA
Allendale surface water APB-SD-2034 4,4'-DDD 0.1 UG/L U nc nc 0.0031 0.00031 0.00031 NA
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1
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Rhode 
Island Federal 1
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(UG/L) 2
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Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Allendale surface water APC-SD-2036 4,4'-DDD 0.1 UG/L U nc nc 0.0031 0.00031 0.00031 NA
Allendale surface water APC-SD-2035 4,4'-DDD 0.1 UG/L U nc nc 0.0031 0.00031 0.00031 NA
Allendale surface water APC-SD-2036 4,4'-DDD 0.1 UG/L U nc nc 0.0031 0.00031 0.00031 NA
Lyman Mill surface water LPX-SD-2050 4,4'-DDD 0.1 UG/L U nc nc 0.0031 0.00031 0.00031 NA
Lyman Mill surface water LPX-SD-2052 4,4'-DDD 0.1 UG/L U nc nc 0.0031 0.00031 0.00031 NA
Lyman Mill surface water LPX-SD-2053 4,4'-DDD 0.1 UG/L U nc nc 0.0031 0.00031 0.00031 NA
Lyman Mill surface water LPX-SD-2049 4,4'-DDD 0.1 UG/L U nc nc 0.0031 0.00031 0.00031 NA
Lyman Mill surface water LPX-SD-2045 4,4'-DDD 0.1 UG/L U nc nc 0.0031 0.00031 0.00031 NA
Lyman Mill surface water LPX-SD-2046 4,4'-DDD 0.1 UG/L UJ nc nc 0.0031 0.00031 0.00031 NA
Lyman Mill surface water LPX-SD-2047 4,4'-DDD 0.1 UG/L U nc nc 0.0031 0.00031 0.00031 NA
Lyman Mill surface water LPX-SD-2045 4,4'-DDD 0.1 UG/L U nc nc 0.0031 0.00031 0.00031 NA
Lyman Mill surface water WRL-SD-2043 4,4'-DDD 0.1 UG/L U nc nc 0.0031 0.00031 0.00031 NA
Lyman Mill surface water LPX-SD-2048 4,4'-DDD 0.1 UG/L U nc nc 0.0031 0.00031 0.00031 NA
Lyman Mill surface water LPX-SD-2051 4,4'-DDD 0.1 UG/L U nc nc 0.0031 0.00031 0.00031 NA
Lyman Mill surface water WRL-SD-2044 4,4'-DDD 0.1 UG/L U nc nc 0.0031 0.00031 0.00031 NA
Assaumpsett surface water RAB-SD-3004 4,4'-DDD 0.1 UG/L U nc nc 0.0031 0.00031 0.00031 NA
Upstream surface water RCC-SD-3001 4,4'-DDD 0.1 UG/L U nc nc 0.0031 0.00031 0.00031 NA
Upstream surface water RCC-SD-3002 4,4'-DDD 0.1 UG/L U nc nc 0.0031 0.00031 0.00031 NA
Upstream surface water RCC-SD-3003 4,4'-DDD 0.1 UG/L U nc nc 0.0031 0.00031 0.00031 NA
Allendale surface water WRC-SW-4001 4,4'-DDD 0.00194 UG/L U nc nc 0.0031 0.00031 0.00031 NA
Allendale surface water WRC-SW-4002 4,4'-DDD 0.00192 UG/L U nc nc 0.0031 0.00031 0.00031 NA
Allendale surface water WRC-SW-4003 4,4'-DDD 0.00369 UG/L U nc nc 0.0031 0.00031 0.00031 NA
Allendale surface water WRC-SW-4003 4,4'-DDD 0.00369 UG/L U nc nc 0.0031 0.00031 0.00031 NA
Allendale surface water WRC-SW-4004 4,4'-DDD 0.00185 UG/L U nc nc 0.0031 0.00031 0.00031 NA
Assaumpsett surface water RAB-SW-5004 4,4'-DDD 0.0019 UG/L U nc nc 0.0031 0.00031 0.00031 NA
Upstream surface water RWR-SW-5001 4,4'-DDD 0.00185 UG/L U nc nc 0.0031 0.00031 0.00031 NA
Upstream surface water RWR-SW-5002 4,4'-DDD 0.0019 UG/L U nc nc 0.0031 0.00031 0.00031 NA
Lyman Mill surface water WRL-SW-4005 4,4'-DDD 0.00189 UG/L U nc nc 0.0031 0.00031 0.00031 NA
Lyman Mill surface water WRL-SW-4004 4,4'-DDD 0.00195 UG/L U nc nc 0.0031 0.00031 0.00031 NA
Lyman Mill surface water WRL-SW-4005 4,4'-DDD 0.00203 UG/L U nc nc 0.0031 0.00031 0.00031 NA
Lyman Mill surface water WRL-SD-2040 Dieldrin 0.1 UG/L U 0.056 0.056 0.00052 0.000052 0.000052 NA
Lyman Mill surface water WRL-SD-2039 Dieldrin 0.1 UG/L U 0.056 0.056 0.00052 0.000052 0.000052 NA
Lyman Mill surface water WRL-SD-2040 Dieldrin 0.1 UG/L U 0.056 0.056 0.00052 0.000052 0.000052 NA
Lyman Mill surface water WRL-SD-2041 Dieldrin 0.1 UG/L U 0.056 0.056 0.00052 0.000052 0.000052 NA
Source Area surface water CMW-SD-2016 Dieldrin 0.1 UG/L U 0.056 0.056 0.00052 0.000052 0.000052 NA
Source Area surface water CMW-SD-2019 Dieldrin 0.1 UG/L U 0.056 0.056 0.00052 0.000052 0.000052 NA
Source Area surface water CMW-SD-2020 Dieldrin 0.1 UG/L U 0.056 0.056 0.00052 0.000052 0.000052 NA
Source Area surface water CMW-SD-2021 Dieldrin 0.1 UG/L U 0.056 0.056 0.00052 0.000052 0.000052 NA
Allendale surface water CMW-SD-2023 Dieldrin 0.1 UG/L U 0.056 0.056 0.00052 0.000052 0.000052 NA
Source Area surface water CMW-SD-2022 Dieldrin 0.1 UG/L U 0.056 0.056 0.00052 0.000052 0.000052 NA
Allendale surface water CMW-SD-2023 Dieldrin 0.1 UG/L U 0.056 0.056 0.00052 0.000052 0.000052 NA
Allendale surface water CMW-SD-2024 Dieldrin 0.1 UG/L U 0.056 0.056 0.00052 0.000052 0.000052 NA
Allendale surface water CMW-SD-2025 Dieldrin 0.1 UG/L U 0.056 0.056 0.00052 0.000052 0.000052 NA
Allendale surface water APB-SD-2029 Dieldrin 0.1 UG/L U 0.056 0.056 0.00052 0.000052 0.000052 NA


Interim Final CMRP Feasibility Study Report
Appendix F F-223 April 2010







Appendix F
Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Source Area surface water WRC-SD-2009 Dieldrin 0.1 UG/L U 0.056 0.056 0.00052 0.000052 0.000052 NA
Source Area surface water WRC-SD-2013 Dieldrin 0.1 UG/L U 0.056 0.056 0.00052 0.000052 0.000052 NA
Allendale surface water WRC-SD-2014 Dieldrin 0.1 UG/L U 0.056 0.056 0.00052 0.000052 0.000052 NA
Allendale surface water WRC-SD-2015 Dieldrin 0.1 UG/L U 0.056 0.056 0.00052 0.000052 0.000052 NA
Source Area surface water WRC-SD-2010 Dieldrin 0.1 UG/L U 0.056 0.056 0.00052 0.000052 0.000052 NA
Source Area surface water WRC-SD-2011 Dieldrin 0.1 UG/L U 0.056 0.056 0.00052 0.000052 0.000052 NA
Source Area surface water WRC-SD-2012 Dieldrin 0.1 UG/L U 0.056 0.056 0.00052 0.000052 0.000052 NA
Lyman Mill surface water WRL-SD-2042 Dieldrin 0.1 UG/L UJ 0.056 0.056 0.00052 0.000052 0.000052 NA
Allendale surface water APB-SD-2034 Dieldrin 0.1 UG/L U 0.056 0.056 0.00052 0.000052 0.000052 NA
Allendale surface water APC-SD-2036 Dieldrin 0.1 UG/L U 0.056 0.056 0.00052 0.000052 0.000052 NA
Allendale surface water APC-SD-2035 Dieldrin 0.1 UG/L U 0.056 0.056 0.00052 0.000052 0.000052 NA
Allendale surface water APC-SD-2036 Dieldrin 0.1 UG/L U 0.056 0.056 0.00052 0.000052 0.000052 NA
Lyman Mill surface water LPX-SD-2050 Dieldrin 0.1 UG/L U 0.056 0.056 0.00052 0.000052 0.000052 NA
Lyman Mill surface water LPX-SD-2052 Dieldrin 0.1 UG/L U 0.056 0.056 0.00052 0.000052 0.000052 NA
Lyman Mill surface water LPX-SD-2053 Dieldrin 0.1 UG/L U 0.056 0.056 0.00052 0.000052 0.000052 NA
Lyman Mill surface water LPX-SD-2049 Dieldrin 0.1 UG/L U 0.056 0.056 0.00052 0.000052 0.000052 NA
Lyman Mill surface water LPX-SD-2045 Dieldrin 0.1 UG/L U 0.056 0.056 0.00052 0.000052 0.000052 NA
Lyman Mill surface water LPX-SD-2046 Dieldrin 0.1 UG/L UJ 0.056 0.056 0.00052 0.000052 0.000052 NA
Lyman Mill surface water LPX-SD-2047 Dieldrin 0.1 UG/L U 0.056 0.056 0.00052 0.000052 0.000052 NA
Lyman Mill surface water LPX-SD-2045 Dieldrin 0.1 UG/L U 0.056 0.056 0.00052 0.000052 0.000052 NA
Lyman Mill surface water WRL-SD-2043 Dieldrin 0.1 UG/L U 0.056 0.056 0.00052 0.000052 0.000052 NA
Lyman Mill surface water LPX-SD-2048 Dieldrin 0.1 UG/L U 0.056 0.056 0.00052 0.000052 0.000052 NA
Lyman Mill surface water LPX-SD-2051 Dieldrin 0.1 UG/L U 0.056 0.056 0.00052 0.000052 0.000052 NA
Lyman Mill surface water WRL-SD-2044 Dieldrin 0.1 UG/L U 0.056 0.056 0.00052 0.000052 0.000052 NA
Assaumpsett surface water RAB-SD-3004 Dieldrin 0.1 UG/L U 0.056 0.056 0.00052 0.000052 0.000052 NA
Upstream surface water RCC-SD-3001 Dieldrin 0.1 UG/L U 0.056 0.056 0.00052 0.000052 0.000052 NA
Upstream surface water RCC-SD-3002 Dieldrin 0.1 UG/L U 0.056 0.056 0.00052 0.000052 0.000052 NA
Upstream surface water RCC-SD-3003 Dieldrin 0.1 UG/L U 0.056 0.056 0.00052 0.000052 0.000052 NA
Allendale surface water WRC-SW-4001 Dieldrin 0.00194 UG/L U 0.056 0.056 0.00052 0.000052 0.000052 NA
Allendale surface water WRC-SW-4002 Dieldrin 0.00192 UG/L U 0.056 0.056 0.00052 0.000052 0.000052 NA
Allendale surface water WRC-SW-4003 Dieldrin 0.00369 UG/L U 0.056 0.056 0.00052 0.000052 0.000052 NA
Allendale surface water WRC-SW-4003 Dieldrin 0.00369 UG/L U 0.056 0.056 0.00052 0.000052 0.000052 NA
Allendale surface water WRC-SW-4004 Dieldrin 0.00185 UG/L U 0.056 0.056 0.00052 0.000052 0.000052 NA
Assaumpsett surface water RAB-SW-5004 Dieldrin 0.0019 UG/L U 0.056 0.056 0.00052 0.000052 0.000052 NA
Upstream surface water RWR-SW-5001 Dieldrin 0.00185 UG/L U 0.056 0.056 0.00052 0.000052 0.000052 NA
Upstream surface water RWR-SW-5002 Dieldrin 0.0019 UG/L U 0.056 0.056 0.00052 0.000052 0.000052 NA
Lyman Mill surface water WRL-SW-4005 Dieldrin 0.00189 UG/L U 0.056 0.056 0.00052 0.000052 0.000052 NA
Lyman Mill surface water WRL-SW-4004 Dieldrin 0.00195 UG/L U 0.056 0.056 0.00052 0.000052 0.000052 NA
Lyman Mill surface water WRL-SW-4005 Dieldrin 0.00203 UG/L U 0.056 0.056 0.00052 0.000052 0.000052 NA
Lyman Mill surface water WRL-SD-2040 Endosulfan I 0.05 UG/L U 0.056 0.056 62 62 0.056 NA
Lyman Mill surface water WRL-SD-2039 Endosulfan I 0.05 UG/L U 0.056 0.056 62 62 0.056 NA
Lyman Mill surface water WRL-SD-2040 Endosulfan I 0.05 UG/L U 0.056 0.056 62 62 0.056 NA
Lyman Mill surface water WRL-SD-2041 Endosulfan I 0.05 UG/L U 0.056 0.056 62 62 0.056 NA
Source Area surface water CMW-SD-2016 Endosulfan I 0.05 UG/L U 0.056 0.056 62 62 0.056 NA
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Source Area surface water CMW-SD-2019 Endosulfan I 0.05 UG/L U 0.056 0.056 62 62 0.056 NA
Source Area surface water CMW-SD-2020 Endosulfan I 0.05 UG/L U 0.056 0.056 62 62 0.056 NA
Source Area surface water CMW-SD-2021 Endosulfan I 0.05 UG/L U 0.056 0.056 62 62 0.056 NA
Allendale surface water CMW-SD-2023 Endosulfan I 0.05 UG/L U 0.056 0.056 62 62 0.056 NA
Source Area surface water CMW-SD-2022 Endosulfan I 0.05 UG/L U 0.056 0.056 62 62 0.056 NA
Allendale surface water CMW-SD-2023 Endosulfan I 0.05 UG/L U 0.056 0.056 62 62 0.056 NA
Allendale surface water CMW-SD-2024 Endosulfan I 0.05 UG/L U 0.056 0.056 62 62 0.056 NA
Allendale surface water CMW-SD-2025 Endosulfan I 0.05 UG/L U 0.056 0.056 62 62 0.056 NA
Allendale surface water APB-SD-2029 Endosulfan I 0.05 UG/L U 0.056 0.056 62 62 0.056 NA
Source Area surface water WRC-SD-2009 Endosulfan I 0.05 UG/L U 0.056 0.056 62 62 0.056 NA
Source Area surface water WRC-SD-2013 Endosulfan I 0.05 UG/L U 0.056 0.056 62 62 0.056 NA
Allendale surface water WRC-SD-2014 Endosulfan I 0.05 UG/L U 0.056 0.056 62 62 0.056 NA
Allendale surface water WRC-SD-2015 Endosulfan I 0.05 UG/L U 0.056 0.056 62 62 0.056 NA
Source Area surface water WRC-SD-2010 Endosulfan I 0.05 UG/L U 0.056 0.056 62 62 0.056 NA
Source Area surface water WRC-SD-2011 Endosulfan I 0.05 UG/L U 0.056 0.056 62 62 0.056 NA
Source Area surface water WRC-SD-2012 Endosulfan I 0.05 UG/L U 0.056 0.056 62 62 0.056 NA
Lyman Mill surface water WRL-SD-2042 Endosulfan I 0.05 UG/L UJ 0.056 0.056 62 62 0.056 NA
Allendale surface water APB-SD-2034 Endosulfan I 0.05 UG/L U 0.056 0.056 62 62 0.056 NA
Allendale surface water APC-SD-2036 Endosulfan I 0.05 UG/L U 0.056 0.056 62 62 0.056 NA
Allendale surface water APC-SD-2035 Endosulfan I 0.05 UG/L U 0.056 0.056 62 62 0.056 NA
Allendale surface water APC-SD-2036 Endosulfan I 0.05 UG/L U 0.056 0.056 62 62 0.056 NA
Lyman Mill surface water LPX-SD-2050 Endosulfan I 0.05 UG/L U 0.056 0.056 62 62 0.056 NA
Lyman Mill surface water LPX-SD-2052 Endosulfan I 0.05 UG/L U 0.056 0.056 62 62 0.056 NA
Lyman Mill surface water LPX-SD-2053 Endosulfan I 0.05 UG/L U 0.056 0.056 62 62 0.056 NA
Lyman Mill surface water LPX-SD-2049 Endosulfan I 0.05 UG/L U 0.056 0.056 62 62 0.056 NA
Lyman Mill surface water LPX-SD-2045 Endosulfan I 0.05 UG/L U 0.056 0.056 62 62 0.056 NA
Lyman Mill surface water LPX-SD-2046 Endosulfan I 0.05 UG/L UJ 0.056 0.056 62 62 0.056 NA
Lyman Mill surface water LPX-SD-2047 Endosulfan I 0.05 UG/L U 0.056 0.056 62 62 0.056 NA
Lyman Mill surface water LPX-SD-2045 Endosulfan I 0.05 UG/L U 0.056 0.056 62 62 0.056 NA
Lyman Mill surface water WRL-SD-2043 Endosulfan I 0.05 UG/L U 0.056 0.056 62 62 0.056 NA
Lyman Mill surface water LPX-SD-2048 Endosulfan I 0.05 UG/L U 0.056 0.056 62 62 0.056 NA
Lyman Mill surface water LPX-SD-2051 Endosulfan I 0.05 UG/L U 0.056 0.056 62 62 0.056 NA
Lyman Mill surface water WRL-SD-2044 Endosulfan I 0.05 UG/L U 0.056 0.056 62 62 0.056 NA
Assaumpsett surface water RAB-SD-3004 Endosulfan I 0.05 UG/L U 0.056 0.056 62 62 0.056 NA
Upstream surface water RCC-SD-3001 Endosulfan I 0.05 UG/L U 0.056 0.056 62 62 0.056 NA
Upstream surface water RCC-SD-3002 Endosulfan I 0.05 UG/L U 0.056 0.056 62 62 0.056 NA
Upstream surface water RCC-SD-3003 Endosulfan I 0.05 UG/L U 0.056 0.056 62 62 0.056 NA
Allendale surface water WRC-SW-4001 Endosulfan I 0.00194 UG/L U 0.056 0.056 62 62 0.056 NA
Allendale surface water WRC-SW-4002 Endosulfan I 0.00192 UG/L U 0.056 0.056 62 62 0.056 NA
Allendale surface water WRC-SW-4003 Endosulfan I 0.00369 UG/L U 0.056 0.056 62 62 0.056 NA
Allendale surface water WRC-SW-4003 Endosulfan I 0.00369 UG/L U 0.056 0.056 62 62 0.056 NA
Allendale surface water WRC-SW-4004 Endosulfan I 0.00185 UG/L U 0.056 0.056 62 62 0.056 NA
Assaumpsett surface water RAB-SW-5004 Endosulfan I 0.0019 UG/L UJ 0.056 0.056 62 62 0.056 NA
Upstream surface water RWR-SW-5001 Endosulfan I 0.00185 UG/L UJ 0.056 0.056 62 62 0.056 NA
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Upstream surface water RWR-SW-5002 Endosulfan I 0.0019 UG/L UJ 0.056 0.056 62 62 0.056 NA
Lyman Mill surface water WRL-SW-4005 Endosulfan I 0.00189 UG/L UJ 0.056 0.056 62 62 0.056 NA
Lyman Mill surface water WRL-SW-4004 Endosulfan I 0.00195 UG/L UJ 0.056 0.056 62 62 0.056 NA
Lyman Mill surface water WRL-SW-4005 Endosulfan I 0.00203 UG/L UJ 0.056 0.056 62 62 0.056 NA
Lyman Mill surface water WRL-SD-2040 Endosulfan II 0.1 UG/L U 0.056 0.056 62 62 0.056 NA
Lyman Mill surface water WRL-SD-2039 Endosulfan II 0.1 UG/L U 0.056 0.056 62 62 0.056 NA
Lyman Mill surface water WRL-SD-2040 Endosulfan II 0.1 UG/L U 0.056 0.056 62 62 0.056 NA
Lyman Mill surface water WRL-SD-2041 Endosulfan II 0.1 UG/L U 0.056 0.056 62 62 0.056 NA
Source Area surface water CMW-SD-2016 Endosulfan II 0.1 UG/L U 0.056 0.056 62 62 0.056 NA
Source Area surface water CMW-SD-2019 Endosulfan II 0.1 UG/L U 0.056 0.056 62 62 0.056 NA
Source Area surface water CMW-SD-2020 Endosulfan II 0.1 UG/L U 0.056 0.056 62 62 0.056 NA
Source Area surface water CMW-SD-2021 Endosulfan II 0.1 UG/L U 0.056 0.056 62 62 0.056 NA
Allendale surface water CMW-SD-2023 Endosulfan II 0.1 UG/L U 0.056 0.056 62 62 0.056 NA
Source Area surface water CMW-SD-2022 Endosulfan II 0.1 UG/L U 0.056 0.056 62 62 0.056 NA
Allendale surface water CMW-SD-2023 Endosulfan II 0.1 UG/L U 0.056 0.056 62 62 0.056 NA
Allendale surface water CMW-SD-2024 Endosulfan II 0.1 UG/L U 0.056 0.056 62 62 0.056 NA
Allendale surface water CMW-SD-2025 Endosulfan II 0.1 UG/L U 0.056 0.056 62 62 0.056 NA
Allendale surface water APB-SD-2029 Endosulfan II 0.1 UG/L U 0.056 0.056 62 62 0.056 NA
Source Area surface water WRC-SD-2009 Endosulfan II 0.1 UG/L U 0.056 0.056 62 62 0.056 NA
Source Area surface water WRC-SD-2013 Endosulfan II 0.1 UG/L U 0.056 0.056 62 62 0.056 NA
Allendale surface water WRC-SD-2014 Endosulfan II 0.1 UG/L U 0.056 0.056 62 62 0.056 NA
Allendale surface water WRC-SD-2015 Endosulfan II 0.1 UG/L U 0.056 0.056 62 62 0.056 NA
Source Area surface water WRC-SD-2010 Endosulfan II 0.1 UG/L U 0.056 0.056 62 62 0.056 NA
Source Area surface water WRC-SD-2011 Endosulfan II 0.1 UG/L U 0.056 0.056 62 62 0.056 NA
Source Area surface water WRC-SD-2012 Endosulfan II 0.1 UG/L U 0.056 0.056 62 62 0.056 NA
Lyman Mill surface water WRL-SD-2042 Endosulfan II 0.1 UG/L UJ 0.056 0.056 62 62 0.056 NA
Allendale surface water APB-SD-2034 Endosulfan II 0.1 UG/L U 0.056 0.056 62 62 0.056 NA
Allendale surface water APC-SD-2036 Endosulfan II 0.1 UG/L U 0.056 0.056 62 62 0.056 NA
Allendale surface water APC-SD-2035 Endosulfan II 0.1 UG/L U 0.056 0.056 62 62 0.056 NA
Allendale surface water APC-SD-2036 Endosulfan II 0.1 UG/L U 0.056 0.056 62 62 0.056 NA
Lyman Mill surface water LPX-SD-2050 Endosulfan II 0.1 UG/L U 0.056 0.056 62 62 0.056 NA
Lyman Mill surface water LPX-SD-2052 Endosulfan II 0.1 UG/L U 0.056 0.056 62 62 0.056 NA
Lyman Mill surface water LPX-SD-2053 Endosulfan II 0.1 UG/L U 0.056 0.056 62 62 0.056 NA
Lyman Mill surface water LPX-SD-2049 Endosulfan II 0.1 UG/L U 0.056 0.056 62 62 0.056 NA
Lyman Mill surface water LPX-SD-2045 Endosulfan II 0.1 UG/L U 0.056 0.056 62 62 0.056 NA
Lyman Mill surface water LPX-SD-2046 Endosulfan II 0.1 UG/L UJ 0.056 0.056 62 62 0.056 NA
Lyman Mill surface water LPX-SD-2047 Endosulfan II 0.1 UG/L U 0.056 0.056 62 62 0.056 NA
Lyman Mill surface water LPX-SD-2045 Endosulfan II 0.1 UG/L U 0.056 0.056 62 62 0.056 NA
Lyman Mill surface water WRL-SD-2043 Endosulfan II 0.1 UG/L U 0.056 0.056 62 62 0.056 NA
Lyman Mill surface water LPX-SD-2048 Endosulfan II 0.1 UG/L U 0.056 0.056 62 62 0.056 NA
Lyman Mill surface water LPX-SD-2051 Endosulfan II 0.1 UG/L U 0.056 0.056 62 62 0.056 NA
Lyman Mill surface water WRL-SD-2044 Endosulfan II 0.1 UG/L U 0.056 0.056 62 62 0.056 NA
Assaumpsett surface water RAB-SD-3004 Endosulfan II 0.1 UG/L U 0.056 0.056 62 62 0.056 NA
Upstream surface water RCC-SD-3001 Endosulfan II 0.1 UG/L U 0.056 0.056 62 62 0.056 NA
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Upstream surface water RCC-SD-3002 Endosulfan II 0.1 UG/L U 0.056 0.056 62 62 0.056 NA
Upstream surface water RCC-SD-3003 Endosulfan II 0.1 UG/L U 0.056 0.056 62 62 0.056 NA
Allendale surface water WRC-SW-4001 Endosulfan II 0.00194 UG/L U 0.056 0.056 62 62 0.056 NA
Allendale surface water WRC-SW-4002 Endosulfan II 0.00192 UG/L U 0.056 0.056 62 62 0.056 NA
Allendale surface water WRC-SW-4003 Endosulfan II 0.00369 UG/L U 0.056 0.056 62 62 0.056 NA
Allendale surface water WRC-SW-4003 Endosulfan II 0.00369 UG/L U 0.056 0.056 62 62 0.056 NA
Allendale surface water WRC-SW-4004 Endosulfan II 0.00185 UG/L U 0.056 0.056 62 62 0.056 NA
Assaumpsett surface water RAB-SW-5004 Endosulfan II 0.0019 UG/L U 0.056 0.056 62 62 0.056 NA
Upstream surface water RWR-SW-5001 Endosulfan II 0.00185 UG/L U 0.056 0.056 62 62 0.056 NA
Upstream surface water RWR-SW-5002 Endosulfan II 0.0019 UG/L U 0.056 0.056 62 62 0.056 NA
Lyman Mill surface water WRL-SW-4005 Endosulfan II 0.00189 UG/L U 0.056 0.056 62 62 0.056 NA
Lyman Mill surface water WRL-SW-4004 Endosulfan II 0.00195 UG/L U 0.056 0.056 62 62 0.056 NA
Lyman Mill surface water WRL-SW-4005 Endosulfan II 0.00203 UG/L U 0.056 0.056 62 62 0.056 NA
Lyman Mill surface water WRL-SD-2040 Endosulfan Sulfate 0.1 UG/L U nc nc 62 62 62 NA
Lyman Mill surface water WRL-SD-2039 Endosulfan Sulfate 0.1 UG/L U nc nc 62 62 62 NA
Lyman Mill surface water WRL-SD-2040 Endosulfan Sulfate 0.1 UG/L U nc nc 62 62 62 NA
Lyman Mill surface water WRL-SD-2041 Endosulfan Sulfate 0.1 UG/L U nc nc 62 62 62 NA
Source Area surface water CMW-SD-2016 Endosulfan Sulfate 0.1 UG/L U nc nc 62 62 62 NA
Source Area surface water CMW-SD-2019 Endosulfan Sulfate 0.49 UG/L nc nc 62 62 62 N
Source Area surface water CMW-SD-2020 Endosulfan Sulfate 0.1 UG/L U nc nc 62 62 62 NA
Source Area surface water CMW-SD-2021 Endosulfan Sulfate 0.1 UG/L U nc nc 62 62 62 NA
Allendale surface water CMW-SD-2023 Endosulfan Sulfate 0.1 UG/L U nc nc 62 62 62 NA
Source Area surface water CMW-SD-2022 Endosulfan Sulfate 0.1 UG/L U nc nc 62 62 62 NA
Allendale surface water CMW-SD-2023 Endosulfan Sulfate 0.1 UG/L U nc nc 62 62 62 NA
Allendale surface water CMW-SD-2024 Endosulfan Sulfate 0.1 UG/L U nc nc 62 62 62 NA
Allendale surface water CMW-SD-2025 Endosulfan Sulfate 0.1 UG/L U nc nc 62 62 62 NA
Allendale surface water APB-SD-2029 Endosulfan Sulfate 0.1 UG/L U nc nc 62 62 62 NA
Source Area surface water WRC-SD-2009 Endosulfan Sulfate 0.1 UG/L U nc nc 62 62 62 NA
Source Area surface water WRC-SD-2013 Endosulfan Sulfate 0.1 UG/L U nc nc 62 62 62 NA
Allendale surface water WRC-SD-2014 Endosulfan Sulfate 0.1 UG/L U nc nc 62 62 62 NA
Allendale surface water WRC-SD-2015 Endosulfan Sulfate 0.1 UG/L U nc nc 62 62 62 NA
Source Area surface water WRC-SD-2010 Endosulfan Sulfate 0.1 UG/L U nc nc 62 62 62 NA
Source Area surface water WRC-SD-2011 Endosulfan Sulfate 0.1 UG/L U nc nc 62 62 62 NA
Source Area surface water WRC-SD-2012 Endosulfan Sulfate 0.1 UG/L U nc nc 62 62 62 NA
Lyman Mill surface water WRL-SD-2042 Endosulfan Sulfate 0.0032 UG/L J nc nc 62 62 62 N
Allendale surface water APB-SD-2034 Endosulfan Sulfate 0.0026 UG/L J nc nc 62 62 62 N
Allendale surface water APC-SD-2036 Endosulfan Sulfate 0.1 UG/L U nc nc 62 62 62 NA
Allendale surface water APC-SD-2035 Endosulfan Sulfate 0.1 UG/L U nc nc 62 62 62 NA
Allendale surface water APC-SD-2036 Endosulfan Sulfate 0.1 UG/L U nc nc 62 62 62 NA
Lyman Mill surface water LPX-SD-2050 Endosulfan Sulfate 0.1 UG/L U nc nc 62 62 62 NA
Lyman Mill surface water LPX-SD-2052 Endosulfan Sulfate 0.1 UG/L U nc nc 62 62 62 NA
Lyman Mill surface water LPX-SD-2053 Endosulfan Sulfate 0.1 UG/L U nc nc 62 62 62 NA
Lyman Mill surface water LPX-SD-2049 Endosulfan Sulfate 0.1 UG/L U nc nc 62 62 62 NA
Lyman Mill surface water LPX-SD-2045 Endosulfan Sulfate 0.1 UG/L U nc nc 62 62 62 NA
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Lyman Mill surface water LPX-SD-2046 Endosulfan Sulfate 0.1 UG/L UJ nc nc 62 62 62 NA
Lyman Mill surface water LPX-SD-2047 Endosulfan Sulfate 0.1 UG/L U nc nc 62 62 62 NA
Lyman Mill surface water LPX-SD-2045 Endosulfan Sulfate 0.1 UG/L U nc nc 62 62 62 NA
Lyman Mill surface water WRL-SD-2043 Endosulfan Sulfate 0.1 UG/L U nc nc 62 62 62 NA
Lyman Mill surface water LPX-SD-2048 Endosulfan Sulfate 0.1 UG/L U nc nc 62 62 62 NA
Lyman Mill surface water LPX-SD-2051 Endosulfan Sulfate 0.1 UG/L U nc nc 62 62 62 NA
Lyman Mill surface water WRL-SD-2044 Endosulfan Sulfate 0.1 UG/L U nc nc 62 62 62 NA
Assaumpsett surface water RAB-SD-3004 Endosulfan Sulfate 0.1 UG/L U nc nc 62 62 62 NA
Upstream surface water RCC-SD-3001 Endosulfan Sulfate 0.1 UG/L U nc nc 62 62 62 NA
Upstream surface water RCC-SD-3002 Endosulfan Sulfate 0.1 UG/L U nc nc 62 62 62 NA
Upstream surface water RCC-SD-3003 Endosulfan Sulfate 0.1 UG/L U nc nc 62 62 62 NA
Allendale surface water WRC-SW-4001 Endosulfan Sulfate 0.00194 UG/L U nc nc 62 62 62 NA
Allendale surface water WRC-SW-4002 Endosulfan Sulfate 0.00121 UG/L J nc nc 62 62 62 N
Allendale surface water WRC-SW-4003 Endosulfan Sulfate 0.00369 UG/L U nc nc 62 62 62 NA
Allendale surface water WRC-SW-4003 Endosulfan Sulfate 0.00369 UG/L U nc nc 62 62 62 NA
Allendale surface water WRC-SW-4004 Endosulfan Sulfate 0.00185 UG/L U nc nc 62 62 62 NA
Assaumpsett surface water RAB-SW-5004 Endosulfan Sulfate 0.0019 UG/L U nc nc 62 62 62 NA
Upstream surface water RWR-SW-5001 Endosulfan Sulfate 0.00185 UG/L U nc nc 62 62 62 NA
Upstream surface water RWR-SW-5002 Endosulfan Sulfate 0.0019 UG/L U nc nc 62 62 62 NA
Lyman Mill surface water WRL-SW-4005 Endosulfan Sulfate 0.00189 UG/L U nc nc 62 62 62 NA
Lyman Mill surface water WRL-SW-4004 Endosulfan Sulfate 0.00195 UG/L U nc nc 62 62 62 NA
Lyman Mill surface water WRL-SW-4005 Endosulfan Sulfate 0.00203 UG/L U nc nc 62 62 62 NA
Lyman Mill surface water WRL-SD-2040 Endrin 0.1 UG/L U 0.036 0.036 0.059 0.059 0.036 NA
Lyman Mill surface water WRL-SD-2039 Endrin 0.1 UG/L U 0.036 0.036 0.059 0.059 0.036 NA
Lyman Mill surface water WRL-SD-2040 Endrin 0.1 UG/L U 0.036 0.036 0.059 0.059 0.036 NA
Lyman Mill surface water WRL-SD-2041 Endrin 0.1 UG/L U 0.036 0.036 0.059 0.059 0.036 NA
Source Area surface water CMW-SD-2016 Endrin 0.1 UG/L U 0.036 0.036 0.059 0.059 0.036 NA
Source Area surface water CMW-SD-2019 Endrin 0.21 UG/L 0.036 0.036 0.059 0.059 0.036 Y
Source Area surface water CMW-SD-2020 Endrin 0.1 UG/L U 0.036 0.036 0.059 0.059 0.036 NA
Source Area surface water CMW-SD-2021 Endrin 0.1 UG/L U 0.036 0.036 0.059 0.059 0.036 NA
Allendale surface water CMW-SD-2023 Endrin 0.1 UG/L U 0.036 0.036 0.059 0.059 0.036 NA
Source Area surface water CMW-SD-2022 Endrin 0.1 UG/L U 0.036 0.036 0.059 0.059 0.036 NA
Allendale surface water CMW-SD-2023 Endrin 0.1 UG/L U 0.036 0.036 0.059 0.059 0.036 NA
Allendale surface water CMW-SD-2024 Endrin 0.1 UG/L U 0.036 0.036 0.059 0.059 0.036 NA
Allendale surface water CMW-SD-2025 Endrin 0.1 UG/L U 0.036 0.036 0.059 0.059 0.036 NA
Allendale surface water APB-SD-2029 Endrin 0.1 UG/L U 0.036 0.036 0.059 0.059 0.036 NA
Source Area surface water WRC-SD-2009 Endrin 0.1 UG/L U 0.036 0.036 0.059 0.059 0.036 NA
Source Area surface water WRC-SD-2013 Endrin 0.1 UG/L U 0.036 0.036 0.059 0.059 0.036 NA
Allendale surface water WRC-SD-2014 Endrin 0.1 UG/L U 0.036 0.036 0.059 0.059 0.036 NA
Allendale surface water WRC-SD-2015 Endrin 0.1 UG/L U 0.036 0.036 0.059 0.059 0.036 NA
Source Area surface water WRC-SD-2010 Endrin 0.1 UG/L U 0.036 0.036 0.059 0.059 0.036 NA
Source Area surface water WRC-SD-2011 Endrin 0.1 UG/L U 0.036 0.036 0.059 0.059 0.036 NA
Source Area surface water WRC-SD-2012 Endrin 0.1 UG/L U 0.036 0.036 0.059 0.059 0.036 NA
Lyman Mill surface water WRL-SD-2042 Endrin 0.1 UG/L UJ 0.036 0.036 0.059 0.059 0.036 NA
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Allendale surface water APB-SD-2034 Endrin 0.1 UG/L U 0.036 0.036 0.059 0.059 0.036 NA
Allendale surface water APC-SD-2036 Endrin 0.1 UG/L U 0.036 0.036 0.059 0.059 0.036 NA
Allendale surface water APC-SD-2035 Endrin 0.1 UG/L U 0.036 0.036 0.059 0.059 0.036 NA
Allendale surface water APC-SD-2036 Endrin 0.1 UG/L U 0.036 0.036 0.059 0.059 0.036 NA
Lyman Mill surface water LPX-SD-2050 Endrin 0.1 UG/L U 0.036 0.036 0.059 0.059 0.036 NA
Lyman Mill surface water LPX-SD-2052 Endrin 0.1 UG/L U 0.036 0.036 0.059 0.059 0.036 NA
Lyman Mill surface water LPX-SD-2053 Endrin 0.1 UG/L U 0.036 0.036 0.059 0.059 0.036 NA
Lyman Mill surface water LPX-SD-2049 Endrin 0.1 UG/L U 0.036 0.036 0.059 0.059 0.036 NA
Lyman Mill surface water LPX-SD-2045 Endrin 0.1 UG/L U 0.036 0.036 0.059 0.059 0.036 NA
Lyman Mill surface water LPX-SD-2046 Endrin 0.1 UG/L UJ 0.036 0.036 0.059 0.059 0.036 NA
Lyman Mill surface water LPX-SD-2047 Endrin 0.1 UG/L U 0.036 0.036 0.059 0.059 0.036 NA
Lyman Mill surface water LPX-SD-2045 Endrin 0.1 UG/L U 0.036 0.036 0.059 0.059 0.036 NA
Lyman Mill surface water WRL-SD-2043 Endrin 0.1 UG/L U 0.036 0.036 0.059 0.059 0.036 NA
Lyman Mill surface water LPX-SD-2048 Endrin 0.1 UG/L U 0.036 0.036 0.059 0.059 0.036 NA
Lyman Mill surface water LPX-SD-2051 Endrin 0.1 UG/L U 0.036 0.036 0.059 0.059 0.036 NA
Lyman Mill surface water WRL-SD-2044 Endrin 0.1 UG/L U 0.036 0.036 0.059 0.059 0.036 NA
Assaumpsett surface water RAB-SD-3004 Endrin 0.1 UG/L U 0.036 0.036 0.059 0.059 0.036 NA
Upstream surface water RCC-SD-3001 Endrin 0.1 UG/L U 0.036 0.036 0.059 0.059 0.036 NA
Upstream surface water RCC-SD-3002 Endrin 0.1 UG/L U 0.036 0.036 0.059 0.059 0.036 NA
Upstream surface water RCC-SD-3003 Endrin 0.1 UG/L U 0.036 0.036 0.059 0.059 0.036 NA
Allendale surface water WRC-SW-4001 Endrin 0.00194 UG/L U 0.036 0.036 0.059 0.059 0.036 NA
Allendale surface water WRC-SW-4002 Endrin 0.00192 UG/L U 0.036 0.036 0.059 0.059 0.036 NA
Allendale surface water WRC-SW-4003 Endrin 0.00369 UG/L U 0.036 0.036 0.059 0.059 0.036 NA
Allendale surface water WRC-SW-4003 Endrin 0.00369 UG/L U 0.036 0.036 0.059 0.059 0.036 NA
Allendale surface water WRC-SW-4004 Endrin 0.00185 UG/L U 0.036 0.036 0.059 0.059 0.036 NA
Assaumpsett surface water RAB-SW-5004 Endrin 0.0019 UG/L U 0.036 0.036 0.059 0.059 0.036 NA
Upstream surface water RWR-SW-5001 Endrin 0.00185 UG/L U 0.036 0.036 0.059 0.059 0.036 NA
Upstream surface water RWR-SW-5002 Endrin 0.0019 UG/L U 0.036 0.036 0.059 0.059 0.036 NA
Lyman Mill surface water WRL-SW-4005 Endrin 0.00189 UG/L U 0.036 0.036 0.059 0.059 0.036 NA
Lyman Mill surface water WRL-SW-4004 Endrin 0.00195 UG/L U 0.036 0.036 0.059 0.059 0.036 NA
Lyman Mill surface water WRL-SW-4005 Endrin 0.00203 UG/L U 0.036 0.036 0.059 0.059 0.036 NA
Lyman Mill surface water WRL-SD-2040 Endrin Aldehyde 0.1 UG/L U nc nc 0.29 0.29 0.29 NA
Lyman Mill surface water WRL-SD-2039 Endrin Aldehyde 0.1 UG/L U nc nc 0.29 0.29 0.29 NA
Lyman Mill surface water WRL-SD-2040 Endrin Aldehyde 0.1 UG/L U nc nc 0.29 0.29 0.29 NA
Lyman Mill surface water WRL-SD-2041 Endrin Aldehyde 0.1 UG/L U nc nc 0.29 0.29 0.29 NA
Source Area surface water CMW-SD-2016 Endrin Aldehyde 0.1 UG/L U nc nc 0.29 0.29 0.29 NA
Source Area surface water CMW-SD-2019 Endrin Aldehyde 0.1 UG/L U nc nc 0.29 0.29 0.29 NA
Source Area surface water CMW-SD-2020 Endrin Aldehyde 0.1 UG/L U nc nc 0.29 0.29 0.29 NA
Source Area surface water CMW-SD-2021 Endrin Aldehyde 0.1 UG/L U nc nc 0.29 0.29 0.29 NA
Allendale surface water CMW-SD-2023 Endrin Aldehyde 0.1 UG/L U nc nc 0.29 0.29 0.29 NA
Source Area surface water CMW-SD-2022 Endrin Aldehyde 0.1 UG/L U nc nc 0.29 0.29 0.29 NA
Allendale surface water CMW-SD-2023 Endrin Aldehyde 0.1 UG/L U nc nc 0.29 0.29 0.29 NA
Allendale surface water CMW-SD-2024 Endrin Aldehyde 0.1 UG/L U nc nc 0.29 0.29 0.29 NA
Allendale surface water CMW-SD-2025 Endrin Aldehyde 0.1 UG/L U nc nc 0.29 0.29 0.29 NA
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Allendale surface water APB-SD-2029 Endrin Aldehyde 0.1 UG/L U nc nc 0.29 0.29 0.29 NA
Source Area surface water WRC-SD-2009 Endrin Aldehyde 0.0028 UG/L J nc nc 0.29 0.29 0.29 N
Source Area surface water WRC-SD-2013 Endrin Aldehyde 0.1 UG/L U nc nc 0.29 0.29 0.29 NA
Allendale surface water WRC-SD-2014 Endrin Aldehyde 0.1 UG/L U nc nc 0.29 0.29 0.29 NA
Allendale surface water WRC-SD-2015 Endrin Aldehyde 0.1 UG/L U nc nc 0.29 0.29 0.29 NA
Source Area surface water WRC-SD-2010 Endrin Aldehyde 0.1 UG/L U nc nc 0.29 0.29 0.29 NA
Source Area surface water WRC-SD-2011 Endrin Aldehyde 0.1 UG/L U nc nc 0.29 0.29 0.29 NA
Source Area surface water WRC-SD-2012 Endrin Aldehyde 0.1 UG/L U nc nc 0.29 0.29 0.29 NA
Lyman Mill surface water WRL-SD-2042 Endrin Aldehyde 0.005 UG/L J nc nc 0.29 0.29 0.29 N
Allendale surface water APB-SD-2034 Endrin Aldehyde 0.002 UG/L J nc nc 0.29 0.29 0.29 N
Allendale surface water APC-SD-2036 Endrin Aldehyde 0.0016 UG/L J nc nc 0.29 0.29 0.29 N
Allendale surface water APC-SD-2035 Endrin Aldehyde 0.0032 UG/L J nc nc 0.29 0.29 0.29 N
Allendale surface water APC-SD-2036 Endrin Aldehyde 0.1 UG/L U nc nc 0.29 0.29 0.29 NA
Lyman Mill surface water LPX-SD-2050 Endrin Aldehyde 0.0013 UG/L J nc nc 0.29 0.29 0.29 N
Lyman Mill surface water LPX-SD-2052 Endrin Aldehyde 0.1 UG/L U nc nc 0.29 0.29 0.29 NA
Lyman Mill surface water LPX-SD-2053 Endrin Aldehyde 0.1 UG/L U nc nc 0.29 0.29 0.29 NA
Lyman Mill surface water LPX-SD-2049 Endrin Aldehyde 0.1 UG/L U nc nc 0.29 0.29 0.29 NA
Allendale surface water WRC-SW-4001 Endrin Aldehyde 0.00194 UG/L U nc nc 0.29 0.29 0.29 NA
Allendale surface water WRC-SW-4002 Endrin Aldehyde 0.00192 UG/L U nc nc 0.29 0.29 0.29 NA
Allendale surface water WRC-SW-4003 Endrin Aldehyde 0.00369 UG/L U nc nc 0.29 0.29 0.29 NA
Allendale surface water WRC-SW-4003 Endrin Aldehyde 0.00369 UG/L U nc nc 0.29 0.29 0.29 NA
Allendale surface water WRC-SW-4004 Endrin Aldehyde 0.00185 UG/L U nc nc 0.29 0.29 0.29 NA
Assaumpsett surface water RAB-SW-5004 Endrin Aldehyde 0.0019 UG/L UJ nc nc 0.29 0.29 0.29 NA
Upstream surface water RWR-SW-5001 Endrin Aldehyde 0.00185 UG/L UJ nc nc 0.29 0.29 0.29 NA
Upstream surface water RWR-SW-5002 Endrin Aldehyde 0.0019 UG/L UJ nc nc 0.29 0.29 0.29 NA
Lyman Mill surface water WRL-SW-4005 Endrin Aldehyde 0.00189 UG/L UJ nc nc 0.29 0.29 0.29 NA
Lyman Mill surface water WRL-SW-4004 Endrin Aldehyde 0.00195 UG/L UJ nc nc 0.29 0.29 0.29 NA
Lyman Mill surface water WRL-SW-4005 Endrin Aldehyde 0.00203 UG/L UJ nc nc 0.29 0.29 0.29 NA
Lyman Mill surface water WRL-SD-2040 Heptachlor 0.05 UG/L U 0.0038 0.0038 0.00079 0.000079 0.000079 NA
Lyman Mill surface water WRL-SD-2039 Heptachlor 0.05 UG/L U 0.0038 0.0038 0.00079 0.000079 0.000079 NA
Lyman Mill surface water WRL-SD-2040 Heptachlor 0.05 UG/L U 0.0038 0.0038 0.00079 0.000079 0.000079 NA
Lyman Mill surface water WRL-SD-2041 Heptachlor 0.05 UG/L U 0.0038 0.0038 0.00079 0.000079 0.000079 NA
Source Area surface water CMW-SD-2016 Heptachlor 0.05 UG/L U 0.0038 0.0038 0.00079 0.000079 0.000079 NA
Source Area surface water CMW-SD-2019 Heptachlor 0.05 UG/L U 0.0038 0.0038 0.00079 0.000079 0.000079 NA
Source Area surface water CMW-SD-2020 Heptachlor 0.05 UG/L U 0.0038 0.0038 0.00079 0.000079 0.000079 NA
Source Area surface water CMW-SD-2021 Heptachlor 0.05 UG/L U 0.0038 0.0038 0.00079 0.000079 0.000079 NA
Allendale surface water CMW-SD-2023 Heptachlor 0.05 UG/L U 0.0038 0.0038 0.00079 0.000079 0.000079 NA
Source Area surface water CMW-SD-2022 Heptachlor 0.05 UG/L U 0.0038 0.0038 0.00079 0.000079 0.000079 NA
Allendale surface water CMW-SD-2023 Heptachlor 0.05 UG/L U 0.0038 0.0038 0.00079 0.000079 0.000079 NA
Allendale surface water CMW-SD-2024 Heptachlor 0.05 UG/L U 0.0038 0.0038 0.00079 0.000079 0.000079 NA
Allendale surface water CMW-SD-2025 Heptachlor 0.05 UG/L U 0.0038 0.0038 0.00079 0.000079 0.000079 NA
Allendale surface water APB-SD-2029 Heptachlor 0.05 UG/L U 0.0038 0.0038 0.00079 0.000079 0.000079 NA
Source Area surface water WRC-SD-2009 Heptachlor 0.05 UG/L U 0.0038 0.0038 0.00079 0.000079 0.000079 NA
Source Area surface water WRC-SD-2013 Heptachlor 0.05 UG/L U 0.0038 0.0038 0.00079 0.000079 0.000079 NA
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Allendale surface water WRC-SD-2014 Heptachlor 0.05 UG/L U 0.0038 0.0038 0.00079 0.000079 0.000079 NA
Allendale surface water WRC-SD-2015 Heptachlor 0.05 UG/L U 0.0038 0.0038 0.00079 0.000079 0.000079 NA
Source Area surface water WRC-SD-2010 Heptachlor 0.05 UG/L U 0.0038 0.0038 0.00079 0.000079 0.000079 NA
Source Area surface water WRC-SD-2011 Heptachlor 0.05 UG/L U 0.0038 0.0038 0.00079 0.000079 0.000079 NA
Source Area surface water WRC-SD-2012 Heptachlor 0.05 UG/L U 0.0038 0.0038 0.00079 0.000079 0.000079 NA
Lyman Mill surface water WRL-SD-2042 Heptachlor 0.05 UG/L UJ 0.0038 0.0038 0.00079 0.000079 0.000079 NA
Allendale surface water APB-SD-2034 Heptachlor 0.05 UG/L U 0.0038 0.0038 0.00079 0.000079 0.000079 NA
Allendale surface water APC-SD-2036 Heptachlor 0.05 UG/L U 0.0038 0.0038 0.00079 0.000079 0.000079 NA
Allendale surface water APC-SD-2035 Heptachlor 0.05 UG/L U 0.0038 0.0038 0.00079 0.000079 0.000079 NA
Allendale surface water APC-SD-2036 Heptachlor 0.05 UG/L U 0.0038 0.0038 0.00079 0.000079 0.000079 NA
Lyman Mill surface water LPX-SD-2050 Heptachlor 0.05 UG/L U 0.0038 0.0038 0.00079 0.000079 0.000079 NA
Lyman Mill surface water LPX-SD-2052 Heptachlor 0.05 UG/L U 0.0038 0.0038 0.00079 0.000079 0.000079 NA
Lyman Mill surface water LPX-SD-2053 Heptachlor 0.05 UG/L U 0.0038 0.0038 0.00079 0.000079 0.000079 NA
Lyman Mill surface water LPX-SD-2049 Heptachlor 0.05 UG/L U 0.0038 0.0038 0.00079 0.000079 0.000079 NA
Lyman Mill surface water LPX-SD-2045 Heptachlor 0.05 UG/L U 0.0038 0.0038 0.00079 0.000079 0.000079 NA
Lyman Mill surface water LPX-SD-2046 Heptachlor 0.05 UG/L UJ 0.0038 0.0038 0.00079 0.000079 0.000079 NA
Lyman Mill surface water LPX-SD-2047 Heptachlor 0.05 UG/L U 0.0038 0.0038 0.00079 0.000079 0.000079 NA
Lyman Mill surface water LPX-SD-2045 Heptachlor 0.05 UG/L U 0.0038 0.0038 0.00079 0.000079 0.000079 NA
Lyman Mill surface water WRL-SD-2043 Heptachlor 0.05 UG/L U 0.0038 0.0038 0.00079 0.000079 0.000079 NA
Lyman Mill surface water LPX-SD-2048 Heptachlor 0.05 UG/L U 0.0038 0.0038 0.00079 0.000079 0.000079 NA
Lyman Mill surface water LPX-SD-2051 Heptachlor 0.05 UG/L U 0.0038 0.0038 0.00079 0.000079 0.000079 NA
Lyman Mill surface water WRL-SD-2044 Heptachlor 0.05 UG/L U 0.0038 0.0038 0.00079 0.000079 0.000079 NA
Assaumpsett surface water RAB-SD-3004 Heptachlor 0.05 UG/L U 0.0038 0.0038 0.00079 0.000079 0.000079 NA
Upstream surface water RCC-SD-3001 Heptachlor 0.05 UG/L U 0.0038 0.0038 0.00079 0.000079 0.000079 NA
Upstream surface water RCC-SD-3002 Heptachlor 0.05 UG/L U 0.0038 0.0038 0.00079 0.000079 0.000079 NA
Upstream surface water RCC-SD-3003 Heptachlor 0.05 UG/L U 0.0038 0.0038 0.00079 0.000079 0.000079 NA
Allendale surface water WRC-SW-4001 Heptachlor 0.00194 UG/L U 0.0038 0.0038 0.00079 0.000079 0.000079 NA
Allendale surface water WRC-SW-4002 Heptachlor 0.00192 UG/L U 0.0038 0.0038 0.00079 0.000079 0.000079 NA
Allendale surface water WRC-SW-4003 Heptachlor 0.00369 UG/L U 0.0038 0.0038 0.00079 0.000079 0.000079 NA
Allendale surface water WRC-SW-4003 Heptachlor 0.00369 UG/L U 0.0038 0.0038 0.00079 0.000079 0.000079 NA
Allendale surface water WRC-SW-4004 Heptachlor 0.00185 UG/L U 0.0038 0.0038 0.00079 0.000079 0.000079 NA
Assaumpsett surface water RAB-SW-5004 Heptachlor 0.0019 UG/L U 0.0038 0.0038 0.00079 0.000079 0.000079 NA
Upstream surface water RWR-SW-5001 Heptachlor 0.00185 UG/L U 0.0038 0.0038 0.00079 0.000079 0.000079 NA
Upstream surface water RWR-SW-5002 Heptachlor 0.0019 UG/L U 0.0038 0.0038 0.00079 0.000079 0.000079 NA
Lyman Mill surface water WRL-SW-4005 Heptachlor 0.00189 UG/L U 0.0038 0.0038 0.00079 0.000079 0.000079 NA
Lyman Mill surface water WRL-SW-4004 Heptachlor 0.00195 UG/L U 0.0038 0.0038 0.00079 0.000079 0.000079 NA
Lyman Mill surface water WRL-SW-4005 Heptachlor 0.00203 UG/L U 0.0038 0.0038 0.00079 0.000079 0.000079 NA
Lyman Mill surface water WRL-SD-2040 Heptachlor Epoxide 0.05 UG/L U 0.0038 0.0038 0.00039 0.000039 0.000039 NA
Lyman Mill surface water WRL-SD-2039 Heptachlor Epoxide 0.05 UG/L U 0.0038 0.0038 0.00039 0.000039 0.000039 NA
Lyman Mill surface water WRL-SD-2040 Heptachlor Epoxide 0.05 UG/L U 0.0038 0.0038 0.00039 0.000039 0.000039 NA
Lyman Mill surface water WRL-SD-2041 Heptachlor Epoxide 0.05 UG/L U 0.0038 0.0038 0.00039 0.000039 0.000039 NA
Source Area surface water CMW-SD-2016 Heptachlor Epoxide 0.05 UG/L U 0.0038 0.0038 0.00039 0.000039 0.000039 NA
Source Area surface water CMW-SD-2019 Heptachlor Epoxide 0.05 UG/L U 0.0038 0.0038 0.00039 0.000039 0.000039 NA
Source Area surface water CMW-SD-2020 Heptachlor Epoxide 0.05 UG/L U 0.0038 0.0038 0.00039 0.000039 0.000039 NA
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Appendix F
Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Source Area surface water CMW-SD-2021 Heptachlor Epoxide 0.05 UG/L U 0.0038 0.0038 0.00039 0.000039 0.000039 NA
Allendale surface water CMW-SD-2023 Heptachlor Epoxide 0.05 UG/L U 0.0038 0.0038 0.00039 0.000039 0.000039 NA
Source Area surface water CMW-SD-2022 Heptachlor Epoxide 0.05 UG/L U 0.0038 0.0038 0.00039 0.000039 0.000039 NA
Allendale surface water CMW-SD-2023 Heptachlor Epoxide 0.05 UG/L U 0.0038 0.0038 0.00039 0.000039 0.000039 NA
Allendale surface water CMW-SD-2024 Heptachlor Epoxide 0.05 UG/L U 0.0038 0.0038 0.00039 0.000039 0.000039 NA
Allendale surface water CMW-SD-2025 Heptachlor Epoxide 0.05 UG/L U 0.0038 0.0038 0.00039 0.000039 0.000039 NA
Allendale surface water APB-SD-2029 Heptachlor Epoxide 0.05 UG/L U 0.0038 0.0038 0.00039 0.000039 0.000039 NA
Source Area surface water WRC-SD-2009 Heptachlor Epoxide 0.05 UG/L U 0.0038 0.0038 0.00039 0.000039 0.000039 NA
Source Area surface water WRC-SD-2013 Heptachlor Epoxide 0.05 UG/L U 0.0038 0.0038 0.00039 0.000039 0.000039 NA
Allendale surface water WRC-SD-2014 Heptachlor Epoxide 0.05 UG/L U 0.0038 0.0038 0.00039 0.000039 0.000039 NA
Allendale surface water WRC-SD-2015 Heptachlor Epoxide 0.05 UG/L U 0.0038 0.0038 0.00039 0.000039 0.000039 NA
Source Area surface water WRC-SD-2010 Heptachlor Epoxide 0.05 UG/L U 0.0038 0.0038 0.00039 0.000039 0.000039 NA
Source Area surface water WRC-SD-2011 Heptachlor Epoxide 0.05 UG/L U 0.0038 0.0038 0.00039 0.000039 0.000039 NA
Source Area surface water WRC-SD-2012 Heptachlor Epoxide 0.05 UG/L U 0.0038 0.0038 0.00039 0.000039 0.000039 NA
Lyman Mill surface water WRL-SD-2042 Heptachlor Epoxide 0.05 UG/L UJ 0.0038 0.0038 0.00039 0.000039 0.000039 NA
Allendale surface water APB-SD-2034 Heptachlor Epoxide 0.05 UG/L U 0.0038 0.0038 0.00039 0.000039 0.000039 NA
Allendale surface water APC-SD-2036 Heptachlor Epoxide 0.05 UG/L U 0.0038 0.0038 0.00039 0.000039 0.000039 NA
Allendale surface water APC-SD-2035 Heptachlor Epoxide 0.05 UG/L U 0.0038 0.0038 0.00039 0.000039 0.000039 NA
Allendale surface water APC-SD-2036 Heptachlor Epoxide 0.05 UG/L U 0.0038 0.0038 0.00039 0.000039 0.000039 NA
Lyman Mill surface water LPX-SD-2050 Heptachlor Epoxide 0.05 UG/L U 0.0038 0.0038 0.00039 0.000039 0.000039 NA
Lyman Mill surface water LPX-SD-2052 Heptachlor Epoxide 0.05 UG/L U 0.0038 0.0038 0.00039 0.000039 0.000039 NA
Lyman Mill surface water LPX-SD-2053 Heptachlor Epoxide 0.05 UG/L U 0.0038 0.0038 0.00039 0.000039 0.000039 NA
Lyman Mill surface water LPX-SD-2049 Heptachlor Epoxide 0.05 UG/L U 0.0038 0.0038 0.00039 0.000039 0.000039 NA
Lyman Mill surface water LPX-SD-2045 Heptachlor Epoxide 0.05 UG/L U 0.0038 0.0038 0.00039 0.000039 0.000039 NA
Lyman Mill surface water LPX-SD-2046 Heptachlor Epoxide 0.05 UG/L UJ 0.0038 0.0038 0.00039 0.000039 0.000039 NA
Lyman Mill surface water LPX-SD-2047 Heptachlor Epoxide 0.05 UG/L U 0.0038 0.0038 0.00039 0.000039 0.000039 NA
Lyman Mill surface water LPX-SD-2045 Heptachlor Epoxide 0.05 UG/L U 0.0038 0.0038 0.00039 0.000039 0.000039 NA
Lyman Mill surface water WRL-SD-2043 Heptachlor Epoxide 0.05 UG/L U 0.0038 0.0038 0.00039 0.000039 0.000039 NA
Lyman Mill surface water LPX-SD-2048 Heptachlor Epoxide 0.05 UG/L U 0.0038 0.0038 0.00039 0.000039 0.000039 NA
Lyman Mill surface water LPX-SD-2051 Heptachlor Epoxide 0.05 UG/L U 0.0038 0.0038 0.00039 0.000039 0.000039 NA
Lyman Mill surface water WRL-SD-2044 Heptachlor Epoxide 0.05 UG/L U 0.0038 0.0038 0.00039 0.000039 0.000039 NA
Assaumpsett surface water RAB-SD-3004 Heptachlor Epoxide 0.05 UG/L U 0.0038 0.0038 0.00039 0.000039 0.000039 NA
Upstream surface water RCC-SD-3001 Heptachlor Epoxide 0.05 UG/L U 0.0038 0.0038 0.00039 0.000039 0.000039 NA
Upstream surface water RCC-SD-3002 Heptachlor Epoxide 0.05 UG/L U 0.0038 0.0038 0.00039 0.000039 0.000039 NA
Upstream surface water RCC-SD-3003 Heptachlor Epoxide 0.05 UG/L U 0.0038 0.0038 0.00039 0.000039 0.000039 NA
Allendale surface water WRC-SW-4001 Heptachlor Epoxide 0.00194 UG/L U 0.0038 0.0038 0.00039 0.000039 0.000039 NA
Allendale surface water WRC-SW-4002 Heptachlor Epoxide 0.00192 UG/L U 0.0038 0.0038 0.00039 0.000039 0.000039 NA
Allendale surface water WRC-SW-4003 Heptachlor Epoxide 0.00369 UG/L U 0.0038 0.0038 0.00039 0.000039 0.000039 NA
Allendale surface water WRC-SW-4003 Heptachlor Epoxide 0.00369 UG/L U 0.0038 0.0038 0.00039 0.000039 0.000039 NA
Allendale surface water WRC-SW-4004 Heptachlor Epoxide 0.00185 UG/L U 0.0038 0.0038 0.00039 0.000039 0.000039 NA
Assaumpsett surface water RAB-SW-5004 Heptachlor Epoxide 0.0019 UG/L U 0.0038 0.0038 0.00039 0.000039 0.000039 NA
Upstream surface water RWR-SW-5001 Heptachlor Epoxide 0.00185 UG/L U 0.0038 0.0038 0.00039 0.000039 0.000039 NA
Upstream surface water RWR-SW-5002 Heptachlor Epoxide 0.0019 UG/L U 0.0038 0.0038 0.00039 0.000039 0.000039 NA
Lyman Mill surface water WRL-SW-4005 Heptachlor Epoxide 0.00189 UG/L U 0.0038 0.0038 0.00039 0.000039 0.000039 NA
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Appendix F
Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Lyman Mill surface water WRL-SW-4004 Heptachlor Epoxide 0.00195 UG/L U 0.0038 0.0038 0.00039 0.000039 0.000039 NA
Lyman Mill surface water WRL-SW-4005 Heptachlor Epoxide 0.00203 UG/L U 0.0038 0.0038 0.00039 0.000039 0.000039 NA
Lyman Mill surface water WRL-SD-2040 Aroclor, Total 2 UG/L U 0.014 0.014 0.00064 0.000064 0.000064 NA
Lyman Mill surface water WRL-SD-2039 Aroclor, Total 2 UG/L U 0.014 0.014 0.00064 0.000064 0.000064 NA
Lyman Mill surface water WRL-SD-2040 Aroclor, Total 2 UG/L U 0.014 0.014 0.00064 0.000064 0.000064 NA
Lyman Mill surface water WRL-SD-2041 Aroclor, Total 2 UG/L U 0.014 0.014 0.00064 0.000064 0.000064 NA
Source Area surface water CMW-SD-2016 Aroclor, Total 2 UG/L U 0.014 0.014 0.00064 0.000064 0.000064 NA
Source Area surface water CMW-SD-2019 Aroclor, Total 4.6 UG/L 0.014 0.014 0.00064 0.000064 0.000064 Y
Source Area surface water CMW-SD-2020 Aroclor, Total 2 UG/L U 0.014 0.014 0.00064 0.000064 0.000064 NA
Source Area surface water CMW-SD-2021 Aroclor, Total 2 UG/L U 0.014 0.014 0.00064 0.000064 0.000064 NA
Allendale surface water CMW-SD-2023 Aroclor, Total 2 UG/L U 0.014 0.014 0.00064 0.000064 0.000064 NA
Source Area surface water CMW-SD-2022 Aroclor, Total 2 UG/L U 0.014 0.014 0.00064 0.000064 0.000064 NA
Allendale surface water CMW-SD-2023 Aroclor, Total 2 UG/L U 0.014 0.014 0.00064 0.000064 0.000064 NA
Allendale surface water CMW-SD-2024 Aroclor, Total 2 UG/L U 0.014 0.014 0.00064 0.000064 0.000064 NA
Allendale surface water CMW-SD-2025 Aroclor, Total 2 UG/L U 0.014 0.014 0.00064 0.000064 0.000064 NA
Allendale surface water APB-SD-2029 Aroclor, Total 2 UG/L U 0.014 0.014 0.00064 0.000064 0.000064 NA
Source Area surface water WRC-SD-2009 Aroclor, Total 2 UG/L U 0.014 0.014 0.00064 0.000064 0.000064 NA
Source Area surface water WRC-SD-2013 Aroclor, Total 2 UG/L U 0.014 0.014 0.00064 0.000064 0.000064 NA
Allendale surface water WRC-SD-2014 Aroclor, Total 2 UG/L U 0.014 0.014 0.00064 0.000064 0.000064 NA
Allendale surface water WRC-SD-2015 Aroclor, Total 2 UG/L U 0.014 0.014 0.00064 0.000064 0.000064 NA
Source Area surface water WRC-SD-2010 Aroclor, Total 2 UG/L U 0.014 0.014 0.00064 0.000064 0.000064 NA
Source Area surface water WRC-SD-2011 Aroclor, Total 2 UG/L U 0.014 0.014 0.00064 0.000064 0.000064 NA
Source Area surface water WRC-SD-2012 Aroclor, Total 2 UG/L U 0.014 0.014 0.00064 0.000064 0.000064 NA
Lyman Mill surface water WRL-SD-2042 Aroclor, Total 2 UG/L U 0.014 0.014 0.00064 0.000064 0.000064 NA
Allendale surface water APB-SD-2034 Aroclor, Total 2 UG/L U 0.014 0.014 0.00064 0.000064 0.000064 NA
Allendale surface water APC-SD-2036 Aroclor, Total 2 UG/L U 0.014 0.014 0.00064 0.000064 0.000064 NA
Allendale surface water APC-SD-2035 Aroclor, Total 2 UG/L U 0.014 0.014 0.00064 0.000064 0.000064 NA
Allendale surface water APC-SD-2036 Aroclor, Total 2 UG/L U 0.014 0.014 0.00064 0.000064 0.000064 NA
Lyman Mill surface water LPX-SD-2050 Aroclor, Total 2 UG/L U 0.014 0.014 0.00064 0.000064 0.000064 NA
Lyman Mill surface water LPX-SD-2052 Aroclor, Total 2 UG/L U 0.014 0.014 0.00064 0.000064 0.000064 NA
Lyman Mill surface water LPX-SD-2053 Aroclor, Total 2 UG/L U 0.014 0.014 0.00064 0.000064 0.000064 NA
Lyman Mill surface water LPX-SD-2049 Aroclor, Total 2 UG/L U 0.014 0.014 0.00064 0.000064 0.000064 NA
Lyman Mill surface water LPX-SD-2045 Aroclor, Total 2 UG/L U 0.014 0.014 0.00064 0.000064 0.000064 NA
Lyman Mill surface water LPX-SD-2046 Aroclor, Total 2 UG/L U 0.014 0.014 0.00064 0.000064 0.000064 NA
Lyman Mill surface water LPX-SD-2047 Aroclor, Total 2 UG/L U 0.014 0.014 0.00064 0.000064 0.000064 NA
Lyman Mill surface water LPX-SD-2045 Aroclor, Total 2 UG/L U 0.014 0.014 0.00064 0.000064 0.000064 NA
Lyman Mill surface water WRL-SD-2043 Aroclor, Total 2 UG/L U 0.014 0.014 0.00064 0.000064 0.000064 NA
Lyman Mill surface water LPX-SD-2048 Aroclor, Total 2 UG/L U 0.014 0.014 0.00064 0.000064 0.000064 NA
Lyman Mill surface water LPX-SD-2051 Aroclor, Total 2 UG/L U 0.014 0.014 0.00064 0.000064 0.000064 NA
Lyman Mill surface water WRL-SD-2044 Aroclor, Total 2 UG/L U 0.014 0.014 0.00064 0.000064 0.000064 NA
Assaumpsett surface water RAB-SD-3004 Aroclor, Total 2 UG/L U 0.014 0.014 0.00064 0.000064 0.000064 NA
Upstream surface water RCC-SD-3001 Aroclor, Total 2 UG/L U 0.014 0.014 0.00064 0.000064 0.000064 NA
Upstream surface water RCC-SD-3002 Aroclor, Total 2 UG/L U 0.014 0.014 0.00064 0.000064 0.000064 NA
Upstream surface water RCC-SD-3003 Aroclor, Total 2 UG/L U 0.014 0.014 0.00064 0.000064 0.000064 NA
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Allendale surface water WRC-SW-4001 Aroclor, Total 0.19355 UG/L U 0.014 0.014 0.00064 0.000064 0.000064 NA
Allendale surface water WRC-SW-4002 Aroclor, Total 0.192 UG/L U 0.014 0.014 0.00064 0.000064 0.000064 NA
Allendale surface water WRC-SW-4003 Aroclor, Total 0.36923 UG/L U 0.014 0.014 0.00064 0.000064 0.000064 NA
Allendale surface water WRC-SW-4003 Aroclor, Total 0.36923 UG/L U 0.014 0.014 0.00064 0.000064 0.000064 NA
Allendale surface water WRC-SW-4004 Aroclor, Total 0.18462 UG/L U 0.014 0.014 0.00064 0.000064 0.000064 NA
Assaumpsett surface water RAB-SW-5004 Aroclor, Total 0.19048 UG/L U 0.014 0.014 0.00064 0.000064 0.000064 NA
Upstream surface water RWR-SW-5001 Aroclor, Total 0.18462 UG/L U 0.014 0.014 0.00064 0.000064 0.000064 NA
Upstream surface water RWR-SW-5002 Aroclor, Total 0.19048 UG/L U 0.014 0.014 0.00064 0.000064 0.000064 NA
Lyman Mill surface water WRL-SW-4005 Aroclor, Total 0.18898 UG/L U 0.014 0.014 0.00064 0.000064 0.000064 NA
Lyman Mill surface water WRL-SW-4004 Aroclor, Total 0.19512 UG/L U 0.014 0.014 0.00064 0.000064 0.000064 NA
Lyman Mill surface water WRL-SW-4005 Aroclor, Total 0.20339 UG/L U 0.014 0.014 0.00064 0.000064 0.000064 NA
Lyman Mill surface water WRL-SD-2040 Toxaphene 5 UG/L U 0.0002 0.002 0.0028 0.00028 0.0002 NA
Lyman Mill surface water WRL-SD-2039 Toxaphene 5 UG/L U 0.0002 0.002 0.0028 0.00028 0.0002 NA
Lyman Mill surface water WRL-SD-2040 Toxaphene 5 UG/L U 0.0002 0.002 0.0028 0.00028 0.0002 NA
Lyman Mill surface water WRL-SD-2041 Toxaphene 5 UG/L U 0.0002 0.002 0.0028 0.00028 0.0002 NA
Source Area surface water CMW-SD-2016 Toxaphene 5 UG/L U 0.0002 0.002 0.0028 0.00028 0.0002 NA
Source Area surface water CMW-SD-2019 Toxaphene 5 UG/L U 0.0002 0.002 0.0028 0.00028 0.0002 NA
Source Area surface water CMW-SD-2020 Toxaphene 5 UG/L U 0.0002 0.002 0.0028 0.00028 0.0002 NA
Source Area surface water CMW-SD-2021 Toxaphene 5 UG/L U 0.0002 0.002 0.0028 0.00028 0.0002 NA
Allendale surface water CMW-SD-2023 Toxaphene 5 UG/L U 0.0002 0.002 0.0028 0.00028 0.0002 NA
Source Area surface water CMW-SD-2022 Toxaphene 5 UG/L U 0.0002 0.002 0.0028 0.00028 0.0002 NA
Allendale surface water CMW-SD-2023 Toxaphene 5 UG/L U 0.0002 0.002 0.0028 0.00028 0.0002 NA
Allendale surface water CMW-SD-2024 Toxaphene 5 UG/L U 0.0002 0.002 0.0028 0.00028 0.0002 NA
Allendale surface water CMW-SD-2025 Toxaphene 5 UG/L U 0.0002 0.002 0.0028 0.00028 0.0002 NA
Allendale surface water APB-SD-2029 Toxaphene 5 UG/L U 0.0002 0.002 0.0028 0.00028 0.0002 NA
Source Area surface water WRC-SD-2009 Toxaphene 5 UG/L U 0.0002 0.002 0.0028 0.00028 0.0002 NA
Source Area surface water WRC-SD-2013 Toxaphene 5 UG/L U 0.0002 0.002 0.0028 0.00028 0.0002 NA
Allendale surface water WRC-SD-2014 Toxaphene 5 UG/L U 0.0002 0.002 0.0028 0.00028 0.0002 NA
Allendale surface water WRC-SD-2015 Toxaphene 5 UG/L U 0.0002 0.002 0.0028 0.00028 0.0002 NA
Source Area surface water WRC-SD-2010 Toxaphene 5 UG/L U 0.0002 0.002 0.0028 0.00028 0.0002 NA
Source Area surface water WRC-SD-2011 Toxaphene 5 UG/L U 0.0002 0.002 0.0028 0.00028 0.0002 NA
Source Area surface water WRC-SD-2012 Toxaphene 5 UG/L U 0.0002 0.002 0.0028 0.00028 0.0002 NA
Lyman Mill surface water WRL-SD-2042 Toxaphene 5 UG/L UJ 0.0002 0.002 0.0028 0.00028 0.0002 NA
Allendale surface water APB-SD-2034 Toxaphene 5 UG/L U 0.0002 0.002 0.0028 0.00028 0.0002 NA
Allendale surface water APC-SD-2036 Toxaphene 5 UG/L U 0.0002 0.002 0.0028 0.00028 0.0002 NA
Allendale surface water APC-SD-2035 Toxaphene 5 UG/L U 0.0002 0.002 0.0028 0.00028 0.0002 NA
Allendale surface water APC-SD-2036 Toxaphene 5 UG/L U 0.0002 0.002 0.0028 0.00028 0.0002 NA
Lyman Mill surface water LPX-SD-2050 Toxaphene 5 UG/L U 0.0002 0.002 0.0028 0.00028 0.0002 NA
Lyman Mill surface water LPX-SD-2052 Toxaphene 5 UG/L U 0.0002 0.002 0.0028 0.00028 0.0002 NA
Lyman Mill surface water LPX-SD-2053 Toxaphene 5 UG/L U 0.0002 0.002 0.0028 0.00028 0.0002 NA
Lyman Mill surface water LPX-SD-2049 Toxaphene 5 UG/L U 0.0002 0.002 0.0028 0.00028 0.0002 NA
Lyman Mill surface water LPX-SD-2045 Toxaphene 5 UG/L U 0.0002 0.002 0.0028 0.00028 0.0002 NA
Lyman Mill surface water LPX-SD-2046 Toxaphene 5 UG/L UJ 0.0002 0.002 0.0028 0.00028 0.0002 NA
Lyman Mill surface water LPX-SD-2047 Toxaphene 5 UG/L U 0.0002 0.002 0.0028 0.00028 0.0002 NA
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Lyman Mill surface water LPX-SD-2045 Toxaphene 5 UG/L U 0.0002 0.002 0.0028 0.00028 0.0002 NA
Lyman Mill surface water WRL-SD-2043 Toxaphene 5 UG/L U 0.0002 0.002 0.0028 0.00028 0.0002 NA
Lyman Mill surface water LPX-SD-2048 Toxaphene 5 UG/L U 0.0002 0.002 0.0028 0.00028 0.0002 NA
Lyman Mill surface water LPX-SD-2051 Toxaphene 5 UG/L U 0.0002 0.002 0.0028 0.00028 0.0002 NA
Lyman Mill surface water WRL-SD-2044 Toxaphene 5 UG/L U 0.0002 0.002 0.0028 0.00028 0.0002 NA
Assaumpsett surface water RAB-SD-3004 Toxaphene 5 UG/L U 0.0002 0.002 0.0028 0.00028 0.0002 NA
Upstream surface water RCC-SD-3001 Toxaphene 5 UG/L U 0.0002 0.002 0.0028 0.00028 0.0002 NA
Upstream surface water RCC-SD-3002 Toxaphene 5 UG/L U 0.0002 0.002 0.0028 0.00028 0.0002 NA
Upstream surface water RCC-SD-3003 Toxaphene 5 UG/L U 0.0002 0.002 0.0028 0.00028 0.0002 NA
Allendale surface water WRC-SW-4001 Toxaphene 0.04839 UG/L U 0.0002 0.002 0.0028 0.00028 0.0002 NA
Allendale surface water WRC-SW-4002 Toxaphene 0.048 UG/L U 0.0002 0.002 0.0028 0.00028 0.0002 NA
Allendale surface water WRC-SW-4003 Toxaphene 0.09231 UG/L U 0.0002 0.002 0.0028 0.00028 0.0002 NA
Allendale surface water WRC-SW-4003 Toxaphene 0.09231 UG/L U 0.0002 0.002 0.0028 0.00028 0.0002 NA
Allendale surface water WRC-SW-4004 Toxaphene 0.04615 UG/L U 0.0002 0.002 0.0028 0.00028 0.0002 NA
Assaumpsett surface water RAB-SW-5004 Toxaphene 0.04762 UG/L U 0.0002 0.002 0.0028 0.00028 0.0002 NA
Upstream surface water RWR-SW-5001 Toxaphene 0.04615 UG/L U 0.0002 0.002 0.0028 0.00028 0.0002 NA
Upstream surface water RWR-SW-5002 Toxaphene 0.04762 UG/L U 0.0002 0.002 0.0028 0.00028 0.0002 NA
Lyman Mill surface water WRL-SW-4005 Toxaphene 0.04724 UG/L U 0.0002 0.002 0.0028 0.00028 0.0002 NA
Lyman Mill surface water WRL-SW-4004 Toxaphene 0.04878 UG/L U 0.0002 0.002 0.0028 0.00028 0.0002 NA
Lyman Mill surface water WRL-SW-4005 Toxaphene 0.05085 UG/L U 0.0002 0.002 0.0028 0.00028 0.0002 NA
Non-priority Pollutants
Lyman Mill surface water WRL-SD-2040 Aluminum 43.9 UG/L U 87 87 nc nc 87 NA
Lyman Mill surface water WRL-SD-2040 Aluminum 14 UG/L U 87 87 nc nc 87 NA
Lyman Mill surface water WRL-SD-2039 Aluminum 30.4 UG/L U 87 87 nc nc 87 NA
Lyman Mill surface water WRL-SD-2039 Aluminum 41.5 UG/L U 87 87 nc nc 87 NA
Lyman Mill surface water WRL-SD-2040 Aluminum 49.7 UG/L U 87 87 nc nc 87 NA
Lyman Mill surface water WRL-SD-2040 Aluminum 57.6 UG/L U 87 87 nc nc 87 NA
Lyman Mill surface water WRL-SD-2041 Aluminum 55.4 UG/L U 87 87 nc nc 87 NA
Lyman Mill surface water WRL-SD-2041 Aluminum 22.5 UG/L UJ 87 87 nc nc 87 NA
Source Area surface water CMW-SD-2016 Aluminum 90.5 UG/L U 87 87 nc nc 87 NA
Source Area surface water CMW-SD-2016 Aluminum 79.7 UG/L U 87 87 nc nc 87 NA
Source Area surface water CMW-SD-2019 Aluminum 6190 UG/L 87 87 nc nc 87 Y
Source Area surface water CMW-SD-2019 Aluminum 46.3 UG/L U 87 87 nc nc 87 NA
Source Area surface water CMW-SD-2020 Aluminum 174 UG/L 87 87 nc nc 87 Y
Source Area surface water CMW-SD-2020 Aluminum 26 UG/L UJ 87 87 nc nc 87 NA
Source Area surface water CMW-SD-2021 Aluminum 82.4 UG/L U 87 87 nc nc 87 NA
Source Area surface water CMW-SD-2021 Aluminum 39 UG/L U 87 87 nc nc 87 NA
Source Area surface water CMW-SD-2022 Aluminum 36.2 UG/L U 87 87 nc nc 87 NA
Source Area surface water CMW-SD-2022 Aluminum 23.4 UG/L U 87 87 nc nc 87 NA
Allendale surface water CMW-SD-2023 Aluminum 198 UG/L 87 87 nc nc 87 Y
Allendale surface water CMW-SD-2023 Aluminum 44.1 UG/L U 87 87 nc nc 87 NA
Allendale surface water CMW-SD-2024 Aluminum 1220 UG/L 87 87 nc nc 87 Y
Allendale surface water CMW-SD-2024 Aluminum 51.1 UG/L U 87 87 nc nc 87 NA
Allendale surface water CMW-SD-2023 Aluminum 143 UG/L 87 87 nc nc 87 Y
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Allendale surface water CMW-SD-2025 Aluminum 36.6 UG/L U 87 87 nc nc 87 NA
Allendale surface water CMW-SD-2025 Aluminum 16 UG/L U 87 87 nc nc 87 NA
Allendale surface water APB-SD-2029 Aluminum 5070 UG/L 87 87 nc nc 87 Y
Allendale surface water APB-SD-2029 Aluminum 14 UG/L U 87 87 nc nc 87 NA
Source Area surface water WRC-SD-2009 Aluminum 44.2 UG/L J 87 87 nc nc 87 N
Source Area surface water WRC-SD-2009 Aluminum 46.3 UG/L J 87 87 nc nc 87 N
Source Area surface water WRC-SD-2013 Aluminum 76.1 UG/L 87 87 nc nc 87 N
Source Area surface water WRC-SD-2013 Aluminum 34.9 UG/L U 87 87 nc nc 87 NA
Allendale surface water WRC-SD-2014 Aluminum 37 UG/L J 87 87 nc nc 87 N
Allendale surface water WRC-SD-2014 Aluminum 45.4 UG/L J 87 87 nc nc 87 N
Allendale surface water WRC-SD-2015 Aluminum 35.8 UG/L J 87 87 nc nc 87 N
Allendale surface water WRC-SD-2015 Aluminum 38.8 UG/L J 87 87 nc nc 87 N
Source Area surface water WRC-SD-2010 Aluminum 182 UG/L 87 87 nc nc 87 Y
Source Area surface water WRC-SD-2010 Aluminum 49 UG/L J 87 87 nc nc 87 N
Source Area surface water WRC-SD-2011 Aluminum 56 UG/L J 87 87 nc nc 87 N
Source Area surface water WRC-SD-2011 Aluminum 140 UG/L 87 87 nc nc 87 Y
Source Area surface water WRC-SD-2012 Aluminum 67.6 UG/L J 87 87 nc nc 87 N
Source Area surface water WRC-SD-2012 Aluminum 34.9 UG/L U 87 87 nc nc 87 NA
Source Area surface water WRC-SD-2011 Aluminum 70.2 UG/L 87 87 nc nc 87 N
Lyman Mill surface water WRL-SD-2042 Aluminum 917 UG/L 87 87 nc nc 87 Y
Lyman Mill surface water WRL-SD-2042 Aluminum 60.6 UG/L J 87 87 nc nc 87 N
Allendale surface water APB-SD-2034 Aluminum 122 UG/L 87 87 nc nc 87 Y
Allendale surface water APB-SD-2034 Aluminum 53.4 UG/L J 87 87 nc nc 87 N
Allendale surface water APC-SD-2035 Aluminum 95.2 UG/L 87 87 nc nc 87 Y
Allendale surface water APC-SD-2035 Aluminum 89 UG/L 87 87 nc nc 87 Y
Allendale surface water APC-SD-2036 Aluminum 88.2 UG/L 87 87 nc nc 87 Y
Allendale surface water APC-SD-2036 Aluminum 117 UG/L 87 87 nc nc 87 Y
Lyman Mill surface water LPX-SD-2051 Aluminum 79 UG/L 87 87 nc nc 87 N
Lyman Mill surface water LPX-SD-2050 Aluminum 90 UG/L 87 87 nc nc 87 Y
Lyman Mill surface water LPX-SD-2050 Aluminum 100 UG/L 87 87 nc nc 87 Y
Lyman Mill surface water LPX-SD-2051 Aluminum 86.6 UG/L 87 87 nc nc 87 N
Lyman Mill surface water LPX-SD-2051 Aluminum 83.6 UG/L 87 87 nc nc 87 N
Lyman Mill surface water LPX-SD-2052 Aluminum 85.4 UG/L 87 87 nc nc 87 N
Lyman Mill surface water LPX-SD-2052 Aluminum 41 UG/L J 87 87 nc nc 87 N
Lyman Mill surface water LPX-SD-2053 Aluminum 58.6 UG/L J 87 87 nc nc 87 N
Lyman Mill surface water LPX-SD-2053 Aluminum 42.2 UG/L J 87 87 nc nc 87 N
Lyman Mill surface water LPX-SD-2049 Aluminum 117 UG/L 87 87 nc nc 87 Y
Lyman Mill surface water LPX-SD-2049 Aluminum 46.1 UG/L J 87 87 nc nc 87 N
Lyman Mill surface water LPX-SD-2045 Aluminum 46.1 UG/L U 87 87 nc nc 87 NA
Lyman Mill surface water LPX-SD-2045 Aluminum 22.8 UG/L UJ 87 87 nc nc 87 NA
Lyman Mill surface water LPX-SD-2046 Aluminum 293 UG/L 87 87 nc nc 87 Y
Lyman Mill surface water LPX-SD-2046 Aluminum 31 UG/L U 87 87 nc nc 87 NA
Lyman Mill surface water LPX-SD-2047 Aluminum 54.3 UG/L U 87 87 nc nc 87 NA
Lyman Mill surface water LPX-SD-2047 Aluminum 21.8 UG/L UJ 87 87 nc nc 87 NA
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Lyman Mill surface water LPX-SD-2045 Aluminum 25.3 UG/L UJ 87 87 nc nc 87 NA
Lyman Mill surface water WRL-SD-2043 Aluminum 343 UG/L 87 87 nc nc 87 Y
Lyman Mill surface water WRL-SD-2043 Aluminum 28 UG/L U 87 87 nc nc 87 NA
Lyman Mill surface water LPX-SD-2048 Aluminum 33.6 UG/L U 87 87 nc nc 87 NA
Lyman Mill surface water LPX-SD-2048 Aluminum 23.4 UG/L UJ 87 87 nc nc 87 NA
Lyman Mill surface water WRL-SD-2044 Aluminum 58.2 UG/L U 87 87 nc nc 87 NA
Lyman Mill surface water WRL-SD-2044 Aluminum 16 UG/L UJ 87 87 nc nc 87 NA
Assaumpsett surface water RAB-SD-3004 Aluminum 263 UG/L 87 87 nc nc 87 Y
Assaumpsett surface water RAB-SD-3004 Aluminum 68.8 UG/L U 87 87 nc nc 87 NA
Upstream surface water RCC-SD-3001 Aluminum 166 UG/L 87 87 nc nc 87 Y
Upstream surface water RCC-SD-3001 Aluminum 14 UG/L U 87 87 nc nc 87 NA
Upstream surface water RCC-SD-3002 Aluminum 546 UG/L 87 87 nc nc 87 Y
Upstream surface water RCC-SD-3002 Aluminum 25 UG/L UJ 87 87 nc nc 87 NA
Upstream surface water RCC-SD-3003 Aluminum 21.4 UG/L UJ 87 87 nc nc 87 NA
Upstream surface water RCC-SD-3003 Aluminum 14 UG/L U 87 87 nc nc 87 NA
Upstream surface water RCC-SD-3002 Aluminum 583 UG/L 87 87 nc nc 87 Y
Allendale surface water WRC-SW-4001 Aluminum 55.3 UG/L 87 87 nc nc 87 N
Allendale surface water WRC-SW-4002 Aluminum 69.2 UG/L J 87 87 nc nc 87 N
Allendale surface water WRC-SW-4003 Aluminum 52.3 UG/L 87 87 nc nc 87 N
Allendale surface water WRC-SW-4004 Aluminum 57.3 UG/L 87 87 nc nc 87 N
Assaumpsett surface water RAB-SW-5004 Aluminum 48.4 UG/L 87 87 nc nc 87 N
Assaumpsett surface water RAB-SW-5004 Aluminum 47.3 UG/L 87 87 nc nc 87 N
Upstream surface water RWR-SW-5001 Aluminum 58 UG/L 87 87 nc nc 87 N
Upstream surface water RWR-SW-5002 Aluminum 43.4 UG/L 87 87 nc nc 87 N
Lyman Mill surface water WRL-SW-4005 Aluminum 98 UG/L 87 87 nc nc 87 Y
Lyman Mill surface water WRL-SW-4004 Aluminum 81.5 UG/L 87 87 nc nc 87 N
Lyman Mill surface water WRL-SW-4005 Aluminum 75.6 UG/L 87 87 nc nc 87 N
Allendale surface water WRC-SW-4001 Aluminum 20 UG/L J 87 87 nc nc 87 N
Allendale surface water WRC-SW-4002 Aluminum 95.8 UG/L J 87 87 nc nc 87 Y
Allendale surface water WRC-SW-4003 Aluminum 20.9 UG/L J 87 87 nc nc 87 N
Allendale surface water WRC-SW-4004 Aluminum 20.3 UG/L J 87 87 nc nc 87 N
Assaumpsett surface water RAB-SW-5004 Aluminum 19.1 UG/L J 87 87 nc nc 87 N
Assaumpsett surface water RAB-SW-5004 Aluminum 19 UG/L J 87 87 nc nc 87 N
Upstream surface water RWR-SW-5001 Aluminum 20.5 UG/L J 87 87 nc nc 87 N
Upstream surface water RWR-SW-5002 Aluminum 25.1 UG/L J 87 87 nc nc 87 N
Lyman Mill surface water WRL-SW-4005 Aluminum 22.9 UG/L J 87 87 nc nc 87 N
Lyman Mill surface water WRL-SW-4004 Aluminum 20.5 UG/L J 87 87 nc nc 87 N
Lyman Mill surface water WRL-SW-4005 Aluminum 21 UG/L J 87 87 nc nc 87 N
Lyman Mill surface water WRL-SD-2040 Barium 16.9 UG/L nc nc nc 1000 1000 N
Lyman Mill surface water WRL-SD-2040 Barium 35.9 UG/L U nc nc nc 1000 1000 NA
Lyman Mill surface water WRL-SD-2039 Barium 16.1 UG/L nc nc nc 1000 1000 N
Lyman Mill surface water WRL-SD-2039 Barium 16 UG/L U nc nc nc 1000 1000 NA
Lyman Mill surface water WRL-SD-2040 Barium 17 UG/L nc nc nc 1000 1000 N
Lyman Mill surface water WRL-SD-2040 Barium 286 UG/L nc nc nc 1000 1000 N
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Lyman Mill surface water WRL-SD-2041 Barium 16.5 UG/L nc nc nc 1000 1000 N
Lyman Mill surface water WRL-SD-2041 Barium 16.2 UG/L U nc nc nc 1000 1000 NA
Source Area surface water CMW-SD-2016 Barium 25 UG/L nc nc nc 1000 1000 N
Source Area surface water CMW-SD-2016 Barium 23.3 UG/L U nc nc nc 1000 1000 NA
Source Area surface water CMW-SD-2019 Barium 91.7 UG/L nc nc nc 1000 1000 N
Source Area surface water CMW-SD-2019 Barium 183 UG/L nc nc nc 1000 1000 N
Source Area surface water CMW-SD-2020 Barium 17.8 UG/L nc nc nc 1000 1000 N
Source Area surface water CMW-SD-2020 Barium 206 UG/L nc nc nc 1000 1000 N
Source Area surface water CMW-SD-2021 Barium 22.4 UG/L nc nc nc 1000 1000 N
Source Area surface water CMW-SD-2021 Barium 8.3 UG/L U nc nc nc 1000 1000 NA
Source Area surface water CMW-SD-2022 Barium 33.1 UG/L nc nc nc 1000 1000 N
Source Area surface water CMW-SD-2022 Barium 136 UG/L U nc nc nc 1000 1000 NA
Allendale surface water CMW-SD-2023 Barium 37.2 UG/L nc nc nc 1000 1000 N
Allendale surface water CMW-SD-2023 Barium 196 UG/L nc nc nc 1000 1000 N
Allendale surface water CMW-SD-2024 Barium 48.7 UG/L nc nc nc 1000 1000 N
Allendale surface water CMW-SD-2024 Barium 254 UG/L nc nc nc 1000 1000 N
Allendale surface water CMW-SD-2023 Barium 36.9 UG/L nc nc nc 1000 1000 N
Allendale surface water CMW-SD-2025 Barium 37.8 UG/L nc nc nc 1000 1000 N
Allendale surface water CMW-SD-2025 Barium 211 UG/L nc nc nc 1000 1000 N
Allendale surface water APB-SD-2029 Barium 144 UG/L J nc nc nc 1000 1000 N
Allendale surface water APB-SD-2029 Barium 217 UG/L nc nc nc 1000 1000 N
Source Area surface water WRC-SD-2009 Barium 18 UG/L nc nc nc 1000 1000 N
Source Area surface water WRC-SD-2009 Barium 233 UG/L nc nc nc 1000 1000 N
Source Area surface water WRC-SD-2013 Barium 19 UG/L nc nc nc 1000 1000 N
Source Area surface water WRC-SD-2013 Barium 186 UG/L nc nc nc 1000 1000 N
Allendale surface water WRC-SD-2014 Barium 16 UG/L nc nc nc 1000 1000 N
Allendale surface water WRC-SD-2014 Barium 201 UG/L nc nc nc 1000 1000 N
Allendale surface water WRC-SD-2015 Barium 271 UG/L nc nc nc 1000 1000 N
Allendale surface water WRC-SD-2015 Barium 221 UG/L nc nc nc 1000 1000 N
Source Area surface water WRC-SD-2010 Barium 20.9 UG/L nc nc nc 1000 1000 N
Source Area surface water WRC-SD-2010 Barium 198 UG/L nc nc nc 1000 1000 N
Source Area surface water WRC-SD-2011 Barium 19.2 UG/L nc nc nc 1000 1000 N
Source Area surface water WRC-SD-2011 Barium 188 UG/L nc nc nc 1000 1000 N
Source Area surface water WRC-SD-2012 Barium 19.3 UG/L nc nc nc 1000 1000 N
Source Area surface water WRC-SD-2012 Barium 134 UG/L U nc nc nc 1000 1000 NA
Source Area surface water WRC-SD-2011 Barium 18.8 UG/L nc nc nc 1000 1000 N
Lyman Mill surface water WRL-SD-2042 Barium 31.1 UG/L nc nc nc 1000 1000 N
Lyman Mill surface water WRL-SD-2042 Barium 16.1 UG/L U nc nc nc 1000 1000 NA
Allendale surface water APB-SD-2034 Barium 19 UG/L U nc nc nc 1000 1000 NA
Allendale surface water APB-SD-2034 Barium 222 UG/L nc nc nc 1000 1000 N
Allendale surface water APC-SD-2035 Barium 19.1 UG/L nc nc nc 1000 1000 N
Allendale surface water APC-SD-2035 Barium 234 UG/L nc nc nc 1000 1000 N
Allendale surface water APC-SD-2036 Barium 18.4 UG/L nc nc nc 1000 1000 N
Allendale surface water APC-SD-2036 Barium 193 UG/L nc nc nc 1000 1000 N
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Lyman Mill surface water LPX-SD-2051 Barium 20.5 UG/L nc nc nc 1000 1000 N
Lyman Mill surface water LPX-SD-2050 Barium 19.1 UG/L nc nc nc 1000 1000 N
Lyman Mill surface water LPX-SD-2050 Barium 228 UG/L nc nc nc 1000 1000 N
Lyman Mill surface water LPX-SD-2051 Barium 20.2 UG/L nc nc nc 1000 1000 N
Lyman Mill surface water LPX-SD-2051 Barium 187 UG/L nc nc nc 1000 1000 N
Lyman Mill surface water LPX-SD-2052 Barium 20.6 UG/L nc nc nc 1000 1000 N
Lyman Mill surface water LPX-SD-2052 Barium 218 UG/L nc nc nc 1000 1000 N
Lyman Mill surface water LPX-SD-2053 Barium 19.1 UG/L nc nc nc 1000 1000 N
Lyman Mill surface water LPX-SD-2053 Barium 201 UG/L nc nc nc 1000 1000 N
Lyman Mill surface water LPX-SD-2049 Barium 24 UG/L nc nc nc 1000 1000 N
Lyman Mill surface water LPX-SD-2049 Barium 184 UG/L nc nc nc 1000 1000 N
Lyman Mill surface water LPX-SD-2045 Barium 15.6 UG/L nc nc nc 1000 1000 N
Lyman Mill surface water LPX-SD-2045 Barium 15.6 UG/L U nc nc nc 1000 1000 NA
Lyman Mill surface water LPX-SD-2046 Barium 22.5 UG/L nc nc nc 1000 1000 N
Lyman Mill surface water LPX-SD-2046 Barium 194 UG/L nc nc nc 1000 1000 N
Lyman Mill surface water LPX-SD-2047 Barium 17.8 UG/L nc nc nc 1000 1000 N
Lyman Mill surface water LPX-SD-2047 Barium 15.4 UG/L U nc nc nc 1000 1000 NA
Lyman Mill surface water LPX-SD-2045 Barium 15.2 UG/L nc nc nc 1000 1000 N
Lyman Mill surface water WRL-SD-2043 Barium 22.3 UG/L nc nc nc 1000 1000 N
Lyman Mill surface water WRL-SD-2043 Barium 177 UG/L U nc nc nc 1000 1000 NA
Lyman Mill surface water LPX-SD-2048 Barium 16.6 UG/L nc nc nc 1000 1000 N
Lyman Mill surface water LPX-SD-2048 Barium 16.9 UG/L U nc nc nc 1000 1000 NA
Lyman Mill surface water WRL-SD-2044 Barium 37 UG/L nc nc nc 1000 1000 N
Lyman Mill surface water WRL-SD-2044 Barium 36 UG/L U nc nc nc 1000 1000 NA
Assaumpsett surface water RAB-SD-3004 Barium 25 UG/L nc nc nc 1000 1000 N
Assaumpsett surface water RAB-SD-3004 Barium 21.6 UG/L U nc nc nc 1000 1000 NA
Upstream surface water RCC-SD-3001 Barium 22.6 UG/L nc nc nc 1000 1000 N
Upstream surface water RCC-SD-3001 Barium 15.5 UG/L U nc nc nc 1000 1000 NA
Upstream surface water RCC-SD-3002 Barium 27.2 UG/L nc nc nc 1000 1000 N
Upstream surface water RCC-SD-3002 Barium 17.2 UG/L U nc nc nc 1000 1000 NA
Upstream surface water RCC-SD-3003 Barium 35.7 UG/L nc nc nc 1000 1000 N
Upstream surface water RCC-SD-3003 Barium 34 UG/L U nc nc nc 1000 1000 NA
Upstream surface water RCC-SD-3002 Barium 26.8 UG/L nc nc nc 1000 1000 N
Allendale surface water WRC-SW-4001 Barium 16.6 UG/L nc nc nc 1000 1000 N
Allendale surface water WRC-SW-4002 Barium 17.6 UG/L nc nc nc 1000 1000 N
Allendale surface water WRC-SW-4003 Barium 16.7 UG/L nc nc nc 1000 1000 N
Allendale surface water WRC-SW-4004 Barium 16.8 UG/L nc nc nc 1000 1000 N
Assaumpsett surface water RAB-SW-5004 Barium 21.3 UG/L nc nc nc 1000 1000 N
Assaumpsett surface water RAB-SW-5004 Barium 21.1 UG/L nc nc nc 1000 1000 N
Upstream surface water RWR-SW-5001 Barium 20.4 UG/L nc nc nc 1000 1000 N
Upstream surface water RWR-SW-5002 Barium 19.5 UG/L nc nc nc 1000 1000 N
Lyman Mill surface water WRL-SW-4005 Barium 17.2 UG/L nc nc nc 1000 1000 N
Lyman Mill surface water WRL-SW-4004 Barium 18.4 UG/L nc nc nc 1000 1000 N
Lyman Mill surface water WRL-SW-4005 Barium 19.4 UG/L nc nc nc 1000 1000 N
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Allendale surface water WRC-SW-4001 Barium 13.6 UG/L nc nc nc 1000 1000 N
Allendale surface water WRC-SW-4002 Barium 14.6 UG/L nc nc nc 1000 1000 N
Allendale surface water WRC-SW-4003 Barium 14.1 UG/L nc nc nc 1000 1000 N
Allendale surface water WRC-SW-4004 Barium 14.3 UG/L nc nc nc 1000 1000 N
Assaumpsett surface water RAB-SW-5004 Barium 18.5 UG/L nc nc nc 1000 1000 N
Assaumpsett surface water RAB-SW-5004 Barium 18.1 UG/L nc nc nc 1000 1000 N
Upstream surface water RWR-SW-5001 Barium 15.3 UG/L nc nc nc 1000 1000 N
Upstream surface water RWR-SW-5002 Barium 17.9 UG/L nc nc nc 1000 1000 N
Lyman Mill surface water WRL-SW-4005 Barium 16.2 UG/L nc nc nc 1000 1000 N
Lyman Mill surface water WRL-SW-4004 Barium 17.2 UG/L nc nc nc 1000 1000 N
Lyman Mill surface water WRL-SW-4005 Barium 16.6 UG/L nc nc nc 1000 1000 N
Lyman Mill surface water WRL-SD-2040 Iron 212 UG/L 1000 1000 300 300 300 N
Lyman Mill surface water WRL-SD-2040 Iron 154 UG/L 1000 1000 300 300 300 N
Lyman Mill surface water WRL-SD-2039 Iron 318 UG/L 1000 1000 300 300 300 Y
Lyman Mill surface water WRL-SD-2039 Iron 126 UG/L 1000 1000 300 300 300 N
Lyman Mill surface water WRL-SD-2040 Iron 219 UG/L 1000 1000 300 300 300 N
Lyman Mill surface water WRL-SD-2040 Iron 206 UG/L 1000 1000 300 300 300 N
Lyman Mill surface water WRL-SD-2041 Iron 251 UG/L 1000 1000 300 300 300 N
Lyman Mill surface water WRL-SD-2041 Iron 146 UG/L 1000 1000 300 300 300 N
Source Area surface water CMW-SD-2016 Iron 628 UG/L 1000 1000 300 300 300 Y
Source Area surface water CMW-SD-2016 Iron 514 UG/L 1000 1000 300 300 300 Y
Source Area surface water CMW-SD-2019 Iron 29100 UG/L 1000 1000 300 300 300 Y
Source Area surface water CMW-SD-2019 Iron 7950 UG/L 1000 1000 300 300 300 Y
Source Area surface water CMW-SD-2020 Iron 1540 UG/L 1000 1000 300 300 300 Y
Source Area surface water CMW-SD-2020 Iron 760 UG/L 1000 1000 300 300 300 Y
Source Area surface water CMW-SD-2021 Iron 3810 UG/L 1000 1000 300 300 300 Y
Source Area surface water CMW-SD-2021 Iron 547 UG/L 1000 1000 300 300 300 Y
Source Area surface water CMW-SD-2022 Iron 1110 UG/L 1000 1000 300 300 300 Y
Source Area surface water CMW-SD-2022 Iron 877 UG/L 1000 1000 300 300 300 Y
Allendale surface water CMW-SD-2023 Iron 1430 UG/L 1000 1000 300 300 300 Y
Allendale surface water CMW-SD-2023 Iron 229 UG/L 1000 1000 300 300 300 N
Allendale surface water CMW-SD-2024 Iron 5020 UG/L 1000 1000 300 300 300 Y
Allendale surface water CMW-SD-2024 Iron 525 UG/L 1000 1000 300 300 300 Y
Allendale surface water CMW-SD-2023 Iron 1010 UG/L 1000 1000 300 300 300 Y
Allendale surface water CMW-SD-2025 Iron 562 UG/L 1000 1000 300 300 300 Y
Allendale surface water CMW-SD-2025 Iron 323 UG/L 1000 1000 300 300 300 Y
Allendale surface water APB-SD-2029 Iron 113000 UG/L 1000 1000 300 300 300 Y
Allendale surface water APB-SD-2029 Iron 435 UG/L 1000 1000 300 300 300 Y
Source Area surface water WRC-SD-2009 Iron 229 UG/L 1000 1000 300 300 300 N
Source Area surface water WRC-SD-2009 Iron 232 UG/L 1000 1000 300 300 300 N
Source Area surface water WRC-SD-2013 Iron 313 UG/L 1000 1000 300 300 300 Y
Source Area surface water WRC-SD-2013 Iron 186 UG/L 1000 1000 300 300 300 N
Allendale surface water WRC-SD-2014 Iron 236 UG/L 1000 1000 300 300 300 N
Allendale surface water WRC-SD-2014 Iron 154 UG/L 1000 1000 300 300 300 N
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Allendale surface water WRC-SD-2015 Iron 243 UG/L 1000 1000 300 300 300 N
Allendale surface water WRC-SD-2015 Iron 155 UG/L 1000 1000 300 300 300 N
Source Area surface water WRC-SD-2010 Iron 571 UG/L 1000 1000 300 300 300 Y
Source Area surface water WRC-SD-2010 Iron 201 UG/L 1000 1000 300 300 300 N
Source Area surface water WRC-SD-2011 Iron 242 UG/L 1000 1000 300 300 300 N
Source Area surface water WRC-SD-2011 Iron 189 UG/L 1000 1000 300 300 300 N
Source Area surface water WRC-SD-2012 Iron 335 UG/L 1000 1000 300 300 300 Y
Source Area surface water WRC-SD-2012 Iron 157 UG/L 1000 1000 300 300 300 N
Source Area surface water WRC-SD-2011 Iron 242 UG/L 1000 1000 300 300 300 N
Lyman Mill surface water WRL-SD-2042 Iron 1560 UG/L 1000 1000 300 300 300 Y
Lyman Mill surface water WRL-SD-2042 Iron 305 UG/L 1000 1000 300 300 300 Y
Allendale surface water APB-SD-2034 Iron 431 UG/L 1000 1000 300 300 300 Y
Allendale surface water APB-SD-2034 Iron 239 UG/L 1000 1000 300 300 300 N
Allendale surface water APC-SD-2035 Iron 404 UG/L 1000 1000 300 300 300 Y
Allendale surface water APC-SD-2035 Iron 251 UG/L 1000 1000 300 300 300 N
Allendale surface water APC-SD-2036 Iron 442 UG/L 1000 1000 300 300 300 Y
Allendale surface water APC-SD-2036 Iron 329 UG/L 1000 1000 300 300 300 Y
Lyman Mill surface water LPX-SD-2051 Iron 512 UG/L 1000 1000 300 300 300 Y
Lyman Mill surface water LPX-SD-2050 Iron 406 UG/L 1000 1000 300 300 300 Y
Lyman Mill surface water LPX-SD-2050 Iron 282 UG/L 1000 1000 300 300 300 N
Lyman Mill surface water LPX-SD-2051 Iron 439 UG/L 1000 1000 300 300 300 Y
Lyman Mill surface water LPX-SD-2051 Iron 334 UG/L 1000 1000 300 300 300 Y
Lyman Mill surface water LPX-SD-2052 Iron 414 UG/L 1000 1000 300 300 300 Y
Lyman Mill surface water LPX-SD-2052 Iron 244 UG/L 1000 1000 300 300 300 N
Lyman Mill surface water LPX-SD-2053 Iron 356 UG/L 1000 1000 300 300 300 Y
Lyman Mill surface water LPX-SD-2053 Iron 274 UG/L 1000 1000 300 300 300 N
Lyman Mill surface water LPX-SD-2049 Iron 762 UG/L 1000 1000 300 300 300 Y
Lyman Mill surface water LPX-SD-2049 Iron 376 UG/L 1000 1000 300 300 300 Y
Lyman Mill surface water LPX-SD-2045 Iron 307 UG/L 1000 1000 300 300 300 Y
Lyman Mill surface water LPX-SD-2045 Iron 164 UG/L 1000 1000 300 300 300 N
Lyman Mill surface water LPX-SD-2046 Iron 861 UG/L 1000 1000 300 300 300 Y
Lyman Mill surface water LPX-SD-2046 Iron 206 UG/L 1000 1000 300 300 300 N
Lyman Mill surface water LPX-SD-2047 Iron 334 UG/L 1000 1000 300 300 300 Y
Lyman Mill surface water LPX-SD-2047 Iron 174 UG/L 1000 1000 300 300 300 N
Lyman Mill surface water LPX-SD-2045 Iron 165 UG/L 1000 1000 300 300 300 N
Lyman Mill surface water WRL-SD-2043 Iron 852 UG/L 1000 1000 300 300 300 Y
Lyman Mill surface water WRL-SD-2043 Iron 217 UG/L 1000 1000 300 300 300 N
Lyman Mill surface water LPX-SD-2048 Iron 241 UG/L 1000 1000 300 300 300 N
Lyman Mill surface water LPX-SD-2048 Iron 158 UG/L 1000 1000 300 300 300 N
Lyman Mill surface water WRL-SD-2044 Iron 3710 UG/L 1000 1000 300 300 300 Y
Lyman Mill surface water WRL-SD-2044 Iron 2960 UG/L 1000 1000 300 300 300 Y
Assaumpsett surface water RAB-SD-3004 Iron 1110 UG/L 1000 1000 300 300 300 Y
Assaumpsett surface water RAB-SD-3004 Iron 496 UG/L 1000 1000 300 300 300 Y
Upstream surface water RCC-SD-3001 Iron 657 UG/L 1000 1000 300 300 300 Y
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Upstream surface water RCC-SD-3001 Iron 193 UG/L 1000 1000 300 300 300 N
Upstream surface water RCC-SD-3002 Iron 1410 UG/L 1000 1000 300 300 300 Y
Upstream surface water RCC-SD-3002 Iron 173 UG/L 1000 1000 300 300 300 N
Upstream surface water RCC-SD-3003 Iron 826 UG/L 1000 1000 300 300 300 Y
Upstream surface water RCC-SD-3003 Iron 267 UG/L 1000 1000 300 300 300 N
Upstream surface water RCC-SD-3002 Iron 1590 UG/L 1000 1000 300 300 300 Y
Allendale surface water WRC-SW-4001 Iron 761 UG/L 1000 1000 300 300 300 Y
Allendale surface water WRC-SW-4002 Iron 764 UG/L 1000 1000 300 300 300 Y
Allendale surface water WRC-SW-4003 Iron 697 UG/L 1000 1000 300 300 300 Y
Allendale surface water WRC-SW-4004 Iron 701 UG/L 1000 1000 300 300 300 Y
Assaumpsett surface water RAB-SW-5004 Iron 834 UG/L 1000 1000 300 300 300 Y
Assaumpsett surface water RAB-SW-5004 Iron 832 UG/L 1000 1000 300 300 300 Y
Upstream surface water RWR-SW-5001 Iron 716 UG/L 1000 1000 300 300 300 Y
Upstream surface water RWR-SW-5002 Iron 681 UG/L 1000 1000 300 300 300 Y
Lyman Mill surface water WRL-SW-4005 Iron 795 UG/L 1000 1000 300 300 300 Y
Lyman Mill surface water WRL-SW-4004 Iron 767 UG/L 1000 1000 300 300 300 Y
Lyman Mill surface water WRL-SW-4005 Iron 737 UG/L 1000 1000 300 300 300 Y
Allendale surface water WRC-SW-4001 Iron 512 UG/L 1000 1000 300 300 300 Y
Allendale surface water WRC-SW-4002 Iron 504 UG/L 1000 1000 300 300 300 Y
Allendale surface water WRC-SW-4003 Iron 501 UG/L 1000 1000 300 300 300 Y
Allendale surface water WRC-SW-4004 Iron 496 UG/L 1000 1000 300 300 300 Y
Assaumpsett surface water RAB-SW-5004 Iron 552 UG/L 1000 1000 300 300 300 Y
Assaumpsett surface water RAB-SW-5004 Iron 551 UG/L 1000 1000 300 300 300 Y
Upstream surface water RWR-SW-5001 Iron 510 UG/L 1000 1000 300 300 300 Y
Upstream surface water RWR-SW-5002 Iron 496 UG/L 1000 1000 300 300 300 Y
Lyman Mill surface water WRL-SW-4005 Iron 474 UG/L 1000 1000 300 300 300 Y
Lyman Mill surface water WRL-SW-4004 Iron 472 UG/L 1000 1000 300 300 300 Y
Lyman Mill surface water WRL-SW-4005 Iron 474 UG/L 1000 1000 300 300 300 Y
Lyman Mill surface water WRL-SD-2040 Manganese 57.4 UG/L nc nc nc 50 50 5 Y
Lyman Mill surface water WRL-SD-2040 Manganese 48.8 UG/L nc nc nc 50 50 5 N
Lyman Mill surface water WRL-SD-2039 Manganese 73.6 UG/L nc nc nc 50 50 5 Y
Lyman Mill surface water WRL-SD-2039 Manganese 48.2 UG/L nc nc nc 50 50 5 N
Lyman Mill surface water WRL-SD-2040 Manganese 59 UG/L nc nc nc 50 50 5 Y
Lyman Mill surface water WRL-SD-2040 Manganese 44.2 UG/L nc nc nc 50 50 5 N
Lyman Mill surface water WRL-SD-2041 Manganese 59.2 UG/L nc nc nc 50 50 5 Y
Lyman Mill surface water WRL-SD-2041 Manganese 51.7 UG/L nc nc nc 50 50 5 Y
Source Area surface water CMW-SD-2016 Manganese 14.1 UG/L nc nc nc 50 50 5 N
Source Area surface water CMW-SD-2016 Manganese 9.6 UG/L nc nc nc 50 50 5 N
Source Area surface water CMW-SD-2019 Manganese 1030 UG/L nc nc nc 50 50 5 Y
Source Area surface water CMW-SD-2019 Manganese 862 UG/L nc nc nc 50 50 5 Y
Source Area surface water CMW-SD-2020 Manganese 226 UG/L nc nc nc 50 50 5 Y
Source Area surface water CMW-SD-2020 Manganese 272 UG/L nc nc nc 50 50 5 Y
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Source Area surface water CMW-SD-2021 Manganese 244 UG/L nc nc nc 50 50 5 Y
Source Area surface water CMW-SD-2021 Manganese 88.7 UG/L nc nc nc 50 50 5 Y
Source Area surface water CMW-SD-2022 Manganese 172 UG/L nc nc nc 50 50 5 Y
Source Area surface water CMW-SD-2022 Manganese 170 UG/L nc nc nc 50 50 5 Y
Allendale surface water CMW-SD-2023 Manganese 249 UG/L nc nc nc 50 50 5 Y
Allendale surface water CMW-SD-2023 Manganese 252 UG/L nc nc nc 50 50 5 Y
Allendale surface water CMW-SD-2024 Manganese 1100 UG/L nc nc nc 50 50 5 Y
Allendale surface water CMW-SD-2024 Manganese 977 UG/L nc nc nc 50 50 5 Y
Allendale surface water CMW-SD-2023 Manganese 261 UG/L nc nc nc 50 50 5 Y
Allendale surface water CMW-SD-2025 Manganese 343 UG/L nc nc nc 50 50 5 Y
Allendale surface water CMW-SD-2025 Manganese 316 UG/L nc nc nc 50 50 5 Y
Allendale surface water APB-SD-2029 Manganese 2600 UG/L nc nc nc 50 50 5 Y
Allendale surface water APB-SD-2029 Manganese 1570 UG/L nc nc nc 50 50 5 Y
Source Area surface water WRC-SD-2009 Manganese 49.4 UG/L nc nc nc 50 50 5 N
Source Area surface water WRC-SD-2009 Manganese 34.8 UG/L nc nc nc 50 50 5 N
Source Area surface water WRC-SD-2013 Manganese 74.3 UG/L nc nc nc 50 50 5 Y
Source Area surface water WRC-SD-2013 Manganese 28 UG/L nc nc nc 50 50 5 N
Allendale surface water WRC-SD-2014 Manganese 37.4 UG/L nc nc nc 50 50 5 N
Allendale surface water WRC-SD-2014 Manganese 26.4 UG/L nc nc nc 50 50 5 N
Allendale surface water WRC-SD-2015 Manganese 108 UG/L nc nc nc 50 50 5 Y
Allendale surface water WRC-SD-2015 Manganese 29 UG/L nc nc nc 50 50 5 N
Source Area surface water WRC-SD-2010 Manganese 117 UG/L nc nc nc 50 50 5 Y
Source Area surface water WRC-SD-2010 Manganese 55 UG/L nc nc nc 50 50 5 Y
Source Area surface water WRC-SD-2011 Manganese 49.3 UG/L nc nc nc 50 50 5 N
Source Area surface water WRC-SD-2011 Manganese 36.2 UG/L nc nc nc 50 50 5 N
Source Area surface water WRC-SD-2012 Manganese 92.6 UG/L nc nc nc 50 50 5 Y
Source Area surface water WRC-SD-2012 Manganese 32 UG/L nc nc nc 50 50 5 N
Source Area surface water WRC-SD-2011 Manganese 122 UG/L nc nc nc 50 50 5 Y
Lyman Mill surface water WRL-SD-2042 Manganese 152 UG/L nc nc nc 50 50 5 Y
Lyman Mill surface water WRL-SD-2042 Manganese 46.4 UG/L nc nc nc 50 50 5 N
Allendale surface water APB-SD-2034 Manganese 105 UG/L nc nc nc 50 50 5 Y
Allendale surface water APB-SD-2034 Manganese 60.6 UG/L nc nc nc 50 50 5 Y
Allendale surface water APC-SD-2035 Manganese 64.8 UG/L nc nc nc 50 50 5 Y
Allendale surface water APC-SD-2035 Manganese 60.5 UG/L nc nc nc 50 50 5 Y
Allendale surface water APC-SD-2036 Manganese 128 UG/L nc nc nc 50 50 5 Y
Allendale surface water APC-SD-2036 Manganese 95.2 UG/L nc nc nc 50 50 5 Y
Lyman Mill surface water LPX-SD-2051 Manganese 120 UG/L nc nc nc 50 50 5 Y
Lyman Mill surface water LPX-SD-2050 Manganese 101 UG/L nc nc nc 50 50 5 Y
Lyman Mill surface water LPX-SD-2050 Manganese 87.8 UG/L nc nc nc 50 50 5 Y
Lyman Mill surface water LPX-SD-2051 Manganese 122 UG/L nc nc nc 50 50 5 Y
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Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL
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Rhode 
Island Federal 1


State of 
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Island Federal 1
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(UG/L) 2


Exceed 
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(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Lyman Mill surface water LPX-SD-2051 Manganese 108 UG/L nc nc nc 50 50 5 Y
Lyman Mill surface water LPX-SD-2052 Manganese 95.6 UG/L nc nc nc 50 50 5 Y
Lyman Mill surface water LPX-SD-2052 Manganese 54.4 UG/L nc nc nc 50 50 5 Y
Lyman Mill surface water LPX-SD-2053 Manganese 87.5 UG/L nc nc nc 50 50 5 Y
Lyman Mill surface water LPX-SD-2053 Manganese 74.8 UG/L nc nc nc 50 50 5 Y
Lyman Mill surface water LPX-SD-2049 Manganese 436 UG/L nc nc nc 50 50 5 Y
Lyman Mill surface water LPX-SD-2049 Manganese 436 UG/L nc nc nc 50 50 5 Y
Lyman Mill surface water LPX-SD-2045 Manganese 62.7 UG/L nc nc nc 50 50 5 Y
Lyman Mill surface water LPX-SD-2045 Manganese 61.7 UG/L nc nc nc 50 50 5 Y
Lyman Mill surface water LPX-SD-2046 Manganese 94.4 UG/L nc nc nc 50 50 5 Y
Lyman Mill surface water LPX-SD-2046 Manganese 75.8 UG/L nc nc nc 50 50 5 Y
Lyman Mill surface water LPX-SD-2047 Manganese 93.3 UG/L nc nc nc 50 50 5 Y
Lyman Mill surface water LPX-SD-2047 Manganese 81.6 UG/L nc nc nc 50 50 5 Y
Lyman Mill surface water LPX-SD-2045 Manganese 59 UG/L nc nc nc 50 50 5 Y
Lyman Mill surface water WRL-SD-2043 Manganese 84.3 UG/L nc nc nc 50 50 5 Y
Lyman Mill surface water WRL-SD-2043 Manganese 47.2 UG/L nc nc nc 50 50 5 N
Lyman Mill surface water LPX-SD-2048 Manganese 76.6 UG/L nc nc nc 50 50 5 Y
Lyman Mill surface water LPX-SD-2048 Manganese 79.2 UG/L nc nc nc 50 50 5 Y
Lyman Mill surface water WRL-SD-2044 Manganese 1490 UG/L nc nc nc 50 50 5 Y
Lyman Mill surface water WRL-SD-2044 Manganese 1550 UG/L nc nc nc 50 50 5 Y
Assaumpsett surface water RAB-SD-3004 Manganese 166 UG/L nc nc nc 50 50 5 Y
Assaumpsett surface water RAB-SD-3004 Manganese 127 UG/L nc nc nc 50 50 5 Y
Upstream surface water RCC-SD-3001 Manganese 126 UG/L nc nc nc 50 50 5 Y
Upstream surface water RCC-SD-3001 Manganese 45.7 UG/L nc nc nc 50 50 5 N
Upstream surface water RCC-SD-3002 Manganese 142 UG/L nc nc nc 50 50 5 Y
Upstream surface water RCC-SD-3002 Manganese 112 UG/L nc nc nc 50 50 5 Y
Upstream surface water RCC-SD-3003 Manganese 531 UG/L nc nc nc 50 50 5 Y
Upstream surface water RCC-SD-3003 Manganese 451 UG/L nc nc nc 50 50 5 Y
Upstream surface water RCC-SD-3002 Manganese 146 UG/L nc nc nc 50 50 5 Y
Allendale surface water WRC-SW-4001 Manganese 110 UG/L nc nc nc 50 50 5 Y
Allendale surface water WRC-SW-4002 Manganese 169 UG/L nc nc nc 50 50 5 Y
Allendale surface water WRC-SW-4003 Manganese 117 UG/L nc nc nc 50 50 5 Y
Allendale surface water WRC-SW-4004 Manganese 111 UG/L nc nc nc 50 50 5 Y
Assaumpsett surface water RAB-SW-5004 Manganese 105 UG/L nc nc nc 50 50 5 Y
Assaumpsett surface water RAB-SW-5004 Manganese 104 UG/L nc nc nc 50 50 5 Y
Upstream surface water RWR-SW-5001 Manganese 144 UG/L nc nc nc 50 50 5 Y
Upstream surface water RWR-SW-5002 Manganese 122 UG/L nc nc nc 50 50 5 Y
Lyman Mill surface water WRL-SW-4005 Manganese 129 UG/L nc nc nc 50 50 5 Y
Lyman Mill surface water WRL-SW-4004 Manganese 130 UG/L nc nc nc 50 50 5 Y
Lyman Mill surface water WRL-SW-4005 Manganese 117 UG/L nc nc nc 50 50 5 Y
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RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL
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Rhode 
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(UG/L) 2
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(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Allendale surface water WRC-SW-4001 Manganese 68 UG/L nc nc nc 50 50 5 Y
Allendale surface water WRC-SW-4002 Manganese 63.9 UG/L nc nc nc 50 50 5 Y
Allendale surface water WRC-SW-4003 Manganese 61 UG/L nc nc nc 50 50 5 Y
Allendale surface water WRC-SW-4004 Manganese 56.4 UG/L nc nc nc 50 50 5 Y
Assaumpsett surface water RAB-SW-5004 Manganese 23.4 UG/L nc nc nc 50 50 5 N
Assaumpsett surface water RAB-SW-5004 Manganese 23.2 UG/L nc nc nc 50 50 5 N
Upstream surface water RWR-SW-5001 Manganese 107 UG/L nc nc nc 50 50 5 Y
Upstream surface water RWR-SW-5002 Manganese 87.8 UG/L nc nc nc 50 50 5 Y
Lyman Mill surface water WRL-SW-4005 Manganese 67.9 UG/L nc nc nc 50 50 5 Y
Lyman Mill surface water WRL-SW-4004 Manganese 67.2 UG/L nc nc nc 50 50 5 Y
Lyman Mill surface water WRL-SW-4005 Manganese 68.5 UG/L nc nc nc 50 50 5 Y
Lyman Mill surface water WRL-SD-2040 Methoxychlor 0.5 UG/L U nc 0.03 nc 100 0.03 NA
Lyman Mill surface water WRL-SD-2039 Methoxychlor 0.5 UG/L U nc 0.03 nc 100 0.03 NA
Lyman Mill surface water WRL-SD-2040 Methoxychlor 0.5 UG/L U nc 0.03 nc 100 0.03 NA
Lyman Mill surface water WRL-SD-2041 Methoxychlor 0.5 UG/L U nc 0.03 nc 100 0.03 NA
Source Area surface water CMW-SD-2016 Methoxychlor 0.5 UG/L U nc 0.03 nc 100 0.03 NA
Source Area surface water CMW-SD-2019 Methoxychlor 0.5 UG/L U nc 0.03 nc 100 0.03 NA
Source Area surface water CMW-SD-2020 Methoxychlor 0.5 UG/L U nc 0.03 nc 100 0.03 NA
Source Area surface water CMW-SD-2021 Methoxychlor 0.5 UG/L U nc 0.03 nc 100 0.03 NA
Allendale surface water CMW-SD-2023 Methoxychlor 0.5 UG/L U nc 0.03 nc 100 0.03 NA
Source Area surface water CMW-SD-2022 Methoxychlor 0.5 UG/L U nc 0.03 nc 100 0.03 NA
Allendale surface water CMW-SD-2023 Methoxychlor 0.5 UG/L U nc 0.03 nc 100 0.03 NA
Allendale surface water CMW-SD-2024 Methoxychlor 0.5 UG/L U nc 0.03 nc 100 0.03 NA
Allendale surface water CMW-SD-2025 Methoxychlor 0.5 UG/L U nc 0.03 nc 100 0.03 NA
Allendale surface water APB-SD-2029 Methoxychlor 0.5 UG/L U nc 0.03 nc 100 0.03 NA
Source Area surface water WRC-SD-2009 Methoxychlor 0.5 UG/L U nc 0.03 nc 100 0.03 NA
Source Area surface water WRC-SD-2013 Methoxychlor 0.5 UG/L U nc 0.03 nc 100 0.03 NA
Allendale surface water WRC-SD-2014 Methoxychlor 0.5 UG/L U nc 0.03 nc 100 0.03 NA
Allendale surface water WRC-SD-2015 Methoxychlor 0.5 UG/L U nc 0.03 nc 100 0.03 NA
Source Area surface water WRC-SD-2010 Methoxychlor 0.5 UG/L U nc 0.03 nc 100 0.03 NA
Source Area surface water WRC-SD-2011 Methoxychlor 0.5 UG/L U nc 0.03 nc 100 0.03 NA
Source Area surface water WRC-SD-2012 Methoxychlor 0.5 UG/L U nc 0.03 nc 100 0.03 NA
Lyman Mill surface water WRL-SD-2042 Methoxychlor 0.5 UG/L UJ nc 0.03 nc 100 0.03 NA
Allendale surface water APB-SD-2034 Methoxychlor 0.5 UG/L U nc 0.03 nc 100 0.03 NA
Allendale surface water APC-SD-2036 Methoxychlor 0.5 UG/L U nc 0.03 nc 100 0.03 NA
Allendale surface water APC-SD-2035 Methoxychlor 0.5 UG/L U nc 0.03 nc 100 0.03 NA
Allendale surface water APC-SD-2036 Methoxychlor 0.5 UG/L U nc 0.03 nc 100 0.03 NA
Lyman Mill surface water LPX-SD-2050 Methoxychlor 0.5 UG/L U nc 0.03 nc 100 0.03 NA
Lyman Mill surface water LPX-SD-2052 Methoxychlor 0.5 UG/L U nc 0.03 nc 100 0.03 NA
Lyman Mill surface water LPX-SD-2053 Methoxychlor 0.5 UG/L U nc 0.03 nc 100 0.03 NA
Lyman Mill surface water LPX-SD-2049 Methoxychlor 0.5 UG/L U nc 0.03 nc 100 0.03 NA
Lyman Mill surface water LPX-SD-2045 Methoxychlor 0.5 UG/L U nc 0.03 nc 100 0.03 NA
Lyman Mill surface water LPX-SD-2046 Methoxychlor 0.5 UG/L UJ nc 0.03 nc 100 0.03 NA
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+ Organism (UG/L)


Potential ARARs


Lyman Mill surface water LPX-SD-2047 Methoxychlor 0.5 UG/L U nc 0.03 nc 100 0.03 NA
Lyman Mill surface water LPX-SD-2045 Methoxychlor 0.5 UG/L U nc 0.03 nc 100 0.03 NA
Lyman Mill surface water WRL-SD-2043 Methoxychlor 0.5 UG/L U nc 0.03 nc 100 0.03 NA
Lyman Mill surface water LPX-SD-2048 Methoxychlor 0.5 UG/L U nc 0.03 nc 100 0.03 NA
Lyman Mill surface water LPX-SD-2051 Methoxychlor 0.5 UG/L U nc 0.03 nc 100 0.03 NA
Lyman Mill surface water WRL-SD-2044 Methoxychlor 0.5 UG/L U nc 0.03 nc 100 0.03 NA
Assaumpsett surface water RAB-SD-3004 Methoxychlor 0.5 UG/L U nc 0.03 nc 100 0.03 NA
Upstream surface water RCC-SD-3001 Methoxychlor 0.5 UG/L U nc 0.03 nc 100 0.03 NA
Upstream surface water RCC-SD-3002 Methoxychlor 0.5 UG/L U nc 0.03 nc 100 0.03 NA
Upstream surface water RCC-SD-3003 Methoxychlor 0.5 UG/L U nc 0.03 nc 100 0.03 NA
Allendale surface water WRC-SW-4001 Methoxychlor 0.00194 UG/L U nc 0.03 nc 100 0.03 NA
Allendale surface water WRC-SW-4002 Methoxychlor 0.00192 UG/L U nc 0.03 nc 100 0.03 NA
Allendale surface water WRC-SW-4003 Methoxychlor 0.00369 UG/L U nc 0.03 nc 100 0.03 NA
Allendale surface water WRC-SW-4003 Methoxychlor 0.00369 UG/L U nc 0.03 nc 100 0.03 NA
Allendale surface water WRC-SW-4004 Methoxychlor 0.00185 UG/L U nc 0.03 nc 100 0.03 NA
Assaumpsett surface water RAB-SW-5004 Methoxychlor 0.0019 UG/L U nc 0.03 nc 100 0.03 NA
Upstream surface water RWR-SW-5001 Methoxychlor 0.00185 UG/L U nc 0.03 nc 100 0.03 NA
Upstream surface water RWR-SW-5002 Methoxychlor 0.0019 UG/L U nc 0.03 nc 100 0.03 NA
Lyman Mill surface water WRL-SW-4005 Methoxychlor 0.00189 UG/L U nc 0.03 nc 100 0.03 NA
Lyman Mill surface water WRL-SW-4004 Methoxychlor 0.00195 UG/L U nc 0.03 nc 100 0.03 NA
Lyman Mill surface water WRL-SW-4005 Methoxychlor 0.00203 UG/L U nc 0.03 nc 100 0.03 NA
Lyman Mill surface water WRL-SD-2040 2,4,5-trichlorophenol 25 UG/L U 0.51 nc nc 1800 0.51 NA
Lyman Mill surface water WRL-SD-2039 2,4,5-trichlorophenol 25 UG/L U 0.51 nc nc 1800 0.51 NA
Lyman Mill surface water WRL-SD-2040 2,4,5-trichlorophenol 25 UG/L U 0.51 nc nc 1800 0.51 NA
Lyman Mill surface water WRL-SD-2041 2,4,5-trichlorophenol 25 UG/L U 0.51 nc nc 1800 0.51 NA
Source Area surface water CMW-SD-2016 2,4,5-trichlorophenol 25 UG/L U 0.51 nc nc 1800 0.51 NA
Source Area surface water CMW-SD-2019 2,4,5-trichlorophenol 25 UG/L U 0.51 nc nc 1800 0.51 NA
Source Area surface water CMW-SD-2020 2,4,5-trichlorophenol 25 UG/L U 0.51 nc nc 1800 0.51 NA
Source Area surface water CMW-SD-2021 2,4,5-trichlorophenol 25 UG/L U 0.51 nc nc 1800 0.51 NA
Allendale surface water CMW-SD-2023 2,4,5-trichlorophenol 25 UG/L U 0.51 nc nc 1800 0.51 NA
Source Area surface water CMW-SD-2022 2,4,5-trichlorophenol 25 UG/L U 0.51 nc nc 1800 0.51 NA
Allendale surface water CMW-SD-2023 2,4,5-trichlorophenol 25 UG/L U 0.51 nc nc 1800 0.51 NA
Allendale surface water CMW-SD-2024 2,4,5-trichlorophenol 25 UG/L U 0.51 nc nc 1800 0.51 NA
Allendale surface water CMW-SD-2025 2,4,5-trichlorophenol 25 UG/L U 0.51 nc nc 1800 0.51 NA
Allendale surface water APB-SD-2029 2,4,5-trichlorophenol 25 UG/L U 0.51 nc nc 1800 0.51 NA
Source Area surface water WRC-SD-2009 2,4,5-trichlorophenol 25 UG/L U 0.51 nc nc 1800 0.51 NA
Source Area surface water WRC-SD-2013 2,4,5-trichlorophenol 25 UG/L U 0.51 nc nc 1800 0.51 NA
Allendale surface water WRC-SD-2014 2,4,5-trichlorophenol 25 UG/L U 0.51 nc nc 1800 0.51 NA
Allendale surface water WRC-SD-2015 2,4,5-trichlorophenol 25 UG/L U 0.51 nc nc 1800 0.51 NA
Source Area surface water WRC-SD-2010 2,4,5-trichlorophenol 25 UG/L U 0.51 nc nc 1800 0.51 NA
Source Area surface water WRC-SD-2011 2,4,5-trichlorophenol 25 UG/L U 0.51 nc nc 1800 0.51 NA
Source Area surface water WRC-SD-2012 2,4,5-trichlorophenol 25 UG/L U 0.51 nc nc 1800 0.51 NA
Lyman Mill surface water WRL-SD-2042 2,4,5-trichlorophenol 25 UG/L U 0.51 nc nc 1800 0.51 NA
Allendale surface water APB-SD-2034 2,4,5-trichlorophenol 25 UG/L U 0.51 nc nc 1800 0.51 NA
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Appendix F
Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Allendale surface water APC-SD-2036 2,4,5-trichlorophenol 25 UG/L U 0.51 nc nc 1800 0.51 NA
Allendale surface water APC-SD-2035 2,4,5-trichlorophenol 25 UG/L U 0.51 nc nc 1800 0.51 NA
Allendale surface water APC-SD-2036 2,4,5-trichlorophenol 25 UG/L U 0.51 nc nc 1800 0.51 NA
Lyman Mill surface water LPX-SD-2050 2,4,5-trichlorophenol 25 UG/L U 0.51 nc nc 1800 0.51 NA
Lyman Mill surface water LPX-SD-2052 2,4,5-trichlorophenol 25 UG/L U 0.51 nc nc 1800 0.51 NA
Lyman Mill surface water LPX-SD-2053 2,4,5-trichlorophenol 25 UG/L U 0.51 nc nc 1800 0.51 NA
Lyman Mill surface water LPX-SD-2049 2,4,5-trichlorophenol 25 UG/L U 0.51 nc nc 1800 0.51 NA
Lyman Mill surface water LPX-SD-2045 2,4,5-trichlorophenol 25 UG/L U 0.51 nc nc 1800 0.51 NA
Lyman Mill surface water LPX-SD-2046 2,4,5-trichlorophenol 25 UG/L UJ 0.51 nc nc 1800 0.51 NA
Lyman Mill surface water LPX-SD-2047 2,4,5-trichlorophenol 25 UG/L U 0.51 nc nc 1800 0.51 NA
Lyman Mill surface water LPX-SD-2045 2,4,5-trichlorophenol 25 UG/L U 0.51 nc nc 1800 0.51 NA
Lyman Mill surface water WRL-SD-2043 2,4,5-trichlorophenol 25 UG/L U 0.51 nc nc 1800 0.51 NA
Lyman Mill surface water LPX-SD-2048 2,4,5-trichlorophenol 25 UG/L U 0.51 nc nc 1800 0.51 NA
Lyman Mill surface water LPX-SD-2051 2,4,5-trichlorophenol 25 UG/L U 0.51 nc nc 1800 0.51 NA
Lyman Mill surface water WRL-SD-2044 2,4,5-trichlorophenol 25 UG/L U 0.51 nc nc 1800 0.51 NA
Assaumpsett surface water RAB-SD-3004 2,4,5-trichlorophenol 25 UG/L U 0.51 nc nc 1800 0.51 NA
Upstream surface water RCC-SD-3001 2,4,5-trichlorophenol 25 UG/L U 0.51 nc nc 1800 0.51 NA
Upstream surface water RCC-SD-3002 2,4,5-trichlorophenol 25 UG/L U 0.51 nc nc 1800 0.51 NA
Upstream surface water RCC-SD-3003 2,4,5-trichlorophenol 25 UG/L U 0.51 nc nc 1800 0.51 NA
Allendale surface water WRC-SW-4001 2,4,5-trichlorophenol 50 UG/L U 0.51 nc nc 1800 0.51 NA
Allendale surface water WRC-SW-4002 2,4,5-trichlorophenol 50 UG/L U 0.51 nc nc 1800 0.51 NA
Allendale surface water WRC-SW-4003 2,4,5-trichlorophenol 48 UG/L U 0.51 nc nc 1800 0.51 NA
Allendale surface water WRC-SW-4004 2,4,5-trichlorophenol 50 UG/L U 0.51 nc nc 1800 0.51 NA
Assaumpsett surface water RAB-SW-5004 2,4,5-trichlorophenol 53 UG/L U 0.51 nc nc 1800 0.51 NA
Upstream surface water RWR-SW-5001 2,4,5-trichlorophenol 50 UG/L U 0.51 nc nc 1800 0.51 NA
Upstream surface water RWR-SW-5002 2,4,5-trichlorophenol 50 UG/L U 0.51 nc nc 1800 0.51 NA
Lyman Mill surface water WRL-SW-4005 2,4,5-trichlorophenol 53 UG/L U 0.51 nc nc 1800 0.51 NA
Lyman Mill surface water WRL-SW-4004 2,4,5-trichlorophenol 53 UG/L U 0.51 nc nc 1800 0.51 NA
Lyman Mill surface water WRL-SW-4005 2,4,5-trichlorophenol 50 UG/L U 0.51 nc nc 1800 0.51 NA
Allendale surface water WRC-SW-4001 1,3-dichloropropane 1 UG/L U 6.7 nc nc nc 6.7 NA
Allendale surface water WRC-SW-4002 1,3-dichloropropane 1 UG/L U 6.7 nc nc nc 6.7 NA
Allendale surface water WRC-SW-4003 1,3-dichloropropane 1 UG/L U 6.7 nc nc nc 6.7 NA
Allendale surface water WRC-SW-4004 1,3-dichloropropane 1 UG/L U 6.7 nc nc nc 6.7 NA
Assaumpsett surface water RAB-SW-5004 1,3-dichloropropane 1 UG/L UJ 6.7 nc nc nc 6.7 NA
Upstream surface water RWR-SW-5001 1,3-dichloropropane 1 UG/L UJ 6.7 nc nc nc 6.7 NA
Upstream surface water RWR-SW-5002 1,3-dichloropropane 1 UG/L UJ 6.7 nc nc nc 6.7 NA
Lyman Mill surface water WRL-SW-4005 1,3-dichloropropane 1 UG/L UJ 6.7 nc nc nc 6.7 NA
Lyman Mill surface water WRL-SW-4004 1,3-dichloropropane 1 UG/L UJ 6.7 nc nc nc 6.7 NA
Lyman Mill surface water WRL-SW-4005 1,3-dichloropropane 1 UG/L UJ 6.7 nc nc nc 6.7 NA
Allendale surface water WRC-SW-4001 1,1,1,2-tetrachloroethane 1 UG/L U 22 nc nc nc 22 NA
Allendale surface water WRC-SW-4002 1,1,1,2-tetrachloroethane 1 UG/L U 22 nc nc nc 22 NA
Allendale surface water WRC-SW-4003 1,1,1,2-tetrachloroethane 1 UG/L U 22 nc nc nc 22 NA
Allendale surface water WRC-SW-4004 1,1,1,2-tetrachloroethane 1 UG/L U 22 nc nc nc 22 NA
Assaumpsett surface water RAB-SW-5004 1,1,1,2-tetrachloroethane 1 UG/L UJ 22 nc nc nc 22 NA
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Appendix F
Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Upstream surface water RWR-SW-5001 1,1,1,2-tetrachloroethane 1 UG/L UJ 22 nc nc nc 22 NA
Upstream surface water RWR-SW-5002 1,1,1,2-tetrachloroethane 1 UG/L UJ 22 nc nc nc 22 NA
Lyman Mill surface water WRL-SW-4005 1,1,1,2-tetrachloroethane 1 UG/L UJ 22 nc nc nc 22 NA
Lyman Mill surface water WRL-SW-4004 1,1,1,2-tetrachloroethane 1 UG/L UJ 22 nc nc nc 22 NA
Lyman Mill surface water WRL-SW-4005 1,1,1,2-tetrachloroethane 1 UG/L UJ 22 nc nc nc 22 NA
Allendale surface water WRC-SW-4001 m&p-Xylene 1 UG/L U 3 nc nc nc 3 4 NA
Allendale surface water WRC-SW-4002 m&p-Xylene 1 UG/L U 3 nc nc nc 3 4 NA
Allendale surface water WRC-SW-4003 m&p-Xylene 1 UG/L U 3 nc nc nc 3 4 NA
Allendale surface water WRC-SW-4004 m&p-Xylene 1 UG/L U 3 nc nc nc 3 4 NA
Assaumpsett surface water RAB-SW-5004 m&p-Xylene 1 UG/L UJ 3 nc nc nc 3 4 NA
Upstream surface water RWR-SW-5001 m&p-Xylene 1 UG/L UJ 3 nc nc nc 3 4 NA
Upstream surface water RWR-SW-5002 m&p-Xylene 1 UG/L UJ 3 nc nc nc 3 4 NA
Lyman Mill surface water WRL-SW-4005 m&p-Xylene 1 UG/L UJ 3 nc nc nc 3 4 NA
Lyman Mill surface water WRL-SW-4004 m&p-Xylene 1 UG/L UJ 3 nc nc nc 3 4 NA
Lyman Mill surface water WRL-SW-4005 m&p-Xylene 1 UG/L UJ 3 nc nc nc 3 4 NA
Allendale surface water WRC-SW-4001 Total Xylenes 1 UG/L U 3 nc nc nc 3 4 NA
Allendale surface water WRC-SW-4002 Total Xylenes 1 UG/L U 3 nc nc nc 3 4 NA
Allendale surface water WRC-SW-4003 Total Xylenes 1 UG/L U 3 nc nc nc 3 4 NA
Allendale surface water WRC-SW-4004 Total Xylenes 1 UG/L U 3 nc nc nc 3 4 NA
Assaumpsett surface water RAB-SW-5004 Total Xylenes 1 UG/L U 3 nc nc nc 3 4 NA
Upstream surface water RWR-SW-5001 Total Xylenes 1 UG/L U 3 nc nc nc 3 4 NA
Upstream surface water RWR-SW-5002 Total Xylenes 1 UG/L U 3 nc nc nc 3 4 NA
Lyman Mill surface water WRL-SW-4005 Total Xylenes 1 UG/L U 3 nc nc nc 3 4 NA
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Appendix F
Table F-3b. Comparison of CMRP Surface Water Data to Potential ARARs


RI_SAMPLE_GROUP BORING PARAMETER LAB_RESULT UNIT QUAL


State of 
Rhode 
Island Federal 1


State of 
Rhode 
Island Federal 1


Selected 
ARAR 


(UG/L) 2


Exceed 
Criteria 


(Y/N)


Freshwater Chronic 
(UG/L)


Human Health for 
Consumption of Water 


+ Organism (UG/L)


Potential ARARs


Lyman Mill surface water WRL-SW-4004 Total Xylenes 1 UG/L U 3 nc nc nc 3 4 NA
Lyman Mill surface water WRL-SW-4005 Total Xylenes 1 UG/L U 3 nc nc nc 3 4 NA


Notes


2 Selected ARAR is the lower of the State or Federal freshwater WQC criteria values.
3 This value would be protective of human exposed via fish ingestion and water consumption routes based on a target risk of 10-5 as described in Attachments 1 and 2 to Appendix F.


5 Federal WQC is not based on toxic effects, but rather is intended to minimize objectionable qualities such as laundry stains.


1,1,2,2-tetrachloroethane 2,4-dinitrophenol Antimony Butylbenzylphthalate Heptachlor Methoxychlor
1,1,2-trichloroethane 2,4-dinitrotoluene Benzo(a)anthracene Carbon Tetrachloride Heptachlor Epoxide Naphthalene
1,2-dichloroethane 2-chlorophenol Benzo(a)pyrene Cis-1,3-dichloropropene Hexachlorobenzene N-nitroso-di-n-propylamine
1,2-dichloropropane 3,3'-dichlorobenzidine Benzo(b)fluoranthene Dibenzo(a,h)anthracene Hexachlorobutadiene N-nitroso-diphenylamine
2,4,5-trichlorophenol 4,4'-DDD Benzo(k)fluoranthene Dibromochloromethane Hexachlorocyclopentadiene Pentachlorophenol
2,4,6-trichlorophenol 4,6-dinitro-2-methylphenol beta-BHC Dieldrin Hexachloroethane Phenol
2,4-dichlorophenol 4-bromophenyl-phenylether Bis(2-chloroethyl)ether Endosulfan II Indeno(1,2,3-cd)pyrene Technical Chlordane
2,4-dimethylphenol Acenaphthene Bromodichloromethane Fluoranthene Mercury Toxaphene


Vinyl Chloride


Key:
ARAR - Applicable or Relevant and Appropriate Requirement; nc - no criteria; NA - not applicable;  N - no; Y - yes; UG/L - micrograms per liter


Summary statistics for undetected contaminants are reported in Table F-3c; information is presented by contaminant and includes the number of records, number of non-detects, the number and percent of 
records where the non-detect concentration is in excess of the ARAR, and the number and percent of records where the non-detect concentration is below the ARAR.


4 Standards/criteria for chromium IV applied to chromium; 1,3-dichlorobenzene applied to cis- and trans-1,3-dichlorobenzene; chlordane applied to alpha-, gamma-, and technical chlordane; xylene applied to 
m&p-xylene and total xylenes.


1 Federal freshwater CCC criteria for metals are expressed in terms of the dissolved metal in the water column.  Surface water metals data, however, are based on total recoverable metals except where 
CLASS = MD (for metals dissolved).  CMRP site data are compared directly to the freshwater CCC criteria without conversion to correct for total recoverable vs. dissolved concentrations in the water column.


NA - Undetected contaminants (where qualifier = U, UJ or UEMPC) were not compared to potential ARARs.  Nor were cleanup goals developed for undetected contaminants where the laboratory detection 
limits (reported in the LAB_RESULT field) are in excess of ARARs, including: 
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Appendix F
Table F-3c. Summary of Undetected Contaminants in Allendale and Lyman Mill Reach Surface Water


Parameter N N, 'Non-detects' N % N %
1,1,1,2-tetrachloroethane 10 10 0 0% 10 100%
1,1,1-trichloroethane 10 10 0 0% 10 100%
1,1,2,2-tetrachloroethane 10 10 10 100% 0 0%
1,1,2-trichloroethane 10 10 10 100% 0 0%
1,1-dichloroethane 10 10 NA NA NA NA
1,1-dichloroethene 10 10 0 0% 10 100%
1,2,4-trichlorobenzene 10 10 0 0% 10 100%
1,2-dichlorobenzene 10 10 0 0% 10 100%
1,2-dichloroethane 10 10 10 100% 0 0%
1,2-dichloropropane 10 10 10 100% 0 0%
1,3-dichlorobenzene 10 10 0 0% 10 100%
1,3-dichloropropane 10 10 0 0% 10 100%
1,4-dichlorobenzene 10 10 0 0% 10 100%
2,3,7,8-TCDD 50 28 25 89% 3 11%
2,4,5-trichlorophenol 52 52 52 100% 0 0%
2,4,6-trichlorophenol 42 42 42 100% 0 0%
2,4-dichlorophenol 42 42 42 100% 0 0%
2,4-dimethylphenol 42 42 42 100% 0 0%
2,4-dinitrophenol 46 46 46 100% 0 0%
2,4-dinitrotoluene 42 42 42 100% 0 0%
2,6-dinitrotoluene 42 42 NA NA NA NA
2-chloronaphthalene 42 42 0 0% 42 100%
2-chlorophenol 42 42 42 100% 0 0%
2-nitrophenol 52 52 NA NA NA NA
3,3'-dichlorobenzidine 42 42 42 100% 0 0%
4,4'-DDD 53 53 53 100% 0 0%
4,4'-DDE 53 52 52 100% 0 0%
4,4'-DDT 53 52 52 100% 0 0%
4,6-dinitro-2-methylphenol 42 42 42 100% 0 0%
4-bromophenyl-phenylether 42 42 42 100% 0 0%
4-chloro-3-methylphenol 42 42 NA NA NA NA
4-chlorophenyl-phenylether 42 42 NA NA NA NA
4-nitrophenol 52 52 NA NA NA NA
Acenaphthene 53 52 42 81% 10 19%
Acenaphthylene 53 49 NA NA NA NA
Aldrin 53 46 46 100% 0 0%
Aluminum 105 39 1 3% 38 97%
Anthracene 53 52 0 0% 52 100%
Antimony 105 87 1 1% 86 99%
Aroclor, Total 53 52 52 100% 0 0%
Arsenic 105 56 56 100% 0 0%
Barium 105 18 0 0% 18 100%
Benzene 10 10 0 0% 10 100%
Benzo(a)anthracene 53 52 48 92% 4 8%
Benzo(a)pyrene 53 52 48 92% 4 8%
Benzo(b)fluoranthene 53 52 48 92% 4 8%
Benzo(g,h,i)perylene 53 52 NA NA NA NA
Benzo(k)fluoranthene 53 52 48 92% 4 8%
Beryllium 105 82 49 60% 33 40%
Bis(2-chloroethoxy)methane 42 42 NA NA NA NA
Bis(2-chloroethyl)ether 42 42 42 100% 0 0%
Bis(2-ethylhexyl)phthalate 52 49 49 100% 0 0%
Bromodichloromethane 10 10 10 100% 0 0%
Bromoform 10 10 0 0% 10 100%
Butylbenzylphthalate 52 52 52 100% 0 0%
Cadmium 105 82 82 100% 0 0%
Carbon Tetrachloride 10 10 10 100% 0 0%
Chlorobenzene 10 10 0 0% 10 100%
Chloroethane 10 10 NA NA NA NA
Chloroform 10 10 0 0% 10 100%
Chromium 105 89 20 22% 69 78%
Chrysene 53 52 51 98% 1 2%
Cis-1,3-dichloropropene 10 10 10 100% 0 0%
Copper 105 3 1 33% 2 67%
Di-n-butylphthalate 52 52 0 0% 52 100%
Di-n-octylphthalate 52 52 NA NA NA NA
Dibenzo(a,h)anthracene 53 52 43 83% 9 17%
Dibromochloromethane 10 10 10 100% 0 0%
Dieldrin 53 53 53 100% 0 0%


Non-detect Concentration > 
ARAR


Non-detect Concentration < 
ARAR
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Appendix F
Table F-3c. Summary of Undetected Contaminants in Allendale and Lyman Mill Reach Surface Water


Parameter N N, 'Non-detects' N % N %


Non-detect Concentration > 
ARAR


Non-detect Concentration < 
ARAR


Diethylphthalate 42 42 0 0% 42 100%
Dimethylphthalate 42 42 0 0% 42 100%
Endosulfan I 53 53 0 0% 53 100%
Endosulfan II 53 53 42 79% 11 21%
Endosulfan Sulfate 53 49 0 0% 49 100%
Endrin 53 52 41 79% 11 21%
Endrin Aldehyde 41 35 0 0% 35 100%
Ethylbenzene 10 10 0 0% 10 100%
Fluoranthene 53 52 42 81% 10 19%
Fluorene 53 53 0 0% 53 100%
Heptachlor 53 53 53 100% 0 0%
Heptachlor Epoxide 53 53 53 100% 0 0%
Hexachlorobenzene 42 42 42 100% 0 0%
Hexachlorobutadiene 52 52 52 100% 0 0%
Hexachlorocyclopentadiene 42 42 42 100% 0 0%
Hexachloroethane 42 42 42 100% 0 0%
Indeno(1,2,3-cd)pyrene 53 52 47 90% 5 10%
Iron 105 0 - - - -
Isophorone 42 42 0 0% 42 100%
Lead 105 68 68 100% 0 0%
Manganese 105 0 - - - -
Mercury 105 83 49 59% 34 41%
Methoxychlor 53 53 42 79% 11 21%
Methylene Chloride 10 9 0 0% 9 100%
N-nitroso-di-n-propylamine 42 42 42 100% 0 0%
N-nitroso-diphenylamine 42 42 42 100% 0 0%
Naphthalene 63 62 42 68% 20 32%
Nickel 105 32 0 0% 32 100%
Nitrobenzene 42 42 0 0% 42 100%
Pentachlorophenol 52 52 52 100% 0 0%
Phenanthrene 53 52 NA NA NA NA
Phenol 52 51 51 100% 0 0%
Pyrene 53 52 0 0% 52 100%
Selenium 105 95 0 0% 95 100%
Silver 105 83 NA NA NA NA
Technical Chlordane 11 11 11 100% 0 0%
Tetrachloroethene 10 8 8 100% 0 0%
Thallium 105 69 69 100% 0 0%
Toluene 10 10 0 0% 10 100%
Total Xylenes 10 10 0 0% 10 100%
Toxaphene 53 53 53 100% 0 0%
Trans-1,2-dichloroethene 10 10 0 0% 10 100%
Trans-1,3-dichloropropene 10 10 NA NA NA NA
Trichloroethene 10 10 0 0% 10 100%
Vinyl Chloride 10 10 10 100% 0 0%
Zinc 105 10 0 0% 10 100%
alpha-BHC 53 52 43 83% 9 17%
alpha-Chlordane 53 49 49 100% 0 0%
beta-BHC 53 48 42 88% 6 13%
delta-BHC 53 49 NA NA NA NA
gamma-BHC 53 48 0 0% 48 100%
gamma-Chlordane 53 48 48 100% 0 0%
m&p-Xylene 10 10 0 0% 10 100%


Notes
N, Number of Records


NA, Not Applicable (no available ARAR).


Applicable or Relevant and Appropriate Requirement (ARAR): State of Rhode Island standards or federal 
water quality criteria (RIDEM, 2006 and EPA, 2006), chronic ambient freshwater and human health for 
consumption of water + organism criteria.


Interim Final CMRP Feasiblity Study Report
Appendix F F-252 April 2010







Appendix F


Table F-4a. Proposed Cleanup Goals for Source Area Soil
(All units in mg/kg, except dioxin)


Contaminant(a)


RIDEM Residential 
Direct Exposure 


Criteria


RIDEM GB 
Leachability 


Criteria


EPA's 
Recommended 


Residential Level 
for Dioxin


Proposed 
Cleanup 
Goal(b) Basis(c)


Volatile Organics (mg/kg)
Benzene 2.5 4.3 NA 2.5 ARARresidential direct exposure


Chlorobenzene 210 100 NA 100 ARARGB leachability


1,2-dichloroethane 0.9 60 NA 0.9 ARARresidential direct exposure


Cis-1,2-dichloroethene 630 60 NA 60 ARARGB leachability


Ethylbenzene 71 62 NA 62 ARARGB leachability


Tetrachloroethene 12 4.2 NA 4.2 ARARGB leachability


Toluene 190 54 NA 54 ARARGB leachability


Trichloroethene 13 20 NA 13 ARARresidential direct exposure


Vinyl Chloride 0.02 nc NA 0.02 ARARresidential direct exposure


Total Xylenes 110 nc NA 110 ARARresidential direct exposure


Semivolatiles (mg/kg)
Benzo(a)anthracene 0.9 nc NA 0.9 ARARresidential direct exposure


Benzo(a)pyrene 0.4 nc NA 0.4 ARARresidential direct exposure


Benzo(b)fluoranthene 0.9 nc NA 0.9 ARARresidential direct exposure


Benzo(g,h,i)perylene 0.8 nc NA 0.8 ARARresidential direct exposure


Benzo(k)fluoranthene 0.9 nc NA 0.9 ARARresidential direct exposure


Biphenyl 0.8 nc NA 0.8 ARARresidential direct exposure


Bis(2-ethylhexyl)phthalate 46 nc NA 46 ARARresidential direct exposure


Chrysene 0.4 nc NA 0.4 ARARresidential direct exposure


Dibenzo(a,h)anthracene 0.4 nc NA 0.4 ARARresidential direct exposure


Fluoranthene 20 nc NA 20 ARARresidential direct exposure


Indeno(1,2,3-cd)pyrene 0.9 nc NA 0.9 ARARresidential direct exposure


Naphthalene 54 nc NA 54 ARARresidential direct exposure


Pentachlorophenol 5.3 nc NA 5.3 ARARresidential direct exposure


Pyrene 13 nc NA 13 ARARresidential direct exposure


Pesticides/PCBs (mg/kg)
Technical Chlordane 0.5 nc NA 0.5 ARARresidential direct exposure


Dieldrin 0.04 nc NA 0.04 ARARresidential direct exposure


Aroclor, Total 10 10 NA 10 ARARresidential direct exposure


Dioxin (ng/kg)
TEQ NA nc 1000 1000 TBC EPA's recommended residential level


Metals (mg/kg)
Antimony 10 nc NA 10 ARARresidential direct exposure


Arsenic 7 nc NA 7 ARARresidential direct exposure


Beryllium 0.4 nc NA 0.4 ARARresidential direct exposure


Cadmium 39 nc NA 39 ARARresidential direct exposure


Lead 150 nc NA 150 ARARresidential direct exposure


Manganese 390 nc NA 390 ARARresidential direct exposure


Thallium 5.5 nc NA 5.5 ARARresidential direct exposure


Notes


ARAR Applicable or Relevant and Appropriate Requirement
TBC To Be Considered criteria


Key
nc - no criteria; NA - not applicable; mg/kg - milligrams per killogram; ng/kg - nanograms per killogram.


Cleanup goals were not developed for contaminants that were undetected (i.e., results are 'U' or 'UJ' qualified) or detected at concentrations below ARARs (see Table F-4b for 
data comparisons to ARARs).  Nor were cleanup goals developed for undetected contaminants where the laboratory detection limits are in excess of ARARs (see Table F-4b); 
additional sampling will be performed during design to verify undetected contaminants, and assess impacts, if any, to the proposed cleanup goals.


Potential ARARs and TBC


(b) Proposed Cleanup Goal is the lower of the potential ARAR values.


(c)  The basis of the Cleanup Goal is: 


(a)  Cleanup goals were developed for contaminants detected at concentrations in excess of the potential ARARs (RIDEM residential direct exposure and GB 
leachability criteria; applicable to vadoze zone soils [0-5 ft below ground surface] ) and TBCs (EPA's Recommended Residential Level for Dioxin in Soil; 
applicable to surface soils [0-1 ft below ground surface]) (See Table F-4B for comparision of site data to ARARs and TBC).
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Appendix F


Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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RIDEM Residential 
Direct Exposure 
Criteria (MG/KG)
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Criteria 
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RIDEM GB 
Leachability 
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(MG/KG)


Exceed 
Criteria 


(Y/N)


EPA's Recommended 
Residential Level for 


Dioxin (NG/KG)


Exceed 
Criteria 


(Y/N)
CMS-089 0 1 1,1,1,2-tetrachloroethane 0.005 MG/KG U 2.2 NA nc NA nc NA
CMS-098 0 1 1,1,1,2-tetrachloroethane 0.0097 MG/KG U 2.2 NA nc NA nc NA
CMS-118 0 1 1,1,1,2-tetrachloroethane 0.0048 MG/KG U 2.2 NA nc NA nc NA
CMS-142 0 1 1,1,1,2-tetrachloroethane 0.0095 MG/KG U 2.2 NA nc NA nc NA
CMS-159 0 1 1,1,1,2-tetrachloroethane 0.021 MG/KG U 2.2 NA nc NA nc NA
CMS-173 0 1 1,1,1,2-tetrachloroethane 0.024 MG/KG U 2.2 NA nc NA nc NA
CMS-407 0 1 1,1,1,2-tetrachloroethane 0.005 MG/KG U 2.2 NA nc NA nc NA
CMS-408 0 1 1,1,1,2-tetrachloroethane 0.0043 MG/KG U 2.2 NA nc NA nc NA
CMS-417 0 1 1,1,1,2-tetrachloroethane 59 MG/KG U 2.2 NA nc NA nc NA
CMS-456 0 1 1,1,1,2-tetrachloroethane 0.0075 MG/KG U 2.2 NA nc NA nc NA
CMS-702 0 1 1,1,1,2-tetrachloroethane 0.0087 MG/KG U 2.2 NA nc NA nc NA
CMS-703 0 1 1,1,1,2-tetrachloroethane 0.0061 MG/KG U 2.2 NA nc NA nc NA
CMS-142 0 1 1,1,1,2-tetrachloroethane 0.011 MG/KG U 2.2 NA nc NA nc NA
CMS-060 0 1 1,1,1,2-tetrachloroethane 2.7 MG/KG U 2.2 NA nc NA nc NA
CMS-065 0 10 1,1,1,2-tetrachloroethane 3.9 MG/KG U 2.2 NA nc NA nc NA
CMS-089 1 2 1,1,1,2-tetrachloroethane 0.0048 MG/KG U 2.2 NA nc NA nc NA
CMS-118 1 2 1,1,1,2-tetrachloroethane 0.006 MG/KG U 2.2 NA nc NA nc NA
CMS-173 1 2 1,1,1,2-tetrachloroethane 0.0083 MG/KG U 2.2 NA nc NA nc NA
CMS-407 1 2 1,1,1,2-tetrachloroethane 0.0074 MG/KG U 2.2 NA nc NA nc NA
CMS-408 1 2 1,1,1,2-tetrachloroethane 2.2 MG/KG U 2.2 NA nc NA nc NA
CMS-417 1 2 1,1,1,2-tetrachloroethane 130 MG/KG U 2.2 NA nc NA nc NA
CMS-419 1 2 1,1,1,2-tetrachloroethane 28 MG/KG U 2.2 NA nc NA nc NA
CMS-423 1 2 1,1,1,2-tetrachloroethane 0.0062 MG/KG U 2.2 NA nc NA nc NA
CMS-427 1 2 1,1,1,2-tetrachloroethane 0.0045 MG/KG U 2.2 NA nc NA nc NA
CMS-428 1 2 1,1,1,2-tetrachloroethane 0.0054 MG/KG U 2.2 NA nc NA nc NA
CMS-456 1 2 1,1,1,2-tetrachloroethane 0.0089 MG/KG U 2.2 NA nc NA nc NA
CMS-060 2 3 1,1,1,2-tetrachloroethane 0.27 MG/KG U 2.2 NA nc NA nc NA
CMS-089 2 3 1,1,1,2-tetrachloroethane 0.0047 MG/KG U 2.2 NA nc NA nc NA
CMS-118 2 3 1,1,1,2-tetrachloroethane 0.0074 MG/KG U 2.2 NA nc NA nc NA
CMS-407 2 3 1,1,1,2-tetrachloroethane 0.0087 MG/KG U 2.2 NA nc NA nc NA
CMS-408 2 3 1,1,1,2-tetrachloroethane 6.6 MG/KG U 2.2 NA nc NA nc NA
CMS-417 2 3 1,1,1,2-tetrachloroethane 17 MG/KG U 2.2 NA nc NA nc NA
CMS-455 2 3 1,1,1,2-tetrachloroethane 0.33 MG/KG U 2.2 NA nc NA nc NA
CMS-060 3 4 1,1,1,2-tetrachloroethane 0.0058 MG/KG U 2.2 NA nc NA nc NA
CMS-089 3 4 1,1,1,2-tetrachloroethane 0.0041 MG/KG U 2.2 NA nc NA nc NA
CMS-407 3 4 1,1,1,2-tetrachloroethane 0.32 MG/KG U 2.2 NA nc NA nc NA
CMS-419 3 4 1,1,1,2-tetrachloroethane 0.32 MG/KG U 2.2 NA nc NA nc NA
CMS-423 3 4 1,1,1,2-tetrachloroethane 0.0045 MG/KG U 2.2 NA nc NA nc NA
CMS-427 3 4 1,1,1,2-tetrachloroethane 0.0054 MG/KG U 2.2 NA nc NA nc NA
CMS-428 3 4 1,1,1,2-tetrachloroethane 0.0057 MG/KG U 2.2 NA nc NA nc NA
CMS-423 3 4 1,1,1,2-tetrachloroethane 0.0049 MG/KG U 2.2 NA nc NA nc NA
CMS-060 4 5 1,1,1,2-tetrachloroethane 0.0048 MG/KG U 2.2 NA nc NA nc NA


Potential ARARs and TBC1
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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Potential ARARs and TBC1


CMS-118 4 5 1,1,1,2-tetrachloroethane 0.0059 MG/KG U 2.2 NA nc NA nc NA
CMS-405 4 5 1,1,1,2-tetrachloroethane 1 MG/KG U 2.2 NA nc NA nc NA
CMS-455 4 5 1,1,1,2-tetrachloroethane 0.0072 MG/KG U 2.2 NA nc NA nc NA
CMS-164 0 1 1,1,1,2-tetrachloroethane 0.015 MG/KG UJ 2.2 NA nc NA nc NA
CMS-237 0 1 1,1,1,2-tetrachloroethane 0.0059 MG/KG UJ 2.2 NA nc NA nc NA
CMS-060 1 2 1,1,1,2-tetrachloroethane 5.1 MG/KG UJ 2.2 NA nc NA nc NA
CMS-237 1 2 1,1,1,2-tetrachloroethane 0.0069 MG/KG UJ 2.2 NA nc NA nc NA
CMS-405 1 2 1,1,1,2-tetrachloroethane 4 MG/KG UJ 2.2 NA nc NA nc NA
CMS-405 1 2 1,1,1,2-tetrachloroethane 2.9 MG/KG UJ 2.2 NA nc NA nc NA
CMS-118 3 4 1,1,1,2-tetrachloroethane 0.0084 MG/KG UJ 2.2 NA nc NA nc NA
CMS-417 3 4 1,1,1,2-tetrachloroethane 0.28 MG/KG UJ 2.2 NA nc NA nc NA
CMS-417 0 1 1,1,1-trichloroethane 27 MG/KG J 540 N 160 N nc NA
CMS-417 1 2 1,1,1-trichloroethane 110 MG/KG J 540 N 160 N nc NA
CMS-089 0 1 1,1,1-trichloroethane 0.005 MG/KG U 540 NA 160 NA nc NA
CMS-098 0 1 1,1,1-trichloroethane 0.0097 MG/KG U 540 NA 160 NA nc NA
CMS-118 0 1 1,1,1-trichloroethane 0.0048 MG/KG U 540 NA 160 NA nc NA
CMS-142 0 1 1,1,1-trichloroethane 0.0095 MG/KG U 540 NA 160 NA nc NA
CMS-159 0 1 1,1,1-trichloroethane 0.021 MG/KG U 540 NA 160 NA nc NA
CMS-164 0 1 1,1,1-trichloroethane 0.015 MG/KG U 540 NA 160 NA nc NA
CMS-173 0 1 1,1,1-trichloroethane 0.024 MG/KG U 540 NA 160 NA nc NA
CMS-407 0 1 1,1,1-trichloroethane 0.005 MG/KG U 540 NA 160 NA nc NA
CMS-408 0 1 1,1,1-trichloroethane 0.0043 MG/KG U 540 NA 160 NA nc NA
CMS-456 0 1 1,1,1-trichloroethane 0.0075 MG/KG U 540 NA 160 NA nc NA
CMS-702 0 1 1,1,1-trichloroethane 0.0087 MG/KG U 540 NA 160 NA nc NA
CMS-703 0 1 1,1,1-trichloroethane 0.0061 MG/KG U 540 NA 160 NA nc NA
CMS-142 0 1 1,1,1-trichloroethane 0.011 MG/KG U 540 NA 160 NA nc NA
CMS-060 0 1 1,1,1-trichloroethane 2.7 MG/KG U 540 NA 160 NA nc NA
CMS-065 0 10 1,1,1-trichloroethane 0.79 MG/KG U 540 NA 160 NA nc NA
MW05S 1 2 1,1,1-trichloroethane 0.095 MG/KG U 540 NA 160 NA nc NA
MW01S 1 2 1,1,1-trichloroethane 0.34 MG/KG U 540 NA 160 NA nc NA
MW05S 1 2 1,1,1-trichloroethane 0.11 MG/KG U 540 NA 160 NA nc NA
MW08S 1 2 1,1,1-trichloroethane 0.26 MG/KG U 540 NA 160 NA nc NA
MW14M 1 2 1,1,1-trichloroethane 0.11 MG/KG U 540 NA 160 NA nc NA
CMS-089 1 2 1,1,1-trichloroethane 0.0048 MG/KG U 540 NA 160 NA nc NA
CMS-118 1 2 1,1,1-trichloroethane 0.006 MG/KG U 540 NA 160 NA nc NA
CMS-173 1 2 1,1,1-trichloroethane 0.0083 MG/KG U 540 NA 160 NA nc NA
CMS-237 1 2 1,1,1-trichloroethane 0.0069 MG/KG U 540 NA 160 NA nc NA
CMS-405 1 2 1,1,1-trichloroethane 4 MG/KG U 540 NA 160 NA nc NA
CMS-407 1 2 1,1,1-trichloroethane 0.0074 MG/KG U 540 NA 160 NA nc NA
CMS-408 1 2 1,1,1-trichloroethane 2.2 MG/KG U 540 NA 160 NA nc NA
CMS-419 1 2 1,1,1-trichloroethane 28 MG/KG U 540 NA 160 NA nc NA
CMS-423 1 2 1,1,1-trichloroethane 0.0062 MG/KG U 540 NA 160 NA nc NA
CMS-427 1 2 1,1,1-trichloroethane 0.0045 MG/KG U 540 NA 160 NA nc NA
CMS-428 1 2 1,1,1-trichloroethane 0.0054 MG/KG U 540 NA 160 NA nc NA
CMS-456 1 2 1,1,1-trichloroethane 0.0089 MG/KG U 540 NA 160 NA nc NA
CMS-060 2 3 1,1,1-trichloroethane 0.27 MG/KG U 540 NA 160 NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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CMS-089 2 3 1,1,1-trichloroethane 0.0047 MG/KG U 540 NA 160 NA nc NA
CMS-118 2 3 1,1,1-trichloroethane 0.0074 MG/KG U 540 NA 160 NA nc NA
CMS-407 2 3 1,1,1-trichloroethane 0.0087 MG/KG U 540 NA 160 NA nc NA
CMS-408 2 3 1,1,1-trichloroethane 6.6 MG/KG U 540 NA 160 NA nc NA
CMS-417 2 3 1,1,1-trichloroethane 17 MG/KG U 540 NA 160 NA nc NA
CMS-455 2 3 1,1,1-trichloroethane 0.33 MG/KG U 540 NA 160 NA nc NA
MW08S 2 4 1,1,1-trichloroethane 0.21 MG/KG U 540 NA 160 NA nc NA
MW01S 2 4 1,1,1-trichloroethane 0.22 MG/KG U 540 NA 160 NA nc NA
MW02S 2 4 1,1,1-trichloroethane 0.2 MG/KG U 540 NA 160 NA nc NA
MW04D 2 4 1,1,1-trichloroethane 0.5 MG/KG U 540 NA 160 NA nc NA
MW05S 2 4 1,1,1-trichloroethane 0.1 MG/KG U 540 NA 160 NA nc NA
MW06S 2 4 1,1,1-trichloroethane 0.3 MG/KG U 540 NA 160 NA nc NA
MW06S 2 4 1,1,1-trichloroethane 0.3 MG/KG U 540 NA 160 NA nc NA
MW08S 2 4 1,1,1-trichloroethane 0.32 MG/KG U 540 NA 160 NA nc NA
MW14M 2 4 1,1,1-trichloroethane 0.14 MG/KG U 540 NA 160 NA nc NA
MW15D 2 4 1,1,1-trichloroethane 0.14 MG/KG U 540 NA 160 NA nc NA


SB02 2 4 1,1,1-trichloroethane 0.38 MG/KG U 540 NA 160 NA nc NA
SB03 2 4 1,1,1-trichloroethane 0.3 MG/KG U 540 NA 160 NA nc NA


MW07S 3 4 1,1,1-trichloroethane 0.5 MG/KG U 540 NA 160 NA nc NA
CMS-060 3 4 1,1,1-trichloroethane 0.0058 MG/KG U 540 NA 160 NA nc NA
CMS-089 3 4 1,1,1-trichloroethane 0.0041 MG/KG U 540 NA 160 NA nc NA
CMS-118 3 4 1,1,1-trichloroethane 0.0084 MG/KG U 540 NA 160 NA nc NA
CMS-407 3 4 1,1,1-trichloroethane 0.32 MG/KG U 540 NA 160 NA nc NA
CMS-417 3 4 1,1,1-trichloroethane 0.28 MG/KG U 540 NA 160 NA nc NA
CMS-419 3 4 1,1,1-trichloroethane 0.32 MG/KG U 540 NA 160 NA nc NA
CMS-423 3 4 1,1,1-trichloroethane 0.0045 MG/KG U 540 NA 160 NA nc NA
CMS-427 3 4 1,1,1-trichloroethane 0.0054 MG/KG U 540 NA 160 NA nc NA
CMS-428 3 4 1,1,1-trichloroethane 0.0057 MG/KG U 540 NA 160 NA nc NA
CMS-423 3 4 1,1,1-trichloroethane 0.0049 MG/KG U 540 NA 160 NA nc NA
CMS-060 4 5 1,1,1-trichloroethane 0.0048 MG/KG U 540 NA 160 NA nc NA
CMS-118 4 5 1,1,1-trichloroethane 0.0059 MG/KG U 540 NA 160 NA nc NA
CMS-405 4 5 1,1,1-trichloroethane 1 MG/KG U 540 NA 160 NA nc NA
CMS-455 4 5 1,1,1-trichloroethane 0.0072 MG/KG U 540 NA 160 NA nc NA
MW15D 4 6 1,1,1-trichloroethane 0.1 MG/KG U 540 NA 160 NA nc NA
MW02S 4 6 1,1,1-trichloroethane 0.55 MG/KG U 540 NA 160 NA nc NA


SB03 4 6 1,1,1-trichloroethane 0.2 MG/KG U 540 NA 160 NA nc NA
MW01S 4 6 1,1,1-trichloroethane 0.24 MG/KG U 540 NA 160 NA nc NA
MW02S 4 6 1,1,1-trichloroethane 0.42 MG/KG U 540 NA 160 NA nc NA
MW03S 4 6 1,1,1-trichloroethane 0.35 MG/KG U 540 NA 160 NA nc NA
MW04D 4 6 1,1,1-trichloroethane 0.18 MG/KG U 540 NA 160 NA nc NA
MW06S 4 6 1,1,1-trichloroethane 0.43 MG/KG U 540 NA 160 NA nc NA
MW07S 4 6 1,1,1-trichloroethane 0.26 MG/KG U 540 NA 160 NA nc NA
MW08S 4 6 1,1,1-trichloroethane 0.3 MG/KG U 540 NA 160 NA nc NA
MW09S 4 6 1,1,1-trichloroethane 0.26 MG/KG U 540 NA 160 NA nc NA
MW15D 4 6 1,1,1-trichloroethane 0.12 MG/KG U 540 NA 160 NA nc NA


SB02 4 6 1,1,1-trichloroethane 0.26 MG/KG U 540 NA 160 NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs


BORING TO
P_


O
F_


S
A


M
PL


E 
(ft


)


B
O


TT
O


M
_


O
F_


SA
M


PL
E 


(ft
)


PARAMETER LAB_RESULT UNITS QUAL


RIDEM Residential 
Direct Exposure 
Criteria (MG/KG)


Exceed 
Criteria 


(Y/N)


RIDEM GB 
Leachability 


Criteria 
(MG/KG)


Exceed 
Criteria 


(Y/N)


EPA's Recommended 
Residential Level for 


Dioxin (NG/KG)


Exceed 
Criteria 


(Y/N)


Potential ARARs and TBC1


SB03 4 6 1,1,1-trichloroethane 0.18 MG/KG U 540 NA 160 NA nc NA
CMS-237 0 1 1,1,1-trichloroethane 0.0059 MG/KG UJ 540 NA 160 NA nc NA
MW14M 1 2 1,1,1-trichloroethane 0.15 MG/KG UJ 540 NA 160 NA nc NA


SB-14-271 1 2 1,1,1-trichloroethane 0.12 MG/KG UJ 540 NA 160 NA nc NA
CMS-060 1 2 1,1,1-trichloroethane 5.1 MG/KG UJ 540 NA 160 NA nc NA
CMS-405 1 2 1,1,1-trichloroethane 2.9 MG/KG UJ 540 NA 160 NA nc NA
SB-14-271 2 4 1,1,1-trichloroethane 0.13 MG/KG UJ 540 NA 160 NA nc NA


MW05S 4 6 1,1,1-trichloroethane 0.11 MG/KG UJ 540 NA 160 NA nc NA
SB-14-271 4 6 1,1,1-trichloroethane 0.11 MG/KG UJ 540 NA 160 NA nc NA
CMS-089 0 1 1,1,2,2-tetrachloroethane 0.005 MG/KG U 1.3 NA nc NA nc NA
CMS-118 0 1 1,1,2,2-tetrachloroethane 0.0048 MG/KG U 1.3 NA nc NA nc NA
CMS-159 0 1 1,1,2,2-tetrachloroethane 0.021 MG/KG U 1.3 NA nc NA nc NA
CMS-407 0 1 1,1,2,2-tetrachloroethane 0.005 MG/KG U 1.3 NA nc NA nc NA
CMS-408 0 1 1,1,2,2-tetrachloroethane 0.0043 MG/KG U 1.3 NA nc NA nc NA
CMS-417 0 1 1,1,2,2-tetrachloroethane 59 MG/KG U 1.3 NA nc NA nc NA
CMS-456 0 1 1,1,2,2-tetrachloroethane 0.0075 MG/KG U 1.3 NA nc NA nc NA
CMS-702 0 1 1,1,2,2-tetrachloroethane 0.0087 MG/KG U 1.3 NA nc NA nc NA
CMS-060 0 1 1,1,2,2-tetrachloroethane 2.7 MG/KG U 1.3 NA nc NA nc NA
CMS-065 0 10 1,1,2,2-tetrachloroethane 0.79 MG/KG U 1.3 NA nc NA nc NA
MW05S 1 2 1,1,2,2-tetrachloroethane 0.095 MG/KG U 1.3 NA nc NA nc NA
MW01S 1 2 1,1,2,2-tetrachloroethane 0.34 MG/KG U 1.3 NA nc NA nc NA
MW05S 1 2 1,1,2,2-tetrachloroethane 0.11 MG/KG U 1.3 NA nc NA nc NA
MW08S 1 2 1,1,2,2-tetrachloroethane 0.26 MG/KG U 1.3 NA nc NA nc NA
MW14M 1 2 1,1,2,2-tetrachloroethane 0.11 MG/KG U 1.3 NA nc NA nc NA
CMS-060 1 2 1,1,2,2-tetrachloroethane 5.1 MG/KG U 1.3 NA nc NA nc NA
CMS-089 1 2 1,1,2,2-tetrachloroethane 0.0048 MG/KG U 1.3 NA nc NA nc NA
CMS-405 1 2 1,1,2,2-tetrachloroethane 4 MG/KG U 1.3 NA nc NA nc NA
CMS-408 1 2 1,1,2,2-tetrachloroethane 2.2 MG/KG U 1.3 NA nc NA nc NA
CMS-417 1 2 1,1,2,2-tetrachloroethane 130 MG/KG U 1.3 NA nc NA nc NA
CMS-419 1 2 1,1,2,2-tetrachloroethane 28 MG/KG U 1.3 NA nc NA nc NA
CMS-423 1 2 1,1,2,2-tetrachloroethane 0.0062 MG/KG U 1.3 NA nc NA nc NA
CMS-427 1 2 1,1,2,2-tetrachloroethane 0.0045 MG/KG U 1.3 NA nc NA nc NA
CMS-428 1 2 1,1,2,2-tetrachloroethane 0.0054 MG/KG U 1.3 NA nc NA nc NA
CMS-407 2 3 1,1,2,2-tetrachloroethane 0.0087 MG/KG U 1.3 NA nc NA nc NA
CMS-408 2 3 1,1,2,2-tetrachloroethane 6.6 MG/KG U 1.3 NA nc NA nc NA
CMS-417 2 3 1,1,2,2-tetrachloroethane 17 MG/KG U 1.3 NA nc NA nc NA
CMS-455 2 3 1,1,2,2-tetrachloroethane 0.33 MG/KG U 1.3 NA nc NA nc NA
MW08S 2 4 1,1,2,2-tetrachloroethane 0.21 MG/KG U 1.3 NA nc NA nc NA
MW01S 2 4 1,1,2,2-tetrachloroethane 0.22 MG/KG U 1.3 NA nc NA nc NA
MW02S 2 4 1,1,2,2-tetrachloroethane 0.2 MG/KG U 1.3 NA nc NA nc NA
MW04D 2 4 1,1,2,2-tetrachloroethane 0.5 MG/KG U 1.3 NA nc NA nc NA
MW05S 2 4 1,1,2,2-tetrachloroethane 0.1 MG/KG U 1.3 NA nc NA nc NA
MW06S 2 4 1,1,2,2-tetrachloroethane 0.3 MG/KG U 1.3 NA nc NA nc NA
MW06S 2 4 1,1,2,2-tetrachloroethane 0.3 MG/KG U 1.3 NA nc NA nc NA
MW08S 2 4 1,1,2,2-tetrachloroethane 0.32 MG/KG U 1.3 NA nc NA nc NA
MW14M 2 4 1,1,2,2-tetrachloroethane 0.14 MG/KG U 1.3 NA nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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MW15D 2 4 1,1,2,2-tetrachloroethane 0.14 MG/KG U 1.3 NA nc NA nc NA
SB02 2 4 1,1,2,2-tetrachloroethane 0.38 MG/KG U 1.3 NA nc NA nc NA
SB03 2 4 1,1,2,2-tetrachloroethane 0.3 MG/KG U 1.3 NA nc NA nc NA


MW07S 3 4 1,1,2,2-tetrachloroethane 0.5 MG/KG U 1.3 NA nc NA nc NA
CMS-060 3 4 1,1,2,2-tetrachloroethane 0.0058 MG/KG U 1.3 NA nc NA nc NA
CMS-089 3 4 1,1,2,2-tetrachloroethane 0.0041 MG/KG U 1.3 NA nc NA nc NA
CMS-407 3 4 1,1,2,2-tetrachloroethane 0.32 MG/KG U 1.3 NA nc NA nc NA
CMS-417 3 4 1,1,2,2-tetrachloroethane 0.28 MG/KG U 1.3 NA nc NA nc NA
CMS-419 3 4 1,1,2,2-tetrachloroethane 0.32 MG/KG U 1.3 NA nc NA nc NA
CMS-423 3 4 1,1,2,2-tetrachloroethane 0.0045 MG/KG U 1.3 NA nc NA nc NA
CMS-427 3 4 1,1,2,2-tetrachloroethane 0.0054 MG/KG U 1.3 NA nc NA nc NA
CMS-428 3 4 1,1,2,2-tetrachloroethane 0.0057 MG/KG U 1.3 NA nc NA nc NA
CMS-423 3 4 1,1,2,2-tetrachloroethane 0.0049 MG/KG U 1.3 NA nc NA nc NA
CMS-060 4 5 1,1,2,2-tetrachloroethane 0.0048 MG/KG U 1.3 NA nc NA nc NA
CMS-118 4 5 1,1,2,2-tetrachloroethane 0.0059 MG/KG U 1.3 NA nc NA nc NA
CMS-405 4 5 1,1,2,2-tetrachloroethane 1 MG/KG U 1.3 NA nc NA nc NA
CMS-455 4 5 1,1,2,2-tetrachloroethane 0.0072 MG/KG U 1.3 NA nc NA nc NA
MW15D 4 6 1,1,2,2-tetrachloroethane 0.1 MG/KG U 1.3 NA nc NA nc NA
MW02S 4 6 1,1,2,2-tetrachloroethane 0.55 MG/KG U 1.3 NA nc NA nc NA


SB03 4 6 1,1,2,2-tetrachloroethane 0.2 MG/KG U 1.3 NA nc NA nc NA
MW01S 4 6 1,1,2,2-tetrachloroethane 0.24 MG/KG U 1.3 NA nc NA nc NA
MW02S 4 6 1,1,2,2-tetrachloroethane 0.42 MG/KG U 1.3 NA nc NA nc NA
MW03S 4 6 1,1,2,2-tetrachloroethane 0.35 MG/KG U 1.3 NA nc NA nc NA
MW04D 4 6 1,1,2,2-tetrachloroethane 0.18 MG/KG U 1.3 NA nc NA nc NA
MW06S 4 6 1,1,2,2-tetrachloroethane 0.43 MG/KG U 1.3 NA nc NA nc NA
MW07S 4 6 1,1,2,2-tetrachloroethane 0.26 MG/KG U 1.3 NA nc NA nc NA
MW08S 4 6 1,1,2,2-tetrachloroethane 0.3 MG/KG U 1.3 NA nc NA nc NA
MW09S 4 6 1,1,2,2-tetrachloroethane 0.26 MG/KG U 1.3 NA nc NA nc NA
MW15D 4 6 1,1,2,2-tetrachloroethane 0.12 MG/KG U 1.3 NA nc NA nc NA


SB02 4 6 1,1,2,2-tetrachloroethane 0.26 MG/KG U 1.3 NA nc NA nc NA
SB03 4 6 1,1,2,2-tetrachloroethane 0.18 MG/KG U 1.3 NA nc NA nc NA


CMS-098 0 1 1,1,2,2-tetrachloroethane 0.0097 MG/KG UJ 1.3 NA nc NA nc NA
CMS-142 0 1 1,1,2,2-tetrachloroethane 0.0095 MG/KG UJ 1.3 NA nc NA nc NA
CMS-164 0 1 1,1,2,2-tetrachloroethane 0.015 MG/KG UJ 1.3 NA nc NA nc NA
CMS-173 0 1 1,1,2,2-tetrachloroethane 0.024 MG/KG UJ 1.3 NA nc NA nc NA
CMS-237 0 1 1,1,2,2-tetrachloroethane 0.0059 MG/KG UJ 1.3 NA nc NA nc NA
CMS-703 0 1 1,1,2,2-tetrachloroethane 0.0061 MG/KG UJ 1.3 NA nc NA nc NA
CMS-142 0 1 1,1,2,2-tetrachloroethane 0.011 MG/KG UJ 1.3 NA nc NA nc NA
MW14M 1 2 1,1,2,2-tetrachloroethane 0.15 MG/KG UJ 1.3 NA nc NA nc NA


SB-14-271 1 2 1,1,2,2-tetrachloroethane 0.12 MG/KG UJ 1.3 NA nc NA nc NA
CMS-118 1 2 1,1,2,2-tetrachloroethane 0.006 MG/KG UJ 1.3 NA nc NA nc NA
CMS-173 1 2 1,1,2,2-tetrachloroethane 0.0083 MG/KG UJ 1.3 NA nc NA nc NA
CMS-237 1 2 1,1,2,2-tetrachloroethane 0.0069 MG/KG UJ 1.3 NA nc NA nc NA
CMS-407 1 2 1,1,2,2-tetrachloroethane 0.0074 MG/KG UJ 1.3 NA nc NA nc NA
CMS-456 1 2 1,1,2,2-tetrachloroethane 0.0089 MG/KG UJ 1.3 NA nc NA nc NA
CMS-405 1 2 1,1,2,2-tetrachloroethane 2.9 MG/KG UJ 1.3 NA nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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CMS-060 2 3 1,1,2,2-tetrachloroethane 0.27 MG/KG UJ 1.3 NA nc NA nc NA
CMS-089 2 3 1,1,2,2-tetrachloroethane 0.0047 MG/KG UJ 1.3 NA nc NA nc NA
CMS-118 2 3 1,1,2,2-tetrachloroethane 0.0074 MG/KG UJ 1.3 NA nc NA nc NA
SB-14-271 2 4 1,1,2,2-tetrachloroethane 0.13 MG/KG UJ 1.3 NA nc NA nc NA
CMS-118 3 4 1,1,2,2-tetrachloroethane 0.0084 MG/KG UJ 1.3 NA nc NA nc NA
MW05S 4 6 1,1,2,2-tetrachloroethane 0.11 MG/KG UJ 1.3 NA nc NA nc NA


SB-14-271 4 6 1,1,2,2-tetrachloroethane 0.11 MG/KG UJ 1.3 NA nc NA nc NA
MW06S 4 6 1,1,2-trichloroethane 0.12 MG/KG J 3.6 N nc NA nc NA


CMS-089 0 1 1,1,2-trichloroethane 0.005 MG/KG U 3.6 NA nc NA nc NA
CMS-098 0 1 1,1,2-trichloroethane 0.0097 MG/KG U 3.6 NA nc NA nc NA
CMS-118 0 1 1,1,2-trichloroethane 0.0048 MG/KG U 3.6 NA nc NA nc NA
CMS-142 0 1 1,1,2-trichloroethane 0.0095 MG/KG U 3.6 NA nc NA nc NA
CMS-159 0 1 1,1,2-trichloroethane 0.021 MG/KG U 3.6 NA nc NA nc NA
CMS-173 0 1 1,1,2-trichloroethane 0.024 MG/KG U 3.6 NA nc NA nc NA
CMS-407 0 1 1,1,2-trichloroethane 0.005 MG/KG U 3.6 NA nc NA nc NA
CMS-408 0 1 1,1,2-trichloroethane 0.0043 MG/KG U 3.6 NA nc NA nc NA
CMS-417 0 1 1,1,2-trichloroethane 59 MG/KG U 3.6 NA nc NA nc NA
CMS-456 0 1 1,1,2-trichloroethane 0.0075 MG/KG U 3.6 NA nc NA nc NA
CMS-702 0 1 1,1,2-trichloroethane 0.0087 MG/KG U 3.6 NA nc NA nc NA
CMS-703 0 1 1,1,2-trichloroethane 0.0061 MG/KG U 3.6 NA nc NA nc NA
CMS-142 0 1 1,1,2-trichloroethane 0.011 MG/KG U 3.6 NA nc NA nc NA
CMS-060 0 1 1,1,2-trichloroethane 2.7 MG/KG U 3.6 NA nc NA nc NA
CMS-065 0 10 1,1,2-trichloroethane 1.2 MG/KG U 3.6 NA nc NA nc NA
MW05S 1 2 1,1,2-trichloroethane 0.095 MG/KG U 3.6 NA nc NA nc NA
MW01S 1 2 1,1,2-trichloroethane 0.34 MG/KG U 3.6 NA nc NA nc NA
MW05S 1 2 1,1,2-trichloroethane 0.11 MG/KG U 3.6 NA nc NA nc NA
MW08S 1 2 1,1,2-trichloroethane 0.26 MG/KG U 3.6 NA nc NA nc NA
MW14M 1 2 1,1,2-trichloroethane 0.11 MG/KG U 3.6 NA nc NA nc NA
CMS-089 1 2 1,1,2-trichloroethane 0.0048 MG/KG U 3.6 NA nc NA nc NA
CMS-118 1 2 1,1,2-trichloroethane 0.006 MG/KG U 3.6 NA nc NA nc NA
CMS-173 1 2 1,1,2-trichloroethane 0.0083 MG/KG U 3.6 NA nc NA nc NA
CMS-407 1 2 1,1,2-trichloroethane 0.0074 MG/KG U 3.6 NA nc NA nc NA
CMS-408 1 2 1,1,2-trichloroethane 2.2 MG/KG U 3.6 NA nc NA nc NA
CMS-417 1 2 1,1,2-trichloroethane 130 MG/KG U 3.6 NA nc NA nc NA
CMS-419 1 2 1,1,2-trichloroethane 28 MG/KG U 3.6 NA nc NA nc NA
CMS-423 1 2 1,1,2-trichloroethane 0.0062 MG/KG U 3.6 NA nc NA nc NA
CMS-427 1 2 1,1,2-trichloroethane 0.0045 MG/KG U 3.6 NA nc NA nc NA
CMS-428 1 2 1,1,2-trichloroethane 0.0054 MG/KG U 3.6 NA nc NA nc NA
CMS-456 1 2 1,1,2-trichloroethane 0.0089 MG/KG U 3.6 NA nc NA nc NA
CMS-060 2 3 1,1,2-trichloroethane 0.27 MG/KG U 3.6 NA nc NA nc NA
CMS-089 2 3 1,1,2-trichloroethane 0.0047 MG/KG U 3.6 NA nc NA nc NA
CMS-118 2 3 1,1,2-trichloroethane 0.0074 MG/KG U 3.6 NA nc NA nc NA
CMS-407 2 3 1,1,2-trichloroethane 0.0087 MG/KG U 3.6 NA nc NA nc NA
CMS-408 2 3 1,1,2-trichloroethane 6.6 MG/KG U 3.6 NA nc NA nc NA
CMS-417 2 3 1,1,2-trichloroethane 17 MG/KG U 3.6 NA nc NA nc NA
CMS-455 2 3 1,1,2-trichloroethane 0.33 MG/KG U 3.6 NA nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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MW08S 2 4 1,1,2-trichloroethane 0.21 MG/KG U 3.6 NA nc NA nc NA
MW01S 2 4 1,1,2-trichloroethane 0.22 MG/KG U 3.6 NA nc NA nc NA
MW02S 2 4 1,1,2-trichloroethane 0.2 MG/KG U 3.6 NA nc NA nc NA
MW04D 2 4 1,1,2-trichloroethane 0.5 MG/KG U 3.6 NA nc NA nc NA
MW05S 2 4 1,1,2-trichloroethane 0.1 MG/KG U 3.6 NA nc NA nc NA
MW06S 2 4 1,1,2-trichloroethane 0.3 MG/KG U 3.6 NA nc NA nc NA
MW06S 2 4 1,1,2-trichloroethane 0.3 MG/KG U 3.6 NA nc NA nc NA
MW08S 2 4 1,1,2-trichloroethane 0.32 MG/KG U 3.6 NA nc NA nc NA
MW14M 2 4 1,1,2-trichloroethane 0.14 MG/KG U 3.6 NA nc NA nc NA
MW15D 2 4 1,1,2-trichloroethane 0.14 MG/KG U 3.6 NA nc NA nc NA


SB02 2 4 1,1,2-trichloroethane 0.38 MG/KG U 3.6 NA nc NA nc NA
SB03 2 4 1,1,2-trichloroethane 0.3 MG/KG U 3.6 NA nc NA nc NA


MW07S 3 4 1,1,2-trichloroethane 0.5 MG/KG U 3.6 NA nc NA nc NA
CMS-060 3 4 1,1,2-trichloroethane 0.0058 MG/KG U 3.6 NA nc NA nc NA
CMS-089 3 4 1,1,2-trichloroethane 0.0041 MG/KG U 3.6 NA nc NA nc NA
CMS-118 3 4 1,1,2-trichloroethane 0.0084 MG/KG U 3.6 NA nc NA nc NA
CMS-407 3 4 1,1,2-trichloroethane 0.32 MG/KG U 3.6 NA nc NA nc NA
CMS-419 3 4 1,1,2-trichloroethane 0.32 MG/KG U 3.6 NA nc NA nc NA
CMS-423 3 4 1,1,2-trichloroethane 0.0045 MG/KG U 3.6 NA nc NA nc NA
CMS-427 3 4 1,1,2-trichloroethane 0.0054 MG/KG U 3.6 NA nc NA nc NA
CMS-428 3 4 1,1,2-trichloroethane 0.0057 MG/KG U 3.6 NA nc NA nc NA
CMS-423 3 4 1,1,2-trichloroethane 0.0049 MG/KG U 3.6 NA nc NA nc NA
CMS-060 4 5 1,1,2-trichloroethane 0.0048 MG/KG U 3.6 NA nc NA nc NA
CMS-118 4 5 1,1,2-trichloroethane 0.0059 MG/KG U 3.6 NA nc NA nc NA
CMS-405 4 5 1,1,2-trichloroethane 1 MG/KG U 3.6 NA nc NA nc NA
CMS-455 4 5 1,1,2-trichloroethane 0.0072 MG/KG U 3.6 NA nc NA nc NA
MW15D 4 6 1,1,2-trichloroethane 0.1 MG/KG U 3.6 NA nc NA nc NA
MW02S 4 6 1,1,2-trichloroethane 0.55 MG/KG U 3.6 NA nc NA nc NA


SB03 4 6 1,1,2-trichloroethane 0.2 MG/KG U 3.6 NA nc NA nc NA
MW01S 4 6 1,1,2-trichloroethane 0.24 MG/KG U 3.6 NA nc NA nc NA
MW02S 4 6 1,1,2-trichloroethane 0.42 MG/KG U 3.6 NA nc NA nc NA
MW03S 4 6 1,1,2-trichloroethane 0.35 MG/KG U 3.6 NA nc NA nc NA
MW04D 4 6 1,1,2-trichloroethane 0.18 MG/KG U 3.6 NA nc NA nc NA
MW07S 4 6 1,1,2-trichloroethane 0.26 MG/KG U 3.6 NA nc NA nc NA
MW08S 4 6 1,1,2-trichloroethane 0.3 MG/KG U 3.6 NA nc NA nc NA
MW09S 4 6 1,1,2-trichloroethane 0.26 MG/KG U 3.6 NA nc NA nc NA
MW15D 4 6 1,1,2-trichloroethane 0.12 MG/KG U 3.6 NA nc NA nc NA


SB02 4 6 1,1,2-trichloroethane 0.26 MG/KG U 3.6 NA nc NA nc NA
SB03 4 6 1,1,2-trichloroethane 0.18 MG/KG U 3.6 NA nc NA nc NA


CMS-164 0 1 1,1,2-trichloroethane 0.015 MG/KG UJ 3.6 NA nc NA nc NA
CMS-237 0 1 1,1,2-trichloroethane 0.0059 MG/KG UJ 3.6 NA nc NA nc NA
MW14M 1 2 1,1,2-trichloroethane 0.15 MG/KG UJ 3.6 NA nc NA nc NA


SB-14-271 1 2 1,1,2-trichloroethane 0.12 MG/KG UJ 3.6 NA nc NA nc NA
CMS-060 1 2 1,1,2-trichloroethane 5.1 MG/KG UJ 3.6 NA nc NA nc NA
CMS-237 1 2 1,1,2-trichloroethane 0.0069 MG/KG UJ 3.6 NA nc NA nc NA
CMS-405 1 2 1,1,2-trichloroethane 4 MG/KG UJ 3.6 NA nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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CMS-405 1 2 1,1,2-trichloroethane 2.9 MG/KG UJ 3.6 NA nc NA nc NA
SB-14-271 2 4 1,1,2-trichloroethane 0.13 MG/KG UJ 3.6 NA nc NA nc NA
CMS-417 3 4 1,1,2-trichloroethane 0.28 MG/KG UJ 3.6 NA nc NA nc NA
MW05S 4 6 1,1,2-trichloroethane 0.11 MG/KG UJ 3.6 NA nc NA nc NA


SB-14-271 4 6 1,1,2-trichloroethane 0.11 MG/KG UJ 3.6 NA nc NA nc NA
MW14M 1 2 1,1'-biphenyl 0.041 MG/KG J 0.8 N nc NA nc NA
MW05S 2 4 1,1'-biphenyl 0.082 MG/KG J 0.8 N nc NA nc NA
MW15D 4 6 1,1'-biphenyl 0.3 MG/KG J 0.8 N nc NA nc NA
MW15D 4 6 1,1'-biphenyl 0.35 MG/KG J 0.8 N nc NA nc NA


SB02 4 6 1,1'-biphenyl 0.23 MG/KG J 0.8 N nc NA nc NA
RES-14-271-01 0 1 1,1'-biphenyl 0.51 MG/KG U 0.8 NA nc NA nc NA
RES-14-272-01 0 1 1,1'-biphenyl 0.62 MG/KG U 0.8 NA nc NA nc NA
RES-14-302-01 0 1 1,1'-biphenyl 5 MG/KG U 0.8 NA nc NA nc NA
RES-14-303-01 0 1 1,1'-biphenyl 4.8 MG/KG U 0.8 NA nc NA nc NA
RES-14-271-01 0 1 1,1'-biphenyl 2.5 MG/KG U 0.8 NA nc NA nc NA
RES-14-272-01 0 1 1,1'-biphenyl 3.1 MG/KG U 0.8 NA nc NA nc NA


MW05S 1 2 1,1'-biphenyl 0.36 MG/KG U 0.8 NA nc NA nc NA
MW14M 1 2 1,1'-biphenyl 0.34 MG/KG U 0.8 NA nc NA nc NA
MW14M 1 2 1,1'-biphenyl 0.34 MG/KG U 0.8 NA nc NA nc NA
MW01S 1 2 1,1'-biphenyl 0.38 MG/KG U 0.8 NA nc NA nc NA
MW05S 1 2 1,1'-biphenyl 0.36 MG/KG U 0.8 NA nc NA nc NA
MW08S 1 2 1,1'-biphenyl 0.42 MG/KG U 0.8 NA nc NA nc NA
MW14M 1 2 1,1'-biphenyl 0.33 MG/KG U 0.8 NA nc NA nc NA


SB-14-271 1 2 1,1'-biphenyl 0.4 MG/KG U 0.8 NA nc NA nc NA
MW08S 2 4 1,1'-biphenyl 0.45 MG/KG U 0.8 NA nc NA nc NA


SB02 2 4 1,1'-biphenyl 2.3 MG/KG U 0.8 NA nc NA nc NA
MW01S 2 4 1,1'-biphenyl 1.6 MG/KG U 0.8 NA nc NA nc NA
MW02S 2 4 1,1'-biphenyl 0.38 MG/KG U 0.8 NA nc NA nc NA
MW08S 2 4 1,1'-biphenyl 0.41 MG/KG U 0.8 NA nc NA nc NA
MW14M 2 4 1,1'-biphenyl 0.38 MG/KG U 0.8 NA nc NA nc NA
MW15D 2 4 1,1'-biphenyl 0.37 MG/KG U 0.8 NA nc NA nc NA


SB-14-271 2 4 1,1'-biphenyl 0.45 MG/KG U 0.8 NA nc NA nc NA
SB02 2 4 1,1'-biphenyl 2.2 MG/KG U 0.8 NA nc NA nc NA
SB03 2 4 1,1'-biphenyl 0.99 MG/KG U 0.8 NA nc NA nc NA


MW07S 3 4 1,1'-biphenyl 0.38 MG/KG U 0.8 NA nc NA nc NA
SB03 4 6 1,1'-biphenyl 0.37 MG/KG U 0.8 NA nc NA nc NA


MW01S 4 6 1,1'-biphenyl 0.4 MG/KG U 0.8 NA nc NA nc NA
MW03S 4 6 1,1'-biphenyl 0.4 MG/KG U 0.8 NA nc NA nc NA
MW04D 4 6 1,1'-biphenyl 0.42 MG/KG U 0.8 NA nc NA nc NA
MW05S 4 6 1,1'-biphenyl 0.82 MG/KG U 0.8 NA nc NA nc NA
MW07S 4 6 1,1'-biphenyl 0.4 MG/KG U 0.8 NA nc NA nc NA
MW08S 4 6 1,1'-biphenyl 0.45 MG/KG U 0.8 NA nc NA nc NA
MW09S 4 6 1,1'-biphenyl 0.85 MG/KG U 0.8 NA nc NA nc NA


SB-14-271 4 6 1,1'-biphenyl 0.4 MG/KG U 0.8 NA nc NA nc NA
SB03 4 6 1,1'-biphenyl 0.38 MG/KG U 0.8 NA nc NA nc NA


MW06S 2 4 1,1'-biphenyl 0.49 MG/KG 0.8 N nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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MW06S 2 4 1,1'-biphenyl 0.46 MG/KG 0.8 N nc NA nc NA
MW06S 4 6 1,1'-biphenyl 0.67 MG/KG 0.8 N nc NA nc NA


CMS-4105 0 1 Biphenyl 1.607346149 MG/KG J 0.8 Y nc NA nc NA
CMS-4110 0 1 Biphenyl 0.337926542 MG/KG J 0.8 N nc NA nc NA
CMS-417 2 3 1,1-dichloroethane 7 MG/KG J 920 N nc NA nc NA
CMS-417 3 4 1,1-dichloroethane 0.15 MG/KG J 920 N nc NA nc NA
CMS-089 0 1 1,1-dichloroethane 0.005 MG/KG U 920 NA nc NA nc NA
CMS-098 0 1 1,1-dichloroethane 0.0097 MG/KG U 920 NA nc NA nc NA
CMS-118 0 1 1,1-dichloroethane 0.0048 MG/KG U 920 NA nc NA nc NA
CMS-142 0 1 1,1-dichloroethane 0.0095 MG/KG U 920 NA nc NA nc NA
CMS-159 0 1 1,1-dichloroethane 0.021 MG/KG U 920 NA nc NA nc NA
CMS-164 0 1 1,1-dichloroethane 0.015 MG/KG U 920 NA nc NA nc NA
CMS-173 0 1 1,1-dichloroethane 0.024 MG/KG U 920 NA nc NA nc NA
CMS-407 0 1 1,1-dichloroethane 0.005 MG/KG U 920 NA nc NA nc NA
CMS-408 0 1 1,1-dichloroethane 0.0043 MG/KG U 920 NA nc NA nc NA
CMS-417 0 1 1,1-dichloroethane 59 MG/KG U 920 NA nc NA nc NA
CMS-456 0 1 1,1-dichloroethane 0.0075 MG/KG U 920 NA nc NA nc NA
CMS-702 0 1 1,1-dichloroethane 0.0087 MG/KG U 920 NA nc NA nc NA
CMS-703 0 1 1,1-dichloroethane 0.0061 MG/KG U 920 NA nc NA nc NA
CMS-142 0 1 1,1-dichloroethane 0.011 MG/KG U 920 NA nc NA nc NA
CMS-060 0 1 1,1-dichloroethane 2.7 MG/KG U 920 NA nc NA nc NA
CMS-065 0 10 1,1-dichloroethane 1.2 MG/KG U 920 NA nc NA nc NA
MW05S 1 2 1,1-dichloroethane 0.095 MG/KG U 920 NA nc NA nc NA
MW01S 1 2 1,1-dichloroethane 0.34 MG/KG U 920 NA nc NA nc NA
MW05S 1 2 1,1-dichloroethane 0.11 MG/KG U 920 NA nc NA nc NA
MW08S 1 2 1,1-dichloroethane 0.26 MG/KG U 920 NA nc NA nc NA
MW14M 1 2 1,1-dichloroethane 0.11 MG/KG U 920 NA nc NA nc NA
CMS-089 1 2 1,1-dichloroethane 0.0048 MG/KG U 920 NA nc NA nc NA
CMS-118 1 2 1,1-dichloroethane 0.006 MG/KG U 920 NA nc NA nc NA
CMS-173 1 2 1,1-dichloroethane 0.0083 MG/KG U 920 NA nc NA nc NA
CMS-237 1 2 1,1-dichloroethane 0.0069 MG/KG U 920 NA nc NA nc NA
CMS-405 1 2 1,1-dichloroethane 4 MG/KG U 920 NA nc NA nc NA
CMS-407 1 2 1,1-dichloroethane 0.0074 MG/KG U 920 NA nc NA nc NA
CMS-408 1 2 1,1-dichloroethane 2.2 MG/KG U 920 NA nc NA nc NA
CMS-417 1 2 1,1-dichloroethane 130 MG/KG U 920 NA nc NA nc NA
CMS-419 1 2 1,1-dichloroethane 28 MG/KG U 920 NA nc NA nc NA
CMS-423 1 2 1,1-dichloroethane 0.0062 MG/KG U 920 NA nc NA nc NA
CMS-427 1 2 1,1-dichloroethane 0.0045 MG/KG U 920 NA nc NA nc NA
CMS-428 1 2 1,1-dichloroethane 0.0054 MG/KG U 920 NA nc NA nc NA
CMS-456 1 2 1,1-dichloroethane 0.0089 MG/KG U 920 NA nc NA nc NA
CMS-060 2 3 1,1-dichloroethane 0.27 MG/KG U 920 NA nc NA nc NA
CMS-089 2 3 1,1-dichloroethane 0.0047 MG/KG U 920 NA nc NA nc NA
CMS-118 2 3 1,1-dichloroethane 0.0074 MG/KG U 920 NA nc NA nc NA
CMS-407 2 3 1,1-dichloroethane 0.0087 MG/KG U 920 NA nc NA nc NA
CMS-408 2 3 1,1-dichloroethane 6.6 MG/KG U 920 NA nc NA nc NA
CMS-455 2 3 1,1-dichloroethane 0.33 MG/KG U 920 NA nc NA nc NA


Interim Final CMRP Feasibility Study Report
Appendix F F-262 April 2010







Appendix F


Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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MW08S 2 4 1,1-dichloroethane 0.21 MG/KG U 920 NA nc NA nc NA
MW01S 2 4 1,1-dichloroethane 0.22 MG/KG U 920 NA nc NA nc NA
MW02S 2 4 1,1-dichloroethane 0.2 MG/KG U 920 NA nc NA nc NA
MW04D 2 4 1,1-dichloroethane 0.5 MG/KG U 920 NA nc NA nc NA
MW05S 2 4 1,1-dichloroethane 0.1 MG/KG U 920 NA nc NA nc NA
MW06S 2 4 1,1-dichloroethane 0.3 MG/KG U 920 NA nc NA nc NA
MW06S 2 4 1,1-dichloroethane 0.3 MG/KG U 920 NA nc NA nc NA
MW08S 2 4 1,1-dichloroethane 0.32 MG/KG U 920 NA nc NA nc NA
MW14M 2 4 1,1-dichloroethane 0.14 MG/KG U 920 NA nc NA nc NA
MW15D 2 4 1,1-dichloroethane 0.14 MG/KG U 920 NA nc NA nc NA


SB02 2 4 1,1-dichloroethane 0.38 MG/KG U 920 NA nc NA nc NA
SB03 2 4 1,1-dichloroethane 0.3 MG/KG U 920 NA nc NA nc NA


MW07S 3 4 1,1-dichloroethane 0.5 MG/KG U 920 NA nc NA nc NA
CMS-060 3 4 1,1-dichloroethane 0.0058 MG/KG U 920 NA nc NA nc NA
CMS-089 3 4 1,1-dichloroethane 0.0041 MG/KG U 920 NA nc NA nc NA
CMS-118 3 4 1,1-dichloroethane 0.0084 MG/KG U 920 NA nc NA nc NA
CMS-407 3 4 1,1-dichloroethane 0.32 MG/KG U 920 NA nc NA nc NA
CMS-419 3 4 1,1-dichloroethane 0.32 MG/KG U 920 NA nc NA nc NA
CMS-423 3 4 1,1-dichloroethane 0.0045 MG/KG U 920 NA nc NA nc NA
CMS-427 3 4 1,1-dichloroethane 0.0054 MG/KG U 920 NA nc NA nc NA
CMS-428 3 4 1,1-dichloroethane 0.0057 MG/KG U 920 NA nc NA nc NA
CMS-423 3 4 1,1-dichloroethane 0.0049 MG/KG U 920 NA nc NA nc NA
CMS-060 4 5 1,1-dichloroethane 0.0048 MG/KG U 920 NA nc NA nc NA
CMS-118 4 5 1,1-dichloroethane 0.0059 MG/KG U 920 NA nc NA nc NA
CMS-405 4 5 1,1-dichloroethane 1 MG/KG U 920 NA nc NA nc NA
CMS-455 4 5 1,1-dichloroethane 0.0072 MG/KG U 920 NA nc NA nc NA
MW15D 4 6 1,1-dichloroethane 0.1 MG/KG U 920 NA nc NA nc NA
MW02S 4 6 1,1-dichloroethane 0.55 MG/KG U 920 NA nc NA nc NA


SB03 4 6 1,1-dichloroethane 0.2 MG/KG U 920 NA nc NA nc NA
MW01S 4 6 1,1-dichloroethane 0.24 MG/KG U 920 NA nc NA nc NA
MW02S 4 6 1,1-dichloroethane 0.42 MG/KG U 920 NA nc NA nc NA
MW03S 4 6 1,1-dichloroethane 0.35 MG/KG U 920 NA nc NA nc NA
MW04D 4 6 1,1-dichloroethane 0.18 MG/KG U 920 NA nc NA nc NA
MW06S 4 6 1,1-dichloroethane 0.43 MG/KG U 920 NA nc NA nc NA
MW07S 4 6 1,1-dichloroethane 0.26 MG/KG U 920 NA nc NA nc NA
MW08S 4 6 1,1-dichloroethane 0.3 MG/KG U 920 NA nc NA nc NA
MW09S 4 6 1,1-dichloroethane 0.26 MG/KG U 920 NA nc NA nc NA
MW15D 4 6 1,1-dichloroethane 0.12 MG/KG U 920 NA nc NA nc NA


SB02 4 6 1,1-dichloroethane 0.26 MG/KG U 920 NA nc NA nc NA
SB03 4 6 1,1-dichloroethane 0.18 MG/KG U 920 NA nc NA nc NA


CMS-237 0 1 1,1-dichloroethane 0.0059 MG/KG UJ 920 NA nc NA nc NA
MW14M 1 2 1,1-dichloroethane 0.15 MG/KG UJ 920 NA nc NA nc NA


SB-14-271 1 2 1,1-dichloroethane 0.12 MG/KG UJ 920 NA nc NA nc NA
CMS-060 1 2 1,1-dichloroethane 5.1 MG/KG UJ 920 NA nc NA nc NA
CMS-405 1 2 1,1-dichloroethane 2.9 MG/KG UJ 920 NA nc NA nc NA
SB-14-271 2 4 1,1-dichloroethane 0.13 MG/KG UJ 920 NA nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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MW05S 4 6 1,1-dichloroethane 0.11 MG/KG UJ 920 NA nc NA nc NA
SB-14-271 4 6 1,1-dichloroethane 0.11 MG/KG UJ 920 NA nc NA nc NA
MW14M 1 2 1,1-dichloroethene 0.026 MG/KG J 0.2 N 0.7 N nc NA
CMS-089 0 1 1,1-dichloroethene 0.005 MG/KG U 0.2 NA 0.7 NA nc NA
CMS-098 0 1 1,1-dichloroethene 0.0097 MG/KG U 0.2 NA 0.7 NA nc NA
CMS-118 0 1 1,1-dichloroethene 0.0048 MG/KG U 0.2 NA 0.7 NA nc NA
CMS-142 0 1 1,1-dichloroethene 0.0095 MG/KG U 0.2 NA 0.7 NA nc NA
CMS-159 0 1 1,1-dichloroethene 0.021 MG/KG U 0.2 NA 0.7 NA nc NA
CMS-164 0 1 1,1-dichloroethene 0.015 MG/KG U 0.2 NA 0.7 NA nc NA
CMS-173 0 1 1,1-dichloroethene 0.024 MG/KG U 0.2 NA 0.7 NA nc NA
CMS-407 0 1 1,1-dichloroethene 0.005 MG/KG U 0.2 NA 0.7 NA nc NA
CMS-408 0 1 1,1-dichloroethene 0.0043 MG/KG U 0.2 NA 0.7 NA nc NA
CMS-417 0 1 1,1-dichloroethene 59 MG/KG U 0.2 NA 0.7 NA nc NA
CMS-456 0 1 1,1-dichloroethene 0.0075 MG/KG U 0.2 NA 0.7 NA nc NA
CMS-702 0 1 1,1-dichloroethene 0.0087 MG/KG U 0.2 NA 0.7 NA nc NA
CMS-703 0 1 1,1-dichloroethene 0.0061 MG/KG U 0.2 NA 0.7 NA nc NA
CMS-142 0 1 1,1-dichloroethene 0.011 MG/KG U 0.2 NA 0.7 NA nc NA
CMS-060 0 1 1,1-dichloroethene 2.7 MG/KG U 0.2 NA 0.7 NA nc NA
CMS-065 0 10 1,1-dichloroethene 1.2 MG/KG U 0.2 NA 0.7 NA nc NA
MW01S 1 2 1,1-dichloroethene 0.34 MG/KG U 0.2 NA 0.7 NA nc NA
MW08S 1 2 1,1-dichloroethene 0.26 MG/KG U 0.2 NA 0.7 NA nc NA


CMS-060 1 2 1,1-dichloroethene 5.1 MG/KG U 0.2 NA 0.7 NA nc NA
CMS-089 1 2 1,1-dichloroethene 0.0048 MG/KG U 0.2 NA 0.7 NA nc NA
CMS-118 1 2 1,1-dichloroethene 0.006 MG/KG U 0.2 NA 0.7 NA nc NA
CMS-173 1 2 1,1-dichloroethene 0.0083 MG/KG U 0.2 NA 0.7 NA nc NA
CMS-237 1 2 1,1-dichloroethene 0.0069 MG/KG U 0.2 NA 0.7 NA nc NA
CMS-405 1 2 1,1-dichloroethene 4 MG/KG U 0.2 NA 0.7 NA nc NA
CMS-407 1 2 1,1-dichloroethene 0.0074 MG/KG U 0.2 NA 0.7 NA nc NA
CMS-408 1 2 1,1-dichloroethene 2.2 MG/KG U 0.2 NA 0.7 NA nc NA
CMS-417 1 2 1,1-dichloroethene 130 MG/KG U 0.2 NA 0.7 NA nc NA
CMS-419 1 2 1,1-dichloroethene 28 MG/KG U 0.2 NA 0.7 NA nc NA
CMS-423 1 2 1,1-dichloroethene 0.0062 MG/KG U 0.2 NA 0.7 NA nc NA
CMS-427 1 2 1,1-dichloroethene 0.0045 MG/KG U 0.2 NA 0.7 NA nc NA
CMS-428 1 2 1,1-dichloroethene 0.0054 MG/KG U 0.2 NA 0.7 NA nc NA
CMS-456 1 2 1,1-dichloroethene 0.0089 MG/KG U 0.2 NA 0.7 NA nc NA
CMS-060 2 3 1,1-dichloroethene 0.27 MG/KG U 0.2 NA 0.7 NA nc NA
CMS-089 2 3 1,1-dichloroethene 0.0047 MG/KG U 0.2 NA 0.7 NA nc NA
CMS-118 2 3 1,1-dichloroethene 0.0074 MG/KG U 0.2 NA 0.7 NA nc NA
CMS-407 2 3 1,1-dichloroethene 0.0087 MG/KG U 0.2 NA 0.7 NA nc NA
CMS-408 2 3 1,1-dichloroethene 6.6 MG/KG U 0.2 NA 0.7 NA nc NA
CMS-417 2 3 1,1-dichloroethene 17 MG/KG U 0.2 NA 0.7 NA nc NA
CMS-455 2 3 1,1-dichloroethene 0.33 MG/KG U 0.2 NA 0.7 NA nc NA
MW08S 2 4 1,1-dichloroethene 0.21 MG/KG U 0.2 NA 0.7 NA nc NA
MW01S 2 4 1,1-dichloroethene 0.22 MG/KG U 0.2 NA 0.7 NA nc NA
MW02S 2 4 1,1-dichloroethene 0.2 MG/KG U 0.2 NA 0.7 NA nc NA
MW06S 2 4 1,1-dichloroethene 0.3 MG/KG U 0.2 NA 0.7 NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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MW06S 2 4 1,1-dichloroethene 0.3 MG/KG U 0.2 NA 0.7 NA nc NA
MW08S 2 4 1,1-dichloroethene 0.32 MG/KG U 0.2 NA 0.7 NA nc NA
MW14M 2 4 1,1-dichloroethene 0.14 MG/KG U 0.2 NA 0.7 NA nc NA
MW15D 2 4 1,1-dichloroethene 0.14 MG/KG U 0.2 NA 0.7 NA nc NA


SB02 2 4 1,1-dichloroethene 0.38 MG/KG U 0.2 NA 0.7 NA nc NA
SB03 2 4 1,1-dichloroethene 0.3 MG/KG U 0.2 NA 0.7 NA nc NA


MW07S 3 4 1,1-dichloroethene 0.5 MG/KG U 0.2 NA 0.7 NA nc NA
CMS-060 3 4 1,1-dichloroethene 0.0058 MG/KG U 0.2 NA 0.7 NA nc NA
CMS-089 3 4 1,1-dichloroethene 0.0041 MG/KG U 0.2 NA 0.7 NA nc NA
CMS-118 3 4 1,1-dichloroethene 0.0084 MG/KG U 0.2 NA 0.7 NA nc NA
CMS-407 3 4 1,1-dichloroethene 0.32 MG/KG U 0.2 NA 0.7 NA nc NA
CMS-417 3 4 1,1-dichloroethene 0.28 MG/KG U 0.2 NA 0.7 NA nc NA
CMS-419 3 4 1,1-dichloroethene 0.32 MG/KG U 0.2 NA 0.7 NA nc NA
CMS-423 3 4 1,1-dichloroethene 0.0045 MG/KG U 0.2 NA 0.7 NA nc NA
CMS-427 3 4 1,1-dichloroethene 0.0054 MG/KG U 0.2 NA 0.7 NA nc NA
CMS-428 3 4 1,1-dichloroethene 0.0057 MG/KG U 0.2 NA 0.7 NA nc NA
CMS-423 3 4 1,1-dichloroethene 0.0049 MG/KG U 0.2 NA 0.7 NA nc NA
CMS-060 4 5 1,1-dichloroethene 0.0048 MG/KG U 0.2 NA 0.7 NA nc NA
CMS-118 4 5 1,1-dichloroethene 0.0059 MG/KG U 0.2 NA 0.7 NA nc NA
CMS-405 4 5 1,1-dichloroethene 1 MG/KG U 0.2 NA 0.7 NA nc NA
CMS-455 4 5 1,1-dichloroethene 0.0072 MG/KG U 0.2 NA 0.7 NA nc NA
MW15D 4 6 1,1-dichloroethene 0.1 MG/KG U 0.2 NA 0.7 NA nc NA
MW02S 4 6 1,1-dichloroethene 0.55 MG/KG U 0.2 NA 0.7 NA nc NA


SB03 4 6 1,1-dichloroethene 0.2 MG/KG U 0.2 NA 0.7 NA nc NA
MW01S 4 6 1,1-dichloroethene 0.24 MG/KG U 0.2 NA 0.7 NA nc NA
MW02S 4 6 1,1-dichloroethene 0.42 MG/KG U 0.2 NA 0.7 NA nc NA
MW03S 4 6 1,1-dichloroethene 0.35 MG/KG U 0.2 NA 0.7 NA nc NA
MW04D 4 6 1,1-dichloroethene 0.18 MG/KG U 0.2 NA 0.7 NA nc NA
MW06S 4 6 1,1-dichloroethene 0.43 MG/KG U 0.2 NA 0.7 NA nc NA
MW07S 4 6 1,1-dichloroethene 0.26 MG/KG U 0.2 NA 0.7 NA nc NA
MW08S 4 6 1,1-dichloroethene 0.3 MG/KG U 0.2 NA 0.7 NA nc NA
MW09S 4 6 1,1-dichloroethene 0.26 MG/KG U 0.2 NA 0.7 NA nc NA
MW15D 4 6 1,1-dichloroethene 0.12 MG/KG U 0.2 NA 0.7 NA nc NA


SB02 4 6 1,1-dichloroethene 0.26 MG/KG U 0.2 NA 0.7 NA nc NA
SB03 4 6 1,1-dichloroethene 0.18 MG/KG U 0.2 NA 0.7 NA nc NA


CMS-237 0 1 1,1-dichloroethene 0.0059 MG/KG UJ 0.2 NA 0.7 NA nc NA
MW05S 1 2 1,1-dichloroethene 0.095 MG/KG UJ 0.2 NA 0.7 NA nc NA
MW14M 1 2 1,1-dichloroethene 0.15 MG/KG UJ 0.2 NA 0.7 NA nc NA
MW05S 1 2 1,1-dichloroethene 0.11 MG/KG UJ 0.2 NA 0.7 NA nc NA


SB-14-271 1 2 1,1-dichloroethene 0.12 MG/KG UJ 0.2 NA 0.7 NA nc NA
CMS-405 1 2 1,1-dichloroethene 2.9 MG/KG UJ 0.2 NA 0.7 NA nc NA
MW04D 2 4 1,1-dichloroethene 0.5 MG/KG UJ 0.2 NA 0.7 NA nc NA
MW05S 2 4 1,1-dichloroethene 0.1 MG/KG UJ 0.2 NA 0.7 NA nc NA


SB-14-271 2 4 1,1-dichloroethene 0.13 MG/KG UJ 0.2 NA 0.7 NA nc NA
MW05S 4 6 1,1-dichloroethene 0.11 MG/KG UJ 0.2 NA 0.7 NA nc NA


SB-14-271 4 6 1,1-dichloroethene 0.11 MG/KG UJ 0.2 NA 0.7 NA nc NA
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CMS-237 0 1 1,2,4-trichlorobenzene 0.16 MG/KG J 96 N nc NA nc NA
CMS-237 1 2 1,2,4-trichlorobenzene 0.21 MG/KG J 96 N nc NA nc NA
CMS-417 1 2 1,2,4-trichlorobenzene 21 MG/KG J 96 N nc NA nc NA
CMS-456 1 2 1,2,4-trichlorobenzene 0.11 MG/KG J 96 N nc NA nc NA
CMS-417 2 3 1,2,4-trichlorobenzene 6.3 MG/KG J 96 N nc NA nc NA
CMS-423 3 4 1,2,4-trichlorobenzene 0.15 MG/KG J 96 N nc NA nc NA
CMS-423 3 4 1,2,4-trichlorobenzene 0.081 MG/KG J 96 N nc NA nc NA


SS-01 0 0 1,2,4-trichlorobenzene 0.43 MG/KG U 96 NA nc NA nc NA
CMW-SD-2016 0 0.5 1,2,4-trichlorobenzene 0.8 MG/KG U 96 NA nc NA nc NA
CMW-SD-2017 0 0.5 1,2,4-trichlorobenzene 0.87 MG/KG U 96 NA nc NA nc NA
CMW-SD-2018 0 0.5 1,2,4-trichlorobenzene 2.1 MG/KG U 96 NA nc NA nc NA
CMW-SD-2019 0 0.5 1,2,4-trichlorobenzene 0.95 MG/KG U 96 NA nc NA nc NA
CMW-SD-2020 0 0.5 1,2,4-trichlorobenzene 0.46 MG/KG U 96 NA nc NA nc NA
CMW-SD-2021 0 0.5 1,2,4-trichlorobenzene 2.1 MG/KG U 96 NA nc NA nc NA


CMS-089 0 1 1,2,4-trichlorobenzene 0.67 MG/KG U 96 NA nc NA nc NA
CMS-098 0 1 1,2,4-trichlorobenzene 0.6 MG/KG U 96 NA nc NA nc NA
CMS-142 0 1 1,2,4-trichlorobenzene 0.58 MG/KG U 96 NA nc NA nc NA
CMS-164 0 1 1,2,4-trichlorobenzene 2 MG/KG U 96 NA nc NA nc NA
CMS-173 0 1 1,2,4-trichlorobenzene 1.1 MG/KG U 96 NA nc NA nc NA
CMS-405 0 1 1,2,4-trichlorobenzene 0.35 MG/KG U 96 NA nc NA nc NA
CMS-407 0 1 1,2,4-trichlorobenzene 0.35 MG/KG U 96 NA nc NA nc NA
CMS-408 0 1 1,2,4-trichlorobenzene 0.34 MG/KG U 96 NA nc NA nc NA
CMS-456 0 1 1,2,4-trichlorobenzene 0.49 MG/KG U 96 NA nc NA nc NA
CMS-142 0 1 1,2,4-trichlorobenzene 0.55 MG/KG U 96 NA nc NA nc NA


SS-02 0 1.3 1,2,4-trichlorobenzene 0.52 MG/KG U 96 NA nc NA nc NA
CMS-703 0 2 1,2,4-trichlorobenzene 6.2 MG/KG U 96 NA nc NA nc NA


SS-06 0 2 1,2,4-trichlorobenzene 0.84 MG/KG U 96 NA nc NA nc NA
BV01COMP 0 4 1,2,4-trichlorobenzene 0.38 MG/KG U 96 NA nc NA nc NA


CMW-SD-2022 0.5 2 1,2,4-trichlorobenzene 4.2 MG/KG U 96 NA nc NA nc NA
CMS-060 1 2 1,2,4-trichlorobenzene 0.34 MG/KG U 96 NA nc NA nc NA
CMS-089 1 2 1,2,4-trichlorobenzene 0.35 MG/KG U 96 NA nc NA nc NA
CMS-118 1 2 1,2,4-trichlorobenzene 0.37 MG/KG U 96 NA nc NA nc NA
CMS-173 1 2 1,2,4-trichlorobenzene 0.52 MG/KG U 96 NA nc NA nc NA
CMS-405 1 2 1,2,4-trichlorobenzene 0.63 MG/KG U 96 NA nc NA nc NA
CMS-407 1 2 1,2,4-trichlorobenzene 0.44 MG/KG U 96 NA nc NA nc NA
CMS-408 1 2 1,2,4-trichlorobenzene 8.7 MG/KG U 96 NA nc NA nc NA
CMS-419 1 2 1,2,4-trichlorobenzene 74 MG/KG U 96 NA nc NA nc NA
CMS-423 1 2 1,2,4-trichlorobenzene 0.35 MG/KG U 96 NA nc NA nc NA
CMS-427 1 2 1,2,4-trichlorobenzene 3.6 MG/KG U 96 NA nc NA nc NA
CMS-428 1 2 1,2,4-trichlorobenzene 0.35 MG/KG U 96 NA nc NA nc NA
CMS-405 1 2 1,2,4-trichlorobenzene 1.2 MG/KG U 96 NA nc NA nc NA


CMW-SD-2022 2 2.5 1,2,4-trichlorobenzene 0.86 MG/KG U 96 NA nc NA nc NA
CMS-060 2 3 1,2,4-trichlorobenzene 0.36 MG/KG U 96 NA nc NA nc NA
CMS-089 2 3 1,2,4-trichlorobenzene 0.7 MG/KG U 96 NA nc NA nc NA
CMS-118 2 3 1,2,4-trichlorobenzene 0.44 MG/KG U 96 NA nc NA nc NA
CMS-237 2 3 1,2,4-trichlorobenzene 0.63 MG/KG U 96 NA nc NA nc NA
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CMS-405 2 3 1,2,4-trichlorobenzene 0.64 MG/KG U 96 NA nc NA nc NA
CMS-407 2 3 1,2,4-trichlorobenzene 1.1 MG/KG U 96 NA nc NA nc NA
CMS-408 2 3 1,2,4-trichlorobenzene 0.43 MG/KG U 96 NA nc NA nc NA
CMS-455 2 3 1,2,4-trichlorobenzene 0.4 MG/KG U 96 NA nc NA nc NA


SS-03 2.5 3.5 1,2,4-trichlorobenzene 0.4 MG/KG U 96 NA nc NA nc NA
CMS-060 3 4 1,2,4-trichlorobenzene 0.45 MG/KG U 96 NA nc NA nc NA
CMS-089 3 4 1,2,4-trichlorobenzene 1.8 MG/KG U 96 NA nc NA nc NA
CMS-118 3 4 1,2,4-trichlorobenzene 0.5 MG/KG U 96 NA nc NA nc NA
CMS-405 3 4 1,2,4-trichlorobenzene 0.38 MG/KG U 96 NA nc NA nc NA
CMS-407 3 4 1,2,4-trichlorobenzene 0.42 MG/KG U 96 NA nc NA nc NA
CMS-417 3 4 1,2,4-trichlorobenzene 1.9 MG/KG U 96 NA nc NA nc NA
CMS-419 3 4 1,2,4-trichlorobenzene 0.42 MG/KG U 96 NA nc NA nc NA
CMS-427 3 4 1,2,4-trichlorobenzene 0.41 MG/KG U 96 NA nc NA nc NA
CMS-428 3 4 1,2,4-trichlorobenzene 0.37 MG/KG U 96 NA nc NA nc NA
CMS-118 4 5 1,2,4-trichlorobenzene 0.43 MG/KG U 96 NA nc NA nc NA
CMS-405 4 5 1,2,4-trichlorobenzene 0.46 MG/KG U 96 NA nc NA nc NA
CMS-455 4 5 1,2,4-trichlorobenzene 0.48 MG/KG U 96 NA nc NA nc NA
CMS-060 0 1 1,2,4-trichlorobenzene 0.34 MG/KG UJ 96 NA nc NA nc NA
CMS-118 0 1 1,2,4-trichlorobenzene 0.36 MG/KG UJ 96 NA nc NA nc NA
CMS-159 0 1 1,2,4-trichlorobenzene 2.2 MG/KG UJ 96 NA nc NA nc NA
CMS-060 0 1 1,2,4-trichlorobenzene 0.35 MG/KG UJ 96 NA nc NA nc NA
CMS-060 4 5 1,2,4-trichlorobenzene 0.38 MG/KG UJ 96 NA nc NA nc NA
CMS-417 0 1 1,2,4-trichlorobenzene 69 MG/KG 96 N nc NA nc NA
MW08S 1 2 1,2-dibromo-3-chloropropane 0.061 MG/KG J 0.5 N nc NA nc NA
MW09S 4 6 1,2-dibromo-3-chloropropane 0.24 MG/KG J 0.5 N nc NA nc NA


CMS-089 0 1 1,2-dibromo-3-chloropropane 0.01 MG/KG U 0.5 NA nc NA nc NA
CMS-118 0 1 1,2-dibromo-3-chloropropane 0.0097 MG/KG U 0.5 NA nc NA nc NA
CMS-159 0 1 1,2-dibromo-3-chloropropane 0.041 MG/KG U 0.5 NA nc NA nc NA
CMS-407 0 1 1,2-dibromo-3-chloropropane 0.0099 MG/KG U 0.5 NA nc NA nc NA
CMS-408 0 1 1,2-dibromo-3-chloropropane 0.0086 MG/KG U 0.5 NA nc NA nc NA
CMS-456 0 1 1,2-dibromo-3-chloropropane 0.015 MG/KG U 0.5 NA nc NA nc NA
CMS-702 0 1 1,2-dibromo-3-chloropropane 0.017 MG/KG U 0.5 NA nc NA nc NA
CMS-060 0 1 1,2-dibromo-3-chloropropane 5.3 MG/KG U 0.5 NA nc NA nc NA
CMS-065 0 10 1,2-dibromo-3-chloropropane 3.9 MG/KG U 0.5 NA nc NA nc NA
MW01S 1 2 1,2-dibromo-3-chloropropane 0.34 MG/KG U 0.5 NA nc NA nc NA


CMS-089 1 2 1,2-dibromo-3-chloropropane 0.0096 MG/KG U 0.5 NA nc NA nc NA
CMS-408 1 2 1,2-dibromo-3-chloropropane 4.4 MG/KG U 0.5 NA nc NA nc NA
CMS-419 1 2 1,2-dibromo-3-chloropropane 56 MG/KG U 0.5 NA nc NA nc NA
CMS-423 1 2 1,2-dibromo-3-chloropropane 0.012 MG/KG U 0.5 NA nc NA nc NA
CMS-427 1 2 1,2-dibromo-3-chloropropane 0.0091 MG/KG U 0.5 NA nc NA nc NA
CMS-428 1 2 1,2-dibromo-3-chloropropane 0.011 MG/KG U 0.5 NA nc NA nc NA
CMS-407 2 3 1,2-dibromo-3-chloropropane 0.017 MG/KG U 0.5 NA nc NA nc NA
CMS-408 2 3 1,2-dibromo-3-chloropropane 13 MG/KG U 0.5 NA nc NA nc NA
CMS-455 2 3 1,2-dibromo-3-chloropropane 0.67 MG/KG U 0.5 NA nc NA nc NA
MW08S 2 4 1,2-dibromo-3-chloropropane 0.21 MG/KG U 0.5 NA nc NA nc NA
MW01S 2 4 1,2-dibromo-3-chloropropane 0.22 MG/KG U 0.5 NA nc NA nc NA
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MW02S 2 4 1,2-dibromo-3-chloropropane 0.2 MG/KG U 0.5 NA nc NA nc NA
MW04D 2 4 1,2-dibromo-3-chloropropane 0.5 MG/KG U 0.5 NA nc NA nc NA
MW06S 2 4 1,2-dibromo-3-chloropropane 0.3 MG/KG U 0.5 NA nc NA nc NA
MW06S 2 4 1,2-dibromo-3-chloropropane 0.3 MG/KG U 0.5 NA nc NA nc NA
MW08S 2 4 1,2-dibromo-3-chloropropane 0.32 MG/KG U 0.5 NA nc NA nc NA
MW07S 3 4 1,2-dibromo-3-chloropropane 0.5 MG/KG U 0.5 NA nc NA nc NA


CMS-060 3 4 1,2-dibromo-3-chloropropane 0.012 MG/KG U 0.5 NA nc NA nc NA
CMS-089 3 4 1,2-dibromo-3-chloropropane 0.0082 MG/KG U 0.5 NA nc NA nc NA
CMS-407 3 4 1,2-dibromo-3-chloropropane 0.65 MG/KG U 0.5 NA nc NA nc NA
CMS-423 3 4 1,2-dibromo-3-chloropropane 0.009 MG/KG U 0.5 NA nc NA nc NA
CMS-427 3 4 1,2-dibromo-3-chloropropane 0.011 MG/KG U 0.5 NA nc NA nc NA
CMS-428 3 4 1,2-dibromo-3-chloropropane 0.011 MG/KG U 0.5 NA nc NA nc NA
CMS-423 3 4 1,2-dibromo-3-chloropropane 0.0099 MG/KG U 0.5 NA nc NA nc NA
CMS-060 4 5 1,2-dibromo-3-chloropropane 0.0095 MG/KG U 0.5 NA nc NA nc NA
CMS-118 4 5 1,2-dibromo-3-chloropropane 0.012 MG/KG U 0.5 NA nc NA nc NA
CMS-455 4 5 1,2-dibromo-3-chloropropane 0.014 MG/KG U 0.5 NA nc NA nc NA
MW02S 4 6 1,2-dibromo-3-chloropropane 0.55 MG/KG U 0.5 NA nc NA nc NA
MW01S 4 6 1,2-dibromo-3-chloropropane 0.24 MG/KG U 0.5 NA nc NA nc NA
MW02S 4 6 1,2-dibromo-3-chloropropane 0.42 MG/KG U 0.5 NA nc NA nc NA
MW03S 4 6 1,2-dibromo-3-chloropropane 0.35 MG/KG U 0.5 NA nc NA nc NA
MW04D 4 6 1,2-dibromo-3-chloropropane 0.18 MG/KG U 0.5 NA nc NA nc NA
MW06S 4 6 1,2-dibromo-3-chloropropane 0.43 MG/KG U 0.5 NA nc NA nc NA
MW07S 4 6 1,2-dibromo-3-chloropropane 0.26 MG/KG U 0.5 NA nc NA nc NA
MW08S 4 6 1,2-dibromo-3-chloropropane 0.3 MG/KG U 0.5 NA nc NA nc NA


CMS-098 0 1 1,2-dibromo-3-chloropropane 0.019 MG/KG UJ 0.5 NA nc NA nc NA
CMS-142 0 1 1,2-dibromo-3-chloropropane 0.019 MG/KG UJ 0.5 NA nc NA nc NA
CMS-164 0 1 1,2-dibromo-3-chloropropane 0.031 MG/KG UJ 0.5 NA nc NA nc NA
CMS-173 0 1 1,2-dibromo-3-chloropropane 0.047 MG/KG UJ 0.5 NA nc NA nc NA
CMS-237 0 1 1,2-dibromo-3-chloropropane 0.012 MG/KG UJ 0.5 NA nc NA nc NA
CMS-417 0 1 1,2-dibromo-3-chloropropane 120 MG/KG UJ 0.5 NA nc NA nc NA
CMS-703 0 1 1,2-dibromo-3-chloropropane 0.012 MG/KG UJ 0.5 NA nc NA nc NA
CMS-142 0 1 1,2-dibromo-3-chloropropane 0.022 MG/KG UJ 0.5 NA nc NA nc NA
MW05S 1 2 1,2-dibromo-3-chloropropane 0.095 MG/KG UJ 0.5 NA nc NA nc NA
MW05S 1 2 1,2-dibromo-3-chloropropane 0.11 MG/KG UJ 0.5 NA nc NA nc NA


SB-14-271 1 2 1,2-dibromo-3-chloropropane 0.12 MG/KG UJ 0.5 NA nc NA nc NA
CMS-060 1 2 1,2-dibromo-3-chloropropane 10 MG/KG UJ 0.5 NA nc NA nc NA
CMS-118 1 2 1,2-dibromo-3-chloropropane 0.012 MG/KG UJ 0.5 NA nc NA nc NA
CMS-173 1 2 1,2-dibromo-3-chloropropane 0.017 MG/KG UJ 0.5 NA nc NA nc NA
CMS-237 1 2 1,2-dibromo-3-chloropropane 0.014 MG/KG UJ 0.5 NA nc NA nc NA
CMS-405 1 2 1,2-dibromo-3-chloropropane 8 MG/KG UJ 0.5 NA nc NA nc NA
CMS-407 1 2 1,2-dibromo-3-chloropropane 0.015 MG/KG UJ 0.5 NA nc NA nc NA
CMS-417 1 2 1,2-dibromo-3-chloropropane 270 MG/KG UJ 0.5 NA nc NA nc NA
CMS-456 1 2 1,2-dibromo-3-chloropropane 0.018 MG/KG UJ 0.5 NA nc NA nc NA
CMS-405 1 2 1,2-dibromo-3-chloropropane 5.7 MG/KG UJ 0.5 NA nc NA nc NA
CMS-060 2 3 1,2-dibromo-3-chloropropane 0.55 MG/KG UJ 0.5 NA nc NA nc NA
CMS-089 2 3 1,2-dibromo-3-chloropropane 0.0094 MG/KG UJ 0.5 NA nc NA nc NA
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CMS-118 2 3 1,2-dibromo-3-chloropropane 0.015 MG/KG UJ 0.5 NA nc NA nc NA
CMS-417 2 3 1,2-dibromo-3-chloropropane 33 MG/KG UJ 0.5 NA nc NA nc NA
MW05S 2 4 1,2-dibromo-3-chloropropane 0.1 MG/KG UJ 0.5 NA nc NA nc NA


SB-14-271 2 4 1,2-dibromo-3-chloropropane 0.13 MG/KG UJ 0.5 NA nc NA nc NA
SB02 2 4 1,2-dibromo-3-chloropropane 0.38 MG/KG UJ 0.5 NA nc NA nc NA
SB03 2 4 1,2-dibromo-3-chloropropane 0.3 MG/KG UJ 0.5 NA nc NA nc NA


CMS-118 3 4 1,2-dibromo-3-chloropropane 0.017 MG/KG UJ 0.5 NA nc NA nc NA
CMS-417 3 4 1,2-dibromo-3-chloropropane 0.57 MG/KG UJ 0.5 NA nc NA nc NA
CMS-419 3 4 1,2-dibromo-3-chloropropane 0.64 MG/KG UJ 0.5 NA nc NA nc NA
CMS-405 4 5 1,2-dibromo-3-chloropropane 2.1 MG/KG UJ 0.5 NA nc NA nc NA


SB03 4 6 1,2-dibromo-3-chloropropane 0.2 MG/KG UJ 0.5 NA nc NA nc NA
MW05S 4 6 1,2-dibromo-3-chloropropane 0.11 MG/KG UJ 0.5 NA nc NA nc NA


SB-14-271 4 6 1,2-dibromo-3-chloropropane 0.11 MG/KG UJ 0.5 NA nc NA nc NA
SB02 4 6 1,2-dibromo-3-chloropropane 0.26 MG/KG UJ 0.5 NA nc NA nc NA
SB03 4 6 1,2-dibromo-3-chloropropane 0.18 MG/KG UJ 0.5 NA nc NA nc NA


CMS-405 1 2 1,2-dichlorobenzene 0.25 MG/KG J 510 N nc NA nc NA
CMS-456 1 2 1,2-dichlorobenzene 0.16 MG/KG J 510 N nc NA nc NA
CMS-405 1 2 1,2-dichlorobenzene 0.62 MG/KG J 510 N nc NA nc NA
CMS-423 3 4 1,2-dichlorobenzene 0.057 MG/KG J 510 N nc NA nc NA


SS-01 0 0 1,2-dichlorobenzene 0.43 MG/KG U 510 NA nc NA nc NA
CMW-SD-2016 0 0.5 1,2-dichlorobenzene 0.8 MG/KG U 510 NA nc NA nc NA
CMW-SD-2017 0 0.5 1,2-dichlorobenzene 0.87 MG/KG U 510 NA nc NA nc NA
CMW-SD-2018 0 0.5 1,2-dichlorobenzene 2.1 MG/KG U 510 NA nc NA nc NA
CMW-SD-2019 0 0.5 1,2-dichlorobenzene 0.95 MG/KG U 510 NA nc NA nc NA
CMW-SD-2020 0 0.5 1,2-dichlorobenzene 0.46 MG/KG U 510 NA nc NA nc NA
CMW-SD-2021 0 0.5 1,2-dichlorobenzene 2.1 MG/KG U 510 NA nc NA nc NA


CMS-089 0 1 1,2-dichlorobenzene 0.67 MG/KG U 510 NA nc NA nc NA
CMS-098 0 1 1,2-dichlorobenzene 0.6 MG/KG U 510 NA nc NA nc NA
CMS-142 0 1 1,2-dichlorobenzene 0.58 MG/KG U 510 NA nc NA nc NA
CMS-164 0 1 1,2-dichlorobenzene 2 MG/KG U 510 NA nc NA nc NA
CMS-173 0 1 1,2-dichlorobenzene 1.1 MG/KG U 510 NA nc NA nc NA
CMS-237 0 1 1,2-dichlorobenzene 1.3 MG/KG U 510 NA nc NA nc NA
CMS-405 0 1 1,2-dichlorobenzene 0.35 MG/KG U 510 NA nc NA nc NA
CMS-407 0 1 1,2-dichlorobenzene 0.35 MG/KG U 510 NA nc NA nc NA
CMS-408 0 1 1,2-dichlorobenzene 0.34 MG/KG U 510 NA nc NA nc NA
CMS-456 0 1 1,2-dichlorobenzene 0.49 MG/KG U 510 NA nc NA nc NA
CMS-142 0 1 1,2-dichlorobenzene 0.55 MG/KG U 510 NA nc NA nc NA


SS-02 0 1.3 1,2-dichlorobenzene 0.52 MG/KG U 510 NA nc NA nc NA
CMS-703 0 2 1,2-dichlorobenzene 6.2 MG/KG U 510 NA nc NA nc NA


SS-06 0 2 1,2-dichlorobenzene 0.84 MG/KG U 510 NA nc NA nc NA
BV01COMP 0 4 1,2-dichlorobenzene 0.38 MG/KG U 510 NA nc NA nc NA


CMW-SD-2022 0.5 2 1,2-dichlorobenzene 4.2 MG/KG U 510 NA nc NA nc NA
CMS-089 1 2 1,2-dichlorobenzene 0.35 MG/KG U 510 NA nc NA nc NA
CMS-173 1 2 1,2-dichlorobenzene 0.52 MG/KG U 510 NA nc NA nc NA
CMS-237 1 2 1,2-dichlorobenzene 0.83 MG/KG U 510 NA nc NA nc NA
CMS-407 1 2 1,2-dichlorobenzene 0.44 MG/KG U 510 NA nc NA nc NA
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CMS-408 1 2 1,2-dichlorobenzene 8.7 MG/KG U 510 NA nc NA nc NA
CMS-419 1 2 1,2-dichlorobenzene 74 MG/KG U 510 NA nc NA nc NA
CMS-423 1 2 1,2-dichlorobenzene 0.35 MG/KG U 510 NA nc NA nc NA
CMS-427 1 2 1,2-dichlorobenzene 3.6 MG/KG U 510 NA nc NA nc NA
CMS-428 1 2 1,2-dichlorobenzene 0.35 MG/KG U 510 NA nc NA nc NA


CMW-SD-2022 2 2.5 1,2-dichlorobenzene 0.86 MG/KG U 510 NA nc NA nc NA
CMS-089 2 3 1,2-dichlorobenzene 0.7 MG/KG U 510 NA nc NA nc NA
CMS-237 2 3 1,2-dichlorobenzene 0.63 MG/KG U 510 NA nc NA nc NA
CMS-405 2 3 1,2-dichlorobenzene 0.64 MG/KG U 510 NA nc NA nc NA
CMS-407 2 3 1,2-dichlorobenzene 1.1 MG/KG U 510 NA nc NA nc NA
CMS-408 2 3 1,2-dichlorobenzene 0.43 MG/KG U 510 NA nc NA nc NA
CMS-455 2 3 1,2-dichlorobenzene 0.4 MG/KG U 510 NA nc NA nc NA


SS-03 2.5 3.5 1,2-dichlorobenzene 0.4 MG/KG U 510 NA nc NA nc NA
CMS-089 3 4 1,2-dichlorobenzene 1.8 MG/KG U 510 NA nc NA nc NA
CMS-405 3 4 1,2-dichlorobenzene 0.38 MG/KG U 510 NA nc NA nc NA
CMS-407 3 4 1,2-dichlorobenzene 0.42 MG/KG U 510 NA nc NA nc NA
CMS-419 3 4 1,2-dichlorobenzene 0.42 MG/KG U 510 NA nc NA nc NA
CMS-427 3 4 1,2-dichlorobenzene 0.41 MG/KG U 510 NA nc NA nc NA
CMS-428 3 4 1,2-dichlorobenzene 0.37 MG/KG U 510 NA nc NA nc NA
CMS-423 3 4 1,2-dichlorobenzene 0.39 MG/KG U 510 NA nc NA nc NA
CMS-405 4 5 1,2-dichlorobenzene 0.46 MG/KG U 510 NA nc NA nc NA
CMS-455 4 5 1,2-dichlorobenzene 0.48 MG/KG U 510 NA nc NA nc NA
CMS-060 0 1 1,2-dichlorobenzene 0.34 MG/KG UJ 510 NA nc NA nc NA
CMS-118 0 1 1,2-dichlorobenzene 0.36 MG/KG UJ 510 NA nc NA nc NA
CMS-159 0 1 1,2-dichlorobenzene 2.2 MG/KG UJ 510 NA nc NA nc NA
CMS-060 0 1 1,2-dichlorobenzene 0.35 MG/KG UJ 510 NA nc NA nc NA
CMS-060 1 2 1,2-dichlorobenzene 0.34 MG/KG UJ 510 NA nc NA nc NA
CMS-118 1 2 1,2-dichlorobenzene 0.37 MG/KG UJ 510 NA nc NA nc NA
CMS-060 2 3 1,2-dichlorobenzene 0.36 MG/KG UJ 510 NA nc NA nc NA
CMS-118 2 3 1,2-dichlorobenzene 0.44 MG/KG UJ 510 NA nc NA nc NA
CMS-060 3 4 1,2-dichlorobenzene 0.45 MG/KG UJ 510 NA nc NA nc NA
CMS-118 3 4 1,2-dichlorobenzene 0.5 MG/KG UJ 510 NA nc NA nc NA
CMS-060 4 5 1,2-dichlorobenzene 0.38 MG/KG UJ 510 NA nc NA nc NA
CMS-118 4 5 1,2-dichlorobenzene 0.43 MG/KG UJ 510 NA nc NA nc NA
CMS-417 0 1 1,2-dichlorobenzene 150 MG/KG 510 N nc NA nc NA
CMS-417 1 2 1,2-dichlorobenzene 440 MG/KG 510 N nc NA nc NA
CMS-417 2 3 1,2-dichlorobenzene 150 MG/KG 510 N nc NA nc NA
CMS-417 3 4 1,2-dichlorobenzene 18 MG/KG 510 N nc NA nc NA
CMS-405 4 5 1,2-dichloroethane 1.7 MG/KG J 0.9 Y 2.3 N nc NA
MW06S 4 6 1,2-dichloroethane 0.16 MG/KG J 0.9 N 2.3 N nc NA


CMS-089 0 1 1,2-dichloroethane 0.005 MG/KG U 0.9 NA 2.3 NA nc NA
CMS-098 0 1 1,2-dichloroethane 0.0097 MG/KG U 0.9 NA 2.3 NA nc NA
CMS-118 0 1 1,2-dichloroethane 0.0048 MG/KG U 0.9 NA 2.3 NA nc NA
CMS-142 0 1 1,2-dichloroethane 0.0095 MG/KG U 0.9 NA 2.3 NA nc NA
CMS-159 0 1 1,2-dichloroethane 0.021 MG/KG U 0.9 NA 2.3 NA nc NA
CMS-164 0 1 1,2-dichloroethane 0.015 MG/KG U 0.9 NA 2.3 NA nc NA
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CMS-173 0 1 1,2-dichloroethane 0.024 MG/KG U 0.9 NA 2.3 NA nc NA
CMS-407 0 1 1,2-dichloroethane 0.005 MG/KG U 0.9 NA 2.3 NA nc NA
CMS-408 0 1 1,2-dichloroethane 0.0043 MG/KG U 0.9 NA 2.3 NA nc NA
CMS-417 0 1 1,2-dichloroethane 59 MG/KG U 0.9 NA 2.3 NA nc NA
CMS-456 0 1 1,2-dichloroethane 0.0075 MG/KG U 0.9 NA 2.3 NA nc NA
CMS-702 0 1 1,2-dichloroethane 0.0087 MG/KG U 0.9 NA 2.3 NA nc NA
CMS-703 0 1 1,2-dichloroethane 0.0061 MG/KG U 0.9 NA 2.3 NA nc NA
CMS-142 0 1 1,2-dichloroethane 0.011 MG/KG U 0.9 NA 2.3 NA nc NA
CMS-060 0 1 1,2-dichloroethane 2.7 MG/KG U 0.9 NA 2.3 NA nc NA
CMS-065 0 10 1,2-dichloroethane 1.2 MG/KG U 0.9 NA 2.3 NA nc NA
MW05S 1 2 1,2-dichloroethane 0.095 MG/KG U 0.9 NA 2.3 NA nc NA
MW01S 1 2 1,2-dichloroethane 0.34 MG/KG U 0.9 NA 2.3 NA nc NA
MW05S 1 2 1,2-dichloroethane 0.11 MG/KG U 0.9 NA 2.3 NA nc NA
MW08S 1 2 1,2-dichloroethane 0.26 MG/KG U 0.9 NA 2.3 NA nc NA
MW14M 1 2 1,2-dichloroethane 0.11 MG/KG U 0.9 NA 2.3 NA nc NA
CMS-060 1 2 1,2-dichloroethane 5.1 MG/KG U 0.9 NA 2.3 NA nc NA
CMS-089 1 2 1,2-dichloroethane 0.0048 MG/KG U 0.9 NA 2.3 NA nc NA
CMS-118 1 2 1,2-dichloroethane 0.006 MG/KG U 0.9 NA 2.3 NA nc NA
CMS-173 1 2 1,2-dichloroethane 0.0083 MG/KG U 0.9 NA 2.3 NA nc NA
CMS-237 1 2 1,2-dichloroethane 0.0069 MG/KG U 0.9 NA 2.3 NA nc NA
CMS-405 1 2 1,2-dichloroethane 4 MG/KG U 0.9 NA 2.3 NA nc NA
CMS-407 1 2 1,2-dichloroethane 0.0074 MG/KG U 0.9 NA 2.3 NA nc NA
CMS-408 1 2 1,2-dichloroethane 2.2 MG/KG U 0.9 NA 2.3 NA nc NA
CMS-417 1 2 1,2-dichloroethane 130 MG/KG U 0.9 NA 2.3 NA nc NA
CMS-419 1 2 1,2-dichloroethane 28 MG/KG U 0.9 NA 2.3 NA nc NA
CMS-423 1 2 1,2-dichloroethane 0.0062 MG/KG U 0.9 NA 2.3 NA nc NA
CMS-427 1 2 1,2-dichloroethane 0.0045 MG/KG U 0.9 NA 2.3 NA nc NA
CMS-428 1 2 1,2-dichloroethane 0.0054 MG/KG U 0.9 NA 2.3 NA nc NA
CMS-456 1 2 1,2-dichloroethane 0.0089 MG/KG U 0.9 NA 2.3 NA nc NA
CMS-060 2 3 1,2-dichloroethane 0.27 MG/KG U 0.9 NA 2.3 NA nc NA
CMS-089 2 3 1,2-dichloroethane 0.0047 MG/KG U 0.9 NA 2.3 NA nc NA
CMS-118 2 3 1,2-dichloroethane 0.0074 MG/KG U 0.9 NA 2.3 NA nc NA
CMS-407 2 3 1,2-dichloroethane 0.0087 MG/KG U 0.9 NA 2.3 NA nc NA
CMS-408 2 3 1,2-dichloroethane 6.6 MG/KG U 0.9 NA 2.3 NA nc NA
CMS-417 2 3 1,2-dichloroethane 17 MG/KG U 0.9 NA 2.3 NA nc NA
CMS-455 2 3 1,2-dichloroethane 0.33 MG/KG U 0.9 NA 2.3 NA nc NA
MW08S 2 4 1,2-dichloroethane 0.21 MG/KG U 0.9 NA 2.3 NA nc NA
MW01S 2 4 1,2-dichloroethane 0.22 MG/KG U 0.9 NA 2.3 NA nc NA
MW02S 2 4 1,2-dichloroethane 0.2 MG/KG U 0.9 NA 2.3 NA nc NA
MW04D 2 4 1,2-dichloroethane 0.5 MG/KG U 0.9 NA 2.3 NA nc NA
MW05S 2 4 1,2-dichloroethane 0.1 MG/KG U 0.9 NA 2.3 NA nc NA
MW06S 2 4 1,2-dichloroethane 0.3 MG/KG U 0.9 NA 2.3 NA nc NA
MW06S 2 4 1,2-dichloroethane 0.3 MG/KG U 0.9 NA 2.3 NA nc NA
MW08S 2 4 1,2-dichloroethane 0.32 MG/KG U 0.9 NA 2.3 NA nc NA
MW14M 2 4 1,2-dichloroethane 0.14 MG/KG U 0.9 NA 2.3 NA nc NA
MW15D 2 4 1,2-dichloroethane 0.14 MG/KG U 0.9 NA 2.3 NA nc NA


Interim Final CMRP Feasibility Study Report
Appendix F F-271 April 2010







Appendix F


Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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SB02 2 4 1,2-dichloroethane 0.38 MG/KG U 0.9 NA 2.3 NA nc NA
SB03 2 4 1,2-dichloroethane 0.3 MG/KG U 0.9 NA 2.3 NA nc NA


MW07S 3 4 1,2-dichloroethane 0.5 MG/KG U 0.9 NA 2.3 NA nc NA
CMS-060 3 4 1,2-dichloroethane 0.0058 MG/KG U 0.9 NA 2.3 NA nc NA
CMS-089 3 4 1,2-dichloroethane 0.0041 MG/KG U 0.9 NA 2.3 NA nc NA
CMS-118 3 4 1,2-dichloroethane 0.0084 MG/KG U 0.9 NA 2.3 NA nc NA
CMS-407 3 4 1,2-dichloroethane 0.32 MG/KG U 0.9 NA 2.3 NA nc NA
CMS-417 3 4 1,2-dichloroethane 0.28 MG/KG U 0.9 NA 2.3 NA nc NA
CMS-419 3 4 1,2-dichloroethane 0.32 MG/KG U 0.9 NA 2.3 NA nc NA
CMS-423 3 4 1,2-dichloroethane 0.0045 MG/KG U 0.9 NA 2.3 NA nc NA
CMS-427 3 4 1,2-dichloroethane 0.0054 MG/KG U 0.9 NA 2.3 NA nc NA
CMS-428 3 4 1,2-dichloroethane 0.0057 MG/KG U 0.9 NA 2.3 NA nc NA
CMS-423 3 4 1,2-dichloroethane 0.0049 MG/KG U 0.9 NA 2.3 NA nc NA
CMS-060 4 5 1,2-dichloroethane 0.0048 MG/KG U 0.9 NA 2.3 NA nc NA
CMS-118 4 5 1,2-dichloroethane 0.0059 MG/KG U 0.9 NA 2.3 NA nc NA
CMS-455 4 5 1,2-dichloroethane 0.0072 MG/KG U 0.9 NA 2.3 NA nc NA
MW15D 4 6 1,2-dichloroethane 0.1 MG/KG U 0.9 NA 2.3 NA nc NA
MW02S 4 6 1,2-dichloroethane 0.55 MG/KG U 0.9 NA 2.3 NA nc NA


SB03 4 6 1,2-dichloroethane 0.2 MG/KG U 0.9 NA 2.3 NA nc NA
MW01S 4 6 1,2-dichloroethane 0.24 MG/KG U 0.9 NA 2.3 NA nc NA
MW02S 4 6 1,2-dichloroethane 0.42 MG/KG U 0.9 NA 2.3 NA nc NA
MW03S 4 6 1,2-dichloroethane 0.35 MG/KG U 0.9 NA 2.3 NA nc NA
MW04D 4 6 1,2-dichloroethane 0.18 MG/KG U 0.9 NA 2.3 NA nc NA
MW07S 4 6 1,2-dichloroethane 0.26 MG/KG U 0.9 NA 2.3 NA nc NA
MW08S 4 6 1,2-dichloroethane 0.3 MG/KG U 0.9 NA 2.3 NA nc NA
MW09S 4 6 1,2-dichloroethane 0.26 MG/KG U 0.9 NA 2.3 NA nc NA
MW15D 4 6 1,2-dichloroethane 0.12 MG/KG U 0.9 NA 2.3 NA nc NA


SB02 4 6 1,2-dichloroethane 0.26 MG/KG U 0.9 NA 2.3 NA nc NA
SB03 4 6 1,2-dichloroethane 0.18 MG/KG U 0.9 NA 2.3 NA nc NA


CMS-237 0 1 1,2-dichloroethane 0.0059 MG/KG UJ 0.9 NA 2.3 NA nc NA
MW14M 1 2 1,2-dichloroethane 0.15 MG/KG UJ 0.9 NA 2.3 NA nc NA


SB-14-271 1 2 1,2-dichloroethane 0.12 MG/KG UJ 0.9 NA 2.3 NA nc NA
CMS-405 1 2 1,2-dichloroethane 2.9 MG/KG UJ 0.9 NA 2.3 NA nc NA
SB-14-271 2 4 1,2-dichloroethane 0.13 MG/KG UJ 0.9 NA 2.3 NA nc NA


MW05S 4 6 1,2-dichloroethane 0.11 MG/KG UJ 0.9 NA 2.3 NA nc NA
SB-14-271 4 6 1,2-dichloroethane 0.11 MG/KG UJ 0.9 NA 2.3 NA nc NA
CMS-089 0 1 1,2-dichloropropane 0.005 MG/KG U 1.9 NA 70 NA nc NA
CMS-098 0 1 1,2-dichloropropane 0.0097 MG/KG U 1.9 NA 70 NA nc NA
CMS-118 0 1 1,2-dichloropropane 0.0048 MG/KG U 1.9 NA 70 NA nc NA
CMS-142 0 1 1,2-dichloropropane 0.0095 MG/KG U 1.9 NA 70 NA nc NA
CMS-159 0 1 1,2-dichloropropane 0.021 MG/KG U 1.9 NA 70 NA nc NA
CMS-164 0 1 1,2-dichloropropane 0.015 MG/KG U 1.9 NA 70 NA nc NA
CMS-173 0 1 1,2-dichloropropane 0.024 MG/KG U 1.9 NA 70 NA nc NA
CMS-407 0 1 1,2-dichloropropane 0.005 MG/KG U 1.9 NA 70 NA nc NA
CMS-408 0 1 1,2-dichloropropane 0.0043 MG/KG U 1.9 NA 70 NA nc NA
CMS-417 0 1 1,2-dichloropropane 59 MG/KG U 1.9 NA 70 NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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CMS-456 0 1 1,2-dichloropropane 0.0075 MG/KG U 1.9 NA 70 NA nc NA
CMS-702 0 1 1,2-dichloropropane 0.0087 MG/KG U 1.9 NA 70 NA nc NA
CMS-703 0 1 1,2-dichloropropane 0.0061 MG/KG U 1.9 NA 70 NA nc NA
CMS-142 0 1 1,2-dichloropropane 0.011 MG/KG U 1.9 NA 70 NA nc NA
CMS-060 0 1 1,2-dichloropropane 2.7 MG/KG U 1.9 NA 70 NA nc NA
CMS-065 0 10 1,2-dichloropropane 2.8 MG/KG U 1.9 NA 70 NA nc NA
MW05S 1 2 1,2-dichloropropane 0.095 MG/KG U 1.9 NA 70 NA nc NA
MW01S 1 2 1,2-dichloropropane 0.34 MG/KG U 1.9 NA 70 NA nc NA
MW05S 1 2 1,2-dichloropropane 0.11 MG/KG U 1.9 NA 70 NA nc NA
MW08S 1 2 1,2-dichloropropane 0.26 MG/KG U 1.9 NA 70 NA nc NA
MW14M 1 2 1,2-dichloropropane 0.11 MG/KG U 1.9 NA 70 NA nc NA
CMS-089 1 2 1,2-dichloropropane 0.0048 MG/KG U 1.9 NA 70 NA nc NA
CMS-118 1 2 1,2-dichloropropane 0.006 MG/KG U 1.9 NA 70 NA nc NA
CMS-173 1 2 1,2-dichloropropane 0.0083 MG/KG U 1.9 NA 70 NA nc NA
CMS-237 1 2 1,2-dichloropropane 0.0069 MG/KG U 1.9 NA 70 NA nc NA
CMS-405 1 2 1,2-dichloropropane 4 MG/KG U 1.9 NA 70 NA nc NA
CMS-407 1 2 1,2-dichloropropane 0.0074 MG/KG U 1.9 NA 70 NA nc NA
CMS-408 1 2 1,2-dichloropropane 2.2 MG/KG U 1.9 NA 70 NA nc NA
CMS-417 1 2 1,2-dichloropropane 130 MG/KG U 1.9 NA 70 NA nc NA
CMS-419 1 2 1,2-dichloropropane 28 MG/KG U 1.9 NA 70 NA nc NA
CMS-423 1 2 1,2-dichloropropane 0.0062 MG/KG U 1.9 NA 70 NA nc NA
CMS-427 1 2 1,2-dichloropropane 0.0045 MG/KG U 1.9 NA 70 NA nc NA
CMS-428 1 2 1,2-dichloropropane 0.0054 MG/KG U 1.9 NA 70 NA nc NA
CMS-456 1 2 1,2-dichloropropane 0.0089 MG/KG U 1.9 NA 70 NA nc NA
CMS-060 2 3 1,2-dichloropropane 0.27 MG/KG U 1.9 NA 70 NA nc NA
CMS-089 2 3 1,2-dichloropropane 0.0047 MG/KG U 1.9 NA 70 NA nc NA
CMS-118 2 3 1,2-dichloropropane 0.0074 MG/KG U 1.9 NA 70 NA nc NA
CMS-407 2 3 1,2-dichloropropane 0.0087 MG/KG U 1.9 NA 70 NA nc NA
CMS-408 2 3 1,2-dichloropropane 6.6 MG/KG U 1.9 NA 70 NA nc NA
CMS-417 2 3 1,2-dichloropropane 17 MG/KG U 1.9 NA 70 NA nc NA
CMS-455 2 3 1,2-dichloropropane 0.33 MG/KG U 1.9 NA 70 NA nc NA
MW08S 2 4 1,2-dichloropropane 0.21 MG/KG U 1.9 NA 70 NA nc NA
MW01S 2 4 1,2-dichloropropane 0.22 MG/KG U 1.9 NA 70 NA nc NA
MW02S 2 4 1,2-dichloropropane 0.2 MG/KG U 1.9 NA 70 NA nc NA
MW04D 2 4 1,2-dichloropropane 0.5 MG/KG U 1.9 NA 70 NA nc NA
MW05S 2 4 1,2-dichloropropane 0.1 MG/KG U 1.9 NA 70 NA nc NA
MW06S 2 4 1,2-dichloropropane 0.3 MG/KG U 1.9 NA 70 NA nc NA
MW06S 2 4 1,2-dichloropropane 0.3 MG/KG U 1.9 NA 70 NA nc NA
MW08S 2 4 1,2-dichloropropane 0.32 MG/KG U 1.9 NA 70 NA nc NA
MW14M 2 4 1,2-dichloropropane 0.14 MG/KG U 1.9 NA 70 NA nc NA
MW15D 2 4 1,2-dichloropropane 0.14 MG/KG U 1.9 NA 70 NA nc NA


SB02 2 4 1,2-dichloropropane 0.38 MG/KG U 1.9 NA 70 NA nc NA
SB03 2 4 1,2-dichloropropane 0.3 MG/KG U 1.9 NA 70 NA nc NA


MW07S 3 4 1,2-dichloropropane 0.5 MG/KG U 1.9 NA 70 NA nc NA
CMS-060 3 4 1,2-dichloropropane 0.0058 MG/KG U 1.9 NA 70 NA nc NA
CMS-089 3 4 1,2-dichloropropane 0.0041 MG/KG U 1.9 NA 70 NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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CMS-118 3 4 1,2-dichloropropane 0.0084 MG/KG U 1.9 NA 70 NA nc NA
CMS-407 3 4 1,2-dichloropropane 0.32 MG/KG U 1.9 NA 70 NA nc NA
CMS-417 3 4 1,2-dichloropropane 0.28 MG/KG U 1.9 NA 70 NA nc NA
CMS-419 3 4 1,2-dichloropropane 0.32 MG/KG U 1.9 NA 70 NA nc NA
CMS-423 3 4 1,2-dichloropropane 0.0045 MG/KG U 1.9 NA 70 NA nc NA
CMS-427 3 4 1,2-dichloropropane 0.0054 MG/KG U 1.9 NA 70 NA nc NA
CMS-428 3 4 1,2-dichloropropane 0.0057 MG/KG U 1.9 NA 70 NA nc NA
CMS-423 3 4 1,2-dichloropropane 0.0049 MG/KG U 1.9 NA 70 NA nc NA
CMS-060 4 5 1,2-dichloropropane 0.0048 MG/KG U 1.9 NA 70 NA nc NA
CMS-118 4 5 1,2-dichloropropane 0.0059 MG/KG U 1.9 NA 70 NA nc NA
CMS-405 4 5 1,2-dichloropropane 1 MG/KG U 1.9 NA 70 NA nc NA
CMS-455 4 5 1,2-dichloropropane 0.0072 MG/KG U 1.9 NA 70 NA nc NA
MW15D 4 6 1,2-dichloropropane 0.1 MG/KG U 1.9 NA 70 NA nc NA
MW02S 4 6 1,2-dichloropropane 0.55 MG/KG U 1.9 NA 70 NA nc NA


SB03 4 6 1,2-dichloropropane 0.2 MG/KG U 1.9 NA 70 NA nc NA
MW01S 4 6 1,2-dichloropropane 0.24 MG/KG U 1.9 NA 70 NA nc NA
MW02S 4 6 1,2-dichloropropane 0.42 MG/KG U 1.9 NA 70 NA nc NA
MW03S 4 6 1,2-dichloropropane 0.35 MG/KG U 1.9 NA 70 NA nc NA
MW04D 4 6 1,2-dichloropropane 0.18 MG/KG U 1.9 NA 70 NA nc NA
MW06S 4 6 1,2-dichloropropane 0.43 MG/KG U 1.9 NA 70 NA nc NA
MW07S 4 6 1,2-dichloropropane 0.26 MG/KG U 1.9 NA 70 NA nc NA
MW08S 4 6 1,2-dichloropropane 0.3 MG/KG U 1.9 NA 70 NA nc NA
MW09S 4 6 1,2-dichloropropane 0.26 MG/KG U 1.9 NA 70 NA nc NA
MW15D 4 6 1,2-dichloropropane 0.12 MG/KG U 1.9 NA 70 NA nc NA


SB02 4 6 1,2-dichloropropane 0.26 MG/KG U 1.9 NA 70 NA nc NA
SB03 4 6 1,2-dichloropropane 0.18 MG/KG U 1.9 NA 70 NA nc NA


CMS-237 0 1 1,2-dichloropropane 0.0059 MG/KG UJ 1.9 NA 70 NA nc NA
MW14M 1 2 1,2-dichloropropane 0.15 MG/KG UJ 1.9 NA 70 NA nc NA


SB-14-271 1 2 1,2-dichloropropane 0.12 MG/KG UJ 1.9 NA 70 NA nc NA
CMS-060 1 2 1,2-dichloropropane 5.1 MG/KG UJ 1.9 NA 70 NA nc NA
CMS-405 1 2 1,2-dichloropropane 2.9 MG/KG UJ 1.9 NA 70 NA nc NA
SB-14-271 2 4 1,2-dichloropropane 0.13 MG/KG UJ 1.9 NA 70 NA nc NA


MW05S 4 6 1,2-dichloropropane 0.11 MG/KG UJ 1.9 NA 70 NA nc NA
SB-14-271 4 6 1,2-dichloropropane 0.11 MG/KG UJ 1.9 NA 70 NA nc NA


SS-01 0 0 1,3-dichlorobenzene 0.43 MG/KG U 430 NA nc NA nc NA
CMW-SD-2016 0 0.5 1,3-dichlorobenzene 0.8 MG/KG U 430 NA nc NA nc NA
CMW-SD-2017 0 0.5 1,3-dichlorobenzene 0.87 MG/KG U 430 NA nc NA nc NA
CMW-SD-2018 0 0.5 1,3-dichlorobenzene 2.1 MG/KG U 430 NA nc NA nc NA
CMW-SD-2019 0 0.5 1,3-dichlorobenzene 0.95 MG/KG U 430 NA nc NA nc NA
CMW-SD-2020 0 0.5 1,3-dichlorobenzene 0.46 MG/KG U 430 NA nc NA nc NA
CMW-SD-2021 0 0.5 1,3-dichlorobenzene 2.1 MG/KG U 430 NA nc NA nc NA


CMS-089 0 1 1,3-dichlorobenzene 0.67 MG/KG U 430 NA nc NA nc NA
CMS-098 0 1 1,3-dichlorobenzene 0.6 MG/KG U 430 NA nc NA nc NA
CMS-142 0 1 1,3-dichlorobenzene 0.58 MG/KG U 430 NA nc NA nc NA
CMS-164 0 1 1,3-dichlorobenzene 2 MG/KG U 430 NA nc NA nc NA
CMS-173 0 1 1,3-dichlorobenzene 1.1 MG/KG U 430 NA nc NA nc NA
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CMS-237 0 1 1,3-dichlorobenzene 1.3 MG/KG U 430 NA nc NA nc NA
CMS-405 0 1 1,3-dichlorobenzene 0.35 MG/KG U 430 NA nc NA nc NA
CMS-407 0 1 1,3-dichlorobenzene 0.35 MG/KG U 430 NA nc NA nc NA
CMS-408 0 1 1,3-dichlorobenzene 0.34 MG/KG U 430 NA nc NA nc NA
CMS-417 0 1 1,3-dichlorobenzene 35 MG/KG U 430 NA nc NA nc NA
CMS-456 0 1 1,3-dichlorobenzene 0.49 MG/KG U 430 NA nc NA nc NA
CMS-142 0 1 1,3-dichlorobenzene 0.55 MG/KG U 430 NA nc NA nc NA


SS-02 0 1.3 1,3-dichlorobenzene 0.52 MG/KG U 430 NA nc NA nc NA
CMS-703 0 2 1,3-dichlorobenzene 6.2 MG/KG U 430 NA nc NA nc NA


SS-06 0 2 1,3-dichlorobenzene 0.84 MG/KG U 430 NA nc NA nc NA
BV01COMP 0 4 1,3-dichlorobenzene 0.38 MG/KG U 430 NA nc NA nc NA


CMW-SD-2022 0.5 2 1,3-dichlorobenzene 4.2 MG/KG U 430 NA nc NA nc NA
CMS-060 1 2 1,3-dichlorobenzene 0.34 MG/KG U 430 NA nc NA nc NA
CMS-089 1 2 1,3-dichlorobenzene 0.35 MG/KG U 430 NA nc NA nc NA
CMS-118 1 2 1,3-dichlorobenzene 0.37 MG/KG U 430 NA nc NA nc NA
CMS-173 1 2 1,3-dichlorobenzene 0.52 MG/KG U 430 NA nc NA nc NA
CMS-237 1 2 1,3-dichlorobenzene 0.83 MG/KG U 430 NA nc NA nc NA
CMS-405 1 2 1,3-dichlorobenzene 0.63 MG/KG U 430 NA nc NA nc NA
CMS-407 1 2 1,3-dichlorobenzene 0.44 MG/KG U 430 NA nc NA nc NA
CMS-408 1 2 1,3-dichlorobenzene 8.7 MG/KG U 430 NA nc NA nc NA
CMS-417 1 2 1,3-dichlorobenzene 35 MG/KG U 430 NA nc NA nc NA
CMS-419 1 2 1,3-dichlorobenzene 74 MG/KG U 430 NA nc NA nc NA
CMS-423 1 2 1,3-dichlorobenzene 0.35 MG/KG U 430 NA nc NA nc NA
CMS-427 1 2 1,3-dichlorobenzene 3.6 MG/KG U 430 NA nc NA nc NA
CMS-428 1 2 1,3-dichlorobenzene 0.35 MG/KG U 430 NA nc NA nc NA
CMS-456 1 2 1,3-dichlorobenzene 1.2 MG/KG U 430 NA nc NA nc NA
CMS-405 1 2 1,3-dichlorobenzene 1.2 MG/KG U 430 NA nc NA nc NA


CMW-SD-2022 2 2.5 1,3-dichlorobenzene 0.86 MG/KG U 430 NA nc NA nc NA
CMS-060 2 3 1,3-dichlorobenzene 0.36 MG/KG U 430 NA nc NA nc NA
CMS-089 2 3 1,3-dichlorobenzene 0.7 MG/KG U 430 NA nc NA nc NA
CMS-118 2 3 1,3-dichlorobenzene 0.44 MG/KG U 430 NA nc NA nc NA
CMS-237 2 3 1,3-dichlorobenzene 0.63 MG/KG U 430 NA nc NA nc NA
CMS-405 2 3 1,3-dichlorobenzene 0.64 MG/KG U 430 NA nc NA nc NA
CMS-407 2 3 1,3-dichlorobenzene 1.1 MG/KG U 430 NA nc NA nc NA
CMS-408 2 3 1,3-dichlorobenzene 0.43 MG/KG U 430 NA nc NA nc NA
CMS-417 2 3 1,3-dichlorobenzene 9.8 MG/KG U 430 NA nc NA nc NA
CMS-455 2 3 1,3-dichlorobenzene 0.4 MG/KG U 430 NA nc NA nc NA


SS-03 2.5 3.5 1,3-dichlorobenzene 0.4 MG/KG U 430 NA nc NA nc NA
CMS-060 3 4 1,3-dichlorobenzene 0.45 MG/KG U 430 NA nc NA nc NA
CMS-089 3 4 1,3-dichlorobenzene 1.8 MG/KG U 430 NA nc NA nc NA
CMS-118 3 4 1,3-dichlorobenzene 0.5 MG/KG U 430 NA nc NA nc NA
CMS-405 3 4 1,3-dichlorobenzene 0.38 MG/KG U 430 NA nc NA nc NA
CMS-407 3 4 1,3-dichlorobenzene 0.42 MG/KG U 430 NA nc NA nc NA
CMS-417 3 4 1,3-dichlorobenzene 1.9 MG/KG U 430 NA nc NA nc NA
CMS-419 3 4 1,3-dichlorobenzene 0.42 MG/KG U 430 NA nc NA nc NA
CMS-423 3 4 1,3-dichlorobenzene 0.37 MG/KG U 430 NA nc NA nc NA
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CMS-427 3 4 1,3-dichlorobenzene 0.41 MG/KG U 430 NA nc NA nc NA
CMS-428 3 4 1,3-dichlorobenzene 0.37 MG/KG U 430 NA nc NA nc NA
CMS-423 3 4 1,3-dichlorobenzene 0.39 MG/KG U 430 NA nc NA nc NA
CMS-118 4 5 1,3-dichlorobenzene 0.43 MG/KG U 430 NA nc NA nc NA
CMS-405 4 5 1,3-dichlorobenzene 0.46 MG/KG U 430 NA nc NA nc NA
CMS-455 4 5 1,3-dichlorobenzene 0.48 MG/KG U 430 NA nc NA nc NA
CMS-060 0 1 1,3-dichlorobenzene 0.34 MG/KG UJ 430 NA nc NA nc NA
CMS-118 0 1 1,3-dichlorobenzene 0.36 MG/KG UJ 430 NA nc NA nc NA
CMS-159 0 1 1,3-dichlorobenzene 2.2 MG/KG UJ 430 NA nc NA nc NA
CMS-060 0 1 1,3-dichlorobenzene 0.35 MG/KG UJ 430 NA nc NA nc NA
CMS-060 4 5 1,3-dichlorobenzene 0.38 MG/KG UJ 430 NA nc NA nc NA
CMS-417 0 1 1,4-dichlorobenzene 2.9 MG/KG J 27 N nc NA nc NA
CMS-417 1 2 1,4-dichlorobenzene 6.6 MG/KG J 27 N nc NA nc NA
CMS-405 1 2 1,4-dichlorobenzene 0.19 MG/KG J 27 N nc NA nc NA
CMS-417 2 3 1,4-dichlorobenzene 3 MG/KG J 27 N nc NA nc NA
CMS-417 3 4 1,4-dichlorobenzene 0.14 MG/KG J 27 N nc NA nc NA


SS-01 0 0 1,4-dichlorobenzene 0.43 MG/KG U 27 NA nc NA nc NA
CMW-SD-2016 0 0.5 1,4-dichlorobenzene 0.8 MG/KG U 27 NA nc NA nc NA
CMW-SD-2017 0 0.5 1,4-dichlorobenzene 0.87 MG/KG U 27 NA nc NA nc NA
CMW-SD-2018 0 0.5 1,4-dichlorobenzene 2.1 MG/KG U 27 NA nc NA nc NA
CMW-SD-2019 0 0.5 1,4-dichlorobenzene 0.95 MG/KG U 27 NA nc NA nc NA
CMW-SD-2020 0 0.5 1,4-dichlorobenzene 0.46 MG/KG U 27 NA nc NA nc NA
CMW-SD-2021 0 0.5 1,4-dichlorobenzene 2.1 MG/KG U 27 NA nc NA nc NA


CMS-089 0 1 1,4-dichlorobenzene 0.67 MG/KG U 27 NA nc NA nc NA
CMS-098 0 1 1,4-dichlorobenzene 0.6 MG/KG U 27 NA nc NA nc NA
CMS-164 0 1 1,4-dichlorobenzene 2 MG/KG U 27 NA nc NA nc NA
CMS-173 0 1 1,4-dichlorobenzene 1.1 MG/KG U 27 NA nc NA nc NA
CMS-237 0 1 1,4-dichlorobenzene 1.3 MG/KG U 27 NA nc NA nc NA
CMS-405 0 1 1,4-dichlorobenzene 0.35 MG/KG U 27 NA nc NA nc NA
CMS-407 0 1 1,4-dichlorobenzene 0.35 MG/KG U 27 NA nc NA nc NA
CMS-408 0 1 1,4-dichlorobenzene 0.34 MG/KG U 27 NA nc NA nc NA
CMS-456 0 1 1,4-dichlorobenzene 0.49 MG/KG U 27 NA nc NA nc NA
CMS-142 0 1 1,4-dichlorobenzene 0.55 MG/KG U 27 NA nc NA nc NA


SS-02 0 1.3 1,4-dichlorobenzene 0.52 MG/KG U 27 NA nc NA nc NA
CMS-703 0 2 1,4-dichlorobenzene 6.2 MG/KG U 27 NA nc NA nc NA


SS-06 0 2 1,4-dichlorobenzene 0.84 MG/KG U 27 NA nc NA nc NA
BV01COMP 0 4 1,4-dichlorobenzene 0.38 MG/KG U 27 NA nc NA nc NA


CMW-SD-2022 0.5 2 1,4-dichlorobenzene 4.2 MG/KG U 27 NA nc NA nc NA
CMS-089 1 2 1,4-dichlorobenzene 0.35 MG/KG U 27 NA nc NA nc NA
CMS-173 1 2 1,4-dichlorobenzene 0.52 MG/KG U 27 NA nc NA nc NA
CMS-237 1 2 1,4-dichlorobenzene 0.83 MG/KG U 27 NA nc NA nc NA
CMS-405 1 2 1,4-dichlorobenzene 0.63 MG/KG U 27 NA nc NA nc NA
CMS-407 1 2 1,4-dichlorobenzene 0.44 MG/KG U 27 NA nc NA nc NA
CMS-408 1 2 1,4-dichlorobenzene 8.7 MG/KG U 27 NA nc NA nc NA
CMS-419 1 2 1,4-dichlorobenzene 74 MG/KG U 27 NA nc NA nc NA
CMS-423 1 2 1,4-dichlorobenzene 0.35 MG/KG U 27 NA nc NA nc NA
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CMS-428 1 2 1,4-dichlorobenzene 0.35 MG/KG U 27 NA nc NA nc NA
CMS-456 1 2 1,4-dichlorobenzene 1.2 MG/KG U 27 NA nc NA nc NA


CMW-SD-2022 2 2.5 1,4-dichlorobenzene 0.86 MG/KG U 27 NA nc NA nc NA
CMS-089 2 3 1,4-dichlorobenzene 0.7 MG/KG U 27 NA nc NA nc NA
CMS-237 2 3 1,4-dichlorobenzene 0.63 MG/KG U 27 NA nc NA nc NA
CMS-405 2 3 1,4-dichlorobenzene 0.64 MG/KG U 27 NA nc NA nc NA
CMS-407 2 3 1,4-dichlorobenzene 1.1 MG/KG U 27 NA nc NA nc NA
CMS-408 2 3 1,4-dichlorobenzene 0.43 MG/KG U 27 NA nc NA nc NA
CMS-455 2 3 1,4-dichlorobenzene 0.4 MG/KG U 27 NA nc NA nc NA


SS-03 2.5 3.5 1,4-dichlorobenzene 0.4 MG/KG U 27 NA nc NA nc NA
CMS-089 3 4 1,4-dichlorobenzene 1.8 MG/KG U 27 NA nc NA nc NA
CMS-405 3 4 1,4-dichlorobenzene 0.38 MG/KG U 27 NA nc NA nc NA
CMS-407 3 4 1,4-dichlorobenzene 0.42 MG/KG U 27 NA nc NA nc NA
CMS-419 3 4 1,4-dichlorobenzene 0.42 MG/KG U 27 NA nc NA nc NA
CMS-423 3 4 1,4-dichlorobenzene 0.37 MG/KG U 27 NA nc NA nc NA
CMS-427 3 4 1,4-dichlorobenzene 0.41 MG/KG U 27 NA nc NA nc NA
CMS-428 3 4 1,4-dichlorobenzene 0.37 MG/KG U 27 NA nc NA nc NA
CMS-423 3 4 1,4-dichlorobenzene 0.39 MG/KG U 27 NA nc NA nc NA
CMS-405 4 5 1,4-dichlorobenzene 0.46 MG/KG U 27 NA nc NA nc NA
CMS-455 4 5 1,4-dichlorobenzene 0.48 MG/KG U 27 NA nc NA nc NA
CMS-060 0 1 1,4-dichlorobenzene 0.34 MG/KG UJ 27 NA nc NA nc NA
CMS-118 0 1 1,4-dichlorobenzene 0.36 MG/KG UJ 27 NA nc NA nc NA
CMS-142 0 1 1,4-dichlorobenzene 0.58 MG/KG UJ 27 NA nc NA nc NA
CMS-159 0 1 1,4-dichlorobenzene 2.2 MG/KG UJ 27 NA nc NA nc NA
CMS-060 0 1 1,4-dichlorobenzene 0.35 MG/KG UJ 27 NA nc NA nc NA
CMS-060 1 2 1,4-dichlorobenzene 0.34 MG/KG UJ 27 NA nc NA nc NA
CMS-118 1 2 1,4-dichlorobenzene 0.37 MG/KG UJ 27 NA nc NA nc NA
CMS-427 1 2 1,4-dichlorobenzene 3.6 MG/KG UJ 27 NA nc NA nc NA
CMS-060 2 3 1,4-dichlorobenzene 0.36 MG/KG UJ 27 NA nc NA nc NA
CMS-118 2 3 1,4-dichlorobenzene 0.44 MG/KG UJ 27 NA nc NA nc NA
CMS-060 3 4 1,4-dichlorobenzene 0.45 MG/KG UJ 27 NA nc NA nc NA
CMS-118 3 4 1,4-dichlorobenzene 0.5 MG/KG UJ 27 NA nc NA nc NA
CMS-060 4 5 1,4-dichlorobenzene 0.38 MG/KG UJ 27 NA nc NA nc NA
CMS-118 4 5 1,4-dichlorobenzene 0.43 MG/KG UJ 27 NA nc NA nc NA
MW05S 4 6 2,4,5-trichlorophenol 16 MG/KG * 330 N nc NA nc NA


CMS-456 0 1 2,4,5-trichlorophenol 0.17 MG/KG J 330 N nc NA nc NA
CMS-456 1 2 2,4,5-trichlorophenol 0.56 MG/KG J 330 N nc NA nc NA
MW05S 2 4 2,4,5-trichlorophenol 0.086 MG/KG J 330 N nc NA nc NA
MW01S 4 6 2,4,5-trichlorophenol 0.073 MG/KG J 330 N nc NA nc NA
SS-01 0 0 2,4,5-trichlorophenol 1.1 MG/KG U 330 NA nc NA nc NA


CMW-SD-2016 0 0.5 2,4,5-trichlorophenol 2 MG/KG U 330 NA nc NA nc NA
CMW-SD-2017 0 0.5 2,4,5-trichlorophenol 2.2 MG/KG U 330 NA nc NA nc NA
CMW-SD-2018 0 0.5 2,4,5-trichlorophenol 5.3 MG/KG U 330 NA nc NA nc NA
CMW-SD-2019 0 0.5 2,4,5-trichlorophenol 2.4 MG/KG U 330 NA nc NA nc NA
CMW-SD-2020 0 0.5 2,4,5-trichlorophenol 1.2 MG/KG U 330 NA nc NA nc NA
CMW-SD-2021 0 0.5 2,4,5-trichlorophenol 5.2 MG/KG U 330 NA nc NA nc NA
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CMS-089 0 1 2,4,5-trichlorophenol 0.67 MG/KG U 330 NA nc NA nc NA
CMS-098 0 1 2,4,5-trichlorophenol 0.6 MG/KG U 330 NA nc NA nc NA
CMS-142 0 1 2,4,5-trichlorophenol 0.58 MG/KG U 330 NA nc NA nc NA
CMS-164 0 1 2,4,5-trichlorophenol 2 MG/KG U 330 NA nc NA nc NA
CMS-173 0 1 2,4,5-trichlorophenol 1.1 MG/KG U 330 NA nc NA nc NA
CMS-237 0 1 2,4,5-trichlorophenol 1.3 MG/KG U 330 NA nc NA nc NA
CMS-405 0 1 2,4,5-trichlorophenol 0.35 MG/KG U 330 NA nc NA nc NA
CMS-407 0 1 2,4,5-trichlorophenol 0.35 MG/KG U 330 NA nc NA nc NA
CMS-408 0 1 2,4,5-trichlorophenol 0.34 MG/KG U 330 NA nc NA nc NA
CMS-417 0 1 2,4,5-trichlorophenol 35 MG/KG U 330 NA nc NA nc NA
CMS-142 0 1 2,4,5-trichlorophenol 0.55 MG/KG U 330 NA nc NA nc NA


RES-14-271-01 0 1 2,4,5-trichlorophenol 1.3 MG/KG U 330 NA nc NA nc NA
RES-14-272-01 0 1 2,4,5-trichlorophenol 1.6 MG/KG U 330 NA nc NA nc NA
RES-14-302-01 0 1 2,4,5-trichlorophenol 12 MG/KG U 330 NA nc NA nc NA
RES-14-303-01 0 1 2,4,5-trichlorophenol 12 MG/KG U 330 NA nc NA nc NA
RES-14-271-01 0 1 2,4,5-trichlorophenol 6.3 MG/KG U 330 NA nc NA nc NA
RES-14-272-01 0 1 2,4,5-trichlorophenol 7.7 MG/KG U 330 NA nc NA nc NA


SS-02 0 1.3 2,4,5-trichlorophenol 1.3 MG/KG U 330 NA nc NA nc NA
CMS-703 0 2 2,4,5-trichlorophenol 6.2 MG/KG U 330 NA nc NA nc NA


SS-06 0 2 2,4,5-trichlorophenol 2.1 MG/KG U 330 NA nc NA nc NA
BV01COMP 0 4 2,4,5-trichlorophenol 0.38 MG/KG U 330 NA nc NA nc NA


CMW-SD-2022 0.5 2 2,4,5-trichlorophenol 11 MG/KG U 330 NA nc NA nc NA
MW05S 1 2 2,4,5-trichlorophenol 0.9 MG/KG U 330 NA nc NA nc NA
MW14M 1 2 2,4,5-trichlorophenol 0.86 MG/KG U 330 NA nc NA nc NA
MW14M 1 2 2,4,5-trichlorophenol 0.86 MG/KG U 330 NA nc NA nc NA
MW01S 1 2 2,4,5-trichlorophenol 0.95 MG/KG U 330 NA nc NA nc NA
MW05S 1 2 2,4,5-trichlorophenol 0.89 MG/KG U 330 NA nc NA nc NA
MW08S 1 2 2,4,5-trichlorophenol 1.1 MG/KG U 330 NA nc NA nc NA
MW14M 1 2 2,4,5-trichlorophenol 0.84 MG/KG U 330 NA nc NA nc NA
MW14M 1 2 2,4,5-trichlorophenol 0.84 MG/KG U 330 NA nc NA nc NA


SB-14-271 1 2 2,4,5-trichlorophenol 1 MG/KG U 330 NA nc NA nc NA
CMS-060 1 2 2,4,5-trichlorophenol 0.34 MG/KG U 330 NA nc NA nc NA
CMS-089 1 2 2,4,5-trichlorophenol 0.35 MG/KG U 330 NA nc NA nc NA
CMS-118 1 2 2,4,5-trichlorophenol 0.37 MG/KG U 330 NA nc NA nc NA
CMS-173 1 2 2,4,5-trichlorophenol 0.52 MG/KG U 330 NA nc NA nc NA
CMS-237 1 2 2,4,5-trichlorophenol 0.83 MG/KG U 330 NA nc NA nc NA
CMS-405 1 2 2,4,5-trichlorophenol 0.63 MG/KG U 330 NA nc NA nc NA
CMS-407 1 2 2,4,5-trichlorophenol 0.44 MG/KG U 330 NA nc NA nc NA
CMS-408 1 2 2,4,5-trichlorophenol 8.7 MG/KG U 330 NA nc NA nc NA
CMS-417 1 2 2,4,5-trichlorophenol 35 MG/KG U 330 NA nc NA nc NA
CMS-419 1 2 2,4,5-trichlorophenol 74 MG/KG U 330 NA nc NA nc NA
CMS-423 1 2 2,4,5-trichlorophenol 0.35 MG/KG U 330 NA nc NA nc NA
CMS-427 1 2 2,4,5-trichlorophenol 3.6 MG/KG U 330 NA nc NA nc NA
CMS-428 1 2 2,4,5-trichlorophenol 0.35 MG/KG U 330 NA nc NA nc NA
CMS-405 1 2 2,4,5-trichlorophenol 1.2 MG/KG U 330 NA nc NA nc NA


CMW-SD-2022 2 2.5 2,4,5-trichlorophenol 2.2 MG/KG U 330 NA nc NA nc NA
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CMS-060 2 3 2,4,5-trichlorophenol 0.36 MG/KG U 330 NA nc NA nc NA
CMS-089 2 3 2,4,5-trichlorophenol 0.7 MG/KG U 330 NA nc NA nc NA
CMS-118 2 3 2,4,5-trichlorophenol 0.44 MG/KG U 330 NA nc NA nc NA
CMS-237 2 3 2,4,5-trichlorophenol 0.63 MG/KG U 330 NA nc NA nc NA
CMS-405 2 3 2,4,5-trichlorophenol 0.64 MG/KG U 330 NA nc NA nc NA
CMS-407 2 3 2,4,5-trichlorophenol 1.1 MG/KG U 330 NA nc NA nc NA
CMS-408 2 3 2,4,5-trichlorophenol 0.43 MG/KG U 330 NA nc NA nc NA
CMS-417 2 3 2,4,5-trichlorophenol 9.8 MG/KG U 330 NA nc NA nc NA
CMS-455 2 3 2,4,5-trichlorophenol 0.4 MG/KG U 330 NA nc NA nc NA
MW08S 2 4 2,4,5-trichlorophenol 1.1 MG/KG U 330 NA nc NA nc NA


SB02 2 4 2,4,5-trichlorophenol 5.8 MG/KG U 330 NA nc NA nc NA
MW01S 2 4 2,4,5-trichlorophenol 4 MG/KG U 330 NA nc NA nc NA
MW02S 2 4 2,4,5-trichlorophenol 0.97 MG/KG U 330 NA nc NA nc NA
MW06S 2 4 2,4,5-trichlorophenol 0.91 MG/KG U 330 NA nc NA nc NA
MW06S 2 4 2,4,5-trichlorophenol 0.92 MG/KG U 330 NA nc NA nc NA
MW08S 2 4 2,4,5-trichlorophenol 1 MG/KG U 330 NA nc NA nc NA
MW14M 2 4 2,4,5-trichlorophenol 0.94 MG/KG U 330 NA nc NA nc NA
MW15D 2 4 2,4,5-trichlorophenol 0.93 MG/KG U 330 NA nc NA nc NA


SB-14-271 2 4 2,4,5-trichlorophenol 1.1 MG/KG U 330 NA nc NA nc NA
SB02 2 4 2,4,5-trichlorophenol 5.5 MG/KG U 330 NA nc NA nc NA
SB03 2 4 2,4,5-trichlorophenol 2.5 MG/KG U 330 NA nc NA nc NA
SS-03 2.5 3.5 2,4,5-trichlorophenol 1 MG/KG U 330 NA nc NA nc NA


MW07S 3 4 2,4,5-trichlorophenol 0.97 MG/KG U 330 NA nc NA nc NA
CMS-060 3 4 2,4,5-trichlorophenol 0.45 MG/KG U 330 NA nc NA nc NA
CMS-089 3 4 2,4,5-trichlorophenol 1.8 MG/KG U 330 NA nc NA nc NA
CMS-118 3 4 2,4,5-trichlorophenol 0.5 MG/KG U 330 NA nc NA nc NA
CMS-405 3 4 2,4,5-trichlorophenol 0.38 MG/KG U 330 NA nc NA nc NA
CMS-407 3 4 2,4,5-trichlorophenol 0.42 MG/KG U 330 NA nc NA nc NA
CMS-417 3 4 2,4,5-trichlorophenol 1.9 MG/KG U 330 NA nc NA nc NA
CMS-419 3 4 2,4,5-trichlorophenol 0.42 MG/KG U 330 NA nc NA nc NA
CMS-423 3 4 2,4,5-trichlorophenol 0.37 MG/KG U 330 NA nc NA nc NA
CMS-427 3 4 2,4,5-trichlorophenol 0.41 MG/KG U 330 NA nc NA nc NA
CMS-428 3 4 2,4,5-trichlorophenol 0.37 MG/KG U 330 NA nc NA nc NA
CMS-423 3 4 2,4,5-trichlorophenol 0.39 MG/KG U 330 NA nc NA nc NA
CMS-118 4 5 2,4,5-trichlorophenol 0.43 MG/KG U 330 NA nc NA nc NA
CMS-405 4 5 2,4,5-trichlorophenol 0.46 MG/KG U 330 NA nc NA nc NA
CMS-455 4 5 2,4,5-trichlorophenol 0.48 MG/KG U 330 NA nc NA nc NA


SB03 4 6 2,4,5-trichlorophenol 0.93 MG/KG U 330 NA nc NA nc NA
MW15D 4 6 2,4,5-trichlorophenol 1 MG/KG U 330 NA nc NA nc NA
MW03S 4 6 2,4,5-trichlorophenol 1 MG/KG U 330 NA nc NA nc NA
MW04D 4 6 2,4,5-trichlorophenol 1.1 MG/KG U 330 NA nc NA nc NA
MW06S 4 6 2,4,5-trichlorophenol 1.2 MG/KG U 330 NA nc NA nc NA
MW07S 4 6 2,4,5-trichlorophenol 1 MG/KG U 330 NA nc NA nc NA
MW08S 4 6 2,4,5-trichlorophenol 1.1 MG/KG U 330 NA nc NA nc NA
MW09S 4 6 2,4,5-trichlorophenol 2.1 MG/KG U 330 NA nc NA nc NA
MW15D 4 6 2,4,5-trichlorophenol 0.89 MG/KG U 330 NA nc NA nc NA
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SB-14-271 4 6 2,4,5-trichlorophenol 1 MG/KG U 330 NA nc NA nc NA
SB02 4 6 2,4,5-trichlorophenol 2.1 MG/KG U 330 NA nc NA nc NA
SB03 4 6 2,4,5-trichlorophenol 0.94 MG/KG U 330 NA nc NA nc NA


CMS-4105 0 1 2,4,5-trichlorophenol 2.7 MG/KG U 330 NA nc NA nc NA
CMS-4110 0 1 2,4,5-trichlorophenol 3.2 MG/KG U 330 NA nc NA nc NA
CMS-060 0 1 2,4,5-trichlorophenol 0.34 MG/KG UJ 330 NA nc NA nc NA
CMS-118 0 1 2,4,5-trichlorophenol 0.36 MG/KG UJ 330 NA nc NA nc NA
CMS-159 0 1 2,4,5-trichlorophenol 2.2 MG/KG UJ 330 NA nc NA nc NA
CMS-060 0 1 2,4,5-trichlorophenol 0.35 MG/KG UJ 330 NA nc NA nc NA
CMS-060 4 5 2,4,5-trichlorophenol 0.38 MG/KG UJ 330 NA nc NA nc NA


SS-01 0 0 2,4,6-trichlorophenol 0.43 MG/KG U 58 NA nc NA nc NA
CMW-SD-2016 0 0.5 2,4,6-trichlorophenol 0.8 MG/KG U 58 NA nc NA nc NA
CMW-SD-2017 0 0.5 2,4,6-trichlorophenol 0.87 MG/KG U 58 NA nc NA nc NA
CMW-SD-2018 0 0.5 2,4,6-trichlorophenol 2.1 MG/KG U 58 NA nc NA nc NA
CMW-SD-2019 0 0.5 2,4,6-trichlorophenol 0.95 MG/KG U 58 NA nc NA nc NA
CMW-SD-2020 0 0.5 2,4,6-trichlorophenol 0.46 MG/KG U 58 NA nc NA nc NA
CMW-SD-2021 0 0.5 2,4,6-trichlorophenol 2.1 MG/KG U 58 NA nc NA nc NA


CMS-089 0 1 2,4,6-trichlorophenol 0.67 MG/KG U 58 NA nc NA nc NA
CMS-098 0 1 2,4,6-trichlorophenol 0.6 MG/KG U 58 NA nc NA nc NA
CMS-142 0 1 2,4,6-trichlorophenol 0.58 MG/KG U 58 NA nc NA nc NA
CMS-164 0 1 2,4,6-trichlorophenol 2 MG/KG U 58 NA nc NA nc NA
CMS-173 0 1 2,4,6-trichlorophenol 1.1 MG/KG U 58 NA nc NA nc NA
CMS-237 0 1 2,4,6-trichlorophenol 1.3 MG/KG U 58 NA nc NA nc NA
CMS-405 0 1 2,4,6-trichlorophenol 0.35 MG/KG U 58 NA nc NA nc NA
CMS-407 0 1 2,4,6-trichlorophenol 0.35 MG/KG U 58 NA nc NA nc NA
CMS-408 0 1 2,4,6-trichlorophenol 0.34 MG/KG U 58 NA nc NA nc NA
CMS-417 0 1 2,4,6-trichlorophenol 35 MG/KG U 58 NA nc NA nc NA
CMS-456 0 1 2,4,6-trichlorophenol 0.49 MG/KG U 58 NA nc NA nc NA
CMS-142 0 1 2,4,6-trichlorophenol 0.55 MG/KG U 58 NA nc NA nc NA


RES-14-271-01 0 1 2,4,6-trichlorophenol 0.51 MG/KG U 58 NA nc NA nc NA
RES-14-272-01 0 1 2,4,6-trichlorophenol 0.62 MG/KG U 58 NA nc NA nc NA
RES-14-302-01 0 1 2,4,6-trichlorophenol 5 MG/KG U 58 NA nc NA nc NA
RES-14-303-01 0 1 2,4,6-trichlorophenol 4.8 MG/KG U 58 NA nc NA nc NA
RES-14-271-01 0 1 2,4,6-trichlorophenol 2.5 MG/KG U 58 NA nc NA nc NA
RES-14-272-01 0 1 2,4,6-trichlorophenol 3.1 MG/KG U 58 NA nc NA nc NA


SS-02 0 1.3 2,4,6-trichlorophenol 0.52 MG/KG U 58 NA nc NA nc NA
CMS-703 0 2 2,4,6-trichlorophenol 6.2 MG/KG U 58 NA nc NA nc NA


SS-06 0 2 2,4,6-trichlorophenol 0.84 MG/KG U 58 NA nc NA nc NA
BV01COMP 0 4 2,4,6-trichlorophenol 0.38 MG/KG U 58 NA nc NA nc NA


CMW-SD-2022 0.5 2 2,4,6-trichlorophenol 4.2 MG/KG U 58 NA nc NA nc NA
MW05S 1 2 2,4,6-trichlorophenol 0.36 MG/KG U 58 NA nc NA nc NA
MW14M 1 2 2,4,6-trichlorophenol 0.34 MG/KG U 58 NA nc NA nc NA
MW14M 1 2 2,4,6-trichlorophenol 0.34 MG/KG U 58 NA nc NA nc NA
MW01S 1 2 2,4,6-trichlorophenol 0.38 MG/KG U 58 NA nc NA nc NA
MW05S 1 2 2,4,6-trichlorophenol 0.36 MG/KG U 58 NA nc NA nc NA
MW08S 1 2 2,4,6-trichlorophenol 0.42 MG/KG U 58 NA nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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MW14M 1 2 2,4,6-trichlorophenol 0.33 MG/KG U 58 NA nc NA nc NA
MW14M 1 2 2,4,6-trichlorophenol 0.33 MG/KG U 58 NA nc NA nc NA


SB-14-271 1 2 2,4,6-trichlorophenol 0.4 MG/KG U 58 NA nc NA nc NA
CMS-060 1 2 2,4,6-trichlorophenol 0.34 MG/KG U 58 NA nc NA nc NA
CMS-089 1 2 2,4,6-trichlorophenol 0.35 MG/KG U 58 NA nc NA nc NA
CMS-118 1 2 2,4,6-trichlorophenol 0.37 MG/KG U 58 NA nc NA nc NA
CMS-173 1 2 2,4,6-trichlorophenol 0.52 MG/KG U 58 NA nc NA nc NA
CMS-237 1 2 2,4,6-trichlorophenol 0.83 MG/KG U 58 NA nc NA nc NA
CMS-405 1 2 2,4,6-trichlorophenol 0.63 MG/KG U 58 NA nc NA nc NA
CMS-407 1 2 2,4,6-trichlorophenol 0.44 MG/KG U 58 NA nc NA nc NA
CMS-408 1 2 2,4,6-trichlorophenol 8.7 MG/KG U 58 NA nc NA nc NA
CMS-417 1 2 2,4,6-trichlorophenol 35 MG/KG U 58 NA nc NA nc NA
CMS-419 1 2 2,4,6-trichlorophenol 74 MG/KG U 58 NA nc NA nc NA
CMS-423 1 2 2,4,6-trichlorophenol 0.35 MG/KG U 58 NA nc NA nc NA
CMS-427 1 2 2,4,6-trichlorophenol 3.6 MG/KG U 58 NA nc NA nc NA
CMS-428 1 2 2,4,6-trichlorophenol 0.35 MG/KG U 58 NA nc NA nc NA
CMS-456 1 2 2,4,6-trichlorophenol 1.2 MG/KG U 58 NA nc NA nc NA
CMS-405 1 2 2,4,6-trichlorophenol 1.2 MG/KG U 58 NA nc NA nc NA
CMS-060 2 3 2,4,6-trichlorophenol 0.36 MG/KG U 58 NA nc NA nc NA
CMS-089 2 3 2,4,6-trichlorophenol 0.7 MG/KG U 58 NA nc NA nc NA
CMS-118 2 3 2,4,6-trichlorophenol 0.44 MG/KG U 58 NA nc NA nc NA
CMS-237 2 3 2,4,6-trichlorophenol 0.63 MG/KG U 58 NA nc NA nc NA
CMS-405 2 3 2,4,6-trichlorophenol 0.64 MG/KG U 58 NA nc NA nc NA
CMS-407 2 3 2,4,6-trichlorophenol 1.1 MG/KG U 58 NA nc NA nc NA
CMS-408 2 3 2,4,6-trichlorophenol 0.43 MG/KG U 58 NA nc NA nc NA
CMS-417 2 3 2,4,6-trichlorophenol 9.8 MG/KG U 58 NA nc NA nc NA
CMS-455 2 3 2,4,6-trichlorophenol 0.4 MG/KG U 58 NA nc NA nc NA
MW08S 2 4 2,4,6-trichlorophenol 0.45 MG/KG U 58 NA nc NA nc NA


SB02 2 4 2,4,6-trichlorophenol 2.3 MG/KG U 58 NA nc NA nc NA
MW01S 2 4 2,4,6-trichlorophenol 1.6 MG/KG U 58 NA nc NA nc NA
MW02S 2 4 2,4,6-trichlorophenol 0.38 MG/KG U 58 NA nc NA nc NA
MW06S 2 4 2,4,6-trichlorophenol 0.36 MG/KG U 58 NA nc NA nc NA
MW06S 2 4 2,4,6-trichlorophenol 0.37 MG/KG U 58 NA nc NA nc NA
MW08S 2 4 2,4,6-trichlorophenol 0.41 MG/KG U 58 NA nc NA nc NA
MW14M 2 4 2,4,6-trichlorophenol 0.38 MG/KG U 58 NA nc NA nc NA
MW15D 2 4 2,4,6-trichlorophenol 0.37 MG/KG U 58 NA nc NA nc NA


SB-14-271 2 4 2,4,6-trichlorophenol 0.45 MG/KG U 58 NA nc NA nc NA
SB02 2 4 2,4,6-trichlorophenol 2.2 MG/KG U 58 NA nc NA nc NA
SB03 2 4 2,4,6-trichlorophenol 0.99 MG/KG U 58 NA nc NA nc NA
SS-03 2.5 3.5 2,4,6-trichlorophenol 0.4 MG/KG U 58 NA nc NA nc NA


MW07S 3 4 2,4,6-trichlorophenol 0.38 MG/KG U 58 NA nc NA nc NA
CMS-060 3 4 2,4,6-trichlorophenol 0.45 MG/KG U 58 NA nc NA nc NA
CMS-089 3 4 2,4,6-trichlorophenol 1.8 MG/KG U 58 NA nc NA nc NA
CMS-118 3 4 2,4,6-trichlorophenol 0.5 MG/KG U 58 NA nc NA nc NA
CMS-405 3 4 2,4,6-trichlorophenol 0.38 MG/KG U 58 NA nc NA nc NA
CMS-407 3 4 2,4,6-trichlorophenol 0.42 MG/KG U 58 NA nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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CMS-417 3 4 2,4,6-trichlorophenol 1.9 MG/KG U 58 NA nc NA nc NA
CMS-419 3 4 2,4,6-trichlorophenol 0.42 MG/KG U 58 NA nc NA nc NA
CMS-423 3 4 2,4,6-trichlorophenol 0.37 MG/KG U 58 NA nc NA nc NA
CMS-427 3 4 2,4,6-trichlorophenol 0.41 MG/KG U 58 NA nc NA nc NA
CMS-428 3 4 2,4,6-trichlorophenol 0.37 MG/KG U 58 NA nc NA nc NA
CMS-423 3 4 2,4,6-trichlorophenol 0.39 MG/KG U 58 NA nc NA nc NA
CMS-118 4 5 2,4,6-trichlorophenol 0.43 MG/KG U 58 NA nc NA nc NA
CMS-405 4 5 2,4,6-trichlorophenol 0.46 MG/KG U 58 NA nc NA nc NA
CMS-455 4 5 2,4,6-trichlorophenol 0.48 MG/KG U 58 NA nc NA nc NA


SB03 4 6 2,4,6-trichlorophenol 0.37 MG/KG U 58 NA nc NA nc NA
MW15D 4 6 2,4,6-trichlorophenol 0.4 MG/KG U 58 NA nc NA nc NA
MW01S 4 6 2,4,6-trichlorophenol 0.4 MG/KG U 58 NA nc NA nc NA
MW03S 4 6 2,4,6-trichlorophenol 0.4 MG/KG U 58 NA nc NA nc NA
MW04D 4 6 2,4,6-trichlorophenol 0.42 MG/KG U 58 NA nc NA nc NA
MW05S 4 6 2,4,6-trichlorophenol 0.82 MG/KG U 58 NA nc NA nc NA
MW06S 4 6 2,4,6-trichlorophenol 0.46 MG/KG U 58 NA nc NA nc NA
MW07S 4 6 2,4,6-trichlorophenol 0.4 MG/KG U 58 NA nc NA nc NA
MW08S 4 6 2,4,6-trichlorophenol 0.45 MG/KG U 58 NA nc NA nc NA
MW09S 4 6 2,4,6-trichlorophenol 0.85 MG/KG U 58 NA nc NA nc NA
MW15D 4 6 2,4,6-trichlorophenol 0.35 MG/KG U 58 NA nc NA nc NA


SB-14-271 4 6 2,4,6-trichlorophenol 0.4 MG/KG U 58 NA nc NA nc NA
SB02 4 6 2,4,6-trichlorophenol 0.83 MG/KG U 58 NA nc NA nc NA
SB03 4 6 2,4,6-trichlorophenol 0.38 MG/KG U 58 NA nc NA nc NA


CMS-060 0 1 2,4,6-trichlorophenol 0.34 MG/KG UJ 58 NA nc NA nc NA
CMS-118 0 1 2,4,6-trichlorophenol 0.36 MG/KG UJ 58 NA nc NA nc NA
CMS-159 0 1 2,4,6-trichlorophenol 2.2 MG/KG UJ 58 NA nc NA nc NA
CMS-060 0 1 2,4,6-trichlorophenol 0.35 MG/KG UJ 58 NA nc NA nc NA


CMW-SD-2022 2 2.5 2,4,6-trichlorophenol 0.86 MG/KG UJ 58 NA nc NA nc NA
MW05S 2 4 2,4,6-trichlorophenol 0.37 MG/KG UJ 58 NA nc NA nc NA


CMS-060 4 5 2,4,6-trichlorophenol 0.38 MG/KG UJ 58 NA nc NA nc NA
SS-01 0 0 2,4-dichlorophenol 0.43 MG/KG U 30 NA nc NA nc NA


CMW-SD-2016 0 0.5 2,4-dichlorophenol 0.8 MG/KG U 30 NA nc NA nc NA
CMW-SD-2017 0 0.5 2,4-dichlorophenol 0.87 MG/KG U 30 NA nc NA nc NA
CMW-SD-2018 0 0.5 2,4-dichlorophenol 2.1 MG/KG U 30 NA nc NA nc NA
CMW-SD-2019 0 0.5 2,4-dichlorophenol 0.95 MG/KG U 30 NA nc NA nc NA
CMW-SD-2020 0 0.5 2,4-dichlorophenol 0.46 MG/KG U 30 NA nc NA nc NA
CMW-SD-2021 0 0.5 2,4-dichlorophenol 2.1 MG/KG U 30 NA nc NA nc NA


CMS-089 0 1 2,4-dichlorophenol 0.67 MG/KG U 30 NA nc NA nc NA
CMS-098 0 1 2,4-dichlorophenol 0.6 MG/KG U 30 NA nc NA nc NA
CMS-142 0 1 2,4-dichlorophenol 0.58 MG/KG U 30 NA nc NA nc NA
CMS-164 0 1 2,4-dichlorophenol 2 MG/KG U 30 NA nc NA nc NA
CMS-173 0 1 2,4-dichlorophenol 1.1 MG/KG U 30 NA nc NA nc NA
CMS-237 0 1 2,4-dichlorophenol 1.3 MG/KG U 30 NA nc NA nc NA
CMS-405 0 1 2,4-dichlorophenol 0.35 MG/KG U 30 NA nc NA nc NA
CMS-407 0 1 2,4-dichlorophenol 0.35 MG/KG U 30 NA nc NA nc NA
CMS-408 0 1 2,4-dichlorophenol 0.34 MG/KG U 30 NA nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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CMS-417 0 1 2,4-dichlorophenol 35 MG/KG U 30 NA nc NA nc NA
CMS-456 0 1 2,4-dichlorophenol 0.49 MG/KG U 30 NA nc NA nc NA
CMS-142 0 1 2,4-dichlorophenol 0.55 MG/KG U 30 NA nc NA nc NA


RES-14-271-01 0 1 2,4-dichlorophenol 0.51 MG/KG U 30 NA nc NA nc NA
RES-14-272-01 0 1 2,4-dichlorophenol 0.62 MG/KG U 30 NA nc NA nc NA
RES-14-302-01 0 1 2,4-dichlorophenol 5 MG/KG U 30 NA nc NA nc NA
RES-14-303-01 0 1 2,4-dichlorophenol 4.8 MG/KG U 30 NA nc NA nc NA
RES-14-271-01 0 1 2,4-dichlorophenol 2.5 MG/KG U 30 NA nc NA nc NA
RES-14-272-01 0 1 2,4-dichlorophenol 3.1 MG/KG U 30 NA nc NA nc NA


SS-02 0 1.3 2,4-dichlorophenol 0.52 MG/KG U 30 NA nc NA nc NA
CMS-703 0 2 2,4-dichlorophenol 6.2 MG/KG U 30 NA nc NA nc NA


SS-06 0 2 2,4-dichlorophenol 0.84 MG/KG U 30 NA nc NA nc NA
BV01COMP 0 4 2,4-dichlorophenol 0.38 MG/KG U 30 NA nc NA nc NA


CMW-SD-2022 0.5 2 2,4-dichlorophenol 4.2 MG/KG U 30 NA nc NA nc NA
MW05S 1 2 2,4-dichlorophenol 0.36 MG/KG U 30 NA nc NA nc NA
MW14M 1 2 2,4-dichlorophenol 0.34 MG/KG U 30 NA nc NA nc NA
MW14M 1 2 2,4-dichlorophenol 0.34 MG/KG U 30 NA nc NA nc NA
MW01S 1 2 2,4-dichlorophenol 0.38 MG/KG U 30 NA nc NA nc NA
MW05S 1 2 2,4-dichlorophenol 0.36 MG/KG U 30 NA nc NA nc NA
MW08S 1 2 2,4-dichlorophenol 0.42 MG/KG U 30 NA nc NA nc NA
MW14M 1 2 2,4-dichlorophenol 0.33 MG/KG U 30 NA nc NA nc NA
MW14M 1 2 2,4-dichlorophenol 0.33 MG/KG U 30 NA nc NA nc NA


SB-14-271 1 2 2,4-dichlorophenol 0.4 MG/KG U 30 NA nc NA nc NA
CMS-060 1 2 2,4-dichlorophenol 0.34 MG/KG U 30 NA nc NA nc NA
CMS-089 1 2 2,4-dichlorophenol 0.35 MG/KG U 30 NA nc NA nc NA
CMS-118 1 2 2,4-dichlorophenol 0.37 MG/KG U 30 NA nc NA nc NA
CMS-173 1 2 2,4-dichlorophenol 0.52 MG/KG U 30 NA nc NA nc NA
CMS-237 1 2 2,4-dichlorophenol 0.83 MG/KG U 30 NA nc NA nc NA
CMS-405 1 2 2,4-dichlorophenol 0.63 MG/KG U 30 NA nc NA nc NA
CMS-407 1 2 2,4-dichlorophenol 0.44 MG/KG U 30 NA nc NA nc NA
CMS-408 1 2 2,4-dichlorophenol 8.7 MG/KG U 30 NA nc NA nc NA
CMS-417 1 2 2,4-dichlorophenol 35 MG/KG U 30 NA nc NA nc NA
CMS-419 1 2 2,4-dichlorophenol 74 MG/KG U 30 NA nc NA nc NA
CMS-423 1 2 2,4-dichlorophenol 0.35 MG/KG U 30 NA nc NA nc NA
CMS-427 1 2 2,4-dichlorophenol 3.6 MG/KG U 30 NA nc NA nc NA
CMS-428 1 2 2,4-dichlorophenol 0.35 MG/KG U 30 NA nc NA nc NA
CMS-456 1 2 2,4-dichlorophenol 1.2 MG/KG U 30 NA nc NA nc NA
CMS-405 1 2 2,4-dichlorophenol 1.2 MG/KG U 30 NA nc NA nc NA


CMW-SD-2022 2 2.5 2,4-dichlorophenol 0.86 MG/KG U 30 NA nc NA nc NA
CMS-060 2 3 2,4-dichlorophenol 0.36 MG/KG U 30 NA nc NA nc NA
CMS-089 2 3 2,4-dichlorophenol 0.7 MG/KG U 30 NA nc NA nc NA
CMS-118 2 3 2,4-dichlorophenol 0.44 MG/KG U 30 NA nc NA nc NA
CMS-237 2 3 2,4-dichlorophenol 0.63 MG/KG U 30 NA nc NA nc NA
CMS-405 2 3 2,4-dichlorophenol 0.64 MG/KG U 30 NA nc NA nc NA
CMS-407 2 3 2,4-dichlorophenol 1.1 MG/KG U 30 NA nc NA nc NA
CMS-408 2 3 2,4-dichlorophenol 0.43 MG/KG U 30 NA nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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CMS-417 2 3 2,4-dichlorophenol 9.8 MG/KG U 30 NA nc NA nc NA
CMS-455 2 3 2,4-dichlorophenol 0.4 MG/KG U 30 NA nc NA nc NA
MW08S 2 4 2,4-dichlorophenol 0.45 MG/KG U 30 NA nc NA nc NA


SB02 2 4 2,4-dichlorophenol 2.3 MG/KG U 30 NA nc NA nc NA
MW01S 2 4 2,4-dichlorophenol 1.6 MG/KG U 30 NA nc NA nc NA
MW02S 2 4 2,4-dichlorophenol 0.38 MG/KG U 30 NA nc NA nc NA
MW06S 2 4 2,4-dichlorophenol 0.36 MG/KG U 30 NA nc NA nc NA
MW06S 2 4 2,4-dichlorophenol 0.37 MG/KG U 30 NA nc NA nc NA
MW08S 2 4 2,4-dichlorophenol 0.41 MG/KG U 30 NA nc NA nc NA
MW14M 2 4 2,4-dichlorophenol 0.38 MG/KG U 30 NA nc NA nc NA
MW15D 2 4 2,4-dichlorophenol 0.37 MG/KG U 30 NA nc NA nc NA


SB-14-271 2 4 2,4-dichlorophenol 0.45 MG/KG U 30 NA nc NA nc NA
SB02 2 4 2,4-dichlorophenol 2.2 MG/KG U 30 NA nc NA nc NA
SB03 2 4 2,4-dichlorophenol 0.99 MG/KG U 30 NA nc NA nc NA
SS-03 2.5 3.5 2,4-dichlorophenol 0.4 MG/KG U 30 NA nc NA nc NA


MW07S 3 4 2,4-dichlorophenol 0.38 MG/KG U 30 NA nc NA nc NA
CMS-060 3 4 2,4-dichlorophenol 0.45 MG/KG U 30 NA nc NA nc NA
CMS-089 3 4 2,4-dichlorophenol 1.8 MG/KG U 30 NA nc NA nc NA
CMS-118 3 4 2,4-dichlorophenol 0.5 MG/KG U 30 NA nc NA nc NA
CMS-405 3 4 2,4-dichlorophenol 0.38 MG/KG U 30 NA nc NA nc NA
CMS-407 3 4 2,4-dichlorophenol 0.42 MG/KG U 30 NA nc NA nc NA
CMS-417 3 4 2,4-dichlorophenol 1.9 MG/KG U 30 NA nc NA nc NA
CMS-419 3 4 2,4-dichlorophenol 0.42 MG/KG U 30 NA nc NA nc NA
CMS-423 3 4 2,4-dichlorophenol 0.37 MG/KG U 30 NA nc NA nc NA
CMS-427 3 4 2,4-dichlorophenol 0.41 MG/KG U 30 NA nc NA nc NA
CMS-428 3 4 2,4-dichlorophenol 0.37 MG/KG U 30 NA nc NA nc NA
CMS-423 3 4 2,4-dichlorophenol 0.39 MG/KG U 30 NA nc NA nc NA
CMS-118 4 5 2,4-dichlorophenol 0.43 MG/KG U 30 NA nc NA nc NA
CMS-405 4 5 2,4-dichlorophenol 0.46 MG/KG U 30 NA nc NA nc NA
CMS-455 4 5 2,4-dichlorophenol 0.48 MG/KG U 30 NA nc NA nc NA


SB03 4 6 2,4-dichlorophenol 0.37 MG/KG U 30 NA nc NA nc NA
MW15D 4 6 2,4-dichlorophenol 0.4 MG/KG U 30 NA nc NA nc NA
MW01S 4 6 2,4-dichlorophenol 0.4 MG/KG U 30 NA nc NA nc NA
MW03S 4 6 2,4-dichlorophenol 0.4 MG/KG U 30 NA nc NA nc NA
MW04D 4 6 2,4-dichlorophenol 0.42 MG/KG U 30 NA nc NA nc NA
MW05S 4 6 2,4-dichlorophenol 0.82 MG/KG U 30 NA nc NA nc NA
MW06S 4 6 2,4-dichlorophenol 0.46 MG/KG U 30 NA nc NA nc NA
MW07S 4 6 2,4-dichlorophenol 0.4 MG/KG U 30 NA nc NA nc NA
MW08S 4 6 2,4-dichlorophenol 0.45 MG/KG U 30 NA nc NA nc NA
MW09S 4 6 2,4-dichlorophenol 0.85 MG/KG U 30 NA nc NA nc NA
MW15D 4 6 2,4-dichlorophenol 0.35 MG/KG U 30 NA nc NA nc NA


SB-14-271 4 6 2,4-dichlorophenol 0.4 MG/KG U 30 NA nc NA nc NA
SB02 4 6 2,4-dichlorophenol 0.83 MG/KG U 30 NA nc NA nc NA
SB03 4 6 2,4-dichlorophenol 0.38 MG/KG U 30 NA nc NA nc NA


CMS-060 0 1 2,4-dichlorophenol 0.34 MG/KG UJ 30 NA nc NA nc NA
CMS-118 0 1 2,4-dichlorophenol 0.36 MG/KG UJ 30 NA nc NA nc NA
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CMS-159 0 1 2,4-dichlorophenol 2.2 MG/KG UJ 30 NA nc NA nc NA
CMS-060 0 1 2,4-dichlorophenol 0.35 MG/KG UJ 30 NA nc NA nc NA
MW05S 2 4 2,4-dichlorophenol 0.37 MG/KG UJ 30 NA nc NA nc NA


CMS-060 4 5 2,4-dichlorophenol 0.38 MG/KG UJ 30 NA nc NA nc NA
CMS-417 3 4 2,4-dimethylphenol 0.9 MG/KG J 1400 N nc NA nc NA
CMS-419 3 4 2,4-dimethylphenol 0.14 MG/KG J 1400 N nc NA nc NA
MW15D 4 6 2,4-dimethylphenol 0.044 MG/KG J 1400 N nc NA nc NA
MW15D 4 6 2,4-dimethylphenol 0.048 MG/KG J 1400 N nc NA nc NA


SB02 4 6 2,4-dimethylphenol 0.085 MG/KG J 1400 N nc NA nc NA
SS-01 0 0 2,4-dimethylphenol 0.43 MG/KG U 1400 NA nc NA nc NA


CMW-SD-2016 0 0.5 2,4-dimethylphenol 0.8 MG/KG U 1400 NA nc NA nc NA
CMW-SD-2017 0 0.5 2,4-dimethylphenol 0.87 MG/KG U 1400 NA nc NA nc NA
CMW-SD-2018 0 0.5 2,4-dimethylphenol 2.1 MG/KG U 1400 NA nc NA nc NA
CMW-SD-2019 0 0.5 2,4-dimethylphenol 0.95 MG/KG U 1400 NA nc NA nc NA
CMW-SD-2020 0 0.5 2,4-dimethylphenol 0.46 MG/KG U 1400 NA nc NA nc NA
CMW-SD-2021 0 0.5 2,4-dimethylphenol 2.1 MG/KG U 1400 NA nc NA nc NA


CMS-089 0 1 2,4-dimethylphenol 0.67 MG/KG U 1400 NA nc NA nc NA
CMS-098 0 1 2,4-dimethylphenol 0.6 MG/KG U 1400 NA nc NA nc NA
CMS-142 0 1 2,4-dimethylphenol 0.58 MG/KG U 1400 NA nc NA nc NA
CMS-164 0 1 2,4-dimethylphenol 2 MG/KG U 1400 NA nc NA nc NA
CMS-173 0 1 2,4-dimethylphenol 1.1 MG/KG U 1400 NA nc NA nc NA
CMS-237 0 1 2,4-dimethylphenol 1.3 MG/KG U 1400 NA nc NA nc NA
CMS-405 0 1 2,4-dimethylphenol 0.35 MG/KG U 1400 NA nc NA nc NA
CMS-407 0 1 2,4-dimethylphenol 0.35 MG/KG U 1400 NA nc NA nc NA
CMS-408 0 1 2,4-dimethylphenol 0.34 MG/KG U 1400 NA nc NA nc NA
CMS-417 0 1 2,4-dimethylphenol 35 MG/KG U 1400 NA nc NA nc NA
CMS-456 0 1 2,4-dimethylphenol 0.49 MG/KG U 1400 NA nc NA nc NA
CMS-142 0 1 2,4-dimethylphenol 0.55 MG/KG U 1400 NA nc NA nc NA


RES-14-271-01 0 1 2,4-dimethylphenol 0.51 MG/KG U 1400 NA nc NA nc NA
RES-14-272-01 0 1 2,4-dimethylphenol 0.62 MG/KG U 1400 NA nc NA nc NA
RES-14-302-01 0 1 2,4-dimethylphenol 5 MG/KG U 1400 NA nc NA nc NA
RES-14-303-01 0 1 2,4-dimethylphenol 4.8 MG/KG U 1400 NA nc NA nc NA
RES-14-271-01 0 1 2,4-dimethylphenol 2.5 MG/KG U 1400 NA nc NA nc NA
RES-14-272-01 0 1 2,4-dimethylphenol 3.1 MG/KG U 1400 NA nc NA nc NA


SS-02 0 1.3 2,4-dimethylphenol 0.52 MG/KG U 1400 NA nc NA nc NA
CMS-703 0 2 2,4-dimethylphenol 6.2 MG/KG U 1400 NA nc NA nc NA


SS-06 0 2 2,4-dimethylphenol 0.84 MG/KG U 1400 NA nc NA nc NA
BV01COMP 0 4 2,4-dimethylphenol 0.38 MG/KG U 1400 NA nc NA nc NA


MW14M 1 2 2,4-dimethylphenol 0.34 MG/KG U 1400 NA nc NA nc NA
MW14M 1 2 2,4-dimethylphenol 0.34 MG/KG U 1400 NA nc NA nc NA
MW01S 1 2 2,4-dimethylphenol 0.38 MG/KG U 1400 NA nc NA nc NA
MW08S 1 2 2,4-dimethylphenol 0.42 MG/KG U 1400 NA nc NA nc NA
MW14M 1 2 2,4-dimethylphenol 0.33 MG/KG U 1400 NA nc NA nc NA
MW14M 1 2 2,4-dimethylphenol 0.33 MG/KG U 1400 NA nc NA nc NA
CMS-060 1 2 2,4-dimethylphenol 0.34 MG/KG U 1400 NA nc NA nc NA
CMS-089 1 2 2,4-dimethylphenol 0.35 MG/KG U 1400 NA nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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CMS-118 1 2 2,4-dimethylphenol 0.37 MG/KG U 1400 NA nc NA nc NA
CMS-173 1 2 2,4-dimethylphenol 0.52 MG/KG U 1400 NA nc NA nc NA
CMS-237 1 2 2,4-dimethylphenol 0.83 MG/KG U 1400 NA nc NA nc NA
CMS-405 1 2 2,4-dimethylphenol 0.63 MG/KG U 1400 NA nc NA nc NA
CMS-408 1 2 2,4-dimethylphenol 8.7 MG/KG U 1400 NA nc NA nc NA
CMS-417 1 2 2,4-dimethylphenol 35 MG/KG U 1400 NA nc NA nc NA
CMS-419 1 2 2,4-dimethylphenol 74 MG/KG U 1400 NA nc NA nc NA
CMS-423 1 2 2,4-dimethylphenol 0.35 MG/KG U 1400 NA nc NA nc NA
CMS-427 1 2 2,4-dimethylphenol 3.6 MG/KG U 1400 NA nc NA nc NA
CMS-428 1 2 2,4-dimethylphenol 0.35 MG/KG U 1400 NA nc NA nc NA
CMS-456 1 2 2,4-dimethylphenol 1.2 MG/KG U 1400 NA nc NA nc NA
CMS-405 1 2 2,4-dimethylphenol 1.2 MG/KG U 1400 NA nc NA nc NA


CMW-SD-2022 2 2.5 2,4-dimethylphenol 0.86 MG/KG U 1400 NA nc NA nc NA
CMS-060 2 3 2,4-dimethylphenol 0.36 MG/KG U 1400 NA nc NA nc NA
CMS-089 2 3 2,4-dimethylphenol 0.7 MG/KG U 1400 NA nc NA nc NA
CMS-118 2 3 2,4-dimethylphenol 0.44 MG/KG U 1400 NA nc NA nc NA
CMS-237 2 3 2,4-dimethylphenol 0.63 MG/KG U 1400 NA nc NA nc NA
CMS-405 2 3 2,4-dimethylphenol 0.64 MG/KG U 1400 NA nc NA nc NA
CMS-407 2 3 2,4-dimethylphenol 1.1 MG/KG U 1400 NA nc NA nc NA
CMS-408 2 3 2,4-dimethylphenol 0.43 MG/KG U 1400 NA nc NA nc NA
CMS-417 2 3 2,4-dimethylphenol 9.8 MG/KG U 1400 NA nc NA nc NA
CMS-455 2 3 2,4-dimethylphenol 0.4 MG/KG U 1400 NA nc NA nc NA
MW08S 2 4 2,4-dimethylphenol 0.45 MG/KG U 1400 NA nc NA nc NA


SB02 2 4 2,4-dimethylphenol 2.3 MG/KG U 1400 NA nc NA nc NA
MW01S 2 4 2,4-dimethylphenol 1.6 MG/KG U 1400 NA nc NA nc NA
MW02S 2 4 2,4-dimethylphenol 0.38 MG/KG U 1400 NA nc NA nc NA
MW06S 2 4 2,4-dimethylphenol 0.36 MG/KG U 1400 NA nc NA nc NA
MW06S 2 4 2,4-dimethylphenol 0.37 MG/KG U 1400 NA nc NA nc NA
MW08S 2 4 2,4-dimethylphenol 0.41 MG/KG U 1400 NA nc NA nc NA
MW14M 2 4 2,4-dimethylphenol 0.38 MG/KG U 1400 NA nc NA nc NA
MW15D 2 4 2,4-dimethylphenol 0.37 MG/KG U 1400 NA nc NA nc NA


SB02 2 4 2,4-dimethylphenol 2.2 MG/KG U 1400 NA nc NA nc NA
SB03 2 4 2,4-dimethylphenol 0.99 MG/KG U 1400 NA nc NA nc NA
SS-03 2.5 3.5 2,4-dimethylphenol 0.4 MG/KG U 1400 NA nc NA nc NA


MW07S 3 4 2,4-dimethylphenol 0.38 MG/KG U 1400 NA nc NA nc NA
CMS-060 3 4 2,4-dimethylphenol 0.45 MG/KG U 1400 NA nc NA nc NA
CMS-089 3 4 2,4-dimethylphenol 1.8 MG/KG U 1400 NA nc NA nc NA
CMS-118 3 4 2,4-dimethylphenol 0.5 MG/KG U 1400 NA nc NA nc NA
CMS-405 3 4 2,4-dimethylphenol 0.38 MG/KG U 1400 NA nc NA nc NA
CMS-407 3 4 2,4-dimethylphenol 0.42 MG/KG U 1400 NA nc NA nc NA
CMS-423 3 4 2,4-dimethylphenol 0.37 MG/KG U 1400 NA nc NA nc NA
CMS-427 3 4 2,4-dimethylphenol 0.41 MG/KG U 1400 NA nc NA nc NA
CMS-428 3 4 2,4-dimethylphenol 0.37 MG/KG U 1400 NA nc NA nc NA
CMS-423 3 4 2,4-dimethylphenol 0.39 MG/KG U 1400 NA nc NA nc NA
CMS-118 4 5 2,4-dimethylphenol 0.43 MG/KG U 1400 NA nc NA nc NA
CMS-405 4 5 2,4-dimethylphenol 0.46 MG/KG U 1400 NA nc NA nc NA


Interim Final CMRP Feasibility Study Report
Appendix F F-286 April 2010







Appendix F


Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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CMS-455 4 5 2,4-dimethylphenol 0.48 MG/KG U 1400 NA nc NA nc NA
SB03 4 6 2,4-dimethylphenol 0.37 MG/KG U 1400 NA nc NA nc NA


MW01S 4 6 2,4-dimethylphenol 0.4 MG/KG U 1400 NA nc NA nc NA
MW03S 4 6 2,4-dimethylphenol 0.4 MG/KG U 1400 NA nc NA nc NA
MW05S 4 6 2,4-dimethylphenol 0.82 MG/KG U 1400 NA nc NA nc NA
MW06S 4 6 2,4-dimethylphenol 0.46 MG/KG U 1400 NA nc NA nc NA
MW07S 4 6 2,4-dimethylphenol 0.4 MG/KG U 1400 NA nc NA nc NA
MW08S 4 6 2,4-dimethylphenol 0.45 MG/KG U 1400 NA nc NA nc NA
MW09S 4 6 2,4-dimethylphenol 0.85 MG/KG U 1400 NA nc NA nc NA


SB03 4 6 2,4-dimethylphenol 0.38 MG/KG U 1400 NA nc NA nc NA
CMS-060 0 1 2,4-dimethylphenol 0.34 MG/KG UJ 1400 NA nc NA nc NA
CMS-118 0 1 2,4-dimethylphenol 0.36 MG/KG UJ 1400 NA nc NA nc NA
CMS-159 0 1 2,4-dimethylphenol 2.2 MG/KG UJ 1400 NA nc NA nc NA
CMS-060 0 1 2,4-dimethylphenol 0.35 MG/KG UJ 1400 NA nc NA nc NA


CMW-SD-2022 0.5 2 2,4-dimethylphenol 4.2 MG/KG UJ 1400 NA nc NA nc NA
MW05S 1 2 2,4-dimethylphenol 0.36 MG/KG UJ 1400 NA nc NA nc NA
MW05S 1 2 2,4-dimethylphenol 0.36 MG/KG UJ 1400 NA nc NA nc NA


SB-14-271 1 2 2,4-dimethylphenol 0.4 MG/KG UJ 1400 NA nc NA nc NA
CMS-407 1 2 2,4-dimethylphenol 0.44 MG/KG UJ 1400 NA nc NA nc NA
MW05S 2 4 2,4-dimethylphenol 0.37 MG/KG UJ 1400 NA nc NA nc NA


SB-14-271 2 4 2,4-dimethylphenol 0.45 MG/KG UJ 1400 NA nc NA nc NA
CMS-060 4 5 2,4-dimethylphenol 0.38 MG/KG UJ 1400 NA nc NA nc NA
MW04D 4 6 2,4-dimethylphenol 0.42 MG/KG UJ 1400 NA nc NA nc NA


SB-14-271 4 6 2,4-dimethylphenol 0.4 MG/KG UJ 1400 NA nc NA nc NA
SS-01 0 0 2,4-dinitrophenol 1.1 MG/KG U 160 NA nc NA nc NA


CMS-405 0 1 2,4-dinitrophenol 1.7 MG/KG U 160 NA nc NA nc NA
CMS-417 0 1 2,4-dinitrophenol 170 MG/KG U 160 NA nc NA nc NA
CMS-456 0 1 2,4-dinitrophenol 2.4 MG/KG U 160 NA nc NA nc NA


RES-14-271-01 0 1 2,4-dinitrophenol 1.3 MG/KG U 160 NA nc NA nc NA
RES-14-272-01 0 1 2,4-dinitrophenol 1.6 MG/KG U 160 NA nc NA nc NA
RES-14-303-01 0 1 2,4-dinitrophenol 12 MG/KG U 160 NA nc NA nc NA
RES-14-271-01 0 1 2,4-dinitrophenol 6.3 MG/KG U 160 NA nc NA nc NA
RES-14-272-01 0 1 2,4-dinitrophenol 7.7 MG/KG U 160 NA nc NA nc NA


SS-02 0 1.3 2,4-dinitrophenol 1.3 MG/KG U 160 NA nc NA nc NA
CMS-703 0 2 2,4-dinitrophenol 30 MG/KG U 160 NA nc NA nc NA


SS-06 0 2 2,4-dinitrophenol 2.1 MG/KG U 160 NA nc NA nc NA
BV01COMP 0 4 2,4-dinitrophenol 1.8 MG/KG U 160 NA nc NA nc NA


MW05S 1 2 2,4-dinitrophenol 0.9 MG/KG U 160 NA nc NA nc NA
MW14M 1 2 2,4-dinitrophenol 0.86 MG/KG U 160 NA nc NA nc NA
MW14M 1 2 2,4-dinitrophenol 0.86 MG/KG U 160 NA nc NA nc NA
MW01S 1 2 2,4-dinitrophenol 0.95 MG/KG U 160 NA nc NA nc NA
MW05S 1 2 2,4-dinitrophenol 0.89 MG/KG U 160 NA nc NA nc NA
MW08S 1 2 2,4-dinitrophenol 1.1 MG/KG U 160 NA nc NA nc NA
MW14M 1 2 2,4-dinitrophenol 0.84 MG/KG U 160 NA nc NA nc NA
MW14M 1 2 2,4-dinitrophenol 0.84 MG/KG U 160 NA nc NA nc NA


SB-14-271 1 2 2,4-dinitrophenol 1 MG/KG U 160 NA nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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CMS-237 1 2 2,4-dinitrophenol 4 MG/KG U 160 NA nc NA nc NA
CMS-405 1 2 2,4-dinitrophenol 3.1 MG/KG U 160 NA nc NA nc NA
CMS-407 1 2 2,4-dinitrophenol 2.1 MG/KG U 160 NA nc NA nc NA
CMS-419 1 2 2,4-dinitrophenol 360 MG/KG U 160 NA nc NA nc NA
CMS-423 1 2 2,4-dinitrophenol 1.7 MG/KG U 160 NA nc NA nc NA
CMS-427 1 2 2,4-dinitrophenol 17 MG/KG U 160 NA nc NA nc NA
CMS-428 1 2 2,4-dinitrophenol 1.7 MG/KG U 160 NA nc NA nc NA
CMS-456 1 2 2,4-dinitrophenol 5.7 MG/KG U 160 NA nc NA nc NA
CMS-405 1 2 2,4-dinitrophenol 6 MG/KG U 160 NA nc NA nc NA


CMW-SD-2022 2 2.5 2,4-dinitrophenol 2.2 MG/KG U 160 NA nc NA nc NA
CMS-237 2 3 2,4-dinitrophenol 3.1 MG/KG U 160 NA nc NA nc NA
CMS-455 2 3 2,4-dinitrophenol 1.9 MG/KG U 160 NA nc NA nc NA
MW08S 2 4 2,4-dinitrophenol 1.1 MG/KG U 160 NA nc NA nc NA


SB02 2 4 2,4-dinitrophenol 5.8 MG/KG U 160 NA nc NA nc NA
MW01S 2 4 2,4-dinitrophenol 4 MG/KG U 160 NA nc NA nc NA
MW02S 2 4 2,4-dinitrophenol 0.97 MG/KG U 160 NA nc NA nc NA
MW08S 2 4 2,4-dinitrophenol 1 MG/KG U 160 NA nc NA nc NA
MW14M 2 4 2,4-dinitrophenol 0.94 MG/KG U 160 NA nc NA nc NA
MW15D 2 4 2,4-dinitrophenol 0.93 MG/KG U 160 NA nc NA nc NA


SB-14-271 2 4 2,4-dinitrophenol 1.1 MG/KG U 160 NA nc NA nc NA
SB02 2 4 2,4-dinitrophenol 5.5 MG/KG U 160 NA nc NA nc NA
SS-03 2.5 3.5 2,4-dinitrophenol 1 MG/KG U 160 NA nc NA nc NA


CMS-405 3 4 2,4-dinitrophenol 1.8 MG/KG U 160 NA nc NA nc NA
CMS-419 3 4 2,4-dinitrophenol 2 MG/KG U 160 NA nc NA nc NA
CMS-423 3 4 2,4-dinitrophenol 1.8 MG/KG U 160 NA nc NA nc NA
CMS-427 3 4 2,4-dinitrophenol 2 MG/KG U 160 NA nc NA nc NA
CMS-428 3 4 2,4-dinitrophenol 1.8 MG/KG U 160 NA nc NA nc NA
CMS-423 3 4 2,4-dinitrophenol 1.9 MG/KG U 160 NA nc NA nc NA
CMS-405 4 5 2,4-dinitrophenol 2.2 MG/KG U 160 NA nc NA nc NA
CMS-455 4 5 2,4-dinitrophenol 2.3 MG/KG U 160 NA nc NA nc NA


SB03 4 6 2,4-dinitrophenol 0.93 MG/KG U 160 NA nc NA nc NA
MW01S 4 6 2,4-dinitrophenol 1 MG/KG U 160 NA nc NA nc NA
MW03S 4 6 2,4-dinitrophenol 1 MG/KG U 160 NA nc NA nc NA
MW04D 4 6 2,4-dinitrophenol 1.1 MG/KG U 160 NA nc NA nc NA
MW08S 4 6 2,4-dinitrophenol 1.1 MG/KG U 160 NA nc NA nc NA


SB-14-271 4 6 2,4-dinitrophenol 1 MG/KG U 160 NA nc NA nc NA
SB02 4 6 2,4-dinitrophenol 2.1 MG/KG U 160 NA nc NA nc NA
SB03 4 6 2,4-dinitrophenol 0.94 MG/KG U 160 NA nc NA nc NA


CMS-4105 0 1 2,4-dinitrophenol 13 MG/KG U 160 NA nc NA nc NA
CMS-4110 0 1 2,4-dinitrophenol 16 MG/KG U 160 NA nc NA nc NA


CMW-SD-2016 0 0.5 2,4-dinitrophenol 2 MG/KG UJ 160 NA nc NA nc NA
CMW-SD-2017 0 0.5 2,4-dinitrophenol 2.2 MG/KG UJ 160 NA nc NA nc NA
CMW-SD-2018 0 0.5 2,4-dinitrophenol 5.3 MG/KG UJ 160 NA nc NA nc NA
CMW-SD-2019 0 0.5 2,4-dinitrophenol 2.4 MG/KG UJ 160 NA nc NA nc NA
CMW-SD-2020 0 0.5 2,4-dinitrophenol 1.2 MG/KG UJ 160 NA nc NA nc NA
CMW-SD-2021 0 0.5 2,4-dinitrophenol 5.2 MG/KG UJ 160 NA nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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CMS-060 0 1 2,4-dinitrophenol 1.6 MG/KG UJ 160 NA nc NA nc NA
CMS-089 0 1 2,4-dinitrophenol 3.3 MG/KG UJ 160 NA nc NA nc NA
CMS-098 0 1 2,4-dinitrophenol 2.9 MG/KG UJ 160 NA nc NA nc NA
CMS-118 0 1 2,4-dinitrophenol 1.7 MG/KG UJ 160 NA nc NA nc NA
CMS-142 0 1 2,4-dinitrophenol 2.8 MG/KG UJ 160 NA nc NA nc NA
CMS-159 0 1 2,4-dinitrophenol 11 MG/KG UJ 160 NA nc NA nc NA
CMS-164 0 1 2,4-dinitrophenol 9.8 MG/KG UJ 160 NA nc NA nc NA
CMS-173 0 1 2,4-dinitrophenol 5.3 MG/KG UJ 160 NA nc NA nc NA
CMS-237 0 1 2,4-dinitrophenol 6.2 MG/KG UJ 160 NA nc NA nc NA
CMS-407 0 1 2,4-dinitrophenol 1.7 MG/KG UJ 160 NA nc NA nc NA
CMS-408 0 1 2,4-dinitrophenol 1.7 MG/KG UJ 160 NA nc NA nc NA
CMS-142 0 1 2,4-dinitrophenol 2.7 MG/KG UJ 160 NA nc NA nc NA
CMS-060 0 1 2,4-dinitrophenol 1.7 MG/KG UJ 160 NA nc NA nc NA


RES-14-302-01 0 1 2,4-dinitrophenol 12 MG/KG UJ 160 NA nc NA nc NA
CMW-SD-2022 0.5 2 2,4-dinitrophenol 11 MG/KG UJ 160 NA nc NA nc NA


CMS-060 1 2 2,4-dinitrophenol 1.6 MG/KG UJ 160 NA nc NA nc NA
CMS-089 1 2 2,4-dinitrophenol 1.7 MG/KG UJ 160 NA nc NA nc NA
CMS-118 1 2 2,4-dinitrophenol 1.8 MG/KG UJ 160 NA nc NA nc NA
CMS-173 1 2 2,4-dinitrophenol 2.5 MG/KG UJ 160 NA nc NA nc NA
CMS-408 1 2 2,4-dinitrophenol 42 MG/KG UJ 160 NA nc NA nc NA
CMS-417 1 2 2,4-dinitrophenol 170 MG/KG UJ 160 NA nc NA nc NA
CMS-060 2 3 2,4-dinitrophenol 1.7 MG/KG UJ 160 NA nc NA nc NA
CMS-089 2 3 2,4-dinitrophenol 3.4 MG/KG UJ 160 NA nc NA nc NA
CMS-118 2 3 2,4-dinitrophenol 2.1 MG/KG UJ 160 NA nc NA nc NA
CMS-405 2 3 2,4-dinitrophenol 3.1 MG/KG UJ 160 NA nc NA nc NA
CMS-407 2 3 2,4-dinitrophenol 5.3 MG/KG UJ 160 NA nc NA nc NA
CMS-408 2 3 2,4-dinitrophenol 2.1 MG/KG UJ 160 NA nc NA nc NA
CMS-417 2 3 2,4-dinitrophenol 47 MG/KG UJ 160 NA nc NA nc NA
MW05S 2 4 2,4-dinitrophenol 0.94 MG/KG UJ 160 NA nc NA nc NA
MW06S 2 4 2,4-dinitrophenol 0.91 MG/KG UJ 160 NA nc NA nc NA
MW06S 2 4 2,4-dinitrophenol 0.92 MG/KG UJ 160 NA nc NA nc NA


SB03 2 4 2,4-dinitrophenol 2.5 MG/KG UJ 160 NA nc NA nc NA
MW07S 3 4 2,4-dinitrophenol 0.97 MG/KG UJ 160 NA nc NA nc NA


CMS-060 3 4 2,4-dinitrophenol 2.2 MG/KG UJ 160 NA nc NA nc NA
CMS-089 3 4 2,4-dinitrophenol 8.5 MG/KG UJ 160 NA nc NA nc NA
CMS-118 3 4 2,4-dinitrophenol 2.4 MG/KG UJ 160 NA nc NA nc NA
CMS-407 3 4 2,4-dinitrophenol 2.1 MG/KG UJ 160 NA nc NA nc NA
CMS-417 3 4 2,4-dinitrophenol 9.2 MG/KG UJ 160 NA nc NA nc NA
CMS-060 4 5 2,4-dinitrophenol 1.9 MG/KG UJ 160 NA nc NA nc NA
CMS-118 4 5 2,4-dinitrophenol 2.1 MG/KG UJ 160 NA nc NA nc NA
MW15D 4 6 2,4-dinitrophenol 1 MG/KG UJ 160 NA nc NA nc NA
MW05S 4 6 2,4-dinitrophenol 2.1 MG/KG UJ 160 NA nc NA nc NA
MW06S 4 6 2,4-dinitrophenol 1.2 MG/KG UJ 160 NA nc NA nc NA
MW07S 4 6 2,4-dinitrophenol 1 MG/KG UJ 160 NA nc NA nc NA
MW09S 4 6 2,4-dinitrophenol 2.1 MG/KG UJ 160 NA nc NA nc NA
MW15D 4 6 2,4-dinitrophenol 0.89 MG/KG UJ 160 NA nc NA nc NA
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SS-01 0 0 2,4-dinitrotoluene 0.43 MG/KG U 0.9 NA nc NA nc NA
CMW-SD-2016 0 0.5 2,4-dinitrotoluene 0.8 MG/KG U 0.9 NA nc NA nc NA
CMW-SD-2017 0 0.5 2,4-dinitrotoluene 0.87 MG/KG U 0.9 NA nc NA nc NA
CMW-SD-2018 0 0.5 2,4-dinitrotoluene 2.1 MG/KG U 0.9 NA nc NA nc NA
CMW-SD-2019 0 0.5 2,4-dinitrotoluene 0.95 MG/KG U 0.9 NA nc NA nc NA
CMW-SD-2020 0 0.5 2,4-dinitrotoluene 0.46 MG/KG U 0.9 NA nc NA nc NA
CMW-SD-2021 0 0.5 2,4-dinitrotoluene 2.1 MG/KG U 0.9 NA nc NA nc NA


CMS-089 0 1 2,4-dinitrotoluene 0.67 MG/KG U 0.9 NA nc NA nc NA
CMS-098 0 1 2,4-dinitrotoluene 0.6 MG/KG U 0.9 NA nc NA nc NA
CMS-142 0 1 2,4-dinitrotoluene 0.58 MG/KG U 0.9 NA nc NA nc NA
CMS-164 0 1 2,4-dinitrotoluene 2 MG/KG U 0.9 NA nc NA nc NA
CMS-173 0 1 2,4-dinitrotoluene 1.1 MG/KG U 0.9 NA nc NA nc NA
CMS-237 0 1 2,4-dinitrotoluene 1.3 MG/KG U 0.9 NA nc NA nc NA
CMS-405 0 1 2,4-dinitrotoluene 0.35 MG/KG U 0.9 NA nc NA nc NA
CMS-407 0 1 2,4-dinitrotoluene 0.35 MG/KG U 0.9 NA nc NA nc NA
CMS-408 0 1 2,4-dinitrotoluene 0.34 MG/KG U 0.9 NA nc NA nc NA
CMS-417 0 1 2,4-dinitrotoluene 35 MG/KG U 0.9 NA nc NA nc NA
CMS-456 0 1 2,4-dinitrotoluene 0.49 MG/KG U 0.9 NA nc NA nc NA
CMS-142 0 1 2,4-dinitrotoluene 0.55 MG/KG U 0.9 NA nc NA nc NA


RES-14-271-01 0 1 2,4-dinitrotoluene 0.51 MG/KG U 0.9 NA nc NA nc NA
RES-14-272-01 0 1 2,4-dinitrotoluene 0.62 MG/KG U 0.9 NA nc NA nc NA
RES-14-302-01 0 1 2,4-dinitrotoluene 5 MG/KG U 0.9 NA nc NA nc NA
RES-14-303-01 0 1 2,4-dinitrotoluene 4.8 MG/KG U 0.9 NA nc NA nc NA
RES-14-271-01 0 1 2,4-dinitrotoluene 2.5 MG/KG U 0.9 NA nc NA nc NA
RES-14-272-01 0 1 2,4-dinitrotoluene 3.1 MG/KG U 0.9 NA nc NA nc NA


SS-02 0 1.3 2,4-dinitrotoluene 0.52 MG/KG U 0.9 NA nc NA nc NA
CMS-703 0 2 2,4-dinitrotoluene 6.2 MG/KG U 0.9 NA nc NA nc NA


SS-06 0 2 2,4-dinitrotoluene 0.84 MG/KG U 0.9 NA nc NA nc NA
BV01COMP 0 4 2,4-dinitrotoluene 0.38 MG/KG U 0.9 NA nc NA nc NA


CMW-SD-2022 0.5 2 2,4-dinitrotoluene 4.2 MG/KG U 0.9 NA nc NA nc NA
MW05S 1 2 2,4-dinitrotoluene 0.36 MG/KG U 0.9 NA nc NA nc NA
MW14M 1 2 2,4-dinitrotoluene 0.34 MG/KG U 0.9 NA nc NA nc NA
MW14M 1 2 2,4-dinitrotoluene 0.34 MG/KG U 0.9 NA nc NA nc NA
MW01S 1 2 2,4-dinitrotoluene 0.38 MG/KG U 0.9 NA nc NA nc NA
MW05S 1 2 2,4-dinitrotoluene 0.36 MG/KG U 0.9 NA nc NA nc NA
MW08S 1 2 2,4-dinitrotoluene 0.42 MG/KG U 0.9 NA nc NA nc NA
MW14M 1 2 2,4-dinitrotoluene 0.33 MG/KG U 0.9 NA nc NA nc NA
MW14M 1 2 2,4-dinitrotoluene 0.33 MG/KG U 0.9 NA nc NA nc NA


SB-14-271 1 2 2,4-dinitrotoluene 0.4 MG/KG U 0.9 NA nc NA nc NA
CMS-060 1 2 2,4-dinitrotoluene 0.34 MG/KG U 0.9 NA nc NA nc NA
CMS-089 1 2 2,4-dinitrotoluene 0.35 MG/KG U 0.9 NA nc NA nc NA
CMS-118 1 2 2,4-dinitrotoluene 0.37 MG/KG U 0.9 NA nc NA nc NA
CMS-173 1 2 2,4-dinitrotoluene 0.52 MG/KG U 0.9 NA nc NA nc NA
CMS-237 1 2 2,4-dinitrotoluene 0.83 MG/KG U 0.9 NA nc NA nc NA
CMS-405 1 2 2,4-dinitrotoluene 0.63 MG/KG U 0.9 NA nc NA nc NA
CMS-407 1 2 2,4-dinitrotoluene 0.44 MG/KG U 0.9 NA nc NA nc NA
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CMS-408 1 2 2,4-dinitrotoluene 8.7 MG/KG U 0.9 NA nc NA nc NA
CMS-417 1 2 2,4-dinitrotoluene 35 MG/KG U 0.9 NA nc NA nc NA
CMS-419 1 2 2,4-dinitrotoluene 74 MG/KG U 0.9 NA nc NA nc NA
CMS-423 1 2 2,4-dinitrotoluene 0.35 MG/KG U 0.9 NA nc NA nc NA
CMS-427 1 2 2,4-dinitrotoluene 3.6 MG/KG U 0.9 NA nc NA nc NA
CMS-428 1 2 2,4-dinitrotoluene 0.35 MG/KG U 0.9 NA nc NA nc NA
CMS-456 1 2 2,4-dinitrotoluene 1.2 MG/KG U 0.9 NA nc NA nc NA
CMS-405 1 2 2,4-dinitrotoluene 1.2 MG/KG U 0.9 NA nc NA nc NA


CMW-SD-2022 2 2.5 2,4-dinitrotoluene 0.86 MG/KG U 0.9 NA nc NA nc NA
CMS-060 2 3 2,4-dinitrotoluene 0.36 MG/KG U 0.9 NA nc NA nc NA
CMS-089 2 3 2,4-dinitrotoluene 0.7 MG/KG U 0.9 NA nc NA nc NA
CMS-118 2 3 2,4-dinitrotoluene 0.44 MG/KG U 0.9 NA nc NA nc NA
CMS-237 2 3 2,4-dinitrotoluene 0.63 MG/KG U 0.9 NA nc NA nc NA
CMS-405 2 3 2,4-dinitrotoluene 0.64 MG/KG U 0.9 NA nc NA nc NA
CMS-407 2 3 2,4-dinitrotoluene 1.1 MG/KG U 0.9 NA nc NA nc NA
CMS-408 2 3 2,4-dinitrotoluene 0.43 MG/KG U 0.9 NA nc NA nc NA
CMS-417 2 3 2,4-dinitrotoluene 9.8 MG/KG U 0.9 NA nc NA nc NA
CMS-455 2 3 2,4-dinitrotoluene 0.4 MG/KG U 0.9 NA nc NA nc NA
MW08S 2 4 2,4-dinitrotoluene 0.45 MG/KG U 0.9 NA nc NA nc NA


SB02 2 4 2,4-dinitrotoluene 2.3 MG/KG U 0.9 NA nc NA nc NA
MW01S 2 4 2,4-dinitrotoluene 1.6 MG/KG U 0.9 NA nc NA nc NA
MW02S 2 4 2,4-dinitrotoluene 0.38 MG/KG U 0.9 NA nc NA nc NA
MW06S 2 4 2,4-dinitrotoluene 0.36 MG/KG U 0.9 NA nc NA nc NA
MW06S 2 4 2,4-dinitrotoluene 0.37 MG/KG U 0.9 NA nc NA nc NA
MW08S 2 4 2,4-dinitrotoluene 0.41 MG/KG U 0.9 NA nc NA nc NA
MW14M 2 4 2,4-dinitrotoluene 0.38 MG/KG U 0.9 NA nc NA nc NA
MW15D 2 4 2,4-dinitrotoluene 0.37 MG/KG U 0.9 NA nc NA nc NA


SB-14-271 2 4 2,4-dinitrotoluene 0.45 MG/KG U 0.9 NA nc NA nc NA
SB02 2 4 2,4-dinitrotoluene 2.2 MG/KG U 0.9 NA nc NA nc NA
SB03 2 4 2,4-dinitrotoluene 0.99 MG/KG U 0.9 NA nc NA nc NA
SS-03 2.5 3.5 2,4-dinitrotoluene 0.4 MG/KG U 0.9 NA nc NA nc NA


MW07S 3 4 2,4-dinitrotoluene 0.38 MG/KG U 0.9 NA nc NA nc NA
CMS-060 3 4 2,4-dinitrotoluene 0.45 MG/KG U 0.9 NA nc NA nc NA
CMS-089 3 4 2,4-dinitrotoluene 1.8 MG/KG U 0.9 NA nc NA nc NA
CMS-118 3 4 2,4-dinitrotoluene 0.5 MG/KG U 0.9 NA nc NA nc NA
CMS-405 3 4 2,4-dinitrotoluene 0.38 MG/KG U 0.9 NA nc NA nc NA
CMS-407 3 4 2,4-dinitrotoluene 0.42 MG/KG U 0.9 NA nc NA nc NA
CMS-417 3 4 2,4-dinitrotoluene 1.9 MG/KG U 0.9 NA nc NA nc NA
CMS-419 3 4 2,4-dinitrotoluene 0.42 MG/KG U 0.9 NA nc NA nc NA
CMS-423 3 4 2,4-dinitrotoluene 0.37 MG/KG U 0.9 NA nc NA nc NA
CMS-427 3 4 2,4-dinitrotoluene 0.41 MG/KG U 0.9 NA nc NA nc NA
CMS-428 3 4 2,4-dinitrotoluene 0.37 MG/KG U 0.9 NA nc NA nc NA
CMS-423 3 4 2,4-dinitrotoluene 0.39 MG/KG U 0.9 NA nc NA nc NA
CMS-118 4 5 2,4-dinitrotoluene 0.43 MG/KG U 0.9 NA nc NA nc NA
CMS-405 4 5 2,4-dinitrotoluene 0.46 MG/KG U 0.9 NA nc NA nc NA
CMS-455 4 5 2,4-dinitrotoluene 0.48 MG/KG U 0.9 NA nc NA nc NA
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SB03 4 6 2,4-dinitrotoluene 0.37 MG/KG U 0.9 NA nc NA nc NA
MW15D 4 6 2,4-dinitrotoluene 0.4 MG/KG U 0.9 NA nc NA nc NA
MW01S 4 6 2,4-dinitrotoluene 0.4 MG/KG U 0.9 NA nc NA nc NA
MW03S 4 6 2,4-dinitrotoluene 0.4 MG/KG U 0.9 NA nc NA nc NA
MW04D 4 6 2,4-dinitrotoluene 0.42 MG/KG U 0.9 NA nc NA nc NA
MW05S 4 6 2,4-dinitrotoluene 0.82 MG/KG U 0.9 NA nc NA nc NA
MW06S 4 6 2,4-dinitrotoluene 0.46 MG/KG U 0.9 NA nc NA nc NA
MW07S 4 6 2,4-dinitrotoluene 0.4 MG/KG U 0.9 NA nc NA nc NA
MW08S 4 6 2,4-dinitrotoluene 0.45 MG/KG U 0.9 NA nc NA nc NA
MW09S 4 6 2,4-dinitrotoluene 0.85 MG/KG U 0.9 NA nc NA nc NA
MW15D 4 6 2,4-dinitrotoluene 0.35 MG/KG U 0.9 NA nc NA nc NA


SB-14-271 4 6 2,4-dinitrotoluene 0.4 MG/KG U 0.9 NA nc NA nc NA
SB02 4 6 2,4-dinitrotoluene 0.83 MG/KG U 0.9 NA nc NA nc NA
SB03 4 6 2,4-dinitrotoluene 0.38 MG/KG U 0.9 NA nc NA nc NA


CMS-060 0 1 2,4-dinitrotoluene 0.34 MG/KG UJ 0.9 NA nc NA nc NA
CMS-118 0 1 2,4-dinitrotoluene 0.36 MG/KG UJ 0.9 NA nc NA nc NA
CMS-159 0 1 2,4-dinitrotoluene 2.2 MG/KG UJ 0.9 NA nc NA nc NA
CMS-060 0 1 2,4-dinitrotoluene 0.35 MG/KG UJ 0.9 NA nc NA nc NA
MW05S 2 4 2,4-dinitrotoluene 0.37 MG/KG UJ 0.9 NA nc NA nc NA


CMS-060 4 5 2,4-dinitrotoluene 0.38 MG/KG UJ 0.9 NA nc NA nc NA
SS-01 0 0 2-chlorophenol 0.43 MG/KG U 50 NA nc NA nc NA


CMW-SD-2016 0 0.5 2-chlorophenol 0.8 MG/KG U 50 NA nc NA nc NA
CMW-SD-2017 0 0.5 2-chlorophenol 0.87 MG/KG U 50 NA nc NA nc NA
CMW-SD-2018 0 0.5 2-chlorophenol 2.1 MG/KG U 50 NA nc NA nc NA
CMW-SD-2019 0 0.5 2-chlorophenol 0.95 MG/KG U 50 NA nc NA nc NA
CMW-SD-2020 0 0.5 2-chlorophenol 0.46 MG/KG U 50 NA nc NA nc NA
CMW-SD-2021 0 0.5 2-chlorophenol 2.1 MG/KG U 50 NA nc NA nc NA


CMS-089 0 1 2-chlorophenol 0.67 MG/KG U 50 NA nc NA nc NA
CMS-098 0 1 2-chlorophenol 0.6 MG/KG U 50 NA nc NA nc NA
CMS-142 0 1 2-chlorophenol 0.58 MG/KG U 50 NA nc NA nc NA
CMS-164 0 1 2-chlorophenol 2 MG/KG U 50 NA nc NA nc NA
CMS-173 0 1 2-chlorophenol 1.1 MG/KG U 50 NA nc NA nc NA
CMS-237 0 1 2-chlorophenol 1.3 MG/KG U 50 NA nc NA nc NA
CMS-405 0 1 2-chlorophenol 0.35 MG/KG U 50 NA nc NA nc NA
CMS-407 0 1 2-chlorophenol 0.35 MG/KG U 50 NA nc NA nc NA
CMS-408 0 1 2-chlorophenol 0.34 MG/KG U 50 NA nc NA nc NA
CMS-417 0 1 2-chlorophenol 35 MG/KG U 50 NA nc NA nc NA
CMS-456 0 1 2-chlorophenol 0.49 MG/KG U 50 NA nc NA nc NA
CMS-142 0 1 2-chlorophenol 0.55 MG/KG U 50 NA nc NA nc NA


RES-14-271-01 0 1 2-chlorophenol 0.51 MG/KG U 50 NA nc NA nc NA
RES-14-272-01 0 1 2-chlorophenol 0.62 MG/KG U 50 NA nc NA nc NA
RES-14-302-01 0 1 2-chlorophenol 5 MG/KG U 50 NA nc NA nc NA
RES-14-303-01 0 1 2-chlorophenol 4.8 MG/KG U 50 NA nc NA nc NA
RES-14-271-01 0 1 2-chlorophenol 2.5 MG/KG U 50 NA nc NA nc NA
RES-14-272-01 0 1 2-chlorophenol 3.1 MG/KG U 50 NA nc NA nc NA


SS-02 0 1.3 2-chlorophenol 0.52 MG/KG U 50 NA nc NA nc NA
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CMS-703 0 2 2-chlorophenol 6.2 MG/KG U 50 NA nc NA nc NA
SS-06 0 2 2-chlorophenol 0.84 MG/KG U 50 NA nc NA nc NA


BV01COMP 0 4 2-chlorophenol 0.38 MG/KG U 50 NA nc NA nc NA
CMW-SD-2022 0.5 2 2-chlorophenol 4.2 MG/KG U 50 NA nc NA nc NA


MW05S 1 2 2-chlorophenol 0.36 MG/KG U 50 NA nc NA nc NA
MW14M 1 2 2-chlorophenol 0.34 MG/KG U 50 NA nc NA nc NA
MW14M 1 2 2-chlorophenol 0.34 MG/KG U 50 NA nc NA nc NA
MW01S 1 2 2-chlorophenol 0.38 MG/KG U 50 NA nc NA nc NA
MW05S 1 2 2-chlorophenol 0.36 MG/KG U 50 NA nc NA nc NA
MW08S 1 2 2-chlorophenol 0.42 MG/KG U 50 NA nc NA nc NA
MW14M 1 2 2-chlorophenol 0.33 MG/KG U 50 NA nc NA nc NA
MW14M 1 2 2-chlorophenol 0.33 MG/KG U 50 NA nc NA nc NA


SB-14-271 1 2 2-chlorophenol 0.4 MG/KG U 50 NA nc NA nc NA
CMS-060 1 2 2-chlorophenol 0.34 MG/KG U 50 NA nc NA nc NA
CMS-089 1 2 2-chlorophenol 0.35 MG/KG U 50 NA nc NA nc NA
CMS-118 1 2 2-chlorophenol 0.37 MG/KG U 50 NA nc NA nc NA
CMS-173 1 2 2-chlorophenol 0.52 MG/KG U 50 NA nc NA nc NA
CMS-237 1 2 2-chlorophenol 0.83 MG/KG U 50 NA nc NA nc NA
CMS-405 1 2 2-chlorophenol 0.63 MG/KG U 50 NA nc NA nc NA
CMS-407 1 2 2-chlorophenol 0.44 MG/KG U 50 NA nc NA nc NA
CMS-408 1 2 2-chlorophenol 8.7 MG/KG U 50 NA nc NA nc NA
CMS-417 1 2 2-chlorophenol 35 MG/KG U 50 NA nc NA nc NA
CMS-419 1 2 2-chlorophenol 74 MG/KG U 50 NA nc NA nc NA
CMS-423 1 2 2-chlorophenol 0.35 MG/KG U 50 NA nc NA nc NA
CMS-427 1 2 2-chlorophenol 3.6 MG/KG U 50 NA nc NA nc NA
CMS-428 1 2 2-chlorophenol 0.35 MG/KG U 50 NA nc NA nc NA
CMS-456 1 2 2-chlorophenol 1.2 MG/KG U 50 NA nc NA nc NA
CMS-405 1 2 2-chlorophenol 1.2 MG/KG U 50 NA nc NA nc NA


CMW-SD-2022 2 2.5 2-chlorophenol 0.86 MG/KG U 50 NA nc NA nc NA
CMS-060 2 3 2-chlorophenol 0.36 MG/KG U 50 NA nc NA nc NA
CMS-089 2 3 2-chlorophenol 0.7 MG/KG U 50 NA nc NA nc NA
CMS-118 2 3 2-chlorophenol 0.44 MG/KG U 50 NA nc NA nc NA
CMS-237 2 3 2-chlorophenol 0.63 MG/KG U 50 NA nc NA nc NA
CMS-405 2 3 2-chlorophenol 0.64 MG/KG U 50 NA nc NA nc NA
CMS-407 2 3 2-chlorophenol 1.1 MG/KG U 50 NA nc NA nc NA
CMS-408 2 3 2-chlorophenol 0.43 MG/KG U 50 NA nc NA nc NA
CMS-417 2 3 2-chlorophenol 9.8 MG/KG U 50 NA nc NA nc NA
CMS-455 2 3 2-chlorophenol 0.4 MG/KG U 50 NA nc NA nc NA
MW08S 2 4 2-chlorophenol 0.45 MG/KG U 50 NA nc NA nc NA


SB02 2 4 2-chlorophenol 2.3 MG/KG U 50 NA nc NA nc NA
MW01S 2 4 2-chlorophenol 1.6 MG/KG U 50 NA nc NA nc NA
MW02S 2 4 2-chlorophenol 0.38 MG/KG U 50 NA nc NA nc NA
MW06S 2 4 2-chlorophenol 0.36 MG/KG U 50 NA nc NA nc NA
MW06S 2 4 2-chlorophenol 0.37 MG/KG U 50 NA nc NA nc NA
MW08S 2 4 2-chlorophenol 0.41 MG/KG U 50 NA nc NA nc NA
MW14M 2 4 2-chlorophenol 0.38 MG/KG U 50 NA nc NA nc NA
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MW15D 2 4 2-chlorophenol 0.37 MG/KG U 50 NA nc NA nc NA
SB-14-271 2 4 2-chlorophenol 0.45 MG/KG U 50 NA nc NA nc NA


SB02 2 4 2-chlorophenol 2.2 MG/KG U 50 NA nc NA nc NA
SB03 2 4 2-chlorophenol 0.99 MG/KG U 50 NA nc NA nc NA
SS-03 2.5 3.5 2-chlorophenol 0.4 MG/KG U 50 NA nc NA nc NA


MW07S 3 4 2-chlorophenol 0.38 MG/KG U 50 NA nc NA nc NA
CMS-060 3 4 2-chlorophenol 0.45 MG/KG U 50 NA nc NA nc NA
CMS-089 3 4 2-chlorophenol 1.8 MG/KG U 50 NA nc NA nc NA
CMS-118 3 4 2-chlorophenol 0.5 MG/KG U 50 NA nc NA nc NA
CMS-405 3 4 2-chlorophenol 0.38 MG/KG U 50 NA nc NA nc NA
CMS-407 3 4 2-chlorophenol 0.42 MG/KG U 50 NA nc NA nc NA
CMS-417 3 4 2-chlorophenol 1.9 MG/KG U 50 NA nc NA nc NA
CMS-419 3 4 2-chlorophenol 0.42 MG/KG U 50 NA nc NA nc NA
CMS-423 3 4 2-chlorophenol 0.37 MG/KG U 50 NA nc NA nc NA
CMS-427 3 4 2-chlorophenol 0.41 MG/KG U 50 NA nc NA nc NA
CMS-428 3 4 2-chlorophenol 0.37 MG/KG U 50 NA nc NA nc NA
CMS-423 3 4 2-chlorophenol 0.39 MG/KG U 50 NA nc NA nc NA
CMS-118 4 5 2-chlorophenol 0.43 MG/KG U 50 NA nc NA nc NA
CMS-405 4 5 2-chlorophenol 0.46 MG/KG U 50 NA nc NA nc NA
CMS-455 4 5 2-chlorophenol 0.48 MG/KG U 50 NA nc NA nc NA


SB03 4 6 2-chlorophenol 0.37 MG/KG U 50 NA nc NA nc NA
MW15D 4 6 2-chlorophenol 0.4 MG/KG U 50 NA nc NA nc NA
MW01S 4 6 2-chlorophenol 0.4 MG/KG U 50 NA nc NA nc NA
MW03S 4 6 2-chlorophenol 0.4 MG/KG U 50 NA nc NA nc NA
MW04D 4 6 2-chlorophenol 0.42 MG/KG U 50 NA nc NA nc NA
MW05S 4 6 2-chlorophenol 0.82 MG/KG U 50 NA nc NA nc NA
MW06S 4 6 2-chlorophenol 0.46 MG/KG U 50 NA nc NA nc NA
MW07S 4 6 2-chlorophenol 0.4 MG/KG U 50 NA nc NA nc NA
MW08S 4 6 2-chlorophenol 0.45 MG/KG U 50 NA nc NA nc NA
MW09S 4 6 2-chlorophenol 0.85 MG/KG U 50 NA nc NA nc NA
MW15D 4 6 2-chlorophenol 0.35 MG/KG U 50 NA nc NA nc NA


SB-14-271 4 6 2-chlorophenol 0.4 MG/KG U 50 NA nc NA nc NA
SB02 4 6 2-chlorophenol 0.83 MG/KG U 50 NA nc NA nc NA
SB03 4 6 2-chlorophenol 0.38 MG/KG U 50 NA nc NA nc NA


CMS-060 0 1 2-chlorophenol 0.34 MG/KG UJ 50 NA nc NA nc NA
CMS-118 0 1 2-chlorophenol 0.36 MG/KG UJ 50 NA nc NA nc NA
CMS-159 0 1 2-chlorophenol 2.2 MG/KG UJ 50 NA nc NA nc NA
CMS-060 0 1 2-chlorophenol 0.35 MG/KG UJ 50 NA nc NA nc NA
MW05S 2 4 2-chlorophenol 0.37 MG/KG UJ 50 NA nc NA nc NA


CMS-060 4 5 2-chlorophenol 0.38 MG/KG UJ 50 NA nc NA nc NA
CMS-4105 0 1 2-methylnaphthalene 0.493230233 MG/KG J 123 N nc NA nc NA
CMS-4110 0 1 2-methylnaphthalene 0.482442218 MG/KG J 123 N nc NA nc NA
CMS-237 0 1 2-methylnaphthalene 0.086 MG/KG J 123 N nc NA nc NA
CMS-417 0 1 2-methylnaphthalene 6.3 MG/KG J 123 N nc NA nc NA
CMS-456 0 1 2-methylnaphthalene 0.08 MG/KG J 123 N nc NA nc NA
CMS-060 0 1 2-methylnaphthalene 0.068 MG/KG J 123 N nc NA nc NA
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MW14M 1 2 2-methylnaphthalene 0.24 MG/KG J 123 N nc NA nc NA
MW14M 1 2 2-methylnaphthalene 0.24 MG/KG J 123 N nc NA nc NA
MW08S 1 2 2-methylnaphthalene 0.05 MG/KG J 123 N nc NA nc NA
MW14M 1 2 2-methylnaphthalene 0.18 MG/KG J 123 N nc NA nc NA
MW14M 1 2 2-methylnaphthalene 0.19 MG/KG J 123 N nc NA nc NA
CMS-118 1 2 2-methylnaphthalene 0.12 MG/KG J 123 N nc NA nc NA
CMS-417 1 2 2-methylnaphthalene 9.3 MG/KG J 123 N nc NA nc NA
CMS-427 1 2 2-methylnaphthalene 0.78 MG/KG J 123 N nc NA nc NA
CMS-456 1 2 2-methylnaphthalene 0.09 MG/KG J 123 N nc NA nc NA
CMS-089 2 3 2-methylnaphthalene 0.061 MG/KG J 123 N nc NA nc NA
CMS-408 2 3 2-methylnaphthalene 0.088 MG/KG J 123 N nc NA nc NA
CMS-417 2 3 2-methylnaphthalene 6.6 MG/KG J 123 N nc NA nc NA
MW06S 2 4 2-methylnaphthalene 0.21 MG/KG J 123 N nc NA nc NA
MW06S 2 4 2-methylnaphthalene 0.18 MG/KG J 123 N nc NA nc NA


CMS-405 3 4 2-methylnaphthalene 0.19 MG/KG J 123 N nc NA nc NA
CMS-423 3 4 2-methylnaphthalene 0.081 MG/KG J 123 N nc NA nc NA
MW15D 4 6 2-methylnaphthalene 0.25 MG/KG J 123 N nc NA nc NA
MW06S 4 6 2-methylnaphthalene 0.18 MG/KG J 123 N nc NA nc NA
MW15D 4 6 2-methylnaphthalene 0.21 MG/KG J 123 N nc NA nc NA


SB02 4 6 2-methylnaphthalene 0.12 MG/KG J 123 N nc NA nc NA
SS-01 0 0 2-methylnaphthalene 0.43 MG/KG U 123 NA nc NA nc NA


CMW-SD-2016 0 0.5 2-methylnaphthalene 0.8 MG/KG U 123 NA nc NA nc NA
CMW-SD-2017 0 0.5 2-methylnaphthalene 0.87 MG/KG U 123 NA nc NA nc NA
CMW-SD-2018 0 0.5 2-methylnaphthalene 2.1 MG/KG U 123 NA nc NA nc NA
CMW-SD-2019 0 0.5 2-methylnaphthalene 0.95 MG/KG U 123 NA nc NA nc NA
CMW-SD-2020 0 0.5 2-methylnaphthalene 0.46 MG/KG U 123 NA nc NA nc NA
CMW-SD-2021 0 0.5 2-methylnaphthalene 2.1 MG/KG U 123 NA nc NA nc NA


CMS-089 0 1 2-methylnaphthalene 0.67 MG/KG U 123 NA nc NA nc NA
CMS-098 0 1 2-methylnaphthalene 0.6 MG/KG U 123 NA nc NA nc NA
CMS-142 0 1 2-methylnaphthalene 0.58 MG/KG U 123 NA nc NA nc NA
CMS-164 0 1 2-methylnaphthalene 2 MG/KG U 123 NA nc NA nc NA
CMS-173 0 1 2-methylnaphthalene 1.1 MG/KG U 123 NA nc NA nc NA
CMS-405 0 1 2-methylnaphthalene 0.35 MG/KG U 123 NA nc NA nc NA
CMS-407 0 1 2-methylnaphthalene 0.35 MG/KG U 123 NA nc NA nc NA
CMS-408 0 1 2-methylnaphthalene 0.34 MG/KG U 123 NA nc NA nc NA
CMS-142 0 1 2-methylnaphthalene 0.55 MG/KG U 123 NA nc NA nc NA


RES-14-271-01 0 1 2-methylnaphthalene 0.51 MG/KG U 123 NA nc NA nc NA
RES-14-272-01 0 1 2-methylnaphthalene 0.62 MG/KG U 123 NA nc NA nc NA
RES-14-302-01 0 1 2-methylnaphthalene 5 MG/KG U 123 NA nc NA nc NA
RES-14-303-01 0 1 2-methylnaphthalene 4.8 MG/KG U 123 NA nc NA nc NA
RES-14-271-01 0 1 2-methylnaphthalene 2.5 MG/KG U 123 NA nc NA nc NA
RES-14-272-01 0 1 2-methylnaphthalene 3.1 MG/KG U 123 NA nc NA nc NA


SS-02 0 1.3 2-methylnaphthalene 0.52 MG/KG U 123 NA nc NA nc NA
CMS-703 0 2 2-methylnaphthalene 6.2 MG/KG U 123 NA nc NA nc NA


SS-06 0 2 2-methylnaphthalene 0.84 MG/KG U 123 NA nc NA nc NA
BV01COMP 0 4 2-methylnaphthalene 0.38 MG/KG U 123 NA nc NA nc NA


Interim Final CMRP Feasibility Study Report
Appendix F F-295 April 2010







Appendix F


Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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CMW-SD-2022 0.5 2 2-methylnaphthalene 4.2 MG/KG U 123 NA nc NA nc NA
MW05S 1 2 2-methylnaphthalene 0.36 MG/KG U 123 NA nc NA nc NA
MW01S 1 2 2-methylnaphthalene 0.38 MG/KG U 123 NA nc NA nc NA
MW05S 1 2 2-methylnaphthalene 0.36 MG/KG U 123 NA nc NA nc NA


SB-14-271 1 2 2-methylnaphthalene 0.4 MG/KG U 123 NA nc NA nc NA
CMS-060 1 2 2-methylnaphthalene 0.34 MG/KG U 123 NA nc NA nc NA
CMS-089 1 2 2-methylnaphthalene 0.35 MG/KG U 123 NA nc NA nc NA
CMS-173 1 2 2-methylnaphthalene 0.52 MG/KG U 123 NA nc NA nc NA
CMS-237 1 2 2-methylnaphthalene 0.83 MG/KG U 123 NA nc NA nc NA
CMS-407 1 2 2-methylnaphthalene 0.44 MG/KG U 123 NA nc NA nc NA
CMS-408 1 2 2-methylnaphthalene 8.7 MG/KG U 123 NA nc NA nc NA
CMS-419 1 2 2-methylnaphthalene 74 MG/KG U 123 NA nc NA nc NA
CMS-423 1 2 2-methylnaphthalene 0.35 MG/KG U 123 NA nc NA nc NA
CMS-428 1 2 2-methylnaphthalene 0.35 MG/KG U 123 NA nc NA nc NA
CMS-405 1 2 2-methylnaphthalene 1.2 MG/KG U 123 NA nc NA nc NA


CMW-SD-2022 2 2.5 2-methylnaphthalene 0.86 MG/KG U 123 NA nc NA nc NA
CMS-060 2 3 2-methylnaphthalene 0.36 MG/KG U 123 NA nc NA nc NA
CMS-118 2 3 2-methylnaphthalene 0.44 MG/KG U 123 NA nc NA nc NA
CMS-237 2 3 2-methylnaphthalene 0.63 MG/KG U 123 NA nc NA nc NA
CMS-405 2 3 2-methylnaphthalene 0.64 MG/KG U 123 NA nc NA nc NA
CMS-407 2 3 2-methylnaphthalene 1.1 MG/KG U 123 NA nc NA nc NA
CMS-455 2 3 2-methylnaphthalene 0.4 MG/KG U 123 NA nc NA nc NA
MW08S 2 4 2-methylnaphthalene 0.45 MG/KG U 123 NA nc NA nc NA


SB02 2 4 2-methylnaphthalene 2.3 MG/KG U 123 NA nc NA nc NA
MW01S 2 4 2-methylnaphthalene 1.6 MG/KG U 123 NA nc NA nc NA
MW02S 2 4 2-methylnaphthalene 0.38 MG/KG U 123 NA nc NA nc NA
MW08S 2 4 2-methylnaphthalene 0.41 MG/KG U 123 NA nc NA nc NA
MW14M 2 4 2-methylnaphthalene 0.38 MG/KG U 123 NA nc NA nc NA
MW15D 2 4 2-methylnaphthalene 0.37 MG/KG U 123 NA nc NA nc NA


SB-14-271 2 4 2-methylnaphthalene 0.45 MG/KG U 123 NA nc NA nc NA
SB02 2 4 2-methylnaphthalene 2.2 MG/KG U 123 NA nc NA nc NA
SB03 2 4 2-methylnaphthalene 0.99 MG/KG U 123 NA nc NA nc NA
SS-03 2.5 3.5 2-methylnaphthalene 0.4 MG/KG U 123 NA nc NA nc NA


MW07S 3 4 2-methylnaphthalene 0.38 MG/KG U 123 NA nc NA nc NA
CMS-060 3 4 2-methylnaphthalene 0.45 MG/KG U 123 NA nc NA nc NA
CMS-089 3 4 2-methylnaphthalene 1.8 MG/KG U 123 NA nc NA nc NA
CMS-118 3 4 2-methylnaphthalene 0.5 MG/KG U 123 NA nc NA nc NA
CMS-407 3 4 2-methylnaphthalene 0.42 MG/KG U 123 NA nc NA nc NA
CMS-417 3 4 2-methylnaphthalene 1.9 MG/KG U 123 NA nc NA nc NA
CMS-419 3 4 2-methylnaphthalene 0.42 MG/KG U 123 NA nc NA nc NA
CMS-427 3 4 2-methylnaphthalene 0.41 MG/KG U 123 NA nc NA nc NA
CMS-428 3 4 2-methylnaphthalene 0.37 MG/KG U 123 NA nc NA nc NA
CMS-423 3 4 2-methylnaphthalene 0.39 MG/KG U 123 NA nc NA nc NA
CMS-118 4 5 2-methylnaphthalene 0.43 MG/KG U 123 NA nc NA nc NA
CMS-405 4 5 2-methylnaphthalene 0.46 MG/KG U 123 NA nc NA nc NA
CMS-455 4 5 2-methylnaphthalene 0.48 MG/KG U 123 NA nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs


BORING TO
P_


O
F_


S
A


M
PL


E 
(ft


)


B
O


TT
O


M
_


O
F_


SA
M


PL
E 


(ft
)


PARAMETER LAB_RESULT UNITS QUAL


RIDEM Residential 
Direct Exposure 
Criteria (MG/KG)


Exceed 
Criteria 


(Y/N)


RIDEM GB 
Leachability 


Criteria 
(MG/KG)


Exceed 
Criteria 


(Y/N)


EPA's Recommended 
Residential Level for 


Dioxin (NG/KG)


Exceed 
Criteria 


(Y/N)


Potential ARARs and TBC1


SB03 4 6 2-methylnaphthalene 0.37 MG/KG U 123 NA nc NA nc NA
MW01S 4 6 2-methylnaphthalene 0.4 MG/KG U 123 NA nc NA nc NA
MW03S 4 6 2-methylnaphthalene 0.4 MG/KG U 123 NA nc NA nc NA
MW04D 4 6 2-methylnaphthalene 0.42 MG/KG U 123 NA nc NA nc NA
MW07S 4 6 2-methylnaphthalene 0.4 MG/KG U 123 NA nc NA nc NA
MW08S 4 6 2-methylnaphthalene 0.45 MG/KG U 123 NA nc NA nc NA
MW09S 4 6 2-methylnaphthalene 0.85 MG/KG U 123 NA nc NA nc NA


SB-14-271 4 6 2-methylnaphthalene 0.4 MG/KG U 123 NA nc NA nc NA
SB03 4 6 2-methylnaphthalene 0.38 MG/KG U 123 NA nc NA nc NA


GEC-6 2.5 4.5 2-methylnaphthalene 0.15 MG/KG U 123 NA nc NA nc NA
CMS-060 0 1 2-methylnaphthalene 0.34 MG/KG UJ 123 NA nc NA nc NA
CMS-118 0 1 2-methylnaphthalene 0.36 MG/KG UJ 123 NA nc NA nc NA
CMS-159 0 1 2-methylnaphthalene 2.2 MG/KG UJ 123 NA nc NA nc NA
MW05S 2 4 2-methylnaphthalene 0.24 MG/KG UJ 123 NA nc NA nc NA


CMS-060 4 5 2-methylnaphthalene 0.38 MG/KG UJ 123 NA nc NA nc NA
CMS-405 1 2 2-methylnaphthalene 0.89 MG/KG 123 N nc NA nc NA
MW05S 4 6 2-methylnaphthalene 2.4 MG/KG 123 N nc NA nc NA
SS-01 0 0 3,3'-dichlorobenzidine 0.43 MG/KG U 1.4 NA nc NA nc NA


CMS-089 0 1 3,3'-dichlorobenzidine 3.3 MG/KG U 1.4 NA nc NA nc NA
CMS-098 0 1 3,3'-dichlorobenzidine 2.9 MG/KG U 1.4 NA nc NA nc NA
CMS-142 0 1 3,3'-dichlorobenzidine 2.8 MG/KG U 1.4 NA nc NA nc NA
CMS-164 0 1 3,3'-dichlorobenzidine 9.8 MG/KG U 1.4 NA nc NA nc NA
CMS-173 0 1 3,3'-dichlorobenzidine 5.3 MG/KG U 1.4 NA nc NA nc NA
CMS-237 0 1 3,3'-dichlorobenzidine 6.2 MG/KG U 1.4 NA nc NA nc NA
CMS-405 0 1 3,3'-dichlorobenzidine 1.7 MG/KG U 1.4 NA nc NA nc NA
CMS-407 0 1 3,3'-dichlorobenzidine 1.7 MG/KG U 1.4 NA nc NA nc NA
CMS-408 0 1 3,3'-dichlorobenzidine 1.7 MG/KG U 1.4 NA nc NA nc NA
CMS-417 0 1 3,3'-dichlorobenzidine 170 MG/KG U 1.4 NA nc NA nc NA
CMS-456 0 1 3,3'-dichlorobenzidine 2.4 MG/KG U 1.4 NA nc NA nc NA
CMS-142 0 1 3,3'-dichlorobenzidine 2.7 MG/KG U 1.4 NA nc NA nc NA


RES-14-271-01 0 1 3,3'-dichlorobenzidine 0.51 MG/KG U 1.4 NA nc NA nc NA
RES-14-272-01 0 1 3,3'-dichlorobenzidine 0.62 MG/KG U 1.4 NA nc NA nc NA
RES-14-303-01 0 1 3,3'-dichlorobenzidine 4.8 MG/KG U 1.4 NA nc NA nc NA
RES-14-271-01 0 1 3,3'-dichlorobenzidine 2.5 MG/KG U 1.4 NA nc NA nc NA
RES-14-272-01 0 1 3,3'-dichlorobenzidine 3.1 MG/KG U 1.4 NA nc NA nc NA


SS-02 0 1.3 3,3'-dichlorobenzidine 0.52 MG/KG U 1.4 NA nc NA nc NA
CMS-703 0 2 3,3'-dichlorobenzidine 30 MG/KG U 1.4 NA nc NA nc NA


SS-06 0 2 3,3'-dichlorobenzidine 0.84 MG/KG U 1.4 NA nc NA nc NA
BV01COMP 0 4 3,3'-dichlorobenzidine 1.8 MG/KG U 1.4 NA nc NA nc NA


MW05S 1 2 3,3'-dichlorobenzidine 0.36 MG/KG U 1.4 NA nc NA nc NA
MW14M 1 2 3,3'-dichlorobenzidine 0.34 MG/KG U 1.4 NA nc NA nc NA
MW14M 1 2 3,3'-dichlorobenzidine 0.34 MG/KG U 1.4 NA nc NA nc NA
MW01S 1 2 3,3'-dichlorobenzidine 0.38 MG/KG U 1.4 NA nc NA nc NA
MW05S 1 2 3,3'-dichlorobenzidine 0.36 MG/KG U 1.4 NA nc NA nc NA
MW08S 1 2 3,3'-dichlorobenzidine 0.42 MG/KG U 1.4 NA nc NA nc NA
MW14M 1 2 3,3'-dichlorobenzidine 0.33 MG/KG U 1.4 NA nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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MW14M 1 2 3,3'-dichlorobenzidine 0.33 MG/KG U 1.4 NA nc NA nc NA
SB-14-271 1 2 3,3'-dichlorobenzidine 0.4 MG/KG U 1.4 NA nc NA nc NA
CMS-060 1 2 3,3'-dichlorobenzidine 1.6 MG/KG U 1.4 NA nc NA nc NA
CMS-089 1 2 3,3'-dichlorobenzidine 1.7 MG/KG U 1.4 NA nc NA nc NA
CMS-118 1 2 3,3'-dichlorobenzidine 1.8 MG/KG U 1.4 NA nc NA nc NA
CMS-173 1 2 3,3'-dichlorobenzidine 2.5 MG/KG U 1.4 NA nc NA nc NA
CMS-237 1 2 3,3'-dichlorobenzidine 4 MG/KG U 1.4 NA nc NA nc NA
CMS-405 1 2 3,3'-dichlorobenzidine 3.1 MG/KG U 1.4 NA nc NA nc NA
CMS-407 1 2 3,3'-dichlorobenzidine 2.1 MG/KG U 1.4 NA nc NA nc NA
CMS-408 1 2 3,3'-dichlorobenzidine 42 MG/KG U 1.4 NA nc NA nc NA
CMS-417 1 2 3,3'-dichlorobenzidine 170 MG/KG U 1.4 NA nc NA nc NA
CMS-419 1 2 3,3'-dichlorobenzidine 360 MG/KG U 1.4 NA nc NA nc NA
CMS-423 1 2 3,3'-dichlorobenzidine 1.7 MG/KG U 1.4 NA nc NA nc NA
CMS-427 1 2 3,3'-dichlorobenzidine 17 MG/KG U 1.4 NA nc NA nc NA
CMS-428 1 2 3,3'-dichlorobenzidine 1.7 MG/KG U 1.4 NA nc NA nc NA
CMS-456 1 2 3,3'-dichlorobenzidine 5.7 MG/KG U 1.4 NA nc NA nc NA
CMS-405 1 2 3,3'-dichlorobenzidine 6 MG/KG U 1.4 NA nc NA nc NA
CMS-060 2 3 3,3'-dichlorobenzidine 1.7 MG/KG U 1.4 NA nc NA nc NA
CMS-089 2 3 3,3'-dichlorobenzidine 3.4 MG/KG U 1.4 NA nc NA nc NA
CMS-118 2 3 3,3'-dichlorobenzidine 2.1 MG/KG U 1.4 NA nc NA nc NA
CMS-237 2 3 3,3'-dichlorobenzidine 3.1 MG/KG U 1.4 NA nc NA nc NA
CMS-405 2 3 3,3'-dichlorobenzidine 3.1 MG/KG U 1.4 NA nc NA nc NA
CMS-407 2 3 3,3'-dichlorobenzidine 5.3 MG/KG U 1.4 NA nc NA nc NA
CMS-408 2 3 3,3'-dichlorobenzidine 2.1 MG/KG U 1.4 NA nc NA nc NA
CMS-417 2 3 3,3'-dichlorobenzidine 47 MG/KG U 1.4 NA nc NA nc NA
CMS-455 2 3 3,3'-dichlorobenzidine 1.9 MG/KG U 1.4 NA nc NA nc NA
MW08S 2 4 3,3'-dichlorobenzidine 0.45 MG/KG U 1.4 NA nc NA nc NA


SB02 2 4 3,3'-dichlorobenzidine 2.3 MG/KG U 1.4 NA nc NA nc NA
MW01S 2 4 3,3'-dichlorobenzidine 1.6 MG/KG U 1.4 NA nc NA nc NA
MW02S 2 4 3,3'-dichlorobenzidine 0.38 MG/KG U 1.4 NA nc NA nc NA
MW06S 2 4 3,3'-dichlorobenzidine 0.36 MG/KG U 1.4 NA nc NA nc NA
MW06S 2 4 3,3'-dichlorobenzidine 0.37 MG/KG U 1.4 NA nc NA nc NA
MW08S 2 4 3,3'-dichlorobenzidine 0.41 MG/KG U 1.4 NA nc NA nc NA
MW14M 2 4 3,3'-dichlorobenzidine 0.38 MG/KG U 1.4 NA nc NA nc NA
MW15D 2 4 3,3'-dichlorobenzidine 0.37 MG/KG U 1.4 NA nc NA nc NA


SB-14-271 2 4 3,3'-dichlorobenzidine 0.45 MG/KG U 1.4 NA nc NA nc NA
SB02 2 4 3,3'-dichlorobenzidine 2.2 MG/KG U 1.4 NA nc NA nc NA
SB03 2 4 3,3'-dichlorobenzidine 0.99 MG/KG U 1.4 NA nc NA nc NA
SS-03 2.5 3.5 3,3'-dichlorobenzidine 0.4 MG/KG U 1.4 NA nc NA nc NA


MW07S 3 4 3,3'-dichlorobenzidine 0.38 MG/KG U 1.4 NA nc NA nc NA
CMS-060 3 4 3,3'-dichlorobenzidine 2.2 MG/KG U 1.4 NA nc NA nc NA
CMS-089 3 4 3,3'-dichlorobenzidine 8.5 MG/KG U 1.4 NA nc NA nc NA
CMS-118 3 4 3,3'-dichlorobenzidine 2.4 MG/KG U 1.4 NA nc NA nc NA
CMS-405 3 4 3,3'-dichlorobenzidine 1.8 MG/KG U 1.4 NA nc NA nc NA
CMS-407 3 4 3,3'-dichlorobenzidine 2.1 MG/KG U 1.4 NA nc NA nc NA
CMS-417 3 4 3,3'-dichlorobenzidine 9.2 MG/KG U 1.4 NA nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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CMS-419 3 4 3,3'-dichlorobenzidine 2 MG/KG U 1.4 NA nc NA nc NA
CMS-423 3 4 3,3'-dichlorobenzidine 1.8 MG/KG U 1.4 NA nc NA nc NA
CMS-427 3 4 3,3'-dichlorobenzidine 2 MG/KG U 1.4 NA nc NA nc NA
CMS-428 3 4 3,3'-dichlorobenzidine 1.8 MG/KG U 1.4 NA nc NA nc NA
CMS-423 3 4 3,3'-dichlorobenzidine 1.9 MG/KG U 1.4 NA nc NA nc NA
CMS-118 4 5 3,3'-dichlorobenzidine 2.1 MG/KG U 1.4 NA nc NA nc NA
CMS-405 4 5 3,3'-dichlorobenzidine 2.2 MG/KG U 1.4 NA nc NA nc NA
CMS-455 4 5 3,3'-dichlorobenzidine 2.3 MG/KG U 1.4 NA nc NA nc NA


SB03 4 6 3,3'-dichlorobenzidine 0.37 MG/KG U 1.4 NA nc NA nc NA
MW15D 4 6 3,3'-dichlorobenzidine 0.4 MG/KG U 1.4 NA nc NA nc NA
MW01S 4 6 3,3'-dichlorobenzidine 0.4 MG/KG U 1.4 NA nc NA nc NA
MW03S 4 6 3,3'-dichlorobenzidine 0.4 MG/KG U 1.4 NA nc NA nc NA
MW04D 4 6 3,3'-dichlorobenzidine 0.42 MG/KG U 1.4 NA nc NA nc NA
MW06S 4 6 3,3'-dichlorobenzidine 0.46 MG/KG U 1.4 NA nc NA nc NA
MW07S 4 6 3,3'-dichlorobenzidine 0.4 MG/KG U 1.4 NA nc NA nc NA
MW08S 4 6 3,3'-dichlorobenzidine 0.45 MG/KG U 1.4 NA nc NA nc NA
MW09S 4 6 3,3'-dichlorobenzidine 0.85 MG/KG U 1.4 NA nc NA nc NA
MW15D 4 6 3,3'-dichlorobenzidine 0.35 MG/KG U 1.4 NA nc NA nc NA


SB-14-271 4 6 3,3'-dichlorobenzidine 0.4 MG/KG U 1.4 NA nc NA nc NA
SB02 4 6 3,3'-dichlorobenzidine 0.83 MG/KG U 1.4 NA nc NA nc NA
SB03 4 6 3,3'-dichlorobenzidine 0.38 MG/KG U 1.4 NA nc NA nc NA


CMW-SD-2016 0 0.5 3,3'-dichlorobenzidine 0.8 MG/KG UJ 1.4 NA nc NA nc NA
CMW-SD-2017 0 0.5 3,3'-dichlorobenzidine 0.87 MG/KG UJ 1.4 NA nc NA nc NA
CMW-SD-2018 0 0.5 3,3'-dichlorobenzidine 2.1 MG/KG UJ 1.4 NA nc NA nc NA
CMW-SD-2019 0 0.5 3,3'-dichlorobenzidine 0.95 MG/KG UJ 1.4 NA nc NA nc NA
CMW-SD-2020 0 0.5 3,3'-dichlorobenzidine 0.46 MG/KG UJ 1.4 NA nc NA nc NA
CMW-SD-2021 0 0.5 3,3'-dichlorobenzidine 2.1 MG/KG UJ 1.4 NA nc NA nc NA


CMS-060 0 1 3,3'-dichlorobenzidine 1.6 MG/KG UJ 1.4 NA nc NA nc NA
CMS-118 0 1 3,3'-dichlorobenzidine 1.7 MG/KG UJ 1.4 NA nc NA nc NA
CMS-159 0 1 3,3'-dichlorobenzidine 11 MG/KG UJ 1.4 NA nc NA nc NA
CMS-060 0 1 3,3'-dichlorobenzidine 1.7 MG/KG UJ 1.4 NA nc NA nc NA


RES-14-302-01 0 1 3,3'-dichlorobenzidine 5 MG/KG UJ 1.4 NA nc NA nc NA
CMW-SD-2022 0.5 2 3,3'-dichlorobenzidine 4.2 MG/KG UJ 1.4 NA nc NA nc NA
CMW-SD-2022 2 2.5 3,3'-dichlorobenzidine 0.86 MG/KG UJ 1.4 NA nc NA nc NA


MW05S 2 4 3,3'-dichlorobenzidine 0.37 MG/KG UJ 1.4 NA nc NA nc NA
CMS-060 4 5 3,3'-dichlorobenzidine 1.9 MG/KG UJ 1.4 NA nc NA nc NA
CMS-089 1 2 4-chloroaniline 0.41 MG/KG J 310 N nc NA nc NA
CMS-456 1 2 4-chloroaniline 0.73 MG/KG J 310 N nc NA nc NA
MW15D 4 6 4-chloroaniline 0.076 MG/KG J 310 N nc NA nc NA
MW15D 4 6 4-chloroaniline 0.059 MG/KG J 310 N nc NA nc NA
SS-01 0 0 4-chloroaniline 0.43 MG/KG U 310 NA nc NA nc NA


CMW-SD-2016 0 0.5 4-chloroaniline 0.8 MG/KG U 310 NA nc NA nc NA
CMW-SD-2017 0 0.5 4-chloroaniline 0.87 MG/KG U 310 NA nc NA nc NA
CMW-SD-2018 0 0.5 4-chloroaniline 2.1 MG/KG U 310 NA nc NA nc NA
CMW-SD-2019 0 0.5 4-chloroaniline 0.95 MG/KG U 310 NA nc NA nc NA
CMW-SD-2020 0 0.5 4-chloroaniline 0.46 MG/KG U 310 NA nc NA nc NA
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CMW-SD-2021 0 0.5 4-chloroaniline 2.1 MG/KG U 310 NA nc NA nc NA
CMS-089 0 1 4-chloroaniline 0.67 MG/KG U 310 NA nc NA nc NA
CMS-098 0 1 4-chloroaniline 0.6 MG/KG U 310 NA nc NA nc NA
CMS-142 0 1 4-chloroaniline 0.58 MG/KG U 310 NA nc NA nc NA
CMS-164 0 1 4-chloroaniline 2 MG/KG U 310 NA nc NA nc NA
CMS-173 0 1 4-chloroaniline 1.1 MG/KG U 310 NA nc NA nc NA
CMS-237 0 1 4-chloroaniline 1.3 MG/KG U 310 NA nc NA nc NA
CMS-405 0 1 4-chloroaniline 0.35 MG/KG U 310 NA nc NA nc NA
CMS-407 0 1 4-chloroaniline 0.35 MG/KG U 310 NA nc NA nc NA
CMS-408 0 1 4-chloroaniline 0.34 MG/KG U 310 NA nc NA nc NA
CMS-456 0 1 4-chloroaniline 0.49 MG/KG U 310 NA nc NA nc NA
CMS-142 0 1 4-chloroaniline 0.55 MG/KG U 310 NA nc NA nc NA


RES-14-271-01 0 1 4-chloroaniline 0.51 MG/KG U 310 NA nc NA nc NA
RES-14-272-01 0 1 4-chloroaniline 0.62 MG/KG U 310 NA nc NA nc NA
RES-14-302-01 0 1 4-chloroaniline 5 MG/KG U 310 NA nc NA nc NA
RES-14-303-01 0 1 4-chloroaniline 4.8 MG/KG U 310 NA nc NA nc NA
RES-14-271-01 0 1 4-chloroaniline 2.5 MG/KG U 310 NA nc NA nc NA
RES-14-272-01 0 1 4-chloroaniline 3.1 MG/KG U 310 NA nc NA nc NA


SS-02 0 1.3 4-chloroaniline 0.52 MG/KG U 310 NA nc NA nc NA
CMS-703 0 2 4-chloroaniline 6.2 MG/KG U 310 NA nc NA nc NA


SS-06 0 2 4-chloroaniline 0.84 MG/KG U 310 NA nc NA nc NA
BV01COMP 0 4 4-chloroaniline 0.38 MG/KG U 310 NA nc NA nc NA


CMW-SD-2022 0.5 2 4-chloroaniline 4.2 MG/KG U 310 NA nc NA nc NA
MW05S 1 2 4-chloroaniline 0.36 MG/KG U 310 NA nc NA nc NA
MW14M 1 2 4-chloroaniline 0.34 MG/KG U 310 NA nc NA nc NA
MW14M 1 2 4-chloroaniline 0.34 MG/KG U 310 NA nc NA nc NA
MW01S 1 2 4-chloroaniline 0.38 MG/KG U 310 NA nc NA nc NA
MW05S 1 2 4-chloroaniline 0.36 MG/KG U 310 NA nc NA nc NA
MW08S 1 2 4-chloroaniline 0.42 MG/KG U 310 NA nc NA nc NA
MW14M 1 2 4-chloroaniline 0.33 MG/KG U 310 NA nc NA nc NA
MW14M 1 2 4-chloroaniline 0.33 MG/KG U 310 NA nc NA nc NA


SB-14-271 1 2 4-chloroaniline 0.4 MG/KG U 310 NA nc NA nc NA
CMS-060 1 2 4-chloroaniline 0.34 MG/KG U 310 NA nc NA nc NA
CMS-118 1 2 4-chloroaniline 0.37 MG/KG U 310 NA nc NA nc NA
CMS-173 1 2 4-chloroaniline 0.52 MG/KG U 310 NA nc NA nc NA
CMS-237 1 2 4-chloroaniline 0.83 MG/KG U 310 NA nc NA nc NA
CMS-405 1 2 4-chloroaniline 0.63 MG/KG U 310 NA nc NA nc NA
CMS-407 1 2 4-chloroaniline 0.44 MG/KG U 310 NA nc NA nc NA
CMS-408 1 2 4-chloroaniline 8.7 MG/KG U 310 NA nc NA nc NA
CMS-417 1 2 4-chloroaniline 35 MG/KG U 310 NA nc NA nc NA
CMS-419 1 2 4-chloroaniline 74 MG/KG U 310 NA nc NA nc NA
CMS-423 1 2 4-chloroaniline 0.35 MG/KG U 310 NA nc NA nc NA
CMS-428 1 2 4-chloroaniline 0.35 MG/KG U 310 NA nc NA nc NA
CMS-405 1 2 4-chloroaniline 1.2 MG/KG U 310 NA nc NA nc NA
CMS-060 2 3 4-chloroaniline 0.36 MG/KG U 310 NA nc NA nc NA
CMS-089 2 3 4-chloroaniline 0.7 MG/KG U 310 NA nc NA nc NA
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CMS-118 2 3 4-chloroaniline 0.44 MG/KG U 310 NA nc NA nc NA
CMS-237 2 3 4-chloroaniline 0.63 MG/KG U 310 NA nc NA nc NA
CMS-405 2 3 4-chloroaniline 0.64 MG/KG U 310 NA nc NA nc NA
CMS-407 2 3 4-chloroaniline 1.1 MG/KG U 310 NA nc NA nc NA
CMS-408 2 3 4-chloroaniline 0.43 MG/KG U 310 NA nc NA nc NA
CMS-417 2 3 4-chloroaniline 9.8 MG/KG U 310 NA nc NA nc NA
CMS-455 2 3 4-chloroaniline 0.4 MG/KG U 310 NA nc NA nc NA
MW08S 2 4 4-chloroaniline 0.45 MG/KG U 310 NA nc NA nc NA


SB02 2 4 4-chloroaniline 2.3 MG/KG U 310 NA nc NA nc NA
MW01S 2 4 4-chloroaniline 1.6 MG/KG U 310 NA nc NA nc NA
MW02S 2 4 4-chloroaniline 0.38 MG/KG U 310 NA nc NA nc NA
MW06S 2 4 4-chloroaniline 0.36 MG/KG U 310 NA nc NA nc NA
MW06S 2 4 4-chloroaniline 0.37 MG/KG U 310 NA nc NA nc NA
MW08S 2 4 4-chloroaniline 0.41 MG/KG U 310 NA nc NA nc NA
MW14M 2 4 4-chloroaniline 0.38 MG/KG U 310 NA nc NA nc NA
MW15D 2 4 4-chloroaniline 0.37 MG/KG U 310 NA nc NA nc NA


SB-14-271 2 4 4-chloroaniline 0.45 MG/KG U 310 NA nc NA nc NA
SB02 2 4 4-chloroaniline 2.2 MG/KG U 310 NA nc NA nc NA
SB03 2 4 4-chloroaniline 0.99 MG/KG U 310 NA nc NA nc NA
SS-03 2.5 3.5 4-chloroaniline 0.4 MG/KG U 310 NA nc NA nc NA


MW07S 3 4 4-chloroaniline 0.38 MG/KG U 310 NA nc NA nc NA
CMS-060 3 4 4-chloroaniline 0.45 MG/KG U 310 NA nc NA nc NA
CMS-089 3 4 4-chloroaniline 1.8 MG/KG U 310 NA nc NA nc NA
CMS-118 3 4 4-chloroaniline 0.5 MG/KG U 310 NA nc NA nc NA
CMS-405 3 4 4-chloroaniline 0.38 MG/KG U 310 NA nc NA nc NA
CMS-407 3 4 4-chloroaniline 0.42 MG/KG U 310 NA nc NA nc NA
CMS-417 3 4 4-chloroaniline 1.9 MG/KG U 310 NA nc NA nc NA
CMS-419 3 4 4-chloroaniline 0.42 MG/KG U 310 NA nc NA nc NA
CMS-423 3 4 4-chloroaniline 0.37 MG/KG U 310 NA nc NA nc NA
CMS-427 3 4 4-chloroaniline 0.41 MG/KG U 310 NA nc NA nc NA
CMS-428 3 4 4-chloroaniline 0.37 MG/KG U 310 NA nc NA nc NA
CMS-423 3 4 4-chloroaniline 0.39 MG/KG U 310 NA nc NA nc NA
CMS-118 4 5 4-chloroaniline 0.43 MG/KG U 310 NA nc NA nc NA
CMS-405 4 5 4-chloroaniline 0.46 MG/KG U 310 NA nc NA nc NA
CMS-455 4 5 4-chloroaniline 0.48 MG/KG U 310 NA nc NA nc NA


SB03 4 6 4-chloroaniline 0.37 MG/KG U 310 NA nc NA nc NA
MW01S 4 6 4-chloroaniline 0.4 MG/KG U 310 NA nc NA nc NA
MW03S 4 6 4-chloroaniline 0.4 MG/KG U 310 NA nc NA nc NA
MW04D 4 6 4-chloroaniline 0.42 MG/KG U 310 NA nc NA nc NA
MW05S 4 6 4-chloroaniline 0.82 MG/KG U 310 NA nc NA nc NA
MW06S 4 6 4-chloroaniline 0.46 MG/KG U 310 NA nc NA nc NA
MW07S 4 6 4-chloroaniline 0.4 MG/KG U 310 NA nc NA nc NA
MW08S 4 6 4-chloroaniline 0.45 MG/KG U 310 NA nc NA nc NA
MW09S 4 6 4-chloroaniline 0.85 MG/KG U 310 NA nc NA nc NA


SB-14-271 4 6 4-chloroaniline 0.4 MG/KG U 310 NA nc NA nc NA
SB02 4 6 4-chloroaniline 0.83 MG/KG U 310 NA nc NA nc NA
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SB03 4 6 4-chloroaniline 0.38 MG/KG U 310 NA nc NA nc NA
CMS-060 0 1 4-chloroaniline 0.34 MG/KG UJ 310 NA nc NA nc NA
CMS-118 0 1 4-chloroaniline 0.36 MG/KG UJ 310 NA nc NA nc NA
CMS-159 0 1 4-chloroaniline 2.2 MG/KG UJ 310 NA nc NA nc NA
CMS-060 0 1 4-chloroaniline 0.35 MG/KG UJ 310 NA nc NA nc NA


CMW-SD-2022 2 2.5 4-chloroaniline 0.86 MG/KG UJ 310 NA nc NA nc NA
MW05S 2 4 4-chloroaniline 0.37 MG/KG UJ 310 NA nc NA nc NA


CMS-060 4 5 4-chloroaniline 0.38 MG/KG UJ 310 NA nc NA nc NA
CMS-417 0 1 4-chloroaniline 280 MG/KG 310 N nc NA nc NA
CMS-427 1 2 4-chloroaniline 6.1 MG/KG 310 N nc NA nc NA
CMS-4105 0 1 Acenaphthene 0.33639462 MG/KG J 43 N nc NA nc NA
CMS-4110 0 1 Acenaphthene 0.273617478 MG/KG J 43 N nc NA nc NA


CMW-SD-2016 0 0.5 Acenaphthene 0.17 MG/KG J 43 N nc NA nc NA
CMW-SD-2018 0 0.5 Acenaphthene 0.94 MG/KG J 43 N nc NA nc NA


CMS-060 0 1 Acenaphthene 0.062 MG/KG J 43 N nc NA nc NA
CMS-089 0 1 Acenaphthene 0.1 MG/KG J 43 N nc NA nc NA
CMS-118 0 1 Acenaphthene 0.1 MG/KG J 43 N nc NA nc NA
CMS-405 0 1 Acenaphthene 0.22 MG/KG J 43 N nc NA nc NA
CMS-407 0 1 Acenaphthene 0.1 MG/KG J 43 N nc NA nc NA
CMS-417 0 1 Acenaphthene 4.3 MG/KG J 43 N nc NA nc NA
CMS-456 0 1 Acenaphthene 0.16 MG/KG J 43 N nc NA nc NA
CMS-060 0 1 Acenaphthene 0.076 MG/KG J 43 N nc NA nc NA


BV01COMP 0 4 Acenaphthene 0.074 MG/KG J 43 N nc NA nc NA
MW14M 1 2 Acenaphthene 0.041 MG/KG J 43 N nc NA nc NA
MW14M 1 2 Acenaphthene 0.044 MG/KG J 43 N nc NA nc NA
MW01S 1 2 Acenaphthene 0.076 MG/KG J 43 N nc NA nc NA


CMS-405 1 2 Acenaphthene 0.33 MG/KG J 43 N nc NA nc NA
CMS-407 1 2 Acenaphthene 0.27 MG/KG J 43 N nc NA nc NA
CMS-456 1 2 Acenaphthene 0.18 MG/KG J 43 N nc NA nc NA
CMS-407 2 3 Acenaphthene 0.17 MG/KG J 43 N nc NA nc NA
CMS-408 2 3 Acenaphthene 0.14 MG/KG J 43 N nc NA nc NA
CMS-455 2 3 Acenaphthene 0.084 MG/KG J 43 N nc NA nc NA
MW05S 2 4 Acenaphthene 0.95 MG/KG J 43 N nc NA nc NA
MW06S 2 4 Acenaphthene 0.23 MG/KG J 43 N nc NA nc NA
MW06S 2 4 Acenaphthene 0.17 MG/KG J 43 N nc NA nc NA


SB03 2 4 Acenaphthene 0.39 MG/KG J 43 N nc NA nc NA
MW07S 3 4 Acenaphthene 0.08 MG/KG J 43 N nc NA nc NA


CMS-089 3 4 Acenaphthene 0.3 MG/KG J 43 N nc NA nc NA
CMS-405 3 4 Acenaphthene 0.17 MG/KG J 43 N nc NA nc NA
MW15D 4 6 Acenaphthene 0.068 MG/KG J 43 N nc NA nc NA
MW01S 4 6 Acenaphthene 0.11 MG/KG J 43 N nc NA nc NA
MW03S 4 6 Acenaphthene 0.13 MG/KG J 43 N nc NA nc NA
MW06S 4 6 Acenaphthene 0.087 MG/KG J 43 N nc NA nc NA
MW07S 4 6 Acenaphthene 0.068 MG/KG J 43 N nc NA nc NA
MW15D 4 6 Acenaphthene 0.049 MG/KG J 43 N nc NA nc NA
SS-01 0 0 Acenaphthene 0.43 MG/KG U 43 NA nc NA nc NA
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CMW-SD-2017 0 0.5 Acenaphthene 0.87 MG/KG U 43 NA nc NA nc NA
CMW-SD-2019 0 0.5 Acenaphthene 0.95 MG/KG U 43 NA nc NA nc NA
CMW-SD-2020 0 0.5 Acenaphthene 0.46 MG/KG U 43 NA nc NA nc NA
CMW-SD-2021 0 0.5 Acenaphthene 2.1 MG/KG U 43 NA nc NA nc NA


CMS-098 0 1 Acenaphthene 0.6 MG/KG U 43 NA nc NA nc NA
CMS-142 0 1 Acenaphthene 0.58 MG/KG U 43 NA nc NA nc NA
CMS-164 0 1 Acenaphthene 2 MG/KG U 43 NA nc NA nc NA
CMS-173 0 1 Acenaphthene 1.1 MG/KG U 43 NA nc NA nc NA
CMS-237 0 1 Acenaphthene 1.3 MG/KG U 43 NA nc NA nc NA
CMS-408 0 1 Acenaphthene 0.34 MG/KG U 43 NA nc NA nc NA
CMS-142 0 1 Acenaphthene 0.55 MG/KG U 43 NA nc NA nc NA


RES-14-271-01 0 1 Acenaphthene 0.51 MG/KG U 43 NA nc NA nc NA
RES-14-272-01 0 1 Acenaphthene 0.62 MG/KG U 43 NA nc NA nc NA
RES-14-302-01 0 1 Acenaphthene 5 MG/KG U 43 NA nc NA nc NA
RES-14-271-01 0 1 Acenaphthene 2.5 MG/KG U 43 NA nc NA nc NA
RES-14-272-01 0 1 Acenaphthene 3.1 MG/KG U 43 NA nc NA nc NA


SS-02 0 1.3 Acenaphthene 0.52 MG/KG U 43 NA nc NA nc NA
CMS-703 0 2 Acenaphthene 6.2 MG/KG U 43 NA nc NA nc NA


SS-06 0 2 Acenaphthene 0.84 MG/KG U 43 NA nc NA nc NA
CMW-SD-2022 0.5 2 Acenaphthene 4.2 MG/KG U 43 NA nc NA nc NA


MW05S 1 2 Acenaphthene 0.36 MG/KG U 43 NA nc NA nc NA
MW05S 1 2 Acenaphthene 0.36 MG/KG U 43 NA nc NA nc NA
MW08S 1 2 Acenaphthene 0.42 MG/KG U 43 NA nc NA nc NA
MW14M 1 2 Acenaphthene 0.33 MG/KG U 43 NA nc NA nc NA
MW14M 1 2 Acenaphthene 0.33 MG/KG U 43 NA nc NA nc NA


SB-14-271 1 2 Acenaphthene 0.4 MG/KG U 43 NA nc NA nc NA
CMS-060 1 2 Acenaphthene 0.34 MG/KG U 43 NA nc NA nc NA
CMS-089 1 2 Acenaphthene 0.35 MG/KG U 43 NA nc NA nc NA
CMS-173 1 2 Acenaphthene 0.52 MG/KG U 43 NA nc NA nc NA
CMS-237 1 2 Acenaphthene 0.83 MG/KG U 43 NA nc NA nc NA
CMS-408 1 2 Acenaphthene 8.7 MG/KG U 43 NA nc NA nc NA
CMS-417 1 2 Acenaphthene 35 MG/KG U 43 NA nc NA nc NA
CMS-419 1 2 Acenaphthene 74 MG/KG U 43 NA nc NA nc NA
CMS-423 1 2 Acenaphthene 0.35 MG/KG U 43 NA nc NA nc NA
CMS-427 1 2 Acenaphthene 3.6 MG/KG U 43 NA nc NA nc NA
CMS-428 1 2 Acenaphthene 0.35 MG/KG U 43 NA nc NA nc NA
CMS-405 1 2 Acenaphthene 1.2 MG/KG U 43 NA nc NA nc NA


CMW-SD-2022 2 2.5 Acenaphthene 0.86 MG/KG U 43 NA nc NA nc NA
CMS-060 2 3 Acenaphthene 0.36 MG/KG U 43 NA nc NA nc NA
CMS-089 2 3 Acenaphthene 0.7 MG/KG U 43 NA nc NA nc NA
CMS-118 2 3 Acenaphthene 0.44 MG/KG U 43 NA nc NA nc NA
CMS-237 2 3 Acenaphthene 0.63 MG/KG U 43 NA nc NA nc NA
CMS-405 2 3 Acenaphthene 0.64 MG/KG U 43 NA nc NA nc NA
CMS-417 2 3 Acenaphthene 9.8 MG/KG U 43 NA nc NA nc NA
MW08S 2 4 Acenaphthene 0.45 MG/KG U 43 NA nc NA nc NA


SB02 2 4 Acenaphthene 2.3 MG/KG U 43 NA nc NA nc NA
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MW01S 2 4 Acenaphthene 1.6 MG/KG U 43 NA nc NA nc NA
MW02S 2 4 Acenaphthene 0.38 MG/KG U 43 NA nc NA nc NA
MW08S 2 4 Acenaphthene 0.41 MG/KG U 43 NA nc NA nc NA
MW14M 2 4 Acenaphthene 0.38 MG/KG U 43 NA nc NA nc NA
MW15D 2 4 Acenaphthene 0.37 MG/KG U 43 NA nc NA nc NA


SB-14-271 2 4 Acenaphthene 0.45 MG/KG U 43 NA nc NA nc NA
SB02 2 4 Acenaphthene 2.2 MG/KG U 43 NA nc NA nc NA
SS-03 2.5 3.5 Acenaphthene 0.4 MG/KG U 43 NA nc NA nc NA


CMS-060 3 4 Acenaphthene 0.45 MG/KG U 43 NA nc NA nc NA
CMS-118 3 4 Acenaphthene 0.5 MG/KG U 43 NA nc NA nc NA
CMS-407 3 4 Acenaphthene 0.42 MG/KG U 43 NA nc NA nc NA
CMS-417 3 4 Acenaphthene 1.9 MG/KG U 43 NA nc NA nc NA
CMS-419 3 4 Acenaphthene 0.42 MG/KG U 43 NA nc NA nc NA
CMS-423 3 4 Acenaphthene 0.37 MG/KG U 43 NA nc NA nc NA
CMS-427 3 4 Acenaphthene 0.41 MG/KG U 43 NA nc NA nc NA
CMS-428 3 4 Acenaphthene 0.37 MG/KG U 43 NA nc NA nc NA
CMS-423 3 4 Acenaphthene 0.39 MG/KG U 43 NA nc NA nc NA
CMS-118 4 5 Acenaphthene 0.43 MG/KG U 43 NA nc NA nc NA
CMS-405 4 5 Acenaphthene 0.46 MG/KG U 43 NA nc NA nc NA
CMS-455 4 5 Acenaphthene 0.48 MG/KG U 43 NA nc NA nc NA


SB03 4 6 Acenaphthene 0.37 MG/KG U 43 NA nc NA nc NA
MW04D 4 6 Acenaphthene 0.42 MG/KG U 43 NA nc NA nc NA
MW05S 4 6 Acenaphthene 0.82 MG/KG U 43 NA nc NA nc NA
MW08S 4 6 Acenaphthene 0.45 MG/KG U 43 NA nc NA nc NA
MW09S 4 6 Acenaphthene 0.85 MG/KG U 43 NA nc NA nc NA


SB-14-271 4 6 Acenaphthene 0.4 MG/KG U 43 NA nc NA nc NA
SB02 4 6 Acenaphthene 0.83 MG/KG U 43 NA nc NA nc NA
SB03 4 6 Acenaphthene 0.38 MG/KG U 43 NA nc NA nc NA


CMS-159 0 1 Acenaphthene 2.2 MG/KG UJ 43 NA nc NA nc NA
RES-14-303-01 0 1 Acenaphthene 4.8 MG/KG UJ 43 NA nc NA nc NA


CMS-060 4 5 Acenaphthene 0.38 MG/KG UJ 43 NA nc NA nc NA
CMS-118 1 2 Acenaphthene 0.4 MG/KG 43 N nc NA nc NA
CMS-4105 0 1 Acenaphthylene 1.300420261 MG/KG J 23 N nc NA nc NA
CMS-4110 0 1 Acenaphthylene 0.930315786 MG/KG J 23 N nc NA nc NA
CMS-060 0 1 Acenaphthylene 0.17 MG/KG J 23 N nc NA nc NA
CMS-118 0 1 Acenaphthylene 0.07 MG/KG J 23 N nc NA nc NA
CMS-159 0 1 Acenaphthylene 0.75 MG/KG J 23 N nc NA nc NA
CMS-456 0 1 Acenaphthylene 0.28 MG/KG J 23 N nc NA nc NA
CMS-060 0 1 Acenaphthylene 0.29 MG/KG J 23 N nc NA nc NA
MW01S 1 2 Acenaphthylene 0.11 MG/KG J 23 N nc NA nc NA


SB-14-271 1 2 Acenaphthylene 0.06 MG/KG J 23 N nc NA nc NA
CMS-060 1 2 Acenaphthylene 0.085 MG/KG J 23 N nc NA nc NA
CMS-089 1 2 Acenaphthylene 0.091 MG/KG J 23 N nc NA nc NA
CMS-118 1 2 Acenaphthylene 0.067 MG/KG J 23 N nc NA nc NA
CMS-237 1 2 Acenaphthylene 0.11 MG/KG J 23 N nc NA nc NA
CMS-405 1 2 Acenaphthylene 4.4 MG/KG J 23 N nc NA nc NA
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CMS-456 1 2 Acenaphthylene 0.53 MG/KG J 23 N nc NA nc NA
CMS-405 1 2 Acenaphthylene 0.39 MG/KG J 23 N nc NA nc NA
CMS-089 2 3 Acenaphthylene 0.13 MG/KG J 23 N nc NA nc NA
CMS-237 2 3 Acenaphthylene 0.58 MG/KG J 23 N nc NA nc NA
CMS-407 2 3 Acenaphthylene 0.36 MG/KG J 23 N nc NA nc NA
CMS-455 2 3 Acenaphthylene 0.13 MG/KG J 23 N nc NA nc NA
MW08S 2 4 Acenaphthylene 0.066 MG/KG J 23 N nc NA nc NA
MW05S 2 4 Acenaphthylene 0.11 MG/KG J 23 N nc NA nc NA
MW08S 2 4 Acenaphthylene 0.045 MG/KG J 23 N nc NA nc NA


SB03 2 4 Acenaphthylene 0.17 MG/KG J 23 N nc NA nc NA
MW07S 3 4 Acenaphthylene 0.092 MG/KG J 23 N nc NA nc NA


CMS-089 3 4 Acenaphthylene 0.58 MG/KG J 23 N nc NA nc NA
CMS-405 3 4 Acenaphthylene 0.25 MG/KG J 23 N nc NA nc NA
CMS-423 3 4 Acenaphthylene 0.12 MG/KG J 23 N nc NA nc NA
MW15D 4 6 Acenaphthylene 0.26 MG/KG J 23 N nc NA nc NA
MW01S 4 6 Acenaphthylene 0.14 MG/KG J 23 N nc NA nc NA
MW03S 4 6 Acenaphthylene 0.14 MG/KG J 23 N nc NA nc NA
MW09S 4 6 Acenaphthylene 0.13 MG/KG J 23 N nc NA nc NA
MW15D 4 6 Acenaphthylene 0.31 MG/KG J 23 N nc NA nc NA
SS-01 0 0 Acenaphthylene 0.43 MG/KG U 23 NA nc NA nc NA


CMW-SD-2016 0 0.5 Acenaphthylene 0.8 MG/KG U 23 NA nc NA nc NA
CMW-SD-2017 0 0.5 Acenaphthylene 0.87 MG/KG U 23 NA nc NA nc NA
CMW-SD-2018 0 0.5 Acenaphthylene 2.1 MG/KG U 23 NA nc NA nc NA
CMW-SD-2019 0 0.5 Acenaphthylene 0.95 MG/KG U 23 NA nc NA nc NA
CMW-SD-2020 0 0.5 Acenaphthylene 0.46 MG/KG U 23 NA nc NA nc NA
CMW-SD-2021 0 0.5 Acenaphthylene 2.1 MG/KG U 23 NA nc NA nc NA


CMS-089 0 1 Acenaphthylene 0.67 MG/KG U 23 NA nc NA nc NA
CMS-098 0 1 Acenaphthylene 0.6 MG/KG U 23 NA nc NA nc NA
CMS-142 0 1 Acenaphthylene 0.58 MG/KG U 23 NA nc NA nc NA
CMS-164 0 1 Acenaphthylene 2 MG/KG U 23 NA nc NA nc NA
CMS-173 0 1 Acenaphthylene 1.1 MG/KG U 23 NA nc NA nc NA
CMS-237 0 1 Acenaphthylene 1.3 MG/KG U 23 NA nc NA nc NA
CMS-405 0 1 Acenaphthylene 0.35 MG/KG U 23 NA nc NA nc NA
CMS-407 0 1 Acenaphthylene 0.35 MG/KG U 23 NA nc NA nc NA
CMS-408 0 1 Acenaphthylene 0.34 MG/KG U 23 NA nc NA nc NA
CMS-417 0 1 Acenaphthylene 35 MG/KG U 23 NA nc NA nc NA
CMS-142 0 1 Acenaphthylene 0.55 MG/KG U 23 NA nc NA nc NA


RES-14-271-01 0 1 Acenaphthylene 0.51 MG/KG U 23 NA nc NA nc NA
RES-14-272-01 0 1 Acenaphthylene 0.62 MG/KG U 23 NA nc NA nc NA
RES-14-302-01 0 1 Acenaphthylene 5 MG/KG U 23 NA nc NA nc NA
RES-14-303-01 0 1 Acenaphthylene 4.8 MG/KG U 23 NA nc NA nc NA
RES-14-271-01 0 1 Acenaphthylene 2.5 MG/KG U 23 NA nc NA nc NA
RES-14-272-01 0 1 Acenaphthylene 3.1 MG/KG U 23 NA nc NA nc NA


SS-02 0 1.3 Acenaphthylene 0.52 MG/KG U 23 NA nc NA nc NA
CMS-703 0 2 Acenaphthylene 6.2 MG/KG U 23 NA nc NA nc NA


SS-06 0 2 Acenaphthylene 0.84 MG/KG U 23 NA nc NA nc NA
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BV01COMP 0 4 Acenaphthylene 0.38 MG/KG U 23 NA nc NA nc NA
CMW-SD-2022 0.5 2 Acenaphthylene 4.2 MG/KG U 23 NA nc NA nc NA


MW05S 1 2 Acenaphthylene 0.36 MG/KG U 23 NA nc NA nc NA
MW14M 1 2 Acenaphthylene 0.34 MG/KG U 23 NA nc NA nc NA
MW14M 1 2 Acenaphthylene 0.34 MG/KG U 23 NA nc NA nc NA
MW05S 1 2 Acenaphthylene 0.36 MG/KG U 23 NA nc NA nc NA
MW08S 1 2 Acenaphthylene 0.42 MG/KG U 23 NA nc NA nc NA
MW14M 1 2 Acenaphthylene 0.33 MG/KG U 23 NA nc NA nc NA
MW14M 1 2 Acenaphthylene 0.33 MG/KG U 23 NA nc NA nc NA
CMS-173 1 2 Acenaphthylene 0.52 MG/KG U 23 NA nc NA nc NA
CMS-407 1 2 Acenaphthylene 0.44 MG/KG U 23 NA nc NA nc NA
CMS-408 1 2 Acenaphthylene 8.7 MG/KG U 23 NA nc NA nc NA
CMS-417 1 2 Acenaphthylene 35 MG/KG U 23 NA nc NA nc NA
CMS-419 1 2 Acenaphthylene 74 MG/KG U 23 NA nc NA nc NA
CMS-423 1 2 Acenaphthylene 0.35 MG/KG U 23 NA nc NA nc NA
CMS-427 1 2 Acenaphthylene 3.6 MG/KG U 23 NA nc NA nc NA
CMS-428 1 2 Acenaphthylene 0.35 MG/KG U 23 NA nc NA nc NA


CMW-SD-2022 2 2.5 Acenaphthylene 0.86 MG/KG U 23 NA nc NA nc NA
CMS-060 2 3 Acenaphthylene 0.36 MG/KG U 23 NA nc NA nc NA
CMS-118 2 3 Acenaphthylene 0.44 MG/KG U 23 NA nc NA nc NA
CMS-405 2 3 Acenaphthylene 0.64 MG/KG U 23 NA nc NA nc NA
CMS-408 2 3 Acenaphthylene 0.43 MG/KG U 23 NA nc NA nc NA
CMS-417 2 3 Acenaphthylene 9.8 MG/KG U 23 NA nc NA nc NA


SB02 2 4 Acenaphthylene 2.3 MG/KG U 23 NA nc NA nc NA
MW01S 2 4 Acenaphthylene 1.6 MG/KG U 23 NA nc NA nc NA
MW02S 2 4 Acenaphthylene 0.38 MG/KG U 23 NA nc NA nc NA
MW06S 2 4 Acenaphthylene 0.36 MG/KG U 23 NA nc NA nc NA
MW06S 2 4 Acenaphthylene 0.37 MG/KG U 23 NA nc NA nc NA
MW14M 2 4 Acenaphthylene 0.38 MG/KG U 23 NA nc NA nc NA
MW15D 2 4 Acenaphthylene 0.37 MG/KG U 23 NA nc NA nc NA


SB-14-271 2 4 Acenaphthylene 0.45 MG/KG U 23 NA nc NA nc NA
SB02 2 4 Acenaphthylene 2.2 MG/KG U 23 NA nc NA nc NA
SS-03 2.5 3.5 Acenaphthylene 0.4 MG/KG U 23 NA nc NA nc NA


CMS-060 3 4 Acenaphthylene 0.45 MG/KG U 23 NA nc NA nc NA
CMS-118 3 4 Acenaphthylene 0.5 MG/KG U 23 NA nc NA nc NA
CMS-407 3 4 Acenaphthylene 0.42 MG/KG U 23 NA nc NA nc NA
CMS-417 3 4 Acenaphthylene 1.9 MG/KG U 23 NA nc NA nc NA
CMS-419 3 4 Acenaphthylene 0.42 MG/KG U 23 NA nc NA nc NA
CMS-427 3 4 Acenaphthylene 0.41 MG/KG U 23 NA nc NA nc NA
CMS-428 3 4 Acenaphthylene 0.37 MG/KG U 23 NA nc NA nc NA
CMS-423 3 4 Acenaphthylene 0.39 MG/KG U 23 NA nc NA nc NA
CMS-118 4 5 Acenaphthylene 0.43 MG/KG U 23 NA nc NA nc NA
CMS-405 4 5 Acenaphthylene 0.46 MG/KG U 23 NA nc NA nc NA
CMS-455 4 5 Acenaphthylene 0.48 MG/KG U 23 NA nc NA nc NA


SB03 4 6 Acenaphthylene 0.37 MG/KG U 23 NA nc NA nc NA
MW04D 4 6 Acenaphthylene 0.42 MG/KG U 23 NA nc NA nc NA
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MW05S 4 6 Acenaphthylene 0.82 MG/KG U 23 NA nc NA nc NA
MW06S 4 6 Acenaphthylene 0.46 MG/KG U 23 NA nc NA nc NA
MW07S 4 6 Acenaphthylene 0.4 MG/KG U 23 NA nc NA nc NA
MW08S 4 6 Acenaphthylene 0.45 MG/KG U 23 NA nc NA nc NA


SB-14-271 4 6 Acenaphthylene 0.4 MG/KG U 23 NA nc NA nc NA
SB02 4 6 Acenaphthylene 0.83 MG/KG U 23 NA nc NA nc NA
SB03 4 6 Acenaphthylene 0.38 MG/KG U 23 NA nc NA nc NA


GEC-6 2.5 4.5 Acenaphthylene 0.15 MG/KG U 23 NA nc NA nc NA
CMS-060 4 5 Acenaphthylene 0.38 MG/KG UJ 23 NA nc NA nc NA
MW05S 4 6 Acetone 0.78 MG/KG J 7800 N nc NA nc NA


CMS-065 0 10 Acetone 7.9 MG/KG U 7800 NA nc NA nc NA
MW08S 1 2 Acetone 0.99 MG/KG U 7800 NA nc NA nc NA
MW14M 1 2 Acetone 0.54 MG/KG U 7800 NA nc NA nc NA
MW02S 2 4 Acetone 0.49 MG/KG U 7800 NA nc NA nc NA
MW04D 2 4 Acetone 0.5 MG/KG U 7800 NA nc NA nc NA
MW14M 2 4 Acetone 0.72 MG/KG U 7800 NA nc NA nc NA
MW15D 2 4 Acetone 0.5 MG/KG U 7800 NA nc NA nc NA


SB02 2 4 Acetone 0.49 MG/KG U 7800 NA nc NA nc NA
SB03 2 4 Acetone 0.5 MG/KG U 7800 NA nc NA nc NA


MW15D 4 6 Acetone 0.41 MG/KG U 7800 NA nc NA nc NA
SB03 4 6 Acetone 0.39 MG/KG U 7800 NA nc NA nc NA


MW08S 4 6 Acetone 1.2 MG/KG U 7800 NA nc NA nc NA
MW15D 4 6 Acetone 0.49 MG/KG U 7800 NA nc NA nc NA


SB02 4 6 Acetone 0.68 MG/KG U 7800 NA nc NA nc NA
SB03 4 6 Acetone 0.44 MG/KG U 7800 NA nc NA nc NA


MW05S 1 2 Acetone 0.34 MG/KG UJ 7800 NA nc NA nc NA
MW14M 1 2 Acetone 0.84 MG/KG UJ 7800 NA nc NA nc NA
MW01S 1 2 Acetone 0.34 MG/KG UJ 7800 NA nc NA nc NA
MW05S 1 2 Acetone 0.32 MG/KG UJ 7800 NA nc NA nc NA


SB-14-271 1 2 Acetone 0.21 MG/KG UJ 7800 NA nc NA nc NA
MW08S 2 4 Acetone 0.9 MG/KG UJ 7800 NA nc NA nc NA
MW01S 2 4 Acetone 0.41 MG/KG UJ 7800 NA nc NA nc NA
MW05S 2 4 Acetone 0.34 MG/KG UJ 7800 NA nc NA nc NA
MW06S 2 4 Acetone 1.2 MG/KG UJ 7800 NA nc NA nc NA
MW06S 2 4 Acetone 1.3 MG/KG UJ 7800 NA nc NA nc NA
MW08S 2 4 Acetone 0.32 MG/KG UJ 7800 NA nc NA nc NA


SB-14-271 2 4 Acetone 0.13 MG/KG UJ 7800 NA nc NA nc NA
MW07S 3 4 Acetone 0.64 MG/KG UJ 7800 NA nc NA nc NA
MW02S 4 6 Acetone 1.3 MG/KG UJ 7800 NA nc NA nc NA
MW01S 4 6 Acetone 0.29 MG/KG UJ 7800 NA nc NA nc NA
MW02S 4 6 Acetone 0.42 MG/KG UJ 7800 NA nc NA nc NA
MW03S 4 6 Acetone 0.49 MG/KG UJ 7800 NA nc NA nc NA
MW04D 4 6 Acetone 0.48 MG/KG UJ 7800 NA nc NA nc NA
MW06S 4 6 Acetone 3.5 MG/KG UJ 7800 NA nc NA nc NA
MW07S 4 6 Acetone 0.26 MG/KG UJ 7800 NA nc NA nc NA
MW09S 4 6 Acetone 1.1 MG/KG UJ 7800 NA nc NA nc NA
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SB-14-271 4 6 Acetone 0.22 MG/KG UJ 7800 NA nc NA nc NA
CMS-4105 0 1 Anthracene 1.712588843 MG/KG J 35 N nc NA nc NA
CMS-4110 0 1 Anthracene 0.740527637 MG/KG J 35 N nc NA nc NA


SS-01 0 0 Anthracene 0.1 MG/KG J 35 N nc NA nc NA
CMW-SD-2016 0 0.5 Anthracene 0.35 MG/KG J 35 N nc NA nc NA
CMW-SD-2017 0 0.5 Anthracene 0.18 MG/KG J 35 N nc NA nc NA
CMW-SD-2021 0 0.5 Anthracene 0.28 MG/KG J 35 N nc NA nc NA


CMS-060 0 1 Anthracene 0.32 MG/KG J 35 N nc NA nc NA
CMS-089 0 1 Anthracene 0.3 MG/KG J 35 N nc NA nc NA
CMS-098 0 1 Anthracene 0.21 MG/KG J 35 N nc NA nc NA
CMS-118 0 1 Anthracene 0.27 MG/KG J 35 N nc NA nc NA
CMS-159 0 1 Anthracene 0.38 MG/KG J 35 N nc NA nc NA
CMS-237 0 1 Anthracene 0.22 MG/KG J 35 N nc NA nc NA
CMS-405 0 1 Anthracene 0.29 MG/KG J 35 N nc NA nc NA
CMS-407 0 1 Anthracene 0.12 MG/KG J 35 N nc NA nc NA


RES-14-271-01 0 1 Anthracene 0.049 MG/KG J 35 N nc NA nc NA
RES-14-272-01 0 1 Anthracene 0.088 MG/KG J 35 N nc NA nc NA
RES-14-302-01 0 1 Anthracene 0.087 MG/KG J 35 N nc NA nc NA
RES-14-303-01 0 1 Anthracene 0.58 MG/KG J 35 N nc NA nc NA
RES-14-333-01 0 1 Anthracene 0.68 MG/KG J 35 N nc NA nc NA


SS-06 0 2 Anthracene 0.094 MG/KG J 35 N nc NA nc NA
BV01COMP 0 4 Anthracene 0.15 MG/KG J 35 N nc NA nc NA


MW14M 1 2 Anthracene 0.094 MG/KG J 35 N nc NA nc NA
MW14M 1 2 Anthracene 0.093 MG/KG J 35 N nc NA nc NA
MW01S 1 2 Anthracene 0.33 MG/KG J 35 N nc NA nc NA
MW08S 1 2 Anthracene 0.064 MG/KG J 35 N nc NA nc NA
MW14M 1 2 Anthracene 0.063 MG/KG J 35 N nc NA nc NA
MW14M 1 2 Anthracene 0.072 MG/KG J 35 N nc NA nc NA
CMS-060 1 2 Anthracene 0.19 MG/KG J 35 N nc NA nc NA
CMS-089 1 2 Anthracene 0.15 MG/KG J 35 N nc NA nc NA
CMS-237 1 2 Anthracene 0.11 MG/KG J 35 N nc NA nc NA
CMS-405 1 2 Anthracene 2.1 MG/KG J 35 N nc NA nc NA
CMS-407 1 2 Anthracene 0.28 MG/KG J 35 N nc NA nc NA
CMS-427 1 2 Anthracene 0.54 MG/KG J 35 N nc NA nc NA
CMS-456 1 2 Anthracene 0.5 MG/KG J 35 N nc NA nc NA
CMS-405 1 2 Anthracene 0.45 MG/KG J 35 N nc NA nc NA


CMW-SD-2022 2 2.5 Anthracene 0.1 MG/KG J 35 N nc NA nc NA
CMS-118 2 3 Anthracene 0.083 MG/KG J 35 N nc NA nc NA
CMS-237 2 3 Anthracene 0.42 MG/KG J 35 N nc NA nc NA
CMS-407 2 3 Anthracene 0.44 MG/KG J 35 N nc NA nc NA
CMS-408 2 3 Anthracene 0.16 MG/KG J 35 N nc NA nc NA
CMS-455 2 3 Anthracene 0.28 MG/KG J 35 N nc NA nc NA
MW08S 2 4 Anthracene 0.08 MG/KG J 35 N nc NA nc NA
MW01S 2 4 Anthracene 0.28 MG/KG J 35 N nc NA nc NA
MW05S 2 4 Anthracene 2.2 MG/KG J 35 N nc NA nc NA
MW06S 2 4 Anthracene 0.11 MG/KG J 35 N nc NA nc NA
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MW06S 2 4 Anthracene 0.097 MG/KG J 35 N nc NA nc NA
MW08S 2 4 Anthracene 0.063 MG/KG J 35 N nc NA nc NA
MW14M 2 4 Anthracene 0.047 MG/KG J 35 N nc NA nc NA
MW15D 2 4 Anthracene 0.051 MG/KG J 35 N nc NA nc NA


SB03 2 4 Anthracene 0.86 MG/KG J 35 N nc NA nc NA
MW07S 3 4 Anthracene 0.24 MG/KG J 35 N nc NA nc NA


CMS-089 3 4 Anthracene 0.99 MG/KG J 35 N nc NA nc NA
CMS-405 3 4 Anthracene 0.36 MG/KG J 35 N nc NA nc NA
CMS-423 3 4 Anthracene 0.089 MG/KG J 35 N nc NA nc NA
CMS-060 4 5 Anthracene 0.075 MG/KG J 35 N nc NA nc NA
MW15D 4 6 Anthracene 0.4 MG/KG J 35 N nc NA nc NA
MW01S 4 6 Anthracene 0.25 MG/KG J 35 N nc NA nc NA
MW03S 4 6 Anthracene 0.3 MG/KG J 35 N nc NA nc NA
MW07S 4 6 Anthracene 0.093 MG/KG J 35 N nc NA nc NA
MW09S 4 6 Anthracene 0.11 MG/KG J 35 N nc NA nc NA
MW15D 4 6 Anthracene 0.32 MG/KG J 35 N nc NA nc NA


SB02 4 6 Anthracene 0.097 MG/KG J 35 N nc NA nc NA
CMW-SD-2019 0 0.5 Anthracene 0.95 MG/KG U 35 NA nc NA nc NA
CMW-SD-2020 0 0.5 Anthracene 0.46 MG/KG U 35 NA nc NA nc NA


CMS-142 0 1 Anthracene 0.58 MG/KG U 35 NA nc NA nc NA
CMS-164 0 1 Anthracene 2 MG/KG U 35 NA nc NA nc NA
CMS-173 0 1 Anthracene 1.1 MG/KG U 35 NA nc NA nc NA
CMS-408 0 1 Anthracene 0.34 MG/KG U 35 NA nc NA nc NA
CMS-417 0 1 Anthracene 35 MG/KG U 35 NA nc NA nc NA
CMS-142 0 1 Anthracene 0.55 MG/KG U 35 NA nc NA nc NA


RES-14-271-01 0 1 Anthracene 2.5 MG/KG U 35 NA nc NA nc NA
RES-14-272-01 0 1 Anthracene 3.1 MG/KG U 35 NA nc NA nc NA


SS-02 0 1.3 Anthracene 0.52 MG/KG U 35 NA nc NA nc NA
CMS-703 0 2 Anthracene 6.2 MG/KG U 35 NA nc NA nc NA


CMW-SD-2022 0.5 2 Anthracene 4.2 MG/KG U 35 NA nc NA nc NA
MW05S 1 2 Anthracene 0.36 MG/KG U 35 NA nc NA nc NA
MW05S 1 2 Anthracene 0.36 MG/KG U 35 NA nc NA nc NA


SB-14-271 1 2 Anthracene 0.4 MG/KG U 35 NA nc NA nc NA
CMS-173 1 2 Anthracene 0.52 MG/KG U 35 NA nc NA nc NA
CMS-408 1 2 Anthracene 8.7 MG/KG U 35 NA nc NA nc NA
CMS-417 1 2 Anthracene 35 MG/KG U 35 NA nc NA nc NA
CMS-419 1 2 Anthracene 74 MG/KG U 35 NA nc NA nc NA
CMS-423 1 2 Anthracene 0.35 MG/KG U 35 NA nc NA nc NA
CMS-428 1 2 Anthracene 0.35 MG/KG U 35 NA nc NA nc NA
CMS-060 2 3 Anthracene 0.36 MG/KG U 35 NA nc NA nc NA
CMS-089 2 3 Anthracene 0.7 MG/KG U 35 NA nc NA nc NA
CMS-405 2 3 Anthracene 0.64 MG/KG U 35 NA nc NA nc NA
CMS-417 2 3 Anthracene 9.8 MG/KG U 35 NA nc NA nc NA


SB02 2 4 Anthracene 2.3 MG/KG U 35 NA nc NA nc NA
MW02S 2 4 Anthracene 0.38 MG/KG U 35 NA nc NA nc NA


SB-14-271 2 4 Anthracene 0.45 MG/KG U 35 NA nc NA nc NA
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SB02 2 4 Anthracene 2.2 MG/KG U 35 NA nc NA nc NA
SS-03 2.5 3.5 Anthracene 0.4 MG/KG U 35 NA nc NA nc NA


CMS-060 3 4 Anthracene 0.45 MG/KG U 35 NA nc NA nc NA
CMS-118 3 4 Anthracene 0.5 MG/KG U 35 NA nc NA nc NA
CMS-407 3 4 Anthracene 0.42 MG/KG U 35 NA nc NA nc NA
CMS-417 3 4 Anthracene 1.9 MG/KG U 35 NA nc NA nc NA
CMS-419 3 4 Anthracene 0.42 MG/KG U 35 NA nc NA nc NA
CMS-427 3 4 Anthracene 0.41 MG/KG U 35 NA nc NA nc NA
CMS-428 3 4 Anthracene 0.37 MG/KG U 35 NA nc NA nc NA
CMS-423 3 4 Anthracene 0.39 MG/KG U 35 NA nc NA nc NA
CMS-118 4 5 Anthracene 0.43 MG/KG U 35 NA nc NA nc NA
CMS-405 4 5 Anthracene 0.46 MG/KG U 35 NA nc NA nc NA
CMS-455 4 5 Anthracene 0.48 MG/KG U 35 NA nc NA nc NA


SB03 4 6 Anthracene 0.37 MG/KG U 35 NA nc NA nc NA
MW04D 4 6 Anthracene 0.42 MG/KG U 35 NA nc NA nc NA
MW05S 4 6 Anthracene 0.82 MG/KG U 35 NA nc NA nc NA
MW06S 4 6 Anthracene 0.46 MG/KG U 35 NA nc NA nc NA
MW08S 4 6 Anthracene 0.45 MG/KG U 35 NA nc NA nc NA


SB-14-271 4 6 Anthracene 0.4 MG/KG U 35 NA nc NA nc NA
SB03 4 6 Anthracene 0.38 MG/KG U 35 NA nc NA nc NA


GEC-6 2.5 4.5 Anthracene 0.15 MG/KG U 35 NA nc NA nc NA
CMW-SD-2018 0 0.5 Anthracene 2.4 MG/KG 35 N nc NA nc NA


CMS-456 0 1 Anthracene 0.51 MG/KG 35 N nc NA nc NA
CMS-060 0 1 Anthracene 0.58 MG/KG 35 N nc NA nc NA
CMS-118 1 2 Anthracene 0.92 MG/KG 35 N nc NA nc NA
CMS-098 0 1 Antimony 0.59 MG/KG J 10 N nc NA nc NA
CMS-142 0 1 Antimony 0.61 MG/KG J 10 N nc NA nc NA
CMS-159 0 1 Antimony 0.83 MG/KG J 10 N nc NA nc NA
CMS-164 0 1 Antimony 7.7 MG/KG J 10 N nc NA nc NA
CMS-173 0 1 Antimony 3.8 MG/KG J 10 N nc NA nc NA
CMS-237 0 1 Antimony 2.8 MG/KG J 10 N nc NA nc NA
CMS-417 0 1 Antimony 27.8 MG/KG J 10 Y nc NA nc NA
CMS-456 0 1 Antimony 1.1 MG/KG J 10 N nc NA nc NA


RES-14-272-01 0 1 Antimony 2 MG/KG J 10 N nc NA nc NA
MW08S 1 2 Antimony 6.6 MG/KG J 10 N nc NA nc NA


CMS-060 1 2 Antimony 0.24 MG/KG J 10 N nc NA nc NA
CMS-089 1 2 Antimony 1.3 MG/KG J 10 N nc NA nc NA
CMS-118 1 2 Antimony 0.46 MG/KG J 10 N nc NA nc NA
CMS-237 1 2 Antimony 20.3 MG/KG J 10 Y nc NA nc NA
CMS-405 1 2 Antimony 1.5 MG/KG J 10 N nc NA nc NA
CMS-408 1 2 Antimony 9.7 MG/KG J 10 N nc NA nc NA
CMS-417 1 2 Antimony 17.7 MG/KG J 10 Y nc NA nc NA
CMS-419 1 2 Antimony 21.4 MG/KG J 10 Y nc NA nc NA
CMS-427 1 2 Antimony 1.3 MG/KG J 10 N nc NA nc NA
CMS-456 1 2 Antimony 0.98 MG/KG J 10 N nc NA nc NA
CMS-405 1 2 Antimony 5.2 MG/KG J 10 N nc NA nc NA
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CMS-089 2 3 Antimony 0.46 MG/KG J 10 N nc NA nc NA
CMS-118 2 3 Antimony 0.78 MG/KG J 10 N nc NA nc NA
CMS-237 2 3 Antimony 7.2 MG/KG J 10 N nc NA nc NA
CMS-405 2 3 Antimony 4 MG/KG J 10 N nc NA nc NA
CMS-407 2 3 Antimony 1.2 MG/KG J 10 N nc NA nc NA
CMS-408 2 3 Antimony 2.4 MG/KG J 10 N nc NA nc NA
CMS-417 2 3 Antimony 0.33 MG/KG J 10 N nc NA nc NA
CMS-455 2 3 Antimony 0.28 MG/KG J 10 N nc NA nc NA
MW02S 2 4 Antimony 0.88 MG/KG J 10 N nc NA nc NA
MW06S 2 4 Antimony 5 MG/KG J 10 N nc NA nc NA


CMS-089 3 4 Antimony 0.9 MG/KG J 10 N nc NA nc NA
CMS-118 3 4 Antimony 0.34 MG/KG J 10 N nc NA nc NA
CMS-405 3 4 Antimony 6.2 MG/KG J 10 N nc NA nc NA
CMS-407 3 4 Antimony 0.7 MG/KG J 10 N nc NA nc NA
CMS-417 3 4 Antimony 0.31 MG/KG J 10 N nc NA nc NA
CMS-405 4 5 Antimony 0.3 MG/KG J 10 N nc NA nc NA
MW05S 4 6 Antimony 1 MG/KG J 10 N nc NA nc NA


SB02 4 6 Antimony 1 MG/KG J 10 N nc NA nc NA
CMS-4105 0 1 Antimony 0.815 MG/KG J 10 N nc NA nc NA
CMS-4110 0 1 Antimony 0.387 MG/KG J 10 N nc NA nc NA
CMS-142 0 1 Antimony 10 MG/KG U 10 NA nc NA nc NA


RES-14-272-01 0 1 Antimony 1.6 MG/KG U 10 NA nc NA nc NA
RES-14-303-01 0 1 Antimony 6.6 MG/KG U 10 NA nc NA nc NA


MW14M 1 2 Antimony 1.9 MG/KG U 10 NA nc NA nc NA
MW01S 1 2 Antimony 4.9 MG/KG U 10 NA nc NA nc NA
MW14M 1 2 Antimony 1.9 MG/KG U 10 NA nc NA nc NA
MW08S 2 4 Antimony 6.4 MG/KG U 10 NA nc NA nc NA
MW08S 2 4 Antimony 5.9 MG/KG U 10 NA nc NA nc NA
MW14M 2 4 Antimony 2.2 MG/KG U 10 NA nc NA nc NA
MW15D 2 4 Antimony 0.38 MG/KG U 10 NA nc NA nc NA


SB03 2 4 Antimony 0.53 MG/KG U 10 NA nc NA nc NA
SB03 4 6 Antimony 0.53 MG/KG U 10 NA nc NA nc NA


MW01S 4 6 Antimony 5.3 MG/KG U 10 NA nc NA nc NA
MW03S 4 6 Antimony 5.1 MG/KG U 10 NA nc NA nc NA
MW08S 4 6 Antimony 5.1 MG/KG U 10 NA nc NA nc NA


SB03 4 6 Antimony 0.52 MG/KG U 10 NA nc NA nc NA
CMW-SD-2016 0 0.5 Antimony 0.52 MG/KG UJ 10 NA nc NA nc NA
CMW-SD-2017 0 0.5 Antimony 0.72 MG/KG UJ 10 NA nc NA nc NA
CMW-SD-2018 0 0.5 Antimony 0.58 MG/KG UJ 10 NA nc NA nc NA
CMW-SD-2019 0 0.5 Antimony 2.8 MG/KG UJ 10 NA nc NA nc NA
CMW-SD-2020 0 0.5 Antimony 1.6 MG/KG UJ 10 NA nc NA nc NA
CMW-SD-2021 0 0.5 Antimony 1 MG/KG UJ 10 NA nc NA nc NA


CMS-089 0 1 Antimony 6.1 MG/KG UJ 10 NA nc NA nc NA
CMS-405 0 1 Antimony 6.4 MG/KG UJ 10 NA nc NA nc NA
CMS-407 0 1 Antimony 6.4 MG/KG UJ 10 NA nc NA nc NA
CMS-408 0 1 Antimony 6.2 MG/KG UJ 10 NA nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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RES-14-271-01 0 1 Antimony 1.6 MG/KG UJ 10 NA nc NA nc NA
RES-14-302-01 0 1 Antimony 1.6 MG/KG UJ 10 NA nc NA nc NA
RES-14-333-01 0 1 Antimony 4.7 MG/KG UJ 10 NA nc NA nc NA
RES-14-271-01 0 1 Antimony 2.3 MG/KG UJ 10 NA nc NA nc NA


CMS-703 0 2 Antimony 7.5 MG/KG UJ 10 NA nc NA nc NA
BV01COMP 0 4 Antimony 6.8 MG/KG UJ 10 NA nc NA nc NA


CMW-SD-2022 0.5 2 Antimony 1.1 MG/KG UJ 10 NA nc NA nc NA
MW05S 1 2 Antimony 0.16 MG/KG UJ 10 NA nc NA nc NA
MW05S 1 2 Antimony 0.32 MG/KG UJ 10 NA nc NA nc NA


SB-14-271 1 2 Antimony 0.22 MG/KG UJ 10 NA nc NA nc NA
CMS-173 1 2 Antimony 9.4 MG/KG UJ 10 NA nc NA nc NA
CMS-407 1 2 Antimony 7.9 MG/KG UJ 10 NA nc NA nc NA
CMS-423 1 2 Antimony 6.3 MG/KG UJ 10 NA nc NA nc NA
CMS-428 1 2 Antimony 6.4 MG/KG UJ 10 NA nc NA nc NA


CMW-SD-2022 2 2.5 Antimony 0.63 MG/KG UJ 10 NA nc NA nc NA
MW05S 2 4 Antimony 0.4 MG/KG UJ 10 NA nc NA nc NA
MW06S 2 4 Antimony 4.4 MG/KG UJ 10 NA nc NA nc NA


SB-14-271 2 4 Antimony 0.29 MG/KG UJ 10 NA nc NA nc NA
MW07S 3 4 Antimony 4.5 MG/KG UJ 10 NA nc NA nc NA


CMS-419 3 4 Antimony 7.6 MG/KG UJ 10 NA nc NA nc NA
CMS-423 3 4 Antimony 6.7 MG/KG UJ 10 NA nc NA nc NA
CMS-427 3 4 Antimony 7.4 MG/KG UJ 10 NA nc NA nc NA
CMS-428 3 4 Antimony 6.8 MG/KG UJ 10 NA nc NA nc NA
CMS-423 3 4 Antimony 7.2 MG/KG UJ 10 NA nc NA nc NA
CMS-455 4 5 Antimony 8.7 MG/KG UJ 10 NA nc NA nc NA
MW15D 4 6 Antimony 0.49 MG/KG UJ 10 NA nc NA nc NA
MW04D 4 6 Antimony 0.4 MG/KG UJ 10 NA nc NA nc NA
MW06S 4 6 Antimony 5.5 MG/KG UJ 10 NA nc NA nc NA
MW07S 4 6 Antimony 4.8 MG/KG UJ 10 NA nc NA nc NA
MW09S 4 6 Antimony 6 MG/KG UJ 10 NA nc NA nc NA
MW15D 4 6 Antimony 0.48 MG/KG UJ 10 NA nc NA nc NA


SB-14-271 4 6 Antimony 0.29 MG/KG UJ 10 NA nc NA nc NA
SB02 2 4 Antimony 3.2 MG/KG 10 N nc NA nc NA
SB02 2 4 Antimony 18.5 MG/KG 10 Y nc NA nc NA


MW06S 4 6 Aroclor, Total 4.42 MG/KG * 10 N 10 N nc NA
MW06S 2 4 Aroclor, Total 11.9 MG/KG *J 10 Y 10 Y nc NA
MW14M 1 2 Aroclor, Total 3.3 MG/KG DC 10 N 10 N nc NA
MW14M 1 2 Aroclor, Total 3.8 MG/KG DC 10 N 10 N nc NA
CMS-701 0 1 Aroclor, Total 0.024 MG/KG J 10 N 10 N nc NA
CMS-060 0 1 Aroclor, Total 0.31 MG/KG J 10 N 10 N nc NA
CMS-089 0 1 Aroclor, Total 0.25 MG/KG J 10 N 10 N nc NA
CMS-098 0 1 Aroclor, Total 0.49 MG/KG J 10 N 10 N nc NA
CMS-142 0 1 Aroclor, Total 0.76 MG/KG J 10 N 10 N nc NA
CMS-152 0 1 Aroclor, Total 9.5 MG/KG J 10 N 10 N nc NA
CMS-153 0 1 Aroclor, Total 0.6 MG/KG J 10 N 10 N nc NA
CMS-154 0 1 Aroclor, Total 44 MG/KG J 10 Y 10 Y nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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CMS-155 0 1 Aroclor, Total 560 MG/KG J 10 Y 10 Y nc NA
CMS-156 0 1 Aroclor, Total 130 MG/KG J 10 Y 10 Y nc NA
CMS-160 0 1 Aroclor, Total 0.86 MG/KG J 10 N 10 N nc NA
CMS-161 0 1 Aroclor, Total 0.29 MG/KG J 10 N 10 N nc NA
CMS-162 0 1 Aroclor, Total 2.6 MG/KG J 10 N 10 N nc NA
CMS-164 0 1 Aroclor, Total 2.8 MG/KG J 10 N 10 N nc NA
CMS-169 0 1 Aroclor, Total 0.49 MG/KG J 10 N 10 N nc NA
CMS-173 0 1 Aroclor, Total 0.38 MG/KG J 10 N 10 N nc NA
CMS-175 0 1 Aroclor, Total 0.75 MG/KG J 10 N 10 N nc NA
CMS-400 0 1 Aroclor, Total 0.35 MG/KG J 10 N 10 N nc NA
CMS-404 0 1 Aroclor, Total 1.6 MG/KG J 10 N 10 N nc NA
CMS-408 0 1 Aroclor, Total 0.041 MG/KG J 10 N 10 N nc NA
CMS-413 0 1 Aroclor, Total 2.9 MG/KG J 10 N 10 N nc NA
CMS-414 0 1 Aroclor, Total 1.7 MG/KG J 10 N 10 N nc NA
CMS-420 0 1 Aroclor, Total 0.38 MG/KG J 10 N 10 N nc NA
CMS-429 0 1 Aroclor, Total 0.16 MG/KG J 10 N 10 N nc NA
CMS-430 0 1 Aroclor, Total 5.9 MG/KG J 10 N 10 N nc NA
CMS-431 0 1 Aroclor, Total 1.6 MG/KG J 10 N 10 N nc NA
CMS-432 0 1 Aroclor, Total 0.57 MG/KG J 10 N 10 N nc NA
CMS-433 0 1 Aroclor, Total 6.6 MG/KG J 10 N 10 N nc NA
CMS-701 0 1 Aroclor, Total 0.023 MG/KG J 10 N 10 N nc NA
CMS-404 0 1 Aroclor, Total 1.8 MG/KG J 10 N 10 N nc NA
CMS-162 0 1 Aroclor, Total 3.7 MG/KG J 10 N 10 N nc NA
CMS-152 1 2 Aroclor, Total 1.9 MG/KG J 10 N 10 N nc NA
CMS-153 1 2 Aroclor, Total 0.58 MG/KG J 10 N 10 N nc NA
CMS-154 1 2 Aroclor, Total 700 MG/KG J 10 Y 10 Y nc NA
CMS-155 1 2 Aroclor, Total 28 MG/KG J 10 Y 10 Y nc NA
CMS-160 1 2 Aroclor, Total 0.035 MG/KG J 10 N 10 N nc NA
CMS-162 1 2 Aroclor, Total 0.65 MG/KG J 10 N 10 N nc NA
CMS-168 1 2 Aroclor, Total 0.5 MG/KG J 10 N 10 N nc NA
CMS-170 1 2 Aroclor, Total 0.24 MG/KG J 10 N 10 N nc NA
CMS-175 1 2 Aroclor, Total 0.51 MG/KG J 10 N 10 N nc NA
CMS-238 1 2 Aroclor, Total 4.8 MG/KG J 10 N 10 N nc NA
CMS-241 1 2 Aroclor, Total 0.19 MG/KG J 10 N 10 N nc NA
CMS-242 1 2 Aroclor, Total 2.3 MG/KG J 10 N 10 N nc NA
CMS-400 1 2 Aroclor, Total 6.9 MG/KG J 10 N 10 N nc NA
CMS-401 1 2 Aroclor, Total 6 MG/KG J 10 N 10 N nc NA
CMS-402 1 2 Aroclor, Total 0.027 MG/KG J 10 N 10 N nc NA
CMS-405 1 2 Aroclor, Total 1.3 MG/KG J 10 N 10 N nc NA
CMS-406 1 2 Aroclor, Total 2.3 MG/KG J 10 N 10 N nc NA
CMS-407 1 2 Aroclor, Total 1.9 MG/KG J 10 N 10 N nc NA
CMS-409 1 2 Aroclor, Total 1.3 MG/KG J 10 N 10 N nc NA
CMS-413 1 2 Aroclor, Total 2.1 MG/KG J 10 N 10 N nc NA
CMS-414 1 2 Aroclor, Total 0.022 MG/KG J 10 N 10 N nc NA
CMS-415 1 2 Aroclor, Total 0.22 MG/KG J 10 N 10 N nc NA
CMS-416 1 2 Aroclor, Total 32 MG/KG J 10 Y 10 Y nc NA
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CMS-420 1 2 Aroclor, Total 0.44 MG/KG J 10 N 10 N nc NA
CMS-423 1 2 Aroclor, Total 3.3 MG/KG J 10 N 10 N nc NA
CMS-426 1 2 Aroclor, Total 31 MG/KG J 10 Y 10 Y nc NA
CMS-430 1 2 Aroclor, Total 7 MG/KG J 10 N 10 N nc NA
CMS-431 1 2 Aroclor, Total 2.5 MG/KG J 10 N 10 N nc NA
CMS-432 1 2 Aroclor, Total 2.6 MG/KG J 10 N 10 N nc NA
CMS-454 1 2 Aroclor, Total 0.16 MG/KG J 10 N 10 N nc NA
CMS-456 1 2 Aroclor, Total 7 MG/KG J 10 N 10 N nc NA
CMS-703 1 2 Aroclor, Total 0.16 MG/KG J 10 N 10 N nc NA
CMS-153 1 2 Aroclor, Total 0.085 MG/KG J 10 N 10 N nc NA
CMS-405 1 2 Aroclor, Total 19 MG/KG J 10 Y 10 Y nc NA
CMS-416 1 2 Aroclor, Total 56 MG/KG J 10 Y 10 Y nc NA
CMS-406 1 2 Aroclor, Total 0.02 MG/KG J 10 N 10 N nc NA
CMS-420 1 2 Aroclor, Total 0.98 MG/KG J 10 N 10 N nc NA
CMS-426 1 2 Aroclor, Total 11 MG/KG J 10 Y 10 Y nc NA
CMS-238 1 2 Aroclor, Total 1.5 MG/KG J 10 N 10 N nc NA
CMS-170 1 2 Aroclor, Total 0.14 MG/KG J 10 N 10 N nc NA
CMS-060 2 3 Aroclor, Total 0.051 MG/KG J 10 N 10 N nc NA
CMS-131 2 3 Aroclor, Total 0.5 MG/KG J 10 N 10 N nc NA
CMS-152 2 3 Aroclor, Total 13 MG/KG J 10 Y 10 Y nc NA
CMS-153 2 3 Aroclor, Total 26 MG/KG J 10 Y 10 Y nc NA
CMS-154 2 3 Aroclor, Total 19 MG/KG J 10 Y 10 Y nc NA
CMS-160 2 3 Aroclor, Total 0.29 MG/KG J 10 N 10 N nc NA
CMS-162 2 3 Aroclor, Total 1 MG/KG J 10 N 10 N nc NA
CMS-168 2 3 Aroclor, Total 0.25 MG/KG J 10 N 10 N nc NA
CMS-175 2 3 Aroclor, Total 1.1 MG/KG J 10 N 10 N nc NA
CMS-400 2 3 Aroclor, Total 6.9 MG/KG J 10 N 10 N nc NA
CMS-401 2 3 Aroclor, Total 0.33 MG/KG J 10 N 10 N nc NA
CMS-402 2 3 Aroclor, Total 420 MG/KG J 10 Y 10 Y nc NA
CMS-403 2 3 Aroclor, Total 0.085 MG/KG J 10 N 10 N nc NA
CMS-404 2 3 Aroclor, Total 0.07 MG/KG J 10 N 10 N nc NA
CMS-405 2 3 Aroclor, Total 0.16 MG/KG J 10 N 10 N nc NA
CMS-408 2 3 Aroclor, Total 1.3 MG/KG J 10 N 10 N nc NA
CMS-411 2 3 Aroclor, Total 3.2 MG/KG J 10 N 10 N nc NA
CMS-413 2 3 Aroclor, Total 1.6 MG/KG J 10 N 10 N nc NA
CMS-414 2 3 Aroclor, Total 0.48 MG/KG J 10 N 10 N nc NA
CMS-428 2 3 Aroclor, Total 0.21 MG/KG J 10 N 10 N nc NA
CMS-433 2 3 Aroclor, Total 16 MG/KG J 10 Y 10 Y nc NA
CMS-454 2 3 Aroclor, Total 0.5 MG/KG J 10 N 10 N nc NA
CMS-455 2 3 Aroclor, Total 0.084 MG/KG J 10 N 10 N nc NA
CMS-428 2 3 Aroclor, Total 0.68 MG/KG J 10 N 10 N nc NA


SB02 2 4 Aroclor, Total 8.2 MG/KG J 10 N 10 N nc NA
MW06S 2 4 Aroclor, Total 6.74 MG/KG J 10 N 10 N nc NA


CMS-089 3 4 Aroclor, Total 2.2 MG/KG J 10 N 10 N nc NA
CMS-118 3 4 Aroclor, Total 0.24 MG/KG J 10 N 10 N nc NA
CMS-131 3 4 Aroclor, Total 0.098 MG/KG J 10 N 10 N nc NA
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CMS-153 3 4 Aroclor, Total 0.54 MG/KG J 10 N 10 N nc NA
CMS-400 3 4 Aroclor, Total 3.1 MG/KG J 10 N 10 N nc NA
CMS-401 3 4 Aroclor, Total 0.48 MG/KG J 10 N 10 N nc NA
CMS-402 3 4 Aroclor, Total 4.9 MG/KG J 10 N 10 N nc NA
CMS-411 3 4 Aroclor, Total 0.95 MG/KG J 10 N 10 N nc NA
CMS-414 3 4 Aroclor, Total 0.55 MG/KG J 10 N 10 N nc NA
CMS-416 3 4 Aroclor, Total 0.056 MG/KG J 10 N 10 N nc NA
CMS-425 3 4 Aroclor, Total 1.8 MG/KG J 10 N 10 N nc NA
CMS-427 3 4 Aroclor, Total 0.41 MG/KG J 10 N 10 N nc NA
CMS-428 3 4 Aroclor, Total 0.017 MG/KG J 10 N 10 N nc NA
CMS-429 3 4 Aroclor, Total 0.13 MG/KG J 10 N 10 N nc NA
CMS-453 3 4 Aroclor, Total 0.13 MG/KG J 10 N 10 N nc NA
CMS-454 3 4 Aroclor, Total 5 MG/KG J 10 N 10 N nc NA
CMS-162 3 4 Aroclor, Total 2.1 MG/KG J 10 N 10 N nc NA
CMS-453 3 4 Aroclor, Total 0.11 MG/KG J 10 N 10 N nc NA
CMS-118 4 5 Aroclor, Total 0.038 MG/KG J 10 N 10 N nc NA
CMS-155 4 5 Aroclor, Total 0.2 MG/KG J 10 N 10 N nc NA
CMS-402 4 5 Aroclor, Total 0.8 MG/KG J 10 N 10 N nc NA
CMS-410 4 5 Aroclor, Total 32 MG/KG J 10 Y 10 Y nc NA
CMS-423 4 5 Aroclor, Total 0.0074 MG/KG J 10 N 10 N nc NA
CMS-448 4 5 Aroclor, Total 0.017 MG/KG J 10 N 10 N nc NA
CMS-449 4 5 Aroclor, Total 0.093 MG/KG J 10 N 10 N nc NA
CMS-451 4 5 Aroclor, Total 0.078 MG/KG J 10 N 10 N nc NA
CMS-452 4 5 Aroclor, Total 0.65 MG/KG J 10 N 10 N nc NA
CMS-453 4 5 Aroclor, Total 0.019 MG/KG J 10 N 10 N nc NA
CMS-454 4 5 Aroclor, Total 0.73 MG/KG J 10 N 10 N nc NA
CMS-410 4 5 Aroclor, Total 13 MG/KG J 10 Y 10 Y nc NA
CMS-409 4 5 Aroclor, Total 0.059 MG/KG J 10 N 10 N nc NA
CMS-452 4 5 Aroclor, Total 0.08 MG/KG J 10 N 10 N nc NA
MW07S 4 6 Aroclor, Total 0.032 MG/KG J 10 N 10 N nc NA


CMS-432 1 2 Aroclor, Total 1.6 MG/KG Ja 10 N 10 N nc NA
GEC-7 2.5 4.5 Aroclor, Total 0.14 MG/KG U 10 NA 10 NA nc NA


CMW-SD-2016 0 0.5 Aroclor, Total 0.081 MG/KG U 10 NA 10 NA nc NA
CMW-SD-2017 0 0.5 Aroclor, Total 0.088 MG/KG U 10 NA 10 NA nc NA


SD-31 0 0.5 Aroclor, Total 0.08 MG/KG U 10 NA 10 NA nc NA
CMS-401 0 1 Aroclor, Total 0.035 MG/KG U 10 NA 10 NA nc NA
CMS-407 0 1 Aroclor, Total 0.035 MG/KG U 10 NA 10 NA nc NA
CMS-700 0 1 Aroclor, Total 0.051 MG/KG U 10 NA 10 NA nc NA
CMS-702 0 1 Aroclor, Total 0.057 MG/KG U 10 NA 10 NA nc NA
MW05S 1 2 Aroclor, Total 0.073 MG/KG U 10 NA 10 NA nc NA
MW05S 1 2 Aroclor, Total 0.074 MG/KG U 10 NA 10 NA nc NA


CMS-173 1 2 Aroclor, Total 0.052 MG/KG U 10 NA 10 NA nc NA
CMS-411 1 2 Aroclor, Total 0.035 MG/KG U 10 NA 10 NA nc NA
CMS-428 1 2 Aroclor, Total 0.035 MG/KG U 10 NA 10 NA nc NA
CMS-433 1 2 Aroclor, Total 0.18 MG/KG U 10 NA 10 NA nc NA
CMS-700 1 2 Aroclor, Total 0.057 MG/KG U 10 NA 10 NA nc NA
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CMS-701 1 2 Aroclor, Total 0.19 MG/KG U 10 NA 10 NA nc NA
CMS-407 2 3 Aroclor, Total 0 MG/KG U 10 NA 10 NA nc NA
CMS-412 2 3 Aroclor, Total 0.22 MG/KG U 10 NA 10 NA nc NA
CMS-429 2 3 Aroclor, Total 0.43 MG/KG U 10 NA 10 NA nc NA
CMS-430 2 3 Aroclor, Total 0.36 MG/KG U 10 NA 10 NA nc NA
CMS-701 2 3 Aroclor, Total 0.18 MG/KG U 10 NA 10 NA nc NA
MW05S 2 4 Aroclor, Total 0.077 MG/KG U 10 NA 10 NA nc NA
MW14M 2 4 Aroclor, Total 0.076 MG/KG U 10 NA 10 NA nc NA


SB03 2 4 Aroclor, Total 0.1 MG/KG U 10 NA 10 NA nc NA
CMS-060 3 4 Aroclor, Total 0.045 MG/KG U 10 NA 10 NA nc NA
CMS-403 3 4 Aroclor, Total 0.55 MG/KG U 10 NA 10 NA nc NA
CMS-404 3 4 Aroclor, Total 0.48 MG/KG U 10 NA 10 NA nc NA
CMS-406 3 4 Aroclor, Total 6 MG/KG U 10 NA 10 NA nc NA
CMS-407 3 4 Aroclor, Total 0.42 MG/KG U 10 NA 10 NA nc NA
CMS-409 3 4 Aroclor, Total 0.45 MG/KG U 10 NA 10 NA nc NA
CMS-412 3 4 Aroclor, Total 0.48 MG/KG U 10 NA 10 NA nc NA
CMS-415 3 4 Aroclor, Total 0.47 MG/KG U 10 NA 10 NA nc NA
CMS-421 3 4 Aroclor, Total 0.97 MG/KG U 10 NA 10 NA nc NA
CMS-448 3 4 Aroclor, Total 0.036 MG/KG U 10 NA 10 NA nc NA
CMS-450 3 4 Aroclor, Total 0.11 MG/KG U 10 NA 10 NA nc NA
CMS-455 3 4 Aroclor, Total 0.43 MG/KG U 10 NA 10 NA nc NA
CMS-153 4 5 Aroclor, Total 0.39 MG/KG U 10 NA 10 NA nc NA
CMS-400 4 5 Aroclor, Total 0.56 MG/KG U 10 NA 10 NA nc NA
CMS-403 4 5 Aroclor, Total 0.42 MG/KG U 10 NA 10 NA nc NA
CMS-404 4 5 Aroclor, Total 0.38 MG/KG U 10 NA 10 NA nc NA
CMS-405 4 5 Aroclor, Total 0.23 MG/KG U 10 NA 10 NA nc NA
CMS-409 4 5 Aroclor, Total 0.7 MG/KG U 10 NA 10 NA nc NA
CMS-411 4 5 Aroclor, Total 0.82 MG/KG U 10 NA 10 NA nc NA
CMS-421 4 5 Aroclor, Total 0.37 MG/KG U 10 NA 10 NA nc NA
CMS-424 4 5 Aroclor, Total 0.36 MG/KG U 10 NA 10 NA nc NA
CMS-425 4 5 Aroclor, Total 0.041 MG/KG U 10 NA 10 NA nc NA
CMS-428 4 5 Aroclor, Total 0.037 MG/KG U 10 NA 10 NA nc NA
CMS-429 4 5 Aroclor, Total 0.04 MG/KG U 10 NA 10 NA nc NA
CMS-432 4 5 Aroclor, Total 0.39 MG/KG U 10 NA 10 NA nc NA
CMS-450 4 5 Aroclor, Total 0.037 MG/KG U 10 NA 10 NA nc NA
CMS-455 4 5 Aroclor, Total 0.24 MG/KG U 10 NA 10 NA nc NA


SB03 4 6 Aroclor, Total 0.075 MG/KG U 10 NA 10 NA nc NA
MW15D 4 6 Aroclor, Total 0.082 MG/KG U 10 NA 10 NA nc NA
MW03S 4 6 Aroclor, Total 0.082 MG/KG U 10 NA 10 NA nc NA
MW04D 4 6 Aroclor, Total 0.087 MG/KG U 10 NA 10 NA nc NA
MW05S 4 6 Aroclor, Total 0.017 MG/KG U 10 NA 10 NA nc NA
MW08S 4 6 Aroclor, Total 0.09 MG/KG U 10 NA 10 NA nc NA
MW15D 4 6 Aroclor, Total 0.072 MG/KG U 10 NA 10 NA nc NA


SB03 4 6 Aroclor, Total 0.076 MG/KG U 10 NA 10 NA nc NA
SS-01 0 0 Aroclor, Total 2.3 MG/KG 10 N 10 N nc NA


CMW-SD-2018 0 0.5 Aroclor, Total 0.026 MG/KG 10 N 10 N nc NA
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CMW-SD-2019 0 0.5 Aroclor, Total 5.2 MG/KG 10 N 10 N nc NA
CMW-SD-2020 0 0.5 Aroclor, Total 2.49 MG/KG 10 N 10 N nc NA
CMW-SD-2021 0 0.5 Aroclor, Total 0.87 MG/KG 10 N 10 N nc NA


SD-30 0 0.5 Aroclor, Total 1.4 MG/KG 10 N 10 N nc NA
CMS-118 0 1 Aroclor, Total 0.7 MG/KG 10 N 10 N nc NA
CMS-131 0 1 Aroclor, Total 1.1 MG/KG 10 N 10 N nc NA
CMS-134 0 1 Aroclor, Total 1.2 MG/KG 10 N 10 N nc NA
CMS-140 0 1 Aroclor, Total 190 MG/KG 10 Y 10 Y nc NA
CMS-141 0 1 Aroclor, Total 1.1 MG/KG 10 N 10 N nc NA
CMS-147 0 1 Aroclor, Total 22 MG/KG 10 Y 10 Y nc NA
CMS-148 0 1 Aroclor, Total 9.3 MG/KG 10 N 10 N nc NA
CMS-159 0 1 Aroclor, Total 4.1 MG/KG 10 N 10 N nc NA
CMS-168 0 1 Aroclor, Total 1.7 MG/KG 10 N 10 N nc NA
CMS-170 0 1 Aroclor, Total 4 MG/KG 10 N 10 N nc NA
CMS-171 0 1 Aroclor, Total 1.8 MG/KG 10 N 10 N nc NA
CMS-237 0 1 Aroclor, Total 13 MG/KG 10 Y 10 Y nc NA
CMS-238 0 1 Aroclor, Total 86 MG/KG 10 Y 10 Y nc NA
CMS-239 0 1 Aroclor, Total 35 MG/KG 10 Y 10 Y nc NA
CMS-240 0 1 Aroclor, Total 16 MG/KG 10 Y 10 Y nc NA
CMS-241 0 1 Aroclor, Total 3.6 MG/KG 10 N 10 N nc NA
CMS-242 0 1 Aroclor, Total 16 MG/KG 10 Y 10 Y nc NA
CMS-402 0 1 Aroclor, Total 0.35 MG/KG 10 N 10 N nc NA
CMS-403 0 1 Aroclor, Total 0.33 MG/KG 10 N 10 N nc NA
CMS-405 0 1 Aroclor, Total 0.083 MG/KG 10 N 10 N nc NA
CMS-406 0 1 Aroclor, Total 0.063 MG/KG 10 N 10 N nc NA
CMS-409 0 1 Aroclor, Total 1.9 MG/KG 10 N 10 N nc NA
CMS-410 0 1 Aroclor, Total 230 MG/KG 10 Y 10 Y nc NA
CMS-411 0 1 Aroclor, Total 0.051 MG/KG 10 N 10 N nc NA
CMS-412 0 1 Aroclor, Total 0.087 MG/KG 10 N 10 N nc NA
CMS-415 0 1 Aroclor, Total 0.77 MG/KG 10 N 10 N nc NA
CMS-416 0 1 Aroclor, Total 3.6 MG/KG 10 N 10 N nc NA
CMS-417 0 1 Aroclor, Total 320 MG/KG 10 Y 10 Y nc NA
CMS-419 0 1 Aroclor, Total 27 MG/KG 10 Y 10 Y nc NA
CMS-421 0 1 Aroclor, Total 1.1 MG/KG 10 N 10 N nc NA
CMS-422 0 1 Aroclor, Total 0.26 MG/KG 10 N 10 N nc NA
CMS-423 0 1 Aroclor, Total 0.067 MG/KG 10 N 10 N nc NA
CMS-424 0 1 Aroclor, Total 0.12 MG/KG 10 N 10 N nc NA
CMS-425 0 1 Aroclor, Total 7.1 MG/KG 10 N 10 N nc NA
CMS-426 0 1 Aroclor, Total 4 MG/KG 10 N 10 N nc NA
CMS-427 0 1 Aroclor, Total 7.7 MG/KG 10 N 10 N nc NA
CMS-428 0 1 Aroclor, Total 14 MG/KG 10 Y 10 Y nc NA
CMS-456 0 1 Aroclor, Total 1.4 MG/KG 10 N 10 N nc NA
CMS-703 0 1 Aroclor, Total 0.3 MG/KG 10 N 10 N nc NA
CMS-142 0 1 Aroclor, Total 0.59 MG/KG 10 N 10 N nc NA
CMS-060 0 1 Aroclor, Total 0.55 MG/KG 10 N 10 N nc NA


RES-14-271-01 0 1 Aroclor, Total 0.18 MG/KG 10 N 10 N nc NA
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RES-14-272-01 0 1 Aroclor, Total 0.71 MG/KG 10 N 10 N nc NA
RES-14-302-01 0 1 Aroclor, Total 0.38 MG/KG 10 N 10 N nc NA
RES-14-303-01 0 1 Aroclor, Total 48 MG/KG 10 Y 10 Y nc NA
RES-14-333-01 0 1 Aroclor, Total 1.49 MG/KG 10 N 10 N nc NA
RES-14-271-01 0 1 Aroclor, Total 0.23 MG/KG 10 N 10 N nc NA
RES-14-272-01 0 1 Aroclor, Total 0.43 MG/KG 10 N 10 N nc NA


SS-02 0 1.3 Aroclor, Total 9.3 MG/KG 10 N 10 N nc NA
SS-06 0 2 Aroclor, Total 0.76 MG/KG 10 N 10 N nc NA


CMW-SD-2022 0.5 2 Aroclor, Total 2.07 MG/KG 10 N 10 N nc NA
MW01S 1 2 Aroclor, Total 0.11 MG/KG 10 N 10 N nc NA
MW08S 1 2 Aroclor, Total 1.8 MG/KG 10 N 10 N nc NA


CMS-060 1 2 Aroclor, Total 0.25 MG/KG 10 N 10 N nc NA
CMS-089 1 2 Aroclor, Total 13 MG/KG 10 Y 10 Y nc NA
CMS-118 1 2 Aroclor, Total 1.1 MG/KG 10 N 10 N nc NA
CMS-131 1 2 Aroclor, Total 2.3 MG/KG 10 N 10 N nc NA
CMS-147 1 2 Aroclor, Total 350 MG/KG 10 Y 10 Y nc NA
CMS-161 1 2 Aroclor, Total 0.14 MG/KG 10 N 10 N nc NA
CMS-237 1 2 Aroclor, Total 56 MG/KG 10 Y 10 Y nc NA
CMS-239 1 2 Aroclor, Total 32 MG/KG 10 Y 10 Y nc NA
CMS-403 1 2 Aroclor, Total 0.2 MG/KG 10 N 10 N nc NA
CMS-404 1 2 Aroclor, Total 0.78 MG/KG 10 N 10 N nc NA
CMS-408 1 2 Aroclor, Total 23 MG/KG 10 Y 10 Y nc NA
CMS-410 1 2 Aroclor, Total 9.6 MG/KG 10 N 10 N nc NA
CMS-412 1 2 Aroclor, Total 4.9 MG/KG 10 N 10 N nc NA
CMS-417 1 2 Aroclor, Total 27 MG/KG 10 Y 10 Y nc NA
CMS-419 1 2 Aroclor, Total 490 MG/KG 10 Y 10 Y nc NA
CMS-421 1 2 Aroclor, Total 36 MG/KG 10 Y 10 Y nc NA
CMS-422 1 2 Aroclor, Total 160 MG/KG 10 Y 10 Y nc NA
CMS-424 1 2 Aroclor, Total 1.2 MG/KG 10 N 10 N nc NA
CMS-425 1 2 Aroclor, Total 1.7 MG/KG 10 N 10 N nc NA
CMS-427 1 2 Aroclor, Total 17 MG/KG 10 Y 10 Y nc NA
CMS-429 1 2 Aroclor, Total 1.1 MG/KG 10 N 10 N nc NA
CMS-702 1 2 Aroclor, Total 0.14 MG/KG 10 N 10 N nc NA
CMS-421 1 2 Aroclor, Total 23 MG/KG 10 Y 10 Y nc NA


CMW-SD-2022 2 2.5 Aroclor, Total 0.237 MG/KG 10 N 10 N nc NA
CMS-089 2 3 Aroclor, Total 31 MG/KG 10 Y 10 Y nc NA
CMS-118 2 3 Aroclor, Total 3.7 MG/KG 10 N 10 N nc NA
CMS-147 2 3 Aroclor, Total 1300 MG/KG 10 Y 10 Y nc NA
CMS-237 2 3 Aroclor, Total 8.5 MG/KG 10 N 10 N nc NA
CMS-406 2 3 Aroclor, Total 0.63 MG/KG 10 N 10 N nc NA
CMS-409 2 3 Aroclor, Total 1.4 MG/KG 10 N 10 N nc NA
CMS-410 2 3 Aroclor, Total 180 MG/KG 10 Y 10 Y nc NA
CMS-415 2 3 Aroclor, Total 0.082 MG/KG 10 N 10 N nc NA
CMS-416 2 3 Aroclor, Total 21 MG/KG 10 Y 10 Y nc NA
CMS-417 2 3 Aroclor, Total 13 MG/KG 10 Y 10 Y nc NA
CMS-419 2 3 Aroclor, Total 58 MG/KG 10 Y 10 Y nc NA
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CMS-420 2 3 Aroclor, Total 75 MG/KG 10 Y 10 Y nc NA
CMS-421 2 3 Aroclor, Total 19 MG/KG 10 Y 10 Y nc NA
CMS-422 2 3 Aroclor, Total 3.3 MG/KG 10 N 10 N nc NA
CMS-423 2 3 Aroclor, Total 0.094 MG/KG 10 N 10 N nc NA
CMS-424 2 3 Aroclor, Total 0.13 MG/KG 10 N 10 N nc NA
CMS-425 2 3 Aroclor, Total 33 MG/KG 10 Y 10 Y nc NA
CMS-426 2 3 Aroclor, Total 19 MG/KG 10 Y 10 Y nc NA
CMS-427 2 3 Aroclor, Total 0.083 MG/KG 10 N 10 N nc NA
CMS-431 2 3 Aroclor, Total 2.9 MG/KG 10 N 10 N nc NA
CMS-432 2 3 Aroclor, Total 0.2 MG/KG 10 N 10 N nc NA
MW08S 2 4 Aroclor, Total 0.13 MG/KG 10 N 10 N nc NA
MW01S 2 4 Aroclor, Total 0.39 MG/KG 10 N 10 N nc NA
MW02S 2 4 Aroclor, Total 0.185 MG/KG 10 N 10 N nc NA
MW08S 2 4 Aroclor, Total 0.13 MG/KG 10 N 10 N nc NA
MW15D 2 4 Aroclor, Total 0.042 MG/KG 10 N 10 N nc NA


SB02 2 4 Aroclor, Total 4.3 MG/KG 10 N 10 N nc NA
SS-03 2.5 3.5 Aroclor, Total 0.15 MG/KG 10 N 10 N nc NA


MW07S 3 4 Aroclor, Total 0.12 MG/KG 10 N 10 N nc NA
CMS-155 3 4 Aroclor, Total 2.4 MG/KG 10 N 10 N nc NA
CMS-162 3 4 Aroclor, Total 2.1 MG/KG 10 N 10 N nc NA
CMS-175 3 4 Aroclor, Total 0.17 MG/KG 10 N 10 N nc NA
CMS-405 3 4 Aroclor, Total 0.72 MG/KG 10 N 10 N nc NA
CMS-410 3 4 Aroclor, Total 29 MG/KG 10 Y 10 Y nc NA
CMS-417 3 4 Aroclor, Total 46 MG/KG 10 Y 10 Y nc NA
CMS-419 3 4 Aroclor, Total 0.25 MG/KG 10 N 10 N nc NA
CMS-420 3 4 Aroclor, Total 860 MG/KG 10 Y 10 Y nc NA
CMS-422 3 4 Aroclor, Total 2.9 MG/KG 10 N 10 N nc NA
CMS-423 3 4 Aroclor, Total 12 MG/KG 10 Y 10 Y nc NA
CMS-424 3 4 Aroclor, Total 0.089 MG/KG 10 N 10 N nc NA
CMS-426 3 4 Aroclor, Total 0.7 MG/KG 10 N 10 N nc NA
CMS-432 3 4 Aroclor, Total 280 MG/KG 10 Y 10 Y nc NA
CMS-433 3 4 Aroclor, Total 1.9 MG/KG 10 N 10 N nc NA
CMS-423 3 4 Aroclor, Total 9.1 MG/KG 10 N 10 N nc NA
CMS-060 4 5 Aroclor, Total 0.23 MG/KG 10 N 10 N nc NA
CMS-419 4 5 Aroclor, Total 0.8 MG/KG 10 N 10 N nc NA
CMS-426 4 5 Aroclor, Total 0.32 MG/KG 10 N 10 N nc NA
CMS-427 4 5 Aroclor, Total 23 MG/KG 10 Y 10 Y nc NA
MW01S 4 6 Aroclor, Total 0.47 MG/KG 10 N 10 N nc NA
MW09S 4 6 Aroclor, Total 0.15 MG/KG 10 N 10 N nc NA


SB02 4 6 Aroclor, Total 4.2 MG/KG 10 N 10 N nc NA
CMS-4105 0 1 Aroclor, Total 18.9 MG/KG 10 Y 10 Y nc NA
CMS-4110 0 1 Aroclor, Total 11.0 MG/KG 10 Y 10 Y nc NA


CMW-SD-2019 0 0.5 Arsenic 10.4 MG/KG J 7 Y nc NA nc NA
CMW-SD-2021 0 0.5 Arsenic 5.6 MG/KG J 7 N nc NA nc NA


CMS-060 0 1 Arsenic 7.6 MG/KG J 7 Y nc NA nc NA
CMS-089 0 1 Arsenic 3.5 MG/KG J 7 N nc NA nc NA
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CMS-098 0 1 Arsenic 3.3 MG/KG J 7 N nc NA nc NA
CMS-118 0 1 Arsenic 5 MG/KG J 7 N nc NA nc NA
CMS-142 0 1 Arsenic 4.4 MG/KG J 7 N nc NA nc NA
CMS-159 0 1 Arsenic 8.1 MG/KG J 7 Y nc NA nc NA
CMS-164 0 1 Arsenic 6.6 MG/KG J 7 N nc NA nc NA
CMS-173 0 1 Arsenic 8.3 MG/KG J 7 Y nc NA nc NA
CMS-237 0 1 Arsenic 4.2 MG/KG J 7 N nc NA nc NA
CMS-405 0 1 Arsenic 1.2 MG/KG J 7 N nc NA nc NA
CMS-407 0 1 Arsenic 1.3 MG/KG J 7 N nc NA nc NA
CMS-408 0 1 Arsenic 1.5 MG/KG J 7 N nc NA nc NA
CMS-417 0 1 Arsenic 6.5 MG/KG J 7 N nc NA nc NA
CMS-456 0 1 Arsenic 2.8 MG/KG J 7 N nc NA nc NA
CMS-142 0 1 Arsenic 3.4 MG/KG J 7 N nc NA nc NA
CMS-060 0 1 Arsenic 7.7 MG/KG J 7 Y nc NA nc NA


RES-14-302-01 0 1 Arsenic 2 MG/KG J 7 N nc NA nc NA
RES-14-303-01 0 1 Arsenic 6.4 MG/KG J 7 N nc NA nc NA
RES-14-333-01 0 1 Arsenic 12.1 MG/KG J 7 Y nc NA nc NA
RES-14-271-01 0 1 Arsenic 2.8 MG/KG J 7 N nc NA nc NA
RES-14-272-01 0 1 Arsenic 4.7 MG/KG J 7 N nc NA nc NA


MW05S 1 2 Arsenic 1.8 MG/KG J 7 N nc NA nc NA
MW05S 1 2 Arsenic 1.8 MG/KG J 7 N nc NA nc NA


SB-14-271 1 2 Arsenic 4.7 MG/KG J 7 N nc NA nc NA
CMS-060 1 2 Arsenic 6.7 MG/KG J 7 N nc NA nc NA
CMS-089 1 2 Arsenic 3.6 MG/KG J 7 N nc NA nc NA
CMS-118 1 2 Arsenic 6.8 MG/KG J 7 N nc NA nc NA
CMS-173 1 2 Arsenic 1.5 MG/KG J 7 N nc NA nc NA
CMS-237 1 2 Arsenic 12.3 MG/KG J 7 Y nc NA nc NA
CMS-405 1 2 Arsenic 5.8 MG/KG J 7 N nc NA nc NA
CMS-407 1 2 Arsenic 1.5 MG/KG J 7 N nc NA nc NA
CMS-408 1 2 Arsenic 7.6 MG/KG J 7 Y nc NA nc NA
CMS-417 1 2 Arsenic 10.2 MG/KG J 7 Y nc NA nc NA
CMS-419 1 2 Arsenic 8.3 MG/KG J 7 Y nc NA nc NA
CMS-423 1 2 Arsenic 3.4 MG/KG J 7 N nc NA nc NA
CMS-427 1 2 Arsenic 3.2 MG/KG J 7 N nc NA nc NA
CMS-428 1 2 Arsenic 3.5 MG/KG J 7 N nc NA nc NA
CMS-456 1 2 Arsenic 3.1 MG/KG J 7 N nc NA nc NA
CMS-405 1 2 Arsenic 12.9 MG/KG J 7 Y nc NA nc NA
CMS-060 2 3 Arsenic 9.1 MG/KG J 7 Y nc NA nc NA
CMS-089 2 3 Arsenic 3.9 MG/KG J 7 N nc NA nc NA
CMS-237 2 3 Arsenic 10.7 MG/KG J 7 Y nc NA nc NA
CMS-405 2 3 Arsenic 14.9 MG/KG J 7 Y nc NA nc NA
CMS-407 2 3 Arsenic 7.1 MG/KG J 7 Y nc NA nc NA
CMS-408 2 3 Arsenic 9.9 MG/KG J 7 Y nc NA nc NA
CMS-417 2 3 Arsenic 6.2 MG/KG J 7 N nc NA nc NA
CMS-455 2 3 Arsenic 9.3 MG/KG J 7 Y nc NA nc NA
MW05S 2 4 Arsenic 4.7 MG/KG J 7 N nc NA nc NA
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MW06S 2 4 Arsenic 5.9 MG/KG J 7 N nc NA nc NA
MW15D 2 4 Arsenic 1.4 MG/KG J 7 N nc NA nc NA


SB-14-271 2 4 Arsenic 1.1 MG/KG J 7 N nc NA nc NA
MW07S 3 4 Arsenic 1.7 MG/KG J 7 N nc NA nc NA


CMS-060 3 4 Arsenic 3 MG/KG J 7 N nc NA nc NA
CMS-089 3 4 Arsenic 3.7 MG/KG J 7 N nc NA nc NA
CMS-118 3 4 Arsenic 7.4 MG/KG J 7 Y nc NA nc NA
CMS-405 3 4 Arsenic 11.7 MG/KG J 7 Y nc NA nc NA
CMS-407 3 4 Arsenic 2.3 MG/KG J 7 N nc NA nc NA
CMS-417 3 4 Arsenic 7.5 MG/KG J 7 Y nc NA nc NA
CMS-419 3 4 Arsenic 7.2 MG/KG J 7 Y nc NA nc NA
CMS-423 3 4 Arsenic 5.6 MG/KG J 7 N nc NA nc NA
CMS-427 3 4 Arsenic 1.9 MG/KG J 7 N nc NA nc NA
CMS-428 3 4 Arsenic 4.1 MG/KG J 7 N nc NA nc NA
CMS-423 3 4 Arsenic 5.2 MG/KG J 7 N nc NA nc NA
CMS-060 4 5 Arsenic 5.9 MG/KG J 7 N nc NA nc NA
CMS-118 4 5 Arsenic 2.3 MG/KG J 7 N nc NA nc NA
CMS-405 4 5 Arsenic 2.5 MG/KG J 7 N nc NA nc NA
CMS-455 4 5 Arsenic 3.1 MG/KG J 7 N nc NA nc NA


SB03 4 6 Arsenic 1.1 MG/KG J 7 N nc NA nc NA
MW15D 4 6 Arsenic 2.6 MG/KG J 7 N nc NA nc NA
MW05S 4 6 Arsenic 5.1 MG/KG J 7 N nc NA nc NA
MW06S 4 6 Arsenic 5.4 MG/KG J 7 N nc NA nc NA
MW07S 4 6 Arsenic 3.3 MG/KG J 7 N nc NA nc NA
MW09S 4 6 Arsenic 5.2 MG/KG J 7 N nc NA nc NA
MW15D 4 6 Arsenic 2.6 MG/KG J 7 N nc NA nc NA


SB-14-271 4 6 Arsenic 1.1 MG/KG J 7 N nc NA nc NA
SB03 4 6 Arsenic 1 MG/KG J 7 N nc NA nc NA


CMW-SD-2018 0 0.5 Arsenic 0.54 MG/KG U 7 NA nc NA nc NA
RES-14-271-01 0 1 Arsenic 1.9 MG/KG U 7 NA nc NA nc NA


CMS-703 0 2 Arsenic 10.7 MG/KG U 7 NA nc NA nc NA
BV01COMP 0 4 Arsenic 34.1 MG/KG U 7 NA nc NA nc NA


MW01S 4 6 Arsenic 1.4 MG/KG U 7 NA nc NA nc NA
CMW-SD-2016 0 0.5 Arsenic 2.4 MG/KG 7 N nc NA nc NA
CMW-SD-2017 0 0.5 Arsenic 1.8 MG/KG 7 N nc NA nc NA
CMW-SD-2020 0 0.5 Arsenic 3.3 MG/KG 7 N nc NA nc NA
RES-14-272-01 0 1 Arsenic 3.5 MG/KG 7 N nc NA nc NA
CMW-SD-2022 0.5 2 Arsenic 2.2 MG/KG 7 N nc NA nc NA


MW14M 1 2 Arsenic 6 MG/KG 7 N nc NA nc NA
MW01S 1 2 Arsenic 2.7 MG/KG 7 N nc NA nc NA
MW08S 1 2 Arsenic 8 MG/KG 7 Y nc NA nc NA
MW14M 1 2 Arsenic 6.7 MG/KG 7 N nc NA nc NA


CMW-SD-2022 2 2.5 Arsenic 1.3 MG/KG 7 N nc NA nc NA
CMS-118 2 3 Arsenic 49.3 MG/KG 7 Y nc NA nc NA
MW08S 2 4 Arsenic 9.5 MG/KG 7 Y nc NA nc NA


SB02 2 4 Arsenic 6.2 MG/KG 7 N nc NA nc NA
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MW02S 2 4 Arsenic 5.1 MG/KG 7 N nc NA nc NA
MW06S 2 4 Arsenic 6.9 MG/KG 7 N nc NA nc NA
MW08S 2 4 Arsenic 5.8 MG/KG 7 N nc NA nc NA
MW14M 2 4 Arsenic 6.8 MG/KG 7 N nc NA nc NA


SB02 2 4 Arsenic 6.3 MG/KG 7 N nc NA nc NA
SB03 2 4 Arsenic 1.9 MG/KG 7 N nc NA nc NA


GEC-7 2.5 4.5 Arsenic 4.4 MG/KG 7 N nc NA nc NA
MW03S 4 6 Arsenic 2.2 MG/KG 7 N nc NA nc NA
MW04D 4 6 Arsenic 7.1 MG/KG 7 Y nc NA nc NA
MW08S 4 6 Arsenic 2.8 MG/KG 7 N nc NA nc NA


SB02 4 6 Arsenic 5.4 MG/KG 7 N nc NA nc NA
CMS-4105 0 1 Arsenic 17.3 MG/KG 7 Y nc NA nc NA
CMS-4110 0 1 Arsenic 4.93 MG/KG 7 N nc NA nc NA


CMW-SD-2019 0 0.5 Barium 90.6 MG/KG J 5500 N nc NA nc NA
CMW-SD-2021 0 0.5 Barium 99.7 MG/KG J 5500 N nc NA nc NA


CMS-089 0 1 Barium 27.7 MG/KG J 5500 N nc NA nc NA
CMS-098 0 1 Barium 24.5 MG/KG J 5500 N nc NA nc NA
CMS-142 0 1 Barium 21.8 MG/KG J 5500 N nc NA nc NA
CMS-164 0 1 Barium 212 MG/KG J 5500 N nc NA nc NA
CMS-173 0 1 Barium 104 MG/KG J 5500 N nc NA nc NA
CMS-237 0 1 Barium 209 MG/KG J 5500 N nc NA nc NA
CMS-405 0 1 Barium 33.4 MG/KG J 5500 N nc NA nc NA
CMS-407 0 1 Barium 31.3 MG/KG J 5500 N nc NA nc NA
CMS-408 0 1 Barium 24.5 MG/KG J 5500 N nc NA nc NA
CMS-417 0 1 Barium 322 MG/KG J 5500 N nc NA nc NA
CMS-456 0 1 Barium 34.4 MG/KG J 5500 N nc NA nc NA
CMS-142 0 1 Barium 19 MG/KG J 5500 N nc NA nc NA


RES-14-333-01 0 1 Barium 115 MG/KG J 5500 N nc NA nc NA
CMS-089 1 2 Barium 51.7 MG/KG J 5500 N nc NA nc NA
CMS-173 1 2 Barium 27.4 MG/KG J 5500 N nc NA nc NA
CMS-237 1 2 Barium 870 MG/KG J 5500 N nc NA nc NA
CMS-405 1 2 Barium 210 MG/KG J 5500 N nc NA nc NA
CMS-407 1 2 Barium 52 MG/KG J 5500 N nc NA nc NA
CMS-408 1 2 Barium 672 MG/KG J 5500 N nc NA nc NA
CMS-417 1 2 Barium 1010 MG/KG J 5500 N nc NA nc NA
CMS-428 1 2 Barium 46.9 MG/KG J 5500 N nc NA nc NA
CMS-456 1 2 Barium 60.8 MG/KG J 5500 N nc NA nc NA
CMS-405 1 2 Barium 246 MG/KG J 5500 N nc NA nc NA
CMS-089 2 3 Barium 44.9 MG/KG J 5500 N nc NA nc NA
CMS-237 2 3 Barium 254 MG/KG J 5500 N nc NA nc NA
CMS-405 2 3 Barium 254 MG/KG J 5500 N nc NA nc NA
CMS-407 2 3 Barium 32.8 MG/KG J 5500 N nc NA nc NA
CMS-408 2 3 Barium 785 MG/KG J 5500 N nc NA nc NA
CMS-417 2 3 Barium 154 MG/KG J 5500 N nc NA nc NA
CMS-455 2 3 Barium 378 MG/KG J 5500 N nc NA nc NA
CMS-060 3 4 Barium 26 MG/KG J 5500 N nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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CMS-089 3 4 Barium 40.1 MG/KG J 5500 N nc NA nc NA
CMS-405 3 4 Barium 865 MG/KG J 5500 N nc NA nc NA
CMS-407 3 4 Barium 29.2 MG/KG J 5500 N nc NA nc NA
CMS-417 3 4 Barium 87.5 MG/KG J 5500 N nc NA nc NA
CMS-427 3 4 Barium 24.3 MG/KG J 5500 N nc NA nc NA
CMS-428 3 4 Barium 31.5 MG/KG J 5500 N nc NA nc NA
CMS-405 4 5 Barium 23.9 MG/KG J 5500 N nc NA nc NA
CMS-455 4 5 Barium 32.4 MG/KG J 5500 N nc NA nc NA


CMW-SD-2016 0 0.5 Barium 12.4 MG/KG 5500 N nc NA nc NA
CMW-SD-2017 0 0.5 Barium 38.6 MG/KG 5500 N nc NA nc NA
CMW-SD-2018 0 0.5 Barium 9.8 MG/KG 5500 N nc NA nc NA
CMW-SD-2020 0 0.5 Barium 61.2 MG/KG 5500 N nc NA nc NA


CMS-060 0 1 Barium 40.2 MG/KG 5500 N nc NA nc NA
CMS-118 0 1 Barium 55.9 MG/KG 5500 N nc NA nc NA
CMS-159 0 1 Barium 181 MG/KG 5500 N nc NA nc NA
CMS-060 0 1 Barium 62.5 MG/KG 5500 N nc NA nc NA


RES-14-271-01 0 1 Barium 108 MG/KG 5500 N nc NA nc NA
RES-14-272-01 0 1 Barium 189 MG/KG 5500 N nc NA nc NA
RES-14-302-01 0 1 Barium 221 MG/KG 5500 N nc NA nc NA
RES-14-303-01 0 1 Barium 154 MG/KG 5500 N nc NA nc NA
RES-14-271-01 0 1 Barium 127 MG/KG 5500 N nc NA nc NA
RES-14-272-01 0 1 Barium 290 MG/KG 5500 N nc NA nc NA


CMS-703 0 2 Barium 43 MG/KG 5500 N nc NA nc NA
BV01COMP 0 4 Barium 26.4 MG/KG 5500 N nc NA nc NA


CMW-SD-2022 0.5 2 Barium 69.3 MG/KG 5500 N nc NA nc NA
MW05S 1 2 Barium 26 MG/KG 5500 N nc NA nc NA
MW14M 1 2 Barium 65.5 MG/KG 5500 N nc NA nc NA
MW01S 1 2 Barium 78.2 MG/KG 5500 N nc NA nc NA
MW05S 1 2 Barium 28.6 MG/KG 5500 N nc NA nc NA
MW08S 1 2 Barium 218 MG/KG 5500 N nc NA nc NA
MW14M 1 2 Barium 87.2 MG/KG 5500 N nc NA nc NA


SB-14-271 1 2 Barium 76 MG/KG 5500 N nc NA nc NA
CMS-060 1 2 Barium 73.3 MG/KG 5500 N nc NA nc NA
CMS-118 1 2 Barium 93.5 MG/KG 5500 N nc NA nc NA
CMS-419 1 2 Barium 845 MG/KG 5500 N nc NA nc NA
CMS-423 1 2 Barium 34 MG/KG 5500 N nc NA nc NA
CMS-427 1 2 Barium 61.5 MG/KG 5500 N nc NA nc NA


CMW-SD-2022 2 2.5 Barium 17.5 MG/KG 5500 N nc NA nc NA
CMS-060 2 3 Barium 36.8 MG/KG 5500 N nc NA nc NA
CMS-118 2 3 Barium 437 MG/KG 5500 N nc NA nc NA
MW08S 2 4 Barium 60 MG/KG 5500 N nc NA nc NA


SB02 2 4 Barium 47.4 MG/KG 5500 N nc NA nc NA
MW02S 2 4 Barium 25.5 MG/KG 5500 N nc NA nc NA
MW05S 2 4 Barium 53.9 MG/KG 5500 N nc NA nc NA
MW06S 2 4 Barium 142 MG/KG 5500 N nc NA nc NA
MW06S 2 4 Barium 85.5 MG/KG 5500 N nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs


BORING TO
P_


O
F_


S
A


M
PL


E 
(ft


)


B
O


TT
O


M
_


O
F_


SA
M


PL
E 


(ft
)


PARAMETER LAB_RESULT UNITS QUAL


RIDEM Residential 
Direct Exposure 
Criteria (MG/KG)


Exceed 
Criteria 


(Y/N)


RIDEM GB 
Leachability 


Criteria 
(MG/KG)


Exceed 
Criteria 


(Y/N)


EPA's Recommended 
Residential Level for 


Dioxin (NG/KG)


Exceed 
Criteria 


(Y/N)


Potential ARARs and TBC1


MW08S 2 4 Barium 87.2 MG/KG 5500 N nc NA nc NA
MW14M 2 4 Barium 93.8 MG/KG 5500 N nc NA nc NA
MW15D 2 4 Barium 16.2 MG/KG 5500 N nc NA nc NA


SB-14-271 2 4 Barium 24.3 MG/KG 5500 N nc NA nc NA
SB02 2 4 Barium 33 MG/KG 5500 N nc NA nc NA
SB03 2 4 Barium 23.8 MG/KG 5500 N nc NA nc NA


GEC-7 2.5 4.5 Barium 190 MG/KG 5500 N nc NA nc NA
MW07S 3 4 Barium 42 MG/KG 5500 N nc NA nc NA


CMS-118 3 4 Barium 150 MG/KG 5500 N nc NA nc NA
CMS-419 3 4 Barium 76.5 MG/KG 5500 N nc NA nc NA
CMS-423 3 4 Barium 68.4 MG/KG 5500 N nc NA nc NA
CMS-423 3 4 Barium 108 MG/KG 5500 N nc NA nc NA
CMS-060 4 5 Barium 41.1 MG/KG 5500 N nc NA nc NA
CMS-118 4 5 Barium 31.2 MG/KG 5500 N nc NA nc NA


SB03 4 6 Barium 24.7 MG/KG 5500 N nc NA nc NA
MW15D 4 6 Barium 32.3 MG/KG 5500 N nc NA nc NA
MW01S 4 6 Barium 13.9 MG/KG 5500 N nc NA nc NA
MW03S 4 6 Barium 16.4 MG/KG 5500 N nc NA nc NA
MW04D 4 6 Barium 9.7 MG/KG 5500 N nc NA nc NA
MW05S 4 6 Barium 123 MG/KG 5500 N nc NA nc NA
MW06S 4 6 Barium 259 MG/KG 5500 N nc NA nc NA
MW07S 4 6 Barium 24.9 MG/KG 5500 N nc NA nc NA
MW08S 4 6 Barium 26.4 MG/KG 5500 N nc NA nc NA
MW09S 4 6 Barium 50.1 MG/KG 5500 N nc NA nc NA
MW15D 4 6 Barium 38.8 MG/KG 5500 N nc NA nc NA


SB-14-271 4 6 Barium 12.7 MG/KG 5500 N nc NA nc NA
SB02 4 6 Barium 27.5 MG/KG 5500 N nc NA nc NA
SB03 4 6 Barium 21.5 MG/KG 5500 N nc NA nc NA


CMS-4105 0 1 Barium 151 MG/KG 5500 N nc NA nc NA
CMS-4110 0 1 Barium 106 MG/KG 5500 N nc NA nc NA
CMS-164 0 1 Benzene 0.064 MG/KG J 2.5 N 4.3 N nc NA
CMS-405 0 1 Benzene 0.0064 MG/KG J 2.5 N 4.3 N nc NA
MW14M 1 2 Benzene 0.04 MG/KG J 2.5 N 4.3 N nc NA
MW08S 1 2 Benzene 0.22 MG/KG J 2.5 N 4.3 N nc NA
MW14M 1 2 Benzene 0.041 MG/KG J 2.5 N 4.3 N nc NA
CMS-237 1 2 Benzene 0.006 MG/KG J 2.5 N 4.3 N nc NA
CMS-405 1 2 Benzene 140 MG/KG J 2.5 Y 4.3 Y nc NA
CMS-405 1 2 Benzene 83 MG/KG J 2.5 Y 4.3 Y nc NA
CMS-237 2 3 Benzene 0.018 MG/KG J 2.5 N 4.3 N nc NA
CMS-405 2 3 Benzene 27 MG/KG J 2.5 Y 4.3 Y nc NA
CMS-407 2 3 Benzene 0.011 MG/KG J 2.5 N 4.3 N nc NA
CMS-405 3 4 Benzene 130 MG/KG J 2.5 Y 4.3 Y nc NA
CMS-405 4 5 Benzene 66 MG/KG J 2.5 Y 4.3 Y nc NA
CMS-455 4 5 Benzene 0.0017 MG/KG J 2.5 N 4.3 N nc NA
MW08S 4 6 Benzene 0.11 MG/KG J 2.5 N 4.3 N nc NA


CMS-089 0 1 Benzene 0.005 MG/KG U 2.5 NA 4.3 NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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CMS-098 0 1 Benzene 0.0097 MG/KG U 2.5 NA 4.3 NA nc NA
CMS-118 0 1 Benzene 0.0048 MG/KG U 2.5 NA 4.3 NA nc NA
CMS-142 0 1 Benzene 0.0095 MG/KG U 2.5 NA 4.3 NA nc NA
CMS-159 0 1 Benzene 0.021 MG/KG U 2.5 NA 4.3 NA nc NA
CMS-407 0 1 Benzene 0.005 MG/KG U 2.5 NA 4.3 NA nc NA
CMS-417 0 1 Benzene 59 MG/KG U 2.5 NA 4.3 NA nc NA
CMS-456 0 1 Benzene 0.0075 MG/KG U 2.5 NA 4.3 NA nc NA
CMS-702 0 1 Benzene 0.0087 MG/KG U 2.5 NA 4.3 NA nc NA
CMS-703 0 1 Benzene 0.0061 MG/KG U 2.5 NA 4.3 NA nc NA
CMS-142 0 1 Benzene 0.011 MG/KG U 2.5 NA 4.3 NA nc NA
CMS-060 0 1 Benzene 2.7 MG/KG U 2.5 NA 4.3 NA nc NA
CMS-065 0 10 Benzene 0.79 MG/KG U 2.5 NA 4.3 NA nc NA
MW05S 1 2 Benzene 0.095 MG/KG U 2.5 NA 4.3 NA nc NA
MW01S 1 2 Benzene 0.34 MG/KG U 2.5 NA 4.3 NA nc NA
MW05S 1 2 Benzene 0.11 MG/KG U 2.5 NA 4.3 NA nc NA


CMS-060 1 2 Benzene 5.1 MG/KG U 2.5 NA 4.3 NA nc NA
CMS-089 1 2 Benzene 0.0048 MG/KG U 2.5 NA 4.3 NA nc NA
CMS-118 1 2 Benzene 0.006 MG/KG U 2.5 NA 4.3 NA nc NA
CMS-173 1 2 Benzene 0.0083 MG/KG U 2.5 NA 4.3 NA nc NA
CMS-417 1 2 Benzene 130 MG/KG U 2.5 NA 4.3 NA nc NA
CMS-419 1 2 Benzene 28 MG/KG U 2.5 NA 4.3 NA nc NA
CMS-423 1 2 Benzene 0.0062 MG/KG U 2.5 NA 4.3 NA nc NA
CMS-427 1 2 Benzene 0.0045 MG/KG U 2.5 NA 4.3 NA nc NA
CMS-428 1 2 Benzene 0.0054 MG/KG U 2.5 NA 4.3 NA nc NA
CMS-456 1 2 Benzene 0.0089 MG/KG U 2.5 NA 4.3 NA nc NA
CMS-060 2 3 Benzene 0.27 MG/KG U 2.5 NA 4.3 NA nc NA
CMS-089 2 3 Benzene 0.0047 MG/KG U 2.5 NA 4.3 NA nc NA
CMS-118 2 3 Benzene 0.0074 MG/KG U 2.5 NA 4.3 NA nc NA
CMS-417 2 3 Benzene 17 MG/KG U 2.5 NA 4.3 NA nc NA
CMS-455 2 3 Benzene 0.33 MG/KG U 2.5 NA 4.3 NA nc NA
MW08S 2 4 Benzene 0.21 MG/KG U 2.5 NA 4.3 NA nc NA
MW01S 2 4 Benzene 0.22 MG/KG U 2.5 NA 4.3 NA nc NA
MW02S 2 4 Benzene 0.2 MG/KG U 2.5 NA 4.3 NA nc NA
MW04D 2 4 Benzene 0.5 MG/KG U 2.5 NA 4.3 NA nc NA
MW05S 2 4 Benzene 0.1 MG/KG U 2.5 NA 4.3 NA nc NA
MW06S 2 4 Benzene 0.3 MG/KG U 2.5 NA 4.3 NA nc NA
MW06S 2 4 Benzene 0.3 MG/KG U 2.5 NA 4.3 NA nc NA
MW08S 2 4 Benzene 0.32 MG/KG U 2.5 NA 4.3 NA nc NA
MW14M 2 4 Benzene 0.14 MG/KG U 2.5 NA 4.3 NA nc NA
MW15D 2 4 Benzene 0.14 MG/KG U 2.5 NA 4.3 NA nc NA


SB02 2 4 Benzene 0.38 MG/KG U 2.5 NA 4.3 NA nc NA
SB03 2 4 Benzene 0.3 MG/KG U 2.5 NA 4.3 NA nc NA


GEC-7 2.5 4.5 Benzene 0.03 MG/KG U 2.5 NA 4.3 NA nc NA
MW07S 3 4 Benzene 0.5 MG/KG U 2.5 NA 4.3 NA nc NA


CMS-060 3 4 Benzene 0.0058 MG/KG U 2.5 NA 4.3 NA nc NA
CMS-089 3 4 Benzene 0.0041 MG/KG U 2.5 NA 4.3 NA nc NA
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CMS-118 3 4 Benzene 0.0084 MG/KG U 2.5 NA 4.3 NA nc NA
CMS-407 3 4 Benzene 0.32 MG/KG U 2.5 NA 4.3 NA nc NA
CMS-417 3 4 Benzene 0.28 MG/KG U 2.5 NA 4.3 NA nc NA
CMS-419 3 4 Benzene 0.32 MG/KG U 2.5 NA 4.3 NA nc NA
CMS-423 3 4 Benzene 0.0045 MG/KG U 2.5 NA 4.3 NA nc NA
CMS-428 3 4 Benzene 0.0057 MG/KG U 2.5 NA 4.3 NA nc NA
CMS-423 3 4 Benzene 0.0049 MG/KG U 2.5 NA 4.3 NA nc NA
CMS-060 4 5 Benzene 0.0048 MG/KG U 2.5 NA 4.3 NA nc NA
CMS-118 4 5 Benzene 0.0059 MG/KG U 2.5 NA 4.3 NA nc NA
MW15D 4 6 Benzene 0.1 MG/KG U 2.5 NA 4.3 NA nc NA
MW02S 4 6 Benzene 0.55 MG/KG U 2.5 NA 4.3 NA nc NA


SB03 4 6 Benzene 0.2 MG/KG U 2.5 NA 4.3 NA nc NA
MW01S 4 6 Benzene 0.24 MG/KG U 2.5 NA 4.3 NA nc NA
MW02S 4 6 Benzene 0.42 MG/KG U 2.5 NA 4.3 NA nc NA
MW03S 4 6 Benzene 0.35 MG/KG U 2.5 NA 4.3 NA nc NA
MW04D 4 6 Benzene 0.18 MG/KG U 2.5 NA 4.3 NA nc NA
MW06S 4 6 Benzene 0.43 MG/KG U 2.5 NA 4.3 NA nc NA
MW07S 4 6 Benzene 0.26 MG/KG U 2.5 NA 4.3 NA nc NA
MW09S 4 6 Benzene 0.26 MG/KG U 2.5 NA 4.3 NA nc NA
MW15D 4 6 Benzene 0.12 MG/KG U 2.5 NA 4.3 NA nc NA


SB02 4 6 Benzene 0.26 MG/KG U 2.5 NA 4.3 NA nc NA
SB03 4 6 Benzene 0.18 MG/KG U 2.5 NA 4.3 NA nc NA


CMS-237 0 1 Benzene 0.0059 MG/KG UJ 2.5 NA 4.3 NA nc NA
SB-14-271 1 2 Benzene 0.12 MG/KG UJ 2.5 NA 4.3 NA nc NA
SB-14-271 2 4 Benzene 0.13 MG/KG UJ 2.5 NA 4.3 NA nc NA


MW05S 4 6 Benzene 0.11 MG/KG UJ 2.5 NA 4.3 NA nc NA
SB-14-271 4 6 Benzene 0.11 MG/KG UJ 2.5 NA 4.3 NA nc NA
CMS-173 0 1 Benzene 0.098 MG/KG 2.5 N 4.3 N nc NA
CMS-408 0 1 Benzene 0.014 MG/KG 2.5 N 4.3 N nc NA
CMS-407 1 2 Benzene 0.016 MG/KG 2.5 N 4.3 N nc NA
CMS-408 1 2 Benzene 160 MG/KG 2.5 Y 4.3 Y nc NA
CMS-408 2 3 Benzene 480 MG/KG 2.5 Y 4.3 Y nc NA


GEC-6 2.5 4.5 Benzene 0.12 MG/KG 2.5 N 4.3 N nc NA
CMS-427 3 4 Benzene 0.017 MG/KG 2.5 N 4.3 N nc NA


SS-01 0 0 Benzo(a)anthracene 0.42 MG/KG J 0.9 N nc NA nc NA
CMW-SD-2019 0 0.5 Benzo(a)anthracene 0.52 MG/KG J 0.9 N nc NA nc NA
CMW-SD-2020 0 0.5 Benzo(a)anthracene 0.24 MG/KG J 0.9 N nc NA nc NA
CMW-SD-2021 0 0.5 Benzo(a)anthracene 2 MG/KG J 0.9 Y nc NA nc NA


CMS-060 0 1 Benzo(a)anthracene 0.91 MG/KG J 0.9 Y nc NA nc NA
CMS-098 0 1 Benzo(a)anthracene 0.2 MG/KG J 0.9 N nc NA nc NA
CMS-142 0 1 Benzo(a)anthracene 0.27 MG/KG J 0.9 N nc NA nc NA
CMS-159 0 1 Benzo(a)anthracene 1.8 MG/KG J 0.9 Y nc NA nc NA
CMS-164 0 1 Benzo(a)anthracene 0.24 MG/KG J 0.9 N nc NA nc NA
CMS-173 0 1 Benzo(a)anthracene 0.48 MG/KG J 0.9 N nc NA nc NA
CMS-237 0 1 Benzo(a)anthracene 0.99 MG/KG J 0.9 Y nc NA nc NA
CMS-408 0 1 Benzo(a)anthracene 0.082 MG/KG J 0.9 N nc NA nc NA
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CMS-142 0 1 Benzo(a)anthracene 0.14 MG/KG J 0.9 N nc NA nc NA
CMS-060 0 1 Benzo(a)anthracene 1.5 MG/KG J 0.9 Y nc NA nc NA


RES-14-271-01 0 1 Benzo(a)anthracene 0.32 MG/KG J 0.9 N nc NA nc NA
RES-14-272-01 0 1 Benzo(a)anthracene 0.58 MG/KG J 0.9 N nc NA nc NA
RES-14-302-01 0 1 Benzo(a)anthracene 0.56 MG/KG J 0.9 N nc NA nc NA
RES-14-303-01 0 1 Benzo(a)anthracene 1.4 MG/KG J 0.9 Y nc NA nc NA
RES-14-333-01 0 1 Benzo(a)anthracene 2.3 MG/KG J 0.9 Y nc NA nc NA
RES-14-271-01 0 1 Benzo(a)anthracene 0.8 MG/KG J 0.9 N nc NA nc NA
RES-14-272-01 0 1 Benzo(a)anthracene 0.78 MG/KG J 0.9 N nc NA nc NA


SS-02 0 1.3 Benzo(a)anthracene 0.28 MG/KG J 0.9 N nc NA nc NA
CMS-703 0 2 Benzo(a)anthracene 0.63 MG/KG J 0.9 N nc NA nc NA


SS-06 0 2 Benzo(a)anthracene 0.53 MG/KG J 0.9 N nc NA nc NA
CMW-SD-2022 0.5 2 Benzo(a)anthracene 2.2 MG/KG J 0.9 Y nc NA nc NA


MW08S 1 2 Benzo(a)anthracene 0.17 MG/KG J 0.9 N nc NA nc NA
MW14M 1 2 Benzo(a)anthracene 0.24 MG/KG J 0.9 N nc NA nc NA
MW14M 1 2 Benzo(a)anthracene 0.32 MG/KG J 0.9 N nc NA nc NA


SB-14-271 1 2 Benzo(a)anthracene 0.21 MG/KG J 0.9 N nc NA nc NA
CMS-237 1 2 Benzo(a)anthracene 0.4 MG/KG J 0.9 N nc NA nc NA
CMS-405 1 2 Benzo(a)anthracene 5.5 MG/KG J 0.9 Y nc NA nc NA
CMS-408 1 2 Benzo(a)anthracene 0.83 MG/KG J 0.9 N nc NA nc NA
CMS-423 1 2 Benzo(a)anthracene 0.21 MG/KG J 0.9 N nc NA nc NA
CMS-427 1 2 Benzo(a)anthracene 1 MG/KG J 0.9 Y nc NA nc NA
CMS-405 1 2 Benzo(a)anthracene 1.1 MG/KG J 0.9 Y nc NA nc NA
CMS-060 2 3 Benzo(a)anthracene 0.13 MG/KG J 0.9 N nc NA nc NA
CMS-118 2 3 Benzo(a)anthracene 0.36 MG/KG J 0.9 N nc NA nc NA
CMS-405 2 3 Benzo(a)anthracene 0.37 MG/KG J 0.9 N nc NA nc NA
MW08S 2 4 Benzo(a)anthracene 0.39 MG/KG J 0.9 N nc NA nc NA


SB02 2 4 Benzo(a)anthracene 0.6 MG/KG J 0.9 N nc NA nc NA
MW01S 2 4 Benzo(a)anthracene 0.77 MG/KG J 0.9 N nc NA nc NA
MW02S 2 4 Benzo(a)anthracene 0.046 MG/KG J 0.9 N nc NA nc NA
MW06S 2 4 Benzo(a)anthracene 0.18 MG/KG J 0.9 N nc NA nc NA
MW06S 2 4 Benzo(a)anthracene 0.17 MG/KG J 0.9 N nc NA nc NA
MW08S 2 4 Benzo(a)anthracene 0.25 MG/KG J 0.9 N nc NA nc NA
MW14M 2 4 Benzo(a)anthracene 0.2 MG/KG J 0.9 N nc NA nc NA
MW15D 2 4 Benzo(a)anthracene 0.14 MG/KG J 0.9 N nc NA nc NA


SB02 2 4 Benzo(a)anthracene 0.7 MG/KG J 0.9 N nc NA nc NA
CMS-118 3 4 Benzo(a)anthracene 0.095 MG/KG J 0.9 N nc NA nc NA
CMS-407 3 4 Benzo(a)anthracene 0.19 MG/KG J 0.9 N nc NA nc NA
CMS-423 3 4 Benzo(a)anthracene 0.23 MG/KG J 0.9 N nc NA nc NA
CMS-423 3 4 Benzo(a)anthracene 0.18 MG/KG J 0.9 N nc NA nc NA
CMS-060 4 5 Benzo(a)anthracene 0.22 MG/KG J 0.9 N nc NA nc NA
CMS-118 4 5 Benzo(a)anthracene 0.069 MG/KG J 0.9 N nc NA nc NA
MW15D 4 6 Benzo(a)anthracene 1.1 MG/KG J 0.9 Y nc NA nc NA
MW06S 4 6 Benzo(a)anthracene 0.084 MG/KG J 0.9 N nc NA nc NA
MW07S 4 6 Benzo(a)anthracene 0.16 MG/KG J 0.9 N nc NA nc NA
MW09S 4 6 Benzo(a)anthracene 0.36 MG/KG J 0.9 N nc NA nc NA
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MW15D 4 6 Benzo(a)anthracene 0.65 MG/KG J 0.9 N nc NA nc NA
SB02 4 6 Benzo(a)anthracene 0.39 MG/KG J 0.9 N nc NA nc NA


MW05S 2 4 Benzo(a)anthracene 3.9 MG/KG J* 0.9 Y nc NA nc NA
CMS-417 0 1 Benzo(a)anthracene 35 MG/KG U 0.9 NA nc NA nc NA
MW05S 1 2 Benzo(a)anthracene 0.36 MG/KG U 0.9 NA nc NA nc NA
MW05S 1 2 Benzo(a)anthracene 0.36 MG/KG U 0.9 NA nc NA nc NA


CMS-173 1 2 Benzo(a)anthracene 0.52 MG/KG U 0.9 NA nc NA nc NA
CMS-417 1 2 Benzo(a)anthracene 35 MG/KG U 0.9 NA nc NA nc NA
CMS-419 1 2 Benzo(a)anthracene 74 MG/KG U 0.9 NA nc NA nc NA
CMS-428 1 2 Benzo(a)anthracene 0.35 MG/KG U 0.9 NA nc NA nc NA
CMS-089 2 3 Benzo(a)anthracene 0.7 MG/KG U 0.9 NA nc NA nc NA
CMS-417 2 3 Benzo(a)anthracene 9.8 MG/KG U 0.9 NA nc NA nc NA
SB-14-271 2 4 Benzo(a)anthracene 0.45 MG/KG U 0.9 NA nc NA nc NA


SS-03 2.5 3.5 Benzo(a)anthracene 0.4 MG/KG U 0.9 NA nc NA nc NA
CMS-060 3 4 Benzo(a)anthracene 0.45 MG/KG U 0.9 NA nc NA nc NA
CMS-417 3 4 Benzo(a)anthracene 1.9 MG/KG U 0.9 NA nc NA nc NA
CMS-419 3 4 Benzo(a)anthracene 0.42 MG/KG U 0.9 NA nc NA nc NA
CMS-427 3 4 Benzo(a)anthracene 0.41 MG/KG U 0.9 NA nc NA nc NA
CMS-428 3 4 Benzo(a)anthracene 0.37 MG/KG U 0.9 NA nc NA nc NA
CMS-405 4 5 Benzo(a)anthracene 0.46 MG/KG U 0.9 NA nc NA nc NA
CMS-455 4 5 Benzo(a)anthracene 0.48 MG/KG U 0.9 NA nc NA nc NA


SB03 4 6 Benzo(a)anthracene 0.37 MG/KG U 0.9 NA nc NA nc NA
MW04D 4 6 Benzo(a)anthracene 0.42 MG/KG U 0.9 NA nc NA nc NA
MW05S 4 6 Benzo(a)anthracene 0.82 MG/KG U 0.9 NA nc NA nc NA
MW08S 4 6 Benzo(a)anthracene 0.45 MG/KG U 0.9 NA nc NA nc NA


SB-14-271 4 6 Benzo(a)anthracene 0.4 MG/KG U 0.9 NA nc NA nc NA
SB03 4 6 Benzo(a)anthracene 0.38 MG/KG U 0.9 NA nc NA nc NA


GEC-6 2.5 4.5 Benzo(a)anthracene 0.15 MG/KG U 0.9 NA nc NA nc NA
CMW-SD-2016 0 0.5 Benzo(a)anthracene 1.8 MG/KG 0.9 Y nc NA nc NA
CMW-SD-2017 0 0.5 Benzo(a)anthracene 1.4 MG/KG 0.9 Y nc NA nc NA
CMW-SD-2018 0 0.5 Benzo(a)anthracene 8.5 MG/KG 0.9 Y nc NA nc NA


CMS-089 0 1 Benzo(a)anthracene 2.2 MG/KG 0.9 Y nc NA nc NA
CMS-118 0 1 Benzo(a)anthracene 1.1 MG/KG 0.9 Y nc NA nc NA
CMS-405 0 1 Benzo(a)anthracene 1.9 MG/KG 0.9 Y nc NA nc NA
CMS-407 0 1 Benzo(a)anthracene 0.61 MG/KG 0.9 N nc NA nc NA
CMS-456 0 1 Benzo(a)anthracene 1.8 MG/KG 0.9 Y nc NA nc NA


BV01COMP 0 4 Benzo(a)anthracene 1.1 MG/KG 0.9 Y nc NA nc NA
MW14M 1 2 Benzo(a)anthracene 0.35 MG/KG 0.9 N nc NA nc NA
MW14M 1 2 Benzo(a)anthracene 0.34 MG/KG 0.9 N nc NA nc NA
MW01S 1 2 Benzo(a)anthracene 0.85 MG/KG 0.9 N nc NA nc NA


CMS-060 1 2 Benzo(a)anthracene 0.44 MG/KG 0.9 N nc NA nc NA
CMS-089 1 2 Benzo(a)anthracene 0.61 MG/KG 0.9 N nc NA nc NA
CMS-118 1 2 Benzo(a)anthracene 1.5 MG/KG 0.9 Y nc NA nc NA
CMS-407 1 2 Benzo(a)anthracene 1.2 MG/KG 0.9 Y nc NA nc NA
CMS-456 1 2 Benzo(a)anthracene 1.8 MG/KG 0.9 Y nc NA nc NA


CMW-SD-2022 2 2.5 Benzo(a)anthracene 1 MG/KG 0.9 Y nc NA nc NA
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CMS-237 2 3 Benzo(a)anthracene 1.5 MG/KG 0.9 Y nc NA nc NA
CMS-407 2 3 Benzo(a)anthracene 2 MG/KG 0.9 Y nc NA nc NA
CMS-408 2 3 Benzo(a)anthracene 0.43 MG/KG 0.9 N nc NA nc NA
CMS-455 2 3 Benzo(a)anthracene 1 MG/KG 0.9 Y nc NA nc NA


SB03 2 4 Benzo(a)anthracene 3.4 MG/KG 0.9 Y nc NA nc NA
MW07S 3 4 Benzo(a)anthracene 0.71 MG/KG 0.9 N nc NA nc NA


CMS-089 3 4 Benzo(a)anthracene 2.8 MG/KG 0.9 Y nc NA nc NA
CMS-405 3 4 Benzo(a)anthracene 0.95 MG/KG 0.9 Y nc NA nc NA
MW01S 4 6 Benzo(a)anthracene 0.81 MG/KG 0.9 N nc NA nc NA
MW03S 4 6 Benzo(a)anthracene 0.84 MG/KG 0.9 N nc NA nc NA


CMS-4105 0 1 Benzo[a]anthracene 7.074341334 MG/KG J 0.9 Y nc NA nc NA
CMS-4110 0 1 Benzo[a]anthracene 2.980337693 MG/KG J 0.9 Y nc NA nc NA


CMW-SD-2019 0 0.5 Benzo(a)pyrene 0.6 MG/KG J 0.4 Y nc NA nc NA
CMW-SD-2020 0 0.5 Benzo(a)pyrene 0.25 MG/KG J 0.4 N nc NA nc NA


CMS-060 0 1 Benzo(a)pyrene 0.73 MG/KG J 0.4 Y nc NA nc NA
CMS-098 0 1 Benzo(a)pyrene 0.21 MG/KG J 0.4 N nc NA nc NA
CMS-118 0 1 Benzo(a)pyrene 1 MG/KG J 0.4 Y nc NA nc NA
CMS-142 0 1 Benzo(a)pyrene 0.25 MG/KG J 0.4 N nc NA nc NA
CMS-159 0 1 Benzo(a)pyrene 2 MG/KG J 0.4 Y nc NA nc NA
CMS-164 0 1 Benzo(a)pyrene 0.32 MG/KG J 0.4 N nc NA nc NA
CMS-173 0 1 Benzo(a)pyrene 0.53 MG/KG J 0.4 Y nc NA nc NA
CMS-237 0 1 Benzo(a)pyrene 0.98 MG/KG J 0.4 Y nc NA nc NA
CMS-408 0 1 Benzo(a)pyrene 0.085 MG/KG J 0.4 N nc NA nc NA
CMS-142 0 1 Benzo(a)pyrene 0.14 MG/KG J 0.4 N nc NA nc NA
CMS-060 0 1 Benzo(a)pyrene 0.96 MG/KG J 0.4 Y nc NA nc NA


RES-14-271-01 0 1 Benzo(a)pyrene 0.5 MG/KG J 0.4 Y nc NA nc NA
RES-14-272-01 0 1 Benzo(a)pyrene 0.59 MG/KG J 0.4 Y nc NA nc NA
RES-14-302-01 0 1 Benzo(a)pyrene 0.63 MG/KG J 0.4 Y nc NA nc NA
RES-14-303-01 0 1 Benzo(a)pyrene 1.3 MG/KG J 0.4 Y nc NA nc NA
RES-14-333-01 0 1 Benzo(a)pyrene 2.8 MG/KG J 0.4 Y nc NA nc NA
RES-14-271-01 0 1 Benzo(a)pyrene 1.2 MG/KG J 0.4 Y nc NA nc NA
RES-14-272-01 0 1 Benzo(a)pyrene 0.83 MG/KG J 0.4 Y nc NA nc NA


SS-02 0 1.3 Benzo(a)pyrene 0.29 MG/KG J 0.4 N nc NA nc NA
SS-06 0 2 Benzo(a)pyrene 0.69 MG/KG J 0.4 Y nc NA nc NA


CMW-SD-2022 0.5 2 Benzo(a)pyrene 1.9 MG/KG J 0.4 Y nc NA nc NA
MW08S 1 2 Benzo(a)pyrene 0.17 MG/KG J 0.4 N nc NA nc NA
MW14M 1 2 Benzo(a)pyrene 0.26 MG/KG J 0.4 N nc NA nc NA
MW14M 1 2 Benzo(a)pyrene 0.27 MG/KG J 0.4 N nc NA nc NA


SB-14-271 1 2 Benzo(a)pyrene 0.17 MG/KG J 0.4 N nc NA nc NA
CMS-060 1 2 Benzo(a)pyrene 0.38 MG/KG J 0.4 N nc NA nc NA
CMS-237 1 2 Benzo(a)pyrene 0.4 MG/KG J 0.4 N nc NA nc NA
CMS-405 1 2 Benzo(a)pyrene 7.1 MG/KG J 0.4 Y nc NA nc NA
CMS-408 1 2 Benzo(a)pyrene 0.57 MG/KG J 0.4 Y nc NA nc NA
CMS-423 1 2 Benzo(a)pyrene 0.21 MG/KG J 0.4 N nc NA nc NA
CMS-427 1 2 Benzo(a)pyrene 0.84 MG/KG J 0.4 Y nc NA nc NA
CMS-405 1 2 Benzo(a)pyrene 0.83 MG/KG J 0.4 Y nc NA nc NA
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CMS-060 2 3 Benzo(a)pyrene 0.17 MG/KG J 0.4 N nc NA nc NA
CMS-089 2 3 Benzo(a)pyrene 0.11 MG/KG J 0.4 N nc NA nc NA
CMS-118 2 3 Benzo(a)pyrene 0.34 MG/KG J 0.4 N nc NA nc NA
CMS-405 2 3 Benzo(a)pyrene 0.29 MG/KG J 0.4 N nc NA nc NA
MW08S 2 4 Benzo(a)pyrene 0.34 MG/KG J 0.4 N nc NA nc NA


SB02 2 4 Benzo(a)pyrene 0.44 MG/KG J 0.4 Y nc NA nc NA
MW02S 2 4 Benzo(a)pyrene 0.039 MG/KG J 0.4 N nc NA nc NA
MW06S 2 4 Benzo(a)pyrene 0.19 MG/KG J 0.4 N nc NA nc NA
MW06S 2 4 Benzo(a)pyrene 0.16 MG/KG J 0.4 N nc NA nc NA
MW08S 2 4 Benzo(a)pyrene 0.24 MG/KG J 0.4 N nc NA nc NA
MW14M 2 4 Benzo(a)pyrene 0.16 MG/KG J 0.4 N nc NA nc NA
MW15D 2 4 Benzo(a)pyrene 0.13 MG/KG J 0.4 N nc NA nc NA


SB02 2 4 Benzo(a)pyrene 0.55 MG/KG J 0.4 Y nc NA nc NA
CMS-118 3 4 Benzo(a)pyrene 0.088 MG/KG J 0.4 N nc NA nc NA
CMS-407 3 4 Benzo(a)pyrene 0.18 MG/KG J 0.4 N nc NA nc NA
CMS-423 3 4 Benzo(a)pyrene 0.28 MG/KG J 0.4 N nc NA nc NA
CMS-423 3 4 Benzo(a)pyrene 0.17 MG/KG J 0.4 N nc NA nc NA
CMS-060 4 5 Benzo(a)pyrene 0.2 MG/KG J 0.4 N nc NA nc NA
MW06S 4 6 Benzo(a)pyrene 0.072 MG/KG J 0.4 N nc NA nc NA
MW07S 4 6 Benzo(a)pyrene 0.13 MG/KG J 0.4 N nc NA nc NA
MW09S 4 6 Benzo(a)pyrene 0.39 MG/KG J 0.4 N nc NA nc NA


SB02 4 6 Benzo(a)pyrene 0.24 MG/KG J 0.4 N nc NA nc NA
MW05S 2 4 Benzo(a)pyrene 2.3 MG/KG J* 0.4 Y nc NA nc NA
MW01S 2 4 Benzo(a)pyrene 0.75 MG/KG JEB 0.4 Y nc NA nc NA


CMS-417 0 1 Benzo(a)pyrene 35 MG/KG U 0.4 NA nc NA nc NA
CMS-703 0 2 Benzo(a)pyrene 6.2 MG/KG U 0.4 NA nc NA nc NA
CMS-173 1 2 Benzo(a)pyrene 0.52 MG/KG U 0.4 NA nc NA nc NA
CMS-417 1 2 Benzo(a)pyrene 35 MG/KG U 0.4 NA nc NA nc NA
CMS-419 1 2 Benzo(a)pyrene 74 MG/KG U 0.4 NA nc NA nc NA
CMS-428 1 2 Benzo(a)pyrene 0.35 MG/KG U 0.4 NA nc NA nc NA
CMS-417 2 3 Benzo(a)pyrene 9.8 MG/KG U 0.4 NA nc NA nc NA


SS-03 2.5 3.5 Benzo(a)pyrene 0.4 MG/KG U 0.4 NA nc NA nc NA
CMS-060 3 4 Benzo(a)pyrene 0.45 MG/KG U 0.4 NA nc NA nc NA
CMS-417 3 4 Benzo(a)pyrene 1.9 MG/KG U 0.4 NA nc NA nc NA
CMS-419 3 4 Benzo(a)pyrene 0.42 MG/KG U 0.4 NA nc NA nc NA
CMS-427 3 4 Benzo(a)pyrene 0.41 MG/KG U 0.4 NA nc NA nc NA
CMS-428 3 4 Benzo(a)pyrene 0.37 MG/KG U 0.4 NA nc NA nc NA
CMS-118 4 5 Benzo(a)pyrene 0.43 MG/KG U 0.4 NA nc NA nc NA
CMS-405 4 5 Benzo(a)pyrene 0.46 MG/KG U 0.4 NA nc NA nc NA
CMS-455 4 5 Benzo(a)pyrene 0.48 MG/KG U 0.4 NA nc NA nc NA


SB03 4 6 Benzo(a)pyrene 0.37 MG/KG U 0.4 NA nc NA nc NA
MW05S 4 6 Benzo(a)pyrene 0.82 MG/KG U 0.4 NA nc NA nc NA
MW08S 4 6 Benzo(a)pyrene 0.45 MG/KG U 0.4 NA nc NA nc NA


SB03 4 6 Benzo(a)pyrene 0.38 MG/KG U 0.4 NA nc NA nc NA
SS-01 0 0 Benzo(a)pyrene 0.46 MG/KG 0.4 Y nc NA nc NA


CMW-SD-2016 0 0.5 Benzo(a)pyrene 1.7 MG/KG 0.4 Y nc NA nc NA
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CMW-SD-2017 0 0.5 Benzo(a)pyrene 1.6 MG/KG 0.4 Y nc NA nc NA
CMW-SD-2018 0 0.5 Benzo(a)pyrene 8.9 MG/KG 0.4 Y nc NA nc NA
CMW-SD-2021 0 0.5 Benzo(a)pyrene 2.2 MG/KG 0.4 Y nc NA nc NA


CMS-089 0 1 Benzo(a)pyrene 2.4 MG/KG 0.4 Y nc NA nc NA
CMS-405 0 1 Benzo(a)pyrene 1.5 MG/KG 0.4 Y nc NA nc NA
CMS-407 0 1 Benzo(a)pyrene 0.57 MG/KG 0.4 Y nc NA nc NA
CMS-456 0 1 Benzo(a)pyrene 1.7 MG/KG 0.4 Y nc NA nc NA


BV01COMP 0 4 Benzo(a)pyrene 1.3 MG/KG 0.4 Y nc NA nc NA
MW14M 1 2 Benzo(a)pyrene 0.35 MG/KG 0.4 N nc NA nc NA
MW14M 1 2 Benzo(a)pyrene 0.36 MG/KG 0.4 N nc NA nc NA
MW01S 1 2 Benzo(a)pyrene 0.9 MG/KG 0.4 Y nc NA nc NA


CMS-089 1 2 Benzo(a)pyrene 0.61 MG/KG 0.4 Y nc NA nc NA
CMS-118 1 2 Benzo(a)pyrene 1.2 MG/KG 0.4 Y nc NA nc NA
CMS-407 1 2 Benzo(a)pyrene 1.1 MG/KG 0.4 Y nc NA nc NA
CMS-456 1 2 Benzo(a)pyrene 1.6 MG/KG 0.4 Y nc NA nc NA


CMW-SD-2022 2 2.5 Benzo(a)pyrene 1.2 MG/KG 0.4 Y nc NA nc NA
CMS-237 2 3 Benzo(a)pyrene 1.5 MG/KG 0.4 Y nc NA nc NA
CMS-407 2 3 Benzo(a)pyrene 1.7 MG/KG 0.4 Y nc NA nc NA
CMS-408 2 3 Benzo(a)pyrene 0.47 MG/KG 0.4 Y nc NA nc NA
CMS-455 2 3 Benzo(a)pyrene 0.93 MG/KG 0.4 Y nc NA nc NA


SB03 2 4 Benzo(a)pyrene 2.9 MG/KG 0.4 Y nc NA nc NA
MW07S 3 4 Benzo(a)pyrene 0.68 MG/KG 0.4 Y nc NA nc NA


CMS-089 3 4 Benzo(a)pyrene 2.7 MG/KG 0.4 Y nc NA nc NA
CMS-405 3 4 Benzo(a)pyrene 0.81 MG/KG 0.4 Y nc NA nc NA
MW15D 4 6 Benzo(a)pyrene 0.96 MG/KG 0.4 Y nc NA nc NA
MW01S 4 6 Benzo(a)pyrene 0.77 MG/KG 0.4 Y nc NA nc NA
MW03S 4 6 Benzo(a)pyrene 0.87 MG/KG 0.4 Y nc NA nc NA
MW15D 4 6 Benzo(a)pyrene 0.73 MG/KG 0.4 Y nc NA nc NA


CMS-4105 0 1 Benzo[a]pyrene 5.843289162 MG/KG J 0.4 Y nc NA nc NA
CMS-4110 0 1 Benzo[a]pyrene 2.321767318 MG/KG J 0.4 Y nc NA nc NA


MW01S 4 6 Benzo(b)fluoranthene 0.75 MG/KG EB 0.9 N nc NA nc NA
MW03S 4 6 Benzo(b)fluoranthene 1.3 MG/KG EB 0.9 Y nc NA nc NA


CMW-SD-2019 0 0.5 Benzo(b)fluoranthene 0.82 MG/KG J 0.9 N nc NA nc NA
CMW-SD-2020 0 0.5 Benzo(b)fluoranthene 0.23 MG/KG J 0.9 N nc NA nc NA


CMS-060 0 1 Benzo(b)fluoranthene 1.4 MG/KG J 0.9 Y nc NA nc NA
CMS-098 0 1 Benzo(b)fluoranthene 0.48 MG/KG J 0.9 N nc NA nc NA
CMS-118 0 1 Benzo(b)fluoranthene 2.1 MG/KG J 0.9 Y nc NA nc NA
CMS-142 0 1 Benzo(b)fluoranthene 0.52 MG/KG J 0.9 N nc NA nc NA
CMS-164 0 1 Benzo(b)fluoranthene 0.52 MG/KG J 0.9 N nc NA nc NA
CMS-173 0 1 Benzo(b)fluoranthene 0.97 MG/KG J 0.9 Y nc NA nc NA
CMS-408 0 1 Benzo(b)fluoranthene 0.19 MG/KG J 0.9 N nc NA nc NA
CMS-142 0 1 Benzo(b)fluoranthene 0.27 MG/KG J 0.9 N nc NA nc NA


RES-14-271-01 0 1 Benzo(b)fluoranthene 0.61 MG/KG J 0.9 N nc NA nc NA
RES-14-302-01 0 1 Benzo(b)fluoranthene 0.65 MG/KG J 0.9 N nc NA nc NA
RES-14-303-01 0 1 Benzo(b)fluoranthene 0.5 MG/KG J 0.9 N nc NA nc NA
RES-14-333-01 0 1 Benzo(b)fluoranthene 4.2 MG/KG J 0.9 Y nc NA nc NA
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RES-14-271-01 0 1 Benzo(b)fluoranthene 1.2 MG/KG J 0.9 Y nc NA nc NA
RES-14-272-01 0 1 Benzo(b)fluoranthene 1.2 MG/KG J 0.9 Y nc NA nc NA
CMW-SD-2022 0.5 2 Benzo(b)fluoranthene 1.8 MG/KG J 0.9 Y nc NA nc NA


SB-14-271 1 2 Benzo(b)fluoranthene 0.36 MG/KG J 0.9 N nc NA nc NA
CMS-060 1 2 Benzo(b)fluoranthene 0.76 MG/KG J 0.9 N nc NA nc NA
CMS-237 1 2 Benzo(b)fluoranthene 0.78 MG/KG J 0.9 N nc NA nc NA
CMS-405 1 2 Benzo(b)fluoranthene 10 MG/KG J 0.9 Y nc NA nc NA
CMS-408 1 2 Benzo(b)fluoranthene 1.2 MG/KG J 0.9 Y nc NA nc NA
CMS-427 1 2 Benzo(b)fluoranthene 1.4 MG/KG J 0.9 Y nc NA nc NA
CMS-405 1 2 Benzo(b)fluoranthene 2 MG/KG J 0.9 Y nc NA nc NA


CMW-SD-2022 2 2.5 Benzo(b)fluoranthene 0.62 MG/KG J 0.9 N nc NA nc NA
CMS-089 2 3 Benzo(b)fluoranthene 0.23 MG/KG J 0.9 N nc NA nc NA
CMS-118 2 3 Benzo(b)fluoranthene 0.63 MG/KG J 0.9 N nc NA nc NA
CMS-405 2 3 Benzo(b)fluoranthene 0.6 MG/KG J 0.9 N nc NA nc NA


SB02 2 4 Benzo(b)fluoranthene 0.55 MG/KG J 0.9 N nc NA nc NA
MW01S 2 4 Benzo(b)fluoranthene 0.75 MG/KG J 0.9 N nc NA nc NA
MW02S 2 4 Benzo(b)fluoranthene 0.053 MG/KG J 0.9 N nc NA nc NA
MW06S 2 4 Benzo(b)fluoranthene 0.25 MG/KG J 0.9 N nc NA nc NA
MW14M 2 4 Benzo(b)fluoranthene 0.19 MG/KG J 0.9 N nc NA nc NA
MW15D 2 4 Benzo(b)fluoranthene 0.19 MG/KG J 0.9 N nc NA nc NA


SB02 2 4 Benzo(b)fluoranthene 0.68 MG/KG J 0.9 N nc NA nc NA
CMS-118 3 4 Benzo(b)fluoranthene 0.18 MG/KG J 0.9 N nc NA nc NA
CMS-407 3 4 Benzo(b)fluoranthene 0.33 MG/KG J 0.9 N nc NA nc NA
CMS-423 3 4 Benzo(b)fluoranthene 0.32 MG/KG J 0.9 N nc NA nc NA
CMS-060 4 5 Benzo(b)fluoranthene 0.42 MG/KG J 0.9 N nc NA nc NA
MW05S 4 6 Benzo(b)fluoranthene 0.47 MG/KG J 0.9 N nc NA nc NA
MW06S 4 6 Benzo(b)fluoranthene 0.092 MG/KG J 0.9 N nc NA nc NA
MW07S 4 6 Benzo(b)fluoranthene 0.14 MG/KG J 0.9 N nc NA nc NA
MW09S 4 6 Benzo(b)fluoranthene 0.41 MG/KG J 0.9 N nc NA nc NA


SB02 4 6 Benzo(b)fluoranthene 0.31 MG/KG J 0.9 N nc NA nc NA
MW05S 2 4 Benzo(b)fluoranthene 4.2 MG/KG J* 0.9 Y nc NA nc NA
MW01S 1 2 Benzo(b)fluoranthene 1.8 MG/KG JEB 0.9 Y nc NA nc NA
MW08S 1 2 Benzo(b)fluoranthene 0.19 MG/KG JEB 0.9 N nc NA nc NA
MW08S 2 4 Benzo(b)fluoranthene 0.3 MG/KG JEB 0.9 N nc NA nc NA
MW08S 2 4 Benzo(b)fluoranthene 0.23 MG/KG JEB 0.9 N nc NA nc NA


CMS-417 0 1 Benzo(b)fluoranthene 35 MG/KG U 0.9 NA nc NA nc NA
CMS-703 0 2 Benzo(b)fluoranthene 6.2 MG/KG U 0.9 NA nc NA nc NA
MW05S 1 2 Benzo(b)fluoranthene 0.36 MG/KG U 0.9 NA nc NA nc NA
MW05S 1 2 Benzo(b)fluoranthene 0.36 MG/KG U 0.9 NA nc NA nc NA


CMS-173 1 2 Benzo(b)fluoranthene 0.52 MG/KG U 0.9 NA nc NA nc NA
CMS-417 1 2 Benzo(b)fluoranthene 35 MG/KG U 0.9 NA nc NA nc NA
CMS-419 1 2 Benzo(b)fluoranthene 74 MG/KG U 0.9 NA nc NA nc NA
CMS-428 1 2 Benzo(b)fluoranthene 0.35 MG/KG U 0.9 NA nc NA nc NA
CMS-417 2 3 Benzo(b)fluoranthene 9.8 MG/KG U 0.9 NA nc NA nc NA
SB-14-271 2 4 Benzo(b)fluoranthene 0.45 MG/KG U 0.9 NA nc NA nc NA


SS-03 2.5 3.5 Benzo(b)fluoranthene 0.4 MG/KG U 0.9 NA nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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CMS-060 3 4 Benzo(b)fluoranthene 0.45 MG/KG U 0.9 NA nc NA nc NA
CMS-417 3 4 Benzo(b)fluoranthene 1.9 MG/KG U 0.9 NA nc NA nc NA
CMS-419 3 4 Benzo(b)fluoranthene 0.42 MG/KG U 0.9 NA nc NA nc NA
CMS-427 3 4 Benzo(b)fluoranthene 0.41 MG/KG U 0.9 NA nc NA nc NA
CMS-428 3 4 Benzo(b)fluoranthene 0.37 MG/KG U 0.9 NA nc NA nc NA
CMS-118 4 5 Benzo(b)fluoranthene 0.43 MG/KG U 0.9 NA nc NA nc NA
CMS-405 4 5 Benzo(b)fluoranthene 0.46 MG/KG U 0.9 NA nc NA nc NA


SB03 4 6 Benzo(b)fluoranthene 0.37 MG/KG U 0.9 NA nc NA nc NA
MW04D 4 6 Benzo(b)fluoranthene 0.42 MG/KG U 0.9 NA nc NA nc NA
MW08S 4 6 Benzo(b)fluoranthene 0.45 MG/KG U 0.9 NA nc NA nc NA


SB-14-271 4 6 Benzo(b)fluoranthene 0.4 MG/KG U 0.9 NA nc NA nc NA
SB03 4 6 Benzo(b)fluoranthene 0.38 MG/KG U 0.9 NA nc NA nc NA


GEC-6 2.5 4.5 Benzo(b)fluoranthene 0.15 MG/KG U 0.9 NA nc NA nc NA
CMS-159 0 1 Benzo(b)fluoranthene 2.2 MG/KG UJ 0.9 NA nc NA nc NA
CMS-060 0 1 Benzo(b)fluoranthene 0.35 MG/KG UJ 0.9 NA nc NA nc NA
CMS-455 4 5 Benzo(b)fluoranthene 0.48 MG/KG UJ 0.9 NA nc NA nc NA
MW06S 2 4 Benzo(b)fluoranthene 0.34 MG/KG XJ 0.9 N nc NA nc NA
SS-01 0 0 Benzo(b)fluoranthene 0.65 MG/KG 0.9 N nc NA nc NA


CMW-SD-2016 0 0.5 Benzo(b)fluoranthene 1.9 MG/KG 0.9 Y nc NA nc NA
CMW-SD-2017 0 0.5 Benzo(b)fluoranthene 1.7 MG/KG 0.9 Y nc NA nc NA
CMW-SD-2018 0 0.5 Benzo(b)fluoranthene 7.8 MG/KG 0.9 Y nc NA nc NA
CMW-SD-2021 0 0.5 Benzo(b)fluoranthene 2.7 MG/KG 0.9 Y nc NA nc NA


CMS-089 0 1 Benzo(b)fluoranthene 5.2 MG/KG 0.9 Y nc NA nc NA
CMS-237 0 1 Benzo(b)fluoranthene 1.9 MG/KG 0.9 Y nc NA nc NA
CMS-405 0 1 Benzo(b)fluoranthene 3.5 MG/KG 0.9 Y nc NA nc NA
CMS-407 0 1 Benzo(b)fluoranthene 1.2 MG/KG 0.9 Y nc NA nc NA
CMS-456 0 1 Benzo(b)fluoranthene 3.3 MG/KG 0.9 Y nc NA nc NA


RES-14-272-01 0 1 Benzo(b)fluoranthene 0.93 MG/KG 0.9 Y nc NA nc NA
SS-02 0 1.3 Benzo(b)fluoranthene 0.54 MG/KG 0.9 N nc NA nc NA
SS-06 0 2 Benzo(b)fluoranthene 0.87 MG/KG 0.9 N nc NA nc NA


BV01COMP 0 4 Benzo(b)fluoranthene 1.5 MG/KG 0.9 Y nc NA nc NA
MW14M 1 2 Benzo(b)fluoranthene 0.59 MG/KG 0.9 N nc NA nc NA
MW14M 1 2 Benzo(b)fluoranthene 0.56 MG/KG 0.9 N nc NA nc NA
MW14M 1 2 Benzo(b)fluoranthene 0.43 MG/KG 0.9 N nc NA nc NA
MW14M 1 2 Benzo(b)fluoranthene 0.34 MG/KG 0.9 N nc NA nc NA
CMS-089 1 2 Benzo(b)fluoranthene 1.2 MG/KG 0.9 Y nc NA nc NA
CMS-118 1 2 Benzo(b)fluoranthene 1.9 MG/KG 0.9 Y nc NA nc NA
CMS-407 1 2 Benzo(b)fluoranthene 2.3 MG/KG 0.9 Y nc NA nc NA
CMS-423 1 2 Benzo(b)fluoranthene 0.44 MG/KG 0.9 N nc NA nc NA
CMS-456 1 2 Benzo(b)fluoranthene 2.9 MG/KG 0.9 Y nc NA nc NA
CMS-060 2 3 Benzo(b)fluoranthene 0.39 MG/KG 0.9 N nc NA nc NA
CMS-237 2 3 Benzo(b)fluoranthene 2.7 MG/KG 0.9 Y nc NA nc NA
CMS-407 2 3 Benzo(b)fluoranthene 3.2 MG/KG 0.9 Y nc NA nc NA
CMS-408 2 3 Benzo(b)fluoranthene 0.89 MG/KG 0.9 N nc NA nc NA
CMS-455 2 3 Benzo(b)fluoranthene 1.5 MG/KG 0.9 Y nc NA nc NA


SB03 2 4 Benzo(b)fluoranthene 3.1 MG/KG 0.9 Y nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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MW07S 3 4 Benzo(b)fluoranthene 0.81 MG/KG 0.9 N nc NA nc NA
CMS-089 3 4 Benzo(b)fluoranthene 5.2 MG/KG 0.9 Y nc NA nc NA
CMS-405 3 4 Benzo(b)fluoranthene 1.6 MG/KG 0.9 Y nc NA nc NA
CMS-423 3 4 Benzo(b)fluoranthene 0.52 MG/KG 0.9 N nc NA nc NA
MW15D 4 6 Benzo(b)fluoranthene 1.3 MG/KG 0.9 Y nc NA nc NA
MW15D 4 6 Benzo(b)fluoranthene 1.1 MG/KG 0.9 Y nc NA nc NA


CMS-4105 0 1 Benzo[b]fluoranthene 6.381910567 MG/KG J 0.9 Y nc NA nc NA
CMS-4110 0 1 Benzo[b]fluoranthene 3.219090067 MG/KG J 0.9 Y nc NA nc NA


SS-01 0 0 Benzo(g,h,i)perylene 0.26 MG/KG J 0.8 N nc NA nc NA
CMW-SD-2019 0 0.5 Benzo(g,h,i)perylene 0.49 MG/KG J 0.8 N nc NA nc NA
CMW-SD-2020 0 0.5 Benzo(g,h,i)perylene 0.19 MG/KG J 0.8 N nc NA nc NA
CMW-SD-2021 0 0.5 Benzo(g,h,i)perylene 1.7 MG/KG J 0.8 Y nc NA nc NA


CMS-060 0 1 Benzo(g,h,i)perylene 0.32 MG/KG J 0.8 N nc NA nc NA
CMS-118 0 1 Benzo(g,h,i)perylene 0.38 MG/KG J 0.8 N nc NA nc NA
CMS-159 0 1 Benzo(g,h,i)perylene 1.1 MG/KG J 0.8 Y nc NA nc NA
CMS-237 0 1 Benzo(g,h,i)perylene 0.61 MG/KG J 0.8 N nc NA nc NA
CMS-407 0 1 Benzo(g,h,i)perylene 0.32 MG/KG J 0.8 N nc NA nc NA
CMS-060 0 1 Benzo(g,h,i)perylene 0.59 MG/KG J 0.8 N nc NA nc NA


RES-14-271-01 0 1 Benzo(g,h,i)perylene 0.45 MG/KG J 0.8 N nc NA nc NA
RES-14-272-01 0 1 Benzo(g,h,i)perylene 0.19 MG/KG J 0.8 N nc NA nc NA
RES-14-302-01 0 1 Benzo(g,h,i)perylene 0.51 MG/KG J 0.8 N nc NA nc NA
RES-14-303-01 0 1 Benzo(g,h,i)perylene 1 MG/KG J 0.8 Y nc NA nc NA
RES-14-333-01 0 1 Benzo(g,h,i)perylene 2.6 MG/KG J 0.8 Y nc NA nc NA
RES-14-271-01 0 1 Benzo(g,h,i)perylene 1.1 MG/KG J 0.8 Y nc NA nc NA


SS-02 0 1.3 Benzo(g,h,i)perylene 0.16 MG/KG J 0.8 N nc NA nc NA
SS-06 0 2 Benzo(g,h,i)perylene 0.35 MG/KG J 0.8 N nc NA nc NA


CMW-SD-2022 0.5 2 Benzo(g,h,i)perylene 1.2 MG/KG J 0.8 Y nc NA nc NA
MW14M 1 2 Benzo(g,h,i)perylene 0.056 MG/KG J 0.8 N nc NA nc NA
MW14M 1 2 Benzo(g,h,i)perylene 0.043 MG/KG J 0.8 N nc NA nc NA
MW01S 1 2 Benzo(g,h,i)perylene 0.19 MG/KG J 0.8 N nc NA nc NA
MW08S 1 2 Benzo(g,h,i)perylene 0.066 MG/KG J 0.8 N nc NA nc NA
MW14M 1 2 Benzo(g,h,i)perylene 0.069 MG/KG J 0.8 N nc NA nc NA
MW14M 1 2 Benzo(g,h,i)perylene 0.25 MG/KG J 0.8 N nc NA nc NA
CMS-060 1 2 Benzo(g,h,i)perylene 0.18 MG/KG J 0.8 N nc NA nc NA
CMS-089 1 2 Benzo(g,h,i)perylene 0.36 MG/KG J 0.8 N nc NA nc NA
CMS-118 1 2 Benzo(g,h,i)perylene 0.62 MG/KG J 0.8 N nc NA nc NA
CMS-237 1 2 Benzo(g,h,i)perylene 0.2 MG/KG J 0.8 N nc NA nc NA
CMS-405 1 2 Benzo(g,h,i)perylene 4.2 MG/KG J 0.8 Y nc NA nc NA
CMS-407 1 2 Benzo(g,h,i)perylene 0.53 MG/KG J 0.8 N nc NA nc NA
CMS-456 1 2 Benzo(g,h,i)perylene 1 MG/KG J 0.8 Y nc NA nc NA
CMS-405 1 2 Benzo(g,h,i)perylene 0.39 MG/KG J 0.8 N nc NA nc NA


CMW-SD-2022 2 2.5 Benzo(g,h,i)perylene 0.59 MG/KG J 0.8 N nc NA nc NA
CMS-118 2 3 Benzo(g,h,i)perylene 0.2 MG/KG J 0.8 N nc NA nc NA
CMS-407 2 3 Benzo(g,h,i)perylene 0.81 MG/KG J 0.8 Y nc NA nc NA
CMS-408 2 3 Benzo(g,h,i)perylene 0.24 MG/KG J 0.8 N nc NA nc NA
CMS-455 2 3 Benzo(g,h,i)perylene 0.37 MG/KG J 0.8 N nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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MW08S 2 4 Benzo(g,h,i)perylene 0.13 MG/KG J 0.8 N nc NA nc NA
MW01S 2 4 Benzo(g,h,i)perylene 0.3 MG/KG J 0.8 N nc NA nc NA
MW05S 2 4 Benzo(g,h,i)perylene 1.1 MG/KG J 0.8 Y nc NA nc NA
MW06S 2 4 Benzo(g,h,i)perylene 0.13 MG/KG J 0.8 N nc NA nc NA
MW06S 2 4 Benzo(g,h,i)perylene 0.12 MG/KG J 0.8 N nc NA nc NA
MW08S 2 4 Benzo(g,h,i)perylene 0.11 MG/KG J 0.8 N nc NA nc NA
MW15D 2 4 Benzo(g,h,i)perylene 0.077 MG/KG J 0.8 N nc NA nc NA


SB02 2 4 Benzo(g,h,i)perylene 0.27 MG/KG J 0.8 N nc NA nc NA
CMS-089 3 4 Benzo(g,h,i)perylene 1.5 MG/KG J 0.8 Y nc NA nc NA
CMS-423 3 4 Benzo(g,h,i)perylene 0.17 MG/KG J 0.8 N nc NA nc NA
MW01S 4 6 Benzo(g,h,i)perylene 0.31 MG/KG J 0.8 N nc NA nc NA
MW03S 4 6 Benzo(g,h,i)perylene 0.24 MG/KG J 0.8 N nc NA nc NA
MW06S 4 6 Benzo(g,h,i)perylene 0.053 MG/KG J 0.8 N nc NA nc NA
MW07S 4 6 Benzo(g,h,i)perylene 0.079 MG/KG J 0.8 N nc NA nc NA
MW09S 4 6 Benzo(g,h,i)perylene 0.4 MG/KG J 0.8 N nc NA nc NA


SB02 4 6 Benzo(g,h,i)perylene 0.099 MG/KG J 0.8 N nc NA nc NA
CMS-098 0 1 Benzo(g,h,i)perylene 0.6 MG/KG U 0.8 NA nc NA nc NA
CMS-142 0 1 Benzo(g,h,i)perylene 0.58 MG/KG U 0.8 NA nc NA nc NA
CMS-173 0 1 Benzo(g,h,i)perylene 1.1 MG/KG U 0.8 NA nc NA nc NA
CMS-408 0 1 Benzo(g,h,i)perylene 0.34 MG/KG U 0.8 NA nc NA nc NA
CMS-417 0 1 Benzo(g,h,i)perylene 35 MG/KG U 0.8 NA nc NA nc NA
CMS-142 0 1 Benzo(g,h,i)perylene 0.55 MG/KG U 0.8 NA nc NA nc NA


RES-14-272-01 0 1 Benzo(g,h,i)perylene 3.1 MG/KG U 0.8 NA nc NA nc NA
CMS-703 0 2 Benzo(g,h,i)perylene 6.2 MG/KG U 0.8 NA nc NA nc NA
MW05S 1 2 Benzo(g,h,i)perylene 0.36 MG/KG U 0.8 NA nc NA nc NA
MW05S 1 2 Benzo(g,h,i)perylene 0.36 MG/KG U 0.8 NA nc NA nc NA


SB-14-271 1 2 Benzo(g,h,i)perylene 0.4 MG/KG U 0.8 NA nc NA nc NA
CMS-173 1 2 Benzo(g,h,i)perylene 0.52 MG/KG U 0.8 NA nc NA nc NA
CMS-417 1 2 Benzo(g,h,i)perylene 35 MG/KG U 0.8 NA nc NA nc NA
CMS-419 1 2 Benzo(g,h,i)perylene 74 MG/KG U 0.8 NA nc NA nc NA
CMS-423 1 2 Benzo(g,h,i)perylene 0.35 MG/KG U 0.8 NA nc NA nc NA
CMS-427 1 2 Benzo(g,h,i)perylene 3.6 MG/KG U 0.8 NA nc NA nc NA
CMS-428 1 2 Benzo(g,h,i)perylene 0.35 MG/KG U 0.8 NA nc NA nc NA
CMS-089 2 3 Benzo(g,h,i)perylene 0.7 MG/KG U 0.8 NA nc NA nc NA
CMS-405 2 3 Benzo(g,h,i)perylene 0.64 MG/KG U 0.8 NA nc NA nc NA
CMS-417 2 3 Benzo(g,h,i)perylene 9.8 MG/KG U 0.8 NA nc NA nc NA


SB02 2 4 Benzo(g,h,i)perylene 2.3 MG/KG U 0.8 NA nc NA nc NA
MW02S 2 4 Benzo(g,h,i)perylene 0.38 MG/KG U 0.8 NA nc NA nc NA
MW14M 2 4 Benzo(g,h,i)perylene 0.38 MG/KG U 0.8 NA nc NA nc NA


SB-14-271 2 4 Benzo(g,h,i)perylene 0.45 MG/KG U 0.8 NA nc NA nc NA
SS-03 2.5 3.5 Benzo(g,h,i)perylene 0.4 MG/KG U 0.8 NA nc NA nc NA


CMS-407 3 4 Benzo(g,h,i)perylene 0.42 MG/KG U 0.8 NA nc NA nc NA
CMS-417 3 4 Benzo(g,h,i)perylene 1.9 MG/KG U 0.8 NA nc NA nc NA
CMS-419 3 4 Benzo(g,h,i)perylene 0.42 MG/KG U 0.8 NA nc NA nc NA
CMS-427 3 4 Benzo(g,h,i)perylene 0.41 MG/KG U 0.8 NA nc NA nc NA
CMS-428 3 4 Benzo(g,h,i)perylene 0.37 MG/KG U 0.8 NA nc NA nc NA
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CMS-423 3 4 Benzo(g,h,i)perylene 0.39 MG/KG U 0.8 NA nc NA nc NA
CMS-405 4 5 Benzo(g,h,i)perylene 0.46 MG/KG U 0.8 NA nc NA nc NA
CMS-455 4 5 Benzo(g,h,i)perylene 0.48 MG/KG U 0.8 NA nc NA nc NA


SB03 4 6 Benzo(g,h,i)perylene 0.37 MG/KG U 0.8 NA nc NA nc NA
MW04D 4 6 Benzo(g,h,i)perylene 0.42 MG/KG U 0.8 NA nc NA nc NA
MW05S 4 6 Benzo(g,h,i)perylene 0.82 MG/KG U 0.8 NA nc NA nc NA
MW08S 4 6 Benzo(g,h,i)perylene 0.45 MG/KG U 0.8 NA nc NA nc NA


SB-14-271 4 6 Benzo(g,h,i)perylene 0.4 MG/KG U 0.8 NA nc NA nc NA
SB03 4 6 Benzo(g,h,i)perylene 0.38 MG/KG U 0.8 NA nc NA nc NA


GEC-6 2.5 4.5 Benzo(g,h,i)perylene 0.15 MG/KG U 0.8 NA nc NA nc NA
CMS-164 0 1 Benzo(g,h,i)perylene 2 MG/KG UJ 0.8 NA nc NA nc NA
CMS-408 1 2 Benzo(g,h,i)perylene 8.7 MG/KG UJ 0.8 NA nc NA nc NA
CMS-060 2 3 Benzo(g,h,i)perylene 0.36 MG/KG UJ 0.8 NA nc NA nc NA
CMS-060 3 4 Benzo(g,h,i)perylene 0.45 MG/KG UJ 0.8 NA nc NA nc NA
CMS-118 3 4 Benzo(g,h,i)perylene 0.5 MG/KG UJ 0.8 NA nc NA nc NA
CMS-060 4 5 Benzo(g,h,i)perylene 0.38 MG/KG UJ 0.8 NA nc NA nc NA
CMS-118 4 5 Benzo(g,h,i)perylene 0.43 MG/KG UJ 0.8 NA nc NA nc NA


CMW-SD-2016 0 0.5 Benzo(g,h,i)perylene 1 MG/KG 0.8 Y nc NA nc NA
CMW-SD-2017 0 0.5 Benzo(g,h,i)perylene 0.99 MG/KG 0.8 Y nc NA nc NA
CMW-SD-2018 0 0.5 Benzo(g,h,i)perylene 5.3 MG/KG 0.8 Y nc NA nc NA


CMS-089 0 1 Benzo(g,h,i)perylene 0.94 MG/KG 0.8 Y nc NA nc NA
CMS-405 0 1 Benzo(g,h,i)perylene 0.91 MG/KG 0.8 Y nc NA nc NA
CMS-456 0 1 Benzo(g,h,i)perylene 0.95 MG/KG 0.8 Y nc NA nc NA


BV01COMP 0 4 Benzo(g,h,i)perylene 0.76 MG/KG 0.8 N nc NA nc NA
CMS-237 2 3 Benzo(g,h,i)perylene 0.71 MG/KG 0.8 N nc NA nc NA


SB03 2 4 Benzo(g,h,i)perylene 1.4 MG/KG 0.8 Y nc NA nc NA
MW07S 3 4 Benzo(g,h,i)perylene 0.45 MG/KG 0.8 N nc NA nc NA


CMS-405 3 4 Benzo(g,h,i)perylene 0.37 MG/KG 0.8 N nc NA nc NA
MW15D 4 6 Benzo(g,h,i)perylene 0.47 MG/KG 0.8 N nc NA nc NA
MW15D 4 6 Benzo(g,h,i)perylene 0.44 MG/KG 0.8 N nc NA nc NA


CMS-4105 0 1 Benzo[g,h,i]perylene 4.367743706 MG/KG J 0.8 Y nc NA nc NA
CMS-4110 0 1 Benzo[g,h,i]perylene 1.794481184 MG/KG J 0.8 Y nc NA nc NA


SS-01 0 0 Benzo(k)fluoranthene 0.18 MG/KG J 0.9 N nc NA nc NA
CMW-SD-2019 0 0.5 Benzo(k)fluoranthene 0.54 MG/KG J 0.9 N nc NA nc NA
CMW-SD-2020 0 0.5 Benzo(k)fluoranthene 0.3 MG/KG J 0.9 N nc NA nc NA


CMS-159 0 1 Benzo(k)fluoranthene 3.8 MG/KG J 0.9 Y nc NA nc NA
CMS-060 0 1 Benzo(k)fluoranthene 2.3 MG/KG J 0.9 Y nc NA nc NA


RES-14-271-01 0 1 Benzo(k)fluoranthene 0.41 MG/KG J 0.9 N nc NA nc NA
RES-14-302-01 0 1 Benzo(k)fluoranthene 0.62 MG/KG J 0.9 N nc NA nc NA
RES-14-303-01 0 1 Benzo(k)fluoranthene 0.63 MG/KG J 0.9 N nc NA nc NA
RES-14-333-01 0 1 Benzo(k)fluoranthene 3.4 MG/KG J 0.9 Y nc NA nc NA
RES-14-271-01 0 1 Benzo(k)fluoranthene 1.2 MG/KG J 0.9 Y nc NA nc NA
RES-14-272-01 0 1 Benzo(k)fluoranthene 0.87 MG/KG J 0.9 N nc NA nc NA


SS-02 0 1.3 Benzo(k)fluoranthene 0.12 MG/KG J 0.9 N nc NA nc NA
SS-06 0 2 Benzo(k)fluoranthene 0.36 MG/KG J 0.9 N nc NA nc NA


CMW-SD-2022 0.5 2 Benzo(k)fluoranthene 2 MG/KG J 0.9 Y nc NA nc NA
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MW14M 1 2 Benzo(k)fluoranthene 0.3 MG/KG J 0.9 N nc NA nc NA
MW01S 1 2 Benzo(k)fluoranthene 1.6 MG/KG J 0.9 Y nc NA nc NA
MW08S 1 2 Benzo(k)fluoranthene 0.19 MG/KG J 0.9 N nc NA nc NA
MW14M 1 2 Benzo(k)fluoranthene 0.2 MG/KG J 0.9 N nc NA nc NA
MW14M 1 2 Benzo(k)fluoranthene 0.17 MG/KG J 0.9 N nc NA nc NA


SB-14-271 1 2 Benzo(k)fluoranthene 0.11 MG/KG J 0.9 N nc NA nc NA
MW08S 2 4 Benzo(k)fluoranthene 0.35 MG/KG J 0.9 N nc NA nc NA


SB02 2 4 Benzo(k)fluoranthene 0.41 MG/KG J 0.9 N nc NA nc NA
MW01S 2 4 Benzo(k)fluoranthene 0.54 MG/KG J 0.9 N nc NA nc NA
MW02S 2 4 Benzo(k)fluoranthene 0.041 MG/KG J 0.9 N nc NA nc NA
MW05S 2 4 Benzo(k)fluoranthene 1.6 MG/KG J 0.9 Y nc NA nc NA
MW06S 2 4 Benzo(k)fluoranthene 0.17 MG/KG J 0.9 N nc NA nc NA
MW08S 2 4 Benzo(k)fluoranthene 0.24 MG/KG J 0.9 N nc NA nc NA
MW14M 2 4 Benzo(k)fluoranthene 0.14 MG/KG J 0.9 N nc NA nc NA
MW15D 2 4 Benzo(k)fluoranthene 0.079 MG/KG J 0.9 N nc NA nc NA


SB02 2 4 Benzo(k)fluoranthene 0.45 MG/KG J 0.9 N nc NA nc NA
MW06S 4 6 Benzo(k)fluoranthene 0.085 MG/KG J 0.9 N nc NA nc NA
MW07S 4 6 Benzo(k)fluoranthene 0.11 MG/KG J 0.9 N nc NA nc NA
MW09S 4 6 Benzo(k)fluoranthene 0.35 MG/KG J 0.9 N nc NA nc NA


SB02 4 6 Benzo(k)fluoranthene 0.19 MG/KG J 0.9 N nc NA nc NA
CMS-089 0 1 Benzo(k)fluoranthene 0.67 MG/KG U 0.9 NA nc NA nc NA
CMS-098 0 1 Benzo(k)fluoranthene 0.6 MG/KG U 0.9 NA nc NA nc NA
CMS-142 0 1 Benzo(k)fluoranthene 0.58 MG/KG U 0.9 NA nc NA nc NA
CMS-173 0 1 Benzo(k)fluoranthene 1.1 MG/KG U 0.9 NA nc NA nc NA
CMS-237 0 1 Benzo(k)fluoranthene 1.3 MG/KG U 0.9 NA nc NA nc NA
CMS-405 0 1 Benzo(k)fluoranthene 0.35 MG/KG U 0.9 NA nc NA nc NA
CMS-407 0 1 Benzo(k)fluoranthene 0.35 MG/KG U 0.9 NA nc NA nc NA
CMS-408 0 1 Benzo(k)fluoranthene 0.34 MG/KG U 0.9 NA nc NA nc NA
CMS-417 0 1 Benzo(k)fluoranthene 35 MG/KG U 0.9 NA nc NA nc NA
CMS-456 0 1 Benzo(k)fluoranthene 0.49 MG/KG U 0.9 NA nc NA nc NA
CMS-142 0 1 Benzo(k)fluoranthene 0.55 MG/KG U 0.9 NA nc NA nc NA
CMS-703 0 2 Benzo(k)fluoranthene 6.2 MG/KG U 0.9 NA nc NA nc NA
MW05S 1 2 Benzo(k)fluoranthene 0.36 MG/KG U 0.9 NA nc NA nc NA
MW05S 1 2 Benzo(k)fluoranthene 0.36 MG/KG U 0.9 NA nc NA nc NA


CMS-089 1 2 Benzo(k)fluoranthene 0.35 MG/KG U 0.9 NA nc NA nc NA
CMS-118 1 2 Benzo(k)fluoranthene 0.37 MG/KG U 0.9 NA nc NA nc NA
CMS-173 1 2 Benzo(k)fluoranthene 0.52 MG/KG U 0.9 NA nc NA nc NA
CMS-237 1 2 Benzo(k)fluoranthene 0.83 MG/KG U 0.9 NA nc NA nc NA
CMS-407 1 2 Benzo(k)fluoranthene 0.44 MG/KG U 0.9 NA nc NA nc NA
CMS-408 1 2 Benzo(k)fluoranthene 8.7 MG/KG U 0.9 NA nc NA nc NA
CMS-417 1 2 Benzo(k)fluoranthene 35 MG/KG U 0.9 NA nc NA nc NA
CMS-419 1 2 Benzo(k)fluoranthene 74 MG/KG U 0.9 NA nc NA nc NA
CMS-423 1 2 Benzo(k)fluoranthene 0.35 MG/KG U 0.9 NA nc NA nc NA
CMS-427 1 2 Benzo(k)fluoranthene 3.6 MG/KG U 0.9 NA nc NA nc NA
CMS-456 1 2 Benzo(k)fluoranthene 1.2 MG/KG U 0.9 NA nc NA nc NA
CMS-405 1 2 Benzo(k)fluoranthene 1.2 MG/KG U 0.9 NA nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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CMS-060 2 3 Benzo(k)fluoranthene 0.36 MG/KG U 0.9 NA nc NA nc NA
CMS-089 2 3 Benzo(k)fluoranthene 0.7 MG/KG U 0.9 NA nc NA nc NA
CMS-118 2 3 Benzo(k)fluoranthene 0.44 MG/KG U 0.9 NA nc NA nc NA
CMS-237 2 3 Benzo(k)fluoranthene 0.63 MG/KG U 0.9 NA nc NA nc NA
CMS-405 2 3 Benzo(k)fluoranthene 0.64 MG/KG U 0.9 NA nc NA nc NA
CMS-407 2 3 Benzo(k)fluoranthene 1.1 MG/KG U 0.9 NA nc NA nc NA
CMS-408 2 3 Benzo(k)fluoranthene 0.43 MG/KG U 0.9 NA nc NA nc NA
CMS-417 2 3 Benzo(k)fluoranthene 9.8 MG/KG U 0.9 NA nc NA nc NA
SB-14-271 2 4 Benzo(k)fluoranthene 0.45 MG/KG U 0.9 NA nc NA nc NA


SS-03 2.5 3.5 Benzo(k)fluoranthene 0.4 MG/KG U 0.9 NA nc NA nc NA
CMS-060 3 4 Benzo(k)fluoranthene 0.45 MG/KG U 0.9 NA nc NA nc NA
CMS-089 3 4 Benzo(k)fluoranthene 1.8 MG/KG U 0.9 NA nc NA nc NA
CMS-118 3 4 Benzo(k)fluoranthene 0.5 MG/KG U 0.9 NA nc NA nc NA
CMS-405 3 4 Benzo(k)fluoranthene 0.38 MG/KG U 0.9 NA nc NA nc NA
CMS-407 3 4 Benzo(k)fluoranthene 0.42 MG/KG U 0.9 NA nc NA nc NA
CMS-417 3 4 Benzo(k)fluoranthene 1.9 MG/KG U 0.9 NA nc NA nc NA
CMS-419 3 4 Benzo(k)fluoranthene 0.42 MG/KG U 0.9 NA nc NA nc NA
CMS-423 3 4 Benzo(k)fluoranthene 0.37 MG/KG U 0.9 NA nc NA nc NA
CMS-427 3 4 Benzo(k)fluoranthene 0.41 MG/KG U 0.9 NA nc NA nc NA
CMS-423 3 4 Benzo(k)fluoranthene 0.39 MG/KG U 0.9 NA nc NA nc NA
CMS-118 4 5 Benzo(k)fluoranthene 0.43 MG/KG U 0.9 NA nc NA nc NA
CMS-405 4 5 Benzo(k)fluoranthene 0.46 MG/KG U 0.9 NA nc NA nc NA


SB03 4 6 Benzo(k)fluoranthene 0.37 MG/KG U 0.9 NA nc NA nc NA
MW04D 4 6 Benzo(k)fluoranthene 0.42 MG/KG U 0.9 NA nc NA nc NA
MW05S 4 6 Benzo(k)fluoranthene 0.82 MG/KG U 0.9 NA nc NA nc NA
MW08S 4 6 Benzo(k)fluoranthene 0.45 MG/KG U 0.9 NA nc NA nc NA


SB-14-271 4 6 Benzo(k)fluoranthene 0.4 MG/KG U 0.9 NA nc NA nc NA
SB03 4 6 Benzo(k)fluoranthene 0.38 MG/KG U 0.9 NA nc NA nc NA


GEC-6 2.5 4.5 Benzo(k)fluoranthene 0.15 MG/KG U 0.9 NA nc NA nc NA
CMS-060 0 1 Benzo(k)fluoranthene 0.34 MG/KG UJ 0.9 NA nc NA nc NA
CMS-118 0 1 Benzo(k)fluoranthene 0.36 MG/KG UJ 0.9 NA nc NA nc NA
CMS-164 0 1 Benzo(k)fluoranthene 2 MG/KG UJ 0.9 NA nc NA nc NA
CMS-060 1 2 Benzo(k)fluoranthene 0.34 MG/KG UJ 0.9 NA nc NA nc NA
CMS-405 1 2 Benzo(k)fluoranthene 0.63 MG/KG UJ 0.9 NA nc NA nc NA
CMS-428 1 2 Benzo(k)fluoranthene 0.35 MG/KG UJ 0.9 NA nc NA nc NA
CMS-455 2 3 Benzo(k)fluoranthene 0.4 MG/KG UJ 0.9 NA nc NA nc NA
CMS-428 3 4 Benzo(k)fluoranthene 0.37 MG/KG UJ 0.9 NA nc NA nc NA
CMS-060 4 5 Benzo(k)fluoranthene 0.38 MG/KG UJ 0.9 NA nc NA nc NA
CMS-455 4 5 Benzo(k)fluoranthene 0.48 MG/KG UJ 0.9 NA nc NA nc NA
MW06S 2 4 Benzo(k)fluoranthene 0.31 MG/KG XJ 0.9 N nc NA nc NA


CMW-SD-2016 0 0.5 Benzo(k)fluoranthene 1.4 MG/KG 0.9 Y nc NA nc NA
CMW-SD-2017 0 0.5 Benzo(k)fluoranthene 1.6 MG/KG 0.9 Y nc NA nc NA
CMW-SD-2018 0 0.5 Benzo(k)fluoranthene 8.8 MG/KG 0.9 Y nc NA nc NA
CMW-SD-2021 0 0.5 Benzo(k)fluoranthene 2.4 MG/KG 0.9 Y nc NA nc NA
RES-14-272-01 0 1 Benzo(k)fluoranthene 0.95 MG/KG 0.9 Y nc NA nc NA


BV01COMP 0 4 Benzo(k)fluoranthene 1.2 MG/KG 0.9 Y nc NA nc NA
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MW14M 1 2 Benzo(k)fluoranthene 0.4 MG/KG 0.9 N nc NA nc NA
CMW-SD-2022 2 2.5 Benzo(k)fluoranthene 0.93 MG/KG 0.9 Y nc NA nc NA


SB03 2 4 Benzo(k)fluoranthene 2.2 MG/KG 0.9 Y nc NA nc NA
MW07S 3 4 Benzo(k)fluoranthene 0.59 MG/KG 0.9 N nc NA nc NA
MW15D 4 6 Benzo(k)fluoranthene 0.79 MG/KG 0.9 N nc NA nc NA
MW01S 4 6 Benzo(k)fluoranthene 0.65 MG/KG 0.9 N nc NA nc NA
MW03S 4 6 Benzo(k)fluoranthene 1 MG/KG 0.9 Y nc NA nc NA
MW15D 4 6 Benzo(k)fluoranthene 0.49 MG/KG 0.9 N nc NA nc NA


CMS-4105 0 1 Benzo[k]fluoranthene 7.142038132 MG/KG J 0.9 Y nc NA nc NA
CMS-4110 0 1 Benzo[k]fluoranthene 3.050311933 MG/KG J 0.9 Y nc NA nc NA


MW07S 3 4 Benzo[k]fluoranthene 0.454 MG/KG NJ 0.9 N nc NA nc NA
MW07S 4 6 Benzo[k]fluoranthene 0.09309 MG/KG NJ 0.9 N nc NA nc NA


CMS-060 0 1 Beryllium 0.66 MG/KG J 0.4 Y nc NA nc NA
CMS-098 0 1 Beryllium 0.74 MG/KG J 0.4 Y nc NA nc NA
CMS-142 0 1 Beryllium 0.53 MG/KG J 0.4 Y nc NA nc NA
CMS-159 0 1 Beryllium 0.65 MG/KG J 0.4 Y nc NA nc NA
CMS-405 0 1 Beryllium 0.33 MG/KG J 0.4 N nc NA nc NA
CMS-407 0 1 Beryllium 0.37 MG/KG J 0.4 N nc NA nc NA
CMS-408 0 1 Beryllium 0.34 MG/KG J 0.4 N nc NA nc NA
CMS-417 0 1 Beryllium 0.2 MG/KG J 0.4 N nc NA nc NA
CMS-456 0 1 Beryllium 0.41 MG/KG J 0.4 Y nc NA nc NA
CMS-142 0 1 Beryllium 0.55 MG/KG J 0.4 Y nc NA nc NA
CMS-060 0 1 Beryllium 1.3 MG/KG J 0.4 Y nc NA nc NA
CMS-703 0 2 Beryllium 0.4 MG/KG J 0.4 N nc NA nc NA


BV01COMP 0 4 Beryllium 0.31 MG/KG J 0.4 N nc NA nc NA
CMS-089 1 2 Beryllium 0.36 MG/KG J 0.4 N nc NA nc NA
CMS-237 1 2 Beryllium 0.5 MG/KG J 0.4 Y nc NA nc NA
CMS-405 1 2 Beryllium 0.46 MG/KG J 0.4 Y nc NA nc NA
CMS-407 1 2 Beryllium 0.41 MG/KG J 0.4 Y nc NA nc NA
CMS-408 1 2 Beryllium 0.52 MG/KG J 0.4 Y nc NA nc NA
CMS-417 1 2 Beryllium 0.44 MG/KG J 0.4 Y nc NA nc NA
CMS-419 1 2 Beryllium 0.43 MG/KG J 0.4 Y nc NA nc NA
CMS-423 1 2 Beryllium 0.39 MG/KG J 0.4 N nc NA nc NA
CMS-427 1 2 Beryllium 0.49 MG/KG J 0.4 Y nc NA nc NA
CMS-456 1 2 Beryllium 0.63 MG/KG J 0.4 Y nc NA nc NA
CMS-405 1 2 Beryllium 0.28 MG/KG J 0.4 N nc NA nc NA
CMS-060 2 3 Beryllium 0.52 MG/KG J 0.4 Y nc NA nc NA
CMS-089 2 3 Beryllium 0.38 MG/KG J 0.4 N nc NA nc NA
CMS-405 2 3 Beryllium 0.21 MG/KG J 0.4 N nc NA nc NA
CMS-407 2 3 Beryllium 0.52 MG/KG J 0.4 Y nc NA nc NA
CMS-408 2 3 Beryllium 0.45 MG/KG J 0.4 Y nc NA nc NA
CMS-417 2 3 Beryllium 0.49 MG/KG J 0.4 Y nc NA nc NA
CMS-089 3 4 Beryllium 0.45 MG/KG J 0.4 Y nc NA nc NA
CMS-405 3 4 Beryllium 0.41 MG/KG J 0.4 Y nc NA nc NA
CMS-407 3 4 Beryllium 0.54 MG/KG J 0.4 Y nc NA nc NA
CMS-427 3 4 Beryllium 0.43 MG/KG J 0.4 Y nc NA nc NA
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CMS-060 4 5 Beryllium 0.51 MG/KG J 0.4 Y nc NA nc NA
MW05S 4 6 Beryllium 0.75 MG/KG J 0.4 Y nc NA nc NA


CMW-SD-2017 0 0.5 Beryllium 0.44 MG/KG U 0.4 NA nc NA nc NA
CMW-SD-2018 0 0.5 Beryllium 0.21 MG/KG U 0.4 NA nc NA nc NA
CMW-SD-2020 0 0.5 Beryllium 0.66 MG/KG U 0.4 NA nc NA nc NA
RES-14-271-01 0 1 Beryllium 0.31 MG/KG U 0.4 NA nc NA nc NA
RES-14-303-01 0 1 Beryllium 0.57 MG/KG U 0.4 NA nc NA nc NA
RES-14-271-01 0 1 Beryllium 0.32 MG/KG U 0.4 NA nc NA nc NA
RES-14-272-01 0 1 Beryllium 0.4 MG/KG U 0.4 NA nc NA nc NA
CMW-SD-2022 0.5 2 Beryllium 0.53 MG/KG U 0.4 NA nc NA nc NA


MW01S 1 2 Beryllium 0.05 MG/KG U 0.4 NA nc NA nc NA
CMW-SD-2022 2 2.5 Beryllium 0.38 MG/KG U 0.4 NA nc NA nc NA


MW02S 2 4 Beryllium 0.3 MG/KG U 0.4 NA nc NA nc NA
MW15D 2 4 Beryllium 0.41 MG/KG U 0.4 NA nc NA nc NA


SB03 2 4 Beryllium 0.29 MG/KG U 0.4 NA nc NA nc NA
SB03 4 6 Beryllium 0.28 MG/KG U 0.4 NA nc NA nc NA


MW15D 4 6 Beryllium 0.37 MG/KG U 0.4 NA nc NA nc NA
MW03S 4 6 Beryllium 0.05 MG/KG U 0.4 NA nc NA nc NA
MW08S 4 6 Beryllium 0.05 MG/KG U 0.4 NA nc NA nc NA
MW15D 4 6 Beryllium 0.5 MG/KG U 0.4 NA nc NA nc NA


SB03 4 6 Beryllium 0.28 MG/KG U 0.4 NA nc NA nc NA
CMW-SD-2016 0 0.5 Beryllium 0.13 MG/KG UJ 0.4 NA nc NA nc NA
RES-14-272-01 0 1 Beryllium 0.4 MG/KG UJ 0.4 NA nc NA nc NA


MW08S 1 2 Beryllium 0.05 MG/KG UJ 0.4 NA nc NA nc NA
MW08S 2 4 Beryllium 0.06 MG/KG UJ 0.4 NA nc NA nc NA
MW08S 2 4 Beryllium 0.06 MG/KG UJ 0.4 NA nc NA nc NA
MW01S 4 6 Beryllium 0.05 MG/KG UJ 0.4 NA nc NA nc NA


CMW-SD-2019 0 0.5 Beryllium 1 MG/KG 0.4 Y nc NA nc NA
CMW-SD-2021 0 0.5 Beryllium 0.87 MG/KG 0.4 Y nc NA nc NA


CMS-089 0 1 Beryllium 0.7 MG/KG 0.4 Y nc NA nc NA
CMS-118 0 1 Beryllium 0.61 MG/KG 0.4 Y nc NA nc NA
CMS-164 0 1 Beryllium 1.9 MG/KG 0.4 Y nc NA nc NA
CMS-173 0 1 Beryllium 1.9 MG/KG 0.4 Y nc NA nc NA
CMS-237 0 1 Beryllium 0.67 MG/KG 0.4 Y nc NA nc NA


RES-14-302-01 0 1 Beryllium 0.36 MG/KG 0.4 N nc NA nc NA
MW05S 1 2 Beryllium 0.27 MG/KG 0.4 N nc NA nc NA
MW14M 1 2 Beryllium 0.63 MG/KG 0.4 Y nc NA nc NA
MW05S 1 2 Beryllium 0.39 MG/KG 0.4 N nc NA nc NA
MW14M 1 2 Beryllium 0.83 MG/KG 0.4 Y nc NA nc NA


SB-14-271 1 2 Beryllium 0.48 MG/KG 0.4 Y nc NA nc NA
CMS-060 1 2 Beryllium 0.53 MG/KG 0.4 Y nc NA nc NA
CMS-118 1 2 Beryllium 0.61 MG/KG 0.4 Y nc NA nc NA
CMS-173 1 2 Beryllium 1.3 MG/KG 0.4 Y nc NA nc NA
CMS-428 1 2 Beryllium 0.79 MG/KG 0.4 Y nc NA nc NA
CMS-118 2 3 Beryllium 2.1 MG/KG 0.4 Y nc NA nc NA
CMS-237 2 3 Beryllium 1.5 MG/KG 0.4 Y nc NA nc NA
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CMS-455 2 3 Beryllium 1.5 MG/KG 0.4 Y nc NA nc NA
SB02 2 4 Beryllium 0.58 MG/KG 0.4 Y nc NA nc NA


MW05S 2 4 Beryllium 0.6 MG/KG 0.4 Y nc NA nc NA
MW06S 2 4 Beryllium 0.24 MG/KG 0.4 N nc NA nc NA
MW06S 2 4 Beryllium 0.26 MG/KG 0.4 N nc NA nc NA
MW14M 2 4 Beryllium 0.64 MG/KG 0.4 Y nc NA nc NA


SB-14-271 2 4 Beryllium 0.82 MG/KG 0.4 Y nc NA nc NA
SB02 2 4 Beryllium 0.58 MG/KG 0.4 Y nc NA nc NA


MW07S 3 4 Beryllium 0.29 MG/KG 0.4 N nc NA nc NA
CMS-060 3 4 Beryllium 0.73 MG/KG 0.4 Y nc NA nc NA
CMS-118 3 4 Beryllium 1.1 MG/KG 0.4 Y nc NA nc NA
CMS-417 3 4 Beryllium 0.71 MG/KG 0.4 Y nc NA nc NA
CMS-419 3 4 Beryllium 1 MG/KG 0.4 Y nc NA nc NA
CMS-423 3 4 Beryllium 0.67 MG/KG 0.4 Y nc NA nc NA
CMS-428 3 4 Beryllium 0.74 MG/KG 0.4 Y nc NA nc NA
CMS-423 3 4 Beryllium 0.73 MG/KG 0.4 Y nc NA nc NA
CMS-118 4 5 Beryllium 0.68 MG/KG 0.4 Y nc NA nc NA
CMS-405 4 5 Beryllium 0.69 MG/KG 0.4 Y nc NA nc NA
CMS-455 4 5 Beryllium 0.84 MG/KG 0.4 Y nc NA nc NA
MW04D 4 6 Beryllium 1 MG/KG 0.4 Y nc NA nc NA
MW06S 4 6 Beryllium 0.44 MG/KG 0.4 Y nc NA nc NA
MW07S 4 6 Beryllium 0.29 MG/KG 0.4 N nc NA nc NA
MW09S 4 6 Beryllium 0.51 MG/KG 0.4 Y nc NA nc NA


SB-14-271 4 6 Beryllium 0.19 MG/KG 0.4 N nc NA nc NA
SB02 4 6 Beryllium 0.82 MG/KG 0.4 Y nc NA nc NA


CMS-4105 0 1 Beryllium 1.03 MG/KG 0.4 Y nc NA nc NA
CMS-4110 0 1 Beryllium 0.95 MG/KG 0.4 Y nc NA nc NA


SS-01 0 0 Bis(2-chloroethyl)ether 0.43 MG/KG U 0.6 NA nc NA nc NA
CMW-SD-2016 0 0.5 Bis(2-chloroethyl)ether 0.8 MG/KG U 0.6 NA nc NA nc NA
CMW-SD-2017 0 0.5 Bis(2-chloroethyl)ether 0.87 MG/KG U 0.6 NA nc NA nc NA
CMW-SD-2018 0 0.5 Bis(2-chloroethyl)ether 2.1 MG/KG U 0.6 NA nc NA nc NA
CMW-SD-2019 0 0.5 Bis(2-chloroethyl)ether 0.95 MG/KG U 0.6 NA nc NA nc NA
CMW-SD-2020 0 0.5 Bis(2-chloroethyl)ether 0.46 MG/KG U 0.6 NA nc NA nc NA
CMW-SD-2021 0 0.5 Bis(2-chloroethyl)ether 2.1 MG/KG U 0.6 NA nc NA nc NA


CMS-089 0 1 Bis(2-chloroethyl)ether 0.67 MG/KG U 0.6 NA nc NA nc NA
CMS-098 0 1 Bis(2-chloroethyl)ether 0.6 MG/KG U 0.6 NA nc NA nc NA
CMS-142 0 1 Bis(2-chloroethyl)ether 0.58 MG/KG U 0.6 NA nc NA nc NA
CMS-164 0 1 Bis(2-chloroethyl)ether 2 MG/KG U 0.6 NA nc NA nc NA
CMS-173 0 1 Bis(2-chloroethyl)ether 1.1 MG/KG U 0.6 NA nc NA nc NA
CMS-237 0 1 Bis(2-chloroethyl)ether 1.3 MG/KG U 0.6 NA nc NA nc NA
CMS-405 0 1 Bis(2-chloroethyl)ether 0.35 MG/KG U 0.6 NA nc NA nc NA
CMS-407 0 1 Bis(2-chloroethyl)ether 0.35 MG/KG U 0.6 NA nc NA nc NA
CMS-408 0 1 Bis(2-chloroethyl)ether 0.34 MG/KG U 0.6 NA nc NA nc NA
CMS-417 0 1 Bis(2-chloroethyl)ether 35 MG/KG U 0.6 NA nc NA nc NA
CMS-456 0 1 Bis(2-chloroethyl)ether 0.49 MG/KG U 0.6 NA nc NA nc NA
CMS-142 0 1 Bis(2-chloroethyl)ether 0.55 MG/KG U 0.6 NA nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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RES-14-271-01 0 1 Bis(2-chloroethyl)ether 0.51 MG/KG U 0.6 NA nc NA nc NA
RES-14-272-01 0 1 Bis(2-chloroethyl)ether 0.62 MG/KG U 0.6 NA nc NA nc NA
RES-14-302-01 0 1 Bis(2-chloroethyl)ether 5 MG/KG U 0.6 NA nc NA nc NA
RES-14-303-01 0 1 Bis(2-chloroethyl)ether 4.8 MG/KG U 0.6 NA nc NA nc NA
RES-14-271-01 0 1 Bis(2-chloroethyl)ether 2.5 MG/KG U 0.6 NA nc NA nc NA
RES-14-272-01 0 1 Bis(2-chloroethyl)ether 3.1 MG/KG U 0.6 NA nc NA nc NA


SS-02 0 1.3 Bis(2-chloroethyl)ether 0.52 MG/KG U 0.6 NA nc NA nc NA
CMS-703 0 2 Bis(2-chloroethyl)ether 6.2 MG/KG U 0.6 NA nc NA nc NA


SS-06 0 2 Bis(2-chloroethyl)ether 0.84 MG/KG U 0.6 NA nc NA nc NA
BV01COMP 0 4 Bis(2-chloroethyl)ether 0.38 MG/KG U 0.6 NA nc NA nc NA


CMW-SD-2022 0.5 2 Bis(2-chloroethyl)ether 4.2 MG/KG U 0.6 NA nc NA nc NA
MW05S 1 2 Bis(2-chloroethyl)ether 0.36 MG/KG U 0.6 NA nc NA nc NA
MW14M 1 2 Bis(2-chloroethyl)ether 0.34 MG/KG U 0.6 NA nc NA nc NA
MW14M 1 2 Bis(2-chloroethyl)ether 0.34 MG/KG U 0.6 NA nc NA nc NA
MW01S 1 2 Bis(2-chloroethyl)ether 0.38 MG/KG U 0.6 NA nc NA nc NA
MW05S 1 2 Bis(2-chloroethyl)ether 0.36 MG/KG U 0.6 NA nc NA nc NA
MW08S 1 2 Bis(2-chloroethyl)ether 0.42 MG/KG U 0.6 NA nc NA nc NA
MW14M 1 2 Bis(2-chloroethyl)ether 0.33 MG/KG U 0.6 NA nc NA nc NA
MW14M 1 2 Bis(2-chloroethyl)ether 0.33 MG/KG U 0.6 NA nc NA nc NA


SB-14-271 1 2 Bis(2-chloroethyl)ether 0.4 MG/KG U 0.6 NA nc NA nc NA
CMS-060 1 2 Bis(2-chloroethyl)ether 0.34 MG/KG U 0.6 NA nc NA nc NA
CMS-089 1 2 Bis(2-chloroethyl)ether 0.35 MG/KG U 0.6 NA nc NA nc NA
CMS-118 1 2 Bis(2-chloroethyl)ether 0.37 MG/KG U 0.6 NA nc NA nc NA
CMS-173 1 2 Bis(2-chloroethyl)ether 0.52 MG/KG U 0.6 NA nc NA nc NA
CMS-237 1 2 Bis(2-chloroethyl)ether 0.83 MG/KG U 0.6 NA nc NA nc NA
CMS-405 1 2 Bis(2-chloroethyl)ether 0.63 MG/KG U 0.6 NA nc NA nc NA
CMS-407 1 2 Bis(2-chloroethyl)ether 0.44 MG/KG U 0.6 NA nc NA nc NA
CMS-408 1 2 Bis(2-chloroethyl)ether 8.7 MG/KG U 0.6 NA nc NA nc NA
CMS-417 1 2 Bis(2-chloroethyl)ether 35 MG/KG U 0.6 NA nc NA nc NA
CMS-419 1 2 Bis(2-chloroethyl)ether 74 MG/KG U 0.6 NA nc NA nc NA
CMS-423 1 2 Bis(2-chloroethyl)ether 0.35 MG/KG U 0.6 NA nc NA nc NA
CMS-427 1 2 Bis(2-chloroethyl)ether 3.6 MG/KG U 0.6 NA nc NA nc NA
CMS-428 1 2 Bis(2-chloroethyl)ether 0.35 MG/KG U 0.6 NA nc NA nc NA
CMS-456 1 2 Bis(2-chloroethyl)ether 1.2 MG/KG U 0.6 NA nc NA nc NA
CMS-405 1 2 Bis(2-chloroethyl)ether 1.2 MG/KG U 0.6 NA nc NA nc NA


CMW-SD-2022 2 2.5 Bis(2-chloroethyl)ether 0.86 MG/KG U 0.6 NA nc NA nc NA
CMS-060 2 3 Bis(2-chloroethyl)ether 0.36 MG/KG U 0.6 NA nc NA nc NA
CMS-089 2 3 Bis(2-chloroethyl)ether 0.7 MG/KG U 0.6 NA nc NA nc NA
CMS-118 2 3 Bis(2-chloroethyl)ether 0.44 MG/KG U 0.6 NA nc NA nc NA
CMS-237 2 3 Bis(2-chloroethyl)ether 0.63 MG/KG U 0.6 NA nc NA nc NA
CMS-405 2 3 Bis(2-chloroethyl)ether 0.64 MG/KG U 0.6 NA nc NA nc NA
CMS-407 2 3 Bis(2-chloroethyl)ether 1.1 MG/KG U 0.6 NA nc NA nc NA
CMS-408 2 3 Bis(2-chloroethyl)ether 0.43 MG/KG U 0.6 NA nc NA nc NA
CMS-417 2 3 Bis(2-chloroethyl)ether 9.8 MG/KG U 0.6 NA nc NA nc NA
CMS-455 2 3 Bis(2-chloroethyl)ether 0.4 MG/KG U 0.6 NA nc NA nc NA
MW08S 2 4 Bis(2-chloroethyl)ether 0.45 MG/KG U 0.6 NA nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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SB02 2 4 Bis(2-chloroethyl)ether 2.3 MG/KG U 0.6 NA nc NA nc NA
MW01S 2 4 Bis(2-chloroethyl)ether 1.6 MG/KG U 0.6 NA nc NA nc NA
MW02S 2 4 Bis(2-chloroethyl)ether 0.38 MG/KG U 0.6 NA nc NA nc NA
MW06S 2 4 Bis(2-chloroethyl)ether 0.36 MG/KG U 0.6 NA nc NA nc NA
MW06S 2 4 Bis(2-chloroethyl)ether 0.37 MG/KG U 0.6 NA nc NA nc NA
MW08S 2 4 Bis(2-chloroethyl)ether 0.41 MG/KG U 0.6 NA nc NA nc NA
MW14M 2 4 Bis(2-chloroethyl)ether 0.38 MG/KG U 0.6 NA nc NA nc NA
MW15D 2 4 Bis(2-chloroethyl)ether 0.37 MG/KG U 0.6 NA nc NA nc NA


SB-14-271 2 4 Bis(2-chloroethyl)ether 0.45 MG/KG U 0.6 NA nc NA nc NA
SB02 2 4 Bis(2-chloroethyl)ether 2.2 MG/KG U 0.6 NA nc NA nc NA
SB03 2 4 Bis(2-chloroethyl)ether 0.99 MG/KG U 0.6 NA nc NA nc NA
SS-03 2.5 3.5 Bis(2-chloroethyl)ether 0.4 MG/KG U 0.6 NA nc NA nc NA


MW07S 3 4 Bis(2-chloroethyl)ether 0.38 MG/KG U 0.6 NA nc NA nc NA
CMS-060 3 4 Bis(2-chloroethyl)ether 0.45 MG/KG U 0.6 NA nc NA nc NA
CMS-089 3 4 Bis(2-chloroethyl)ether 1.8 MG/KG U 0.6 NA nc NA nc NA
CMS-118 3 4 Bis(2-chloroethyl)ether 0.5 MG/KG U 0.6 NA nc NA nc NA
CMS-405 3 4 Bis(2-chloroethyl)ether 0.38 MG/KG U 0.6 NA nc NA nc NA
CMS-407 3 4 Bis(2-chloroethyl)ether 0.42 MG/KG U 0.6 NA nc NA nc NA
CMS-417 3 4 Bis(2-chloroethyl)ether 1.9 MG/KG U 0.6 NA nc NA nc NA
CMS-419 3 4 Bis(2-chloroethyl)ether 0.42 MG/KG U 0.6 NA nc NA nc NA
CMS-423 3 4 Bis(2-chloroethyl)ether 0.37 MG/KG U 0.6 NA nc NA nc NA
CMS-427 3 4 Bis(2-chloroethyl)ether 0.41 MG/KG U 0.6 NA nc NA nc NA
CMS-428 3 4 Bis(2-chloroethyl)ether 0.37 MG/KG U 0.6 NA nc NA nc NA
CMS-423 3 4 Bis(2-chloroethyl)ether 0.39 MG/KG U 0.6 NA nc NA nc NA
CMS-118 4 5 Bis(2-chloroethyl)ether 0.43 MG/KG U 0.6 NA nc NA nc NA
CMS-405 4 5 Bis(2-chloroethyl)ether 0.46 MG/KG U 0.6 NA nc NA nc NA
CMS-455 4 5 Bis(2-chloroethyl)ether 0.48 MG/KG U 0.6 NA nc NA nc NA


SB03 4 6 Bis(2-chloroethyl)ether 0.37 MG/KG U 0.6 NA nc NA nc NA
MW15D 4 6 Bis(2-chloroethyl)ether 0.4 MG/KG U 0.6 NA nc NA nc NA
MW01S 4 6 Bis(2-chloroethyl)ether 0.4 MG/KG U 0.6 NA nc NA nc NA
MW03S 4 6 Bis(2-chloroethyl)ether 0.4 MG/KG U 0.6 NA nc NA nc NA
MW04D 4 6 Bis(2-chloroethyl)ether 0.42 MG/KG U 0.6 NA nc NA nc NA
MW05S 4 6 Bis(2-chloroethyl)ether 0.82 MG/KG U 0.6 NA nc NA nc NA
MW06S 4 6 Bis(2-chloroethyl)ether 0.46 MG/KG U 0.6 NA nc NA nc NA
MW07S 4 6 Bis(2-chloroethyl)ether 0.4 MG/KG U 0.6 NA nc NA nc NA
MW08S 4 6 Bis(2-chloroethyl)ether 0.45 MG/KG U 0.6 NA nc NA nc NA
MW09S 4 6 Bis(2-chloroethyl)ether 0.85 MG/KG U 0.6 NA nc NA nc NA
MW15D 4 6 Bis(2-chloroethyl)ether 0.35 MG/KG U 0.6 NA nc NA nc NA


SB-14-271 4 6 Bis(2-chloroethyl)ether 0.4 MG/KG U 0.6 NA nc NA nc NA
SB02 4 6 Bis(2-chloroethyl)ether 0.83 MG/KG U 0.6 NA nc NA nc NA
SB03 4 6 Bis(2-chloroethyl)ether 0.38 MG/KG U 0.6 NA nc NA nc NA


CMS-060 0 1 Bis(2-chloroethyl)ether 0.34 MG/KG UJ 0.6 NA nc NA nc NA
CMS-118 0 1 Bis(2-chloroethyl)ether 0.36 MG/KG UJ 0.6 NA nc NA nc NA
CMS-159 0 1 Bis(2-chloroethyl)ether 2.2 MG/KG UJ 0.6 NA nc NA nc NA
CMS-060 0 1 Bis(2-chloroethyl)ether 0.35 MG/KG UJ 0.6 NA nc NA nc NA
MW05S 2 4 Bis(2-chloroethyl)ether 0.37 MG/KG UJ 0.6 NA nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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CMS-060 4 5 Bis(2-chloroethyl)ether 0.38 MG/KG UJ 0.6 NA nc NA nc NA
CMS-089 0 1 Bis-(2-chloroisopropyl)ether 0.67 MG/KG U 9.1 NA nc NA nc NA
CMS-098 0 1 Bis-(2-chloroisopropyl)ether 0.6 MG/KG U 9.1 NA nc NA nc NA
CMS-142 0 1 Bis-(2-chloroisopropyl)ether 0.58 MG/KG U 9.1 NA nc NA nc NA
CMS-164 0 1 Bis-(2-chloroisopropyl)ether 2 MG/KG U 9.1 NA nc NA nc NA
CMS-173 0 1 Bis-(2-chloroisopropyl)ether 1.1 MG/KG U 9.1 NA nc NA nc NA
CMS-237 0 1 Bis-(2-chloroisopropyl)ether 1.3 MG/KG U 9.1 NA nc NA nc NA
CMS-405 0 1 Bis-(2-chloroisopropyl)ether 0.35 MG/KG U 9.1 NA nc NA nc NA
CMS-407 0 1 Bis-(2-chloroisopropyl)ether 0.35 MG/KG U 9.1 NA nc NA nc NA
CMS-408 0 1 Bis-(2-chloroisopropyl)ether 0.34 MG/KG U 9.1 NA nc NA nc NA
CMS-417 0 1 Bis-(2-chloroisopropyl)ether 35 MG/KG U 9.1 NA nc NA nc NA
CMS-142 0 1 Bis-(2-chloroisopropyl)ether 0.55 MG/KG U 9.1 NA nc NA nc NA
CMS-703 0 2 Bis-(2-chloroisopropyl)ether 6.2 MG/KG U 9.1 NA nc NA nc NA


BV01COMP 0 4 Bis-(2-chloroisopropyl)ether 0.38 MG/KG U 9.1 NA nc NA nc NA
CMS-060 1 2 Bis-(2-chloroisopropyl)ether 0.34 MG/KG U 9.1 NA nc NA nc NA
CMS-089 1 2 Bis-(2-chloroisopropyl)ether 0.35 MG/KG U 9.1 NA nc NA nc NA
CMS-118 1 2 Bis-(2-chloroisopropyl)ether 0.37 MG/KG U 9.1 NA nc NA nc NA
CMS-173 1 2 Bis-(2-chloroisopropyl)ether 0.52 MG/KG U 9.1 NA nc NA nc NA
CMS-237 1 2 Bis-(2-chloroisopropyl)ether 0.83 MG/KG U 9.1 NA nc NA nc NA
CMS-405 1 2 Bis-(2-chloroisopropyl)ether 0.63 MG/KG U 9.1 NA nc NA nc NA
CMS-407 1 2 Bis-(2-chloroisopropyl)ether 0.44 MG/KG U 9.1 NA nc NA nc NA
CMS-408 1 2 Bis-(2-chloroisopropyl)ether 8.7 MG/KG U 9.1 NA nc NA nc NA
CMS-417 1 2 Bis-(2-chloroisopropyl)ether 35 MG/KG U 9.1 NA nc NA nc NA
CMS-419 1 2 Bis-(2-chloroisopropyl)ether 74 MG/KG U 9.1 NA nc NA nc NA
CMS-428 1 2 Bis-(2-chloroisopropyl)ether 0.35 MG/KG U 9.1 NA nc NA nc NA
CMS-405 1 2 Bis-(2-chloroisopropyl)ether 1.2 MG/KG U 9.1 NA nc NA nc NA
CMS-060 2 3 Bis-(2-chloroisopropyl)ether 0.36 MG/KG U 9.1 NA nc NA nc NA
CMS-089 2 3 Bis-(2-chloroisopropyl)ether 0.7 MG/KG U 9.1 NA nc NA nc NA
CMS-118 2 3 Bis-(2-chloroisopropyl)ether 0.44 MG/KG U 9.1 NA nc NA nc NA
CMS-237 2 3 Bis-(2-chloroisopropyl)ether 0.63 MG/KG U 9.1 NA nc NA nc NA
CMS-405 2 3 Bis-(2-chloroisopropyl)ether 0.64 MG/KG U 9.1 NA nc NA nc NA
CMS-407 2 3 Bis-(2-chloroisopropyl)ether 1.1 MG/KG U 9.1 NA nc NA nc NA
CMS-408 2 3 Bis-(2-chloroisopropyl)ether 0.43 MG/KG U 9.1 NA nc NA nc NA
CMS-417 2 3 Bis-(2-chloroisopropyl)ether 9.8 MG/KG U 9.1 NA nc NA nc NA
CMS-455 2 3 Bis-(2-chloroisopropyl)ether 0.4 MG/KG U 9.1 NA nc NA nc NA
CMS-060 3 4 Bis-(2-chloroisopropyl)ether 0.45 MG/KG U 9.1 NA nc NA nc NA
CMS-089 3 4 Bis-(2-chloroisopropyl)ether 1.8 MG/KG U 9.1 NA nc NA nc NA
CMS-118 3 4 Bis-(2-chloroisopropyl)ether 0.5 MG/KG U 9.1 NA nc NA nc NA
CMS-405 3 4 Bis-(2-chloroisopropyl)ether 0.38 MG/KG U 9.1 NA nc NA nc NA
CMS-407 3 4 Bis-(2-chloroisopropyl)ether 0.42 MG/KG U 9.1 NA nc NA nc NA
CMS-417 3 4 Bis-(2-chloroisopropyl)ether 1.9 MG/KG U 9.1 NA nc NA nc NA
CMS-428 3 4 Bis-(2-chloroisopropyl)ether 0.37 MG/KG U 9.1 NA nc NA nc NA
CMS-118 4 5 Bis-(2-chloroisopropyl)ether 0.43 MG/KG U 9.1 NA nc NA nc NA
CMS-405 4 5 Bis-(2-chloroisopropyl)ether 0.46 MG/KG U 9.1 NA nc NA nc NA
CMS-455 4 5 Bis-(2-chloroisopropyl)ether 0.48 MG/KG U 9.1 NA nc NA nc NA
CMS-060 0 1 Bis-(2-chloroisopropyl)ether 0.34 MG/KG UJ 9.1 NA nc NA nc NA
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CMS-118 0 1 Bis-(2-chloroisopropyl)ether 0.36 MG/KG UJ 9.1 NA nc NA nc NA
CMS-159 0 1 Bis-(2-chloroisopropyl)ether 2.2 MG/KG UJ 9.1 NA nc NA nc NA
CMS-456 0 1 Bis-(2-chloroisopropyl)ether 0.49 MG/KG UJ 9.1 NA nc NA nc NA
CMS-060 0 1 Bis-(2-chloroisopropyl)ether 0.35 MG/KG UJ 9.1 NA nc NA nc NA
CMS-423 1 2 Bis-(2-chloroisopropyl)ether 0.35 MG/KG UJ 9.1 NA nc NA nc NA
CMS-427 1 2 Bis-(2-chloroisopropyl)ether 3.6 MG/KG UJ 9.1 NA nc NA nc NA
CMS-456 1 2 Bis-(2-chloroisopropyl)ether 1.2 MG/KG UJ 9.1 NA nc NA nc NA
CMS-419 3 4 Bis-(2-chloroisopropyl)ether 0.42 MG/KG UJ 9.1 NA nc NA nc NA
CMS-423 3 4 Bis-(2-chloroisopropyl)ether 0.37 MG/KG UJ 9.1 NA nc NA nc NA
CMS-427 3 4 Bis-(2-chloroisopropyl)ether 0.41 MG/KG UJ 9.1 NA nc NA nc NA
CMS-423 3 4 Bis-(2-chloroisopropyl)ether 0.39 MG/KG UJ 9.1 NA nc NA nc NA
CMS-060 4 5 Bis-(2-chloroisopropyl)ether 0.38 MG/KG UJ 9.1 NA nc NA nc NA
CMS-4105 0 1 Bis(2-ethylhexyl) Phthalate 28 MG/KG J 46 N nc NA nc NA
CMS-4110 0 1 Bis(2-ethylhexyl) Phthalate 33 MG/KG J 46 N nc NA nc NA


SS-02 0 1.3 Bis(2-ethylhexyl)phthalate 4.4 MG/KG * 46 N nc NA nc NA
MW06S 2 4 Bis(2-ethylhexyl)phthalate 34 MG/KG * 46 N nc NA nc NA
MW06S 2 4 Bis(2-ethylhexyl)phthalate 41 MG/KG * 46 N nc NA nc NA
MW07S 3 4 Bis(2-ethylhexyl)phthalate 20 MG/KG * 46 N nc NA nc NA
MW06S 4 6 Bis(2-ethylhexyl)phthalate 36 MG/KG * 46 N nc NA nc NA
MW08S 1 2 Bis(2-ethylhexyl)phthalate 5.4 MG/KG *J 46 N nc NA nc NA
SS-01 0 0 Bis(2-ethylhexyl)phthalate 0.13 MG/KG J 46 N nc NA nc NA


CMS-060 0 1 Bis(2-ethylhexyl)phthalate 0.1 MG/KG J 46 N nc NA nc NA
CMS-089 0 1 Bis(2-ethylhexyl)phthalate 0.28 MG/KG J 46 N nc NA nc NA
CMS-098 0 1 Bis(2-ethylhexyl)phthalate 0.17 MG/KG J 46 N nc NA nc NA
CMS-142 0 1 Bis(2-ethylhexyl)phthalate 0.28 MG/KG J 46 N nc NA nc NA
CMS-405 0 1 Bis(2-ethylhexyl)phthalate 0.074 MG/KG J 46 N nc NA nc NA
CMS-142 0 1 Bis(2-ethylhexyl)phthalate 0.15 MG/KG J 46 N nc NA nc NA
CMS-060 0 1 Bis(2-ethylhexyl)phthalate 0.21 MG/KG J 46 N nc NA nc NA


RES-14-302-01 0 1 Bis(2-ethylhexyl)phthalate 0.78 MG/KG J 46 N nc NA nc NA
SS-06 0 2 Bis(2-ethylhexyl)phthalate 0.45 MG/KG J 46 N nc NA nc NA


BV01COMP 0 4 Bis(2-ethylhexyl)phthalate 0.073 MG/KG J 46 N nc NA nc NA
MW01S 1 2 Bis(2-ethylhexyl)phthalate 0.086 MG/KG J 46 N nc NA nc NA


CMS-060 1 2 Bis(2-ethylhexyl)phthalate 0.19 MG/KG J 46 N nc NA nc NA
CMS-405 1 2 Bis(2-ethylhexyl)phthalate 1.1 MG/KG J 46 N nc NA nc NA
CMS-428 1 2 Bis(2-ethylhexyl)phthalate 0.081 MG/KG J 46 N nc NA nc NA
CMS-405 1 2 Bis(2-ethylhexyl)phthalate 8 MG/KG J 46 N nc NA nc NA
CMS-060 2 3 Bis(2-ethylhexyl)phthalate 0.072 MG/KG J 46 N nc NA nc NA
CMS-089 2 3 Bis(2-ethylhexyl)phthalate 0.5 MG/KG J 46 N nc NA nc NA
CMS-118 2 3 Bis(2-ethylhexyl)phthalate 0.27 MG/KG J 46 N nc NA nc NA
CMS-417 2 3 Bis(2-ethylhexyl)phthalate 9.6 MG/KG J 46 N nc NA nc NA
CMS-455 2 3 Bis(2-ethylhexyl)phthalate 0.061 MG/KG J 46 N nc NA nc NA
MW08S 2 4 Bis(2-ethylhexyl)phthalate 0.26 MG/KG J 46 N nc NA nc NA
MW01S 2 4 Bis(2-ethylhexyl)phthalate 0.47 MG/KG J 46 N nc NA nc NA
MW08S 2 4 Bis(2-ethylhexyl)phthalate 0.17 MG/KG J 46 N nc NA nc NA
MW14M 2 4 Bis(2-ethylhexyl)phthalate 0.064 MG/KG J 46 N nc NA nc NA
SS-03 2.5 3.5 Bis(2-ethylhexyl)phthalate 0.087 MG/KG J 46 N nc NA nc NA
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CMS-118 3 4 Bis(2-ethylhexyl)phthalate 0.13 MG/KG J 46 N nc NA nc NA
CMS-405 3 4 Bis(2-ethylhexyl)phthalate 0.3 MG/KG J 46 N nc NA nc NA
CMS-417 3 4 Bis(2-ethylhexyl)phthalate 0.55 MG/KG J 46 N nc NA nc NA
CMS-060 4 5 Bis(2-ethylhexyl)phthalate 0.076 MG/KG J 46 N nc NA nc NA
MW08S 4 6 Bis(2-ethylhexyl)phthalate 0.13 MG/KG J 46 N nc NA nc NA
MW09S 4 6 Bis(2-ethylhexyl)phthalate 0.11 MG/KG J 46 N nc NA nc NA
MW15D 2 4 Bis(2-ethylhexyl)phthalate 0.49 MG/KG JEB 46 N nc NA nc NA
MW15D 4 6 Bis(2-ethylhexyl)phthalate 1.2 MG/KG JEB 46 N nc NA nc NA
MW15D 4 6 Bis(2-ethylhexyl)phthalate 2.1 MG/KG JEB 46 N nc NA nc NA


CMW-SD-2016 0 0.5 Bis(2-ethylhexyl)phthalate 0.8 MG/KG U 46 NA nc NA nc NA
CMW-SD-2017 0 0.5 Bis(2-ethylhexyl)phthalate 0.87 MG/KG U 46 NA nc NA nc NA
CMW-SD-2019 0 0.5 Bis(2-ethylhexyl)phthalate 0.95 MG/KG U 46 NA nc NA nc NA
CMW-SD-2020 0 0.5 Bis(2-ethylhexyl)phthalate 0.46 MG/KG U 46 NA nc NA nc NA


CMS-173 0 1 Bis(2-ethylhexyl)phthalate 1.1 MG/KG U 46 NA nc NA nc NA
CMS-407 0 1 Bis(2-ethylhexyl)phthalate 0.35 MG/KG U 46 NA nc NA nc NA
CMS-408 0 1 Bis(2-ethylhexyl)phthalate 0.34 MG/KG U 46 NA nc NA nc NA


RES-14-271-01 0 1 Bis(2-ethylhexyl)phthalate 0.51 MG/KG U 46 NA nc NA nc NA
RES-14-272-01 0 1 Bis(2-ethylhexyl)phthalate 0.67 MG/KG U 46 NA nc NA nc NA
RES-14-271-01 0 1 Bis(2-ethylhexyl)phthalate 2.5 MG/KG U 46 NA nc NA nc NA
RES-14-272-01 0 1 Bis(2-ethylhexyl)phthalate 3.1 MG/KG U 46 NA nc NA nc NA


CMS-703 0 2 Bis(2-ethylhexyl)phthalate 6.2 MG/KG U 46 NA nc NA nc NA
CMW-SD-2022 0.5 2 Bis(2-ethylhexyl)phthalate 4.2 MG/KG U 46 NA nc NA nc NA


MW05S 1 2 Bis(2-ethylhexyl)phthalate 0.36 MG/KG U 46 NA nc NA nc NA
MW05S 1 2 Bis(2-ethylhexyl)phthalate 0.36 MG/KG U 46 NA nc NA nc NA


SB-14-271 1 2 Bis(2-ethylhexyl)phthalate 0.4 MG/KG U 46 NA nc NA nc NA
CMS-173 1 2 Bis(2-ethylhexyl)phthalate 0.52 MG/KG U 46 NA nc NA nc NA
CMS-407 2 3 Bis(2-ethylhexyl)phthalate 1.1 MG/KG U 46 NA nc NA nc NA
MW02S 2 4 Bis(2-ethylhexyl)phthalate 0.38 MG/KG U 46 NA nc NA nc NA


SB-14-271 2 4 Bis(2-ethylhexyl)phthalate 0.45 MG/KG U 46 NA nc NA nc NA
SB03 2 4 Bis(2-ethylhexyl)phthalate 0.99 MG/KG U 46 NA nc NA nc NA


CMS-060 3 4 Bis(2-ethylhexyl)phthalate 0.45 MG/KG U 46 NA nc NA nc NA
CMS-407 3 4 Bis(2-ethylhexyl)phthalate 0.42 MG/KG U 46 NA nc NA nc NA
CMS-428 3 4 Bis(2-ethylhexyl)phthalate 0.37 MG/KG U 46 NA nc NA nc NA
CMS-118 4 5 Bis(2-ethylhexyl)phthalate 0.43 MG/KG U 46 NA nc NA nc NA
CMS-405 4 5 Bis(2-ethylhexyl)phthalate 0.46 MG/KG U 46 NA nc NA nc NA


SB03 4 6 Bis(2-ethylhexyl)phthalate 0.37 MG/KG U 46 NA nc NA nc NA
MW04D 4 6 Bis(2-ethylhexyl)phthalate 0.42 MG/KG U 46 NA nc NA nc NA
MW07S 4 6 Bis(2-ethylhexyl)phthalate 0.4 MG/KG U 46 NA nc NA nc NA


SB-14-271 4 6 Bis(2-ethylhexyl)phthalate 0.4 MG/KG U 46 NA nc NA nc NA
SB03 4 6 Bis(2-ethylhexyl)phthalate 0.38 MG/KG U 46 NA nc NA nc NA


CMW-SD-2018 0 0.5 Bis(2-ethylhexyl)phthalate 2.1 MG/KG UJ 46 NA nc NA nc NA
CMW-SD-2021 0 0.5 Bis(2-ethylhexyl)phthalate 2.1 MG/KG UJ 46 NA nc NA nc NA
RES-14-333-01 0 1 Bis(2-ethylhexyl)phthalate 7.1 MG/KG UJ 46 NA nc NA nc NA
CMW-SD-2022 2 2.5 Bis(2-ethylhexyl)phthalate 0.86 MG/KG UJ 46 NA nc NA nc NA


MW05S 2 4 Bis(2-ethylhexyl)phthalate 0.54 MG/KG UJ 46 NA nc NA nc NA
CMS-455 4 5 Bis(2-ethylhexyl)phthalate 0.48 MG/KG UJ 46 NA nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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CMS-118 0 1 Bis(2-ethylhexyl)phthalate 0.48 MG/KG 46 N nc NA nc NA
CMS-159 0 1 Bis(2-ethylhexyl)phthalate 20 MG/KG 46 N nc NA nc NA
CMS-164 0 1 Bis(2-ethylhexyl)phthalate 2.4 MG/KG 46 N nc NA nc NA
CMS-237 0 1 Bis(2-ethylhexyl)phthalate 17 MG/KG 46 N nc NA nc NA
CMS-417 0 1 Bis(2-ethylhexyl)phthalate 460 MG/KG 46 Y nc NA nc NA
CMS-456 0 1 Bis(2-ethylhexyl)phthalate 2.9 MG/KG 46 N nc NA nc NA


RES-14-303-01 0 1 Bis(2-ethylhexyl)phthalate 10 MG/KG 46 N nc NA nc NA
MW14M 1 2 Bis(2-ethylhexyl)phthalate 1.7 MG/KG 46 N nc NA nc NA
MW14M 1 2 Bis(2-ethylhexyl)phthalate 1.8 MG/KG 46 N nc NA nc NA
MW14M 1 2 Bis(2-ethylhexyl)phthalate 1 MG/KG 46 N nc NA nc NA
MW14M 1 2 Bis(2-ethylhexyl)phthalate 1.2 MG/KG 46 N nc NA nc NA
CMS-089 1 2 Bis(2-ethylhexyl)phthalate 1.7 MG/KG 46 N nc NA nc NA
CMS-118 1 2 Bis(2-ethylhexyl)phthalate 0.57 MG/KG 46 N nc NA nc NA
CMS-237 1 2 Bis(2-ethylhexyl)phthalate 6.1 MG/KG 46 N nc NA nc NA
CMS-407 1 2 Bis(2-ethylhexyl)phthalate 1.4 MG/KG 46 N nc NA nc NA
CMS-408 1 2 Bis(2-ethylhexyl)phthalate 80 MG/KG 46 Y nc NA nc NA
CMS-417 1 2 Bis(2-ethylhexyl)phthalate 36 MG/KG 46 N nc NA nc NA
CMS-419 1 2 Bis(2-ethylhexyl)phthalate 390 MG/KG 46 Y nc NA nc NA
CMS-423 1 2 Bis(2-ethylhexyl)phthalate 0.72 MG/KG 46 N nc NA nc NA
CMS-427 1 2 Bis(2-ethylhexyl)phthalate 27 MG/KG 46 N nc NA nc NA
CMS-456 1 2 Bis(2-ethylhexyl)phthalate 14 MG/KG 46 N nc NA nc NA
CMS-237 2 3 Bis(2-ethylhexyl)phthalate 2.7 MG/KG 46 N nc NA nc NA
CMS-405 2 3 Bis(2-ethylhexyl)phthalate 0.82 MG/KG 46 N nc NA nc NA
CMS-408 2 3 Bis(2-ethylhexyl)phthalate 0.44 MG/KG 46 N nc NA nc NA


SB02 2 4 Bis(2-ethylhexyl)phthalate 4.8 MG/KG 46 N nc NA nc NA
SB02 2 4 Bis(2-ethylhexyl)phthalate 6 MG/KG 46 N nc NA nc NA


CMS-089 3 4 Bis(2-ethylhexyl)phthalate 1.6 MG/KG 46 N nc NA nc NA
CMS-419 3 4 Bis(2-ethylhexyl)phthalate 0.81 MG/KG 46 N nc NA nc NA
CMS-423 3 4 Bis(2-ethylhexyl)phthalate 1.7 MG/KG 46 N nc NA nc NA
CMS-427 3 4 Bis(2-ethylhexyl)phthalate 0.8 MG/KG 46 N nc NA nc NA
CMS-423 3 4 Bis(2-ethylhexyl)phthalate 2.3 MG/KG 46 N nc NA nc NA
MW01S 4 6 Bis(2-ethylhexyl)phthalate 0.48 MG/KG 46 N nc NA nc NA
MW03S 4 6 Bis(2-ethylhexyl)phthalate 0.9 MG/KG 46 N nc NA nc NA
MW05S 4 6 Bis(2-ethylhexyl)phthalate 1.3 MG/KG 46 N nc NA nc NA


SB02 4 6 Bis(2-ethylhexyl)phthalate 3.5 MG/KG 46 N nc NA nc NA
CMS-089 0 1 Bromodichloromethane 0.005 MG/KG U 10 NA nc NA nc NA
CMS-098 0 1 Bromodichloromethane 0.0097 MG/KG U 10 NA nc NA nc NA
CMS-118 0 1 Bromodichloromethane 0.0048 MG/KG U 10 NA nc NA nc NA
CMS-142 0 1 Bromodichloromethane 0.0095 MG/KG U 10 NA nc NA nc NA
CMS-159 0 1 Bromodichloromethane 0.021 MG/KG U 10 NA nc NA nc NA
CMS-164 0 1 Bromodichloromethane 0.015 MG/KG U 10 NA nc NA nc NA
CMS-173 0 1 Bromodichloromethane 0.024 MG/KG U 10 NA nc NA nc NA
CMS-407 0 1 Bromodichloromethane 0.005 MG/KG U 10 NA nc NA nc NA
CMS-408 0 1 Bromodichloromethane 0.0043 MG/KG U 10 NA nc NA nc NA
CMS-417 0 1 Bromodichloromethane 59 MG/KG U 10 NA nc NA nc NA
CMS-456 0 1 Bromodichloromethane 0.0075 MG/KG U 10 NA nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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CMS-702 0 1 Bromodichloromethane 0.0087 MG/KG U 10 NA nc NA nc NA
CMS-703 0 1 Bromodichloromethane 0.0061 MG/KG U 10 NA nc NA nc NA
CMS-142 0 1 Bromodichloromethane 0.011 MG/KG U 10 NA nc NA nc NA
CMS-060 0 1 Bromodichloromethane 2.7 MG/KG U 10 NA nc NA nc NA
CMS-065 0 10 Bromodichloromethane 0.79 MG/KG U 10 NA nc NA nc NA
MW05S 1 2 Bromodichloromethane 0.095 MG/KG U 10 NA nc NA nc NA
MW01S 1 2 Bromodichloromethane 0.34 MG/KG U 10 NA nc NA nc NA
MW05S 1 2 Bromodichloromethane 0.11 MG/KG U 10 NA nc NA nc NA
MW08S 1 2 Bromodichloromethane 0.26 MG/KG U 10 NA nc NA nc NA
MW14M 1 2 Bromodichloromethane 0.11 MG/KG U 10 NA nc NA nc NA
CMS-089 1 2 Bromodichloromethane 0.0048 MG/KG U 10 NA nc NA nc NA
CMS-118 1 2 Bromodichloromethane 0.006 MG/KG U 10 NA nc NA nc NA
CMS-173 1 2 Bromodichloromethane 0.0083 MG/KG U 10 NA nc NA nc NA
CMS-237 1 2 Bromodichloromethane 0.0069 MG/KG U 10 NA nc NA nc NA
CMS-405 1 2 Bromodichloromethane 4 MG/KG U 10 NA nc NA nc NA
CMS-407 1 2 Bromodichloromethane 0.0074 MG/KG U 10 NA nc NA nc NA
CMS-408 1 2 Bromodichloromethane 2.2 MG/KG U 10 NA nc NA nc NA
CMS-417 1 2 Bromodichloromethane 130 MG/KG U 10 NA nc NA nc NA
CMS-419 1 2 Bromodichloromethane 28 MG/KG U 10 NA nc NA nc NA
CMS-423 1 2 Bromodichloromethane 0.0062 MG/KG U 10 NA nc NA nc NA
CMS-427 1 2 Bromodichloromethane 0.0045 MG/KG U 10 NA nc NA nc NA
CMS-428 1 2 Bromodichloromethane 0.0054 MG/KG U 10 NA nc NA nc NA
CMS-456 1 2 Bromodichloromethane 0.0089 MG/KG U 10 NA nc NA nc NA
CMS-060 2 3 Bromodichloromethane 0.27 MG/KG U 10 NA nc NA nc NA
CMS-089 2 3 Bromodichloromethane 0.0047 MG/KG U 10 NA nc NA nc NA
CMS-118 2 3 Bromodichloromethane 0.0074 MG/KG U 10 NA nc NA nc NA
CMS-407 2 3 Bromodichloromethane 0.0087 MG/KG U 10 NA nc NA nc NA
CMS-408 2 3 Bromodichloromethane 6.6 MG/KG U 10 NA nc NA nc NA
CMS-417 2 3 Bromodichloromethane 17 MG/KG U 10 NA nc NA nc NA
CMS-455 2 3 Bromodichloromethane 0.33 MG/KG U 10 NA nc NA nc NA
MW08S 2 4 Bromodichloromethane 0.21 MG/KG U 10 NA nc NA nc NA
MW01S 2 4 Bromodichloromethane 0.22 MG/KG U 10 NA nc NA nc NA
MW02S 2 4 Bromodichloromethane 0.2 MG/KG U 10 NA nc NA nc NA
MW04D 2 4 Bromodichloromethane 0.5 MG/KG U 10 NA nc NA nc NA
MW05S 2 4 Bromodichloromethane 0.1 MG/KG U 10 NA nc NA nc NA
MW06S 2 4 Bromodichloromethane 0.3 MG/KG U 10 NA nc NA nc NA
MW06S 2 4 Bromodichloromethane 0.3 MG/KG U 10 NA nc NA nc NA
MW08S 2 4 Bromodichloromethane 0.32 MG/KG U 10 NA nc NA nc NA
MW14M 2 4 Bromodichloromethane 0.14 MG/KG U 10 NA nc NA nc NA
MW15D 2 4 Bromodichloromethane 0.14 MG/KG U 10 NA nc NA nc NA


SB02 2 4 Bromodichloromethane 0.38 MG/KG U 10 NA nc NA nc NA
SB03 2 4 Bromodichloromethane 0.3 MG/KG U 10 NA nc NA nc NA


MW07S 3 4 Bromodichloromethane 0.5 MG/KG U 10 NA nc NA nc NA
CMS-060 3 4 Bromodichloromethane 0.0058 MG/KG U 10 NA nc NA nc NA
CMS-089 3 4 Bromodichloromethane 0.0041 MG/KG U 10 NA nc NA nc NA
CMS-118 3 4 Bromodichloromethane 0.0084 MG/KG U 10 NA nc NA nc NA
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CMS-407 3 4 Bromodichloromethane 0.32 MG/KG U 10 NA nc NA nc NA
CMS-417 3 4 Bromodichloromethane 0.28 MG/KG U 10 NA nc NA nc NA
CMS-419 3 4 Bromodichloromethane 0.32 MG/KG U 10 NA nc NA nc NA
CMS-423 3 4 Bromodichloromethane 0.0045 MG/KG U 10 NA nc NA nc NA
CMS-427 3 4 Bromodichloromethane 0.0054 MG/KG U 10 NA nc NA nc NA
CMS-428 3 4 Bromodichloromethane 0.0057 MG/KG U 10 NA nc NA nc NA
CMS-423 3 4 Bromodichloromethane 0.0049 MG/KG U 10 NA nc NA nc NA
CMS-060 4 5 Bromodichloromethane 0.0048 MG/KG U 10 NA nc NA nc NA
CMS-118 4 5 Bromodichloromethane 0.0059 MG/KG U 10 NA nc NA nc NA
CMS-405 4 5 Bromodichloromethane 1 MG/KG U 10 NA nc NA nc NA
CMS-455 4 5 Bromodichloromethane 0.0072 MG/KG U 10 NA nc NA nc NA
MW15D 4 6 Bromodichloromethane 0.1 MG/KG U 10 NA nc NA nc NA
MW02S 4 6 Bromodichloromethane 0.55 MG/KG U 10 NA nc NA nc NA


SB03 4 6 Bromodichloromethane 0.2 MG/KG U 10 NA nc NA nc NA
MW01S 4 6 Bromodichloromethane 0.24 MG/KG U 10 NA nc NA nc NA
MW02S 4 6 Bromodichloromethane 0.42 MG/KG U 10 NA nc NA nc NA
MW03S 4 6 Bromodichloromethane 0.35 MG/KG U 10 NA nc NA nc NA
MW04D 4 6 Bromodichloromethane 0.18 MG/KG U 10 NA nc NA nc NA
MW06S 4 6 Bromodichloromethane 0.43 MG/KG U 10 NA nc NA nc NA
MW07S 4 6 Bromodichloromethane 0.26 MG/KG U 10 NA nc NA nc NA
MW08S 4 6 Bromodichloromethane 0.3 MG/KG U 10 NA nc NA nc NA
MW09S 4 6 Bromodichloromethane 0.26 MG/KG U 10 NA nc NA nc NA
MW15D 4 6 Bromodichloromethane 0.12 MG/KG U 10 NA nc NA nc NA


SB02 4 6 Bromodichloromethane 0.26 MG/KG U 10 NA nc NA nc NA
SB03 4 6 Bromodichloromethane 0.18 MG/KG U 10 NA nc NA nc NA


CMS-237 0 1 Bromodichloromethane 0.0059 MG/KG UJ 10 NA nc NA nc NA
MW14M 1 2 Bromodichloromethane 0.15 MG/KG UJ 10 NA nc NA nc NA


SB-14-271 1 2 Bromodichloromethane 0.12 MG/KG UJ 10 NA nc NA nc NA
CMS-060 1 2 Bromodichloromethane 5.1 MG/KG UJ 10 NA nc NA nc NA
CMS-405 1 2 Bromodichloromethane 2.9 MG/KG UJ 10 NA nc NA nc NA
SB-14-271 2 4 Bromodichloromethane 0.13 MG/KG UJ 10 NA nc NA nc NA


MW05S 4 6 Bromodichloromethane 0.11 MG/KG UJ 10 NA nc NA nc NA
SB-14-271 4 6 Bromodichloromethane 0.11 MG/KG UJ 10 NA nc NA nc NA
CMS-089 0 1 Bromoform 0.005 MG/KG U 81 NA nc NA nc NA
CMS-098 0 1 Bromoform 0.0097 MG/KG U 81 NA nc NA nc NA
CMS-118 0 1 Bromoform 0.0048 MG/KG U 81 NA nc NA nc NA
CMS-142 0 1 Bromoform 0.0095 MG/KG U 81 NA nc NA nc NA
CMS-159 0 1 Bromoform 0.021 MG/KG U 81 NA nc NA nc NA
CMS-173 0 1 Bromoform 0.024 MG/KG U 81 NA nc NA nc NA
CMS-407 0 1 Bromoform 0.005 MG/KG U 81 NA nc NA nc NA
CMS-408 0 1 Bromoform 0.0043 MG/KG U 81 NA nc NA nc NA
CMS-417 0 1 Bromoform 59 MG/KG U 81 NA nc NA nc NA
CMS-456 0 1 Bromoform 0.0075 MG/KG U 81 NA nc NA nc NA
CMS-702 0 1 Bromoform 0.0087 MG/KG U 81 NA nc NA nc NA
CMS-703 0 1 Bromoform 0.0061 MG/KG U 81 NA nc NA nc NA
CMS-142 0 1 Bromoform 0.011 MG/KG U 81 NA nc NA nc NA
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CMS-060 0 1 Bromoform 2.7 MG/KG U 81 NA nc NA nc NA
CMS-065 0 10 Bromoform 0.79 MG/KG U 81 NA nc NA nc NA
MW05S 1 2 Bromoform 0.095 MG/KG U 81 NA nc NA nc NA
MW01S 1 2 Bromoform 0.34 MG/KG U 81 NA nc NA nc NA
MW05S 1 2 Bromoform 0.11 MG/KG U 81 NA nc NA nc NA
MW08S 1 2 Bromoform 0.26 MG/KG U 81 NA nc NA nc NA
MW14M 1 2 Bromoform 0.11 MG/KG U 81 NA nc NA nc NA
CMS-089 1 2 Bromoform 0.0048 MG/KG U 81 NA nc NA nc NA
CMS-118 1 2 Bromoform 0.006 MG/KG U 81 NA nc NA nc NA
CMS-173 1 2 Bromoform 0.0083 MG/KG U 81 NA nc NA nc NA
CMS-407 1 2 Bromoform 0.0074 MG/KG U 81 NA nc NA nc NA
CMS-408 1 2 Bromoform 2.2 MG/KG U 81 NA nc NA nc NA
CMS-417 1 2 Bromoform 130 MG/KG U 81 NA nc NA nc NA
CMS-419 1 2 Bromoform 28 MG/KG U 81 NA nc NA nc NA
CMS-423 1 2 Bromoform 0.0062 MG/KG U 81 NA nc NA nc NA
CMS-427 1 2 Bromoform 0.0045 MG/KG U 81 NA nc NA nc NA
CMS-428 1 2 Bromoform 0.0054 MG/KG U 81 NA nc NA nc NA
CMS-456 1 2 Bromoform 0.0089 MG/KG U 81 NA nc NA nc NA
CMS-060 2 3 Bromoform 0.27 MG/KG U 81 NA nc NA nc NA
CMS-089 2 3 Bromoform 0.0047 MG/KG U 81 NA nc NA nc NA
CMS-118 2 3 Bromoform 0.0074 MG/KG U 81 NA nc NA nc NA
CMS-407 2 3 Bromoform 0.0087 MG/KG U 81 NA nc NA nc NA
CMS-408 2 3 Bromoform 6.6 MG/KG U 81 NA nc NA nc NA
CMS-455 2 3 Bromoform 0.33 MG/KG U 81 NA nc NA nc NA
MW08S 2 4 Bromoform 0.21 MG/KG U 81 NA nc NA nc NA
MW01S 2 4 Bromoform 0.22 MG/KG U 81 NA nc NA nc NA
MW02S 2 4 Bromoform 0.2 MG/KG U 81 NA nc NA nc NA
MW04D 2 4 Bromoform 0.5 MG/KG U 81 NA nc NA nc NA
MW05S 2 4 Bromoform 0.1 MG/KG U 81 NA nc NA nc NA
MW06S 2 4 Bromoform 0.3 MG/KG U 81 NA nc NA nc NA
MW06S 2 4 Bromoform 0.3 MG/KG U 81 NA nc NA nc NA
MW08S 2 4 Bromoform 0.32 MG/KG U 81 NA nc NA nc NA
MW14M 2 4 Bromoform 0.14 MG/KG U 81 NA nc NA nc NA
MW15D 2 4 Bromoform 0.14 MG/KG U 81 NA nc NA nc NA


SB02 2 4 Bromoform 0.38 MG/KG U 81 NA nc NA nc NA
SB03 2 4 Bromoform 0.3 MG/KG U 81 NA nc NA nc NA


MW07S 3 4 Bromoform 0.5 MG/KG U 81 NA nc NA nc NA
CMS-060 3 4 Bromoform 0.0058 MG/KG U 81 NA nc NA nc NA
CMS-089 3 4 Bromoform 0.0041 MG/KG U 81 NA nc NA nc NA
CMS-407 3 4 Bromoform 0.32 MG/KG U 81 NA nc NA nc NA
CMS-423 3 4 Bromoform 0.0045 MG/KG U 81 NA nc NA nc NA
CMS-427 3 4 Bromoform 0.0054 MG/KG U 81 NA nc NA nc NA
CMS-428 3 4 Bromoform 0.0057 MG/KG U 81 NA nc NA nc NA
CMS-423 3 4 Bromoform 0.0049 MG/KG U 81 NA nc NA nc NA
CMS-060 4 5 Bromoform 0.0048 MG/KG U 81 NA nc NA nc NA
CMS-118 4 5 Bromoform 0.0059 MG/KG U 81 NA nc NA nc NA


Interim Final CMRP Feasibility Study Report
Appendix F F-350 April 2010







Appendix F


Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs


BORING TO
P_


O
F_


S
A


M
PL


E 
(ft


)


B
O


TT
O


M
_


O
F_


SA
M


PL
E 


(ft
)


PARAMETER LAB_RESULT UNITS QUAL


RIDEM Residential 
Direct Exposure 
Criteria (MG/KG)


Exceed 
Criteria 


(Y/N)


RIDEM GB 
Leachability 


Criteria 
(MG/KG)


Exceed 
Criteria 


(Y/N)


EPA's Recommended 
Residential Level for 


Dioxin (NG/KG)


Exceed 
Criteria 


(Y/N)


Potential ARARs and TBC1


CMS-455 4 5 Bromoform 0.0072 MG/KG U 81 NA nc NA nc NA
MW15D 4 6 Bromoform 0.1 MG/KG U 81 NA nc NA nc NA
MW02S 4 6 Bromoform 0.55 MG/KG U 81 NA nc NA nc NA


SB03 4 6 Bromoform 0.2 MG/KG U 81 NA nc NA nc NA
MW01S 4 6 Bromoform 0.24 MG/KG U 81 NA nc NA nc NA
MW02S 4 6 Bromoform 0.42 MG/KG U 81 NA nc NA nc NA
MW03S 4 6 Bromoform 0.35 MG/KG U 81 NA nc NA nc NA
MW04D 4 6 Bromoform 0.18 MG/KG U 81 NA nc NA nc NA
MW06S 4 6 Bromoform 0.43 MG/KG U 81 NA nc NA nc NA
MW07S 4 6 Bromoform 0.26 MG/KG U 81 NA nc NA nc NA
MW08S 4 6 Bromoform 0.3 MG/KG U 81 NA nc NA nc NA
MW09S 4 6 Bromoform 0.26 MG/KG U 81 NA nc NA nc NA
MW15D 4 6 Bromoform 0.12 MG/KG U 81 NA nc NA nc NA


SB02 4 6 Bromoform 0.26 MG/KG U 81 NA nc NA nc NA
SB03 4 6 Bromoform 0.18 MG/KG U 81 NA nc NA nc NA


CMS-164 0 1 Bromoform 0.015 MG/KG UJ 81 NA nc NA nc NA
CMS-237 0 1 Bromoform 0.0059 MG/KG UJ 81 NA nc NA nc NA
MW14M 1 2 Bromoform 0.15 MG/KG UJ 81 NA nc NA nc NA


SB-14-271 1 2 Bromoform 0.12 MG/KG UJ 81 NA nc NA nc NA
CMS-060 1 2 Bromoform 5.1 MG/KG UJ 81 NA nc NA nc NA
CMS-237 1 2 Bromoform 0.0069 MG/KG UJ 81 NA nc NA nc NA
CMS-405 1 2 Bromoform 4 MG/KG UJ 81 NA nc NA nc NA
CMS-405 1 2 Bromoform 2.9 MG/KG UJ 81 NA nc NA nc NA
CMS-417 2 3 Bromoform 17 MG/KG UJ 81 NA nc NA nc NA
SB-14-271 2 4 Bromoform 0.13 MG/KG UJ 81 NA nc NA nc NA
CMS-118 3 4 Bromoform 0.0084 MG/KG UJ 81 NA nc NA nc NA
CMS-417 3 4 Bromoform 0.28 MG/KG UJ 81 NA nc NA nc NA
CMS-419 3 4 Bromoform 0.32 MG/KG UJ 81 NA nc NA nc NA
CMS-405 4 5 Bromoform 1 MG/KG UJ 81 NA nc NA nc NA
MW05S 4 6 Bromoform 0.11 MG/KG UJ 81 NA nc NA nc NA


SB-14-271 4 6 Bromoform 0.11 MG/KG UJ 81 NA nc NA nc NA
CMS-089 0 1 Bromomethane 0.01 MG/KG U 0.8 NA nc NA nc NA
CMS-098 0 1 Bromomethane 0.019 MG/KG U 0.8 NA nc NA nc NA
CMS-118 0 1 Bromomethane 0.0048 MG/KG U 0.8 NA nc NA nc NA
CMS-142 0 1 Bromomethane 0.019 MG/KG U 0.8 NA nc NA nc NA
CMS-159 0 1 Bromomethane 0.021 MG/KG U 0.8 NA nc NA nc NA
CMS-173 0 1 Bromomethane 0.047 MG/KG U 0.8 NA nc NA nc NA
CMS-407 0 1 Bromomethane 0.0099 MG/KG U 0.8 NA nc NA nc NA
CMS-408 0 1 Bromomethane 0.0086 MG/KG U 0.8 NA nc NA nc NA
CMS-417 0 1 Bromomethane 120 MG/KG U 0.8 NA nc NA nc NA
CMS-456 0 1 Bromomethane 0.0075 MG/KG U 0.8 NA nc NA nc NA
CMS-702 0 1 Bromomethane 0.0087 MG/KG U 0.8 NA nc NA nc NA
CMS-703 0 1 Bromomethane 0.0061 MG/KG U 0.8 NA nc NA nc NA
CMS-142 0 1 Bromomethane 0.022 MG/KG U 0.8 NA nc NA nc NA
CMS-060 0 1 Bromomethane 2.7 MG/KG U 0.8 NA nc NA nc NA
CMS-065 0 10 Bromomethane 1.6 MG/KG U 0.8 NA nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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MW05S 1 2 Bromomethane 0.095 MG/KG U 0.8 NA nc NA nc NA
MW01S 1 2 Bromomethane 0.34 MG/KG U 0.8 NA nc NA nc NA
MW05S 1 2 Bromomethane 0.11 MG/KG U 0.8 NA nc NA nc NA
MW08S 1 2 Bromomethane 0.26 MG/KG U 0.8 NA nc NA nc NA
MW14M 1 2 Bromomethane 0.11 MG/KG U 0.8 NA nc NA nc NA
CMS-060 1 2 Bromomethane 5.1 MG/KG U 0.8 NA nc NA nc NA
CMS-089 1 2 Bromomethane 0.0096 MG/KG U 0.8 NA nc NA nc NA
CMS-118 1 2 Bromomethane 0.006 MG/KG U 0.8 NA nc NA nc NA
CMS-173 1 2 Bromomethane 0.017 MG/KG U 0.8 NA nc NA nc NA
CMS-405 1 2 Bromomethane 8 MG/KG U 0.8 NA nc NA nc NA
CMS-407 1 2 Bromomethane 0.015 MG/KG U 0.8 NA nc NA nc NA
CMS-408 1 2 Bromomethane 4.4 MG/KG U 0.8 NA nc NA nc NA
CMS-417 1 2 Bromomethane 270 MG/KG U 0.8 NA nc NA nc NA
CMS-419 1 2 Bromomethane 28 MG/KG U 0.8 NA nc NA nc NA
CMS-423 1 2 Bromomethane 0.0062 MG/KG U 0.8 NA nc NA nc NA
CMS-427 1 2 Bromomethane 0.0045 MG/KG U 0.8 NA nc NA nc NA
CMS-428 1 2 Bromomethane 0.0054 MG/KG U 0.8 NA nc NA nc NA
CMS-456 1 2 Bromomethane 0.0089 MG/KG U 0.8 NA nc NA nc NA
CMS-060 2 3 Bromomethane 0.27 MG/KG U 0.8 NA nc NA nc NA
CMS-089 2 3 Bromomethane 0.0094 MG/KG U 0.8 NA nc NA nc NA
CMS-118 2 3 Bromomethane 0.0074 MG/KG U 0.8 NA nc NA nc NA
CMS-407 2 3 Bromomethane 0.017 MG/KG U 0.8 NA nc NA nc NA
CMS-408 2 3 Bromomethane 13 MG/KG U 0.8 NA nc NA nc NA
CMS-417 2 3 Bromomethane 33 MG/KG U 0.8 NA nc NA nc NA
CMS-455 2 3 Bromomethane 0.33 MG/KG U 0.8 NA nc NA nc NA
MW08S 2 4 Bromomethane 0.21 MG/KG U 0.8 NA nc NA nc NA
MW01S 2 4 Bromomethane 0.22 MG/KG U 0.8 NA nc NA nc NA
MW02S 2 4 Bromomethane 0.2 MG/KG U 0.8 NA nc NA nc NA
MW04D 2 4 Bromomethane 0.5 MG/KG U 0.8 NA nc NA nc NA
MW05S 2 4 Bromomethane 0.1 MG/KG U 0.8 NA nc NA nc NA
MW06S 2 4 Bromomethane 0.3 MG/KG U 0.8 NA nc NA nc NA
MW06S 2 4 Bromomethane 0.3 MG/KG U 0.8 NA nc NA nc NA
MW08S 2 4 Bromomethane 0.32 MG/KG U 0.8 NA nc NA nc NA
MW14M 2 4 Bromomethane 0.14 MG/KG U 0.8 NA nc NA nc NA
MW15D 2 4 Bromomethane 0.14 MG/KG U 0.8 NA nc NA nc NA


SB02 2 4 Bromomethane 0.38 MG/KG U 0.8 NA nc NA nc NA
SB03 2 4 Bromomethane 0.3 MG/KG U 0.8 NA nc NA nc NA


MW07S 3 4 Bromomethane 0.5 MG/KG U 0.8 NA nc NA nc NA
CMS-060 3 4 Bromomethane 0.0058 MG/KG U 0.8 NA nc NA nc NA
CMS-089 3 4 Bromomethane 0.0082 MG/KG U 0.8 NA nc NA nc NA
CMS-118 3 4 Bromomethane 0.0084 MG/KG U 0.8 NA nc NA nc NA
CMS-407 3 4 Bromomethane 0.65 MG/KG U 0.8 NA nc NA nc NA
CMS-417 3 4 Bromomethane 0.57 MG/KG U 0.8 NA nc NA nc NA
CMS-419 3 4 Bromomethane 0.32 MG/KG U 0.8 NA nc NA nc NA
CMS-423 3 4 Bromomethane 0.0045 MG/KG U 0.8 NA nc NA nc NA
CMS-427 3 4 Bromomethane 0.0054 MG/KG U 0.8 NA nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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CMS-428 3 4 Bromomethane 0.0057 MG/KG U 0.8 NA nc NA nc NA
CMS-423 3 4 Bromomethane 0.0049 MG/KG U 0.8 NA nc NA nc NA
CMS-060 4 5 Bromomethane 0.0048 MG/KG U 0.8 NA nc NA nc NA
CMS-118 4 5 Bromomethane 0.0059 MG/KG U 0.8 NA nc NA nc NA
CMS-405 4 5 Bromomethane 2.1 MG/KG U 0.8 NA nc NA nc NA
CMS-455 4 5 Bromomethane 0.0072 MG/KG U 0.8 NA nc NA nc NA
MW15D 4 6 Bromomethane 0.1 MG/KG U 0.8 NA nc NA nc NA
MW02S 4 6 Bromomethane 0.55 MG/KG U 0.8 NA nc NA nc NA


SB03 4 6 Bromomethane 0.2 MG/KG U 0.8 NA nc NA nc NA
MW01S 4 6 Bromomethane 0.24 MG/KG U 0.8 NA nc NA nc NA
MW02S 4 6 Bromomethane 0.42 MG/KG U 0.8 NA nc NA nc NA
MW03S 4 6 Bromomethane 0.35 MG/KG U 0.8 NA nc NA nc NA
MW04D 4 6 Bromomethane 0.18 MG/KG U 0.8 NA nc NA nc NA
MW06S 4 6 Bromomethane 0.43 MG/KG U 0.8 NA nc NA nc NA
MW07S 4 6 Bromomethane 0.26 MG/KG U 0.8 NA nc NA nc NA
MW08S 4 6 Bromomethane 0.3 MG/KG U 0.8 NA nc NA nc NA
MW09S 4 6 Bromomethane 0.26 MG/KG U 0.8 NA nc NA nc NA
MW15D 4 6 Bromomethane 0.12 MG/KG U 0.8 NA nc NA nc NA


SB02 4 6 Bromomethane 0.26 MG/KG U 0.8 NA nc NA nc NA
SB03 4 6 Bromomethane 0.18 MG/KG U 0.8 NA nc NA nc NA


CMS-164 0 1 Bromomethane 0.031 MG/KG UJ 0.8 NA nc NA nc NA
CMS-237 0 1 Bromomethane 0.012 MG/KG UJ 0.8 NA nc NA nc NA
MW14M 1 2 Bromomethane 0.15 MG/KG UJ 0.8 NA nc NA nc NA


SB-14-271 1 2 Bromomethane 0.12 MG/KG UJ 0.8 NA nc NA nc NA
CMS-237 1 2 Bromomethane 0.014 MG/KG UJ 0.8 NA nc NA nc NA
CMS-405 1 2 Bromomethane 5.7 MG/KG UJ 0.8 NA nc NA nc NA
SB-14-271 2 4 Bromomethane 0.13 MG/KG UJ 0.8 NA nc NA nc NA


MW05S 4 6 Bromomethane 0.11 MG/KG UJ 0.8 NA nc NA nc NA
SB-14-271 4 6 Bromomethane 0.11 MG/KG UJ 0.8 NA nc NA nc NA


CMW-SD-2019 0 0.5 Cadmium 5.2 MG/KG J 39 N nc NA nc NA
CMW-SD-2021 0 0.5 Cadmium 2.6 MG/KG J 39 N nc NA nc NA


CMS-060 0 1 Cadmium 0.21 MG/KG J 39 N nc NA nc NA
CMS-118 0 1 Cadmium 0.53 MG/KG J 39 N nc NA nc NA
CMS-164 0 1 Cadmium 1.2 MG/KG J 39 N nc NA nc NA
CMS-173 0 1 Cadmium 1.7 MG/KG J 39 N nc NA nc NA
CMS-060 0 1 Cadmium 0.52 MG/KG J 39 N nc NA nc NA


RES-14-272-01 0 1 Cadmium 0.32 MG/KG J 39 N nc NA nc NA
MW05S 1 2 Cadmium 0.67 MG/KG J 39 N nc NA nc NA
MW05S 1 2 Cadmium 0.56 MG/KG J 39 N nc NA nc NA
MW08S 1 2 Cadmium 3.5 MG/KG J 39 N nc NA nc NA


SB-14-271 1 2 Cadmium 1.6 MG/KG J 39 N nc NA nc NA
CMS-060 1 2 Cadmium 0.16 MG/KG J 39 N nc NA nc NA
CMS-089 1 2 Cadmium 2.1 MG/KG J 39 N nc NA nc NA
CMS-173 1 2 Cadmium 0.64 MG/KG J 39 N nc NA nc NA
CMS-407 1 2 Cadmium 0.72 MG/KG J 39 N nc NA nc NA
CMS-408 1 2 Cadmium 18 MG/KG J 39 N nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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CMS-419 1 2 Cadmium 35.9 MG/KG J 39 N nc NA nc NA
CMS-423 1 2 Cadmium 4 MG/KG J 39 N nc NA nc NA
CMS-427 1 2 Cadmium 3.3 MG/KG J 39 N nc NA nc NA
CMS-089 2 3 Cadmium 3.1 MG/KG J 39 N nc NA nc NA
CMS-408 2 3 Cadmium 1 MG/KG J 39 N nc NA nc NA
CMS-417 2 3 Cadmium 0.26 MG/KG J 39 N nc NA nc NA
CMS-455 2 3 Cadmium 0.42 MG/KG J 39 N nc NA nc NA
MW08S 2 4 Cadmium 2.4 MG/KG J 39 N nc NA nc NA
MW05S 2 4 Cadmium 1 MG/KG J 39 N nc NA nc NA
MW06S 2 4 Cadmium 11.1 MG/KG J 39 N nc NA nc NA
MW06S 2 4 Cadmium 3.7 MG/KG J 39 N nc NA nc NA
MW08S 2 4 Cadmium 1.7 MG/KG J 39 N nc NA nc NA


SB-14-271 2 4 Cadmium 0.66 MG/KG J 39 N nc NA nc NA
MW07S 3 4 Cadmium 0.36 MG/KG J 39 N nc NA nc NA


CMS-089 3 4 Cadmium 1.2 MG/KG J 39 N nc NA nc NA
CMS-118 3 4 Cadmium 0.46 MG/KG J 39 N nc NA nc NA
CMS-417 3 4 Cadmium 0.23 MG/KG J 39 N nc NA nc NA
CMS-423 3 4 Cadmium 3.7 MG/KG J 39 N nc NA nc NA
CMS-427 3 4 Cadmium 0.47 MG/KG J 39 N nc NA nc NA
CMS-428 3 4 Cadmium 0.28 MG/KG J 39 N nc NA nc NA
CMS-423 3 4 Cadmium 4.1 MG/KG J 39 N nc NA nc NA
CMS-060 4 5 Cadmium 0.15 MG/KG J 39 N nc NA nc NA
CMS-118 4 5 Cadmium 0.19 MG/KG J 39 N nc NA nc NA
CMS-405 4 5 Cadmium 0.2 MG/KG J 39 N nc NA nc NA
CMS-455 4 5 Cadmium 0.21 MG/KG J 39 N nc NA nc NA
MW04D 4 6 Cadmium 0.44 MG/KG J 39 N nc NA nc NA
MW05S 4 6 Cadmium 0.8 MG/KG J 39 N nc NA nc NA
MW06S 4 6 Cadmium 7.6 MG/KG J 39 N nc NA nc NA
MW07S 4 6 Cadmium 0.17 MG/KG J 39 N nc NA nc NA
MW09S 4 6 Cadmium 0.54 MG/KG J 39 N nc NA nc NA


SB-14-271 4 6 Cadmium 0.46 MG/KG J 39 N nc NA nc NA
CMW-SD-2016 0 0.5 Cadmium 0.06 MG/KG U 39 NA nc NA nc NA
CMW-SD-2017 0 0.5 Cadmium 0.08 MG/KG U 39 NA nc NA nc NA


CMS-089 0 1 Cadmium 0.33 MG/KG U 39 NA nc NA nc NA
CMS-098 0 1 Cadmium 0.48 MG/KG U 39 NA nc NA nc NA
CMS-142 0 1 Cadmium 0.47 MG/KG U 39 NA nc NA nc NA
CMS-405 0 1 Cadmium 0.53 MG/KG U 39 NA nc NA nc NA
CMS-407 0 1 Cadmium 0.34 MG/KG U 39 NA nc NA nc NA
CMS-408 0 1 Cadmium 0.3 MG/KG U 39 NA nc NA nc NA
CMS-142 0 1 Cadmium 0.49 MG/KG U 39 NA nc NA nc NA


RES-14-271-01 0 1 Cadmium 0.31 MG/KG U 39 NA nc NA nc NA
RES-14-271-01 0 1 Cadmium 0.32 MG/KG U 39 NA nc NA nc NA
RES-14-272-01 0 1 Cadmium 0.4 MG/KG U 39 NA nc NA nc NA


CMS-703 0 2 Cadmium 0.62 MG/KG U 39 NA nc NA nc NA
BV01COMP 0 4 Cadmium 0.57 MG/KG U 39 NA nc NA nc NA


CMW-SD-2022 2 2.5 Cadmium 0.07 MG/KG U 39 NA nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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CMS-060 2 3 Cadmium 0.55 MG/KG U 39 NA nc NA nc NA
CMS-407 2 3 Cadmium 0.32 MG/KG U 39 NA nc NA nc NA
MW02S 2 4 Cadmium 0.066 MG/KG U 39 NA nc NA nc NA
MW15D 2 4 Cadmium 0.089 MG/KG U 39 NA nc NA nc NA


SB03 2 4 Cadmium 0.069 MG/KG U 39 NA nc NA nc NA
GEC-7 2.5 4.5 Cadmium 0.22 MG/KG U 39 NA nc NA nc NA


CMS-060 3 4 Cadmium 0.68 MG/KG U 39 NA nc NA nc NA
CMS-407 3 4 Cadmium 0.14 MG/KG U 39 NA nc NA nc NA
CMS-419 3 4 Cadmium 0.64 MG/KG U 39 NA nc NA nc NA


SB03 4 6 Cadmium 0.07 MG/KG U 39 NA nc NA nc NA
MW01S 4 6 Cadmium 0.35 MG/KG U 39 NA nc NA nc NA
MW08S 4 6 Cadmium 0.24 MG/KG U 39 NA nc NA nc NA


SB03 4 6 Cadmium 0.068 MG/KG U 39 NA nc NA nc NA
CMW-SD-2018 0 0.5 Cadmium 0.06 MG/KG UJ 39 NA nc NA nc NA


MW15D 4 6 Cadmium 0.12 MG/KG UJ 39 NA nc NA nc NA
MW15D 4 6 Cadmium 0.12 MG/KG UJ 39 NA nc NA nc NA


CMW-SD-2020 0 0.5 Cadmium 1.2 MG/KG 39 N nc NA nc NA
CMS-159 0 1 Cadmium 3.1 MG/KG 39 N nc NA nc NA
CMS-237 0 1 Cadmium 8.4 MG/KG 39 N nc NA nc NA
CMS-417 0 1 Cadmium 14.7 MG/KG 39 N nc NA nc NA
CMS-456 0 1 Cadmium 0.91 MG/KG 39 N nc NA nc NA


RES-14-302-01 0 1 Cadmium 1.2 MG/KG 39 N nc NA nc NA
RES-14-303-01 0 1 Cadmium 7.9 MG/KG 39 N nc NA nc NA
CMW-SD-2022 0.5 2 Cadmium 0.51 MG/KG 39 N nc NA nc NA


MW14M 1 2 Cadmium 1.1 MG/KG 39 N nc NA nc NA
MW01S 1 2 Cadmium 0.64 MG/KG 39 N nc NA nc NA
MW14M 1 2 Cadmium 1.1 MG/KG 39 N nc NA nc NA
CMS-118 1 2 Cadmium 0.88 MG/KG 39 N nc NA nc NA
CMS-237 1 2 Cadmium 33.7 MG/KG 39 N nc NA nc NA
CMS-405 1 2 Cadmium 11.5 MG/KG 39 N nc NA nc NA
CMS-417 1 2 Cadmium 180 MG/KG 39 Y nc NA nc NA
CMS-428 1 2 Cadmium 0.54 MG/KG 39 N nc NA nc NA
CMS-456 1 2 Cadmium 3.7 MG/KG 39 N nc NA nc NA
CMS-405 1 2 Cadmium 10.6 MG/KG 39 N nc NA nc NA
CMS-118 2 3 Cadmium 1.7 MG/KG 39 N nc NA nc NA
CMS-237 2 3 Cadmium 12.2 MG/KG 39 N nc NA nc NA
CMS-405 2 3 Cadmium 7.7 MG/KG 39 N nc NA nc NA


SB02 2 4 Cadmium 1.1 MG/KG 39 N nc NA nc NA
MW14M 2 4 Cadmium 0.36 MG/KG 39 N nc NA nc NA


SB02 2 4 Cadmium 0.67 MG/KG 39 N nc NA nc NA
CMS-405 3 4 Cadmium 2.8 MG/KG 39 N nc NA nc NA
MW03S 4 6 Cadmium 0.43 MG/KG 39 N nc NA nc NA


SB02 4 6 Cadmium 0.34 MG/KG 39 N nc NA nc NA
CMS-4105 0 1 Cadmium 12.6 MG/KG 39 N nc NA nc NA
CMS-4110 0 1 Cadmium 4.23 MG/KG 39 N nc NA nc NA
CMS-089 0 1 Carbon Tetrachloride 0.005 MG/KG U 1.5 NA 5 NA nc NA
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CMS-098 0 1 Carbon Tetrachloride 0.0097 MG/KG U 1.5 NA 5 NA nc NA
CMS-118 0 1 Carbon Tetrachloride 0.0048 MG/KG U 1.5 NA 5 NA nc NA
CMS-142 0 1 Carbon Tetrachloride 0.0095 MG/KG U 1.5 NA 5 NA nc NA
CMS-159 0 1 Carbon Tetrachloride 0.021 MG/KG U 1.5 NA 5 NA nc NA
CMS-164 0 1 Carbon Tetrachloride 0.015 MG/KG U 1.5 NA 5 NA nc NA
CMS-173 0 1 Carbon Tetrachloride 0.024 MG/KG U 1.5 NA 5 NA nc NA
CMS-407 0 1 Carbon Tetrachloride 0.005 MG/KG U 1.5 NA 5 NA nc NA
CMS-408 0 1 Carbon Tetrachloride 0.0043 MG/KG U 1.5 NA 5 NA nc NA
CMS-417 0 1 Carbon Tetrachloride 59 MG/KG U 1.5 NA 5 NA nc NA
CMS-456 0 1 Carbon Tetrachloride 0.0075 MG/KG U 1.5 NA 5 NA nc NA
CMS-702 0 1 Carbon Tetrachloride 0.0087 MG/KG U 1.5 NA 5 NA nc NA
CMS-703 0 1 Carbon Tetrachloride 0.0061 MG/KG U 1.5 NA 5 NA nc NA
CMS-142 0 1 Carbon Tetrachloride 0.011 MG/KG U 1.5 NA 5 NA nc NA
CMS-060 0 1 Carbon Tetrachloride 2.7 MG/KG U 1.5 NA 5 NA nc NA
CMS-065 0 10 Carbon Tetrachloride 0.79 MG/KG U 1.5 NA 5 NA nc NA
MW05S 1 2 Carbon Tetrachloride 0.095 MG/KG U 1.5 NA 5 NA nc NA
MW01S 1 2 Carbon Tetrachloride 0.34 MG/KG U 1.5 NA 5 NA nc NA
MW05S 1 2 Carbon Tetrachloride 0.11 MG/KG U 1.5 NA 5 NA nc NA
MW08S 1 2 Carbon Tetrachloride 0.26 MG/KG U 1.5 NA 5 NA nc NA
MW14M 1 2 Carbon Tetrachloride 0.11 MG/KG U 1.5 NA 5 NA nc NA
CMS-089 1 2 Carbon Tetrachloride 0.0048 MG/KG U 1.5 NA 5 NA nc NA
CMS-118 1 2 Carbon Tetrachloride 0.006 MG/KG U 1.5 NA 5 NA nc NA
CMS-173 1 2 Carbon Tetrachloride 0.0083 MG/KG U 1.5 NA 5 NA nc NA
CMS-237 1 2 Carbon Tetrachloride 0.0069 MG/KG U 1.5 NA 5 NA nc NA
CMS-407 1 2 Carbon Tetrachloride 0.0074 MG/KG U 1.5 NA 5 NA nc NA
CMS-408 1 2 Carbon Tetrachloride 2.2 MG/KG U 1.5 NA 5 NA nc NA
CMS-417 1 2 Carbon Tetrachloride 130 MG/KG U 1.5 NA 5 NA nc NA
CMS-419 1 2 Carbon Tetrachloride 28 MG/KG U 1.5 NA 5 NA nc NA
CMS-423 1 2 Carbon Tetrachloride 0.0062 MG/KG U 1.5 NA 5 NA nc NA
CMS-427 1 2 Carbon Tetrachloride 0.0045 MG/KG U 1.5 NA 5 NA nc NA
CMS-428 1 2 Carbon Tetrachloride 0.0054 MG/KG U 1.5 NA 5 NA nc NA
CMS-456 1 2 Carbon Tetrachloride 0.0089 MG/KG U 1.5 NA 5 NA nc NA
CMS-060 2 3 Carbon Tetrachloride 0.27 MG/KG U 1.5 NA 5 NA nc NA
CMS-089 2 3 Carbon Tetrachloride 0.0047 MG/KG U 1.5 NA 5 NA nc NA
CMS-118 2 3 Carbon Tetrachloride 0.0074 MG/KG U 1.5 NA 5 NA nc NA
CMS-407 2 3 Carbon Tetrachloride 0.0087 MG/KG U 1.5 NA 5 NA nc NA
CMS-408 2 3 Carbon Tetrachloride 6.6 MG/KG U 1.5 NA 5 NA nc NA
CMS-417 2 3 Carbon Tetrachloride 17 MG/KG U 1.5 NA 5 NA nc NA
CMS-455 2 3 Carbon Tetrachloride 0.33 MG/KG U 1.5 NA 5 NA nc NA
MW08S 2 4 Carbon Tetrachloride 0.21 MG/KG U 1.5 NA 5 NA nc NA
MW01S 2 4 Carbon Tetrachloride 0.22 MG/KG U 1.5 NA 5 NA nc NA
MW02S 2 4 Carbon Tetrachloride 0.2 MG/KG U 1.5 NA 5 NA nc NA
MW04D 2 4 Carbon Tetrachloride 0.5 MG/KG U 1.5 NA 5 NA nc NA
MW05S 2 4 Carbon Tetrachloride 0.1 MG/KG U 1.5 NA 5 NA nc NA
MW06S 2 4 Carbon Tetrachloride 0.3 MG/KG U 1.5 NA 5 NA nc NA
MW06S 2 4 Carbon Tetrachloride 0.3 MG/KG U 1.5 NA 5 NA nc NA
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MW08S 2 4 Carbon Tetrachloride 0.32 MG/KG U 1.5 NA 5 NA nc NA
MW14M 2 4 Carbon Tetrachloride 0.14 MG/KG U 1.5 NA 5 NA nc NA
MW15D 2 4 Carbon Tetrachloride 0.14 MG/KG U 1.5 NA 5 NA nc NA


SB02 2 4 Carbon Tetrachloride 0.38 MG/KG U 1.5 NA 5 NA nc NA
SB03 2 4 Carbon Tetrachloride 0.3 MG/KG U 1.5 NA 5 NA nc NA


MW07S 3 4 Carbon Tetrachloride 0.5 MG/KG U 1.5 NA 5 NA nc NA
CMS-060 3 4 Carbon Tetrachloride 0.0058 MG/KG U 1.5 NA 5 NA nc NA
CMS-089 3 4 Carbon Tetrachloride 0.0041 MG/KG U 1.5 NA 5 NA nc NA
CMS-118 3 4 Carbon Tetrachloride 0.0084 MG/KG U 1.5 NA 5 NA nc NA
CMS-407 3 4 Carbon Tetrachloride 0.32 MG/KG U 1.5 NA 5 NA nc NA
CMS-423 3 4 Carbon Tetrachloride 0.0045 MG/KG U 1.5 NA 5 NA nc NA
CMS-427 3 4 Carbon Tetrachloride 0.0054 MG/KG U 1.5 NA 5 NA nc NA
CMS-428 3 4 Carbon Tetrachloride 0.0057 MG/KG U 1.5 NA 5 NA nc NA
CMS-423 3 4 Carbon Tetrachloride 0.0049 MG/KG U 1.5 NA 5 NA nc NA
CMS-060 4 5 Carbon Tetrachloride 0.0048 MG/KG U 1.5 NA 5 NA nc NA
CMS-118 4 5 Carbon Tetrachloride 0.0059 MG/KG U 1.5 NA 5 NA nc NA
CMS-405 4 5 Carbon Tetrachloride 1 MG/KG U 1.5 NA 5 NA nc NA
CMS-455 4 5 Carbon Tetrachloride 0.0072 MG/KG U 1.5 NA 5 NA nc NA
MW15D 4 6 Carbon Tetrachloride 0.1 MG/KG U 1.5 NA 5 NA nc NA
MW02S 4 6 Carbon Tetrachloride 0.55 MG/KG U 1.5 NA 5 NA nc NA


SB03 4 6 Carbon Tetrachloride 0.2 MG/KG U 1.5 NA 5 NA nc NA
MW01S 4 6 Carbon Tetrachloride 0.24 MG/KG U 1.5 NA 5 NA nc NA
MW02S 4 6 Carbon Tetrachloride 0.42 MG/KG U 1.5 NA 5 NA nc NA
MW03S 4 6 Carbon Tetrachloride 0.35 MG/KG U 1.5 NA 5 NA nc NA
MW04D 4 6 Carbon Tetrachloride 0.18 MG/KG U 1.5 NA 5 NA nc NA
MW06S 4 6 Carbon Tetrachloride 0.43 MG/KG U 1.5 NA 5 NA nc NA
MW07S 4 6 Carbon Tetrachloride 0.26 MG/KG U 1.5 NA 5 NA nc NA
MW08S 4 6 Carbon Tetrachloride 0.3 MG/KG U 1.5 NA 5 NA nc NA
MW09S 4 6 Carbon Tetrachloride 0.26 MG/KG U 1.5 NA 5 NA nc NA
MW15D 4 6 Carbon Tetrachloride 0.12 MG/KG U 1.5 NA 5 NA nc NA


SB02 4 6 Carbon Tetrachloride 0.26 MG/KG U 1.5 NA 5 NA nc NA
SB03 4 6 Carbon Tetrachloride 0.18 MG/KG U 1.5 NA 5 NA nc NA


CMS-237 0 1 Carbon Tetrachloride 0.0059 MG/KG UJ 1.5 NA 5 NA nc NA
MW14M 1 2 Carbon Tetrachloride 0.15 MG/KG UJ 1.5 NA 5 NA nc NA


SB-14-271 1 2 Carbon Tetrachloride 0.12 MG/KG UJ 1.5 NA 5 NA nc NA
CMS-060 1 2 Carbon Tetrachloride 5.1 MG/KG UJ 1.5 NA 5 NA nc NA
CMS-405 1 2 Carbon Tetrachloride 4 MG/KG UJ 1.5 NA 5 NA nc NA
CMS-405 1 2 Carbon Tetrachloride 2.9 MG/KG UJ 1.5 NA 5 NA nc NA
SB-14-271 2 4 Carbon Tetrachloride 0.13 MG/KG UJ 1.5 NA 5 NA nc NA
CMS-417 3 4 Carbon Tetrachloride 0.28 MG/KG UJ 1.5 NA 5 NA nc NA
CMS-419 3 4 Carbon Tetrachloride 0.32 MG/KG UJ 1.5 NA 5 NA nc NA
MW05S 4 6 Carbon Tetrachloride 0.11 MG/KG UJ 1.5 NA 5 NA nc NA


SB-14-271 4 6 Carbon Tetrachloride 0.11 MG/KG UJ 1.5 NA 5 NA nc NA
CMS-098 0 1 Chlorobenzene 0.053 MG/KG J 210 N 100 N nc NA
CMS-164 0 1 Chlorobenzene 0.01 MG/KG J 210 N 100 N nc NA
CMS-408 0 1 Chlorobenzene 0.0027 MG/KG J 210 N 100 N nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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CMS-456 0 1 Chlorobenzene 0.0031 MG/KG J 210 N 100 N nc NA
MW14M 1 2 Chlorobenzene 0.13 MG/KG J 210 N 100 N nc NA
MW08S 1 2 Chlorobenzene 0.13 MG/KG J 210 N 100 N nc NA
MW14M 1 2 Chlorobenzene 0.094 MG/KG J 210 N 100 N nc NA
CMS-173 1 2 Chlorobenzene 0.0036 MG/KG J 210 N 100 N nc NA
CMS-237 1 2 Chlorobenzene 0.0032 MG/KG J 210 N 100 N nc NA
CMS-407 1 2 Chlorobenzene 0.008 MG/KG J 210 N 100 N nc NA
CMS-427 1 2 Chlorobenzene 0.0034 MG/KG J 210 N 100 N nc NA
CMS-456 1 2 Chlorobenzene 0.0082 MG/KG J 210 N 100 N nc NA
CMS-237 2 3 Chlorobenzene 0.0077 MG/KG J 210 N 100 N nc NA
CMS-455 2 3 Chlorobenzene 0.25 MG/KG J 210 N 100 N nc NA
MW05S 4 6 Chlorobenzene 0.13 MG/KG J 210 N 100 N nc NA
MW08S 4 6 Chlorobenzene 0.2 MG/KG J 210 N 100 N nc NA


CMS-089 0 1 Chlorobenzene 0.005 MG/KG U 210 NA 100 NA nc NA
CMS-118 0 1 Chlorobenzene 0.0048 MG/KG U 210 NA 100 NA nc NA
CMS-159 0 1 Chlorobenzene 0.021 MG/KG U 210 NA 100 NA nc NA
CMS-407 0 1 Chlorobenzene 0.005 MG/KG U 210 NA 100 NA nc NA
CMS-702 0 1 Chlorobenzene 0.0087 MG/KG U 210 NA 100 NA nc NA
CMS-703 0 1 Chlorobenzene 0.0061 MG/KG U 210 NA 100 NA nc NA
CMS-060 0 1 Chlorobenzene 2.7 MG/KG U 210 NA 100 NA nc NA
CMS-065 0 10 Chlorobenzene 2.8 MG/KG U 210 NA 100 NA nc NA
MW05S 1 2 Chlorobenzene 0.095 MG/KG U 210 NA 100 NA nc NA
MW01S 1 2 Chlorobenzene 0.34 MG/KG U 210 NA 100 NA nc NA
MW05S 1 2 Chlorobenzene 0.11 MG/KG U 210 NA 100 NA nc NA


CMS-060 1 2 Chlorobenzene 5.1 MG/KG U 210 NA 100 NA nc NA
CMS-089 1 2 Chlorobenzene 0.0048 MG/KG U 210 NA 100 NA nc NA
CMS-118 1 2 Chlorobenzene 0.006 MG/KG U 210 NA 100 NA nc NA
CMS-405 1 2 Chlorobenzene 4 MG/KG U 210 NA 100 NA nc NA
CMS-423 1 2 Chlorobenzene 0.0062 MG/KG U 210 NA 100 NA nc NA
CMS-428 1 2 Chlorobenzene 0.0054 MG/KG U 210 NA 100 NA nc NA
CMS-060 2 3 Chlorobenzene 0.27 MG/KG U 210 NA 100 NA nc NA
CMS-118 2 3 Chlorobenzene 0.0074 MG/KG U 210 NA 100 NA nc NA
CMS-407 2 3 Chlorobenzene 0.0087 MG/KG U 210 NA 100 NA nc NA
CMS-408 2 3 Chlorobenzene 6.6 MG/KG U 210 NA 100 NA nc NA
MW08S 2 4 Chlorobenzene 0.21 MG/KG U 210 NA 100 NA nc NA
MW01S 2 4 Chlorobenzene 0.22 MG/KG U 210 NA 100 NA nc NA
MW02S 2 4 Chlorobenzene 0.2 MG/KG U 210 NA 100 NA nc NA
MW04D 2 4 Chlorobenzene 0.5 MG/KG U 210 NA 100 NA nc NA
MW05S 2 4 Chlorobenzene 0.1 MG/KG U 210 NA 100 NA nc NA
MW06S 2 4 Chlorobenzene 0.3 MG/KG U 210 NA 100 NA nc NA
MW06S 2 4 Chlorobenzene 0.3 MG/KG U 210 NA 100 NA nc NA
MW08S 2 4 Chlorobenzene 0.32 MG/KG U 210 NA 100 NA nc NA
MW14M 2 4 Chlorobenzene 0.14 MG/KG U 210 NA 100 NA nc NA
MW15D 2 4 Chlorobenzene 0.14 MG/KG U 210 NA 100 NA nc NA


SB03 2 4 Chlorobenzene 0.3 MG/KG U 210 NA 100 NA nc NA
GEC-7 2.5 4.5 Chlorobenzene 0.1 MG/KG U 210 NA 100 NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs


BORING TO
P_


O
F_


S
A


M
PL


E 
(ft


)


B
O


TT
O


M
_


O
F_


SA
M


PL
E 


(ft
)


PARAMETER LAB_RESULT UNITS QUAL


RIDEM Residential 
Direct Exposure 
Criteria (MG/KG)


Exceed 
Criteria 


(Y/N)


RIDEM GB 
Leachability 


Criteria 
(MG/KG)


Exceed 
Criteria 


(Y/N)


EPA's Recommended 
Residential Level for 


Dioxin (NG/KG)


Exceed 
Criteria 


(Y/N)


Potential ARARs and TBC1


MW07S 3 4 Chlorobenzene 0.5 MG/KG U 210 NA 100 NA nc NA
CMS-060 3 4 Chlorobenzene 0.0058 MG/KG U 210 NA 100 NA nc NA
CMS-089 3 4 Chlorobenzene 0.0041 MG/KG U 210 NA 100 NA nc NA
CMS-407 3 4 Chlorobenzene 0.32 MG/KG U 210 NA 100 NA nc NA
CMS-423 3 4 Chlorobenzene 0.0045 MG/KG U 210 NA 100 NA nc NA
CMS-428 3 4 Chlorobenzene 0.0057 MG/KG U 210 NA 100 NA nc NA
CMS-423 3 4 Chlorobenzene 0.0049 MG/KG U 210 NA 100 NA nc NA
CMS-060 4 5 Chlorobenzene 0.0048 MG/KG U 210 NA 100 NA nc NA
CMS-118 4 5 Chlorobenzene 0.0059 MG/KG U 210 NA 100 NA nc NA
CMS-405 4 5 Chlorobenzene 1 MG/KG U 210 NA 100 NA nc NA
CMS-455 4 5 Chlorobenzene 0.0072 MG/KG U 210 NA 100 NA nc NA
MW15D 4 6 Chlorobenzene 0.1 MG/KG U 210 NA 100 NA nc NA
MW02S 4 6 Chlorobenzene 0.55 MG/KG U 210 NA 100 NA nc NA


SB03 4 6 Chlorobenzene 0.2 MG/KG U 210 NA 100 NA nc NA
MW01S 4 6 Chlorobenzene 0.24 MG/KG U 210 NA 100 NA nc NA
MW02S 4 6 Chlorobenzene 0.42 MG/KG U 210 NA 100 NA nc NA
MW03S 4 6 Chlorobenzene 0.35 MG/KG U 210 NA 100 NA nc NA
MW04D 4 6 Chlorobenzene 0.18 MG/KG U 210 NA 100 NA nc NA
MW07S 4 6 Chlorobenzene 0.26 MG/KG U 210 NA 100 NA nc NA
MW09S 4 6 Chlorobenzene 0.26 MG/KG U 210 NA 100 NA nc NA
MW15D 4 6 Chlorobenzene 0.12 MG/KG U 210 NA 100 NA nc NA


SB03 4 6 Chlorobenzene 0.18 MG/KG U 210 NA 100 NA nc NA
CMS-142 0 1 Chlorobenzene 0.0095 MG/KG UJ 210 NA 100 NA nc NA
CMS-173 0 1 Chlorobenzene 0.024 MG/KG UJ 210 NA 100 NA nc NA
CMS-237 0 1 Chlorobenzene 0.0059 MG/KG UJ 210 NA 100 NA nc NA
CMS-142 0 1 Chlorobenzene 0.011 MG/KG UJ 210 NA 100 NA nc NA
SB-14-271 1 2 Chlorobenzene 0.12 MG/KG UJ 210 NA 100 NA nc NA
CMS-405 1 2 Chlorobenzene 2.9 MG/KG UJ 210 NA 100 NA nc NA
CMS-089 2 3 Chlorobenzene 0.0047 MG/KG UJ 210 NA 100 NA nc NA
SB-14-271 2 4 Chlorobenzene 0.13 MG/KG UJ 210 NA 100 NA nc NA
CMS-118 3 4 Chlorobenzene 0.0084 MG/KG UJ 210 NA 100 NA nc NA
SB-14-271 4 6 Chlorobenzene 0.11 MG/KG UJ 210 NA 100 NA nc NA
CMS-417 0 1 Chlorobenzene 360 MG/KG 210 Y 100 Y nc NA
CMS-408 1 2 Chlorobenzene 6.2 MG/KG 210 N 100 N nc NA
CMS-417 1 2 Chlorobenzene 1000 MG/KG 210 Y 100 Y nc NA
CMS-419 1 2 Chlorobenzene 300 MG/KG 210 Y 100 Y nc NA
CMS-417 2 3 Chlorobenzene 220 MG/KG 210 Y 100 Y nc NA


SB02 2 4 Chlorobenzene 0.63 MG/KG 210 N 100 N nc NA
GEC-6 2.5 4.5 Chlorobenzene 0.37 MG/KG 210 N 100 N nc NA


CMS-417 3 4 Chlorobenzene 10 MG/KG 210 N 100 N nc NA
CMS-419 3 4 Chlorobenzene 0.95 MG/KG 210 N 100 N nc NA
CMS-427 3 4 Chlorobenzene 0.086 MG/KG 210 N 100 N nc NA
MW06S 4 6 Chlorobenzene 3.3 MG/KG 210 N 100 N nc NA


SB02 4 6 Chlorobenzene 1 MG/KG 210 N 100 N nc NA
CMS-089 0 1 Chloroform 0.005 MG/KG U 1.2 NA nc NA nc NA
CMS-098 0 1 Chloroform 0.0097 MG/KG U 1.2 NA nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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CMS-118 0 1 Chloroform 0.0048 MG/KG U 1.2 NA nc NA nc NA
CMS-142 0 1 Chloroform 0.0095 MG/KG U 1.2 NA nc NA nc NA
CMS-159 0 1 Chloroform 0.021 MG/KG U 1.2 NA nc NA nc NA
CMS-164 0 1 Chloroform 0.015 MG/KG U 1.2 NA nc NA nc NA
CMS-173 0 1 Chloroform 0.024 MG/KG U 1.2 NA nc NA nc NA
CMS-407 0 1 Chloroform 0.005 MG/KG U 1.2 NA nc NA nc NA
CMS-408 0 1 Chloroform 0.0043 MG/KG U 1.2 NA nc NA nc NA
CMS-417 0 1 Chloroform 59 MG/KG U 1.2 NA nc NA nc NA
CMS-456 0 1 Chloroform 0.0075 MG/KG U 1.2 NA nc NA nc NA
CMS-702 0 1 Chloroform 0.0087 MG/KG U 1.2 NA nc NA nc NA
CMS-703 0 1 Chloroform 0.0061 MG/KG U 1.2 NA nc NA nc NA
CMS-142 0 1 Chloroform 0.011 MG/KG U 1.2 NA nc NA nc NA
CMS-060 0 1 Chloroform 2.7 MG/KG U 1.2 NA nc NA nc NA
CMS-065 0 10 Chloroform 1.2 MG/KG U 1.2 NA nc NA nc NA
MW05S 1 2 Chloroform 0.095 MG/KG U 1.2 NA nc NA nc NA
MW01S 1 2 Chloroform 0.34 MG/KG U 1.2 NA nc NA nc NA
MW05S 1 2 Chloroform 0.11 MG/KG U 1.2 NA nc NA nc NA
MW08S 1 2 Chloroform 0.26 MG/KG U 1.2 NA nc NA nc NA
MW14M 1 2 Chloroform 0.11 MG/KG U 1.2 NA nc NA nc NA
CMS-089 1 2 Chloroform 0.0048 MG/KG U 1.2 NA nc NA nc NA
CMS-118 1 2 Chloroform 0.006 MG/KG U 1.2 NA nc NA nc NA
CMS-173 1 2 Chloroform 0.0083 MG/KG U 1.2 NA nc NA nc NA
CMS-237 1 2 Chloroform 0.0069 MG/KG U 1.2 NA nc NA nc NA
CMS-405 1 2 Chloroform 4 MG/KG U 1.2 NA nc NA nc NA
CMS-407 1 2 Chloroform 0.0074 MG/KG U 1.2 NA nc NA nc NA
CMS-408 1 2 Chloroform 2.2 MG/KG U 1.2 NA nc NA nc NA
CMS-417 1 2 Chloroform 130 MG/KG U 1.2 NA nc NA nc NA
CMS-428 1 2 Chloroform 0.0054 MG/KG U 1.2 NA nc NA nc NA
CMS-456 1 2 Chloroform 0.0089 MG/KG U 1.2 NA nc NA nc NA
CMS-060 2 3 Chloroform 0.27 MG/KG U 1.2 NA nc NA nc NA
CMS-089 2 3 Chloroform 0.0047 MG/KG U 1.2 NA nc NA nc NA
CMS-118 2 3 Chloroform 0.0074 MG/KG U 1.2 NA nc NA nc NA
CMS-407 2 3 Chloroform 0.0087 MG/KG U 1.2 NA nc NA nc NA
CMS-408 2 3 Chloroform 6.6 MG/KG U 1.2 NA nc NA nc NA
CMS-417 2 3 Chloroform 17 MG/KG U 1.2 NA nc NA nc NA
CMS-455 2 3 Chloroform 0.33 MG/KG U 1.2 NA nc NA nc NA
MW08S 2 4 Chloroform 0.21 MG/KG U 1.2 NA nc NA nc NA
MW01S 2 4 Chloroform 0.22 MG/KG U 1.2 NA nc NA nc NA
MW02S 2 4 Chloroform 0.2 MG/KG U 1.2 NA nc NA nc NA
MW04D 2 4 Chloroform 0.5 MG/KG U 1.2 NA nc NA nc NA
MW05S 2 4 Chloroform 0.1 MG/KG U 1.2 NA nc NA nc NA
MW06S 2 4 Chloroform 0.3 MG/KG U 1.2 NA nc NA nc NA
MW06S 2 4 Chloroform 0.3 MG/KG U 1.2 NA nc NA nc NA
MW08S 2 4 Chloroform 0.32 MG/KG U 1.2 NA nc NA nc NA
MW14M 2 4 Chloroform 0.14 MG/KG U 1.2 NA nc NA nc NA
MW15D 2 4 Chloroform 0.14 MG/KG U 1.2 NA nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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SB02 2 4 Chloroform 0.38 MG/KG U 1.2 NA nc NA nc NA
SB03 2 4 Chloroform 0.3 MG/KG U 1.2 NA nc NA nc NA


GEC-7 2.5 4.5 Chloroform 0.045 MG/KG U 1.2 NA nc NA nc NA
MW07S 3 4 Chloroform 0.5 MG/KG U 1.2 NA nc NA nc NA


CMS-060 3 4 Chloroform 0.0058 MG/KG U 1.2 NA nc NA nc NA
CMS-089 3 4 Chloroform 0.0041 MG/KG U 1.2 NA nc NA nc NA
CMS-118 3 4 Chloroform 0.0084 MG/KG U 1.2 NA nc NA nc NA
CMS-407 3 4 Chloroform 0.32 MG/KG U 1.2 NA nc NA nc NA
CMS-417 3 4 Chloroform 0.28 MG/KG U 1.2 NA nc NA nc NA
CMS-428 3 4 Chloroform 0.0057 MG/KG U 1.2 NA nc NA nc NA
CMS-060 4 5 Chloroform 0.0048 MG/KG U 1.2 NA nc NA nc NA
CMS-118 4 5 Chloroform 0.0059 MG/KG U 1.2 NA nc NA nc NA
CMS-405 4 5 Chloroform 1 MG/KG U 1.2 NA nc NA nc NA
CMS-455 4 5 Chloroform 0.0072 MG/KG U 1.2 NA nc NA nc NA
MW15D 4 6 Chloroform 0.1 MG/KG U 1.2 NA nc NA nc NA
MW02S 4 6 Chloroform 0.55 MG/KG U 1.2 NA nc NA nc NA


SB03 4 6 Chloroform 0.2 MG/KG U 1.2 NA nc NA nc NA
MW01S 4 6 Chloroform 0.24 MG/KG U 1.2 NA nc NA nc NA
MW02S 4 6 Chloroform 0.42 MG/KG U 1.2 NA nc NA nc NA
MW03S 4 6 Chloroform 0.35 MG/KG U 1.2 NA nc NA nc NA
MW04D 4 6 Chloroform 0.18 MG/KG U 1.2 NA nc NA nc NA
MW06S 4 6 Chloroform 0.43 MG/KG U 1.2 NA nc NA nc NA
MW07S 4 6 Chloroform 0.26 MG/KG U 1.2 NA nc NA nc NA
MW08S 4 6 Chloroform 0.3 MG/KG U 1.2 NA nc NA nc NA
MW09S 4 6 Chloroform 0.26 MG/KG U 1.2 NA nc NA nc NA
MW15D 4 6 Chloroform 0.12 MG/KG U 1.2 NA nc NA nc NA


SB02 4 6 Chloroform 0.26 MG/KG U 1.2 NA nc NA nc NA
SB03 4 6 Chloroform 0.18 MG/KG U 1.2 NA nc NA nc NA


CMS-237 0 1 Chloroform 0.0059 MG/KG UJ 1.2 NA nc NA nc NA
MW14M 1 2 Chloroform 0.15 MG/KG UJ 1.2 NA nc NA nc NA


SB-14-271 1 2 Chloroform 0.12 MG/KG UJ 1.2 NA nc NA nc NA
CMS-060 1 2 Chloroform 5.1 MG/KG UJ 1.2 NA nc NA nc NA
CMS-419 1 2 Chloroform 28 MG/KG UJ 1.2 NA nc NA nc NA
CMS-423 1 2 Chloroform 0.0062 MG/KG UJ 1.2 NA nc NA nc NA
CMS-427 1 2 Chloroform 0.0045 MG/KG UJ 1.2 NA nc NA nc NA
CMS-405 1 2 Chloroform 2.9 MG/KG UJ 1.2 NA nc NA nc NA
SB-14-271 2 4 Chloroform 0.13 MG/KG UJ 1.2 NA nc NA nc NA
CMS-419 3 4 Chloroform 0.32 MG/KG UJ 1.2 NA nc NA nc NA
CMS-423 3 4 Chloroform 0.0045 MG/KG UJ 1.2 NA nc NA nc NA
CMS-427 3 4 Chloroform 0.0054 MG/KG UJ 1.2 NA nc NA nc NA
CMS-423 3 4 Chloroform 0.0049 MG/KG UJ 1.2 NA nc NA nc NA
MW05S 4 6 Chloroform 0.11 MG/KG UJ 1.2 NA nc NA nc NA


SB-14-271 4 6 Chloroform 0.11 MG/KG UJ 1.2 NA nc NA nc NA
GEC-6 2.5 4.5 Chloroform 0.38 MG/KG 1.2 N nc NA nc NA


CMW-SD-2018 0 0.5 Chromium 2.5 MG/KG J 390 N nc NA nc NA
CMS-089 0 1 Chromium 11.8 MG/KG J 390 N nc NA nc NA
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CMS-098 0 1 Chromium 15.3 MG/KG J 390 N nc NA nc NA
CMS-142 0 1 Chromium 33.3 MG/KG J 390 N nc NA nc NA
CMS-164 0 1 Chromium 185 MG/KG J 390 N nc NA nc NA
CMS-173 0 1 Chromium 196 MG/KG J 390 N nc NA nc NA
CMS-237 0 1 Chromium 48.1 MG/KG J 390 N nc NA nc NA
CMS-405 0 1 Chromium 3.5 MG/KG J 390 N nc NA nc NA
CMS-407 0 1 Chromium 4.6 MG/KG J 390 N nc NA nc NA
CMS-408 0 1 Chromium 5.2 MG/KG J 390 N nc NA nc NA
CMS-417 0 1 Chromium 317 MG/KG J 390 N nc NA nc NA
CMS-142 0 1 Chromium 22.1 MG/KG J 390 N nc NA nc NA


RES-14-271-01 0 1 Chromium 40 MG/KG J 390 N nc NA nc NA
RES-14-303-01 0 1 Chromium 212 MG/KG J 390 N nc NA nc NA
RES-14-333-01 0 1 Chromium 51.7 MG/KG J 390 N nc NA nc NA
RES-14-271-01 0 1 Chromium 39.7 MG/KG J 390 N nc NA nc NA


CMS-703 0 2 Chromium 22.8 MG/KG J 390 N nc NA nc NA
BV01COMP 0 4 Chromium 135 MG/KG J 390 N nc NA nc NA


MW05S 1 2 Chromium 2.5 MG/KG J 390 N nc NA nc NA
MW01S 1 2 Chromium 35.3 MG/KG J 390 N nc NA nc NA
MW05S 1 2 Chromium 2.4 MG/KG J 390 N nc NA nc NA
MW08S 1 2 Chromium 62.8 MG/KG J 390 N nc NA nc NA


SB-14-271 1 2 Chromium 10.5 MG/KG J 390 N nc NA nc NA
CMS-089 1 2 Chromium 20.2 MG/KG J 390 N nc NA nc NA
CMS-173 1 2 Chromium 7.4 MG/KG J 390 N nc NA nc NA
CMS-237 1 2 Chromium 220 MG/KG J 390 N nc NA nc NA
CMS-405 1 2 Chromium 62.4 MG/KG J 390 N nc NA nc NA
CMS-407 1 2 Chromium 6.3 MG/KG J 390 N nc NA nc NA
CMS-408 1 2 Chromium 61.5 MG/KG J 390 N nc NA nc NA
CMS-417 1 2 Chromium 350 MG/KG J 390 N nc NA nc NA
CMS-419 1 2 Chromium 331 MG/KG J 390 N nc NA nc NA
CMS-423 1 2 Chromium 17.1 MG/KG J 390 N nc NA nc NA
CMS-427 1 2 Chromium 46.8 MG/KG J 390 N nc NA nc NA
CMS-405 1 2 Chromium 51 MG/KG J 390 N nc NA nc NA
CMS-089 2 3 Chromium 27.5 MG/KG J 390 N nc NA nc NA
CMS-405 2 3 Chromium 24.6 MG/KG J 390 N nc NA nc NA
CMS-407 2 3 Chromium 87.1 MG/KG J 390 N nc NA nc NA
CMS-408 2 3 Chromium 31.1 MG/KG J 390 N nc NA nc NA
CMS-417 2 3 Chromium 10.1 MG/KG J 390 N nc NA nc NA
MW08S 2 4 Chromium 67.4 MG/KG J 390 N nc NA nc NA
MW05S 2 4 Chromium 18.2 MG/KG J 390 N nc NA nc NA
MW08S 2 4 Chromium 33.6 MG/KG J 390 N nc NA nc NA
MW15D 2 4 Chromium 3.6 MG/KG J 390 N nc NA nc NA


SB-14-271 2 4 Chromium 6.2 MG/KG J 390 N nc NA nc NA
CMS-089 3 4 Chromium 23.8 MG/KG J 390 N nc NA nc NA
CMS-405 3 4 Chromium 44.1 MG/KG J 390 N nc NA nc NA
CMS-407 3 4 Chromium 18.5 MG/KG J 390 N nc NA nc NA
CMS-417 3 4 Chromium 8.4 MG/KG J 390 N nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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CMS-419 3 4 Chromium 11.7 MG/KG J 390 N nc NA nc NA
CMS-423 3 4 Chromium 12.6 MG/KG J 390 N nc NA nc NA
CMS-427 3 4 Chromium 15.6 MG/KG J 390 N nc NA nc NA
CMS-423 3 4 Chromium 28.5 MG/KG J 390 N nc NA nc NA
CMS-405 4 5 Chromium 20 MG/KG J 390 N nc NA nc NA
MW15D 4 6 Chromium 5.6 MG/KG J 390 N nc NA nc NA
MW01S 4 6 Chromium 8.3 MG/KG J 390 N nc NA nc NA
MW03S 4 6 Chromium 7.5 MG/KG J 390 N nc NA nc NA
MW04D 4 6 Chromium 4.9 MG/KG J 390 N nc NA nc NA
MW08S 4 6 Chromium 10.4 MG/KG J 390 N nc NA nc NA
MW15D 4 6 Chromium 5.8 MG/KG J 390 N nc NA nc NA


SB-14-271 4 6 Chromium 8.7 MG/KG J 390 N nc NA nc NA
CMW-SD-2016 0 0.5 Chromium 10.7 MG/KG 390 N nc NA nc NA
CMW-SD-2017 0 0.5 Chromium 16.4 MG/KG 390 N nc NA nc NA
CMW-SD-2019 0 0.5 Chromium 98.4 MG/KG 390 N nc NA nc NA
CMW-SD-2020 0 0.5 Chromium 51 MG/KG 390 N nc NA nc NA
CMW-SD-2021 0 0.5 Chromium 48.1 MG/KG 390 N nc NA nc NA


CMS-060 0 1 Chromium 11 MG/KG 390 N nc NA nc NA
CMS-118 0 1 Chromium 15.6 MG/KG 390 N nc NA nc NA
CMS-159 0 1 Chromium 133 MG/KG 390 N nc NA nc NA
CMS-456 0 1 Chromium 36.2 MG/KG 390 N nc NA nc NA
CMS-060 0 1 Chromium 12 MG/KG 390 N nc NA nc NA


RES-14-272-01 0 1 Chromium 30.3 MG/KG 390 N nc NA nc NA
RES-14-302-01 0 1 Chromium 27.3 MG/KG 390 N nc NA nc NA
RES-14-272-01 0 1 Chromium 41.3 MG/KG 390 N nc NA nc NA
CMW-SD-2022 0.5 2 Chromium 57.1 MG/KG 390 N nc NA nc NA


MW14M 1 2 Chromium 9.3 MG/KG 390 N nc NA nc NA
MW14M 1 2 Chromium 12.3 MG/KG 390 N nc NA nc NA
CMS-060 1 2 Chromium 11 MG/KG 390 N nc NA nc NA
CMS-118 1 2 Chromium 36.1 MG/KG 390 N nc NA nc NA
CMS-428 1 2 Chromium 13.2 MG/KG 390 N nc NA nc NA
CMS-456 1 2 Chromium 180 MG/KG 390 N nc NA nc NA


CMW-SD-2022 2 2.5 Chromium 11.3 MG/KG 390 N nc NA nc NA
CMS-060 2 3 Chromium 9.8 MG/KG 390 N nc NA nc NA
CMS-118 2 3 Chromium 32.5 MG/KG 390 N nc NA nc NA
CMS-237 2 3 Chromium 190 MG/KG 390 N nc NA nc NA
CMS-455 2 3 Chromium 10.4 MG/KG 390 N nc NA nc NA


SB02 2 4 Chromium 49.8 MG/KG 390 N nc NA nc NA
MW02S 2 4 Chromium 5.2 MG/KG 390 N nc NA nc NA
MW06S 2 4 Chromium 50.6 MG/KG 390 N nc NA nc NA
MW06S 2 4 Chromium 31.1 MG/KG 390 N nc NA nc NA
MW14M 2 4 Chromium 8.8 MG/KG 390 N nc NA nc NA


SB02 2 4 Chromium 49.3 MG/KG 390 N nc NA nc NA
SB03 2 4 Chromium 16.2 MG/KG 390 N nc NA nc NA


GEC-7 2.5 4.5 Chromium 5.4 MG/KG 390 N nc NA nc NA
MW07S 3 4 Chromium 46.3 MG/KG 390 N nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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CMS-060 3 4 Chromium 6.8 MG/KG 390 N nc NA nc NA
CMS-118 3 4 Chromium 25.4 MG/KG 390 N nc NA nc NA
CMS-428 3 4 Chromium 6.2 MG/KG 390 N nc NA nc NA
CMS-060 4 5 Chromium 7.6 MG/KG 390 N nc NA nc NA
CMS-118 4 5 Chromium 9.3 MG/KG 390 N nc NA nc NA
CMS-455 4 5 Chromium 10 MG/KG 390 N nc NA nc NA


SB03 4 6 Chromium 3.7 MG/KG 390 N nc NA nc NA
MW05S 4 6 Chromium 89.8 MG/KG 390 N nc NA nc NA
MW06S 4 6 Chromium 33 MG/KG 390 N nc NA nc NA
MW07S 4 6 Chromium 10.2 MG/KG 390 N nc NA nc NA
MW09S 4 6 Chromium 40.2 MG/KG 390 N nc NA nc NA


SB02 4 6 Chromium 37 MG/KG 390 N nc NA nc NA
SB03 4 6 Chromium 12.1 MG/KG 390 N nc NA nc NA


CMS-4105 0 1 Chromium 330 MG/KG 390 N nc NA nc NA
CMS-4110 0 1 Chromium 195 MG/KG 390 N nc NA nc NA


MW01S 1 2 Chrysene 0.9 MG/KG EB 0.4 Y nc NA nc NA
MW01S 4 6 Chrysene 0.97 MG/KG EB 0.4 Y nc NA nc NA
MW03S 4 6 Chrysene 1.1 MG/KG EB 0.4 Y nc NA nc NA


CMS-4105 0 1 Chrysene 9.274741286 MG/KG J 0.4 Y nc NA nc NA
CMS-4110 0 1 Chrysene 4.664314689 MG/KG J 0.4 Y nc NA nc NA


SS-01 0 0 Chrysene 0.42 MG/KG J 0.4 Y nc NA nc NA
CMW-SD-2019 0 0.5 Chrysene 0.85 MG/KG J 0.4 Y nc NA nc NA
CMW-SD-2020 0 0.5 Chrysene 0.38 MG/KG J 0.4 N nc NA nc NA


CMS-060 0 1 Chrysene 0.79 MG/KG J 0.4 Y nc NA nc NA
CMS-098 0 1 Chrysene 0.25 MG/KG J 0.4 N nc NA nc NA
CMS-142 0 1 Chrysene 0.29 MG/KG J 0.4 N nc NA nc NA
CMS-164 0 1 Chrysene 0.42 MG/KG J 0.4 Y nc NA nc NA
CMS-173 0 1 Chrysene 0.49 MG/KG J 0.4 Y nc NA nc NA
CMS-237 0 1 Chrysene 1.2 MG/KG J 0.4 Y nc NA nc NA
CMS-408 0 1 Chrysene 0.12 MG/KG J 0.4 N nc NA nc NA
CMS-142 0 1 Chrysene 0.15 MG/KG J 0.4 N nc NA nc NA
CMS-060 0 1 Chrysene 1.4 MG/KG J 0.4 Y nc NA nc NA


RES-14-271-01 0 1 Chrysene 0.48 MG/KG J 0.4 Y nc NA nc NA
RES-14-302-01 0 1 Chrysene 0.83 MG/KG J 0.4 Y nc NA nc NA
RES-14-303-01 0 1 Chrysene 1.8 MG/KG J 0.4 Y nc NA nc NA
RES-14-333-01 0 1 Chrysene 3.4 MG/KG J 0.4 Y nc NA nc NA
RES-14-271-01 0 1 Chrysene 1.2 MG/KG J 0.4 Y nc NA nc NA
RES-14-272-01 0 1 Chrysene 0.99 MG/KG J 0.4 Y nc NA nc NA


SS-02 0 1.3 Chrysene 0.45 MG/KG J 0.4 Y nc NA nc NA
SS-06 0 2 Chrysene 0.71 MG/KG J 0.4 Y nc NA nc NA


CMW-SD-2022 0.5 2 Chrysene 2.9 MG/KG J 0.4 Y nc NA nc NA
SB-14-271 1 2 Chrysene 0.26 MG/KG J 0.4 N nc NA nc NA
CMS-237 1 2 Chrysene 0.48 MG/KG J 0.4 Y nc NA nc NA
CMS-405 1 2 Chrysene 4.2 MG/KG J 0.4 Y nc NA nc NA
CMS-408 1 2 Chrysene 0.8 MG/KG J 0.4 Y nc NA nc NA
CMS-423 1 2 Chrysene 0.27 MG/KG J 0.4 N nc NA nc NA
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CMS-427 1 2 Chrysene 0.98 MG/KG J 0.4 Y nc NA nc NA
CMS-405 1 2 Chrysene 1.3 MG/KG J 0.4 Y nc NA nc NA
CMS-060 2 3 Chrysene 0.19 MG/KG J 0.4 N nc NA nc NA
CMS-089 2 3 Chrysene 0.14 MG/KG J 0.4 N nc NA nc NA
CMS-118 2 3 Chrysene 0.38 MG/KG J 0.4 N nc NA nc NA
CMS-405 2 3 Chrysene 0.39 MG/KG J 0.4 N nc NA nc NA


SB02 2 4 Chrysene 0.88 MG/KG J 0.4 Y nc NA nc NA
MW02S 2 4 Chrysene 0.066 MG/KG J 0.4 N nc NA nc NA
MW06S 2 4 Chrysene 0.31 MG/KG J 0.4 N nc NA nc NA
MW06S 2 4 Chrysene 0.28 MG/KG J 0.4 N nc NA nc NA
MW14M 2 4 Chrysene 0.2 MG/KG J 0.4 N nc NA nc NA
MW15D 2 4 Chrysene 0.16 MG/KG J 0.4 N nc NA nc NA


SB02 2 4 Chrysene 1 MG/KG J 0.4 Y nc NA nc NA
CMS-118 3 4 Chrysene 0.1 MG/KG J 0.4 N nc NA nc NA
CMS-407 3 4 Chrysene 0.22 MG/KG J 0.4 N nc NA nc NA
CMS-423 3 4 Chrysene 0.28 MG/KG J 0.4 N nc NA nc NA
CMS-423 3 4 Chrysene 0.19 MG/KG J 0.4 N nc NA nc NA
CMS-060 4 5 Chrysene 0.23 MG/KG J 0.4 N nc NA nc NA
MW06S 4 6 Chrysene 0.16 MG/KG J 0.4 N nc NA nc NA
MW07S 4 6 Chrysene 0.16 MG/KG J 0.4 N nc NA nc NA
MW09S 4 6 Chrysene 0.5 MG/KG J 0.4 Y nc NA nc NA


SB02 4 6 Chrysene 0.53 MG/KG J 0.4 Y nc NA nc NA
MW05S 2 4 Chrysene 3.6 MG/KG J* 0.4 Y nc NA nc NA
MW08S 1 2 Chrysene 0.22 MG/KG JEB 0.4 N nc NA nc NA
MW08S 2 4 Chrysene 0.4 MG/KG JEB 0.4 N nc NA nc NA
MW01S 2 4 Chrysene 0.93 MG/KG JEB 0.4 Y nc NA nc NA
MW08S 2 4 Chrysene 0.28 MG/KG JEB 0.4 N nc NA nc NA


CMS-417 0 1 Chrysene 35 MG/KG U 0.4 NA nc NA nc NA
CMS-703 0 2 Chrysene 6.2 MG/KG U 0.4 NA nc NA nc NA
MW05S 1 2 Chrysene 0.36 MG/KG U 0.4 NA nc NA nc NA
MW05S 1 2 Chrysene 0.36 MG/KG U 0.4 NA nc NA nc NA


CMS-173 1 2 Chrysene 0.52 MG/KG U 0.4 NA nc NA nc NA
CMS-417 1 2 Chrysene 35 MG/KG U 0.4 NA nc NA nc NA
CMS-419 1 2 Chrysene 74 MG/KG U 0.4 NA nc NA nc NA
CMS-428 1 2 Chrysene 0.35 MG/KG U 0.4 NA nc NA nc NA
CMS-417 2 3 Chrysene 9.8 MG/KG U 0.4 NA nc NA nc NA
SB-14-271 2 4 Chrysene 0.45 MG/KG U 0.4 NA nc NA nc NA


SS-03 2.5 3.5 Chrysene 0.4 MG/KG U 0.4 NA nc NA nc NA
CMS-060 3 4 Chrysene 0.45 MG/KG U 0.4 NA nc NA nc NA
CMS-417 3 4 Chrysene 1.9 MG/KG U 0.4 NA nc NA nc NA
CMS-419 3 4 Chrysene 0.42 MG/KG U 0.4 NA nc NA nc NA
CMS-427 3 4 Chrysene 0.41 MG/KG U 0.4 NA nc NA nc NA
CMS-428 3 4 Chrysene 0.37 MG/KG U 0.4 NA nc NA nc NA
CMS-118 4 5 Chrysene 0.43 MG/KG U 0.4 NA nc NA nc NA
CMS-405 4 5 Chrysene 0.46 MG/KG U 0.4 NA nc NA nc NA
CMS-455 4 5 Chrysene 0.48 MG/KG U 0.4 NA nc NA nc NA
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SB03 4 6 Chrysene 0.37 MG/KG U 0.4 NA nc NA nc NA
MW04D 4 6 Chrysene 0.42 MG/KG U 0.4 NA nc NA nc NA
MW05S 4 6 Chrysene 0.82 MG/KG U 0.4 NA nc NA nc NA
MW08S 4 6 Chrysene 0.45 MG/KG U 0.4 NA nc NA nc NA


SB-14-271 4 6 Chrysene 0.4 MG/KG U 0.4 NA nc NA nc NA
SB03 4 6 Chrysene 0.38 MG/KG U 0.4 NA nc NA nc NA


GEC-6 2.5 4.5 Chrysene 0.15 MG/KG U 0.4 NA nc NA nc NA
CMW-SD-2016 0 0.5 Chrysene 2.2 MG/KG 0.4 Y nc NA nc NA
CMW-SD-2017 0 0.5 Chrysene 2.2 MG/KG 0.4 Y nc NA nc NA
CMW-SD-2018 0 0.5 Chrysene 11 MG/KG 0.4 Y nc NA nc NA
CMW-SD-2021 0 0.5 Chrysene 3.4 MG/KG 0.4 Y nc NA nc NA


CMS-089 0 1 Chrysene 2.7 MG/KG 0.4 Y nc NA nc NA
CMS-118 0 1 Chrysene 1.1 MG/KG 0.4 Y nc NA nc NA
CMS-159 0 1 Chrysene 2.2 MG/KG 0.4 Y nc NA nc NA
CMS-405 0 1 Chrysene 2 MG/KG 0.4 Y nc NA nc NA
CMS-407 0 1 Chrysene 0.67 MG/KG 0.4 Y nc NA nc NA
CMS-456 0 1 Chrysene 2.1 MG/KG 0.4 Y nc NA nc NA


RES-14-272-01 0 1 Chrysene 0.86 MG/KG 0.4 Y nc NA nc NA
BV01COMP 0 4 Chrysene 1.6 MG/KG 0.4 Y nc NA nc NA


MW14M 1 2 Chrysene 0.49 MG/KG 0.4 Y nc NA nc NA
MW14M 1 2 Chrysene 0.48 MG/KG 0.4 Y nc NA nc NA
MW14M 1 2 Chrysene 0.36 MG/KG 0.4 N nc NA nc NA
MW14M 1 2 Chrysene 0.41 MG/KG 0.4 Y nc NA nc NA
CMS-060 1 2 Chrysene 0.46 MG/KG 0.4 Y nc NA nc NA
CMS-089 1 2 Chrysene 0.66 MG/KG 0.4 Y nc NA nc NA
CMS-118 1 2 Chrysene 1.3 MG/KG 0.4 Y nc NA nc NA
CMS-407 1 2 Chrysene 1.3 MG/KG 0.4 Y nc NA nc NA
CMS-456 1 2 Chrysene 2 MG/KG 0.4 Y nc NA nc NA


CMW-SD-2022 2 2.5 Chrysene 1.1 MG/KG 0.4 Y nc NA nc NA
CMS-237 2 3 Chrysene 1.5 MG/KG 0.4 Y nc NA nc NA
CMS-407 2 3 Chrysene 1.8 MG/KG 0.4 Y nc NA nc NA
CMS-408 2 3 Chrysene 0.59 MG/KG 0.4 Y nc NA nc NA
CMS-455 2 3 Chrysene 0.99 MG/KG 0.4 Y nc NA nc NA


SB03 2 4 Chrysene 3.5 MG/KG 0.4 Y nc NA nc NA
MW07S 3 4 Chrysene 0.82 MG/KG 0.4 Y nc NA nc NA


CMS-089 3 4 Chrysene 3 MG/KG 0.4 Y nc NA nc NA
CMS-405 3 4 Chrysene 1 MG/KG 0.4 Y nc NA nc NA
MW15D 4 6 Chrysene 1.3 MG/KG 0.4 Y nc NA nc NA
MW15D 4 6 Chrysene 0.82 MG/KG 0.4 Y nc NA nc NA
CMS-159 0 1 Cis-1,2-dichloroethene 0.0073 MG/KG J 630 N 60 N nc NA
MW14M 1 2 Cis-1,2-dichloroethene 0.97 MG/KG J 630 N 60 N nc NA
CMS-118 1 2 Cis-1,2-dichloroethene 0.0016 MG/KG J 630 N 60 N nc NA
CMS-173 1 2 Cis-1,2-dichloroethene 0.0066 MG/KG J 630 N 60 N nc NA
CMS-237 1 2 Cis-1,2-dichloroethene 0.023 MG/KG J 630 N 60 N nc NA
CMS-456 1 2 Cis-1,2-dichloroethene 0.093 MG/KG J 630 N 60 N nc NA
CMS-237 2 3 Cis-1,2-dichloroethene 0.043 MG/KG J 630 N 60 N nc NA
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CMS-407 2 3 Cis-1,2-dichloroethene 0.012 MG/KG J 630 N 60 N nc NA
MW01S 4 6 Cis-1,2-dichloroethene 0.05 MG/KG J 630 N 60 N nc NA
MW05S 4 6 Cis-1,2-dichloroethene 3.1 MG/KG J 630 N 60 N nc NA


CMS-089 0 1 Cis-1,2-dichloroethene 0.005 MG/KG U 630 NA 60 NA nc NA
CMS-098 0 1 Cis-1,2-dichloroethene 0.0097 MG/KG U 630 NA 60 NA nc NA
CMS-118 0 1 Cis-1,2-dichloroethene 0.0048 MG/KG U 630 NA 60 NA nc NA
CMS-142 0 1 Cis-1,2-dichloroethene 0.0095 MG/KG U 630 NA 60 NA nc NA
CMS-164 0 1 Cis-1,2-dichloroethene 0.015 MG/KG U 630 NA 60 NA nc NA
CMS-173 0 1 Cis-1,2-dichloroethene 0.024 MG/KG U 630 NA 60 NA nc NA
CMS-407 0 1 Cis-1,2-dichloroethene 0.005 MG/KG U 630 NA 60 NA nc NA
CMS-408 0 1 Cis-1,2-dichloroethene 0.0043 MG/KG U 630 NA 60 NA nc NA
CMS-456 0 1 Cis-1,2-dichloroethene 0.0075 MG/KG U 630 NA 60 NA nc NA
CMS-702 0 1 Cis-1,2-dichloroethene 0.0087 MG/KG U 630 NA 60 NA nc NA
CMS-142 0 1 Cis-1,2-dichloroethene 0.011 MG/KG U 630 NA 60 NA nc NA
CMS-060 0 1 Cis-1,2-dichloroethene 2.7 MG/KG U 630 NA 60 NA nc NA
MW05S 1 2 Cis-1,2-dichloroethene 0.095 MG/KG U 630 NA 60 NA nc NA
MW01S 1 2 Cis-1,2-dichloroethene 0.34 MG/KG U 630 NA 60 NA nc NA
MW05S 1 2 Cis-1,2-dichloroethene 0.11 MG/KG U 630 NA 60 NA nc NA
MW08S 1 2 Cis-1,2-dichloroethene 0.26 MG/KG U 630 NA 60 NA nc NA


CMS-060 1 2 Cis-1,2-dichloroethene 5.1 MG/KG U 630 NA 60 NA nc NA
CMS-089 1 2 Cis-1,2-dichloroethene 0.0048 MG/KG U 630 NA 60 NA nc NA
CMS-405 1 2 Cis-1,2-dichloroethene 4 MG/KG U 630 NA 60 NA nc NA
CMS-408 1 2 Cis-1,2-dichloroethene 2.2 MG/KG U 630 NA 60 NA nc NA
CMS-423 1 2 Cis-1,2-dichloroethene 0.0062 MG/KG U 630 NA 60 NA nc NA
CMS-427 1 2 Cis-1,2-dichloroethene 0.0045 MG/KG U 630 NA 60 NA nc NA
CMS-428 1 2 Cis-1,2-dichloroethene 0.0054 MG/KG U 630 NA 60 NA nc NA
CMS-089 2 3 Cis-1,2-dichloroethene 0.0047 MG/KG U 630 NA 60 NA nc NA
CMS-408 2 3 Cis-1,2-dichloroethene 6.6 MG/KG U 630 NA 60 NA nc NA
CMS-455 2 3 Cis-1,2-dichloroethene 0.33 MG/KG U 630 NA 60 NA nc NA
MW08S 2 4 Cis-1,2-dichloroethene 0.21 MG/KG U 630 NA 60 NA nc NA
MW01S 2 4 Cis-1,2-dichloroethene 0.22 MG/KG U 630 NA 60 NA nc NA
MW02S 2 4 Cis-1,2-dichloroethene 0.2 MG/KG U 630 NA 60 NA nc NA
MW04D 2 4 Cis-1,2-dichloroethene 0.5 MG/KG U 630 NA 60 NA nc NA
MW06S 2 4 Cis-1,2-dichloroethene 0.3 MG/KG U 630 NA 60 NA nc NA
MW06S 2 4 Cis-1,2-dichloroethene 0.3 MG/KG U 630 NA 60 NA nc NA
MW08S 2 4 Cis-1,2-dichloroethene 0.32 MG/KG U 630 NA 60 NA nc NA
MW14M 2 4 Cis-1,2-dichloroethene 0.14 MG/KG U 630 NA 60 NA nc NA
MW15D 2 4 Cis-1,2-dichloroethene 0.14 MG/KG U 630 NA 60 NA nc NA


SB02 2 4 Cis-1,2-dichloroethene 0.38 MG/KG U 630 NA 60 NA nc NA
MW07S 3 4 Cis-1,2-dichloroethene 0.5 MG/KG U 630 NA 60 NA nc NA


CMS-089 3 4 Cis-1,2-dichloroethene 0.0041 MG/KG U 630 NA 60 NA nc NA
CMS-118 3 4 Cis-1,2-dichloroethene 0.0084 MG/KG U 630 NA 60 NA nc NA
CMS-407 3 4 Cis-1,2-dichloroethene 0.32 MG/KG U 630 NA 60 NA nc NA
CMS-417 3 4 Cis-1,2-dichloroethene 0.28 MG/KG U 630 NA 60 NA nc NA
CMS-419 3 4 Cis-1,2-dichloroethene 0.32 MG/KG U 630 NA 60 NA nc NA
CMS-423 3 4 Cis-1,2-dichloroethene 0.0045 MG/KG U 630 NA 60 NA nc NA
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CMS-427 3 4 Cis-1,2-dichloroethene 0.0054 MG/KG U 630 NA 60 NA nc NA
CMS-428 3 4 Cis-1,2-dichloroethene 0.0057 MG/KG U 630 NA 60 NA nc NA
CMS-423 3 4 Cis-1,2-dichloroethene 0.0049 MG/KG U 630 NA 60 NA nc NA
CMS-118 4 5 Cis-1,2-dichloroethene 0.0059 MG/KG U 630 NA 60 NA nc NA
CMS-405 4 5 Cis-1,2-dichloroethene 1 MG/KG U 630 NA 60 NA nc NA
CMS-455 4 5 Cis-1,2-dichloroethene 0.0072 MG/KG U 630 NA 60 NA nc NA
MW15D 4 6 Cis-1,2-dichloroethene 0.1 MG/KG U 630 NA 60 NA nc NA
MW02S 4 6 Cis-1,2-dichloroethene 0.55 MG/KG U 630 NA 60 NA nc NA


SB03 4 6 Cis-1,2-dichloroethene 0.2 MG/KG U 630 NA 60 NA nc NA
MW02S 4 6 Cis-1,2-dichloroethene 0.42 MG/KG U 630 NA 60 NA nc NA
MW03S 4 6 Cis-1,2-dichloroethene 0.35 MG/KG U 630 NA 60 NA nc NA
MW04D 4 6 Cis-1,2-dichloroethene 0.18 MG/KG U 630 NA 60 NA nc NA
MW07S 4 6 Cis-1,2-dichloroethene 0.26 MG/KG U 630 NA 60 NA nc NA
MW08S 4 6 Cis-1,2-dichloroethene 0.3 MG/KG U 630 NA 60 NA nc NA
MW09S 4 6 Cis-1,2-dichloroethene 0.26 MG/KG U 630 NA 60 NA nc NA
MW15D 4 6 Cis-1,2-dichloroethene 0.12 MG/KG U 630 NA 60 NA nc NA


SB02 4 6 Cis-1,2-dichloroethene 0.26 MG/KG U 630 NA 60 NA nc NA
SB03 4 6 Cis-1,2-dichloroethene 0.18 MG/KG U 630 NA 60 NA nc NA


CMS-237 0 1 Cis-1,2-dichloroethene 0.0059 MG/KG UJ 630 NA 60 NA nc NA
CMS-703 0 1 Cis-1,2-dichloroethene 0.0061 MG/KG UJ 630 NA 60 NA nc NA
SB-14-271 1 2 Cis-1,2-dichloroethene 0.12 MG/KG UJ 630 NA 60 NA nc NA
CMS-405 1 2 Cis-1,2-dichloroethene 2.9 MG/KG UJ 630 NA 60 NA nc NA
CMS-060 2 3 Cis-1,2-dichloroethene 0.27 MG/KG UJ 630 NA 60 NA nc NA
CMS-118 2 3 Cis-1,2-dichloroethene 0.0074 MG/KG UJ 630 NA 60 NA nc NA
SB-14-271 2 4 Cis-1,2-dichloroethene 0.13 MG/KG UJ 630 NA 60 NA nc NA
SB-14-271 4 6 Cis-1,2-dichloroethene 0.11 MG/KG UJ 630 NA 60 NA nc NA
CMS-417 0 1 Cis-1,2-dichloroethene 180 MG/KG 630 N 60 Y nc NA
CMS-065 0 10 Cis-1,2-dichloroethene 22 MG/KG 630 N 60 N nc NA
MW14M 1 2 Cis-1,2-dichloroethene 1.4 MG/KG 630 N 60 N nc NA
CMS-407 1 2 Cis-1,2-dichloroethene 0.018 MG/KG 630 N 60 N nc NA
CMS-417 1 2 Cis-1,2-dichloroethene 500 MG/KG 630 N 60 Y nc NA
CMS-419 1 2 Cis-1,2-dichloroethene 73 MG/KG 630 N 60 Y nc NA
CMS-417 2 3 Cis-1,2-dichloroethene 490 MG/KG 630 N 60 Y nc NA
MW05S 2 4 Cis-1,2-dichloroethene 0.69 MG/KG 630 N 60 N nc NA


SB03 2 4 Cis-1,2-dichloroethene 0.32 MG/KG 630 N 60 N nc NA
GEC-6 2.5 4.5 Cis-1,2-dichloroethene 2.1 MG/KG 630 N 60 N nc NA
GEC-7 2.5 4.5 Cis-1,2-dichloroethene 0.04 MG/KG 630 N 60 N nc NA


CMS-060 3 4 Cis-1,2-dichloroethene 0.01 MG/KG 630 N 60 N nc NA
CMS-060 4 5 Cis-1,2-dichloroethene 0.011 MG/KG 630 N 60 N nc NA
MW06S 4 6 Cis-1,2-dichloroethene 7.2 MG/KG 630 N 60 N nc NA


CMW-SD-2021 0 0.5 Copper 126 MG/KG J 3100 N nc NA nc NA
CMS-060 0 1 Copper 28.4 MG/KG J 3100 N nc NA nc NA
CMS-089 0 1 Copper 10.7 MG/KG J 3100 N nc NA nc NA
CMS-098 0 1 Copper 12.9 MG/KG J 3100 N nc NA nc NA
CMS-142 0 1 Copper 18.5 MG/KG J 3100 N nc NA nc NA
CMS-173 0 1 Copper 105 MG/KG J 3100 N nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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CMS-407 0 1 Copper 26.4 MG/KG J 3100 N nc NA nc NA
CMS-408 0 1 Copper 10.7 MG/KG J 3100 N nc NA nc NA
CMS-142 0 1 Copper 13.1 MG/KG J 3100 N nc NA nc NA
CMS-060 0 1 Copper 85.7 MG/KG J 3100 N nc NA nc NA


RES-14-333-01 0 1 Copper 283 MG/KG J 3100 N nc NA nc NA
MW01S 1 2 Copper 42.3 MG/KG J 3100 N nc NA nc NA
MW08S 1 2 Copper 166 MG/KG J 3100 N nc NA nc NA


SB-14-271 1 2 Copper 22.1 MG/KG J 3100 N nc NA nc NA
CMS-089 1 2 Copper 27.6 MG/KG J 3100 N nc NA nc NA
CMS-173 1 2 Copper 3.4 MG/KG J 3100 N nc NA nc NA
CMS-407 1 2 Copper 32.3 MG/KG J 3100 N nc NA nc NA
CMS-408 1 2 Copper 287 MG/KG J 3100 N nc NA nc NA
CMS-419 1 2 Copper 333 MG/KG J 3100 N nc NA nc NA
CMS-423 1 2 Copper 26.9 MG/KG J 3100 N nc NA nc NA
CMS-427 1 2 Copper 48 MG/KG J 3100 N nc NA nc NA
CMS-089 2 3 Copper 31.7 MG/KG J 3100 N nc NA nc NA
CMS-407 2 3 Copper 32.9 MG/KG J 3100 N nc NA nc NA
CMS-408 2 3 Copper 120 MG/KG J 3100 N nc NA nc NA
MW08S 2 4 Copper 56.3 MG/KG J 3100 N nc NA nc NA


SB02 2 4 Copper 37 MG/KG J 3100 N nc NA nc NA
MW02S 2 4 Copper 19.8 MG/KG J 3100 N nc NA nc NA
MW05S 2 4 Copper 90.5 MG/KG J 3100 N nc NA nc NA
MW06S 2 4 Copper 86.1 MG/KG J 3100 N nc NA nc NA
MW06S 2 4 Copper 47.4 MG/KG J 3100 N nc NA nc NA
MW08S 2 4 Copper 58.4 MG/KG J 3100 N nc NA nc NA


SB02 2 4 Copper 28.5 MG/KG J 3100 N nc NA nc NA
SB03 2 4 Copper 15.9 MG/KG J 3100 N nc NA nc NA


MW07S 3 4 Copper 20.9 MG/KG J 3100 N nc NA nc NA
CMS-089 3 4 Copper 19.9 MG/KG J 3100 N nc NA nc NA
CMS-407 3 4 Copper 13.6 MG/KG J 3100 N nc NA nc NA
CMS-419 3 4 Copper 13.7 MG/KG J 3100 N nc NA nc NA
CMS-423 3 4 Copper 17.4 MG/KG J 3100 N nc NA nc NA
CMS-427 3 4 Copper 42.4 MG/KG J 3100 N nc NA nc NA
CMS-423 3 4 Copper 39.1 MG/KG J 3100 N nc NA nc NA
CMS-455 4 5 Copper 2.8 MG/KG J 3100 N nc NA nc NA


SB03 4 6 Copper 5.5 MG/KG J 3100 N nc NA nc NA
MW01S 4 6 Copper 7.1 MG/KG J 3100 N nc NA nc NA
MW03S 4 6 Copper 34.8 MG/KG J 3100 N nc NA nc NA
MW06S 4 6 Copper 58.7 MG/KG J 3100 N nc NA nc NA
MW07S 4 6 Copper 10.2 MG/KG J 3100 N nc NA nc NA
MW08S 4 6 Copper 4.3 MG/KG J 3100 N nc NA nc NA
MW09S 4 6 Copper 27.1 MG/KG J 3100 N nc NA nc NA


SB02 4 6 Copper 15.1 MG/KG J 3100 N nc NA nc NA
SB03 4 6 Copper 558 MG/KG J 3100 N nc NA nc NA


MW05S 1 2 Copper 4 MG/KG UJ 3100 NA nc NA nc NA
MW05S 1 2 Copper 5.6 MG/KG UJ 3100 NA nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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SB-14-271 2 4 Copper 2.8 MG/KG UJ 3100 NA nc NA nc NA
MW04D 4 6 Copper 2.5 MG/KG UJ 3100 NA nc NA nc NA


SB-14-271 4 6 Copper 3.1 MG/KG UJ 3100 NA nc NA nc NA
CMW-SD-2016 0 0.5 Copper 9.4 MG/KG 3100 N nc NA nc NA
CMW-SD-2017 0 0.5 Copper 21.7 MG/KG 3100 N nc NA nc NA
CMW-SD-2018 0 0.5 Copper 5.5 MG/KG 3100 N nc NA nc NA
CMW-SD-2019 0 0.5 Copper 167 MG/KG 3100 N nc NA nc NA
CMW-SD-2020 0 0.5 Copper 35.8 MG/KG 3100 N nc NA nc NA


CMS-118 0 1 Copper 22.5 MG/KG 3100 N nc NA nc NA
CMS-159 0 1 Copper 260 MG/KG 3100 N nc NA nc NA
CMS-164 0 1 Copper 177 MG/KG 3100 N nc NA nc NA
CMS-237 0 1 Copper 126 MG/KG 3100 N nc NA nc NA
CMS-405 0 1 Copper 10.8 MG/KG 3100 N nc NA nc NA
CMS-417 0 1 Copper 288 MG/KG 3100 N nc NA nc NA
CMS-456 0 1 Copper 28.9 MG/KG 3100 N nc NA nc NA


RES-14-271-01 0 1 Copper 57.3 MG/KG 3100 N nc NA nc NA
RES-14-272-01 0 1 Copper 73.5 MG/KG 3100 N nc NA nc NA
RES-14-302-01 0 1 Copper 58.2 MG/KG 3100 N nc NA nc NA
RES-14-303-01 0 1 Copper 116 MG/KG 3100 N nc NA nc NA
RES-14-271-01 0 1 Copper 62.1 MG/KG 3100 N nc NA nc NA
RES-14-272-01 0 1 Copper 98.3 MG/KG 3100 N nc NA nc NA


CMS-703 0 2 Copper 25.9 MG/KG 3100 N nc NA nc NA
BV01COMP 0 4 Copper 8.1 MG/KG 3100 N nc NA nc NA


CMW-SD-2022 0.5 2 Copper 31.2 MG/KG 3100 N nc NA nc NA
MW14M 1 2 Copper 44.5 MG/KG 3100 N nc NA nc NA
MW14M 1 2 Copper 53.7 MG/KG 3100 N nc NA nc NA
CMS-060 1 2 Copper 23.9 MG/KG 3100 N nc NA nc NA
CMS-118 1 2 Copper 31.3 MG/KG 3100 N nc NA nc NA
CMS-237 1 2 Copper 743 MG/KG 3100 N nc NA nc NA
CMS-405 1 2 Copper 147 MG/KG 3100 N nc NA nc NA
CMS-417 1 2 Copper 934 MG/KG 3100 N nc NA nc NA
CMS-428 1 2 Copper 50 MG/KG 3100 N nc NA nc NA
CMS-456 1 2 Copper 64.8 MG/KG 3100 N nc NA nc NA
CMS-405 1 2 Copper 206 MG/KG 3100 N nc NA nc NA


CMW-SD-2022 2 2.5 Copper 10.9 MG/KG 3100 N nc NA nc NA
CMS-060 2 3 Copper 12.7 MG/KG 3100 N nc NA nc NA
CMS-118 2 3 Copper 93.7 MG/KG 3100 N nc NA nc NA
CMS-237 2 3 Copper 293 MG/KG 3100 N nc NA nc NA
CMS-405 2 3 Copper 167 MG/KG 3100 N nc NA nc NA
CMS-417 2 3 Copper 19.3 MG/KG 3100 N nc NA nc NA
CMS-455 2 3 Copper 158 MG/KG 3100 N nc NA nc NA
MW14M 2 4 Copper 15.5 MG/KG 3100 N nc NA nc NA
MW15D 2 4 Copper 6 MG/KG 3100 N nc NA nc NA
CMS-060 3 4 Copper 4.1 MG/KG 3100 N nc NA nc NA
CMS-118 3 4 Copper 45.9 MG/KG 3100 N nc NA nc NA
CMS-405 3 4 Copper 112 MG/KG 3100 N nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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CMS-417 3 4 Copper 58 MG/KG 3100 N nc NA nc NA
CMS-428 3 4 Copper 4.1 MG/KG 3100 N nc NA nc NA
CMS-060 4 5 Copper 18.2 MG/KG 3100 N nc NA nc NA
CMS-118 4 5 Copper 5.7 MG/KG 3100 N nc NA nc NA
CMS-405 4 5 Copper 15.3 MG/KG 3100 N nc NA nc NA
MW15D 4 6 Copper 9.6 MG/KG 3100 N nc NA nc NA
MW05S 4 6 Copper 25.3 MG/KG 3100 N nc NA nc NA
MW15D 4 6 Copper 12.7 MG/KG 3100 N nc NA nc NA


CMS-4105 0 1 Copper 106 MG/KG 3100 N nc NA nc NA
CMS-4110 0 1 Copper 103 MG/KG 3100 N nc NA nc NA
CMS-060 0 1 Cyanide 0.51 MG/KG U 200 NA nc NA nc NA
CMS-089 0 1 Cyanide 0.51 MG/KG U 200 NA nc NA nc NA
CMS-098 0 1 Cyanide 0.91 MG/KG U 200 NA nc NA nc NA
CMS-118 0 1 Cyanide 0.54 MG/KG U 200 NA nc NA nc NA
CMS-142 0 1 Cyanide 0.87 MG/KG U 200 NA nc NA nc NA
CMS-159 0 1 Cyanide 1.6 MG/KG U 200 NA nc NA nc NA
CMS-164 0 1 Cyanide 1.5 MG/KG U 200 NA nc NA nc NA
CMS-173 0 1 Cyanide 1.7 MG/KG U 200 NA nc NA nc NA
CMS-405 0 1 Cyanide 0.53 MG/KG U 200 NA nc NA nc NA
CMS-407 0 1 Cyanide 0.53 MG/KG U 200 NA nc NA nc NA
CMS-408 0 1 Cyanide 0.52 MG/KG U 200 NA nc NA nc NA
CMS-142 0 1 Cyanide 0.83 MG/KG U 200 NA nc NA nc NA
CMS-060 0 1 Cyanide 0.53 MG/KG U 200 NA nc NA nc NA
CMS-060 1 2 Cyanide 0.51 MG/KG U 200 NA nc NA nc NA
CMS-118 1 2 Cyanide 0.56 MG/KG U 200 NA nc NA nc NA
CMS-173 1 2 Cyanide 0.78 MG/KG U 200 NA nc NA nc NA
CMS-405 1 2 Cyanide 0.96 MG/KG U 200 NA nc NA nc NA
CMS-407 1 2 Cyanide 0.66 MG/KG U 200 NA nc NA nc NA
CMS-408 1 2 Cyanide 0.66 MG/KG U 200 NA nc NA nc NA
CMS-423 1 2 Cyanide 0.53 MG/KG U 200 NA nc NA nc NA
CMS-060 2 3 Cyanide 0.55 MG/KG U 200 NA nc NA nc NA
CMS-089 2 3 Cyanide 0.53 MG/KG U 200 NA nc NA nc NA
CMS-118 2 3 Cyanide 0.66 MG/KG U 200 NA nc NA nc NA
CMS-237 2 3 Cyanide 0.96 MG/KG U 200 NA nc NA nc NA
CMS-405 2 3 Cyanide 0.97 MG/KG U 200 NA nc NA nc NA
CMS-407 2 3 Cyanide 0.84 MG/KG U 200 NA nc NA nc NA
CMS-408 2 3 Cyanide 0.65 MG/KG U 200 NA nc NA nc NA
CMS-417 2 3 Cyanide 0.59 MG/KG U 200 NA nc NA nc NA
CMS-060 3 4 Cyanide 0.68 MG/KG U 200 NA nc NA nc NA
CMS-089 3 4 Cyanide 0.53 MG/KG U 200 NA nc NA nc NA
CMS-118 3 4 Cyanide 0.76 MG/KG U 200 NA nc NA nc NA
CMS-405 3 4 Cyanide 0.57 MG/KG U 200 NA nc NA nc NA
CMS-407 3 4 Cyanide 0.64 MG/KG U 200 NA nc NA nc NA
CMS-417 3 4 Cyanide 0.57 MG/KG U 200 NA nc NA nc NA
CMS-419 3 4 Cyanide 0.64 MG/KG U 200 NA nc NA nc NA
CMS-423 3 4 Cyanide 0.6 MG/KG U 200 NA nc NA nc NA


Interim Final CMRP Feasibility Study Report
Appendix F F-371 April 2010







Appendix F


Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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CMS-060 4 5 Cyanide 0.58 MG/KG U 200 NA nc NA nc NA
CMS-118 4 5 Cyanide 0.65 MG/KG U 200 NA nc NA nc NA
CMS-405 4 5 Cyanide 0.69 MG/KG U 200 NA nc NA nc NA
CMS-456 0 1 Cyanide 0.75 MG/KG UJ 200 NA nc NA nc NA
CMS-703 0 2 Cyanide 0.62 MG/KG UJ 200 NA nc NA nc NA


BV01COMP 0 4 Cyanide 0.57 MG/KG UJ 200 NA nc NA nc NA
CMS-428 1 2 Cyanide 0.54 MG/KG UJ 200 NA nc NA nc NA
CMS-456 1 2 Cyanide 0.89 MG/KG UJ 200 NA nc NA nc NA
CMS-455 2 3 Cyanide 0.6 MG/KG UJ 200 NA nc NA nc NA
CMS-428 3 4 Cyanide 0.57 MG/KG UJ 200 NA nc NA nc NA
CMS-455 4 5 Cyanide 0.72 MG/KG UJ 200 NA nc NA nc NA
CMS-237 0 1 Cyanide 1.4 MG/KG 200 N nc NA nc NA
CMS-417 0 1 Cyanide 8.2 MG/KG 200 N nc NA nc NA
CMS-089 1 2 Cyanide 0.89 MG/KG 200 N nc NA nc NA
CMS-237 1 2 Cyanide 1.2 MG/KG 200 N nc NA nc NA
CMS-417 1 2 Cyanide 4.3 MG/KG 200 N nc NA nc NA
CMS-419 1 2 Cyanide 1.2 MG/KG 200 N nc NA nc NA
CMS-427 1 2 Cyanide 2.7 MG/KG 200 N nc NA nc NA
CMS-405 1 2 Cyanide 4.4 MG/KG 200 N nc NA nc NA
CMS-423 3 4 Cyanide 1.5 MG/KG 200 N nc NA nc NA
CMS-427 3 4 Cyanide 1 MG/KG 200 N nc NA nc NA


CMS-4105 0 1 Dibenz[a,h]anthracene 1.501632875 MG/KG J 0.4 Y nc NA nc NA
CMS-4110 0 1 Dibenz[a,h]anthracene 0.672809518 MG/KG J 0.4 Y nc NA nc NA


SS-01 0 0 Dibenzo(a,h)anthracene 0.099 MG/KG J 0.4 N nc NA nc NA
CMW-SD-2016 0 0.5 Dibenzo(a,h)anthracene 0.39 MG/KG J 0.4 N nc NA nc NA
CMW-SD-2017 0 0.5 Dibenzo(a,h)anthracene 0.54 MG/KG J 0.4 Y nc NA nc NA
CMW-SD-2019 0 0.5 Dibenzo(a,h)anthracene 0.18 MG/KG J 0.4 N nc NA nc NA
CMW-SD-2020 0 0.5 Dibenzo(a,h)anthracene 0.07 MG/KG J 0.4 N nc NA nc NA
CMW-SD-2021 0 0.5 Dibenzo(a,h)anthracene 0.64 MG/KG J 0.4 Y nc NA nc NA


CMS-060 0 1 Dibenzo(a,h)anthracene 0.12 MG/KG J 0.4 N nc NA nc NA
CMS-089 0 1 Dibenzo(a,h)anthracene 0.35 MG/KG J 0.4 N nc NA nc NA
CMS-118 0 1 Dibenzo(a,h)anthracene 0.14 MG/KG J 0.4 N nc NA nc NA
CMS-237 0 1 Dibenzo(a,h)anthracene 0.19 MG/KG J 0.4 N nc NA nc NA
CMS-405 0 1 Dibenzo(a,h)anthracene 0.25 MG/KG J 0.4 N nc NA nc NA
CMS-456 0 1 Dibenzo(a,h)anthracene 0.32 MG/KG J 0.4 N nc NA nc NA
CMS-060 0 1 Dibenzo(a,h)anthracene 0.23 MG/KG J 0.4 N nc NA nc NA


RES-14-271-01 0 1 Dibenzo(a,h)anthracene 0.16 MG/KG J 0.4 N nc NA nc NA
RES-14-333-01 0 1 Dibenzo(a,h)anthracene 0.76 MG/KG J 0.4 Y nc NA nc NA
RES-14-271-01 0 1 Dibenzo(a,h)anthracene 0.29 MG/KG J 0.4 N nc NA nc NA


SS-02 0 1.3 Dibenzo(a,h)anthracene 0.062 MG/KG J 0.4 N nc NA nc NA
SS-06 0 2 Dibenzo(a,h)anthracene 0.16 MG/KG J 0.4 N nc NA nc NA


BV01COMP 0 4 Dibenzo(a,h)anthracene 0.24 MG/KG J 0.4 N nc NA nc NA
CMW-SD-2022 0.5 2 Dibenzo(a,h)anthracene 0.59 MG/KG J 0.4 Y nc NA nc NA


CMS-089 1 2 Dibenzo(a,h)anthracene 0.12 MG/KG J 0.4 N nc NA nc NA
CMS-118 1 2 Dibenzo(a,h)anthracene 0.2 MG/KG J 0.4 N nc NA nc NA
CMS-405 1 2 Dibenzo(a,h)anthracene 1 MG/KG J 0.4 Y nc NA nc NA
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CMS-407 1 2 Dibenzo(a,h)anthracene 0.17 MG/KG J 0.4 N nc NA nc NA
CMS-456 1 2 Dibenzo(a,h)anthracene 0.36 MG/KG J 0.4 N nc NA nc NA


CMW-SD-2022 2 2.5 Dibenzo(a,h)anthracene 0.22 MG/KG J 0.4 N nc NA nc NA
CMS-237 2 3 Dibenzo(a,h)anthracene 0.25 MG/KG J 0.4 N nc NA nc NA
CMS-407 2 3 Dibenzo(a,h)anthracene 0.28 MG/KG J 0.4 N nc NA nc NA
CMS-455 2 3 Dibenzo(a,h)anthracene 0.15 MG/KG J 0.4 N nc NA nc NA
MW05S 2 4 Dibenzo(a,h)anthracene 0.36 MG/KG J 0.4 N nc NA nc NA


SB03 2 4 Dibenzo(a,h)anthracene 0.64 MG/KG J 0.4 Y nc NA nc NA
MW07S 3 4 Dibenzo(a,h)anthracene 0.17 MG/KG J 0.4 N nc NA nc NA


CMS-405 3 4 Dibenzo(a,h)anthracene 0.14 MG/KG J 0.4 N nc NA nc NA
MW15D 4 6 Dibenzo(a,h)anthracene 0.22 MG/KG J 0.4 N nc NA nc NA
MW01S 4 6 Dibenzo(a,h)anthracene 0.14 MG/KG J 0.4 N nc NA nc NA
MW03S 4 6 Dibenzo(a,h)anthracene 0.052 MG/KG J 0.4 N nc NA nc NA
MW09S 4 6 Dibenzo(a,h)anthracene 0.11 MG/KG J 0.4 N nc NA nc NA
MW15D 4 6 Dibenzo(a,h)anthracene 0.045 MG/KG J 0.4 N nc NA nc NA
CMS-098 0 1 Dibenzo(a,h)anthracene 0.6 MG/KG U 0.4 NA nc NA nc NA
CMS-142 0 1 Dibenzo(a,h)anthracene 0.58 MG/KG U 0.4 NA nc NA nc NA
CMS-173 0 1 Dibenzo(a,h)anthracene 1.1 MG/KG U 0.4 NA nc NA nc NA
CMS-408 0 1 Dibenzo(a,h)anthracene 0.34 MG/KG U 0.4 NA nc NA nc NA
CMS-417 0 1 Dibenzo(a,h)anthracene 35 MG/KG U 0.4 NA nc NA nc NA
CMS-142 0 1 Dibenzo(a,h)anthracene 0.55 MG/KG U 0.4 NA nc NA nc NA


RES-14-272-01 0 1 Dibenzo(a,h)anthracene 0.62 MG/KG U 0.4 NA nc NA nc NA
RES-14-302-01 0 1 Dibenzo(a,h)anthracene 5 MG/KG U 0.4 NA nc NA nc NA
RES-14-303-01 0 1 Dibenzo(a,h)anthracene 4.8 MG/KG U 0.4 NA nc NA nc NA
RES-14-272-01 0 1 Dibenzo(a,h)anthracene 3.1 MG/KG U 0.4 NA nc NA nc NA


CMS-703 0 2 Dibenzo(a,h)anthracene 6.2 MG/KG U 0.4 NA nc NA nc NA
MW05S 1 2 Dibenzo(a,h)anthracene 0.36 MG/KG U 0.4 NA nc NA nc NA
MW14M 1 2 Dibenzo(a,h)anthracene 0.34 MG/KG U 0.4 NA nc NA nc NA
MW14M 1 2 Dibenzo(a,h)anthracene 0.34 MG/KG U 0.4 NA nc NA nc NA
MW01S 1 2 Dibenzo(a,h)anthracene 0.38 MG/KG U 0.4 NA nc NA nc NA
MW05S 1 2 Dibenzo(a,h)anthracene 0.36 MG/KG U 0.4 NA nc NA nc NA
MW08S 1 2 Dibenzo(a,h)anthracene 0.42 MG/KG U 0.4 NA nc NA nc NA
MW14M 1 2 Dibenzo(a,h)anthracene 0.33 MG/KG U 0.4 NA nc NA nc NA
MW14M 1 2 Dibenzo(a,h)anthracene 0.33 MG/KG U 0.4 NA nc NA nc NA


SB-14-271 1 2 Dibenzo(a,h)anthracene 0.4 MG/KG U 0.4 NA nc NA nc NA
CMS-173 1 2 Dibenzo(a,h)anthracene 0.52 MG/KG U 0.4 NA nc NA nc NA
CMS-237 1 2 Dibenzo(a,h)anthracene 0.83 MG/KG U 0.4 NA nc NA nc NA
CMS-417 1 2 Dibenzo(a,h)anthracene 35 MG/KG U 0.4 NA nc NA nc NA
CMS-419 1 2 Dibenzo(a,h)anthracene 74 MG/KG U 0.4 NA nc NA nc NA
CMS-423 1 2 Dibenzo(a,h)anthracene 0.35 MG/KG U 0.4 NA nc NA nc NA
CMS-427 1 2 Dibenzo(a,h)anthracene 3.6 MG/KG U 0.4 NA nc NA nc NA
CMS-428 1 2 Dibenzo(a,h)anthracene 0.35 MG/KG U 0.4 NA nc NA nc NA
CMS-089 2 3 Dibenzo(a,h)anthracene 0.7 MG/KG U 0.4 NA nc NA nc NA
CMS-405 2 3 Dibenzo(a,h)anthracene 0.64 MG/KG U 0.4 NA nc NA nc NA
CMS-417 2 3 Dibenzo(a,h)anthracene 9.8 MG/KG U 0.4 NA nc NA nc NA
MW08S 2 4 Dibenzo(a,h)anthracene 0.45 MG/KG U 0.4 NA nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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SB02 2 4 Dibenzo(a,h)anthracene 2.3 MG/KG U 0.4 NA nc NA nc NA
MW01S 2 4 Dibenzo(a,h)anthracene 1.6 MG/KG U 0.4 NA nc NA nc NA
MW02S 2 4 Dibenzo(a,h)anthracene 0.38 MG/KG U 0.4 NA nc NA nc NA
MW06S 2 4 Dibenzo(a,h)anthracene 0.36 MG/KG U 0.4 NA nc NA nc NA
MW06S 2 4 Dibenzo(a,h)anthracene 0.37 MG/KG U 0.4 NA nc NA nc NA
MW08S 2 4 Dibenzo(a,h)anthracene 0.41 MG/KG U 0.4 NA nc NA nc NA
MW14M 2 4 Dibenzo(a,h)anthracene 0.38 MG/KG U 0.4 NA nc NA nc NA
MW15D 2 4 Dibenzo(a,h)anthracene 0.37 MG/KG U 0.4 NA nc NA nc NA


SB-14-271 2 4 Dibenzo(a,h)anthracene 0.45 MG/KG U 0.4 NA nc NA nc NA
SB02 2 4 Dibenzo(a,h)anthracene 2.2 MG/KG U 0.4 NA nc NA nc NA
SS-03 2.5 3.5 Dibenzo(a,h)anthracene 0.4 MG/KG U 0.4 NA nc NA nc NA


CMS-407 3 4 Dibenzo(a,h)anthracene 0.42 MG/KG U 0.4 NA nc NA nc NA
CMS-417 3 4 Dibenzo(a,h)anthracene 1.9 MG/KG U 0.4 NA nc NA nc NA
CMS-419 3 4 Dibenzo(a,h)anthracene 0.42 MG/KG U 0.4 NA nc NA nc NA
CMS-423 3 4 Dibenzo(a,h)anthracene 0.37 MG/KG U 0.4 NA nc NA nc NA
CMS-427 3 4 Dibenzo(a,h)anthracene 0.41 MG/KG U 0.4 NA nc NA nc NA
CMS-428 3 4 Dibenzo(a,h)anthracene 0.37 MG/KG U 0.4 NA nc NA nc NA
CMS-423 3 4 Dibenzo(a,h)anthracene 0.39 MG/KG U 0.4 NA nc NA nc NA
CMS-405 4 5 Dibenzo(a,h)anthracene 0.46 MG/KG U 0.4 NA nc NA nc NA
CMS-455 4 5 Dibenzo(a,h)anthracene 0.48 MG/KG U 0.4 NA nc NA nc NA


SB03 4 6 Dibenzo(a,h)anthracene 0.37 MG/KG U 0.4 NA nc NA nc NA
MW04D 4 6 Dibenzo(a,h)anthracene 0.42 MG/KG U 0.4 NA nc NA nc NA
MW05S 4 6 Dibenzo(a,h)anthracene 0.82 MG/KG U 0.4 NA nc NA nc NA
MW06S 4 6 Dibenzo(a,h)anthracene 0.46 MG/KG U 0.4 NA nc NA nc NA
MW07S 4 6 Dibenzo(a,h)anthracene 0.4 MG/KG U 0.4 NA nc NA nc NA
MW08S 4 6 Dibenzo(a,h)anthracene 0.45 MG/KG U 0.4 NA nc NA nc NA


SB-14-271 4 6 Dibenzo(a,h)anthracene 0.4 MG/KG U 0.4 NA nc NA nc NA
SB02 4 6 Dibenzo(a,h)anthracene 0.83 MG/KG U 0.4 NA nc NA nc NA
SB03 4 6 Dibenzo(a,h)anthracene 0.38 MG/KG U 0.4 NA nc NA nc NA


CMS-159 0 1 Dibenzo(a,h)anthracene 2.2 MG/KG UJ 0.4 NA nc NA nc NA
CMS-164 0 1 Dibenzo(a,h)anthracene 2 MG/KG UJ 0.4 NA nc NA nc NA
CMS-407 0 1 Dibenzo(a,h)anthracene 0.35 MG/KG UJ 0.4 NA nc NA nc NA
CMS-060 1 2 Dibenzo(a,h)anthracene 0.34 MG/KG UJ 0.4 NA nc NA nc NA
CMS-408 1 2 Dibenzo(a,h)anthracene 8.7 MG/KG UJ 0.4 NA nc NA nc NA
CMS-405 1 2 Dibenzo(a,h)anthracene 1.2 MG/KG UJ 0.4 NA nc NA nc NA
CMS-060 2 3 Dibenzo(a,h)anthracene 0.36 MG/KG UJ 0.4 NA nc NA nc NA
CMS-118 2 3 Dibenzo(a,h)anthracene 0.44 MG/KG UJ 0.4 NA nc NA nc NA
CMS-408 2 3 Dibenzo(a,h)anthracene 0.43 MG/KG UJ 0.4 NA nc NA nc NA
CMS-060 3 4 Dibenzo(a,h)anthracene 0.45 MG/KG UJ 0.4 NA nc NA nc NA
CMS-089 3 4 Dibenzo(a,h)anthracene 1.8 MG/KG UJ 0.4 NA nc NA nc NA
CMS-118 3 4 Dibenzo(a,h)anthracene 0.5 MG/KG UJ 0.4 NA nc NA nc NA
CMS-060 4 5 Dibenzo(a,h)anthracene 0.38 MG/KG UJ 0.4 NA nc NA nc NA
CMS-118 4 5 Dibenzo(a,h)anthracene 0.43 MG/KG UJ 0.4 NA nc NA nc NA


CMW-SD-2018 0 0.5 Dibenzo(a,h)anthracene 2.2 MG/KG 0.4 Y nc NA nc NA
CMS-089 0 1 Dibromochloromethane 0.005 MG/KG U 7.6 NA nc NA nc NA
CMS-098 0 1 Dibromochloromethane 0.0097 MG/KG U 7.6 NA nc NA nc NA
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CMS-118 0 1 Dibromochloromethane 0.0048 MG/KG U 7.6 NA nc NA nc NA
CMS-142 0 1 Dibromochloromethane 0.0095 MG/KG U 7.6 NA nc NA nc NA
CMS-159 0 1 Dibromochloromethane 0.021 MG/KG U 7.6 NA nc NA nc NA
CMS-173 0 1 Dibromochloromethane 0.024 MG/KG U 7.6 NA nc NA nc NA
CMS-407 0 1 Dibromochloromethane 0.005 MG/KG U 7.6 NA nc NA nc NA
CMS-408 0 1 Dibromochloromethane 0.0043 MG/KG U 7.6 NA nc NA nc NA
CMS-417 0 1 Dibromochloromethane 59 MG/KG U 7.6 NA nc NA nc NA
CMS-456 0 1 Dibromochloromethane 0.0075 MG/KG U 7.6 NA nc NA nc NA
CMS-702 0 1 Dibromochloromethane 0.0087 MG/KG U 7.6 NA nc NA nc NA
CMS-703 0 1 Dibromochloromethane 0.0061 MG/KG U 7.6 NA nc NA nc NA
CMS-142 0 1 Dibromochloromethane 0.011 MG/KG U 7.6 NA nc NA nc NA
CMS-060 0 1 Dibromochloromethane 2.7 MG/KG U 7.6 NA nc NA nc NA
CMS-065 0 10 Dibromochloromethane 0.79 MG/KG U 7.6 NA nc NA nc NA
MW05S 1 2 Dibromochloromethane 0.095 MG/KG U 7.6 NA nc NA nc NA
MW01S 1 2 Dibromochloromethane 0.34 MG/KG U 7.6 NA nc NA nc NA
MW05S 1 2 Dibromochloromethane 0.11 MG/KG U 7.6 NA nc NA nc NA
MW08S 1 2 Dibromochloromethane 0.26 MG/KG U 7.6 NA nc NA nc NA
MW14M 1 2 Dibromochloromethane 0.11 MG/KG U 7.6 NA nc NA nc NA
CMS-089 1 2 Dibromochloromethane 0.0048 MG/KG U 7.6 NA nc NA nc NA
CMS-118 1 2 Dibromochloromethane 0.006 MG/KG U 7.6 NA nc NA nc NA
CMS-173 1 2 Dibromochloromethane 0.0083 MG/KG U 7.6 NA nc NA nc NA
CMS-407 1 2 Dibromochloromethane 0.0074 MG/KG U 7.6 NA nc NA nc NA
CMS-408 1 2 Dibromochloromethane 2.2 MG/KG U 7.6 NA nc NA nc NA
CMS-417 1 2 Dibromochloromethane 130 MG/KG U 7.6 NA nc NA nc NA
CMS-419 1 2 Dibromochloromethane 28 MG/KG U 7.6 NA nc NA nc NA
CMS-423 1 2 Dibromochloromethane 0.0062 MG/KG U 7.6 NA nc NA nc NA
CMS-427 1 2 Dibromochloromethane 0.0045 MG/KG U 7.6 NA nc NA nc NA
CMS-428 1 2 Dibromochloromethane 0.0054 MG/KG U 7.6 NA nc NA nc NA
CMS-456 1 2 Dibromochloromethane 0.0089 MG/KG U 7.6 NA nc NA nc NA
CMS-060 2 3 Dibromochloromethane 0.27 MG/KG U 7.6 NA nc NA nc NA
CMS-089 2 3 Dibromochloromethane 0.0047 MG/KG U 7.6 NA nc NA nc NA
CMS-118 2 3 Dibromochloromethane 0.0074 MG/KG U 7.6 NA nc NA nc NA
CMS-407 2 3 Dibromochloromethane 0.0087 MG/KG U 7.6 NA nc NA nc NA
CMS-408 2 3 Dibromochloromethane 6.6 MG/KG U 7.6 NA nc NA nc NA
CMS-417 2 3 Dibromochloromethane 17 MG/KG U 7.6 NA nc NA nc NA
CMS-455 2 3 Dibromochloromethane 0.33 MG/KG U 7.6 NA nc NA nc NA
MW08S 2 4 Dibromochloromethane 0.21 MG/KG U 7.6 NA nc NA nc NA
MW01S 2 4 Dibromochloromethane 0.22 MG/KG U 7.6 NA nc NA nc NA
MW02S 2 4 Dibromochloromethane 0.2 MG/KG U 7.6 NA nc NA nc NA
MW04D 2 4 Dibromochloromethane 0.5 MG/KG U 7.6 NA nc NA nc NA
MW05S 2 4 Dibromochloromethane 0.1 MG/KG U 7.6 NA nc NA nc NA
MW06S 2 4 Dibromochloromethane 0.3 MG/KG U 7.6 NA nc NA nc NA
MW06S 2 4 Dibromochloromethane 0.3 MG/KG U 7.6 NA nc NA nc NA
MW08S 2 4 Dibromochloromethane 0.32 MG/KG U 7.6 NA nc NA nc NA
MW14M 2 4 Dibromochloromethane 0.14 MG/KG U 7.6 NA nc NA nc NA
MW15D 2 4 Dibromochloromethane 0.14 MG/KG U 7.6 NA nc NA nc NA
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SB02 2 4 Dibromochloromethane 0.38 MG/KG U 7.6 NA nc NA nc NA
SB03 2 4 Dibromochloromethane 0.3 MG/KG U 7.6 NA nc NA nc NA


MW07S 3 4 Dibromochloromethane 0.5 MG/KG U 7.6 NA nc NA nc NA
CMS-060 3 4 Dibromochloromethane 0.0058 MG/KG U 7.6 NA nc NA nc NA
CMS-089 3 4 Dibromochloromethane 0.0041 MG/KG U 7.6 NA nc NA nc NA
CMS-407 3 4 Dibromochloromethane 0.32 MG/KG U 7.6 NA nc NA nc NA
CMS-419 3 4 Dibromochloromethane 0.32 MG/KG U 7.6 NA nc NA nc NA
CMS-423 3 4 Dibromochloromethane 0.0045 MG/KG U 7.6 NA nc NA nc NA
CMS-427 3 4 Dibromochloromethane 0.0054 MG/KG U 7.6 NA nc NA nc NA
CMS-428 3 4 Dibromochloromethane 0.0057 MG/KG U 7.6 NA nc NA nc NA
CMS-423 3 4 Dibromochloromethane 0.0049 MG/KG U 7.6 NA nc NA nc NA
CMS-060 4 5 Dibromochloromethane 0.0048 MG/KG U 7.6 NA nc NA nc NA
CMS-118 4 5 Dibromochloromethane 0.0059 MG/KG U 7.6 NA nc NA nc NA
CMS-405 4 5 Dibromochloromethane 1 MG/KG U 7.6 NA nc NA nc NA
CMS-455 4 5 Dibromochloromethane 0.0072 MG/KG U 7.6 NA nc NA nc NA
MW15D 4 6 Dibromochloromethane 0.1 MG/KG U 7.6 NA nc NA nc NA
MW02S 4 6 Dibromochloromethane 0.55 MG/KG U 7.6 NA nc NA nc NA


SB03 4 6 Dibromochloromethane 0.2 MG/KG U 7.6 NA nc NA nc NA
MW01S 4 6 Dibromochloromethane 0.24 MG/KG U 7.6 NA nc NA nc NA
MW02S 4 6 Dibromochloromethane 0.42 MG/KG U 7.6 NA nc NA nc NA
MW03S 4 6 Dibromochloromethane 0.35 MG/KG U 7.6 NA nc NA nc NA
MW04D 4 6 Dibromochloromethane 0.18 MG/KG U 7.6 NA nc NA nc NA
MW06S 4 6 Dibromochloromethane 0.43 MG/KG U 7.6 NA nc NA nc NA
MW07S 4 6 Dibromochloromethane 0.26 MG/KG U 7.6 NA nc NA nc NA
MW08S 4 6 Dibromochloromethane 0.3 MG/KG U 7.6 NA nc NA nc NA
MW09S 4 6 Dibromochloromethane 0.26 MG/KG U 7.6 NA nc NA nc NA
MW15D 4 6 Dibromochloromethane 0.12 MG/KG U 7.6 NA nc NA nc NA


SB02 4 6 Dibromochloromethane 0.26 MG/KG U 7.6 NA nc NA nc NA
SB03 4 6 Dibromochloromethane 0.18 MG/KG U 7.6 NA nc NA nc NA


CMS-164 0 1 Dibromochloromethane 0.015 MG/KG UJ 7.6 NA nc NA nc NA
CMS-237 0 1 Dibromochloromethane 0.0059 MG/KG UJ 7.6 NA nc NA nc NA
MW14M 1 2 Dibromochloromethane 0.15 MG/KG UJ 7.6 NA nc NA nc NA


SB-14-271 1 2 Dibromochloromethane 0.12 MG/KG UJ 7.6 NA nc NA nc NA
CMS-060 1 2 Dibromochloromethane 5.1 MG/KG UJ 7.6 NA nc NA nc NA
CMS-237 1 2 Dibromochloromethane 0.0069 MG/KG UJ 7.6 NA nc NA nc NA
CMS-405 1 2 Dibromochloromethane 4 MG/KG UJ 7.6 NA nc NA nc NA
CMS-405 1 2 Dibromochloromethane 2.9 MG/KG UJ 7.6 NA nc NA nc NA
SB-14-271 2 4 Dibromochloromethane 0.13 MG/KG UJ 7.6 NA nc NA nc NA
CMS-118 3 4 Dibromochloromethane 0.0084 MG/KG UJ 7.6 NA nc NA nc NA
CMS-417 3 4 Dibromochloromethane 0.28 MG/KG UJ 7.6 NA nc NA nc NA
MW05S 4 6 Dibromochloromethane 0.11 MG/KG UJ 7.6 NA nc NA nc NA


SB-14-271 4 6 Dibromochloromethane 0.11 MG/KG UJ 7.6 NA nc NA nc NA
SB02 2 4 Dieldrin 0.2 MG/KG *EB 0.04 Y nc NA nc NA
SB02 4 6 Dieldrin 0.096 MG/KG *EB 0.04 Y nc NA nc NA


MW06S 2 4 Dieldrin 0.26 MG/KG *J 0.04 Y nc NA nc NA
MW06S 2 4 Dieldrin 0.52 MG/KG *J 0.04 Y nc NA nc NA
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SS-02 0 1.3 Dieldrin 0.14 MG/KG *J, E 0.04 Y nc NA nc NA
MW14M 1 2 Dieldrin 0.072 MG/KG DP 0.04 Y nc NA nc NA
MW14M 1 2 Dieldrin 0.089 MG/KG DP 0.04 Y nc NA nc NA


SB02 2 4 Dieldrin 0.089 MG/KG EB 0.04 Y nc NA nc NA
CMS-060 0 1 Dieldrin 0.042 MG/KG J 0.04 Y nc NA nc NA
CMS-089 0 1 Dieldrin 0.027 MG/KG J 0.04 N nc NA nc NA
CMS-098 0 1 Dieldrin 0.013 MG/KG J 0.04 N nc NA nc NA
CMS-118 0 1 Dieldrin 0.006 MG/KG J 0.04 N nc NA nc NA
CMS-159 0 1 Dieldrin 0.0097 MG/KG J 0.04 N nc NA nc NA
CMS-164 0 1 Dieldrin 0.32 MG/KG J 0.04 Y nc NA nc NA
CMS-237 0 1 Dieldrin 0.14 MG/KG J 0.04 Y nc NA nc NA
CMS-417 0 1 Dieldrin 1.9 MG/KG J 0.04 Y nc NA nc NA
CMS-142 0 1 Dieldrin 0.081 MG/KG J 0.04 Y nc NA nc NA
CMS-060 1 2 Dieldrin 0.0035 MG/KG J 0.04 N nc NA nc NA
CMS-118 1 2 Dieldrin 0.022 MG/KG J 0.04 N nc NA nc NA
CMS-237 1 2 Dieldrin 0.091 MG/KG J 0.04 Y nc NA nc NA
CMS-417 1 2 Dieldrin 9.9 MG/KG J 0.04 Y nc NA nc NA
CMS-419 1 2 Dieldrin 0.022 MG/KG J 0.04 N nc NA nc NA
CMS-423 1 2 Dieldrin 0.0042 MG/KG J 0.04 N nc NA nc NA
CMS-427 1 2 Dieldrin 0.059 MG/KG J 0.04 Y nc NA nc NA
CMS-089 2 3 Dieldrin 0.031 MG/KG J 0.04 N nc NA nc NA
CMS-118 2 3 Dieldrin 0.097 MG/KG J 0.04 Y nc NA nc NA
CMS-417 2 3 Dieldrin 2.5 MG/KG J 0.04 Y nc NA nc NA
MW08S 2 4 Dieldrin 0.0024 MG/KG J 0.04 N nc NA nc NA
MW08S 2 4 Dieldrin 0.0019 MG/KG J 0.04 N nc NA nc NA
MW14M 2 4 Dieldrin 0.00095 MG/KG J 0.04 N nc NA nc NA
MW07S 3 4 Dieldrin 0.0029 MG/KG J 0.04 N nc NA nc NA


CMS-089 3 4 Dieldrin 0.032 MG/KG J 0.04 N nc NA nc NA
CMS-118 3 4 Dieldrin 0.027 MG/KG J 0.04 N nc NA nc NA
CMS-423 3 4 Dieldrin 0.041 MG/KG J 0.04 Y nc NA nc NA
CMS-427 3 4 Dieldrin 0.33 MG/KG J 0.04 Y nc NA nc NA
CMS-423 3 4 Dieldrin 0.0056 MG/KG J 0.04 N nc NA nc NA
CMS-118 4 5 Dieldrin 0.0015 MG/KG J 0.04 N nc NA nc NA
MW03S 4 6 Dieldrin 0.0025 MG/KG J 0.04 N nc NA nc NA
MW06S 4 6 Dieldrin 0.065 MG/KG J 0.04 Y nc NA nc NA


CMS-4105 0 1 Dieldrin 0.151126711 MG/KG J 0.04 Y nc NA nc NA
CMS-4110 0 1 Dieldrin 0.054304132 MG/KG J 0.04 Y nc NA nc NA


SD-30 0 0.5 Dieldrin 0.027 MG/KG J, EB 0.04 N nc NA nc NA
SS-03 2.5 3.5 Dieldrin 0.0024 MG/KG J, EB 0.04 N nc NA nc NA


MW02S 2 4 Dieldrin 0.002 MG/KG JEB 0.04 N nc NA nc NA
SB03 2 4 Dieldrin 0.0016 MG/KG JEB 0.04 N nc NA nc NA
SB03 4 6 Dieldrin 0.00021 MG/KG JEB 0.04 N nc NA nc NA
SB03 4 6 Dieldrin 0.00029 MG/KG JEB 0.04 N nc NA nc NA


MW14M 1 2 Dieldrin 0.078 MG/KG PE 0.04 Y nc NA nc NA
MW14M 1 2 Dieldrin 0.09 MG/KG PE 0.04 Y nc NA nc NA
SS-01 0 0 Dieldrin 0.0043 MG/KG U 0.04 NA nc NA nc NA
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CMW-SD-2016 0 0.5 Dieldrin 0.004 MG/KG U 0.04 NA nc NA nc NA
CMW-SD-2017 0 0.5 Dieldrin 0.0044 MG/KG U 0.04 NA nc NA nc NA
CMW-SD-2018 0 0.5 Dieldrin 0.0042 MG/KG U 0.04 NA nc NA nc NA
CMW-SD-2021 0 0.5 Dieldrin 0.0044 MG/KG U 0.04 NA nc NA nc NA


SD-31 0 0.5 Dieldrin 0.0039 MG/KG U 0.04 NA nc NA nc NA
CMS-173 0 1 Dieldrin 0.22 MG/KG U 0.04 NA nc NA nc NA
CMS-405 0 1 Dieldrin 0.014 MG/KG U 0.04 NA nc NA nc NA
CMS-407 0 1 Dieldrin 0.0036 MG/KG U 0.04 NA nc NA nc NA
CMS-408 0 1 Dieldrin 0.035 MG/KG U 0.04 NA nc NA nc NA


RES-14-271-01 0 1 Dieldrin 0.0052 MG/KG U 0.04 NA nc NA nc NA
RES-14-272-01 0 1 Dieldrin 0.0062 MG/KG U 0.04 NA nc NA nc NA
RES-14-303-01 0 1 Dieldrin 0.097 MG/KG U 0.04 NA nc NA nc NA
RES-14-271-01 0 1 Dieldrin 0.0051 MG/KG U 0.04 NA nc NA nc NA
RES-14-272-01 0 1 Dieldrin 0.0061 MG/KG U 0.04 NA nc NA nc NA


CMS-703 0 2 Dieldrin 0.21 MG/KG U 0.04 NA nc NA nc NA
BV01COMP 0 4 Dieldrin 0.019 MG/KG U 0.04 NA nc NA nc NA


CMW-SD-2022 0.5 2 Dieldrin 0.0046 MG/KG U 0.04 NA nc NA nc NA
MW05S 1 2 Dieldrin 0.0036 MG/KG U 0.04 NA nc NA nc NA
MW05S 1 2 Dieldrin 0.0036 MG/KG U 0.04 NA nc NA nc NA


CMS-173 1 2 Dieldrin 0.0053 MG/KG U 0.04 NA nc NA nc NA
CMS-405 1 2 Dieldrin 0.65 MG/KG U 0.04 NA nc NA nc NA
CMS-407 1 2 Dieldrin 0.45 MG/KG U 0.04 NA nc NA nc NA
CMS-408 1 2 Dieldrin 0.45 MG/KG U 0.04 NA nc NA nc NA
CMS-428 1 2 Dieldrin 0.0018 MG/KG U 0.04 NA nc NA nc NA
CMS-405 1 2 Dieldrin 0.64 MG/KG U 0.04 NA nc NA nc NA


CMW-SD-2022 2 2.5 Dieldrin 0.0043 MG/KG U 0.04 NA nc NA nc NA
CMS-060 2 3 Dieldrin 0.0019 MG/KG U 0.04 NA nc NA nc NA
CMS-237 2 3 Dieldrin 0.65 MG/KG U 0.04 NA nc NA nc NA
CMS-405 2 3 Dieldrin 0.066 MG/KG U 0.04 NA nc NA nc NA
CMS-407 2 3 Dieldrin 0.57 MG/KG U 0.04 NA nc NA nc NA
CMS-408 2 3 Dieldrin 0.44 MG/KG U 0.04 NA nc NA nc NA
MW05S 2 4 Dieldrin 0.0038 MG/KG U 0.04 NA nc NA nc NA
MW15D 2 4 Dieldrin 0.0037 MG/KG U 0.04 NA nc NA nc NA


SB-14-271 2 4 Dieldrin 0.0044 MG/KG U 0.04 NA nc NA nc NA
CMS-060 3 4 Dieldrin 0.0023 MG/KG U 0.04 NA nc NA nc NA
CMS-405 3 4 Dieldrin 0.058 MG/KG U 0.04 NA nc NA nc NA
CMS-407 3 4 Dieldrin 0.44 MG/KG U 0.04 NA nc NA nc NA
CMS-417 3 4 Dieldrin 3.9 MG/KG U 0.04 NA nc NA nc NA
CMS-428 3 4 Dieldrin 0.0019 MG/KG U 0.04 NA nc NA nc NA
CMS-060 4 5 Dieldrin 0.002 MG/KG U 0.04 NA nc NA nc NA
CMS-405 4 5 Dieldrin 0.47 MG/KG U 0.04 NA nc NA nc NA
MW15D 4 6 Dieldrin 0.004 MG/KG U 0.04 NA nc NA nc NA
MW05S 4 6 Dieldrin 0.41 MG/KG U 0.04 NA nc NA nc NA
MW07S 4 6 Dieldrin 0.004 MG/KG U 0.04 NA nc NA nc NA
MW08S 4 6 Dieldrin 0.0044 MG/KG U 0.04 NA nc NA nc NA
MW15D 4 6 Dieldrin 0.0035 MG/KG U 0.04 NA nc NA nc NA
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SB-14-271 4 6 Dieldrin 0.0039 MG/KG U 0.04 NA nc NA nc NA
CMS-455 4 5 Dieldrin 0.049 MG/KG UJ 0.04 NA nc NA nc NA
MW04D 4 6 Dieldrin 0.0043 MG/KG UJ 0.04 NA nc NA nc NA


CMW-SD-2019 0 0.5 Dieldrin 0.016 MG/KG 0.04 N nc NA nc NA
CMW-SD-2020 0 0.5 Dieldrin 0.0072 MG/KG 0.04 N nc NA nc NA


CMS-142 0 1 Dieldrin 0.071 MG/KG 0.04 Y nc NA nc NA
CMS-060 0 1 Dieldrin 0.16 MG/KG 0.04 Y nc NA nc NA


RES-14-302-01 0 1 Dieldrin 0.016 MG/KG 0.04 N nc NA nc NA
MW01S 1 2 Dieldrin 0.0048 MG/KG 0.04 N nc NA nc NA
MW08S 1 2 Dieldrin 0.02 MG/KG 0.04 N nc NA nc NA


SB-14-271 1 2 Dieldrin 0.0083 MG/KG 0.04 N nc NA nc NA
CMS-089 1 2 Dieldrin 0.4 MG/KG 0.04 Y nc NA nc NA
CMS-456 1 2 Dieldrin 0.11 MG/KG 0.04 Y nc NA nc NA
CMS-455 2 3 Dieldrin 0.02 MG/KG 0.04 N nc NA nc NA
MW01S 2 4 Dieldrin 0.016 MG/KG 0.04 N nc NA nc NA
MW01S 4 6 Dieldrin 0.0046 MG/KG 0.04 N nc NA nc NA
MW09S 4 6 Dieldrin 0.0088 MG/KG 0.04 N nc NA nc NA


CMS-118 0 1 Diethylphthalate 0.057 MG/KG J 340 N nc NA nc NA
CMS-164 0 1 Diethylphthalate 0.17 MG/KG J 340 N nc NA nc NA
CMS-237 0 1 Diethylphthalate 0.4 MG/KG J 340 N nc NA nc NA
CMS-405 1 2 Diethylphthalate 0.14 MG/KG J 340 N nc NA nc NA
CMS-405 1 2 Diethylphthalate 0.18 MG/KG J 340 N nc NA nc NA


SS-01 0 0 Diethylphthalate 0.43 MG/KG U 340 NA nc NA nc NA
CMW-SD-2016 0 0.5 Diethylphthalate 0.8 MG/KG U 340 NA nc NA nc NA
CMW-SD-2017 0 0.5 Diethylphthalate 0.87 MG/KG U 340 NA nc NA nc NA
CMW-SD-2018 0 0.5 Diethylphthalate 2.1 MG/KG U 340 NA nc NA nc NA
CMW-SD-2019 0 0.5 Diethylphthalate 0.95 MG/KG U 340 NA nc NA nc NA
CMW-SD-2020 0 0.5 Diethylphthalate 0.46 MG/KG U 340 NA nc NA nc NA
CMW-SD-2021 0 0.5 Diethylphthalate 2.1 MG/KG U 340 NA nc NA nc NA


CMS-089 0 1 Diethylphthalate 0.67 MG/KG U 340 NA nc NA nc NA
CMS-098 0 1 Diethylphthalate 0.6 MG/KG U 340 NA nc NA nc NA
CMS-142 0 1 Diethylphthalate 0.58 MG/KG U 340 NA nc NA nc NA
CMS-173 0 1 Diethylphthalate 1.1 MG/KG U 340 NA nc NA nc NA
CMS-405 0 1 Diethylphthalate 0.35 MG/KG U 340 NA nc NA nc NA
CMS-407 0 1 Diethylphthalate 0.35 MG/KG U 340 NA nc NA nc NA
CMS-408 0 1 Diethylphthalate 0.34 MG/KG U 340 NA nc NA nc NA
CMS-417 0 1 Diethylphthalate 35 MG/KG U 340 NA nc NA nc NA
CMS-456 0 1 Diethylphthalate 0.49 MG/KG U 340 NA nc NA nc NA
CMS-142 0 1 Diethylphthalate 0.55 MG/KG U 340 NA nc NA nc NA


RES-14-271-01 0 1 Diethylphthalate 0.51 MG/KG U 340 NA nc NA nc NA
RES-14-272-01 0 1 Diethylphthalate 0.62 MG/KG U 340 NA nc NA nc NA
RES-14-302-01 0 1 Diethylphthalate 5 MG/KG U 340 NA nc NA nc NA
RES-14-303-01 0 1 Diethylphthalate 4.8 MG/KG U 340 NA nc NA nc NA
RES-14-271-01 0 1 Diethylphthalate 2.5 MG/KG U 340 NA nc NA nc NA
RES-14-272-01 0 1 Diethylphthalate 3.1 MG/KG U 340 NA nc NA nc NA


CMS-703 0 2 Diethylphthalate 6.2 MG/KG U 340 NA nc NA nc NA
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SS-06 0 2 Diethylphthalate 0.84 MG/KG U 340 NA nc NA nc NA
BV01COMP 0 4 Diethylphthalate 0.38 MG/KG U 340 NA nc NA nc NA


CMW-SD-2022 0.5 2 Diethylphthalate 4.2 MG/KG U 340 NA nc NA nc NA
MW05S 1 2 Diethylphthalate 0.36 MG/KG U 340 NA nc NA nc NA
MW14M 1 2 Diethylphthalate 0.34 MG/KG U 340 NA nc NA nc NA
MW14M 1 2 Diethylphthalate 0.34 MG/KG U 340 NA nc NA nc NA
MW01S 1 2 Diethylphthalate 0.38 MG/KG U 340 NA nc NA nc NA
MW05S 1 2 Diethylphthalate 0.36 MG/KG U 340 NA nc NA nc NA
MW08S 1 2 Diethylphthalate 0.42 MG/KG U 340 NA nc NA nc NA
MW14M 1 2 Diethylphthalate 0.33 MG/KG U 340 NA nc NA nc NA
MW14M 1 2 Diethylphthalate 0.33 MG/KG U 340 NA nc NA nc NA


SB-14-271 1 2 Diethylphthalate 0.4 MG/KG U 340 NA nc NA nc NA
CMS-060 1 2 Diethylphthalate 0.34 MG/KG U 340 NA nc NA nc NA
CMS-089 1 2 Diethylphthalate 0.35 MG/KG U 340 NA nc NA nc NA
CMS-118 1 2 Diethylphthalate 0.37 MG/KG U 340 NA nc NA nc NA
CMS-173 1 2 Diethylphthalate 0.52 MG/KG U 340 NA nc NA nc NA
CMS-237 1 2 Diethylphthalate 0.83 MG/KG U 340 NA nc NA nc NA
CMS-407 1 2 Diethylphthalate 0.44 MG/KG U 340 NA nc NA nc NA
CMS-408 1 2 Diethylphthalate 8.7 MG/KG U 340 NA nc NA nc NA
CMS-417 1 2 Diethylphthalate 35 MG/KG U 340 NA nc NA nc NA
CMS-419 1 2 Diethylphthalate 74 MG/KG U 340 NA nc NA nc NA
CMS-423 1 2 Diethylphthalate 0.35 MG/KG U 340 NA nc NA nc NA
CMS-427 1 2 Diethylphthalate 3.6 MG/KG U 340 NA nc NA nc NA
CMS-428 1 2 Diethylphthalate 0.35 MG/KG U 340 NA nc NA nc NA
CMS-456 1 2 Diethylphthalate 1.2 MG/KG U 340 NA nc NA nc NA


CMW-SD-2022 2 2.5 Diethylphthalate 0.86 MG/KG U 340 NA nc NA nc NA
CMS-060 2 3 Diethylphthalate 0.36 MG/KG U 340 NA nc NA nc NA
CMS-089 2 3 Diethylphthalate 0.7 MG/KG U 340 NA nc NA nc NA
CMS-118 2 3 Diethylphthalate 0.44 MG/KG U 340 NA nc NA nc NA
CMS-237 2 3 Diethylphthalate 0.63 MG/KG U 340 NA nc NA nc NA
CMS-405 2 3 Diethylphthalate 0.64 MG/KG U 340 NA nc NA nc NA
CMS-407 2 3 Diethylphthalate 1.1 MG/KG U 340 NA nc NA nc NA
CMS-408 2 3 Diethylphthalate 0.43 MG/KG U 340 NA nc NA nc NA
CMS-417 2 3 Diethylphthalate 9.8 MG/KG U 340 NA nc NA nc NA
CMS-455 2 3 Diethylphthalate 0.4 MG/KG U 340 NA nc NA nc NA
MW08S 2 4 Diethylphthalate 0.45 MG/KG U 340 NA nc NA nc NA


SB02 2 4 Diethylphthalate 2.3 MG/KG U 340 NA nc NA nc NA
MW01S 2 4 Diethylphthalate 1.6 MG/KG U 340 NA nc NA nc NA
MW02S 2 4 Diethylphthalate 0.38 MG/KG U 340 NA nc NA nc NA
MW06S 2 4 Diethylphthalate 0.36 MG/KG U 340 NA nc NA nc NA
MW06S 2 4 Diethylphthalate 0.37 MG/KG U 340 NA nc NA nc NA
MW08S 2 4 Diethylphthalate 0.41 MG/KG U 340 NA nc NA nc NA
MW14M 2 4 Diethylphthalate 0.38 MG/KG U 340 NA nc NA nc NA
MW15D 2 4 Diethylphthalate 0.37 MG/KG U 340 NA nc NA nc NA


SB-14-271 2 4 Diethylphthalate 0.45 MG/KG U 340 NA nc NA nc NA
SB02 2 4 Diethylphthalate 2.2 MG/KG U 340 NA nc NA nc NA
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SB03 2 4 Diethylphthalate 0.99 MG/KG U 340 NA nc NA nc NA
SS-03 2.5 3.5 Diethylphthalate 0.4 MG/KG U 340 NA nc NA nc NA


MW07S 3 4 Diethylphthalate 0.38 MG/KG U 340 NA nc NA nc NA
CMS-060 3 4 Diethylphthalate 0.45 MG/KG U 340 NA nc NA nc NA
CMS-089 3 4 Diethylphthalate 1.8 MG/KG U 340 NA nc NA nc NA
CMS-118 3 4 Diethylphthalate 0.5 MG/KG U 340 NA nc NA nc NA
CMS-407 3 4 Diethylphthalate 0.42 MG/KG U 340 NA nc NA nc NA
CMS-417 3 4 Diethylphthalate 1.9 MG/KG U 340 NA nc NA nc NA
CMS-419 3 4 Diethylphthalate 0.42 MG/KG U 340 NA nc NA nc NA
CMS-423 3 4 Diethylphthalate 0.37 MG/KG U 340 NA nc NA nc NA
CMS-427 3 4 Diethylphthalate 0.41 MG/KG U 340 NA nc NA nc NA
CMS-428 3 4 Diethylphthalate 0.37 MG/KG U 340 NA nc NA nc NA
CMS-423 3 4 Diethylphthalate 0.39 MG/KG U 340 NA nc NA nc NA
CMS-118 4 5 Diethylphthalate 0.43 MG/KG U 340 NA nc NA nc NA
CMS-405 4 5 Diethylphthalate 0.46 MG/KG U 340 NA nc NA nc NA
CMS-455 4 5 Diethylphthalate 0.48 MG/KG U 340 NA nc NA nc NA


SB03 4 6 Diethylphthalate 0.37 MG/KG U 340 NA nc NA nc NA
MW15D 4 6 Diethylphthalate 0.4 MG/KG U 340 NA nc NA nc NA
MW01S 4 6 Diethylphthalate 0.4 MG/KG U 340 NA nc NA nc NA
MW03S 4 6 Diethylphthalate 0.4 MG/KG U 340 NA nc NA nc NA
MW04D 4 6 Diethylphthalate 0.42 MG/KG U 340 NA nc NA nc NA
MW05S 4 6 Diethylphthalate 0.82 MG/KG U 340 NA nc NA nc NA
MW06S 4 6 Diethylphthalate 0.46 MG/KG U 340 NA nc NA nc NA
MW07S 4 6 Diethylphthalate 0.4 MG/KG U 340 NA nc NA nc NA
MW08S 4 6 Diethylphthalate 0.45 MG/KG U 340 NA nc NA nc NA
MW09S 4 6 Diethylphthalate 0.85 MG/KG U 340 NA nc NA nc NA
MW15D 4 6 Diethylphthalate 0.35 MG/KG U 340 NA nc NA nc NA


SB-14-271 4 6 Diethylphthalate 0.4 MG/KG U 340 NA nc NA nc NA
SB02 4 6 Diethylphthalate 0.83 MG/KG U 340 NA nc NA nc NA
SB03 4 6 Diethylphthalate 0.38 MG/KG U 340 NA nc NA nc NA


CMS-060 0 1 Diethylphthalate 0.34 MG/KG UJ 340 NA nc NA nc NA
CMS-159 0 1 Diethylphthalate 2.2 MG/KG UJ 340 NA nc NA nc NA
CMS-060 0 1 Diethylphthalate 0.35 MG/KG UJ 340 NA nc NA nc NA
MW05S 2 4 Diethylphthalate 0.37 MG/KG UJ 340 NA nc NA nc NA


CMS-060 4 5 Diethylphthalate 0.38 MG/KG UJ 340 NA nc NA nc NA
SS-02 0 1.3 Diethylphthalate 1.8 MG/KG 340 N nc NA nc NA


CMS-405 3 4 Diethylphthalate 3.2 MG/KG 340 N nc NA nc NA
SS-01 0 0 Dimethylphthalate 0.43 MG/KG U 1900 NA nc NA nc NA


CMW-SD-2016 0 0.5 Dimethylphthalate 0.8 MG/KG U 1900 NA nc NA nc NA
CMW-SD-2017 0 0.5 Dimethylphthalate 0.87 MG/KG U 1900 NA nc NA nc NA
CMW-SD-2018 0 0.5 Dimethylphthalate 2.1 MG/KG U 1900 NA nc NA nc NA
CMW-SD-2019 0 0.5 Dimethylphthalate 0.95 MG/KG U 1900 NA nc NA nc NA
CMW-SD-2020 0 0.5 Dimethylphthalate 0.46 MG/KG U 1900 NA nc NA nc NA
CMW-SD-2021 0 0.5 Dimethylphthalate 2.1 MG/KG U 1900 NA nc NA nc NA


CMS-089 0 1 Dimethylphthalate 0.67 MG/KG U 1900 NA nc NA nc NA
CMS-098 0 1 Dimethylphthalate 0.6 MG/KG U 1900 NA nc NA nc NA


Interim Final CMRP Feasibility Study Report
Appendix F F-381 April 2010







Appendix F


Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs


BORING TO
P_


O
F_


S
A


M
PL


E 
(ft


)


B
O


TT
O


M
_


O
F_


SA
M


PL
E 


(ft
)


PARAMETER LAB_RESULT UNITS QUAL


RIDEM Residential 
Direct Exposure 
Criteria (MG/KG)


Exceed 
Criteria 


(Y/N)


RIDEM GB 
Leachability 


Criteria 
(MG/KG)


Exceed 
Criteria 


(Y/N)


EPA's Recommended 
Residential Level for 


Dioxin (NG/KG)


Exceed 
Criteria 


(Y/N)


Potential ARARs and TBC1


CMS-142 0 1 Dimethylphthalate 0.58 MG/KG U 1900 NA nc NA nc NA
CMS-164 0 1 Dimethylphthalate 2 MG/KG U 1900 NA nc NA nc NA
CMS-173 0 1 Dimethylphthalate 1.1 MG/KG U 1900 NA nc NA nc NA
CMS-237 0 1 Dimethylphthalate 1.3 MG/KG U 1900 NA nc NA nc NA
CMS-405 0 1 Dimethylphthalate 0.35 MG/KG U 1900 NA nc NA nc NA
CMS-407 0 1 Dimethylphthalate 0.35 MG/KG U 1900 NA nc NA nc NA
CMS-408 0 1 Dimethylphthalate 0.34 MG/KG U 1900 NA nc NA nc NA
CMS-417 0 1 Dimethylphthalate 35 MG/KG U 1900 NA nc NA nc NA
CMS-456 0 1 Dimethylphthalate 0.49 MG/KG U 1900 NA nc NA nc NA
CMS-142 0 1 Dimethylphthalate 0.55 MG/KG U 1900 NA nc NA nc NA


RES-14-271-01 0 1 Dimethylphthalate 0.51 MG/KG U 1900 NA nc NA nc NA
RES-14-272-01 0 1 Dimethylphthalate 0.62 MG/KG U 1900 NA nc NA nc NA
RES-14-302-01 0 1 Dimethylphthalate 5 MG/KG U 1900 NA nc NA nc NA
RES-14-303-01 0 1 Dimethylphthalate 4.8 MG/KG U 1900 NA nc NA nc NA
RES-14-271-01 0 1 Dimethylphthalate 2.5 MG/KG U 1900 NA nc NA nc NA
RES-14-272-01 0 1 Dimethylphthalate 3.1 MG/KG U 1900 NA nc NA nc NA


SS-02 0 1.3 Dimethylphthalate 0.52 MG/KG U 1900 NA nc NA nc NA
CMS-703 0 2 Dimethylphthalate 6.2 MG/KG U 1900 NA nc NA nc NA


SS-06 0 2 Dimethylphthalate 0.84 MG/KG U 1900 NA nc NA nc NA
BV01COMP 0 4 Dimethylphthalate 0.38 MG/KG U 1900 NA nc NA nc NA


CMW-SD-2022 0.5 2 Dimethylphthalate 4.2 MG/KG U 1900 NA nc NA nc NA
MW05S 1 2 Dimethylphthalate 0.36 MG/KG U 1900 NA nc NA nc NA
MW14M 1 2 Dimethylphthalate 0.34 MG/KG U 1900 NA nc NA nc NA
MW14M 1 2 Dimethylphthalate 0.34 MG/KG U 1900 NA nc NA nc NA
MW01S 1 2 Dimethylphthalate 0.38 MG/KG U 1900 NA nc NA nc NA
MW05S 1 2 Dimethylphthalate 0.36 MG/KG U 1900 NA nc NA nc NA
MW08S 1 2 Dimethylphthalate 0.42 MG/KG U 1900 NA nc NA nc NA
MW14M 1 2 Dimethylphthalate 0.33 MG/KG U 1900 NA nc NA nc NA
MW14M 1 2 Dimethylphthalate 0.33 MG/KG U 1900 NA nc NA nc NA


SB-14-271 1 2 Dimethylphthalate 0.4 MG/KG U 1900 NA nc NA nc NA
CMS-060 1 2 Dimethylphthalate 0.34 MG/KG U 1900 NA nc NA nc NA
CMS-089 1 2 Dimethylphthalate 0.35 MG/KG U 1900 NA nc NA nc NA
CMS-118 1 2 Dimethylphthalate 0.37 MG/KG U 1900 NA nc NA nc NA
CMS-173 1 2 Dimethylphthalate 0.52 MG/KG U 1900 NA nc NA nc NA
CMS-237 1 2 Dimethylphthalate 0.83 MG/KG U 1900 NA nc NA nc NA
CMS-405 1 2 Dimethylphthalate 0.63 MG/KG U 1900 NA nc NA nc NA
CMS-407 1 2 Dimethylphthalate 0.44 MG/KG U 1900 NA nc NA nc NA
CMS-408 1 2 Dimethylphthalate 8.7 MG/KG U 1900 NA nc NA nc NA
CMS-417 1 2 Dimethylphthalate 35 MG/KG U 1900 NA nc NA nc NA
CMS-419 1 2 Dimethylphthalate 74 MG/KG U 1900 NA nc NA nc NA
CMS-423 1 2 Dimethylphthalate 0.35 MG/KG U 1900 NA nc NA nc NA
CMS-427 1 2 Dimethylphthalate 3.6 MG/KG U 1900 NA nc NA nc NA
CMS-428 1 2 Dimethylphthalate 0.35 MG/KG U 1900 NA nc NA nc NA
CMS-456 1 2 Dimethylphthalate 1.2 MG/KG U 1900 NA nc NA nc NA
CMS-405 1 2 Dimethylphthalate 1.2 MG/KG U 1900 NA nc NA nc NA


CMW-SD-2022 2 2.5 Dimethylphthalate 0.86 MG/KG U 1900 NA nc NA nc NA
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CMS-060 2 3 Dimethylphthalate 0.36 MG/KG U 1900 NA nc NA nc NA
CMS-089 2 3 Dimethylphthalate 0.7 MG/KG U 1900 NA nc NA nc NA
CMS-118 2 3 Dimethylphthalate 0.44 MG/KG U 1900 NA nc NA nc NA
CMS-237 2 3 Dimethylphthalate 0.63 MG/KG U 1900 NA nc NA nc NA
CMS-405 2 3 Dimethylphthalate 0.64 MG/KG U 1900 NA nc NA nc NA
CMS-407 2 3 Dimethylphthalate 1.1 MG/KG U 1900 NA nc NA nc NA
CMS-408 2 3 Dimethylphthalate 0.43 MG/KG U 1900 NA nc NA nc NA
CMS-417 2 3 Dimethylphthalate 9.8 MG/KG U 1900 NA nc NA nc NA
CMS-455 2 3 Dimethylphthalate 0.4 MG/KG U 1900 NA nc NA nc NA
MW08S 2 4 Dimethylphthalate 0.45 MG/KG U 1900 NA nc NA nc NA


SB02 2 4 Dimethylphthalate 2.3 MG/KG U 1900 NA nc NA nc NA
MW01S 2 4 Dimethylphthalate 1.6 MG/KG U 1900 NA nc NA nc NA
MW02S 2 4 Dimethylphthalate 0.38 MG/KG U 1900 NA nc NA nc NA
MW06S 2 4 Dimethylphthalate 0.36 MG/KG U 1900 NA nc NA nc NA
MW06S 2 4 Dimethylphthalate 0.37 MG/KG U 1900 NA nc NA nc NA
MW08S 2 4 Dimethylphthalate 0.41 MG/KG U 1900 NA nc NA nc NA
MW14M 2 4 Dimethylphthalate 0.38 MG/KG U 1900 NA nc NA nc NA
MW15D 2 4 Dimethylphthalate 0.37 MG/KG U 1900 NA nc NA nc NA


SB-14-271 2 4 Dimethylphthalate 0.45 MG/KG U 1900 NA nc NA nc NA
SB02 2 4 Dimethylphthalate 2.2 MG/KG U 1900 NA nc NA nc NA
SB03 2 4 Dimethylphthalate 0.99 MG/KG U 1900 NA nc NA nc NA
SS-03 2.5 3.5 Dimethylphthalate 0.4 MG/KG U 1900 NA nc NA nc NA


MW07S 3 4 Dimethylphthalate 0.38 MG/KG U 1900 NA nc NA nc NA
CMS-060 3 4 Dimethylphthalate 0.45 MG/KG U 1900 NA nc NA nc NA
CMS-089 3 4 Dimethylphthalate 1.8 MG/KG U 1900 NA nc NA nc NA
CMS-118 3 4 Dimethylphthalate 0.5 MG/KG U 1900 NA nc NA nc NA
CMS-405 3 4 Dimethylphthalate 0.38 MG/KG U 1900 NA nc NA nc NA
CMS-407 3 4 Dimethylphthalate 0.42 MG/KG U 1900 NA nc NA nc NA
CMS-417 3 4 Dimethylphthalate 1.9 MG/KG U 1900 NA nc NA nc NA
CMS-419 3 4 Dimethylphthalate 0.42 MG/KG U 1900 NA nc NA nc NA
CMS-423 3 4 Dimethylphthalate 0.37 MG/KG U 1900 NA nc NA nc NA
CMS-427 3 4 Dimethylphthalate 0.41 MG/KG U 1900 NA nc NA nc NA
CMS-428 3 4 Dimethylphthalate 0.37 MG/KG U 1900 NA nc NA nc NA
CMS-423 3 4 Dimethylphthalate 0.39 MG/KG U 1900 NA nc NA nc NA
CMS-118 4 5 Dimethylphthalate 0.43 MG/KG U 1900 NA nc NA nc NA
CMS-405 4 5 Dimethylphthalate 0.46 MG/KG U 1900 NA nc NA nc NA
CMS-455 4 5 Dimethylphthalate 0.48 MG/KG U 1900 NA nc NA nc NA


SB03 4 6 Dimethylphthalate 0.37 MG/KG U 1900 NA nc NA nc NA
MW15D 4 6 Dimethylphthalate 0.4 MG/KG U 1900 NA nc NA nc NA
MW01S 4 6 Dimethylphthalate 0.4 MG/KG U 1900 NA nc NA nc NA
MW03S 4 6 Dimethylphthalate 0.4 MG/KG U 1900 NA nc NA nc NA
MW04D 4 6 Dimethylphthalate 0.42 MG/KG U 1900 NA nc NA nc NA
MW05S 4 6 Dimethylphthalate 0.82 MG/KG U 1900 NA nc NA nc NA
MW06S 4 6 Dimethylphthalate 0.46 MG/KG U 1900 NA nc NA nc NA
MW07S 4 6 Dimethylphthalate 0.4 MG/KG U 1900 NA nc NA nc NA
MW08S 4 6 Dimethylphthalate 0.45 MG/KG U 1900 NA nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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MW09S 4 6 Dimethylphthalate 0.85 MG/KG U 1900 NA nc NA nc NA
MW15D 4 6 Dimethylphthalate 0.35 MG/KG U 1900 NA nc NA nc NA


SB-14-271 4 6 Dimethylphthalate 0.4 MG/KG U 1900 NA nc NA nc NA
SB02 4 6 Dimethylphthalate 0.83 MG/KG U 1900 NA nc NA nc NA
SB03 4 6 Dimethylphthalate 0.38 MG/KG U 1900 NA nc NA nc NA


CMS-060 0 1 Dimethylphthalate 0.34 MG/KG UJ 1900 NA nc NA nc NA
CMS-118 0 1 Dimethylphthalate 0.36 MG/KG UJ 1900 NA nc NA nc NA
CMS-159 0 1 Dimethylphthalate 2.2 MG/KG UJ 1900 NA nc NA nc NA
CMS-060 0 1 Dimethylphthalate 0.35 MG/KG UJ 1900 NA nc NA nc NA
MW05S 2 4 Dimethylphthalate 0.37 MG/KG UJ 1900 NA nc NA nc NA


CMS-060 4 5 Dimethylphthalate 0.38 MG/KG UJ 1900 NA nc NA nc NA
CMS-417 0 1 Ethylbenzene 35 MG/KG J 71 N 62 N nc NA
MW14M 1 2 Ethylbenzene 0.18 MG/KG J 71 N 62 N nc NA
CMS-237 1 2 Ethylbenzene 0.0086 MG/KG J 71 N 62 N nc NA
CMS-405 1 2 Ethylbenzene 11 MG/KG J 71 N 62 N nc NA
CMS-407 1 2 Ethylbenzene 0.14 MG/KG J 71 N 62 N nc NA
CMS-417 1 2 Ethylbenzene 81 MG/KG J 71 Y 62 Y nc NA
CMS-427 1 2 Ethylbenzene 0.0028 MG/KG J 71 N 62 N nc NA
CMS-456 1 2 Ethylbenzene 0.0029 MG/KG J 71 N 62 N nc NA
CMS-405 1 2 Ethylbenzene 1.5 MG/KG J 71 N 62 N nc NA
CMS-237 2 3 Ethylbenzene 0.0048 MG/KG J 71 N 62 N nc NA
CMS-407 2 3 Ethylbenzene 0.029 MG/KG J 71 N 62 N nc NA
CMS-417 2 3 Ethylbenzene 5.2 MG/KG J 71 N 62 N nc NA
MW07S 3 4 Ethylbenzene 0.25 MG/KG J 71 N 62 N nc NA


CMS-417 3 4 Ethylbenzene 0.21 MG/KG J 71 N 62 N nc NA
CMS-419 3 4 Ethylbenzene 0.14 MG/KG J 71 N 62 N nc NA
MW05S 4 6 Ethylbenzene 0.15 MG/KG J 71 N 62 N nc NA


CMS-089 0 1 Ethylbenzene 0.005 MG/KG U 71 NA 62 NA nc NA
CMS-118 0 1 Ethylbenzene 0.0048 MG/KG U 71 NA 62 NA nc NA
CMS-159 0 1 Ethylbenzene 0.021 MG/KG U 71 NA 62 NA nc NA
CMS-407 0 1 Ethylbenzene 0.005 MG/KG U 71 NA 62 NA nc NA
CMS-408 0 1 Ethylbenzene 0.0043 MG/KG U 71 NA 62 NA nc NA
CMS-456 0 1 Ethylbenzene 0.0075 MG/KG U 71 NA 62 NA nc NA
CMS-702 0 1 Ethylbenzene 0.0087 MG/KG U 71 NA 62 NA nc NA
CMS-703 0 1 Ethylbenzene 0.0061 MG/KG U 71 NA 62 NA nc NA
CMS-060 0 1 Ethylbenzene 2.7 MG/KG U 71 NA 62 NA nc NA
CMS-065 0 10 Ethylbenzene 0.79 MG/KG U 71 NA 62 NA nc NA
MW05S 1 2 Ethylbenzene 0.095 MG/KG U 71 NA 62 NA nc NA
MW01S 1 2 Ethylbenzene 0.34 MG/KG U 71 NA 62 NA nc NA
MW05S 1 2 Ethylbenzene 0.11 MG/KG U 71 NA 62 NA nc NA


CMS-089 1 2 Ethylbenzene 0.0048 MG/KG U 71 NA 62 NA nc NA
CMS-118 1 2 Ethylbenzene 0.006 MG/KG U 71 NA 62 NA nc NA
CMS-423 1 2 Ethylbenzene 0.0062 MG/KG U 71 NA 62 NA nc NA
CMS-428 1 2 Ethylbenzene 0.0054 MG/KG U 71 NA 62 NA nc NA
CMS-060 2 3 Ethylbenzene 0.27 MG/KG U 71 NA 62 NA nc NA
CMS-118 2 3 Ethylbenzene 0.0074 MG/KG U 71 NA 62 NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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CMS-455 2 3 Ethylbenzene 0.33 MG/KG U 71 NA 62 NA nc NA
MW08S 2 4 Ethylbenzene 0.21 MG/KG U 71 NA 62 NA nc NA
MW01S 2 4 Ethylbenzene 0.22 MG/KG U 71 NA 62 NA nc NA
MW02S 2 4 Ethylbenzene 0.2 MG/KG U 71 NA 62 NA nc NA
MW04D 2 4 Ethylbenzene 0.5 MG/KG U 71 NA 62 NA nc NA
MW05S 2 4 Ethylbenzene 0.1 MG/KG U 71 NA 62 NA nc NA
MW06S 2 4 Ethylbenzene 0.3 MG/KG U 71 NA 62 NA nc NA
MW06S 2 4 Ethylbenzene 0.3 MG/KG U 71 NA 62 NA nc NA
MW08S 2 4 Ethylbenzene 0.32 MG/KG U 71 NA 62 NA nc NA
MW14M 2 4 Ethylbenzene 0.14 MG/KG U 71 NA 62 NA nc NA
MW15D 2 4 Ethylbenzene 0.14 MG/KG U 71 NA 62 NA nc NA


SB02 2 4 Ethylbenzene 0.38 MG/KG U 71 NA 62 NA nc NA
SB03 2 4 Ethylbenzene 0.3 MG/KG U 71 NA 62 NA nc NA


GEC-7 2.5 4.5 Ethylbenzene 0.03 MG/KG U 71 NA 62 NA nc NA
CMS-060 3 4 Ethylbenzene 0.0058 MG/KG U 71 NA 62 NA nc NA
CMS-089 3 4 Ethylbenzene 0.0041 MG/KG U 71 NA 62 NA nc NA
CMS-407 3 4 Ethylbenzene 0.32 MG/KG U 71 NA 62 NA nc NA
CMS-423 3 4 Ethylbenzene 0.0045 MG/KG U 71 NA 62 NA nc NA
CMS-428 3 4 Ethylbenzene 0.0057 MG/KG U 71 NA 62 NA nc NA
CMS-423 3 4 Ethylbenzene 0.0049 MG/KG U 71 NA 62 NA nc NA
CMS-060 4 5 Ethylbenzene 0.0048 MG/KG U 71 NA 62 NA nc NA
CMS-118 4 5 Ethylbenzene 0.0059 MG/KG U 71 NA 62 NA nc NA
CMS-405 4 5 Ethylbenzene 1 MG/KG U 71 NA 62 NA nc NA
CMS-455 4 5 Ethylbenzene 0.0072 MG/KG U 71 NA 62 NA nc NA
MW15D 4 6 Ethylbenzene 0.1 MG/KG U 71 NA 62 NA nc NA
MW02S 4 6 Ethylbenzene 0.55 MG/KG U 71 NA 62 NA nc NA


SB03 4 6 Ethylbenzene 0.2 MG/KG U 71 NA 62 NA nc NA
MW01S 4 6 Ethylbenzene 0.24 MG/KG U 71 NA 62 NA nc NA
MW02S 4 6 Ethylbenzene 0.42 MG/KG U 71 NA 62 NA nc NA
MW03S 4 6 Ethylbenzene 0.35 MG/KG U 71 NA 62 NA nc NA
MW04D 4 6 Ethylbenzene 0.18 MG/KG U 71 NA 62 NA nc NA
MW07S 4 6 Ethylbenzene 0.26 MG/KG U 71 NA 62 NA nc NA
MW08S 4 6 Ethylbenzene 0.3 MG/KG U 71 NA 62 NA nc NA
MW09S 4 6 Ethylbenzene 0.26 MG/KG U 71 NA 62 NA nc NA
MW15D 4 6 Ethylbenzene 0.12 MG/KG U 71 NA 62 NA nc NA


SB02 4 6 Ethylbenzene 0.26 MG/KG U 71 NA 62 NA nc NA
SB03 4 6 Ethylbenzene 0.18 MG/KG U 71 NA 62 NA nc NA


CMS-098 0 1 Ethylbenzene 0.0097 MG/KG UJ 71 NA 62 NA nc NA
CMS-142 0 1 Ethylbenzene 0.0095 MG/KG UJ 71 NA 62 NA nc NA
CMS-164 0 1 Ethylbenzene 0.015 MG/KG UJ 71 NA 62 NA nc NA
CMS-173 0 1 Ethylbenzene 0.024 MG/KG UJ 71 NA 62 NA nc NA
CMS-237 0 1 Ethylbenzene 0.0059 MG/KG UJ 71 NA 62 NA nc NA
CMS-142 0 1 Ethylbenzene 0.011 MG/KG UJ 71 NA 62 NA nc NA
SB-14-271 1 2 Ethylbenzene 0.12 MG/KG UJ 71 NA 62 NA nc NA
CMS-060 1 2 Ethylbenzene 5.1 MG/KG UJ 71 NA 62 NA nc NA
CMS-173 1 2 Ethylbenzene 0.0083 MG/KG UJ 71 NA 62 NA nc NA
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CMS-089 2 3 Ethylbenzene 0.0047 MG/KG UJ 71 NA 62 NA nc NA
SB-14-271 2 4 Ethylbenzene 0.13 MG/KG UJ 71 NA 62 NA nc NA
CMS-118 3 4 Ethylbenzene 0.0084 MG/KG UJ 71 NA 62 NA nc NA
SB-14-271 4 6 Ethylbenzene 0.11 MG/KG UJ 71 NA 62 NA nc NA


MW08S 1 2 Ethylbenzene 1.3 MG/KG 71 N 62 N nc NA
MW14M 1 2 Ethylbenzene 0.12 MG/KG 71 N 62 N nc NA
CMS-408 1 2 Ethylbenzene 23 MG/KG 71 N 62 N nc NA
CMS-419 1 2 Ethylbenzene 68 MG/KG 71 N 62 Y nc NA
CMS-408 2 3 Ethylbenzene 9.5 MG/KG 71 N 62 N nc NA


GEC-6 2.5 4.5 Ethylbenzene 0.098 MG/KG 71 N 62 N nc NA
CMS-427 3 4 Ethylbenzene 0.24 MG/KG 71 N 62 N nc NA
MW06S 4 6 Ethylbenzene 2.3 MG/KG 71 N 62 N nc NA


CMW-SD-2018 0 0.5 Fluoranthene 24 MG/KG * 20 Y nc NA nc NA
MW01S 1 2 Fluoranthene 2 MG/KG EB 20 N nc NA nc NA
MW08S 2 4 Fluoranthene 0.63 MG/KG EB 20 N nc NA nc NA
MW01S 2 4 Fluoranthene 1.6 MG/KG EB 20 N nc NA nc NA
MW08S 2 4 Fluoranthene 0.47 MG/KG EB 20 N nc NA nc NA
MW01S 4 6 Fluoranthene 1.9 MG/KG EB 20 N nc NA nc NA
MW03S 4 6 Fluoranthene 2 MG/KG EB 20 N nc NA nc NA


CMS-4105 0 1 Fluoranthene 17.91191093 MG/KG J 20 N nc NA nc NA
CMS-4110 0 1 Fluoranthene 9.35954033 MG/KG J 20 N nc NA nc NA
CMS-060 0 1 Fluoranthene 2.4 MG/KG J 20 N nc NA nc NA
CMS-098 0 1 Fluoranthene 0.42 MG/KG J 20 N nc NA nc NA
CMS-118 0 1 Fluoranthene 2.5 MG/KG J 20 N nc NA nc NA
CMS-142 0 1 Fluoranthene 0.53 MG/KG J 20 N nc NA nc NA
CMS-159 0 1 Fluoranthene 4.2 MG/KG J 20 N nc NA nc NA
CMS-164 0 1 Fluoranthene 0.31 MG/KG J 20 N nc NA nc NA
CMS-173 0 1 Fluoranthene 0.74 MG/KG J 20 N nc NA nc NA
CMS-408 0 1 Fluoranthene 0.25 MG/KG J 20 N nc NA nc NA
CMS-417 0 1 Fluoranthene 3.9 MG/KG J 20 N nc NA nc NA
CMS-142 0 1 Fluoranthene 0.29 MG/KG J 20 N nc NA nc NA


RES-14-271-01 0 1 Fluoranthene 0.75 MG/KG J 20 N nc NA nc NA
RES-14-302-01 0 1 Fluoranthene 1.3 MG/KG J 20 N nc NA nc NA
RES-14-303-01 0 1 Fluoranthene 3.4 MG/KG J 20 N nc NA nc NA
RES-14-333-01 0 1 Fluoranthene 6.2 MG/KG J 20 N nc NA nc NA
RES-14-271-01 0 1 Fluoranthene 1.9 MG/KG J 20 N nc NA nc NA
RES-14-272-01 0 1 Fluoranthene 1.9 MG/KG J 20 N nc NA nc NA


CMS-703 0 2 Fluoranthene 1.1 MG/KG J 20 N nc NA nc NA
SB-14-271 1 2 Fluoranthene 0.33 MG/KG J 20 N nc NA nc NA
CMS-237 1 2 Fluoranthene 0.76 MG/KG J 20 N nc NA nc NA
CMS-405 1 2 Fluoranthene 5.4 MG/KG J 20 N nc NA nc NA
CMS-408 1 2 Fluoranthene 1.5 MG/KG J 20 N nc NA nc NA
CMS-419 1 2 Fluoranthene 14 MG/KG J 20 N nc NA nc NA
CMS-427 1 2 Fluoranthene 2.1 MG/KG J 20 N nc NA nc NA
CMS-405 1 2 Fluoranthene 2.4 MG/KG J 20 N nc NA nc NA
CMS-060 2 3 Fluoranthene 0.23 MG/KG J 20 N nc NA nc NA
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CMS-089 2 3 Fluoranthene 0.09 MG/KG J 20 N nc NA nc NA
SB02 2 4 Fluoranthene 1.4 MG/KG J 20 N nc NA nc NA


MW02S 2 4 Fluoranthene 0.099 MG/KG J 20 N nc NA nc NA
MW14M 2 4 Fluoranthene 0.32 MG/KG J 20 N nc NA nc NA
MW15D 2 4 Fluoranthene 0.33 MG/KG J 20 N nc NA nc NA


SB02 2 4 Fluoranthene 1.5 MG/KG J 20 N nc NA nc NA
SS-03 2.5 3.5 Fluoranthene 0.036 MG/KG J 20 N nc NA nc NA


CMS-118 3 4 Fluoranthene 0.15 MG/KG J 20 N nc NA nc NA
CMS-407 3 4 Fluoranthene 0.41 MG/KG J 20 N nc NA nc NA
CMS-419 3 4 Fluoranthene 0.069 MG/KG J 20 N nc NA nc NA
CMS-423 3 4 Fluoranthene 0.35 MG/KG J 20 N nc NA nc NA
CMS-060 4 5 Fluoranthene 0.58 MG/KG J 20 N nc NA nc NA
CMS-118 4 5 Fluoranthene 0.14 MG/KG J 20 N nc NA nc NA
CMS-405 4 5 Fluoranthene 0.072 MG/KG J 20 N nc NA nc NA
MW15D 4 6 Fluoranthene 2.5 MG/KG J 20 N nc NA nc NA
MW06S 4 6 Fluoranthene 0.21 MG/KG J 20 N nc NA nc NA
MW07S 4 6 Fluoranthene 0.38 MG/KG J 20 N nc NA nc NA
MW09S 4 6 Fluoranthene 0.78 MG/KG J 20 N nc NA nc NA
MW15D 4 6 Fluoranthene 1.4 MG/KG J 20 N nc NA nc NA


SB-14-271 4 6 Fluoranthene 0.042 MG/KG J 20 N nc NA nc NA
SB02 4 6 Fluoranthene 0.78 MG/KG J 20 N nc NA nc NA


MW05S 2 4 Fluoranthene 7.6 MG/KG J* 20 N nc NA nc NA
MW08S 1 2 Fluoranthene 0.4 MG/KG JEB 20 N nc NA nc NA
MW08S 4 6 Fluoranthene 0.076 MG/KG JEB 20 N nc NA nc NA
MW05S 1 2 Fluoranthene 0.36 MG/KG U 20 NA nc NA nc NA
MW05S 1 2 Fluoranthene 0.36 MG/KG U 20 NA nc NA nc NA


CMS-173 1 2 Fluoranthene 0.52 MG/KG U 20 NA nc NA nc NA
CMS-417 1 2 Fluoranthene 35 MG/KG U 20 NA nc NA nc NA
CMS-428 1 2 Fluoranthene 0.35 MG/KG U 20 NA nc NA nc NA
CMS-417 2 3 Fluoranthene 9.8 MG/KG U 20 NA nc NA nc NA
SB-14-271 2 4 Fluoranthene 0.45 MG/KG U 20 NA nc NA nc NA
CMS-060 3 4 Fluoranthene 0.45 MG/KG U 20 NA nc NA nc NA
CMS-417 3 4 Fluoranthene 1.9 MG/KG U 20 NA nc NA nc NA
CMS-427 3 4 Fluoranthene 0.41 MG/KG U 20 NA nc NA nc NA
CMS-428 3 4 Fluoranthene 0.37 MG/KG U 20 NA nc NA nc NA


SB03 4 6 Fluoranthene 0.37 MG/KG U 20 NA nc NA nc NA
MW04D 4 6 Fluoranthene 0.42 MG/KG U 20 NA nc NA nc NA


SB03 4 6 Fluoranthene 0.38 MG/KG U 20 NA nc NA nc NA
GEC-6 2.5 4.5 Fluoranthene 0.15 MG/KG U 20 NA nc NA nc NA


CMS-455 4 5 Fluoranthene 0.48 MG/KG UJ 20 NA nc NA nc NA
SS-01 0 0 Fluoranthene 1 MG/KG 20 N nc NA nc NA


CMW-SD-2016 0 0.5 Fluoranthene 4.5 MG/KG 20 N nc NA nc NA
CMW-SD-2017 0 0.5 Fluoranthene 4.2 MG/KG 20 N nc NA nc NA
CMW-SD-2019 0 0.5 Fluoranthene 1.6 MG/KG 20 N nc NA nc NA
CMW-SD-2020 0 0.5 Fluoranthene 0.71 MG/KG 20 N nc NA nc NA
CMW-SD-2021 0 0.5 Fluoranthene 5.5 MG/KG 20 N nc NA nc NA


Interim Final CMRP Feasibility Study Report
Appendix F F-387 April 2010







Appendix F


Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs


BORING TO
P_


O
F_


S
A


M
PL


E 
(ft


)


B
O


TT
O


M
_


O
F_


SA
M


PL
E 


(ft
)


PARAMETER LAB_RESULT UNITS QUAL


RIDEM Residential 
Direct Exposure 
Criteria (MG/KG)


Exceed 
Criteria 


(Y/N)


RIDEM GB 
Leachability 


Criteria 
(MG/KG)


Exceed 
Criteria 


(Y/N)


EPA's Recommended 
Residential Level for 


Dioxin (NG/KG)


Exceed 
Criteria 


(Y/N)


Potential ARARs and TBC1


CMS-089 0 1 Fluoranthene 4.7 MG/KG 20 N nc NA nc NA
CMS-237 0 1 Fluoranthene 2.3 MG/KG 20 N nc NA nc NA
CMS-405 0 1 Fluoranthene 4.6 MG/KG 20 N nc NA nc NA
CMS-407 0 1 Fluoranthene 1.9 MG/KG 20 N nc NA nc NA
CMS-456 0 1 Fluoranthene 4.1 MG/KG 20 N nc NA nc NA
CMS-060 0 1 Fluoranthene 3.7 MG/KG 20 N nc NA nc NA


RES-14-272-01 0 1 Fluoranthene 1.4 MG/KG 20 N nc NA nc NA
SS-02 0 1.3 Fluoranthene 0.64 MG/KG 20 N nc NA nc NA
SS-06 0 2 Fluoranthene 0.98 MG/KG 20 N nc NA nc NA


BV01COMP 0 4 Fluoranthene 2.8 MG/KG 20 N nc NA nc NA
CMW-SD-2022 0.5 2 Fluoranthene 4.3 MG/KG 20 N nc NA nc NA


MW14M 1 2 Fluoranthene 0.85 MG/KG 20 N nc NA nc NA
MW14M 1 2 Fluoranthene 0.9 MG/KG 20 N nc NA nc NA
MW14M 1 2 Fluoranthene 0.58 MG/KG 20 N nc NA nc NA
MW14M 1 2 Fluoranthene 0.42 MG/KG 20 N nc NA nc NA
CMS-060 1 2 Fluoranthene 0.99 MG/KG 20 N nc NA nc NA
CMS-089 1 2 Fluoranthene 1.5 MG/KG 20 N nc NA nc NA
CMS-118 1 2 Fluoranthene 3.3 MG/KG 20 N nc NA nc NA
CMS-407 1 2 Fluoranthene 3.6 MG/KG 20 N nc NA nc NA
CMS-423 1 2 Fluoranthene 0.6 MG/KG 20 N nc NA nc NA
CMS-456 1 2 Fluoranthene 3.5 MG/KG 20 N nc NA nc NA


CMW-SD-2022 2 2.5 Fluoranthene 1.5 MG/KG 20 N nc NA nc NA
CMS-118 2 3 Fluoranthene 0.82 MG/KG 20 N nc NA nc NA
CMS-237 2 3 Fluoranthene 2.6 MG/KG 20 N nc NA nc NA
CMS-405 2 3 Fluoranthene 1 MG/KG 20 N nc NA nc NA
CMS-407 2 3 Fluoranthene 3.6 MG/KG 20 N nc NA nc NA
CMS-408 2 3 Fluoranthene 1.3 MG/KG 20 N nc NA nc NA
CMS-455 2 3 Fluoranthene 1.5 MG/KG 20 N nc NA nc NA
MW06S 2 4 Fluoranthene 0.59 MG/KG 20 N nc NA nc NA
MW06S 2 4 Fluoranthene 0.49 MG/KG 20 N nc NA nc NA


SB03 2 4 Fluoranthene 5.2 MG/KG 20 N nc NA nc NA
MW07S 3 4 Fluoranthene 1.7 MG/KG 20 N nc NA nc NA


CMS-089 3 4 Fluoranthene 7.9 MG/KG 20 N nc NA nc NA
CMS-405 3 4 Fluoranthene 2.4 MG/KG 20 N nc NA nc NA
CMS-423 3 4 Fluoranthene 0.46 MG/KG 20 N nc NA nc NA
MW05S 4 6 Fluoranthene 0.96 MG/KG 20 N nc NA nc NA


CMS-4105 0 1 Fluorene 0.992139847 MG/KG J 28 N nc NA nc NA
CMS-4110 0 1 Fluorene 0.621192571 MG/KG J 28 N nc NA nc NA


CMW-SD-2016 0 0.5 Fluorene 0.2 MG/KG J 28 N nc NA nc NA
CMW-SD-2018 0 0.5 Fluorene 1.3 MG/KG J 28 N nc NA nc NA
CMW-SD-2021 0 0.5 Fluorene 0.23 MG/KG J 28 N nc NA nc NA


CMS-060 0 1 Fluorene 0.093 MG/KG J 28 N nc NA nc NA
CMS-089 0 1 Fluorene 0.1 MG/KG J 28 N nc NA nc NA
CMS-118 0 1 Fluorene 0.099 MG/KG J 28 N nc NA nc NA
CMS-159 0 1 Fluorene 0.21 MG/KG J 28 N nc NA nc NA
CMS-237 0 1 Fluorene 0.11 MG/KG J 28 N nc NA nc NA
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CMS-405 0 1 Fluorene 0.33 MG/KG J 28 N nc NA nc NA
CMS-407 0 1 Fluorene 0.13 MG/KG J 28 N nc NA nc NA
CMS-456 0 1 Fluorene 0.27 MG/KG J 28 N nc NA nc NA
CMS-060 0 1 Fluorene 0.16 MG/KG J 28 N nc NA nc NA


BV01COMP 0 4 Fluorene 0.09 MG/KG J 28 N nc NA nc NA
MW14M 1 2 Fluorene 0.05 MG/KG J 28 N nc NA nc NA
MW14M 1 2 Fluorene 0.046 MG/KG J 28 N nc NA nc NA
MW01S 1 2 Fluorene 0.11 MG/KG J 28 N nc NA nc NA
MW14M 1 2 Fluorene 0.036 MG/KG J 28 N nc NA nc NA
MW14M 1 2 Fluorene 0.044 MG/KG J 28 N nc NA nc NA
CMS-060 1 2 Fluorene 0.056 MG/KG J 28 N nc NA nc NA
CMS-089 1 2 Fluorene 0.08 MG/KG J 28 N nc NA nc NA
CMS-405 1 2 Fluorene 1.5 MG/KG J 28 N nc NA nc NA
CMS-407 1 2 Fluorene 0.35 MG/KG J 28 N nc NA nc NA
CMS-423 1 2 Fluorene 0.053 MG/KG J 28 N nc NA nc NA
CMS-427 1 2 Fluorene 0.62 MG/KG J 28 N nc NA nc NA
CMS-456 1 2 Fluorene 0.28 MG/KG J 28 N nc NA nc NA
CMS-237 2 3 Fluorene 0.2 MG/KG J 28 N nc NA nc NA
CMS-407 2 3 Fluorene 0.22 MG/KG J 28 N nc NA nc NA
CMS-408 2 3 Fluorene 0.17 MG/KG J 28 N nc NA nc NA
CMS-455 2 3 Fluorene 0.14 MG/KG J 28 N nc NA nc NA
MW05S 2 4 Fluorene 1.2 MG/KG J 28 N nc NA nc NA
MW06S 2 4 Fluorene 0.22 MG/KG J 28 N nc NA nc NA
MW06S 2 4 Fluorene 0.17 MG/KG J 28 N nc NA nc NA


SB03 2 4 Fluorene 0.48 MG/KG J 28 N nc NA nc NA
MW07S 3 4 Fluorene 0.12 MG/KG J 28 N nc NA nc NA


CMS-089 3 4 Fluorene 0.61 MG/KG J 28 N nc NA nc NA
CMS-405 3 4 Fluorene 0.34 MG/KG J 28 N nc NA nc NA
CMS-423 3 4 Fluorene 0.071 MG/KG J 28 N nc NA nc NA
MW15D 4 6 Fluorene 0.13 MG/KG J 28 N nc NA nc NA
MW01S 4 6 Fluorene 0.13 MG/KG J 28 N nc NA nc NA
MW03S 4 6 Fluorene 0.18 MG/KG J 28 N nc NA nc NA
MW06S 4 6 Fluorene 0.072 MG/KG J 28 N nc NA nc NA
MW07S 4 6 Fluorene 0.079 MG/KG J 28 N nc NA nc NA
MW15D 4 6 Fluorene 0.1 MG/KG J 28 N nc NA nc NA


SB02 4 6 Fluorene 0.088 MG/KG J 28 N nc NA nc NA
SS-01 0 0 Fluorene 0.43 MG/KG U 28 NA nc NA nc NA


CMW-SD-2017 0 0.5 Fluorene 0.87 MG/KG U 28 NA nc NA nc NA
CMW-SD-2019 0 0.5 Fluorene 0.95 MG/KG U 28 NA nc NA nc NA
CMW-SD-2020 0 0.5 Fluorene 0.46 MG/KG U 28 NA nc NA nc NA


CMS-098 0 1 Fluorene 0.6 MG/KG U 28 NA nc NA nc NA
CMS-142 0 1 Fluorene 0.58 MG/KG U 28 NA nc NA nc NA
CMS-164 0 1 Fluorene 2 MG/KG U 28 NA nc NA nc NA
CMS-173 0 1 Fluorene 1.1 MG/KG U 28 NA nc NA nc NA
CMS-408 0 1 Fluorene 0.34 MG/KG U 28 NA nc NA nc NA
CMS-417 0 1 Fluorene 35 MG/KG U 28 NA nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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CMS-142 0 1 Fluorene 0.55 MG/KG U 28 NA nc NA nc NA
RES-14-271-01 0 1 Fluorene 0.51 MG/KG U 28 NA nc NA nc NA
RES-14-272-01 0 1 Fluorene 0.62 MG/KG U 28 NA nc NA nc NA
RES-14-302-01 0 1 Fluorene 5 MG/KG U 28 NA nc NA nc NA
RES-14-303-01 0 1 Fluorene 4.8 MG/KG U 28 NA nc NA nc NA
RES-14-271-01 0 1 Fluorene 2.5 MG/KG U 28 NA nc NA nc NA
RES-14-272-01 0 1 Fluorene 3.1 MG/KG U 28 NA nc NA nc NA


SS-02 0 1.3 Fluorene 0.52 MG/KG U 28 NA nc NA nc NA
CMS-703 0 2 Fluorene 6.2 MG/KG U 28 NA nc NA nc NA


SS-06 0 2 Fluorene 0.84 MG/KG U 28 NA nc NA nc NA
CMW-SD-2022 0.5 2 Fluorene 4.2 MG/KG U 28 NA nc NA nc NA


MW05S 1 2 Fluorene 0.36 MG/KG U 28 NA nc NA nc NA
MW05S 1 2 Fluorene 0.36 MG/KG U 28 NA nc NA nc NA
MW08S 1 2 Fluorene 0.42 MG/KG U 28 NA nc NA nc NA


SB-14-271 1 2 Fluorene 0.4 MG/KG U 28 NA nc NA nc NA
CMS-173 1 2 Fluorene 0.52 MG/KG U 28 NA nc NA nc NA
CMS-237 1 2 Fluorene 0.83 MG/KG U 28 NA nc NA nc NA
CMS-408 1 2 Fluorene 8.7 MG/KG U 28 NA nc NA nc NA
CMS-417 1 2 Fluorene 35 MG/KG U 28 NA nc NA nc NA
CMS-419 1 2 Fluorene 74 MG/KG U 28 NA nc NA nc NA
CMS-428 1 2 Fluorene 0.35 MG/KG U 28 NA nc NA nc NA


CMW-SD-2022 2 2.5 Fluorene 0.86 MG/KG U 28 NA nc NA nc NA
CMS-060 2 3 Fluorene 0.36 MG/KG U 28 NA nc NA nc NA
CMS-089 2 3 Fluorene 0.7 MG/KG U 28 NA nc NA nc NA
CMS-118 2 3 Fluorene 0.44 MG/KG U 28 NA nc NA nc NA
CMS-405 2 3 Fluorene 0.64 MG/KG U 28 NA nc NA nc NA
CMS-417 2 3 Fluorene 9.8 MG/KG U 28 NA nc NA nc NA
MW08S 2 4 Fluorene 0.45 MG/KG U 28 NA nc NA nc NA


SB02 2 4 Fluorene 2.3 MG/KG U 28 NA nc NA nc NA
MW01S 2 4 Fluorene 1.6 MG/KG U 28 NA nc NA nc NA
MW02S 2 4 Fluorene 0.38 MG/KG U 28 NA nc NA nc NA
MW08S 2 4 Fluorene 0.41 MG/KG U 28 NA nc NA nc NA
MW14M 2 4 Fluorene 0.38 MG/KG U 28 NA nc NA nc NA
MW15D 2 4 Fluorene 0.37 MG/KG U 28 NA nc NA nc NA


SB-14-271 2 4 Fluorene 0.45 MG/KG U 28 NA nc NA nc NA
SB02 2 4 Fluorene 2.2 MG/KG U 28 NA nc NA nc NA
SS-03 2.5 3.5 Fluorene 0.4 MG/KG U 28 NA nc NA nc NA


CMS-060 3 4 Fluorene 0.45 MG/KG U 28 NA nc NA nc NA
CMS-118 3 4 Fluorene 0.5 MG/KG U 28 NA nc NA nc NA
CMS-407 3 4 Fluorene 0.42 MG/KG U 28 NA nc NA nc NA
CMS-417 3 4 Fluorene 1.9 MG/KG U 28 NA nc NA nc NA
CMS-419 3 4 Fluorene 0.42 MG/KG U 28 NA nc NA nc NA
CMS-427 3 4 Fluorene 0.41 MG/KG U 28 NA nc NA nc NA
CMS-428 3 4 Fluorene 0.37 MG/KG U 28 NA nc NA nc NA
CMS-423 3 4 Fluorene 0.39 MG/KG U 28 NA nc NA nc NA
CMS-118 4 5 Fluorene 0.43 MG/KG U 28 NA nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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CMS-405 4 5 Fluorene 0.46 MG/KG U 28 NA nc NA nc NA
CMS-455 4 5 Fluorene 0.48 MG/KG U 28 NA nc NA nc NA


SB03 4 6 Fluorene 0.37 MG/KG U 28 NA nc NA nc NA
MW04D 4 6 Fluorene 0.42 MG/KG U 28 NA nc NA nc NA
MW05S 4 6 Fluorene 0.82 MG/KG U 28 NA nc NA nc NA
MW08S 4 6 Fluorene 0.45 MG/KG U 28 NA nc NA nc NA
MW09S 4 6 Fluorene 0.85 MG/KG U 28 NA nc NA nc NA


SB-14-271 4 6 Fluorene 0.4 MG/KG U 28 NA nc NA nc NA
SB03 4 6 Fluorene 0.38 MG/KG U 28 NA nc NA nc NA


GEC-6 2.5 4.5 Fluorene 0.15 MG/KG U 28 NA nc NA nc NA
CMS-405 1 2 Fluorene 1.2 MG/KG UJ 28 NA nc NA nc NA
CMS-060 4 5 Fluorene 0.38 MG/KG UJ 28 NA nc NA nc NA
CMS-118 1 2 Fluorene 0.41 MG/KG 28 N nc NA nc NA


SS-01 0 0 Hexachlorobenzene 0.43 MG/KG U 0.4 NA nc NA nc NA
CMW-SD-2016 0 0.5 Hexachlorobenzene 0.8 MG/KG U 0.4 NA nc NA nc NA
CMW-SD-2017 0 0.5 Hexachlorobenzene 0.87 MG/KG U 0.4 NA nc NA nc NA
CMW-SD-2018 0 0.5 Hexachlorobenzene 2.1 MG/KG U 0.4 NA nc NA nc NA
CMW-SD-2019 0 0.5 Hexachlorobenzene 0.95 MG/KG U 0.4 NA nc NA nc NA
CMW-SD-2020 0 0.5 Hexachlorobenzene 0.46 MG/KG U 0.4 NA nc NA nc NA
CMW-SD-2021 0 0.5 Hexachlorobenzene 2.1 MG/KG U 0.4 NA nc NA nc NA


CMS-089 0 1 Hexachlorobenzene 0.67 MG/KG U 0.4 NA nc NA nc NA
CMS-098 0 1 Hexachlorobenzene 0.6 MG/KG U 0.4 NA nc NA nc NA
CMS-142 0 1 Hexachlorobenzene 0.58 MG/KG U 0.4 NA nc NA nc NA
CMS-164 0 1 Hexachlorobenzene 2 MG/KG U 0.4 NA nc NA nc NA
CMS-173 0 1 Hexachlorobenzene 1.1 MG/KG U 0.4 NA nc NA nc NA
CMS-237 0 1 Hexachlorobenzene 1.3 MG/KG U 0.4 NA nc NA nc NA
CMS-405 0 1 Hexachlorobenzene 0.35 MG/KG U 0.4 NA nc NA nc NA
CMS-407 0 1 Hexachlorobenzene 0.35 MG/KG U 0.4 NA nc NA nc NA
CMS-408 0 1 Hexachlorobenzene 0.34 MG/KG U 0.4 NA nc NA nc NA
CMS-417 0 1 Hexachlorobenzene 35 MG/KG U 0.4 NA nc NA nc NA
CMS-456 0 1 Hexachlorobenzene 0.49 MG/KG U 0.4 NA nc NA nc NA
CMS-142 0 1 Hexachlorobenzene 0.55 MG/KG U 0.4 NA nc NA nc NA
CMS-060 0 1 Hexachlorobenzene 0.35 MG/KG U 0.4 NA nc NA nc NA


RES-14-271-01 0 1 Hexachlorobenzene 0.51 MG/KG U 0.4 NA nc NA nc NA
RES-14-272-01 0 1 Hexachlorobenzene 0.62 MG/KG U 0.4 NA nc NA nc NA
RES-14-303-01 0 1 Hexachlorobenzene 4.8 MG/KG U 0.4 NA nc NA nc NA
RES-14-271-01 0 1 Hexachlorobenzene 2.5 MG/KG U 0.4 NA nc NA nc NA
RES-14-272-01 0 1 Hexachlorobenzene 3.1 MG/KG U 0.4 NA nc NA nc NA


SS-02 0 1.3 Hexachlorobenzene 0.52 MG/KG U 0.4 NA nc NA nc NA
CMS-703 0 2 Hexachlorobenzene 6.2 MG/KG U 0.4 NA nc NA nc NA


SS-06 0 2 Hexachlorobenzene 0.84 MG/KG U 0.4 NA nc NA nc NA
BV01COMP 0 4 Hexachlorobenzene 0.38 MG/KG U 0.4 NA nc NA nc NA


CMW-SD-2022 0.5 2 Hexachlorobenzene 4.2 MG/KG U 0.4 NA nc NA nc NA
MW05S 1 2 Hexachlorobenzene 0.36 MG/KG U 0.4 NA nc NA nc NA
MW14M 1 2 Hexachlorobenzene 0.34 MG/KG U 0.4 NA nc NA nc NA
MW14M 1 2 Hexachlorobenzene 0.34 MG/KG U 0.4 NA nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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MW01S 1 2 Hexachlorobenzene 0.38 MG/KG U 0.4 NA nc NA nc NA
MW05S 1 2 Hexachlorobenzene 0.36 MG/KG U 0.4 NA nc NA nc NA
MW08S 1 2 Hexachlorobenzene 0.42 MG/KG U 0.4 NA nc NA nc NA
MW14M 1 2 Hexachlorobenzene 0.33 MG/KG U 0.4 NA nc NA nc NA
MW14M 1 2 Hexachlorobenzene 0.33 MG/KG U 0.4 NA nc NA nc NA


SB-14-271 1 2 Hexachlorobenzene 0.4 MG/KG U 0.4 NA nc NA nc NA
CMS-060 1 2 Hexachlorobenzene 0.34 MG/KG U 0.4 NA nc NA nc NA
CMS-089 1 2 Hexachlorobenzene 0.35 MG/KG U 0.4 NA nc NA nc NA
CMS-118 1 2 Hexachlorobenzene 0.37 MG/KG U 0.4 NA nc NA nc NA
CMS-173 1 2 Hexachlorobenzene 0.52 MG/KG U 0.4 NA nc NA nc NA
CMS-237 1 2 Hexachlorobenzene 0.83 MG/KG U 0.4 NA nc NA nc NA
CMS-405 1 2 Hexachlorobenzene 0.63 MG/KG U 0.4 NA nc NA nc NA
CMS-407 1 2 Hexachlorobenzene 0.44 MG/KG U 0.4 NA nc NA nc NA
CMS-408 1 2 Hexachlorobenzene 8.7 MG/KG U 0.4 NA nc NA nc NA
CMS-417 1 2 Hexachlorobenzene 35 MG/KG U 0.4 NA nc NA nc NA
CMS-419 1 2 Hexachlorobenzene 74 MG/KG U 0.4 NA nc NA nc NA
CMS-423 1 2 Hexachlorobenzene 0.35 MG/KG U 0.4 NA nc NA nc NA
CMS-427 1 2 Hexachlorobenzene 3.6 MG/KG U 0.4 NA nc NA nc NA
CMS-428 1 2 Hexachlorobenzene 0.35 MG/KG U 0.4 NA nc NA nc NA
CMS-456 1 2 Hexachlorobenzene 1.2 MG/KG U 0.4 NA nc NA nc NA
CMS-405 1 2 Hexachlorobenzene 1.2 MG/KG U 0.4 NA nc NA nc NA


CMW-SD-2022 2 2.5 Hexachlorobenzene 0.86 MG/KG U 0.4 NA nc NA nc NA
CMS-060 2 3 Hexachlorobenzene 0.36 MG/KG U 0.4 NA nc NA nc NA
CMS-089 2 3 Hexachlorobenzene 0.7 MG/KG U 0.4 NA nc NA nc NA
CMS-118 2 3 Hexachlorobenzene 0.44 MG/KG U 0.4 NA nc NA nc NA
CMS-237 2 3 Hexachlorobenzene 0.63 MG/KG U 0.4 NA nc NA nc NA
CMS-405 2 3 Hexachlorobenzene 0.64 MG/KG U 0.4 NA nc NA nc NA
CMS-407 2 3 Hexachlorobenzene 1.1 MG/KG U 0.4 NA nc NA nc NA
CMS-408 2 3 Hexachlorobenzene 0.43 MG/KG U 0.4 NA nc NA nc NA
CMS-417 2 3 Hexachlorobenzene 9.8 MG/KG U 0.4 NA nc NA nc NA
CMS-455 2 3 Hexachlorobenzene 0.4 MG/KG U 0.4 NA nc NA nc NA
MW08S 2 4 Hexachlorobenzene 0.45 MG/KG U 0.4 NA nc NA nc NA


SB02 2 4 Hexachlorobenzene 2.3 MG/KG U 0.4 NA nc NA nc NA
MW01S 2 4 Hexachlorobenzene 1.6 MG/KG U 0.4 NA nc NA nc NA
MW02S 2 4 Hexachlorobenzene 0.38 MG/KG U 0.4 NA nc NA nc NA
MW06S 2 4 Hexachlorobenzene 0.36 MG/KG U 0.4 NA nc NA nc NA
MW06S 2 4 Hexachlorobenzene 0.37 MG/KG U 0.4 NA nc NA nc NA
MW08S 2 4 Hexachlorobenzene 0.41 MG/KG U 0.4 NA nc NA nc NA
MW14M 2 4 Hexachlorobenzene 0.38 MG/KG U 0.4 NA nc NA nc NA
MW15D 2 4 Hexachlorobenzene 0.37 MG/KG U 0.4 NA nc NA nc NA


SB-14-271 2 4 Hexachlorobenzene 0.45 MG/KG U 0.4 NA nc NA nc NA
SB02 2 4 Hexachlorobenzene 2.2 MG/KG U 0.4 NA nc NA nc NA
SB03 2 4 Hexachlorobenzene 0.99 MG/KG U 0.4 NA nc NA nc NA
SS-03 2.5 3.5 Hexachlorobenzene 0.4 MG/KG U 0.4 NA nc NA nc NA


MW07S 3 4 Hexachlorobenzene 0.38 MG/KG U 0.4 NA nc NA nc NA
CMS-060 3 4 Hexachlorobenzene 0.45 MG/KG U 0.4 NA nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs


BORING TO
P_


O
F_


S
A


M
PL


E 
(ft


)


B
O


TT
O


M
_


O
F_


SA
M


PL
E 


(ft
)


PARAMETER LAB_RESULT UNITS QUAL


RIDEM Residential 
Direct Exposure 
Criteria (MG/KG)


Exceed 
Criteria 


(Y/N)


RIDEM GB 
Leachability 


Criteria 
(MG/KG)


Exceed 
Criteria 


(Y/N)


EPA's Recommended 
Residential Level for 


Dioxin (NG/KG)


Exceed 
Criteria 


(Y/N)


Potential ARARs and TBC1


CMS-089 3 4 Hexachlorobenzene 1.8 MG/KG U 0.4 NA nc NA nc NA
CMS-118 3 4 Hexachlorobenzene 0.5 MG/KG U 0.4 NA nc NA nc NA
CMS-405 3 4 Hexachlorobenzene 0.38 MG/KG U 0.4 NA nc NA nc NA
CMS-407 3 4 Hexachlorobenzene 0.42 MG/KG U 0.4 NA nc NA nc NA
CMS-417 3 4 Hexachlorobenzene 1.9 MG/KG U 0.4 NA nc NA nc NA
CMS-419 3 4 Hexachlorobenzene 0.42 MG/KG U 0.4 NA nc NA nc NA
CMS-423 3 4 Hexachlorobenzene 0.37 MG/KG U 0.4 NA nc NA nc NA
CMS-427 3 4 Hexachlorobenzene 0.41 MG/KG U 0.4 NA nc NA nc NA
CMS-428 3 4 Hexachlorobenzene 0.37 MG/KG U 0.4 NA nc NA nc NA
CMS-423 3 4 Hexachlorobenzene 0.39 MG/KG U 0.4 NA nc NA nc NA
CMS-118 4 5 Hexachlorobenzene 0.43 MG/KG U 0.4 NA nc NA nc NA
CMS-405 4 5 Hexachlorobenzene 0.46 MG/KG U 0.4 NA nc NA nc NA
CMS-455 4 5 Hexachlorobenzene 0.48 MG/KG U 0.4 NA nc NA nc NA


SB03 4 6 Hexachlorobenzene 0.37 MG/KG U 0.4 NA nc NA nc NA
MW15D 4 6 Hexachlorobenzene 0.4 MG/KG U 0.4 NA nc NA nc NA
MW01S 4 6 Hexachlorobenzene 0.4 MG/KG U 0.4 NA nc NA nc NA
MW03S 4 6 Hexachlorobenzene 0.4 MG/KG U 0.4 NA nc NA nc NA
MW04D 4 6 Hexachlorobenzene 0.42 MG/KG U 0.4 NA nc NA nc NA
MW05S 4 6 Hexachlorobenzene 0.82 MG/KG U 0.4 NA nc NA nc NA
MW06S 4 6 Hexachlorobenzene 0.46 MG/KG U 0.4 NA nc NA nc NA
MW07S 4 6 Hexachlorobenzene 0.4 MG/KG U 0.4 NA nc NA nc NA
MW08S 4 6 Hexachlorobenzene 0.45 MG/KG U 0.4 NA nc NA nc NA
MW09S 4 6 Hexachlorobenzene 0.85 MG/KG U 0.4 NA nc NA nc NA
MW15D 4 6 Hexachlorobenzene 0.35 MG/KG U 0.4 NA nc NA nc NA


SB-14-271 4 6 Hexachlorobenzene 0.4 MG/KG U 0.4 NA nc NA nc NA
SB02 4 6 Hexachlorobenzene 0.83 MG/KG U 0.4 NA nc NA nc NA
SB03 4 6 Hexachlorobenzene 0.38 MG/KG U 0.4 NA nc NA nc NA


CMS-060 0 1 Hexachlorobenzene 0.34 MG/KG UJ 0.4 NA nc NA nc NA
CMS-118 0 1 Hexachlorobenzene 0.36 MG/KG UJ 0.4 NA nc NA nc NA
CMS-159 0 1 Hexachlorobenzene 2.2 MG/KG UJ 0.4 NA nc NA nc NA


RES-14-302-01 0 1 Hexachlorobenzene 5 MG/KG UJ 0.4 NA nc NA nc NA
MW05S 2 4 Hexachlorobenzene 0.37 MG/KG UJ 0.4 NA nc NA nc NA


CMS-060 4 5 Hexachlorobenzene 0.38 MG/KG UJ 0.4 NA nc NA nc NA
SS-01 0 0 Hexachlorobutadiene 0.43 MG/KG U 8.2 NA nc NA nc NA


CMS-089 0 1 Hexachlorobutadiene 0.67 MG/KG U 8.2 NA nc NA nc NA
CMS-098 0 1 Hexachlorobutadiene 0.6 MG/KG U 8.2 NA nc NA nc NA
CMS-142 0 1 Hexachlorobutadiene 0.58 MG/KG U 8.2 NA nc NA nc NA
CMS-164 0 1 Hexachlorobutadiene 2 MG/KG U 8.2 NA nc NA nc NA
CMS-173 0 1 Hexachlorobutadiene 1.1 MG/KG U 8.2 NA nc NA nc NA
CMS-237 0 1 Hexachlorobutadiene 1.3 MG/KG U 8.2 NA nc NA nc NA
CMS-405 0 1 Hexachlorobutadiene 0.35 MG/KG U 8.2 NA nc NA nc NA
CMS-407 0 1 Hexachlorobutadiene 0.35 MG/KG U 8.2 NA nc NA nc NA
CMS-408 0 1 Hexachlorobutadiene 0.34 MG/KG U 8.2 NA nc NA nc NA
CMS-417 0 1 Hexachlorobutadiene 35 MG/KG U 8.2 NA nc NA nc NA
CMS-456 0 1 Hexachlorobutadiene 0.49 MG/KG U 8.2 NA nc NA nc NA
CMS-142 0 1 Hexachlorobutadiene 0.55 MG/KG U 8.2 NA nc NA nc NA
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RES-14-271-01 0 1 Hexachlorobutadiene 0.51 MG/KG U 8.2 NA nc NA nc NA
RES-14-272-01 0 1 Hexachlorobutadiene 0.62 MG/KG U 8.2 NA nc NA nc NA
RES-14-302-01 0 1 Hexachlorobutadiene 5 MG/KG U 8.2 NA nc NA nc NA
RES-14-303-01 0 1 Hexachlorobutadiene 4.8 MG/KG U 8.2 NA nc NA nc NA
RES-14-271-01 0 1 Hexachlorobutadiene 2.5 MG/KG U 8.2 NA nc NA nc NA
RES-14-272-01 0 1 Hexachlorobutadiene 3.1 MG/KG U 8.2 NA nc NA nc NA


SS-02 0 1.3 Hexachlorobutadiene 0.52 MG/KG U 8.2 NA nc NA nc NA
CMS-703 0 2 Hexachlorobutadiene 6.2 MG/KG U 8.2 NA nc NA nc NA


SS-06 0 2 Hexachlorobutadiene 0.84 MG/KG U 8.2 NA nc NA nc NA
BV01COMP 0 4 Hexachlorobutadiene 0.38 MG/KG U 8.2 NA nc NA nc NA


CMW-SD-2022 0.5 2 Hexachlorobutadiene 4.2 MG/KG U 8.2 NA nc NA nc NA
MW05S 1 2 Hexachlorobutadiene 0.36 MG/KG U 8.2 NA nc NA nc NA
MW14M 1 2 Hexachlorobutadiene 0.34 MG/KG U 8.2 NA nc NA nc NA
MW14M 1 2 Hexachlorobutadiene 0.34 MG/KG U 8.2 NA nc NA nc NA
MW01S 1 2 Hexachlorobutadiene 0.38 MG/KG U 8.2 NA nc NA nc NA
MW05S 1 2 Hexachlorobutadiene 0.36 MG/KG U 8.2 NA nc NA nc NA
MW08S 1 2 Hexachlorobutadiene 0.42 MG/KG U 8.2 NA nc NA nc NA
MW14M 1 2 Hexachlorobutadiene 0.33 MG/KG U 8.2 NA nc NA nc NA
MW14M 1 2 Hexachlorobutadiene 0.33 MG/KG U 8.2 NA nc NA nc NA


SB-14-271 1 2 Hexachlorobutadiene 0.4 MG/KG U 8.2 NA nc NA nc NA
CMS-060 1 2 Hexachlorobutadiene 0.34 MG/KG U 8.2 NA nc NA nc NA
CMS-089 1 2 Hexachlorobutadiene 0.35 MG/KG U 8.2 NA nc NA nc NA
CMS-118 1 2 Hexachlorobutadiene 0.37 MG/KG U 8.2 NA nc NA nc NA
CMS-173 1 2 Hexachlorobutadiene 0.52 MG/KG U 8.2 NA nc NA nc NA
CMS-237 1 2 Hexachlorobutadiene 0.83 MG/KG U 8.2 NA nc NA nc NA
CMS-405 1 2 Hexachlorobutadiene 0.63 MG/KG U 8.2 NA nc NA nc NA
CMS-407 1 2 Hexachlorobutadiene 0.44 MG/KG U 8.2 NA nc NA nc NA
CMS-408 1 2 Hexachlorobutadiene 8.7 MG/KG U 8.2 NA nc NA nc NA
CMS-417 1 2 Hexachlorobutadiene 35 MG/KG U 8.2 NA nc NA nc NA
CMS-419 1 2 Hexachlorobutadiene 74 MG/KG U 8.2 NA nc NA nc NA
CMS-423 1 2 Hexachlorobutadiene 0.35 MG/KG U 8.2 NA nc NA nc NA
CMS-427 1 2 Hexachlorobutadiene 3.6 MG/KG U 8.2 NA nc NA nc NA
CMS-428 1 2 Hexachlorobutadiene 0.35 MG/KG U 8.2 NA nc NA nc NA
CMS-456 1 2 Hexachlorobutadiene 1.2 MG/KG U 8.2 NA nc NA nc NA
CMS-405 1 2 Hexachlorobutadiene 1.2 MG/KG U 8.2 NA nc NA nc NA


CMW-SD-2022 2 2.5 Hexachlorobutadiene 0.86 MG/KG U 8.2 NA nc NA nc NA
CMS-060 2 3 Hexachlorobutadiene 0.36 MG/KG U 8.2 NA nc NA nc NA
CMS-089 2 3 Hexachlorobutadiene 0.7 MG/KG U 8.2 NA nc NA nc NA
CMS-118 2 3 Hexachlorobutadiene 0.44 MG/KG U 8.2 NA nc NA nc NA
CMS-237 2 3 Hexachlorobutadiene 0.63 MG/KG U 8.2 NA nc NA nc NA
CMS-405 2 3 Hexachlorobutadiene 0.64 MG/KG U 8.2 NA nc NA nc NA
CMS-407 2 3 Hexachlorobutadiene 1.1 MG/KG U 8.2 NA nc NA nc NA
CMS-408 2 3 Hexachlorobutadiene 0.43 MG/KG U 8.2 NA nc NA nc NA
CMS-417 2 3 Hexachlorobutadiene 9.8 MG/KG U 8.2 NA nc NA nc NA
CMS-455 2 3 Hexachlorobutadiene 0.4 MG/KG U 8.2 NA nc NA nc NA
MW08S 2 4 Hexachlorobutadiene 0.45 MG/KG U 8.2 NA nc NA nc NA
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SB02 2 4 Hexachlorobutadiene 2.3 MG/KG U 8.2 NA nc NA nc NA
MW01S 2 4 Hexachlorobutadiene 1.6 MG/KG U 8.2 NA nc NA nc NA
MW02S 2 4 Hexachlorobutadiene 0.38 MG/KG U 8.2 NA nc NA nc NA
MW06S 2 4 Hexachlorobutadiene 0.36 MG/KG U 8.2 NA nc NA nc NA
MW06S 2 4 Hexachlorobutadiene 0.37 MG/KG U 8.2 NA nc NA nc NA
MW08S 2 4 Hexachlorobutadiene 0.41 MG/KG U 8.2 NA nc NA nc NA
MW14M 2 4 Hexachlorobutadiene 0.38 MG/KG U 8.2 NA nc NA nc NA
MW15D 2 4 Hexachlorobutadiene 0.37 MG/KG U 8.2 NA nc NA nc NA


SB-14-271 2 4 Hexachlorobutadiene 0.45 MG/KG U 8.2 NA nc NA nc NA
SB02 2 4 Hexachlorobutadiene 2.2 MG/KG U 8.2 NA nc NA nc NA
SB03 2 4 Hexachlorobutadiene 0.99 MG/KG U 8.2 NA nc NA nc NA
SS-03 2.5 3.5 Hexachlorobutadiene 0.4 MG/KG U 8.2 NA nc NA nc NA


MW07S 3 4 Hexachlorobutadiene 0.38 MG/KG U 8.2 NA nc NA nc NA
CMS-060 3 4 Hexachlorobutadiene 0.45 MG/KG U 8.2 NA nc NA nc NA
CMS-089 3 4 Hexachlorobutadiene 1.8 MG/KG U 8.2 NA nc NA nc NA
CMS-118 3 4 Hexachlorobutadiene 0.5 MG/KG U 8.2 NA nc NA nc NA
CMS-405 3 4 Hexachlorobutadiene 0.38 MG/KG U 8.2 NA nc NA nc NA
CMS-407 3 4 Hexachlorobutadiene 0.42 MG/KG U 8.2 NA nc NA nc NA
CMS-417 3 4 Hexachlorobutadiene 1.9 MG/KG U 8.2 NA nc NA nc NA
CMS-419 3 4 Hexachlorobutadiene 0.42 MG/KG U 8.2 NA nc NA nc NA
CMS-423 3 4 Hexachlorobutadiene 0.37 MG/KG U 8.2 NA nc NA nc NA
CMS-427 3 4 Hexachlorobutadiene 0.41 MG/KG U 8.2 NA nc NA nc NA
CMS-428 3 4 Hexachlorobutadiene 0.37 MG/KG U 8.2 NA nc NA nc NA
CMS-423 3 4 Hexachlorobutadiene 0.39 MG/KG U 8.2 NA nc NA nc NA
CMS-118 4 5 Hexachlorobutadiene 0.43 MG/KG U 8.2 NA nc NA nc NA
CMS-405 4 5 Hexachlorobutadiene 0.46 MG/KG U 8.2 NA nc NA nc NA
CMS-455 4 5 Hexachlorobutadiene 0.48 MG/KG U 8.2 NA nc NA nc NA


SB03 4 6 Hexachlorobutadiene 0.37 MG/KG U 8.2 NA nc NA nc NA
MW15D 4 6 Hexachlorobutadiene 0.4 MG/KG U 8.2 NA nc NA nc NA
MW01S 4 6 Hexachlorobutadiene 0.4 MG/KG U 8.2 NA nc NA nc NA
MW03S 4 6 Hexachlorobutadiene 0.4 MG/KG U 8.2 NA nc NA nc NA
MW04D 4 6 Hexachlorobutadiene 0.42 MG/KG U 8.2 NA nc NA nc NA
MW05S 4 6 Hexachlorobutadiene 0.82 MG/KG U 8.2 NA nc NA nc NA
MW06S 4 6 Hexachlorobutadiene 0.46 MG/KG U 8.2 NA nc NA nc NA
MW07S 4 6 Hexachlorobutadiene 0.4 MG/KG U 8.2 NA nc NA nc NA
MW08S 4 6 Hexachlorobutadiene 0.45 MG/KG U 8.2 NA nc NA nc NA
MW09S 4 6 Hexachlorobutadiene 0.85 MG/KG U 8.2 NA nc NA nc NA
MW15D 4 6 Hexachlorobutadiene 0.35 MG/KG U 8.2 NA nc NA nc NA


SB-14-271 4 6 Hexachlorobutadiene 0.4 MG/KG U 8.2 NA nc NA nc NA
SB02 4 6 Hexachlorobutadiene 0.83 MG/KG U 8.2 NA nc NA nc NA
SB03 4 6 Hexachlorobutadiene 0.38 MG/KG U 8.2 NA nc NA nc NA


CMW-SD-2016 0 0.5 Hexachlorobutadiene 0.8 MG/KG UJ 8.2 NA nc NA nc NA
CMW-SD-2017 0 0.5 Hexachlorobutadiene 0.87 MG/KG UJ 8.2 NA nc NA nc NA
CMW-SD-2018 0 0.5 Hexachlorobutadiene 2.1 MG/KG UJ 8.2 NA nc NA nc NA
CMW-SD-2019 0 0.5 Hexachlorobutadiene 0.95 MG/KG UJ 8.2 NA nc NA nc NA
CMW-SD-2020 0 0.5 Hexachlorobutadiene 0.46 MG/KG UJ 8.2 NA nc NA nc NA
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CMW-SD-2021 0 0.5 Hexachlorobutadiene 2.1 MG/KG UJ 8.2 NA nc NA nc NA
CMS-060 0 1 Hexachlorobutadiene 0.34 MG/KG UJ 8.2 NA nc NA nc NA
CMS-118 0 1 Hexachlorobutadiene 0.36 MG/KG UJ 8.2 NA nc NA nc NA
CMS-159 0 1 Hexachlorobutadiene 2.2 MG/KG UJ 8.2 NA nc NA nc NA
CMS-060 0 1 Hexachlorobutadiene 0.35 MG/KG UJ 8.2 NA nc NA nc NA
MW05S 2 4 Hexachlorobutadiene 0.37 MG/KG UJ 8.2 NA nc NA nc NA


CMS-060 4 5 Hexachlorobutadiene 0.38 MG/KG UJ 8.2 NA nc NA nc NA
SS-01 0 0 Hexachloroethane 0.43 MG/KG U 46 NA nc NA nc NA


CMW-SD-2016 0 0.5 Hexachloroethane 0.8 MG/KG U 46 NA nc NA nc NA
CMW-SD-2017 0 0.5 Hexachloroethane 0.87 MG/KG U 46 NA nc NA nc NA
CMW-SD-2018 0 0.5 Hexachloroethane 2.1 MG/KG U 46 NA nc NA nc NA
CMW-SD-2019 0 0.5 Hexachloroethane 0.95 MG/KG U 46 NA nc NA nc NA
CMW-SD-2020 0 0.5 Hexachloroethane 0.46 MG/KG U 46 NA nc NA nc NA
CMW-SD-2021 0 0.5 Hexachloroethane 2.1 MG/KG U 46 NA nc NA nc NA


CMS-164 0 1 Hexachloroethane 2 MG/KG U 46 NA nc NA nc NA
CMS-237 0 1 Hexachloroethane 1.3 MG/KG U 46 NA nc NA nc NA
CMS-405 0 1 Hexachloroethane 0.35 MG/KG U 46 NA nc NA nc NA
CMS-417 0 1 Hexachloroethane 35 MG/KG U 46 NA nc NA nc NA
CMS-456 0 1 Hexachloroethane 0.49 MG/KG U 46 NA nc NA nc NA


RES-14-271-01 0 1 Hexachloroethane 0.51 MG/KG U 46 NA nc NA nc NA
RES-14-272-01 0 1 Hexachloroethane 0.62 MG/KG U 46 NA nc NA nc NA
RES-14-302-01 0 1 Hexachloroethane 5 MG/KG U 46 NA nc NA nc NA
RES-14-303-01 0 1 Hexachloroethane 4.8 MG/KG U 46 NA nc NA nc NA
RES-14-271-01 0 1 Hexachloroethane 2.5 MG/KG U 46 NA nc NA nc NA
RES-14-272-01 0 1 Hexachloroethane 3.1 MG/KG U 46 NA nc NA nc NA


SS-02 0 1.3 Hexachloroethane 0.52 MG/KG U 46 NA nc NA nc NA
CMS-703 0 2 Hexachloroethane 6.2 MG/KG U 46 NA nc NA nc NA


SS-06 0 2 Hexachloroethane 0.84 MG/KG U 46 NA nc NA nc NA
BV01COMP 0 4 Hexachloroethane 0.38 MG/KG U 46 NA nc NA nc NA


CMW-SD-2022 0.5 2 Hexachloroethane 4.2 MG/KG U 46 NA nc NA nc NA
MW05S 1 2 Hexachloroethane 0.36 MG/KG U 46 NA nc NA nc NA
MW14M 1 2 Hexachloroethane 0.34 MG/KG U 46 NA nc NA nc NA
MW14M 1 2 Hexachloroethane 0.34 MG/KG U 46 NA nc NA nc NA
MW01S 1 2 Hexachloroethane 0.38 MG/KG U 46 NA nc NA nc NA
MW05S 1 2 Hexachloroethane 0.36 MG/KG U 46 NA nc NA nc NA
MW08S 1 2 Hexachloroethane 0.42 MG/KG U 46 NA nc NA nc NA
MW14M 1 2 Hexachloroethane 0.33 MG/KG U 46 NA nc NA nc NA
MW14M 1 2 Hexachloroethane 0.33 MG/KG U 46 NA nc NA nc NA


SB-14-271 1 2 Hexachloroethane 0.4 MG/KG U 46 NA nc NA nc NA
CMS-060 1 2 Hexachloroethane 0.34 MG/KG U 46 NA nc NA nc NA
CMS-118 1 2 Hexachloroethane 0.37 MG/KG U 46 NA nc NA nc NA
CMS-237 1 2 Hexachloroethane 0.83 MG/KG U 46 NA nc NA nc NA
CMS-405 1 2 Hexachloroethane 0.63 MG/KG U 46 NA nc NA nc NA
CMS-417 1 2 Hexachloroethane 35 MG/KG U 46 NA nc NA nc NA
CMS-419 1 2 Hexachloroethane 74 MG/KG U 46 NA nc NA nc NA
CMS-423 1 2 Hexachloroethane 0.35 MG/KG U 46 NA nc NA nc NA
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CMS-427 1 2 Hexachloroethane 3.6 MG/KG U 46 NA nc NA nc NA
CMS-428 1 2 Hexachloroethane 0.35 MG/KG U 46 NA nc NA nc NA
CMS-456 1 2 Hexachloroethane 1.2 MG/KG U 46 NA nc NA nc NA
CMS-405 1 2 Hexachloroethane 1.2 MG/KG U 46 NA nc NA nc NA


CMW-SD-2022 2 2.5 Hexachloroethane 0.86 MG/KG U 46 NA nc NA nc NA
CMS-060 2 3 Hexachloroethane 0.36 MG/KG U 46 NA nc NA nc NA
CMS-118 2 3 Hexachloroethane 0.44 MG/KG U 46 NA nc NA nc NA
CMS-237 2 3 Hexachloroethane 0.63 MG/KG U 46 NA nc NA nc NA
CMS-405 2 3 Hexachloroethane 0.64 MG/KG U 46 NA nc NA nc NA
CMS-417 2 3 Hexachloroethane 9.8 MG/KG U 46 NA nc NA nc NA
CMS-455 2 3 Hexachloroethane 0.4 MG/KG U 46 NA nc NA nc NA
MW08S 2 4 Hexachloroethane 0.45 MG/KG U 46 NA nc NA nc NA


SB02 2 4 Hexachloroethane 2.3 MG/KG U 46 NA nc NA nc NA
MW01S 2 4 Hexachloroethane 1.6 MG/KG U 46 NA nc NA nc NA
MW02S 2 4 Hexachloroethane 0.38 MG/KG U 46 NA nc NA nc NA
MW06S 2 4 Hexachloroethane 0.36 MG/KG U 46 NA nc NA nc NA
MW06S 2 4 Hexachloroethane 0.37 MG/KG U 46 NA nc NA nc NA
MW08S 2 4 Hexachloroethane 0.41 MG/KG U 46 NA nc NA nc NA
MW14M 2 4 Hexachloroethane 0.38 MG/KG U 46 NA nc NA nc NA
MW15D 2 4 Hexachloroethane 0.37 MG/KG U 46 NA nc NA nc NA


SB-14-271 2 4 Hexachloroethane 0.45 MG/KG U 46 NA nc NA nc NA
SB02 2 4 Hexachloroethane 2.2 MG/KG U 46 NA nc NA nc NA
SB03 2 4 Hexachloroethane 0.99 MG/KG U 46 NA nc NA nc NA
SS-03 2.5 3.5 Hexachloroethane 0.4 MG/KG U 46 NA nc NA nc NA


MW07S 3 4 Hexachloroethane 0.38 MG/KG U 46 NA nc NA nc NA
CMS-060 3 4 Hexachloroethane 0.45 MG/KG U 46 NA nc NA nc NA
CMS-118 3 4 Hexachloroethane 0.5 MG/KG U 46 NA nc NA nc NA
CMS-405 3 4 Hexachloroethane 0.38 MG/KG U 46 NA nc NA nc NA
CMS-417 3 4 Hexachloroethane 1.9 MG/KG U 46 NA nc NA nc NA
CMS-419 3 4 Hexachloroethane 0.42 MG/KG U 46 NA nc NA nc NA
CMS-423 3 4 Hexachloroethane 0.37 MG/KG U 46 NA nc NA nc NA
CMS-427 3 4 Hexachloroethane 0.41 MG/KG U 46 NA nc NA nc NA
CMS-428 3 4 Hexachloroethane 0.37 MG/KG U 46 NA nc NA nc NA
CMS-423 3 4 Hexachloroethane 0.39 MG/KG U 46 NA nc NA nc NA
CMS-118 4 5 Hexachloroethane 0.43 MG/KG U 46 NA nc NA nc NA
CMS-405 4 5 Hexachloroethane 0.46 MG/KG U 46 NA nc NA nc NA
CMS-455 4 5 Hexachloroethane 0.48 MG/KG U 46 NA nc NA nc NA


SB03 4 6 Hexachloroethane 0.37 MG/KG U 46 NA nc NA nc NA
MW15D 4 6 Hexachloroethane 0.4 MG/KG U 46 NA nc NA nc NA
MW01S 4 6 Hexachloroethane 0.4 MG/KG U 46 NA nc NA nc NA
MW03S 4 6 Hexachloroethane 0.4 MG/KG U 46 NA nc NA nc NA
MW04D 4 6 Hexachloroethane 0.42 MG/KG U 46 NA nc NA nc NA
MW05S 4 6 Hexachloroethane 0.82 MG/KG U 46 NA nc NA nc NA
MW06S 4 6 Hexachloroethane 0.46 MG/KG U 46 NA nc NA nc NA
MW07S 4 6 Hexachloroethane 0.4 MG/KG U 46 NA nc NA nc NA
MW08S 4 6 Hexachloroethane 0.45 MG/KG U 46 NA nc NA nc NA
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MW09S 4 6 Hexachloroethane 0.85 MG/KG U 46 NA nc NA nc NA
MW15D 4 6 Hexachloroethane 0.35 MG/KG U 46 NA nc NA nc NA


SB-14-271 4 6 Hexachloroethane 0.4 MG/KG U 46 NA nc NA nc NA
SB02 4 6 Hexachloroethane 0.83 MG/KG U 46 NA nc NA nc NA
SB03 4 6 Hexachloroethane 0.38 MG/KG U 46 NA nc NA nc NA


CMS-060 0 1 Hexachloroethane 0.34 MG/KG UJ 46 NA nc NA nc NA
CMS-089 0 1 Hexachloroethane 0.67 MG/KG UJ 46 NA nc NA nc NA
CMS-098 0 1 Hexachloroethane 0.6 MG/KG UJ 46 NA nc NA nc NA
CMS-118 0 1 Hexachloroethane 0.36 MG/KG UJ 46 NA nc NA nc NA
CMS-142 0 1 Hexachloroethane 0.58 MG/KG UJ 46 NA nc NA nc NA
CMS-159 0 1 Hexachloroethane 2.2 MG/KG UJ 46 NA nc NA nc NA
CMS-173 0 1 Hexachloroethane 1.1 MG/KG UJ 46 NA nc NA nc NA
CMS-407 0 1 Hexachloroethane 0.35 MG/KG UJ 46 NA nc NA nc NA
CMS-408 0 1 Hexachloroethane 0.34 MG/KG UJ 46 NA nc NA nc NA
CMS-142 0 1 Hexachloroethane 0.55 MG/KG UJ 46 NA nc NA nc NA
CMS-060 0 1 Hexachloroethane 0.35 MG/KG UJ 46 NA nc NA nc NA
CMS-089 1 2 Hexachloroethane 0.35 MG/KG UJ 46 NA nc NA nc NA
CMS-173 1 2 Hexachloroethane 0.52 MG/KG UJ 46 NA nc NA nc NA
CMS-407 1 2 Hexachloroethane 0.44 MG/KG UJ 46 NA nc NA nc NA
CMS-408 1 2 Hexachloroethane 8.7 MG/KG UJ 46 NA nc NA nc NA
CMS-089 2 3 Hexachloroethane 0.7 MG/KG UJ 46 NA nc NA nc NA
CMS-407 2 3 Hexachloroethane 1.1 MG/KG UJ 46 NA nc NA nc NA
CMS-408 2 3 Hexachloroethane 0.43 MG/KG UJ 46 NA nc NA nc NA
MW05S 2 4 Hexachloroethane 0.37 MG/KG UJ 46 NA nc NA nc NA


CMS-089 3 4 Hexachloroethane 1.8 MG/KG UJ 46 NA nc NA nc NA
CMS-407 3 4 Hexachloroethane 0.42 MG/KG UJ 46 NA nc NA nc NA
CMS-060 4 5 Hexachloroethane 0.38 MG/KG UJ 46 NA nc NA nc NA


SS-01 0 0 Indeno(1,2,3-cd)pyrene 0.3 MG/KG J 0.9 N nc NA nc NA
CMW-SD-2019 0 0.5 Indeno(1,2,3-cd)pyrene 0.46 MG/KG J 0.9 N nc NA nc NA
CMW-SD-2020 0 0.5 Indeno(1,2,3-cd)pyrene 0.16 MG/KG J 0.9 N nc NA nc NA
CMW-SD-2021 0 0.5 Indeno(1,2,3-cd)pyrene 1.6 MG/KG J 0.9 Y nc NA nc NA


CMS-060 0 1 Indeno(1,2,3-cd)pyrene 0.31 MG/KG J 0.9 N nc NA nc NA
CMS-118 0 1 Indeno(1,2,3-cd)pyrene 0.39 MG/KG J 0.9 N nc NA nc NA
CMS-159 0 1 Indeno(1,2,3-cd)pyrene 1.1 MG/KG J 0.9 Y nc NA nc NA
CMS-237 0 1 Indeno(1,2,3-cd)pyrene 0.53 MG/KG J 0.9 N nc NA nc NA
CMS-407 0 1 Indeno(1,2,3-cd)pyrene 0.32 MG/KG J 0.9 N nc NA nc NA
CMS-060 0 1 Indeno(1,2,3-cd)pyrene 0.55 MG/KG J 0.9 N nc NA nc NA


RES-14-271-01 0 1 Indeno(1,2,3-cd)pyrene 0.38 MG/KG J 0.9 N nc NA nc NA
RES-14-272-01 0 1 Indeno(1,2,3-cd)pyrene 0.21 MG/KG J 0.9 N nc NA nc NA
RES-14-303-01 0 1 Indeno(1,2,3-cd)pyrene 0.96 MG/KG J 0.9 Y nc NA nc NA
RES-14-333-01 0 1 Indeno(1,2,3-cd)pyrene 2.4 MG/KG J 0.9 Y nc NA nc NA
RES-14-271-01 0 1 Indeno(1,2,3-cd)pyrene 0.94 MG/KG J 0.9 Y nc NA nc NA


SS-02 0 1.3 Indeno(1,2,3-cd)pyrene 0.25 MG/KG J 0.9 N nc NA nc NA
CMS-703 0 2 Indeno(1,2,3-cd)pyrene 0.49 MG/KG J 0.9 N nc NA nc NA


SS-06 0 2 Indeno(1,2,3-cd)pyrene 0.46 MG/KG J 0.9 N nc NA nc NA
CMW-SD-2022 0.5 2 Indeno(1,2,3-cd)pyrene 1.3 MG/KG J 0.9 Y nc NA nc NA
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MW14M 1 2 Indeno(1,2,3-cd)pyrene 0.053 MG/KG J 0.9 N nc NA nc NA
MW14M 1 2 Indeno(1,2,3-cd)pyrene 0.041 MG/KG J 0.9 N nc NA nc NA
MW01S 1 2 Indeno(1,2,3-cd)pyrene 0.26 MG/KG J 0.9 N nc NA nc NA
MW08S 1 2 Indeno(1,2,3-cd)pyrene 0.091 MG/KG J 0.9 N nc NA nc NA
MW14M 1 2 Indeno(1,2,3-cd)pyrene 0.053 MG/KG J 0.9 N nc NA nc NA
MW14M 1 2 Indeno(1,2,3-cd)pyrene 0.19 MG/KG J 0.9 N nc NA nc NA
CMS-060 1 2 Indeno(1,2,3-cd)pyrene 0.19 MG/KG J 0.9 N nc NA nc NA
CMS-089 1 2 Indeno(1,2,3-cd)pyrene 0.34 MG/KG J 0.9 N nc NA nc NA
CMS-118 1 2 Indeno(1,2,3-cd)pyrene 0.59 MG/KG J 0.9 N nc NA nc NA
CMS-237 1 2 Indeno(1,2,3-cd)pyrene 0.18 MG/KG J 0.9 N nc NA nc NA
CMS-405 1 2 Indeno(1,2,3-cd)pyrene 3.3 MG/KG J 0.9 Y nc NA nc NA
CMS-407 1 2 Indeno(1,2,3-cd)pyrene 0.53 MG/KG J 0.9 N nc NA nc NA
CMS-423 1 2 Indeno(1,2,3-cd)pyrene 0.12 MG/KG J 0.9 N nc NA nc NA
CMS-456 1 2 Indeno(1,2,3-cd)pyrene 0.9 MG/KG J 0.9 N nc NA nc NA
CMS-405 1 2 Indeno(1,2,3-cd)pyrene 0.38 MG/KG J 0.9 N nc NA nc NA


CMW-SD-2022 2 2.5 Indeno(1,2,3-cd)pyrene 0.55 MG/KG J 0.9 N nc NA nc NA
CMS-118 2 3 Indeno(1,2,3-cd)pyrene 0.18 MG/KG J 0.9 N nc NA nc NA
CMS-407 2 3 Indeno(1,2,3-cd)pyrene 0.77 MG/KG J 0.9 N nc NA nc NA
CMS-408 2 3 Indeno(1,2,3-cd)pyrene 0.22 MG/KG J 0.9 N nc NA nc NA
CMS-455 2 3 Indeno(1,2,3-cd)pyrene 0.38 MG/KG J 0.9 N nc NA nc NA
MW08S 2 4 Indeno(1,2,3-cd)pyrene 0.25 MG/KG J 0.9 N nc NA nc NA
MW01S 2 4 Indeno(1,2,3-cd)pyrene 0.34 MG/KG J 0.9 N nc NA nc NA
MW05S 2 4 Indeno(1,2,3-cd)pyrene 1.5 MG/KG J 0.9 Y nc NA nc NA
MW06S 2 4 Indeno(1,2,3-cd)pyrene 0.17 MG/KG J 0.9 N nc NA nc NA
MW06S 2 4 Indeno(1,2,3-cd)pyrene 0.14 MG/KG J 0.9 N nc NA nc NA
MW08S 2 4 Indeno(1,2,3-cd)pyrene 0.19 MG/KG J 0.9 N nc NA nc NA
MW15D 2 4 Indeno(1,2,3-cd)pyrene 0.094 MG/KG J 0.9 N nc NA nc NA


SB02 2 4 Indeno(1,2,3-cd)pyrene 0.26 MG/KG J 0.9 N nc NA nc NA
CMS-089 3 4 Indeno(1,2,3-cd)pyrene 1.6 MG/KG J 0.9 Y nc NA nc NA
CMS-405 3 4 Indeno(1,2,3-cd)pyrene 0.33 MG/KG J 0.9 N nc NA nc NA
CMS-423 3 4 Indeno(1,2,3-cd)pyrene 0.14 MG/KG J 0.9 N nc NA nc NA
MW03S 4 6 Indeno(1,2,3-cd)pyrene 0.28 MG/KG J 0.9 N nc NA nc NA
MW06S 4 6 Indeno(1,2,3-cd)pyrene 0.068 MG/KG J 0.9 N nc NA nc NA
MW07S 4 6 Indeno(1,2,3-cd)pyrene 0.11 MG/KG J 0.9 N nc NA nc NA
MW09S 4 6 Indeno(1,2,3-cd)pyrene 0.38 MG/KG J 0.9 N nc NA nc NA


SB02 4 6 Indeno(1,2,3-cd)pyrene 0.089 MG/KG J 0.9 N nc NA nc NA
CMS-098 0 1 Indeno(1,2,3-cd)pyrene 0.6 MG/KG U 0.9 NA nc NA nc NA
CMS-142 0 1 Indeno(1,2,3-cd)pyrene 0.58 MG/KG U 0.9 NA nc NA nc NA
CMS-173 0 1 Indeno(1,2,3-cd)pyrene 1.1 MG/KG U 0.9 NA nc NA nc NA
CMS-408 0 1 Indeno(1,2,3-cd)pyrene 0.34 MG/KG U 0.9 NA nc NA nc NA
CMS-417 0 1 Indeno(1,2,3-cd)pyrene 35 MG/KG U 0.9 NA nc NA nc NA
CMS-142 0 1 Indeno(1,2,3-cd)pyrene 0.55 MG/KG U 0.9 NA nc NA nc NA


RES-14-302-01 0 1 Indeno(1,2,3-cd)pyrene 5 MG/KG U 0.9 NA nc NA nc NA
RES-14-272-01 0 1 Indeno(1,2,3-cd)pyrene 3.1 MG/KG U 0.9 NA nc NA nc NA


MW05S 1 2 Indeno(1,2,3-cd)pyrene 0.36 MG/KG U 0.9 NA nc NA nc NA
MW05S 1 2 Indeno(1,2,3-cd)pyrene 0.36 MG/KG U 0.9 NA nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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SB-14-271 1 2 Indeno(1,2,3-cd)pyrene 0.4 MG/KG U 0.9 NA nc NA nc NA
CMS-173 1 2 Indeno(1,2,3-cd)pyrene 0.52 MG/KG U 0.9 NA nc NA nc NA
CMS-417 1 2 Indeno(1,2,3-cd)pyrene 35 MG/KG U 0.9 NA nc NA nc NA
CMS-419 1 2 Indeno(1,2,3-cd)pyrene 74 MG/KG U 0.9 NA nc NA nc NA
CMS-427 1 2 Indeno(1,2,3-cd)pyrene 3.6 MG/KG U 0.9 NA nc NA nc NA
CMS-428 1 2 Indeno(1,2,3-cd)pyrene 0.35 MG/KG U 0.9 NA nc NA nc NA
CMS-089 2 3 Indeno(1,2,3-cd)pyrene 0.7 MG/KG U 0.9 NA nc NA nc NA
CMS-405 2 3 Indeno(1,2,3-cd)pyrene 0.64 MG/KG U 0.9 NA nc NA nc NA
CMS-417 2 3 Indeno(1,2,3-cd)pyrene 9.8 MG/KG U 0.9 NA nc NA nc NA


SB02 2 4 Indeno(1,2,3-cd)pyrene 2.3 MG/KG U 0.9 NA nc NA nc NA
MW02S 2 4 Indeno(1,2,3-cd)pyrene 0.38 MG/KG U 0.9 NA nc NA nc NA
MW14M 2 4 Indeno(1,2,3-cd)pyrene 0.38 MG/KG U 0.9 NA nc NA nc NA


SB-14-271 2 4 Indeno(1,2,3-cd)pyrene 0.45 MG/KG U 0.9 NA nc NA nc NA
SS-03 2.5 3.5 Indeno(1,2,3-cd)pyrene 0.4 MG/KG U 0.9 NA nc NA nc NA


CMS-407 3 4 Indeno(1,2,3-cd)pyrene 0.42 MG/KG U 0.9 NA nc NA nc NA
CMS-417 3 4 Indeno(1,2,3-cd)pyrene 1.9 MG/KG U 0.9 NA nc NA nc NA
CMS-419 3 4 Indeno(1,2,3-cd)pyrene 0.42 MG/KG U 0.9 NA nc NA nc NA
CMS-427 3 4 Indeno(1,2,3-cd)pyrene 0.41 MG/KG U 0.9 NA nc NA nc NA
CMS-428 3 4 Indeno(1,2,3-cd)pyrene 0.37 MG/KG U 0.9 NA nc NA nc NA
CMS-423 3 4 Indeno(1,2,3-cd)pyrene 0.39 MG/KG U 0.9 NA nc NA nc NA
CMS-405 4 5 Indeno(1,2,3-cd)pyrene 0.46 MG/KG U 0.9 NA nc NA nc NA
CMS-455 4 5 Indeno(1,2,3-cd)pyrene 0.48 MG/KG U 0.9 NA nc NA nc NA


SB03 4 6 Indeno(1,2,3-cd)pyrene 0.37 MG/KG U 0.9 NA nc NA nc NA
MW04D 4 6 Indeno(1,2,3-cd)pyrene 0.42 MG/KG U 0.9 NA nc NA nc NA
MW05S 4 6 Indeno(1,2,3-cd)pyrene 0.82 MG/KG U 0.9 NA nc NA nc NA
MW08S 4 6 Indeno(1,2,3-cd)pyrene 0.45 MG/KG U 0.9 NA nc NA nc NA


SB-14-271 4 6 Indeno(1,2,3-cd)pyrene 0.4 MG/KG U 0.9 NA nc NA nc NA
SB03 4 6 Indeno(1,2,3-cd)pyrene 0.38 MG/KG U 0.9 NA nc NA nc NA


GEC-6 2.5 4.5 Indeno(1,2,3-cd)pyrene 0.15 MG/KG U 0.9 NA nc NA nc NA
CMS-164 0 1 Indeno(1,2,3-cd)pyrene 2 MG/KG UJ 0.9 NA nc NA nc NA
CMS-408 1 2 Indeno(1,2,3-cd)pyrene 8.7 MG/KG UJ 0.9 NA nc NA nc NA
CMS-060 2 3 Indeno(1,2,3-cd)pyrene 0.36 MG/KG UJ 0.9 NA nc NA nc NA
CMS-060 3 4 Indeno(1,2,3-cd)pyrene 0.45 MG/KG UJ 0.9 NA nc NA nc NA
CMS-118 3 4 Indeno(1,2,3-cd)pyrene 0.5 MG/KG UJ 0.9 NA nc NA nc NA
CMS-060 4 5 Indeno(1,2,3-cd)pyrene 0.38 MG/KG UJ 0.9 NA nc NA nc NA
CMS-118 4 5 Indeno(1,2,3-cd)pyrene 0.43 MG/KG UJ 0.9 NA nc NA nc NA


CMW-SD-2016 0 0.5 Indeno(1,2,3-cd)pyrene 1 MG/KG 0.9 Y nc NA nc NA
CMW-SD-2017 0 0.5 Indeno(1,2,3-cd)pyrene 1.4 MG/KG 0.9 Y nc NA nc NA
CMW-SD-2018 0 0.5 Indeno(1,2,3-cd)pyrene 5.3 MG/KG 0.9 Y nc NA nc NA


CMS-089 0 1 Indeno(1,2,3-cd)pyrene 1.1 MG/KG 0.9 Y nc NA nc NA
CMS-405 0 1 Indeno(1,2,3-cd)pyrene 0.81 MG/KG 0.9 N nc NA nc NA
CMS-456 0 1 Indeno(1,2,3-cd)pyrene 0.91 MG/KG 0.9 Y nc NA nc NA


BV01COMP 0 4 Indeno(1,2,3-cd)pyrene 0.9 MG/KG 0.9 N nc NA nc NA
CMS-237 2 3 Indeno(1,2,3-cd)pyrene 0.64 MG/KG 0.9 N nc NA nc NA


SB03 2 4 Indeno(1,2,3-cd)pyrene 1.4 MG/KG 0.9 Y nc NA nc NA
MW07S 3 4 Indeno(1,2,3-cd)pyrene 0.61 MG/KG 0.9 N nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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MW15D 4 6 Indeno(1,2,3-cd)pyrene 0.7 MG/KG 0.9 N nc NA nc NA
MW01S 4 6 Indeno(1,2,3-cd)pyrene 0.48 MG/KG 0.9 N nc NA nc NA
MW15D 4 6 Indeno(1,2,3-cd)pyrene 0.62 MG/KG 0.9 N nc NA nc NA


CMS-4105 0 1 Indeno[1,2,3-c,d]pyrene 4.190029709 MG/KG J 0.9 Y nc NA nc NA
CMS-4110 0 1 Indeno[1,2,3-c,d]pyrene 1.559231383 MG/KG J 0.9 Y nc NA nc NA
CMS-407 1 2 Isopropylbenzene 0.04 MG/KG J 27 N nc NA nc NA
CMS-419 1 2 Isopropylbenzene 5.4 MG/KG J 27 N nc NA nc NA
CMS-237 2 3 Isopropylbenzene 0.005 MG/KG J 27 N nc NA nc NA
CMS-407 2 3 Isopropylbenzene 0.011 MG/KG J 27 N nc NA nc NA
CMS-455 2 3 Isopropylbenzene 0.077 MG/KG J 27 N nc NA nc NA
CMS-419 3 4 Isopropylbenzene 0.084 MG/KG J 27 N nc NA nc NA
MW05S 4 6 Isopropylbenzene 0.12 MG/KG J 27 N nc NA nc NA


CMS-089 0 1 Isopropylbenzene 0.005 MG/KG U 27 NA nc NA nc NA
CMS-118 0 1 Isopropylbenzene 0.0048 MG/KG U 27 NA nc NA nc NA
CMS-159 0 1 Isopropylbenzene 0.021 MG/KG U 27 NA nc NA nc NA
CMS-407 0 1 Isopropylbenzene 0.005 MG/KG U 27 NA nc NA nc NA
CMS-408 0 1 Isopropylbenzene 0.0043 MG/KG U 27 NA nc NA nc NA
CMS-417 0 1 Isopropylbenzene 59 MG/KG U 27 NA nc NA nc NA
CMS-456 0 1 Isopropylbenzene 0.0075 MG/KG U 27 NA nc NA nc NA
CMS-702 0 1 Isopropylbenzene 0.0087 MG/KG U 27 NA nc NA nc NA
CMS-703 0 1 Isopropylbenzene 0.0061 MG/KG U 27 NA nc NA nc NA
CMS-060 0 1 Isopropylbenzene 2.7 MG/KG U 27 NA nc NA nc NA
CMS-065 0 10 Isopropylbenzene 3.9 MG/KG U 27 NA nc NA nc NA
MW05S 1 2 Isopropylbenzene 0.095 MG/KG U 27 NA nc NA nc NA
MW01S 1 2 Isopropylbenzene 0.34 MG/KG U 27 NA nc NA nc NA
MW05S 1 2 Isopropylbenzene 0.11 MG/KG U 27 NA nc NA nc NA
MW14M 1 2 Isopropylbenzene 0.11 MG/KG U 27 NA nc NA nc NA
CMS-060 1 2 Isopropylbenzene 5.1 MG/KG U 27 NA nc NA nc NA
CMS-089 1 2 Isopropylbenzene 0.0048 MG/KG U 27 NA nc NA nc NA
CMS-405 1 2 Isopropylbenzene 4 MG/KG U 27 NA nc NA nc NA
CMS-408 1 2 Isopropylbenzene 2.2 MG/KG U 27 NA nc NA nc NA
CMS-417 1 2 Isopropylbenzene 130 MG/KG U 27 NA nc NA nc NA
CMS-423 1 2 Isopropylbenzene 0.0062 MG/KG U 27 NA nc NA nc NA
CMS-427 1 2 Isopropylbenzene 0.0045 MG/KG U 27 NA nc NA nc NA
CMS-428 1 2 Isopropylbenzene 0.0054 MG/KG U 27 NA nc NA nc NA
CMS-408 2 3 Isopropylbenzene 6.6 MG/KG U 27 NA nc NA nc NA
CMS-417 2 3 Isopropylbenzene 17 MG/KG U 27 NA nc NA nc NA
MW08S 2 4 Isopropylbenzene 0.21 MG/KG U 27 NA nc NA nc NA
MW01S 2 4 Isopropylbenzene 0.22 MG/KG U 27 NA nc NA nc NA
MW02S 2 4 Isopropylbenzene 0.2 MG/KG U 27 NA nc NA nc NA
MW04D 2 4 Isopropylbenzene 0.5 MG/KG U 27 NA nc NA nc NA
MW05S 2 4 Isopropylbenzene 0.1 MG/KG U 27 NA nc NA nc NA
MW06S 2 4 Isopropylbenzene 0.3 MG/KG U 27 NA nc NA nc NA
MW06S 2 4 Isopropylbenzene 0.3 MG/KG U 27 NA nc NA nc NA
MW08S 2 4 Isopropylbenzene 0.32 MG/KG U 27 NA nc NA nc NA
MW14M 2 4 Isopropylbenzene 0.14 MG/KG U 27 NA nc NA nc NA
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MW15D 2 4 Isopropylbenzene 0.14 MG/KG U 27 NA nc NA nc NA
SB02 2 4 Isopropylbenzene 0.38 MG/KG U 27 NA nc NA nc NA
SB03 2 4 Isopropylbenzene 0.3 MG/KG U 27 NA nc NA nc NA


MW07S 3 4 Isopropylbenzene 0.5 MG/KG U 27 NA nc NA nc NA
CMS-060 3 4 Isopropylbenzene 0.0058 MG/KG U 27 NA nc NA nc NA
CMS-089 3 4 Isopropylbenzene 0.0041 MG/KG U 27 NA nc NA nc NA
CMS-118 3 4 Isopropylbenzene 0.0084 MG/KG U 27 NA nc NA nc NA
CMS-407 3 4 Isopropylbenzene 0.32 MG/KG U 27 NA nc NA nc NA
CMS-417 3 4 Isopropylbenzene 0.28 MG/KG U 27 NA nc NA nc NA
CMS-423 3 4 Isopropylbenzene 0.0045 MG/KG U 27 NA nc NA nc NA
CMS-428 3 4 Isopropylbenzene 0.0057 MG/KG U 27 NA nc NA nc NA
CMS-423 3 4 Isopropylbenzene 0.0049 MG/KG U 27 NA nc NA nc NA
CMS-060 4 5 Isopropylbenzene 0.0048 MG/KG U 27 NA nc NA nc NA
CMS-118 4 5 Isopropylbenzene 0.0059 MG/KG U 27 NA nc NA nc NA
CMS-405 4 5 Isopropylbenzene 1 MG/KG U 27 NA nc NA nc NA
CMS-455 4 5 Isopropylbenzene 0.0072 MG/KG U 27 NA nc NA nc NA
MW15D 4 6 Isopropylbenzene 0.1 MG/KG U 27 NA nc NA nc NA
MW02S 4 6 Isopropylbenzene 0.55 MG/KG U 27 NA nc NA nc NA


SB03 4 6 Isopropylbenzene 0.2 MG/KG U 27 NA nc NA nc NA
MW01S 4 6 Isopropylbenzene 0.24 MG/KG U 27 NA nc NA nc NA
MW02S 4 6 Isopropylbenzene 0.42 MG/KG U 27 NA nc NA nc NA
MW03S 4 6 Isopropylbenzene 0.35 MG/KG U 27 NA nc NA nc NA
MW04D 4 6 Isopropylbenzene 0.18 MG/KG U 27 NA nc NA nc NA
MW06S 4 6 Isopropylbenzene 0.43 MG/KG U 27 NA nc NA nc NA
MW07S 4 6 Isopropylbenzene 0.26 MG/KG U 27 NA nc NA nc NA
MW08S 4 6 Isopropylbenzene 0.3 MG/KG U 27 NA nc NA nc NA
MW09S 4 6 Isopropylbenzene 0.26 MG/KG U 27 NA nc NA nc NA
MW15D 4 6 Isopropylbenzene 0.12 MG/KG U 27 NA nc NA nc NA


SB02 4 6 Isopropylbenzene 0.26 MG/KG U 27 NA nc NA nc NA
SB03 4 6 Isopropylbenzene 0.18 MG/KG U 27 NA nc NA nc NA


CMS-098 0 1 Isopropylbenzene 0.0097 MG/KG UJ 27 NA nc NA nc NA
CMS-142 0 1 Isopropylbenzene 0.0095 MG/KG UJ 27 NA nc NA nc NA
CMS-164 0 1 Isopropylbenzene 0.015 MG/KG UJ 27 NA nc NA nc NA
CMS-173 0 1 Isopropylbenzene 0.024 MG/KG UJ 27 NA nc NA nc NA
CMS-237 0 1 Isopropylbenzene 0.0059 MG/KG UJ 27 NA nc NA nc NA
CMS-142 0 1 Isopropylbenzene 0.011 MG/KG UJ 27 NA nc NA nc NA
MW14M 1 2 Isopropylbenzene 0.15 MG/KG UJ 27 NA nc NA nc NA


SB-14-271 1 2 Isopropylbenzene 0.12 MG/KG UJ 27 NA nc NA nc NA
CMS-118 1 2 Isopropylbenzene 0.006 MG/KG UJ 27 NA nc NA nc NA
CMS-173 1 2 Isopropylbenzene 0.0083 MG/KG UJ 27 NA nc NA nc NA
CMS-237 1 2 Isopropylbenzene 0.0069 MG/KG UJ 27 NA nc NA nc NA
CMS-456 1 2 Isopropylbenzene 0.0089 MG/KG UJ 27 NA nc NA nc NA
CMS-405 1 2 Isopropylbenzene 2.9 MG/KG UJ 27 NA nc NA nc NA
CMS-060 2 3 Isopropylbenzene 0.27 MG/KG UJ 27 NA nc NA nc NA
CMS-089 2 3 Isopropylbenzene 0.0047 MG/KG UJ 27 NA nc NA nc NA
CMS-118 2 3 Isopropylbenzene 0.0074 MG/KG UJ 27 NA nc NA nc NA


Interim Final CMRP Feasibility Study Report
Appendix F F-402 April 2010







Appendix F


Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs


BORING TO
P_


O
F_


S
A


M
PL


E 
(ft


)


B
O


TT
O


M
_


O
F_


SA
M


PL
E 


(ft
)


PARAMETER LAB_RESULT UNITS QUAL


RIDEM Residential 
Direct Exposure 
Criteria (MG/KG)


Exceed 
Criteria 


(Y/N)


RIDEM GB 
Leachability 


Criteria 
(MG/KG)


Exceed 
Criteria 


(Y/N)


EPA's Recommended 
Residential Level for 


Dioxin (NG/KG)


Exceed 
Criteria 


(Y/N)


Potential ARARs and TBC1


SB-14-271 2 4 Isopropylbenzene 0.13 MG/KG UJ 27 NA nc NA nc NA
SB-14-271 4 6 Isopropylbenzene 0.11 MG/KG UJ 27 NA nc NA nc NA


MW08S 1 2 Isopropylbenzene 0.36 MG/KG 27 N nc NA nc NA
CMS-427 3 4 Isopropylbenzene 0.007 MG/KG 27 N nc NA nc NA
CMS-089 0 1 Lead 48.5 MG/KG J 150 N nc NA nc NA
CMS-098 0 1 Lead 59.7 MG/KG J 150 N nc NA nc NA
CMS-142 0 1 Lead 95.8 MG/KG J 150 N nc NA nc NA
CMS-164 0 1 Lead 323 MG/KG J 150 Y nc NA nc NA
CMS-173 0 1 Lead 243 MG/KG J 150 Y nc NA nc NA
CMS-237 0 1 Lead 228 MG/KG J 150 Y nc NA nc NA
CMS-405 0 1 Lead 4.7 MG/KG J 150 N nc NA nc NA
CMS-407 0 1 Lead 2.8 MG/KG J 150 N nc NA nc NA
CMS-408 0 1 Lead 4.1 MG/KG J 150 N nc NA nc NA
CMS-417 0 1 Lead 805 MG/KG J 150 Y nc NA nc NA
CMS-142 0 1 Lead 66.7 MG/KG J 150 N nc NA nc NA
CMS-060 0 1 Lead 65.3 MG/KG J 150 N nc NA nc NA


RES-14-333-01 0 1 Lead 590 MG/KG J 150 Y nc NA nc NA
MW05S 1 2 Lead 3.5 MG/KG J 150 N nc NA nc NA
MW05S 1 2 Lead 3.9 MG/KG J 150 N nc NA nc NA


SB-14-271 1 2 Lead 303 MG/KG J 150 Y nc NA nc NA
CMS-089 1 2 Lead 93 MG/KG J 150 N nc NA nc NA
CMS-173 1 2 Lead 11.9 MG/KG J 150 N nc NA nc NA
CMS-237 1 2 Lead 1450 MG/KG J 150 Y nc NA nc NA
CMS-405 1 2 Lead 306 MG/KG J 150 Y nc NA nc NA
CMS-407 1 2 Lead 14.4 MG/KG J 150 N nc NA nc NA
CMS-408 1 2 Lead 716 MG/KG J 150 Y nc NA nc NA
CMS-417 1 2 Lead 444 MG/KG J 150 Y nc NA nc NA
CMS-419 1 2 Lead 2010 MG/KG J 150 Y nc NA nc NA
CMS-423 1 2 Lead 24.1 MG/KG J 150 N nc NA nc NA
CMS-427 1 2 Lead 169 MG/KG J 150 Y nc NA nc NA
CMS-428 1 2 Lead 6.8 MG/KG J 150 N nc NA nc NA
CMS-405 1 2 Lead 450 MG/KG J 150 Y nc NA nc NA
CMS-089 2 3 Lead 59.4 MG/KG J 150 N nc NA nc NA
CMS-237 2 3 Lead 494 MG/KG J 150 Y nc NA nc NA
CMS-405 2 3 Lead 1080 MG/KG J 150 Y nc NA nc NA
CMS-407 2 3 Lead 184 MG/KG J 150 Y nc NA nc NA
CMS-408 2 3 Lead 861 MG/KG J 150 Y nc NA nc NA
CMS-417 2 3 Lead 374 MG/KG J 150 Y nc NA nc NA
MW05S 2 4 Lead 99 MG/KG J 150 N nc NA nc NA
MW06S 2 4 Lead 204 MG/KG J 150 Y nc NA nc NA
MW06S 2 4 Lead 103 MG/KG J 150 N nc NA nc NA
MW15D 2 4 Lead 15.2 MG/KG J 150 N nc NA nc NA


SB-14-271 2 4 Lead 14.7 MG/KG J 150 N nc NA nc NA
MW07S 3 4 Lead 44.1 MG/KG J 150 N nc NA nc NA


CMS-089 3 4 Lead 73.7 MG/KG J 150 N nc NA nc NA
CMS-405 3 4 Lead 3160 MG/KG J 150 Y nc NA nc NA
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CMS-407 3 4 Lead 321 MG/KG J 150 Y nc NA nc NA
CMS-417 3 4 Lead 66.7 MG/KG J 150 N nc NA nc NA
CMS-419 3 4 Lead 27.1 MG/KG J 150 N nc NA nc NA
CMS-423 3 4 Lead 55.3 MG/KG J 150 N nc NA nc NA
CMS-427 3 4 Lead 13.8 MG/KG J 150 N nc NA nc NA
CMS-428 3 4 Lead 5.6 MG/KG J 150 N nc NA nc NA
CMS-423 3 4 Lead 101 MG/KG J 150 N nc NA nc NA
CMS-405 4 5 Lead 38.5 MG/KG J 150 N nc NA nc NA
CMS-455 4 5 Lead 8.8 MG/KG J 150 N nc NA nc NA
MW15D 4 6 Lead 43.7 MG/KG J 150 N nc NA nc NA
MW04D 4 6 Lead 4.6 MG/KG J 150 N nc NA nc NA
MW06S 4 6 Lead 177 MG/KG J 150 Y nc NA nc NA
MW07S 4 6 Lead 35.6 MG/KG J 150 N nc NA nc NA
MW09S 4 6 Lead 110 MG/KG J 150 N nc NA nc NA
MW15D 4 6 Lead 66 MG/KG J 150 N nc NA nc NA


SB-14-271 4 6 Lead 10.8 MG/KG J 150 N nc NA nc NA
CMS-4105 0 1 Lead 1110 MG/KG J 150 Y nc NA nc NA
CMS-4110 0 1 Lead 761 MG/KG J 150 Y nc NA nc NA


CMW-SD-2016 0 0.5 Lead 91.9 MG/KG 150 N nc NA nc NA
CMW-SD-2017 0 0.5 Lead 146 MG/KG 150 N nc NA nc NA
CMW-SD-2018 0 0.5 Lead 41.9 MG/KG 150 N nc NA nc NA
CMW-SD-2019 0 0.5 Lead 561 MG/KG 150 Y nc NA nc NA
CMW-SD-2020 0 0.5 Lead 287 MG/KG 150 Y nc NA nc NA
CMW-SD-2021 0 0.5 Lead 558 MG/KG 150 Y nc NA nc NA


CMS-060 0 1 Lead 35.7 MG/KG 150 N nc NA nc NA
CMS-118 0 1 Lead 69.8 MG/KG 150 N nc NA nc NA
CMS-159 0 1 Lead 620 MG/KG 150 Y nc NA nc NA
CMS-456 0 1 Lead 175 MG/KG 150 Y nc NA nc NA


RES-14-271-01 0 1 Lead 61 MG/KG 150 N nc NA nc NA
RES-14-272-01 0 1 Lead 269 MG/KG 150 Y nc NA nc NA
RES-14-302-01 0 1 Lead 299 MG/KG 150 Y nc NA nc NA
RES-14-303-01 0 1 Lead 946 MG/KG 150 Y nc NA nc NA
RES-14-271-01 0 1 Lead 71.2 MG/KG 150 N nc NA nc NA
RES-14-272-01 0 1 Lead 359 MG/KG 150 Y nc NA nc NA


CMS-703 0 2 Lead 84.9 MG/KG 150 N nc NA nc NA
BV01COMP 0 4 Lead 523 MG/KG 150 Y nc NA nc NA


CMW-SD-2022 0.5 2 Lead 138 MG/KG 150 N nc NA nc NA
MW14M 1 2 Lead 97.5 MG/KG 150 N nc NA nc NA
MW01S 1 2 Lead 118 MG/KG 150 N nc NA nc NA
MW08S 1 2 Lead 380 MG/KG 150 Y nc NA nc NA
MW14M 1 2 Lead 100 MG/KG 150 N nc NA nc NA
CMS-060 1 2 Lead 66.9 MG/KG 150 N nc NA nc NA
CMS-118 1 2 Lead 88.2 MG/KG 150 N nc NA nc NA
CMS-456 1 2 Lead 448 MG/KG 150 Y nc NA nc NA


CMW-SD-2022 2 2.5 Lead 32.6 MG/KG 150 N nc NA nc NA
CMS-060 2 3 Lead 45.9 MG/KG 150 N nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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EPA's Recommended 
Residential Level for 


Dioxin (NG/KG)
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CMS-118 2 3 Lead 204 MG/KG 150 Y nc NA nc NA
CMS-455 2 3 Lead 62.3 MG/KG 150 N nc NA nc NA
MW08S 2 4 Lead 387 MG/KG 150 Y nc NA nc NA


SB02 2 4 Lead 211 MG/KG 150 Y nc NA nc NA
MW02S 2 4 Lead 13.8 MG/KG 150 N nc NA nc NA
MW08S 2 4 Lead 298 MG/KG 150 Y nc NA nc NA
MW14M 2 4 Lead 138 MG/KG 150 N nc NA nc NA


SB02 2 4 Lead 150 MG/KG 150 N nc NA nc NA
SB03 2 4 Lead 55.6 MG/KG 150 N nc NA nc NA


GEC-7 2.5 4.5 Lead 95 MG/KG 150 N nc NA nc NA
CMS-060 3 4 Lead 15.7 MG/KG 150 N nc NA nc NA
CMS-118 3 4 Lead 182 MG/KG 150 Y nc NA nc NA
CMS-060 4 5 Lead 35.8 MG/KG 150 N nc NA nc NA
CMS-118 4 5 Lead 22.5 MG/KG 150 N nc NA nc NA


SB03 4 6 Lead 7.4 MG/KG 150 N nc NA nc NA
MW01S 4 6 Lead 38.2 MG/KG 150 N nc NA nc NA
MW03S 4 6 Lead 204 MG/KG 150 Y nc NA nc NA
MW05S 4 6 Lead 115 MG/KG 150 N nc NA nc NA
MW08S 4 6 Lead 13.7 MG/KG 150 N nc NA nc NA


SB02 4 6 Lead 88 MG/KG 150 N nc NA nc NA
SB03 4 6 Lead 10 MG/KG 150 N nc NA nc NA


CMS-164 0 1 Manganese 489 MG/KG J 390 Y nc NA nc NA
CMS-237 0 1 Manganese 153 MG/KG J 390 N nc NA nc NA
CMS-405 0 1 Manganese 211 MG/KG J 390 N nc NA nc NA
CMS-417 0 1 Manganese 123 MG/KG J 390 N nc NA nc NA
CMS-456 0 1 Manganese 1700 MG/KG J 390 Y nc NA nc NA


RES-14-333-01 0 1 Manganese 1250 MG/KG J 390 Y nc NA nc NA
MW05S 1 2 Manganese 122 MG/KG J 390 N nc NA nc NA
MW01S 1 2 Manganese 197 MG/KG J 390 N nc NA nc NA
MW05S 1 2 Manganese 161 MG/KG J 390 N nc NA nc NA
MW08S 1 2 Manganese 334 MG/KG J 390 N nc NA nc NA


SB-14-271 1 2 Manganese 179 MG/KG J 390 N nc NA nc NA
CMS-237 1 2 Manganese 404 MG/KG J 390 Y nc NA nc NA
CMS-405 1 2 Manganese 453 MG/KG J 390 Y nc NA nc NA
CMS-417 1 2 Manganese 220 MG/KG J 390 N nc NA nc NA
CMS-428 1 2 Manganese 567 MG/KG J 390 Y nc NA nc NA
CMS-456 1 2 Manganese 244 MG/KG J 390 N nc NA nc NA
CMS-405 1 2 Manganese 336 MG/KG J 390 N nc NA nc NA
CMS-237 2 3 Manganese 396 MG/KG J 390 Y nc NA nc NA
CMS-405 2 3 Manganese 526 MG/KG J 390 Y nc NA nc NA
CMS-417 2 3 Manganese 158 MG/KG J 390 N nc NA nc NA
CMS-455 2 3 Manganese 184 MG/KG J 390 N nc NA nc NA
MW08S 2 4 Manganese 485 MG/KG J 390 Y nc NA nc NA
MW05S 2 4 Manganese 225 MG/KG J 390 N nc NA nc NA
MW06S 2 4 Manganese 121 MG/KG J 390 N nc NA nc NA
MW06S 2 4 Manganese 176 MG/KG J 390 N nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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MW08S 2 4 Manganese 327 MG/KG J 390 N nc NA nc NA
SB-14-271 2 4 Manganese 41.4 MG/KG J 390 N nc NA nc NA


MW07S 3 4 Manganese 571 MG/KG J 390 Y nc NA nc NA
CMS-405 3 4 Manganese 1060 MG/KG J 390 Y nc NA nc NA
CMS-417 3 4 Manganese 150 MG/KG J 390 N nc NA nc NA
CMS-428 3 4 Manganese 258 MG/KG J 390 N nc NA nc NA
CMS-405 4 5 Manganese 81.7 MG/KG J 390 N nc NA nc NA
CMS-455 4 5 Manganese 179 MG/KG J 390 N nc NA nc NA
MW01S 4 6 Manganese 76.9 MG/KG J 390 N nc NA nc NA
MW03S 4 6 Manganese 57.1 MG/KG J 390 N nc NA nc NA
MW04D 4 6 Manganese 226 MG/KG J 390 N nc NA nc NA
MW06S 4 6 Manganese 162 MG/KG J 390 N nc NA nc NA
MW07S 4 6 Manganese 140 MG/KG J 390 N nc NA nc NA
MW08S 4 6 Manganese 168 MG/KG J 390 N nc NA nc NA
MW09S 4 6 Manganese 232 MG/KG J 390 N nc NA nc NA


SB-14-271 4 6 Manganese 55.1 MG/KG J 390 N nc NA nc NA
CMW-SD-2016 0 0.5 Manganese 128 MG/KG 390 N nc NA nc NA
CMW-SD-2017 0 0.5 Manganese 376 MG/KG 390 N nc NA nc NA
CMW-SD-2018 0 0.5 Manganese 39.1 MG/KG 390 N nc NA nc NA
CMW-SD-2019 0 0.5 Manganese 381 MG/KG 390 N nc NA nc NA
CMW-SD-2020 0 0.5 Manganese 214 MG/KG 390 N nc NA nc NA
CMW-SD-2021 0 0.5 Manganese 269 MG/KG 390 N nc NA nc NA


CMS-060 0 1 Manganese 271 MG/KG 390 N nc NA nc NA
CMS-089 0 1 Manganese 132 MG/KG 390 N nc NA nc NA
CMS-098 0 1 Manganese 353 MG/KG 390 N nc NA nc NA
CMS-118 0 1 Manganese 172 MG/KG 390 N nc NA nc NA
CMS-142 0 1 Manganese 82.9 MG/KG 390 N nc NA nc NA
CMS-159 0 1 Manganese 362 MG/KG 390 N nc NA nc NA
CMS-173 0 1 Manganese 186 MG/KG 390 N nc NA nc NA
CMS-407 0 1 Manganese 237 MG/KG 390 N nc NA nc NA
CMS-408 0 1 Manganese 233 MG/KG 390 N nc NA nc NA
CMS-142 0 1 Manganese 69.8 MG/KG 390 N nc NA nc NA
CMS-060 0 1 Manganese 214 MG/KG 390 N nc NA nc NA


RES-14-271-01 0 1 Manganese 510 MG/KG 390 Y nc NA nc NA
RES-14-272-01 0 1 Manganese 315 MG/KG 390 N nc NA nc NA
RES-14-302-01 0 1 Manganese 386 MG/KG 390 N nc NA nc NA
RES-14-303-01 0 1 Manganese 228 MG/KG 390 N nc NA nc NA
RES-14-271-01 0 1 Manganese 598 MG/KG 390 Y nc NA nc NA
RES-14-272-01 0 1 Manganese 327 MG/KG 390 N nc NA nc NA


CMS-703 0 2 Manganese 255 MG/KG 390 N nc NA nc NA
BV01COMP 0 4 Manganese 138 MG/KG 390 N nc NA nc NA


CMW-SD-2022 0.5 2 Manganese 52.1 MG/KG 390 N nc NA nc NA
MW14M 1 2 Manganese 147 MG/KG 390 N nc NA nc NA
MW14M 1 2 Manganese 175 MG/KG 390 N nc NA nc NA
CMS-060 1 2 Manganese 170 MG/KG 390 N nc NA nc NA
CMS-089 1 2 Manganese 185 MG/KG 390 N nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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CMS-118 1 2 Manganese 197 MG/KG 390 N nc NA nc NA
CMS-173 1 2 Manganese 108 MG/KG 390 N nc NA nc NA
CMS-407 1 2 Manganese 316 MG/KG 390 N nc NA nc NA
CMS-408 1 2 Manganese 353 MG/KG 390 N nc NA nc NA
CMS-419 1 2 Manganese 351 MG/KG 390 N nc NA nc NA
CMS-423 1 2 Manganese 209 MG/KG 390 N nc NA nc NA
CMS-427 1 2 Manganese 251 MG/KG 390 N nc NA nc NA


CMW-SD-2022 2 2.5 Manganese 35.7 MG/KG 390 N nc NA nc NA
CMS-060 2 3 Manganese 370 MG/KG 390 N nc NA nc NA
CMS-089 2 3 Manganese 78.3 MG/KG 390 N nc NA nc NA
CMS-118 2 3 Manganese 543 MG/KG 390 Y nc NA nc NA
CMS-407 2 3 Manganese 356 MG/KG 390 N nc NA nc NA
CMS-408 2 3 Manganese 195 MG/KG 390 N nc NA nc NA


SB02 2 4 Manganese 128 MG/KG 390 N nc NA nc NA
MW02S 2 4 Manganese 101 MG/KG 390 N nc NA nc NA
MW14M 2 4 Manganese 279 MG/KG 390 N nc NA nc NA
MW15D 2 4 Manganese 75.9 MG/KG 390 N nc NA nc NA


SB02 2 4 Manganese 168 MG/KG 390 N nc NA nc NA
SB03 2 4 Manganese 65.2 MG/KG 390 N nc NA nc NA


CMS-060 3 4 Manganese 267 MG/KG 390 N nc NA nc NA
CMS-089 3 4 Manganese 146 MG/KG 390 N nc NA nc NA
CMS-118 3 4 Manganese 596 MG/KG 390 Y nc NA nc NA
CMS-407 3 4 Manganese 201 MG/KG 390 N nc NA nc NA
CMS-419 3 4 Manganese 348 MG/KG 390 N nc NA nc NA
CMS-423 3 4 Manganese 274 MG/KG 390 N nc NA nc NA
CMS-427 3 4 Manganese 204 MG/KG 390 N nc NA nc NA
CMS-423 3 4 Manganese 225 MG/KG 390 N nc NA nc NA
CMS-060 4 5 Manganese 244 MG/KG 390 N nc NA nc NA
CMS-118 4 5 Manganese 195 MG/KG 390 N nc NA nc NA


SB03 4 6 Manganese 92.3 MG/KG 390 N nc NA nc NA
MW15D 4 6 Manganese 142 MG/KG 390 N nc NA nc NA
MW05S 4 6 Manganese 259 MG/KG 390 N nc NA nc NA
MW15D 4 6 Manganese 160 MG/KG 390 N nc NA nc NA


SB02 4 6 Manganese 129 MG/KG 390 N nc NA nc NA
SB03 4 6 Manganese 102 MG/KG 390 N nc NA nc NA


CMS-4105 0 1 Manganese 480 MG/KG 390 Y nc NA nc NA
CMS-4110 0 1 Manganese 423 MG/KG 390 Y nc NA nc NA
CMS-060 0 1 Mercury 0.037 MG/KG J 23 N nc NA nc NA
CMS-089 0 1 Mercury 0.082 MG/KG J 23 N nc NA nc NA
CMS-098 0 1 Mercury 0.14 MG/KG J 23 N nc NA nc NA
CMS-118 0 1 Mercury 0.14 MG/KG J 23 N nc NA nc NA
CMS-142 0 1 Mercury 0.3 MG/KG J 23 N nc NA nc NA
CMS-159 0 1 Mercury 2 MG/KG J 23 N nc NA nc NA
CMS-173 0 1 Mercury 0.97 MG/KG J 23 N nc NA nc NA
CMS-456 0 1 Mercury 0.31 MG/KG J 23 N nc NA nc NA
CMS-142 0 1 Mercury 0.31 MG/KG J 23 N nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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CMS-060 0 1 Mercury 0.067 MG/KG J 23 N nc NA nc NA
RES-14-302-01 0 1 Mercury 0.27 MG/KG J 23 N nc NA nc NA


BV01COMP 0 4 Mercury 0.021 MG/KG J 23 N nc NA nc NA
SB-14-271 1 2 Mercury 0.095 MG/KG J 23 N nc NA nc NA
CMS-060 1 2 Mercury 0.07 MG/KG J 23 N nc NA nc NA
CMS-089 1 2 Mercury 0.25 MG/KG J 23 N nc NA nc NA
CMS-118 1 2 Mercury 0.14 MG/KG J 23 N nc NA nc NA
CMS-173 1 2 Mercury 0.034 MG/KG J 23 N nc NA nc NA
CMS-407 1 2 Mercury 0.12 MG/KG J 23 N nc NA nc NA
CMS-408 1 2 Mercury 1.8 MG/KG J 23 N nc NA nc NA
CMS-419 1 2 Mercury 5.1 MG/KG J 23 N nc NA nc NA
CMS-423 1 2 Mercury 0.24 MG/KG J 23 N nc NA nc NA
CMS-427 1 2 Mercury 0.77 MG/KG J 23 N nc NA nc NA
CMS-456 1 2 Mercury 0.88 MG/KG J 23 N nc NA nc NA
CMS-060 2 3 Mercury 0.06 MG/KG J 23 N nc NA nc NA
CMS-089 2 3 Mercury 0.28 MG/KG J 23 N nc NA nc NA
CMS-118 2 3 Mercury 0.65 MG/KG J 23 N nc NA nc NA
CMS-407 2 3 Mercury 0.25 MG/KG J 23 N nc NA nc NA
CMS-408 2 3 Mercury 0.96 MG/KG J 23 N nc NA nc NA
CMS-455 2 3 Mercury 0.75 MG/KG J 23 N nc NA nc NA
MW05S 2 4 Mercury 0.1 MG/KG J 23 N nc NA nc NA
MW14M 2 4 Mercury 0.17 MG/KG J 23 N nc NA nc NA
CMS-060 3 4 Mercury 0.03 MG/KG J 23 N nc NA nc NA
CMS-089 3 4 Mercury 0.18 MG/KG J 23 N nc NA nc NA
CMS-118 3 4 Mercury 0.43 MG/KG J 23 N nc NA nc NA
CMS-407 3 4 Mercury 0.14 MG/KG J 23 N nc NA nc NA
CMS-419 3 4 Mercury 0.12 MG/KG J 23 N nc NA nc NA
CMS-423 3 4 Mercury 0.094 MG/KG J 23 N nc NA nc NA
CMS-427 3 4 Mercury 0.17 MG/KG J 23 N nc NA nc NA
CMS-428 3 4 Mercury 0.023 MG/KG J 23 N nc NA nc NA
CMS-423 3 4 Mercury 0.18 MG/KG J 23 N nc NA nc NA
CMS-060 4 5 Mercury 0.031 MG/KG J 23 N nc NA nc NA
MW15D 4 6 Mercury 0.094 MG/KG J 23 N nc NA nc NA


CMW-SD-2016 0 0.5 Mercury 0.02 MG/KG U 23 NA nc NA nc NA
CMS-405 0 1 Mercury 0.042 MG/KG U 23 NA nc NA nc NA


RES-14-271-01 0 1 Mercury 0.16 MG/KG U 23 NA nc NA nc NA
RES-14-272-01 0 1 Mercury 0.15 MG/KG U 23 NA nc NA nc NA
RES-14-271-01 0 1 Mercury 0.17 MG/KG U 23 NA nc NA nc NA
RES-14-272-01 0 1 Mercury 0.2 MG/KG U 23 NA nc NA nc NA


MW05S 1 2 Mercury 0.05 MG/KG U 23 NA nc NA nc NA
MW05S 1 2 Mercury 0.051 MG/KG U 23 NA nc NA nc NA
MW02S 2 4 Mercury 0.05 MG/KG U 23 NA nc NA nc NA
MW15D 2 4 Mercury 0.056 MG/KG U 23 NA nc NA nc NA


SB-14-271 2 4 Mercury 0.065 MG/KG U 23 NA nc NA nc NA
MW07S 3 4 Mercury 0.05 MG/KG U 23 NA nc NA nc NA


CMS-118 4 5 Mercury 0.052 MG/KG U 23 NA nc NA nc NA


Interim Final CMRP Feasibility Study Report
Appendix F F-408 April 2010







Appendix F


Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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SB03 4 6 Mercury 0.049 MG/KG U 23 NA nc NA nc NA
MW01S 4 6 Mercury 0.06 MG/KG U 23 NA nc NA nc NA
MW03S 4 6 Mercury 0.06 MG/KG U 23 NA nc NA nc NA
MW04D 4 6 Mercury 0.06 MG/KG U 23 NA nc NA nc NA
MW07S 4 6 Mercury 0.06 MG/KG U 23 NA nc NA nc NA
MW08S 4 6 Mercury 0.06 MG/KG U 23 NA nc NA nc NA
MW15D 4 6 Mercury 0.049 MG/KG U 23 NA nc NA nc NA


SB-14-271 4 6 Mercury 0.051 MG/KG U 23 NA nc NA nc NA
SB03 4 6 Mercury 0.055 MG/KG U 23 NA nc NA nc NA


CMS-407 0 1 Mercury 0.043 MG/KG UJ 23 NA nc NA nc NA
CMS-408 0 1 Mercury 0.041 MG/KG UJ 23 NA nc NA nc NA
MW14M 1 2 Mercury 0.1 MG/KG UJ 23 NA nc NA nc NA
MW14M 1 2 Mercury 0.1 MG/KG UJ 23 NA nc NA nc NA
CMS-428 1 2 Mercury 0.043 MG/KG UJ 23 NA nc NA nc NA
CMS-455 4 5 Mercury 0.058 MG/KG UJ 23 NA nc NA nc NA


CMW-SD-2017 0 0.5 Mercury 0.23 MG/KG 23 N nc NA nc NA
CMW-SD-2018 0 0.5 Mercury 0.03 MG/KG 23 N nc NA nc NA
CMW-SD-2019 0 0.5 Mercury 0.59 MG/KG 23 N nc NA nc NA
CMW-SD-2020 0 0.5 Mercury 0.57 MG/KG 23 N nc NA nc NA
CMW-SD-2021 0 0.5 Mercury 0.27 MG/KG 23 N nc NA nc NA


CMS-164 0 1 Mercury 1.1 MG/KG 23 N nc NA nc NA
CMS-237 0 1 Mercury 0.31 MG/KG 23 N nc NA nc NA
CMS-417 0 1 Mercury 7.4 MG/KG 23 N nc NA nc NA


RES-14-303-01 0 1 Mercury 0.62 MG/KG 23 N nc NA nc NA
CMS-703 0 2 Mercury 0.1 MG/KG 23 N nc NA nc NA


CMW-SD-2022 0.5 2 Mercury 0.93 MG/KG 23 N nc NA nc NA
MW01S 1 2 Mercury 0.15 MG/KG 23 N nc NA nc NA
MW08S 1 2 Mercury 0.23 MG/KG 23 N nc NA nc NA


CMS-237 1 2 Mercury 0.83 MG/KG 23 N nc NA nc NA
CMS-405 1 2 Mercury 0.15 MG/KG 23 N nc NA nc NA
CMS-417 1 2 Mercury 1.5 MG/KG 23 N nc NA nc NA
CMS-405 1 2 Mercury 0.38 MG/KG 23 N nc NA nc NA


CMW-SD-2022 2 2.5 Mercury 0.55 MG/KG 23 N nc NA nc NA
CMS-237 2 3 Mercury 0.7 MG/KG 23 N nc NA nc NA
CMS-405 2 3 Mercury 0.097 MG/KG 23 N nc NA nc NA
CMS-417 2 3 Mercury 0.24 MG/KG 23 N nc NA nc NA
MW08S 2 4 Mercury 0.95 MG/KG 23 N nc NA nc NA


SB02 2 4 Mercury 0.66 MG/KG 23 N nc NA nc NA
MW06S 2 4 Mercury 0.2 MG/KG 23 N nc NA nc NA
MW06S 2 4 Mercury 0.16 MG/KG 23 N nc NA nc NA
MW08S 2 4 Mercury 0.5 MG/KG 23 N nc NA nc NA


SB02 2 4 Mercury 0.49 MG/KG 23 N nc NA nc NA
SB03 2 4 Mercury 0.52 MG/KG 23 N nc NA nc NA


CMS-405 3 4 Mercury 0.95 MG/KG 23 N nc NA nc NA
CMS-417 3 4 Mercury 0.22 MG/KG 23 N nc NA nc NA
CMS-405 4 5 Mercury 0.29 MG/KG 23 N nc NA nc NA
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MW05S 4 6 Mercury 0.82 MG/KG 23 N nc NA nc NA
MW06S 4 6 Mercury 0.14 MG/KG 23 N nc NA nc NA
MW09S 4 6 Mercury 0.15 MG/KG 23 N nc NA nc NA


SB02 4 6 Mercury 0.21 MG/KG 23 N nc NA nc NA
CMS-4105 0 1 Mercury 2.98 MG/KG 23 N nc NA nc NA
CMS-4110 0 1 Mercury 5.91 MG/KG 23 N nc NA nc NA
CMS-065 0 10 Methyl Tert-butyl Ether 7.9 MG/KG U 390 NA 100 NA nc NA
MW05S 1 2 Methyl Tert-butyl Ether 0.095 MG/KG U 390 NA 100 NA nc NA
MW01S 1 2 Methyl Tert-butyl Ether 0.34 MG/KG U 390 NA 100 NA nc NA
MW05S 1 2 Methyl Tert-butyl Ether 0.11 MG/KG U 390 NA 100 NA nc NA
MW08S 1 2 Methyl Tert-butyl Ether 0.26 MG/KG U 390 NA 100 NA nc NA
MW14M 1 2 Methyl Tert-butyl Ether 0.11 MG/KG U 390 NA 100 NA nc NA
MW08S 2 4 Methyl Tert-butyl Ether 0.21 MG/KG U 390 NA 100 NA nc NA
MW01S 2 4 Methyl Tert-butyl Ether 0.22 MG/KG U 390 NA 100 NA nc NA
MW02S 2 4 Methyl Tert-butyl Ether 0.2 MG/KG U 390 NA 100 NA nc NA
MW04D 2 4 Methyl Tert-butyl Ether 0.5 MG/KG U 390 NA 100 NA nc NA
MW05S 2 4 Methyl Tert-butyl Ether 0.1 MG/KG U 390 NA 100 NA nc NA
MW06S 2 4 Methyl Tert-butyl Ether 0.3 MG/KG U 390 NA 100 NA nc NA
MW06S 2 4 Methyl Tert-butyl Ether 0.3 MG/KG U 390 NA 100 NA nc NA
MW08S 2 4 Methyl Tert-butyl Ether 0.32 MG/KG U 390 NA 100 NA nc NA
MW14M 2 4 Methyl Tert-butyl Ether 0.14 MG/KG U 390 NA 100 NA nc NA
MW15D 2 4 Methyl Tert-butyl Ether 0.14 MG/KG U 390 NA 100 NA nc NA


SB02 2 4 Methyl Tert-butyl Ether 0.38 MG/KG U 390 NA 100 NA nc NA
SB03 2 4 Methyl Tert-butyl Ether 0.3 MG/KG U 390 NA 100 NA nc NA


MW07S 3 4 Methyl Tert-butyl Ether 0.5 MG/KG U 390 NA 100 NA nc NA
MW15D 4 6 Methyl Tert-butyl Ether 0.1 MG/KG U 390 NA 100 NA nc NA
MW02S 4 6 Methyl Tert-butyl Ether 0.55 MG/KG U 390 NA 100 NA nc NA


SB03 4 6 Methyl Tert-butyl Ether 0.2 MG/KG U 390 NA 100 NA nc NA
MW01S 4 6 Methyl Tert-butyl Ether 0.24 MG/KG U 390 NA 100 NA nc NA
MW02S 4 6 Methyl Tert-butyl Ether 0.42 MG/KG U 390 NA 100 NA nc NA
MW03S 4 6 Methyl Tert-butyl Ether 0.35 MG/KG U 390 NA 100 NA nc NA
MW04D 4 6 Methyl Tert-butyl Ether 0.18 MG/KG U 390 NA 100 NA nc NA
MW06S 4 6 Methyl Tert-butyl Ether 0.43 MG/KG U 390 NA 100 NA nc NA
MW07S 4 6 Methyl Tert-butyl Ether 0.26 MG/KG U 390 NA 100 NA nc NA
MW08S 4 6 Methyl Tert-butyl Ether 0.3 MG/KG U 390 NA 100 NA nc NA
MW09S 4 6 Methyl Tert-butyl Ether 0.26 MG/KG U 390 NA 100 NA nc NA
MW15D 4 6 Methyl Tert-butyl Ether 0.12 MG/KG U 390 NA 100 NA nc NA


SB02 4 6 Methyl Tert-butyl Ether 0.26 MG/KG U 390 NA 100 NA nc NA
SB03 4 6 Methyl Tert-butyl Ether 0.18 MG/KG U 390 NA 100 NA nc NA


MW14M 1 2 Methyl Tert-butyl Ether 0.15 MG/KG UJ 390 NA 100 NA nc NA
SB-14-271 1 2 Methyl Tert-butyl Ether 0.12 MG/KG UJ 390 NA 100 NA nc NA
SB-14-271 2 4 Methyl Tert-butyl Ether 0.13 MG/KG UJ 390 NA 100 NA nc NA


MW05S 4 6 Methyl Tert-butyl Ether 0.11 MG/KG UJ 390 NA 100 NA nc NA
SB-14-271 4 6 Methyl Tert-butyl Ether 0.11 MG/KG UJ 390 NA 100 NA nc NA


MW01S 1 2 Methylene Chloride 0.09 MG/KG JTB 45 N nc NA nc NA
MW03S 4 6 Methylene Chloride 0.078 MG/KG JTB 45 N nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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CMS-089 0 1 Methylene Chloride 0.005 MG/KG U 45 NA nc NA nc NA
CMS-098 0 1 Methylene Chloride 0.0097 MG/KG U 45 NA nc NA nc NA
CMS-118 0 1 Methylene Chloride 0.0097 MG/KG U 45 NA nc NA nc NA
CMS-142 0 1 Methylene Chloride 0.0095 MG/KG U 45 NA nc NA nc NA
CMS-159 0 1 Methylene Chloride 0.041 MG/KG U 45 NA nc NA nc NA
CMS-164 0 1 Methylene Chloride 0.015 MG/KG U 45 NA nc NA nc NA
CMS-173 0 1 Methylene Chloride 0.024 MG/KG U 45 NA nc NA nc NA
CMS-407 0 1 Methylene Chloride 0.005 MG/KG U 45 NA nc NA nc NA
CMS-408 0 1 Methylene Chloride 0.0043 MG/KG U 45 NA nc NA nc NA
CMS-417 0 1 Methylene Chloride 59 MG/KG U 45 NA nc NA nc NA
CMS-456 0 1 Methylene Chloride 0.015 MG/KG U 45 NA nc NA nc NA
CMS-702 0 1 Methylene Chloride 0.017 MG/KG U 45 NA nc NA nc NA
CMS-703 0 1 Methylene Chloride 0.012 MG/KG U 45 NA nc NA nc NA
CMS-142 0 1 Methylene Chloride 0.011 MG/KG U 45 NA nc NA nc NA
CMS-060 0 1 Methylene Chloride 5.3 MG/KG U 45 NA nc NA nc NA
CMS-065 0 10 Methylene Chloride 3.9 MG/KG U 45 NA nc NA nc NA
MW05S 1 2 Methylene Chloride 0.095 MG/KG U 45 NA nc NA nc NA
MW05S 1 2 Methylene Chloride 0.11 MG/KG U 45 NA nc NA nc NA
MW08S 1 2 Methylene Chloride 0.26 MG/KG U 45 NA nc NA nc NA


CMS-060 1 2 Methylene Chloride 10 MG/KG U 45 NA nc NA nc NA
CMS-089 1 2 Methylene Chloride 0.0048 MG/KG U 45 NA nc NA nc NA
CMS-118 1 2 Methylene Chloride 0.012 MG/KG U 45 NA nc NA nc NA
CMS-173 1 2 Methylene Chloride 0.0083 MG/KG U 45 NA nc NA nc NA
CMS-237 1 2 Methylene Chloride 0.0069 MG/KG U 45 NA nc NA nc NA
CMS-405 1 2 Methylene Chloride 4 MG/KG U 45 NA nc NA nc NA
CMS-407 1 2 Methylene Chloride 0.0074 MG/KG U 45 NA nc NA nc NA
CMS-408 1 2 Methylene Chloride 2.2 MG/KG U 45 NA nc NA nc NA
CMS-417 1 2 Methylene Chloride 130 MG/KG U 45 NA nc NA nc NA
CMS-419 1 2 Methylene Chloride 56 MG/KG U 45 NA nc NA nc NA
CMS-423 1 2 Methylene Chloride 0.012 MG/KG U 45 NA nc NA nc NA
CMS-427 1 2 Methylene Chloride 0.0091 MG/KG U 45 NA nc NA nc NA
CMS-428 1 2 Methylene Chloride 0.011 MG/KG U 45 NA nc NA nc NA
CMS-456 1 2 Methylene Chloride 0.018 MG/KG U 45 NA nc NA nc NA
CMS-060 2 3 Methylene Chloride 0.55 MG/KG U 45 NA nc NA nc NA
CMS-089 2 3 Methylene Chloride 0.0047 MG/KG U 45 NA nc NA nc NA
CMS-118 2 3 Methylene Chloride 0.015 MG/KG U 45 NA nc NA nc NA
CMS-407 2 3 Methylene Chloride 0.0087 MG/KG U 45 NA nc NA nc NA
CMS-408 2 3 Methylene Chloride 6.6 MG/KG U 45 NA nc NA nc NA
CMS-417 2 3 Methylene Chloride 17 MG/KG U 45 NA nc NA nc NA
CMS-455 2 3 Methylene Chloride 0.67 MG/KG U 45 NA nc NA nc NA
MW08S 2 4 Methylene Chloride 0.21 MG/KG U 45 NA nc NA nc NA
MW01S 2 4 Methylene Chloride 0.22 MG/KG U 45 NA nc NA nc NA
MW02S 2 4 Methylene Chloride 0.2 MG/KG U 45 NA nc NA nc NA
MW04D 2 4 Methylene Chloride 0.5 MG/KG U 45 NA nc NA nc NA
MW05S 2 4 Methylene Chloride 0.1 MG/KG U 45 NA nc NA nc NA
MW06S 2 4 Methylene Chloride 0.3 MG/KG U 45 NA nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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MW06S 2 4 Methylene Chloride 0.3 MG/KG U 45 NA nc NA nc NA
MW08S 2 4 Methylene Chloride 0.32 MG/KG U 45 NA nc NA nc NA
MW14M 2 4 Methylene Chloride 0.14 MG/KG U 45 NA nc NA nc NA
MW15D 2 4 Methylene Chloride 0.14 MG/KG U 45 NA nc NA nc NA


SB02 2 4 Methylene Chloride 0.38 MG/KG U 45 NA nc NA nc NA
SB03 2 4 Methylene Chloride 0.3 MG/KG U 45 NA nc NA nc NA


MW07S 3 4 Methylene Chloride 0.5 MG/KG U 45 NA nc NA nc NA
CMS-060 3 4 Methylene Chloride 0.012 MG/KG U 45 NA nc NA nc NA
CMS-089 3 4 Methylene Chloride 0.0041 MG/KG U 45 NA nc NA nc NA
CMS-118 3 4 Methylene Chloride 0.017 MG/KG U 45 NA nc NA nc NA
CMS-407 3 4 Methylene Chloride 0.32 MG/KG U 45 NA nc NA nc NA
CMS-417 3 4 Methylene Chloride 0.28 MG/KG U 45 NA nc NA nc NA
CMS-419 3 4 Methylene Chloride 0.64 MG/KG U 45 NA nc NA nc NA
CMS-423 3 4 Methylene Chloride 0.009 MG/KG U 45 NA nc NA nc NA
CMS-427 3 4 Methylene Chloride 0.011 MG/KG U 45 NA nc NA nc NA
CMS-428 3 4 Methylene Chloride 0.011 MG/KG U 45 NA nc NA nc NA
CMS-423 3 4 Methylene Chloride 0.0099 MG/KG U 45 NA nc NA nc NA
CMS-060 4 5 Methylene Chloride 0.0095 MG/KG U 45 NA nc NA nc NA
CMS-118 4 5 Methylene Chloride 0.012 MG/KG U 45 NA nc NA nc NA
CMS-405 4 5 Methylene Chloride 1 MG/KG U 45 NA nc NA nc NA
CMS-455 4 5 Methylene Chloride 0.014 MG/KG U 45 NA nc NA nc NA
MW15D 4 6 Methylene Chloride 0.1 MG/KG U 45 NA nc NA nc NA
MW02S 4 6 Methylene Chloride 0.55 MG/KG U 45 NA nc NA nc NA


SB03 4 6 Methylene Chloride 0.2 MG/KG U 45 NA nc NA nc NA
MW01S 4 6 Methylene Chloride 0.24 MG/KG U 45 NA nc NA nc NA
MW02S 4 6 Methylene Chloride 0.42 MG/KG U 45 NA nc NA nc NA
MW04D 4 6 Methylene Chloride 0.18 MG/KG U 45 NA nc NA nc NA
MW06S 4 6 Methylene Chloride 0.43 MG/KG U 45 NA nc NA nc NA
MW07S 4 6 Methylene Chloride 0.26 MG/KG U 45 NA nc NA nc NA
MW08S 4 6 Methylene Chloride 0.3 MG/KG U 45 NA nc NA nc NA
MW09S 4 6 Methylene Chloride 0.26 MG/KG U 45 NA nc NA nc NA
MW15D 4 6 Methylene Chloride 0.12 MG/KG U 45 NA nc NA nc NA


SB02 4 6 Methylene Chloride 0.26 MG/KG U 45 NA nc NA nc NA
SB03 4 6 Methylene Chloride 0.18 MG/KG U 45 NA nc NA nc NA


CMS-237 0 1 Methylene Chloride 0.0059 MG/KG UJ 45 NA nc NA nc NA
MW14M 1 2 Methylene Chloride 0.15 MG/KG UJ 45 NA nc NA nc NA
MW14M 1 2 Methylene Chloride 0.15 MG/KG UJ 45 NA nc NA nc NA


SB-14-271 1 2 Methylene Chloride 0.12 MG/KG UJ 45 NA nc NA nc NA
CMS-405 1 2 Methylene Chloride 2.9 MG/KG UJ 45 NA nc NA nc NA
SB-14-271 2 4 Methylene Chloride 0.13 MG/KG UJ 45 NA nc NA nc NA


MW05S 4 6 Methylene Chloride 0.11 MG/KG UJ 45 NA nc NA nc NA
SB-14-271 4 6 Methylene Chloride 0.11 MG/KG UJ 45 NA nc NA nc NA
CMS-4105 0 1 Naphthalene 0.471124612 MG/KG J 54 N nc NA nc NA
CMS-4110 0 1 Naphthalene 0.449129764 MG/KG J 54 N nc NA nc NA
CMS-237 0 1 Naphthalene 0.1 MG/KG J 54 N nc NA nc NA
CMS-417 0 1 Naphthalene 3.9 MG/KG J 54 N nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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SS-02 0 1.3 Naphthalene 0.13 MG/KG J 54 N nc NA nc NA
MW14M 1 2 Naphthalene 0.093 MG/KG J 54 N nc NA nc NA
MW14M 1 2 Naphthalene 0.091 MG/KG J 54 N nc NA nc NA
MW08S 1 2 Naphthalene 0.13 MG/KG J 54 N nc NA nc NA
MW14M 1 2 Naphthalene 0.065 MG/KG J 54 N nc NA nc NA
MW14M 1 2 Naphthalene 0.083 MG/KG J 54 N nc NA nc NA
CMS-118 1 2 Naphthalene 0.12 MG/KG J 54 N nc NA nc NA
CMS-407 1 2 Naphthalene 0.067 MG/KG J 54 N nc NA nc NA
CMS-417 1 2 Naphthalene 7.9 MG/KG J 54 N nc NA nc NA
CMS-456 1 2 Naphthalene 0.1 MG/KG J 54 N nc NA nc NA
CMS-408 2 3 Naphthalene 0.16 MG/KG J 54 N nc NA nc NA
CMS-417 2 3 Naphthalene 4.3 MG/KG J 54 N nc NA nc NA
MW08S 2 4 Naphthalene 0.046 MG/KG J 54 N nc NA nc NA
MW06S 2 4 Naphthalene 0.11 MG/KG J 54 N nc NA nc NA
MW06S 2 4 Naphthalene 0.096 MG/KG J 54 N nc NA nc NA


SB03 2 4 Naphthalene 0.14 MG/KG J 54 N nc NA nc NA
CMS-417 3 4 Naphthalene 0.34 MG/KG J 54 N nc NA nc NA
CMS-423 3 4 Naphthalene 0.058 MG/KG J 54 N nc NA nc NA
MW15D 4 6 Naphthalene 0.23 MG/KG J 54 N nc NA nc NA
MW05S 4 6 Naphthalene 0.91 MG/KG J 54 N nc NA nc NA
MW06S 4 6 Naphthalene 0.16 MG/KG J 54 N nc NA nc NA
MW07S 4 6 Naphthalene 0.052 MG/KG J 54 N nc NA nc NA
MW15D 4 6 Naphthalene 0.19 MG/KG J 54 N nc NA nc NA
CMS-408 0 1 Naphthalene 0.0033 MG/KG J 54 N nc NA nc NA
CMS-417 0 1 Naphthalene 47 MG/KG J 54 N nc NA nc NA
CMS-703 0 1 Naphthalene 0.066 MG/KG J 54 N nc NA nc NA
CMS-060 1 2 Naphthalene 1.8 MG/KG J 54 N nc NA nc NA
CMS-089 1 2 Naphthalene 0.0033 MG/KG J 54 N nc NA nc NA
CMS-237 1 2 Naphthalene 0.0039 MG/KG J 54 N nc NA nc NA
CMS-407 1 2 Naphthalene 0.0037 MG/KG J 54 N nc NA nc NA
CMS-417 1 2 Naphthalene 84 MG/KG J 54 Y nc NA nc NA
CMS-407 3 4 Naphthalene 0.13 MG/KG J 54 N nc NA nc NA
CMS-419 3 4 Naphthalene 0.31 MG/KG J 54 N nc NA nc NA


SS-01 0 0 Naphthalene 0.43 MG/KG U 54 NA nc NA nc NA
CMW-SD-2016 0 0.5 Naphthalene 0.8 MG/KG U 54 NA nc NA nc NA
CMW-SD-2017 0 0.5 Naphthalene 0.87 MG/KG U 54 NA nc NA nc NA
CMW-SD-2018 0 0.5 Naphthalene 2.1 MG/KG U 54 NA nc NA nc NA
CMW-SD-2019 0 0.5 Naphthalene 0.95 MG/KG U 54 NA nc NA nc NA
CMW-SD-2020 0 0.5 Naphthalene 0.46 MG/KG U 54 NA nc NA nc NA
CMW-SD-2021 0 0.5 Naphthalene 2.1 MG/KG U 54 NA nc NA nc NA


CMS-089 0 1 Naphthalene 0.67 MG/KG U 54 NA nc NA nc NA
CMS-098 0 1 Naphthalene 0.6 MG/KG U 54 NA nc NA nc NA
CMS-142 0 1 Naphthalene 0.58 MG/KG U 54 NA nc NA nc NA
CMS-164 0 1 Naphthalene 2 MG/KG U 54 NA nc NA nc NA
CMS-173 0 1 Naphthalene 1.1 MG/KG U 54 NA nc NA nc NA
CMS-405 0 1 Naphthalene 0.35 MG/KG U 54 NA nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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CMS-407 0 1 Naphthalene 0.35 MG/KG U 54 NA nc NA nc NA
CMS-408 0 1 Naphthalene 0.34 MG/KG U 54 NA nc NA nc NA
CMS-456 0 1 Naphthalene 0.49 MG/KG U 54 NA nc NA nc NA
CMS-142 0 1 Naphthalene 0.55 MG/KG U 54 NA nc NA nc NA


RES-14-271-01 0 1 Naphthalene 0.51 MG/KG U 54 NA nc NA nc NA
RES-14-272-01 0 1 Naphthalene 0.62 MG/KG U 54 NA nc NA nc NA
RES-14-302-01 0 1 Naphthalene 5 MG/KG U 54 NA nc NA nc NA
RES-14-303-01 0 1 Naphthalene 4.8 MG/KG U 54 NA nc NA nc NA
RES-14-271-01 0 1 Naphthalene 2.5 MG/KG U 54 NA nc NA nc NA
RES-14-272-01 0 1 Naphthalene 3.1 MG/KG U 54 NA nc NA nc NA


CMS-703 0 2 Naphthalene 6.2 MG/KG U 54 NA nc NA nc NA
SS-06 0 2 Naphthalene 0.84 MG/KG U 54 NA nc NA nc NA


BV01COMP 0 4 Naphthalene 0.38 MG/KG U 54 NA nc NA nc NA
CMW-SD-2022 0.5 2 Naphthalene 4.2 MG/KG U 54 NA nc NA nc NA


MW05S 1 2 Naphthalene 0.36 MG/KG U 54 NA nc NA nc NA
MW01S 1 2 Naphthalene 0.38 MG/KG U 54 NA nc NA nc NA
MW05S 1 2 Naphthalene 0.36 MG/KG U 54 NA nc NA nc NA


SB-14-271 1 2 Naphthalene 0.4 MG/KG U 54 NA nc NA nc NA
CMS-060 1 2 Naphthalene 0.34 MG/KG U 54 NA nc NA nc NA
CMS-089 1 2 Naphthalene 0.35 MG/KG U 54 NA nc NA nc NA
CMS-173 1 2 Naphthalene 0.52 MG/KG U 54 NA nc NA nc NA
CMS-237 1 2 Naphthalene 0.83 MG/KG U 54 NA nc NA nc NA
CMS-408 1 2 Naphthalene 8.7 MG/KG U 54 NA nc NA nc NA
CMS-419 1 2 Naphthalene 74 MG/KG U 54 NA nc NA nc NA
CMS-423 1 2 Naphthalene 0.35 MG/KG U 54 NA nc NA nc NA
CMS-427 1 2 Naphthalene 3.6 MG/KG U 54 NA nc NA nc NA
CMS-428 1 2 Naphthalene 0.35 MG/KG U 54 NA nc NA nc NA
CMS-405 1 2 Naphthalene 1.2 MG/KG U 54 NA nc NA nc NA


CMW-SD-2022 2 2.5 Naphthalene 0.86 MG/KG U 54 NA nc NA nc NA
CMS-060 2 3 Naphthalene 0.36 MG/KG U 54 NA nc NA nc NA
CMS-089 2 3 Naphthalene 0.7 MG/KG U 54 NA nc NA nc NA
CMS-118 2 3 Naphthalene 0.44 MG/KG U 54 NA nc NA nc NA
CMS-237 2 3 Naphthalene 0.63 MG/KG U 54 NA nc NA nc NA
CMS-405 2 3 Naphthalene 0.64 MG/KG U 54 NA nc NA nc NA
CMS-407 2 3 Naphthalene 1.1 MG/KG U 54 NA nc NA nc NA
CMS-455 2 3 Naphthalene 0.4 MG/KG U 54 NA nc NA nc NA


SB02 2 4 Naphthalene 2.3 MG/KG U 54 NA nc NA nc NA
MW01S 2 4 Naphthalene 1.6 MG/KG U 54 NA nc NA nc NA
MW02S 2 4 Naphthalene 0.38 MG/KG U 54 NA nc NA nc NA
MW08S 2 4 Naphthalene 0.41 MG/KG U 54 NA nc NA nc NA
MW14M 2 4 Naphthalene 0.38 MG/KG U 54 NA nc NA nc NA
MW15D 2 4 Naphthalene 0.37 MG/KG U 54 NA nc NA nc NA


SB-14-271 2 4 Naphthalene 0.45 MG/KG U 54 NA nc NA nc NA
SB02 2 4 Naphthalene 2.2 MG/KG U 54 NA nc NA nc NA
SS-03 2.5 3.5 Naphthalene 0.4 MG/KG U 54 NA nc NA nc NA


MW07S 3 4 Naphthalene 0.38 MG/KG U 54 NA nc NA nc NA
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CMS-060 3 4 Naphthalene 0.45 MG/KG U 54 NA nc NA nc NA
CMS-089 3 4 Naphthalene 1.8 MG/KG U 54 NA nc NA nc NA
CMS-118 3 4 Naphthalene 0.5 MG/KG U 54 NA nc NA nc NA
CMS-407 3 4 Naphthalene 0.42 MG/KG U 54 NA nc NA nc NA
CMS-419 3 4 Naphthalene 0.42 MG/KG U 54 NA nc NA nc NA
CMS-427 3 4 Naphthalene 0.41 MG/KG U 54 NA nc NA nc NA
CMS-428 3 4 Naphthalene 0.37 MG/KG U 54 NA nc NA nc NA
CMS-423 3 4 Naphthalene 0.39 MG/KG U 54 NA nc NA nc NA
CMS-118 4 5 Naphthalene 0.43 MG/KG U 54 NA nc NA nc NA
CMS-405 4 5 Naphthalene 0.46 MG/KG U 54 NA nc NA nc NA
CMS-455 4 5 Naphthalene 0.48 MG/KG U 54 NA nc NA nc NA


SB03 4 6 Naphthalene 0.37 MG/KG U 54 NA nc NA nc NA
MW01S 4 6 Naphthalene 0.4 MG/KG U 54 NA nc NA nc NA
MW03S 4 6 Naphthalene 0.4 MG/KG U 54 NA nc NA nc NA
MW04D 4 6 Naphthalene 0.42 MG/KG U 54 NA nc NA nc NA
MW08S 4 6 Naphthalene 0.45 MG/KG U 54 NA nc NA nc NA
MW09S 4 6 Naphthalene 0.85 MG/KG U 54 NA nc NA nc NA


SB-14-271 4 6 Naphthalene 0.4 MG/KG U 54 NA nc NA nc NA
SB02 4 6 Naphthalene 0.83 MG/KG U 54 NA nc NA nc NA
SB03 4 6 Naphthalene 0.38 MG/KG U 54 NA nc NA nc NA


CMS-089 0 1 Naphthalene 0.005 MG/KG U 54 NA nc NA nc NA
CMS-118 0 1 Naphthalene 0.0048 MG/KG U 54 NA nc NA nc NA
CMS-159 0 1 Naphthalene 0.021 MG/KG U 54 NA nc NA nc NA
CMS-407 0 1 Naphthalene 0.005 MG/KG U 54 NA nc NA nc NA
CMS-456 0 1 Naphthalene 0.0075 MG/KG U 54 NA nc NA nc NA
CMS-702 0 1 Naphthalene 0.0087 MG/KG U 54 NA nc NA nc NA
CMS-065 0 10 Naphthalene 3.9 MG/KG U 54 NA nc NA nc NA
CMS-408 1 2 Naphthalene 2.2 MG/KG U 54 NA nc NA nc NA
CMS-423 1 2 Naphthalene 0.0062 MG/KG U 54 NA nc NA nc NA
CMS-427 1 2 Naphthalene 0.0045 MG/KG U 54 NA nc NA nc NA
CMS-428 1 2 Naphthalene 0.0054 MG/KG U 54 NA nc NA nc NA
CMS-407 2 3 Naphthalene 0.0087 MG/KG U 54 NA nc NA nc NA
CMS-408 2 3 Naphthalene 6.6 MG/KG U 54 NA nc NA nc NA
CMS-417 2 3 Naphthalene 17 MG/KG U 54 NA nc NA nc NA
CMS-455 2 3 Naphthalene 0.33 MG/KG U 54 NA nc NA nc NA
CMS-060 3 4 Naphthalene 0.0058 MG/KG U 54 NA nc NA nc NA
CMS-089 3 4 Naphthalene 0.0041 MG/KG U 54 NA nc NA nc NA
CMS-118 3 4 Naphthalene 0.0084 MG/KG U 54 NA nc NA nc NA
CMS-423 3 4 Naphthalene 0.0045 MG/KG U 54 NA nc NA nc NA
CMS-428 3 4 Naphthalene 0.0057 MG/KG U 54 NA nc NA nc NA
CMS-423 3 4 Naphthalene 0.0049 MG/KG U 54 NA nc NA nc NA
CMS-060 4 5 Naphthalene 0.0048 MG/KG U 54 NA nc NA nc NA
CMS-118 4 5 Naphthalene 0.0059 MG/KG U 54 NA nc NA nc NA
CMS-405 4 5 Naphthalene 1 MG/KG U 54 NA nc NA nc NA
CMS-455 4 5 Naphthalene 0.0072 MG/KG U 54 NA nc NA nc NA


GEC-6 2.5 4.5 Naphthalene 0.15 MG/KG U 54 NA nc NA nc NA
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CMS-060 0 1 Naphthalene 0.34 MG/KG UJ 54 NA nc NA nc NA
CMS-118 0 1 Naphthalene 0.36 MG/KG UJ 54 NA nc NA nc NA
CMS-159 0 1 Naphthalene 2.2 MG/KG UJ 54 NA nc NA nc NA
CMS-060 0 1 Naphthalene 0.35 MG/KG UJ 54 NA nc NA nc NA
CMS-060 4 5 Naphthalene 0.38 MG/KG UJ 54 NA nc NA nc NA
CMS-098 0 1 Naphthalene 0.0097 MG/KG UJ 54 NA nc NA nc NA
CMS-142 0 1 Naphthalene 0.0095 MG/KG UJ 54 NA nc NA nc NA
CMS-164 0 1 Naphthalene 0.015 MG/KG UJ 54 NA nc NA nc NA
CMS-173 0 1 Naphthalene 0.024 MG/KG UJ 54 NA nc NA nc NA
CMS-237 0 1 Naphthalene 0.0059 MG/KG UJ 54 NA nc NA nc NA
CMS-142 0 1 Naphthalene 0.011 MG/KG UJ 54 NA nc NA nc NA
CMS-060 0 1 Naphthalene 2.7 MG/KG UJ 54 NA nc NA nc NA
CMS-118 1 2 Naphthalene 0.006 MG/KG UJ 54 NA nc NA nc NA
CMS-173 1 2 Naphthalene 0.0083 MG/KG UJ 54 NA nc NA nc NA
CMS-405 1 2 Naphthalene 4 MG/KG UJ 54 NA nc NA nc NA
CMS-456 1 2 Naphthalene 0.0089 MG/KG UJ 54 NA nc NA nc NA
CMS-405 1 2 Naphthalene 2.9 MG/KG UJ 54 NA nc NA nc NA
CMS-060 2 3 Naphthalene 0.27 MG/KG UJ 54 NA nc NA nc NA
CMS-089 2 3 Naphthalene 0.0047 MG/KG UJ 54 NA nc NA nc NA
CMS-118 2 3 Naphthalene 0.0074 MG/KG UJ 54 NA nc NA nc NA
CMS-417 3 4 Naphthalene 0.28 MG/KG UJ 54 NA nc NA nc NA
CMS-405 1 2 Naphthalene 0.87 MG/KG 54 N nc NA nc NA
MW05S 2 4 Naphthalene 0.43 MG/KG 54 N nc NA nc NA


CMS-405 3 4 Naphthalene 0.39 MG/KG 54 N nc NA nc NA
CMS-419 1 2 Naphthalene 39 MG/KG 54 N nc NA nc NA
CMS-427 3 4 Naphthalene 0.069 MG/KG 54 N nc NA nc NA


CMW-SD-2018 0 0.5 Nickel 2 MG/KG J 1000 N nc NA nc NA
CMS-089 0 1 Nickel 5 MG/KG J 1000 N nc NA nc NA
CMS-098 0 1 Nickel 5.5 MG/KG J 1000 N nc NA nc NA
CMS-142 0 1 Nickel 5.1 MG/KG J 1000 N nc NA nc NA
CMS-173 0 1 Nickel 20.7 MG/KG J 1000 N nc NA nc NA
CMS-407 0 1 Nickel 29.5 MG/KG J 1000 N nc NA nc NA
CMS-408 0 1 Nickel 13.8 MG/KG J 1000 N nc NA nc NA
CMS-142 0 1 Nickel 4 MG/KG J 1000 N nc NA nc NA


RES-14-333-01 0 1 Nickel 21.8 MG/KG J 1000 N nc NA nc NA
MW08S 1 2 Nickel 28.8 MG/KG J 1000 N nc NA nc NA


CMS-089 1 2 Nickel 13 MG/KG J 1000 N nc NA nc NA
CMS-173 1 2 Nickel 5.1 MG/KG J 1000 N nc NA nc NA
CMS-407 1 2 Nickel 27 MG/KG J 1000 N nc NA nc NA
CMS-408 1 2 Nickel 36.9 MG/KG J 1000 N nc NA nc NA
CMS-089 2 3 Nickel 6.2 MG/KG J 1000 N nc NA nc NA
CMS-407 2 3 Nickel 33.8 MG/KG J 1000 N nc NA nc NA
CMS-408 2 3 Nickel 17.2 MG/KG J 1000 N nc NA nc NA
MW08S 2 4 Nickel 13.1 MG/KG J 1000 N nc NA nc NA
MW08S 2 4 Nickel 11.8 MG/KG J 1000 N nc NA nc NA


CMS-060 3 4 Nickel 3.7 MG/KG J 1000 N nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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CMS-089 3 4 Nickel 8.6 MG/KG J 1000 N nc NA nc NA
CMS-407 3 4 Nickel 3.9 MG/KG J 1000 N nc NA nc NA
CMS-118 4 5 Nickel 5 MG/KG J 1000 N nc NA nc NA
CMS-405 4 5 Nickel 3.2 MG/KG J 1000 N nc NA nc NA


CMW-SD-2022 2 2.5 Nickel 1.3 MG/KG U 1000 NA nc NA nc NA
CMW-SD-2016 0 0.5 Nickel 5.1 MG/KG 1000 N nc NA nc NA
CMW-SD-2017 0 0.5 Nickel 6.3 MG/KG 1000 N nc NA nc NA
CMW-SD-2019 0 0.5 Nickel 33.8 MG/KG 1000 N nc NA nc NA
CMW-SD-2020 0 0.5 Nickel 10.6 MG/KG 1000 N nc NA nc NA
CMW-SD-2021 0 0.5 Nickel 32.9 MG/KG 1000 N nc NA nc NA


CMS-060 0 1 Nickel 8.8 MG/KG 1000 N nc NA nc NA
CMS-118 0 1 Nickel 7.2 MG/KG 1000 N nc NA nc NA
CMS-159 0 1 Nickel 45.3 MG/KG 1000 N nc NA nc NA
CMS-164 0 1 Nickel 18.4 MG/KG 1000 N nc NA nc NA
CMS-237 0 1 Nickel 11.4 MG/KG 1000 N nc NA nc NA
CMS-405 0 1 Nickel 11 MG/KG 1000 N nc NA nc NA
CMS-417 0 1 Nickel 31.3 MG/KG 1000 N nc NA nc NA
CMS-456 0 1 Nickel 9.1 MG/KG 1000 N nc NA nc NA
CMS-060 0 1 Nickel 9.6 MG/KG 1000 N nc NA nc NA


RES-14-271-01 0 1 Nickel 32.2 MG/KG 1000 N nc NA nc NA
RES-14-272-01 0 1 Nickel 11.5 MG/KG 1000 N nc NA nc NA
RES-14-302-01 0 1 Nickel 16.3 MG/KG 1000 N nc NA nc NA
RES-14-303-01 0 1 Nickel 38.3 MG/KG 1000 N nc NA nc NA
RES-14-271-01 0 1 Nickel 33.8 MG/KG 1000 N nc NA nc NA
RES-14-272-01 0 1 Nickel 13.3 MG/KG 1000 N nc NA nc NA


CMS-703 0 2 Nickel 8.9 MG/KG 1000 N nc NA nc NA
BV01COMP 0 4 Nickel 6.7 MG/KG 1000 N nc NA nc NA


CMW-SD-2022 0.5 2 Nickel 3.7 MG/KG 1000 N nc NA nc NA
MW05S 1 2 Nickel 2.2 MG/KG 1000 N nc NA nc NA
MW14M 1 2 Nickel 7.2 MG/KG 1000 N nc NA nc NA
MW01S 1 2 Nickel 19.6 MG/KG 1000 N nc NA nc NA
MW05S 1 2 Nickel 3 MG/KG 1000 N nc NA nc NA
MW14M 1 2 Nickel 11.8 MG/KG 1000 N nc NA nc NA


SB-14-271 1 2 Nickel 8.1 MG/KG 1000 N nc NA nc NA
CMS-060 1 2 Nickel 7 MG/KG 1000 N nc NA nc NA
CMS-118 1 2 Nickel 20 MG/KG 1000 N nc NA nc NA
CMS-237 1 2 Nickel 43.4 MG/KG 1000 N nc NA nc NA
CMS-405 1 2 Nickel 32.2 MG/KG 1000 N nc NA nc NA
CMS-417 1 2 Nickel 30 MG/KG 1000 N nc NA nc NA
CMS-419 1 2 Nickel 28.6 MG/KG 1000 N nc NA nc NA
CMS-423 1 2 Nickel 15.1 MG/KG 1000 N nc NA nc NA
CMS-427 1 2 Nickel 22.4 MG/KG 1000 N nc NA nc NA
CMS-428 1 2 Nickel 12.9 MG/KG 1000 N nc NA nc NA
CMS-456 1 2 Nickel 74.3 MG/KG 1000 N nc NA nc NA
CMS-405 1 2 Nickel 41.2 MG/KG 1000 N nc NA nc NA
CMS-060 2 3 Nickel 6.5 MG/KG 1000 N nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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CMS-118 2 3 Nickel 28.7 MG/KG 1000 N nc NA nc NA
CMS-237 2 3 Nickel 37.6 MG/KG 1000 N nc NA nc NA
CMS-405 2 3 Nickel 35 MG/KG 1000 N nc NA nc NA
CMS-417 2 3 Nickel 6 MG/KG 1000 N nc NA nc NA
CMS-455 2 3 Nickel 14.3 MG/KG 1000 N nc NA nc NA


SB02 2 4 Nickel 6.2 MG/KG 1000 N nc NA nc NA
MW02S 2 4 Nickel 6.2 MG/KG 1000 N nc NA nc NA
MW05S 2 4 Nickel 9.7 MG/KG 1000 N nc NA nc NA
MW06S 2 4 Nickel 8.8 MG/KG 1000 N nc NA nc NA
MW06S 2 4 Nickel 11.5 MG/KG 1000 N nc NA nc NA
MW14M 2 4 Nickel 5.7 MG/KG 1000 N nc NA nc NA
MW15D 2 4 Nickel 9.4 MG/KG 1000 N nc NA nc NA


SB-14-271 2 4 Nickel 3 MG/KG 1000 N nc NA nc NA
SB02 2 4 Nickel 6.4 MG/KG 1000 N nc NA nc NA
SB03 2 4 Nickel 3 MG/KG 1000 N nc NA nc NA


MW07S 3 4 Nickel 8.3 MG/KG 1000 N nc NA nc NA
CMS-118 3 4 Nickel 10 MG/KG 1000 N nc NA nc NA
CMS-405 3 4 Nickel 53.6 MG/KG 1000 N nc NA nc NA
CMS-417 3 4 Nickel 10.4 MG/KG 1000 N nc NA nc NA
CMS-419 3 4 Nickel 8.3 MG/KG 1000 N nc NA nc NA
CMS-423 3 4 Nickel 5.8 MG/KG 1000 N nc NA nc NA
CMS-427 3 4 Nickel 25.4 MG/KG 1000 N nc NA nc NA
CMS-428 3 4 Nickel 5.7 MG/KG 1000 N nc NA nc NA
CMS-423 3 4 Nickel 9.5 MG/KG 1000 N nc NA nc NA
CMS-060 4 5 Nickel 7.8 MG/KG 1000 N nc NA nc NA
CMS-455 4 5 Nickel 5.7 MG/KG 1000 N nc NA nc NA


SB03 4 6 Nickel 2.9 MG/KG 1000 N nc NA nc NA
MW15D 4 6 Nickel 4.1 MG/KG 1000 N nc NA nc NA
MW01S 4 6 Nickel 2.1 MG/KG 1000 N nc NA nc NA
MW03S 4 6 Nickel 8.4 MG/KG 1000 N nc NA nc NA
MW04D 4 6 Nickel 1.6 MG/KG 1000 N nc NA nc NA
MW05S 4 6 Nickel 24.2 MG/KG 1000 N nc NA nc NA
MW06S 4 6 Nickel 21.4 MG/KG 1000 N nc NA nc NA
MW07S 4 6 Nickel 5.1 MG/KG 1000 N nc NA nc NA
MW08S 4 6 Nickel 4.3 MG/KG 1000 N nc NA nc NA
MW09S 4 6 Nickel 6.4 MG/KG 1000 N nc NA nc NA
MW15D 4 6 Nickel 6.7 MG/KG 1000 N nc NA nc NA


SB-14-271 4 6 Nickel 3.4 MG/KG 1000 N nc NA nc NA
SB02 4 6 Nickel 5.8 MG/KG 1000 N nc NA nc NA
SB03 4 6 Nickel 4.8 MG/KG 1000 N nc NA nc NA


CMS-4105 0 1 Nickel 24.6 MG/KG 1000 N nc NA nc NA
CMS-4110 0 1 Nickel 31.1 MG/KG 1000 N nc NA nc NA


RES-14-333-01 0 1 Pentachlorophenol 18 MG/KG J 5.3 Y nc NA nc NA
SB02 2 4 Pentachlorophenol 0.65 MG/KG J 5.3 N nc NA nc NA


CMS-089 0 1 Pentachlorophenol 3.3 MG/KG U 5.3 NA nc NA nc NA
CMS-098 0 1 Pentachlorophenol 2.9 MG/KG U 5.3 NA nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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CMS-142 0 1 Pentachlorophenol 2.8 MG/KG U 5.3 NA nc NA nc NA
CMS-164 0 1 Pentachlorophenol 9.8 MG/KG U 5.3 NA nc NA nc NA
CMS-173 0 1 Pentachlorophenol 5.3 MG/KG U 5.3 NA nc NA nc NA
CMS-237 0 1 Pentachlorophenol 6.2 MG/KG U 5.3 NA nc NA nc NA
CMS-405 0 1 Pentachlorophenol 1.7 MG/KG U 5.3 NA nc NA nc NA
CMS-407 0 1 Pentachlorophenol 1.7 MG/KG U 5.3 NA nc NA nc NA
CMS-408 0 1 Pentachlorophenol 1.7 MG/KG U 5.3 NA nc NA nc NA
CMS-417 0 1 Pentachlorophenol 170 MG/KG U 5.3 NA nc NA nc NA
CMS-456 0 1 Pentachlorophenol 2.4 MG/KG U 5.3 NA nc NA nc NA
CMS-142 0 1 Pentachlorophenol 2.7 MG/KG U 5.3 NA nc NA nc NA
CMS-060 0 1 Pentachlorophenol 1.7 MG/KG U 5.3 NA nc NA nc NA


RES-14-271-01 0 1 Pentachlorophenol 1.3 MG/KG U 5.3 NA nc NA nc NA
RES-14-272-01 0 1 Pentachlorophenol 1.6 MG/KG U 5.3 NA nc NA nc NA
RES-14-303-01 0 1 Pentachlorophenol 12 MG/KG U 5.3 NA nc NA nc NA
RES-14-271-01 0 1 Pentachlorophenol 6.3 MG/KG U 5.3 NA nc NA nc NA
RES-14-272-01 0 1 Pentachlorophenol 7.7 MG/KG U 5.3 NA nc NA nc NA


CMS-703 0 2 Pentachlorophenol 30 MG/KG U 5.3 NA nc NA nc NA
SS-06 0 2 Pentachlorophenol 2.1 MG/KG U 5.3 NA nc NA nc NA


BV01COMP 0 4 Pentachlorophenol 1.8 MG/KG U 5.3 NA nc NA nc NA
MW05S 1 2 Pentachlorophenol 0.9 MG/KG U 5.3 NA nc NA nc NA
MW14M 1 2 Pentachlorophenol 0.86 MG/KG U 5.3 NA nc NA nc NA
MW14M 1 2 Pentachlorophenol 0.86 MG/KG U 5.3 NA nc NA nc NA
MW01S 1 2 Pentachlorophenol 0.95 MG/KG U 5.3 NA nc NA nc NA
MW05S 1 2 Pentachlorophenol 0.89 MG/KG U 5.3 NA nc NA nc NA
MW08S 1 2 Pentachlorophenol 1.1 MG/KG U 5.3 NA nc NA nc NA
MW14M 1 2 Pentachlorophenol 0.84 MG/KG U 5.3 NA nc NA nc NA
MW14M 1 2 Pentachlorophenol 0.84 MG/KG U 5.3 NA nc NA nc NA


SB-14-271 1 2 Pentachlorophenol 1 MG/KG U 5.3 NA nc NA nc NA
CMS-060 1 2 Pentachlorophenol 1.6 MG/KG U 5.3 NA nc NA nc NA
CMS-089 1 2 Pentachlorophenol 1.7 MG/KG U 5.3 NA nc NA nc NA
CMS-118 1 2 Pentachlorophenol 1.8 MG/KG U 5.3 NA nc NA nc NA
CMS-173 1 2 Pentachlorophenol 2.5 MG/KG U 5.3 NA nc NA nc NA
CMS-237 1 2 Pentachlorophenol 4 MG/KG U 5.3 NA nc NA nc NA
CMS-405 1 2 Pentachlorophenol 3.1 MG/KG U 5.3 NA nc NA nc NA
CMS-407 1 2 Pentachlorophenol 2.1 MG/KG U 5.3 NA nc NA nc NA
CMS-408 1 2 Pentachlorophenol 42 MG/KG U 5.3 NA nc NA nc NA
CMS-417 1 2 Pentachlorophenol 170 MG/KG U 5.3 NA nc NA nc NA
CMS-419 1 2 Pentachlorophenol 360 MG/KG U 5.3 NA nc NA nc NA
CMS-423 1 2 Pentachlorophenol 1.7 MG/KG U 5.3 NA nc NA nc NA
CMS-427 1 2 Pentachlorophenol 17 MG/KG U 5.3 NA nc NA nc NA
CMS-428 1 2 Pentachlorophenol 1.7 MG/KG U 5.3 NA nc NA nc NA
CMS-456 1 2 Pentachlorophenol 5.7 MG/KG U 5.3 NA nc NA nc NA
CMS-405 1 2 Pentachlorophenol 6 MG/KG U 5.3 NA nc NA nc NA
CMS-060 2 3 Pentachlorophenol 1.7 MG/KG U 5.3 NA nc NA nc NA
CMS-089 2 3 Pentachlorophenol 3.4 MG/KG U 5.3 NA nc NA nc NA
CMS-118 2 3 Pentachlorophenol 2.1 MG/KG U 5.3 NA nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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CMS-237 2 3 Pentachlorophenol 3.1 MG/KG U 5.3 NA nc NA nc NA
CMS-405 2 3 Pentachlorophenol 3.1 MG/KG U 5.3 NA nc NA nc NA
CMS-407 2 3 Pentachlorophenol 5.3 MG/KG U 5.3 NA nc NA nc NA
CMS-408 2 3 Pentachlorophenol 2.1 MG/KG U 5.3 NA nc NA nc NA
CMS-417 2 3 Pentachlorophenol 47 MG/KG U 5.3 NA nc NA nc NA
CMS-455 2 3 Pentachlorophenol 1.9 MG/KG U 5.3 NA nc NA nc NA
MW08S 2 4 Pentachlorophenol 1.1 MG/KG U 5.3 NA nc NA nc NA
MW01S 2 4 Pentachlorophenol 4 MG/KG U 5.3 NA nc NA nc NA
MW02S 2 4 Pentachlorophenol 0.97 MG/KG U 5.3 NA nc NA nc NA
MW06S 2 4 Pentachlorophenol 0.91 MG/KG U 5.3 NA nc NA nc NA
MW06S 2 4 Pentachlorophenol 0.92 MG/KG U 5.3 NA nc NA nc NA
MW08S 2 4 Pentachlorophenol 1 MG/KG U 5.3 NA nc NA nc NA
MW14M 2 4 Pentachlorophenol 0.94 MG/KG U 5.3 NA nc NA nc NA
MW15D 2 4 Pentachlorophenol 0.93 MG/KG U 5.3 NA nc NA nc NA


SB-14-271 2 4 Pentachlorophenol 1.1 MG/KG U 5.3 NA nc NA nc NA
SB02 2 4 Pentachlorophenol 5.5 MG/KG U 5.3 NA nc NA nc NA
SB03 2 4 Pentachlorophenol 2.5 MG/KG U 5.3 NA nc NA nc NA


MW07S 3 4 Pentachlorophenol 0.97 MG/KG U 5.3 NA nc NA nc NA
CMS-060 3 4 Pentachlorophenol 2.2 MG/KG U 5.3 NA nc NA nc NA
CMS-089 3 4 Pentachlorophenol 8.5 MG/KG U 5.3 NA nc NA nc NA
CMS-118 3 4 Pentachlorophenol 2.4 MG/KG U 5.3 NA nc NA nc NA
CMS-405 3 4 Pentachlorophenol 1.8 MG/KG U 5.3 NA nc NA nc NA
CMS-407 3 4 Pentachlorophenol 2.1 MG/KG U 5.3 NA nc NA nc NA
CMS-417 3 4 Pentachlorophenol 9.2 MG/KG U 5.3 NA nc NA nc NA
CMS-419 3 4 Pentachlorophenol 2 MG/KG U 5.3 NA nc NA nc NA
CMS-423 3 4 Pentachlorophenol 1.8 MG/KG U 5.3 NA nc NA nc NA
CMS-427 3 4 Pentachlorophenol 2 MG/KG U 5.3 NA nc NA nc NA
CMS-428 3 4 Pentachlorophenol 1.8 MG/KG U 5.3 NA nc NA nc NA
CMS-423 3 4 Pentachlorophenol 1.9 MG/KG U 5.3 NA nc NA nc NA
CMS-118 4 5 Pentachlorophenol 2.1 MG/KG U 5.3 NA nc NA nc NA
CMS-405 4 5 Pentachlorophenol 2.2 MG/KG U 5.3 NA nc NA nc NA
CMS-455 4 5 Pentachlorophenol 2.3 MG/KG U 5.3 NA nc NA nc NA


SB03 4 6 Pentachlorophenol 0.93 MG/KG U 5.3 NA nc NA nc NA
MW15D 4 6 Pentachlorophenol 1 MG/KG U 5.3 NA nc NA nc NA
MW01S 4 6 Pentachlorophenol 1 MG/KG U 5.3 NA nc NA nc NA
MW03S 4 6 Pentachlorophenol 1 MG/KG U 5.3 NA nc NA nc NA
MW04D 4 6 Pentachlorophenol 1.1 MG/KG U 5.3 NA nc NA nc NA
MW05S 4 6 Pentachlorophenol 2.1 MG/KG U 5.3 NA nc NA nc NA
MW06S 4 6 Pentachlorophenol 1.2 MG/KG U 5.3 NA nc NA nc NA
MW07S 4 6 Pentachlorophenol 1 MG/KG U 5.3 NA nc NA nc NA
MW08S 4 6 Pentachlorophenol 1.1 MG/KG U 5.3 NA nc NA nc NA
MW09S 4 6 Pentachlorophenol 2.1 MG/KG U 5.3 NA nc NA nc NA
MW15D 4 6 Pentachlorophenol 0.89 MG/KG U 5.3 NA nc NA nc NA


SB-14-271 4 6 Pentachlorophenol 1 MG/KG U 5.3 NA nc NA nc NA
SB02 4 6 Pentachlorophenol 2.1 MG/KG U 5.3 NA nc NA nc NA
SB03 4 6 Pentachlorophenol 0.94 MG/KG U 5.3 NA nc NA nc NA
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CMS-4105 0 1 Pentachlorophenol 13 MG/KG U 5.3 NA nc NA nc NA
CMS-4110 0 1 Pentachlorophenol 16 MG/KG U 5.3 NA nc NA nc NA


SS-01 0 0 Pentachlorophenol 1.1 MG/KG UJ 5.3 NA nc NA nc NA
CMW-SD-2016 0 0.5 Pentachlorophenol 2 MG/KG UJ 5.3 NA nc NA nc NA
CMW-SD-2017 0 0.5 Pentachlorophenol 2.2 MG/KG UJ 5.3 NA nc NA nc NA
CMW-SD-2018 0 0.5 Pentachlorophenol 5.3 MG/KG UJ 5.3 NA nc NA nc NA
CMW-SD-2019 0 0.5 Pentachlorophenol 2.4 MG/KG UJ 5.3 NA nc NA nc NA
CMW-SD-2020 0 0.5 Pentachlorophenol 1.2 MG/KG UJ 5.3 NA nc NA nc NA
CMW-SD-2021 0 0.5 Pentachlorophenol 5.2 MG/KG UJ 5.3 NA nc NA nc NA


CMS-060 0 1 Pentachlorophenol 1.6 MG/KG UJ 5.3 NA nc NA nc NA
CMS-118 0 1 Pentachlorophenol 1.7 MG/KG UJ 5.3 NA nc NA nc NA
CMS-159 0 1 Pentachlorophenol 11 MG/KG UJ 5.3 NA nc NA nc NA


RES-14-302-01 0 1 Pentachlorophenol 12 MG/KG UJ 5.3 NA nc NA nc NA
SS-02 0 1.3 Pentachlorophenol 1.3 MG/KG UJ 5.3 NA nc NA nc NA


CMW-SD-2022 0.5 2 Pentachlorophenol 11 MG/KG UJ 5.3 NA nc NA nc NA
CMW-SD-2022 2 2.5 Pentachlorophenol 2.2 MG/KG UJ 5.3 NA nc NA nc NA


MW05S 2 4 Pentachlorophenol 0.94 MG/KG UJ 5.3 NA nc NA nc NA
SS-03 2.5 3.5 Pentachlorophenol 1 MG/KG UJ 5.3 NA nc NA nc NA


CMS-060 4 5 Pentachlorophenol 1.9 MG/KG UJ 5.3 NA nc NA nc NA
MW01S 1 2 Phenanthrene 1.2 MG/KG EB 40 N nc NA nc NA
MW01S 4 6 Phenanthrene 1.3 MG/KG EB 40 N nc NA nc NA
MW03S 4 6 Phenanthrene 1.2 MG/KG EB 40 N nc NA nc NA


CMS-4105 0 1 Phenanthrene 5.241935479 MG/KG J 40 N nc NA nc NA
CMS-4110 0 1 Phenanthrene 3.539125075 MG/KG J 40 N nc NA nc NA


CMW-SD-2019 0 0.5 Phenanthrene 0.57 MG/KG J 40 N nc NA nc NA
CMW-SD-2020 0 0.5 Phenanthrene 0.37 MG/KG J 40 N nc NA nc NA
CMW-SD-2021 0 0.5 Phenanthrene 1.8 MG/KG J 40 N nc NA nc NA


CMS-060 0 1 Phenanthrene 1.6 MG/KG J 40 N nc NA nc NA
CMS-098 0 1 Phenanthrene 0.23 MG/KG J 40 N nc NA nc NA
CMS-118 0 1 Phenanthrene 1.4 MG/KG J 40 N nc NA nc NA
CMS-142 0 1 Phenanthrene 0.3 MG/KG J 40 N nc NA nc NA
CMS-159 0 1 Phenanthrene 1.5 MG/KG J 40 N nc NA nc NA
CMS-164 0 1 Phenanthrene 0.22 MG/KG J 40 N nc NA nc NA
CMS-173 0 1 Phenanthrene 0.37 MG/KG J 40 N nc NA nc NA
CMS-408 0 1 Phenanthrene 0.26 MG/KG J 40 N nc NA nc NA
CMS-417 0 1 Phenanthrene 3.1 MG/KG J 40 N nc NA nc NA
CMS-142 0 1 Phenanthrene 0.16 MG/KG J 40 N nc NA nc NA


RES-14-271-01 0 1 Phenanthrene 0.32 MG/KG J 40 N nc NA nc NA
RES-14-272-01 0 1 Phenanthrene 0.62 MG/KG J 40 N nc NA nc NA
RES-14-302-01 0 1 Phenanthrene 0.68 MG/KG J 40 N nc NA nc NA
RES-14-303-01 0 1 Phenanthrene 2.1 MG/KG J 40 N nc NA nc NA
RES-14-333-01 0 1 Phenanthrene 2.8 MG/KG J 40 N nc NA nc NA
RES-14-271-01 0 1 Phenanthrene 0.74 MG/KG J 40 N nc NA nc NA
RES-14-272-01 0 1 Phenanthrene 0.84 MG/KG J 40 N nc NA nc NA


SS-06 0 2 Phenanthrene 0.59 MG/KG J 40 N nc NA nc NA
CMW-SD-2022 0.5 2 Phenanthrene 1.4 MG/KG J 40 N nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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SB-14-271 1 2 Phenanthrene 0.13 MG/KG J 40 N nc NA nc NA
CMS-237 1 2 Phenanthrene 0.52 MG/KG J 40 N nc NA nc NA
CMS-405 1 2 Phenanthrene 5.9 MG/KG J 40 N nc NA nc NA
CMS-408 1 2 Phenanthrene 0.98 MG/KG J 40 N nc NA nc NA
CMS-419 1 2 Phenanthrene 22 MG/KG J 40 N nc NA nc NA
CMS-427 1 2 Phenanthrene 2.6 MG/KG J 40 N nc NA nc NA
CMS-405 1 2 Phenanthrene 1.6 MG/KG J 40 N nc NA nc NA


CMW-SD-2022 2 2.5 Phenanthrene 0.31 MG/KG J 40 N nc NA nc NA
CMS-060 2 3 Phenanthrene 0.13 MG/KG J 40 N nc NA nc NA
CMS-089 2 3 Phenanthrene 0.054 MG/KG J 40 N nc NA nc NA
CMS-118 2 3 Phenanthrene 0.42 MG/KG J 40 N nc NA nc NA


SB02 2 4 Phenanthrene 0.49 MG/KG J 40 N nc NA nc NA
MW14M 2 4 Phenanthrene 0.26 MG/KG J 40 N nc NA nc NA
MW15D 2 4 Phenanthrene 0.18 MG/KG J 40 N nc NA nc NA


SB02 2 4 Phenanthrene 0.52 MG/KG J 40 N nc NA nc NA
CMS-118 3 4 Phenanthrene 0.11 MG/KG J 40 N nc NA nc NA
CMS-407 3 4 Phenanthrene 0.36 MG/KG J 40 N nc NA nc NA
CMS-419 3 4 Phenanthrene 0.071 MG/KG J 40 N nc NA nc NA
CMS-423 3 4 Phenanthrene 0.33 MG/KG J 40 N nc NA nc NA
CMS-060 4 5 Phenanthrene 0.36 MG/KG J 40 N nc NA nc NA
CMS-118 4 5 Phenanthrene 0.094 MG/KG J 40 N nc NA nc NA
MW06S 4 6 Phenanthrene 0.28 MG/KG J 40 N nc NA nc NA
MW09S 4 6 Phenanthrene 0.39 MG/KG J 40 N nc NA nc NA


SB02 4 6 Phenanthrene 0.34 MG/KG J 40 N nc NA nc NA
MW05S 2 4 Phenanthrene 7.1 MG/KG J* 40 N nc NA nc NA
MW08S 1 2 Phenanthrene 0.32 MG/KG JEB 40 N nc NA nc NA
MW08S 2 4 Phenanthrene 0.26 MG/KG JEB 40 N nc NA nc NA
MW01S 2 4 Phenanthrene 1.2 MG/KG JEB 40 N nc NA nc NA
MW08S 2 4 Phenanthrene 0.26 MG/KG JEB 40 N nc NA nc NA


CMS-703 0 2 Phenanthrene 6.2 MG/KG U 40 NA nc NA nc NA
MW05S 1 2 Phenanthrene 0.36 MG/KG U 40 NA nc NA nc NA
MW05S 1 2 Phenanthrene 0.36 MG/KG U 40 NA nc NA nc NA


CMS-173 1 2 Phenanthrene 0.52 MG/KG U 40 NA nc NA nc NA
CMS-417 1 2 Phenanthrene 35 MG/KG U 40 NA nc NA nc NA
CMS-428 1 2 Phenanthrene 0.35 MG/KG U 40 NA nc NA nc NA
CMS-417 2 3 Phenanthrene 9.8 MG/KG U 40 NA nc NA nc NA
MW02S 2 4 Phenanthrene 0.38 MG/KG U 40 NA nc NA nc NA


SB-14-271 2 4 Phenanthrene 0.45 MG/KG U 40 NA nc NA nc NA
SS-03 2.5 3.5 Phenanthrene 0.4 MG/KG U 40 NA nc NA nc NA


CMS-060 3 4 Phenanthrene 0.45 MG/KG U 40 NA nc NA nc NA
CMS-417 3 4 Phenanthrene 1.9 MG/KG U 40 NA nc NA nc NA
CMS-427 3 4 Phenanthrene 0.41 MG/KG U 40 NA nc NA nc NA
CMS-428 3 4 Phenanthrene 0.37 MG/KG U 40 NA nc NA nc NA
CMS-405 4 5 Phenanthrene 0.46 MG/KG U 40 NA nc NA nc NA


SB03 4 6 Phenanthrene 0.37 MG/KG U 40 NA nc NA nc NA
MW04D 4 6 Phenanthrene 0.42 MG/KG U 40 NA nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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MW08S 4 6 Phenanthrene 0.45 MG/KG U 40 NA nc NA nc NA
SB-14-271 4 6 Phenanthrene 0.4 MG/KG U 40 NA nc NA nc NA


SB03 4 6 Phenanthrene 0.38 MG/KG U 40 NA nc NA nc NA
GEC-6 2.5 4.5 Phenanthrene 0.15 MG/KG U 40 NA nc NA nc NA


CMS-455 4 5 Phenanthrene 0.48 MG/KG UJ 40 NA nc NA nc NA
SS-01 0 0 Phenanthrene 0.58 MG/KG 40 N nc NA nc NA


CMW-SD-2016 0 0.5 Phenanthrene 2.7 MG/KG 40 N nc NA nc NA
CMW-SD-2017 0 0.5 Phenanthrene 1.8 MG/KG 40 N nc NA nc NA
CMW-SD-2018 0 0.5 Phenanthrene 14 MG/KG 40 N nc NA nc NA


CMS-089 0 1 Phenanthrene 2.3 MG/KG 40 N nc NA nc NA
CMS-237 0 1 Phenanthrene 1.4 MG/KG 40 N nc NA nc NA
CMS-405 0 1 Phenanthrene 3.5 MG/KG 40 N nc NA nc NA
CMS-407 0 1 Phenanthrene 1.5 MG/KG 40 N nc NA nc NA
CMS-456 0 1 Phenanthrene 2.9 MG/KG 40 N nc NA nc NA
CMS-060 0 1 Phenanthrene 2.9 MG/KG 40 N nc NA nc NA


SS-02 0 1.3 Phenanthrene 0.56 MG/KG 40 N nc NA nc NA
BV01COMP 0 4 Phenanthrene 1.5 MG/KG 40 N nc NA nc NA


MW14M 1 2 Phenanthrene 0.66 MG/KG 40 N nc NA nc NA
MW14M 1 2 Phenanthrene 0.64 MG/KG 40 N nc NA nc NA
MW14M 1 2 Phenanthrene 0.41 MG/KG 40 N nc NA nc NA
MW14M 1 2 Phenanthrene 0.49 MG/KG 40 N nc NA nc NA
CMS-060 1 2 Phenanthrene 1 MG/KG 40 N nc NA nc NA
CMS-089 1 2 Phenanthrene 0.77 MG/KG 40 N nc NA nc NA
CMS-118 1 2 Phenanthrene 3.2 MG/KG 40 N nc NA nc NA
CMS-407 1 2 Phenanthrene 3.1 MG/KG 40 N nc NA nc NA
CMS-423 1 2 Phenanthrene 0.52 MG/KG 40 N nc NA nc NA
CMS-456 1 2 Phenanthrene 2 MG/KG 40 N nc NA nc NA
CMS-237 2 3 Phenanthrene 1.5 MG/KG 40 N nc NA nc NA
CMS-405 2 3 Phenanthrene 0.67 MG/KG 40 N nc NA nc NA
CMS-407 2 3 Phenanthrene 2.2 MG/KG 40 N nc NA nc NA
CMS-408 2 3 Phenanthrene 1.2 MG/KG 40 N nc NA nc NA
CMS-455 2 3 Phenanthrene 1.4 MG/KG 40 N nc NA nc NA
MW06S 2 4 Phenanthrene 0.46 MG/KG 40 N nc NA nc NA
MW06S 2 4 Phenanthrene 0.4 MG/KG 40 N nc NA nc NA


SB03 2 4 Phenanthrene 3.6 MG/KG 40 N nc NA nc NA
MW07S 3 4 Phenanthrene 1.2 MG/KG 40 N nc NA nc NA


CMS-089 3 4 Phenanthrene 4.4 MG/KG 40 N nc NA nc NA
CMS-405 3 4 Phenanthrene 2.1 MG/KG 40 N nc NA nc NA
CMS-423 3 4 Phenanthrene 0.43 MG/KG 40 N nc NA nc NA
MW15D 4 6 Phenanthrene 1 MG/KG 40 N nc NA nc NA
MW05S 4 6 Phenanthrene 1.1 MG/KG 40 N nc NA nc NA
MW07S 4 6 Phenanthrene 0.49 MG/KG 40 N nc NA nc NA
MW15D 4 6 Phenanthrene 0.76 MG/KG 40 N nc NA nc NA
SS-02 0 1.3 Phenol 2.2 MG/KG EB 6000 N nc NA nc NA


MW08S 1 2 Phenol 0.22 MG/KG J 6000 N nc NA nc NA
CMS-405 1 2 Phenol 0.16 MG/KG J 6000 N nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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MW06S 2 4 Phenol 0.052 MG/KG J 6000 N nc NA nc NA
MW06S 2 4 Phenol 0.046 MG/KG J 6000 N nc NA nc NA
MW06S 4 6 Phenol 0.12 MG/KG J 6000 N nc NA nc NA
SS-03 2.5 3.5 Phenol 0.051 MG/KG J,EB 6000 N nc NA nc NA
SS-01 0 0 Phenol 0.43 MG/KG U 6000 NA nc NA nc NA


CMW-SD-2016 0 0.5 Phenol 0.8 MG/KG U 6000 NA nc NA nc NA
CMW-SD-2017 0 0.5 Phenol 0.87 MG/KG U 6000 NA nc NA nc NA
CMW-SD-2018 0 0.5 Phenol 2.1 MG/KG U 6000 NA nc NA nc NA
CMW-SD-2019 0 0.5 Phenol 0.95 MG/KG U 6000 NA nc NA nc NA
CMW-SD-2020 0 0.5 Phenol 0.46 MG/KG U 6000 NA nc NA nc NA
CMW-SD-2021 0 0.5 Phenol 2.1 MG/KG U 6000 NA nc NA nc NA


CMS-089 0 1 Phenol 0.67 MG/KG U 6000 NA nc NA nc NA
CMS-098 0 1 Phenol 0.6 MG/KG U 6000 NA nc NA nc NA
CMS-142 0 1 Phenol 0.58 MG/KG U 6000 NA nc NA nc NA
CMS-164 0 1 Phenol 2 MG/KG U 6000 NA nc NA nc NA
CMS-173 0 1 Phenol 1.1 MG/KG U 6000 NA nc NA nc NA
CMS-237 0 1 Phenol 1.3 MG/KG U 6000 NA nc NA nc NA
CMS-405 0 1 Phenol 0.35 MG/KG U 6000 NA nc NA nc NA
CMS-407 0 1 Phenol 0.35 MG/KG U 6000 NA nc NA nc NA
CMS-408 0 1 Phenol 0.34 MG/KG U 6000 NA nc NA nc NA
CMS-417 0 1 Phenol 35 MG/KG U 6000 NA nc NA nc NA
CMS-456 0 1 Phenol 0.49 MG/KG U 6000 NA nc NA nc NA
CMS-142 0 1 Phenol 0.55 MG/KG U 6000 NA nc NA nc NA


RES-14-271-01 0 1 Phenol 0.51 MG/KG U 6000 NA nc NA nc NA
RES-14-272-01 0 1 Phenol 0.62 MG/KG U 6000 NA nc NA nc NA
RES-14-302-01 0 1 Phenol 5 MG/KG U 6000 NA nc NA nc NA
RES-14-303-01 0 1 Phenol 4.8 MG/KG U 6000 NA nc NA nc NA
RES-14-271-01 0 1 Phenol 2.5 MG/KG U 6000 NA nc NA nc NA
RES-14-272-01 0 1 Phenol 3.1 MG/KG U 6000 NA nc NA nc NA


CMS-703 0 2 Phenol 6.2 MG/KG U 6000 NA nc NA nc NA
SS-06 0 2 Phenol 0.84 MG/KG U 6000 NA nc NA nc NA


BV01COMP 0 4 Phenol 0.38 MG/KG U 6000 NA nc NA nc NA
CMW-SD-2022 0.5 2 Phenol 4.2 MG/KG U 6000 NA nc NA nc NA


MW05S 1 2 Phenol 0.36 MG/KG U 6000 NA nc NA nc NA
MW14M 1 2 Phenol 0.34 MG/KG U 6000 NA nc NA nc NA
MW14M 1 2 Phenol 0.34 MG/KG U 6000 NA nc NA nc NA
MW01S 1 2 Phenol 0.38 MG/KG U 6000 NA nc NA nc NA
MW05S 1 2 Phenol 0.36 MG/KG U 6000 NA nc NA nc NA
MW14M 1 2 Phenol 0.33 MG/KG U 6000 NA nc NA nc NA
MW14M 1 2 Phenol 0.33 MG/KG U 6000 NA nc NA nc NA


SB-14-271 1 2 Phenol 0.4 MG/KG U 6000 NA nc NA nc NA
CMS-060 1 2 Phenol 0.34 MG/KG U 6000 NA nc NA nc NA
CMS-089 1 2 Phenol 0.35 MG/KG U 6000 NA nc NA nc NA
CMS-118 1 2 Phenol 0.37 MG/KG U 6000 NA nc NA nc NA
CMS-173 1 2 Phenol 0.52 MG/KG U 6000 NA nc NA nc NA
CMS-237 1 2 Phenol 0.83 MG/KG U 6000 NA nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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CMS-407 1 2 Phenol 0.44 MG/KG U 6000 NA nc NA nc NA
CMS-408 1 2 Phenol 8.7 MG/KG U 6000 NA nc NA nc NA
CMS-417 1 2 Phenol 35 MG/KG U 6000 NA nc NA nc NA
CMS-419 1 2 Phenol 74 MG/KG U 6000 NA nc NA nc NA
CMS-423 1 2 Phenol 0.35 MG/KG U 6000 NA nc NA nc NA
CMS-427 1 2 Phenol 3.6 MG/KG U 6000 NA nc NA nc NA
CMS-428 1 2 Phenol 0.35 MG/KG U 6000 NA nc NA nc NA
CMS-456 1 2 Phenol 1.2 MG/KG U 6000 NA nc NA nc NA
CMS-405 1 2 Phenol 1.2 MG/KG U 6000 NA nc NA nc NA


CMW-SD-2022 2 2.5 Phenol 0.86 MG/KG U 6000 NA nc NA nc NA
CMS-060 2 3 Phenol 0.36 MG/KG U 6000 NA nc NA nc NA
CMS-089 2 3 Phenol 0.7 MG/KG U 6000 NA nc NA nc NA
CMS-118 2 3 Phenol 0.44 MG/KG U 6000 NA nc NA nc NA
CMS-237 2 3 Phenol 0.63 MG/KG U 6000 NA nc NA nc NA
CMS-405 2 3 Phenol 0.64 MG/KG U 6000 NA nc NA nc NA
CMS-407 2 3 Phenol 1.1 MG/KG U 6000 NA nc NA nc NA
CMS-417 2 3 Phenol 9.8 MG/KG U 6000 NA nc NA nc NA
CMS-455 2 3 Phenol 0.4 MG/KG U 6000 NA nc NA nc NA
MW08S 2 4 Phenol 0.45 MG/KG U 6000 NA nc NA nc NA


SB02 2 4 Phenol 2.3 MG/KG U 6000 NA nc NA nc NA
MW01S 2 4 Phenol 1.6 MG/KG U 6000 NA nc NA nc NA
MW02S 2 4 Phenol 0.38 MG/KG U 6000 NA nc NA nc NA
MW08S 2 4 Phenol 0.41 MG/KG U 6000 NA nc NA nc NA
MW14M 2 4 Phenol 0.38 MG/KG U 6000 NA nc NA nc NA
MW15D 2 4 Phenol 0.37 MG/KG U 6000 NA nc NA nc NA


SB-14-271 2 4 Phenol 0.45 MG/KG U 6000 NA nc NA nc NA
SB02 2 4 Phenol 2.2 MG/KG U 6000 NA nc NA nc NA
SB03 2 4 Phenol 0.99 MG/KG U 6000 NA nc NA nc NA


CMS-060 3 4 Phenol 0.45 MG/KG U 6000 NA nc NA nc NA
CMS-089 3 4 Phenol 1.8 MG/KG U 6000 NA nc NA nc NA
CMS-118 3 4 Phenol 0.5 MG/KG U 6000 NA nc NA nc NA
CMS-405 3 4 Phenol 0.38 MG/KG U 6000 NA nc NA nc NA
CMS-407 3 4 Phenol 0.42 MG/KG U 6000 NA nc NA nc NA
CMS-417 3 4 Phenol 1.9 MG/KG U 6000 NA nc NA nc NA
CMS-419 3 4 Phenol 0.42 MG/KG U 6000 NA nc NA nc NA
CMS-423 3 4 Phenol 0.37 MG/KG U 6000 NA nc NA nc NA
CMS-427 3 4 Phenol 0.41 MG/KG U 6000 NA nc NA nc NA
CMS-428 3 4 Phenol 0.37 MG/KG U 6000 NA nc NA nc NA
CMS-423 3 4 Phenol 0.39 MG/KG U 6000 NA nc NA nc NA
CMS-118 4 5 Phenol 0.43 MG/KG U 6000 NA nc NA nc NA
CMS-405 4 5 Phenol 0.46 MG/KG U 6000 NA nc NA nc NA
CMS-455 4 5 Phenol 0.48 MG/KG U 6000 NA nc NA nc NA


SB03 4 6 Phenol 0.37 MG/KG U 6000 NA nc NA nc NA
MW15D 4 6 Phenol 0.4 MG/KG U 6000 NA nc NA nc NA
MW01S 4 6 Phenol 0.4 MG/KG U 6000 NA nc NA nc NA
MW03S 4 6 Phenol 0.4 MG/KG U 6000 NA nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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MW04D 4 6 Phenol 0.42 MG/KG U 6000 NA nc NA nc NA
MW05S 4 6 Phenol 0.82 MG/KG U 6000 NA nc NA nc NA
MW08S 4 6 Phenol 0.45 MG/KG U 6000 NA nc NA nc NA
MW15D 4 6 Phenol 0.35 MG/KG U 6000 NA nc NA nc NA


SB-14-271 4 6 Phenol 0.4 MG/KG U 6000 NA nc NA nc NA
SB02 4 6 Phenol 0.83 MG/KG U 6000 NA nc NA nc NA
SB03 4 6 Phenol 0.38 MG/KG U 6000 NA nc NA nc NA


CMS-4105 0 1 Phenol 2.7 MG/KG U 6000 NA nc NA nc NA
CMS-4110 0 1 Phenol 3.2 MG/KG U 6000 NA nc NA nc NA
CMS-060 0 1 Phenol 0.34 MG/KG UJ 6000 NA nc NA nc NA
CMS-118 0 1 Phenol 0.36 MG/KG UJ 6000 NA nc NA nc NA
CMS-159 0 1 Phenol 2.2 MG/KG UJ 6000 NA nc NA nc NA
CMS-060 0 1 Phenol 0.35 MG/KG UJ 6000 NA nc NA nc NA
MW05S 2 4 Phenol 0.37 MG/KG UJ 6000 NA nc NA nc NA


CMS-060 4 5 Phenol 0.38 MG/KG UJ 6000 NA nc NA nc NA
CMS-408 2 3 Phenol 0.51 MG/KG 6000 N nc NA nc NA


CMW-SD-2018 0 0.5 Pyrene 23 MG/KG * 13 Y nc NA nc NA
MW01S 1 2 Pyrene 1.5 MG/KG EB 13 N nc NA nc NA
MW08S 2 4 Pyrene 0.59 MG/KG EB 13 N nc NA nc NA
MW08S 2 4 Pyrene 0.44 MG/KG EB 13 N nc NA nc NA
MW01S 4 6 Pyrene 1.7 MG/KG EB 13 N nc NA nc NA
MW03S 4 6 Pyrene 1.6 MG/KG EB 13 N nc NA nc NA


CMS-4105 0 1 Pyrene 16.7283087 MG/KG J 13 Y nc NA nc NA
CMS-4110 0 1 Pyrene 8.67502144 MG/KG J 13 N nc NA nc NA
CMS-060 0 1 Pyrene 2.1 MG/KG J 13 N nc NA nc NA
CMS-098 0 1 Pyrene 0.42 MG/KG J 13 N nc NA nc NA
CMS-164 0 1 Pyrene 0.45 MG/KG J 13 N nc NA nc NA
CMS-173 0 1 Pyrene 0.89 MG/KG J 13 N nc NA nc NA
CMS-405 0 1 Pyrene 5.2 MG/KG J 13 N nc NA nc NA
CMS-408 0 1 Pyrene 0.25 MG/KG J 13 N nc NA nc NA
CMS-417 0 1 Pyrene 16 MG/KG J 13 Y nc NA nc NA
CMS-142 0 1 Pyrene 0.3 MG/KG J 13 N nc NA nc NA
CMS-060 0 1 Pyrene 4 MG/KG J 13 N nc NA nc NA


RES-14-271-01 0 1 Pyrene 0.74 MG/KG J 13 N nc NA nc NA
RES-14-302-01 0 1 Pyrene 1.1 MG/KG J 13 N nc NA nc NA
RES-14-303-01 0 1 Pyrene 3.4 MG/KG J 13 N nc NA nc NA
RES-14-333-01 0 1 Pyrene 5.6 MG/KG J 13 N nc NA nc NA
RES-14-271-01 0 1 Pyrene 2 MG/KG J 13 N nc NA nc NA
RES-14-272-01 0 1 Pyrene 1.4 MG/KG J 13 N nc NA nc NA


CMS-703 0 2 Pyrene 1.3 MG/KG J 13 N nc NA nc NA
CMS-405 1 2 Pyrene 8.1 MG/KG J 13 N nc NA nc NA
CMS-408 1 2 Pyrene 1.4 MG/KG J 13 N nc NA nc NA
CMS-427 1 2 Pyrene 2.3 MG/KG J 13 N nc NA nc NA
CMS-405 1 2 Pyrene 2.7 MG/KG J 13 N nc NA nc NA
CMS-060 2 3 Pyrene 0.28 MG/KG J 13 N nc NA nc NA
CMS-089 2 3 Pyrene 0.19 MG/KG J 13 N nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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SB02 2 4 Pyrene 1.6 MG/KG J 13 N nc NA nc NA
MW02S 2 4 Pyrene 0.12 MG/KG J 13 N nc NA nc NA
MW14M 2 4 Pyrene 0.28 MG/KG J 13 N nc NA nc NA
MW15D 2 4 Pyrene 0.23 MG/KG J 13 N nc NA nc NA


SB02 2 4 Pyrene 1.9 MG/KG J 13 N nc NA nc NA
CMS-118 3 4 Pyrene 0.15 MG/KG J 13 N nc NA nc NA
CMS-060 4 5 Pyrene 0.48 MG/KG J 13 N nc NA nc NA
MW06S 4 6 Pyrene 0.21 MG/KG J 13 N nc NA nc NA
MW07S 4 6 Pyrene 0.32 MG/KG J 13 N nc NA nc NA
MW09S 4 6 Pyrene 0.65 MG/KG J 13 N nc NA nc NA


SB-14-271 4 6 Pyrene 0.044 MG/KG J 13 N nc NA nc NA
MW05S 2 4 Pyrene 6.6 MG/KG J* 13 N nc NA nc NA
MW08S 1 2 Pyrene 0.33 MG/KG JEB 13 N nc NA nc NA
MW01S 2 4 Pyrene 1.4 MG/KG JEB 13 N nc NA nc NA
MW08S 4 6 Pyrene 0.069 MG/KG JEB 13 N nc NA nc NA
MW05S 1 2 Pyrene 0.36 MG/KG U 13 NA nc NA nc NA
MW05S 1 2 Pyrene 0.36 MG/KG U 13 NA nc NA nc NA


CMS-173 1 2 Pyrene 0.52 MG/KG U 13 NA nc NA nc NA
CMS-417 1 2 Pyrene 35 MG/KG U 13 NA nc NA nc NA
CMS-419 1 2 Pyrene 74 MG/KG U 13 NA nc NA nc NA
CMS-428 1 2 Pyrene 0.35 MG/KG U 13 NA nc NA nc NA
CMS-417 2 3 Pyrene 9.8 MG/KG U 13 NA nc NA nc NA
SB-14-271 2 4 Pyrene 0.45 MG/KG U 13 NA nc NA nc NA


SS-03 2.5 3.5 Pyrene 0.4 MG/KG U 13 NA nc NA nc NA
CMS-060 3 4 Pyrene 0.45 MG/KG U 13 NA nc NA nc NA
CMS-417 3 4 Pyrene 1.9 MG/KG U 13 NA nc NA nc NA
CMS-419 3 4 Pyrene 0.42 MG/KG U 13 NA nc NA nc NA
CMS-427 3 4 Pyrene 0.41 MG/KG U 13 NA nc NA nc NA
CMS-428 3 4 Pyrene 0.37 MG/KG U 13 NA nc NA nc NA
CMS-118 4 5 Pyrene 0.43 MG/KG U 13 NA nc NA nc NA
CMS-405 4 5 Pyrene 0.46 MG/KG U 13 NA nc NA nc NA


SB03 4 6 Pyrene 0.37 MG/KG U 13 NA nc NA nc NA
MW04D 4 6 Pyrene 0.42 MG/KG U 13 NA nc NA nc NA


SB03 4 6 Pyrene 0.38 MG/KG U 13 NA nc NA nc NA
GEC-6 2.5 4.5 Pyrene 0.15 MG/KG U 13 NA nc NA nc NA


CMS-455 4 5 Pyrene 0.48 MG/KG UJ 13 NA nc NA nc NA
SS-01 0 0 Pyrene 0.72 MG/KG 13 N nc NA nc NA


CMW-SD-2016 0 0.5 Pyrene 4 MG/KG 13 N nc NA nc NA
CMW-SD-2017 0 0.5 Pyrene 3.2 MG/KG 13 N nc NA nc NA
CMW-SD-2019 0 0.5 Pyrene 1.4 MG/KG 13 N nc NA nc NA
CMW-SD-2020 0 0.5 Pyrene 0.57 MG/KG 13 N nc NA nc NA
CMW-SD-2021 0 0.5 Pyrene 4.8 MG/KG 13 N nc NA nc NA


CMS-089 0 1 Pyrene 4.5 MG/KG 13 N nc NA nc NA
CMS-118 0 1 Pyrene 2.1 MG/KG 13 N nc NA nc NA
CMS-142 0 1 Pyrene 0.58 MG/KG 13 N nc NA nc NA
CMS-159 0 1 Pyrene 3.6 MG/KG 13 N nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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CMS-237 0 1 Pyrene 2.4 MG/KG 13 N nc NA nc NA
CMS-407 0 1 Pyrene 1.5 MG/KG 13 N nc NA nc NA
CMS-456 0 1 Pyrene 4.6 MG/KG 13 N nc NA nc NA


RES-14-272-01 0 1 Pyrene 1 MG/KG 13 N nc NA nc NA
SS-02 0 1.3 Pyrene 0.56 MG/KG 13 N nc NA nc NA
SS-06 0 2 Pyrene 0.86 MG/KG 13 N nc NA nc NA


BV01COMP 0 4 Pyrene 3.2 MG/KG 13 N nc NA nc NA
CMW-SD-2022 0.5 2 Pyrene 5 MG/KG 13 N nc NA nc NA


MW14M 1 2 Pyrene 0.54 MG/KG 13 N nc NA nc NA
MW14M 1 2 Pyrene 0.67 MG/KG 13 N nc NA nc NA
MW14M 1 2 Pyrene 0.35 MG/KG 13 N nc NA nc NA
MW14M 1 2 Pyrene 0.53 MG/KG 13 N nc NA nc NA


SB-14-271 1 2 Pyrene 0.43 MG/KG 13 N nc NA nc NA
CMS-060 1 2 Pyrene 1 MG/KG 13 N nc NA nc NA
CMS-089 1 2 Pyrene 1.2 MG/KG 13 N nc NA nc NA
CMS-118 1 2 Pyrene 3.1 MG/KG 13 N nc NA nc NA
CMS-237 1 2 Pyrene 0.96 MG/KG 13 N nc NA nc NA
CMS-407 1 2 Pyrene 2.8 MG/KG 13 N nc NA nc NA
CMS-423 1 2 Pyrene 0.57 MG/KG 13 N nc NA nc NA
CMS-456 1 2 Pyrene 4.5 MG/KG 13 N nc NA nc NA


CMW-SD-2022 2 2.5 Pyrene 2.5 MG/KG 13 N nc NA nc NA
CMS-118 2 3 Pyrene 0.66 MG/KG 13 N nc NA nc NA
CMS-237 2 3 Pyrene 3.6 MG/KG 13 N nc NA nc NA
CMS-405 2 3 Pyrene 0.85 MG/KG 13 N nc NA nc NA
CMS-407 2 3 Pyrene 3 MG/KG 13 N nc NA nc NA
CMS-408 2 3 Pyrene 1.1 MG/KG 13 N nc NA nc NA
CMS-455 2 3 Pyrene 2.3 MG/KG 13 N nc NA nc NA
MW06S 2 4 Pyrene 0.59 MG/KG 13 N nc NA nc NA
MW06S 2 4 Pyrene 0.49 MG/KG 13 N nc NA nc NA


SB03 2 4 Pyrene 6.3 MG/KG 13 N nc NA nc NA
MW07S 3 4 Pyrene 1.4 MG/KG 13 N nc NA nc NA


CMS-089 3 4 Pyrene 5.2 MG/KG 13 N nc NA nc NA
CMS-405 3 4 Pyrene 2.7 MG/KG 13 N nc NA nc NA
CMS-407 3 4 Pyrene 0.45 MG/KG 13 N nc NA nc NA
CMS-423 3 4 Pyrene 0.52 MG/KG 13 N nc NA nc NA
CMS-423 3 4 Pyrene 0.45 MG/KG 13 N nc NA nc NA
MW15D 4 6 Pyrene 1.8 MG/KG 13 N nc NA nc NA
MW05S 4 6 Pyrene 0.83 MG/KG 13 N nc NA nc NA
MW15D 4 6 Pyrene 1.1 MG/KG 13 N nc NA nc NA


SB02 4 6 Pyrene 1.1 MG/KG 13 N nc NA nc NA
CMW-SD-2019 0 0.5 Selenium 1.4 MG/KG J 390 N nc NA nc NA
CMW-SD-2020 0 0.5 Selenium 1.5 MG/KG J 390 N nc NA nc NA


CMS-060 0 1 Selenium 0.67 MG/KG J 390 N nc NA nc NA
CMS-089 0 1 Selenium 0.64 MG/KG J 390 N nc NA nc NA
CMS-098 0 1 Selenium 1.4 MG/KG J 390 N nc NA nc NA
CMS-118 0 1 Selenium 0.77 MG/KG J 390 N nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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CMS-142 0 1 Selenium 1.5 MG/KG J 390 N nc NA nc NA
CMS-159 0 1 Selenium 4.9 MG/KG J 390 N nc NA nc NA
CMS-164 0 1 Selenium 2.7 MG/KG J 390 N nc NA nc NA
CMS-173 0 1 Selenium 3.9 MG/KG J 390 N nc NA nc NA
CMS-237 0 1 Selenium 0.99 MG/KG J 390 N nc NA nc NA
CMS-407 0 1 Selenium 0.59 MG/KG J 390 N nc NA nc NA
CMS-408 0 1 Selenium 0.48 MG/KG J 390 N nc NA nc NA
CMS-417 0 1 Selenium 2.9 MG/KG J 390 N nc NA nc NA
CMS-142 0 1 Selenium 1 MG/KG J 390 N nc NA nc NA
CMS-060 0 1 Selenium 0.55 MG/KG J 390 N nc NA nc NA


RES-14-302-01 0 1 Selenium 1.5 MG/KG J 390 N nc NA nc NA
RES-14-303-01 0 1 Selenium 3.1 MG/KG J 390 N nc NA nc NA


MW01S 1 2 Selenium 0.54 MG/KG J 390 N nc NA nc NA
CMS-060 1 2 Selenium 0.57 MG/KG J 390 N nc NA nc NA
CMS-089 1 2 Selenium 0.59 MG/KG J 390 N nc NA nc NA
CMS-118 1 2 Selenium 0.85 MG/KG J 390 N nc NA nc NA
CMS-173 1 2 Selenium 0.81 MG/KG J 390 N nc NA nc NA
CMS-237 1 2 Selenium 2 MG/KG J 390 N nc NA nc NA
CMS-405 1 2 Selenium 2.3 MG/KG J 390 N nc NA nc NA
CMS-408 1 2 Selenium 1.8 MG/KG J 390 N nc NA nc NA
CMS-417 1 2 Selenium 10.1 MG/KG J 390 N nc NA nc NA
CMS-419 1 2 Selenium 3.8 MG/KG J 390 N nc NA nc NA
CMS-423 1 2 Selenium 1 MG/KG J 390 N nc NA nc NA
CMS-427 1 2 Selenium 0.52 MG/KG J 390 N nc NA nc NA
CMS-428 1 2 Selenium 0.7 MG/KG J 390 N nc NA nc NA
CMS-456 1 2 Selenium 0.77 MG/KG J 390 N nc NA nc NA
CMS-405 1 2 Selenium 3.2 MG/KG J 390 N nc NA nc NA
CMS-060 2 3 Selenium 1.1 MG/KG J 390 N nc NA nc NA
CMS-089 2 3 Selenium 0.95 MG/KG J 390 N nc NA nc NA
CMS-118 2 3 Selenium 15.1 MG/KG J 390 N nc NA nc NA
CMS-237 2 3 Selenium 3.1 MG/KG J 390 N nc NA nc NA
CMS-405 2 3 Selenium 2.8 MG/KG J 390 N nc NA nc NA
CMS-407 2 3 Selenium 0.68 MG/KG J 390 N nc NA nc NA
CMS-408 2 3 Selenium 2.4 MG/KG J 390 N nc NA nc NA
CMS-417 2 3 Selenium 1.2 MG/KG J 390 N nc NA nc NA
CMS-455 2 3 Selenium 1.6 MG/KG J 390 N nc NA nc NA
MW06S 2 4 Selenium 0.58 MG/KG J 390 N nc NA nc NA


CMS-060 3 4 Selenium 1.3 MG/KG J 390 N nc NA nc NA
CMS-089 3 4 Selenium 0.7 MG/KG J 390 N nc NA nc NA
CMS-118 3 4 Selenium 2.3 MG/KG J 390 N nc NA nc NA
CMS-405 3 4 Selenium 1.5 MG/KG J 390 N nc NA nc NA
CMS-417 3 4 Selenium 1.3 MG/KG J 390 N nc NA nc NA
CMS-419 3 4 Selenium 0.65 MG/KG J 390 N nc NA nc NA
CMS-423 3 4 Selenium 1.9 MG/KG J 390 N nc NA nc NA
CMS-428 3 4 Selenium 0.47 MG/KG J 390 N nc NA nc NA
CMS-423 3 4 Selenium 1 MG/KG J 390 N nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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CMS-060 4 5 Selenium 0.53 MG/KG J 390 N nc NA nc NA
CMS-405 4 5 Selenium 0.59 MG/KG J 390 N nc NA nc NA
CMS-455 4 5 Selenium 0.74 MG/KG J 390 N nc NA nc NA
MW03S 4 6 Selenium 0.67 MG/KG J 390 N nc NA nc NA
MW06S 4 6 Selenium 1 MG/KG J 390 N nc NA nc NA
MW07S 4 6 Selenium 1.1 MG/KG J 390 N nc NA nc NA
MW15D 4 6 Selenium 0.92 MG/KG J 390 N nc NA nc NA


CMW-SD-2016 0 0.5 Selenium 0.79 MG/KG U 390 NA nc NA nc NA
CMW-SD-2017 0 0.5 Selenium 1.1 MG/KG U 390 NA nc NA nc NA
CMW-SD-2018 0 0.5 Selenium 0.88 MG/KG U 390 NA nc NA nc NA
CMW-SD-2021 0 0.5 Selenium 0.95 MG/KG U 390 NA nc NA nc NA


CMS-405 0 1 Selenium 26.6 MG/KG U 390 NA nc NA nc NA
CMS-456 0 1 Selenium 37.4 MG/KG U 390 NA nc NA nc NA


RES-14-271-01 0 1 Selenium 1.6 MG/KG U 390 NA nc NA nc NA
RES-14-272-01 0 1 Selenium 1.6 MG/KG U 390 NA nc NA nc NA
RES-14-271-01 0 1 Selenium 1.6 MG/KG U 390 NA nc NA nc NA
RES-14-272-01 0 1 Selenium 2 MG/KG U 390 NA nc NA nc NA


CMS-703 0 2 Selenium 31.1 MG/KG U 390 NA nc NA nc NA
BV01COMP 0 4 Selenium 28.5 MG/KG U 390 NA nc NA nc NA


CMW-SD-2022 0.5 2 Selenium 1.3 MG/KG U 390 NA nc NA nc NA
CMS-407 1 2 Selenium 33 MG/KG U 390 NA nc NA nc NA


CMW-SD-2022 2 2.5 Selenium 0.96 MG/KG U 390 NA nc NA nc NA
SB02 2 4 Selenium 1.3 MG/KG U 390 NA nc NA nc NA
SB03 2 4 Selenium 0.99 MG/KG U 390 NA nc NA nc NA


MW07S 3 4 Selenium 0.52 MG/KG U 390 NA nc NA nc NA
CMS-407 3 4 Selenium 32.2 MG/KG U 390 NA nc NA nc NA
CMS-427 3 4 Selenium 30.8 MG/KG U 390 NA nc NA nc NA
CMS-118 4 5 Selenium 32.3 MG/KG U 390 NA nc NA nc NA


SB03 4 6 Selenium 1 MG/KG U 390 NA nc NA nc NA
MW01S 4 6 Selenium 0.5 MG/KG U 390 NA nc NA nc NA
MW04D 4 6 Selenium 4.1 MG/KG U 390 NA nc NA nc NA
MW05S 4 6 Selenium 0.58 MG/KG U 390 NA nc NA nc NA
MW08S 4 6 Selenium 0.48 MG/KG U 390 NA nc NA nc NA
MW09S 4 6 Selenium 0.69 MG/KG U 390 NA nc NA nc NA


SB02 4 6 Selenium 1.2 MG/KG U 390 NA nc NA nc NA
SB03 4 6 Selenium 0.97 MG/KG U 390 NA nc NA nc NA


CMS-4105 0 1 Selenium 2.49 MG/KG U 390 NA nc NA nc NA
CMS-4110 0 1 Selenium 1.38 MG/KG U 390 NA nc NA nc NA


MW05S 1 2 Selenium 1.9 MG/KG UJ 390 NA nc NA nc NA
MW14M 1 2 Selenium 0.34 MG/KG UJ 390 NA nc NA nc NA
MW05S 1 2 Selenium 1.8 MG/KG UJ 390 NA nc NA nc NA
MW14M 1 2 Selenium 0.35 MG/KG UJ 390 NA nc NA nc NA


SB-14-271 1 2 Selenium 2.8 MG/KG UJ 390 NA nc NA nc NA
MW02S 2 4 Selenium 1 MG/KG UJ 390 NA nc NA nc NA
MW05S 2 4 Selenium 3 MG/KG UJ 390 NA nc NA nc NA
MW14M 2 4 Selenium 0.47 MG/KG UJ 390 NA nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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MW15D 2 4 Selenium 0.62 MG/KG UJ 390 NA nc NA nc NA
SB-14-271 2 4 Selenium 1 MG/KG UJ 390 NA nc NA nc NA


SB02 2 4 Selenium 1.3 MG/KG UJ 390 NA nc NA nc NA
MW15D 4 6 Selenium 0.6 MG/KG UJ 390 NA nc NA nc NA


SB-14-271 4 6 Selenium 1.5 MG/KG UJ 390 NA nc NA nc NA
MW08S 1 2 Selenium 2.2 MG/KG 390 N nc NA nc NA
MW08S 2 4 Selenium 2.3 MG/KG 390 N nc NA nc NA
MW06S 2 4 Selenium 1.2 MG/KG 390 N nc NA nc NA
MW08S 2 4 Selenium 1.3 MG/KG 390 N nc NA nc NA


CMS-142 0 1 Silver 0.33 MG/KG J 200 N nc NA nc NA
CMS-159 0 1 Silver 0.6 MG/KG J 200 N nc NA nc NA
CMS-164 0 1 Silver 1.2 MG/KG J 200 N nc NA nc NA
CMS-173 0 1 Silver 0.57 MG/KG J 200 N nc NA nc NA
CMS-237 0 1 Silver 1.3 MG/KG J 200 N nc NA nc NA


RES-14-271-01 0 1 Silver 0.53 MG/KG J 200 N nc NA nc NA
RES-14-303-01 0 1 Silver 0.98 MG/KG J 200 N nc NA nc NA
RES-14-333-01 0 1 Silver 1.6 MG/KG J 200 N nc NA nc NA
RES-14-271-01 0 1 Silver 0.5 MG/KG J 200 N nc NA nc NA


MW14M 1 2 Silver 0.43 MG/KG J 200 N nc NA nc NA
CMS-456 1 2 Silver 0.74 MG/KG J 200 N nc NA nc NA
CMS-089 2 3 Silver 0.16 MG/KG J 200 N nc NA nc NA
CMS-408 2 3 Silver 0.57 MG/KG J 200 N nc NA nc NA


SB02 2 4 Silver 0.19 MG/KG J 200 N nc NA nc NA
MW07S 3 4 Silver 0.54 MG/KG J 200 N nc NA nc NA


CMS-423 3 4 Silver 0.2 MG/KG J 200 N nc NA nc NA
MW06S 4 6 Silver 0.61 MG/KG J 200 N nc NA nc NA
MW07S 4 6 Silver 0.38 MG/KG J 200 N nc NA nc NA
MW09S 4 6 Silver 0.48 MG/KG J 200 N nc NA nc NA


CMS-4105 0 1 Silver 1.75 MG/KG J 200 N nc NA nc NA
CMS-4110 0 1 Silver 2.05 MG/KG J 200 N nc NA nc NA


CMW-SD-2018 0 0.5 Silver 0.91 MG/KG U 200 NA nc NA nc NA
CMS-060 0 1 Silver 1 MG/KG U 200 NA nc NA nc NA
CMS-089 0 1 Silver 1 MG/KG U 200 NA nc NA nc NA
CMS-098 0 1 Silver 1.8 MG/KG U 200 NA nc NA nc NA
CMS-118 0 1 Silver 1.1 MG/KG U 200 NA nc NA nc NA
CMS-405 0 1 Silver 1.1 MG/KG U 200 NA nc NA nc NA
CMS-407 0 1 Silver 1.1 MG/KG U 200 NA nc NA nc NA
CMS-408 0 1 Silver 1 MG/KG U 200 NA nc NA nc NA
CMS-456 0 1 Silver 1.5 MG/KG U 200 NA nc NA nc NA
CMS-142 0 1 Silver 1.7 MG/KG U 200 NA nc NA nc NA
CMS-060 0 1 Silver 1.1 MG/KG U 200 NA nc NA nc NA


RES-14-272-01 0 1 Silver 0.77 MG/KG U 200 NA nc NA nc NA
RES-14-302-01 0 1 Silver 0.83 MG/KG U 200 NA nc NA nc NA
RES-14-272-01 0 1 Silver 0.8 MG/KG U 200 NA nc NA nc NA


CMS-703 0 2 Silver 1.2 MG/KG U 200 NA nc NA nc NA
BV01COMP 0 4 Silver 1.1 MG/KG U 200 NA nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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CMW-SD-2022 0.5 2 Silver 2 MG/KG U 200 NA nc NA nc NA
MW14M 1 2 Silver 0.36 MG/KG U 200 NA nc NA nc NA
MW01S 1 2 Silver 0.32 MG/KG U 200 NA nc NA nc NA


CMS-060 1 2 Silver 1 MG/KG U 200 NA nc NA nc NA
CMS-089 1 2 Silver 1.1 MG/KG U 200 NA nc NA nc NA
CMS-118 1 2 Silver 1.1 MG/KG U 200 NA nc NA nc NA
CMS-173 1 2 Silver 1.6 MG/KG U 200 NA nc NA nc NA
CMS-407 1 2 Silver 1.3 MG/KG U 200 NA nc NA nc NA
CMS-428 1 2 Silver 1.1 MG/KG U 200 NA nc NA nc NA


CMW-SD-2022 2 2.5 Silver 0.96 MG/KG U 200 NA nc NA nc NA
CMS-060 2 3 Silver 1.1 MG/KG U 200 NA nc NA nc NA
CMS-118 2 3 Silver 1.3 MG/KG U 200 NA nc NA nc NA
CMS-407 2 3 Silver 1.7 MG/KG U 200 NA nc NA nc NA
CMS-417 2 3 Silver 1.2 MG/KG U 200 NA nc NA nc NA
CMS-455 2 3 Silver 1.2 MG/KG U 200 NA nc NA nc NA
MW02S 2 4 Silver 0.088 MG/KG U 200 NA nc NA nc NA
MW14M 2 4 Silver 0.42 MG/KG U 200 NA nc NA nc NA


SB02 2 4 Silver 0.1 MG/KG U 200 NA nc NA nc NA
SB03 2 4 Silver 0.092 MG/KG U 200 NA nc NA nc NA


CMS-060 3 4 Silver 1.4 MG/KG U 200 NA nc NA nc NA
CMS-089 3 4 Silver 1.1 MG/KG U 200 NA nc NA nc NA
CMS-118 3 4 Silver 1.5 MG/KG U 200 NA nc NA nc NA
CMS-407 3 4 Silver 1.3 MG/KG U 200 NA nc NA nc NA
CMS-417 3 4 Silver 1.1 MG/KG U 200 NA nc NA nc NA
CMS-419 3 4 Silver 1.3 MG/KG U 200 NA nc NA nc NA
CMS-423 3 4 Silver 1.1 MG/KG U 200 NA nc NA nc NA
CMS-428 3 4 Silver 1.1 MG/KG U 200 NA nc NA nc NA
CMS-060 4 5 Silver 1.2 MG/KG U 200 NA nc NA nc NA
CMS-118 4 5 Silver 1.3 MG/KG U 200 NA nc NA nc NA
CMS-405 4 5 Silver 1.4 MG/KG U 200 NA nc NA nc NA
CMS-455 4 5 Silver 1.4 MG/KG U 200 NA nc NA nc NA


SB03 4 6 Silver 0.093 MG/KG U 200 NA nc NA nc NA
MW01S 4 6 Silver 0.35 MG/KG U 200 NA nc NA nc NA
MW03S 4 6 Silver 0.33 MG/KG U 200 NA nc NA nc NA
MW05S 4 6 Silver 0.2 MG/KG U 200 NA nc NA nc NA
MW08S 4 6 Silver 0.33 MG/KG U 200 NA nc NA nc NA


SB02 4 6 Silver 0.11 MG/KG U 200 NA nc NA nc NA
SB03 4 6 Silver 0.09 MG/KG U 200 NA nc NA nc NA


MW05S 1 2 Silver 0.16 MG/KG UJ 200 NA nc NA nc NA
MW05S 1 2 Silver 0.65 MG/KG UJ 200 NA nc NA nc NA


SB-14-271 1 2 Silver 0.22 MG/KG UJ 200 NA nc NA nc NA
MW05S 2 4 Silver 0.8 MG/KG UJ 200 NA nc NA nc NA
MW15D 2 4 Silver 0.11 MG/KG UJ 200 NA nc NA nc NA


SB-14-271 2 4 Silver 0.29 MG/KG UJ 200 NA nc NA nc NA
MW15D 4 6 Silver 0.11 MG/KG UJ 200 NA nc NA nc NA
MW04D 4 6 Silver 0.8 MG/KG UJ 200 NA nc NA nc NA
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MW15D 4 6 Silver 0.1 MG/KG UJ 200 NA nc NA nc NA
SB-14-271 4 6 Silver 0.19 MG/KG UJ 200 NA nc NA nc NA


CMW-SD-2016 0 0.5 Silver 2.7 MG/KG 200 N nc NA nc NA
CMW-SD-2017 0 0.5 Silver 2.6 MG/KG 200 N nc NA nc NA
CMW-SD-2019 0 0.5 Silver 7.2 MG/KG 200 N nc NA nc NA
CMW-SD-2020 0 0.5 Silver 2.6 MG/KG 200 N nc NA nc NA
CMW-SD-2021 0 0.5 Silver 7.5 MG/KG 200 N nc NA nc NA


CMS-417 0 1 Silver 6.2 MG/KG 200 N nc NA nc NA
MW08S 1 2 Silver 0.68 MG/KG 200 N nc NA nc NA


CMS-237 1 2 Silver 35.5 MG/KG 200 N nc NA nc NA
CMS-405 1 2 Silver 3.8 MG/KG 200 N nc NA nc NA
CMS-408 1 2 Silver 2.6 MG/KG 200 N nc NA nc NA
CMS-417 1 2 Silver 5 MG/KG 200 N nc NA nc NA
CMS-419 1 2 Silver 3.2 MG/KG 200 N nc NA nc NA
CMS-423 1 2 Silver 1.4 MG/KG 200 N nc NA nc NA
CMS-427 1 2 Silver 1.3 MG/KG 200 N nc NA nc NA
CMS-405 1 2 Silver 17.7 MG/KG 200 N nc NA nc NA
CMS-237 2 3 Silver 2.6 MG/KG 200 N nc NA nc NA
CMS-405 2 3 Silver 3.1 MG/KG 200 N nc NA nc NA
MW08S 2 4 Silver 4.9 MG/KG 200 N nc NA nc NA
MW06S 2 4 Silver 3.7 MG/KG 200 N nc NA nc NA
MW06S 2 4 Silver 1.1 MG/KG 200 N nc NA nc NA
MW08S 2 4 Silver 0.82 MG/KG 200 N nc NA nc NA


CMS-405 3 4 Silver 1.4 MG/KG 200 N nc NA nc NA
CMS-427 3 4 Silver 2.3 MG/KG 200 N nc NA nc NA
CMS-419 1 2 Styrene 10 MG/KG J 13 N 64 N nc NA
CMS-417 2 3 Styrene 10 MG/KG J 13 N 64 N nc NA
CMS-427 3 4 Styrene 0.0025 MG/KG J 13 N 64 N nc NA
CMS-089 0 1 Styrene 0.005 MG/KG U 13 NA 64 NA nc NA
CMS-118 0 1 Styrene 0.0048 MG/KG U 13 NA 64 NA nc NA
CMS-159 0 1 Styrene 0.021 MG/KG U 13 NA 64 NA nc NA
CMS-407 0 1 Styrene 0.005 MG/KG U 13 NA 64 NA nc NA
CMS-408 0 1 Styrene 0.0043 MG/KG U 13 NA 64 NA nc NA
CMS-417 0 1 Styrene 59 MG/KG U 13 NA 64 NA nc NA
CMS-456 0 1 Styrene 0.0075 MG/KG U 13 NA 64 NA nc NA
CMS-702 0 1 Styrene 0.0087 MG/KG U 13 NA 64 NA nc NA
CMS-703 0 1 Styrene 0.0061 MG/KG U 13 NA 64 NA nc NA
CMS-060 0 1 Styrene 2.7 MG/KG U 13 NA 64 NA nc NA
MW05S 1 2 Styrene 0.095 MG/KG U 13 NA 64 NA nc NA
MW01S 1 2 Styrene 0.34 MG/KG U 13 NA 64 NA nc NA
MW05S 1 2 Styrene 0.11 MG/KG U 13 NA 64 NA nc NA
MW08S 1 2 Styrene 0.26 MG/KG U 13 NA 64 NA nc NA
MW14M 1 2 Styrene 0.11 MG/KG U 13 NA 64 NA nc NA
CMS-060 1 2 Styrene 5.1 MG/KG U 13 NA 64 NA nc NA
CMS-089 1 2 Styrene 0.0048 MG/KG U 13 NA 64 NA nc NA
CMS-118 1 2 Styrene 0.006 MG/KG U 13 NA 64 NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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CMS-405 1 2 Styrene 4 MG/KG U 13 NA 64 NA nc NA
CMS-408 1 2 Styrene 2.2 MG/KG U 13 NA 64 NA nc NA
CMS-417 1 2 Styrene 130 MG/KG U 13 NA 64 NA nc NA
CMS-423 1 2 Styrene 0.0062 MG/KG U 13 NA 64 NA nc NA
CMS-427 1 2 Styrene 0.0045 MG/KG U 13 NA 64 NA nc NA
CMS-428 1 2 Styrene 0.0054 MG/KG U 13 NA 64 NA nc NA
CMS-456 1 2 Styrene 0.0089 MG/KG U 13 NA 64 NA nc NA
CMS-060 2 3 Styrene 0.27 MG/KG U 13 NA 64 NA nc NA
CMS-118 2 3 Styrene 0.0074 MG/KG U 13 NA 64 NA nc NA
CMS-407 2 3 Styrene 0.0087 MG/KG U 13 NA 64 NA nc NA
CMS-408 2 3 Styrene 6.6 MG/KG U 13 NA 64 NA nc NA
CMS-455 2 3 Styrene 0.33 MG/KG U 13 NA 64 NA nc NA
MW08S 2 4 Styrene 0.21 MG/KG U 13 NA 64 NA nc NA
MW01S 2 4 Styrene 0.22 MG/KG U 13 NA 64 NA nc NA
MW02S 2 4 Styrene 0.2 MG/KG U 13 NA 64 NA nc NA
MW04D 2 4 Styrene 0.5 MG/KG U 13 NA 64 NA nc NA
MW05S 2 4 Styrene 0.1 MG/KG U 13 NA 64 NA nc NA
MW06S 2 4 Styrene 0.3 MG/KG U 13 NA 64 NA nc NA
MW06S 2 4 Styrene 0.3 MG/KG U 13 NA 64 NA nc NA
MW08S 2 4 Styrene 0.32 MG/KG U 13 NA 64 NA nc NA
MW14M 2 4 Styrene 0.14 MG/KG U 13 NA 64 NA nc NA
MW15D 2 4 Styrene 0.14 MG/KG U 13 NA 64 NA nc NA


SB02 2 4 Styrene 0.38 MG/KG U 13 NA 64 NA nc NA
SB03 2 4 Styrene 0.3 MG/KG U 13 NA 64 NA nc NA


MW07S 3 4 Styrene 0.5 MG/KG U 13 NA 64 NA nc NA
CMS-060 3 4 Styrene 0.0058 MG/KG U 13 NA 64 NA nc NA
CMS-089 3 4 Styrene 0.0041 MG/KG U 13 NA 64 NA nc NA
CMS-407 3 4 Styrene 0.32 MG/KG U 13 NA 64 NA nc NA
CMS-417 3 4 Styrene 0.28 MG/KG U 13 NA 64 NA nc NA
CMS-419 3 4 Styrene 0.32 MG/KG U 13 NA 64 NA nc NA
CMS-423 3 4 Styrene 0.0045 MG/KG U 13 NA 64 NA nc NA
CMS-428 3 4 Styrene 0.0057 MG/KG U 13 NA 64 NA nc NA
CMS-423 3 4 Styrene 0.0049 MG/KG U 13 NA 64 NA nc NA
CMS-060 4 5 Styrene 0.0048 MG/KG U 13 NA 64 NA nc NA
CMS-118 4 5 Styrene 0.0059 MG/KG U 13 NA 64 NA nc NA
CMS-405 4 5 Styrene 1 MG/KG U 13 NA 64 NA nc NA
CMS-455 4 5 Styrene 0.0072 MG/KG U 13 NA 64 NA nc NA
MW15D 4 6 Styrene 0.1 MG/KG U 13 NA 64 NA nc NA
MW02S 4 6 Styrene 0.55 MG/KG U 13 NA 64 NA nc NA


SB03 4 6 Styrene 0.2 MG/KG U 13 NA 64 NA nc NA
MW01S 4 6 Styrene 0.24 MG/KG U 13 NA 64 NA nc NA
MW02S 4 6 Styrene 0.42 MG/KG U 13 NA 64 NA nc NA
MW03S 4 6 Styrene 0.35 MG/KG U 13 NA 64 NA nc NA
MW04D 4 6 Styrene 0.18 MG/KG U 13 NA 64 NA nc NA
MW06S 4 6 Styrene 0.43 MG/KG U 13 NA 64 NA nc NA
MW07S 4 6 Styrene 0.26 MG/KG U 13 NA 64 NA nc NA


Interim Final CMRP Feasibility Study Report
Appendix F F-434 April 2010







Appendix F


Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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MW08S 4 6 Styrene 0.3 MG/KG U 13 NA 64 NA nc NA
MW09S 4 6 Styrene 0.26 MG/KG U 13 NA 64 NA nc NA
MW15D 4 6 Styrene 0.12 MG/KG U 13 NA 64 NA nc NA


SB02 4 6 Styrene 0.26 MG/KG U 13 NA 64 NA nc NA
SB03 4 6 Styrene 0.18 MG/KG U 13 NA 64 NA nc NA


CMS-098 0 1 Styrene 0.0097 MG/KG UJ 13 NA 64 NA nc NA
CMS-142 0 1 Styrene 0.0095 MG/KG UJ 13 NA 64 NA nc NA
CMS-164 0 1 Styrene 0.015 MG/KG UJ 13 NA 64 NA nc NA
CMS-173 0 1 Styrene 0.024 MG/KG UJ 13 NA 64 NA nc NA
CMS-237 0 1 Styrene 0.0059 MG/KG UJ 13 NA 64 NA nc NA
CMS-142 0 1 Styrene 0.011 MG/KG UJ 13 NA 64 NA nc NA
MW14M 1 2 Styrene 0.15 MG/KG UJ 13 NA 64 NA nc NA


SB-14-271 1 2 Styrene 0.12 MG/KG UJ 13 NA 64 NA nc NA
CMS-173 1 2 Styrene 0.0083 MG/KG UJ 13 NA 64 NA nc NA
CMS-237 1 2 Styrene 0.0069 MG/KG UJ 13 NA 64 NA nc NA
CMS-407 1 2 Styrene 0.0074 MG/KG UJ 13 NA 64 NA nc NA
CMS-405 1 2 Styrene 2.9 MG/KG UJ 13 NA 64 NA nc NA
CMS-089 2 3 Styrene 0.0047 MG/KG UJ 13 NA 64 NA nc NA
SB-14-271 2 4 Styrene 0.13 MG/KG UJ 13 NA 64 NA nc NA
CMS-118 3 4 Styrene 0.0084 MG/KG UJ 13 NA 64 NA nc NA
MW05S 4 6 Styrene 0.11 MG/KG UJ 13 NA 64 NA nc NA


SB-14-271 4 6 Styrene 0.11 MG/KG UJ 13 NA 64 NA nc NA
CMS-065 0 10 Styrene 1.4 MG/KG 13 N 64 N nc NA
CMS-089 0 1 Technical Chlordane 0.0061 MG/KG J 0.5 N nc NA nc NA
CMS-164 0 1 Technical Chlordane 0.35 MG/KG J 0.5 N nc NA nc NA
CMS-089 2 3 Technical Chlordane 0.0022 MG/KG J 0.5 N nc NA nc NA
CMS-089 3 4 Technical Chlordane 0.0076 MG/KG J 0.5 N nc NA nc NA
CMS-455 4 5 Technical Chlordane 0.27 MG/KG J 0.5 N nc NA nc NA
CMS-4105 0 1 Technical Chlordane 10.60052478 MG/KG J 0.5 Y nc NA nc NA
CMS-4110 0 1 Technical Chlordane 6.359699501 MG/KG J 0.5 Y nc NA nc NA
CMS-098 0 1 Technical Chlordane 0.031 MG/KG U 0.5 NA nc NA nc NA
CMS-142 0 1 Technical Chlordane 0.03 MG/KG U 0.5 NA nc NA nc NA
CMS-173 0 1 Technical Chlordane 0.11 MG/KG U 0.5 NA nc NA nc NA
CMS-405 0 1 Technical Chlordane 0.0072 MG/KG U 0.5 NA nc NA nc NA
CMS-407 0 1 Technical Chlordane 0.0018 MG/KG U 0.5 NA nc NA nc NA
CMS-408 0 1 Technical Chlordane 0.018 MG/KG U 0.5 NA nc NA nc NA
CMS-417 0 1 Technical Chlordane 1.8 MG/KG U 0.5 NA nc NA nc NA
CMS-142 0 1 Technical Chlordane 0.057 MG/KG U 0.5 NA nc NA nc NA
CMS-173 1 2 Technical Chlordane 0.0027 MG/KG U 0.5 NA nc NA nc NA
CMS-237 1 2 Technical Chlordane 0.21 MG/KG U 0.5 NA nc NA nc NA
CMS-405 1 2 Technical Chlordane 0.33 MG/KG U 0.5 NA nc NA nc NA
CMS-407 1 2 Technical Chlordane 0.22 MG/KG U 0.5 NA nc NA nc NA
CMS-408 1 2 Technical Chlordane 0.22 MG/KG U 0.5 NA nc NA nc NA
CMS-417 1 2 Technical Chlordane 1.8 MG/KG U 0.5 NA nc NA nc NA
CMS-419 1 2 Technical Chlordane 0.38 MG/KG U 0.5 NA nc NA nc NA
CMS-423 1 2 Technical Chlordane 0.09 MG/KG U 0.5 NA nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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CMS-427 1 2 Technical Chlordane 0.092 MG/KG U 0.5 NA nc NA nc NA
CMS-405 1 2 Technical Chlordane 0.32 MG/KG U 0.5 NA nc NA nc NA
CMS-237 2 3 Technical Chlordane 0.33 MG/KG U 0.5 NA nc NA nc NA
CMS-405 2 3 Technical Chlordane 0.033 MG/KG U 0.5 NA nc NA nc NA
CMS-407 2 3 Technical Chlordane 0.28 MG/KG U 0.5 NA nc NA nc NA
CMS-408 2 3 Technical Chlordane 0.22 MG/KG U 0.5 NA nc NA nc NA
CMS-417 2 3 Technical Chlordane 2 MG/KG U 0.5 NA nc NA nc NA
CMS-405 3 4 Technical Chlordane 0.029 MG/KG U 0.5 NA nc NA nc NA
CMS-407 3 4 Technical Chlordane 0.22 MG/KG U 0.5 NA nc NA nc NA
CMS-417 3 4 Technical Chlordane 2 MG/KG U 0.5 NA nc NA nc NA
CMS-423 3 4 Technical Chlordane 0.095 MG/KG U 0.5 NA nc NA nc NA
CMS-427 3 4 Technical Chlordane 0.42 MG/KG U 0.5 NA nc NA nc NA
CMS-423 3 4 Technical Chlordane 0.1 MG/KG U 0.5 NA nc NA nc NA
CMS-405 4 5 Technical Chlordane 0.24 MG/KG U 0.5 NA nc NA nc NA
CMS-060 0 1 Technical Chlordane 0.017 MG/KG UJ 0.5 NA nc NA nc NA
CMS-118 0 1 Technical Chlordane 0.092 MG/KG UJ 0.5 NA nc NA nc NA
CMS-060 0 1 Technical Chlordane 0.09 MG/KG UJ 0.5 NA nc NA nc NA
CMS-060 1 2 Technical Chlordane 0.017 MG/KG UJ 0.5 NA nc NA nc NA
CMS-118 1 2 Technical Chlordane 0.095 MG/KG UJ 0.5 NA nc NA nc NA
CMS-060 2 3 Technical Chlordane 0.019 MG/KG UJ 0.5 NA nc NA nc NA
CMS-118 2 3 Technical Chlordane 0.11 MG/KG UJ 0.5 NA nc NA nc NA
CMS-060 3 4 Technical Chlordane 0.023 MG/KG UJ 0.5 NA nc NA nc NA
CMS-118 3 4 Technical Chlordane 0.026 MG/KG UJ 0.5 NA nc NA nc NA
CMS-060 4 5 Technical Chlordane 0.02 MG/KG UJ 0.5 NA nc NA nc NA
CMS-118 4 5 Technical Chlordane 0.022 MG/KG UJ 0.5 NA nc NA nc NA
CMS-237 0 1 Technical Chlordane 0.25 MG/KG 0.5 N nc NA nc NA
CMS-089 1 2 Technical Chlordane 0.1 MG/KG 0.5 N nc NA nc NA


AP-DEL-03 0 1 TEQ 22.854
PG/G_DR


YWT nc NA nc NA 1000 N


AP-DEL-03 1 2 TEQ 78.5
PG/G_DR


YWT nc NA nc NA 1000 N


AP-DEL-02 0 1 TEQ 155.305
PG/G_DR


YWT nc NA nc NA 1000 N


AP-DEL-02 1 2 TEQ 0
PG/G_DR


YWT nc NA nc NA 1000 N


AP-DEL-01 0 1 TEQ 50.895
PG/G_DR


YWT nc NA nc NA 1000 N


AP-DEL-01 1 2 TEQ 78.9
PG/G_DR


YWT nc NA nc NA 1000 N
CMS-4102 0 0.8 TEQ 76.255807 NG/KG nc NA nc NA 1000 N
CMS-4111 0 0.9 TEQ 311.359956 NG/KG nc NA nc NA 1000 N
CMS-4106 0 1 TEQ 968.985016 NG/KG nc NA nc NA 1000 N
CMS-4104 0 1 TEQ 3071.591177 NG/KG nc NA nc NA 1000 Y
CMS-4103 0 1 TEQ 160.517816 NG/KG nc NA nc NA 1000 N
CMS-4104 0 1 TEQ 5780.362246 NG/KG nc NA nc NA 1000 Y
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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CMS-4106 0 1 TEQ 542.781843 NG/KG nc NA nc NA 1000 N
CMS-4108 0 1 TEQ 68.450673 NG/KG nc NA nc NA 1000 N
CMS-4109 0 1 TEQ 2296.79956 NG/KG nc NA nc NA 1000 Y
CMS-4110 0 1 TEQ 4159.687423 NG/KG nc NA nc NA 1000 Y


03-DEL-201 0 2 TEQ 385 NG/KG nc NA nc NA 1000 N
03-DEL-202 0 2 TEQ 24 NG/KG nc NA nc NA 1000 N
03-DEL-203 0 2 TEQ 5 NG/KG nc NA nc NA 1000 N
03-DEL-102 0 2 TEQ 5 NG/KG nc NA nc NA 1000 N
03-DEL-101 0 2 TEQ 131 NG/KG nc NA nc NA 1000 N
03-DEL-103 0 2 TEQ 645 NG/KG nc NA nc NA 1000 N
02-DEL-202 0 2 TEQ 29 NG/KG nc NA nc NA 1000 N
02-DEL-203 0 2 TEQ 41 NG/KG nc NA nc NA 1000 N
02-DEL-201 0 2 TEQ 54 NG/KG nc NA nc NA 1000 N
02-DEL-300 0 2 TEQ 14 NG/KG nc NA nc NA 1000 N
02-DEL-100 0 2 TEQ 15 NG/KG nc NA nc NA 1000 N
02-DEL-100 0 2 TEQ 11 NG/KG nc NA nc NA 1000 N
01-DEL-201 0 2 TEQ 9612 NG/KG nc NA nc NA 1000 Y
01-DEL-300 0 2 TEQ 9046 NG/KG nc NA nc NA 1000 Y
01-DEL-100 0 2 TEQ 40130 NG/KG nc NA nc NA 1000 Y
01-DEL-203 0 2 TEQ 9201 NG/KG nc NA nc NA 1000 Y
01-DEL-202 0 2 TEQ 944 NG/KG nc NA nc NA 1000 N


CMS-026 0 0.25 TEQ 15.5 NG/KG nc NA nc NA 1000 N
CMS-027 0 0.25 TEQ 63.9 NG/KG nc NA nc NA 1000 N
CMS-028 0 0.25 TEQ 58 NG/KG nc NA nc NA 1000 N
CMS-029 0 0.25 TEQ 40.5 NG/KG nc NA nc NA 1000 N
CMS-030 0 0.25 TEQ 101 NG/KG nc NA nc NA 1000 N
CMS-031 0 0.25 TEQ 107 NG/KG nc NA nc NA 1000 N
CMS-033 0 0.25 TEQ 185 NG/KG nc NA nc NA 1000 N
CMS-034 0 0.25 TEQ 2.6 NG/KG nc NA nc NA 1000 N
CMS-035 0 0.25 TEQ 10.3 NG/KG nc NA nc NA 1000 N
CMS-037 0 0.25 TEQ 7.6 NG/KG nc NA nc NA 1000 N
CMS-038 0 0.25 TEQ 5.3 NG/KG nc NA nc NA 1000 N
CMS-041 0 0.25 TEQ 2.1 NG/KG nc NA nc NA 1000 N
CMS-044 0 0.25 TEQ 2.3 NG/KG nc NA nc NA 1000 N
CMS-047 0 0.25 TEQ 5.5 NG/KG nc NA nc NA 1000 N
CMS-048 0 0.25 TEQ 2.7 NG/KG nc NA nc NA 1000 N
CMS-050 0 0.25 TEQ 54.5 NG/KG nc NA nc NA 1000 N
CMS-051 0 0.25 TEQ 1480 NG/KG nc NA nc NA 1000 Y
CMS-052 0 0.25 TEQ 44.5 NG/KG nc NA nc NA 1000 N
CMS-052 0 0.25 TEQ 2.3 NG/KG nc NA nc NA 1000 N
CMS-053 0 0.25 TEQ 3.1 NG/KG nc NA nc NA 1000 N
CMS-054 0 0.25 TEQ 1.4 NG/KG nc NA nc NA 1000 N
CMS-055 0 0.25 TEQ 232 NG/KG nc NA nc NA 1000 N
CMS-056 0 0.25 TEQ 249 NG/KG nc NA nc NA 1000 N
CMS-057 0 0.25 TEQ 16300 NG/KG nc NA nc NA 1000 Y
CMS-058 0 0.25 TEQ 185 NG/KG nc NA nc NA 1000 N
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CMS-059 0 0.25 TEQ 42.1 NG/KG nc NA nc NA 1000 N
CMS-060 0 0.25 TEQ 116000 NG/KG nc NA nc NA 1000 Y
CMS-061 0 0.25 TEQ 195 NG/KG nc NA nc NA 1000 N
CMS-061 0 0.25 TEQ 222 NG/KG nc NA nc NA 1000 N
CMS-062 0 0.25 TEQ 12 NG/KG nc NA nc NA 1000 N
CMS-063 0 0.25 TEQ 4460 NG/KG nc NA nc NA 1000 Y
CMS-064 0 0.25 TEQ 699 NG/KG nc NA nc NA 1000 N
CMS-065 0 0.25 TEQ 1.5 NG/KG nc NA nc NA 1000 N
CMS-066 0 0.25 TEQ 76.3 NG/KG nc NA nc NA 1000 N
CMS-067 0 0.25 TEQ 118 NG/KG nc NA nc NA 1000 N
CMS-068 0 0.25 TEQ 8.5 NG/KG nc NA nc NA 1000 N
CMS-068 0 0.25 TEQ 8.4 NG/KG nc NA nc NA 1000 N
CMS-069 0 0.25 TEQ 2430 NG/KG nc NA nc NA 1000 Y
CMS-070 0 0.25 TEQ 0.71 NG/KG nc NA nc NA 1000 N
CMS-071 0 0.25 TEQ 1.8 NG/KG nc NA nc NA 1000 N
CMS-071 0 0.25 TEQ 1 NG/KG nc NA nc NA 1000 N
CMS-072 0 0.25 TEQ 4 NG/KG nc NA nc NA 1000 N
CMS-073 0 0.25 TEQ 28 NG/KG nc NA nc NA 1000 N
CMS-074 0 0.25 TEQ 1750 NG/KG nc NA nc NA 1000 Y
CMS-075 0 0.25 TEQ 8750 NG/KG nc NA nc NA 1000 Y
CMS-076 0 0.25 TEQ 2030 NG/KG nc NA nc NA 1000 Y
CMS-078 0 0.25 TEQ 6.1 NG/KG nc NA nc NA 1000 N
CMS-078 0 0.25 TEQ 9.2 NG/KG nc NA nc NA 1000 N
CMS-079 0 0.25 TEQ 35.8 NG/KG nc NA nc NA 1000 N
CMS-080 0 0.25 TEQ 394 NG/KG nc NA nc NA 1000 N
CMS-081 0 0.25 TEQ 1020 NG/KG nc NA nc NA 1000 Y
CMS-082 0 0.25 TEQ 1250 NG/KG nc NA nc NA 1000 Y
CMS-084 0 0.25 TEQ 746 NG/KG nc NA nc NA 1000 N
CMS-084 0 0.25 TEQ 156 NG/KG nc NA nc NA 1000 N
CMS-085 0 0.25 TEQ 329 NG/KG nc NA nc NA 1000 N
CMS-086 0 0.25 TEQ 240 NG/KG nc NA nc NA 1000 N
CMS-087 0 0.25 TEQ 684 NG/KG nc NA nc NA 1000 N
CMS-088 0 0.25 TEQ 134 NG/KG nc NA nc NA 1000 N
CMS-089 0 0.25 TEQ 4470 NG/KG nc NA nc NA 1000 Y
CMS-090 0 0.25 TEQ 13.3 NG/KG nc NA nc NA 1000 N
CMS-091 0 0.25 TEQ 225 NG/KG nc NA nc NA 1000 N
CMS-092 0 0.25 TEQ 153 NG/KG nc NA nc NA 1000 N
CMS-093 0 0.25 TEQ 111 NG/KG nc NA nc NA 1000 N
CMS-093 0 0.25 TEQ 1830 NG/KG nc NA nc NA 1000 Y
CMS-094 0 0.25 TEQ 2620 NG/KG nc NA nc NA 1000 Y
CMS-095 0 0.25 TEQ 115 NG/KG nc NA nc NA 1000 N
CMS-096 0 0.25 TEQ 38.5 NG/KG nc NA nc NA 1000 N
CMS-096 0 0.25 TEQ 24 NG/KG nc NA nc NA 1000 N
CMS-098 0 0.25 TEQ 28100 NG/KG nc NA nc NA 1000 Y
CMS-099 0 0.25 TEQ 767 NG/KG nc NA nc NA 1000 N
CMS-100 0 0.25 TEQ 12.4 NG/KG nc NA nc NA 1000 N
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CMS-101 0 0.25 TEQ 118 NG/KG nc NA nc NA 1000 N
CMS-102 0 0.25 TEQ 2760 NG/KG nc NA nc NA 1000 Y
CMS-103 0 0.25 TEQ 129 NG/KG nc NA nc NA 1000 N
CMS-103 0 0.25 TEQ 164 NG/KG nc NA nc NA 1000 N
CMS-104 0 0.25 TEQ 53.1 NG/KG nc NA nc NA 1000 N
CMS-107 0 0.25 TEQ 1810 NG/KG nc NA nc NA 1000 Y
CMS-108 0 0.25 TEQ 95 NG/KG nc NA nc NA 1000 N
CMS-109 0 0.25 TEQ 1090 NG/KG nc NA nc NA 1000 Y
CMS-110 0 0.25 TEQ 605 NG/KG nc NA nc NA 1000 N
CMS-111 0 0.25 TEQ 112 NG/KG nc NA nc NA 1000 N
CMS-112 0 0.25 TEQ 220 NG/KG nc NA nc NA 1000 N
CMS-114 0 0.25 TEQ 23.5 NG/KG nc NA nc NA 1000 N
CMS-114 0 0.25 TEQ 23.2 NG/KG nc NA nc NA 1000 N
CMS-115 0 0.25 TEQ 463 NG/KG nc NA nc NA 1000 N
CMS-116 0 0.25 TEQ 132 NG/KG nc NA nc NA 1000 N
CMS-117 0 0.25 TEQ 6550 NG/KG nc NA nc NA 1000 Y
CMS-118 0 0.25 TEQ 2530 NG/KG nc NA nc NA 1000 Y
CMS-119 0 0.25 TEQ 22.9 NG/KG nc NA nc NA 1000 N
CMS-121 0 0.25 TEQ 280 NG/KG nc NA nc NA 1000 N
CMS-124 0 0.25 TEQ 213 NG/KG nc NA nc NA 1000 N
CMS-125 0 0.25 TEQ 31.9 NG/KG nc NA nc NA 1000 N
CMS-126 0 0.25 TEQ 44.3 NG/KG nc NA nc NA 1000 N
CMS-126 0 0.25 TEQ 44.4 NG/KG nc NA nc NA 1000 N
CMS-127 0 0.25 TEQ 39 NG/KG nc NA nc NA 1000 N
CMS-128 0 0.25 TEQ 17.8 NG/KG nc NA nc NA 1000 N
CMS-130 0 0.25 TEQ 71.9 NG/KG nc NA nc NA 1000 N
CMS-131 0 0.25 TEQ 3320 NG/KG nc NA nc NA 1000 Y
CMS-132 0 0.25 TEQ 19.4 NG/KG nc NA nc NA 1000 N
CMS-133 0 0.25 TEQ 729 NG/KG nc NA nc NA 1000 N
CMS-134 0 0.25 TEQ 15600 NG/KG nc NA nc NA 1000 Y
CMS-135 0 0.25 TEQ 20600 NG/KG nc NA nc NA 1000 Y
CMS-136 0 0.25 TEQ 14.2 NG/KG nc NA nc NA 1000 N
CMS-137 0 0.25 TEQ 4.1 NG/KG nc NA nc NA 1000 N
CMS-138 0 0.25 TEQ 98.8 NG/KG nc NA nc NA 1000 N
CMS-139 0 0.25 TEQ 158 NG/KG nc NA nc NA 1000 N
CMS-140 0 0.25 TEQ 117000 NG/KG nc NA nc NA 1000 Y
CMS-141 0 0.25 TEQ 35500 NG/KG nc NA nc NA 1000 Y
CMS-142 0 0.25 TEQ 8070 NG/KG nc NA nc NA 1000 Y
CMS-143 0 0.25 TEQ 186 NG/KG nc NA nc NA 1000 N
CMS-144 0 0.25 TEQ 75.2 NG/KG nc NA nc NA 1000 N
CMS-145 0 0.25 TEQ 2750 NG/KG nc NA nc NA 1000 Y
CMS-147 0 0.25 TEQ 6470 NG/KG nc NA nc NA 1000 Y
CMS-148 0 0.25 TEQ 15300 NG/KG nc NA nc NA 1000 Y
CMS-149 0 0.25 TEQ 22700 NG/KG nc NA nc NA 1000 Y
CMS-150 0 0.25 TEQ 22100 NG/KG nc NA nc NA 1000 Y
CMS-151 0 0.25 TEQ 22.4 NG/KG nc NA nc NA 1000 N
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CMS-152 0 0.25 TEQ 1400 NG/KG nc NA nc NA 1000 Y
CMS-153 0 0.25 TEQ 40.8 NG/KG nc NA nc NA 1000 N
CMS-154 0 0.25 TEQ 1300 NG/KG nc NA nc NA 1000 Y
CMS-155 0 0.25 TEQ 6810 NG/KG nc NA nc NA 1000 Y
CMS-156 0 0.25 TEQ 52900 NG/KG nc NA nc NA 1000 Y
CMS-157 0 0.25 TEQ 12600 NG/KG nc NA nc NA 1000 Y
CMS-158 0 0.25 TEQ 10200 NG/KG nc NA nc NA 1000 Y
CMS-158 0 0.25 TEQ 8430 NG/KG nc NA nc NA 1000 Y
CMS-159 0 0.25 TEQ 3380 NG/KG nc NA nc NA 1000 Y
CMS-160 0 0.25 TEQ 12600 NG/KG nc NA nc NA 1000 Y
CMS-160 0 0.25 TEQ 11300 NG/KG nc NA nc NA 1000 Y
CMS-161 0 0.25 TEQ 2550 NG/KG nc NA nc NA 1000 Y
CMS-162 0 0.25 TEQ 311 NG/KG nc NA nc NA 1000 N
CMS-163 0 0.25 TEQ 253 NG/KG nc NA nc NA 1000 N
CMS-164 0 0.25 TEQ 16700 NG/KG nc NA nc NA 1000 Y
CMS-164 0 0.25 TEQ 17500 NG/KG nc NA nc NA 1000 Y
CMS-165 0 0.25 TEQ 8580 NG/KG nc NA nc NA 1000 Y
CMS-166 0 0.25 TEQ 9620 NG/KG nc NA nc NA 1000 Y
CMS-167 0 0.25 TEQ 2140 NG/KG nc NA nc NA 1000 Y
CMS-168 0 0.25 TEQ 11600 NG/KG nc NA nc NA 1000 Y
CMS-169 0 0.25 TEQ 35100 NG/KG nc NA nc NA 1000 Y
CMS-170 0 0.25 TEQ 8590 NG/KG nc NA nc NA 1000 Y
CMS-171 0 0.25 TEQ 5290 NG/KG nc NA nc NA 1000 Y
CMS-172 0 0.25 TEQ 9990 NG/KG nc NA nc NA 1000 Y
CMS-173 0 0.25 TEQ 17500 NG/KG nc NA nc NA 1000 Y
CMS-175 0 0.25 TEQ 12900 NG/KG nc NA nc NA 1000 Y
CMS-220 0 0.25 TEQ 2.9 NG/KG nc NA nc NA 1000 N
CMS-222 0 0.25 TEQ 98.7 NG/KG nc NA nc NA 1000 N
CMS-223 0 0.25 TEQ 120 NG/KG nc NA nc NA 1000 N
CMS-225 0 0.25 TEQ 133 NG/KG nc NA nc NA 1000 N
CMS-226 0 0.25 TEQ 9680 NG/KG nc NA nc NA 1000 Y
CMS-227 0 0.25 TEQ 1910 NG/KG nc NA nc NA 1000 Y
CMS-228 0 0.25 TEQ 2360 NG/KG nc NA nc NA 1000 Y
CMS-229 0 0.25 TEQ 0.99 NG/KG nc NA nc NA 1000 N
CMS-230 0 0.25 TEQ 5.3 NG/KG nc NA nc NA 1000 N
CMS-231 0 0.25 TEQ 193 NG/KG nc NA nc NA 1000 N
CMS-232 0 0.25 TEQ 2200 NG/KG nc NA nc NA 1000 Y
CMS-233 0 0.25 TEQ 841 NG/KG nc NA nc NA 1000 N
CMS-234 0 0.25 TEQ 278 NG/KG nc NA nc NA 1000 N
CMS-235 0 0.25 TEQ 781 NG/KG nc NA nc NA 1000 N
CMS-236 0 0.25 TEQ 830 NG/KG nc NA nc NA 1000 N
CMS-237 0 0.25 TEQ 2620 NG/KG nc NA nc NA 1000 Y
CMS-238 0 0.25 TEQ 13500 NG/KG nc NA nc NA 1000 Y
CMS-239 0 0.25 TEQ 3490 NG/KG nc NA nc NA 1000 Y
CMS-240 0 0.25 TEQ 5110 NG/KG nc NA nc NA 1000 Y
CMS-241 0 0.25 TEQ 6640 NG/KG nc NA nc NA 1000 Y
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CMS-242 0 0.25 TEQ 20300 NG/KG nc NA nc NA 1000 Y
SS-99-00 0 0.25 TEQ 198 NG/KG nc NA nc NA 1000 N
SS-99-01 0 0.25 TEQ 188 NG/KG nc NA nc NA 1000 N
SS-99-02 0 0.25 TEQ 189 NG/KG nc NA nc NA 1000 N
SS-99-03 0 0.25 TEQ 4200 NG/KG nc NA nc NA 1000 Y
SS-99-04 0 0.25 TEQ 6640 NG/KG nc NA nc NA 1000 Y
SS-99-05 0 0.25 TEQ 26300 NG/KG nc NA nc NA 1000 Y
SS-99-06 0 0.25 TEQ 188 NG/KG nc NA nc NA 1000 N


CMW-SD-2016 0 0.5 TEQ 4.6 NG/KG nc NA nc NA 1000 N
CMW-SD-2017 0 0.5 TEQ 24.3 NG/KG nc NA nc NA 1000 N
CMW-SD-2018 0 0.5 TEQ 28.7 NG/KG nc NA nc NA 1000 N
CMW-SD-2019 0 0.5 TEQ 8410 NG/KG nc NA nc NA 1000 Y
CMW-SD-2020 0 0.5 TEQ 4740 NG/KG nc NA nc NA 1000 Y
CMW-SD-2021 0 0.5 TEQ 2090 NG/KG nc NA nc NA 1000 Y


SD-30 0 0.5 TEQ 15900 NG/KG nc NA nc NA 1000 Y
SD-31 0 0.5 TEQ 3.3 NG/KG nc NA nc NA 1000 N


CMS-701 0 1 TEQ 370 NG/KG nc NA nc NA 1000 N
CMS-051 0 1 TEQ 550 NG/KG nc NA nc NA 1000 N
CMS-057 0 1 TEQ 16000 NG/KG nc NA nc NA 1000 Y
CMS-060 0 1 TEQ 820 NG/KG nc NA nc NA 1000 N
CMS-060 0 1 TEQ 491 NG/KG nc NA nc NA 1000 N
CMS-063 0 1 TEQ 9800 NG/KG nc NA nc NA 1000 Y
CMS-069 0 1 TEQ 520 NG/KG nc NA nc NA 1000 N
CMS-074 0 1 TEQ 190 NG/KG nc NA nc NA 1000 N
CMS-075 0 1 TEQ 170 NG/KG nc NA nc NA 1000 N
CMS-076 0 1 TEQ 7 NG/KG nc NA nc NA 1000 N
CMS-081 0 1 TEQ 3.1 NG/KG nc NA nc NA 1000 N
CMS-082 0 1 TEQ 1.2 NG/KG nc NA nc NA 1000 N
CMS-089 0 1 TEQ 100 NG/KG nc NA nc NA 1000 N
CMS-093 0 1 TEQ 850 NG/KG nc NA nc NA 1000 N
CMS-094 0 1 TEQ 71 NG/KG nc NA nc NA 1000 N
CMS-098 0 1 TEQ 2500 NG/KG nc NA nc NA 1000 Y
CMS-102 0 1 TEQ 220 NG/KG nc NA nc NA 1000 N
CMS-109 0 1 TEQ 1200 NG/KG nc NA nc NA 1000 Y
CMS-117 0 1 TEQ 130 NG/KG nc NA nc NA 1000 N
CMS-118 0 1 TEQ 1700 NG/KG nc NA nc NA 1000 Y
CMS-131 0 1 TEQ 12000 NG/KG nc NA nc NA 1000 Y
CMS-134 0 1 TEQ 3200 NG/KG nc NA nc NA 1000 Y
CMS-135 0 1 TEQ 690 NG/KG nc NA nc NA 1000 N
CMS-140 0 1 TEQ 420 NG/KG nc NA nc NA 1000 N
CMS-141 0 1 TEQ 270 NG/KG nc NA nc NA 1000 N
CMS-142 0 1 TEQ 690 NG/KG nc NA nc NA 1000 N
CMS-142 0 1 TEQ 2050 NG/KG nc NA nc NA 1000 Y
CMS-147 0 1 TEQ 380 NG/KG nc NA nc NA 1000 N
CMS-148 0 1 TEQ 640 NG/KG nc NA nc NA 1000 N
CMS-149 0 1 TEQ 310 NG/KG nc NA nc NA 1000 N
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CMS-150 0 1 TEQ 210 NG/KG nc NA nc NA 1000 N
CMS-150 0 1 TEQ 611 NG/KG nc NA nc NA 1000 N
CMS-152 0 1 TEQ 640 NG/KG nc NA nc NA 1000 N
CMS-153 0 1 TEQ 300 NG/KG nc NA nc NA 1000 N
CMS-154 0 1 TEQ 420 NG/KG nc NA nc NA 1000 N
CMS-155 0 1 TEQ 1500 NG/KG nc NA nc NA 1000 Y
CMS-156 0 1 TEQ 5900 NG/KG nc NA nc NA 1000 Y
CMS-157 0 1 TEQ 420 NG/KG nc NA nc NA 1000 N
CMS-158 0 1 TEQ 470 NG/KG nc NA nc NA 1000 N
CMS-159 0 1 TEQ 3000 NG/KG nc NA nc NA 1000 Y
CMS-160 0 1 TEQ 1100 NG/KG nc NA nc NA 1000 Y
CMS-161 0 1 TEQ 240 NG/KG nc NA nc NA 1000 N
CMS-162 0 1 TEQ 540 NG/KG nc NA nc NA 1000 N
CMS-164 0 1 TEQ 52000 NG/KG nc NA nc NA 1000 Y
CMS-165 0 1 TEQ 120 NG/KG nc NA nc NA 1000 N
CMS-166 0 1 TEQ 10000 NG/KG nc NA nc NA 1000 Y
CMS-167 0 1 TEQ 3000 NG/KG nc NA nc NA 1000 Y
CMS-168 0 1 TEQ 31000 NG/KG nc NA nc NA 1000 Y
CMS-169 0 1 TEQ 2000 NG/KG nc NA nc NA 1000 Y
CMS-170 0 1 TEQ 26000 NG/KG nc NA nc NA 1000 Y
CMS-171 0 1 TEQ 5800 NG/KG nc NA nc NA 1000 Y
CMS-172 0 1 TEQ 460 NG/KG nc NA nc NA 1000 N
CMS-173 0 1 TEQ 1200 NG/KG nc NA nc NA 1000 Y
CMS-175 0 1 TEQ 1900 NG/KG nc NA nc NA 1000 Y
CMS-232 0 1 TEQ 4.3 NG/KG nc NA nc NA 1000 N
CMS-237 0 1 TEQ 7100 NG/KG nc NA nc NA 1000 Y
CMS-238 0 1 TEQ 4200 NG/KG nc NA nc NA 1000 Y
CMS-239 0 1 TEQ 6600 NG/KG nc NA nc NA 1000 Y
CMS-240 0 1 TEQ 140000 NG/KG nc NA nc NA 1000 Y
CMS-241 0 1 TEQ 27000 NG/KG nc NA nc NA 1000 Y
CMS-242 0 1 TEQ 6300 NG/KG nc NA nc NA 1000 Y
CMS-400 0 1 TEQ 650 NG/KG nc NA nc NA 1000 N
CMS-401 0 1 TEQ 6 NG/KG nc NA nc NA 1000 N
CMS-402 0 1 TEQ 8.5 NG/KG nc NA nc NA 1000 N
CMS-403 0 1 TEQ 150 NG/KG nc NA nc NA 1000 N
CMS-404 0 1 TEQ 83 NG/KG nc NA nc NA 1000 N
CMS-404 0 1 TEQ 219 NG/KG nc NA nc NA 1000 N
CMS-405 0 1 TEQ 0.85 NG/KG nc NA nc NA 1000 N
CMS-406 0 1 TEQ 2.8 NG/KG nc NA nc NA 1000 N
CMS-407 0 1 TEQ 5.5 NG/KG nc NA nc NA 1000 N
CMS-408 0 1 TEQ 7.5 NG/KG nc NA nc NA 1000 N
CMS-409 0 1 TEQ 2400 NG/KG nc NA nc NA 1000 Y
CMS-410 0 1 TEQ 600 NG/KG nc NA nc NA 1000 N
CMS-411 0 1 TEQ 5.5 NG/KG nc NA nc NA 1000 N
CMS-412 0 1 TEQ 39 NG/KG nc NA nc NA 1000 N
CMS-413 0 1 TEQ 54 NG/KG nc NA nc NA 1000 N
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CMS-414 0 1 TEQ 740 NG/KG nc NA nc NA 1000 N
CMS-415 0 1 TEQ 260 NG/KG nc NA nc NA 1000 N
CMS-416 0 1 TEQ 200 NG/KG nc NA nc NA 1000 N
CMS-417 0 1 TEQ 2700 NG/KG nc NA nc NA 1000 Y
CMS-419 0 1 TEQ 95 NG/KG nc NA nc NA 1000 N
CMS-420 0 1 TEQ 15.5 NG/KG nc NA nc NA 1000 N
CMS-421 0 1 TEQ 2.4 NG/KG nc NA nc NA 1000 N
CMS-422 0 1 TEQ 30.5 NG/KG nc NA nc NA 1000 N
CMS-423 0 1 TEQ 6 NG/KG nc NA nc NA 1000 N
CMS-424 0 1 TEQ 4.1 NG/KG nc NA nc NA 1000 N
CMS-425 0 1 TEQ 370 NG/KG nc NA nc NA 1000 N
CMS-426 0 1 TEQ 94 NG/KG nc NA nc NA 1000 N
CMS-427 0 1 TEQ 380 NG/KG nc NA nc NA 1000 N
CMS-428 0 1 TEQ 48.5 NG/KG nc NA nc NA 1000 N
CMS-429 0 1 TEQ 2 NG/KG nc NA nc NA 1000 N
CMS-430 0 1 TEQ 170 NG/KG nc NA nc NA 1000 N
CMS-431 0 1 TEQ 350 NG/KG nc NA nc NA 1000 N
CMS-432 0 1 TEQ 720 NG/KG nc NA nc NA 1000 N
CMS-433 0 1 TEQ 135 NG/KG nc NA nc NA 1000 N
CMS-434 0 1 TEQ 4 NG/KG nc NA nc NA 1000 N
CMS-435 0 1 TEQ 42 NG/KG nc NA nc NA 1000 N
CMS-435 0 1 TEQ 56.6 NG/KG nc NA nc NA 1000 N
CMS-436 0 1 TEQ 40 NG/KG nc NA nc NA 1000 N
CMS-437 0 1 TEQ 37 NG/KG nc NA nc NA 1000 N
CMS-438 0 1 TEQ 57 NG/KG nc NA nc NA 1000 N
CMS-439 0 1 TEQ 6 NG/KG nc NA nc NA 1000 N
CMS-440 0 1 TEQ 23 NG/KG nc NA nc NA 1000 N
CMS-441 0 1 TEQ 640 NG/KG nc NA nc NA 1000 N
CMS-442 0 1 TEQ 10.5 NG/KG nc NA nc NA 1000 N
CMS-443 0 1 TEQ 83 NG/KG nc NA nc NA 1000 N
CMS-444 0 1 TEQ 44 NG/KG nc NA nc NA 1000 N
CMS-445 0 1 TEQ 96 NG/KG nc NA nc NA 1000 N
CMS-456 0 1 TEQ 480 NG/KG nc NA nc NA 1000 N
CMS-481 0 1 TEQ 98.5 NG/KG nc NA nc NA 1000 N
CMS-482 0 1 TEQ 11.5 NG/KG nc NA nc NA 1000 N
CMS-500 0 1 TEQ 26.3 NG/KG nc NA nc NA 1000 N
CMS-501 0 1 TEQ 23.6 NG/KG nc NA nc NA 1000 N
CMS-502 0 1 TEQ 70.2 NG/KG nc NA nc NA 1000 N
CMS-503 0 1 TEQ 26.8 NG/KG nc NA nc NA 1000 N
CMS-504 0 1 TEQ 33.5 NG/KG nc NA nc NA 1000 N
CMS-504 0 1 TEQ 35.7 NG/KG nc NA nc NA 1000 N
CMS-505 0 1 TEQ 13.4 NG/KG nc NA nc NA 1000 N
CMS-506 0 1 TEQ 25.7 NG/KG nc NA nc NA 1000 N
CMS-507 0 1 TEQ 47.5 NG/KG nc NA nc NA 1000 N
CMS-508 0 1 TEQ 18.8 NG/KG nc NA nc NA 1000 N
CMS-700 0 1 TEQ 76 NG/KG nc NA nc NA 1000 N


Interim Final CMRP Feasibility Study Report
Appendix F F-443 April 2010







Appendix F


Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs


BORING TO
P_


O
F_


S
A


M
PL


E 
(ft


)


B
O


TT
O


M
_


O
F_


SA
M


PL
E 


(ft
)


PARAMETER LAB_RESULT UNITS QUAL


RIDEM Residential 
Direct Exposure 
Criteria (MG/KG)


Exceed 
Criteria 


(Y/N)


RIDEM GB 
Leachability 


Criteria 
(MG/KG)


Exceed 
Criteria 


(Y/N)


EPA's Recommended 
Residential Level for 


Dioxin (NG/KG)


Exceed 
Criteria 


(Y/N)


Potential ARARs and TBC1


CMS-701 0 1 TEQ 410 NG/KG nc NA nc NA 1000 N
CMS-702 0 1 TEQ 20 NG/KG nc NA nc NA 1000 N
CMS-703 0 1 TEQ 3200 NG/KG nc NA nc NA 1000 Y
CMS-404 0 1 TEQ 300 NG/KG nc NA nc NA 1000 N
CMS-142 0 1 TEQ 1500 NG/KG nc NA nc NA 1000 Y
CMS-060 0 1 TEQ 23.5 NG/KG nc NA nc NA 1000 N
CMS-162 0 1 TEQ 980 NG/KG nc NA nc NA 1000 N
CMS-150 0 1 TEQ 320 NG/KG nc NA nc NA 1000 N
CMS-435 0 1 TEQ 13.5 NG/KG nc NA nc NA 1000 N
CMS-464 0 1 TEQ 15.4 NG/KG nc NA nc NA 1000 N
CMS-500 0 1 TEQ 38 NG/KG nc NA nc NA 1000 N


RES-14-271-01A 0 1 TEQ 237 NG/KG nc NA nc NA 1000 N
RES-14-303-01 0 1 TEQ 4250 NG/KG nc NA nc NA 1000 Y
RES-14-303-02 0 1 TEQ 10600 NG/KG nc NA nc NA 1000 Y
RES-14-333-01 0 1 TEQ 1380 NG/KG nc NA nc NA 1000 Y
RES-14-333-02 0 1 TEQ 103 NG/KG nc NA nc NA 1000 N
CMW-SD-2022 0.5 2 TEQ 218 NG/KG nc NA nc NA 1000 N


MW05S 4 6 Tetrachloroethene 300 MG/KG *J 12 Y 4.2 Y nc NA
CMS-060 0 1 Tetrachloroethene 0.088 MG/KG J 12 N 4.2 N nc NA
CMS-164 0 1 Tetrachloroethene 0.0088 MG/KG J 12 N 4.2 N nc NA
CMS-173 0 1 Tetrachloroethene 0.17 MG/KG J 12 N 4.2 N nc NA
CMS-237 0 1 Tetrachloroethene 0.0075 MG/KG J 12 N 4.2 N nc NA
CMS-702 0 1 Tetrachloroethene 0.0027 MG/KG J 12 N 4.2 N nc NA
CMS-060 0 1 Tetrachloroethene 63 MG/KG J 12 Y 4.2 Y nc NA
MW14M 1 2 Tetrachloroethene 0.14 MG/KG J 12 N 4.2 N nc NA
CMS-060 1 2 Tetrachloroethene 25 MG/KG J 12 Y 4.2 Y nc NA
CMS-173 1 2 Tetrachloroethene 0.19 MG/KG J 12 N 4.2 N nc NA
CMS-237 1 2 Tetrachloroethene 0.21 MG/KG J 12 N 4.2 N nc NA
CMS-237 2 3 Tetrachloroethene 0.11 MG/KG J 12 N 4.2 N nc NA
CMS-417 2 3 Tetrachloroethene 9.4 MG/KG J 12 N 4.2 Y nc NA
CMS-455 2 3 Tetrachloroethene 0.26 MG/KG J 12 N 4.2 N nc NA
CMS-417 3 4 Tetrachloroethene 0.12 MG/KG J 12 N 4.2 N nc NA
MW06S 4 6 Tetrachloroethene 0.16 MG/KG J 12 N 4.2 N nc NA


CMS-089 0 1 Tetrachloroethene 0.005 MG/KG U 12 NA 4.2 NA nc NA
CMS-118 0 1 Tetrachloroethene 0.0048 MG/KG U 12 NA 4.2 NA nc NA
CMS-407 0 1 Tetrachloroethene 0.005 MG/KG U 12 NA 4.2 NA nc NA
CMS-408 0 1 Tetrachloroethene 0.0043 MG/KG U 12 NA 4.2 NA nc NA
CMS-456 0 1 Tetrachloroethene 0.0075 MG/KG U 12 NA 4.2 NA nc NA
MW05S 1 2 Tetrachloroethene 0.095 MG/KG U 12 NA 4.2 NA nc NA
MW01S 1 2 Tetrachloroethene 0.34 MG/KG U 12 NA 4.2 NA nc NA
MW05S 1 2 Tetrachloroethene 0.11 MG/KG U 12 NA 4.2 NA nc NA
MW08S 1 2 Tetrachloroethene 0.26 MG/KG U 12 NA 4.2 NA nc NA


CMS-089 1 2 Tetrachloroethene 0.0048 MG/KG U 12 NA 4.2 NA nc NA
CMS-118 1 2 Tetrachloroethene 0.006 MG/KG U 12 NA 4.2 NA nc NA
CMS-408 1 2 Tetrachloroethene 2.2 MG/KG U 12 NA 4.2 NA nc NA
CMS-423 1 2 Tetrachloroethene 0.0062 MG/KG U 12 NA 4.2 NA nc NA
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CMS-427 1 2 Tetrachloroethene 0.0045 MG/KG U 12 NA 4.2 NA nc NA
CMS-428 1 2 Tetrachloroethene 0.0054 MG/KG U 12 NA 4.2 NA nc NA
CMS-118 2 3 Tetrachloroethene 0.0074 MG/KG U 12 NA 4.2 NA nc NA
CMS-407 2 3 Tetrachloroethene 0.0087 MG/KG U 12 NA 4.2 NA nc NA
CMS-408 2 3 Tetrachloroethene 6.6 MG/KG U 12 NA 4.2 NA nc NA
MW08S 2 4 Tetrachloroethene 0.21 MG/KG U 12 NA 4.2 NA nc NA
MW01S 2 4 Tetrachloroethene 0.22 MG/KG U 12 NA 4.2 NA nc NA
MW02S 2 4 Tetrachloroethene 0.2 MG/KG U 12 NA 4.2 NA nc NA
MW04D 2 4 Tetrachloroethene 0.5 MG/KG U 12 NA 4.2 NA nc NA
MW06S 2 4 Tetrachloroethene 0.3 MG/KG U 12 NA 4.2 NA nc NA
MW06S 2 4 Tetrachloroethene 0.3 MG/KG U 12 NA 4.2 NA nc NA
MW08S 2 4 Tetrachloroethene 0.32 MG/KG U 12 NA 4.2 NA nc NA
MW14M 2 4 Tetrachloroethene 0.14 MG/KG U 12 NA 4.2 NA nc NA
MW15D 2 4 Tetrachloroethene 0.14 MG/KG U 12 NA 4.2 NA nc NA


SB02 2 4 Tetrachloroethene 0.38 MG/KG U 12 NA 4.2 NA nc NA
GEC-7 2.5 4.5 Tetrachloroethene 0.045 MG/KG U 12 NA 4.2 NA nc NA
MW07S 3 4 Tetrachloroethene 0.5 MG/KG U 12 NA 4.2 NA nc NA


CMS-089 3 4 Tetrachloroethene 0.0041 MG/KG U 12 NA 4.2 NA nc NA
CMS-407 3 4 Tetrachloroethene 0.32 MG/KG U 12 NA 4.2 NA nc NA
CMS-419 3 4 Tetrachloroethene 0.32 MG/KG U 12 NA 4.2 NA nc NA
CMS-423 3 4 Tetrachloroethene 0.0045 MG/KG U 12 NA 4.2 NA nc NA
CMS-428 3 4 Tetrachloroethene 0.0057 MG/KG U 12 NA 4.2 NA nc NA
CMS-423 3 4 Tetrachloroethene 0.0049 MG/KG U 12 NA 4.2 NA nc NA
CMS-118 4 5 Tetrachloroethene 0.0059 MG/KG U 12 NA 4.2 NA nc NA
CMS-455 4 5 Tetrachloroethene 0.0072 MG/KG U 12 NA 4.2 NA nc NA
MW15D 4 6 Tetrachloroethene 0.1 MG/KG U 12 NA 4.2 NA nc NA
MW02S 4 6 Tetrachloroethene 0.55 MG/KG U 12 NA 4.2 NA nc NA


SB03 4 6 Tetrachloroethene 0.2 MG/KG U 12 NA 4.2 NA nc NA
MW02S 4 6 Tetrachloroethene 0.42 MG/KG U 12 NA 4.2 NA nc NA
MW04D 4 6 Tetrachloroethene 0.18 MG/KG U 12 NA 4.2 NA nc NA
MW07S 4 6 Tetrachloroethene 0.26 MG/KG U 12 NA 4.2 NA nc NA
MW08S 4 6 Tetrachloroethene 0.3 MG/KG U 12 NA 4.2 NA nc NA
MW09S 4 6 Tetrachloroethene 0.26 MG/KG U 12 NA 4.2 NA nc NA
MW15D 4 6 Tetrachloroethene 0.12 MG/KG U 12 NA 4.2 NA nc NA


SB02 4 6 Tetrachloroethene 0.26 MG/KG U 12 NA 4.2 NA nc NA
SB03 4 6 Tetrachloroethene 0.18 MG/KG U 12 NA 4.2 NA nc NA


CMS-098 0 1 Tetrachloroethene 0.0097 MG/KG UJ 12 NA 4.2 NA nc NA
CMS-142 0 1 Tetrachloroethene 0.0095 MG/KG UJ 12 NA 4.2 NA nc NA
CMS-142 0 1 Tetrachloroethene 0.011 MG/KG UJ 12 NA 4.2 NA nc NA
SB-14-271 1 2 Tetrachloroethene 0.12 MG/KG UJ 12 NA 4.2 NA nc NA
CMS-405 1 2 Tetrachloroethene 4 MG/KG UJ 12 NA 4.2 NA nc NA
CMS-407 1 2 Tetrachloroethene 0.0074 MG/KG UJ 12 NA 4.2 NA nc NA
CMS-405 1 2 Tetrachloroethene 2.9 MG/KG UJ 12 NA 4.2 NA nc NA
CMS-089 2 3 Tetrachloroethene 0.0047 MG/KG UJ 12 NA 4.2 NA nc NA
SB-14-271 2 4 Tetrachloroethene 0.13 MG/KG UJ 12 NA 4.2 NA nc NA
CMS-118 3 4 Tetrachloroethene 0.0084 MG/KG UJ 12 NA 4.2 NA nc NA
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CMS-405 4 5 Tetrachloroethene 1 MG/KG UJ 12 NA 4.2 NA nc NA
SB-14-271 4 6 Tetrachloroethene 0.11 MG/KG UJ 12 NA 4.2 NA nc NA
CMS-159 0 1 Tetrachloroethene 0.1 MG/KG 12 N 4.2 N nc NA
CMS-417 0 1 Tetrachloroethene 820 MG/KG 12 Y 4.2 Y nc NA
CMS-703 0 1 Tetrachloroethene 0.028 MG/KG 12 N 4.2 N nc NA
CMS-065 0 10 Tetrachloroethene 3.7 MG/KG 12 N 4.2 N nc NA
MW14M 1 2 Tetrachloroethene 0.17 MG/KG 12 N 4.2 N nc NA
CMS-417 1 2 Tetrachloroethene 1700 MG/KG 12 Y 4.2 Y nc NA
CMS-419 1 2 Tetrachloroethene 40 MG/KG 12 Y 4.2 Y nc NA
CMS-456 1 2 Tetrachloroethene 0.12 MG/KG 12 N 4.2 N nc NA
CMS-060 2 3 Tetrachloroethene 0.86 MG/KG 12 N 4.2 N nc NA
MW05S 2 4 Tetrachloroethene 0.23 MG/KG 12 N 4.2 N nc NA


SB03 2 4 Tetrachloroethene 0.43 MG/KG 12 N 4.2 N nc NA
GEC-6 2.5 4.5 Tetrachloroethene 0.3 MG/KG 12 N 4.2 N nc NA


CMS-060 3 4 Tetrachloroethene 0.11 MG/KG 12 N 4.2 N nc NA
CMS-427 3 4 Tetrachloroethene 0.012 MG/KG 12 N 4.2 N nc NA
CMS-060 4 5 Tetrachloroethene 0.11 MG/KG 12 N 4.2 N nc NA
MW01S 4 6 Tetrachloroethene 0.52 MG/KG 12 N 4.2 N nc NA
MW03S 4 6 Tetrachloroethene 0.49 MG/KG 12 N 4.2 N nc NA


RES-14-333-01 0 1 Thallium 6.8 MG/KG J 5.5 Y nc NA nc NA
CMS-118 1 2 Thallium 0.58 MG/KG J 5.5 N nc NA nc NA
CMS-118 2 3 Thallium 2.6 MG/KG J 5.5 N nc NA nc NA
MW08S 2 4 Thallium 1.5 MG/KG J 5.5 N nc NA nc NA


SB03 2 4 Thallium 5.1 MG/KG J 5.5 N nc NA nc NA
SB03 4 6 Thallium 5.3 MG/KG J 5.5 N nc NA nc NA
SB03 4 6 Thallium 5.9 MG/KG J 5.5 Y nc NA nc NA


CMS-4105 0 1 Thallium 0.215 MG/KG J 5.5 N nc NA nc NA
CMS-4110 0 1 Thallium 0.2 MG/KG J 5.5 N nc NA nc NA


CMW-SD-2016 0 0.5 Thallium 0.36 MG/KG U 5.5 NA nc NA nc NA
CMW-SD-2017 0 0.5 Thallium 0.5 MG/KG U 5.5 NA nc NA nc NA
CMW-SD-2020 0 0.5 Thallium 0.47 MG/KG U 5.5 NA nc NA nc NA


CMS-060 0 1 Thallium 205 MG/KG U 5.5 NA nc NA nc NA
CMS-089 0 1 Thallium 204 MG/KG U 5.5 NA nc NA nc NA
CMS-098 0 1 Thallium 362 MG/KG U 5.5 NA nc NA nc NA
CMS-118 0 1 Thallium 217 MG/KG U 5.5 NA nc NA nc NA
CMS-142 0 1 Thallium 349 MG/KG U 5.5 NA nc NA nc NA
CMS-159 0 1 Thallium 658 MG/KG U 5.5 NA nc NA nc NA
CMS-164 0 1 Thallium 612 MG/KG U 5.5 NA nc NA nc NA
CMS-173 0 1 Thallium 660 MG/KG U 5.5 NA nc NA nc NA
CMS-237 0 1 Thallium 258 MG/KG U 5.5 NA nc NA nc NA
CMS-405 0 1 Thallium 212 MG/KG U 5.5 NA nc NA nc NA
CMS-407 0 1 Thallium 213 MG/KG U 5.5 NA nc NA nc NA
CMS-408 0 1 Thallium 207 MG/KG U 5.5 NA nc NA nc NA
CMS-417 0 1 Thallium 213 MG/KG U 5.5 NA nc NA nc NA
CMS-456 0 1 Thallium 299 MG/KG U 5.5 NA nc NA nc NA
CMS-142 0 1 Thallium 334 MG/KG U 5.5 NA nc NA nc NA
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CMS-060 0 1 Thallium 212 MG/KG U 5.5 NA nc NA nc NA
RES-14-271-01 0 1 Thallium 2.2 MG/KG U 5.5 NA nc NA nc NA
RES-14-302-01 0 1 Thallium 1.2 MG/KG U 5.5 NA nc NA nc NA
RES-14-303-01 0 1 Thallium 4 MG/KG U 5.5 NA nc NA nc NA
RES-14-271-01 0 1 Thallium 2.3 MG/KG U 5.5 NA nc NA nc NA


CMS-703 0 2 Thallium 249 MG/KG U 5.5 NA nc NA nc NA
BV01COMP 0 4 Thallium 228 MG/KG U 5.5 NA nc NA nc NA


CMW-SD-2022 0.5 2 Thallium 0.61 MG/KG U 5.5 NA nc NA nc NA
MW01S 1 2 Thallium 0.84 MG/KG U 5.5 NA nc NA nc NA
MW05S 1 2 Thallium 0.32 MG/KG U 5.5 NA nc NA nc NA


CMS-060 1 2 Thallium 206 MG/KG U 5.5 NA nc NA nc NA
CMS-089 1 2 Thallium 213 MG/KG U 5.5 NA nc NA nc NA
CMS-173 1 2 Thallium 313 MG/KG U 5.5 NA nc NA nc NA
CMS-237 1 2 Thallium 252 MG/KG U 5.5 NA nc NA nc NA
CMS-405 1 2 Thallium 383 MG/KG U 5.5 NA nc NA nc NA
CMS-407 1 2 Thallium 264 MG/KG U 5.5 NA nc NA nc NA
CMS-408 1 2 Thallium 263 MG/KG U 5.5 NA nc NA nc NA
CMS-417 1 2 Thallium 214 MG/KG U 5.5 NA nc NA nc NA
CMS-419 1 2 Thallium 224 MG/KG U 5.5 NA nc NA nc NA
CMS-423 1 2 Thallium 212 MG/KG U 5.5 NA nc NA nc NA
CMS-427 1 2 Thallium 217 MG/KG U 5.5 NA nc NA nc NA
CMS-428 1 2 Thallium 215 MG/KG U 5.5 NA nc NA nc NA
CMS-456 1 2 Thallium 358 MG/KG U 5.5 NA nc NA nc NA
CMS-405 1 2 Thallium 375 MG/KG U 5.5 NA nc NA nc NA


CMW-SD-2022 2 2.5 Thallium 0.44 MG/KG U 5.5 NA nc NA nc NA
CMS-060 2 3 Thallium 219 MG/KG U 5.5 NA nc NA nc NA
CMS-089 2 3 Thallium 213 MG/KG U 5.5 NA nc NA nc NA
CMS-237 2 3 Thallium 384 MG/KG U 5.5 NA nc NA nc NA
CMS-405 2 3 Thallium 390 MG/KG U 5.5 NA nc NA nc NA
CMS-407 2 3 Thallium 334 MG/KG U 5.5 NA nc NA nc NA
CMS-408 2 3 Thallium 259 MG/KG U 5.5 NA nc NA nc NA
CMS-417 2 3 Thallium 236 MG/KG U 5.5 NA nc NA nc NA
CMS-455 2 3 Thallium 240 MG/KG U 5.5 NA nc NA nc NA
MW05S 2 4 Thallium 0.4 MG/KG U 5.5 NA nc NA nc NA
MW06S 2 4 Thallium 0.89 MG/KG U 5.5 NA nc NA nc NA
MW06S 2 4 Thallium 0.9 MG/KG U 5.5 NA nc NA nc NA
MW07S 3 4 Thallium 0.92 MG/KG U 5.5 NA nc NA nc NA


CMS-060 3 4 Thallium 270 MG/KG U 5.5 NA nc NA nc NA
CMS-089 3 4 Thallium 212 MG/KG U 5.5 NA nc NA nc NA
CMS-118 3 4 Thallium 303 MG/KG U 5.5 NA nc NA nc NA
CMS-405 3 4 Thallium 227 MG/KG U 5.5 NA nc NA nc NA
CMS-407 3 4 Thallium 257 MG/KG U 5.5 NA nc NA nc NA
CMS-417 3 4 Thallium 230 MG/KG U 5.5 NA nc NA nc NA
CMS-419 3 4 Thallium 255 MG/KG U 5.5 NA nc NA nc NA
CMS-423 3 4 Thallium 224 MG/KG U 5.5 NA nc NA nc NA
CMS-427 3 4 Thallium 247 MG/KG U 5.5 NA nc NA nc NA
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CMS-428 3 4 Thallium 226 MG/KG U 5.5 NA nc NA nc NA
CMS-423 3 4 Thallium 239 MG/KG U 5.5 NA nc NA nc NA
CMS-060 4 5 Thallium 233 MG/KG U 5.5 NA nc NA nc NA
CMS-118 4 5 Thallium 259 MG/KG U 5.5 NA nc NA nc NA
CMS-405 4 5 Thallium 278 MG/KG U 5.5 NA nc NA nc NA
CMS-455 4 5 Thallium 289 MG/KG U 5.5 NA nc NA nc NA
MW01S 4 6 Thallium 0.92 MG/KG U 5.5 NA nc NA nc NA
MW03S 4 6 Thallium 0.89 MG/KG U 5.5 NA nc NA nc NA
MW04D 4 6 Thallium 0.4 MG/KG U 5.5 NA nc NA nc NA
MW05S 4 6 Thallium 0.9 MG/KG U 5.5 NA nc NA nc NA
MW06S 4 6 Thallium 1.1 MG/KG U 5.5 NA nc NA nc NA
MW07S 4 6 Thallium 0.99 MG/KG U 5.5 NA nc NA nc NA
MW08S 4 6 Thallium 0.88 MG/KG U 5.5 NA nc NA nc NA
MW09S 4 6 Thallium 1.2 MG/KG U 5.5 NA nc NA nc NA


SB-14-271 4 6 Thallium 0.38 MG/KG U 5.5 NA nc NA nc NA
CMW-SD-2018 0 0.5 Thallium 0.43 MG/KG UJ 5.5 NA nc NA nc NA
CMW-SD-2019 0 0.5 Thallium 0.46 MG/KG UJ 5.5 NA nc NA nc NA
CMW-SD-2021 0 0.5 Thallium 0.43 MG/KG UJ 5.5 NA nc NA nc NA
RES-14-272-01 0 1 Thallium 2.2 MG/KG UJ 5.5 NA nc NA nc NA
RES-14-272-01 0 1 Thallium 2.8 MG/KG UJ 5.5 NA nc NA nc NA


MW05S 1 2 Thallium 0.48 MG/KG UJ 5.5 NA nc NA nc NA
MW14M 1 2 Thallium 0.91 MG/KG UJ 5.5 NA nc NA nc NA
MW14M 1 2 Thallium 0.94 MG/KG UJ 5.5 NA nc NA nc NA


SB-14-271 1 2 Thallium 0.6 MG/KG UJ 5.5 NA nc NA nc NA
MW14M 2 4 Thallium 1.1 MG/KG UJ 5.5 NA nc NA nc NA
MW15D 2 4 Thallium 0.91 MG/KG UJ 5.5 NA nc NA nc NA


SB-14-271 2 4 Thallium 0.71 MG/KG UJ 5.5 NA nc NA nc NA
MW15D 4 6 Thallium 0.88 MG/KG UJ 5.5 NA nc NA nc NA
MW15D 4 6 Thallium 0.85 MG/KG UJ 5.5 NA nc NA nc NA
MW08S 1 2 Thallium 3.5 MG/KG 5.5 N nc NA nc NA
MW08S 2 4 Thallium 2.9 MG/KG 5.5 N nc NA nc NA


SB02 2 4 Thallium 11.3 MG/KG 5.5 Y nc NA nc NA
MW02S 2 4 Thallium 8.4 MG/KG 5.5 Y nc NA nc NA


SB02 2 4 Thallium 11.7 MG/KG 5.5 Y nc NA nc NA
SB02 4 6 Thallium 13.4 MG/KG 5.5 Y nc NA nc NA


CMS-456 0 1 Toluene 0.0022 MG/KG J 190 N 54 N nc NA
MW14M 1 2 Toluene 0.093 MG/KG J 190 N 54 N nc NA
MW05S 1 2 Toluene 0.044 MG/KG J 190 N 54 N nc NA
MW14M 1 2 Toluene 0.097 MG/KG J 190 N 54 N nc NA
CMS-237 1 2 Toluene 0.015 MG/KG J 190 N 54 N nc NA
CMS-405 1 2 Toluene 3.5 MG/KG J 190 N 54 N nc NA
CMS-407 1 2 Toluene 0.041 MG/KG J 190 N 54 N nc NA
CMS-456 1 2 Toluene 0.0042 MG/KG J 190 N 54 N nc NA
CMS-237 2 3 Toluene 0.0085 MG/KG J 190 N 54 N nc NA
CMS-407 2 3 Toluene 0.011 MG/KG J 190 N 54 N nc NA
MW04D 2 4 Toluene 0.43 MG/KG J 190 N 54 N nc NA
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CMS-405 4 5 Toluene 0.21 MG/KG J 190 N 54 N nc NA
MW15D 4 6 Toluene 0.042 MG/KG J 190 N 54 N nc NA
MW05S 4 6 Toluene 0.13 MG/KG J 190 N 54 N nc NA
MW15D 4 6 Toluene 0.035 MG/KG J 190 N 54 N nc NA
CMS-089 0 1 Toluene 0.005 MG/KG U 190 NA 54 NA nc NA
CMS-118 0 1 Toluene 0.0048 MG/KG U 190 NA 54 NA nc NA
CMS-159 0 1 Toluene 0.021 MG/KG U 190 NA 54 NA nc NA
CMS-407 0 1 Toluene 0.005 MG/KG U 190 NA 54 NA nc NA
CMS-408 0 1 Toluene 0.0043 MG/KG U 190 NA 54 NA nc NA
CMS-702 0 1 Toluene 0.0087 MG/KG U 190 NA 54 NA nc NA
CMS-703 0 1 Toluene 0.0061 MG/KG U 190 NA 54 NA nc NA
CMS-060 0 1 Toluene 2.7 MG/KG U 190 NA 54 NA nc NA
CMS-065 0 10 Toluene 1.2 MG/KG U 190 NA 54 NA nc NA
MW05S 1 2 Toluene 0.095 MG/KG U 190 NA 54 NA nc NA
MW01S 1 2 Toluene 0.34 MG/KG U 190 NA 54 NA nc NA


CMS-060 1 2 Toluene 5.1 MG/KG U 190 NA 54 NA nc NA
CMS-089 1 2 Toluene 0.0048 MG/KG U 190 NA 54 NA nc NA
CMS-118 1 2 Toluene 0.006 MG/KG U 190 NA 54 NA nc NA
CMS-408 1 2 Toluene 2.2 MG/KG U 190 NA 54 NA nc NA
CMS-423 1 2 Toluene 0.0062 MG/KG U 190 NA 54 NA nc NA
CMS-427 1 2 Toluene 0.0045 MG/KG U 190 NA 54 NA nc NA
CMS-428 1 2 Toluene 0.0054 MG/KG U 190 NA 54 NA nc NA
CMS-060 2 3 Toluene 0.27 MG/KG U 190 NA 54 NA nc NA
CMS-118 2 3 Toluene 0.0074 MG/KG U 190 NA 54 NA nc NA
CMS-408 2 3 Toluene 6.6 MG/KG U 190 NA 54 NA nc NA
CMS-455 2 3 Toluene 0.33 MG/KG U 190 NA 54 NA nc NA
MW08S 2 4 Toluene 0.21 MG/KG U 190 NA 54 NA nc NA
MW01S 2 4 Toluene 0.22 MG/KG U 190 NA 54 NA nc NA
MW02S 2 4 Toluene 0.2 MG/KG U 190 NA 54 NA nc NA
MW05S 2 4 Toluene 0.1 MG/KG U 190 NA 54 NA nc NA
MW08S 2 4 Toluene 0.32 MG/KG U 190 NA 54 NA nc NA
MW14M 2 4 Toluene 0.14 MG/KG U 190 NA 54 NA nc NA
MW15D 2 4 Toluene 0.14 MG/KG U 190 NA 54 NA nc NA


SB02 2 4 Toluene 0.38 MG/KG U 190 NA 54 NA nc NA
SB03 2 4 Toluene 0.3 MG/KG U 190 NA 54 NA nc NA


CMS-060 3 4 Toluene 0.0058 MG/KG U 190 NA 54 NA nc NA
CMS-089 3 4 Toluene 0.0041 MG/KG U 190 NA 54 NA nc NA
CMS-118 3 4 Toluene 0.0084 MG/KG U 190 NA 54 NA nc NA
CMS-407 3 4 Toluene 0.32 MG/KG U 190 NA 54 NA nc NA
CMS-419 3 4 Toluene 0.32 MG/KG U 190 NA 54 NA nc NA
CMS-423 3 4 Toluene 0.0045 MG/KG U 190 NA 54 NA nc NA
CMS-428 3 4 Toluene 0.0057 MG/KG U 190 NA 54 NA nc NA
CMS-423 3 4 Toluene 0.0049 MG/KG U 190 NA 54 NA nc NA
CMS-060 4 5 Toluene 0.0048 MG/KG U 190 NA 54 NA nc NA
CMS-118 4 5 Toluene 0.0059 MG/KG U 190 NA 54 NA nc NA
CMS-455 4 5 Toluene 0.0072 MG/KG U 190 NA 54 NA nc NA
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MW02S 4 6 Toluene 0.55 MG/KG U 190 NA 54 NA nc NA
SB03 4 6 Toluene 0.2 MG/KG U 190 NA 54 NA nc NA


MW01S 4 6 Toluene 0.24 MG/KG U 190 NA 54 NA nc NA
MW02S 4 6 Toluene 0.42 MG/KG U 190 NA 54 NA nc NA
MW03S 4 6 Toluene 0.35 MG/KG U 190 NA 54 NA nc NA
MW04D 4 6 Toluene 0.18 MG/KG U 190 NA 54 NA nc NA
MW07S 4 6 Toluene 0.26 MG/KG U 190 NA 54 NA nc NA
MW08S 4 6 Toluene 0.3 MG/KG U 190 NA 54 NA nc NA
MW09S 4 6 Toluene 0.26 MG/KG U 190 NA 54 NA nc NA


SB02 4 6 Toluene 0.26 MG/KG U 190 NA 54 NA nc NA
SB03 4 6 Toluene 0.18 MG/KG U 190 NA 54 NA nc NA


CMS-098 0 1 Toluene 0.0097 MG/KG UJ 190 NA 54 NA nc NA
CMS-142 0 1 Toluene 0.0095 MG/KG UJ 190 NA 54 NA nc NA
CMS-164 0 1 Toluene 0.015 MG/KG UJ 190 NA 54 NA nc NA
CMS-173 0 1 Toluene 0.024 MG/KG UJ 190 NA 54 NA nc NA
CMS-237 0 1 Toluene 0.0059 MG/KG UJ 190 NA 54 NA nc NA
CMS-142 0 1 Toluene 0.011 MG/KG UJ 190 NA 54 NA nc NA
SB-14-271 1 2 Toluene 0.12 MG/KG UJ 190 NA 54 NA nc NA
CMS-173 1 2 Toluene 0.0083 MG/KG UJ 190 NA 54 NA nc NA
CMS-405 1 2 Toluene 2.9 MG/KG UJ 190 NA 54 NA nc NA
CMS-089 2 3 Toluene 0.0047 MG/KG UJ 190 NA 54 NA nc NA
SB-14-271 2 4 Toluene 0.13 MG/KG UJ 190 NA 54 NA nc NA
SB-14-271 4 6 Toluene 0.11 MG/KG UJ 190 NA 54 NA nc NA
CMS-417 0 1 Toluene 140 MG/KG 190 N 54 Y nc NA
MW08S 1 2 Toluene 0.58 MG/KG 190 N 54 N nc NA


CMS-417 1 2 Toluene 430 MG/KG 190 Y 54 Y nc NA
CMS-419 1 2 Toluene 75 MG/KG 190 N 54 Y nc NA
CMS-417 2 3 Toluene 110 MG/KG 190 N 54 Y nc NA
MW06S 2 4 Toluene 0.59 MG/KG 190 N 54 N nc NA
MW06S 2 4 Toluene 0.59 MG/KG 190 N 54 N nc NA
GEC-6 2.5 4.5 Toluene 0.18 MG/KG 190 N 54 N nc NA
GEC-7 2.5 4.5 Toluene 0.046 MG/KG 190 N 54 N nc NA
MW07S 3 4 Toluene 6.2 MG/KG 190 N 54 N nc NA


CMS-417 3 4 Toluene 0.43 MG/KG 190 N 54 N nc NA
CMS-427 3 4 Toluene 0.13 MG/KG 190 N 54 N nc NA
MW06S 4 6 Toluene 2.5 MG/KG 190 N 54 N nc NA


CMS-173 0 1 Total Xylenes 0.019 MG/KG J 110 N nc NA nc NA
CMS-417 0 1 Total Xylenes 160 MG/KG J 110 Y nc NA nc NA
MW14M 1 2 Total Xylenes 0.95 MG/KG J 110 N nc NA nc NA
MW14M 1 2 Total Xylenes 0.66 MG/KG J 110 N nc NA nc NA
CMS-237 1 2 Total Xylenes 0.028 MG/KG J 110 N nc NA nc NA
CMS-417 1 2 Total Xylenes 380 MG/KG J 110 Y nc NA nc NA
CMS-456 1 2 Total Xylenes 0.0045 MG/KG J 110 N nc NA nc NA
CMS-237 2 3 Total Xylenes 0.024 MG/KG J 110 N nc NA nc NA
CMS-417 2 3 Total Xylenes 19 MG/KG J 110 N nc NA nc NA
MW08S 2 4 Total Xylenes 0.32 MG/KG J 110 N nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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CMS-417 3 4 Total Xylenes 2.3 MG/KG J 110 N nc NA nc NA
CMS-405 4 5 Total Xylenes 28 MG/KG J 110 N nc NA nc NA
MW05S 4 6 Total Xylenes 2.5 MG/KG J 110 N nc NA nc NA


CMS-089 0 1 Total Xylenes 0.005 MG/KG U 110 NA nc NA nc NA
CMS-098 0 1 Total Xylenes 0.0097 MG/KG U 110 NA nc NA nc NA
CMS-118 0 1 Total Xylenes 0.0048 MG/KG U 110 NA nc NA nc NA
CMS-142 0 1 Total Xylenes 0.0095 MG/KG U 110 NA nc NA nc NA
CMS-159 0 1 Total Xylenes 0.021 MG/KG U 110 NA nc NA nc NA
CMS-164 0 1 Total Xylenes 0.015 MG/KG U 110 NA nc NA nc NA
CMS-407 0 1 Total Xylenes 0.005 MG/KG U 110 NA nc NA nc NA
CMS-408 0 1 Total Xylenes 0.0043 MG/KG U 110 NA nc NA nc NA
CMS-456 0 1 Total Xylenes 0.0075 MG/KG U 110 NA nc NA nc NA
CMS-142 0 1 Total Xylenes 0.011 MG/KG U 110 NA nc NA nc NA
CMS-060 0 1 Total Xylenes 2.7 MG/KG U 110 NA nc NA nc NA
MW05S 1 2 Total Xylenes 0.095 MG/KG U 110 NA nc NA nc NA
MW01S 1 2 Total Xylenes 0.34 MG/KG U 110 NA nc NA nc NA
MW05S 1 2 Total Xylenes 0.11 MG/KG U 110 NA nc NA nc NA


CMS-060 1 2 Total Xylenes 5.1 MG/KG U 110 NA nc NA nc NA
CMS-089 1 2 Total Xylenes 0.0048 MG/KG U 110 NA nc NA nc NA
CMS-118 1 2 Total Xylenes 0.006 MG/KG U 110 NA nc NA nc NA
CMS-173 1 2 Total Xylenes 0.0083 MG/KG U 110 NA nc NA nc NA
CMS-428 1 2 Total Xylenes 0.0054 MG/KG U 110 NA nc NA nc NA
CMS-060 2 3 Total Xylenes 0.27 MG/KG U 110 NA nc NA nc NA
CMS-089 2 3 Total Xylenes 0.0047 MG/KG U 110 NA nc NA nc NA
CMS-118 2 3 Total Xylenes 0.0074 MG/KG U 110 NA nc NA nc NA
CMS-455 2 3 Total Xylenes 0.33 MG/KG U 110 NA nc NA nc NA
MW01S 2 4 Total Xylenes 0.22 MG/KG U 110 NA nc NA nc NA
MW02S 2 4 Total Xylenes 0.2 MG/KG U 110 NA nc NA nc NA
MW04D 2 4 Total Xylenes 0.5 MG/KG U 110 NA nc NA nc NA
MW05S 2 4 Total Xylenes 0.1 MG/KG U 110 NA nc NA nc NA
MW06S 2 4 Total Xylenes 0.3 MG/KG U 110 NA nc NA nc NA
MW06S 2 4 Total Xylenes 0.3 MG/KG U 110 NA nc NA nc NA
MW14M 2 4 Total Xylenes 0.14 MG/KG U 110 NA nc NA nc NA
MW15D 2 4 Total Xylenes 0.14 MG/KG U 110 NA nc NA nc NA


SB02 2 4 Total Xylenes 0.38 MG/KG U 110 NA nc NA nc NA
SB03 2 4 Total Xylenes 0.3 MG/KG U 110 NA nc NA nc NA


MW07S 3 4 Total Xylenes 0.5 MG/KG U 110 NA nc NA nc NA
CMS-060 3 4 Total Xylenes 0.0058 MG/KG U 110 NA nc NA nc NA
CMS-089 3 4 Total Xylenes 0.0041 MG/KG U 110 NA nc NA nc NA
CMS-118 3 4 Total Xylenes 0.0084 MG/KG U 110 NA nc NA nc NA
CMS-407 3 4 Total Xylenes 0.32 MG/KG U 110 NA nc NA nc NA
CMS-428 3 4 Total Xylenes 0.0057 MG/KG U 110 NA nc NA nc NA
CMS-060 4 5 Total Xylenes 0.0048 MG/KG U 110 NA nc NA nc NA
CMS-118 4 5 Total Xylenes 0.0059 MG/KG U 110 NA nc NA nc NA
CMS-455 4 5 Total Xylenes 0.0072 MG/KG U 110 NA nc NA nc NA
MW15D 4 6 Total Xylenes 0.1 MG/KG U 110 NA nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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MW02S 4 6 Total Xylenes 0.55 MG/KG U 110 NA nc NA nc NA
SB03 4 6 Total Xylenes 0.2 MG/KG U 110 NA nc NA nc NA


MW01S 4 6 Total Xylenes 0.24 MG/KG U 110 NA nc NA nc NA
MW02S 4 6 Total Xylenes 0.42 MG/KG U 110 NA nc NA nc NA
MW03S 4 6 Total Xylenes 0.35 MG/KG U 110 NA nc NA nc NA
MW04D 4 6 Total Xylenes 0.18 MG/KG U 110 NA nc NA nc NA
MW07S 4 6 Total Xylenes 0.26 MG/KG U 110 NA nc NA nc NA
MW09S 4 6 Total Xylenes 0.26 MG/KG U 110 NA nc NA nc NA
MW15D 4 6 Total Xylenes 0.12 MG/KG U 110 NA nc NA nc NA


SB02 4 6 Total Xylenes 0.26 MG/KG U 110 NA nc NA nc NA
SB03 4 6 Total Xylenes 0.18 MG/KG U 110 NA nc NA nc NA


CMS-237 0 1 Total Xylenes 0.0059 MG/KG UJ 110 NA nc NA nc NA
SB-14-271 1 2 Total Xylenes 0.12 MG/KG UJ 110 NA nc NA nc NA
CMS-405 1 2 Total Xylenes 2.9 MG/KG UJ 110 NA nc NA nc NA
SB-14-271 2 4 Total Xylenes 0.13 MG/KG UJ 110 NA nc NA nc NA
SB-14-271 4 6 Total Xylenes 0.11 MG/KG UJ 110 NA nc NA nc NA


MW08S 1 2 Total Xylenes 7.8 MG/KG 110 N nc NA nc NA
CMS-405 1 2 Total Xylenes 23 MG/KG 110 N nc NA nc NA
CMS-407 1 2 Total Xylenes 0.82 MG/KG 110 N nc NA nc NA
CMS-408 1 2 Total Xylenes 110 MG/KG 110 N nc NA nc NA
CMS-419 1 2 Total Xylenes 250 MG/KG 110 Y nc NA nc NA
CMS-423 1 2 Total Xylenes 0.0062 MG/KG 110 N nc NA nc NA
CMS-427 1 2 Total Xylenes 0.0045 MG/KG 110 N nc NA nc NA
CMS-407 2 3 Total Xylenes 0.19 MG/KG 110 N nc NA nc NA
CMS-408 2 3 Total Xylenes 39 MG/KG 110 N nc NA nc NA
MW08S 2 4 Total Xylenes 0.23 MG/KG 110 N nc NA nc NA


CMS-419 3 4 Total Xylenes 0.51 MG/KG 110 N nc NA nc NA
CMS-423 3 4 Total Xylenes 0.0045 MG/KG 110 N nc NA nc NA
CMS-427 3 4 Total Xylenes 0.38 MG/KG 110 N nc NA nc NA
CMS-423 3 4 Total Xylenes 0.0049 MG/KG 110 N nc NA nc NA
MW06S 4 6 Total Xylenes 9.8 MG/KG 110 N nc NA nc NA
MW08S 4 6 Total Xylenes 0.5 MG/KG 110 N nc NA nc NA
MW14M 1 2 Trans-1,2-dichloroethene 0.15 MG/KG J 1100 N 92 N nc NA
CMS-237 2 3 Trans-1,2-dichloroethene 0.0045 MG/KG J 1100 N 92 N nc NA
CMS-417 2 3 Trans-1,2-dichloroethene 8.4 MG/KG J 1100 N 92 N nc NA
MW05S 2 4 Trans-1,2-dichloroethene 0.084 MG/KG J 1100 N 92 N nc NA
MW05S 4 6 Trans-1,2-dichloroethene 0.062 MG/KG J 1100 N 92 N nc NA


CMS-089 0 1 Trans-1,2-dichloroethene 0.005 MG/KG U 1100 NA 92 NA nc NA
CMS-098 0 1 Trans-1,2-dichloroethene 0.0097 MG/KG U 1100 NA 92 NA nc NA
CMS-118 0 1 Trans-1,2-dichloroethene 0.0048 MG/KG U 1100 NA 92 NA nc NA
CMS-142 0 1 Trans-1,2-dichloroethene 0.0095 MG/KG U 1100 NA 92 NA nc NA
CMS-159 0 1 Trans-1,2-dichloroethene 0.021 MG/KG U 1100 NA 92 NA nc NA
CMS-164 0 1 Trans-1,2-dichloroethene 0.015 MG/KG U 1100 NA 92 NA nc NA
CMS-173 0 1 Trans-1,2-dichloroethene 0.024 MG/KG U 1100 NA 92 NA nc NA
CMS-407 0 1 Trans-1,2-dichloroethene 0.005 MG/KG U 1100 NA 92 NA nc NA
CMS-408 0 1 Trans-1,2-dichloroethene 0.0043 MG/KG U 1100 NA 92 NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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CMS-417 0 1 Trans-1,2-dichloroethene 59 MG/KG U 1100 NA 92 NA nc NA
CMS-456 0 1 Trans-1,2-dichloroethene 0.0075 MG/KG U 1100 NA 92 NA nc NA
CMS-702 0 1 Trans-1,2-dichloroethene 0.0087 MG/KG U 1100 NA 92 NA nc NA
CMS-703 0 1 Trans-1,2-dichloroethene 0.0061 MG/KG U 1100 NA 92 NA nc NA
CMS-142 0 1 Trans-1,2-dichloroethene 0.011 MG/KG U 1100 NA 92 NA nc NA
CMS-060 0 1 Trans-1,2-dichloroethene 2.7 MG/KG U 1100 NA 92 NA nc NA
CMS-065 0 10 Trans-1,2-dichloroethene 1.2 MG/KG U 1100 NA 92 NA nc NA
MW05S 1 2 Trans-1,2-dichloroethene 0.095 MG/KG U 1100 NA 92 NA nc NA
MW01S 1 2 Trans-1,2-dichloroethene 0.34 MG/KG U 1100 NA 92 NA nc NA
MW05S 1 2 Trans-1,2-dichloroethene 0.11 MG/KG U 1100 NA 92 NA nc NA
MW08S 1 2 Trans-1,2-dichloroethene 0.26 MG/KG U 1100 NA 92 NA nc NA


CMS-089 1 2 Trans-1,2-dichloroethene 0.0048 MG/KG U 1100 NA 92 NA nc NA
CMS-118 1 2 Trans-1,2-dichloroethene 0.006 MG/KG U 1100 NA 92 NA nc NA
CMS-173 1 2 Trans-1,2-dichloroethene 0.0083 MG/KG U 1100 NA 92 NA nc NA
CMS-237 1 2 Trans-1,2-dichloroethene 0.0069 MG/KG U 1100 NA 92 NA nc NA
CMS-405 1 2 Trans-1,2-dichloroethene 4 MG/KG U 1100 NA 92 NA nc NA
CMS-407 1 2 Trans-1,2-dichloroethene 0.0074 MG/KG U 1100 NA 92 NA nc NA
CMS-408 1 2 Trans-1,2-dichloroethene 2.2 MG/KG U 1100 NA 92 NA nc NA
CMS-417 1 2 Trans-1,2-dichloroethene 130 MG/KG U 1100 NA 92 NA nc NA
CMS-419 1 2 Trans-1,2-dichloroethene 28 MG/KG U 1100 NA 92 NA nc NA
CMS-423 1 2 Trans-1,2-dichloroethene 0.0062 MG/KG U 1100 NA 92 NA nc NA
CMS-427 1 2 Trans-1,2-dichloroethene 0.0045 MG/KG U 1100 NA 92 NA nc NA
CMS-428 1 2 Trans-1,2-dichloroethene 0.0054 MG/KG U 1100 NA 92 NA nc NA
CMS-456 1 2 Trans-1,2-dichloroethene 0.0089 MG/KG U 1100 NA 92 NA nc NA
CMS-060 2 3 Trans-1,2-dichloroethene 0.27 MG/KG U 1100 NA 92 NA nc NA
CMS-089 2 3 Trans-1,2-dichloroethene 0.0047 MG/KG U 1100 NA 92 NA nc NA
CMS-118 2 3 Trans-1,2-dichloroethene 0.0074 MG/KG U 1100 NA 92 NA nc NA
CMS-407 2 3 Trans-1,2-dichloroethene 0.0087 MG/KG U 1100 NA 92 NA nc NA
CMS-408 2 3 Trans-1,2-dichloroethene 6.6 MG/KG U 1100 NA 92 NA nc NA
CMS-455 2 3 Trans-1,2-dichloroethene 0.33 MG/KG U 1100 NA 92 NA nc NA
MW08S 2 4 Trans-1,2-dichloroethene 0.21 MG/KG U 1100 NA 92 NA nc NA
MW01S 2 4 Trans-1,2-dichloroethene 0.22 MG/KG U 1100 NA 92 NA nc NA
MW02S 2 4 Trans-1,2-dichloroethene 0.2 MG/KG U 1100 NA 92 NA nc NA
MW04D 2 4 Trans-1,2-dichloroethene 0.5 MG/KG U 1100 NA 92 NA nc NA
MW06S 2 4 Trans-1,2-dichloroethene 0.3 MG/KG U 1100 NA 92 NA nc NA
MW06S 2 4 Trans-1,2-dichloroethene 0.3 MG/KG U 1100 NA 92 NA nc NA
MW08S 2 4 Trans-1,2-dichloroethene 0.32 MG/KG U 1100 NA 92 NA nc NA
MW14M 2 4 Trans-1,2-dichloroethene 0.14 MG/KG U 1100 NA 92 NA nc NA
MW15D 2 4 Trans-1,2-dichloroethene 0.14 MG/KG U 1100 NA 92 NA nc NA


SB02 2 4 Trans-1,2-dichloroethene 0.38 MG/KG U 1100 NA 92 NA nc NA
SB03 2 4 Trans-1,2-dichloroethene 0.3 MG/KG U 1100 NA 92 NA nc NA


GEC-7 2.5 4.5 Trans-1,2-dichloroethene 0.045 MG/KG U 1100 NA 92 NA nc NA
MW07S 3 4 Trans-1,2-dichloroethene 0.5 MG/KG U 1100 NA 92 NA nc NA


CMS-060 3 4 Trans-1,2-dichloroethene 0.0058 MG/KG U 1100 NA 92 NA nc NA
CMS-089 3 4 Trans-1,2-dichloroethene 0.0041 MG/KG U 1100 NA 92 NA nc NA
CMS-118 3 4 Trans-1,2-dichloroethene 0.0084 MG/KG U 1100 NA 92 NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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CMS-407 3 4 Trans-1,2-dichloroethene 0.32 MG/KG U 1100 NA 92 NA nc NA
CMS-417 3 4 Trans-1,2-dichloroethene 0.28 MG/KG U 1100 NA 92 NA nc NA
CMS-419 3 4 Trans-1,2-dichloroethene 0.32 MG/KG U 1100 NA 92 NA nc NA
CMS-423 3 4 Trans-1,2-dichloroethene 0.0045 MG/KG U 1100 NA 92 NA nc NA
CMS-427 3 4 Trans-1,2-dichloroethene 0.0054 MG/KG U 1100 NA 92 NA nc NA
CMS-428 3 4 Trans-1,2-dichloroethene 0.0057 MG/KG U 1100 NA 92 NA nc NA
CMS-423 3 4 Trans-1,2-dichloroethene 0.0049 MG/KG U 1100 NA 92 NA nc NA
CMS-060 4 5 Trans-1,2-dichloroethene 0.0048 MG/KG U 1100 NA 92 NA nc NA
CMS-118 4 5 Trans-1,2-dichloroethene 0.0059 MG/KG U 1100 NA 92 NA nc NA
CMS-405 4 5 Trans-1,2-dichloroethene 1 MG/KG U 1100 NA 92 NA nc NA
CMS-455 4 5 Trans-1,2-dichloroethene 0.0072 MG/KG U 1100 NA 92 NA nc NA
MW15D 4 6 Trans-1,2-dichloroethene 0.1 MG/KG U 1100 NA 92 NA nc NA
MW02S 4 6 Trans-1,2-dichloroethene 0.55 MG/KG U 1100 NA 92 NA nc NA


SB03 4 6 Trans-1,2-dichloroethene 0.2 MG/KG U 1100 NA 92 NA nc NA
MW01S 4 6 Trans-1,2-dichloroethene 0.24 MG/KG U 1100 NA 92 NA nc NA
MW02S 4 6 Trans-1,2-dichloroethene 0.42 MG/KG U 1100 NA 92 NA nc NA
MW03S 4 6 Trans-1,2-dichloroethene 0.35 MG/KG U 1100 NA 92 NA nc NA
MW04D 4 6 Trans-1,2-dichloroethene 0.18 MG/KG U 1100 NA 92 NA nc NA
MW07S 4 6 Trans-1,2-dichloroethene 0.26 MG/KG U 1100 NA 92 NA nc NA
MW08S 4 6 Trans-1,2-dichloroethene 0.3 MG/KG U 1100 NA 92 NA nc NA
MW09S 4 6 Trans-1,2-dichloroethene 0.26 MG/KG U 1100 NA 92 NA nc NA
MW15D 4 6 Trans-1,2-dichloroethene 0.12 MG/KG U 1100 NA 92 NA nc NA


SB02 4 6 Trans-1,2-dichloroethene 0.26 MG/KG U 1100 NA 92 NA nc NA
SB03 4 6 Trans-1,2-dichloroethene 0.18 MG/KG U 1100 NA 92 NA nc NA


CMS-237 0 1 Trans-1,2-dichloroethene 0.0059 MG/KG UJ 1100 NA 92 NA nc NA
SB-14-271 1 2 Trans-1,2-dichloroethene 0.12 MG/KG UJ 1100 NA 92 NA nc NA
CMS-060 1 2 Trans-1,2-dichloroethene 5.1 MG/KG UJ 1100 NA 92 NA nc NA
CMS-405 1 2 Trans-1,2-dichloroethene 2.9 MG/KG UJ 1100 NA 92 NA nc NA
SB-14-271 2 4 Trans-1,2-dichloroethene 0.13 MG/KG UJ 1100 NA 92 NA nc NA
SB-14-271 4 6 Trans-1,2-dichloroethene 0.11 MG/KG UJ 1100 NA 92 NA nc NA
MW14M 1 2 Trans-1,2-dichloroethene 0.18 MG/KG 1100 N 92 N nc NA
GEC-6 2.5 4.5 Trans-1,2-dichloroethene 0.21 MG/KG 1100 N 92 N nc NA
MW06S 4 6 Trans-1,2-dichloroethene 1.2 MG/KG 1100 N 92 N nc NA
MW05S 4 6 Trichloroethene 26 MG/KG *J 13 Y 20 Y nc NA


CMS-159 0 1 Trichloroethene 0.0077 MG/KG J 13 N 20 N nc NA
CMS-164 0 1 Trichloroethene 0.033 MG/KG J 13 N 20 N nc NA
CMS-173 0 1 Trichloroethene 0.028 MG/KG J 13 N 20 N nc NA
CMS-237 0 1 Trichloroethene 0.0027 MG/KG J 13 N 20 N nc NA
CMS-060 0 1 Trichloroethene 1.7 MG/KG J 13 N 20 N nc NA
MW14M 1 2 Trichloroethene 0.97 MG/KG J 13 N 20 N nc NA
MW14M 1 2 Trichloroethene 2 MG/KG J 13 N 20 N nc NA
CMS-060 1 2 Trichloroethene 1 MG/KG J 13 N 20 N nc NA
CMS-118 1 2 Trichloroethene 0.0038 MG/KG J 13 N 20 N nc NA
CMS-173 1 2 Trichloroethene 0.066 MG/KG J 13 N 20 N nc NA
CMS-237 1 2 Trichloroethene 0.041 MG/KG J 13 N 20 N nc NA
CMS-419 1 2 Trichloroethene 16 MG/KG J 13 Y 20 N nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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CMS-237 2 3 Trichloroethene 0.035 MG/KG J 13 N 20 N nc NA
CMS-455 2 3 Trichloroethene 0.094 MG/KG J 13 N 20 N nc NA


SB03 2 4 Trichloroethene 0.16 MG/KG J 13 N 20 N nc NA
CMS-427 3 4 Trichloroethene 0.0021 MG/KG J 13 N 20 N nc NA
MW03S 4 6 Trichloroethene 0.13 MG/KG J 13 N 20 N nc NA


CMS-089 0 1 Trichloroethene 0.005 MG/KG U 13 NA 20 NA nc NA
CMS-098 0 1 Trichloroethene 0.0097 MG/KG U 13 NA 20 NA nc NA
CMS-118 0 1 Trichloroethene 0.0048 MG/KG U 13 NA 20 NA nc NA
CMS-142 0 1 Trichloroethene 0.0095 MG/KG U 13 NA 20 NA nc NA
CMS-407 0 1 Trichloroethene 0.005 MG/KG U 13 NA 20 NA nc NA
CMS-408 0 1 Trichloroethene 0.0043 MG/KG U 13 NA 20 NA nc NA
CMS-456 0 1 Trichloroethene 0.0075 MG/KG U 13 NA 20 NA nc NA
CMS-702 0 1 Trichloroethene 0.0087 MG/KG U 13 NA 20 NA nc NA
CMS-703 0 1 Trichloroethene 0.0061 MG/KG U 13 NA 20 NA nc NA
CMS-142 0 1 Trichloroethene 0.011 MG/KG U 13 NA 20 NA nc NA
MW05S 1 2 Trichloroethene 0.095 MG/KG U 13 NA 20 NA nc NA
MW01S 1 2 Trichloroethene 0.34 MG/KG U 13 NA 20 NA nc NA
MW05S 1 2 Trichloroethene 0.11 MG/KG U 13 NA 20 NA nc NA
MW08S 1 2 Trichloroethene 0.26 MG/KG U 13 NA 20 NA nc NA


CMS-089 1 2 Trichloroethene 0.0048 MG/KG U 13 NA 20 NA nc NA
CMS-405 1 2 Trichloroethene 4 MG/KG U 13 NA 20 NA nc NA
CMS-407 1 2 Trichloroethene 0.0074 MG/KG U 13 NA 20 NA nc NA
CMS-408 1 2 Trichloroethene 2.2 MG/KG U 13 NA 20 NA nc NA
CMS-423 1 2 Trichloroethene 0.0062 MG/KG U 13 NA 20 NA nc NA
CMS-427 1 2 Trichloroethene 0.0045 MG/KG U 13 NA 20 NA nc NA
CMS-428 1 2 Trichloroethene 0.0054 MG/KG U 13 NA 20 NA nc NA
CMS-060 2 3 Trichloroethene 0.27 MG/KG U 13 NA 20 NA nc NA
CMS-089 2 3 Trichloroethene 0.0047 MG/KG U 13 NA 20 NA nc NA
CMS-118 2 3 Trichloroethene 0.0074 MG/KG U 13 NA 20 NA nc NA
CMS-407 2 3 Trichloroethene 0.0087 MG/KG U 13 NA 20 NA nc NA
CMS-408 2 3 Trichloroethene 6.6 MG/KG U 13 NA 20 NA nc NA
MW08S 2 4 Trichloroethene 0.21 MG/KG U 13 NA 20 NA nc NA
MW01S 2 4 Trichloroethene 0.22 MG/KG U 13 NA 20 NA nc NA
MW02S 2 4 Trichloroethene 0.2 MG/KG U 13 NA 20 NA nc NA
MW04D 2 4 Trichloroethene 0.5 MG/KG U 13 NA 20 NA nc NA
MW06S 2 4 Trichloroethene 0.3 MG/KG U 13 NA 20 NA nc NA
MW06S 2 4 Trichloroethene 0.3 MG/KG U 13 NA 20 NA nc NA
MW08S 2 4 Trichloroethene 0.32 MG/KG U 13 NA 20 NA nc NA
MW14M 2 4 Trichloroethene 0.14 MG/KG U 13 NA 20 NA nc NA
MW15D 2 4 Trichloroethene 0.14 MG/KG U 13 NA 20 NA nc NA


SB02 2 4 Trichloroethene 0.38 MG/KG U 13 NA 20 NA nc NA
MW07S 3 4 Trichloroethene 0.5 MG/KG U 13 NA 20 NA nc NA


CMS-089 3 4 Trichloroethene 0.0041 MG/KG U 13 NA 20 NA nc NA
CMS-118 3 4 Trichloroethene 0.0084 MG/KG U 13 NA 20 NA nc NA
CMS-407 3 4 Trichloroethene 0.32 MG/KG U 13 NA 20 NA nc NA
CMS-419 3 4 Trichloroethene 0.32 MG/KG U 13 NA 20 NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs
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CMS-423 3 4 Trichloroethene 0.0045 MG/KG U 13 NA 20 NA nc NA
CMS-428 3 4 Trichloroethene 0.0057 MG/KG U 13 NA 20 NA nc NA
CMS-423 3 4 Trichloroethene 0.0049 MG/KG U 13 NA 20 NA nc NA
CMS-118 4 5 Trichloroethene 0.0059 MG/KG U 13 NA 20 NA nc NA
CMS-405 4 5 Trichloroethene 1 MG/KG U 13 NA 20 NA nc NA
CMS-455 4 5 Trichloroethene 0.0072 MG/KG U 13 NA 20 NA nc NA
MW15D 4 6 Trichloroethene 0.1 MG/KG U 13 NA 20 NA nc NA
MW02S 4 6 Trichloroethene 0.55 MG/KG U 13 NA 20 NA nc NA


SB03 4 6 Trichloroethene 0.2 MG/KG U 13 NA 20 NA nc NA
MW02S 4 6 Trichloroethene 0.42 MG/KG U 13 NA 20 NA nc NA
MW04D 4 6 Trichloroethene 0.18 MG/KG U 13 NA 20 NA nc NA
MW07S 4 6 Trichloroethene 0.26 MG/KG U 13 NA 20 NA nc NA
MW08S 4 6 Trichloroethene 0.3 MG/KG U 13 NA 20 NA nc NA
MW09S 4 6 Trichloroethene 0.26 MG/KG U 13 NA 20 NA nc NA
MW15D 4 6 Trichloroethene 0.12 MG/KG U 13 NA 20 NA nc NA


SB02 4 6 Trichloroethene 0.26 MG/KG U 13 NA 20 NA nc NA
SB03 4 6 Trichloroethene 0.18 MG/KG U 13 NA 20 NA nc NA


SB-14-271 1 2 Trichloroethene 0.12 MG/KG UJ 13 NA 20 NA nc NA
CMS-405 1 2 Trichloroethene 2.9 MG/KG UJ 13 NA 20 NA nc NA
SB-14-271 2 4 Trichloroethene 0.13 MG/KG UJ 13 NA 20 NA nc NA
SB-14-271 4 6 Trichloroethene 0.11 MG/KG UJ 13 NA 20 NA nc NA
CMS-417 0 1 Trichloroethene 630 MG/KG 13 Y 20 Y nc NA
CMS-065 0 10 Trichloroethene 1.9 MG/KG 13 N 20 N nc NA
CMS-417 1 2 Trichloroethene 2400 MG/KG 13 Y 20 Y nc NA
CMS-456 1 2 Trichloroethene 0.039 MG/KG 13 N 20 N nc NA
CMS-417 2 3 Trichloroethene 34 MG/KG 13 Y 20 Y nc NA
MW05S 2 4 Trichloroethene 0.97 MG/KG 13 N 20 N nc NA
GEC-6 2.5 4.5 Trichloroethene 1.2 MG/KG 13 N 20 N nc NA
GEC-7 2.5 4.5 Trichloroethene 0.049 MG/KG 13 N 20 N nc NA


CMS-060 3 4 Trichloroethene 0.0083 MG/KG 13 N 20 N nc NA
CMS-417 3 4 Trichloroethene 0.58 MG/KG 13 N 20 N nc NA
CMS-060 4 5 Trichloroethene 0.013 MG/KG 13 N 20 N nc NA
MW01S 4 6 Trichloroethene 0.26 MG/KG 13 N 20 N nc NA
MW06S 4 6 Trichloroethene 3.6 MG/KG 13 N 20 N nc NA


CMW-SD-2019 0 0.5 Vanadium 83.8 MG/KG J 550 N nc NA nc NA
CMW-SD-2021 0 0.5 Vanadium 49.7 MG/KG J 550 N nc NA nc NA


CMS-089 0 1 Vanadium 14.8 MG/KG J 550 N nc NA nc NA
CMS-098 0 1 Vanadium 15.5 MG/KG J 550 N nc NA nc NA
CMS-142 0 1 Vanadium 22.6 MG/KG J 550 N nc NA nc NA
CMS-173 0 1 Vanadium 45 MG/KG J 550 N nc NA nc NA
CMS-407 0 1 Vanadium 34.6 MG/KG J 550 N nc NA nc NA
CMS-408 0 1 Vanadium 14.9 MG/KG J 550 N nc NA nc NA
CMS-142 0 1 Vanadium 15.7 MG/KG J 550 N nc NA nc NA


RES-14-333-01 0 1 Vanadium 57.3 MG/KG J 550 N nc NA nc NA
CMS-703 0 2 Vanadium 18.9 MG/KG J 550 N nc NA nc NA


BV01COMP 0 4 Vanadium 19.7 MG/KG J 550 N nc NA nc NA
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MW08S 1 2 Vanadium 18.8 MG/KG J 550 N nc NA nc NA
CMS-089 1 2 Vanadium 12.9 MG/KG J 550 N nc NA nc NA
CMS-173 1 2 Vanadium 9.9 MG/KG J 550 N nc NA nc NA
CMS-407 1 2 Vanadium 28.2 MG/KG J 550 N nc NA nc NA
CMS-408 1 2 Vanadium 43.1 MG/KG J 550 N nc NA nc NA
CMS-089 2 3 Vanadium 12 MG/KG J 550 N nc NA nc NA
CMS-407 2 3 Vanadium 14.2 MG/KG J 550 N nc NA nc NA
CMS-408 2 3 Vanadium 31.4 MG/KG J 550 N nc NA nc NA
MW08S 2 4 Vanadium 14.4 MG/KG J 550 N nc NA nc NA
MW08S 2 4 Vanadium 11 MG/KG J 550 N nc NA nc NA
MW15D 2 4 Vanadium 210 MG/KG J 550 N nc NA nc NA


CMS-089 3 4 Vanadium 18.6 MG/KG J 550 N nc NA nc NA
CMS-407 3 4 Vanadium 8.9 MG/KG J 550 N nc NA nc NA
MW15D 4 6 Vanadium 13.1 MG/KG J 550 N nc NA nc NA
MW15D 4 6 Vanadium 11.8 MG/KG J 550 N nc NA nc NA


CMW-SD-2018 0 0.5 Vanadium 2.5 MG/KG U 550 NA nc NA nc NA
CMW-SD-2016 0 0.5 Vanadium 5.1 MG/KG 550 N nc NA nc NA
CMW-SD-2017 0 0.5 Vanadium 11.3 MG/KG 550 N nc NA nc NA
CMW-SD-2020 0 0.5 Vanadium 30.9 MG/KG 550 N nc NA nc NA


CMS-060 0 1 Vanadium 15.6 MG/KG 550 N nc NA nc NA
CMS-118 0 1 Vanadium 13.7 MG/KG 550 N nc NA nc NA
CMS-159 0 1 Vanadium 54 MG/KG 550 N nc NA nc NA
CMS-164 0 1 Vanadium 61.9 MG/KG 550 N nc NA nc NA
CMS-237 0 1 Vanadium 19.8 MG/KG 550 N nc NA nc NA
CMS-405 0 1 Vanadium 16.4 MG/KG 550 N nc NA nc NA
CMS-417 0 1 Vanadium 16.7 MG/KG 550 N nc NA nc NA
CMS-456 0 1 Vanadium 15.5 MG/KG 550 N nc NA nc NA
CMS-060 0 1 Vanadium 20.2 MG/KG 550 N nc NA nc NA


RES-14-271-01 0 1 Vanadium 48.8 MG/KG 550 N nc NA nc NA
RES-14-272-01 0 1 Vanadium 24.3 MG/KG 550 N nc NA nc NA
RES-14-302-01 0 1 Vanadium 26.7 MG/KG 550 N nc NA nc NA
RES-14-303-01 0 1 Vanadium 58.7 MG/KG 550 N nc NA nc NA
RES-14-271-01 0 1 Vanadium 55 MG/KG 550 N nc NA nc NA
RES-14-272-01 0 1 Vanadium 31.9 MG/KG 550 N nc NA nc NA
CMW-SD-2022 0.5 2 Vanadium 10.3 MG/KG 550 N nc NA nc NA


MW05S 1 2 Vanadium 5.2 MG/KG 550 N nc NA nc NA
MW14M 1 2 Vanadium 11.3 MG/KG 550 N nc NA nc NA
MW01S 1 2 Vanadium 29.1 MG/KG 550 N nc NA nc NA
MW05S 1 2 Vanadium 6.2 MG/KG 550 N nc NA nc NA
MW14M 1 2 Vanadium 12.7 MG/KG 550 N nc NA nc NA


SB-14-271 1 2 Vanadium 19.6 MG/KG 550 N nc NA nc NA
CMS-060 1 2 Vanadium 13.9 MG/KG 550 N nc NA nc NA
CMS-118 1 2 Vanadium 16.1 MG/KG 550 N nc NA nc NA
CMS-237 1 2 Vanadium 36.5 MG/KG 550 N nc NA nc NA
CMS-405 1 2 Vanadium 21.5 MG/KG 550 N nc NA nc NA
CMS-417 1 2 Vanadium 22.3 MG/KG 550 N nc NA nc NA
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CMS-419 1 2 Vanadium 18.1 MG/KG 550 N nc NA nc NA
CMS-423 1 2 Vanadium 20.5 MG/KG 550 N nc NA nc NA
CMS-427 1 2 Vanadium 18.5 MG/KG 550 N nc NA nc NA
CMS-428 1 2 Vanadium 11.7 MG/KG 550 N nc NA nc NA
CMS-456 1 2 Vanadium 72.5 MG/KG 550 N nc NA nc NA
CMS-405 1 2 Vanadium 15 MG/KG 550 N nc NA nc NA


CMW-SD-2022 2 2.5 Vanadium 6.3 MG/KG 550 N nc NA nc NA
CMS-060 2 3 Vanadium 15.4 MG/KG 550 N nc NA nc NA
CMS-118 2 3 Vanadium 33.4 MG/KG 550 N nc NA nc NA
CMS-237 2 3 Vanadium 42.1 MG/KG 550 N nc NA nc NA
CMS-405 2 3 Vanadium 31.8 MG/KG 550 N nc NA nc NA
CMS-417 2 3 Vanadium 13.2 MG/KG 550 N nc NA nc NA
CMS-455 2 3 Vanadium 16.5 MG/KG 550 N nc NA nc NA


SB02 2 4 Vanadium 16.3 MG/KG 550 N nc NA nc NA
MW02S 2 4 Vanadium 5.6 MG/KG 550 N nc NA nc NA
MW05S 2 4 Vanadium 16 MG/KG 550 N nc NA nc NA
MW06S 2 4 Vanadium 12 MG/KG 550 N nc NA nc NA
MW06S 2 4 Vanadium 10.9 MG/KG 550 N nc NA nc NA
MW14M 2 4 Vanadium 14.2 MG/KG 550 N nc NA nc NA


SB-14-271 2 4 Vanadium 11.6 MG/KG 550 N nc NA nc NA
SB02 2 4 Vanadium 15 MG/KG 550 N nc NA nc NA
SB03 2 4 Vanadium 7.3 MG/KG 550 N nc NA nc NA


MW07S 3 4 Vanadium 17 MG/KG 550 N nc NA nc NA
CMS-060 3 4 Vanadium 17.8 MG/KG 550 N nc NA nc NA
CMS-118 3 4 Vanadium 15.7 MG/KG 550 N nc NA nc NA
CMS-405 3 4 Vanadium 41.7 MG/KG 550 N nc NA nc NA
CMS-417 3 4 Vanadium 15.7 MG/KG 550 N nc NA nc NA
CMS-419 3 4 Vanadium 15.8 MG/KG 550 N nc NA nc NA
CMS-423 3 4 Vanadium 14.7 MG/KG 550 N nc NA nc NA
CMS-427 3 4 Vanadium 12.1 MG/KG 550 N nc NA nc NA
CMS-428 3 4 Vanadium 7.9 MG/KG 550 N nc NA nc NA
CMS-423 3 4 Vanadium 17.1 MG/KG 550 N nc NA nc NA
CMS-060 4 5 Vanadium 12 MG/KG 550 N nc NA nc NA
CMS-118 4 5 Vanadium 11.1 MG/KG 550 N nc NA nc NA
CMS-405 4 5 Vanadium 9.6 MG/KG 550 N nc NA nc NA
CMS-455 4 5 Vanadium 21.2 MG/KG 550 N nc NA nc NA


SB03 4 6 Vanadium 6.1 MG/KG 550 N nc NA nc NA
MW01S 4 6 Vanadium 5.3 MG/KG 550 N nc NA nc NA
MW03S 4 6 Vanadium 36.1 MG/KG 550 N nc NA nc NA
MW04D 4 6 Vanadium 6.7 MG/KG 550 N nc NA nc NA
MW05S 4 6 Vanadium 14.6 MG/KG 550 N nc NA nc NA
MW06S 4 6 Vanadium 26.6 MG/KG 550 N nc NA nc NA
MW07S 4 6 Vanadium 10 MG/KG 550 N nc NA nc NA
MW08S 4 6 Vanadium 13.8 MG/KG 550 N nc NA nc NA
MW09S 4 6 Vanadium 12.5 MG/KG 550 N nc NA nc NA


SB-14-271 4 6 Vanadium 6.1 MG/KG 550 N nc NA nc NA
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SB02 4 6 Vanadium 16.5 MG/KG 550 N nc NA nc NA
SB03 4 6 Vanadium 4.6 MG/KG 550 N nc NA nc NA


CMS-4105 0 1 Vanadium 77.2 MG/KG 550 N nc NA nc NA
CMS-4110 0 1 Vanadium 56.9 MG/KG 550 N nc NA nc NA


SB03 2 4 Vinyl Chloride 0.076 MG/KG J 0.02 Y nc NA nc NA
MW05S 4 6 Vinyl Chloride 0.55 MG/KG J 0.02 Y nc NA nc NA
MW06S 4 6 Vinyl Chloride 0.37 MG/KG J 0.02 Y nc NA nc NA


CMS-089 0 1 Vinyl Chloride 0.01 MG/KG U 0.02 NA nc NA nc NA
CMS-098 0 1 Vinyl Chloride 0.019 MG/KG U 0.02 NA nc NA nc NA
CMS-118 0 1 Vinyl Chloride 0.0048 MG/KG U 0.02 NA nc NA nc NA
CMS-142 0 1 Vinyl Chloride 0.019 MG/KG U 0.02 NA nc NA nc NA
CMS-159 0 1 Vinyl Chloride 0.021 MG/KG U 0.02 NA nc NA nc NA
CMS-164 0 1 Vinyl Chloride 0.031 MG/KG U 0.02 NA nc NA nc NA
CMS-173 0 1 Vinyl Chloride 0.047 MG/KG U 0.02 NA nc NA nc NA
CMS-407 0 1 Vinyl Chloride 0.0099 MG/KG U 0.02 NA nc NA nc NA
CMS-408 0 1 Vinyl Chloride 0.0086 MG/KG U 0.02 NA nc NA nc NA
CMS-417 0 1 Vinyl Chloride 120 MG/KG U 0.02 NA nc NA nc NA
CMS-456 0 1 Vinyl Chloride 0.0075 MG/KG U 0.02 NA nc NA nc NA
CMS-702 0 1 Vinyl Chloride 0.0087 MG/KG U 0.02 NA nc NA nc NA
CMS-703 0 1 Vinyl Chloride 0.0061 MG/KG U 0.02 NA nc NA nc NA
CMS-142 0 1 Vinyl Chloride 0.022 MG/KG U 0.02 NA nc NA nc NA
CMS-060 0 1 Vinyl Chloride 2.7 MG/KG U 0.02 NA nc NA nc NA
CMS-065 0 10 Vinyl Chloride 1.6 MG/KG U 0.02 NA nc NA nc NA
MW05S 1 2 Vinyl Chloride 0.095 MG/KG U 0.02 NA nc NA nc NA
MW01S 1 2 Vinyl Chloride 0.34 MG/KG U 0.02 NA nc NA nc NA
MW05S 1 2 Vinyl Chloride 0.11 MG/KG U 0.02 NA nc NA nc NA
MW08S 1 2 Vinyl Chloride 0.26 MG/KG U 0.02 NA nc NA nc NA
MW14M 1 2 Vinyl Chloride 0.11 MG/KG U 0.02 NA nc NA nc NA
CMS-060 1 2 Vinyl Chloride 5.1 MG/KG U 0.02 NA nc NA nc NA
CMS-089 1 2 Vinyl Chloride 0.0096 MG/KG U 0.02 NA nc NA nc NA
CMS-118 1 2 Vinyl Chloride 0.006 MG/KG U 0.02 NA nc NA nc NA
CMS-173 1 2 Vinyl Chloride 0.017 MG/KG U 0.02 NA nc NA nc NA
CMS-237 1 2 Vinyl Chloride 0.014 MG/KG U 0.02 NA nc NA nc NA
CMS-405 1 2 Vinyl Chloride 8 MG/KG U 0.02 NA nc NA nc NA
CMS-407 1 2 Vinyl Chloride 0.015 MG/KG U 0.02 NA nc NA nc NA
CMS-408 1 2 Vinyl Chloride 4.4 MG/KG U 0.02 NA nc NA nc NA
CMS-417 1 2 Vinyl Chloride 270 MG/KG U 0.02 NA nc NA nc NA
CMS-419 1 2 Vinyl Chloride 28 MG/KG U 0.02 NA nc NA nc NA
CMS-423 1 2 Vinyl Chloride 0.0062 MG/KG U 0.02 NA nc NA nc NA
CMS-427 1 2 Vinyl Chloride 0.0045 MG/KG U 0.02 NA nc NA nc NA
CMS-428 1 2 Vinyl Chloride 0.0054 MG/KG U 0.02 NA nc NA nc NA
CMS-060 2 3 Vinyl Chloride 0.27 MG/KG U 0.02 NA nc NA nc NA
CMS-089 2 3 Vinyl Chloride 0.0094 MG/KG U 0.02 NA nc NA nc NA
CMS-118 2 3 Vinyl Chloride 0.0074 MG/KG U 0.02 NA nc NA nc NA
CMS-407 2 3 Vinyl Chloride 0.017 MG/KG U 0.02 NA nc NA nc NA
CMS-408 2 3 Vinyl Chloride 13 MG/KG U 0.02 NA nc NA nc NA
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CMS-417 2 3 Vinyl Chloride 33 MG/KG U 0.02 NA nc NA nc NA
CMS-455 2 3 Vinyl Chloride 0.33 MG/KG U 0.02 NA nc NA nc NA
MW08S 2 4 Vinyl Chloride 0.21 MG/KG U 0.02 NA nc NA nc NA
MW01S 2 4 Vinyl Chloride 0.22 MG/KG U 0.02 NA nc NA nc NA
MW02S 2 4 Vinyl Chloride 0.2 MG/KG U 0.02 NA nc NA nc NA
MW04D 2 4 Vinyl Chloride 0.5 MG/KG U 0.02 NA nc NA nc NA
MW08S 2 4 Vinyl Chloride 0.32 MG/KG U 0.02 NA nc NA nc NA
MW14M 2 4 Vinyl Chloride 0.14 MG/KG U 0.02 NA nc NA nc NA
MW15D 2 4 Vinyl Chloride 0.14 MG/KG U 0.02 NA nc NA nc NA


SB02 2 4 Vinyl Chloride 0.38 MG/KG U 0.02 NA nc NA nc NA
GEC-7 2.5 4.5 Vinyl Chloride 0.06 MG/KG U 0.02 NA nc NA nc NA
MW07S 3 4 Vinyl Chloride 0.5 MG/KG U 0.02 NA nc NA nc NA


CMS-060 3 4 Vinyl Chloride 0.0058 MG/KG U 0.02 NA nc NA nc NA
CMS-089 3 4 Vinyl Chloride 0.0082 MG/KG U 0.02 NA nc NA nc NA
CMS-118 3 4 Vinyl Chloride 0.0084 MG/KG U 0.02 NA nc NA nc NA
CMS-407 3 4 Vinyl Chloride 0.65 MG/KG U 0.02 NA nc NA nc NA
CMS-417 3 4 Vinyl Chloride 0.57 MG/KG U 0.02 NA nc NA nc NA
CMS-419 3 4 Vinyl Chloride 0.32 MG/KG U 0.02 NA nc NA nc NA
CMS-423 3 4 Vinyl Chloride 0.0045 MG/KG U 0.02 NA nc NA nc NA
CMS-427 3 4 Vinyl Chloride 0.0054 MG/KG U 0.02 NA nc NA nc NA
CMS-428 3 4 Vinyl Chloride 0.0057 MG/KG U 0.02 NA nc NA nc NA
CMS-423 3 4 Vinyl Chloride 0.0049 MG/KG U 0.02 NA nc NA nc NA
CMS-060 4 5 Vinyl Chloride 0.0048 MG/KG U 0.02 NA nc NA nc NA
CMS-118 4 5 Vinyl Chloride 0.0059 MG/KG U 0.02 NA nc NA nc NA
CMS-405 4 5 Vinyl Chloride 2.1 MG/KG U 0.02 NA nc NA nc NA
CMS-455 4 5 Vinyl Chloride 0.0072 MG/KG U 0.02 NA nc NA nc NA
MW15D 4 6 Vinyl Chloride 0.1 MG/KG U 0.02 NA nc NA nc NA
MW02S 4 6 Vinyl Chloride 0.55 MG/KG U 0.02 NA nc NA nc NA


SB03 4 6 Vinyl Chloride 0.2 MG/KG U 0.02 NA nc NA nc NA
MW01S 4 6 Vinyl Chloride 0.24 MG/KG U 0.02 NA nc NA nc NA
MW02S 4 6 Vinyl Chloride 0.42 MG/KG U 0.02 NA nc NA nc NA
MW03S 4 6 Vinyl Chloride 0.35 MG/KG U 0.02 NA nc NA nc NA
MW04D 4 6 Vinyl Chloride 0.18 MG/KG U 0.02 NA nc NA nc NA
MW07S 4 6 Vinyl Chloride 0.26 MG/KG U 0.02 NA nc NA nc NA
MW08S 4 6 Vinyl Chloride 0.3 MG/KG U 0.02 NA nc NA nc NA
MW15D 4 6 Vinyl Chloride 0.12 MG/KG U 0.02 NA nc NA nc NA


SB02 4 6 Vinyl Chloride 0.26 MG/KG U 0.02 NA nc NA nc NA
SB03 4 6 Vinyl Chloride 0.18 MG/KG U 0.02 NA nc NA nc NA


CMS-237 0 1 Vinyl Chloride 0.012 MG/KG UJ 0.02 NA nc NA nc NA
MW14M 1 2 Vinyl Chloride 0.15 MG/KG UJ 0.02 NA nc NA nc NA


SB-14-271 1 2 Vinyl Chloride 0.12 MG/KG UJ 0.02 NA nc NA nc NA
CMS-405 1 2 Vinyl Chloride 5.7 MG/KG UJ 0.02 NA nc NA nc NA
MW06S 2 4 Vinyl Chloride 0.3 MG/KG UJ 0.02 NA nc NA nc NA
MW06S 2 4 Vinyl Chloride 0.3 MG/KG UJ 0.02 NA nc NA nc NA


SB-14-271 2 4 Vinyl Chloride 0.13 MG/KG UJ 0.02 NA nc NA nc NA
MW09S 4 6 Vinyl Chloride 0.26 MG/KG UJ 0.02 NA nc NA nc NA
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SB-14-271 4 6 Vinyl Chloride 0.11 MG/KG UJ 0.02 NA nc NA nc NA
CMS-456 1 2 Vinyl Chloride 0.07 MG/KG 0.02 Y nc NA nc NA
MW05S 2 4 Vinyl Chloride 0.29 MG/KG 0.02 Y nc NA nc NA
GEC-6 2.5 4.5 Vinyl Chloride 2.3 MG/KG 0.02 Y nc NA nc NA


CMW-SD-2016 0 0.5 Zinc 77.7 MG/KG J 6000 N nc NA nc NA
CMW-SD-2017 0 0.5 Zinc 160 MG/KG J 6000 N nc NA nc NA
CMW-SD-2018 0 0.5 Zinc 93.8 MG/KG J 6000 N nc NA nc NA
CMW-SD-2019 0 0.5 Zinc 635 MG/KG J 6000 N nc NA nc NA
CMW-SD-2020 0 0.5 Zinc 268 MG/KG J 6000 N nc NA nc NA
CMW-SD-2021 0 0.5 Zinc 587 MG/KG J 6000 N nc NA nc NA


CMS-089 0 1 Zinc 63.5 MG/KG J 6000 N nc NA nc NA
CMS-098 0 1 Zinc 64 MG/KG J 6000 N nc NA nc NA
CMS-142 0 1 Zinc 55.3 MG/KG J 6000 N nc NA nc NA
CMS-173 0 1 Zinc 183 MG/KG J 6000 N nc NA nc NA
CMS-407 0 1 Zinc 42.4 MG/KG J 6000 N nc NA nc NA
CMS-408 0 1 Zinc 39.2 MG/KG J 6000 N nc NA nc NA
CMS-456 0 1 Zinc 189 MG/KG J 6000 N nc NA nc NA
CMS-142 0 1 Zinc 59.4 MG/KG J 6000 N nc NA nc NA


RES-14-333-01 0 1 Zinc 337 MG/KG J 6000 N nc NA nc NA
CMW-SD-2022 0.5 2 Zinc 227 MG/KG J 6000 N nc NA nc NA


CMS-089 1 2 Zinc 138 MG/KG J 6000 N nc NA nc NA
CMS-173 1 2 Zinc 128 MG/KG J 6000 N nc NA nc NA
CMS-407 1 2 Zinc 71.7 MG/KG J 6000 N nc NA nc NA
CMS-408 1 2 Zinc 851 MG/KG J 6000 N nc NA nc NA
CMS-428 1 2 Zinc 39.3 MG/KG J 6000 N nc NA nc NA
CMS-456 1 2 Zinc 288 MG/KG J 6000 N nc NA nc NA


CMW-SD-2022 2 2.5 Zinc 39.4 MG/KG J 6000 N nc NA nc NA
CMS-089 2 3 Zinc 64.2 MG/KG J 6000 N nc NA nc NA
CMS-407 2 3 Zinc 295 MG/KG J 6000 N nc NA nc NA
CMS-408 2 3 Zinc 226 MG/KG J 6000 N nc NA nc NA
CMS-455 2 3 Zinc 166 MG/KG J 6000 N nc NA nc NA


SB02 2 4 Zinc 329 MG/KG J 6000 N nc NA nc NA
MW02S 2 4 Zinc 26.8 MG/KG J 6000 N nc NA nc NA
MW06S 2 4 Zinc 454 MG/KG J 6000 N nc NA nc NA
MW06S 2 4 Zinc 377 MG/KG J 6000 N nc NA nc NA


SB02 2 4 Zinc 223 MG/KG J 6000 N nc NA nc NA
SB03 2 4 Zinc 41.1 MG/KG J 6000 N nc NA nc NA


MW07S 3 4 Zinc 54.1 MG/KG J 6000 N nc NA nc NA
CMS-089 3 4 Zinc 104 MG/KG J 6000 N nc NA nc NA
CMS-407 3 4 Zinc 30.9 MG/KG J 6000 N nc NA nc NA
CMS-428 3 4 Zinc 27.6 MG/KG J 6000 N nc NA nc NA
CMS-455 4 5 Zinc 30.2 MG/KG J 6000 N nc NA nc NA


SB03 4 6 Zinc 17.3 MG/KG J 6000 N nc NA nc NA
MW06S 4 6 Zinc 438 MG/KG J 6000 N nc NA nc NA
MW07S 4 6 Zinc 52 MG/KG J 6000 N nc NA nc NA
MW09S 4 6 Zinc 151 MG/KG J 6000 N nc NA nc NA
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Appendix F


Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs


BORING TO
P_


O
F_


S
A


M
PL


E 
(ft


)


B
O


TT
O


M
_


O
F_


SA
M


PL
E 


(ft
)


PARAMETER LAB_RESULT UNITS QUAL


RIDEM Residential 
Direct Exposure 
Criteria (MG/KG)


Exceed 
Criteria 


(Y/N)


RIDEM GB 
Leachability 


Criteria 
(MG/KG)


Exceed 
Criteria 


(Y/N)


EPA's Recommended 
Residential Level for 


Dioxin (NG/KG)


Exceed 
Criteria 


(Y/N)


Potential ARARs and TBC1


SB02 4 6 Zinc 72.4 MG/KG J 6000 N nc NA nc NA
SB03 4 6 Zinc 53.2 MG/KG J 6000 N nc NA nc NA


CMS-060 0 1 Zinc 53.2 MG/KG 6000 N nc NA nc NA
CMS-118 0 1 Zinc 77.6 MG/KG 6000 N nc NA nc NA
CMS-159 0 1 Zinc 828 MG/KG 6000 N nc NA nc NA
CMS-164 0 1 Zinc 281 MG/KG 6000 N nc NA nc NA
CMS-237 0 1 Zinc 652 MG/KG 6000 N nc NA nc NA
CMS-405 0 1 Zinc 39.1 MG/KG 6000 N nc NA nc NA
CMS-417 0 1 Zinc 352 MG/KG 6000 N nc NA nc NA
CMS-060 0 1 Zinc 72.9 MG/KG 6000 N nc NA nc NA


RES-14-271-01 0 1 Zinc 105 MG/KG 6000 N nc NA nc NA
RES-14-272-01 0 1 Zinc 236 MG/KG 6000 N nc NA nc NA
RES-14-302-01 0 1 Zinc 413 MG/KG 6000 N nc NA nc NA
RES-14-303-01 0 1 Zinc 581 MG/KG 6000 N nc NA nc NA
RES-14-271-01 0 1 Zinc 119 MG/KG 6000 N nc NA nc NA
RES-14-272-01 0 1 Zinc 324 MG/KG 6000 N nc NA nc NA


CMS-703 0 2 Zinc 60.4 MG/KG 6000 N nc NA nc NA
BV01COMP 0 4 Zinc 38.6 MG/KG 6000 N nc NA nc NA


MW05S 1 2 Zinc 42.1 MG/KG 6000 N nc NA nc NA
MW14M 1 2 Zinc 115 MG/KG 6000 N nc NA nc NA
MW01S 1 2 Zinc 112 MG/KG 6000 N nc NA nc NA
MW05S 1 2 Zinc 56.3 MG/KG 6000 N nc NA nc NA
MW08S 1 2 Zinc 556 MG/KG 6000 N nc NA nc NA
MW14M 1 2 Zinc 131 MG/KG 6000 N nc NA nc NA


SB-14-271 1 2 Zinc 162 MG/KG 6000 N nc NA nc NA
CMS-060 1 2 Zinc 55.8 MG/KG 6000 N nc NA nc NA
CMS-118 1 2 Zinc 106 MG/KG 6000 N nc NA nc NA
CMS-237 1 2 Zinc 3330 MG/KG 6000 N nc NA nc NA
CMS-405 1 2 Zinc 3270 MG/KG 6000 N nc NA nc NA
CMS-417 1 2 Zinc 2460 MG/KG 6000 N nc NA nc NA
CMS-419 1 2 Zinc 2150 MG/KG 6000 N nc NA nc NA
CMS-423 1 2 Zinc 72.3 MG/KG 6000 N nc NA nc NA
CMS-427 1 2 Zinc 232 MG/KG 6000 N nc NA nc NA
CMS-405 1 2 Zinc 1770 MG/KG 6000 N nc NA nc NA
CMS-060 2 3 Zinc 44.5 MG/KG 6000 N nc NA nc NA
CMS-118 2 3 Zinc 213 MG/KG 6000 N nc NA nc NA
CMS-237 2 3 Zinc 3080 MG/KG 6000 N nc NA nc NA
CMS-405 2 3 Zinc 2830 MG/KG 6000 N nc NA nc NA
CMS-417 2 3 Zinc 94.4 MG/KG 6000 N nc NA nc NA
MW08S 2 4 Zinc 254 MG/KG 6000 N nc NA nc NA
MW05S 2 4 Zinc 97.1 MG/KG 6000 N nc NA nc NA
MW08S 2 4 Zinc 308 MG/KG 6000 N nc NA nc NA
MW14M 2 4 Zinc 77 MG/KG 6000 N nc NA nc NA
MW15D 2 4 Zinc 20.1 MG/KG 6000 N nc NA nc NA


SB-14-271 2 4 Zinc 35.1 MG/KG 6000 N nc NA nc NA
CMS-060 3 4 Zinc 20.4 MG/KG 6000 N nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs


BORING TO
P_


O
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M
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E 
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)
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_
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E 


(ft
)


PARAMETER LAB_RESULT UNITS QUAL


RIDEM Residential 
Direct Exposure 
Criteria (MG/KG)


Exceed 
Criteria 


(Y/N)


RIDEM GB 
Leachability 


Criteria 
(MG/KG)


Exceed 
Criteria 


(Y/N)


EPA's Recommended 
Residential Level for 


Dioxin (NG/KG)


Exceed 
Criteria 


(Y/N)


Potential ARARs and TBC1


CMS-118 3 4 Zinc 79.1 MG/KG 6000 N nc NA nc NA
CMS-405 3 4 Zinc 1820 MG/KG 6000 N nc NA nc NA
CMS-417 3 4 Zinc 129 MG/KG 6000 N nc NA nc NA
CMS-419 3 4 Zinc 65.8 MG/KG 6000 N nc NA nc NA
CMS-423 3 4 Zinc 131 MG/KG 6000 N nc NA nc NA
CMS-427 3 4 Zinc 50.9 MG/KG 6000 N nc NA nc NA
CMS-423 3 4 Zinc 189 MG/KG 6000 N nc NA nc NA
CMS-060 4 5 Zinc 46.5 MG/KG 6000 N nc NA nc NA
CMS-118 4 5 Zinc 25.6 MG/KG 6000 N nc NA nc NA
CMS-405 4 5 Zinc 26.4 MG/KG 6000 N nc NA nc NA
MW15D 4 6 Zinc 125 MG/KG 6000 N nc NA nc NA
MW01S 4 6 Zinc 21.5 MG/KG 6000 N nc NA nc NA
MW03S 4 6 Zinc 55.8 MG/KG 6000 N nc NA nc NA
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Table F-4b. Comparison of Source Area Soil Data (0-5 ft) to Potential ARARs


BORING TO
P_


O
F_


S
A


M
PL


E 
(ft


)
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TT
O
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_
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F_


SA
M


PL
E 


(ft
)


PARAMETER LAB_RESULT UNITS QUAL


RIDEM Residential 
Direct Exposure 
Criteria (MG/KG)


Exceed 
Criteria 


(Y/N)


RIDEM GB 
Leachability 


Criteria 
(MG/KG)


Exceed 
Criteria 


(Y/N)


EPA's Recommended 
Residential Level for 


Dioxin (NG/KG)


Exceed 
Criteria 


(Y/N)


Potential ARARs and TBC1


MW04D 4 6 Zinc 53.7 MG/KG 6000 N nc NA nc NA
MW05S 4 6 Zinc 80.1 MG/KG 6000 N nc NA nc NA
MW08S 4 6 Zinc 22 MG/KG 6000 N nc NA nc NA
MW15D 4 6 Zinc 119 MG/KG 6000 N nc NA nc NA


SB-14-271 4 6 Zinc 25.5 MG/KG 6000 N nc NA nc NA
CMS-4105 0 1 Zinc 731 MG/KG 6000 N nc NA nc NA
CMS-4110 0 1 Zinc 417 MG/KG 6000 N nc NA nc NA


Notes:
1 ARARs include RIDEM residential direct exposure and GB leachability criteria (RIDEM, 2004) and TBCs include EPA's recommended residential level for dioxin (EPA, 1998b).


1,1,1,2-tetrachloroethane 2,4,6-trichlorophenol Acenaphthylene Carbon Tetrachloride Isopropylbenzene
1,1,2,2-tetrachloroethane 2,4-dichlorophenol Anthracene Chloroform Methylene Chloride
1,1,2-trichloroethane 2,4-dinitrophenol Bis(2-chloroethyl)ether Dibromochloromethane Styrene
1,1-dichloroethene 2,4-dinitrotoluene Bis-(2-chloroisopropyl)ether Fluorene Trans-1,2-dichloroethene
1,2-dibromo-3-chloropropane 2-chlorophenol Bromodichloromethane Hexachlorobenzene
1,2-dichloropropane 3,3'-dichlorobenzidine Bromoform Hexachlorobutadiene
1,4-dichlorobenzene Acenaphthene Bromomethane Hexachloroethane


Key


NA - Undetected contaminants (where qualifier = U, UJ or UEMPC) were not compared to potential ARAR/TBCs.  Nor were cleanup goals developed for undetected contaminants where the laboratory 
detection limits (reported in the LAB_RESULT field) are in excess of ARAR/TBCs, including: 


ARAR - Applicable or Relevant and Appropriate Requirement; TBC - To Be Considered; nc - no criteria; NA - not applicable; N - no; Y - yes; MG/KG - milligram per killogram; NG/KG - nanogram


Summary statistics for undetected contaminants are reported in Table F-4c; information is presented by contaminant and includes the number of records, number of non-detects, the number and percent of 
records where the non-detect concentration is in excess of the ARAR/TBC, and the number and percent of records where the non-detect concentration is below the ARAR/TBC.
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Table F-4c. Summary of Undetected Contaminants in Source Area Soil


Parameter N N, 'Non-detects' N % N %
1,1'-biphenyl 45 35 10 29% 25 71%
1,1,1,2-tetrachloroethane 53 53 10 19% 43 81%
1,1,1-trichloroethane 90 88 0 0% 88 100%
1,1,2,2-tetrachloroethane 90 90 10 11% 80 89%
1,1,2-trichloroethane 90 89 7 8% 82 92%
1,1-dichloroethane 90 88 0 0% 88 100%
1,1-dichloroethene 90 89 37 42% 52 58%
1,2,4-trichlorobenzene 69 61 0 0% 61 100%
1,2-dibromo-3-chloropropane 84 82 18 22% 64 78%
1,2-dichlorobenzene 69 61 0 0% 61 100%
1,2-dichloroethane 90 88 11 13% 77 88%
1,2-dichloropropane 90 90 11 12% 79 88%
1,3-dichlorobenzene 69 69 0 0% 69 100%
1,4-dichlorobenzene 69 64 1 2% 63 98%
2,4,5-trichlorophenol 114 109 0 0% 109 100%
2,4,6-trichlorophenol 112 112 1 1% 111 99%
2,4-dichlorophenol 112 112 3 3% 109 97%
2,4-dimethylphenol 112 107 0 0% 107 100%
2,4-dinitrophenol 114 114 3 3% 111 97%
2,4-dinitrotoluene 112 112 28 25% 84 75%
2-chlorophenol 112 112 1 1% 111 99%
2-methylnaphthalene 115 87 0 0% 87 100%
3,3'-dichlorobenzidine 111 111 67 60% 44 40%
4-chloroaniline 112 106 0 0% 106 100%
Acenaphthene 114 78 1 1% 77 99%
Acenaphthylene 115 82 3 4% 79 96%
Acetone 38 37 0 0% 37 100%
Anthracene 116 50 1 2% 49 98%
Antimony 101 58 0 0% 58 100%
Aroclor, Total 330 59 0 0% 59 100%
Arsenic 109 5 2 40% 3 60%
Barium 109 0 - - - -
Benzene 96 74 6 8% 68 92%
Benzo(a)anthracene 116 25 5 20% 20 80%
Benzo(a)pyrene 110 20 15 75% 5 25%
Benzo(b)fluoranthene 116 27 7 26% 20 74%
Benzo(g,h,i)perylene 116 47 13 28% 34 72%
Benzo(k)fluoranthene 118 65 15 23% 50 77%
Beryllium 107 25 6 24% 19 76%
Bis(2-chloroethyl)ether 112 112 42 38% 70 63%
Bis(2-ethylhexyl)phthalate 115 37 0 0% 37 100%
Bis-(2-chloroisopropyl)ether 57 57 4 7% 53 93%
Bromodichloromethane 90 90 4 4% 86 96%
Bromoform 90 90 1 1% 89 99%
Bromomethane 90 90 12 13% 78 87%
Cadmium 108 31 0 0% 31 100%
Carbon Tetrachloride 90 90 10 11% 80 89%
Chlorobenzene 93 65 0 0% 65 100%
Chloroform 92 91 10 11% 81 89%
Chromium 109 0 - - - -
Chrysene 116 26 17 65% 9 35%
Cis-1,2-dichloroethene 93 69 0 0% 69 100%
Copper 108 5 0 0% 5 100%
Cyanide 57 47 0 0% 47 100%
Dibenzo(a,h)anthracene 115 74 46 62% 28 38%
Dibromochloromethane 90 90 4 4% 86 96%
Dieldrin 113 50 17 34% 33 66%
Diethylphthalate 112 105 0 0% 105 100%
Dimethylphthalate 112 112 0 0% 112 100%
Ethylbenzene 93 69 0 0% 69 100%
Fluoranthene 116 16 1 6% 15 94%
Fluorene 115 68 3 4% 65 96%
Hexachlorobenzene 112 112 69 62% 43 38%
Hexachlorobutadiene 112 112 5 4% 107 96%
Hexachloroethane 112 112 1 1% 111 99%
Indeno(1,2,3-cd)pyrene 116 46 12 26% 34 74%
Isopropylbenzene 91 82 2 2% 80 98%
Lead 109 0 - - - -
Manganese 108 0 - - - -


Non-detect Concentration > 
ARAR/TBC


Non-detect Concentration < 
ARAR/TBC
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Table F-4c. Summary of Undetected Contaminants in Source Area Soil


Parameter N N, 'Non-detects' N % N %


Non-detect Concentration > 
ARAR/TBC


Non-detect Concentration < 
ARAR/TBC


Mercury 107 28 0 0% 28 100%
Methyl Tert-butyl Ether 38 38 0 0% 38 100%
Methylene Chloride 90 88 3 3% 85 97%
Naphthalene 168 126 1 1% 125 99%
Nickel 108 1 0 0% 1 100%
Pentachlorophenol 115 113 22 19% 91 81%
Phenanthrene 116 22 0 0% 22 100%
Phenol 111 103 0 0% 103 100%
Pyrene 116 21 2 10% 19 90%
Selenium 107 44 0 0% 44 100%
Silver 108 64 0 0% 64 100%
Styrene 90 86 2 2% 84 98%
TEQ 351 1 0 0% 1 100%
Technical Chlordane 50 41 4 10% 37 90%
Tetrachloroethene 94 61 1 2% 60 98%
Thallium 108 93 55 59% 38 41%
Toluene 93 65 0 0% 65 100%
Total Xylenes 88 59 0 0% 59 100%
Trans-1,2-dichloroethene 93 85 1 1% 84 99%
Trichloroethene 93 62 0 0% 62 100%
Vanadium 108 1 0 0% 1 100%
Vinyl Chloride 92 86 55 64% 31 36%
Zinc 108 0 - - - -


Notes
N, Number of Records


To Be Considered (TBC) criteria: EPA's recommended residential level for dioxin in soil (EPA, 1998b).


Applicable or Relevant and Appropriate Requirement (ARAR): RIDEM residential direct exposure and GB 
leachability criteria (RIDEM, 2004).
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Table F-5a.  Proposed Cleanup Goals for Source Area Groundwater


RIDEM GB Soil 
Leachability 


Criteria (mg/kg)


RIDEM GB 
Groundwater 


Objectives (µg/L)
Soil (mg/kg) Groundwater 


(µg/L)


2,3,7,8-TCDD nc nc 8600 ng/kg 1768 pg/L C
Total PCB 10 nc 10 NA ARARGB Leachability


Benzene 4.3 – (c) 4.3 NA ARARGB Leachability


Chlorobenzene 100 – (c) 100 NA ARARGB Leachability


Dibromochloropropane (DBCP) nc 2 NA 2 ARARGB Groundwater


Dichloroethene (cis-1,2-) 60 – (c) 60 NA ARARGB Leachability


Ethyl benzene 62 – (c) 62 NA ARARGB Leachability


Tetrachloroethene (PCE) 4.2 150 4.2 150 ARARGB Leachability and Groundwater


Toluene 54 – (c) 54 NA ARARGB Leachability


Trichloroethene (TCE) 20 540 20 540 ARARGB Leachability and Groundwater


Notes


ARAR Applicable or Relevant and Appropriate Requirement
C


Key


Carcinogenic effects, middle risk range value for most sensitive human exposure 
(see Appendix F, Attachment F-3)


nc - no criteria; NA - not applicable; mg/kg - milligrams per killogram; ug/L - micrograms per liter; ng/kg - 
nanograms per killogram; pg/L - picograms per liter.


Cleanup goals were not developed for contaminants that were undetected (i.e., results are 'U' or 'UJ' qualified) or detected at concentrations below ARARs (see 
Table F-5b for data comparisons to ARARs).


(c)  RIDEM GB groundwater objectives promulgated for this chemical, however, chemical not detected in source area groundwater at 
concentration in excess of the criteria. 


Contaminant(a)


Potential ARARs Proposed Cleanup Goal


Basis(b)


(a)  Cleanup goals were developed for contaminants detected in source area soil or groundwater samples at concentrations in excess of the 
potential ARARs (RIDEM GB soil leachability criteria and groundwater objectives; RIDEM, 2004). 


(b)  The basis of the Cleanup Goal is:
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Table F-5b. Comparison of Source Area Groundwater Data to Potential ARARs


Potential ARARs


BORING PARAMETER LAB_RESULT QUAL UNITS
RIDEM GB Groundwater 


Objective (UG/L)
Exceed Criteria 


(Y/N)
S-1 1,1,1-trichloroethane 50 U UG/L 3100 N/A
S-2 1,1,1-trichloroethane 5 U UG/L 3100 N/A
S-3 1,1,1-trichloroethane 5 U UG/L 3100 N/A
S-4 1,1,1-trichloroethane 5 U UG/L 3100 N/A
S-5 1,1,1-trichloroethane 5 U UG/L 3100 N/A


MW01S 1,1,1-trichloroethane 10 U UG/L 3100 N/A
MW01S 1,1,1-trichloroethane 10 U UG/L 3100 N/A
MW03S 1,1,1-trichloroethane 10 U UG/L 3100 N/A
MW08S 1,1,1-trichloroethane 10 U UG/L 3100 N/A
MW09S 1,1,1-trichloroethane 10 U UG/L 3100 N/A
MW02S 1,1,1-trichloroethane 10 U UG/L 3100 N/A
MW06S 1,1,1-trichloroethane 10 U UG/L 3100 N/A
MW07S 1,1,1-trichloroethane 10 U UG/L 3100 N/A
MW02D 1,1,1-trichloroethane 10 U UG/L 3100 N/A
MW02M 1,1,1-trichloroethane 10 U UG/L 3100 N/A
MW02S 1,1,1-trichloroethane 10 U UG/L 3100 N/A
MW04S 1,1,1-trichloroethane 10 U UG/L 3100 N/A
MW04B 1,1,1-trichloroethane 10 U UG/L 3100 N/A
MW04D 1,1,1-trichloroethane 10 U UG/L 3100 N/A
MW04S 1,1,1-trichloroethane 10 U UG/L 3100 N/A
MW05S 1,1,1-trichloroethane 1700 U UG/L 3100 N/A
MW06S 1,1,1-trichloroethane 10 U UG/L 3100 N/A
MW07D 1,1,1-trichloroethane 10 U UG/L 3100 N/A
MW07S 1,1,1-trichloroethane 10 U UG/L 3100 N/A
MW08S 1,1,1-trichloroethane 10 U UG/L 3100 N/A
MW09S 1,1,1-trichloroethane 10 U UG/L 3100 N/A
MW01S 1,1,1-trichloroethane 10 U UG/L 3100 N/A
MW01S 1,1,1-trichloroethane 10 U UG/L 3100 N/A
MW03S 1,1,1-trichloroethane 10 U UG/L 3100 N/A
GEC2 1,1,1-trichloroethane 10 U UG/L 3100 N/A
GEC6 1,1,1-trichloroethane 10 U UG/L 3100 N/A


MW14M 1,1,1-trichloroethane 10 U UG/L 3100 N/A
MW15D 1,1,1-trichloroethane 10 U UG/L 3100 N/A
MW12B 1,1,1-trichloroethane 10 U UG/L 3100 N/A
MW11B 1,1,1-trichloroethane 10 U UG/L 3100 N/A
MW11M 1,1,1-trichloroethane 10 U UG/L 3100 N/A
MW11S 1,1,1-trichloroethane 10 U UG/L 3100 N/A
MW12B 1,1,1-trichloroethane 10 U UG/L 3100 N/A
MW12D 1,1,1-trichloroethane 10 U UG/L 3100 N/A
MW10D 1,1,1-trichloroethane 10 U UG/L 3100 N/A
MW10B 1,1,1-trichloroethane 10 U UG/L 3100 N/A
MW10D 1,1,1-trichloroethane 10 U UG/L 3100 N/A
MW13B 1,1,1-trichloroethane 10 U UG/L 3100 N/A
MW13D 1,1,1-trichloroethane 10 U UG/L 3100 N/A
MW13S 1,1,1-trichloroethane 10 U UG/L 3100 N/A
TMW3 1,1,1-trichloroethane 10 U UG/L 3100 N/A


MW02D 1,1,1-trichloroethane 4 U UG/L 3100 N/A
MW02M 1,1,1-trichloroethane 5 U UG/L 3100 N/A
MW02S 1,1,1-trichloroethane 1 U UG/L 3100 N/A
MW04B 1,1,1-trichloroethane 1 U UG/L 3100 N/A
MW04D 1,1,1-trichloroethane 1 U UG/L 3100 N/A
MW04S 1,1,1-trichloroethane 1 U UG/L 3100 N/A
MW08S 1,1,1-trichloroethane 1 U UG/L 3100 N/A
MW09S 1,1,1-trichloroethane 1 U UG/L 3100 N/A
MW10B 1,1,1-trichloroethane 1 U UG/L 3100 N/A
MW10D 1,1,1-trichloroethane 1 U UG/L 3100 N/A
MW13B 1,1,1-trichloroethane 4 U UG/L 3100 N/A
MW13D 1,1,1-trichloroethane 10 U UG/L 3100 N/A
MW13S 1,1,1-trichloroethane 1 U UG/L 3100 N/A
MW06S 1,1,1-trichloroethane 10 U UG/L 3100 N/A
GEC1 1,1,1-trichloroethane 1 U UG/L 3100 N/A
GEC2 1,1,1-trichloroethane 1 U UG/L 3100 N/A
GEC4 1,1,1-trichloroethane 1 U UG/L 3100 N/A
GEC5 1,1,1-trichloroethane 1 U UG/L 3100 N/A
GEC6 1,1,1-trichloroethane 1 U UG/L 3100 N/A
GEC7 1,1,1-trichloroethane 1 U UG/L 3100 N/A


MW06S 1,1,1-trichloroethane 6 U UG/L 3100 N/A
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Table F-5b. Comparison of Source Area Groundwater Data to Potential ARARs


Potential ARARs


BORING PARAMETER LAB_RESULT QUAL UNITS
RIDEM GB Groundwater 


Objective (UG/L)
Exceed Criteria 


(Y/N)
MW07D 1,1,1-trichloroethane 1 U UG/L 3100 N/A
MW07S 1,1,1-trichloroethane 1 U UG/L 3100 N/A
MW11B 1,1,1-trichloroethane 1 U UG/L 3100 N/A
MW11M 1,1,1-trichloroethane 1 U UG/L 3100 N/A
MW14M 1,1,1-trichloroethane 100 U UG/L 3100 N/A
MW15D 1,1,1-trichloroethane 1 U UG/L 3100 N/A
MW05S 1,1,1-trichloroethane 1000 U UG/L 3100 N/A
GEC3 1,1,1-trichloroethane 1 U UG/L 3100 N/A


MW01S 1,1,1-trichloroethane 1 U UG/L 3100 N/A
MW05S 1,1,1-trichloroethane 1000 U UG/L 3100 N/A
MW11S 1,1,1-trichloroethane 1 U UG/L 3100 N/A
MW12B 1,1,1-trichloroethane 1 U UG/L 3100 N/A
MW12D 1,1,1-trichloroethane 1 U UG/L 3100 N/A
MW03S 1,1,1-trichloroethane 1 U UG/L 3100 N/A
MW05S 1,1,1-TRICHLOROETHANE 1000 U UG/L 3100 N/A
MW05S 1,1,1-TRICHLOROETHANE 1000 U UG/L 3100 N/A


S-1 1,1-dichloroethene 10 U UG/L 7 N/A
S-2 1,1-dichloroethene 1 U UG/L 7 N/A
S-3 1,1-dichloroethene 1 U UG/L 7 N/A
S-4 1,1-dichloroethene 1 U UG/L 7 N/A
S-5 1,1-dichloroethene 1 U UG/L 7 N/A


MW01S 1,1-dichloroethene 10 U UG/L 7 N/A
MW01S 1,1-dichloroethene 10 U UG/L 7 N/A
MW03S 1,1-dichloroethene 10 U UG/L 7 N/A
MW08S 1,1-dichloroethene 10 U UG/L 7 N/A
MW09S 1,1-dichloroethene 10 U UG/L 7 N/A
MW02S 1,1-dichloroethene 10 U UG/L 7 N/A
MW06S 1,1-dichloroethene 10 U UG/L 7 N/A
MW07S 1,1-dichloroethene 10 U UG/L 7 N/A
MW02D 1,1-dichloroethene 10 U UG/L 7 N/A
MW02M 1,1-dichloroethene 10 U UG/L 7 N/A
MW02S 1,1-dichloroethene 10 U UG/L 7 N/A
MW04S 1,1-dichloroethene 10 U UG/L 7 N/A
MW04B 1,1-dichloroethene 10 U UG/L 7 N/A
MW04D 1,1-dichloroethene 10 U UG/L 7 N/A
MW04S 1,1-dichloroethene 10 U UG/L 7 N/A
MW07D 1,1-dichloroethene 10 U UG/L 7 N/A
MW05S 1,1-dichloroethene 1700 UJ UG/L 7 N/A
MW06S 1,1-dichloroethene 10 UJ UG/L 7 N/A
MW07S 1,1-dichloroethene 10 UJ UG/L 7 N/A
MW08S 1,1-dichloroethene 10 UJ UG/L 7 N/A
MW09S 1,1-dichloroethene 10 UJ UG/L 7 N/A
MW01S 1,1-dichloroethene 10 UJ UG/L 7 N/A
MW01S 1,1-dichloroethene 10 UJ UG/L 7 N/A
MW03S 1,1-dichloroethene 10 UJ UG/L 7 N/A
GEC2 1,1-dichloroethene 10 U UG/L 7 N/A
GEC6 1,1-dichloroethene 10 U UG/L 7 N/A


MW14M 1,1-dichloroethene 10 U UG/L 7 N/A
MW15D 1,1-dichloroethene 10 U UG/L 7 N/A
MW12B 1,1-dichloroethene 10 U UG/L 7 N/A
MW11B 1,1-dichloroethene 10 U UG/L 7 N/A
MW11M 1,1-dichloroethene 10 U UG/L 7 N/A
MW11S 1,1-dichloroethene 10 U UG/L 7 N/A
MW12B 1,1-dichloroethene 10 U UG/L 7 N/A
MW12D 1,1-dichloroethene 10 U UG/L 7 N/A
MW10D 1,1-dichloroethene 10 U UG/L 7 N/A
MW10B 1,1-dichloroethene 10 U UG/L 7 N/A
MW10D 1,1-dichloroethene 10 U UG/L 7 N/A
MW13B 1,1-dichloroethene 10 U UG/L 7 N/A
MW13D 1,1-dichloroethene 10 U UG/L 7 N/A
MW13S 1,1-dichloroethene 10 U UG/L 7 N/A
TMW3 1,1-dichloroethene 10 U UG/L 7 N/A


MW02D 1,1-dichloroethene 4 U UG/L 7 N/A
MW02M 1,1-dichloroethene 5 U UG/L 7 N/A
MW02S 1,1-dichloroethene 1 U UG/L 7 N/A
MW04B 1,1-dichloroethene 1 U UG/L 7 N/A
MW04D 1,1-dichloroethene 1 U UG/L 7 N/A
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Appendix F


Table F-5b. Comparison of Source Area Groundwater Data to Potential ARARs


Potential ARARs


BORING PARAMETER LAB_RESULT QUAL UNITS
RIDEM GB Groundwater 


Objective (UG/L)
Exceed Criteria 


(Y/N)
MW04S 1,1-dichloroethene 1 U UG/L 7 N/A
MW08S 1,1-dichloroethene 1 U UG/L 7 N/A
MW09S 1,1-dichloroethene 1 U UG/L 7 N/A
MW10B 1,1-dichloroethene 1 U UG/L 7 N/A
MW10D 1,1-dichloroethene 1 U UG/L 7 N/A
MW13B 1,1-dichloroethene 4 U UG/L 7 N/A
MW13D 1,1-dichloroethene 10 U UG/L 7 N/A
MW13S 1,1-dichloroethene 1 U UG/L 7 N/A
MW06S 1,1-dichloroethene 10 U UG/L 7 N/A
GEC1 1,1-dichloroethene 1 U UG/L 7 N/A
GEC2 1,1-dichloroethene 1 U UG/L 7 N/A
GEC4 1,1-dichloroethene 1 U UG/L 7 N/A
GEC5 1,1-dichloroethene 1 U UG/L 7 N/A
GEC6 1,1-dichloroethene 1 U UG/L 7 N/A
GEC7 1,1-dichloroethene 1 U UG/L 7 N/A


MW06S 1,1-dichloroethene 6 U UG/L 7 N/A
MW07D 1,1-dichloroethene 1 U UG/L 7 N/A
MW07S 1,1-dichloroethene 1 U UG/L 7 N/A
MW11B 1,1-dichloroethene 1 U UG/L 7 N/A
MW11M 1,1-dichloroethene 1 U UG/L 7 N/A
MW14M 1,1-dichloroethene 100 U UG/L 7 N/A
MW15D 1,1-dichloroethene 1 U UG/L 7 N/A
MW05S 1,1-dichloroethene 1000 U UG/L 7 N/A
GEC3 1,1-dichloroethene 1 U UG/L 7 N/A


MW01S 1,1-dichloroethene 1 U UG/L 7 N/A
MW05S 1,1-dichloroethene 1000 U UG/L 7 N/A
MW11S 1,1-dichloroethene 1 U UG/L 7 N/A
MW12B 1,1-dichloroethene 1 U UG/L 7 N/A
MW12D 1,1-dichloroethene 1 U UG/L 7 N/A
MW03S 1,1-dichloroethene 1 U UG/L 7 N/A
MW05S 1,1-DICHLOROETHENE 1000 U UG/L 7 N/A
MW05S 1,1-DICHLOROETHENE 1000 U UG/L 7 N/A


S-1 1,2-dibromo-3-chloropropane 50 U UG/L 2 N/A
S-2 1,2-dibromo-3-chloropropane 5 U UG/L 2 N/A
S-3 1,2-dibromo-3-chloropropane 5 U UG/L 2 N/A
S-4 1,2-dibromo-3-chloropropane 5 U UG/L 2 N/A
S-5 1,2-dibromo-3-chloropropane 5 U UG/L 2 N/A


MW01S 1,2-dibromo-3-chloropropane 10 U UG/L 2 N/A
MW01S 1,2-dibromo-3-chloropropane 10 U UG/L 2 N/A
MW03S 1,2-dibromo-3-chloropropane 10 U UG/L 2 N/A
MW08S 1,2-dibromo-3-chloropropane 10 U UG/L 2 N/A
MW09S 1,2-dibromo-3-chloropropane 10 U UG/L 2 N/A
MW02S 1,2-dibromo-3-chloropropane 10 U UG/L 2 N/A
MW06S 1,2-dibromo-3-chloropropane 10 U UG/L 2 N/A
MW07S 1,2-dibromo-3-chloropropane 10 U UG/L 2 N/A
MW07S 1,2-dibromo-3-chloropropane 7 J UG/L 2 Y
MW05S 1,2-dibromo-3-chloropropane 1700 U UG/L 2 N/A
MW06S 1,2-dibromo-3-chloropropane 10 U UG/L 2 N/A
MW08S 1,2-dibromo-3-chloropropane 10 U UG/L 2 N/A
MW09S 1,2-dibromo-3-chloropropane 10 U UG/L 2 N/A
MW01S 1,2-dibromo-3-chloropropane 10 U UG/L 2 N/A
MW01S 1,2-dibromo-3-chloropropane 10 U UG/L 2 N/A
MW03S 1,2-dibromo-3-chloropropane 10 U UG/L 2 N/A
GEC2 1,2-dibromo-3-chloropropane 10 UJ UG/L 2 N/A
GEC6 1,2-dibromo-3-chloropropane 10 UJ UG/L 2 N/A


MW14M 1,2-dibromo-3-chloropropane 10 UJ UG/L 2 N/A
MW15D 1,2-dibromo-3-chloropropane 10 UJ UG/L 2 N/A
MW11S 1,2-dibromo-3-chloropropane 10 U UG/L 2 N/A
MW12D 1,2-dibromo-3-chloropropane 10 U UG/L 2 N/A
MW12B 1,2-dibromo-3-chloropropane 10 UJ UG/L 2 N/A
MW11B 1,2-dibromo-3-chloropropane 10 UJ UG/L 2 N/A
MW11M 1,2-dibromo-3-chloropropane 10 UJ UG/L 2 N/A
MW12B 1,2-dibromo-3-chloropropane 10 UJ UG/L 2 N/A
MW10D 1,2-dibromo-3-chloropropane 10 U UG/L 2 N/A
MW10B 1,2-dibromo-3-chloropropane 10 U UG/L 2 N/A
MW10D 1,2-dibromo-3-chloropropane 10 U UG/L 2 N/A
MW13B 1,2-dibromo-3-chloropropane 10 U UG/L 2 N/A
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Appendix F


Table F-5b. Comparison of Source Area Groundwater Data to Potential ARARs


Potential ARARs


BORING PARAMETER LAB_RESULT QUAL UNITS
RIDEM GB Groundwater 


Objective (UG/L)
Exceed Criteria 


(Y/N)
TMW3 1,2-dibromo-3-chloropropane 10 U UG/L 2 N/A


MW02D 1,2-dibromo-3-chloropropane 4 U UG/L 2 N/A
MW02M 1,2-dibromo-3-chloropropane 5 U UG/L 2 N/A
MW02S 1,2-dibromo-3-chloropropane 1 U UG/L 2 N/A
MW04B 1,2-dibromo-3-chloropropane 1 U UG/L 2 N/A
MW04D 1,2-dibromo-3-chloropropane 1 U UG/L 2 N/A
MW04S 1,2-dibromo-3-chloropropane 1 U UG/L 2 N/A
MW08S 1,2-dibromo-3-chloropropane 1 U UG/L 2 N/A
MW09S 1,2-dibromo-3-chloropropane 1 U UG/L 2 N/A
MW10B 1,2-dibromo-3-chloropropane 1 U UG/L 2 N/A
MW10D 1,2-dibromo-3-chloropropane 1 U UG/L 2 N/A
MW13B 1,2-dibromo-3-chloropropane 4 U UG/L 2 N/A
MW13D 1,2-dibromo-3-chloropropane 10 U UG/L 2 N/A
MW13S 1,2-dibromo-3-chloropropane 1 U UG/L 2 N/A
MW06S 1,2-dibromo-3-chloropropane 10 U UG/L 2 N/A
GEC1 1,2-dibromo-3-chloropropane 1 U UG/L 2 N/A
GEC2 1,2-dibromo-3-chloropropane 1 U UG/L 2 N/A
GEC4 1,2-dibromo-3-chloropropane 1 U UG/L 2 N/A
GEC5 1,2-dibromo-3-chloropropane 1 U UG/L 2 N/A
GEC6 1,2-dibromo-3-chloropropane 1 U UG/L 2 N/A
GEC7 1,2-dibromo-3-chloropropane 1 U UG/L 2 N/A


MW06S 1,2-dibromo-3-chloropropane 6 U UG/L 2 N/A
MW07D 1,2-dibromo-3-chloropropane 1 U UG/L 2 N/A
MW07S 1,2-dibromo-3-chloropropane 1 U UG/L 2 N/A
MW11B 1,2-dibromo-3-chloropropane 1 U UG/L 2 N/A
MW11M 1,2-dibromo-3-chloropropane 1 U UG/L 2 N/A
MW14M 1,2-dibromo-3-chloropropane 100 U UG/L 2 N/A
MW15D 1,2-dibromo-3-chloropropane 1 U UG/L 2 N/A
MW05S 1,2-dibromo-3-chloropropane 1000 U UG/L 2 N/A
GEC3 1,2-dibromo-3-chloropropane 1 U UG/L 2 N/A


MW01S 1,2-dibromo-3-chloropropane 1 U UG/L 2 N/A
MW05S 1,2-dibromo-3-chloropropane 1000 U UG/L 2 N/A
MW11S 1,2-dibromo-3-chloropropane 1 U UG/L 2 N/A
MW12B 1,2-dibromo-3-chloropropane 1 U UG/L 2 N/A
MW12D 1,2-dibromo-3-chloropropane 1 U UG/L 2 N/A
MW03S 1,2-dibromo-3-chloropropane 1 U UG/L 2 N/A
MW05S 1,2-DIBROMO-3-CHLOROPROPANE 1000 UJ UG/L 2 N/A
MW05S 1,2-DIBROMO-3-CHLOROPROPANE 1000 UJ UG/L 2 N/A


S-1 1,2-dichloroethane 20 U UG/L 110 N/A
S-2 1,2-dichloroethane 2 U UG/L 110 N/A
S-3 1,2-dichloroethane 2 U UG/L 110 N/A
S-4 1,2-dichloroethane 2 U UG/L 110 N/A
S-5 1,2-dichloroethane 2 U UG/L 110 N/A


MW01S 1,2-dichloroethane 10 U UG/L 110 N/A
MW01S 1,2-dichloroethane 10 U UG/L 110 N/A
MW03S 1,2-dichloroethane 10 U UG/L 110 N/A
MW08S 1,2-dichloroethane 10 U UG/L 110 N/A
MW09S 1,2-dichloroethane 10 U UG/L 110 N/A
MW02S 1,2-dichloroethane 10 U UG/L 110 N/A
MW06S 1,2-dichloroethane 10 U UG/L 110 N/A
MW07S 1,2-dichloroethane 10 U UG/L 110 N/A
MW02D 1,2-dichloroethane 10 U UG/L 110 N/A
MW02M 1,2-dichloroethane 10 U UG/L 110 N/A
MW02S 1,2-dichloroethane 10 U UG/L 110 N/A
MW04S 1,2-dichloroethane 10 U UG/L 110 N/A
MW04B 1,2-dichloroethane 10 U UG/L 110 N/A
MW04D 1,2-dichloroethane 10 U UG/L 110 N/A
MW04S 1,2-dichloroethane 10 U UG/L 110 N/A
MW05S 1,2-dichloroethane 1700 U UG/L 110 N/A
MW06S 1,2-dichloroethane 10 U UG/L 110 N/A
MW07D 1,2-dichloroethane 10 U UG/L 110 N/A
MW07S 1,2-dichloroethane 10 U UG/L 110 N/A
MW08S 1,2-dichloroethane 10 U UG/L 110 N/A
MW09S 1,2-dichloroethane 10 U UG/L 110 N/A
MW01S 1,2-dichloroethane 10 U UG/L 110 N/A
MW01S 1,2-dichloroethane 10 U UG/L 110 N/A
MW03S 1,2-dichloroethane 10 U UG/L 110 N/A
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Table F-5b. Comparison of Source Area Groundwater Data to Potential ARARs


Potential ARARs


BORING PARAMETER LAB_RESULT QUAL UNITS
RIDEM GB Groundwater 


Objective (UG/L)
Exceed Criteria 


(Y/N)
GEC2 1,2-dichloroethane 10 U UG/L 110 N/A
GEC6 1,2-dichloroethane 10 U UG/L 110 N/A


MW14M 1,2-dichloroethane 10 U UG/L 110 N/A
MW15D 1,2-dichloroethane 10 U UG/L 110 N/A
MW12B 1,2-dichloroethane 10 U UG/L 110 N/A
MW11B 1,2-dichloroethane 10 U UG/L 110 N/A
MW11M 1,2-dichloroethane 10 U UG/L 110 N/A
MW11S 1,2-dichloroethane 10 U UG/L 110 N/A
MW12B 1,2-dichloroethane 10 U UG/L 110 N/A
MW12D 1,2-dichloroethane 10 U UG/L 110 N/A
MW10D 1,2-dichloroethane 10 U UG/L 110 N/A
MW10B 1,2-dichloroethane 10 U UG/L 110 N/A
MW10D 1,2-dichloroethane 10 U UG/L 110 N/A
MW13B 1,2-dichloroethane 10 U UG/L 110 N/A
MW13D 1,2-dichloroethane 10 U UG/L 110 N/A
MW13S 1,2-dichloroethane 10 U UG/L 110 N/A
TMW3 1,2-dichloroethane 10 U UG/L 110 N/A


MW02D 1,2-dichloroethane 4 U UG/L 110 N/A
MW02M 1,2-dichloroethane 5 U UG/L 110 N/A
MW02S 1,2-dichloroethane 1 U UG/L 110 N/A
MW04B 1,2-dichloroethane 1 U UG/L 110 N/A
MW04D 1,2-dichloroethane 1 U UG/L 110 N/A
MW04S 1,2-dichloroethane 1 U UG/L 110 N/A
MW08S 1,2-dichloroethane 1 U UG/L 110 N/A
MW09S 1,2-dichloroethane 1 U UG/L 110 N/A
MW10B 1,2-dichloroethane 1 U UG/L 110 N/A
MW10D 1,2-dichloroethane 1 U UG/L 110 N/A
MW13B 1,2-dichloroethane 4 U UG/L 110 N/A
MW13D 1,2-dichloroethane 10 U UG/L 110 N/A
MW13S 1,2-dichloroethane 1 U UG/L 110 N/A
MW06S 1,2-dichloroethane 10 U UG/L 110 N/A
GEC1 1,2-dichloroethane 1 U UG/L 110 N/A
GEC2 1,2-dichloroethane 1 U UG/L 110 N/A
GEC4 1,2-dichloroethane 1 U UG/L 110 N/A
GEC5 1,2-dichloroethane 1 U UG/L 110 N/A
GEC6 1,2-dichloroethane 1 U UG/L 110 N/A
GEC7 1,2-dichloroethane 1 U UG/L 110 N/A


MW06S 1,2-dichloroethane 6 U UG/L 110 N/A
MW07D 1,2-dichloroethane 1 U UG/L 110 N/A
MW07S 1,2-dichloroethane 1 U UG/L 110 N/A
MW11B 1,2-dichloroethane 1 U UG/L 110 N/A
MW11M 1,2-dichloroethane 1 U UG/L 110 N/A
MW14M 1,2-dichloroethane 100 U UG/L 110 N/A
MW15D 1,2-dichloroethane 1 U UG/L 110 N/A
MW05S 1,2-dichloroethane 1000 U UG/L 110 N/A
GEC3 1,2-dichloroethane 1 U UG/L 110 N/A


MW01S 1,2-dichloroethane 1 U UG/L 110 N/A
MW05S 1,2-dichloroethane 1000 U UG/L 110 N/A
MW11S 1,2-dichloroethane 1 U UG/L 110 N/A
MW12B 1,2-dichloroethane 1 U UG/L 110 N/A
MW12D 1,2-dichloroethane 1 U UG/L 110 N/A
MW03S 1,2-dichloroethane 1 U UG/L 110 N/A
MW05S 1,2-DICHLOROETHANE 1000 U UG/L 110 N/A
MW05S 1,2-DICHLOROETHANE 1000 U UG/L 110 N/A


S-1 1,2-dichloropropane 10 U UG/L 3000 N/A
S-2 1,2-dichloropropane 1 U UG/L 3000 N/A
S-3 1,2-dichloropropane 1 U UG/L 3000 N/A
S-4 1,2-dichloropropane 1 U UG/L 3000 N/A
S-5 1,2-dichloropropane 1 U UG/L 3000 N/A


MW01S 1,2-dichloropropane 10 U UG/L 3000 N/A
MW01S 1,2-dichloropropane 10 U UG/L 3000 N/A
MW03S 1,2-dichloropropane 10 U UG/L 3000 N/A
MW08S 1,2-dichloropropane 10 U UG/L 3000 N/A
MW09S 1,2-dichloropropane 10 U UG/L 3000 N/A
MW02S 1,2-dichloropropane 10 U UG/L 3000 N/A
MW06S 1,2-dichloropropane 10 U UG/L 3000 N/A
MW07S 1,2-dichloropropane 10 U UG/L 3000 N/A
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Table F-5b. Comparison of Source Area Groundwater Data to Potential ARARs


Potential ARARs


BORING PARAMETER LAB_RESULT QUAL UNITS
RIDEM GB Groundwater 


Objective (UG/L)
Exceed Criteria 


(Y/N)
MW02D 1,2-dichloropropane 10 UJ UG/L 3000 N/A
MW02M 1,2-dichloropropane 10 UJ UG/L 3000 N/A
MW02S 1,2-dichloropropane 10 UJ UG/L 3000 N/A
MW04S 1,2-dichloropropane 10 UJ UG/L 3000 N/A
MW04B 1,2-dichloropropane 10 UJ UG/L 3000 N/A
MW04D 1,2-dichloropropane 10 UJ UG/L 3000 N/A
MW04S 1,2-dichloropropane 10 UJ UG/L 3000 N/A
MW05S 1,2-dichloropropane 1700 UJ UG/L 3000 N/A
MW06S 1,2-dichloropropane 10 UJ UG/L 3000 N/A
MW07D 1,2-dichloropropane 10 UJ UG/L 3000 N/A
MW07S 1,2-dichloropropane 10 UJ UG/L 3000 N/A
MW08S 1,2-dichloropropane 10 UJ UG/L 3000 N/A
MW09S 1,2-dichloropropane 10 UJ UG/L 3000 N/A
MW01S 1,2-dichloropropane 10 U UG/L 3000 N/A
MW03S 1,2-dichloropropane 10 U UG/L 3000 N/A
MW01S 1,2-dichloropropane 10 UJ UG/L 3000 N/A
GEC2 1,2-dichloropropane 10 U UG/L 3000 N/A
GEC6 1,2-dichloropropane 10 U UG/L 3000 N/A


MW14M 1,2-dichloropropane 10 U UG/L 3000 N/A
MW15D 1,2-dichloropropane 10 U UG/L 3000 N/A
MW12B 1,2-dichloropropane 10 U UG/L 3000 N/A
MW11B 1,2-dichloropropane 10 U UG/L 3000 N/A
MW11M 1,2-dichloropropane 10 U UG/L 3000 N/A
MW11S 1,2-dichloropropane 10 U UG/L 3000 N/A
MW12B 1,2-dichloropropane 10 U UG/L 3000 N/A
MW12D 1,2-dichloropropane 10 U UG/L 3000 N/A
MW10D 1,2-dichloropropane 10 U UG/L 3000 N/A
MW10B 1,2-dichloropropane 10 U UG/L 3000 N/A
MW10D 1,2-dichloropropane 10 U UG/L 3000 N/A
MW13B 1,2-dichloropropane 10 U UG/L 3000 N/A
MW13D 1,2-dichloropropane 10 U UG/L 3000 N/A
MW13S 1,2-dichloropropane 10 U UG/L 3000 N/A
TMW3 1,2-dichloropropane 10 U UG/L 3000 N/A


MW02D 1,2-dichloropropane 4 U UG/L 3000 N/A
MW02M 1,2-dichloropropane 5 U UG/L 3000 N/A
MW02S 1,2-dichloropropane 1 U UG/L 3000 N/A
MW04B 1,2-dichloropropane 1 U UG/L 3000 N/A
MW04D 1,2-dichloropropane 1 U UG/L 3000 N/A
MW04S 1,2-dichloropropane 1 U UG/L 3000 N/A
MW08S 1,2-dichloropropane 1 U UG/L 3000 N/A
MW09S 1,2-dichloropropane 1 U UG/L 3000 N/A
MW10B 1,2-dichloropropane 1 U UG/L 3000 N/A
MW10D 1,2-dichloropropane 1 U UG/L 3000 N/A
MW13B 1,2-dichloropropane 4 U UG/L 3000 N/A
MW13D 1,2-dichloropropane 10 U UG/L 3000 N/A
MW13S 1,2-dichloropropane 1 U UG/L 3000 N/A
MW06S 1,2-dichloropropane 10 U UG/L 3000 N/A
GEC1 1,2-dichloropropane 1 U UG/L 3000 N/A
GEC2 1,2-dichloropropane 1 U UG/L 3000 N/A
GEC4 1,2-dichloropropane 1 U UG/L 3000 N/A
GEC5 1,2-dichloropropane 1 U UG/L 3000 N/A
GEC6 1,2-dichloropropane 1 U UG/L 3000 N/A
GEC7 1,2-dichloropropane 1 U UG/L 3000 N/A


MW06S 1,2-dichloropropane 6 U UG/L 3000 N/A
MW07D 1,2-dichloropropane 1 U UG/L 3000 N/A
MW07S 1,2-dichloropropane 1 U UG/L 3000 N/A
MW11B 1,2-dichloropropane 1 U UG/L 3000 N/A
MW11M 1,2-dichloropropane 1 U UG/L 3000 N/A
MW14M 1,2-dichloropropane 100 U UG/L 3000 N/A
MW15D 1,2-dichloropropane 1 U UG/L 3000 N/A
MW05S 1,2-dichloropropane 1000 U UG/L 3000 N/A
GEC3 1,2-dichloropropane 1 U UG/L 3000 N/A


MW01S 1,2-dichloropropane 1 U UG/L 3000 N/A
MW05S 1,2-dichloropropane 1000 U UG/L 3000 N/A
MW11S 1,2-dichloropropane 1 U UG/L 3000 N/A
MW12B 1,2-dichloropropane 1 U UG/L 3000 N/A
MW12D 1,2-dichloropropane 1 U UG/L 3000 N/A
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Table F-5b. Comparison of Source Area Groundwater Data to Potential ARARs


Potential ARARs


BORING PARAMETER LAB_RESULT QUAL UNITS
RIDEM GB Groundwater 


Objective (UG/L)
Exceed Criteria 


(Y/N)
MW03S 1,2-dichloropropane 1 U UG/L 3000 N/A
MW05S 1,2-DICHLOROPROPANE 1000 U UG/L 3000 N/A
MW05S 1,2-DICHLOROPROPANE 1000 U UG/L 3000 N/A
GEC7 Benzene 1.3 UG/L 140 N
GEC1 Benzene 1 U UG/L 140 N/A
GEC2 Benzene 1 U UG/L 140 N/A
GEC3 Benzene 1 U UG/L 140 N/A
GEC4 Benzene 1 U UG/L 140 N/A
GEC5 Benzene 1 U UG/L 140 N/A
GEC6 Benzene 1 U UG/L 140 N/A


S-1 Benzene 10 U UG/L 140 N/A
S-2 Benzene 1 U UG/L 140 N/A
S-3 Benzene 1 U UG/L 140 N/A
S-4 Benzene 1 U UG/L 140 N/A
S-5 Benzene 1 U UG/L 140 N/A


MW08S Benzene 6 J UG/L 140 N
MW09S Benzene 1 J UG/L 140 N
MW01S Benzene 10 U UG/L 140 N/A
MW01S Benzene 10 U UG/L 140 N/A
MW03S Benzene 10 U UG/L 140 N/A
MW06S Benzene 5 J UG/L 140 N
MW02S Benzene 10 U UG/L 140 N/A
MW07S Benzene 10 U UG/L 140 N/A
MW02S Benzene 1 J UG/L 140 N
MW02D Benzene 10 U UG/L 140 N/A
MW02M Benzene 10 U UG/L 140 N/A
MW04S Benzene 2 J UG/L 140 N
MW04S Benzene 2 J UG/L 140 N
MW04B Benzene 10 U UG/L 140 N/A
MW04D Benzene 10 U UG/L 140 N/A
MW09S Benzene 21 UG/L 140 N
MW06S Benzene 6 J UG/L 140 N
MW08S Benzene 4 J UG/L 140 N
MW05S Benzene 1700 U UG/L 140 N/A
MW07D Benzene 10 U UG/L 140 N/A
MW07S Benzene 10 U UG/L 140 N/A
MW01S Benzene 10 U UG/L 140 N/A
MW01S Benzene 10 U UG/L 140 N/A
MW03S Benzene 10 U UG/L 140 N/A
GEC2 Benzene 10 U UG/L 140 N/A
GEC6 Benzene 10 U UG/L 140 N/A


MW14M Benzene 10 U UG/L 140 N/A
MW15D Benzene 10 U UG/L 140 N/A
MW12B Benzene 10 U UG/L 140 N/A
MW11B Benzene 10 U UG/L 140 N/A
MW11M Benzene 10 U UG/L 140 N/A
MW11S Benzene 10 U UG/L 140 N/A
MW12B Benzene 10 U UG/L 140 N/A
MW12D Benzene 10 U UG/L 140 N/A
MW10D Benzene 10 U UG/L 140 N/A
MW10B Benzene 10 U UG/L 140 N/A
MW10D Benzene 10 U UG/L 140 N/A
MW13B Benzene 10 U UG/L 140 N/A
MW13D Benzene 10 U UG/L 140 N/A
MW13S Benzene 10 U UG/L 140 N/A
TMW3 Benzene 10 U UG/L 140 N/A


MW08S Benzene 10 UG/L 140 N
MW09S Benzene 9.7 UG/L 140 N
MW02D Benzene 4 U UG/L 140 N/A
MW02M Benzene 5 U UG/L 140 N/A
MW02S Benzene 1 U UG/L 140 N/A
MW04B Benzene 1 U UG/L 140 N/A
MW04D Benzene 1 U UG/L 140 N/A
MW04S Benzene 1 U UG/L 140 N/A
MW10B Benzene 1 U UG/L 140 N/A
MW10D Benzene 1 U UG/L 140 N/A
MW13D Benzene 10 U UG/L 140 N/A
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Appendix F


Table F-5b. Comparison of Source Area Groundwater Data to Potential ARARs


Potential ARARs


BORING PARAMETER LAB_RESULT QUAL UNITS
RIDEM GB Groundwater 


Objective (UG/L)
Exceed Criteria 


(Y/N)
MW13S Benzene 1 U UG/L 140 N/A
MW13B Benzene 4 UJ UG/L 140 N/A
MW06S Benzene 11 UG/L 140 N
MW06S Benzene 6.8 J UG/L 140 N
GEC1 Benzene 1 U UG/L 140 N/A
GEC2 Benzene 1 U UG/L 140 N/A
GEC4 Benzene 1 U UG/L 140 N/A
GEC5 Benzene 1 U UG/L 140 N/A
GEC6 Benzene 1 U UG/L 140 N/A
GEC7 Benzene 1 U UG/L 140 N/A


MW07S Benzene 1 U UG/L 140 N/A
MW11B Benzene 1 U UG/L 140 N/A
MW11M Benzene 1 U UG/L 140 N/A
MW15D Benzene 1 U UG/L 140 N/A
MW07D Benzene 1 UJ UG/L 140 N/A
MW14M Benzene 100 UJ UG/L 140 N/A
MW05S Benzene 1000 U UG/L 140 N/A
GEC3 Benzene 1 U UG/L 140 N/A


MW01S Benzene 1 U UG/L 140 N/A
MW11S Benzene 1 U UG/L 140 N/A
MW12B Benzene 1 U UG/L 140 N/A
MW12D Benzene 1 U UG/L 140 N/A
MW05S Benzene 1000 UJ UG/L 140 N/A
MW03S Benzene 1 U UG/L 140 N/A
MW05S BENZENE 1000 UJ UG/L 140 N/A
MW05S BENZENE 1000 UJ UG/L 140 N/A


S-1 Carbon Tetrachloride 20 U UG/L 70 N/A
S-2 Carbon Tetrachloride 2 U UG/L 70 N/A
S-3 Carbon Tetrachloride 2 U UG/L 70 N/A
S-4 Carbon Tetrachloride 2 U UG/L 70 N/A
S-5 Carbon Tetrachloride 2 U UG/L 70 N/A


MW01S Carbon Tetrachloride 10 U UG/L 70 N/A
MW01S Carbon Tetrachloride 10 U UG/L 70 N/A
MW03S Carbon Tetrachloride 10 U UG/L 70 N/A
MW08S Carbon Tetrachloride 10 U UG/L 70 N/A
MW09S Carbon Tetrachloride 10 U UG/L 70 N/A
MW02S Carbon Tetrachloride 10 U UG/L 70 N/A
MW06S Carbon Tetrachloride 10 U UG/L 70 N/A
MW07S Carbon Tetrachloride 10 U UG/L 70 N/A
MW02D Carbon Tetrachloride 10 U UG/L 70 N/A
MW02M Carbon Tetrachloride 10 U UG/L 70 N/A
MW02S Carbon Tetrachloride 10 U UG/L 70 N/A
MW04S Carbon Tetrachloride 10 U UG/L 70 N/A
MW04B Carbon Tetrachloride 10 U UG/L 70 N/A
MW04D Carbon Tetrachloride 10 U UG/L 70 N/A
MW04S Carbon Tetrachloride 10 U UG/L 70 N/A
MW05S Carbon Tetrachloride 1700 U UG/L 70 N/A
MW06S Carbon Tetrachloride 10 U UG/L 70 N/A
MW07D Carbon Tetrachloride 10 U UG/L 70 N/A
MW07S Carbon Tetrachloride 10 U UG/L 70 N/A
MW08S Carbon Tetrachloride 10 U UG/L 70 N/A
MW09S Carbon Tetrachloride 10 U UG/L 70 N/A
MW01S Carbon Tetrachloride 10 U UG/L 70 N/A
MW01S Carbon Tetrachloride 10 U UG/L 70 N/A
MW03S Carbon Tetrachloride 10 U UG/L 70 N/A
GEC2 Carbon Tetrachloride 10 U UG/L 70 N/A
GEC6 Carbon Tetrachloride 10 U UG/L 70 N/A


MW14M Carbon Tetrachloride 10 U UG/L 70 N/A
MW15D Carbon Tetrachloride 10 U UG/L 70 N/A
MW12B Carbon Tetrachloride 10 U UG/L 70 N/A
MW11B Carbon Tetrachloride 10 U UG/L 70 N/A
MW11M Carbon Tetrachloride 10 U UG/L 70 N/A
MW11S Carbon Tetrachloride 10 U UG/L 70 N/A
MW12B Carbon Tetrachloride 10 U UG/L 70 N/A
MW12D Carbon Tetrachloride 10 U UG/L 70 N/A
MW10D Carbon Tetrachloride 10 U UG/L 70 N/A
MW10B Carbon Tetrachloride 10 U UG/L 70 N/A
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Appendix F


Table F-5b. Comparison of Source Area Groundwater Data to Potential ARARs


Potential ARARs


BORING PARAMETER LAB_RESULT QUAL UNITS
RIDEM GB Groundwater 


Objective (UG/L)
Exceed Criteria 


(Y/N)
MW10D Carbon Tetrachloride 10 U UG/L 70 N/A
MW13B Carbon Tetrachloride 10 U UG/L 70 N/A
MW13D Carbon Tetrachloride 10 U UG/L 70 N/A
MW13S Carbon Tetrachloride 10 U UG/L 70 N/A
TMW3 Carbon Tetrachloride 10 U UG/L 70 N/A


MW02D Carbon Tetrachloride 4 U UG/L 70 N/A
MW02M Carbon Tetrachloride 5 U UG/L 70 N/A
MW02S Carbon Tetrachloride 1 U UG/L 70 N/A
MW04B Carbon Tetrachloride 1 U UG/L 70 N/A
MW04D Carbon Tetrachloride 1 U UG/L 70 N/A
MW04S Carbon Tetrachloride 1 U UG/L 70 N/A
MW08S Carbon Tetrachloride 1 U UG/L 70 N/A
MW09S Carbon Tetrachloride 1 U UG/L 70 N/A
MW10B Carbon Tetrachloride 1 U UG/L 70 N/A
MW10D Carbon Tetrachloride 1 U UG/L 70 N/A
MW13B Carbon Tetrachloride 4 U UG/L 70 N/A
MW13D Carbon Tetrachloride 10 U UG/L 70 N/A
MW13S Carbon Tetrachloride 1 U UG/L 70 N/A
MW06S Carbon Tetrachloride 10 U UG/L 70 N/A
GEC1 Carbon Tetrachloride 1 U UG/L 70 N/A
GEC2 Carbon Tetrachloride 1 U UG/L 70 N/A
GEC4 Carbon Tetrachloride 1 U UG/L 70 N/A
GEC5 Carbon Tetrachloride 1 U UG/L 70 N/A
GEC6 Carbon Tetrachloride 1 U UG/L 70 N/A
GEC7 Carbon Tetrachloride 1 U UG/L 70 N/A


MW06S Carbon Tetrachloride 6 U UG/L 70 N/A
MW07D Carbon Tetrachloride 1 U UG/L 70 N/A
MW07S Carbon Tetrachloride 1 U UG/L 70 N/A
MW11B Carbon Tetrachloride 1 U UG/L 70 N/A
MW11M Carbon Tetrachloride 1 U UG/L 70 N/A
MW14M Carbon Tetrachloride 100 U UG/L 70 N/A
MW15D Carbon Tetrachloride 1 U UG/L 70 N/A
MW05S Carbon Tetrachloride 1000 U UG/L 70 N/A
GEC3 Carbon Tetrachloride 1 U UG/L 70 N/A


MW01S Carbon Tetrachloride 1 U UG/L 70 N/A
MW05S Carbon Tetrachloride 1000 U UG/L 70 N/A
MW11S Carbon Tetrachloride 1 U UG/L 70 N/A
MW12B Carbon Tetrachloride 1 U UG/L 70 N/A
MW12D Carbon Tetrachloride 1 U UG/L 70 N/A
MW03S Carbon Tetrachloride 1 U UG/L 70 N/A
MW05S CARBON TETRACHLORIDE 1000 U UG/L 70 N/A
MW05S CARBON TETRACHLORIDE 1000 U UG/L 70 N/A


S-1 Chlorobenzene 40 U UG/L 3200 N/A
S-2 Chlorobenzene 4 U UG/L 3200 N/A
S-3 Chlorobenzene 4 U UG/L 3200 N/A
S-4 Chlorobenzene 4 U UG/L 3200 N/A
S-5 Chlorobenzene 4 U UG/L 3200 N/A


MW08S Chlorobenzene 10 UG/L 3200 N
MW09S Chlorobenzene 1 J UG/L 3200 N
MW01S Chlorobenzene 10 U UG/L 3200 N/A
MW01S Chlorobenzene 10 U UG/L 3200 N/A
MW03S Chlorobenzene 10 U UG/L 3200 N/A
MW06S Chlorobenzene 100 UG/L 3200 N
MW02S Chlorobenzene 10 U UG/L 3200 N/A
MW07S Chlorobenzene 10 U UG/L 3200 N/A
MW02S Chlorobenzene 1 J UG/L 3200 N
MW02D Chlorobenzene 10 U UG/L 3200 N/A
MW02M Chlorobenzene 10 U UG/L 3200 N/A
MW04S Chlorobenzene 5 J UG/L 3200 N
MW04S Chlorobenzene 5 J UG/L 3200 N
MW04B Chlorobenzene 10 U UG/L 3200 N/A
MW04D Chlorobenzene 10 U UG/L 3200 N/A
MW06S Chlorobenzene 58 UG/L 3200 N
MW08S Chlorobenzene 40 UG/L 3200 N
MW05S Chlorobenzene 1700 U UG/L 3200 N/A
MW07D Chlorobenzene 10 U UG/L 3200 N/A
MW07S Chlorobenzene 10 U UG/L 3200 N/A
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Appendix F


Table F-5b. Comparison of Source Area Groundwater Data to Potential ARARs


Potential ARARs


BORING PARAMETER LAB_RESULT QUAL UNITS
RIDEM GB Groundwater 


Objective (UG/L)
Exceed Criteria 


(Y/N)
MW09S Chlorobenzene 10 U UG/L 3200 N/A
MW01S Chlorobenzene 10 U UG/L 3200 N/A
MW01S Chlorobenzene 10 U UG/L 3200 N/A
MW03S Chlorobenzene 10 U UG/L 3200 N/A
GEC2 Chlorobenzene 10 U UG/L 3200 N/A
GEC6 Chlorobenzene 10 U UG/L 3200 N/A


MW14M Chlorobenzene 10 U UG/L 3200 N/A
MW15D Chlorobenzene 10 U UG/L 3200 N/A
MW12B Chlorobenzene 10 U UG/L 3200 N/A
MW11B Chlorobenzene 10 U UG/L 3200 N/A
MW11M Chlorobenzene 10 U UG/L 3200 N/A
MW11S Chlorobenzene 10 U UG/L 3200 N/A
MW12B Chlorobenzene 10 U UG/L 3200 N/A
MW12D Chlorobenzene 10 U UG/L 3200 N/A
MW10D Chlorobenzene 10 U UG/L 3200 N/A
MW10B Chlorobenzene 10 U UG/L 3200 N/A
MW10D Chlorobenzene 10 U UG/L 3200 N/A
MW13B Chlorobenzene 10 U UG/L 3200 N/A
MW13D Chlorobenzene 10 U UG/L 3200 N/A
MW13S Chlorobenzene 10 U UG/L 3200 N/A
TMW3 Chlorobenzene 10 U UG/L 3200 N/A


MW02S Chlorobenzene 2.1 UG/L 3200 N
MW04S Chlorobenzene 2.1 UG/L 3200 N
MW08S Chlorobenzene 23 UG/L 3200 N
MW09S Chlorobenzene 3.4 UG/L 3200 N
MW02D Chlorobenzene 4 U UG/L 3200 N/A
MW02M Chlorobenzene 5 U UG/L 3200 N/A
MW04B Chlorobenzene 1 U UG/L 3200 N/A
MW04D Chlorobenzene 1 U UG/L 3200 N/A
MW10B Chlorobenzene 1 U UG/L 3200 N/A
MW10D Chlorobenzene 1 U UG/L 3200 N/A
MW13B Chlorobenzene 4 U UG/L 3200 N/A
MW13D Chlorobenzene 10 U UG/L 3200 N/A
MW13S Chlorobenzene 1 U UG/L 3200 N/A
MW06S Chlorobenzene 190 UG/L 3200 N
GEC6 Chlorobenzene 1.5 UG/L 3200 N


MW06S Chlorobenzene 160 UG/L 3200 N
GEC7 Chlorobenzene 0.31 J UG/L 3200 N
GEC1 Chlorobenzene 1 U UG/L 3200 N/A
GEC2 Chlorobenzene 1 U UG/L 3200 N/A
GEC4 Chlorobenzene 1 U UG/L 3200 N/A
GEC5 Chlorobenzene 1 U UG/L 3200 N/A


MW07D Chlorobenzene 1 U UG/L 3200 N/A
MW07S Chlorobenzene 1 U UG/L 3200 N/A
MW11B Chlorobenzene 1 U UG/L 3200 N/A
MW11M Chlorobenzene 1 U UG/L 3200 N/A
MW14M Chlorobenzene 100 U UG/L 3200 N/A
MW15D Chlorobenzene 1 U UG/L 3200 N/A
MW05S Chlorobenzene 1000 U UG/L 3200 N/A
GEC3 Chlorobenzene 1 U UG/L 3200 N/A


MW01S Chlorobenzene 1 U UG/L 3200 N/A
MW05S Chlorobenzene 1000 U UG/L 3200 N/A
MW11S Chlorobenzene 1 U UG/L 3200 N/A
MW12B Chlorobenzene 1 U UG/L 3200 N/A
MW12D Chlorobenzene 1 U UG/L 3200 N/A
MW03S Chlorobenzene 1 U UG/L 3200 N/A
MW05S CHLOROBENZENE 1000 U UG/L 3200 N/A
MW05S CHLOROBENZENE 1000 U UG/L 3200 N/A
GEC1 Cis-1,2-dichloroethene 1 U UG/L 2400 N/A
GEC2 Cis-1,2-dichloroethene 1 U UG/L 2400 N/A
GEC3 Cis-1,2-dichloroethene 1 U UG/L 2400 N/A
GEC4 Cis-1,2-dichloroethene 1 U UG/L 2400 N/A
GEC5 Cis-1,2-dichloroethene 38 U UG/L 2400 N/A
GEC6 Cis-1,2-dichloroethene 10 U UG/L 2400 N/A
GEC7 Cis-1,2-dichloroethene 5.6 U UG/L 2400 N/A


S-1 Cis-1,2-dichloroethene 50 U UG/L 2400 N/A
S-2 Cis-1,2-dichloroethene 5 U UG/L 2400 N/A
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Appendix F


Table F-5b. Comparison of Source Area Groundwater Data to Potential ARARs


Potential ARARs


BORING PARAMETER LAB_RESULT QUAL UNITS
RIDEM GB Groundwater 


Objective (UG/L)
Exceed Criteria 


(Y/N)
S-3 Cis-1,2-dichloroethene 5 U UG/L 2400 N/A
S-4 Cis-1,2-dichloroethene 5 U UG/L 2400 N/A
S-5 Cis-1,2-dichloroethene 5 U UG/L 2400 N/A


MW09S Cis-1,2-dichloroethene 2 J UG/L 2400 N
MW01S Cis-1,2-dichloroethene 10 U UG/L 2400 N/A
MW01S Cis-1,2-dichloroethene 10 U UG/L 2400 N/A
MW03S Cis-1,2-dichloroethene 10 U UG/L 2400 N/A
MW08S Cis-1,2-dichloroethene 10 U UG/L 2400 N/A
MW06S Cis-1,2-dichloroethene 4 J UG/L 2400 N
MW02S Cis-1,2-dichloroethene 10 U UG/L 2400 N/A
MW07S Cis-1,2-dichloroethene 10 U UG/L 2400 N/A
MW02D Cis-1,2-dichloroethene 2 J UG/L 2400 N
MW02M Cis-1,2-dichloroethene 10 U UG/L 2400 N/A
MW02S Cis-1,2-dichloroethene 10 U UG/L 2400 N/A
MW04S Cis-1,2-dichloroethene 7 J UG/L 2400 N
MW04S Cis-1,2-dichloroethene 7 J UG/L 2400 N
MW04B Cis-1,2-dichloroethene 10 U UG/L 2400 N/A
MW04D Cis-1,2-dichloroethene 10 U UG/L 2400 N/A
MW09S Cis-1,2-dichloroethene 12 UG/L 2400 N
MW05S Cis-1,2-dichloroethene 1200 J UG/L 2400 N
MW06S Cis-1,2-dichloroethene 4 J UG/L 2400 N
MW07D Cis-1,2-dichloroethene 10 U UG/L 2400 N/A
MW07S Cis-1,2-dichloroethene 10 U UG/L 2400 N/A
MW08S Cis-1,2-dichloroethene 10 U UG/L 2400 N/A
MW01S Cis-1,2-dichloroethene 10 U UG/L 2400 N/A
MW01S Cis-1,2-dichloroethene 10 UJ UG/L 2400 N/A
MW03S Cis-1,2-dichloroethene 10 UJ UG/L 2400 N/A
GEC6 Cis-1,2-dichloroethene 18 UG/L 2400 N
GEC2 Cis-1,2-dichloroethene 10 U UG/L 2400 N/A


MW14M Cis-1,2-dichloroethene 10 U UG/L 2400 N/A
MW15D Cis-1,2-dichloroethene 10 U UG/L 2400 N/A
MW12B Cis-1,2-dichloroethene 10 U UG/L 2400 N/A
MW11B Cis-1,2-dichloroethene 10 U UG/L 2400 N/A
MW11M Cis-1,2-dichloroethene 10 U UG/L 2400 N/A
MW11S Cis-1,2-dichloroethene 10 U UG/L 2400 N/A
MW12B Cis-1,2-dichloroethene 10 U UG/L 2400 N/A
MW12D Cis-1,2-dichloroethene 10 U UG/L 2400 N/A
MW10D Cis-1,2-dichloroethene 10 U UG/L 2400 N/A
MW10B Cis-1,2-dichloroethene 10 U UG/L 2400 N/A
MW10D Cis-1,2-dichloroethene 10 U UG/L 2400 N/A
MW13B Cis-1,2-dichloroethene 10 U UG/L 2400 N/A
MW13D Cis-1,2-dichloroethene 10 U UG/L 2400 N/A
MW13S Cis-1,2-dichloroethene 10 U UG/L 2400 N/A
TMW3 Cis-1,2-dichloroethene 10 U UG/L 2400 N/A


MW02D Cis-1,2-dichloroethene 12 UG/L 2400 N
MW04S Cis-1,2-dichloroethene 5.9 UG/L 2400 N
MW08S Cis-1,2-dichloroethene 8.5 UG/L 2400 N
MW09S Cis-1,2-dichloroethene 14 UG/L 2400 N
MW02M Cis-1,2-dichloroethene 5 U UG/L 2400 N/A
MW02S Cis-1,2-dichloroethene 1 U UG/L 2400 N/A
MW04B Cis-1,2-dichloroethene 1 U UG/L 2400 N/A
MW04D Cis-1,2-dichloroethene 1 U UG/L 2400 N/A
MW10B Cis-1,2-dichloroethene 1 U UG/L 2400 N/A
MW10D Cis-1,2-dichloroethene 1 U UG/L 2400 N/A
MW13B Cis-1,2-dichloroethene 4 U UG/L 2400 N/A
MW13D Cis-1,2-dichloroethene 10 U UG/L 2400 N/A
MW13S Cis-1,2-dichloroethene 1 U UG/L 2400 N/A
GEC4 Cis-1,2-dichloroethene 2.8 UG/L 2400 N
GEC5 Cis-1,2-dichloroethene 21 UG/L 2400 N
GEC6 Cis-1,2-dichloroethene 5.6 UG/L 2400 N
GEC7 Cis-1,2-dichloroethene 0.48 J UG/L 2400 N


MW06S Cis-1,2-dichloroethene 2.8 J UG/L 2400 N
MW06S Cis-1,2-dichloroethene 10 U UG/L 2400 N/A
GEC1 Cis-1,2-dichloroethene 1 U UG/L 2400 N/A
GEC2 Cis-1,2-dichloroethene 1 U UG/L 2400 N/A


MW07D Cis-1,2-dichloroethene 1 U UG/L 2400 N/A
MW07S Cis-1,2-dichloroethene 1 U UG/L 2400 N/A
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Table F-5b. Comparison of Source Area Groundwater Data to Potential ARARs


Potential ARARs


BORING PARAMETER LAB_RESULT QUAL UNITS
RIDEM GB Groundwater 


Objective (UG/L)
Exceed Criteria 


(Y/N)
MW11B Cis-1,2-dichloroethene 1 U UG/L 2400 N/A
MW11M Cis-1,2-dichloroethene 1 U UG/L 2400 N/A
MW14M Cis-1,2-dichloroethene 100 U UG/L 2400 N/A
MW15D Cis-1,2-dichloroethene 1 U UG/L 2400 N/A
MW05S Cis-1,2-dichloroethene 520 J UG/L 2400 N
MW05S Cis-1,2-dichloroethene 1600 J UG/L 2400 N
GEC3 Cis-1,2-dichloroethene 1 U UG/L 2400 N/A


MW01S Cis-1,2-dichloroethene 1 U UG/L 2400 N/A
MW11S Cis-1,2-dichloroethene 1 U UG/L 2400 N/A
MW12B Cis-1,2-dichloroethene 1 U UG/L 2400 N/A
MW12D Cis-1,2-dichloroethene 1 U UG/L 2400 N/A
MW03S Cis-1,2-dichloroethene 1 U UG/L 2400 N/A
MW05S CIS-1,2-DICHLOROETHENE 1200 UG/L 2400 N
MW05S CIS-1,2-DICHLOROETHENE 1000 UG/L 2400 N


S-1 Ethylbenzene 370 UG/L 1600 N
S-2 Ethylbenzene 5 U UG/L 1600 N/A
S-3 Ethylbenzene 5 U UG/L 1600 N/A
S-4 Ethylbenzene 5 U UG/L 1600 N/A
S-5 Ethylbenzene 5 U UG/L 1600 N/A


MW08S Ethylbenzene 1 J UG/L 1600 N
MW01S Ethylbenzene 10 U UG/L 1600 N/A
MW01S Ethylbenzene 10 U UG/L 1600 N/A
MW03S Ethylbenzene 10 U UG/L 1600 N/A
MW09S Ethylbenzene 10 U UG/L 1600 N/A
MW06S Ethylbenzene 7 J UG/L 1600 N
MW02S Ethylbenzene 10 U UG/L 1600 N/A
MW07S Ethylbenzene 10 U UG/L 1600 N/A
MW02D Ethylbenzene 10 U UG/L 1600 N/A
MW02M Ethylbenzene 10 U UG/L 1600 N/A
MW02S Ethylbenzene 10 U UG/L 1600 N/A
MW04S Ethylbenzene 10 U UG/L 1600 N/A
MW04B Ethylbenzene 10 U UG/L 1600 N/A
MW04D Ethylbenzene 10 U UG/L 1600 N/A
MW04S Ethylbenzene 10 U UG/L 1600 N/A
MW05S Ethylbenzene 1700 U UG/L 1600 N/A
MW06S Ethylbenzene 10 U UG/L 1600 N/A
MW07D Ethylbenzene 10 U UG/L 1600 N/A
MW07S Ethylbenzene 10 U UG/L 1600 N/A
MW08S Ethylbenzene 10 U UG/L 1600 N/A
MW09S Ethylbenzene 10 U UG/L 1600 N/A
MW01S Ethylbenzene 10 U UG/L 1600 N/A
MW01S Ethylbenzene 10 U UG/L 1600 N/A
MW03S Ethylbenzene 10 U UG/L 1600 N/A
GEC2 Ethylbenzene 10 U UG/L 1600 N/A
GEC6 Ethylbenzene 10 U UG/L 1600 N/A


MW14M Ethylbenzene 10 U UG/L 1600 N/A
MW15D Ethylbenzene 10 U UG/L 1600 N/A
MW12B Ethylbenzene 10 U UG/L 1600 N/A
MW11B Ethylbenzene 10 U UG/L 1600 N/A
MW11M Ethylbenzene 10 U UG/L 1600 N/A
MW11S Ethylbenzene 10 U UG/L 1600 N/A
MW12B Ethylbenzene 10 U UG/L 1600 N/A
MW12D Ethylbenzene 10 U UG/L 1600 N/A
MW10D Ethylbenzene 10 U UG/L 1600 N/A
MW10B Ethylbenzene 10 U UG/L 1600 N/A
MW10D Ethylbenzene 10 U UG/L 1600 N/A
MW13B Ethylbenzene 10 U UG/L 1600 N/A
MW13D Ethylbenzene 10 U UG/L 1600 N/A
MW13S Ethylbenzene 10 U UG/L 1600 N/A
TMW3 Ethylbenzene 10 U UG/L 1600 N/A


MW08S Ethylbenzene 2.4 UG/L 1600 N
MW02D Ethylbenzene 4 U UG/L 1600 N/A
MW02M Ethylbenzene 5 U UG/L 1600 N/A
MW02S Ethylbenzene 1 U UG/L 1600 N/A
MW04B Ethylbenzene 1 U UG/L 1600 N/A
MW04D Ethylbenzene 1 U UG/L 1600 N/A
MW04S Ethylbenzene 1 U UG/L 1600 N/A
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Appendix F


Table F-5b. Comparison of Source Area Groundwater Data to Potential ARARs


Potential ARARs


BORING PARAMETER LAB_RESULT QUAL UNITS
RIDEM GB Groundwater 


Objective (UG/L)
Exceed Criteria 


(Y/N)
MW09S Ethylbenzene 1 U UG/L 1600 N/A
MW10B Ethylbenzene 1 U UG/L 1600 N/A
MW10D Ethylbenzene 1 U UG/L 1600 N/A
MW13B Ethylbenzene 4 U UG/L 1600 N/A
MW13D Ethylbenzene 10 U UG/L 1600 N/A
MW13S Ethylbenzene 1 U UG/L 1600 N/A
MW06S Ethylbenzene 2.7 J UG/L 1600 N
MW06S Ethylbenzene 1.2 J UG/L 1600 N
GEC1 Ethylbenzene 1 U UG/L 1600 N/A
GEC2 Ethylbenzene 1 U UG/L 1600 N/A
GEC4 Ethylbenzene 1 U UG/L 1600 N/A
GEC5 Ethylbenzene 1 U UG/L 1600 N/A
GEC6 Ethylbenzene 1 U UG/L 1600 N/A
GEC7 Ethylbenzene 1 U UG/L 1600 N/A


MW07D Ethylbenzene 1 U UG/L 1600 N/A
MW07S Ethylbenzene 1 U UG/L 1600 N/A
MW11B Ethylbenzene 1 U UG/L 1600 N/A
MW11M Ethylbenzene 1 U UG/L 1600 N/A
MW14M Ethylbenzene 100 U UG/L 1600 N/A
MW15D Ethylbenzene 1 U UG/L 1600 N/A
MW05S Ethylbenzene 1000 U UG/L 1600 N/A
GEC3 Ethylbenzene 1 U UG/L 1600 N/A


MW01S Ethylbenzene 1 U UG/L 1600 N/A
MW05S Ethylbenzene 1000 U UG/L 1600 N/A
MW11S Ethylbenzene 1 U UG/L 1600 N/A
MW12B Ethylbenzene 1 U UG/L 1600 N/A
MW12D Ethylbenzene 1 U UG/L 1600 N/A
MW03S Ethylbenzene 1 U UG/L 1600 N/A
MW05S ETHYLBENZENE 1000 U UG/L 1600 N/A
MW05S ETHYLBENZENE 1000 U UG/L 1600 N/A


S-3 Methyl Tert-butyl Ether 7.1 UG/L 5000 N
S-5 Methyl Tert-butyl Ether 5.9 UG/L 5000 N
S-1 Methyl Tert-butyl Ether 50 U UG/L 5000 N/A
S-2 Methyl Tert-butyl Ether 5 U UG/L 5000 N/A
S-4 Methyl Tert-butyl Ether 5 U UG/L 5000 N/A


MW03S Methyl Tert-butyl Ether 11 UG/L 5000 N
MW01S Methyl Tert-butyl Ether 10 U UG/L 5000 N/A
MW01S Methyl Tert-butyl Ether 10 U UG/L 5000 N/A
MW08S Methyl Tert-butyl Ether 10 U UG/L 5000 N/A
MW09S Methyl Tert-butyl Ether 10 U UG/L 5000 N/A
MW02S Methyl Tert-butyl Ether 10 U UG/L 5000 N/A
MW06S Methyl Tert-butyl Ether 10 U UG/L 5000 N/A
MW07S Methyl Tert-butyl Ether 10 U UG/L 5000 N/A
MW02D Methyl Tert-butyl Ether 4 J UG/L 5000 N
MW02M Methyl Tert-butyl Ether 3 J UG/L 5000 N
MW02S Methyl Tert-butyl Ether 10 U UG/L 5000 N/A
MW04S Methyl Tert-butyl Ether 2 J UG/L 5000 N
MW04B Methyl Tert-butyl Ether 4 J UG/L 5000 N
MW04D Methyl Tert-butyl Ether 4 J UG/L 5000 N
MW04S Methyl Tert-butyl Ether 2 J UG/L 5000 N
MW07S Methyl Tert-butyl Ether 1 J UG/L 5000 N
MW05S Methyl Tert-butyl Ether 1700 U UG/L 5000 N/A
MW06S Methyl Tert-butyl Ether 10 U UG/L 5000 N/A
MW07D Methyl Tert-butyl Ether 10 U UG/L 5000 N/A
MW08S Methyl Tert-butyl Ether 10 U UG/L 5000 N/A
MW09S Methyl Tert-butyl Ether 10 U UG/L 5000 N/A
MW01S Methyl Tert-butyl Ether 10 U UG/L 5000 N/A
MW01S Methyl Tert-butyl Ether 10 UJ UG/L 5000 N/A
MW03S Methyl Tert-butyl Ether 10 UJ UG/L 5000 N/A
GEC2 Methyl Tert-butyl Ether 10 U UG/L 5000 N/A
GEC6 Methyl Tert-butyl Ether 10 U UG/L 5000 N/A


MW14M Methyl Tert-butyl Ether 10 U UG/L 5000 N/A
MW15D Methyl Tert-butyl Ether 10 U UG/L 5000 N/A
MW12B Methyl Tert-butyl Ether 10 U UG/L 5000 N/A
MW11B Methyl Tert-butyl Ether 10 U UG/L 5000 N/A
MW11M Methyl Tert-butyl Ether 10 U UG/L 5000 N/A
MW11S Methyl Tert-butyl Ether 10 U UG/L 5000 N/A
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Appendix F


Table F-5b. Comparison of Source Area Groundwater Data to Potential ARARs


Potential ARARs


BORING PARAMETER LAB_RESULT QUAL UNITS
RIDEM GB Groundwater 


Objective (UG/L)
Exceed Criteria 


(Y/N)
MW12B Methyl Tert-butyl Ether 10 U UG/L 5000 N/A
MW12D Methyl Tert-butyl Ether 10 U UG/L 5000 N/A
MW10D Methyl Tert-butyl Ether 10 U UG/L 5000 N/A
MW10B Methyl Tert-butyl Ether 10 U UG/L 5000 N/A
MW10D Methyl Tert-butyl Ether 10 U UG/L 5000 N/A
MW13B Methyl Tert-butyl Ether 10 U UG/L 5000 N/A
MW13D Methyl Tert-butyl Ether 10 U UG/L 5000 N/A
MW13S Methyl Tert-butyl Ether 10 U UG/L 5000 N/A
TMW3 Methyl Tert-butyl Ether 10 U UG/L 5000 N/A


S-1 Styrene 50 U UG/L 2200 N/A
S-2 Styrene 5 U UG/L 2200 N/A
S-3 Styrene 5 U UG/L 2200 N/A
S-4 Styrene 5 U UG/L 2200 N/A
S-5 Styrene 5 U UG/L 2200 N/A


MW01S Styrene 10 U UG/L 2200 N/A
MW01S Styrene 10 U UG/L 2200 N/A
MW03S Styrene 10 U UG/L 2200 N/A
MW08S Styrene 10 U UG/L 2200 N/A
MW09S Styrene 10 U UG/L 2200 N/A
MW02S Styrene 10 U UG/L 2200 N/A
MW06S Styrene 10 U UG/L 2200 N/A
MW07S Styrene 10 U UG/L 2200 N/A
MW02D Styrene 10 U UG/L 2200 N/A
MW02M Styrene 10 U UG/L 2200 N/A
MW02S Styrene 10 U UG/L 2200 N/A
MW04S Styrene 10 U UG/L 2200 N/A
MW04B Styrene 10 U UG/L 2200 N/A
MW04D Styrene 10 U UG/L 2200 N/A
MW04S Styrene 10 U UG/L 2200 N/A
MW05S Styrene 1700 U UG/L 2200 N/A
MW06S Styrene 10 U UG/L 2200 N/A
MW07D Styrene 10 U UG/L 2200 N/A
MW07S Styrene 10 U UG/L 2200 N/A
MW08S Styrene 10 U UG/L 2200 N/A
MW09S Styrene 10 U UG/L 2200 N/A
MW01S Styrene 10 U UG/L 2200 N/A
MW01S Styrene 10 U UG/L 2200 N/A
MW03S Styrene 10 U UG/L 2200 N/A
GEC2 Styrene 10 U UG/L 2200 N/A
GEC6 Styrene 10 U UG/L 2200 N/A


MW14M Styrene 10 U UG/L 2200 N/A
MW15D Styrene 10 U UG/L 2200 N/A
MW12B Styrene 10 U UG/L 2200 N/A
MW11B Styrene 10 U UG/L 2200 N/A
MW11M Styrene 10 U UG/L 2200 N/A
MW11S Styrene 10 U UG/L 2200 N/A
MW12B Styrene 10 U UG/L 2200 N/A
MW12D Styrene 10 U UG/L 2200 N/A
MW10D Styrene 10 U UG/L 2200 N/A
MW10B Styrene 10 U UG/L 2200 N/A
MW10D Styrene 10 U UG/L 2200 N/A
MW13B Styrene 10 U UG/L 2200 N/A
MW13D Styrene 10 U UG/L 2200 N/A
MW13S Styrene 10 U UG/L 2200 N/A
TMW3 Styrene 10 U UG/L 2200 N/A


MW02D Styrene 4 U UG/L 2200 N/A
MW02M Styrene 5 U UG/L 2200 N/A
MW02S Styrene 1 U UG/L 2200 N/A
MW04B Styrene 1 U UG/L 2200 N/A
MW04D Styrene 1 U UG/L 2200 N/A
MW04S Styrene 1 U UG/L 2200 N/A
MW08S Styrene 1 U UG/L 2200 N/A
MW09S Styrene 1 U UG/L 2200 N/A
MW10B Styrene 1 U UG/L 2200 N/A
MW10D Styrene 1 U UG/L 2200 N/A
MW13B Styrene 4 U UG/L 2200 N/A
MW13D Styrene 10 U UG/L 2200 N/A
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Appendix F


Table F-5b. Comparison of Source Area Groundwater Data to Potential ARARs


Potential ARARs


BORING PARAMETER LAB_RESULT QUAL UNITS
RIDEM GB Groundwater 


Objective (UG/L)
Exceed Criteria 


(Y/N)
MW13S Styrene 1 U UG/L 2200 N/A
MW06S Styrene 10 U UG/L 2200 N/A
GEC1 Styrene 1 U UG/L 2200 N/A
GEC2 Styrene 1 U UG/L 2200 N/A
GEC4 Styrene 1 U UG/L 2200 N/A
GEC5 Styrene 1 U UG/L 2200 N/A
GEC6 Styrene 1 U UG/L 2200 N/A
GEC7 Styrene 1 U UG/L 2200 N/A


MW06S Styrene 6 U UG/L 2200 N/A
MW07D Styrene 1 U UG/L 2200 N/A
MW07S Styrene 1 U UG/L 2200 N/A
MW11B Styrene 1 U UG/L 2200 N/A
MW11M Styrene 1 U UG/L 2200 N/A
MW14M Styrene 100 U UG/L 2200 N/A
MW15D Styrene 1 U UG/L 2200 N/A
MW05S Styrene 1000 U UG/L 2200 N/A
GEC3 Styrene 1 U UG/L 2200 N/A


MW01S Styrene 1 U UG/L 2200 N/A
MW05S Styrene 1000 U UG/L 2200 N/A
MW11S Styrene 1 U UG/L 2200 N/A
MW12B Styrene 1 U UG/L 2200 N/A
MW12D Styrene 1 U UG/L 2200 N/A
MW03S Styrene 1 U UG/L 2200 N/A
MW05S STYRENE 1000 U UG/L 2200 N/A
MW05S STYRENE 1000 U UG/L 2200 N/A
GEC5 Tetrachloroethene 2.2 UG/L 150 N
GEC6 Tetrachloroethene 150 UG/L 150 N
GEC7 Tetrachloroethene 11 UG/L 150 N
GEC1 Tetrachloroethene 1.5 U UG/L 150 N/A
GEC2 Tetrachloroethene 1.5 U UG/L 150 N/A
GEC3 Tetrachloroethene 1.5 U UG/L 150 N/A
GEC4 Tetrachloroethene 1.5 U UG/L 150 N/A


S-5 Tetrachloroethene 1.3 UG/L 150 N
S-1 Tetrachloroethene 10 U UG/L 150 N/A
S-2 Tetrachloroethene 1 U UG/L 150 N/A
S-3 Tetrachloroethene 1 U UG/L 150 N/A
S-4 Tetrachloroethene 1 U UG/L 150 N/A


MW09S Tetrachloroethene 2 J UG/L 150 N
MW01S Tetrachloroethene 10 U UG/L 150 N/A
MW01S Tetrachloroethene 10 U UG/L 150 N/A
MW03S Tetrachloroethene 10 U UG/L 150 N/A
MW08S Tetrachloroethene 10 U UG/L 150 N/A
MW02S Tetrachloroethene 10 U UG/L 150 N/A
MW06S Tetrachloroethene 10 U UG/L 150 N/A
MW07S Tetrachloroethene 10 U UG/L 150 N/A
MW02M Tetrachloroethene 110 UG/L 150 N
MW02D Tetrachloroethene 700 * UG/L 150 Y
MW02S Tetrachloroethene 10 U UG/L 150 N/A
MW04B Tetrachloroethene 63 UG/L 150 N
MW04D Tetrachloroethene 64 UG/L 150 N
MW04S Tetrachloroethene 17 U UG/L 150 N/A
MW04S Tetrachloroethene 17 U UG/L 150 N/A
MW05S Tetrachloroethene 61000 * UG/L 150 Y
MW06S Tetrachloroethene 10 U UG/L 150 N/A
MW07D Tetrachloroethene 10 U UG/L 150 N/A
MW07S Tetrachloroethene 10 U UG/L 150 N/A
MW08S Tetrachloroethene 16 U UG/L 150 N/A
MW09S Tetrachloroethene 21 U UG/L 150 N/A
MW01S Tetrachloroethene 10 U UG/L 150 N/A
MW01S Tetrachloroethene 10 U UG/L 150 N/A
MW03S Tetrachloroethene 10 U UG/L 150 N/A
GEC6 Tetrachloroethene 200 * UG/L 150 Y
GEC2 Tetrachloroethene 10 U UG/L 150 N/A


MW14M Tetrachloroethene 10 U UG/L 150 N/A
MW15D Tetrachloroethene 10 U UG/L 150 N/A
MW12D Tetrachloroethene 18 UG/L 150 N
MW12B Tetrachloroethene 10 U UG/L 150 N/A
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Table F-5b. Comparison of Source Area Groundwater Data to Potential ARARs


Potential ARARs


BORING PARAMETER LAB_RESULT QUAL UNITS
RIDEM GB Groundwater 


Objective (UG/L)
Exceed Criteria 


(Y/N)
MW11B Tetrachloroethene 10 U UG/L 150 N/A
MW11M Tetrachloroethene 10 U UG/L 150 N/A
MW11S Tetrachloroethene 10 U UG/L 150 N/A
MW12B Tetrachloroethene 10 U UG/L 150 N/A
MW13B Tetrachloroethene 220 * UG/L 150 Y
MW13D Tetrachloroethene 340 * UG/L 150 Y
MW10D Tetrachloroethene 10 U UG/L 150 N/A
MW10B Tetrachloroethene 10 U UG/L 150 N/A
MW10D Tetrachloroethene 10 U UG/L 150 N/A
MW13S Tetrachloroethene 10 U UG/L 150 N/A
TMW3 Tetrachloroethene 10 U UG/L 150 N/A


MW02D Tetrachloroethene 73 UG/L 150 N
MW02M Tetrachloroethene 110 UG/L 150 N
MW04B Tetrachloroethene 17 UG/L 150 N
MW04D Tetrachloroethene 27 UG/L 150 N
MW04S Tetrachloroethene 4.4 UG/L 150 N
MW09S Tetrachloroethene 3.3 UG/L 150 N
MW13B Tetrachloroethene 96 UG/L 150 N
MW13D Tetrachloroethene 220 UG/L 150 Y
MW13S Tetrachloroethene 7.7 UG/L 150 N
MW10B Tetrachloroethene 0.25 J UG/L 150 N
MW10D Tetrachloroethene 0.39 J UG/L 150 N
MW02S Tetrachloroethene 1 U UG/L 150 N/A
MW08S Tetrachloroethene 1 U UG/L 150 N/A
GEC6 Tetrachloroethene 11 UG/L 150 N


MW07D Tetrachloroethene 10 UG/L 150 N
MW14M Tetrachloroethene 1900 UG/L 150 Y
GEC5 Tetrachloroethene 0.86 J UG/L 150 N
GEC7 Tetrachloroethene 0.21 J UG/L 150 N


MW06S Tetrachloroethene 10 U UG/L 150 N/A
GEC1 Tetrachloroethene 1 U UG/L 150 N/A
GEC2 Tetrachloroethene 1 U UG/L 150 N/A
GEC4 Tetrachloroethene 1 U UG/L 150 N/A


MW06S Tetrachloroethene 6 U UG/L 150 N/A
MW07S Tetrachloroethene 1 U UG/L 150 N/A
MW11B Tetrachloroethene 1 U UG/L 150 N/A
MW11M Tetrachloroethene 1 U UG/L 150 N/A
MW15D Tetrachloroethene 1 U UG/L 150 N/A
MW05S Tetrachloroethene 37000 UG/L 150 Y
MW05S Tetrachloroethene 28000 UG/L 150 Y
MW12B Tetrachloroethene 0.89 J UG/L 150 N
MW12D Tetrachloroethene 0.64 J UG/L 150 N
GEC3 Tetrachloroethene 1 U UG/L 150 N/A


MW01S Tetrachloroethene 1 U UG/L 150 N/A
MW11S Tetrachloroethene 1 U UG/L 150 N/A
MW03S Tetrachloroethene 1 U UG/L 150 N/A
MW05S TETRACHLOROETHENE 22000 UG/L 150 Y
MW05S TETRACHLOROETHENE 17000 UG/L 150 Y


S-1 Toluene 50 U UG/L 1700 N/A
S-2 Toluene 5 U UG/L 1700 N/A
S-3 Toluene 5 U UG/L 1700 N/A
S-4 Toluene 5 U UG/L 1700 N/A
S-5 Toluene 5 U UG/L 1700 N/A


MW08S Toluene 1 J UG/L 1700 N
MW01S Toluene 10 U UG/L 1700 N/A
MW01S Toluene 10 U UG/L 1700 N/A
MW03S Toluene 10 U UG/L 1700 N/A
MW09S Toluene 10 U UG/L 1700 N/A
MW06S Toluene 5 J UG/L 1700 N
MW07S Toluene 5 J UG/L 1700 N
MW02S Toluene 10 U UG/L 1700 N/A
MW02D Toluene 10 U UG/L 1700 N/A
MW02M Toluene 10 U UG/L 1700 N/A
MW02S Toluene 10 U UG/L 1700 N/A
MW04S Toluene 10 U UG/L 1700 N/A
MW04B Toluene 10 U UG/L 1700 N/A
MW04D Toluene 10 U UG/L 1700 N/A
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Table F-5b. Comparison of Source Area Groundwater Data to Potential ARARs


Potential ARARs


BORING PARAMETER LAB_RESULT QUAL UNITS
RIDEM GB Groundwater 


Objective (UG/L)
Exceed Criteria 


(Y/N)
MW04S Toluene 10 U UG/L 1700 N/A
MW05S Toluene 1700 U UG/L 1700 N/A
MW06S Toluene 10 U UG/L 1700 N/A
MW07D Toluene 10 U UG/L 1700 N/A
MW07S Toluene 10 U UG/L 1700 N/A
MW08S Toluene 10 U UG/L 1700 N/A
MW09S Toluene 10 U UG/L 1700 N/A
MW01S Toluene 10 U UG/L 1700 N/A
MW01S Toluene 10 U UG/L 1700 N/A
MW03S Toluene 10 U UG/L 1700 N/A
GEC2 Toluene 10 U UG/L 1700 N/A
GEC6 Toluene 10 U UG/L 1700 N/A


MW14M Toluene 10 U UG/L 1700 N/A
MW15D Toluene 10 U UG/L 1700 N/A
MW12B Toluene 10 U UG/L 1700 N/A
MW11B Toluene 10 U UG/L 1700 N/A
MW11M Toluene 10 U UG/L 1700 N/A
MW11S Toluene 10 U UG/L 1700 N/A
MW12B Toluene 10 U UG/L 1700 N/A
MW12D Toluene 10 U UG/L 1700 N/A
MW10D Toluene 10 U UG/L 1700 N/A
MW10B Toluene 10 U UG/L 1700 N/A
MW10D Toluene 10 U UG/L 1700 N/A
MW13B Toluene 10 U UG/L 1700 N/A
MW13D Toluene 10 U UG/L 1700 N/A
MW13S Toluene 10 U UG/L 1700 N/A
TMW3 Toluene 10 U UG/L 1700 N/A


MW08S Toluene 1.4 UG/L 1700 N
MW02D Toluene 1.8 J UG/L 1700 N
MW02M Toluene 5 U UG/L 1700 N/A
MW02S Toluene 1 U UG/L 1700 N/A
MW04B Toluene 1 U UG/L 1700 N/A
MW04D Toluene 1 U UG/L 1700 N/A
MW04S Toluene 1 U UG/L 1700 N/A
MW09S Toluene 1 U UG/L 1700 N/A
MW10B Toluene 1 U UG/L 1700 N/A
MW10D Toluene 1 U UG/L 1700 N/A
MW13B Toluene 4 U UG/L 1700 N/A
MW13D Toluene 10 U UG/L 1700 N/A
MW13S Toluene 1 U UG/L 1700 N/A
MW06S Toluene 3.3 J UG/L 1700 N
MW06S Toluene 10 U UG/L 1700 N/A
GEC1 Toluene 1 U UG/L 1700 N/A
GEC2 Toluene 1 U UG/L 1700 N/A
GEC4 Toluene 1 U UG/L 1700 N/A
GEC5 Toluene 1 U UG/L 1700 N/A
GEC6 Toluene 1 U UG/L 1700 N/A
GEC7 Toluene 1 U UG/L 1700 N/A


MW07D Toluene 1 U UG/L 1700 N/A
MW07S Toluene 1 U UG/L 1700 N/A
MW11B Toluene 1 U UG/L 1700 N/A
MW11M Toluene 1 U UG/L 1700 N/A
MW14M Toluene 100 U UG/L 1700 N/A
MW15D Toluene 1 U UG/L 1700 N/A
MW05S Toluene 1000 U UG/L 1700 N/A
GEC3 Toluene 1 U UG/L 1700 N/A


MW01S Toluene 1 U UG/L 1700 N/A
MW05S Toluene 1000 U UG/L 1700 N/A
MW11S Toluene 1 U UG/L 1700 N/A
MW12B Toluene 1 U UG/L 1700 N/A
MW12D Toluene 1 U UG/L 1700 N/A
MW03S Toluene 0.44 U UG/L 1700 N/A
MW05S TOLUENE 1000 U UG/L 1700 N/A
MW05S TOLUENE 1000 U UG/L 1700 N/A


S-1 Trans-1,2-dichloroethene 50 U UG/L 2800 N/A
S-2 Trans-1,2-dichloroethene 5 U UG/L 2800 N/A
S-3 Trans-1,2-dichloroethene 5 U UG/L 2800 N/A
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Appendix F


Table F-5b. Comparison of Source Area Groundwater Data to Potential ARARs


Potential ARARs


BORING PARAMETER LAB_RESULT QUAL UNITS
RIDEM GB Groundwater 


Objective (UG/L)
Exceed Criteria 


(Y/N)
S-4 Trans-1,2-dichloroethene 5 U UG/L 2800 N/A
S-5 Trans-1,2-dichloroethene 5 U UG/L 2800 N/A


MW01S Trans-1,2-dichloroethene 10 U UG/L 2800 N/A
MW01S Trans-1,2-dichloroethene 10 U UG/L 2800 N/A
MW03S Trans-1,2-dichloroethene 10 U UG/L 2800 N/A
MW08S Trans-1,2-dichloroethene 10 U UG/L 2800 N/A
MW09S Trans-1,2-dichloroethene 10 U UG/L 2800 N/A
MW02S Trans-1,2-dichloroethene 10 U UG/L 2800 N/A
MW06S Trans-1,2-dichloroethene 10 U UG/L 2800 N/A
MW07S Trans-1,2-dichloroethene 10 U UG/L 2800 N/A
MW02D Trans-1,2-dichloroethene 10 U UG/L 2800 N/A
MW02M Trans-1,2-dichloroethene 10 U UG/L 2800 N/A
MW02S Trans-1,2-dichloroethene 10 U UG/L 2800 N/A
MW04S Trans-1,2-dichloroethene 10 U UG/L 2800 N/A
MW04B Trans-1,2-dichloroethene 10 U UG/L 2800 N/A
MW04D Trans-1,2-dichloroethene 10 U UG/L 2800 N/A
MW04S Trans-1,2-dichloroethene 10 U UG/L 2800 N/A
MW07D Trans-1,2-dichloroethene 10 U UG/L 2800 N/A
MW05S Trans-1,2-dichloroethene 1700 UJ UG/L 2800 N/A
MW06S Trans-1,2-dichloroethene 10 UJ UG/L 2800 N/A
MW07S Trans-1,2-dichloroethene 10 UJ UG/L 2800 N/A
MW08S Trans-1,2-dichloroethene 10 UJ UG/L 2800 N/A
MW09S Trans-1,2-dichloroethene 10 UJ UG/L 2800 N/A
MW01S Trans-1,2-dichloroethene 10 UJ UG/L 2800 N/A
MW01S Trans-1,2-dichloroethene 10 UJ UG/L 2800 N/A
MW03S Trans-1,2-dichloroethene 10 UJ UG/L 2800 N/A
GEC2 Trans-1,2-dichloroethene 10 UJ UG/L 2800 N/A
GEC6 Trans-1,2-dichloroethene 10 UJ UG/L 2800 N/A


MW14M Trans-1,2-dichloroethene 10 UJ UG/L 2800 N/A
MW15D Trans-1,2-dichloroethene 10 UJ UG/L 2800 N/A
MW12B Trans-1,2-dichloroethene 10 UJ UG/L 2800 N/A
MW11B Trans-1,2-dichloroethene 10 UJ UG/L 2800 N/A
MW11M Trans-1,2-dichloroethene 10 UJ UG/L 2800 N/A
MW11S Trans-1,2-dichloroethene 10 UJ UG/L 2800 N/A
MW12B Trans-1,2-dichloroethene 10 UJ UG/L 2800 N/A
MW12D Trans-1,2-dichloroethene 10 UJ UG/L 2800 N/A
MW13D Trans-1,2-dichloroethene 10 U UG/L 2800 N/A
MW13S Trans-1,2-dichloroethene 10 U UG/L 2800 N/A
MW10D Trans-1,2-dichloroethene 10 UJ UG/L 2800 N/A
MW10B Trans-1,2-dichloroethene 10 UJ UG/L 2800 N/A
MW10D Trans-1,2-dichloroethene 10 UJ UG/L 2800 N/A
MW13B Trans-1,2-dichloroethene 10 UJ UG/L 2800 N/A
TMW3 Trans-1,2-dichloroethene 10 UJ UG/L 2800 N/A


MW08S Trans-1,2-dichloroethene 0.62 J UG/L 2800 N
MW02D Trans-1,2-dichloroethene 4 U UG/L 2800 N/A
MW02M Trans-1,2-dichloroethene 5 U UG/L 2800 N/A
MW02S Trans-1,2-dichloroethene 1 U UG/L 2800 N/A
MW04B Trans-1,2-dichloroethene 1 U UG/L 2800 N/A
MW04D Trans-1,2-dichloroethene 1 U UG/L 2800 N/A
MW04S Trans-1,2-dichloroethene 1 U UG/L 2800 N/A
MW09S Trans-1,2-dichloroethene 1 U UG/L 2800 N/A
MW10B Trans-1,2-dichloroethene 1 U UG/L 2800 N/A
MW10D Trans-1,2-dichloroethene 1 U UG/L 2800 N/A
MW13B Trans-1,2-dichloroethene 4 U UG/L 2800 N/A
MW13D Trans-1,2-dichloroethene 10 U UG/L 2800 N/A
MW13S Trans-1,2-dichloroethene 1 U UG/L 2800 N/A
MW06S Trans-1,2-dichloroethene 10 U UG/L 2800 N/A
GEC5 Trans-1,2-dichloroethene 1 U UG/L 2800 N/A
GEC7 Trans-1,2-dichloroethene 1 U UG/L 2800 N/A


MW06S Trans-1,2-dichloroethene 6 U UG/L 2800 N/A
MW07D Trans-1,2-dichloroethene 1 U UG/L 2800 N/A
MW14M Trans-1,2-dichloroethene 100 U UG/L 2800 N/A
MW15D Trans-1,2-dichloroethene 1 U UG/L 2800 N/A
GEC1 Trans-1,2-dichloroethene 1 UJ UG/L 2800 N/A
GEC2 Trans-1,2-dichloroethene 1 UJ UG/L 2800 N/A
GEC4 Trans-1,2-dichloroethene 1 UJ UG/L 2800 N/A
GEC6 Trans-1,2-dichloroethene 1 UJ UG/L 2800 N/A
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Appendix F


Table F-5b. Comparison of Source Area Groundwater Data to Potential ARARs


Potential ARARs


BORING PARAMETER LAB_RESULT QUAL UNITS
RIDEM GB Groundwater 


Objective (UG/L)
Exceed Criteria 


(Y/N)
MW07S Trans-1,2-dichloroethene 1 UJ UG/L 2800 N/A
MW11B Trans-1,2-dichloroethene 1 UJ UG/L 2800 N/A
MW11M Trans-1,2-dichloroethene 1 UJ UG/L 2800 N/A
MW05S Trans-1,2-dichloroethene 1000 U UG/L 2800 N/A
MW12D Trans-1,2-dichloroethene 1 U UG/L 2800 N/A
MW05S Trans-1,2-dichloroethene 1000 UJ UG/L 2800 N/A
GEC3 Trans-1,2-dichloroethene 1 UJ UG/L 2800 N/A


MW01S Trans-1,2-dichloroethene 1 UJ UG/L 2800 N/A
MW11S Trans-1,2-dichloroethene 1 UJ UG/L 2800 N/A
MW12B Trans-1,2-dichloroethene 1 UJ UG/L 2800 N/A
MW03S Trans-1,2-dichloroethene 1 U UG/L 2800 N/A
MW05S TRANS-1,2-DICHLOROETHENE 1000 U UG/L 2800 N/A
MW05S TRANS-1,2-DICHLOROETHENE 1000 U UG/L 2800 N/A
GEC5 Trichloroethene 1.3 UG/L 540 N
GEC7 Trichloroethene 2 UG/L 540 N
GEC1 Trichloroethene 1 U UG/L 540 N/A
GEC2 Trichloroethene 1 U UG/L 540 N/A
GEC3 Trichloroethene 1 U UG/L 540 N/A
GEC4 Trichloroethene 1 U UG/L 540 N/A
GEC6 Trichloroethene 1 U UG/L 540 N/A


S-1 Trichloroethene 10 U UG/L 540 N/A
S-2 Trichloroethene 1 U UG/L 540 N/A
S-3 Trichloroethene 1 U UG/L 540 N/A
S-4 Trichloroethene 1 U UG/L 540 N/A
S-5 Trichloroethene 1 U UG/L 540 N/A


MW01S Trichloroethene 10 U UG/L 540 N/A
MW01S Trichloroethene 10 U UG/L 540 N/A
MW03S Trichloroethene 10 U UG/L 540 N/A
MW08S Trichloroethene 10 U UG/L 540 N/A
MW09S Trichloroethene 10 U UG/L 540 N/A
MW02S Trichloroethene 10 U UG/L 540 N/A
MW06S Trichloroethene 10 U UG/L 540 N/A
MW07S Trichloroethene 10 U UG/L 540 N/A
MW02D Trichloroethene 27 UG/L 540 N
MW02M Trichloroethene 2 J UG/L 540 N
MW02S Trichloroethene 10 U UG/L 540 N/A
MW04S Trichloroethene 0.8 J UG/L 540 N
MW04B Trichloroethene 0.9 J UG/L 540 N
MW04D Trichloroethene 1 J UG/L 540 N
MW04S Trichloroethene 0.8 J UG/L 540 N
MW05S Trichloroethene 2500 UG/L 540 Y
MW06S Trichloroethene 0.9 J UG/L 540 N
MW09S Trichloroethene 1 J UG/L 540 N
MW07D Trichloroethene 10 U UG/L 540 N/A
MW07S Trichloroethene 10 U UG/L 540 N/A
MW08S Trichloroethene 10 U UG/L 540 N/A
MW01S Trichloroethene 10 U UG/L 540 N/A
MW01S Trichloroethene 10 U UG/L 540 N/A
MW03S Trichloroethene 10 U UG/L 540 N/A
GEC2 Trichloroethene 10 U UG/L 540 N/A
GEC6 Trichloroethene 10 U UG/L 540 N/A


MW14M Trichloroethene 10 U UG/L 540 N/A
MW15D Trichloroethene 10 U UG/L 540 N/A
MW12B Trichloroethene 10 U UG/L 540 N/A
MW11B Trichloroethene 10 U UG/L 540 N/A
MW11M Trichloroethene 10 U UG/L 540 N/A
MW11S Trichloroethene 10 U UG/L 540 N/A
MW12B Trichloroethene 10 U UG/L 540 N/A
MW12D Trichloroethene 10 U UG/L 540 N/A
MW13B Trichloroethene 7 J UG/L 540 N
MW13D Trichloroethene 6 J UG/L 540 N
MW10D Trichloroethene 10 U UG/L 540 N/A
MW10B Trichloroethene 10 U UG/L 540 N/A
MW10D Trichloroethene 10 U UG/L 540 N/A
MW13S Trichloroethene 10 U UG/L 540 N/A
TMW3 Trichloroethene 10 U UG/L 540 N/A


MW02D Trichloroethene 1.2 UG/L 540 N
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Table F-5b. Comparison of Source Area Groundwater Data to Potential ARARs


Potential ARARs


BORING PARAMETER LAB_RESULT QUAL UNITS
RIDEM GB Groundwater 


Objective (UG/L)
Exceed Criteria 


(Y/N)
MW04S Trichloroethene 3.2 UG/L 540 N
MW08S Trichloroethene 2.3 UG/L 540 N
MW13B Trichloroethene 5 UG/L 540 N
MW02M Trichloroethene 1.1 J UG/L 540 N
MW04B Trichloroethene 0.39 J UG/L 540 N
MW04D Trichloroethene 0.46 J UG/L 540 N
MW09S Trichloroethene 0.72 J UG/L 540 N
MW13D Trichloroethene 5.2 J UG/L 540 N
MW02S Trichloroethene 1 U UG/L 540 N/A
MW10B Trichloroethene 1 U UG/L 540 N/A
MW10D Trichloroethene 1 U UG/L 540 N/A
MW13S Trichloroethene 1 U UG/L 540 N/A
GEC5 Trichloroethene 0.62 J UG/L 540 N
GEC6 Trichloroethene 0.74 J UG/L 540 N


MW07D Trichloroethene 0.31 J UG/L 540 N
MW06S Trichloroethene 10 U UG/L 540 N/A
GEC1 Trichloroethene 1 U UG/L 540 N/A
GEC2 Trichloroethene 1 U UG/L 540 N/A
GEC4 Trichloroethene 1 U UG/L 540 N/A
GEC7 Trichloroethene 1 U UG/L 540 N/A


MW06S Trichloroethene 6 U UG/L 540 N/A
MW07S Trichloroethene 1 U UG/L 540 N/A
MW11B Trichloroethene 1 U UG/L 540 N/A
MW11M Trichloroethene 1 U UG/L 540 N/A
MW14M Trichloroethene 100 U UG/L 540 N/A
MW15D Trichloroethene 1 U UG/L 540 N/A
MW05S Trichloroethene 2200 UG/L 540 Y
MW05S Trichloroethene 1800 UG/L 540 Y
GEC3 Trichloroethene 1 U UG/L 540 N/A


MW01S Trichloroethene 1 U UG/L 540 N/A
MW11S Trichloroethene 1 U UG/L 540 N/A
MW12B Trichloroethene 1 U UG/L 540 N/A
MW12D Trichloroethene 1 U UG/L 540 N/A
MW03S Trichloroethene 1 UJ UG/L 540 N/A
MW05S TRICHLOROETHENE 1500 UG/L 540 Y
MW05S TRICHLOROETHENE 1400 UG/L 540 Y


Notes:


Key
ARAR - Applicable or Relevant and Appropriate Requirement; N/A - not applicable; N - no; Y - yes; UG/L - microgram per liter.


NA - Undetected contaminants (where qualifier = U, UJ or UEMPC) were not compared to potential ARARs. (Reported results for undetected 
contaminants are based on the laboratory detection limits, which are below the ARAR value).  Summary statistics for undetected contaminants 
are reported in Table F-5c; information is presented by contaminant and includes the number of records, number of non-detects, the number and 
percent of records where the non-detect concentration is in excess of the ARAR, and the number and percent of records where the non-detect 
concentration is below the ARAR.


Interim Final CMRP Feasibility Study Report
Appendix F F-487 April 2010







Appendix F
Table F-5c. Summary of Undetected Contaminants in Source Area Groundwater


Parameter N N, 'non-detects' N % N %
1,1,1-trichloroethane 83 83 0 0% 83 100%
1,1-dichloroethene 83 83 49 59% 34 41%
1,2-dibromo-3-chloropropane 73 72 46 64% 26 36%
1,2-dichloroethane 83 83 5 6% 78 94%
1,2-dichloropropane 83 83 0 0% 83 100%
Benzene 90 76 5 7% 71 93%
Carbon Tetrachloride 83 83 6 7% 77 93%
Chlorobenzene 83 67 0 0% 67 100%
Cis-1,2-dichloroethene 90 68 0 0% 68 100%
Ethylbenzene 83 77 1 1% 76 99%
Methyl Tert-butyl Ether 46 36 0 0% 36 100%
Styrene 83 83 0 0% 83 100%
Tetrachloroethene 90 54 0 0% 54 100%
Toluene 83 77 0 0% 76 99%
Trans-1,2-dichloroethene 83 82 0 0% 82 100%
Trichloroethene 90 61 0 0% 61 100%


Notes
N, Number of Records
Applicable or Relevant and Appropriate Requirement (ARAR): RIDEM GB groundwater objectives (RIDEM, 2004).


Non-detect 
Concentration > ARAR


Non-detect Concentration 
< ARAR
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PROPOSED REMEDIAL FOOTPRINTS FOR THE CMRP SITE 
 


 
G.1 Introduction 
 
This appendix describes how site data were compared to the cleanup goals to determine the proposed 
areas for cleanup at the Centredale Manor Restoration Project (CMRP) site, including sediment (Section 
G.2), floodplain soil (Sections G.3 and G.4), and source area soil (Section G.5) and groundwater (Section 
G.6).  Cleanup goals used in the evaluations are described in Section 3.4 and summarized in Tables 3-3 
(sediment), 3-4 (floodplain soil), 3-6 (source area soil), and 3-7 (source area groundwater); detailed 
information are also provided in Appendix F.  Other measures used to determine the proposed cleanup 
areas are described in Section 3.5 of the feasibility study (FS) report, and include an assessment of area 
topography, vegetation, and land use. 
 
Overall, the proposed areas for cleanup were delineated by constructing a footprint to encompass all 
sampling stations (borings) with contaminant concentrations above the cleanup goals.  The proposed 
cleanup areas or remedial footprints as conveyed in this FS are conceptual.  More precise cleanup 
footprints will be developed during the remedial design, and the removal of contaminated media will be 
confirmed through appropriate sampling and monitoring.  Proposed cleanup footprints evaluated in this 
FS are discussed below by action area and media. 
 
G.2 Allendale and Lyman Mill Reach Sediment Footprints 
 
The spatial extent of the sediment footprint encompasses all sampling locations with surface (uppermost 1 
foot) contaminant concentrations above the cleanup goals.  The comparison of surface sediment data to 
the cleanup goals is presented in Table G-1 for Allendale reach and Table G-2 for Lyman Mill reach; 
contaminants that were undetected (U or UJ qualified) were not compared to the cleanup goal.  Each 
cleanup goal exceedance is identified by contaminant.  Overall, the highest number of cleanup goal 
exceedances occurred for dioxin (as 2,3,7,8- tetrachlorodibenzo-p-dioxin [TCDD] and toxic 
equivalency [TEQ]).  More than 90% of the surface sediment data at Allendale and Lyman Mill reaches 
exceeded the dioxin cleanup goal (see Tables G-1 and G-2).  The entirety of the pond bottom and river 
channel areas are included in the spatial extent of the remedial footprint (Figures 3-1, 3-2, and 3-5). 
 
The vertical extent of the sediment footprint was determined by comparing sub-surface (> 1 foot) 
sediment data to the cleanup goals; contaminants that were undetected (U or UJ qualified) were not 
compared to the cleanup goal.  The depth for cleanup corresponds to that depth at which concentrations of 
the contaminants do not exceed the cleanup goals. The cleanup depth was then adjusted for penetration 
and recovery depth of the sediment core, as follows: 
 


In-situ cleanup depth (feet) = D * P/R 
 
where: 
 
 D = depth in the sediment core at which there are no cleanup goal exceedances, feet 
 P = penetration depth of sediment core,1 feet 


R = recovery depth of sediment core,2 feet 
 


                                                 
1 Distance the core barrel penetrated into the sediment 
2 The length of sediment recovered from the core barrel 
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The comparison of sub-surface sediment data to the cleanup goals, and identification of in-situ cleanup 
depths, is presented in Table G-3 for Allendale reach and Table G-4 for Lyman Mill reach.  Each cleanup 
goal exceedance is identified by boring location and depth.  The majority of the sub-surface cleanup goal 
exceedances are associated with dioxin (2,3,7,8-TCDD and TEQ). 
 
At some locations, there are gaps within the sediment core with no data for selected depth intervals.  For 
example, at boring AD-01 there are no data between the 0 to 1 foot and 9 to 10 feet depth intervals.  In 
these cases, the boring logs and sediment data for nearby locations were evaluated in the determination of 
the in-situ cleanup depth.  For example, at boring AD-01 the depth in the core at which there are no 
cleanup goal exceedances is 10 feet.  However, an in-situ cleanup depth of 3 feet was identified based on 
a review of the stratigraphy and sediment data of nearby cores.  These instances are documented in Tables 
G-3 and G-4.  Overall, in-situ cleanup depths vary throughout the ponds, and range from near surface to 4 
feet bgs. 
 
There were no sub-surface sediment data for the river channel immediately north of Allendale Pond.  The 
in-situ cleanup depth is based on 1 foot, and will be confirmed during the remedial design. 
 
Evaluation of Cleanup Scenarios 
 
Tables G-5 and G-6 and Figures G-1 and G-2 present results from an evaluation of various cleanup 
scenarios conducted to determine if cleanup of ‘hot spot’ areas would be sufficient to reduce the surface 
weighted concentration of pond sediments to levels that meet the cleanup goal for 2,3,7,8-TCDD.  First, 
existing surface data for 2,3,7,8-TCDD, the contaminant found to drive cleanup (above), was contoured 
(see Table G-5 for Allendale and Table G-6 for Lyman Mill) to show areas of various concentration 
ranges throughout each pond. 
 
Next, a series of values were calculated to support the evaluation of various cleanup scenarios, as follows: 


 Pond Area  – the size in square feet of each pond 
 Contour Area – the size in square feet for each contour interval within a pond 
 % Contour Area – the percentage of area for each contour interval relative to the total pond area 


(Contour Area/Pond Area) 
 Average 2,3,7,8-TCDD Concentration by Contour – the average concentration of 2,3,7,8-


TCDD in all surface samples located within the contour interval; existing data used 
 Weighted Average by Contour – the average concentration for 2,3,7,8-TCDD for each contour 


relative to the total pond area (Average 2,3,7,8-TCDD Concentration by Contour * % Contour 
Area) 


 Surface Weighted Average – the average concentration for 2,3,7,8-TCDD in surface sediment 
across the entire pond area (equal to the sum of the weighted average values by contour) 


 
Finally, the surface weighted average concentration was re-calculated under a series of cleanup options, 
where each contour interval is cleaned to background, beginning with Contour Line >10,000 (the area 
with the highest concentrations of 2,3,7,8-TCDD in surface sediments).  Tables G-5 and G-6 present 
results for each of the cleanup options evaluated at Allendale and Lyman Mill Ponds, respectively.  A 
cleanup curve that illustrates the surface weighted concentration for 2,3,7,8-TCDD under each of the 
cleanup options is presented in Figure G-1 (Allendale Pond) and Figure G-2 (Lyman Mill Pond).  Overall, 
the evaluation of cleanup options showed that nearly the entire pond would need to be remediated to 
result in surface weighted concentrations that meet the cleanup goal for 2,3,7,8-TCDD (14.7 ng/kg).  
Cleanup of ‘hot spot’ areas would not be sufficient to meet the cleanup goal due to the widespread nature 
of the dioxin contamination. 
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Allendale Reach Sediment
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Figure G-1. Cleanup Curve for Allendale Reach Sediment under Various Cleanup Options 


 


Lyman Mill Reach Sediment
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Figure G-2. Cleanup Curve for Lyman Mill Reach Sediment under Various Cleanup Options 
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G.3 Allendale Reach Floodplain Soil Footprints (no actionable human health risk) 
 
The proposed cleanup area for Allendale reach floodplain soils is shown in Figures 3-3a and 3-3b.  The 
spatial extent of the proposed footprint encompasses floodplain areas along the river channel north of 
Allendale Pond and the shore of Allendale Pond.  Floodplain soils at Allendale reach pose an exposure 
hazard to ecological receptors (see Section 2.5 of the FS) but these receptors are only exposed in that 
portion of the floodplain that provides suitable habitat (i.e., a vertically stratified riparian vegetation).  
Therefore, the spatial extent of the proposed footprint was delineated to include: 
 


 Areas of high value ecological floodplain habitat with contaminant concentrations above the 
cleanup goals; 


 Areas that have potential for erosion; and, 


 Areas with contaminant concentrations in excess of ARARs (RIDEM residential direct exposure 
and GB leachability criteria [RIDEM, 2004]) or EPA’s recommended residential level for dioxin 
(EPA, 1998b). 


 
Selected floodplain soil locations with contaminant concentrations above the ecological cleanup goals are 
not included in the cleanup area either because these specific concentrations are unlikely to contribute to 
overall area wide exposures exceeding acceptable risk thresholds or ecological exposures are not 
anticipated due to the nature of the specific habitat conditions present at the sampling locations.  With 
regard to overall contaminant exposures, some locations were not included in the cleanup area because 
contamination in the surrounding area (and at depth) is below the cleanup goals or the cleanup goals are 
only slightly exceeded and the concentrations are comparable to results for upstream background (e.g., 
AP-DEL-08, CMS-466, CMS-478, AP-DEL-13, and AP-DEL-15).  Considering habitat conditions and 
the likelihood of future exposures by ecological receptors, some of these locations abut residential 
properties and lack natural vegetation, elsewhere particularly along steep portions of the western bank of 
the Allendale reach, the floodplain zone is too narrow to provide significant habitat (see Appendix G, 
Table G-7 and Figure G-3).  Additional sampling will be performed during the design phase to verify the 
spatial extent of the footprint.  
 
Overall, the proposed cleanup area encompasses nearly all floodplain locations with contaminant 
concentrations above the ecological cleanup goals and all locations with contamination in excess of 
ARARs and/or EPA’s recommended residential level for dioxin (EPA, 1998b) (Table G-7).3 
 
The vertical extent of the footprint is based on a removal depth of 1 foot, which would be subsequently 
backfilled by 1 foot of clean material.  This 1 foot vertical zone encompasses the area where the most 
significant ecological exposures occur. The actual depth of removal would extend deeper within the 
vadose zone to meet ARARs or EPA’s dioxin requirements as necessary, and would be determined during 
design based on sampling and analysis of deeper soil samples. 
 


                                                 
3 Appendix N describes how the proposed area and volume for cleanup would change using EPA’s new proposed 
residential level for dioxin (EPA, 2009). 
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G.4 Lyman Mill Reach Stream Sediment and Floodplain Soil Footprints 
 
The spatial extent of the stream sediment and floodplain soil footprint was determined based on an 
evaluation of site data to the cleanup goals, as well as an assessment of local topography, vegetation, and 
land use (see Section 3.5.4 of the FS report).  This appendix focuses on the comparison of site data to the 
cleanup goals identified in Table 3-3 (sediment) and Table 3-4 (floodplain soil).  The comparison of 
Lyman Mill stream sediment and floodplain soil data to the cleanup goals is presented in Tables G-8 and 
G-9, respectively.  Contaminants that were undetected (U or UJ qualified) were not compared to the 
cleanup goal.  Each cleanup goal exceedance is identified by contaminant. 
 
Lyman Mill Reach Stream Sediments are located at the old mill raceway and the stream connecting 
Allendale and Lyman Mill Ponds.  The spatial extent of the footprint encompasses all sampling locations 
with surface (uppermost 1 foot) contaminant concentrations above the cleanup goals (Figure 3-4a).  The 
highest number of cleanup goal exceedances occurred for dioxin (2,3,7,8-TCDD concentrations exceed 
cleanup goal at 94% of locations, Table G-8).  The vertical extent of the footprint is assumed to be 1 foot, 
but will be confirmed during the remedial design. 
 
Lyman Mill Reach Floodplain Soils are located at the Oxbow (Figure 3-4a) and along the shore of Lyman 
Mill Pond (Figure 3-4b).  Within the Oxbow, the spatial extent of the footprint encompasses all floodplain 
locations with contaminant concentrations above the cleanup goals (Figure G-4)4 and all locations with 
contamination in excess of ARARs and EPA’s recommended residential level for dioxin (Table G-9).5  
Concentrations of dioxin (TEQ and 2,3,7,8-TCDD) and selected metals (antimony and selenium) 
exceeded the cleanup goals at 50% or more of the locations sampled within the Oxbow (Table G-9).  The 
vertical extent of the footprint is assumed to be 1 foot; the actual depth of removal would extend deeper 
within the vadose zone to meet ARARs or EPA’s dioxin requirements as necessary, and would be 
determined during design based on sampling and analysis of deeper soil samples. 
 
Floodplain soils along the shore of Lyman Mill Pond pose an exposure hazard to ecological receptors 
only.  Therefore, the spatial extent of the proposed footprint was delineated to include only areas with 
contaminant concentrations above the cleanup goals (Table G-9, Figure G-4) that represent high value 
ecological floodplain habitat or have potential for erosion, and areas with contaminant concentrations in 
excess of ARARs (RIDEM residential direct exposure and GB leachability criteria [RIDEM, 2004]) or 
EPA’s recommended residential level for dioxin (EPA, 1998b) as follows: 


 The small area along the eastern shore south of Falco Street (contaminant concentrations at one 
location in this area are in excess of ARARs and EPA’s recommended residential level for 
dioxin); 


 The forested area occurring along the eastern shore, between Jefferson and Earl Streets 
(contaminant concentrations are above cleanup goals at multiple locations at this area); and, 


 The small peninsula north of the confluence of Assapumpset Brook and Lyman Mill Pond (there 
are no available contaminant data for this area, but the area has potential for erosion). 


 


                                                 
4 While the dioxin concentration is in excess of the cleanup goal at LPX-SD-4404, this location is not included in the 
cleanup area because it is located above the 100-yr flood elevation,  the dioxin signature similar to background 
concentrations (MACTEC and Battelle, 2006), and the dioxin TEQ concentration is below EPA’s recommended 
residential level for dioxin in soil. 
5 Appendix N describes how the proposed area and volume for cleanup would change using EPA’s new proposed 
residential level for dioxin (EPA, 2009). 
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Floodplain areas that do not represent high value ecological habitat (i.e., areas are developed, in close 
proximity to residential structures, and lacking native vegetation or where the grade is steep and the 
riparian zone only narrowly defined) and have low potential for erosion were excluded from the proposed 
footprint (Figure G-4), as follows: 


 The small isolated patches of floodplain vegetation occurring along the eastern shore, between 
Warren Avenue and Lyman Mill Dam (concentrations of arsenic and lead are in excess of 
RIDEM’s residential direct exposure criteria at these areas [see Table G-9]; however, these 
contaminants appear to be comparable to background conditions and additional sampling will be 
performed during design to confirm background conditions as described in Section 3.4 and 
Appendix F); and 


 The western shore of Lyman Mill Pond, except the small peninsula north of the confluence of 
Assapumpset Brook and Lyman Mill Pond which is included in the footprint because it is a large 
depositional area that has likely been impacted by riverborne contaminants and could represent a 
substantial recontamination hazard.6 


 
G.5 Source Area Soils 
 
The comparison of site data to the cleanup goals (which are based on ARARs and EPA’s recommended 
residential level for dioxin [EPA, 1998b]) is discussed in Section 2.4.3.1 of the FS report and summarized 
in Table F-4b (Appendix F of the FS report).  Overall, the spatial extent of the proposed footprint 
encompasses the entire source area except for a small area located to the north near Brook Village (Figure 
3-5), where contaminant concentrations are below the cleanup goals.  The vertical extent of the footprint 
extends to 5 feet bgs, and is based on the average thickness of the vadose zone.  Concentrations of the 
contaminants of interest are above the cleanup goals at multiple locations and depths within the proposed 
footprint (Appendix F, Table F-4b). 
 
G.6 Source Area Groundwater 
 
Source area soil and groundwater data were evaluated against the proposed cleanup goals to identify 
potential areas for cleanup.  Key findings from the United States Geological Survey (USGS) vapor 
diffusion study (USGS, 2000), semi-permeable membrane device (SPMD) study (Appendix A of the FS), 
and recent source area groundwater investigation (LEA, 2008) were also evaluated to identify potential 
areas for cleanup and delineate the spatial and vertical extent of the proposed footprint.  Key findings 
from the evaluation are summarized below and described in detail in Attachment G-1.  Overall, the 
proposed cleanup area for groundwater encompasses the VOC and dioxin-impacted area on the west side 
of the Brook Village parking lot, where contaminant concentrations are in excess of the cleanup goals and 
contaminated groundwater is discharging to the river. 
 
The site data indicate that soil contamination in excess of the cleanup goals is spatially widespread at the 
source area: in surface soils under Cap Area #1 and #3, in surface and sub-surface soils located near the 
Woonasquatucket River under Cap Area #2 and rip rap that extends along the eastern bank of the river, 
and in surface and sub-surface soils under the Brook Village parking lot (Table G-10, Figure G-5 in 
Attachment G-1).  Groundwater contamination in excess of the cleanup goals, however, is not pervasive 
or widespread.  Leaching of contaminants from soil has led to localized groundwater contamination, 
particularly on the west side of the Brook Village parking lot adjacent to the Woonasquatucket River 
(Table G-11, Figure G-9 in Attachment G-1).  These findings suggest that the existing surfaces (existing 
interim caps, pavement, and rip rap) appear to be protective of the underlying groundwater at the source 


                                                 
6 However, there are no available contaminant data for this area. 







Interim Final CMRP Feasibility Study Report G–7 April 2010 
Appendix G 


area and that additional action, other than long-term maintenance of the existing surfaces, is not warranted 
to address contamination except at the west side of the Brook Village parking lot. 
 
The source area groundwater remedial footprint (Figure G-8 in Attachment G-1) encompasses locations 
with contaminant concentrations in excess of the proposed cleanup goals, except: 
 


 locations where contamination has been variable (MW-14M7); 


 locations where contamination was generally low and decreased to acceptable levels in 2002 
(GEC6, MW07S, MW02D, MW13B);  


 locations where the existing surfaces appear to be protective of the underlying groundwater 
(Attachment G-1); or, 


 one location at the southern end of the source area where concentrations of PCE were slightly 
above the cleanup goal in 2002 (220 µg/L compared to cleanup goal of 150 µg/L) . 
 


The western boundary of the proposed remedial footprint encompasses the area where the maximum 
potential dioxin load to the river from contaminated groundwater discharge could occur, as identified 
based on the SPMD study (Appendix A) and corroborated based on groundwater samples collected from 
three wells located along the eastern bank of the river (MW-LEA-01, MW-LEA-02, and MW-LEA-03) 
(LEA, 2008).  The eastern boundary of the proposed remedial footprint encompasses borings CMS-451, 
CMS-453, and MW-05S, locations with the highest dioxin concentrations in soil at depths near the water 
table.  Dioxin concentrations were also among the highest measured in groundwater sampled at MW-05S.  
The vertical extent of the footprint is based on an average depth of 8 ft bgs.  This depth represents the 
depth where dioxin contamination is below the cleanup goals (based on comparison to site data) and 
encompasses the expected depth of contamination identified based on an examination (visual 
classification and PID readings) of soil borings (LEA, 2008). 
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7 PCE concentrations in groundwater at MW14M were below RIDEM GB objectives in 2001, but in excess of 
criteria (13x criteria) in 2002. 
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Figure G-3. Contaminant Concentrations in Allendale Reach Floodplain Soil 


Relative to the Proposed Cleanup Goals and Cleanup Areas 
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Figure G-4. Contaminant Concentrations in Lyman Mill Reach Stream Sediment and Floodplain Soil 


Relative to the Proposed Cleanup Goals and Cleanup Areas







Interim Final CMRP Feasibility Study Report G–11 April 2010 
Appendix G 


 
 


Attachment G-1 
Development of Proposed Remedial Footprint for 


Source Area Groundwater at the CMRP Site 
 
Source area soil and groundwater data were evaluated against the proposed cleanup goals developed for 
the protection of groundwater (Table 1) to identify potential areas for remediation.  Key findings from the 
USGS vapor diffusion study, SPMD study, and the most recent groundwater investigation (LEA, 2008) 
were also evaluated to delineate the vertical and horizontal extent of the proposed remedial footprint.  
Key findings from these data evaluations are summarized below. 
 
A series of data maps that illustrate soil and groundwater contamination at the source area relative to the 
proposed cleanup goals are provided with this attachment.  Data maps illustrating 2,3,7,8-TCDD data in 
source area soils were prepared using a 3D Grid Calculations program which models properties or 
characteristics that vary continuously in three-dimensional space using the 3D minimum tension gridding 
technique. This procedure produces a three-dimensional grid depicting the calculated distribution of the 
measured property throughout a defined volume.  The main goals of a representational gridding technique 
are to represent (honor) the values of the input data as closely as possible, and also to calculate a 
plausible, “natural” looking model for grid nodes that are not on or adjacent to input data points.  The two 
stage minimum tension gridding technique is currently the best solution, reconciling these two, sometimes 
conflicting, goals.  It permits gridding computation times suitable to a working environment and 
modeling accuracy appropriate to almost every type of input data. 
 


Table 1. Proposed Cleanup Goals for Protection of Groundwater 


Chemical of Concern 1 


Cleanup Goals Based on 
Groundwater/Surface 
Water Mixing Model 2 


Cleanup Goals Based on ARARs  
RIDEM GB Criteria 


Soil (ng/kg) Groundwater 
(pg/L) 


Soil Leachability 
Criteria3 (mg/kg) 


Groundwater 
Objectives3 (µg/L) 


2,3,7,8-TCDD 8,600 1,768 NA NA 
Total PCB NA NA 10 N/A 
Benzene NA NA 4.3 – 4 
Chlorobenzene NA NA 100 – 4 
Dibromochloropropane (DBCP) NA NA N/A 2 
Dichloroethene (cis-1,2-) NA NA 60 – 4 
Ethyl benzene NA NA 62 – 4 
Tetrachloroethene (PCE) NA NA 4.2 150 
Toluene NA NA 54 – 4 
Trichloroethene (TCE) NA NA 20 540 


1 Contaminants are identified based on those chemicals detected in source area soil (vadose zone) or groundwater samples at 
concentrations in excess of the potential ARARs (RIDEM GB soil leachability criteria and groundwater objectives).  
2 Cleanup goals developed in support of Remedial Action Objective to prevent migration of contaminants (dioxin) in groundwater 
discharging to the river that would result in surface water concentrations in excess of 0.5 pg/L, the surface water ARAR, as modified 
based on site-specific bioaccumulation factors (see Attachments F-1 and F-2 to Appendix F). 
3 GB soil leachability and groundwater criteria promulgated in the RIDEM Remediation Regulations (RIDEM, 2004).  
4 RIDEM GB groundwater objectives promulgated for this chemical, however, a cleanup goal was not developed for this contaminant 
because it was not detected in source area groundwater at concentrations in excess of the ARAR. 
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West Side of Brook Village Parking Lot 
 
Borings: CMS-451, CMS-453, MW-05S, CMS-057, MW-LEA-01, MW-LEA-02, and MW-LEA-03 


 Dioxin contamination in surface and sub-surface soils at concentrations in excess of the proposed 
Cleanup goal of 8,600 ng/kg (Table G-10) 
o CMS-451: 2,3,7,8-TCDD maximum concentration of 140,000 ng/kg at 5-6 ft bgs 
o CMS-453: 2,3,7,8-TCDD maximum concentration of 62,000 ng/kg at 6-7 ft bgs 
o MW-05S: 2,3,7,8-TCDD maximum concentration of 20,380 ng/kg at 4-6 ft bgs 
o CMS-057: 2,3,7,8-TCDD maximum concentration of 16,300 ng/kg at 0-0.25 ft bgs 
o Composite IDW sample from MW-LEA-01, -02, and -03, 2,3,7,8-TCDD = 39,910.7 ng/kg 


 Dioxin contamination in groundwater (unfiltered) at concentrations in excess of the proposed 
cleanup goal of 1,768 pg/L at MW-05S and MW-LEA-02 (see Table G-11, Figure G-9) 
o MW-05S: 2,3,7,8-TCDD ranges 339 pg/L to 4,180 pg/L 
o MW-LEA-02: 2,3,7,8-TCDD ranges from 2,742 to 6,154 pg/L 
o Dioxin concentrations in groundwater at MW-05S and MW-LEA-02 are approximately two 


orders of magnitude higher compared to groundwater at all other wells in source area   


 Contaminant concentrations in excess of RIDEM GB soil leachability criteria in sub-surface soils 
(4-6 ft bgs) at MW-05S (Table F-4b) 
o PCE 70x criteria 
o TCE 1.3x criteria 


 Contaminant concentrations in excess of RIDEM GB groundwater objectives at MW-05S (Table 
F-5b) and at MW-LEA-01, MW-LEA-02, and MW-LEA-03 (LEA, 2008) 
o MW-05S: PCE 100x to 400x criteria; TCE 2.6 to 4.6x criteria 
o MW-LEA-01: PCE 1000 to 1500x criteria; TCE 19x criteria 
o MW-LEA-02: PCE 73x criteria; TCE 41 to 78x criteria 
o MW-LEA-03: PCE 4 to 5x criteria 


 Soil borings at MW-LEA-01 and MW-LEA-02 (LEA, 2008) suggest contamination at depths of 8 
to 10 ft bgs 
o Visual classification of soil borings showed discoloration and staining at depths ranging from 


4 to 13 ft bgs 
o Elevated photoionization detection (PID) readings (indicative of VOC contamination) at 


MW-LEA-01 and MW-LEA-02 at depths 8 to 10 ft bgs 
o No elevated PID readings at MW-LEA-03 


 
Recommendation – Include in remedial footprint. 


 The spatial extent of the footprint (see 3D model figures) encompasses locations with 
contaminant concentrations in excess of the proposed cleanup goals, except MW14M8 which rely 
on monitored natural attenuation to address contamination. 
o the western boundary of the proposed footprint encompasses SPMD locations CMS-SPMD2 


and CMS-SPMD3, where the maximum potential dioxin load to the river from contaminated 
groundwater discharge could occur (FS report, Appendix A) and MW- MW-LEA-02 where 
the maximum concentration of dioxin in groundwater (6,154 pg/L) was measured (LEA, 
2008). 


                                                 
8 PCE concentrations in groundwater at MW14M were below RIDEM GB objectives in 2001, but in excess of 
criteria (13x criteria) in 2002. 
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o the northern extent of the western boundary is upstream of MW-LEA-01, where levels of 
dioxin measured in the groundwater (68 pg/L, LEA, 2008) were below the proposed 
groundwater cleanup goal for dioxin: 1,768 pg/L) 


o the southern extent of the western boundary is downstream of CMS-SPMD4, where 
substantive decrease in dioxin uptake (and associated reduced dioxin load) was observed in 
the SPMD study, and downstream of MW-LEA-03 where measured concentrations of dioxin 
(234 pg/L) were below the proposed cleanup goal (1,768 pg/L). 


 The vertical extent of the footprint would range from 9 to 10 ft, with an average depth of 9-ft bgs 
(8-ft closer to eastern boundary and 10-ft closer to western boundary).  This depth represents the 
depth where dioxin contamination is below the cleanup goal and encompasses the depth of 
contamination identified according to the soil borings (LEA, 2008). 


 
 


Cap Area 1 


 Widespread dioxin contamination in surface soils at concentrations in excess of the proposed 
cleanup goal of 8,600 ng/kg (Figure G-5) 
o 2,3,7,8-TCDD ranges from non-detect to 140,000 ng/kg (maximum at CMS-240, 0-1 ft bgs) 
o No soil 2,3,7,8-TCDD exceedances below 1 ft bgs, except at CMS-168 (1-2 ft bgs) 
o Limited sub-surface data and no data below 3 ft bgs 


 Low-level dioxin contamination (below cleanup goal) in groundwater (unfiltered) at wells located 
along the perimeter of Cap Area 1 (Figure G-9) 
o 2,3,7,8-TCDD ranges non-detect to 18.2 pg/L 
o Suggests underlying groundwater not impacted by dioxin-contaminated soils 


 No GB soil leachability exceedances (Figure 4-7 from RI report) except for PCB at selected 
locations 


 No co-located groundwater data at locations with dioxin contamination in excess of the soil 
cleanup goal 
o Groundwater data available for several well clusters located along the perimeter of Cap Area 


1.  No exceedances to the GB groundwater objectives, except for PCE at wells MW-13B 
(1.5x criteria in 2001, below criteria in 2002) and MW-13D (1.4 to 2.3x criteria) 


 
Recommendation – Exclude from footprint; existing cap appears to be protective of underlying 
groundwater; no additional action warranted, but remedy would rely on long-term maintenance of 
existing cap. 
 
 
Cap Area 2, Borings: CMS-060, CMS-063, CMS-417, and CMS-075 
 
CMS-060 and CMS-063 


 Dioxin contamination in soil at concentrations in excess of the proposed cleanup goal of 8,600 
ng/kg (Table G-10) 
o CMS-060: 2,3,7,8-TCDD ranges from non-detect to 116,000 ng/kg (maximum at 0-0.25 ft 


bgs) 
o CMS-063: 2,3,7,8-TCDD ranges from 4,460 to 57,000 ng/kg (maximum at 1-2 ft bgs) 
o No soil 2,3,7,8-TCDD exceedances below 0.25 ft bgs at CMS-060 
o No soil 2,3,7,8-TCDD data below 2 ft bgs at CMS-063 
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 Contaminant concentrations in excess of RIDEM GB soil leachability criteria at CMS-060 (Table 
F-4b) 
o PCE concentrations 6 to 15x criteria (0-2 ft bgs) 
o PCE concentrations in deeper soils (2-5 ft) do not exceed criteria 
o No soil data to assess leachability at CMS-063 


 No co-located groundwater data to assess groundwater vs. RIDEM GB groundwater objectives 


 SPMD study (Appendix A) suggests that maximum potential dioxin load to the river from 
contaminated groundwater discharge occurs upstream of CMS-060 and CMS-063; potential 
dioxin load decreases in downstream direction (estimated dioxin concentration at CMS-SPMD4 
approximately 16x lower compared to CMS-SPMD2 and CMS-SPMD3); VOC concentrations in 
USGS vapor diffusion samplers also higher upstream of CMS-060 and CMS-063 


 
Recommendation – Exclude from footprint; dioxin contamination closer to surface, dioxin 
concentrations at depths closer to water table are below the cleanup goal (see 3D model figure, north-
south section); SPMD study suggests potential dioxin loads to river with contaminated groundwater 
discharge occur upstream of CMS-060 and CMS-063; final remedy would rely on long-term maintenance 
of existing.  Consider delineation sampling to assess potential for contaminants to leach from soil to 
underlying groundwater.  Alternatively, consider installing monitoring well (in the vicinity of CMS-060 
and CMS-063) under source area soil remedy and collect monitoring data to determine if groundwater 
discharge to the river contains dioxin at concentrations in excess of the proposed cleanup goals. 
 
CMS-417 


 Dioxin contamination in surface and sub-surface soils are below the proposed cleanup goal of 
8,600 ng/kg (Table G-10) 
o CMS-417: 2,3,7,8-TCDD ranges from 1,400 to 2,700 ng/kg (maximum at 0-1 ft bgs) 


 Low-level dioxin contamination (below cleanup goal) in groundwater (unfiltered) at MW06S, 
immediately downgradient of CMS-417 (Figure G-9) 
o MW06S: 2,3,7,8-TCDD ranges non-detect to 6.6 pg/L 


 Contaminant concentrations in excess of RIDEM GB soil leachability criteria in surface and 
subsurface soils (0-3 ft bgs) (Table F-4b) 
o Chlorobenzene concentrations 2 to 10x criteria 
o cis-1,2-DCE concentrations 3 to 8x criteria 
o ethylbenzene concentration 1.3x criteria 
o PCE concentrations 2 to 400x criteria 
o Toluene concentrations 2 to 8x criteria 
o TCE concentrations 2 to 120x criteria 
o PCB concentrations 1.3 to 32x criteria (0-4 ft bgs) 


 No co-located groundwater data to assess groundwater vs. RIDEM GB groundwater objectives 
o No GB groundwater objective exceedances (VOCs undetected) in groundwater immediately 


downgradient of CMS-417 (Well MW06S) 
 
Recommendation – Exclude from footprint; dioxin contamination is below proposed cleanup goal; there 
are leachability exceedances, however, the existing cap appears protective of underlying groundwater 
(VOC concentrations in groundwater immediately downgradient of this location are not in excess of 
RIDEM GB groundwater objectives); no additional action warranted, but remedy would rely on long-term 
maintenance of existing cap. 
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CMS-075 


 Dioxin contamination in surface soils at concentrations in excess of the proposed cleanup goal of 
8,600 ng/kg (Table G-10) 
o CMS-075: 2,3,7,8-TCDD ranges from non-detect to 8,750 ng/kg (maximum at 0-0.25 ft bgs) 
o Dioxin concentrations in sub-surface soils (>1 ft bgs) below cleanup goal 


 Low-level dioxin contamination (below cleanup goal) in groundwater (unfiltered) at MW07D/S, 
downgradient of CMS-075 (Figure G-9) 
o MW07D/S: 2,3,7,8-TCDD ranges non-detect to 3.4 pg/L 
o Suggests underlying groundwater not impacted by dioxin-contaminated soils 


 No soil data to assess leachability vs. RIDEM GB soil leachability criteria 


 No co-located groundwater data to assess groundwater vs. RIDEM GB groundwater objectives 
o No GB groundwater objective exceedances (except 1,2-dibromo-3-chloropropane exceeded 


criteria in 2001 at MW07S, but met criteria in 2002) in groundwater downgradient of CMS-
075 (Well MW07D/S) 


 
Recommendation – Exclude from footprint; dioxin contamination is closer to surface, dioxin 
concentrations at depths closer to water table are below the cleanup goal; existing cap appears protective 
of underlying groundwater; no additional action warranted, but remedy would rely on long-term 
maintenance of existing cap. 
 
 
Between Cap Area 3 and Centerdale Manor 
 
CMS-098 


 Dioxin contamination in surface soils at concentrations in excess of the proposed cleanup goal of 
8,600 ng/kg (Table G-10) 
o CMS-098: 2,3,7,8-TCDD ranges from 2,500 to 28,100 ng/kg (maximum at 0-0.25 ft bgs) 
o No 2,3,7,8-TCDD exceedance in 0-1 ft interval 
o No sub-surface data 


 Low-level dioxin contamination (below cleanup goal) in groundwater (unfiltered) at 
MW02D/M/S and MW08S, downgradient of CMS-098 (Figure G-9) 
o MW02D/M/S: 2,3,7,8-TCDD ranges non-detect to 4.7 pg/L 
o MW08S: 2,3,7,8-TCDD ranges from non-detect to 5.1 pg/L 
o Suggests underlying groundwater not impacted by dioxin-contaminated soils 


 No GB soil leachability exceedances (Figure 4-7 from RI report) 


 No co-located groundwater data to assess groundwater vs. RIDEM GB groundwater objectives 
o No GB groundwater objective exceedances in groundwater downgradient of CMS-098 (wells 


MW02D/M/S and MW08S, except PCE exceeds criteria at MW02D in 2001 but below 
criteria in 2002) 


 
Recommendation – Exclude from footprint; dioxin contamination is closer to surface and far away from 
river, existing surface appears protective of underlying groundwater; no additional action warranted, but 
remedy would rely on long-term maintenance of existing surface and ICs to prevent excavation/digging. 
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North Centerdale Manor Parking Lot 
 
CMS-419 


 Dioxin contamination in surface and sub-surface soils (0-8 ft bgs) are below the proposed cleanup 
goal of 8,600 ng/kg (Table G-10) 


o CMS-419: 2,3,7,8-TCDD non-detect in all samples and depths 


 Low-level dioxin contamination (below cleanup goal) in groundwater (unfiltered) at MW07D/S, 
downgradient of CMS-419 (Figure G-9) 
o MW07D/S: 2,3,7,8-TCDD ranges non-detect to 3.4 pg/L 


 Contaminant concentrations in excess of RIDEM GB soil leachability criteria in surface and 
subsurface soils (Table F-4b) 
o Chlorobenzene concentration 3x criteria (1-2 ft bgs) 
o cis-1,2-DCE concentration 1.2x criteria (1-2 ft bgs) 
o ethylbenzene concentration 1.1x criteria (1-2 ft bgs) 
o PCE concentration 10x criteria (1-2 ft bgs) 
o Toluene concentration 1.4x criteria (1-2 ft bgs) 
o PCB concentrations 3 to 49x criteria (0-3 ft bgs) 


 No co-located groundwater data to assess groundwater vs. RIDEM GB groundwater objectives 
o No GB groundwater objective exceedances (except 1,2-dibromo-3-chloropropane exceeded 


criteria in 2001 at MW07S, but met criteria in 2002) in groundwater downgradient of CMS-
419 (well MW07D/S) 


 
Recommendation – Exclude from footprint; dioxin contamination is below proposed cleanup goal; there 
are leachability exceedances, however, the existing surface appears protective of underlying groundwater; 
no additional action warranted, but remedy would rely on long-term maintenance of existing surface and 
ICs to prevent excavation. 
 
 
South Centerdale Manor Parking Lot, Adjacent to Woonasquatucket River: Borings CMS-131, 
CMS-405, and CMS-408 
 
CMS-131 


 Dioxin contamination in surface and sub-surface soils at concentrations in excess of the proposed 
cleanup goal of 8,600 ng/kg (Table G-10) 
o CMS-131: 2,3,7,8-TCDD ranges from 3,320 to 54,000 ng/kg (maximum at 1-2 ft bgs) 
o Dioxin concentration below cleanup goal at 3-4 ft bgs 


 No soil data to assess leachability vs. RIDEM GB soil leachability criteria for VOCs 


 No co-located groundwater data to assess groundwater vs. RIDEM GB groundwater objectives 
 
Recommendation – Exclude from footprint; dioxin contamination at depths closer to water table are 
below the cleanup goal; final remedy would rely on long-term maintenance of existing surface.  Consider 
delineation sampling to assess potential for contaminants to leach from soil to underlying groundwater.  
Alternatively, consider installing monitoring well (in vicinity of CMS-131) under source area soil remedy 
and collect monitoring data to determine if groundwater discharge to the river contains dioxin at 
concentrations in excess of the proposed cleanup goals. 
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 CMS-405 and CMS-408 


 Dioxin contamination in surface and sub-surface soils (0-5 ft bgs) are below the proposed cleanup 
goal of 8,600 ng/kg (Table G-10) 
o CMS-405: 2,3,7,8-TCDD ranges from non-detect to 27.1 ng/kg (maximum at 2-3 ft bgs) 
o CMS-408: 2,3,7,8-TCDD non-detect at all depths (0-3 ft bgs) 


 Low-level dioxin contamination (below cleanup goal) in groundwater (unfiltered) at MW09S, 
downgradient of CMS-405 and CMS-408 (Figure G-9) 
o MW09S: 2,3,7,8-TCDD ranges 10.2 to 18.2 pg/L 


 Contaminant concentrations in excess of RIDEM GB soil leachability criteria in subsurface soils 
at CMS-405 and CMS-408 (Table F-4b) 
o Benzene concentrations 6 to 111x criteria (1-5 ft bgs) 
o PCB concentrations 2x criteria (1-2 ft bgs) 


 No co-located groundwater data to assess groundwater vs. RIDEM GB groundwater objectives 
o No GB groundwater objective exceedances (VOCs undetected) in groundwater downgradient 


of CMS-405 and CMS-408 (well MW09S) 
 
Recommendation – Exclude from footprint; dioxin contamination is below proposed cleanup goal; there 
are leachability exceedances, however, the existing surface appears protective of underlying groundwater; 
no additional action warranted, but remedy would rely on long-term maintenance of existing surface and 
ICs to prevent excavation. 
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Figure G-5. 3D Perspective of 2,3,7,8-TCDD Contamination (ng/kg) in Source Area Soils  


(Orange and red contours are estimated areas with concentrations in excess of the cleanup goal for 
groundwater protection.) 
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Figure G-6. Perspective of the Estimated Areas of 2,3,7,8-TCDD Contamination (ng/kg) in Soil at 


the Brook Village Parking Lot 
(Orange and red contours are estimated areas with concentrations in excess of the cleanup goal for 


groundwater protection; the dark blue area represents the estimated water table.) 
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Figure G-7. 3D Perspective of the Point Data for 2,3,7,8-TCDD in Soils at the Brook Village 


Parking Lot.   
(Contamination in excess of the cleanup goal for groundwater protection [orange and red areas] relative to 


the water table [dark blue area].) 
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Figure G-8. Plan View of the Proposed Remedial Footprint for Source Area Groundwater at the 
Brook Village Parking Lot 
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Figure G-9. Source Area Groundwater Locations with Contaminant Concentrations 


in Excess of the Cleanup Goals for Groundwater Protection 
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Appendix G


Table G-1. Comparison of Allendale Reach Surface (0-1 ft) Sediment Data to Cleanup Goals, Spatial Extent of Remediation Footprint
(Sorted by Parameter)
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M
PL


E 
(ft


)


PARAMETER LAB_RESULT UNITS QUAL Cleanup Goal


Above 
Cleanup 


Goal (Y/N) 
(a)


Number 
Values


Number 
Values 
Above 


Cleanup 
Goal


% Above 
Cleanup 
Goal (a) Comment


CMS-SD-4212 0 0.1 2,3,7,8-TCDD 8933.85 PG/G_DRYWT J 14.7 Y 219 208 95%
CMS-020 0 0.25 2,3,7,8-TCDD 233 NG/KG 14.7 Y
CMS-021 0 0.25 2,3,7,8-TCDD 1170 NG/KG 14.7 Y
CMS-021 0 0.25 2,3,7,8-TCDD 2130 NG/KG 14.7 Y
CMS-022 0 0.25 2,3,7,8-TCDD 1480 NG/KG 14.7 Y
CMS-023 0 0.25 2,3,7,8-TCDD 2480 NG/KG 14.7 Y
CMS-024 0 0.25 2,3,7,8-TCDD 1600 NG/KG 14.7 Y
CMS-025 0 0.25 2,3,7,8-TCDD 1030 NG/KG 14.7 Y
CMS-174 0 0.25 2,3,7,8-TCDD 30.8 NG/KG 14.7 Y
CMS-176 0 0.25 2,3,7,8-TCDD 141 NG/KG 14.7 Y
CMS-177 0 0.25 2,3,7,8-TCDD 2530 NG/KG 14.7 Y
CMS-178 0 0.25 2,3,7,8-TCDD 769 NG/KG 14.7 Y
CMS-178 0 0.25 2,3,7,8-TCDD 734 NG/KG 14.7 Y
CMS-179 0 0.25 2,3,7,8-TCDD 21.7 NG/KG 14.7 Y
CMS-180 0 0.25 2,3,7,8-TCDD 11.2 NG/KG 14.7 N
CMS-181 0 0.25 2,3,7,8-TCDD 826 NG/KG 14.7 Y
CMS-182 0 0.25 2,3,7,8-TCDD 1440 NG/KG 14.7 Y
CMS-182 0 0.25 2,3,7,8-TCDD 869 NG/KG 14.7 Y
CMS-183 0 0.25 2,3,7,8-TCDD 729 NG/KG 14.7 Y
CMS-186 0 0.25 2,3,7,8-TCDD 2500 NG/KG 14.7 Y
CMS-187 0 0.25 2,3,7,8-TCDD 8200 NG/KG 14.7 Y
CMS-188 0 0.25 2,3,7,8-TCDD 3460 NG/KG 14.7 Y
CMS-190 0 0.25 2,3,7,8-TCDD 1410 NG/KG 14.7 Y
CMS-191 0 0.25 2,3,7,8-TCDD 404 NG/KG 14.7 Y
CMS-191 0 0.25 2,3,7,8-TCDD 1380 NG/KG 14.7 Y
CMS-192 0 0.25 2,3,7,8-TCDD 21800 NG/KG 14.7 Y
CMS-194 0 0.25 2,3,7,8-TCDD 660 NG/KG 14.7 Y
CMS-195 0 0.25 2,3,7,8-TCDD 8330 NG/KG 14.7 Y
CMS-196 0 0.25 2,3,7,8-TCDD 7840 NG/KG 14.7 Y
CMS-199 0 0.25 2,3,7,8-TCDD 679 NG/KG 14.7 Y
CMS-200 0 0.25 2,3,7,8-TCDD 2350 NG/KG 14.7 Y
CMS-201 0 0.25 2,3,7,8-TCDD 877 NG/KG 14.7 Y
CMS-202 0 0.25 2,3,7,8-TCDD 2530 NG/KG 14.7 Y
CMS-203 0 0.25 2,3,7,8-TCDD 2530 NG/KG 14.7 Y
CMS-204 0 0.25 2,3,7,8-TCDD 1830 NG/KG 14.7 Y
CMS-204 0 0.25 2,3,7,8-TCDD 3390 NG/KG 14.7 Y
CMS-208 0 0.25 2,3,7,8-TCDD 1950 NG/KG 14.7 Y
CMS-209 0 0.25 2,3,7,8-TCDD 11900 NG/KG 14.7 Y
CMS-210 0 0.25 2,3,7,8-TCDD 6190 NG/KG 14.7 Y
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Table G-1. Comparison of Allendale Reach Surface (0-1 ft) Sediment Data to Cleanup Goals, Spatial Extent of Remediation Footprint
(Sorted by Parameter)
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Goal (a) Comment


CMS-211 0 0.25 2,3,7,8-TCDD 864 NG/KG 14.7 Y
CMS-212 0 0.25 2,3,7,8-TCDD 2740 NG/KG 14.7 Y
CMS-213 0 0.25 2,3,7,8-TCDD 7820 NG/KG 14.7 Y
CMS-214 0 0.25 2,3,7,8-TCDD 5040 NG/KG 14.7 Y
CMS-215 0 0.25 2,3,7,8-TCDD 10200 NG/KG 14.7 Y
CMS-216e 0 0.25 2,3,7,8-TCDD 10500 NG/KG 14.7 Y
CMS-224 0 0.25 2,3,7,8-TCDD 1.17 NG/KG 14.7 N
SD-20 0 0.25 2,3,7,8-TCDD 3534.2 NG/KG J 14.7 Y
SD-22 0 0.25 2,3,7,8-TCDD 7468.07 NG/KG J 14.7 Y
SD-23 0 0.25 2,3,7,8-TCDD 10050.8 NG/KG J 14.7 Y
SD-24 0 0.25 2,3,7,8-TCDD 5788.14 NG/KG J 14.7 Y
SD-25 0 0.25 2,3,7,8-TCDD 5178.9 NG/KG J 14.7 Y
Allendale Dam 0 0.33 2,3,7,8-TCDD 4170 NG/KG 14.7 Y
CMS-607 0 0.5 2,3,7,8-TCDD 9500 NG/KG J 14.7 Y
CMS-611 0 0.5 2,3,7,8-TCDD 1100 NG/KG J 14.7 Y
CMS-621 0 0.5 2,3,7,8-TCDD 2200 NG/KG 14.7 Y
APB-BK-2003 0 0.5 2,3,7,8-TCDD 118 NG/KG 14.7 Y
APB-BK-2003 0 0.5 2,3,7,8-TCDD 173 NG/KG 14.7 Y
APB-BK-2003 0 0.5 2,3,7,8-TCDD 0.88 NG/KG J 14.7 N
APB-BK-2003 0 0.5 2,3,7,8-TCDD 117 NG/KG 14.7 Y
APB-FP-2033 0 0.5 2,3,7,8-TCDD 4060 NG/KG $J 14.7 Y
APB-SD-2029 0 0.5 2,3,7,8-TCDD 326 NG/KG 14.7 Y
APB-SD-2034 0 0.5 2,3,7,8-TCDD 2010 NG/KG J$ 14.7 Y
APB-SD-2029 0 0.5 2,3,7,8-TCDD 252 NG/KG $ 14.7 Y
APC-SD-2036 0 0.5 2,3,7,8-TCDD 2070 NG/KG J$ 14.7 Y
APC-SD-2035 0 0.5 2,3,7,8-TCDD 3110 NG/KG $ 14.7 Y
APC-SD-2036 0 0.5 2,3,7,8-TCDD 3270 NG/KG $ 14.7 Y
CMS-600 0 0.5 2,3,7,8-TCDD 870 NG/KG 14.7 Y
CMS-601 0 0.5 2,3,7,8-TCDD 4700 NG/KG 14.7 Y
CMS-602 0 0.5 2,3,7,8-TCDD 3800 NG/KG 14.7 Y
CMS-602 0 0.5 2,3,7,8-TCDD 3160 NG/KG 14.7 Y
CMS-603 0 0.5 2,3,7,8-TCDD 2700 NG/KG J 14.7 Y
CMS-604 0 0.5 2,3,7,8-TCDD 130 NG/KG J 14.7 Y
CMS-606 0 0.5 2,3,7,8-TCDD 17000 NG/KG J 14.7 Y
CMS-607 0 0.5 2,3,7,8-TCDD 5300 NG/KG J 14.7 Y
CMS-608 0 0.5 2,3,7,8-TCDD 9400 NG/KG 14.7 Y
CMS-609 0 0.5 2,3,7,8-TCDD 130 NG/KG J 14.7 Y
CMS-610 0 0.5 2,3,7,8-TCDD 2500 NG/KG 14.7 Y
CMS-611 0 0.5 2,3,7,8-TCDD 2000 NG/KG J 14.7 Y
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Table G-1. Comparison of Allendale Reach Surface (0-1 ft) Sediment Data to Cleanup Goals, Spatial Extent of Remediation Footprint
(Sorted by Parameter)


BORING TO
P_


O
F_


SA
M


PL
E 


(ft
)


B
O


TT
O


M
_O


F_
SA


M
PL


E 
(ft


)


PARAMETER LAB_RESULT UNITS QUAL Cleanup Goal


Above 
Cleanup 


Goal (Y/N) 
(a)


Number 
Values


Number 
Values 
Above 


Cleanup 
Goal


% Above 
Cleanup 
Goal (a) Comment


CMS-611 0 0.5 2,3,7,8-TCDD 221 NG/KG 14.7 Y
CMS-612 0 0.5 2,3,7,8-TCDD 2500 NG/KG J 14.7 Y
CMS-613 0 0.5 2,3,7,8-TCDD 1100 NG/KG J 14.7 Y
CMS-614 0 0.5 2,3,7,8-TCDD 390 NG/KG J 14.7 Y
CMS-616 0 0.5 2,3,7,8-TCDD 24000 NG/KG J 14.7 Y
CMS-617 0 0.5 2,3,7,8-TCDD 12000 NG/KG 14.7 Y
CMS-617 0 0.5 2,3,7,8-TCDD 2560 NG/KG 14.7 Y
CMS-618 0 0.5 2,3,7,8-TCDD 10000 NG/KG J 14.7 Y
CMS-619 0 0.5 2,3,7,8-TCDD 27000 NG/KG J 14.7 Y
CMS-620 0 0.5 2,3,7,8-TCDD 540 NG/KG 14.7 Y
CMS-621 0 0.5 2,3,7,8-TCDD 2300 NG/KG 14.7 Y
CMS-622 0 0.5 2,3,7,8-TCDD 4900 NG/KG 14.7 Y
CMS-623 0 0.5 2,3,7,8-TCDD 750 NG/KG 14.7 Y
CMS-624 0 0.5 2,3,7,8-TCDD 4000 NG/KG J 14.7 Y
CMS-625 0 0.5 2,3,7,8-TCDD 1500 NG/KG J 14.7 Y
CMS-626 0 0.5 2,3,7,8-TCDD 1400 NG/KG J 14.7 Y
CMS-627 0 0.5 2,3,7,8-TCDD 5000 NG/KG 14.7 Y
CMS-629 0 0.5 2,3,7,8-TCDD 3000 NG/KG J 14.7 Y
CMS-630 0 0.5 2,3,7,8-TCDD 1800 NG/KG J 14.7 Y
CMS-631 0 0.5 2,3,7,8-TCDD 16000 NG/KG J 14.7 Y
CMS-632 0 0.5 2,3,7,8-TCDD 4700 NG/KG 14.7 Y
CMS-633 0 0.5 2,3,7,8-TCDD 190 NG/KG J 14.7 Y
CMS-634 0 0.5 2,3,7,8-TCDD 14000 NG/KG 14.7 Y
CMS-FP-4001 0 0.5 2,3,7,8-TCDD 1057.6 NG/KG 14.7 Y
CMS-FP-4001 0 0.5 2,3,7,8-TCDD 1582.71 NG/KG J 14.7 Y
CMS-FP-4002 0 0.5 2,3,7,8-TCDD 4718.26 NG/KG J 14.7 Y
CMS-FP-4003 0 0.5 2,3,7,8-TCDD 2383.01 NG/KG 14.7 Y
CMS-FP-4005 0 0.5 2,3,7,8-TCDD 634.29 NG/KG J 14.7 Y
CMS-SD-4003 0 0.5 2,3,7,8-TCDD 327.9 NG/KG 14.7 Y
CMS-SD-4006 0 0.5 2,3,7,8-TCDD 3199.28 NG/KG 14.7 Y
CMS-SD-4007 0 0.5 2,3,7,8-TCDD 381.41 NG/KG 14.7 Y
CMS-SD-5001 0.00 0.70 2,3,7,8-TCDD          2.58 PG/G DRY 14.7 N
CMS-SD-5002 0.00 0.70 2,3,7,8-TCDD          5069.36 PG/G DRY 14.7 Y
CMS-SD-5003 0.00 0.70 2,3,7,8-TCDD          1189.83 PG/G DRY 14.7 Y
CMS-SD-5004 0.00 0.70 2,3,7,8-TCDD          445.58 PG/G DRY 14.7 Y
CMS-SD-5005 0.00 0.50 2,3,7,8-TCDD          437.28 PG/G DRY 14.7 Y
CMW-FP-2026 0 0.5 2,3,7,8-TCDD 16380 NG/KG J 14.7 Y
CMW-FP-2027 0 0.5 2,3,7,8-TCDD 4960 NG/KG $J 14.7 Y
CMW-SD-2023 0 0.5 2,3,7,8-TCDD 20.9 NG/KG J 14.7 Y
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Table G-1. Comparison of Allendale Reach Surface (0-1 ft) Sediment Data to Cleanup Goals, Spatial Extent of Remediation Footprint
(Sorted by Parameter)
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CMW-SD-2024 0 0.5 2,3,7,8-TCDD 747 NG/KG $ 14.7 Y
CMW-SD-2025 0 0.5 2,3,7,8-TCDD 939 NG/KG $ 14.7 Y
CMW-FP-2026 0 0.5 2,3,7,8-TCDD 16110 NG/KG J 14.7 Y
SD-26 0 0.5 2,3,7,8-TCDD 92.24 NG/KG J 14.7 Y
SD-27 0 0.5 2,3,7,8-TCDD 1332.96 NG/KG J 14.7 Y
SD-28 0 0.5 2,3,7,8-TCDD 2.13 NG/KG UJ 14.7 - (c) 
SD-29 0 0.5 2,3,7,8-TCDD 54.6 NG/KG J 14.7 Y
WRC-SD-2009 0 0.5 2,3,7,8-TCDD 6.3 NG/KG 14.7 N
WRC-SD-2010 0 0.5 2,3,7,8-TCDD 194 NG/KG 14.7 Y
WRC-SD-2011 0 0.5 2,3,7,8-TCDD 210 NG/KG 14.7 Y
WRC-SD-2012 0 0.5 2,3,7,8-TCDD 407 NG/KG $ 14.7 Y
WRC-SD-2013 0 0.5 2,3,7,8-TCDD 58.6 NG/KG 14.7 Y
WRC-SD-2014 0 0.5 2,3,7,8-TCDD 8300 NG/KG J$ 14.7 Y
WRC-SD-2015 0 0.5 2,3,7,8-TCDD 7300 NG/KG J$ 14.7 Y
AD-01 0 1 2,3,7,8-TCDD 68 NG/KG 14.7 Y
AD-01 0 1 2,3,7,8-TCDD 93000 NG/KG J 14.7 Y
AD-02 0 1 2,3,7,8-TCDD 0.68 NG/KG J 14.7 N
AD-03 0 1 2,3,7,8-TCDD 14 NG/KG 14.7 N
AD-04 0 1 2,3,7,8-TCDD 26000 NG/KG J 14.7 Y
AD-04 0 1 2,3,7,8-TCDD 34200 NG/KG J 14.7 Y
CMS-021 0 1 2,3,7,8-TCDD 180 NG/KG J 14.7 Y
CMS-022 0 1 2,3,7,8-TCDD 73000 NG/KG J 14.7 Y
CMS-023 0 1 2,3,7,8-TCDD 52000 NG/KG J 14.7 Y
CMS-024 0 1 2,3,7,8-TCDD 360 NG/KG J 14.7 Y
CMS-025 0 1 2,3,7,8-TCDD 33000 NG/KG J 14.7 Y
CMS-177 0 1 2,3,7,8-TCDD 10000 NG/KG 14.7 Y
CMS-177 0 1 2,3,7,8-TCDD 22600 NG/KG 14.7 Y
CMS-182 0 1 2,3,7,8-TCDD 400 NG/KG J 14.7 Y
CMS-186 0 1 2,3,7,8-TCDD 33000 NG/KG 14.7 Y
CMS-187 0 1 2,3,7,8-TCDD 2100 NG/KG 14.7 Y
CMS-188 0 1 2,3,7,8-TCDD 1600 NG/KG J 14.7 Y
CMS-191 0 1 2,3,7,8-TCDD 5400 NG/KG J 14.7 Y
CMS-191 0 1 2,3,7,8-TCDD 25900 NG/KG 14.7 Y
CMS-192 0 1 2,3,7,8-TCDD 1700 NG/KG J 14.7 Y
CMS-195 0 1 2,3,7,8-TCDD 12000 NG/KG 14.7 Y
CMS-196 0 1 2,3,7,8-TCDD 7700 NG/KG 14.7 Y
CMS-200 0 1 2,3,7,8-TCDD 1400 NG/KG J 14.7 Y
CMS-202 0 1 2,3,7,8-TCDD 2000 NG/KG 14.7 Y
CMS-203 0 1 2,3,7,8-TCDD 21000 NG/KG 14.7 Y
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Table G-1. Comparison of Allendale Reach Surface (0-1 ft) Sediment Data to Cleanup Goals, Spatial Extent of Remediation Footprint
(Sorted by Parameter)
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CMS-204 0 1 2,3,7,8-TCDD 1600 NG/KG 14.7 Y
CMS-208 0 1 2,3,7,8-TCDD 10000 NG/KG J 14.7 Y
CMS-209 0 1 2,3,7,8-TCDD 630 NG/KG J 14.7 Y
CMS-210 0 1 2,3,7,8-TCDD 410 NG/KG J 14.7 Y
CMS-212 0 1 2,3,7,8-TCDD 140 NG/KG J 14.7 Y
CMS-213 0 1 2,3,7,8-TCDD 4300 NG/KG 14.7 Y
CMS-214 0 1 2,3,7,8-TCDD 4600 NG/KG 14.7 Y
CMS-215 0 1 2,3,7,8-TCDD 2900 NG/KG J 14.7 Y
CMS-465 0 1 2,3,7,8-TCDD 135 NG/KG 14.7 Y
CMS-467 0 1 2,3,7,8-TCDD 2680 NG/KG J 14.7 Y
CMS-470 0 1 2,3,7,8-TCDD 27500 NG/KG J 14.7 Y
CMS-471 0 1 2,3,7,8-TCDD 2120 NG/KG J 14.7 Y
CMS-472 0 1 2,3,7,8-TCDD 1430 NG/KG J 14.7 Y
CMS-477 0 1 2,3,7,8-TCDD 5150 NG/KG J 14.7 Y
CMS-484 0 1 2,3,7,8-TCDD 0.51 NG/KG UJ 14.7 - (c) 
CMS-487 0 1 2,3,7,8-TCDD 44900 NG/KG J 14.7 Y
CMS-489 0 1 2,3,7,8-TCDD 16200 NG/KG J 14.7 Y
CMS-490 0 1 2,3,7,8-TCDD 728 NG/KG J 14.7 Y
CMS-493 0 1 2,3,7,8-TCDD 693 NG/KG J 14.7 Y
CMS-494 0 1 2,3,7,8-TCDD 4130 NG/KG J 14.7 Y
CMS-495 0 1 2,3,7,8-TCDD 7560 NG/KG J 14.7 Y
CMS-496 0 1 2,3,7,8-TCDD 574 NG/KG J 14.7 Y
CMS-605 0 1 2,3,7,8-TCDD 46000 NG/KG J 14.7 Y
CMS-615 0 1 2,3,7,8-TCDD 650 NG/KG 14.7 Y
CMS-628 0 1 2,3,7,8-TCDD 2700 NG/KG J 14.7 Y
CMS-191 0 1 2,3,7,8-TCDD 12000 NG/KG J 14.7 Y
RES-12-240-01 0 1 2,3,7,8-TCDD 12590 NG/KG J 14.7 Y
RES-12-240-02 0 1 2,3,7,8-TCDD 10590 NG/KG JEB$ 14.7 Y
RES-12-555-01 0 1 2,3,7,8-TCDD 3020 NG/KG JEB$ 14.7 Y
RES-14-210-01 0 1 2,3,7,8-TCDD 12.3 NG/KG 14.7 N
RES-14-365-01 0 1 2,3,7,8-TCDD 8.5 NG/KG 14.7 N
RES-14-366-01 0 1 2,3,7,8-TCDD 567 NG/KG $ 14.7 Y
RES-14-366-02 0 1 2,3,7,8-TCDD 5350 NG/KG J$ 14.7 Y
RES-14-399-01 0 1 2,3,7,8-TCDD 446 NG/KG J$ 14.7 Y
RES-14-422-01 0 1 2,3,7,8-TCDD 87.9 NG/KG J 14.7 Y
RES-14-424-01 0 1 2,3,7,8-TCDD 31.4 NG/KG 14.7 Y
RES-14-424-02 0 1 2,3,7,8-TCDD 1640 NG/KG J$ 14.7 Y
RES-14-425-01 0 1 2,3,7,8-TCDD 1910 NG/KG $ 14.7 Y
RES-14-448-01 0 1 2,3,7,8-TCDD 10530 NG/KG J$ 14.7 Y
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Table G-1. Comparison of Allendale Reach Surface (0-1 ft) Sediment Data to Cleanup Goals, Spatial Extent of Remediation Footprint
(Sorted by Parameter)
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RES-14-449-01 0 1 2,3,7,8-TCDD 2880 NG/KG J$ 14.7 Y
RES-14-449-02 0 1 2,3,7,8-TCDD 6670 NG/KG J$ 14.7 Y
RES-14-449-03 0 1 2,3,7,8-TCDD 57310 NG/KG J$ 14.7 Y
RES-12-555-01 0 1 2,3,7,8-TCDD 3180 NG/KG JEB$ 14.7 Y
RES-12-240-01 0 1 2,3,7,8-TCDD 15050 NG/KG J 14.7 Y
RES-14-449-03 0 1 2,3,7,8-TCDD 33690 NG/KG J$ 14.7 Y
CMS-SD-4204 0.05 0.1 2,3,7,8-TCDD 2989.99 PG/G_DRYWT J 14.7 Y
CMS-SD-4222 0.25 0.35 2,3,7,8-TCDD 6620.01 PG/G_DRYWT J 14.7 Y
CMS-SD-4210 0.3 0.4 2,3,7,8-TCDD 1666.17 PG/G_DRYWT 14.7 Y
CMS-SD-4220 0.3 0.4 2,3,7,8-TCDD 8373.18 PG/G_DRYWT J 14.7 Y
CMS-SD-4209 0.35 0.4 2,3,7,8-TCDD 3479.12 PG/G_DRYWT J 14.7 Y
CMS-SD-4206 0.35 0.45 2,3,7,8-TCDD 2741.63 PG/G_DRYWT J 14.7 Y
CMS-SD-4213 0.35 0.45 2,3,7,8-TCDD 6522.14 PG/G_DRYWT J 14.7 Y
CMS-SD-4218 0.35 0.45 2,3,7,8-TCDD 703 PG/G_DRYWT J 14.7 Y
CMS-SD-4219 0.35 0.45 2,3,7,8-TCDD 5339.25 PG/G_DRYWT J 14.7 Y
CMS-SD-4204 0.55 0.6 2,3,7,8-TCDD 1622.78 PG/G_DRYWT J 14.7 Y
CMS-SD-4212 0.55 0.65 2,3,7,8-TCDD 15962.06 PG/G_DRYWT J 14.7 Y
CMS-SD-4213 0.55 0.65 2,3,7,8-TCDD 52828.45 PG/G_DRYWT J 14.7 Y
CMS-SD-4220 0.6 0.7 2,3,7,8-TCDD 653.17 PG/G_DRYWT 14.7 Y
CMS-SD-4209 0.65 0.7 2,3,7,8-TCDD 15755.54 PG/G_DRYWT J 14.7 Y
CMS-SD-4218 0.7 0.8 2,3,7,8-TCDD 6040.87 PG/G_DRYWT J 14.7 Y
CMS-SD-4219 0.75 0.85 2,3,7,8-TCDD 48.92 PG/G_DRYWT 14.7 Y
CMS-SD-4210 0.8 0.9 2,3,7,8-TCDD 3723.82 PG/G_DRYWT J 14.7 Y
CMS-SD-4222 0.85 0.95 2,3,7,8-TCDD 1045.69 PG/G_DRYWT J 14.7 Y
SD-20 0 0.25 Aroclor-1254 200 UG/KG J 150 Y 120 92 77%
SD-22 0 0.25 Aroclor-1254 440 UG/KG 150 Y
SD-23 0 0.25 Aroclor-1254 320 UG/KG J 150 Y
SD-24 0 0.25 Aroclor-1254 260 UG/KG J 150 Y
SD-25 0 0.25 Aroclor-1254 170 UG/KG J 150 Y
Allendale Dam 0 0.33 Aroclor-1254 590 UG/KG 150 Y
CMS-607 0 0.5 Aroclor-1254 17000 UG/KG 150 Y
CMS-611 0 0.5 Aroclor-1254 540 UG/KG J 150 Y
CMS-621 0 0.5 Aroclor-1254 160 UG/KG 150 Y
APB-BK-2003 0 0.5 Aroclor-1254 23 UG/KG JP 150 N
APB-BK-2003 0 0.5 Aroclor-1254 50 UG/KG P 150 N
APB-BK-2003 0 0.5 Aroclor-1254 38 UG/KG U 150 - (c) 
APB-BK-2003 0 0.5 Aroclor-1254 45 UG/KG 150 N
APB-FP-2028 0 0.5 Aroclor-1254 250 UG/KG 150 Y
APB-FP-2031 0 0.5 Aroclor-1254 130 UG/KG 150 N
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Appendix G


Table G-1. Comparison of Allendale Reach Surface (0-1 ft) Sediment Data to Cleanup Goals, Spatial Extent of Remediation Footprint
(Sorted by Parameter)
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APB-FP-2032 0 0.5 Aroclor-1254 480 UG/KG 150 Y
APB-FP-2033 0 0.5 Aroclor-1254 150 UG/KG 150 N
APB-SD-2029 0 0.5 Aroclor-1254 24 UG/KG J 150 N
APB-FP-2030 0 0.5 Aroclor-1254 160 UG/KG 150 Y
APB-SD-2034 0 0.5 Aroclor-1254 120 UG/KG 150 N
APB-SD-2037 0 0.5 Aroclor-1254 1200 UG/KG * 150 Y
APB-SD-4008 0 0.5 Aroclor-1254 653.23 UG/KG 150 Y
APB-SD-4009 0 0.5 Aroclor-1254 1466.65 UG/KG 150 Y
APB-SD-4010 0 0.5 Aroclor-1254 3211.48 UG/KG 150 Y
APB-SD-2029 0 0.5 Aroclor-1254 21 UG/KG J 150 N
APC-SD-2036 0 0.5 Aroclor-1254 77 UG/KG J 150 N
APC-SD-2035 0 0.5 Aroclor-1254 180 UG/KG 150 Y
APC-SD-2036 0 0.5 Aroclor-1254 160 UG/KG J 150 Y
CMS-600 0 0.5 Aroclor-1254 1400 UG/KG J 150 Y
CMS-601 0 0.5 Aroclor-1254 3000 UG/KG 150 Y
CMS-602 0 0.5 Aroclor-1254 13000 UG/KG 150 Y
CMS-603 0 0.5 Aroclor-1254 560 UG/KG 150 Y
CMS-604 0 0.5 Aroclor-1254 11 UG/KG J 150 N
CMS-606 0 0.5 Aroclor-1254 27000 UG/KG 150 Y
CMS-607 0 0.5 Aroclor-1254 28000 UG/KG 150 Y
CMS-608 0 0.5 Aroclor-1254 7300 UG/KG 150 Y
CMS-609 0 0.5 Aroclor-1254 220 UG/KG 150 Y
CMS-610 0 0.5 Aroclor-1254 290 UG/KG 150 Y
CMS-611 0 0.5 Aroclor-1254 1700 UG/KG J 150 Y
CMS-612 0 0.5 Aroclor-1254 190 UG/KG 150 Y
CMS-613 0 0.5 Aroclor-1254 330 UG/KG 150 Y
CMS-614 0 0.5 Aroclor-1254 280 UG/KG J 150 Y
CMS-616 0 0.5 Aroclor-1254 9200 UG/KG 150 Y
CMS-617 0 0.5 Aroclor-1254 3000 UG/KG 150 Y
CMS-618 0 0.5 Aroclor-1254 1700 UG/KG 150 Y
CMS-619 0 0.5 Aroclor-1254 11000 UG/KG 150 Y
CMS-620 0 0.5 Aroclor-1254 47 UG/KG J 150 N
CMS-621 0 0.5 Aroclor-1254 230 UG/KG 150 Y
CMS-622 0 0.5 Aroclor-1254 280 UG/KG 150 Y
CMS-623 0 0.5 Aroclor-1254 460 UG/KG J 150 Y
CMS-624 0 0.5 Aroclor-1254 590 UG/KG 150 Y
CMS-625 0 0.5 Aroclor-1254 540 UG/KG 150 Y
CMS-626 0 0.5 Aroclor-1254 760 UG/KG J 150 Y
CMS-627 0 0.5 Aroclor-1254 150 UG/KG 150 N
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Appendix G


Table G-1. Comparison of Allendale Reach Surface (0-1 ft) Sediment Data to Cleanup Goals, Spatial Extent of Remediation Footprint
(Sorted by Parameter)
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CMS-629 0 0.5 Aroclor-1254 830 UG/KG 150 Y
CMS-630 0 0.5 Aroclor-1254 320 UG/KG 150 Y
CMS-631 0 0.5 Aroclor-1254 660 UG/KG 150 Y
CMS-632 0 0.5 Aroclor-1254 350 UG/KG 150 Y
CMS-633 0 0.5 Aroclor-1254 93 UG/KG 150 N
CMS-634 0 0.5 Aroclor-1254 8900 UG/KG 150 Y
CMS-FP-4001 0 0.5 Aroclor-1254 685.38 UG/KG 150 Y
CMS-FP-4001 0 0.5 Aroclor-1254 481.74 UG/KG 150 Y
CMS-FP-4002 0 0.5 Aroclor-1254 1297.67 UG/KG 150 Y
CMS-FP-4003 0 0.5 Aroclor-1254 629.78 UG/KG 150 Y
CMS-FP-4005 0 0.5 Aroclor-1254 588.35 UG/KG 150 Y
CMS-SD-4003 0 0.5 Aroclor-1254 172.09 UG/KG 150 Y
CMS-SD-4006 0 0.5 Aroclor-1254 436.66 UG/KG 150 Y
CMS-SD-4007 0 0.5 Aroclor-1254 1465.94 UG/KG 150 Y
CMW-FP-2026 0 0.5 Aroclor-1254 270 UG/KG 150 Y
CMW-FP-2027 0 0.5 Aroclor-1254 400 UG/KG J 150 Y
CMW-SD-2023 0 0.5 Aroclor-1254 46 UG/KG U 150 - (c) 
CMW-SD-2024 0 0.5 Aroclor-1254 230 UG/KG 150 Y
CMW-SD-2025 0 0.5 Aroclor-1254 300 UG/KG 150 Y
CMW-FP-2026 0 0.5 Aroclor-1254 180 UG/KG 150 Y
SD-26 0 0.5 Aroclor-1254 33 UG/KG J 150 N
SD-27 0 0.5 Aroclor-1254 140 UG/KG 150 N
SD-28 0 0.5 Aroclor-1254 48 UG/KG J 150 N
SD-29 0 0.5 Aroclor-1254 65 UG/KG J 150 N
WRC-SD-2009 0 0.5 Aroclor-1254 190 UG/KG 150 Y
WRC-SD-2010 0 0.5 Aroclor-1254 110 UG/KG J 150 N
WRC-SD-2011 0 0.5 Aroclor-1254 280 UG/KG 150 Y
WRC-SD-2012 0 0.5 Aroclor-1254 180 UG/KG J 150 Y
WRC-SD-2013 0 0.5 Aroclor-1254 49 UG/KG U 150 - (c) 
WRC-SD-2014 0 0.5 Aroclor-1254 63 UG/KG 150 N
WRC-SD-2015 0 0.5 Aroclor-1254 2000 UG/KG * 150 Y
AD-01 0 1 Aroclor-1254 34 UG/KG U 150 - (c) 
AD-01 0 1 Aroclor-1254 9100 UG/KG 150 Y
AD-02 0 1 Aroclor-1254 34 UG/KG U 150 - (c) 
AD-03 0 1 Aroclor-1254 14 UG/KG J 150 N
AD-04 0 1 Aroclor-1254 9100 UG/KG 150 Y
CMS-177 0 1 Aroclor-1254 3500 UG/KG 150 Y
CMS-192 0 1 Aroclor-1254 840 UG/KG J 150 Y
CMS-215 0 1 Aroclor-1254 650 UG/KG J 150 Y
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Appendix G


Table G-1. Comparison of Allendale Reach Surface (0-1 ft) Sediment Data to Cleanup Goals, Spatial Extent of Remediation Footprint
(Sorted by Parameter)
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CMS-605 0 1 Aroclor-1254 13000 UG/KG 150 Y
CMS-615 0 1 Aroclor-1254 1200 UG/KG J 150 Y
CMS-628 0 1 Aroclor-1254 510 UG/KG J 150 Y
RES-12-239-01 0 1 Aroclor-1254 60 UG/KG 150 N
RES-12-240-01 0 1 Aroclor-1254 620 UG/KG 150 Y
RES-12-550-01 0 1 Aroclor-1254 860 UG/KG 150 Y
RES-12-551-01 0 1 Aroclor-1254 4300 UG/KG * 150 Y
RES-12-552-01 0 1 Aroclor-1254 340 UG/KG 150 Y
RES-12-553-01 0 1 Aroclor-1254 490 UG/KG 150 Y
RES-12-554-01 0 1 Aroclor-1254 400 UG/KG 150 Y
RES-12-555-01 0 1 Aroclor-1254 4100 UG/KG * 150 Y
RES-14-210-01 0 1 Aroclor-1254 38 UG/KG U 150 - (c) 
RES-14-334-01 0 1 Aroclor-1254 540 UG/KG 150 Y
RES-14-365-01 0 1 Aroclor-1254 80 UG/KG J 150 N
RES-14-366-01 0 1 Aroclor-1254 380 UG/KG 150 Y
RES-14-398-01 0 1 Aroclor-1254 1500 UG/KG * 150 Y
RES-14-399-01 0 1 Aroclor-1254 520 UG/KG 150 Y
RES-14-419-01 0 1 Aroclor-1254 4700 UG/KG * 150 Y
RES-14-420-01 0 1 Aroclor-1254 160 UG/KG 150 Y
RES-14-422-01 0 1 Aroclor-1254 280 UG/KG 150 Y
RES-14-424-01 0 1 Aroclor-1254 260 UG/KG 150 Y
RES-14-425-01 0 1 Aroclor-1254 570 UG/KG 150 Y
RES-14-430-01 0 1 Aroclor-1254 360 UG/KG 150 Y
RES-14-448-01 0 1 Aroclor-1254 4600 UG/KG *J 150 Y
RES-14-449-01 0 1 Aroclor-1254 2400 UG/KG J 150 Y
RES-12-553-01 0 1 Aroclor-1254 420 UG/KG 150 Y
RES-14-430-01 0 1 Aroclor-1254 320 UG/KG 150 Y
Allendale Dam 0 0.33 Aroclor-1268 120 UG/KG 140 N 12 1 8%
APB-SD-4008 0 0.5 Aroclor-1268 156.42 UG/KG 140 Y
APB-SD-4009 0 0.5 Aroclor-1268 123.3 UG/KG 140 N
APB-SD-4010 0 0.5 Aroclor-1268 40.36 UG/KG 140 N
CMS-FP-4001 0 0.5 Aroclor-1268 45.08 UG/KG 140 N
CMS-FP-4001 0 0.5 Aroclor-1268 41.46 UG/KG 140 N
CMS-FP-4002 0 0.5 Aroclor-1268 46.49 UG/KG 140 N
CMS-FP-4003 0 0.5 Aroclor-1268 36.78 UG/KG 140 N
CMS-FP-4005 0 0.5 Aroclor-1268 33.93 UG/KG 140 N
CMS-SD-4003 0 0.5 Aroclor-1268 101.77 UG/KG 140 N
CMS-SD-4006 0 0.5 Aroclor-1268 93.72 UG/KG 140 N
CMS-SD-4007 0 0.5 Aroclor-1268 77.44 UG/KG 140 N
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Appendix G


Table G-1. Comparison of Allendale Reach Surface (0-1 ft) Sediment Data to Cleanup Goals, Spatial Extent of Remediation Footprint
(Sorted by Parameter)
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SD-20 0 0.25 Aroclor, Total 200 UG/KG 210 N 120 83 69%
SD-22 0 0.25 Aroclor, Total 440 UG/KG 210 Y
SD-23 0 0.25 Aroclor, Total 320 UG/KG 210 Y
SD-24 0 0.25 Aroclor, Total 260 UG/KG 210 Y
SD-25 0 0.25 Aroclor, Total 170 UG/KG 210 N
Allendale Dam 0 0.33 Aroclor, Total 710 UG/KG 210 Y
CMS-607 0 0.5 Aroclor, Total 17000 UG/KG 210 Y
CMS-611 0 0.5 Aroclor, Total 540 UG/KG J 210 Y
CMS-621 0 0.5 Aroclor, Total 160 UG/KG 210 N
APB-BK-2003 0 0.5 Aroclor, Total 23 UG/KG 210 N
APB-BK-2003 0 0.5 Aroclor, Total 50 UG/KG 210 N
APB-BK-2003 0 0.5 Aroclor, Total 77 UG/KG U 210 - (c) 
APB-BK-2003 0 0.5 Aroclor, Total 45 UG/KG 210 N
APB-FP-2028 0 0.5 Aroclor, Total 250 UG/KG 210 Y
APB-FP-2031 0 0.5 Aroclor, Total 130 UG/KG 210 N
APB-FP-2032 0 0.5 Aroclor, Total 480 UG/KG 210 Y
APB-FP-2033 0 0.5 Aroclor, Total 150 UG/KG 210 N
APB-SD-2029 0 0.5 Aroclor, Total 24 UG/KG 210 N
APB-FP-2030 0 0.5 Aroclor, Total 160 UG/KG 210 N
APB-SD-2034 0 0.5 Aroclor, Total 136 UG/KG 210 N
APB-SD-2037 0 0.5 Aroclor, Total 1200 UG/KG 210 Y
APB-SD-4008 0 0.5 Aroclor, Total 809.66 UG/KG 210 Y
APB-SD-4009 0 0.5 Aroclor, Total 1589.96 UG/KG 210 Y
APB-SD-4010 0 0.5 Aroclor, Total 3251.84 UG/KG 210 Y
APB-SD-2029 0 0.5 Aroclor, Total 21 UG/KG 210 N
APC-SD-2036 0 0.5 Aroclor, Total 77 UG/KG 210 N
APC-SD-2035 0 0.5 Aroclor, Total 216 UG/KG 210 Y
APC-SD-2036 0 0.5 Aroclor, Total 183 UG/KG 210 N
CMS-600 0 0.5 Aroclor, Total 1400 UG/KG J 210 Y
CMS-601 0 0.5 Aroclor, Total 3000 UG/KG 210 Y
CMS-602 0 0.5 Aroclor, Total 13000 UG/KG 210 Y
CMS-603 0 0.5 Aroclor, Total 560 UG/KG 210 Y
CMS-604 0 0.5 Aroclor, Total 11 UG/KG J 210 N
CMS-606 0 0.5 Aroclor, Total 27000 UG/KG 210 Y
CMS-607 0 0.5 Aroclor, Total 28000 UG/KG 210 Y
CMS-608 0 0.5 Aroclor, Total 7300 UG/KG 210 Y
CMS-609 0 0.5 Aroclor, Total 220 UG/KG 210 Y
CMS-610 0 0.5 Aroclor, Total 290 UG/KG 210 Y
CMS-611 0 0.5 Aroclor, Total 1700 UG/KG J 210 Y
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Table G-1. Comparison of Allendale Reach Surface (0-1 ft) Sediment Data to Cleanup Goals, Spatial Extent of Remediation Footprint
(Sorted by Parameter)
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CMS-612 0 0.5 Aroclor, Total 190 UG/KG 210 N
CMS-613 0 0.5 Aroclor, Total 330 UG/KG 210 Y
CMS-614 0 0.5 Aroclor, Total 280 UG/KG J 210 Y
CMS-616 0 0.5 Aroclor, Total 9200 UG/KG 210 Y
CMS-617 0 0.5 Aroclor, Total 3000 UG/KG 210 Y
CMS-618 0 0.5 Aroclor, Total 1700 UG/KG 210 Y
CMS-619 0 0.5 Aroclor, Total 11000 UG/KG 210 Y
CMS-620 0 0.5 Aroclor, Total 47 UG/KG J 210 N
CMS-621 0 0.5 Aroclor, Total 230 UG/KG 210 Y
CMS-622 0 0.5 Aroclor, Total 280 UG/KG 210 Y
CMS-623 0 0.5 Aroclor, Total 460 UG/KG J 210 Y
CMS-624 0 0.5 Aroclor, Total 590 UG/KG 210 Y
CMS-625 0 0.5 Aroclor, Total 540 UG/KG 210 Y
CMS-626 0 0.5 Aroclor, Total 760 UG/KG J 210 Y
CMS-627 0 0.5 Aroclor, Total 150 UG/KG 210 N
CMS-629 0 0.5 Aroclor, Total 830 UG/KG 210 Y
CMS-630 0 0.5 Aroclor, Total 320 UG/KG 210 Y
CMS-631 0 0.5 Aroclor, Total 660 UG/KG 210 Y
CMS-632 0 0.5 Aroclor, Total 350 UG/KG 210 Y
CMS-633 0 0.5 Aroclor, Total 93 UG/KG 210 N
CMS-634 0 0.5 Aroclor, Total 8900 UG/KG 210 Y
CMS-FP-4001 0 0.5 Aroclor, Total 730.46 UG/KG 210 Y
CMS-FP-4001 0 0.5 Aroclor, Total 523.2 UG/KG 210 Y
CMS-FP-4002 0 0.5 Aroclor, Total 1344.16 UG/KG 210 Y
CMS-FP-4003 0 0.5 Aroclor, Total 666.57 UG/KG 210 Y
CMS-FP-4005 0 0.5 Aroclor, Total 622.28 UG/KG 210 Y
CMS-SD-4003 0 0.5 Aroclor, Total 273.86 UG/KG 210 Y
CMS-SD-4006 0 0.5 Aroclor, Total 530.38 UG/KG 210 Y
CMS-SD-4007 0 0.5 Aroclor, Total 1543.38 UG/KG 210 Y
CMW-FP-2026 0 0.5 Aroclor, Total 337 UG/KG 210 Y
CMW-FP-2027 0 0.5 Aroclor, Total 400 UG/KG 210 Y
CMW-SD-2023 0 0.5 Aroclor, Total 94 UG/KG U 210 - (c) 
CMW-SD-2024 0 0.5 Aroclor, Total 315 UG/KG 210 Y
CMW-SD-2025 0 0.5 Aroclor, Total 400 UG/KG 210 Y
CMW-FP-2026 0 0.5 Aroclor, Total 180 UG/KG 210 N
SD-26 0 0.5 Aroclor, Total 33 UG/KG 210 N
SD-27 0 0.5 Aroclor, Total 140 UG/KG 210 N
SD-28 0 0.5 Aroclor, Total 48 UG/KG 210 N
SD-29 0 0.5 Aroclor, Total 65 UG/KG 210 N
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Table G-1. Comparison of Allendale Reach Surface (0-1 ft) Sediment Data to Cleanup Goals, Spatial Extent of Remediation Footprint
(Sorted by Parameter)
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WRC-SD-2009 0 0.5 Aroclor, Total 190 UG/KG 210 N
WRC-SD-2010 0 0.5 Aroclor, Total 444 UG/KG 210 Y
WRC-SD-2011 0 0.5 Aroclor, Total 400 UG/KG 210 Y
WRC-SD-2012 0 0.5 Aroclor, Total 196 UG/KG 210 N
WRC-SD-2013 0 0.5 Aroclor, Total 99 UG/KG U 210 - (c) 
WRC-SD-2014 0 0.5 Aroclor, Total 63 UG/KG 210 N
WRC-SD-2015 0 0.5 Aroclor, Total 2410 UG/KG 210 Y
AD-01 0 1 Aroclor, Total 34 UG/KG U 210 - (c) 
AD-01 0 1 Aroclor, Total 9100 UG/KG 210 Y
AD-02 0 1 Aroclor, Total 34 UG/KG U 210 - (c) 
AD-03 0 1 Aroclor, Total 14 UG/KG J 210 N
AD-04 0 1 Aroclor, Total 9100 UG/KG 210 Y
CMS-177 0 1 Aroclor, Total 3500 UG/KG 210 Y
CMS-192 0 1 Aroclor, Total 840 UG/KG J 210 Y
CMS-215 0 1 Aroclor, Total 650 UG/KG J 210 Y
CMS-605 0 1 Aroclor, Total 13000 UG/KG 210 Y
CMS-615 0 1 Aroclor, Total 1200 UG/KG J 210 Y
CMS-628 0 1 Aroclor, Total 510 UG/KG J 210 Y
RES-12-239-01 0 1 Aroclor, Total 60 UG/KG 210 N
RES-12-240-01 0 1 Aroclor, Total 620 UG/KG 210 Y
RES-12-550-01 0 1 Aroclor, Total 860 UG/KG 210 Y
RES-12-551-01 0 1 Aroclor, Total 4300 UG/KG 210 Y
RES-12-552-01 0 1 Aroclor, Total 340 UG/KG 210 Y
RES-12-553-01 0 1 Aroclor, Total 490 UG/KG 210 Y
RES-12-554-01 0 1 Aroclor, Total 400 UG/KG 210 Y
RES-12-555-01 0 1 Aroclor, Total 4100 UG/KG 210 Y
RES-14-210-01 0 1 Aroclor, Total 77 UG/KG U 210 - (c) 
RES-14-334-01 0 1 Aroclor, Total 540 UG/KG 210 Y
RES-14-365-01 0 1 Aroclor, Total 80 UG/KG 210 N
RES-14-366-01 0 1 Aroclor, Total 380 UG/KG 210 Y
RES-14-398-01 0 1 Aroclor, Total 1500 UG/KG 210 Y
RES-14-399-01 0 1 Aroclor, Total 520 UG/KG 210 Y
RES-14-419-01 0 1 Aroclor, Total 4700 UG/KG 210 Y
RES-14-420-01 0 1 Aroclor, Total 190 UG/KG 210 N
RES-14-422-01 0 1 Aroclor, Total 280 UG/KG 210 Y
RES-14-424-01 0 1 Aroclor, Total 260 UG/KG 210 Y
RES-14-425-01 0 1 Aroclor, Total 570 UG/KG 210 Y
RES-14-430-01 0 1 Aroclor, Total 360 UG/KG 210 Y
RES-14-448-01 0 1 Aroclor, Total 4600 UG/KG 210 Y
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Table G-1. Comparison of Allendale Reach Surface (0-1 ft) Sediment Data to Cleanup Goals, Spatial Extent of Remediation Footprint
(Sorted by Parameter)
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RES-14-449-01 0 1 Aroclor, Total 2400 UG/KG 210 Y
RES-12-553-01 0 1 Aroclor, Total 420 UG/KG 210 Y
RES-14-430-01 0 1 Aroclor, Total 320 UG/KG 210 Y
Allendale Dam 0 0.33 Arsenic 10.6 MG/KG U 3.9 71 39 55% (b)
APB-BK-2003 0 0.5 Arsenic 0.89 MG/KG 3.9 N
APB-BK-2003 0 0.5 Arsenic 1 MG/KG 3.9 N
APB-BK-2003 0 0.5 Arsenic 10.5 MG/KG 3.9 Y
APB-BK-2003 0 0.5 Arsenic 1.1 MG/KG J 3.9 N
APB-FP-2028 0 0.5 Arsenic 8.7 MG/KG 3.9 Y
APB-FP-2031 0 0.5 Arsenic 6.5 MG/KG 3.9 Y
APB-FP-2032 0 0.5 Arsenic 6.9 MG/KG 3.9 Y
APB-FP-2033 0 0.5 Arsenic 5.3 MG/KG 3.9 Y
APB-SD-2029 0 0.5 Arsenic 0.92 MG/KG U 3.9 - (c) 
APB-FP-2030 0 0.5 Arsenic 4 MG/KG 3.9 Y
APB-SD-2034 0 0.5 Arsenic 8.9 MG/KG 3.9 Y
APB-SD-2037 0 0.5 Arsenic 5 MG/KG 3.9 Y
APB-SD-4008 0 0.5 Arsenic 5.38 MG/KG J 3.9 Y
APB-SD-4009 0 0.5 Arsenic 3.78 MG/KG J 3.9 N
APB-SD-4010 0 0.5 Arsenic 1.4 MG/KG J 3.9 N
APB-SD-2029 0 0.5 Arsenic 0.65 MG/KG U 3.9 - (c) 
APC-SD-2036 0 0.5 Arsenic 9.7 MG/KG 3.9 Y
APC-SD-2035 0 0.5 Arsenic 5.7 MG/KG 3.9 Y
APC-SD-2036 0 0.5 Arsenic 8.8 MG/KG 3.9 Y
CMS-FP-4001 0 0.5 Arsenic 3.94 MG/KG 3.9 Y
CMS-FP-4002 0 0.5 Arsenic 4.27 MG/KG 3.9 Y
CMS-FP-4003 0 0.5 Arsenic 5.01 MG/KG 3.9 Y
CMS-FP-4005 0 0.5 Arsenic 4.64 MG/KG 3.9 Y
CMS-SD-4003 0 0.5 Arsenic 3.39 MG/KG J 3.9 N
CMS-SD-4006 0 0.5 Arsenic 4.01 MG/KG J 3.9 Y
CMS-SD-4007 0 0.5 Arsenic 11.2 MG/KG J 3.9 Y
CMW-FP-2026 0 0.5 Arsenic 11.6 MG/KG J 3.9 Y
CMW-FP-2027 0 0.5 Arsenic 3.3 MG/KG 3.9 N
CMW-SD-2023 0 0.5 Arsenic 3.3 MG/KG 3.9 N
CMW-SD-2024 0 0.5 Arsenic 2.4 MG/KG 3.9 N
CMW-SD-2025 0 0.5 Arsenic 4.4 MG/KG 3.9 Y
CMW-FP-2026 0 0.5 Arsenic 10.9 MG/KG 3.9 Y
WRC-SD-2009 0 0.5 Arsenic 1.1 MG/KG J 3.9 N
WRC-SD-2010 0 0.5 Arsenic 2.5 MG/KG 3.9 N
WRC-SD-2011 0 0.5 Arsenic 1.1 MG/KG J 3.9 N
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Appendix G


Table G-1. Comparison of Allendale Reach Surface (0-1 ft) Sediment Data to Cleanup Goals, Spatial Extent of Remediation Footprint
(Sorted by Parameter)


BORING TO
P_


O
F_


SA
M


PL
E 


(ft
)


B
O


TT
O


M
_O


F_
SA


M
PL


E 
(ft


)


PARAMETER LAB_RESULT UNITS QUAL Cleanup Goal


Above 
Cleanup 


Goal (Y/N) 
(a)


Number 
Values


Number 
Values 
Above 


Cleanup 
Goal


% Above 
Cleanup 
Goal (a) Comment


WRC-SD-2012 0 0.5 Arsenic 1.7 MG/KG J 3.9 N
WRC-SD-2013 0 0.5 Arsenic 0.83 MG/KG U 3.9 - (c) 
WRC-SD-2014 0 0.5 Arsenic 0.69 MG/KG U 3.9 - (c) 
WRC-SD-2015 0 0.5 Arsenic 4.9 MG/KG 3.9 Y
AD-01 0 1 Arsenic 31.3 MG/KG U 3.9 - (b)
AD-01 0 1 Arsenic 75.7 MG/KG U 3.9 - (b)
AD-02 0 1 Arsenic 30.8 MG/KG U 3.9 - (b)
AD-03 0 1 Arsenic 34.6 MG/KG U 3.9 - (b)
AD-04 0 1 Arsenic 76.5 MG/KG U 3.9 - (b)
CMS-192 0 1 Arsenic 18 MG/KG J 3.9 Y
CMS-215 0 1 Arsenic 9.9 MG/KG J 3.9 Y
RES-12-239-01 0 1 Arsenic 2.2 MG/KG J 3.9 N
RES-12-240-01 0 1 Arsenic 5.1 MG/KG 3.9 Y
RES-12-550-01 0 1 Arsenic 10 MG/KG 3.9 Y
RES-12-551-01 0 1 Arsenic 11.6 MG/KG 3.9 Y
RES-12-552-01 0 1 Arsenic 4 MG/KG 3.9 Y
RES-12-553-01 0 1 Arsenic 2 MG/KG J 3.9 N
RES-12-554-01 0 1 Arsenic 4 MG/KG 3.9 Y
RES-12-555-01 0 1 Arsenic 13.1 MG/KG 3.9 Y
RES-14-210-01 0 1 Arsenic 3.8 MG/KG 3.9 N
RES-14-334-01 0 1 Arsenic 3.1 MG/KG J 3.9 N
RES-14-365-01 0 1 Arsenic 5.8 MG/KG J 3.9 Y
RES-14-366-01 0 1 Arsenic 2.7 MG/KG J 3.9 N
RES-14-398-01 0 1 Arsenic 7.5 MG/KG 3.9 Y
RES-14-399-01 0 1 Arsenic 4.4 MG/KG 3.9 Y
RES-14-419-01 0 1 Arsenic 12.5 MG/KG 3.9 Y
RES-14-420-01 0 1 Arsenic 1.9 MG/KG 3.9 N
RES-14-422-01 0 1 Arsenic 6.6 MG/KG 3.9 Y
RES-14-424-01 0 1 Arsenic 4.1 MG/KG 3.9 Y
RES-14-425-01 0 1 Arsenic 8 MG/KG 3.9 Y
RES-14-430-01 0 1 Arsenic 3.2 MG/KG J 3.9 N
RES-14-448-01 0 1 Arsenic 10.9 MG/KG J 3.9 Y
RES-14-449-01 0 1 Arsenic 14.7 MG/KG J 3.9 Y
RES-12-553-01 0 1 Arsenic 2.1 MG/KG J 3.9 N
RES-14-430-01 0 1 Arsenic 2.8 MG/KG J 3.9 N
Allendale Dam 0 0.33 Benzo(a)pyrene 5400 UG/KG 1400 Y 69 28 41%
APB-BK-2003 0 0.5 Benzo(a)pyrene 150 UG/KG J 1400 N
APB-BK-2003 0 0.5 Benzo(a)pyrene 400 UG/KG J 1400 N
APB-BK-2003 0 0.5 Benzo(a)pyrene 3400 UG/KG J 1400 Y
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Appendix G


Table G-1. Comparison of Allendale Reach Surface (0-1 ft) Sediment Data to Cleanup Goals, Spatial Extent of Remediation Footprint
(Sorted by Parameter)
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APB-BK-2003 0 0.5 Benzo(a)pyrene 130 UG/KG J 1400 N
APB-FP-2028 0 0.5 Benzo(a)pyrene 640 UG/KG J 1400 N
APB-FP-2031 0 0.5 Benzo(a)pyrene 380 UG/KG J 1400 N
APB-FP-2032 0 0.5 Benzo(a)pyrene 900 UG/KG J 1400 N
APB-FP-2033 0 0.5 Benzo(a)pyrene 4800 UG/KG U 1400 - (b)
APB-SD-2029 0 0.5 Benzo(a)pyrene 140 UG/KG J 1400 N
APB-FP-2030 0 0.5 Benzo(a)pyrene 2600 UG/KG J 1400 Y
APB-SD-2034 0 0.5 Benzo(a)pyrene 1200 UG/KG J 1400 N
APB-SD-2037 0 0.5 Benzo(a)pyrene 430 UG/KG J 1400 N
APB-SD-4008 0 0.5 Benzo(a)pyrene 2633.03 UG/KG J 1400 Y
APB-SD-4009 0 0.5 Benzo(a)pyrene 4315.76 UG/KG 1400 Y
APB-SD-4010 0 0.5 Benzo(a)pyrene 1179.66 UG/KG 1400 N
APB-SD-2029 0 0.5 Benzo(a)pyrene 120 UG/KG J 1400 N
APC-SD-2036 0 0.5 Benzo(a)pyrene 840 UG/KG J 1400 N
APC-SD-2035 0 0.5 Benzo(a)pyrene 1300 UG/KG J 1400 N
APC-SD-2036 0 0.5 Benzo(a)pyrene 2200 UG/KG J 1400 Y
CMS-FP-4001 0 0.5 Benzo(a)pyrene 9617.88 UG/KG J 1400 Y
CMS-FP-4001 0 0.5 Benzo(a)pyrene 5170.57 UG/KG J 1400 Y
CMS-FP-4002 0 0.5 Benzo(a)pyrene 3024.19 UG/KG 1400 Y
CMS-FP-4003 0 0.5 Benzo(a)pyrene 6288.84 UG/KG 1400 Y
CMS-FP-4005 0 0.5 Benzo(a)pyrene 7236.58 UG/KG 1400 Y
CMW-FP-2026 0 0.5 Benzo(a)pyrene 770 UG/KG J 1400 N
CMW-FP-2027 0 0.5 Benzo(a)pyrene 1000 UG/KG J 1400 N
CMW-SD-2023 0 0.5 Benzo(a)pyrene 2900 UG/KG 1400 Y
CMW-SD-2024 0 0.5 Benzo(a)pyrene 1300 UG/KG J 1400 N
CMW-SD-2025 0 0.5 Benzo(a)pyrene 2900 UG/KG J 1400 Y
CMW-FP-2026 0 0.5 Benzo(a)pyrene 780 UG/KG J 1400 N
WRC-SD-2009 0 0.5 Benzo(a)pyrene 1600 UG/KG J 1400 Y
WRC-SD-2010 0 0.5 Benzo(a)pyrene 1400 UG/KG J 1400 N
WRC-SD-2011 0 0.5 Benzo(a)pyrene 4800 UG/KG 1400 Y
WRC-SD-2012 0 0.5 Benzo(a)pyrene 600 UG/KG 1400 N
WRC-SD-2013 0 0.5 Benzo(a)pyrene 84 UG/KG J 1400 N
WRC-SD-2014 0 0.5 Benzo(a)pyrene 360 UG/KG J 1400 N
WRC-SD-2015 0 0.5 Benzo(a)pyrene 3000 UG/KG J 1400 Y
AD-01 0 1 Benzo(a)pyrene 340 UG/KG U 1400 - (c) 
AD-01 0 1 Benzo(a)pyrene 2900 UG/KG 1400 Y
AD-02 0 1 Benzo(a)pyrene 340 UG/KG U 1400 - (c) 
AD-03 0 1 Benzo(a)pyrene 70 UG/KG J 1400 N
AD-04 0 1 Benzo(a)pyrene 2800 UG/KG 1400 Y
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Appendix G


Table G-1. Comparison of Allendale Reach Surface (0-1 ft) Sediment Data to Cleanup Goals, Spatial Extent of Remediation Footprint
(Sorted by Parameter)
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CMS-192 0 1 Benzo(a)pyrene 2400 UG/KG J 1400 Y
CMS-215 0 1 Benzo(a)pyrene 1700 UG/KG 1400 Y
RES-12-239-01 0 1 Benzo(a)pyrene 3800 UG/KG 1400 Y
RES-12-240-01 0 1 Benzo(a)pyrene 970 UG/KG J 1400 N
RES-12-550-01 0 1 Benzo(a)pyrene 960 UG/KG J 1400 N
RES-12-551-01 0 1 Benzo(a)pyrene 1200 UG/KG J 1400 N
RES-12-552-01 0 1 Benzo(a)pyrene 550 UG/KG J 1400 N
RES-12-553-01 0 1 Benzo(a)pyrene 740 UG/KG J 1400 N
RES-12-554-01 0 1 Benzo(a)pyrene 360 UG/KG J 1400 N
RES-12-555-01 0 1 Benzo(a)pyrene 800 UG/KG J 1400 N
RES-14-210-01 0 1 Benzo(a)pyrene 660 UG/KG J 1400 N
RES-14-334-01 0 1 Benzo(a)pyrene 9200 UG/KG 1400 Y
RES-14-365-01 0 1 Benzo(a)pyrene 2500 UG/KG J 1400 Y
RES-14-366-01 0 1 Benzo(a)pyrene 7600 UG/KG 1400 Y
RES-14-398-01 0 1 Benzo(a)pyrene 2800 UG/KG J 1400 Y
RES-14-399-01 0 1 Benzo(a)pyrene 3000 UG/KG J 1400 Y
RES-14-419-01 0 1 Benzo(a)pyrene 1300 UG/KG J 1400 N
RES-14-420-01 0 1 Benzo(a)pyrene 2100 UG/KG U 1400 - (b)
RES-14-422-01 0 1 Benzo(a)pyrene 640 UG/KG J 1400 N
RES-14-424-01 0 1 Benzo(a)pyrene 64 UG/KG J 1400 N
RES-14-425-01 0 1 Benzo(a)pyrene 720 UG/KG J 1400 N
RES-14-430-01 0 1 Benzo(a)pyrene 860 UG/KG J 1400 N
RES-14-448-01 0 1 Benzo(a)pyrene 1700 UG/KG J 1400 Y
RES-14-449-01 0 1 Benzo(a)pyrene 1500 UG/KG J 1400 Y
RES-12-553-01 0 1 Benzo(a)pyrene 480 UG/KG J 1400 N
RES-14-430-01 0 1 Benzo(a)pyrene 530 UG/KG J 1400 N
Allendale Dam 0 0.33 Dibenzo(a,h)anthracene 700 UG/KG 970 N 68 8 12%
APB-BK-2003 0 0.5 Dibenzo(a,h)anthracene 54 UG/KG J 970 N
APB-BK-2003 0 0.5 Dibenzo(a,h)anthracene 1900 UG/KG U 970 - (b)
APB-BK-2003 0 0.5 Dibenzo(a,h)anthracene 960 UG/KG J 970 N
APB-BK-2003 0 0.5 Dibenzo(a,h)anthracene 44 UG/KG J 970 N
APB-FP-2028 0 0.5 Dibenzo(a,h)anthracene 4700 UG/KG U 970 - (b)
APB-FP-2031 0 0.5 Dibenzo(a,h)anthracene 2400 UG/KG U 970 - (b)
APB-FP-2032 0 0.5 Dibenzo(a,h)anthracene 4700 UG/KG U 970 - (b)
APB-FP-2033 0 0.5 Dibenzo(a,h)anthracene 4800 UG/KG U 970 - (b)
APB-SD-2029 0 0.5 Dibenzo(a,h)anthracene 46 UG/KG J 970 N
APB-FP-2030 0 0.5 Dibenzo(a,h)anthracene 570 UG/KG J 970 N
APB-SD-2034 0 0.5 Dibenzo(a,h)anthracene 4800 UG/KG U 970 - (b)
APB-SD-2037 0 0.5 Dibenzo(a,h)anthracene 4100 UG/KG U 970 - (b)
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Appendix G


Table G-1. Comparison of Allendale Reach Surface (0-1 ft) Sediment Data to Cleanup Goals, Spatial Extent of Remediation Footprint
(Sorted by Parameter)


BORING TO
P_


O
F_


SA
M


PL
E 


(ft
)


B
O


TT
O


M
_O


F_
SA


M
PL


E 
(ft


)


PARAMETER LAB_RESULT UNITS QUAL Cleanup Goal


Above 
Cleanup 


Goal (Y/N) 
(a)


Number 
Values


Number 
Values 
Above 


Cleanup 
Goal


% Above 
Cleanup 
Goal (a) Comment


APB-SD-4008 0 0.5 Dibenzo(a,h)anthracene 628.43 UG/KG J 970 N
APB-SD-4009 0 0.5 Dibenzo(a,h)anthracene 819.43 UG/KG 970 N
APB-SD-4010 0 0.5 Dibenzo(a,h)anthracene 196.26 UG/KG 970 N
APB-SD-2029 0 0.5 Dibenzo(a,h)anthracene 71 UG/KG J 970 N
APC-SD-2036 0 0.5 Dibenzo(a,h)anthracene 4900 UG/KG U 970 - (b)
APC-SD-2035 0 0.5 Dibenzo(a,h)anthracene 820 UG/KG J 970 N
APC-SD-2036 0 0.5 Dibenzo(a,h)anthracene 9700 UG/KG U 970 - (b)
CMS-FP-4001 0 0.5 Dibenzo(a,h)anthracene 1746.72 UG/KG J 970 Y
CMS-FP-4001 0 0.5 Dibenzo(a,h)anthracene 1033.58 UG/KG J 970 Y
CMS-FP-4002 0 0.5 Dibenzo(a,h)anthracene 617.88 UG/KG 970 N
CMS-FP-4003 0 0.5 Dibenzo(a,h)anthracene 1266.6 UG/KG 970 Y
CMS-FP-4005 0 0.5 Dibenzo(a,h)anthracene 1394.46 UG/KG 970 Y
CMW-FP-2026 0 0.5 Dibenzo(a,h)anthracene 4800 UG/KG U 970 - (b)
CMW-FP-2027 0 0.5 Dibenzo(a,h)anthracene 4500 UG/KG U 970 - (b)
CMW-SD-2023 0 0.5 Dibenzo(a,h)anthracene 740 UG/KG J 970 N
CMW-SD-2024 0 0.5 Dibenzo(a,h)anthracene 400 UG/KG J 970 N
CMW-SD-2025 0 0.5 Dibenzo(a,h)anthracene 970 UG/KG J 970 Y
CMW-FP-2026 0 0.5 Dibenzo(a,h)anthracene 5000 UG/KG U 970 - (b)
WRC-SD-2009 0 0.5 Dibenzo(a,h)anthracene 800 UG/KG J 970 N
WRC-SD-2010 0 0.5 Dibenzo(a,h)anthracene 4600 UG/KG U 970 - (b)
WRC-SD-2011 0 0.5 Dibenzo(a,h)anthracene 1700 UG/KG J 970 Y
WRC-SD-2012 0 0.5 Dibenzo(a,h)anthracene 130 UG/KG J 970 N
WRC-SD-2013 0 0.5 Dibenzo(a,h)anthracene 480 UG/KG U 970 - (c) 
WRC-SD-2014 0 0.5 Dibenzo(a,h)anthracene 2100 UG/KG U 970 - (b)
WRC-SD-2015 0 0.5 Dibenzo(a,h)anthracene 9600 UG/KG U 970 - (b)
AD-01 0 1 Dibenzo(a,h)anthracene 340 UG/KG U 970 - (c) 
AD-01 0 1 Dibenzo(a,h)anthracene 820 UG/KG J 970 N
AD-02 0 1 Dibenzo(a,h)anthracene 340 UG/KG U 970 - (c) 
AD-03 0 1 Dibenzo(a,h)anthracene 380 UG/KG U 970 - (c) 
AD-04 0 1 Dibenzo(a,h)anthracene 700 UG/KG J 970 N
CMS-192 0 1 Dibenzo(a,h)anthracene 540 UG/KG J 970 N
CMS-215 0 1 Dibenzo(a,h)anthracene 980 UG/KG U 970 - (b)
RES-12-239-01 0 1 Dibenzo(a,h)anthracene 840 UG/KG J 970 N
RES-12-240-01 0 1 Dibenzo(a,h)anthracene 5300 UG/KG U 970 - (b)
RES-12-550-01 0 1 Dibenzo(a,h)anthracene 8400 UG/KG U 970 - (b)
RES-12-551-01 0 1 Dibenzo(a,h)anthracene 7400 UG/KG U 970 - (b)
RES-12-552-01 0 1 Dibenzo(a,h)anthracene 4200 UG/KG U 970 - (b)
RES-12-553-01 0 1 Dibenzo(a,h)anthracene 2000 UG/KG U 970 - (b)
RES-12-554-01 0 1 Dibenzo(a,h)anthracene 2100 UG/KG U 970 - (b)
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Table G-1. Comparison of Allendale Reach Surface (0-1 ft) Sediment Data to Cleanup Goals, Spatial Extent of Remediation Footprint
(Sorted by Parameter)
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RES-12-555-01 0 1 Dibenzo(a,h)anthracene 5200 UG/KG U 970 - (b)
RES-14-210-01 0 1 Dibenzo(a,h)anthracene 1900 UG/KG U 970 - (b)
RES-14-334-01 0 1 Dibenzo(a,h)anthracene 2600 UG/KG J 970 Y
RES-14-365-01 0 1 Dibenzo(a,h)anthracene 8800 UG/KG U 970 - (b)
RES-14-366-01 0 1 Dibenzo(a,h)anthracene 1600 UG/KG J 970 Y
RES-14-398-01 0 1 Dibenzo(a,h)anthracene 750 UG/KG J 970 N
RES-14-399-01 0 1 Dibenzo(a,h)anthracene 950 UG/KG J 970 N
RES-14-419-01 0 1 Dibenzo(a,h)anthracene 6400 UG/KG U 970 - (b)
RES-14-420-01 0 1 Dibenzo(a,h)anthracene 2100 UG/KG U 970 - (b)
RES-14-422-01 0 1 Dibenzo(a,h)anthracene 77 UG/KG J 970 N
RES-14-424-01 0 1 Dibenzo(a,h)anthracene 520 UG/KG U 970 - (c) 
RES-14-425-01 0 1 Dibenzo(a,h)anthracene 960 UG/KG UJ 970 - (c) 
RES-14-430-01 0 1 Dibenzo(a,h)anthracene 2900 UG/KG U 970 - (b)
RES-14-449-01 0 1 Dibenzo(a,h)anthracene 530 UG/KG J 970 N
RES-12-553-01 0 1 Dibenzo(a,h)anthracene 1900 UG/KG U 970 - (b)
RES-14-430-01 0 1 Dibenzo(a,h)anthracene 560 UG/KG U 970 - (c) 
SD-22 0 0.25 Dieldrin 11 UG/KG U 2.6 74 28 38% (b)
Allendale Dam 0 0.33 Dieldrin 11 UG/KG 2.6 Y
APB-BK-2003 0 0.5 Dieldrin 3.9 UG/KG U 2.6 - (b)
APB-BK-2003 0 0.5 Dieldrin 13 UG/KG 2.6 Y
APB-BK-2003 0 0.5 Dieldrin 3.8 UG/KG U 2.6 - (b)
APB-BK-2003 0 0.5 Dieldrin 3.9 UG/KG U 2.6 - (b)
APB-FP-2028 0 0.5 Dieldrin 22 UG/KG 2.6 Y
APB-FP-2031 0 0.5 Dieldrin 13 UG/KG 2.6 Y
APB-FP-2032 0 0.5 Dieldrin 47 UG/KG 2.6 Y
APB-FP-2033 0 0.5 Dieldrin 23 UG/KG 2.6 Y
APB-SD-2029 0 0.5 Dieldrin 5.4 UG/KG 2.6 Y
APB-FP-2030 0 0.5 Dieldrin 3.8 UG/KG U 2.6 - (b)
APB-SD-2034 0 0.5 Dieldrin 4.8 UG/KG U 2.6 - (b)
APB-SD-2037 0 0.5 Dieldrin 4 UG/KG U 2.6 - (b)
APB-SD-4008 0 0.5 Dieldrin 4.97 UG/KG J 2.6 Y
APB-SD-4009 0 0.5 Dieldrin 8.13 UG/KG J 2.6 Y
APB-SD-4010 0 0.5 Dieldrin 112.97 UG/KG J 2.6 Y
APB-SD-2029 0 0.5 Dieldrin 4.9 UG/KG 2.6 Y
APC-SD-2036 0 0.5 Dieldrin 4.9 UG/KG U 2.6 - (b)
APC-SD-2035 0 0.5 Dieldrin 4.7 UG/KG U 2.6 - (b)
APC-SD-2036 0 0.5 Dieldrin 4.8 UG/KG U 2.6 - (b)
CMS-FP-4001 0 0.5 Dieldrin 18.4 UG/KG J 2.6 Y
CMS-FP-4001 0 0.5 Dieldrin 10.55 UG/KG J 2.6 Y
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Table G-1. Comparison of Allendale Reach Surface (0-1 ft) Sediment Data to Cleanup Goals, Spatial Extent of Remediation Footprint
(Sorted by Parameter)
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CMS-FP-4002 0 0.5 Dieldrin 19.46 UG/KG 2.6 Y
CMS-FP-4003 0 0.5 Dieldrin 12.36 UG/KG 2.6 Y
CMS-FP-4005 0 0.5 Dieldrin 14.88 UG/KG 2.6 Y
CMS-SD-4003 0 0.5 Dieldrin 5.46 UG/KG 2.6 Y
CMS-SD-4006 0 0.5 Dieldrin 4.53 UG/KG 2.6 Y
CMS-SD-4007 0 0.5 Dieldrin 3.89 UG/KG 2.6 Y
CMW-FP-2026 0 0.5 Dieldrin 5.2 UG/KG UJ 2.6 - (b)
CMW-FP-2027 0 0.5 Dieldrin 41 UG/KG J 2.6 Y
CMW-SD-2023 0 0.5 Dieldrin 4.6 UG/KG U 2.6 - (b)
CMW-SD-2024 0 0.5 Dieldrin 4.6 UG/KG UJ 2.6 - (b)
CMW-SD-2025 0 0.5 Dieldrin 4.7 UG/KG U 2.6 - (b)
CMW-FP-2026 0 0.5 Dieldrin 23 UG/KG 2.6 Y
SD-26 0 0.5 Dieldrin 4.1 UG/KG U 2.6 - (b)
SD-27 0 0.5 Dieldrin 12 UG/KG EB 2.6 Y
SD-28 0 0.5 Dieldrin 4.1 UG/KG U 2.6 - (b)
SD-29 0 0.5 Dieldrin 4.3 UG/KG UJ 2.6 - (b)
WRC-SD-2009 0 0.5 Dieldrin 4.7 UG/KG U 2.6 - (b)
WRC-SD-2010 0 0.5 Dieldrin 4.6 UG/KG J 2.6 Y
WRC-SD-2011 0 0.5 Dieldrin 4.7 UG/KG U 2.6 - (b)
WRC-SD-2013 0 0.5 Dieldrin 4.9 UG/KG U 2.6 - (b)
WRC-SD-2014 0 0.5 Dieldrin 4.3 UG/KG U 2.6 - (b)
WRC-SD-2015 0 0.5 Dieldrin 4.8 UG/KG U 2.6 - (b)
AD-01 0 1 Dieldrin 3.6 UG/KG U 2.6 - (b)
AD-01 0 1 Dieldrin 72 UG/KG J 2.6 Y
AD-02 0 1 Dieldrin 3.5 UG/KG U 2.6 - (b)
AD-03 0 1 Dieldrin 3.9 UG/KG U 2.6 - (b)
AD-04 0 1 Dieldrin 170 UG/KG J 2.6 Y
CMS-192 0 1 Dieldrin 5.3 UG/KG U 2.6 - (b)
CMS-215 0 1 Dieldrin 24 UG/KG J 2.6 Y
RES-12-239-01 0 1 Dieldrin 6.3 UG/KG 2.6 Y
RES-12-240-01 0 1 Dieldrin 81 UG/KG 2.6 Y
RES-12-550-01 0 1 Dieldrin 8.4 UG/KG U 2.6 - (b)
RES-12-551-01 0 1 Dieldrin 7.5 UG/KG U 2.6 - (b)
RES-12-552-01 0 1 Dieldrin 4.2 UG/KG U 2.6 - (b)
RES-12-553-01 0 1 Dieldrin 4 UG/KG U 2.6 - (b)
RES-12-554-01 0 1 Dieldrin 4.3 UG/KG U 2.6 - (b)
RES-12-555-01 0 1 Dieldrin 5.2 UG/KG U 2.6 - (b)
RES-14-210-01 0 1 Dieldrin 3.8 UG/KG U 2.6 - (b)
RES-14-334-01 0 1 Dieldrin 5.4 UG/KG U 2.6 - (b)
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Table G-1. Comparison of Allendale Reach Surface (0-1 ft) Sediment Data to Cleanup Goals, Spatial Extent of Remediation Footprint
(Sorted by Parameter)
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RES-14-365-01 0 1 Dieldrin 8.9 UG/KG U 2.6 - (b)
RES-14-366-01 0 1 Dieldrin 5 UG/KG U 2.6 - (b)
RES-14-398-01 0 1 Dieldrin 8 UG/KG U 2.6 - (b)
RES-14-399-01 0 1 Dieldrin 5.7 UG/KG U 2.6 - (b)
RES-14-419-01 0 1 Dieldrin 6.4 UG/KG U 2.6 - (b)
RES-14-420-01 0 1 Dieldrin 4.2 UG/KG U 2.6 - (b)
RES-14-422-01 0 1 Dieldrin 6 UG/KG U 2.6 - (b)
RES-14-424-01 0 1 Dieldrin 5.4 UG/KG U 2.6 - (b)
RES-14-425-01 0 1 Dieldrin 9.6 UG/KG U 2.6 - (b)
RES-14-430-01 0 1 Dieldrin 5.8 UG/KG U 2.6 - (b)
RES-12-553-01 0 1 Dieldrin 3.9 UG/KG U 2.6 - (b)
RES-14-430-01 0 1 Dieldrin 5.7 UG/KG U 2.6 - (b)
Allendale Dam 0 0.33 PCB TEQ-MAMMAL 0.112 NG/KG 24.9 N 2 1 50%
CMS-FP-4001 0 0.5 PCB TEQ-MAMMAL 147.1630378 NG/KG 24.9 Y
Allendale Dam 0 0.33 Selenium 10.6 MG/KG U 1.1 70 13 19% (b)
APB-BK-2003 0 0.5 Selenium 0.95 MG/KG U 1.1 - (c) 
APB-BK-2003 0 0.5 Selenium 0.93 MG/KG U 1.1 - (c) 
APB-BK-2003 0 0.5 Selenium 1 MG/KG U 1.1 - (c) 
APB-BK-2003 0 0.5 Selenium 0.96 MG/KG U 1.1 - (c) 
APB-FP-2028 0 0.5 Selenium 1.4 MG/KG U 1.1 - (b)
APB-FP-2031 0 0.5 Selenium 1.6 MG/KG U 1.1 - (b)
APB-FP-2032 0 0.5 Selenium 1.3 MG/KG U 1.1 - (b)
APB-FP-2033 0 0.5 Selenium 1.3 MG/KG U 1.1 - (b)
APB-SD-2029 0 0.5 Selenium 1.5 MG/KG U 1.1 - (b)
APB-FP-2030 0 0.5 Selenium 1.2 MG/KG U 1.1 - (b)
APB-SD-2034 0 0.5 Selenium 2.1 MG/KG J 1.1 Y
APB-SD-2037 0 0.5 Selenium 1.6 MG/KG J 1.1 Y
APB-SD-4008 0 0.5 Selenium 0.806 MG/KG J 1.1 N
APB-SD-4009 0 0.5 Selenium 0.596 MG/KG U 1.1 - (c) 
APB-SD-4010 0 0.5 Selenium 0.245 MG/KG U 1.1 - (c) 
APB-SD-2029 0 0.5 Selenium 1.1 MG/KG U 1.1 -
APC-SD-2036 0 0.5 Selenium 1.5 MG/KG J 1.1 Y
APC-SD-2035 0 0.5 Selenium 1.1 MG/KG J 1.1 N
APC-SD-2036 0 0.5 Selenium 1.9 MG/KG J 1.1 Y
CMS-FP-4001 0 0.5 Selenium 0.485 MG/KG U 1.1 - (c) 
CMS-FP-4002 0 0.5 Selenium 0.458 MG/KG U 1.1 - (c) 
CMS-FP-4003 0 0.5 Selenium 0.58 MG/KG U 1.1 - (c) 
CMS-FP-4005 0 0.5 Selenium 0.538 MG/KG U 1.1 - (c) 
CMS-SD-4003 0 0.5 Selenium 0.597 MG/KG U 1.1 - (c) 
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Table G-1. Comparison of Allendale Reach Surface (0-1 ft) Sediment Data to Cleanup Goals, Spatial Extent of Remediation Footprint
(Sorted by Parameter)
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CMS-SD-4006 0 0.5 Selenium 0.566 MG/KG U 1.1 - (c) 
CMS-SD-4007 0 0.5 Selenium 0.986 MG/KG J 1.1 N
CMW-FP-2026 0 0.5 Selenium 0.93 MG/KG U 1.1 - (c) 
CMW-FP-2027 0 0.5 Selenium 0.77 MG/KG U 1.1 - (c) 
CMW-SD-2023 0 0.5 Selenium 1.4 MG/KG U 1.1 - (b)
CMW-SD-2024 0 0.5 Selenium 1.5 MG/KG U 1.1 - (b)
CMW-SD-2025 0 0.5 Selenium 0.89 MG/KG U 1.1 - (c) 
CMW-FP-2026 0 0.5 Selenium 1.4 MG/KG U 1.1 - (b)
WRC-SD-2009 0 0.5 Selenium 0.7 MG/KG U 1.1 - (c) 
WRC-SD-2010 0 0.5 Selenium 0.86 MG/KG U 1.1 - (c) 
WRC-SD-2011 0 0.5 Selenium 0.7 MG/KG U 1.1 - (c) 
WRC-SD-2012 0 0.5 Selenium 1.1 MG/KG U 1.1 -
WRC-SD-2013 0 0.5 Selenium 0.73 MG/KG U 1.1 - (c) 
WRC-SD-2014 0 0.5 Selenium 0.61 MG/KG U 1.1 - (c) 
WRC-SD-2015 0 0.5 Selenium 1.1 MG/KG J 1.1 N
AD-01 0 1 Selenium 26.1 MG/KG U 1.1 - (b)
AD-01 0 1 Selenium 63.1 MG/KG U 1.1 - (b)
AD-02 0 1 Selenium 25.7 MG/KG U 1.1 - (b)
AD-03 0 1 Selenium 28.8 MG/KG U 1.1 - (b)
AD-04 0 1 Selenium 63.7 MG/KG U 1.1 - (b)
CMS-192 0 1 Selenium 2.8 MG/KG J 1.1 Y
CMS-215 0 1 Selenium 2.2 MG/KG J 1.1 Y
RES-12-239-01 0 1 Selenium 1.6 MG/KG U 1.1 - (b)
RES-12-240-01 0 1 Selenium 4.7 MG/KG J 1.1 Y
RES-12-550-01 0 1 Selenium 2.6 MG/KG J 1.1 Y
RES-12-551-01 0 1 Selenium 2.7 MG/KG J 1.1 -
RES-12-552-01 0 1 Selenium 1.3 MG/KG U 1.1 - (b)
RES-12-553-01 0 1 Selenium 1.2 MG/KG U 1.1 - (b)
RES-12-554-01 0 1 Selenium 1.2 MG/KG U 1.1 - (b)
RES-12-555-01 0 1 Selenium 2.9 MG/KG 1.1 Y
RES-14-210-01 0 1 Selenium 1.4 MG/KG J 1.1 Y
RES-14-334-01 0 1 Selenium 1.8 MG/KG U 1.1 - (b)
RES-14-365-01 0 1 Selenium 3.1 MG/KG U 1.1 - (b)
RES-14-366-01 0 1 Selenium 1.7 MG/KG U 1.1 - (b)
RES-14-398-01 0 1 Selenium 2.9 MG/KG J 1.1 Y
RES-14-399-01 0 1 Selenium 1.6 MG/KG U 1.1 - (b)
RES-14-419-01 0 1 Selenium 2.2 MG/KG 1.1 Y
RES-14-420-01 0 1 Selenium 0.58 MG/KG J 1.1 N
RES-14-422-01 0 1 Selenium 1.8 MG/KG UJ 1.1 - (b)
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Table G-1. Comparison of Allendale Reach Surface (0-1 ft) Sediment Data to Cleanup Goals, Spatial Extent of Remediation Footprint
(Sorted by Parameter)
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RES-14-424-01 0 1 Selenium 1.6 MG/KG UJ 1.1 - (b)
RES-14-425-01 0 1 Selenium 2.9 MG/KG UJ 1.1 - (b)
RES-14-430-01 0 1 Selenium 1.7 MG/KG U 1.1 - (b)
RES-14-449-01 0 1 Selenium 3.8 MG/KG J 1.1 Y
RES-12-553-01 0 1 Selenium 1.1 MG/KG U 1.1 -
RES-14-430-01 0 1 Selenium 1.5 MG/KG U 1.1 - (b)
Allendale Dam 0 0.33 Technical Chlordane 0 UG/KG U 400 - 19 9 47% (c) 
APB-SD-4008 0 0.5 Technical Chlordane 751.05 UG/KG 400 Y
APB-SD-4009 0 0.5 Technical Chlordane 671.59 UG/KG 400 Y
APB-SD-4010 0 0.5 Technical Chlordane 406.48 UG/KG 400 Y
CMS-FP-4001 0 0.5 Technical Chlordane 965.66 UG/KG J 400 Y
CMS-FP-4001 0 0.5 Technical Chlordane 560.99 UG/KG J 400 Y
CMS-FP-4002 0 0.5 Technical Chlordane 851.81 UG/KG 400 Y
CMS-FP-4003 0 0.5 Technical Chlordane 525.84 UG/KG 400 Y
CMS-FP-4005 0 0.5 Technical Chlordane 799.29 UG/KG 400 Y
CMS-SD-4003 0 0.5 Technical Chlordane 299.46 UG/KG 400 N
CMS-SD-4006 0 0.5 Technical Chlordane 494.31 UG/KG 400 Y
CMS-SD-4007 0 0.5 Technical Chlordane 281.4 UG/KG 400 N
AD-01 0 1 Technical Chlordane 1.8 UG/KG U 400 - (c) 
AD-01 0 1 Technical Chlordane 24 UG/KG 400 N
AD-02 0 1 Technical Chlordane 1.7 UG/KG U 400 - (c) 
AD-03 0 1 Technical Chlordane 2 UG/KG U 400 - (c) 
AD-04 0 1 Technical Chlordane 30 UG/KG 400 N
CMS-192 0 1 Technical Chlordane 53 UG/KG UJ 400 - (c) 
CMS-215 0 1 Technical Chlordane 51 UG/KG UJ 400 - (c) 
CMS-SD-4212 0 0.1 TEQ-MAMMAL 9008.570833 PG/G_DRYWT 289 Y 205 171 83%
CMS-020 0 0.25 TEQ-MAMMAL 233 NG/KG 289 N
CMS-021 0 0.25 TEQ-MAMMAL 1170 NG/KG 289 Y
CMS-021 0 0.25 TEQ-MAMMAL 2130 NG/KG 289 Y
CMS-022 0 0.25 TEQ-MAMMAL 1480 NG/KG 289 Y
CMS-023 0 0.25 TEQ-MAMMAL 2480 NG/KG 289 Y
CMS-024 0 0.25 TEQ-MAMMAL 1600 NG/KG 289 Y
CMS-025 0 0.25 TEQ-MAMMAL 1030 NG/KG 289 Y
CMS-174 0 0.25 TEQ-MAMMAL 30.8 NG/KG 289 N
CMS-176 0 0.25 TEQ-MAMMAL 141 NG/KG 289 N
CMS-177 0 0.25 TEQ-MAMMAL 2530 NG/KG 289 Y
CMS-178 0 0.25 TEQ-MAMMAL 769 NG/KG 289 Y
CMS-178 0 0.25 TEQ-MAMMAL 734 NG/KG 289 Y
CMS-179 0 0.25 TEQ-MAMMAL 21.7 NG/KG 289 N
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Table G-1. Comparison of Allendale Reach Surface (0-1 ft) Sediment Data to Cleanup Goals, Spatial Extent of Remediation Footprint
(Sorted by Parameter)
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CMS-180 0 0.25 TEQ-MAMMAL 11.2 NG/KG 289 N
CMS-181 0 0.25 TEQ-MAMMAL 826 NG/KG 289 Y
CMS-182 0 0.25 TEQ-MAMMAL 1440 NG/KG 289 Y
CMS-182 0 0.25 TEQ-MAMMAL 869 NG/KG 289 Y
CMS-183 0 0.25 TEQ-MAMMAL 729 NG/KG 289 Y
CMS-186 0 0.25 TEQ-MAMMAL 2500 NG/KG 289 Y
CMS-187 0 0.25 TEQ-MAMMAL 8200 NG/KG 289 Y
CMS-188 0 0.25 TEQ-MAMMAL 3460 NG/KG 289 Y
CMS-190 0 0.25 TEQ-MAMMAL 1410 NG/KG 289 Y
CMS-191 0 0.25 TEQ-MAMMAL 404 NG/KG 289 Y
CMS-191 0 0.25 TEQ-MAMMAL 1380 NG/KG 289 Y
CMS-192 0 0.25 TEQ-MAMMAL 21800 NG/KG 289 Y
CMS-194 0 0.25 TEQ-MAMMAL 660 NG/KG 289 Y
CMS-195 0 0.25 TEQ-MAMMAL 8330 NG/KG 289 Y
CMS-196 0 0.25 TEQ-MAMMAL 7840 NG/KG 289 Y
CMS-199 0 0.25 TEQ-MAMMAL 679 NG/KG 289 Y
CMS-200 0 0.25 TEQ-MAMMAL 2350 NG/KG 289 Y
CMS-201 0 0.25 TEQ-MAMMAL 877 NG/KG 289 Y
CMS-202 0 0.25 TEQ-MAMMAL 2530 NG/KG 289 Y
CMS-203 0 0.25 TEQ-MAMMAL 2530 NG/KG 289 Y
CMS-204 0 0.25 TEQ-MAMMAL 1830 NG/KG 289 Y
CMS-204 0 0.25 TEQ-MAMMAL 3390 NG/KG 289 Y
CMS-208 0 0.25 TEQ-MAMMAL 1950 NG/KG 289 Y
CMS-209 0 0.25 TEQ-MAMMAL 11900 NG/KG 289 Y
CMS-210 0 0.25 TEQ-MAMMAL 6190 NG/KG 289 Y
CMS-211 0 0.25 TEQ-MAMMAL 864 NG/KG 289 Y
CMS-212 0 0.25 TEQ-MAMMAL 2740 NG/KG 289 Y
CMS-213 0 0.25 TEQ-MAMMAL 7820 NG/KG 289 Y
CMS-214 0 0.25 TEQ-MAMMAL 5040 NG/KG 289 Y
CMS-215 0 0.25 TEQ-MAMMAL 10200 NG/KG 289 Y
CMS-216e 0 0.25 TEQ-MAMMAL 10500 NG/KG 289 Y
CMS-224 0 0.25 TEQ-MAMMAL 1.17 NG/KG 289 N
SD-20 0 0.25 TEQ-MAMMAL 3606.41646 NG/KG 289 Y
SD-22 0 0.25 TEQ-MAMMAL 7537.473322 NG/KG 289 Y
SD-23 0 0.25 TEQ-MAMMAL 10130.75256 NG/KG 289 Y
SD-24 0 0.25 TEQ-MAMMAL 5847.225696 NG/KG 289 Y
SD-25 0 0.25 TEQ-MAMMAL 5203.19541 NG/KG 289 Y
Allendale Dam 0 0.33 TEQ-MAMMAL 4207.432613 NG/KG 289 Y
CMS-607 0 0.5 TEQ-MAMMAL 9500 NG/KG 289 Y
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Table G-1. Comparison of Allendale Reach Surface (0-1 ft) Sediment Data to Cleanup Goals, Spatial Extent of Remediation Footprint
(Sorted by Parameter)
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CMS-611 0 0.5 TEQ-MAMMAL 1100 NG/KG 289 Y
CMS-621 0 0.5 TEQ-MAMMAL 2200 NG/KG 289 Y
APB-BK-2003 0 0.5 TEQ-MAMMAL 120.091245 NG/KG 289 N
APB-BK-2003 0 0.5 TEQ-MAMMAL 176.45324 NG/KG 289 N
APB-BK-2003 0 0.5 TEQ-MAMMAL 2.87866 NG/KG 289 N
APB-BK-2003 0 0.5 TEQ-MAMMAL 118.03709 NG/KG 289 N
APB-FP-2033 0 0.5 TEQ-MAMMAL 4146.0996 NG/KG 289 Y
APB-SD-2029 0 0.5 TEQ-MAMMAL 328.34365 NG/KG 289 Y
APB-SD-2034 0 0.5 TEQ-MAMMAL 2069.7298 NG/KG 289 Y
APB-SD-2029 0 0.5 TEQ-MAMMAL 254.64864 NG/KG 289 N
APC-SD-2036 0 0.5 TEQ-MAMMAL 2135.6213 NG/KG 289 Y
APC-SD-2035 0 0.5 TEQ-MAMMAL 3164.4004 NG/KG 289 Y
APC-SD-2036 0 0.5 TEQ-MAMMAL 3338.4682 NG/KG 289 Y
CMS-600 0 0.5 TEQ-MAMMAL 870 NG/KG 289 Y
CMS-601 0 0.5 TEQ-MAMMAL 4700 NG/KG 289 Y
CMS-602 0 0.5 TEQ-MAMMAL 3800 NG/KG 289 Y
CMS-602 0 0.5 TEQ-MAMMAL 3160 NG/KG 289 Y
CMS-603 0 0.5 TEQ-MAMMAL 2700 NG/KG 289 Y
CMS-604 0 0.5 TEQ-MAMMAL 130 NG/KG 289 N
CMS-606 0 0.5 TEQ-MAMMAL 17000 NG/KG 289 Y
CMS-607 0 0.5 TEQ-MAMMAL 5300 NG/KG 289 Y
CMS-608 0 0.5 TEQ-MAMMAL 9400 NG/KG 289 Y
CMS-609 0 0.5 TEQ-MAMMAL 130 NG/KG 289 N
CMS-610 0 0.5 TEQ-MAMMAL 2500 NG/KG 289 Y
CMS-611 0 0.5 TEQ-MAMMAL 2000 NG/KG 289 Y
CMS-611 0 0.5 TEQ-MAMMAL 221 NG/KG 289 N
CMS-612 0 0.5 TEQ-MAMMAL 2500 NG/KG 289 Y
CMS-613 0 0.5 TEQ-MAMMAL 1100 NG/KG 289 Y
CMS-614 0 0.5 TEQ-MAMMAL 390 NG/KG 289 Y
CMS-616 0 0.5 TEQ-MAMMAL 24000 NG/KG 289 Y
CMS-617 0 0.5 TEQ-MAMMAL 12000 NG/KG 289 Y
CMS-617 0 0.5 TEQ-MAMMAL 2560 NG/KG 289 Y
CMS-618 0 0.5 TEQ-MAMMAL 10000 NG/KG 289 Y
CMS-619 0 0.5 TEQ-MAMMAL 27000 NG/KG 289 Y
CMS-620 0 0.5 TEQ-MAMMAL 540 NG/KG 289 Y
CMS-621 0 0.5 TEQ-MAMMAL 2300 NG/KG 289 Y
CMS-622 0 0.5 TEQ-MAMMAL 4900 NG/KG 289 Y
CMS-623 0 0.5 TEQ-MAMMAL 750 NG/KG 289 Y
CMS-624 0 0.5 TEQ-MAMMAL 4000 NG/KG 289 Y
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Table G-1. Comparison of Allendale Reach Surface (0-1 ft) Sediment Data to Cleanup Goals, Spatial Extent of Remediation Footprint
(Sorted by Parameter)
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CMS-625 0 0.5 TEQ-MAMMAL 1500 NG/KG 289 Y
CMS-626 0 0.5 TEQ-MAMMAL 1400 NG/KG 289 Y
CMS-627 0 0.5 TEQ-MAMMAL 5000 NG/KG 289 Y
CMS-629 0 0.5 TEQ-MAMMAL 3000 NG/KG 289 Y
CMS-630 0 0.5 TEQ-MAMMAL 1800 NG/KG 289 Y
CMS-631 0 0.5 TEQ-MAMMAL 16000 NG/KG 289 Y
CMS-632 0 0.5 TEQ-MAMMAL 4700 NG/KG 289 Y
CMS-633 0 0.5 TEQ-MAMMAL 190 NG/KG 289 N
CMS-634 0 0.5 TEQ-MAMMAL 14000 NG/KG 289 Y
CMS-FP-4001 0 0.5 TEQ-MAMMAL 1107.344653 NG/KG 289 Y
CMS-FP-4001 0 0.5 TEQ-MAMMAL 1614.771914 NG/KG 289 Y
CMS-FP-4002 0 0.5 TEQ-MAMMAL 4748.869815 NG/KG 289 Y
CMS-FP-4003 0 0.5 TEQ-MAMMAL 2420.311072 NG/KG 289 Y
CMS-FP-4005 0 0.5 TEQ-MAMMAL 687.385344 NG/KG 289 Y
CMS-SD-4003 0 0.5 TEQ-MAMMAL 334.992758 NG/KG 289 Y
CMS-SD-4006 0 0.5 TEQ-MAMMAL 3224.54787 NG/KG 289 Y
CMS-SD-4007 0 0.5 TEQ-MAMMAL 399.43047 NG/KG 289 Y
CMW-FP-2026 0 0.5 TEQ-MAMMAL 16459.5579 NG/KG 289 Y
CMW-FP-2027 0 0.5 TEQ-MAMMAL 5027.3557 NG/KG 289 Y
CMW-SD-2023 0 0.5 TEQ-MAMMAL 32.57364 NG/KG 289 N
CMW-SD-2024 0 0.5 TEQ-MAMMAL 764.9447 NG/KG 289 Y
CMW-SD-2025 0 0.5 TEQ-MAMMAL 1019.0314 NG/KG 289 Y
CMW-FP-2026 0 0.5 TEQ-MAMMAL 16173.6909 NG/KG 289 Y
SD-26 0 0.5 TEQ-MAMMAL 94.1276565 NG/KG 289 N
SD-27 0 0.5 TEQ-MAMMAL 1335.028674 NG/KG 289 Y
SD-28 0 0.5 TEQ-MAMMAL 2.865414 NG/KG 289 N
SD-29 0 0.5 TEQ-MAMMAL 58.798849 NG/KG 289 N
WRC-SD-2009 0 0.5 TEQ-MAMMAL 15.7735 NG/KG 289 N
WRC-SD-2010 0 0.5 TEQ-MAMMAL 199.77816 NG/KG 289 N
WRC-SD-2011 0 0.5 TEQ-MAMMAL 216.18589 NG/KG 289 N
WRC-SD-2012 0 0.5 TEQ-MAMMAL 425.1178 NG/KG 289 Y
WRC-SD-2013 0 0.5 TEQ-MAMMAL 60.09307 NG/KG 289 N
WRC-SD-2014 0 0.5 TEQ-MAMMAL 8307.22921 NG/KG 289 Y
WRC-SD-2015 0 0.5 TEQ-MAMMAL 7365.4323 NG/KG 289 Y
AD-01 0 1 TEQ-MAMMAL 68.70879 NG/KG 289 N
AD-01 0 1 TEQ-MAMMAL 93267.068 NG/KG 289 Y
AD-02 0 1 TEQ-MAMMAL 1.27168 NG/KG 289 N
AD-03 0 1 TEQ-MAMMAL 14.578495 NG/KG 289 N
AD-04 0 1 TEQ-MAMMAL 26126.935 NG/KG 289 Y
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Table G-1. Comparison of Allendale Reach Surface (0-1 ft) Sediment Data to Cleanup Goals, Spatial Extent of Remediation Footprint
(Sorted by Parameter)
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AD-04 0 1 TEQ-MAMMAL 34359.477 NG/KG 289 Y
CMS-021 0 1 TEQ-MAMMAL 180 NG/KG 289 N
CMS-022 0 1 TEQ-MAMMAL 73000 NG/KG 289 Y
CMS-023 0 1 TEQ-MAMMAL 52000 NG/KG 289 Y
CMS-024 0 1 TEQ-MAMMAL 360 NG/KG 289 Y
CMS-025 0 1 TEQ-MAMMAL 33000 NG/KG 289 Y
CMS-177 0 1 TEQ-MAMMAL 10000 NG/KG 289 Y
CMS-177 0 1 TEQ-MAMMAL 22600 NG/KG 289 Y
CMS-182 0 1 TEQ-MAMMAL 400 NG/KG 289 Y
CMS-186 0 1 TEQ-MAMMAL 33000 NG/KG 289 Y
CMS-187 0 1 TEQ-MAMMAL 2100 NG/KG 289 Y
CMS-188 0 1 TEQ-MAMMAL 1600 NG/KG 289 Y
CMS-191 0 1 TEQ-MAMMAL 5400 NG/KG 289 Y
CMS-191 0 1 TEQ-MAMMAL 25900 NG/KG 289 Y
CMS-192 0 1 TEQ-MAMMAL 1700 NG/KG 289 Y
CMS-195 0 1 TEQ-MAMMAL 12000 NG/KG 289 Y
CMS-196 0 1 TEQ-MAMMAL 7700 NG/KG 289 Y
CMS-200 0 1 TEQ-MAMMAL 1400 NG/KG 289 Y
CMS-202 0 1 TEQ-MAMMAL 2000 NG/KG 289 Y
CMS-203 0 1 TEQ-MAMMAL 21000 NG/KG 289 Y
CMS-204 0 1 TEQ-MAMMAL 1600 NG/KG 289 Y
CMS-208 0 1 TEQ-MAMMAL 10000 NG/KG 289 Y
CMS-209 0 1 TEQ-MAMMAL 630 NG/KG 289 Y
CMS-210 0 1 TEQ-MAMMAL 410 NG/KG 289 Y
CMS-212 0 1 TEQ-MAMMAL 140 NG/KG 289 N
CMS-213 0 1 TEQ-MAMMAL 4300 NG/KG 289 Y
CMS-214 0 1 TEQ-MAMMAL 4600 NG/KG 289 Y
CMS-215 0 1 TEQ-MAMMAL 2900 NG/KG 289 Y
CMS-465 0 1 TEQ-MAMMAL 137.73927 NG/KG 289 N
CMS-467 0 1 TEQ-MAMMAL 2762.309 NG/KG 289 Y
CMS-470 0 1 TEQ-MAMMAL 27870.9064 NG/KG 289 Y
CMS-471 0 1 TEQ-MAMMAL 2160.2962 NG/KG 289 Y
CMS-472 0 1 TEQ-MAMMAL 1501.481 NG/KG 289 Y
CMS-477 0 1 TEQ-MAMMAL 5225.059 NG/KG 289 Y
CMS-484 0 1 TEQ-MAMMAL 4.692865 NG/KG 289 N
CMS-487 0 1 TEQ-MAMMAL 45115.4739 NG/KG 289 Y
CMS-489 0 1 TEQ-MAMMAL 16422.6469 NG/KG 289 Y
CMS-490 0 1 TEQ-MAMMAL 735.77314 NG/KG 289 Y
CMS-493 0 1 TEQ-MAMMAL 700.68126 NG/KG 289 Y
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Appendix G


Table G-1. Comparison of Allendale Reach Surface (0-1 ft) Sediment Data to Cleanup Goals, Spatial Extent of Remediation Footprint
(Sorted by Parameter)
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CMS-494 0 1 TEQ-MAMMAL 4203.2467 NG/KG 289 Y
CMS-495 0 1 TEQ-MAMMAL 7635.8051 NG/KG 289 Y
CMS-496 0 1 TEQ-MAMMAL 603.3745 NG/KG 289 Y
CMS-605 0 1 TEQ-MAMMAL 46000 NG/KG 289 Y
CMS-615 0 1 TEQ-MAMMAL 650 NG/KG 289 Y
CMS-628 0 1 TEQ-MAMMAL 2700 NG/KG 289 Y
CMS-191 0 1 TEQ-MAMMAL 12000 NG/KG 289 Y
RES-12-240-01 0 1 TEQ-MAMMAL 12723.7724 NG/KG 289 Y
RES-12-240-02 0 1 TEQ-MAMMAL 10747.3101 NG/KG 289 Y
RES-12-555-01 0 1 TEQ-MAMMAL 3089.4618 NG/KG 289 Y
RES-14-210-01 0 1 TEQ-MAMMAL 18.01948 NG/KG 289 N
RES-14-365-01 0 1 TEQ-MAMMAL 32.9651 NG/KG 289 N
RES-14-366-01 0 1 TEQ-MAMMAL 590.5645 NG/KG 289 Y
RES-14-366-02 0 1 TEQ-MAMMAL 5447.525 NG/KG 289 Y
RES-14-399-01 0 1 TEQ-MAMMAL 508.2019 NG/KG 289 Y
RES-14-422-01 0 1 TEQ-MAMMAL 90.84302 NG/KG 289 N
RES-14-424-01 0 1 TEQ-MAMMAL 42.42893 NG/KG 289 N
RES-14-424-02 0 1 TEQ-MAMMAL 1719.0831 NG/KG 289 Y
RES-14-425-01 0 1 TEQ-MAMMAL 1947.7409 NG/KG 289 Y
RES-14-448-01 0 1 TEQ-MAMMAL 10663.0784 NG/KG 289 Y
RES-14-449-01 0 1 TEQ-MAMMAL 2959.5793 NG/KG 289 Y
RES-14-449-02 0 1 TEQ-MAMMAL 6798.1296 NG/KG 289 Y
RES-14-449-03 0 1 TEQ-MAMMAL 57720.1103 NG/KG 289 Y
RES-12-555-01 0 1 TEQ-MAMMAL 3264.6087 NG/KG 289 Y
RES-12-240-01 0 1 TEQ-MAMMAL 15200.3349 NG/KG 289 Y
RES-14-449-03 0 1 TEQ-MAMMAL 34094.2174 NG/KG 289 Y
CMS-SD-4204 0.05 0.1 TEQ-MAMMAL 3081.557301 PG/G_DRYWT 289 Y
CMS-SD-4222 0.25 0.35 TEQ-MAMMAL 6659.581768 PG/G_DRYWT 289 Y
CMS-SD-4210 0.3 0.4 TEQ-MAMMAL 1709.545324 PG/G_DRYWT 289 Y
CMS-SD-4220 0.3 0.4 TEQ-MAMMAL 8440.659183 PG/G_DRYWT 289 Y
CMS-SD-4209 0.35 0.4 TEQ-MAMMAL 3517.873221 PG/G_DRYWT 289 Y
CMS-SD-4206 0.35 0.45 TEQ-MAMMAL 2932.807536 PG/G_DRYWT 289 Y
CMS-SD-4213 0.35 0.45 TEQ-MAMMAL 6580.256051 PG/G_DRYWT 289 Y
CMS-SD-4218 0.35 0.45 TEQ-MAMMAL 709.566808 PG/G_DRYWT 289 Y
CMS-SD-4219 0.35 0.45 TEQ-MAMMAL 5462.495021 PG/G_DRYWT 289 Y
Allendale Dam 0 0.33 Zinc 568 MG/KG 221 Y 66 28 42%
APB-BK-2003 0 0.5 Zinc 68.7 MG/KG J 221 N
APB-BK-2003 0 0.5 Zinc 73.6 MG/KG J 221 N
APB-BK-2003 0 0.5 Zinc 144 MG/KG J 221 N
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Table G-1. Comparison of Allendale Reach Surface (0-1 ft) Sediment Data to Cleanup Goals, Spatial Extent of Remediation Footprint
(Sorted by Parameter)
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APB-BK-2003 0 0.5 Zinc 70.5 MG/KG 221 N
APB-FP-2028 0 0.5 Zinc 429 MG/KG J 221 Y
APB-FP-2031 0 0.5 Zinc 553 MG/KG J 221 Y
APB-FP-2032 0 0.5 Zinc 520 MG/KG J 221 Y
APB-FP-2033 0 0.5 Zinc 517 MG/KG J 221 Y
APB-SD-2029 0 0.5 Zinc 57.6 MG/KG J 221 N
APB-FP-2030 0 0.5 Zinc 154 MG/KG 221 N
APB-SD-2034 0 0.5 Zinc 711 MG/KG 221 Y
APB-SD-2037 0 0.5 Zinc 237 MG/KG 221 Y
APB-SD-4008 0 0.5 Zinc 1123 MG/KG J 221 Y
APB-SD-4009 0 0.5 Zinc 548 MG/KG J 221 Y
APB-SD-4010 0 0.5 Zinc 131 MG/KG J 221 N
APB-SD-2029 0 0.5 Zinc 50.7 MG/KG J 221 N
APC-SD-2036 0 0.5 Zinc 943 MG/KG 221 Y
APC-SD-2035 0 0.5 Zinc 364 MG/KG 221 Y
APC-SD-2036 0 0.5 Zinc 930 MG/KG 221 Y
CMS-FP-4001 0 0.5 Zinc 217 MG/KG J 221 N
CMS-FP-4002 0 0.5 Zinc 91.1 MG/KG 221 N
CMS-FP-4003 0 0.5 Zinc 272 MG/KG 221 Y
CMS-FP-4005 0 0.5 Zinc 371 MG/KG 221 Y
CMS-SD-4003 0 0.5 Zinc 175 MG/KG J 221 N
CMS-SD-4006 0 0.5 Zinc 462 MG/KG J 221 Y
CMS-SD-4007 0 0.5 Zinc 2088 MG/KG J 221 Y
CMW-FP-2026 0 0.5 Zinc 164 MG/KG J 221 N
CMW-FP-2027 0 0.5 Zinc 199 MG/KG J 221 N
CMW-SD-2023 0 0.5 Zinc 118 MG/KG J 221 N
CMW-SD-2024 0 0.5 Zinc 261 MG/KG J 221 Y
CMW-SD-2025 0 0.5 Zinc 446 MG/KG J 221 Y
CMW-FP-2026 0 0.5 Zinc 148 MG/KG J 221 N
WRC-SD-2009 0 0.5 Zinc 100 MG/KG 221 N
WRC-SD-2010 0 0.5 Zinc 86.5 MG/KG 221 N
WRC-SD-2011 0 0.5 Zinc 43.1 MG/KG U 221 - (c) 
WRC-SD-2012 0 0.5 Zinc 533 MG/KG 221 Y
WRC-SD-2013 0 0.5 Zinc 61.2 MG/KG 221 N
WRC-SD-2014 0 0.5 Zinc 29.2 MG/KG U 221 - (c) 
WRC-SD-2015 0 0.5 Zinc 705 MG/KG 221 Y
CMS-192 0 1 Zinc 421 MG/KG 221 Y
CMS-215 0 1 Zinc 762 MG/KG 221 Y
RES-12-239-01 0 1 Zinc 175 MG/KG 221 N
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Table G-1. Comparison of Allendale Reach Surface (0-1 ft) Sediment Data to Cleanup Goals, Spatial Extent of Remediation Footprint
(Sorted by Parameter)
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RES-12-240-01 0 1 Zinc 475 MG/KG 221 Y
RES-12-550-01 0 1 Zinc 175 MG/KG 221 N
RES-12-551-01 0 1 Zinc 156 MG/KG 221 N
RES-12-552-01 0 1 Zinc 70.1 MG/KG 221 N
RES-12-553-01 0 1 Zinc 38.2 MG/KG 221 N
RES-12-554-01 0 1 Zinc 83.3 MG/KG 221 N
RES-12-555-01 0 1 Zinc 152 MG/KG 221 N
RES-14-210-01 0 1 Zinc 74.5 MG/KG 221 N
RES-14-334-01 0 1 Zinc 247 MG/KG 221 Y
RES-14-365-01 0 1 Zinc 345 MG/KG 221 Y
RES-14-366-01 0 1 Zinc 136 MG/KG 221 N
RES-14-398-01 0 1 Zinc 163 MG/KG 221 N
RES-14-399-01 0 1 Zinc 194 MG/KG 221 N
RES-14-419-01 0 1 Zinc 136 MG/KG 221 N
RES-14-420-01 0 1 Zinc 78.4 MG/KG 221 N
RES-14-422-01 0 1 Zinc 186 MG/KG 221 N
RES-14-424-01 0 1 Zinc 214 MG/KG 221 N
RES-14-425-01 0 1 Zinc 319 MG/KG 221 Y
RES-14-430-01 0 1 Zinc 175 MG/KG 221 N
RES-14-448-01 0 1 Zinc 826 MG/KG J 221 Y
RES-14-449-01 0 1 Zinc 340 MG/KG J 221 Y
RES-12-553-01 0 1 Zinc 42.3 MG/KG 221 N
RES-14-430-01 0 1 Zinc 168 MG/KG 221 N


Notes
(a) Non-detects (U and UJ qualified data) not used to determine proposed areas for cleanup.
(b) Contaminant not detected; non-detect concentration is in excess of the cleanup goal.
(c) Contaminant not detected; non-detect concentration is below the cleanup goal.


Shading represents the first record within each parameter-specific dataset; summary statistics including the number of values and the number and % of 
values above the cleanup goal are reported by parameter.
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Table G-2. Comparison of Lyman Mill Reach Surface (0-1 ft) Sediment Data to Cleanup Goals, Spatial Extent of Remediation Footprint
 (Sorted by Parameter)
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179a 0.3 0.4 2,3,7,8-TCDD 5688.33 PG/G_DRYWT 14.7 Y 80 74 93%
199a 0.4 0.5 2,3,7,8-TCDD 5772.72 PG/G_DRYWT 14.7 Y
AD-05 0 1 2,3,7,8-TCDD 2800 NG/KG 14.7 Y
CMS-217 0 0.25 2,3,7,8-TCDD 2420 NG/KG 14.7 Y
CMS-217 0 0.25 2,3,7,8-TCDD 5030 NG/KG 14.7 Y
CMS-218 0 0.25 2,3,7,8-TCDD 2290 NG/KG 14.7 Y
CMS-219 0 0.25 2,3,7,8-TCDD 2220 NG/KG 14.7 Y
CMS-457 0 1 2,3,7,8-TCDD 3800 NG/KG 14.7 Y
CMS-458 0 1 2,3,7,8-TCDD 720 NG/KG 14.7 Y
CMS-459 0 1 2,3,7,8-TCDD 130 NG/KG J 14.7 Y
CMS-468 0 1 2,3,7,8-TCDD 6.95 NG/KG 14.7 N
LPX-BK-2006 0 0.5 2,3,7,8-TCDD 5.4 NG/KG 14.7 N
LPX-BK-2006 0 0.5 2,3,7,8-TCDD 57.7 NG/KG 14.7 Y
LPX-BK-2006 0 0.5 2,3,7,8-TCDD 840 NG/KG & 14.7 Y
LPX-BK-2008 0 0.5 2,3,7,8-TCDD 0.59 NG/KG J 14.7 N
LPX-BK-2008 0 0.5 2,3,7,8-TCDD 1.1 NG/KG 14.7 N
LPX-BK-2008 0 0.5 2,3,7,8-TCDD 313 NG/KG 14.7 Y
LPX-SD-2045 0 0.5 2,3,7,8-TCDD 7610 NG/KG J& 14.7 Y
LPX-SD-2045B 0 0.3 2,3,7,8-TCDD 715 ng/kg $ 14.7 Y
LPX-SD-2046 0 0.5 2,3,7,8-TCDD 7110 NG/KG J& 14.7 Y
LPX-SD-2047 0 0.5 2,3,7,8-TCDD 4130 NG/KG J& 14.7 Y
LPX-SD-2048 0 0.5 2,3,7,8-TCDD 179 NG/KG J 14.7 Y
LPX-SD-2048 0 0.5 2,3,7,8-TCDD 374 NG/KG J 14.7 Y
LPX-SD-2049 0 0.5 2,3,7,8-TCDD 28.7 NG/KG J 14.7 Y
LPX-SD-2050 0 0.5 2,3,7,8-TCDD 6190 NG/KG J$ 14.7 Y
LPX-SD-2051 0 0.5 2,3,7,8-TCDD 4030 NG/KG J$ 14.7 Y
LPX-SD-2052 0 0.5 2,3,7,8-TCDD 4350 NG/KG J$ 14.7 Y
LPX-SD-2053 0 0.5 2,3,7,8-TCDD 492 NG/KG $ 14.7 Y
LPX-SD-2053 0 0.5 2,3,7,8-TCDD 756 NG/KG $ 14.7 Y
LPX-SD-2072 0 0.5 2,3,7,8-TCDD 487 ng/kg $ 14.7 Y
LPX-SD-4001 0 0.5 2,3,7,8-TCDD 4556.77 NG/KG 14.7 Y
LPX-SD-4002 0 0.5 2,3,7,8-TCDD 216.21 NG/KG J 14.7 Y
LPX-SD-4004 0 0.5 2,3,7,8-TCDD 2072.67 NG/KG J 14.7 Y
LPX-SD-4013 0 0.5 2,3,7,8-TCDD 478.54 NG/KG J 14.7 Y
LPX-SD-4201 0.35 0.45 2,3,7,8-TCDD 7475.42 PG/G_DRYWT J 14.7 Y
LPX-SD-4207 0 0.1 2,3,7,8-TCDD 778.46 PG/G_DRYWT 14.7 Y
LPX-SD-4208 0 0.1 2,3,7,8-TCDD 4311.95 PG/G_DRYWT J 14.7 Y
LPX-SD-4209 0 0.1 2,3,7,8-TCDD 4174.28 PG/G_DRYWT J 14.7 Y
LPX-SD-4501 0 0.5 2,3,7,8-TCDD 5268.07 PG/G_DRYWT 14.7 Y
LPX-SD-4502 0 0.5 2,3,7,8-TCDD 3072.49 PG/G_DRYWT 14.7 Y
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Table G-2. Comparison of Lyman Mill Reach Surface (0-1 ft) Sediment Data to Cleanup Goals, Spatial Extent of Remediation Footprint
 (Sorted by Parameter)
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LPX-SD-4503 0 0.5 2,3,7,8-TCDD 3902.84 PG/G_DRYWT 14.7 Y
LPX-SD-4504 0 0.5 2,3,7,8-TCDD 5678.72 PG/G_DRYWT 14.7 Y
LPX-SD-4505 0 0.5 2,3,7,8-TCDD 4588.81 PG/G_DRYWT 14.7 Y
LPX-SD-4506 0 0.5 2,3,7,8-TCDD 12352.61 PG/G_DRYWT J 14.7 Y
LPX-SD-4507 0 0.5 2,3,7,8-TCDD 2148.7 PG/G_DRYWT 14.7 Y
LPX-SD-4508 0 0.5 2,3,7,8-TCDD 1143.84 PG/G_DRYWT 14.7 Y
LPX-SD-4509 0 0.5 2,3,7,8-TCDD 10117.51 PG/G_DRYWT 14.7 Y
LPX-SD-4510 0 0.5 2,3,7,8-TCDD 45673.11 PG/G_DRYWT J 14.7 Y
Lymansville Dam 0 0.33 2,3,7,8-TCDD 5970 NG/KG 14.7 Y
SD-10 0 0.5 2,3,7,8-TCDD 160.94 NG/KG J 14.7 Y
SD-11 0 1 2,3,7,8-TCDD 264.41 NG/KG J 14.7 Y
SD-12 0 1 2,3,7,8-TCDD 19.16 NG/KG J 14.7 Y
SD-13 0 1 2,3,7,8-TCDD 112.27 NG/KG J 14.7 Y
SD-14 0 0.5 2,3,7,8-TCDD 28.86 NG/KG J 14.7 Y
SD-15 0 0.5 2,3,7,8-TCDD 0.7 NG/KG UJ 14.7 - (c) 
SD-16 0 0.5 2,3,7,8-TCDD 469.12 NG/KG J 14.7 Y
SD-17 0 0.5 2,3,7,8-TCDD 611.06 NG/KG J 14.7 Y
SD-18 0 0.25 2,3,7,8-TCDD 7987.02 NG/KG J 14.7 Y
SD-19 0 0.25 2,3,7,8-TCDD 18.11 NG/KG J 14.7 Y
Water St. 0 0 2,3,7,8-TCDD 5970 NG/KG 14.7 Y
WRL-BK-2004 0 0.5 2,3,7,8-TCDD 374 NG/KG & 14.7 Y
WRL-BK-2004 0 0.5 2,3,7,8-TCDD 966 NG/KG & 14.7 Y
WRL-BK-2004 0 0.5 2,3,7,8-TCDD 2930 NG/KG J& 14.7 Y
WRL-BK-2005 0 0.5 2,3,7,8-TCDD 10.5 NG/KG 14.7 N
WRL-BK-2005 0 0.5 2,3,7,8-TCDD 86.4 NG/KG 14.7 Y
WRL-BK-2005 0 0.5 2,3,7,8-TCDD 945 NG/KG & 14.7 Y
WRL-SD-2038 0 0.5 2,3,7,8-TCDD 611 NG/KG $ 14.7 Y
WRL-SD-2039 0 0.5 2,3,7,8-TCDD 2840 NG/KG $ 14.7 Y
WRL-SD-2040 0 0.5 2,3,7,8-TCDD 60 NG/KG 14.7 Y
WRL-SD-2040 0 0.5 2,3,7,8-TCDD 80.8 NG/KG 14.7 Y
WRL-SD-2041 0 0.2 2,3,7,8-TCDD 485 ng/kg J$ 14.7 Y
WRL-SD-2041 0 0.2 2,3,7,8-TCDD 2020 ng/kg J$ 14.7 Y
WRL-SD-2041 0 0.5 2,3,7,8-TCDD 3150 NG/KG $ 14.7 Y
WRL-SD-2042 0 0.3 2,3,7,8-TCDD 1720 ng/kg $ 14.7 Y
WRL-SD-2042 0 0.5 2,3,7,8-TCDD 2010 NG/KG J$ 14.7 Y
WRL-SD-2043 0 0.2 2,3,7,8-TCDD 1190 ng/kg J$ 14.7 Y
WRL-SD-2043 0 0.5 2,3,7,8-TCDD 3230 NG/KG J& 14.7 Y
WRL-SD-2044 0 0.5 2,3,7,8-TCDD 3350 NG/KG J$ 14.7 Y
WRL-SD-2071 0 0.2 2,3,7,8-TCDD 1730 ng/kg $ 14.7 Y
WRL-SD-4005 0 0.5 2,3,7,8-TCDD 751.75 NG/KG 14.7 Y
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Table G-2. Comparison of Lyman Mill Reach Surface (0-1 ft) Sediment Data to Cleanup Goals, Spatial Extent of Remediation Footprint
 (Sorted by Parameter)
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179a 0.3 0.4 4,4'-DDD 12.51 NG/G_DRY J 8.4 Y 66 21 32%
199a 0.4 0.5 4,4'-DDD 23.34398296 NG/G_DRY J 8.4 Y
AD-05 0 1 4,4'-DDD 55 UG/KG U 8.4 - (b)
LPX-BK-2006 0 0.5 4,4'-DDD 4.3 UG/KG U 8.4 - (c) 
LPX-BK-2006 0 0.5 4,4'-DDD 4.6 UG/KG U 8.4 - (c) 
LPX-BK-2008 0 0.5 4,4'-DDD 3.6 UG/KG U 8.4 - (c) 
LPX-BK-2008 0 0.5 4,4'-DDD 3.7 UG/KG U 8.4 - (c) 
LPX-BK-2008 0 0.5 4,4'-DDD 3.8 UG/KG U 8.4 - (c) 
LPX-SD-2045 0 0.5 4,4'-DDD 4.9 UG/KG U 8.4 - (c) 
LPX-SD-2046 0 0.5 4,4'-DDD 5 UG/KG U 8.4 - (c) 
LPX-SD-2047 0 0.5 4,4'-DDD 4.9 UG/KG U 8.4 - (c) 
LPX-SD-2048 0 0.5 4,4'-DDD 6.2 UG/KG J 8.4 N
LPX-SD-2048 0 0.5 4,4'-DDD 7.4 UG/KG UJ 8.4 - (c) 
LPX-SD-2049 0 0.5 4,4'-DDD 4.9 UG/KG U 8.4 - (c) 
LPX-SD-2050 0 0.5 4,4'-DDD 5.8 UG/KG U 8.4 - (c) 
LPX-SD-2051 0 0.5 4,4'-DDD 5 UG/KG U 8.4 - (c) 
LPX-SD-2052 0 0.5 4,4'-DDD 4.8 UG/KG U 8.4 - (c) 
LPX-SD-2053 0 0.5 4,4'-DDD 4.8 UG/KG U 8.4 - (c) 
LPX-SD-2053 0 0.5 4,4'-DDD 4.8 UG/KG U 8.4 - (c) 
LPX-SD-4001 0 0.5 4,4'-DDD 27.61 UG/KG J 8.4 Y
LPX-SD-4002 0 0.5 4,4'-DDD 35.02 UG/KG J 8.4 Y
LPX-SD-4004 0 0.5 4,4'-DDD 48.76 UG/KG 8.4 Y
LPX-SD-4011 0 0.5 4,4'-DDD 32.74 UG/KG J 8.4 Y
LPX-SD-4011 0 0.5 4,4'-DDD 35.89 UG/KG J 8.4 Y
LPX-SD-4012 0 0.5 4,4'-DDD 34.32 UG/KG J 8.4 Y
LPX-SD-4013 0 0.5 4,4'-DDD 22.13 UG/KG 8.4 Y
LPX-SD-4013 0 0.5 4,4'-DDD 50.19 UG/KG J 8.4 Y
LPX-SD-4501 0 0.5 4,4'-DDD 17.69543147 NG/G_DRY 8.4 Y
LPX-SD-4502 0 0.5 4,4'-DDD 10.02 NG/G_DRY 8.4 Y
LPX-SD-4503 0 0.5 4,4'-DDD 15.26 NG/G_DRY 8.4 Y
LPX-SD-4504 0 0.5 4,4'-DDD 19.84 NG/G_DRY J 8.4 Y
LPX-SD-4505 0 0.5 4,4'-DDD 15.18 NG/G_DRY J 8.4 Y
LPX-SD-4506 0 0.5 4,4'-DDD 24.29 NG/G_DRY J 8.4 Y
LPX-SD-4507 0 0.5 4,4'-DDD 7.97 NG/G_DRY 8.4 N
LPX-SD-4508 0 0.5 4,4'-DDD 14.76 NG/G_DRY J 8.4 Y
LPX-SD-4509 0 0.5 4,4'-DDD 26.45 NG/G_DRY 8.4 Y
LPX-SD-4510 0 0.5 4,4'-DDD 17.63 NG/G_DRY J 8.4 Y
Lymansville Dam 0 0.33 4,4'-DDD 19 UG/KG 8.4 Y
SD-10 0 0.5 4,4'-DDD 1.9 UG/KG J 8.4 N
SD-11 0 1 4,4'-DDD 3.8 UG/KG J 8.4 N
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Table G-2. Comparison of Lyman Mill Reach Surface (0-1 ft) Sediment Data to Cleanup Goals, Spatial Extent of Remediation Footprint
 (Sorted by Parameter)
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SD-12 0 1 4,4'-DDD 4.1 UG/KG U 8.4 - (c) 
SD-13 0 1 4,4'-DDD 5.8 UG/KG U 8.4 - (c) 
SD-14 0 0.5 4,4'-DDD 4.1 UG/KG 8.4 N
SD-15 0 0.5 4,4'-DDD 4 UG/KG U 8.4 - (c) 
SD-16 0 0.5 4,4'-DDD 1.4 UG/KG J 8.4 N
SD-17 0 0.5 4,4'-DDD 10 UG/KG U 8.4 - (b)
SD-18 0 0.25 4,4'-DDD 3.7 UG/KG U 8.4 - (c) 
SD-19 0 0.25 4,4'-DDD 4.2 UG/KG U 8.4 - (c) 
WRL-BK-2004 0 0.5 4,4'-DDD 3.1 UG/KG U 8.4 - (c) 
WRL-BK-2004 0 0.5 4,4'-DDD 5.6 UG/KG U 8.4 - (c) 
WRL-BK-2005 0 0.5 4,4'-DDD 3.5 UG/KG U 8.4 - (c) 
WRL-BK-2005 0 0.5 4,4'-DDD 4 UG/KG U 8.4 - (c) 
WRL-BK-2005 0 0.5 4,4'-DDD 4 UG/KG U 8.4 - (c) 
WRL-SD-2038 0 0.5 4,4'-DDD 4.2 UG/KG U 8.4 - (c) 
WRL-SD-2039 0 0.5 4,4'-DDD 4.9 UG/KG U 8.4 - (c) 
WRL-SD-2040 0 0.5 4,4'-DDD 3.8 UG/KG U 8.4 - (c) 
WRL-SD-2040 0 0.5 4,4'-DDD 3.8 UG/KG U 8.4 - (c) 
WRL-SD-2041 0 0.2 4,4'-DDD 7 UG/KG U 8.4 - (c) 
WRL-SD-2041 0 0.2 4,4'-DDD 8 UG/KG U 8.4 - (c) 
WRL-SD-2041 0 0.5 4,4'-DDD 4.9 UG/KG U 8.4 - (c) 
WRL-SD-2042 0 0.3 4,4'-DDD 11 UG/KG 8.4 Y
WRL-SD-2042 0 0.5 4,4'-DDD 4.6 UG/KG U 8.4 - (c) 
WRL-SD-2043 0 0.2 4,4'-DDD 7 UG/KG 8.4 N
WRL-SD-2043 0 0.5 4,4'-DDD 4.9 UG/KG U 8.4 - (c) 
WRL-SD-2044 0 0.5 4,4'-DDD 5 UG/KG UJ 8.4 - (c) 
WRL-SD-4005 0 0.5 4,4'-DDD 6.42 UG/KG 8.4 N
179a 0.3 0.4 4,4'-DDE 20.22 NG/G_DRY J 6 Y 66 25 38%
199a 0.4 0.5 4,4'-DDE 32.08732694 NG/G_DRY J 6 Y
AD-05 0 1 4,4'-DDE 18 UG/KG J 6 Y
LPX-BK-2006 0 0.5 4,4'-DDE 4.3 UG/KG U 6 - (c) 
LPX-BK-2006 0 0.5 4,4'-DDE 4.6 UG/KG U 6 - (c) 
LPX-BK-2008 0 0.5 4,4'-DDE 3.6 UG/KG U 6 - (c) 
LPX-BK-2008 0 0.5 4,4'-DDE 3.7 UG/KG U 6 - (c) 
LPX-BK-2008 0 0.5 4,4'-DDE 3.8 UG/KG U 6 - (c) 
LPX-SD-2045 0 0.5 4,4'-DDE 4.9 UG/KG U 6 - (c) 
LPX-SD-2046 0 0.5 4,4'-DDE 5 UG/KG U 6 - (c) 
LPX-SD-2047 0 0.5 4,4'-DDE 4.9 UG/KG U 6 - (c) 
LPX-SD-2048 0 0.5 4,4'-DDE 4.9 UG/KG U 6 - (c) 
LPX-SD-2048 0 0.5 4,4'-DDE 7.4 UG/KG U 6 - (b)
LPX-SD-2049 0 0.5 4,4'-DDE 4.9 UG/KG U 6 - (c) 
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Table G-2. Comparison of Lyman Mill Reach Surface (0-1 ft) Sediment Data to Cleanup Goals, Spatial Extent of Remediation Footprint
 (Sorted by Parameter)
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LPX-SD-2050 0 0.5 4,4'-DDE 5.8 UG/KG U 6 - (c) 
LPX-SD-2051 0 0.5 4,4'-DDE 5 UG/KG U 6 - (c) 
LPX-SD-2052 0 0.5 4,4'-DDE 4.8 UG/KG U 6 - (c) 
LPX-SD-2053 0 0.5 4,4'-DDE 4.8 UG/KG U 6 - (c) 
LPX-SD-2053 0 0.5 4,4'-DDE 4.8 UG/KG U 6 - (c) 
LPX-SD-4001 0 0.5 4,4'-DDE 20.84 UG/KG 6 Y
LPX-SD-4002 0 0.5 4,4'-DDE 17.71 UG/KG 6 Y
LPX-SD-4004 0 0.5 4,4'-DDE 28.49 UG/KG 6 Y
LPX-SD-4011 0 0.5 4,4'-DDE 38.42 UG/KG J 6 Y
LPX-SD-4011 0 0.5 4,4'-DDE 42.93 UG/KG 6 Y
LPX-SD-4012 0 0.5 4,4'-DDE 27.14 UG/KG 6 Y
LPX-SD-4013 0 0.5 4,4'-DDE 24.54 UG/KG 6 Y
LPX-SD-4013 0 0.5 4,4'-DDE 36.72 UG/KG 6 Y
LPX-SD-4501 0 0.5 4,4'-DDE 41.19796954 NG/G_DRY J 6 Y
LPX-SD-4502 0 0.5 4,4'-DDE 17.58 NG/G_DRY 6 Y
LPX-SD-4503 0 0.5 4,4'-DDE 26.88 NG/G_DRY 6 Y
LPX-SD-4504 0 0.5 4,4'-DDE 45.04 NG/G_DRY J 6 Y
LPX-SD-4505 0 0.5 4,4'-DDE 32.2 NG/G_DRY J 6 Y
LPX-SD-4506 0 0.5 4,4'-DDE 46.16 NG/G_DRY J 6 Y
LPX-SD-4507 0 0.5 4,4'-DDE 12.59 NG/G_DRY 6 Y
LPX-SD-4508 0 0.5 4,4'-DDE 17.71 NG/G_DRY J 6 Y
LPX-SD-4509 0 0.5 4,4'-DDE 33.55 NG/G_DRY 6 Y
LPX-SD-4510 0 0.5 4,4'-DDE 25.82 NG/G_DRY J 6 Y
Lymansville Dam 0 0.33 4,4'-DDE 35 UG/KG 6 Y
SD-10 0 0.5 4,4'-DDE 1.7 UG/KG J 6 N
SD-11 0 1 4,4'-DDE 6.1 UG/KG 6 Y
SD-12 0 1 4,4'-DDE 4.1 UG/KG U 6 - (c) 
SD-13 0 1 4,4'-DDE 3.5 UG/KG J 6 N
SD-14 0 0.5 4,4'-DDE 3.6 UG/KG J 6 N
SD-15 0 0.5 4,4'-DDE 0.31 UG/KG J 6 N
SD-16 0 0.5 4,4'-DDE 2.5 UG/KG J 6 N
SD-17 0 0.5 4,4'-DDE 6.8 UG/KG J 6 Y
SD-18 0 0.25 4,4'-DDE 2.8 UG/KG J 6 N
SD-19 0 0.25 4,4'-DDE 1.3 UG/KG J 6 N
WRL-BK-2004 0 0.5 4,4'-DDE 3.1 UG/KG U 6 - (c) 
WRL-BK-2004 0 0.5 4,4'-DDE 5.6 UG/KG U 6 - (c) 
WRL-BK-2005 0 0.5 4,4'-DDE 3.5 UG/KG U 6 - (c) 
WRL-BK-2005 0 0.5 4,4'-DDE 4 UG/KG U 6 - (c) 
WRL-BK-2005 0 0.5 4,4'-DDE 4.9 UG/KG 6 N
WRL-SD-2038 0 0.5 4,4'-DDE 4.2 UG/KG U 6 - (c) 
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Table G-2. Comparison of Lyman Mill Reach Surface (0-1 ft) Sediment Data to Cleanup Goals, Spatial Extent of Remediation Footprint
 (Sorted by Parameter)
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WRL-SD-2039 0 0.5 4,4'-DDE 4.9 UG/KG U 6 - (c) 
WRL-SD-2040 0 0.5 4,4'-DDE 3.8 UG/KG U 6 - (c) 
WRL-SD-2040 0 0.5 4,4'-DDE 3.8 UG/KG U 6 - (c) 
WRL-SD-2041 0 0.2 4,4'-DDE 7 UG/KG U 6 - (b)
WRL-SD-2041 0 0.2 4,4'-DDE 9 UG/KG 6 Y
WRL-SD-2041 0 0.5 4,4'-DDE 4.9 UG/KG U 6 - (c) 
WRL-SD-2042 0 0.3 4,4'-DDE 7 UG/KG U 6 - (b)
WRL-SD-2042 0 0.5 4,4'-DDE 4.6 UG/KG U 6 - (c) 
WRL-SD-2043 0 0.2 4,4'-DDE 6 UG/KG U 6 -
WRL-SD-2043 0 0.5 4,4'-DDE 4.9 UG/KG U 6 - (c) 
WRL-SD-2044 0 0.5 4,4'-DDE 5 UG/KG UJ 6 - (c) 
WRL-SD-4005 0 0.5 4,4'-DDE 4.96 UG/KG 6 N
179a 0.3 0.4 Aluminum 4030 mg/Kg J 8210 N 60 32 53%
199a 0.4 0.5 Aluminum 10900 mg/Kg J 8210 Y
LPX-BK-2006 0 0.5 Aluminum 5620 MG/KG J 8210 N
LPX-BK-2006 0 0.5 Aluminum 7620 MG/KG 8210 N
LPX-BK-2006 0 0.5 Aluminum 10900 MG/KG 8210 Y
LPX-BK-2008 0 0.5 Aluminum 3020 MG/KG 8210 N
LPX-BK-2008 0 0.5 Aluminum 4320 MG/KG 8210 N
LPX-BK-2008 0 0.5 Aluminum 4850 MG/KG 8210 N
LPX-SD-2045 0 0.5 Aluminum 13400 MG/KG 8210 Y
LPX-SD-2045B 0 0.3 Aluminum 9200 MG/KG 8210 Y
LPX-SD-2046 0 0.5 Aluminum 12200 MG/KG 8210 Y
LPX-SD-2047 0 0.5 Aluminum 11100 MG/KG 8210 Y
LPX-SD-2048 0 0.5 Aluminum 5860 MG/KG 8210 N
LPX-SD-2048 0 0.5 Aluminum 7280 MG/KG 8210 N
LPX-SD-2049 0 0.5 Aluminum 10800 MG/KG 8210 Y
LPX-SD-2050 0 0.5 Aluminum 14500 MG/KG 8210 Y
LPX-SD-2051 0 0.5 Aluminum 8820 MG/KG 8210 Y
LPX-SD-2052 0 0.5 Aluminum 18000 MG/KG 8210 Y
LPX-SD-2053 0 0.5 Aluminum 10000 MG/KG 8210 Y
LPX-SD-2053 0 0.5 Aluminum 12400 MG/KG 8210 Y
LPX-SD-2072 0 0.5 Aluminum 10800 MG/KG 8210 Y
LPX-SD-4001 0 0.5 Aluminum 15413 MG/KG J 8210 Y
LPX-SD-4002 0 0.5 Aluminum 14793 MG/KG J 8210 Y
LPX-SD-4004 0 0.5 Aluminum 24263 MG/KG J 8210 Y
LPX-SD-4011 0 0.5 Aluminum 27773 MG/KG J 8210 Y
LPX-SD-4012 0 0.5 Aluminum 25502 MG/KG J 8210 Y
LPX-SD-4013 0 0.5 Aluminum 16846 MG/KG J 8210 Y
LPX-SD-4013 0 0.5 Aluminum 19322 MG/KG J 8210 Y
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Table G-2. Comparison of Lyman Mill Reach Surface (0-1 ft) Sediment Data to Cleanup Goals, Spatial Extent of Remediation Footprint
 (Sorted by Parameter)
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LPX-SD-4501 0 0.5 Aluminum 8680 mg/Kg 8210 Y
LPX-SD-4502 0 0.5 Aluminum 12200 mg/Kg 8210 Y
LPX-SD-4503 0 0.5 Aluminum 10000 mg/Kg 8210 Y
LPX-SD-4504 0 0.5 Aluminum 11900 mg/Kg 8210 Y
LPX-SD-4505 0 0.5 Aluminum 11300 mg/Kg 8210 Y
LPX-SD-4506 0 0.5 Aluminum 8190 mg/Kg 8210 N
LPX-SD-4507 0 0.5 Aluminum 11500 mg/Kg 8210 Y
LPX-SD-4508 0 0.5 Aluminum 5450 mg/Kg 8210 N
LPX-SD-4509 0 0.5 Aluminum 11500 mg/Kg 8210 Y
LPX-SD-4510 0 0.5 Aluminum 7740 mg/Kg 8210 N
Lymansville Dam 0 0.33 Aluminum 18300 MG/KG 8210 Y
WRL-BK-2004 0 0.5 Aluminum 4620 MG/KG 8210 N
WRL-BK-2004 0 0.5 Aluminum 5640 MG/KG 8210 N
WRL-BK-2004 0 0.5 Aluminum 7340 MG/KG 8210 N
WRL-BK-2005 0 0.5 Aluminum 1690 MG/KG 8210 N
WRL-BK-2005 0 0.5 Aluminum 2020 MG/KG 8210 N
WRL-BK-2005 0 0.5 Aluminum 3780 MG/KG 8210 N
WRL-SD-2038 0 0.5 Aluminum 4140 MG/KG 8210 N
WRL-SD-2039 0 0.5 Aluminum 2670 MG/KG 8210 N
WRL-SD-2040 0 0.5 Aluminum 2140 MG/KG 8210 N
WRL-SD-2040 0 0.5 Aluminum 2260 MG/KG 8210 N
WRL-SD-2041 0 0.2 Aluminum 6090 MG/KG 8210 N
WRL-SD-2041 0 0.2 Aluminum 6400 MG/KG 8210 N
WRL-SD-2041 0 0.5 Aluminum 5960 MG/KG 8210 N
WRL-SD-2042 0 0.3 Aluminum 7970 MG/KG 8210 N
WRL-SD-2042 0 0.5 Aluminum 8740 MG/KG 8210 Y
WRL-SD-2043 0 0.2 Aluminum 4320 MG/KG 8210 N
WRL-SD-2043 0 0.5 Aluminum 7820 MG/KG 8210 N
WRL-SD-2044 0 0.5 Aluminum 16100 MG/KG 8210 Y
WRL-SD-2071 0 0.2 Aluminum 10900 MG/KG 8210 Y
WRL-SD-4005 0 0.5 Aluminum 6949 MG/KG J 8210 N
WRL-SD-4005 0 0.5 Aluminum 8335 MG/KG J 8210 Y
179a 0.3 0.4 Aroclor 1254 1289.39 NG/G_DRY J 150 Y 68 33 49%
199a 0.4 0.5 Aroclor 1254 2048.232162 NG/G_DRY J 150 Y
LPX-SD-4501 0 0.5 Aroclor 1254 1653.928934 NG/G_DRY 150 Y
LPX-SD-4502 0 0.5 Aroclor 1254 968.92 NG/G_DRY 150 Y
LPX-SD-4503 0 0.5 Aroclor 1254 1443.8 NG/G_DRY 150 Y
LPX-SD-4504 0 0.5 Aroclor 1254 1316.14 NG/G_DRY J 150 Y
LPX-SD-4505 0 0.5 Aroclor 1254 2058.09 NG/G_DRY J 150 Y
LPX-SD-4506 0 0.5 Aroclor 1254 1394.73 NG/G_DRY J 150 Y
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Table G-2. Comparison of Lyman Mill Reach Surface (0-1 ft) Sediment Data to Cleanup Goals, Spatial Extent of Remediation Footprint
 (Sorted by Parameter)


BORING TO
P_


O
F_


SA
M


PL
E 


(ft
)


B
O


TT
O


M
_O


F_
SA


M
PL


E 
(ft


)


PARAMETER LAB_RESULT UNITS QUAL Cleanup Goal


Above 
Cleanup 


Goal (Y/N) 
(a)


Number 
Values


Number 
Values 
Above 


Cleanup 
Goal


% Above 
Cleanup 
Goal (a) Comment


LPX-SD-4507 0 0.5 Aroclor 1254 998.85 NG/G_DRY 150 Y
LPX-SD-4508 0 0.5 Aroclor 1254 496.31 NG/G_DRY J 150 Y
LPX-SD-4509 0 0.5 Aroclor 1254 2574.34 NG/G_DRY 150 Y
LPX-SD-4510 0 0.5 Aroclor 1254 2026.85 NG/G_DRY J 150 Y
AD-05 0 1 Aroclor-1254 910 UG/KG 150 Y
LPX-BK-2006 0 0.5 Aroclor-1254 43 UG/KG U 150 - (c) 
LPX-BK-2006 0 0.5 Aroclor-1254 46 UG/KG U 150 - (c) 
LPX-BK-2008 0 0.5 Aroclor-1254 36 UG/KG U 150 - (c) 
LPX-BK-2008 0 0.5 Aroclor-1254 38 UG/KG U 150 - (c) 
LPX-BK-2008 0 0.5 Aroclor-1254 71 UG/KG 150 N
LPX-SD-2045 0 0.5 Aroclor-1254 130 UG/KG 150 N
LPX-SD-2046 0 0.5 Aroclor-1254 120 UG/KG 150 N
LPX-SD-2047 0 0.5 Aroclor-1254 56 UG/KG 150 N
LPX-SD-2048 0 0.5 Aroclor-1254 150 UG/KG 150 N
LPX-SD-2048 0 0.5 Aroclor-1254 180 UG/KG 150 Y
LPX-SD-2049 0 0.5 Aroclor-1254 49 UG/KG U 150 - (c) 
LPX-SD-2050 0 0.5 Aroclor-1254 73 UG/KG 150 N
LPX-SD-2051 0 0.5 Aroclor-1254 50 UG/KG 150 N
LPX-SD-2052 0 0.5 Aroclor-1254 81 UG/KG 150 N
LPX-SD-2053 0 0.5 Aroclor-1254 93 UG/KG 150 N
LPX-SD-2053 0 0.5 Aroclor-1254 130 UG/KG 150 N
LPX-SD-2072 0 0.5 Aroclor-1254 400 UG/KG J 150 Y
LPX-SD-4001 0 0.5 Aroclor-1254 873.88 UG/KG 150 Y
LPX-SD-4002 0 0.5 Aroclor-1254 124.51 UG/KG 150 N
LPX-SD-4004 0 0.5 Aroclor-1254 312.31 UG/KG 150 Y
LPX-SD-4011 0 0.5 Aroclor-1254 2022.77 UG/KG 150 Y
LPX-SD-4011 0 0.5 Aroclor-1254 2047.82 UG/KG 150 Y
LPX-SD-4012 0 0.5 Aroclor-1254 242.9 UG/KG 150 Y
LPX-SD-4013 0 0.5 Aroclor-1254 276.82 UG/KG 150 Y
LPX-SD-4013 0 0.5 Aroclor-1254 1287.61 UG/KG 150 Y
Lymansville Dam 0 0.33 Aroclor-1254 1100 UG/KG 150 Y
SD-10 0 0.5 Aroclor-1254 66 UG/KG U 150 - (c) 
SD-11 0 1 Aroclor-1254 47 UG/KG U 150 - (c) 
SD-12 0 1 Aroclor-1254 41 UG/KG U 150 - (c) 
SD-13 0 1 Aroclor-1254 58 UG/KG U 150 - (c) 
SD-14 0 0.5 Aroclor-1254 39 UG/KG U 150 - (c) 
SD-15 0 0.5 Aroclor-1254 40 UG/KG U 150 - (c) 
SD-16 0 0.5 Aroclor-1254 23 UG/KG J 150 N
SD-17 0 0.5 Aroclor-1254 58 UG/KG J 150 N
SD-18 0 0.25 Aroclor-1254 120 UG/KG 150 N
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Table G-2. Comparison of Lyman Mill Reach Surface (0-1 ft) Sediment Data to Cleanup Goals, Spatial Extent of Remediation Footprint
 (Sorted by Parameter)
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SD-19 0 0.25 Aroclor-1254 42 UG/KG U 150 - (c) 
WRL-BK-2004 0 0.5 Aroclor-1254 13 UG/KG JP 150 N
WRL-BK-2004 0 0.5 Aroclor-1254 160 UG/KG P 150 Y
WRL-BK-2005 0 0.5 Aroclor-1254 40 UG/KG U 150 - (c) 
WRL-BK-2005 0 0.5 Aroclor-1254 40 UG/KG U 150 - (c) 
WRL-BK-2005 0 0.5 Aroclor-1254 60 UG/KG 150 N
WRL-SD-2038 0 0.5 Aroclor-1254 130 UG/KG 150 N
WRL-SD-2039 0 0.5 Aroclor-1254 40 UG/KG J 150 N
WRL-SD-2040 0 0.5 Aroclor-1254 28 UG/KG J 150 N
WRL-SD-2040 0 0.5 Aroclor-1254 31 UG/KG J 150 N
WRL-SD-2041 0 0.2 Aroclor-1254 310 UG/KG J 150 Y
WRL-SD-2041 0 0.2 Aroclor-1254 430 UG/KG J 150 Y
WRL-SD-2041 0 0.5 Aroclor-1254 210 UG/KG 150 Y
WRL-SD-2042 0 0.3 Aroclor-1254 380 UG/KG J 150 Y
WRL-SD-2042 0 0.5 Aroclor-1254 330 UG/KG 150 Y
WRL-SD-2043 0 0.2 Aroclor-1254 220 UG/KG J 150 Y
WRL-SD-2043 0 0.5 Aroclor-1254 260 UG/KG 150 Y
WRL-SD-2044 0 0.5 Aroclor-1254 74 UG/KG J 150 N
WRL-SD-2071 0 0.2 Aroclor-1254 600 UG/KG J 150 Y
WRL-SD-4005 0 0.5 Aroclor-1254 154.9 UG/KG 150 Y
179a 0.3 0.4 Aroclor 1268 46.66 NG/G_DRY UJ 140 - 22 4 18% (c) 
199a 0.4 0.5 Aroclor 1268 172.7050053 NG/G_DRY UJ 140 - (b)
LPX-SD-4501 0 0.5 Aroclor 1268 53.32994924 NG/G_DRY U 140 - (c) 
LPX-SD-4502 0 0.5 Aroclor 1268 28.95 NG/G_DRY U 140 - (c) 
LPX-SD-4503 0 0.5 Aroclor 1268 48.42 NG/G_DRY U 140 - (c) 
LPX-SD-4504 0 0.5 Aroclor 1268 37.28 NG/G_DRY U 140 - (c) 
LPX-SD-4505 0 0.5 Aroclor 1268 32.62 NG/G_DRY U 140 - (c) 
LPX-SD-4506 0 0.5 Aroclor 1268 31.58 NG/G_DRY U 140 - (c) 
LPX-SD-4507 0 0.5 Aroclor 1268 28.22 NG/G_DRY U 140 - (c) 
LPX-SD-4508 0 0.5 Aroclor 1268 24.46 NG/G_DRY U 140 - (c) 
LPX-SD-4509 0 0.5 Aroclor 1268 34.44 NG/G_DRY U 140 - (c) 
LPX-SD-4510 0 0.5 Aroclor 1268 33.95 NG/G_DRY U 140 - (c) 
LPX-SD-4001 0 0.5 Aroclor-1268 161.79 UG/KG 140 Y
LPX-SD-4002 0 0.5 Aroclor-1268 37.91 UG/KG 140 N
LPX-SD-4004 0 0.5 Aroclor-1268 47.09 UG/KG 140 N
LPX-SD-4011 0 0.5 Aroclor-1268 189.19 UG/KG 140 Y
LPX-SD-4011 0 0.5 Aroclor-1268 189.28 UG/KG 140 Y
LPX-SD-4012 0 0.5 Aroclor-1268 53.89 UG/KG 140 N
LPX-SD-4013 0 0.5 Aroclor-1268 34.59 UG/KG 140 N
LPX-SD-4013 0 0.5 Aroclor-1268 313.79 UG/KG J 140 Y
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Table G-2. Comparison of Lyman Mill Reach Surface (0-1 ft) Sediment Data to Cleanup Goals, Spatial Extent of Remediation Footprint
 (Sorted by Parameter)


BORING TO
P_


O
F_


SA
M


PL
E 


(ft
)


B
O


TT
O


M
_O


F_
SA


M
PL


E 
(ft


)


PARAMETER LAB_RESULT UNITS QUAL Cleanup Goal


Above 
Cleanup 


Goal (Y/N) 
(a)


Number 
Values


Number 
Values 
Above 


Cleanup 
Goal


% Above 
Cleanup 
Goal (a) Comment


Lymansville Dam 0 0.33 Aroclor-1268 91 UG/KG 140 N
WRL-SD-4005 0 0.5 Aroclor-1268 36.99 UG/KG 140 N
AD-05 0 1 Aroclor, Total 910 UG/KG 210 Y 62 26 42%
LPX-BK-2006 0 0.5 Aroclor, Total 88 UG/KG U 210 - (c) 
LPX-BK-2006 0 0.5 Aroclor, Total 93 UG/KG U 210 - (c) 
LPX-BK-2008 0 0.5 Aroclor, Total 71 UG/KG 210 N
LPX-BK-2008 0 0.5 Aroclor, Total 73 UG/KG U 210 - (c) 
LPX-BK-2008 0 0.5 Aroclor, Total 76 UG/KG U 210 - (c) 
LPX-SD-2045 0 0.5 Aroclor, Total 211 UG/KG 210 Y
LPX-SD-2046 0 0.5 Aroclor, Total 178 UG/KG 210 N
LPX-SD-2047 0 0.5 Aroclor, Total 118 UG/KG 210 N
LPX-SD-2048 0 0.5 Aroclor, Total 231 UG/KG 210 Y
LPX-SD-2048 0 0.5 Aroclor, Total 267 UG/KG 210 Y
LPX-SD-2049 0 0.5 Aroclor, Total 43 UG/KG 210 N
LPX-SD-2050 0 0.5 Aroclor, Total 147 UG/KG 210 N
LPX-SD-2051 0 0.5 Aroclor, Total 50 UG/KG 210 N
LPX-SD-2052 0 0.5 Aroclor, Total 97 UG/KG 210 N
LPX-SD-2053 0 0.5 Aroclor, Total 109 UG/KG 210 N
LPX-SD-2053 0 0.5 Aroclor, Total 173 UG/KG 210 N
LPX-SD-4001 0 0.5 Aroclor, Total 1035.67 UG/KG 210 Y
LPX-SD-4002 0 0.5 Aroclor, Total 162.42 UG/KG J 210 N
LPX-SD-4004 0 0.5 Aroclor, Total 359.4 UG/KG 210 Y
LPX-SD-4011 0 0.5 Aroclor, Total 2212.05 UG/KG 210 Y
LPX-SD-4011 0 0.5 Aroclor, Total 2237 UG/KG 210 Y
LPX-SD-4012 0 0.5 Aroclor, Total 296.78 UG/KG 210 Y
LPX-SD-4013 0 0.5 Aroclor, Total 311.41 UG/KG 210 Y
LPX-SD-4013 0 0.5 Aroclor, Total 1601.4 UG/KG 210 Y
Lymansville Dam 0 0.33 Aroclor, Total 1191 UG/KG 210 Y
SD-10 0 0.5 Aroclor, Total 130 UG/KG U 210 - (c) 
SD-11 0 1 Aroclor, Total 96 UG/KG U 210 - (c) 
SD-12 0 1 Aroclor, Total 83 UG/KG U 210 - (c) 
SD-13 0 1 Aroclor, Total 120 UG/KG U 210 - (c) 
SD-14 0 0.5 Aroclor, Total 79 UG/KG U 210 - (c) 
SD-15 0 0.5 Aroclor, Total 82 UG/KG U 210 - (c) 
SD-16 0 0.5 Aroclor, Total 23 UG/KG 210 N
SD-17 0 0.5 Aroclor, Total 58 UG/KG 210 N
SD-18 0 0.25 Aroclor, Total 120 UG/KG 210 N
SD-19 0 0.25 Aroclor, Total 86 UG/KG U 210 - (c) 
WRL-BK-2004 0 0.5 Aroclor, Total 13 UG/KG 210 N
WRL-BK-2004 0 0.5 Aroclor, Total 160 UG/KG 210 N
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Table G-2. Comparison of Lyman Mill Reach Surface (0-1 ft) Sediment Data to Cleanup Goals, Spatial Extent of Remediation Footprint
 (Sorted by Parameter)
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WRL-BK-2005 0 0.5 Aroclor, Total 60 UG/KG 210 N
WRL-BK-2005 0 0.5 Aroclor, Total 81 UG/KG U 210 - (c) 
WRL-BK-2005 0 0.5 Aroclor, Total 82 UG/KG U 210 - (c) 
WRL-SD-2038 0 0.5 Aroclor, Total 130 UG/KG 210 N
WRL-SD-2039 0 0.5 Aroclor, Total 40 UG/KG 210 N
WRL-SD-2040 0 0.5 Aroclor, Total 28 UG/KG 210 N
WRL-SD-2040 0 0.5 Aroclor, Total 31 UG/KG 210 N
WRL-SD-2041 0 0.5 Aroclor, Total 210 UG/KG 210 N
WRL-SD-2042 0 0.5 Aroclor, Total 361 UG/KG 210 Y
WRL-SD-2043 0 0.5 Aroclor, Total 307 UG/KG 210 Y
WRL-SD-2044 0 0.5 Aroclor, Total 95 UG/KG 210 N
WRL-SD-4005 0 0.5 Aroclor, Total 191.9 UG/KG 210 N
179a 0.3 0.4 TOTAL AROCLOR 1616.01 NG/G_DRY 210 Y
199a 0.4 0.5 TOTAL AROCLOR 3257.167199 NG/G_DRY 210 Y
LPX-SD-4501 0 0.5 TOTAL AROCLOR 1653.928934 NG/G_DRY 210 Y
LPX-SD-4502 0 0.5 TOTAL AROCLOR 968.92 NG/G_DRY 210 Y
LPX-SD-4503 0 0.5 TOTAL AROCLOR 1443.8 NG/G_DRY 210 Y
LPX-SD-4504 0 0.5 TOTAL AROCLOR 1316.14 NG/G_DRY 210 Y
LPX-SD-4505 0 0.5 TOTAL AROCLOR 2058.09 NG/G_DRY 210 Y
LPX-SD-4506 0 0.5 TOTAL AROCLOR 1394.73 NG/G_DRY 210 Y
LPX-SD-4507 0 0.5 TOTAL AROCLOR 998.85 NG/G_DRY 210 Y
LPX-SD-4508 0 0.5 TOTAL AROCLOR 496.31 NG/G_DRY 210 Y
LPX-SD-4509 0 0.5 TOTAL AROCLOR 2574.34 NG/G_DRY 210 Y
LPX-SD-4510 0 0.5 TOTAL AROCLOR 2026.85 NG/G_DRY 210 Y
179a 0.3 0.4 Arsenic 2.4 mg/Kg U 3.9 - 61 27 44% (c) 
199a 0.4 0.5 Arsenic 6.2 mg/Kg J 3.9 Y
AD-05 0 1 Arsenic 48.1 MG/KG U 3.9 - (b)
LPX-BK-2006 0 0.5 Arsenic 4.1 MG/KG 3.9 Y
LPX-BK-2006 0 0.5 Arsenic 4.4 MG/KG J 3.9 Y
LPX-BK-2006 0 0.5 Arsenic 7 MG/KG 3.9 Y
LPX-BK-2008 0 0.5 Arsenic 3.8 MG/KG 3.9 N
LPX-BK-2008 0 0.5 Arsenic 4.9 MG/KG 3.9 Y
LPX-BK-2008 0 0.5 Arsenic 5.3 MG/KG 3.9 Y
LPX-SD-2045 0 0.5 Arsenic 8.3 MG/KG 3.9 Y
LPX-SD-2045B 0 0.3 Arsenic 4 MG/KG 3.9 Y
LPX-SD-2046 0 0.5 Arsenic 5.4 MG/KG 3.9 Y
LPX-SD-2047 0 0.5 Arsenic 4.4 MG/KG 3.9 Y
LPX-SD-2048 0 0.5 Arsenic 2 MG/KG J 3.9 N
LPX-SD-2048 0 0.5 Arsenic 2 MG/KG J 3.9 N
LPX-SD-2049 0 0.5 Arsenic 3.4 MG/KG 3.9 N
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Table G-2. Comparison of Lyman Mill Reach Surface (0-1 ft) Sediment Data to Cleanup Goals, Spatial Extent of Remediation Footprint
 (Sorted by Parameter)
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LPX-SD-2050 0 0.5 Arsenic 10 MG/KG 3.9 Y
LPX-SD-2051 0 0.5 Arsenic 4.8 MG/KG 3.9 Y
LPX-SD-2052 0 0.5 Arsenic 7.7 MG/KG 3.9 Y
LPX-SD-2053 0 0.5 Arsenic 6.1 MG/KG 3.9 Y
LPX-SD-2053 0 0.5 Arsenic 7.8 MG/KG 3.9 Y
LPX-SD-2072 0 0.5 Arsenic 5 MG/KG J 3.9 Y
LPX-SD-4001 0 0.5 Arsenic 2 MG/KG U 3.9 - (c) 
LPX-SD-4002 0 0.5 Arsenic 3.59 MG/KG J 3.9 N
LPX-SD-4004 0 0.5 Arsenic 6.93 MG/KG J 3.9 Y
LPX-SD-4011 0 0.5 Arsenic 6.13 MG/KG J 3.9 Y
LPX-SD-4012 0 0.5 Arsenic 13.2 MG/KG J 3.9 Y
LPX-SD-4013 0 0.5 Arsenic 3.75 MG/KG J 3.9 N
LPX-SD-4013 0 0.5 Arsenic 4.2 MG/KG 3.9 Y
LPX-SD-4501 0 0.5 Arsenic 5.3 mg/Kg U 3.9 - (b)
LPX-SD-4502 0 0.5 Arsenic 8.6 mg/Kg U 3.9 - (b)
LPX-SD-4503 0 0.5 Arsenic 6.5 mg/Kg U 3.9 - (b)
LPX-SD-4504 0 0.5 Arsenic 7 mg/Kg U 3.9 - (b)
LPX-SD-4505 0 0.5 Arsenic 7.4 mg/Kg U 3.9 - (b)
LPX-SD-4506 0 0.5 Arsenic 5 mg/Kg U 3.9 - (b)
LPX-SD-4507 0 0.5 Arsenic 14.3 mg/Kg 3.9 Y
LPX-SD-4508 0 0.5 Arsenic 3 mg/Kg U 3.9 - (c) 
LPX-SD-4509 0 0.5 Arsenic 8.6 mg/Kg U 3.9 - (b)
LPX-SD-4510 0 0.5 Arsenic 4.8 mg/Kg U 3.9 - (b)
Lymansville Dam 0 0.33 Arsenic 35 MG/KG U 3.9 - (b)
WRL-BK-2004 0 0.5 Arsenic 3.1 MG/KG 3.9 N
WRL-BK-2004 0 0.5 Arsenic 3.4 MG/KG 3.9 N
WRL-BK-2004 0 0.5 Arsenic 5.2 MG/KG 3.9 Y
WRL-BK-2005 0 0.5 Arsenic 1.5 MG/KG 3.9 N
WRL-BK-2005 0 0.5 Arsenic 2.2 MG/KG 3.9 N
WRL-BK-2005 0 0.5 Arsenic 2.8 MG/KG 3.9 N
WRL-SD-2038 0 0.5 Arsenic 1.2 MG/KG 3.9 N
WRL-SD-2039 0 0.5 Arsenic 4.7 MG/KG 3.9 Y
WRL-SD-2040 0 0.5 Arsenic 0.54 MG/KG U 3.9 - (c) 
WRL-SD-2040 0 0.5 Arsenic 0.64 MG/KG U 3.9 - (c) 
WRL-SD-2041 0 0.2 Arsenic 3.8 MG/KG 3.9 N
WRL-SD-2041 0 0.2 Arsenic 4 MG/KG 3.9 Y
WRL-SD-2041 0 0.5 Arsenic 6.5 MG/KG 3.9 Y
WRL-SD-2042 0 0.3 Arsenic 3.8 MG/KG 3.9 N
WRL-SD-2042 0 0.5 Arsenic 3.9 MG/KG 3.9 N
WRL-SD-2043 0 0.2 Arsenic 2 MG/KG J 3.9 N
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Table G-2. Comparison of Lyman Mill Reach Surface (0-1 ft) Sediment Data to Cleanup Goals, Spatial Extent of Remediation Footprint
 (Sorted by Parameter)
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WRL-SD-2043 0 0.5 Arsenic 3 MG/KG 3.9 N
WRL-SD-2044 0 0.5 Arsenic 11.4 MG/KG 3.9 Y
WRL-SD-2071 0 0.2 Arsenic 6 MG/KG J 3.9 Y
WRL-SD-4005 0 0.5 Arsenic 2.62 MG/KG J 3.9 N
WRL-SD-4005 0 0.5 Arsenic 3.23 MG/KG J 3.9 N
179a 0.3 0.4 Barium 74 mg/Kg J 134 N 61 27 44%
199a 0.4 0.5 Barium 249 mg/Kg J 134 Y
AD-05 0 1 Barium 65.9 MG/KG 134 N
LPX-BK-2006 0 0.5 Barium 18.7 MG/KG J 134 N
LPX-BK-2006 0 0.5 Barium 27.2 MG/KG 134 N
LPX-BK-2006 0 0.5 Barium 44.4 MG/KG 134 N
LPX-BK-2008 0 0.5 Barium 22.9 MG/KG 134 N
LPX-BK-2008 0 0.5 Barium 44.2 MG/KG 134 N
LPX-BK-2008 0 0.5 Barium 55.4 MG/KG 134 N
LPX-SD-2045 0 0.5 Barium 220 MG/KG 134 Y
LPX-SD-2045B 0 0.3 Barium 110 MG/KG 134 N
LPX-SD-2046 0 0.5 Barium 235 MG/KG 134 Y
LPX-SD-2047 0 0.5 Barium 201 MG/KG 134 Y
LPX-SD-2048 0 0.5 Barium 77.4 MG/KG 134 N
LPX-SD-2048 0 0.5 Barium 94 MG/KG 134 N
LPX-SD-2049 0 0.5 Barium 71.5 MG/KG 134 N
LPX-SD-2050 0 0.5 Barium 262 MG/KG 134 Y
LPX-SD-2051 0 0.5 Barium 137 MG/KG 134 Y
LPX-SD-2052 0 0.5 Barium 342 MG/KG 134 Y
LPX-SD-2053 0 0.5 Barium 133 MG/KG 134 N
LPX-SD-2053 0 0.5 Barium 163 MG/KG 134 Y
LPX-SD-2072 0 0.5 Barium 204 MG/KG 134 Y
LPX-SD-4001 0 0.5 Barium 240 MG/KG J 134 Y
LPX-SD-4002 0 0.5 Barium 170 MG/KG J 134 Y
LPX-SD-4004 0 0.5 Barium 380 MG/KG J 134 Y
LPX-SD-4011 0 0.5 Barium 373 MG/KG J 134 Y
LPX-SD-4012 0 0.5 Barium 162 MG/KG J 134 Y
LPX-SD-4013 0 0.5 Barium 191 MG/KG J 134 Y
LPX-SD-4013 0 0.5 Barium 191 MG/KG J 134 Y
LPX-SD-4501 0 0.5 Barium 159 mg/Kg 134 Y
LPX-SD-4502 0 0.5 Barium 157 mg/Kg 134 Y
LPX-SD-4503 0 0.5 Barium 183 mg/Kg 134 Y
LPX-SD-4504 0 0.5 Barium 313 mg/Kg 134 Y
LPX-SD-4505 0 0.5 Barium 222 mg/Kg 134 Y
LPX-SD-4506 0 0.5 Barium 170 mg/Kg 134 Y
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Table G-2. Comparison of Lyman Mill Reach Surface (0-1 ft) Sediment Data to Cleanup Goals, Spatial Extent of Remediation Footprint
 (Sorted by Parameter)
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LPX-SD-4507 0 0.5 Barium 151 mg/Kg 134 Y
LPX-SD-4508 0 0.5 Barium 80.7 mg/Kg 134 N
LPX-SD-4509 0 0.5 Barium 255 mg/Kg 134 Y
LPX-SD-4510 0 0.5 Barium 178 mg/Kg 134 Y
Lymansville Dam 0 0.33 Barium 310 MG/KG 134 Y
WRL-BK-2004 0 0.5 Barium 20.7 MG/KG 134 N
WRL-BK-2004 0 0.5 Barium 38.5 MG/KG 134 N
WRL-BK-2004 0 0.5 Barium 81.1 MG/KG 134 N
WRL-BK-2005 0 0.5 Barium 10 MG/KG 134 N
WRL-BK-2005 0 0.5 Barium 12.6 MG/KG 134 N
WRL-BK-2005 0 0.5 Barium 40.7 MG/KG 134 N
WRL-SD-2038 0 0.5 Barium 66.6 MG/KG 134 N
WRL-SD-2039 0 0.5 Barium 48.9 MG/KG 134 N
WRL-SD-2040 0 0.5 Barium 19.4 MG/KG 134 N
WRL-SD-2040 0 0.5 Barium 22.6 MG/KG 134 N
WRL-SD-2041 0 0.2 Barium 108 MG/KG 134 N
WRL-SD-2041 0 0.2 Barium 111 MG/KG 134 N
WRL-SD-2041 0 0.5 Barium 82.9 MG/KG 134 N
WRL-SD-2042 0 0.3 Barium 86.9 MG/KG 134 N
WRL-SD-2042 0 0.5 Barium 99.5 MG/KG 134 N
WRL-SD-2043 0 0.2 Barium 56.5 MG/KG 134 N
WRL-SD-2043 0 0.5 Barium 107 MG/KG 134 N
WRL-SD-2044 0 0.5 Barium 99.6 MG/KG 134 N
WRL-SD-2071 0 0.2 Barium 156 MG/KG 134 Y
WRL-SD-4005 0 0.5 Barium 86.3 MG/KG J 134 N
WRL-SD-4005 0 0.5 Barium 92.9 MG/KG J 134 N
179a 0.3 0.4 Benzo(a)pyrene 2576.86 NG/G_DRY J 1400 Y 62 26 42%
199a 0.4 0.5 Benzo(a)pyrene 4437.507987 NG/G_DRY J 1400 Y
AD-05 0 1 Benzo(a)pyrene 1400 UG/KG 1400 N
LPX-BK-2006 0 0.5 Benzo(a)pyrene 200 UG/KG J 1400 N
LPX-BK-2006 0 0.5 Benzo(a)pyrene 940 UG/KG J 1400 N
LPX-BK-2006 0 0.5 Benzo(a)pyrene 3900 UG/KG U 1400 - (b)
LPX-BK-2008 0 0.5 Benzo(a)pyrene 45 UG/KG J 1400 N
LPX-BK-2008 0 0.5 Benzo(a)pyrene 360 UG/KG U 1400 - (c)
LPX-BK-2008 0 0.5 Benzo(a)pyrene 1800 UG/KG U 1400 - (b)
LPX-SD-2045 0 0.5 Benzo(a)pyrene 450 UG/KG J 1400 N
LPX-SD-2045B 0 0.3 Benzo(a)pyrene 1300 UG/KG J 1400 N
LPX-SD-2046 0 0.5 Benzo(a)pyrene 580 UG/KG J 1400 N
LPX-SD-2047 0 0.5 Benzo(a)pyrene 390 UG/KG J 1400 N
LPX-SD-2048 0 0.5 Benzo(a)pyrene 980 UG/KG J 1400 N
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Table G-2. Comparison of Lyman Mill Reach Surface (0-1 ft) Sediment Data to Cleanup Goals, Spatial Extent of Remediation Footprint
 (Sorted by Parameter)
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LPX-SD-2048 0 0.5 Benzo(a)pyrene 1900 UG/KG J 1400 Y
LPX-SD-2049 0 0.5 Benzo(a)pyrene 2500 UG/KG U 1400 - (b)
LPX-SD-2050 0 0.5 Benzo(a)pyrene 330 UG/KG J 1400 N
LPX-SD-2051 0 0.5 Benzo(a)pyrene 2500 UG/KG U 1400 - (b)
LPX-SD-2052 0 0.5 Benzo(a)pyrene 1100 UG/KG J 1400 N
LPX-SD-2053 0 0.5 Benzo(a)pyrene 1100 UG/KG J 1400 N
LPX-SD-2053 0 0.5 Benzo(a)pyrene 4700 UG/KG U 1400 - (b)
LPX-SD-2072 0 0.5 Benzo(a)pyrene 3500 UG/KG J 1400 Y
LPX-SD-4011 0 0.5 Benzo(a)pyrene 2249.5 UG/KG D 1400 Y
LPX-SD-4011 0 0.5 Benzo(a)pyrene 2656.83 UG/KG J 1400 Y
LPX-SD-4012 0 0.5 Benzo(a)pyrene 6177.11 UG/KG 1400 Y
LPX-SD-4013 0 0.5 Benzo(a)pyrene 1094 UG/KG J 1400 N
LPX-SD-4013 0 0.5 Benzo(a)pyrene 7040.3 UG/KG 1400 Y
LPX-SD-4501 0 0.5 Benzo(a)pyrene 3164.812183 NG/G_DRY 1400 Y
LPX-SD-4502 0 0.5 Benzo(a)pyrene 1928.66 NG/G_DRY 1400 Y
LPX-SD-4503 0 0.5 Benzo(a)pyrene 2838.32 NG/G_DRY 1400 Y
LPX-SD-4504 0 0.5 Benzo(a)pyrene 3075.13 NG/G_DRY 1400 Y
LPX-SD-4505 0 0.5 Benzo(a)pyrene 2655.29 NG/G_DRY 1400 Y
LPX-SD-4506 0 0.5 Benzo(a)pyrene 2477.65 NG/G_DRY 1400 Y
LPX-SD-4507 0 0.5 Benzo(a)pyrene 1855.61 NG/G_DRY 1400 Y
LPX-SD-4508 0 0.5 Benzo(a)pyrene 4770.77 NG/G_DRY 1400 Y
LPX-SD-4509 0 0.5 Benzo(a)pyrene 3354.69 NG/G_DRY 1400 Y
LPX-SD-4510 0 0.5 Benzo(a)pyrene 3655.68 NG/G_DRY 1400 Y
Lymansville Dam 0 0.33 Benzo(a)pyrene 3500 UG/KG 1400 Y
SD-10 0 0.5 Benzo(a)pyrene 190 UG/KG J 1400 N
SD-11 0 1 Benzo(a)pyrene 110 UG/KG J 1400 N
SD-12 0 1 Benzo(a)pyrene 410 UG/KG U 1400 - (c)
SD-13 0 1 Benzo(a)pyrene 200 UG/KG J 1400 N
SD-14 0 0.5 Benzo(a)pyrene 940 UG/KG 1400 N
WRL-BK-2004 0 0.5 Benzo(a)pyrene 230 UG/KG J 1400 N
WRL-BK-2004 0 0.5 Benzo(a)pyrene 400 UG/KG J 1400 N
WRL-BK-2004 0 0.5 Benzo(a)pyrene 440 UG/KG J 1400 N
WRL-BK-2005 0 0.5 Benzo(a)pyrene 65 UG/KG J 1400 N
WRL-BK-2005 0 0.5 Benzo(a)pyrene 80 UG/KG J 1400 N
WRL-BK-2005 0 0.5 Benzo(a)pyrene 700 UG/KG J 1400 N
WRL-SD-2038 0 0.5 Benzo(a)pyrene 1200 UG/KG J 1400 N
WRL-SD-2039 0 0.5 Benzo(a)pyrene 440 UG/KG J 1400 N
WRL-SD-2040 0 0.5 Benzo(a)pyrene 200 UG/KG J 1400 N
WRL-SD-2040 0 0.5 Benzo(a)pyrene 310 UG/KG J 1400 N
WRL-SD-2041 0 0.2 Benzo(a)pyrene 3000 UG/KG 1400 Y
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Table G-2. Comparison of Lyman Mill Reach Surface (0-1 ft) Sediment Data to Cleanup Goals, Spatial Extent of Remediation Footprint
 (Sorted by Parameter)
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WRL-SD-2041 0 0.2 Benzo(a)pyrene 3500 UG/KG J 1400 Y
WRL-SD-2041 0 0.5 Benzo(a)pyrene 1300 UG/KG 1400 N
WRL-SD-2042 0 0.3 Benzo(a)pyrene 4000 UG/KG J 1400 Y
WRL-SD-2042 0 0.5 Benzo(a)pyrene 2400 UG/KG J 1400 Y
WRL-SD-2043 0 0.2 Benzo(a)pyrene 3000 UG/KG J 1400 Y
WRL-SD-2043 0 0.5 Benzo(a)pyrene 1700 UG/KG J 1400 Y
WRL-SD-2044 0 0.5 Benzo(a)pyrene 4900 UG/KG U 1400 - (b)
WRL-SD-2071 0 0.2 Benzo(a)pyrene 2000 UG/KG J 1400 Y
179a 0.3 0.4 Dibenz(a,h)anthracene 651.76 NG/G_DRY J 970 N 62 5 8%
199a 0.4 0.5 Dibenz(a,h)anthracene 1135.228967 NG/G_DRY J 970 Y
LPX-SD-4501 0 0.5 Dibenz(a,h)anthracene 905.928934 NG/G_DRY 970 N
LPX-SD-4502 0 0.5 Dibenz(a,h)anthracene 492.39 NG/G_DRY 970 N
LPX-SD-4503 0 0.5 Dibenz(a,h)anthracene 725.08 NG/G_DRY 970 N
LPX-SD-4504 0 0.5 Dibenz(a,h)anthracene 806.3 NG/G_DRY 970 N
LPX-SD-4505 0 0.5 Dibenz(a,h)anthracene 703.14 NG/G_DRY 970 N
LPX-SD-4506 0 0.5 Dibenz(a,h)anthracene 664.99 NG/G_DRY 970 N
LPX-SD-4507 0 0.5 Dibenz(a,h)anthracene 483.3 NG/G_DRY 970 N
LPX-SD-4508 0 0.5 Dibenz(a,h)anthracene 1225.58 NG/G_DRY 970 Y
LPX-SD-4509 0 0.5 Dibenz(a,h)anthracene 882.74 NG/G_DRY 970 N
LPX-SD-4510 0 0.5 Dibenz(a,h)anthracene 1032.73 NG/G_DRY 970 Y
AD-05 0 1 Dibenzo(a,h)anthracene 260 UG/KG J 970 N
LPX-BK-2006 0 0.5 Dibenzo(a,h)anthracene 400 UG/KG J 970 N
LPX-BK-2006 0 0.5 Dibenzo(a,h)anthracene 920 UG/KG U 970 - (c) 
LPX-BK-2006 0 0.5 Dibenzo(a,h)anthracene 3900 UG/KG U 970 - (b)
LPX-BK-2008 0 0.5 Dibenzo(a,h)anthracene 360 UG/KG U 970 - (c) 
LPX-BK-2008 0 0.5 Dibenzo(a,h)anthracene 380 UG/KG U 970 - (c) 
LPX-BK-2008 0 0.5 Dibenzo(a,h)anthracene 1800 UG/KG U 970 - (b)
LPX-SD-2045 0 0.5 Dibenzo(a,h)anthracene 2500 UG/KG U 970 - (b)
LPX-SD-2045B 0 0.3 Dibenzo(a,h)anthracene 240 UG/KG J 970 N
LPX-SD-2046 0 0.5 Dibenzo(a,h)anthracene 2500 UG/KG U 970 - (b)
LPX-SD-2047 0 0.5 Dibenzo(a,h)anthracene 2500 UG/KG U 970 - (b)
LPX-SD-2048 0 0.5 Dibenzo(a,h)anthracene 2400 UG/KG U 970 - (b)
LPX-SD-2048 0 0.5 Dibenzo(a,h)anthracene 3700 UG/KG U 970 - (b)
LPX-SD-2049 0 0.5 Dibenzo(a,h)anthracene 2500 UG/KG U 970 - (b)
LPX-SD-2050 0 0.5 Dibenzo(a,h)anthracene 2500 UG/KG UJ 970 - (b)
LPX-SD-2051 0 0.5 Dibenzo(a,h)anthracene 2500 UG/KG U 970 - (b)
LPX-SD-2052 0 0.5 Dibenzo(a,h)anthracene 4900 UG/KG U 970 - (b)
LPX-SD-2053 0 0.5 Dibenzo(a,h)anthracene 4700 UG/KG U 970 - (b)
LPX-SD-2053 0 0.5 Dibenzo(a,h)anthracene 4800 UG/KG U 970 - (b)
LPX-SD-2072 0 0.5 Dibenzo(a,h)anthracene 720 UG/KG J 970 N
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Appendix G


Table G-2. Comparison of Lyman Mill Reach Surface (0-1 ft) Sediment Data to Cleanup Goals, Spatial Extent of Remediation Footprint
 (Sorted by Parameter)
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LPX-SD-4011 0 0.5 Dibenzo(a,h)anthracene 484.94 UG/KG D 970 N
LPX-SD-4011 0 0.5 Dibenzo(a,h)anthracene 522.2 UG/KG J 970 N
LPX-SD-4012 0 0.5 Dibenzo(a,h)anthracene 1069.4 UG/KG 970 Y
LPX-SD-4013 0 0.5 Dibenzo(a,h)anthracene 362.99 UG/KG J 970 N
LPX-SD-4013 0 0.5 Dibenzo(a,h)anthracene 1237.92 UG/KG 970 Y
Lymansville Dam 0 0.33 Dibenzo(a,h)anthracene 560 UG/KG 970 N
SD-10 0 0.5 Dibenzo(a,h)anthracene 660 UG/KG U 970 - (c) 
SD-11 0 1 Dibenzo(a,h)anthracene 530 UG/KG U 970 - (c) 
SD-12 0 1 Dibenzo(a,h)anthracene 410 UG/KG U 970 - (c) 
SD-13 0 1 Dibenzo(a,h)anthracene 580 UG/KG U 970 - (c) 
SD-14 0 0.5 Dibenzo(a,h)anthracene 140 UG/KG J 970 N
WRL-BK-2004 0 0.5 Dibenzo(a,h)anthracene 1900 UG/KG U 970 - (b)
WRL-BK-2004 0 0.5 Dibenzo(a,h)anthracene 2000 UG/KG U 970 - (b)
WRL-BK-2004 0 0.5 Dibenzo(a,h)anthracene 2500 UG/KG U 970 - (b)
WRL-BK-2005 0 0.5 Dibenzo(a,h)anthracene 400 UG/KG U 970 - (c) 
WRL-BK-2005 0 0.5 Dibenzo(a,h)anthracene 400 UG/KG U 970 - (c) 
WRL-BK-2005 0 0.5 Dibenzo(a,h)anthracene 3600 UG/KG U 970 - (b)
WRL-SD-2038 0 0.5 Dibenzo(a,h)anthracene 4200 UG/KG U 970 - (b)
WRL-SD-2039 0 0.5 Dibenzo(a,h)anthracene 120 UG/KG J 970 N
WRL-SD-2040 0 0.5 Dibenzo(a,h)anthracene 750 UG/KG U 970 - (c) 
WRL-SD-2040 0 0.5 Dibenzo(a,h)anthracene 780 UG/KG U 970 - (c) 
WRL-SD-2041 0 0.2 Dibenzo(a,h)anthracene 510 UG/KG J 970 N
WRL-SD-2041 0 0.2 Dibenzo(a,h)anthracene 680 UG/KG J 970 N
WRL-SD-2041 0 0.5 Dibenzo(a,h)anthracene 340 UG/KG J 970 N
WRL-SD-2042 0 0.3 Dibenzo(a,h)anthracene 790 UG/KG J 970 N
WRL-SD-2042 0 0.5 Dibenzo(a,h)anthracene 920 UG/KG J 970 N
WRL-SD-2043 0 0.2 Dibenzo(a,h)anthracene 690 UG/KG J 970 N
WRL-SD-2043 0 0.5 Dibenzo(a,h)anthracene 4900 UG/KG U 970 - (b)
WRL-SD-2044 0 0.5 Dibenzo(a,h)anthracene 4900 UG/KG U 970 - (b)
WRL-SD-2071 0 0.2 Dibenzo(a,h)anthracene 350 UG/KG J 970 N
179a 0.3 0.4 dieldrin 0.46 NG/G_DRY UJ 2.6 - 66 13 20% (c) 
199a 0.4 0.5 dieldrin 1.693290735 NG/G_DRY UJ 2.6 - (c) 
AD-05 0 1 Dieldrin 55 UG/KG U 2.6 - (b)
LPX-BK-2006 0 0.5 Dieldrin 4.3 UG/KG U 2.6 - (b)
LPX-BK-2006 0 0.5 Dieldrin 4.6 UG/KG U 2.6 - (b)
LPX-BK-2008 0 0.5 Dieldrin 3.6 UG/KG U 2.6 - (b)
LPX-BK-2008 0 0.5 Dieldrin 3.7 UG/KG U 2.6 - (b)
LPX-BK-2008 0 0.5 Dieldrin 3.8 UG/KG U 2.6 - (b)
LPX-SD-2045 0 0.5 Dieldrin 4.9 UG/KG U 2.6 - (b)
LPX-SD-2046 0 0.5 Dieldrin 5 UG/KG U 2.6 - (b)
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Appendix G


Table G-2. Comparison of Lyman Mill Reach Surface (0-1 ft) Sediment Data to Cleanup Goals, Spatial Extent of Remediation Footprint
 (Sorted by Parameter)
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LPX-SD-2047 0 0.5 Dieldrin 4.9 UG/KG UJ 2.6 - (b)
LPX-SD-2048 0 0.5 Dieldrin 4.9 UG/KG U 2.6 - (b)
LPX-SD-2048 0 0.5 Dieldrin 7.4 UG/KG U 2.6 - (b)
LPX-SD-2049 0 0.5 Dieldrin 4.9 UG/KG U 2.6 - (b)
LPX-SD-2050 0 0.5 Dieldrin 5.8 UG/KG U 2.6 - (b)
LPX-SD-2051 0 0.5 Dieldrin 5 UG/KG U 2.6 - (b)
LPX-SD-2052 0 0.5 Dieldrin 4.8 UG/KG U 2.6 - (b)
LPX-SD-2053 0 0.5 Dieldrin 4.8 UG/KG U 2.6 - (b)
LPX-SD-2053 0 0.5 Dieldrin 4.8 UG/KG U 2.6 - (b)
LPX-SD-4001 0 0.5 Dieldrin 7.07 UG/KG 2.6 Y
LPX-SD-4002 0 0.5 Dieldrin 6.18 UG/KG 2.6 Y
LPX-SD-4004 0 0.5 Dieldrin 7.87 UG/KG 2.6 Y
LPX-SD-4011 0 0.5 Dieldrin 6.67 UG/KG J 2.6 Y
LPX-SD-4011 0 0.5 Dieldrin 6.79 UG/KG J 2.6 Y
LPX-SD-4012 0 0.5 Dieldrin 6.1 UG/KG J 2.6 Y
LPX-SD-4013 0 0.5 Dieldrin 6.12 UG/KG 2.6 Y
LPX-SD-4013 0 0.5 Dieldrin 6.26 UG/KG J 2.6 Y
LPX-SD-4501 0 0.5 dieldrin 0.527918782 NG/G_DRY U 2.6 - (c) 
LPX-SD-4502 0 0.5 dieldrin 0.28 NG/G_DRY U 2.6 - (c) 
LPX-SD-4503 0 0.5 dieldrin 0.48 NG/G_DRY U 2.6 - (c) 
LPX-SD-4504 0 0.5 dieldrin 0.37 NG/G_DRY U 2.6 - (c) 
LPX-SD-4505 0 0.5 dieldrin 0.32 NG/G_DRY U 2.6 - (c) 
LPX-SD-4506 0 0.5 dieldrin 0.31 NG/G_DRY U 2.6 - (c) 
LPX-SD-4507 0 0.5 dieldrin 0.28 NG/G_DRY U 2.6 - (c) 
LPX-SD-4508 0 0.5 dieldrin 0.24 NG/G_DRY U 2.6 - (c) 
LPX-SD-4509 0 0.5 dieldrin 0.34 NG/G_DRY U 2.6 - (c) 
LPX-SD-4510 0 0.5 dieldrin 0.33 NG/G_DRY U 2.6 - (c) 
Lymansville Dam 0 0.33 Dieldrin 8.6 UG/KG 2.6 Y
SD-10 0 0.5 Dieldrin 6.6 UG/KG U 2.6 - (b)
SD-11 0 1 Dieldrin 4.7 UG/KG U 2.6 - (b)
SD-12 0 1 Dieldrin 1.4 UG/KG J, EB 2.6 N
SD-13 0 1 Dieldrin 5.8 UG/KG U 2.6 - (b)
SD-14 0 0.5 Dieldrin 3.9 UG/KG U 2.6 - (b)
SD-15 0 0.5 Dieldrin 4 UG/KG U 2.6 - (b)
SD-16 0 0.5 Dieldrin 9.4 UG/KG U 2.6 - (b)
SD-17 0 0.5 Dieldrin 10 UG/KG U 2.6 - (b)
SD-18 0 0.25 Dieldrin 3.7 UG/KG U 2.6 - (b)
SD-19 0 0.25 Dieldrin 2.2 UG/KG U 2.6 - (c) 
WRL-BK-2004 0 0.5 Dieldrin 4.9 UG/KG P 2.6 Y
WRL-BK-2004 0 0.5 Dieldrin 17 UG/KG P 2.6 Y
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Table G-2. Comparison of Lyman Mill Reach Surface (0-1 ft) Sediment Data to Cleanup Goals, Spatial Extent of Remediation Footprint
 (Sorted by Parameter)
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WRL-BK-2005 0 0.5 Dieldrin 4 UG/KG U 2.6 - (b)
WRL-BK-2005 0 0.5 Dieldrin 4 UG/KG U 2.6 - (b)
WRL-BK-2005 0 0.5 Dieldrin 4.4 UG/KG P 2.6 Y
WRL-SD-2038 0 0.5 Dieldrin 4.2 UG/KG U 2.6 - (b)
WRL-SD-2039 0 0.5 Dieldrin 4.9 UG/KG U 2.6 - (b)
WRL-SD-2040 0 0.5 Dieldrin 3.8 UG/KG U 2.6 - (b)
WRL-SD-2040 0 0.5 Dieldrin 3.8 UG/KG U 2.6 - (b)
WRL-SD-2041 0 0.2 Dieldrin 7 UG/KG U 2.6 - (b)
WRL-SD-2041 0 0.2 Dieldrin 8 UG/KG U 2.6 - (b)
WRL-SD-2041 0 0.5 Dieldrin 4.9 UG/KG U 2.6 - (b)
WRL-SD-2042 0 0.3 Dieldrin 7 UG/KG U 2.6 - (b)
WRL-SD-2042 0 0.5 Dieldrin 4.6 UG/KG U 2.6 - (b)
WRL-SD-2043 0 0.2 Dieldrin 6 UG/KG U 2.6 - (b)
WRL-SD-2043 0 0.5 Dieldrin 4.9 UG/KG U 2.6 - (b)
WRL-SD-2044 0 0.5 Dieldrin 5 UG/KG UJ 2.6 - (b)
WRL-SD-4005 0 0.5 Dieldrin 10.02 UG/KG 2.6 Y
LPX-BK-2006 0 0.5 N-nitroso-di-n-propylamine 920 UG/KG U 456 - 40 0 0% (b)
LPX-BK-2006 0 0.5 N-nitroso-di-n-propylamine 2200 UG/KG U 456 - (b)
LPX-BK-2006 0 0.5 N-nitroso-di-n-propylamine 3900 UG/KG U 456 - (b)
LPX-BK-2008 0 0.5 N-nitroso-di-n-propylamine 360 UG/KG U 456 - (c) 
LPX-BK-2008 0 0.5 N-nitroso-di-n-propylamine 380 UG/KG U 456 - (c) 
LPX-BK-2008 0 0.5 N-nitroso-di-n-propylamine 1800 UG/KG U 456 - (b)
LPX-SD-2045 0 0.5 N-nitroso-di-n-propylamine 2500 UG/KG U 456 - (b)
LPX-SD-2046 0 0.5 N-nitroso-di-n-propylamine 2500 UG/KG U 456 - (b)
LPX-SD-2047 0 0.5 N-nitroso-di-n-propylamine 2500 UG/KG UJ 456 - (b)
LPX-SD-2048 0 0.5 N-nitroso-di-n-propylamine 2400 UG/KG U 456 - (b)
LPX-SD-2048 0 0.5 N-nitroso-di-n-propylamine 3700 UG/KG U 456 - (b)
LPX-SD-2049 0 0.5 N-nitroso-di-n-propylamine 2500 UG/KG U 456 - (b)
LPX-SD-2050 0 0.5 N-nitroso-di-n-propylamine 2500 UG/KG UJ 456 - (b)
LPX-SD-2051 0 0.5 N-nitroso-di-n-propylamine 2500 UG/KG U 456 - (b)
LPX-SD-2052 0 0.5 N-nitroso-di-n-propylamine 4900 UG/KG U 456 - (b)
LPX-SD-2053 0 0.5 N-nitroso-di-n-propylamine 4700 UG/KG U 456 - (b)
LPX-SD-2053 0 0.5 N-nitroso-di-n-propylamine 4800 UG/KG U 456 - (b)
SD-10 0 0.5 N-nitroso-di-n-propylamine 660 UG/KG U 456 - (b)
SD-11 0 1 N-nitroso-di-n-propylamine 530 UG/KG U 456 - (b)
SD-12 0 1 N-nitroso-di-n-propylamine 410 UG/KG U 456 - (c) 
SD-13 0 1 N-nitroso-di-n-propylamine 580 UG/KG U 456 - (b)
SD-14 0 0.5 N-nitroso-di-n-propylamine 390 UG/KG U 456 - (c) 
WRL-BK-2004 0 0.5 N-nitroso-di-n-propylamine 1900 UG/KG U 456 - (b)
WRL-BK-2004 0 0.5 N-nitroso-di-n-propylamine 2000 UG/KG U 456 - (b)
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Table G-2. Comparison of Lyman Mill Reach Surface (0-1 ft) Sediment Data to Cleanup Goals, Spatial Extent of Remediation Footprint
 (Sorted by Parameter)
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WRL-BK-2004 0 0.5 N-nitroso-di-n-propylamine 2500 UG/KG U 456 - (b)
WRL-BK-2005 0 0.5 N-nitroso-di-n-propylamine 400 UG/KG U 456 - (c) 
WRL-BK-2005 0 0.5 N-nitroso-di-n-propylamine 400 UG/KG U 456 - (c) 
WRL-BK-2005 0 0.5 N-nitroso-di-n-propylamine 3600 UG/KG U 456 - (b)
WRL-SD-2038 0 0.5 N-nitroso-di-n-propylamine 4200 UG/KG U 456 - (b)
WRL-SD-2039 0 0.5 N-nitroso-di-n-propylamine 490 UG/KG U 456 - (b)
WRL-SD-2040 0 0.5 N-nitroso-di-n-propylamine 750 UG/KG U 456 - (b)
WRL-SD-2040 0 0.5 N-nitroso-di-n-propylamine 780 UG/KG U 456 - (b)
WRL-SD-2041 0 0.2 N-nitroso-di-n-propylamine 760 UG/KG U 456 - (b)
WRL-SD-2041 0 0.2 N-nitroso-di-n-propylamine 3600 UG/KG U 456 - (b)
WRL-SD-2041 0 0.5 N-nitroso-di-n-propylamine 490 UG/KG U 456 - (b)
WRL-SD-2042 0 0.3 N-nitroso-di-n-propylamine 6900 UG/KG U 456 - (b)
WRL-SD-2042 0 0.5 N-nitroso-di-n-propylamine 4600 UG/KG U 456 - (b)
WRL-SD-2043 0 0.2 N-nitroso-di-n-propylamine 5600 UG/KG U 456 - (b)
WRL-SD-2043 0 0.5 N-nitroso-di-n-propylamine 4900 UG/KG U 456 - (b)
WRL-SD-2044 0 0.5 N-nitroso-di-n-propylamine 4900 UG/KG U 456 - (b)
LPX-SD-4001 0 0.5 PCB TEQ-MAMMAL 34.5221148 NG/KG 24.9 Y 5 2 40%
LPX-SD-4004 0 0.5 PCB TEQ-MAMMAL 64.8844431 NG/KG 24.9 Y
LPX-SD-4013 0 0.5 PCB TEQ-MAMMAL 19.2590426 NG/KG 24.9 N
Lymansville Dam 0 0.33 PCB TEQ-MAMMAL 0.15 NG/KG 24.9 N
Water St. 0 0 PCB TEQ-MAMMAL 0.15 NG/KG 24.9 N
179a 0.3 0.4 Selenium 1.2 mg/Kg UJ 1.1 - 60 9 15% (b)
199a 0.4 0.5 Selenium 1.2 mg/Kg UJ 1.1 - (b)
AD-05 0 1 Selenium 40.1 MG/KG U 1.1 - (b)
LPX-BK-2006 0 0.5 Selenium 1 MG/KG U 1.1 - (c) 
LPX-BK-2006 0 0.5 Selenium 1.2 MG/KG U 1.1 - (b)
LPX-BK-2008 0 0.5 Selenium 0.98 MG/KG U 1.1 - (c) 
LPX-BK-2008 0 0.5 Selenium 0.99 MG/KG U 1.1 - (c) 
LPX-BK-2008 0 0.5 Selenium 1.5 MG/KG U 1.1 - (b)
LPX-SD-2045 0 0.5 Selenium 1.5 MG/KG J 1.1 Y
LPX-SD-2045B 0 0.3 Selenium 1.8 MG/KG J 1.1 Y
LPX-SD-2046 0 0.5 Selenium 1 MG/KG UJ 1.1 - (c) 
LPX-SD-2047 0 0.5 Selenium 1.1 MG/KG UJ 1.1 -
LPX-SD-2048 0 0.5 Selenium 1 MG/KG UJ 1.1 - (c) 
LPX-SD-2048 0 0.5 Selenium 1.1 MG/KG UJ 1.1 -
LPX-SD-2049 0 0.5 Selenium 1.4 MG/KG J 1.1 Y
LPX-SD-2050 0 0.5 Selenium 2.7 MG/KG J 1.1 Y
LPX-SD-2051 0 0.5 Selenium 1.2 MG/KG J 1.1 Y
LPX-SD-2052 0 0.5 Selenium 1.1 MG/KG U 1.1 -
LPX-SD-2053 0 0.5 Selenium 1.1 MG/KG U 1.1 -
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Table G-2. Comparison of Lyman Mill Reach Surface (0-1 ft) Sediment Data to Cleanup Goals, Spatial Extent of Remediation Footprint
 (Sorted by Parameter)
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LPX-SD-2053 0 0.5 Selenium 1.2 MG/KG U 1.1 - (b)
LPX-SD-2072 0 0.5 Selenium 1.3 MG/KG J 1.1 Y
LPX-SD-4001 0 0.5 Selenium 0.773 MG/KG J 1.1 N
LPX-SD-4002 0 0.5 Selenium 0.543 MG/KG U 1.1 - (c) 
LPX-SD-4004 0 0.5 Selenium 0.934 MG/KG J 1.1 N
LPX-SD-4011 0 0.5 Selenium 0.815 MG/KG J 1.1 N
LPX-SD-4012 0 0.5 Selenium 1.57 MG/KG J 1.1 Y
LPX-SD-4013 0 0.5 Selenium 0.491 MG/KG U 1.1 - (c) 
LPX-SD-4013 0 0.5 Selenium 0.533 MG/KG U 1.1 - (c) 
LPX-SD-4501 0 0.5 Selenium 3.6 mg/Kg UJ 1.1 - (b)
LPX-SD-4502 0 0.5 Selenium 3.3 mg/Kg UJ 1.1 - (b)
LPX-SD-4503 0 0.5 Selenium 3.2 mg/Kg UJ 1.1 - (b)
LPX-SD-4504 0 0.5 Selenium 3.1 mg/Kg UJ 1.1 - (b)
LPX-SD-4505 0 0.5 Selenium 3.6 mg/Kg UJ 1.1 - (b)
LPX-SD-4506 0 0.5 Selenium 2.9 mg/Kg UJ 1.1 - (b)
LPX-SD-4507 0 0.5 Selenium 2.9 mg/Kg UJ 1.1 - (b)
LPX-SD-4508 0 0.5 Selenium 2.4 mg/Kg UJ 1.1 - (b)
LPX-SD-4509 0 0.5 Selenium 3 mg/Kg UJ 1.1 - (b)
LPX-SD-4510 0 0.5 Selenium 2.9 mg/Kg UJ 1.1 - (b)
Lymansville Dam 0 0.33 Selenium 10 MG/KG U 1.1 - (b)
WRL-BK-2004 0 0.5 Selenium 0.93 MG/KG U 1.1 - (c) 
WRL-BK-2004 0 0.5 Selenium 0.97 MG/KG J 1.1 N
WRL-BK-2004 0 0.5 Selenium 1.6 MG/KG U 1.1 - (b)
WRL-BK-2005 0 0.5 Selenium 0.96 MG/KG U 1.1 - (c) 
WRL-BK-2005 0 0.5 Selenium 1.1 MG/KG U 1.1 -
WRL-BK-2005 0 0.5 Selenium 1.3 MG/KG U 1.1 - (b)
WRL-SD-2038 0 0.5 Selenium 0.82 MG/KG U 1.1 - (c) 
WRL-SD-2039 0 0.5 Selenium 0.93 MG/KG U 1.1 - (c) 
WRL-SD-2040 0 0.5 Selenium 0.89 MG/KG U 1.1 - (c) 
WRL-SD-2040 0 0.5 Selenium 1 MG/KG U 1.1 - (c) 
WRL-SD-2041 0 0.2 Selenium 1.1 MG/KG U 1.1 -
WRL-SD-2041 0 0.2 Selenium 1.2 MG/KG U 1.1 - (b)
WRL-SD-2041 0 0.5 Selenium 1.3 MG/KG U 1.1 - (b)
WRL-SD-2042 0 0.3 Selenium 1.3 MG/KG J 1.1 Y
WRL-SD-2042 0 0.5 Selenium 0.83 MG/KG U 1.1 - (c) 
WRL-SD-2043 0 0.2 Selenium 0.88 MG/KG UJ 1.1 - (c) 
WRL-SD-2043 0 0.5 Selenium 0.94 MG/KG UJ 1.1 - (c) 
WRL-SD-2044 0 0.5 Selenium 3.3 MG/KG UJ 1.1 - (b)
WRL-SD-2071 0 0.2 Selenium 1.4 MG/KG J 1.1 Y
WRL-SD-4005 0 0.5 Selenium 0.456 MG/KG U 1.1 - (c) 
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Appendix G


Table G-2. Comparison of Lyman Mill Reach Surface (0-1 ft) Sediment Data to Cleanup Goals, Spatial Extent of Remediation Footprint
 (Sorted by Parameter)
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Number 
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% Above 
Cleanup 
Goal (a) Comment


WRL-SD-4005 0 0.5 Selenium 0.555 MG/KG U 1.1 - (c) 
179a 0.3 0.4 Technical Chlordane 208.58 NG/G_DRY J 400 N 23 10 43%
199a 0.4 0.5 Technical Chlordane 387.657082 NG/G_DRY J 400 N
AD-05 0 1 Technical Chlordane 17 UG/KG J 400 N
LPX-SD-4001 0 0.5 Technical Chlordane 701.21 UG/KG 400 Y
LPX-SD-4002 0 0.5 Technical Chlordane 1617.73 UG/KG 400 Y
LPX-SD-4004 0 0.5 Technical Chlordane 2212.73 UG/KG 400 Y
LPX-SD-4011 0 0.5 Technical Chlordane 955.33 UG/KG J 400 Y
LPX-SD-4011 0 0.5 Technical Chlordane 1029.15 UG/KG 400 Y
LPX-SD-4012 0 0.5 Technical Chlordane 1781.67 UG/KG 400 Y
LPX-SD-4013 0 0.5 Technical Chlordane 865.08 UG/KG 400 Y
LPX-SD-4013 0 0.5 Technical Chlordane 1475.63 UG/KG 400 Y
LPX-SD-4501 0 0.5 Technical Chlordane 236.8832487 NG/G_DRY 400 N
LPX-SD-4502 0 0.5 Technical Chlordane 135 NG/G_DRY 400 N
LPX-SD-4503 0 0.5 Technical Chlordane 188.35 NG/G_DRY 400 N
LPX-SD-4504 0 0.5 Technical Chlordane 229.58 NG/G_DRY J 400 N
LPX-SD-4505 0 0.5 Technical Chlordane 244.36 NG/G_DRY J 400 N
LPX-SD-4506 0 0.5 Technical Chlordane 191.33 NG/G_DRY J 400 N
LPX-SD-4507 0 0.5 Technical Chlordane 136.09 NG/G_DRY 400 N
LPX-SD-4508 0 0.5 Technical Chlordane 428.8 NG/G_DRY J 400 Y
LPX-SD-4509 0 0.5 Technical Chlordane 249.99 NG/G_DRY 400 N
LPX-SD-4510 0 0.5 Technical Chlordane 266.22 NG/G_DRY J 400 N
Lymansville Dam 0 0.33 Technical Chlordane 0 UG/KG U 400 - (c) 
WRL-SD-4005 0 0.5 Technical Chlordane 848.11 UG/KG 400 Y
179a 0.3 0.4 TEQ-MAMMAL 5739.925284 PG/G_DRYWT 289 Y 80 60 75%
199a 0.4 0.5 TEQ-MAMMAL 5835.060466 PG/G_DRYWT 289 Y
AD-05 0 1 TEQ-MAMMAL 2809.5365 NG/KG 289 Y
CMS-217 0 0.25 TEQ-MAMMAL 2420 NG/KG 289 Y
CMS-217 0 0.25 TEQ-MAMMAL 5030 NG/KG 289 Y
CMS-218 0 0.25 TEQ-MAMMAL 2290 NG/KG 289 Y
CMS-219 0 0.25 TEQ-MAMMAL 2220 NG/KG 289 Y
CMS-457 0 1 TEQ-MAMMAL 3800 NG/KG 289 Y
CMS-458 0 1 TEQ-MAMMAL 720 NG/KG 289 Y
CMS-459 0 1 TEQ-MAMMAL 130 NG/KG 289 N
CMS-468 0 1 TEQ-MAMMAL 14.18723 NG/KG 289 N
LPX-BK-2006 0 0.5 TEQ-MAMMAL 14.07096 NG/KG 289 N
LPX-BK-2006 0 0.5 TEQ-MAMMAL 69.06761 NG/KG 289 N
LPX-BK-2006 0 0.5 TEQ-MAMMAL 888.0975 NG/KG 289 Y
LPX-BK-2008 0 0.5 TEQ-MAMMAL 1.05626 NG/KG 289 N
LPX-BK-2008 0 0.5 TEQ-MAMMAL 2.30438 NG/KG 289 N
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Appendix G


Table G-2. Comparison of Lyman Mill Reach Surface (0-1 ft) Sediment Data to Cleanup Goals, Spatial Extent of Remediation Footprint
 (Sorted by Parameter)
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LPX-BK-2008 0 0.5 TEQ-MAMMAL 323.06435 NG/KG 289 Y
LPX-SD-2045 0 0.5 TEQ-MAMMAL 7674.2034 NG/KG 289 Y
LPX-SD-2045B 0 0.3 TEQ-MAMMAL 729.0771 ng/Kg 289 Y
LPX-SD-2046 0 0.5 TEQ-MAMMAL 7170.8331 NG/KG 289 Y
LPX-SD-2047 0 0.5 TEQ-MAMMAL 4186.4314 NG/KG 289 Y
LPX-SD-2048 0 0.5 TEQ-MAMMAL 201.7747 NG/KG 289 N
LPX-SD-2048 0 0.5 TEQ-MAMMAL 418.7972 NG/KG 289 Y
LPX-SD-2049 0 0.5 TEQ-MAMMAL 30.863 NG/KG 289 N
LPX-SD-2050 0 0.5 TEQ-MAMMAL 6306.9614 NG/KG 289 Y
LPX-SD-2051 0 0.5 TEQ-MAMMAL 4106.095 NG/KG 289 Y
LPX-SD-2052 0 0.5 TEQ-MAMMAL 4446.7374 NG/KG 289 Y
LPX-SD-2053 0 0.5 TEQ-MAMMAL 529.83 NG/KG 289 Y
LPX-SD-2053 0 0.5 TEQ-MAMMAL 791.8169 NG/KG 289 Y
LPX-SD-2072 0 0.5 TEQ-MAMMAL 495.07014 ng/Kg 289 Y
LPX-SD-4001 0 0.5 TEQ-MAMMAL 4590.345832 NG/KG 289 Y
LPX-SD-4002 0 0.5 TEQ-MAMMAL 266.967545 NG/KG 289 N
LPX-SD-4004 0 0.5 TEQ-MAMMAL 2093.575104 NG/KG 289 Y
LPX-SD-4013 0 0.5 TEQ-MAMMAL 533.427073 NG/KG 289 Y
LPX-SD-4201 0.35 0.45 TEQ-MAMMAL 7589.2145 PG/G_DRYWT 289 Y
LPX-SD-4207 0 0.1 TEQ-MAMMAL 864.014459 PG/G_DRYWT 289 Y
LPX-SD-4208 0 0.1 TEQ-MAMMAL 4359.042549 PG/G_DRYWT 289 Y
LPX-SD-4209 0 0.1 TEQ-MAMMAL 4216.240215 PG/G_DRYWT 289 Y
LPX-SD-4501 0 0.5 TEQ-MAMMAL 5334.906764 PG/G_DRYWT 289 Y
LPX-SD-4502 0 0.5 TEQ-MAMMAL 3105.994569 PG/G_DRYWT 289 Y
LPX-SD-4503 0 0.5 TEQ-MAMMAL 3945.456522 PG/G_DRYWT 289 Y
LPX-SD-4504 0 0.5 TEQ-MAMMAL 5736.031014 PG/G_DRYWT 289 Y
LPX-SD-4505 0 0.5 TEQ-MAMMAL 4653.06261 PG/G_DRYWT 289 Y
LPX-SD-4506 0 0.5 TEQ-MAMMAL 12392.80874 PG/G_DRYWT 289 Y
LPX-SD-4507 0 0.5 TEQ-MAMMAL 2171.539413 PG/G_DRYWT 289 Y
LPX-SD-4508 0 0.5 TEQ-MAMMAL 1201.423584 PG/G_DRYWT 289 Y
LPX-SD-4509 0 0.5 TEQ-MAMMAL 10164.58553 PG/G_DRYWT 289 Y
LPX-SD-4510 0 0.5 TEQ-MAMMAL 45738.63691 PG/G_DRYWT 289 Y
Lymansville Dam 0 0.33 TEQ-MAMMAL 5992.637 NG/KG 289 Y
SD-10 0 0.5 TEQ-MAMMAL 164.592534 NG/KG 289 N
SD-11 0 1 TEQ-MAMMAL 270.8287785 NG/KG 289 N
SD-12 0 1 TEQ-MAMMAL 20.4226005 NG/KG 289 N
SD-13 0 1 TEQ-MAMMAL 118.2059725 NG/KG 289 N
SD-14 0 0.5 TEQ-MAMMAL 30.3352585 NG/KG 289 N
SD-15 0 0.5 TEQ-MAMMAL 0.890753 NG/KG 289 N
SD-16 0 0.5 TEQ-MAMMAL 475.4995655 NG/KG 289 Y
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Appendix G


Table G-2. Comparison of Lyman Mill Reach Surface (0-1 ft) Sediment Data to Cleanup Goals, Spatial Extent of Remediation Footprint
 (Sorted by Parameter)
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SD-17 0 0.5 TEQ-MAMMAL 620.086968 NG/KG 289 Y
SD-18 0 0.25 TEQ-MAMMAL 8030.667664 NG/KG 289 Y
SD-19 0 0.25 TEQ-MAMMAL 20.3028435 NG/KG 289 N
Water St. 0 0 TEQ-MAMMAL 5995.411622 NG/KG 289 Y
WRL-BK-2004 0 0.5 TEQ-MAMMAL 390.11188 NG/KG 289 Y
WRL-BK-2004 0 0.5 TEQ-MAMMAL 981.8247 NG/KG 289 Y
WRL-BK-2004 0 0.5 TEQ-MAMMAL 2955.1267 NG/KG 289 Y
WRL-BK-2005 0 0.5 TEQ-MAMMAL 16.55467 NG/KG 289 N
WRL-BK-2005 0 0.5 TEQ-MAMMAL 91.63505 NG/KG 289 N
WRL-BK-2005 0 0.5 TEQ-MAMMAL 956.00967 NG/KG 289 Y
WRL-SD-2038 0 0.5 TEQ-MAMMAL 629.7249 NG/KG 289 Y
WRL-SD-2039 0 0.5 TEQ-MAMMAL 2870.8971 NG/KG 289 Y
WRL-SD-2040 0 0.5 TEQ-MAMMAL 60.45278 NG/KG 289 N
WRL-SD-2040 0 0.5 TEQ-MAMMAL 81.07769 NG/KG 289 N
WRL-SD-2041 0 0.2 TEQ-MAMMAL 497.5988 ng/Kg 289 Y
WRL-SD-2041 0 0.2 TEQ-MAMMAL 2030.3085 ng/Kg 289 Y
WRL-SD-2041 0 0.5 TEQ-MAMMAL 3172.5579 NG/KG 289 Y
WRL-SD-2042 0 0.3 TEQ-MAMMAL 1737.0353 ng/Kg 289 Y
WRL-SD-2042 0 0.5 TEQ-MAMMAL 2048.4872 NG/KG 289 Y
WRL-SD-2043 0 0.2 TEQ-MAMMAL 1202.87 ng/Kg 289 Y
WRL-SD-2043 0 0.5 TEQ-MAMMAL 3269.9724 NG/KG 289 Y
WRL-SD-2044 0 0.5 TEQ-MAMMAL 3414.9704 NG/KG 289 Y
WRL-SD-2071 0 0.2 TEQ-MAMMAL 1753.2906 ng/Kg 289 Y
WRL-SD-4005 0 0.5 TEQ-MAMMAL 762.152948 NG/KG 289 Y
179a 0.3 0.4 Vanadium 11 mg/Kg J 37.6 N 60 19 32%
199a 0.4 0.5 Vanadium 31 mg/Kg J 37.6 N
LPX-BK-2006 0 0.5 Vanadium 29.1 MG/KG 37.6 N
LPX-BK-2006 0 0.5 Vanadium 31.1 MG/KG 37.6 N
LPX-BK-2006 0 0.5 Vanadium 31.8 MG/KG J 37.6 N
LPX-BK-2008 0 0.5 Vanadium 12.2 MG/KG 37.6 N
LPX-BK-2008 0 0.5 Vanadium 14.6 MG/KG 37.6 N
LPX-BK-2008 0 0.5 Vanadium 14.6 MG/KG 37.6 N
LPX-SD-2045 0 0.5 Vanadium 46.1 MG/KG 37.6 Y
LPX-SD-2045B 0 0.3 Vanadium 27.8 MG/KG 37.6 N
LPX-SD-2046 0 0.5 Vanadium 37.7 MG/KG 37.6 Y
LPX-SD-2047 0 0.5 Vanadium 30.2 MG/KG 37.6 N
LPX-SD-2048 0 0.5 Vanadium 17.8 MG/KG 37.6 N
LPX-SD-2048 0 0.5 Vanadium 23.3 MG/KG 37.6 N
LPX-SD-2049 0 0.5 Vanadium 17.2 MG/KG 37.6 N
LPX-SD-2050 0 0.5 Vanadium 50.4 MG/KG 37.6 Y
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Table G-2. Comparison of Lyman Mill Reach Surface (0-1 ft) Sediment Data to Cleanup Goals, Spatial Extent of Remediation Footprint
 (Sorted by Parameter)
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LPX-SD-2051 0 0.5 Vanadium 29.1 MG/KG 37.6 N
LPX-SD-2052 0 0.5 Vanadium 48.3 MG/KG 37.6 Y
LPX-SD-2053 0 0.5 Vanadium 26.2 MG/KG 37.6 N
LPX-SD-2053 0 0.5 Vanadium 32.6 MG/KG 37.6 N
LPX-SD-2072 0 0.5 Vanadium 33.4 MG/KG 37.6 N
LPX-SD-4001 0 0.5 Vanadium 42.2 MG/KG 37.6 Y
LPX-SD-4002 0 0.5 Vanadium 41.1 MG/KG 37.6 Y
LPX-SD-4004 0 0.5 Vanadium 60.1 MG/KG 37.6 Y
LPX-SD-4011 0 0.5 Vanadium 62 MG/KG 37.6 Y
LPX-SD-4012 0 0.5 Vanadium 91.7 MG/KG 37.6 Y
LPX-SD-4013 0 0.5 Vanadium 46.6 MG/KG 37.6 Y
LPX-SD-4013 0 0.5 Vanadium 51 MG/KG 37.6 Y
LPX-SD-4501 0 0.5 Vanadium 20.3 mg/Kg 37.6 N
LPX-SD-4502 0 0.5 Vanadium 29.6 mg/Kg 37.6 N
LPX-SD-4503 0 0.5 Vanadium 24.2 mg/Kg 37.6 N
LPX-SD-4504 0 0.5 Vanadium 31.2 mg/Kg 37.6 N
LPX-SD-4505 0 0.5 Vanadium 30.8 mg/Kg 37.6 N
LPX-SD-4506 0 0.5 Vanadium 22.1 mg/Kg 37.6 N
LPX-SD-4507 0 0.5 Vanadium 33.4 mg/Kg 37.6 N
LPX-SD-4508 0 0.5 Vanadium 13.4 mg/Kg 37.6 N
LPX-SD-4509 0 0.5 Vanadium 39 mg/Kg 37.6 Y
LPX-SD-4510 0 0.5 Vanadium 20.8 mg/Kg 37.6 N
Lymansville Dam 0 0.33 Vanadium 47.6 MG/KG 37.6 Y
WRL-BK-2004 0 0.5 Vanadium 25.7 MG/KG 37.6 N
WRL-BK-2004 0 0.5 Vanadium 47 MG/KG 37.6 Y
WRL-BK-2004 0 0.5 Vanadium 56.1 MG/KG 37.6 Y
WRL-BK-2005 0 0.5 Vanadium 15.2 MG/KG 37.6 N
WRL-BK-2005 0 0.5 Vanadium 22.3 MG/KG 37.6 N
WRL-BK-2005 0 0.5 Vanadium 23 MG/KG 37.6 N
WRL-SD-2038 0 0.5 Vanadium 19.2 MG/KG 37.6 N
WRL-SD-2039 0 0.5 Vanadium 10.6 MG/KG 37.6 N
WRL-SD-2040 0 0.5 Vanadium 4 MG/KG 37.6 N
WRL-SD-2040 0 0.5 Vanadium 7.3 MG/KG 37.6 N
WRL-SD-2041 0 0.2 Vanadium 24.2 MG/KG J 37.6 N
WRL-SD-2041 0 0.2 Vanadium 27.9 MG/KG J 37.6 N
WRL-SD-2041 0 0.5 Vanadium 23.6 MG/KG 37.6 N
WRL-SD-2042 0 0.3 Vanadium 31.8 MG/KG J 37.6 N
WRL-SD-2042 0 0.5 Vanadium 33.7 MG/KG 37.6 N
WRL-SD-2043 0 0.2 Vanadium 15.8 MG/KG 37.6 N
WRL-SD-2043 0 0.5 Vanadium 30.3 MG/KG 37.6 N


Interim Final CMRP Feasibility Study Report
Appendix G G-79 April 2010







Appendix G


Table G-2. Comparison of Lyman Mill Reach Surface (0-1 ft) Sediment Data to Cleanup Goals, Spatial Extent of Remediation Footprint
 (Sorted by Parameter)


BORING TO
P_


O
F_


SA
M


PL
E 


(ft
)


B
O


TT
O


M
_O


F_
SA


M
PL


E 
(ft


)


PARAMETER LAB_RESULT UNITS QUAL Cleanup Goal


Above 
Cleanup 


Goal (Y/N) 
(a)


Number 
Values


Number 
Values 
Above 


Cleanup 
Goal


% Above 
Cleanup 
Goal (a) Comment


WRL-SD-2044 0 0.5 Vanadium 72.7 MG/KG 37.6 Y
WRL-SD-2071 0 0.2 Vanadium 45.4 MG/KG 37.6 Y
WRL-SD-4005 0 0.5 Vanadium 42.8 MG/KG 37.6 Y
WRL-SD-4005 0 0.5 Vanadium 53.1 MG/KG 37.6 Y
179a 0.3 0.4 Zinc 201 mg/Kg J 221 N 60 36 60%
199a 0.4 0.5 Zinc 602 mg/Kg J 221 Y
LPX-BK-2006 0 0.5 Zinc 57.5 MG/KG J 221 N
LPX-BK-2006 0 0.5 Zinc 94.3 MG/KG J 221 N
LPX-BK-2006 0 0.5 Zinc 126 MG/KG J 221 N
LPX-BK-2008 0 0.5 Zinc 30.8 MG/KG UJ 221 - (c) 
LPX-BK-2008 0 0.5 Zinc 62.5 MG/KG J 221 N
LPX-BK-2008 0 0.5 Zinc 68.6 MG/KG J 221 N
LPX-SD-2045 0 0.5 Zinc 745 MG/KG 221 Y
LPX-SD-2045B 0 0.3 Zinc 429 MG/KG 221 Y
LPX-SD-2046 0 0.5 Zinc 662 MG/KG 221 Y
LPX-SD-2047 0 0.5 Zinc 479 MG/KG 221 Y
LPX-SD-2048 0 0.5 Zinc 236 MG/KG J 221 Y
LPX-SD-2048 0 0.5 Zinc 297 MG/KG J 221 Y
LPX-SD-2049 0 0.5 Zinc 44.9 MG/KG 221 N
LPX-SD-2050 0 0.5 Zinc 976 MG/KG 221 Y
LPX-SD-2051 0 0.5 Zinc 481 MG/KG 221 Y
LPX-SD-2052 0 0.5 Zinc 937 MG/KG 221 Y
LPX-SD-2053 0 0.5 Zinc 349 MG/KG 221 Y
LPX-SD-2053 0 0.5 Zinc 421 MG/KG 221 Y
LPX-SD-2072 0 0.5 Zinc 490 MG/KG 221 Y
LPX-SD-4001 0 0.5 Zinc 570 MG/KG J 221 Y
LPX-SD-4002 0 0.5 Zinc 449 MG/KG J 221 Y
LPX-SD-4004 0 0.5 Zinc 923 MG/KG J 221 Y
LPX-SD-4011 0 0.5 Zinc 917 MG/KG J 221 Y
LPX-SD-4012 0 0.5 Zinc 1662 MG/KG J 221 Y
LPX-SD-4013 0 0.5 Zinc 480 MG/KG J 221 Y
LPX-SD-4013 0 0.5 Zinc 482 MG/KG J 221 Y
LPX-SD-4501 0 0.5 Zinc 471 mg/Kg 221 Y
LPX-SD-4502 0 0.5 Zinc 320 mg/Kg 221 Y
LPX-SD-4503 0 0.5 Zinc 439 mg/Kg 221 Y
LPX-SD-4504 0 0.5 Zinc 507 mg/Kg 221 Y
LPX-SD-4505 0 0.5 Zinc 613 mg/Kg 221 Y
LPX-SD-4506 0 0.5 Zinc 360 mg/Kg 221 Y
LPX-SD-4507 0 0.5 Zinc 311 mg/Kg 221 Y
LPX-SD-4508 0 0.5 Zinc 220 mg/Kg 221 N
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Table G-2. Comparison of Lyman Mill Reach Surface (0-1 ft) Sediment Data to Cleanup Goals, Spatial Extent of Remediation Footprint
 (Sorted by Parameter)
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LPX-SD-4509 0 0.5 Zinc 754 mg/Kg 221 Y
LPX-SD-4510 0 0.5 Zinc 462 mg/Kg 221 Y
Lymansville Dam 0 0.33 Zinc 757 MG/KG 221 Y
WRL-BK-2004 0 0.5 Zinc 65 MG/KG J 221 N
WRL-BK-2004 0 0.5 Zinc 77.5 MG/KG J 221 N
WRL-BK-2004 0 0.5 Zinc 105 MG/KG J 221 N
WRL-BK-2005 0 0.5 Zinc 32.9 MG/KG 221 N
WRL-BK-2005 0 0.5 Zinc 34 MG/KG 221 N
WRL-BK-2005 0 0.5 Zinc 82 MG/KG J 221 N
WRL-SD-2038 0 0.5 Zinc 114 MG/KG 221 N
WRL-SD-2039 0 0.5 Zinc 159 MG/KG 221 N
WRL-SD-2040 0 0.5 Zinc 56.1 MG/KG 221 N
WRL-SD-2040 0 0.5 Zinc 61.8 MG/KG 221 N
WRL-SD-2041 0 0.2 Zinc 237 MG/KG 221 Y
WRL-SD-2041 0 0.2 Zinc 256 MG/KG 221 Y
WRL-SD-2041 0 0.5 Zinc 260 MG/KG 221 Y
WRL-SD-2042 0 0.3 Zinc 200 MG/KG 221 N
WRL-SD-2042 0 0.5 Zinc 191 MG/KG 221 N
WRL-SD-2043 0 0.2 Zinc 125 MG/KG 221 N
WRL-SD-2043 0 0.5 Zinc 300 MG/KG 221 Y
WRL-SD-2044 0 0.5 Zinc 1550 MG/KG J 221 Y
WRL-SD-2071 0 0.2 Zinc 353 MG/KG 221 Y
WRL-SD-4005 0 0.5 Zinc 172 MG/KG J 221 N
WRL-SD-4005 0 0.5 Zinc 204 MG/KG J 221 N


Notes
(a) Non-detects (U and UJ qualified data) not used to determine proposed areas for cleanup.
(b) Contaminant not detected; non-detect concentration is in excess of the cleanup goal.
(c) Contaminant not detected; non-detect concentration is below the cleanup goal.


Shading represents the first record within each parameter-specific dataset; summary statistics including the number of values and the number and % of 
values above the cleanup goal are reported by parameter.
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Table G-3. Comparison of Allendale Reach Sediment Data to Cleanup Goals, Vertical Extent of Remediation Footprint
(Sorted by Boring, Depth Interval, and Parameter)
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AD-01 0 1 2,3,7,8-TCDD 93000 NG/KG J 14.7 Y (b) (b) (b) 10 3 In-situ Depth for Removal 
modified (from 10- to 3-ft) based 
on stratifigraphy of nearby cores 
CMS-SD-422 and CMS-SD-
4214.


AD-01 0 1 2,3,7,8-TCDD 68 NG/KG 14.7 Y
AD-01 0 1 Aroclor, Total 34 UG/KG U 210 -
AD-01 0 1 Aroclor, Total 9100 UG/KG 210 Y
AD-01 0 1 Aroclor-1254 34 UG/KG U 150 -
AD-01 0 1 Aroclor-1254 9100 UG/KG 150 Y
AD-01 0 1 Arsenic 31.3 MG/KG U 3.9 -
AD-01 0 1 Arsenic 75.7 MG/KG U 3.9 -
AD-01 0 1 Benzo(a)pyrene 340 UG/KG U 1400 -
AD-01 0 1 Benzo(a)pyrene 2900 UG/KG 1400 Y
AD-01 0 1 Dibenzo(a,h)anthracene 820 UG/KG J 970 N
AD-01 0 1 Dibenzo(a,h)anthracene 340 UG/KG U 970 -
AD-01 0 1 Dieldrin 72 UG/KG J 2.6 Y
AD-01 0 1 Dieldrin 3.6 UG/KG U 2.6 -
AD-01 0 1 Selenium 26.1 MG/KG U 1.1 -
AD-01 0 1 Selenium 63.1 MG/KG U 1.1 -
AD-01 0 1 Technical Chlordane 1.8 UG/KG U 400 -
AD-01 0 1 Technical Chlordane 24 UG/KG 400 N
AD-01 0 1 TEQ-MAMMAL 68.70879 NG/KG 289 N
AD-01 0 1 TEQ-MAMMAL 93267.068 NG/KG 289 Y
AD-01 9 10 2,3,7,8-TCDD 2.5 NG/KG 14.7 N
AD-01 9 10 Aroclor, Total 37 UG/KG U 210 -
AD-01 9 10 Aroclor-1254 37 UG/KG U 150 -
AD-01 9 10 Arsenic 34 MG/KG U 3.9 -
AD-01 9 10 Benzo(a)pyrene 370 UG/KG U 1400 -
AD-01 9 10 Dibenzo(a,h)anthracene 370 UG/KG U 970 -
AD-01 9 10 Dieldrin 3.9 UG/KG U 2.6 -
AD-01 9 10 Selenium 28.4 MG/KG U 1.1 -
AD-01 9 10 Technical Chlordane 1.9 UG/KG U 400 -
AD-01 9 10 TEQ-MAMMAL 3.965975 NG/KG 289 N
AD-01 10.7 11.7 2,3,7,8-TCDD 1.4 NG/KG 14.7 N
AD-01 10.7 11.7 Aroclor, Total 36 UG/KG U 210 -
AD-01 10.7 11.7 Aroclor-1254 36 UG/KG U 150 -
AD-01 10.7 11.7 Arsenic 32.6 MG/KG U 3.9 -
AD-01 10.7 11.7 Benzo(a)pyrene 360 UG/KG U 1400 -
AD-01 10.7 11.7 Dibenzo(a,h)anthracene 360 UG/KG U 970 -
AD-01 10.7 11.7 Selenium 27.2 MG/KG U 1.1 -
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Table G-3. Comparison of Allendale Reach Sediment Data to Cleanup Goals, Vertical Extent of Remediation Footprint
(Sorted by Boring, Depth Interval, and Parameter)
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Total 
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Depth (ft) 
in Core 


Sample to 
Cleanup 


Goal


In-situ 
Depth (ft) 


for 
Removal Comment1


AD-01 10.7 11.7 TEQ-MAMMAL 1.845675 NG/KG 289 N
AD-02 0 1 2,3,7,8-TCDD 0.68 NG/KG J 14.7 N (b) (b) (b) 1 1
AD-02 0 1 Aroclor, Total 34 UG/KG U 210 -
AD-02 0 1 Aroclor-1254 34 UG/KG U 150 -
AD-02 0 1 Arsenic 30.8 MG/KG U 3.9 -
AD-02 0 1 Benzo(a)pyrene 340 UG/KG U 1400 -
AD-02 0 1 Dibenzo(a,h)anthracene 340 UG/KG U 970 -
AD-02 0 1 Dieldrin 3.5 UG/KG U 2.6 -
AD-02 0 1 Selenium 25.7 MG/KG U 1.1 -
AD-02 0 1 Technical Chlordane 1.7 UG/KG U 400 -
AD-02 0 1 TEQ-MAMMAL 1.27168 NG/KG 289 N
AD-02 7 9 2,3,7,8-TCDD 0.49 NG/KG U 14.7 -
AD-02 7 9 Aroclor, Total 38 UG/KG U 210 -
AD-02 7 9 Aroclor-1254 38 UG/KG U 150 -
AD-02 7 9 Arsenic 34.5 MG/KG U 3.9 -
AD-02 7 9 Benzo(a)pyrene 380 UG/KG U 1400 -
AD-02 7 9 Dibenzo(a,h)anthracene 380 UG/KG U 970 -
AD-02 7 9 Dieldrin 3.9 UG/KG U 2.6 -
AD-02 7 9 Selenium 28.7 MG/KG U 1.1 -
AD-02 7 9 Technical Chlordane 2 UG/KG U 400 -
AD-02 7 9 TEQ-MAMMAL 0.723725 NG/KG 289 N
AD-02 11 12 2,3,7,8-TCDD 3.9 NG/KG 14.7 N
AD-02 11 12 Aroclor, Total 190 UG/KG U 210 -
AD-02 11 12 Aroclor-1254 190 UG/KG U 150 -
AD-02 11 12 Arsenic 3.8 MG/KG J 3.9 N
AD-02 11 12 Benzo(a)pyrene 390 UG/KG U 1400 -
AD-02 11 12 Dibenzo(a,h)anthracene 390 UG/KG U 970 -
AD-02 11 12 Dieldrin 4 UG/KG U 2.6 -
AD-02 11 12 Selenium 29.3 MG/KG U 1.1 -
AD-02 11 12 Technical Chlordane 2 UG/KG U 400 -
AD-02 11 12 TEQ-MAMMAL 4.386955 NG/KG 289 N
AD-03 0 1 2,3,7,8-TCDD 14 NG/KG 14.7 N (b) (b) (b) 1 1
AD-03 0 1 Aroclor, Total 14 UG/KG J 210 N
AD-03 0 1 Aroclor-1254 14 UG/KG J 150 N
AD-03 0 1 Arsenic 34.6 MG/KG U 3.9 -
AD-03 0 1 Benzo(a)pyrene 70 UG/KG J 1400 N
AD-03 0 1 Dibenzo(a,h)anthracene 380 UG/KG U 970 -
AD-03 0 1 Dieldrin 3.9 UG/KG U 2.6 -
AD-03 0 1 Selenium 28.8 MG/KG U 1.1 -
AD-03 0 1 Technical Chlordane 2 UG/KG U 400 -
AD-03 0 1 TEQ-MAMMAL 14.578495 NG/KG 289 N
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Appendix G


Table G-3. Comparison of Allendale Reach Sediment Data to Cleanup Goals, Vertical Extent of Remediation Footprint
(Sorted by Boring, Depth Interval, and Parameter)
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In-situ 
Depth (ft) 


for 
Removal Comment1


AD-03 6 7 2,3,7,8-TCDD 0.4 NG/KG U 14.7 -
AD-03 6 7 Aroclor, Total UG/KG U 210 -
AD-03 6 7 Arsenic 32.8 MG/KG U 3.9 -
AD-03 6 7 Benzo(a)pyrene 360 UG/KG U 1400 -
AD-03 6 7 Dibenzo(a,h)anthracene 360 UG/KG U 970 -
AD-03 6 7 Dieldrin 3.7 UG/KG UJ 2.6 -
AD-03 6 7 Selenium 27.3 MG/KG U 1.1 -
AD-03 6 7 Technical Chlordane 1.9 UG/KG UJ 400 -
AD-03 6 7 TEQ-MAMMAL 0.51802 NG/KG 289 N
AD-04 0 1 2,3,7,8-TCDD 26000 NG/KG J 14.7 Y (b) (b) (b) 10 2 In-situ Depth for Removal 


modified (from 10- to 2-ft) based 
on stratifigraphy of nearby cores 
CMS-SD-4220 and CMS-SD-
4223.


AD-04 0 1 2,3,7,8-TCDD 34200 NG/KG J 14.7 Y
AD-04 0 1 2,3,7,8-TCDD 26000 NG/KG J 14.7 Y
AD-04 0 1 2,3,7,8-TCDD 34200 NG/KG J 14.7 Y
AD-04 0 1 Aroclor, Total 9100 UG/KG 210 Y
AD-04 0 1 Aroclor-1254 9100 UG/KG 150 Y
AD-04 0 1 Arsenic 76.5 MG/KG U 3.9 -
AD-04 0 1 Benzo(a)pyrene 2800 UG/KG 1400 Y
AD-04 0 1 Dibenzo(a,h)anthracene 700 UG/KG J 970 N
AD-04 0 1 Dieldrin 170 UG/KG J 2.6 Y
AD-04 0 1 Selenium 63.7 MG/KG U 1.1 -
AD-04 0 1 Technical Chlordane 30 UG/KG 400 N
AD-04 0 1 TEQ-MAMMAL 26126.935 NG/KG 289 Y
AD-04 0 1 TEQ-MAMMAL 34359.477 NG/KG 289 Y
AD-04 2 3 2,3,7,8-TCDD 570 NG/KG 14.7 Y
AD-04 2 3 Aroclor, Total 200 UG/KG J 210 N
AD-04 2 3 Aroclor-1254 200 UG/KG J 150 Y
AD-04 2 3 Arsenic 34.5 MG/KG U 3.9 -
AD-04 2 3 Benzo(a)pyrene 120 UG/KG J 1400 N
AD-04 2 3 Dibenzo(a,h)anthracene 380 UG/KG U 970 -
AD-04 2 3 Dieldrin 1.4 UG/KG J 2.6 N
AD-04 2 3 Selenium 28.7 MG/KG U 1.1 -
AD-04 2 3 Technical Chlordane 0.49 UG/KG 400 N
AD-04 2 3 TEQ-MAMMAL 573.4715 NG/KG 289 Y
AD-04 9 10 2,3,7,8-TCDD 6.5 NG/KG 14.7 N
AD-04 9 10 Aroclor, Total UG/KG U 210 -
AD-04 9 10 Arsenic 32.6 MG/KG U 3.9 -
AD-04 9 10 Benzo(a)pyrene 360 UG/KG U 1400 -
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Table G-3. Comparison of Allendale Reach Sediment Data to Cleanup Goals, Vertical Extent of Remediation Footprint
(Sorted by Boring, Depth Interval, and Parameter)
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Goal


In-situ 
Depth (ft) 


for 
Removal Comment1


AD-04 9 10 Dibenzo(a,h)anthracene 360 UG/KG U 970 -
AD-04 9 10 Dieldrin 3.7 UG/KG U 2.6 -
AD-04 9 10 Selenium 27.2 MG/KG U 1.1 -
AD-04 9 10 Technical Chlordane 1.8 UG/KG U 400 -
AD-04 9 10 TEQ-MAMMAL 6.786981 NG/KG 289 N
APB-FP-2028 0 0.5 Aroclor, Total 250 UG/KG 210 Y (b) (b) (b) 3.5 3.5
APB-FP-2028 0 0.5 Aroclor-1254 250 UG/KG 150 Y
APB-FP-2028 0 0.5 Arsenic 8.7 MG/KG 3.9 Y
APB-FP-2028 0 0.5 Benzo(a)pyrene 640 UG/KG J 1400 N
APB-FP-2028 0 0.5 Dibenzo(a,h)anthracene 4700 UG/KG U 970 -
APB-FP-2028 0 0.5 Dieldrin 22 UG/KG 2.6 Y
APB-FP-2028 0 0.5 Selenium 1.4 MG/KG U 1.1 -
APB-FP-2028 0 0.5 Zinc 429 MG/KG J 221 Y
APB-FP-2028 0.5 2 2,3,7,8-TCDD 153 NG/KG 14.7 Y
APB-FP-2028 0.5 2 Aroclor, Total 100 UG/KG U 210 -
APB-FP-2028 0.5 2 Aroclor-1254 50 UG/KG U 150 -
APB-FP-2028 0.5 2 Arsenic 3.4 MG/KG 3.9 N
APB-FP-2028 0.5 2 Benzo(a)pyrene 2400 UG/KG U 1400 -
APB-FP-2028 0.5 2 Dibenzo(a,h)anthracene 2400 UG/KG U 970 -
APB-FP-2028 0.5 2 Dieldrin 5 UG/KG U 2.6 -
APB-FP-2028 0.5 2 Selenium 1.3 MG/KG J 1.1 Y
APB-FP-2028 0.5 2 TEQ-MAMMAL 160.31424 NG/KG 289 N
APB-FP-2028 0.5 2 Zinc 182 MG/KG J 221 N
APB-FP-2028 2 3.5 2,3,7,8-TCDD 27.7 NG/KG 14.7 Y Concentration <2x cleanup goal
APB-FP-2028 2 3.5 Aroclor, Total 90 UG/KG U 210 -
APB-FP-2028 2 3.5 Aroclor-1254 44 UG/KG U 150 -
APB-FP-2028 2 3.5 Arsenic 1.1 MG/KG J 3.9 N
APB-FP-2028 2 3.5 Benzo(a)pyrene 440 UG/KG U 1400 -
APB-FP-2028 2 3.5 Dibenzo(a,h)anthracene 440 UG/KG U 970 -
APB-FP-2028 2 3.5 Dieldrin 4.4 UG/KG U 2.6 -
APB-FP-2028 2 3.5 Selenium 1.1 MG/KG U 1.1 -
APB-FP-2028 2 3.5 TEQ-MAMMAL 29.87742 NG/KG 289 N
APB-FP-2028 2 3.5 Zinc 62.6 MG/KG J 221 N
APB-FP-2030 0 0.5 Aroclor, Total 160 UG/KG 210 N N/A N/A N/A 0.5 Surface data only
APB-FP-2030 0 0.5 Aroclor-1254 160 UG/KG 150 Y Concentration <2x cleanup goal
APB-FP-2030 0 0.5 Arsenic 4 MG/KG 3.9 Y Concentration <2x cleanup goal
APB-FP-2030 0 0.5 Benzo(a)pyrene 2600 UG/KG J 1400 Y
APB-FP-2030 0 0.5 Dibenzo(a,h)anthracene 570 UG/KG J 970 N
APB-FP-2030 0 0.5 Dieldrin 3.8 UG/KG U 2.6 -
APB-FP-2030 0 0.5 Selenium 1.2 MG/KG U 1.1 -
APB-FP-2030 0 0.5 Zinc 154 MG/KG 221 N
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Table G-3. Comparison of Allendale Reach Sediment Data to Cleanup Goals, Vertical Extent of Remediation Footprint
(Sorted by Boring, Depth Interval, and Parameter)
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APB-SD-2029 0 0.5 2,3,7,8-TCDD 252 NG/KG $ 14.7 Y (b) (b) (b) 3 3
APB-SD-2029 0 0.5 2,3,7,8-TCDD 326 NG/KG 14.7 Y
APB-SD-2029 0 0.5 Aroclor, Total 24 UG/KG 210 N
APB-SD-2029 0 0.5 Aroclor, Total 21 UG/KG 210 N
APB-SD-2029 0 0.5 Aroclor-1254 24 UG/KG J 150 N
APB-SD-2029 0 0.5 Aroclor-1254 21 UG/KG J 150 N
APB-SD-2029 0 0.5 Arsenic 0.92 MG/KG U 3.9 -
APB-SD-2029 0 0.5 Arsenic 0.65 MG/KG U 3.9 -
APB-SD-2029 0 0.5 Benzo(a)pyrene 140 UG/KG J 1400 N
APB-SD-2029 0 0.5 Benzo(a)pyrene 120 UG/KG J 1400 N
APB-SD-2029 0 0.5 Dibenzo(a,h)anthracene 46 UG/KG J 970 N
APB-SD-2029 0 0.5 Dibenzo(a,h)anthracene 71 UG/KG J 970 N
APB-SD-2029 0 0.5 Dieldrin 5.4 UG/KG 2.6 Y
APB-SD-2029 0 0.5 Dieldrin 4.9 UG/KG 2.6 Y
APB-SD-2029 0 0.5 Selenium 1.5 MG/KG U 1.1 -
APB-SD-2029 0 0.5 Selenium 1.1 MG/KG U 1.1 -
APB-SD-2029 0 0.5 TEQ-MAMMAL 328.34365 NG/KG 289 Y
APB-SD-2029 0 0.5 TEQ-MAMMAL 254.64864 NG/KG 289 N
APB-SD-2029 0 0.5 Zinc 57.6 MG/KG J 221 N
APB-SD-2029 0 0.5 Zinc 50.7 MG/KG J 221 N
APB-SD-2029 0.5 2 2,3,7,8-TCDD 56.7 NG/KG 14.7 Y
APB-SD-2029 0.5 2 Aroclor, Total 100 UG/KG U 210 -
APB-SD-2029 0.5 2 Aroclor-1254 49 UG/KG U 150 -
APB-SD-2029 0.5 2 Arsenic 0.78 MG/KG U 3.9 -
APB-SD-2029 0.5 2 Benzo(a)pyrene 83 UG/KG J 1400 N
APB-SD-2029 0.5 2 Dibenzo(a,h)anthracene 480 UG/KG U 970 -
APB-SD-2029 0.5 2 Dieldrin 4.9 UG/KG U 2.6 -
APB-SD-2029 0.5 2 Selenium 1.3 MG/KG U 1.1 -
APB-SD-2029 0.5 2 TEQ-MAMMAL 57.50991 NG/KG 289 N
APB-SD-2029 0.5 2 Zinc 20.7 MG/KG UJ 221 -
APB-SD-2029 2 3 2,3,7,8-TCDD 36.4 NG/KG 14.7 Y Concentration <3x cleanup goal
APB-SD-2029 2 3 Aroclor, Total 79 UG/KG U 210 -
APB-SD-2029 2 3 Aroclor-1254 39 UG/KG U 150 -
APB-SD-2029 2 3 Arsenic 0.61 MG/KG U 3.9 -
APB-SD-2029 2 3 Benzo(a)pyrene 400 UG/KG U 1400 -
APB-SD-2029 2 3 Dibenzo(a,h)anthracene 400 UG/KG U 970 -
APB-SD-2029 2 3 Dieldrin 3.9 UG/KG U 2.6 -
APB-SD-2029 2 3 Selenium 1 MG/KG U 1.1 -
APB-SD-2029 2 3 TEQ-MAMMAL 37.507935 NG/KG 289 N
APB-SD-2029 2 3 Zinc 11.6 MG/KG UJ 221 -
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Table G-3. Comparison of Allendale Reach Sediment Data to Cleanup Goals, Vertical Extent of Remediation Footprint
(Sorted by Boring, Depth Interval, and Parameter)
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CMS-021 0 0.25 2,3,7,8-TCDD 1170 NG/KG 14.7 Y (b) (b) (b) 6 3 In-situ Depth for Removal 
modified (from 6-to 3-ft) based 
on chemical data (no cleanup 
goal exceedance for 2-3-ft and 3-
4-ft intervals; small cleanup goal 
exceedances at 4-5-ft and 5-6-ft 
interval).


CMS-021 0 0.25 2,3,7,8-TCDD 2130 NG/KG 14.7 Y
CMS-021 0 0.25 2,3,7,8-TCDD 1170 NG/KG 14.7 Y
CMS-021 0 0.25 2,3,7,8-TCDD 2130 NG/KG 14.7 Y
CMS-021 0 0.25 TEQ-MAMMAL 1170 NG/KG 289 Y
CMS-021 0 0.25 TEQ-MAMMAL 2130 NG/KG 289 Y
CMS-021 0 1 2,3,7,8-TCDD 180 NG/KG J 14.7 Y
CMS-021 0 1 TEQ-MAMMAL 180 NG/KG 289 N
CMS-021 1 2 2,3,7,8-TCDD 100 NG/KG J 14.7 Y
CMS-021 1 2 TEQ-MAMMAL 100 NG/KG 289 N
CMS-021 2 3 2,3,7,8-TCDD 29 NG/KG U 14.7 -
CMS-021 2 3 TEQ-MAMMAL 14.5 NG/KG 289 N
CMS-021 3 4 2,3,7,8-TCDD 9.4 NG/KG U 14.7 -
CMS-021 3 4 TEQ-MAMMAL 4.7 NG/KG 289 N
CMS-021 4 5 2,3,7,8-TCDD 38 NG/KG J 14.7 Y Concentration <3x cleanup goal
CMS-021 4 5 TEQ-MAMMAL 38 NG/KG 289 N
CMS-021 5 6 2,3,7,8-TCDD 30 NG/KG U 14.7 -
CMS-021 5 6 TEQ-MAMMAL 15 NG/KG 289 N
CMS-180 0 0.25 2,3,7,8-TCDD 11.2 NG/KG 14.7 N N/A N/A N/A 0.25 0.25 Surface data only
CMS-180 0 0.25 TEQ-MAMMAL 11.2 NG/KG 289 N
CMS-210 0 0.25 2,3,7,8-TCDD 6190 NG/KG 14.7 Y (b) (b) (b) 2 2
CMS-210 0 0.25 TEQ-MAMMAL 6190 NG/KG 289 Y
CMS-210 0 1 2,3,7,8-TCDD 410 NG/KG J 14.7 Y
CMS-210 0 1 TEQ-MAMMAL 410 NG/KG 289 Y
CMS-210 1 2 2,3,7,8-TCDD 41 NG/KG U 14.7 -
CMS-210 1 2 TEQ-MAMMAL 20.5 NG/KG 289 N
CMS-224 0 0.25 2,3,7,8-TCDD 1.17 NG/KG 14.7 N N/A N/A N/A 0.25 0.25 Surface data only
CMS-224 0 0.25 TEQ-MAMMAL 1.17 NG/KG 289 N
CMS-484 0 1 2,3,7,8-TCDD 0.51 NG/KG UJ 14.7 - (b) (b) (b) 1 1
CMS-484 0 1 TEQ-MAMMAL 4.692865 NG/KG 289 N
CMS-484 1 2 2,3,7,8-TCDD 3.59 NG/KG J 14.7 N
CMS-484 1 2 2,3,7,8-TCDD 1.15 NG/KG J 14.7 N
CMS-484 1 2 2,3,7,8-TCDD 3.59 NG/KG J 14.7 N
CMS-484 1 2 2,3,7,8-TCDD 1.15 NG/KG J 14.7 N
CMS-484 1 2 TEQ-MAMMAL 8.10747 NG/KG 289 N
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Table G-3. Comparison of Allendale Reach Sediment Data to Cleanup Goals, Vertical Extent of Remediation Footprint
(Sorted by Boring, Depth Interval, and Parameter)
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CMS-484 1 2 TEQ-MAMMAL 7.7071 NG/KG 289 N
CMS-484 2 3 2,3,7,8-TCDD 0.415 NG/KG UJ 14.7 -
CMS-484 2 3 2,3,7,8-TCDD 4.4 NG/KG 14.7 N
CMS-484 2 3 TEQ-MAMMAL 49.6971 NG/KG 289 N
CMS-484 2 3 TEQ-MAMMAL 22.8142 NG/KG 289 N
CMS-628 0 1 2,3,7,8-TCDD 2700 NG/KG J 14.7 Y (b) (b) (b) 2 2
CMS-628 0 1 Aroclor, Total 510 UG/KG J 210 Y
CMS-628 0 1 Aroclor-1254 510 UG/KG J 150 Y
CMS-628 0 1 TEQ-MAMMAL 2700 NG/KG 289 Y
CMS-628 1 2 Aroclor, Total 49 UG/KG J 210 N
CMS-628 1 2 Aroclor-1254 49 UG/KG J 150 N
CMS-628 2 3 Aroclor, Total 16 UG/KG J 210 N
CMS-628 2 3 Aroclor-1254 16 UG/KG J 150 N
CMS-628 3 4 Aroclor, Total 10 UG/KG J 210 N
CMS-628 3 4 Aroclor-1254 10 UG/KG J 150 N
CMS-SD-4204 0.05 0.1 2,3,7,8-TCDD 2989.99 PG/G_DRYWT J 14.7 Y 2.6 (c) 2.3 89 2.1 2.4
CMS-SD-4204 0.05 0.1 TEQ-MAMMAL 3081.557301 PG/G_DRYWT 289 Y
CMS-SD-4204 0.55 0.6 2,3,7,8-TCDD 1622.78 PG/G_DRYWT J 14.7 Y
CMS-SD-4204 0.55 0.6 TEQ-MAMMAL 1828.25238 PG/G_DRYWT 289 Y
CMS-SD-4204 2 2.1 2,3,7,8-TCDD 1.75 PG/G_DRYWT 14.7 N
CMS-SD-4204 2 2.1 TEQ-MAMMAL 2.0944245 PG/G_DRYWT 289 N
CMS-SD-4209 0.35 0.4 2,3,7,8-TCDD 3479.12 PG/G_DRYWT J 14.7 Y 4.25 (c) 3.8 89 1.7 1.9
CMS-SD-4209 0.35 0.4 TEQ-MAMMAL 3517.873221 PG/G_DRYWT 289 Y
CMS-SD-4209 0.65 0.7 2,3,7,8-TCDD 15755.54 PG/G_DRYWT J 14.7 Y
CMS-SD-4209 0.65 0.7 TEQ-MAMMAL 15772.77266 PG/G_DRYWT 289 Y
CMS-SD-4209 1.6 1.7 2,3,7,8-TCDD 12.6 PG/G_DRYWT 14.7 N
CMS-SD-4209 1.6 1.7 TEQ-MAMMAL 23.33529 PG/G_DRYWT 289 N
CMS-SD-4210 0.3 0.4 2,3,7,8-TCDD 1666.17 PG/G_DRYWT 14.7 Y 3.8 (c) 3.4 89 2.1 2.3
CMS-SD-4210 0.3 0.4 TEQ-MAMMAL 1709.545324 PG/G_DRYWT 289 Y
CMS-SD-4210 0.8 0.9 2,3,7,8-TCDD 3723.82 PG/G_DRYWT J 14.7 Y
CMS-SD-4210 0.8 0.9 TEQ-MAMMAL 3786.646764 PG/G_DRYWT 289 Y
CMS-SD-4210 2 2.1 2,3,7,8-TCDD 26.41 PG/G_DRYWT 14.7 Y Concentration <2x cleanup goal
CMS-SD-4210 2 2.1 TEQ-MAMMAL 32.162059 PG/G_DRYWT 289 N
CMS-SD-4218 0.35 0.45 2,3,7,8-TCDD 703 PG/G_DRYWT J 14.7 Y 1.6 Not used; deepest interval above 


cleanup goal
CMS-SD-4218 0.35 0.45 TEQ-MAMMAL 709.566808 PG/G_DRYWT 289 Y
CMS-SD-4218 0.7 0.8 2,3,7,8-TCDD 6040.87 PG/G_DRYWT J 14.7 Y
CMS-SD-4218 0.7 0.8 TEQ-MAMMAL 6101.828005 PG/G_DRYWT 289 Y
CMS-SD-4218 1.5 1.6 2,3,7,8-TCDD 25.38 PG/G_DRYWT 14.7 Y Concentration <2x cleanup goal
CMS-SD-4218 1.5 1.6 TEQ-MAMMAL 102.224287 PG/G_DRYWT 289 N
CMS-SD-4219 0.35 0.45 2,3,7,8-TCDD 5339.25 PG/G_DRYWT J 14.7 Y 4.15 (c) 3.7 89 1.55 1.7
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Table G-3. Comparison of Allendale Reach Sediment Data to Cleanup Goals, Vertical Extent of Remediation Footprint
(Sorted by Boring, Depth Interval, and Parameter)
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CMS-SD-4219 0.35 0.45 TEQ-MAMMAL 5462.495021 PG/G_DRYWT 289 Y
CMS-SD-4219 0.75 0.85 2,3,7,8-TCDD 48.92 PG/G_DRYWT 14.7 Y
CMS-SD-4219 0.75 0.85 TEQ-MAMMAL 151.318295 PG/G_DRYWT 289 N
CMS-SD-4219 1.45 1.55 2,3,7,8-TCDD 7.83 PG/G_DRYWT 14.7 N
CMS-SD-4219 1.45 1.55 TEQ-MAMMAL 9.069557 PG/G_DRYWT 289 N
CMS-SD-4220 0.3 0.4 2,3,7,8-TCDD 8373.18 PG/G_DRYWT J 14.7 Y 2.35 (c) 2.1 89 1.3 1.5
CMS-SD-4220 0.3 0.4 TEQ-MAMMAL 8440.659183 PG/G_DRYWT 289 Y
CMS-SD-4220 0.6 0.7 2,3,7,8-TCDD 653.17 PG/G_DRYWT 14.7 Y
CMS-SD-4220 0.6 0.7 TEQ-MAMMAL 659.1976145 PG/G_DRYWT 289 Y
CMS-SD-4220 1.2 1.3 2,3,7,8-TCDD 33.37 PG/G_DRYWT 14.7 Y Concentration <3x cleanup goal
CMS-SD-4220 1.2 1.3 TEQ-MAMMAL 34.3961345 PG/G_DRYWT 289 N
CMS-SD-4222 0.25 0.35 2,3,7,8-TCDD 6620.01 PG/G_DRYWT J 14.7 Y 1.35 Not used; deepest interval above 


cleanup goal
CMS-SD-4222 0.25 0.35 TEQ-MAMMAL 6659.581768 PG/G_DRYWT 289 Y
CMS-SD-4222 0.85 0.95 2,3,7,8-TCDD 1045.69 PG/G_DRYWT J 14.7 Y
CMS-SD-4222 0.85 0.95 TEQ-MAMMAL 1264.219556 PG/G_DRYWT 289 Y
CMS-SD-4222 1.25 1.35 2,3,7,8-TCDD 29.84 PG/G_DRYWT J 14.7 Y Concentration <3x cleanup goal
CMS-SD-4222 1.25 1.35 TEQ-MAMMAL 70.1865575 PG/G_DRYWT 289 N
CMW-FP-2026 0 0.5 2,3,7,8-TCDD 16380 NG/KG J 14.7 Y (b) (b) (b) 4 4
CMW-FP-2026 0 0.5 2,3,7,8-TCDD 16110 NG/KG J 14.7 Y
CMW-FP-2026 0 0.5 2,3,7,8-TCDD 16380 NG/KG J 14.7 Y
CMW-FP-2026 0 0.5 2,3,7,8-TCDD 16110 NG/KG J 14.7 Y
CMW-FP-2026 0 0.5 Aroclor, Total 337 UG/KG 210 Y
CMW-FP-2026 0 0.5 Aroclor, Total 180 UG/KG 210 N
CMW-FP-2026 0 0.5 Aroclor-1254 270 UG/KG 150 Y
CMW-FP-2026 0 0.5 Aroclor-1254 180 UG/KG 150 Y
CMW-FP-2026 0 0.5 Arsenic 11.6 MG/KG J 3.9 Y
CMW-FP-2026 0 0.5 Arsenic 10.9 MG/KG 3.9 Y
CMW-FP-2026 0 0.5 Benzo(a)pyrene 770 UG/KG J 1400 N
CMW-FP-2026 0 0.5 Benzo(a)pyrene 780 UG/KG J 1400 N
CMW-FP-2026 0 0.5 Dibenzo(a,h)anthracene 4800 UG/KG U 970 -
CMW-FP-2026 0 0.5 Dibenzo(a,h)anthracene 5000 UG/KG U 970 -
CMW-FP-2026 0 0.5 Dieldrin 5.2 UG/KG UJ 2.6 -
CMW-FP-2026 0 0.5 Dieldrin 23 UG/KG 2.6 Y
CMW-FP-2026 0 0.5 Selenium 0.93 MG/KG U 1.1 -
CMW-FP-2026 0 0.5 Selenium 1.4 MG/KG U 1.1 -
CMW-FP-2026 0 0.5 TEQ-MAMMAL 16459.5579 NG/KG 289 Y
CMW-FP-2026 0 0.5 TEQ-MAMMAL 16173.6909 NG/KG 289 Y
CMW-FP-2026 0 0.5 Zinc 164 MG/KG J 221 N
CMW-FP-2026 0 0.5 Zinc 148 MG/KG J 221 N
CMW-FP-2026 0.5 2 2,3,7,8-TCDD 352 NG/KG 14.7 Y
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Table G-3. Comparison of Allendale Reach Sediment Data to Cleanup Goals, Vertical Extent of Remediation Footprint
(Sorted by Boring, Depth Interval, and Parameter)
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CMW-FP-2026 0.5 2 Aroclor, Total 22 UG/KG 210 N
CMW-FP-2026 0.5 2 Aroclor-1254 22 UG/KG J 150 N
CMW-FP-2026 0.5 2 Arsenic 13.3 MG/KG 3.9 Y
CMW-FP-2026 0.5 2 Benzo(a)pyrene 810 UG/KG J 1400 N
CMW-FP-2026 0.5 2 Dibenzo(a,h)anthracene 4800 UG/KG U 970 -
CMW-FP-2026 0.5 2 Dieldrin 4.8 UG/KG U 2.6 -
CMW-FP-2026 0.5 2 Selenium 1.8 MG/KG J 1.1 Y
CMW-FP-2026 0.5 2 TEQ-MAMMAL 445.103 NG/KG 289 Y
CMW-FP-2026 0.5 2 Zinc 304 MG/KG J 221 Y
CMW-FP-2026 2 4 2,3,7,8-TCDD 24.7 NG/KG 14.7 Y Concentration <2x cleanup goal
CMW-FP-2026 2 4 Aroclor, Total UG/KG U 210 -
CMW-FP-2026 2 4 Arsenic 0.71 MG/KG U 3.9 -
CMW-FP-2026 2 4 Benzo(a)pyrene 410 UG/KG U 1400 -
CMW-FP-2026 2 4 Dibenzo(a,h)anthracene 410 UG/KG U 970 -
CMW-FP-2026 2 4 Selenium 1.2 MG/KG U 1.1 -
CMW-FP-2026 2 4 TEQ-MAMMAL 27.24155 NG/KG 289 N
CMW-FP-2026 2 4 Zinc 186 MG/KG J 221 N
CMW-SD-2023 0 0.5 2,3,7,8-TCDD 20.9 NG/KG J 14.7 Y N/A N/A N/A 0.5 0.5 Surface data only
CMW-SD-2023 0 0.5 Aroclor, Total 94 UG/KG U 210 -
CMW-SD-2023 0 0.5 Aroclor-1254 46 UG/KG U 150 -
CMW-SD-2023 0 0.5 Arsenic 3.3 MG/KG 3.9 N
CMW-SD-2023 0 0.5 Benzo(a)pyrene 2900 UG/KG 1400 Y Concentration <3x cleanup goal
CMW-SD-2023 0 0.5 Dibenzo(a,h)anthracene 740 UG/KG J 970 N
CMW-SD-2023 0 0.5 Dieldrin 4.6 UG/KG U 2.6 -
CMW-SD-2023 0 0.5 Selenium 1.4 MG/KG U 1.1 -
CMW-SD-2023 0 0.5 TEQ-MAMMAL 32.57364 NG/KG 289 N
CMW-SD-2023 0 0.5 Zinc 118 MG/KG J 221 N
RES-12-239-01 0 1 Aroclor, Total 60 UG/KG 210 N 1 Not used
RES-12-239-01 0 1 Aroclor-1254 60 UG/KG 150 N
RES-12-239-01 0 1 Arsenic 2.2 MG/KG J 3.9 N
RES-12-239-01 0 1 Benzo(a)pyrene 3800 UG/KG 1400 Y
RES-12-239-01 0 1 Dibenzo(a,h)anthracene 840 UG/KG J 970 N
RES-12-239-01 0 1 Dieldrin 6.3 UG/KG 2.6 Y
RES-12-239-01 0 1 Selenium 1.6 MG/KG U 1.1 -
RES-12-239-01 0 1 Zinc 175 MG/KG 221 N
RES-12-552-01 0 1 Aroclor, Total 340 UG/KG 210 Y N/A N/A N/A 1 1 Surface data only
RES-12-552-01 0 1 Aroclor-1254 340 UG/KG 150 Y Concentration <3x cleanup goal
RES-12-552-01 0 1 Arsenic 4 MG/KG 3.9 Y Concentration <2x cleanup goal
RES-12-552-01 0 1 Benzo(a)pyrene 550 UG/KG J 1400 N
RES-12-552-01 0 1 Dibenzo(a,h)anthracene 4200 UG/KG U 970 -
RES-12-552-01 0 1 Dieldrin 4.2 UG/KG U 2.6 -
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Table G-3. Comparison of Allendale Reach Sediment Data to Cleanup Goals, Vertical Extent of Remediation Footprint
(Sorted by Boring, Depth Interval, and Parameter)
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RES-12-552-01 0 1 Selenium 1.3 MG/KG U 1.1 -
RES-12-552-01 0 1 Zinc 70.1 MG/KG 221 N
RES-12-554-01 0 1 Aroclor, Total 400 UG/KG 210 Y 1 Not used
RES-12-554-01 0 1 Aroclor-1254 400 UG/KG 150 Y
RES-12-554-01 0 1 Arsenic 4 MG/KG 3.9 Y
RES-12-554-01 0 1 Benzo(a)pyrene 360 UG/KG J 1400 N
RES-12-554-01 0 1 Dibenzo(a,h)anthracene 2100 UG/KG U 970 -
RES-12-554-01 0 1 Dieldrin 4.3 UG/KG U 2.6 -
RES-12-554-01 0 1 Selenium 1.2 MG/KG U 1.1 -
RES-12-554-01 0 1 Zinc 83.3 MG/KG 221 N
RES-14-210-01 0 1 2,3,7,8-TCDD 12.3 NG/KG 14.7 N N/A N/A N/A 1 1 Surface data only
RES-14-210-01 0 1 Aroclor, Total 77 UG/KG U 210 -
RES-14-210-01 0 1 Aroclor-1254 38 UG/KG U 150 -
RES-14-210-01 0 1 Arsenic 3.8 MG/KG 3.9 N
RES-14-210-01 0 1 Benzo(a)pyrene 660 UG/KG J 1400 N
RES-14-210-01 0 1 Dibenzo(a,h)anthracene 1900 UG/KG U 970 -
RES-14-210-01 0 1 Dieldrin 3.8 UG/KG U 2.6 -
RES-14-210-01 0 1 Selenium 1.4 MG/KG J 1.1 Y Concentration <2x cleanup goal
RES-14-210-01 0 1 TEQ-MAMMAL 18.01948 NG/KG 289 N
RES-14-210-01 0 1 Zinc 74.5 MG/KG 221 N
RES-14-365-01 0 1 2,3,7,8-TCDD 8.5 NG/KG 14.7 N N/A N/A N/A 1 1 Surface data only
RES-14-365-01 0 1 Aroclor, Total 80 UG/KG 210 N
RES-14-365-01 0 1 Aroclor-1254 80 UG/KG J 150 N
RES-14-365-01 0 1 Arsenic 5.8 MG/KG J 3.9 Y Concentration <2x cleanup goal
RES-14-365-01 0 1 Benzo(a)pyrene 2500 UG/KG J 1400 Y Concentration <3x cleanup goal
RES-14-365-01 0 1 Dibenzo(a,h)anthracene 8800 UG/KG U 970 -
RES-14-365-01 0 1 Dieldrin 8.9 UG/KG U 2.6 -
RES-14-365-01 0 1 Selenium 3.1 MG/KG U 1.1 -
RES-14-365-01 0 1 TEQ-MAMMAL 32.9651 NG/KG 289 N
RES-14-365-01 0 1 Zinc 345 MG/KG 221 Y Concentration <2x cleanup goal
RES-14-420-01 0 1 Aroclor, Total 190 UG/KG 210 N N/A N/A N/A 1 1 Surface data only
RES-14-420-01 0 1 Aroclor-1254 160 UG/KG 150 Y Concentration <2x cleanup goal
RES-14-420-01 0 1 Arsenic 1.9 MG/KG 3.9 N
RES-14-420-01 0 1 Benzo(a)pyrene 2100 UG/KG U 1400 -
RES-14-420-01 0 1 Dibenzo(a,h)anthracene 2100 UG/KG U 970 -
RES-14-420-01 0 1 Dieldrin 4.2 UG/KG U 2.6 -
RES-14-420-01 0 1 Selenium 0.58 MG/KG J 1.1 N
RES-14-420-01 0 1 Zinc 78.4 MG/KG 221 N
RES-14-424-01 0 1 2,3,7,8-TCDD 31.4 NG/KG 14.7 Y 1 Surface data only
RES-14-424-01 0 1 Aroclor, Total 260 UG/KG 210 Y Concentration <2x cleanup goal
RES-14-424-01 0 1 Aroclor-1254 260 UG/KG 150 Y Concentration <2x cleanup goal


Interim Final CMRP Feasibility Study Report
Appendix G G-92 April 2010







Appendix G


Table G-3. Comparison of Allendale Reach Sediment Data to Cleanup Goals, Vertical Extent of Remediation Footprint
(Sorted by Boring, Depth Interval, and Parameter)
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RES-14-424-01 0 1 Arsenic 4.1 MG/KG 3.9 Y Concentration <2x cleanup goal
RES-14-424-01 0 1 Benzo(a)pyrene 64 UG/KG J 1400 N
RES-14-424-01 0 1 Dibenzo(a,h)anthracene 520 UG/KG U 970 -
RES-14-424-01 0 1 Dieldrin 5.4 UG/KG U 2.6 -
RES-14-424-01 0 1 Selenium 1.6 MG/KG UJ 1.1 -
RES-14-424-01 0 1 TEQ-MAMMAL 42.42893 NG/KG 289 N
RES-14-424-01 0 1 Zinc 214 MG/KG 221 N
RES-14-430-01 0 1 Aroclor, Total 360 UG/KG 210 Y 1 Surface data only
RES-14-430-01 0 1 Aroclor, Total 320 UG/KG 210 Y Concentration <2x cleanup goal
RES-14-430-01 0 1 Aroclor-1254 360 UG/KG 150 Y Concentration <3x cleanup goal
RES-14-430-01 0 1 Aroclor-1254 320 UG/KG 150 Y Concentration <3x cleanup goal
RES-14-430-01 0 1 Arsenic 3.2 MG/KG J 3.9 N
RES-14-430-01 0 1 Arsenic 2.8 MG/KG J 3.9 N
RES-14-430-01 0 1 Benzo(a)pyrene 860 UG/KG J 1400 N
RES-14-430-01 0 1 Benzo(a)pyrene 530 UG/KG J 1400 N
RES-14-430-01 0 1 Dibenzo(a,h)anthracene 2900 UG/KG U 970 -
RES-14-430-01 0 1 Dibenzo(a,h)anthracene 560 UG/KG U 970 -
RES-14-430-01 0 1 Dieldrin 5.8 UG/KG U 2.6 -
RES-14-430-01 0 1 Dieldrin 5.7 UG/KG U 2.6 -
RES-14-430-01 0 1 Selenium 1.7 MG/KG U 1.1 -
RES-14-430-01 0 1 Selenium 1.5 MG/KG U 1.1 -
RES-14-430-01 0 1 Zinc 175 MG/KG 221 N
RES-14-430-01 0 1 Zinc 168 MG/KG 221 N
SD-28 0 0.5 2,3,7,8-TCDD 2.13 NG/KG UJ 14.7 - N/A N/A N/A 0.5 0.5 Surface data only
SD-28 0 0.5 Aroclor, Total 48 UG/KG 210 N
SD-28 0 0.5 Aroclor-1254 48 UG/KG J 150 N
SD-28 0 0.5 Dieldrin 4.1 UG/KG U 2.6 -
SD-28 0 0.5 TEQ-MAMMAL 2.865414 NG/KG 289 N
WRC-SD-2009 0 0.5 2,3,7,8-TCDD 6.3 NG/KG 14.7 N N/A N/A N/A 0.5 0.5 Surface data only
WRC-SD-2009 0 0.5 Aroclor, Total 190 UG/KG 210 N
WRC-SD-2009 0 0.5 Aroclor-1254 190 UG/KG 150 Y Concentration <2x cleanup goal
WRC-SD-2009 0 0.5 Arsenic 1.1 MG/KG J 3.9 N
WRC-SD-2009 0 0.5 Benzo(a)pyrene 1600 UG/KG J 1400 Y Concentration <2x cleanup goal
WRC-SD-2009 0 0.5 Dibenzo(a,h)anthracene 800 UG/KG J 970 N Concentration <2x cleanup goal
WRC-SD-2009 0 0.5 Dieldrin 4.7 UG/KG U 2.6 -
WRC-SD-2009 0 0.5 Selenium 0.7 MG/KG U 1.1 -
WRC-SD-2009 0 0.5 TEQ-MAMMAL 15.7735 NG/KG 289 N
WRC-SD-2009 0 0.5 Zinc 100 MG/KG 221 N
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Table G-3. Comparison of Allendale Reach Sediment Data to Cleanup Goals, Vertical Extent of Remediation Footprint
(Sorted by Boring, Depth Interval, and Parameter)
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Notes
(a) Non-detects (U and UJ qualified data) not used to determine proposed areas for cleanup.
(b) Field logs do not document Penetration or Recovery; assume Recovery Percent = 100% and that In-situ Depth for Removal = Depth in Core Sample to Cleanup Goal Level
(c) Penetration depth not recorded in project file; minimum 'Recovery Percent' (89%) from the March 2005 sediment core study was used to estimate Total Penetration
Total Penetration = sediment core penetration depth
Recovery Percent = (Recovery / Total Penetration) * 100
Depth in Core Sample to Cleanup Goal Level = discrete depth interval at which contaminant concentrations are below the cleanup goal
In-situ Depth for Removal = (Depth in Core Sample to Cleanup Goal Level) * (Total Penetration / Recovery)


Shading represents the first record within each boring-specific dataset; removal depth information is reported by boring.
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Table G-4. Comparison of Lyman Mill Reach Sediment Data to Cleanup Goals, Vertical Extent of Remediation Footprint 
(Sorted by Boring, Depth Interval, and Parameter)
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CMS-468 0 1 2,3,7,8-TCDD 6.95 NG/KG 14.7 N N/A N/A N/A 1 1 Surface data only
CMS-468 0 1 TEQ-MAMMAL 14.18723 NG/KG 289 N
LPX-SD-2046 0 0.5 Benzo(a)pyrene 580 UG/KG J 1400 N (b) (b) (b) 4 4
LPX-SD-2046 0 0.5 2,3,7,8-TCDD 7110 NG/KG J& 14.7 Y
LPX-SD-2046 0 0.5 4,4'-DDD 5 UG/KG U 8.4 -
LPX-SD-2046 0 0.5 4,4'-DDE 5 UG/KG U 6 -
LPX-SD-2046 0 0.5 Aluminum 12200 MG/KG 8210 Y
LPX-SD-2046 0 0.5 Aroclor, Total 178 UG/KG 210 N
LPX-SD-2046 0 0.5 Aroclor-1254 120 UG/KG 150 N
LPX-SD-2046 0 0.5 Arsenic 5.4 MG/KG 3.9 Y
LPX-SD-2046 0 0.5 Barium 235 MG/KG 134 Y
LPX-SD-2046 0 0.5 Dibenzo(a,h)anthracene 2500 UG/KG U 970 -
LPX-SD-2046 0 0.5 Dieldrin 5 UG/KG U 2.6 -
LPX-SD-2046 0 0.5 N-nitroso-di-n-propylamine 2500 UG/KG U 456 -
LPX-SD-2046 0 0.5 Selenium 1 MG/KG UJ 1.1 -
LPX-SD-2046 0 0.5 TEQ-MAMMAL 7170.8331 NG/KG 289 Y
LPX-SD-2046 0 0.5 Vanadium 37.7 MG/KG 37.6 Y
LPX-SD-2046 0 0.5 Zinc 662 MG/KG 221 Y
LPX-SD-2046 0.5 2 2,3,7,8-TCDD 2060 NG/KG J& 14.7 Y
LPX-SD-2046 0.5 2 4,4'-DDD 4.9 UG/KG U 8.4 -
LPX-SD-2046 0.5 2 4,4'-DDE 4.9 UG/KG U 6 -
LPX-SD-2046 0.5 2 Aluminum 14200 MG/KG 8210 Y
LPX-SD-2046 0.5 2 Aroclor, Total 2920 UG/KG 210 Y
LPX-SD-2046 0.5 2 Aroclor-1254 2600 UG/KG * 150 Y
LPX-SD-2046 0.5 2 Arsenic 7.3 MG/KG 3.9 Y
LPX-SD-2046 0.5 2 Barium 139 MG/KG 134 Y
LPX-SD-2046 0.5 2 Benzo(a)pyrene 1100 UG/KG J 1400 N
LPX-SD-2046 0.5 2 Dibenzo(a,h)anthracene 9800 UG/KG U 970 -
LPX-SD-2046 0.5 2 Dieldrin 6.8 UG/KG 2.6 Y
LPX-SD-2046 0.5 2 N-nitroso-di-n-propylamine 9800 UG/KG U 456 -
LPX-SD-2046 0.5 2 Selenium 0.98 MG/KG UJ 1.1 -
LPX-SD-2046 0.5 2 TEQ-MAMMAL 2094.7594 NG/KG 289 Y
LPX-SD-2046 0.5 2 Vanadium 55.5 MG/KG 37.6 Y
LPX-SD-2046 0.5 2 Zinc 1250 MG/KG 221 Y
LPX-SD-2046 2 4 2,3,7,8-TCDD 14.6 NG/KG 14.7 N
LPX-SD-2046 2 4 4,4'-DDD 4.9 UG/KG U 8.4 -
LPX-SD-2046 2 4 4,4'-DDE 4.9 UG/KG U 6 -
LPX-SD-2046 2 4 Aluminum 8580 MG/KG 8210 Y Concentration <2x 


cleanup goal
LPX-SD-2046 2 4 Aroclor, Total 100 UG/KG U 210 -
LPX-SD-2046 2 4 Aroclor-1254 49 UG/KG U 150 -
LPX-SD-2046 2 4 Arsenic 3.6 MG/KG 3.9 N
LPX-SD-2046 2 4 Barium 31.7 MG/KG 134 N
LPX-SD-2046 2 4 Benzo(a)pyrene 270 UG/KG J 1400 N
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Appendix G


Table G-4. Comparison of Lyman Mill Reach Sediment Data to Cleanup Goals, Vertical Extent of Remediation Footprint 
(Sorted by Boring, Depth Interval, and Parameter)
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LPX-SD-2046 2 4 Dibenzo(a,h)anthracene 2500 UG/KG U 970 -
LPX-SD-2046 2 4 Dieldrin 4.9 UG/KG U 2.6 -
LPX-SD-2046 2 4 N-nitroso-di-n-propylamine 2500 UG/KG U 456 -
LPX-SD-2046 2 4 Selenium 0.94 MG/KG UJ 1.1 -
LPX-SD-2046 2 4 TEQ-MAMMAL 18.19086 NG/KG 289 N
LPX-SD-2046 2 4 Vanadium 14.5 MG/KG 37.6 N
LPX-SD-2046 2 4 Zinc 17.9 MG/KG 221 N
LPX-SD-2049 0 0.5 2,3,7,8-TCDD 28.7 NG/KG J 14.7 Y N/A N/A N/A 0.5 0.5 Surface data only; 


concentration 2x 
cleanup goal


LPX-SD-2049 0 0.5 4,4'-DDD 4.9 UG/KG U 8.4 -
LPX-SD-2049 0 0.5 4,4'-DDE 4.9 UG/KG U 6 -
LPX-SD-2049 0 0.5 Aluminum 10800 MG/KG 8210 Y Concentration <2x 


cleanup goal
LPX-SD-2049 0 0.5 Aroclor, Total 43 UG/KG 210 N
LPX-SD-2049 0 0.5 Aroclor-1254 49 UG/KG U 150 -
LPX-SD-2049 0 0.5 Arsenic 3.4 MG/KG 3.9 N
LPX-SD-2049 0 0.5 Barium 71.5 MG/KG 134 N
LPX-SD-2049 0 0.5 Benzo(a)pyrene 2500 UG/KG U 1400 -
LPX-SD-2049 0 0.5 Dibenzo(a,h)anthracene 2500 UG/KG U 970 -
LPX-SD-2049 0 0.5 Dieldrin 4.9 UG/KG U 2.6 -
LPX-SD-2049 0 0.5 N-nitroso-di-n-propylamine 2500 UG/KG U 456 -
LPX-SD-2049 0 0.5 Selenium 1.4 MG/KG J 1.1 Y Concentration <2x 


cleanup goal
LPX-SD-2049 0 0.5 TEQ-MAMMAL 30.863 NG/KG 289 N
LPX-SD-2049 0 0.5 Vanadium 17.2 MG/KG 37.6 N
LPX-SD-2049 0 0.5 Zinc 44.9 MG/KG 221 N
LPX-SD-4201 0.35 0.45 2,3,7,8-TCDD 7475.42 PG/G_DRYWT J 14.7 Y 4.95 (c) 4.4 89 1.05 1.2
LPX-SD-4201 0.35 0.45 TEQ-MAMMAL 7589.2145 PG/G_DRYWT 289 Y
LPX-SD-4201 0.95 1.05 2,3,7,8-TCDD 12.85 PG/G_DRYWT J 14.7 N
LPX-SD-4201 0.95 1.05 TEQ-MAMMAL 14.737144 PG/G_DRYWT 289 N
LPX-SD-4201 1.25 1.35 2,3,7,8-TCDD 11.82 PG/G_DRYWT J 14.7 N
LPX-SD-4201 1.25 1.35 TEQ-MAMMAL 17.4380375 PG/G_DRYWT 289 N
LPX-SD-4204 0.3 0.4 4,4'-DDD 12.51 NG/G_DRY J 8.4 Y 4.25 (c) 3.8 89.4 2.45 2.7
LPX-SD-4204 0.3 0.4 2,3,7,8-TCDD 5688.33 PG/G_DRYWT 14.7 Y
LPX-SD-4204 0.3 0.4 4,4'-DDE 20.22 NG/G_DRY J 6 Y
LPX-SD-4204 0.3 0.4 Aluminum 4030 mg/Kg J 8210 N
LPX-SD-4204 0.3 0.4 Aroclor 1254 1289.39 NG/G_DRY J 150 Y
LPX-SD-4204 0.3 0.4 Aroclor 1268 46.66 NG/G_DRY UJ 140 -
LPX-SD-4204 0.3 0.4 Arsenic 2.4 mg/Kg U 3.9 -
LPX-SD-4204 0.3 0.4 Barium 74 mg/Kg J 134 N
LPX-SD-4204 0.3 0.4 Benzo(a)pyrene 2576.86 NG/G_DRY J 1400 Y
LPX-SD-4204 0.3 0.4 Dibenz(a,h)anthracene 651.76 NG/G_DRY J 970 N
LPX-SD-4204 0.3 0.4 dieldrin 0.46 NG/G_DRY UJ 2.6 -
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Appendix G


Table G-4. Comparison of Lyman Mill Reach Sediment Data to Cleanup Goals, Vertical Extent of Remediation Footprint 
(Sorted by Boring, Depth Interval, and Parameter)
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LPX-SD-4204 0.3 0.4 Selenium 1.2 mg/Kg UJ 1.1 -
LPX-SD-4204 0.3 0.4 Technical Chlordane 208.58 NG/G_DRY J 400 N
LPX-SD-4204 0.3 0.4 TEQ-MAMMAL 5739.925284 PG/G_DRYWT 289 Y
LPX-SD-4204 0.3 0.4 TOTAL AROCLOR 1616.01 NG/G_DRY 210 Y
LPX-SD-4204 0.3 0.4 Vanadium 11 mg/Kg J 37.6 N
LPX-SD-4204 0.3 0.4 Zinc 201 mg/Kg J 221 N
LPX-SD-4204 1.1 1.2 2,3,7,8-TCDD 70.16 PG/G_DRYWT 14.7 Y
LPX-SD-4204 1.1 1.2 TEQ-MAMMAL 210.195158 PG/G_DRYWT 289 N
LPX-SD-4204 2.35 2.45 2,3,7,8-TCDD 0.07 PG/G_DRYWT U 14.7 -
LPX-SD-4204 2.35 2.45 TEQ-MAMMAL 0.1997975 PG/G_DRYWT 289 N
LPX-SD-4208 0 0.1 2,3,7,8-TCDD 4311.95 PG/G_DRYWT J 14.7 Y 3.2 (c) 2.8 89 2 2.3
LPX-SD-4208 0 0.1 TEQ-MAMMAL 4359.042549 PG/G_DRYWT 289 Y
LPX-SD-4208 1.2 1.3 2,3,7,8-TCDD 3749.57 PG/G_DRYWT J 14.7 Y
LPX-SD-4208 1.2 1.3 TEQ-MAMMAL 3804.074763 PG/G_DRYWT 289 Y
LPX-SD-4208 1.9 2 2,3,7,8-TCDD 13.9 PG/G_DRYWT J 14.7 N
LPX-SD-4208 1.9 2 TEQ-MAMMAL 180.339913 PG/G_DRYWT 289 N
LPX-SD-4501 0 0.5 4,4'-DDE 41.19796954 NG/G_DRY J 6 Y 3.0 2.8 93 2.5 2.7
LPX-SD-4501 0 0.5 2,3,7,8-TCDD 5268.07 PG/G_DRYWT 14.7 Y
LPX-SD-4501 0 0.5 4,4'-DDD 17.69543147 NG/G_DRY 8.4 Y
LPX-SD-4501 0 0.5 Aluminum 8680 mg/Kg 8210 Y
LPX-SD-4501 0 0.5 Aroclor 1254 1653.928934 NG/G_DRY 150 Y
LPX-SD-4501 0 0.5 Aroclor 1268 53.32994924 NG/G_DRY U 140 -
LPX-SD-4501 0 0.5 Arsenic 5.3 mg/Kg U 3.9 -
LPX-SD-4501 0 0.5 Barium 159 mg/Kg 134 Y
LPX-SD-4501 0 0.5 Benzo(a)pyrene 3164.812183 NG/G_DRY 1400 Y
LPX-SD-4501 0 0.5 Dibenz(a,h)anthracene 905.928934 NG/G_DRY 970 N
LPX-SD-4501 0 0.5 dieldrin 0.527918782 NG/G_DRY U 2.6 -
LPX-SD-4501 0 0.5 Selenium 3.6 mg/Kg UJ 1.1 -
LPX-SD-4501 0 0.5 Technical Chlordane 236.8832487 NG/G_DRY 400 N
LPX-SD-4501 0 0.5 TEQ-MAMMAL 5334.906764 PG/G_DRYWT 289 Y
LPX-SD-4501 0 0.5 TOTAL AROCLOR 1653.928934 NG/G_DRY 210 Y
LPX-SD-4501 0 0.5 Vanadium 20.3 mg/Kg 37.6 N
LPX-SD-4501 0 0.5 Zinc 471 mg/Kg 221 Y
LPX-SD-4501 1.2 1.3 2,3,7,8-TCDD 407.99 PG/G_DRYWT 14.7 Y
LPX-SD-4501 1.2 1.3 TEQ-MAMMAL 544.038775 PG/G_DRYWT 289 Y
LPX-SD-4501 2.4 2.5 2,3,7,8-TCDD 0.39 PG/G_DRYWT 14.7 N
LPX-SD-4501 2.4 2.5 TEQ-MAMMAL 0.6542905 PG/G_DRYWT 289 N
LPX-SD-4502 0 0.5 Aroclor 1268 28.95 NG/G_DRY U 140 - 6.0 5.6 93 2.5 2.7
LPX-SD-4502 0 0.5 2,3,7,8-TCDD 3072.49 PG/G_DRYWT 14.7 Y
LPX-SD-4502 0 0.5 4,4'-DDD 10.02 NG/G_DRY 8.4 Y
LPX-SD-4502 0 0.5 4,4'-DDE 17.58 NG/G_DRY 6 Y
LPX-SD-4502 0 0.5 Aluminum 12200 mg/Kg 8210 Y
LPX-SD-4502 0 0.5 Aroclor 1254 968.92 NG/G_DRY 150 Y
LPX-SD-4502 0 0.5 Arsenic 8.6 mg/Kg U 3.9 -
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Table G-4. Comparison of Lyman Mill Reach Sediment Data to Cleanup Goals, Vertical Extent of Remediation Footprint 
(Sorted by Boring, Depth Interval, and Parameter)
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LPX-SD-4502 0 0.5 Barium 157 mg/Kg 134 Y
LPX-SD-4502 0 0.5 Benzo(a)pyrene 1928.66 NG/G_DRY 1400 Y
LPX-SD-4502 0 0.5 Dibenz(a,h)anthracene 492.39 NG/G_DRY 970 N
LPX-SD-4502 0 0.5 dieldrin 0.28 NG/G_DRY U 2.6 -
LPX-SD-4502 0 0.5 Selenium 3.3 mg/Kg UJ 1.1 -
LPX-SD-4502 0 0.5 Technical Chlordane 135 NG/G_DRY 400 N
LPX-SD-4502 0 0.5 TEQ-MAMMAL 3105.994569 PG/G_DRYWT 289 Y
LPX-SD-4502 0 0.5 TOTAL AROCLOR 968.92 NG/G_DRY 210 Y
LPX-SD-4502 0 0.5 Vanadium 29.6 mg/Kg 37.6 N
LPX-SD-4502 0 0.5 Zinc 320 mg/Kg 221 Y
LPX-SD-4502 1.2 1.3 2,3,7,8-TCDD 2490.87 PG/G_DRYWT 14.7 Y
LPX-SD-4502 1.2 1.3 TEQ-MAMMAL 2536.846501 PG/G_DRYWT 289 Y
LPX-SD-4502 2.4 2.5 2,3,7,8-TCDD 30.39 PG/G_DRYWT 14.7 Y Concentration <3x 


cleanup goal
LPX-SD-4502 2.4 2.5 TEQ-MAMMAL 36.078335 PG/G_DRYWT 289 N
LPX-SD-4503 0 0.5 Aroclor 1268 48.42 NG/G_DRY U 140 - 5.5 5.0 91 2.5 2.8
LPX-SD-4503 0 0.5 2,3,7,8-TCDD 3902.84 PG/G_DRYWT 14.7 Y
LPX-SD-4503 0 0.5 4,4'-DDD 15.26 NG/G_DRY 8.4 Y
LPX-SD-4503 0 0.5 4,4'-DDE 26.88 NG/G_DRY 6 Y
LPX-SD-4503 0 0.5 Aluminum 10000 mg/Kg 8210 Y
LPX-SD-4503 0 0.5 Aroclor 1254 1443.8 NG/G_DRY 150 Y
LPX-SD-4503 0 0.5 Arsenic 6.5 mg/Kg U 3.9 -
LPX-SD-4503 0 0.5 Barium 183 mg/Kg 134 Y
LPX-SD-4503 0 0.5 Benzo(a)pyrene 2838.32 NG/G_DRY 1400 Y
LPX-SD-4503 0 0.5 Dibenz(a,h)anthracene 725.08 NG/G_DRY 970 N
LPX-SD-4503 0 0.5 dieldrin 0.48 NG/G_DRY U 2.6 -
LPX-SD-4503 0 0.5 Selenium 3.2 mg/Kg UJ 1.1 -
LPX-SD-4503 0 0.5 Technical Chlordane 188.35 NG/G_DRY 400 N
LPX-SD-4503 0 0.5 TEQ-MAMMAL 3945.456522 PG/G_DRYWT 289 Y
LPX-SD-4503 0 0.5 TOTAL AROCLOR 1443.8 NG/G_DRY 210 Y
LPX-SD-4503 0 0.5 Vanadium 24.2 mg/Kg 37.6 N
LPX-SD-4503 0 0.5 Zinc 439 mg/Kg 221 Y
LPX-SD-4503 1.2 1.3 2,3,7,8-TCDD 3273.61 PG/G_DRYWT 14.7 Y
LPX-SD-4503 1.2 1.3 TEQ-MAMMAL 3321.23807 PG/G_DRYWT 289 Y
LPX-SD-4503 2.4 2.5 2,3,7,8-TCDD 31.73 PG/G_DRYWT 14.7 Y Concentration <3x 


cleanup goal
LPX-SD-4503 2.4 2.5 TEQ-MAMMAL 35.049704 PG/G_DRYWT 289 N
LPX-SD-4504 0 0.5 4,4'-DDD 19.84 NG/G_DRY J 8.4 Y 3.5 3.1 89 2.5 2.7
LPX-SD-4504 0 0.5 2,3,7,8-TCDD 5678.72 PG/G_DRYWT 14.7 Y
LPX-SD-4504 0 0.5 4,4'-DDE 45.04 NG/G_DRY J 6 Y
LPX-SD-4504 0 0.5 Aluminum 11900 mg/Kg 8210 Y
LPX-SD-4504 0 0.5 Aroclor 1254 1316.14 NG/G_DRY J 150 Y
LPX-SD-4504 0 0.5 Aroclor 1268 37.28 NG/G_DRY U 140 -
LPX-SD-4504 0 0.5 Arsenic 7 mg/Kg U 3.9 -
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Table G-4. Comparison of Lyman Mill Reach Sediment Data to Cleanup Goals, Vertical Extent of Remediation Footprint 
(Sorted by Boring, Depth Interval, and Parameter)
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LPX-SD-4504 0 0.5 Barium 313 mg/Kg 134 Y
LPX-SD-4504 0 0.5 Benzo(a)pyrene 3075.13 NG/G_DRY 1400 Y
LPX-SD-4504 0 0.5 Dibenz(a,h)anthracene 806.3 NG/G_DRY 970 N
LPX-SD-4504 0 0.5 dieldrin 0.37 NG/G_DRY U 2.6 -
LPX-SD-4504 0 0.5 Selenium 3.1 mg/Kg UJ 1.1 -
LPX-SD-4504 0 0.5 Technical Chlordane 229.58 NG/G_DRY J 400 N
LPX-SD-4504 0 0.5 TEQ-MAMMAL 5736.031014 PG/G_DRYWT 289 Y
LPX-SD-4504 0 0.5 TOTAL AROCLOR 1316.14 NG/G_DRY 210 Y
LPX-SD-4504 0 0.5 Vanadium 31.2 mg/Kg 37.6 N
LPX-SD-4504 0 0.5 Zinc 507 mg/Kg 221 Y
LPX-SD-4504 1.2 1.3 2,3,7,8-TCDD 4339.53 PG/G_DRYWT 14.7 Y
LPX-SD-4504 1.2 1.3 TEQ-MAMMAL 4398.625987 PG/G_DRYWT 289 Y
LPX-SD-4504 2.4 2.5 2,3,7,8-TCDD 41.02 PG/G_DRYWT 14.7 Y Concentration <3x 


cleanup goal
LPX-SD-4504 2.4 2.5 TEQ-MAMMAL 129.94491 PG/G_DRYWT 289 N
LPX-SD-4506 0 0.5 2,3,7,8-TCDD 12352.61 PG/G_DRYWT J 14.7 Y 6.9 6.6 96 2.5 2.6
LPX-SD-4506 0 0.5 4,4'-DDD 24.29 NG/G_DRY J 8.4 Y
LPX-SD-4506 0 0.5 4,4'-DDE 46.16 NG/G_DRY J 6 Y
LPX-SD-4506 0 0.5 Aluminum 8190 mg/Kg 8210 N
LPX-SD-4506 0 0.5 Aroclor 1254 1394.73 NG/G_DRY J 150 Y
LPX-SD-4506 0 0.5 Aroclor 1268 31.58 NG/G_DRY U 140 -
LPX-SD-4506 0 0.5 Arsenic 5 mg/Kg U 3.9 -
LPX-SD-4506 0 0.5 Barium 170 mg/Kg 134 Y
LPX-SD-4506 0 0.5 Benzo(a)pyrene 2477.65 NG/G_DRY 1400 Y
LPX-SD-4506 0 0.5 Dibenz(a,h)anthracene 664.99 NG/G_DRY 970 N
LPX-SD-4506 0 0.5 dieldrin 0.31 NG/G_DRY U 2.6 -
LPX-SD-4506 0 0.5 Selenium 2.9 mg/Kg UJ 1.1 -
LPX-SD-4506 0 0.5 Technical Chlordane 191.33 NG/G_DRY J 400 N
LPX-SD-4506 0 0.5 TEQ-MAMMAL 12392.80874 PG/G_DRYWT 289 Y
LPX-SD-4506 0 0.5 TOTAL AROCLOR 1394.73 NG/G_DRY 210 Y
LPX-SD-4506 0 0.5 Vanadium 22.1 mg/Kg 37.6 N
LPX-SD-4506 0 0.5 Zinc 360 mg/Kg 221 Y
LPX-SD-4506 1.2 1.3 2,3,7,8-TCDD 3314.41 PG/G_DRYWT 14.7 Y
LPX-SD-4506 1.2 1.3 TEQ-MAMMAL 3350.220411 PG/G_DRYWT 289 Y
LPX-SD-4506 2.4 2.5 2,3,7,8-TCDD 9.65 PG/G_DRYWT U 14.7 -
LPX-SD-4506 2.4 2.5 TEQ-MAMMAL 20.153346 PG/G_DRYWT 289 N
LPX-SD-4507 0 0.5 Aroclor 1268 28.22 NG/G_DRY U 140 - 6.3 5.9 94 2.5 2.7
LPX-SD-4507 0 0.5 2,3,7,8-TCDD 2148.7 PG/G_DRYWT 14.7 Y
LPX-SD-4507 0 0.5 4,4'-DDD 7.97 NG/G_DRY 8.4 N
LPX-SD-4507 0 0.5 4,4'-DDE 12.59 NG/G_DRY 6 Y
LPX-SD-4507 0 0.5 Aluminum 11500 mg/Kg 8210 Y
LPX-SD-4507 0 0.5 Aroclor 1254 998.85 NG/G_DRY 150 Y
LPX-SD-4507 0 0.5 Arsenic 14.3 mg/Kg 3.9 Y
LPX-SD-4507 0 0.5 Barium 151 mg/Kg 134 Y
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Table G-4. Comparison of Lyman Mill Reach Sediment Data to Cleanup Goals, Vertical Extent of Remediation Footprint 
(Sorted by Boring, Depth Interval, and Parameter)


BORING TO
P_


O
F_


SA
M


P
LE


 (f
t)


B
O


TT
O


M
_O


F_
S


A
M


PL
E 


(ft
)


PARAMETER LAB_RESULT UNITS QUAL
Cleanup Goal 


(RG)


Above 
Cleanup 


Goal 
(Y/N) (a)


Total 
Penetration 


(ft) Recovery
Recovery 
Percent


Depth (ft) 
in Core 
Sample 


to 
Cleanup 


Goal


In-situ 
Depth (ft) 


for 
Removal Comment


LPX-SD-4507 0 0.5 Benzo(a)pyrene 1855.61 NG/G_DRY 1400 Y
LPX-SD-4507 0 0.5 Dibenz(a,h)anthracene 483.3 NG/G_DRY 970 N
LPX-SD-4507 0 0.5 dieldrin 0.28 NG/G_DRY U 2.6 -
LPX-SD-4507 0 0.5 Selenium 2.9 mg/Kg UJ 1.1 -
LPX-SD-4507 0 0.5 Technical Chlordane 136.09 NG/G_DRY 400 N
LPX-SD-4507 0 0.5 TEQ-MAMMAL 2171.539413 PG/G_DRYWT 289 Y
LPX-SD-4507 0 0.5 TOTAL AROCLOR 998.85 NG/G_DRY 210 Y
LPX-SD-4507 0 0.5 Vanadium 33.4 mg/Kg 37.6 N
LPX-SD-4507 0 0.5 Zinc 311 mg/Kg 221 Y
LPX-SD-4507 1.2 1.3 2,3,7,8-TCDD 5246.28 PG/G_DRYWT 14.7 Y
LPX-SD-4507 1.2 1.3 TEQ-MAMMAL 5300.181995 PG/G_DRYWT 289 Y
LPX-SD-4507 2.4 2.5 2,3,7,8-TCDD 7.73 PG/G_DRYWT 14.7 N
LPX-SD-4507 2.4 2.5 TEQ-MAMMAL 10.616498 PG/G_DRYWT 289 N
LPX-SD-4508 0 0.5 4,4'-DDD 14.76 NG/G_DRY J 8.4 Y 4.0 3.8 95 2.5 2.6
LPX-SD-4508 0 0.5 2,3,7,8-TCDD 1143.84 PG/G_DRYWT 14.7 Y
LPX-SD-4508 0 0.5 4,4'-DDE 17.71 NG/G_DRY J 6 Y
LPX-SD-4508 0 0.5 Aluminum 5450 mg/Kg 8210 N
LPX-SD-4508 0 0.5 Aroclor 1254 496.31 NG/G_DRY J 150 Y
LPX-SD-4508 0 0.5 Aroclor 1268 24.46 NG/G_DRY U 140 -
LPX-SD-4508 0 0.5 Arsenic 3 mg/Kg U 3.9 -
LPX-SD-4508 0 0.5 Barium 80.7 mg/Kg 134 N
LPX-SD-4508 0 0.5 Benzo(a)pyrene 4770.77 NG/G_DRY 1400 Y
LPX-SD-4508 0 0.5 Dibenz(a,h)anthracene 1225.58 NG/G_DRY 970 Y
LPX-SD-4508 0 0.5 dieldrin 0.24 NG/G_DRY U 2.6 -
LPX-SD-4508 0 0.5 Selenium 2.4 mg/Kg UJ 1.1 -
LPX-SD-4508 0 0.5 Technical Chlordane 428.8 NG/G_DRY J 400 Y
LPX-SD-4508 0 0.5 TEQ-MAMMAL 1201.423584 PG/G_DRYWT 289 Y
LPX-SD-4508 0 0.5 TOTAL AROCLOR 496.31 NG/G_DRY 210 Y
LPX-SD-4508 0 0.5 Vanadium 13.4 mg/Kg 37.6 N
LPX-SD-4508 0 0.5 Zinc 220 mg/Kg 221 N
LPX-SD-4508 1.2 1.3 2,3,7,8-TCDD 142.47 PG/G_DRYWT 14.7 Y
LPX-SD-4508 1.2 1.3 TEQ-MAMMAL 144.926097 PG/G_DRYWT 289 N
LPX-SD-4508 2.4 2.5 2,3,7,8-TCDD 0.56 PG/G_DRYWT 14.7 N
LPX-SD-4508 2.4 2.5 TEQ-MAMMAL 0.6797685 PG/G_DRYWT 289 N
LPX-SD-4509 0 0.5 Aroclor 1268 34.44 NG/G_DRY U 140 - 4.2 3.9 93 2.5 2.7
LPX-SD-4509 0 0.5 2,3,7,8-TCDD 10117.51 PG/G_DRYWT 14.7 Y
LPX-SD-4509 0 0.5 4,4'-DDD 26.45 NG/G_DRY 8.4 Y
LPX-SD-4509 0 0.5 4,4'-DDE 33.55 NG/G_DRY 6 Y
LPX-SD-4509 0 0.5 Aluminum 11500 mg/Kg 8210 Y
LPX-SD-4509 0 0.5 Aroclor 1254 2574.34 NG/G_DRY 150 Y
LPX-SD-4509 0 0.5 Arsenic 8.6 mg/Kg U 3.9 -
LPX-SD-4509 0 0.5 Barium 255 mg/Kg 134 Y
LPX-SD-4509 0 0.5 Benzo(a)pyrene 3354.69 NG/G_DRY 1400 Y
LPX-SD-4509 0 0.5 Dibenz(a,h)anthracene 882.74 NG/G_DRY 970 N
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Appendix G


Table G-4. Comparison of Lyman Mill Reach Sediment Data to Cleanup Goals, Vertical Extent of Remediation Footprint 
(Sorted by Boring, Depth Interval, and Parameter)


BORING TO
P_


O
F_


SA
M


P
LE


 (f
t)


B
O


TT
O


M
_O


F_
S


A
M


PL
E 


(ft
)


PARAMETER LAB_RESULT UNITS QUAL
Cleanup Goal 


(RG)


Above 
Cleanup 


Goal 
(Y/N) (a)


Total 
Penetration 


(ft) Recovery
Recovery 
Percent


Depth (ft) 
in Core 
Sample 


to 
Cleanup 


Goal


In-situ 
Depth (ft) 


for 
Removal Comment


LPX-SD-4509 0 0.5 dieldrin 0.34 NG/G_DRY U 2.6 -
LPX-SD-4509 0 0.5 Selenium 3 mg/Kg UJ 1.1 -
LPX-SD-4509 0 0.5 Technical Chlordane 249.99 NG/G_DRY 400 N
LPX-SD-4509 0 0.5 TEQ-MAMMAL 10164.58553 PG/G_DRYWT 289 Y
LPX-SD-4509 0 0.5 TOTAL AROCLOR 2574.34 NG/G_DRY 210 Y
LPX-SD-4509 0 0.5 Vanadium 39 mg/Kg 37.6 Y
LPX-SD-4509 0 0.5 Zinc 754 mg/Kg 221 Y
LPX-SD-4509 1.2 1.3 2,3,7,8-TCDD 184.3 PG/G_DRYWT 14.7 Y
LPX-SD-4509 1.2 1.3 TEQ-MAMMAL 190.613781 PG/G_DRYWT 289 N
LPX-SD-4509 2.4 2.5 2,3,7,8-TCDD 1.37 PG/G_DRYWT 14.7 N
LPX-SD-4509 2.4 2.5 TEQ-MAMMAL 2.1670145 PG/G_DRYWT 289 N
LPX-SD-4510 0 0.5 2,3,7,8-TCDD 45673.11 PG/G_DRYWT J 14.7 Y 3.5 3.3 94 2.5 2.7
LPX-SD-4510 0 0.5 4,4'-DDD 17.63 NG/G_DRY J 8.4 Y
LPX-SD-4510 0 0.5 4,4'-DDE 25.82 NG/G_DRY J 6 Y
LPX-SD-4510 0 0.5 Aluminum 7740 mg/Kg 8210 N
LPX-SD-4510 0 0.5 Aroclor 1254 2026.85 NG/G_DRY J 150 Y
LPX-SD-4510 0 0.5 Aroclor 1268 33.95 NG/G_DRY U 140 -
LPX-SD-4510 0 0.5 Arsenic 4.8 mg/Kg U 3.9 -
LPX-SD-4510 0 0.5 Barium 178 mg/Kg 134 Y
LPX-SD-4510 0 0.5 Benzo(a)pyrene 3655.68 NG/G_DRY 1400 Y
LPX-SD-4510 0 0.5 Dibenz(a,h)anthracene 1032.73 NG/G_DRY 970 Y
LPX-SD-4510 0 0.5 dieldrin 0.33 NG/G_DRY U 2.6 -
LPX-SD-4510 0 0.5 Selenium 2.9 mg/Kg UJ 1.1 -
LPX-SD-4510 0 0.5 Technical Chlordane 266.22 NG/G_DRY J 400 N
LPX-SD-4510 0 0.5 TEQ-MAMMAL 45738.63691 PG/G_DRYWT 289 Y
LPX-SD-4510 0 0.5 TOTAL AROCLOR 2026.85 NG/G_DRY 210 Y
LPX-SD-4510 0 0.5 Vanadium 20.8 mg/Kg 37.6 N
LPX-SD-4510 0 0.5 Zinc 462 mg/Kg 221 Y
LPX-SD-4510 1.2 1.3 2,3,7,8-TCDD 23636.51 PG/G_DRYWT J 14.7 Y
LPX-SD-4510 1.2 1.3 TEQ-MAMMAL 23846.38231 PG/G_DRYWT 289 Y
LPX-SD-4510 2.4 2.5 2,3,7,8-TCDD 8.14 PG/G_DRYWT U 14.7 -
LPX-SD-4510 2.4 2.5 TEQ-MAMMAL 170.954218 PG/G_DRYWT 289 N
SD-12 0 1 2,3,7,8-TCDD 19.16 NG/KG J 14.7 Y N/A N/A N/A 1 1 Surface data only
SD-12 0 1 4,4'-DDD 4.1 UG/KG U 8.4 -
SD-12 0 1 4,4'-DDE 4.1 UG/KG U 6 -
SD-12 0 1 Aroclor, Total 83 UG/KG U 210 -
SD-12 0 1 Aroclor-1254 41 UG/KG U 150 -
SD-12 0 1 Benzo(a)pyrene 410 UG/KG U 1400 -
SD-12 0 1 Dibenzo(a,h)anthracene 410 UG/KG U 970 -
SD-12 0 1 Dieldrin 1.4 UG/KG J, EB 2.6 N
SD-12 0 1 N-nitroso-di-n-propylamine 410 UG/KG U 456 -
SD-12 0 1 TEQ-MAMMAL 20.4226005 NG/KG 289 N
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Appendix G


Table G-4. Comparison of Lyman Mill Reach Sediment Data to Cleanup Goals, Vertical Extent of Remediation Footprint 
(Sorted by Boring, Depth Interval, and Parameter)


BORING TO
P_


O
F_


SA
M


P
LE


 (f
t)


B
O


TT
O


M
_O


F_
S


A
M


PL
E 


(ft
)


PARAMETER LAB_RESULT UNITS QUAL
Cleanup Goal 


(RG)


Above 
Cleanup 


Goal 
(Y/N) (a)


Total 
Penetration 


(ft) Recovery
Recovery 
Percent


Depth (ft) 
in Core 
Sample 


to 
Cleanup 


Goal


In-situ 
Depth (ft) 


for 
Removal Comment


SD-14 0 0.5 2,3,7,8-TCDD 28.86 NG/KG J 14.7 Y N/A N/A N/A 0.5 0.5 Surface data only; 
concentration 2x 
cleanup goal


SD-14 0 0.5 4,4'-DDD 4.1 UG/KG 8.4 N
SD-14 0 0.5 4,4'-DDE 3.6 UG/KG J 6 N
SD-14 0 0.5 Aroclor, Total 79 UG/KG U 210 -
SD-14 0 0.5 Aroclor-1254 39 UG/KG U 150 -
SD-14 0 0.5 Benzo(a)pyrene 940 UG/KG 1400 N
SD-14 0 0.5 Dibenzo(a,h)anthracene 140 UG/KG J 970 N
SD-14 0 0.5 Dieldrin 3.9 UG/KG U 2.6 -
SD-14 0 0.5 N-nitroso-di-n-propylamine 390 UG/KG U 456 -
SD-14 0 0.5 TEQ-MAMMAL 30.3352585 NG/KG 289 N
SD-15 0 0.5 4,4'-DDE 0.31 UG/KG J 6 N N/A N/A N/A 0.5 0.5 Surface data only
SD-15 0 0.5 2,3,7,8-TCDD 0.7 NG/KG UJ 14.7 -
SD-15 0 0.5 4,4'-DDD 4 UG/KG U 8.4 -
SD-15 0 0.5 Aroclor, Total 82 UG/KG U 210 -
SD-15 0 0.5 Aroclor-1254 40 UG/KG U 150 -
SD-15 0 0.5 Dieldrin 4 UG/KG U 2.6 -
SD-15 0 0.5 TEQ-MAMMAL 0.890753 NG/KG 289 N
SD-19 0 0.25 2,3,7,8-TCDD 18.11 NG/KG J 14.7 Y N/A N/A N/A 0.25 0.25 Surface data only; 


concentration <2x 
cleanup goal


SD-19 0 0.25 4,4'-DDD 4.2 UG/KG U 8.4 -
SD-19 0 0.25 4,4'-DDE 1.3 UG/KG J 6 N
SD-19 0 0.25 Aroclor, Total 86 UG/KG U 210 -
SD-19 0 0.25 Aroclor-1254 42 UG/KG U 150 -
SD-19 0 0.25 Dieldrin 2.2 UG/KG U 2.6 -
SD-19 0 0.25 TEQ-MAMMAL 20.3028435 NG/KG 289 N


Notes
(a) Non-detects (U and UJ qualified data) not used to determine proposed areas for cleanup.
(b) Field logs do not document Penetration or Recovery; assume Recovery Percent = 100% and that In-situ Depth for Removal = Depth in Core Sample to Cleanup Goal Level
(c) Penetration depth not recorded in project file; minimum 'Recovery Percent' (89%) from the March 2005 sediment core study was used to estimate Total Penetration
Total Penetration = sediment core penetration depth
Recovery = 
Recovery Percent = (Recovery / Total Penetration) * 100
Depth in Core Sample to Cleanup Goal Level = discrete depth interval at which contaminant concentrations are below the Cleanup Goal
In-situ Depth for Removal = (Depth in Core Sample to Cleanup Goal Level) * (Total Penetration / Recovery)


Shading represents the first record within each boring-specific dataset; removal depth information is reported by boring.
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Appendix G
Table G-5. Evaluation of Cleanup Scenarios for Allendale Reach Sediment (using Cleanup Goal for 2,3,7,8-TCDD)


Supporting Data for Figure G-1


Contour Line
Concentration 


Range
Contour 
Area (ft2)


% Contour 
Area


Average 2,3,7,8-
TCDD (ng/kg), by 


Contour


Weighted 
Average, by 


Contour


Average 2,3,7,8-
TCDD (ng/kg), by 


Contour
Weighted Average, 


by Contour


Average 2,3,7,8-
TCDD (ng/kg), by 


Contour
Weighted Average, 


by Contour


Average 2,3,7,8-
TCDD (ng/kg), by 


Contour
Weighted Average, 


by Contour
500 0 - 500 96,825 14% 153 22 153 22 153 22 153 22
1000 500 - 1000 81,411 12% 722 86 722 86 722 86 722 86
2000 1000 - 2000 134,329 20% 1510 295 1510 295 1510 295 1510 295
3000 2000 - 3000 82,211 12% 2546 305 2546 305 2546 305 2546 305
5000 3000 - 5000 86,981 13% 4119 522 4119 522 4119 522 14.7 1.9
10000 5000 -10000 117,106 17% 7510 1281 7510 1281 14.7 2.5 14.7 2.5
>10000 >10000 87,749 13% 25833 3301 14.7 1.9 14.7 1.9 14.7 1.9


Pond Area: 686,611
Surface weighted average 5812 2512 1234 714


Percent Pond cleaned up to background 0% 13% 30% 43%


Contour Line
Concentration 


Range
Contour 
Area (ft2)


% Contour 
Area


Average 2,3,7,8-
TCDD (ng/kg), by 


Contour


Weighted 
Average, by 


Contour


Average 2,3,7,8-
TCDD (ng/kg), by 


Contour
Weighted Average, 


by Contour


Average 2,3,7,8-
TCDD (ng/kg), by 


Contour
Weighted Average, 


by Contour


Average 2,3,7,8-
TCDD (ng/kg), by 


Contour
Weighted Average, 


by Contour
500 0 - 500 96,825 14% 153 22 153 22 153 22 153 22
1000 500 - 1000 81,411 12% 722 86 722 86 722 86 14.7 1.7
2000 1000 - 2000 134,329 20% 1510 295 1510 295 14.7 2.9 14.7 2.9
3000 2000 - 3000 82,211 12% 2546 305 14.7 1.8 14.7 1.8 14.7 1.8
5000 3000 - 5000 86,981 13% 4119 522 14.7 1.9 14.7 1.9 14.7 1.9
10000 5000 -10000 117,106 17% 7510 1281 14.7 2.5 14.7 2.5 14.7 2.5
>10000 >10000 87,749 13% 25833 3301 14.7 1.9 14.7 1.9 14.7 1.9


Pond Area: 686,611
Surface weighted average 5812 411 118 34


Percent Pond cleaned up to background n/a 54% 74% 86%


Contour Line
Concentration 


Range
Contour 
Area (ft2)


% Contour 
Area


Average 2,3,7,8-
TCDD (ng/kg), by 


Contour


Weighted 
Average, by 


Contour


Average 2,3,7,8-
TCDD (ng/kg), by 


Contour
Weighted Average, 


by Contour
500 0 - 500 96,825 14% 153 22 14.7 2.1
1000 500 - 1000 81,411 12% 722 86 14.7 1.7
2000 1000 - 2000 134,329 20% 1510 295 14.7 2.9
3000 2000 - 3000 82,211 12% 2546 305 14.7 1.8
5000 3000 - 5000 86,981 13% 4119 522 14.7 1.9
10000 5000 -10000 117,106 17% 7510 1281 14.7 2.5
>10000 >10000 87,749 13% 25833 3301 14.7 1.9


Pond Area: 686,611
Surface weighted average 5812 15


Percent Pond cleaned up to background n/a 100%


Notes
1. Background Concentration = 14.7 ng/kg 2,3,7,8-TCDD (data source: Interim Final PRG report)
2. Average TCDD concentration by Contour = arithmetic mean of all sample data within given Contour
3. Weighted Average = (Average TCDD by Contour) * (% of Pond area for given Contour)
4. Surface weighted average = sum of the Weighted Average data across all Contours
5. Assume cleanup to background results in background concentration of 14.7 ng/kg (from PRG report)
6. Pond Area (ft2) was determined using a 3D Grid Calculations program, and is slightly higher (within approximately 2%) compared to areas determined using AutoCAD (Section 3.0 of this FS).


Existing Data Option 1 - Cleanup to background >10,000 
contour


Option 2 - Cleanup to background >10000 
contour & 10,000 contours


Option 3 - Cleanup to background >10000 
contour, 10,000 and 5000 contours


Existing Data Option 7 - Cleanup to background, all 
contours


Existing Data Option 4 - Cleanup to background >10000 
contour, 10,000; 5000; and 3000 contours


Option 5 - Cleanup to background >10000 
contour, 10,000; 5000; 3000; and 2000 


contours


Option 6 - Cleanup to background all 
contours except 500
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Appendix G
Table G-6. Evaluation of Cleanup Scenarios for Lyman Mill Reach Sediment (using Cleanup Goal for 2,3,7,8-TCDD)


Supporting Data for Figure G-2


Contour Line
Concentration 


Range
Contour 
Area (ft2)


% Contour 
Area


Average 2,3,7,8-
TCDD (ng/kg), by 


Contour


Weighted 
Average, by 


Contour


Average 2,3,7,8-
TCDD (ng/kg), by 


Contour
Weighted Average, 


by Contour


Average 2,3,7,8-
TCDD (ng/kg), by 


Contour
Weighted Average, 


by Contour


Average 2,3,7,8-
TCDD (ng/kg), by 


Contour
Weighted Average, 


by Contour
500 0 - 500 150,224 14% 170 24 170 24 170 24 170 24
1000 500 - 1000 103,008 10% 677 67 677 67 677 67 677 67
2000 1000 - 2000 127,248 12% 1437 175 1437 175 1437 175 1437 175
3000 2000 - 3000 113,456 11% 2403 262 2403 262 2403 262 2403 262
5000 3000 - 5000 211,568 20% 3884 788 3884 788 3884 788 14.7 3.0
10000 5000 -10000 250,096 24% 6404 1536 6404 1536 14.7 3.5 14.7 3.5
>10000 >10000 86,880 8% 22714 1893 15 1.2 14.7 1.2 14.7 1.2


Pond Area: 1,042,480
Surface weighted average 4746 2854 1321 536


Percent Pond cleaned up to background 0.0% 8.3% 32.3% 52.6%


Contour Line
Concentration 


Range
Contour 
Area (ft2)


% Contour 
Area


Average 2,3,7,8-
TCDD (ng/kg), by 


Contour


Weighted 
Average, by 


Contour


Average 2,3,7,8-
TCDD (ng/kg), by 


Contour
Weighted Average, 


by Contour


Average 2,3,7,8-
TCDD (ng/kg), by 


Contour
Weighted Average, 


by Contour


Average 2,3,7,8-
TCDD (ng/kg), by 


Contour
Weighted Average, 


by Contour
500 0 - 500 150,224 14% 170 24 170 24 170 24 170 24
1000 500 - 1000 103,008 10% 677 67 677 67 677 67 14.7 1.5
2000 1000 - 2000 127,248 12% 1437 175 1437 175 14.7 1.8 14.7 1.8
3000 2000 - 3000 113,456 11% 2403 262 14.7 1.6 14.7 1.6 14.7 1.6
5000 3000 - 5000 211,568 20% 3884 788 14.7 3.0 14.7 3.0 14.7 3.0
10000 5000 -10000 250,096 24% 6404 1536 14.7 3.5 14.7 3.5 14.7 3.5
>10000 >10000 86,880 8% 22714 1893 14.7 1.2 14.7 1.2 14.7 1.2


Pond Area: 1,042,480
Surface weighted average 4746 276 102 37


Percent Pond cleaned up to background 0.0% 63.5% 75.7% 85.6%


Contour Line
Concentration 


Range
Contour 
Area (ft2)


% Contour 
Area


Average 2,3,7,8-
TCDD (ng/kg), by 


Contour


Weighted 
Average, by 


Contour


Average 2,3,7,8-
TCDD (ng/kg), by 


Contour
Weighted Average, 


by Contour
500 0 - 500 150,224 14% 170 24 14.7 2.1
1000 500 - 1000 103,008 10% 677 67 14.7 1.5
2000 1000 - 2000 127,248 12% 1437 175 14.7 1.8
3000 2000 - 3000 113,456 11% 2403 262 14.7 1.6
5000 3000 - 5000 211,568 20% 3884 788 14.7 3.0
10000 5000 -10000 250,096 24% 6404 1536 14.7 3.5
>10000 >10000 86,880 8% 22714 1893 14.7 1.2


Pond Area: 1,042,480
Surface weighted average 4746 14.7


Percent Pond cleaned up to background 0.0% 100.0%


Notes
1. Background Concentration = 14.7 ng/kg 2,3,7,8-TCDD (data source: Interim Final PRG report)
2. Average TCDD concentration by Contour = arithmetic mean of all sample data within given Contour
3. Weighted Average = (Average TCDD by Contour) * (% of Pond area for given Contour)
4. Surface weighted average = sum of the Weighted Average data across all Contours
5. Assume cleanup to background results in background concentration of 14.7 ng/kg (from PRG report)
6. Pond Area (ft2) was determined using a 3D Grid Calculations program, and is slightly higher (within approximately 2%) compared to areas determined using AutoCAD (Section 3.0 of this FS).


Existing Data Option 1 - Cleanup to background >10,000 
contour


Option 2 - Cleanup to background >10000 
contour & 10,000 contours


Option 3 - Cleanup to background >10000 
contour, 10,000 and 5000 contours


Existing Data Option  - Cleanup to background all 
contours


Existing Data Option 4 - Cleanup to background >10000 
contour, 10,000; 5000; and 3000 contours


Option 5 - Cleanup to background >10000 
contour, 10,000; 5000; 3000; and 2000 


contours


Option 6 - Cleanup to background all 
contours except 500
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Appendix G


Table G-7.  Comparison of Allendale Reach Floodplain Soil Data to Cleanup Goals, Spatial Extent of Remediation Footprint
(Sorted by Parameter), See Figure G-3


RI_SAMPLE_GROUP BORING TO
P_


O
F_


SA
M


PL
E 


(ft
)


B
O


TT
O


M
_O


F_
SA


M
PL


E 
(ft


) PARAMETER 
(a) LAB_RESULT QUAL UNITS


Cleanup 
Goal


Above 
Cleanup 


Goal (Y/N)
Number 
Values


Number 
Values Above 
Cleanup Goal


% Above 
Cleanup 


Goal
Allendale Soil AP-DEL-20 0 1 TEQ 3.8768 PG/G_DRYWT 50 N 116 49 42% Concentration below TBC
Allendale Soil AP-DEL-20 1 2 TEQ 7.3 PG/G_DRYWT 50 N Concentration below TBC
Allendale Soil AP-DEL-19 0 1 TEQ 1.928 PG/G_DRYWT 50 N Concentration below TBC
Allendale Soil AP-DEL-19 1 2 TEQ 3.1 PG/G_DRYWT 50 N Concentration below TBC
Allendale Soil AP-DEL-18 0 1 TEQ 282.87 PG/G_DRYWT 50 Y In footprint Concentration below TBC
Allendale Soil AP-DEL-18 1 2 TEQ 789.3 PG/G_DRYWT 50 Y In footprint Concentration below TBC
Allendale Soil AP-DEL-17 0 1 TEQ 871.536 PG/G_DRYWT 50 Y In footprint Concentration below TBC
Allendale Soil AP-DEL-16 0 1 TEQ 2.737 PG/G_DRYWT 50 N Concentration below TBC
Allendale Soil AP-DEL-16 1 2 TEQ ND PG/G_DRYWT 50 N Concentration below TBC
Allendale Soil AP-DEL-15 0 1 TEQ 113.328 PG/G_DRYWT 50 Y Not in footprint (1) Concentration below TBC
Allendale Soil AP-DEL-15 1 2 TEQ 3 PG/G_DRYWT 50 N Concentration below TBC
Allendale Soil AP-DEL-14 0 1 TEQ 283.12 PG/G_DRYWT 50 Y In footprint Concentration below TBC
Allendale Soil AP-DEL-14 1 2 TEQ 466.8 PG/G_DRYWT 50 Y In footprint Concentration below TBC
Allendale Soil AP-DEL-13 0 1 TEQ 145.287 PG/G_DRYWT 50 Y Not in footprint (1) Concentration below TBC
Allendale Soil AP-DEL-13 1 2 TEQ 4.1 PG/G_DRYWT 50 N Concentration below TBC
Allendale Soil AP-DEL-12 0 1 TEQ 49.493 PG/G_DRYWT 50 N Concentration below TBC
Allendale Soil AP-DEL-12 1 2 TEQ 47.6 PG/G_DRYWT 50 N Concentration below TBC
Allendale Soil AP-DEL-11 0 1 TEQ 25 PG/G_DRYWT 50 N Concentration below TBC
Allendale Soil AP-DEL-11 1 2 TEQ 4.7 PG/G_DRYWT 50 N Concentration below TBC
Allendale Soil AP-DEL-10 0 1 TEQ 2.593 PG/G_DRYWT 50 N Concentration below TBC
Allendale Soil AP-DEL-10 1 2 TEQ 1.6 PG/G_DRYWT 50 N Concentration below TBC
Allendale Soil AP-DEL-09 0 1 TEQ 0.011 PG/G_DRYWT 50 N Concentration below TBC
Allendale Soil AP-DEL-09 1 2 TEQ 18.5 PG/G_DRYWT 50 N Concentration below TBC
Allendale Soil AP-DEL-08 0 1 TEQ 104.883 PG/G_DRYWT 50 Y Not in footprint (1) Concentration below TBC
Allendale Soil AP-DEL-08 1 2 TEQ 6.9 PG/G_DRYWT 50 N Concentration below TBC
Allendale Soil AP-DEL-07 0 1 TEQ 142.51 PG/G_DRYWT 50 Y In footprint Concentration below TBC
Allendale Soil AP-DEL-07 1 2 TEQ 145.9 PG/G_DRYWT 50 Y In footprint Concentration below TBC
Allendale Soil AP-DEL-06 0 1 TEQ 1.93 PG/G_DRYWT 50 N Concentration below TBC
Allendale Soil AP-DEL-06 1 2 TEQ 6.8 PG/G_DRYWT 50 N Concentration below TBC
Allendale Soil AP-DEL-05 0 1 TEQ 484.26 PG/G_DRYWT 50 Y In footprint Concentration below TBC
Allendale Soil AP-DEL-05 1 2 TEQ 17 PG/G_DRYWT 50 N Concentration below TBC
Allendale soil 03/04-DEL-102 0 2 TEQ 290 NG/KG 50 Y In footprint Concentration below TBC
Allendale soil 03/04-DEL-102 0 2 TEQ 136 NG/KG 50 Y In footprint Concentration below TBC
Allendale soil 04-DEL-100 0 2 TEQ 4 NG/KG 50 N Concentration below TBC
Allendale soil 04-DEL-201 0 2 TEQ 141 NG/KG 50 Y In footprint Concentration below TBC
Allendale soil 04-DEL-202 0 2 TEQ 57 NG/KG 50 Y In footprint Concentration below TBC
Allendale soil 04-DEL-203 0 2 TEQ 311 NG/KG 50 Y In footprint Concentration below TBC
Allendale soil 05-DEL-100 0 2 TEQ 105 NG/KG 50 Y In footprint Concentration below TBC
Allendale soil 05-DEL-200 0 2 TEQ 9 NG/KG 50 N Concentration below TBC
Allendale soil 06-DEL-100 0 2 TEQ 1 NG/KG 50 N Concentration below TBC
Allendale soil 06-DEL-200 0 2 TEQ 0 NG/KG 50 N Concentration below TBC


Comment
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Appendix G


Table G-7.  Comparison of Allendale Reach Floodplain Soil Data to Cleanup Goals, Spatial Extent of Remediation Footprint
(Sorted by Parameter), See Figure G-3


RI_SAMPLE_GROUP BORING TO
P_


O
F_


SA
M


PL
E 


(ft
)


B
O


TT
O


M
_O


F_
SA


M
PL


E 
(ft


) PARAMETER 
(a) LAB_RESULT QUAL UNITS


Cleanup 
Goal


Above 
Cleanup 


Goal (Y/N)
Number 
Values


Number 
Values Above 
Cleanup Goal


% Above 
Cleanup 


Goal Comment
Allendale soil 07-DEL-100 0 2 TEQ 11 NG/KG 50 N Concentration below TBC
Allendale soil 07-DEL-201 0 2 TEQ 432 NG/KG 50 Y Not in footprint (1) Concentration below TBC
Allendale soil 07-DEL-202 0 2 TEQ 98 NG/KG 50 Y Not in footprint (1) Concentration below TBC
Allendale soil 07-DEL-203 0 2 TEQ 406 NG/KG 50 Y Not in footprint (1) Concentration below TBC
Allendale soil 07-DEL-300 0 2 TEQ 3 NG/KG 50 N Concentration below TBC
Allendale soil 07-DEL-400 0 2 TEQ 16 NG/KG 50 N Concentration below TBC
Source Area soil (b) CMS-001 0 0.25 TEQ 26.1 NG/KG 50 N Concentration below TBC
Source Area soil (b) CMS-001 0 0.25 TEQ 19.0 NG/KG 50 N Concentration below TBC
Source Area soil (b) CMS-002 0 0.25 TEQ 125.0 NG/KG 50 Y Not in footprint (1) Concentration below TBC
Source Area soil (b) CMS-003 0 0.25 TEQ 7.8 NG/KG 50 N Concentration below TBC
Source Area soil (b) CMS-004 0 0.25 TEQ 27.1 NG/KG 50 N Concentration below TBC
Source Area soil (b) CMS-004 0 0.25 TEQ 18.6 NG/KG 50 N Concentration below TBC
Source Area soil (b) CMS-005 0 0.25 TEQ 322.0 NG/KG 50 Y In footprint Concentration below TBC
Source Area soil (b) CMS-005 0 0.25 TEQ 166.0 NG/KG 50 Y In footprint Concentration below TBC
Source Area soil (b) CMS-006 0 0.25 TEQ 14.6 NG/KG 50 N Concentration below TBC
Source Area soil (b) CMS-007 0 0.25 TEQ 485.0 NG/KG 50 Y In footprint Concentration below TBC
Source Area soil (b) CMS-008 0 0.25 TEQ 14.9 NG/KG 50 N Concentration below TBC
Source Area soil (b) CMS-009 0 0.25 TEQ 32.2 NG/KG 50 N Concentration below TBC
Source Area soil (b) CMS-010 0 0.25 TEQ 18.9 NG/KG 50 N Concentration below TBC
Source Area soil (b) CMS-011 0 0.25 TEQ 200.0 NG/KG 50 Y In footprint Concentration below TBC
Source Area soil (b) CMS-012 0 0.25 TEQ 151.0 NG/KG 50 Y In footprint Concentration below TBC
Source Area soil (b) CMS-013 0 0.25 TEQ 236.0 NG/KG 50 Y In footprint Concentration below TBC
Source Area soil (b) CMS-014 0 0.25 TEQ 25.6 NG/KG 50 N Concentration below TBC
Source Area soil (b) CMS-015 0 0.25 TEQ 45.5 NG/KG 50 N Concentration below TBC
Source Area soil (b) CMS-016 0 0.25 TEQ 815.0 NG/KG 50 Y In footprint Concentration below TBC
Source Area soil (b) CMS-017 0 0.25 TEQ 302.0 NG/KG 50 Y In footprint Concentration below TBC
Allendale soil CMS-018 0 0.25 TEQ-MAMMAL 38.1 NG/KG 50 N Concentration below TBC
Allendale soil CMS-019 0 1 TEQ-MAMMAL 34.0 NG/KG 50 N Concentration below TBC
Allendale soil CMS-019 0 0.25 TEQ-MAMMAL 1510.0 NG/KG 50 Y In footprint Concentration above TBC
Allendale soil CMS-019 1 2 TEQ 33 NG/KG 50 N Concentration below TBC
Allendale soil CMS-019 1 2 TEQ-MAMMAL 15.5 NG/KG 50 N Concentration below TBC
Allendale soil CMS-019 1 2 TEQ-MAMMAL 4.6 NG/KG 50 N Concentration below TBC
Allendale soil CMS-019 2 3 TEQ-MAMMAL 10.5 NG/KG 50 N Concentration below TBC
Allendale soil CMS-019 3 4 TEQ-MAMMAL 11.5 NG/KG 50 N Concentration below TBC
Allendale soil CMS-184 0 0.25 TEQ-MAMMAL 88.3 NG/KG 50 Y In footprint Concentration below TBC
Allendale soil CMS-185 0 0.25 TEQ-MAMMAL 61.6 NG/KG 50 Y In footprint Concentration below TBC
Allendale soil CMS-189 0 0.25 TEQ-MAMMAL 153.0 NG/KG 50 Y In footprint Concentration below TBC
Allendale soil CMS-197 0 0.25 TEQ-MAMMAL 616.0 NG/KG 50 Y In footprint Concentration below TBC
Allendale soil CMS-418 0 1 TEQ-MAMMAL 240.0 NG/KG 50 Y In footprint Concentration below TBC
Allendale soil CMS-418 1 2 TEQ-MAMMAL 210 NG/KG 50 Y In footprint Concentration below TBC
Allendale soil CMS-446 0 1 TEQ-MAMMAL 60.0 NG/KG 50 Y Not in footprint (2) Concentration below TBC
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Appendix G


Table G-7.  Comparison of Allendale Reach Floodplain Soil Data to Cleanup Goals, Spatial Extent of Remediation Footprint
(Sorted by Parameter), See Figure G-3
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Allendale soil CMS-447 0 1 TEQ-MAMMAL 58.0 NG/KG 50 Y Not in footprint (2) Concentration below TBC
Allendale soil CMS-460 0 1 TEQ-MAMMAL 6.1 NG/KG 50 N Concentration below TBC
Allendale soil CMS-461 0 1 TEQ-MAMMAL 31.3 NG/KG 50 N Concentration below TBC
Allendale soil CMS-462 0 1 TEQ-MAMMAL 34.3 NG/KG 50 N Concentration below TBC
Allendale soil CMS-463 0 1 TEQ-MAMMAL 25.2 NG/KG 50 N Concentration below TBC
Allendale soil CMS-463 0 1 TEQ-MAMMAL 18.1 NG/KG 50 N Concentration below TBC
Allendale soil CMS-464 0 1 TEQ-MAMMAL 13.2 NG/KG 50 N Concentration below TBC
Allendale soil CMS-466 0 1 TEQ-MAMMAL 93.5 NG/KG 50 Y Not in footprint (1) Concentration below TBC
Allendale soil CMS-469 0 1 TEQ-MAMMAL 9.9 NG/KG 50 N Concentration below TBC
Allendale soil CMS-473 0 1 TEQ-MAMMAL 6.8 NG/KG 50 N Concentration below TBC
Allendale soil CMS-474 0 1 TEQ-MAMMAL 77.5 NG/KG 50 Y Not in footprint (2) Concentration below TBC
Allendale soil CMS-474 1 2 TEQ-MAMMAL 107.01887 NG/KG 50 Y Not in footprint (2) Concentration below TBC
Allendale soil CMS-474 2 3 TEQ-MAMMAL 283.0758 NG/KG 50 Y Not in footprint (2) Concentration below TBC
Allendale soil CMS-475 0 1 TEQ-MAMMAL 5.9 NG/KG 50 N Concentration below TBC
Allendale soil CMS-478 0 1 TEQ-MAMMAL 115.2 NG/KG 50 Y In footprint Concentration below TBC
Allendale soil CMS-479 0 1 TEQ-MAMMAL 11.3 NG/KG 50 N Concentration below TBC
Allendale soil CMS-480 0 1 TEQ-MAMMAL 13.5 NG/KG 50 N Concentration below TBC
Allendale soil CMS-485 0 1 TEQ-MAMMAL 42.1 NG/KG 50 N Concentration below TBC
Allendale soil CMS-486 0 1 TEQ-MAMMAL 6.1 NG/KG 50 N Concentration below TBC
Allendale soil CMS-488 0 1 TEQ-MAMMAL 2.5 NG/KG 50 N Concentration below TBC
Allendale soil CMS-491 0 1 TEQ-MAMMAL 13.9 NG/KG 50 N Concentration below TBC
Allendale soil CMS-492 0 1 TEQ-MAMMAL 37.9 NG/KG 50 N Concentration below TBC
Allendale soil CMS-497 0 1 TEQ-MAMMAL 81.8 NG/KG 50 Y In footprint Concentration below TBC
Allendale soil CMS-498 0 1 TEQ-MAMMAL 87.2 NG/KG 50 Y In footprint Concentration below TBC
Allendale soil CMS-499 0 1 TEQ-MAMMAL 93.6 NG/KG 50 Y In footprint Concentration below TBC
Allendale soil RES-14-210-02 0 1 TEQ-MAMMAL 14.6 NG/KG 50 N Concentration below TBC
Allendale soil RES-14-210-03 0 1 TEQ-MAMMAL 15.0 NG/KG 50 N Concentration below TBC
Allendale soil RES-14-365-02 0 1 TEQ-MAMMAL 88.2 NG/KG 50 Y In footprint Concentration below TBC
Allendale soil RES-14-365-03 0 1 TEQ-MAMMAL 105.8 NG/KG 50 Y In footprint Concentration below TBC
Allendale soil RES-14-366-03 0 1 TEQ-MAMMAL 13.4 NG/KG 50 N Concentration below TBC
Allendale soil RES-14-399-02 0 1 TEQ-MAMMAL 58.0 NG/KG 50 Y In footprint Concentration below TBC
Allendale soil RES-14-422-02 0 1 TEQ-MAMMAL 24.9 NG/KG 50 N Concentration below TBC
Allendale soil RES-14-425-02 0 1 TEQ-MAMMAL 9.7 NG/KG 50 N Concentration below TBC
Allendale soil RES-14-425-03 0 1 TEQ-MAMMAL 8.1 NG/KG 50 N Concentration below TBC
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Appendix G


Table G-7.  Comparison of Allendale Reach Floodplain Soil Data to Cleanup Goals, Spatial Extent of Remediation Footprint
(Sorted by Parameter), See Figure G-3
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Notes
(a) TEQ and TEQ-MAMMAL are calculated values; TEQ = TEQ-MAMMAL.
(b) Soils located along western bank of the Woonasquatucket River between RT44 (Smith Street) and Cap Area #1 at Source Area; soils included in Allendale reach floodplain soil action area.


To Be Considered (TBC) criteria: EPA's recommended residential level for dioxin in soil (EPA, 1998b)
Shading represents the first record within each parameter-specific dataset; summary statistics including the number of values and the number and % of values above the cleanup goal 
are reported by parameter.


(1) Excluded from cleanup footprint because surface concentration slightly above cleanup goal and comparable to maximum detected concentration at upstream background and no impact at depth and/or in 
surrounding area (i.e., concentration in 1-2 ft interval and/or surrounding locations are below cleanup goal).  For 07-DEL-200x, the  area abutting this location was remediated under the NTCRA.


(2) Excluded from cleanup footprint because location(s) does not provide habitat that would likely attract ecological receptors (e.g., location abuts residential properties and lack natural vegetation; the grade is 
too steep/narrow to provide significant habitat).
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Appendix G


Table G-8. Comparison of Lyman Mill Reach Stream Sediment Data to Cleanup Goals, Spatial Extent of Remediation Footprint
(Sorted by Parameter), See Figure G-4
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AD-05 0 1 2,3,7,8-TCDD 2800 NG/KG 14.7 Y 31 29 94% In footprint
CMS-217 0 0.25 2,3,7,8-TCDD 2420 NG/KG 14.7 Y In footprint
CMS-217 0 0.25 2,3,7,8-TCDD 5030 NG/KG 14.7 Y In footprint
CMS-218 0 0.25 2,3,7,8-TCDD 2290 NG/KG 14.7 Y In footprint
CMS-219 0 0.25 2,3,7,8-TCDD 2220 NG/KG 14.7 Y In footprint
CMS-457 0 1 2,3,7,8-TCDD 3800 NG/KG 14.7 Y In footprint
CMS-458 0 1 2,3,7,8-TCDD 720 NG/KG 14.7 Y In footprint
CMS-459 0 1 2,3,7,8-TCDD 130 NG/KG J 14.7 Y In footprint
CMS-468 0 1 2,3,7,8-TCDD 6.95 NG/KG 14.7 N
LPX-SD-2046 0 0.5 2,3,7,8-TCDD 7110 NG/KG J& 14.7 Y In footprint
SD-18 0 0.25 2,3,7,8-TCDD 7987.02 NG/KG J 14.7 Y In footprint
SD-19 0 0.25 2,3,7,8-TCDD 18.11 NG/KG J 14.7 Y In footprint
WRL-BK-2004 0 0.5 2,3,7,8-TCDD 966 NG/KG & 14.7 Y In footprint
WRL-BK-2004 0 0.5 2,3,7,8-TCDD 374 NG/KG & 14.7 Y In footprint
WRL-BK-2004 0 0.5 2,3,7,8-TCDD 2930 NG/KG J& 14.7 Y In footprint
WRL-BK-2005 0 0.5 2,3,7,8-TCDD 10.5 NG/KG 14.7 N
WRL-BK-2005 0 0.5 2,3,7,8-TCDD 945 NG/KG & 14.7 Y In footprint
WRL-BK-2005 0 0.5 2,3,7,8-TCDD 86.4 NG/KG 14.7 Y In footprint
WRL-SD-2038 0 0.5 2,3,7,8-TCDD 611 NG/KG $ 14.7 Y In footprint
WRL-SD-2039 0 0.5 2,3,7,8-TCDD 2840 NG/KG $ 14.7 Y In footprint
WRL-SD-2040 0 0.5 2,3,7,8-TCDD 80.8 NG/KG 14.7 Y In footprint
WRL-SD-2040 0 0.5 2,3,7,8-TCDD 60 NG/KG 14.7 Y In footprint
WRL-SD-2041 0 0.5 2,3,7,8-TCDD 3150 NG/KG $ 14.7 Y In footprint
WRL-SD-2041 0 0.2 2,3,7,8-TCDD 2020 ng/kg J$ 14.7 Y In footprint
WRL-SD-2041 0 0.2 2,3,7,8-TCDD 485 ng/kg J$ 14.7 Y In footprint
WRL-SD-2042 0 0.5 2,3,7,8-TCDD 2010 NG/KG J$ 14.7 Y In footprint
WRL-SD-2042 0 0.3 2,3,7,8-TCDD 1720 ng/kg $ 14.7 Y In footprint
WRL-SD-2043 0 0.5 2,3,7,8-TCDD 3230 NG/KG J& 14.7 Y In footprint
WRL-SD-2043 0 0.2 2,3,7,8-TCDD 1190 ng/kg J$ 14.7 Y In footprint
WRL-SD-2071 0 0.2 2,3,7,8-TCDD 1730 ng/kg $ 14.7 Y In footprint
WRL-SD-4005 0 0.5 2,3,7,8-TCDD 751.75 NG/KG 14.7 Y In footprint
AD-05 0 1 4,4'-DDD 55 UG/KG U 8.4 - - 21 1 5% (b)
LPX-SD-2046 0 0.5 4,4'-DDD 5 UG/KG U 8.4 - - (c) 
SD-18 0 0.25 4,4'-DDD 3.7 UG/KG U 8.4 - - (c) 
SD-19 0 0.25 4,4'-DDD 4.2 UG/KG U 8.4 - - (c) 
WRL-BK-2004 0 0.5 4,4'-DDD 3.1 UG/KG U 8.4 - - (c) 
WRL-BK-2004 0 0.5 4,4'-DDD 5.6 UG/KG U 8.4 - - (c) 
WRL-BK-2005 0 0.5 4,4'-DDD 3.5 UG/KG U 8.4 - - (c) 
WRL-BK-2005 0 0.5 4,4'-DDD 4 UG/KG U 8.4 - - (c) 
WRL-BK-2005 0 0.5 4,4'-DDD 4 UG/KG U 8.4 - - (c) 
WRL-SD-2038 0 0.5 4,4'-DDD 4.2 UG/KG U 8.4 - - (c) 
WRL-SD-2039 0 0.5 4,4'-DDD 4.9 UG/KG U 8.4 - - (c) 
WRL-SD-2040 0 0.5 4,4'-DDD 3.8 UG/KG U 8.4 - - (c) 
WRL-SD-2040 0 0.5 4,4'-DDD 3.8 UG/KG U 8.4 - - (c) 
WRL-SD-2041 0 0.5 4,4'-DDD 4.9 UG/KG U 8.4 - - (c) 
WRL-SD-2041 0 0.2 4,4'-DDD 7 UG/KG U 8.4 - - (c) 
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Table G-8. Comparison of Lyman Mill Reach Stream Sediment Data to Cleanup Goals, Spatial Extent of Remediation Footprint
(Sorted by Parameter), See Figure G-4
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WRL-SD-2041 0 0.2 4,4'-DDD 8 UG/KG U 8.4 - - (c) 
WRL-SD-2042 0 0.5 4,4'-DDD 4.6 UG/KG U 8.4 - - (c) 
WRL-SD-2042 0 0.3 4,4'-DDD 11 UG/KG 8.4 Y In footprint
WRL-SD-2043 0 0.5 4,4'-DDD 4.9 UG/KG U 8.4 - - (c) 
WRL-SD-2043 0 0.2 4,4'-DDD 7 UG/KG 8.4 N
WRL-SD-4005 0 0.5 4,4'-DDD 6.42 UG/KG 8.4 N
AD-05 0 1 4,4'-DDE 18 UG/KG J 6 Y 21 2 10% In footprint
LPX-SD-2046 0 0.5 4,4'-DDE 5 UG/KG U 6 - - (c) 
SD-18 0 0.25 4,4'-DDE 2.8 UG/KG J 6 N
SD-19 0 0.25 4,4'-DDE 1.3 UG/KG J 6 N
WRL-BK-2004 0 0.5 4,4'-DDE 3.1 UG/KG U 6 - - (c) 
WRL-BK-2004 0 0.5 4,4'-DDE 5.6 UG/KG U 6 - - (c) 
WRL-BK-2005 0 0.5 4,4'-DDE 3.5 UG/KG U 6 - - (c) 
WRL-BK-2005 0 0.5 4,4'-DDE 4 UG/KG U 6 - - (c) 
WRL-BK-2005 0 0.5 4,4'-DDE 4.9 UG/KG 6 N
WRL-SD-2038 0 0.5 4,4'-DDE 4.2 UG/KG U 6 - - (c) 
WRL-SD-2039 0 0.5 4,4'-DDE 4.9 UG/KG U 6 - - (c) 
WRL-SD-2040 0 0.5 4,4'-DDE 3.8 UG/KG U 6 - - (c) 
WRL-SD-2040 0 0.5 4,4'-DDE 3.8 UG/KG U 6 - - (c) 
WRL-SD-2041 0 0.5 4,4'-DDE 4.9 UG/KG U 6 - - (c) 
WRL-SD-2041 0 0.2 4,4'-DDE 7 UG/KG U 6 - - (b)
WRL-SD-2041 0 0.2 4,4'-DDE 9 UG/KG 6 Y In footprint
WRL-SD-2042 0 0.5 4,4'-DDE 4.6 UG/KG U 6 - - (c) 
WRL-SD-2042 0 0.3 4,4'-DDE 7 UG/KG U 6 - - (b)
WRL-SD-2043 0 0.5 4,4'-DDE 4.9 UG/KG U 6 - - (c) 
WRL-SD-2043 0 0.2 4,4'-DDE 6 UG/KG U 6 - -
WRL-SD-4005 0 0.5 4,4'-DDE 4.96 UG/KG 6 N
LPX-SD-2046 0 0.5 Aluminum 12200 MG/KG 8210 Y 21 4 19% In footprint
WRL-BK-2004 0 0.5 Aluminum 5640 MG/KG 8210 N
WRL-BK-2004 0 0.5 Aluminum 7340 MG/KG 8210 N
WRL-BK-2004 0 0.5 Aluminum 4620 MG/KG 8210 N
WRL-BK-2005 0 0.5 Aluminum 3780 MG/KG 8210 N
WRL-BK-2005 0 0.5 Aluminum 2020 MG/KG 8210 N
WRL-BK-2005 0 0.5 Aluminum 1690 MG/KG 8210 N
WRL-SD-2038 0 0.5 Aluminum 4140 MG/KG 8210 N
WRL-SD-2039 0 0.5 Aluminum 2670 MG/KG 8210 N
WRL-SD-2040 0 0.5 Aluminum 2260 MG/KG 8210 N
WRL-SD-2040 0 0.5 Aluminum 2140 MG/KG 8210 N
WRL-SD-2041 0 0.5 Aluminum 5960 MG/KG 8210 N
WRL-SD-2041 0 0.2 Aluminum 6090 MG/KG 8210 N
WRL-SD-2041 0 0.2 Aluminum 6400 MG/KG 8210 N
WRL-SD-2042 0 0.3 Aluminum 7970 MG/KG 8210 N
WRL-SD-2042 0 0.5 Aluminum 8740 MG/KG 8210 Y In footprint
WRL-SD-2043 0 0.5 Aluminum 7820 MG/KG 8210 N
WRL-SD-2043 0 0.2 Aluminum 4320 MG/KG 8210 N
WRL-SD-2071 0 0.2 Aluminum 10900 MG/KG 8210 Y In footprint
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Table G-8. Comparison of Lyman Mill Reach Stream Sediment Data to Cleanup Goals, Spatial Extent of Remediation Footprint
(Sorted by Parameter), See Figure G-4
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WRL-SD-4005 0 0.5 Aluminum 6949 MG/KG J 8210 N
WRL-SD-4005 0 0.5 Aluminum 8335 MG/KG J 8210 Y In footprint
AD-05 0 1 Aroclor-1254 910 UG/KG 150 Y 22 11 50% In footprint
LPX-SD-2046 0 0.5 Aroclor-1254 120 UG/KG 150 N
SD-18 0 0.25 Aroclor-1254 120 UG/KG 150 N
SD-19 0 0.25 Aroclor-1254 42 UG/KG U 150 - - (c) 
WRL-BK-2004 0 0.5 Aroclor-1254 13 UG/KG JP 150 N
WRL-BK-2004 0 0.5 Aroclor-1254 160 UG/KG P 150 Y In footprint
WRL-BK-2005 0 0.5 Aroclor-1254 40 UG/KG U 150 - - (c) 
WRL-BK-2005 0 0.5 Aroclor-1254 40 UG/KG U 150 - - (c) 
WRL-BK-2005 0 0.5 Aroclor-1254 60 UG/KG 150 N
WRL-SD-2038 0 0.5 Aroclor-1254 130 UG/KG 150 N
WRL-SD-2039 0 0.5 Aroclor-1254 40 UG/KG J 150 N
WRL-SD-2040 0 0.5 Aroclor-1254 31 UG/KG J 150 N
WRL-SD-2040 0 0.5 Aroclor-1254 28 UG/KG J 150 N
WRL-SD-2041 0 0.5 Aroclor-1254 210 UG/KG 150 Y In footprint
WRL-SD-2041 0 0.2 Aroclor-1254 430 UG/KG J 150 Y In footprint
WRL-SD-2041 0 0.2 Aroclor-1254 310 UG/KG J 150 Y In footprint
WRL-SD-2042 0 0.5 Aroclor-1254 330 UG/KG 150 Y In footprint
WRL-SD-2042 0 0.3 Aroclor-1254 380 UG/KG J 150 Y In footprint
WRL-SD-2043 0 0.5 Aroclor-1254 260 UG/KG 150 Y In footprint
WRL-SD-2043 0 0.2 Aroclor-1254 220 UG/KG J 150 Y In footprint
WRL-SD-2071 0 0.2 Aroclor-1254 600 UG/KG J 150 Y In footprint
WRL-SD-4005 0 0.5 Aroclor-1254 154.9 UG/KG 150 Y In footprint
WRL-SD-4005 0 0.5 Aroclor-1268 36.99 UG/KG 140 N 1 0 0%
AD-05 0 1 Aroclor, Total 910 UG/KG 210 Y 17 3 18% In footprint
LPX-SD-2046 0 0.5 Aroclor, Total 178 UG/KG 210 N
SD-18 0 0.25 Aroclor, Total 120 UG/KG 210 N
SD-19 0 0.25 Aroclor, Total 86 UG/KG U 210 - - (c) 
WRL-BK-2004 0 0.5 Aroclor, Total 13 UG/KG 210 N
WRL-BK-2004 0 0.5 Aroclor, Total 160 UG/KG 210 N
WRL-BK-2005 0 0.5 Aroclor, Total 82 UG/KG U 210 - - (c) 
WRL-BK-2005 0 0.5 Aroclor, Total 81 UG/KG U 210 - - (c) 
WRL-BK-2005 0 0.5 Aroclor, Total 60 UG/KG 210 N
WRL-SD-2038 0 0.5 Aroclor, Total 130 UG/KG 210 N
WRL-SD-2039 0 0.5 Aroclor, Total 40 UG/KG 210 N
WRL-SD-2040 0 0.5 Aroclor, Total 31 UG/KG 210 N
WRL-SD-2040 0 0.5 Aroclor, Total 28 UG/KG 210 N
WRL-SD-2041 0 0.5 Aroclor, Total 210 UG/KG 210 N
WRL-SD-2042 0 0.5 Aroclor, Total 361 UG/KG 210 Y In footprint
WRL-SD-2043 0 0.5 Aroclor, Total 307 UG/KG 210 Y In footprint
WRL-SD-4005 0 0.5 Aroclor, Total 191.9 UG/KG 210 N
AD-05 0 1 Arsenic 48.1 MG/KG U 3.9 - 22 22 6 27% (b)
LPX-SD-2046 0 0.5 Arsenic 5.4 MG/KG 3.9 Y In footprint
WRL-BK-2004 0 0.5 Arsenic 3.1 MG/KG 3.9 N
WRL-BK-2004 0 0.5 Arsenic 3.4 MG/KG 3.9 N
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Table G-8. Comparison of Lyman Mill Reach Stream Sediment Data to Cleanup Goals, Spatial Extent of Remediation Footprint
(Sorted by Parameter), See Figure G-4


BORING TO
P_


O
F_


SA
M


PL
E 


(ft
)


B
O


TT
O


M
_O


F
_S


A
M


PL
E 


(ft
)


PARAMETER LAB_RESULT UNITS QUAL Cleanup Goal


Above 
Cleanup 


Goal (Y/N) 
(a) If Qual = U or UJ


Number 
Values


Number 
Values 
Above 


Cleanup 
Goal


% above 
Cleanup 


Goal Comment
WRL-BK-2004 0 0.5 Arsenic 5.2 MG/KG 3.9 Y In footprint
WRL-BK-2005 0 0.5 Arsenic 1.5 MG/KG 3.9 N
WRL-BK-2005 0 0.5 Arsenic 2.8 MG/KG 3.9 N
WRL-BK-2005 0 0.5 Arsenic 2.2 MG/KG 3.9 N
WRL-SD-2038 0 0.5 Arsenic 1.2 MG/KG 3.9 N
WRL-SD-2039 0 0.5 Arsenic 4.7 MG/KG 3.9 Y In footprint
WRL-SD-2040 0 0.5 Arsenic 0.54 MG/KG U 3.9 - - (c) 
WRL-SD-2040 0 0.5 Arsenic 0.64 MG/KG U 3.9 - - (c) 
WRL-SD-2041 0 0.2 Arsenic 3.8 MG/KG 3.9 N
WRL-SD-2041 0 0.5 Arsenic 6.5 MG/KG 3.9 Y In footprint
WRL-SD-2041 0 0.2 Arsenic 4 MG/KG 3.9 Y In footprint
WRL-SD-2042 0 0.5 Arsenic 3.9 MG/KG 3.9 N
WRL-SD-2042 0 0.3 Arsenic 3.8 MG/KG 3.9 N
WRL-SD-2043 0 0.5 Arsenic 3 MG/KG 3.9 N
WRL-SD-2043 0 0.2 Arsenic 2 MG/KG J 3.9 N
WRL-SD-2071 0 0.2 Arsenic 6 MG/KG J 3.9 Y In footprint
WRL-SD-4005 0 0.5 Arsenic 3.23 MG/KG J 3.9 N
WRL-SD-4005 0 0.5 Arsenic 2.62 MG/KG J 3.9 N
AD-05 0 1 Barium 65.9 MG/KG 134 N 22 2 9%
LPX-SD-2046 0 0.5 Barium 235 MG/KG 134 Y In footprint
WRL-BK-2004 0 0.5 Barium 20.7 MG/KG 134 N
WRL-BK-2004 0 0.5 Barium 38.5 MG/KG 134 N
WRL-BK-2004 0 0.5 Barium 81.1 MG/KG 134 N
WRL-BK-2005 0 0.5 Barium 40.7 MG/KG 134 N
WRL-BK-2005 0 0.5 Barium 10 MG/KG 134 N
WRL-BK-2005 0 0.5 Barium 12.6 MG/KG 134 N
WRL-SD-2038 0 0.5 Barium 66.6 MG/KG 134 N
WRL-SD-2039 0 0.5 Barium 48.9 MG/KG 134 N
WRL-SD-2040 0 0.5 Barium 22.6 MG/KG 134 N
WRL-SD-2040 0 0.5 Barium 19.4 MG/KG 134 N
WRL-SD-2041 0 0.5 Barium 82.9 MG/KG 134 N
WRL-SD-2041 0 0.2 Barium 111 MG/KG 134 N
WRL-SD-2041 0 0.2 Barium 108 MG/KG 134 N
WRL-SD-2042 0 0.5 Barium 99.5 MG/KG 134 N
WRL-SD-2042 0 0.3 Barium 86.9 MG/KG 134 N
WRL-SD-2043 0 0.5 Barium 107 MG/KG 134 N
WRL-SD-2043 0 0.2 Barium 56.5 MG/KG 134 N
WRL-SD-2071 0 0.2 Barium 156 MG/KG 134 Y In footprint
WRL-SD-4005 0 0.5 Barium 92.9 MG/KG J 134 N
WRL-SD-4005 0 0.5 Barium 86.3 MG/KG J 134 N
AD-05 0 1 Benzo(a)pyrene 1400 UG/KG 1400 N 20 7 35%
LPX-SD-2046 0 0.5 Benzo(a)pyrene 580 UG/KG J 1400 N
WRL-BK-2004 0 0.5 Benzo(a)pyrene 440 UG/KG J 1400 N
WRL-BK-2004 0 0.5 Benzo(a)pyrene 230 UG/KG J 1400 N
WRL-BK-2004 0 0.5 Benzo(a)pyrene 400 UG/KG J 1400 N
WRL-BK-2005 0 0.5 Benzo(a)pyrene 700 UG/KG J 1400 N
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Appendix G


Table G-8. Comparison of Lyman Mill Reach Stream Sediment Data to Cleanup Goals, Spatial Extent of Remediation Footprint
(Sorted by Parameter), See Figure G-4
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WRL-BK-2005 0 0.5 Benzo(a)pyrene 65 UG/KG J 1400 N
WRL-BK-2005 0 0.5 Benzo(a)pyrene 80 UG/KG J 1400 N
WRL-SD-2038 0 0.5 Benzo(a)pyrene 1200 UG/KG J 1400 N
WRL-SD-2039 0 0.5 Benzo(a)pyrene 440 UG/KG J 1400 N
WRL-SD-2040 0 0.5 Benzo(a)pyrene 310 UG/KG J 1400 N
WRL-SD-2040 0 0.5 Benzo(a)pyrene 200 UG/KG J 1400 N
WRL-SD-2041 0 0.5 Benzo(a)pyrene 1300 UG/KG 1400 N
WRL-SD-2041 0 0.2 Benzo(a)pyrene 3500 UG/KG J 1400 Y In footprint
WRL-SD-2041 0 0.2 Benzo(a)pyrene 3000 UG/KG 1400 Y In footprint
WRL-SD-2042 0 0.5 Benzo(a)pyrene 2400 UG/KG J 1400 Y In footprint
WRL-SD-2042 0 0.3 Benzo(a)pyrene 4000 UG/KG J 1400 Y In footprint
WRL-SD-2043 0 0.5 Benzo(a)pyrene 1700 UG/KG J 1400 Y In footprint
WRL-SD-2043 0 0.2 Benzo(a)pyrene 3000 UG/KG J 1400 Y In footprint
WRL-SD-2071 0 0.2 Benzo(a)pyrene 2000 UG/KG J 1400 Y In footprint
AD-05 0 1 Dibenzo(a,h)anthracene 260 UG/KG J 970 N 20 0 0%
LPX-SD-2046 0 0.5 Dibenzo(a,h)anthracene 2500 UG/KG U 970 - - (b)
WRL-BK-2004 0 0.5 Dibenzo(a,h)anthracene 1900 UG/KG U 970 - - (b)
WRL-BK-2004 0 0.5 Dibenzo(a,h)anthracene 2000 UG/KG U 970 - - (b)
WRL-BK-2004 0 0.5 Dibenzo(a,h)anthracene 2500 UG/KG U 970 - - (b)
WRL-BK-2005 0 0.5 Dibenzo(a,h)anthracene 3600 UG/KG U 970 - - (b)
WRL-BK-2005 0 0.5 Dibenzo(a,h)anthracene 400 UG/KG U 970 - - (c)
WRL-BK-2005 0 0.5 Dibenzo(a,h)anthracene 400 UG/KG U 970 - - (c)
WRL-SD-2038 0 0.5 Dibenzo(a,h)anthracene 4200 UG/KG U 970 - - (b)
WRL-SD-2039 0 0.5 Dibenzo(a,h)anthracene 120 UG/KG J 970 N
WRL-SD-2040 0 0.5 Dibenzo(a,h)anthracene 780 UG/KG U 970 - - (c)
WRL-SD-2040 0 0.5 Dibenzo(a,h)anthracene 750 UG/KG U 970 - - (c)
WRL-SD-2041 0 0.5 Dibenzo(a,h)anthracene 340 UG/KG J 970 N
WRL-SD-2041 0 0.2 Dibenzo(a,h)anthracene 680 UG/KG J 970 N
WRL-SD-2041 0 0.2 Dibenzo(a,h)anthracene 510 UG/KG J 970 N
WRL-SD-2042 0 0.5 Dibenzo(a,h)anthracene 920 UG/KG J 970 N In footprint
WRL-SD-2042 0 0.3 Dibenzo(a,h)anthracene 790 UG/KG J 970 N In footprint
WRL-SD-2043 0 0.5 Dibenzo(a,h)anthracene 4900 UG/KG U 970 - - (b)
WRL-SD-2043 0 0.2 Dibenzo(a,h)anthracene 690 UG/KG J 970 N
WRL-SD-2071 0 0.2 Dibenzo(a,h)anthracene 350 UG/KG J 970 N
AD-05 0 1 Dieldrin 55 UG/KG U 2.6 - - 21 4 19% (b)
LPX-SD-2046 0 0.5 Dieldrin 5 UG/KG U 2.6 - - (b)
SD-18 0 0.25 Dieldrin 3.7 UG/KG U 2.6 - - (b)
SD-19 0 0.25 Dieldrin 2.2 UG/KG U 2.6 - - (c) 
WRL-BK-2004 0 0.5 Dieldrin 4.9 UG/KG P 2.6 Y In footprint
WRL-BK-2004 0 0.5 Dieldrin 17 UG/KG P 2.6 Y In footprint
WRL-BK-2005 0 0.5 Dieldrin 4 UG/KG U 2.6 - - (b)
WRL-BK-2005 0 0.5 Dieldrin 4 UG/KG U 2.6 - - (b)
WRL-BK-2005 0 0.5 Dieldrin 4.4 UG/KG P 2.6 Y In footprint
WRL-SD-2038 0 0.5 Dieldrin 4.2 UG/KG U 2.6 - - (b)
WRL-SD-2039 0 0.5 Dieldrin 4.9 UG/KG U 2.6 - - (b)
WRL-SD-2040 0 0.5 Dieldrin 3.8 UG/KG U 2.6 - - (b)
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Appendix G


Table G-8. Comparison of Lyman Mill Reach Stream Sediment Data to Cleanup Goals, Spatial Extent of Remediation Footprint
(Sorted by Parameter), See Figure G-4
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WRL-SD-2040 0 0.5 Dieldrin 3.8 UG/KG U 2.6 - - (b)
WRL-SD-2041 0 0.5 Dieldrin 4.9 UG/KG U 2.6 - - (b)
WRL-SD-2041 0 0.2 Dieldrin 7 UG/KG U 2.6 - - (b)
WRL-SD-2041 0 0.2 Dieldrin 8 UG/KG U 2.6 - - (b)
WRL-SD-2042 0 0.5 Dieldrin 4.6 UG/KG U 2.6 - - (b)
WRL-SD-2042 0 0.3 Dieldrin 7 UG/KG U 2.6 - - (b)
WRL-SD-2043 0 0.5 Dieldrin 4.9 UG/KG U 2.6 - - (b)
WRL-SD-2043 0 0.2 Dieldrin 6 UG/KG U 2.6 - - (b)
WRL-SD-4005 0 0.5 Dieldrin 10.02 UG/KG 2.6 Y In footprint
LPX-SD-2046 0 0.5 N-nitroso-di-n-propylamine 2500 UG/KG U 456 - - 18 0 0% (b)
WRL-BK-2004 0 0.5 N-nitroso-di-n-propylamine 1900 UG/KG U 456 - - (b)
WRL-BK-2004 0 0.5 N-nitroso-di-n-propylamine 2000 UG/KG U 456 - - (b)
WRL-BK-2004 0 0.5 N-nitroso-di-n-propylamine 2500 UG/KG U 456 - - (b)
WRL-BK-2005 0 0.5 N-nitroso-di-n-propylamine 3600 UG/KG U 456 - - (b)
WRL-BK-2005 0 0.5 N-nitroso-di-n-propylamine 400 UG/KG U 456 - - (c) 
WRL-BK-2005 0 0.5 N-nitroso-di-n-propylamine 400 UG/KG U 456 - - (c) 
WRL-SD-2038 0 0.5 N-nitroso-di-n-propylamine 4200 UG/KG U 456 - - (b)
WRL-SD-2039 0 0.5 N-nitroso-di-n-propylamine 490 UG/KG U 456 - - (b)
WRL-SD-2040 0 0.5 N-nitroso-di-n-propylamine 780 UG/KG U 456 - - (b)
WRL-SD-2040 0 0.5 N-nitroso-di-n-propylamine 750 UG/KG U 456 - - (b)
WRL-SD-2041 0 0.5 N-nitroso-di-n-propylamine 490 UG/KG U 456 - - (b)
WRL-SD-2041 0 0.2 N-nitroso-di-n-propylamine 3600 UG/KG U 456 - - (b)
WRL-SD-2041 0 0.2 N-nitroso-di-n-propylamine 760 UG/KG U 456 - - (b)
WRL-SD-2042 0 0.5 N-nitroso-di-n-propylamine 4600 UG/KG U 456 - - (b)
WRL-SD-2042 0 0.3 N-nitroso-di-n-propylamine 6900 UG/KG U 456 - - (b)
WRL-SD-2043 0 0.5 N-nitroso-di-n-propylamine 4900 UG/KG U 456 - - (b)
WRL-SD-2043 0 0.2 N-nitroso-di-n-propylamine 5600 UG/KG U 456 - - (b)
AD-05 0 1 Selenium 40.1 MG/KG U 1.1 - - 22 2 9% (b)
LPX-SD-2046 0 0.5 Selenium 1 MG/KG UJ 1.1 - - (c) 
WRL-BK-2004 0 0.5 Selenium 1.6 MG/KG U 1.1 - - (b)
WRL-BK-2004 0 0.5 Selenium 0.93 MG/KG U 1.1 - - (c) 
WRL-BK-2004 0 0.5 Selenium 0.97 MG/KG J 1.1 N
WRL-BK-2005 0 0.5 Selenium 1.3 MG/KG U 1.1 - - (b)
WRL-BK-2005 0 0.5 Selenium 0.96 MG/KG U 1.1 - - (c) 
WRL-BK-2005 0 0.5 Selenium 1.1 MG/KG U 1.1 - -
WRL-SD-2038 0 0.5 Selenium 0.82 MG/KG U 1.1 - - (c) 
WRL-SD-2039 0 0.5 Selenium 0.93 MG/KG U 1.1 - - (c) 
WRL-SD-2040 0 0.5 Selenium 0.89 MG/KG U 1.1 - - (c) 
WRL-SD-2040 0 0.5 Selenium 1 MG/KG U 1.1 - - (c) 
WRL-SD-2041 0 0.5 Selenium 1.3 MG/KG U 1.1 - - (b)
WRL-SD-2041 0 0.2 Selenium 1.1 MG/KG U 1.1 - -
WRL-SD-2041 0 0.2 Selenium 1.2 MG/KG U 1.1 - - (b)
WRL-SD-2042 0 0.5 Selenium 0.83 MG/KG U 1.1 - - (c) 
WRL-SD-2042 0 0.3 Selenium 1.3 MG/KG J 1.1 Y In footprint
WRL-SD-2043 0 0.5 Selenium 0.94 MG/KG UJ 1.1 - - (c) 
WRL-SD-2043 0 0.2 Selenium 0.88 MG/KG UJ 1.1 - - (c) 
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Appendix G


Table G-8. Comparison of Lyman Mill Reach Stream Sediment Data to Cleanup Goals, Spatial Extent of Remediation Footprint
(Sorted by Parameter), See Figure G-4
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WRL-SD-2071 0 0.2 Selenium 1.4 MG/KG J 1.1 Y In footprint
WRL-SD-4005 0 0.5 Selenium 0.555 MG/KG U 1.1 - - (c) 
WRL-SD-4005 0 0.5 Selenium 0.456 MG/KG U 1.1 - - (c) 
AD-05 0 1 Technical Chlordane 17 UG/KG J 400 N 2 1 50%
WRL-SD-4005 0 0.5 Technical Chlordane 848.11 UG/KG 400 Y In footprint
AD-05 0 1 TEQ 2810 NG/KG 289 Y 31 24 77% In footprint
CMS-217 0 0.25 TEQ 2420 NG/KG 289 Y In footprint
CMS-217 0 0.25 TEQ 5030 NG/KG 289 Y In footprint
CMS-218 0 0.25 TEQ 2290 NG/KG 289 Y In footprint
CMS-219 0 0.25 TEQ 2220 NG/KG 289 Y In footprint
CMS-457 0 1 TEQ 3800 NG/KG 289 Y In footprint
CMS-458 0 1 TEQ 720 NG/KG 289 Y In footprint
CMS-459 0 1 TEQ 130 NG/KG 289 N
CMS-468 0 1 TEQ 14.2 NG/KG 289 N
LPX-SD-2046 0 0.5 TEQ 7170 NG/KG 289 Y In footprint
SD-18 0 0.25 TEQ 8030 NG/KG 289 Y In footprint
SD-19 0 0.25 TEQ 20.3 NG/KG 289 N
WRL-BK-2004 0 0.5 TEQ 982 NG/KG 289 Y In footprint
WRL-BK-2004 0 0.5 TEQ 390 NG/KG 289 Y In footprint
WRL-BK-2004 0 0.5 TEQ 2960 NG/KG 289 Y In footprint
WRL-BK-2005 0 0.5 TEQ 91.6 NG/KG 289 N
WRL-BK-2005 0 0.5 TEQ 16.6 NG/KG 289 N
WRL-BK-2005 0 0.5 TEQ 956 NG/KG 289 Y In footprint
WRL-SD-2038 0 0.5 TEQ 630 NG/KG 289 Y In footprint
WRL-SD-2039 0 0.5 TEQ 2870 NG/KG 289 Y In footprint
WRL-SD-2040 0 0.5 TEQ 81.1 NG/KG 289 N
WRL-SD-2040 0 0.5 TEQ 60.5 NG/KG 289 N
WRL-SD-2041 0 0.5 TEQ 3170 NG/KG 289 Y In footprint
WRL-SD-2041 0 0.2 TEQ 2000 ng/Kg J 289 Y In footprint
WRL-SD-2041 0 0.2 TEQ 500 ng/Kg J 289 Y In footprint
WRL-SD-2042 0 0.5 TEQ 2050 NG/KG 289 Y In footprint
WRL-SD-2042 0 0.3 TEQ 1700 ng/Kg J 289 Y In footprint
WRL-SD-2043 0 0.5 TEQ 3270 NG/KG 289 Y In footprint
WRL-SD-2043 0 0.2 TEQ 1200 ng/Kg J 289 Y In footprint
WRL-SD-2071 0 0.2 TEQ 1800 ng/Kg J 289 Y In footprint
WRL-SD-4005 0 0.5 TEQ 767 NG/KG 289 Y In footprint
LPX-SD-2046 0 0.5 Vanadium 37.7 MG/KG 37.6 Y 21 6 29% In footprint
WRL-BK-2004 0 0.5 Vanadium 25.7 MG/KG 37.6 N
WRL-BK-2004 0 0.5 Vanadium 56.1 MG/KG 37.6 Y In footprint
WRL-BK-2004 0 0.5 Vanadium 47 MG/KG 37.6 Y In footprint
WRL-BK-2005 0 0.5 Vanadium 15.2 MG/KG 37.6 N
WRL-BK-2005 0 0.5 Vanadium 22.3 MG/KG 37.6 N
WRL-BK-2005 0 0.5 Vanadium 23 MG/KG 37.6 N
WRL-SD-2038 0 0.5 Vanadium 19.2 MG/KG 37.6 N
WRL-SD-2039 0 0.5 Vanadium 10.6 MG/KG 37.6 N
WRL-SD-2040 0 0.5 Vanadium 7.3 MG/KG 37.6 N
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Appendix G


Table G-8. Comparison of Lyman Mill Reach Stream Sediment Data to Cleanup Goals, Spatial Extent of Remediation Footprint
(Sorted by Parameter), See Figure G-4
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WRL-SD-2040 0 0.5 Vanadium 4 MG/KG 37.6 N
WRL-SD-2041 0 0.5 Vanadium 23.6 MG/KG 37.6 N
WRL-SD-2041 0 0.2 Vanadium 24.2 MG/KG J 37.6 N
WRL-SD-2041 0 0.2 Vanadium 27.9 MG/KG J 37.6 N
WRL-SD-2042 0 0.5 Vanadium 33.7 MG/KG 37.6 N
WRL-SD-2042 0 0.3 Vanadium 31.8 MG/KG J 37.6 N
WRL-SD-2043 0 0.5 Vanadium 30.3 MG/KG 37.6 N
WRL-SD-2043 0 0.2 Vanadium 15.8 MG/KG 37.6 N
WRL-SD-2071 0 0.2 Vanadium 45.4 MG/KG 37.6 Y In footprint
WRL-SD-4005 0 0.5 Vanadium 53.1 MG/KG 37.6 Y In footprint
WRL-SD-4005 0 0.5 Vanadium 42.8 MG/KG 37.6 Y In footprint
LPX-SD-2046 0 0.5 Zinc 662 MG/KG 221 Y 21 6 29% In footprint
WRL-BK-2004 0 0.5 Zinc 65 MG/KG J 221 N
WRL-BK-2004 0 0.5 Zinc 77.5 MG/KG J 221 N
WRL-BK-2004 0 0.5 Zinc 105 MG/KG J 221 N
WRL-BK-2005 0 0.5 Zinc 82 MG/KG J 221 N
WRL-BK-2005 0 0.5 Zinc 32.9 MG/KG 221 N
WRL-BK-2005 0 0.5 Zinc 34 MG/KG 221 N
WRL-SD-2038 0 0.5 Zinc 114 MG/KG 221 N
WRL-SD-2039 0 0.5 Zinc 159 MG/KG 221 N
WRL-SD-2040 0 0.5 Zinc 56.1 MG/KG 221 N
WRL-SD-2040 0 0.5 Zinc 61.8 MG/KG 221 N
WRL-SD-2041 0 0.5 Zinc 260 MG/KG 221 Y In footprint
WRL-SD-2041 0 0.2 Zinc 237 MG/KG 221 Y In footprint
WRL-SD-2041 0 0.2 Zinc 256 MG/KG 221 Y In footprint
WRL-SD-2042 0 0.5 Zinc 191 MG/KG 221 N
WRL-SD-2042 0 0.3 Zinc 200 MG/KG 221 N
WRL-SD-2043 0 0.2 Zinc 125 MG/KG 221 N
WRL-SD-2043 0 0.5 Zinc 300 MG/KG 221 Y In footprint
WRL-SD-2071 0 0.2 Zinc 353 MG/KG 221 Y In footprint
WRL-SD-4005 0 0.5 Zinc 204 MG/KG J 221 N
WRL-SD-4005 0 0.5 Zinc 172 MG/KG J 221 N


Notes
(a) Non-detects (U and UJ qualified data) not used to determine proposed areas for cleanup.
(b) Contaminant not detected; non-detect concentration is in excess of the cleanup goal.
(c) Contaminant not detected; non-detect concentration is below the cleanup goal.


Shading represents the first record within each parameter-specific dataset; summary statistics including the number of values and the number and % of values above the cleanup 
goal are reported by parameter.
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Appendix G


Table G-9.  Comparison of Lyman Mill Reach Floodplain Soil Data to Cleanup Goals, Spatial Extent of Remediation Footprint
(Sorted by Parameter), See Figure G-4
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Lyman Mill soil LPX-4112 0 0.5 2,3,7,8-TCDD 2.01 PG/G_DRYWT 17 N 134 43 32%
Lyman Mill soil LPX-4113 0 0.5 2,3,7,8-TCDD 3.18 PG/G_DRYWT 17 N
Lyman Mill soil LPX-4114 0 0.5 2,3,7,8-TCDD 2.65 PG/G_DRYWT 17 N
Lyman Mill soil LPX-FP-4004 0 0.5 2,3,7,8-TCDD 1130.07 NG/KG 17 Y In footprint
Lyman Mill soil LPX-FP-4006 0 0.5 2,3,7,8-TCDD 123.29 NG/KG 17 Y Not in footprint (1)
Lyman Mill soil LPX-FP-4007 0 0.5 2,3,7,8-TCDD 19.71 UJ NG/KG 17 - (b)
Oxbow Area soil LPX-SD-4402 (d) 0 0.5 2,3,7,8-TCDD 400 J# PG/G_DRYWT 17 Y In footprint
Oxbow Area soil LPX-SD-4402 (d) 0 0.5 2,3,7,8-TCDD 789 J# PG/G_DRYWT 17 Y In footprint
Oxbow Area soil LPX-SD-4403 (d) 0 0.5 2,3,7,8-TCDD 521 # PG/G_DRYWT 17 Y In footprint
Oxbow Area soil LPX-SD-4404 0 0.5 2,3,7,8-TCDD 12.2 PG/G_DRYWT 17 N
Oxbow Area soil LPX-SD-4405 0 0.5 2,3,7,8-TCDD 4270 J# PG/G_DRYWT 17 Y In footprint
Oxbow Area soil LPX-SD-4406 0 0.5 2,3,7,8-TCDD 1800 # PG/G_DRYWT 17 Y In footprint
Oxbow Area soil LPX-SD-4407 0 0.5 2,3,7,8-TCDD 2070 # PG/G_DRYWT 17 Y In footprint
Lyman Mill soil RES-10-004-01 0 1 2,3,7,8-TCDD 113 J NG/KG 17 Y Not in footprint (1)
Lyman Mill soil RES-10-004-02 0 1 2,3,7,8-TCDD 4.4 NG/KG 17 N
Lyman Mill soil RES-10-004-03 0 1 2,3,7,8-TCDD 0.6 U NG/KG 17 - (c) 
Lyman Mill soil RES-10-005-01 0 1 2,3,7,8-TCDD 148 NG/KG 17 Y Not in footprint (1)
Lyman Mill soil RES-10-005-02 0 1 2,3,7,8-TCDD 6.3 NG/KG 17 N
Lyman Mill soil RES-10-005-03 0 1 2,3,7,8-TCDD 0.86 EMPC NG/KG 17 N
Lyman Mill soil RES-10-042-01 0 1 2,3,7,8-TCDD 161 NG/KG 17 Y In footprint
Lyman Mill soil RES-10-042-02 0 1 2,3,7,8-TCDD 2 NG/KG 17 N
Lyman Mill soil RES-10-042-03 0 1 2,3,7,8-TCDD 2 NG/KG 17 N
Lyman Mill soil RES-10-044-01 0 1 2,3,7,8-TCDD 496 & NG/KG 17 Y In footprint
Lyman Mill soil RES-10-044-02 0 1 2,3,7,8-TCDD 58.6 NG/KG 17 Y In footprint
Lyman Mill soil RES-10-044-03 0 1 2,3,7,8-TCDD 8.4 NG/KG 17 N
Lyman Mill soil RES-10-053-01 0 1 2,3,7,8-TCDD 32.7 NG/KG 17 Y Not in footprint (1)
Lyman Mill soil RES-10-053-02 0 1 2,3,7,8-TCDD 6 NG/KG 17 N
Lyman Mill soil RES-10-053-03 0 1 2,3,7,8-TCDD 1.8 U NG/KG 17 - (c) 
Lyman Mill soil RES-10-053-03 0 1 2,3,7,8-TCDD 1.3 J NG/KG 17 N
Lyman Mill soil RES-10-068-01 0 1 2,3,7,8-TCDD 18.5 NG/KG 17 Y Not in footprint (1)
Lyman Mill soil RES-10-068-02 0 1 2,3,7,8-TCDD 5 NG/KG 17 N
Lyman Mill soil RES-10-068-03 0 1 2,3,7,8-TCDD 10.6 NG/KG 17 N
Lyman Mill soil RES-10-074-01 0 1 2,3,7,8-TCDD 5.2 J NG/KG 17 N
Lyman Mill soil RES-10-074-01 0 1 2,3,7,8-TCDD 14.7 J NG/KG 17 N
Lyman Mill soil RES-10-074-02 0 1 2,3,7,8-TCDD 59.1 NG/KG 17 Y Not in footprint (1)
Lyman Mill soil RES-10-074-03 0 1 2,3,7,8-TCDD 5.4 NG/KG 17 N
Lyman Mill soil RES-10-075-01 0 1 2,3,7,8-TCDD 11.7 NG/KG 17 N
Lyman Mill soil RES-10-075-01 0 1 2,3,7,8-TCDD 8.5 NG/KG 17 N
Lyman Mill soil RES-10-075-02 0 1 2,3,7,8-TCDD 1.2 NG/KG 17 N
Lyman Mill soil RES-10-075-03 0 1 2,3,7,8-TCDD 2.7 NG/KG 17 N
Lyman Mill soil RES-10-076-01 0 1 2,3,7,8-TCDD 106 J NG/KG 17 Y Not in footprint (1)
Lyman Mill soil RES-10-076-02 0 1 2,3,7,8-TCDD 11.5 NG/KG 17 N
Lyman Mill soil RES-10-076-03 0 1 2,3,7,8-TCDD 1.4 NG/KG 17 N
Lyman Mill soil RES-10-604-01 0 1 2,3,7,8-TCDD 241 NG/KG 17 Y In footprint


Comment
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Table G-9.  Comparison of Lyman Mill Reach Floodplain Soil Data to Cleanup Goals, Spatial Extent of Remediation Footprint
(Sorted by Parameter), See Figure G-4
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Lyman Mill soil RES-10-604-01 0 1 2,3,7,8-TCDD 204 NG/KG 17 Y In footprint
Lyman Mill soil RES-10-604-02 0 1 2,3,7,8-TCDD 49.7 NG/KG 17 Y In footprint
Lyman Mill soil RES-10-604-03 0 1 2,3,7,8-TCDD 1.7 NG/KG 17 N
Lyman Mill soil RES-11-011-01 0 1 2,3,7,8-TCDD 5.7 J NG/KG 17 N
Lyman Mill soil RES-11-011-02 0 1 2,3,7,8-TCDD 3.1 J NG/KG 17 N
Lyman Mill soil RES-11-011-03 0 1 2,3,7,8-TCDD 0.75 J NG/KG 17 N
Lyman Mill soil RES-11-011-03 0 1 2,3,7,8-TCDD 1 NG/KG 17 N
Lyman Mill soil RES-11-012-01 0 1 2,3,7,8-TCDD 7.7 J NG/KG 17 N
Lyman Mill soil RES-11-012-02 0 1 2,3,7,8-TCDD 0.5 J NG/KG 17 N
Lyman Mill soil RES-11-012-03 0 1 2,3,7,8-TCDD 0.69 J NG/KG 17 N
Lyman Mill soil RES-11-328-01 0 1 2,3,7,8-TCDD 371 EB NG/KG 17 Y Not in footprint (1)
Lyman Mill soil RES-11-328-01 0 1 2,3,7,8-TCDD 335 NG/KG 17 Y Not in footprint (1)
Lyman Mill soil RES-11-328-02 0 1 2,3,7,8-TCDD 12.2 EB NG/KG 17 N
Lyman Mill soil RES-11-328-03 0 1 2,3,7,8-TCDD 1.5 EB NG/KG 17 N
Lyman Mill soil RES-11-396-02 0 1 2,3,7,8-TCDD 49.1 EB NG/KG 17 Y Not in footprint (1)
Lyman Mill soil RES-11-396-03 0 1 2,3,7,8-TCDD 3.8 EB NG/KG 17 N
Lyman Mill soil RES-11-419-01 0 1 2,3,7,8-TCDD 585 $ NG/KG 17 Y Not in footprint (1)
Lyman Mill soil RES-11-419-02 0 1 2,3,7,8-TCDD 144 NG/KG 17 Y In footprint
Lyman Mill soil RES-11-419-03 0 1 2,3,7,8-TCDD 1.1 NG/KG 17 N
Lyman Mill soil RES-11-420-01 0 1 2,3,7,8-TCDD 10 EB NG/KG 17 N
Lyman Mill soil RES-11-420-02 0 1 2,3,7,8-TCDD 2.4 EB NG/KG 17 N
Lyman Mill soil RES-11-420-03 0 1 2,3,7,8-TCDD 0.3 U NG/KG 17 - (c) 
Lyman Mill soil RES-11-420-03 0 1 2,3,7,8-TCDD 0.32 JEB NG/KG 17 N
Lyman Mill soil RES-11-420-04 0 1 2,3,7,8-TCDD 103 EB NG/KG 17 Y Not in footprint (1)
Lyman Mill soil RES-11-422-01 0 1 2,3,7,8-TCDD 37.6 EB NG/KG 17 Y Not in footprint (1)
Lyman Mill soil RES-11-422-02 0 1 2,3,7,8-TCDD 4.8 EB NG/KG 17 N
Lyman Mill soil RES-11-422-03 0 1 2,3,7,8-TCDD 3.1 EB NG/KG 17 N
Lyman Mill soil RES-11-423-01 0 1 2,3,7,8-TCDD 13.1 EB NG/KG 17 N
Lyman Mill soil RES-11-423-02 0 1 2,3,7,8-TCDD 0.43 JEB NG/KG 17 N
Lyman Mill soil RES-11-423-03 0 1 2,3,7,8-TCDD 0.31 EMPC NG/KG 17 N
Lyman Mill soil RES-11-424-01 0 1 2,3,7,8-TCDD 21.7 NG/KG 17 Y Not in footprint (1)
Lyman Mill soil RES-11-424-02 0 1 2,3,7,8-TCDD 5.2 NG/KG 17 N
Lyman Mill soil RES-11-424-03 0 1 2,3,7,8-TCDD 24.1 NG/KG 17 Y Not in footprint (1)
Lyman Mill soil RES-11-425-02 0 1 2,3,7,8-TCDD 9.9 EB NG/KG 17 N
Lyman Mill soil RES-11-425-03 0 1 2,3,7,8-TCDD 0.68 JEB NG/KG 17 N
Lyman Mill soil RES-11-425-03 0 1 2,3,7,8-TCDD 1.9 EB NG/KG 17 N
Lyman Mill soil RES-11-426-01 0 1 2,3,7,8-TCDD 31.9 EB NG/KG 17 Y Not in footprint (1)
Lyman Mill soil RES-11-426-02 0 1 2,3,7,8-TCDD 1.3 EB NG/KG 17 N
Lyman Mill soil RES-11-426-03 0 1 2,3,7,8-TCDD 0.3 U NG/KG 17 - (c) 
Lyman Mill soil RES-11-427-01 0 1 2,3,7,8-TCDD 0.26 JEB NG/KG 17 N
Lyman Mill soil RES-11-427-02 0 1 2,3,7,8-TCDD 0.32 JEB NG/KG 17 N
Lyman Mill soil RES-11-427-03 0 1 2,3,7,8-TCDD 0.3 U NG/KG 17 - (c) 
Lyman Mill soil RES-11-428-01 0 1 2,3,7,8-TCDD 3 EB NG/KG 17 N
Lyman Mill soil RES-11-428-02 0 1 2,3,7,8-TCDD 2.8 EB NG/KG 17 N
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Table G-9.  Comparison of Lyman Mill Reach Floodplain Soil Data to Cleanup Goals, Spatial Extent of Remediation Footprint
(Sorted by Parameter), See Figure G-4
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Lyman Mill soil RES-11-428-03 0 1 2,3,7,8-TCDD 1.6 EB NG/KG 17 N
Lyman Mill soil RES-11-428-03 0 1 2,3,7,8-TCDD 2.2 EB NG/KG 17 N
Lyman Mill soil RES-11-428-G 0 1 2,3,7,8-TCDD 0.28 EMPC NG/KG 17 N
Lyman Mill soil RES-11-429-01 0 1 2,3,7,8-TCDD 11.3 JEB NG/KG 17 N
Lyman Mill soil RES-11-429-02 0 1 2,3,7,8-TCDD 4.1 EB NG/KG 17 N
Lyman Mill soil RES-11-430-01 0 1 2,3,7,8-TCDD 1 EMPC NG/KG 17 N
Lyman Mill soil RES-11-430-02 0 1 2,3,7,8-TCDD 6.3 EB NG/KG 17 N
Lyman Mill soil RES-11-430-03 0 1 2,3,7,8-TCDD 0.64 JEB NG/KG 17 N
Lyman Mill soil RES-11-431-01 0 1 2,3,7,8-TCDD 30.4 EB NG/KG 17 Y Not in footprint (1)
Lyman Mill soil RES-11-431-02 0 1 2,3,7,8-TCDD 26.9 EB NG/KG 17 Y Not in footprint (1)
Lyman Mill soil RES-11-431-03 0 1 2,3,7,8-TCDD 1.1 EMPC NG/KG 17 N
Lyman Mill soil RES-11-432-01 0 1 2,3,7,8-TCDD 118 EB NG/KG 17 Y Not in footprint (1)
Lyman Mill soil RES-11-432-01 0 1 2,3,7,8-TCDD 65.5 JEB NG/KG 17 Y Not in footprint (1)
Lyman Mill soil RES-11-432-02 0 1 2,3,7,8-TCDD 2.7 NG/KG 17 N
Lyman Mill soil RES-11-432-03 0 1 2,3,7,8-TCDD 5.1 NG/KG 17 N
Lyman Mill soil RES-11-433-01 0 1 2,3,7,8-TCDD 46.1 NG/KG 17 Y Not in footprint (1)
Lyman Mill soil RES-11-433-02 0 1 2,3,7,8-TCDD 72.8 NG/KG 17 Y Not in footprint (1)
Lyman Mill soil RES-11-433-03 0 1 2,3,7,8-TCDD 11.4 EB NG/KG 17 N
Lyman Mill soil RES-11-486-01 0 1 2,3,7,8-TCDD 27.3 EB NG/KG 17 Y Not in footprint (1)
Lyman Mill soil RES-11-486-01 0 1 2,3,7,8-TCDD 23.9 EB NG/KG 17 Y Not in footprint (1)
Lyman Mill soil RES-11-486-02 0 1 2,3,7,8-TCDD 60 EB NG/KG 17 Y Not in footprint (1)
Lyman Mill soil RES-11-486-03 0 1 2,3,7,8-TCDD 9.5 EB NG/KG 17 N
Lyman Mill soil RES-11-497-01 0 1 2,3,7,8-TCDD 7 J NG/KG 17 N
Lyman Mill soil RES-11-497-02 0 1 2,3,7,8-TCDD 4.1 J NG/KG 17 N
Lyman Mill soil RES-11-497-03 0 1 2,3,7,8-TCDD 2.2 J NG/KG 17 N
Lyman Mill soil RES-11-577-01 0 1 2,3,7,8-TCDD 401 NG/KG 17 Y Not in footprint (1)
Lyman Mill soil RES-11-577-01 0 1 2,3,7,8-TCDD 305 $ NG/KG 17 Y Not in footprint (1)
Lyman Mill soil RES-11-577-02 0 1 2,3,7,8-TCDD 41.7 NG/KG 17 Y Not in footprint (1)
Lyman Mill soil RES-11-577-03 0 1 2,3,7,8-TCDD 8.4 NG/KG 17 N
Lyman Mill soil RES-12-556-01 0 1 2,3,7,8-TCDD 24.9 JEB NG/KG 17 Y In footprint
Lyman Mill soil RES-12-556-02 0 1 2,3,7,8-TCDD 6 EB NG/KG 17 N
Lyman Mill soil SS-99-07 0 0.25 2,3,7,8-TCDD 478 U NG/KG 17 - (b)
Lyman Mill soil SS-99-08 0 0.25 2,3,7,8-TCDD 414 U NG/KG 17 - (b)
Lyman Mill soil SS-99-09 0 0.25 2,3,7,8-TCDD 405 U NG/KG 17 - (b)
Lyman Mill soil SS-99-10 0 0.25 2,3,7,8-TCDD 332 U NG/KG 17 - (b)
Lyman Mill soil SS-99-11 0 0.25 2,3,7,8-TCDD 395 U NG/KG 17 - (b)
Lyman Mill soil SS-99-12 0 0.25 2,3,7,8-TCDD 375 U NG/KG 17 - (b)
Lyman Mill soil SS-99-13 0 0.25 2,3,7,8-TCDD 405 U NG/KG 17 - (b)
Lyman Mill soil SS-99-14 0 0.25 2,3,7,8-TCDD 397 U NG/KG 17 - (b)
Lyman Mill soil SS-99-15 0 0.25 2,3,7,8-TCDD 493 U NG/KG 17 - (b)
Lyman Mill soil SS-99-16 0 0.25 2,3,7,8-TCDD 437 U NG/KG 17 - (b)
Lyman Mill soil SS-99-21 0 0.25 2,3,7,8-TCDD 0.231 EMPC NG/KG 17 N
Lyman Mill soil SS-99-22 0 0.25 2,3,7,8-TCDD 0.0948 EMPC NG/KG 17 N
Lyman Mill soil SS-99-23 0 0.25 2,3,7,8-TCDD 0.388 EMPC NG/KG 17 N
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Table G-9.  Comparison of Lyman Mill Reach Floodplain Soil Data to Cleanup Goals, Spatial Extent of Remediation Footprint
(Sorted by Parameter), See Figure G-4
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Lyman Mill soil SS-99-24 0 0.25 2,3,7,8-TCDD 1.18 EMPC NG/KG 17 N
Lyman Mill soil SS-99-25 0 0.25 2,3,7,8-TCDD 1.11 EMPC NG/KG 17 N
Lyman Mill soil LPX-4112 0 0.5 4,4'-DDE 12.46840466 NG/G_DRYWT 16 N 46 13 28%
Lyman Mill soil LPX-4112 0 0.5 4,4'-DDE 11.40409305 NG/G_DRYWT 16 N
Lyman Mill soil LPX-4113 0 0.5 4,4'-DDE 17.12344019 NG/G_DRYWT 16 Y Not in footprint (1)
Lyman Mill soil LPX-4114 0 0.5 4,4'-DDE 9.046107105 NG/G_DRYWT 16 N
Lyman Mill soil LPX-FP-4004 0 0.5 4,4'-DDE 5.05 UG/KG 16 N
Lyman Mill soil LPX-FP-4004 0 0.5 4,4'-DDE 36.33 J UG/KG 16 Y In footprint
Lyman Mill soil LPX-FP-4006 0 0.5 4,4'-DDE 13.77 J UG/KG 16 N
Lyman Mill soil LPX-FP-4007 0 0.5 4,4'-DDE 31.59 UG/KG 16 Y In footprint
Oxbow Area soil LPX-SD-4402 (d) 0 0.5 4,4'-DDE 1.29 J NG/G_DRY 16 N
Oxbow Area soil LPX-SD-4402 (d) 0 0.5 4,4'-DDE 2.51 J NG/G_DRY 16 N
Oxbow Area soil LPX-SD-4402 (d) 0 0.5 4,4'-DDE 5.95 J NG/G_DRY 16 N
Oxbow Area soil LPX-SD-4404 0 0.5 4,4'-DDE 6.42 NG/G_DRY 16 N
Oxbow Area soil LPX-SD-4407 0 0.5 4,4'-DDE 42.36 NG/G_DRY 16 Y In footprint
Lyman Mill soil RES-10-004-01 0 1 4,4'-DDE 4.7 U UG/KG 16 - (c) 
Lyman Mill soil RES-10-005-01 0 1 4,4'-DDE 31 UG/KG 16 Y Not in footprint (1)
Lyman Mill soil RES-10-042-01 0 1 4,4'-DDE 8.1 U UG/KG 16 - (c) 
Lyman Mill soil RES-10-044-01 0 1 4,4'-DDE 39 UG/KG 16 Y In footprint
Lyman Mill soil RES-10-044-01 0 1 4,4'-DDE 33 UG/KG 16 Y In footprint
Lyman Mill soil RES-10-053-01 0 1 4,4'-DDE 5.1 U UG/KG 16 - (c) 
Lyman Mill soil RES-10-053-01 0 1 4,4'-DDE 4.8 U UG/KG 16 - (c) 
Lyman Mill soil RES-10-068-01 0 1 4,4'-DDE 6.4 UG/KG 16 N
Lyman Mill soil RES-10-074-01 0 1 4,4'-DDE 5 U UG/KG 16 - (c) 
Lyman Mill soil RES-10-075-01 0 1 4,4'-DDE 4.6 U UG/KG 16 - (c) 
Lyman Mill soil RES-10-076-01 0 1 4,4'-DDE 4.8 U UG/KG 16 - (c) 
Lyman Mill soil RES-10-604-01 0 1 4,4'-DDE 13 UG/KG 16 N
Lyman Mill soil RES-11-011-01 0 1 4,4'-DDE 5.4 U UG/KG 16 - (c) 
Lyman Mill soil RES-11-012-01 0 1 4,4'-DDE 21 P UG/KG 16 Y In footprint
Lyman Mill soil RES-11-328-01 0 1 4,4'-DDE 21 UG/KG 16 Y Not in footprint (1)
Lyman Mill soil RES-11-419-01 0 1 4,4'-DDE 23 UG/KG 16 Y Not in footprint (1)
Lyman Mill soil RES-11-420-01 0 1 4,4'-DDE 4.9 UG/KG 16 N
Lyman Mill soil RES-11-422-01 0 1 4,4'-DDE 4.7 U UG/KG 16 - (c) 
Lyman Mill soil RES-11-423-01 0 1 4,4'-DDE 4.1 U UG/KG 16 - (c) 
Lyman Mill soil RES-11-424-01 0 1 4,4'-DDE 22 UG/KG 16 Y Not in footprint (1)
Lyman Mill soil RES-11-426-01 0 1 4,4'-DDE 3.7 U UG/KG 16 - (c) 
Lyman Mill soil RES-11-427-01 0 1 4,4'-DDE 3.5 U UG/KG 16 - (c) 
Lyman Mill soil RES-11-428-01 0 1 4,4'-DDE 4.6 UG/KG 16 N
Lyman Mill soil RES-11-429-01 0 1 4,4'-DDE 4 U UG/KG 16 - (c) 
Lyman Mill soil RES-11-430-01 0 1 4,4'-DDE 3.8 U UG/KG 16 - (c) 
Lyman Mill soil RES-11-431-01 0 1 4,4'-DDE 4.1 U UG/KG 16 - (c) 
Lyman Mill soil RES-11-432-01 0 1 4,4'-DDE 6.9 U UG/KG 16 - (c) 
Lyman Mill soil RES-11-486-01 0 1 4,4'-DDE 56 UG/KG 16 Y Not in footprint (1)
Lyman Mill soil RES-11-497-01 0 1 4,4'-DDE 4.4 U UG/KG 16 - (c) 
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Table G-9.  Comparison of Lyman Mill Reach Floodplain Soil Data to Cleanup Goals, Spatial Extent of Remediation Footprint
(Sorted by Parameter), See Figure G-4
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Lyman Mill soil RES-11-577-01 0 1 4,4'-DDE 12 UG/KG 16 N
Lyman Mill soil RES-12-556-01 0 1 4,4'-DDE 1000 UG/KG 16 Y In footprint
Lyman Mill soil RES-12-560-01 0 1 4,4'-DDE 5.2 UG/KG 16 N
Lyman Mill soil RES-12-560-02 0 1 4,4'-DDE 5.4 UG/KG 16 N
Lyman Mill soil LPX-4112 0 0.5 Antimony 0.0702 J UG/G_DRYWT 0.62 N 46 20 43% Concentration below ARAR
Lyman Mill soil LPX-4112 0 0.5 Antimony 0.13 J UG/G_DRYWT 0.62 N Concentration below ARAR
Lyman Mill soil LPX-4113 0 0.5 Antimony 0.0675 J UG/G_DRYWT 0.62 N Concentration below ARAR
Lyman Mill soil LPX-4114 0 0.5 Antimony 0.163 J UG/G_DRYWT 0.62 N Concentration below ARAR
Lyman Mill soil LPX-FP-4004 0 0.5 Antimony 0.112 U MG/KG 0.62 - (c) Concentration below ARAR
Lyman Mill soil LPX-FP-4006 0 0.5 Antimony 0.704 J MG/KG 0.62 Y Not in footprint (1) Concentration below ARAR
Lyman Mill soil LPX-FP-4007 0 0.5 Antimony 0.213 J MG/KG 0.62 N Concentration below ARAR
Oxbow Area soil LPX-SD-4401 (d) 0 0.5 Antimony 1.37 J UG/G_DRYWT 0.62 Y In footprint
Oxbow Area soil LPX-SD-4401 (d) 0 0.5 Antimony 2.63 J UG/G_DRYWT 0.62 Y In footprint
Oxbow Area soil LPX-SD-4402 (d) 0 0.5 Antimony 0.922 UG/G_DRYWT 0.62 Y In footprint
Oxbow Area soil LPX-SD-4404 0 0.5 Antimony 7.01 UG/G_DRYWT 0.62 Y Not in footprint (2) Concentration below ARAR
Oxbow Area soil LPX-SD-4407 0 0.5 Antimony 2.8 UG/G_DRYWT 0.62 Y In footprint Concentration below ARAR
Lyman Mill soil RES-10-004-01 0 1 Antimony 0.86 UJ MG/KG 0.62 - (b) Concentration below ARAR
Lyman Mill soil RES-10-005-01 0 1 Antimony 0.82 UJ MG/KG 0.62 - (b) Concentration below ARAR
Lyman Mill soil RES-10-042-01 0 1 Antimony 38.2 J MG/KG 0.62 Y In footprint Concentration above ARAR
Lyman Mill soil RES-10-044-01 0 1 Antimony 5.2 J MG/KG 0.62 Y In footprint Concentration below ARAR
Lyman Mill soil RES-10-044-01 0 1 Antimony 3.8 J MG/KG 0.62 Y In footprint Concentration below ARAR
Lyman Mill soil RES-10-053-01 0 1 Antimony 1.4 U MG/KG 0.62 - (b) Concentration below ARAR
Lyman Mill soil RES-10-053-01 0 1 Antimony 1.4 J MG/KG 0.62 Y Not in footprint (1) Concentration below ARAR
Lyman Mill soil RES-10-068-01 0 1 Antimony 0.52 UJ MG/KG 0.62 - (c) Concentration below ARAR
Lyman Mill soil RES-10-074-01 0 1 Antimony 2.5 J MG/KG 0.62 Y Not in footprint (1) Concentration below ARAR
Lyman Mill soil RES-10-075-01 0 1 Antimony 3.2 J MG/KG 0.62 Y Not in footprint (1) Concentration below ARAR
Lyman Mill soil RES-10-076-01 0 1 Antimony 2.2 UJ MG/KG 0.62 - (b) Concentration below ARAR
Lyman Mill soil RES-10-604-01 0 1 Antimony 0.76 UJ MG/KG 0.62 - (b) Concentration below ARAR
Lyman Mill soil RES-11-011-01 0 1 Antimony 1.2 U MG/KG 0.62 - (b) Concentration below ARAR
Lyman Mill soil RES-11-012-01 0 1 Antimony 2.5 J MG/KG 0.62 Y In footprint Concentration below ARAR
Lyman Mill soil RES-11-328-01 0 1 Antimony 1.9 U MG/KG 0.62 - (b) Concentration below ARAR
Lyman Mill soil RES-11-419-01 0 1 Antimony 2.2 UJ MG/KG 0.62 - (b) Concentration below ARAR
Lyman Mill soil RES-11-420-01 0 1 Antimony 1.5 U MG/KG 0.62 - (b) Concentration below ARAR
Lyman Mill soil RES-11-422-01 0 1 Antimony 1.8 U MG/KG 0.62 - (b) Concentration below ARAR
Lyman Mill soil RES-11-423-01 0 1 Antimony 1.3 U MG/KG 0.62 - (b) Concentration below ARAR
Lyman Mill soil RES-11-424-01 0 1 Antimony 7.1 MG/KG 0.62 Y Not in footprint (1) Concentration below ARAR
Lyman Mill soil RES-11-426-01 0 1 Antimony 1.5 U MG/KG 0.62 - (b) Concentration below ARAR
Lyman Mill soil RES-11-427-01 0 1 Antimony 1.1 U MG/KG 0.62 - (b) Concentration below ARAR
Lyman Mill soil RES-11-428-01 0 1 Antimony 1.6 J MG/KG 0.62 Y Not in footprint (1) Concentration below ARAR
Lyman Mill soil RES-11-429-01 0 1 Antimony 1.3 U MG/KG 0.62 - (b) Concentration below ARAR
Lyman Mill soil RES-11-430-01 0 1 Antimony 1.3 U MG/KG 0.62 - (b) Concentration below ARAR
Lyman Mill soil RES-11-431-01 0 1 Antimony 2.3 J MG/KG 0.62 Y Not in footprint (1) Concentration below ARAR
Lyman Mill soil RES-11-432-01 0 1 Antimony 3.1 J MG/KG 0.62 Y Not in footprint (1) Concentration below ARAR
Lyman Mill soil RES-11-433-01 0 1 Antimony 17 MG/KG 0.62 Y Not in footprint (1) Concentration above ARAR
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Table G-9.  Comparison of Lyman Mill Reach Floodplain Soil Data to Cleanup Goals, Spatial Extent of Remediation Footprint
(Sorted by Parameter), See Figure G-4
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Lyman Mill soil RES-11-486-01 0 1 Antimony 5.8 MG/KG 0.62 Y Not in footprint (1) Concentration below ARAR
Lyman Mill soil RES-11-497-01 0 1 Antimony 1.3 U MG/KG 0.62 - (b) Concentration below ARAR
Lyman Mill soil RES-11-577-01 0 1 Antimony 1 UJ MG/KG 0.62 - (b) Concentration below ARAR
Lyman Mill soil RES-12-556-01 0 1 Antimony 3.1 MG/KG 0.62 Y In footprint Concentration below ARAR
Lyman Mill soil RES-12-560-01 0 1 Antimony 1.2 U MG/KG 0.62 - (b) Concentration below ARAR
Lyman Mill soil RES-12-560-02 0 1 Antimony 1.3 U MG/KG 0.62 - (b) Concentration below ARAR
Oxbow Area soil LPX-SD-4402 (d) 0 0.5 Aroclor 1254 166.91 J NG/G_DRY 820 N 46 3 7%
Oxbow Area soil LPX-SD-4402 (d) 0 0.5 Aroclor 1254 185.42 NG/G_DRY 820 N
Oxbow Area soil LPX-SD-4402 (d) 0 0.5 Aroclor 1254 3583.3 J NG/G_DRY 820 Y In footprint
Oxbow Area soil LPX-SD-4404 0 0.5 Aroclor 1254 16.96 U NG/G_DRY 820 - (c) Concentration below ARAR
Oxbow Area soil LPX-SD-4407 0 0.5 Aroclor 1254 637.83 NG/G_DRY 820 N Concentration below ARAR
Lyman Mill soil LPX-4112 0 0.5 Aroclor-1254 938.05 NG/G_DRYWT 820 Y Not in footprint (1) Concentration below ARAR
Lyman Mill soil LPX-4112 0 0.5 Aroclor-1254 825.75 NG/G_DRYWT 820 Y Not in footprint (1) Concentration below ARAR
Lyman Mill soil LPX-4113 0 0.5 Aroclor-1254 10.12 U NG/G_DRYWT 820 - (c) Concentration below ARAR
Lyman Mill soil LPX-4114 0 0.5 Aroclor-1254 466.65 NG/G_DRYWT 820 N Concentration below ARAR
Lyman Mill soil LPX-FP-4004 0 0.5 Aroclor-1254 120.02 UG/KG 820 N Concentration below ARAR
Lyman Mill soil LPX-FP-4004 0 0.5 Aroclor-1254 746.14 J UG/KG 820 N Concentration below ARAR
Lyman Mill soil LPX-FP-4006 0 0.5 Aroclor-1254 253.05 J UG/KG 820 N Concentration below ARAR
Lyman Mill soil LPX-FP-4007 0 0.5 Aroclor-1254 85.28 UG/KG 820 N Concentration below ARAR
Lyman Mill soil RES-10-004-01 0 1 Aroclor-1254 47 U UG/KG 820 - (c) Concentration below ARAR
Lyman Mill soil RES-10-005-01 0 1 Aroclor-1254 67 U UG/KG 820 - (c) Concentration below ARAR
Lyman Mill soil RES-10-042-01 0 1 Aroclor-1254 81 U UG/KG 820 - (c) Concentration below ARAR
Lyman Mill soil RES-10-044-01 0 1 Aroclor-1254 210 UG/KG 820 N Concentration below ARAR
Lyman Mill soil RES-10-044-01 0 1 Aroclor-1254 240 UG/KG 820 N Concentration below ARAR
Lyman Mill soil RES-10-053-01 0 1 Aroclor-1254 41 J UG/KG 820 N Concentration below ARAR
Lyman Mill soil RES-10-053-01 0 1 Aroclor-1254 42 J UG/KG 820 N Concentration below ARAR
Lyman Mill soil RES-10-068-01 0 1 Aroclor-1254 40 U UG/KG 820 - (c) Concentration below ARAR
Lyman Mill soil RES-10-074-01 0 1 Aroclor-1254 50 U UG/KG 820 - (c) Concentration below ARAR
Lyman Mill soil RES-10-075-01 0 1 Aroclor-1254 46 U UG/KG 820 - (c) Concentration below ARAR
Lyman Mill soil RES-10-076-01 0 1 Aroclor-1254 48 U UG/KG 820 - (c) Concentration below ARAR
Lyman Mill soil RES-10-604-01 0 1 Aroclor-1254 73 UG/KG 820 N Concentration below ARAR
Lyman Mill soil RES-11-011-01 0 1 Aroclor-1254 54 U UG/KG 820 - (c) Concentration below ARAR
Lyman Mill soil RES-11-012-01 0 1 Aroclor-1254 150 UG/KG 820 N Concentration below ARAR
Lyman Mill soil RES-11-328-01 0 1 Aroclor-1254 200 UG/KG 820 N Concentration below ARAR
Lyman Mill soil RES-11-419-01 0 1 Aroclor-1254 80 U UG/KG 820 - (c) Concentration below ARAR
Lyman Mill soil RES-11-420-01 0 1 Aroclor-1254 46 U UG/KG 820 - (c) Concentration below ARAR
Lyman Mill soil RES-11-422-01 0 1 Aroclor-1254 47 U UG/KG 820 - (c) Concentration below ARAR
Lyman Mill soil RES-11-423-01 0 1 Aroclor-1254 41 U UG/KG 820 - (c) Concentration below ARAR
Lyman Mill soil RES-11-424-01 0 1 Aroclor-1254 41 U UG/KG 820 - (c) Concentration below ARAR
Lyman Mill soil RES-11-426-01 0 1 Aroclor-1254 37 U UG/KG 820 - (c) Concentration below ARAR
Lyman Mill soil RES-11-427-01 0 1 Aroclor-1254 35 U UG/KG 820 - (c) Concentration below ARAR
Lyman Mill soil RES-11-428-01 0 1 Aroclor-1254 180 UG/KG 820 N Concentration below ARAR
Lyman Mill soil RES-11-429-01 0 1 Aroclor-1254 40 U UG/KG 820 - (c) Concentration below ARAR
Lyman Mill soil RES-11-430-01 0 1 Aroclor-1254 38 U UG/KG 820 - (c) Concentration below ARAR
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Appendix G


Table G-9.  Comparison of Lyman Mill Reach Floodplain Soil Data to Cleanup Goals, Spatial Extent of Remediation Footprint
(Sorted by Parameter), See Figure G-4
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Lyman Mill soil RES-11-431-01 0 1 Aroclor-1254 64 UG/KG 820 N Concentration below ARAR
Lyman Mill soil RES-11-432-01 0 1 Aroclor-1254 69 U UG/KG 820 - (c) Concentration below ARAR
Lyman Mill soil RES-11-486-01 0 1 Aroclor-1254 97 U UG/KG 820 - (c) Concentration below ARAR
Lyman Mill soil RES-11-497-01 0 1 Aroclor-1254 30 J UG/KG 820 N Concentration below ARAR
Lyman Mill soil RES-11-577-01 0 1 Aroclor-1254 86 UG/KG 820 N Concentration below ARAR
Lyman Mill soil RES-12-556-01 0 1 Aroclor-1254 200 U UG/KG 820 - (c) Concentration below ARAR
Lyman Mill soil RES-12-560-01 0 1 Aroclor-1254 39 U UG/KG 820 - (c) Concentration below ARAR
Lyman Mill soil RES-12-560-02 0 1 Aroclor-1254 43 U UG/KG 820 - (c) Concentration below ARAR
Lyman Mill soil LPX-FP-4004 0 0.5 Aroclor, Total 142.52 UG/KG 1700 N 43 1 2% Concentration below ARAR
Lyman Mill soil LPX-FP-4004 0 0.5 Aroclor, Total 859.24 J UG/KG 1700 N Concentration below ARAR
Lyman Mill soil LPX-FP-4006 0 0.5 Aroclor, Total 278.11 J UG/KG 1700 N Concentration below ARAR
Lyman Mill soil LPX-FP-4007 0 0.5 Aroclor, Total 108.73 J UG/KG 1700 N Concentration below ARAR
Lyman Mill soil RES-10-004-01 0 1 Aroclor, Total 95 U UG/KG 1700 - (c) Concentration below ARAR
Lyman Mill soil RES-10-005-01 0 1 Aroclor, Total 140 U UG/KG 1700 - (c) Concentration below ARAR
Lyman Mill soil RES-10-042-01 0 1 Aroclor, Total 160 U UG/KG 1700 - (c) Concentration below ARAR
Lyman Mill soil RES-10-044-01 0 1 Aroclor, Total 350 UG/KG 1700 N Concentration below ARAR
Lyman Mill soil RES-10-044-01 0 1 Aroclor, Total 350 UG/KG 1700 N Concentration below ARAR
Lyman Mill soil RES-10-053-01 0 1 Aroclor, Total 41 UG/KG 1700 N Concentration below ARAR
Lyman Mill soil RES-10-053-01 0 1 Aroclor, Total 42 UG/KG 1700 N Concentration below ARAR
Lyman Mill soil RES-10-068-01 0 1 Aroclor, Total 81 U UG/KG 1700 - (c) Concentration below ARAR
Lyman Mill soil RES-10-074-01 0 1 Aroclor, Total 100 U UG/KG 1700 - (c) Concentration below ARAR
Lyman Mill soil RES-10-075-01 0 1 Aroclor, Total 94 U UG/KG 1700 - (c) Concentration below ARAR
Lyman Mill soil RES-10-076-01 0 1 Aroclor, Total 98 U UG/KG 1700 - (c) Concentration below ARAR
Lyman Mill soil RES-10-604-01 0 1 Aroclor, Total 73 UG/KG 1700 N Concentration below ARAR
Lyman Mill soil RES-11-011-01 0 1 Aroclor, Total 110 U UG/KG 1700 - (c) Concentration below ARAR
Lyman Mill soil RES-11-012-01 0 1 Aroclor, Total 150 UG/KG 1700 N Concentration below ARAR
Lyman Mill soil RES-11-328-01 0 1 Aroclor, Total 340 UG/KG 1700 N Concentration below ARAR
Lyman Mill soil RES-11-419-01 0 1 Aroclor, Total 160 U UG/KG 1700 - (c) Concentration below ARAR
Lyman Mill soil RES-11-420-01 0 1 Aroclor, Total 93 U UG/KG 1700 - (c) Concentration below ARAR
Lyman Mill soil RES-11-422-01 0 1 Aroclor, Total 95 U UG/KG 1700 - (c) Concentration below ARAR
Lyman Mill soil RES-11-423-01 0 1 Aroclor, Total 83 U UG/KG 1700 - (c) Concentration below ARAR
Lyman Mill soil RES-11-424-01 0 1 Aroclor, Total 82 U UG/KG 1700 - (c) Concentration below ARAR
Lyman Mill soil RES-11-426-01 0 1 Aroclor, Total 75 U UG/KG 1700 - (c) Concentration below ARAR
Lyman Mill soil RES-11-427-01 0 1 Aroclor, Total 72 U UG/KG 1700 - (c) Concentration below ARAR
Lyman Mill soil RES-11-428-01 0 1 Aroclor, Total 180 UG/KG 1700 N Concentration below ARAR
Lyman Mill soil RES-11-429-01 0 1 Aroclor, Total 81 U UG/KG 1700 - (c) Concentration below ARAR
Lyman Mill soil RES-11-430-01 0 1 Aroclor, Total 76 U UG/KG 1700 - (c) Concentration below ARAR
Lyman Mill soil RES-11-431-01 0 1 Aroclor, Total 64 UG/KG 1700 N Concentration below ARAR
Lyman Mill soil RES-11-432-01 0 1 Aroclor, Total 140 U UG/KG 1700 - (c) Concentration below ARAR
Lyman Mill soil RES-11-433-01 0 1 Aroclor, Total U UG/KG 1700 - (c) Concentration below ARAR
Lyman Mill soil RES-11-486-01 0 1 Aroclor, Total 200 U UG/KG 1700 - (c) Concentration below ARAR
Lyman Mill soil RES-11-497-01 0 1 Aroclor, Total 30 UG/KG 1700 N Concentration below ARAR
Lyman Mill soil RES-11-577-01 0 1 Aroclor, Total 86 UG/KG 1700 N Concentration below ARAR
Lyman Mill soil RES-12-556-01 0 1 Aroclor, Total 410 U UG/KG 1700 - (c) Concentration below ARAR
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Appendix G


Table G-9.  Comparison of Lyman Mill Reach Floodplain Soil Data to Cleanup Goals, Spatial Extent of Remediation Footprint
(Sorted by Parameter), See Figure G-4
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Lyman Mill soil RES-12-560-01 0 1 Aroclor, Total 79 U UG/KG 1700 - (c) Concentration below ARAR
Lyman Mill soil RES-12-560-02 0 1 Aroclor, Total 87 U UG/KG 1700 - (c) Concentration below ARAR
Oxbow Area soil LPX-SD-4402 (d) 0 0.5 TOTAL AROCLOR 185.42 NG/G_DRY 1700 N
Oxbow Area soil LPX-SD-4402 (d) 0 0.5 TOTAL AROCLOR 339.14 NG/G_DRY 1700 N
Oxbow Area soil LPX-SD-4402 (d) 0 0.5 TOTAL AROCLOR 3583.3 NG/G_DRY 1700 Y In footprint
Oxbow Area soil LPX-SD-4404 0 0.5 TOTAL AROCLOR 103.11 NG/G_DRY 1700 N Concentration below ARAR
Oxbow Area soil LPX-SD-4407 0 0.5 TOTAL AROCLOR 637.83 NG/G_DRY 1700 N Concentration below ARAR
Lyman Mill soil LPX-4112 0 0.5 Arsenic 11.5 UG/G_DRYWT 7.7 Y 46 17 37% Not in footprint (1) Concentration above ARAR (3)
Lyman Mill soil LPX-4112 0 0.5 Arsenic 9.64 UG/G_DRYWT 7.7 Y Not in footprint (1) Concentration above ARAR (3)
Lyman Mill soil LPX-4113 0 0.5 Arsenic 9.98 UG/G_DRYWT 7.7 Y Not in footprint (1) Concentration above ARAR (3)
Lyman Mill soil LPX-4114 0 0.5 Arsenic 9.77 UG/G_DRYWT 7.7 Y Not in footprint (1) Concentration above ARAR (3)
Lyman Mill soil LPX-FP-4004 0 0.5 Arsenic 4.25 MG/KG 7.7 N Concentration below ARAR
Lyman Mill soil LPX-FP-4006 0 0.5 Arsenic 7.42 MG/KG 7.7 N Concentration above ARAR (3)
Lyman Mill soil LPX-FP-4007 0 0.5 Arsenic 4.93 MG/KG 7.7 N Concentration below ARAR
Oxbow Area soil LPX-SD-4401 (d) 0 0.5 Arsenic 1.448 U UG/G_DRYWT 7.7 - (c) 
Oxbow Area soil LPX-SD-4401 (d) 0 0.5 Arsenic 2.99 UG/G_DRYWT 7.7 N
Oxbow Area soil LPX-SD-4402 (d) 0 0.5 Arsenic 3.16 UG/G_DRYWT 7.7 N
Oxbow Area soil LPX-SD-4404 0 0.5 Arsenic 12.8 UG/G_DRYWT 7.7 Y Not in footprint (2) Concentration above ARAR (3)
Oxbow Area soil LPX-SD-4407 0 0.5 Arsenic 2.61 UG/G_DRYWT 7.7 N Concentration below ARAR
Lyman Mill soil RES-10-004-01 0 1 Arsenic 9.1 MG/KG 7.7 Y Not in footprint (1) Concentration above ARAR (3)
Lyman Mill soil RES-10-005-01 0 1 Arsenic 8.1 MG/KG 7.7 Y Not in footprint (1) Concentration above ARAR (3)
Lyman Mill soil RES-10-042-01 0 1 Arsenic 55.6 MG/KG 7.7 Y In footprint Concentration above ARAR (3)
Lyman Mill soil RES-10-044-01 0 1 Arsenic 14.8 MG/KG 7.7 Y In footprint Concentration above ARAR (3)
Lyman Mill soil RES-10-044-01 0 1 Arsenic 14.4 MG/KG 7.7 Y In footprint Concentration above ARAR (3)
Lyman Mill soil RES-10-053-01 0 1 Arsenic 2.8 J MG/KG 7.7 N Concentration below ARAR
Lyman Mill soil RES-10-053-01 0 1 Arsenic 3.2 MG/KG 7.7 N Concentration below ARAR
Lyman Mill soil RES-10-068-01 0 1 Arsenic 7.1 MG/KG 7.7 N Concentration above ARAR (3)
Lyman Mill soil RES-10-074-01 0 1 Arsenic 8.9 MG/KG 7.7 Y Not in footprint (1) Concentration above ARAR (3)
Lyman Mill soil RES-10-075-01 0 1 Arsenic 32.8 MG/KG 7.7 Y Not in footprint (1) Concentration above ARAR (3)
Lyman Mill soil RES-10-076-01 0 1 Arsenic 7.7 MG/KG 7.7 N Concentration above ARAR (3)
Lyman Mill soil RES-10-604-01 0 1 Arsenic 4 MG/KG 7.7 N Concentration below ARAR
Lyman Mill soil RES-11-011-01 0 1 Arsenic 3.9 MG/KG 7.7 N Concentration below ARAR
Lyman Mill soil RES-11-012-01 0 1 Arsenic 7.8 MG/KG 7.7 Y In footprint Concentration above ARAR (3)
Lyman Mill soil RES-11-328-01 0 1 Arsenic 4.9 MG/KG 7.7 N Concentration below ARAR
Lyman Mill soil RES-11-419-01 0 1 Arsenic 3.5 MG/KG 7.7 N Concentration below ARAR
Lyman Mill soil RES-11-420-01 0 1 Arsenic 6.7 MG/KG 7.7 N Concentration below ARAR
Lyman Mill soil RES-11-422-01 0 1 Arsenic 6.6 MG/KG 7.7 N Concentration below ARAR
Lyman Mill soil RES-11-423-01 0 1 Arsenic 1.7 J MG/KG 7.7 N Concentration below ARAR
Lyman Mill soil RES-11-424-01 0 1 Arsenic 2.9 MG/KG 7.7 N Concentration below ARAR
Lyman Mill soil RES-11-426-01 0 1 Arsenic 2.7 J MG/KG 7.7 N Concentration below ARAR
Lyman Mill soil RES-11-427-01 0 1 Arsenic 3.4 MG/KG 7.7 N Concentration below ARAR
Lyman Mill soil RES-11-428-01 0 1 Arsenic 3.6 MG/KG 7.7 N Concentration below ARAR
Lyman Mill soil RES-11-429-01 0 1 Arsenic 8.7 MG/KG 7.7 Y Not in footprint (1) Concentration above ARAR (3)
Lyman Mill soil RES-11-430-01 0 1 Arsenic 1.6 U MG/KG 7.7 - (c) Concentration below ARAR
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Table G-9.  Comparison of Lyman Mill Reach Floodplain Soil Data to Cleanup Goals, Spatial Extent of Remediation Footprint
(Sorted by Parameter), See Figure G-4
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Lyman Mill soil RES-11-431-01 0 1 Arsenic 1.7 J MG/KG 7.7 N Concentration below ARAR
Lyman Mill soil RES-11-432-01 0 1 Arsenic 2.6 J MG/KG 7.7 N Concentration below ARAR
Lyman Mill soil RES-11-433-01 0 1 Arsenic 9.6 MG/KG 7.7 Y Not in footprint (1) Concentration above ARAR (3)
Lyman Mill soil RES-11-486-01 0 1 Arsenic 6.5 MG/KG 7.7 N Concentration below ARAR
Lyman Mill soil RES-11-497-01 0 1 Arsenic 3 MG/KG 7.7 N Concentration below ARAR
Lyman Mill soil RES-11-577-01 0 1 Arsenic 5.1 MG/KG 7.7 N Concentration below ARAR
Lyman Mill soil RES-12-556-01 0 1 Arsenic 9.3 MG/KG 7.7 Y In footprint Concentration above ARAR (3)
Lyman Mill soil RES-12-560-01 0 1 Arsenic 5.8 MG/KG 7.7 N Concentration below ARAR
Lyman Mill soil RES-12-560-02 0 1 Arsenic 10.9 MG/KG 7.7 Y In footprint Concentration above ARAR (3)
Lyman Mill soil LPX-4112 0 0.5 Cadmium 0.222 J UG/G_DRYWT 3.8 N 45 3 7% Concentration below ARAR
Lyman Mill soil LPX-4112 0 0.5 Cadmium 0.184 J UG/G_DRYWT 3.8 N Concentration below ARAR
Lyman Mill soil LPX-4113 0 0.5 Cadmium 0.409 J UG/G_DRYWT 3.8 N Concentration below ARAR
Lyman Mill soil LPX-4114 0 0.5 Cadmium 0.428 J UG/G_DRYWT 3.8 N Concentration below ARAR
Lyman Mill soil LPX-FP-4004 0 0.5 Cadmium 0.463 J MG/KG 3.8 N Concentration below ARAR
Lyman Mill soil LPX-FP-4006 0 0.5 Cadmium 3.18 MG/KG 3.8 N Concentration below ARAR
Lyman Mill soil LPX-FP-4007 0 0.5 Cadmium 1.76 MG/KG 3.8 N Concentration below ARAR
Oxbow Area soil LPX-SD-4401 (d) 0 0.5 Cadmium 0.06 UJ UG/G_DRYWT 3.8 - (c) 
Oxbow Area soil LPX-SD-4401 (d) 0 0.5 Cadmium 2.87 J UG/G_DRYWT 3.8 N
Oxbow Area soil LPX-SD-4402 (d) 0 0.5 Cadmium 1.19 UG/G_DRYWT 3.8 N
Oxbow Area soil LPX-SD-4404 0 0.5 Cadmium 8.25 UG/G_DRYWT 3.8 Y Not in footprint (2) Concentration below ARAR
Oxbow Area soil LPX-SD-4407 0 0.5 Cadmium 3.77 UG/G_DRYWT 3.8 N Concentration below ARAR
Lyman Mill soil RES-10-004-01 0 1 Cadmium 0.09 U MG/KG 3.8 - (c) Concentration below ARAR
Lyman Mill soil RES-10-005-01 0 1 Cadmium 0.11 U MG/KG 3.8 - (c) Concentration below ARAR
Lyman Mill soil RES-10-042-01 0 1 Cadmium 5 MG/KG 3.8 Y In footprint Concentration below ARAR
Lyman Mill soil RES-10-044-01 0 1 Cadmium 1.7 MG/KG 3.8 N Concentration below ARAR
Lyman Mill soil RES-10-044-01 0 1 Cadmium 1.4 MG/KG 3.8 N Concentration below ARAR
Lyman Mill soil RES-10-053-01 0 1 Cadmium 0.28 U MG/KG 3.8 - (c) Concentration below ARAR
Lyman Mill soil RES-10-053-01 0 1 Cadmium 0.28 U MG/KG 3.8 - (c) Concentration below ARAR
Lyman Mill soil RES-10-068-01 0 1 Cadmium 0.07 U MG/KG 3.8 - (c) Concentration below ARAR
Lyman Mill soil RES-10-074-01 0 1 Cadmium 2.2 J MG/KG 3.8 N Concentration below ARAR
Lyman Mill soil RES-10-075-01 0 1 Cadmium 3 J MG/KG 3.8 N Concentration below ARAR
Lyman Mill soil RES-10-076-01 0 1 Cadmium 1 J MG/KG 3.8 N Concentration below ARAR
Lyman Mill soil RES-10-604-01 0 1 Cadmium 0.14 UJ MG/KG 3.8 - (c) Concentration below ARAR
Lyman Mill soil RES-11-011-01 0 1 Cadmium 0.32 J MG/KG 3.8 N Concentration below ARAR
Lyman Mill soil RES-11-012-01 0 1 Cadmium 1.6 J MG/KG 3.8 N Concentration below ARAR
Lyman Mill soil RES-11-328-01 0 1 Cadmium 0.41 J MG/KG 3.8 N Concentration below ARAR
Lyman Mill soil RES-11-419-01 0 1 Cadmium 0.14 U MG/KG 3.8 - (c) Concentration below ARAR
Lyman Mill soil RES-11-420-01 0 1 Cadmium 0.29 U MG/KG 3.8 - (c) Concentration below ARAR
Lyman Mill soil RES-11-422-01 0 1 Cadmium 0.36 U MG/KG 3.8 - (c) Concentration below ARAR
Lyman Mill soil RES-11-423-01 0 1 Cadmium 0.26 U MG/KG 3.8 - (c) Concentration below ARAR
Lyman Mill soil RES-11-424-01 0 1 Cadmium 0.71 MG/KG 3.8 N Concentration below ARAR
Lyman Mill soil RES-11-426-01 0 1 Cadmium 0.29 U MG/KG 3.8 - (c) Concentration below ARAR
Lyman Mill soil RES-11-427-01 0 1 Cadmium 0.21 U MG/KG 3.8 - (c) Concentration below ARAR
Lyman Mill soil RES-11-428-01 0 1 Cadmium 0.28 U MG/KG 3.8 - (c) Concentration below ARAR
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Table G-9.  Comparison of Lyman Mill Reach Floodplain Soil Data to Cleanup Goals, Spatial Extent of Remediation Footprint
(Sorted by Parameter), See Figure G-4
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Lyman Mill soil RES-11-429-01 0 1 Cadmium 0.25 U MG/KG 3.8 - (c) Concentration below ARAR
Lyman Mill soil RES-11-430-01 0 1 Cadmium 0.26 U MG/KG 3.8 - (c) Concentration below ARAR
Lyman Mill soil RES-11-431-01 0 1 Cadmium 0.49 MG/KG 3.8 N Concentration below ARAR
Lyman Mill soil RES-11-432-01 0 1 Cadmium 0.53 J MG/KG 3.8 N Concentration below ARAR
Lyman Mill soil RES-11-433-01 0 1 Cadmium 5.2 MG/KG 3.8 Y Not in footprint (1) Concentration below ARAR
Lyman Mill soil RES-11-497-01 0 1 Cadmium 0.26 U MG/KG 3.8 - (c) Concentration below ARAR
Lyman Mill soil RES-11-577-01 0 1 Cadmium 0.15 U MG/KG 3.8 - (c) Concentration below ARAR
Lyman Mill soil RES-12-556-01 0 1 Cadmium 1.1 MG/KG 3.8 N Concentration below ARAR
Lyman Mill soil RES-12-560-01 0 1 Cadmium 0.25 U MG/KG 3.8 - (c) Concentration below ARAR
Lyman Mill soil RES-12-560-02 0 1 Cadmium 0.27 U MG/KG 3.8 - (c) Concentration below ARAR
Lyman Mill soil LPX-4112 0 0.5 Dieldrin 3.217026746 NG/G_DRYWT 40 N 46 1 2% Concentration below ARAR
Lyman Mill soil LPX-4112 0 0.5 Dieldrin 2.883255287 NG/G_DRYWT 40 N Concentration below ARAR
Lyman Mill soil LPX-4113 0 0.5 Dieldrin 3.356570795 NG/G_DRYWT 40 N Concentration below ARAR
Lyman Mill soil LPX-4114 0 0.5 Dieldrin 2.559174013 NG/G_DRYWT 40 N Concentration below ARAR
Lyman Mill soil LPX-FP-4004 0 0.5 Dieldrin 2.2 UG/KG 40 N Concentration below ARAR
Lyman Mill soil LPX-FP-4004 0 0.5 Dieldrin 13.13 J UG/KG 40 N Concentration below ARAR
Lyman Mill soil LPX-FP-4006 0 0.5 Dieldrin 1.49 U UG/KG 40 - (c) Concentration below ARAR
Lyman Mill soil LPX-FP-4007 0 0.5 Dieldrin 5.4 UG/KG 40 N Concentration below ARAR
Oxbow Area soil LPX-SD-4402 (d) 0 0.5 dieldrin 0.16 UJ NG/G_DRY 40 - (c) 
Oxbow Area soil LPX-SD-4402 (d) 0 0.5 dieldrin 1.9 J NG/G_DRY 40 N
Oxbow Area soil LPX-SD-4402 (d) 0 0.5 dieldrin 63.38 J NG/G_DRY 40 Y In footprint
Oxbow Area soil LPX-SD-4404 0 0.5 dieldrin 3.43 NG/G_DRY 40 N Concentration below ARAR
Oxbow Area soil LPX-SD-4407 0 0.5 dieldrin 2.51 NG/G_DRY 40 N Concentration below ARAR
Lyman Mill soil RES-10-004-01 0 1 Dieldrin 4.7 U UG/KG 40 - (c) Concentration below ARAR
Lyman Mill soil RES-10-005-01 0 1 Dieldrin 6.7 U UG/KG 40 - (c) Concentration below ARAR
Lyman Mill soil RES-10-042-01 0 1 Dieldrin 8.1 U UG/KG 40 - (c) Concentration below ARAR
Lyman Mill soil RES-10-044-01 0 1 Dieldrin 8.5 U UG/KG 40 - (c) Concentration below ARAR
Lyman Mill soil RES-10-044-01 0 1 Dieldrin 8.8 U UG/KG 40 - (c) Concentration below ARAR
Lyman Mill soil RES-10-053-01 0 1 Dieldrin 5.1 U UG/KG 40 - (c) Concentration below ARAR
Lyman Mill soil RES-10-053-01 0 1 Dieldrin 4.8 U UG/KG 40 - (c) Concentration below ARAR
Lyman Mill soil RES-10-068-01 0 1 Dieldrin 4 U UG/KG 40 - (c) Concentration below ARAR
Lyman Mill soil RES-10-074-01 0 1 Dieldrin 5 U UG/KG 40 - (c) Concentration below ARAR
Lyman Mill soil RES-10-075-01 0 1 Dieldrin 4.6 U UG/KG 40 - (c) Concentration below ARAR
Lyman Mill soil RES-10-076-01 0 1 Dieldrin 4.8 U UG/KG 40 - (c) Concentration below ARAR
Lyman Mill soil RES-10-604-01 0 1 Dieldrin 6.1 U UG/KG 40 - (c) Concentration below ARAR
Lyman Mill soil RES-11-011-01 0 1 Dieldrin 5.4 U UG/KG 40 - (c) Concentration below ARAR
Lyman Mill soil RES-11-012-01 0 1 Dieldrin 6.6 U UG/KG 40 - (c) Concentration below ARAR
Lyman Mill soil RES-11-328-01 0 1 Dieldrin 15 UG/KG 40 N Concentration below ARAR
Lyman Mill soil RES-11-419-01 0 1 Dieldrin 8 U UG/KG 40 - (c) Concentration below ARAR
Lyman Mill soil RES-11-420-01 0 1 Dieldrin 4.6 UJ UG/KG 40 - (c) Concentration below ARAR
Lyman Mill soil RES-11-422-01 0 1 Dieldrin 4.7 U UG/KG 40 - (c) Concentration below ARAR
Lyman Mill soil RES-11-423-01 0 1 Dieldrin 4.1 U UG/KG 40 - (c) Concentration below ARAR
Lyman Mill soil RES-11-424-01 0 1 Dieldrin 4.1 U UG/KG 40 - (c) Concentration below ARAR
Lyman Mill soil RES-11-426-01 0 1 Dieldrin 3.7 U UG/KG 40 - (c) Concentration below ARAR
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Appendix G


Table G-9.  Comparison of Lyman Mill Reach Floodplain Soil Data to Cleanup Goals, Spatial Extent of Remediation Footprint
(Sorted by Parameter), See Figure G-4
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Lyman Mill soil RES-11-427-01 0 1 Dieldrin 3.5 U UG/KG 40 - (c) Concentration below ARAR
Lyman Mill soil RES-11-428-01 0 1 Dieldrin 4.4 U UG/KG 40 - (c) Concentration below ARAR
Lyman Mill soil RES-11-429-01 0 1 Dieldrin 4 U UG/KG 40 - (c) Concentration below ARAR
Lyman Mill soil RES-11-430-01 0 1 Dieldrin 3.8 U UG/KG 40 - (c) Concentration below ARAR
Lyman Mill soil RES-11-431-01 0 1 Dieldrin 4.1 U UG/KG 40 - (c) Concentration below ARAR
Lyman Mill soil RES-11-432-01 0 1 Dieldrin 6.9 U UG/KG 40 - (c) Concentration below ARAR
Lyman Mill soil RES-11-486-01 0 1 Dieldrin 9.7 U UG/KG 40 - (c) Concentration below ARAR
Lyman Mill soil RES-11-497-01 0 1 Dieldrin 4.4 U UG/KG 40 - (c) Concentration below ARAR
Lyman Mill soil RES-11-577-01 0 1 Dieldrin 7.8 U UG/KG 40 - (c) Concentration below ARAR
Lyman Mill soil RES-12-556-01 0 1 Dieldrin 20 U UG/KG 40 - (c) Concentration below ARAR
Lyman Mill soil RES-12-560-01 0 1 Dieldrin 3.9 U UG/KG 40 - (c) Concentration below ARAR
Lyman Mill soil RES-12-560-02 0 1 Dieldrin 4.3 U UG/KG 40 - (c) Concentration below ARAR
Lyman Mill soil LPX-4112 0 0.5 Lead 169 J UG/G_DRYWT 450 N 46 11 24% Concentration above ARAR (3)
Lyman Mill soil LPX-4112 0 0.5 Lead 109 J UG/G_DRYWT 450 N Concentration below ARAR
Lyman Mill soil LPX-4113 0 0.5 Lead 154 J UG/G_DRYWT 450 N Concentration above ARAR (3)
Lyman Mill soil LPX-4114 0 0.5 Lead 215 J UG/G_DRYWT 450 N Concentration above ARAR (3)
Lyman Mill soil LPX-FP-4004 0 0.5 Lead 158 MG/KG 450 N Concentration above ARAR (3)
Lyman Mill soil LPX-FP-4006 0 0.5 Lead 901 MG/KG 450 Y Not in footprint (1) Concentration above ARAR (3)
Lyman Mill soil LPX-FP-4007 0 0.5 Lead 248 MG/KG 450 N Concentration above ARAR (3)
Oxbow Area soil LPX-SD-4401 (d) 0 0.5 Lead 174 J UG/G_DRYWT 450 N
Oxbow Area soil LPX-SD-4401 (d) 0 0.5 Lead 453 J UG/G_DRYWT 450 Y In footprint
Oxbow Area soil LPX-SD-4402 (d) 0 0.5 Lead 44.4 UG/G_DRYWT 450 N
Oxbow Area soil LPX-SD-4404 0 0.5 Lead 1835 UG/G_DRYWT 450 Y Not in footprint (2) Concentration above ARAR (3)
Oxbow Area soil LPX-SD-4407 0 0.5 Lead 246 UG/G_DRYWT 450 N Concentration above ARAR (3)
Lyman Mill soil RES-10-004-01 0 1 Lead 207 MG/KG 450 N Concentration above ARAR (3)
Lyman Mill soil RES-10-005-01 0 1 Lead 112 MG/KG 450 N Concentration below ARAR
Lyman Mill soil RES-10-042-01 0 1 Lead 368 MG/KG 450 N Concentration above ARAR (3)
Lyman Mill soil RES-10-044-01 0 1 Lead 509 MG/KG 450 Y In footprint Concentration above ARAR (3)
Lyman Mill soil RES-10-044-01 0 1 Lead 477 MG/KG 450 Y In footprint Concentration above ARAR (3)
Lyman Mill soil RES-10-053-01 0 1 Lead 60.8 MG/KG 450 N Concentration below ARAR
Lyman Mill soil RES-10-053-01 0 1 Lead 59 MG/KG 450 N Concentration below ARAR
Lyman Mill soil RES-10-068-01 0 1 Lead 175 MG/KG 450 N Concentration above ARAR (3)
Lyman Mill soil RES-10-074-01 0 1 Lead 952 MG/KG 450 Y Not in footprint (1) Concentration above ARAR (3)
Lyman Mill soil RES-10-075-01 0 1 Lead 1220 MG/KG 450 Y Not in footprint (1) Concentration above ARAR (3)
Lyman Mill soil RES-10-076-01 0 1 Lead 2160 MG/KG 450 Y Not in footprint (1) Concentration above ARAR (3)
Lyman Mill soil RES-10-604-01 0 1 Lead 177 MG/KG 450 N Concentration above ARAR (3)
Lyman Mill soil RES-11-011-01 0 1 Lead 162 MG/KG 450 N Concentration above ARAR (3)
Lyman Mill soil RES-11-012-01 0 1 Lead 2460 MG/KG 450 Y In footprint Concentration above ARAR (3)
Lyman Mill soil RES-11-328-01 0 1 Lead 325 MG/KG 450 N Concentration above ARAR (3)
Lyman Mill soil RES-11-419-01 0 1 Lead 157 MG/KG 450 N Concentration above ARAR (3)
Lyman Mill soil RES-11-420-01 0 1 Lead 99.3 MG/KG 450 N Concentration below ARAR
Lyman Mill soil RES-11-422-01 0 1 Lead 52.3 MG/KG 450 N Concentration below ARAR
Lyman Mill soil RES-11-423-01 0 1 Lead 11.7 MG/KG 450 N Concentration below ARAR
Lyman Mill soil RES-11-424-01 0 1 Lead 948 MG/KG 450 Y Not in footprint (1) Concentration above ARAR (3)
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Appendix G


Table G-9.  Comparison of Lyman Mill Reach Floodplain Soil Data to Cleanup Goals, Spatial Extent of Remediation Footprint
(Sorted by Parameter), See Figure G-4
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Lyman Mill soil RES-11-426-01 0 1 Lead 92.7 MG/KG 450 N Concentration below ARAR
Lyman Mill soil RES-11-427-01 0 1 Lead 24.4 MG/KG 450 N Concentration below ARAR
Lyman Mill soil RES-11-428-01 0 1 Lead 41.2 MG/KG 450 N Concentration below ARAR
Lyman Mill soil RES-11-429-01 0 1 Lead 28.2 MG/KG 450 N Concentration below ARAR
Lyman Mill soil RES-11-430-01 0 1 Lead 8.1 MG/KG 450 N Concentration below ARAR
Lyman Mill soil RES-11-431-01 0 1 Lead 78.4 MG/KG 450 N Concentration below ARAR
Lyman Mill soil RES-11-432-01 0 1 Lead 79.7 MG/KG 450 N Concentration below ARAR
Lyman Mill soil RES-11-433-01 0 1 Lead 342 MG/KG 450 N Concentration above ARAR (3)
Lyman Mill soil RES-11-486-01 0 1 Lead 436 MG/KG 450 N Concentration above ARAR (3)
Lyman Mill soil RES-11-497-01 0 1 Lead 10.4 MG/KG 450 N Concentration below ARAR
Lyman Mill soil RES-11-577-01 0 1 Lead 176 MG/KG 450 N Concentration above ARAR (3)
Lyman Mill soil RES-12-556-01 0 1 Lead 500 MG/KG 450 Y In footprint Concentration above ARAR (3)
Lyman Mill soil RES-12-560-01 0 1 Lead 121 MG/KG 450 N Concentration below ARAR
Lyman Mill soil RES-12-560-02 0 1 Lead 192 MG/KG 450 N Concentration above ARAR (3)
Lyman Mill soil LPX-4112 0 0.5 Selenium 0.518 U UG/G_DRYWT 0.7 - 44 8 18% (c) Concentration below ARAR
Lyman Mill soil LPX-4112 0 0.5 Selenium 0.797 U UG/G_DRYWT 0.7 - (b) Concentration below ARAR
Lyman Mill soil LPX-4113 0 0.5 Selenium 1.37 U UG/G_DRYWT 0.7 - (b) Concentration below ARAR
Lyman Mill soil LPX-4114 0 0.5 Selenium 0.841 U UG/G_DRYWT 0.7 - (b) Concentration below ARAR
Lyman Mill soil LPX-FP-4004 0 0.5 Selenium 0.779 J MG/KG 0.7 Y In footprint Concentration below ARAR
Lyman Mill soil LPX-FP-4006 0 0.5 Selenium 0.586 U MG/KG 0.7 - (c) Concentration below ARAR
Lyman Mill soil LPX-FP-4007 0 0.5 Selenium 0.438 U MG/KG 0.7 - (c) Concentration below ARAR
Oxbow Area soil LPX-SD-4401 (d) 0 0.5 Selenium 1.64 U UG/G_DRYWT 0.7 - (b)
Oxbow Area soil LPX-SD-4401 (d) 0 0.5 Selenium 1.52 UG/G_DRYWT 0.7 Y In footprint
Oxbow Area soil LPX-SD-4402 (d) 0 0.5 Selenium 1.64 U UG/G_DRYWT 0.7 - (b)
Oxbow Area soil LPX-SD-4404 0 0.5 Selenium 2.22 UG/G_DRYWT 0.7 Y Not in footprint (2) Concentration below ARAR
Oxbow Area soil LPX-SD-4407 0 0.5 Selenium 1.78 UG/G_DRYWT 0.7 Y In footprint Concentration below ARAR
Lyman Mill soil RES-10-004-01 0 1 Selenium 0.91 J MG/KG 0.7 Y Not in footprint (1) Concentration below ARAR
Lyman Mill soil RES-10-005-01 0 1 Selenium 0.64 U MG/KG 0.7 - (c) Concentration below ARAR
Lyman Mill soil RES-10-042-01 0 1 Selenium 0.89 U MG/KG 0.7 - (b) Concentration below ARAR
Lyman Mill soil RES-10-044-01 0 1 Selenium 0.93 U MG/KG 0.7 - (b) Concentration below ARAR
Lyman Mill soil RES-10-044-01 0 1 Selenium 1.3 J MG/KG 0.7 Y In footprint Concentration below ARAR
Lyman Mill soil RES-10-053-01 0 1 Selenium 1.4 UJ MG/KG 0.7 - (b) Concentration below ARAR
Lyman Mill soil RES-10-053-01 0 1 Selenium 1.4 UJ MG/KG 0.7 - (b) Concentration below ARAR
Lyman Mill soil RES-10-068-01 0 1 Selenium 0.63 J MG/KG 0.7 N Concentration below ARAR
Lyman Mill soil RES-10-074-01 0 1 Selenium 0.54 U MG/KG 0.7 - (c) Concentration below ARAR
Lyman Mill soil RES-10-075-01 0 1 Selenium 0.5 U MG/KG 0.7 - (c) Concentration below ARAR
Lyman Mill soil RES-10-076-01 0 1 Selenium 0.58 U MG/KG 0.7 - (c) Concentration below ARAR
Lyman Mill soil RES-10-604-01 0 1 Selenium 0.65 U MG/KG 0.7 - (c) Concentration below ARAR
Lyman Mill soil RES-11-011-01 0 1 Selenium 1.2 UJ MG/KG 0.7 - (b) Concentration below ARAR
Lyman Mill soil RES-11-012-01 0 1 Selenium 1.8 UJ MG/KG 0.7 - (b) Concentration below ARAR
Lyman Mill soil RES-11-328-01 0 1 Selenium 1.9 U MG/KG 0.7 - (b) Concentration below ARAR
Lyman Mill soil RES-11-419-01 0 1 Selenium 0.84 U MG/KG 0.7 - (b) Concentration below ARAR
Lyman Mill soil RES-11-420-01 0 1 Selenium 1.5 U MG/KG 0.7 - (b) Concentration below ARAR
Lyman Mill soil RES-11-422-01 0 1 Selenium 1.8 U MG/KG 0.7 - (b) Concentration below ARAR
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Table G-9.  Comparison of Lyman Mill Reach Floodplain Soil Data to Cleanup Goals, Spatial Extent of Remediation Footprint
(Sorted by Parameter), See Figure G-4
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Lyman Mill soil RES-11-423-01 0 1 Selenium 1.3 U MG/KG 0.7 - (b) Concentration below ARAR
Lyman Mill soil RES-11-424-01 0 1 Selenium 1.2 U MG/KG 0.7 - (b) Concentration below ARAR
Lyman Mill soil RES-11-426-01 0 1 Selenium 1.5 U MG/KG 0.7 - (b) Concentration below ARAR
Lyman Mill soil RES-11-427-01 0 1 Selenium 1.1 U MG/KG 0.7 - (b) Concentration below ARAR
Lyman Mill soil RES-11-428-01 0 1 Selenium 1.4 U MG/KG 0.7 - (b) Concentration below ARAR
Lyman Mill soil RES-11-429-01 0 1 Selenium 1.3 U MG/KG 0.7 - (b) Concentration below ARAR
Lyman Mill soil RES-11-430-01 0 1 Selenium 1.3 U MG/KG 0.7 - (b) Concentration below ARAR
Lyman Mill soil RES-11-431-01 0 1 Selenium 1.2 U MG/KG 0.7 - (b) Concentration below ARAR
Lyman Mill soil RES-11-432-01 0 1 Selenium 2.1 U MG/KG 0.7 - (b) Concentration below ARAR
Lyman Mill soil RES-11-497-01 0 1 Selenium 1.3 UJ MG/KG 0.7 - (b) Concentration below ARAR
Lyman Mill soil RES-11-577-01 0 1 Selenium 1.9 MG/KG 0.7 Y Not in footprint (1) Concentration below ARAR
Lyman Mill soil RES-12-556-01 0 1 Selenium 2.4 J MG/KG 0.7 Y In footprint Concentration below ARAR
Lyman Mill soil RES-12-560-01 0 1 Selenium 1.2 U MG/KG 0.7 - (b) Concentration below ARAR
Lyman Mill soil RES-12-560-02 0 1 Selenium 1.3 U MG/KG 0.7 - (b) Concentration below ARAR
Lyman Mill soil 10-DEL-100 0 2 TEQ 13 pg/g 50 N 149 43 29% Concentration below TBC
Lyman Mill soil 10-DEL-200 0 2 TEQ 45 pg/g 50 N Concentration below TBC
Lyman Mill soil 10-DEL-301 0 2 TEQ 374 pg/g 50 Y Not in footprint (1) Concentration below TBC
Lyman Mill soil 10-DEL-301 0 2 TEQ 333 pg/g 50 Y Not in footprint (1) Concentration below TBC
Lyman Mill soil 10-DEL-302 0 2 TEQ 98 pg/g 50 Y Not in footprint (1) Concentration below TBC
Lyman Mill soil 11-DEL-100 0 2 TEQ 51 pg/g 50 Y Not in footprint (1) Concentration below TBC
Lyman Mill soil 12-DEL-101 0 1 TEQ 820 pg/g 50 Y Not in footprint (1) Concentration below TBC
Lyman Mill soil 12-DEL-102 0 2 TEQ 9 pg/g 50 N Concentration below TBC
Lyman Mill soil 12-DEL-103 0 1 TEQ 617 pg/g 50 Y Not in footprint (1) Concentration below TBC
Lyman Mill soil 12-DEL-200 0 1.5 TEQ 4 pg/g 50 N Concentration below TBC
Lyman Mill soil 9-DEL-100 0 2 TEQ 15 pg/g 50 N Concentration below TBC
Lyman Mill soil 9-DEL-201 0 2 TEQ 20 pg/g 50 N Concentration below TBC
Lyman Mill soil 9-DEL-202 0 2 TEQ 17 pg/g 50 N Concentration below TBC
Lyman Mill soil 9-DEL-203 0 2 TEQ 60 pg/g 50 Y Not in footprint (1) Concentration below TBC
Lyman Mill soil 9-DEL-300 0 2 TEQ 12 pg/g 50 N Concentration below TBC
Lyman Mill soil LPX-4112 0 0.5 TEQ 5 PG/G_DRYWT 50 N Concentration below TBC
Lyman Mill soil LPX-4113 0 0.5 TEQ 5 PG/G_DRYWT 50 N Concentration below TBC
Lyman Mill soil LPX-4114 0 0.5 TEQ 7 PG/G_DRYWT 50 N Concentration below TBC
Lyman Mill soil LPX-FP-4004 0 0.5 TEQ 1130 NG/KG 50 Y In footprint Concentration above TBC
Lyman Mill soil LPX-FP-4006 0 0.5 TEQ 154 NG/KG 50 Y Not in footprint (1) Concentration below TBC
Lyman Mill soil LPX-FP-4007 0 0.5 TEQ 82 NG/KG 50 Y In footprint Concentration below TBC
Oxbow Area soil LPX-SD-4402 (d) 0 0.5 TEQ 405 PG/G_DRYWT 50 Y In footprint
Oxbow Area soil LPX-SD-4402 (d) 0 0.5 TEQ 795 PG/G_DRYWT 50 Y In footprint
Oxbow Area soil LPX-SD-4403 (d) 0 0.5 TEQ 524 PG/G_DRYWT 50 Y In footprint
Oxbow Area soil LPX-SD-4404 0 0.5 TEQ 347 PG/G_DRYWT 50 Y Not in footprint (2) Concentration below TBC
Oxbow Area soil LPX-SD-4405 0 0.5 TEQ 4291 PG/G_DRYWT 50 Y In footprint Concentration above TBC
Oxbow Area soil LPX-SD-4406 0 0.5 TEQ 1831 PG/G_DRYWT 50 Y In footprint Concentration above TBC
Oxbow Area soil LPX-SD-4407 0 0.5 TEQ 2102 PG/G_DRYWT 50 Y In footprint Concentration above TBC
Lyman Mill soil RES-10-004-01 0 1 TEQ 119 NG/KG 50 Y Not in footprint (1) Concentration below TBC
Lyman Mill soil RES-10-004-02 0 1 TEQ 6.6 NG/KG 50 N Concentration below TBC
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Table G-9.  Comparison of Lyman Mill Reach Floodplain Soil Data to Cleanup Goals, Spatial Extent of Remediation Footprint
(Sorted by Parameter), See Figure G-4
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Lyman Mill soil RES-10-004-03 0 1 TEQ 2.1 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-10-005-01 0 1 TEQ 155 NG/KG 50 Y Not in footprint (1) Concentration below TBC
Lyman Mill soil RES-10-005-02 0 1 TEQ 9 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-10-005-03 0 1 TEQ 3.1 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-10-042-01 0 1 TEQ 365 NG/KG 50 Y In footprint Concentration below TBC
Lyman Mill soil RES-10-042-02 0 1 TEQ 4.5 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-10-042-03 0 1 TEQ 4.4 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-10-044-01 0 1 TEQ 534 NG/KG 50 Y In footprint Concentration below TBC
Lyman Mill soil RES-10-044-02 0 1 TEQ 62.8 NG/KG 50 Y In footprint Concentration below TBC
Lyman Mill soil RES-10-044-03 0 1 TEQ 12.4 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-10-053-01 0 1 TEQ 43.2 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-10-053-02 0 1 TEQ 8.6 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-10-053-03 0 1 TEQ 2.3 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-10-053-03 0 1 TEQ 3.3 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-10-068-01 0 1 TEQ 26.7 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-10-068-02 0 1 TEQ 9.3 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-10-068-03 0 1 TEQ 20 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-10-074-01 0 1 TEQ 16.9 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-10-074-01 0 1 TEQ 33.1 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-10-074-02 0 1 TEQ 89.4 NG/KG 50 Y Not in footprint (1) Concentration below TBC
Lyman Mill soil RES-10-074-03 0 1 TEQ 17.6 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-10-075-01 0 1 TEQ 14.5 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-10-075-01 0 1 TEQ 10.9 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-10-075-02 0 1 TEQ 3.8 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-10-075-03 0 1 TEQ 5.9 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-10-076-01 0 1 TEQ 116 NG/KG 50 Y Not in footprint (1) Concentration below TBC
Lyman Mill soil RES-10-076-02 0 1 TEQ 18.2 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-10-076-03 0 1 TEQ 3.8 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-10-604-01 0 1 TEQ 264 NG/KG 50 Y In footprint Concentration below TBC
Lyman Mill soil RES-10-604-01 0 1 TEQ 233 NG/KG 50 Y In footprint Concentration below TBC
Lyman Mill soil RES-10-604-02 0 1 TEQ 52.6 NG/KG 50 Y In footprint Concentration below TBC
Lyman Mill soil RES-10-604-03 0 1 TEQ 3.4 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-11-011-01 0 1 TEQ 7.3 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-11-011-02 0 1 TEQ 4.5 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-11-011-03 0 1 TEQ 4.5 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-11-011-03 0 1 TEQ 6.9 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-11-012-01 0 1 TEQ 13.7 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-11-012-02 0 1 TEQ 3.5 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-11-012-03 0 1 TEQ 6.2 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-11-328-01 0 1 TEQ 388 NG/KG 50 Y Not in footprint (1) Concentration below TBC
Lyman Mill soil RES-11-328-01 0 1 TEQ 349 NG/KG 50 Y Not in footprint (1) Concentration below TBC
Lyman Mill soil RES-11-328-02 0 1 TEQ 23.5 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-11-328-03 0 1 TEQ 3.7 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-11-396-02 0 1 TEQ 62.5 NG/KG 50 Y Not in footprint (1) Concentration below TBC
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Table G-9.  Comparison of Lyman Mill Reach Floodplain Soil Data to Cleanup Goals, Spatial Extent of Remediation Footprint
(Sorted by Parameter), See Figure G-4
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Lyman Mill soil RES-11-396-03 0 1 TEQ 9.2 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-11-419-01 0 1 TEQ 596 NG/KG 50 Y Not in footprint (1) Concentration below TBC
Lyman Mill soil RES-11-419-02 0 1 TEQ 148 NG/KG 50 Y In footprint Concentration below TBC
Lyman Mill soil RES-11-419-03 0 1 TEQ 2.2 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-11-420-01 0 1 TEQ 11.3 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-11-420-02 0 1 TEQ 6.2 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-11-420-03 0 1 TEQ 2.3 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-11-420-03 0 1 TEQ 2.3 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-11-420-04 0 1 TEQ 116 NG/KG 50 Y Not in footprint (1) Concentration below TBC
Lyman Mill soil RES-11-422-01 0 1 TEQ 40.1 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-11-422-02 0 1 TEQ 6.8 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-11-422-03 0 1 TEQ 4.4 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-11-423-01 0 1 TEQ 13.7 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-11-423-02 0 1 TEQ 0.81 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-11-423-03 0 1 TEQ 0.92 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-11-424-01 0 1 TEQ 42.9 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-11-424-02 0 1 TEQ 34.3 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-11-424-03 0 1 TEQ 28.5 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-11-425-02 0 1 TEQ 10.5 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-11-425-03 0 1 TEQ 1.2 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-11-425-03 0 1 TEQ 2.4 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-11-426-01 0 1 TEQ 36.9 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-11-426-02 0 1 TEQ 1.9 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-11-426-03 0 1 TEQ 0.81 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-11-427-01 0 1 TEQ 0.96 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-11-427-02 0 1 TEQ 1.2 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-11-427-03 0 1 TEQ 1.2 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-11-428-01 0 1 TEQ 5.1 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-11-428-02 0 1 TEQ 3.4 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-11-428-03 0 1 TEQ 3.1 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-11-428-03 0 1 TEQ 3.4 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-11-428-G 0 1 TEQ 1.4 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-11-429-01 0 1 TEQ 18 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-11-429-02 0 1 TEQ 8.2 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-11-430-01 0 1 TEQ 1.6 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-11-430-02 0 1 TEQ 8.3 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-11-430-03 0 1 TEQ 2.6 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-11-431-01 0 1 TEQ 35.7 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-11-431-02 0 1 TEQ 30.1 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-11-431-03 0 1 TEQ 4.6 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-11-432-01 0 1 TEQ 169 NG/KG 50 Y Not in footprint (1) Concentration below TBC
Lyman Mill soil RES-11-432-01 0 1 TEQ 129 NG/KG 50 Y Not in footprint (1) Concentration below TBC
Lyman Mill soil RES-11-432-02 0 1 TEQ 5.2 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-11-432-03 0 1 TEQ 8.4 NG/KG 50 N Concentration below TBC
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Table G-9.  Comparison of Lyman Mill Reach Floodplain Soil Data to Cleanup Goals, Spatial Extent of Remediation Footprint
(Sorted by Parameter), See Figure G-4
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Lyman Mill soil RES-11-433-01 0 1 TEQ 1170 NG/KG 50 Y Not in footprint (1) Concentration above TBC
Lyman Mill soil RES-11-433-02 0 1 TEQ 145 NG/KG 50 Y Not in footprint (1) Concentration below TBC
Lyman Mill soil RES-11-433-03 0 1 TEQ 29.6 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-11-486-01 0 1 TEQ 47 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-11-486-01 0 1 TEQ 51.8 NG/KG 50 Y Not in footprint (1) Concentration below TBC
Lyman Mill soil RES-11-486-02 0 1 TEQ 74.3 NG/KG 50 Y Not in footprint (1) Concentration below TBC
Lyman Mill soil RES-11-486-03 0 1 TEQ 66.5 NG/KG 50 Y Not in footprint (1) Concentration below TBC
Lyman Mill soil RES-11-497-01 0 1 TEQ 7.6 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-11-497-02 0 1 TEQ 6.4 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-11-497-03 0 1 TEQ 5.4 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-11-577-01 0 1 TEQ 418 NG/KG 50 Y Not in footprint (1) Concentration below TBC
Lyman Mill soil RES-11-577-01 0 1 TEQ 325 NG/KG 50 Y Not in footprint (1) Concentration below TBC
Lyman Mill soil RES-11-577-02 0 1 TEQ 71.1 NG/KG 50 Y Not in footprint (1) Concentration below TBC
Lyman Mill soil RES-11-577-03 0 1 TEQ 20.3 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-12-556-01 0 1 TEQ 39.5 NG/KG 50 N Concentration below TBC
Lyman Mill soil RES-12-556-02 0 1 TEQ 19.6 NG/KG 50 N Concentration below TBC
Lyman Mill soil SS-99-07 0 0.25 TEQ 239 NG/KG 50 N TEQ based on non-detects (see 


associated 2,3,7,8-TCDD results)
Concentration below TBC


Lyman Mill soil SS-99-08 0 0.25 TEQ 207 NG/KG 50 N TEQ based on non-detects (see 
associated 2,3,7,8-TCDD results)


Concentration below TBC


Lyman Mill soil SS-99-09 0 0.25 TEQ 202 NG/KG 50 N TEQ based on non-detects (see 
associated 2,3,7,8-TCDD results)


Concentration below TBC


Lyman Mill soil SS-99-10 0 0.25 TEQ 166 NG/KG 50 N TEQ based on non-detects (see 
associated 2,3,7,8-TCDD results)


Concentration below TBC


Lyman Mill soil SS-99-11 0 0.25 TEQ 198 NG/KG 50 N TEQ based on non-detects (see 
associated 2,3,7,8-TCDD results)


Concentration below TBC


Lyman Mill soil SS-99-12 0 0.25 TEQ 188 NG/KG 50 N TEQ based on non-detects (see 
associated 2,3,7,8-TCDD results)


Concentration below TBC


Lyman Mill soil SS-99-13 0 0.25 TEQ 202 NG/KG 50 N TEQ based on non-detects (see 
associated 2,3,7,8-TCDD results)


Concentration below TBC


Lyman Mill soil SS-99-14 0 0.25 TEQ 198 NG/KG 50 N TEQ based on non-detects (see 
associated 2,3,7,8-TCDD results)


Concentration below TBC


Lyman Mill soil SS-99-15 0 0.25 TEQ 246 NG/KG 50 N TEQ based on non-detects (see 
associated 2,3,7,8-TCDD results)


Concentration below TBC


Lyman Mill soil SS-99-16 0 0.25 TEQ 218 NG/KG 50 N TEQ based on non-detects (see 
associated 2,3,7,8-TCDD results)


Concentration below TBC


Lyman Mill soil SS-99-21 0 0.25 TEQ 0.68 NG/KG 50 N Concentration below TBC
Lyman Mill soil SS-99-22 0 0.25 TEQ 1.5 NG/KG 50 N Concentration below TBC
Lyman Mill soil SS-99-23 0 0.25 TEQ 3.5 NG/KG 50 N Concentration below TBC
Lyman Mill soil SS-99-24 0 0.25 TEQ 3.6 NG/KG 50 N Concentration below TBC
Lyman Mill soil SS-99-25 0 0.25 TEQ 4.7 NG/KG 50 N Concentration below TBC
Lyman Mill soil LPX-4112 0 0.5 Zinc 397 UG/G_DRYWT 320 Y 46 16 35% Not in footprint (1) Concentration below ARAR
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Table G-9.  Comparison of Lyman Mill Reach Floodplain Soil Data to Cleanup Goals, Spatial Extent of Remediation Footprint
(Sorted by Parameter), See Figure G-4
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Lyman Mill soil LPX-4112 0 0.5 Zinc 366 UG/G_DRYWT 320 Y Not in footprint (1) Concentration below ARAR
Lyman Mill soil LPX-4113 0 0.5 Zinc 2190 UG/G_DRYWT 320 Y Not in footprint (1) Concentration below ARAR
Lyman Mill soil LPX-4114 0 0.5 Zinc 583 UG/G_DRYWT 320 Y Not in footprint (1) Concentration below ARAR
Lyman Mill soil LPX-FP-4004 0 0.5 Zinc 97.5 MG/KG 320 N Concentration below ARAR
Lyman Mill soil LPX-FP-4006 0 0.5 Zinc 1150 MG/KG 320 Y Not in footprint (1) Concentration below ARAR
Lyman Mill soil LPX-FP-4007 0 0.5 Zinc 218 MG/KG 320 N Concentration below ARAR
Oxbow Area soil LPX-SD-4401 (d) 0 0.5 Zinc 58.3 J UG/G_DRYWT 320 N
Oxbow Area soil LPX-SD-4401 (d) 0 0.5 Zinc 149 J UG/G_DRYWT 320 N
Oxbow Area soil LPX-SD-4402 (d) 0 0.5 Zinc 109 UG/G_DRYWT 320 N
Oxbow Area soil LPX-SD-4404 0 0.5 Zinc 1867 UG/G_DRYWT 320 Y Not in footprint (2) Concentration below ARAR
Oxbow Area soil LPX-SD-4407 0 0.5 Zinc 454 UG/G_DRYWT 320 Y In footprint Concentration below ARAR
Lyman Mill soil RES-10-004-01 0 1 Zinc 84.1 MG/KG 320 N Concentration below ARAR
Lyman Mill soil RES-10-005-01 0 1 Zinc 77.8 MG/KG 320 N Concentration below ARAR
Lyman Mill soil RES-10-042-01 0 1 Zinc 808 MG/KG 320 Y In footprint Concentration below ARAR
Lyman Mill soil RES-10-044-01 0 1 Zinc 504 MG/KG 320 Y In footprint Concentration below ARAR
Lyman Mill soil RES-10-044-01 0 1 Zinc 468 MG/KG 320 Y In footprint Concentration below ARAR
Lyman Mill soil RES-10-053-01 0 1 Zinc 60.1 MG/KG 320 N Concentration below ARAR
Lyman Mill soil RES-10-053-01 0 1 Zinc 92.5 MG/KG 320 N Concentration below ARAR
Lyman Mill soil RES-10-068-01 0 1 Zinc 59.7 MG/KG 320 N Concentration below ARAR
Lyman Mill soil RES-10-074-01 0 1 Zinc 1040 MG/KG 320 Y Not in footprint (1) Concentration below ARAR
Lyman Mill soil RES-10-075-01 0 1 Zinc 1730 MG/KG 320 Y Not in footprint (1) Concentration below ARAR
Lyman Mill soil RES-10-076-01 0 1 Zinc 1390 MG/KG 320 Y Not in footprint (1) Concentration below ARAR
Lyman Mill soil RES-10-604-01 0 1 Zinc 157 MG/KG 320 N Concentration below ARAR
Lyman Mill soil RES-11-011-01 0 1 Zinc 189 MG/KG 320 N Concentration below ARAR
Lyman Mill soil RES-11-012-01 0 1 Zinc 574 MG/KG 320 Y In footprint Concentration below ARAR
Lyman Mill soil RES-11-328-01 0 1 Zinc 315 MG/KG 320 N Concentration below ARAR
Lyman Mill soil RES-11-419-01 0 1 Zinc 190 MG/KG 320 N Concentration below ARAR
Lyman Mill soil RES-11-420-01 0 1 Zinc 68.1 MG/KG 320 N Concentration below ARAR
Lyman Mill soil RES-11-422-01 0 1 Zinc 74.5 MG/KG 320 N Concentration below ARAR
Lyman Mill soil RES-11-423-01 0 1 Zinc 17.9 MG/KG 320 N Concentration below ARAR
Lyman Mill soil RES-11-424-01 0 1 Zinc 116 MG/KG 320 N Concentration below ARAR
Lyman Mill soil RES-11-426-01 0 1 Zinc 43.3 MG/KG 320 N Concentration below ARAR
Lyman Mill soil RES-11-427-01 0 1 Zinc 30.5 MG/KG 320 N Concentration below ARAR
Lyman Mill soil RES-11-428-01 0 1 Zinc 92.2 MG/KG 320 N Concentration below ARAR
Lyman Mill soil RES-11-429-01 0 1 Zinc 42.6 MG/KG 320 N Concentration below ARAR
Lyman Mill soil RES-11-430-01 0 1 Zinc 33.4 MG/KG 320 N Concentration below ARAR
Lyman Mill soil RES-11-431-01 0 1 Zinc 195 MG/KG 320 N Concentration below ARAR
Lyman Mill soil RES-11-432-01 0 1 Zinc 136 MG/KG 320 N Concentration below ARAR
Lyman Mill soil RES-11-433-01 0 1 Zinc 1110 MG/KG 320 Y Not in footprint (1) Concentration below ARAR
Lyman Mill soil RES-11-486-01 0 1 Zinc 364 MG/KG 320 Y Not in footprint (1) Concentration below ARAR
Lyman Mill soil RES-11-497-01 0 1 Zinc 99.7 MG/KG 320 N Concentration below ARAR
Lyman Mill soil RES-11-577-01 0 1 Zinc 50.4 MG/KG 320 N Concentration below ARAR
Lyman Mill soil RES-12-556-01 0 1 Zinc 315 MG/KG 320 N Concentration below ARAR
Lyman Mill soil RES-12-560-01 0 1 Zinc 83.1 MG/KG 320 N Concentration below ARAR
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Table G-9.  Comparison of Lyman Mill Reach Floodplain Soil Data to Cleanup Goals, Spatial Extent of Remediation Footprint
(Sorted by Parameter), See Figure G-4
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Lyman Mill soil RES-12-560-02 0 1 Zinc 163 MG/KG 320 N Concentration below ARAR


Notes
(a) Non-detects (U and UJ qualified data) not used to determine proposed areas for cleanup.
(b) Contaminant not detected; non-detect concentration is in excess of the cleanup goal.
(c) Contaminant not detected; non-detect concentration is below the cleanup goal.


(2) Excluded from cleanup footprint because contamination comparable to background conditions; location above 100-yr flood elevation.
(3) Concentration in excess of ARAR; however, contaminants appear to be comparable to background conditions.  Additional sampling will be performed during design to confirm background conditions.
Applicable or Relevant and Appropriate Requirement (ARARs): RIDEM residential direct exposure criteria (RIDEM, 2004)
To Be Considered (TBC) criteria: EPA's recommended residential level for dioxin in soil (EPA, 1998b)


Shading represents the first record within each parameter-specific dataset; summary statistics including the number of values and the number and % of values 
above the cleanup goal are reported by parameter.


(d) ARARs/TBCs do not apply to Oxbow locations LPX-SD-4401, LPX-SD-4402, and LPX-SD-4403; these borings located within the abondanned channel and were submerged 
sediments at time of collection (ARARs/TBCs apply to soil, not sediment)
(1) Excluded from cleanup footprint because location(s) does not provide habitat that would likely attract ecological receptors (e.g., location abuts residential properties and lack natural vegetation; the grade is too 
steep/narrow to provide significant habitat).
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Table G-10.  Comparison of Source Area Soil Data to Cleanup Goals for Groundwater Protection, Spatial and Vertical Extent of Remediation Footprint
(Sorted by Boring, Depth Interval, and Parameter)
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AP-DEL-03 0 1 2,3,7,8-TCDD 14 PG/G_DRYWT 8600 N
AP-DEL-03 1 2 2,3,7,8-TCDD 1.7 PG/G_DRYWT 8600 N
AP-DEL-02 0 1 2,3,7,8-TCDD 150 PG/G_DRYWT 8600 N
AP-DEL-02 1 2 2,3,7,8-TCDD ND PG/G_DRYWT 8600 N
AP-DEL-01 0 1 2,3,7,8-TCDD 49 PG/G_DRYWT 8600 N
AP-DEL-01 1 2 2,3,7,8-TCDD 76 PG/G_DRYWT 8600 N
CMS-019 1 2 2,3,7,8-TCDD 33 J NG/KG 8600 N
CMS-026 0 0.25 2,3,7,8-TCDD 15.5 NG/KG 8600 N
CMS-027 0 0.25 2,3,7,8-TCDD 63.9 NG/KG 8600 N
CMS-028 0 0.25 2,3,7,8-TCDD 58 NG/KG 8600 N
CMS-029 0 0.25 2,3,7,8-TCDD 40.5 NG/KG 8600 N
CMS-030 0 0.25 2,3,7,8-TCDD 101 NG/KG 8600 N
CMS-031 0 0.25 2,3,7,8-TCDD 107 NG/KG 8600 N
CMS-033 0 0.25 2,3,7,8-TCDD 185 NG/KG 8600 N
CMS-034 0 0.25 2,3,7,8-TCDD 2.62 NG/KG 8600 N
CMS-035 0 0.25 2,3,7,8-TCDD 10.3 NG/KG 8600 N
CMS-037 0 0.25 2,3,7,8-TCDD 7.59 NG/KG 8600 N
CMS-038 0 0.25 2,3,7,8-TCDD 5.27 NG/KG 8600 N
CMS-041 0 0.25 2,3,7,8-TCDD 2.14 NG/KG 8600 N
CMS-044 0 0.25 2,3,7,8-TCDD 2.3 NG/KG 8600 N
CMS-047 0 0.25 2,3,7,8-TCDD 5.45 NG/KG 8600 N
CMS-048 0 0.25 2,3,7,8-TCDD 2.66 NG/KG 8600 N
CMS-050 0 0.25 2,3,7,8-TCDD 54.5 NG/KG 8600 N
CMS-051 0 0.25 2,3,7,8-TCDD 1483 NG/KG 8600 N
CMS-051 0 1 2,3,7,8-TCDD 550 NG/KG 8600 N
CMS-051 1 2 2,3,7,8-TCDD 52 J NG/KG 8600 N
CMS-051 2 3 2,3,7,8-TCDD 41 U NG/KG 8600 - (c)
CMS-052 0 0.25 2,3,7,8-TCDD 44.5 NG/KG 8600 N
CMS-052 0 0.25 2,3,7,8-TCDD 2.27 NG/KG 8600 N
CMS-053 0 0.25 2,3,7,8-TCDD 3.12 NG/KG 8600 N
CMS-054 0 0.25 2,3,7,8-TCDD 1.41 NG/KG 8600 N
CMS-055 0 0.25 2,3,7,8-TCDD 232 NG/KG 8600 N
CMS-056 0 0.25 2,3,7,8-TCDD 249 NG/KG 8600 N
CMS-057 0 0.25 2,3,7,8-TCDD 16300 NG/KG 8600 Y Brook Village parking lot
CMS-057 0 1 2,3,7,8-TCDD 16000 NG/KG 8600 Y Brook Village parking lot
CMS-057 1 2 2,3,7,8-TCDD 6300 NG/KG 8600 N
CMS-057 2 3 2,3,7,8-TCDD 960 NG/KG 8600 N
CMS-057 3 4 2,3,7,8-TCDD 230 J NG/KG 8600 N
CMS-058 0 0.25 2,3,7,8-TCDD 185 NG/KG 8600 N
CMS-059 0 0.25 2,3,7,8-TCDD 42.1 NG/KG 8600 N
CMS-060 0 0.25 2,3,7,8-TCDD 116000 NG/KG 8600 Y Cap Area 2
CMS-060 0 1 2,3,7,8-TCDD 820 J NG/KG 8600 N
CMS-060 0 1 2,3,7,8-TCDD 491 NG/KG 8600 N
CMS-060 0 1 2,3,7,8-TCDD 47 U NG/KG 8600 - (c)
CMS-060 0 1 Aroclor, Total 0.31 J MG/KG 10 N
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Table G-10.  Comparison of Source Area Soil Data to Cleanup Goals for Groundwater Protection, Spatial and Vertical Extent of Remediation Footprint
(Sorted by Boring, Depth Interval, and Parameter)
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CMS-060 0 1 Aroclor, Total 0.55 MG/KG 10 N
CMS-060 0 1 Benzene 2.7 U MG/KG 4.3 - (c)
CMS-060 0 1 Chlorobenzene 2.7 U MG/KG 100 - (c)
CMS-060 0 1 Cis-1,2-dichloroethene 2.7 U MG/KG 60 - (c)
CMS-060 0 1 Ethylbenzene 2.7 U MG/KG 62 - (c)
CMS-060 0 1 Tetrachloroethene 0.088 J MG/KG 4.2 N
CMS-060 0 1 Tetrachloroethene 63 J MG/KG 4.2 Y Cap Area 2
CMS-060 0 1 Toluene 2.7 U MG/KG 54 - (c)
CMS-060 0 1 Trichloroethene 1.7 J MG/KG 20 N
CMS-060 1 2 2,3,7,8-TCDD 1400 NG/KG 8600 N
CMS-060 1 2 Aroclor, Total 0.25 MG/KG 10 N
CMS-060 1 2 Benzene 5.1 U MG/KG 4.3 - (b)
CMS-060 1 2 Chlorobenzene 5.1 U MG/KG 100 - (c)
CMS-060 1 2 Cis-1,2-dichloroethene 5.1 U MG/KG 60 - (c)
CMS-060 1 2 Ethylbenzene 5.1 UJ MG/KG 62 - (c)
CMS-060 1 2 Tetrachloroethene 25 J MG/KG 4.2 Y Cap Area 2
CMS-060 1 2 Toluene 5.1 U MG/KG 54 - (c)
CMS-060 1 2 Trichloroethene 1 J MG/KG 20 N
CMS-060 2 3 2,3,7,8-TCDD 500 J NG/KG 8600 N
CMS-060 2 3 Aroclor, Total 0.051 J MG/KG 10 N
CMS-060 2 3 Benzene 0.27 U MG/KG 4.3 - (c)
CMS-060 2 3 Chlorobenzene 0.27 U MG/KG 100 - (c)
CMS-060 2 3 Cis-1,2-dichloroethene 0.27 UJ MG/KG 60 - (c)
CMS-060 2 3 Ethylbenzene 0.27 U MG/KG 62 - (c)
CMS-060 2 3 Tetrachloroethene 0.86 MG/KG 4.2 N
CMS-060 2 3 Toluene 0.27 U MG/KG 54 - (c)
CMS-060 2 3 Trichloroethene 0.27 U MG/KG 20 - (c)
CMS-060 3 4 2,3,7,8-TCDD 37 UJ NG/KG 8600 - (c)
CMS-060 3 4 Aroclor, Total 0.045 U MG/KG 10 - (c)
CMS-060 3 4 Benzene 0.0058 U MG/KG 4.3 - (c)
CMS-060 3 4 Chlorobenzene 0.0058 U MG/KG 100 - (c)
CMS-060 3 4 Cis-1,2-dichloroethene 0.01 MG/KG 60 N
CMS-060 3 4 Ethylbenzene 0.0058 U MG/KG 62 - (c)
CMS-060 3 4 Tetrachloroethene 0.11 MG/KG 4.2 N
CMS-060 3 4 Toluene 0.0058 U MG/KG 54 - (c)
CMS-060 3 4 Trichloroethene 0.0083 MG/KG 20 N
CMS-060 4 5 2,3,7,8-TCDD 140 J NG/KG 8600 N
CMS-060 4 5 Aroclor, Total 0.23 MG/KG 10 N
CMS-060 4 5 Benzene 0.0048 U MG/KG 4.3 - (c)
CMS-060 4 5 Chlorobenzene 0.0048 U MG/KG 100 - (c)
CMS-060 4 5 Cis-1,2-dichloroethene 0.011 MG/KG 60 N
CMS-060 4 5 Ethylbenzene 0.0048 U MG/KG 62 - (c)
CMS-060 4 5 Tetrachloroethene 0.11 MG/KG 4.2 N
CMS-060 4 5 Toluene 0.0048 U MG/KG 54 - (c)
CMS-060 4 5 Trichloroethene 0.013 MG/KG 20 N
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Table G-10.  Comparison of Source Area Soil Data to Cleanup Goals for Groundwater Protection, Spatial and Vertical Extent of Remediation Footprint
(Sorted by Boring, Depth Interval, and Parameter)
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CMS-061 0 0.25 2,3,7,8-TCDD 195 NG/KG 8600 N
CMS-061 0 0.25 2,3,7,8-TCDD 222 NG/KG 8600 N
CMS-062 0 0.25 2,3,7,8-TCDD 12 NG/KG 8600 N
CMS-063 0 0.25 2,3,7,8-TCDD 4460 NG/KG 8600 N
CMS-063 0 1 2,3,7,8-TCDD 9800 NG/KG 8600 Y Cap Area 2
CMS-063 1 2 2,3,7,8-TCDD 57000 J NG/KG 8600 Y Cap Area 2
CMS-064 0 0.25 2,3,7,8-TCDD 699 NG/KG 8600 N
CMS-065 0 0.25 2,3,7,8-TCDD 1.53 NG/KG 8600 N
CMS-065 0 10 Benzene 0.79 U MG/KG 4.3 - (c)
CMS-065 0 10 Chlorobenzene 2.8 U MG/KG 100 - (c)
CMS-065 0 10 Cis-1,2-dichloroethene 22 MG/KG 60 N
CMS-065 0 10 Ethylbenzene 0.79 U MG/KG 62 - (c)
CMS-065 0 10 Tetrachloroethene 3.7 MG/KG 4.2 N
CMS-065 0 10 Toluene 1.2 U MG/KG 54 - (c)
CMS-065 0 10 Trichloroethene 1.9 MG/KG 20 N
CMS-066 0 0.25 2,3,7,8-TCDD 76.3 NG/KG 8600 N
CMS-067 0 0.25 2,3,7,8-TCDD 118 NG/KG 8600 N
CMS-068 0 0.25 2,3,7,8-TCDD 8.51 NG/KG 8600 N
CMS-068 0 0.25 2,3,7,8-TCDD 8.41 NG/KG 8600 N
CMS-069 0 0.25 2,3,7,8-TCDD 2430 NG/KG 8600 N
CMS-069 0 1 2,3,7,8-TCDD 520 NG/KG 8600 N
CMS-069 1 2 2,3,7,8-TCDD 170 J NG/KG 8600 N
CMS-069 1 2 2,3,7,8-TCDD 271 NG/KG 8600 N
CMS-069 1 2 2,3,7,8-TCDD 180 J NG/KG 8600 N
CMS-069 2 3 2,3,7,8-TCDD 390 J NG/KG 8600 N
CMS-069 3 4 2,3,7,8-TCDD 21 U NG/KG 8600 - (c)
CMS-069 4 5 2,3,7,8-TCDD 670 NG/KG 8600 N
CMS-069 5 6 2,3,7,8-TCDD 96 J NG/KG 8600 N
CMS-069 6 7 2,3,7,8-TCDD 960 J NG/KG 8600 N
CMS-069 7 8 2,3,7,8-TCDD 56 U NG/KG 8600 - (c)
CMS-070 0 0.25 2,3,7,8-TCDD 0.71 NG/KG 8600 N
CMS-071 0 0.25 2,3,7,8-TCDD 1.77 NG/KG 8600 N
CMS-071 0 0.25 2,3,7,8-TCDD 1 NG/KG 8600 N
CMS-072 0 0.25 2,3,7,8-TCDD 4 NG/KG 8600 N
CMS-073 0 0.25 2,3,7,8-TCDD 28 NG/KG 8600 N
CMS-074 0 0.25 2,3,7,8-TCDD 1750 NG/KG 8600 N
CMS-074 0 1 2,3,7,8-TCDD 190 J NG/KG 8600 N
CMS-074 1 2 2,3,7,8-TCDD 83 J NG/KG 8600 N
CMS-074 2 3 2,3,7,8-TCDD 66 U NG/KG 8600 - (c)
CMS-075 0 0.25 2,3,7,8-TCDD 8750 NG/KG 8600 Y Cap Area 2
CMS-075 0 1 2,3,7,8-TCDD 170 J NG/KG 8600 N
CMS-075 1 2 2,3,7,8-TCDD 290 J NG/KG 8600 N
CMS-075 2 3 2,3,7,8-TCDD 290 J NG/KG 8600 N
CMS-075 3 4 2,3,7,8-TCDD 17 U NG/KG 8600 - (c)
CMS-076 0 0.25 2,3,7,8-TCDD 2030 NG/KG 8600 N
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Table G-10.  Comparison of Source Area Soil Data to Cleanup Goals for Groundwater Protection, Spatial and Vertical Extent of Remediation Footprint
(Sorted by Boring, Depth Interval, and Parameter)
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CMS-076 0 1 2,3,7,8-TCDD 14 U NG/KG 8600 - (c)
CMS-076 1 2 2,3,7,8-TCDD 7.2 U NG/KG 8600 - (c)
CMS-076 2 3 2,3,7,8-TCDD 34 U NG/KG 8600 - (c)
CMS-078 0 0.25 2,3,7,8-TCDD 6.09 NG/KG 8600 N
CMS-078 0 0.25 2,3,7,8-TCDD 9.25 NG/KG 8600 N
CMS-079 0 0.25 2,3,7,8-TCDD 35.8 NG/KG 8600 N
CMS-080 0 0.25 2,3,7,8-TCDD 394 NG/KG 8600 N
CMS-081 0 0.25 2,3,7,8-TCDD 1020 NG/KG 8600 N
CMS-081 0 1 2,3,7,8-TCDD 6.2 U NG/KG 8600 - (c)
CMS-081 1 2 2,3,7,8-TCDD 11 U NG/KG 8600 - (c)
CMS-082 0 0.25 2,3,7,8-TCDD 1250 NG/KG 8600 N
CMS-082 0 1 2,3,7,8-TCDD 2.5 U NG/KG 8600 - (c)
CMS-082 1 2 2,3,7,8-TCDD 12 U NG/KG 8600 - (c)
CMS-084 0 0.25 2,3,7,8-TCDD 746 NG/KG 8600 N
CMS-084 0 0.25 2,3,7,8-TCDD 156 NG/KG 8600 N
CMS-085 0 0.25 2,3,7,8-TCDD 329 NG/KG 8600 N
CMS-086 0 0.25 2,3,7,8-TCDD 240 NG/KG 8600 N
CMS-087 0 0.25 2,3,7,8-TCDD 684 NG/KG 8600 N
CMS-088 0 0.25 2,3,7,8-TCDD 134 NG/KG 8600 N
CMS-089 0 0.25 2,3,7,8-TCDD 4470 NG/KG 8600 N
CMS-089 0 1 2,3,7,8-TCDD 100 J NG/KG 8600 N
CMS-089 0 1 Aroclor, Total 0.25 J MG/KG 10 N
CMS-089 0 1 Benzene 0.005 U MG/KG 4.3 - (c)
CMS-089 0 1 Chlorobenzene 0.005 U MG/KG 100 - (c)
CMS-089 0 1 Cis-1,2-dichloroethene 0.005 U MG/KG 60 - (c)
CMS-089 0 1 Ethylbenzene 0.005 U MG/KG 62 - (c)
CMS-089 0 1 Tetrachloroethene 0.005 U MG/KG 4.2 - (c)
CMS-089 0 1 Toluene 0.005 U MG/KG 54 - (c)
CMS-089 0 1 Trichloroethene 0.005 U MG/KG 20 - (c)
CMS-089 1 2 2,3,7,8-TCDD 1300 NG/KG 8600 N
CMS-089 1 2 Aroclor, Total 13 MG/KG 10 Y Roadway (between Cap Area 2 and 
CMS-089 1 2 Benzene 0.0048 U MG/KG 4.3 - (c)
CMS-089 1 2 Chlorobenzene 0.0048 U MG/KG 100 - (c)
CMS-089 1 2 Cis-1,2-dichloroethene 0.0048 U MG/KG 60 - (c)
CMS-089 1 2 Ethylbenzene 0.0048 U MG/KG 62 - (c)
CMS-089 1 2 Tetrachloroethene 0.0048 U MG/KG 4.2 - (c)
CMS-089 1 2 Toluene 0.0048 U MG/KG 54 - (c)
CMS-089 1 2 Trichloroethene 0.0048 U MG/KG 20 - (c)
CMS-089 2 3 2,3,7,8-TCDD 210 J NG/KG 8600 N
CMS-089 2 3 Aroclor, Total 31 MG/KG 10 Y Roadway (between Cap Area 2 and 
CMS-089 2 3 Benzene 0.0047 U MG/KG 4.3 - (c)
CMS-089 2 3 Chlorobenzene 0.0047 UJ MG/KG 100 - (c)
CMS-089 2 3 Cis-1,2-dichloroethene 0.0047 U MG/KG 60 - (c)
CMS-089 2 3 Ethylbenzene 0.0047 UJ MG/KG 62 - (c)
CMS-089 2 3 Tetrachloroethene 0.0047 UJ MG/KG 4.2 - (c)
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Table G-10.  Comparison of Source Area Soil Data to Cleanup Goals for Groundwater Protection, Spatial and Vertical Extent of Remediation Footprint
(Sorted by Boring, Depth Interval, and Parameter)
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CMS-089 2 3 Toluene 0.0047 UJ MG/KG 54 - (c)
CMS-089 2 3 Trichloroethene 0.0047 U MG/KG 20 - (c)
CMS-089 3 4 2,3,7,8-TCDD 280 J NG/KG 8600 N
CMS-089 3 4 Aroclor, Total 2.2 J MG/KG 10 N
CMS-089 3 4 Benzene 0.0041 U MG/KG 4.3 - (c)
CMS-089 3 4 Chlorobenzene 0.0041 U MG/KG 100 - (c)
CMS-089 3 4 Cis-1,2-dichloroethene 0.0041 U MG/KG 60 - (c)
CMS-089 3 4 Ethylbenzene 0.0041 U MG/KG 62 - (c)
CMS-089 3 4 Tetrachloroethene 0.0041 U MG/KG 4.2 - (c)
CMS-089 3 4 Toluene 0.0041 U MG/KG 54 - (c)
CMS-089 3 4 Trichloroethene 0.0041 U MG/KG 20 - (c)
CMS-090 0 0.25 2,3,7,8-TCDD 13.3 NG/KG 8600 N
CMS-091 0 0.25 2,3,7,8-TCDD 225 NG/KG 8600 N
CMS-092 0 0.25 2,3,7,8-TCDD 153 NG/KG 8600 N
CMS-093 0 0.25 2,3,7,8-TCDD 111 NG/KG 8600 N
CMS-093 0 0.25 2,3,7,8-TCDD 1830 NG/KG 8600 N
CMS-093 0 1 2,3,7,8-TCDD 850 NG/KG 8600 N
CMS-094 0 0.25 2,3,7,8-TCDD 2620 NG/KG 8600 N
CMS-094 0 1 2,3,7,8-TCDD 71 J NG/KG 8600 N
CMS-095 0 0.25 2,3,7,8-TCDD 115 NG/KG 8600 N
CMS-096 0 0.25 2,3,7,8-TCDD 38.5 NG/KG 8600 N
CMS-096 0 0.25 2,3,7,8-TCDD 24 NG/KG 8600 N
CMS-098 0 0.25 2,3,7,8-TCDD 28100 NG/KG 8600 Y Landscape area behind Centerdale 
CMS-098 0 1 2,3,7,8-TCDD 2500 NG/KG 8600 N
CMS-098 0 1 Aroclor, Total 0.49 J MG/KG 10 N
CMS-098 0 1 Benzene 0.0097 U MG/KG 4.3 - (c)
CMS-098 0 1 Chlorobenzene 0.053 J MG/KG 100 N
CMS-098 0 1 Cis-1,2-dichloroethene 0.0097 U MG/KG 60 - (c)
CMS-098 0 1 Ethylbenzene 0.0097 UJ MG/KG 62 - (c)
CMS-098 0 1 Tetrachloroethene 0.0097 UJ MG/KG 4.2 - (c)
CMS-098 0 1 Toluene 0.0097 UJ MG/KG 54 - (c)
CMS-098 0 1 Trichloroethene 0.0097 U MG/KG 20 - (c)
CMS-099 0 0.25 2,3,7,8-TCDD 767 NG/KG 8600 N
CMS-100 0 0.25 2,3,7,8-TCDD 12.4 NG/KG 8600 N
CMS-101 0 0.25 2,3,7,8-TCDD 118 NG/KG 8600 N
CMS-102 0 0.25 2,3,7,8-TCDD 2760 NG/KG 8600 N
CMS-102 0 1 2,3,7,8-TCDD 220 J NG/KG 8600 N
CMS-103 0 0.25 2,3,7,8-TCDD 129 NG/KG 8600 N
CMS-103 0 0.25 2,3,7,8-TCDD 164 NG/KG 8600 N
CMS-104 0 0.25 2,3,7,8-TCDD 53.1 NG/KG 8600 N
CMS-107 0 0.25 2,3,7,8-TCDD 1810 NG/KG 8600 N
CMS-108 0 0.25 2,3,7,8-TCDD 95 NG/KG 8600 N
CMS-109 0 0.25 2,3,7,8-TCDD 1090 NG/KG 8600 N
CMS-109 0 1 2,3,7,8-TCDD 1200 NG/KG 8600 N
CMS-110 0 0.25 2,3,7,8-TCDD 605 NG/KG 8600 N
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Table G-10.  Comparison of Source Area Soil Data to Cleanup Goals for Groundwater Protection, Spatial and Vertical Extent of Remediation Footprint
(Sorted by Boring, Depth Interval, and Parameter)
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CMS-111 0 0.25 2,3,7,8-TCDD 112 NG/KG 8600 N
CMS-112 0 0.25 2,3,7,8-TCDD 220 NG/KG 8600 N
CMS-114 0 0.25 2,3,7,8-TCDD 23.5 NG/KG 8600 N
CMS-114 0 0.25 2,3,7,8-TCDD 23.2 NG/KG 8600 N
CMS-115 0 0.25 2,3,7,8-TCDD 463 NG/KG 8600 N
CMS-116 0 0.25 2,3,7,8-TCDD 132 NG/KG 8600 N
CMS-117 0 0.25 2,3,7,8-TCDD 6550 NG/KG 8600 N
CMS-117 0 1 2,3,7,8-TCDD 130 J NG/KG 8600 N
CMS-118 0 0.25 2,3,7,8-TCDD 2530 NG/KG 8600 N
CMS-118 0 1 2,3,7,8-TCDD 1700 NG/KG 8600 N
CMS-118 0 1 Aroclor, Total 0.7 MG/KG 10 N
CMS-118 0 1 Benzene 0.0048 U MG/KG 4.3 - (c)
CMS-118 0 1 Chlorobenzene 0.0048 U MG/KG 100 - (c)
CMS-118 0 1 Cis-1,2-dichloroethene 0.0048 U MG/KG 60 - (c)
CMS-118 0 1 Ethylbenzene 0.0048 U MG/KG 62 - (c)
CMS-118 0 1 Tetrachloroethene 0.0048 U MG/KG 4.2 - (c)
CMS-118 0 1 Toluene 0.0048 U MG/KG 54 - (c)
CMS-118 0 1 Trichloroethene 0.0048 U MG/KG 20 - (c)
CMS-118 1 2 2,3,7,8-TCDD 1800 NG/KG 8600 N
CMS-118 1 2 Aroclor, Total 1.1 MG/KG 10 N
CMS-118 1 2 Benzene 0.006 U MG/KG 4.3 - (c)
CMS-118 1 2 Chlorobenzene 0.006 U MG/KG 100 - (c)
CMS-118 1 2 Cis-1,2-dichloroethene 0.0016 J MG/KG 60 N
CMS-118 1 2 Ethylbenzene 0.006 U MG/KG 62 - (c)
CMS-118 1 2 Tetrachloroethene 0.006 U MG/KG 4.2 - (c)
CMS-118 1 2 Toluene 0.006 U MG/KG 54 - (c)
CMS-118 1 2 Trichloroethene 0.0038 J MG/KG 20 N
CMS-118 2 3 2,3,7,8-TCDD 6300 J NG/KG 8600 N
CMS-118 2 3 Aroclor, Total 3.7 MG/KG 10 N
CMS-118 2 3 Benzene 0.0074 U MG/KG 4.3 - (c)
CMS-118 2 3 Chlorobenzene 0.0074 U MG/KG 100 - (c)
CMS-118 2 3 Cis-1,2-dichloroethene 0.0074 UJ MG/KG 60 - (c)
CMS-118 2 3 Ethylbenzene 0.0074 U MG/KG 62 - (c)
CMS-118 2 3 Tetrachloroethene 0.0074 U MG/KG 4.2 - (c)
CMS-118 2 3 Toluene 0.0074 U MG/KG 54 - (c)
CMS-118 2 3 Trichloroethene 0.0074 U MG/KG 20 - (c)
CMS-118 3 4 2,3,7,8-TCDD 470 J NG/KG 8600 N
CMS-118 3 4 Aroclor, Total 0.24 J MG/KG 10 N
CMS-118 3 4 Benzene 0.0084 U MG/KG 4.3 - (c)
CMS-118 3 4 Chlorobenzene 0.0084 UJ MG/KG 100 - (c)
CMS-118 3 4 Cis-1,2-dichloroethene 0.0084 U MG/KG 60 - (c)
CMS-118 3 4 Ethylbenzene 0.0084 UJ MG/KG 62 - (c)
CMS-118 3 4 Tetrachloroethene 0.0084 UJ MG/KG 4.2 - (c)
CMS-118 3 4 Toluene 0.0084 U MG/KG 54 - (c)
CMS-118 3 4 Trichloroethene 0.0084 U MG/KG 20 - (c)
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Table G-10.  Comparison of Source Area Soil Data to Cleanup Goals for Groundwater Protection, Spatial and Vertical Extent of Remediation Footprint
(Sorted by Boring, Depth Interval, and Parameter)
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CMS-118 4 5 2,3,7,8-TCDD 340 J NG/KG 8600 N
CMS-118 4 5 Aroclor, Total 0.038 J MG/KG 10 N
CMS-118 4 5 Benzene 0.0059 U MG/KG 4.3 - (c)
CMS-118 4 5 Chlorobenzene 0.0059 U MG/KG 100 - (c)
CMS-118 4 5 Cis-1,2-dichloroethene 0.0059 U MG/KG 60 - (c)
CMS-118 4 5 Ethylbenzene 0.0059 U MG/KG 62 - (c)
CMS-118 4 5 Tetrachloroethene 0.0059 U MG/KG 4.2 - (c)
CMS-118 4 5 Toluene 0.0059 U MG/KG 54 - (c)
CMS-118 4 5 Trichloroethene 0.0059 U MG/KG 20 - (c)
CMS-119 0 0.25 2,3,7,8-TCDD 22.9 NG/KG 8600 N
CMS-121 0 0.25 2,3,7,8-TCDD 280 NG/KG 8600 N
CMS-124 0 0.25 2,3,7,8-TCDD 213 NG/KG 8600 N
CMS-125 0 0.25 2,3,7,8-TCDD 31.9 NG/KG 8600 N
CMS-126 0 0.25 2,3,7,8-TCDD 44.3 NG/KG 8600 N
CMS-126 0 0.25 2,3,7,8-TCDD 44.4 NG/KG 8600 N
CMS-127 0 0.25 2,3,7,8-TCDD 39 NG/KG 8600 N
CMS-128 0 0.25 2,3,7,8-TCDD 17.8 NG/KG 8600 N
CMS-130 0 0.25 2,3,7,8-TCDD 71.9 NG/KG 8600 N
CMS-131 0 0.25 2,3,7,8-TCDD 3320 NG/KG 8600 N
CMS-131 0 1 2,3,7,8-TCDD 12000 NG/KG 8600 Y Rip rap between Centerdale Manor 
CMS-131 0 1 Aroclor, Total 1.1 MG/KG 10 N
CMS-131 1 2 2,3,7,8-TCDD 54000 J NG/KG 8600 Y Rip rap between Centerdale Manor 
CMS-131 1 2 Aroclor, Total 2.3 MG/KG 10 N
CMS-131 2 3 2,3,7,8-TCDD 11000 NG/KG 8600 Y Rip rap between Centerdale Manor 
CMS-131 2 3 Aroclor, Total 0.5 J MG/KG 10 N
CMS-131 3 4 2,3,7,8-TCDD 7600 NG/KG 8600 N
CMS-131 3 4 Aroclor, Total 0.098 J MG/KG 10 N
CMS-132 0 0.25 2,3,7,8-TCDD 19.4 NG/KG 8600 N
CMS-133 0 0.25 2,3,7,8-TCDD 729 NG/KG 8600 N
CMS-134 0 0.25 2,3,7,8-TCDD 15600 NG/KG 8600 Y Cap Area 1
CMS-134 0 1 2,3,7,8-TCDD 3200 NG/KG 8600 N
CMS-134 0 1 Aroclor, Total 1.2 MG/KG 10 N
CMS-135 0 0.25 2,3,7,8-TCDD 20600 NG/KG 8600 Y Cap Area 1
CMS-135 0 1 2,3,7,8-TCDD 690 J NG/KG 8600 N
CMS-136 0 0.25 2,3,7,8-TCDD 14.2 NG/KG 8600 N
CMS-137 0 0.25 2,3,7,8-TCDD 4.13 NG/KG 8600 N
CMS-138 0 0.25 2,3,7,8-TCDD 98.8 NG/KG 8600 N
CMS-139 0 0.25 2,3,7,8-TCDD 158 NG/KG 8600 N
CMS-140 0 0.25 2,3,7,8-TCDD 117000 NG/KG 8600 Y Cap Area 1
CMS-140 0 1 2,3,7,8-TCDD 420 J NG/KG 8600 N
CMS-140 0 1 Aroclor, Total 190 MG/KG 10 Y Cap Area 1
CMS-141 0 0.25 2,3,7,8-TCDD 35500 NG/KG 8600 Y Cap Area 1
CMS-141 0 1 2,3,7,8-TCDD 270 J NG/KG 8600 N
CMS-141 0 1 Aroclor, Total 1.1 MG/KG 10 N
CMS-142 0 0.25 2,3,7,8-TCDD 8070 NG/KG 8600 N
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CMS-142 0 1 2,3,7,8-TCDD 690 J NG/KG 8600 N
CMS-142 0 1 2,3,7,8-TCDD 2050 NG/KG 8600 N
CMS-142 0 1 2,3,7,8-TCDD 1500 J NG/KG 8600 N
CMS-142 0 1 Aroclor, Total 0.76 J MG/KG 10 N
CMS-142 0 1 Aroclor, Total 0.59 MG/KG 10 N
CMS-142 0 1 Benzene 0.0095 U MG/KG 4.3 - (c)
CMS-142 0 1 Benzene 0.011 U MG/KG 4.3 - (c)
CMS-142 0 1 Chlorobenzene 0.0095 UJ MG/KG 100 - (c)
CMS-142 0 1 Chlorobenzene 0.011 UJ MG/KG 100 - (c)
CMS-142 0 1 Cis-1,2-dichloroethene 0.0095 U MG/KG 60 - (c)
CMS-142 0 1 Cis-1,2-dichloroethene 0.011 U MG/KG 60 - (c)
CMS-142 0 1 Ethylbenzene 0.0095 UJ MG/KG 62 - (c)
CMS-142 0 1 Ethylbenzene 0.011 UJ MG/KG 62 - (c)
CMS-142 0 1 Tetrachloroethene 0.0095 UJ MG/KG 4.2 - (c)
CMS-142 0 1 Tetrachloroethene 0.011 UJ MG/KG 4.2 - (c)
CMS-142 0 1 Toluene 0.0095 UJ MG/KG 54 - (c)
CMS-142 0 1 Toluene 0.011 UJ MG/KG 54 - (c)
CMS-142 0 1 Trichloroethene 0.0095 U MG/KG 20 - (c)
CMS-142 0 1 Trichloroethene 0.011 U MG/KG 20 - (c)
CMS-143 0 0.25 2,3,7,8-TCDD 186 NG/KG 8600 N
CMS-144 0 0.25 2,3,7,8-TCDD 75.2 NG/KG 8600 N
CMS-145 0 0.25 2,3,7,8-TCDD 2750 NG/KG 8600 N
CMS-147 0 0.25 2,3,7,8-TCDD 6470 NG/KG 8600 N
CMS-147 0 1 2,3,7,8-TCDD 380 J NG/KG 8600 N
CMS-147 0 1 Aroclor, Total 22 MG/KG 10 Y Cap Area 1
CMS-147 1 2 2,3,7,8-TCDD 230 U NG/KG 8600 - (c)
CMS-147 1 2 Aroclor, Total 350 MG/KG 10 Y Cap Area 1
CMS-147 2 3 2,3,7,8-TCDD 6000 U NG/KG 8600 - (c)
CMS-147 2 3 2,3,7,8-TCDD 336 NG/KG 8600 N
CMS-147 2 3 Aroclor, Total 1300 MG/KG 10 Y Cap Area 1
CMS-148 0 0.25 2,3,7,8-TCDD 15300 NG/KG 8600 Y Cap Area 1
CMS-148 0 1 2,3,7,8-TCDD 640 J NG/KG 8600 N
CMS-148 0 1 Aroclor, Total 9.3 MG/KG 10 N
CMS-149 0 0.25 2,3,7,8-TCDD 22700 NG/KG 8600 Y Cap Area 1
CMS-149 0 1 2,3,7,8-TCDD 310 J NG/KG 8600 N
CMS-150 0 0.25 2,3,7,8-TCDD 22100 NG/KG 8600 Y Cap Area 1
CMS-150 0 1 2,3,7,8-TCDD 210 J NG/KG 8600 N
CMS-150 0 1 2,3,7,8-TCDD 611 NG/KG 8600 N
CMS-150 0 1 2,3,7,8-TCDD 320 J NG/KG 8600 N
CMS-150 1 2 2,3,7,8-TCDD 34 U NG/KG 8600 - (c)
CMS-151 0 0.25 2,3,7,8-TCDD 22.4 NG/KG 8600 N
CMS-152 0 0.25 2,3,7,8-TCDD 1400 NG/KG 8600 N
CMS-152 0 1 2,3,7,8-TCDD 640 J NG/KG 8600 N
CMS-152 0 1 Aroclor, Total 9.5 J MG/KG 10 N
CMS-152 1 2 2,3,7,8-TCDD 9.8 U NG/KG 8600 - (c)
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CMS-152 1 2 Aroclor, Total 1.9 J MG/KG 10 N
CMS-152 2 3 2,3,7,8-TCDD 37 U NG/KG 8600 - (c)
CMS-152 2 3 Aroclor, Total 13 J MG/KG 10 Y Rip rap between Centerdale Manor 
CMS-153 0 0.25 2,3,7,8-TCDD 40.8 NG/KG 8600 N
CMS-153 0 1 2,3,7,8-TCDD 300 J NG/KG 8600 N
CMS-153 0 1 Aroclor, Total 0.6 J MG/KG 10 N
CMS-153 1 2 2,3,7,8-TCDD 100 J NG/KG 8600 N
CMS-153 1 2 2,3,7,8-TCDD 24.8 U NG/KG 8600 - (c)
CMS-153 1 2 2,3,7,8-TCDD 550 J NG/KG 8600 N
CMS-153 1 2 Aroclor, Total 0.58 J MG/KG 10 N
CMS-153 1 2 Aroclor, Total 0.085 J MG/KG 10 N
CMS-153 2 3 2,3,7,8-TCDD 140 J NG/KG 8600 N
CMS-153 2 3 Aroclor, Total 26 J MG/KG 10 Y Cap Area 1
CMS-153 3 4 2,3,7,8-TCDD 41 J NG/KG 8600 N
CMS-153 3 4 Aroclor, Total 0.54 J MG/KG 10 N
CMS-153 4 5 2,3,7,8-TCDD 4.3 U NG/KG 8600 - (c)
CMS-153 4 5 Aroclor, Total 0.39 U MG/KG 10 - (c)
CMS-153 5 5.5 2,3,7,8-TCDD 2.1 U NG/KG 8600 - (c)
CMS-153 5 5.5 Aroclor, Total 0.38 U MG/KG 10 - (c)
CMS-154 0 0.25 2,3,7,8-TCDD 1300 NG/KG 8600 N
CMS-154 0 1 2,3,7,8-TCDD 420 J NG/KG 8600 N
CMS-154 0 1 Aroclor, Total 44 J MG/KG 10 Y Cap Area 1
CMS-154 1 2 2,3,7,8-TCDD 690 U NG/KG 8600 - (c)
CMS-154 1 2 Aroclor, Total 700 J MG/KG 10 Y Cap Area 1
CMS-154 2 3 2,3,7,8-TCDD 49 U NG/KG 8600 - (c)
CMS-154 2 3 Aroclor, Total 19 J MG/KG 10 Y Cap Area 1
CMS-155 0 0.25 2,3,7,8-TCDD 6810 NG/KG 8600 N
CMS-155 0 1 2,3,7,8-TCDD 1500 NG/KG 8600 N
CMS-155 0 1 Aroclor, Total 560 J MG/KG 10 Y Cap Area 1
CMS-155 1 2 2,3,7,8-TCDD 360 J NG/KG 8600 N
CMS-155 1 2 Aroclor, Total 28 J MG/KG 10 Y Cap Area 1
CMS-155 3 4 2,3,7,8-TCDD 1800 J NG/KG 8600 N
CMS-155 3 4 Aroclor, Total 2.4 MG/KG 10 N
CMS-155 4 5 2,3,7,8-TCDD 410 U NG/KG 8600 - (c)
CMS-155 4 5 Aroclor, Total 0.2 J MG/KG 10 N
CMS-155 5 6 2,3,7,8-TCDD 650 U NG/KG 8600 - (c)
CMS-155 5 6 Aroclor, Total 1.6 MG/KG 10 N
CMS-156 0 0.25 2,3,7,8-TCDD 52900 NG/KG 8600 Y Cap Area 1
CMS-156 0 1 2,3,7,8-TCDD 5900 J NG/KG 8600 N
CMS-156 0 1 Aroclor, Total 130 J MG/KG 10 Y Cap Area 1
CMS-157 0 0.25 2,3,7,8-TCDD 12600 NG/KG 8600 Y Cap Area 1
CMS-157 0 1 2,3,7,8-TCDD 420 J NG/KG 8600 N
CMS-158 0 0.25 2,3,7,8-TCDD 10200 NG/KG 8600 Y Cap Area 1
CMS-158 0 0.25 2,3,7,8-TCDD 8430 NG/KG 8600 N
CMS-158 0 1 2,3,7,8-TCDD 470 J NG/KG 8600 N
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Table G-10.  Comparison of Source Area Soil Data to Cleanup Goals for Groundwater Protection, Spatial and Vertical Extent of Remediation Footprint
(Sorted by Boring, Depth Interval, and Parameter)
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CMS-159 0 0.25 2,3,7,8-TCDD 3380 NG/KG 8600 N
CMS-159 0 1 2,3,7,8-TCDD 3000 J NG/KG 8600 N
CMS-159 0 1 Aroclor, Total 4.1 MG/KG 10 N
CMS-159 0 1 Benzene 0.021 U MG/KG 4.3 - (c)
CMS-159 0 1 Chlorobenzene 0.021 U MG/KG 100 - (c)
CMS-159 0 1 Cis-1,2-dichloroethene 0.0073 J MG/KG 60 N
CMS-159 0 1 Ethylbenzene 0.021 U MG/KG 62 - (c)
CMS-159 0 1 Tetrachloroethene 0.1 MG/KG 4.2 N
CMS-159 0 1 Toluene 0.021 U MG/KG 54 - (c)
CMS-159 0 1 Trichloroethene 0.0077 J MG/KG 20 N
CMS-160 0 0.25 2,3,7,8-TCDD 12600 NG/KG 8600 Y Cap Area 1
CMS-160 0 0.25 2,3,7,8-TCDD 11300 NG/KG 8600 Y Cap Area 1
CMS-160 0 1 2,3,7,8-TCDD 1100 NG/KG 8600 N
CMS-160 0 1 Aroclor, Total 0.86 J MG/KG 10 N
CMS-160 1 2 2,3,7,8-TCDD 62 J NG/KG 8600 N
CMS-160 1 2 Aroclor, Total 0.035 J MG/KG 10 N
CMS-160 2 3 2,3,7,8-TCDD 79 J NG/KG 8600 N
CMS-160 2 3 Aroclor, Total 0.29 J MG/KG 10 N
CMS-161 0 0.25 2,3,7,8-TCDD 2550 NG/KG 8600 N
CMS-161 0 1 2,3,7,8-TCDD 240 J NG/KG 8600 N
CMS-161 0 1 Aroclor, Total 0.29 J MG/KG 10 N
CMS-161 1 2 2,3,7,8-TCDD 71 J NG/KG 8600 N
CMS-161 1 2 2,3,7,8-TCDD 124 NG/KG 8600 N
CMS-161 1 2 Aroclor, Total 0.14 MG/KG 10 N
CMS-162 0 0.25 2,3,7,8-TCDD 311 NG/KG 8600 N
CMS-162 0 1 2,3,7,8-TCDD 540 J NG/KG 8600 N
CMS-162 0 1 2,3,7,8-TCDD 980 J NG/KG 8600 N
CMS-162 0 1 Aroclor, Total 2.6 J MG/KG 10 N
CMS-162 0 1 Aroclor, Total 3.7 J MG/KG 10 N
CMS-162 1 2 2,3,7,8-TCDD 220 J NG/KG 8600 N
CMS-162 1 2 Aroclor, Total 0.65 J MG/KG 10 N
CMS-162 2 3 2,3,7,8-TCDD 340 J NG/KG 8600 N
CMS-162 2 3 Aroclor, Total 1 J MG/KG 10 N
CMS-162 3 4 2,3,7,8-TCDD 860 J NG/KG 8600 N
CMS-162 3 4 2,3,7,8-TCDD 624 NG/KG 8600 N
CMS-162 3 4 2,3,7,8-TCDD 610 U NG/KG 8600 - (c)
CMS-162 3 4 Aroclor, Total 2.1 MG/KG 10 N
CMS-162 3 4 Aroclor, Total 2.1 J MG/KG 10 N
CMS-163 0 0.25 2,3,7,8-TCDD 253 NG/KG 8600 N
CMS-164 0 0.25 2,3,7,8-TCDD 16700 NG/KG 8600 Y Cap Area 1
CMS-164 0 0.25 2,3,7,8-TCDD 17500 NG/KG 8600 Y Cap Area 1
CMS-164 0 1 2,3,7,8-TCDD 52000 NG/KG 8600 Y Cap Area 1
CMS-164 0 1 Aroclor, Total 2.8 J MG/KG 10 N
CMS-164 0 1 Benzene 0.064 J MG/KG 4.3 N
CMS-164 0 1 Chlorobenzene 0.01 J MG/KG 100 N


Interim Final CMRP Feasibility Study Report
Appendix G G-144 April 2010







Appendix G


Table G-10.  Comparison of Source Area Soil Data to Cleanup Goals for Groundwater Protection, Spatial and Vertical Extent of Remediation Footprint
(Sorted by Boring, Depth Interval, and Parameter)
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CMS-164 0 1 Cis-1,2-dichloroethene 0.015 U MG/KG 60 - (c)
CMS-164 0 1 Ethylbenzene 0.015 UJ MG/KG 62 - (c)
CMS-164 0 1 Tetrachloroethene 0.0088 J MG/KG 4.2 N
CMS-164 0 1 Toluene 0.015 UJ MG/KG 54 - (c)
CMS-164 0 1 Trichloroethene 0.033 J MG/KG 20 N
CMS-165 0 0.25 2,3,7,8-TCDD 8580 NG/KG 8600 N
CMS-165 0 1 2,3,7,8-TCDD 120 J NG/KG 8600 N
CMS-166 0 0.25 2,3,7,8-TCDD 9620 NG/KG 8600 Y Cap Area 1
CMS-166 0 1 2,3,7,8-TCDD 10000 NG/KG 8600 Y Cap Area 1
CMS-167 0 0.25 2,3,7,8-TCDD 2140 NG/KG 8600 N
CMS-167 0 1 2,3,7,8-TCDD 3000 J NG/KG 8600 N
CMS-168 0 0.25 2,3,7,8-TCDD 11600 NG/KG 8600 Y Cap Area 1
CMS-168 0 1 2,3,7,8-TCDD 31000 J NG/KG 8600 Y Cap Area 1
CMS-168 0 1 Aroclor, Total 1.7 MG/KG 10 N
CMS-168 1 2 2,3,7,8-TCDD 10000 NG/KG 8600 Y Cap Area 1
CMS-168 1 2 Aroclor, Total 0.5 J MG/KG 10 N
CMS-168 2 3 2,3,7,8-TCDD 6100 NG/KG 8600 N
CMS-168 2 3 Aroclor, Total 0.25 J MG/KG 10 N
CMS-169 0 0.25 2,3,7,8-TCDD 35100 NG/KG 8600 Y Cap Area 1
CMS-169 0 1 2,3,7,8-TCDD 2000 NG/KG 8600 N
CMS-169 0 1 Aroclor, Total 0.49 J MG/KG 10 N
CMS-170 0 0.25 2,3,7,8-TCDD 8590 NG/KG 8600 N
CMS-170 0 1 2,3,7,8-TCDD 26000 NG/KG 8600 Y Cap Area 1
CMS-170 0 1 Aroclor, Total 4 MG/KG 10 N
CMS-170 1 2 2,3,7,8-TCDD 2000 J NG/KG 8600 N
CMS-170 1 2 2,3,7,8-TCDD 7200 J NG/KG 8600 N
CMS-170 1 2 Aroclor, Total 0.24 J MG/KG 10 N
CMS-170 1 2 Aroclor, Total 0.14 J MG/KG 10 N
CMS-171 0 0.25 2,3,7,8-TCDD 5290 NG/KG 8600 N
CMS-171 0 1 2,3,7,8-TCDD 5800 NG/KG 8600 N
CMS-171 0 1 Aroclor, Total 1.8 MG/KG 10 N
CMS-172 0 0.25 2,3,7,8-TCDD 9990 NG/KG 8600 Y Cap Area 1
CMS-172 0 1 2,3,7,8-TCDD 460 J NG/KG 8600 N
CMS-173 0 0.25 2,3,7,8-TCDD 17500 NG/KG 8600 Y Cap Area 1
CMS-173 0 1 2,3,7,8-TCDD 1200 J NG/KG 8600 N
CMS-173 0 1 Aroclor, Total 0.38 J MG/KG 10 N
CMS-173 0 1 Benzene 0.098 MG/KG 4.3 N
CMS-173 0 1 Chlorobenzene 0.024 UJ MG/KG 100 - (c)
CMS-173 0 1 Cis-1,2-dichloroethene 0.024 U MG/KG 60 - (c)
CMS-173 0 1 Ethylbenzene 0.024 UJ MG/KG 62 - (c)
CMS-173 0 1 Tetrachloroethene 0.17 J MG/KG 4.2 N
CMS-173 0 1 Toluene 0.024 UJ MG/KG 54 - (c)
CMS-173 0 1 Trichloroethene 0.028 J MG/KG 20 N
CMS-173 1 2 2,3,7,8-TCDD 720 J NG/KG 8600 N
CMS-173 1 2 Aroclor, Total 0.052 U MG/KG 10 - (c)
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Table G-10.  Comparison of Source Area Soil Data to Cleanup Goals for Groundwater Protection, Spatial and Vertical Extent of Remediation Footprint
(Sorted by Boring, Depth Interval, and Parameter)
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CMS-173 1 2 Benzene 0.0083 U MG/KG 4.3 - (c)
CMS-173 1 2 Chlorobenzene 0.0036 J MG/KG 100 N
CMS-173 1 2 Cis-1,2-dichloroethene 0.0066 J MG/KG 60 N
CMS-173 1 2 Ethylbenzene 0.0083 UJ MG/KG 62 - (c)
CMS-173 1 2 Tetrachloroethene 0.19 J MG/KG 4.2 N
CMS-173 1 2 Toluene 0.0083 UJ MG/KG 54 - (c)
CMS-173 1 2 Trichloroethene 0.066 J MG/KG 20 N
CMS-175 0 0.25 2,3,7,8-TCDD 12900 NG/KG 8600 Y Rip rap between Cap Area 1 and river
CMS-175 0 1 2,3,7,8-TCDD 1900 NG/KG 8600 N
CMS-175 0 1 Aroclor, Total 0.75 J MG/KG 10 N
CMS-175 1 2 2,3,7,8-TCDD 930 NG/KG 8600 N
CMS-175 1 2 Aroclor, Total 0.51 J MG/KG 10 N
CMS-175 2 3 2,3,7,8-TCDD 3000 NG/KG 8600 N
CMS-175 2 3 Aroclor, Total 1.1 J MG/KG 10 N
CMS-175 3 4 2,3,7,8-TCDD 910 NG/KG 8600 N
CMS-175 3 4 Aroclor, Total 0.17 MG/KG 10 N
CMS-220 0 0.25 2,3,7,8-TCDD 2.86 NG/KG 8600 N
CMS-222 0 0.25 2,3,7,8-TCDD 98.7 NG/KG 8600 N
CMS-223 0 0.25 2,3,7,8-TCDD 120 NG/KG 8600 N
CMS-225 0 0.25 2,3,7,8-TCDD 133 NG/KG 8600 N
CMS-226 0 0.25 2,3,7,8-TCDD 9680 NG/KG 8600 Y Cap Area 1
CMS-227 0 0.25 2,3,7,8-TCDD 1910 NG/KG 8600 N
CMS-228 0 0.25 2,3,7,8-TCDD 2360 NG/KG 8600 N
CMS-229 0 0.25 2,3,7,8-TCDD 0.988 NG/KG 8600 N
CMS-230 0 0.25 2,3,7,8-TCDD 5.31 NG/KG 8600 N
CMS-231 0 0.25 2,3,7,8-TCDD 193 NG/KG 8600 N
CMS-232 0 0.25 2,3,7,8-TCDD 2200 NG/KG 8600 N
CMS-232 0 1 2,3,7,8-TCDD 8.6 U NG/KG 8600 - (c)
CMS-232 1 2 2,3,7,8-TCDD 11 U NG/KG 8600 - (c)
CMS-233 0 0.25 2,3,7,8-TCDD 841 NG/KG 8600 N
CMS-234 0 0.25 2,3,7,8-TCDD 278 NG/KG 8600 N
CMS-235 0 0.25 2,3,7,8-TCDD 781 NG/KG 8600 N
CMS-236 0 0.25 2,3,7,8-TCDD 830 NG/KG 8600 N
CMS-237 0 0.25 2,3,7,8-TCDD 2620 NG/KG 8600 N
CMS-237 0 1 2,3,7,8-TCDD 7100 NG/KG 8600 N
CMS-237 0 1 Aroclor, Total 13 MG/KG 10 Y Cap Area 1
CMS-237 0 1 Benzene 0.0059 UJ MG/KG 4.3 - (c)
CMS-237 0 1 Chlorobenzene 0.0059 UJ MG/KG 100 - (c)
CMS-237 0 1 Cis-1,2-dichloroethene 0.0059 UJ MG/KG 60 - (c)
CMS-237 0 1 Ethylbenzene 0.0059 UJ MG/KG 62 - (c)
CMS-237 0 1 Tetrachloroethene 0.0075 J MG/KG 4.2 N
CMS-237 0 1 Toluene 0.0059 UJ MG/KG 54 - (c)
CMS-237 0 1 Trichloroethene 0.0027 J MG/KG 20 N
CMS-237 1 2 2,3,7,8-TCDD 1200 NG/KG 8600 N
CMS-237 1 2 Aroclor, Total 56 MG/KG 10 Y Cap Area 1
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CMS-237 1 2 Benzene 0.006 J MG/KG 4.3 N
CMS-237 1 2 Chlorobenzene 0.0032 J MG/KG 100 N
CMS-237 1 2 Cis-1,2-dichloroethene 0.023 J MG/KG 60 N
CMS-237 1 2 Ethylbenzene 0.0086 J MG/KG 62 N
CMS-237 1 2 Tetrachloroethene 0.21 J MG/KG 4.2 N
CMS-237 1 2 Toluene 0.015 J MG/KG 54 N
CMS-237 1 2 Trichloroethene 0.041 J MG/KG 20 N
CMS-237 2 3 2,3,7,8-TCDD 350 J NG/KG 8600 N
CMS-237 2 3 Aroclor, Total 8.5 MG/KG 10 N
CMS-237 2 3 Benzene 0.018 J MG/KG 4.3 N
CMS-237 2 3 Chlorobenzene 0.0077 J MG/KG 100 N
CMS-237 2 3 Cis-1,2-dichloroethene 0.043 J MG/KG 60 N
CMS-237 2 3 Ethylbenzene 0.0048 J MG/KG 62 N
CMS-237 2 3 Tetrachloroethene 0.11 J MG/KG 4.2 N
CMS-237 2 3 Toluene 0.0085 J MG/KG 54 N
CMS-237 2 3 Trichloroethene 0.035 J MG/KG 20 N
CMS-238 0 0.25 2,3,7,8-TCDD 13500 NG/KG 8600 Y Cap Area 1
CMS-238 0 1 2,3,7,8-TCDD 4200 NG/KG 8600 N
CMS-238 0 1 Aroclor, Total 86 MG/KG 10 Y Cap Area 1
CMS-238 1 2 2,3,7,8-TCDD 130 J NG/KG 8600 N
CMS-238 1 2 2,3,7,8-TCDD 330 U NG/KG 8600 - (c)
CMS-238 1 2 Aroclor, Total 4.8 J MG/KG 10 N
CMS-238 1 2 Aroclor, Total 1.5 J MG/KG 10 N
CMS-239 0 0.25 2,3,7,8-TCDD 3490 NG/KG 8600 N
CMS-239 0 1 2,3,7,8-TCDD 6600 NG/KG 8600 N
CMS-239 0 1 Aroclor, Total 35 MG/KG 10 Y Cap Area 1
CMS-239 1 2 2,3,7,8-TCDD 2300 U NG/KG 8600 - (c)
CMS-239 1 2 Aroclor, Total 32 MG/KG 10 Y Cap Area 1
CMS-240 0 0.25 2,3,7,8-TCDD 5110 NG/KG 8600 N
CMS-240 0 1 2,3,7,8-TCDD 140000 J NG/KG 8600 Y Cap Area 1
CMS-240 0 1 Aroclor, Total 16 MG/KG 10 Y Cap Area 1
CMS-241 0 0.25 2,3,7,8-TCDD 6640 NG/KG 8600 N
CMS-241 0 1 2,3,7,8-TCDD 27000 NG/KG 8600 Y Cap Area 1
CMS-241 0 1 Aroclor, Total 3.6 MG/KG 10 N
CMS-241 1 2 2,3,7,8-TCDD 1500 NG/KG 8600 N
CMS-241 1 2 Aroclor, Total 0.19 J MG/KG 10 N
CMS-242 0 0.25 2,3,7,8-TCDD 20300 NG/KG 8600 Y Cap Area 1
CMS-242 0 1 2,3,7,8-TCDD 6300 NG/KG 8600 N
CMS-242 0 1 Aroclor, Total 16 MG/KG 10 Y Cap Area 1
CMS-242 1 2 2,3,7,8-TCDD 270 J NG/KG 8600 N
CMS-242 1 2 Aroclor, Total 2.3 J MG/KG 10 N
CMS-400 0 1 2,3,7,8-TCDD 650 NG/KG 8600 N
CMS-400 0 1 Aroclor, Total 0.35 J MG/KG 10 N
CMS-400 1 2 2,3,7,8-TCDD 130 UJ NG/KG 8600 - (c)
CMS-400 1 2 Aroclor, Total 6.9 J MG/KG 10 N
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CMS-400 2 3 2,3,7,8-TCDD 560 UJ NG/KG 8600 - (c)
CMS-400 2 3 Aroclor, Total 6.9 J MG/KG 10 N
CMS-400 3 4 2,3,7,8-TCDD 65 U NG/KG 8600 - (c)
CMS-400 3 4 Aroclor, Total 3.1 J MG/KG 10 N
CMS-400 4 5 2,3,7,8-TCDD 30 U NG/KG 8600 - (c)
CMS-400 4 5 Aroclor, Total 0.56 U MG/KG 10 - (c)
CMS-400 5 6 2,3,7,8-TCDD 13 U NG/KG 8600 - (c)
CMS-400 5 6 Aroclor, Total 3.9 U MG/KG 10 - (c)
CMS-401 0 1 2,3,7,8-TCDD 12 U NG/KG 8600 - (c)
CMS-401 0 1 Aroclor, Total 0.035 U MG/KG 10 - (c)
CMS-401 1 2 2,3,7,8-TCDD 92 UJ NG/KG 8600 - (c)
CMS-401 1 2 Aroclor, Total 6 J MG/KG 10 N
CMS-401 2 3 2,3,7,8-TCDD 470 UJ NG/KG 8600 - (c)
CMS-401 2 3 Aroclor, Total 0.33 J MG/KG 10 N
CMS-401 3 4 2,3,7,8-TCDD 65 UJ NG/KG 8600 - (c)
CMS-401 3 4 Aroclor, Total 0.48 J MG/KG 10 N
CMS-402 0 1 2,3,7,8-TCDD 17 U NG/KG 8600 - (c)
CMS-402 0 1 Aroclor, Total 0.35 MG/KG 10 N
CMS-402 1 2 2,3,7,8-TCDD 10 U NG/KG 8600 - (c)
CMS-402 1 2 Aroclor, Total 0.027 J MG/KG 10 N
CMS-402 2 3 2,3,7,8-TCDD 2400 NG/KG 8600 N
CMS-402 2 3 Aroclor, Total 420 J MG/KG 10 Y Centerdale Manor south parking lot
CMS-402 3 4 2,3,7,8-TCDD 220 U NG/KG 8600 - (c)
CMS-402 3 4 Aroclor, Total 4.9 J MG/KG 10 N
CMS-402 4 5 2,3,7,8-TCDD 8.4 UJ NG/KG 8600 - (c)
CMS-402 4 5 Aroclor, Total 0.8 J MG/KG 10 N
CMS-402 5 6 2,3,7,8-TCDD 11 U NG/KG 8600 - (c)
CMS-402 5 6 Aroclor, Total 0.46 U MG/KG 10 - (c)
CMS-403 0 1 2,3,7,8-TCDD 300 U NG/KG 8600 - (c)
CMS-403 0 1 Aroclor, Total 0.33 MG/KG 10 N
CMS-403 1 2 2,3,7,8-TCDD 8.8 U NG/KG 8600 - (c)
CMS-403 1 2 Aroclor, Total 0.2 MG/KG 10 N
CMS-403 2 3 2,3,7,8-TCDD 7.8 U NG/KG 8600 - (c)
CMS-403 2 3 Aroclor, Total 0.085 J MG/KG 10 N
CMS-403 3 4 2,3,7,8-TCDD 8.4 U NG/KG 8600 - (c)
CMS-403 3 4 Aroclor, Total 0.55 U MG/KG 10 - (c)
CMS-403 4 5 2,3,7,8-TCDD 5.8 U NG/KG 8600 - (c)
CMS-403 4 5 Aroclor, Total 0.42 U MG/KG 10 - (c)
CMS-404 0 1 2,3,7,8-TCDD 83 J NG/KG 8600 N
CMS-404 0 1 2,3,7,8-TCDD 219 NG/KG 8600 N
CMS-404 0 1 2,3,7,8-TCDD 300 J NG/KG 8600 N
CMS-404 0 1 Aroclor, Total 1.6 J MG/KG 10 N
CMS-404 0 1 Aroclor, Total 1.8 J MG/KG 10 N
CMS-404 1 2 2,3,7,8-TCDD 16 U NG/KG 8600 - (c)
CMS-404 1 2 Aroclor, Total 0.78 MG/KG 10 N
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CMS-404 2 3 2,3,7,8-TCDD 6.6 U NG/KG 8600 - (c)
CMS-404 2 3 Aroclor, Total 0.07 J MG/KG 10 N
CMS-404 3 4 2,3,7,8-TCDD 20 U NG/KG 8600 - (c)
CMS-404 3 4 Aroclor, Total 0.48 U MG/KG 10 - (c)
CMS-404 4 5 2,3,7,8-TCDD 7.8 U NG/KG 8600 - (c)
CMS-404 4 5 Aroclor, Total 0.38 U MG/KG 10 - (c)
CMS-404 5 6 2,3,7,8-TCDD 9.1 U NG/KG 8600 - (c)
CMS-404 5 6 Aroclor, Total 0.36 U MG/KG 10 - (c)
CMS-405 0 1 2,3,7,8-TCDD 1.7 U NG/KG 8600 - (c)
CMS-405 0 1 Aroclor, Total 0.083 MG/KG 10 N
CMS-405 0 1 Benzene 0.0064 J MG/KG 4.3 N
CMS-405 1 2 2,3,7,8-TCDD 40 UJ NG/KG 8600 - (c)
CMS-405 1 2 2,3,7,8-TCDD 93 UJ NG/KG 8600 - (c)
CMS-405 1 2 Aroclor, Total 1.3 J MG/KG 10 N
CMS-405 1 2 Aroclor, Total 19 J MG/KG 10 Y Centerdale Manor south parking lot
CMS-405 1 2 Benzene 140 J MG/KG 4.3 Y Centerdale Manor south parking lot
CMS-405 1 2 Benzene 83 J MG/KG 4.3 Y Centerdale Manor south parking lot
CMS-405 1 2 Chlorobenzene 4 U MG/KG 100 - (c)
CMS-405 1 2 Chlorobenzene 2.9 UJ MG/KG 100 - (c)
CMS-405 1 2 Cis-1,2-dichloroethene 4 U MG/KG 60 - (c)
CMS-405 1 2 Cis-1,2-dichloroethene 2.9 UJ MG/KG 60 - (c)
CMS-405 1 2 Ethylbenzene 11 J MG/KG 62 N
CMS-405 1 2 Ethylbenzene 1.5 J MG/KG 62 N
CMS-405 1 2 Tetrachloroethene 4 UJ MG/KG 4.2 - (c)
CMS-405 1 2 Tetrachloroethene 2.9 UJ MG/KG 4.2 - (c)
CMS-405 1 2 Toluene 3.5 J MG/KG 54 N
CMS-405 1 2 Toluene 2.9 UJ MG/KG 54 - (c)
CMS-405 1 2 Trichloroethene 4 U MG/KG 20 - (c)
CMS-405 1 2 Trichloroethene 2.9 UJ MG/KG 20 - (c)
CMS-405 2 3 2,3,7,8-TCDD 100 U NG/KG 8600 - (c)
CMS-405 2 3 2,3,7,8-TCDD 27.1 NG/KG 8600 N
CMS-405 2 3 Aroclor, Total 0.16 J MG/KG 10 N
CMS-405 2 3 Benzene 27 J MG/KG 4.3 Y Centerdale Manor south parking lot
CMS-405 3 4 2,3,7,8-TCDD 5 U NG/KG 8600 - (c)
CMS-405 3 4 Aroclor, Total 0.72 MG/KG 10 N
CMS-405 3 4 Benzene 130 J MG/KG 4.3 Y Centerdale Manor south parking lot
CMS-405 4 5 2,3,7,8-TCDD 2.4 U NG/KG 8600 - (c)
CMS-405 4 5 Aroclor, Total 0.23 U MG/KG 10 - (c)
CMS-405 4 5 Benzene 66 J MG/KG 4.3 Y Centerdale Manor south parking lot
CMS-405 4 5 Chlorobenzene 1 U MG/KG 100 - (c)
CMS-405 4 5 Cis-1,2-dichloroethene 1 U MG/KG 60 - (c)
CMS-405 4 5 Ethylbenzene 1 U MG/KG 62 - (c)
CMS-405 4 5 Tetrachloroethene 1 UJ MG/KG 4.2 - (c)
CMS-405 4 5 Toluene 0.21 J MG/KG 54 N
CMS-405 4 5 Trichloroethene 1 U MG/KG 20 - (c)
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Table G-10.  Comparison of Source Area Soil Data to Cleanup Goals for Groundwater Protection, Spatial and Vertical Extent of Remediation Footprint
(Sorted by Boring, Depth Interval, and Parameter)
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CMS-406 0 1 2,3,7,8-TCDD 5.5 U NG/KG 8600 - (c)
CMS-406 0 1 Aroclor, Total 0.063 MG/KG 10 N
CMS-406 1 2 2,3,7,8-TCDD 25 U NG/KG 8600 - (c)
CMS-406 1 2 2,3,7,8-TCDD 29 U NG/KG 8600 - (c)
CMS-406 1 2 Aroclor, Total 2.3 J MG/KG 10 N
CMS-406 1 2 Aroclor, Total 0.02 J MG/KG 10 N
CMS-406 2 3 2,3,7,8-TCDD 5.4 U NG/KG 8600 - (c)
CMS-406 2 3 2,3,7,8-TCDD 40.7 NG/KG 8600 N
CMS-406 2 3 Aroclor, Total 0.63 MG/KG 10 N
CMS-406 3 4 2,3,7,8-TCDD 19 U NG/KG 8600 - (c)
CMS-406 3 4 Aroclor, Total 6 U MG/KG 10 - (c)
CMS-407 0 1 2,3,7,8-TCDD 11 U NG/KG 8600 - (c)
CMS-407 0 1 Aroclor, Total 0.035 U MG/KG 10 - (c)
CMS-407 0 1 Benzene 0.005 U MG/KG 4.3 - (c)
CMS-407 0 1 Chlorobenzene 0.005 U MG/KG 100 - (c)
CMS-407 0 1 Cis-1,2-dichloroethene 0.005 U MG/KG 60 - (c)
CMS-407 0 1 Ethylbenzene 0.005 U MG/KG 62 - (c)
CMS-407 0 1 Tetrachloroethene 0.005 U MG/KG 4.2 - (c)
CMS-407 0 1 Toluene 0.005 U MG/KG 54 - (c)
CMS-407 0 1 Trichloroethene 0.005 U MG/KG 20 - (c)
CMS-407 1 2 2,3,7,8-TCDD 17 U NG/KG 8600 - (c)
CMS-407 1 2 Aroclor, Total 1.9 J MG/KG 10 N
CMS-407 1 2 Benzene 0.016 MG/KG 4.3 N
CMS-407 1 2 Chlorobenzene 0.008 J MG/KG 100 N
CMS-407 1 2 Cis-1,2-dichloroethene 0.018 MG/KG 60 N
CMS-407 1 2 Ethylbenzene 0.14 J MG/KG 62 N
CMS-407 1 2 Tetrachloroethene 0.0074 UJ MG/KG 4.2 - (c)
CMS-407 1 2 Toluene 0.041 J MG/KG 54 N
CMS-407 1 2 Trichloroethene 0.0074 U MG/KG 20 - (c)
CMS-407 2 3 2,3,7,8-TCDD 16 U NG/KG 8600 - (c)
CMS-407 2 3 Aroclor, Total 0 U MG/KG 10 - (c)
CMS-407 2 3 Benzene 0.011 J MG/KG 4.3 N
CMS-407 2 3 Chlorobenzene 0.0087 U MG/KG 100 - (c)
CMS-407 2 3 Cis-1,2-dichloroethene 0.012 J MG/KG 60 N
CMS-407 2 3 Ethylbenzene 0.029 J MG/KG 62 N
CMS-407 2 3 Tetrachloroethene 0.0087 U MG/KG 4.2 - (c)
CMS-407 2 3 Toluene 0.011 J MG/KG 54 N
CMS-407 2 3 Trichloroethene 0.0087 U MG/KG 20 - (c)
CMS-407 3 4 2,3,7,8-TCDD 90 J NG/KG 8600 N
CMS-407 3 4 Aroclor, Total 0.42 U MG/KG 10 - (c)
CMS-407 3 4 Benzene 0.32 U MG/KG 4.3 - (c)
CMS-407 3 4 Chlorobenzene 0.32 U MG/KG 100 - (c)
CMS-407 3 4 Cis-1,2-dichloroethene 0.32 U MG/KG 60 - (c)
CMS-407 3 4 Ethylbenzene 0.32 U MG/KG 62 - (c)
CMS-407 3 4 Tetrachloroethene 0.32 U MG/KG 4.2 - (c)
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Table G-10.  Comparison of Source Area Soil Data to Cleanup Goals for Groundwater Protection, Spatial and Vertical Extent of Remediation Footprint
(Sorted by Boring, Depth Interval, and Parameter)
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CMS-407 3 4 Toluene 0.32 U MG/KG 54 - (c)
CMS-407 3 4 Trichloroethene 0.32 U MG/KG 20 - (c)
CMS-408 0 1 2,3,7,8-TCDD 15 U NG/KG 8600 - (c)
CMS-408 0 1 Aroclor, Total 0.041 J MG/KG 10 N
CMS-408 0 1 Benzene 0.014 MG/KG 4.3 N
CMS-408 0 1 Chlorobenzene 0.0027 J MG/KG 100 N
CMS-408 0 1 Cis-1,2-dichloroethene 0.0043 U MG/KG 60 - (c)
CMS-408 0 1 Ethylbenzene 0.0043 U MG/KG 62 - (c)
CMS-408 0 1 Tetrachloroethene 0.0043 U MG/KG 4.2 - (c)
CMS-408 0 1 Toluene 0.0043 U MG/KG 54 - (c)
CMS-408 0 1 Trichloroethene 0.0043 U MG/KG 20 - (c)
CMS-408 1 2 2,3,7,8-TCDD 130 U NG/KG 8600 - (c)
CMS-408 1 2 Aroclor, Total 23 MG/KG 10 Y Centerdale Manor south parking lot
CMS-408 1 2 Benzene 160 MG/KG 4.3 Y Centerdale Manor south parking lot
CMS-408 1 2 Chlorobenzene 6.2 MG/KG 100 N
CMS-408 1 2 Cis-1,2-dichloroethene 2.2 U MG/KG 60 - (c)
CMS-408 1 2 Ethylbenzene 23 MG/KG 62 N
CMS-408 1 2 Tetrachloroethene 2.2 U MG/KG 4.2 - (c)
CMS-408 1 2 Toluene 2.2 U MG/KG 54 - (c)
CMS-408 1 2 Trichloroethene 2.2 U MG/KG 20 - (c)
CMS-408 2 3 2,3,7,8-TCDD 19 U NG/KG 8600 - (c)
CMS-408 2 3 Aroclor, Total 1.3 J MG/KG 10 N
CMS-408 2 3 Benzene 480 MG/KG 4.3 Y Centerdale Manor south parking lot
CMS-408 2 3 Chlorobenzene 6.6 U MG/KG 100 - (c)
CMS-408 2 3 Cis-1,2-dichloroethene 6.6 U MG/KG 60 - (c)
CMS-408 2 3 Ethylbenzene 9.5 MG/KG 62 N
CMS-408 2 3 Tetrachloroethene 6.6 U MG/KG 4.2 - (b)
CMS-408 2 3 Toluene 6.6 U MG/KG 54 - (c)
CMS-408 2 3 Trichloroethene 6.6 U MG/KG 20 - (c)
CMS-409 0 1 2,3,7,8-TCDD 2400 NG/KG 8600 N
CMS-409 0 1 Aroclor, Total 1.9 MG/KG 10 N
CMS-409 1 2 2,3,7,8-TCDD 93 UJ NG/KG 8600 - (c)
CMS-409 1 2 Aroclor, Total 1.3 J MG/KG 10 N
CMS-409 2 3 2,3,7,8-TCDD 40 U NG/KG 8600 - (c)
CMS-409 2 3 Aroclor, Total 1.4 MG/KG 10 N
CMS-409 3 4 2,3,7,8-TCDD 4.9 U NG/KG 8600 - (c)
CMS-409 3 4 Aroclor, Total 0.45 U MG/KG 10 - (c)
CMS-409 4 5 2,3,7,8-TCDD 8.4 U NG/KG 8600 - (c)
CMS-409 4 5 2,3,7,8-TCDD 4.8 U NG/KG 8600 - (c)
CMS-409 4 5 Aroclor, Total 0.7 U MG/KG 10 - (c)
CMS-409 4 5 Aroclor, Total 0.059 J MG/KG 10 N
CMS-409 5 6 2,3,7,8-TCDD 3.6 U NG/KG 8600 - (c)
CMS-409 5 6 2,3,7,8-TCDD 11.3 U NG/KG 8600 - (c)
CMS-409 5 6 Aroclor, Total 0.037 U MG/KG 10 - (c)
CMS-410 0 1 2,3,7,8-TCDD 1200 U NG/KG 8600 - (c)
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Table G-10.  Comparison of Source Area Soil Data to Cleanup Goals for Groundwater Protection, Spatial and Vertical Extent of Remediation Footprint
(Sorted by Boring, Depth Interval, and Parameter)
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CMS-410 0 1 Aroclor, Total 230 MG/KG 10 Y Cap Area 1
CMS-410 1 2 2,3,7,8-TCDD 920 NG/KG 8600 N
CMS-410 1 2 Aroclor, Total 9.6 MG/KG 10 N
CMS-410 2 3 2,3,7,8-TCDD 2700 U NG/KG 8600 - (c)
CMS-410 2 3 Aroclor, Total 180 MG/KG 10 Y Cap Area 1
CMS-410 3 4 2,3,7,8-TCDD 360 U NG/KG 8600 - (c)
CMS-410 3 4 Aroclor, Total 29 MG/KG 10 Y Cap Area 1
CMS-410 4 5 2,3,7,8-TCDD 290 U NG/KG 8600 - (c)
CMS-410 4 5 2,3,7,8-TCDD 449 NG/KG 8600 N
CMS-410 4 5 2,3,7,8-TCDD 150 U NG/KG 8600 - (c)
CMS-410 4 5 Aroclor, Total 32 J MG/KG 10 Y Cap Area 1
CMS-410 4 5 Aroclor, Total 13 J MG/KG 10 Y Cap Area 1
CMS-410 5 6 2,3,7,8-TCDD 49 U NG/KG 8600 - (c)
CMS-410 5 6 Aroclor, Total 2.2 MG/KG 10 N
CMS-4101 1 1.9 2,3,7,8-TCDD 3.14 NG/KG 8600 N
CMS-4101 3 4.2 2,3,7,8-TCDD 44.03 J NG/KG 8600 N
CMS-4102 0 0.8 2,3,7,8-TCDD 65.24 NG/KG 8600 N
CMS-4102 1 1.9 2,3,7,8-TCDD 52.59 NG/KG 8600 N
CMS-4102 3 3.8 2,3,7,8-TCDD 58.57 NG/KG 8600 N
CMS-4103 0 1 2,3,7,8-TCDD 151.26 NG/KG 8600 N
CMS-4104 0 1 2,3,7,8-TCDD 3020.73 J NG/KG 8600 N
CMS-4104 0 1 2,3,7,8-TCDD 5725.28 J NG/KG 8600 N
CMS-4105 1 1.5 2,3,7,8-TCDD 41.94 NG/KG 8600 N
CMS-4105 3 4 2,3,7,8-TCDD 222.79 NG/KG 8600 N
CMS-4106 0 1 2,3,7,8-TCDD 928.56 J NG/KG 8600 N
CMS-4106 0 1 2,3,7,8-TCDD 522.81 NG/KG 8600 N
CMS-4106 1 1.6 2,3,7,8-TCDD 2312.37 J NG/KG 8600 N
CMS-4106 3 3.6 2,3,7,8-TCDD 348.2 NG/KG 8600 N
CMS-4107 1 3 2,3,7,8-TCDD 54.44 NG/KG 8600 N
CMS-4107 3 4 2,3,7,8-TCDD 19.41 NG/KG 8600 N
CMS-4108 0 1 2,3,7,8-TCDD 54.55 NG/KG 8600 N
CMS-4108 1 3 2,3,7,8-TCDD 65.34 NG/KG 8600 N
CMS-4108 3 4 2,3,7,8-TCDD 15.75 NG/KG 8600 N
CMS-4109 0 1 2,3,7,8-TCDD 2133.09 J NG/KG 8600 N
CMS-4109 1 1.4 2,3,7,8-TCDD 88.32 NG/KG 8600 N
CMS-4109 3 3.8 2,3,7,8-TCDD 142.96 NG/KG 8600 N
CMS-411 0 1 2,3,7,8-TCDD 11 U NG/KG 8600 - (c)
CMS-411 0 1 Aroclor, Total 0.051 MG/KG 10 N
CMS-411 1 2 2,3,7,8-TCDD 10 U NG/KG 8600 - (c)
CMS-411 1 2 Aroclor, Total 0.035 U MG/KG 10 - (c)
CMS-411 2 3 2,3,7,8-TCDD 140 U NG/KG 8600 - (c)
CMS-411 2 3 Aroclor, Total 3.2 J MG/KG 10 N
CMS-411 3 4 2,3,7,8-TCDD 15 U NG/KG 8600 - (c)
CMS-411 3 4 Aroclor, Total 0.95 J MG/KG 10 N
CMS-411 4 5 2,3,7,8-TCDD 14 U NG/KG 8600 - (c)
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Table G-10.  Comparison of Source Area Soil Data to Cleanup Goals for Groundwater Protection, Spatial and Vertical Extent of Remediation Footprint
(Sorted by Boring, Depth Interval, and Parameter)
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CMS-411 4 5 Aroclor, Total 0.82 U MG/KG 10 - (c)
CMS-4110 0 1 2,3,7,8-TCDD 4064.56 NG/KG 8600 N
CMS-4110 1 1.5 2,3,7,8-TCDD 786.99 NG/KG 8600 N
CMS-4110 3.7 3.9 2,3,7,8-TCDD 16.52 J NG/KG 8600 N
CMS-4111 0 0.9 2,3,7,8-TCDD 279.09 NG/KG 8600 N
CMS-4111 1 2.8 2,3,7,8-TCDD 1663.81 NG/KG 8600 N
CMS-4111 3 4.5 2,3,7,8-TCDD 15.18 NG/KG 8600 N
CMS-412 0 1 2,3,7,8-TCDD 39 J NG/KG 8600 N
CMS-412 0 1 Aroclor, Total 0.087 MG/KG 10 N
CMS-412 1 2 2,3,7,8-TCDD 51 J NG/KG 8600 N
CMS-412 1 2 Aroclor, Total 4.9 MG/KG 10 N
CMS-412 2 3 2,3,7,8-TCDD 9.3 U NG/KG 8600 - (c)
CMS-412 2 3 Aroclor, Total 0.22 U MG/KG 10 - (c)
CMS-412 3 4 2,3,7,8-TCDD 11 U NG/KG 8600 - (c)
CMS-412 3 4 Aroclor, Total 0.48 U MG/KG 10 - (c)
CMS-413 0 1 2,3,7,8-TCDD 54 J NG/KG 8600 N
CMS-413 0 1 Aroclor, Total 2.9 J MG/KG 10 N
CMS-413 1 2 2,3,7,8-TCDD 300 J NG/KG 8600 N
CMS-413 1 2 Aroclor, Total 2.1 J MG/KG 10 N
CMS-413 2 3 2,3,7,8-TCDD 23 U NG/KG 8600 - (c)
CMS-413 2 3 Aroclor, Total 1.6 J MG/KG 10 N
CMS-414 0 1 2,3,7,8-TCDD 740 NG/KG 8600 N
CMS-414 0 1 Aroclor, Total 1.7 J MG/KG 10 N
CMS-414 1 2 2,3,7,8-TCDD 14 U NG/KG 8600 - (c)
CMS-414 1 2 Aroclor, Total 0.022 J MG/KG 10 N
CMS-414 2 3 2,3,7,8-TCDD 19 U NG/KG 8600 - (c)
CMS-414 2 3 Aroclor, Total 0.48 J MG/KG 10 N
CMS-414 3 4 2,3,7,8-TCDD 38 U NG/KG 8600 - (c)
CMS-414 3 4 Aroclor, Total 0.55 J MG/KG 10 N
CMS-415 0 1 2,3,7,8-TCDD 260 J NG/KG 8600 N
CMS-415 0 1 Aroclor, Total 0.77 MG/KG 10 N
CMS-415 1 2 2,3,7,8-TCDD 30 U NG/KG 8600 - (c)
CMS-415 1 2 Aroclor, Total 0.22 J MG/KG 10 N
CMS-415 2 3 2,3,7,8-TCDD 15 U NG/KG 8600 - (c)
CMS-415 2 3 Aroclor, Total 0.082 MG/KG 10 N
CMS-415 3 4 2,3,7,8-TCDD 40 U NG/KG 8600 - (c)
CMS-415 3 4 Aroclor, Total 0.47 U MG/KG 10 - (c)
CMS-416 0 1 2,3,7,8-TCDD 200 J NG/KG 8600 N
CMS-416 0 1 Aroclor, Total 3.6 MG/KG 10 N
CMS-416 1 2 2,3,7,8-TCDD 220 J NG/KG 8600 N
CMS-416 1 2 2,3,7,8-TCDD 1600 J NG/KG 8600 N
CMS-416 1 2 Aroclor, Total 32 J MG/KG 10 Y Centerdale Manor south parking lot
CMS-416 1 2 Aroclor, Total 56 J MG/KG 10 Y Centerdale Manor south parking lot
CMS-416 2 3 2,3,7,8-TCDD 59 J NG/KG 8600 N
CMS-416 2 3 Aroclor, Total 21 MG/KG 10 Y Centerdale Manor south parking lot
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Table G-10.  Comparison of Source Area Soil Data to Cleanup Goals for Groundwater Protection, Spatial and Vertical Extent of Remediation Footprint
(Sorted by Boring, Depth Interval, and Parameter)
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CMS-416 3 4 2,3,7,8-TCDD 5.7 U NG/KG 8600 - (c)
CMS-416 3 4 2,3,7,8-TCDD 6 U NG/KG 8600 - (c)
CMS-416 3 4 Aroclor, Total 0.056 J MG/KG 10 N
CMS-417 0 1 2,3,7,8-TCDD 2700 NG/KG 8600 N
CMS-417 0 1 Aroclor, Total 320 MG/KG 10 Y Cap Area 2
CMS-417 0 1 Benzene 59 U MG/KG 4.3 - (b)
CMS-417 0 1 Chlorobenzene 360 MG/KG 100 Y Cap Area 2
CMS-417 0 1 Cis-1,2-dichloroethene 180 MG/KG 60 Y Cap Area 2
CMS-417 0 1 Ethylbenzene 35 J MG/KG 62 N
CMS-417 0 1 Tetrachloroethene 820 MG/KG 4.2 Y Cap Area 2
CMS-417 0 1 Toluene 140 MG/KG 54 Y Cap Area 2
CMS-417 0 1 Trichloroethene 630 MG/KG 20 Y Cap Area 2
CMS-417 1 2 2,3,7,8-TCDD 1400 NG/KG 8600 N
CMS-417 1 2 Aroclor, Total 27 MG/KG 10 Y Cap Area 2
CMS-417 1 2 Benzene 130 U MG/KG 4.3 - (b)
CMS-417 1 2 Chlorobenzene 1000 MG/KG 100 Y Cap Area 2
CMS-417 1 2 Cis-1,2-dichloroethene 500 MG/KG 60 Y Cap Area 2
CMS-417 1 2 Ethylbenzene 81 J MG/KG 62 Y Cap Area 2
CMS-417 1 2 Tetrachloroethene 1700 MG/KG 4.2 Y Cap Area 2
CMS-417 1 2 Toluene 430 MG/KG 54 Y Cap Area 2
CMS-417 1 2 Trichloroethene 2400 MG/KG 20 Y Cap Area 2
CMS-417 2 3 2,3,7,8-TCDD 1900 NG/KG 8600 N
CMS-417 2 3 Aroclor, Total 13 MG/KG 10 Y Cap Area 2
CMS-417 2 3 Benzene 17 U MG/KG 4.3 - (b)
CMS-417 2 3 Chlorobenzene 220 MG/KG 100 Y Cap Area 2
CMS-417 2 3 Cis-1,2-dichloroethene 490 MG/KG 60 Y Cap Area 2
CMS-417 2 3 Ethylbenzene 5.2 J MG/KG 62 N
CMS-417 2 3 Tetrachloroethene 9.4 J MG/KG 4.2 Y Cap Area 2
CMS-417 2 3 Toluene 110 MG/KG 54 Y Cap Area 2
CMS-417 2 3 Trichloroethene 34 MG/KG 20 Y Cap Area 2
CMS-417 3 4 2,3,7,8-TCDD 1600 NG/KG 8600 N
CMS-417 3 4 Aroclor, Total 46 MG/KG 10 Y Cap Area 2
CMS-417 3 4 Benzene 0.28 U MG/KG 4.3 - (c)
CMS-417 3 4 Chlorobenzene 10 MG/KG 100 N
CMS-417 3 4 Cis-1,2-dichloroethene 0.28 U MG/KG 60 - (c)
CMS-417 3 4 Ethylbenzene 0.21 J MG/KG 62 N
CMS-417 3 4 Tetrachloroethene 0.12 J MG/KG 4.2 N
CMS-417 3 4 Toluene 0.43 MG/KG 54 N
CMS-417 3 4 Trichloroethene 0.58 MG/KG 20 N
CMS-419 0 1 2,3,7,8-TCDD 190 U NG/KG 8600 - (c)
CMS-419 0 1 Aroclor, Total 27 MG/KG 10 Y Centerdale Manor north parking lot
CMS-419 1 2 2,3,7,8-TCDD 120 U NG/KG 8600 - (c)
CMS-419 1 2 2,3,7,8-TCDD 153.9 UJ NG/KG 8600 - (c)
CMS-419 1 2 Aroclor, Total 490 MG/KG 10 Y Centerdale Manor north parking lot
CMS-419 1 2 Benzene 28 U MG/KG 4.3 - (b)
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Table G-10.  Comparison of Source Area Soil Data to Cleanup Goals for Groundwater Protection, Spatial and Vertical Extent of Remediation Footprint
(Sorted by Boring, Depth Interval, and Parameter)
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CMS-419 1 2 Chlorobenzene 300 MG/KG 100 Y Centerdale Manor north parking lot
CMS-419 1 2 Cis-1,2-dichloroethene 73 MG/KG 60 Y Centerdale Manor north parking lot
CMS-419 1 2 Ethylbenzene 68 MG/KG 62 Y Centerdale Manor north parking lot
CMS-419 1 2 Tetrachloroethene 40 MG/KG 4.2 Y Centerdale Manor north parking lot
CMS-419 1 2 Toluene 75 MG/KG 54 Y Centerdale Manor north parking lot
CMS-419 1 2 Trichloroethene 16 J MG/KG 20 N
CMS-419 2 3 2,3,7,8-TCDD 160 U NG/KG 8600 - (c)
CMS-419 2 3 Aroclor, Total 58 MG/KG 10 Y Centerdale Manor north parking lot
CMS-419 3 4 2,3,7,8-TCDD 30 U NG/KG 8600 - (c)
CMS-419 3 4 Aroclor, Total 0.25 MG/KG 10 N
CMS-419 3 4 Benzene 0.32 U MG/KG 4.3 - (c)
CMS-419 3 4 Chlorobenzene 0.95 MG/KG 100 N
CMS-419 3 4 Cis-1,2-dichloroethene 0.32 U MG/KG 60 - (c)
CMS-419 3 4 Ethylbenzene 0.14 J MG/KG 62 N
CMS-419 3 4 Tetrachloroethene 0.32 U MG/KG 4.2 - (c)
CMS-419 3 4 Toluene 0.32 U MG/KG 54 - (c)
CMS-419 3 4 Trichloroethene 0.32 U MG/KG 20 - (c)
CMS-419 4 5 2,3,7,8-TCDD 13 U NG/KG 8600 - (c)
CMS-419 4 5 Aroclor, Total 0.8 MG/KG 10 N
CMS-419 5 6 2,3,7,8-TCDD 4.6 U NG/KG 8600 - (c)
CMS-419 5 6 Aroclor, Total 0.062 MG/KG 10 N
CMS-419 5 6 Benzene 0.0048 U MG/KG 4.3 - (c)
CMS-419 5 6 Chlorobenzene 0.018 MG/KG 100 N
CMS-419 5 6 Cis-1,2-dichloroethene 0.0048 U MG/KG 60 - (c)
CMS-419 5 6 Ethylbenzene 0.0048 U MG/KG 62 - (c)
CMS-419 5 6 Tetrachloroethene 0.0048 U MG/KG 4.2 - (c)
CMS-419 5 6 Toluene 0.0048 U MG/KG 54 - (c)
CMS-419 5 6 Trichloroethene 0.0048 U MG/KG 20 - (c)
CMS-419 6 7 2,3,7,8-TCDD 96 U NG/KG 8600 - (c)
CMS-419 6 7 Aroclor, Total 4.5 MG/KG 10 N
CMS-419 7 8 2,3,7,8-TCDD 12 U NG/KG 8600 - (c)
CMS-419 7 8 Aroclor, Total 0.36 MG/KG 10 N
CMS-419 7 8 Benzene 0.0059 MG/KG 4.3 N
CMS-419 7 8 Chlorobenzene 0.077 MG/KG 100 N
CMS-419 7 8 Cis-1,2-dichloroethene 0.0025 J MG/KG 60 N
CMS-419 7 8 Ethylbenzene 0.022 MG/KG 62 N
CMS-419 7 8 Tetrachloroethene 0.0047 U MG/KG 4.2 - (c)
CMS-419 7 8 Toluene 0.012 MG/KG 54 N
CMS-419 7 8 Trichloroethene 0.0014 J MG/KG 20 N
CMS-420 0 1 2,3,7,8-TCDD 31 U NG/KG 8600 - (c)
CMS-420 0 1 Aroclor, Total 0.38 J MG/KG 10 N
CMS-420 1 2 2,3,7,8-TCDD 19 U NG/KG 8600 - (c)
CMS-420 1 2 2,3,7,8-TCDD 8.7 U NG/KG 8600 - (c)
CMS-420 1 2 Aroclor, Total 0.44 J MG/KG 10 N
CMS-420 1 2 Aroclor, Total 0.98 J MG/KG 10 N
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Table G-10.  Comparison of Source Area Soil Data to Cleanup Goals for Groundwater Protection, Spatial and Vertical Extent of Remediation Footprint
(Sorted by Boring, Depth Interval, and Parameter)
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CMS-420 2 3 2,3,7,8-TCDD 2900 U NG/KG 8600 - (c)
CMS-420 2 3 2,3,7,8-TCDD 642.9 U NG/KG 8600 - (c)
CMS-420 2 3 Aroclor, Total 75 MG/KG 10 Y Centerdale Manor north parking lot
CMS-420 3 4 2,3,7,8-TCDD 6800 U NG/KG 8600 - (c)
CMS-420 3 4 Aroclor, Total 860 MG/KG 10 Y Centerdale Manor north parking lot
CMS-421 0 1 2,3,7,8-TCDD 4.7 U NG/KG 8600 - (c)
CMS-421 0 1 Aroclor, Total 1.1 MG/KG 10 N
CMS-421 1 2 2,3,7,8-TCDD 210 U NG/KG 8600 - (c)
CMS-421 1 2 2,3,7,8-TCDD 79 J NG/KG 8600 N
CMS-421 1 2 Aroclor, Total 36 MG/KG 10 Y Centerdale Manor north parking lot
CMS-421 1 2 Aroclor, Total 23 MG/KG 10 Y Centerdale Manor north parking lot
CMS-421 2 3 2,3,7,8-TCDD 320 U NG/KG 8600 - (c)
CMS-421 2 3 2,3,7,8-TCDD 49.1 U NG/KG 8600 - (c)
CMS-421 2 3 Aroclor, Total 19 MG/KG 10 Y Centerdale Manor north parking lot
CMS-421 3 4 2,3,7,8-TCDD 8.9 U NG/KG 8600 - (c)
CMS-421 3 4 Aroclor, Total 0.97 U MG/KG 10 - (c)
CMS-421 4 5 2,3,7,8-TCDD 3.4 U NG/KG 8600 - (c)
CMS-421 4 5 Aroclor, Total 0.37 U MG/KG 10 - (c)
CMS-421 5 6 2,3,7,8-TCDD 5.4 U NG/KG 8600 - (c)
CMS-421 5 6 Aroclor, Total 0.92 U MG/KG 10 - (c)
CMS-421 6 7 2,3,7,8-TCDD 18 U NG/KG 8600 - (c)
CMS-421 6 7 Aroclor, Total 0.92 U MG/KG 10 - (c)
CMS-421 7 8 2,3,7,8-TCDD 26 U NG/KG 8600 - (c)
CMS-421 7 8 Aroclor, Total 0.37 U MG/KG 10 - (c)
CMS-422 0 1 2,3,7,8-TCDD 61 U NG/KG 8600 - (c)
CMS-422 0 1 Aroclor, Total 0.26 MG/KG 10 N
CMS-422 1 2 2,3,7,8-TCDD 410 J NG/KG 8600 N
CMS-422 1 2 Aroclor, Total 160 MG/KG 10 Y Centerdale Manor north parking lot
CMS-422 2 3 2,3,7,8-TCDD 6.7 U NG/KG 8600 - (c)
CMS-422 2 3 Aroclor, Total 3.3 MG/KG 10 N
CMS-422 3 4 2,3,7,8-TCDD 33 U NG/KG 8600 - (c)
CMS-422 3 4 Aroclor, Total 2.9 MG/KG 10 N
CMS-423 0 1 2,3,7,8-TCDD 12 U NG/KG 8600 - (c)
CMS-423 0 1 Aroclor, Total 0.067 MG/KG 10 N
CMS-423 1 2 2,3,7,8-TCDD 39 J NG/KG 8600 N
CMS-423 1 2 Aroclor, Total 3.3 J MG/KG 10 N
CMS-423 1 2 Benzene 0.0062 U MG/KG 4.3 - (c)
CMS-423 1 2 Chlorobenzene 0.0062 U MG/KG 100 - (c)
CMS-423 1 2 Cis-1,2-dichloroethene 0.0062 U MG/KG 60 - (c)
CMS-423 1 2 Ethylbenzene 0.0062 U MG/KG 62 - (c)
CMS-423 1 2 Tetrachloroethene 0.0062 U MG/KG 4.2 - (c)
CMS-423 1 2 Toluene 0.0062 U MG/KG 54 - (c)
CMS-423 1 2 Trichloroethene 0.0062 U MG/KG 20 - (c)
CMS-423 2 3 2,3,7,8-TCDD 5.2 U NG/KG 8600 - (c)
CMS-423 2 3 Aroclor, Total 0.094 MG/KG 10 N
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Table G-10.  Comparison of Source Area Soil Data to Cleanup Goals for Groundwater Protection, Spatial and Vertical Extent of Remediation Footprint
(Sorted by Boring, Depth Interval, and Parameter)
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CMS-423 3 4 2,3,7,8-TCDD 120 J NG/KG 8600 N
CMS-423 3 4 2,3,7,8-TCDD 21 U NG/KG 8600 - (c)
CMS-423 3 4 Aroclor, Total 12 MG/KG 10 Y Centerdale Manor north parking lot
CMS-423 3 4 Aroclor, Total 9.1 MG/KG 10 N
CMS-423 3 4 Benzene 0.0045 U MG/KG 4.3 - (c)
CMS-423 3 4 Benzene 0.0049 U MG/KG 4.3 - (c)
CMS-423 3 4 Chlorobenzene 0.0045 U MG/KG 100 - (c)
CMS-423 3 4 Chlorobenzene 0.0049 U MG/KG 100 - (c)
CMS-423 3 4 Cis-1,2-dichloroethene 0.0045 U MG/KG 60 - (c)
CMS-423 3 4 Cis-1,2-dichloroethene 0.0049 U MG/KG 60 - (c)
CMS-423 3 4 Ethylbenzene 0.0045 U MG/KG 62 - (c)
CMS-423 3 4 Ethylbenzene 0.0049 U MG/KG 62 - (c)
CMS-423 3 4 Tetrachloroethene 0.0045 U MG/KG 4.2 - (c)
CMS-423 3 4 Tetrachloroethene 0.0049 U MG/KG 4.2 - (c)
CMS-423 3 4 Toluene 0.0045 U MG/KG 54 - (c)
CMS-423 3 4 Toluene 0.0049 U MG/KG 54 - (c)
CMS-423 3 4 Trichloroethene 0.0045 U MG/KG 20 - (c)
CMS-423 3 4 Trichloroethene 0.0049 U MG/KG 20 - (c)
CMS-423 4 5 2,3,7,8-TCDD 7.6 U NG/KG 8600 - (c)
CMS-423 4 5 Aroclor, Total 0.0074 J MG/KG 10 N
CMS-423 5 6 2,3,7,8-TCDD 9.8 U NG/KG 8600 - (c)
CMS-423 5 6 Aroclor, Total 1.1 MG/KG 10 N
CMS-423 5 6 Benzene 0.0046 U MG/KG 4.3 - (c)
CMS-423 5 6 Chlorobenzene 0.0046 U MG/KG 100 - (c)
CMS-423 5 6 Cis-1,2-dichloroethene 0.0046 U MG/KG 60 - (c)
CMS-423 5 6 Ethylbenzene 0.0046 U MG/KG 62 - (c)
CMS-423 5 6 Tetrachloroethene 0.0046 U MG/KG 4.2 - (c)
CMS-423 5 6 Toluene 0.0046 U MG/KG 54 - (c)
CMS-423 5 6 Trichloroethene 0.0046 U MG/KG 20 - (c)
CMS-423 6 7 2,3,7,8-TCDD 11 U NG/KG 8600 - (c)
CMS-423 6 7 Aroclor, Total 0.071 MG/KG 10 N
CMS-423 7 8 2,3,7,8-TCDD 4.9 U NG/KG 8600 - (c)
CMS-423 7 8 Aroclor, Total 0.077 MG/KG 10 N
CMS-423 7 8 Benzene 0.005 U MG/KG 4.3 - (c)
CMS-423 7 8 Chlorobenzene 0.005 U MG/KG 100 - (c)
CMS-423 7 8 Cis-1,2-dichloroethene 0.005 U MG/KG 60 - (c)
CMS-423 7 8 Ethylbenzene 0.005 U MG/KG 62 - (c)
CMS-423 7 8 Tetrachloroethene 0.005 U MG/KG 4.2 - (c)
CMS-423 7 8 Toluene 0.005 U MG/KG 54 - (c)
CMS-423 7 8 Trichloroethene 0.005 U MG/KG 20 - (c)
CMS-424 0 1 2,3,7,8-TCDD 8.2 U NG/KG 8600 - (c)
CMS-424 0 1 Aroclor, Total 0.12 MG/KG 10 N
CMS-424 1 2 2,3,7,8-TCDD 24 U NG/KG 8600 - (c)
CMS-424 1 2 Aroclor, Total 1.2 MG/KG 10 N
CMS-424 2 3 2,3,7,8-TCDD 20 U NG/KG 8600 - (c)
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Table G-10.  Comparison of Source Area Soil Data to Cleanup Goals for Groundwater Protection, Spatial and Vertical Extent of Remediation Footprint
(Sorted by Boring, Depth Interval, and Parameter)
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CMS-424 2 3 Aroclor, Total 0.13 MG/KG 10 N
CMS-424 3 4 2,3,7,8-TCDD 6.8 U NG/KG 8600 - (c)
CMS-424 3 4 Aroclor, Total 0.089 MG/KG 10 N
CMS-424 4 5 2,3,7,8-TCDD 8 U NG/KG 8600 - (c)
CMS-424 4 5 Aroclor, Total 0.36 U MG/KG 10 - (c)
CMS-424 5 6 2,3,7,8-TCDD 8.6 U NG/KG 8600 - (c)
CMS-424 5 6 Aroclor, Total 0.12 MG/KG 10 N
CMS-424 6 7 2,3,7,8-TCDD 14 U NG/KG 8600 - (c)
CMS-424 6 7 Aroclor, Total 0.39 U MG/KG 10 - (c)
CMS-424 7 8 2,3,7,8-TCDD 8.6 U NG/KG 8600 - (c)
CMS-424 7 8 Aroclor, Total 0.029 J MG/KG 10 N
CMS-425 0 1 2,3,7,8-TCDD 370 J NG/KG 8600 N
CMS-425 0 1 Aroclor, Total 7.1 MG/KG 10 N
CMS-425 1 2 2,3,7,8-TCDD 860 NG/KG 8600 N
CMS-425 1 2 Aroclor, Total 1.7 MG/KG 10 N
CMS-425 2 3 2,3,7,8-TCDD 130 U NG/KG 8600 - (c)
CMS-425 2 3 Aroclor, Total 33 MG/KG 10 Y Centerdale Manor north parking lot
CMS-425 3 4 2,3,7,8-TCDD 55 U NG/KG 8600 - (c)
CMS-425 3 4 Aroclor, Total 1.8 J MG/KG 10 N
CMS-425 4 5 2,3,7,8-TCDD 44 U NG/KG 8600 - (c)
CMS-425 4 5 2,3,7,8-TCDD 16300 NG/KG 8600 Y Centerdale Manor north parking lot
CMS-425 4 5 Aroclor, Total 0.041 U MG/KG 10 - (c)
CMS-425 5 6 2,3,7,8-TCDD 30 U NG/KG 8600 - (c)
CMS-425 5 6 Aroclor, Total 0.37 U MG/KG 10 - (c)
CMS-425 6 7 2,3,7,8-TCDD 19 U NG/KG 8600 - (c)
CMS-425 6 7 Aroclor, Total 0.37 U MG/KG 10 - (c)
CMS-425 7 8 2,3,7,8-TCDD 49 U NG/KG 8600 - (c)
CMS-425 7 8 Aroclor, Total 0.38 U MG/KG 10 - (c)
CMS-426 0 1 2,3,7,8-TCDD 94 J NG/KG 8600 N
CMS-426 0 1 Aroclor, Total 4 MG/KG 10 N
CMS-426 1 2 2,3,7,8-TCDD 3300 J NG/KG 8600 N
CMS-426 1 2 2,3,7,8-TCDD 8400 J NG/KG 8600 N
CMS-426 1 2 Aroclor, Total 31 J MG/KG 10 Y Centerdale Manor north parking lot
CMS-426 1 2 Aroclor, Total 11 J MG/KG 10 Y Centerdale Manor north parking lot
CMS-426 2 3 2,3,7,8-TCDD 8200 NG/KG 8600 N
CMS-426 2 3 2,3,7,8-TCDD 4310 NG/KG 8600 N
CMS-426 2 3 Aroclor, Total 19 MG/KG 10 Y Centerdale Manor north parking lot
CMS-426 3 4 2,3,7,8-TCDD 190 J NG/KG 8600 N
CMS-426 3 4 Aroclor, Total 0.7 MG/KG 10 N
CMS-426 4 5 2,3,7,8-TCDD 37 J NG/KG 8600 N
CMS-426 4 5 Aroclor, Total 0.32 MG/KG 10 N
CMS-426 5 6 2,3,7,8-TCDD 38 J NG/KG 8600 N
CMS-426 5 6 Aroclor, Total 0.37 U MG/KG 10 - (c)
CMS-426 6 7 2,3,7,8-TCDD 210 J NG/KG 8600 N
CMS-426 6 7 Aroclor, Total 1.2 J MG/KG 10 N
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Table G-10.  Comparison of Source Area Soil Data to Cleanup Goals for Groundwater Protection, Spatial and Vertical Extent of Remediation Footprint
(Sorted by Boring, Depth Interval, and Parameter)
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CMS-426 7 8 2,3,7,8-TCDD 76 J NG/KG 8600 N
CMS-426 7 8 Aroclor, Total 0.54 J MG/KG 10 N
CMS-427 0 1 2,3,7,8-TCDD 380 J NG/KG 8600 N
CMS-427 0 1 Aroclor, Total 7.7 MG/KG 10 N
CMS-427 1 2 2,3,7,8-TCDD 1200 U NG/KG 8600 - (c)
CMS-427 1 2 Aroclor, Total 17 MG/KG 10 Y Centerdale Manor north parking lot
CMS-427 1 2 Benzene 0.0045 U MG/KG 4.3 - (c)
CMS-427 1 2 Chlorobenzene 0.0034 J MG/KG 100 N
CMS-427 1 2 Cis-1,2-dichloroethene 0.0045 U MG/KG 60 - (c)
CMS-427 1 2 Ethylbenzene 0.0028 J MG/KG 62 N
CMS-427 1 2 Tetrachloroethene 0.0045 U MG/KG 4.2 - (c)
CMS-427 1 2 Toluene 0.0045 U MG/KG 54 - (c)
CMS-427 1 2 Trichloroethene 0.0045 U MG/KG 20 - (c)
CMS-427 2 3 2,3,7,8-TCDD 4.8 U NG/KG 8600 - (c)
CMS-427 2 3 Aroclor, Total 0.083 MG/KG 10 N
CMS-427 3 4 2,3,7,8-TCDD 470 J NG/KG 8600 N
CMS-427 3 4 Aroclor, Total 0.41 J MG/KG 10 N
CMS-427 3 4 Benzene 0.017 MG/KG 4.3 N
CMS-427 3 4 Chlorobenzene 0.086 MG/KG 100 N
CMS-427 3 4 Cis-1,2-dichloroethene 0.0054 U MG/KG 60 - (c)
CMS-427 3 4 Ethylbenzene 0.24 MG/KG 62 N
CMS-427 3 4 Tetrachloroethene 0.012 MG/KG 4.2 N
CMS-427 3 4 Toluene 0.13 MG/KG 54 N
CMS-427 3 4 Trichloroethene 0.0021 J MG/KG 20 N
CMS-427 4 5 2,3,7,8-TCDD 430 U NG/KG 8600 - (c)
CMS-427 4 5 Aroclor, Total 23 MG/KG 10 Y Centerdale Manor north parking lot
CMS-427 5 6 2,3,7,8-TCDD 63 J NG/KG 8600 N
CMS-427 5 6 Aroclor, Total 23 MG/KG 10 Y Centerdale Manor north parking lot
CMS-427 5 6 Benzene 0.29 U MG/KG 4.3 - (c)
CMS-427 5 6 Chlorobenzene 0.075 J MG/KG 100 N
CMS-427 5 6 Cis-1,2-dichloroethene 0.29 U MG/KG 60 - (c)
CMS-427 5 6 Ethylbenzene 0.41 MG/KG 62 N
CMS-427 5 6 Tetrachloroethene 0.29 U MG/KG 4.2 - (c)
CMS-427 5 6 Toluene 0.29 U MG/KG 54 - (c)
CMS-427 5 6 Trichloroethene 0.29 U MG/KG 20 - (c)
CMS-427 6 7 2,3,7,8-TCDD 12 U NG/KG 8600 - (c)
CMS-427 6 7 Aroclor, Total 0.44 MG/KG 10 N
CMS-427 7 8 2,3,7,8-TCDD 17 U NG/KG 8600 - (c)
CMS-427 7 8 Aroclor, Total 0.016 J MG/KG 10 N
CMS-427 7 8 Benzene 0.0057 U MG/KG 4.3 - (c)
CMS-427 7 8 Chlorobenzene 0.0057 U MG/KG 100 - (c)
CMS-427 7 8 Cis-1,2-dichloroethene 0.0057 U MG/KG 60 - (c)
CMS-427 7 8 Ethylbenzene 0.0017 J MG/KG 62 N
CMS-427 7 8 Tetrachloroethene 0.0057 U MG/KG 4.2 - (c)
CMS-427 7 8 Toluene 0.0057 U MG/KG 54 - (c)
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Table G-10.  Comparison of Source Area Soil Data to Cleanup Goals for Groundwater Protection, Spatial and Vertical Extent of Remediation Footprint
(Sorted by Boring, Depth Interval, and Parameter)
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CMS-427 7 8 Trichloroethene 0.0057 U MG/KG 20 - (c)
CMS-428 0 1 2,3,7,8-TCDD 97 U NG/KG 8600 - (c)
CMS-428 0 1 Aroclor, Total 14 MG/KG 10 Y Landscape between Cap Area 3 and 
CMS-428 1 2 2,3,7,8-TCDD 18 U NG/KG 8600 - (c)
CMS-428 1 2 Aroclor, Total 0.035 U MG/KG 10 - (c)
CMS-428 1 2 Benzene 0.0054 U MG/KG 4.3 - (c)
CMS-428 1 2 Chlorobenzene 0.0054 U MG/KG 100 - (c)
CMS-428 1 2 Cis-1,2-dichloroethene 0.0054 U MG/KG 60 - (c)
CMS-428 1 2 Ethylbenzene 0.0054 U MG/KG 62 - (c)
CMS-428 1 2 Tetrachloroethene 0.0054 U MG/KG 4.2 - (c)
CMS-428 1 2 Toluene 0.0054 U MG/KG 54 - (c)
CMS-428 1 2 Trichloroethene 0.0054 U MG/KG 20 - (c)
CMS-428 2 3 2,3,7,8-TCDD 37 U NG/KG 8600 - (c)
CMS-428 2 3 2,3,7,8-TCDD 23 U NG/KG 8600 - (c)
CMS-428 2 3 Aroclor, Total 0.21 J MG/KG 10 N
CMS-428 2 3 Aroclor, Total 0.68 J MG/KG 10 N
CMS-428 3 4 2,3,7,8-TCDD 45 U NG/KG 8600 - (c)
CMS-428 3 4 Aroclor, Total 0.017 J MG/KG 10 N
CMS-428 3 4 Benzene 0.0057 U MG/KG 4.3 - (c)
CMS-428 3 4 Chlorobenzene 0.0057 U MG/KG 100 - (c)
CMS-428 3 4 Cis-1,2-dichloroethene 0.0057 U MG/KG 60 - (c)
CMS-428 3 4 Ethylbenzene 0.0057 U MG/KG 62 - (c)
CMS-428 3 4 Tetrachloroethene 0.0057 U MG/KG 4.2 - (c)
CMS-428 3 4 Toluene 0.0057 U MG/KG 54 - (c)
CMS-428 3 4 Trichloroethene 0.0057 U MG/KG 20 - (c)
CMS-428 4 5 2,3,7,8-TCDD 27 U NG/KG 8600 - (c)
CMS-428 4 5 2,3,7,8-TCDD 8.3 NG/KG 8600 N
CMS-428 4 5 Aroclor, Total 0.037 U MG/KG 10 - (c)
CMS-428 5 6 2,3,7,8-TCDD 42 U NG/KG 8600 - (c)
CMS-428 5 6 Aroclor, Total 0.037 U MG/KG 10 - (c)
CMS-428 5 6 Benzene 0.0057 U MG/KG 4.3 - (c)
CMS-428 5 6 Chlorobenzene 0.0057 U MG/KG 100 - (c)
CMS-428 5 6 Cis-1,2-dichloroethene 0.0057 U MG/KG 60 - (c)
CMS-428 5 6 Ethylbenzene 0.0057 U MG/KG 62 - (c)
CMS-428 5 6 Tetrachloroethene 0.0057 U MG/KG 4.2 - (c)
CMS-428 5 6 Toluene 0.0057 U MG/KG 54 - (c)
CMS-428 5 6 Trichloroethene 0.0057 U MG/KG 20 - (c)
CMS-429 0 1 2,3,7,8-TCDD 4.1 U NG/KG 8600 - (c)
CMS-429 0 1 Aroclor, Total 0.16 J MG/KG 10 N
CMS-429 1 2 2,3,7,8-TCDD 18 U NG/KG 8600 - (c)
CMS-429 1 2 Aroclor, Total 1.1 MG/KG 10 N
CMS-429 2 3 2,3,7,8-TCDD 12 U NG/KG 8600 - (c)
CMS-429 2 3 Aroclor, Total 0.43 U MG/KG 10 - (c)
CMS-429 3 4 2,3,7,8-TCDD 15 U NG/KG 8600 - (c)
CMS-429 3 4 Aroclor, Total 0.13 J MG/KG 10 N
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Table G-10.  Comparison of Source Area Soil Data to Cleanup Goals for Groundwater Protection, Spatial and Vertical Extent of Remediation Footprint
(Sorted by Boring, Depth Interval, and Parameter)
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CMS-429 4 5 2,3,7,8-TCDD 9.6 UJ NG/KG 8600 - (c)
CMS-429 4 5 Aroclor, Total 0.04 U MG/KG 10 - (c)
CMS-429 5 6 2,3,7,8-TCDD 61 U NG/KG 8600 - (c)
CMS-429 5 6 Aroclor, Total 0.71 MG/KG 10 N
CMS-429 6 7 2,3,7,8-TCDD 32 U NG/KG 8600 - (c)
CMS-429 6 7 Aroclor, Total 0.38 U MG/KG 10 - (c)
CMS-429 7 8 2,3,7,8-TCDD 33 U NG/KG 8600 - (c)
CMS-429 7 8 Aroclor, Total 0.37 U MG/KG 10 - (c)
CMS-430 0 1 2,3,7,8-TCDD 340 U NG/KG 8600 - (c)
CMS-430 0 1 Aroclor, Total 5.9 J MG/KG 10 N
CMS-430 1 2 2,3,7,8-TCDD 530 U NG/KG 8600 - (c)
CMS-430 1 2 Aroclor, Total 7 J MG/KG 10 N
CMS-430 2 3 2,3,7,8-TCDD 31 U NG/KG 8600 - (c)
CMS-430 2 3 Aroclor, Total 0.36 U MG/KG 10 - (c)
CMS-431 0 1 2,3,7,8-TCDD 350 J NG/KG 8600 N
CMS-431 0 1 Aroclor, Total 1.6 J MG/KG 10 N
CMS-431 1 2 2,3,7,8-TCDD 460 UJ NG/KG 8600 - (c)
CMS-431 1 2 Aroclor, Total 2.5 J MG/KG 10 N
CMS-431 2 3 2,3,7,8-TCDD 180 UJ NG/KG 8600 - (c)
CMS-431 2 3 Aroclor, Total 2.9 MG/KG 10 N
CMS-432 0 1 2,3,7,8-TCDD 720 J NG/KG 8600 N
CMS-432 0 1 Aroclor, Total 0.57 J MG/KG 10 N
CMS-432 1 2 2,3,7,8-TCDD 87 U NG/KG 8600 - (c)
CMS-432 1 2 2,3,7,8-TCDD 87 J NG/KG 8600 N
CMS-432 1 2 Aroclor, Total 2.6 J MG/KG 10 N
CMS-432 1 2 Aroclor, Total 1.6 Ja MG/KG 10 N
CMS-432 2 3 2,3,7,8-TCDD 36 U NG/KG 8600 - (c)
CMS-432 2 3 2,3,7,8-TCDD 28.1 NG/KG 8600 N
CMS-432 2 3 Aroclor, Total 0.2 MG/KG 10 N
CMS-432 3 4 2,3,7,8-TCDD 400 J NG/KG 8600 N
CMS-432 3 4 Aroclor, Total 280 MG/KG 10 Y Centerdale Manor building
CMS-432 4 5 2,3,7,8-TCDD 14 U NG/KG 8600 - (c)
CMS-432 4 5 Aroclor, Total 0.39 U MG/KG 10 - (c)
CMS-433 0 1 2,3,7,8-TCDD 270 U NG/KG 8600 - (c)
CMS-433 0 1 Aroclor, Total 6.6 J MG/KG 10 N
CMS-433 1 2 2,3,7,8-TCDD 34 U NG/KG 8600 - (c)
CMS-433 1 2 Aroclor, Total 0.18 U MG/KG 10 - (c)
CMS-433 2 3 2,3,7,8-TCDD 1800 NG/KG 8600 N
CMS-433 2 3 Aroclor, Total 16 J MG/KG 10 Y Landscape area, near entrance to 
CMS-433 3 4 2,3,7,8-TCDD 300 U NG/KG 8600 - (c)
CMS-433 3 4 Aroclor, Total 1.9 MG/KG 10 N
CMS-434 0 1 2,3,7,8-TCDD 8 U NG/KG 8600 - (c)
CMS-435 0 1 2,3,7,8-TCDD 42 J NG/KG 8600 N
CMS-435 0 1 2,3,7,8-TCDD 56.6 NG/KG 8600 N
CMS-435 0 1 2,3,7,8-TCDD 27 U NG/KG 8600 - (c)
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Table G-10.  Comparison of Source Area Soil Data to Cleanup Goals for Groundwater Protection, Spatial and Vertical Extent of Remediation Footprint
(Sorted by Boring, Depth Interval, and Parameter)
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CMS-436 0 1 2,3,7,8-TCDD 40 J NG/KG 8600 N
CMS-436 1 2 2,3,7,8-TCDD 27 U NG/KG 8600 - (c)
CMS-437 0 1 2,3,7,8-TCDD 37 J NG/KG 8600 N
CMS-437 1 2 2,3,7,8-TCDD 27 U NG/KG 8600 - (c)
CMS-437 2 3 2,3,7,8-TCDD 880 NG/KG 8600 N
CMS-437 3 4 2,3,7,8-TCDD 100 J NG/KG 8600 N
CMS-438 0 1 2,3,7,8-TCDD 57 J NG/KG 8600 N
CMS-438 1 2 2,3,7,8-TCDD 33 U NG/KG 8600 - (c)
CMS-439 0 1 2,3,7,8-TCDD 12 U NG/KG 8600 - (c)
CMS-439 1 2 2,3,7,8-TCDD 12 U NG/KG 8600 - (c)
CMS-440 0 1 2,3,7,8-TCDD 46 U NG/KG 8600 - (c)
CMS-441 0 1 2,3,7,8-TCDD 640 J NG/KG 8600 N
CMS-441 1 2 2,3,7,8-TCDD 240 J NG/KG 8600 N
CMS-442 0 1 2,3,7,8-TCDD 21 U NG/KG 8600 - (c)
CMS-443 0 1 2,3,7,8-TCDD 83 J NG/KG 8600 N
CMS-444 0 1 2,3,7,8-TCDD 44 J NG/KG 8600 N
CMS-445 0 1 2,3,7,8-TCDD 96 J NG/KG 8600 N
CMS-448 3 4 2,3,7,8-TCDD 24 U NG/KG 8600 - (c)
CMS-448 3 4 Aroclor, Total 0.036 U MG/KG 10 - (c)
CMS-448 4 5 2,3,7,8-TCDD 33 U NG/KG 8600 - (c)
CMS-448 4 5 Aroclor, Total 0.017 J MG/KG 10 N
CMS-448 5 6 2,3,7,8-TCDD 270 U NG/KG 8600 - (c)
CMS-448 5 6 Aroclor, Total 0.046 J MG/KG 10 N
CMS-448 6 7 2,3,7,8-TCDD 120 J NG/KG 8600 N
CMS-448 6 7 Aroclor, Total 0.073 J MG/KG 10 N
CMS-448 7 8 2,3,7,8-TCDD 3500 NG/KG 8600 N
CMS-448 7 8 Aroclor, Total 1.6 J MG/KG 10 N
CMS-448 8 9 2,3,7,8-TCDD 150 J NG/KG 8600 N
CMS-448 8 9 Aroclor, Total 0.031 J MG/KG 10 N
CMS-448 9 10 2,3,7,8-TCDD 56 J NG/KG 8600 N
CMS-448 9 10 Aroclor, Total 0.03 J MG/KG 10 N
CMS-449 4 5 2,3,7,8-TCDD 220 U NG/KG 8600 - (c)
CMS-449 4 5 Aroclor, Total 0.093 J MG/KG 10 N
CMS-449 5 6 2,3,7,8-TCDD 130 U NG/KG 8600 - (c)
CMS-449 5 6 Aroclor, Total 0.018 J MG/KG 10 N
CMS-449 5 6 Benzene 0.24 U MG/KG 4.3 - (c)
CMS-449 5 6 Chlorobenzene 0.24 U MG/KG 100 - (c)
CMS-449 5 6 Cis-1,2-dichloroethene 0.24 U MG/KG 60 - (c)
CMS-449 5 6 Ethylbenzene 0.17 J MG/KG 62 N
CMS-449 5 6 Tetrachloroethene 0.24 U MG/KG 4.2 - (c)
CMS-449 5 6 Toluene 0.1 J MG/KG 54 N
CMS-449 5 6 Trichloroethene 0.36 MG/KG 20 N
CMS-449 6 7 2,3,7,8-TCDD 110 U NG/KG 8600 - (c)
CMS-449 6 7 Aroclor, Total 0.034 J MG/KG 10 N
CMS-449 7 8 2,3,7,8-TCDD 68 U NG/KG 8600 - (c)
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Table G-10.  Comparison of Source Area Soil Data to Cleanup Goals for Groundwater Protection, Spatial and Vertical Extent of Remediation Footprint
(Sorted by Boring, Depth Interval, and Parameter)
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CMS-449 7 8 Aroclor, Total 0.2 U MG/KG 10 - (c)
CMS-449 7 8 Benzene 0.006 U MG/KG 4.3 - (c)
CMS-449 7 8 Chlorobenzene 0.006 U MG/KG 100 - (c)
CMS-449 7 8 Cis-1,2-dichloroethene 0.006 UJ MG/KG 60 - (c)
CMS-449 7 8 Ethylbenzene 0.006 U MG/KG 62 - (c)
CMS-449 7 8 Tetrachloroethene 0.006 U MG/KG 4.2 - (c)
CMS-449 7 8 Toluene 0.006 U MG/KG 54 - (c)
CMS-449 7 8 Trichloroethene 0.006 U MG/KG 20 - (c)
CMS-449 8 9 2,3,7,8-TCDD 38 U NG/KG 8600 - (c)
CMS-449 8 9 Aroclor, Total 0.038 U MG/KG 10 - (c)
CMS-449 9 10 2,3,7,8-TCDD 39 U NG/KG 8600 - (c)
CMS-449 9 10 Aroclor, Total 0.18 U MG/KG 10 - (c)
CMS-449 9 10 Benzene 0.0054 UJ MG/KG 4.3 - (c)
CMS-449 9 10 Chlorobenzene 0.0054 UJ MG/KG 100 - (c)
CMS-449 9 10 Cis-1,2-dichloroethene 0.0054 UJ MG/KG 60 - (c)
CMS-449 9 10 Ethylbenzene 0.0054 UJ MG/KG 62 - (c)
CMS-449 9 10 Tetrachloroethene 0.0054 UJ MG/KG 4.2 - (c)
CMS-449 9 10 Toluene 0.0054 UJ MG/KG 54 - (c)
CMS-449 9 10 Trichloroethene 0.0054 UJ MG/KG 20 - (c)
CMS-450 3 4 2,3,7,8-TCDD 390 J NG/KG 8600 N
CMS-450 3 4 Aroclor, Total 0.11 U MG/KG 10 - (c)
CMS-450 4 5 2,3,7,8-TCDD 84 J NG/KG 8600 N
CMS-450 4 5 Aroclor, Total 0.037 U MG/KG 10 - (c)
CMS-450 5 6 2,3,7,8-TCDD 4800 NG/KG 8600 N
CMS-450 5 6 Aroclor, Total 0.46 J MG/KG 10 N
CMS-450 6 7 2,3,7,8-TCDD 280 J NG/KG 8600 N
CMS-450 6 7 Aroclor, Total 0.18 J MG/KG 10 N
CMS-450 7 8 2,3,7,8-TCDD 32 U NG/KG 8600 - (c)
CMS-450 7 8 Aroclor, Total 0.37 U MG/KG 10 - (c)
CMS-450 8 9 2,3,7,8-TCDD 23 U NG/KG 8600 - (c)
CMS-450 8 9 Aroclor, Total 0.011 J MG/KG 10 N
CMS-450 9 10 2,3,7,8-TCDD 21 U NG/KG 8600 - (c)
CMS-450 9 10 Aroclor, Total 0.015 J MG/KG 10 N
CMS-451 4 5 2,3,7,8-TCDD 3300 U NG/KG 8600 - (c)
CMS-451 4 5 Aroclor, Total 0.078 J MG/KG 10 N
CMS-451 5 6 2,3,7,8-TCDD 140000 J NG/KG 8600 Y Brook Village parking lot
CMS-451 5 6 Aroclor, Total 0.84 MG/KG 10 N
CMS-451 5 6 Benzene 17 U MG/KG 4.3 - (b)
CMS-451 5 6 Chlorobenzene 17 U MG/KG 100 - (c)
CMS-451 5 6 Cis-1,2-dichloroethene 43 MG/KG 60 N
CMS-451 5 6 Ethylbenzene 17 U MG/KG 62 - (c)
CMS-451 5 6 Tetrachloroethene 250 MG/KG 4.2 Y Brook Village parking lot
CMS-451 5 6 Toluene 17 U MG/KG 54 - (c)
CMS-451 5 6 Trichloroethene 36 MG/KG 20 Y Brook Village parking lot
CMS-451 6 7 2,3,7,8-TCDD 750 U NG/KG 8600 - (c)
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Table G-10.  Comparison of Source Area Soil Data to Cleanup Goals for Groundwater Protection, Spatial and Vertical Extent of Remediation Footprint
(Sorted by Boring, Depth Interval, and Parameter)
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CMS-451 6 7 Aroclor, Total 0.024 J MG/KG 10 N
CMS-451 7 8 2,3,7,8-TCDD 360 J NG/KG 8600 N
CMS-451 7 8 Aroclor, Total 0.4 U MG/KG 10 - (c)
CMS-451 7 8 Benzene 0.25 UJ MG/KG 4.3 - (c)
CMS-451 7 8 Chlorobenzene 0.25 UJ MG/KG 100 - (c)
CMS-451 7 8 Cis-1,2-dichloroethene 7.5 J MG/KG 60 N
CMS-451 7 8 Ethylbenzene 0.25 UJ MG/KG 62 - (c)
CMS-451 7 8 Tetrachloroethene 0.99 J MG/KG 4.2 N
CMS-451 7 8 Toluene 0.25 UJ MG/KG 54 - (c)
CMS-451 7 8 Trichloroethene 0.16 J MG/KG 20 N
CMS-451 8 9 2,3,7,8-TCDD 240 U NG/KG 8600 - (c)
CMS-451 8 9 Aroclor, Total 0.42 U MG/KG 10 - (c)
CMS-451 9 10 2,3,7,8-TCDD 130 U NG/KG 8600 - (c)
CMS-451 9 10 Aroclor, Total 0.19 U MG/KG 10 - (c)
CMS-451 9 10 Benzene 0.0056 U MG/KG 4.3 - (c)
CMS-451 9 10 Chlorobenzene 0.0056 U MG/KG 100 - (c)
CMS-451 9 10 Cis-1,2-dichloroethene 0.033 MG/KG 60 N
CMS-451 9 10 Ethylbenzene 0.0056 U MG/KG 62 - (c)
CMS-451 9 10 Tetrachloroethene 0.0022 J MG/KG 4.2 N
CMS-451 9 10 Toluene 0.0056 U MG/KG 54 - (c)
CMS-451 9 10 Trichloroethene 0.0056 U MG/KG 20 - (c)
CMS-452 4 5 2,3,7,8-TCDD 750 NG/KG 8600 N
CMS-452 4 5 2,3,7,8-TCDD 570 NG/KG 8600 N
CMS-452 4 5 Aroclor, Total 0.65 J MG/KG 10 N
CMS-452 4 5 Aroclor, Total 0.08 J MG/KG 10 N
CMS-452 5 6 2,3,7,8-TCDD 31 U NG/KG 8600 - (c)
CMS-452 5 6 Aroclor, Total 0.041 U MG/KG 10 - (c)
CMS-452 6 7 2,3,7,8-TCDD 26 U NG/KG 8600 - (c)
CMS-452 6 7 Aroclor, Total 0.046 U MG/KG 10 - (c)
CMS-452 7 8 2,3,7,8-TCDD 19 U NG/KG 8600 - (c)
CMS-452 7 8 Aroclor, Total 0.035 U MG/KG 10 - (c)
CMS-452 8 9 2,3,7,8-TCDD 91 J NG/KG 8600 N
CMS-452 8 9 Aroclor, Total 0.039 U MG/KG 10 - (c)
CMS-452 9 10 2,3,7,8-TCDD 88 J NG/KG 8600 N
CMS-452 9 10 Aroclor, Total 0.038 U MG/KG 10 - (c)
CMS-453 3 4 2,3,7,8-TCDD 11000 J NG/KG 8600 Y Brook Village parking lot
CMS-453 3 4 2,3,7,8-TCDD 42900 NG/KG 8600 Y Brook Village parking lot
CMS-453 3 4 2,3,7,8-TCDD 2200 J NG/KG 8600 N
CMS-453 3 4 Aroclor, Total 0.13 J MG/KG 10 N
CMS-453 3 4 Aroclor, Total 0.11 J MG/KG 10 N
CMS-453 4 5 2,3,7,8-TCDD 1000 NG/KG 8600 N
CMS-453 4 5 Aroclor, Total 0.019 J MG/KG 10 N
CMS-453 5 6 2,3,7,8-TCDD 390 J NG/KG 8600 N
CMS-453 5 6 Aroclor, Total 0.043 U MG/KG 10 - (c)
CMS-453 6 7 2,3,7,8-TCDD 62000 J NG/KG 8600 Y Brook Village parking lot
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Table G-10.  Comparison of Source Area Soil Data to Cleanup Goals for Groundwater Protection, Spatial and Vertical Extent of Remediation Footprint
(Sorted by Boring, Depth Interval, and Parameter)
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CMS-453 6 7 Aroclor, Total 0.24 J MG/KG 10 N
CMS-453 7 8 2,3,7,8-TCDD 220 J NG/KG 8600 N
CMS-453 7 8 Aroclor, Total 0.037 U MG/KG 10 - (c)
CMS-453 8 9 2,3,7,8-TCDD 160 J NG/KG 8600 N
CMS-453 8 9 Aroclor, Total 0.035 U MG/KG 10 - (c)
CMS-453 9 10 2,3,7,8-TCDD 70 J NG/KG 8600 N
CMS-453 9 10 Aroclor, Total 0.038 U MG/KG 10 - (c)
CMS-454 1 2 2,3,7,8-TCDD 870 NG/KG 8600 N
CMS-454 1 2 Aroclor, Total 0.16 J MG/KG 10 N
CMS-454 2 3 2,3,7,8-TCDD 37 U NG/KG 8600 - (c)
CMS-454 2 3 Aroclor, Total 0.5 J MG/KG 10 N
CMS-454 3 4 2,3,7,8-TCDD 81 J NG/KG 8600 N
CMS-454 3 4 Aroclor, Total 5 J MG/KG 10 N
CMS-454 4 5 2,3,7,8-TCDD 130 J NG/KG 8600 N
CMS-454 4 5 Aroclor, Total 0.73 J MG/KG 10 N
CMS-454 5 6 2,3,7,8-TCDD 28 U NG/KG 8600 - (c)
CMS-454 5 6 Aroclor, Total 0.043 J MG/KG 10 N
CMS-455 2 3 2,3,7,8-TCDD 97 U NG/KG 8600 - (c)
CMS-455 2 3 Aroclor, Total 0.084 J MG/KG 10 N
CMS-455 2 3 Benzene 0.33 U MG/KG 4.3 - (c)
CMS-455 2 3 Chlorobenzene 0.25 J MG/KG 100 N
CMS-455 2 3 Cis-1,2-dichloroethene 0.33 U MG/KG 60 - (c)
CMS-455 2 3 Ethylbenzene 0.33 U MG/KG 62 - (c)
CMS-455 2 3 Tetrachloroethene 0.26 J MG/KG 4.2 N
CMS-455 2 3 Toluene 0.33 U MG/KG 54 - (c)
CMS-455 2 3 Trichloroethene 0.094 J MG/KG 20 N
CMS-455 3 4 2,3,7,8-TCDD 28 U NG/KG 8600 - (c)
CMS-455 3 4 Aroclor, Total 0.43 U MG/KG 10 - (c)
CMS-455 4 5 2,3,7,8-TCDD 120 U NG/KG 8600 - (c)
CMS-455 4 5 Aroclor, Total 0.24 U MG/KG 10 - (c)
CMS-455 4 5 Benzene 0.0017 J MG/KG 4.3 N
CMS-455 4 5 Chlorobenzene 0.0072 U MG/KG 100 - (c)
CMS-455 4 5 Cis-1,2-dichloroethene 0.0072 U MG/KG 60 - (c)
CMS-455 4 5 Ethylbenzene 0.0072 U MG/KG 62 - (c)
CMS-455 4 5 Tetrachloroethene 0.0072 U MG/KG 4.2 - (c)
CMS-455 4 5 Toluene 0.0072 U MG/KG 54 - (c)
CMS-455 4 5 Trichloroethene 0.0072 U MG/KG 20 - (c)
CMS-455 5 6 2,3,7,8-TCDD 140 U NG/KG 8600 - (c)
CMS-455 5 6 2,3,7,8-TCDD 146 NG/KG 8600 N
CMS-455 5 6 2,3,7,8-TCDD 73 U NG/KG 8600 - (c)
CMS-455 5 6 Aroclor, Total 0.82 MG/KG 10 N
CMS-455 5 6 Aroclor, Total 0.91 J MG/KG 10 N
CMS-455 5 6 Benzene 0.0064 U MG/KG 4.3 - (c)
CMS-455 5 6 Benzene 0.0077 U MG/KG 4.3 - (c)
CMS-455 5 6 Chlorobenzene 0.0064 U MG/KG 100 - (c)
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Table G-10.  Comparison of Source Area Soil Data to Cleanup Goals for Groundwater Protection, Spatial and Vertical Extent of Remediation Footprint
(Sorted by Boring, Depth Interval, and Parameter)
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CMS-455 5 6 Chlorobenzene 0.0014 J MG/KG 100 N
CMS-455 5 6 Cis-1,2-dichloroethene 0.0064 U MG/KG 60 - (c)
CMS-455 5 6 Cis-1,2-dichloroethene 0.0016 J MG/KG 60 N
CMS-455 5 6 Ethylbenzene 0.0064 U MG/KG 62 - (c)
CMS-455 5 6 Ethylbenzene 0.0077 U MG/KG 62 - (c)
CMS-455 5 6 Tetrachloroethene 0.0064 U MG/KG 4.2 - (c)
CMS-455 5 6 Tetrachloroethene 0.0077 U MG/KG 4.2 - (c)
CMS-455 5 6 Toluene 0.0064 U MG/KG 54 - (c)
CMS-455 5 6 Toluene 0.0077 U MG/KG 54 - (c)
CMS-455 5 6 Trichloroethene 0.0064 U MG/KG 20 - (c)
CMS-455 5 6 Trichloroethene 0.0077 U MG/KG 20 - (c)
CMS-455 6 7 2,3,7,8-TCDD 29 U NG/KG 8600 - (c)
CMS-455 6 7 Aroclor, Total 0.19 U MG/KG 10 - (c)
CMS-455 7 8 2,3,7,8-TCDD 44 U NG/KG 8600 - (c)
CMS-455 7 8 Aroclor, Total 0.51 J MG/KG 10 N
CMS-455 7 8 Benzene 0.0068 U MG/KG 4.3 - (c)
CMS-455 7 8 Chlorobenzene 0.0011 J MG/KG 100 N
CMS-455 7 8 Cis-1,2-dichloroethene 0.0029 J MG/KG 60 N
CMS-455 7 8 Ethylbenzene 0.0068 U MG/KG 62 - (c)
CMS-455 7 8 Tetrachloroethene 0.0024 J MG/KG 4.2 N
CMS-455 7 8 Toluene 0.0068 U MG/KG 54 - (c)
CMS-455 7 8 Trichloroethene 0.0068 U MG/KG 20 - (c)
CMS-455 8 9 2,3,7,8-TCDD 18 U NG/KG 8600 - (c)
CMS-455 8 9 Aroclor, Total 0.041 U MG/KG 10 - (c)
CMS-455 9 10 2,3,7,8-TCDD 57 U NG/KG 8600 - (c)
CMS-455 9 10 Aroclor, Total 0.47 J MG/KG 10 N
CMS-455 9 10 Benzene 0.24 UJ MG/KG 4.3 - (c)
CMS-455 9 10 Chlorobenzene 0.064 J MG/KG 100 N
CMS-455 9 10 Cis-1,2-dichloroethene 0.24 UJ MG/KG 60 - (c)
CMS-455 9 10 Ethylbenzene 0.24 UJ MG/KG 62 - (c)
CMS-455 9 10 Tetrachloroethene 0.053 J MG/KG 4.2 N
CMS-455 9 10 Toluene 0.24 UJ MG/KG 54 - (c)
CMS-455 9 10 Trichloroethene 0.24 UJ MG/KG 20 - (c)
CMS-456 0 1 2,3,7,8-TCDD 480 J NG/KG 8600 N
CMS-456 0 1 Aroclor, Total 1.4 MG/KG 10 N
CMS-456 0 1 Benzene 0.0075 U MG/KG 4.3 - (c)
CMS-456 0 1 Chlorobenzene 0.0031 J MG/KG 100 N
CMS-456 0 1 Cis-1,2-dichloroethene 0.0075 U MG/KG 60 - (c)
CMS-456 0 1 Ethylbenzene 0.0075 U MG/KG 62 - (c)
CMS-456 0 1 Tetrachloroethene 0.0075 U MG/KG 4.2 - (c)
CMS-456 0 1 Toluene 0.0022 J MG/KG 54 N
CMS-456 0 1 Trichloroethene 0.0075 U MG/KG 20 - (c)
CMS-456 1 2 2,3,7,8-TCDD 2100 J NG/KG 8600 N
CMS-456 1 2 Aroclor, Total 7 J MG/KG 10 N
CMS-456 1 2 Benzene 0.0089 U MG/KG 4.3 - (c)
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Table G-10.  Comparison of Source Area Soil Data to Cleanup Goals for Groundwater Protection, Spatial and Vertical Extent of Remediation Footprint
(Sorted by Boring, Depth Interval, and Parameter)
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CMS-456 1 2 Chlorobenzene 0.0082 J MG/KG 100 N
CMS-456 1 2 Cis-1,2-dichloroethene 0.093 J MG/KG 60 N
CMS-456 1 2 Ethylbenzene 0.0029 J MG/KG 62 N
CMS-456 1 2 Tetrachloroethene 0.12 MG/KG 4.2 N
CMS-456 1 2 Toluene 0.0042 J MG/KG 54 N
CMS-456 1 2 Trichloroethene 0.039 MG/KG 20 N
CMS-464 0 1 2,3,7,8-TCDD 2.61 NG/KG 8600 N
CMS-481 0 1 2,3,7,8-TCDD 21.7 J NG/KG 8600 N
CMS-482 0 1 2,3,7,8-TCDD 7.32 J NG/KG 8600 N
CMS-500 0 1 2,3,7,8-TCDD 16.8 J NG/KG 8600 N
CMS-500 0 1 2,3,7,8-TCDD 22.7 J NG/KG 8600 N
CMS-501 0 1 2,3,7,8-TCDD 20 NG/KG 8600 N
CMS-502 0 1 2,3,7,8-TCDD 64.3 NG/KG 8600 N
CMS-503 0 1 2,3,7,8-TCDD 19.2 NG/KG 8600 N
CMS-504 0 1 2,3,7,8-TCDD 25.9 NG/KG 8600 N
CMS-504 0 1 2,3,7,8-TCDD 28 NG/KG 8600 N
CMS-505 0 1 2,3,7,8-TCDD 9.6 NG/KG 8600 N
CMS-506 0 1 2,3,7,8-TCDD 21.2 NG/KG 8600 N
CMS-507 0 1 2,3,7,8-TCDD 43.4 NG/KG 8600 N
CMS-508 0 1 2,3,7,8-TCDD 15.7 NG/KG 8600 N
CMS-700 0 1 2,3,7,8-TCDD 76 J NG/KG 8600 N
CMS-700 0 1 Aroclor, Total 0.051 U MG/KG 10 - (c)
CMS-700 1 2 2,3,7,8-TCDD 82 J NG/KG 8600 N
CMS-700 1 2 Aroclor, Total 0.057 U MG/KG 10 - (c)
CMS-701 0 1 2,3,7,8-TCDD 370 J NG/KG 8600 N
CMS-701 0 1 2,3,7,8-TCDD 410 J NG/KG 8600 N
CMS-701 0 1 Aroclor, Total 0.024 J MG/KG 10 N
CMS-701 0 1 Aroclor, Total 0.023 J MG/KG 10 N
CMS-701 1 2 2,3,7,8-TCDD 340 J NG/KG 8600 N
CMS-701 1 2 Aroclor, Total 0.19 U MG/KG 10 - (c)
CMS-701 2 3 2,3,7,8-TCDD 450 J NG/KG 8600 N
CMS-701 2 3 Aroclor, Total 0.18 U MG/KG 10 - (c)
CMS-702 0 1 2,3,7,8-TCDD 40 U NG/KG 8600 - (c)
CMS-702 0 1 Aroclor, Total 0.057 U MG/KG 10 - (c)
CMS-702 0 1 Benzene 0.0087 U MG/KG 4.3 - (c)
CMS-702 0 1 Chlorobenzene 0.0087 U MG/KG 100 - (c)
CMS-702 0 1 Cis-1,2-dichloroethene 0.0087 U MG/KG 60 - (c)
CMS-702 0 1 Ethylbenzene 0.0087 U MG/KG 62 - (c)
CMS-702 0 1 Tetrachloroethene 0.0027 J MG/KG 4.2 N
CMS-702 0 1 Toluene 0.0087 U MG/KG 54 - (c)
CMS-702 0 1 Trichloroethene 0.0087 U MG/KG 20 - (c)
CMS-702 1 2 2,3,7,8-TCDD 4000 NG/KG 8600 N
CMS-702 1 2 Aroclor, Total 0.14 MG/KG 10 N
CMS-703 0 1 2,3,7,8-TCDD 3200 J NG/KG 8600 N
CMS-703 0 1 Aroclor, Total 0.3 MG/KG 10 N
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Table G-10.  Comparison of Source Area Soil Data to Cleanup Goals for Groundwater Protection, Spatial and Vertical Extent of Remediation Footprint
(Sorted by Boring, Depth Interval, and Parameter)
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CMS-703 0 1 Benzene 0.0061 U MG/KG 4.3 - (c)
CMS-703 0 1 Chlorobenzene 0.0061 U MG/KG 100 - (c)
CMS-703 0 1 Cis-1,2-dichloroethene 0.0061 UJ MG/KG 60 - (c)
CMS-703 0 1 Ethylbenzene 0.0061 U MG/KG 62 - (c)
CMS-703 0 1 Tetrachloroethene 0.028 MG/KG 4.2 N
CMS-703 0 1 Toluene 0.0061 U MG/KG 54 - (c)
CMS-703 0 1 Trichloroethene 0.0061 U MG/KG 20 - (c)
CMS-703 1 2 2,3,7,8-TCDD 1300 NG/KG 8600 N
CMS-703 1 2 Aroclor, Total 0.16 J MG/KG 10 N
CMW-SD-2016 0 0.5 2,3,7,8-TCDD 1.2 U NG/KG 8600 - (c)
CMW-SD-2016 0 0.5 Aroclor, Total 0.081 U MG/KG 10 - (c)
CMW-SD-2017 0 0.5 2,3,7,8-TCDD 2.3 NG/KG 8600 N
CMW-SD-2017 0 0.5 Aroclor, Total 0.088 U MG/KG 10 - (c)
CMW-SD-2018 0 0.5 2,3,7,8-TCDD 21.5 NG/KG 8600 N
CMW-SD-2018 0 0.5 Aroclor, Total 0.026 MG/KG 10 N
CMW-SD-2019 0 0.5 2,3,7,8-TCDD 8200 J@ NG/KG 8600 N
CMW-SD-2019 0 0.5 Aroclor, Total 5.2 MG/KG 10 N
CMW-SD-2020 0 0.5 2,3,7,8-TCDD 4660 J$ NG/KG 8600 N
CMW-SD-2020 0 0.5 Aroclor, Total 2.49 MG/KG 10 N
CMW-SD-2021 0 0.5 2,3,7,8-TCDD 2000 $ NG/KG 8600 N
CMW-SD-2021 0 0.5 Aroclor, Total 0.87 MG/KG 10 N
CMW-SD-2022 0.5 2 2,3,7,8-TCDD 186 NG/KG 8600 N
CMW-SD-2022 0.5 2 Aroclor, Total 2.07 MG/KG 10 N
CMW-SD-2022 2 2.5 2,3,7,8-TCDD 8.9 J NG/KG 8600 N
CMW-SD-2022 2 2.5 Aroclor, Total 0.237 MG/KG 10 N
GEC-1 13.5 15.5 Aroclor, Total 0.0294 U MG/KG 10 - (c)
GEC-2 5 7 Benzene 0.063 U MG/KG 4.3 - (c)
GEC-2 5 7 Chlorobenzene 0.027 U MG/KG 100 - (c)
GEC-2 5 7 Cis-1,2-dichloroethene 0.027 U MG/KG 60 - (c)
GEC-2 5 7 Ethylbenzene 0.18 U MG/KG 62 - (c)
GEC-2 5 7 Tetrachloroethene 0.021 MG/KG 4.2 N
GEC-2 5 7 Toluene 0.027 U MG/KG 54 - (c)
GEC-2 5 7 Trichloroethene 0.036 U MG/KG 20 - (c)
GEC-3 8 10 Benzene 0.024 U MG/KG 4.3 - (c)
GEC-3 8 10 Chlorobenzene 0.086 U MG/KG 100 - (c)
GEC-3 8 10 Cis-1,2-dichloroethene 0.024 U MG/KG 60 - (c)
GEC-3 8 10 Ethylbenzene 0.024 U MG/KG 62 - (c)
GEC-3 8 10 Tetrachloroethene 0.037 U MG/KG 4.2 - (c)
GEC-3 8 10 Toluene 0.037 U MG/KG 54 - (c)
GEC-3 8 10 Trichloroethene 0.024 U MG/KG 20 - (c)
GEC-3 10 12 Aroclor, Total 0.0281 U MG/KG 10 - (c)
GEC-4 5 7 Benzene 0.044 U MG/KG 4.3 - (c)
GEC-4 5 7 Chlorobenzene 0.15 U MG/KG 100 - (c)
GEC-4 5 7 Cis-1,2-dichloroethene 0.12 MG/KG 60 N
GEC-4 5 7 Ethylbenzene 0.044 U MG/KG 62 - (c)
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Table G-10.  Comparison of Source Area Soil Data to Cleanup Goals for Groundwater Protection, Spatial and Vertical Extent of Remediation Footprint
(Sorted by Boring, Depth Interval, and Parameter)
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GEC-4 5 7 Tetrachloroethene 0.066 U MG/KG 4.2 - (c)
GEC-4 5 7 Toluene 0.066 U MG/KG 54 - (c)
GEC-4 5 7 Trichloroethene 0.044 U MG/KG 20 - (c)
GEC-5 5 7 Benzene 0.03 U MG/KG 4.3 - (c)
GEC-5 5 7 Chlorobenzene 0.1 U MG/KG 100 - (c)
GEC-5 5 7 Cis-1,2-dichloroethene 0.098 MG/KG 60 N
GEC-5 5 7 Ethylbenzene 0.03 U MG/KG 62 - (c)
GEC-5 5 7 Tetrachloroethene 0.33 MG/KG 4.2 N
GEC-5 5 7 Toluene 0.044 U MG/KG 54 - (c)
GEC-5 5 7 Trichloroethene 0.32 MG/KG 20 N
GEC-5 10 12 Aroclor, Total 0.0294 U MG/KG 10 - (c)
GEC-6 2.5 4.5 Benzene 0.12 MG/KG 4.3 N
GEC-6 2.5 4.5 Chlorobenzene 0.37 MG/KG 100 N
GEC-6 2.5 4.5 Cis-1,2-dichloroethene 2.1 MG/KG 60 N
GEC-6 2.5 4.5 Ethylbenzene 0.098 MG/KG 62 N
GEC-6 2.5 4.5 Tetrachloroethene 0.3 MG/KG 4.2 N
GEC-6 2.5 4.5 Toluene 0.18 MG/KG 54 N
GEC-6 2.5 4.5 Trichloroethene 1.2 MG/KG 20 N
GEC-7 2.5 4.5 Aroclor, Total 0.14 U MG/KG 10 - (c)
GEC-7 2.5 4.5 Benzene 0.03 U MG/KG 4.3 - (c)
GEC-7 2.5 4.5 Chlorobenzene 0.1 U MG/KG 100 - (c)
GEC-7 2.5 4.5 Cis-1,2-dichloroethene 0.04 MG/KG 60 N
GEC-7 2.5 4.5 Ethylbenzene 0.03 U MG/KG 62 - (c)
GEC-7 2.5 4.5 Tetrachloroethene 0.045 U MG/KG 4.2 - (c)
GEC-7 2.5 4.5 Toluene 0.046 MG/KG 54 N
GEC-7 2.5 4.5 Trichloroethene 0.049 MG/KG 20 N
MW01S 1 2 2,3,7,8-TCDD 5.8 NG/KG 8600 N
MW01S 1 2 Aroclor, Total 0.11 MG/KG 10 N
MW01S 1 2 Benzene 0.34 U MG/KG 4.3 - (c)
MW01S 1 2 Chlorobenzene 0.34 U MG/KG 100 - (c)
MW01S 1 2 Cis-1,2-dichloroethene 0.34 U MG/KG 60 - (c)
MW01S 1 2 Ethylbenzene 0.34 U MG/KG 62 - (c)
MW01S 1 2 Tetrachloroethene 0.34 U MG/KG 4.2 - (c)
MW01S 1 2 Toluene 0.34 U MG/KG 54 - (c)
MW01S 1 2 Trichloroethene 0.34 U MG/KG 20 - (c)
MW01S 2 4 2,3,7,8-TCDD 1060 $ NG/KG 8600 N
MW01S 2 4 Aroclor, Total 0.39 MG/KG 10 N
MW01S 2 4 Benzene 0.22 U MG/KG 4.3 - (c)
MW01S 2 4 Chlorobenzene 0.22 U MG/KG 100 - (c)
MW01S 2 4 Cis-1,2-dichloroethene 0.22 U MG/KG 60 - (c)
MW01S 2 4 Ethylbenzene 0.22 U MG/KG 62 - (c)
MW01S 2 4 Tetrachloroethene 0.22 U MG/KG 4.2 - (c)
MW01S 2 4 Toluene 0.22 U MG/KG 54 - (c)
MW01S 2 4 Trichloroethene 0.22 U MG/KG 20 - (c)
MW01S 4 6 2,3,7,8-TCDD 1.4 NG/KG 8600 N
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Table G-10.  Comparison of Source Area Soil Data to Cleanup Goals for Groundwater Protection, Spatial and Vertical Extent of Remediation Footprint
(Sorted by Boring, Depth Interval, and Parameter)
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MW01S 4 6 Aroclor, Total 0.47 MG/KG 10 N
MW01S 4 6 Benzene 0.24 U MG/KG 4.3 - (c)
MW01S 4 6 Chlorobenzene 0.24 U MG/KG 100 - (c)
MW01S 4 6 Cis-1,2-dichloroethene 0.05 J MG/KG 60 N
MW01S 4 6 Ethylbenzene 0.24 U MG/KG 62 - (c)
MW01S 4 6 Tetrachloroethene 0.52 MG/KG 4.2 N
MW01S 4 6 Toluene 0.24 U MG/KG 54 - (c)
MW01S 4 6 Trichloroethene 0.26 MG/KG 20 N
MW01S 6 8 2,3,7,8-TCDD 2.6 NG/KG 8600 N
MW01S 6 8 Aroclor, Total 0.18 MG/KG 10 N
MW01S 6 8 Benzene 0.26 U MG/KG 4.3 - (c)
MW01S 6 8 Chlorobenzene 0.069 J MG/KG 100 N
MW01S 6 8 Cis-1,2-dichloroethene 0.26 U MG/KG 60 - (c)
MW01S 6 8 Ethylbenzene 0.26 U MG/KG 62 - (c)
MW01S 6 8 Tetrachloroethene 0.14 J MG/KG 4.2 N
MW01S 6 8 Toluene 0.26 U MG/KG 54 - (c)
MW01S 6 8 Trichloroethene 0.26 U MG/KG 20 - (c)
MW02S 2 4 2,3,7,8-TCDD 11.5 NG/KG 8600 N
MW02S 2 4 Aroclor, Total 0.185 MG/KG 10 N
MW02S 2 4 Benzene 0.2 U MG/KG 4.3 - (c)
MW02S 2 4 Chlorobenzene 0.2 U MG/KG 100 - (c)
MW02S 2 4 Cis-1,2-dichloroethene 0.2 U MG/KG 60 - (c)
MW02S 2 4 Ethylbenzene 0.2 U MG/KG 62 - (c)
MW02S 2 4 Tetrachloroethene 0.2 U MG/KG 4.2 - (c)
MW02S 2 4 Toluene 0.2 U MG/KG 54 - (c)
MW02S 2 4 Trichloroethene 0.2 U MG/KG 20 - (c)
MW02S 4 6 2,3,7,8-TCDD 86 NG/KG 8600 N
MW02S 4 6 2,3,7,8-TCDD 68.1 NG/KG 8600 N
MW02S 4 6 Benzene 0.55 U MG/KG 4.3 - (c)
MW02S 4 6 Benzene 0.42 U MG/KG 4.3 - (c)
MW02S 4 6 Chlorobenzene 0.55 U MG/KG 100 - (c)
MW02S 4 6 Chlorobenzene 0.42 U MG/KG 100 - (c)
MW02S 4 6 Cis-1,2-dichloroethene 0.55 U MG/KG 60 - (c)
MW02S 4 6 Cis-1,2-dichloroethene 0.42 U MG/KG 60 - (c)
MW02S 4 6 Ethylbenzene 0.55 U MG/KG 62 - (c)
MW02S 4 6 Ethylbenzene 0.42 U MG/KG 62 - (c)
MW02S 4 6 Tetrachloroethene 0.55 U MG/KG 4.2 - (c)
MW02S 4 6 Tetrachloroethene 0.42 U MG/KG 4.2 - (c)
MW02S 4 6 Toluene 0.55 U MG/KG 54 - (c)
MW02S 4 6 Toluene 0.42 U MG/KG 54 - (c)
MW02S 4 6 Trichloroethene 0.55 U MG/KG 20 - (c)
MW02S 4 6 Trichloroethene 0.42 U MG/KG 20 - (c)
MW02S 6 8 2,3,7,8-TCDD 65.2 NG/KG 8600 N
MW02S 6 8 Aroclor, Total 0.246 MG/KG 10 N
MW02S 6 8 Benzene 0.29 U MG/KG 4.3 - (c)
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Table G-10.  Comparison of Source Area Soil Data to Cleanup Goals for Groundwater Protection, Spatial and Vertical Extent of Remediation Footprint
(Sorted by Boring, Depth Interval, and Parameter)
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MW02S 6 8 Chlorobenzene 0.29 U MG/KG 100 - (c)
MW02S 6 8 Cis-1,2-dichloroethene 0.29 U MG/KG 60 - (c)
MW02S 6 8 Ethylbenzene 0.29 U MG/KG 62 - (c)
MW02S 6 8 Tetrachloroethene 0.29 U MG/KG 4.2 - (c)
MW02S 6 8 Toluene 0.29 U MG/KG 54 - (c)
MW02S 6 8 Trichloroethene 0.29 U MG/KG 20 - (c)
MW02S 8 10 2,3,7,8-TCDD 1.1 NG/KG 8600 N
MW02S 8 10 Aroclor, Total 0.081 U MG/KG 10 - (c)
MW02S 8 10 Benzene 0.22 U MG/KG 4.3 - (c)
MW02S 8 10 Chlorobenzene 0.22 U MG/KG 100 - (c)
MW02S 8 10 Cis-1,2-dichloroethene 0.22 U MG/KG 60 - (c)
MW02S 8 10 Ethylbenzene 0.22 U MG/KG 62 - (c)
MW02S 8 10 Tetrachloroethene 0.22 U MG/KG 4.2 - (c)
MW02S 8 10 Toluene 0.22 U MG/KG 54 - (c)
MW02S 8 10 Trichloroethene 0.22 U MG/KG 20 - (c)
MW02S 18 20 2,3,7,8-TCDD 0.2 U NG/KG 8600 - (c)
MW02S 18 20 Aroclor, Total 0.076 U MG/KG 10 - (c)
MW02S 18 20 Benzene 0.24 U MG/KG 4.3 - (c)
MW02S 18 20 Chlorobenzene 0.24 U MG/KG 100 - (c)
MW02S 18 20 Cis-1,2-dichloroethene 0.24 U MG/KG 60 - (c)
MW02S 18 20 Ethylbenzene 0.24 U MG/KG 62 - (c)
MW02S 18 20 Tetrachloroethene 0.24 U MG/KG 4.2 - (c)
MW02S 18 20 Toluene 0.24 U MG/KG 54 - (c)
MW02S 18 20 Trichloroethene 0.24 U MG/KG 20 - (c)
MW02S 61 63 Benzene 0.1 U MG/KG 4.3 - (c)
MW02S 61 63 Chlorobenzene 0.1 U MG/KG 100 - (c)
MW02S 61 63 Cis-1,2-dichloroethene 0.1 U MG/KG 60 - (c)
MW02S 61 63 Ethylbenzene 0.1 U MG/KG 62 - (c)
MW02S 61 63 Tetrachloroethene 0.1 U MG/KG 4.2 - (c)
MW02S 61 63 Toluene 0.1 U MG/KG 54 - (c)
MW02S 61 63 Trichloroethene 0.1 U MG/KG 20 - (c)
MW02S 64 66 Benzene 0.1 U MG/KG 4.3 - (c)
MW02S 64 66 Benzene 0.14 U MG/KG 4.3 - (c)
MW02S 64 66 Chlorobenzene 0.1 U MG/KG 100 - (c)
MW02S 64 66 Chlorobenzene 0.14 U MG/KG 100 - (c)
MW02S 64 66 Cis-1,2-dichloroethene 0.1 U MG/KG 60 - (c)
MW02S 64 66 Cis-1,2-dichloroethene 0.14 U MG/KG 60 - (c)
MW02S 64 66 Ethylbenzene 0.1 U MG/KG 62 - (c)
MW02S 64 66 Ethylbenzene 0.14 U MG/KG 62 - (c)
MW02S 64 66 Tetrachloroethene 0.028 J MG/KG 4.2 N
MW02S 64 66 Tetrachloroethene 0.14 U MG/KG 4.2 - (c)
MW02S 64 66 Toluene 0.1 U MG/KG 54 - (c)
MW02S 64 66 Toluene 0.14 U MG/KG 54 - (c)
MW02S 64 66 Trichloroethene 0.1 U MG/KG 20 - (c)
MW02S 64 66 Trichloroethene 0.14 U MG/KG 20 - (c)
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Table G-10.  Comparison of Source Area Soil Data to Cleanup Goals for Groundwater Protection, Spatial and Vertical Extent of Remediation Footprint
(Sorted by Boring, Depth Interval, and Parameter)
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MW02S 72 72.2 Benzene 0.12 U MG/KG 4.3 - (c)
MW02S 72 72.2 Chlorobenzene 0.12 U MG/KG 100 - (c)
MW02S 72 72.2 Cis-1,2-dichloroethene 0.12 U MG/KG 60 - (c)
MW02S 72 72.2 Ethylbenzene 0.12 U MG/KG 62 - (c)
MW02S 72 72.2 Tetrachloroethene 0.12 U MG/KG 4.2 - (c)
MW02S 72 72.2 Toluene 0.12 U MG/KG 54 - (c)
MW02S 72 72.2 Trichloroethene 0.12 U MG/KG 20 - (c)
MW03S 4 6 2,3,7,8-TCDD 189 NG/KG 8600 N
MW03S 4 6 Aroclor, Total 0.082 U MG/KG 10 - (c)
MW03S 4 6 Benzene 0.35 U MG/KG 4.3 - (c)
MW03S 4 6 Chlorobenzene 0.35 U MG/KG 100 - (c)
MW03S 4 6 Cis-1,2-dichloroethene 0.35 U MG/KG 60 - (c)
MW03S 4 6 Ethylbenzene 0.35 U MG/KG 62 - (c)
MW03S 4 6 Tetrachloroethene 0.49 MG/KG 4.2 N
MW03S 4 6 Toluene 0.35 U MG/KG 54 - (c)
MW03S 4 6 Trichloroethene 0.13 J MG/KG 20 N
MW03S 6 8 2,3,7,8-TCDD 907 $ NG/KG 8600 N
MW03S 6 8 Aroclor, Total 0.17 MG/KG 10 N
MW03S 6 8 Benzene 0.29 U MG/KG 4.3 - (c)
MW03S 6 8 Chlorobenzene 0.29 U MG/KG 100 - (c)
MW03S 6 8 Cis-1,2-dichloroethene 0.29 U MG/KG 60 - (c)
MW03S 6 8 Ethylbenzene 0.29 U MG/KG 62 - (c)
MW03S 6 8 Tetrachloroethene 0.16 J MG/KG 4.2 N
MW03S 6 8 Toluene 0.29 U MG/KG 54 - (c)
MW03S 6 8 Trichloroethene 0.29 U MG/KG 20 - (c)
MW04B 42 44 Benzene 0.085 U MG/KG 4.3 - (c)
MW04B 42 44 Benzene 0.065 U MG/KG 4.3 - (c)
MW04B 42 44 Chlorobenzene 0.085 U MG/KG 100 - (c)
MW04B 42 44 Chlorobenzene 0.065 U MG/KG 100 - (c)
MW04B 42 44 Cis-1,2-dichloroethene 0.085 U MG/KG 60 - (c)
MW04B 42 44 Cis-1,2-dichloroethene 0.065 U MG/KG 60 - (c)
MW04B 42 44 Ethylbenzene 0.085 U MG/KG 62 - (c)
MW04B 42 44 Ethylbenzene 0.065 U MG/KG 62 - (c)
MW04B 42 44 Tetrachloroethene 0.085 U MG/KG 4.2 - (c)
MW04B 42 44 Tetrachloroethene 0.065 U MG/KG 4.2 - (c)
MW04B 42 44 Toluene 0.085 U MG/KG 54 - (c)
MW04B 42 44 Toluene 0.065 U MG/KG 54 - (c)
MW04B 42 44 Trichloroethene 0.085 U MG/KG 20 - (c)
MW04B 42 44 Trichloroethene 0.065 U MG/KG 20 - (c)
MW04D 2 4 2,3,7,8-TCDD 766 $ NG/KG 8600 N
MW04D 2 4 Benzene 0.5 U MG/KG 4.3 - (c)
MW04D 2 4 Chlorobenzene 0.5 U MG/KG 100 - (c)
MW04D 2 4 Cis-1,2-dichloroethene 0.5 U MG/KG 60 - (c)
MW04D 2 4 Ethylbenzene 0.5 U MG/KG 62 - (c)
MW04D 2 4 Tetrachloroethene 0.5 U MG/KG 4.2 - (c)
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Table G-10.  Comparison of Source Area Soil Data to Cleanup Goals for Groundwater Protection, Spatial and Vertical Extent of Remediation Footprint
(Sorted by Boring, Depth Interval, and Parameter)
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MW04D 2 4 Toluene 0.43 J MG/KG 54 N
MW04D 2 4 Trichloroethene 0.5 U MG/KG 20 - (c)
MW04D 4 6 2,3,7,8-TCDD 0.55 U NG/KG 8600 - (c)
MW04D 4 6 Aroclor, Total 0.087 U MG/KG 10 - (c)
MW04D 4 6 Benzene 0.18 U MG/KG 4.3 - (c)
MW04D 4 6 Chlorobenzene 0.18 U MG/KG 100 - (c)
MW04D 4 6 Cis-1,2-dichloroethene 0.18 U MG/KG 60 - (c)
MW04D 4 6 Ethylbenzene 0.18 U MG/KG 62 - (c)
MW04D 4 6 Tetrachloroethene 0.18 U MG/KG 4.2 - (c)
MW04D 4 6 Toluene 0.18 U MG/KG 54 - (c)
MW04D 4 6 Trichloroethene 0.18 U MG/KG 20 - (c)
MW04D 6 8 2,3,7,8-TCDD 0.91 U NG/KG 8600 - (c)
MW04D 6 8 Aroclor, Total 0.073 U MG/KG 10 - (c)
MW04D 6 8 Benzene 0.16 U MG/KG 4.3 - (c)
MW04D 6 8 Chlorobenzene 0.16 U MG/KG 100 - (c)
MW04D 6 8 Cis-1,2-dichloroethene 0.16 U MG/KG 60 - (c)
MW04D 6 8 Ethylbenzene 0.16 U MG/KG 62 - (c)
MW04D 6 8 Tetrachloroethene 0.16 U MG/KG 4.2 - (c)
MW04D 6 8 Toluene 0.16 U MG/KG 54 - (c)
MW04D 6 8 Trichloroethene 0.16 U MG/KG 20 - (c)
MW05S 1 2 2,3,7,8-TCDD 4 EB NG/KG 8600 N
MW05S 1 2 2,3,7,8-TCDD 2.7 EB NG/KG 8600 N
MW05S 1 2 Aroclor, Total 0.073 U MG/KG 10 - (c)
MW05S 1 2 Aroclor, Total 0.074 U MG/KG 10 - (c)
MW05S 1 2 Benzene 0.095 U MG/KG 4.3 - (c)
MW05S 1 2 Benzene 0.11 U MG/KG 4.3 - (c)
MW05S 1 2 Chlorobenzene 0.095 U MG/KG 100 - (c)
MW05S 1 2 Chlorobenzene 0.11 U MG/KG 100 - (c)
MW05S 1 2 Cis-1,2-dichloroethene 0.095 U MG/KG 60 - (c)
MW05S 1 2 Cis-1,2-dichloroethene 0.11 U MG/KG 60 - (c)
MW05S 1 2 Ethylbenzene 0.095 U MG/KG 62 - (c)
MW05S 1 2 Ethylbenzene 0.11 U MG/KG 62 - (c)
MW05S 1 2 Tetrachloroethene 0.095 U MG/KG 4.2 - (c)
MW05S 1 2 Tetrachloroethene 0.11 U MG/KG 4.2 - (c)
MW05S 1 2 Toluene 0.095 U MG/KG 54 - (c)
MW05S 1 2 Toluene 0.044 J MG/KG 54 N
MW05S 1 2 Trichloroethene 0.095 U MG/KG 20 - (c)
MW05S 1 2 Trichloroethene 0.11 U MG/KG 20 - (c)
MW05S 2 4 2,3,7,8-TCDD 695 $EB NG/KG 8600 N
MW05S 2 4 2,3,7,8-TCDD 695 NG/KG 8600 N
MW05S 2 4 Aroclor, Total 0.077 U MG/KG 10 - (c)
MW05S 2 4 Benzene 0.1 U MG/KG 4.3 - (c)
MW05S 2 4 Chlorobenzene 0.1 U MG/KG 100 - (c)
MW05S 2 4 Cis-1,2-dichloroethene 0.69 MG/KG 60 N
MW05S 2 4 Ethylbenzene 0.1 U MG/KG 62 - (c)
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Table G-10.  Comparison of Source Area Soil Data to Cleanup Goals for Groundwater Protection, Spatial and Vertical Extent of Remediation Footprint
(Sorted by Boring, Depth Interval, and Parameter)
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MW05S 2 4 Tetrachloroethene 0.23 MG/KG 4.2 N
MW05S 2 4 Toluene 0.1 U MG/KG 54 - (c)
MW05S 2 4 Trichloroethene 0.97 MG/KG 20 N
MW05S 4 6 2,3,7,8-TCDD 20380 EMPC NG/KG 8600 Y Co-located 


groundwater in 
excess of cleanup 


Brook Village parking lot


MW05S 4 6 Aroclor, Total 0.017 U MG/KG 10 - (c)
MW05S 4 6 Benzene 0.11 UJ MG/KG 4.3 - (c)
MW05S 4 6 Chlorobenzene 0.13 J MG/KG 100 N
MW05S 4 6 Cis-1,2-dichloroethene 3.1 J MG/KG 60 N
MW05S 4 6 Ethylbenzene 0.15 J MG/KG 62 N
MW05S 4 6 Tetrachloroethene 300 *J MG/KG 4.2 Y Co-located 


groundwater in 
excess of cleanup 


Brook Village parking lot


MW05S 4 6 Toluene 0.13 J MG/KG 54 N
MW05S 4 6 Trichloroethene 26 *J MG/KG 20 Y Co-located 


groundwater in 
excess of cleanup 


Brook Village parking lot


MW05S 8 10 2,3,7,8-TCDD 745 $EB NG/KG 8600 N
MW05S 8 10 2,3,7,8-TCDD 745 NG/KG 8600 N
MW05S 8 10 Aroclor, Total 0.074 U MG/KG 10 - (c)
MW05S 8 10 Benzene 0.09 U MG/KG 4.3 - (c)
MW05S 8 10 Chlorobenzene 0.09 U MG/KG 100 - (c)
MW05S 8 10 Cis-1,2-dichloroethene 0.22 MG/KG 60 N
MW05S 8 10 Ethylbenzene 0.09 U MG/KG 62 - (c)
MW05S 8 10 Tetrachloroethene 9 * MG/KG 4.2 Y Co-located 


groundwater in 
excess of cleanup 


Brook Village parking lot


MW05S 8 10 Toluene 0.09 U MG/KG 54 - (c)
MW05S 8 10 Trichloroethene 0.29 MG/KG 20 N
MW05S 10 12 2,3,7,8-TCDD 330 EB NG/KG 8600 N
MW05S 10 12 Aroclor, Total 0.078 U MG/KG 10 - (c)
MW05S 10 12 Benzene 0.1 U MG/KG 4.3 - (c)
MW05S 10 12 Chlorobenzene 0.1 U MG/KG 100 - (c)
MW05S 10 12 Cis-1,2-dichloroethene 0.17 MG/KG 60 N
MW05S 10 12 Ethylbenzene 0.1 U MG/KG 62 - (c)
MW05S 10 12 Tetrachloroethene 12 * MG/KG 4.2 Y Co-located 


groundwater in 
excess of cleanup 


Brook Village parking lot


MW05S 10 12 Toluene 0.1 U MG/KG 54 - (c)
MW05S 10 12 Trichloroethene 0.3 MG/KG 20 N
MW06S 2 4 2,3,7,8-TCDD 193 J NG/KG 8600 N
MW06S 2 4 2,3,7,8-TCDD 190 NG/KG 8600 N
MW06S 2 4 Aroclor, Total 6.74 J MG/KG 10 N
MW06S 2 4 Aroclor, Total 11.9 *J MG/KG 10 Y Cap Area 2
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Appendix G


Table G-10.  Comparison of Source Area Soil Data to Cleanup Goals for Groundwater Protection, Spatial and Vertical Extent of Remediation Footprint
(Sorted by Boring, Depth Interval, and Parameter)


BORING TO
P_


O
F_


SA
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PL
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(ft
)


B
O
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O


M
_O
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A
M


PL
E 


(ft
)


PARAMETER LAB_RESULT QUAL UNITS
Cleanup 


Goal


Above 
Cleanup 


Goal (Y/N) 
(a) Comment Location (d)


MW06S 2 4 Benzene 0.3 U MG/KG 4.3 - (c)
MW06S 2 4 Benzene 0.3 U MG/KG 4.3 - (c)
MW06S 2 4 Chlorobenzene 0.3 U MG/KG 100 - (c)
MW06S 2 4 Chlorobenzene 0.3 U MG/KG 100 - (c)
MW06S 2 4 Cis-1,2-dichloroethene 0.3 U MG/KG 60 - (c)
MW06S 2 4 Cis-1,2-dichloroethene 0.3 U MG/KG 60 - (c)
MW06S 2 4 Ethylbenzene 0.3 U MG/KG 62 - (c)
MW06S 2 4 Ethylbenzene 0.3 U MG/KG 62 - (c)
MW06S 2 4 Tetrachloroethene 0.3 U MG/KG 4.2 - (c)
MW06S 2 4 Tetrachloroethene 0.3 U MG/KG 4.2 - (c)
MW06S 2 4 Toluene 0.59 MG/KG 54 N
MW06S 2 4 Toluene 0.59 MG/KG 54 N
MW06S 2 4 Trichloroethene 0.3 U MG/KG 20 - (c)
MW06S 2 4 Trichloroethene 0.3 U MG/KG 20 - (c)
MW06S 4 6 2,3,7,8-TCDD 1.3 NG/KG 8600 N
MW06S 4 6 Aroclor, Total 4.42 * MG/KG 10 N
MW06S 4 6 Benzene 0.43 U MG/KG 4.3 - (c)
MW06S 4 6 Chlorobenzene 3.3 MG/KG 100 N
MW06S 4 6 Cis-1,2-dichloroethene 7.2 MG/KG 60 N
MW06S 4 6 Ethylbenzene 2.3 MG/KG 62 N
MW06S 4 6 Tetrachloroethene 0.16 J MG/KG 4.2 N
MW06S 4 6 Toluene 2.5 MG/KG 54 N
MW06S 4 6 Trichloroethene 3.6 MG/KG 20 N
MW06S 6 8 2,3,7,8-TCDD 0.84 EMPC NG/KG 8600 N
MW06S 6 8 Aroclor, Total 1.75 MG/KG 10 N
MW06S 6 8 Benzene 0.19 U MG/KG 4.3 - (c)
MW06S 6 8 Chlorobenzene 0.35 MG/KG 100 N
MW06S 6 8 Cis-1,2-dichloroethene 0.042 J MG/KG 60 N
MW06S 6 8 Ethylbenzene 0.19 U MG/KG 62 - (c)
MW06S 6 8 Tetrachloroethene 0.19 U MG/KG 4.2 - (c)
MW06S 6 8 Toluene 0.19 U MG/KG 54 - (c)
MW06S 6 8 Trichloroethene 0.19 U MG/KG 20 - (c)
MW07S 3 4 2,3,7,8-TCDD 417 $ NG/KG 8600 N
MW07S 3 4 Aroclor, Total 0.12 MG/KG 10 N
MW07S 3 4 Benzene 0.5 U MG/KG 4.3 - (c)
MW07S 3 4 Chlorobenzene 0.5 U MG/KG 100 - (c)
MW07S 3 4 Cis-1,2-dichloroethene 0.5 U MG/KG 60 - (c)
MW07S 3 4 Ethylbenzene 0.25 J MG/KG 62 N
MW07S 3 4 Tetrachloroethene 0.5 U MG/KG 4.2 - (c)
MW07S 3 4 Toluene 6.2 MG/KG 54 N
MW07S 3 4 Trichloroethene 0.5 U MG/KG 20 - (c)
MW07S 4 6 2,3,7,8-TCDD 40.3 NG/KG 8600 N
MW07S 4 6 Aroclor, Total 0.032 J MG/KG 10 N
MW07S 4 6 Benzene 0.26 U MG/KG 4.3 - (c)
MW07S 4 6 Chlorobenzene 0.26 U MG/KG 100 - (c)
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Appendix G


Table G-10.  Comparison of Source Area Soil Data to Cleanup Goals for Groundwater Protection, Spatial and Vertical Extent of Remediation Footprint
(Sorted by Boring, Depth Interval, and Parameter)
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PARAMETER LAB_RESULT QUAL UNITS
Cleanup 


Goal


Above 
Cleanup 


Goal (Y/N) 
(a) Comment Location (d)


MW07S 4 6 Cis-1,2-dichloroethene 0.26 U MG/KG 60 - (c)
MW07S 4 6 Ethylbenzene 0.26 U MG/KG 62 - (c)
MW07S 4 6 Tetrachloroethene 0.26 U MG/KG 4.2 - (c)
MW07S 4 6 Toluene 0.26 U MG/KG 54 - (c)
MW07S 4 6 Trichloroethene 0.26 U MG/KG 20 - (c)
MW07S 6 8 2,3,7,8-TCDD 3.1 NG/KG 8600 N
MW07S 6 8 Aroclor, Total 0.08 U MG/KG 10 - (c)
MW07S 6 8 Benzene 0.28 U MG/KG 4.3 - (c)
MW07S 6 8 Chlorobenzene 0.28 U MG/KG 100 - (c)
MW07S 6 8 Cis-1,2-dichloroethene 0.28 U MG/KG 60 - (c)
MW07S 6 8 Ethylbenzene 0.28 U MG/KG 62 - (c)
MW07S 6 8 Tetrachloroethene 0.28 U MG/KG 4.2 - (c)
MW07S 6 8 Toluene 0.28 U MG/KG 54 - (c)
MW07S 6 8 Trichloroethene 0.28 U MG/KG 20 - (c)
MW08S 1 2 2,3,7,8-TCDD 47.9 NG/KG 8600 N
MW08S 1 2 Aroclor, Total 1.8 MG/KG 10 N
MW08S 1 2 Benzene 0.22 J MG/KG 4.3 N
MW08S 1 2 Chlorobenzene 0.13 J MG/KG 100 N
MW08S 1 2 Cis-1,2-dichloroethene 0.26 U MG/KG 60 - (c)
MW08S 1 2 Ethylbenzene 1.3 MG/KG 62 N
MW08S 1 2 Tetrachloroethene 0.26 U MG/KG 4.2 - (c)
MW08S 1 2 Toluene 0.58 MG/KG 54 N
MW08S 1 2 Trichloroethene 0.26 U MG/KG 20 - (c)
MW08S 2 4 2,3,7,8-TCDD 3.8 NG/KG 8600 N
MW08S 2 4 2,3,7,8-TCDD 3.1 NG/KG 8600 N
MW08S 2 4 Aroclor, Total 0.13 MG/KG 10 N
MW08S 2 4 Aroclor, Total 0.13 MG/KG 10 N
MW08S 2 4 Benzene 0.21 U MG/KG 4.3 - (c)
MW08S 2 4 Benzene 0.32 U MG/KG 4.3 - (c)
MW08S 2 4 Chlorobenzene 0.21 U MG/KG 100 - (c)
MW08S 2 4 Chlorobenzene 0.32 U MG/KG 100 - (c)
MW08S 2 4 Cis-1,2-dichloroethene 0.21 U MG/KG 60 - (c)
MW08S 2 4 Cis-1,2-dichloroethene 0.32 U MG/KG 60 - (c)
MW08S 2 4 Ethylbenzene 0.21 U MG/KG 62 - (c)
MW08S 2 4 Ethylbenzene 0.32 U MG/KG 62 - (c)
MW08S 2 4 Tetrachloroethene 0.21 U MG/KG 4.2 - (c)
MW08S 2 4 Tetrachloroethene 0.32 U MG/KG 4.2 - (c)
MW08S 2 4 Toluene 0.21 U MG/KG 54 - (c)
MW08S 2 4 Toluene 0.32 U MG/KG 54 - (c)
MW08S 2 4 Trichloroethene 0.21 U MG/KG 20 - (c)
MW08S 2 4 Trichloroethene 0.32 U MG/KG 20 - (c)
MW08S 4 6 2,3,7,8-TCDD 0.76 J NG/KG 8600 N
MW08S 4 6 Aroclor, Total 0.09 U MG/KG 10 - (c)
MW08S 4 6 Benzene 0.11 J MG/KG 4.3 N
MW08S 4 6 Chlorobenzene 0.2 J MG/KG 100 N
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Table G-10.  Comparison of Source Area Soil Data to Cleanup Goals for Groundwater Protection, Spatial and Vertical Extent of Remediation Footprint
(Sorted by Boring, Depth Interval, and Parameter)
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(ft
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PARAMETER LAB_RESULT QUAL UNITS
Cleanup 


Goal


Above 
Cleanup 


Goal (Y/N) 
(a) Comment Location (d)


MW08S 4 6 Cis-1,2-dichloroethene 0.3 U MG/KG 60 - (c)
MW08S 4 6 Ethylbenzene 0.3 U MG/KG 62 - (c)
MW08S 4 6 Tetrachloroethene 0.3 U MG/KG 4.2 - (c)
MW08S 4 6 Toluene 0.3 U MG/KG 54 - (c)
MW08S 4 6 Trichloroethene 0.3 U MG/KG 20 - (c)
MW08S 6 8 2,3,7,8-TCDD 0.3 U NG/KG 8600 - (c)
MW08S 6 8 Aroclor, Total 0.078 U MG/KG 10 - (c)
MW08S 6 8 Benzene 0.27 U MG/KG 4.3 - (c)
MW08S 6 8 Chlorobenzene 0.27 U MG/KG 100 - (c)
MW08S 6 8 Cis-1,2-dichloroethene 0.27 U MG/KG 60 - (c)
MW08S 6 8 Ethylbenzene 0.27 U MG/KG 62 - (c)
MW08S 6 8 Tetrachloroethene 0.27 U MG/KG 4.2 - (c)
MW08S 6 8 Toluene 0.27 U MG/KG 54 - (c)
MW08S 6 8 Trichloroethene 0.27 U MG/KG 20 - (c)
MW09S 4 6 2,3,7,8-TCDD 7150 $ NG/KG 8600 N
MW09S 4 6 Aroclor, Total 0.15 MG/KG 10 N
MW09S 4 6 Benzene 0.26 U MG/KG 4.3 - (c)
MW09S 4 6 Chlorobenzene 0.26 U MG/KG 100 - (c)
MW09S 4 6 Cis-1,2-dichloroethene 0.26 U MG/KG 60 - (c)
MW09S 4 6 Ethylbenzene 0.26 U MG/KG 62 - (c)
MW09S 4 6 Tetrachloroethene 0.26 U MG/KG 4.2 - (c)
MW09S 4 6 Toluene 0.26 U MG/KG 54 - (c)
MW09S 4 6 Trichloroethene 0.26 U MG/KG 20 - (c)
MW09S 10 11 2,3,7,8-TCDD 25 NG/KG 8600 N
MW09S 10 11 Aroclor, Total 0.074 U MG/KG 10 - (c)
MW09S 10 11 Benzene 0.18 U MG/KG 4.3 - (c)
MW09S 10 11 Chlorobenzene 0.18 U MG/KG 100 - (c)
MW09S 10 11 Cis-1,2-dichloroethene 0.18 U MG/KG 60 - (c)
MW09S 10 11 Ethylbenzene 0.18 U MG/KG 62 - (c)
MW09S 10 11 Tetrachloroethene 0.18 U MG/KG 4.2 - (c)
MW09S 10 11 Toluene 0.18 U MG/KG 54 - (c)
MW09S 10 11 Trichloroethene 0.18 U MG/KG 20 - (c)
MW14M 1 2 2,3,7,8-TCDD 4.6 EB NG/KG 8600 N
MW14M 1 2 2,3,7,8-TCDD 3.3 EB NG/KG 8600 N
MW14M 1 2 Aroclor, Total 3.3 DC MG/KG 10 N
MW14M 1 2 Aroclor, Total 3.8 DC MG/KG 10 N
MW14M 1 2 Benzene 0.04 J MG/KG 4.3 N
MW14M 1 2 Benzene 0.041 J MG/KG 4.3 N
MW14M 1 2 Chlorobenzene 0.13 J MG/KG 100 N
MW14M 1 2 Chlorobenzene 0.094 J MG/KG 100 N
MW14M 1 2 Cis-1,2-dichloroethene 0.97 J MG/KG 60 N
MW14M 1 2 Cis-1,2-dichloroethene 1.4 MG/KG 60 N
MW14M 1 2 Ethylbenzene 0.18 J MG/KG 62 N
MW14M 1 2 Ethylbenzene 0.12 MG/KG 62 N
MW14M 1 2 Tetrachloroethene 0.14 J MG/KG 4.2 N
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Table G-10.  Comparison of Source Area Soil Data to Cleanup Goals for Groundwater Protection, Spatial and Vertical Extent of Remediation Footprint
(Sorted by Boring, Depth Interval, and Parameter)
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PARAMETER LAB_RESULT QUAL UNITS
Cleanup 


Goal


Above 
Cleanup 


Goal (Y/N) 
(a) Comment Location (d)


MW14M 1 2 Tetrachloroethene 0.17 MG/KG 4.2 N
MW14M 1 2 Toluene 0.093 J MG/KG 54 N
MW14M 1 2 Toluene 0.097 J MG/KG 54 N
MW14M 1 2 Trichloroethene 0.97 J MG/KG 20 N
MW14M 1 2 Trichloroethene 2 J MG/KG 20 N
MW14M 2 4 2,3,7,8-TCDD 2.8 EB NG/KG 8600 N
MW14M 2 4 Aroclor, Total 0.076 U MG/KG 10 - (c)
MW14M 2 4 Benzene 0.14 U MG/KG 4.3 - (c)
MW14M 2 4 Chlorobenzene 0.14 U MG/KG 100 - (c)
MW14M 2 4 Cis-1,2-dichloroethene 0.14 U MG/KG 60 - (c)
MW14M 2 4 Ethylbenzene 0.14 U MG/KG 62 - (c)
MW14M 2 4 Tetrachloroethene 0.14 U MG/KG 4.2 - (c)
MW14M 2 4 Toluene 0.14 U MG/KG 54 - (c)
MW14M 2 4 Trichloroethene 0.14 U MG/KG 20 - (c)
MW14M 6 8 2,3,7,8-TCDD 4.2 EB NG/KG 8600 N
MW14M 6 8 Aroclor, Total 0.7 U MG/KG 10 - (c)
MW14M 6 7 Benzene 0.09 U MG/KG 4.3 - (c)
MW14M 6 7 Chlorobenzene 0.09 U MG/KG 100 - (c)
MW14M 6 7 Cis-1,2-dichloroethene 0.09 U MG/KG 60 - (c)
MW14M 6 7 Ethylbenzene 0.09 U MG/KG 62 - (c)
MW14M 6 7 Tetrachloroethene 0.09 U MG/KG 4.2 - (c)
MW14M 6 7 Toluene 0.09 U MG/KG 54 - (c)
MW14M 6 7 Trichloroethene 0.09 U MG/KG 20 - (c)
MW14M 7 8 Benzene 0.075 U MG/KG 4.3 - (c)
MW14M 7 8 Chlorobenzene 0.075 U MG/KG 100 - (c)
MW14M 7 8 Cis-1,2-dichloroethene 0.075 U MG/KG 60 - (c)
MW14M 7 8 Ethylbenzene 0.075 U MG/KG 62 - (c)
MW14M 7 8 Tetrachloroethene 0.13 MG/KG 4.2 N
MW14M 7 8 Toluene 0.075 U MG/KG 54 - (c)
MW14M 7 8 Trichloroethene 0.075 U MG/KG 20 - (c)
MW14M 52 52.75 Benzene 0.09 U MG/KG 4.3 - (c)
MW14M 52 52.75 Chlorobenzene 0.09 U MG/KG 100 - (c)
MW14M 52 52.75 Cis-1,2-dichloroethene 0.09 U MG/KG 60 - (c)
MW14M 52 52.75 Ethylbenzene 0.09 U MG/KG 62 - (c)
MW14M 52 52.75 Tetrachloroethene 0.09 U MG/KG 4.2 - (c)
MW14M 52 52.75 Toluene 0.09 U MG/KG 54 - (c)
MW14M 52 52.75 Trichloroethene 0.09 U MG/KG 20 - (c)
MW15D 2 4 2,3,7,8-TCDD 80.1 NG/KG 8600 N
MW15D 2 4 Aroclor, Total 0.042 MG/KG 10 N
MW15D 2 4 Benzene 0.14 U MG/KG 4.3 - (c)
MW15D 2 4 Chlorobenzene 0.14 U MG/KG 100 - (c)
MW15D 2 4 Cis-1,2-dichloroethene 0.14 U MG/KG 60 - (c)
MW15D 2 4 Ethylbenzene 0.14 U MG/KG 62 - (c)
MW15D 2 4 Tetrachloroethene 0.14 U MG/KG 4.2 - (c)
MW15D 2 4 Toluene 0.14 U MG/KG 54 - (c)
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Table G-10.  Comparison of Source Area Soil Data to Cleanup Goals for Groundwater Protection, Spatial and Vertical Extent of Remediation Footprint
(Sorted by Boring, Depth Interval, and Parameter)
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Cleanup 


Goal (Y/N) 
(a) Comment Location (d)


MW15D 2 4 Trichloroethene 0.14 U MG/KG 20 - (c)
MW15D 4 6 2,3,7,8-TCDD 1470 J$ NG/KG 8600 N
MW15D 4 6 2,3,7,8-TCDD 2640 J$ NG/KG 8600 N
MW15D 4 6 Aroclor, Total 0.082 U MG/KG 10 - (c)
MW15D 4 6 Aroclor, Total 0.072 U MG/KG 10 - (c)
MW15D 4 6 Benzene 0.1 U MG/KG 4.3 - (c)
MW15D 4 6 Benzene 0.12 U MG/KG 4.3 - (c)
MW15D 4 6 Chlorobenzene 0.1 U MG/KG 100 - (c)
MW15D 4 6 Chlorobenzene 0.12 U MG/KG 100 - (c)
MW15D 4 6 Cis-1,2-dichloroethene 0.1 U MG/KG 60 - (c)
MW15D 4 6 Cis-1,2-dichloroethene 0.12 U MG/KG 60 - (c)
MW15D 4 6 Ethylbenzene 0.1 U MG/KG 62 - (c)
MW15D 4 6 Ethylbenzene 0.12 U MG/KG 62 - (c)
MW15D 4 6 Tetrachloroethene 0.1 U MG/KG 4.2 - (c)
MW15D 4 6 Tetrachloroethene 0.12 U MG/KG 4.2 - (c)
MW15D 4 6 Toluene 0.042 J MG/KG 54 N
MW15D 4 6 Toluene 0.035 J MG/KG 54 N
MW15D 4 6 Trichloroethene 0.1 U MG/KG 20 - (c)
MW15D 4 6 Trichloroethene 0.12 U MG/KG 20 - (c)
MW15D 6 8 2,3,7,8-TCDD 23.9 NG/KG 8600 N
MW15D 6 8 Aroclor, Total 0.077 U MG/KG 10 - (c)
MW15D 6 8 Benzene 0.11 U MG/KG 4.3 - (c)
MW15D 6 8 Chlorobenzene 0.11 U MG/KG 100 - (c)
MW15D 6 8 Cis-1,2-dichloroethene 0.11 U MG/KG 60 - (c)
MW15D 6 8 Ethylbenzene 0.11 U MG/KG 62 - (c)
MW15D 6 8 Tetrachloroethene 0.11 U MG/KG 4.2 - (c)
MW15D 6 8 Toluene 0.11 U MG/KG 54 - (c)
MW15D 6 8 Trichloroethene 0.11 U MG/KG 20 - (c)
MW15D 48 50 Benzene 0.1 U MG/KG 4.3 - (c)
MW15D 48 50 Chlorobenzene 0.1 U MG/KG 100 - (c)
MW15D 48 50 Cis-1,2-dichloroethene 0.1 U MG/KG 60 - (c)
MW15D 48 50 Ethylbenzene 0.1 U MG/KG 62 - (c)
MW15D 48 50 Tetrachloroethene 0.1 U MG/KG 4.2 - (c)
MW15D 48 50 Toluene 0.1 U MG/KG 54 - (c)
MW15D 48 50 Trichloroethene 0.1 U MG/KG 20 - (c)
MW-LEA-01 0 2 2,3,7,8-TCDD 25.7 PG_G 8600 N pre-validated data
MW-LEA-01 2 4 2,3,7,8-TCDD 33400 PG_G 8600 Y pre-validated data Brook Village parking lot
MW-LEA-01 4 6 2,3,7,8-TCDD 32700 PG_G 8600 Y pre-validated data Brook Village parking lot
MW-LEA-01 6 8 2,3,7,8-TCDD 26900 PG_G 8600 Y pre-validated data Brook Village parking lot
MW-LEA-01 8 10 2,3,7,8-TCDD 1280 PG_G 8600 N pre-validated data
MW-LEA-01 10 12 2,3,7,8-TCDD 1120 PG_G 8600 N pre-validated data
MW-LEA-01 12 14 2,3,7,8-TCDD 325 PG_G 8600 N pre-validated data
MW-LEA-02 0 2 2,3,7,8-TCDD 1430 PG_G 8600 N pre-validated data
MW-LEA-02 2 4 2,3,7,8-TCDD 5180 PG_G 8600 N pre-validated data
MW-LEA-02 4 6 2,3,7,8-TCDD 2380 PG_G 8600 N pre-validated data
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Table G-10.  Comparison of Source Area Soil Data to Cleanup Goals for Groundwater Protection, Spatial and Vertical Extent of Remediation Footprint
(Sorted by Boring, Depth Interval, and Parameter)
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MW-LEA-02 6 8 2,3,7,8-TCDD 1640 PG_G 8600 N pre-validated data
MW-LEA-02 8 10 2,3,7,8-TCDD 3240 PG_G 8600 N pre-validated data
MW-LEA-02 10 12 2,3,7,8-TCDD 12600 PG_G 8600 Y pre-validated data Brook Village parking lot
MW-LEA-03 0 2 2,3,7,8-TCDD 890 PG_G 8600 N pre-validated data
MW-LEA-03 2 4 2,3,7,8-TCDD 659 PG_G 8600 N pre-validated data
MW-LEA-03 4 6 2,3,7,8-TCDD 289 PG_G 8600 N pre-validated data
MW-LEA-03 6 8 2,3,7,8-TCDD 1330 PG_G 8600 N pre-validated data
MW-LEA-03 8 10 2,3,7,8-TCDD 45.9 PG_G 8600 N pre-validated data
RES-14-271-01 0 1 Aroclor, Total 0.18 MG/KG 10 N
RES-14-271-01 0 1 Aroclor, Total 0.23 MG/KG 10 N
RES-14-271-01A 0 1 2,3,7,8-TCDD 231 NG/KG 8600 N
RES-14-272-01 0 1 Aroclor, Total 0.71 MG/KG 10 N
RES-14-272-01 0 1 Aroclor, Total 0.43 MG/KG 10 N
RES-14-302-01 0 1 Aroclor, Total 0.38 MG/KG 10 N
RES-14-303-01 0 1 2,3,7,8-TCDD 4030 J& NG/KG 8600 N
RES-14-303-01 0 1 Aroclor, Total 48 MG/KG 10 Y Cap Area 3
RES-14-303-02 0 1 2,3,7,8-TCDD 10520 J NG/KG 8600 Y Cap Area 3
RES-14-333-01 0 1 2,3,7,8-TCDD 1290 J& NG/KG 8600 N
RES-14-333-01 0 1 Aroclor, Total 1.49 MG/KG 10 N
RES-14-333-02 0 1 2,3,7,8-TCDD 96.1 NG/KG 8600 N
SB02 2 4 2,3,7,8-TCDD 923 $ NG/KG 8600 N
SB02 2 4 Aroclor, Total 8.2 J MG/KG 10 N
SB02 2 4 Aroclor, Total 4.3 MG/KG 10 N
SB02 2 4 Benzene 0.38 U MG/KG 4.3 - (c)
SB02 2 4 Chlorobenzene 0.63 MG/KG 100 N
SB02 2 4 Cis-1,2-dichloroethene 0.38 U MG/KG 60 - (c)
SB02 2 4 Ethylbenzene 0.38 U MG/KG 62 - (c)
SB02 2 4 Tetrachloroethene 0.38 U MG/KG 4.2 - (c)
SB02 2 4 Toluene 0.38 U MG/KG 54 - (c)
SB02 2 4 Trichloroethene 0.38 U MG/KG 20 - (c)
SB02 4 6 2,3,7,8-TCDD 964 $ NG/KG 8600 N
SB02 4 6 Aroclor, Total 4.2 MG/KG 10 N
SB02 4 6 Benzene 0.26 U MG/KG 4.3 - (c)
SB02 4 6 Chlorobenzene 1 MG/KG 100 N
SB02 4 6 Cis-1,2-dichloroethene 0.26 U MG/KG 60 - (c)
SB02 4 6 Ethylbenzene 0.26 U MG/KG 62 - (c)
SB02 4 6 Tetrachloroethene 0.26 U MG/KG 4.2 - (c)
SB02 4 6 Toluene 0.26 U MG/KG 54 - (c)
SB02 4 6 Trichloroethene 0.26 U MG/KG 20 - (c)
SB02 6 8 2,3,7,8-TCDD 970 J$ NG/KG 8600 N
SB02 6 8 Aroclor, Total 4.4 MG/KG 10 N
SB02 6 8 Benzene 0.22 U MG/KG 4.3 - (c)
SB02 6 8 Chlorobenzene 0.57 MG/KG 100 N
SB02 6 8 Cis-1,2-dichloroethene 0.22 U MG/KG 60 - (c)
SB02 6 8 Ethylbenzene 0.22 U MG/KG 62 - (c)
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Appendix G


Table G-10.  Comparison of Source Area Soil Data to Cleanup Goals for Groundwater Protection, Spatial and Vertical Extent of Remediation Footprint
(Sorted by Boring, Depth Interval, and Parameter)
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(ft
)


B
O
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PARAMETER LAB_RESULT QUAL UNITS
Cleanup 


Goal


Above 
Cleanup 


Goal (Y/N) 
(a) Comment Location (d)


SB02 6 8 Tetrachloroethene 0.22 U MG/KG 4.2 - (c)
SB02 6 8 Toluene 0.22 U MG/KG 54 - (c)
SB02 6 8 Trichloroethene 0.22 U MG/KG 20 - (c)
SB03 2 4 2,3,7,8-TCDD 12.7 NG/KG 8600 N
SB03 2 4 Aroclor, Total 0.1 U MG/KG 10 - (c)
SB03 2 4 Benzene 0.3 U MG/KG 4.3 - (c)
SB03 2 4 Chlorobenzene 0.3 U MG/KG 100 - (c)
SB03 2 4 Cis-1,2-dichloroethene 0.32 MG/KG 60 N
SB03 2 4 Ethylbenzene 0.3 U MG/KG 62 - (c)
SB03 2 4 Tetrachloroethene 0.43 MG/KG 4.2 N
SB03 2 4 Toluene 0.3 U MG/KG 54 - (c)
SB03 2 4 Trichloroethene 0.16 J MG/KG 20 N
SB03 4 6 2,3,7,8-TCDD 0.22 EMPC NG/KG 8600 N
SB03 4 6 2,3,7,8-TCDD 0.5 J NG/KG 8600 N
SB03 4 6 Aroclor, Total 0.075 U MG/KG 10 - (c)
SB03 4 6 Aroclor, Total 0.076 U MG/KG 10 - (c)
SB03 4 6 Benzene 0.2 U MG/KG 4.3 - (c)
SB03 4 6 Benzene 0.18 U MG/KG 4.3 - (c)
SB03 4 6 Chlorobenzene 0.2 U MG/KG 100 - (c)
SB03 4 6 Chlorobenzene 0.18 U MG/KG 100 - (c)
SB03 4 6 Cis-1,2-dichloroethene 0.2 U MG/KG 60 - (c)
SB03 4 6 Cis-1,2-dichloroethene 0.18 U MG/KG 60 - (c)
SB03 4 6 Ethylbenzene 0.2 U MG/KG 62 - (c)
SB03 4 6 Ethylbenzene 0.18 U MG/KG 62 - (c)
SB03 4 6 Tetrachloroethene 0.2 U MG/KG 4.2 - (c)
SB03 4 6 Tetrachloroethene 0.18 U MG/KG 4.2 - (c)
SB03 4 6 Toluene 0.2 U MG/KG 54 - (c)
SB03 4 6 Toluene 0.18 U MG/KG 54 - (c)
SB03 4 6 Trichloroethene 0.2 U MG/KG 20 - (c)
SB03 4 6 Trichloroethene 0.18 U MG/KG 20 - (c)
SB03 6 8 2,3,7,8-TCDD 0.16 EMPC NG/KG 8600 N
SB03 6 8 Aroclor, Total 0.076 U MG/KG 10 - (c)
SB03 6 8 Benzene 0.19 U MG/KG 4.3 - (c)
SB03 6 8 Chlorobenzene 0.19 U MG/KG 100 - (c)
SB03 6 8 Cis-1,2-dichloroethene 0.19 U MG/KG 60 - (c)
SB03 6 8 Ethylbenzene 0.19 U MG/KG 62 - (c)
SB03 6 8 Tetrachloroethene 0.19 U MG/KG 4.2 - (c)
SB03 6 8 Toluene 0.19 U MG/KG 54 - (c)
SB03 6 8 Trichloroethene 0.19 U MG/KG 20 - (c)
SB03 18 20 2,3,7,8-TCDD 0.1 U NG/KG 8600 - (c)
SB03 18 20 Aroclor, Total 0.081 U MG/KG 10 - (c)
SB03 18 20 Benzene 0.17 U MG/KG 4.3 - (c)
SB03 18 20 Chlorobenzene 0.17 U MG/KG 100 - (c)
SB03 18 20 Cis-1,2-dichloroethene 0.17 U MG/KG 60 - (c)
SB03 18 20 Ethylbenzene 0.17 U MG/KG 62 - (c)
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Appendix G


Table G-10.  Comparison of Source Area Soil Data to Cleanup Goals for Groundwater Protection, Spatial and Vertical Extent of Remediation Footprint
(Sorted by Boring, Depth Interval, and Parameter)
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SB03 18 20 Tetrachloroethene 0.17 U MG/KG 4.2 - (c)
SB03 18 20 Toluene 0.17 U MG/KG 54 - (c)
SB03 18 20 Trichloroethene 0.17 U MG/KG 20 - (c)
SB-14-271 1 2 2,3,7,8-TCDD 42 EB NG/KG 8600 N
SB-14-271 1 2 Benzene 0.12 UJ MG/KG 4.3 - (c)
SB-14-271 1 2 Chlorobenzene 0.12 UJ MG/KG 100 - (c)
SB-14-271 1 2 Cis-1,2-dichloroethene 0.12 UJ MG/KG 60 - (c)
SB-14-271 1 2 Ethylbenzene 0.12 UJ MG/KG 62 - (c)
SB-14-271 1 2 Tetrachloroethene 0.12 UJ MG/KG 4.2 - (c)
SB-14-271 1 2 Toluene 0.12 UJ MG/KG 54 - (c)
SB-14-271 1 2 Trichloroethene 0.12 UJ MG/KG 20 - (c)
SB-14-271 2 4 2,3,7,8-TCDD 0.2 U NG/KG 8600 - (c)
SB-14-271 2 4 Benzene 0.13 UJ MG/KG 4.3 - (c)
SB-14-271 2 4 Chlorobenzene 0.13 UJ MG/KG 100 - (c)
SB-14-271 2 4 Cis-1,2-dichloroethene 0.13 UJ MG/KG 60 - (c)
SB-14-271 2 4 Ethylbenzene 0.13 UJ MG/KG 62 - (c)
SB-14-271 2 4 Tetrachloroethene 0.13 UJ MG/KG 4.2 - (c)
SB-14-271 2 4 Toluene 0.13 UJ MG/KG 54 - (c)
SB-14-271 2 4 Trichloroethene 0.13 UJ MG/KG 20 - (c)
SB-14-271 4 6 2,3,7,8-TCDD 12.2 EB NG/KG 8600 N
SB-14-271 4 6 Benzene 0.11 UJ MG/KG 4.3 - (c)
SB-14-271 4 6 Chlorobenzene 0.11 UJ MG/KG 100 - (c)
SB-14-271 4 6 Cis-1,2-dichloroethene 0.11 UJ MG/KG 60 - (c)
SB-14-271 4 6 Ethylbenzene 0.11 UJ MG/KG 62 - (c)
SB-14-271 4 6 Tetrachloroethene 0.11 UJ MG/KG 4.2 - (c)
SB-14-271 4 6 Toluene 0.11 UJ MG/KG 54 - (c)
SB-14-271 4 6 Trichloroethene 0.11 UJ MG/KG 20 - (c)
SB-14-271 6 8 2,3,7,8-TCDD 0.66 EB NG/KG 8600 N
SB-14-271 6 8 Benzene 0.1 UJ MG/KG 4.3 - (c)
SB-14-271 6 8 Chlorobenzene 0.1 UJ MG/KG 100 - (c)
SB-14-271 6 8 Cis-1,2-dichloroethene 0.1 UJ MG/KG 60 - (c)
SB-14-271 6 8 Ethylbenzene 0.1 UJ MG/KG 62 - (c)
SB-14-271 6 8 Tetrachloroethene 0.1 UJ MG/KG 4.2 - (c)
SB-14-271 6 8 Toluene 0.1 UJ MG/KG 54 - (c)
SB-14-271 6 8 Trichloroethene 0.1 UJ MG/KG 20 - (c)
SB-14-271 14 16 Benzene 0.1 UJ MG/KG 4.3 - (c)
SB-14-271 14 16 Chlorobenzene 0.1 UJ MG/KG 100 - (c)
SB-14-271 14 16 Cis-1,2-dichloroethene 0.1 UJ MG/KG 60 - (c)
SB-14-271 14 16 Ethylbenzene 0.1 UJ MG/KG 62 - (c)
SB-14-271 14 16 Tetrachloroethene 0.1 UJ MG/KG 4.2 - (c)
SB-14-271 14 16 Toluene 0.1 UJ MG/KG 54 - (c)
SB-14-271 14 16 Trichloroethene 0.1 UJ MG/KG 20 - (c)
SD-30 0 0.5 2,3,7,8-TCDD 15738.1 J NG/KG 8600 Y Cap Area 3
SD-30 0 0.5 Aroclor, Total 1.4 MG/KG 10 N
SD-31 0 0.5 2,3,7,8-TCDD 1.84 UJ NG/KG 8600 - (c)
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Table G-10.  Comparison of Source Area Soil Data to Cleanup Goals for Groundwater Protection, Spatial and Vertical Extent of Remediation Footprint
(Sorted by Boring, Depth Interval, and Parameter)
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SD-31 0 0.5 Aroclor, Total 0.08 U MG/KG 10 - (c)
SS-01 0 0 Aroclor, Total 2.3 MG/KG 10 N
SS-02 0 1.3 Aroclor, Total 9.3 MG/KG 10 N
SS-03 2.5 3.5 Aroclor, Total 0.15 MG/KG 10 N
SS-06 0 2 Aroclor, Total 0.76 MG/KG 10 N
SS-99-00 0 0.25 2,3,7,8-TCDD 397 U NG/KG 8600 - (c)
SS-99-01 0 0.25 2,3,7,8-TCDD 375 U NG/KG 8600 - (c)
SS-99-02 0 0.25 2,3,7,8-TCDD 377 U NG/KG 8600 - (c)
SS-99-03 0 0.25 2,3,7,8-TCDD 4200 NG/KG 8600 N
SS-99-04 0 0.25 2,3,7,8-TCDD 6640 J NG/KG 8600 N
SS-99-05 0 0.25 2,3,7,8-TCDD 26290 J NG/KG 8600 Y Cap Area 1
SS-99-06 0 0.25 2,3,7,8-TCDD 375 U NG/KG 8600 - (c)


Notes
(a) Non-detects (U and UJ qualified data) not used to determine proposed areas for cleanup.
(b) Contaminant not detected; non-detect concentration is in excess of the cleanup goal.
(c) Contaminant not detected; non-detect concentration is below the cleanup goal.
(d) Location identified for samples with detected contaminant concentrations in excess of cleanup goals.
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Appendix G


Table G-11. Comparison of Source Area Groundwater Data (unfiltered unless otherwise identified) to Cleanup Goals, Spatial Extent of Remediation Footprint
(Sorted by Parameter)


SAMP_DATE BORING PARAMETER LAB_RESULT QUAL UNITS
Cleanup Goal 


(ug/L)


Above 
Cleanup Goal 


(Y/N) (a) Comment Location (d)
7/24/2000 S-1 1,2-dibromo-3-chloropropane 50 U UG/L 2 - (b)
7/24/2000 S-2 1,2-dibromo-3-chloropropane 5 U UG/L 2 - (b)
7/24/2000 S-3 1,2-dibromo-3-chloropropane 5 U UG/L 2 - (b)
7/24/2000 S-4 1,2-dibromo-3-chloropropane 5 U UG/L 2 - (b)
7/24/2000 S-5 1,2-dibromo-3-chloropropane 5 U UG/L 2 - (b)
2/21/2001 MW01S 1,2-dibromo-3-chloropropane 10 U UG/L 2 - (b)
2/21/2001 MW01S 1,2-dibromo-3-chloropropane 10 U UG/L 2 - (b)
2/21/2001 MW03S 1,2-dibromo-3-chloropropane 10 U UG/L 2 - (b)
2/21/2001 MW08S 1,2-dibromo-3-chloropropane 10 U UG/L 2 - (b)
2/21/2001 MW09S 1,2-dibromo-3-chloropropane 10 U UG/L 2 - (b)
2/22/2001 MW02S 1,2-dibromo-3-chloropropane 10 U UG/L 2 - (b)
2/22/2001 MW06S 1,2-dibromo-3-chloropropane 10 U UG/L 2 - (b)
2/22/2001 MW07S 1,2-dibromo-3-chloropropane 10 U UG/L 2 - (b)
8/15/2001 MW05S 1,2-dibromo-3-chloropropane 1700 U UG/L 2 - (b)
8/15/2001 MW06S 1,2-dibromo-3-chloropropane 10 U UG/L 2 - (b)
8/15/2001 MW07S 1,2-dibromo-3-chloropropane 7 J UG/L 2 Y 2002 


concentration 
below cleanup 
goal


Cap Area 2


8/15/2001 MW08S 1,2-dibromo-3-chloropropane 10 U UG/L 2 - (b)
8/15/2001 MW09S 1,2-dibromo-3-chloropropane 10 U UG/L 2 - (b)
8/16/2001 MW01S 1,2-dibromo-3-chloropropane 10 U UG/L 2 - (b)
8/16/2001 MW01S 1,2-dibromo-3-chloropropane 10 U UG/L 2 - (b)
8/16/2001 MW03S 1,2-dibromo-3-chloropropane 10 U UG/L 2 - (b)
8/21/2001 GEC2 1,2-dibromo-3-chloropropane 10 UJ UG/L 2 - (b)
8/21/2001 GEC6 1,2-dibromo-3-chloropropane 10 UJ UG/L 2 - (b)
8/21/2001 MW14M 1,2-dibromo-3-chloropropane 10 UJ UG/L 2 - (b)
8/21/2001 MW15D 1,2-dibromo-3-chloropropane 10 UJ UG/L 2 - (b)
8/22/2001 MW11B 1,2-dibromo-3-chloropropane 10 UJ UG/L 2 - (b)
8/22/2001 MW11M 1,2-dibromo-3-chloropropane 10 UJ UG/L 2 - (b)
8/22/2001 MW11S 1,2-dibromo-3-chloropropane 10 U UG/L 2 - (b)
8/22/2001 MW12B 1,2-dibromo-3-chloropropane 10 UJ UG/L 2 - (b)
8/22/2001 MW12B 1,2-dibromo-3-chloropropane 10 UJ UG/L 2 - (b)
8/22/2001 MW12D 1,2-dibromo-3-chloropropane 10 U UG/L 2 - (b)
8/23/2001 MW10B 1,2-dibromo-3-chloropropane 10 U UG/L 2 - (b)
8/23/2001 MW10D 1,2-dibromo-3-chloropropane 10 U UG/L 2 - (b)
8/23/2001 MW10D 1,2-dibromo-3-chloropropane 10 U UG/L 2 - (b)
8/23/2001 MW13B 1,2-dibromo-3-chloropropane 10 U UG/L 2 - (b)
8/23/2001 TMW3 1,2-dibromo-3-chloropropane 10 U UG/L 2 - (b)


10/22/2002 MW02D 1,2-dibromo-3-chloropropane 4 U UG/L 2 - (b)
10/22/2002 MW02M 1,2-dibromo-3-chloropropane 5 U UG/L 2 - (b)
10/22/2002 MW02S 1,2-dibromo-3-chloropropane 1 U UG/L 2 - (c)
10/22/2002 MW04B 1,2-dibromo-3-chloropropane 1 U UG/L 2 - (c)
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Appendix G


Table G-11. Comparison of Source Area Groundwater Data (unfiltered unless otherwise identified) to Cleanup Goals, Spatial Extent of Remediation Footprint
(Sorted by Parameter)


SAMP_DATE BORING PARAMETER LAB_RESULT QUAL UNITS
Cleanup Goal 


(ug/L)


Above 
Cleanup Goal 


(Y/N) (a) Comment Location (d)
10/22/2002 MW04D 1,2-dibromo-3-chloropropane 1 U UG/L 2 - (c)
10/22/2002 MW04S 1,2-dibromo-3-chloropropane 1 U UG/L 2 - (c)
10/22/2002 MW08S 1,2-dibromo-3-chloropropane 1 U UG/L 2 - (c)
10/22/2002 MW09S 1,2-dibromo-3-chloropropane 1 U UG/L 2 - (c)
10/22/2002 MW10B 1,2-dibromo-3-chloropropane 1 U UG/L 2 - (c)
10/22/2002 MW10D 1,2-dibromo-3-chloropropane 1 U UG/L 2 - (c)
10/22/2002 MW13B 1,2-dibromo-3-chloropropane 4 U UG/L 2 - (b)
10/22/2002 MW13D 1,2-dibromo-3-chloropropane 10 U UG/L 2 - (b)
10/22/2002 MW13S 1,2-dibromo-3-chloropropane 1 U UG/L 2 - (c)
10/23/2002 GEC1 1,2-dibromo-3-chloropropane 1 U UG/L 2 - (c)
10/23/2002 GEC2 1,2-dibromo-3-chloropropane 1 U UG/L 2 - (c)
10/23/2002 GEC4 1,2-dibromo-3-chloropropane 1 U UG/L 2 - (c)
10/23/2002 GEC5 1,2-dibromo-3-chloropropane 1 U UG/L 2 - (c)
10/23/2002 GEC6 1,2-dibromo-3-chloropropane 1 U UG/L 2 - (c)
10/23/2002 GEC7 1,2-dibromo-3-chloropropane 1 U UG/L 2 - (c)
10/23/2002 MW06S 1,2-dibromo-3-chloropropane 10 U UG/L 2 - (b)
10/23/2002 MW06S 1,2-dibromo-3-chloropropane 6 U UG/L 2 - (b)
10/23/2002 MW07D 1,2-dibromo-3-chloropropane 1 U UG/L 2 - (c)
10/23/2002 MW07S 1,2-dibromo-3-chloropropane 1 U UG/L 2 - (c)
10/23/2002 MW11B 1,2-dibromo-3-chloropropane 1 U UG/L 2 - (c)
10/23/2002 MW11M 1,2-dibromo-3-chloropropane 1 U UG/L 2 - (c)
10/23/2002 MW14M 1,2-dibromo-3-chloropropane 100 U UG/L 2 - (b)
10/23/2002 MW15D 1,2-dibromo-3-chloropropane 1 U UG/L 2 - (c)
10/24/2002 GEC3 1,2-dibromo-3-chloropropane 1 U UG/L 2 - (c)
10/24/2002 MW01S 1,2-dibromo-3-chloropropane 1 U UG/L 2 - (c)
10/24/2002 MW05S 1,2-dibromo-3-chloropropane 1000 U UG/L 2 - (b)
10/24/2002 MW05S 1,2-dibromo-3-chloropropane 1000 U UG/L 2 - (b)
10/24/2002 MW11S 1,2-dibromo-3-chloropropane 1 U UG/L 2 - (c)
10/24/2002 MW12B 1,2-dibromo-3-chloropropane 1 U UG/L 2 - (c)
10/24/2002 MW12D 1,2-dibromo-3-chloropropane 1 U UG/L 2 - (c)
11/21/2002 MW03S 1,2-dibromo-3-chloropropane 1 U UG/L 2 - (c)
6/30/2005 MW05S 1,2-DIBROMO-3-CHLOROPROPANE 1000 UJ UG/L 2 - (b)
6/30/2005 MW05S 1,2-DIBROMO-3-CHLOROPROPANE 1000 UJ UG/L 2 - (b)
8/21/2001 GEC2 2,3,7,8-TCDD 3.2 U pg/L 1768 - (c)
8/21/2001 GEC6 2,3,7,8-TCDD 10.8 EMPC pg/L 1768 N


2/21/2001 MW01S 2,3,7,8-TCDD 2.4 U pg/L 1768 - (c)
2/21/2001 MW01S 2,3,7,8-TCDD 6.4 J pg/L 1768 N
8/16/2001 MW01S 2,3,7,8-TCDD 4.7 EMPC pg/L 1768 N


8/16/2001 MW01S 2,3,7,8-TCDD 5.3 EMPC pg/L 1768 N


8/13/2001 MW02D 2,3,7,8-TCDD 1.2 J pg/L 1768 N
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Table G-11. Comparison of Source Area Groundwater Data (unfiltered unless otherwise identified) to Cleanup Goals, Spatial Extent of Remediation Footprint
(Sorted by Parameter)


SAMP_DATE BORING PARAMETER LAB_RESULT QUAL UNITS
Cleanup Goal 


(ug/L)


Above 
Cleanup Goal 


(Y/N) (a) Comment Location (d)
8/13/2001 MW02M 2,3,7,8-TCDD 1.2 U pg/L 1768 - (c)
2/22/2001 MW02S 2,3,7,8-TCDD 4.7 J pg/L 1768 N
8/13/2001 MW02S 2,3,7,8-TCDD 1.8 U pg/L 1768 - (c)
2/21/2001 MW03S 2,3,7,8-TCDD 3.6 EMPC pg/L 1768 N


8/16/2001 MW03S 2,3,7,8-TCDD 11.3 pg/L 1768 N
8/14/2001 MW04B 2,3,7,8-TCDD 1.6 U pg/L 1768 - (c)
8/14/2001 MW04D 2,3,7,8-TCDD 3.9 J pg/L 1768 N
8/14/2001 MW04S 2,3,7,8-TCDD 1.4 U pg/L 1768 - (c)
8/14/2001 MW04S 2,3,7,8-TCDD 2 U pg/L 1768 - (c)
8/15/2001 MW05S 2,3,7,8-TCDD 4180 J pg/L 1768 Y Brook Village parking lot


11/21/2002 MW05S 2,3,7,8-TCDD 1032.69 PG/L 1768 N


11/21/2002 MW05S 2,3,7,8-TCDD 1455.06 PG/L 1768 N


30-Jun-05 MW05S 2,3,7,8-TCDD          4144.76 PG/L 1768 Y Brook Village parking lot


2/25/2008 MW-05S 2,3,7,8-TCDD (filtered) 2.604 U pg/l 1768 - (c)
2/25/2008 MW-05S 2,3,7,8-TCDD 338.874 J pg/l 1768 N
2/22/2001 MW06S 2,3,7,8-TCDD 3 U pg/L 1768 - (c)
8/15/2001 MW06S 2,3,7,8-TCDD 6.6 J pg/L 1768 N
8/15/2001 MW07D 2,3,7,8-TCDD 3.4 J pg/L 1768 N
2/22/2001 MW07S 2,3,7,8-TCDD 2.4 U pg/L 1768 - (c)
8/15/2001 MW07S 2,3,7,8-TCDD 1.8 U pg/L 1768 - (c)
2/21/2001 MW08S 2,3,7,8-TCDD 1.9 U pg/L 1768 - (c)
8/15/2001 MW08S 2,3,7,8-TCDD 5.1 J pg/L 1768 N
2/21/2001 MW09S 2,3,7,8-TCDD 18.2 pg/L 1768 N
8/15/2001 MW09S 2,3,7,8-TCDD 10.2 pg/L 1768 N
8/23/2001 MW10B 2,3,7,8-TCDD 2.5 U pg/L 1768 - (c)
8/23/2001 MW10D 2,3,7,8-TCDD 3.5 U pg/L 1768 - (c)
8/23/2001 MW10D 2,3,7,8-TCDD 2.8 U pg/L 1768 - (c)
8/22/2001 MW11B 2,3,7,8-TCDD 2.3 U pg/L 1768 - (c)
8/22/2001 MW11M 2,3,7,8-TCDD 1.9 U pg/L 1768 - (c)
8/22/2001 MW11S 2,3,7,8-TCDD 2.2 U pg/L 1768 - (c)
8/22/2001 MW12B 2,3,7,8-TCDD 4.7 U pg/L 1768 - (c)
8/22/2001 MW12B 2,3,7,8-TCDD 2.2 EMPC pg/L 1768 N


8/22/2001 MW12D 2,3,7,8-TCDD 2.7 U pg/L 1768 - (c)
8/23/2001 MW13B 2,3,7,8-TCDD 1.9 U pg/L 1768 - (c)
8/23/2001 MW13D 2,3,7,8-TCDD 2.3 U pg/L 1768 - (c)
8/23/2001 MW13S 2,3,7,8-TCDD 3.1 U pg/L 1768 - (c)
8/21/2001 MW14M 2,3,7,8-TCDD 1.5 U pg/L 1768 - (c)
8/21/2001 MW15D 2,3,7,8-TCDD 5.7 U pg/L 1768 - (c)
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Table G-11. Comparison of Source Area Groundwater Data (unfiltered unless otherwise identified) to Cleanup Goals, Spatial Extent of Remediation Footprint
(Sorted by Parameter)


SAMP_DATE BORING PARAMETER LAB_RESULT QUAL UNITS
Cleanup Goal 


(ug/L)


Above 
Cleanup Goal 


(Y/N) (a) Comment Location (d)
2/25/2008 MW-LEA-01 2,3,7,8-TCDD (filtered) 14.92 U pg/l 1768 - (c)
2/25/2008 MW-LEA-01 2,3,7,8-TCDD 68.043 J pg/l 1768 N
2/25/2008 MW-LEA-02 2,3,7,8-TCDD (filtered) 726.823 J pg/l 1768 N
2/25/2008 MW-LEA-02 2,3,7,8-TCDD 2742.723 J pg/l 1768 Y
2/25/2008 MW-LEA-02 (duplicate) 2,3,7,8-TCDD (filtered) 288.775 J pg/l 1768 N
2/25/2008 MW-LEA-02 (duplicate) 2,3,7,8-TCDD 6154.176 J pg/l 1768 Y Brook Village parking lot, 


adjacent to river
2/25/2008 MW-LEA-03 2,3,7,8-TCDD (filtered) 1.899 U pg/l 1768 - (c)
2/25/2008 MW-LEA-03 2,3,7,8-TCDD 233.874 J pg/l 1768 N
8/23/2001 TMW3 2,3,7,8-TCDD 2.1 U pg/L 1768 - (c)
3/22/1999 GEC1 Tetrachloroethene 1.5 U UG/L 150 - (c)


10/23/2002 GEC1 Tetrachloroethene 1 U UG/L 150 - (c)
3/22/1999 GEC2 Tetrachloroethene 1.5 U UG/L 150 - (c)
8/21/2001 GEC2 Tetrachloroethene 10 U UG/L 150 - (c)


10/23/2002 GEC2 Tetrachloroethene 1 U UG/L 150 - (c)
3/22/1999 GEC3 Tetrachloroethene 1.5 U UG/L 150 - (c)


10/24/2002 GEC3 Tetrachloroethene 1 U UG/L 150 - (c)
3/22/1999 GEC4 Tetrachloroethene 1.5 U UG/L 150 - (c)


10/23/2002 GEC4 Tetrachloroethene 1 U UG/L 150 - (c)
3/22/1999 GEC5 Tetrachloroethene 2.2 UG/L 150 N


10/23/2002 GEC5 Tetrachloroethene 0.86 J UG/L 150 N
3/22/1999 GEC6 Tetrachloroethene 150 UG/L 150 N
8/21/2001 GEC6 Tetrachloroethene 200 * UG/L 150 Y 2002 


concentration 
below cleanup 
goal


Brook Village parking lot


10/23/2002 GEC6 Tetrachloroethene 11 UG/L 150 N
3/22/1999 GEC7 Tetrachloroethene 11 UG/L 150 N


10/23/2002 GEC7 Tetrachloroethene 0.21 J UG/L 150 N
2/21/2001 MW01S Tetrachloroethene 10 U UG/L 150 - (c)
2/21/2001 MW01S Tetrachloroethene 10 U UG/L 150 - (c)
8/16/2001 MW01S Tetrachloroethene 10 U UG/L 150 - (c)
8/16/2001 MW01S Tetrachloroethene 10 U UG/L 150 - (c)


10/24/2002 MW01S Tetrachloroethene 1 U UG/L 150 - (c)
8/13/2001 MW02D Tetrachloroethene 700 * UG/L 150 Y 2002 


concentration 
below cleanup 
goal


Cap Area 1


10/22/2002 MW02D Tetrachloroethene 73 UG/L 150 N
8/13/2001 MW02M Tetrachloroethene 110 UG/L 150 N


10/22/2002 MW02M Tetrachloroethene 110 UG/L 150 N
2/22/2001 MW02S Tetrachloroethene 10 U UG/L 150 - (c)
8/13/2001 MW02S Tetrachloroethene 10 U UG/L 150 - (c)
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Table G-11. Comparison of Source Area Groundwater Data (unfiltered unless otherwise identified) to Cleanup Goals, Spatial Extent of Remediation Footprint
(Sorted by Parameter)


SAMP_DATE BORING PARAMETER LAB_RESULT QUAL UNITS
Cleanup Goal 


(ug/L)


Above 
Cleanup Goal 


(Y/N) (a) Comment Location (d)
10/22/2002 MW02S Tetrachloroethene 1 U UG/L 150 - (c)
2/21/2001 MW03S Tetrachloroethene 10 U UG/L 150 - (c)
8/16/2001 MW03S Tetrachloroethene 10 U UG/L 150 - (c)


11/21/2002 MW03S Tetrachloroethene 1 U UG/L 150 - (c)
8/14/2001 MW04B Tetrachloroethene 63 UG/L 150 N


10/22/2002 MW04B Tetrachloroethene 17 UG/L 150 N
8/14/2001 MW04D Tetrachloroethene 64 UG/L 150 N


10/22/2002 MW04D Tetrachloroethene 27 UG/L 150 N
8/14/2001 MW04S Tetrachloroethene 17 U UG/L 150 - (c)
8/14/2001 MW04S Tetrachloroethene 17 U UG/L 150 - (c)


10/22/2002 MW04S Tetrachloroethene 4.4 UG/L 150 N
8/15/2001 MW05S Tetrachloroethene 61000 * UG/L 150 Y Brook Village parking lot


10/24/2002 MW05S Tetrachloroethene 37000 UG/L 150 Y Brook Village parking lot
10/24/2002 MW05S Tetrachloroethene 28000 UG/L 150 Y Brook Village parking lot
6/30/2005 MW05S TETRACHLOROETHENE 22000 UG/L 150 Y Brook Village parking lot
6/30/2005 MW05S TETRACHLOROETHENE 17000 UG/L 150 Y Brook Village parking lot
2/25/2008 MW-05S Tetrachloroethylene 40000 U μg/l 150 N (b)
2/22/2001 MW06S Tetrachloroethene 10 U UG/L 150 - (c)
8/15/2001 MW06S Tetrachloroethene 10 U UG/L 150 - (c)


10/23/2002 MW06S Tetrachloroethene 10 U UG/L 150 - (c)
10/23/2002 MW06S Tetrachloroethene 6 U UG/L 150 - (c)
8/15/2001 MW07D Tetrachloroethene 10 U UG/L 150 - (c)


10/23/2002 MW07D Tetrachloroethene 10 UG/L 150 N
2/22/2001 MW07S Tetrachloroethene 10 U UG/L 150 - (c)
8/15/2001 MW07S Tetrachloroethene 10 U UG/L 150 - (c)


10/23/2002 MW07S Tetrachloroethene 1 U UG/L 150 - (c)
2/21/2001 MW08S Tetrachloroethene 10 U UG/L 150 - (c)
8/15/2001 MW08S Tetrachloroethene 16 U UG/L 150 - (c)


10/22/2002 MW08S Tetrachloroethene 1 U UG/L 150 - (c)
2/21/2001 MW09S Tetrachloroethene 2 J UG/L 150 N
8/15/2001 MW09S Tetrachloroethene 21 U UG/L 150 - (c)


10/22/2002 MW09S Tetrachloroethene 3.3 UG/L 150 N
8/23/2001 MW10B Tetrachloroethene 10 U UG/L 150 - (c)


10/22/2002 MW10B Tetrachloroethene 0.25 J UG/L 150 N
8/23/2001 MW10D Tetrachloroethene 10 U UG/L 150 - (c)
8/23/2001 MW10D Tetrachloroethene 10 U UG/L 150 - (c)


10/22/2002 MW10D Tetrachloroethene 0.39 J UG/L 150 N
8/22/2001 MW11B Tetrachloroethene 10 U UG/L 150 - (c)


10/23/2002 MW11B Tetrachloroethene 1 U UG/L 150 - (c)
8/22/2001 MW11M Tetrachloroethene 10 U UG/L 150 - (c)


10/23/2002 MW11M Tetrachloroethene 1 U UG/L 150 - (c)
8/22/2001 MW11S Tetrachloroethene 10 U UG/L 150 - (c)


10/24/2002 MW11S Tetrachloroethene 1 U UG/L 150 - (c)


Interim Final CMRP Feasibility Study Report
Appendix G G-189 April 2010







Appendix G


Table G-11. Comparison of Source Area Groundwater Data (unfiltered unless otherwise identified) to Cleanup Goals, Spatial Extent of Remediation Footprint
(Sorted by Parameter)


SAMP_DATE BORING PARAMETER LAB_RESULT QUAL UNITS
Cleanup Goal 


(ug/L)


Above 
Cleanup Goal 


(Y/N) (a) Comment Location (d)
8/22/2001 MW12B Tetrachloroethene 10 U UG/L 150 - (c)
8/22/2001 MW12B Tetrachloroethene 10 U UG/L 150 - (c)


10/24/2002 MW12B Tetrachloroethene 0.89 J UG/L 150 N
8/22/2001 MW12D Tetrachloroethene 18 UG/L 150 N


10/24/2002 MW12D Tetrachloroethene 0.64 J UG/L 150 N
8/23/2001 MW13B Tetrachloroethene 220 * UG/L 150 Y 2002 


concentration 
below cleanup 
goal


South of Cap Area 1


10/22/2002 MW13B Tetrachloroethene 96 UG/L 150 N
8/23/2001 MW13D Tetrachloroethene 340 * UG/L 150 Y Value <3x 


cleanup goal
South of Cap Area 1


10/22/2002 MW13D Tetrachloroethene 220 UG/L 150 Y Value <2x 
cleanup goal; 
concentration 
decreasing 
from 2001 to 
2002; area 
excluded from 
footprint


South of Cap Area 1


8/23/2001 MW13S Tetrachloroethene 10 U UG/L 150 - (c)
10/22/2002 MW13S Tetrachloroethene 7.7 UG/L 150 N
8/21/2001 MW14M Tetrachloroethene 10 U UG/L 150 - (c)


10/23/2002 MW14M Tetrachloroethene 1900 UG/L 150 Y Brook Village parking lot
8/21/2001 MW15D Tetrachloroethene 10 U UG/L 150 - (c)


10/23/2002 MW15D Tetrachloroethene 1 U UG/L 150 - (c)
2/25/2008 MW-LEA-01 Tetrachloroethylene 160000 J μg/l 150 Y Brook Village parking lot, 


adjacent to river
2/25/2008 MW-LEA-01 Tetrachloroethylene 220000 J μg/l 150 Y Brook Village parking lot, 


adjacent to river
2/25/2008 MW-LEA-02 Tetrachloroethylene 4400 U μg/l 150 - (b)
2/25/2008 MW-LEA-02 Tetrachloroethylene 15000 U μg/l 150 - (b)
2/25/2008 MW-LEA-02 (duplicate) Tetrachloroethylene 11000 J μg/l 150 Y Brook Village parking lot, 


adjacent to river
2/25/2008 MW-LEA-03 Tetrachloroethylene 730 J μg/l 150 Y Brook Village parking lot, 


adjacent to river
2/25/2008 MW-LEA-03 Tetrachloroethylene 590 J μg/l 150 Y Brook Village parking lot, 


adjacent to river
7/24/2000 S-1 Tetrachloroethene 10 U UG/L 150 - (c)
7/24/2000 S-2 Tetrachloroethene 1 U UG/L 150 - (c)
7/24/2000 S-3 Tetrachloroethene 1 U UG/L 150 - (c)
7/24/2000 S-4 Tetrachloroethene 1 U UG/L 150 - (c)
7/24/2000 S-5 Tetrachloroethene 1.3 UG/L 150 N
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Table G-11. Comparison of Source Area Groundwater Data (unfiltered unless otherwise identified) to Cleanup Goals, Spatial Extent of Remediation Footprint
(Sorted by Parameter)


SAMP_DATE BORING PARAMETER LAB_RESULT QUAL UNITS
Cleanup Goal 


(ug/L)


Above 
Cleanup Goal 


(Y/N) (a) Comment Location (d)
8/23/2001 TMW3 Tetrachloroethene 10 U UG/L 150 - (c)
3/22/1999 GEC1 Trichloroethene 1 U UG/L 540 - (c)


10/23/2002 GEC1 Trichloroethene 1 U UG/L 540 - (c)
3/22/1999 GEC2 Trichloroethene 1 U UG/L 540 - (c)
8/21/2001 GEC2 Trichloroethene 10 U UG/L 540 - (c)


10/23/2002 GEC2 Trichloroethene 1 U UG/L 540 - (c)
3/22/1999 GEC3 Trichloroethene 1 U UG/L 540 - (c)


10/24/2002 GEC3 Trichloroethene 1 U UG/L 540 - (c)
3/22/1999 GEC4 Trichloroethene 1 U UG/L 540 - (c)


10/23/2002 GEC4 Trichloroethene 1 U UG/L 540 - (c)
3/22/1999 GEC5 Trichloroethene 1.3 UG/L 540 N


10/23/2002 GEC5 Trichloroethene 0.62 J UG/L 540 N
3/22/1999 GEC6 Trichloroethene 1 U UG/L 540 - (c)
8/21/2001 GEC6 Trichloroethene 10 U UG/L 540 - (c)


10/23/2002 GEC6 Trichloroethene 0.74 J UG/L 540 N
3/22/1999 GEC7 Trichloroethene 2 UG/L 540 N


10/23/2002 GEC7 Trichloroethene 1 U UG/L 540 - (c)
2/21/2001 MW01S Trichloroethene 10 U UG/L 540 - (c)
2/21/2001 MW01S Trichloroethene 10 U UG/L 540 - (c)
8/16/2001 MW01S Trichloroethene 10 U UG/L 540 - (c)
8/16/2001 MW01S Trichloroethene 10 U UG/L 540 - (c)


10/24/2002 MW01S Trichloroethene 1 U UG/L 540 - (c)
8/13/2001 MW02D Trichloroethene 27 UG/L 540 N


10/22/2002 MW02D Trichloroethene 4.2 UG/L 540 N
8/13/2001 MW02M Trichloroethene 2 J UG/L 540 N


10/22/2002 MW02M Trichloroethene 1.1 J UG/L 540 N
2/22/2001 MW02S Trichloroethene 10 U UG/L 540 - (c)
8/13/2001 MW02S Trichloroethene 10 U UG/L 540 - (c)


10/22/2002 MW02S Trichloroethene 1 U UG/L 540 - (c)
2/21/2001 MW03S Trichloroethene 10 U UG/L 540 - (c)
8/16/2001 MW03S Trichloroethene 10 U UG/L 540 - (c)


11/21/2002 MW03S Trichloroethene 1 UJ UG/L 540 - (c)
8/14/2001 MW04B Trichloroethene 0.9 J UG/L 540 N


10/22/2002 MW04B Trichloroethene 0.39 J UG/L 540 N
8/14/2001 MW04D Trichloroethene 1 J UG/L 540 N


10/22/2002 MW04D Trichloroethene 0.46 J UG/L 540 N
8/14/2001 MW04S Trichloroethene 0.8 J UG/L 540 N
8/14/2001 MW04S Trichloroethene 0.8 J UG/L 540 N


10/22/2002 MW04S Trichloroethene 3.2 UG/L 540 N
8/15/2001 MW05S Trichloroethene 2500 UG/L 540 Y Brook Village parking lot


10/24/2002 MW05S Trichloroethene 2200 UG/L 540 Y Brook Village parking lot
10/24/2002 MW05S Trichloroethene 1800 UG/L 540 Y Brook Village parking lot
6/30/2005 MW05S TRICHLOROETHENE 1500 UG/L 540 Y Brook Village parking lot
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Table G-11. Comparison of Source Area Groundwater Data (unfiltered unless otherwise identified) to Cleanup Goals, Spatial Extent of Remediation Footprint
(Sorted by Parameter)


SAMP_DATE BORING PARAMETER LAB_RESULT QUAL UNITS
Cleanup Goal 


(ug/L)


Above 
Cleanup Goal 


(Y/N) (a) Comment Location (d)
6/30/2005 MW05S TRICHLOROETHENE 1400 UG/L 540 Y Brook Village parking lot
2/25/2008 MW-05S Trichloroethylene 2400 J μg/l 540 Y Brook Village parking lot
2/22/2001 MW06S Trichloroethene 10 U UG/L 540 - (c)
8/15/2001 MW06S Trichloroethene 0.9 J UG/L 540 N


10/23/2002 MW06S Trichloroethene 10 U UG/L 540 - (c)
10/23/2002 MW06S Trichloroethene 6 U UG/L 540 - (c)
8/15/2001 MW07D Trichloroethene 10 U UG/L 540 - (c)


10/23/2002 MW07D Trichloroethene 0.31 J UG/L 540 N
2/22/2001 MW07S Trichloroethene 10 U UG/L 540 - (c)
8/15/2001 MW07S Trichloroethene 10 U UG/L 540 - (c)


10/23/2002 MW07S Trichloroethene 1 U UG/L 540 - (c)
2/21/2001 MW08S Trichloroethene 10 U UG/L 540 - (c)
8/15/2001 MW08S Trichloroethene 10 U UG/L 540 - (c)


10/22/2002 MW08S Trichloroethene 2.3 UG/L 540 N
2/21/2001 MW09S Trichloroethene 10 U UG/L 540 - (c)
8/15/2001 MW09S Trichloroethene 1 J UG/L 540 N


10/22/2002 MW09S Trichloroethene 0.72 J UG/L 540 N
8/23/2001 MW10B Trichloroethene 10 U UG/L 540 - (c)


10/22/2002 MW10B Trichloroethene 1 U UG/L 540 - (c)
8/23/2001 MW10D Trichloroethene 10 U UG/L 540 - (c)
8/23/2001 MW10D Trichloroethene 10 U UG/L 540 - (c)


10/22/2002 MW10D Trichloroethene 1 U UG/L 540 - (c)
8/22/2001 MW11B Trichloroethene 10 U UG/L 540 - (c)


10/23/2002 MW11B Trichloroethene 1 U UG/L 540 - (c)
8/22/2001 MW11M Trichloroethene 10 U UG/L 540 - (c)


10/23/2002 MW11M Trichloroethene 1 U UG/L 540 - (c)
8/22/2001 MW11S Trichloroethene 10 U UG/L 540 - (c)


10/24/2002 MW11S Trichloroethene 1 U UG/L 540 - (c)
8/22/2001 MW12B Trichloroethene 10 U UG/L 540 - (c)
8/22/2001 MW12B Trichloroethene 10 U UG/L 540 - (c)


10/24/2002 MW12B Trichloroethene 1 U UG/L 540 - (c)
8/22/2001 MW12D Trichloroethene 10 U UG/L 540 - (c)


10/24/2002 MW12D Trichloroethene 1 U UG/L 540 - (c)
8/23/2001 MW13B Trichloroethene 7 J UG/L 540 N


10/22/2002 MW13B Trichloroethene 5 UG/L 540 N
8/23/2001 MW13D Trichloroethene 6 J UG/L 540 N


10/22/2002 MW13D Trichloroethene 5.2 J UG/L 540 N
8/23/2001 MW13S Trichloroethene 10 U UG/L 540 - (c)


10/22/2002 MW13S Trichloroethene 1 U UG/L 540 - (c)
8/21/2001 MW14M Trichloroethene 10 U UG/L 540 - (c)


10/23/2002 MW14M Trichloroethene 100 U UG/L 540 - (c)
8/21/2001 MW15D Trichloroethene 10 U UG/L 540 - (c)


10/23/2002 MW15D Trichloroethene 1 U UG/L 540 - (c)
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Table G-11. Comparison of Source Area Groundwater Data (unfiltered unless otherwise identified) to Cleanup Goals, Spatial Extent of Remediation Footprint
(Sorted by Parameter)


SAMP_DATE BORING PARAMETER LAB_RESULT QUAL UNITS
Cleanup Goal 


(ug/L)


Above 
Cleanup Goal 


(Y/N) (a) Comment Location (d)
2/25/2008 MW-LEA-01 Trichloroethylene 28000 U μg/l 540 - (b)
2/25/2008 MW-LEA-01 Trichloroethylene 10000 J μg/l 540 Y Brook Village parking lot, 


adjacent to river
2/25/2008 MW-LEA-02 Trichloroethylene 23000 J μg/l 540 Y Brook Village parking lot, 


adjacent to river
2/25/2008 MW-LEA-02 Trichloroethylene 22000 J μg/l 540 Y Brook Village parking lot, 


adjacent to river
2/25/2008 MW-LEA-02 (duplicate) Trichloroethylene 42000 J μg/l 540 Y Brook Village parking lot, 


adjacent to river
2/25/2008 MW-LEA-03 Trichloroethylene 21 J μg/l 540 N
2/25/2008 MW-LEA-03 Trichloroethylene 200 U μg/l 540 - (c)
7/24/2000 S-1 Trichloroethene 10 U UG/L 540 - (c)
7/24/2000 S-2 Trichloroethene 1 U UG/L 540 - (c)
7/24/2000 S-3 Trichloroethene 1 U UG/L 540 - (c)
7/24/2000 S-4 Trichloroethene 1 U UG/L 540 - (c)
7/24/2000 S-5 Trichloroethene 1 U UG/L 540 - (c)
8/23/2001 TMW3 Trichloroethene 10 U UG/L 540 - (c)


Notes
(a) Non-detects (U and UJ qualified data) not used to determine proposed areas for cleanup.
(b) Contaminant not detected; non-detect concentration is in excess of the cleanup goal.
(c) Contaminant not detected; non-detect concentration is below the cleanup goal.
(d) Location identified for samples with contaminant concentrations in excess of cleanup goals.


Shading represents the first record within each parameter-specific dataset.
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CONCEPTUAL LONG-TERM MONITORING APPROACH 
 
 
H.1 Introduction 
 
A long-term monitoring plan (LTMP) for the Centredale Manor Restoration Project (CMRP) Superfund 
site will be prepared so that the performance of the selected remedial alternative(s) can be assessed and to 
determine whether the identified risks to public health and the environment have been adequately reduced 
or eliminated.  This summary provides an overview of the key elements that will be presented in the 
LTMP, which will be developed following selection of the final action area specific remedies.  The 
LTMP will only address monitoring requirements associated with the attainment of overall project 
remediation goals.  Other monitoring activities that will occur as part of design verification, 
implementation, and confirmation, as well as the monitoring associated with containment structures, are 
not considered part of the LTMP but will also need to be identified.  The LTMP, as well as these other 
monitoring elements, will be specified in full in the remedial design document.  Appendix J presents cost 
assumptions for elements of the LTMP as well as these other activities. 
 
The cited documents listed below will guide the design, implementation, and periodic assessments of the 
CMRP LTMP.  The Data Quality Objective (DQO) process (United States Environmental Protection 
Agency [EPA], 2005a) will be followed in the planning and development of the LTMP.  These DQO 
steps include identifying the objectives of the LTMP, developing specific hypotheses, formulating 
decision rules, designing the LTMP (including collection and analysis methods and preparing the Quality 
Assurance Project Plan), conducting data collection and analyses, and establishing the management 
decision process based on the monitoring results.  Each of these steps culminates in a Scientific 
Management Decision Point, at which specific monitoring decisions (regarding objectives, hypotheses, 
study design, etc.) will be made by the remedial design team and formally or informally documented.  As 
part of the DQO process, optimization stratagems (EPA, 2005b; NAVFAC, 2004) will be utilized to 
ensure the cost-effectiveness of the monitoring plan.  The optimization process will consider data 
redundancies, anticipated analytical variability, and acceptable decision error rates. 
 
The Baseline Human Health and Ecological Risk Assessment (MACTEC, 2004; 2005) for the CMRP site 
concluded that dioxins and polychlorinated biphenyls (PCBs), along with other contaminants, pose 
substantial long-term risks to human and ecological receptors.  Given that the most significant exposure 
pathways for these contaminants are associated with their tendency to bioaccumulate, the LTMP will 
need to monitor these compounds in several environmental media.  Although the LTMP will focus 
primarily on how biological tissue chemistry responds to the selected remediation alternative(s), 
monitoring of affected abiotic media will also be necessary. 
 
H.2 Action Area Specific Long Term Monitoring Plan Elements  
 
General monitoring considerations specific to each of the five Action Areas are provided in the following 
subsections. 
 
Sediment (Allendale and Lyman Mill Action Areas).  Appendix J, Table J-11 summarizes the 
estimated annual sampling activities and required samples for Sediment alternatives (i.e., Alternative 1, 
No Action; Alternative 7, Excavation and Disposal and/or Treatment; Alternative 8, Partial Excavation, 
Isolation Capping and Disposal and/or Treatment; Alternative 10, Dam Replacement, Excavation, and 
Disposal and/or Treatment; and Alternative 11, Dam Replacement, Partial Excavation, Isolation Capping, 
and Disposal and/or Treatment).  Regardless of the final alternative selected, fish tissue monitoring will 
be conducted to determine if the alternative is reducing tissue concentrations to levels that are protective 
of human health and environmental receptors (see Appendix F for predicted fish tissue concentrations 
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[i.e., biota tissue targets] that correspond to the sediment cleanup goals).  Specific fish sampling, 
monitoring, and analysis techniques are provided in Moulton et al. (2002), Gutreuter et al. (1995), and 
EPA (2000).  For planning purposes, it is assumed that under all alternatives except No Action a total of 
20 fish samples (fillet and whole body) would be collected from both ponds each year (Appendix J,  
Table J-11). 
 
Remedy-specific monitoring approaches for sediments, including sections devoted to in-situ capping and 
dredging or excavation remedies are discussed in recent guidance (EPA, 2005a; Space and Naval Warfare 
Systems Center [SSC], 2006).  According to EPA (2005a), monitoring an in-situ sediment cap includes 
assessing both cap performance (e.g., retention qualities and erosion) and recovery of the biological 
communities (especially macroinvertebrates) that support the river ecosystem.  Recovery of the benthic 
community is also a focus of the monitoring conducted for the excavation alternative, whereas the natural 
recovery of sediment quality (due to sediment deposition) would be assessed under the No Action 
alternative.1  Finally, surface water chemistry would also be monitored to assess water quality and 
potential for downriver transport.  Preliminary costing assumes that 30 to 50 sediment samples and 20 
surface water samples would be collected each year from the two ponds combined (Appendix J, 
Table J-11).  Action-based sediment remedies require compensatory mitigation (Appendix K) and the 
LTMP will provide guidance on monitoring for invasive species that could impact project goals required 
in the mitigation plan. 
 
Floodplain Soil (Allendale Reach Action Area).  Appendix J, Table J-12 summarizes the estimated 
annual sampling activities and required samples for the two alternatives (i.e., Alternative, 1 No Action 
and Alternative 5, Excavation and Disposal and/or Treatment) considered for floodplain soils in Allendale 
reach.  The active remedial alternative, soil excavation, would involve the removal of contaminated 
floodplain soils and the restoration of floodplain habitat.  Therefore, the LTMP for Allendale floodplain 
soil will assess the rate of recovery and degree of functioning riparian vegetation (including the tree, 
shrub, and herbaceous cover strata).  As described in Appendix M, some action-based floodplain soil 
remedies require compensatory mitigation and invasive species monitoring will be necessary. 
 
Stream Sediment and Floodplain Soil (Lyman Mill Reach Action Area).  Appendix J, Table J-13 
summarizes the estimated annual sampling activities and required samples for each of the alternatives 
considered for the three alternatives (i.e., Alternative, 1 No Action; Alternative 3, Targeted Excavation, 
Enhanced Natural Recovery and Disposal and/or Treatment; and Alternative 5, Partial Excavation, 
Enhanced Natural Recovery and Disposal and/or Treatment) considered for stream sediments and 
floodplain soils in the reach of Lyman Mill.  In addition to an annual survey, LTMP components will 
include collection of surficial soils and earthworms for analytical chemistry (20 and 10 samples 
respectively for each active alternative) and assessment of the rate of recovery and degree of functioning 
of riparian vegetation (including the tree, shrub, and herbaceous cover strata).  As described in Appendix 
M, some action-based floodplain soil remedies require compensatory mitigation and as a result, invasive 
species monitoring will be necessary (USACE, 2008a). 
 
Soils (Source Area Action Area).  Appendix J, Table J-14 summarizes the estimated annual sampling 
activities and required samples for each of the alternatives considered for Source Area Soils (i.e., 
Alternative 1, No Action; Alternative 3, Targeted Excavation, Upgrade and Maintain Existing Surfaces 
and Disposal and/or Treatment; and Alternative 4, Targeted Excavation, Convert to RCRA Caps and 


                                                 
1 Due to differing objectives, it is anticipated that the methodologies used to assess the recovery of the benthic 
macroinvertebrate community following implementation of the selected remedial action will differ from those used 
in the Baseline Ecological Risk Assessment (BERA).  Several useful protocols designed to assess community level 
endpoints in lentic benthos are available (San Francisco Estuary Institute [SFEI], 2004; Rosenberg et al. [no date 
available]; Institute for Environment and Sustainability [IES], 2006).  
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Maintain and Disposal and/or Treatment).  Regardless of the alternative that is selected, long-term 
monitoring for Source Area Soils will be limited to periodic assessment (i.e., annual) of the integrity of 
the cover system designed to eliminate human and ecological exposures.  Some of the action-based 
floodplain soil remedies may require compensatory mitigation and invasive species monitoring could be 
necessary. 
 
Groundwater (Source Area Action Area).  Appendix J, Table J-15 summarizes the estimated annual 
sampling activities and required samples for alternatives considered for this medium (i.e., Alternative 1, 
No Action; Alternative 2, Excavation/Dewatering; and Alternative 5, In-situ Chemical Oxidation).  
Monitoring specifications for any of these alternatives (excepting No Action) will likely to be limited to 
collection of groundwater samples for analytical chemistry and comparison to ARARs. 
  
H.3 Sampling Framework and Decision Logic 
 
Monitoring parameters that will be specified in the LTMP will include environmental media (e.g., fish 
and other biological tissue, sediment, floodplain soil, and groundwater), sampling frequency, duration, 
location, and chemical analyses.  For each Action Area, the LTMP will specify the following information: 


 Number of samples 
 Sample type (grab, composite) 
 Sampling frequency 
 Sampling locations 
 Sampling depth (abiotic media only) 
 Analytical parameters (chemistry and miscellaneous) 
 Species (biological2 only) 
 Sample preparation (e.g., fillet versus whole body fish tissue) 
 Type(s) of sampling gear 


 
Consistent with the DQO process, the LTMP will also present decision rules, and potentially exit criteria, 
that will allow the sampling protocols to be adjusted as environmental conditions change over time.  
Action area-specific decision flow diagrams will be prepared that specify decision criteria for each data 
category included in the LTMP.  These diagrams will provide the basis for determining whether to 
continue, halt, or modify individual activities within the context of achieving the remedial goals in as 
cost-effective a fashion as possible. 
 
H.4 Invasive Species Monitoring 
 
Invasive species is considered an adaptive management issue and provisions for management and 
maintenance of this potential threat will be specified in the LTMP.  Executive Order 13112, which is 
focused on federal oversight mechanisms and guidance related to the prevention and control of invasive 
species, was signed by former President Clinton on February 3, 1999.  Compliance with 40 CFR Part 230 
(i.e., final mitigation rule) requires development of a mitigation plan to provide for compensatory 
mitigation for unavoidable losses of aquatic resources.  Preliminary discussion regarding mitigation plan 
development to compensate for losses associated with the sediment and floodplain soil action areas is 
provided in Appendices K and M, respectively.  § 332.7(d) [§ 230.97(d)] of the final mitigation rule 
discusses long-term management for compensatory mitigation projects and requires evaluation of the 
LTMP to whether proposed specifications are sufficient for the purposes of compensatory mitigation.  In 
addition, § 332.7(c)(2) [§ 230.97(c)(2)] references invasive species management and provides for 
                                                 
2 Monitoring of species will be conducted to evaluate biological tissue targets as well as the detection of invasive 
species that could adversely affect compensatory mitigation project goals. 
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notification requirements whenever the compensatory mitigation project is not achieving its performance 
standards as anticipated (USACE, 2008b). 
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REMEDIAL TECHNOLOGIES 
 
 


I.1 Introduction 
 
Appendix I presents information relevant to remedial technologies evaluated in the feasibility study (FS) 
for the Centredale Manor Restoration Project (CMRP) Superfund site.  


 
I.2 In-situ Capping 
 
Caps can be constructed to achieve goals in addition to simply isolating contaminated material from 
exposure to ecological receptors.  They can be designed to improve the habitat, prevent shoreline erosion, 
and create wetlands.  The following subsections provide a brief overview of cap design and cap 
placement techniques.  The information presented in the two Cap Design and Cap Placement subsections 
has been condensed from the Guidance for In-Situ Subaqueous Capping of Contaminated Sediments 
(Palermo et al., 1998) and references therein.   
 
Cap Design 
 
The cap design determines the size (lateral extent and thickness) and composition of a cap; the cap is 
engineered so that it will meet the performance goals for a given site (i.e., contaminant isolation, sediment 
stabilization).  The design also considers site specific features and the ability to place a cap at a site.  
Capping at sites such as the Centredale Manor Restoration Project (CMRP) site typically involves 
designing caps from multiple layers of materials such as sand, gravel, stone, and/or geotextiles.    
 
Currently, cap design is based on a combination of laboratory tests and models of contaminant flux, 
bioturbation, consolidation, and erosion, field experience, and monitoring data.  The general steps for in-
situ cap design are illustrated in Figure I-1 and include: 


1. Identify potential capping materials. 
2. Assess the depth of bioturbation expected from the indigenous biota. 
3. Evaluate potential erosion at the capping site due. 
4. Evaluate the potential flux of sediment contaminants.  
5. Evaluate potential interactions and compatibility among cap components, including 


consolidation.  
6. Evaluate operational considerations and determine restrictions or additional protective 


measures (e.g., institutional controls) needed to ensure cap integrity and performance. 
 
Most in-situ capping projects conducted to date have used sediment or soil materials, either dredged from 
nearby waterways or obtained from commercial quarries.  Capping materials such as geotextiles and 
plastic liners may be included to address one or more of the functions listed above or as stabilization 
components.  Examples of multi-layer cap designs are illustrated in Figure I-2. 
 
Granular materials (i.e., sand, natural sediments or soils) are typically considered a necessary part of the 
cap design to physically isolate the contaminated materials from biota and from the water column, prevent 
sediment resuspension and transport, and reduce the flux of dissolved contaminants.  Both fine-grained 
and coarser materials can be used to create effective caps (Brannon et al., 1985).  Capping material with 
some fine grained material or organic carbon is often desirable due to the larger sorption capacity of those 
components; sorption to the fine grained and organic fractions of the cap reduces the flux of organic 
contaminants to the water column.  However, the installation of coarser, non-cohesive materials is 
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typically easier than trying to place fine-grained silts because the silty materials are more apt to be 
resuspended in the water column during placement.  Additionally, coarser grained materials are more 
stable at steeper slopes, meaning that caps can be designed to be thicker without increasing the lateral 
extent.  
 
The capping material must be one which is acceptable for unrestricted open-water placement (that is a 
clean material).  Geomembranes are impermeable, synthetic materials, commonly used as landfill liners 
and other applications.  Geotextiles are porous, synthetic fabrics, and have been used in many 
construction applications in recent years.  A common example is the use of a geotextile for increased 
stability of a constructed earth embankment such as a dredged material disposal dike.  A layer of stone 
can also be included as part of the cap design to protect against erosion.  Numerous varieties of armor 
stone are available from commercial quarries.  Details on use of armor stone as a cap component are 
found in Appendix A of Palermo et al. (1998). 
 
Cap Placement 
 
Cap installation is performed so that the cap material is placed in a controlled, accurate manner.  A variety 
of equipment can be used to achieve this and the specific equipment is selected based on the site-specific 
conditions.  The most important factors in the selection of the construction method for cap placement is 
water depth, current velocities, potential wave heights, access by floating equipment, and distance from 
the shoreline.   In constricted areas, narrow channels, or shallow nearshore areas, conventional land-based 
construction equipment may also be considered.  Caps have been successfully placed over fine-grained 
contaminated material with minimal mixing of the cap with the contaminated sediment.  For the Allendale 
and Lyman Mill Ponds, current velocities and potential wave heights are not expected to be an issue for 
cap design but the shallow-water areas and limited access from shore will need to be considered during 
the remedial design.  Work in shallow water presents unique difficulties for capping or dredging.  Most of 
the remedial action area in Allendale and Lyman Mill Ponds has water depths less than 5 feet; typically, 
sites with less than 10 feet of water are too deep for land-based equipment and too shallow for barge-
based equipment.  
 
Granular cap material can be handled and placed in a number of ways.  Dry capping materials, such as 
those that have been mechanically dredged or excavated from an upland site or quarry, can be handled 
mechanically until placement.  These mechanical methods rely on the gravity settling of cap materials in 
the water column, and may be depth-limited in their application. Granular cap materials can also be made 
into a slurry and discharged into the water column at the surface or at depth.  
 
It is not possible to place a perfectly uniform cap layer underwater.  In order to place a cap that would 
have a minimum thickness of 18 inches, it is necessary to place an average of 24 inches of material over 
the site.  Additionally, if 2 feet of cap material are placed in one layer over very soft native sediment, the 
weight of the sand could cause lateral displacement of the native sediment, or “mud waves”.  In order to 
prevent this, isolation caps are normally placed in multiple, thinner layers.  For Allendale and Lyman Mill 
Ponds, it is assumed that the first two layers would be limited to 6 inches each and then covered with 
another 12-inch thick layer.   
 
Water quality downstream of the work areas is generally monitored during cap placement.  Since the cap 
material would not have chemical contamination, there would be no potential for impacts to water quality 
chemistry.  There is the potential for some of the cap slurry to remain in suspension in the water, which 
would increase the TSS and turbidity in the vicinity of the work area.   
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Direct Mechanical Placement 
If the area to be capped is nearshore and accessible, direct mechanical placement of capping material with 
land-based equipment can be considered.  The reach of the equipment is the major limitation.  The 
capping material would likely be trucked to the site with this method, so access for the trucks and traffic 
should be considered.  Land-based methods might include backhoes, clamshells, end-dumping from 
trucks, spreading with dozers (during low water periods), etc.  Figure I-3 illustrates several mechanisms 
for placing cap materials. 
 
Surface Discharge Using Conventional Dredging Equipment 
Dry capping materials (i.e., those obtained by mechanically dredging clean sediment or upland excavation 
at a quarry) can also be released from barges at the water surface over the area to be capped.  Special 
provisions are typically made for the gradual release of material when surface discharge from barges or 
hopper dredges are considered.  Point discharges from hopper dredges or barges are normally not 
applicable for in-situ capping of soft fine-grained contaminated sediments. 
 
Spreading by Barge Movement 
Capping material can be spread using bottom-dump barges if the movement and opening of the barges 
can be carefully controlled. This can be accomplished by slowly opening a conventional split-hull barge 
over a 30 to 60 minute interval, depending on the size of the barge.  The gradual opening of the split-hull 
or multi-compartmented barges allows the material to be released slowly from the barge in a sprinkling 
manner.   Tug boats can be used to position the barge in order to spread a thin layer of cap material 
(Figure I-4).  The placement of coarse material, such as sand, using this method is typically easier than 
placing finer-grained materials.  Silts and clays may stick to each other, as well as to the sides of the 
barge; therefore, the material will not gradually sprinkle out but likely fall out all at once.  Additionally, 
as the water content of fine-grained material is high, as in the case of hydraulic filling of barges, the 
material may exit the barge in a matter of seconds as dense slurry, even though the barge is only partially 
opened. 
 
Spreading of cap material over large areas can also be accomplished by gradually opening a conventional 
split-hull barge while underway by tow.  This technique has been successfully used for capping 
operations at Eagle Harbor, Washington.  Use of barges for spreading cap materials is not suitable in 
shallow water depths because of the water depths needed for barge draft, door openings and consideration 
of the propeller wash from tug boats.  
 
Granular capping materials, such as sand, can be transported to a site in flat-topped barges and washed 
overboard with high-pressure hoses.  This technique was used to cap a portion of the Eagle Harbor 
Superfund site (Figure I-5).  This method places the cap using a gradual buildup of cap material, prevents 
any sudden discharge of a large volume of sand, and may be suitable for water depths as shallow as 10 
feet or less.  
 
Pipeline with Baffle Plate or Sand Box 
Where granular cap material has a high water content (i.e., hydraulically dredged or in the form of a 
slurry) an energy dissipating device such as a baffle plate or sand box attached to the end of the pipeline 
can be utilized to aid in material placement (Figures I-6 and I-7).  These devices are used to spread thin 
layers of materials over relatively large areas, gradually building up to the necessary cap thickness.  A 
baffle plate decreases the velocity of the slurry so that the material doesn’t erode or suspend bottom 
sediment.  The sand box acts as a diffuser box with baffles and side boards to dissipate the energy of the 
discharge.  The bottom and sides of the box are constructed as an open grid or with a pattern of holes so 
that the discharge is released through the entire box.  
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Submerged Diffuser  
A submerged diffuser (Figure I-8) can be used to provide additional control for submerged pipeline 
discharge.  The diffuser is mounted to the end of the discharge pipeline.  A small barge positions the 
diffuser and pipeline vertically in the water column.  By positioning the diffuser several feet above the 
bottom, the discharge is isolated from the upper water column.  The diffuser design allows material to be 
radially discharged parallel to the bottom and with a reduced velocity.  Movement of the discharge barge 
can serve to spread the discharge to cap larger areas.  
 
 
Sand Spreader Barge 
Specialized equipment for hydraulic spreading of sand employs the basic features of a hydraulic dredge 
with submerged discharge (Figure I-9).  Material is brought to the spreader by barge, where water is 
added to the sand.  The spreader then pumps the slurry through a submerged pipeline.  A winch and 
anchoring system is used to swing the spreader from side to side and forward, thereby capping a large 
area.  This placement method can be thought of as being similar to a hydraulic dredge pumping 
backwards.  At the CMRP site, sand would be delivered to the site by truck, transferred into a mixing tank 
and water would be added to form a slurry.  The slurry would then be pumped to a specialized shallow-
draft barge moving at a controlled rate to spread the cap material evenly over the sediment.   
 
Hopper Dredge Pump-down 
Some hopper dredges have pump-out capability by which material from the hoppers is discharged like a 
conventional hydraulic pipeline dredge.  In addition, some have further modifications that allow pumps to 
be reversed so that material is pumped down through the dredge's extended drag-arms.  
 
Equipment and Placement Techniques for Armoring Layers 
Placement of armor layers on in-situ caps can apply techniques commonly used for purposes of 
streambank and shoreline erosion protection.   Methods that have been used for placing armor stone 
include placing by hand; machine placing, such as from some form of bucket; and dumping from trucks 
and spreading by bulldozer.  
 
I.3 Sediment Removal 
 
Contaminated sediment and soil are removed using similar processes.  Dredging refers to the removal of 
sediments that are below the water surface, whereas excavation is the removal of exposed soil or 
sediment.  There are some similarities in the equipment used for both removal actions, however, there are 
some specialized pieces of equipment used for dredging.  The material in the Dredging section is taken 
from the Quantico Embayment, Southern Wetlands, and Potomac River Southern Area 1 Feasibility Study 
(Battelle, 2005). 
 
In the case for both dredging and excavation, it is critical that the site be thoroughly characterized prior to 
the inception of removal activities.  Once the nature and extent of the contamination is known, it can be 
determined which removal actions are the most appropriate and which engineering controls may be 
required to minimize risks to site workers.   
 
Dredging 
 
The major types of equipment used for mechanical dredging are:   


 clamshell bucket, 
 backhoe, and 
 dragline bucket. 
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A clamshell bucket is similar to the system used for land-based crane and bucket excavations.  The bucket 
is dropped through the water column and penetrates into the sediment.  The bucket is then lifted from the 
sediment, which closes the clamshell and then the bucket is lifted up through the water column.  When the 
bucket is above the water surface, the operator swings the crane to deposit the dredged material into a 
container for transport.  The container is usually a barge, but could be a hopper and conveyor system or 
land-based trucks.  Figure I-10 shows a mechanical clamshell dredge and hydraulic dredge.   Figure I-11 
shows a clamshell dredge and two hopper barges.  The barge adjacent to the dredge is empty.  The barge 
at the bottom of the picture is fully loaded and is being pushed to the disposal site with a tugboat.  Notice 
that the deck of the loaded barge is close to the water surface, while the empty barge is several feet above 
the water surface.  The barges shown have a capacity of approximately 1,500 cubic yards and need about 
10 feet of water depth to float when loaded (Otten, 2001).  
 
Traditional clamshell buckets used for navigation projects leave an irregular, cratered sediment surface 
and sediment usually leaks from the bucket as it is raised.  Enclosed environmental buckets have been 
designed and manufactured to remove sediment in relatively thin layers and are enclosed to minimize 
sediment re-suspension.  These types of buckets have been used in several projects in the Great Lakes 
(EPA, 1994), in the Pacific Northwest, and in New Bedford, Massachusetts (Scenic Hudson, 1997).  
Some environmental buckets use hydraulic cylinders to close the clamshell, which provides a tighter seal 
and further reduces sediment loss.  Figure I-12 shows the environmental bucket used in the New Bedford 
project.  Figure I-13 shows a close-up photograph of an environmental bucket and highlights the features 
that are used to limit resuspension of sediment during dredging.  


 
Backhoes or excavators are similar to land-based equipment, but have been placed on barges and used to 
dredge contaminated sediment.  Backhoes have not had extensive use in contaminated sediment removal 
projects.  This is likely due to the difficulty of excavating continuous, level areas and the potential loss of 
sediment from the open excavator bucket.  Backhoes are better than clamshells for removing dense or 
hard material and are effective in dredging slopes along shorelines.  Backhoes are most effective in 
shoreline or shallow-water work where they can be placed either on land or on shallow-draft pontoon 
barges.   
 
Dragline dredges use a barge-mounted crane that is similar to clamshell dredging.  The difference is that 
dragline buckets are open on one side and are lowered into the sediment with a lifting cable, then pulled 
back towards the crane with a second cable.  Draglines have been used in navigation dredging and are 
also used in mining operations because they are efficient in removing large quantities of sediment.  They 
have rarely been used for contaminated sediment projects.   
 
Hydraulic Dredge Process Option 
There are several types of hydraulic dredges that use different methods to loosen sediment and guide the 
material into a suction pipe.  A cutter head dredge has a rotating head that cuts into the sediment.  An 
auger dredge has a horizontal auger that loosens the sediment and pulls it to the center of the dredge 
where the suction inlet pipe is located.  Some hydraulic dredges do not use any cutting device and rely 
only on suction to remove the sediment.  In order to create a slurry and remove sediment, a large amount 
of water must be added to create a slurry.  Typically, the volume of water added is 5 to 10 times the in-
place volume of sediment removed.   
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Hydraulic dredges are routinely used throughout the United States to move large volumes of sediment 
each year.  The size of hydraulic dredges is generally defined by the diameter of the dredge pump 
discharge pipe.  Size classifications (EPA, 1994) are:  


 small (4 to 14 inch diameter), 
 medium (16 to 22 inch), and 
 large (24 to 26 inch). 


 
There are four main components of a hydraulic dredge.  They are:  


1. The dredgehead, which is the part that digs into the sediment and contains the suction pipe 
inlet and may contain some type of sediment digging device. 


2. The support system, which is usually a ladder-shaped support structure that is hinged at the 
barge and is used to support and control the location of the dredgehead.  


3. The hydraulic pump, which provides suction at the dredgehead to pull the sediment and water 
into the system and discharges the slurry through a pipeline towards the dewatering site.  


4. The pipeline, which carries the slurry to the dewatering and/or disposal site.  
 
There are various types of dredgeheads used to loosen and collect the sediment.  Hydraulic dredges are 
usually classified by the type of dredgehead.  Conventional cutterhead dredges are the most commonly 
used.  As the name implies, cutterheads have a rotating cutting device that loosens the sediment by 
physically digging into the sediment to loosen the material and mix in some water.  The suction inlet is 
usually mounted inside the cutterhead, so that a mixture of freshly loosened sediment and water is pulled 
into the suction line.  Cutterhead dredges can remove a wide variety of sediment types and can be 
designed to loosen dense sand and hard clay.   
 
Cutterhead dredges usually operate by swinging the cutterhead in a pattern of arcs over the bottom.  This 
is usually done by one of two methods.  In a swinging ladder dredge, the dredge is stationary and the 
ladder is swung from side to side.  With a fixed ladder, the entire dredged barge is swung from side to 
side using winches and cables attached to each side of the dredge barge.  Figure I-14 shows a typical 
cross-section of a hydraulic cutterhead dredge.  Figures I-15 and I-16 show small cutterhead dredges.  
 
Horizontal auger dredges use an auger to loosen sediment and move the loosened material to the suction 
pipe inlet.  Horizontal auger dredges are generally small hydraulic dredges and are designed for shallow-
water and confined working areas.  They work well in ponds, shallow lakes and near-shore areas.  Figure 
I-17 shows an auger dredge. 
 
Suction dredges do not use any device to loosen the sediment.  Since these dredges do not have a digging 
device, they can only remove soft sediments with little debris.  Some suction dredges have been modified 
to use water jets to help loosen sediment.  
 
Dustpan dredges use a dredgehead that resembles a very large vacuum cleaner or dustpan.  A dustpan 
dredge is essentially a suction hydraulic dredge that may use water jets to help loosen the sediment.  The 
dredgehead is generally the same width as the dredge barge and can be up to 30 feet wide.  Dustpan 
dredges have been used in the Mississippi River, where they remove large volumes of soft sediment.   
 
Hopper dredges are ships that combine hydraulic suction dredgeheads with large holding tanks.  The 
dredgehead is usually suspended from the side of the ship, so that it removes sediment as the ship moves 
forward.  These are also called "trailing suction dredges" because the dredgehead is pulled through the 
sediment and trails behind the point where the ladder connects to the ship.   
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Hybrid Dredge Process Option 
Hybrid dredges use mechanical dredge equipment to remove the sediment and then mix the dredged 
material with water to transport via hydraulic pipeline.  These systems have the ability to use recycled 
water to make the slurry needed for pipeline transport because the water is added to the sediment on the 
dredge (rather than underwater at the suction pipe as with hydraulic dredges).  With hybrid dredges, 
debris can be removed from the dredged material before mixing with water and the density of the slurry 
can be better controlled and more uniform than a hydraulic dredge.  Figure I-18 shows a hybrid system.  
The excavator is on the left and is used to place dredged material into a hopper.  Figure I-19 shows the 
system used in New Bedford Harbor.   
 
Amphibious Dredge Process Option 
Amphibious equipment that floats or moves over very soft sediment has been developed for working in 
shallow-water and wetland areas.  This equipment has wide tracks to distribute the weight of the 
equipment over a large area, which results in low-ground pressure.  The body is water-tight so that the 
equipment can also float and work in shallow water environments.  Mechanical dredge equipment has 
been mounted on amphibious equipment.  Figure I-20 shows an excavator mounted on amphibious tracks 
and Figure I-21 shows a similar system floating in open water.   Amphibious dredges can be equipment 
with long-reach excavators, as shown in Figure I-22.  These help reduce the short-term impact of potential 
damage to wetland vegetation since the dredge does not have to be close to the dredge area or to haul 
trucks.  
 
Excavation  
 
Excavation is very similar to dredging in the aspect that it is the removal of contaminated sediment or soil 
from a site so that it can be treated and/or disposed of in a manner that reduces the risks to human and 
ecological receptors.  Excavation is done “in the dry” or in areas where standing water is not present or 
the water level has been lowered to expose the contaminated material.  The water level can be lowered by 
utilizing industrial pumps or gradually opening the gates of a dam.  The method chosen for lowering the 
water level is based on site-specific conditions.  Backhoes, bulldozers, and front-end loaders are typically 
used to handle the contaminated material.  During the removal process the soil or sediment is placed into 
containers (i.e., railway cars or trucks), into stockpiles, or placed on a conveyor system for transfer to an 
on-site confinement or treatment facility.  If material is stockpiled, it can be placed on tarps or another 
impermeable surface and covered to prevent wind or rain from transporting the material.  Covers also 
help minimize the exposure of site workers and site visitors to the contaminated material.   
 
In some cases, the contaminated material may be present at depth and is buried beneath clean material.  In 
this type of situation the overlying clean material is referred to as the overburden and may be removed 
and set aside for later use.  This clean material could be returned to its original position after the removal 
is complete or it may be used for some other purpose, such as building berms.   
 
Upon completion of the removal action the area is generally backfilled with clean material.  The material 
chosen for the fill is dependant upon the site-specific features and projected future use of a site.  In some 
cases fill may be selected to prevent erosion or to support a specified type of habitat and vegetation; in 
other cases the area may be paved to prepare it for future use.     
   
Excavation proceeds until cleanup goals are met.  The time required to complete the removal action is 
dependant on the depth and lateral extent of the contamination as well as site-specific factors that may 
limit the size of equipment able to be used on a site.   
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Removal using excavation is typically more accurate than dredging, contaminated sediment is not re-
suspended by the removal work and less contaminated sediment would be left in place by excavator than 
by dredging.  Therefore, only limited excavation below the depth of contamination is needed; this means 
that the volume material removed using excavation is significantly less than the volume removed using 
dredging.  However, there is the possibility that isolated areas of deeper contamination may be 
encountered; in this instance localized capping would be employed to prevent exposure to human or 
ecological receptors. 
 
One key difference between the excavation and dredging alternative is that excavated sediment can be 
transported at approximately the same water content as contained by the in-situ sediments.  The pond 
sediments at the CMRP site are predominately very soft, fine-grained material, which has low strength. 
While this type of material could be dumped into CDF facilities without dewatering or solidification, it 
would likely be difficult to compact and air drying would be slow and would result in odor generation.   
 
Cofferdams 
To perform excavation of sediment, the overlying water is temporarily removed and a temporary water 
containment barrier (cofferdam) is often needed.  There are several types of cofferdams.  One common 
type of cofferdam is a berm made from natural earth materials; these are similar to earth dams or flood 
control levees along rivers.  Cofferdams are often built with steel sheet piles.  For sites with shallow water 
(less than 10 to 15 feet) and the proper soil conditions, a single row of vertical sheet piles can be used.  
For deeper water depths (10 to 30 feet), a single sheet pile does not have adequate strength to resist the 
water pressure.  In this situation, cofferdams can be made by installing two parallel rows of sheet piling 
and placing sand between the sheets, or by installing the sheet piles in an inter-locking circular shape and 
filling the inside with sand.  Figures I-23 and I-24 show two examples of cofferdams.  A fabric dam is 
illustrated in Figure I-25; these types of cofferdams can typically only be used in relatively shallow water 
(12 feet or less).   
 
Once the water is removed, the exposed sediment can be removed using conventional upland excavation 
equipment such as excavators, backhoes, and bulldozers (Figures I-26 and I-27).  In areas with very soft 
sediment, it might be necessary to install temporary roads to allow equipment to access the site.  Long-
armed equipment, such as the amphibious machine pictured in Figure I-22 can then be positioned on the 
access road.  If the sediment has enough strength or density to support low-ground pressure equipment, 
then roads may not be required. 
 
I.4 Sediment Transport 
 
Excavated or dredged material can be transported using either mechanical or hydraulic methods.  
Mechanical methods include floating barges, amphibious vehicles, wheeled vehicles, railroads or 
conveyors.  With all mechanical methods, the dredged material is moved with essentially no change in 
water content.  Mechanical methods are similar to conventional methods used for upland soil transport.  
Hydraulic methods use a pump and pipeline to transport sediment in a slurry form.  When a conventional 
hydraulic dredge is used, the slurry that leaves the dredge can be pumped without adding any more water.  
When dredged material removed by mechanical dredging is transported by pipeline, water must be added 
to make a slurry.   
 
In the majority of projects, sediment that is dredged with mechanical equipment is transported with 
mechanical methods and likewise, sediment that is dredged with hydraulic equipment is transported by 
hydraulic methods.  Sediment that has been dredged or excavated with mechanical equipment is almost 
always too thick to move with pumps.  Unless water is added to make a slurry (as in some hybrid 
systems), hydraulic transport is not possible.  Sediment that has been dredged with hydraulic equipment is 
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in a slurry form that behaves more like a liquid than solid material.  It is generally not practical to 
transport slurries with most mechanical equipment.   
 
Dredged material or capping material can be transported by a variety of mechanical methods.  Figure I-28 
shows sand for capping being transferred from supply barges to upland stockpiles on a conveyor belt.  
The sand can then be loaded onto smaller barges for cap placement (Otten and Hartman, 2002).  
 
Mechanical dredging and transport has been successfully used in near-shore dredge projects.  For 
example, Figure I-29 shows a photograph of a dredging project along the shoreline.  Temporary haul 
roads were placed parallel to the shoreline.  Land-based excavators and off-road dump trucks worked on 
the haul roads.  For dredging further off-shore, barge-based equipment was used to place sediment into 
barges and then the material was transferred to trucks for transport to the sediment dewatering area. 
 
I.5 Sediment Dewatering 
 
Dredged material usually contains too much water to be placed directly into a disposal facility, be 
transported, or begin a treatment process.  Passive dewatering, solidification, and mechanical dewatering 
are the three most commonly used technologies for dewatering dredged materials.  As previously 
mentioned, hydraulic dredging typically adds water volume that is 5 to 10 times the in-place sediment 
volume and mechanical dredging typically adds water volume that is 0.2 to 0.5 times the in-place 
sediment volume.     
 
Passive dewatering typically involves placing material into a detention pond and allowing the sediment to 
settle out.  Dewatering in a basin or tank may result from evaporation, particle settling, surface drainage, 
or self-weight consolidation.  After settling, the overlying water is typically removed by slowly draining 
over an outlet weir.  After most of the water is removed, air drying can be used to remove more water 
from the dredged material.  Figure I-30 shows a sediment settling pond.   
 
Solidification is the technology of mixing additives with the sediment to form a solid mass with high 
shear strength.  Solidification can also be used to reduce contaminant mobility.  The most common 
additives used to dewater sediment are cement (i.e., portland cement), lime and fly ash.  Figure I-31 
presents a flowchart for how a typical solidification process would work.  A Pozzolan/portland cementing 
process consists primarily of silicates from materials like fly ash, kiln dust, pumice, or blast furnace slag 
and cement-based materials like portland cement.  These materials chemically react with water to form a 
solid cement-like matrix which allows for easier handling and changes the chemical characteristics of the 
waste.  They also raise the pH of the water which may help precipitate and immobilize some heavy metal 
contaminants.  These types of binding agents are typically appropriate for inorganic contaminants and the 
effectiveness with respect to organic contaminants is variable (Federal Remediation Technologies 
Roundtable [FRTR], 2002).   
 
The most common mechanical dewatering technologies include are belt presses, filtration (e.g., plate and 
frame and geotextile filter), and heat/forced air systems.  Belt presses have continuous belts similar to 
conveyor belts.  In a belt press, the dredge slurry is compressed between a pair of belts to squeeze out 
water (Figure I-32).   This type of dewatering equipment is commonly used in the paper industry and by 
municipalities for dewatering sewage sludge; belt presses have also been field proven at numerous 
dredging sites.   Typically, a belt filter press can produce dewatered sediment with ~40 to 50% solids by 
weight; plate and frame presses are capable of achieving 50 to 65 percent solids.  The characteristics of 
the dewatered sediment are dependant upon the density of the solids in the material and the dryness and 
compression achieved by the equipment (United States Army Corps of Engineers/Engineer Research and 
Development Center [USACE/ERDC], 2004).  
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There are three dewatering zones in a belt filter press: gravity, wedge, and high pressure.  Water drains 
from the sediment in the gravity zone.  The press is equipped with rakes to distribute the material and 
encourage drainage.  In the wedge zone, the sediment is captured between two moving belts where 
additional water is squeezed out under low pressure as the belts converge.  The belts sandwich the now 
more-compressed sludge and pass over a series of rollers of decreasing size and increasing pressure to 
further reduce the water content.  The number of rollers employed can be varied according to product 
specifications and requirements of the material being processed (USACE/ERDC, 2004). 
 
Plate and frame systems, also called recessed chamber filter presses, pump slurry into a void space 
between two plates lined with a permeable membrane; the plates are pushed together under high pressure 
to squeeze out water (Figures I-33 and I-34).  Flow is stopped at a specified pressure differential, the filter 
plates are opened, and dewatered cake is removed.  Sediment is dewatered in discrete batches using this 
method; however, several pieces of equipment could be employed to reach essentially continuous 
operation (USACE/ERDC, 2004). 
 
I.6 Sediment Material Disposal 
 
Dredged or excavated sediments can be disposed into several different types of confinement facilities.  
The most common are the confined aquatic disposal (CAD), and upland or nearshore confined disposal 
facilities (CDFs).  Figures I-35 through I-38 show generic CAD and CDF designs.   
 
In the CAD option, the contaminated material is placed into a subaqueous area and covered with cap 
material.  The site can be made by dredging a pit or by using a natural depression.  The sediment is placed 
directly at the disposal site without treatment.  CAD is only practical with mechanical dredging and 
transport because contaminated dredged material must drop through the water column and land at a 
predetermined disposal site.  The slurry that would be discharged from hydraulic dredging would be 
dispersed in the water column, which has the potential to spread contamination into the surrounding areas 
of the disposal site.   
 
The nearshore CDF is where dredged material is placed in subaqueous or intertidal land areas inside 
perimeter dikes or berms that are built up above the water surface level.  The surface water is usually 
completely separated from the CDF in these types of installations.  The dikes are typically make of stone, 
gravel, or other geologic materials.  The outside face of the berm or dike is often armored with stone or 
rip-rap to protect against erosion (Figures I-39 and I-40).  The inside section of the dike is often sand or 
gravel, and may be layered. 
 
Upland CDFs are designed with earthen dikes that resemble a levee or berm; clean, excavated material 
from the disposal site is often used to construct the berms.  As with the nearshore CDF, the sides of the 
berms are typically armored with large material, such as stone or rip-rap, to prevent erosion and maintain 
the integrity of the facility.  If the site conditions are appropriate, the sides of the berm may also be seeded 
with vegetation to stabilize the material (USACE, 2009). 
 
CDFs are capped with clean material; these caps may be permeable or impermeable, depending upon the 
contaminants and site-specific conditions.  The caps may be similar to that of an isolation cap or may be 
composed of a single layer of material.  The uppermost layer of the cap can be engineered to facilitate 
future use.  For example, if a CDF was going to be used for a recreational area, the top layer of the cap 
may consist of topsoil that would be seeded to grass upon completion.  Conversely, if the area was going 
to be used for light industry or parking the cap may be paved.   
 
Additional features that may be incorporated into a CDF are geomembranes or geotextiles (Figure I-41), 
gas collection systems, and leachate collection and treatment systems.  A geomembrane could be used to 
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line the bottom of a CDF or as part of the cap.  The impermeable material would prevent the infiltration 
of the porewater from the contaminated sediment into the berms of the CDF.  A geomembrane in the cap 
could be included to prevent the infiltration of precipitation.  Geotextiles have been used to help stabilize 
caps or the sides of berms.  Leachate and gas collection systems are typically constructed from a series of 
perforated, interconnected pipes that are used to collect either off-gasses or liquid from the CDF.  In some 
cases, the gas is either burned off or possible captured for energy generation.  Leachate is typically 
pumped through an appropriate water treatment system before being discharged into a sanitary sewer or 
back to the water body.  The discharge requirements would be designated by state and federal clean water 
statutes.   
 
CDFs have been found to be highly effective.  According the U.S. Army Corps of Engineers, monitoring 
and special studies have shown that the disposal facilities currently in use contain more than 99.9 percent 
of the sediment particles and associated contaminants, as well as meeting the respective state water 
quality requirements.  Long-term releases of contaminants can be modeled, but cannot be detected even 
with advanced monitoring techniques available.  The contaminant flux from CDFs is not considered 
ecologically significant (USACE, 2003). 
 
Nearshore CDF 
 
A second option for the containment of contaminated, dewatered sediments would be to construct a 
nearshore CDF.  The nearshore CDF would be designed in accordance with the procedures in 
USACE/EPA (2003).  
 
A nearshore CDF would be constructed adjacent to an existing shoreline and would be similar to an 
upland CDF, but the major differences are:  


(a)  A nearshore CDF would be constructed in an area where the existing ground surface 
elevation is below the water surface elevation during a 100-year flood and could be 
below the normal water level. 


(b) A nearshore facility would not have a bottom liner or leachate collection system. 
(c) The top of a nearshore facility could be below the 100-year flood elevation and could 


provide a floodplain area or could be raised above the 100-year flood elevation.   
 
A general construction sequence for a nearshore CDF is listed below:  


1. Clear site vegetation, 


2. Construct perimeter dikes, 


3. Construct surface water collection and outfall system for overflow of precipitation or water 
that separates from the dredged sediment, 


4. Connect surface water system to a water treatment plant.  This could be a separate plant at the 
CDF site or could be a connection to the water treatment plant used to treat dredge return 
water separated from the dredged sediment,  


5. Place dredged, dewatered sediment into the CDF, 


6. Install cover over contaminated sediment and prepare surface for future use.  
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Island CDF 
 
An island CDF would be constructed entirely in the open-water area of one of the ponds.  Structurally and 
conceptually, an island CDF would be similar to a nearshore CDF.  The first step would be to construct 
perimeter dikes to contain the contaminated dredged sediment.  Once these were in place the surface 
water would be pumped out of the containment area to allow placement and compaction of the dewatered 
dredged sediment using the same earthwork methods as used for an upland or nearshore CDF.  This is not 
a common method of filling an island CDF, but would work at this site due to the shallow water depths.   
 
As with the other types of CDFs, it is assumed that no water would be permitted to discharge without 
treatment.  Therefore, a surface water collection system would be installed to collect and pump 
precipitation and water that separated from the dredged sediment to a treatment plant.  For this feasibility 
study, it is assumed that the water treatment plant would be built on land at the same site where the 
dredged material was dewatered.   
 
Incineration or Thermal Treatment of Sediment 
 
The following information was condensed from the EPA’s website 
(http://www.epa.gov/epaoswer/hazwaste/hazcmbst.htm).    
 
Incinerators can be used to destroy or treat hazardous waste.  Incineration consists of burning materials at 
very high temperatures (between 1600°F and 2500°F) in order to destroy toxic organic constituents, such 
as PCBs and dioxins, and reduce the volume of the waste.  One important note is that the toxicity of a 
chemical does not influence how easily it is destroyed by thermal treatment.  Organic contaminant 
molecules are broken down into harmless substances such as water, carbon dioxide, and nitrogen oxides.  
If incineration is done properly, the process is highly effective, destroying over 99 percent of all organic 
compounds; additionally, a properly functioning incinerator does not produce any noxious odors or 
smoke.  Metals and other inorganic substances, such as selected acids and salts, are not affected by 
incineration and inorganic constituents may even be concentrated in the ash.  
 
No incinerator can destroy 100 percent of the hazardous waste fed into it.  Small amounts are released 
into the atmosphere through the incinerator stack or are mixed with the ash.  EPA requires that each 
incinerator destroy and remove 99.99 percent of all hazardous waste it processes.  For PCBs and dioxin 
wastes, the standard is 99.999 percent.  When operated properly, incinerators can meet or exceed these 
standards.  Operating at this level of efficiency, however, is a complex, highly technical task.   
 
Off-gas treatment is commonly required with incineration and is necessary to remove particulates, to 
neutralize acid gases (e.g., NOx, SOx or HCl) that may be generated during the combustion process, and to 
protect against the potential release of dioxins or dioxin-like organic compounds.  Off-gas treatment can 
be complicated if volatile metals (i.e., mercury) are released that are not fully destroyed by high 
temperature reactions.  Figure I-42 illustrates a flowchart for typical incineration processes. 
 
The four main types of incinerators used on hazardous waste sites are rotary kilns, fluidized bed units, 
liquid injection units and fixed hearth units.  The most common type of unit used on hazardous waste sites 
is a rotary kiln incinerator.  Schematics for rotary kiln incineration are show in Figures I-43 and I-44; a 
photograph of a rotary kiln incinerator is shown in Figure I-45. 
 
Rotary kiln incinerators operate by passing contaminated material through streams of hot gasses or steam.  
Most rotary kilns are composed of a long, cylindrical shaped burn chamber, positioned on an angle.  The 
inside of the chamber is outfitted with fins to move sediment.  The kiln rotates slowly so that the material 
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is repeatedly tumbled through the stream of hot gas, similarly to the way a household clothes dryer 
operates.  Fans can be used to draw in additional oxygen to increase the combustion efficiency.   
 
Contaminated material is typically loaded into the kiln in the uppermost end, so that the forces of gravity 
can be utilized to move material through the incinerator.  A secondary chamber, referred to as an 
afterburner, is used to treat the gasses and constituents leaving the kiln.  Oftentimes the temperature in the 
afterburner is higher than that of the kiln to break down gasses into their elemental components.  Gasses 
leaving the secondary chamber are typically cooled and ‘scrubbed’ in some type of air pollution 
prevention system (www.etc.org; Environmental Technology Council, 2006).  
 
If on-site incineration was implemented at a site, the following generalized construction sequence would 
be followed:   


1. Clear temporary work areas and build vessel launch ramps. 
2. Construct sediment dewatering area, install dewatering and water treatment equipment, and 


construct incineration facility prior to the start of dredging. 
3. Dredge sediment from the ponds, dewater, place into stockpile or begin feeding into the 


incineration unit. 
4. Remove the temporary vessel launch ramps and restore vegetation in the temporary work 


areas. 
 


It is not practical to assume that the dewatered dredged material could be loaded directly into the 
incinerator from the dewatering equipment.  The dewatering process produces water and three types of 
solids: debris, sand/gravel, and silt/clay.  Each type of material would be stockpiled and treated 
separately.     
 
The ash produced from the incineration process would be stockpiled and sampled for characterization 
prior to disposal.  Once the material was characterized and an appropriate landfill was designated for 
disposal, the ash would be loaded onto trucks or rail cars for transfer to a disposal facility. 
 
I.7 Containment In-place for Soils and Groundwater 
 
In addition to the capping technology previously discussed, soils can also be contained using subterranean 
barriers.  These types of barriers restrict groundwater from flowing through an area of contaminated soil, 
thereby preventing the groundwater from becoming contaminated due to contact with the sediment.  
Conversely, subterranean barriers are also used to contain groundwater that is known to be contaminated, 
which prevents the groundwater from moving into uncontaminated areas as well as facilitating treatment.  
Slurry walls, grout curtains, and sheet pile walls are all routinely used.   
 
Slurry Walls 
Slurry walls are commonly used when the amount of waste is too large to realistically treat and soluble 
and mobile constituents threaten a potable water source.  Slurry walls have been used for decades as long-
term solutions for controlling seepage and have often been used in conjunction with capping.  The 
technology has demonstrated its effectiveness in containing more than 95% of the uncontaminated 
groundwater; however, in contaminated groundwater applications, specific contaminant types may 
degrade the slurry wall components and reduce the long-term effectiveness (FRTR, 2002).  
 
Slurry walls are constructed by digging a vertical trench around the targeted area (Figure I-46).  The 
trench is filled with a slurry, commonly made from water and bentonite clay (Figure I-47).   The water-
clay slurry is primarily used to stabilize the walls of the trench and prevent them from collapsing.  The 
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slurry is later solidified by adding soil material or more bentonite.  Other wall compositions, such as 
cement/bentonite, pozzolan/bentonite, attapulgite, organically modified bentonite, or slurry/geomembrane 
composite, may be used to increase the physical strength or chemical resistance of the slurry walls 
(FRTR, 2002).  
 
The most common barrier material used is a soil-bentonite (SB) mix.  Bentonite is a type of clay that 
swells significantly in size when fully hydrated.  During the excavation of the trench a slurry composed of 
water and 1 to 5% bentonite is used to stabilize the trench.  Backfill material is mixed with the slurry and 
then placed into the trench.  Amendments may be added to the backfill material to improve the physical 
characteristics if required (EPA, 1998). 
 
A second type of slurry wall utilizes a mixture of cement and bentonite; these are referred to as cement-
bentonite (CB) slurry walls.  The installation of the CB wall is similar to that of the soil-bentonite wall.  
The bentonite-water slurry is prepared and allowed to fully hydrate, at which point portland cement is 
added and the slurry is pumped into the trench.  The CB slurry hardens in place.  The permeability of a 
CB layer is often higher than that of a soil-bentonite layer due to the interaction of the portland cement 
with the clay material; as a result these types of barriers are typically not used as contaminant 
containment applications.  However, CB barriers are stronger and can be used as “cutoff barriers” where 
higher wall strengths are necessary, but low permeability is not required.  Alternative cement mixes that 
display lower permeabilities and improved chemical compatibility have been used.  Ground, granulated 
blast furnace slag mixed with portland cement at a ratio of 3:1 or 4:1 has displayed permeabilities of 10-7


 


to 10-8
 cm/sec.  Bentonite substitutes have also been used.  One such substitute is attapulgite, a clay 


mineral that is more resistant to chemical degradation than bentonite.  The use of such additives can 
significantly increase the overall cost of a barrier (EPA, 1998).   
 
Soil-bentonite walls can also be constructed utilizing geosynthetic materials to create composite barriers. 
Materials such as high-density polyethylene (HDPE) can be used to improve the performance of a SB 
barrier by (1) decreasing the permeability of the barrier and (2) improving the chemical resistance of the 
barrier.  Interlocking membranes have been developed to improve joint seals.  These types of liners can 
be used to prevent gas migration as well as liquid migration.  The following steps would be used to install 
a geomembrane as part of a slurry wall (EPA, 1998): 


1. The weighted, geosynthetic material is mounted on a frame, which is lowered into the slurry-
filled trench.  Weights are used to ensure the liner sinks to the bottom of the trench. 


2. Interlocking joints on either side of the geomembrane are sealed with a hydrophyllic gasket 
or by the slurry.  


3. The installation frame is then removed.   
4. Hardened geomembrane panels are driven into the ground using a pile driver.   


 
Site-specific features, such as the hydrology, chemical contamination, site grade and access, and 
permeability of the sediments and soils must be considered when selecting the type of material that will 
be used in the construction of the final wall.  The site grade is very important, since the slurry will readily 
flow.  If these are installed on a grade the trench on the up-slope side will have lower slurry levels than 
that on the down-slope side; this could result in the trench wall becoming destabilized (EPA, 1998).  
Additionally, the geotechnical properties of the sediment and soil are important for determining the 
stability of the trench walls.   
 
Grout Curtains 
Grout curtains are similar to slurry walls except that the grout (which is in a slurry form) is injected 
through numerous, closely-spaced borings (Figure I-48).  As the number of injections rises, the barrier 
becomes impermeable, creating a “grout curtain”.  Different types of grout are available, but most are 
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composed of materials very similar to those used to make slurry walls.  Grout curtains can be installed to 
deep depths or can be used to create barriers extending only a few feet below the surface (WTIC, 1997).   
 
Grouts are typically divided into two types: particulate and chemical.  Particulate grouts are made from 
materials like bentonite or cement mixed with water.  Chemical grouts usually consist of a chemical base, 
catalyst, and some type of solvent (which could be water).  Some examples of chemical grouts are sodium 
silicate, acrylate, and urethane.  Particulate grounds are typically better suited for use with material having 
large pore spaces, whereas chemical grouts usually have a lower viscosity and are more amenable for use 
in materials with smaller pore spaces.  These two types of grouts can be used together (EPA, 1998).   
 
Two common methods for installing grout barriers are permeation grouting and jet grouting.  Permeation 
grouting refers to simply filling the voids in a soil with a grout material.  The soil must have a relatively 
high permeability in order to facilitate this; for instance, soils with permeabilities greater than 10-3


 cm/sec 
can be sealed with chemical grouts, while particulate grouts can be used when soil permeabilities are 
greater than 10-1


 cm/sec (EPA, 1998).   
 
Two methods are widely used for permeation grouting.  The first is point injection, where a tube or casing 
filled with grout is pushed down to the penetration needed and the grout is extruded as the tube is 
removed.  In order to construct an impermeable barrier, two or three rows of overlapping injection holes 
are installed (Figure I-48).  The second is the “tube-a-manchette”, in which a perforated pipe is positioned 
in a borehole with a weak grout.  The perforations are covered by rubber sleeves (manchettes) that act as 
one-way valves (Figure I-49). According to EPA (1998), “a double packer is placed in the sleeve pipe in 
such a way that it straddles the manchettes, and grout is injected under pressure.  If the required 
containment permeability is not achieved, the tube-a-manchette method allows for regrouting at the same 
location.  Also, this method allows different grout types to be used at the same location (for example, a 
cement grout to fill larger voids and a chemical grout to fill smaller voids).”  
 
Jet grouting involves high pressure injection (~6,000 pounds per square inch) of the grout into the soil.  
The grout is injected at rates high enough to cut and mix the soil into a homogenous barrier (800 to 1,000 
feet per second).  This process utilizes a “jet grouting drill rod” and typically a small diameter boring is 
cut to the required depth and the hole is jet grouted from the bottom towards the surface.   Jet grouting 
drill rods can contain one, two, or three passageways with the drill rod.  In a single rod jet grouting drill 
only grout is injected into the soil and any excess soil or water is displaced to the surface; these columns 
can be over a meter wide in granular soils.  In the double rod system, air is pushed through the same tube 
as the grout, which helps to hold back groundwater and soil, as well as the soil cut by the jet.  In the triple 
rod system, air and water is injected to cut and remove most of the soil, and grout is injected through a 
separate jet.  Since most of the native material is removed by a triple rod jet grouting drill, the resulting 
grout curtain is constructed from a higher percentage of grout than those constructed using a single or 
double rod device (EPA, 1998). 
 
Sheet-pile Walls 
Sheet-pile walls have long been used for a wide variety of civil engineering applications and are described 
previously in the discussion of cofferdams.  Sheet-piles are sections of steel plate and are typically 
corrugated to add strength.  These sheets are installed using a pile-driver (WTIC, 1997).  While sheet-pile 
walls are extremely strong and steel will not fracture, the interlocking joints can be a source of leakage 
(EPA, 1998); however, grout can be injected to help seal the joints (WTIC, 1997).  Figure I-50 illustrates 
the use of sheet-pile walls for groundwater containment. 
 
Hydraulic Control for Groundwater Containment 
Hydraulic control of groundwater is established through an extraction trench or series of extraction wells 
located within or downgradient of the contaminated groundwater (Figure I-51).  The removal of water at 
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the site of the well will result in a conical shaped depression, called a cone of depression, surrounding the 
well.  The changes in hydraulic head in the cone of the depression, or the elevation difference of the water 
table over a given distance, will facilitate groundwater flow toward the pumping well (Figure I-52).  
Strategic placement of these types of wells, in addition to sufficiently high pumping rates, can allow the 
groundwater flow to be controlled.  Pumped water is often treated using some chemical or physical 
process and hydraulic control typically requires the installation of monitoring wells to evaluate the 
efficacy of the method.      
 
I.8 In-situ Groundwater Treatment 
 
Permeable Reactive Barrier (PRB) 
 
In Field Applications of In-Situ Remediation Technologies: Permeable Reactive Barriers, EPA (1999) 
describes PRBs as: 
 


A PRB is a passive in situ treatment zone of reactive material that degrades or immobilizes 
contaminants as ground water flows through it. PRBs are installed as permanent, semi-
permanent, or replaceable units across the flow path of a contaminant plume. Natural 
gradients transport contaminants through strategically placed treatment media. The media 
degrade, sorb, precipitate, or remove chlorinated solvents, metals, radionuclides, and other 
pollutants. These barriers may contain reactants for degrading volatile organics, chelators 
for immobilizing metals, nutrients and oxygen to enhance bioremediation, or other agents. 
Choice of reactive media for PRBs is based on the specific organic or inorganic contaminant 
to be remediated. Most PRBs installed to date use zero-valent iron (Fe0) as the reactive 
media for converting contaminants to non-toxic or immobile species. For example, Fe0 can 
reductively dehalogenate hydrocarbons, such as converting trichloroethylene (TCE) to 
ethylene, and reductively precipitate anions and oxyanions, such as converting soluble Cr+6 
oxides to insoluble Cr3 hydroxides. The reactions that take place in the barriers are 
dependent on parameters such as pH, oxidation/reduction potential, concentrations, and 
kinetics. The hydrogeologic setting at the site is also critical—geologic materials must be 
relatively conductive and a relatively shallow aquitard must be present to contain the system. 
 
Most PRBs are installed in one of two basic configurations: funnel-and-gate or continuous 
trench, although other techniques using hydrofracturing and driving mandrels are also used. 
The funnel-and-gate system employs impermeable walls to direct the contaminant plume 
through a gate, or treatment zone, containing the reactive media. A continuous trench is 
installed across the entire path of the plume and is filled with reactive media. 


 
PRBs are installed in a similar manner as slurry walls.  The same type of trenching equipment would be 
used for the initial site excavation (Figure I-46).  PRBs are installed perpendicular to the groundwater 
flow direction and can be composed of a number of materials, including mulch, activated carbon, and 
zero-valent iron.  As groundwater flows through the PRB, the chemical contaminants react with the 
barrier material and are removed from the groundwater.  In many cases, this is a simple sorption reaction, 
in which contaminants are strongly adsorbed to the organic carbon or iron in a PRB.  These sorption 
reactions are often essentially irreversible.  In other cases, contaminants may be broken down or degraded 
as they pass through the PRB.  Figure I-53 illustrates a cross-section of what a typical PRB would look 
like; Figure I-54 shows examples of some biological materials, such as tree mulch or compost, which 
might be used to create a biowall. 
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I.9 Ex-situ Groundwater Treatment 
 
Pump and Treatment  
 
Ex-situ treatment of groundwater is typically in the form of some sort of pump and treatment operation, 
wherein groundwater is removed from a well and processed using a treatment option.  Pumping 
physically removes the groundwater and associated contaminants from the aquifer (unless contaminants 
are bound to soil particles).  The treatment selected is dependent on the type of contaminant and may be a 
chemical or a physical process.  Common groundwater treatment methods are discussed below. 
 
Precipitation/Coagulation/Flocculation Process Option 
This process transforms dissolved contaminants into an insoluble solid, facilitating the contaminant's 
subsequent removal from the liquid phase by sedimentation or filtration (Figure I-55).  The process 
usually uses pH adjustment, addition of a chemical precipitant, and flocculation.  These process options 
most frequently apply to inorganic compounds (FRTR, 2002).  This method has been used historically to 
successfully treat metals in industrial waste waters and is currently being considered for use as a remedial 
alternative in groundwater applications where heavy metals or radioactive isotopes are contaminants or as 
a pre-treatment option to be used in conjunction with other technologies such as chemical oxidation or air 
stripping.  Metals are typically precipitated from contaminated water by converting them to an insoluble 
salt (typically a hydroxide, sulfide or carbonate salt) using change in pH, addition of a chemical 
precipitant, or flocculation (FRTR, 2002).   
 
Chemical precipitants, coagulants and flocculation are used to increase the particle size through 
aggregation.  Some precipitation reactions can generate extremely fine grained particles that remain 
suspended in a solution.  There are three types of chemical coagulants commonly used to facilitate the 
aggregation of these small particles: inorganic electrolytes, organic polymers, and synthetic 
polyelectrolytes with positively or negatively charged functional groups.  Examples of some inorganic 
coagulants are alum, lime, ferric chloride, or ferrous sulfate.  The mixture of precipitated particles and 
coagulant are mixed in a specialized device called a flocculator that promotes particle settling.     
 
Filtration Process Option 
Filtration techniques utilize the physical separation of particles from a solution.  The most basic type of 
filtration is based on particle size (i.e., a bag or cartridge filter); advanced types of filtration may utilize 
semi-permeable membranes.  As a fluid passes through the medium or filter, suspended particles are 
trapped on the surface or within the medium.  Lignin adsorption/sorptive clays are used to treat aqueous 
waste streams with organic, inorganic and heavy metals contamination.  The waste stream is treated due 
to the molecular adhesion of the contaminants to an adsorptive surface.  A schematic of a typical filtration 
treatment setup is illustrated in Figure I-56. 
 
Air Stripping Process Option 
Figure I-57 shows a schematic of a typical air stripping process.  This is a full-scale technology in which 
remediation of volatile organic compounds is facilitated by increasing the exposure of contaminated water 
to air.  There are four typical types of aeration methods: packed towers, diffused aeration, tray aeration, 
and spray aeration.  As the groundwater is aerated, volatile organic compounds are transferred from the 
water to the air.  Generally, in groundwater remediation this type of treatment is done using a “packed 
tower” or an aeration tank.  In a packed tower water is dispersed through a sprayer at the top of the tower, 
which disperses the water over the top of the column materials.  A fan will blow against the water flow 
direction and a sump is installed at the bottom of the unit to collect the treated water.  Several pieces of 
optional equipment can be added to improve the efficiency of this alternative (i.e., heaters, automated 
control systems, and air emission control/treatment devices).  These devices are often between 15 and 40 
feet tall (FRTR, 2002). 
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Aeration tanks also work to increase the air content of water; however, a packing medium isn’t used.  In 
these types of devices air is bubbled up through a tank containing the water requiring treatment.  An air 
blower and baffles are used to disperse air so that packing materials are not needed.  Aeration tanks can 
be hooked up to each other to form a series of tanks, which could ensure an appropriate treatment.  
Aeration tanks are typically less than 6 feet tall and are easily modified by adding additional chambers or 
adjusting the baffles.  The discharge air from aeration tanks can be treated using the same technology as 
for packed tower air discharge treatment.  Air strippers can be operated continuously or in a batch mode 
where the air stripper is intermittently fed from a collection tank. The batch mode ensures consistent air 
stripper performance and greater energy efficiency than continuously operated units because mixing in 
the storage tanks eliminates any inconsistencies in feed water composition (FRTR, 2002). 
 
Activated Carbon Adsorption Process Option 
Adsorption by activated carbon been used for many years to treat municipal, industrial, and hazardous 
wastes, making this technology very mature and proven; the concepts, theory, and engineering are all well 
developed for the treatment of hydrocarbons, semi-volatile organic compounds, and explosives.  The 
effectiveness of this technology to treat volatile organic compounds and pesticides is not as widely 
proven, but is expected to have some degree of effectiveness.  Carbon adsorption is a relatively 
nonspecific adsorbent and is effective for removing many organic, explosive, and some inorganic 
contaminants from liquids or gases.  While very effective, this type of treatment generally requires some 
form of filtration or settling as a pretreatment to remove the suspended solids.  A buildup of solids in the 
carbon bed can reduce efficiency and affect the operating pressure of a system (FRTR, 2002). 
 
There are two common configurations for activated carbon adsorption: the fixed bed and the moving bed.  
A fixed bed reactor is shown in Figure I-58; this is the setup that is most commonly used to treat liquids.  
The water is pumped through one or more tanks containing activated carbon; the contaminants dissolved 
in the water will preferentially sorb to the carbon, removing them from the solution.  Depending upon the 
contaminant type, the carbon may be able to be regenerated and re-used; this is usually not possible with 
carbon that has been used to treat explosive- or metal-contaminated media.  These installations are usually 
relatively short-term (i.e., on the order of a few months); however, the duration of treatment and 
maintenance requirements depend on the type, concentration, and volume of the contaminant, the cleanup 
goals, as well as concentrations of non-target parameters in the water that will also sorb to the carbon 
(FRTR, 2002).   
 
Oxidation/Reduction Reactions 
This type of remedial technology involves chemical altering a compound using oxidation or reduction 
reactions to create a less- or non-toxic chemical.  Currently, oxidation reactions are used more frequently 
than reduction reactions; common oxidizers include ozone, hydrogen peroxide, and potassium 
permanganate.  A schematic of advanced oxidation treatment is shown in Figure I-59.  UV oxidation can 
be used to enhance destruction of organic and explosive compounds in water; typically, strong oxidizers 
are added to the water and are subsequently exposed to UV radiation.  The UV radiation produces a 
synergistic effect, further facilitating the reactions associated with the chemical oxidizing reagents.  An 
important advantage of advanced oxidation is that in many cases the contaminants are actually destroyed, 
rather than just removed from one media and concentrated into a separate phase.  Numerous organic and 
explosive contaminants can be treated with advanced oxidation, including petroleum hydrocarbons, 
chlorinated hydrocarbons, and explosive compounds.  This type of technology has been used as part of 
full-scale treatments for over a decade (FRTR, 2002).   
 
Advanced oxidation treatments can be configured so that they occur as a continuous process or in discreet 
batches.  The time period required and maintenance considerations are dependent upon the water to be 
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treated, the turbidity of the water, the reactivity of the oxidant used, and maintenance requirements of the 
components which generate the UV radiation, if used (FRTR, 2002).     
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Figure I-1. Flowchart Illustrating the Steps Involved in Design Evaluation of Various In-situ Cap 


Components (Palermo et al., 1998) 
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Figure I-2.  Illustrations of Multi-layer Caps (Palermo et al., 1998) 
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Figure I-3. Illustrations of Mechanical Placement of Cap Materials (Palermo et al., 1998) 
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Figure I-4. Spreading Techniques for Capping by Barge and Tugboat (Palermo et al., 1998) 


 
 
 


 
Figure I-5. Hydraulic Washing of Coarse Sand, Eagle Harbor, Washington (Palermo et al., 1998) 
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Figure I-6.  Baffle Plate Spreader for Hydraulic Pipeline (Palermo et al., 1998) 


 
 
 


 
Figure I-7.  Spreader Box or Sand Box for Hydraulic Pipeline Discharge (Palermo et al., 1998) 
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Figure I-8.  A Submerged Diffuser System (Palermo et al., 1998) 


 
 
 
 


 
Figure I-9. Hydraulic Barge Unloader and Sand Spreader Barge (from Kikegawa, 1983) 
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Figure I-10. Mechanical Clamshell Dredge and Haul Barge 


 


 
Figure I-11. Loaded and Empty Hopper Barges 
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Figure I-12. Hydraulic Environmental Bucket 
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Figure I-13. Environmental Bucket Features 


 
 
 
 


 
Figure I-14. Hydraulic Cutterhead Dredge and Pipeline Transport 
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Figure I-15. Two Raised Cutterhead Dredges 


 


 
Figure I-16. Raised Cutterhead on Land 
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Figure I-17. Raised Auger Dredge 


 


 
Figure I-18.  Aerial View of a Hybrid Dredge 
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Figure I-19.  Hybrid Dredging System Used in New Bedford Harbor 


 


 
Figure I-20.  Amphibious Dredge 


 


 
Figure I-21. Floating Amphibious Dredge 
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Figure I-22.  Long Arm Amphibious Dredge 


 


 
Figure I-23. Cofferdam Used to Construct the Montgomery Point Lock (www.winkepedia.com, 


August 9, 2006; http://en.wikipedia.org/wiki/Image:Dam_Coffer.jpg) 
 


 
 


Figure I-24. Cofferdam 
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Figure I-25.  Portable Fabric Cofferdam (Reprinted with permission from Portadam; 


www.portadam.com) 
 
 
 
 
 


 
Figure I-26.  Excavation Inside Cofferdams 
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Figure I-27.  Excavation Inside Cofferdams 
 
 
 


 
Figure I-28.  Conveyor Belt Transport 
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Figure I-29.  Aerial Photo of Mechanical Dredging and Transport at McAlister Point, RI 
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Figure I-30. Passive Dewatering Pond at McAlister Point, Newport, RI 
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Figure I-31.  Diagram Illustrating how Solidification of Dredged Sediment is Performed 


(www.frtr.gov, August 9, 2006) 
 


 
Figure I-32.  Belt Filter Press  (EPA, 1987) 
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Figure I-33.  Plate and Frame Dewatering Setup (http://www.art-
engineering.com/Projects/Montreal/Photos.htm) 


 
 
 
 
 
 
 


 
Figure I-34. Plate and Frame Dewatering Press 
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Figure I-35.  Various Designs for Confined Disposal Facilities 
 
 


 
 


Figure I-36. Three Dimensional Cross Section of a Confined Aquatic Disposal Cell (CAD) 
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Figure I-37.  Aerial View of a Nearshore Confined Disposal Facility (CDF) 


 
 
 
 
 
 
 


 
Figure I-38.  Nearshore CDF 
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Figure I-39. Grading the Side of a CDF 


 


 
Figure I-40. Armoring the Side of a CDF 
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Figure I-41. Geotextile Fabric Installed on Top of a CDF 


 


 
Figure I-42. Typical Flowchart for Hazardous Waste Incineration (FRTR, 2002) 
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Figure I-43.  Schematic of the Basic Incineration Process Using a Rotary Kiln Incinerator 


 
 
 
 


 
Figure I-44.  Detailed Schematic of Rotary Kiln Incineration 
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Figure I-45.  Photograph of a Rotary Kiln Incinerator (Reprinted with permission of Andersen 
2000, Inc.) 


 


 
Figure I-46.  Equipment Digging a Vertical Trench Around an Area of Groundwater or Soil 


Contamination 
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Figure I-47.  Cross-section of a Slurry Wall (FRTR, 2002) 
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Figure I-48.  Example of a Grout-filled Boring Array Used to Form a Grout Curtain (EPA, 1998) 
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Figure I-49. Tube-A-Manchette Grout Apparatus (EPA, 1998) 
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Figure I-50. Specific Example of Sheet Pile Walls Used in this Case to Aid in Recovery of 


Groundwater (WTIC, 1997) 
 
 


 
Figure I-51. Schematic of Hydraulic Control Using Extraction Wells on the Downgradient Side of a 


Contamination Plume 
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Figure I-52. Example of the Cone of Depression and Associated Flow Fields Resulting from 
Pumping Water from a Well 
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Figure I-53. Cross Section of a Typical Permeable Reactive Barrier (PRB) from FRTR (2002) 


 


 
Figure I-54.  Example of Materials such as Tree Mulch and Compost that May be Used in a Biowall 


Type of PRB 
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Figure I-55.  Schematic of the Chemical Precipitation or Flocculation Processes (FRTR, 2002) 


 


 
Figure I-56.  Schematic of a Typical Groundwater Filtration System (FRTR, 2002) 
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Figure I-57.  Schematic of a Typical Air Stripping Process (FRTR, 2002) 
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Figure I-58.  Schematic of Activated Carbon Adsorption (FRTR, 2002) 
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Figure I-59.  Schematic of Advanced Oxidation Used to Treat Contaminated Groundwater (FRTR, 


2002) 
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REMEDIAL ALTERNATIVE COST ESTIMATES 
 
 
J.1 Introduction 
 
Appendix J presents the calculations for the present worth costs for each alternative for the Centredale 
Manor Restoration Project (CMRP) site.  The present worth cost is the sum of the capital cost and the 
present worth of the monitoring and maintenance costs for 30 years.  The capital costs include the 
following:  
 


 Estimated construction cost; 
 Estimated design costs, which includes pre-design sampling and analysis; 
 Estimated construction oversight and quality control; 
 Contingency of 25 percent, except 10% is applied to off-site disposal costs; and, 
 Post-construction monitoring costs. 


 
The cost tables for each action area are organized as follows:  
 


 Present Worth Cost that shows the capital costs and monitoring and maintenance costs for each 
alternative. 


 Construction Cost that shows the quantities, unit costs and total costs for the work tasks in each 
alternative, including costs for mitigation (additional details regarding mitigative measures are 
provided in Appendices K and M).  


 Design Cost that shows the pre-design sampling and analysis and design costs for each 
alternative.   


 Construction Oversight Cost that shows the construction oversight and quality control staff and 
includes water quality monitoring and confirmation sampling at the end of construction.  


 Long-Term Monitoring Cost that includes monitoring for 30 years, and estimated maintenance 
costs for 30 years, including costs for invasive species management.  


 Unit Cost that shows the labor, equipment, material and subcontract costs, estimated production 
rates and estimated unit costs used for the construction, design and monitoring cost estimates. 


 Volume Estimates that show the calculations for the quantities used in the construction cost 
estimates.   


 
The estimated costs presented in this report are prepared for alternative comparison and selection of the 
recommended remedial action.  The costs are based on the information available at the time of the 
estimate; cost estimates include acquisition of property required for remedy implementation (i.e., property 
for upland confined disposal facility [CDF]).  The actual costs of remediation depend on many variables, 
including quantity of contaminated sediments, disposal fees, health and safety regulations, Applicable or 
Relevant and Appropriate Requirement (ARARs), labor and equipment costs, and the final project scope.  
As a result, the final project costs will vary from the estimates presented herein.  Costs are expected to be 
within the range of accuracy typical for feasibility study or conceptual engineering cost estimates.  
Because of this, project feasibility and funding needs must be carefully reviewed prior to making specific 
financial decisions to help ensure proper evaluation and adequate funding.  
 
The costs presented in this appendix are based on the alternatives described in Section 6.0, Detailed 
Evaluation of Remedial Alternatives.  In order to prepare cost estimates that best reflect the differences 
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between alternatives and are the most accurate relative costs, it is necessary to make a number of 
assumptions on the project scope, especially for design (Section J.2), construction oversight (Section J.3) 
and long-term monitoring (Section J.4).  The key assumptions for construction costs are:  
 


1. The construction costs include overhead and profit in the unit costs for the implementing 
contractor or subcontractor.  


2. The labor rates are based on union or “prevailing wage” rates.  Equipment rates are based on RS 
Means Building Construction Cost Data or experience with past dredging projects.  Material 
costs are based on personnel communications from local vendors, or experience with past 
projects.  


3. Construction production rates are based on equipment rated capacity modified for work in 
shallow water at the CMRP site.  All work would be done in one eight-hour shift per work day, 
working 5 days per week.  


 
J.2 Design Cost Key Assumptions  
 
Design hours based on preparation of design reports (including engineering calculations) and drawings 
for 30%, 90%, and final designs; technical specifications for 90%; and final designs and construction 
work plans.   
 
Costs for procurement are not included since they would not affect cost comparisons and are dependent 
on the acquisition strategy.  
 
The assumed level of effort for field sampling and laboratory analysis are presented in Tables J-1 through 
J-5 for the Allendale and Lyman Mill reach sediment, Allendale reach floodplain soil, Lyman Mill reach 
stream sediment and floodplain soil (including Oxbow), Source Area soil, and Source Area groundwater. 
 


Table J-1 Allendale and Lyman Mill Reach Sediment Action Area 
Design Field and Lab Assumptions 


Activity 


Alternative 
7 


Excavation 
and Disposal 


and/or 
Treatment 


Alternative 8 
Partial 


Excavation, 
Isolation Capping 


and Disposal 
and/or Treatment 


Alternative 10 
Dam 


Replacement, 
Excavation and 
Disposal and/or 


Treatment 


Alternative 11 
Dam Replacement, 
Partial Excavation, 
Isolation Capping 


and Disposal 
and/or Treatment 


Physical survey (days) 4 4 4 4 
Sediment sampling (days) 20 20 20 20 
Ecologic sampling (days) 4 4 4 4 
Water dioxins (no.) 15 15 15 15 
Sediment engineering properties (no.)1 20 20 20 20 
Sediment characterization (no.)2 160 160 160 160 
Background characterization (no.)3 20 20 20 20 
Fish tissue chemistry4 20 20 20 20 
Benthic community analysis (no.) 22 22 22 22 
1 Sediment engineering properties includes shear strength and consolidation tests. 
2 Sediment characterization (for design) includes: dioxins, percent solids, grain size, organic content and TCLP analysis for 
metals, pesticides, volatiles and semi-volatiles. 
3 Background characterization includes sampling and analysis to confirm background conditions (for design), and includes: 
dioxins, pesticides, volatile and semi-volatile organic compounds, inorganics, percent solids, grain size, organic content. 
4 Fish tissue monitoring for dioxin/furans, pesticides, PCBs and PAHs (establish post-construction baseline conditions to support 
long-term monitoring). 
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Table J-2 Allendale Reach Floodplain Soil Action Area 


Design Field and Lab Assumptions 


Activity 
Alternative 5 


Excavation and Disposal 
and/or Treatment 


Physical survey (days) 2 
Soil sampling (days) 2 
Ecologic survey (days) 1 
Soil dioxins (no.) 20 
Soil characterization (no.) 10 
 
 


Table J-3 Lyman Mill Reach Stream Sediment and Floodplain Soil (Oxbow) Action Area 
Design Field and Lab Assumptions 


Activity 


Alternative 3 
Targeted Excavation, Enhanced 
Natural Recovery, and Disposal 


and/or Treatment 


Alternative 5 
Partial Excavation,  


Enhanced Natural Cover, and 
Disposal and/or Treatment 


Physical survey (days) 2 2 
Sediment/soil sampling (days) 5 5 
Benthic sampling (days) 2 2 
Water characterization (no.)1 10 10 
Sediment/soil characterization (no.) 80 80 
Background characterization (no.)2 20 20 
Animal tissue dioxins (no.) 10 10 
1Water chemical analysis includes dioxins, PCBs, pesticides, inorganics. 
2 Background characterization includes sampling and analysis to confirm background conditions (for design), and includes: 
dioxins, pesticides, volatile and semi-volatile organic compounds, inorganics, percent solids, grain size, organic content. 
 
 


Table J-4 Source Area Soil Action Area 
Design Field and Lab Assumptions 


Activity 


Alternative 3 Targeted Excavation, 
Upgrade and Maintain Existing 
Surfaces, and Disposal and/or 


Treatment 


Alternative 4 
Targeted Excavation, 


Convert to RCRA Caps and 
Maintain, and Disposal 


and/or Treatment 
Physical survey (days) 2 2 
Soil sampling (days) 16 5 
Soil characterization (no.) 32 8 
Dioxin chemistry (no.) 96 24 
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Table J-5 Source Area Groundwater Action Area Design Field and Lab Assumptions 


Activity Alternative 2 
Excavation/ Dewatering 


Alternative 5 
In-Situ Chemical Oxidation 


Physical survey (days) 2 2 
Soil sampling (days) – 5 
Well installation (linear feet) – 100 
Groundwater sampling (days) 2 2 
Groundwater dioxins (no.) 7 14 
Soil characterization (no.)1 – 75 
1 Soil characterization consists of dioxins and volatiles, with other analyses (grain size, organic content, 
semi-volatiles, and TCLP for metals) analyzed at approximately 5%. 
 
 
J.3 Construction Oversight and Quality Control Key Assumptions 
 


1. The project manager, resident engineer, and administrative support person would be on site full-
time for one eight-hour shift per work day.  


2. Water quality monitoring and sampling would be done once a week during excavation and cap 
placement.  Assume analysis of one composite water chemistry sample per week on average.  


3. Bathymetric surveys would be done once a week during excavation and cap placement. 


4. Confirmation sediment sampling would be done during the excavation work.  For the ponds 
sediment action area, assume approximately 4 confirmation samples would be taken per acre over 
an area of approximately 40 acres. 


5. Designation sediment sampling would be done on dewatered stockpiles of excavated material.  
For the river/ponds action area, assume one designation sample would be taken per day of 
sediment dewatering operations.  


6. Disposal costs for the upland CDF (Option ‘a’) assume that a treatability variance to reduce the 
amount of treatment required will be obtained, and that with the variance approximately 10% of 
the excavated, dewatered sediment would be shipped off site for disposal and/or treatment. 


7. Disposal costs for the nearshore CDF (Option ‘b’) assume that the sediment will not dewatered, 
or otherwise treated ex-situ, and that the sediment does not need to meet the treatment standards 
in the land disposal restrictions (LDRs) prior to disposal in a nearshore CDF that is within the 
area of contamination.  


8. Disposal costs for off-site disposal and/or treatment (Option ‘e’) assume that approximately 50% 
of the excavated, dewatered sediment and 10% to 20% of the excavated source area soil1 would 
require treatment to meet the LDRs. 


                                                 
1 Based on the existing data, the disposal costs assume that 10% of the soil excavated under the Source Area Soil 
Alternatives 3 and 4 and 20% of the soil excavated under the Source Area Groundwater Alternative 2 would require 
treatment. 
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Table J-6 Allendale and Lyman Mill Reach Sediment Action Area 


Construction Oversight Field and Lab Assumptions 


Activity 


Alternative 7 
Excavation and Disposal 


and/or Treatment 


Alternative 8 
Partial Excavation, 
Isolation Capping 


and Disposal 
and/or Treatment 


Alternative 10 
Dam Replacement, 


Excavation and 
Disposal and/or 


Treatment 


Alternative 11 
Dam Replacement, 
Partial Excavation, 
Isolation Capping 


and Disposal 
and/or Treatment 


Option 
a 


Option 
b 


Options 
d, e 


Options 
a, b 


Options 
d, e Option b1 Option f2 


Water sampling (days) 76 50 76 32 32 50 36 
Physical survey (days) 76 50 76 32 32 50 36 
Sediment sampling (days) 76 50 76 32 32 50 36 
Biota sampling (days) 2 2 2 2 2 2 2 
Water dioxins (no.) 76 50 76 32 32 50 36 
Sediment confirmation3  160 160 160 – – 160 66 
Sediment designation (no.)4 – – 390 – 160 – -– 
Downstream sediment 
monitoring (no.)5 80 80 80 80 80 80 80 


Fish tissue chemistry6 20 20 20 20 20 20 20 
1 For Options 10a, d, and e, the activity and counts would be the same as Alternative 7, Options a, d, and e. 
2 For Options 11a, b, d, and e, the activity and counts would be the same as Alternative 8. 
3 Sediment confirmation (post-excavation) analysis includes: 2,3,7,8 TCDD only. 
4 Sediment designation (for off-site disposal) analysis includes dioxins.  
5 Sediment monitoring, pre- and post-construction, from downriver locations for full suite of chemical parameters, including 
dioxins.  
6 Fish tissue monitoring for dioxin/furans, pesticides, PCBs and PAHs (establish post-construction baseline conditions to support 
long-term monitoring). 
 
 


Table J-7 Allendale Reach Floodplain Soil Action Area 
Construction Oversight Field and Lab Assumptions 


Activity Alternative 5 
Excavation and Disposal and/or Treatment 


Physical survey (days) 2 
Soil sampling (days) 2 
Soil confirmation (no.) 10 
Soil designation (no.)1 10 
1 Options 5d and 5e only; design samples would be used to characterize soils for Option 5a. 
 
 


Table J-8 Lyman Mill Reach Stream Sediment and Floodplain Soil (Oxbow) Action Area 
Construction Oversight Field and Lab Assumptions 


Activity 
Alternative 3 Targeted Excavation, 
Enhanced Natural Recovery, and 


Disposal and/or Treatment 


Alternative 5 
Partial Excavation, Enhanced 
Natural Cover, and Disposal 


and/or Treatment 
Physical survey (days) 4 10 
Sediment/soil sampling (days) 10 20 
Sediment/soil confirmation (no.) 28 48 
Sediment/soil designation (no.) 48 136 
1 Options 3d, 3e, 5d, and 5e only; design samples would be used to characterize soils for Options 3a and 5a. 
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Table J-9 Source Area Soil Action Area 


Construction Oversight Field and Lab Assumptions 


Activity 


Alternative 3 
Targeted Excavation, Upgrade and 


Maintain Existing Surfaces, and 
Disposal and/or Treatment 


Alternative 4 Targeted 
Excavation, Convert to RCRA 


Cap and Maintain, and Disposal 
and/or Treatment 


Physical survey (days) 20 40 
Soil sampling (days) 2 1 
Soil confirmation (no.) 10 – 
Soil designation (no.) 24 14 
 
 


Table J-10 Source Area Groundwater Action Area 
Construction Oversight Field and Lab Assumptions 


Activity Alternative 2 
Excavation/ Dewatering 


Alternative 5 
In-Situ Chemical Oxidation


Groundwater sampling (days) 2 2 
Physical survey (days) 3 3 
Soil sampling (days) –  2 
Well installation (linear feet) 60 –  
Soil confirmation  (no.) –  50 
Soil designation (no.) 30 –  
Groundwater dioxins (no.) 10 14 
Groundwater discharge (no.)1 10 –  
1 Groundwater discharge chemical analysis includes dioxins, volatiles, semi-volatiles, petroleum, inorganics, oil and grease, 
and biological oxygen demand (BOD). 
 
 
J.4 Long-term Monitoring Key Assumptions 
 
For the excavation alternatives, it is assumed that there would be some residual contamination and, as a 
result, long-term monitoring would be required.  The annual monitoring for the partial excavation 
alternatives is assumed to be ½ of the effort required for the excavation alternatives.   
 
It is assumed that annual monitoring of physical conditions and groundwater would be required for the 
CDF sites.   
 
Annual cap maintenance costs are based on the assumption that a small percentage of the cap will require 
repair each year.   
 


 For the river/ponds sediment action area, it is assumed that the repair area would be ½ acre per 
year for the partial excavation alternatives and ¼ acre per year for the excavation alternative.   


 For the Source Area soil action area, it is assumed that the repair area would be 1/10 acre per year 
for the Upgrade Cap and RCRA Cap alternatives. 


 For the Lyman Mill reach stream sediment and floodplain soil (Oxbow) action area, it is assumed 
that the repair area would be ¼ acre per year for the targeted and partial excavation alternatives.   
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All sediment, floodplain soil, and source area soil alternatives include annual maintenance costs for 
invasive species management. 
 
Annual costs assume that maintenance of the Allendale and Lyman Mill Dams would be required.  It is 
assumed that the annual maintenance would include: (a) checking gate operation, (b) cutting vegetation 
on the embankments and (c) visual inspection of dam structure.  
 


Table J-11 Allendale and Lyman Mill Reach Sediment Action Area 
Long-Term Monitoring Field and Lab Assumptions 


Activity Alternative 1 
No Action 


Alternative 7 
Excavation 


and Disposal 
and/or 


Treatment 


Alternative 8 
Partial 


Excavation, 
Isolation 


Capping and 
Disposal and/or 


Treatment 


Alternative 10 
Dam Replacement, 


Excavation and 
Disposal and/or 


Treatment 


Alternative 11 
Dam Replacement, 
Partial Excavation, 
Isolation Capping 


and Disposal 
and/or Treatment 


Sediment sampling (days/yr)1 – 7 12 7 12 
Physical survey (days/yr) – 2 4 2 4 
Biota sampling (days/yr) 2 2 2 2 4 
CDF physical survey 
(days/yr)2 – 2 2 2 2 


Surface water dioxins (no./yr) – 20 20 20 20 
Fish tissue chemistry (no/yr.)3 10 20 20 20 20 
Sediment dioxin and physical 
properties (no./yr)4 – 30 50 30 50 


Benthic community analysis – 20 20 20 20 
CDF groundwater dioxins 
(no./yr)2 – 10 10 10 10 


Invasive species control 
(acres) – 11 


(Option 7b) 
5 


(Option 8b) 
5 (Options a, d, e) 


18 (Option b) 23 (all options) 


1 Includes 2 days for downriver sampling. 
2 Long-term monitoring for upland CDF (Option a) and nearshore CDF (Option b) only. 
3 Fish tissue monitoring for dioxin/furans, pesticides, PCBs and PAHs. 
4 Includes 10 downstream samples. 
 
 


Table J-12 Allendale Reach Floodplain Soil Action Area 
Long-Term Monitoring Field and Lab Assumptions 


Activity Alternative 1 
No Action1 


Alternative 5 
Excavation and 
Disposal and/or 


Treatment 
Soil sampling (days/yr) – –
Physical survey (days/yr) – –
Vegetation monitoring (days/yr) – 1 
Soil characterization (no./yr) – –
Invasive species control (acres) – 1.5 
1Costs are covered under Allendale and Lyman Mill Sediment Alternative 1, No Action. 
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Table J-13 Lyman Mill Reach Stream Sediment and Floodplain Soil (Oxbow) Action Area 


 Long-Term Monitoring Field and Lab Assumptions 


Activity Alternative 1 
No Action 


Alternative 3 Targeted 
Excavation, Enhanced 
Natural Recovery, and 


Disposal and/or 
Treatment 


Alternative 5 
Partial Excavation, 


Enhanced Natural Cover 
and Disposal and/or 


Treatment 
Soil sampling (days/yr) – 5 5 
Physical survey (days/yr) 2 2 2 
Biota sampling (days/yr) – 2 2 
CDF Physical (days/yr)1 – 2 2 
Water dioxins (no./yr) – 10 10 
Animal tissue dioxins (no./yr) – 10 10 
Soil dioxin and physical properties (no./yr) – 20 20 
Groundwater dioxins (no.) 1 – 10 10 
Invasive species control (acres) – 22 22 
1Long-term monitoring for upland CDF (Option a) and nearshore CDF (Option b) only 
 


Table J-14 Source Area Soil Action Area 
Long-Term Monitoring Field and Lab Assumptions 


Activity Alternative 1 
No Action 


Alternative 3 
Targeted Excavation, 
Upgrade and Maintain 
Existing Surfaces, and 


Disposal and/or Treatment 


Alternative 4 Targeted 
Excavation, Convert to 


RCRA Cap and 
Maintain, and Disposal 


and/or Treatment 
Physical survey (days/yr) 2 2 2 
Invasive species control (acres) – 4.3 4.3 
 
 


Table J-15 Source Area Groundwater Action Area 
Long-Term Monitoring Field and Lab Assumptions 


Activity Alternative 1 
No Action1 


Alternative 2 
Excavation/ 
Dewatering 


Alternative 5 
In-Situ Chemical 


Oxidation 
Groundwater sampling (days/yr) 2 2 2 
Groundwater analyses (no./yr) 7 7 10 
1Costs for five-year reviews are covered under the Source Area soil alternatives. 


 







Appendix J Cost Estimates 
 


Allendale and Lyman Mill Reach Sediment Alternatives 
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Present Worth Costs
Allendale and Lyman Mill Reach Sediment Alternatives


1


2


3


4


5


6


7


8


9


10


11


12


13


14


15


16


17


18


19


20
21
22
23
24
25


26


27


A B C D E F G H I J K L M


ALT 1 No 
Action


ALT 7a 
Excavation, 
Upland CDF


ALT 7d 
Excavation, On-
site Incinerate


ALT 7e 
Excavation, Off-


site Disposal


ALT 7b  
Excavation, 
Nearshore 


CDF


ALT 8a Partial 
Excavation, 


Isolation 
Capping, 


Upland CDF


ALT 8b Partial 
Excavation, 


Isolation 
Capping, 


Nearshore 
CDF


ALT 8d Partial 
Excavation, 


Isolation 
Capping, On-
site Incinerate


ALT 8e Partial 
Excavation, 


Isolation 
Capping, Off-
site Disposal


ALT 10b Dam 
Replacement, 
Excavation, 


Nearshore CDF


ALT 11f Dam 
Replacement, 


Partial 
Excavation, 


Isolation 
Capping, On-site 


Consolidation


Remediation Area: 38.9 Acres


Remediation Volume 155,800 Cubic Yards
Construction Cost 
(Excludes Disposal) $0 $13,719,578 $13,719,578 $13,719,578 $11,058,586 $15,541,067 $13,939,307 $15,541,067 $15,541,067 $10,760,313 $21,797,903


Disposal $27,806,490 $84,237,219 $82,513,486 $19,953,129 $12,809,778 $7,662,133 $35,241,178 $34,517,592 $22,559,380


Design costs $0 $1,528,979 $1,528,979 $1,528,979 $1,507,379 $1,528,979 $1,528,979 $1,528,979 $1,528,979 $1,507,379 $1,354,379


Oversight & QC costs $0 $2,622,370 $2,901,220 $2,901,220 $2,419,895 $2,118,438 $2,118,438 $2,232,838 $2,232,838 $2,419,895 $1,141,099


Contingencies


Excavation (25%) 25% $0 $5,067,732 $4,537,444 $4,537,444 $3,746,465 $5,397,121 $4,396,681 $4,825,721 $4,825,721 $3,671,897 $6,073,345


Disposal (25% for a,b; 10% for d,e) $6,951,622 $8,423,722 $8,251,349 $4,988,282 $3,202,445 $1,915,533 $3,524,118 $3,451,759 $5,639,845


$0


CAPITAL COSTS


TOTAL $0 $57,700,000 $115,300,000 $113,500,000 $43,700,000 $40,600,000 $31,600,000 $62,900,000 $62,100,000 $46,600,000 $30,400,000


Annual Monitoring & 
Maintenance Years $36,206 $200,333 $200,333 $200,333 $211,333 $342,267 $347,267 $342,267 $342,267 $218,333 $365,267


Disposal Monitoring $23,330 $23,330 $23,330 $23,330 $23,330


TOTAL PRESENT WORTH COSTS
TOTAL $449,280 $60,500,000 $118,000,000 $116,000,000 $46,600,000 $45,100,000 $36,200,000 $67,000,000 $66,000,000 $49,600,000 $34,900,000


Notes:
Present worth factors for 7% discount factor
  Years 1 to 30 12.409
Costs for upland CDFs includes property acquisition


Allendale and Lyman Mill Reach Sediment Alternatives


Costs for Options 10a, 10d, and 10e would be same as Alternative 7, except that the capital and present worth costs would increase by about $1 million for dam 
replacement and mitigation.
Costs costs for Options 11a, 11d, and 11e would be about $3 million less than Alternative 8, because the capital and present worth costs would increase for costs associated with dam replacement and mitigation and 
decrease for reduction in cap material volume.  The same is true for Option 11b, except that the total costs would increase overall by about $500,000 for additional mitigation.
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Construction Costs
Allendale and Lyman Mill Reach Sediment Alternatives


1
2


3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34


B C D E F G H I J K L M N
Description Quantity Units Daily 


Labor Equipment Materials Subcontract Labor Equipment Materials Subcontract TOTAL
CONSTRUCTION COSTS


ALT 7a, 7d, 7e EXCAVATION  (without disposal)
Mobilization and Demobilize 30 days $5,734 $3,410 $520 $0 $172,013 $102,300 $15,600 $0 $289,913
Mobilize and demob excavators 15 days $5,734 $3,410 $520 $0 $86,007 $51,150 $7,800 $0 $144,957
Mobilize pile driving 10 days $3,817 $4,240 $38,173 $42,400 $0 $0 $80,573
Rebuild Lyman Mill Dam Gate 1 ls $750,000 $0 $0 $0 $750,000 $750,000
Divert Allendale Water 5 days $5,734 $3,410 $520 $0 $28,669 $17,050 $2,600 $0 $48,319
Drain Lyman Mill Water 10 days $5,734 $3,410 $520 $0 $57,338 $34,100 $5,200 $0 $96,638
Temp road gravel 9,778 cy 400 $8.43 $2.08 $52.50 $0 $82,407 $20,289 $513,333 $0 $616,029
Geomembrane for temp roads 264,000 sf $0.86 $0 $0 $0 $227,040 $227,040
Work area gravel 2,222 cy 400 $8.43 $2.08 $52.50 $0 $18,729 $4,611 $116,667 $0 $140,007
Work area geomembrane 120,000 sf $0.86 $0 $0 $0 $103,200 $103,200
Work area asphalt 120,000 sf $1.00 $0 $0 $0 $120,000 $120,000
Remove haul roads 12,000 cy $8.43 $2.08 $101,135 $24,900 $0 $0 $126,035
Hydroseed work areas 384,000 sf $0.05 $0 $0 $0 $17,664 $17,664
Purchase sheet pile 54,000 sf $14.90 $0 $0 $804,600 $0 $804,600
Install and remove sheet pile 144,000 sf $6.36 $7.07 $916,142 $1,017,600 $0 $0 $1,933,742
Excavate sediment 155,799 cy 400 $11.33 $8.53 $1.30 $0 $1,765,897 $1,328,189 $202,539 $0 $3,296,625
Backfill 47,100 tons 500 $14.27 $8.22 $31.48 $0 $672,068 $387,166 $1,482,722 $0 $2,541,956
Aquatic habitat enhancement 39 Ac $4,000 $0 $0 $0 $155,704 $155,704
Re-stock fish 1 ls $25,000 $0 $0 $0 $25,000 $25,000
Superintendent & field engr 449 days $1,920 $863,036 $0 $0 $0 $863,036
Project manager 449 days $1,200 $539,398 $0 $0 $0 $539,398
Safety Officer 449 days $600 $269,699 $0 $0 $0 $269,699
Officer 449 days $600 $269,699 $0 $0 $0 $269,699
Clerk 449 days $360 $161,819 $0 $0 $0 $161,819
Field office, utilities, vehicles 21.4 mo $4,575 $0 $97,926 $0 $0 $97,926


$6,042,229 $3,127,681 $3,151,061 $1,398,608 $13,719,578


Costs


ALT 7a, 7d, 7e EXCAVATION  (without disposal) CONSTRUCTION COST


Unit Costs
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Construction Costs
Allendale and Lyman Mill Reach Sediment Alternatives


1
2


3


B C D E F G H I J K L M N
Description Quantity Units Daily 


Labor Equipment Materials Subcontract Labor Equipment Materials Subcontract TOTAL
CONSTRUCTION COSTS


CostsUnit Costs


35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69


Excavation OPTION 7a Upland CDF
Excavate existing soil 26,289 cy 600 $10.69 $5.82 $0 $0 $281,089 $152,914 $0 $0 $434,003
Clear trees and vegetation 260,000 sf 12,000 $0.44 $0.19 $0.00 $0.00 $113,838 $50,050 $0 $0 $163,888
Sand liner base 6,756 cy 400 $8.43 $2.08 $52.50 $0.00 $56,935 $14,018 $354,667 $0 $425,620
Install base liner 182,400 sf $0.86 $0 $0 $0 $156,864 $156,864
Sand drain layer 6,756 cy 400 $8.43 $2.08 $52.50 $0.00 $56,935 $14,018 $354,667 $0 $425,620
Perimeter berms 34,264 cy 600 $7.79 $3.65 $52.50 $0.00 $266,770 $125,062 $1,798,839 $0 $2,190,671
Soil over sediment 8,133 cy 400 $8.43 $2.08 $52.50 $0.00 $68,547 $16,877 $427,000 $0 $512,424
Cover membrane 219,600 sf $0.86 $0 $0 $0 $188,856 $188,856
Drain gravel over membrane 8,133 cy 400 $8.43 $2.08 $52.50 $0.00 $68,547 $16,877 $427,000 $0 $512,424
Protective soil 8,133 cy 400 $8.43 $2.08 $52.50 $0.00 $68,547 $16,877 $427,000 $0 $512,424
Topsoil and plantings 219,600 sf 7,400 $0.63 $0.13 $0.74 $1.00 $138,630 $29,527 $162,667 $219,600 $550,424
Load and place in CDF 101,610 tons $13.95 $10.31 $1.92 $0.00 $1,417,859 $1,047,365 $195,404 $0 $2,660,628
Mobilize dewater system 15 days $5,972 $8,410 $89,577 $126,150 $0 $0 $215,727
Dewater sediment 155,799 cy 400 $14.93 $21.03 $9.35 $0 $2,326,012 $3,275,679 $1,456,723 $0 $7,058,414
Water treatment at site 389 days $1,300 $1,740 $270 $20 $506,472 $677,727 $105,164 $7,790 $1,297,153
Water treatment set-up 5 days $6,848 $1,530 $50 $0 $34,241 $7,650 $250 $0 $42,141
Off-site Incineration 11,290 tons $7.24 $1.54 $0.77 $880 $81,760 $17,369 $8,685 $9,935,200 $10,043,014
Superintendent & field engr 113 days $1,920 $216,097 $0 $0 $0 $216,097
Project manager 113 days $1,200 $135,061 $0 $0 $0 $135,061
Clerk 113 days $360 $40,518 $0 $0 $0 $40,518
Field office, utilities, vehicles 5.4 mo $4,575 $0 $24,520 $0 $0 $24,520


$5,967,437 $5,612,679 $5,718,065 $10,508,310 $27,806,490


Excavation Option 7d On-Site Incineration
On-site incineration 112,900 tons $7.24 $1.54 $1.04 $600 $817,601 $173,692 $117,242 $67,761,712 $68,870,247
Solid waste landfill 112,900 tons $7.24 $1.54 $1.04 $50 $817,601 $173,692 $117,242 $5,645,000 $6,753,536
Mobilize dewater system 15 days $5,972 $8,410 $89,577 $126,150 $0 $0 $215,727
Dewater sediment 155,799 cy 400 $14.93 $21.03 $9.35 $0 $2,326,012 $3,275,679 $1,456,723 $0 $7,058,414
Water treatment at site 389 days $1,300 $1,740 $270 $20 $506,472 $677,727 $105,164 $7,790 $1,297,153
Water treatment set-up 5 days $6,848 $1,530 $50 $0 $34,241 $7,650 $250 $0 $42,141


$4,591,504 $4,434,591 $1,796,622 $73,414,502 $84,237,219
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Construction Costs
Allendale and Lyman Mill Reach Sediment Alternatives


1
2


3


B C D E F G H I J K L M N
Description Quantity Units Daily 


Labor Equipment Materials Subcontract Labor Equipment Materials Subcontract TOTAL
CONSTRUCTION COSTS


CostsUnit Costs


70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106


Excavation Option 7e Off-site Disposal
Off-site Incineration 56,450 tons $7.24 $1.54 $0.77 $880 $408,800 $86,846 $43,423 $49,676,000 $50,215,070
Hazardous Waste Landfill 56,450 tons $7.24 $1.54 $0.77 $410 $408,800 $86,846 $43,423 $23,145,911 $23,684,981
Mobilize dewater system 15 days $5,972 $8,410 $89,577 $126,150 $0 $0 $215,727
Dewater sediment 155,799 cy 400 $14.93 $21.03 $9.35 $0 $2,326,012 $3,275,679 $1,456,723 $0 $7,058,414
Water treatment at site 389 days $1,300 $1,740 $270 $20 $506,472 $677,727 $105,164 $7,790 $1,297,153
Water treatment set-up 5 days $6,848 $1,530 $50 $0 $34,241 $7,650 $250 $0 $42,141


$3,773,903 $4,260,899 $1,648,984 $72,829,701 $82,513,486


ALT 7b EXCAVATION  (without disposal)
Mobilization and Demobilize 30 days $5,734 $3,410 $520 $0 $172,013 $102,300 $15,600 $0 $289,913
Mobilize and demob excavators 15 days $5,734 $3,410 $520 $0 $86,007 $51,150 $7,800 $0 $144,957
Mobilize pile driving 10 days $3,817 $4,240 $38,173 $42,400 $0 $0 $80,573
Rebuild Lyman Mill Dam Gate 1 ls $750,000 $0 $0 $0 $750,000 $750,000
Divert Allendale Water 5 days $5,734 $3,410 $520 $0 $28,669 $17,050 $2,600 $0 $48,319
Drain Lyman Mill Water 10 days $5,734 $3,410 $520 $0 $57,338 $34,100 $5,200 $0 $96,638
Temp road gravel 8,533 cy 400 $8.43 $2.08 $52.50 $0 $71,918 $17,707 $448,000 $0 $537,625
Geomembrane for temp roads 230,400 sf $0.86 $0 $0 $0 $198,144 $198,144
Work area gravel 2,222 cy 400 $8.43 $2.08 $52.50 $0 $18,729 $4,611 $116,667 $0 $140,007
Work area geomembrane 120,000 sf $0.86 $0 $0 $0 $103,200 $103,200
Purchase sheet pile 54,000 sf $14.90 $0 $0 $804,600 $0 $804,600
Install and remove sheet pile 144,000 sf $6.36 $7.07 $916,142 $1,017,600 $0 $0 $1,933,742
Remove haul roads 10,756 cy $8.43 $2.08 $90,647 $22,318 $0 $0 $112,965
Hydroseed work areas 350,400 sf $0.05 $0 $0 $0 $16,118 $16,118
Excavate & stockpile sediment 123,519 cy 500 $11.40 $6.82 $2.38 $0 $1,407,840 $842,400 $293,975 $0 $2,544,215
Backfill 36,728 tons 500 $14.27 $8.22 $31.48 $0 $524,058 $301,900 $1,156,182 $0 $1,982,140
Aquatic habitat enhancement 28 Ac $4,000 $0 $0 $0 $111,704 $111,704
Re-stock fish 1 ls $25,000 $0 $0 $0 $25,000 $25,000
Superintendent & field engr 307 days $1,920 $589,513 $0 $0 $0 $589,513
Project manager 307 days $1,200 $368,446 $0 $0 $0 $368,446
Clerk 307 days $360 $110,534 $0 $0 $0 $110,534
Field office, utilities, vehicles 15 mo $4,575 $0 $70,235 $0 $0 $70,235


$4,480,026 $2,523,770 $2,850,624 $1,204,166 $11,058,586ALT 7b EXCAVATION  (without disposal) CONSTRUCTION COST
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Construction Costs
Allendale and Lyman Mill Reach Sediment Alternatives


1
2


3


B C D E F G H I J K L M N
Description Quantity Units Daily 


Labor Equipment Materials Subcontract Labor Equipment Materials Subcontract TOTAL
CONSTRUCTION COSTS


CostsUnit Costs


107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133


Excavation OPTION 7b Nearshore CDF
Clear Shoreline 1 ls 1 $50,000 $0 $0 $0 $50,000 $50,000
Excavate for wall footings 10,667 cy 600 $11.40 $6.82 $2.38 $0 $121,576 $72,747 $25,387 $0 $219,709
Install, remove sheet piles 108,000 sf 600 $6.36 $7.07 $687,107 $763,200 $0 $0 $1,450,307
Support piles 720 ea 20 $1,260 $0 $0 $0 $907,200 $907,200
Footing forms 21,600 sf 1,400 $8.70 $0 $0 $0 $187,920 $187,920
Wall forms 100,800 sf 1,040 $13.50 $0 $0 $0 $1,360,800 $1,360,800
Footing concrete 8,000 cy 150 $165 $0 $0 $0 $1,320,000 $1,320,000
Wall concrete 3,733 cy 95 $195 $0 $0 $0 $728,000 $728,000
Reinforcing steel 176 tons 2.3 $2,200 $0 $0 $0 $387,200 $387,200
Gravel behind wall 4,680 tons $14.27 $8.22 $31.48 $66,778 $38,470 $147,326 $0 $252,574
Soil over sediment 17,747 cy 400 $8.43 $2.08 $52.50 $0.00 $149,568 $36,824 $931,700 $0 $1,118,092
Cover membrane 479,160 sf 1 $0.86 $0 $0 $0 $412,078 $412,078
Drain gravel over membrane 17,747 cy 400 $8.43 $2.08 $52.50 $0.00 $149,568 $36,824 $931,700 $0 $1,118,092
Protective soil 17,747 cy 400 $8.43 $2.08 $52.50 $0.00 $149,568 $36,824 $931,700 $0 $1,118,092
Topsoil and plantings 479,160 sf 7,400 $0.63 $0.13 $0.74 $1.00 $302,486 $64,428 $354,933 $479,160 $1,201,007
CDF mitigation 11 Ac $608,205 $0 $0 $0 $6,690,258 $6,690,258
Water treatment at site 105 days 1 $1,300 $1,740 $270 $20 $136,224 $182,286 $28,286 $2,095 $348,891
Water treatment set-up 5 days 1 $6,848 $1,530 $50 $0 $34,241 $7,650 $250 $0 $42,141
Superintendent & field engr 281 days 1 $1,920 $540,387 $0 $0 $0 $540,387
Project manager 281 days $1,200 $337,742 $0 $0 $0 $337,742
Clerk 281 days $360 $101,323 $0 $0 $0 $101,323
Field office, utilities, vehicles 13.4 mo $4,575 $0 $61,316 $0 $0 $61,316
(formwork based on four crews = 110 work days)


$2,776,567 $1,300,569 $3,351,282 $12,524,711 $19,953,129
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Construction Costs
Allendale and Lyman Mill Reach Sediment Alternatives


1
2


3


B C D E F G H I J K L M N
Description Quantity Units Daily 


Labor Equipment Materials Subcontract Labor Equipment Materials Subcontract TOTAL
CONSTRUCTION COSTS


CostsUnit Costs


134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159


ALT 8a, 8d, 8e PARTIAL EXCAVATION (without disposal)
Mobilization and Demobilize 30 days $5,734 $3,410 $520 $0 $172,013 $102,300 $15,600 $0 $289,913
Mobilize and demob excavators 15 days $5,734 $3,410 $520 $0 $86,007 $51,150 $7,800 $0 $144,957
Rebuild Lyman Mill Dam Gate 1 ls $750,000 $0 $0 $0 $750,000 $750,000
Divert Allendale Water 5 days $5,734 $3,410 $520 $0 $28,669 $17,050 $2,600 $0 $48,319
Drain Lyman Mill Water 10 days $5,734 $3,410 $520 $0 $57,338 $34,100 $5,200 $0 $96,638
Temp road gravel 6,222 cy $8.43 $2.08 $52.50 $0 $52,441 $12,911 $326,667 $0 $392,018
Geomembrane for temp roads 168,000 sf $0.86 $0 $0 $0 $144,480 $144,480
Work area gravel 2,222 cy 400 $8.43 $2.08 $52.50 $0 $18,729 $4,611 $116,667 $0 $140,007
Work area geomembrane 120,000 sf $0.86 $0 $0 $0 $103,200 $103,200
Work area asphalt 120,000 sf $1.00 $0 $0 $0 $120,000 $120,000
Excavate sediment 64,400 cy 400 $11.33 $8.53 $1.30 $0 $729,938 $549,010 $83,720 $0 $1,362,668
Cap after excavation 123,420 tons 1,000 $14.27 $8.22 $31.48 $0 $1,761,059 $1,014,512 $3,885,262 $0 $6,660,833
Cap unexcavated (hydraulic) 64,982 tons 1,000 $9.07 $13.08 $31.64 $0 $589,551 $849,962 $2,056,023 $0 $3,495,536
Remove haul roads 8,444 cy $8.43 $2.08 $71,169 $17,522 $0 $0 $88,692
Hydroseed work areas 288,000 sf $0.05 $0 $0 $0 $13,248 $13,248
Aquatic habitat enhancement 39 Ac $4,000 $0 $0 $0 $155,704 $155,704
Re-stock fish 1.0 ls $25,000 $0 $0 $0 $25,000 $25,000
Superintendent & field engr 409 days $1,920 $786,051 $0 $0 $0 $786,051
Project manager 409 days $1,200 $491,282 $0 $0 $0 $491,282
Clerk 409 days $360 $147,385 $0 $0 $0 $147,385
Field office, utilities, vehicles 19 mo $4,575 $0 $85,137 $0 $0 $85,137


$0 $0 $0 $0 $0


$4,991,631 $2,738,265 $6,499,538 $1,311,632 $15,541,067ALT 8a, 8d, 8e PARTIAL EXCAVATION  (without disposal) CONSTRUCTION COST
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Construction Costs
Allendale and Lyman Mill Reach Sediment Alternatives


1
2


3


B C D E F G H I J K L M N
Description Quantity Units Daily 


Labor Equipment Materials Subcontract Labor Equipment Materials Subcontract TOTAL
CONSTRUCTION COSTS


CostsUnit Costs


160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201


Partial Excavation OPTION 8a Upland CDF
Clear trees and vegetation 152,000 sf 12,000 $0.44 $0.19 $0.00 $0.00 $66,551 $29,260 $0 $0 $95,811
Sand liner base 3,556 cy 400 $8.43 $2.08 $52.50 $0.00 $29,966 $7,378 $186,667 $0 $224,010
Install base liner 96,000 sf $0.86 $0 $0 $0 $82,560 $82,560
Sand drain layer 3,556 cy 400 $8.43 $2.08 $52.50 $0.00 $29,966 $7,378 $186,667 $0 $224,010
Perimeter berms 23,527 cy 600 $7.79 $3.65 $52.50 $0.00 $183,175 $85,873 $1,235,155 $0 $1,504,203
Soil over sediment 4,533 cy 400 $8.43 $2.08 $52.50 $0.00 $38,207 $9,407 $238,000 $0 $285,613
Cover membrane 122,400 sf $0.86 $0 $0 $0 $105,264 $105,264
Drain gravel over membrane 4,533 cy 400 $8.43 $2.08 $52.50 $0.00 $38,207 $9,407 $238,000 $0 $285,613
Protective soil 4,533 cy 400 $8.43 $2.08 $52.50 $0.00 $38,207 $9,407 $238,000 $0 $285,613
Topsoil and planting 122,400 SF 7,400 $0.63 $0.13 $0.74 $1.00 $77,269 $16,458 $90,667 $122,400 $306,794
Load and place in CDF 42,654 tons $13.95 $10.31 $1.92 $0.00 $595,187 $439,661 $82,026 $0 $1,116,874
Dewater sediment 64,400 cy 400 $14.93 $21.03 $9.35 $0 $961,463 $1,354,010 $602,140 $0 $2,917,613
Water treatment at site 161 days $1,300 $1,740 $270 $20 $209,352 $280,140 $43,470 $3,220 $536,182
Water treatment set-up 5 days $6,848 $1,530 $50 $0 $34,241 $7,650 $250 $0 $42,141
Off-site Incineration 4,739 tons $7.24 $1.54 $0.77 $880 $34,321 $7,291 $3,646 $4,170,584 $4,215,842
Superintendent & field engr 57 days $6,848 $1,530 $50 $0 $390,273 $87,193 $2,849 $0 $480,316
Project manager 57 days $1,200 $68,387 $0 $0 $0 $68,387
Clerk 57 days $360 $20,516 $0 $0 $0 $20,516
Field office, utilities, vehicles 2.7 mo $4,575 $0 $12,415 $0 $0 $12,415


$2,815,287 $2,362,927 $3,147,537 $4,484,028 $12,809,778


Partial Excavation Option 8d On-Site Incineration
On-site incineration 47,393 tons $7.24 $1.54 $1.04 $600 $343,211 $72,912 $49,216 $28,444,914 $28,910,254
Solid waste landfill 47,393 tons $7.24 $1.54 $1.04 $50 $343,211 $72,912 $49,216 $2,369,650 $2,834,989
Mobilize dewater system 15 days $5,972 $8,410
Dewater sediment 64,400 cy 400 $14.93 $21.03 $9.35 $0 $961,463 $1,354,010 $602,140 $0 $2,917,613
Water treatment at site 161 days $1,300 $1,740 $270 $20 $209,352 $280,140 $43,470 $3,220 $536,182
Water treatment set-up 5 days $6,848 $1,530 $50 $0 $34,241 $7,650 $250 $0 $42,141


$1,891,478 $1,787,625 $744,292 $30,817,784 $35,241,178


Partial Excavation Option 8e Off-site Disposal
Off-site Incineration 23,697 tons $7.24 $1.54 $0.77 $880 $171,606 $36,456 $18,228 $20,852,920 $21,079,210
Hazardous Waste Landfill 23,697 tons $7.24 $1.54 $0.77 $410 $171,606 $36,456 $18,228 $9,716,157 $9,942,447
Mobilize dewater system 15 days $5,972 $8,410
Dewater sediment 64,400 cy 400 $14.93 $21.03 $9.35 $0 $961,463 $1,354,010 $602,140 $0 $2,917,613
Water treatment at site 161 days $1,300 $1,740 $270 $20 $209,352 $280,140 $43,470 $3,220 $536,182
Water treatment set-up 5 days $6,848 $1,530 $50 $0 $34,241 $7,650 $250 $0 $42,141


$1,548,266 $1,714,712 $682,316 $30,572,297 $34,517,592
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Allendale and Lyman Mill Reach Sediment Alternatives
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2


3


B C D E F G H I J K L M N
Description Quantity Units Daily 


Labor Equipment Materials Subcontract Labor Equipment Materials Subcontract TOTAL
CONSTRUCTION COSTS


CostsUnit Costs


202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227


ALT 8b EXCAVATION  (without disposal)
Mobilization and Demobilize 30 days $5,734 $3,410 $520 $0 $172,013 $102,300 $15,600 $0 $289,913
Mobilize and demob excavators 15 days $5,734 $3,410 $520 $0 $86,007 $51,150 $7,800 $0 $144,957
Mobilize pile driving 10 days $3,817 $4,240 $38,173 $42,400 $0 $0 $80,573
Rebuild Lyman Mill Dam Gate 1 ls $750,000 $0 $0 $0 $750,000 $750,000
Divert Allendale Water 5 days $5,734 $3,410 $520 $0 $28,669 $17,050 $2,600 $0 $48,319
Drain Lyman Mill Water 10 days $5,734 $3,410 $520 $0 $57,338 $34,100 $5,200 $0 $96,638
Temp road gravel 8,533 cy 400 $8.43 $2.08 $52.50 $0 $71,918 $17,707 $448,000 $0 $537,625
Geomembrane for temp roads 230,400 sf $0.86 $0 $0 $0 $198,144 $198,144
Work area gravel 2,222 cy 400 $8.43 $2.08 $52.50 $0 $18,729 $4,611 $116,667 $0 $140,007
Work area geomembrane 120,000 sf $0.86 $0 $0 $0 $103,200 $103,200
Purchase sheet pile 54,000 sf $14.90 $0 $0 $804,600 $0 $804,600
Install and remove sheet pile 144,000 sf $6.36 $7.07 $916,142 $1,017,600 $0 $0 $1,933,742
Excavate & stockpile sediment 56,528 cy 500 $11.40 $6.82 $2.38 $0 $644,292 $385,521 $134,537 $0 $1,164,350
Remove haul roads 10,756 cy $8.43 $2.08 $90,647 $22,318 $0 $0 $112,965
Hydroseed work areas 350,400 sf $0.05 $0 $0 $0 $16,118 $16,118
Aquatic habitat enhancement 34 Ac $4,000 $0 $0 $0 $136,619 $136,619
Re-stock fish 1 ls $25,000 $0 $0 $0 $25,000 $25,000
Backfill 124,418 tons 500 $14.27 $8.22 $31.48 $0 $1,775,305 $1,022,719 $3,916,691 $0 $6,714,716
Superintendent & field engr 173 days $1,920 $332,268 $0 $0 $0 $332,268
Project manager 173 days $1,200 $207,667 $0 $0 $0 $207,667
Clerk 173 days $360 $62,300 $0 $0 $0 $62,300
Field office, utilities, vehicles 9 mo $4,575 $0 $39,587 $0 $0 $39,587


$4,501,468 $2,757,062 $5,451,695 $1,229,082 $13,939,307ALT 8b EXCAVATION  (without disposal) CONSTRUCTION COST
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Description Quantity Units Daily 


Labor Equipment Materials Subcontract Labor Equipment Materials Subcontract TOTAL
CONSTRUCTION COSTS


CostsUnit Costs


228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257


Partial Excavation Option 8b Nearshore CDF
Clear Shoreline 1 ls 1 $50,000 $0 $0 $0 $50,000 $50,000
Excavate for wall footings 3,259 cy 600 $11.40 $6.82 $2.38 $0 $37,148 $22,228 $7,757 $0 $67,133
Install, remove sheet piles 33,000 sf 600 $6.36 $7.07 $209,949 $233,200 $0 $0 $443,149
Support piles 220 ea 20 $1,260 $0 $0 $0 $277,200 $277,200
Footing forms 6,600 sf 1,400 $8.70 $0 $0 $0 $57,420 $57,420
Wall forms 28,600 sf 1,040 $13.50 $0 $0 $0 $386,100 $386,100
Footing concrete 2,444 cy 150 $165 $0 $0 $0 $403,333 $403,333
Wall concrete 1,059 cy 95 $195 $0 $0 $0 $206,556 $206,556
Reinforcing steel 53 tons 2.3 $2,200 $0 $0 $0 $115,622 $115,622
Gravel behind wall 1,430 tons $14.27 $8.22 $31.48 $20,404 $11,755 $45,016 $0 $77,175
Soil over sediment 7,698 cy 400 $8.43 $2.08 $52.50 $0.00 $64,874 $15,972 $404,119 $0 $484,965
Cover membrane 207,833 sf 1 $0.86 $0 $0 $0 $178,736 $178,736
Drain gravel over membrane 7,698 cy 400 $8.43 $2.08 $52.50 $0.00 $64,874 $15,972 $404,119 $0 $484,965
Protective soil 7,698 cy 400 $8.43 $2.08 $52.50 $0.00 $64,874 $15,972 $404,119 $0 $484,965
Topsoil and plantings 207,833 sf 7,400 $0.63 $0.13 $0.74 $1.00 $131,201 $27,945 $153,950 $207,833 $520,929
CDF Mitigation 5 Ac $608,205 $0 $0 $0 $2,901,855 $2,901,855
Water treatment at site 32 days 1 $1,300 $1,740 $270 $20 $41,624 $55,698 $8,643 $640 $106,605
Water treatment set-up 5 days 1 $6,848 $1,530 $50 $0 $34,241 $7,650 $250 $0 $42,141
Superintendent & field engr 101 days 1 $1,920 $193,815 $0 $0 $0 $193,815
Project manager 101 days $1,200 $121,135 $0 $0 $0 $121,135
Clerk 101 days $360 $36,340 $0 $0 $0 $36,340
Field office, utilities, vehicles 4.8 mo $4,575 $0 $21,992 $0 $0 $21,992
(formwork based on four crews = 110 work days)


$1,020,481 $428,385 $1,427,973 $4,785,295 $7,662,133
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Labor Equipment Materials Subcontract Labor Equipment Materials Subcontract TOTAL
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CostsUnit Costs
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259
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266
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ALT 10b EXCAVATION  (without disposal)
Mobilization and Demobilize 30 days $5,734 $3,410 $520 $0 $172,013 $102,300 $15,600 $0 $289,913
Mobilize and demob excavators 15 days $5,734 $3,410 $520 $0 $86,007 $51,150 $7,800 $0 $144,957
Mobilize pile driving 10 days $3,817 $4,240 $38,173 $42,400 $0 $0 $80,573
Excavate next to dams 10 days $5,734 $3,410 $520 $0 $57,338 $34,100 $5,200 $0 $96,638
Remove dam structures 20 days $5,734 $3,410 $520 $0 $114,676 $68,200 $10,400 $0 $193,276
Off-site disposal dam debris 2,034 tons $7.24 $1.54 $0.77 $50 $14,733 $3,130 $1,565 $101,719 $121,146
Install new weir structure 3,744 tons $14.27 $8.22 $31.48 $53,423 $30,776 $117,861 $0 $202,059
Divert Allendale Water 5 days $5,734 $3,410 $520 $0 $28,669 $17,050 $2,600 $0 $48,319
Drain Lyman Mill Water 10 days $5,734 $3,410 $520 $0 $57,338 $34,100 $5,200 $0 $96,638
Temp road gravel 8,533 cy 400 $8.43 $2.08 $52.50 $0 $71,918 $17,707 $448,000 $0 $537,625
Geomembrane for temp roads 230,400 sf $0.86 $0 $0 $0 $198,144 $198,144
Work area gravel 2,222 cy 400 $8.43 $2.08 $52.50 $0 $18,729 $4,611 $116,667 $0 $140,007
Work area geomembrane 120,000 sf $0.86 $0 $0 $0 $103,200 $103,200
Purchase sheet pile 54,000 sf $14.90 $0 $0 $804,600 $0 $804,600
Install and remove sheet pile 144,000 sf $6.36 $7.07 $916,142 $1,017,600 $0 $0 $1,933,742
Excavate & stockpile sediment 111,829 cy 500 $11.40 $6.82 $2.38 $0 $1,274,600 $762,674 $266,153 $0 $2,303,427
Excavate clean sediment 40,474 cy 500 $11.40 $6.82 $2.38 $0 $461,313 $276,033 $96,328 $0 $833,674
Remove haul roads 10,756 cy $8.43 $2.08 $90,647 $22,318 $0 $0 $112,965
Hydroseed work areas 350,400 sf $0.05 $0 $0 $0 $16,118 $16,118
Aquatic plant restoration 21 Ac $4,000 $0 $0 $0 $84,000 $84,000
Re-stock fish 1 ls $25,000 $0 $0 $0 $25,000 $25,000
Trees/shrubs 5 ac $42,551 $0 $0 $0 $195,737 $195,737
Backfill 21,245 tons 500 $14.27 $8.22 $31.48 $0 $303,134 $174,630 $668,777 $0 $1,146,541
Superintendent & field engr 284 days $1,920 $544,623 $0 $0 $0 $544,623
Project manager 284 days $1,200 $340,390 $0 $0 $0 $340,390
Clerk 284 days $360 $102,117 $0 $0 $0 $102,117
Field office, utilities, vehicles 14 mo $4,575 $0 $64,887 $0 $0 $64,887


$4,745,981 $2,723,664 $2,566,751 $723,918 $10,760,313ALT 10b EXCAVATION  (without disposal) CONSTRUCTION COST
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302
303
304
305
306
307
308
309
310
311
312


Excavation OPTION 10b Nearshore CDF
Clear Shoreline 1 ls 1 $50,000 $0 $0 $0 $50,000 $50,000
Excavate for wall footings 10,667 cy 600 $11.40 $6.82 $2.38 $0 $121,576 $72,747 $25,387 $0 $219,709
Install, remove sheet piles 108,000 sf 600 $6.36 $7.07 $687,107 $763,200 $0 $0 $1,450,307
Support piles 720 ea 20 $1,260 $0 $0 $0 $907,200 $907,200
Footing forms 21,600 sf 1,400 $8.70 $0 $0 $0 $187,920 $187,920
Wall forms 100,800 sf 1,040 $13.50 $0 $0 $0 $1,360,800 $1,360,800
Footing concrete 8,000 cy 150 $165 $0 $0 $0 $1,320,000 $1,320,000
Wall concrete 3,733 cy 95 $195 $0 $0 $0 $728,000 $728,000
Reinforcing steel 176 tons 2.3 $2,200 $0 $0 $0 $387,200 $387,200
Gravel behind wall 4,680 tons $14.27 $8.22 $31.48 $66,778 $38,470 $147,326 $0 $252,574
Soil over sediment 21,554 cy 400 $8.43 $2.08 $52.50 $0.00 $181,652 $44,724 $1,131,559 $0 $1,357,934
Cover membrane 581,945 sf 1 $0.86 $0 $0 $0 $500,472 $500,472
Drain gravel over membrane 21,554 cy 400 $8.43 $2.08 $52.50 $0.00 $181,652 $44,724 $1,131,559 $0 $1,357,934
Protective soil 21,554 cy 400 $8.43 $2.08 $52.50 $0.00 $181,652 $44,724 $1,131,559 $0 $1,357,934
Topsoil and plantings 581,945 sf 7,400 $0.63 $0.13 $0.74 $1.00 $367,372 $78,248 $431,070 $581,945 $1,458,634
CDF Mitigation 13 Ac $608,205 $0 $0 $0 $8,125,384 $8,125,384
Water treatment at site 105 days 1 $1,300 $1,740 $270 $20 $136,224 $182,286 $28,286 $2,095 $348,891
Water treatment set-up 5 days 1 $6,848 $1,530 $50 $0 $34,241 $7,650 $250 $0 $42,141
Superintendent & field engr 310 days 1 $1,920 $595,206 $0 $0 $0 $595,206
Project manager 310 days $1,200 $372,003 $0 $0 $0 $372,003
Clerk 310 days $360 $111,601 $0 $0 $0 $111,601
Field office, utilities, vehicles 14.8 mo $4,575 $0 $67,536 $0 $0 $67,536
(formwork based on four crews = 110 work days) $3,037,063 $1,344,307 $4,026,995 $14,151,016 $22,559,380
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Construction Costs
Allendale and Lyman Mill Reach Sediment Alternatives


1
2


3


B C D E F G H I J K L M N
Description Quantity Units Daily 


Labor Equipment Materials Subcontract Labor Equipment Materials Subcontract TOTAL
CONSTRUCTION COSTS


CostsUnit Costs


313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349


ALT 11f PARTIAL EXCAVATION and CONSOLIDATION
Mobilization and Demobilize 30 days $5,734 $3,410 $520 $0 $172,013 $102,300 $15,600 $0 $289,913
Mobilize and demob excavators 15 days $5,734 $3,410 $520 $0 $86,007 $51,150 $7,800 $0 $144,957
Mobilize pile driving 10 days $3,817 $4,240 $38,173 $42,400 $0 $0 $80,573
Excavate next to dams 10 days $5,734 $3,410 $520 $0 $57,338 $34,100 $5,200 $0 $96,638
Remove dam structures 20 days $5,734 $3,410 $520 $0 $114,676 $68,200 $10,400 $0 $193,276
Off-site disposal dam debris 2,034 tons $7.24 $1.54 $0.77 $50 $14,733 $3,130 $1,565 $101,719 $121,146
Install new weir structure 3,744 tons $14.27 $8.22 $31.48 $53,423 $30,776 $117,861 $0 $202,059
Divert Allendale Water 5 days $5,734 $3,410 $520 $0 $28,669 $17,050 $2,600 $0 $48,319
Drain Lyman Mill Water 10 days $5,734 $3,410 $520 $0 $57,338 $34,100 $5,200 $0 $96,638
Temp road gravel 8,533 cy 400 $8.43 $2.08 $52.50 $0 $71,918 $17,707 $448,000 $0 $537,625
Geomembrane for temp roads 230,400 sf $0.86 $0 $0 $0 $198,144 $198,144
Work area gravel 2,222 cy 400 $8.43 $2.08 $52.50 $0 $18,729 $4,611 $116,667 $0 $140,007
Work area geomembrane 120,000 sf $0.86 $0 $0 $0 $103,200 $103,200
Purchase sheet pile 54,000 sf $14.90 $0 $0 $804,600 $0 $804,600
Install and remove sheet pile 144,000 sf $6.36 $7.07 $916,142 $1,017,600 $0 $0 $1,933,742
Excavate &  sediment 59,785 cy 500 $11.40 $6.82 $2.38 $0 $681,413 $407,732 $142,288 $0 $1,231,433
Consolidate sediment 59,785 cy $10.38 $8.18 $0.98 $0.00 $620,508 $489,239 $58,788 $0 $1,168,535
Backfill 19,815 tons 500 $14.27 $8.22 $31.48 $0 $282,737 $162,879 $623,776 $0 $1,069,392
Soil over sediment 37,613 cy 400 $8.43 $2.08 $52.50 $0.00 $317,000 $78,047 $1,974,683 $0 $2,369,730
Remove haul roads 10,756 cy $8.43 $2.08 $90,647 $22,318 $0 $0 $112,965
Hydroseed work areas 350,400 sf $0.05 $0 $0 $0 $16,118 $16,118
Aquatic habitat enhancement 16 Ac $4,000 $0 $0 $0 $63,258 $63,258
Floodplain planting 11 Ac $60,177 $0 $0 $0 $667,968 $667,968
Re-stock fish 1 ls $25,000
Superintendent & field engr 180 days $1,920 $344,774 $0 $0 $0 $344,774
Project manager 180 days $1,200 $215,484 $0 $0 $0 $215,484
Clerk 180 days $360 $64,645 $0 $0 $0 $64,645
Field office, utilities, vehicles 9 mo $4,575 $0 $41,077 $0 $0 $41,077
Consolidation area mitigation 12 Ac $608,205 $0 $0 $0 $7,055,181 $7,055,181
SUBTOTAL $4,246,364 $2,624,415 $4,335,028 $8,205,588 $19,411,396
Upgrade to RCRA cover
Cover membrane 507,776 sf 1 $0.86 $0 $0 $0 $436,687 $436,687
Drain gravel over membrane 18,807 cy 400 $8.43 $2.08 $52.50 $0.00 $158,500 $39,023 $987,341 $0 $1,184,865
Topsoil 507,776 sf 7,400 $0.63 $0.13 $0.74 $320,550 $68,275 $376,130 $0 $764,955


$4,725,414 $2,731,714 $5,698,499 $8,642,275 $21,797,903ALT 11f EXCAVATION  (without disposal) CONSTRUCTION COST
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Design Costs
Allendale and Lyman Mill Reach Sediment Alternatives


3
4


5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41


B C D E F G H I J K L M
Description Quantity Units


Labor Equipment Materials Subcontract Labor Equipment Materials Subcontract TOTAL
DESIGN COSTS


Physical survey 4 days $6,640 $1,500 $750 $0 $26,560 $6,000 $3,000 $0 $35,560
Sediment survey 20 days $5,608 $1,925 $550 $0 $112,160 $38,500 $11,000 $0 $161,660
Ecologic survey 4 days $6,640 $1,850 $750 $0 $26,560 $7,400 $3,000 $0 $36,960
Water samples 15 each $715 $10,725 $10,725
Sediment samples 160 each $1,806 $289,008 $289,008
Sediment samples (geotechnical) 20 each $1,050 $21,000 $21,000
Sediment background samples 20 each $1,806 $36,126 $36,126
Benthic Community Analysis 22 each $600 $13,200 $13,200
Fish samples 20 each $1,507 $30,140 $30,140
Design report 2,500 hours $90 $225,000 $0 $0 $0 $225,000
Drawings - 40 sheets 3,200 hours $90 $288,000 $0 $0 $0 $288,000
Specifications 2,000 hours $90 $180,000 $0 $0 $0 $180,000
Work plans 2,000 hours $90 $180,000 $0 $0 $0 $180,000


$1,038,280 $51,900 $17,000 $400,199 $1,507,379


Physical survey 4 days $6,640 $1,500 $750 $0 $26,560 $6,000 $3,000 $0 $35,560
Sediment survey 20 days $5,608 $1,925 $550 $0 $112,160 $38,500 $11,000 $0 $161,660
Ecologic survey 4 days $6,640 $1,850 $750 $0 $26,560 $7,400 $3,000 $0 $36,960
Water samples 15 each $715 $10,725 $10,725
Sediment samples 160 each $1,806 $289,008 $289,008
Sediment samples (geotechnical) 20 each $1,050 $21,000 $21,000
Sediment background samples 20 each $1,806 $36,126 $36,126
Fish samples 20 each $1,507 $30,140 $30,140
Benthic Community Analysis 22 each $600 $13,200 $13,200
Dewatering testing 1 ls $21,600 $21,600 $21,600


$0 $0
Design report 2,500 hours $90 $225,000 $0 $0 $0 $225,000
Drawings - 40 sheets 3,200 hours $90 $288,000 $0 $0 $0 $288,000
Specifications 2,000 hours $90 $180,000 $0 $0 $0 $180,000
Work plans 2,000 hours $90 $180,000 $0 $0 $0 $180,000


$1,038,280 $51,900 $17,000 $421,799 $1,528,979ALT 7a, 7d, 7e  DESIGN COST


Costs


ALT 7b EXCAVATE & NEARSHORE CDF


ALT 7b EXCAVATE  DESIGN COST


ALT 7a, 7d, 7e EXCAVATE & UPLAND CDF, OFF-SITE DISPOSAL OR ON-SITE INCINERATION


Unit Costs
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Design Costs
Allendale and Lyman Mill Reach Sediment Alternatives


3
4


5


B C D E F G H I J K L M
Description Quantity Units


Labor Equipment Materials Subcontract Labor Equipment Materials Subcontract TOTAL
DESIGN COSTS


CostsUnit Costs


42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76


Physical survey 4 days $6,640 $1,500 $750 $0 $26,560 $6,000 $3,000 $0 $35,560
Sediment survey 20 days $5,608 $1,925 $550 $0 $112,160 $38,500 $11,000 $0 $161,660
Ecologic survey 4 days $6,640 $1,850 $750 $0 $26,560 $7,400 $3,000 $0 $36,960
Water samples 15 each $715 $10,725 $10,725
Sediment samples 160 each $1,806 $289,008 $289,008
Sediment samples (geotechnical) 20 each $1,050 $21,000 $21,000
Sediment background samples 20 each $1,806 $36,126 $36,126
Fish samples 20 each $1,507 $30,140 $30,140
Benthic Community Analysis 22 each $600 $13,200 $13,200
Dewatering tests 1 ls $21,600 $21,600 $21,600


$0 $0
Design report 2,500 hours $90 $225,000 $0 $0 $0 $225,000
Drawings - 40 sheets 3,200 hours $90 $288,000 $0 $0 $0 $288,000
Specifications 2,000 hours $90 $180,000 $0 $0 $0 $180,000
Work plans 2,000 hours $90 $180,000 $0 $0 $0 $180,000


$1,038,280 $51,900 $17,000 $421,799 $1,528,979


Physical survey 4 days $6,640 $1,500 $750 $0 $26,560 $6,000 $3,000 $0 $35,560
Sediment survey 20 days $5,608 $1,925 $550 $0 $112,160 $38,500 $11,000 $0 $161,660
Ecologic survey 4 days $6,640 $1,850 $750 $0 $26,560 $7,400 $3,000 $0 $36,960
Water samples 15 each $715 $10,725 $10,725
Sediment samples 160 each $1,806 $289,008 $289,008
Sediment samples (geotechnical) 20 each $1,050 $21,000 $21,000
Sediment background samples 20 each $1,806 $36,126 $36,126
Fish samples 20 each $1,507 $30,140 $30,140
Benthic Community Analysis 22 each $600 $13,200 $13,200


$0 $0
Design report 2,500 hours $90 $225,000 $0 $0 $0 $225,000
Drawings - 40 sheets 3,200 hours $90 $288,000 $0 $0 $0 $288,000
Specifications 2,000 hours $90 $180,000 $0 $0 $0 $180,000
Work plans 2,000 hours $90 $180,000 $0 $0 $0 $180,000


$1,038,280 $51,900 $17,000 $400,199 $1,507,379


ALT 8a, 8b, 8d, 8e PARTIAL EXCAVATE & ON-SITE CDF, OFF-SITE DISPOSAL OR ON-SITE INCINERATION


ALT 8a,8b, 8d, 8e  DESIGN COST


ALT 10b EXCAVATE & NEARSHORE CDF


ALT 10b EXCAVATE  DESIGN COST
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Design Costs
Allendale and Lyman Mill Reach Sediment Alternatives


3
4


5


B C D E F G H I J K L M
Description Quantity Units


Labor Equipment Materials Subcontract Labor Equipment Materials Subcontract TOTAL
DESIGN COSTS


CostsUnit Costs


77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93


Physical survey 4 days $6,640 $1,500 $750 $0 $26,560 $6,000 $3,000 $0 $35,560
Sediment survey 20 days $5,608 $1,925 $550 $0 $112,160 $38,500 $11,000 $0 $161,660
Ecologic survey 4 days $6,640 $1,850 $750 $0 $26,560 $7,400 $3,000 $0 $36,960
Water samples 15 each $715 $10,725 $10,725
Sediment samples 160 each $1,806 $289,008 $289,008
Sediment samples (geotechnical) 20 each $1,050 $21,000 $21,000
Sediment background samples 20 each $1,806 $36,126 $36,126
Fish samples 20 each $1,507 $30,140 $30,140
Fish tissue samples 0 each $1,507 $0 $0
Benthic Community Analysis 22 each $600 $13,200 $13,200


$0 $0
Design report & calculations 2,000 hours $90 $180,000 $0 $0 $0 $180,000
Drawings - 30 sheets 2,400 hours $90 $216,000 $0 $0 $0 $216,000
Specifications 2,000 hours $90 $180,000 $0 $0 $0 $180,000
Work plans 1,600 hours $90 $144,000 $0 $0 $0 $144,000


$885,280 $51,900 $17,000 $400,199 $1,354,379


ALT 11f PARTIAL EXCAVATION & CONSOLIDATION


ALT 11f DESIGN COST
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Construction Oversight Costs
Allendale and Lyman Mill Reach Sediment Alternatives


1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24


B C D E F G H I J K L M
Description Quantity Units


Labor Equipment Materials Subcontract Labor Equipment Materials Subcontract TOTAL
CONSTRUCTION OVERSIGHT COSTS


Project manager 596 days $1,200 $715,200 $0 $0 $0 $715,200
Resident engineer 596 days $960 $572,160 $0 $0 $0 $572,160
Water quality crew 50 days $3,240 $1,500 $750 $162,000 $75,000 $37,500 $0 $274,500
Survey crew 50 days $1,440 $350 $680 $72,000 $17,500 $34,000 $0 $123,500
Sediment sample crew 50 days $1,440 $350 $680 $72,000 $17,500 $34,000 $0 $123,500
Admin support 596 days $360 $214,560 $0 $0 $0 $214,560
Field office 27 months $1,075 $0 $29,123 $0 $0 $29,123
Vehicles 27 months $2,500 $0 $67,727 $0 $0 $67,727
Cell phones, radios 27 months $750 $0 $20,318 $0 $0 $20,318
Utilities 27 months $250 $0 $6,773 $0 $0 $6,773
Water samples 50 each $715 $0 $0 $0 $35,750 $35,750
Biota sample crew 2 days $1,440 $350 $680 $2,880 $700 $1,360 $0 $4,940
Fish samples 20 each $1,507 $0 $0 $0 $30,140 $30,140
Confirmation Sediment samples 160 each $358 $0 $0 $0 $57,200 $57,200
Designation sediment samples each $715 $0 $0 $0 $0 $0
Downriver sediment Pre-con. 40 each $1,806 $0 $0 $0 $72,252 $72,252
Downriver sediment post-con. 40 each $1,806 $0 $0 $0 $72,252 $72,252


$1,810,800 $234,641 $106,860 $267,594 $2,419,895


ALT 7b EXCAVATION & NEARSHORE CDF


Costs


ALT 7b   OVERSIGHT COST


Unit Costs
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Construction Oversight Costs
Allendale and Lyman Mill Reach Sediment Alternatives


1
2
3
4


B C D E F G H I J K L M
Description Quantity Units


Labor Equipment Materials Subcontract Labor Equipment Materials Subcontract TOTAL
CONSTRUCTION OVERSIGHT COSTS


CostsUnit Costs


25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47


Project manager 564 days $1,200 $676,800 $0 $0 $0 $676,800
Resident engineer 564 days $960 $541,440 $0 $0 $0 $541,440
Water quality crew 76 days $3,240 $1,500 $750 $246,240 $114,000 $57,000 $0 $417,240
Survey crew 76 days $1,440 $350 $680 $109,440 $26,600 $51,680 $0 $187,720
Sediment sample crew 76 days $1,440 $350 $680 $109,440 $26,600 $51,680 $0 $187,720
Admin support 564 days $360 $203,040 $0 $0 $0 $203,040
Field office 26 months $1,075 $0 $27,559 $0 $0 $27,559
Vehicles 26 months $2,500 $0 $64,091 $0 $0 $64,091
Cell phones, radios 26 months $750 $0 $19,227 $0 $0 $19,227
Utilities 26 months $250 $0 $6,409 $0 $0 $6,409
Biota sample crew 2 days $1,440 $350 $680 $2,880 $700 $1,360 $0 $4,940
Fish samples 20 each $1,507 $0 $0 $0 $30,140 $30,140
Water samples 76 each $715 $0 $0 $0 $54,340 $54,340
Confirmation Sediment samples 160 each $358 $0 $0 $0 $57,200 $57,200
Designation sediment samples 390 each $715 $0 $0 $0 $278,850 $278,850
Downriver sediment Pre-con. 40 each $1,806 $0 $0 $0 $72,252 $72,252
Downriver sediment post-con. 40 each $1,806 $0 $0 $0 $72,252 $72,252


$1,889,280 $285,186 $161,720 $565,034 $2,901,220


Delete Designation samples (390) each ($278,850)
ALT 7A OVERSIGHT COST $2,622,370


ALT  7d, 7e OVERSIGHT COST


ALT 7d, 7e EXCAVATE &  OFF-SITE OR ON-SITE INCINERATION


Alt 7a EXCAVATE AND UPLAND CDF
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Construction Oversight Costs
Allendale and Lyman Mill Reach Sediment Alternatives


1
2
3
4


B C D E F G H I J K L M
Description Quantity Units


Labor Equipment Materials Subcontract Labor Equipment Materials Subcontract TOTAL
CONSTRUCTION OVERSIGHT COSTS


CostsUnit Costs


48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70


Project manager 580 days $1,200 $696,000 $0 $0 $0 $696,000
Resident engineer 580 days $960 $556,800 $0 $0 $0 $556,800
Water quality crew 32 days $3,240 $1,500 $750 $103,680 $48,000 $24,000 $0 $175,680
Survey crew 32 days $1,440 $350 $680 $46,080 $11,200 $21,760 $0 $79,040
Sediment sample crew 32 days $1,440 $350 $680 $46,080 $11,200 $21,760 $0 $79,040
Admin support 580 days $360 $208,800 $0 $0 $0 $208,800
Field office 26 months $1,075 $0 $28,341 $0 $0 $28,341
Vehicles 26 months $2,500 $0 $65,909 $0 $0 $65,909
Cell phones, radios 26 months $750 $0 $19,773 $0 $0 $19,773
Utilities 26 months $250 $0 $6,591 $0 $0 $6,591
Biota sample crew 2 days $1,440 $350 $680 $2,880 $700 $1,360 $0 $4,940
Fish samples 20 each $1,507 $0 $0 $0 $30,140 $30,140
Water samples 32 each $715 $0 $0 $0 $22,880 $22,880
Confirmation Sediment samples each $358 $0 $0 $0 $0 $0
Designation sediment samples 160 each $715 $0 $0 $0 $114,400 $114,400
Downriver sediment Pre-con. 40 each $1,806 $0 $0 $0 $72,252 $72,252
Downriver sediment post-con. 40 each $1,806 $0 $0 $0 $72,252 $72,252


$1,660,320 $191,714 $68,880 $311,924 $2,232,838


Delete Designation samples (160) each ($114,400)
Alt 8a, 8b OVERSIGHT COST $2,118,438


ALT 8d, 8e PARTIAL EXCAVATE &  OFF-SITE OR ON-SITE INCINERATION


ALT 8a, 8d, 8e OVERSIGHT COST
Alt 8a, 8b PARTIAL EXCAVATE & ON SITE CDF
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Construction Oversight Costs
Allendale and Lyman Mill Reach Sediment Alternatives


1
2
3
4


B C D E F G H I J K L M
Description Quantity Units


Labor Equipment Materials Subcontract Labor Equipment Materials Subcontract TOTAL
CONSTRUCTION OVERSIGHT COSTS


CostsUnit Costs


71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90


Project manager 596 days $1,200 $715,200 $0 $0 $0 $715,200
Resident engineer 596 days $960 $572,160 $0 $0 $0 $572,160
Water quality crew 50 days $3,240 $1,500 $750 $162,000 $75,000 $37,500 $0 $274,500
Survey crew 50 days $1,440 $350 $680 $72,000 $17,500 $34,000 $0 $123,500
Sediment sample crew 50 days $1,440 $350 $680 $72,000 $17,500 $34,000 $0 $123,500
Admin support 596 days $360 $214,560 $0 $0 $0 $214,560
Field office 27 months $1,075 $0 $29,123 $0 $0 $29,123
Vehicles 27 months $2,500 $0 $67,727 $0 $0 $67,727
Cell phones, radios 27 months $750 $0 $20,318 $0 $0 $20,318
Utilities 27 months $250 $0 $6,773 $0 $0 $6,773
Biota sample crew 2 days $1,440 $350 $680 $2,880 $700 $1,360 $0 $4,940
Fish samples 20 each $1,507 $0 $0 $0 $30,140 $30,140
Water samples 50 each $715 $0 $0 $0 $35,750 $35,750
Confirmation Sediment samples 160 each $358 $0 $0 $0 $57,200 $57,200
Designation sediment samples each $715 $0 $0 $0 $0 $0
Downriver sediment Pre-con. 40 each $1,806 $0 $0 $0 $72,252 $72,252
Downriver sediment post-con. 40 each $1,806 $0 $0 $0 $72,252 $72,252


$1,810,800 $234,641 $106,860 $267,594 $2,419,895


ALT 10b EXCAVATE & NEARSHORE CDF


ALT 10b OVERSIGHT COST
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Construction Oversight Costs
Allendale and Lyman Mill Reach Sediment Alternatives


1
2
3
4


B C D E F G H I J K L M
Description Quantity Units


Labor Equipment Materials Subcontract Labor Equipment Materials Subcontract TOTAL
CONSTRUCTION OVERSIGHT COSTS


CostsUnit Costs


91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109


Project manager 180 days $1,200 $216,000 $0 $0 $0 $216,000
Resident engineer 180 days $960 $172,800 $0 $0 $0 $172,800
Water quality crew 36 days $3,240 $1,500 $750 $116,640 $54,000 $27,000 $0 $197,640
Survey crew 36 days $1,440 $350 $680 $51,840 $12,600 $24,480 $0 $88,920
Sediment sample crew 36 days $1,440 $350 $680 $51,840 $12,600 $24,480 $0 $88,920
Admin support 180 days $360 $64,800 $0 $0 $0 $64,800
Field office 18 months $1,075 $0 $19,350 $0 $0 $19,350
Vehicles 18 months $2,500 $0 $45,000 $0 $0 $45,000
Cell phones, radios 19 months $750 $0 $14,250 $0 $0 $14,250
Utilities 18 months $250 $0 $4,500 $0 $0 $4,500
Biota sample crew 2 days $1,440 $350 $680 $2,880 $700 $1,360 $0 $4,940
Fish samples 20 each $1,507 $0 $0 $0 $30,140 $30,140
Water samples 36 each $715 $0 $0 $0 $25,740 $25,740
Confirmation Sediment samples 66 each $358 $0 $0 $0 $23,595 $23,595
Designation sediment samples each $715 $0 $0 $0 $0 $0
Downriver sediment Pre-con. 40 each $1,806 $0 $0 $0 $72,252 $72,252
Downriver sediment post-con. 40 each $1,806 $0 $0 $0 $72,252 $72,252


$676,800 $163,000 $77,320 $223,979 $1,141,099


ALT 11f PARTIAL EXCAVATION & CONSOLIDATION


ALT 11f OVERSIGHT COST
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Long-term Monitoring Costs
Allendale and Lyman Mill Reach Sediment Alternatives


1
2
3
4
5
6


7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26


27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44


B C D E F G H I J K L M


Quantity Units Labor Equipment Materials Subcontract Labor Equipment Materials Subcontract TOTAL
MONITORING COSTS


A.  Annual work years 1 to 30
Sediment chemistry 12 days $5,608 $1,925 $550 $67,296 $23,100 $6,600 $0 $96,996
Physical survey 4 days $6,640 $1,500 $750 $26,560 $6,000 $3,000 $0 $35,560
Ecologic survey (biota sampling) 2 days $6,640 $1,850 $750 $13,280 $3,700 $1,500 $0 $18,480
Water chemistry 20 $715 $0 $0 $0 $14,300 $14,300
Fish tissue chemistry 20 $1,507 $0 $0 $0 $30,140 $30,140
Sediment chemistry 50 $890 $0 $0 $0 $44,500 $44,500
Benthic Community Analysis 20 $600 $0 $0 $0 $12,000 $12,000
Five year review 0.2 events $13,280 $2,656 $0 $0 $0 $2,656
TOTAL ANNUAL MONITORING IN YEARS 1 TO 30 $254,632


B. Annual maintenance
Assume repair of 1/2 acres cap and plantings per year = 
Cap repair 807 tons $53.97 $0 $0 $0 $43,535 $43,535
Plantings 21,780 sf $1.00 $0 $0 $0 $21,780 $21,780
Dam Maintenance 2 each $11,160.00 $0 $0 $0 $22,320 $22,320
ANNUAL MAINTENANCE $0 $0 $0 $0 $87,635


A.  Annual work years 1 to 30
Sediment chemistry $0 $0 $0 $0 $0
Physical survey 2 days $6,640 $700 $750 $13,280 $1,400 $1,500 $0 $16,180
Ecologic survey (biota sampling) $0 $0 $0 $0 $0
Groundwater chemistry 10 each $715 $0 $0 $0 $7,150 $7,150
Fish tissue chemistry $0 $0 $0 $0 $0
Sediment chemistry $0 $0 $0 $0 $0
TOTAL ANNUAL MONITORING IN YEARS 1 TO 30 $23,330


$0
C. Annual maintenance $0


$0
$0 $0 $0 $0 $0


Plantings sf $1.00 $0 $0 $0 $0 $0
ANNUAL MAINTENANCE $0 $0 $0 $0 $0


CostsUnit Costs


UPLAND OR NEARSHORE CDF MONITORING


PARTIAL EXCAVATION ALTERNATIVE - POND MONITORING
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Long-term Monitoring Costs
Allendale and Lyman Mill Reach Sediment Alternatives


1
2
3
4


B C D E F G H I J K L M


Quantity Units Labor Equipment Materials Subcontract Labor Equipment Materials Subcontract TOTAL
MONITORING COSTS


CostsUnit Costs


45


46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65


66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82


A.  Annual work years 1 to 30
Sediment chemistry 7 days $5,608 $1,925 $550 $39,256 $13,475 $3,850 $0 $56,581
Physical survey 2 days $6,640 $1,500 $750 $13,280 $3,000 $1,500 $0 $17,780
Ecologic survey (biota sampling) 2 days $6,640 $1,850 $750 $13,280 $3,700 $1,500 $0 $18,480
Water chemistry 20 $715 $0 $0 $0 $14,300 $14,300
Fish tissue chemistry 20 $1,507 $0 $0 $0 $30,140 $30,140
Sediment chemistry 30 $890 $0 $0 $0 $26,700 $26,700
Benthic Community Analysis 20 $600 $0 $0 $0 $12,000 $12,000
Five year review 0.2 events $13,280 $2,656 $0 $0 $0 $2,656
TOTAL ANNUAL MONITORING IN YEARS 1 TO 30 $178,637


$0
B. Annual maintenance $0
Assume repair of 1/4 acres cap and plantings per year = $0
Cap repair 403 tons $53.79 $0 $0 $0 $21,696 $21,696
Plantings 10,890 sf $0.00 $0 $0 $0 $0 $0


$0 $0 $0 $0 $0
ANNUAL MAINTENANCE $0 $0 $0 $0 $21,696


A.  Annual work years 1 to 30
Sediment chemistry days $5,608 $1,925 $550 $0 $0 $0 $0 $0
Physical survey days $6,640 $1,500 $750 $0 $0 $0 $0 $0
Ecologic survey (biota sampling) 2 days $6,640 $1,850 $750 $13,280 $3,700 $1,500 $0 $18,480
Water chemistry $715 $0 $0 $0 $0 $0
Fish tissue chemistry 10 $1,507 $0 $0 $0 $15,070 $15,070
Sediment chemistry $890 $0 $0 $0 $0 $0
Five year review 0.2 events $13,280 $2,656 $0 $0 $0 $2,656
TOTAL ANNUAL MONITORING IN YEARS 1 TO 30 $36,206


INVASIVE SPECIES CONTROL
Alt 7a, 7d, 7e 0 ac $1,000 $0 $0
Alt 7b 11 ac $1,000 $11,000 $11,000
Alt 8a, 8d, 8e 0 ac $1,000 $0 $0
Alt 8b 5 ac $1,000 $5,000 $5,000
Alt 10b 18 ac $1,000 $18,000 $18,000
Alt 11f 23 ac $1,000 $23,000 $23,000


NO ACTION ALTERNATIVE -POND MONITORING


EXCAVATION ALTERNATIVE -POND MONITORING
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Unit Costs
Allendale and Lyman Mill Reach Sediment Alternatives


1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
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36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67


B C D E F G H
Excavate Sediment with Low-ground Pressure Long-reach Excavators for Dewatering
Estimated duration: 400 cy divided by 400 icy/day production with 1 excavators


1.0 days icy = in-situ cubic yards
Craft Labor Units Unit Rate Total Cost Comments
Foreman 1.0 day $771 $771 $96 per hour
Equip operator 1.0 day $1,436 $1,436 $90 2 total on excavators 
Truck driver 1.0 day $1,163 $1,163 $73 2 total 
Laborer 1.0 day $1,165 $1,165 $73 2 total
Safety officer day $600 $0 $75 per hour
QC officer day $600 $0 $75 per hour
Subtotal Cost $5,734 $4,534 Rates confirmed with Means Building Costs
Labor Unit Cost 11.33 Per Cy


Equipment Units Unit Rate Total Cost Comments
Low-ground pressure excavator 1.0 day $890 $890 $890 www.machinerytrader Cat 345BL $3,000 per 
Rehandling excavators 1.0 day $680 $680 $680 1.5 cy Means p 20
Off-road trucks 1.0 day $1,840 $1,840 $920 (2) off-road trucks 25 ton Means p 22


$0
Subtotal Cost $3,410 $3,410
Equipment Unit Cost $8.53 Per Cy


Materials Units Unit Rate Total Cost Comments
Health and safety equip 1.0 Days $300 $300 6 crew x $50/day
Per diem 1.0 Days $120 $120 1 crew x $120/day
Small Tools 1.0 day $100 $100


$0
Subtotal Cost $520
Material Unit Cost $1.30 Per Cy


Subcontract Units Unit Rate Total Cost Comments


Subtotal Cost $0 Per cy


TOTAL UNIT COST $21.16 Per Cy


Mechanical Dewater Dredged Material
Estimated duration: 400 cy divided by 400 icy/day production


1.0 Days (time for dredging and excavation for Dredge alternative)
Craft Labor Units Unit Rate Total Cost Comments
Foreman 1.0 day $771 $771 $96
Equip operator 1.0 day $1,436 $1,436 $90 2 total
Press operator 1.0 day $1,436 $1,436 $90 2 total
Laborer 1.0 day $2,330 $2,330 $73 4 total
QC officer day $600 $0 $75
Safety officer day $600 $0 $75 per hour
Subtotal Cost $7,172 $5,972
Labor Unit Cost $14.93 Per Cy


Equipment Units Unit Rate Total Cost Comments
Screen 1.0 day $500 $500 $500 Slurry flow 220,000 gal per day @ 15%
Mix tank (4) 1.0 day $2,000 $2,000 $500 Supernatant 170,000 gal per day = 120 gpm
Feed pump system 1.0 day $1,000 $1,000 $1,000 (includes slurry preparation)
Belt filter press (4) 1.0 day $4,000 $4,000 $1,000
Excavator 1.0 day $490 $490 $490 1.0 cy excavator Means p 19
Loader 1.0 day $240 $240 $240 1.5  cy wheel loader Means p 21
100 KW generator 1.0 day $180 $180 $180 Means p 23
Subtotal Cost $8,410 $8,410
Equipment Unit Cost $21.03 Per CY


Materials Units Unit Rate Total Cost Comments
Small tools & supplies 1.0 Days $100 $100
Health and safety equip 1.0 Days $400 $400 8 crew x $50/day
Per diem 1.0 Days $240 $240 2 crew x $120/day
Polymer 1,600 Lb 1.88 $3,000 Assume 4 lb/icy
Subtotal Cost $3,740
Material Unit Cost $9.35 Per CY
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B C D E F G H
Subcontract Units Unit Rate Total Cost Comments


$0
Subtotal Cost $0
Subcontract Unit Cost $0 Per CY


TOTAL UNIT COST $45.30 Per CY


Load and Place Dewatered Sediment in CDF
Estimated duration: 260 Tons divided by 260 tn/day production


1.0 days 400 icy x 0.65 dewatered tons/cy
Craft Labor Units Unit Rate Total Cost Comments


Equip operator 1.0 day $718 $718 $90 1 total (split between dozer, compactor)
Truck driver 1.0 day $1,163 $1,163 $73 2 total
Laborer 1.0 day $1,748 $1,748 $73 3 total


Subtotal Costs $3,628
Labor Unit Costs $13.95 Per Ton


Equipment Units Unit Rate Total Cost Comments


Decontamination system 1.0 day $100 $100 $100
Highway trucks (2) 1.0 day $960 $960 $480 16 ton truck Means p 22
Dozer 1.0 day $860 $860 $860 200 HP crawler Mean p 21
Compactor 1.0 day $760 $760 $760 Mean p 20


Subtotal Cost $2,680
Equipment Unit Costs $10.31 Per Ton


Materials Units Unit Rate Total Cost Comments
Health and safety equip 1.0 Days $500 $500 10 crew x $50/day
Per diem Days $1,200 $0
Subtotal Cost $500
Material Unit Cost $1.92 Per Ton


Subcontract Units Unit Rate Total Cost Comments
tons $0
tons $0


Subtotal Cost $0
Subcontract Unit Costs $0.00 Per Ton


TOTAL UNIT COST $26.18 Per Ton


Load and Off-site Disposal
Estimated duration: 260 Tons divided by 260 tn/day production


1.0 days
Craft Labor Units Unit Rate Total Cost Comments
Equip operator 1.0 day $718 $718 $90 1 total
Laborer 1.0 day $1,165 $1,165 $73 2 total
QC officer day $600 $0 $75


Subtotal Costs $1,883
Labor Unit Costs $7.24 Per Ton


Equipment Units Unit Rate Total Cost Comments
Loader 1.0 day $300 $300 3 cy wheel loader Means p 21
Decontamination system 1.0 day $100 $100


Subtotal Cost $400
Equipment Unit Costs $1.54 Per Ton


Materials Units Unit Rate Total Cost Comments
Health and safety equip 1.0 Days $200 $200 4 crew x $50/day
Per diem Days $240 $0
Subtotal Cost $200
Material Unit Cost $0.77 Per Ton
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B C D E F G H
Subcontract Units Unit Rate Total Cost Comments
Hazardous waste landfill 260 tons $391 $101,530 Clean Harbors $355 per ton plus 10% markup
Debris 13 tons $391 $5,077 for dioxins less than 10 time UTS
Subtotal Cost $106,607
Subcontract Unit Costs $410 Per Ton


TOTAL UNIT COST - HAZARDOUS WASTE LANDFILL $420 Per Ton
Incineration 260 tons $880 $228,800 Clean Harbors $800 per ton plus 10%
Subcontract Unit Cost $880 Per Ton
TOTAL UNIT COST - OFF-SITE INCINERATION $890 Per Ton


On-site Incineration
Estimated duration: 260 Tons divided by 260 tn/day production


1.0 days
Craft Labor Units Unit Rate Total Cost Comments
Equip operator 1.0 day $718 $718 $90 1 total
Laborer 1.0 day $1,165 $1,165 $73 2 total
QC officer day $600 $0 $75


Subtotal Costs $1,883
Labor Unit Costs $7.24 Per Ton


Equipment Units Unit Rate Total Cost Comments
Loader 1.0 day $300 $300 3 cy wheel loader Means p 21
Decontamination system 1.0 day $100 $100


Subtotal Cost $400
Equipment Unit Costs $1.54 Per Ton


Materials Units Unit Rate Total Cost Comments
Health and safety equip 1.0 Days $150 $150 13crew x $50/day
Per diem 1.0 Days $120 $120 1 crew x $120/day
Subtotal Cost $270
Material Unit Cost $1.04 Per Ton


Subcontract Units Unit Rate Total Cost Comments
Incinerate dredged material 260 tons 600.00 $156,000 Ref: Incineration cost summary table.
Solid waste landfill of ash 1 tons 50.00 $50 Range $264 to $1,087 per ton for soil


Use $600 per ton
Subtotal Cost $156,050
Subcontract Unit Costs $600 Per Ton


TOTAL UNIT COST $610 Per Ton


Isolation-Cap (Land)
Estimated duration: 500 Tons divided by 500 tn/day production


1.0 days
Craft Labor Units Unit Rate Total Cost Comments
Foreman 1.0 day $771 $771 $96  per hour
Equip operator 1.0 day $2,871 $2,871 $90 4 total 
Truck driver 1.0 day $1,163 $1,163 $73 2 total 
QC technician day $581 $0 $73 per hour
Laborer 1.0 day $2,330 $2,330 $73 4 total
Safety officer day $600 $0 $75  per hour


Subtotal Cost $8,315 $7,134
Labor Unit Cost $14.27 Per Ton


Equipment Units Unit Rate Total Cost Comments
Loader 1.0 day $300 $300 3 cy wheel loader Means p 21
Grader 1.0 day $430 $430 Road grader Means p 596
Off-road trucks 1.0 day $1,840 $1,840 $920 (2) off-road trucks 25 ton Means p 22
Excavator 1.0 day $680 $680 1.5 cy excavator Means p 20
Dozer to spread 1.0 day $860 $860 200 hp dozer Means p 21


$0
Subtotal Cost $4,110 $4,110
Equipment Unit Cost $8.22 Per Ton
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B C D E F G H
Materials Units Unit Rate Total Cost Comments
Sand for cap 500 tons $30 $15,000 Truck delivery to site at $24 per ton +25%
Health and safety equip 1.0 Days $500 $500 10 crew x $50/day
Per diem 1.0 Days $240 $240 2 crew x $120/day
Subtotal Cost $15,740
Material Unit Cost $31.48 Per Ton


Subcontract Units Unit Rate Total Cost Comments
$0
$0


Subtotal Cost $0
TOTAL UNIT COST $53.97 Per Ton


Place Cap from Amphibious Barges
Estimated duration: 500 tons divided by 500 tons/day production


1.0 days
Craft Labor Units Unit Rate Total Cost Comments
Foreman 1.0 day $771 $771 $96 per hour
Amphibious operator 1.0 day $0 $0 $0 2 total
Equip operator 1.0 day $1,436 $1,436 $90 2 total on shore
Safety officer day $600 $0 $75 per hour
Deck hand 1.0 day $0 $0 $0 4 total
Laborer 1.0 day $2,330 $2,330 $73 4 total
Subtotal Cost $5,136 $4,536 Rates confirmed with Means Building Costs
Labor Unit Cost $9.07 Per ton


Equipment Units Unit Rate Total Cost Comments
Slurry and pump system 1.0 day $2,500 $2,000 Pump, hopper, crane on shore
Amphibious spreader 1.0 day $1,780 $1,780 $890 Use twice 2.0 cy long-reach costs
Amphibious tug 1.0 day $2,500 $1,780
Excavator on shore 1.0 day $680 $680 1.5 cy Means p 20
Loader on shore 1.0 day $300 $300 3 cy wheel loader Means p 21


Subtotal Cost $7,760 $6,540
Equipment Unit Cost $13.08 Per ton


Materials Units Unit Rate Total Cost Comments
Sand for cap 500 tons $30 $15,000 Truck delivery to site at $24 per ton
Small Tools 1.0 day $100 $100 Add 25% for markup and profit
Health and safety equip 1.0 Days $600 $600 12 crew x $50/day
Per diem 1.0 Days $120 $120 1 crew x $120/day
Subtotal Cost $15,820
Material Unit Cost $31.64 Per ton


Subcontract Units Unit Rate Total Cost Comments


Subtotal Cost $0 Per ton
TOTAL UNIT COST $53.79 Per Ton


Clear Trees, Chip Vegetation, Grind Stumps
Estimated duration: 12,000 sf divided by 12,000 sf/day production


1.0 Days Means p 39 0.3 AC per day heavy trees
Craft Labor Units Unit Rate Total Cost Comments
Equip operator 1.0 day $2,153 $2,153 $90 3 total
Laborer 1.0 day $2,330 $2,330 $73 4 total
Foreman 1.0 day $771 $771 $96


Subtotal Cost $5,254 $5,254
Labor Unit Cost $0.44 Per sf


Equipment Units Unit Rate Total Cost Comments
Excavator 1.0 day $890 $890 2.0 cy excavator Means p 20
Loader 1.0 day $300 $300 3 cy wheel loader Means p 21
Dozer 1.0 day $860 $860 200 hp dozer Means p 21
Chipper 1.0 day $165 $165 Means p 588
Stump grinder 1.0 day $95 $95 Means p 588
Subtotal Cost $2,310 $2,310
Equipment Unit Cost $0.19 Per sf
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B C D E F G H
Materials Units Unit Rate Total Cost Comments


$0
$0


Subtotal Cost $0
Material Unit Cost $0.00 Per sf


Subcontract Units Unit Rate Total Cost Comments


Subtotal Cost $0
Subcontract Unit Cost $0
TOTAL UNIT COST $0.63 Per sf


Soil over sediment or membrane (also for drainage sand)
Estimated duration: 400 cy divided by 400 cy/day production


1.0 Days
Craft Labor Units Unit Rate Total Cost Comments
Foreman 1.0 day $771 $771 $96 per hour
Equip operator 1.0 day $1,436 $1,436 $90 2 total
Laborer 1.0 day $1,165 $1,165 $73 2 total
Subtotal Cost $3,371
Labor Unit Cost $8.43 Per CY


Equipment Units Unit Rate Total Cost Comments
Dozer 1.0 day $480 $480 100 hp dozer
Grader 1.0 day $350 $350 Small grader to spread
Subtotal Cost $830
Equipment Unit Cost $2.08 Per CY


Materials Units Unit Rate Total Cost Comments
$0


Bank run cover soil 700 Tons $30 $21,000 $24 per ton plus markup
Subtotal Cost $21,000
Material Unit Cost $52.50 Per CY


Subcontract Units Unit Rate Total Cost Comments


Subtotal Cost $0
Subcontract Unit Cost $0.00 Per Cy
TOTAL UNIT COST $63.00 Per Cy


Construct Perimeter Berms
Estimated duration: 600 cy divided by 600 cy/day production


1.0 Days
Craft Labor Units Unit Rate Total Cost Comments
Foreman 1.0 day $771 $771 $96 per  hour
Equip operator 1.0 day $2,153 $2,153 $90 3 total
Laborer 1.0 day $1,748 $1,748 $73 3 total


day
day $0


Subtotal Cost $4,671
Labor Unit Cost $7.79 Per CY


Equipment Units Unit Rate Total Cost Comments
Dozer 1.0 day $860 $860 200 hp dozer Means p 21
Excavator 1.0 day $890 $890 2.0 cy excavator Means p 20
Compactor 1.0 day $440 $440 Means p 21


(Means crew B-32)
Subtotal Cost $2,190
Equipment Unit Cost $3.65 Per CY


Materials Units Unit Rate Total Cost Comments
$0 Use 1.75 tons per cy


Bank run gravel 1,050 Tons $30 $31,500 $24 per ton plus markup


Subtotal Cost $31,500
Material Unit Cost $52.50 Per CY
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B C D E F G H
Subcontract Units Unit Rate Total Cost Comments


Subtotal Cost $0
Subcontract Unit Cost $0.00 Per Cy
TOTAL UNIT COST $63.94 Per cy


Excavate, Haul, Stockpile Existing Soil
Estimated duration: 600 cy divided by 600 cy/day production


1.0 Days
Craft Labor Units Unit Rate Total Cost Comments
Foreman 1.0 day $771 $771 $96 per  hour
Equip operator 1.0 day $2,153 $2,153 $90 3 total
Laborer 1.0 day $1,748 $1,748 $73 3 total
Truck driver 1.0 day $1,744 $1,744 $73 3 total


day $0
Subtotal Cost $6,415
Labor Unit Cost $10.69 Per CY


Equipment Units Unit Rate Total Cost Comments
Dozer 1.0 day $860 $860 200 hp dozer Means p 21
Excavator 1.0 day $890 $890 2.0 cy excavator Means p 20
Loader 1.0 day $300 $300 3 cy wheel loader Means p 21
Highway trucks (3) 1.0 day $1,440 $1,440 $480 16 ton truck Means p 22


Subtotal Cost $3,490
Equipment Unit Cost $5.82 Per CY


Materials Units Unit Rate Total Cost Comments
$0 PPE not needed for work on clean soil.


Tons $30 $0


Subtotal Cost $0
Material Unit Cost $0.00 Per CY


Subcontract Units Unit Rate Total Cost Comments


Subtotal Cost $0
Subcontract Unit Cost $0.00 Per Cy
TOTAL UNIT COST $16.51 Per cy


Sheet pile for river diversion
Estimated duration: 600 sf divided by 600 f/day production install and remove


1.0 Days
Craft Labor Units Unit Rate Total Cost Comments
Foreman 1.0 day $771 $771 $96 per  hour
Equip operator 1.0 day $718 $718 $90 1 total
Laborer 1.0 day $1,748 $1,748 $73 3 total
Truck driver 1.0 day $581 $581 $73 1 total


day $0
Subtotal Cost $3,817
Labor Unit Cost $6.36 Per sf


Equipment Units Unit Rate Total Cost Comments
Crane 40 ton 1.0 day $1,000 $1,000 Means p 596
Vibratory hammer 1.0 day $1,500 $1,500 Means  p 596
Off-road truck 1.0 day $300 $300 Means p 22


1.0 day $1,440 $1,440 $480


Subtotal Cost $4,240
Equipment Unit Cost $7.07 Per sf


Materials Units Unit Rate Total Cost Comments
Purchase sheets 12,000 lb $0.72 $8,640 Assume AZ=12 20 psf
Health and safety equip 1.0 Days $300 $300 6 crew x $50/day


Subtotal Cost $8,940
Material Unit Cost $14.90 Per sf
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B C D E F G H
Subcontract Units Unit Rate Total Cost Comments


Subtotal Cost $0
Subcontract Unit Cost $0.00 Per sf
TOTAL UNIT COST $28.33 Per sf
Excavate Sediment with Low-ground Pressure Long-reach Excavators Into Nearshore CDF
Estimated duration: 500 cy divided by 500 icy/day production with 1 excavators


1.0 days icy = in-situ cubic yards
Craft Labor Units Unit Rate Total Cost Comments
Foreman 1.0 day $771 $771 $96 per hour
Equip operator 1.0 day $1,436 $1,436 $90 2 total on excavators 
Truck driver 1.0 day $1,163 $1,163 $73 2 total
Laborer 1.0 day $2,330 $2,330 $73 4 total
Safety officer day $600 $0 $75 per hour
QC officer day $600 $0 $75 per hour
Subtotal Cost $6,899 $5,699 Rates confirmed with Means Building Costs
Labor Unit Cost 11.40 Per Cy


Equipment Units Unit Rate Total Cost Comments
Low-ground pressure excavator 1.0 day $890 $890 $890 www.machinerytrader Cat 345BL $3,000 per 
Rehandling excavators 1.0 day $680 $680 $680 1.5 cy Means p 20
Trucks to stockpile 1.0 day $1,840 $1,840 $920 (2) off-road trucks 25 ton Means p 22


$0
Subtotal Cost $3,410 $3,410
Equipment Unit Cost $6.82 Per Cy


Materials Units Unit Rate Total Cost Comments
Health and safety equip 1.0 Days $850 $850 8 crew x $50/day
Per diem 1.0 Days $240 $240 2 crew x $120/day
Small Tools 1.0 day $100 $100


$0
Subtotal Cost $1,190
Material Unit Cost $2.38 Per Cy


Subcontract Units Unit Rate Total Cost Comments


Subtotal Cost $0 Per cy


TOTAL UNIT COST $20.60 Per Cy


Load and Place Wet Sediment Into Nearshore CDF
Estimated duration: 600 cy divided by 600 cy/day production


1.0 days
Craft Labor Units Unit Rate Total Cost Comments


Equip operator 1.0 day $2,153 $2,153 $90 3 total
Truck driver 1.0 day $1,744 $1,744 $73 3 total
Laborer 1.0 day $2,330 $2,330 $73 4 total
QC officer day $600 $0 $75
Subtotal Costs $6,227
Labor Unit Costs $10.38 Per cy


Equipment Units Unit Rate Total Cost Comments
Loader 1.0 day $300 $300 $300 3 cy wheel loader Means p 21
Decontamination system 1.0 day $100 $100 $100
Trucks to process area (3) 1.0 day $2,760 $2,760 $920 (3) off-road trucks 25 ton Means p 22
Dozer 1.0 day $860 $860 $860 200 HP crawler Mean p 21
Long-reach rehandle excavator 1.0 day $890 $890 $890


Subtotal Cost $4,910
Equipment Unit Costs $8.18 Per cy


Materials Units Unit Rate Total Cost Comments
Health and safety equip 1.0 Days $350 $350 7 crew x $50/day
Per diem 1.0 Days $240 $240 2 crew x $120/day
Subtotal Cost $590
Material Unit Cost $0.98 Per cy
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Subcontract Units Unit Rate Total Cost Comments


tons $0
tons $0


Subtotal Cost $0
Subcontract Unit Costs $0.00 Per cy


TOTAL UNIT COST $19.55 Per cy
Topsoil and Plantings
Estimated duration: 219,600 sf divided by 7400 sf/day production


4,067 cy 137 cy/day
29.7 days Topsoil Means p 85 7,400 sf/day


Craft Labor Units Unit Rate Total Cost Comments
Foreman 29.7 day $771 $22,866 $96


29.7
Equip operator 29.7 day $2,153 $63,901 $90 3 total
Laborer 29.7 day $1,748 $51,863 $73 3 total
Subtotal Cost $138,630
Labor Unit cost $0.63 Per sf


$34.09 Per Cy


Equipment Units Unit Rate Total Cost Comments
Loader 29.7 day $165 $4,896 1.5 cy wheel loader Means p 590
Dozer 29.7 day $480 $14,244 100 hp dozer
Grader 29.7 day $350 $10,386 Small grader to spread


day $0
day $0


Subtotal Cost $29,527
Labor unit cost $0.13 Per sf


$7.26 Per Cy


Materials Units Unit Rate Total Cost Comments
$0


Top Soil 4,067 cy $40 $162,667 $32 per cy plus markup
$0


Wetland plantings ea $0
Subtotal Cost $162,667
Material Unit cost $0.74 Per sf


$40 Per cy


Subcontract Units Unit Rate Total Cost Comments
Plantings 219,600 sf $1.00 $219,600 From New Bedford estimate $40,000 per acre


Subtotal Cost $219,600
Subcontract Unit Cost $1.00 Per sf
TOTAL UNIT COST $2.51 Per sf


Water Treatment During Mechanical Dewatering
Estimated duration: 400 CY divided by 400 icy/day


1.0 days
Craft Labor Units Unit Rate Total Cost Comments


Equip operator 1.0 day $718 $718 $90 1 total
Laborer 1.0 day $583 $583 $73 1 total


Subtotal Costs $1,300
Labor Unit Costs $1,300 Per day


Equipment Units Unit Rate Total Cost Comments
COWS 250 Oil/water separator 1.0 day $100 $100 Flow 120 gpm
MPC 28 sand filter 1.0 day $600 $600 Carbon Air 10/30/06 email
PC 50 GAC (10,000 lb each) 1.0 day $600 $600 $67,500 for 60 work day = $1,125 per day
bag filter skid 1.0 day $100 $100 Use $1,400 per day for system w/markup
forklift 1.0 day 340 $340 Rough terrain forklift Means p 23


$0
Subtotal Cost $1,740
Equipment Unit Costs $1,740 Per day
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Materials Units Unit Rate Total Cost Comments
Utilities 1.0 day $50 $50
Health and safety equip 1.0 Days $100 $100 2 crew x $50/day
Per diem 1.0 Days $120 $120 1 crew x $120/day
Subtotal Cost $270
Materials Unit Cost $270 Per day


Subcontract Units Unit Rate Total Cost Comments
Sludge disposal 20 lb 1.00 $20 Assume 20 lb/cy


$0
$0


Subtotal Cost $20
Subcontract Unit Costs $20 Per day
TOTAL UNIT COSTS $3,330 Per day


Water Treatment Set Up
Estimated duration: CY divided by


1.0 days
Craft Labor Units Unit Rate Total Cost Comments
Pipefitter 1.0 day $1,518 $1,518 $95 2 total
Equip operator 1.0 day $1,436 $1,436 $90 2 total
Laborer 1.0 day $1,748 $1,748 $73 3 total
Foreman 1.0 day $771 $771 $96
Electrician 1.0 day $1,377 $1,377 $86 2 total
Subtotal Costs $6,848
Labor Unit Costs $6,848.21 Per day


Equipment Units Unit Rate Total Cost Comments
Oil/water separator 1.0 day $100 $100
20,000 gallon tank 1.0 day $100 $100
sand filter 1.0 day $100 $100
forklift 1.0 day 340 $340 Rough terrain forklift Means p 23
Excavator 1.0 day $890 $890 2.0 cy excavator Means p 20
Subtotal Cost $1,530
Equipment Unit Costs $1,530.00 Per day


Materials Units Unit Rate Total Cost Comments
Utilities 1 day $50 $50
sand replacement lb $0.10 $0


$0


Subtotal Cost $50
Materials Unit Cost $50 Per day


Subcontract Units Unit Rate Total Cost Comments
Sludge disposal lb 1.00 $0


$0
$0


Subtotal Cost $0
Subcontract Unit Costs $0.00 Per day
TOTAL UNIT COSTS $8,428 Per day


SUBCONTRACT CONSTRUCTION COSTS


Solidify sediment from river $50.00 cy Allowance based on experience
Liner System
Geocomposite 1 SF Means Environmental Costs


Labor 1 SF 0.18
Equipment 1 SF 0.10


Material 1 SF 0.58
Unit Cost $0.86 SF


Rebuild Lyman Mill Dam Gate Structure
Rebuild Lyman Mill Dam Gate 1 ls $750,000 Costs reported by LEA for Allendale Dam


repair was $828,000.  This included 
concrete dam 10 ft high and new gate structure


Cost for On-site CDF 112,900 tons $5,639,214
$49.95 Per Ton


Asphalt Pavement $1.00 sf
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Annual Dam Maintenance


Gate Operation 2 days $880 $1,760 $55 2 person crew for one day
Visual Inspection 2 days $880 $1,760 $55 2 person crew for one day


Vegetation cutting 4 days $1,760 $7,040 $55 2 person crew for 2 days
Truck and power tools 3 days 200 $600


Total Dam Maintenance $11,160 Per each


Shallow-water plantings $100,000 ac Allowance based on experience
Wetland enhancement $100,000 ac Allowance based on experience


Concrete Containment Dike for CDF Means 2007 Heavy Construction Costs
Add 50% to labor for difficult site access


Support piles ea 20 per day $1,260 p. 237 30 ft x $42 per lf for HP 12x74
Footing forms sf 350 sf/day per crew $8.70 p. 46 edge forms $5.80 +50% 


Wall forms sf 260 sf/day per crew $13.50 p. 48 retaining wall 8'-16' $9.00 +50%
Footing concrete cy 150 cy/day $165 p. 65, 64   $31+50% and $120


Wall concrete cy 95 cy/day $195 p. 65, 64  $50.00+50% and $120
Reinforcing steel ton 2.3 ton/day $2,200 p. 59 $1,900 + $300 


Rebuild Dams
Excavate next to dams


Off-site disposal of dam debris
Install new weir structure
Remove dam structures


Oversight
Craft Labor Units Unit Rate Total Cost Comments
Project manager 1.0 day $1,200 $1,200 $150 per hr
Resident engineer 1.0 day $960 $960 $120 per hr
Superintendent 1.0 day $823 $823 $103 per hr
Safety officer 1.0 day $600 $600 $75
QC officer 1.0 day $600 $600 $75
Sample crew 1.0 day $1,440 $1,440 $90 2 staff
Survey crew 1.0 day $1,200 $1,200 $75 2 staff
Admin support 1.0 day $360 $360 $45
Labor Daily  Costs $7,183 Per day


Monthly Equipment Units Unit Rate Total Cost Comments
$0


Field office 1.0 mo $1,075 $1,075 trailer, copier, fax, water, chemical toilets
Vehicles 1.0 mo $2,500 $2,500 2 trucks and fuel
Cell phones, radios 1.0 mo $750 $750 4 phones, 3 radios
Utilities 1.0 mo $250 $250
Equipment Monthly Cost 4,575 $4,575 Per Month


Daily Equipment
Vehicles 1 day 150 $150
Cell phones, radios 1.0 day $50 $50
dGPS 1.0 day $100 $100
Computer and survey software 1.0 day $50 $50


Daily Equipment Cost $350 Per Day


Materials Units Unit Rate Total Cost Comments
Per diem 1.0 day $480.00 $480 4 field crew x $120/day
PPE, office supplies 1.0 day $200 $200 4 field crew x $50/day
Subtotal Cost 680 $680 Per day


Subcontract Units Unit Rate Total Cost Comments
Sediment - dioxins (8290) 1.0 ea $715 $715 Columbia 11/8/06 estimate +10% markup
Sediment grain size, TOC, solids 1.0 ea $175 $175
Sediment - 2,3,7,8 TCDD (8290) 1.0 ea $358 $358 Columbia + 10%
TCLP (131) 1.0 ea $94 $94
Metals (6020) 1.0 ea $185 $185
Pesticides (8081A) 1.0 ea $176 $176
Volatiles (8260B) 1.0 ea $138 $138
Semivolatiles (8270C) 1.0 ea $325 $325
Subtotal - dioxins and TCLP 1.0 ea $1,806 All above except 2,3,7,8 TCDD
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$0


Benthic Community Analysis 1.0 ea $600 $600
Sediment geotechnical engr 1.0 ea $1,050 $1,050 Triaxial shear and consolidation
lipids 3.0 ea $39 $116 Cost for each procedure
Animal tissue dioxins 1.0 ea $715 $715


Subtotal animal tissue $1,507
dioxins and 3 processing steps, PAHs, 
PCB, Pesticides


Water - dioxins 1.0 ea $715 $715
Subtotal Cost


Sediment chemistry monitoring event
Estimated duration: 5 days to mobilize and sample


days
Craft Labor Units Unit Rate Total Cost Comments
Project manager 2.0 day $1,200 $2,400 $150 per hr
Senior scientist 2.0 day $960 $1,920 $120 per hr
Sample crew 5.0 day $3,240 $16,200 $90 3 staff x 12 hr/day
Data analysis and report 5.0 day $1,280 $6,400 $80 2 staff
GIS, production 2.0 day $560 $1,120 $70 per hour
Subtotal Costs $28,040 Per event
Labor Daily Cost $5,608 Per day


Equipment Units Unit Rate Total Cost Comments
Vehicles 5.0 day $150 $750 van and fuel
Cell phones, radios 5.0 day $50 $250
dGPS 5.0 day $100 $500
Sample vessel 5.0 day $1,000 $5,000
Computer and survey software 5.0 day $50 $250
Fathometer 5.0 day $100 $500
Tide gauge 5.0 day $50 $250
Turbidity, DO, pH meter 5.0 day $75 $375
Sediment profile camera 5.0 day $200 $1,000
Core equipment 5.0 day $150 $750
Subtotal Cost $9,625 Per event
Equipment Daily Cost $1,925 Per day
Equipment costs ON LAND $2,250 Per Event


Materials Units Unit Rate Total Cost Comments
Per diem 15.0 day $100.00 $1,500
PPE, office supplies 5.0 day $50 $250
Shipping equipment, sample 1.0 ea $1,000 $1,000
Subtotal Cost $2,750 Per event
Materials Daily Cost $550 Per day


Subcontract Units Unit Rate Total Cost Comments


Subtotal Cost $0


TOTAL COST $40,415.00 Per Event
TOTAL DAILY COST $8,083.00 Per Day
Physical survey monitoring event
Estimated duration: 2 days field time
Craft Labor Units Unit Rate Total Cost Comments
Project manager 1.0 day $1,200 $1,200 $150 per hr
Senior scientist 1.0 day $960 $960 $120 per hr
Survey crew 2.0 day $1,800 $3,600 $75 2 staff x 12 hr/day
Data analysis and report 5.0 day $1,280 $6,400 $80 2 staff
GIS, production 2.0 day $560 $1,120 $70 per hour
Subtotal Costs $13,280 Per event
Labor Daily Cost $6,640 Per day
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Equipment Units Unit Rate Total Cost Comments
Vehicles 2.0 day $150 $300 van and fuel
Cell phones, radios 2.0 day $50 $100
dGPS 2.0 day $100 $200
Computer and survey software 2.0 day $50 $100
Sample vessel 2.0 day $1,000 $2,000
Fathometer 2.0 day $100 $200
Tide gauge 2.0 day $50 $100
Subtotal Cost $3,000 Per event
Equipment Daily Cost $1,500 Per day
Equipment cost ON LAND $700 Per Event


Materials Units Unit Rate Total Cost Comments
Per diem 4.0 day $100.00 $400
PPE, office supplies 2.0 day $50 $100
Shipping equipment, supplies 1.0 ea $1,000 $1,000
Subtotal Cost $1,500 Per event
Materials Daily Cost $750 Per day


Subcontract Units Unit Rate Total Cost Comments


Subtotal Cost $0


TOTAL COST $17,780 Per Event
TOTAL DAILY COST $8,890 Per Day
Ecologic survey monitoring event
Estimated duration: stations 2 days field time concurrent with sediment


days
Craft Labor Units Unit Rate Total Cost Comments
Project manager 1.0 day $1,200 $1,200 $150 per hr
Senior scientist 1.0 day $960 $960 $120 per hr
Survey crew 2.0 day $1,800 $3,600 $75 2 staff x 12 hr/day
Data analysis and report 5.0 day $1,280 $6,400 $80 2 staff
GIS, production 2.0 day $560 $1,120 $70 per hour


Subtotal Costs $13,280 Per event
Labor Daily Cost $6,640 Per day


Equipment Units Unit Rate Total Cost Comments
Vehicles 2.0 day $150 $300 van and fuel
Cell phones, radios 2.0 day $50 $100
dGPS 2.0 day $100 $200
Computer and survey software 2.0 day $50 $100
Sample vessel 2.0 day $1,000 $2,000
Fathometer 2.0 day $100 $200
Tide gauge 2.0 day $50 $100
Sediment profile camera 2.0 day $200 $400
Core equipment 2.0 day $150 $300
Subtotal Cost $3,700 Per event
Equipment Daily Cost $1,850 Per day
Equipment cost ON LAND $700 Per Event


Materials Units Unit Rate Total Cost Comments
Per diem 4.0 day $100.00 $400
PPE, office supplies 2.0 day $50 $100
Shipping equipment, samples 1.0 ea $1,000 $1,000
Subtotal Cost $1,500 Per event
Materials Daily Cost $750 Per day


Subcontract Units Unit Rate Total Cost Comments


Subtotal Cost $0


TOTAL COST $18,480 Per Event
TOTAL DAILY COST $9,240 Per Day
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Project manager $1,200 $150 per hour
Senior engineer $960 $120 per hour
Staff engineers $1,800 $75 per hour
CAD $600 $75 per hour
Tech support $480 $60 per hour
Labor total $5,040
Labor unit cost per hour $90.00 per day.


Dewatering tests 21,600$       2 weeks for 3 persons = 240 hr


Restoration and Mitigation Unit Costs
Tables L-1 to L-4 from Washington State Cost 
Estimating guidance
USACE  Technical Report EL-97-8


Units Unit Rate Total Cost
Aquatic restoration in ponds 10 ea $400 $4,000 Ac Large wood $200 to $300 per Table L-1


Assume 10 per acre
Containerized shrub


plant material 4840 ea $10 $48,400 Plant $8 to $14 Table L-3 
Install 161 hr $73 $11,777 Plant rate 20 to 40 per hour per USACE


$60,177 Ac
Containerized tree


plant material 435 ea $50 $21,750 Tree $20 Table L-3, Means $50 to $200 
Install 43.5 hr $73 $3,176 Plant rate 10 per hour


$24,926 Ac


Re-stock fish $25,000 ls Allowance


CDF mitigation
Excavate & haul soil 8075 cy $17 $133,318 Assume 5 ft depth 


Soil disposal 12920 tn $25 $323,000 Assume debris landfill disposal
Topsoil and seeding 43560 cy $2.51 $109,336


Plantings 1 ac $42,551 $42,551 50/50 mix of shrubs/trees
$608,205 Ac


Hydroseeding 43560 sf $0.046 $2,004 Ac Means $46/1,000 sf
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Description No. Length Width Thickness Quantity calc. Quantity Units


Ft. Ft. Ft. (LF/SF/CF)


EXCAVATION OF RIVER SEDIMENTS (all alternatives, except those with Nearshore CDFs) 0.75 Acres


Contaminated sediment 1.0 32,500 1.0 1.0 32,500 1,200 cy
Overdredge allowance 1.0 32,500 1.0 1.0 32,500 1,200 cy
TOTAL 2,400 cy


Use unit weight of 1.5 tons per cy
3,600 tons


38.9 Acres
Allendale Pond 641,116 14.72
Lyman Mill Pond 1,022,000 23.46
Woonasquatucket River 32,500 0.75


14.72 43,560 1.0 0.0 0 0 cy
23.46 43,560 1.0 0.0 0 0 cy


0 cy
Use unit weight of 1.5 tons per cy


0 tons
Clear work areas Assume 200 by 300 ft at each pond and in upland processing (i.e. 2 areas at each pond)
Allendale 2.0 300 200 1.0 120,000 120,000 sf
Lyman Mill 2.0 300 200 1.0 120,000 120,000 sf
Total area 240,000 sf
Gravel for pond sites 240,000 1.0 1.0 0.5 120,000 4,444 cy
Geomembrane for pond sites 240,000 240,000 sf


Area where existing water depth is less than 2.0 feet Allendale Pond 1.3 ac
(this is were future grade would be above normal pond Lyman Mill Pond 5.8 ac
elevation after capping). TOTAL 7.1 AC


Wetland enhancement for mitigation 7.1 AC
Shallow water plantings (assume area equal to area less than 2.0 feet) 7.1 AC


TEMPORARY SHEET PILE FOR WATER DIVERSION (all excavation alternatives)
Allendale 1,800 liner feet


Lyman Mill 3,000 liner feet
Total length 4,800


Assume 30 feet long
Total quantity 144,000 square feet


Assume purchase for Allendale 54,000 sf


 ALT 7d and 7e EXCAVATION & OFF-SITE DISPOSAL with DAMS 155,799 CY
Removal volume Allendale Pond 52,936 cy


Lyman Mill Pond 100,463 cy
Woonasquatucket River 2,400 cy


155,799 cy
Sediment Volume  after dewatering 97,731 cy
Sediment Weight after dewatering 112,900 tons
For both ponds about 1/2 of the  samples contained dioxins above UTS and 10% above treatment standard of 10x UTS
Assume 10% to incineration for On-site CDF


Off-site Incineration 11,290 tons
For off-site disposal, use 50% incineration and 50% landfill
Incineration 56,450 tons
Landfill 56,450 tons
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Description No. Length Width Thickness Quantity calc. Quantity Units


Ft. Ft. Ft. (LF/SF/CF)
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ALT 7 a EXCAVATION & UPLAND CDF with DAMS 38.9 Acres
Allendale excavation Allendale Pond 52,936 cy
Centredale excavation Lyman Mill Pond 100,463 cy


Woonasquatucket River 2,400 cy
Total excavation 155,799 cy


Backfill in ponds 38.93 43,560 1 0.5 847,808 31,400 cy
Use 1.5 tons per cy 47,100 tons


Lower water in Allendale 1.00 641,116 1.0 4.0 2,564,464 cf
Lower water in Lyman Mill 1.00 1,022,000 1.0 4.0 4,088,000 cf


Normal river flow (annual average 74 cfs) 74 6,393,600 cf/day
33,211 gpm


Flow capacity from QEA 9/7/06 calculations
feet) Flow (cfs) Drawdown time  (hr)


0.5 41
1 80


1.5 120 40 - 50
2 150 30 - 40


2.5 190 18
3 22 10


3.5 250 7
4 280 6


Rebuild Lyman Mill Gate Structure 1 ls


Clear work areas Assume 200 by 300 ft at each pond and in upland processing
Allendale 2.0 300 200 1.0 120,000 120,000 sf
Lyman Mill 2.0 300 200 1.0 120,000 120,000 sf
Total area 240,000 sf
Gravel for pond sites 120,000 1.0 1.0 0.5 60,000 2,222 cy
Geomembrane for pond sites 120,000 120,000 sf
Asphalt for process area 120,000 1.0 1.0 1.0 120,000 120,000 sf


Mobilize Mechanical dewatering 1.0 1 ls
Mobilize water treatment 1.0 1 ls


Gravel haul roads in ponds
Allendale 2.0 1,800 24 1.0 86,400 3,200 cy
Lyman Mill 2.0 3,000 24 1.0 144,000 5,333 cy
Between ponds 1.0 1,400 24 1.0 33,600 1,244 cy
Total road gravel 9,778 cy
Geotextile for roads 2.0 1,800 24 1 86,400 86,400 sf


2.0 3,000 24 1 144,000 144,000 sf
1.0 1,400 24 1 33,600 33,600 sf


Total geotextile 264,000 sf


Sediment Volume  after dewatering 97,731 cy
Sediment Weight after dewatering 112,900 tons


CDF area needed for: 97,731 cy of contaminated sediment
Cube Area needed: 439,790 sf 6.0 2,638,737 97,731 cy
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Description No. Length Width Thickness Quantity calc. Quantity Units


Ft. Ft. Ft. (LF/SF/CF)
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CAPACITY AND MATERIAL VOLUMES FOR NORTH OXBOW WITH HIGHEST CAP AT ELEV. 105 FT.
Capacity = Volume inside a prismatoid space


Volume = 1/6h(B1+4M+B2)
B1 = area of lower base: B2 = area of upper base: M = area of midsection: and h = height


Northwest lower portion Height 12.0
Bottom 320 570 182,400 sf


Midsection 340 590 200,600 sf
Top 360 610 219,600 sf


Capacity 2,408,800 89,215 cy
0 0 cy


TOTAL CAPACITY 89,215 CY


Slope ratio (inside - outside) 2 3
Clear trees & vegetation 1.0 400 650 1.0 260,000 260,000 sf
Sand base for liner 1.0 320 570 1.0 182,400 6,756 cy
Install base liner 1.0 320 570 1.0 182,400 182,400 sf
Sand drain layer 1.0 320 570 1.0 182,400 6,756 cy


East berm core 1.0 368 10.0 12.0 44,160
inside slope 0.5 362 24.0 12.0 52,128
outside slope 0.5 392 36.0 12.0 84,672
South berm core 1.0 642 10.0 12.0 77,040
inside slope 0.5 628 24.0 12.0 90,432
outside sloe 0.5 666 36.0 12.0 143,856
North berm core 1.0 356 10.0 9.0 32,040
inside slope 0.5 354 18.0 9.0 28,674
outside slope 0.5 379 27.0 9.0 46,049
West berm core 1.0 624 10.0 9.0 56,160
inside slope 0.5 616 18.0 9.0 49,896
outside sloe 0.5 647 27.0 9.0 78,611
South overexcavation 1.0 642 70.0 2.0 89,880
East overexcavation 1.0 368 70.0 2.0 51,520
Total berms 925,117 34,264 cy


Region 1 RCRA-equivalent cap
Low-permeability soils < 10-4 cm/sec 1.0
60 mil geomembrane
Drain layer >0.1 cm/sec 1.0
Protective soil and topsoil 1.0


CDF size at top 1 360 610 1 219,600 sf
Soil over sediment 1.0 219,600 1.0 1.0 219,600 8,133 cy
Install cover membrane 1.0 219,600 1.0 1.0 219,600 219,600 sf
Drain gravel over membrane 1.0 219,600 1.0 1.0 219,600 8,133 cy
Protective soil and topsoil 1.0 219,600 1.0 1.0 219,600 8,133 cy
Excavate existing soil - northwest 1.0 360 260.0 5.0 468,000 17,333 cy
Excavate existing soil - northeast 1.00 310 260.0 3.0 241,800 8,956 cy
Total excavate existing soil 26,289 cy


Lower water in Allendale 1.00 0 1.0 4.0 0 cf
Lower water in Lyman Mill 1.00 0 1.0 4.0 0 cf


Normal river flow (annual average 74 cfs) 74 6,393,600 cf/day
33,211 gpm
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Volume Estimates
Allendale and Lyman Mill Reach Sediment Alternatives


1
2
3


B C D E F G H I


Description No. Length Width Thickness Quantity calc. Quantity Units


Ft. Ft. Ft. (LF/SF/CF)


172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221


222
223
224
225
226
227
228


Flow capacity from QEA 9/7/06 calculations
feet) Flow (cfs) Drawdown time  (hr)


0.5 41
1 80


1.5 120 40 - 50
2 150 30 - 40


2.5 190 18
3 22 10


3.5 250 7
4 280 6


Rebuild Lyman Mill Gate Structure 1 ls


Clear work areas Assume 200 by 300 ft at each pond
Allendale 1.0 300 200 1.0 60,000 60,000 sf
Lyman Mill 1.0 300 200 1.0 60,000 60,000 sf
Total area 120,000 sf
Gravel for pond sites 120,000 1.0 1.0 0.5 60,000 2,222 cy
Geomembrane for pond sites 120,000 120,000 sf


Mobilize Mechanical dewatering Not needed for Nearshore CDF in pond footprints 1 ls
Mobilize water treatment 1.0 1 ls


Gravel haul roads in ponds
Allendale 2.0 1,800 24 1.0 86,400 3,200 cy
Lyman Mill 2.0 3,000 24 1.0 144,000 5,333 cy
Between ponds 1.0 24 1.0 0 0 cy
Total road gravel 8,533 cy
Geotextile for roads 2.0 1,800 24 1 86,400 86,400 sf


2.0 3,000 24 1 144,000 144,000 sf
1.0 24 1 0 0 sf


Total geotextile 230,400 sf


Alternative 10b and 11f  REBUILD DAMS


Excavate next to dams 10 days
Off-site disposal of dam debris 2.0 2 tons


Allendale concrete 1.0 115 25 2 5,750 474 tons
Lyman Mill debris 1.0 120 20 10 24,000 1,560 tons


Install new weir structure 2.0 120 40 6 57,600 3,744 tons
Remove dam structures 20 days


Removal Volumes do not need to remove sediment inside CDF area
ALT 7b FULL EXCAVATION With DAMs 


Excavation 
Volume (cy)


Sand cover 
volume (cy)


sand cover 
(tons)


Allendale 44,319 9,600 Volumes from AutoCad drawings
Lyman Mill 76,800 14,885 includes 0.25 ft over-excavation


Woonasquatucket 2,400 cover 6 inches thick
TOTAL 123,519 24,485 36,727.50


Back-calculate area from sand 661,095 0.5 1,322,190 square feet
30.4 acres
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Volume Estimates
Allendale and Lyman Mill Reach Sediment Alternatives


1
2
3


B C D E F G H I


Description No. Length Width Thickness Quantity calc. Quantity Units


Ft. Ft. Ft. (LF/SF/CF)


229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286


Pond - CDF Area 27.9
Alt 7b Nearshore CDF Volumes and Capacity


Capacity (cy) (cy)
Allendale 42,911.00 13,028 Volumes from AutoCad drawings


Lyman Mill Upper 34,924.00 9,571 cover 2.0 feet thick
Lyman Mill Lower 47,443.00 14,310


125,278 36,909
CDF Top Area 996,543 479,160


Back-calculate CDF size from Cover volume 11.0 acres


Soil over sediment 479,160.0 1 1.0 1.0 479,160 17,747 cy
Install cover membrane 479,160.0 1 1.0 1.0 479,160 479,160 sf
Drain gravel over membrane 479,160.0 1 1.0 1.0 479,160 17,747 cy
Protective soil and topsoil 479,160.0 1 1.0 1.0 479,160 17,747 cy


Concrete containment wall 0
Allendale Walls 2 1,400 14.0 1.0 39,200 sf


Lyman Mill North Walls 2 1,100 15.0 1.0 33,000 sf
Lyman Mill South Walls 2 1,100 13.0 1.0 28,600 sf
TOTAL WALL FORMS 3,600 100,800 SF


Footing Forms 2 3,600 3.0 1.0 21,600 SF
Allendale wall concrete 1 1,400 14.0 2.0 39,200 1,452 cy


Lyman Mill North Concrete 1 1,100 15.0 2.0 33,000 1,222 cy
Lyman Mill South Concrete 1 1,100 13.0 2.0 28,600 1,059 cy


TOTAL WALL CONCRETE 3,600 100,800 3,733 cy
Footing Concrete 1 3,600 20.0 3.0 216,000 8,000 cy


Reinforcing steel Use New Bedford VE study value of 30 lb/cy 176 tons
Gravel backfill behind wall 1 3,600 2.0 10.0 72,000 4,680 tons


Install and remove sheet pile 3,600 30 108,000 sf


Footing excavation 3,600 20 4.0 288,000 10,667 cy


Support piling Assume 2 piles at 10 foot spacing 20 feet long
360 2 720 each


ALT 8a, 8d, 8e PARTIAL EXCAVATION & UPLAND CDF OR OFF-SITE DISPOSAL 38.9 Acres
CAP AREA 25.50 Acres


Removal volume Allendale Pond 23,000 cy
Lyman Mill Pond 39,000 cy


Woonasquatucket River 2,400 cy
TOTAL REMOVAL 64,400 cy


Sediment Volume  after dewatering 41,223 cy
Sediment Weight after dewatering 47,393 tons


Assume 10% to incineration for on-site CDF alternatives


Off-site Incineration 4,739 tons
For off-site disposal, assume 50% incineration
Incineration 23,697 tons
Landfill 23,697 tons


Shallow water plantings (same as cap alternative) 7.1 AC
Cap over excavated Areas


25.5 43,560 1.0 2.0 2,221,560 82,280 CY
Use unit weight of 1.5 tons per cy
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Volume Estimates
Allendale and Lyman Mill Reach Sediment Alternatives


1
2
3


B C D E F G H I


Description No. Length Width Thickness Quantity calc. Quantity Units


Ft. Ft. Ft. (LF/SF/CF)


287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338


123,420 tons


Cap over unexcavated areas
13.4 43,560 1.0 2.0 1,169,672 43,321 CY


Use unit weight of 1.5 tons per cy
64,982 tons


Clear work areas Assume 200 by 300 ft at each pond and in upland processing (i.e. 2 areas near each pond)
Allendale 2.0 300 200 1.0 120,000 120,000 sf
Lyman Mill 2.0 300 200 1.0 120,000 120,000 sf
Total area 240,000 sf
Gravel for pond sites 120,000 1.0 1.0 0.5 60,000 2,222 cy
Geomembrane for pond sites 120,000 120,000 sf
Asphalt for process area 120,000 1.0 1.0 1.0 120,000 120,000 sf
Gravel haul roads in ponds
Allendale 2.0 1,800 24 1.0 86,400 3,200 cy
Lyman Mill 2.0 1,000 24 1.0 48,000 1,778 cy
Between ponds 1.0 1,400 24 1.0 33,600 1,244 cy
Total road gravel 6,222 cy
Geotextile for roads 2.0 1,800 24 1 86,400 86,400 sf


2.0 1,000 24 1 48,000 48,000 sf
1.0 1,400 24 1 33,600 33,600 sf


Total geotextile 168,000 sf


ALT 8a  CAPACITY AND MATERIAL VOLUMES FOR NORTH OXBOW 
Capacity = Volume inside a prismatoid space


Volume = 1/6h(B1+4M+B2)
B1 = area of lower base: B2 = area of upper base: M = area of midsection: and h = height


Height Northwest not needed for partial excavation alternative
Northeast  portion Height 10.0


Bottom 320 300 96,000 sf
Midsection 340 320 108,800 sf


Top 360 340 122,400 sf
Capacity 1,089,333 40,346 cy


TOTAL CAPACITY 40,346 CY
Slope ratio (inside - outside) 2 3


Clear trees & vegetation 1.0 400 380 1.0 152,000 152,000 sf
Sand base for liner 1.0 320 300 1.0 96,000 3,556 cy
Install base liner 1.0 320 300 1.0 96,000 96,000 sf
Sand drain layer 1.0 320 300 1.0 96,000 3,556 cy
East berm core 1.0 372 10.0 13.0 48,360 (9.0 + 4.0 overexcavate)
inside slope 0.5 365 26.0 13.0 61,629
outside slope 0.5 396 39.0 13.0 100,471
South berm core 1.0 378 10.0 13.0 49,140 (9.0 + 4.0 overexcavate)
inside slope 0.5 362 26.0 13.0 61,178
outside sloe 0.5 402 39.0 13.0 101,992
North berm core 1.0 356 10.0 9.0 32,040
inside slope 0.5 354 18.0 9.0 28,674
outside slope 0.5 379 27.0 9.0 46,049
West berm core 1.0 354 10.0 9.0 31,860
inside slope 0.5 346 18.0 9.0 28,026
outside sloe 0.5 377 27.0 9.0 45,806
Total berms 635,223 23,527 cy
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Volume Estimates
Allendale and Lyman Mill Reach Sediment Alternatives


1
2
3


B C D E F G H I


Description No. Length Width Thickness Quantity calc. Quantity Units


Ft. Ft. Ft. (LF/SF/CF)


339
340
341
342
343
344
345
346
347
348
349
350
351


352
353
354
355
356
357
358
359


360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394


Region 1 RCRA-equivalent cap
Low-permeability soils < 10-4 cm/sec 1.0
60 mil geomembrane
Drain layer >0.1 cm/sec 1.0
Protective soil and topsoil 1.0
CDF size at top 1 360 340 1 122,400 sf
Soil over sediment 1.0 122,400 1.0 1.0 122,400 4,533 cy
Install cover membrane 1.0 122,400 1.0 1.0 122,400 122,400 sf
Drain gravel over membrane 1.0 122,400 1.0 1.0 122,400 4,533 cy
Protective soil and topsoil 1.0 122,400 1.0 1.0 122,400 4,533 cy


Removal Volumes do not need to remove sediment inside CDF area
ALT 8b FULL EXCAVATION With DAMs 


Excavation 
Volume (cy)


2.0 'Cap cover 
volume (cy)


1.5 ' cover 
volume (cy)


Cover weight 
(tn)


Allendale 23,065 46,130 34,598 53,626 Volumes from AutoCad drawings
Lyman Mill 31,063 62,124 46,593 69,890 includes 0.25 ft over-excavation


Woonasquatucket 2,400 602 903
TOTAL 56,528 108,254 81,792 124,418


Alt 8b Nearshore CDF Volumes and Capacity


Capacity (cy)
Cover volume 


(cy)
Volumes from AutoCad drawings


Allendale cover 2.0 feet thick
Lyman Mill Lower 57,750 15,395


57,750 15,395
CDF Top Area 415,665 2.0 207,833 square feet


Back-calculate CDF size from Cover volume 4.8 acres


Soil over sediment 207,832.5 1 1.0 1.0 207,833 7,698 cy
Install cover membrane 207,832.5 1 1.0 1.0 207,833 207,833 sf
Drain gravel over membrane 207,832.5 1 1.0 1.0 207,833 7,698 cy
Protective soil and topsoil 207,832.5 1 1.0 1.0 207,833 7,698 cy


Concrete containment wall 0
0 sf
0 sf


Lyman Mill Walls 2 1,100 13.0 1.0 28,600 sf
TOTAL WALL FORMS 1,100 28,600 SF


Footing Forms 2 1,100 3.0 1.0 6,600 SF
Allendale wall concrete 14.0 2.0 0 0 cy


Lyman Mill North Concrete 15.0 2.0 0 0 cy
Lyman Mill  Concrete 1 1,100 13.0 2.0 28,600 1,059 cy


TOTAL WALL CONCRETE 1,100 28,600 1,059 cy
Footing Concrete 1 1,100 20.0 3.0 66,000 2,444 cy


Reinforcing steel Use New Bedford VE study value of 30 lb/cy 53 tons
Gravel backfill behind wall 1 1,100 2.0 10.0 22,000 1,430 tons


Install and remove sheet pile 1,100 30 33,000 sf


Footing excavation 1,100 20 4.0 88,000 3,259 cy


Support piling Assume 2 piles at 10 foot spacing 20 feet long
110 2 220 each
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Volume Estimates
Allendale and Lyman Mill Reach Sediment Alternatives


1
2
3


B C D E F G H I


Description No. Length Width Thickness Quantity calc. Quantity Units


Ft. Ft. Ft. (LF/SF/CF)


395
396
397
398
399
400
401
402


403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
451


452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469


Summary of new areas 5 CDF
34 Open water
0 Floodplain
39


Removal Volumes do not need to remove sediment inside CDF area
ALT 10b FULL EXCAVATION Without DAMs 


Excavation 
Volume (cy)


Sand cover 
volume (cy)


sand cover 
(tons)


clean 
sediment (cy)


Allendale 35,388 3,863 17,633 Volumes from AutoCad drawings
Lyman Mill 74,041 10,300 22,841 includes 0.25 ft over-excavation


Woonasquatucket 2,400 cover 6 inches thick
TOTAL 111,829 14,163 21,245 40,474


Back-calculate area from sand 382,401 0.5 764,802 square feet
17.6 acres


Summary of new areas 13 CDF
21 Open water
5 Floodplain
39


Alt 10b Nearshore CDF Volumes and Capacity
Capacity (cy) (cy)


Allendale 41,877.00 18,608 Volumes from AutoCad drawings
Lyman Mill Upper 29,105.00 9,901 cover 2.0 feet thick
Lyman Mill Lower 42,800.00 14,598


113,782 43,107
CDF Top Area 1,163,889 2.0 581,945 square feet


Back-calculate CDF size from Cover volume 13.4 acres


Soil over sediment 581,944.5 1 1.0 1.0 581,945 21,554 cy
Install cover membrane 581,944.5 1 1.0 1.0 581,945 581,945 sf
Drain gravel over membrane 581,944.5 1 1.0 1.0 581,945 21,554 cy
Protective soil and topsoil 581,944.5 1 1.0 1.0 581,945 21,554 cy


ALT 11f  PARTIAL EXCAVATION AND ON-SITE CONSOLIDATION NO DAMS


Revised based on April 13, 2010 LEA Figure 5-24
Excavation 
Volume (cy)


Sand cover 
volume (cy) sand cover (tons)


Allendale 20,692 5,600
Lyman Mill 36,692 7,610


Woonasquatucket 2,400
TOTAL 59,785 13,210 19,815


Back-calculate area from sand 356,670 0.5 713,340 square feet
16.4 acres


Consolidation Cover
Allendale 16,530 cover (tons


Lyman Mill 21,083
Total 37,613 56,419.5


Back-calculate area from cover 1,015,551 2.0 507,776 square feet
11.7 acres


Armored Slope length
Allendale 1,200


Lyman Mill 1,700
Total 2,900 25.00 3.00 8,056 cy
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Volume Estimates
Allendale and Lyman Mill Reach Sediment Alternatives


1
2
3


B C D E F G H I


Description No. Length Width Thickness Quantity calc. Quantity Units


Ft. Ft. Ft. (LF/SF/CF)


470
471
472
473
474
475
476
477
478
479
480
481


14,097 tons
Upgrade to RCRA Cap


Geomembrane 507,776 sf
Topsoil 507,776 0.5 9,403 cy


14,105 tons
Drain Layer 507,776 1.0 18,807 cy


32,911 tons


Summary of new areas 12 Upland
16 Open water
11 Floodplain
39
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Removal Volumes - Full Removal
Allendale and Lyman Mill Reach Sediment Alternatives


1
2
3


4


5


6


7
8
9
10
11
12
13


14


15


16


17
18
19
20
21


22


23


24


25
26
27
28


A B C D E F G H I J K


Centredale Manor  Sediment Removal Volumes - Alternatives 7a, 7d, 7e, 10a, 10d, and 10e


Action Area
Surface Area 


(sf)


Theoretical 
Removal 


Volume (cy)
Average cut 
thickness (ft)


Over-dredge 
thickness (ft)


Over-dredge 
Allowance (cy)


Estimated 
Dredge 


Volume (cy)


Over-
excavation 


thickness (ft)


Over-
excavation 


allowance (cy)


Estimated 
Excavation 
Volume (cy)


Allendale Pond 14.7 641,116 47,000 1.98 1.0 23,745 70,745 0.25 5,936 52,936
Woonasqua-
tucket River. 0.7 32,500 1,200 1.0 1.0 1,200 2,400 dredge only 2,400
Lyman Mill 
Pond 23.5 1,022,000 91,000 2.40 1.0 37,852 128,852 0.25 9,463 100,463


Centredale Manor  Ponds Dredge  Quantities
Action Area


Dredge 
Volume


Average 
Solids Content 


(%)


Average Dry 
Weight (solids 
concentration, 


pcf)
Dry Weight 


(tons)
In-Situ Weight 


(tons)


Dewatered 
Solids Content 


(%)


Dewatered Dry 
Weight (solids 
concentration, 


pcf)
Dewatered 


Weight (tons)
Dewatered 


Volume (cy)


Allendale Pond 70,745 39.7 31.2 29,798 75,057 50 42.1 60,000 52,429
Woonasqua-
tucket River. 2,400 50.0 44.0 1,426 2,851 50 44.0 2,900 2,400
Lyman Mill 
Pond 128,852 31.6 23.9 41,574 131,564 50 42.8 83,000 72,000
TOTAL 201,997 72,797 209,472 145,900 126,829


Centredale Manor Ponds Excavation  Quantities - Alternatives 7a, 7d, 7e, 10a, 10d, and 10e
Action Area


Excavation 
Volume


Average 
Solids Content 


(%)


Average Dry 
Weight (solids 
concentration, 


pcf)
Dry Weight 


(tons)
In-Situ Weight 


(tons)


Dewatered 
Solids Content 


(%)


Dewatered Dry 
Weight (solids 
concentration, 


pcf)
Dewatered 


Weight (tons)
Dewatered 


Volume (cy)


Allendale Pond 52,936 39.7 31.2 22,297 56,163 50 42.1 45,000 39,231
Woonasqua-
tucket River. 2,400 50.0 44.0 1,426 2,851 50 44.0 2,900 2,400
Lyman Mill 
Pond 100,463 31.6 23.9 32,414 102,577 50 42.8 65,000 56,100
TOTAL 155,799 56,137 161,591 112,900 97,731
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Removal Volumes - Partial Removal
Allendale and Lyman Mill Reach Sediment Alternatives


1
2
3


4


5


6


7
8
9
10
11
12


13


14


15


16
17
18
19
20


21


22


23


24
25


A B C D E F G H I J


Centredale Manor  Sediment Partial Removal Volumes - Alternatives 8a, 8d, and 8e


Action Area


Partial 
Removal Area 


(sf)


Average 
Dredge Cut 


Thickness (ft)


 Partial 
Dredge  


Volume (cy)


Average 
Excavation 


Cut Thickness 
(ft)


Partial 
Excavation 
Volume (cy)


Allendale 
Pond 410,000 2.0 30,000 1.5 23,000
Woonasqua-
tucket River. 32,500 2.0 2,400 2.0 2,400  
Lyman Mill 
Pond 700,000 2.0 52,000 1.5 39,000


1,142,500
26.2 Acres


Centredale Manor  Ponds Partial Dredge  Quantities
Action Area


Dredge 
Volume


Average 
Solids Content 


(%)


Average Dry 
Weight (solids 
concentration, 


pcf)
Dry Weight 


(tons)
In-Situ Weight 


(tons)


Dewatered 
Solids Content 


(%)


Dewatered Dry 
Weight (solids 
concentration, 


pcf)
Dewatered 


Weight (tons)
Dewatered 


Volume (cy)
Allendale 
Pond 30,000 39.7 31.2 12,636 31,829 50 42.1 25,272 22,233
Woonasqua-
tucket River. 2,400 50.0 44.0 1,426 2,851 50 44.0 2,851 2,400
Lyman Mill 
Pond 52,000 31.6 23.9 16,778 53,094 50 42.8 33,556 29,037
TOTAL 84,400 30,839 87,774 61,679 53,670


Centrelale Manor Ponds Partial Excavation  Quantities - Alternatives 8a, 8d, and 8e
Action Area


Dredge 
Volume


Average 
Solids Content 


(%)


Average Dry 
Weight (solids 
concentration, 


pcf)
Dry Weight 


(tons)
In-Situ Weight 


(tons)


Dewatered 
Solids Content 


(%)


Dewatered Dry 
Weight (solids 
concentration, 


pcf)
Dewatered 


Weight (tons)
Dewatered 


Volume (cy)
Allendale 
Pond 23,000 39.7 31.2 9,688 24,402 50 42.1 19,375 17,045
Woonasqua-
tucket River. 2,400 50.0 44.0 1,426 2,851 50 44.0 2,851 2,400
Lyman Mill 
Pond 39,000 31.6 23.9 12,583 39,821 50 42.8 25,167 21,778
TOTAL 64,400 23,697 67,074 47,393 41,223
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Present Worth Costs
Allendale Reach Floodplain Soil Alternatives


1


2
3
4
5
6
7
8
9


10
11
12
13
14
15
16
17


18


19
20
21
22
23
24


A B C D E F


ALT 1 No Action1 ALT 5a and ALT 5b2 


Excavation, On-site CDF
ALT 5d Excavation, 
On-site Incinerate


ALT 5e Excavation, Off-
site Disposal


Remediation Area: 1.5 Acres
Remediation Volume 2,400 Cubic Yards
Construction Cost (Excludes Disposal) $0 $747,351 $747,351 $747,351


Disposal $65,325 $2,628,751 $1,637,279
Design costs $0 $160,733 $160,733 $160,733
Oversight & QC costs $0 $86,038 $93,188 $93,188


Contingencies
Excavation (25%) 25% $0 $248,531 $250,318 $250,318
Disposal (25% for a; 10% for d,e) $16,331 $262,875 $163,728


CAPITAL COSTS
Base Alternative $1,200,000 $1,300,000 $1,300,000
TOTAL $0 $1,300,000 $4,200,000 $3,100,000
Annual Monitoring & Maintenance $0 $1,484 $1,484 $1,484
Monitoring (vegetation) $5,970 $5,970 $5,970
TOTAL PRESENT WORTH COSTS


TOTAL $0 $1,400,000 $4,300,000 $3,200,000


Notes:
Present worth factors for 7% discount factor
  Years 1 to 30 12.409


1 Costs for periodic monitoring and 5-yr reviews are covered under Allendale Sediment No Action alternative.
2 Costs for Alternative 5b are the same as Alternative 5a.  Costs for disposal monitoring are covered under Allendale Sediment on-site CDF alternatives.


Allendale Reach Floodplain Soil Alternatives
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Contstruction Costs
Allendale Reach Floodplain Soil Alternatives


1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40


B C D E F G H I J K L M N


Description Quantity Units Daily 
output


Labor Equipment Materials Subcontract Labor Equipment Materials Subcontract TOTAL
CONSTRUCTION COSTS


EXCAVATION (without disposal)
Mobilization and Demobilize 10 days $7,525 $3,410 $1,800 $75,248 $34,100 $18,000 $0 $127,348
Temp road gravel 1,067 cy 400 $9.34 $2.08 $52.50 $9,967 $2,213 $56,000 $0 $68,180
Geomembrane for temp roads 28,800 sf $0.86 $0 $0 $0 $24,768 $24,768
Work area gravel 741 cy 400 $9.34 $2.08 $52.50 $6,921 $1,537 $38,889 $0 $47,347
Work area asphalt 40,000 sf $1.00 $0 $0 $0 $40,000 $40,000
Excavate soil 2,400 cy 400 $15.81 $8.53 $4.50 $37,949 $20,460 $10,800 $0 $69,209
Backfill 3,878 tons 500 $12.58 $2.32 $30.94 $48,788 $8,996 $119,972 $0 $177,755
Remove haul roads 1,807 tons $9.34 $2.08 $16,888 $3,750 $0 $0 $20,638
Wetland enhancement 1.5 ac $42,551 $0 $0 $0 $63,130 $63,130
Superintendent & field engr 30 days $1,920 $57,600 $0 $0 $0 $57,600
Project manager 30 days $1,200 $36,000 $0 $0 $0 $36,000
Clerk 30 days $360 $10,800 $0 $0 $0 $10,800
Field office, utilities, vehicles 1 mo $4,575 $0 $4,575 $0 $0 $4,575


$300,161 $75,632 $243,661 $127,898 $747,351


Excavation OPTION A Upland CDF
Upland CDF cell 3,878 tons $0.00 $0 $0 $0 $0 $0
Load and place in CDF 3,878 tons 640 $9.80 $4.66 $2.39 $38,001 $18,055 $9,270 $0 $65,325


$38,001 $18,055 $9,270 $0 $65,325


Excavation Option D On-Site Incineration
On-site incineration 3,878 tons $10.37 $1.54 $1.96 $600 $40,224 $5,965 $7,606 $2,327,282 $2,381,078
Solid waste landfill 3,878 tons $10.37 $1.54 $1.96 $50 $40,224 $5,965 $7,606 $193,878 $247,674


$80,449 $11,931 $15,212 $2,521,160 $2,628,751


Excavation Option E Off-site Disposal
Off-site Incineration 0 tons $8.07 $1.54 $2.62 $880 $0 $0 $0 $0 $0
Hazardous Waste Landfill 3,878 tons $8.07 $1.54 $2.62 $410 $31,276 $5,965 $10,141 $1,589,897 $1,637,279


$31,276 $5,965 $10,141 $1,589,897 $1,637,279


Costs


EXAVATION (without disposal) CONSTRUCTION COST


Unit Costs
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Design Costs
Allendale Reach Floodplain Soil Alternatives


3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22


B C D E F G H I J K L M
Description Quantity Units


Labor Equipment Materials Subcontract Labor Equipment Materials Subcontract TOTAL
DESIGN COSTS


Physical survey 2 days $4,720 $350 $750 $0 $9,440 $700 $1,500 $0 $11,640
Soil chemistry 2 days $5,080 $500 $750 $0 $10,160 $1,000 $1,500 $0 $12,660
Ecologic survey 1 days $4,720 $500 $750 $0 $4,720 $500 $750 $0 $5,970
Soil samples dioxins 20 each $715 $14,300 $14,300
Soil samples all COCs 10 each $1,806 $18,063 $18,063
Animal tissue samples 0 each $1,507 $0 $0


$0 $0
Design report 150 hours $90 $13,500 $0 $0 $0 $13,500
Drawings - 8 sheets 640 hours $90 $57,600 $0 $0 $0 $57,600
Specifications 150 hours $90 $13,500 $0 $0 $0 $13,500
Work plans 150 hours $90 $13,500 $0 $0 $0 $13,500


$122,420 $2,200 $3,750 $32,363 $160,733EXCAVATE DESIGN COST


Costs


EXCAVATE  & ALL DISPOSAL OPTIONS


Unit Costs
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Construction Oversight Costs
Allendale Reach Floodplain Soil Alternatives


1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21


B C D E F G H I J K L M
Description Quantity Units


Labor Equipment Materials Subcontract Labor Equipment Materials Subcontract TOTAL
CONSTRUCTION OVERSIGHT COSTS


Project manager 20 days $1,200 $24,000 $0 $0 $0 $24,000
Resident engineer 20 days $960 $19,200 $0 $0 $0 $19,200
Water quality crew 0 days $2,160 $350 $750 $0 $0 $0 $0 $0
Survey crew 2 days $1,200 $350 $680 $2,400 $700 $1,360 $0 $4,460
Soil sample crew 2 days $1,440 $350 $680 $2,880 $700 $1,360 $0 $4,940
Admin support 30 days $360 $10,800 $0 $0 $0 $10,800
Field office 1 months $1,075 $0 $1,075 $0 $0 $1,075
Vehicles 1 months $2,500 $0 $2,500 $0 $0 $2,500
Cell phones, radios 1 months $750 $0 $750 $0 $0 $750
Utilities 1 months $250 $0 $250 $0 $0 $250
Confirmation soil samples 10 each $1,806 $0 $0 $0 $18,063 $18,063
Designation soil samples 10 each $715 $0 $0 $0 $7,150 $7,150
Animal tissue samples 0 each $1,507 $0 $0 $0 $0 $0


$59,280 $5,975 $2,720 $25,213 $93,188
OVERSIGHT Alt 5a, 5b (delete Designation samples) $86,038


EXCAVATE  - ALL DISPOSAL OPTIONS


EXCAVATE  OVERSIGHT COST Alt 5d, 5e


CostsUnit Costs
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Long-term Monitoring Costs
Allendale Reach Floodplain Soil Alternatives


1
2
3
4
5
6
7


8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26


27
28
29
30
31
32
33
34
35
36
37
38
39
40
41


B C D E F G H I J K L M


Quantity Units Labor Equipment Materials Subcontract Labor Equipment Materials Subcontract TOTAL
MONITORING COSTS


(Assume no cost since this alternative would only be done if CDF used for pond sediments)
A.  Annual work years 1 
to 30
Soil chemistry $0 $0 $0 $0 $0
Physical survey 0 each $9,440 $0 $1,500 $0 $0 $0 $0 $0
Ecology survey $0 $0 $0 $0 $0
Groundwater chemistry 0 each $715 $0 $0 $0 $0 $0
Animal tissue chemistry $0 $0 $0 $0 $0
Soil chemistry $0 $0 $0 $0 $0
TOTAL ANNUAL MONITORING IN YEARS 1 TO 30 $0


$0
C. Annual maintenance $0


$0


Plantings 0.00 sf $1.00 $0 $0 $0 $0 $0
ANNUAL MAINTENANCE $0 $0 $0 $0 $0


A.  Annual work years 1 
to 30
Soil chemistry day $5,080 $500 $750 $0 $0 $0 $0 $0
Physical survey day $4,720 $350 $750 $0 $0 $0 $0 $0
Ecology survey 1 day $4,720 $500 $750 $4,720 $500 $750 $0 $5,970
Water chemistry $715 $0 $0 $0 $0 $0
Animal tissue chemistry $1,507 $0 $0 $0 $0 $0
Soil chemistry $890 $0 $0 $0 $0 $0
TOTAL ANNUAL MONITORING IN YEARS 1 TO 30 $5,970


$0
B. Annual maintenance $0
Invasive species control 1.5 ac $1,000.00 $0 $0 $0 $1,484 $1,484
Cap repair tons $45.84 $0 $0 $0 $0 $0
Plantings sf $1.00 $0 $0 $0 $0 $0
ANNUAL MAINTENANCE $0 $0 $0 $0 $1,484


EXCAVATION ALTERNATIVE -FLOODPLAIN MONITORING


CostsUnit Costs


ON-SITE CDF MONITORING
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Unit Costs
Allendale Reach Floodplain Soil Alternatives


1
2
3
4
5
6
7
8
9
10
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15
16
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24
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26
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28
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30
31
32
33
34
35
36
37
38
39
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41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57


B C D E F G H
Excavate Soil with Low-ground Pressure Long-reach Excavators
Estimated duration: 400 cy divided by 400 icy/day production


1.0 days icy = in-situ cubic yards
Craft Labor Units Unit Rate Total Cost Comments
Foreman 1.0 day $847 $847 $106 per hour
Equip operator 1.0 day $1,588 $1,588 $99 2 total on excavators 
Truck driver 1.0 day $1,284 $1,284 $80 2 total 
Laborer 1.0 day $2,607 $2,607 $81 4 total
Safety officer day $600 $0 $75 per hour
QC officer day $600 $0 $75 per hour
Subtotal Cost $7,525 $6,325 Rates confirmed with Means Building Costs
Labor Unit Cost 15.81 Per Cy


Equipment Units Unit Rate Total Cost Comments
Low-ground pressure excavator 1.0 day $890 $890 $890 www.machinerytrader Cat 345BL $3,000 per 
Rehandling excavators 1.0 day $680 $680 $680 1.5 cy Means p 20
Trucks to process area (2) 1.0 day $1,840 $1,840 $920 (2) off-road trucks 25 ton Means p 22


$0
Subtotal Cost $3,410 $3,410
Equipment Unit Cost $8.53 Per Cy


Materials Units Unit Rate Total Cost Comments
Health and safety equip 1.0 Days $500 $500 10 crew x $50/day
Per diem 1.0 Days $1,200 $1,200 10 crew x $120/day
Small Tools 1.0 day $100 $100


$0
Subtotal Cost $1,800 $1,800
Material Unit Cost $4.50 Per Cy


Subcontract Units Unit Rate Total Cost Comments


Subtotal Cost $0 Per cy


TOTAL UNIT COST $28.84 Per Cy


Load and Place Soil in CDF
Estimated duration: 640 Tons divided by 640 tn/day production


1.0 days 400 icy x 0.65 dewatered tons/cyu
Craft Labor Units Unit Rate Total Cost Comments


Equip operator 1.0 day $2,381 $2,381 $99 3 total
Truck driver 1.0 day $1,284 $1,284 $80 2 total
Laborer 1.0 day $2,607 $2,607 $81 4 total
QC officer day $600 $0 $75
Subtotal Costs $6,272
Labor Unit Costs $9.80 Per Ton


Equipment Units Unit Rate Total Cost Comments
Loader 1.0 day $300 $300 $300 3 cy wheel loader Means p 21
Decontamination system 1.0 day $100 $100 $100
Highway trucks (2) 1.0 day $960 $960 $480 16 ton truck Means p 22
Dozer 1.0 day $860 $860 $860 200 HP crawler Mean p 21
Compactor 1.0 day $760 $760 $760 Mean p 20


Subtotal Cost $2,980
Equipment Unit Costs $4.66 Per Ton
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Unit Costs
Allendale Reach Floodplain Soil Alternatives
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108


B C D E F G H


Materials Units Unit Rate Total Cost Comments
Health and safety equip 1.0 Days $450 $450 9 crew x $50/day
Per diem 1.0 Days $1,080 $1,080 9 crew x $120/day
Subtotal Cost $1,530
Material Unit Cost $2.39 Per Ton


Subcontract Units Unit Rate Total Cost Comments
tons $0
tons $0


Subtotal Cost $0
Subcontract Unit Costs $0.00 Per Ton


TOTAL UNIT COST $16.85 Per Ton


Load and Off-site Disposal
Estimated duration: 260 Tons divided by 260 tn/day production


1.0 days
Craft Labor Units Unit Rate Total Cost Comments
Equip operator 1.0 day $794 $794 $99 1 total
Laborer 1.0 day $1,303 $1,303 $81 2 total
QC officer day $600 $0 $75


Subtotal Costs $2,097
Labor Unit Costs $8.07 Per Ton


Equipment Units Unit Rate Total Cost Comments
Loader 1.0 day $300 $300 3 cy wheel loader Means p 21
Decontamination system 1.0 day $100 $100


Subtotal Cost $400
Equipment Unit Costs $1.54 Per Ton


Materials Units Unit Rate Total Cost Comments
Health and safety equip 1.0 Days $200 $200 4 crew x $50/day
Per diem 1.0 Days $480 $480 4 crew x $120/day
Subtotal Cost $680
Material Unit Cost $2.62 Per Ton


Subcontract Units Unit Rate Total Cost Comments
Hazardous waste landfill 260 tons $391 $101,530 Clean Harbors $355 per ton plus 10% markup
Debris 13 tons $391 $5,077 for dioxins less than 10 time UTS
Subtotal Cost $106,607
Subcontract Unit Costs $410 Per Ton


TOTAL UNIT COST - HAZARDOUS WASTE LANDFILL $422 Per Ton
Incineration 260 tons $880 $228,800 Clean Harbors $800 per ton plus 10%
Subcontract Unit Cost $880 Per Ton
TOTAL UNIT COST - OFF-SITE INCINERATION $892 Per Ton
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Unit Costs
Allendale Reach Floodplain Soil Alternatives
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B C D E F G H
On-site Incineration
Estimated duration: 260 Tons divided by 260 tn/day production


1.0 days
Craft Labor Units Unit Rate Total Cost Comments
Equip operator 1.0 day $794 $794 $99 1 total
Laborer 1.0 day $1,303 $1,303 $81 2 total
QC officer 1.0 day $600 $600 $75


Subtotal Costs $2,697
Labor Unit Costs $10.37 Per Ton


Equipment Units Unit Rate Total Cost Comments
Loader 1.0 day $300 $300 3 cy wheel loader Means p 21
Decontamination system 1.0 day $100 $100


Subtotal Cost $400
Equipment Unit Costs $1.54 Per Ton


Materials Units Unit Rate Total Cost Comments
Health and safety equip 1.0 Days $150 $150 3 crew x $50/day
Per diem 1.0 Days $360 $360 3 crew x $120/day
Subtotal Cost $510
Material Unit Cost $1.96 Per Ton


Subcontract Units Unit Rate Total Cost Comments
Incinerate dredged material 260 tons 600.00 $156,000 Ref: Incineration cost summary table.
Solid waste landfill of ash 1 tons 50.00 $50 Range $264 to $1,087 per ton for soil


Use $600 per ton
Subtotal Cost $156,050
Subcontract Unit Costs $600 Per Ton


TOTAL UNIT COST $614 Per Ton


Backfill
Estimated duration: 500 Tons divided by 500 tn/day production


1.0 days
Craft Labor Units Unit Rate Total Cost Comments
Foreman 1.0 day $847 $847 $106  per hour
Equip operator 1.0 day $1,588 $1,588 $99 2 total 
QC technician 1.0 day $650 $650 $81 per hour
Laborer 1.0 day $2,607 $2,607 $81 4 total
Safety officer 1.0 day $600 $600 $75  per hour


Subtotal Cost $6,291 $6,291
Labor Unit Cost $12.58 Per Ton


Equipment Units Unit Rate Total Cost Comments
Loader 1.0 day $300 $300 3 cy wheel loader Means p 21
Dozer to spread 1.0 day $860 $860 200 hp dozer Means p 21


$0
Subtotal Cost $1,160 $1,160
Equipment Unit Cost $2.32 Per Ton
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Unit Costs
Allendale Reach Floodplain Soil Alternatives
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B C D E F G H
Materials Units Unit Rate Total Cost Comments
Sand/load backfill 500 tons $30 $15,000 Truck delivery to site at $24 per ton +25%
Health and safety equip 1.0 Days $350 $350 7 crew x $50/day
Per diem 1.0 Days $120 $120 1 crew x $120/day
Subtotal Cost $15,470
Material Unit Cost $30.94 Per Ton


Subcontract Units Unit Rate Total Cost Comments
$0
$0


Subtotal Cost $0
TOTAL UNIT COST $45.84 Per Ton


Gravel for Work Areas
Estimated duration: 400 cy divided by 400 cy/day production


1.0 Days
Craft Labor Units Unit Rate Total Cost Comments
Foreman 1.0 day $847 $847 $106 per hour
Equip operator 1.0 day $1,588 $1,588 $99 2 total
Laborer 1.0 day $1,303 $1,303 $81 2 total
Subtotal Cost $3,738
Labor Unit Cost $9.34 Per CY


Equipment Units Unit Rate Total Cost Comments
Dozer 1.0 day $480 $480 100 hp dozer
Grader 1.0 day $350 $350 Small grader to spread
Subtotal Cost $830
Equipment Unit Cost $2.08 Per CY


Materials Units Unit Rate Total Cost Comments
$0


Bank run cover soil 700 Tons $30 $21,000 $24 per ton plus markup
Subtotal Cost $21,000
Material Unit Cost $52.50 Per CY


Subcontract Units Unit Rate Total Cost Comments


Subtotal Cost $0
Subcontract Unit Cost $0.00 Per Cy
TOTAL UNIT COST $63.92 Per Cy


Topsoil and Plantings
Estimated duration: 7,400 sf divided by 7400 sf/day production


137 cy 137 cy/day
1.0 days Topsoil Means p 85 7,400 sf/day


Craft Labor Units Unit Rate Total Cost Comments
Foreman 1.0 day $847 $847 $106
Equip operator 1.0 day $2,381 $2,381 $99 3 total
Laborer 1.0 day $1,955 $1,955 $81 3 total
Subtotal Cost $5,183
Labor Unit cost $0.70 Per sf


$37.82 Per Cy
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Unit Costs
Allendale Reach Floodplain Soil Alternatives
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B C D E F G H
Equipment Units Unit Rate Total Cost Comments
Loader 1.0 day $165 $165 1.5 cy wheel loader Means p 590
Dozer 1.0 day $480 $480 100 hp dozer
Grader 1.0 day $350 $350 Small grader to spread


day $0
day $0


Subtotal Cost $995
Labor unit cost $0.13 Per sf


$7.26 Per Cy


Materials Units Unit Rate Total Cost Comments
$0


Top Soil 137 cy $40 $5,481 $32 per cy plus markup
$0


Floodplain plantings ea $0
Subtotal Cost $5,481
Material Unit cost $0.74 Per sf


$40 Per cy


Subcontract Units Unit Rate Total Cost Comments
Plantings 7,400 sf $1.00 $7,400 From New Bedford estimate $40,000 per acre


Subtotal Cost $7,400
Subcontract Unit Cost $1.00 Per sf
TOTAL UNIT COST $2.58 Per sf


SUBCONTRACT CONSTRUCTION COSTS


Liner System
Estimated duration: 1 SF
Geocomposite 1 SF Means Environmental Costs


Labor 1 SF 0.18
Equipment 1 SF 0.10


Material 1 SF 0.58
Unit Cost $0.86 SF


Asphalt Pavement $1.00 sf
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B C D E F G H
Oversight
Craft Labor Units Unit Rate Total Cost Comments
Project manager 1.0 day $1,200 $1,200 $150 per hr
Resident engineer 1.0 day $960 $960 $120 per hr
Superintendent 1.0 day $899 $899 $112 per hr
Sample crew 1.0 day $1,440 $1,440 $90 2 staff
Survey crew 1.0 day $1,200 $1,200 $75 2 staff
Admin support 1.0 day $360 $360 $45
Labor Daily  Costs $6,059 Per day


Monthly Equipment Units Unit Rate Total Cost Comments
$0


Field office 1.0 mo $1,075 $1,075 trailer, copier, fax, water, chemical toilets
Vehicles 1.0 mo $2,500 $2,500 2 trucks and fuel
Cell phones, radios 1.0 mo $750 $750 4 phones, 3 radios
Utilities 1.0 mo $250 $250
Equipment Monthly Cost 4,575 $4,575 Per Month


Daily Equipment
Vehicles 1 day 150 $150
Cell phones, radios 1.0 day $50 $50
dGPS 1.0 day $100 $100
Computer and survey software 1.0 day $50 $50


Daily Equipment Cost $350 Per Day


Materials Units Unit Rate Total Cost Comments
Per diem 1.0 day $480.00 $480 4 field crew x $120/day
PPE, office supplies 1.0 day $200 $200 4 field crew x $50/day
Subtotal Cost 680 $680 Per day


Subcontract Units Unit Rate Total Cost Comments
Sediment - dioxins (8290) 1.0 ea $715 $715 Columbia 11/8/06 estimate +10% markup
Sediment grain size, TOC, solids 1.0 ea $175 $175
Sediment - 2,3,7,8 TCDD (8290) 1.0 ea $358 $358 Columbia + 10%
TCLP (131) 1.0 ea $94 $94
Metals (6020) 1.0 ea $185 $185
Pesticides (8081A) 1.0 ea $176 $176
Volatiles (8260B) 1.0 ea $138 $138
Semivolatiles (8270C) 1.0 ea $325 $325
Subtotal - dioxins and all TCLP 1.0 ea $1,806 All above except 2,3,7,8 TCDD


$0
lipids 3.0 ea $39 $116 Cost for each procedure
Animal tissue dioxins 1.0 ea $715 $715


Subtotal animal tissue $1,507
dioxins, PAHs, PCBs, pesticiess and 3 
processing steps


Water - dioxins 1.0 ea $715 $715
Subtotal Cost
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B C D E F G H
Soil chemistry monitoring event
Estimated duration: 2 days to mobilize and sample


days
Craft Labor Units Unit Rate Total Cost Comments
Project manager 1.0 day $1,200 $1,200 $150 per hr
Senior scientist 1.0 day $960 $960 $120 per hr
Sample crew 2.0 day $2,160 $4,320 $90 2 staff x 12 hr/day
Data analysis and report 2.0 day $1,280 $2,560 $80 2 staff
GIS, production 2.0 day $560 $1,120 $70 per hour
Subtotal Costs $10,160 Per event
Labor Daily Cost $5,080 Per day


Equipment Units Unit Rate Total Cost Comments
Vehicles 2.0 day $150 $300 van and fuel
Cell phones, radios 2.0 day $50 $100
dGPS 2.0 day $100 $200
Computer and survey software 2.0 day $50 $100
Core equipment 2.0 day $150 $300
Subtotal Cost $1,000 Per event
Equipment Daily Cost $500 Per day


Materials Units Unit Rate Total Cost Comments
Per diem 4.0 day $100.00 $400
PPE, office supplies 2.0 day $50 $100
Shipping equipment, sample 1.0 ea $1,000 $1,000
Subtotal Cost $1,500 Per event
Materials Daily Cost $750 Per day


Subcontract Units Unit Rate Total Cost Comments


Subtotal Cost $0


TOTAL COST $12,660.00 Per Event
TOTAL DAILY COST $6,330.00 Per Day
Physical survey monitoring event
Estimated duration: 2 days field time
Craft Labor Units Unit Rate Total Cost Comments
Project manager 1.0 day $1,200 $1,200 $150 per hr
Senior scientist 1.0 day $960 $960 $120 per hr
Survey crew 2.0 day $1,800 $3,600 $75 2 staff x 12 hr/day
Data analysis and report 2.0 day $1,280 $2,560 $80 2 staff
GIS, production 2.0 day $560 $1,120 $70 per hour
Subtotal Costs $9,440 Per event
Labor Daily Cost $4,720 Per day


Equipment Units Unit Rate Total Cost Comments
Vehicles 2.0 day $150 $300 van and fuel
Cell phones, radios 2.0 day $50 $100
dGPS 2.0 day $100 $200
Computer and survey software 2.0 day $50 $100
Subtotal Cost $700 Per event
Equipment Daily Cost $350 Per day
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B C D E F G H


Materials Units Unit Rate Total Cost Comments
Per diem 4.0 day $100.00 $400
PPE, office supplies 2.0 day $50 $100
Shipping equipment, supplies 1.0 ea $1,000 $1,000
Subtotal Cost $1,500 Per event
Materials Daily Cost $750 Per day


Subcontract Units Unit Rate Total Cost Comments


Subtotal Cost $0


TOTAL COST $11,640 Per Event
TOTAL DAILY COST $5,820 Per Day
Ecologic survey monitoring event
Estimated duration: stations 2 days field time concurrent with sediment


days
Craft Labor Units Unit Rate Total Cost Comments
Project manager 1.0 day $1,200 $1,200 $150 per hr
Senior scientist 1.0 day $960 $960 $120 per hr
Survey crew 2.0 day $1,800 $3,600 $75 2 staff x 12 hr/day
Data analysis and report 2.0 day $1,280 $2,560 $80 2 staff
GIS, production 2.0 day $560 $1,120 $70 per hour


Subtotal Costs $9,440 Per event
Labor Daily Cost $4,720 Per event


Equipment Units Unit Rate Total Cost Comments
Vehicles 2.0 day $150 $300 van and fuel
Cell phones, radios 2.0 day $50 $100
dGPS 2.0 day $100 $200
Computer and survey software 2.0 day $50 $100
Core equipment 2.0 day $150 $300
Subtotal Cost $1,000 Per event
Equipment Daily Cost $500 Per day


Materials Units Unit Rate Total Cost Comments
Per diem 4.0 day $100.00 $400
PPE, office supplies 2.0 day $50 $100
Shipping equipment, samples 1.0 ea $1,000 $1,000
Subtotal Cost $1,500 Per event
Materials Daily Cost $750 Per event


Subcontract Units Unit Rate Total Cost Comments


Subtotal Cost $0


TOTAL COST $11,940 Per Event
TOTAL DAILY COST $5,970 Per Day
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B C D E F G H
 
Project manager $1,200 $150 per hour
Senior engineer $960 $120 per hour
Staff engineers $1,800 $75 per hour
CAD $600 $75 per hour
Tech support $480 $60 per hour
Labor total $5,040
Labor unit cost per hour $90.00 per day.
Containerized shrub


plant material 4840 ea $10 $48,400 Plant $8 to $14 Table L-3 
Install 161 hr $73 $11,777 Plant rate 20 to 40 per hour per USACE


$60,177 Ac
Containerized tree


plant material 435 ea $50 $21,750 Tree $20 Table L-3, Means $50 to $200 
Install 43.5 hr $73 $3,176 Plant rate 10 per hour


$24,926 Ac
$42,551 Ac 50:50 mix of shrubs/trees
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Volume Estimates
Allendale Reach Floodplain Soil Alternatives


1
2
3
4
5
6
7
8
9


10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26


B C D E F G H I


Description No. Length Width Thickness Quantity calc. Quantity Units


Ft. Ft. Ft. (LF/SF/CF)


EXCAVATION & OFF-SITE DISPOSAL CY
Removal volume Floodplain Soils (per Watermark calculations) 64,626 2,400 cy
Area 1.0 64,626 sf
Area in acres 1.5 ac


Sediment Weight Use 120 pounds per cubic foot in-situ 3,878 tons


Hazardous waste landfill disposal Assume all soil below 10x UTS tons
Off-site Incineration tons


Clear work areas Assume 200 by 200 ft  upland processing
Allendale 1.0 200 200 1.0 40,000 40,000 sf
Gravel for pond sites 40,000 1.0 1.0 0.5 20,000 741 cy
Asphalt for process area 40,000 1.0 1.0 1.0 40,000 40,000 sf


Gravel haul roads
Gravel 1.0 1,200 24 1.0 28,800 1,067 cy
Geotextile for roads 1.0 1,200 24 1 28,800 28,800 sf
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Lyman Mill Reach Stream Sediment and 
Floodplain Soil (Including Oxbow) Alternatives 
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Present Worth Costs
Lyman Mill Reach Stream Sediment and Floodplain Soil (Including Oxbow) Alternatives


1


2
3
4


5
6
7
8
9
10
11
12
13
14
15


16
17
18


19


20
21
22


A B C D E F G H I J K


ALT 1 No 
Action


ALT 3a 
Targeted 


Excavation, 
ENR, 


Upland CDF


ALT 3b 
Targeted  


Excavation, 
ENR, 


Nearshore 
CDF


ALT3d 
Targeted 


Excavation, 
ENR, On-site 


Incinerate


ALT 3e 
Targeted 


Excavation, 
ENR, Off-site 


Disposal


ALT 5a 
Partial 


Excavation, 
ENR, Upland 


CDF


ALT 5b Partial 
Excavation, 


ENR, 
Nearshore 


CDF


ALT 5d 
Partial 


Excavation, 
ENR, On-site 


Incinerate


ALT 5e Partial 
Excavation, 


ENR, Off-site 
Disposal


Remediation Area: 21.6 Acres
Remediation Volume 27,315 Cubic Yards
Construction Cost (Excludes 
Disposal) $0 $3,448,502 $3,448,502 $3,448,502 $3,448,502 $5,951,852 $5,951,852 $5,951,852 $5,951,852


Disposal $1,317,957 $1,255,614 $10,000,077 $7,029,499 $3,702,831 $3,527,677 $28,095,455 $18,218,768
Design costs $0 $503,239 $503,239 $503,239 $503,239 $552,954 $552,954 $552,954 $552,954
Oversight & QC costs $0 $399,610 $365,290 $365,290 $399,610 $641,010 $641,010 $738,250 $738,250


Contingencies
Excavation (25%) 25% $0 $1,087,838 $1,079,258 $1,079,258 $1,087,838 $1,786,454 $1,786,454 $1,810,764 $1,810,764
Disposal (25% for a,b; 10% for d,e) $329,489 $313,903 $1,000,008 $702,950 $925,708 $881,919 $2,809,546 $1,821,877


$0
CAPITAL COSTS
Base Alternative $5,400,000 $5,400,000 $5,400,000 $5,400,000 $8,900,000 $8,900,000 $9,100,000 $9,100,000
TOTAL $0 $7,000,000 $7,000,000 $16,400,000 $13,100,000 $13,500,000 $13,300,000 $40,000,000 $29,100,000


Annual Monitoring & 
Maintenance Years $20,436 $196,086 $196,086 $196,086 $196,086 $196,086 $196,086 $196,086 $196,086
Disposal Monitoring $24,930 $24,930 $0 $0 $24,930 $24,930 $0 $0


COSTS
TOTAL $253,590 $9,700,000 $9,700,000 $18,800,000 $15,500,000 $16,200,000 $16,000,000 $42,400,000 $31,500,000


Notes:
Present worth factors for 7% discount factor
  Years 1 to 30 12.409


Lyman Mill Stream Sediment and Floodplain Soil (including Oxbow) Alternatives
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Construction Costs
Lyman Mill Reach Stream Sediment and Floodplain Soil (Including Oxbow) Alternatives


1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44


B C D E F G H I J K L M N
Description Quantity Units Daily 


Labor Equipment Materials Subcontract Labor Equipment Materials Subcontract TOTAL
CONSTRUCTION COSTS


TARGETED EXCAVATION (without disposal)
Mobilization and Demobilize 10 days $6,873 $3,410 $1,630 $0 $68,732 $34,100 $16,300 $0 $119,132
Mobilize and demob excavators 5 days $6,873 $3,410 $1,630 $0 $34,366 $17,050 $8,150 $0 $59,566
Clear vegetation 210,000 sf $0.49 $0.19 $0.00 $0 $102,106 $40,425 $0 $0 $142,531
Excavate sediment/soil 9,722 cy 200 $34.37 $17.05 $8.15 $0 $334,113 $165,764 $79,236 $0 $579,113
Backfill excavated area 11,667 tons 500 $15.76 $4.54 $33.40 $0 $183,834 $52,967 $389,667 $0 $626,468
Slurry placement thin cap 10,139 tons 70 $74.02 $16.07 $36.43 $0 $750,491 $162,946 $369,345 $0 $1,282,783
Flow control structure 1 ls $6,360 $0 $0 $0 $6,360 $6,360
Narrow Streambank restoration 1,613 lf $10 $0 $0 $0 $16,130 $16,130
Shrub/tree  plantings 1.0 ac $42,551 $0 $0 $0 $42,551 $42,551
Tree plantings 3.8 ac $24,926 $0 $0 $0 $95,239 $95,239
Seeding in thin cap 16.8 ac $2,004 $0 $0 $0 $33,580 $33,580
Superintendent & field engr 120 days $1,920 $230,400 $0 $0 $0 $230,400
Project manager 120 days $1,200 $144,000 $0 $0 $0 $144,000
Clerk 120 days $360 $43,200 $0 $0 $0 $43,200
Field office, utilities, vehicles 6 mo $4,575 $0 $27,450 $0 $0 $27,450


$0 $0 $0 $0 $0
$1,891,242 $500,702 $862,698 $193,860 $3,448,502


Target Excavation OPTION A Upland CDF
$0 $0 $0 $0 $0


Construct and Fill CDF 14,583 tons $90.37 $0 $0 $0 $1,317,957 $1,317,957
$0 $0 $0 $1,317,957 $1,317,957


Target Excavation Option B Nearshore CDF
$0 $0 $0 $0 $0


Construct and Fill CDF 14,583 tons $86.10 $0 $0 $0 $1,255,614 $1,255,614
$0 $0 $0 $1,255,614 $1,255,614


Target Excavation Option D On-Site Incineration
On-site incineration 14,583 tons $9.99 $1.48 $6.30 $600 $145,679 $21,605 $91,821 $8,752,701 $9,011,806
Solid waste landfill 14,583 tons $9.99 $1.48 $6.30 $50 $145,679 $21,605 $91,821 $729,167 $988,272


$291,358 $43,210 $183,642 $9,481,867 $10,000,077


Target Excavation Option E Off-site Disposal


Off-site Incineration 1,800 tons $9.99 $1.48 $2.52 $880 $17,981 $2,667 $4,533 $1,584,000 $1,609,181
Hazardous Waste Landfill 12,783 tons $9.99 $1.48 $2.52 $410 $127,698 $18,938 $32,195 $5,241,486 $5,420,318


$145,679 $21,605 $36,728 $6,825,486 $7,029,499


Costs


TARGET EXCAVATION (without disposal) CONSTRUCTION COST


Unit Costs
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Construction Costs
Lyman Mill Reach Stream Sediment and Floodplain Soil (Including Oxbow) Alternatives


1
2
3
4


B C D E F G H I J K L M N
Description Quantity Units Daily 


Labor Equipment Materials Subcontract Labor Equipment Materials Subcontract TOTAL
CONSTRUCTION COSTS


CostsUnit Costs


45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81


PARTIAL EXCAVATION (without disposal)
Mobilization and Demobilize 10 days $6,873 $3,410 $1,630 $0 $68,732 $34,100 $16,300 $0 $119,132
Mobilize and demob excavators 5 days $6,873 $3,410 $1,630 $0 $34,366 $17,050 $8,150 $0 $59,566
Clear vegetation 590,000 sf $0.49 $0.19 $0.00 $0 $286,871 $113,575 $0 $0 $400,446
Excavate sediment/soil 27,315 cy 200 $34.37 $17.05 $8.15 $0 $938,698 $465,718 $222,616 $0 $1,627,031
Backfill excavated area 32,778 tons 500 $15.76 $4.54 $33.40 $0 $516,487 $148,811 $1,094,778 $0 $1,760,076
Slurry placement thin cap 4,861 tons 70 $74.02 $16.07 $36.43 $0 $359,825 $78,125 $177,083 $0 $615,033
Flow control structure 1 ls $6,360 $0 $0 $0 $6,360 $6,360
Narrow Streambank restoration 1,613 lf $10 $0 $0 $0 $16,130 $16,130
Wide Streambank restoration 463 lf $30 $0 $0 $0 $13,890 $13,890
Shrub/tree  plantings 1.0 ac $42,551 $0 $0 $0 $42,551 $42,551
Tree plantings 6.3 ac $24,926 $0 $0 $0 $156,339 $156,339
Shrub plantings 6.3 ac $60,177 $0 $0 $0 $377,448 $377,448
Seeding in thin cap 8.0 ac $2,004 $0 $0 $0 $16,100 $16,100
Superintendent & field engr 200 days $1,920 $384,000 $0 $0 $0 $384,000
Project manager 200 days $1,200 $240,000 $0 $0 $0 $240,000
Clerk 200 days $360 $72,000 $0 $0 $0 $72,000
Field office, utilities, vehicles 10 mo $4,575 $0 $45,750 $0 $0 $45,750


$2,900,977 $903,129 $1,518,927 $628,819 $5,951,852


Partial Excavation OPTION A Upland CDF
Excavate existing soil 0 cy 600 $11.85 $5.82 $0 $0 $0 $0 $0 $0 $0
Clear trees and vegetation 91,124 sf 12,000 $0.49 $0.19 $0.00 $0.00 $44,306 $17,541 $0 $0 $61,848
Sand liner base 3,375 cy 400 $9.34 $2.08 $52.50 $0.00 $31,535 $7,003 $177,186 $0 $215,724
Install base liner 91,124 sf $0.77 $0 $0 $0 $69,710 $69,710
Sand drain layer 3,375 cy 400 $9.34 $2.08 $52.50 $0.00 $31,535 $7,003 $177,186 $0 $215,724
Perimeter berms 9,655 cy 600 $8.64 $3.65 $52.50 $0.00 $83,404 $35,241 $506,893 $0 $625,538
Soil over sediment 4,167 cy 400 $9.34 $2.08 $52.50 $0.00 $38,932 $8,646 $218,750 $0 $266,328
Cover membrane 112,500 sf $0.77 $0 $0 $0 $86,063 $86,063
Drain gravel over membrane 4,167 cy 400 $9.34 $2.08 $52.50 $0.00 $38,932 $8,646 $218,750 $0 $266,328
Protective soil 4,167 cy 400 $9.34 $2.08 $52.50 $0.00 $38,932 $8,646 $218,750 $0 $266,328
Topsoil and plantings 112,500 sf 7,400 $0.31 $0.13 $0.74 $1.00 $34,845 $15,127 $83,333 $112,500 $245,805
Load and place in CDF 40,972 tons $20.10 $9.26 $4.41 $0.00 $823,482 $379,372 $180,581 $0 $1,383,436


$1,165,905 $487,225 $1,781,429 $268,272 $3,702,831


PARTIAL EXCAVATION  (without disposal) CONSTRUCTION COST
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Construction Costs
Lyman Mill Reach Stream Sediment and Floodplain Soil (Including Oxbow) Alternatives


1
2
3
4


B C D E F G H I J K L M N
Description Quantity Units Daily 


Labor Equipment Materials Subcontract Labor Equipment Materials Subcontract TOTAL
CONSTRUCTION COSTS


CostsUnit Costs


82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97


Partial Excavation Option B Nearshore CDF
$0 $0 $0 $0 $0


Construct and Fill CDF 40,972 tons $86.10 $0 $0 $0 $3,527,677 $3,527,677
$0 $0 $0 $3,527,677 $3,527,677


Partial Excavation Option D On-Site Incineration
On-site incineration 40,972 tons $9.99 $1.48 $6.30 $600 $409,289 $60,700 $257,973 $24,590,921 $25,318,882
Solid waste landfill 40,972 tons $9.99 $1.48 $6.30 $50 $409,289 $60,700 $257,973 $2,048,611 $2,776,573


$818,578 $121,399 $515,947 $26,639,532 $28,095,455


Partial Excavation Option E Off-site Disposal


Off-site Incineration 1,800 tons $9.99 $1.48 $2.52 $880 $17,981 $2,667 $4,533 $1,584,000 $1,609,181
Hazardous Waste Landfill 39,172 tons $9.99 $1.48 $2.52 $410 $391,308 $58,033 $98,656 $16,061,590 $16,609,587


$409,289 $60,700 $103,189 $17,645,590 $18,218,768
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Design Costs
Lyman Mill Reach Stream Sediment and Floodplain Soil (Including Oxbow) Alternatives


1
2
3
4
5


6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34


B C D E F G H I J K L M
DESIGN COSTS


Description Quantity Units
Labor Equipment Materials Subcontract Labor Equipment Materials Subcontract TOTAL


TARGETED EXCAVATION - ALL DISPOSAL OPTIONS
Physical survey 2 days $6,640 $1,500 $750 $0 $13,280 $3,000 $1,500 $0 $17,780
Sediment/soil chemistry 5 days $5,608 $1,925 $550 $0 $28,040 $9,625 $2,750 $0 $40,415
Ecologic survey 2 days $6,640 $1,850 $750 $0 $13,280 $3,700 $1,500 $0 $18,480
Water samples 10 each $715 $7,150 $7,150
Sediment/soil samples 80 each $1,806 $144,504 $144,504
Background samples 20 each $1,806 $36,126 $36,126
Animal tissue samples 10 each $1,507 $15,070 $15,070


$0 $0
Design report 400 hours $124 $49,714 $0 $0 $0 $49,714
Drawings - 10 sheets 800 hours $124 $99,429 $0 $0 $0 $99,429
Specifications 400 hours $124 $49,714 $0 $0 $0 $49,714
Work plans 200 hours $124 $24,857 $0 $0 $0 $24,857


$278,314 $16,325 $5,750 $202,850 $503,239


Physical survey 2 days $6,640 $1,500 $750 $0 $13,280 $3,000 $1,500 $0 $17,780
Sediment/soil chemistry 5 days $5,608 $1,925 $550 $0 $28,040 $9,625 $2,750 $0 $40,415
Ecologic survey 2 days $6,640 $1,850 $750 $0 $13,280 $3,700 $1,500 $0 $18,480
Water samples 10 each $715 $7,150 $7,150
Sediment/soil samples 80 each $1,806 $144,504 $144,504
Background samples 20 each $1,806 $36,126 $36,126
Animal tissue samples 10 each $1,507 $15,070 $15,070


$0 $0
Design report 400 hours $124 $49,714 $0 $0 $0 $49,714
Drawings - 15 sheets 1,200 hours $124 $149,143 $0 $0 $0 $149,143
Specifications 400 hours $124 $49,714 $0 $0 $0 $49,714
Work plans 200 hours $124 $24,857 $0 $0 $0 $24,857


$328,029 $16,325 $5,750 $202,850 $552,954


CostsUnit Costs


PARTIAL EXCAVATION DESIGN COST


PARTIAL EXCAVATION  & ALL DISPOSAL 


TARGETED EXCAVATION  DESIGN COST
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Construction Oversight Costs
Lyman Mill Reach Stream Sediment and Floodplain Soil (Including Oxbow) Alternatives


1
2


3
45
6
7
8
9
10
11
12
13
14
15
16
17


18


19
20
21


22
23


24
25
26
27
28
29
30
31
32
33
34
35
36
37


38


39
40
41
42
43
44


B C D E F G H I J K L M
Description Quantity Units


Labor Equipment Materials Subcontract Labor Equipment Materials Subcontract TOTAL
CONSTRUCTION OVERSIGHT COSTS


Project manager 120 days $1,200 $144,000 $0 $0 $0 $144,000
Resident engineer 120 days $960 $115,200 $0 $0 $0 $115,200
Water quality crew 0 days $3,240 $1,500 $750 $0 $0 $0 $0 $0
Survey crew 4 days $1,440 $350 $680 $5,760 $1,400 $2,720 $0 $9,880
Sediment/soil sample crew 10 days $1,440 $350 $680 $14,400 $3,500 $6,800 $0 $24,700
Admin support 120 days $360 $43,200 $0 $0 $0 $43,200
Field office 4 months $1,075 $0 $4,300 $0 $0 $4,300
Vehicles 4 months $2,500 $0 $10,000 $0 $0 $10,000
Cell phones, radios 4 months $750 $0 $3,000 $0 $0 $3,000
Utilities 4 months $250 $0 $1,000 $0 $0 $1,000
Water samples 0 each $715 $0 $0 $0 $0 $0
Confirmation Sediment/soil 
samples 28 each $358 $0 $0 $0 $10,010 $10,010
Designation sediment/soil 
samples 48 each $715 $0 $0 $0 $34,320 $34,320
Animal tissue samples 0 each $1,507 $0 $0 $0 $0 $0


TARGETED EXCAVATION   OVERSIGHT COST Alt 3d, 3e $322,560 $23,200 $9,520 $44,330 $399,610


Targeted Excavation Oversight Alt 3a, 3b $365,290


Project manager 200 days $1,200 $240,000 $0 $0 $0 $240,000
Resident engineer 200 days $960 $192,000 $0 $0 $0 $192,000
Water quality crew 0 days $3,240 $1,500 $750 $0 $0 $0 $0 $0
Survey crew 10 days $1,440 $350 $680 $14,400 $3,500 $6,800 $0 $24,700
Sediment/soil sample crew 20 days $1,440 $350 $680 $28,800 $7,000 $13,600 $0 $49,400
Admin support 200 days $360 $72,000 $0 $0 $0 $72,000
Field office 10 months $1,075 $0 $10,750 $0 $0 $10,750
Vehicles 10 months $2,500 $0 $25,000 $0 $0 $25,000
Cell phones, radios 10 months $750 $0 $7,500 $0 $0 $7,500
Utilities 10 months $250 $0 $2,500 $0 $0 $2,500
Water samples 0 each $715 $0 $0 $0 $0 $0
Confirmation Sediment/soil 
samples 48 each $358 $0 $0 $0 $17,160 $17,160
Designation sediment/soil 
samples 136 each $715 $0 $0 $0 $97,240 $97,240
Animal tissue samples 0 each $1,507 $0 $0 $0 $0 $0


$547,200 $56,250 $20,400 $114,400 $738,250


Partial Excavation Oversight Alt 5a, 5b $641,010


PARTIAL EXCAVATION  - Alt 5d, 5e


TARGETED EXCAVATION  -  ALT 3d, 3e


PARTIAL EXCAVATION  OVERSIGHT COST Alt 5d, 


CostsUnit Costs


Interim Final CMRP Feasibility Study Report
Appendix J J-82 April 2010







Long-term Monitoring Costs
Lyman Mill Reach Stream Sediment and Floodplain Soil (Including Oxbow) Alternatives


1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43


B C D E F G H I J K L M


Quantity Units Labor Equipment Materials Subcontract Labor Equipment Materials Subcontract TOTAL
MONITORING COSTS


A.  Annual work years 1 
Sediment/soil chemistry 5 days $5,608 $1,925 $550 $28,040 $9,625 $2,750 $0 $40,415
Physical survey 2 days $6,640 $1,500 $750 $13,280 $3,000 $1,500 $0 $17,780
Ecology survey 2 days $6,640 $1,850 $750 $13,280 $3,700 $1,500 $0 $18,480
Water chemistry 10 $715 $0 $0 $0 $7,150 $7,150
Animal tissue chemistry 10 $831 $0 $0 $0 $8,305 $8,305
Sediment/soil chemistry 20 $890 $0 $0 $0 $17,800 $17,800
Five-year review 0.2 events $13,280 $2,656 $0 $0 $0 $2,656
TOTAL ANNUAL MONITORING IN YEARS 1 TO 30 $112,586


$0
B. Annual maintenance $0
Assume repair of 1/4 acres cap and plantings per year = $0
Cap repair 403 tons $126.52 $0 $0 $0 $51,030 $51,030
Plantings 10,890 sf $1.00 $0 $0 $0 $10,890 $10,890
Invasive species control 21.6 ac $1,000 $0 $0 $0 $21,579 $21,579
ANNUAL MAINTENANCE $0 $0 $0 $0 $83,500


A.  Annual work years 1 
Sediment/soil chemistry $0 $0 $0 $0 $0
Physical survey 2 days $6,640 $1,500 $750 $13,280 $3,000 $1,500 $0 $17,780
Ecology survey $0 $0 $0 $0 $0
Groundwater chemistry 10 each $715 $0 $0 $0 $7,150 $7,150
Animal tissue chemistry $0 $0 $0 $0 $0
Sediment/soil chemistry $0 $0 $0 $0 $0
TOTAL ANNUAL MONITORING IN YEARS 1 TO 30 $24,930


$0
C. Annual maintenance $0


$0
$0 $0 $0 $0 $0


Plantings sf $1.00 $0 $0 $0 $0 $0
ANNUAL MAINTENANCE $0 $0 $0 $0 $0


CostsUnit Costs


UPLAND OR NEARSHORE CDF MONITORING


 TARGETED EXCAVATION, PARTIAL EXCAVATION MONITORING
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Long-term Monitoring Costs
Lyman Mill Reach Stream Sediment and Floodplain Soil (Including Oxbow) Alternatives


44
45
46
47
48
49
50
51
52
53
54


B C D E F G H I J K L M


A.  Annual work years 1 
Sediment/soil chemistry each $5,608 $1,925 $550 $0 $0 $0 $0 $0
Physical survey 2 each $6,640 $1,500 $750 $13,280 $3,000 $1,500 $0 $17,780
Ecology survey each $6,640 $1,850 $750 $0 $0 $0 $0 $0
Water chemistry $715 $0 $0 $0 $0 $0
Animal tissue chemistry $831 $0 $0 $0 $0 $0
Sediment/soil chemistry $890 $0 $0 $0 $0 $0
Five-year review 0.2 events $13,280 $2,656 $0 $0 $0 $2,656
TOTAL ANNUAL MONITORING IN YEARS 1 TO 30 $20,436


NO ACTION
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Unit Costs
Lyman Mill Reach Stream Sediment and Floodplain Soil (Including Oxbow) Alternatives


1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63


B C D E F G H
Excavate Sediment with Low-ground Pressure Long-reach Excavators
Estimated duration: 200 cy divided by 200 icy/day production with 1 excavator


1.0 days icy = in-situ cubic yards
Craft Labor Units Unit Rate Total Cost Comments
Foreman 1.0 day $847 $847 $106 per hour
Equip operator 1.0 day $1,588 $1,588 $99 2 total on excavators 
Truck driver 1.0 day $1,284 $1,284 $80 2 total 
Laborer 1.0 day $1,955 $1,955 $81 3 total
Safety officer 1.0 day $600 $600 $75 per hour
QC officer 1.0 day $600 $600 $75 per hour
Subtotal Cost $6,873 $6,873 Rates confirmed with Means Building Costs
Labor Unit Cost 34.37 Per Cy


Equipment Units Unit Rate Total Cost Comments
Low-ground pressure excavator 1.0 day $890 $890 $890 www.machinerytrader Cat 345BL $3,000 per 
Rehandling excavator 1.0 day $680 $680 $680 1.5 cy Means p 20
Trucks to process area (2) 1.0 day $1,840 $1,840 $920 (2) off-road trucks 25 ton Means p 22


$0
Subtotal Cost $3,410 $3,410
Equipment Unit Cost $17.05 Per Cy


Materials Units Unit Rate Total Cost Comments
Health and safety equip 1.0 Days $450 $450 9 crew x $50/day
Per diem 1.0 Days $1,080 $1,080 9 crew x $120/day
Small Tools 1.0 day $100 $100


$0
Subtotal Cost $1,630
Material Unit Cost $8.15 Per Cy


Subcontract Units Unit Rate Total Cost Comments


Subtotal Cost $0 Per cy


TOTAL UNIT COST $59.57 Per Cy


Load and Place Sediment in CDF
Estimated duration: 270 Tons divided by 270 tn/day production


1.0 days 200 icy x 1.35 tons/cy
Craft Labor Units Unit Rate Total Cost Comments


Equip operator 1.0 day $1,588 $1,588 $99 2 total
Truck driver 1.0 day $1,284 $1,284 $80 2 total
Laborer 1.0 day $1,955 $1,955 $81 3 total
QC officer 1.0 day $600 $600 $75
Subtotal Costs $5,427
Labor Unit Costs $20.10 Per Ton


Equipment Units Unit Rate Total Cost Comments
Loader 1.0 day $300 $300 $300 3 cy wheel loader Means p 21
Decontamination system 1.0 day $100 $100 $100
Highway truck 1.0 day $480 $480 $480 16 ton truck Means p 22
Dozer 1.0 day $860 $860 $860 200 HP crawler Mean p 21
Compactor 1.0 day $760 $760 $760 Mean p 20


Subtotal Cost $2,500
Equipment Unit Costs $9.26 Per Ton


Materials Units Unit Rate Total Cost Comments
Health and safety equip 1.0 Days $350 $350 7 crew x $50/day
Per diem 1.0 Days $840 $840 7 crew x $120/day
Subtotal Cost $1,190
Material Unit Cost $4.41 Per Ton
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Subcontract Units Unit Rate Total Cost Comments


tons $0
tons $0


Subtotal Cost $0
Subcontract Unit Costs $0.00 Per Ton


TOTAL UNIT COST $33.77 Per Ton


Load and Off-site Disposal
Estimated duration: 270 Tons divided by 270 tn/day production


1.0 days
Craft Labor Units Unit Rate Total Cost Comments
Equip operator 1.0 day $794 $794 $99 1 total
Laborer 1.0 day $1,303 $1,303 $81 2 total
QC officer 1.0 day $600 $600 $75


Subtotal Costs $2,697
Labor Unit Costs $9.99 Per Ton


Equipment Units Unit Rate Total Cost Comments
Loader 1.0 day $300 $300 3 cy wheel loader Means p 21
Decontamination system 1.0 day $100 $100


Subtotal Cost $400
Equipment Unit Costs $1.48 Per Ton


Materials Units Unit Rate Total Cost Comments
Health and safety equip 1.0 Days $200 $200 4 crew x $50/day
Per diem 1.0 Days $480 $480 4 crew x $120/day
Subtotal Cost $680
Material Unit Cost $2.52 Per Ton


Subcontract Units Unit Rate Total Cost Comments
Hazardous waste landfill 270 tons $391 $105,435 Clean Harbors $355 per ton plus 10% markup
Debris 14 tons $391 $5,272 for dioxins less than 10 time UTS
Subtotal Cost $110,707
Subcontract Unit Costs $410 Per Ton


TOTAL UNIT COST - HAZARDOUS WASTE LANDFILL $424 Per Ton
Incineration 270 tons $880 $237,600 Clean Harbors $800 per ton plus 10%
Subcontract Unit Cost $880 Per Ton
TOTAL UNIT COST - OFF-SITE INCINERATION $894 Per Ton


On-site Incineration
Estimated duration: 270 Tons divided by 270 tn/day production


1.0 days
Craft Labor Units Unit Rate Total Cost Comments
Equip operator 1.0 day $794 $794 $99 1 total
Laborer 1.0 day $1,303 $1,303 $81 2 total
QC officer 1.0 day $600 $600 $75


Subtotal Costs $2,697
Labor Unit Costs $9.99 Per Ton


Equipment Units Unit Rate Total Cost Comments
Loader 1.0 day $300 $300 3 cy wheel loader Means p 21
Decontamination system 1.0 day $100 $100


Subtotal Cost $400
Equipment Unit Costs $1.48 Per Ton


Materials Units Unit Rate Total Cost Comments
Health and safety equip 1.0 Days $500 $500 10 crew x $50/day
Per diem 1.0 Days $1,200 $1,200 10 crew x $120/day
Subtotal Cost $1,700
Material Unit Cost $6.30 Per Ton
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Subcontract Units Unit Rate Total Cost Comments
Incinerate dredged material 270 tons 600.00 $162,000 Ref: Incineration cost summary table.
Solid waste landfill of ash 1 tons 50.00 $50 Range $264 to $1,087 per ton for soil


Use $600 per ton
Subtotal Cost $162,050
Subcontract Unit Costs $600 Per Ton


TOTAL UNIT COST $618 Per Ton


Backfill
Estimated duration: 500 Tons divided by 500 tn/day production


1.0 days
Craft Labor Units Unit Rate Total Cost Comments
Foreman 1.0 day $847 $847 $106  per hour
Equip operator 1.0 day $3,175 $3,175 $99 4 total 
QC technician 1.0 day $650 $650 $81 per hour
Laborer 1.0 day $2,607 $2,607 $81 4 total
Safety officer 1.0 day $600 $600 $75  per hour


Subtotal Cost $7,879 $7,879
Labor Unit Cost $15.76 Per Ton


Equipment Units Unit Rate Total Cost Comments
Loader 1.0 day $300 $300 3 cy wheel loader Means p 21
Grader 1.0 day $430 $430 Road grader Means p 596
Excavator 1.0 day $680 $680 1.5 cy excavator Means p 20
Dozer to spread 1.0 day $860 $860 200 hp dozer Means p 21


$0
Subtotal Cost $2,270 $2,270
Equipment Unit Cost $4.54 Per Ton


Materials Units Unit Rate Total Cost Comments
Loam 500 tons $30 $15,000 Truck delivery to site at $24 per ton +25%
Health and safety equip 1.0 Days $500 $500 10 crew x $50/day
Per diem 1.0 Days $1,200 $1,200 10 crew x $120/day
Subtotal Cost $16,700
Material Unit Cost $33.40 Per Ton


Subcontract Units Unit Rate Total Cost Comments
$0
$0


Subtotal Cost $0
TOTAL UNIT COST $53.70 Per Ton


Enhanced Natural Recovery cap (Land-spray application)
Estimated duration: 70 Tons divided by 70 tn/day production


1.0 days
Craft Labor Units Unit Rate Total Cost Comments
Foreman 1.0 day $847 $847 $106  per hour
Equip operator 1.0 day $2,381 $2,381 $99 3 total 
QC technician 1.0 day $650 $650 $81 per hour
Laborer 1.0 day $1,303 $1,303 $81 2 total


Subtotal Cost $5,181 $5,181
Labor Unit Cost $74.02 Per Ton


Equipment Units Unit Rate Total Cost Comments
Loader 1.0 day $240 $240 1.5 cy wheel loader Means p 21
Slurry pump on truck 1.0 day $455 $455 Truck and hydromulch Means p 600
Dozer for truck access 1.0 day $430 $430 100 hp dozer Means p 21


$0
Subtotal Cost $1,125 $1,125
Equipment Unit Cost $16.07 Per Ton
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Materials Units Unit Rate Total Cost Comments
Loam 70 tons $30 $2,100 Truck delivery to site at $24 per ton +25%
Health and safety equip 1.0 Days $450 $450 9 crew x $50/day
Per diem Days $0 Use local crew
Subtotal Cost $2,550
Material Unit Cost $36.43 Per Ton


Subcontract Units Unit Rate Total Cost Comments
Use 4-inch dia. hose 752 cy slurry per day
Pumps 70 tn per day.
See mass balance calculations worksheet


$0
$0


Subtotal Cost $0
TOTAL UNIT COST $126.52 Per Ton


Clear Trees, Chip Vegetation, Grind Stumps
Estimated duration: 12,000 sf divided by 12,000 sf/day production


1.0 Days Means p 39 0.3 AC per day heavy trees
Craft Labor Units Unit Rate Total Cost Comments
Equip operator 1.0 day $2,381 $2,381 $99 3 total
Laborer 1.0 day $2,607 $2,607 $81 4 total
Foreman 1.0 day $847 $847 $106


Subtotal Cost $5,835 $5,835
Labor Unit Cost $0.49 Per sf


Equipment Units Unit Rate Total Cost Comments
Excavator 1.0 day $890 $890 2.0 cy excavator Means p 20
Loader 1.0 day $300 $300 3 cy wheel loader Means p 21
Dozer 1.0 day $860 $860 200 hp dozer Means p 21
Chipper 1.0 day $165 $165 Means p 588
Stump girder 1.0 day $95 $95 Means p 588
Subtotal Cost $2,310 $2,310
Equipment Unit Cost $0.19 Per sf


Materials Units Unit Rate Total Cost Comments
$0
$0


Subtotal Cost $0
Material Unit Cost $0.00 Per sf


Subcontract Units Unit Rate Total Cost Comments


Subtotal Cost $0
Subcontract Unit Cost $0
TOTAL UNIT COST $0.68 Per sf


Soil over sediment or membrane (also for drainage sand)
Estimated duration: 400 cy divided by 400 cy/day production


1.0 Days
Craft Labor Units Unit Rate Total Cost Comments
Foreman 1.0 day $847 $847 $106 per hour
Equip operator 1.0 day $1,588 $1,588 $99 2 total
Laborer 1.0 day $1,303 $1,303 $81 2 total
Subtotal Cost $3,738
Labor Unit Cost $9.34 Per CY


Equipment Units Unit Rate Total Cost Comments
Dozer 1.0 day $480 $480 100 hp dozer
Grader 1.0 day $350 $350 Small grader to spread
Subtotal Cost $830
Equipment Unit Cost $2.08 Per CY
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Materials Units Unit Rate Total Cost Comments


$0
Processed gravel 700 Tons $30 $21,000 $24 per ton plus markup
Subtotal Cost $21,000
Material Unit Cost $52.50 Per CY


Subcontract Units Unit Rate Total Cost Comments


Subtotal Cost $0
Subcontract Unit Cost $0.00 Per Cy
TOTAL UNIT COST $63.92 Per Cy


Construct Perimeter Berms
Estimated duration: 600 cy divided by 600 cy/day production


1.0 Days
Craft Labor Units Unit Rate Total Cost Comments
Foreman 1.0 day $847 $847 $106 per  hour
Equip operator 1.0 day $2,381 $2,381 $99 3 total
Laborer 1.0 day $1,955 $1,955 $81 3 total


day
day $0


Subtotal Cost $5,183
Labor Unit Cost $8.64 Per CY


Equipment Units Unit Rate Total Cost Comments
Dozer 1.0 day $860 $860 200 hp dozer Means p 21
Excavator 1.0 day $890 $890 2.0 cy excavator Means p 20
Compactor 1.0 day $440 $440 Means p 21


(Means crew B-32)
Subtotal Cost $2,190
Equipment Unit Cost $3.65 Per CY


Materials Units Unit Rate Total Cost Comments
$0 Use 1.75 tons per cy


Bank run gravel 1,050 Tons $30 $31,500 $24 per ton plus markup


Subtotal Cost $31,500
Material Unit Cost $52.50 Per CY


Subcontract Units Unit Rate Total Cost Comments


Subtotal Cost $0
Subcontract Unit Cost $0.00 Per Cy
TOTAL UNIT COST $64.79 Per cy


Excavate, Haul, Stockpile Existing Soil
Estimated duration: 600 cy divided by 600 cy/day production


1.0 Days
Craft Labor Units Unit Rate Total Cost Comments
Foreman 1.0 day $847 $847 $106 per  hour
Equip operator 1.0 day $2,381 $2,381 $99 3 total
Laborer 1.0 day $1,955 $1,955 $81 3 total
Truck driver 1.0 day $1,926 $1,926 $80 3 total


day $0
Subtotal Cost $7,109
Labor Unit Cost $11.85 Per CY
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Equipment Units Unit Rate Total Cost Comments
Dozer 1.0 day $860 $860 200 hp dozer Means p 21
Excavator 1.0 day $890 $890 2.0 cy excavator Means p 20
Loader 1.0 day $300 $300 3 cy wheel loader Means p 21
Highway trucks (3) 1.0 day $1,440 $1,440 $480 16 ton truck Means p 22


Subtotal Cost $3,490
Equipment Unit Cost $5.82 Per CY


Materials Units Unit Rate Total Cost Comments
$0 PPE not needed for work on clean soil.


Tons $30 $0


Subtotal Cost $0
Material Unit Cost $0.00 Per CY


Subcontract Units Unit Rate Total Cost Comments


Subtotal Cost $0
Subcontract Unit Cost $0.00 Per Cy
TOTAL UNIT COST $17.66 Per cy


Topsoil and Plantings
Estimated duration: 7,400 sf divided by 7400 sf/day production


137 cy 137 cy/day
1.0 days Topsoil Means p 85 7,400 sf/day


Craft Labor Units Unit Rate Total Cost Comments
Foreman 1.0 day $847 $847 $106
Equip operator 1.0 day $794 $794 $99 3 total
Laborer 1.0 day $652 $652 $81 3 total
Subtotal Cost $2,292
Labor Unit cost $0.31 Per sf


$16.73 Per Cy


Equipment Units Unit Rate Total Cost Comments
Loader 1.0 day $165 $165 1.5 cy wheel loader Means p 590
Dozer 1.0 day $480 $480 100 hp dozer
Grader 1.0 day $350 $350 Small grader to spread


day $0
day $0


Subtotal Cost $995
Labor unit cost $0.13 Per sf


$7.26 Per Cy


Materials Units Unit Rate Total Cost Comments
$0


Screened loam 137 cy $40 $5,481 $32 per cy plus markup
$0


Wetland plantings ea $0
Subtotal Cost $5,481
Material Unit cost $0.74 Per sf


$40 Per cy


Subcontract Units Unit Rate Total Cost Comments
Plantings 7,400 sf $1.00 $7,400 From New Bedford estimate $40,000 per acre


Subtotal Cost $7,400
Subcontract Unit Cost $1.00 Per sf
TOTAL UNIT COST $2.18 Per sf
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SUBCONTRACT CONSTRUCTION COSTS


Liner System
Estimated duration: SF
Geocomposite 1 SF Means Environmental Costs


Labor 1 SF 0.18
Equipment 1 SF 0.10


Material 1 SF 0.58
Unit Cost $0.86 SF


60 Mil Geomembrane $0.77 SF $0.51 plus 25% sub markup + 25 % prime


Cost for On-site CDF tons
Per Ton


Asphalt Pavement $1.00 sf


On-site CDF $3,702,831 40,972 $90.37 Per Ton
Nearshore CDF $3,443,969 40,000 $86.10 Per Ton Based on costs for Pond Sediment


Partial Excavation Alternative
without dewatering.


Oversight
Craft Labor Units Unit Rate Total Cost Comments
Project manager 1.0 day $1,200 $1,200 $150 per hr
Resident engineer 1.0 day $960 $960 $120 per hr
Superintendent 1.0 day $899 $899 $112 per hr
Sample crew 1.0 day $1,440 $1,440 $90 2 staff
Survey crew 1.0 day $1,200 $1,200 $75 2 staff
Admin support 1.0 day $360 $360 $45
Labor Daily  Costs $6,059 Per day


Monthly Equipment Units Unit Rate Total Cost Comments
$0


Field office 1.0 mo $1,075 $1,075 trailer, copier, fax, water, chemical toilets
Vehicles 1.0 mo $2,500 $2,500 2 trucks and fuel
Cell phones, radios 1.0 mo $750 $750 4 phones, 3 radios
Utilities 1.0 mo $250 $250
Equipment Monthly Cost 4,575 $4,575 Per Month


Daily Equipment
Vehicles 1 day 150 $150
Cell phones, radios 1.0 day $50 $50
dGPS 1.0 day $100 $100
Computer and survey software 1.0 day $50 $50


Daily Equipment Cost $350 Per Day


Materials Units Unit Rate Total Cost Comments
Per diem 1.0 day $480.00 $480 4 field crew x $120/day
PPE, office supplies 1.0 day $200 $200 4 field crew x $50/day
Subtotal Cost 680 $680 Per day


Subcontract Units Unit Rate Total Cost Comments
Sediment - dioxins (8290) 1.0 ea $715 $715 Columbia 11/8/06 estimate +10% markup
Sediment grain size, TOC, solids 1.0 ea $175 $175
Sediment - 2,3,7,8 TCDD (8290) 1.0 ea $358 $358 Columbia + 10%
TCLP (131) 1.0 ea $94 $94
Metals (6020) 1.0 ea $185 $185
Pesticides (8081A) 1.0 ea $176 $176
Volatiles (8260B) 1.0 ea $138 $138
Semivolatiles (8270C) 1.0 ea $325 $325
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B C D E F G H
Subtotal - dioxins and all TCLP 1.0 ea $1,806 All above except 2,3,7,8 TCDD


$0
Animal - freeze dry, homogenize, 
lipids 3.0 ea $39 $116 Cost for each procedure
Animal tissue dioxins 1.0 ea $715 $715


Subtotal animal tissue $1,507
dioxins, PAHs, PCBs, pesticiess and 3 
processing steps


Water - dioxins 1.0 ea $715 $715
Subtotal Cost


Sediment chemistry monitoring event
Estimated duration: 5 days to mobilize and sample


days
Craft Labor Units Unit Rate Total Cost Comments
Project manager 2.0 day $1,200 $2,400 $150 per hr
Senior scientist 2.0 day $960 $1,920 $120 per hr
Sample crew 5.0 day $3,240 $16,200 $90 3 staff x 12 hr/day
Data analysis and report 5.0 day $1,280 $6,400 $80 2 staff
GIS, production 2.0 day $560 $1,120 $70 per hour
Subtotal Costs $28,040 Per event
Labor Daily Cost $5,608 Per day


Equipment Units Unit Rate Total Cost Comments
Vehicles 5.0 day $150 $750 van and fuel
Cell phones, radios 5.0 day $50 $250
dGPS 5.0 day $100 $500
Sample vessel 5.0 day $1,000 $5,000
Computer and survey software 5.0 day $50 $250
Fathometer 5.0 day $100 $500
Tide gauge 5.0 day $50 $250
Turbidity, DO, pH meter 5.0 day $75 $375
Sediment profile camera 5.0 day $200 $1,000
Core equipment 5.0 day $150 $750
Subtotal Cost $9,625 Per event
Equipment Daily Cost $1,925 Per day
Equipment costs ON LAND $2,250 Per Event


Materials Units Unit Rate Total Cost Comments
Per diem 15.0 day $100.00 $1,500
PPE, office supplies 5.0 day $50 $250
Shipping equipment, sample 1.0 ea $1,000 $1,000
Subtotal Cost $2,750 Per event
Materials Daily Cost $550 Per day


Subcontract Units Unit Rate Total Cost Comments


Subtotal Cost $0


TOTAL COST $40,415.00 Per Event
TOTAL DAILY COST $8,083.00 Per Day
Physical survey monitoring event
Estimated duration: 2 days field time
Craft Labor Units Unit Rate Total Cost Comments
Project manager 1.0 day $1,200 $1,200 $150 per hr
Senior scientist 1.0 day $960 $960 $120 per hr
Survey crew 2.0 day $1,800 $3,600 $75 2 staff x 12 hr/day
Data analysis and report 5.0 day $1,280 $6,400 $80 2 staff
GIS, production 2.0 day $560 $1,120 $70 per hour
Subtotal Costs $13,280 Per event
Labor Daily Cost $6,640 Per day


Equipment Units Unit Rate Total Cost Comments
Vehicles 2.0 day $150 $300 van and fuel
Cell phones, radios 2.0 day $50 $100
dGPS 2.0 day $100 $200
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Computer and survey software 2.0 day $50 $100
Sample vessel 2.0 day $1,000 $2,000
Fathometer 2.0 day $100 $200
Tide gauge 2.0 day $50 $100
Subtotal Cost $3,000 Per event
Equipment Daily Cost $1,500 Per day
Equipment cost ON LAND $700 Per Event


Materials Units Unit Rate Total Cost Comments
Per diem 4.0 day $100.00 $400
PPE, office supplies 2.0 day $50 $100
Shipping equipment, supplies 1.0 ea $1,000 $1,000
Subtotal Cost $1,500 Per event
Materials Daily Cost $750 Per day


Subcontract Units Unit Rate Total Cost Comments


Subtotal Cost $0


TOTAL COST $17,780 Per Event
TOTAL DAILY COST $8,890 Per Day
Ecologic survey monitoring event
Estimated duration: stations 2 days field time concurrent with sediment


days
Craft Labor Units Unit Rate Total Cost Comments
Project manager 1.0 day $1,200 $1,200 $150 per hr
Senior scientist 1.0 day $960 $960 $120 per hr
Survey crew 2.0 day $1,800 $3,600 $75 2 staff x 12 hr/day
Data analysis and report 5.0 day $1,280 $6,400 $80 2 staff
GIS, production 2.0 day $560 $1,120 $70 per hour


Subtotal Costs $13,280 Per event
Labor Daily Cost $6,640 Per day


Equipment Units Unit Rate Total Cost Comments
Vehicles 2.0 day $150 $300 van and fuel
Cell phones, radios 2.0 day $50 $100
dGPS 2.0 day $100 $200
Computer and survey software 2.0 day $50 $100
Sample vessel 2.0 day $1,000 $2,000
Fathometer 2.0 day $100 $200
Tide gauge 2.0 day $50 $100
Sediment profile camera 2.0 day $200 $400
Core equipment 2.0 day $150 $300
Subtotal Cost $3,700 Per event
Equipment Daily Cost $1,850 Per day
Equipment cost ON LAND $700 Per Event


Materials Units Unit Rate Total Cost Comments
Per diem 4.0 day $100.00 $400
PPE, office supplies 2.0 day $50 $100
Shipping equipment, samples 1.0 ea $1,000 $1,000
Subtotal Cost $1,500 Per event
Materials Daily Cost $750 Per day


Subcontract Units Unit Rate Total Cost Comments


Subtotal Cost $0


TOTAL COST $18,480 Per Event
TOTAL DAILY COST $9,240 Per Day
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Project manager $1,200 $150 per hour
Senior engineer $960 $120 per hour
Staff engineers $2,880 $120 per hour
CAD $960 $120 per hour
Tech support $960 $120 per hour
Labor total $6,960
Labor unit cost per hour $124.29 day.


Restoration and Mitigation Unit Costs Estimating guidance
USACE  Technical Report EL-97-8


Units Unit Rate Total Cost
Aquatic restoration in ponds 10 ea $400 $4,000 Ac Large wood $200 to $300 per Table L-1


Assume 10 per acre
Containerized shrub


plant material 4840 ea $10 $48,400 Plant $8 to $14 Table L-3 
Install 161 hr $73 $11,777 Plant rate 20 to 40 per hour per USACE


$60,177 Ac
Containerized tree


plant material 435 ea $50 $21,750 Tree $20 Table L-3, Means $50 to $200 
Install 43.5 hr $73 $3,176 Plant rate 10 per hour


$24,926 Ac


Mix shrubs/trees $42,551 Ac


Re-stock fish $25,000 ls Allowance


Hydroseeding 43560 sf $0.046 $2,004 Ac Means $46/1,000 sf


Stream Bank 
USACE $15 to $104 per linear foot.


Log toes $20 to $60/lf Table L-4
Coir logs $8 to $30/lf
Fascines $8 to $120/lf


Wide bank (25 ft) $30 lf
Narrow bank (5 ft) $10 lf


Flow control structure 120 tn 53 6360 Assume gravel water control/diversion
50 ' x 3' high by 12' wide
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Volume Estimates
Lyman Mill Reach Stream Sediment and Floodplain Soil (Including Oxbow) Alternatives


1
2
3
4
5
6
7
8
9
10
11
12


13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51


B C D E F G H I
Description No. Length Width Thickness Quantity calc. Quantity Units


Ft. Ft. Ft. (LF/SF/CF)


Lyman Mill stream sediment and floodplain soil 940,000 21.6 Acres


Clear work areas None - assume work done concurrently with Lyman Mill pond remediation


TARGET EXCAVATION &  DISPOSAL 210,000 4.8 Acres


Removal volume 4.82 43,560 1.0 1.25 262,500 9,722 cy


Sediment Volume   (no dewatering) 9,722 cy
Sediment Weight (no dewatering) 1.5 tn/cy 14,583 tons


For off-site disposal, assume 50% of channel sediment requires incineration
50% 2,400 1,200 cy 1,800 tons


landfill 12,783 tons


Cap over excavated Areas
4.82 43,560 1.0 1.0 210,000 7,778 CY


Use unit weight of 1.5 tons per cy
11,667 tons


Assume average of 3 inches of thin cap over unexcavated area
16.76 43,560 1.0 0.25 182,500 6,759 cy


Use unit weight of 1.5 tons per cy 10,139 tons


PARTIAL EXCAVATION &  DISPOSAL 590,000 13.5 Acres


Removal volume 13.54 43,560 1.0 1.25 737,500 27,315 cy


Sediment Volume (no dewatering) 27,315 cy
Sediment Weight (no dewatering) 1.5 tn/cy 40,972 tons


For off-site disposal, assume 50% of channel sediment requires incineration
50% 2,400 1,200 cy 1,800 tons


landfill 39,172 tons


Cap over excavated Areas
13.54 43,560 1.0 1.0 590,000 21,852 CY


Use unit weight of 1.5 tons per cy
32,778 tons


Assume average of 3 inches of thin cap over unexcavated area
8.03 43,560 1.0 0.25 87,500 3,241 cy


Use unit weight of 1.5 tons per cy 4,861 tons
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Volume Estimates
Lyman Mill Reach Stream Sediment and Floodplain Soil (Including Oxbow) Alternatives


1
2


B C D E F G H I
Description No. Length Width Thickness Quantity calc. Quantity Units


Ft. Ft. Ft. (LF/SF/CF)
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86


 CAPACITY AND MATERIAL VOLUMES FOR SOUTH OXBOW 
Capacity = Volume inside a prismatoid space


Volume = 1/6h(B1+4M+B2)
B1 = area of lower base: B2 = area of upper base: M = area of midsection: and h = height


Northwest lower portion Height 8.0
Bottom 418 218 91,124 sf


Midsection 434 234 101,556 sf
Top 450 250 112,500 sf


Capacity 813,131 30,116 cy
Slope ratio (inside - outside) 2 2


Clear trees & vegetation 1.0 418 218 1.0 91,124 91,124 sf
Sand base for liner 1.0 418 218 1.0 91,124 3,375 cy
Install base liner 1.0 418 218 1.0 91,124 91,124 sf
Sand drain layer 1.0 418 218 1.0 91,124 3,375 cy


East berm core 1.0 450 10.0 8.0 36,000
inside slope 0.5 449 16.0 8.0 28,757
outside slope 0.5 473 16.0 8.0 30,251
South berm core 1.0 250 10.0 8.0 20,000
inside slope 0.5 249 16.0 8.0 15,957
outside sloe 0.5 273 16.0 8.0 17,451
North berm core 1.0 450 10.0 8.0 36,000
inside slope 0.5 449 16.0 8.0 28,757
outside slope 0.5 473 16.0 8.0 30,251
West berm core 1.0 234 10.0 4.0 9,360
inside slope 0.5 239 8.0 4.0 3,819
outside sloe 0.5 255 8.0 4.0 4,085
Total berms 260,688 9,655 cy


CDF size at top 1 450 250 1 112,500 sf
Soil over sediment 1.0 112,500 1.0 1.0 112,500 4,167 cy
Install cover membrane 1.0 112,500 1.0 1.0 112,500 112,500 sf
Drain gravel over membrane 1.0 112,500 1.0 1.0 112,500 4,167 cy
Protective soil and topsoil 1.0 112,500 1.0 1.0 112,500 4,167 cy
Possible existing soil removal 1.0 418 218 4.0 364,496 13,500 cy
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Present Worth Costs
Source Area Soil Alternatives


1


2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18


19
20
21
22
23


A B C D E


ALT 1 No 
Action


ALT 3e Targeted Excavation, 
Upgrade and Maintain 


Existing Surfaces, Off-site 
Disposal


ALT 4 Targeted Excavation, 
Convert to RCRA Caps and 
Maintain, Off-site Disposal


Remediation Area: 4.3 Acres Soil Caps
2.1 Acres Parking Lots
1.4 Acres Cap Extension


New Utilities $702,416
Cap Extension $1,224,023 $1,354,539
Soil Cap Areas $862,639 $3,094,691
Pavement Areas $10,230 $1,651,257
Soil Excavation and Disposal $12,108,979 $8,449,482


Construction Cost $0 $14,205,871 $15,252,385
Design costs $0 $545,062 $458,500
Oversight & QC costs $0 $489,220 $917,540
Contingency 25% $0 $3,810,038 $4,157,106
Post-construction Monitoring $0


CAPITAL COSTS $0 $19,100,000 $20,800,000


Annual Monitoring & Maintenance $13,772 $36,814 $37,697


TOTAL PRESENT WORTH COSTS $170,000 $19,600,000 $21,300,000


Notes:
Present worth factors for 7% discount factor
  Years 1 to 30 12.409


Source Area Soil Alternatives
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Construction Costs
Source Area Soil Alternatives


1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37


B C D E F G H I J K L M N


Description Quantity Units Daily 
output


Labor Equipment Materials Subcontract Labor Equipment Materials Subcontract TOTAL
CONSTRUCTION COSTS


 Alt 3e Upgrade and Maintain Existing Surfaces - Soil Excavation and Disposal
Excavate PTW and TSCA/GB 9,800 cy 400 $7.36 $2.23 $1.38 $72,121 $21,805 $13,475 $0 $107,401
Backfill 15,876 tn 500 $11.71 $3.18 $33.06 $185,830 $50,486 $524,861 $0 $761,176
PTW off-site incineration 8,910 tn $10.37 $1.54 $1.69 $880 $92,429 $13,708 $15,078 $7,840,800 $7,962,015
TSCA/GB incineration 697 tn $10.37 $1.54 $1.69 $880 $7,226 $1,072 $1,179 $613,008 $622,485
TSCA/GB landfill 6,269 tn $10.37 $1.54 $1.69 $410 $65,036 $9,645 $10,610 $2,570,611 $2,655,902
Subtotal - Soil Excavation and Disposal $422,642 $96,715 $565,203 $11,024,419 $12,108,979
 Alt 3 Upgrade and Maintain Existing Surfaces - Soil Cap Areas
Mobilization and Demobilize 10 days $5,853 $1,590 $1,530 $58,525 $15,900 $15,300 $0 $89,725
Clear vegetation 186,000 sf 40,000 $0.13 $0.06 $0.00 $24,431 $10,742 $0 $0 $35,173
Area 1 fill 2,550 tons 500 $11.71 $3.18 $33.06 $29,848 $8,109 $84,303 $0 $122,260
Area 2 fill 1,440 tons 500 $11.71 $3.18 $33.06 $16,855 $4,579 $47,606 $0 $69,041
Area 3 fill 1,590 tons 500 $11.71 $3.18 $33.06 $18,611 $5,056 $52,565 $0 $76,233
Topsoil and planting 186,000 sf 7,400 $0.44 $0.13 $0.74 $0.04 $82,443 $25,009 $137,778 $7,027 $252,257
Superintendent & field engr 60 days $1,920 $115,200 $0 $0 $0 $115,200
Project manager 60 days $1,200 $72,000 $0 $0 $0 $72,000
Clerk 60 days $360 $21,600 $0 $0 $0 $21,600
Field office, utilities, vehicles 2 mo $4,575 $0 $9,150 $0 $0 $9,150
Subtotal Soil Cap Areas $439,514 $78,545 $337,553 $7,027 $862,639


Alt 3 Upgrade and Maintain Existing Surfaces - Paved Areas
Seal asphalt 93,000 sf $0.11 $0 $0 $0 $10,230 $10,230


Alt 3 Extend Cap Area
Excavation 1,120 cy $10.69 $5.82 $0.00 $11,979 $6,517 $0 $0 $18,496
Soil disposal 1,793 tn $10.37 $1.54 $1.69 $410 $18,596 $2,758 $3,034 $735,008 $759,395
Silt base layer 1,815 tons 500 $11.71 $3.18 $33.06 $21,245 $5,772 $60,004 $0 $87,020
Geotextile 60,500 sf $0.26 $0 $0 $0 $15,999 $15,999
Earth fill 5,445 tons 500 $11.71 $3.18 $33.06 $63,734 $17,315 $180,012 $0 $261,061
Topsoil and planting 60,500 sf 7,400 $0.44 $0.13 $0.74 $0.04 $26,816 $8,135 $44,815 $2,286 $82,051
Subtotal Extend Cap Area $142,370 $40,496 $287,864 $753,292 $1,224,023


ALT 3e UPGRADE AND MAINTAIN EXISTING SURFACES - TOTAL CONSTRUCTION $1,004,527 $215,757 $1,190,619 $11,794,968 $14,205,871


CostsUnit Costs
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Construction Costs
Source Area Soil Alternatives


1
2


B C D E F G H I J K L M N


Description Quantity Units Daily 
output


Labor Equipment Materials Subcontract Labor Equipment Materials Subcontract TOTAL


CostsUnit Costs


38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72


ALT 4 UPGRADE TO RCRA CAPS


Mobilization and Demobilize 10 days $5,853 $1,590 $1,530 $58,525 $15,900 $15,300 $0 $89,725
Clear vegetation 186,000 sf 40,000 $0.13 $0.06 $0.00 $24,431 $10,742 $0 $0 $35,173
Area 1 fill 12,750 tons 500 $11.71 $3.18 $33.06 $149,240 $40,545 $421,515 $0 $611,300
Area 2 fill 2,160 tons 500 $11.71 $3.18 $33.06 $25,283 $6,869 $71,410 $0 $103,561
Area 3 fill 0 tons 500 $11.71 $3.18 $33.06 $0 $0 $0 $0 $0
Topsoil and planting 186,000 sf 7,400 $0.44 $0.13 $0.74 $0.04 $82,443 $25,009 $137,778 $7,027 $252,257
Geomembrane 186,000 sf $0.86 $0 $0 $0 $159,960 $159,960
Drain layer 12,090 tons 400 $14.63 $2.83 $37.50 $176,893 $34,154 $453,375 $0 $664,422
Geotextile 186,000 sf $0.26 $0 $0 $0 $49,187 $49,187
Protective soil 12,090 tons 500 $11.71 $3.18 $33.06 $141,514 $38,446 $399,695 $0 $579,656
Superintendent & field engr 150 days $1,920 $288,000 $0 $0 $0 $288,000
Project manager 150 days $1,200 $180,000 $0 $0 $0 $180,000
Clerk 150 days $360 $54,000 $0 $0 $0 $54,000
Field office, utilities, vehicles 6 mo $4,575 $0 $27,450 $0 $0 $27,450


$1,180,330 $199,115 $1,499,073 $216,173 $3,094,691


Alt 4 CONVERT TO RCRA CAPS AND MAINTAIN - PAVEMENT AREAS
Demolish asphalt 93,000 sf $1.16 $0 $0 $0 $107,467 $107,467
Fill 6,045 tons 500 $11.71 $3.18 $33.06 $70,757 $19,223 $199,848 $0 $289,828
Geomembrane 93,000 sf $0.86 $0 $0 $0 $79,980 $79,980
Drain layer 6,045 tons 400 $14.63 $2.83 $37.50 $88,446 $17,077 $226,688 $0 $332,211
Geotextile 93,000 sf $0.26 $0 $0 $0 $24,593 $24,593
Gravel base 6,045 tons 500 $11.71 $3.18 $33.06 $70,757 $19,223 $199,848 $0 $289,828
New Asphalt 93,000 sf $0.98 $0 $0 $0 $91,450 $91,450
Superintendent & field engr 120 days $1,920 $230,400 $0 $0 $0 $230,400
Project manager 120 days $1,200 $144,000 $0 $0 $0 $144,000
Clerk 120 days $360 $43,200 $0 $0 $0 $43,200
Field office, utilities, vehicles 4 mo $4,575 $0 $18,300 $0 $0 $18,300


$647,561 $73,823 $626,383 $303,490 $1,651,257


CONVERT TO RCRA CAPS AND MAINTAIN - SOIL CAP AREA


CONVERT TO RCRA CAPS AND MAINTAIN PAVEMENT AREA
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Construction Costs
Source Area Soil Alternatives


1
2


B C D E F G H I J K L M N


Description Quantity Units Daily 
output


Labor Equipment Materials Subcontract Labor Equipment Materials Subcontract TOTAL


CostsUnit Costs


73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105


Remove and replace utilities
Sanitary sewer 280 lf 100 $45.35 $15.00 $122.40 $12,698 $4,200 $34,272 $0 $51,170
Water lines 820 lf 160 $28.34 $7.91 $37.94 $23,242 $6,483 $31,109 $0 $60,834
Gas lines 820 lf 160 $28.34 $7.91 $37.94 $23,242 $6,483 $31,109 $0 $60,834
Electric power lines 820 lf 150 $30.23 $8.43 $30.13 $24,791 $6,915 $24,709 $0 $56,416
Telephone lines 820 lf 150 $30.23 $8.43 $30.13 $24,791 $6,915 $24,709 $0 $56,416
Communication cables 820 lf 150 $30.23 $8.43 $30.13 $24,791 $6,915 $24,709 $0 $56,416
Storm drains 2,520 lf 160 $28.34 $7.91 $37.94 $71,427 $19,924 $95,603 $0 $186,953
Lighting conduits 2,520 lf 150 $30.23 $8.43 $30.13 $76,188 $21,252 $75,936 $0 $173,376


$281,172 $79,088 $342,156 $0 $702,416


Alt 4 Extend Cap Area
Excavation 1,120 cy $10.69 $5.82 $0.00 $11,979 $6,517 $0 $0 $18,496
Soil disposal 1,793 tn $10.37 $1.54 $1.69 $410 $18,596 $2,758 $3,034 $735,008 $759,395
Silt base layer 1,815 tons 500 $11.71 $3.18 $33.06 $21,245 $5,772 $60,004 $0 $87,020
Geotextile 60,500 sf $0.26 $0 $0 $0 $15,999 $15,999
Geomembrane 60,500 sf $0.86 $0 $0 $0 $52,030 $52,030
Drain layer 3,933 tons 400 $14.63 $2.83 $37.50 $57,538 $11,109 $147,469 $0 $216,116
Geotextile 60,500 sf $0.26 $0 $0 $0 $15,999 $15,999
Protective soil 2,241 tons 500 $11.71 $3.18 $33.06 $26,228 $7,126 $74,079 $0 $107,432
Topsoil and planting 60,500 sf 7,400 $0.44 $0.13 $0.74 $0.04 $26,816 $8,135 $44,815 $2,286 $82,051
Subtotal Extend Cap Area $162,402 $41,416 $329,400 $821,321 $1,354,539


 Alt 4 Upgrade and Maintain Existing Surfaces - Soil Excavation and Disposal
Excavate PTW 5,500 cy 400 $7.36 $2.23 $1.38 $40,476 $12,238 $7,563 $0 $60,276
Backfill 8,910 tn 500 $11.71 $3.18 $33.06 $104,292 $28,334 $294,565 $0 $427,191
PTW off-site incineration 8,910 tn $10.37 $1.54 $1.69 $880 $92,429 $13,708 $15,078 $7,840,800 $7,962,015


$237,197 $54,279 $317,206 $7,840,800 $8,449,482


CONVERT TO RCRA CAPS AND MAINTAIN TOTAL $2,508,661 $447,722 $3,114,217 $9,181,784 $15,252,385


New utilities
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Design Costs
Source Area Soil Alternatives


3
4
5
6
7
8
9


10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30


B C D E F G H I J K L M
Description Quantity Units


Labor Equipment Materials Subcontract Labor Equipment Materials Subcontract TOTAL
DESIGN COSTS


ALT 3 UPGRADE AND MAINTAIN EXISTING SURFACES
Physical survey 2 day $4,720 $350 $800 $0 $9,440 $700 $1,600 $0 $11,740
Chemical sampling ( 32 borings) 16 day $5,080 $1,550 $800 $0 $81,280 $24,800 $12,800 $0 $118,880
Chemical testing 32 ea $1,806 $0 $0 $0 $57,802 $57,802
Dioxin testing 96 ea $715 $0 $0 $0 $68,640 $68,640
Design report & calculations 800 hours $90 $72,000 $0 $0 $0 $72,000
Drawings - 20 sheets 1,600 hours $90 $144,000 $0 $0 $0 $144,000
Specifications 400 hours $90 $36,000 $0 $0 $0 $36,000
Work plans 400 hours $90 $36,000 $0 $0 $0 $36,000
ALT 3 UPGRADE AND MAINTAIN EXISTING SURFACES DESIGN COST $378,720 $25,500 $14,400 $126,442 $545,062


Physical survey 2 days $4,720 $350 $800 $0 $9,440 $700 $1,600 $0 $11,740
Chemical sampling (8 borings) 5 day $5,080 $1,550 $800 $0 $25,400 $7,750 $4,000 $0 $37,150
Chemical testing 8 ea $1,806 $0 $0 $0 $14,450 $14,450
Dioxin testing 24 ea $715 $0 $0 $0 $17,160 $17,160
Design report 1,600 hours $90 $144,000 $0 $0 $0 $144,000
Drawings - 20 sheets 1,600 hours $90 $144,000 $0 $0 $0 $144,000
Specifications 600 hours $90 $54,000 $0 $0 $0 $54,000
Work plans 400 hours $90 $36,000 $0 $0 $0 $36,000


$412,840 $8,450 $5,600 $31,610 $458,500
ALT 4 CONVERT TO RCRA CAPS AND MAINTAIN DESIGN COST


CostsUnit Costs


ALT 4 CONVERT TO RCRA CAPS AND MAINTAIN
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Construction Oversight Costs
Source Area Soil Alternatives


1
2
3
4
5
6
7
8
9


10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32


B C D E F G H I J K L M
Description Quantity Units


Labor Equipment Materials Subcontract Labor Equipment Materials Subcontract TOTAL
CONSTRUCTION OVERSIGHT COSTS


ALT 3 UPGRADE AND MAINTAIN EXISTING SURFACES
Project manager 150 days $1,200 $180,000 $0 $0 $0 $180,000
Resident engineer 150 days $960 $144,000 $0 $0 $0 $144,000
Survey crew 20 days $1,200 $350 $680 $24,000 $7,000 $13,600 $0 $44,600
Admin support 150 days $360 $54,000 $0 $0 $0 $54,000
Soil sample 2 days $5,080 $1,550 $800 $10,160 $3,100 $1,600 $0 $14,860
Field office 6 months $1,075 $0 $6,450 $0 $0 $6,450
Vehicles 6 months $2,500 $0 $15,000 $0 $0 $15,000
Cell phones, radios 6 months $750 $0 $4,500 $0 $0 $4,500
Utilities 6 months $250 $0 $1,500 $0 $0 $1,500
Confirmation samples 10 ea $715 $0 $0 $0 $7,150 $7,150
Designation samples 24 ea $715 $0 $0 $0 $17,160 $17,160


$412,160 $37,550 $15,200 $24,310 $489,220


Project manager 300 days $1,200 $360,000 $0 $0 $0 $360,000
Resident engineer 300 days $960 $288,000 $0 $0 $0 $288,000
Survey crew 40 days $1,200 $350 $680 $48,000 $14,000 $27,200 $0 $89,200
Admin support 300 days $360 $108,000 $0 $0 $0 $108,000
Soil sample 1 days $5,080 $1,550 $800 $5,080 $1,550 $800 $0 $7,430
Field office 12 months $1,075 $0 $12,900 $0 $0 $12,900
Vehicles 12 months $2,500 $0 $30,000 $0 $0 $30,000
Cell phones, radios 12 months $750 $0 $9,000 $0 $0 $9,000
Utilities 12 months $250 $0 $3,000 $0 $0 $3,000
Confirmation samples ea $715 $0 $0 $0 $0 $0
Designation samples 14 ea $715 $0 $0 $0 $10,010 $10,010
ALT 4 CONVERT TO RCRA CAPS AND MAINTAIN OVERSIGHT COST $809,080 $70,450 $28,000 $10,010 $917,540


ALT 4 CONVERT TO RCRA CAPS AND MAINTAIN


CostsUnit Costs


ALT 3 UPGRADE AND MAINTAIN EXISTING SURFACES O
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Long-term Monitoring Costs
Source Area Soil Alternatives


1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52


B C D E F G H I J K L M


Quantity Units Labor Equipment Materials Subcontract Labor Equipment Materials Subcontract TOTAL
MONITORING COSTS


A.  Annual work years 1 to 30
Groundwater sampling days $5,080 $1,550 $800 $0 $0 $0 $0 $0
Physical survey 2 days $4,720 $350 $800 $9,440 $700 $1,600 $0 $11,740
Ecology survey days $4,720 $300 $800 $0 $0 $0 $0 $0
Water chemistry $715 $0 $0 $0 $0 $0
Fish tissue chemistry $715 $0 $0 $0 $0 $0
Soil chemistry $715 $0 $0 $0 $0 $0
Five year review 0.2 events $10,160 $2,032 $0 $0 $0 $2,032
TOTAL ANNUAL MONITORING IN YEARS 1 TO 30 $13,772


B. Annual maintenance
Assume repair of 1/10 acres cap and seeding per year and sealing once every 5 years.
Cap repair 283 tons $47.95 $0 $0 $0 $13,575 $13,575
Seeding 4,356 sf $0.038 $0 $0 $0 $165 $165
Pavement sealing 18,600 sf $0.110 $0 $0 $0 $2,046 $2,046
Drain cleaning 1 ea $2,400 $0 $0 $0 $2,400 $2,400
Mowing 186,000 sf $0.003 $0 $0 $0 $586 $586
Invasive species control 4.3 $1,000.000 $4,270 $4,270
ANNUAL MAINTENANCE $0 $0 $0 $0 $23,042


A.  Annual work years 1 to 30
Soil chemistry days $5,080 $1,550 $800 $0 $0 $0 $0 $0
Physical survey 2 days $4,720 $350 $800 $9,440 $700 $1,600 $0 $11,740
Ecology survey days $4,720 $300 $800 $0 $0 $0 $0 $0
Five year review 0.2 events $10,160 $2,032 $0 $0 $0 $2,032
TOTAL ANNUAL MONITORING IN YEARS 1 TO 30 $13,772


$0
B. Annual maintenance $0
Assume repair of 1/10 acres cap and seeding per year.  Asphalt sealing not required for this alternative. $0
Cap repair 283 tons $47.95 $0 $0 $0 $13,575 $13,575
Seeding 4,356 sf $0.038 $0 $0 $0 $165 $165
Drain cleaning 1 ea $2,400 $0 $0 $0 $2,400 $2,400
Mowing 1,116,000 sf $0.003 $0 $0 $0 $3,515 $3,515
Invasive species control 4.3 $1,000.000 $4,270 $4,270
ANNUAL MAINTENANCE $0 $0 $0 $0 $23,925


A.  Annual work years 1 to 30
Soil chemistry days $5,080 $1,550 $800 $0 $0 $0 $0 $0
Physical survey 2 days $4,720 $350 $800 $9,440 $700 $1,600 $0 $11,740
Ecology survey days $4,720 $300 $800 $0 $0 $0 $0 $0
Five year review 0.2 events $10,160 $2,032 $0 $0 $0 $2,032
TOTAL ANNUAL MONITORING IN YEARS 1 TO 30 $13,772


No Action


CONVERT TO RCRA CAPS


CostsUnit Costs


ALT 3 UPGRADE and MAINTAIN EXISTING CAPS


Interim Final CMRP Feasibility Study Report
Appendix J J-105 April 2010







Unit Costs
Source Area Soil Alternatives


1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67


B C D E F G H


Imported Fill - Site Grading and Protective Layer
Estimated duration: 500 Tons divided by 500 tn/day production


1.0 days
Craft Labor Units Unit Rate Total Cost Comments
Foreman 1.0 day $771 $771 $96  per hour
Equip operator 1.0 day $2,153 $2,153 $90 3 total 
QC technician 1.0 day $581 $581 $73 per hour
Laborer 1.0 day $1,748 $1,748 $73 3 total
Safety officer 1.0 day $600 $600 $75  per hour


Subtotal Cost $5,853 $5,853
Labor Unit Cost $11.71 Per Ton


Equipment Units Unit Rate Total Cost Comments
Loader 1.0 day $300 $300 3 cy wheel loader Means p 21
Grader 1.0 day $430 $430 Road grader Means p 596
Dozer to spread 1.0 day $860 $860 200 hp dozer Means p 21


$0
Subtotal Cost $1,590 $1,590
Equipment Unit Cost $3.18 Per Ton


Materials Units Unit Rate Total Cost Comments
Sand for cap 500 tons $30 $15,000 Truck delivery to site at $24 per ton +25%
Health and safety equip 1.0 Days $450 $450 9 crew x $50/day
Per diem 1.0 Days $1,080 $1,080 9 crew x $120/day
Subtotal Cost $16,530
Material Unit Cost $33.06 Per Ton


Subcontract Units Unit Rate Total Cost Comments
$0
$0


Subtotal Cost $0
TOTAL UNIT COST $47.95 Per Ton


Drain Layer over Membrane
Estimated duration: 400 tn divided by 400 tn/day production


1.0 Days
Craft Labor Units Unit Rate Total Cost Comments
Foreman 1.0 day $771 $771 $96 per hour
Equip operator 1.0 day $2,153 $2,153 $90 3 total
QC technician 1.0 day $581 $581 $73 per hour
Safety officer 1.0 day $600 $600 $75  per hour
Laborer 1.0 day $1,748 $1,748 $73 3 total
Subtotal Cost $5,853
Labor Unit Cost $14.63 Per Ton


Equipment Units Unit Rate Total Cost Comments
Dozer 1.0 day $480 $480 100 hp dozer
Grader 1.0 day $350 $350 Small grader to spread
Loader to deliver material 1.0 day $300 $300 3 cy wheel loader Means p 21
Subtotal Cost $1,130
Equipment Unit Cost $2.83 Per Ton


Materials Units Unit Rate Total Cost Comments
$0


Drain gravel 400 Tons $38 $15,000 $30 per ton plus markup
Subtotal Cost $15,000
Material Unit Cost $37.50 Per Ton


Subcontract Units Unit Rate Total Cost Comments


Subtotal Cost $0
Subcontract Unit Cost $0.00 Per Ton
TOTAL UNIT COST $54.96 Per Ton
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B C D E F G H


Clear vegetation 
Estimated duration: 40,000 sf divided by 40,000 sf/day production


1.0 Days Means p 39 1.0 AC per day light trees
Craft Labor Units Unit Rate Total Cost Comments
Equip operator 1.0 day $2,153 $2,153 $90 3 total
Laborer 1.0 day $2,330 $2,330 $73 4 total
Foreman 1.0 day $771 $771 $96


Subtotal Cost $5,254 $5,254
Labor Unit Cost $0.13 Per sf


Equipment Units Unit Rate Total Cost Comments
Excavator 1.0 day $890 $890 2.0 cy excavator Means p 20
Loader 1.0 day $300 $300 3 cy wheel loader Means p 21
Dozer 1.0 day $860 $860 200 hp dozer Means p 21
Chipper 1.0 day $165 $165 Means p 588
Stump grinder 1.0 day $95 $95 Means p 588
Subtotal Cost $2,310 $2,310
Equipment Unit Cost $0.06 Per sf


Materials Units Unit Rate Total Cost Comments
$0
$0


Subtotal Cost $0
Material Unit Cost $0.00 Per sf


Subcontract Units Unit Rate Total Cost Comments


Subtotal Cost $0
Subcontract Unit Cost $0
TOTAL UNIT COST $0.19 Per sf


Clean Corridor - Sanitary Sewer
Estimated duration: 100 lf divided by 100 lf/day production


1.0 Days
Craft Labor Units Unit Rate Total Cost Comments
Foreman 1.0 day $771 $771 $96 Trench excavation/ backfill Mean p. 51
Equip operator 1.0 day $1,436 $1,436 $90 4' W x 10' D = 1.5 cy/lf
Laborer 1.0 day $1,748 $1,748 $73 24" concrete pipe Mean p 61 100 lf/day
Truck driver 1.0 day $581 $581 $73


day $0
Subtotal Cost $4,535
Labor Unit Cost $45.35 Per lf


Equipment Units Unit Rate Total Cost Comments
Compactor 1.0 day $105 $105 Compactor on loader Mean p 20
Excavator 1.0 day $680 $680 1.5 cy excavator Means p 20
Loader 1.0 day $235 $235 1.5 cy wheel loader Means p 21
Highway trucks (1) 1.0 day $480 $480 $480 16 ton truck Means p 22


Subtotal Cost $1,500
Equipment Unit Cost $15.00 Per lf


Materials Units Unit Rate Total Cost Comments
Health and safety equip 1.0 Days $350 $350 7 crew x $50/day
Per diem 1.0 Days $840 $840 7 crew x $120/day
24" pipe 100 lf $13 $1,300 Mean p 51
Imported backfill 260 tons $38 $9,750 $30 per ton plus markup


$0
$0


Subtotal Cost $12,240
Material Unit Cost $122.40 Per lf
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B C D E F G H
Subcontract Units Unit Rate Total Cost Comments


$0 Place excavated soil under landfill cover


Subtotal Cost $0
Subcontract Unit Cost $0.00 Per lf
TOTAL UNIT COST $182.75 Per lf


Clean Corridor - Water or Gas Lines or Storm drains
Estimated duration: 160 lf divided by 160 lf/day production


1.0 Days
Craft Labor Units Unit Rate Total Cost Comments
Foreman 1.0 day $771 $771 $96 Trench excavation/ backfill Mean p. 50
Equip operator 1.0 day $1,436 $1,436 $90 2' W x 4' D = 0.3 cy/lf
Laborer 1.0 day $1,748 $1,748 $73 6" DIP pipe Mean p 59 160 lf/day
Truck driver 1.0 day $581 $581 $73 3" gas Means p 64 400 lf/dy


day $0
Subtotal Cost $4,535
Labor Unit Cost $28.34 Per lf


Equipment Units Unit Rate Total Cost Comments
Compactor 1.0 day $105 $105 Compactor on loader Mean p 20
Excavator 1.0 day $490 $490 1.0 cy excavator Means p 19
Loader 1.0 day $190 $190 1.0 cy wheel loader Means p 21
Highway trucks (1) 1.0 day $480 $480 $480 16 ton truck Means p 22


Subtotal Cost $1,265
Equipment Unit Cost $7.91 Per lf


Materials Units Unit Rate Total Cost Comments
Health and safety equip 1.0 Days $350 $350 7 crew x $50/day
Per diem 1.0 Days $840 $840 7 crew x $120/day
6" DIP or 3" gas pipe 160 lf $11 $1,760 Mean p 59 or 64
Imported backfill 83 tons $38 $3,120 $30 per ton plus markup


$0
$0


Subtotal Cost $6,070
Material Unit Cost $37.94 Per lf


Subcontract Units Unit Rate Total Cost Comments
$0 Place excavated soil under landfill cover


Subtotal Cost $0
Subcontract Unit Cost $0.00 Per lf
TOTAL UNIT COST $74.19 Per lf


Clean Corridor - Electrical or communication utilities
Estimated duration: 150 lf divided by 150 lf/day production


1.0 Days
Craft Labor Units Unit Rate Total Cost Comments
Foreman 1.0 day $771 $771 $96 Trench excavation/ backfill Mean p. 50
Equip operator 1.0 day $1,436 $1,436 $90 2' W x 4' D = 0.3 cy/lf
Laborer 1.0 day $1,748 $1,748 $73 2" conduit in trench Means p 469 150 lf/dy
Truck driver 1.0 day $581 $581 $73


day $0
Subtotal Cost $4,535
Labor Unit Cost $30.23 Per lf


Equipment Units Unit Rate Total Cost Comments
Compactor 1.0 day $105 $105 Compactor on loader Mean p 20
Excavator 1.0 day $490 $490 1.0 cy excavator Means p 19
Loader 1.0 day $190 $190 1.0 cy wheel loader Means p 21
Highway trucks (1) 1.0 day $480 $480 $480 16 ton truck Means p 22


Subtotal Cost $1,265
Equipment Unit Cost $8.43 Per lf


Materials Units Unit Rate Total Cost Comments
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B C D E F G H
Health and safety equip 1.0 Days $350 $350 7 crew x $50/day
Per diem 1.0 Days $840 $840 7 crew x $120/day
Conduit 150 lf $5.00 $750 Mean p 59 or 64
wires 150 lf $4.20 $630 (3) 4/0 Means p 467
Imported backfill 52 tons $38 $1,950 $30 per ton plus markup


$0
$0


Subtotal Cost $4,520
Material Unit Cost $30.13 Per lf


Subcontract Units Unit Rate Total Cost Comments
$0 Place excavated soil under landfill cover


Subtotal Cost $0
Subcontract Unit Cost $0.00 Per lf
TOTAL UNIT COST $68.80 Per lf


Excavate, Haul, Stockpile Existing Soil
Estimated duration: 600 cy divided by 600 cy/day production


1.0 Days
Craft Labor Units Unit Rate Total Cost Comments
Foreman 1.0 day $771 $771 $96 per  hour
Equip operator 1.0 day $2,153 $2,153 $90 3 total
Laborer 1.0 day $1,748 $1,748 $73 3 total
Truck driver 1.0 day $1,744 $1,744 $73 3 total


$0
Subtotal Cost $6,415
Labor Unit Cost $10.69 Per CY


Equipment Units Unit Rate Total Cost Comments
Dozer 1.0 day $860 $860 200 hp dozer Means p 21
Excavator 1.0 day $890 $890 2.0 cy excavator Means p 20
Loader 1.0 day $300 $300 3 cy wheel loader Means p 21
Highway trucks (3) 1.0 day $1,440 $1,440 $480 16 ton truck Means p 22


Subtotal Cost $3,490
Equipment Unit Cost $5.82 Per CY


Materials Units Unit Rate Total Cost Comments
$0 PPE not needed for work on clean soil.


Tons $30 $0
$0
$0


Subtotal Cost $0
Material Unit Cost $0.00 Per CY


Subcontract Units Unit Rate Total Cost Comments


Subtotal Cost $0
Subcontract Unit Cost $0.00 Per Cy
TOTAL UNIT COST $16.51 Per cy


Topsoil and Plantings
Estimated duration: 7,400 sf divided by 7400 sf/day production


137 cy 137 cy/day
1.0 days Topsoil Means p 85 7,400 sf/day


Craft Labor Units Unit Rate Total Cost Comments
Foreman 1.0 day $640 $640 $96


1.0
Equip operator 1.0 day $1,560 $1,560 $90 3 total
Laborer 1.0 day $1,080 $1,080 $73 3 total
Subtotal Cost $3,280
Labor Unit cost $0.44 Per sf


$23.94 Per Cy


Interim Final CMRP Feasibility Study Report
Appendix J J-109 April 2010







Unit Costs
Source Area Soil Alternatives


266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333


B C D E F G H
Equipment Units Unit Rate Total Cost Comments
Loader 1.0 day $165 $165 1.5 cy wheel loader Means p 590
Dozer 1.0 day $480 $480 100 hp dozer
Grader 1.0 day $350 $350 Small grader to spread


day $0
day $0


Subtotal Cost $995
Labor unit cost $0.13 Per sf


$7.26 Per Cy


Materials Units Unit Rate Total Cost Comments
$0


Top Soil 137 cy $40 $5,481 $32 per cy plus markup
$0


Subtotal Cost $5,481
Material Unit cost $0.74 Per sf


$40 Per cy


Subcontract Units Unit Rate Total Cost Comments
Hydroseed 7,400 sf $0.038 $280 Mean p 85 $0.34 per sy


Subtotal Cost $280
Subcontract Unit Cost $0.04 Per sf
TOTAL UNIT COST $1.36 Per sf


SUBCONTRACT CONSTRUCTION COSTS


60 mil geomembrane 1 SF
Labor 1 SF Layfield Plastics 2000 0.38/sf installed


Equipment 1 SF
Material 1 SF Means Environmental Costs p 9-85 $1.34/sf


Unit Cost $0.86 sf


Geotextile - 16 oz Means Environmental p 9-84
Labor 1 sy 0.71


Equipment 1 sy 0.03
Material 1 sy 1.64


$0.26 sf


Asphalt Pavement $6.50 sy Means p 69 2 in. binder course
$2.35 sy 1 in wearing course
$0.98 sf


Asphalt seal coat $0.86 sy Means p 73 petroleum resistant
Prepare surface $0.13 sy


Total $0.11 sf
Remove pavement $3.90 sy Means p 37 3 in. thick
Off-site disposal/recycling $6.50 sy 145 pcf x 2.25 cf/sy x $ 40 per ton


Total $1.16 sf


Mowing grass $0.0032 sf Means p 249 $3.15 per 1,000 sf


Drain cleaning $2,400 ea Means Vac-truck crew A-13 $1,173 per day
assume 2 days per event


Oversight
Craft Labor Units Unit Rate Total Cost Comments
Project manager 1.0 day $1,200 $1,200 $150 per hr
Resident engineer 1.0 day $960 $960 $120 per hr
Superintendent 1.0 day $823 $823 $103 per hr
Sample crew 1.0 day $1,440 $1,440 $90 2 staff
Survey crew 1.0 day $1,200 $1,200 $75 2 staff
Admin support 1.0 day $360 $360 $45
Labor Daily  Costs $5,983 Per day
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B C D E F G H
Monthly Equipment Units Unit Rate Total Cost Comments
Field office 1.0 mo $1,075 $1,075 trailer, copier, fax, water, chemical toilets
Vehicles 1.0 mo $2,500 $2,500 2 trucks and fuel
Cell phones, radios 1.0 mo $750 $750 4 phones, 3 radios
Utilities 1.0 mo $250 $250
Equipment Monthly Cost 4,575 $4,575 Per Month


Daily Equipment
Vehicles 1 day 150 $150
Cell phones, radios 1.0 day $50 $50
dGPS 1.0 day $100 $100
Computer and survey software 1.0 day $50 $50


Daily Equipment Cost $350 Per Day


Materials Units Unit Rate Total Cost Comments
Per diem 1.0 day $480.00 $480 4 field crew x $120/day
PPE, office supplies 1.0 day $200 $200 4 field crew x $50/day
Subtotal Cost 680 $680 Per day


Subcontract Units Unit Rate Total Cost Comments
Sediment - dioxins (8290) 1.0 ea $715 $715 Columbia 11/8/06 estimate +10% markup
Sediment grain size, TOC, solids 1.0 ea $175 $175
Sediment - 2,3,7,8 TCDD (8290) 1.0 ea $358 $358 Columbia + 10%
TCLP (131) 1.0 ea $94 $94
Metals (6020) 1.0 ea $185 $185
Pesticides (8081A) 1.0 ea $176 $176
Volatiles (8260B) 1.0 ea $138 $138
Semivolatiles (8270C) 1.0 ea $325 $325
Subtotal - dioxins and all TCLP 1.0 ea $1,806 All above except 2,3,7,8 TCDD
Animal - freeze dry, homogenize, 
lipids 3.0 ea $39 $116 Cost for each procedure
Animal tissue dioxins 1.0 ea $715 $715
Subtotal animal tissue $831 dioxins and 3 processing steps
Water - dioxins 1.0 ea $715 $715
Subtotal Cost


Soil chemistry monitoring event
Estimated duration: 2 days to mobilize and sample


days
Craft Labor Units Unit Rate Total Cost Comments
Project manager 1.0 day $1,200 $1,200 $150 per hr
Senior scientist 1.0 day $960 $960 $120 per hr
Sample crew 2.0 day $2,160 $4,320 $90 2 staff x 12 hr/day
Data analysis and report 2.0 day $1,280 $2,560 $80 2 staff
GIS, production 2.0 day $560 $1,120 $70 per hour
Subtotal Costs $10,160 Per event
Labor Daily Cost $5,080 Per day


Equipment Units Unit Rate Total Cost Comments
Vehicles 2.0 day $150 $300 van and fuel
Cell phones, radios 2.0 day $50 $100
dGPS 2.0 day $100 $200
Computer and survey software 2.0 day $50 $100
Soil boring equipment 2.0 day $1,200 $2,400


Subtotal Cost $3,100 Per event
Equipment Daily Cost $1,550 Per day


Materials Units Unit Rate Total Cost Comments
Per diem 4.0 day $100.00 $400
PPE, office supplies 4.0 day $50 $200
Shipping equipment, sample 1.0 ea $1,000 $1,000
Subtotal Cost $1,600 Per event
Materials Daily Cost $800 Per day
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B C D E F G H
Subcontract Units Unit Rate Total Cost Comments


Subtotal Cost $0


TOTAL COST $14,860.00 Per Event
TOTAL DAILY COST $7,430.00 Per Day
Physical survey monitoring event
Estimated duration: 2 days field time
Craft Labor Units Unit Rate Total Cost Comments
Project manager 1.0 day $1,200 $1,200 $150 per hr
Senior scientist 1.0 day $960 $960 $120 per hr
Survey crew 2.0 day $1,800 $3,600 $75 2 staff x 12 hr/day
Data analysis and report 2.0 day $1,280 $2,560 $80 2 staff
GIS, production 2.0 day $560 $1,120 $70 per hour
Subtotal Costs $9,440 Per event
Labor Daily Cost $4,720 Per day


Equipment Units Unit Rate Total Cost Comments
Vehicles 2.0 day $150 $300 van and fuel
Cell phones, radios 2.0 day $50 $100
dGPS 2.0 day $100 $200
Computer and survey software 2.0 day $50 $100


Subtotal Cost $700 Per event
Equipment Daily Cost $350 Per day


Materials Units Unit Rate Total Cost Comments
Per diem 4.0 day $100.00 $400
PPE, office supplies 4.0 day $50 $200
Shipping equipment, supplies 1.0 ea $1,000 $1,000
Subtotal Cost $1,600 Per event
Materials Daily Cost $800 Per day


Subcontract Units Unit Rate Total Cost Comments


Subtotal Cost $0


TOTAL COST $11,740 Per Event
TOTAL DAILY COST $5,870 Per Day
Ecologic survey monitoring event
Estimated duration: stations 2 days field time concurrent with sediment


days
Craft Labor Units Unit Rate Total Cost Comments
Project manager 1.0 day $1,200 $1,200 $150 per hr
Senior scientist 1.0 day $960 $960 $120 per hr
Survey crew 2.0 day $1,800 $3,600 $75 2 staff x 12 hr/day
Data analysis and report 2.0 day $1,280 $2,560 $80 2 staff
GIS, production 2.0 day $560 $1,120 $70 per hour


Subtotal Costs $9,440 Per event
Labor Daily Cost $4,720 Per day


Equipment Units Unit Rate Total Cost Comments
Vehicles 2.0 day $150 $300 van and fuel
Cell phones, radios 2.0 day $50 $100
dGPS 2.0 day $100 $200


Subtotal Cost $600 Per event
Equipment Daily Cost $300 Per day
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B C D E F G H
Materials Units Unit Rate Total Cost Comments
Per diem 4.0 day $100.00 $400
PPE, office supplies 4.0 day $50 $200
Shipping equipment, samples 1.0 ea $1,000 $1,000
Subtotal Cost $1,600 Per event
Materials Daily Cost $800 Per day


Subcontract Units Unit Rate Total Cost Comments


Subtotal Cost $0


TOTAL COST $11,640 Per Event
TOTAL DAILY COST $5,820 Per Day


DESIGN COSTS


Project manager $1,200 $150 per hour
Senior engineer $960 $120 per hour
Staff engineers $1,800 $75 per hour
CAD $600 $75 per hour
Tech support $480 $60 per hour
Labor total $5,040


Labor unit cost per hour $90.00
7 person office staff working 56 labor hours 
per day.


Load and Off-site Disposal
Estimated duration: 260 Tons divided by 260 tn/day production


1.0 days
Craft Labor Units Unit Rate Total Cost Comments
Equip operator 1.0 day $794 $794 $99 1 total
Laborer 1.0 day $1,303 $1,303 $81 2 total
QC officer 1.0 day $600 $600 $75


Subtotal Costs $2,697
Labor Unit Costs $10.37 Per Ton


Equipment Units Unit Rate Total Cost Comments
Loader 1.0 day $300 $300 3 cy wheel loader Means p 21
Decontamination system 1.0 day $100 $100


Subtotal Cost $400
Equipment Unit Costs $1.54 Per Ton


Materials Units Unit Rate Total Cost Comments
Health and safety equip 1.0 Days $200 $200 4 crew x $50/day
Per diem 1.0 Days $240 $240 2 crew x $120/day
Subtotal Cost $440
Material Unit Cost $1.69 Per Ton


Subcontract Units Unit Rate Total Cost Comments
Hazardous waste landfill 260 tons $391 $101,530 Clean Harbors $355 per ton plus 10% markup
Debris 13 tons $391 $5,077 for dioxins less than 10 time UTS
Subtotal Cost $106,607
Subcontract Unit Costs $410 Per Ton


TOTAL UNIT COST - HAZARDOUS WASTE LANDFILL $424 Per Ton
Incineration 260 tons $880 $228,800 Clean Harbors $800 per ton plus 10%
Subcontract Unit Cost $880 Per Ton
TOTAL UNIT COST - OFF-SITE INCINERATION $894 Per Ton
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B C D E F G H
On-site Incineration
Estimated duration: 260 Tons divided by 260 tn/day production


1.0 days
Craft Labor Units Unit Rate Total Cost Comments
Equip operator 1.0 day $794 $794 $99 1 total
Laborer 1.0 day $1,303 $1,303 $81 2 total
QC officer 1.0 day $600 $600 $75


Subtotal Costs $2,697
Labor Unit Costs $10.37 Per Ton


Equipment Units Unit Rate Total Cost Comments
Loader 1.0 day $300 $300 3 cy wheel loader Means p 21
Decontamination system 1.0 day $100 $100


Subtotal Cost $400
Equipment Unit Costs $1.54 Per Ton


Materials Units Unit Rate Total Cost Comments
Health and safety equip 1.0 Days $500 $500 10 crew x $50/day
Per diem 1.0 Days $480 $480 4 crew x $120/day
Subtotal Cost $980
Material Unit Cost $3.77 Per Ton


Subcontract Units Unit Rate Total Cost Comments
Incinerate dredged material 260 tons 600.00 $156,000 Ref: Incineration cost summary table.
Solid waste landfill of ash 1 tons 50.00 $50 Range $264 to $1,087 per ton for soil


Use $600 per ton
Subtotal Cost $156,050
Subcontract Unit Costs $600 Per Ton


TOTAL UNIT COST $616 Per Ton


Excavate Soil
Estimated duration: 400 cy divided by 400 icy/day production with 1 excavators


1.0 days icy = in-situ cubic yards
Craft Labor Units Unit Rate Total Cost Comments
Foreman 1.0 day $847 $847 $106 per hour
Equip operator 1.0 day $794 $794 $99 1 total on excavators 


Laborer 1.0 day $1,303 $1,303 $81 2 total


Subtotal Cost $2,944 $2,944 Rates confirmed with Means Building Costs
Labor Unit Cost 7.36 Per Cy


Equipment Units Unit Rate Total Cost Comments


Low-ground pressure excavator 1.0 day $890 $890 $890


2.0 cy excavator Means p 20 & 
www.machinerytrader Cat 345BL $3,000 per 
week


$0
Subtotal Cost $890 $890
Equipment Unit Cost $2.23 Per Cy


Materials Units Unit Rate Total Cost Comments
Health and safety equip 1.0 Days $450 $450 3 crew x $50/day


Small Tools 1.0 day $100 $100
$0


Subtotal Cost $550
Material Unit Cost $1.38 Per Cy
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B C D E F G H
Subcontract Units Unit Rate Total Cost Comments


Subtotal Cost $0 Per cy


TOTAL UNIT COST $10.96 Per Cy


Subcontract Units Unit Rate Total Cost Comments
Sediment - dioxins (8290) 1.0 ea $715 $715 Columbia 11/8/06 estimate +10% markup
Sediment grain size, TOC, solids 1.0 ea $175 $175
Sediment - 2,3,7,8 TCDD (8290) 1.0 ea $358 $358 Columbia + 10%
TCLP (131) 1.0 ea $94 $94
Metals (6020) 1.0 ea $185 $185
Pesticides (8081A) 1.0 ea $176 $176
Volatiles (8260B) 1.0 ea $138 $138
Semivolatiles (8270C) 1.0 ea $325 $325
Subtotal - dioxins and TCLP 1.0 ea $1,806 All above except 2,3,7,8 TCDD
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1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56


B C D E F G H I


Description No. Length Width Thickness Quantity calc. Quantity Units


Ft. Ft. Ft. (LF/SF/CF)


CAP EXTENSION
Excavation 1.0 60,500 1.0 2.5 151,250 5,602 cy
Silt base layer 1.0 60,500 1.0 0.5 30,250 1,815 tons
Geotextile 1.0 60,500 1.0 1 60,500 60,500 sf
Earth fill 1.0 60,500 1.0 1.5 90,750 5,445 tons
Topsoil and planting 1.0 60,500 1.0 1 60,500 60,500 sf


ALT 3 UPGRADE AND MAINTAIN EXISTING SURFACES 6.4 Acres


Cap Area 1 85,000
Cap Area 2 48,000
Cap Area 3 53,000
Parking - Southwest Centredale Manor 34,000
Parking - North Centredale Manor 27,000
Parking - South Brook Village 32,000
Total Cap Areas 186,000 186,000 4.3 Acres
Total Parking Lot Areas 93,000 93,000 2.1 Acres
Cap Extension Area 60,500 60,500 1.4 Acres


Clear existing vegetation
Cap areas 1.0 186,000 1 1 186,000 sf


Area 1 - fill 0.5 ft 1.0 85,000 1 0.5 42,500 2,550 tons
Area 2 - fill 0.5 ft 1.0 48,000 1 0.5 24,000 1,440 tons
Area 3 - fill average of 0.5 ft 1 53,000 1 0.5 26,500 1,590 tons
Total grading fill 5,580 tons


Topsoil and plantings 186,000 sf


Seal asphalt 93,000 sf
CAP EXTENTION


Excavation 1.0 60,500 1.0 0.5 30,250 1,120 cy
Silt base layer 1.0 60,500 1.0 0.5 30,250 1,815 tons
Geotextile 1.0 60,500 1.0 1 60,500 60,500 sf
Earth fill 1.0 60,500 1.0 1.5 90,750 5,445 tons
Topsoil and planting 1.0 60,500 1.0 1 60,500 60,500 sf


Principal Threat Waste 5,500 cy
TSCA/GB Soil Excavation 4,300 cy
Soil disposal In-place density 120 pcf tons
PTW 8,910 tons
TSCA/GB Soil 6,966 tons


Assume 100% of the PTW soils require incineration
Assume 10% of the TSCA/GB requires incineration. 


TSCA/GB Incineration 10% 697 tons
TSCA/GB landfill 90% 6,269 tons
Backfill 15,876 tons
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Volume Estimates
Source Area Soil Alternatives


1
2


B C D E F G H I


Description No. Length Width Thickness Quantity calc. Quantity Units


Ft. Ft. Ft. (LF/SF/CF)
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97


ALT 4 CONVERT TO RCRA CAPS AND MAINTAIN 6.4 Acres
Cap Area 1 85,000
Cap Area 2 48,000
Cap Area 3 53,000
Parking - Southwest Centredale Manor 34,000
Parking - North Centredale Manor 27,000
Parking - South Brook Village 32,000
Total Cap Areas 186,000 186,000 4.3 Acres
Total Parking Lot Areas 93,000 93,000 2.1 Acres


Use unit weight of 130 pcf for cap soils 1.76 tons per cy
1. CAP AREAS
Clear existing vegetation
Cap areas 1.0 186,000 1 1 186,000 sf
Fill to create 3% slope
Area 1 - fill 5 ft at center 1.0 85,000 1 2.5 212,500 12,750 tons
Area 2 - fill 1.5 ft at center 1.0 48,000 1 0.8 36,000 2,160 tons
Area 3 - no fill needed
Total grading fill 248,500 14,910 tons


Geomembrane 186,000 sf
Drain layer 1.0 186,000 1 1.0 186,000 6,889 cy


12,090 tons
Geotextile 186,000 sf
Protective soil layer 1.0 186,000 1 1.0 186,000 6,889 cy


12,090 tons
Topsoil (price with vegetation)


2. PAVEMENT AREAS
Demolish asphalt 93,000 sf
Fill for 3% slope - assume 1.0 ft 1.0 93,000 1 1.0 93,000 3,444 cy


6,045 tons
Geomembrane 93,000 sf
Drain layer 1.0 93,000 1 1.0 93,000 3,444 cy


6,045 tons
Geotextile 93,000 sf
Gravel base 1.0 93,000 1 1.0 93,000 3,444 cy


6,045 tons
Asphalt pavement 93,000 sf
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Volume Estimates
Source Area Soil Alternatives


1
2


B C D E F G H I


Description No. Length Width Thickness Quantity calc. Quantity Units


Ft. Ft. Ft. (LF/SF/CF)
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129


Utility clean corridors
Smith to Centredale Manor 720 lf
Smith to Brook Village 180 lf
Centredale to Steere Ave 100 lf
Total 1000 lf
Sewer lines 280 lf
Water lines 820 lf
Gas lines 820 lf
Power lines 820 lf
Telephone lines 820 lf
Communication cable 820 lf
Storm drains in parking lots 1 1200 1 1 1,200


4 120 1 1 480
2 180 1 1 360
2 240 1 1 480


Storm drains 2,520 lf
parking lot lighting - use same as storm drain
Lighting conduits 2,520 lf


CAP EXTENTION


Excavation 1.0 60,500 1.0 0.5 30,250 1,120 cy
Silt base layer 1.0 60,500 1.0 0.5 30,250 1,815 tons
Geotextile 1.0 60,500 1.0 1 60,500 60,500 sf
Geomembrane 1 60,500 1.0 1 60,500 60,500 sf
Drain layer 1.0 60,500 1.0 1.0 60,500 2,241 cy


3,933 tons
Geotextile 60,500 sf
Protective soil layer 1.0 60,500 1.0 1.0 60,500 2,241 cy


Topsoil and planting 1.0 60,500 1.0 1 60,500 60,500 sf
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Present Worth Costs
Source Area Groundwater Alternatives


1


2
3
4
5
6
7
8
9
10
11
12


13


14
15
16
17
18
19


A B C D E


ALT 1 No 
Action


ALT 2 
Excavation/ 
Dewatering


ALT 5 In-Situ 
Chemical 
Oxidation


Remdiation Area: 0.1 Acres Groundwater Area
Remediation Volume 1,300 Cubic Yards


Construction Cost $0 $1,826,193 $374,412
Design costs $0 $195,345 $230,692
Oversight & QC costs $0 $120,919 $98,580
Contingency 25% $0 $535,614 $175,921
Post-construction Monitoring $0


CAPITAL COSTS $0 $2,680,000 $880,000


Annual Monitoring & 
Maintenance Years $21,605 $24,418 $26,563


TOTAL PRESENT WORTH 
COSTS


$268,000 $2,980,000 $1,210,000


Notes:
Present worth factors for 7% discout factor
  Years 1 to 30 12.409
Costs for 5-year reviews covered under Source Area soil alternatives.


Source Area Groundwater Alternatives
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Construction Costs
Source Area Groundwater Alternatives


1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49


B C D E F G H I J K L M N


Description Quantity Units Daily 
output


Labor Equipment MaterialsSubcontract Labor Equipment Materials Subcontract TOTAL
CONSTRUCTION COSTS


ALT 2 Excavation/ Dewatering
Demolish asphalt 4,400 sf $1.16 $0 $0 $0 $5,084 $5,084
Sheet wall 5,700 sf 2,000 $1,965.52 $8,000.00 $17.50 $0.00 $11,203 $8,000 $99,750 $0 $118,953
Fill 1,716 tons 500 $12.87 $3.57 $33.06 $22,079 $6,126 $56,731 $0 $84,936
Geomembrane 4,400 sf $0.88 $0 $0 $0 $3,850 $3,850
Drain layer 286 tons 400 $17.13 $2.59 $37.50 $4,898 $742 $10,725 $0 $16,365
Geotextile 4,400 sf $0.38 $0 $0 $0 $1,650 $1,650
Gravel base 286 tons 500 $12.87 $3.57 $33.06 $3,680 $1,021 $9,455 $0 $14,156
New Asphalt 4,400 sf $1.59 $0 $0 $0 $6,985 $6,985
Remove and replace utilities
Sanitary sewer 180 lf 100 $50.31 $16.45 $122.40 $9,056 $2,961 $22,032 $0 $34,049
Water lines 0 lf 160 $31.45 $7.97 $35.58 $0 $0 $0 $0 $0
Gas lines 0 lf 160 $31.45 $7.97 $35.58 $0 $0 $0 $0 $0
Electric power lines 0 lf 150 $33.54 $8.83 $30.13 $0 $0 $0 $0 $0
Telephone lines 0 lf 150 $33.54 $8.83 $30.13 $0 $0 $0 $0 $0
Communication cables 0 lf 150 $33.54 $8.83 $30.13 $0 $0 $0 $0 $0
Storm drains 1,200 lf 160 $31.45 $7.97 $35.58 $37,735 $9,563 $42,694 $0 $89,991
Lighting conduits 1,200 lf 150 $33.54 $8.83 $30.13 $40,250 $10,600 $36,160 $0 $87,010
Superintentent & field engr 20 days $1,920 $38,400 $0 $0 $0 $38,400
Project manager 20 days $1,200 $24,000 $0 $0 $0 $24,000
Clerk 20 days $360 $7,200 $0 $0 $0 $7,200
Field office, utilities, vehicles 1 mo $4,575 $680 $0 $4,575 $680 $0 $5,255
Excavation Off-site Disposal
Off-site Incineration 458 tons $20.75 $4.58 $5.23 $880 $9,494 $2,094 $2,394 $402,688 $416,670
Hazardous Waste Landfill 1,830 tons $20.75 $4.58 $5.23 $410 $37,977 $8,378 $9,574 $750,510 $806,438
Wastewater Treatment
Dewatering 1 LS $0 $0 $8,000 $57,200 $0 $0 $8,000 $57,200 $65,200


$245,972 $54,059 $298,195 $1,227,967 $1,826,193


ALT 5 In-Situ Chemical Oxidation
ISCO Cool-Ox 2,222 CY 250 $68 $0 $0 $0 $151,018 $151,018
Superintentent & field engr 9 days $1,920 $17,067 $0 $0 $0 $17,067
Project manager 9 days $1,200 $10,667 $0 $0 $0 $10,667
Clerk 9 days $360 $3,200 $0 $0 $0 $3,200
Field office, utilities, vehicles 1 mo $4,575 $680 $0 $4,575 $680 $0 $5,255
2nd Injection
ISCO Cool-Ox 2,222 CY 250 $68 $0 $0 $0 $151,018 $151,018
Superintentent & field engr 9 days $1,920 $17,067 $0 $0 $0 $17,067
Project manager 9 days $1,200 $10,667 $0 $0 $0 $10,667
Clerk 9 days $360 $3,200 $0 $0 $0 $3,200
Field office, utilities, vehicles 1.0 mo $4,575 $680 $0 $4,575 $680 $0 $5,255


$61,867 $9,150 $1,360 $302,036 $374,412PRB (BIOWALL) -- TOTAL CONSTRUCTION COST


EXCAVATION/DEWATERING -- TOTAL CONSTRUCTION COST


CostsUnit Costs


Interim Final CMRP Feasibility Study Report
Appendix J J-122 April 2010







Design Costs
Source Area Groundwater Alternatives


3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40


B C D E F G H I J K L M
Description Quantity Units


Labor Equipment Materials Subcontract Labor Equipment Materials Subcontract TOTAL
DESIGN COSTS


ALT 2 Excavation/ Dewatering
Physical survey 2 day $4,720 $350 $800 $0 $9,440 $700 $1,600 $0 $11,740
Soil borings day $0 $2,400 $0 $0 $0 $0 $0 $0 $0
Well installation LF $24 $5 $4 $0 $0 $0 $0 $0 $0
Groundwater monitoring 2 day $7,000 $500 $800 $0 $14,000 $1,000 $1,600 $0 $16,600
Groundwater samples 7 each $715 $5,005 $5,005
Soil samples each $853 $0 $0
Wastewater samples each $1,722 $0 $0


$0 $0
Design report & calculations 400 hours $90 $36,000 $0 $0 $0 $36,000
Drawings - 10 sheets 800 hours $90 $72,000 $0 $0 $0 $72,000
Specifications 200 hours $90 $18,000 $0 $0 $0 $18,000
Work plans 400 hours $90 $36,000 $0 $0 $0 $36,000


$185,440 $1,700 $3,200 $5,005 $195,345


ALT 5 In-Situ Chemical Oxidation
Physical survey 2 day $4,720 $350 $800 $0 $9,440 $700 $1,600 $0 $11,740
Soil borings 5 day $0 $2,400 $0 $0 $0 $12,000 $0 $0 $12,000
Well installation 100 LF $24 $5 $4 $0 $2,434 $500 $350 $0 $3,284
Groundwater monitoring 2 day $7,000 $500 $800 $0 $14,000 $1,000 $1,600 $0 $16,600
Groundwater samples 14 each $715 $10,010 $10,010
Soil samples 75 each $853 $63,938 $63,938
Wastewater samples each $1,722 $0 $0
Soil oxidant demand tests 5 each $5,040 $600 $5,040 $3,000 $8,040
Treatability Test 2 days $5,040 $16,000 $10,080 $32,000 $42,080


$0 $0
Design report & calculations 150 hours $90 $13,500 $0 $0 $0 $13,500
Drawings - 3 sheets 300 hours $90 $27,000 $0 $0 $0 $27,000
Specifications 100 hours $90 $9,000 $0 $0 $0 $9,000
Work plans 150 hours $90 $13,500 $0 $0 $0 $13,500


$103,994 $14,200 $3,550 $108,948 $230,692IN SITU CHEMICAL OXIDATION DESIGN COST


Costs


EXCAVATION/ DEWATERING DESIGN COST


Unit Costs
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Construction Oversight Costs
Source Area Groundwater Alternatives


1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39


B C D E F G H I J K L M
Description Quantity Units


Labor Equipment Materials Subcontract Labor Equipment Materials Subcontract TOTAL
CONSTRUCTION OVERSIGHT COSTS


ALT 2 Excavation/ Dewatering
Project manager 20 days $1,200 $24,000 $0 $0 $0 $24,000
Resident engineer 20 days $960 $19,200 $0 $0 $0 $19,200
Water quality crew 2 days $2,160 $350 $800 $4,320 $700 $1,600 $0 $6,620
Survey crew 3 days $1,440 $350 $680 $4,320 $1,050 $2,040 $0 $7,410
Soil sample crew 0 days $1,440 $350 $680 $0 $0 $0 $0 $0
Admin support 20 days $360 $7,200 $0 $0 $0 $7,200
Field office 1 months $1,075 $0 $1,075 $0 $0 $1,075
Vehicles 1 months $2,500 $0 $2,500 $0 $0 $2,500
Cell phones, radios 1 months $750 $0 $750 $0 $0 $750
Utilities 1 months $250 $0 $250 $0 $0 $250
Well installation 60 LF $24 $5 $4 $0 $1,461 $300 $210 $0 $1,971
Soil confirmation samples 30 each $853 $0 $0 $0 $25,575 $25,575
Groundwater samples 10 each $715 $0 $0 $0 $7,150 $7,150
Wastewater samples 10 each $1,722 $0 $0 $0 $17,218 $17,218


$60,501 $6,625 $3,850 $49,943 $120,919


Project manager 9 days $1,200 $10,667 $0 $0 $0 $10,667
Resident engineer 9 days $960 $8,533 $0 $0 $0 $8,533
Water quality crew 2 days $2,160 $350 $800 $4,320 $700 $1,600 $0 $6,620
Survey crew 3 days $1,440 $350 $680 $4,320 $1,050 $2,040 $0 $7,410
Soil sample crew 2 days $1,440 $350 $680 $2,880 $700 $1,360 $0 $4,940
Admin support 9 days $360 $3,200 $0 $0 $0 $3,200
Field office 1 months $1,075 $0 $1,075 $0 $0 $1,075
Vehicles 1 months $2,500 $0 $2,500 $0 $0 $2,500
Cell phones, radios 1 months $750 $0 $750 $0 $0 $750
Utilities 1 months $250 $0 $250 $0 $0 $250
Soil confirmation samples 50 each $853 $0 $0 $0 $42,625 $42,625
Groundwater samples 14 each $715 $0 $0 $0 $10,010 $10,010
Wastewater samples 0 each $1,722 $0 $0 $0 $0 $0


$33,920 $7,025 $5,000 $52,635 $98,580


ALT 5 In-Situ Chemical Oxidation


PRB (Biowall)  OVERSIGHT COST


CostsUnit Costs


EXCAVATION/ DEWATERING OVERSIGHT COST
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Long-term Monitoring Costs
Source Area Groundwater Alternatives


3
4
5
6


7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22


23
24
25
26
27
28
29
30
31
32
33
34
35
36
37


38
39
40
41
42
43
44
45
46


B C D E F G H I J K L M
MONITORING COSTS


A.  Annual work years 1 to 
30
Groundwater monitoring 2 days $7,000 $500 $800 $14,000 $1,000 $1,600 $0 $16,600
Physical survey days $4,720 $350 $800 $0 $0 $0 $0 $0
Groundwater chemistry 7 $715 $0 $0 $0 $5,005 $5,005
Water chemistry $1,722 $0 $0 $0 $0 $0
Soil chemistry $715 $0 $0 $0 $0 $0
TOTAL ANNUAL MONITORING IN YEARS 1 TO 30 $21,605


B. Annual maintenace
Assume redevelopment of groundwater monitoring wells once every 5 years.
Redevelopment 5 wells $562.54 $0 $0 $0 $2,813 $2,813
ANNUAL MAINTENANCE $0 $0 $0 $0 $2,813


A.  Annual work years 1 to 
30
Groundwater monitoring 2 days $7,000 $500 $800 $14,000 $1,000 $1,600 $0 $16,600
Physical survey days $4,720 $350 $800 $0 $0 $0 $0 $0
Groundwater chemistry 10 $715 $0 $0 $0 $7,150 $7,150
Water chemistry $1,722 $0 $0 $0 $0 $0
Soil chemistry $715 $0 $0 $0 $0 $0
TOTAL ANNUAL MONITORING IN YEARS 1 TO 30 $23,750


$0
B. Annual maintenace $0
Assume redevelopment of groundwater monitoring wells once every 5 years.
Redevelopment 5 wells $562.54 $0 $0 $0 $2,813 $2,813
ANNUAL MAINTENANCE $0 $0 $0 $0 $2,813


A.  Annual work years 1 to 
30
Groundwater monitoring 2 days $7,000 $500 $800 $14,000 $1,000 $1,600 $0 $16,600
Physical survey days $4,720 $350 $800 $0 $0 $0 $0 $0
Groundwater chemistry 7 $715 $0 $0 $0 $5,005 $5,005
Water chemistry $715 $0 $0 $0 $0 $0
Soil chemistry $715 $0 $0 $0 $0 $0
TOTAL ANNUAL MONITORING IN YEARS 1 TO 30 $21,605


Costs for 5-year reviews covered under Source Area soil alternatives


No Further Action


ALT 2 Excavation/ Dewatering


ALT 5 In-Situ Chemical Oxidation
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Unit Costs
Source Area Groundwater Alternatives


1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68


B C D E F G H


Imported Fill - Site Grading and Protective Layer
Estimated duration: 500 Tons divided by 500 tn/day production


1.0 days
Craft Labor Units Unit Rate Total Cost Comments
Foreman 1.0 day $847 $847 $106  per hour
Equip operators 1.0 day $2,382 $2,382 $99 3 total 
QC technician 1.0 day $650 $650 $81 per hour
Laborer 1.0 day $1,955 $1,955 $81 3 total
Safety officer 1.0 day $600 $600 $75  per hour


Subtotal Cost $6,433 $6,433
Labor Unit Cost $12.87 Per Ton


Equipment Units Unit Rate Total Cost Comments
Loader 1.0 day $495 $495 3 cy wheel loader; Sunbelt Rentals 6/3/09
Grader 1.0 day $430 $430 Road grader Means p 596
Dozer to spread 1.0 day $860 $860 200 hp dozer Means p 21


$0
Subtotal Cost $1,785 $1,785
Equipment Unit Cost $3.57 Per Ton


Materials Units Unit Rate Total Cost Comments
Sand for cap 500 tons $30 $15,000 Truck delivery to site at $24 per ton +25%
Health and safety equip 1.0 Days $450 $450 9 crew x $50/day
Per diem 1.0 Days $1,080 $1,080 9 crew x $120/day
Subtotal Cost $16,530
Material Unit Cost $33.06 Per Ton


Subcontract Units Unit Rate Total Cost Comments
$0
$0


Subtotal Cost $0
TOTAL UNIT COST $49.50 Per Ton


Drain Layer over Membrane
Estimated duration: 300 tn divided by 400 tn/day production


0.8 Days
Craft Labor Units Unit Rate Total Cost Comments
Foreman 0.8 day $847 $635 $106 per hour
Equip operators 0.8 day $2,382 $1,786 $99 3 total
QC technician 1.0 day $650 $650 $81 per hour
Safety officer 1.0 day $600 $600 $75  per hour
Laborers 0.8 day $1,955 $1,466 $81 3 total
Subtotal Cost $5,138
Labor Unit Cost $17.13 Per Ton


Equipment Units Unit Rate Total Cost Comments
Dozer 0.8 day $688 $516 100 hp dozer; Sunbelt Rentals 6/3/09
Grader 0.8 day $350 $263 Small grader to spread
Loader to deliver material 0.8 day $495 $371 3 cy wheel loader; Sunbelt Rentals 6/3/09
Subtotal Cost $778
Equipment Unit Cost $2.59 Per Ton


Materials Units Unit Rate Total Cost Comments
$0


Drain gravel 300 Tons $38 $11,250 $30 per ton plus markup
Subtotal Cost $11,250
Material Unit Cost $37.50 Per Ton


Subcontract Units Unit Rate Total Cost Comments


Subtotal Cost $0
Subcontract Unit Cost $0.00 Per Ton
TOTAL UNIT COST $57.22 Per Ton
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Unit Costs
Source Area Groundwater Alternatives


69
70
71
72
73
74
75
76
77
78
79
80
81
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84
85
86
87
88
89
90
91
92
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94
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96
97
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99
100
101
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105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
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125
126
127
128
129
130
131
132
133
134
135
136
137


B C D E F G H
Clean Corridor - Sanitary Sewer
Estimated duration: 100 lf divided by 100 lf/day production


1.0 Days
Craft Labor Units Unit Rate Total Cost Comments
Foreman 1.0 day $847 $847 $106 Trench excavation/ backfill Mean p. 51
Equip operators 1.0 day $1,588 $1,588 $99 4' W x 10' D = 1.5 cy/lf
Laborers 1.0 day $1,955 $1,955 $81 24" concrete pipe Mean p 61 100 lf/day
Truck driver 1.0 day $642 $642 $80


day $0
Subtotal Cost $5,031
Labor Unit Cost $50.31 Per lf


Equipment Units Unit Rate Total Cost Comments
1.0 day $105 $105 Compactor on loader Mean p 20


Excavator 1.0 day $825 $825 1.5 cy excavator; Sunbelt Rentals 6/3/09
Loader 1.0 day $235 $235 1.5 cy wheel loader Means p 21
Highway trucks (1) 1.0 day $480 $480 16 ton truck Means p 22


Subtotal Cost $1,645
Equipment Unit Cost $16.45 Per lf


Materials Units Unit Rate Total Cost Comments
Health and safety equip 1.0 Days $350 $350 7 crew x $50/day
Per diem 1.0 Days $840 $840 7 crew x $120/day
24" pipe 100 lf $13 $1,300 Mean p 51
Imported backfill 260 tons $38 $9,750 $30 per ton plus markup


$0
$0


Subtotal Cost $12,240
Material Unit Cost $122.40 Per lf


Subcontract Units Unit Rate Total Cost Comments
$0 Place excavated soil under landfill cover


Subtotal Cost $0
Subcontract Unit Cost $0.00 Per lf
TOTAL UNIT COST $189.16 Per lf


Clean Corridor - Water or Gas Lines or Storm drains
Estimated duration: 160 lf divided by 160 lf/day production


1.0 Days
Craft Labor Units Unit Rate Total Cost Comments
Foreman 1.0 day $847 $847 $106 Trench excavation/ backfill Mean p. 50
Equip operators 1.0 day $1,588 $1,588 $99 2' W x 4' D = 0.3 cy/lf
Laborers 1.0 day $1,955 $1,955 $81 6" DIP pipe Mean p 59 160 lf/day
Truck driver 1.0 day $642 $642 $80


day $0
Subtotal Cost $5,031
Labor Unit Cost $31.45 Per lf


Equipment Units Unit Rate Total Cost Comments
1.0 day $105 $105 Compactor on loader Mean p 20


Excavator 1.0 day $550 $500 1.0 cy excavator; Sunbelt Rentals 6/3/09
Loader 1.0 day $190 $190 1.0 cy wheel loader Means p 21
Highway trucks (1) 1.0 day $480 $480 16 ton truck Means p 22


Subtotal Cost $1,275
Equipment Unit Cost $7.97 Per lf


Materials Units Unit Rate Total Cost Comments
Health and safety equip 1.0 Days $350 $350 7 crew x $50/day
Per diem 1.0 Days $840 $840 7 crew x $120/day
6" DIP or 3" gas pipe 160 lf $21 $3,300 Seekonk Supply 6/1/09
Imported backfill 52 tons $23 $1,203 $18.50 per ton plus markup; quote Pascale 6/1/09


$0
$0


Subtotal Cost $5,693
Material Unit Cost $35.58 Per lf
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B C D E F G H
Subcontract Units Unit Rate Total Cost Comments


$0 Place excavated soil under landfill cover


Subtotal Cost $0
Subcontract Unit Cost $0.00 Per lf
TOTAL UNIT COST $74.99 Per lf


Clean Corridor - Electrical or communication utilities
Estimated duration: 150 lf divided by 150 lf/day production


1.0 Days
Craft Labor Units Unit Rate Total Cost Comments
Foreman 1.0 day $847 $847 $106 Trench excavation/ backfill Mean p. 50
Equip operators 1.0 day $1,588 $1,588 $99 2' W x 4' D = 0.3 cy/lf
Laborers 1.0 day $1,955 $1,955 $81 2" conduit in trench Means p 469 150 lf/dy
Truck driver 1.0 day $642 $642 $80


day $0
Subtotal Cost $5,031
Labor Unit Cost $33.54 Per lf


Equipment Units Unit Rate Total Cost Comments
1.0 day $105 $105 Compactor on loader Mean p 20


Excavator 1.0 day $550 $550 1.0 cy excavator; Sunbelt Rentals 6/3/09
Loader 1.0 day $190 $190 1.0 cy wheel loader Means p 21
Highway trucks (1) 1.0 day $480 $480 16 ton truck Means p 22


Subtotal Cost $1,325
Equipment Unit Cost $8.83 Per lf


Materials Units Unit Rate Total Cost Comments
Health and safety equip 1.0 Days $350 $350 7 crew x $50/day
Per diem 1.0 Days $840 $840 7 crew x $120/day
Conduit 150 lf $5.00 $750 Mean p 59 or 64
wires 150 lf $4.20 $630 (3) 4/0 Means p 467
Imported backfill 52 tons $38 $1,950 $30 per ton plus markup


$0
$0


Subtotal Cost $4,520
Material Unit Cost $30.13 Per lf


Subcontract Units Unit Rate Total Cost Comments
$0 Place excavated soil under landfill cover


Subtotal Cost $0
Subcontract Unit Cost $0.00 Per lf
TOTAL UNIT COST $72.51 Per lf


Excavate, Haul, Stockpile Existing Soil
Estimated duration: 600 cy divided by 600 cy/day production


1.0 Days
Craft Labor Units Unit Rate Total Cost Comments
Foreman 1.0 day $847 $847 $106 per  hour
Equip operators 1.0 day $2,382 $2,382 $99 3 total
Laborers 1.0 day $1,955 $1,955 $81 3 total
Truck drivers 1.0 day $1,926 $1,926 $80 3 total


$0
Subtotal Cost $7,109
Labor Unit Cost $11.85 Per CY


Equipment Units Unit Rate Total Cost Comments
Dozer 1.0 day $860 $860 200 hp dozer Means p 21
Excavator 1.0 day $890 $890 2.0 cy excavator Means p 20
Loader 1.0 day $495 $495 3 cy wheel loader; Hillview Equipment 6/1/09
Highway trucks (3) 1.0 day $1,440 $1,440 16 ton truck Means p 22


Subtotal Cost $3,685
Equipment Unit Cost $6.14 Per CY
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Materials Units Unit Rate Total Cost Comments


$0 PPE not needed for work on clean soil.
Tons $30 $0


$0
$0


Subtotal Cost $0
Material Unit Cost $0.00 Per CY


Subcontract Units Unit Rate Total Cost Comments


Subtotal Cost $0
Subcontract Unit Cost $0.00 Per Cy
TOTAL UNIT COST $17.99 Per cy


SUBCONTRACT CONSTRUCTION COSTS
Unit Rate Total Cost


60 mil geomembrane
Labor 1 SF 0.13 $0.13 sf US Fabrics 6/1/09  0.10/sf installed


Equipment 1 SF 0.25 $0 sf Estimate
Material 1 SF 0.50 $0.50 sf US Fabrics 6/1/09 $0.40/sf


Unit Cost $0.88 sf


Geotextile - 16 oz
Labor 1 sy 0.13 $0.13 sf US Fabrics 6/1/09  0.10/sf installed


Equipment 1 sy
Material 1 sy 0.25 $0.25 sf US Fabrics 6/1/09 $0.20/sf


$0.38 sf


Asphalt Pavement $1.05 sf Binder--Narrangansett Improvement 6/1/09
Asphalt seal coat $0.54 sf Top--Narrangansett Improvement 6/1/09


Total $1.59 sf


Remove pavement $3.90 sy Means p 37 3 in. thick
Off-site disposal/recycling $6.50 sy 145 pcf x 2.25 cf/sy x $ 40 per ton


Total $1.16 sf


Load and Off-site Disposal
Estimated duration: 130 Tons divided by 130 tn/day production


1.0 days
Craft Labor Units Unit Rate Total Cost Comments
Equip operators 1.0 day $794 $794 $99 1 total
Laborer 1.0 day $1,303 $1,303 $81 2 total
QC officer 1.0 day $600 $600 $75


Subtotal Costs $2,697
Labor Unit Costs $20.75 Per Ton


Equipment Units Unit Rate Total Cost Comments
Loader 1.0 day $495 $495 3 cy wheel loader; Sunbelt Rentals 6/3/09
Decontamination system 1.0 day $100 $100


Subtotal Cost $595
Equipment Unit Costs $4.58 Per Ton


Materials Units Unit Rate Total Cost Comments
Health and safety equip 1.0 Days $200 $200 4 crew x $50/day
Per diem 1.0 Days $480 $480 4 crew x $120/day
Subtotal Cost $680
Material Unit Cost $5.23 Per Ton


Subcontract Units Unit Rate Total Cost Comments
Hazardous waste landfill 130 tons $391 $50,765 Clean Harbors $355 per ton plus 10% markup
Debris 7 tons $391 $2,538 for dioxins less than 10 time UTS
Subtotal Cost $53,303
Subcontract Unit Costs $410 Per Ton


TOTAL UNIT COST - HAZARDOUS WASTE LANDFILL $441 Per Ton
Incineration 130 tons $880 $114,400 Clean Harbors $800 per ton plus 10%
Subcontract Unit Cost $880 Per Ton
TOTAL UNIT COST - OFF-SITE INCINERATION $911 Per Ton
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B C D E F G H


Dewatering
Estimated duration: 1 LS divided by 1 LS production


1.0 days
Craft Labor Units Unit Rate Total Cost Comments
Equip operators 1.0 day $0 $0 $99 1 total
Laborer 1.0 day $0 $0 $81 2 total
QC officer 1.0 day $0 $0 $75


Subtotal Costs $0
Labor Unit Costs $0.00 Per Job


Equipment Units Unit Rate Total Cost Comments
1.0 day $0 $0
1.0 day $0 $0


Subtotal Cost $0
Equipment Unit Costs $0.00 Per Job


Materials Units Unit Rate Total Cost Comments
Misc. hoses, pumps 1.0 Days $8,000 $8,000
Subtotal Cost $8,000
Material Unit Cost $8,000.00 Per Job


Subcontract Units Unit Rate Total Cost Comments
Treatment equipment 1 LS $57,200 $57,200 CleanHarbor; HighlandTanks $52,000 plus 10% markup
Subtotal Cost $57,200
Subcontract Unit Costs $57,200 Per Job


TOTAL UNIT COST - DEWATERING $65,200 Per Job


Sheet Wall Installation
Estimated duration: 1 sf divided by 2,000 sf/day production


0.0 days
Craft Labor Units Unit Rate Total Cost Comments
Equip operators 1.0 day $794 $794 $99 incl. below
Laborer 1.0 day $652 $652 $81 2 total
QC officer 1.0 day $520 $520 $75


Subtotal Costs $1,966
Labor Unit Costs $1,965.52 Per Day or Per 1,000 sf


Equipment Units Unit Rate Total Cost Comments
Mobilization 1.0 LS $8,000 $8,000 Specialized equipment


1.0 LS $0 $0


Subtotal Cost $8,000
Equipment Unit Costs $8,000.00 LS


Materials Units Unit Rate Total Cost Comments
1.0 sf $17.50 $17.50 Custom Metal Fabricating 6/1/09


Subtotal Cost $18
Material Unit Cost $17.50 Per SF


Subcontract Units Unit Rate Total Cost Comments
Sheet wall 1.0 sf $0.00 $0.00
Subtotal Cost $0
Subcontract Unit Costs $0 Per sf


TOTAL UNIT COST - SHEET WALL
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ISCO
Estimated duration: 250 CY divided by 250 CY/day production


1.0 days
Craft Labor Units Unit Rate Total Cost Comments
Equip operators 1.0 day $0 $0 $99
Laborer 1.0 day $0 $0 $81
QC officer 1.0 day $0 $0 $75


Subtotal Costs $0
Labor Unit Costs $0.00 Per CY


Equipment Units Unit Rate Total Cost Comments
Loader 1.0 day $0 $0
Decontamination system 1.0 day $0 $0


Subtotal Cost $0
Equipment Unit Costs $0.00 Per CY


Materials Units Unit Rate Total Cost Comments
Health and safety equip 1.0 Days $0 $0 Incl.
Subtotal Cost $0
Material Unit Cost $0.00 Per CY


Subcontract Units Unit Rate Total Cost Comments
Cool-Ox 250 cy $68 $16,990 Deep Earth Tech $61.78 per cy plus 10% markup
Subtotal Cost $16,990
Subcontract Unit Costs $68 Per CY


TOTAL UNIT COST - HAZARDOUS WASTE LANDFILL $68 Per CY


Soil Boring
Estimated duration: 100 LF divided by 100 LF/day production


1.0 days
Craft Labor--incl. Units Unit Rate Total Cost Comments
Foreman 1.0 day $847 $106  per hour
Equip operators 1.0 day $1,588 $99 2 total 


Subtotal Cost $2,434 $0
Labor Unit Cost $0.00 Per LF


Equipment Units Unit Rate Total Cost Comments
Drill rig and crew 1.0 day $2,400 $2,400 Means CPT rig


$0
Subtotal Cost $2,400 $2,400
Equipment Unit Cost $24.00 Per LF


Materials--incl. Units Unit Rate Total Cost Comments
Sand; grout 1.0 LS $30 $0 included
Health and safety equip 1.0 Days $450 $0 9 crew x $50/day
Per diem 1.0 Days $1,080 $0 local crew
Subtotal Cost $0
Material Unit Cost $0.00 Per LF


Subcontract Units Unit Rate Total Cost Comments
$0
$0


Subtotal Cost $0
TOTAL UNIT COST $2,400.00 Per Day
TOTAL UNIT COST $24.00 Per LF
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Well Installation
Estimated duration: 100 LF divided by 100 LF/day production


1.0 days
Craft Labor--incl. Units Unit Rate Total Cost Comments
Foreman 1.0 day $847 $847 $106  per hour
Equip operators 1.0 day $1,588 $1,588 $99 2 total 


Subtotal Cost $2,434 $2,434
Labor Unit Cost $24.34 Per LF


Equipment Units Unit Rate Total Cost Comments
Drill rig 1.0 day $500 $500 Means CPT rig


$0
Subtotal Cost $500 $500
Equipment Unit Cost $5.00 Per LF


Materials--incl. Units Unit Rate Total Cost Comments
Piping; Sand; grout 100 LF $2 $200 LF
Health and safety equip 1.0 day $150 $150 3 crew x $50/day
Per diem 1.0 day $360 $0 local crew
Subtotal Cost $350
Material Unit Cost $3.50 Per LF


Subcontract Units Unit Rate Total Cost Comments
$0
$0


Subtotal Cost $0
TOTAL UNIT COST $32.84 Per LF


Well Development
Estimated duration: 5 wells divided by 5 wells/day production


1.0 days
Craft Labor--incl. Units Unit Rate Total Cost Comments
Equip operators 1.0 day $1,588 $1,588 $99 2 total 


Subtotal Cost $1,588 $1,588
Labor Unit Cost $317.54 Per well


Equipment Units Unit Rate Total Cost Comments
Development rig 1.0 day $300 $300 Quote


$0
Subtotal Cost $300 $300
Equipment Unit Cost $60.00 Per well


Materials--incl. Units Unit Rate Total Cost Comments
Drums 5 LF $35 $175
Health and safety equip 1.0 day $100 $100 2 crew x $50/day
Per diem 1.0 day $360 $0 local crew
Subtotal Cost $275
Material Unit Cost $55.00 Per well


Subcontract Units Unit Rate Total Cost Comments
Water disposal 2 drum $150 $300 Assume hazardous
Transportation 1 LS 350.00 $350
Subtotal Cost $650
Subcontractor Unit Cost $130.00 Per well


Subtotal Cost $2,813
TOTAL UNIT COST $562.54 Per well
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B C D E F G H
Oversight
Craft Labor Units Unit Rate Total Cost Comments
Project manager 1.0 day $1,200 $1,200 $150 per hr
Resident engineer 1.0 day $960 $960 $120 per hr
Superintendent 1.0 day $899 $899 $112 per hr
Sample crew 1.0 day $1,440 $1,440 $90 2 staff
Survey crew 1.0 day $1,200 $1,200 $75 2 staff
Admin support 1.0 day $360 $360 $45
Labor Daily  Costs $6,059 Per day


Monthly Equipment Units Unit Rate Total Cost Comments
$0


Field office 1.0 mo $1,075 $1,075 trailer, copier, fax, water, chemical toilets
Vehicles 1.0 mo $2,500 $2,500 2 trucks and fuel
Cell phones, radios 1.0 mo $750 $750 4 phones, 3 radios
Utilities 1.0 mo $250 $250
Equipment Monthly Cost 4,575 $4,575 Per Month


Daily Equipment
Vehicles 1 day 150 $150
Cell phones, radios 1.0 day $50 $50
dGPS 1.0 day $100 $100
Computer and survey software 1.0 day $50 $50


Daily Equipment Cost $350 Per Day


Materials Units Unit Rate Total Cost Comments
Per diem 1.0 day $480.00 $480 4 field crew x $120/day
PPE, office supplies 1.0 day $200 $200 4 field crew x $50/day
Subtotal Cost 680 $680 Per day


Subcontract Units Unit Rate Total Cost Comments
Soil - dioxins (8290) 1.0 ea $715 $715 Columbia 11/8/06 estimate +10% markup
Soil grain size, TOC, solids 1.0 ea $175 $175
Soil - 2,3,7,8 TCDD (8290) 1.0 ea $358 $358 Columbia + 10%
TCLP (131) 1.0 ea $94 $94
Metals (6020) 1.0 ea $185 $185
Pesticides (8081A) 1.0 ea $176 $176
Volatiles (8260B) 1.0 ea $138 $138
Semivolatiles (8270C) 1.0 ea $325 $325
Subtotal - dioxins and all TCLP 1.0 ea $1,806 All above except 2,3,7,8 TCDD
Subtotal - 2,3,7,8 TCDD and VOC 1.0 ea $853 2,3,7,8-TCDD and VOCs only


BOD 1.0 ea $52 $52 Means
Oil & grease 1.0 ea $39 $39 Means
TCLP (131) 1.0 ea $94 $94
Metals (6020) 1.0 ea $185 $185
Pesticides (8081A) 1.0 ea $176 $176
Volatiles (8260B) 1.0 ea $138 $138
Semivolatiles (8270C) 1.0 ea $325 $325
Water - dioxins 1.0 ea $715 $715
Subtotal water chemistry $1,722


Water - dioxins 1.0 ea $715 $715
Subtotal Cost $4,243


Groundwater monitoring event
Estimated duration: 2 days to mobilize and sample


days
Craft Labor Units Unit Rate Total Cost Comments
Project manager 1.0 day $1,200 $1,200 $150 per hr
Senior scientist 1.0 day $960 $960 $120 per hr
Groundwater sample crew 2.0 day $2,160 $4,320 $90 2 staff x 12 hr/day
Data analysis and report 5.0 day $1,280 $6,400 $80 2 staff
GIS, production 2.0 day $560 $1,120 $70 per hour
Subtotal Costs $14,000 Per event
Labor Daily Cost $7,000 Per day
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B C D E F G H
Equipment Units Unit Rate Total Cost Comments
Vehicles 2.0 day $150 $300 van and fuel
Cell phones, radios 2.0 day $50 $100
dGPS 2.0 day $100 $200
Computer and survey software 2.0 day $50 $100
Core equipment 2.0 day $150 $300


Subtotal Cost $1,000 Per event
Equipment Daily Cost $500 Per day


Materials Units Unit Rate Total Cost Comments
Per diem 4.0 day $100.00 $400
PPE, office supplies 4.0 day $50 $200
Shipping equipment, sample 1.0 ea $1,000 $1,000
Subtotal Cost $1,600 Per event
Materials Daily Cost $800 Per day


Subcontract Units Unit Rate Total Cost Comments


Subtotal Cost $0


TOTAL COST $16,600.00 Per Event
TOTAL DAILY COST $8,300.00 Per Day
Physical survey monitoring event
Estimated duration: 2 days field time
Craft Labor Units Unit Rate Total Cost Comments
Project manager 1.0 day $1,200 $1,200 $150 per hr
Senior scientist 1.0 day $960 $960 $120 per hr
Survey crew 2.0 day $1,800 $3,600 $75 2 staff x 12 hr/day
Data analysis and report 2.0 day $1,280 $2,560 $80 2 staff
GIS, production 2.0 day $560 $1,120 $70 per hour
Subtotal Costs $9,440 Per event
Labor Daily Cost $4,720 Per day


Equipment Units Unit Rate Total Cost Comments
Vehicles 2.0 day $150 $300 van and fuel
Cell phones, radios 2.0 day $50 $100
dGPS 2.0 day $100 $200
Computer and survey software 2.0 day $50 $100


Subtotal Cost $700 Per event
Equipment Daily Cost $350 Per day


Materials Units Unit Rate Total Cost Comments
Per diem 4.0 day $100.00 $400
PPE, office supplies 4.0 day $50 $200
Shipping equipment, supplies 1.0 ea $1,000 $1,000
Subtotal Cost $1,600 Per event
Materials Daily Cost $800 Per day


Subcontract Units Unit Rate Total Cost Comments


Subtotal Cost $0


TOTAL COST $11,740 Per Event
TOTAL DAILY COST $5,870 Per Day


DESIGN COSTS


Project manager $1,200 $150 per hour
Senior engineer $960 $120 per hour
Staff engineers $1,800 $75 per hour
CAD $600 $75 per hour
Tech support $480 $60 per hour
Labor total $5,040
Labor unit cost per hour $90.00 7 person office staff working 56 labor hours per day.


Interim Final CMRP Feasibility Study Report
Appendix J J-134 April 2010







Volume Estimates
Source Area Groundwater Alternatives


1
2
3
4
5
6
7
8
9


10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36


A B C D E F G H I


Description No. Length Width Thickness Quantity calc. Quantity Units


Ft. Ft. Ft. (LF/SF/CF)


EXCAVATION
Length along river 86 50 8
Length near MW-03S 90
Total Area 4,400 0.1 Acres
Total Volume 1,304 cy


Use unit weight of 130 pcf for cap soi 1.76 tons per cy
Demolish asphalt 4,400 sf
Fill for 3% slope - assume 1.0 ft 1.0 4,400 1 6.0 26,400 978 cy


1,716 tons
Geomembrane 4,400 sf
Drain layer 1.0 4,400 1 1.0 4,400 163 cy


286 tons
Geotextile 4,400 sf
Gravel base 1.0 4,400 1 1.0 4,400 163 cy


286 tons
Asphalt pavement 4,400 sf


Utility clean corridors
Smith to Centredale Manor 0 lf
Smith to Brook Village 180 lf
Centredale to Steere Ave 0 lf
Total 180 lf
Sewer lines 180 lf
Water lines 0 lf
Gas lines 0 lf
Power lines 0 lf
Telephone lines 0 lf
Communication cable 0 lf
Storm drains in parking lots 1 1200 1 1 1,200
Storm drains 1,200 lf
parking lot lighting - use same as storm drain
Lighting conduits 1,200 lf
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Description No. Length Width Thickness Quantity calc. Quantity Units


Ft. Ft. Ft. (LF/SF/CF)
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SHEET WALL
Length to surround source area 350 60 2
Cross-Section Area 21,000 sf
Saw-cut Area 700 sf
Total Volume 42,000 1,556 cy


Use unit weight of 130 pcf for cap soi 1.76 tons per cy
Demolish asphalt 700 sf
Sheet or slurry wall 1.0 350 60 2.0 42,000 1,556 cy


2,730 tons
Geotextile 700 sf
Asphalt pavement 700 sf


Sewer lines 18 lf
Water lines 0 lf
Gas lines 0 lf
Power lines 0 lf
Telephone lines 0 lf
Communication cable 0 lf
Storm drains 20 lf
parking lot lighting - use same as storm drain
Lighting conduits 20 lf


Length along base of source area 190 30 2.0
Cross-Section Area 5,700 sf


IN SITU CHEMICAL OXIDATION
Application Area 100 50 5,000 sf
Total Volume 12.0 60,000 2,222 cy
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COMPARATIVE NET RISK ANALYSIS FOR SEDIMENT ALTERNATIVES 
 
 
K.1 Introduction 
 
Appendix K presents a variety of information relevant to the comparative analysis of potential remedial 
alternatives identified for addressing contamination of sediment in Allendale and Lyman Mill Ponds. 
 
In Section K.2, impacts to floodplain and wetland habitats associated with the implementation of each of 
the potential alternatives are quantified as part of the decision process involved in complying with 
Executive Orders 11990 and 11988.  The mitigative measures that can be taken to address unavoidable 
habitat losses associated with the alternatives selected for detailed analysis in Section 6.0 of this 
Feasibility Study (FS) report are discussed in Section K.3. 
 
The short-term risks to human and ecological receptors associated with remedy implementation are 
discussed in Section K.4, and Section K.5 presents technical details and results of calculations for the 
relative human health and ecological risk/hazard of the remedial alternatives considered for detailed 
analysis in Section 6.0 of the FS.  Finally, the ecological literature concerning recovery rates in freshwater 
aquatic ecosystems is summarized in Section K.6. 
 
K.2 Wetland/Floodplain Habitat Impacts Associated with Remedial Alternative Implementation 
 
Federal regulations require that adverse impacts to wetland (under Executive Order 11990, 
40CFR6.302(a)) and floodplain (under Executive Order 11988, 40 CFR 6.302(b)) areas be avoided 
wherever there is a practicable alternative to address contamination at a site.  Floodplain regulatory 
requirements focus on avoiding, to the extent possible, the long- and short-term adverse impacts 
associated with the occupancy and modification of floodplains and to avoid direct or indirect support of 
floodplain development wherever there is a practicable alternative.  Wetland regulatory requirements 
focus on avoiding, to the extent possible, the long- and short-term adverse impacts associated with the 
destruction or modification of wetlands and to avoid direct or indirect support of new construction in 
wetlands wherever there is a practicable alternative. 
 
The overall impacts associated with implementing the identified remedial technologies for Allendale and 
Lyman Ponds are discussed in detail in Sections 5.0 and 6.0 of the FS.  The establishment of temporary 
work areas and access ramps will result in a temporary occupancy and the destruction of wetland plants in 
floodplain and wetland areas, respectively.  However, these are short-term impacts that will be rectified as 
part of the overall remedy implementation and are only briefly discussed in Section K.4, below.  Other 
potential impacts on wetlands and floodplains, of the type not covered by the Executive Orders, are also 
discussed in Sections 5.0 and 6.0 of the FS. 
 
Table K-1 presents a summary of the floodplain and wetland habitat alterations anticipated following 
implementation of each of the remedial alternatives.  Among the sediment remedial alternatives that were 
retained, the amount of floodplain/wetland habitat would be affected under the Alternatives 10 (Dam 
Replacement, Excavation and Disposal and/or Treatment; Section 6.2.4.1) and 11 (Dam Replacement, 
Partial Excavation, Isolation Capping and Disposal and/or Treatment; Section 6.2.5.1). 
 
Occupancy of the floodplains would occur when dam removal or replacement is combined with removal 
and treatment technologies that would result in floodplain area being created and then filled (i.e., all 
treatment options for Alternatives 10 and 11).  Dam removal or replacement would also result in the 
destruction of some bordering wetlands due to the lowering of the water table.  In the case of all of these 
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alternatives, a determination would first need to be made concluding that there is no other practicable 
alternative. 
 
K.3 Mitigation 
 
In April 2008, United States Army Corps of Engineers (USACE) and United States Environmental 
Protection Agency (EPA) issued joint regulations on compensatory mitigation for losses of aquatic 
resources that are referred to as the final mitigation rule (USACE, 2008a).  The USACE, subsequently 
prepared proposed revisions of New England District Compensatory Mitigation Guidance (hereinafter 
“guidance”; USACE, 2009) with the public comment period ending on 1 February 2010 (USACE, 2009).  
Compensatory mitigation refers to an action taken which provides an alternative aquatic resource to 
compensate for that which is unavoidably lost as a result of project execution (USACE, 2009).  
Compensatory mitigation can include “created, restored, enhanced wetlands, streams, mudflats, etc. and 
preserved wetlands, streams, and/or uplands provided by the permittee through a mitigation bank or in 
lieu-fee program” (USACE, 2009).  The terms creation, enhancement, and restoration have specific 
meaning that is relevant to this discussion: “wetland creation” involves the transformation of upland or 
deepwater habitat that is not wetland now nor has been in the past into wetland; “wetland enhancement” 
refers to the improvement of wetland functions in an existing (degraded) wetland; and, “wetland 
restoration” refers to the re-establishment of wetland habitat in an area that was historically wetland but 
was filled, dredged or excavated and no longer possesses wetland attributes (USACE, 2009).  The Rhode 
Island Department of Environmental Management (RIDEM) has also developed rules and regulations 
related to enforcement of the Rhode Island Fresh Water Wetland Act (Sections 2-1-18 through 2-1-25 of 
the Rhode Island General Law., that provide guidance related to wetland mitigation (RIDEM, 2009). 
 
The overall sequence of mitigation includes a progression (from most to least preferred) of avoidance, 
minimization, and compensation, and the guidance specifies a preference for “in-kind” rather than “out-
of-kind” mitigation and restoration over creation or enhancement.  The guidance also discusses the need 
for mitigation for wetland losses at both spatial and temporal scales, the latter occurring whenever there is 
a temporary disruption in the delivery of services provided by a functioning wetland system.  In addition, 
the importance of ensuring that mitigated resources and functions are preserved in perpetuity is stressed 
along with the role of upland habitat buffers for protection.  Finally, specific guidance regarding the 
magnitude of mitigation necessary to compensate for project impacts, both direct permanent and 
temporary and/or secondary impacts (i.e., recommended “mitigation ratios”) is also provided, although 
the document emphasizes the importance of flexibility in the decision process and in considering the 
overall project objectives and site-specific constraints (USACE, 2009). 
 
A more detailed analysis of the nature, magnitude, and location of mitigative measures for the selected 
sediment and floodplain soil alternatives will be conducted during the design phase and a mitigation plan 
will be prepared, as required by the final mitigation rule.  An analysis will also have to be conducted to 
insure that the proposed activities meet the substantive requirements of Rule 10.0 (“Application to Alter a 
Freshwater Wetland”) from the RIDEM rules and regulations.  The evaluation process will include further 
discussion on the required mitigation measures, with regulatory staff responsible for administering 
relevant regulations,1 and a determination of the availability of upland areas for restoration, creation and 
preservation components of the proposed mitigation.  Details such as the specific plant species, required 
planting densities, and measures to reduce impacts of herbivory (mammals, insects) and limit 
establishment of invasive plants will also be identified at this time.  It is anticipated that an adaptive 
management approach will be employed to ensure that the process is optimized throughout the 


                                                 
1 Applicable or Relevant and Appropriate Requirements (ARARs) for each of the alternatives selected retained for 
detailed analysis are provided in individual tables in Section 6. 
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implementation and monitoring phases.  The following general assumptions have been identified as part 
of the preliminary planning process: 
 


 There will be no mitigation for loss of Submerged Aquatic Vegetation (SAV) – while existing 
submerged plants provide habitat structure, forage and refugia for various aquatic (e.g., insects, 
fish) and aquatic-dependent wildlife (e.g., ducks), this plant community is dominated by exotic 
nuisance species that have become naturalized in the U.S.  Where most established, particularly 
throughout a majority of Lyman Mill Pond, growth of invasive SAV species is likely having a net 
detrimental impact on the overall habitat quality because dense populations can impede fish 
mobility and reduce oxygen levels.  It is expected that the remediated ponds will be quickly re-
colonized by propagules from upstream locations; Greystone Mill Pond has a well-established 
SAV community, for instance. 


 Replacement flood storage capacity is required for sediment Alternatives 7b and 8b – QEA 
conducted an analysis of the impact of installation of nearshore CDFs (Alternatives 7b, 10b, and 
11f) as well as the impact of dam removal (Alternatives 10 and 11) and determined that there 
would be no substantive increase in downgradient flood levels following a design storm.  While 
there would be no substantive effect on downgradient flood levels, flood storage capacity lost 
under Alternative 7b (approximately 62,000 cy, see Section 6.2.2.1) and Alternative 8b 
(approximately 28,000 cy; see Section 6.2.3.2) would have to be replaced as described in Section 
6.2.  Flood storage capacity lost under Alternatives 10b, 11b, and 11f would be replaced by the 
increase in storage capacity behind the new weir structures (see Sections 6.2.4.1 and 6.2.5.1).  


 New habitat created under the dam replacement options will not be of higher value – although 
replacement of the Allendale and Lyman Mill Dams with weir structures (as proposed in 
Alternatives 10 and 11) could result in the conversion of habitat within the affected reaches to a 
more natural system comparable to the cooler-water fish habitat present above Greystone Mill 
Pond, no higher environmental value per se was assigned to the newly created habitat in 
determining mitigation requirements. 


 Additional habitat functional assessments will be required – The USACE conducted a wetland 
functional analysis of the Oxbow area in 2006 (USACE, 2008b); however, information 
concerning the services provided by other habitats that could potentially be impacted by 
alternatives being considered under the sediment and floodplain soil alternatives is currently 
lacking.  For example, an evaluation of the ecological functions and values provided in upland 
areas that have been identified as potential sites for upland CDFs would need to be established in 
order to identify least damaging option(s).  The additional field work required for this assessment 
would be conducted during the design phase. 


 Opportunities for impact avoidance and minimization will be maximized – Although the spatial 
extent of projected impacts are primarily dictated by the presence of contaminants above 
established cleanup goals, a continual awareness of opportunities to avoid or minimize impacts to 
natural habitats will be maintained.  For instance, engineering controls to minimize the spatial 
extent and magnitude of floodplain soil compaction impacts should be fully explored.  The 
possible presence of vernal pools in the Oxbow area will require special precautions to insure that 
these habitats remain capable of providing this special function during and after remedy 
implementation.  Best management practices (BMPs) specifically designed to minimize impacts 
to vernal pools have been established (Calhoun et al., 2002) and would be adhered to. 


 In-lieu-fee arrangements may be used – If the potential mitigation opportunities provided at 
Allendale and Lyman Mill Ponds and adjacent landscape are determined to be inadequate to 
provide full compensation for the direct and indirect project-related impacts, then in-lieu-fees 
may provide an alternative approach for meeting statutory requirements. 
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These assumptions will be considered throughout the process and revised as necessary as decisions are 
clarified.  In addition, compliance with 40 CFR Part 230 (Final Mitigation Rule) requires development of 
a mitigation plan to provide for compensatory mitigation for unavoidable losses of aquatic resources.  The 
mitigation plan will describe the strategy to control and respond to invasive plants that threaten the 
success of the proposed mitigation.  The Long-Term Monitoring Plan (see conceptual framework 
provided in Appendix H) will identify specific requirements necessary for the early detection and 
monitoring of invasive species such as common reed (Phragmites australis), purple loosestrife (Lythrum 
salicaria), buckthorns (Rhamnus spp.), Autumn olives (Elaeagnus spp.), multiflora rose (Rosa 
multiflora), reed canary-grass (Phalaris arundinacea), japanese knotweed (Polygonum cuspidatum), and 
any other species identified as a problem at the site.  Finally, the mitigation plan will provide guidance on 
traditional mechanical, chemical and biological control methods, as well as a discussion of the relative 
merit of each for individual plant species. 
 
Figures 6-1 through 6-4 (Section 6.0) show the possible mitigation for unavoidable wetland and 
floodplain impacts for Alternatives 7, 8, 10, and 11, respectively.  All active remedial alternatives will 
involve the destruction of existing aquatic habitat structure (both benthic and pelagic) and the temporary 
extirpation of the vast majority of the fish and invertebrate communities.  Potential secondary impacts 
common to these alternatives include markedly reduced aquatic fish and invertebrate productivity in the 
years following implementation of the remedy, which will impact aquatic-dependent wildlife and anglers 
that fish in these ponds.  Collateral impacts to floodplain soils, including destruction of vegetation and 
soil compaction, are also anticipated due to the movement of heavy machinery across the floodplains to 
access existing aquatic areas during remediation. 
 
The remedial alternatives retained for consideration include features designed to minimize the recovery 
time until a functional lacustrine ecosystem (riverine or hybrid lacustrine/riverine ecosystems, in the case 
of dam removal alternatives) can become re-established.  Wherever possible, benthic cover material (thin 
layer cover for Alternative 7 or isolation cap for Alternative 8) could be designed as a benthic habitat 
layer consisting of optimal grain size and organic carbon content for growth of benthic and epibenthic 
macroinvertebrates.  Although resident fish will be collected and euthanized as part of the remedy to 
ensure that the contaminated fish consumption pathway is reduced, populations of important species such 
as bass and sunfish could be re-stocked to expedite recovery of the community.  Although SAV will not 
be replanted in areas where sediments have been remediated, as it is expected to recolonize quickly (i.e., 
on the order of 1-2 years), submerged woody material could be included to provide some interim 
structural diversity.  The movement of heavy equipment across the floodplain will be limited to as few 
access points as possible, and support structures will be laid down to distribute the weight so that soil 
compaction concerns can be minimize to the extent possible.  Following implementation of the sediment 
remedy, the impacted floodplain soil could be aerated2 and then revegetated with appropriate 
floodplain/riparian shrubs and tree species. 
 
Alternatives 7b and 8b (nearshore CDF alternatives) will also involve the permanent loss of aquatic 
habitat (approximately four acres in Allendale Pond and seven acres in Lyman Mill Pond under 
Alternative 7b and approximately 5 acres in Lyman Mill Pond under Alternative 8b; Table K-1).  Out-of-
kind mitigation for this lost habitat could be provided by acquiring land adjacent to the Woonasquatucket 
River, most likely along the western shore of Lyman Mill Pond, and developing a permanent buffer zone.  
In addition, historical filling activities near the southwestern corner of the Oxbow area and possibly at the 
confluence of Assapumpset Stream with the river provide opportunities for wetland restoration.  
Restoration of these areas could involve the removal of fill material, testing the original soil material for 
                                                 
2 If the floodplain soil within the particular access point is within the soil footprint, then it will be remediated 
concurrently with the sediment and aeration step is not necessary. 
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contamination (and further excavation as necessary), grading the land surface to re-establish proper 
wetland hydrology, and revegetation to develop emergent marsh, scrub/shrub or palustrine forest habitat 
as specified in the Mitigation Plan. 
 
All active sediment and floodplain soil alternatives include a disposal option (i.e., Option “a” for each 
alternative) that would involve the containerization of contaminated sediment or floodplain soil in an 
upland CDF.  Figure 5-6 presents the locations of three potential upland CDFs that would have sufficient 
capacity to hold calculated contaminated volumes.  As discussed in Section 6.2.2.1, a couple of the 
potential upland CDFs are located in areas with established hardwood forest (northern CDF) or which 
contain low-value wetland (CDF south of the abandoned channel), and use of these areas would result in 
destruction of potentially valuable ecological habitat.  During the design phase, the potential upland CDF 
locations would be evaluated with respect to the environmental services each provided.  Assuming that 
other critical project requirements were met and mitigation could be provided for any impacts to wetlands 
protected under federal or state statutes, selection of the area with the lowest demonstrated functions and 
values would be preferred. 
 
If the upland CDF selected included jurisdictional wetland habitat (either federal or state) then 
compensation would also have to be provided for any impacts attributable to the intended project use.  For 
instance, a low quality emergent marsh wetland appears to be located immediately southwest of the 
Oxbow (see yellow border in Figure K-1).  Potential mitigation options include preservation (using other 
upland habitat), restoration, or payment of in-lieu-of fees.  It is also possible that some mitigation could 
be provided by enhancement of existing state Riverbank Wetland along the western shore of Lyman Mill 
(and potentially Allendale Pond).  Depending on criteria that would have to be determined by a state 
wetland scientist, this state resource area extends either 50 or 200 feet from the bank of the 
Woonasquatucket River in these reaches. 
 
Alternatives 10 and 11 involve a more complex array of impacts to aquatic habitat associated with the two 
ponds.  Under Alternative 10, there would be the permanent conversion of aquatic habitat (approximately 
0.9 acres in Allendale Pond and 3.7 acres in Lyman Mill; Table K-1) to floodplain/wetland.  Under the 
nearshore CDF option (10b), an additional 5.8 acres of Allendale Pond and 7.6 acres of Lyman Mill 
aquatic habitat would be permanently loss due to placement of the CDFs.  In the case of the Alternative 
10 options other than 10b, the newly created wetland habitat could be planted with wetland/floodplain 
shrub and tree species to develop a vegetated riparian zone between the river and residential properties.  
Mitigation for the lost aquatic habitat under Alternative 10b could include preservation of upland habitat 
(see USACE, 2008a) and/or wetland restoration on the western side of Lyman Mill Pond.  Figure K-1 
identifies potential opportunities for wetland restoration and/or upland preservation situated along the 
western edge of Lyman Mill Pond. The three potential locations for an upland CDF are shown in  
Figure K-1 (outlined in black) along with areas that appear to be former wetlands that were filled and 
converted to upland (indicated with red fill) and other topographically low areas that are adjacent to the 
shoreline where wetlands could be created (indicted by green fill).  Based on review of historical 
photographs, the USACE wetland assessment report (USACE, 2008b) identified two areas that appeared 
to have historically contained wetland habitat that were subsequently filled.  These areas include a former 
wetland area located southwest of the river channel remnant in the Oxbow area and a smaller area located 
along the eastern shore of Lyman Mill Pond that is currently in an industrial area and overlain by 
pavement and a corner of a building (Figure K-1).  The larger area on the western shoreline, which 
represents a good restoration opportunity, appears to have been filled sometime between 1962 and 2003 
(USACE, 2008b).  Figure K-1 also indicates other potential restoration areas (green fill), where the 
necessary wetland hydrology (i.e., saturated soil conditions near the surface for a portion of the critical 
growing season) could be established relatively easily: 
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 Area contiguous with the former filled wetland along the western shoreline of Lyman Mill Pond.  
In addition to a couple small areas extending beyond the putative fill edge,3 wetland habitat could 
be created in a triangular area immediately south of the filled wetland. 


 Area at the mouth of Assapumpset Stream and possibly extending upstream.  Currently habitat 
quality in this area is substantially degraded by the presence of junk cars/trucks.  In addition to 
the lack of ecological habitat, the unvegetated condition of this area, which is directly adjacent to 
the pond, results in a high erosion potential particularly during high flow events in Assapumpset 
Stream. 


 
There are several elements to Alternative 11 including dam replacement, partial excavation (within the 
footprint of the new water body configuration) and isolation capping of contaminated sediments in the 
newly created floodplains.  Regarding the area affected by isolation capping, it may be determined that 
uncontrolled growth of vegetation would pose an unacceptable risk of future exposure and 
recontamination following storm damage or tree death,4 which could disturb the cap.  If this finding is 
made, vegetation maintenance would be required and the resulting habitat would likely be incapable of 
fully compensating for the loss of aquatic habitat that current exists.  As a result, additional out-of-place 
mitigation may be required under all Alternative 11 options.5 
 


 
Figure K-1. Potential Areas for Wetland Restoration and Upland Preservation 


                                                 
3 The discrepancy could be due to difficulties in interpreting the historical aerial photographs or possibly to 
continued erosion from the filled area. 
4 According to United States Department of Agriculture (USDA) Plants database (http://plants.usda.gov/), the 
minimum rooting depth of several common riparian/floodplain tree species (including red maple and black willow) 
approach 3 feet; minimum rooting depths for common shrubs species (e.g., alder and sweet pepperbush) are on the 
order of 1.5 feet.  The thickness of the isolation cap will be determined during Final Design but it is likely that it 
could be less than the minimum rooting depth for some tree and/or shrub species. 
5 Costs for proposed out-of-place mitigation for the 12 acres that would be permanently lost under Options 11b and 
11f (Table K-1) are provided in Appendix J. 
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K.4 Short Term Risks 
 
Short-term human health and ecological risks associated with potential remedial alternatives for 
sediments in Allendale Pond and Lyman Mill Pond have been evaluated qualitatively.  The human health 
evaluation is summarized in Table K-2 and ecological evaluation discussed below.   
 
The contaminants in both sediment and floodplain soil are, in general terms, persistent, low-volatility 
compounds and elements (dioxins, PCBs, persistent pesticides, and various inorganics).  The technologies 
that are a component of most of the remedial alternatives under consideration are capping in place and 
excavation with on-site or off-site disposal.  During implementation of alternatives involving these 
technologies, if sediments are moist or wet, potential releases of contaminants to the environment would 
be limited.  If sediments are dry at the time of remedial action, the most likely release mechanism for 
contaminants would be via generation of dust and subsequent release of soil or sediment particulates to 
the air.  
 
The human health evaluation considered remedy-associated risks to remedial workers and also to the 
neighboring population (people living and working in the nearby area).  Consistent with RAGS – Part C 
(EPA, 1991), the potential exposure conditions evaluated are associated with the releases that result from 
the implementation of the remedial technologies.  Unlike human receptors, engineering controls to limit 
exposures during remedy implementation are not typically effective although the heightened activity and 
noise would likely discourage many wildlife species. 
 
Assessment of short-term risks for the community.  Release of vapors would not be a concern during 
construction for the selected alternative.  Engineering controls (e.g., dust suppression) will be a 
component of the capping-based and excavation-based alternatives in conjunction with work area and site 
perimeter monitoring for air particulates.  With those measures in place, releases of contaminants beyond 
the work zone at levels of concern for the community would not be permitted to occur.  People working 
and living in the neighboring area would not have access to the work zone during capping and excavation 
activities.  In addition to the excavation and capping technologies, on-site and off-site disposal of 
sediments and/or soil would involve off-site transport.  Any off-site transport would need to be done in a 
manner that prevented impacted sediment and/or soil from being lost during transit (i.e., properly 
containerized).  For the alternatives that include thermal treatment at an on-site facility, the approved 
technology would be constructed and implemented consistent with approved designs and permits that 
would require that the air emissions of contaminants or additional by-products produced during treatment 
be at levels that are associated with acceptable risk. 
 
Assessment of short-term risks for remedial workers.  The exposure pathways for on-site remedial 
workers associated with remedial technologies are the same as those for the community described above 
(e.g., inhalation, dermal contact).  The Worker Protection Standards for Hazardous Waste under 40 CFR 
311 and 29 CFR 1910.120 specify requirements for worker protection at Superfund Sites.  Workers are 
protected by health and safety plans, emergency response plans, the proper application of engineering 
controls, and personal protective equipment, as needed.  During planned on-site remedial activities, the 
potential for exposure to hazardous substances by remedial workers would be addressed and controlled by 
all of these.  The excavation and capping technologies would also have risks of potential injury from 
physical hazards that are associated with construction activities.  These hazards would be addressed by 
using the engineering control measures described above.  Potential exposures to contaminants during 
emergency responses associated with remedy failure would be minimal since the technologies are well 
proven and controllable.  Therefore, the short-term risks are also low. 
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Overall, the potential releases of contaminants during implementation of remedies involving capping, 
excavation, and on-site or off-site disposal/treatment are associated with low-level, short-term risks for 
the community and on-site remedial workers.  Potential releases of contaminants for remedies involving 
no action are very low and the associated short-term human health risks are also very low. 
 
Assessment of short-term risks for ecological receptors.  Implementation of the No Action alternative 
would not present any short-term risks to ecological receptors.  In contrast, all active remedial alternatives 
based on either excavation or capping technologies involve the complete loss of the benthic community 
along with its supporting macroscopic (vegetation, logs, etc.) and microscopic (e.g., interstitial pore 
spaces) habitat.  In addition, all active alternatives that involve excavation techniques assume that the 
resident fish populations will be extirpated by trapping and euthanization as part of the remedy 
implementation in order to reduce risks associated with the fish consumption exposure pathway that 
would remain if fish with elevated tissue residues were allowed to repopulate the remediated ponds.  No 
attempt to trap other vertebrates , such as amphibians or turtles, that may have elevated body burdens, of 
contaminants is anticipated because there is no reason to believe that these organisms are consumed by 
the public (MACTEC, 2005). 
 
Excavation would be expected to drastically reduce the potential for downriver migration of dissolved 
phase or particulate-bound contamination; it is also assumed that the selected engineering controls will be 
effective in minimizing this potential short-term hazard.  Although Alternatives 8 and 11 include 
sediment capping as a component of the remedy, under both alternatives, capping activities would be 
conducted in the “dry,” with the river flow diverted from the work area.  As a result, there is minimal 
concern regarding the potential for sediment-bound contaminants to become resuspended or for 
contaminants that are dissolved in interstitial pore water to be released as sediments are compressed.  In 
addition, the monitoring activities that would occur during the remedy implementation phase would 
ensure that any potential threat was identified and addressed quickly.  Thus, the short-term impacts to 
downriver aquatic communities under all active remedial alternatives are believed to be of minimal 
concern. 
 
K.5 Risk/Hazard Reduction Estimates 
 
Human health risks and hazards are calculated either as cancer or non-cancer health hazards and are 
calculated as the ratio of the exposure dose to a reference or no-effects dose.  Ecological risks and hazards 
are calculated as hazard quotients (HQs) and hazard indices (HI).  Hazard quotients are the ratio of the 
exposure concentration or dose to known no-observed-adverse-effects levels (NOAELs) for each 
chemical exposure.  Hazard indices are the sum of all hazard quotients for a given exposure area and 
ecological receptor.  There is a potential for unacceptable adverse effects when human health cancer risks 
exceed EPA’s acceptable risk range of one in one million (1E-06) to one in ten thousand (1E-04) and 
when human non-cancer health hazards and ecological HQs exceed 1.  The risks to human and ecological 
receptors following attainment of the Remedial Action Objectives (RAOs) are presented in Tables 6-14a 
through 6-14d (Allendale Pond) and 6-15a through 6-15d (Lyman Mill) and summarized in the following 
sections. The residual risks are based on anticipated contaminant exposures following attainment of the 
cleanup objectives. 
 
Allendale Pond.  Tables 6-14a and 6-14b present the human health-based risk estimates under the No 
Action and active remedial alternatives, respectively, that would achieve cleanup goals for Allendale 
Pond for the resident living along the river receptor.  Tables 6-14c and 6-14d present the ecological 
receptor-based risk estimates under the No Action and active remedial alternatives, respectively. 
 
Under the No Action alternative, the human health RME risk for carcinogenic effects is 5.E-03, which is 
greater than EPA’s acceptable risk range (Table 6-14a).  Consistent with the conclusions of the Baseline 
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Human Health Risk Assessment (BHHRA), 2,3,7,8-TCDD contributes approximately 80% to the overall 
carcinogenic risk estimate under this alternative.  In addition, the RME HI for non-carcinogenic immune 
system effects is 30 (attributable to Aroclor 1254, HQ = 28), which is well above the acceptable threshold 
for non-carcinogenic effects of 1.  Therefore the residual risk under the No Action alternative is high. 
 
Table 6-14c presents the No Action hazard estimates for demersal fish, fish-feeding wildlife, and insect-
feeding wildlife; HI values range from 70 (fish) to 20 (insectivorous wildlife).  The residual hazard 
estimates for 2,3,7,8-TCDD are approximately equivalent for the three receptor categories (HQ ranging 
from 15 to 19).  Technical chlordane (HQ = 34) and total PCB Aroclors (HQ = 14) also contribute 
substantially to the residual ecological risks to demersal fish and fish-feeding wildlife, respectively. 
 
It is assumed that the implementation of any of the active sediment remedies would quickly result in the 
cleanup goals being attained.  Table 6-14b presents the residual human health risk estimates that are 
applicable to any of the active sediment remedial alternatives for the resident living along the river 
receptor.  The residual carcinogenic risk estimate (5.E-05) is well within the EPA cancer risk range, and 
the RME HI for non-carcinogenic immune system effects (attributable to Aroclor 1254 and Aroclor 1268) 
is 0.8, which is below the acceptable threshold for non-carcinogenic effects. 
 
Table 6-14d presents the residual risk estimates for various ecological receptor categories associated with 
implementation of any of the active remedial alternatives.  Risk estimates are much lower than under the 
No Action alternative (Table 6-14c), with overall risks at acceptable levels for both piscivorous (fish-
eating) wildlife, such as belted kingfisher and mink, and insectivorous (insect-eating) wildlife, such as 
swallows and bats, at acceptable levels.  Also, ecological risks associated with exposure to 2,3,7,8-TCDD 
are less than 1.0 for all receptor categories (Table 6-14d).  However, exposure to background levels of 
technical chlordane, selenium, and zinc pose a risk to demersal fish populations, with HQs equal to 27, 
2.6 and 4.5, respectively. 
 
Lyman Mill Pond.  Tables 6-15a and 6-15b present the human health-based risk estimates under the No 
Action and active remedial alternatives, respectively, for Lyman Mill Pond for the resident living along 
the river receptor.  Tables 6-15c and 6-15d present the ecological receptor-based risk estimates under the 
No Action and active remedial alternatives, respectively. 
 
Under the No Action alternative, the human health RME risk for carcinogenic effects is 6.E-03, which is 
greater than EPA’s risk range (Table 6-15a).  Consistent with the conclusions of the BHHRA, 2,3,7,8-
TCDD contributes in excess of 80% of the overall carcinogenic risk estimate under this alternative.  In 
addition, RME HI for non-carcinogenic immune system effects is 30 (attributable to Aroclor 1254,  
HQ = 32), also well above the acceptable threshold of 1 for non-carcinogenic effects.  Therefore the 
residual risk under the No Action alternative is high. 
 
Table 6-15c presents the No Action hazard estimates for demersal and pelagic fish, fish-feeding wildlife, 
and insect-feeding wildlife; HI values range from 100 (demersal fish) to 10 (both piscivorous and 
insectivorous wildlife).  The residual hazard estimates for 2,3,7,8-TCDD are similar for the three receptor 
categories (ranging from 1.5 to 8.2).  For the demersal fish receptor category, technical chlordane (HQ = 
91), aluminum (HQ=9.4), barium (HQ=9.0) and zinc (HQ=11) are the primary contributors to the overall 
risks present under the No Action alternative.  These contaminants also represent a substantial hazard to 
the pelagic fish receptor. 
 
Table 6-15b presents the residual risk estimates that are applicable to any of the active sediment remedial 
alternatives for the resident living along the river receptor.  The residual carcinogenic risk estimate (6.E-
05) is within EPA’s cancer risk range; and the RME HI for non-carcinogenic immune system effects 
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(attributable to Aroclor 1254 and Aroclor 1268) is 0.8, which is below the acceptable threshold for non-
carcinogenic effects. 
 
Table 6-15d presents the residual risk estimates for various ecological receptor categories associated with 
implementation of any of the active remedial alternatives.  Risk estimates are substantially reduced 
compared to those under the No Action alternative (Table 6-15c).  In particular, ecological risks 
associated with exposure to 2,3,7,8-TCDD are less than 1.0 for all receptor categories (Table 6-15d).  
Risks to piscivorous wildlife are also reduced, although exposure to background levels of DDE and DDD 
still present low-level risk with HQs at or slightly greater than 1.0.  Exposure to background levels of 
technical chlordane poses a substantial hazard to demersal fish populations, with residual HQ equal to 29.  
Residual risk attributable to exposure to background levels of several inorganic contaminants (including 
aluminum, barium, selenium, vanadium, and zinc) are also greater than 1.0.  Residual hazard estimates for 
the pelagic fish category are comparable to those for demersal fish. 
 
K.6 Aquatic Ecosystem Recovery Rates 
 
Sources and mechanisms of aquatic organisms for repopulating abiotic stream habitat include: 
downstream migration (drift), upstream migration (which could be restricted if dams or weirs are present), 
vertical upward migration from within the substrate, and aerial sources (Williams and Hynes, 1976; Gore 
and Milner, 1990).  Depending on the nature and severity of the disturbance as well as site-specific 
characteristics (e.g., stream order, presence of impoundments, etc.), some or all these sources may 
contribute to recovering lotic ecosystems.  Moreover, the relative importance of these pathways will vary 
across taxa (e.g., invertebrates versus fish), seasonally, and depending on the habitat substrate to be 
colonized (Doeg et al., 1989 as cited in Gore and Milner, 1990). 
 
Impoundments in the Woonasquatucket River could represent a significant barrier to recolonization by 
both drift (Greystone and Allendale) and upstream migration (Lyman Mill and Allendale) pathways for 
colonizing macroinvertebrates and fish.  While it is likely that upstream migration would play an 
insignificant role in habitat recolonization, drift of aquatic organisms over dams will undoubtedly supply 
colonists to the remediated Allendale and Lyman Mill Ponds.  However, it is expected that recovery rates 
would be slower than if the dams were not in place.  Drift of organisms from tributaries (e.g., 
Assapumpset Stream) entering these ponds would be unimpeded, as is movement between Allendale Dam 
and lotic reach of the river above Route 44. 
 
The migration of certain invertebrate taxa between the hyporheic zone (i.e., the region beneath and lateral 
to a river bed, where there is mixing of shallow groundwater and surface water) and the streambed may 
provide a recolonization source, but this would most likely be limited to the small free-flowing reach of 
the river below Allendale Dam.  Remediation of the gravel substrate of this lotic section of the river 
would likely decrease the importance of the hyporheic zone in providing post-remedial colonists.  In this 
case, aerial dispersal would likely be the most important recolonization mechanism for many 
macroinvertebrate species. 
 
Gore and Milner (1990) suggested a 4-level classification scheme for disturbances based on recovery 
patterns by primary and secondary succession.  The scheme can be used to predict recovery rates based on 
the scale of impacts to organisms that could re-colonize the disturbed habitat.  The model ranges from 
Level 1 disturbances, by which communities are completely destroyed with no upstream or downstream 
populations of colonizers, to Level 4 disturbances, which only result in a change in abundance or diversity 
in discrete patches within a given reach of the habitat.  Level 2 disturbances destroy the biological 
community within a given stretch of stream or river; but upstream and downstream habitats and possibly 
the hyporheic zone within the impacted reach, remain capable of supplying organisms for recolonization.  
This model seems appropriate to the conditions existing after remedial implementation at the Allendale 
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and Lyman Mill Ponds.  Gore and Milner (1990) cite several instances where habitat enhancement efforts 
such as control of water quality, instream habitat improvement, and maintenance of upstream, 
downstream, and hyporheic sources of colonizers can reduce (improve) recovery times. 
 
If benthic habitat structure is restored as part of the remedial implementation process (e.g., including an 
organic cover as part of a cap system), it is anticipated that the benthic community should recover quickly 
(i.e., on the order of 2-5 years).  Of course longer lived invertebrates, such as decapods, would require 
more time to establish robust populations than r-selected multivoltine (i.e., more than one brood or 
generation per year) species. 
 
It is anticipated that the reestablishment of aquatic vertebrate populations such as fish would be slower 
than invertebrate populations because they are dependent on initial successional phases occurring before 
the new habitat can support them.  Recovery time is a function of successional processes that begin with 
the accumulation of organic detritus and periphyton populations, which provide habitat for colonizing 
macroinvertebrate grazers and detritivores.  In turn, resident forage, and finally piscivorous, fish 
populations can become established once the macroinvertebrate community has recovered and biomass 
and diversity measures have stabilized.  Furthermore, fish are generally less capable of overcoming 
barriers to dispersal than are most invertebrates, which also results in fish populations being slower to 
reestablish. 
 
Detenbeck et al. (1992) conducted an analysis of the recovery rates of stream fish following various 
environmental disturbances and evaluated the relative importance of autecological factors (e.g., water 
quality and food availability), site-specific factors (e.g., watershed size, latitude, stream order, channel 
gradient and river flows), disturbance characteristics, and community structure as related to the observed 
recovery rates.  Their study included analysis of 49 lotic, mostly low gradient third- or fourth-order 
streams and included consideration of 411 recovery endpoints ranging from individual taxa to 
community-level parameters.  The authors noted that there were relatively few data on higher order and 
urban rivers (Detenbeck et al., 1992).  Compared to lower stream orders, fish communities in larger rivers 
will potentially require decades to reestablish pre-disturbance diversities and demographic structures 
(Schlosser, 1990). 
 
The nature of the disturbance appears to have an overriding influence in determining recovery rates, and 
several authors have distinguished between press disturbances (having long-term modifications to in-
stream habitat) and pulse disturbances (relatively discrete events with durations less than the life span of 
the longest-lived individuals (Detenbeck et al., 1992; Niemi et al., 1990).  They concluded that most 
species-level parameters were resilient to discrete disturbances with recoveries occurring within two years 
of the disturbance.  However, fish communities were generally not resilient to disturbances that affect 
instream habitat quality in the absence of mitigation efforts, with recovery times ranging from less than 
five to greater than 52 years.  In their review, Detenbeck et al. (1992) concluded that fish population 
recovery times following pulse disturbances ranged from 0.08 - 6 years, whereas recovery times for press 
disturbances ranged from five to greater than 52 years.  Not surprisingly, recovery rates were significantly 
affected by barriers to migration (e.g., impoundments) and by the presence of refugia (Detenbeck et al., 
1992; Sedell et al., 1990).  Detenbeck et al. (1992) found that recovery rates differed significantly among 
reproductive but not foraging/trophic guilds of fish species.  Key species attributes promoting earlier 
recoveries of population densities included nest building and nest guarding behavior (Ensign et al., 1997), 
vagility (ability to disperse throughout an organism’s environment), and size at first reproduction 
(Detenbeck et al., 1992). 
 
Based on the available literature discussed above, it is possible that more than a decade may be required 
for full recovery of the fish community if successful restoration is measured by the presence of adult 
game (i.e., higher trophic level) fish with tissue concentrations below residue-based cleanup goals. 
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Table K-1
Summary of Differences in Habitat Categories Among Remedial Alternatives for Sediments and Floodplain Soils (All Values in Acres)


Change in Areal Extent Following Remedy Implementation
Allendale Pond Lyman Mill Pond


Alternative Aquatic
Floodplain/ 


Wetland Upland Aquatic
Floodplain/ 


Wetland Upland Description


Current Conditions (a) 15.5 0 0 23.5 0 0
(1) No Action 0 0 0 0 0 0
(7a) Excavation and Upland CDF


0 0 0 0 0 0
6" cover could be amended to provide 
habitat promoting elements.


(7b) Excavation and Nearshore CDF -4 0 +4 -7 0 +7 "
(7d) Excavation and On-site Thermal 
Treatment 0 0 0 0 0 0 "; same as 7a
(7e) Excavation and Off-site Disposal/ 
Treatment 0 0 0 0 0 0 "; same as 7a
(8a) Partial Excavation, Isolation Capping 
and Upland CDF


0 0 0 0 0 0


Excavate only in areas of high erosion 
potential and less than 2' deep; no grade 
change


(8b) Partial Excavation, Isolation Capping 
and Nearshore CDF 0 0 0 -5 0 +5 "
(8d) Partial Excavation, Isolation Capping 
and On-site Thermal Treatment


0 0 0 0 0 0 "; same as 8a
(8e) Partial Excavation, Isolation Capping 
and Off-site Disposal/Treatment


0 0 0 0 0 0 "; same as 8a


Allendale Pond and Lyman Mill Pond Sediment Alternatives
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Table K-1
Summary of Differences in Habitat Categories Among Remedial Alternatives for Sediments and Floodplain Soils (All Values in Acres)


Change in Areal Extent Following Remedy Implementation
Allendale Pond Lyman Mill Pond


Alternative Aquatic
Floodplain/ 


Wetland Upland Aquatic
Floodplain/ 


Wetland Upland Description
(10a) Dam Replacement, Excavation and 
Upland CDF -0.9 +0.9 0 -3.7 +3.7 0 Assume CDF in 10b is open water
(10b) Dam Replacement, Excavation and 
Nearshore CDF -6.7 +0.9 +5.8 -11.3 +3.7 +7.6
(10d) Dam Replacement, Excavation and 
On-site Thermal -0.9 +0.9 0 -3.7 +3.7 0 Same as 10a
(10e) Dam Replacement, Excavation and 
Off-site Disposal/Treatment -0.9 +0.9 0 -3.7 +3.7 0 Same as 10a
(11a) Dam Replacement, Partial 
Excavation, Isolation Capping, and Upland 
CDF -8.6 +8.6 0 -14.1 +14.1 0 Assume CDF in 11b is floodplain
(11b) Dam Replacement, Partial 
Excavation, Isolation Capping, and 
Nearshore CDF -8.6 +3.5 +5.1 -14.1 +7.6 +6.5


Assume CDF and floodplain same as 
11f


(11d) Dam Replacement, Partial 
Excavation, Isolation Capping, and On-site 
Thermal -8.6 +8.6 0 -14.1 +14.1 0 Same as 11a
(11e) Dam Replacement, Partial 
Excavation, Isolation Capping, and Off-
site Disposal -8.6 +8.6 0 -14.1 +14.1 0 Same as 11a
(11f) Dam Replacement, Partial 
Excavation, Isolation Capping, and On-site 
Consolidation -8.6 +3.5 +5.1 -14.1 +7.6 +6.5
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Table K-1
Summary of Differences in Habitat Categories Among Remedial Alternatives for Sediments and Floodplain Soils (All Values in Acres)


Change in Areal Extent Following Remedy Implementation
Allendale Pond Lyman Mill Pond


Alternative Aquatic
Floodplain/ 


Wetland Upland Aquatic
Floodplain/ 


Wetland Upland Description


Current Conditions (a) 0 1.5 0 - - -
(1)  No Action 0 0 0 - - -
(5a) Excavation and Confinement in an 
Upland CDF 0 0 0 - - -
(5b) Excavation and Confinement in an 
Nearshore CDF 0 0 0 - - -
(5d) Excavation and Treatment using On-
site Thermal Treatment 0 0 0 - - -
(5e) Excavation and Off-site Disposal or 
Treatment 0 0 0 - - -


Current Conditions (a,b) - - - 1.5 20.1 0
(1) No Action - - - 0 0 0
(3a) Targeted Excavation, Enhanced 
Natural Recovery (Thin-Layer Cover) and 
Confinement in an Upland CDF - - - 0 0 0
(3b) Targeted Excavation, Enhanced 
Natural Recovery (Thin-Layer Cover) and 
Confinement in an Nearshore CDF - - - 0 0 0
(3d) Targeted Excavation, Enhanced 
Natural Recovery (Thin-Layer Cover) and 
On-site Thermal Treatment - - - 0 0 0
(3d) Targeted Excavation, Enhanced 
Natural Recovery (Thin-Layer Cover) and 
Off-site Disposal or Treatment - - - 0 0 0
(5a) Partial Excavation, Enhanced Natural 
Cover, and Confinement in an Upland 
CDF - - - 0 0 0


Allendale Pond Floodplain Soil Alternatives


Lyman Mill Reach Stream Sediment and Floodplain Soil (including Oxbow) Alternatives
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Table K-1
Summary of Differences in Habitat Categories Among Remedial Alternatives for Sediments and Floodplain Soils (All Values in Acres)


Change in Areal Extent Following Remedy Implementation
Allendale Pond Lyman Mill Pond


Alternative Aquatic
Floodplain/ 


Wetland Upland Aquatic
Floodplain/ 


Wetland Upland Description
(5b) Partial Excavation, Enhanced Natural 
Cover, and Confinement in an Nearshore 
CDF - - - 0 0 0


(5d) Partial Excavation, Enhanced Natural 
Cover, and On-site Thermal Treatment - - - 0 0 0


(5e) Partial Excavation, Enhanced Natural 
Cover, and Off-site Disposal or Treatment - - - 0 0 0


Note:


b. Proposed cleanup area is 21.6 acres, including the stream channel (and old mill raceway) connecting Allendale and 
Lyman Mill Ponds and floodplain/wetland areas at the Oxbow and along the shore of Lyman Mill Pond.


a. Acreage estimates based on proposed cleanup area (Section 3.5 and Table 3-8 of the FS).  Allendale Pond aquatic 
habitat includes the river channel north of Allendale Pond.


Interim Final CMRP Feasibility Study Report
Appendix K K-18 April 2010







Interim Final CMRP Feasibility Study Report K-19 April 2010 
Appendix K 


Table K-2. Summary of Qualitative Assessment of Short-term Risks Associated with Allendale and 
Lyman Mill Reach Sediment Alternatives 


Action Area and Alternative Short-term Risk1 


Allendale Pond and Lyman Mill Pond On-Site Workers2 Neighboring 
Population 


1 – No Action Zero Zero 


7 – Excavation 
and Disposal 
and/or Treatment 


Option 7a, On-site Containment in Upland CDF Low Low 
Option 7b, On-site Containment in Nearshore CDF Low Low 
Option 7d, On-Site Thermal Treatment Low Low-Medium 
Option 7e, Off-Site Disposal and/or Treatment  Low Low 


8a – Partial 
Excavation, 
Isolation Capping 
and Disposal 
and/or Treatment  


Option 8a, On-site Containment in Upland CDF  Low Low 
Option 8b, On-site Containment in Nearshore CDF  Low Low 
Option 8d, On-Site Thermal Treatment Low Low-Medium 
Option 8e, Off-Site Disposal and/or Treatment Low Low 


10a – Dam 
Replacement, 
Excavation, and 
Disposal and/or 
Treatment 


Option 10a, On-site Containment in Upland CDF Low Low 
Option 10b, On-site Containment in Nearshore CDF Low Low 
Option 10d, On-Site Thermal Treatment Low Low-Medium 
Option 10e, Off-Site Disposal and/or Treatment  Low Low 


11a – Dam 
Replacement, 
Partial 
Excavation, 
Isolation Capping 
and Disposal 
and/or Treatment 


Option 11a, On-site Containment in Upland CDF Low Low 
Option 11b, On-site Containment in Nearshore CDF Low Low 
Option 11d, On-Site Thermal Treatment Low Low-Medium 
Option 11e, Off-Site Disposal and/or Treatment  Low Low 


Option 11f, On-Site Consolidation Low Low 


Notes: 
1 Magnitude of short-term risks are classified as per the RAGs – Part C (USEPA, 1991b) 


2 On-site worker risks are low because appropriate health and safety measures will be implemented. 
 
Key: 
CDF – confined disposal facility 







Interim Final CMRP Feasibility Study Report K-20 April 2010 
Appendix K 


This page intentionally left blank 







APPENDIX L 
 


Confined Disposal Facility Equivalent Design Analysis 
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CONFINED DISPOSAL FACILITY EQUIVALENT DESIGN ANALYSIS 
 
 
L.1 Introduction 
 
Appendix L documents how an upland confined disposal facility (CDF) would comply with either the State of 
Rhode Island solid waste regulations (Regulation No. 1 or Regulation No. 2)1 or the Hazardous Waste 
Regulations.2   
 
L.2 Landfill  Regulations for Solid Waste 
 
For solid waste, Regulation No. 1 provides definitions and general requirements and Regulation No. 2 provides 
specific design requirements for solid waste facilities.  While there are significant differences between dredged 
material and solid waste, municipal solid waste, or other contaminated materials that are placed into landfills, it 
appears that contaminated dredged material from the Centredale Manor Restoration Project (CMRP) site would 
be included in the definition of “solid waste”.  The upland CDF would be included in the definition of 
“monofill”; however, specific design requirements for a solid waste landfill were used in this evaluation because 
specific design requirements for monofills are not given. 
 
Section 2.3.05(c)(1) of Solid Waste Regulation 2 requires a five foot separation between the highest water table 
level and the lowest level of the liner system.  Based on information available at this time, the upland CDF will 
meet this requirement.  
 
The requirements in Regulation No. 2 for design of liner systems and cover systems for solid waste landfills are 
summarized in Tables L-1 and L-2.  The tables also summarize the conceptual design used in the FS for the 
upland CDF. 
 


Table L-1 Liner System Comparison 


Liner System Solid Waste 
Regulation No. 2 CDF Conceptual Design 


Primary leachate collection 2.0 ft sand layer with 
leachate piping 


1.0 ft sand layer with 
leachate piping 


Primary liner Geomembrane over 
1.5 ft clay Geomembrane over 1.0 ft clay 


Secondary leachate 
collection 


Geosynthetic drain or 
1.0 ft sand None 


Secondary liner Geomembrane and 
2.0 ft clay None 


 


                                                 
1 State of Rhode Island and Providence Plantation Department of Environmental Management Office of Waste 
Management Solid Waste Regulation No. 1 and No. 2. 
2 State of Rhode Island and Providence Plantation Department of Environmental Management Rules and 
Regulations for Hazardous Waste Management. 
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Table L-2 Cover System Comparison 


Cover System Solid Waste 
Regulation No. 2 CDF Conceptual Design 


Vegetation support 1.0 ft topsoil with slope 
of 3 to 5% 


0.5 ft topsoil, geotextile 
and 1.0 ft sand 


with slope of 3% 
Drainage layer 1.0 ft sand 1.0 ft sand 


Low permeability layer Clay or Geomembrane over 
0.5 ft silt 


Geomembrane over 
1.0 ft clay layer 


 


The conceptual design used in the FS for the upland CDF cover system would meet the requirements of 
Regulation No. 2.  The FS conceptual design for the liner system does not include a secondary leachate or liner 
system and the primary leachate and liner systems would have to be thicker to meet the Regulation No. 2 
requirements. 
 
However, Section 2.2.14 of Regulation No. 2 allows an applicant to propose an equivalent liner system by 
showing that the alternative would provide equivalent performance. Chemicals present in contaminated 
sediment placed into a CDF for long-term containment may leach over time from the sediment into the 
groundwater, especially in the absence of a liner and leachate collection system.  The purpose of double liner 
and leachate collection systems is to protect groundwater quality from possible contamination from 
contaminated leachate from a landfill.  To demonstrate that a single liner system would be protective of 
groundwater, an analysis of the predicted chemical concentrations in leachate was made and compared to 
drinking water quality standards.  
 
Contaminated sediment removed from Allendale and Lyman Mill Ponds would be dewatered to reduce the 
water content and volume of material for long-term containment.  The dewatered sediment would be similar to a 
soil rather than municipal solid waste for which the RCRA and State of Rhode Island hazardous waste 
regulations are designed.  The dewatering process would also reduce the sediment permeability, which in turn 
would decrease the volume of leachate generated and total load leached and introduced into the groundwater. 
 
Chemical concentrations in the leachate were estimated for 2,3,7,8-TCDD and Aroclor 1254, the primary 
contributors to human health risk at the CMRP site, to assess the potential impact to groundwater.  Conservative 
estimates of the leachate concentration were calculated using site sediment data and published values for the 
Organic-Carbon Partition Coefficient (Koc), as follows: 
 


focKoc
CCleachate *


sediment  


 
where: 
 
Cleachate = Predicted concentration of contaminant in leachate (µg contaminant/L leachate) 
Csediment = Concentration in sediment (µg contaminant/Kg in sediment) 
Koc = Organic-carbon partition coefficient (L/Kg organic carbon) 
foc = Fraction organic carbon (Kg organic carbon/Kg sediment) 
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Site sediment data (Csediment and foc), published Koc values, and the predicted leachate concentrations 
(Cleachate) for 2,3,7,8-TCDD and Aroclor 1254 are summarized in Table L-3.  Next, predicted leachate 
concentrations were compared to the United States Environmental Protection Agency (EPA) drinking 
water standards to assess the protectiveness of the proposed CDF design, assuming that chemicals would 
leach from the dewatered sediment into groundwater at the site.  The evaluation showed that the predicted 
leachate concentrations are very low, consistent with the hydrophobic nature and low solubility of these 
chemicals (Table L-3).  The evaluation also showed that the predicted concentrations of 2,3,7,8-TCDD 
and Aroclor 1254 in the leachate are below the drinking water standards and solubility values (Table L-3), 
suggesting that groundwater is protected even in the absence of a CDF liner or leachate collection system.  
The single liner and leachate collection system proposed in the conceptual CDF for the CMRP site would 
provide an additional measure of protection of groundwater at the site. Therefore, a CDF with a single 
liner and leachate collection system would provide protection equivalent to a double system in a typical 
landfill. 
 


Table L-3. Predicted Leachate Concentration Results for 2,3,7,8-TCDD and Aroclor 1254 


Contaminant Csediment 
(µg/Kg) 


Koc 
(L/Kg) 


foc 
(Kg/Kg) 


Cleachate 
(µg/L) 


EPA Drinking 
Water MCL (a) 


(µg/L) 


Water 
Solubility (b) 


(µg/L) 
Allendale Reach 
2,3,7,8-TCDD  6.1E+00 3.98E+06 7.2E-02 2.1E-05 3.0E-05 1.9E-02 
Aroclor 1254  1.3E+03 4.10E+05 4.5E-02 5.0E-01 1.2E+01 
Lyman Mill Reach 
2,3,7,8-TCDD  3.4E+00 3.98E+06 7.8E-02 1.1E-05 3.0E-05 1.9E-02 
Aroclor 1254  5.3E+02 4.10E+05 1.6E-02 5.0E-01 1.2E+01 


Csediment: Concentration of contaminant measured in sediment; data based on the arithmetic mean of site data (dry weight) 
from top 3 feet of sediment at Allendale and Lyman Mill Ponds, which encompasses the average cut thickness proposed for 
the sediment removal alternatives. 
foc: Total organic carbon content in sediment; data based on the arithmetic mean of the site data (%) from top 3 feet of 
sediment at Allendale and Lyman Mill Ponds, which encompasses the average cut thickness proposed for the sediment 
removal alternatives. 
Koc: Organic-Carbon Partition Coefficient; literature values for 2,3,7,8-TCDD and Aroclor 1254 from Mackay et al. (1992) 
and ATSDR (1992), respectively. 
Cleachate: Estimated concentration of contaminant that may leach from the sediment into the groundwater. 
(a) Maximum Contaminant Level (MCL) values at http://www.epa.gov/safewater/contaminants/index.html#mcls 
(b) Water solubility values at http://www.epa.gov/OGWDW/dwh/t-soc/dioxin.html for 2,3,7,8-TCDD and 
http://www.env.gov.bc.ca/wat/wq/BCguidelines/pcbs/pcbs-02.htm for Aroclor 1254. 


 
L.3 Landfill Regulations for Hazardous Waste 
 
For hazardous waste, Section 10.01 of the Hazardous Waste Regulations states that a landfill for 
contaminated sediment would be a Class III landfill.  Section 10.01.E.3 provides the requirements for the 
liner system and requires a “two liner system installed on the bottom and all sides.” 
 
Section 10.01.F states that the Director may approve a design that affords protection equivalent to the 
requirements of the rules.  As described above, a single liner system for the upland CDFs will provide 
equivalent protection. 
 
For hazardous waste landfills, Section 10.01.E.2(b)(i) requires that the boundaries of all active portions be 
at least 500 feet away from any surface water body or wetland.  Some of the upland CDF sites may not 
meet this requirement; therefore, those sites would only be used if it could be shown that the design 
provided equivalent protection.  
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COMPARATIVE NET RISK ANALYSIS FOR FLOODPLAIN SOIL ALTERNATIVES 
 
 


M.1 Introduction 
 
Appendix M presents the comparative analysis of the floodplain soil remedial alternatives and contains 
the technical details and calculations for the relative human health and ecological risk/hazard associated 
with each of the remedial alternatives selected for detailed analysis in Section 6.0 of the feasibility study 
(FS).  These remedial alternatives are proposed for 1.5 acres of floodplain soil in the Allendale reach of 
the Woonasquatucket River, including floodplain areas abutting Allendale Pond and 21.6 acres of stream 
sediment and floodplain soil in the Lyman Mill reach of the Woonasquatucket River, which includes the 
stream channel and old mill raceway connecting Allendale and Lyman Mill Ponds, the Oxbow, a forested 
wetland southwest of Allendale Dam, and floodplain areas abutting Lyman Mill Pond.  No actionable 
human health risks were identified for the Allendale reach floodplain soil action area so the objective of 
remedial actions is to eliminate unacceptable risks to ecological receptors.  In the Lyman Mill reach 
stream sediment and floodplain soil action area, remedial actions focus on eliminating unacceptable risks 
to both human and ecological receptors. 
 
The retained floodplain soil alternatives for Allendale reach include: 
 


 Alternative 1: No Action (Section 6.4.1) 


 Alternative 5: Excavation and Disposal and/or Treatment - Contaminated floodplain soils that 
present an exposure hazard would be removed using conventional excavation techniques, 
replaced with clean fill, and the floodplain habitat restored (Section 6.4.2). 


 
The retained floodplain soil alternatives for Lyman Mill reach include: 
 


 Alternative 1: No Action (Section 6.6.1) 


 Alternative 3: Targeted Excavation, Enhanced Natural Recovery, and Disposal and/or Treatment 
– This alternative includes excavation with disposal and/or treatment combined with enhanced 
natural recovery (ENR).  Areas within the remedial footprint with contaminant concentrations in 
excess of the ARARs for residential direct exposure or EPA’s recommended residential level for 
dioxin in soil would be remediated using excavation.  A thin-layer cover (ENR) would be placed 
over the remaining areas within the remedial footprint to accelerate the natural recovery processes 
(Section 6.6.2). 


 Alternative 5: Partial Excavation, Enhanced Natural Recovery, and Disposal and/or Treatment – 
This alternative includes more extensive excavation and removal of contaminated sediment and 
floodplain soil at areas with contaminant concentrations in excess of ARARs or EPA’s dioxin 
requirements (same as Alternative 3), as well as from areas with the highest potential for future 
erosion, from low-lying channels where contaminated sediment has accumulated, and from areas 
with the most frequent human exposure.  After excavation, these areas would be backfilled with 
clean material and the site restored.  Similar to Alternative 3, a thin-layer cover (ENR) would be 
applied to areas within the remedial footprint that were not remediated using excavation (Section 
6.6.3) 


 
The mitigative measures that can be taken to address unavoidable habitat losses associated with the 
alternatives selected for detailed analysis in Section 6.0 are discussed in Section M.2, and the short-term 
risks associated with remedy implementation are discussed in Section M.3.  Section M.4 presents a 
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summary of the residual risks consistent with Record of Decision (ROD) specifications along with 
additional supporting material.   
 
The Remedial Action Objectives (RAOs; Section 3.1) established for the Allendale reach floodplain soil 
action area would be achieved immediately following implementation of the action-based remedy (i.e., 
Alternative 5).  For the Lyman Mill reach sediment and floodplain soil action area, human health 
exposures following remedy implementation would result in risks falling within the United States 
Environmental Protection Agency (EPA) carcinogenic risk range (i.e., one in one million [1E-06] to one 
in ten thousand [1E-04]) and below a target hazard index (HI) of 1.  However, ecological risks would 
remain at the completion of the implementation phase of all active remedies being evaluated.  Although 
only low magnitude ecological risk from exposure to dioxin is expected to remain following active 
remediation of floodplain soils within the Allendale reach (hazard quotient [HQ] = 0.46;  
Table 6-21b), ecological risks from several contaminants following active remediation of the Oxbow area 
are expected to be higher (HQs ranging up to 82 for invertebrate and 2.8 for wildlife receptors, 
respectively; Table 6-29d).  However, post-remedy implementation ecological risks for the various 
alternatives are expected to decline over time with soil degradation of the organic contaminants and 
episodic deposition of sediment with contaminant concentrations at background levels. 
 
In order to evaluate the relative reduction in risks for the proposed remedial alternatives over time, an 
environmental fate model was developed to estimate exposure concentrations remaining after remedial 
action for each of the alternatives (Section M.5).  Exposure concentrations remaining were calculated for 
five-year increments over a 250-year period post-construction.  The environmental fate model was used to 
evaluate the timeframe for achieving human health and ecological RAOs (Sections M.6 and M.7, 
respectively) and was one line of evidence for comparing the relative risk-reduction benefits among the 
alternatives.  Overall conclusions are provided in Section M.8. 
 
M.2 Mitigation for Unavoidable Impacts 
 
Section K.3 in Appendix K provides an overview of mitigation requirements and guidance, as well as a 
strategy to address issues related to invasive plants.  This section (M.2) focuses on specific issues 
associated with the remediation of contaminated floodplain soils within the Allendale and Lyman Mill 
reaches. 
 
Figures 6-5 through 6-7 (Section 6.0) show the proposed mitigation for unavoidable wetland and 
floodplain impacts for Alternative 5 for the Allendale reach and Alternatives 3 and 5 for the Lyman Mill 
reach, respectively.  The active remedial alternatives for floodplain soil associated with the Allendale and 
Lyman Mill reaches would involve the destruction of some existing forested and/or scrub/shrub habitat 
structure, as well as federally jurisdictional wetland within the Oxbow area.  In addition, soil excavation 
and application of a soil cover would either eliminate (soil excavation) or potentially degrade (thin-layer 
cover) the floodplain soil community.  Where contaminated floodplain soil was excavated, the proposed 
mitigation would consist of back-filling with a clean soil of appropriate humic content to facilitate 
infaunal recolonization.  After grading, shrub and tree species could be planted and a wetland herbaceous 
seed mix applied to rapidly stabilize the soils. 
 
The Lyman Mill action area also includes remediation of the free-running (lotic) reach of the 
Woonasquatucket River between Allendale Dam and the impounded portion of Lyman Mill Dam.  
Similar to the sediment alternatives described in Appendix K, remediation of this reach would result in 
the complete loss of benthos and benthic habitat structure.  In addition, soil excavation would destroy a 
portion of the adjacent riverbank including some of the riparian vegetation and tree root system.  A more 
extensive width of river bank habitat located along the western shore opposite and upriver of the Lee 
Romano Ballfield would be eliminated as part of Alternative 5. 
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Possible mitigation for impacts associated with the remediation could include back-filling with soil of 
similar composition to existing floodplain soil to emulate current benthic habitat structure (and provide 
similar soil stability).  Two types of stream restoration are anticipated.  A focused restoration of the toe 
and side slope of the river bank along the entire portion of the Woonasquatucket River affected by the 
sediment excavation activities could be conducted under both Alternatives 3 and 5.  Alternative 5 also 
includes additional stream bank restoration in an area targeted for excavation that is believed to be used 
by local anglers.  Restoration of the entire section of riverbank could include use of techniques to ensure 
bank stability (e.g., installation of “Biolog” or equivalent technology at the toe of the slope and a 
biodegradable erosion control blanket) along with shrub plantings to compensate for loss riparian 
vegetation.  The additional riverbank restoration of the western side could be more extensive (i.e., 
extending laterally for approximately 25 feet) and, in addition to bank stabilization measures and shrub 
plantings, could also include the planting of trees and additional shrubs. 
 
Finally, all excavation alternatives include a disposal option (i.e., Option “b” of the alternatives) to 
contain sediment and soil on-site in a nearshore CDF constructed in the pond footprints, and mitigation 
for the incremental loss of aquatic habitat involved could be provided by the same measures described for 
the sediment alternatives (i.e., preservation uplands and/or wetland restoration) (see Appendix K). 
 
All active sediment and floodplain soil alternatives also include a disposal option (i.e., Option “a” of the 
alternatives) that would involve the containerization of contaminated sediment or floodplain soil in an 
upland CDF.  Figure 5-6 presents the locations of three potential upland CDFs.  As discussed in Section 
6.2.2.1, some of the potential upland CDFs are located in areas with established hardwood forest 
(northern CDF) or which contain low-value wetland (CDF south of the abandoned channel), and use of 
these areas would result in destruction of potentially valuable ecological habitat.  During the design 
phase, potential upland CDF locations would be evaluated with respect to the environmental services each 
provided.  Assuming that other critical project requirements will be met and mitigation could be provided 
for any impacts to wetlands protected under federal or state statutes, selection of the area with the lowest 
demonstrated functions and values will be preferred. 
 
If the upland CDF selected included jurisdictional wetland habitat (either federal or state) then 
compensation will also have to be provided for any impacts attributable to the intended project use.  
Potential mitigation options include preservation (using other upland habitat) or wetland restoration.  It is 
also possible that some mitigation could be provided by enhancement of existing state Riverbank Wetland 
along the western shore of Lyman Mill Pond (and potentially Allendale Pond).  Depending on criteria that 
will have to be determined by a state wetland scientist, this state resource area extends either 50 or 200 
feet from the bank of the Woonasquatucket River in these reaches. 
 
M.3 Short-Term Risks 
 
Short-term human health risks for floodplain soils in the Oxbow area and ecological risks for floodplain 
soils in both Allendale and Lyman Mill reaches that remedy implementation may pose have been 
evaluated qualitatively.1  The human health evaluation considered remedy-associated risks to remedial 
workers and also to the neighboring population (people living and working in the nearby area).  
Consistent with RAGS – Part C (EPA, 1991), the potential exposure conditions evaluated are associated 
with the releases that result from the implementation of the remedial technologies. 
 


                                                 
1 The Baseline Human Health Risk Assessment (MACTEC, 2004) determined that existing conditions for Allendale 
floodplain soil does not pose an actionable risk to human receptors. 
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From a human health perspective, the contaminants in floodplain soil that are the focus of the remedial 
action are, in general terms, persistent, low-volatility organic compounds (i.e., 2,3,7,8-tetrachlorodibenzo-
p-dioxin [TCDD] and Aroclor 1254) and arsenic.  This is also true for the ecological contaminants, which 
include 2,3,7,8-TCDD,2 Aroclor 1254, total Aroclors, 4,4’-DDE, and dieldrin, along with several 
inorganics (i.e., antimony, cadmium, lead, and zinc).  The technologies that are a component of most of 
the remedial alternatives under consideration include excavation with on-site or off-site disposal 
combined with enhanced natural recovery (ENR).  During implementation of alternatives involving these 
technologies, if soils are moist or wet, potential releases of contaminants to the environment would be 
limited.  If soils are dry at the time of remedial action, the most likely release mechanism for 
contaminants would be via generation of dust and subsequent release of soil or sediment particulates to 
the air. 
 
Assessment of short-term risks for the community.  Release of vapors would not be a concern during 
remedy implementation.  Engineering controls (e.g., dust suppression) would be a component of the 
excavation-based alternatives and would be used in conjunction with work area and site perimeter 
monitoring for air particulates.  With those measures in place, releases of contaminants beyond the work 
zone at levels of concern for the community would not be permitted to occur.  People working and living 
in the neighboring area would not have access to the work zone during excavation or soil cover 
application activities.  In addition to the excavation technologies, on-site and off-site disposal of soil 
would involve off-site transport.  Transport vehicles would need to be contained, and any off-site 
transport would be done in a manner that does not remove impacted sediment and/or soil from the work 
area except in a containerized manner.  For the alternatives that include an on-site thermal treatment 
facility, the approved technology would be constructed and implemented consistent with approved 
designs and permits that would require that the air emissions of contaminants or additional by-products 
produced during treatment be at levels that are associated with acceptable risk.  In conclusion, the short-
term risks to the community for all three active remedial alternatives are considered to be low. 
 
Assessment of short-term risks for remedial workers.  The exposure risks for the on-site remedial workers 
associated with implementation of the remedial technologies are the same as has been described for the 
community.  The Worker Protection Standards for Hazardous Waste under 40 CFR 311 and 29 CFR 
1910.120 specify requirements for worker protection at Superfund Sites.  Workers are protected by health 
and safety plans, emergency response plans, the proper application of engineering controls, and personal 
protective equipment as needed.  During planned on-site remedial activities, the potential for exposure to 
hazardous substances by remedial workers would be addressed and controlled by all of these.  The 
excavation technology would have risks of potential injury from physical hazards that are associated with 
construction activities.  These hazards are addressed in the plans and measures for worker protection.  
Potential exposures to contaminants during emergency responses associated with remedy failure would be 
minimal since the technologies are well proven and controllable.  Therefore, short-term risks are low for 
the community and on-site remedial worker from the potential release of contaminants during 
implementation of remedies involving excavation or thin-layer cover application and on-site or off-site 
disposal/treatment are associated.  By definition, there are no short-term risks associated with the No 
Action alternative at both Allendale and Lyman Mill reaches. 
 
Assessment of short-term risks for ecological receptors.  The No Action alternative would not pose any 
short-term risks to ecological receptors.  In contrast, the active remedial alternatives that include 
excavation technology (Alternative 5 for the Allendale reach and Alternatives 3 and 5 for the Lyman Mill 
reach) would involve the loss of the floodplain soil invertebrate community in the excavated areas along 
with the herbaceous plant cover.  By removing a portion of the root system of nearby trees and shrubs, 
excavation techniques could also impact woody vegetation that provides cover and foraging habitat to 
                                                 
2 This is the sole contaminant for the Allendale reach floodplain soil action area. 
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both invertebrates and wildlife.  The second remedial technology considered for the active remediation 
alternatives (Lyman Mill reach only) consists of the placement of a thin-layer cover over a portion of the 
floodplain surface.  Although some disturbance to the floodplain would occur during the application 
process, these impacts would be relatively minor and it is unlikely that the soil community would be 
completely destroyed by the additional cover material.  In terms of the relative magnitude of the short-
term risks, the alternatives for the Lyman Mill reach (including the Oxbow area) would be ranked as 
follows: Alternative 5 >  Alternative 3 > No Action. 
 
Besides the short-terms risks associated with remedy implementation, the time required to fully 
implement a remedy and achieve the remedial objectives may be an important consideration in evaluating 
the effectiveness of one or more remedial alternatives (see Section M.6).  The remedies for the Oxbow 
area may require decades of natural recovery prior to achievement of the identified cleanup goals.  During 
the time course of those remedial alternatives, the ecological risks still associated with direct or indirect 
exposure to floodplain soils in the Oxbow area would be gradually decreasing.  The remedial alternatives 
for the Oxbow area have been designed to minimize the short-term risks to ecological receptors and the 
wetland environment that might be associated with more aggressive, intrusive activities that have not 
been proposed here.  In so doing, the reduction in short-term risks to the environment is achieved by a 
reduced rate of long-term risk reduction for ecological receptors.  Consequently, although the 
implementation of the remedial alternative for the Oxbow area would not result in greater releases of 
contaminants than other alternatives, the rate of reduction of long-term risks associated with the site 
would be slower than for the pond sediments.  The installation of boardwalks along the riverbank in the 
Oxbow area, in conjunction with other institutional controls (ICs), would complement the proposed 
remedial technologies and provide further protection of human health during the expanded period of 
performance of the proposed remedial alternatives. 
 
M.4 Risk/Hazard Reduction Estimates 
 
Human health risks and hazards are calculated either as cancer or non-cancer health hazards and are 
calculated as the ratio of the exposure dose to a reference or no-effects dose.  Ecological risks and hazards 
are calculated as HQs and HIs.  HQs are the ratio of the exposure concentration or dose to known no-
observed-adverse-effects levels (NOAELs) for each chemical exposure.  HIs are the sum of all HQs for a 
given exposure area and ecological receptor.  There is a potential for unacceptable adverse effects when 
human health cancer risks exceed EPA’s acceptable risk range of 1E-06 to 1E-04 and when human non-
cancer health hazards and ecological HQs exceed 1.  The residual risks to human and ecological receptors 
following attainment of the RAOs are summarized below and presented in Tables 6-21a and 6-21b 
(Allendale reach – ecological risks only) and 6-29a through 6-29d (Lyman Mill reach – both human 
health and ecological risks).  The residual risks are based on anticipated contaminant exposures following 
attainment of the cleanup objectives. 
 
Allendale Reach. Tables 6-21a and 6-21b present the calculated residual risks associated with the two 
alternatives (Alternative 1, No Action and Alternative 5, Excavation and Disposal and/or Treatment, 
respectively) considered under this analysis.  Dioxin is the only contaminant posing unacceptable risk for 
Allendale reach floodplain soil and the short-tailed shrew (insectivorous wildlife) is the primary receptor 
of concern.  The active remedial alternative would cause an order of magnitude reduction in the residual 
risk relative to the No Action alternative (HI is 0.5 versus 20, respectively). 
 
Lyman Mill Reach. Tables 6-29a through 6-29d present the calculated residual risks to human and 
ecological receptors for the three alternatives (Alternative 1, No Action, Alternative 3, Targeted 
Excavation and ENR, and Alternative 5, Partial Excavation and ENR).  The residual risks are equivalent 
for all active alternatives and in most cases are considerably less than the No Action alternative. 
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Under the No Action alternative, the human health residual risk for carcinogenic effects is 3.E-04  
(Table 6-29a), which is greater than EPA’s risk range.  The unacceptable carcinogenic risk is attributable 
to 2,3,7,8-TCDD.  For each active remedial alternative, the residual carcinogenic risk to humans is 7.E-06 
(Table 6-29b), which is well within EPA’s cancer risk range and more than an order of magnitude less 
than residual risks under the No Action alternative (Table 6-29a).  Noncarcinogenic hazards for immune 
system and skin target organs are less than 1 under all remedial alternatives (Tables 6-29a and 6-29b). 
 
Under the No Action alternative, residual risks to soil invertebrates, birds, and mammals3 are 300, 50 and 
400 respectively (Table 6-29c).  2,3,7,8-TCDD is the primary risk driver for wildlife, followed by 
antimony and lead.  Dieldrin and cadmium contribute the majority of invertebrate risks, followed by zinc.  
For the action alternatives (Alternatives 3 and 5) residual risks for invertebrates, birds, and mammals are 
100, 7, and 5, respectively (Table 6-29d) and are substantially reduced compared to the No Action 
alternative.  Dieldrin and cadmium contribute the majority of the residual risk to the soil invertebrate 
receptors, but the HQs for 4,4’-DDE and zinc also exceed 1.0.  HQs in excess of 1.0 (exposure of birds to 
lead and mammals to 2,3,7,8-TCDD and antimony) are due to the cleanup goal being based on 
background conditions rather than the more protective risk-based PRGs. 
 
M.5 Environmental Fate Model 
 
Environmental fate modeling was performed for each of the proposed remedial alternatives for the 
Oxbow area4 to determine when or whether RAOs would be achieved under the various alternatives.  The 
following table summarizes the technologies and alternatives for remediating the 21.6 acres of floodplain 
soils that were retained for detailed analysis.  Detailed discussion of each of the alternatives is provided in 
Section 6.6 of the FS. 
 


Remedial 
Technology 


Remedial 
Alternative Description Assumptions 


No Action MNR No active treatment. 


Sediment deposition assumed to 
be 20% of average within pond 
value (0.048 inches/year 
assumed). 


Excavation 
and ENR 
(Thin-Layer 
Cover) 


Targeted 
Excavation and 
ENR 


22% (4.8 acres) of the remedial footprint 
area would be excavated to one foot below 
ground surface (bgs) and then backfilled 
with clean soil.  A thin-layer (3 inch) soil 
cover would be applied to the remainder 
of the remedial footprint area (78% or 
16.8 acres). 


Thin-layer soil cover would 
contain contaminants at average 
background concentrations; 
active remedies include 
engineering structures to enhance 
sediment deposition (0.24 
inches/year assumed). 


Excavation 
and ENR 
(Thin-Layer 
Cover) 


Partial 
Excavation and 
ENR 


63% (13.5 acres) of the remedial footprint 
area would be excavated to one foot below 
ground surface (bgs) and then backfilled 
with clean soil.  A thin-layer (3 inch) soil 
cover would be applied to the remainder 
of the remedial footprint area. 


Backfill for excavated area and 
thin-layer soil cover would 
contain contaminants at average 
background concentrations active 
remedies include engineering 
structures to enhance sediment 
deposition (0.24 inches/year 
assumed). 


                                                 
3 The 3 categories of ecological receptors evaluated in the Supplemental BERA (MACTEC and Battelle, 2006). 
4 This analysis was not necessary for the Allendale reach floodplain action area because the only action-based 
remedy (Alternative 5) is anticipated to achieve the RAOs immediately following remedy implementation. 
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Dioxin (i.e., 2,3,7,8-TCDD) was the primary focus for the fate modeling because it poses the greatest risk 
to ecological receptors.  It is also assumed that overall RAOs would be achieved when residual 
concentrations in the Oxbow are at or below the cleanup goal given its presumed widespread distribution 
throughout the Oxbow area at concentrations exceeding the ecological cleanup goal.  Because inorganic 
metals do not degrade, zinc was selected as a second ecological contaminant for fate modeling and hazard 
reduction to evaluate the relative contribution of soil degradation on the risk reduction time course for 
2,3,7,8-TCDD and whether ecological cleanup goals would be achieved for inorganic contaminants, as 
well. 
 
Risk reduction estimates were performed in three steps.  First, soil concentrations were estimated for each 
of the remedial technologies described in the table above.  Average exposure concentrations were then 
calculated based on the three remedial alternatives being evaluated (i.e., No Action, Targeted Excavation 
and ENR, and Partial Excavation and ENR) for estimating risk to ecological receptors.  Finally, risks to 
the two surrogate wildlife receptors, the short-tailed shrew and American woodcock, were modeled.  The 
following assumptions were employed in the development of the environmental fate model: 


 Only contaminant exposures to the top 1 foot of floodplain soil are ecologically relevant (i.e., 
ecological exposure zone). 


 Both backfilled soil (excavation treatment) and newly deposited soil (from future flooding events) 
are assumed to contain contaminants at current background concentrations. 


 A set of assumptions regarding the future deposition rate of floodplain soil were modeled to 
estimate a potential range of risk reduction timeframes.  The FS determined that the typical 
deposition rate for new sediment in the Allendale and Lyman Mill Ponds is on the order of 1 foot 
every 50 years (±10 years) and estimated that the deposition rate in the Oxbow area could be up 
to 10 times less than the in pond rate.  Model estimates for ecological receptors exposed to soil in 
the Oxbow area were derived assuming annual deposition rates 2x, 5x, and 10x less than the in 
pond rate of 1 foot/50 years.5 


 The soil degradation half life for 2,3,7,8-TCDD was assumed to be 4,720 days (12.9 years).  This 
was used as the starting point for the three models and is the arithmetic mean of twelve reported 
values from the California Technical Support Document for Exposure Assessment and Stochastic 
Analysis (available at http://www.oehha.ca.gov/air/hot_spots/pdf/apeng.pdf).6  Exposure model 
output for the two ecological receptors was also generated for assumed 2,3,7,8-TCDD soil 
degradation half lives of 2x and 4x slower than this average (i.e., 25.9 and 51.7 years). 


 The risk calculations assume that the daughter products formed by chemical degradation are not 
toxicologically relevant. 


 No degradation was assumed for zinc. 
 
For each remedial alternative, the floodplain soil concentration of 2,3,7,8-TCDD remaining in the 
ecological exposure zone after 0 - 250 years is the sum of the relative contribution of contamination from 
the remaining original floodplain soil, the backfill or cover material, and the newly deposited sediment in 
the ecological exposure zone.  Calculations are for five-year increments.  Over time, 2,3,7,8-TCDD will 


                                                 
5 It is likely that depositional rates are likely to vary within the Oxbow with higher rates anticipated in lower lying 
areas (e.g., emergent marsh/scrub-shrub swamp) and lower rates in the forested areas in the northern section.  
Variability in deposition rates is also anticipated on a more micro-scale associated with local topography (e.g., 
“borrow” pits). 
6 Available data on 2,3,7,8-TCDD degradation rates are for upland soils and may or may not be directly applicable 
to the physiochemical conditions associated floodplain soils (e.g., redox, anaerobic).  This uncertainty was evaluated 
in the sensitivity evaluation conducted as part this analysis. 
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degrade, and newly deposited sediment will bury the original floodplain soil, thereby reducing 2,3,7,8-
TCDD concentrations in the ecological exposure zone naturally.  The excavation of contaminated 
material, replacement with backfill, and placement of a thin-layer cover (ENR) in areas not remediated 
using excavation all serve to accelerate the decrease in 2,3,7,8-TCDD concentrations in the ecological 
exposure zone. 
 
The weighted concentration of the remaining original floodplain soil matrix within the ecological 
exposure zone at time n was modeled using the following equation: 
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Where: 
 


[Co]n = Contaminant concentration in the original floodplain soil matrix remaining 
within the ecological exposure zone at time increment n, weighted by the fraction 
that this material represents of the entire exposure zone; units in ug g-1. 


De = Depth of the presumptive ecological exposure zone within the floodplain soil 
column; units in inches. 


Dc = Depth of backfill material following excavation of contaminated soil within the 
soil column; units in inches. 


Yn = Number of years (in 5-year increments) following remedy implementation; unit 
in years. 


R = Annual deposition rate of new sediment onto remediated surface; unit in inches 
per year. 


Co = Average contaminant concentration in the original floodplain soil matrix; units in 
ug g-1. 


t0.5 = Half-life of organic contaminant in floodplain soil matrix; units in years. 
 
The weighted concentration of the backfill (excavation application only) or thin-layer cover material 
within the ecological exposure zone was modeled using the following equation: 
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Where: 
 


[Cb]n = Contaminant concentration in the backfilled soil remaining within the ecological 
exposure zone at time increment n, weighted by the fraction that this material 
represents of the entire exposure zone; units in ug g-1. 


De = Depth of the presumptive ecological exposure zone within the floodplain soil 
column; units in inches. 


Yn = Number of years (in 5-year increments) following remedy implementation; unit 
in years. 


R = Annual deposition rate of new sediment onto remediated surface; unit in inches 
per year. 


Cf = Average contaminant concentration in background floodplain soil; units in ug g-1. 
t0.5 = Half-life of organic contaminant in floodplain soil matrix; units in years. 
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The weighted concentration of the floodplain soil deposited after remedy implementation within the 
ecological exposure zone was modeled using the following equation: 
 


   



















 


5.02*** tY


f
e


n
nf


n


C
D


RYC    Equation 3 


 
Where: 
 


[Cf]n = Contaminant concentration in the background floodplain soil deposited following 
remedy implementation within the ecological exposure zone at time increment n, 
weighted by the fraction that this material represents of the entire exposure zone; 
units in ug g-1. 


De = Depth of the presumptive ecological exposure zone within the floodplain soil 
column; units in inches. 


Yn = Number of years (in 5-year increments) following remedy implementation; unit 
in years. 


R = Annual deposition rate of new sediment onto remediated surface; unit in inches 
per year. 


Cf = Average contaminant concentration in background floodplain soil; units in ug g-1. 
t0.5 = Half-life of organic contaminant in floodplain soil matrix; units in years. 


 
To model the decrease in zinc concentrations, the same equations were used without the environmental 
degradation term: 
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where Cx represents either the concentration of the original floodplain soil matrix (Co), the soil laid down 
as part of the remedial action (i.e., thin-layer cover or backfill) (Cb), or the soil deposited subsequent to 
the remedy implementation phase (Cf). 
 
For each remedial technology (i.e., excavation/backfill, thin-layer cover, and MNR), the average 
concentration in the integrated ecological exposure zone at time increment n was calculated as:  
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Where: 
 


[Ci]n = Average contaminant concentration within the ecological exposure zone at time 
increment n for the ith technology; units in ug g-1. 


[Co]n = Contaminant concentration of the original floodplain soil matrix remaining 
within the ecological exposure zone at time increment n, weighted by the fraction 
that this material represents of the entire exposure zone; units in ug g-1. 


[Cb]n = Contaminant concentration of the backfilled soil remaining within the ecological 
exposure zone at time increment n, weighted by the fraction that this material 
represents of the entire exposure zone; units in ug g-1 
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[Cf]n = Contaminant concentration of the soil matrix deposited following completion of 
remedial construction activities that remains within the ecological exposure zone 
at time increment n, weighted by the fraction that this material represents of the 
entire exposure zone; units in ug g-1. 


 
To help identify the best remedial alternative for the Oxbow Area to meet the ecological RAOs, soil 
exposure concentrations were calculated for each alternative.  The alternative-specific exposure 
concentration was the average soil concentration across the exposure area within the ecological exposure 
zone at each 5-year time increment.  This was calculated as the weighted average of the estimated 
“technology-specific” soil concentrations, weighting based on the relative area for excavation/backfill, 
thin-layer cover, and MNR) using the following equation: 
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    Equation 5 


Where: 
 


[Cj]n = Average contaminant concentration within the ecological exposure area at time 
increment n for the jth alternative scenario; units in ug g-1. 


[Ci]n = Average contaminant concentration within the ecological exposure zone at time 
increment n for the ith technology; units in ug g-1. 


ai = Alternative-specific areal extent of the ith technology; units in acres. 
 
Based on the proposed remedial footprints for each of the above remedies, these alternatives would 
employ the following combination of treatment types: 
 


Remedial Alternative 
Remedial Technology 


Excavation ENR 
(Thin-Layer Cover) MNRa 


No Action 0% 0% 100% 
Targeted Excavation and ENR 22% 78% 0% 
Partial Excavation and ENR 63% 37% 0% 


a Natural recovery processes (including chemical degradation of organic chemicals of interest) are 
anticipated to occur under all remedial alternatives.  The percentage values presented refer to the percentage 
of the footprint where no other technology would be applied during the remedy implementation phase. 


 
M.6. Evaluation of Post-Construction Risk Estimates for Human Receptors 
 
To better evaluate the remedy effectiveness and specifically protectiveness of the different alternatives to 
human receptors, the human residual hazards were calculated based on estimated floodplain soil 
exposures following the completion of the remedy implementation phase.  These “post-construction” risk 
estimates are distinct from the residual risk estimates that are calculated based on exposures anticipated 
following achievement of the RAOs, which are used to evaluate long-term protectiveness (see Section 
M.7).  Consistent with standard risk assessment protocols, the derivation of residual risk estimates is 
based on comparing a calculated exposure concentration to a toxicological benchmark.  In this analysis, 
the same toxicological benchmarks employed in the baseline risk assessment were used, and the 
environmental concentration term depends on the scenario assumptions.  In the case of residual risks, 
which by definition are based on environmental exposures once the RAOs have been achieved, the 
presumed exposure term is the contaminant-specific cleanup goals (either risk-based or background 







Interim Final CMRP Feasibility Study Report M-11 April 2010 
Appendix M 


concentrations).  To estimate the environmental concentration term immediately following remedy 
implementation, the floodplain soil concentration term was estimated using the following assumptions: 


 No Action Alternative – Consistent with the Supplemental BHHRA for the Oxbow (MACTEC 
and Battelle, 2006), the maximum contaminant concentrations detected in Oxbow floodplain soils 
(0-12”) from the 2004 investigation was used to estimate human health risks for this analysis. 


 Alternative 3 – Under this alternative, 22 percent (4.8/21.6 acres) of the remedial footprint would 
be excavated to the bottom of the vadose zone and then backfilled to design grade to address 
exceedances of the ARARs for residential direct exposure and EPA’s recommended residential 
level for dioxin in soil.  A thin-layer cover (3 inches) would be applied to the remaining area (i.e., 
78% or 16.8/21.6 acres).  Following remedy implementation, surface soil concentrations (0-12 
inches) in the excavated area would be equivalent to the contaminant background concentrations 
(i.e., assumed concentrations in the backfill material).  Surface soil concentrations in the ENR 
(thin-layer cover) areas would be equivalent to the weighted7 average of background 
concentrations (in the cover material) and arithmetic mean contaminant concentration8 under 
existing conditions.  The overall exposures following remedy implementation were calculated as 
the weighted average of the concentrations in the excavated and thin-layer cover areas, with the 
weighting based on the relative proportion of the overall footprint (i.e., 22% and 78%, 
respectively) contributed by each.  


 Alternative 5 – Post-construction floodplain soil concentrations were calculated similar to that 
described above for Alternative 3, but using 63% (13.5/21.6 acres) and 37% (8.1/21.6 acres) for 
the excavated and thin-layer cover areas, respectively. 


Tables M-1 through M-3 present the estimated 2,3,7,8-TCDD concentrations in Oxbow floodplain soils 
for each of the three technology scenarios (i.e., excavation/backfill, ENR, and MNR, respectively) for 5-
year time increments between 0 and 250 years post remedy implementation.  Tables M-4 through M-6 
present the estimated floodplain soil concentrations and human health risks immediately following 
completion of remedial actions (i.e., “post-construction” risks) anticipated under the No Action, 
Alternative 3 and Alternative 5, respectively. 
 


 No Action alternative – the post-construction excess lifetime cancer risk (ELCR) from 2,3,7,8-
TCDD would be 3.E-04 (Table M-4), consistent with findings of the Supplemental Baseline 
Human Health Risk Assessment for the Oxbow (MACTEC and Battelle, 2006).  This risk is 
above EPA’s acceptable risk range (1E-06 to 1E-04). 


 Alternative 3 (Targeted Excavation and ENR) – the post-construction ELCR estimate would be 
4.E-05 (Table M-5), which is within EPA’s risk range.  The non-cancer hazard estimates under 
Alternative 3 are 0.3 and 0.1 for immune system and skin target organs, respectively (Table M-5); 
both of these are below the threshold HI of 1. 


                                                 
7 Each weighted by the fraction comprised of the 12 inch exposure zone (i.e., 25% and 75%, respectively). 
8 In the case of 2,3,7,8-TCDD, the EPA residential cleanup guideline for dioxin/furan TEQ (i.e., 0.001 mg/kg) was 
used instead of the average existing condition concentration for the soil below the cover material because all soils 
containing dioxin concentrations above this ceiling value would be removed under the targeted excavation 
component of this remedial alternative. 
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 Alternative 5 (Partial Excavation and ENR) – the post-construction ELCR estimate would be  
2.E-05 (Table M-6), which is within EPA’s risk range.  The non-cancer hazard risk estimates are 
0.2 and 0.1 for immune system and skin target organs, respectively; both of these are below the 
threshold HI of 1. 


 
In summary at the conclusion of the remedy implementation phase under both action-based alternatives: 
 


 Human health total ELCR estimates would be within EPA’s risk range;  


 Target organ-specific non-cancer HI estimates would all be below 1; and, 


 2,3,7,8-TCDD sample concentrations in surface soil would be below EPA’s recommended 
residential level for dioxin of 0.001 mg/kg (EPA, 1998). 


 
Time to achieve the human health RAOs.  The RAOs for human health (Section 3.1), which are based on 
achieving a total ELCR within the RIDEM acceptable carcinogenic risk range (i.e., 1E-06 to 1E-05), 
would not be achieved until natural degradation and sediment deposition processes had further reduced 
residual dioxin exposures.  To estimate the time to achieve the human health RAO, the floodplain soil 
concentration corresponding to 1E-05 total ELCR was calculated by dividing the dioxin soil 
concentration following remedy implementation by the ratio of post-construction residual risk estimate 
(or current conditions in the case of the No Action alternative) and the upper bound risk range soil 
concentration.  The timeframe to achieve the target9 soil concentration for each of the alternatives was 
then estimated using the exposure model described in Section M-5.  Table M-7 summarizes the 
anticipated timeframe of 2,3,7,8-TCDD concentrations in Oxbow surface soils following remedy 
implementation; the concentration data are plotted in Figure M-1.  Estimated durations for No Action, 
Targeted Excavation, and Partial Excavation alternatives are 55, 14, and 7 years, respectively  
(Figure M-1).  In addition, EPA’s recommended residential level for dioxin (0.001 mg/kg) would not be 
reached under the No Action alternative for nearly 25 years (Figure M-1). 
 
M.7. Long-Term Risk/Hazard Reduction Estimates 
 
As discussed previously, Tables M-1 through M-3 present the estimated 2,3,7,8-TCDD concentrations in 
Oxbow floodplain soils for each of the three technology scenarios (i.e., excavation/backfill, ENR, and 
MNR, respectively) for 5-year time increments between 0 and 250 years post remedy implementation.  
Tables M-8 and M-9 (shrew and woodcock, respectively) present the estimated average floodplain soil 
concentrations and ecological exposure risk from 2,3,7,8-TCDD for each of the remedial alternatives at 
five-year time intervals between 0 and 250 years post-remedy implementation.  Similarly, Tables M-10 
through M-12 present estimated zinc concentrations for each of the three scenarios.  Tables M-13 and  
M-14 present the estimated average floodplain soil concentrations and ecological exposure risk from zinc 
(soil invertebrates and woodcock, respectively). 
 
HQs were estimated for each ecological receptor and remedial alternative by dividing the average soil 
concentration for a given remedial alternative by the receptor-specific ecological Preliminary 
Remediation Goals (PRGs) (MACTEC, 2005).  Wildlife receptors were determined to be most sensitive 
to elevated concentrations of 2,3,7,8-TCDD in floodplain soil, and risk reduction curves were derived for 
both wildlife receptors considered in the BERA (i.e., short-tailed shrew and American woodcock).  Soil 
invertebrates were determined to be the most sensitive ecological receptors to zinc and the woodcock was 
the most sensitive wildlife receptor evaluated. 
 


                                                 
9 Based on Table M-7, the target soil concentration is 2.9E-4/(2E-5/1E-5) = 1.7E-4 or 0.00017 mg/kg. 
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Figure M-2 presents the hazard reduction time course curves for 2,3,7,8-TCDD for each of the remedial 
alternatives.  The curves presented in Figure M-1 are based on the most reasonable estimates10 for soil 
deposition within the floodplain (i.e., one foot/50 years) and for the 2,3,7,8-TCDD degradation rate in soil 
(i.e., t0.5 = 12.9 years).  In the case of both wildlife receptors, the partial excavation alternative achieves 
the ecological cleanup goal in the shortest duration (approximately 30 years for the shrew and 5 years for 
the woodcock).  For the targeted excavation alternative, 2,3,7,8-TCDD concentrations are predicted to 
decrease to the shrew and woodcock PRGs approximately 5-10 years later than under the partial 
excavation alternative).  It is estimated that the No Action alternative would require approximately 75 
more years to achieve the ecological RAOs compared to the partial excavation alternative. 
 
Figures M-3 and M-4 demonstrate the effects of varying assumptions regarding the contaminant 
degradation and deposition rates, respectively, on the time to achieve the target hazards for the shrew 
receptor.  As anticipated, decreasing the rate at which organic contaminants are naturally degraded in soil, 
increases the amount of time required to achieve the cleanup goals.  A doubling and quadrupling of the 
assumed 2,3,7,8-TCDD half life in soil (holding the deposition rate constant) results in the alternatives 
not achieving the 2,3,7,8-TCDD cleanup goal until approximately 40 years post-construction  
(Figure M-3).  A 5-fold and 10-fold decrease in the annual deposition rate term results in the alternatives 
not achieving the 2,3,7,8-TCDD cleanup goal until approximately 55-70 years post-construction  
(Figure M-4).  The relative amount of time that the various alternatives are projected to achieve 
ecological cleanup goals are consistently ordered as follows: partial excavation ≈ targeted excavation < 
No Action.  Overall, the time to achieve the 2,3,7,8-TCDD cleanup goal appears relatively insensitive to 
the degradation rate term and somewhat sensitive to the deposition rate term.  
 
Figure M-5 shows that the rate of risk reduction for exposure to zinc.  Because zinc does not degrade, the 
rate of risk reduction is much slower since only deposition from flooding is acting to reduce zinc 
concentrations to background levels within the biological active zone.  Models indicate that there will be 
risk to invertebrate populations from exposure to zinc in floodplain soils even after 250 years.  Risk to 
wildlife (represented by modeled risk to the American woodcock) may become negligible after 
approximately 25, 30 and 225 years for the partial excavation, targeted excavation and No Action 
remedies, respectively 
 
Figure M-6 presents the effects of varying the sediment deposition rate on the post-construction zinc 
hazard curves for the woodcock receptor.  Similar to the findings for the shrew receptor, increasing the 
deposition rate dramatically affects the rate at which post-construction hazards are attenuated. 
 
Table M-15 summarizes the timeframes to achieve the cleanup goal for 2,3,7,8-TCDD for the shrew, 
which is the most sensitive receptor for this contaminant.  Depending on the annual floodplain soil 
deposition and chemical biodegradation rates achieved, the time to achieve the 2,3,7,8-TCDD cleanup 
goal could range from approximately 30 to greater than 250 years.11  The benefits of selecting an active 
remedial alternative increase as the deposition and biodegradation rates decrease, either independently or 
simultaneously.  In the case of organic contaminants such as 2,3,7,8-TCDD, the model suggests that the 
risk reduction trajectories are more sensitive to assumptions regarding chemical degradation rates than to 
floodplain soil deposition rates. 
 


                                                 
10 With incorporation into the action-based remedial alternatives of engineering structures designed to direct 
floodwaters into the Oxbow area and retard flow through this wetland, the assumption of a typical deposition rate 
equivalent to that estimated for the ponds themselves seems reasonable.  The estimated 2,3,7,8-TCDD half-life is 
based on an average of literature results,  
11 Under conservative assumptions regarding the annual deposition and 2,3,7,8-TCDD degradation rates, RAOs 
might not be achieved within the full 250 year period evaluated. 
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M.8. Conclusions 
 
Human health risks associated with contact with contaminated floodplain soil will be reduced to 
acceptable levels following implementation of any of the active alternatives being considered for the 
Lyman Mill reach, and ecological risks will be reduced to acceptable levels in the Allendale reach if the 
active remedy is implemented.  However, risks to ecological receptors in the Oxbow area will remain 
immediately following implementation of any of the remedial alternatives evaluated in this FS but will 
decrease over time.  Post-construction risks to ecological receptors in the Oxbow Area are expected to be 
reduced most quickly for the partial excavation remedial alternative.  The estimated timeframes to 
achieve the 2,3,7,8-TCDD cleanup goal for the best estimates of floodplain soil deposition and 2,3,7,8-
TCDD degradation rates are 55, 60 and 105 years for the partial excavation, targeted excavation and No 
Action alternatives, respectively (Table M-15). 
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Figure M-1. Anticipated Time Course for Reduction of Residual 2,3,7,8-TCDD Concentrations in 


Oxbow Floodplain Soil Following Remedy Implementation 
 
 







Figure M-2
Post-Construction Hazard Reduction Time Course Curves - 2,3,7,8-TCDD


(shrew and woodcock receptors)
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Figure M-3
Post-Construction Hazard Reduction Time Course Curves - 2,3,7,8-TCDD


(effect of varying degradation rates on shrew receptor)
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Figure M-4
Post-Construction Hazard Reduction Time Course Curves - 2,3,7,8-TCDD


(effect of varying deposition rates on shrew receptor)
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Figure M-5
Post-Construction Hazard Reduction Time Course Curves - Zinc


(soil invertebrate and woodcock receptors)
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Figure M-6
Post-Construction Hazard Reduction Time Course Curves - Zinc


(effect of varying deposition rates on woodcock receptor)
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Table M-1
Estimated Average 2,3,7,8-TCDD Concentration in Floodplain Soil Following Remediation - Excavation/Backfill


Half-decadal Deposition Concentration Incrementd


Year
Average 


Concentrationa 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 115 120


0 0.0000170 0.0000000 0.0000170
5 0.0000134 0.0000000 0.0000117 1.7E-06


10 0.0000110 0.0000000 0.0000080 1.3E-06 1.7E-06
15 0.0000093 0.0000000 0.0000053 9.9E-07 1.3E-06 1.7E-06
20 0.0000082 0.0000000 0.0000035 7.6E-07 9.9E-07 1.3E-06 1.7E-06
25 0.0000076 0.0000000 0.0000022 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
30 0.0000071 0.0000000 0.0000014 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
35 0.0000069 0.0000000 0.0000008 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
40 0.0000068 0.0000000 0.0000004 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
45 0.0000067 0.0000000 0.0000002 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
50 0.0000067 0.0000000 0.0000000 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
55 0.0000067 0.0000000 0.0000000 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
60 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
65 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
70 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
75 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
80 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
85 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
90 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
95 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06


100 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
105 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
110 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
115 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
120 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
125 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06
130 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07
135 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07
140 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07
145 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07
150 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07
155 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07
160 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-07 2.0E-07
165 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-07
170 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
175 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
180 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
185 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
190 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
195 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
200 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
205 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
210 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
215 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
220 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
225 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
230 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
235 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
240 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
245 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
250 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00


Presumed exposure zone thickness 12 inches
Thickness of thin layer cover 0 inches


Backfill thickness 12 inches
Original concentration 0.001 ug/g


Background concentration 1.7E-05 ug/g
Soil half lifei 12.9 years


Deposition rateh 0.24 inches/year
Increment 5 years


Notes:
a.  Average concentration in the ecological exposure zone as sum of weighted concentrations for original unremediated soil, backfill/thin layer cover, and river sediment deposited post-construction.  Units in ug/g.
b.  Contaminant concentration of the original floodplain soil matrix remaining within the ecological exposure zone at time increment n, weighted by the fraction that this material represents of the entire exposure column.  Units in ug/g.
c.  Contaminant concentration of the backfilled (or thin-layer cover) soil matrix remaining within the ecological exposure zone at time increment n, weighted by the fraction that this material represents of the entire exposure column.  Units in ug/g.
d.  Contaminant concentration of the floodplain soil deposited following remedy implementation within the ecological exposure zone at time interval n, weighted by the fraction that this material represents of the overall exposure zone.  Units in ug/g.


Original 
Floodplain 


Soilb
Backfill/  Thin 
Layer Coverc
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Table M-1
Estimated Average 2,3,7,8-TCDD Concentration in Floodplain Soil Following Remediation - Excavation/Backfill


Year
Average 


Concentrationa


0 0.0000170
5 0.0000134


10 0.0000110
15 0.0000093
20 0.0000082
25 0.0000076
30 0.0000071
35 0.0000069
40 0.0000068
45 0.0000067
50 0.0000067
55 0.0000067
60 0.0000067
65 0.0000067
70 0.0000067
75 0.0000067
80 0.0000067
85 0.0000067
90 0.0000067
95 0.0000067


100 0.0000067
105 0.0000067
110 0.0000067
115 0.0000067
120 0.0000067
125 0.0000067
130 0.0000067
135 0.0000067
140 0.0000067
145 0.0000067
150 0.0000067
155 0.0000067
160 0.0000067
165 0.0000067
170 0.0000067
175 0.0000067
180 0.0000067
185 0.0000067
190 0.0000067
195 0.0000067
200 0.0000067
205 0.0000067
210 0.0000067
215 0.0000067
220 0.0000067
225 0.0000067
230 0.0000067
235 0.0000067
240 0.0000067
245 0.0000067
250 0.0000067


Pres


Half-decadal Concentration Incrementd


125 130 135 140 145 150 155 160 165 170 175 180 185 190 195 200 205 210 215 220 225 230 235 240 245 250


1.7E-06
1.3E-06 1.7E-06
9.9E-07 1.3E-06 1.7E-06
7.6E-07 9.9E-07 1.3E-06 1.7E-06
5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
0.0E+00 0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
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Table M-2
Estimated Average 2,3,7,8-TCDD Concentration in Floodplain Soil Following Remediation - ENR (Thin Layer Cover)


Half-decadal Deposition Concentration Incrementd


Year
Average 


Concentrationa 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 115 120


0 0.0007543 0.0007500 0.0000043
5 0.0005021 0.0004972 0.0000033 1.7E-06


10 0.0003273 0.0003218 0.0000025 1.3E-06 1.7E-06
15 0.0002073 0.0002014 0.0000019 9.9E-07 1.3E-06 1.7E-06
20 0.0001260 0.0001198 0.0000015 7.6E-07 9.9E-07 1.3E-06 1.7E-06
25 0.0000719 0.0000655 0.0000011 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
30 0.0000367 0.0000300 0.0000009 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
35 0.0000144 0.0000077 0.0000007 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
40 0.0000068 0.0000000 0.0000004 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
45 0.0000067 0.0000000 0.0000002 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
50 0.0000067 0.0000000 0.0000000 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
55 0.0000067 0.0000000 0.0000000 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
60 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
65 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
70 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
75 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
80 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
85 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
90 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
95 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06


100 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
105 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
110 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
115 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
120 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
125 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06
130 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07
135 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07
140 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07
145 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07
150 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07
155 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07
160 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-07 2.0E-07
165 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-07
170 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
175 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
180 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
185 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
190 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
195 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
200 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
205 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
210 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
215 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
220 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
225 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
230 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
235 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
240 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
245 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
250 0.0000067 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00


Presumed exposure zone thickness 12 inches
Thickness of thin layer cover 3 inches


Backfill thickness 0 inches
Original concentration 0.001 ug/g


Background concentration 1.7E-05 ug/g
Soil half lifei 12.9 years


Deposition rateh 0.24 inches/year
Increment 5 years


Notes:
a.  Average concentration in the ecological exposure zone as sum of weighted concentrations for original unremediated soil, backfill/thin layer cover, and river sediment deposited post-construction.  Units in ug/g.
b.  Contaminant concentration of the original floodplain soil matrix remaining within the ecological exposure zone at time increment n, weighted by the fraction that this material represents of the entire exposure column.  Units in ug/g.
c.  Contaminant concentration of the backfilled (or thin-layer cover) soil matrix remaining within the ecological exposure zone at time increment n, weighted by the fraction that this material represents of the entire exposure column.  Units in ug/g.
d.  Contaminant concentration of the floodplain soil deposited following remedy implementation within the ecological exposure zone at time interval n, weighted by the fraction that this material represents of the overall exposure zone.  Units in ug/g.


Original 
Floodplain 


Soilb
Backfill/  Thin 
Layer Coverc
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Table M-2
Estimated Average 2,3,7,8-TCDD Concentration in Floodplain Soil Following Remediation - ENR (Thin Layer Cover)


Year
Average 


Concentrationa


0 0.0007543
5 0.0005021


10 0.0003273
15 0.0002073
20 0.0001260
25 0.0000719
30 0.0000367
35 0.0000144
40 0.0000068
45 0.0000067
50 0.0000067
55 0.0000067
60 0.0000067
65 0.0000067
70 0.0000067
75 0.0000067
80 0.0000067
85 0.0000067
90 0.0000067
95 0.0000067


100 0.0000067
105 0.0000067
110 0.0000067
115 0.0000067
120 0.0000067
125 0.0000067
130 0.0000067
135 0.0000067
140 0.0000067
145 0.0000067
150 0.0000067
155 0.0000067
160 0.0000067
165 0.0000067
170 0.0000067
175 0.0000067
180 0.0000067
185 0.0000067
190 0.0000067
195 0.0000067
200 0.0000067
205 0.0000067
210 0.0000067
215 0.0000067
220 0.0000067
225 0.0000067
230 0.0000067
235 0.0000067
240 0.0000067
245 0.0000067
250 0.0000067


Pres


Half-decadal Concentration Incrementd


125 130 135 140 145 150 155 160 165 170 175 180 185 190 195 200 205 210 215 220 225 230 235 240 245 250


1.7E-06
1.3E-06 1.7E-06
9.9E-07 1.3E-06 1.7E-06
7.6E-07 9.9E-07 1.3E-06 1.7E-06
5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
0.0E+00 0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-07 2.0E-07 2.6E-07 3.4E-07 4.5E-07 5.8E-07 7.6E-07 9.9E-07 1.3E-06 1.7E-06
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Table M-3
Estimated Average 2,3,7,8-TCDD Concentration in Floodplain Soil Following Remediation - Monitored Natural Recovery


Half-decadal Deposition Concentration Incrementd


Year
Average 


Concentrationa 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 115 120


0 0.0043000 0.0043000 0.0000000
5 0.0032236 0.0032233 0.0000000 3.4E-07


10 0.0024158 0.0024152 0.0000000 2.6E-07 3.4E-07
15 0.0018097 0.0018089 0.0000000 2.0E-07 2.6E-07 3.4E-07
20 0.0013551 0.0013542 0.0000000 1.5E-07 2.0E-07 2.6E-07 3.4E-07
25 0.0010144 0.0010133 0.0000000 1.2E-07 1.5E-07 2.0E-07 2.6E-07 3.4E-07
30 0.0007590 0.0007579 0.0000000 8.9E-08 1.2E-07 1.5E-07 2.0E-07 2.6E-07 3.4E-07
35 0.0005677 0.0005665 0.0000000 6.8E-08 8.9E-08 1.2E-07 1.5E-07 2.0E-07 2.6E-07 3.4E-07
40 0.0004245 0.0004232 0.0000000 5.2E-08 6.8E-08 8.9E-08 1.2E-07 1.5E-07 2.0E-07 2.6E-07 3.4E-07
45 0.0003174 0.0003160 0.0000000 4.0E-08 5.2E-08 6.8E-08 8.9E-08 1.2E-07 1.5E-07 2.0E-07 2.6E-07 3.4E-07
50 0.0002372 0.0002358 0.0000000 3.0E-08 4.0E-08 5.2E-08 6.8E-08 8.9E-08 1.2E-07 1.5E-07 2.0E-07 2.6E-07 3.4E-07
55 0.0001773 0.0001759 0.0000000 2.3E-08 3.0E-08 4.0E-08 5.2E-08 6.8E-08 8.9E-08 1.2E-07 1.5E-07 2.0E-07 2.6E-07 3.4E-07
60 0.0001325 0.0001311 0.0000000 1.8E-08 2.3E-08 3.0E-08 4.0E-08 5.2E-08 6.8E-08 8.9E-08 1.2E-07 1.5E-07 2.0E-07 2.6E-07 3.4E-07
65 0.0000990 0.0000976 0.0000000 1.4E-08 1.8E-08 2.3E-08 3.0E-08 4.0E-08 5.2E-08 6.8E-08 8.9E-08 1.2E-07 1.5E-07 2.0E-07 2.6E-07 3.4E-07
70 0.0000741 0.0000727 0.0000000 1.0E-08 1.4E-08 1.8E-08 2.3E-08 3.0E-08 4.0E-08 5.2E-08 6.8E-08 8.9E-08 1.2E-07 1.5E-07 2.0E-07 2.6E-07 3.4E-07
75 0.0000555 0.0000540 0.0000000 8.0E-09 1.0E-08 1.4E-08 1.8E-08 2.3E-08 3.0E-08 4.0E-08 5.2E-08 6.8E-08 8.9E-08 1.2E-07 1.5E-07 2.0E-07 2.6E-07 3.4E-07
80 0.0000416 0.0000401 0.0000000 6.1E-09 8.0E-09 1.0E-08 1.4E-08 1.8E-08 2.3E-08 3.0E-08 4.0E-08 5.2E-08 6.8E-08 8.9E-08 1.2E-07 1.5E-07 2.0E-07 2.6E-07 3.4E-07
85 0.0000312 0.0000298 0.0000000 4.7E-09 6.1E-09 8.0E-09 1.0E-08 1.4E-08 1.8E-08 2.3E-08 3.0E-08 4.0E-08 5.2E-08 6.8E-08 8.9E-08 1.2E-07 1.5E-07 2.0E-07 2.6E-07 3.4E-07
90 0.0000235 0.0000221 0.0000000 3.6E-09 4.7E-09 6.1E-09 8.0E-09 1.0E-08 1.4E-08 1.8E-08 2.3E-08 3.0E-08 4.0E-08 5.2E-08 6.8E-08 8.9E-08 1.2E-07 1.5E-07 2.0E-07 2.6E-07 3.4E-07
95 0.0000178 0.0000164 0.0000000 2.7E-09 3.6E-09 4.7E-09 6.1E-09 8.0E-09 1.0E-08 1.4E-08 1.8E-08 2.3E-08 3.0E-08 4.0E-08 5.2E-08 6.8E-08 8.9E-08 1.2E-07 1.5E-07 2.0E-07 2.6E-07 3.4E-07


100 0.0000136 0.0000121 0.0000000 2.1E-09 2.7E-09 3.6E-09 4.7E-09 6.1E-09 8.0E-09 1.0E-08 1.4E-08 1.8E-08 2.3E-08 3.0E-08 4.0E-08 5.2E-08 6.8E-08 8.9E-08 1.2E-07 1.5E-07 2.0E-07 2.6E-07 3.4E-07
105 0.0000104 0.0000090 0.0000000 1.6E-09 2.1E-09 2.7E-09 3.6E-09 4.7E-09 6.1E-09 8.0E-09 1.0E-08 1.4E-08 1.8E-08 2.3E-08 3.0E-08 4.0E-08 5.2E-08 6.8E-08 8.9E-08 1.2E-07 1.5E-07 2.0E-07 2.6E-07 3.4E-07
110 0.0000081 0.0000066 0.0000000 1.2E-09 1.6E-09 2.1E-09 2.7E-09 3.6E-09 4.7E-09 6.1E-09 8.0E-09 1.0E-08 1.4E-08 1.8E-08 2.3E-08 3.0E-08 4.0E-08 5.2E-08 6.8E-08 8.9E-08 1.2E-07 1.5E-07 2.0E-07 2.6E-07 3.4E-07
115 0.0000063 0.0000049 0.0000000 9.3E-10 1.2E-09 1.6E-09 2.1E-09 2.7E-09 3.6E-09 4.7E-09 6.1E-09 8.0E-09 1.0E-08 1.4E-08 1.8E-08 2.3E-08 3.0E-08 4.0E-08 5.2E-08 6.8E-08 8.9E-08 1.2E-07 1.5E-07 2.0E-07 2.6E-07 3.4E-07
120 0.0000050 0.0000036 0.0000000 7.2E-10 9.3E-10 1.2E-09 1.6E-09 2.1E-09 2.7E-09 3.6E-09 4.7E-09 6.1E-09 8.0E-09 1.0E-08 1.4E-08 1.8E-08 2.3E-08 3.0E-08 4.0E-08 5.2E-08 6.8E-08 8.9E-08 1.2E-07 1.5E-07 2.0E-07 2.6E-07 3.4E-07
125 0.0000041 0.0000026 0.0000000 5.5E-10 7.2E-10 9.3E-10 1.2E-09 1.6E-09 2.1E-09 2.7E-09 3.6E-09 4.7E-09 6.1E-09 8.0E-09 1.0E-08 1.4E-08 1.8E-08 2.3E-08 3.0E-08 4.0E-08 5.2E-08 6.8E-08 8.9E-08 1.2E-07 1.5E-07 2.0E-07 2.6E-07
130 0.0000034 0.0000019 0.0000000 4.2E-10 5.5E-10 7.2E-10 9.3E-10 1.2E-09 1.6E-09 2.1E-09 2.7E-09 3.6E-09 4.7E-09 6.1E-09 8.0E-09 1.0E-08 1.4E-08 1.8E-08 2.3E-08 3.0E-08 4.0E-08 5.2E-08 6.8E-08 8.9E-08 1.2E-07 1.5E-07 2.0E-07
135 0.0000029 0.0000014 0.0000000 3.2E-10 4.2E-10 5.5E-10 7.2E-10 9.3E-10 1.2E-09 1.6E-09 2.1E-09 2.7E-09 3.6E-09 4.7E-09 6.1E-09 8.0E-09 1.0E-08 1.4E-08 1.8E-08 2.3E-08 3.0E-08 4.0E-08 5.2E-08 6.8E-08 8.9E-08 1.2E-07 1.5E-07
140 0.0000025 0.0000010 0.0000000 2.4E-10 3.2E-10 4.2E-10 5.5E-10 7.2E-10 9.3E-10 1.2E-09 1.6E-09 2.1E-09 2.7E-09 3.6E-09 4.7E-09 6.1E-09 8.0E-09 1.0E-08 1.4E-08 1.8E-08 2.3E-08 3.0E-08 4.0E-08 5.2E-08 6.8E-08 8.9E-08 1.2E-07
145 0.0000022 0.0000008 0.0000000 1.9E-10 2.4E-10 3.2E-10 4.2E-10 5.5E-10 7.2E-10 9.3E-10 1.2E-09 1.6E-09 2.1E-09 2.7E-09 3.6E-09 4.7E-09 6.1E-09 8.0E-09 1.0E-08 1.4E-08 1.8E-08 2.3E-08 3.0E-08 4.0E-08 5.2E-08 6.8E-08 8.9E-08
150 0.0000020 0.0000006 0.0000000 1.4E-10 1.9E-10 2.4E-10 3.2E-10 4.2E-10 5.5E-10 7.2E-10 9.3E-10 1.2E-09 1.6E-09 2.1E-09 2.7E-09 3.6E-09 4.7E-09 6.1E-09 8.0E-09 1.0E-08 1.4E-08 1.8E-08 2.3E-08 3.0E-08 4.0E-08 5.2E-08 6.8E-08
155 0.0000018 0.0000004 0.0000000 1.1E-10 1.4E-10 1.9E-10 2.4E-10 3.2E-10 4.2E-10 5.5E-10 7.2E-10 9.3E-10 1.2E-09 1.6E-09 2.1E-09 2.7E-09 3.6E-09 4.7E-09 6.1E-09 8.0E-09 1.0E-08 1.4E-08 1.8E-08 2.3E-08 3.0E-08 4.0E-08 5.2E-08
160 0.0000017 0.0000003 0.0000000 8.4E-11 1.1E-10 1.4E-10 1.9E-10 2.4E-10 3.2E-10 4.2E-10 5.5E-10 7.2E-10 9.3E-10 1.2E-09 1.6E-09 2.1E-09 2.7E-09 3.6E-09 4.7E-09 6.1E-09 8.0E-09 1.0E-08 1.4E-08 1.8E-08 2.3E-08 3.0E-08 4.0E-08
165 0.0000017 0.0000002 0.0000000 6.4E-11 8.4E-11 1.1E-10 1.4E-10 1.9E-10 2.4E-10 3.2E-10 4.2E-10 5.5E-10 7.2E-10 9.3E-10 1.2E-09 1.6E-09 2.1E-09 2.7E-09 3.6E-09 4.7E-09 6.1E-09 8.0E-09 1.0E-08 1.4E-08 1.8E-08 2.3E-08 3.0E-08
170 0.0000016 0.0000002 0.0000000 4.9E-11 6.4E-11 8.4E-11 1.1E-10 1.4E-10 1.9E-10 2.4E-10 3.2E-10 4.2E-10 5.5E-10 7.2E-10 9.3E-10 1.2E-09 1.6E-09 2.1E-09 2.7E-09 3.6E-09 4.7E-09 6.1E-09 8.0E-09 1.0E-08 1.4E-08 1.8E-08 2.3E-08
175 0.0000016 0.0000001 0.0000000 3.8E-11 4.9E-11 6.4E-11 8.4E-11 1.1E-10 1.4E-10 1.9E-10 2.4E-10 3.2E-10 4.2E-10 5.5E-10 7.2E-10 9.3E-10 1.2E-09 1.6E-09 2.1E-09 2.7E-09 3.6E-09 4.7E-09 6.1E-09 8.0E-09 1.0E-08 1.4E-08 1.8E-08
180 0.0000015 0.0000001 0.0000000 2.9E-11 3.8E-11 4.9E-11 6.4E-11 8.4E-11 1.1E-10 1.4E-10 1.9E-10 2.4E-10 3.2E-10 4.2E-10 5.5E-10 7.2E-10 9.3E-10 1.2E-09 1.6E-09 2.1E-09 2.7E-09 3.6E-09 4.7E-09 6.1E-09 8.0E-09 1.0E-08 1.4E-08
185 0.0000015 0.0000001 0.0000000 2.2E-11 2.9E-11 3.8E-11 4.9E-11 6.4E-11 8.4E-11 1.1E-10 1.4E-10 1.9E-10 2.4E-10 3.2E-10 4.2E-10 5.5E-10 7.2E-10 9.3E-10 1.2E-09 1.6E-09 2.1E-09 2.7E-09 3.6E-09 4.7E-09 6.1E-09 8.0E-09 1.0E-08
190 0.0000015 0.0000000 0.0000000 1.7E-11 2.2E-11 2.9E-11 3.8E-11 4.9E-11 6.4E-11 8.4E-11 1.1E-10 1.4E-10 1.9E-10 2.4E-10 3.2E-10 4.2E-10 5.5E-10 7.2E-10 9.3E-10 1.2E-09 1.6E-09 2.1E-09 2.7E-09 3.6E-09 4.7E-09 6.1E-09 8.0E-09
195 0.0000015 0.0000000 0.0000000 1.3E-11 1.7E-11 2.2E-11 2.9E-11 3.8E-11 4.9E-11 6.4E-11 8.4E-11 1.1E-10 1.4E-10 1.9E-10 2.4E-10 3.2E-10 4.2E-10 5.5E-10 7.2E-10 9.3E-10 1.2E-09 1.6E-09 2.1E-09 2.7E-09 3.6E-09 4.7E-09 6.1E-09
200 0.0000015 0.0000000 0.0000000 9.8E-12 1.3E-11 1.7E-11 2.2E-11 2.9E-11 3.8E-11 4.9E-11 6.4E-11 8.4E-11 1.1E-10 1.4E-10 1.9E-10 2.4E-10 3.2E-10 4.2E-10 5.5E-10 7.2E-10 9.3E-10 1.2E-09 1.6E-09 2.1E-09 2.7E-09 3.6E-09 4.7E-09
205 0.0000015 0.0000000 0.0000000 7.5E-12 9.8E-12 1.3E-11 1.7E-11 2.2E-11 2.9E-11 3.8E-11 4.9E-11 6.4E-11 8.4E-11 1.1E-10 1.4E-10 1.9E-10 2.4E-10 3.2E-10 4.2E-10 5.5E-10 7.2E-10 9.3E-10 1.2E-09 1.6E-09 2.1E-09 2.7E-09 3.6E-09
210 0.0000015 0.0000000 0.0000000 5.7E-12 7.5E-12 9.8E-12 1.3E-11 1.7E-11 2.2E-11 2.9E-11 3.8E-11 4.9E-11 6.4E-11 8.4E-11 1.1E-10 1.4E-10 1.9E-10 2.4E-10 3.2E-10 4.2E-10 5.5E-10 7.2E-10 9.3E-10 1.2E-09 1.6E-09 2.1E-09 2.7E-09
215 0.0000015 0.0000000 0.0000000 4.4E-12 5.7E-12 7.5E-12 9.8E-12 1.3E-11 1.7E-11 2.2E-11 2.9E-11 3.8E-11 4.9E-11 6.4E-11 8.4E-11 1.1E-10 1.4E-10 1.9E-10 2.4E-10 3.2E-10 4.2E-10 5.5E-10 7.2E-10 9.3E-10 1.2E-09 1.6E-09 2.1E-09
220 0.0000015 0.0000000 0.0000000 3.4E-12 4.4E-12 5.7E-12 7.5E-12 9.8E-12 1.3E-11 1.7E-11 2.2E-11 2.9E-11 3.8E-11 4.9E-11 6.4E-11 8.4E-11 1.1E-10 1.4E-10 1.9E-10 2.4E-10 3.2E-10 4.2E-10 5.5E-10 7.2E-10 9.3E-10 1.2E-09 1.6E-09
225 0.0000014 0.0000000 0.0000000 2.6E-12 3.4E-12 4.4E-12 5.7E-12 7.5E-12 9.8E-12 1.3E-11 1.7E-11 2.2E-11 2.9E-11 3.8E-11 4.9E-11 6.4E-11 8.4E-11 1.1E-10 1.4E-10 1.9E-10 2.4E-10 3.2E-10 4.2E-10 5.5E-10 7.2E-10 9.3E-10 1.2E-09
230 0.0000014 0.0000000 0.0000000 2.0E-12 2.6E-12 3.4E-12 4.4E-12 5.7E-12 7.5E-12 9.8E-12 1.3E-11 1.7E-11 2.2E-11 2.9E-11 3.8E-11 4.9E-11 6.4E-11 8.4E-11 1.1E-10 1.4E-10 1.9E-10 2.4E-10 3.2E-10 4.2E-10 5.5E-10 7.2E-10 9.3E-10
235 0.0000014 0.0000000 0.0000000 1.5E-12 2.0E-12 2.6E-12 3.4E-12 4.4E-12 5.7E-12 7.5E-12 9.8E-12 1.3E-11 1.7E-11 2.2E-11 2.9E-11 3.8E-11 4.9E-11 6.4E-11 8.4E-11 1.1E-10 1.4E-10 1.9E-10 2.4E-10 3.2E-10 4.2E-10 5.5E-10 7.2E-10
240 0.0000014 0.0000000 0.0000000 1.2E-12 1.5E-12 2.0E-12 2.6E-12 3.4E-12 4.4E-12 5.7E-12 7.5E-12 9.8E-12 1.3E-11 1.7E-11 2.2E-11 2.9E-11 3.8E-11 4.9E-11 6.4E-11 8.4E-11 1.1E-10 1.4E-10 1.9E-10 2.4E-10 3.2E-10 4.2E-10 5.5E-10
245 0.0000014 0.0000000 0.0000000 8.8E-13 1.2E-12 1.5E-12 2.0E-12 2.6E-12 3.4E-12 4.4E-12 5.7E-12 7.5E-12 9.8E-12 1.3E-11 1.7E-11 2.2E-11 2.9E-11 3.8E-11 4.9E-11 6.4E-11 8.4E-11 1.1E-10 1.4E-10 1.9E-10 2.4E-10 3.2E-10 4.2E-10
250 0.0000014 0.0000000 0.0000000 6.7E-13 8.8E-13 1.2E-12 1.5E-12 2.0E-12 2.6E-12 3.4E-12 4.4E-12 5.7E-12 7.5E-12 9.8E-12 1.3E-11 1.7E-11 2.2E-11 2.9E-11 3.8E-11 4.9E-11 6.4E-11 8.4E-11 1.1E-10 1.4E-10 1.9E-10 2.4E-10 3.2E-10


Presumed exposure zone thickness 12 inches
Thickness of thin layer cover 0 inches


Backfill thickness 0 inches
Original concentration 0.0043 ug/g


Background concentration 1.7E-05 ug/g
Soil half lifei 12.9 years


Deposition rateh 0.048 inches/year
Increment 5 years


Notes:
a.  Average concentration in the ecological exposure zone as sum of weighted concentrations for original unremediated soil, backfill/thin layer cover, and river sediment deposited post-construction.  Units in ug/g.
b.  Contaminant concentration of the original floodplain soil matrix remaining within the ecological exposure zone at time increment n, weighted by the fraction that this material represents of the entire exposure column.  Units in ug/g.
c.  Contaminant concentration of the backfilled (or thin-layer cover) soil matrix remaining within the ecological exposure zone at time increment n, weighted by the fraction that this material represents of the entire exposure column.  Units in ug/g.
d.  Contaminant concentration of the floodplain soil deposited following remedy implementation within the ecological exposure zone at time interval n, weighted by the fraction that this material represents of the overall exposure zone.  Units in ug/g.


Original 
Floodplain 


Soilb
Backfill/  Thin 
Layer Coverc
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Table M-3
Estimated Average 2,3,7,8-TCDD Concentration in Floodplain Soil Following Remediation - Monitored Natural Recovery


Year
Average 


Concentrationa


0 0.0043000
5 0.0032236


10 0.0024158
15 0.0018097
20 0.0013551
25 0.0010144
30 0.0007590
35 0.0005677
40 0.0004245
45 0.0003174
50 0.0002372
55 0.0001773
60 0.0001325
65 0.0000990
70 0.0000741
75 0.0000555
80 0.0000416
85 0.0000312
90 0.0000235
95 0.0000178


100 0.0000136
105 0.0000104
110 0.0000081
115 0.0000063
120 0.0000050
125 0.0000041
130 0.0000034
135 0.0000029
140 0.0000025
145 0.0000022
150 0.0000020
155 0.0000018
160 0.0000017
165 0.0000017
170 0.0000016
175 0.0000016
180 0.0000015
185 0.0000015
190 0.0000015
195 0.0000015
200 0.0000015
205 0.0000015
210 0.0000015
215 0.0000015
220 0.0000015
225 0.0000014
230 0.0000014
235 0.0000014
240 0.0000014
245 0.0000014
250 0.0000014


Pres


Half-decadal Concentration Incrementd


125 130 135 140 145 150 155 160 165 170 175 180 185 190 195 200 205 210 215 220 225 230 235 240 245 250


3.4E-07
2.6E-07 3.4E-07
2.0E-07 2.6E-07 3.4E-07
1.5E-07 2.0E-07 2.6E-07 3.4E-07
1.2E-07 1.5E-07 2.0E-07 2.6E-07 3.4E-07
8.9E-08 1.2E-07 1.5E-07 2.0E-07 2.6E-07 3.4E-07
6.8E-08 8.9E-08 1.2E-07 1.5E-07 2.0E-07 2.6E-07 3.4E-07
5.2E-08 6.8E-08 8.9E-08 1.2E-07 1.5E-07 2.0E-07 2.6E-07 3.4E-07
4.0E-08 5.2E-08 6.8E-08 8.9E-08 1.2E-07 1.5E-07 2.0E-07 2.6E-07 3.4E-07
3.0E-08 4.0E-08 5.2E-08 6.8E-08 8.9E-08 1.2E-07 1.5E-07 2.0E-07 2.6E-07 3.4E-07
2.3E-08 3.0E-08 4.0E-08 5.2E-08 6.8E-08 8.9E-08 1.2E-07 1.5E-07 2.0E-07 2.6E-07 3.4E-07
1.8E-08 2.3E-08 3.0E-08 4.0E-08 5.2E-08 6.8E-08 8.9E-08 1.2E-07 1.5E-07 2.0E-07 2.6E-07 3.4E-07
1.4E-08 1.8E-08 2.3E-08 3.0E-08 4.0E-08 5.2E-08 6.8E-08 8.9E-08 1.2E-07 1.5E-07 2.0E-07 2.6E-07 3.4E-07
1.0E-08 1.4E-08 1.8E-08 2.3E-08 3.0E-08 4.0E-08 5.2E-08 6.8E-08 8.9E-08 1.2E-07 1.5E-07 2.0E-07 2.6E-07 3.4E-07
8.0E-09 1.0E-08 1.4E-08 1.8E-08 2.3E-08 3.0E-08 4.0E-08 5.2E-08 6.8E-08 8.9E-08 1.2E-07 1.5E-07 2.0E-07 2.6E-07 3.4E-07
6.1E-09 8.0E-09 1.0E-08 1.4E-08 1.8E-08 2.3E-08 3.0E-08 4.0E-08 5.2E-08 6.8E-08 8.9E-08 1.2E-07 1.5E-07 2.0E-07 2.6E-07 3.4E-07
4.7E-09 6.1E-09 8.0E-09 1.0E-08 1.4E-08 1.8E-08 2.3E-08 3.0E-08 4.0E-08 5.2E-08 6.8E-08 8.9E-08 1.2E-07 1.5E-07 2.0E-07 2.6E-07 3.4E-07
3.6E-09 4.7E-09 6.1E-09 8.0E-09 1.0E-08 1.4E-08 1.8E-08 2.3E-08 3.0E-08 4.0E-08 5.2E-08 6.8E-08 8.9E-08 1.2E-07 1.5E-07 2.0E-07 2.6E-07 3.4E-07
2.7E-09 3.6E-09 4.7E-09 6.1E-09 8.0E-09 1.0E-08 1.4E-08 1.8E-08 2.3E-08 3.0E-08 4.0E-08 5.2E-08 6.8E-08 8.9E-08 1.2E-07 1.5E-07 2.0E-07 2.6E-07 3.4E-07
2.1E-09 2.7E-09 3.6E-09 4.7E-09 6.1E-09 8.0E-09 1.0E-08 1.4E-08 1.8E-08 2.3E-08 3.0E-08 4.0E-08 5.2E-08 6.8E-08 8.9E-08 1.2E-07 1.5E-07 2.0E-07 2.6E-07 3.4E-07
1.6E-09 2.1E-09 2.7E-09 3.6E-09 4.7E-09 6.1E-09 8.0E-09 1.0E-08 1.4E-08 1.8E-08 2.3E-08 3.0E-08 4.0E-08 5.2E-08 6.8E-08 8.9E-08 1.2E-07 1.5E-07 2.0E-07 2.6E-07 3.4E-07
1.2E-09 1.6E-09 2.1E-09 2.7E-09 3.6E-09 4.7E-09 6.1E-09 8.0E-09 1.0E-08 1.4E-08 1.8E-08 2.3E-08 3.0E-08 4.0E-08 5.2E-08 6.8E-08 8.9E-08 1.2E-07 1.5E-07 2.0E-07 2.6E-07 3.4E-07
9.3E-10 1.2E-09 1.6E-09 2.1E-09 2.7E-09 3.6E-09 4.7E-09 6.1E-09 8.0E-09 1.0E-08 1.4E-08 1.8E-08 2.3E-08 3.0E-08 4.0E-08 5.2E-08 6.8E-08 8.9E-08 1.2E-07 1.5E-07 2.0E-07 2.6E-07 3.4E-07
7.2E-10 9.3E-10 1.2E-09 1.6E-09 2.1E-09 2.7E-09 3.6E-09 4.7E-09 6.1E-09 8.0E-09 1.0E-08 1.4E-08 1.8E-08 2.3E-08 3.0E-08 4.0E-08 5.2E-08 6.8E-08 8.9E-08 1.2E-07 1.5E-07 2.0E-07 2.6E-07 3.4E-07
5.5E-10 7.2E-10 9.3E-10 1.2E-09 1.6E-09 2.1E-09 2.7E-09 3.6E-09 4.7E-09 6.1E-09 8.0E-09 1.0E-08 1.4E-08 1.8E-08 2.3E-08 3.0E-08 4.0E-08 5.2E-08 6.8E-08 8.9E-08 1.2E-07 1.5E-07 2.0E-07 2.6E-07 3.4E-07
4.2E-10 5.5E-10 7.2E-10 9.3E-10 1.2E-09 1.6E-09 2.1E-09 2.7E-09 3.6E-09 4.7E-09 6.1E-09 8.0E-09 1.0E-08 1.4E-08 1.8E-08 2.3E-08 3.0E-08 4.0E-08 5.2E-08 6.8E-08 8.9E-08 1.2E-07 1.5E-07 2.0E-07 2.6E-07 3.4E-07
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Table M-4
Post-Construction Risk (Hazards) of Floodplain Soil Contact by Human Receptors - Oxbow Area


Alternative 1 - No Action


Current Conditionsb


Compounds of 
Concerna Maximum


Arithmetic 
Mean Basis


2,3,7,8-TCDD 0.0043 0.0017 0.000017 0.000017 Background 4.3E-03 3.E-04 A - B


Aroclor 1254 3.6 1.4 0.52 0.82
Human Health, 
Recreation User 3.6E+00 4.E-06 A 0.87 A


Arsenic 13 5.4 7.7 7.7 Background 1.3E+01 8.E-06 A 0.14 A
Sum of Carcinogenic Risk


HI Immune System
HI Skin


Notes
Units in ug/g (microgram per gram or parts per million).
a. Comprehensive list of all floodplain soil COCs identified for human health; see Table 1-1 in the Interim Final PRG report (Appendix D).
b.  From Table 2 in the Addendum to the Interim Final Baseline Ecological Risk Assessment: Oxbow Area (MACTEC and Battelle, 2006).
c.  Background soil concentrations are arithmetic mean values for floodplain soil samples from Greystone Mill Pond as presented in


Table 67 in the Baseline Ecological Risk Assessment (BERA; MACTEC, 2004).
d. Floodplain soil remediation goals are summarized in Table 3-4 of the FS report.
e.  Under the No Action alternative, anticipated exposure would remain unchanged; current conditions represented by maximum concentrations.


Key
A - Residual cancer risk and/or hazard index for direct contact.
B - RME Residual Hazard Index not calculated for this compound due to lack of noncarcinogenic toxicity data.
HI - Hazard Index
RME - Reasonable Maximum Exposure


- 0.9
- 0.1


Backgroundc
Floodplain Soil 
Cleanup Goald


Post-Construction 
Weighted Soil 
Concentratione


RME Residual 
Cancer Risk


RME Residual 
Hazard Risk


3.E-04 -
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Table M-5
Post-Construction Risks (Hazards) of Floodplain Soil Contact by Human Receptors - Oxbow Area
Alternative 3 - Targeted Excavation, Enhanced Natural Recovery and Disposal and/or Treatment


Current Conditionsb


Compounds of 
Concerna Maximum


Arithmetic 
Mean Basis


2,3,7,8-TCDD 0.0043 0.0017 0.000017 0.000017 Background 5.9E-04 3.E-05 A - B


Aroclor 1254 3.6 1.4 0.52 0.82
Human Health, 
Recreation User 1.1E+00 1.E-06 A 0.26 A


Arsenic 13 5.4 7.7 7.7 Background 6.4E+00 4.E-06 A 0.066 A
Sum of Carcinogenic Risk


HI Immune System
HI Skin


Notes
Units in ug/g (microgram per gram or parts per million).
a. Comprehensive list of all floodplain soil COCs identified for human health; see Table 1-1 in the Interim Final PRG report (Appendix D).
b.  From Table 2 in the Addendum to the Interim Final Baseline Ecological Risk Assessment: Oxbow Area (MACTEC and Battelle, 2006).
c.  Background soil concentrations are arithmetic mean values for floodplain soil samples from Greystone Mill Pond as presented in


Table 67 in the Baseline Ecological Risk Assessment (BERA; MACTEC, 2004).
d. Floodplain soil remediation goals are summarized in Table 3-4 of the FS report.
e.  Under the Enhanced Natural Recovery alternative, 22% (4.8/21.6 acres) would be excavated and backfilled with clean soil and a 3 inch cover would


be placed over the remaining  area (i.e., 78% or 16.8/21.6 acres) .  The post-construction exposure term is the weighted average of background
(22% + 25% * 78%) and existing conditions (75% * 78%).  Due to targeted excavation, the arithmetic mean (or EPA residential cleanup guideline
for dioxin/furan TEQ) concentrations used to estimate non-background exposures.


Key
A - Residual cancer risk and/or hazard index for direct contact.
B - RME Residual Hazard Index not calculated for this compound due to lack of noncarcinogenic toxicity data.
HI - Hazard Index
RME - Reasonable Maximum Exposure


- 0.3
- 0.1


Backgroundc
Floodplain Soil 
Cleanup Goald


Post-Construction 
Weighted Soil 
Concentratione


RME Residual 
Cancer Risk


RME Residual 
Hazard Risk


4.E-05 -
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Table M-6
Residual Hazards of Floodplain Soil Contact by Human Receptors - Oxbow Area


Alternative 5 - Partial Excavation, Enhanced Natural Recovery and Disposal and/or Treatment


Current Conditionsb


Compounds of 
Concerna Maximum


Arithmetic 
Mean Basis


2,3,7,8-TCDD 0.0043 0.0017 0.000017 0.000017 Background 2.9E-04 2.E-05 A - B


Aroclor 1254 3.6 1.4 0.52 0.82
Human Health, 
Recreation User 7.7E-01 9.E-07 A 0.19 A


Arsenic 13 5.4 7.7 7.7 Background 7.0E+00 5.E-06 A 0.073 A
Sum of Carcinogenic Risk


HI Immune System
HI Skin


Notes
Units in ug/g (microgram per gram or parts per million).
a. Comprehensive list of all floodplain soil COCs identified for human health; see Table 1-1 in the Interim Final PRG report (Appendix D).
b.  From Table 2 in the Addendum to the Interim Final Baseline Ecological Risk Assessment: Oxbow Area (MACTEC and Battelle, 2006).
c.  Background soil concentrations are arithmetic mean values for floodplain soil samples from Greystone Mill Pond as presented in


Table 67 in the Baseline Ecological Risk Assessment (BERA; MACTEC, 2004).
d. Floodplain soil remediation goals are summarized in Table 3-4 of the FS report.
e.  Under the Limited Excavation alternative, 63% (13.5/21.6 acres) would be excavated and backfilled with clean soil and a 3 inch cover would be placed over


the remaining area  (37%, 8.0/21.6 acres).  The post-construction exposure term is the weighted average of background and existing conditions.
Due to targeted excavation, the arithmetic mean (or EPA residential cleanup guideline for dioxin/furan TEQ) concentrations used to estimate 
non-background exposures.


Key
A - Residual cancer risk and/or hazard index for direct contact.
B - RME Residual Hazard Index not calculated for this compound due to lack of noncarcinogenic toxicity data.
HI - Hazard Index
RME - Reasonable Maximum Exposure


- 0.2
- 0.1


Backgroundc
Floodplain Soil 
Cleanup Goald


Post-Construction 
Weighted Soil 
Concentratione


RME Residual 
Cancer Risk


RME Residual 
Hazard Risk


2.E-05 -
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Table M-7. Estimated 2,3,7,8-TCDD Surface Soil Concentrations Following Remedy Implementation for Lyman Mill Reach 
Stream Sediment and Floodplain Soil Alternatives


Technology-specific Soil 
Concentrationb (ug/g)


Yeara Excavated


ENR (Thin 
Layer 
Cover) MNR No Action


Targeted Excavation, 
ENR


Partial Excavation, 
ENR


0 1.7E-05 7.5E-04 4.3E-03 4.3E-03 5.9E-04 2.9E-04
5 1.3E-05 5.0E-04 3.2E-03 3.2E-03 3.9E-04 2.0E-04


10 1.1E-05 3.3E-04 2.4E-03 2.4E-03 2.6E-04 1.3E-04
15 9.3E-06 2.1E-04 1.8E-03 1.8E-03 1.6E-04 8.3E-05
20 8.2E-06 1.3E-04 1.4E-03 1.4E-03 1.0E-04 5.2E-05
25 7.6E-06 7.2E-05 1.0E-03 1.0E-03 5.8E-05 3.2E-05
30 7.1E-06 3.7E-05 7.6E-04 7.6E-04 3.0E-05 1.8E-05
35 6.9E-06 1.4E-05 5.7E-04 5.7E-04 1.3E-05 9.7E-06
40 6.8E-06 6.8E-06 4.2E-04 4.2E-04 6.8E-06 6.8E-06
45 6.7E-06 6.7E-06 3.2E-04 3.2E-04 6.7E-06 6.7E-06
50 6.7E-06 6.7E-06 2.4E-04 2.4E-04 6.7E-06 6.7E-06
55 6.7E-06 6.7E-06 1.8E-04 1.8E-04 6.7E-06 6.7E-06
60 6.7E-06 6.7E-06 1.3E-04 1.3E-04 6.7E-06 6.7E-06


Notes


a. Number of years following completion of the selected remedy.


Soil Concentration for Oxbow Areac (ug/g)


Technology-specific Soil Concentrations equivalent to the PRG are identified by shading; 
residual HQs exceeding one are bolded.


b.  Average surficial soil concentation in the top 1 foot of soil for each of three remedial 
technologies (i.e., excavation with backfill with "clean" soil to grade; placement of thin-layer 
cover (ENR; 3 inches of clean soil); Monitored Natural Recovery [MNR]); technologies described 
in detail in Section 6.6. All three technologies assume that "clean" material (equivalent to 
average background) will be deposited at a rate of 0.24 inches per year relying on engineering 
structures to enhance natural deposition rates within the Oxbow floodplain.
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Table M-8
Post-Construction Hazards for 2,3,7,8-TCDD in Oxbow Floodplain Soils - Short-tailed Shrew


Technology-specific Soil 
Concentrationb (ug/g)


Excavation


ENR (Thin 
Layer 
Cover) MNR No Action


Targeted 
Excavation, 


ENR


Partial 
Excavation, 


ENR No Action


Targeted 
Excavation, 


ENR


Partial 
Excavation, 


ENR
0 1.7E-05 7.5E-04 4.3E-03 4.3E-03 5.9E-04 2.9E-04 4.3E+02 5.9E+01 2.9E+01
5 1.3E-05 5.0E-04 3.2E-03 3.2E-03 3.9E-04 2.0E-04 3.2E+02 3.9E+01 2.0E+01


10 1.1E-05 3.3E-04 2.4E-03 2.4E-03 2.6E-04 1.3E-04 2.4E+02 2.6E+01 1.3E+01
15 9.3E-06 2.1E-04 1.8E-03 1.8E-03 1.6E-04 8.3E-05 1.8E+02 1.6E+01 8.3E+00
20 8.2E-06 1.3E-04 1.4E-03 1.4E-03 1.0E-04 5.2E-05 1.4E+02 1.0E+01 5.2E+00
25 7.6E-06 7.2E-05 1.0E-03 1.0E-03 5.8E-05 3.2E-05 1.0E+02 5.8E+00 3.2E+00
30 7.1E-06 3.7E-05 7.6E-04 7.6E-04 3.0E-05 1.8E-05 7.6E+01 3.0E+00 1.8E+00
35 6.9E-06 1.4E-05 5.7E-04 5.7E-04 1.3E-05 9.7E-06 5.7E+01 1.3E+00 9.7E-01
40 6.8E-06 6.8E-06 4.2E-04 4.2E-04 6.8E-06 6.8E-06 4.2E+01 6.8E-01 6.8E-01
45 6.7E-06 6.7E-06 3.2E-04 3.2E-04 6.7E-06 6.7E-06 3.2E+01 6.7E-01 6.7E-01
50 6.7E-06 6.7E-06 2.4E-04 2.4E-04 6.7E-06 6.7E-06 2.4E+01 6.7E-01 6.7E-01
55 6.7E-06 6.7E-06 1.8E-04 1.8E-04 6.7E-06 6.7E-06 1.8E+01 6.7E-01 6.7E-01
60 6.7E-06 6.7E-06 1.3E-04 1.3E-04 6.7E-06 6.7E-06 1.3E+01 6.7E-01 6.7E-01
65 6.7E-06 6.7E-06 9.9E-05 9.9E-05 6.7E-06 6.7E-06 9.9E+00 6.7E-01 6.7E-01
70 6.7E-06 6.7E-06 7.4E-05 7.4E-05 6.7E-06 6.7E-06 7.4E+00 6.7E-01 6.7E-01
75 6.7E-06 6.7E-06 5.5E-05 5.5E-05 6.7E-06 6.7E-06 5.5E+00 6.7E-01 6.7E-01
80 6.7E-06 6.7E-06 4.2E-05 4.2E-05 6.7E-06 6.7E-06 4.2E+00 6.7E-01 6.7E-01
85 6.7E-06 6.7E-06 3.1E-05 3.1E-05 6.7E-06 6.7E-06 3.1E+00 6.7E-01 6.7E-01
90 6.7E-06 6.7E-06 2.4E-05 2.4E-05 6.7E-06 6.7E-06 2.4E+00 6.7E-01 6.7E-01
95 6.7E-06 6.7E-06 1.8E-05 1.8E-05 6.7E-06 6.7E-06 1.8E+00 6.7E-01 6.7E-01


100 6.7E-06 6.7E-06 1.4E-05 1.4E-05 6.7E-06 6.7E-06 1.4E+00 6.7E-01 6.7E-01
105 6.7E-06 6.7E-06 1.0E-05 1.0E-05 6.7E-06 6.7E-06 1.0E+00 6.7E-01 6.7E-01
110 6.7E-06 6.7E-06 8.1E-06 8.1E-06 6.7E-06 6.7E-06 8.1E-01 6.7E-01 6.7E-01
115 6.7E-06 6.7E-06 6.3E-06 6.3E-06 6.7E-06 6.7E-06 6.3E-01 6.7E-01 6.7E-01
120 6.7E-06 6.7E-06 5.0E-06 5.0E-06 6.7E-06 6.7E-06 5.0E-01 6.7E-01 6.7E-01
125 6.7E-06 6.7E-06 4.1E-06 4.1E-06 6.7E-06 6.7E-06 4.1E-01 6.7E-01 6.7E-01
130 6.7E-06 6.7E-06 3.4E-06 3.4E-06 6.7E-06 6.7E-06 3.4E-01 6.7E-01 6.7E-01
135 6.7E-06 6.7E-06 2.9E-06 2.9E-06 6.7E-06 6.7E-06 2.9E-01 6.7E-01 6.7E-01
140 6.7E-06 6.7E-06 2.5E-06 2.5E-06 6.7E-06 6.7E-06 2.5E-01 6.7E-01 6.7E-01
145 6.7E-06 6.7E-06 2.2E-06 2.2E-06 6.7E-06 6.7E-06 2.2E-01 6.7E-01 6.7E-01
150 6.7E-06 6.7E-06 2.0E-06 2.0E-06 6.7E-06 6.7E-06 2.0E-01 6.7E-01 6.7E-01
155 6.7E-06 6.7E-06 1.8E-06 1.8E-06 6.7E-06 6.7E-06 1.8E-01 6.7E-01 6.7E-01
160 6.7E-06 6.7E-06 1.7E-06 1.7E-06 6.7E-06 6.7E-06 1.7E-01 6.7E-01 6.7E-01
165 6.7E-06 6.7E-06 1.7E-06 1.7E-06 6.7E-06 6.7E-06 1.7E-01 6.7E-01 6.7E-01
170 6.7E-06 6.7E-06 1.6E-06 1.6E-06 6.7E-06 6.7E-06 1.6E-01 6.7E-01 6.7E-01
175 6.7E-06 6.7E-06 1.6E-06 1.6E-06 6.7E-06 6.7E-06 1.6E-01 6.7E-01 6.7E-01
180 6.7E-06 6.7E-06 1.5E-06 1.5E-06 6.7E-06 6.7E-06 1.5E-01 6.7E-01 6.7E-01
185 6.7E-06 6.7E-06 1.5E-06 1.5E-06 6.7E-06 6.7E-06 1.5E-01 6.7E-01 6.7E-01
190 6.7E-06 6.7E-06 1.5E-06 1.5E-06 6.7E-06 6.7E-06 1.5E-01 6.7E-01 6.7E-01
195 6.7E-06 6.7E-06 1.5E-06 1.5E-06 6.7E-06 6.7E-06 1.5E-01 6.7E-01 6.7E-01
200 6.7E-06 6.7E-06 1.5E-06 1.5E-06 6.7E-06 6.7E-06 1.5E-01 6.7E-01 6.7E-01
205 6.7E-06 6.7E-06 1.5E-06 1.5E-06 6.7E-06 6.7E-06 1.5E-01 6.7E-01 6.7E-01
210 6.7E-06 6.7E-06 1.5E-06 1.5E-06 6.7E-06 6.7E-06 1.5E-01 6.7E-01 6.7E-01
215 6.7E-06 6.7E-06 1.5E-06 1.5E-06 6.7E-06 6.7E-06 1.5E-01 6.7E-01 6.7E-01
220 6.7E-06 6.7E-06 1.5E-06 1.5E-06 6.7E-06 6.7E-06 1.5E-01 6.7E-01 6.7E-01
225 6.7E-06 6.7E-06 1.4E-06 1.4E-06 6.7E-06 6.7E-06 1.4E-01 6.7E-01 6.7E-01
230 6.7E-06 6.7E-06 1.4E-06 1.4E-06 6.7E-06 6.7E-06 1.4E-01 6.7E-01 6.7E-01
235 6.7E-06 6.7E-06 1.4E-06 1.4E-06 6.7E-06 6.7E-06 1.4E-01 6.7E-01 6.7E-01
240 6.7E-06 6.7E-06 1.4E-06 1.4E-06 6.7E-06 6.7E-06 1.4E-01 6.7E-01 6.7E-01
245 6.7E-06 6.7E-06 1.4E-06 1.4E-06 6.7E-06 6.7E-06 1.4E-01 6.7E-01 6.7E-01
250 6.7E-06 6.7E-06 1.4E-06 1.4E-06 6.7E-06 6.7E-06 1.4E-01 6.7E-01 6.7E-01


Average Soil Concentration for Oxbow 
Areac (ug/g) Residual Hazard Quotientd


Yeara
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Table M-8
Post-Construction Hazards for 2,3,7,8-TCDD in Oxbow Floodplain Soils - Short-tailed Shrew


Technology-specific Soil 
Concentrationb (ug/g)


Excavation


ENR (Thin 
Layer 
Cover) MNR No Action


Targeted 
Excavation, 


ENR


Partial 
Excavation, 


ENR No Action


Targeted 
Excavation, 


ENR


Partial 
Excavation, 


ENR


Average Soil Concentration for Oxbow 
Areac (ug/g) Residual Hazard Quotientd


Yeara


Inputs
COC TCDD


Receptor Short-tailed Shrew (vermivorous wildlife)
Risk-based PRGe 1.0E-05 ug/g


Basis CBR


Concentrationf (ug/g)
Maximum Average Background TBC Cleanup Goal Basis


0.0043 0.0017 0.000017 0.001 0.000017 Background
Cover thicknessg 3 inches
Deposition rateh 0.24 inches/year Deposition rateh


Soil half lifei 12.9 years Soil half lifei


Acres affectedj Percentage of total affected


Excavated
Thin Layer 


Cover MNR
Total 


Acreage Excavated
Thin Layer 


Cover MNR
No Action 0 0 21.6 21.6 0% 0% 100%


4.8 16.8 0 21.6 22% 78% 0%
13.5 8.0 0 21.6 63% 37% 0%


Notes
Technology-specific Soil Concentrations equivalent to the PRG are identified by shading; residual HQs exceeding one are bolded.
a. Number of years following completion of the selected remedy.
b.  Average surficial soil concentation in the top 1 foot of soil for each of three remedial technologies (i.e., excavation with backfill


with "clean" soil to design grade; cover with 3 inches of clean soil; Monitored Natural Recovery [MNR]); technologies
described in detail in Section 6.6.  All three technologies assume that "clean" material (equivalent to average background)
 will be deposited at a rate of 0.24 inches per year; however, the rate is 80% less under the No Action alternative.


c.  Average surficial soil concentration in the Oxbow for each of the three remedial alternatives; remedial alternatives are described 
in detail in Section 6.6.


d.  Residual Hazard Quotient (HQ) estimates as the ratio of the average Oxbow floodplain soil concentration divided by the 
receptor-specific PRG (i.e., 0.00001 ug/g).  See Table 13 of the Addendum to the Interim Final Preliminary Remediation
Goals Report: Oxbow Area (Appendix D).


e.  Table 13 in the Addendum to the Interim Final Preliminary Remediation Goals Report: Oxbow Area (Appendix D)
summarizes the ecological PRGs.


f.  Current soil exposure concentrations are presented in the Addendum to the Interim Final Preliminary Remediation Goals
Report: Oxbow Area (Appendix D).


g.  A cover thickness of 3 inches is assumed.
h.  Deposition of clean (i.e., consistent with background conditions) floodplain soil is assumed to equal to that measured


in the ponds (i.e., 1 foot per 50 years ± 10 years) following installation of engineering structures to direct floodwaters
onto the floodplain and prevent "short-circuting" through the Oxbow Area.


i.  The arithmetic mean of twelve reported values (i.e., 4,720 days) from the California Technical Support Document for Exposure 
Assessment and Stochastic Analysis; available at http://www.oehha.ca.gov/air/hot_spots/.


j.  Refer to Section 6.6 for details on the Oxbow Area remedial alternatives.


TBC - To Be Considered criteria (EPA's recommended residential level for dioxin in soil)


Targeted Excavation
Partial Excavation
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Table M-9
Post-Construction Hazards for 2,3,7,8-TCDD in Oxbow Floodplain Soils - American Woodcock


Technology-specific Soil 
Concentrationb (ug/g)


Yeara Excavation


ENR (Thin 
Layer 
Cover) MNR No Action


Targeted 
Excavation, 


ENR


Partial 
Excavation, 


ENR No Action


Targeted 
Excavation, 


ENR


Partial 
Excavation, 


ENR
0 1.7E-05 7.5E-04 4.3E-03 4.3E-03 5.9E-04 2.9E-04 2.3E+01 3.1E+00 1.5E+00
5 1.3E-05 5.0E-04 3.2E-03 3.2E-03 3.9E-04 2.0E-04 1.7E+01 2.1E+00 1.0E+00


10 1.1E-05 3.3E-04 2.4E-03 2.4E-03 2.6E-04 1.3E-04 1.3E+01 1.4E+00 6.8E-01
15 9.3E-06 2.1E-04 1.8E-03 1.8E-03 1.6E-04 8.3E-05 9.5E+00 8.6E-01 4.4E-01
20 8.2E-06 1.3E-04 1.4E-03 1.4E-03 1.0E-04 5.2E-05 7.1E+00 5.2E-01 2.7E-01
25 7.6E-06 7.2E-05 1.0E-03 1.0E-03 5.8E-05 3.2E-05 5.3E+00 3.0E-01 1.7E-01
30 7.1E-06 3.7E-05 7.6E-04 7.6E-04 3.0E-05 1.8E-05 4.0E+00 1.6E-01 9.5E-02
35 6.9E-06 1.4E-05 5.7E-04 5.7E-04 1.3E-05 9.7E-06 3.0E+00 6.7E-02 5.1E-02
40 6.8E-06 6.8E-06 4.2E-04 4.2E-04 6.8E-06 6.8E-06 2.2E+00 3.6E-02 3.6E-02
45 6.7E-06 6.7E-06 3.2E-04 3.2E-04 6.7E-06 6.7E-06 1.7E+00 3.5E-02 3.5E-02
50 6.7E-06 6.7E-06 2.4E-04 2.4E-04 6.7E-06 6.7E-06 1.2E+00 3.5E-02 3.5E-02
55 6.7E-06 6.7E-06 1.8E-04 1.8E-04 6.7E-06 6.7E-06 9.3E-01 3.5E-02 3.5E-02
60 6.7E-06 6.7E-06 1.3E-04 1.3E-04 6.7E-06 6.7E-06 7.0E-01 3.5E-02 3.5E-02
65 6.7E-06 6.7E-06 9.9E-05 9.9E-05 6.7E-06 6.7E-06 5.2E-01 3.5E-02 3.5E-02
70 6.7E-06 6.7E-06 7.4E-05 7.4E-05 6.7E-06 6.7E-06 3.9E-01 3.5E-02 3.5E-02
75 6.7E-06 6.7E-06 5.5E-05 5.5E-05 6.7E-06 6.7E-06 2.9E-01 3.5E-02 3.5E-02
80 6.7E-06 6.7E-06 4.2E-05 4.2E-05 6.7E-06 6.7E-06 2.2E-01 3.5E-02 3.5E-02
85 6.7E-06 6.7E-06 3.1E-05 3.1E-05 6.7E-06 6.7E-06 1.6E-01 3.5E-02 3.5E-02
90 6.7E-06 6.7E-06 2.4E-05 2.4E-05 6.7E-06 6.7E-06 1.2E-01 3.5E-02 3.5E-02
95 6.7E-06 6.7E-06 1.8E-05 1.8E-05 6.7E-06 6.7E-06 9.4E-02 3.5E-02 3.5E-02


100 6.7E-06 6.7E-06 1.4E-05 1.4E-05 6.7E-06 6.7E-06 7.1E-02 3.5E-02 3.5E-02
105 6.7E-06 6.7E-06 1.0E-05 1.0E-05 6.7E-06 6.7E-06 5.5E-02 3.5E-02 3.5E-02
110 6.7E-06 6.7E-06 8.1E-06 8.1E-06 6.7E-06 6.7E-06 4.2E-02 3.5E-02 3.5E-02
115 6.7E-06 6.7E-06 6.3E-06 6.3E-06 6.7E-06 6.7E-06 3.3E-02 3.5E-02 3.5E-02
120 6.7E-06 6.7E-06 5.0E-06 5.0E-06 6.7E-06 6.7E-06 2.7E-02 3.5E-02 3.5E-02
125 6.7E-06 6.7E-06 4.1E-06 4.1E-06 6.7E-06 6.7E-06 2.2E-02 3.5E-02 3.5E-02
130 6.7E-06 6.7E-06 3.4E-06 3.4E-06 6.7E-06 6.7E-06 1.8E-02 3.5E-02 3.5E-02
135 6.7E-06 6.7E-06 2.9E-06 2.9E-06 6.7E-06 6.7E-06 1.5E-02 3.5E-02 3.5E-02
140 6.7E-06 6.7E-06 2.5E-06 2.5E-06 6.7E-06 6.7E-06 1.3E-02 3.5E-02 3.5E-02
145 6.7E-06 6.7E-06 2.2E-06 2.2E-06 6.7E-06 6.7E-06 1.2E-02 3.5E-02 3.5E-02
150 6.7E-06 6.7E-06 2.0E-06 2.0E-06 6.7E-06 6.7E-06 1.1E-02 3.5E-02 3.5E-02
155 6.7E-06 6.7E-06 1.8E-06 1.8E-06 6.7E-06 6.7E-06 9.7E-03 3.5E-02 3.5E-02
160 6.7E-06 6.7E-06 1.7E-06 1.7E-06 6.7E-06 6.7E-06 9.1E-03 3.5E-02 3.5E-02
165 6.7E-06 6.7E-06 1.7E-06 1.7E-06 6.7E-06 6.7E-06 8.7E-03 3.5E-02 3.5E-02
170 6.7E-06 6.7E-06 1.6E-06 1.6E-06 6.7E-06 6.7E-06 8.4E-03 3.5E-02 3.5E-02
175 6.7E-06 6.7E-06 1.6E-06 1.6E-06 6.7E-06 6.7E-06 8.2E-03 3.5E-02 3.5E-02
180 6.7E-06 6.7E-06 1.5E-06 1.5E-06 6.7E-06 6.7E-06 8.0E-03 3.5E-02 3.5E-02
185 6.7E-06 6.7E-06 1.5E-06 1.5E-06 6.7E-06 6.7E-06 7.9E-03 3.5E-02 3.5E-02
190 6.7E-06 6.7E-06 1.5E-06 1.5E-06 6.7E-06 6.7E-06 7.8E-03 3.5E-02 3.5E-02
195 6.7E-06 6.7E-06 1.5E-06 1.5E-06 6.7E-06 6.7E-06 7.8E-03 3.5E-02 3.5E-02
200 6.7E-06 6.7E-06 1.5E-06 1.5E-06 6.7E-06 6.7E-06 7.7E-03 3.5E-02 3.5E-02
205 6.7E-06 6.7E-06 1.5E-06 1.5E-06 6.7E-06 6.7E-06 7.7E-03 3.5E-02 3.5E-02
210 6.7E-06 6.7E-06 1.5E-06 1.5E-06 6.7E-06 6.7E-06 7.7E-03 3.5E-02 3.5E-02
215 6.7E-06 6.7E-06 1.5E-06 1.5E-06 6.7E-06 6.7E-06 7.6E-03 3.5E-02 3.5E-02
220 6.7E-06 6.7E-06 1.5E-06 1.5E-06 6.7E-06 6.7E-06 7.6E-03 3.5E-02 3.5E-02
225 6.7E-06 6.7E-06 1.4E-06 1.4E-06 6.7E-06 6.7E-06 7.6E-03 3.5E-02 3.5E-02
230 6.7E-06 6.7E-06 1.4E-06 1.4E-06 6.7E-06 6.7E-06 7.6E-03 3.5E-02 3.5E-02
235 6.7E-06 6.7E-06 1.4E-06 1.4E-06 6.7E-06 6.7E-06 7.6E-03 3.5E-02 3.5E-02
240 6.7E-06 6.7E-06 1.4E-06 1.4E-06 6.7E-06 6.7E-06 7.6E-03 3.5E-02 3.5E-02
245 6.7E-06 6.7E-06 1.4E-06 1.4E-06 6.7E-06 6.7E-06 7.6E-03 3.5E-02 3.5E-02
250 6.7E-06 6.7E-06 1.4E-06 1.4E-06 6.7E-06 6.7E-06 7.6E-03 3.5E-02 3.5E-02


Average Soil Concentration for 
Oxbow Areac (ug/g) Residual Hazard Quotientd
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Table M-9
Post-Construction Hazards for 2,3,7,8-TCDD in Oxbow Floodplain Soils - American Woodcock


Technology-specific Soil 
Concentrationb (ug/g)


Yeara Excavation


ENR (Thin 
Layer 
Cover) MNR No Action


Targeted 
Excavation, 


ENR


Partial 
Excavation, 


ENR No Action


Targeted 
Excavation, 


ENR


Partial 
Excavation, 


ENR


Average Soil Concentration for 
Oxbow Areac (ug/g) Residual Hazard Quotientd


Inputs
COC TCDD


Receptor American woodcock (vermivorous wildlife)
Risk-based PRGe 1.9E-04 ug/g


Basis CBR


Concentrationf (ug/g)
Maximum Average Background TBC Cleanup Goal Basis


0.0043 0.0017 0.000017 0.001 0.000017 Background
Cover thicknessg 3 inches
Deposition rateh 0.24 inches/year Deposition rateh


Soil half lifei 12.9 years Soil half lifei


Acres affectedj Percentage of total affected


Excavated
Thin Layer 


Cover MNR
Total 


Acreage Excavated
Thin Layer 


Cover MNR
No Action 0 0 21.6 21.6 0% 0% 100%


4.8 16.8 0 21.6 22% 78% 0%
13.5 8.0 0 21.6 63% 37% 0%


Notes
Technology-specific Soil Concentrations equivalent to the PRG are identified by shading; residual HQs exceeding one are bolded.
a. Number of years following completion of the selected remedy.
b.  Average surficial soil concentation in the top 1 foot of soil for each of three remedial technologies (i.e., excavation with backfill


with "clean" soil to design grade; cover with 3 inches of clean soil; Monitored Natural Recovery [MNR]); technologies
described in detail in Section 6.6.  All three technologies assume that "clean" material (equivalent to average background)
 will be deposited at a rate of 0.24 inches per year; however, the rate is 80% less under the No Action alternative.


c.  Average surficial soil concentration in the Oxbow for each the three remedial alternatives; remedial alternatives are described 
in detail in Section 6.6.


d.  Residual Hazard Quotient (HQ) estimates as the ratio of the average Oxbow floodplain soil concentration divided by the 
receptor-specific PRG (i.e., 0.00019 ug/g).  See Table 13 of the Addendum to the Interim Final Preliminary Remediation
Goals Report: Oxbow Area (Appendix D).


e.  Table 13 in the Addendum to the Interim Final Preliminary Remediation Goals Report: Oxbow Area (Appendix D)
summarizes the ecological PRGs.


f.  Current soil exposure concentrations are presented in the Addendum to the Interim Final Preliminary Remediation Goals
Report: Oxbow Area (Appendix D).


g.  A cover thickness of 3 inches is assumed.
h.  Deposition of clean (i.e., consistent with background conditions) floodplain soil is assumed to equal to that measured


in the ponds (i.e., 1 foot per 50 years ± 10 years) following installation of engineering structures to direct floodwaters
onto the floodplain and prevent "short-circuting" through the Oxbow Area.


i.  The arithmetic mean of twelve reported values (i.e., 4,720 days) from the California Technical Support Document for Exposure 
Assessment and Stochastic Analysis; available at http://www.oehha.ca.gov/air/hot_spots/.


j.  Refer to Section 6.6 for details on the Oxbow Area remedial alternatives.


TBC - To Be Considered criteria (EPA's recommended residential level for dioxin in soil)


Targeted Excavation
Partial Excavation
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Table M-10
Estimated Average Zinc Concentration in Floodplain Soil Following Remediation - Excavation/Backfill


Half-decadal Deposition Concentration Incrementd


Year
Average 


Concentrationa 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 115 120


0 290.0000000 0.0000000 290.0000000
5 290.0000000 0.0000000 261.0000000 2.9E+01


10 290.0000000 0.0000000 232.0000000 2.9E+01 2.9E+01
15 290.0000000 0.0000000 203.0000000 2.9E+01 2.9E+01 2.9E+01
20 290.0000000 0.0000000 174.0000000 2.9E+01 2.9E+01 2.9E+01 2.9E+01
25 290.0000000 0.0000000 145.0000000 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
30 290.0000000 0.0000000 116.0000000 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
35 290.0000000 0.0000000 87.0000000 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
40 290.0000000 0.0000000 58.0000000 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
45 290.0000000 0.0000000 29.0000000 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
50 290.0000000 0.0000000 0.0000000 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
55 290.0000000 0.0000000 0.0000000 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
60 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
65 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
70 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
75 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
80 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
85 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
90 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
95 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01


100 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
105 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
110 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
115 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
120 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
125 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
130 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
135 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
140 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
145 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
150 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01
155 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01
160 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E+01 2.9E+01
165 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E+01
170 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
175 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
180 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
185 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
190 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
195 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
200 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
205 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
210 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
215 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
220 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
225 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
230 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
235 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
240 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
245 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
250 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00


Presumed exposure zone thickness 12 inches
Thickness of thin layer cover 0 inches


Backfill thickness 12 inches 12
Original concentration 645 ug/g 0


Background concentration 290 ug/g 290
Soil half lifei 0 years


Deposition rateh 0.24 inches/year
Increment 5 years


Notes:
a.  Average concentration in the ecological exposure zone as sum of weighted concentrations for original unremediated soil, backfill/thin layer cover, and river sediment deposited post-construction.  Units in ug/g.
b.  Contaminant concentration of the original floodplain soil matrix remaining within the ecological exposure zone at time increment n, weighted by the fraction that this material represents of the entire exposure column.  Units in ug/g.
c.  Contaminant concentration of the backfilled (or thin-layer cover) soil matrix remaining within the ecological exposure zone at time increment n, weighted by the fraction that this material represents of the entire exposure column.  Units in ug/g.
d.  Contaminant concentration of the floodplain soil deposited following remedy implementation within the ecological exposure zone at time interval n, weighted by the fraction that this material represents of the overall exposure zone.  Units in ug/g.


Original 
Floodplain 


Soilb
Backfill/  Thin 
Layer Coverc
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Table M-10
Estimated Average Zinc Concentration in Floodplain Soil Following Remediation - Excavation/Backfill


Year
Average 


Concentrationa


0 290.0000000
5 290.0000000


10 290.0000000
15 290.0000000
20 290.0000000
25 290.0000000
30 290.0000000
35 290.0000000
40 290.0000000
45 290.0000000
50 290.0000000
55 290.0000000
60 290.0000000
65 290.0000000
70 290.0000000
75 290.0000000
80 290.0000000
85 290.0000000
90 290.0000000
95 290.0000000


100 290.0000000
105 290.0000000
110 290.0000000
115 290.0000000
120 290.0000000
125 290.0000000
130 290.0000000
135 290.0000000
140 290.0000000
145 290.0000000
150 290.0000000
155 290.0000000
160 290.0000000
165 290.0000000
170 290.0000000
175 290.0000000
180 290.0000000
185 290.0000000
190 290.0000000
195 290.0000000
200 290.0000000
205 290.0000000
210 290.0000000
215 290.0000000
220 290.0000000
225 290.0000000
230 290.0000000
235 290.0000000
240 290.0000000
245 290.0000000
250 290.0000000


Pres


Half-decadal Concentration Incrementd


125 130 135 140 145 150 155 160 165 170 175 180 185 190 195 200 205 210 215 220 225 230 235 240 245 250


2.9E+01
2.9E+01 2.9E+01
2.9E+01 2.9E+01 2.9E+01
2.9E+01 2.9E+01 2.9E+01 2.9E+01
2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
0.0E+00 0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
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Table M-11
Estimated Average Zinc Concentration in Floodplain Soil Following Remediation - Thin Layer Cover


Half-decadal Deposition Concentration Incrementd


Year
Average 


Concentrationa 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 115 120


0 556.0625000 483.5625000 72.5000000
5 520.5875000 419.0875000 72.5000000 2.9E+01


10 485.1125000 354.6125000 72.5000000 2.9E+01 2.9E+01
15 449.6375000 290.1375000 72.5000000 2.9E+01 2.9E+01 2.9E+01
20 414.1625000 225.6625000 72.5000000 2.9E+01 2.9E+01 2.9E+01 2.9E+01
25 378.6875000 161.1875000 72.5000000 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
30 343.2125000 96.7125000 72.5000000 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
35 307.7375000 32.2375000 72.5000000 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
40 290.0000000 0.0000000 58.0000000 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
45 290.0000000 0.0000000 29.0000000 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
50 290.0000000 0.0000000 0.0000000 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
55 290.0000000 0.0000000 0.0000000 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
60 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
65 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
70 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
75 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
80 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
85 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
90 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
95 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01


100 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
105 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
110 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
115 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
120 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
125 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
130 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
135 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
140 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
145 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
150 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01
155 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01
160 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E+01 2.9E+01
165 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E+01
170 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
175 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
180 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
185 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
190 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
195 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
200 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
205 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
210 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
215 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
220 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
225 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
230 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
235 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
240 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
245 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
250 290.0000000 0.0000000 0.0000000 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00


Presumed exposure zone thickness 12 inches
Thickness of thin layer cover 3 inches


Backfill thickness 0 inches
Original concentration 645 ug/g


Background concentration 290 ug/g
Soil half lifei 0 years


Deposition rateh 0.24 inches/year
Increment 5 years


Notes:
a.  Average concentration in the ecological exposure zone as sum of weighted concentrations for original unremediated soil, backfill/thin layer cover, and river sediment deposited post-construction.  Units in ug/g.
b.  Contaminant concentration of the original floodplain soil matrix remaining within the ecological exposure zone at time increment n, weighted by the fraction that this material represents of the entire exposure column.  Units in ug/g.
c.  Contaminant concentration of the backfilled (or thin-layer cover) soil matrix remaining within the ecological exposure zone at time increment n, weighted by the fraction that this material represents of the entire exposure column.  Units in ug/g.
d.  Contaminant concentration of the floodplain soil deposited following remedy implementation within the ecological exposure zone at time interval n, weighted by the fraction that this material represents of the overall exposure zone.  Units in ug/g.


Original 
Floodplain 


Soilb
Backfill/  Thin 
Layer Coverc
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Table M-11
Estimated Average Zinc Concentration in Floodplain Soil Following Remediation - Thin Layer Cover


Year
Average 


Concentrationa


0 556.0625000
5 520.5875000


10 485.1125000
15 449.6375000
20 414.1625000
25 378.6875000
30 343.2125000
35 307.7375000
40 290.0000000
45 290.0000000
50 290.0000000
55 290.0000000
60 290.0000000
65 290.0000000
70 290.0000000
75 290.0000000
80 290.0000000
85 290.0000000
90 290.0000000
95 290.0000000


100 290.0000000
105 290.0000000
110 290.0000000
115 290.0000000
120 290.0000000
125 290.0000000
130 290.0000000
135 290.0000000
140 290.0000000
145 290.0000000
150 290.0000000
155 290.0000000
160 290.0000000
165 290.0000000
170 290.0000000
175 290.0000000
180 290.0000000
185 290.0000000
190 290.0000000
195 290.0000000
200 290.0000000
205 290.0000000
210 290.0000000
215 290.0000000
220 290.0000000
225 290.0000000
230 290.0000000
235 290.0000000
240 290.0000000
245 290.0000000
250 290.0000000


Pres


Half-decadal Concentration Incrementd


125 130 135 140 145 150 155 160 165 170 175 180 185 190 195 200 205 210 215 220 225 230 235 240 245 250


2.9E+01
2.9E+01 2.9E+01
2.9E+01 2.9E+01 2.9E+01
2.9E+01 2.9E+01 2.9E+01 2.9E+01
2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
0.0E+00 0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01 2.9E+01
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Table M-12
Estimated Average Zinc Concentration in Floodplain Soil Following Remediation - Monitored Natural Recovery


Half-decadal Depositional Concentration Incrementd


Year
Average 


Concentrationa 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 115 120


0 644.7500000 644.7500000 0.0000000
5 637.6550000 631.8550000 0.0000000 5.8E+00


10 630.5600000 618.9600000 0.0000000 5.8E+00 5.8E+00
15 623.4650000 606.0650000 0.0000000 5.8E+00 5.8E+00 5.8E+00
20 616.3700000 593.1700000 0.0000000 5.8E+00 5.8E+00 5.8E+00 5.8E+00
25 609.2750000 580.2750000 0.0000000 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00
30 602.1800000 567.3800000 0.0000000 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00
35 595.0850000 554.4850000 0.0000000 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00
40 587.9900000 541.5900000 0.0000000 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00
45 580.8950000 528.6950000 0.0000000 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00
50 573.8000000 515.8000000 0.0000000 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00
55 566.7050000 502.9050000 0.0000000 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00
60 559.6100000 490.0100000 0.0000000 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00
65 552.5150000 477.1150000 0.0000000 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00
70 545.4200000 464.2200000 0.0000000 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00
75 538.3250000 451.3250000 0.0000000 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00
80 531.2300000 438.4300000 0.0000000 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00
85 524.1350000 425.5350000 0.0000000 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00
90 517.0400000 412.6400000 0.0000000 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00
95 509.9450000 399.7450000 0.0000000 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00


100 502.8500000 386.8500000 0.0000000 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00
105 495.7550000 373.9550000 0.0000000 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00
110 488.6600000 361.0600000 0.0000000 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00
115 481.5650000 348.1650000 0.0000000 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00
120 474.4700000 335.2700000 0.0000000 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00
125 467.3750000 322.3750000 0.0000000 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00
130 460.2800000 309.4800000 0.0000000 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00
135 453.1850000 296.5850000 0.0000000 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00
140 446.0900000 283.6900000 0.0000000 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00
145 438.9950000 270.7950000 0.0000000 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00
150 431.9000000 257.9000000 0.0000000 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00
155 424.8050000 245.0050000 0.0000000 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00
160 417.7100000 232.1100000 0.0000000 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00
165 410.6150000 219.2150000 0.0000000 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00
170 403.5200000 206.3200000 0.0000000 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00
175 396.4250000 193.4250000 0.0000000 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00
180 389.3300000 180.5300000 0.0000000 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00
185 382.2350000 167.6350000 0.0000000 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00
190 375.1400000 154.7400000 0.0000000 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00
195 368.0450000 141.8450000 0.0000000 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00
200 360.9500000 128.9500000 0.0000000 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00
205 353.8550000 116.0550000 0.0000000 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00
210 346.7600000 103.1600000 0.0000000 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00
215 339.6650000 90.2650000 0.0000000 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00
220 332.5700000 77.3700000 0.0000000 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00
225 325.4750000 64.4750000 0.0000000 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00
230 318.3800000 51.5800000 0.0000000 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00
235 311.2850000 38.6850000 0.0000000 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00
240 304.1900000 25.7900000 0.0000000 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00
245 297.0950000 12.8950000 0.0000000 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00
250 290.0000000 0.0000000 0.0000000 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00


Presumed exposure zone thickness 12 inches
Thickness of thin layer cover 0 inches


Backfill thickness 0 inches
Original concentration 645 ug/g


Background concentration 290 ug/g
Soil half lifei 0 years


Deposition rateh 0.048 inches/year
Increment 5 years


Notes:
a.  Average concentration in the ecological exposure zone as sum of weighted concentrations for original unremediated soil, backfill/thin layer cover, and river sediment deposited post-construction.  Units in ug/g.
b.  Contaminant concentration of the original floodplain soil matrix remaining within the ecological exposure zone at time increment n, weighted by the fraction that this material represents of the entire exposure column.  Units in ug/g.
c.  Contaminant concentration of the backfilled (or thin-layer cover) soil matrix remaining within the ecological exposure zone at time increment n, weighted by the fraction that this material represents of the entire exposure column.  Units in ug/g.
d.  Contaminant concentration of the floodplain soil deposited following remedy implementation within the ecological exposure zone at time interval n, weighted by the fraction that this material represents of the overall exposure zone.  Units in ug/g.


Original 
Floodplain 


Soilb
Backfill/  Thin 
Layer Coverc
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Table M-12
Estimated Average Zinc Concentration in Floodplain Soil Following Remediation - Monitored Natural Recovery


Year
Average 


Concentrationa


0 644.7500000
5 637.6550000


10 630.5600000
15 623.4650000
20 616.3700000
25 609.2750000
30 602.1800000
35 595.0850000
40 587.9900000
45 580.8950000
50 573.8000000
55 566.7050000
60 559.6100000
65 552.5150000
70 545.4200000
75 538.3250000
80 531.2300000
85 524.1350000
90 517.0400000
95 509.9450000


100 502.8500000
105 495.7550000
110 488.6600000
115 481.5650000
120 474.4700000
125 467.3750000
130 460.2800000
135 453.1850000
140 446.0900000
145 438.9950000
150 431.9000000
155 424.8050000
160 417.7100000
165 410.6150000
170 403.5200000
175 396.4250000
180 389.3300000
185 382.2350000
190 375.1400000
195 368.0450000
200 360.9500000
205 353.8550000
210 346.7600000
215 339.6650000
220 332.5700000
225 325.4750000
230 318.3800000
235 311.2850000
240 304.1900000
245 297.0950000
250 290.0000000


Pres


Half-decadal Concentration Incrementd


125 130 135 140 145 150 155 160 165 170 175 180 185 190 195 200 205 210 215 220 225 230 235 240 245 250


5.8E+00
5.8E+00 5.8E+00
5.8E+00 5.8E+00 5.8E+00
5.8E+00 5.8E+00 5.8E+00 5.8E+00
5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00
5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00
5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00
5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00
5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00
5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00
5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00
5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00
5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00
5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00
5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00
5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00
5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00
5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00
5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00
5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00
5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00
5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00
5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00
5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00
5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00
5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00 5.8E+00
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Table M-13
Post-Construction Hazards for Zinc in Oxbow Floodplain Soils - Soil Invertebrates


Technology-specific Soil 
Concentrationb (ug/g)


Yeara Excavation


ENR (Thin 
Layer 
Cover) MNR No Action


Targeted 
Excavation, 


ENR


Partial 
Excavation, 


ENR No Action


Targeted 
Excavation, 


ENR


Partial 
Excavation, 


ENR
0 2.9E+02 5.6E+02 6.4E+02 6.4E+02 5.0E+02 3.9E+02 2.5E+01 1.9E+01 1.5E+01
5 2.9E+02 5.5E+02 6.4E+02 6.4E+02 4.9E+02 3.9E+02 2.5E+01 1.9E+01 1.5E+01


10 2.9E+02 5.4E+02 6.3E+02 6.3E+02 4.9E+02 3.8E+02 2.4E+01 1.9E+01 1.5E+01
15 2.9E+02 5.3E+02 6.2E+02 6.2E+02 4.8E+02 3.8E+02 2.4E+01 1.8E+01 1.5E+01
20 2.9E+02 5.3E+02 6.2E+02 6.2E+02 4.7E+02 3.8E+02 2.4E+01 1.8E+01 1.5E+01
25 2.9E+02 5.2E+02 6.1E+02 6.1E+02 4.7E+02 3.8E+02 2.3E+01 1.8E+01 1.4E+01
30 2.9E+02 5.1E+02 6.0E+02 6.0E+02 4.6E+02 3.7E+02 2.3E+01 1.8E+01 1.4E+01
35 2.9E+02 5.1E+02 6.0E+02 6.0E+02 4.6E+02 3.7E+02 2.3E+01 1.8E+01 1.4E+01
40 2.9E+02 5.0E+02 5.9E+02 5.9E+02 4.5E+02 3.7E+02 2.3E+01 1.7E+01 1.4E+01
45 2.9E+02 4.9E+02 5.8E+02 5.8E+02 4.5E+02 3.7E+02 2.2E+01 1.7E+01 1.4E+01
50 2.9E+02 4.9E+02 5.7E+02 5.7E+02 4.4E+02 3.6E+02 2.2E+01 1.7E+01 1.4E+01
55 2.9E+02 4.8E+02 5.7E+02 5.7E+02 4.4E+02 3.6E+02 2.2E+01 1.7E+01 1.4E+01
60 2.9E+02 4.7E+02 5.6E+02 5.6E+02 4.3E+02 3.6E+02 2.2E+01 1.7E+01 1.4E+01
65 2.9E+02 4.6E+02 5.5E+02 5.5E+02 4.2E+02 3.5E+02 2.1E+01 1.6E+01 1.4E+01
70 2.9E+02 4.6E+02 5.5E+02 5.5E+02 4.2E+02 3.5E+02 2.1E+01 1.6E+01 1.4E+01
75 2.9E+02 4.5E+02 5.4E+02 5.4E+02 4.1E+02 3.5E+02 2.1E+01 1.6E+01 1.3E+01
80 2.9E+02 4.4E+02 5.3E+02 5.3E+02 4.1E+02 3.5E+02 2.0E+01 1.6E+01 1.3E+01
85 2.9E+02 4.4E+02 5.2E+02 5.2E+02 4.0E+02 3.4E+02 2.0E+01 1.5E+01 1.3E+01
90 2.9E+02 4.3E+02 5.2E+02 5.2E+02 4.0E+02 3.4E+02 2.0E+01 1.5E+01 1.3E+01
95 2.9E+02 4.2E+02 5.1E+02 5.1E+02 3.9E+02 3.4E+02 2.0E+01 1.5E+01 1.3E+01


100 2.9E+02 4.1E+02 5.0E+02 5.0E+02 3.9E+02 3.4E+02 1.9E+01 1.5E+01 1.3E+01
105 2.9E+02 4.1E+02 5.0E+02 5.0E+02 3.8E+02 3.3E+02 1.9E+01 1.5E+01 1.3E+01
110 2.9E+02 4.0E+02 4.9E+02 4.9E+02 3.8E+02 3.3E+02 1.9E+01 1.4E+01 1.3E+01
115 2.9E+02 3.9E+02 4.8E+02 4.8E+02 3.7E+02 3.3E+02 1.9E+01 1.4E+01 1.3E+01
120 2.9E+02 3.9E+02 4.7E+02 4.7E+02 3.6E+02 3.3E+02 1.8E+01 1.4E+01 1.3E+01
125 2.9E+02 3.8E+02 4.7E+02 4.7E+02 3.6E+02 3.2E+02 1.8E+01 1.4E+01 1.2E+01
130 2.9E+02 3.7E+02 4.6E+02 4.6E+02 3.5E+02 3.2E+02 1.8E+01 1.4E+01 1.2E+01
135 2.9E+02 3.6E+02 4.5E+02 4.5E+02 3.5E+02 3.2E+02 1.7E+01 1.3E+01 1.2E+01
140 2.9E+02 3.6E+02 4.5E+02 4.5E+02 3.4E+02 3.2E+02 1.7E+01 1.3E+01 1.2E+01
145 2.9E+02 3.5E+02 4.4E+02 4.4E+02 3.4E+02 3.1E+02 1.7E+01 1.3E+01 1.2E+01
150 2.9E+02 3.4E+02 4.3E+02 4.3E+02 3.3E+02 3.1E+02 1.7E+01 1.3E+01 1.2E+01
155 2.9E+02 3.4E+02 4.2E+02 4.2E+02 3.3E+02 3.1E+02 1.6E+01 1.3E+01 1.2E+01
160 2.9E+02 3.3E+02 4.2E+02 4.2E+02 3.2E+02 3.0E+02 1.6E+01 1.2E+01 1.2E+01
165 2.9E+02 3.2E+02 4.1E+02 4.1E+02 3.1E+02 3.0E+02 1.6E+01 1.2E+01 1.2E+01
170 2.9E+02 3.1E+02 4.0E+02 4.0E+02 3.1E+02 3.0E+02 1.6E+01 1.2E+01 1.2E+01
175 2.9E+02 3.1E+02 4.0E+02 4.0E+02 3.0E+02 3.0E+02 1.5E+01 1.2E+01 1.1E+01
180 2.9E+02 3.0E+02 3.9E+02 3.9E+02 3.0E+02 2.9E+02 1.5E+01 1.1E+01 1.1E+01
185 2.9E+02 2.9E+02 3.8E+02 3.8E+02 2.9E+02 2.9E+02 1.5E+01 1.1E+01 1.1E+01
190 2.9E+02 2.9E+02 3.8E+02 3.8E+02 2.9E+02 2.9E+02 1.4E+01 1.1E+01 1.1E+01
195 2.9E+02 2.9E+02 3.7E+02 3.7E+02 2.9E+02 2.9E+02 1.4E+01 1.1E+01 1.1E+01
200 2.9E+02 2.9E+02 3.6E+02 3.6E+02 2.9E+02 2.9E+02 1.4E+01 1.1E+01 1.1E+01
205 2.9E+02 2.9E+02 3.5E+02 3.5E+02 2.9E+02 2.9E+02 1.4E+01 1.1E+01 1.1E+01
210 2.9E+02 2.9E+02 3.5E+02 3.5E+02 2.9E+02 2.9E+02 1.3E+01 1.1E+01 1.1E+01
215 2.9E+02 2.9E+02 3.4E+02 3.4E+02 2.9E+02 2.9E+02 1.3E+01 1.1E+01 1.1E+01
220 2.9E+02 2.9E+02 3.3E+02 3.3E+02 2.9E+02 2.9E+02 1.3E+01 1.1E+01 1.1E+01
225 2.9E+02 2.9E+02 3.3E+02 3.3E+02 2.9E+02 2.9E+02 1.3E+01 1.1E+01 1.1E+01
230 2.9E+02 2.9E+02 3.2E+02 3.2E+02 2.9E+02 2.9E+02 1.2E+01 1.1E+01 1.1E+01
235 2.9E+02 2.9E+02 3.1E+02 3.1E+02 2.9E+02 2.9E+02 1.2E+01 1.1E+01 1.1E+01
240 2.9E+02 2.9E+02 3.0E+02 3.0E+02 2.9E+02 2.9E+02 1.2E+01 1.1E+01 1.1E+01
245 2.9E+02 2.9E+02 3.0E+02 3.0E+02 2.9E+02 2.9E+02 1.1E+01 1.1E+01 1.1E+01
250 2.9E+02 2.9E+02 2.9E+02 2.9E+02 2.9E+02 2.9E+02 1.1E+01 1.1E+01 1.1E+01


Average Soil Concentration for Oxbow 
Areac (ug/g) Residual Hazard Quotientd
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Table M-13
Post-Construction Hazards for Zinc in Oxbow Floodplain Soils - Soil Invertebrates


Technology-specific Soil 
Concentrationb (ug/g)


Yeara Excavation


ENR (Thin 
Layer 
Cover) MNR No Action


Targeted 
Excavation, 


ENR


Partial 
Excavation, 


ENR No Action


Targeted 
Excavation, 


ENR


Partial 
Excavation, 


ENR


Average Soil Concentration for Oxbow 
Areac (ug/g) Residual Hazard Quotientd


Inputs
COC Zinc


Receptor Soil Invertebrates
Risk-based PRGe 2.6E+01 ug/g


Basis CBR


Concentrationf (ug/g)
Maximum Average Background PRG Basis


1867 644.75 290 290 Background
Cover thicknessg 3 inches
Deposition rateh 0.24 inches/year Deposition rateh


Soil half lifei n/a years Soil half lifei


Acres affectedj Percentage of total affected


Excavated
Thin Layer 


Cover MNR
Total 


Acreage Excavated
Thin Layer 


Cover MNR
No Action 0 0 21.6 21.6 0% 0% 100%


4.8 16.8 0 21.6 22% 78% 0%
13.5 8.0 0 21.6 63% 37% 0%


Notes
Technology-specific Soil Concentrations equivalent to the PRG are identified by shading; residual HQs exceeding one are bolded.
a. Number of years following completion of the selected remedy.
b.  Average surficial soil concentation in the top 1 foot of soil for each of three remedial technologies (i.e., excavation with backfill


with "clean" soil to design grade; cover with 3 inches of clean soil; Monitored Natural Recovery [MNR]); technologies
described in detail in Section 6.6.  All three technologies assume that "clean" material (equivalent to average background)
 will be deposited at a rate of 0.24 inches per year; however, the rate is 80% less under the No Action alternative.


c.  Average surficial soil concentration in the Oxbow for each of the three remedial alternatives; remedial alternatives are described 
in detail in Section 6.6.


d.  Residual Hazard Quotient (HQ) estimates as the ratio of the average Oxbow floodplain soil concentration divided by the 
receptor-specific PRG (i.e., 26 ug/g).  See Table 13 of the Addendum to the Interim Final Preliminary Remediation
Goals Report: Oxbow Area (Appendix D).


e.  Table 13 in the Addendum to the Interim Final Preliminary Remediation Goals Report: Oxbow Area (Appendix D)
summarizes the ecological PRGs.


f.  Current soil exposure concentrations are presented in the Addendum to the Interim Final Preliminary Remediation Goals
Report: Oxbow Area (Appendix D).


g.  A cover thickness of 3 inches is assumed.
h.  Deposition of clean (i.e., consistent with background conditions) floodplain soil is assumed to equal to that measured


in the ponds (i.e., 1 foot per 50 years ± 10 years) following installation of engineering structures to direct floodwaters
onto the floodplain and prevent "short-circuting" through the Oxbow Area.


i.  The arithmetic mean of twelve reported values (i.e., 4,720 days) from the California Technical Support Document for Exposure 
Assessment and Stochastic Analysis; available at http://www.oehha.ca.gov/air/hot_spots/.


j.  Refer to Section 6.6 for details on the Oxbow Area remedial alternatives.


Targeted Excavation
Partial Excavation
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Table M-14
Post-Construction Hazards for Zinc in Oxbow Floodplain Soils - American woodcock


Technology-specific Soil 
Concentrationb (ug/g)


Yeara Excavation


ENR (Thin 
Layer 
Cover) MNR No Action


Targeted 
Excavation, 


ENR


Partial 
Excavation, 


ENR No Action


Targeted 
Excavation, 


ENR


Partial 
Excavation, 


ENR
0 2.9E+02 5.6E+02 6.4E+02 6.4E+02 5.0E+02 3.9E+02 2.0E+00 1.6E+00 1.2E+00
5 2.9E+02 5.2E+02 6.4E+02 6.4E+02 4.7E+02 3.8E+02 2.0E+00 1.5E+00 1.2E+00


10 2.9E+02 4.9E+02 6.3E+02 6.3E+02 4.4E+02 3.6E+02 2.0E+00 1.4E+00 1.1E+00
15 2.9E+02 4.5E+02 6.2E+02 6.2E+02 4.1E+02 3.5E+02 1.9E+00 1.3E+00 1.1E+00
20 2.9E+02 4.1E+02 6.2E+02 6.2E+02 3.9E+02 3.4E+02 1.9E+00 1.2E+00 1.1E+00
25 2.9E+02 3.8E+02 6.1E+02 6.1E+02 3.6E+02 3.2E+02 1.9E+00 1.1E+00 1.0E+00
30 2.9E+02 3.4E+02 6.0E+02 6.0E+02 3.3E+02 3.1E+02 1.9E+00 1.0E+00 9.7E-01
35 2.9E+02 3.1E+02 6.0E+02 6.0E+02 3.0E+02 3.0E+02 1.9E+00 9.5E-01 9.3E-01
40 2.9E+02 2.9E+02 5.9E+02 5.9E+02 2.9E+02 2.9E+02 1.8E+00 9.1E-01 9.1E-01
45 2.9E+02 2.9E+02 5.8E+02 5.8E+02 2.9E+02 2.9E+02 1.8E+00 9.1E-01 9.1E-01
50 2.9E+02 2.9E+02 5.7E+02 5.7E+02 2.9E+02 2.9E+02 1.8E+00 9.1E-01 9.1E-01
55 2.9E+02 2.9E+02 5.7E+02 5.7E+02 2.9E+02 2.9E+02 1.8E+00 9.1E-01 9.1E-01
60 2.9E+02 2.9E+02 5.6E+02 5.6E+02 2.9E+02 2.9E+02 1.7E+00 9.1E-01 9.1E-01
65 2.9E+02 2.9E+02 5.5E+02 5.5E+02 2.9E+02 2.9E+02 1.7E+00 9.1E-01 9.1E-01
70 2.9E+02 2.9E+02 5.5E+02 5.5E+02 2.9E+02 2.9E+02 1.7E+00 9.1E-01 9.1E-01
75 2.9E+02 2.9E+02 5.4E+02 5.4E+02 2.9E+02 2.9E+02 1.7E+00 9.1E-01 9.1E-01
80 2.9E+02 2.9E+02 5.3E+02 5.3E+02 2.9E+02 2.9E+02 1.7E+00 9.1E-01 9.1E-01
85 2.9E+02 2.9E+02 5.2E+02 5.2E+02 2.9E+02 2.9E+02 1.6E+00 9.1E-01 9.1E-01
90 2.9E+02 2.9E+02 5.2E+02 5.2E+02 2.9E+02 2.9E+02 1.6E+00 9.1E-01 9.1E-01
95 2.9E+02 2.9E+02 5.1E+02 5.1E+02 2.9E+02 2.9E+02 1.6E+00 9.1E-01 9.1E-01


100 2.9E+02 2.9E+02 5.0E+02 5.0E+02 2.9E+02 2.9E+02 1.6E+00 9.1E-01 9.1E-01
105 2.9E+02 2.9E+02 5.0E+02 5.0E+02 2.9E+02 2.9E+02 1.5E+00 9.1E-01 9.1E-01
110 2.9E+02 2.9E+02 4.9E+02 4.9E+02 2.9E+02 2.9E+02 1.5E+00 9.1E-01 9.1E-01
115 2.9E+02 2.9E+02 4.8E+02 4.8E+02 2.9E+02 2.9E+02 1.5E+00 9.1E-01 9.1E-01
120 2.9E+02 2.9E+02 4.7E+02 4.7E+02 2.9E+02 2.9E+02 1.5E+00 9.1E-01 9.1E-01
125 2.9E+02 2.9E+02 4.7E+02 4.7E+02 2.9E+02 2.9E+02 1.5E+00 9.1E-01 9.1E-01
130 2.9E+02 2.9E+02 4.6E+02 4.6E+02 2.9E+02 2.9E+02 1.4E+00 9.1E-01 9.1E-01
135 2.9E+02 2.9E+02 4.5E+02 4.5E+02 2.9E+02 2.9E+02 1.4E+00 9.1E-01 9.1E-01
140 2.9E+02 2.9E+02 4.5E+02 4.5E+02 2.9E+02 2.9E+02 1.4E+00 9.1E-01 9.1E-01
145 2.9E+02 2.9E+02 4.4E+02 4.4E+02 2.9E+02 2.9E+02 1.4E+00 9.1E-01 9.1E-01
150 2.9E+02 2.9E+02 4.3E+02 4.3E+02 2.9E+02 2.9E+02 1.3E+00 9.1E-01 9.1E-01
155 2.9E+02 2.9E+02 4.2E+02 4.2E+02 2.9E+02 2.9E+02 1.3E+00 9.1E-01 9.1E-01
160 2.9E+02 2.9E+02 4.2E+02 4.2E+02 2.9E+02 2.9E+02 1.3E+00 9.1E-01 9.1E-01
165 2.9E+02 2.9E+02 4.1E+02 4.1E+02 2.9E+02 2.9E+02 1.3E+00 9.1E-01 9.1E-01
170 2.9E+02 2.9E+02 4.0E+02 4.0E+02 2.9E+02 2.9E+02 1.3E+00 9.1E-01 9.1E-01
175 2.9E+02 2.9E+02 4.0E+02 4.0E+02 2.9E+02 2.9E+02 1.2E+00 9.1E-01 9.1E-01
180 2.9E+02 2.9E+02 3.9E+02 3.9E+02 2.9E+02 2.9E+02 1.2E+00 9.1E-01 9.1E-01
185 2.9E+02 2.9E+02 3.8E+02 3.8E+02 2.9E+02 2.9E+02 1.2E+00 9.1E-01 9.1E-01
190 2.9E+02 2.9E+02 3.8E+02 3.8E+02 2.9E+02 2.9E+02 1.2E+00 9.1E-01 9.1E-01
195 2.9E+02 2.9E+02 3.7E+02 3.7E+02 2.9E+02 2.9E+02 1.2E+00 9.1E-01 9.1E-01
200 2.9E+02 2.9E+02 3.6E+02 3.6E+02 2.9E+02 2.9E+02 1.1E+00 9.1E-01 9.1E-01
205 2.9E+02 2.9E+02 3.5E+02 3.5E+02 2.9E+02 2.9E+02 1.1E+00 9.1E-01 9.1E-01
210 2.9E+02 2.9E+02 3.5E+02 3.5E+02 2.9E+02 2.9E+02 1.1E+00 9.1E-01 9.1E-01
215 2.9E+02 2.9E+02 3.4E+02 3.4E+02 2.9E+02 2.9E+02 1.1E+00 9.1E-01 9.1E-01
220 2.9E+02 2.9E+02 3.3E+02 3.3E+02 2.9E+02 2.9E+02 1.0E+00 9.1E-01 9.1E-01
225 2.9E+02 2.9E+02 3.3E+02 3.3E+02 2.9E+02 2.9E+02 1.0E+00 9.1E-01 9.1E-01
230 2.9E+02 2.9E+02 3.2E+02 3.2E+02 2.9E+02 2.9E+02 9.9E-01 9.1E-01 9.1E-01
235 2.9E+02 2.9E+02 3.1E+02 3.1E+02 2.9E+02 2.9E+02 9.7E-01 9.1E-01 9.1E-01
240 2.9E+02 2.9E+02 3.0E+02 3.0E+02 2.9E+02 2.9E+02 9.5E-01 9.1E-01 9.1E-01
245 2.9E+02 2.9E+02 3.0E+02 3.0E+02 2.9E+02 2.9E+02 9.3E-01 9.1E-01 9.1E-01
250 2.9E+02 2.9E+02 2.9E+02 2.9E+02 2.9E+02 2.9E+02 9.1E-01 9.1E-01 9.1E-01


Average Soil Concentration for Oxbow 
Areac (ug/g) Residual Hazard Quotientd
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Table M-14
Post-Construction Hazards for Zinc in Oxbow Floodplain Soils - American woodcock


Technology-specific Soil 
Concentrationb (ug/g)


Yeara Excavation


ENR (Thin 
Layer 
Cover) MNR No Action


Targeted 
Excavation, 


ENR


Partial 
Excavation, 


ENR No Action


Targeted 
Excavation, 


ENR


Partial 
Excavation, 


ENR


Average Soil Concentration for Oxbow 
Areac (ug/g) Residual Hazard Quotientd


Inputs
COC Zinc


Receptor American woodcock
Risk-based PRGe 3.2E+02 ug/g


Basis Dose modeling


Concentrationf (ug/g)
Maximum Average Background PRG Basis


1867 644.75 290 290 Background
Cover thicknessg 3 inches
Deposition rateh 0.24 inches/year Deposition rateh


Soil half lifei n/a years Soil half lifei


Acres affectedj Percentage of total affected


Excavated
Thin Layer 


Cover MNR
Total 


Acreage Excavated
Thin Layer 


Cover MNR
No Action 0 0 21.6 21.6 0% 0% 100%


4.8 16.8 0 21.6 22% 78% 0%
13.5 8.0 0 21.6 63% 37% 0%


Notes
Technology-specific Soil Concentrations equivalent to the PRG are identified by shading; residual HQs exceeding one are bolded.
a. Number of years following completion of the selected remedy.
b.  Average surficial soil concentation in the top 1 foot of soil for each of three remedial technologies (i.e., excavation with backfill


with "clean" soil to design grade; cover with 3 inches of clean soil; Monitored Natural Recovery [MNR]); technologies
described in detail in Section 6.6.  All three technologies assume that "clean" material (equivalent to average background)
 will be deposited at a rate of 0.24 inches per year; however, the rate is 80% less under the No Action alternative.


c.  Average surficial soil concentration in the Oxbow for each of the three remedial alternatives; remedial alternatives are described 
in detail in Section 6.6.


d.  Residual Hazard Quotient (HQ) estimates as the ratio of the average Oxbow floodplain soil concentration divided by the 
receptor-specific PRG (i.e., 320 ug/g).  See Table 13 of the Addendum to the Interim Final Preliminary Remediation
Goals Report: Oxbow Area (Appendix D).


e.  Table 13 in the Addendum to the Interim Final Preliminary Remediation Goals Report: Oxbow Area (Appendix D)
summarizes the ecological PRGs.


f.  Current soil exposure concentrations are presented in the Addendum to the Interim Final Preliminary Remediation Goals
Report: Oxbow Area (Appendix D).


g.  A cover thickness of 3 inches is assumed.
h.  Deposition of clean (i.e., consistent with background conditions) floodplain soil is assumed to equal to that measured


in the ponds (i.e., 1 foot per 50 years ± 10 years) following installation of engineering structures to direct floodwaters
onto the floodplain and prevent "short-circuting" through the Oxbow Area.


i.  The arithmetic mean of twelve reported values (i.e., 4,720 days) from the California Technical Support Document for Exposure 
Assessment and Stochastic Analysis; available at http://www.oehha.ca.gov/air/hot_spots/.


j.  Refer to Section 6.6 for details on the Oxbow Area remedial alternatives.


Targeted Excavation
Partial Excavation
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Table M-15. Years to Achieve Target Hazard for Short-tailed Shrew under Various Combinations 


of Assumed Deposition and 2,3,7,8-TCDD Degradation Rates for Lyman Mill Reach Stream 
Sediment and Floodplain Soil Alternatives 


Assumed 
Deposition 


Ratea 


(inches/ 
year) 


Assumed 
Degradation 
Rateb (t 0.5) 


(years) 


Remedial Alternativec Differential 


 
 


No 
Action 


Targeted 
Excavation, 
Enhanced 
Natural 


Recovery 


Partial 
Excavation, 
Enhanced 
Natural 


Recovery 


Targeted 
Excavation 


vs No 
Action 


12.9 yrs 
Versus 


Other Loss 
Ratesd 


0.24 


6.5 45 30 30 -15 +10 
12.9 50 40 35 -10 - 
25.9 50 40 40 -10 0 
51.7 -e(50) -e(40) -e(40) -10 0 
none -f(50) -f(40) -f(40) -10 0 


0.12 


6.5 55 35 30 -20 +25 
12.9 85 60 55 -25 - 
25.9 100 75 70 -25 -15 
51.7 100 75 75 -25 -15 
nonef -f(100) -f(75) -f(75) -25 -15 


0.048 


6.5 55 40 35 -15 +30 
12.9 105 70 60 -35 - 
25.9 190 125 105 -65 -55 
51.7 245 175 160 -70 -105 
none -f(250) -f(190) -f(190) -60 -120 


0.024 


6.5 60 40 35 -20 +35 
12.9 110 75 65 -35 - 
25.9 210 140 120 -70 -65 
51.7 -6 -g 210 - -165 
none -g -g -g - - 


none 
6.5 60 40 35 -20 +40 


12.9 115 80 65 -35 - 
25.9 225 155 125 -70 -75 


Notes: 
Grey cells indicate model scenarios where the Target Hazard (Hazard Quotient = 1.0) was not achieved over the 250 
year assessment period.  The model approach, assumptions, and output is described in this appendix (Appendix M).  
The most likely outcomes for the remedial alternatives are identified in light green. 
a. Deposition rates (in inches per year) of newly deposited sediment in Allendale and Lyman Mill Ponds is 


assumed to be on the order of 1 inch in 50 years (i.e., 0.24 inches/year); best estimate for current conditions in the 
Oxbow area is that the deposition rate is 5 fold less or 0.048 inches/year.  Flow diversion structures along the river 
bank and baffles within the remnant channel would be components of both action-based alternatives and would be 
designed to increase sediment deposition within the Oxbow area to rates comparable to the pond average.  Newly 
deposited material is assumed to contain contaminants (including 2,3,7,8-TCDD) at background concentrations. 


b. Time (in years) for in-situ 2,3,7,8-TCDD mass to be reduced by 50 percent by chemical and biological 
degradative processes.  It is assumed that breakdown products are non-toxic.  Best estimate of the soil degradation 
rate of 2,3,7,8-TCDD is the arithmetic mean of twelve reported values (i.e., 4,720 days or 12.9 years) from the 
California Technical Support Document for Exposure Assessment and Stochastic Analysis; available at 
http://www.oehha.ca.gov/air/hot_spots/pdf/apeng.pdf.  Model output was also generated for assumed 2,3,7,8-
TCDD soil degradation half lives of 0.5x, 2x and 4x this average (i.e., 6.5, 25.9 and 51.7 years). 


c. Remedial alternatives as described in Section 5. 
d. Based on the Partial Excavation, Enhanced Natural Recovery remedial alternative. 
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Table M-15. (continued) 
 Notes: (cont) 


e. Target Hazard not achieved; asymptotes at a residual hazard of 1.3 under all alternatives.  Value in 
parentheses is the earliest that the asymptotic value is reached. 


f. Target Hazard not achieved; asymptotes at a residual hazard of 1.7 under all alternatives.  Value in 
parentheses is the earliest that the asymptotic value is reached. 


g. Target Hazard not achieved and residual hazards monotonically decreasing over the 250 year assessment 
period. 
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EVALUATION OF EPA’s DRAFT RECOMMENDED INTERIM PRELIMINARY 
REMEDIATION GOALS FOR DIOXIN IN SOIL RELEASED DECEMBER 30, 2009 


 
 


N.1 Introduction 
 
The nature and extent of contamination in soil at the Centredale Manor Restoration Project (CMRP) site 
presented in the remedial investigation (Battelle, 2005) and this feasibility study (FS) is based, in part, on a 
comparison of the CMRP site soil data to EPA’s recommended residential level for dioxin of 1,000 nanograms 
per kilogram (ng/kg) as toxic equivalency (TEQ) in surface soil (EPA, 1998).  The nature and extent of 
dioxin contamination in soil (based on EPA’s 1998 guidance value) contributed to the development of remedial 
action objectives (RAOs), proposed cleanup goals and areas, and remedial alternatives to address contaminated 
soil at the CMRP site (i.e., source area and reaches of Allendale and Lyman Mill).   On December 30, 2009, EPA 
released draft recommended interim preliminary remediation goals (PRGs) for dioxin in soil for public comment 
(EPA, 2009).  Based on a residential exposure scenario, the draft recommended interim PRG for dioxin in soil (as 
TEQ) (hereafter referred to as EPA’s 2009 draft interim PRG) is 72 ng/kg, which represents more than an order 
of magnitude decrease from the 1998 guidance value (1,000 ng/kg).  This appendix summarizes the potential 
impacts of EPA’s 2009 draft interim PRG on key findings presented in this FS report, as follows: 
 


• Nature and extent of dioxin contamination in soil (Section 2.4.3 of the FS report); 
• RAOs and action areas (Section 3.0 of the FS report); 
• Remedial alternative screening (Section 5.0 of the FS report);  
• Detailed evaluation of remedial alternatives (Section 6.0 of the FS report); and, 
• Summary and conclusions (Section 7.0 of the FS report). 


 
As the new draft interim PRG applies just to soil, the FS sections discussing remediation of other 
environmental media (including sediment, groundwater, and surface water) would be unaffected by this 
new recommendation and are not discussed further. 
 
N.2 Nature and Extent of Contamination 
 
Source Area Soils.  Relative to EPA’s 2009 draft interim PRG, the nature and extent of dioxin 
contamination in surface soil at the source area is generally consistent with the RI/FS conclusions, in that 
there is widespread dioxin contamination in surface soils at levels in excess of EPA’s 2009 draft interim 
PRG and that the majority of contaminated source area soils are located in paved or capped areas  
(Figure N-1).  However, dioxin contamination at the source area is more spatially widespread relative to 
EPA’s 2009 draft interim PRG compared to the 1998 guidance value.  For example, dioxin concentrations 
in surface soil at approximately 67% of the locations exceed EPA’s 2009 draft interim PRG compared to 
approximately 32% of the locations exceeding the 1998 guidance value.  Dioxin concentrations in surface 
soils are in excess of EPA’s 2009 draft interim PRG, but are below EPA’s 1998 guidance value (compare 
Figure N-1 and Figure 2-12) at the following areas:  


• In  some landscape areas in the vicinity of the Brook Village and Centredale Manor apartment 
buildings, and  


• East of Cap Area #3.   
 
Allendale and Lyman Mill Reach Floodplain Soils.  Relative to EPA’s 2009 draft interim PRG, dioxin 
contamination is spatially widespread in floodplain areas abutting the Woonasquatucket River and 
Allendale and Lyman Mill Ponds (Figures N-2 and N-3).  For example, approximately 30% to 40% of the 


Interim Final CMRP Feasibility Study Report N–1 April 2010 
Appendix N 







 


floodplain soil data exceed EPA’s 2009 draft interim PRG compared to less than 3% of the locations 
exceeding the 1998 guidance value.   
 
N.3 Remedial Action Objectives and Action Areas 
 
Assuming that EPA’s 2009 draft interim PRG is adopted, the human health based-RAOs and Applicable 
or Relevant and Appropriate Requirements (ARARs) and To Be Considered (TBC) criteria presented in 
Sections 3.1 and 3.2, respectively, of the FS report would be revised to cite the updated guidance.  Other 
aspects of the human-health based RAOs, ARARs, and TBCs would remain unchanged.  For example, the 
human health based-RAOs for source area soil and Allendale and Lyman Mill floodplain soil would 
continue to be based on preventing direct human exposure by incidental ingestion of and dermal contact 
with soil that contains contaminants at concentrations in excess of ARARs and EPA’s recommended 
residential level for dioxin (as TEQ). 
 
The approach used to develop proposed cleanup goals and areas for remedial action would be the same as 
described in Sections 3.4 and 3.5, respectively, of the FS report.  No site-specific remediation goal was 
developed for source area soils and the cleanup goal and area were established based on compliance with 
ARARs and EPA’s dioxin requirements (i.e., EPA’s recommended residential level for dioxin in soil).  
Assuming that EPA’s 2009 draft interim PRG is adopted, the proposed cleanup goal for dioxin TEQ in 
source area soil would be revised to 72 ng/kg (from 1,000 ng/kg).  In the case of floodplain soils, the 
dioxin cleanup goal is based on background and is not impacted by EPA’s 2009 interim PRG should it be 
adopted.  Cleanup goals and areas for floodplain soil were developed to address contamination at the 
Oxbow that presents a risk to human health and contamination at Allendale and Lyman Mill (including 
the Oxbow) reaches that presents an exposure hazard to ecological receptors.  In areas with high 
ecological habitat value (i.e., those with mature trees or containing potential vernal pools), the remedial 
alternatives considered the net environmental benefits associated with contaminant remediation and 
habitat preservation in order to balance  risk reduction with protection of critical habitat.  Nonetheless, all 
locations with contaminant concentrations in excess of ARARs or EPA’s dioxin requirements were 
included in the cleanup area to ensure compliance with ARARs/TBCs and that the proposed remedy 
would be adequately protective of human health.   
 
To meet the project RAOs and cleanup goals, the spatial extent of the cleanup area would be expanded to 
encompass all locations where dioxin TEQ concentrations in surface soil (0 to 1 feet below ground 
surface [bgs]) are in excess of EPA’s 2009 draft interim PRG (i.e., 72 ng/kg).  The proposed cleanup 
areas developed in the FS for soil at the CMRP site1 currently encompass all locations with dioxin TEQ 
concentrations (in surface soil) in excess of 1,000 ng/kg , i.e., EPA’s recommended residential level for 
dioxin (EPA, 1998).  Therefore, additional areas for inclusion in the spatial extent of the cleanup area are 
represented by those locations with dioxin TEQ concentrations above 72 ng/kg and below 1,000 ng/kg, as 
follows: 
 


• Source area soil – additional landscape areas in the vicinity of the Brook Village and Centredale 
Manor apartment buildings and east of Cap Area #3 would be included in the proposed cleanup 
area (Figure N-4).  Some areas east of Cap Area #3 would extend into residential properties along 
Steere Avenue, Grover Street, and Redfern Street.  Inclusion of these areas would result in an 
incremental increase in the cleanup area and volume of 28,200 square feet (sq ft) and 1,040 cubic 
yards (cy), respectively.   


                                                      
1 Source area soil cleanup area shown in Figure 3-5; Allendale reach floodplain soil cleanup area shown in  
Figures 3-3a,b; and Lyman Mill reach stream sediment and floodplain soil cleanup area shown in Figures 3-4a,b. 
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• Allendale reach floodplain soil – additional floodplain areas abutting the Woonasquatucket River 
and Allendale Pond would be included in the proposed cleanup area, including small patches of 
floodplain along the eastern shore of Allendale Pond in the vicinity of Centredale Avenue and 
Allendale Dam (Figure N-5).  In addition, the upstream limit of the cleanup area (along western 
bank of the Woonasquatucket River) would be extended further north to Smith Street (Route 44 
Bridge).  Inclusion of these areas would result in an incremental increase in the cleanup area and 
volume of 46,600 sq ft and 1,720 (cy), respectively.    


• Lyman Mill reach floodplain soil – the spatial extent of the remedial footprint at this action area 
would be extended to include the entire eastern shore of Lyman Mill Pond (Figure N-6).2  
Inclusion of these areas would result in an incremental increase in the cleanup area and volume of 
140,000 sq ft and 5,190 (cy), respectively.    


Dioxin TEQ concentrations in surface soil at the Lee Romano Ballfield were not detected based 
on elevated detection limits (approximately 400 ng/kg) for 2,3,7,8-TCDD.  Surface soil at the Lee 
Romano Ballfield will be resampled during design, using appropriately sensitive analytical 
methods, to determine if cleanup is warranted based on EPA’s 2009 draft interim PRG.    


 
Consideration of EPA’s 2009 draft interim PRG does not impact the rationale of the vertical extent of the 
cleanup area proposed in the FS.  The vertical extent proposed in the FS is based on a minimum 
excavation depth of 1 foot (or deeper within the vadose zone to meet ARARs or EPA’s dioxin 
requirements), which respresents the surface zone specified in the EPA guidance. 
 
Overall, the proposed areas and volumes of soil for cleanup at the CMRP site are summarized in 
Table N-1.  The proposed cleanup areas or remedial footprints as conveyed in this appendix are 
conceptual.  More precise cleanup footprints will be developed during the remedial design, and the 
removal of contaminated media will be confirmed through appropriate sampling and monitoring.   
 


Table N-1.  Areas and Volumes of Soil above the Cleanup Goals at the CMRP Site  


Action Area Cleanup Area and Volumes1 Cleanup Volume (cy) 
Proposed in FS (Table 3-8) Square Feet Acres Cubic Yards2 


Source Area 368,000 8.4 63,900 62,900
Allendale Reach 111,000 2.6 4,120 2,400
Lyman Mill Reach 1,080,000 25 40,000 34,800


1 Cleanup area and volumes based on areas/volumes proposed in FS (Table 3-8) plus incremental increase for additional areas 
proposed for cleanup based on EPA’s 2009 draft interim PRG (i.e., additional landscape areas at the source area; additional 
floodplain areas at Allendale reach, and the eastern shore of Lyman Mill Pond). 
2 In-situ removal volumes do not include any allowance for over-excavation. 


 


                                                      
2 There are four additional samples that contain dioxin TEQ concentrations in excess of the EPA’s 2009 draft 
interim PRG that would not be affected by the new draft guidance.  The soil PRG is not applicable to the three 
samples (LPX-SD-4401, LPX-SD-4402, and LPX-SD-4403) collected in the former Oxbow remnant and are 
permanently inundated; these are sediment samples.  A fourth, LPX-SD-4404, is located in the northern portion of 
the Oxbow above the 100 year floodplain and appears to have a dioxin signature consistent with background 
conditions, 
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N. 4 Remedial Alternative Screening 
 
The range of remedial alternatives developed to address contaminated soil at the CMRP site is the same 
as described in Sections 5.0 of the FS report.3  The No Action alternative is not impacted by EPA’s 2009 
draft interim PRG for dioxin in soil because under this alternative no action is taken to address 
contaminated soil at the CMRP site.  Remedial alternatives that rely on capping or excavation to actively 
remediate contaminated soil are impacted to the extent that the area remediated is generally larger to 
encompass areas with dioxin TEQ concentrations in excess of the EPA’s 2009 draft interim PRG (see 
proposed areas for cleanup developed in this appendix, above).  The remediation approach (e.g., 
monitored natural recovery, excavation, capping), however, would not change from that described in 
Section 5.0 of the FS report.  As a result, the general descriptions of the remedial alternatives, as well as 
the screening evaluation and results are the same as described in Section 5.0 and are not repeated here.  
Instead, this appendix focuses on key features of the alternatives (e.g., excavation area and volumes) that 
would be modified from Section 5.0 to ensure that the alternatives are protective with respect to EPA’s 
2009 draft guidance for dioxin in soil; this information is summarized in Table N-2. 


Table N-2.  Summary of Remedial Alternative Features Impacted by 
EPA’s 2009 draft interim PRG for Dioxin in Soil 


Action 
Area Alternative Alternative Features Impacted by EPA’s 2009 


Draft Guidance for Dioxin in Soil1 


Source 
Area Soil 
(Section 
5.4 of the 
FS report) 


2-Monitor and 
Maintain Existing 
Features 


• Long-term monitoring and maintenance program would also include 
landscape areas north of Brook Village and east of Cap Area #3 
(Figure N-4). 


3-Targeted 
Excavation, Upgrade 
Caps and Maintain, 
and Disposal and/or 
Treatment 


• The excavation area would be expanded to include landscape areas 
north of Brook Village and areas east of Cap Area #3 (Figure N-7). 


• Total volume of soil excavated estimated to increase by 1,040 cy to 
10,800 cy. 


4-Targeted 
Excavation, Convert to 
RCRA Caps and 
Maintain, and 
Disposal and/or 
Treatment 


• The excavation area would be expanded to include landscape areas 
north of Brook Village and areas east of Cap Area #3 (Figures N-8 
and N-9). 


• Total volume of soil excavated estimated to increase by 1,040 cy to  
6,540 cy. 


5-Excavation and 
Disposal and/or 
Treatment 


• The excavation areas would be expanded to include landscape areas 
north of Brook Village and areas between Cap Area #3 (Figure N-4). 


• Total volume of soil excavated estimated to increase by 1,040 cy to  
63,900 cy. 


Allendale 
Reach 
Floodplain 
Soil 
(Section 
5.2 of the 
FS report) 


2-Monitored Natural 
Recovery 


• No changes except that more floodplain areas will be monitored in the 
long term (Figure N-5). 


3-Enhanced Natural 
Recovery 


• No changes except the thin-layer cover will be placed over a larger 
cleanup area (Figure N-5) and these areas will be monitored in the 
long term. 


4-Isolation Capping • No changes except the isolation cap will be placed over a larger 
cleanup area (Figure N-5) and these areas will be monitored and 
maintained in the long-term. 


5-Excavation and 
Disposal and/or 
Treatment 


• No changes except a larger area will be excavated (Figure N-5). 
• The total volume of soil excavated estimated to increase by 1,720 cy 


to 4,120 cy. 


                                                      
3 Section 5.2 describes remedial alternatives developed and screened for Allendale reach floodplain soil; Section 5.3 
describes remedial alternatives developed and screened for Lyman Mill reach stream sediment and floodplain soil; 
and Section 5.4 describes remedial alternatives developed and screened for source area soil. 
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Table N-2.  (continued) 


Action 
Area Alternative Alternative Features Impacted by EPA’s 2009 


Draft Guidance for Dioxin in Soil1 


Lyman 
Mill Reach 
Stream 
Sediment 
and 
Floodplain 
Soil 
(Section 
5.3 of the 
FS report) 


2-Monitored Natural 
Recovery 


• No changes except the monitoring program would also include areas 
along the entire eastern shore of Lyman Mill Pond (Figure N-6). 


3-Targeted 
Excavation, Enhanced 
Natural Recovery and 
Disposal and/or 
Treatment 


• The excavation area would be expanded to encompass the eastern 
shore of Lyman Mill Pond (Figure N-10). 


• The total volume of soil excavated2 estimated to increase by 6,480 cy 
to 16,200 cy. 


4- Excavation and 
Disposal and/or 
Treatment 


• The excavation area would be expanded to encompass the eastern 
shore of Lyman Mill Pond (Figure N-6). 


• The total volume of soil excavated2 estimated to increase by 6,480 cy 
to 50,000 cy.  


5-Partial Excavation, 
Enhanced Natural 
Recovery and 
Disposal and/or 
Treatment 


• The excavation area would be expanded to encompass the eastern 
shore of Lyman Mill Pond (Figure N-11). 


• The total volume of soil excavated2 estimated to increase by 6,480 cy 
to 33,800 cy.  


1 Consistent with the approach described in the FS, excavation areas would be excavated to 1-ft bgs, backfilled with clean fill to 
restore site grade, and revegetated. 
2 Includes over-excavation allowance of 0.25-ft. 
 
 
N.5 Detailed Evaluation of Remedial Alternatives  
 
In general, the alternative descriptions, detailed evaluations, and comparative analysis presented in 
Section 6.0 of the FS report are not substantively impacted by EPA’s 2009 draft interim PRG for dioxin 
in soil because the remediation approach to address this PRG is handled consistently across all action 
alternatives (retained for detailed analysis) within an action area.  That is, soil in excess of EPA’s 2009 
draft interim PRG would be remediated using excavation, the excavation area backfilled with clean fill to 
restore site grade, and the area revegetated.  While this would result in some increases to the 
excavation/backfill volumes and an incremental increase to the construction, disposal and present worth 
costs, all other aspects of the alternative descriptions (e.g., excavation techniques, excavation/backfill 
rates, soil processing, disposal options, and construction monitoring) and individual and comparative 
evaluations with respect to the National Hazardous Substances and Pollution Contingency Plan (NCP) 
criteria would be the same as described in Section 6.0 of the FS report, for a given action area and 
alternative.  The No Action alternative is not impacted by EPA’s 2009 draft interim PRG for dioxin in 
soil because under this alternative no action is taken to address contaminated soil at the CMRP site. 
 
While the volume of contaminated soil excavated under the action alternatives would increase, this would 
not result in a corresponding increase in the amount of material requiring treatment because soil removed 
to meet EPA’s 2009 draft interim PRG would meet the alternative treatment standards for contaminated 
soil in 40 CFR §268.49, and could be disposed of in a hazardous waste landfill.  For alternatives that rely 
on on-site containment in a CDF, the CDFs need to have capacity for an additional 9,400 cy of excavated 
floodplain soil. 
 
Key aspects of the remedial alternatives impacted as a result of EPA’s 2009 draft interim PRG are 
summarized in Table N-3. 
 


Interim Final CMRP Feasibility Study Report N–5 April 2010 
Appendix N 







 


Table N-3.  Summary of Remedial Alternative Features Impacted by 
EPA’s 2009 draft interim PRG for Dioxin in Soil 


Action 
Area Alternative Alternative Features Impacted by EPA’s 2009 


Draft Guidance for Dioxin in Soil1 


Source 
Area Soil 
 
(Sections 
6.8 and 6.9 
of the FS 
report) 


3-Targeted 
Excavation, 
Upgrade 
Caps and 
Maintain, 
and Disposal 
and/or 
Treatment 


• Incremental increase in excavation volume of 1,040 cy; total excavation volume of 
10,800 cy (see Figure N-7 for excavation areas) 


• Incremental increase in backfill volume of 1,700 tons 
• Incremental increase in soil excavation and disposal costs of $890K for 


Alternative 3e 
• Total Present Worth Costs estimated to be $21M for Alternative 3e 
• No change in the time to achieve RAOs (three months) 


4-Targeted 
Excavation, 
Convert to 
RCRA Caps 
and 
Maintain, 
and Disposal 
and/or 
Treatment 


• Incremental increase in excavation volume of 1,040 cy; total excavation volume of 
6,540 cy (see Figure N-8 for excavation areas) 


• Incremental increase in backfill volume of 1,700 tons 
• Assume soil excavated from landscape areas would be disposed in hazardous 


landfill  
• Incremental increase in soil excavation and disposal costs of $720K 
• Total Present Worth Costs estimated to be $22M for Alternative 4e 
• No change in the time to achieve RAOs (eight months) 


Allendale 
Reach 
Floodplain 
Soil  
(Sections 
6.4 and 6.5 
of the FS 
report) 


5-
Excavation 
and Disposal 
and/or 
Treatment 


• Incremental increase in excavation volume of 1,720 cy; total excavation volume 
estimated to be 4,120 cy 


• Incremental increase in backfill volume of 2,800 tons 
• Incremental increase in construction and disposal costs of 


o $320K for Alternatives 5a and 5b 
o $2.2M for Alternative 5d 
o $1.5M for Alternative 5e 


• Total Present Worth Costs estimated to be: 
o $1.8M for Alternatives 5a and 5b 
o $6.7M for Alternative 5d 
o $4.8M for Alternative 5e 


• The RAOs would be achieved following remedy implementation, which is 
expected to take approximately 1 ½ months 


Lyman 
Mill Reach 
Stream 
Sediment 
and 
Floodplain 
Soil  
 
(Sections 
6.6 and 6.7 
of the FS 
report) 


3-Targeted 
Excavation, 
Enhanced 
Natural 
Recovery 
and Disposal 
and/or 
Treatment 


• Incremental increase in excavation volume of 6,480 cy; total excavation volume2 


estimated to be 16,200 cy. 
• Incremental increase in backfill volume of 7,800 tons 
• Incremental increase in construction and disposal costs of 


o $1.7M for Alternative 3a 
o $2.0M for Alternative 3b 
o $7.8M for Alternative 3d 
o $5.2M for Alternative 3e 


• Total Present Worth Costs estimated to be: 
o $12M for Alternative 3a 
o $12M for Alternative 3b 
o $28M for Alternative 3d 
o $22M for Alternative 3e 


• No substantive change to remedy implementation period (approximately one year 
to implement) 


• No substantive changes expected in the estimated time to achieve RAOs (See 
Section 6.6.2.2; Short-term Effectiveness) 
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Table N-3.  (continued) 


Action 
Area Alternative Alternative Features Impacted by EPA’s 2009 


Draft Guidance for Dioxin in Soil1 


Lyman 
Mill Reach 
Stream 
Sediment 
and 
Floodplain 
Soil  
 
(Sections 
6.6 and 6.7 
of the FS 
report) 


5-Partial 
Excavation, 
Enhanced 
Natural 
Recovery 
and Disposal 
and/or 
Treatment 


• Incremental increase in excavation volume of 6,480 cy; total excavation volume2 
estimated to be 33,800 cy 


• Incremental increase in backfill volume of 7,800 tons 
• Incremental increase in construction and disposal costs of 


o $1.5M for Alternative 5a 
o $2.0M for Alternative 5b 
o $7.8M for Alternative 5d 
o $5.3M for Alternative 5e 


• Total Present Worth Costs estimated to be: 
o $18M for Alternative 5a 
o $19M for Alternative 5b 
o $51M for Alternative 5d 
o $38M for Alternative 5e 


• No substantive change to remedy implementation period (approximately one year 
to implement) 


• No substantive changes expected in the estimated time to achieve RAOs (See 
Section 6.6.3.2; Short-term Effectiveness) 


1 Consistent with the approach described in the FS, excavation areas would be excavated to 1-ft bgs, backfilled with clean fill to 
restore site grade, and revegetated. 
2 Includes over-excavation allowance of 0.25-ft. 
 
 
N.6 Summary and Conclusions 
 
In general, the summary and conclusions presented in Section 7.0 of the FS report are not 
substantively impacted by EPA’s 2009 draft interim PRG for dioxin in soil.   Any potential changes 
to cleanup areas, excavation volumes and incremental increases to the present worth costs are 
summarized in this appendix.  With respect to data uncertainties, surface soil at the Lee Romano 
Ballfield would need to be resampled using more sensitive analytical methods to determine if cleanup 
is warranted with respect to EPA’s 2009 draft interim PRG for dioxin in soil. 
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Figure N-1. Dioxin TEQ Concentration in Source Area Soils, Surface Soils (0-1 feet).
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Figure N-2. Floodplain Areas at Allendale Reach with Dioxin TEQ Concentrations in Surface Soil (0-1 feet) Relative to EPA’s 2009 
Draft Interim PRG for Dioxin in Soil and Proposed Cleanup Areas Developed in the FS Report 
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Figure N-3. Floodplain Areas at Lyman Reach with Dioxin TEQ Concentrations in Surface Soil (0-1 feet) Relative to EPA’s 2009 
Draft Interim PRG for Dioxin in Soil and Proposed Cleanup Areas Developed in the FS Report 


Oxbow Area 


Legend 


Concentrati on in surface (0-1 ft) soil 
> Draft Recommended Interim PRGs 
for dioxin in soils for residential exposure (EPA, 2009) 


Concentrati on in surface (0-1 ft) soil 
< Draft Recommended Interim PRGs 
for dioxin in soils for residential exposure (EPA, 2009) 


Non-detect concentration in surface (0- 1 ft) soil 
based on elevated detection limits > Draft 
Recom mended Interim PRGs for dioxin in soils for 
residen1ial exposure (EPA, 2009) 


['C" 1 We11 and 


Open V\la1er 


Cleanup Area 


100-Year Flood Pl ain 


Lym an Mill 







PROPOSED CLEANUP AREAS 
CAP AREA 1 


CAP AREA 2 


CAP AREA 3 


PARKING LOT/PAVED AREAS SOUTHWEST OF CENTREDALE MANOR 


PARKING LOT/pAVED AREAS NORTH OF CENTREDALE MANOR 


PARKING LOT/pAVED AREAS SOUTH OF BROOK VILLAGE 


LANDSCAPE, WALKWAY, SERVICE ROAD, & RIP-RAP AREAS 


Battelle 
Figure 


Scale: 
a 
I 


"iWL_~ .- . 


N-4 


120' 


FEET 


240' 


AREA (s.f.) 


85,000 s.t. 


48,000 s.t. 


53,000 s.t. 


34,000 s.t. 


27,000 s.t. 


32,000 s.t. 


88,700 s.t. 


Explanation: 


'I""""""~ b"'Il""'111 ,. 


• 
WOONASQUATUCKET 


RIVER 


rLv\JU CONTROL BERM 


SOURCE AREA SOIL REMEDIAL 
FOOTPRINT 


- 90- EXISllNG GROUND ELEVAll0N (n) 
PROPOSED SOIL CLEANUP AREAS 


PROPOSED SOIL CLEANUP AREAS (LANDSCAPE AREAS) 


100 YR FLOOD ELEVA1l0N (GRADIENT OF 101.2' 
SMllH ST TO 97' AT UMIT OF lHE SOURCE 


.' 


Document: Fig N-4....REVO.dwg 


CriNrl--------------i • 
Drawn By: L. Bauchard (Watermark) 


Date: Checked By: D. Dahlen (Battelle) 


03/19/10 
Projection: Rhode Ioland State Plane (NAD 83 Feet) 







L._. 


EXPANDED ~EW OF CLEAN-UP AREA ALONG WESTERN BANK 
OF WOONASQUATUCKET RIVER 
(UMITS OF CLEAN-UP AREA EXTEND FROM ROUTE 44 BRIDGE TO APPROXIMATELY 270' SOUTH OF CAP AREA 1) 


Battelle 
Scale: 


a , 


Figure N-5 


240' 


FEET 


480' Explanation: ALLENDALE REACH FLOODPLAIN 
SOIL REMEDIAL FOOTPRINT 
--- NORMAL WATER ELEVAliON (EL-9J.5') 
- - - 100 YR. FLOOO ELEVAliON (GRADIENT OF IOU' AT 
__ ....... SMITH ST TO 97 AT ALLENDALE DAM) 
I I PROPOSED CLEANUP AREAS 


\ Docum .. t: Fig N-5....REVO.dwg 


Drawn By. L Bouchard (Watermark) 


Date: Checked By. D. Dahlen (Battelle) 


4/08/10 
Projection: Rhod. loland Stat. Plane (NAD 83 F .. t) 







Battelle 
Scale: 


o 
I 


1000 500 


FEET 


Figure N-6 


Explanation: LYMAN MILL REACH STREAM SEDIMENT 
AND FLOODPLAIN SOIL(OXBOW AREA) 


REMEDIAL FOOTPRINT 
- - - 80.0 - - EXISllNG TOPOGRAPHY 


NORMAL WATER ELEVAll0N (EL=77.O' AT LYMAN MILL DAM) 
- - - - - - 100 YR. FLOOD ELEVAllON (GRADIENT OF 82.1' AT SlREAM BELOW 
,....-____ ALLENDALE DAM TO 80.6' AT LYMAN MILL DAM) 
I I PROPOSED CLEANUP AREAS 


~ 
Document: Fig N-6....REVO.dwg 


~ 
Iililf h 
~ Drawn By. L Bouchard (Watermark) 


Date: Checked By. D. Dahlen (Battelle) 


03/12/10 
Projection: Rhode Island State Plane (NAD 83 Feet) 







PROPOSED EXCAVATION AREAS 
EXCAVATE FOR PRINCIPAL THREAT WASTE 


EXCAVATE FOR TSCA AND/OR GB LEACHABILITY 


EXCAVATE FOR DIOXIN (EPA, 2009) 


Battelle 
Figure 


Scale: 
o 
I 


"iWL_~ .- . 


N-7 


120' 


FEET 


240' 


AREA (s.f.) 


37,000 s.t. 


39,000 s.t. 


28,200 s.t. 


• r L'IVU CONTROl. BERM 


WOONASQUATUCKET 
RIVER 


Explanation: CONCEPTUAL TARGETED EXCAVATION AND 
UPGRADE CAP ALTERNATIVE FOR SOURCE 
AREA SOIL 


c::::::J PROPOSED UPGRADE CAP AREAS 
____ 100 YR FLOOO ELEVAnON (GRADIENT 


Of 101.2' AT SIIllH ST TO DT AT 
UIiIT Of SOURCE AREA). 


- 90- EXI5nNG GROUND ELEVA nON (FT) 


EI EXCAVATE FOR PRINCIPAL lHREAT WASTE 


R ........... Ql- EXCAVATE FOR DIOXIN (DRAFT RlECOIIIIENDED 
- INTRIII PRo's FOR DIOXIN IN SOIL (EPA. 200D» 


u 


Document: Fig N-7....REVO.dwg 


CriNrl----------I • 


Checked By. D. Dahlen (Battelle) 


03/18/10 
Projectlan: Rhode Ioland State Plane (NAD 83 Feet) 







PROPOSED EXCAVATION AREAS 


EXCAVATE FOR PRINCIPAL THREAT WASTE 


EXCAVATE FOR DIOXIN (EPA. 2009) 


Scale: 


Battelle o 
I 


"iWL_~ .- . 


120' 240' 


AREA (s.f.) 


37.000 s.t. 
28.200 s.t. 


'I""""""~ b"'ll fl "'1l1 ,. 


• 
WOONASQUATUCKET 


RIVER 


r L'IVU CONTROl. BERM 


Explanation: CONCEPTUAL TARGETED EXCAVATION AND RCRA Document: Fig N-8....REVO.dwg 


CAP ALTERNATIVE FOR SOURCE AREA SOIL • cr_ f---------------1 
FEET 1-__________ --1. _____________ ---1 - 90- ElCISllNG GROUND ELEVAllON (1'1) EGiiP.!lI EXCAYAlE FOR PRINCIPAL lHREAT WASlE 


___ IDD YR R.OOD ELEVAllON (GRADIENT OF 101.2' AT k R1 EXCAYAlE FOR DIOXIN (DRAFT RECCIoIIiENDED Date: 


Drawn By: L. Bouchard (Watermark) 


Projection: Rhode Ioland State Plane (NAD 83 Feet) 


SIoIllH 51 TO g7' AT UIlIT OF SOURCE AREA) INlERl1i PRO's FOR DIOlON IN SOIL I I 
.----_..., (EPA. 200i» 03 18 10 


I PROPOSED RClRA CAP AREAS 


Checked By: D. Dahlen (Battelle) 


Figure N-8 







TYPICAL CROSS SECTION 
OF RCRA CAP 
NOT TO SCALE 


GE:
07tx


n/.E ~'RO - R-~ 
GE:~~ 7tCn~ 


&R'Wt~ DR-'i/N I. L.1\t"R - l:r 
.... ~R 


/.E~ - '2· """""" 
'NG F/I.L. 


1101---1---1---~----~---~---~--~L,/ ,-------.-----------, 


~ 105~---~~~~~~U5I~---t--------t-------1-------~-------~-~~----~-------t--------J 
~ ELEV TlON V 
: 100 /~~fJp.'ifO~ATER , .' "':""::"';":' :; ":';:::-:":"<":\;:::~>::':"':'.:.:: .'".",:-: J% i:LOP£ _ / 


~ I / / ' .. ,.,:. ;'\ :.:",:.:.,.. ; <'.::: .. : :,.:' ;'.,:. :,.; "": ,.' ....... :., "', ..... : <' .... ;:.. ,:.: ;.>;:.>;. ....... ,. .. ·R······ ". ". J 


~ 973~ / r.: ............ " .. . ,'.:.,: ....•....... ,: .. ,:.,: .. :'.:.::":" " . '.," ' .. :' .. :'" .".cRA,··C···':··<·· < • 


UJ' /l·· ...... .... , ..... ;.::. ',' ' ..... .'<. , .. ' .. .'" .";, ;-:'4p:: .. .'::' .. :": """ ' .. ~ --
G:J 95 ::.,.; : .... ~:.: ... " . ...-- .... _ CLEAN FILL ' ... ' .:.' .. ,'" :~·:<·)e\ /7"/ -


935 
" ~ .. --------. -'~"" ,. .:. ~ .. : ... ;'_ ' : .. . ~..:.:.~ _ _ _ _ .. _ .. - r .-:---.~-=-=-:-.t- -~-:-==--- +- ---- ..... " .......... ..,I"':: "l 


~ 
.. - .. - .. - .. - I- .. ~ '" . . . " ,·1. -


i ', ...... ,: ........ ...... It·:· .. · ... ··., - - _. 
~ .... " " ..... ' ... . 


90~ ____________ -L __________ ~io ____________ ~ ______ ~~~EX~IS~m~N~G~S~UR~F~A~C~E ____ ~ __________ ~~ ____ ~\~~:~'::~;~·~i··'~':~··~!~·:·~~~:~~~~~_·~ ____ ~~----------~ o I" \, .... - . .... :,1- ...... 
100 200 300 ~ 400 


DISTANCE IN FEET 


WHERE NECESSARY FOR 


450 


NOTES: 
1. IN EXISTING PAVEMENT AREAS, REMOVE ASPHALT AND GRAVEL BASE 


THEN INSTALL 2.5 FT CAP. TOP OF RCRA CAP WILL BE 2.0 FT ' 
ABOVE EXISTING PAVEMENT. 


2. IN EXISTING SOIL CAP AREAS, REMOVE TOPSOIL, PLACE FILL THEN 
INSTALL 2.5 FT RCRA CAP. ' 


Scale: 


Battelle Explanation: RCRA SECTIONS 


SECTION S-1 


Figure N-9a 


DRAINAGE, EXCAVATE PRIOR TO 
CAP INSTALLATION 


Date: 


03/12/10 


Document: Fig N-9a&b....REVO.dwg 


Drawn By. L Bouchard (Watermark) 


Checked By. D. Dahlen (Battelle) 


Projection: Rhode Ioland Stat. Plane (NAD 83 Feet) 







TYPICAL CROSS SECTION 
OF RCRA CAP 
NOT TO SCALE 


~,~ 
G£"~£'At8R O~C71~ LA 


"IN£"~ DR-'i/N It"R - l:r 
LA~R 


L£"~ - '2· .....". 
'NG F/I.L. 


-q 


110 I 


/ CENTREDALE 


MANOR 
I'IDI\lC" 


DI "" "'1fVr-
l- I /100 Y I.JJ FIRe T LEVEL EL. 101.3' AR FLOOD I.JJ 
I.J... 


Z II ELEVA ION 98.0' 


~ 100 " l- '. .~ ~ "':'. ,.. r-..... 11 r- - F_'_' 
" ", 


~ ';..' ... :... ... ;.. -~.~ ... ' .. *"'" « . ....... . 
;.. ... ,; r---> 98 r-- - -- -- ~ -- r-- - - --- .--:'--- '- -- I-


I.JJ . "~.~. ........... 
~~.~ 


. ', ......... 
...J 


""" 
....... 


";;zF I.JJ /.:: ... ............. ~ 
~ / -. ' ~., -t .. ' . . : ~~. 


~---~ ~, / ,. . : .... ;;iI";l 
1\0,' • 


~-. '-.., . .. ",. ...., .... ",. . -
EXISTING SURFACE 


90 
100 200 0 300 400 


DISTANCE IN FEET 


NOTES: 
1 . IN EXISTING PAVEMENT AREAS. REMOVE ASPHALT AND GRAVEL BASE. THEN 


INSTALL 2.5 FT CAP. TOP OF RCRA CAP WILL BE 2.0 FT ABOVE EXISTING 
PAVEMENT. 


2. IN EXISTING SOIL CAP AREAS. REMOVE TOPSOIL. PLACE FILL. THEN INSTALL 2.5 
FT RCRA CAP. 


Scale: Explanation: RCRA SECTIONS Document: Fig N-9a&b....REVO.dwg 


Battelle 1-.30" HORIZc:IITAL 
1-·8' VER1ICAL 


Drawn By. L Bouchard (Watermark) 


SECTION S-2 Date: Checked By. D. Dahlen (Battelle) 


Figure N-9b 03/12/10 
Projection: Rhode Ioland Stat. Plane (NAD 83 F .. t) 







Scale: Explanation- CONCEPTUAL TARGETED EXCAVATION AND THIN ~ Document: Fig N-10....REVO.dwg 
- LAYER COVER ALTERNATIVE FOR LYMAN MILL ~ 


REACH STREAM SEDIMENT AND FLOODPLAIN SOIL .. ..-. Drawn By. L Bouchard (Watermark) Battelle o 
I 


300 600 


FEET 
1---------------'----------------1 - 80.0 - - EXISTING TOPOGRAPHY I I T1iIN LAYER COVER 


Figure N-10 
---NORMAL WATER ELEVATION 


(El.=77.0' AT LYMAN MILL DAM) 
____ 100 YR. FLOOD ELEVATION (GRADIENT 


OF 82.1' AT SlREAM BELOW ALLENtlALE 
DAM TO eo.6' AT LYMAN MILL DAM) 


P 7 21 EXCAVATE 


EXCAVATE FOR DIOXIN (DRAFT RECOMMENDED 
INlRlM PRG'S FOR DIOXINS IN SOIL 
(EPA, 2009» 


Date: Checked By. D. Dahlen (Battelle) 


03/19/10 
Projection: Rhode Island State Plane (NAD 83 Feet) 







Battelle 
Scale: 


o 
I 


---!i) 


eoo 


FEET 


) 


. CONCEPTUAL PARTIAL REMOVAL & THIN LAYER 
Explanation: COVER ALTERNATIVE FOR LYMAN MILL REACH 


STREAM SEDIMENT & FLOODPLAIN SOIL 
- 80.0 - - EXISTING TOPOGRAPHY 1--------------L----------------1 NORMAL WAlER ELEVATION V/7/4 EXCAVAlE 


(a.-n.O· AT L YIIAN MIU DAM) I I THIN LAYER C(MR 


- - - _100 YR. FLOOD ELEVATION (GRADIENT "EC:olotljENllED I 
CF 82.1' AT ~ BELOW ALLENDALE EXCAVAlE FOR DIOXIN (DRAFT ~, 
DAM TIl 80.6 AT L YIIAN MILL DAM) INlERlM PRO'S FOR DIOXIN 


Figure N-11 


Document: Fig H-ll...REVO.dwg 


Drawn By. L Bouchard (Watermark) 


Checked By. D. Dahlen (Battelle) 


03/12/10 
Projection: Rhode leland State Plane (HAD 83 Feet) 





		EXECUTIVE SUMMARY

		CONTENTS

		ABBREVIATIONS AND ACRONYMS

		1.0 INTRODUCTION

		1.1 Study Objectives and Approach

		1.2 Report Organization



		2.0 REMEDIAL INVESTIGATION SUMMARY

		2.1 Site Location and History

		2.2 Site Characterization

		2.2.1 Summary of Historical Site Investigations

		2.2.2 Summary of Site Actions

		2.2.3 Summary of Remedial Investigation Activities

		2.2.4 Summary of Supplemental Site Investigations



		2.3 Physical Setting

		2.3.1 Demography and Land Use

		2.3.2 Dam Ownership and Dam Conditions

		2.3.3 Geomorphology

		2.3.4 Soils

		2.3.5 Meteorology

		2.3.6 Geology

		2.3.7 Hydrogeology

		2.3.8 Sediment and Surface Water

		2.3.9 Surface Water Hydrology

		2.3.10 Ecology



		2.4 Conceptual Site Model

		2.4.1 Primary Sources of Contamination

		2.4.2 Primary Release and Transport Mechanisms

		2.4.3 Nature and Extent of Contamination

		2.4.4 Secondary Release and Transport Mechanisms

		2.4.5 Principal Threat and Low-level Threat Wastes



		2.5 Summary of Human Health and Ecological Risks

		2.5.1 Human Health Risks

		2.5.2 Ecological Risks





		3.0 DEVELOPMENT OF REMEDIAL ACTION OBJECTIVESAND ACTION AREAS

		3.1 Remedial Action Objectives

		3.1.1 Human Health RAOs

		3.1.2 Ecological RAOs



		3.2 Applicable or Relevant and Appropriate Requirements

		3.2.1 Introduction to Potential ARARs and To Be Considered Criteria



		3.3 Preliminary Remediation Goals

		3.3.1 Site-Specific Human Health PRGs

		3.3.2 Site-Specific Ecological PRGs



		3.5 Areas and Volumes above Cleanup Goals

		3.5.2 Lyman Mill Reach Sediment

		3.5.3 Allendale Reach Floodplain Soil

		3.5.4 Lyman Mill Reach Stream Sediment and Floodplain Soil

		3.5.5 Source Area Soil

		3.5.6 Source Area Groundwater



		3.6 Contingency Monitoring and Evaluations for Downstream Areas



		4.0 IDENTIFICATION AND SCREENING OF REMEDIAL TECHNOLOGIESAND PROCESS OPTIONS

		4.1 No Action

		4.2 General Response Actions and Technologies for Sediment

		4.2.1 Institutional Controls

		4.2.2 Engineering Controls

		4.2.3 Monitored Natural Recovery

		4.2.4 Containment (In-Situ Capping)

		4.2.5 Sediment Removal

		4.2.6 Transportation

		4.2.7 Dewatering

		4.2.8 Sediment Disposal

		4.2.9 Ex-Situ Treatment



		4.3 General Response Actions and Technologies forSource Area Soils and Floodplain Soils

		4.3.1 Institutional Controls

		4.3.2 Engineering Controls

		4.3.3 Monitored Natural Recovery

		4.3.4 Containment (In-Situ Capping)

		4.3.5 Soil Removal

		4.3.6 Transportation

		4.3.7 Dewatering

		4.3.8 Soil Disposal

		4.3.9 Ex-Situ Treatment

		4.3.10 In-Situ Treatment



		4.4 General Response Actions and Technologies for Groundwater

		4.4.1 Institutional Controls

		4.4.2 Monitored Natural Attenuation

		4.4.3 Containment

		4.4.4 Excavation/Dewatering

		4.4.5 Pump and Treatment

		4.4.6 In-Situ Treatment



		4.5 Technology Impacts on Wetlands and Floodplains

		4.5.1 No Action

		4.5.2 Allendale and Lyman Mill Reach Sediment

		4.5.3 Source Area Soils and Floodplain Soils

		4.5.4 Source Area Groundwater





		5.0 IDENTIFICATION AND SCREENING OF REMEDIAL ALTERNATIVES

		5.1 Allendale and Lyman Mill Reach Sediment Alternatives

		5.1.2 Alternative 2: Limited Action

		5.1.3 Alternative 3: Monitored Natural Recovery

		5.1.4 Alternative 4: Enhanced Natural Recovery

		5.1.5 Alternative 5: Isolation Capping

		5.1.6 Alternative 6: Dredging and Disposal and/or Treatment

		5.1.7 Alternative 7: Excavation and Disposal and/or Treatment

		5.1.8 Alternative 8: Partial Excavation, Isolation Capping and Disposal and/or Treatment

		5.1.9 Alternative 9: Dam Removal and Isolation Capping

		5.1.10 Alternative 10: Dam Replacement, Excavation and Disposal and/or Treatment

		5.1.11 Alternative 11: Dam Replacement, Partial Excavation, Isolation Capping and Disposaland/or Treatment



		5.2 Allendale Reach Floodplain Soil Alternatives

		5.2.2 Alternative 2: Monitored Natural Recovery

		5.2.3 Alternative 3: Enhanced Natural Recovery

		5.2.4 Alternative 4: Isolation Capping

		5.2.5 Alternative 5: Excavation and Disposal and/or Treatment



		5.3 Lyman Mill Reach Stream Sediment and Floodplain Soil(Including Oxbow) Alternatives

		5.3.2 Alternative 2: Monitored Natural Recovery

		5.3.3 Alternative 3: Targeted Excavation, Enhanced Natural Recovery (Thin-layer Cover) andDisposal and/or Treatment

		5.3.4 Alternative 4: Excavation and Disposal and/or Treatment

		5.3.5 Alternative 5: Partial Excavation, Enhanced Natural Recovery and Disposal and/orTreatment



		5.4 Source Area Soil Alternatives

		5.4.2 Alternative 2: Monitor and Maintain Existing Surfaces

		5.4.3 Alternative 3: Targeted Excavation, Upgrade and Maintain Existing Surfaces and Disposaland/or Treatment

		5.4.4 Alternative 4: Targeted Excavation, Convert to RCRA Caps and Maintain and Disposaland/or Treatment

		5.4.5 Alternative 5: Excavation and Disposal and/or Treatment



		5.5 Source Area Groundwater Alternatives

		5.5.1 Alternative 1: No Action

		5.5.2 Alternative 2: Excavation/Dewatering

		5.5.3 Alternative 3a: Hydraulic Containment Barrier

		5.5.4 Alternative 3b: Hydraulic Control through Pump and Treat

		5.5.5 Alternative 3c: Combined Hydraulic Barrier and Hydraulic Control

		5.5.6 Alternative 4: Permeable Reactive Barrier (Biowall)

		5.5.7 Alternative 5: In-Situ Chemical Oxidation



		5.6 Alternatives Retained for Detailed Analysis



		6.0 DETAILED EVALUATION OF REMEDIAL ALTERNATIVES

		6.1 NCP Evaluation Criteria

		6.1.1 Overall Protection of Human Health and the Environment

		6.1.2 Compliance with ARARs

		6.1.3 Long-Term Effectiveness and Permanence

		6.1.4 Reduction of Toxicity, Mobility, or Volume through Treatment

		6.1.5 Short-Term Effectiveness

		6.1.6 Implementability

		6.1.7 Cost

		6.1.8 State Acceptance

		6.1.9 Community Acceptance



		6.2 Detailed Evaluation of Allendale and Lyman Mill Sediment Alternatives

		6.2.2 Alternative 7: Excavation and Disposal and/or Treatment

		6.2.3 Alternative 8: Partial Excavation, Isolation Capping and Disposal and/or Treatment

		6.2.4 Alternative 10: Dam Replacement, Excavation and Disposal and/or Treatment

		6.2.5 Alternative 11: Dam Replacement, Partial Excavation, Isolation Capping and Disposaland/or Treatment



		6.3 Comparative Analysis of the Allendale and Lyman Mill Sediment Alternatives

		6.3.1 Overall Protection of Human Health and the Environment

		6.3.2 Compliance with ARARs

		6.3.3 Long-Term Effectiveness and Permanence

		6.3.4 Reduction of Toxicity, Mobility or Volume through Treatment

		6.3.5 Short-Term Effectiveness

		6.3.6 Implementability

		6.3.7 Cost



		6.4 Detailed Evaluation of Allendale Floodplain Soil Alternatives

		6.4.2 Alternative 5: Excavation and Disposal and/or Treatment



		6.5 Comparative Analysis of the Allendale Floodplain Soil Alternatives

		6.5.1 Overall Protection of Human Health and the Environment

		6.5.2 Compliance with ARARs

		6.5.3 Long-Term Effectiveness and Permanence

		6.5.4 Reduction of Toxicity, Mobility or Volume through Treatment

		6.5.5 Short-Term Effectiveness

		6.5.6 Implementability



		6.6 Detailed Evaluation of Lyman Mill Reach Stream Sediment and Floodplain Soil (including Oxbow) Alternatives

		6.6.2 Alternative 3: Targeted Excavation, Enhanced Natural Recovery (Thin-Layer Cover) andDisposal and/or Treatment

		6.6.3 Alternative 5: Partial Excavation, Enhanced Natural Recovery and Disposal and/orTreatment



		6.7 Comparative Analysis of the Lyman Mill Reach Stream Sediment andFloodplain Soil Alternatives

		6.7.1 Overall Protection of Human Health and the Environment

		6.7.2 Compliance with ARARs

		6.7.3 Long-Term Effectiveness and Permanence

		6.7.4 Reduction of Toxicity, Mobility or Volume through Treatment

		6.7.5 Short-Term Effectiveness

		6.7.6 Implementability



		6.8 Detailed Evaluation of Source Area Soil Alternatives

		6.8.1 Alternative 1: No Action

		6.8.2 Alternative 3: Targeted Excavation, Upgrade and Maintain Existing Surfaces and Disposaland/or Treatment

		6.8.3 Alternative 4: Targeted Excavation, Convert to RCRA Caps and Maintain and Disposaland/or Treatment



		6.9 Comparative Analysis of the Source Area Soil Alternatives

		6.9.1 Overall Protection of Human Health and the Environment

		6.9.2 Compliance with ARARs

		6.9.3 Long-Term Effectiveness and Permanenc

		6.9.4 Reduction of Toxicity, Mobility or Volume through Treatment

		6.9.5 Short-Term Effectiveness

		6.9.6 Implementability



		6.10 Detailed Evaluation of Source Area Groundwater Alternatives

		6.10.1 Alternative 1: No Action

		6.10.2 Alternative 2: Excavation/Dewatering

		6.10.3 Alternative 5: In-Situ Chemical Oxidation



		6.11 Comparative Analysis of the Source Area Groundwater Alternatives

		6.11.1 Overall Protection of Human Health and the Environment

		6.11.2 Compliance with ARARs

		6.11.3 Long-Term Effectiveness and Permanence

		6.11.4 Reduction of Toxicity, Mobility or Volume through Treatment

		6.11.5 Short-Term Effectiveness

		6.11.6 Implementability

		6.11.7 Cost





		8.0 REFERENCES

		Figures

		Tables

		APPENDIX A: Supplemental Groundwater Investigations

		ATTACHMENT A-1 BACKGROUND INFORMATION AND ASSUMPTIONSFOR SPMD-BASED WATER CALCULATIONS

		ATTACHMENT A-2 Supporting Calculations



		APPENDIX B: Supplemental Sediment Investigation

		ATTACHMENT B-1 Core Logs from March 2005 Sediment Investigation at Lyman Mill Pond

		ATTACHMENT B-2 Analysis of Radioisotope Cores,March 2005 Sediment Investigation at Lyman Mill Pond



		APPENDIX C: Supplemental Surface Water Investigations

		APPENDIX D: Preliminary Remediation Goalsfor the Oxbow

		APPENDIX E: Quantitative Analysis of SedimentCapping Alternative

		APPENDIX F: Proposed Cleanup Goals for the CMRP Site

		Attachment F-1 Derivation of Fish Target Tissue Concentrations FollowingAttainment of the Sediment Cleanup Goals

		Attachment F-2 Derivation of a Site-Specific Surface Water Benchmark for the CMRP Site

		Attachment F-3 Development of Source Area Groundwater Cleanup Goals



		Appendix F Tables

		APPENDIX G: Proposed Remedial Footprints for theCMRP Site

		Attachment G-1 Development of Proposed Remedial Footprint forSource Area Groundwater at the CMRP Site

		Appendix G Tables Comparison of CMRP Site Data to Cleanup Goals

		APPENDIX H: Conceptual Long-Term Monitoring Approach

		APPENDIX I: Remedial Technologies

		APPENDIX J: Remedial Alternative Cost Estimates

		Appendix J Cost Estimates Allendale and Lyman Mill Reach Sediment Alternatives

		Appendix J Cost Estimates Allendale Reach Floodplain Soil Alternatives

		Appendix J Cost Estimates Lyman Mill Reach Stream Sediment andFloodplain Soil (Including Oxbow) Alternatives

		Appendix J Cost Estimates Source Area Soil Alternatives

		Appendix J Cost Estimates Source Area Groundwater Alternatives



		APPENDIX K: Comparative Net Risk Analysis for SedimentAlternatives

		APPENDIX L: Confined Disposal Facility Equivalent Design Analysis

		APPENDIX M: Comparative Net Risk Analysis for FloodplainSoil Alternatives

		APPENDIX N: Evaluation of EPA’s Draft Recommended InterimPreliminary Remediation Goal for Dioxin in SoilsReleased December 30, 2009



		barcodetext: SDMS DocID 464417

		barcode: *464417*








United States Solid Waste and EPA 540-R-98-031 
Environmental Emergency Response OSWER 9200.1-23P 
Protection Agency PB98-963241 


July 1999 


Superfund 


A GUIDE TO PREPARING 
SUPERFUND PROPOSED 
PLANS, RECORDS OF 
DECISION, AND OTHER 
REMEDY SELECTION 
DECISION DOCUMENTS 







A Guide to Preparing Superfund Proposed Plans, Records of Decision, and Other Remedy Selection Decision Documents 


NOTICE 


This document provides guidance to EPA and State staff.  It also provides guidance to the public and to the 
regulated community on how EPA intends to exercise its discretion in implementing its regulations.  The guidance is 
designed to implement national policy on these issues.  The document does not, however, substitute for statutes 
EPA administers nor their implementing regulations, nor is it a regulation itself.  Thus, it does not impose legally-
binding requirements on EPA, States, or the regulated community, and may not apply to a particular situation based 
upon the specific circumstances.  EPA may change this guidance in the future, as appropriate. 
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United States Environmental Protection Agency 


ABSTRACT 


This Guide to Preparing Superfund Proposed Plans, Records of Decision, and Other Remedy Selection Decision Documents 
(also commonly referred to as the “ROD Guidance”) has been developed to accomplish the following: 


•	 Provide recommended formats and content for Superfund remedial action decision docu-
ments; 


•	 Clarify roles and responsibilities of  the U.S. Environmental Protection Agency (EPA), Federal 
facilities, States, and Indian Tribes in developing and issuing decision documents; 


•	 Clarify roles and responsibilities of stakeholders in the remedy selection process; and 
•	 Explain how to address changes made to proposed and selected remedies. 


The decision documents addressed by this guidance are the Proposed Plan, the Record of Decision (ROD), 
the Explanation of Significant Differences (ESD), and the ROD Amendment. Section 117 of the Compre-
hensive Environmental Response, Compensation, and Liability Act of 1980 (CERCLA), as amended by the 
Superfund Amendments and Reauthorization Act of 1986 (SARA), requires the issuance of decision docu-
ments for remedial actions taken pursuant to Sections 104, 106, 120, and 122. Sections 300.430(f)(2), 
300.430(f)(4) and 300.435(c)(2) of  the National Oil and Hazardous Substances Pollution Contingency Plan 
(NCP) establish the regulatory requirements for these decision documents.  This guidance document pro-
vides additional guidelines and is based upon the Superfund statute and regulations. 


ADDITIONAL COPIES 


This document is available on the Internet at http://www.epa.gov/superfund/.  No fee is required to 
download the document. 


EPA employees can obtain copies of  this guidance, or copies of  documents referenced in this guidance, by 
calling the Superfund Document Center at 703-603-9232 or by sending an e-mail request to 
superfund.documentcenter@epa.gov.  No fee is required. 


Non-EPA employees can obtain copies of  this guidance, or copies of  documents referenced in this guid-
ance, by contacting the National Technical Information Service (NTIS) at 703-605-6000, or by using their 
Internet site at http:/superfund.fedworld.gov/.  Fees for these documents are determined by NTIS. 


Questions regarding this document should be directed to the Superfund Hotline at (800)? 424-9346, (DC Area Local (703) 412-9810), or http://www.epa.gov/epaoswer/hotline/. 
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A Guide to Preparing Superfund Proposed Plans, Records of Decision, and Other Remedy Selection Decision Documents 


Preface



This guidance document is being issued to enhance the clarity and completeness of Records of Decision 
(RODs) and related remedy selection decision documents.  It has been revised to reflect the 1990 final National Oil 
and Hazardous Substances Pollution Contingency Plan (NCP) and current EPA policies. 


This guidance supersedes the following EPA guidance documents: 


•	 Guidance on Preparing Superfund Decision Documents: The Proposed Plan, The Record of Decision, Explanation of 
Significant Differences, The Record of  Decision Amendment: Interim Final  (EPA 540-G-89-007, July 1989 (pre-
publication and October 1989); 


•	 A Guide to Developing Superfund Records of Decision (OSWER 9335.3-02FS-1, May 1990); 


•	 A Guide to Developing Superfund Proposed Plans (OSWER 9335.3-02FS-2, May 1990); 


•	 Guide to Developing Superfund No Action, Interim Action, and Contingency Remedy RODs (OSWER 9355.3-02FS-3, 
April 1991); and 


•	 Guide to Addressing Pre-ROD and Post-ROD Changes (OSWER 9355.3-02FS-4, April 1991). 


NOTE: This guidance does not cover the remedy selection process itself. This process is addressed in a separate 
fact sheet entitled A Guide to Selecting Superfund Remedial Actions (OSWER 9355.0-27FS, April 1990).  Other remedy 
selection policies are summarized in Rules of  Thumb for Superfund Remedy Selection (EPA 540-R-97-013, August 1997). 
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1.0 INTRODUCTION 


1.1	 PURPOSE OF THIS GUIDANCE 


This Guide to Preparing Superfund Proposed Plans, Records 
of Decision, and Other Remedy Selection Decision Documents 
(also commonly referred to as the “ROD Guidance”) 
has been developed to accomplish the following: 


•	 Provide recommended formats and content 
for Superfund remedial action decision docu-
ments. 


•	 Clarify roles and responsibilities of  the U.S. 
Environmental Protection Agency (EPA),  Fed-
eral facilities, States, and Indian Tribes in devel-
oping and issuing decision documents. 


•	 Clarify roles and responsibilities of stakehold-
ers in the remedy selection process. 


•	 Explain how to address changes made to pro-
posed and selected remedies. 


The decision documents addressed by this guid-
ance are the Proposed Plan, the Record of Decision 
(ROD), the Explanation of Significant Differences 
(ESD), and the ROD Amendment. Section 117 of the 
Comprehensive Environmental Response, Compensa-
tion, and Liability Act of 1980 (CERCLA), as amended 
by the Superfund Amendments and Reauthorization Act 
of 1986 (SARA), requires the issuance of decision docu-
ments for remedial actions taken pursuant to §§104, 106, 
120, and 122. Sections 300.430(f)(2), 300.430(f)(4) and 
300.435(c)(2) of the National Oil and Hazardous Sub-
stances Pollution Contingency Plan (NCP) establish the 
regulatory requirements for these decision documents. 
This guidance document provides additional guidelines 
and is based upon the Superfund statute and regula-
tions.1


 A primary purpose of the ROD guidance is 
to establish a recommended format for Proposed Plans, 
RODs, ESDs, and ROD Amendments.  Because of 


1 References made to CERCLA, or “the Superfund statute,” 
throughout this document should be interpreted as meaning 
CERCLA, as amended by SARA.  The NCP, or the “Superfund 
regulations,” can be found at Chapter 40, Part 300 in the Code of 
Federal Regulations (CFR). 


the critical role of public participation in the remedy 
selection process, and the public’s reliance on decision 
documents to understand what the lead government 
agency proposes and ultimately decides to do, clarity 
within and consistency across these documents are both 
important. Specifically, the use of  these recommended 
formats should accomplish the following: 


•	 Encourage consistency among EPA Regional 
Offices, States, and other Federal agencies imple-
menting the Superfund program with respect 
to the organization, basic content, and level of 
detail of decision documents; 


•	 Help ensure that all statutory and regulatory 
documentation requirements are met; and 


•	 Promote clear and logical presentations of the 
rationales for remedy selection decisions based 
on site-specific information and supporting 
analysis. 


In addition to the emphasis on providing a recom-
mended format to document remedial action decisions, 
this guidance specifies the roles and responsibilities of 
government entities in developing and issuing Superfund 
decision documents, and the role of the public and 
potentially responsible parties in the remedy selection 
process.  Finally, this guidance addresses the statutory 
requirement in CERCLA §§117 (c) and (d) to docu-
ment significant changes made during and after the rem-
edy selection process, as further detailed in NCP 
§§300.430(f)(3)(ii) and 300.435. 


1.2	 OVERVIEW OF SUPERFUND 
REMEDIAL RESPONSE PROCESS 


This section describes the relationship between the 
decision documents addressed in this guidance and the 
overall Superfund remedial response process. The 
Superfund remedial response process is shown in High-
light 1-1. 
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1.2.1	 The Pre-Remedial Response Process 


Historically, the pre-remedial response process has 
encompassed the identification, initial investigation, and 
listing of a site on the National Priorities List (NPL). 
This process is initiated with the Preliminary Assessment 
(PA).  If  the results of  the PA indicate that further in-
vestigation is warranted, a Site Investigation (SI) is per-
formed. If  the SI concludes that further response is 
warranted, more information is gathered to “score” 
the site using the Hazard Ranking System (HRS). Those 
sites that score at or above the HRS cut-off score of 
28.50 are eligible for the NPL. Generally, a full Reme-
dial Investigation/Feasibility Study (RI/FS) is com-
menced shortly after a site is placed on the NPL. 


However, with the fully implemented Superfund 
Accelerated Cleanup Model (SACM), all site assessment 
and initial investigative activities can take place in a con-
tinuous process combining appropriate elements of SIs, 
RI/FSs, removal assessments, and risk assessments. In 
this case, a final listing of a site on the NPL may occur 
after the RI/FS has been started or completed. In ad-
dition, response actions can be initiated throughout the 
site assessment and remedial response process through 
the use of “removal response authorities” or State-lead 
voluntary cleanup and Brownfields programs.2  In some 
circumstances, threats posed by sites can be fully ad-
dressed without ever being placed on the NPL.  For 
more information on SACM, see Guidance on Implemen-
tation of the Superfund Accelerated Cleanup Model (SACM) 
Under CERCLA and the NCP (OSWER 9203.1-03, July 
7, 1992), and five additional SACM fact sheets (OSWER 
9203.1-05I, Volume 1, Numbers 1-5, December 1992). 


1.2.2	 Lead and Support Agencies in the 
Superfund Remedial Response 
Process 


At or before the time a site is placed on the NPL, 
interagency negotiations are initiated to determine which 
government agency should act as the lead agency and 
which as support agency in the remedial process.  These 
negotiations may include EPA, States, other Federal 
agencies (e.g., Department of Defense (DOD), Depart-


2 For a more complete discussion of removal response au-
thorities, see NCP §300.415. 


ment of  Energy (DOE)), and Indian Nations or Tribes.3 


The State role in the remedial process is discussed in 
CERCLA §121(f)(1), which provides “for substantial 
and meaningful involvement of each State in the initia-
tion, development, and selection of remedial response 
actions to be undertaken in that State.” (See the NCP 
Part 300 Subpart F for regulatory provisions concern-
ing state involvement. See also Guidance on Lead Deter-
minations for CERCLA Fund-financed Responses, OSWER 
9355.2-02, April 1992.) 


The lead agency, which is represented by a Reme-
dial Project Manager (RPM), has the primary responsi-
bility for coordinating a response action.  Either EPA, a 
State environmental agency, or another Federal agency 
can serve as the lead agency.4   However, EPA retains 
final remedy selection authority for all “Fund-financed” 
actions, and for Federal facility-lead actions taken at NPL 
sites.5   EPA also generally has the authority to concur 
on all enforcement actions taken under CERCLA §§106 
and 122. Generally, the lead agency RPM is responsible 
for overseeing all technical, enforcement, and financial 
aspects of a remedial response. 


The support agency, or agencies, play a review and 
concurrence role in the remedial process.  When EPA 
acts as the lead agency, the State in which the site is lo-
cated usually serves as the support agency.  When a State 
is the lead agency, EPA usually serves as the support 
agency.6 


3  For the purpose of this guidance document, the term “State” 
shall include the governing body of  an Indian Nation or Tribe (see 
NCP §300.515(b), CERCLA §126 and Executive Order 13084, 
dated May 14, 1998), unless otherwise noted. 


4  At some sites, Federal agencies other than EPA act as lead 
agencies under CERCLA, pursuant to Executive Order 12580 (52
FR 2923, January 29, 1987). 


5  The following terms will be used throughout this guidance 
to designate which government entity serves as the lead agency in 
the Superfund remedial response process: “EPA-lead,” “State-lead,” 
and “Federal facility-lead.”  In addition, the following terms will be 
used throughout this guidance to refer to the source of cleanup 
monies: “Fund-financed” (i.e., cleanup money from the Superfund 
trust fund), and “enforcement site” or “PRP-lead” (i.e., cleanup 
money from enforcement action taken by lead agency). 


6  Because a State or Indian Tribe may be either the lead agency 
or the support agency for most remedial activities, this guidance 
often makes general reference to “lead” and “support” agency re-
sponsibilities, rather than “EPA,” “State,” or “Tribal” responsibili-
ties. Specific responsibilities of these entities are noted where 
appropriate. 
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When EPA and/or a State are involved in remedial 
action, the lead and support agencies are identified in 
either a Superfund State Contract (SSC) or a Coopera-
tive Agreement (CA). SSCs and CAs are site-specific 
agreements that establish Federal and State responsibili-
ties for a CERCLA remedial action.  When EPA leads 
the remedial action, the SSC is used to identify the roles 
and responsibilities of  EPA and the State, and to docu-
ment assurances by the State that are required under 
CERCLA. When the State leads the remedial action, 
the CA is used to identify the roles and responsibilities 
of  the State and EPA, and to document assurances by 
the State that are required under CERCLA. The CA 
also provides the mechanism to transfer trust fund (i.e., 
Superfund) monies to the State for the response activi-
ties.7   In addition, the State and EPA may enter into a 
Superfund Memorandum of  Agreement (SMOA), 
which is a general, non-site-specific agreement that de-
fines the roles of, and interaction between, EPA and the 
State for conducting response actions. 


A Federal agency other than EPA can also assume 
the roles and responsibilities of  the lead agency.  These 
responsibilities include coordinating and communicat-
ing with EPA and the State in their shared role as sup-
port agencies.  At NPL sites, the division of  authority 
and responsibility between the Federal agency as lead 
and the support agencies, particularly in preparing the 
Proposed Plan and the ROD, should be specified in an 
Interagency Agreement (IAG).  IAGs must follow the 
requirements of CERCLA §120(e). This agreement 
should be reached by considering the process and ac-
tivities outlined in this guidance, the CERCLA require-
ments, and the NCP.  At NPL and non-NPL sites, Fed-
eral agency response actions are expected to be consis-
tent with this and other EPA guidance, as specified in 
CERCLA §120(a).8 


7All funds committed and obligated to a State in a Cooperative 
Agreement are tracked with an account number. After the funds 
have been obligated, payments to the State are made through the 
Automated Clearing House (ACH) process. 


8 Generally, this guidance applies to other Federal agencies in 
the same manner and extent that it applies to EPA.  If  questions 
arise regarding the application of this guidance to remedial response 
actions at Federal facility sites, the Federal agency staff  should con-
sult their legal counsel as well as EPA. CERCLA requires that EPA 
concur with remedy selection decisions at Federal facility sites on 
the NPL.  If  EPA does not concur, EPA has the authority to select 
the remedy in lieu of  the Federal facility. 


1.2.3	 Potentially Responsible Parties 


Under CERCLA §104, a person or entity poten-
tially responsible for a release of hazardous substances, 
pollutants, or contaminants into the environment (i.e., a 
Potentially Responsible Party (PRP)), may also be al-
lowed to conduct certain response actions in accordance 
with CERCLA §122, if  the lead agency determines that 
party is qualified and otherwise capable.  For a PRP-
lead RI/FS response action, either EPA or the State is 
the lead agency for overseeing the PRP’s work and for 
developing the Proposed Plan and the ROD.9   The lead 
agency determines whether the PRP, or the PRP’s con-
tractor, is qualified and capable of doing the work. PRPs 
may participate in the remedy selection process by sub-
mitting comments on the Proposed Plan or other in-
formation contained in the Administrative Record file 
during the formal public comment period held before 
the final selection of a remedy for a site. However, 
PRPs generally should not be permitted to write Pro-
posed Plans, RODs or any amendments to those docu-
ments. 


1.2.4	 Remedial Investigation/Feasibility 
Study 


At or before the time a site is listed on the NPL, the 
lead agency or PRP begins an RI/FS.10  During an RI/ 
FS, the lead agency gathers or oversees the gathering of 
information to support an informed decision regard-
ing which remedy (if any) is most appropriate for a 
given site or an operable unit within a site. Interim or 
early actions can be taken throughout the RI/FS pro-
cess to initiate risk reduction activities.  It is recom-
mended that all parties involved in the development of 


9  For detailed information pertaining to PRP oversight, refer 
to Guidance on Oversight of  Potentially Responsible Party Remedial Inves-
tigations and Feasibility Studies, Volumes 1 and 2 (EPA 540-G-91-
010a and b, July 1991). 


10  An RI/FS can be performed on the site as a whole, or for 
a particular portion of the site. The NCP defines an operable unit 
(OU) as a “discrete action that comprises an incremental step to-
ward comprehensively addressing site problems. This discrete por-
tion of a remedial response manages migration, or eliminates or 
mitigates a release, threat of a release, or pathway of exposure” 
(NCP §300.5). Hence, an operable unit can be a certain geographic 
portion of a site or can address an environmental medium at the site 
(e.g., ground water, soil). Operable units may also be comprehensive 
but temporary remedies (e.g., temporary caps across a site) that 
provide interim protection of human health and the environment 
before final remediation. The cleanup of a site can be divided into 
a number of operable units, depending on the complexity of the 
problems associated with the site. 
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the RI/FS engage in a joint scoping meeting prior to 
finalization of  the RI/FS Work Plan.  Increased effi-
ciency and cost savings can be gained through coordi-
nation and mutual understanding of project expecta-
tions. 


Usually, the RI and FS are conducted concurrently 
in an interactive, iterative manner. The data collected 
during the RI are used to develop remedial alternatives 
in the FS, and the alternatives identified in the FS deter-
mine the necessity of treatability studies or the collec-
tion of additional data in the RI. In general, the RI 
consists of the following actions: 


•	 Determining the nature and extent of  the con-
tamination at the site or operable unit. 


•	 Assessing risks to human health and the envi-
ronment from this contamination. 


•	 Conducting treatability tests to evaluate the 
potential performance and cost of  the treat-
ment technologies being considered for ad-
dressing these risks. 


In characterizing the site, the lead agency or PRP 
identifies the source of contamination, potential routes 
of migration, and current and potential human and en-
vironmental receptors.  A baseline risk assessment con-
ducted during the RI estimates what risks the site poses 
now and would pose in the future if no cleanup action 
were taken. Thus, it provides the basis for taking action 
and identifies contaminants and the exposure pathways 
that need to be addressed by the remedial action.  Treat-
ability studies are bench, pilot, or full-scale tests of par-
ticular technologies on samples of  actual site wastes. 
Such studies may be conducted to identify which tech-
nologies are suitable for addressing the waste to be 
treated. 


A component of this investigation and planning 
process should be early and continuing consultation with 
the community. This consultation can elicit useful knowl-
edge about the site (e.g., current and reasonably antici-
pated future land uses and current and potential benefi-
cial ground-water uses) as well as major public con-
cerns that should be considered. 


The FS involves the identification and detailed 
evaluation of  potential remedial alternatives.  This pro-
cess begins with the formulation of  viable alternatives, 
which involves defining remedial action objectives, gen-


eral response actions, volumes or area of media to be 
addressed, and potentially applicable technologies.  Fol-
lowing a preliminary screening of alternatives, a rea-
sonable number of appropriate alternatives undergoes 
a detailed analysis using the nine evaluation criteria in the 
NCP. (For a discussion of  this analysis, see Chapters 3 
and 6.) The detailed analysis profiles individual alterna-
tives against the criteria and compares them with each 
other to gauge their relative performance.  Each alter-
native that makes it to this stage of the analysis, with the 
exception of the required “No Action” alternative, is 
expected to be protective of human health and the en-
vironment and compliant with Applicable or Relevant 
and Appropriate Requirements (ARARs) (unless a waiver 
is justified), both threshold requirements under 
CERCLA.11 


1.2.5 Proposed Plan 


The Preferred Alternative for a site is presented to 
the public in a Proposed Plan. The Proposed Plan briefly 
summarizes the alternatives studied in the detailed analysis 
phase of  the RI/FS, highlighting the key factors that led 
to identifying the Preferred Alternative. The Proposed 
Plan, as well as the RI/FS and the other information 
that forms the basis for the lead agency’s response se-
lection, is made available for public comment in the 
Administrative Record file. The opportunity for a public 
meeting must also be provided at this stage. 


1.2.6 Record of Decision 


Following receipt of  public comments and any fi-
nal comments from the support agency,  the lead agency 
selects and documents the remedy selection decision in 
a ROD.  The ROD documents the remedial action plan 
for a site or operable unit and serves the following three 
basic functions: 


•	 It certifies that the remedy selection process was 
carried out in accordance with CERCLA and, 
to the extent practicable, with the NCP.12 


11 ARARs include any Federal or State standards, require-
ments, criteria, or limitations that are determined to be legally ap-
plicable or relevant and appropriate to a CERCLA site or action. 


12 Section 121(a) of CERCLA provides that remedial actions 
should be carried out in accordance with §121 “and, to the extent 
practicable, the National Contingency Plan.” 
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•	 It describes the technical parameters of the 
remedy, specifying the methods selected to pro-
tect human health and the environment includ-
ing treatment, engineering, and institutional con-
trol components, as well as cleanup levels. 


•	 It provides the public with a consolidated sum-
mary of  information about the site and the 
chosen remedy, including the rationale behind 
the selection. 


While the ROD should provide a comprehensive 
description of site conditions, the scope of the action, 
the Selected Remedy, cleanup levels, and the reason for 
selecting the remedy, it is only one part of  the Adminis-
trative Record file, which contains the full details of site 
characterization, alternatives evaluation, and remedy se-
lection. 


1.2.7 Remedial Design 


The ROD provides the framework for the transi-
tion into the next phase of  the remedial process.  Re-
medial Design (RD) is an engineering phase during which 
additional technical information and data identified are 
incorporated into technical drawings and specifications 
developed for the subsequent remedial action. These 
specifications are based upon the detailed description 
of the Selected Remedy and the cleanup criteria pro-
vided in the ROD. 


1.2.8 Remedial Action 


After completion of  the RD, the Remedial Action 
(RA) begins.  During RA, the implementation phase of 
site cleanup occurs.  Upon completion of  the remedial 
action for an operable unit, a remedial action report is 
prepared. Upon completion of remedial construction 
activities for the final operable unit at the site, a Prelimi-
nary Site Closeout Report (PCOR) is prepared which 
documents NPL site construction completion (pursu-
ant to Close Out Procedures for National Priority List Sites 
(EPA 540-R-95-062, August 1995, update anticipated 
in FY99). 


When all phases of remedial activity at a site have 
been completed and no further response is appropri-
ate, the site may be eligible for deletion from, or 
recategorization on, the NPL. Completed cleanup re-


sults documented in a Remedial Action Report or Final 
Closeout Report (as detailed in the above referenced 
guidance) should be compared with the terms in the 
ROD to determine whether remedial action objectives 
and cleanup levels have been attained so that the site 
may be further evaluated for deletion from the NPL, 
pursuant to the requirements of NCP §300.425(e). 
CERCLA requires a review to be conducted at least 
every five years at sites where an action has been se-
lected that results in hazardous substances, pollutants, 
or contaminants remaining at the site above levels that 
allow for unlimited use and unrestricted exposure (see 
Highlight 6-36 for more information on five year re-
views). Changes to the remedy selected in the ROD 
that occur during the RD/RA process must be described 
in an Explanation of Significant Differences (ESD) or 
ROD Amendment pursuant to NCP §§300.435(c)(2) 
and 300.825(a). 


1 . 3 OUTLINE OF THIS GUIDANCE 


This guidance is organized as follows. 


•	 Chapter 2 summarizes the roles and responsi-
bilities of lead and support agencies in devel-
oping the Proposed Plan. It also highlights the 
requirements for the newspaper notification that 
announces the availability of the Proposed Plan 
and discusses the public comment process. 


•	 Chapter 3 presents the purpose and regulatory 
requirements of the Proposed Plan. This chap-
ter also contains a detailed checklist outlining 
the components of a Proposed Plan. This 
checklist may be used as a worksheet when 
writing or reviewing a Proposed Plan. 


•	 Chapter 4 describes the general framework for 
categorizing minor and significant changes 
made to the Preferred Alternative before issu-
ance of the ROD and discusses documenta-
tion and public information activities that may 
be necessary as a result of  these changes. 


•	 Chapter 5 summarizes the roles and responsi-
bilities of lead and support agencies in devel-
oping the ROD.  It also outlines how to issue 
the notice of  ROD availability. 
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•	 Chapter 6 presents the purposed and regula-
tory requirements for the ROD, as well as a 
recommended format which discusses key el-
ements and summary tables for each section. 
This chapter also contains a detailed checklist 
outlining the components of  a ROD. This 
checklist may be used as a worksheet when 
writing or reviewing a ROD. 


•	 Chapter 7 discusses the procedures to follow 
when changes occur to the Selected Remedy 
after a ROD is signed. A sample outline and 
checklist is presented for Explanations of Sig-
nificant Differences (ESDs) and ROD Amend-
ments. 


•	 Chapter 8 presents the recommended ROD 
formats for three specific types of  remedial 
action decisions: no action, interim action, and 
contingency remedy decisions. 


•	 Chapter 9 presents information on document-
ing the following remedy selection situations: 
lead (Pb), presumptive remedies, and ground 
water. 


•	 Appendix A provides an example Proposed 
Plan that satisfies the requirements and sugges-
tions described in this guidance. 


•	 Appendix B provides additional information 
on addressing the following ground-water is-
sues: phased approach, non-aqueous phase liq-
uids (NAPLs), deferral of design, and moni-
tored natural attenuation. 


•	 Appendix C contains a fact sheet and a trans-
mittal memorandum which discuss consulta-
tion procedures for Superfund response deci-
sions. 


•	 Appendix D outlines the procedures for sub-
mitting final remedy selection decision docu-
ments to the Superfund Document Center at 
EPA Headquarters. 


•	 Appendix E lists additional sources of infor-
mation on the remedy selection process and 
other stages of the remedial process that might 
be helpful to a remedy selection decision docu-
ment writer. 
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2.0 PROCESS FOR DEVELOPING THE PROPOSED PLAN 


2.1	 OVERVIEW 


This chapter summarizes the roles and responsibili-
ties of the lead and support agencies in developing the 
Proposed Plan. Personnel in the lead and support agen-
cies should begin discussions on the alternatives ana-
lyzed in the FS as early as possible and attempt to reach 
an agreement on identifying a Preferred Alternative. 
These early discussions should help prevent delays in 
the later stages of  the remedy selection process.  PRPs 
conducting the RI/FS should identify to the lead agency 
which alternatives have been considered and screened 
from further consideration before the detailed analysis. 
The remaining alternatives should be analyzed in detail. 


The results of this analysis provide the basis for the 
lead agency to identify a Preferred Alternative. Through-
out the RI/FS process the lead agency should keep the 
community and others well-informed of  site activities 
through meetings, information bulletins, and by regu-
larly updating the Administrative Record file. The lead 
agency should also actively seek input from the com-
munity on the remedial alternatives being considered. 


The general steps in preparing the Proposed Plan 
for public comment are summarized in Highlight 2-1. 
The sequence in which these steps are taken may vary 
somewhat among EPA Regional Offices and States. 


The lead agency should begin drafting the Proposed 
Plan upon completion of the RI/FS Report (in some 
circumstances, a draft can be developed as the RI/FS is 
being finalized). If  a PRP prepares the RI/FS, then the 
Proposed Plan should be drafted by the lead agency 
after the lead agency approves the RI/FS.  The RI/FS 
Report should be sent to the support agency as soon as 
it is available, but no later than when the draft Pro-
posed Plan is transmitted to the support agency for re-
view and comment. 


A Preferred Alternative is identified tentatively on 
the basis of the RI/FS Report and ongoing discussions 
between the lead and support agencies and the affected 
community and PRPs.1 A formal briefing on the 
RI/FS and the Preferred Alternative should be made 


1 The Preferred Alternative must be identified by the lead 
agency itself. A technical support contractor hired to assist a gov-
ernment entity in performing its duties or a PRP can recommend, 
but can not identify, the Preferred Alternative. 


to lead agency management. After this meeting, a draft 
Proposed Plan is written and submitted to the support 
agency and lead agency management for review and 
comment. 


The lead agency should prepare the final Proposed 
Plan taking into consideration the comments from the 
support agency and based on the results of the internal 
program and management review process.  This final 
version should include either a summary of the sup-
port agency’s agreement with the Plan or its dissenting 
comments.2   Finally, the notice announcing the avail-
ability of the Proposed Plan, along with a brief ab-
stract of its content, must be published in a major local 
newspaper.  The Proposed Plan and any supporting 
analysis and information (including the RI/FS) must be 
made available in the Administrative Record file. 


2.2	 ROLE OF LEAD AND SUPPORT 
AGENCIES 


For the remedy selection process to succeed, lead 
and support agencies should interact throughout the 
entire RI/FS and Proposed Plan process.  The goal of 
this continued interaction is to reach agreement on the 
Proposed Plan and the RI/FS Report before the public 
comment period starts. 


2.2.1	 Designation of Roles and 
Responsibilities 


EPA and the State play specific roles throughout 
the remedial process.  These roles should be defined in 
the SSC, SMOA, or CA.3   State participation specifi-


2  If  the State is the lead agency and EPA does not approve the 
Proposed Plan, then the State may not issue the Plan unless the 
proposed action is a non-Fund financed State-lead enforcement 
action. (See NCP §300.515(e)(1) and Section 2.3 of this chapter 
for more detailed information.)  If  a Federal facility is the lead 
agency and EPA does not approve the Proposed Plan, then the 
Federal facility may not issue the Plan unless the proposed action is 
for a non-NPL site at the Federal facility. 


3 The SMOA is a non-binding agreement that outlines coop-
erative efforts between States and EPA Regions and defines the 
roles and responsibilities of each party in the conduct of a Superfund 
program in a State. For more information, see NCP §300.505 and
Interim Final Guidance on Preparing a Superfund Memorandum of Agree-
ment (SMOA) (OSWER 9375.0-01, May 1989, or its revised edi-
tion). The CA is a legal instrument between EPA and the State in 
which EPA may transfer money to the State to conduct response 
activities. 
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Highlight 2-1: Preparation of The Proposed Plan by the Lead Agency 
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cally during the RI/FS and Proposed Plan process is 
important to the successful selection of the remedy and 
completion of  the remedial process.  First, the State 
must be given the opportunity to concur on the ROD; 
second, for Fund-financed remedial actions, certain State 
assurances including those for cost share and Opera-
tions and Maintenance (O&M) are required to conduct 
the RA. The SSC or CA should designate the lead and 
support agency for conducting the RI/FS, developing 
the Proposed Plan, and drafting the ROD.  The SMOA, 
if applicable, should describe the general procedures 
for oversight and interaction between EPA and the State. 


At Federal facility sites on the NPL, designation and 
coordination of  roles and responsibilities among EPA, 
the State, and the lead Federal agency are also very im-
portant for the successful completion of the remedial 
process.  At such sites, these roles are defined in an IAG. 
Where EPA may be involved at Federal facility sites not 
on the NPL, these roles may be established by way of 
memoranda of understanding (MOUs), letter agree-
ments, etc.  Generally, at Federal facility sites, the EPA 
and the State are co-regulators and the Federal agency 
which owns and/or operates the site is the lead agency. 


2.2.2	 Lead and Support Agency 
Responsibilities 


NCP §300.430(f)(3)(i) requires the lead agency to 
do the following after preparation of the Proposed 
Plan and review by the support agency: 


•	 Publish a notice of availability and brief analy-
sis of the Proposed Plan in a major local news-
paper. 


•	 Make the Proposed Plan and supporting analy-
sis and information available in the Adminis-
trative Record file. 


•	 Provide a reasonable opportunity, not less than 
30 calendar days, for submission of written and 
oral comments on the Proposed Plan and the 
material contained in the Administrative Record 
file. 


•	 Provide the opportunity for a public meeting 
to be held during the public comment period. 


•	 Keep a transcript of the public meeting held 
during the public comment period and make 
such transcript available to the public. 


•	 Prepare a written summary of significant com-
ments, criticisms, and new relevant informa-
tion submitted during the public comment pe-
riod and the lead agency response to each is-
sue. This Responsiveness Summary must be 
made available with the ROD. 


NCP §300.515 discusses the requirements for State in-
volvement in the preparation and publication of the 
Proposed Plan. 


The role of  other program offices within EPA and 
State agencies is to provide specific comments on the 
alternatives analyzed in the RI/FS Report.  EPA and the 
State should establish the appropriate procedures and 
time frames for these reviews. Other program offices 
should review the RI/FS Report at appropriate times 
during the process to ensure that alternatives in the de-
tailed analysis phase of the RI/FS Report comply with 
substantive requirements of other laws that qualify as 
ARARs.  For EPA, this may involve review by program 
offices with responsibility for implementing the Clean 
Water Act (CWA), Resource Conservation and Recov-
ery Act (RCRA), Clean Air Act (CAA) and Toxic Sub-
stances Control Act (TSCA) programs.  If  a draft Pro-
posed Plan is available when the RI/FS Report is ready 
to be circulated, it should be circulated at the same time. 


2.2.3	 Management Review of Proposed 
Plan 


The lead and support agencies should determine 
the appropriate level of managerial review for the draft 
Proposed Plan and, as appropriate, include this in the 
SMOA, SSC, or CA.  The Regional Administrator and 
State Director (or their appropriate designees) should 
be briefed on the contents of both the RI/FS Report 
and Proposed Plan, as well as on any unresolved or 
potentially controversial issues, by their respective staffs 
before these documents are released to the public. 


All draft Proposed Plans should be sent to the ap-
propriate EPA headquarters regional coordinator for 
review pursuant to Focus Areas for Headquarters OERR 
Support for Regional Decision Making (OSWER 9200.1-17, 
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May 1996). Some remedy selection decisions will also 
be eligible for consultation with the National Remedy 
Review Board or another Cross-Regional review group. 
See Appendix C for a more complete discussion of 
Proposed Plan consultation procedures.  For more in-
formation on the National Remedy Review Board, see 
http://www.epa.gov/superfund/ programs/nrrb/ 
index.htm. 


2.2.4 Support Agency Comment Period 


The support agency’s comment period presents an 
important opportunity for the lead and support agen-
cies to reach agreement on the Preferred Alternative.4 


The comment period begins when the support agency 
receives the Proposed Plan from the lead agency and 
lasts 5 to 10 working days.  If  a different review period 
is established in the SMOA, it  should be followed.  In 
the absence of  a SMOA, the support agency has a mini-
mum of 5 working days and a maximum of 10 work-
ing days to comment on the Proposed Plan (NCP 
§300.515(h)(3)).5 


During the review period, the support agency 
should provide written comments on the Preferred 
Alternative and other components of the Proposed Plan. 
These comments should indicate one of the following: 


• Agreement, with or without comments. 


• Disagreement, with or without comments. 


• No comment on the Proposed Plan at this time. 


When the State is the support agency, it has the option 
of submitting its comments at the end of the public 
comment period. 


4  For Fund-financed projects, EPA must approve the Pro-
posed Plan even if the State is the lead agency (NCP §300.515(e)(1)). 
For State-lead, non-Fund financed enforcement sites where the 
State is using their own authorities rather than CERCLA, no EPA 
concurrence is required. 


5  The draft RI/FS Report could be given to the support 
agency before the Proposed Plan is ready for review.  The review 
period for the draft RI/FS Report should last at least 15 working 
days, unless a different time period is established in the SMOA or 
CA or between the lead and support agencies. In the absence of a 
SMOA, the support agency has a minimum of  10 working days and 
a maximum of 15 working days to comment on the RI/FS (NCP 
§300.515(h)(3)). 


EPA must respond to State comments on waivers 
from or disagreements about State ARARs, as well as 
on the Preferred Alternative, when making the RI/FS 
report and Proposed Plan available for public com-
ment (NCP §300.515(d)(4)). The Proposed Plan must 
include a statement that the lead and support agencies 
have reached agreement, or where this is not the case, a 
statement explaining the concerns of the support agency 
with the lead ag ency’s Proposed Plan (NCP 
§300.515(e)(1)). These comments and the lead agency’s 
formal response to these comments must be included, 
in their entirety, in the Administrative Record file. 


2 . 3	 PROCEDURES FOR RESOL VING 
DISPUTES 


If a dispute occurs between the lead and support 
agencies during any phase of the remedial process, the 
staffs of the agencies should attempt a timely resolu-
tion of the disputed issue. If staff resolution is not 
possible, the issue should be brought promptly to 
management’s attention for resolution.6 


The lead and support agencies should use the dis-
pute resolution process specified in the SMOA or CA 
when appropriate.  If  other Federal agencies besides 
EPA are involved, the dispute resolution process speci-
fied in the IAG should be followed.  Alternatively, the 
lead and support agencies could consider using the dis-
pute resolution process recommended in the NCP Pre-
amble to subpart F (55 FR 8781). The section entitled 
“State Involvement in Hazardous Substance Response” 
outlines a process that EPA Regional Offices and States 
should use to resolve disputes that arise during the RI/ 
FS and remedy selection process. This approach en-
courages the lead and support agencies’ RPMs to re-
solve any disputes promptly.  If  this cannot be accom-
plished, the dispute could be referred to their supervi-
sors for further EPA/State consultation.  This supervi-
sory referral and resolution process should continue, if 
necessary, to the level of  Director of  the State agency 
and the Regional Administrator, respectively.  If  agree-
ment still cannot be reached, the dispute should be re-
ferred to the Assistant Administrator of OSWER, who 
serves as final arbiter on remedy selection issues. 


6   Potential EPA Regional and Headquarters resources to 
access neutral mediators should be explored, as appropriate. 
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Regardless of the process used, the result should 
be an equitable resolution of  outstanding issues.  There 
may be instances, however, in which a final resolution 
cannot be achieved. If this should occur, two alterna-
tives exist for continuing effective action.  First, if  EPA 
is the lead agency (pursuant to CERCLA §§104, 106, or 
122), the Region should use its discretion as to whether 
to proceed with publication of the Proposed Plan. 
Second, if the State is the lead agency (pursuant to §104), 
EPA must approve the Proposed Plan before it may 
be issued (NCP §300.515(e)(1)). In some cases, EPA 
could elect to become the lead agency for the Proposed 
Plan, public participation activities, and the ROD. (This 
applies only to Fund-financed, State-lead projects.) 
However, mutual acceptance of the Preferred Alterna-
tive (and, ultimately, of  the selected remedy) by both 
EPA and the State is an important goal in order to ef-
fect timely cleanup at the site. In addition, State in-
volvement during the RI/FS and Proposed Plan pro-
cess is important to the successful selection of the rem-
edy and completion of the remedial action. 


2.4	 ROLE OF OTHER FEDERAL 
AGENCIES 


Executive Order 12580 (52 FR 2923 January 29, 
1987) delegates the authority for carrying out the re-
quirements of  CERCLA §§117(a) and (c) to Federal 
agencies for those Federal facilities under their jurisdic-
tion, custody, or control.  A Federal agency, therefore, 
has the responsibility to issue the Proposed Plan. At a 
Federal facility on the NPL, the IAGs between a Fed-
eral agency, EPA, and, in many cases, the State, should 
establish the responsibilities for each party in preparing 
the Proposed Plan for Federal facility sites.  Where the 
Federal agency is the lead agency, the responsibilities for 
preparing the Proposed Plan include those lead agency 
responsibilities specified in Chapters 2 and 3 of this 
guidance. 


2.5	 ROLE OF POTENTIALLY 
RESPONSIBLE PARTIES 


In accordance with CERCLA §§104 and 122, EPA 
can provide PRPs with the opportunity to conduct the 
required response actions (i.e., the RI/FS,  remedial de-
sign, and remedial action). If the PRPs conduct the 
RI/FS (including the risk assessment), either EPA or the 
State will become the lead governmental agency for 


general oversight of  the RI/FS.  EPA or the State should 
prepare the Proposed Plan and the ROD, even if  the 
PRP conducts the RI/FS (i.e., the lead agency identifies 
the Preferred Alternative (see footnote #1 in this chap-
ter)). At those sites for which the PRP conducts the 
RI/FS, the alternative preferred by the PRP should not 
be indicated in the RI/FS Report.7 


PRPs may also participate in the remedy selection 
process by commenting on the Proposed Plan and on 
other publicly available information in the Administra-
tive Record file during the formal public comment pe-
riod. If comments are submitted by PRPs and mem-
bers of  the public prior to the formal public comment 
period, the lead agency should advise those parties that 
their concerns may not be addressed until the end of 
the formal comment period. 


2.6	 PUBLIC PARTICIPATION 


The regulatory requirements for public participa-
tion in association with the Proposed Plan are listed in 
Section 2.2.2.  Additional information concerning news-
paper notification and the public comment period is 
provided below. 


2.6.1 Newspaper Notification 


The announcement of the availability of the Pro-
posed Plan and Administrative Record file should be 
made at least two weeks prior to the beginning of the 
public comment period so that the public has sufficient 
time to obtain and read the Proposed Plan. The lead 
agency’s newspaper notification must include a brief 
abstract of the Proposed Plan, which describes the al-
ternatives analyzed and identifies the Preferred Alterna-
tive (NCP §300.430(f)(3)(i)(A)). The notice should be 
published in a widely read section of  the newspaper. 
The notification should be designed to attract attention 
and engage the reader and should be written in simple, 
non-technical language. Key elements of the notifica-
tion are summarized below.  Highlight 2-3 provides a 
sample newspaper notification. 


The newspaper notification should consist of the 
following elements: 


7  For more information, see Guidance on Oversight of Potentially 
Responsible Party Remedial Investigations and Feasibility Studies, Volumes 
1 and 2 (EPA 540-G-91-010a and b, July 1991). 
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•	 Site name and location.  Gives proper site name 
and location. 


•	 Date and location of  a public meeting. If  a public 
meeting is scheduled, it should be held at a rea-
sonable time at or near the site. If one has not 
been scheduled, the notice should inform the 
public of the opportunity for a public meet-
ing. 


•	 Identification of lead and support agencies.  Identifies 
which entities (i.e., EPA, State agency, or other 
Federal agency) are serving as lead and sup-
port agencies. 


•	 Alternatives evaluated in the detailed analysis. Lists 
remedial alternatives evaluated in the detailed 
analysis phase of  the FS. 


•	 Identification of  Preferred Alternative.  States briefly 
the major components of the Preferred Alter-
native. 


•	 Request for public comments. The notice should 
emphasize that the lead agency is soliciting public 
comment on all alternatives evaluated in the 
detailed analysis phase of  the FS, as well as on 
the Preferred Alternative. The request should 
include a clear statement that the Preferred Al-
ternative is only a preliminary determination and 
that the Preferred Alternative could be modi-
fied since any of the other options presented 
could be selected as the remedy based upon 
public comment, new information, or a re-
evaluation of  existing information. The read-
ers should be referred to the RI/FS Report 
and other contents of the Administrative 
Record file for further information on all re-
medial alternatives considered. 


•	 Public participation opportunities. The notice in-
forms the public of  its role in the remedy se-
lection process and provides the following: 


- Location of  information repositories and 
Administrative Record file. 


- Methods by which the public may submit 
oral and written comments, including a 
contact person. 


-	 Dates of the public comment period. 


- Contact person for a Community Advi-
sory Group (CAG), or Technical Advisory 
Grant (TAG) recipient, if  applicable. 


For further information on writing newspaper no-
tification, please see EPA’s Quick Reference Fact Sheet, 
Publishing Effective Public Notices (OSWER 9378.0FS, April 
1997). 


Highlight 2-2: Tips for Writing an 
Effective Public Notice 


• Publish the notice about 10 days 
before the event. If budgets permit, 
publish the notice again 5 days before 
and 1 day before the event. 


• Choose a location in the paper that is 


section). 


• Be specific about what the reader 
should do and how to do it. 


• Keep the notice as short as possible 
and use simple, non-technical words. 


• 
notice, as well as the message, is 
important. Make it visually appealing. 


well-read (sports, TV, or local news 


Remember, the appearance of the 


2.6.2 Public Comment Period 


This section provides guidance on the procedures 
the lead agency should follow to satisfy the public par-
ticipation requirements in NCP §300.430(f)(3). 


The lead agency is charged with making the rel-
evant documents, such as the Proposed Plan and the 
RI/FS Report, available to the public at the time the 
newspaper notification is made.8  In addition, the lead 
agency must ensure that any information that forms the 


8  In addition to being published in the newspaper, the notice 
of the Proposed Plan should be sent directly to the citizens and 
PRPs via the community relations or enforcement mailing list for 
the site. (Although not a statutory or regulatory requirement, this 
may allow timely participation from citizens and PRPs outside the 
circulation area of the local newspaper.) 
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basis for selecting the response action is included as part 
of the Administrative Record file and is available to the 
public during the public comment period. 


CERCLA §117(a)(2) also requires the lead agency 
to provide the public with a reasonable opportunity to 
submit written and oral comments on the Proposed 
Plan. NCP §300.430(f)(3)(i) requires the lead agency to 
allow the public a minimum of 30 days to comment 
on the information contained in the RI/FS Report and 
Proposed Plan (including any proposed waivers relat-
ing to ARARs). In addition, the lead agency must ex-
tend the comment period by a minimum of 30 addi-
tional days, upon timely request. 


The lead agency must provide an opportunity for a 
public meeting to be held at or near the site during the 
comment period. A transcript of the meeting con-
ducted during the public comment period must be 
made available to the public and should be included as 
part of the Administrative Record file (pursuant to NCP 
§300.430(f)(3)(i)(E)). The lead agency should also place 
the transcript in the information repository.  Although 
the lead agency may respond to oral or written com-
ments received during the RI/FS process and before 
the public comment period, it has no legal obligation to 
do so.  To ensure that their comments are addressed, 
commenters may wish to resubmit their comments 
during the formal public comment period as well. 


Further guidance on the public comment period 
and the lead agency’s responsibilities can be found in 
Incorporating Citizen Concerns into Superfund Decision-Mak-
ing (OSWER 9230.0-18, January 1991).  For more in-
formation specific to procedures at Federal facility sites, 
refer to the Restoration Advisory Board Implementation Guide-
lines (U.S. EPA and DOD, September 27, 1994) and 
Site-Specific Advisory Board Guidance (Office of  Environ-
mental Management, DOE, October 1995). 
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Highlight 2-3: Sample Newspaper Notification of Availability 
of Proposed Plan and Public Meeting 


EPA Proposes Cleanup Plan Proposed Plan 
for the EIO Industrial Site Nameless, TN 


March 1, 1999 


The U.S. Environmental Protection Agency (EPA) and the Ten
nessee Department of Environment and Conservation (TDEC) 
will hold a Public Meeting to discuss the Remedial Investiga-
tion/Feasibility Study (RI/FS) Report and Proposed Plan for 
the cleanup of the EIO Industrial Site, Nameless, TN. The RI/ 
FS Report discusses the risks posed by the site and presents an 
evaluation of cleanup options. The Proposed Plan identifies a 
preferred cleanup alternative for the public to comment on along 


with the other options considered. 


EPA and TDEC evaluated the following options for addressing 
the contaminated soil and ground water at the site: 


Soil 
• No action 
• In-situ soil vapor extraction and solidification, and cap


ping 
• Excavation, on-site thermal destruction, solidification, and 


capping 
Ground Water 
• No action 
• Pump and treat by carbon adsorption and discharge to 


XYZ River 
• Pump and treat by carbon adsorption followed by reinjec


tion 


Based on available information, the preferred option proposed 
for public comment at this time is to treat the contaminated soil 
at the site through in-situ vapor extraction, to solidify the soils, 
disposing them on site, and to pump and treat the ground water 
by carbon adsorption and discharge it to the XYZ River.  Al
though this is the Preferred Alternative at the present time, 
EPA and TDEC welcome the public’s comments on all of the 
alternatives listed above. The formal comment period ends on 
March 30. EPA and TDEC will choose the final remedy after 
the comment period ends and may select any one of the options 


after taking public comments into account. 


Copies of the RI/FS and 
Proposed Plan along with the 


rest of the Administrative Record file 
are available at: 


Nameless Public Library 
619 South 20th Street 
Nameless, TN 00000 


(101) 999-1099 
Hours: 9 a.m. to 9 p.m. 


Monday through Saturday 


U.S. EPA Records Center, Region 4 
61 Forsyth Street, S.W. 
Atlanta, GA 30303-3104 


(555) 555-5555 
Hours: 8:30 a.m. to 5:00 p.m. 


Monday through Friday 


Public Meeting 
March 13, 1999 at 7:30 p.m. 


Community Hall 
237 Appleton Street, Nameless, TN. 


For further information or to submit written comments, please contact: 


Joshua Doe 
Community Relations Coordinator 


U.S. Environmental Protection Agency 
61 Forsyth Street, S.W. 


Atlanta, GA 30303-3104 
(555) 555-5555 
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3.0 WRITING THE PROPOSED PLAN


This chapter presents a recommended structure for
the Proposed Plan and is accompanied by an outline
and checklist, which can be found at the end of the
chapter. Appendix A contains a sample Proposed Plan
which is meant to illustrate the appropriate level of de-
tail for the recommended format presented in this chap-
ter.


3.1 PURPOSE OF THE PROPOSED
PLAN


The Proposed Plan is a document used to facilitate
public involvement in the remedy selection process. The
document presents the lead agency's preliminary rec-
ommendation concerning how best to address contami-
nation at the site, presents alternatives that were evalu-
ated, and explains the reasons the lead agency recom-
mends the Preferred Alternative.


The lead agency solicits public comment on the
Proposed Plan including all of the alternatives consid-
ered in the detailed analysis phase of the RI/FS, be-
cause the lead and support agencies may select a rem-
edy other than the Preferred Alternative based on pub-
lic comment. The final decision regarding the selected
remedy is documented in the ROD after the lead agency
has considered all comments from both the support
agency and the public.


3.2 REGULATORY REQUIREMENTS
FOR THE CONTENT OF THE
PROPOSED PLAN


In the first step of the remedy selection process,
the NCP directs the lead agency to identify a Preferred
Alternative and present that alternative to the public in a
Proposed Plan. The Proposed Plan must briefly de-
scribe the remedial alternatives analyzed, propose a pre-
ferred remedial action alternative, and summarize the
information relied upon to select the Preferred Alter-
native (NCP §300.430(f)(2)). This section of the NCP
also states that, at a minimum, the Proposed Plan must:


• Provide a brief summary description of the
remedial alternatives evaluated in the detailed
analysis;


• Identify and provide a discussion of the ratio-
nale that supports the Preferred Alternative;


• Provide a summary of any formal comments
received from the support agency; and


• Provide a summary explanation of any pro-
posed ARAR waiver.


In addition, the NCP requires that EPA must respond
to State comments on waivers from, or disagreements
about, State ARARs, as well as the Preferred Alterna-
tive, when making the Proposed Plan available for public
comment (NCP 300.515 (d) (4)).


3.3 SECTION-BY-SECTION
DESCRIPTION OF THE PROPOSED
PLAN


h ighlight3-1 shows the major sections of the Pro-.
posed Plan. Each section is described in a more com-
plete manner below


3.3.1 Introduction


The introduction should state that the Proposed Plan
is a document that the lead agency is required to issue to
fulfill public participation requirements under CERCLA
and the NCR The primary purpose of the introduc-
tion is to inform and solicit the views of citizens on the
Preferred Alternative.


This section should include the site name and loca-
tion and identify the lead and support agencies for the
remedial action. It should also state that the Proposed
Plan is a document that the lead agency is required to
issue to fulfill the requirements of CERCI..A 5117(a)
and NCP 300.430(f)(2).


The public should be informed of the function of
the Proposed Plan in the remedy selection process; spe-
cifically, its purposes are the following:


Provide basic background information.


Identify the Preferred Alternative for remedial
action at a site or operable unit and explain the
reasons for the preference.
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• Describe the other remedial options consid-
ered.


• Solicit public review of and comment on all
alternatives described.


• Provide information on how the public can be
involved in the remedy selection process.


Other items that should be covered in the intro-
duction include the following:


Highlight 3-1: Major Sections of
the Proposed Plan


A. Introduction - Identifies site and describes
the public participation process


B. Site Background - Provides facts about the
site which provide the context for the
subsequent sections of the Proposed Plan


C. Site Characteristics - Describes nature
and extent of site contamination.


D. Scope and Role - Describes how the
operable unit or response action fits into
the overall site strategy


E Summary of Site Risks - Summarizes the
results of the baseline risk assessment,
and the land use and ground-water use
assumptions used in the analysis


F. Remedial Action Objectives - Describes
what the proposed site cleanup is expected
to accomplish


G Summary of Alternatives - Describes the
options for attaining the identified remedial
action objectives


I-1. Evaluation of Alternatives - Explains the
rationale for selecting the Preferred
Alternative


I. Preferred Alternative - Describes the
Preferred Alternative, summarizes support
agency comments, and affirms that it is
expected to fulfill statutory and regulatory
requirements


J. Community Participation - Provides
information on how the public can provide
input to the remedy selection process


Relationship of RI/FS to the Proposed Plan.
A clear statement should be made that the Pro-
posed Plan highlights key information from the
RI/FS Report. The Plan should refer the reader
to the RI/FS Report and Administrative Record
file for more information regarding the reme-
dial action.'


Importance to the remedy selection process of
public input on as/alternatives and on the ratio-
nale for the Preferred Alternative. New infor-
mation or arguments the lead agency learns
during the public comment period could re-
sult in the selection of a final remedial action
that differs from the Preferred Alternative.


3.3.2 Site Background


This section provides the foundation for the subse-
quent sections of the Proposed Plan. Answers to the
following questions should help provide a complete
background description:


• What media are contaminated at the site? Describe
the media contaminated (e..g., soil, air, ground
or surface water).


• What caused the current contamination at the site?
Provide a brief history of waste generation or
disposal that led to current contamination prob-
lems.


• Who has investigated site contamination, and with what
results? Describe history of Federal, State, and
local site investigations.


• What has been done to remediate the contamination?
Describe any previous response actions at the
site (e.g., removal, voluntary cleanup).


• Are the parties responsible for site contamination in-
voked in the cleanup? Detail enforcement activi-
ties, such as the results of PRP searches or no-
tices sent to PRPs, and whether they have con-
ducted any of the studies upon which the Pro-
posed Plan is based.


Subpart I of the revised National Contingency Plan 00 (:1 , 11
500_800, et seq.) and the Final Guidance on Adrontstrattoe Records .*
Selection of CE,RCLA Response Actions (0SWER 9833.3A-1, De-
cember 1990) provide detailed information on developing, main-
taining, and providing access to the Administrative Record file for
the selection of the CERCLA response action.
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• What previous eforts have been made by the lead ageng


to involve the public in matters related to site cleanup?


Describe major public participation activities,
prior to the issuance of the Proposed Plan (e.g.,


special community outreach related to environ-
mental justice concerns, or identification of rea-
sonably anticipated future land and ground-
water uses).


3.3.3 Site Characteristics


• What are the physical characteristics of the site? Pro-
vide a brief description of site characteristics
to help the public understand why the alterna-
tives proposed are appropriate.


• "hat roads, buildings, and land uses are present on the


site? Provide a site map containing this infor-
mation.


• What geographical or topographical factors had a ma-


jor impact on remedy selection? Examples include:
current or potential drinking water sources af-
fected or threatened by site contamination,
wetlands on the site, or areas of major histori-
cal importance.


• How much and what type of contamination is present?


Describe the nature and extent of contamina-
tion.


• I1-'hat are the source materials on the site that consti-


tute principal threats? Identify the location, vol-
ume and nature of mobile/ high-toxicity/ high-
concentration source material (see Section
6.3.1 1)


3.3.4 Scope and Role of Operable Unit or
Response Action


This section of the Proposed Plan should summa-
riz. e the lead agency's overall strategy for remediating
the site and describe how the action being considered
in the Proposed Plan fits into that overall strategy.


If the response is being carried out in operable units,
the purpose of each operable unit and their planned
sequence should be described. Any prior or planned
removal actions and interim or early remedial actions
should also be discussed. Finally, how the operable unit
or response action addresses source materials constitut-


ing principal threats should be identified as well. An
example of this discussion follows:


"This is the second of three planned operable units for


the site. The first operable unit provided the community


with an alternate water supply to prevent ingestion y•


contaminated ground water. This second operable unit


addresses remediation of the source materials, which


include contaminated soil and sludges fromm rmer la-


goon areas. These source materials constitute primipal


threat wastes at the site. The third and final operable


unit will address the contaminated .ground water."


3.3.5 Summary of Site Risks


The human health and ecological risks posed by
the site determine whether or not a remedial action is
warranted. This section of the Proposed Plan should
briefly summarize information in the baseline risk as-
sessment to describe the nature and extent of the risks
posed to human health and the environment by the
contamination at the site. This discussion should be
broken into the following two subsections: (1) human
health risks, and (2) ecological risks.


Technical terms or concepts used in the baseline
risk assessment that arc likely to be unfamiliar to the
public should be explained or defined if used in the
Proposed Plan (e.g., any numeric risk representations,
such as cancer risks and hazard quotients, need to be
accompanied by a "plain-English" explanation). Basic
explanations of these concepts are provided in the ex-
amples contained in Section 6.3.7.


Generally, the risk summary in the Proposed Plan
should he a narrative description rather than a tabular
presentation. Risk tables are more appropriate for the
level of detail needed in a ROD than for the Proposed
Plan. The length of most risk descriptions in the Pro-
posed Plan should be limited to no more than two or
three paragraphs. For sites that are complex or for sites
where there is heightened public interest, more risk as-
sessment information may be needed in the Proposed
Plan. A risk assessor should be consulted if a stream-
lined risk summary table is presented in the Proposed
Plan to ensure that it is consistent with the summary
tables in the risk assessment. See Section 6.3.7 for ex-
amples of site risk summary tables, recommended for
a ROD, that could be used in an expanded risk section
in the Proposed Plan.
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Key information from the baseline risk assessment
that should be covered in the Proposed Plan includes
the following:


Major chemical(s) of concern (COCs) in each me-
dium. For an explanation of the term COC,
see Chapter 6, footnote #7.


Land and grvund-water use assumptions (i.e., the cur-
rent and reasonably anticipated future land uses
and the current and potential beneficial ground-
water uses, and the basis for these assumptions
(e.g., community input)).


Potentially exposed populations in current and future
risk scenarios (e.g., worker currently on-site, adults
or children living on-site in the future).


EA:pas:ire pathways affecting each population group,
assuming reasonably anticipated future land and
water uses (e.g., volatilization of contaminants
from soils, direct ingestion of potable ground
water or surface water). Information about
land and water use assumptions should help
the public understand why certain exposure
pathways were examined.


Summary of the human health risk characterization,
which should include the estimated carcinogenic
and non-carcinogenic risks associated with ex-
posure pathways for chemicals of concern that
are driving the need to implement the Preferred
Alternative.


• Summary of the ecological nth cbaracterit,ation, in-
cluding: 1) the basis of environmental risks as-
sociated with specific media; 2) how these risks
were determined (e.g., based on the outcome
of the ecological risk assessment and aquatic
field studies, the polycyclic aromatic hydrocar-
bons in the sediments pose unacceptable risks
to aquatic receptors); and 3) the potential risks
to endangered species.


The Proposed Plan should clearly link the site risks
to the basis for action (e. g., the need to address con-
taminated soil which is: (1) a threat to residents who
come into contact with it, and (2) a continuing source
of ground-water contamination). For an explanation
of the term "basis for action," see Chapter 6, footnote
#11.


The risk section of the Proposed Plan should con-
clude with the standard statement in Highlight 3-2 (un-
less a "No Action" alternative is being proposed).


3.3.6 Remedial Action Objectives


The remedial action objectives (RAOs) describe
what the proposed site cleanup is expected to accom-
plish. A brief description of the RAOs proposed for
the site should follow the "Summary of Site Risks" sec-
tion. RAOs may vary for different portions of the site
(e.g., returning ground water to drinking water use, and
reducing contaminant concentrations in soil to below X
ppm so that it is safe for the reasonably anticipated fu-
ture land use at the site). Preliminary remediation goals
(PRGs) (i.e., proposed cleanup levels), and their basis


Highlight 3-2: Standard Language
Explaining Basis for Taking Action


It is the lead agency's current judgment that the
Preferred Alternative identified in this Proposed
Plan, or one of the other active measures con-
sidered in the Proposed Plan, is necessary to
protect public health or welfare or the environ-
ment from actual or threatened releases of
hazardous substances into the environment.


If the site is contaminated with pollutants or con-
taminants (in accordance with the definitions
contained in NCP §300.5), then the following
standard language should be used:


It is the lead agency's current judgment that the
Preferred Alternative identified in this Proposed
Plan, or one of the other active measures con-
sidered in the Proposed Plan, is necessary to
protect public health or welfare or the environ-
ment from actual or threatened releases of
pollutants or contaminants from this site which
may present an imminent and substantial en-
dangerment to public health or welfare."


if the response action will address both haz-
ardous substances and pollutants or contami-
nants, a combination of the two examples of
standard language may be necessary
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Highlight 3-3: Tips on Writing
Summary of Site Risks


Define terms and concepts used in the risk
discussion that are not likely to be
understood by the public.


Present the risk discussion in a narrative
format. If tables are used, consult a risk
assessor. Save complex risk tables for
the ROD.


Discuss only the major contaminants of
concern that are driving the need for action
at the site (unless necessary to justify a
No Action decision).


Link the site risks described in the baseline
risk assessment to the need for taking
action at the site (i.e., use standard
language in Highlight 3-2).


could also be discussed in this section if appropriate.'
For an explanation of the term "RAO," see Section 6.3.8.


3.3.7 Summary of Remedial Alternatives


This section communicates to the public the lead
agency's options for attaining the proposed remedial
action objectives for the site. The Summary y. Remedial
Alternatives section should briefly describe the alterna-
tives studied in the detailed analysis phase of the ES
Report. The alternative that is recommended as the
Preferred Alternative should be identified as such at the
beginning of this section. Common elements of each
alternative should be described at the beginning of the
section, and the remainder should focus on those dis-
tinctions that make each alternative unique. This descrip-
tion should contain enough information about remedy
components and distinguishing features so that the public
can understand the conclusions drawn from the evalu-


= PliGs arc developed during the RI/PS and are based on
ARARs and other readily available information, such as concentra-
tions associated with 10' cancer risk or a hazard quotient equal to
me for non-carcinogens calculated from I:PA toxicity information.
Initial MG s may also be modified based on exposure, uncertainty,
and technical feasibility factors. As data are gathered doting the RI/
I'S, are refined into final contaminant-specific cleanup levels.
Based on consideration of factors during the nine criteria analysis
and using the PRG as a point of departure, the final cleanup level
may reflect a different risk level within the acceptable risk range
(10 1 to 10' for carcinogens) than the originally identified PRG,


ation of alternatives. For example, if an alternative in-
volves an ARAR waiver or will restrict potential land
uses available following cleanup, these points should be
stated in the alternative description, not mentioned for
the first time in the evaluation of alternatives that fol-
lows.


Examples of remedy components include the fol-
lowing:


• Any treatment technologies employed and how they
will reduce the intrinsic threats posed by the
contamination (e , toxicity, mobility)


• Engineering controls employed including tempo-
rary storage and permanent on-site waste con-
tainment.


• Institutthnal controls employed which will supple-
ment any long-term engineering controls by
providing notice of remaining contamination
and/or restricting future activities that could
result in exposure to residual contamination.


Technology terms used to describe remedy com-
ponents that are likely to be unfamiliar to the public,
such as "sod vapor extraction" or "treatment trains,"
should be explained in the remedial alternative descrip-
tion or in a glossary. Where possible, use general terms
to describe cleanup technologies (e.g, "biological treat-
ment," "chemical extraction").


ig features will vary based on site-spe-
cific conditions and remedy specifications. These fea-
tures may include:


• Remedial action objectives to be achieved (e.g., one al-
ternative might be aimed at treating highly con-
taminated soil while another is aimed at remov-
ing highly contaminated soil from the site).


• Estimated quantities of material to be addressed (e.g.,
an alternative which will remediatc discrete con-
centrated pockets of contaminants in soil will
address fewer cubic yards of soil than an alter-
native which calls for remediation of all of the
site's contaminated soil).


• Implementation requirements (e.g., the need for an
off-site disposal facility).
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• Key ARARv (generally action- or location-spe-
cific ARARs) that differ from those that must
he attained by other alternatives. For example,
source control remedies at industrial facilities
which involve placement of RCRA hazardous
waste or site closure should discuss RCRA Land


Disposal Restrictions (LDRs) and RCRA Sub-
title C or D closure standards, respectively. Any
proposed ARAR waivers must be discussed
pursuant to NCP 300.430(f)(2)(iv). RCRA
treatability and no migration variances should
also be discussed.


• Reasonably anticipated Jiityre land use. Note which
alternatives facilitate the reasonably anticipated
future land uses. Time frames and the amount
of the site available for the reasonably antici-
pated future land use may vary across alterna-
tives and should be noted as well.


EN.pected outcomes. Describe the expected out-
comes of each alternative in terms of its com-
patibility with reasonably anticipated future land
uses, potential future ground-water uses, and
other benefits or impacts associated with alter-
native remccha' tion approaches.


• Use ofpresumptive remedies or innovative technologies.


Highlight 3-4: Tips on Writing
Summary of Remedial Alternatives


Identify the Preferred Alternative at the
beginning of its description.


Include enough information in the
description of alternatives about remedy
components and distinguishing features
of each alternative so that the public will
understand the comparative analysis.


Describe components common to a
number of alternatives only once (e.g., all
alternatives, with the exception of the no
action alternative, will attain PRGs).


Include all three components of estimated
cleanup costs capital, annual O&M, and
total present worth.


• Estimated time to construct and implement the remedy


until the Remedial Action Objectives are met.


• Estimated costs. Cost must be separated into
capital (construction), annual operations and
maintenance (O&M), and total present worth.
Long-term O&M costs can be a significant
factor in determining which cleanup options
are more or less expensive than others. A total
present worth cost estimate for each alterna-
tive allows the public to compare different al-
ternatives that have varying amounts of O&M
costs. Use the same discount rate for all alter-
natives evaluated (current OSWER policy is
7%).


3.3.8 Evaluation of Alternatives


The Evaluation of Alternatives explains the lead
agency's rationale for selecting the Preferred Alterna-
tive. The nine criteria used to evaluate the alternatives
and compare them to one another in the detailed analy-
sis in the FS should also be presented in the Proposed
Plan. The rationale for selecting the Preferred Alterna-
tive should be presented in terms of its ability to ap-
propriately balance the trade-offs with respect to the
nine criteria. A glossary that defines each criterion may
be used. A comprehensive analysis of each alternative
in relation to each of the nine criteria need not be pre-
sented. The reader of the Proposed Plan should be
directed to the comparative analysis contained in the
RI/FS Report for a more detailed explanation. A table
may be helpful in summarizing key information from
the evaluation of alternatives, but should not substitute
for a narrative discussion. if a table is used, the Pro-
posed Plan should provide a narrative analysis of the
information in the table.


The nine criteria fall into three groups: threshold
criteria, primary balancing criteria, and modifying crite-
ria. A description of the purposes of the three groups
follows:


Threshold criteria, which arc requirements that
each alternative must meet in order to be eli-
gible for selection.


• Primary balamingcritena, which are used to weigh
major trade-offs among alternatives.
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• Modiffing ailetia, which may be considered to
the extent that information is available during
the FS, but can be fully considered only after
public comment is received on the Proposed
Plan. In the final balancing of trade-offs be-
tween alternatives upon which the final rem-
edy selection is based, modifying criteria are
of equal importance to the balancing criteria.


Highlights 3.5 and 3-6 present information on the
organization of the criteria and the major points that
should be addressed under each criterion. Additional
information on the nine criteria and detailed analysis of
alternatives are provided in the NCP and the Guidance
for Condiecting Remedial Investigations and Feasibility Studies
under CERCLA, Interim Final (EPA 540-G-89-004,
October 1988).


3.3.9 Preferred Alternative


This section of the Proposed Plan describes the
Preferred Alternative, and notes what key RAOs it will
achieve as well as how it addresses source materials
constituting principal threats (this provides a basis for
satisfying the statutory preference for treatment as a
principal element of the remedy). This section should
also note that the Preferred Alternative can change in
response to public comment or new information. A
statement explaining the rationale for recommending
the Preferred Alternative over other alternatives based
on the nine criteria analysis must be included. Where
appropriate, include figure(s) illustrating the proposed
treatment technologies.


The Preferred Alternative summary should be similar
to the following:


Alternative 213, In-situ Soil Vapor Extraction, So-
lidification, and Capping is the Preferred Alternative.
This alternative is recommended because it will achieve
substantial risk reduction by both treating the source
materials constituting principal threats at the site and
providingsafi management ofremainingmaterial This
combination reduces risk sooner and costs less than the
other alternatives


A statement summarizing the support agency's con-
currence or nonconcurrence with the recommended
alternative, if known, must be included in the Pro-


posed Plan, preferably in this section. Conclude with a
summary statement similar to the following:


Based on information currently available, the lead ageng
believes the Preferred Alternative meets the threshold
criteria and provides the best balance altradeoffi among
the other alternatives with respect to the balancing and
modiffing criteria. The (name of lead agency) expects
the Preferred Alternative to satilt the following statu-
tory requirements of CERCLA 5121(6): (1) be
protective of human health and the environment; (2)
comply with AMRs rjustifY a waiver); (3) be cost-
effective; (4) mike permanent solutions and alternative
treatment technologies or resource recovery technologies
to the maximum extent practicable; and (5) satin the
preference for treatment as a principal element, or ex-
plain why the preference for treatment will not be met.
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Highlight 3-5: Nine Criteria for Remedial Alternatives Evaluation


THRESHOLD CRITERIA


PRIMARY BALANCING CRITERIA


Toxicity, Mobility, or


Volume Through


Treatment


Short-Term


Effectiveness
plementabilit y Cost


• Treatment Process Used	 • Protection of Community • Abilky to Construct and	 • Estimated Capital Costs
and Mate nab. Treated	 During Remedial Actions Operate the Technuogy	 • Estrnated Annual Operation


• Amount of Hazardous	 • Protection orWorkers • Reliability of Me Technology	 and Mta ineeria nice Costs


Materiels Destroyed or	 During Remedial Actions • Ease of Undertaking	 • Estimated Present Worth
Treated	 • Environmental Impacts


• Degree of Expected	 • Time Unti Remedial


Additional Remedial Actidrzi,	 Costs


if Necessary


Reductions in Toxicity,	 Acton Objectives are
Mobilly, or Volume	 Achieved


• Ability to Monitor


Effectiveness of Remedy
• Degree to Whch


Treatment is Irreversible
• Ability to Obtain Approvals


from Other Agencies
• Type a nd Cluantty of • Coordination with Other


Residuals Remaining Agencies
After Treatmest • Availatifity of Off-Site


Treatment, Storage, and
Disposal Services and


Capacity


• Avadab iity of Necessary
Equipment and Specialists


• Ave ilablity of Prospective
Technologies


Len g•Term


Effectiveness and


Per manence


• Magnitude of Residual
Risk


• Adequacy and Reliability


of Controls


MODIFYING CRITERIA'


'These crter a are fully assessed ftliznvng CO(1111Crli or [Ye Rh-S port.nd the Proposed Pen, and are fay adves.di 111 VI, Rad.


• Features of the Aternative the


Slate Supports


• Features of the Alternative
About Which the Stale has
Reservations


• Dements of Lhe Aternat ee the


State Strong y Opposes


• Features of the Atternative the


Community Supports


• Features of the Alternative About


Which the Communty has
Reservations


• Elements of the AJternatee the


Community Strong y Opposes


State
Acceptance


Community
Acceptance
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Highlight 3-6: Tips For Preparing Nine Criteria Analysis


Overall Protection of Human Health and the Environment


In every FS, a "no action" alternative is developed as a baseline for comparative analysis purposes. In cases where the no action
alternative is found not to meet this criterion, it can be ruled out for further consideration and, therefore, need not be discussed
further in the nine criteria analysis.


Compliance with ARARs


For an alternative to pass into the detailed analysis stage of the RI/FS and thus become eligible for selection, it must comply with its
ARARs or a waiver should be identified and the justification provided for invoking it. An alternative that cannot comply with ARARs,
or for which a waiver cannot be justified, should be eliminated from consideration for further discussion as a potential alternative in
the Proposed Plan or ROD.


Long-Term Effectiveness and Permanence


Long-term effectiveness and permanence of an alternative should be viewed along a continuum ( i.e., an alternative can offer a
greater or lesser degree of long-term effectiveness and permanence). Alternatives that are more effective in the long-term are
more permanent.


Reduction of Toxicity, Mobility, or Volume Through Treatment


Each characteristic (i.e., toxicity reduction through treatment, mobility reduction through treatment, and volume reduction through
treatment) should be analyzed independently and collectively to determine how effectively treatment is being employed by the
remedial alternative. In addition, other elements should be considered such as the risks posed by residuals. A containment remedy
does not reduce the toxicity, mobility, or volume of contaminants through treatment.


Short-Term Effectiveness


Short-term effectiveness considers the amount of time until the remedy effectively protects human health and the environment at the
site. It also includes an evaluation of the adverse effects the remedy may pose to the community, workers, and the environment
during implementation. Possible adverse effects should be evaluated in advance to determine mitigative steps to adequately
minimize the impact on the community, workers, or environment and to minimize any risks that would remain at the site. Institutional
controls and other active measures (e.g., interim remedies and removal actions) can often mitigate short-term effects and, there-
fore, should be considered when analyzing the remedial alternative.


Implementability


This criterion considers the ease of implementing the remedy in terms of construction and operation, and the availability of services
and materials required to implement the alternative. Technical considerations also include the reliability of the technology, the effect
on future remedial action options, and monitoring at the site. It is important to consider and include variables such as the site's
topography, location, and available space. Implementability is significant when evaluating treatment technologies that are dependent
on resources such as facilities, equipment, professionals or experts, and especially technologies that have not been proven
effective. In addition, administrative feasibility, which includes activities that need to be coordinated with other offices and agencies
(e.g., obtaining permits for off-site activities or rights-of-way for construction), should be addressed when analyzing this criterion.


Cost


The costs of remedies always should be qualified as estimates with an expected accuracy of +50% to -30%


State/Support Agency Acceptance


Where there are major support agency comments, they must be summarized under this criterion (see NCP §300.430(f)(2)). The lead
agency's response to those comments also should be summarized here.


Community Acceptance


Because information available on the community acceptance criterion may be limited before the public comment period for the
Proposed Plan and the RI/FS Report, the Proposed Plan should indicate that this factor will be fully evaluated in the ROD. However,
the Proposed Plan should also provide a preliminary summary of communities' views, with special emphasis from those in the
community directly impacted or affected. Proposed Plans should not speculate on community acceptance of the alternatives.
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Highlight 3-7: Tips on Writing
Preferred Alternative


Clearly describe the decisive factors that
form the basis of why the Preferred
Alternative is recommended over the other
alternatives.


• Mention any uncertainties or contingencies
related to the Preferred Alternative.


Emphasize that the Preferred Alternative
is based on current information and that it
could change in response to public
comment or new information,


3.3.10 Community Participation


Information on how the public can be involved in
the remedy selection process should be presented in
the Proposed Plan to fulfill the public participation re-
quirements under NCP 31/0.430(f)(3). Depending on
the format of the Proposed Plan, community partici-
pation information can be placed on the front page or
in a separate section at the end of the Proposed Plan.
The sample Proposed Plan in Appendix A illustrates
the placement of community participation information
on both the front page and at the end of the Plan. The
following public participation information should be
included in the Proposed Plan:


Dates of the public comment period (e.g.,


March 1 through March 30);


Date, time, and location of the public meeting
on the Proposed Plan (or an offer to hold a
meeting upon request if one has not been
scheduled);


• Locations of the Administrative Record file;


• Names, phone numbers, and addresses of the
lead and support agency personnel (including
an Internet address) who will receive comments
on the Proposed Plan or who can supply addi-
tional information; and


• Name and contact number of local Commu-
nity Advisory Group (GAG), if applicable.


In addition to the above information, a sheet on
which the public can submit written comments can be
provided in the Proposed Plan (see the last page of
Appendix A For an example).


3.4 FORMAT FOR THE PROPOSED
PLAN


The Proposed Plan should be written clearly and
concisely, since it will likely be read by a broad public
audience. The Plan should tell the story of the site so
that those unfamiliar with the site will understand the
contamination problems and the risks they pose.` The
Plan should clearly describe why the lead agency is rec-
ommending the Preferred Alternative.


It is very important that the level of detail and con-
tent of the Proposed Plan be tailored to the needs and
concerns of the individual community that lives around
a Superfund site and the stakeholders involved in the
Superfund remedy selection process (e.g, PRPs). The
lead agency should identify its intended audience prior
to preparation of the Proposed Plan in order to opti-
mize its effectiveness. Additional fact sheets may be
necessary depending on site circumstances (see Section
3.5).


Appendix A contains an example of a Proposed
Plan that follows the format and content recommended
by this guidance document. This format is recom-
mended for most sites as it affords the public and in-
volved stakeholders the most complete and explicit ra-
tionale for the Preferred Alternative.


3.5 PROPOSED PLAN FACT SHEET


A shorter summary of the remedy selection pro-
cess, with less technical information, may help to ensure
that the widest possible audience is reached. Therefore,
this guidance recommends the development of a Pro-
posed Plan fact sheet whenever a more detailed Pro-
posed Plan is prepared_


The front page of a fact sheet should be designed
to attract the attention of lay readers. It should high-
light the proposed remedy and encourage the reader to


Illustrations of the sire and ti,ichnological processes being
proposed, as well as tables and/or charts, should be utilized ro
maximize the public's understanding of site conditions, potential
risks, alternatives being considered, and the Preferred Alternative.
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submit comments. The fact sheet should then describe
the risks posed by the site and the alternatives consid-
ered. The back page should reiterate how the public
can obtain copies of the Proposed Plan and submit
comments, and should note points of contact for ques-
tions and further information. An example of a Pro-
posed Plan fact sheet is provided on the next page. This
is an example of a fact sheet that could accompany the
sample Proposed Plan found in Appendix A.


3.6 PROPOSED PLANS TO
HEADQUARTERS


All draft Proposed Plans should be sent to the ap-
propriate EPA headquarters regional coordinator for
review pursuant to Nary Areas far Headquarters OEKR
Supportfir Regional Derision Making (OSWER 9200.1-17,
May 1996). Some remedy selection decisions will also
be eligible for consultation with the National Remedy
Review Board or another Cross-Regional review group.
Sec the Remedy Review Board web site (http://
www epa.gov/ s up erfu d/program s / nrrb/index.htm)
and Appendix C for a more information on Proposed
Plan consultation procedures. Final Proposed Plans
should be sent to EPA fleadquarters consistent with
the procedures described in Appendix D (Records of
Decision and Other Decision Documents to EPA !lead-
q u afters).







fl EPA
United States
Environmental Protection
Agency


Region 4
61 Forsyth Street, SW
Atlanta, Georgia 30303-3104


Proposed Plan
Fact Sheet


Invitation to Comment on the Proposed
Cleanup of EIO Industrial Site, Nameless, TN


You have the chance to comment on the Proposed Plan for cleaning up the EIO Industrial Superfund site at a public
meeting on March 13, 1999. The United States Environmental Protection Agency (EPA) and the Tennessee Department of
Environment and Conservation (TDEC) want to hear your views about the plans for this toxic waste cleanup project. We
have carefully studied the site and now believe that the following actions are the best way to protect your health and the
environment.


• Dii4 up 7,500 cubic yards of contaminated soil. Heat the soil through a process called thermal desorption, which will
separate out and collect dangerous toxins. These toxic materials will be sent to a licensed hazardous waste disposal facility.
The cleaned soil will be returned to the area it came from and covered with soil and grass. This will cost 56.2 million and
take 2 years to complete.


• Pump the more highly contaminated ground water to the surface. Run it through a special treatment system (involving air-
strippers and carbon adsorption) to remove the dangerous chemicals. Discharge the clean water to the XYZ River. Keep
watch on the remaining ground water to make certain it presents no further danger. This will cost 53.7 million and take 18
years to complete.


You may make comments at the public meeting. You also have until March 30, 1999, to supply written comments on the
Proposed Plan or other material in the Administrative Record tile. At the end of the comment period, EPA and ma: will
review the suggestions and make a final decision about the site cleanup. Your input on the Proposed Plan is an important part
of the decision- making process. We want to hear from you and will pay serious attention to what you have to say.


Tell Us What You Think


4
Submit
Written


Comments


Attend the Public
Meeting


r	 4, ^
Locations of


Administrative
Record    


Public Comment Period:


March 1 —March 30, 1999


EPA will  accept written comments on the
Proposed Plan during the public comment
period. You may submit your comments
to:


Ms. RPM
U.S. EPA (Mail Code 4XXX)
61 Forsyth Street, S.W.
Atlanta, GA 30303-3104


Public Meeting:


You are invited to a meeting
sponsored by EPA to hear about the
Proposed Plan for cleaning up the EIO
Industrial site. At the meeting you will be
able to state your views about the
cleanup.


The meeting will be held:
March 13, 1999


7:30 p.m.
at


Nameless Community Hall
237 Appleton Street


Nameless, TN


Public Library
619 South 20th Street
Nameless, TN 00000
(101)999-1099
Hours: Mon-Sat, 9 a.m. to 9 p.m.


U.S. EPA Records Center
Region 4
61 Forsyth Street, S.W.
Atlanta, GA 30303-3104
(555)555-5555
Hours: Mon-Fri, 8:30 a.m. to 5:00 p.m.
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SITE RISKS YOUR COMMENTS


During the 1980s, the EIO Industrial Company dis-
posed of liquid industrial wastes at its factory located at 81
North Delaware Avenue in Nameless, Tennessee. EPA
and TDEC have spent the last two years studying the prop-
erty to determine what risks it poses to the health and wel-
fare of the people who live or work near it. We found that
there is some risk to people who come into contact with
contaminated soil or ground water. While the chance of
becoming sick as a result of exposure to the contaminants
is small, it is serious enough to require that actions be taken
to reduce the levels of chemicals present in the soil and
ground water to safe levels. To provide more protection
while the cleanup is being done, we have already put a
fence around the site and connected SO homes to the pub-
lic water supply system.


CLEANUP GOALS


• Reduce further contamination of surface and ground
waters.


• Restore the ground water to standards established un-
der the Safe Drinking Water Act.


• Reduce the risk posed by direct contact with contami-
nated soils.


We looked at a number of ways to meet the cleanup
goals, which are described more completely in the Pro-
posed Plan and Administrative Record file. EPA and
TDEC believe that the Preferred Alternative identified on
the previous page will protect your health and the environ-
ment and can be done without major nuisance to your com-
munity. However, before making a final decision, we want
to hear what you think. We encourage you to find out
more about the cleanup plan and make your views and
concerns known on all the options that were considered.
The cleanup plan that is finally chosen will be described in
a Record of Decision. That document will include a sum-
mary ofthe comments received along with how those com-
ments changed the decision that was reached.


FOR MORE INFORMATION ..


You can see a copy of the Proposed Plan, which describes
the cleanup alternatives we studied, and also get more infor-
mation about the site by visiting the Administrative Record
tile which can be found at:


Public Library
619 South 20th Street
Nameless, TN 00000
Tel : 101-999-1099
flours: Mon-Sat 9 a.m. to 9 p.m.


You can also stop by the EPA office that is on the site to
see a copy of the Plan. That office is open to the public
Mondays and Thursdays from 3 p.m. to 8 p.m. Finally, you can
ask for a copy of the Proposed Plan to be sent to you by
calling 1-800-333-3333.


Contaminant Location and Movement
ER. I ridulti..,-11 Site
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Chapter 3: Writing the Proposed Plan      


RECOMMENDED OU fLINE AND CHECKLIST
FOR A PRO POSED PLAN


See Chapter 3 of ROD Guidance for more infor-
mation


A. Introduction


q Site name and location.


q Lead and support agencies (e.g., EPA, State, Fed-
eral facility).


q Purpose of document (i.e., satisfy statutory and
regulatory requirements for public participation). At
a minimum, the Proposed Plan must:


Provide a brief summary description of the re-
medial alternatives evaluated in the detailed
analysis;


Identify and provide a discussion of the ratio-
nale that supports the Preferred Alternative;


• Provide a summary of any formal comments
received from the support agency; and


• Provide a summary explanation of any pro-
posed ARAR waiver.


q Refer the public to the RI/FS Report and Adminis-
trative Record file for more information.


B. Site Background


q Contaminated media at the site (e.g., soil, air,
ground water, and surface water).


q History of waste generation or disposal that led to
current problems.


q History of Federal State, and local site investiga-
tions.


q Description of removal or previous remedial actions
conducted under CERCLA or other authorities.


q History of CERCLA enforcement activities at the
site (e.g., brief description of PRP searches or spe-
cial notices issued, and whether PRPs have con-
ducted any of the studies upon which the Proposed
Plan is based).


q Description of major public participation activities
initiated priorto the issuance of the Proposed Plan.


C. Site Characteristics


q Geographical or topographical factors that had a
major impact on remedy selection (e.g., resources
affected or threatened by site contamination such
as current or potential drinking water sources or
wetlands).


q Nature and extent of contamination (i.e., vertical
and lateral extent of contaminated areas).


q A site map that shows location of roads, buildings,
drinking water wells and other characteristics that
are important to understanding why the remedial
objectives and Preferred Alternative are appropri-
ate for the site.


q Materials constituting principal threats (e.g., loca-
tion, volume and nature of mobile/high-toxicity/high-
concentration source material).


D. Scope and Role of Operable Unit (OU) or Re-
sponse Action


q Overall cleanup strategy for the site.


q Scope of problems addressed by the operable unit.


q Relationship of proposed action to removal or other
operable units at the site (include purpose of each
operable unit and sequence of the action in rela-
tion to other operable units or removals).


q How action addresses source materials constitut-
ing principal threats (e.g., treatment technology will
be used to permanently reduce the toxicity, mobil-
ity, and volume of these source materials).


[Note: Remedies which involve treatment of source
materials constituting principal threat wastes likely will
satisfy the statutory preference for treatment as a prin-
cipal element, although this will not necessarily be true
in all cases.)
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E. Summary of Site Risks


q Key findings of the baseline risk assessmentby
describing the:


• Major chemicals of concern (COCs) in each
medium;


Land and ground-water use assumptions;


• Potentially exposed populations in current and
future risk scenarios (e.g., worker currently on
site, adult or children living on site in future);


Exposure pathways (routes of exposure) and
how they relate to current or reasonably
anticipated future land and ground-water use;
and


Estimated cancer and non-cancer risks
associated with exposure pathways for
chemicals of concern that are driving the need
for action.


q Conclusions of the ecological risk assessment
(e.g., the basis of environmental risks associated
with specific media and how these risks were de-
termined).


q Standard concluding statement that supports the
need for taking action (unless it is a "no action"
situation):


It is the lead agency's current judgment that the
Preferred Alternative identified in this Proposed
Plan, or one of the other active measures consid-
ered in the Proposed Plan, is necessary to protect
public health or welfare or the environment from
actual or threatened releases of hazardous sub-
stances into the environment."


F. Remedial Action Objectives


q Proposed Remedial Action Objectives (RAOs) and
how they address site risks (e.g., prevent con-
tamination from reaching the ground water by treat-
ing the contaminated soils).


q Present and describe the basis for preliminary
cleanup levels (which will become final remediation
goals in the ROD) for rnajorcontaminants of con-
cern (e.g., preliminary remediation goal of 5 ppm
for TCE is based on Federal MCL for drinking wa-
ter).


G. Summary of Remedial Alternatives


q Narrative description of alternatives evaluated in-
cluding remedy components and distinguishing fea-
tures unique to each alternative.


q Remedy components should include:


Treatment technologies employed and a how
they will reduce the intrinsic threat posed by
the contamination;


• Engineering controls including temporary
storage and permanent on-site containment;


Institutional controls that will restrict future
activities that might result in exposure to
contamination (e.g., easements and
covenants); and


Monitoring requirements.


q Distinguishing features could include:


Remedial action objectives (RAOs) to be
achieved by the alternative (e.g., return surface
water to recreational use);


Estimated quantities of material to be
addressed by major components;


Implementation requirements (e.g., the need
for an off-site disposal facility);


Key ARARs, proposed ARAR waivers, and
RCRA treatability and no migration variances;


Reasonably anticipated future land use and
whether or not it will be achieved by the
alternative;


Expected outcomes (e.g., in terms of
compatibility with reasonably anticipated future
land uses);


Use of presumptive remedies or innovative
technologies;


Estimated time to construct and implement the
remedy until RAOs are met; and


Estimated costs, separated into capital
(construction), annual operations and
maintenance (O&M), and total present worth
costs.
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H. Evaluation of Alternatives


q Explanation of the nine evaluation criteria and how
they are used to analyze the alternatives. A glos-
sary that defines the criteria may be used.


I. Preferred Alternative


q Identification of the Preferred Alternative, the RAOs
that it would achieve, and how it will address source
materials constituting principal threats at the site.


q Statement that the Preferred Alternative can change
in response to public comment or new information.


q A brief statement that describes the most decisive
considerations from the nine criteria analysis that
affected the selection of the Preferred Alternative
(e.g., completion of remedy sooner and at less cost
than other alternatives).


q Any uncertainties or contingency measures,


q Expected outcomes of the Preferred Alternative,
including risk reduction (how risk identified in
baseline risk assessment will be addressed).


q The support agency's concurrence or non-concur-
rence with the Preferred Alternative, if known.


q Concluding summary statement by the lead agency
at the end of this section similar to:


"Based on information currently available, the lead
agency believes the Preferred Alternative meets
the threshold criteria and provides the best bal-
ance of tradeoffs among the other alternatives with
respect to the balancing and modifying criteria. The
(name of lead agency) expects the Preferred Alter-
native to satisfy the following statutory requirements
of CERCLA §121(b): 1) be protective of human
health and the environment; 2) comply with ARARs
(or justify a waiver); 3) be cost-effective; 4) utilize
permanent solutions and alternative treatment tech-
nologies or resource recovery technologies to the
maximum extent practicable; and 5) satisfy the
preference for treatment as a principal element (or
justify not meeting the preference)."


J. Community Participation


• Dates of public comment period for the Proposed
Plan (written to encourage public comments).


q Time and place for a public nneeting(s) (already
scheduled) or offer opportunity for meeting if one
has not been scheduled.


q Locations of the Administrative Record file.


q Names, phone numbers and addresses of lead and
support agency personnel who will receive com-
ments or can supply additional information.


q Name and contact number of local Community
Advisory Group (CAG), if applicable.
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4.0 PRE-RECORD OF DECISION CHANGES


4.1 OVERVIEW


After the public comment period ends, a remedial
alternative is selected as the remedy that will he docu-
mented in the ROD. The selection of the remedy is
based on the analysis presented in the Proposed Plan
and RI/FS Report, giving consideration to the com-
ments received from the support agency and the pub-
lic, as well as any other new and significant information
received or generated during the public comment pe-
riod. The lead agency may re-evaluate its Preferred
Alternative in light of this information and may change
a component of the preferred remedy or choose to
select a remedy other than the Preferred Alternative in
making the final remedy selection decision.


The NCP requires that certain steps be taken after
publication of the Proposed Plan and before remedy
selection in the ROD if new information is made avail-
able that significantly changes the basic features of the
Preferred Alternative identified in the Proposed Plan.
The lead agency must determine the following 1) are
the changes significant, and 2) could the changes have
been reasonably anticipated based on the information
presented to the public (NCP 300.430(f)(3)(ii)).


This chapter presents a general framework for de-
termining if changes to the Preferred Alternative are
"significant" or "minor" It also specifies documenta-
tion and communication activities that may be neces-
sary to inform the public of these changes. The chapter
discusses changes made before the ROD is signed; post-
ROD changes arc discussed in Chapter 7.


4.2 IDENTIFYING TYPES OF PRE-
RECORD OF DECISION CHANGES


The lead agency has the discretion to make changes
to the Preferred Alternative identified in the Proposed
Plan based either on new information received from
the public or support agency or on information gener-
ated by the lead agency itself during the remedial pro-
cess. A site-specific determination of what constitutes a
significant (as opposed to minor) change, and therefore
the extent of documentation required, is made after
taking into consideration the impact that the change may
have on the Preferred Alternative's scope, performance,
or cost.


4.2.1 Minor Changes


Minor changes are those that have little or no im-
pact on the overall scope, performance, or cost of the
alternative originally presented in the Proposed Plan as
the Preferred Alternative for the site or operable unit.
Such changes typically will be clarifications, administra-
tive changes, and minor technical or engineering changes
that do not significantly alter the overall scope, perfor-
mance, or cost of the alternative.


4.2.2 Significant Changes


In contrast to minor changes, significant changes
have a significant or fundamental effect on the scope,
performance, and/or cost of the Preferred Alterna-
tive. Examples of these three factors include:


• Scope: Changes that substantially alter the type
of treatment or containment technology, physi-
cal area of response, remediation goals, or type
and volume of waste to be addressed.


Performance: Changes in treatment technologies
or processes that significantly alter the long-
term effectiveness of the Preferred Alternative
or that have significantly different short-term
effects.


Cost Changes to any aspect of the Preferred
Alternative that substantially alter the capital or
O&M cost estimates for the alternative. Feasi-
bility Study cost estimates are expected to pro-
vide an accuracy of +50 percent to -30 per-
cent.


Significant changes generally involve either of the
following:


• Selecting an RI/FS alternative other than the
Preferred Alternative identified in the Proposed
Plan as the remedy.


• Substantially modifying a component of the
previously identified Preferred Alternative.


"Significant change" is not specifically defined in
this guidance because what constitutes a significant change
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Chapter 4: Pre-Record Decision Changes


will vary depending upon site circumstances and the
manner in which the information was presented in the
RI/FS Report and Proposed Plan. Highlight 4-I sum-
marizes the process for analyzing and documenting pre-
ROD changes.


4.3 DOCUMENTING PRE-RECORD OF
DECISION CHANGES


CERCLA 5 1 1 7 (b) and NC P 53 00 .43 0 (f) (3)(ii) re-
quire that if significant pre-ROD changes that could be
reasonably anticipated are made to the recommended
remedy, these changes and the reason for the changes
must be discussed in the ROD.


4.3.1 Documenting Minor Changes


Although the NCP does not require documenta-
tion of minor changes, such changes to the Proposed
Plan should he discussed in the Description cf Alternatives


section of the ROD's Decision Summary and should be
documented in the Administrative Record file. Minor
changes should not be discussed in the Documentation of


Significant Changes section of the ROD's Decision .Sum-


mary.


4.3.2 Documenting Significant Changes


NCI' 300.430(f)(3)(ii) states that after publication
of the Proposed Plan and prior to the adoption of the
Selected Remedy in the ROD, if new information is
made available that significantly changes the basic fea-
tures of the remedy with respect to scope, performance,
or cost, such that the remedy significantly differs from
the original proposal in the Proposed Plan and the sup-
porting analysis and information, the lead agency must:


• include a discussion in the ROD of the signifi-
cant changes and reasons for such changes, if
the lead agency determines such changes could
he reasonably anticipated by the public based
on the alternatives and other information avail-
able in the Proposed Plan or the supporting
analysis and information in the Administrative
Record file; or


• Seek additional public comment on a revised
Proposed Plan, when the lead agency deter-
mines the change could not have been reason-
ably anticipated by the public based on the in-


formation available in the Proposed Plan or
the supporting analysis and information in the
Administrative Record file. The lead agency
must, prior to adoption of the Selected Rem-
edy in the ROD, issue a revised Proposed Plan,
which must include a discussion of the signifi-
cant changes and the reasons for such changes.


Scenario 1 Significant Changes That Could Have
Been Reasonably Anticipated Based on the Infor-
mation Available to the Public


A significant change that could be reasonably an-
ticipated based on information available to the public
in the Proposed Plan or the supporting analysis and in-
formation in the Administrative Record file must be
discussed in the ROD (i.e., documented at the end of
the ROD's Decision .S'zirimarj in the Dommendalion of Sig-


nificant Changes section). Additional public notice or com-
ment on this type of change is not required, but may be
advisable on a site-by-site basis. Examples of signifi-
cant changes that may be considered "reasonably an
ticipated" include the following:


n Changing a Component of the Preferred
Alternative


In response to comments, the lead agency makes a
significant change to a component of the Preferred
Alternative that could have been reasonably anticipated
by the public based on information in the RI/14 S and
Proposed Plan (e.g., a change in the Preferred Alternative's
cost, timing, level of performance, or ARARs).


Selecting a Different Alternative


More than one acceptable alternative is identified in
the Proposed Plan, and the lead agency subsequently
determines that an alternative other than the Preferred
Alternative provides the most appropriate balance of
trade-offs among the alternatives with respect to the
nine evaluation criteria. Because the public had been
apprised previously that the alternative (or any other
alternative in the detailed analysis) might be selected as
the remedy, the public had adequate opportunity to re-
view and comment on it, and thus the change can be
documented in the ROD without additional public cona-
men t.
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Highlight 4-1: Pre-Record of Decision Changes


Public Comment On:
• Proposed Plan
• Administrative Record file
• RI/FS Report


Sign ROD


4-3


Lead Agency
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Is Lead Agency


Changing Preferred
Alternative?


Does the Change
Significantly Affect


•Scope
Performance


•Cost
of Selected
Alternative?


Could the Change
Have Been Reasonably


Anticipated?


Prepare ROD and
Document Changes
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Chapter 4: Pre-Record Decision Changes


• Combining Components of Alternatives


In response to comments received during the
public Comment period and consistent with options
presented in the Proposed Plan, the final remedial
alternative combines one component of the Pre-
ferred Alternative (e.g., a ground-water component)
with a component of another alternative that was
evaluated in the FS (e.g., additional source control
measures).


Scenario 2: Significant Changes That Could Not
Have Been Reasonably Anticipated Based on the
Information Available to the Public


In those limited situations in which the significant
change could not have been reasonably anticipated by
the public based on information in the Proposed Plan
and Administrative Record file, a revised Proposed Plan
that presents the new Preferred Alternative must be is-
sued for public comment (NCP 5300.430(f)(3)(ii)(13)).
The revised Proposed Plan must be prepared in accor-
dance with both CERCLA 5117 and the NCR Ap-
propriate supporting material that provides the neces-
sary engineering, cost, and risk information for the new
alternative, and that discusses bow the new alternative
compares to the other alternatives with respect to the
nine evaluation criteria should be provided in the re-
vised Proposed Plan. It may he appropriate to pro-
vide this information as a supplement to the RI/FS
Report, but it should be summarized for the public in
the Proposed Plan.


In addition, the significant changes to the initial Pro-
posed Plan should be documented at the end of the
ROD's Decision Sunirring in the Docimentafion of


rant Clangs section. This description should identify
the changes to the Preferred Alternative and the reason
for the changes. Examples of significant changes that
could not be considered "reasonably anticipated" in-
clude the following:


n Identification of a New Preferred Alterna-
tive Not Previously Considered


The lead agency determines that an alternative not
presented in the Proposed Plan or detailed analysis phase
of the RI/ES Report should be selected as the remedy.
The new Preferred Alternative is not a combination of
different components of the alternatives considered.


The lead agency must issue a revised Proposed Plan


that presents the new Preferred Alternative and pro-
vides appropriate supporting information for public
comment.


n Significant Change to a Component of the
Preferred Alternative


Part of the remedy must be altered, resulting in
fundamental changes to the remedy. Such changes re-
quire additional public comment if they will significantly
change the basic features of the remedy (o.s., a change
in the remedy that results in a significant increase in the
volume of waste managed, the physical scope of the
action, the institutional controls required to maintain the
integrity of the remedy, or the estimated cost of the
action).


Use of an ARAI?. waiver may require a revised Pro-
posed Plan if not discussed in the original Proposed
Plan. The NCP specifies that ARAR waivers must be
discussed in a Proposed Plan so that the public will have
an opportunity to comment on the use of the waiver
and the alternative cleanup levels proposed (NCP
5300,430(0(2) (iv)) .


Highlight 4-2 presents examples of minor changes,
as well as significant changes that could and could not
have been reasonably anticipated by the public. Guid-
ance on how to document significant pre-ROD changes
in the ROD is presented in Section 6.3.14.
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•


•


Highlight 4-2: Examples of Pre-Record of Decision Changes


(NOTE: Examples are not meant to present strict thresholds for changes in cost, volume, or time.)


Minor Changes


It was determined that a remedy will require an estimated 10 ground water extraction wells,
rather than six wells, as estimated originally in the Proposed Plan, to achieve remedial action
objectives within the estimated time period.


• The volume of material to be excavated and treated is actually 120,000 cubic yards, rather than
the 110,000 cubic yards, as estimated originally In the Proposed Plan.


Based on information received during the public comment period, the lead agency determined
that the capital cost estimate in the Proposed Plan was about 10 percent too low; the revised
estimated capital cost of the remedy is 55,100,000. The lead agency also identified factors
that would extend the implementation time frame from 15 to 20 months. These changes do not
significantly alter the scope, performance, or cost of the remedy.


Significant Changes That Could Be Reasonably Anticipated


• The Proposed Plan for a site recommends one alternative to address contaminated soils and
another to remediate the ground water from among several sets of alternatives. The lead
agency chooses to retain the Preferred Alternative for the ground-water component of the rem-
edy, but selects a different soil remediation alternative from among those presented as accept-
able options in the Proposed Plan.


Significant Changes That Could Not Be Reasonably Anticipated


Low temperature thermal desorption, which was NOT presented in the Proposed Plan or the
detailed analysis section of the FS, is the preferred remedy for the site, because new informa-
tion was received indicating that low temperature thermal desorption could be used effectively
at the site. This new remedy, however, is quite different in scope and performance from any
other alternative considered in detail in either the Proposed Plan or RI/FS Report. Because the
public has not had an adequate opportunity to comment on the technical, environmental, and
human health aspects of the remedy or to evaluate and compare its performance in terms of the
nine evaluation criteria, a revised Proposed Plan must be prepared and a new public comment
period should be held on the new recommended remedy before a remedy is selected in the
ROC.





		ABSTRACT

		Preface

		Table of Contents

		Highlights

		Acronyms Used in This Document

		1.0 INTRODUCTION

		2.0 PROCESS FOR DEVELOPING THE PROPOSED PLAN






 
 


  
 


Page 1


997 F.2d 1520, 36 ERC 2065, 302 U.S.App.D.C. 318, 62 USLW 2063, 23 Envtl. L. Rep. 21,157 
(Cite as: 997 F.2d 1520, 302 U.S.App.D.C. 318) 


{ W0206937; 1}© 2011 Thomson Reuters. No Claim to Orig. US Gov. Works. 


 
United States Court of Appeals, 


District of Columbia Circuit. 
STATE OF OHIO, et al., Petitioners, 


v. 
UNITED STATES ENVIRONMENTAL PROTEC-


TION AGENCY, et al., Respondents. 
 
Nos. 86-1096, 86-1116, 86-1117, 86-1119, 86-1120 


to 86-1123, 90-1276, 90-1277, 90-1280, 90-1285, 90-
1286, 90-1288, 90-1289, 90-1293 to 90-1295, 90-


1297, 90-1439, 90-1444, 90-1449, 90-1451 and 90-
1453. 


Argued Feb. 3, 1993. 
Decided July 20, 1993. 


 
States brought action against Environmental Pro-


tection Agency (EPA), challenging EPA regulations 
promulgated under Comprehensive Environmental 
Response, Compensation, and Liability Act (CER-
CLA) and contained in National Oil and Hazardous 
Substances Pollution Contingency Plan (National 
Contingency Plan or NCP). The Court of Appeals 
held that: (1) NCP established proper cost-benefit 
analysis in remedy selection process; (2) NCP cancer 
risk range is adequate to protect human health and the 
environment; (3) NCP established proper fed-
eral/state cost sharing requirements; but (4) EPA 
failed to provide reasoned basis for its departure from 
past policy in amending NCP to expressly exclude 
states from exercising enforcement and remedy-
selection authority under CERCLA. 
 


Ordered accordingly. 
 


Randolph, Circuit Judge, filed concurring opin-
ion. 
 


West Headnotes 
 
[1] Environmental Law 149E 439 
 
149E Environmental Law 
      149EIX Hazardous Waste or Materials 
            149Ek436 Response and Cleanup; Liability 
                149Ek439 k. Remedial and Removal Ac-
tions in General; Cleanup Plans. Most Cited Cases  


     (Formerly 199k25.5(5.5) Health and Environ-
ment) 
 


National Oil and Hazardous Substances Pollu-
tion Contingency Plan (National Contingency Plan or 
NCP) definition of legally “applicable”  or “ relevant 
and appropriate”  environmental standards (ARARs) 
as “substantive”  was reasonable and permissible con-
struction of CERCLA; Environmental Protection 
Agency (EPA) reasonably interpreted CERCLA's 
reference to “a level or standard of control”  to be 
directed at those environmental laws governing level 
or degree of cleanup required to remedy various 
types of toxic contamination. Comprehensive Envi-
ronmental Response, Compensation, and Liability 
Act of 1980, § 121(d)(2)(A), as amended, 42 
U.S.C.A. § 9621(d)(2)(A). 
 
[2] Environmental Law 149E 439 
 
149E Environmental Law 
      149EIX Hazardous Waste or Materials 
            149Ek436 Response and Cleanup; Liability 
                149Ek439 k. Remedial and Removal Ac-
tions in General; Cleanup Plans. Most Cited Cases  
     (Formerly 199k25.5(5.5) Health and Environ-
ment) 
 


National Oil and Hazardous Substances Pollu-
tion Contingency Plan (National Contingency Plan or 
NCP) construction of statutory term “promulgated”  
was not inconsistent with Comprehensive Environ-
mental Response, Compensation, and Liability Act 
(CERCLA); CERCLA requires that state standards 
be “promulgated * * * under a State environmental or 
facility siting law”  to be considered as possible appli-
cable or relevant and appropriate requirements, and 
NCP interprets “promulgated”  to mean “standards 
[that] are of general applicability and are legally en-
forceable.”  Comprehensive Environmental Response, 
Compensation, and Liability Act of 1980, § 
121(d)(2)(A)(ii), as amended, 42 U.S.C.A. § 
9621(d)(2)(A)(ii). 
 
[3] Statutes 361 219(2) 
 
361 Statutes 
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      361VI Construction and Operation 
            361VI(A) General Rules of Construction 
                361k213 Extrinsic Aids to Construction 
                      361k219 Executive Construction 
                          361k219(2) k. Existence of Ambigu-
ity. Most Cited Cases  
 


Where congressional intent on precise question 
at issue is unclear, it is enough that agency's con-
struction of statute is reasonable. 
 
[4] Environmental Law 149E 666 
 
149E Environmental Law 
      149EXIII Judicial Review or Intervention 
            149Ek666 k. Preservation of Error in Admin-
istrative Proceeding. Most Cited Cases  
     (Formerly 199k25.15(3.1) Health and Environ-
ment) 
 


Court of Appeals would not reach merits of ar-
gument whether National Oil and Hazardous Sub-
stances Pollution Contingency Plan (National Con-
tingency Plan or NCP) improperly restricted meaning 
of federal applicable or relevant and appropriate re-
quirements to those “promulgated”  under federal 
environmental laws, where plaintiff states waived 
claim by failing to raise it during rule-making pro-
ceedings before Environmental Protection Agency 
(EPA). 
 
[5] Environmental Law 149E 439 
 
149E Environmental Law 
      149EIX Hazardous Waste or Materials 
            149Ek436 Response and Cleanup; Liability 
                149Ek439 k. Remedial and Removal Ac-
tions in General; Cleanup Plans. Most Cited Cases  
     (Formerly 199k25.5(5.5) Health and Environ-
ment) 
 


National Oil and Hazardous Substances Pollu-
tion Contingency Plan (National Contingency Plan or 
NCP) did not improperly fail to apply zero-level 
maximum containment level goals (MCLGs), estab-
lished under Safe Drinking Water Act, as applicable 
or relevant and appropriate requirements (ARARs); 
Environmental Pollution Agency (EPA) has discre-
tion to determine when MCLGs and ARARs are 
relevant and appropriate. Public Health Service Act, 


§§ 1401-1465, 1412(b)(4, 5), as amended, 42 
U.S.C.A. §§ 300f to 300j-25, 300g-1(b)(4, 5); Com-
prehensive Environmental Response, Compensation, 
and Liability Act of 1980, § 121(d)(2)(A), as 
amended, 42 U.S.C.A. § 9621(d)(2)(A). 
 
[6] Environmental Law 149E 439 
 
149E Environmental Law 
      149EIX Hazardous Waste or Materials 
            149Ek436 Response and Cleanup; Liability 
                149Ek439 k. Remedial and Removal Ac-
tions in General; Cleanup Plans. Most Cited Cases  
     (Formerly 199k25.5(5.5) Health and Environ-
ment) 
 


National Oil and Hazardous Substances Pollu-
tion Contingency Plan (National Contingency Plan or 
NCP) established proper cost-benefit analysis in rem-
edy selection process. Comprehensive Environmental 
Response, Compensation, and Liability Act of 1980, 
§ 121(d)(1), as amended, 42 U.S.C.A. § 9621(d)(1). 
 
[7] Environmental Law 149E 439 
 
149E Environmental Law 
      149EIX Hazardous Waste or Materials 
            149Ek436 Response and Cleanup; Liability 
                149Ek439 k. Remedial and Removal Ac-
tions in General; Cleanup Plans. Most Cited Cases  
     (Formerly 199k25.5(5.5) Health and Environ-
ment) 
 


National Oil and Hazardous Substances Pollu-
tion Contingency Plan (National Contingency Plan or 
NCP) places reasonable emphasis on selection of 
permanent remedies as required by Comprehensive 
Environmental Response, Compensation, Liability 
Act (CERCLA); statutory language places as much 
emphasis on selection of cost-effective remedies as it 
does on selection of permanent remedies. Compre-
hensive Environmental Response, Compensation, and 
Liability Act of 1980, § 121(b)(1), as amended, 42 
U.S.C.A. § 9621(b)(1). 
 
[8] Environmental Law 149E 439 
 
149E Environmental Law 
      149EIX Hazardous Waste or Materials 
            149Ek436 Response and Cleanup; Liability 
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                149Ek439 k. Remedial and Removal Ac-
tions in General; Cleanup Plans. Most Cited Cases  
     (Formerly 199k25.5(5.5) Health and Environ-
ment) 
 


National Oil and Hazardous Substances Pollu-
tion Contingency Plan (National Contingency Plan or 
NCP) cancer risk range does not improperly fail to 
protect human health and environment without regard 
to cost; although cost cannot be used to justify selec-
tion of remedy that is not protective of human health 
and environment, it can be considered in selecting 
from options that are adequately protective. Compre-
hensive Environmental Response, Compensation, and 
Liability Act of 1980, § 121(b)(1), as amended, 42 
U.S.C.A. § 9621(b)(1). 
 
[9] Environmental Law 149E 439 
 
149E Environmental Law 
      149EIX Hazardous Waste or Materials 
            149Ek436 Response and Cleanup; Liability 
                149Ek439 k. Remedial and Removal Ac-
tions in General; Cleanup Plans. Most Cited Cases  
     (Formerly 199k25.5(5.5) Health and Environ-
ment) 
 


Environmental Protection Agency (EPA) prop-
erly interpreted Comprehensive Environmental Re-
sponse, Compensation, and Liability Act (CERCLA) 
requirement of five-year review of certain remedial 
actions as requiring review only where hazardous 
substance is present in amount appreciable enough to 
present some possibility of harm; such interpretation 
squares with health-protective purpose of statute, and 
to go beyond that is to adjudge Congress incompetent 
to fashion rational legislative design. Comprehensive 
Environmental Response, Compensation, and Liabil-
ity Act of 1980, § 121(c), as amended, 42 U.S.C.A. § 
9621(c). 
 
[10] Environmental Law 149E 645 
 
149E Environmental Law 
      149EXIII Judicial Review or Intervention 
            149Ek636 Administrative Decisions or Ac-
tions Reviewable in General 
                149Ek645 k. Hazardous Waste and Materi-
als. Most Cited Cases  
     (Formerly 199k25.15(3.2) Health and Environ-


ment) 
 


Issue whether National Oil and Hazardous Sub-
stances Pollution Contingency Plan (National Con-
tingency Plan or NCP) remedy selection guidance 
concerning use of engineering and institutional con-
trols violate Comprehensive Environmental Re-
sponse, Compensation, and Liability Act's (CER-
CLA's) remedy selection requirements was unfit for 
judicial decision because state's argument was prem-
ised on hypothetical application of nonbinding state-
ment in NCP. Comprehensive Environmental Re-
sponse, Compensation, and Liability Act of 1980, §§ 
101-405, as amended, 42 U.S.C.A. §§ 9601-9675. 
 
[11] Environmental Law 149E 645 
 
149E Environmental Law 
      149EXIII Judicial Review or Intervention 
            149Ek636 Administrative Decisions or Ac-
tions Reviewable in General 
                149Ek645 k. Hazardous Waste and Materi-
als. Most Cited Cases  
     (Formerly 199k25.15(3.2) Health and Environ-
ment) 
 


Court of Appeals would not consider claims 
concerning National Oil and Hazardous Substances 
Pollution Contingency Plan (National Contingency 
Plan or NCP) provisions concerning ground water 
restoration strategies and approaches because claims 
were premised on hypothetical applications of non-
binding statements in NCP; claims should be ad-
dressed in site-specific challenges in which reviewing 
court could consider agency's practical application of 
its statements. 
 
[12] Environmental Law 149E 662 
 
149E Environmental Law 
      149EXIII Judicial Review or Intervention 
            149Ek662 k. Ripeness. Most Cited Cases  
     (Formerly 199k25.15(3.2) Health and Environ-
ment) 
 


Issue whether National Oil and Hazardous Sub-
stances Pollution Contingency Plan (National Con-
tingency Plan or NCP) improperly failed to apply 
federal water quality criteria as applicable or relevant 
and appropriate requirements was not ripe for review 
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because NCP preamble merely set out general view 
that may or may not be followed in particular cases; 
claims should be disposed of in site-specific chal-
lenge in which reviewing court could consider spe-
cific application of challenged language. 
 
[13] Environmental Law 149E 439 
 
149E Environmental Law 
      149EIX Hazardous Waste or Materials 
            149Ek436 Response and Cleanup; Liability 
                149Ek439 k. Remedial and Removal Ac-
tions in General; Cleanup Plans. Most Cited Cases  
     (Formerly 199k25.5(5.5) Health and Environ-
ment) 
 
 Environmental Law 149E 454 
 
149E Environmental Law 
      149EIX Hazardous Waste or Materials 
            149Ek450 Administrative Agencies and Pro-
ceedings 
                149Ek454 k. Hearing and Determination. 
Most Cited Cases  
     (Formerly 199k25.5(5.5) Health and Environ-
ment) 
 


Environmental Protection Agency (EPA) failed 
to provide reasoned basis for its departure from past 
policy in amending National Oil and Hazardous Sub-
stances Pollution Contingency Plan (National Con-
tingency Plan or NCP) to expressly exclude states 
from exercising enforcement and remedy-selection 
authority under Comprehensive Environmental Re-
sponse, Compensation, and Liability Act (CERCLA); 
although CERCLA did not require grant of authority 
whenever it was sought by a state, prior versions of 
NCP provided that EPA could enter into agreements 
allowing states to exercise most of available statutory 
authority. Comprehensive Environmental Response, 
Compensation, and Liability Act of 1980, §§ 101-
405, as amended, 42 U.S.C.A. §§ 9601-9675. 
 
[14] Environmental Law 149E 439 
 
149E Environmental Law 
      149EIX Hazardous Waste or Materials 
            149Ek436 Response and Cleanup; Liability 
                149Ek439 k. Remedial and Removal Ac-
tions in General; Cleanup Plans. Most Cited Cases  


     (Formerly 199k25.5(5.5) Health and Environ-
ment) 
 


National Oil and Hazardous Substances Pollu-
tion Contingency Plan (National Contingency Plan or 
NCP), which requires states to fund 100% of mainte-
nance of fund-financed remedy, properly established 
federal/state cost sharing requirements pursuant to 
Comprehensive Environmental Response, Compen-
sation, and Liability Act (CERCLA). Comprehensive 
Environmental Response, Compensation, and Liabil-
ity Act of 1980, § 104(c)(3), as amended, 42 
U.S.C.A. § 9604(c)(3). 
 
[15] Environmental Law 149E 446 
 
149E Environmental Law 
      149EIX Hazardous Waste or Materials 
            149Ek436 Response and Cleanup; Liability 
                149Ek446 k. Covered Costs; Damages. 
Most Cited Cases  
     (Formerly 199k25.5(5.5) Health and Environ-
ment) 
 


For purposes of determining costs related to re-
medial treatment of waste water under Comprehen-
sive Environmental Response, Compensation, and 
Liability Act (CERCLA), National Oil and Hazard-
ous Substances Pollution Contingency Plan (National 
Contingency Plan or NCP) reasonably construed 
“necessary to restore”  language of CERCLA as con-
templating only those measures that actively clean up 
ground and surface water, although plaintiff states 
contended that CERCLA required Environmental 
Protection Agency (EPA) to operate entire water 
quality restoration remedy, including elements that 
may also function as source control measures. Com-
prehensive Environmental Response, Compensation, 
and Liability Act of 1980, § 104(c)(6), as amended, 
42 U.S.C.A. § 9604(c)(6). 
 
[16] Environmental Law 149E 660 
 
149E Environmental Law 
      149EXIII Judicial Review or Intervention 
            149Ek660 k. Prematurity. Most Cited Cases  
     (Formerly 199k25.15(5) Health and Environment) 
 


National Oil and Hazardous Substances Pollu-
tion Contingency Plan's (National Contingency Plan's 
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or NCP's) definition of when remedy becomes opera-
tional and functional, for purposes of determining 
state's responsibility for operations and maintenance 
costs, is merely rebuttable presumption that remedies 
are operational and functional one year after comple-
tion and, thus, plaintiff states' challenge to such defi-
nition was premature; if Environmental Protection 
Agency (EPA) refuses to grant extension at end of 
one year, that decision would be subject to challenge. 
 
[17] Environmental Law 149E 453 
 
149E Environmental Law 
      149EIX Hazardous Waste or Materials 
            149Ek450 Administrative Agencies and Pro-
ceedings 
                149Ek453 k. Notice and Comment. Most 
Cited Cases  
     (Formerly 199k25.5(5.5) Health and Environ-
ment) 
 


Environmental Protection Agency (EPA) pro-
vided reasonable notice that assurances for institu-
tional controls might be required of states where such 
controls were part of long-term response to a release, 
where EPA's proposed rule required states to provide 
assurances that they would assume responsibility for 
operation and maintenance of implemented remedial 
actions and, in that same proposed rule, EPA made it 
clear that it regarded institutional controls as integral 
part of many remedial actions. 
 
[18] Environmental Law 149E 439 
 
149E Environmental Law 
      149EIX Hazardous Waste or Materials 
            149Ek436 Response and Cleanup; Liability 
                149Ek439 k. Remedial and Removal Ac-
tions in General; Cleanup Plans. Most Cited Cases  
     (Formerly 199k25.5(5.5) Health and Environ-
ment) 
 


National Oil and Hazardous Substances Pollu-
tion Contingency Plan (National Contingency Plan or 
NCP) requirement that states provide assurances that 
institutional controls (e.g., zoning restrictions) to 
receive federal funding for hazardous waste clean ups 
was not arbitrary and capricious; to extent that insti-
tutional controls are necessary component of fund-
financed remedial action, it is entirely appropriate for 


Environmental Protection Agency (EPA) to require 
assurance of integrity of such controls prior to spend-
ing federal funds on a cleanup. Comprehensive Envi-
ronmental Response, Compensation, and Liability 
Act of 1980, §§ 101(24), 104(c)(3), as amended, 42 
U.S.C.A. §§ 9601(24), 9604(c)(3). 
 
[19] Environmental Law 149E 439 
 
149E Environmental Law 
      149EIX Hazardous Waste or Materials 
            149Ek436 Response and Cleanup; Liability 
                149Ek439 k. Remedial and Removal Ac-
tions in General; Cleanup Plans. Most Cited Cases  
     (Formerly 199k25.5(5.5) Health and Environ-
ment) 
 


National Oil and Hazardous Substance Pollution 
Contingency Plan's (National Contingency Plan's or 
NCP's) site access provisions are not arbitrary and 
capricious; NCP expressly does not condition fund 
financing on state assurance of site access but merely 
articulates Environmental Protection Agency's 
(EPA's) preference for state acquisition of site access, 
and does not constitute additional state “assurance,”  
not authorized by Comprehensive Environmental 
Response, Compensation, and Liability Act (CER-
CLA), upon which federal funding is conditioned. 
Comprehensive Environmental Response, Compen-
sation, and Liability Act of 1980, § 104(c)(3), as 
amended, 42 U.S.C.A. § 9604(c)(3). 
 
[20] Environmental Law 149E 439 
 
149E Environmental Law 
      149EIX Hazardous Waste or Materials 
            149Ek436 Response and Cleanup; Liability 
                149Ek439 k. Remedial and Removal Ac-
tions in General; Cleanup Plans. Most Cited Cases  
     (Formerly 199k25.5(5.5) Health and Environ-
ment) 
 
 Environmental Law 149E 453 
 
149E Environmental Law 
      149EIX Hazardous Waste or Materials 
            149Ek450 Administrative Agencies and Pro-
ceedings 
                149Ek453 k. Notice and Comment. Most 
Cited Cases  
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     (Formerly 199k25.5(5.5) Health and Environ-
ment) 
 


National Oil and Hazardous Substances Pollu-
tion Contingency Plan (National Contingency Plan or 
NCP) allows states reasonable opportunity to review 
and comment upon Environmental Pollution Agency 
(EPA) technical documents; potential conflicts be-
tween states and EPA should become apparent during 
process of remedy selection and implementation and, 
if not explicitly identified by EPA, be anticipated by 
states. Comprehensive Environmental Response, 
Compensation, and Liability Act of 1980, § 
121(f)(1), as amended, 42 U.S.C.A. § 9621(f)(1). 
 
[21] Environmental Law 149E 439 
 
149E Environmental Law 
      149EIX Hazardous Waste or Materials 
            149Ek436 Response and Cleanup; Liability 
                149Ek439 k. Remedial and Removal Ac-
tions in General; Cleanup Plans. Most Cited Cases  
     (Formerly 199k25.5(5.5) Health and Environ-
ment) 
 


National Oil and Hazardous Substances Pollu-
tion Contingency Plan (National Contingency Plan or 
NCP) properly defined “on site”  for purposes of ex-
emption from obtaining permits for remedial actions; 
NCP definition allows Environmental Protection 
Agency (EPA) to respond to releases expeditiously 
and efficaciously and reflects practical aspects of 
responding to hazardous waste releases under various 
conditions. Comprehensive Environmental Response, 
Compensation, and Liability Act of 1980, § 
121(e)(1), as amended, 42 U.S.C.A. § 9621(e)(1). 
 
[22] Environmental Law 149E 666 
 
149E Environmental Law 
      149EXIII Judicial Review or Intervention 
            149Ek666 k. Preservation of Error in Admin-
istrative Proceeding. Most Cited Cases  
     (Formerly 199k25.15(3.1) Health and Environ-
ment) 
 


Issue whether preamble to National Oil and Haz-
ardous Substances Pollution Contingency Plan (Na-
tional Contingency Plan or NCP) in which Environ-
mental Protection Agency (EPA) proposed to treat 


noncontiguous but reasonably related facilities as 
single “site”  would not be reviewed on appeal; issue 
was not properly raised before EPA, and minimal 
reference to contiguity issue in public comment was 
so tangential to principal thrust of comment that it 
could not fairly be said to have been presented to 
EPA for resolution. 
 
*1523 **321 Petitions for Review of Orders of the 
Environmental Protection Agency.Donald A. Brown, 
Victoria L. Peters, and Alan C. Williams argued the 
cause, for petitioners Com. of PA, Dept. of Environ-
mental Resources, California, Colorado, Com. of KY, 
New Jersey, New Mexico Environment Dept., New 
York, and Ohio, and intervenor State of Minn. With 
them on the briefs were Beverly M. Conerton, 
Roderick E. Walson, Theodora Berger, Brian Hem-
bacher, Charlotte Robinson, Mary Ann R. Baker, 
Gordon J. Johnson, Jack Van Kley, and Ellen B. 
Leidner. James D. Ellman, Bryon A. Thompson, Paul 
H. Schneider, Jacqueline H. Berardini, Charlotte 
Robinson, Mary C. Jacobson, and R. Brian 
McLaughlin also entered appearances for petitioners. 
 
Lewis C. Green argued the cause, for petitioner Mis-
souri Coalition for the Environment. 
 
Edmund B. Frost, David F. Zoll, Michael W. 
Steinberg, and Arline M. Sheehan entered appear-
ances, for petitioner Chemical Mfrs. Assn. 
 
Randy M. Mott entered an appearance, for petitioners 
CPC Intern., and ASARCO, Inc. 
 
Mark G. Weisshaar, David O. Ledbetter, Edward H. 
Commer, and Toni K. Allen entered appearances, for 
petitioner Edison Elec. Institute. 
 
*1524**322 George C. Freeman, Jr.,Alfred R. Light, 
and James Kimble entered appearances, for petitioner 
American Ins. Ass'n. 
 
Timothy A. Vandervere, Jr. and John C. Martin en-
tered appearances, for petitioner United Technologies 
Corp. 
 
Samuel I. Gutter and Peggy L. O'Brien entered ap-
pearances, for petitioner General Elec. Co. 
 
Mark G. Weisshaar and Jeffrey N. Martin entered 
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appearances, for petitioners American Tel. & Tel. 
Co., and Bridgestone/Firestone Inc. 
 
Scott A. Schachter and Alice L. Mattice, Attorneys, 
Dept. of Justice, and Lawrence E. Starfield, Counsel, 
E.P.A., argued the cause, for respondents. With them 
on the briefs was Roger Clegg, Acting Asst. Atty. 
Gen. Carl Strauss, Roger J. Marzulla, Edward J. 
Shawaker, Elizabeth Ann Peterson, Richard B. Stew-
art, Marilyn P. Jacobsen, Raymond Ludwiszewski, 
and Earl Salo also entered appearances, for respon-
dents. 
 
Michael W. Steinberg, Hunter L. Prillaman, David F. 
Zoll, Dell E. Perelman, G. William Frick, Ellen 
Siegler, Paul E. Shorb, III, and Barton C. Green were 
on the brief, for intervenors Chemical Mfrs. Ass'n, 
American Petroleum Institute, and American Iron & 
Steel Institute. 
 
Cynthia L. Amara was on the brief, for amicus curiae 
of the Commonwealths of Massachusetts and Vir-
ginia, and the states of Alaska, Arizona, Florida, 
Maine, Maryland, Michigan, Montana, New Hamp-
shire, Rhode Island, South Carolina, and Washington. 
 
Victoria L. Peters entered an appearance, for interve-
nor State of Colo. 
 
Paul E. Shorb, III and Barton C. Green entered ap-
pearances, for intervenor American Iron & Steel In-
stitute. 
 
Mark G. Weisshaar and David O. Ledbetter entered 
appearances, for intervenor Edison Elec. Institute. 
 
Michael W. Steinberg, Arline M. Sheehan, and David 
F. Zoll entered appearances, for intervenor Chemical 
Mfrs. Ass'n. 
 
Susan M. Schmedes and Ellen Siegler entered ap-
pearances, for intervenor American Petroleum Insti-
tute. 
 
Alan C. Williams entered an appearance, for interve-
nor State of Minn. 
 
Gordon J. Johnson entered an appearance, for inter-
venor State of N.Y. 
 


Before MIKVA, Chief Judge, EDWARDS and 
RANDOLPH, Circuit Judges. 
 
Opinion PER CURIAM. 
 
Concurring opinion filed by Circuit Judge 
RANDOLPH. 
 
PER CURIAM: 


These consolidated petitions present a multifari-
ous challenge to Environmental Protection Agency 
(“EPA”) regulations promulgated under the Compre-
hensive Environmental Response, Compensation, and 
Liability Act of 1980 (“CERCLA”), 42 U.S.C. §§ 
9601-9675, as amended by the Superfund Amend-
ments and Reauthorization Act of 1986 (“SARA”), 
Pub.L. No. 99-499, 100 Stat. 1613. The regulations 
under review are portions of the National Oil and 
Hazardous Substances Pollution Contingency Plan, 
40 C.F.R. Part 300, commonly known as the “NCP.”  
 


 Glossary of Acronyms 
ARAR Applicable or Relevant and Appropriate 
Requirements 


 
CERCLA Comprehensive Environmental Re-
sponse, Compensation, and Liability Act of 1980 


 
EPA Environmental Protection Agency 


 
FS Feasibility Study 


 
J.D.A. Joint Deferred Appendix 


 
MCL Maximum Contaminant Level 


 
MCLG Maximum Contaminant Level Goal 


 
MOCO Missouri Coalition for the Environment 


 
NCP National Contingency Plan 


 
NIH National Institutes of Health 


 
OMB Office of Management and Budget 


 
O & M Operations and Maintenance 


 
PRP Potentially Responsible Party 
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RI Remedial Investigation 


 
*1525 **323 ROD Record of Decision 


 
SARA Superfund Amendments and Reauthoriza-
tion Act of 1986 


 
SDWA Safe Drinking Water Act 


 
SMOA Superfund Memorandum of Agreement 


 
I 


Before Congress created the Environmental Pro-
tection Agency (“EPA” or “ the Agency”), and long 
before Congress enacted the Comprehensive Envi-
ronmental Response, Compensation, and Liability 
Act of 1980 (“CERCLA”), 42 U.S.C. §§ 9601-9675, 
there was a National Contingency Plan (“NCP”). In 
1968, a group of federal agencies developed the first 
NCP, which was a multi-agency strategy for dealing 
with environmental disasters. See Freedman, Pro-
posed Amendments to the National Contingency 
Plan: Explanation and Analysis, 19 Envtl.L.Rep. 
10,103, 10,105-06 (1989). In 1970, Congress incor-
porated the NCP into the Federal Water Pollution 
Control Act, 33 U.S.C. §§ 1251-1376, and pursuant 
to its directive, the President issued the first pub-
lished NCP. Water and Environmental Quality Im-
provement Act of 1970, Pub.L. No. 91-224, 84 Stat. 
91, § 102 (1970); 35 Fed.Reg. 8508 (1970). The 
NCP, which acquired its current name-the National 
Oil and Hazardous Substances Pollution Contingency 
Plan, 36 Fed.Reg. 16,215 (1971)-in 1971, was re-
vised a number of times throughout the 1970s. See 37 
Fed.Reg. 2808 (1972); 38 Fed.Reg. 21,888 (1973); 
45 Fed.Reg. 17,832 (1980). By 1980, a comprehen-
sive NCP was in place, although it applied only to 
discharges into waters regulated by the Clean Water 
Act. Id. “ It did not apply to releases to groundwater 
or soil, and it did not provide authority or funding for 
long-term federal response to chronic hazards.”  
Freedman, supra, 19 Envtl.L.Rep. at 10107. 
 


CERCLA came next. Enacted in 1980, CERCLA 
provided “ for liability, compensation, cleanup, and 
emergency response for hazardous substances re-
leased into the environment and the cleanup of inac-
tive waste disposal sites.”  Pub.L. No. 96-510, 94 Stat. 
2767, 2767. We have summarized its general scheme 


in previous decisions. See, e.g., Ohio v. United States 
Dep't of Interior, 880 F.2d 432, 438-40 (D.C.Cir.), 
reh'g denied, 897 F.2d 1151 (1989) (en banc ); Ohio 
v. EPA, 838 F.2d 1325, 1327-29 (D.C.Cir.1988). 
 


Of particular importance to this case is the 
prominent role of the NCP under CERCLA. Section 
104(a)(1) of CERCLA authorizes the President “ to 
act, consistent with the national contingency plan, to 
remove or arrange for the removal of, and provide for 
remedial action relating to such hazardous substance, 
pollutant, or contaminant at any time ..., or take any 
other response measure consistent with the national 
contingency plan which the President deems neces-
sary to protect the public health or welfare or the en-
vironment.”  42 U.S.C. § 9604(a)(1). The NCP thus 
“provide[s] the organizational structure and proce-
dures”  for responding to hazardous waste threats. 40 
C.F.R. § 300.1. It is the means by which EPA imple-
ments CERCLA. 
 


When Congress enacted CERCLA in 1980, it di-
rected the President to revise and republish the NCP 
in light of the new law. 42 U.S.C. § 9605(a). Pursuant 
to section 115 of CERCLA, the President assigned 
EPA the responsibility of amending the NCP. See 42 
U.S.C. § 9615; Exec. Order No. 12,316, 46 Fed.Reg. 
42,237 (1981); Exec. Order No. 12,580, 52 Fed.Reg. 
2923 (1987). In 1982, EPA issued a new version of 
the NCP. 47 Fed.Reg. 31,180 (1982). EPA revised 
the NCP again in 1985. 50 Fed.Reg. 47,912 (1985). 
When Congress passed the Superfund Amendments 
and Reauthorization Act of 1986 (“SARA”), Pub.L. 
No. 99-499, 100 Stat. 1613, which significantly re-
vised the statute, Congress directed the President to 
revise the NCP again to reflect the changes in CER-
CLA. 42 U.S.C. § 9605(b). EPA issued these revi-
sions to the NCP in 1990. 55 Fed.Reg. 8666 (1990). 
 


Petitioners, whom we shall call “ the States,”  in-
clude both states and private parties FN1 contending 
that EPA's changes to the *1526 **324 NCP in 1985 
and 1990 are inconsistent with the requirements of 
CERCLA. The petitions for review challenge two 
general categories of NCP provisions. One category 
involves claims that the NCP unlawfully diminishes 
the level of environmental protectiveness in the rem-
edy selection process and cleanup provisions of 
CERCLA. (These claims are resolved in Parts II, III, 
and IV of the opinion.) The second category involves 
claims that the NCP improperly limits the States' par-







  
 


Page 9


997 F.2d 1520, 36 ERC 2065, 302 U.S.App.D.C. 318, 62 USLW 2063, 23 Envtl. L. Rep. 21,157 
(Cite as: 997 F.2d 1520, 302 U.S.App.D.C. 318) 


{ W0206937; 1}© 2011 Thomson Reuters. No Claim to Orig. US Gov. Works. 


ticipation in the cleanup process while increasing 
their financial burden. (These claims are resolved in 
Part V of the opinion.) The specific provisions of 
CERCLA and the NCP at issue in this case will be 
discussed in the portion of the opinion analyzing peti-
tioners' claims regarding those provisions. 
 


FN1. This case consolidates a number of pe-
titions for review challenging the NCP. The 
petitioners before us are: State of Ohio; 
State of Colorado; Chemical Manufacturers 
Association; State of New York; Common-
wealth of Pennsylvania, Department of En-
vironmental Resources; New Mexico Envi-
ronment Department; Commonwealth of 
Kentucky; State of California; State of New 
Jersey; Missouri Coalition for the Environ-
ment; General Electric Company; American 
Telephone & Telegraph Company; Bridge-
stone/Firestone, Inc.; LaSalle Steel Co.; Bull 
NH Information Systems Inc.; McDonnell 
Douglas Corp.; Seagate Technology Inc. 


 
The following parties intervened: Ameri-
can Iron & Steel Institute; American Pe-
troleum Institute; Edison Electric Insti-
tute; State of Minnesota; Texas Instru-
ments, Inc.; Borg-Warner Co.; Mobil Oil 
Corp.; Gencorp. Inc.; and Oklahoma Pub-
lishing Co. 


 
The following states appeared as amici 
curiae in support of petitioners: Alaska, 
Arizona, Florida, Maine, Maryland, Mas-
sachusetts, Michigan, Montana, New 
Hampshire, Rhode Island, South Carolina, 
Texas, Virginia, and Washington. 


 
II 


The States first challenge several elements of the 
NCP definition of legally “applicable”  or “ relevant 
and appropriate”  environmental standards, known as 
“ARARs.”  CERCLA does not define ARARs, but the 
statute does require that remedial actions at Super-
fund sites result in a level of cleanup or standard of 
control that at least meets the legally applicable or 
otherwise relevant and appropriate federal (or stricter 
state) requirements. 42 U.S.C. § 9621(d)(2)(A). The 
NCP defines “applicable requirements”  as follows: 
 


Applicable requirements means those cleanup 


standards, standards of control, and other substan-
tive requirements, criteria, or limitations promul-
gated under federal environmental or state envi-
ronmental or facility siting laws that specifically 
address a hazardous substance, pollutant, contami-
nant, remedial action, location, or other circum-
stance found at a CERCLA site. Only those state 
standards that are identified by a state in a timely 
manner and that are more stringent than federal re-
quirements may be applicable. 


 
40 C.F.R. § 300.5. “Relevant and appropriate re-


quirements”  are those substantive requirements that, 
while not “applicable,”  nonetheless “address prob-
lems or situations sufficiently similar to those en-
countered at the CERCLA site that their use is well 
suited to the particular site.”  Id. 
 
A. Does the NCP definition of ARARs as “ substan-
tive”  requirements violate CERCLA? 


[1] The States claim that the NCP definition of 
ARARs is contrary to CERCLA because it excludes 
“procedural”  requirements, such as recordkeeping 
and reporting to the government, by inserting the 
word “substantive”  into the definition. The States 
argue that limiting ARARs to substantive require-
ments is contrary to the plain language of CERCLA 
because the statute itself does not distinguish between 
substantive and procedural requirements. They also 
contend that the definition is inconsistent with con-
gressional intent because the SARA legislative his-
tory gives no indication that Congress intended for 
ARARs to be limited to substantive requirements. 
The States argue in the alternative that EPA's distinc-
tion between substantive and procedural requirements 
is irrational. 
 


The States are correct that CERCLA does not 
explicitly draw a line between substantive and proce-
dural requirements, but neither does the statutory 
language clearly forbid the NCP distinction. In fact, 
as the following discussion indicates, an application 
of traditional tools of statutory construction, see 
NLRB v. United Food & Commercial Workers Union, 
Local 23, 484 U.S. 112, 123, 108 S.Ct. 413, 416, 98 
L.Ed.2d 429 (1987); *1527**325Natural   Resources 
Defense Council v. Reilly, 983 F.2d 259, 266 
(D.C.Cir.1993), strongly suggests that CERCLA is 
concerned only with substantive environmental re-
quirements. In any case, the NCP limitation of 
ARARs to substantive standards certainly represents 
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a reasonable and permissible construction of the stat-
ute. See Chevron v. Natural Resources Defense 
Council, 467 U.S. 837, 104 S.Ct. 2778, 81 L.Ed.2d 
694 (1984). We do not dwell in our analysis on the 
question of which of Chevron's two prongs best re-
solves this issue. 
 


In limiting ARARs to procedural requirements, 
EPA reasonably interprets CERCLA's reference to “a 
level or standard of control”  to be directed at those 
environmental laws governing “how clean is clean” -
that is, the level or degree of cleanup required to 
remedy various types of toxic contamination. The 
CERCLA section at issue, section 121(d), is titled 
“Degree of cleanup,”  and it talks of standards that 
apply “ to any hazardous substance, pollutant or con-
taminant,”  42 U.S.C. § 9621(d)(2)(A), not of stan-
dards that apply more generally to a site or a party 
executing a cleanup. Moreover, the only specific re-
quirements explicitly set out in the statute are sub-
stantive standards such as Maximum Contaminant 
Levels established in the Safe Drinking Water Act 
and Federal Water Quality Criteria established in the 
Clean Water Act. Finally, contrary to the States' 
claim, the SARA Conference Report explicitly states 
that “ [n]ew section 121(d) establishes the substantive 
standards that remedial actions ... must meet.”  
H.R.Conf.Rep. No. 962, 99th Cong., 1st Sess. (1985), 
U.S. Code Cong. & Admin. News 1986, pp. 2835, 
3339. 
 


The States are surely correct that the procedural 
requirements of various environmental statutes are 
intended to ensure that the substantive contaminant 
levels are met. However, this does not compel EPA 
to impose these requirements under CERCLA. The 
language and structure of section 121(d) strongly 
support, if not compel, the EPA interpretation. The 
NCP represents at the very least a permissible con-
struction of CERCLA within the dictates of Chevron. 
 
B. Does the NCP improperly restrict the meaning of 
state ARARs to standards that are generally applica-
ble and legally enforceable? 


[2] The States also claim that the NCP construc-
tion of the statutory term “promulgated”  is inconsis-
tent with CERCLA. As noted supra p. 1526, CER-
CLA requires that Superfund remedial actions result 
in a level of cleanup that at least meets federal, or 
stricter state, ARARs. 42 U.S.C. § 9621(d)(2)(A). 
The statute contains an additional requirement with 


regard to state standards: they must be “promulgated 
... under a State environmental or facility siting law”  
in order to be considered as possible ARARs. 42 
U.S.C. § 9621(d)(2)(A)(ii). CERCLA does not define 
“promulgated,”  but the NCP interprets the term to 
mean “standards [that] are of general applicability 
and are legally enforceable.”  40 C.F.R. § 
300.400(g)(4). 
 


[3] None of the States' arguments establishes that 
EPA's definition is an impermissible construction of 
this admittedly undefined term. Under Chevron, EPA 
need not establish that the statute compels its regula-
tion. Where congressional intent on the precise ques-
tion at issue is unclear, it is enough that the Agency's 
construction is reasonable. Chevron v. Natural Re-
sources Defense Council, 467 U.S. 837, 104 S.Ct. 
2778, 81 L.Ed.2d 694 (1984). EPA's definition of 
“promulgated”  clearly meets this standard. 
 


The States claim that the ordinary meaning of the 
term “promulgated”  precludes the NCP's narrow 
definition. However, the dictionary definitions that 
the States cite-which include notions such as “official 
announcement”  and “ to make ... obligatory” -are per-
fectly consistent with the NCP requirements of gen-
eral applicability and legal enforceability. Neither the 
absence of clear legislative history, nor the fact that 
the word sometimes has a broader meaning, demon-
strates that the NCP definition is impermissible. 
 


The States also argue that another CERCLA 
provision, allowing the President to waive ARARs 
that “ the State has not consistently applied,”  42 
U.S.C. § 9621(d)(4)(E), indicates *1528 **326 that 
EPA carries the burden of proving inconsistent appli-
cation by the State if it decides to waive an ARAR. 
The NCP definition of “promulgated,”  the States ar-
gue, shifts the burden to the States to prove the gen-
eral applicability of a state standard before it will be 
adopted as an ARAR. This argument is unavailing 
because the NCP definition and the cited CERCLA 
provision are perfectly consistent. Under the NCP 
definition, a standard must be generally applicable on 
its face, and if so, the standard is a potential ARAR. 
However, if such generally applicable standard is not 
applied consistently, then the standard may be 
waived under section 9621(d)(4)(E). 
 


The States' remaining arguments on this point 
merely suggest alternative reasonable interpretations 
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of the statute. The States suggest different language 
that Congress might have used to indicate clearly its 
authorization of EPA's approach. However, just as 
the statute does not compel EPA's interpretation, nei-
ther does the absence of clear language render the 
Agency's approach impermissible. Furthermore, the 
inclusion in CERCLA of the terms “standards,”  “cri-
teria,”  and “ limitations”  in addition to “requirements”  
does not, as the States suggest, necessarily indicate a 
broader class of state rules than those generally ap-
plicable and legally enforceable. Finally, the States' 
attack on EPA's allegedly inconsistent uses of the 
term must be rejected. EPA's definition of “promul-
gate”  is limited to the specific context of state re-
quirements, and the Agency is defining an ambiguous 
term inserted in the statute by Congress. See 40 
C.F.R. § 300.400(g)(4). EPA is not acting inconsis-
tently by using the term differently from its use in 
other contexts. 
 
C. Does the NCP improperly restrict the meaning of 
federal ARARs to those “ promulgated”  under federal 
environmental laws? 


[4] The States also object to the NCP definition 
of ARARs insofar as it is limited to requirements 
“promulgated under federal ”  environmental laws. 40 
C.F.R. § 300.5 (emphasis added). The States argue 
that in setting out possible ARARs, CERCLA in-
cludes the word “promulgated”  in reference to state 
standards, but not federal standards. Compare 42 
U.S.C. § 9621(d)(2)(A)(i) (“any standard ... under 
any Federal environmental law”) and 42 U.S.C. § 
9621(d)(2)(A)(ii) (“any promulgated standard ... un-
der a State environmental or facility siting law”) 
(emphasis added). Thus, argue the States, the NCP is 
contrary to CERCLA insofar as it requires that fed-
eral standards must be promulgated to be considered 
as possible ARARs. 
 


We do not reach the merits of this argument be-
cause the States waived the claim by failing to raise it 
during rulemaking proceedings before the Agency. 
Linemaster Switch Corp. v. EPA, 938 F.2d 1299, 
1308 (D.C.Cir.1991); Washington Ass'n for Televi-
sion & Children v. FCC, 712 F.2d 677, 680 
(D.C.Cir.1983). The States argue that the court 
should exercise its discretion to consider this issue 
despite the States' failure to raise it below because the 
policies behind the waiver rule would not be frus-
trated if the court were to address the merits in this 
case. We disagree. 


 
The States point to some of the purposes of the 


waiver doctrine-to allow an administrative agency to 
make a factual record and exercise its discretion or 
apply its expertise, see McKart v. United States, 395 
U.S. 185, 193-94, 89 S.Ct. 1657, 1662-63, 23 
L.Ed.2d 194 (1969)-and argue that these concerns are 
not implicated here because the States raise a purely 
legal challenge to the NCP. However, with the possi-
ble exception of developing a factual record, these 
concerns are relevant to an agency's legal interpreta-
tion of a statute which it is implementing. The notion 
of deference to agency interpretations of law embod-
ied in Chevron is founded on just such concerns. See 
Chevron, 467 U.S. at 843-45, 104 S.Ct. at 2782-83. 
 


Furthermore, the waiver doctrine is also con-
cerned with notions of agency autonomy and judicial 
efficiency. The doctrine promotes agency autonomy 
by according the agency an opportunity to discover 
and correct its own errors before judicial review oc-
curs. Judicial efficiency is served because issues that 
are raised before the agency might be resolved with-
out the need for judicial*1529 **327 intervention. 
McKart, 395 U.S. at 195, 89 S.Ct. at 1663. The effi-
ciency concern is especially germane to this chal-
lenge to the NCP, involving an extremely complex 
rulemaking in which a multitude of issues might be 
raised for the first time before this court in the ab-
sence of the waiver doctrine. 
 


The States also point out that this court has “ex-
cused the exhaustion requirements for a particular 
issue when the agency has in fact considered the is-
sue,”  Natural Resources Defense Council v. EPA, 
824 F.2d 1146, 1151 (D.C.Cir.1987), but they offer 
no evidence that EPA actually considered an objec-
tion to the limitation of ARARs to “promulgated”  
federal standards. Neither the States nor any other 
party raised an objection to the use of the word 
“promulgated”  with respect to federal environmental 
standards, and EPA therefore had no opportunity to 
consider the issue. 
 


Finally, the States argue that this issue presents a 
matter of great public importance worthy of allowing 
an exception to the waiver doctrine. See Foundation 
on Economic Trends v. Heckler, 756 F.2d 143, 156 
(D.C.Cir.1985). In Foundation, this court decided the 
level of environmental review required of the Na-
tional Institutes of Health (“NIH”) before it approved 
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the first deliberate release of genetically engineered, 
recombinant-DNA-containing organisms into the 
open environment. Although the plaintiffs had failed 
to raise their objections to the release during the pe-
riod of NIH review, the court nonetheless upheld the 
district court's decision to address the claims because 
of the grave public importance of insuring appropri-
ate environmental review “of a new technology with 
unknown environmental consequences.”  Id. 
 


Of course, the public health that CERCLA and 
the NCP are aimed at protecting is also an extremely 
important concern. But the choice between two alter-
native readings of the CERCLA provision at issue 
here is not so critical to the overall scheme. The 
States present no convincing argument that limiting 
ARARs to promulgated federal standards will com-
promise CERCLA's health protection goals or is oth-
erwise of such gravity as to warrant departure from 
settled waiver principles. 
 
D. Does the NCP improperly fail to apply zero-level 
Maximum Contaminant Level Goals (“ MCLGs” ) as 
ARARs? 


[5] The States challenge EPA's decision that 
Maximum Contaminant Level Goals (“MCLGs) es-
tablished under the Safe Drinking Water Act 
(“SDWA”), 42 U.S.C. §§ 300f to 300j-26, do not 
have to be attained for contaminants whose MCLG 
has been set at a level of zero. 40 C.F.R. § 
300.430(e)(2)(i)(C). The States contend that EPA 
lacks authority to depart from a statutory requirement 
to achieve MCLGs, and in the alternative, that even if 
EPA possesses this authority, it has failed to provide 
a reasoned basis for its departure. 
 


The SDWA is specifically referenced in section 
121(d)(2)(A) of CERCLA as one of the federal laws 
containing ARARs for Superfund cleanups. 42 
U.S.C. § 9621(d)(2)(A). The SDWA identifies two 
standards for exposure to contaminants. The first, 
Maximum Contaminant Level Goals (“MCLGs”), are 
generally unenforceable goals that reflect the level 
for a given contaminant at which “no known or an-
ticipated adverse effects on the health of persons oc-
cur and which allows an adequate margin of safety.”  
42 U.S.C. § 300g-1(b)(4). Many MCLGs for carcino-
gens are set at zero. 55 Fed.Reg. 8750 (1990). The 
second type of standards, Maximum Contaminant 
Levels (“MCLs”)-the actual maximum permissible 
concentration levels under the SDWA-must be set as 


close as “ feasible”  to their corresponding MCLGs, 
taking into account available technology and cost. 42 
U.S.C. § 300g-1(b)(4)-(5). 
 


While MCLGs are unenforceable under the 
SDWA, section 121 of CERCLA converts them into 
enforceable goals, providing: 
 


Such remedial action shall require a level or stan-
dard of control which at least attains Maximum 
Contaminant Level Goals established under the 
Safe Drinking Water Act ... where such goals or 
criteria are relevant and appropriate under the cir-
cumstances of the release or threatened release. 


 
*1530 **328 42 U.S.C. § 9621(d)(2)(A). Consis-


tent with this requirement, the NCP generally re-
quires the attainment of MCLGs. 40 C.F.R. § 
300.430(e)(2)(i)(B). When the MCLG for a contami-
nant has been set at a level of zero, however, the NCP 
requires only that the MCL be attained. In essence, 
EPA has made a categorical determination that 
MCLGs set at a level of zero are never “relevant and 
appropriate under the circumstances”  of a release. 
 


This determination was based on EPA's conclu-
sion “ that it is impossible to detect whether ‘ true’  
zero has actually been attained.”  55 Fed.Reg. 8752 
(1990). During rulemaking to promulgate MCLGs 
under the SDWA, EPA “emphasized that ... zero is 
not a measurable level in scientific terms.”  50 
Fed.Reg. 46,884, 46,896 (1985). “Due to limitations 
in analytical techniques, it will always be impossible 
to say with certainty that the substance is not present. 
In theory, RMCLs [Recommended Maximum Con-
taminant Levels] at zero will always be unachievable 
(or at least not demonstrable).”  49 Fed.Reg. 24,330, 
24,347 (1984). 
 


The States contend that EPA's decision concern-
ing zero-level MCLGs is inconsistent with CER-
CLA's mandate that all remedial actions attain 
MCLGs. This argument ignores the full language of 
the section, which imposes the requirement “where 
such goals ... are relevant and appropriate under the 
circumstances of the release or threatened release.”  
42 U.S.C. § 9621(d)(2)(A). This language leaves 
EPA with discretion to determine when MCLGs are 
relevant and appropriate. The States contend, though, 
that such discretion cannot be exercised in a categori-
cal manner, but instead must be based on a case-
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specific determination at individual sites. Hence, 
there is no reason for EPA to make an individualized 
determination of what they have concluded can never 
be relevant and appropriate. 
 


The States also contend that even if EPA has 
discretion to conclude that zero-level MCLGs are 
never relevant and appropriate, it has not justified the 
decision to do so in this case. But EPA articulated a 
number of justifications, see 55 Fed.Reg. 8750-52 
(1990), and we find its reliance on the fact that true 
zero levels can never be detected to provide adequate 
support for the Agency's decision. As we understand 
EPA's scientific analysis, one can never prove a true 
zero level. If the measuring device indicates zero, this 
shows only that the device is not sufficiently sensi-
tive to detect the presence of any contaminants. It 
does not show the total absence of the contaminants. 
In other words, if one asserts that zero contaminants 
are present, this can be falsified by showing the pres-
ence of some detectable level, but it can never be 
shown to be true. EPA chose to set MCLGs for car-
cinogens at zero under the SDWA because they “are 
goals which may or may not be practically achievable 
and the practicality of these goals should be factored 
into the MCLs,”  not the MCLGs. 50 Fed.Reg. 46,896 
(1985). In contrast, EPA concluded that “ARARs 
must be measurable and attainable since their purpose 
is to set a standard that an actual remedy will attain.”  
55 Fed.Reg. 8752 (1990). 
 


The States do not contest EPA's scientific con-
clusion that zero-level MCLGs are not achievable. 
Instead, they argue that EPA could select a method of 
measurement approximating zero by setting “a goal 
of achieving the analytical detection limits for spe-
cific carcinogens.”  Final Amended Joint Brief of Pe-
titioning States at 68. That EPA could do this, how-
ever, does not mean it is required to do so. Section 
121 requires the selection of MCLs where MCLGs 
are unattainable. That is what the NCP does. That 
conclusion is reasonable given EPA's discretion to 
determine when ARARs are relevant and appropriate. 
 


III 
The next set of challenges by the States ad-


dresses a variety of issues concerning remedy selec-
tion: the role of cost-benefit analysis in remedy selec-
tion; the requirement that selected remedies are per-
manent to the maximum extent practicable; the use of 
a cancer risk range in remedy selection; and the re-


quirement of five-year review of certain remedial 
actions. 
 
*1531 **329 A. Does the NCP establish an improper 
cost-benefit analysis in the remedy selection process? 


[6] Section 121 of CERCLA, added by SARA, 
requires the selection of remedial actions “at a mini-
mum which assures protection of human health and 
the environment.”  42 U.S.C. § 9621(d)(1). Although 
a different provision of section 121 requires the se-
lection of remedial actions that are also cost-
effective, 42 U.S.C. § 9621(b)(1), the States interpret 
section 121(d)(1) to prohibit EPA from considering 
the cost of a remedial action when it determines the 
level of protectiveness to be achieved by that reme-
dial action. EPA is in full agreement with the States' 
interpretation of § 121(d)(1). See 55 Fed.Reg. 8726 
(1990). The States contend, however, that two provi-
sions in the NCP implicitly authorize the use of cost-
benefit analysis, thereby permitting cost to be consid-
ered in determining the level of protectiveness to be 
achieved by a remedial action. In making this argu-
ment, the States distort the language of the NCP, 
which is carefully structured so “ that protection of 
human health and the environment will not be com-
promised by other selection factors, such as cost.”  Id. 
 


The States first point to a provision in the NCP 
authorizing EPA to balance nine different criteria, 
including both protection of human health and cost, 
in selecting a remedy. 40 C.F.R. § 
300.430(f)(1)(i)(A). But while the NCP identifies 
nine criteria to be used in selecting a remedy, all of 
the criteria are not given equal weight. Instead, they 
are divided into three classifications: threshold crite-
ria, primary balancing criteria, and modifying crite-
ria. Under this structure, “ [o]verall protection of hu-
man health and the environment and compliance with 
ARARs (unless a specific ARAR is waived) are 
threshold requirements that each alternative must 
meet in order to be eligible for selection.”  40 C.F.R. 
§ 300.430(f)(1)(i)(A). EPA explained in the preamble 
to the NCP that remedial alternatives “must be dem-
onstrated to be protective ... in order to be eligible for 
consideration in the balancing process by which the 
remedy is selected.”  55 Fed.Reg. 8726 (1990). The 
identification of threshold criteria therefore under-
mines the States' claim that by listing nine criteria, 
the NCP permits the level of protectiveness to be 
affected by cost. 
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The States also point us to the NCP's definition 
of “cost-effectiveness,”  which states that “ [a] remedy 
shall be cost-effective if its costs are proportional to 
its overall effectiveness.”  40 C.F.R. § 
300.430(f)(1)(ii)(D). The States contend that this 
language actually authorizes the use of cost benefit 
analysis. In making this argument, though, the States 
ignore the first sentence of the same section of the 
NCP that they are challenging. It states: “Each reme-
dial action shall be cost-effective, provided that it 
first satisfies the threshold criteria set forth in § 
300.430(f)(1)(ii)(A) and (B).”  Id.; see also 55 
Fed.Reg. 8727 (1990). Thus, consistent with the crea-
tion of threshold criteria, the NCP explicitly prohibits 
consideration of costs in the manner complained of 
by the States. FN2 
 


FN2. The intervenors argue in support of 
EPA that cost must be considered in deter-
mining the level of protection to be 
achieved. EPA, however, rejected their ar-
gument, see 55 Fed.Reg. 8726 (1990), and 
the industry intervenors did not seek review 
of that decision. 


 
B. Does the NCP improperly fail to require the selec-
tion of permanent remedies to the maximum extent 
practicable? 


[7] The States next argue that the NCP is incon-
sistent with section 121(b)(1)'s requirement that the 
President select remedial actions “ that utilize[ ] per-
manent solutions ... to the maximum extent practica-
ble.”  42 U.S.C. § 9621(b)(1). The NCP classifies 
permanence as one of the five primary balancing cri-
teria, along with reduction of toxicity, mobility, or 
volume; short-term effectiveness; implementability; 
and cost. 40 C.F.R. § 300.430(f)(1)(i)(B). The States 
reason that because the selection of permanent reme-
dies “ is one of the overarching statutory principles of 
remedy selection under CERCLA,”  Final Amended 
Joint Brief of Petitioning States at 27, the other bal-
ancing criteria, particularly cost, should play no role 
in EPA's determination whether a permanent remedy 
is to be selected. In essence, the States would like 
permanence to be treated *1532 **330 as an addi-
tional threshold criterion that must be evaluated inde-
pendently of cost. 
 


The flaw in the States' argument is in the premise 
that permanence is an overarching statutory principle. 
This premise is not supported by the statutory lan-


guage. Section 121(b)(1), which the States rely upon, 
requires the President to “select a remedial action that 
is protective of human health and the environment, 
that is cost effective, and that utilizes permanent solu-
tions and alternative treatment technologies or re-
source recovery technologies to the maximum extent 
practicable.”  42 U.S.C. § 9621(b)(1). The statutory 
language places as much emphasis on the selection of 
cost-effective remedies as it does on the selection of 
permanent remedies. Although the NCP elevates pro-
tection of human health and the environment to a 
threshold criterion, a different provision in section 
121 provides the basis for that treatment. 42 U.S.C. § 
9621(d)(1); see supra p. 1531. But there is nothing in 
section 121 to suggest that selecting permanent 
remedies is more important than selecting cost-
effective remedies. 
 


The States offer two responses. The first is a de-
cision defining “practicable”  as “  ‘possible to practice 
or perform’  or ‘capable of being put into practice, 
done, or accomplished.’  ”  Ashton v. Pierce, 541 
F.Supp. 635, 641 (D.D.C.1982) (quoting Webster's 
Third New International Dictionary (1963)), aff'd, 
716 F.2d 56 (D.C.Cir.1983); cf. American Textile 
Mfrs. Inst. v. Donovan, 452 U.S. 490, 508-09, 101 
S.Ct. 2478, 2490-91, 69 L.Ed.2d 185 (1981). The 
Ashton court had before it a statute requiring a single 
goal to be achieved to the extent practicable. A 1973 
amendment to the Lead-Based Paint Poisoning Pre-
vention Act required the Secretary of Housing and 
Urban Development to “establish procedures to 
eliminate as far as practicable the hazards of lead 
paint poisoning with respect to any existing housing 
which may present such hazards and which is cov-
ered by an application for mortgage insurance or 
housing assistance payments under a program admin-
istered by the Secretary.”  42 U.S.C. § 4822. The 
regulations at issue in Ashton authorized the use of 
cost-benefit analysis in determining the appropriate 
remedy and the court found no basis for this approach 
in the statute. In contrast, section 121(b)(1) of CER-
CLA mandates the achievement of multiple goals. If 
EPA were to require the selection of permanent 
remedies whenever possible, it would be ignoring the 
statutory mandate to select cost-effective remedies. 
 


The States' second response relies on comments 
made from the floor of Congress. We have frequently 
cautioned against placing much weight on such 
statements. See, e.g., Colorado v. United States Dep't 
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of Interior, 880 F.2d 481, 490 (D.C.Cir.1989); 
International Bhd. of Elec. Workers, Local Union No. 
474 v. NLRB, 814 F.2d 697, 717 (D.C.Cir.1987); 
Northern Colorado Water Conservancy Dist. v. Fed-
eral Energy Regulatory Commission, 730 F.2d 1509, 
1519 (D.C.Cir.1984). That caution is certainly war-
ranted here. For every set of comments supporting 
the States' position, there is another set of comments 
supporting the opposite position. See, e.g., 132 
Cong.Rec. 29,719-20 (1986) (statement of Rep. 
Lent); id. at 29,743 (statement of Rep. Eckart, 
Chairman of Conference Committee). 
 


The States argue in the alternative that even if 
permanence is not treated as a threshold criterion, the 
NCP should at least place special emphasis on the 
selection of permanent remedies. But the NCP does 
exactly that. It requires that “ [t]he balancing [of al-
ternative remedies] shall emphasize long-term effec-
tiveness and reduction of toxicity, mobility, or vol-
ume through treatment.”  40 C.F.R. § 
300.430(f)(1)(i)(E). In the preamble, EPA explained 
that “ [t]hese two criteria are given primary considera-
tion in the rule and preamble when analyzing the 
relative merits of the alternatives. These criteria will 
be the most important, decisive factors in remedy 
selection when the alternatives perform similarly 
with respect to the other balancing criteria.”  55 
Fed.Reg. 8725 (1990). Given the statutory require-
ment to achieve a number of competing goals, EPA's 
decision concerning how much emphasis to place on 
the selection of permanent remedies is a reasonable 
one. 
 
*1533 **331 C. Does the NCP cancer risk range 
improperly fail to protect human health and the envi-
ronment without regard to cost? 


[8] The States next challenge EPA's use of a 
cancer risk range between 10-6 and 10-4 in the NCP, 
arguing that an exposure level greater than 10-6 is 
never appropriate. A 10-4 risk subjects the surround-
ing population to an increased lifetime cancer risk of 
1 in 10,000. A 10-6 risk subjects the surrounding 
population to an increased lifetime cancer risk of 1 in 
1,000,000. When EPA develops objectives for a re-
medial action at a site, it selects a remediation goal 
that “establish[es] acceptable exposure levels that are 
protective of human health.”  40 C.F.R. § 
300.430(e)(2)(i). EPA attempts to use health-based 
ARARs to set the goal, but if ARARs are nonexistent 
or unsuitable for use, EPA establishes the goal based 


on criteria in the NCP. 55 Fed.Reg. 8712 (1990). 
“For known or suspected carcinogens, acceptable 
exposure levels are generally concentration levels 
that represent an excess upper bound lifetime cancer 
risk to an individual of between 10-6 and 10-4....”  40 
C.F.R. § 300.430(e)(2)(i)(A)(2). The NCP expresses 
a preference for remedial actions that achieve a level 
of 10-6 however, the ultimate decision depends on a 
balancing of nine criteria, including cost. Id.; 55 
Fed.Reg. 8718 (1990). 
 


The States contend that by permitting cost to 
play a role in determining the level of exposure, the 
cancer risk range fails to meet the requirement in § 
9621 that remedial actions be “protective of human 
health.”  42 U.S.C. § 9621(b)(1); see also 42 U.S.C. § 
9621(d)(1). The States' argument necessarily de-
pends, though, on the notion that an exposure level 
greater than 10-6 is not protective of human health. 
CERCLA requires the selection of remedial actions 
“ that are protective of human health,”  not as protec-
tive as conceivably possible. A “risk range of 10-4 to 
10-6 represents EPA's opinion on what are generally 
acceptable levels.”  55 Fed.Reg. 8716 (1990). Al-
though cost cannot be used to justify the selection of 
a remedy that is not protective of human health and 
the environment, it can be considered in selecting 
from options that are adequately protective. 
 


The States also argue that the actual risk range 
selected is not adequately protective. EPA concluded, 
though, that all levels of exposure within the risk 
range are protective of human health. Id. EPA has 
used 10-444444444444 as an upper bound for estab-
lishing risk levels in the past, see 53 Fed.Reg. 51,394, 
51,426 (1988), and “ [m]any ARARs, which Congress 
specifically intended be used as cleanup standards at 
Superfund sites, are set at risk levels less stringent 
than 10-6,”  55 Fed.Reg. 8717 (1990). The States offer 
no evidence challenging EPA's position that 10-4 
represents a safe level of exposure, and in any event, 
we give EPA's findings on this point significant def-
erence. See New York v. EPA, 852 F.2d 574, 580 
(D.C.Cir.1988), cert. denied, 489 U.S. 1065, 109 
S.Ct. 1338, 103 L.Ed.2d 809 (1989). 
 


The States also argue that EPA failed to justify 
the use of a range, instead of a single point. But EPA 
explained its decision to use a range. While “ [t]he use 
of 10-6 expresses EPA's preference for remedial ac-
tions that result in risks at the more protective end of 
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the risk range,”  55 Fed.Reg. 8718 (1990), the Agency 
is also required to consider other factors in selecting 
an appropriate remedy. “Factors related to exposure, 
uncertainty and technical limitations may justify 
modifications of initial cleanup levels that are based 
on the 10-6 risk level.”  Id. A flexible approach to de-
veloping remedial goals is justified by the multiple 
statutory mandates of CERCLA, so long as EPA 
meets the statutory requirement of protectiveness. 
 


The States' final argument is that we should not 
defer to EPA's judgment because of OMB's role in 
developing the NCP. Executive Order No. 12,580 
provides that “ [a]ll revisions to the NCP, whether in 
proposed or final form, shall be subject to review and 
approval by the Director of the Office of Manage-
ment and Budget.”  52 Fed.Reg. 2923, 2924 (1987). 
CERCLA, though, grants the President authority to 
revise the NCP, and OMB is part of the Executive 
Office. 42 U.S.C. §§ 9605, 9615. Perhaps for this 
reason, “ [t]he States are not challenging the authority 
of OMB to review the NCP.”  Final*1534 **332 
Amended Joint Brief of Petitioning States at 38. In-
stead, the States question whether deference is ap-
propriate. The preamble reveals that EPA considered 
a number of comments from OMB, as well as from 
other interested parties, such as the States. EPA then 
settled on a final rule, and it alone claimed responsi-
bility for the contents of the NCP. 55 Fed.Reg. 8813 
(1990). Our review is based on EPA's justification for 
changes in the NCP, and its response to comments 
from a number of parties. We are not reviewing, or 
deferring to, any justification offered by OMB. 
 
D. Has EPA improperly interpreted the CERCLA 
requirement of five-year review of certain remedial 
actions? 


[9] The States next challenge EPA's interpreta-
tion of the CERCLA requirement of five-year review 
of certain remedial actions. This claim must also be 
rejected. CERCLA provides for a five-year review of 
Superfund sites as follows: 
 


If the President selects a remedial action that re-
sults in any hazardous substances ... remaining at 
the site, the President shall review such remedial 
action no less often than each 5 years after the ini-
tiation of such remedial action to assure that human 
health and the environment are being protected by 
the remedial action being implemented. In addi-
tion, if upon such review ... action is appropriate at 


such site ... the President shall take or require such 
action. 


 
42 U.S.C. § 9621(c). EPA, exercising power 


delegated from the President, is also required to sup-
ply Congress with a list of sites subject to review, the 
results of reviews, and any actions taken in light of 
the reviews. Id. 
 


EPA interprets this provision to require review 
only when remedial action “results in hazardous sub-
stances ... remaining at the site above levels that al-
low for unlimited use and unrestricted exposure.”  40 
C.F.R. § 300.430(f)(4)(ii). A site is not designated for 
review when the initial remedial action renders the 
site safe, under the standards prevailing at the time of 
the determination, for all purposes and for an unlim-
ited period of exposure through drinking water, air, 
or any other “exposure pathway.”  
 


The States attack this standard on two grounds. 
First, the States argue that EPA's approach violates 
clear statutory language requiring a review when 
“any hazardous substances”  remain at the site. 42 
U.S.C. § 9621(c). The Agency responds that the 
regulation merely imposes a de minimis gloss on the 
CERCLA requirement in order to avoid an absurd 
result. EPA maintains that under the approach that 
the States suggest, the Agency would be required to 
conduct a review of every site, every five years, in 
perpetuity, because it is virtually impossible to prove 
that not a single molecule of hazardous material re-
mains at a site. See supra p. 1530. 
 


The States do not dispute that their suggested 
approach would require review at all sites every five 
years and impose a mammoth monitoring burden on 
EPA. Rather, the States argue that a de minimis ex-
ception is impermissible in this case under Public 
Citizen v. Young, 831 F.2d 1108 (D.C.Cir.1987), cert. 
denied, 485 U.S. 1006, 108 S.Ct. 1470, 99 L.Ed.2d 
699 (1988). In Public Citizen, this court refused to 
allow a de minimis exception to the “Delaney 
Clause”  in the Pure Food and Drug Act, which pro-
vided that a color additive will be deemed unsafe if 
appropriate tests reveal that it “ induce[s] cancer in 
man or animal.”  Public Citizen, 831 F.2d at 1112. 
The States seize in particular on the Public Citizen 
court's admonition that the de minimis doctrine can-
not “ thwart a statutory command; it must be inter-
preted with a view to ‘ implementing the legislative 
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design.’  ”  Id. at 1113 (quoting Alabama Power Co. v. 
Costle, 636 F.2d 323, 360-61 (D.C.Cir.1979)). 
 


The “ legislative design”  is not being flouted by 
EPA's reading of the five-year review provision be-
cause the statutory command is not so clear as to rule 
out EPA's application of a de minimis exception. The 
Public Citizen court relied heavily on the “almost 
inescapable”  terms of the Delaney Clause and the 
substantial legislative history supporting an absolutist 
application of the language. See Public Citizen, 831 
F.2d at 1112-17. The terms at issue here are not so 
rigid: the phrase “any hazardous substances”  could 
*1535 **333 easily mean “even one hazardous sub-
stance”  as opposed to “any amount of any hazardous 
substance.”  In addition, the legislative history pro-
vides no convincing support for the States' position. 
The States point to the comment of a single Senator 
to bolster their position: 
 


The periodic review provision is intended to assure 
that Superfund cleanups keep pace with developing 
technologies and that remedial actions are up-
graded to take advantage of such developing tech-
nologies. The ultimate goal of the Superfund pro-
gram must be to implement permanent solutions at 
all national priorities list sites. One way to accom-
plish this goal is to require periodic review and to 
assure that sites are not removed from the ambit of 
the program until such solutions have been imple-
mented. 


 
132 Cong.Rec. 28,426 (1986) (statement of Sen. 


Mitchell). EPA's interpretation is completely consis-
tent with Senator Mitchell's comments, which do not 
in any way suggest that a permanent solution has not 
been implemented within the meaning of the statute 
once a site is rendered safe for all purposes and for an 
unlimited period of exposure. Thus, EPA's imple-
mentation of five-year review represents a permissi-
ble construction of the statute. 
 


Even assuming arguendo that the States' reading 
of the statute were indeed the “ literal”  one, a de 
minimis exception might nonetheless be appropriate. 
The Public Citizen court noted that the literal mean-
ing of a statute need not be followed where the pre-
cise terms lead to absurd or futile results, or where 
failure to allow a de minimis exception is contrary to 
the primary legislative goal. The States' version of the 
statute would require that every CERCLA site be 


subject to five-year review because, as discussed su-
pra p. 1530, EPA cannot detect whether “ true”  zero 
has been attained with respect to a particular hazard-
ous substance. Section 9621(c) certainly does not 
appear to have been drafted to require perpetual five-
year review at every Superfund site. EPA's interpreta-
tion, which requires review only where a hazardous 
substance is present in an amount appreciable enough 
to present some possibility of harm, squares with the 
health-protective purpose of the statute. To go be-
yond that is to adjudge Congress incompetent to fash-
ion a rational legislative design. 
 


The States also argue that under EPA's approach, 
any five-year reviews that are conducted-at those 
sites where the initial cleanup action does not allow 
unlimited use and unrestricted exposure-will be ren-
dered meaningless because EPA has stated that “ the 
five-year review is not intended as an opportunity to 
consider an alternative to a protective remedy that 
was initially selected.”  55 Fed.Reg. 8730-31 (1990). 
The States argue that because all remedies must be 
“protective”  as of implementation, the review will 
never provide an opportunity for new remedial ac-
tion. EPA responds convincingly that new action will 
occur when the review reveals that the remedy is no 
longer protective-for example, where a remedial 
technology has failed, or where a newly promulgated 
standard indicates that the old standard is no longer 
protective. Thus, EPA's construction does not render 
the five-year review provisions a nullity. 
 


The more substantial argument is that the 
Agency will not bring new toxicological information 
or new technologies to bear at those sites that initially 
fell within the Agency's de minimis exception and are 
therefore not subject to five-year review. The States 
are correct that five-year review will not occur at 
sites deemed safe under the standards prevailing at 
the time of the determination, and that the latest in-
formation therefore will not automatically be brought 
to bear at these sites through the five-year review 
mechanism. However, this fact does not demonstrate 
that the Agency's regulation is an impermissible in-
terpretation of the statute. As long as the de minimis 
exception is permissible under the statute, as we hold 
that it is, the fact that new technologies and informa-
tion will not be applied through the five-year review 
mechanism does not render EPA's construction of the 
statute impermissible. 
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We also hasten to note that a location initially 
deemed safe for all purposes and for an unlimited 
period of exposure would never *1536 **334 be 
listed as a Superfund site in the first instance. More-
over, to say that new information will not be applied 
to a site via the five-year review mechanism is not to 
say that the new information will not be applied at 
all. If a site deemed safe for any use and any amount 
of exposure is later understood to be unsafe under 
new standards developed in light of new toxicologi-
cal information, the site could again be eligible for 
Superfund treatment. Although five-year review of 
such sites might lead to greater protection of public 
health (at greater cost), we cannot say that omitting 
these sites from five-year review is an impermissible 
construction of the statute. 
 


IV 
The States make three additional challenges to 


the NCP remedy selection and cleanup provisions, 
none of which are ripe for judicial review. The ripe-
ness doctrine requires us to “evaluate both the fitness 
of the issues for judicial decision and the hardship to 
the parties of withholding court consideration.”  
Abbott Laboratories v. Gardner, 387 U.S. 136, 149, 
87 S.Ct. 1507, 1515, 18 L.Ed.2d 681 (1967). Both 
prongs of this test dictate delaying review of the 
States' remaining claims. 
 


The claims are unfit for resolution because “ judi-
cial appraisal ... is likely to stand on a much surer 
footing in the context of a specific application of th 
[ese] regulation[s] than could be the case in the 
framework of the generalized challenge made here.”  
Toilet Goods Ass'n v. Gardner, 387 U.S. 158, 164, 87 
S.Ct. 1520, 1524, 18 L.Ed.2d 697 (1967). “Where we 
believed the agency's practical application of a state-
ment would be important, we have found the issue 
not ripe.”  Public Citizen v. Nuclear Regulatory 
Commission, 940 F.2d 679, 683 (D.C.Cir.1991). As 
to the second prong of the ripeness analysis, the 
States will not be prejudiced or suffer any other sig-
nificant hardship by our decision to defer resolution 
of these issues until they are raised in the context of a 
site-specific challenge. See 42 U.S.C. §§ 9604(c)(3), 
9621(f)(2), 9622(d), 9659, 9613(h)(4). We discuss 
each of the claims in turn. 
 
A. Does NCP remedy selection guidance concerning 
the use of engineering and institutional controls vio-
late CERCLA's remedy selection requirements? 


[10] The States first argue that one of EPA's 
“program expectations”  violates CERCLA by author-
izing the use of institutional controls (such as fences 
and deed restrictions) as a sole remedy at Superfund 
sites. The NCP provision regarding selection of an 
appropriate remedy provides in part as follows: 
 


(iii) Expectations. EPA generally shall consider the 
following expectations in developing appropriate 
remedial alternatives: 


 
.... 


 
(D) EPA expects to use institutional controls such 
as water use and deed restrictions to supplement 
engineering controls as appropriate for short- and 
long-term management to prevent or limit exposure 
to hazardous substances, pollutants, or contami-
nants.... The use of institutional controls shall not 
substitute for active response measures (e.g., treat-
ment and/or containment of source material, resto-
ration of ground waters to their beneficial uses) as 
the sole remedy unless such active measures are 
determined not to be practicable, based on the bal-
ancing of trade-offs among alternatives that is con-
ducted during the selection of remedy. 


 
40 C.F.R. § 300.430(a)(1)(iii). 


 
The States interpret this language to authorize 


EPA to choose, based on cost considerations, institu-
tional controls as the sole remedy for cleaning up 
hazardous waste sites. As a result, they believe that 
this provision may allow EPA to use cost considera-
tions to select a cleanup remedy that may not comply 
with the minimum human health and environmental 
protectiveness requirements of CERCLA, see 42 
U.S.C. § 9621(b)(1), (d)(1), and to select a remedy in 
which there is no treatment or removal of contami-
nants. 
 


However, EPA explained in the Federal Register 
that the program expectations are not intended to 
displace the use of the nine *1537 **335 criteria 
identified in 40 C.F.R. § 300.430(e)(9)(iii): 
 


EPA has placed the expectations in the rule to in-
form the public of the types of remedies that EPA 
has achieved, and anticipates achieving, for certain 
types of sites. These expectations are not, however, 
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binding requirements. Rather, the expectations are 
intended to share collected experience to guide 
those developing cleanup options.... However, the 
fact that a proposed remedy may be consistent with 
the expectations does not constitute sufficient 
grounds for the selection of that remedial alterna-
tive. All remedy selection decisions must be based 
on an analysis using the nine criteria. 


 
55 Fed.Reg. 8702 (1990) (emphasis added); see 


also 40 C.F.R. § 300.430(f)(1)(i)(A) (“Overall pro-
tection of human health and the environment and 
compliance with ARARs ... are threshold require-
ments that each alternative must meet in order to be 
eligible for selection.” ) Thus, any remedy relying on 
institutional controls must meet the threshold re-
quirement of protectiveness. 
 


As the foregoing discussion amply demonstrates, 
this issue is unfit for judicial decision at this time 
because the States' argument is premised on a hypo-
thetical application of a nonbinding statement in the 
NCP. The States acknowledge that institutional con-
trols can be utilized as a sole remedy where other 
remedies are not practicable, and they must concede 
that EPA might never implement institutional con-
trols as a sole remedy in a manner that the States (or 
another party with standing) find objectionable. Fur-
thermore, any appeal that is brought would necessar-
ily have to be decided on the basis of the precise cir-
cumstances of the cleanup at issue and the alternative 
remedies available and practicable in that context. 
Thus, the issue is better resolved in the context of a 
specific application of the nonbinding statement. 
 
B. Do the NCP provisions concerning ground water 
restoration strategies and approaches improperly 
exempt certain contaminated groundwater re-
sources? 


[11] The States next argue that the NCP provi-
sions for dealing with contaminated ground water are 
inconsistent with the CERCLA mandate for protec-
tion of human health and the environment and for 
compliance with ARARs. See 42 U.S.C. § 
9621(b)(1), (d)(1), (d)(2)(A). In the preamble to 40 
C.F.R. § 300.430, EPA sets out the following pro-
gram expectations: 
 


EPA expects to return usable ground waters to their 
beneficial uses wherever practicable, within a time-
frame that is reasonable given the particular cir-


cumstances of the site. When restoration of ground 
water to beneficial uses is not practicable, EPA ex-
pects to prevent further migration of the plume, 
prevent exposure to the contaminated ground wa-
ter, and evaluate further risk reduction. 


 
55 Fed.Reg. 8846 (1990). The NCP also pro-


vides that the documentation of a remedy selection 
must “ [i]ndicate, as appropriate, the remediation 
goals ... that the remedy is expected to achieve. Per-
formance shall be measured at appropriate locations 
in the ground water, surface water, soils, air, and 
other affected environmental media.”  40 C.F.R. § 
300.430(f)(5)(iii)(A). 
 


The States challenge the NCP approach to 
ground water contamination on four grounds. First, 
the States assert that EPA's expectation of selecting 
“a timeframe that is reasonable given the particular 
circumstances of the site,”  55 Fed.Reg. 8846, permits 
significant delay in implementing remedies and 
thereby permits EPA to avoid making improvements 
in the environment and the level of protectiveness. 
The States claim that the NCP should require rapid 
implementation of remedies whenever possible. EPA 
points in response to language describing its general 
ground water policy and explaining that the Agency's 
 


preference is for rapid restoration, when practica-
ble, of Class I ground waters and contaminated 
ground waters that are currently, or likely in the 
near-term to be, the source of a drinking water 
supply. The most appropriate timeframe must, 
however, be determined through an analysis of al-
ternatives.... 


 
More rapid restoration of ground water is fa-


vored in situations where a future *1538 **336 
demand for drinking water from ground water is 
likely and other potential sources are not sufficient. 
Rapid restoration may also be appropriate where 
the institutional controls to prevent the utilization 
of contaminated ground water for drinking water 
purposes are not clearly effective or reliable. 


 
55 Fed.Reg. 8732 (1990). Thus, in a situation 


where health could be jeopardized, EPA intends to 
rapidly restore the water; in other situations, the time-
frame may be longer. 
 


Second, the States argue that the NCP improp-
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erly permits a remedy to incorporate a point of com-
pliance that is an unlimited distance away from the 
source of ground water contamination. The States 
point to the following language in the preamble to 40 
C.F.R. § 300.430(f)(5)(iii)(A): 
 


EPA believes that remediation levels should gener-
ally be attained throughout the contaminated 
plume, or at and beyond the edge of the waste 
management area, when the waste is left in place. 
However, EPA acknowledges that an alternative 
point of compliance may also be protective of pub-
lic health and the environment under site-specific 
circumstances. 


 
55 Fed.Reg. 8753. The States emphasize the 


flexible nature of the preamble language. EPA notes 
in reply that the preamble expresses a clear prefer-
ence for remediation throughout the plume and states 
that alternatives must in any case be protective of 
public health and the environment. 
 


Third, the States argue that the EPA ground wa-
ter policy permits EPA to ignore compliance with 
ARARs. The States assert that EPA achieves this 
result with respect to Class I and II ground water by 
establishing an exclusive federal ARAR. The States 
point to the following statement of EPA's general 
ground water policy: 
 


For Class I and II ground waters, preliminary 
remediation goals are generally set at maximum 
containment levels, and non-zero MCLGs where 
relevant and appropriate, promulgated under the 
Safe Drinking Water Act or more stringent state 
standards.... 


 
55 Fed.Reg. 8732. EPA responds that the NCP 


clearly requires compliance with all ARARs as a 
threshold requirement, and that the general statement 
on ground water policy does not affect the NCP re-
quirement. 
 


As for Class III ground water, the States argue 
that EPA has determined improperly that Safe Drink-
ing Water Act (“SDWA”) standards are not ARARs. 
The States note the following language: 
 


For Class III ground water (i.e., ground water that 
is unsuitable for human consumption-due to high 


salinity or widespread contamination that is not re-
lated to a specific contamination source-and that 
does not have the potential to affect drinkable or 
environmentally significant ground water), drink-
ing water standards are not ARAR and will not be 
used to determine preliminary remediation goals. 


 
55 Fed.Reg. 8732. EPA responds that standards 


from other statutes such as the SDWA only apply 
where “ legally applicable.”  42 U.S.C. § 
9621(d)(2)(A). Thus, EPA argues, it has properly 
concluded that where the ground water does not 
come within the scope of the SDWA, the Agency is 
not obligated to apply those standards. EPA ac-
knowledges that it must apply the standards in any 
case if it determines that they are otherwise “relevant 
and appropriate under the circumstances”  of the spe-
cific site in question. Id. The NCP sets out the proce-
dure for making the “relevant and appropriate”  de-
termination. See 40 C.F.R. § 300.400(g)(2). 
 


Fourth, and finally, the States assert that a vari-
ety of additional preamble statements, regarding gen-
eral ground water policy and specific NCP regula-
tions, permit remedies that are inconsistent with the 
CERCLA mandate for remedies that protect human 
health and the environment and are permanent to the 
maximum extent practicable. See 42 U.S.C. § 
9621(b)(1), (d)(1). EPA again responds that the nine 
criteria set out in 40 C.F.R. § 300.430(e)(9)(iii)-the 
first of which is protection of human health and the 
environment, see id. § 300.430(e)(9)(iii)(A), and the 
third of which is permanence, see id. § 
300.430(e)(9)(iii)(C)-must always be used in select-
ing a remedy. EPA points out that the nine criteria 
will be balanced on a site-specific basis, but that 
overall protection of *1539 **337 the environment is 
a threshold requirement that each alternative must 
meet in order to be considered. 40 C.F.R. § 
300.430(f)(1)(i)(A). 
 


The States must make site-specific challenges to 
press each of its four ground water contamination 
claims-that the NCP permits remedy implementation 
timeframes that are unreasonably long, that the NCP 
permits remedies to incorporate unreasonably remote 
points of compliance, that the NCP permits EPA to 
ignore compliance with ARARs, and that the NCP 
permits remedies that are inconsistent with the CER-
CLA mandates of protection of human health and the 
environment and permanence. EPA argues with re-
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gard to each claim that the States have simply misap-
prehended the import of the various statements that 
form the basis of their arguments. Because the claims 
are premised on hypothetical applications of non-
binding statements in the NCP, we conclude that they 
should be addressed in site-specific challenges in 
which the reviewing court can consider “ the agency's 
practical application”  of its statements. See Public 
Citizen, 940 F.2d at 683. 
 
C. Does the NCP improperly fail to apply Federal 
Water Quality Criteria (“ FWQC” ) as ARARs? 


[12] The States' final set of unripe claims in-
volves EPA's decision to use MCLs and non-zero 
MCLGs in place of the federal water quality criteria 
established under the Clean Water Act (“CWA”). 
CERCLA requires that remedial actions attain these 
federal water quality criteria (“FWQC”) wherever 
“relevant and appropriate under the circumstances of 
the release or threatened release.”  42 U.S.C. § 
9621(d)(2)(A). Like MCLGs, FWQC do not have any 
independent regulatory impact. See supra pp. 1529-
30. Rather, they present scientific data and guidance 
on the effects of pollutants from which state and fed-
eral authorities may derive actual requirements. 
 


CERCLA provides the following guidance in de-
ciding when an FWQC is relevant and appropriate: 
 


In determining whether or not any [FWQC] ... is 
relevant and appropriate under the circumstances 
of the release or threatened release, the President 
shall consider the designated or potential use of the 
surface or groundwater, the environmental media 
affected, the purposes for which such criteria were 
developed, and the latest information available. 


 
42 U.S.C. § 9621(d)(2)(B)(i). The preamble to 


40 C.F.R. § 300.430(e)(2) states as follows with re-
gard to the choice between MCLGs and MCLs on the 
one hand, and FWQC on the other, as ARARs: 


EPA believes that an MCL or non-zero MCLG is 
generally the [ARAR] for ground water that is a 
current or potential source of drinking water ... 
even if an FWQC for human health is also avail-
able.... 


 
.... 


 
EPA believes that MCLs or non-zero MCLGs gen-
erally will be the [ARAR] for surface water desig-


nated as a drinking water supply, unless the state 
has promulgated water quality standards (WQS) 
for the water body that reflect the specific condi-
tions of the water body. 


 
55 Fed.Reg. 8755 (1990) (emphasis added). In 


addition, the NCP provides that MCLs and non-zero 
MCLGs “shall be attained by remedial actions for 
ground or surface waters that are current or potential 
sources of drinking water”  where relevant and appro-
priate under the circumstances of the release. 40 
C.F.R. § 300.430(e)(2)(i)(B). 
 


The States argue that the NCP preamble and 
regulations embody an unreasonable decision to use 
MCLs and non-zero MCLGs in place of FWQC. EPA 
responds that the issue is not ripe for review because 
the preamble merely sets out a general view that may 
or may not be followed in particular cases. We agree. 
Although EPA sets out a detailed rationale for its 
tentative conclusion, the preamble guidance is none-
theless nonbinding. Thus, this claim should also be 
disposed of in a site-specific challenge in which the 
reviewing court can consider a specific application of 
the challenged language. Public Citizen, 940 F.2d at 
683. 
 


*1540 **338 V 
The States' final group of claims focus on the 


proper role of individual states in CERCLA cleanups 
and the allocation of costs between the federal and 
state governments. 
 
A. Does the NCP improperly limit the States' ability 
to take actions authorized by CERCLA? 


[13] The States next challenge the NCP's provi-
sions regarding the delegation of CERCLA authority. 
Specifically, the States argue that Subpart F of the 
NCP impermissibly precludes state officials from 
applying for cleanup and related enforcement author-
ity pursuant to section 104 of CERCLA, and from 
exercising authority that is properly assignable to 
them under the statute. 
 


The applicable part of section 104 states: 
 


A State or political subdivision thereof or Indian 
tribe may apply to the President to carry out ac-
tions authorized in this section. If the President de-
termines that the State ... has the capability to carry 
out any or all of such actions in accordance with 
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the criteria and priorities established pursuant to 
section 9605(a)(8) of this title and to carry out re-
lated enforcement actions, the President may enter 
into a contract or cooperative agreement with the 
State ... to carry out such actions. The President 
shall make a determination regarding such an ap-
plication within 90 days after the President receives 
the application. 


 
42 U.S.C. § 9604(d)(1)(A) (1988) (emphasis 


added). Under this provision, states may apply for 
enforcement authority and the President “shall make 
a determination”  regarding any such application 
within ninety days. If a state is determined to be ca-
pable of carrying out the policies of the statute, sec-
tion 104 allows the President to delegate all of the 
responsibilities authorized in section 104 as well as 
the authority to take “related enforcement actions.”  
Moreover, a delegation under this section authorizes 
states to carry out these actions on behalf of federal 
authorities, not merely in conjunction with them. See 
id. §§ 9604(d)(3) (states may act “on behalf of the 
President” ), 9611(f) (President may delegate to states 
authority to obligate federal funds and settle claims 
against Superfund). 
 


The actions authorized under section 104, in ad-
dition to the undefined “related enforcement actions,”  
include the right to take removal or remedial action 
or “any other response measure consistent with the 
national contingency plan which the President deems 
necessary to protect the public health or welfare or 
the environment.”  Id. § 9604(a)(1). The section also 
confers the authority to investigate releases of haz-
ardous substances, direct responses and recover the 
costs thereof, select remedial actions, and obtain in-
formation about and entry upon contaminated sites. 
Id. § 9604(b), (c)(4), (e). The fundamental dispute 
here centers on the scope of EPA's discretion to bar 
States from even applying for certain enforcement 
authority under section 104. 
 


The NCP regulations pertaining to state partici-
pation in CERCLA response actions are contained in 
Subpart F, 40 C.F.R. §§ 300.500-.525 (1991). See 55 
Fed.Reg. 8666, 8775 (1990) (Subpart F “codifies all 
regulatory requirements or state participation and 
involvement in CERCLA-authorized response ac-
tions” ). There are two types of state-led response 
actions that are implicated by the Subpart F regula-
tions. The first involves a state acting as the lead 


agency in a federally financed cleanup (“state-lead, 
fund-financed”); in such a situation, the NCP limits 
state participation to preparing proposed remedial 
plans and the final record of decision (“ROD”) set-
ting forth the selected remedy. Specifically, states 
must first enter into a cooperative agreement with 
EPA in order to receive Superfund financing. 40 
C.F.R. § 300.515(a). The state may then perform 
initial site assessment activities, conduct the remedial 
investigation (“RI” ), do the feasibility study (“FS”), 
draft and recommend a proposed remedial action 
plan, and prepare the final ROD. Id. However, in 
state-lead, fund-financed actions, the state may not 
publish a remedial plan that has not been approved by 
EPA, or proceed with the response action unless EPA 
has concurred in, and adopted, the ROD. Id. § 
300.515(e)(1), (e)(2)(ii). Thus, all final authority is 
reserved to EPA. 
 


*1541 **339 The second type of state-led re-
sponse action under Subpart F involves a state acting 
as the lead agency in potentially responsible party 
(“PRP”) or state funded cleanups. In these actions 
(“state-lead, non-fund-financed”), states need not get 
EPA concurrence to publish and implement a rem-
edy, but, under the NCP, the states are barred from 
invoking CERCLA authority. Id. § 300.515(e)(2)(ii). 
In other words, a state may not even apply for such 
authority pursuant to section 104. Thus, if a state 
elects to proceed on its own authority, there is a risk 
that EPA will take later actions or select different 
remedies under CERCLA that could potentially ex-
pose the state or the PRP to additional liabilities. The 
States contend that, without the ability to invoke 
CERCLA authority as the lead agency, state officials 
are severely handicapped in their ability to enforce 
and settle cleanup obligations. 
 


In the States' view, the Subpart F scheme unlaw-
fully restricts the scope of state participation under 
CERCLA. The statute provides for the delegation of 
CERCLA authority to states that apply for, and are 
found capable of carrying out, section 104 actions. 
Subpart F, however, establishes a blanket limitation 
on state participation, barring states from exercising 
the most important CERCLA authority (remedy se-
lection) in fund-financed cleanups and from using 
any CERCLA authority in non-fund-financed clean-
ups, without regard to the capability of any given 
state. 
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The first question subsumed by the States' peti-
tion on this issue is whether CERCLA requires the 
grant of authority to a state under section 104 when-
ever it is sought. The answer to this question is obvi-
ous: under the statute, EPA's determination (on be-
half of the President) to delegate section 104 respon-
sibilities to state officers is clearly discretionary. The 
statute directs that states “may apply to the President 
to carry out actions authorized in this section.... [T]he 
President may enter into a contract ... with the State 
... to carry out such actions.”  42 U.S.C. § 
9604(d)(1)(A) (emphasis added). Naturally, terms 
such as “may”  are indicative of discretionary author-
ity. International Union, UAW v. Dole, 919 F.2d 753, 
756 (D.C.Cir.1990). Furthermore, cooperative con-
tracts are “subject to such terms and conditions as the 
President may prescribe.”  42 U.S.C. § 9604(d)(1)(B). 
Seeking to counter the clear language of the statute, 
the States cite several portions of the legislative his-
tory as purportedly revealing that the statute's drafts-
men intended states to exercise the full range of 
CERCLA authority. See, e.g., 126 Cong.Rec. 26,761 
(1980) (statement of Rep. Florio) (federal Govern-
ment “required to provide for contracts and grants”  to 
states that have response capability). However, the 
history cited by the States is composed of isolated 
references from a long and tangled legislative proc-
ess. In light of the clear discretionary language used 
in the enacted version of the statute, we find these 
statements unpersuasive. Thus, the statute manifestly 
does not require EPA to delegate full CERCLA au-
thority in either state-lead, fund-financed, or state-
lead, non-fund-financed responses. 
 


This does not dispose of the issue, however, for 
the States have raised a second question challenging 
EPA's determination to preclude all states from even 
applying for enforcement authority that is otherwise 
permissible under section 104. As noted above, under 
section 104, the President must make a determination 
within ninety days on any application from a state to 
participate in a CERCLA cleanup through a coopera-
tive agreement. 42 U.S.C. § 9604(d)(1)(A). Thus, 
under the statute, states have a right to apply for en-
forcement authority under section 104, and the Presi-
dent is required to respond based on the particular 
state's capability of performing. Subpart F, though, 
categorically precludes states from taking CERCLA 
actions that are not included in the NCP codification 
of delegable duties, irrespective of the state's capa-
bilities. For instance, Subpart F does not allow dele-
gation of the authority to select the final remedy, de-


spite the fact that such authority is one of those enu-
merated in CERCLA section 104. Nor is there any 
mention in Subpart F of enforcement authority that 
may be delegated to the states. In effect, EPA has 
determined in a rulemaking that no state may qualify 
to exercise all of the potentially delegable authority 
of section 104. 
 


*1542 **340 To the extent that the NCP merely 
defines the terms of arrangements governing “coop-
erative agreements”  under 42 U.S.C. § 9604(d)(1)(A) 
we can see no problem with the regulations. CER-
CLA expressly provides that such cooperative 
agreements are to be governed by the terms and con-
ditions of EPA's choosing. Id. § 9604(d)(1)(B). Thus, 
in one sense, the NCP provisions in Subpart F merely 
provide for a uniform set of conditions to which 
states entering into cooperative agreements must ad-
here. Viewed as such, the provisions are a valid exer-
cise of the Agency's rulemaking authority. See SEC v. 
Chenery Corp., 332 U.S. 194, 203, 67 S.Ct. 1575, 
1580, 91 L.Ed. 1995 (1947) (agencies may choose to 
implement federal policy on either case-specific basis 
or in rulemaking); National Small Shipments Traffic 
Conference v. Interstate Commerce Commission, 725 
F.2d 1442, 1447 (D.C.Cir.1984) (same). 
 


Moreover, the conditions EPA has placed on 
state participation under the cooperative agreements 
are far from arbitrary. Since EPA bears ultimate re-
sponsibility under the statute to ensure appropriate 
remedial responses at release sites, it is not surprising 
that the Agency also intends to control final remedial 
selection. See Ohio v. EPA, 838 F.2d 1325, 1330-31 
(D.C.Cir.1988) (“The most fundamental policy is not 
that [the states] should be involved in the cleanup but 
that the cleanup of hazardous waste sites should oc-
cur.” ). Similarly, at least with regard to fund-financed 
cleanups, EPA must also protect scarce federal re-
sources. Id. at 1331. Subpart F of the NCP is one 
means of accomplishing these two legitimate ends. 
 


The problem with EPA's blanket prohibition in 
the latest version of the NCP is that it reflects an in-
explicable change in policy. Both the 1982 and 1985 
NCPs provided that EPA could enter into agreements 
allowing states to exercise most of the statutory au-
thority available under the statute. See 40 C.F.R. § 
300.62 (1983); 40 C.F.R. § 300.62 (1986). In neither 
of the earlier NCPs was an entire category of powers 
excluded. See, e.g., 47 Fed.Reg. 31,180, 31,186 
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(1982) (extent of state participation to be a case-
specific determination). Thus, the provisions of the 
current NCP that expressly exclude states from exer-
cising enforcement and remedy selection authority 
represent a departure from EPA's previous policy of 
making individualized determinations based on state 
capability. 
 


Assuming that a regulation of the sort here at is-
sue might be lawful, it could not be promulgated by 
EPA without some reasoned explanation from the 
Agency justifying the significant change in policy. 
Motor Vehicle Mfrs. Ass'n v. State Farm Mut. Auto. 
Ins. Co., 463 U.S. 29, 57, 103 S.Ct. 2856, 2874, 77 
L.Ed.2d 443 (1983); Pittsburgh Press Co. v. NLRB, 
977 F.2d 652, 655 (D.C.Cir.1992). In the present 
case, EPA offered only the most general and cursory 
explanation for the new blanket exclusion-the neces-
sity of retaining federal control over remedy selection 
to ensure consistency. See 55 Fed.Reg. 8783 (1990). 
Yet, the Agency never explained the relationship 
between remedial consistency and statutory objec-
tives, nor did it substantiate its assumption that state 
remedy selection would lead to less consistency than 
the present system in which remedies are selected by 
diverse EPA field offices. Given that EPA may con-
dition any cooperative agreement as it deems neces-
sary, we see no reason to assume that greater reme-
dial inconsistency would follow from state remedy 
selection. 
 


The Agency's failure to offer any reasoned ex-
planation is particularly troubling given that several 
states commented on the blanket exclusion and sug-
gested alternative procedures during the rulemaking 
proceedings. See, e.g., Comments of Minnesota, re-
printed in Joint Deferred Appendix (“J.D.A.” ) at 61-
62. Under the circumstances, EPA has no excuse for 
failing to explain its shift in policy. See Brookings 
Mun. Tel. Co. v. FCC, 822 F.2d 1153, 1169 
(D.C.Cir.1987) (agency must consider alternatives 
suggested in rulemaking and give reasons for reject-
ing them). Thus, we grant the petition in so far as 
EPA has not substantiated its new blanket rule 
against the delegation of certain CERCLA remedial 
authorities to states, and remand the case to EPA for 
proceedings consistent with this opinion. 
 


In remanding, we are unwilling to say that every 
state is entitled to an individualized *1543 **341 
determination on every question that might arise as to 


“capability”  under section 104; indeed, we have no 
doubt that EPA could easily justify certain categori-
cal requirements applicable to all states. Nonetheless, 
the Agency must make those determinations on the 
record based on reasoned consideration. 
 
B. Does the NCP improperly establish federal/state 
cost sharing requirements? 


The next two issues raised by the States relate to 
the allocation of the financial burdens of CERCLA 
cleanup responses between federal and state authori-
ties. 
 
1. Sharing of Operation and Maintenance Costs 


[14] Section 104(c)(3) of CERCLA states that: 
 


(A) the State will assure all future maintenance of 
the removal and remedial actions provided for the 
expected life of such actions as determined by the 
President ... (C) the State will pay or assure pay-
ment of (i) 10 per centum of the costs of the reme-
dial action, including all future maintenance, or (ii) 
50 percent (or such greater amount as the President 
may determine appropriate, taking into account the 
degree of responsibility of the State or political 
subdivision for the release) of any sums expended 
in response to a release at a facility, that was oper-
ated by the State or a political subdivision 
thereof.... 


 
42 U.S.C. § 9604(c)(3) (emphasis added). The 


States read this provision to impose a 10%/90% 
(state/federal) allocation for most operations and 
maintenance costs related to CERCLA cleanup ac-
tions. EPA agrees that states are only responsible for 
10% of the costs of the remedial action, but claims 
that the NCP properly codifies the Agency's long-
standing practice of requiring states to fund 100% of 
the maintenance of a fund-financed remedy. See 40 
C.F.R. §§ 300.435(f), 300.510(c). The positions of 
the parties may be summarized as follows: 


States' Position: 
 


10%-States' share for “ remedial action”  
 


10%-States' share of “all future maintenance”  
 


50%-States' share of sums expended in response 
to a release at a facility that was operated by the 
States 
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EPA's Position: 


 
10%-States' share for “ remedial action”  


 
100%-States' share of “all future maintenance”  


 
at least 50%-States' share of sums expended in re-
sponse to a release at a facility that was operated 
by the States. 


 
The States and EPA reach their respective con-


structions of the statute via diametrical routes. To 
begin with, the plain language of the section is open 
to two plausible interpretations. EPA maintains that 
the central distinction in the statute is between main-
tenance costs, for which the States are completely 
responsible under subparagraph (A), and remedial 
actions, for which the States must pay at least ten 
percent of the costs under subparagraph (C). EPA 
argues that the inclusion of “all future maintenance”  
in subparagraph (C) was merely meant to highlight 
that distinction. In other words, according to EPA, 
“all future maintenance”  cannot modify (or be en-
compassed within) “ remedial action,”  so the “10 per 
centum” does not refer to the former. 
 


By contrast, the States understand the phrase 
“ including all future maintenance”  in section 
104(c)(3)(C)(i) to mean that the states' 10% cost 
share applies to remedial costs as well as “all future 
maintenance”  costs. Since Congress chose the word 
“ including”  rather than “ in addition to”  or “plus,”  this 
is not an unreasonable interpretation. However, it is 
certainly not compelled. 
 


Hence, to further bolster their case, the States at-
tack EPA's construction as incompatible with the 
statutory context. As the States point out, the second 
part of subparagraph (C) (relating to cost sharing for 
“ releases”  for which the state was responsible) does 
not include a reference to “ future maintenance costs.”  
Nonetheless, both parties appear to assume that such 
“releases”  include all future maintenance at such 
sites. Thus, on this assumption, it would seem an 
especially odd statutory scheme under which *1544 
**342 states are responsible for only 50% of costs 
(presumably part of “any sums expended”) at sites 
that the states themselves operated, but were obli-
gated to pay 100% of maintenance costs at all other 


sites. 
 


However, EPA's construction does not necessar-
ily lead to the posited quandary. According to EPA, 
subparagraph (c)(3)(C)(ii) requires states to pay at 
least 50% of all sums expended in response to a re-
lease at a state operated facility. Since states are re-
sponsible for 100% of maintenance costs under sub-
paragraph (c)(3)(A), the constraints imposed by sub-
paragraph (c)(3)(C)(ii) are inapposite. Therefore, 
although it imposes an awkward structure upon the 
statute, the Agency's construction equally accounts 
for state culpability at release sites. 
 


Just as the parties have antithetical readings of 
the language of section 104(c), they draw different 
inferences from the Superfund Amendments and Re-
authorization Act of 1986 (“SARA”), Pub.L. No. 99-
499, 100 Stat. 1613 (1986). In that legislation, two 
additional subparagraphs were added to CERCLA. 
First, section 104(c)(6) was added, which specifies 
that, for up to ten years of operation, ground and sur-
face water restoration measures are “remedial action”  
rather than operations and maintenance. 42 U.S.C. § 
9604(c)(6). Second, SARA added section 104(c)(7), 
which provides that federal funds are to be used for 
the “ [f]ederal share of the payment of the cost of op-
eration or maintenance pursuant to paragraph 
(3)(C)(i) or paragraph (6).”  Id. § 9604(c)(7). Since 
section (c)(6) redesignated maintenance costs for 
water treatment measures “remedial”  for the purposes 
of section (3)(C)(i), the States contend that Congress 
must have been referring to the federal share of the 
cost of other maintenance actions under subparagraph 
(c)(3). Yet, under EPA's interpretation, this addition 
would be largely meaningless since maintenance 
costs in (c)(3) are solely the states' responsibility. 
 


EPA, naturally, has a different understanding of 
the SARA amendments. Prior to and since SARA, 
EPA has applied a 10/90 cost sharing ratio to the 
costs of remedial actions and to the costs of one year 
of maintenance (the “shakedown”  period after ROD 
objectives are achieved). See 50 Fed.Reg. 47,912, 
47,924 (1985) (long-term maintenance costs not 
funded entirely by states since EPA will fund up to 
one year); 40 C.F.R. § 300.510(c)(2) (EPA may share 
maintenance costs for up to one year). EPA applied 
this ratio to all cleanup sites, even those that included 
water restoration actions, which typically require 
several years of pumping to achieve final cleanup 
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objectives after the maintenance period has begun. In 
response to state complaints about this cost sharing 
arrangement, Congress added section 104(c)(6), es-
sentially redefining maintenance for water treatment 
actions as “remedial action”  for up to ten years. See 
H.R.Rep. No. 253, 99th Cong., 1st Sess., pt. 1 at 70 
(1985). However, Congress did not change the cost 
sharing provisions in section 104(c)(3). Thus, Con-
gress shifted the financial burden of funding mainte-
nance costs for the long-term operation of water res-
toration systems from the states to EPA. See id. at 60; 
S.Rep. No. 11, 99th Cong., 1st Sess. 21 (1985). Yet, 
as EPA argues, such a cost shifting would have been 
unnecessary if the States' interpretation obtained, 
since EPA would already have been bound to pay for 
ninety percent of the maintenance costs of all types 
of responses pursuant to section 104(c)(3). Moreover, 
faced with a clear opportunity to repudiate estab-
lished EPA policy regarding cost sharing, Congress' 
decision to merely redefine the maintenance period 
for water treatment measures represents, if not an 
implicit adoption of the policy, at least tacit accep-
tance. See United States v. Riverside Bayview Homes, 
474 U.S. 121, 137, 106 S.Ct. 455, 464, 88 L.Ed.2d 
419 (1985) (refusal of Congress to overrule an 
agency interpretation is “some evidence of the rea-
sonableness of that construction” ). 
 


With regard to the States' argument that section 
104(c)(7) necessarily implies a federal share of the 
payment of maintenance costs pursuant to subpara-
graph (c)(3)(C), the legislative history suggests that 
the phrase “ federal share”  in section 104(c)(7) refers 
only to the maintenance of water treatment opera-
tions, restyled as remedial action in section (c)(6), 
and the costs of maintenance over the one year 
“shakedown”  period for other remedial*1545 **343 
actions, which EPA has traditionally funded at the 
90% level. See S.Rep. No. 11 at 21 (“Under current 
EPA policy, the costs of such operation are provided 
on a 90 percent Federal share for only one year.” ); 
Staff of Joint Comm. on Taxation, 99th Cong., 1st 
Sess., Background and Issues Relating to House Bills 
for Reauthorization and Financing of Superfund 17 
(Joint Comm. Print (JCS-13-85) 1985) (states “gen-
erally ... required to pay 10 percent of the capital and 
first-year operating costs of a remedial action ... and 
100 percent of the operating costs in subsequent 
years” ). Thus, the Agency's construction is not in 
tension with section 104(c)(7). 
 


In sum, both parties have proposed plausible 
constructions of this cumbersome statutory section. 
However, when confronted with language as heavily 
laden with ambiguity as section 104(c) of CERCLA, 
we may not second-guess a permissible and reason-
able construction posited by the agency charged with 
implementing the statute. Chevron v. Natural Re-
sources Defense Council, 467 U.S. 837, 842-43, 104 
S.Ct. 2778, 2781-82, 81 L.Ed.2d 694 (1984). Here, 
EPA's interpretation of section 104(c)(3) is both a 
permissible, reasonable reading of the statute under 
the second step of the Chevron test, see 467 U.S. at 
842-44, 104 S.Ct. at 2781-82, and not otherwise arbi-
trary or capricious under the test of State Farm, 463 
U.S. at 41-44, 103 S.Ct. at 2865-67. 
 
2. Costs Related to Remedial Treatment of Wastewa-
ter 


[15] Section 104(c)(6) of CERCLA provides that 
states are only responsible for 10% of maintenance 
costs for a limited type of remedial action (up to ten 
years of “ treatment or other measures ... necessary to 
restore ground and surface water quality to a level 
that assures protection of human health” ). 42 U.S.C. 
§ 9604(c)(6). The NCP expressly excludes “source 
control maintenance measures”  and “ground- or sur-
face-water measures initiated for the primary purpose 
of providing a drinking-water supply”  from the ac-
tivities covered by section 104(c)(6). 40 C.F.R. § 
300.435(f)(4). The States consider these exclusions to 
be arbitrary and directly contrary to the statute. Since 
Congress did not define which measures are “neces-
sary to restore”  ground and surface water quality “ to 
a level that assures protection of human health and 
the environment,”  EPA may apply its expertise to 
interpret those phrases, as long as the interpretations 
are permissible and reasonable. Chevron, 467 U.S. at 
843-44, 104 S.Ct. at 2782. 
 


The States' primary complaint is that “source 
control measures”  may be an integral part of a water 
restoration measure and, yet, under the NCP, not eli-
gible for 90% federal funding. For instance, landfill 
covers and leachate collection systems, which are 
designed to prevent the migration of water into and 
out of contaminated sites, are among the source con-
trol measures that EPA has excluded from categoriza-
tion under section 104(c)(6). See 40 C.F.R. § 300.5. 
The States contend that section 104(c)(6) requires 
EPA to operate an entire water quality restoration 
remedy, including elements such as these that may 
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also function as source control measures. 
 


EPA, on the other hand, construed the “necessary 
to restore”  language of the statute as contemplating 
only those measures that “actively cleanup ground 
and surface water.”  55 Fed.Reg. 8737 (1990). This 
interpretation is consistent with the legislative history 
of CERCLA. See S.Rep. No. 11 at 21 (exemption 
applies where “pumping and treating of water or 
other technology is required”); H.R.Rep. No. 253, Pt. 
1 at 70 (section directed at “ long-term cleanup reme-
dies, such as pumping and treating of groundwater” ). 
Source control measures do not treat any surface or 
ground water, nor are they “necessary”  to “restore”  
water quality; instead, these activities are required to 
maintain the effectiveness of remedial measures. See 
55 Fed.Reg. 8738. The States nonetheless insist that 
these measures are necessary to restore water quality 
because without them additional releases may result. 
However, were that the test, virtually all related 
maintenance activities would qualify as necessary to 
restore water quality, and hence, as “remedial”  under 
the statute. Such a construction exceeds the apparent 
reach of the section. The NCP provision excluding 
*1546 **344 source control measures from the scope 
of the section 104(c)(6) exemption is far more con-
gruent with the terms of the statute. Thus, we deny 
the States' petition in so far as it challenges the facial 
validity of section 300.435(f)(4)(i) of the NCP. 
 


The States also challenge the NCP's exclusion of 
measures whose primary purpose is to provide drink-
ing water from the scope of section 104(c)(6) of 
CERCLA. Briefly, the States argue that the exclusion 
leads to absurd results since a measure used to treat 
water that will be discharged without beneficial use 
would qualify for 90% federal funding, whereas the 
same measure used to provide drinking water would 
not qualify. 
 


The States, however, have stretched section 
104(c)(6) beyond its intended reach. Section 
104(c)(6) is designed to ensure that federal funds are 
used to pay for the long-term restoration of ground 
and surface water to protected levels. Yet, under the 
States' approach, federal funds would pay 90% of the 
costs of treatments designed not to restore water to 
protective levels, but to provide drinking water, 
which is not the object of CERCLA responses. Thus, 
40 C.F.R. § 300.435(f)(4)(ii), which excludes from 
section 104(c)(6) treatment measures whose primary 


purpose is to provide drinking water, is entirely con-
sistent with the terms of the statute. This portion of 
the States' petition is, therefore, denied. 
 
C. Does the NCP improperly define when a remedy 
becomes operational and functional? 


[16] Given that states are responsible for 100% 
of operations and maintenance (“O & M”) costs, the 
determination of the point at which a response be-
comes “operational”  is an extremely important aspect 
of the cost sharing issue. Section 300.435(f)(2) of the 
NCP provides that “ [a] remedy becomes ‘operational 
and functional’  either one year after construction is 
complete, or when the remedy is determined concur-
rently by EPA and the state to be functioning prop-
erly and is performing as designed, whichever is ear-
lier. EPA may grant extensions to the one-year pe-
riod, as appropriate.”  40 C.F.R. § 300.435(f)(2) (em-
phasis added); see also 40 C.F.R. § 300.510(c)(2) 
(EPA may share O & M costs for up to one year to 
ensure remedy is operational and functional). EPA 
contends that the regulatory presumption that a rem-
edy is operational after one year reflects the practical 
realities of remedy management. See 55 Fed.Reg. 
8739 (analogizing to construction grant regulations). 
The States argue that this aspect of the NCP is arbi-
trary and capricious because states will be burdened 
with the costs of responses that are not actually op-
erational once a year has passed since the completion 
of construction. 
 


Here again, though, the States' challenge is pre-
mature. By its terms, the NCP merely has articulated 
a rebuttable presumption that remedies are opera-
tional and functional one year after completion. If, in 
a specific situation, a remedy is not fully functional at 
the end of a year, EPA has indicated that an extension 
will be appropriate. 40 C.F.R. § 300.435(f)(2). See 
also 55 Fed.Reg. 8739 (extensions available where 
remedy not fully operational after a year). If the 
Agency refuses to grant such an extension, that deci-
sion would be subject to challenge. At this point, 
however, we have no reason to assume that EPA will 
deny an extension in any situation in which a remedy 
is not operational after one year. Thus, the challenge 
to this portion of the NCP is premature. 
 
D. Does the NCP establish improper provisions on 
state assurances for institutional controls and site 
access? 


The States next complain that the NCP unlaw-
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fully requires assurances relating to institutional con-
trols and site access from states seeking federal funds 
for response actions. 
 
1. State Assurances of Institutional Controls 


Section 300.510(c) of the NCP conditions receipt 
of fund-financing upon state assurances that institu-
tional controls (e.g., zoning restrictions) implemented 
as part of a remedial action are “ in place, reliable, and 
will remain in place after the initiation of O & M.”  40 
C.F.R. § 300.510(c)(1). The States challenge two 
aspects of this provision. First, the States argue that 
this section was *1547 **345 promulgated without 
proper notice and opportunity for comment. Second, 
the States maintain that the section is arbitrary and 
capricious because it requires states to act beyond 
their legal authority on threat of losing federal fund-
ing for hazardous waste cleanups. 
 


[17] On the first point, the States contend that 
neither the originally proposed rule, 53 Fed.Reg. 
51,394 (1988), nor the interim final rule, 54 Fed.Reg. 
4132 (1989), gave notice of the rule finally promul-
gated in section 300.510(c)(1); the States therefore 
argue that the rule was adopted in violation of the 
Administrative Procedure Act, 5 U.S.C. §§ 551-559, 
701-706. The test, of course, is whether the final rule 
that emerged from the administrative process was a 
“ logical outgrowth”  of the earlier proposed rules. 
Chemical Waste Mgmt. v. EPA, 976 F.2d 2, 28 
(D.C.Cir.1992), cert. denied, 507 U.S. 1057, 113 
S.Ct. 1961, 123 L.Ed.2d 664 (1993). 
 


In this case, EPA's proposed rule required states 
to provide assurances that they would “assume re-
sponsibility for operation and maintenance of imple-
mented remedial actions.”  53 Fed.Reg. 51,510. In 
that same proposed rule, EPA made it clear that it 
regarded institutional controls as an integral part of 
many “remedial actions.”  See 53 Fed.Reg. 51,423, 
51,427. There was, therefore, reasonable notice that 
assurances for institutional controls might be required 
of states where such controls were part of the long-
term response to a release. Thus, the final rule was 
presaged by the proposed rules and a further round of 
rulemaking is not required. 
 


[18] The States also challenge the substance of 
this requirement as arbitrary and capricious. The 
States claim that the NCP poses an insuperable bar-
rier to fund-financed remedial action where the state 


lacks the authority necessary to make the assurances 
that EPA may require under section 300.510(c)(1). 
For instance, state officials often are powerless to 
implement changes in many local zoning ordinances. 
Thus, where a proposed fund-financed remedy re-
quires such changes, the state must either act ultra 
vires or forego federal funding. 
 


Whatever dilemma this framework poses for the 
states is a product of the statute. Under CERCLA, the 
states are required to assure all future maintenance of 
the removal and remedial actions, 42 U.S.C. § 
9604(c)(3), which may include institutional controls, 
see id. § 9601(24) (listing responses encompassed 
within the phrase, “ remedial actions” ). Section 
300.510(c)(1) was added to the NCP precisely be-
cause EPA lacks the authority to impose many of 
these controls. 55 Fed.Reg. 8706 (1990). Thus, to the 
extent that institutional controls are a necessary com-
ponent of a fund-financed remedial action, it is en-
tirely appropriate under section 104(c)(3) for EPA to 
require assurance of the integrity of these controls 
prior to spending federal funds on the cleanup. If, for 
whatever reason, the state cannot or will not give the 
necessary assurances, the statute forbids EPA from 
proceeding with a fund-financed cleanup. A state 
wishing to proceed with a fund-financed remedy in 
such a case may either work with local officials to 
secure the required assurances (perhaps through a 
three-party agreement, see 40 C.F.R. §§ 
300.515(a)(1), 35.6115(a)), or advocate a remedial 
scheme that does not depend on the problematic insti-
tutional controls. 
 


For the foregoing reasons, we deny the petition 
for review with respect to this portion of the NCP. 
 
2. Site Access 


[19] The States also attack the NCP's site access 
provisions as arbitrary and capricious. Section 
35.6805(p) of the Subpart O regulations provides 
that, “ [t]he State ... is expected to use its own author-
ity to secure access to the site and adjacent proper-
ties, as well as rights-of-way and easements neces-
sary to complete the response actions.”  40 C.F.R. § 
35.6805(p) (emphasis added). The States complain 
that this section constitutes an additional state “assur-
ance,”  not authorized by CERCLA section 104(c)(3), 
upon which federal funding is conditioned. 
 


If it were the case that the NCP required states to 
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assure site access, the States would have a colorable 
claim. By its terms, though, the NCP expressly does 
not condition fund financing on state assurance of 
site access. *1548 **346 See 40 C.F.R. §§ 
35.6105(b), 35.6805(i) (list of required state assur-
ances does not include site access). Instead, section 
35.6805(p) merely articulates EPA's preference for 
state acquisition of site access. EPA has explained 
that this preference is a matter of expediency and that 
“EPA will acquire site access only if the state cannot 
do so.”  55 Fed.Reg. 22,994, 23,005 (1990). If at 
some time in the future EPA attempts to condition 
federal funding on state assurance of site access, the 
state involved may bring a site-specific challenge. At 
this point, any such claim is premature. See supra pp. 
1536-40. 
 
E. Does the NCP improperly limit the allowable time 
for support agency review of technical documents? 


[20] Section 121(f) of CERCLA requires EPA to 
promulgate regulations providing for “substantial and 
meaningful involvement by each State in initiation, 
development, and selection of remedial actions to be 
undertaken in that State.”  42 U.S.C. § 9621(f)(1). 
One aspect of this requirement is that states are to be 
given a “reasonable opportunity”  to review and 
comment upon several documents that are generated 
in the remedial decision-making process. Id. § 
9621(f)(1)(E). The NCP implements this statutory 
requirement through section 300.515(h)(3), which 
establishes specific default time periods in which a 
support agency (EPA in state-lead cleanups) must 
review and comment on lead agency documents. See 
40 C.F.R. § 300.515(h)(3). Absent a Superfund 
memorandum of agreement (“SMOA”) to the con-
trary, a support agency has fifteen working days to 
comment on the RI/FS, ROD, applicable or relevant 
and appropriate requirements (“ARAR”) determina-
tion, and ten working days to comment on the pro-
posed remedial plan. Id. In addition, the NCP also 
provides states with numerous opportunities to par-
ticipate throughout remedy selection and implemen-
tation. See, e.g., 40 C.F.R. § 300.515(d) (states in-
volved in RI/FS process), 300.515(e) (states involved 
in remedy selection). Thus, states may participate in 
the creation of remedial action documents as well as 
review the final product of the process. 
 


Nonetheless, the States maintain that section 
300.515(h)(3) of the NCP denies them a reasonable 
opportunity to review and comment on what are often 


complex and lengthy documents. We are unper-
suaded. The participation process described in 
sections 300.515(d) and (e) is so extensive that we 
fail to see how the states will be unfairly burdened by 
the rules covering review of RI/FSs or proposed re-
medial plans. The documents subject to review will 
not be unfamiliar to state officials, so it is not as if the 
states will be forced to act in the blind in unreasona-
bly short periods of time. For instance, under section 
300.515(d), the lead and support agencies are di-
rected to identify potential ARARs and communicate 
them to each other in a timely fashion. Id. § 
300.515(d)(1). If EPA intends to waive any state 
identified ARAR, “or does not agree with the state 
that a certain state standard is an ARAR, it shall for-
mally notify the state when it submits the RI/FS re-
port for state review.”  Id. § 300.515(d)(3). Thus, po-
tential conflicts between states and EPA should be-
come apparent during the process and, if not explic-
itly identified by EPA, be anticipated by the states. 
Given this structure, an extended review period is 
unnecessary. 
 


Moreover, the NCP specifically provides for 
modification of the time periods in section 
300.515(h)(3) on a site-specific basis using a SMOA. 
Id. § 505(a)(3); see also 55 Fed.Reg. 8781 (1990) 
(review times in the NCP “can be modified by a 
SMOA”). Thus, where novel problems are presented, 
or where the release is of such magnitude that ex-
tremely complex remedial measures are anticipated, 
states may negotiate longer review periods and, 
again, an EPA refusal to negotiate such an agreement 
would be open to a site-specific challenge. Absent 
such circumstances, the review times provided in the 
NCP allow states a reasonable opportunity to review 
and comment upon EPA documents. This facet of the 
States' challenge is, therefore, denied. 
 
F. Does the NCP improperly define “ onsite”  for pur-
poses of the exemption from obtaining permits for 
remedial actions? 


[21] Section 121(e)(1) of CERCLA provides for 
a waiver of state and federal permitting*1549 **347 
requirements for cleanup actions taken “entirely on-
site.”  42 U.S.C. § 9621(e)(1). The NCP defines “on-
site”  to mean “ the areal extent of contamination and 
all suitable areas in very close proximity to the con-
tamination necessary for implementation of the re-
sponse action.”  40 C.F.R. §§ 300.5, 300.400(e)(1). 
The States challenge this facet of the NCP, arguing 
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that it allows EPA to expand the permit exemption of 
section 121(e)(1) beyond its intended scope. 
 


Although used in several places, “onsite”  is not 
defined in the statute. Normally, in such a situation, 
we would presume that Congress intended the dis-
puted term to have its common meaning. Kosak v. 
United States, 465 U.S. 848, 853, 104 S.Ct. 1519, 
1523, 79 L.Ed.2d 860 (1984). That presumption does 
not help us here, though, because “onsite”  is a statu-
tory term of art with no “plain”  meaning. Faced with 
this ambiguity, we turn to the definitions offered by 
the parties. The State petitioners (excluding Ohio, 
New York, Minnesota, New Jersey and California) 
define “onsite”  formalistically, confining the term to 
“ the continuous contaminated area having the same 
legal ownership as the actual site of the original dis-
posal.”  States Brief at 166. For obvious reasons, we 
cannot hold that Congress meant this and nothing 
more in its reference to “onsite.”  
 


CERCLA provides for an overarching frame-
work within which the federal Government, states, 
and PRPs can respond to hazardous waste releases. 
The statutory scheme is meant to transcend artificial 
geographical and legal distinctions in order to facili-
tate remedial action. See, e.g., 42 U.S.C. § 9621(e)(1) 
(no federal, state or local permits required for actions 
taken under CERCLA), 9621(d)(2) (requirements of 
other environmental laws become ARARs for actions 
taken under CERCLA), 9621(d)(4) (EPA may waive 
substantive requirements of other environmental laws 
for actions taken under CERCLA). The petitioning 
States ignore this fundamental statutory premise, and 
rest their definition of “onsite”  on precisely the artifi-
cial constraints that the statute meant to reject. 
 


On the other hand, the ability of the statute to ac-
commodate a broader, more functional definition of 
“onsite”  is not limitless. In the definition section of 
CERCLA, the term “ facility”  is defined as “any site, 
or area where a hazardous substance has been depos-
ited ... or otherwise come to be located.”  Id. § 
9601(9)(B); cf. 55 Fed.Reg. at 8689 n. 3 (“onsite”  
broader than “ facility” ). The statute's implicit defini-
tion of “site”  in terms of the area of the actual con-
tamination, leads us to conclude that the definition of 
“onsite”  must be anchored to that area as well. How 
far this anchor will allow EPA to drift, though, is not 
readily ascertainable using the traditional tools of 
statutory interpretation. 


 
EPA's definition of “onsite”  contained in the 


NCP is at best ambiguous. The Agency's definition 
includes “suitable areas in very close proximity to the 
contamination.”  40 C.F.R. § 300.5. Yet, absent a spe-
cific application of the NCP, we have no way of 
knowing what EPA considers a “suitable area,”  or 
how far away from the site of contamination EPA 
would deem “ in very close proximity.”  Thus, we are 
not presented with a typical Chevron second prong 
case, in which we may determine whether the 
Agency's interpretation reasonably comports with 
congressional intent. Here, the meaning of the term 
“onsite”  as it is used both in the statute and the NCP 
is indeterminate. Thus, no final judgment can be 
made on the permissibility or reasonableness of 
EPA's interpretation absent an application of the rule 
to a specific set of facts. However, forced to construe 
the NCP definition in a vacuum, we have no trouble 
in concluding that the regulation on its face is not 
unlawful. 
 


The NCP definition allows EPA to respond to re-
leases expeditiously and, one would hope, effica-
ciously. It is a definition that reflects the practical 
aspects of responding to hazardous waste releases 
under various conditions. For instance, in many situa-
tions, it may be prohibitively burdensome or, in fact, 
impossible to conduct necessary response measures 
within a narrowly “contaminated”  area. See 53 
Fed.Reg. 51,406-07 (1988) (flexibility needed to re-
spond to a contaminated plume of ground water ex-
tending far beyond the area of contaminated soil); 55 
Fed.Reg. 8689-90 (1990) (impossible to locate an 
incinerator in a contaminated lowland *1550 **348 
marsh). Nonetheless, the necessary response meas-
ures may so closely relate to the concerned site as to 
be effectively managed under the aegis of CERCLA. 
 


The same reasoning disposes of the challenge 
raised to this aspect of the NCP by the Missouri Coa-
lition for the Environment (“MOCO”). MOCO would 
have “onsite”  defined by exactly the same parameters 
as the area of the contamination, essentially parallel-
ing the CERCLA definition of a “ facility.”  See 
MOCO Brief at 3. Driving this definition is MOCO's 
concern that allowing CERCLA responses to proceed 
in areas beyond the extent of the contamination will 
lead to the subversion of state and local participation 
in the handling and treatment of hazardous sub-
stances in disparate uncontaminated areas. See 
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MOCO Brief at 5. If, after experience with the latest 
NCP, petitioners can show that EPA has abused its 
flexible definition of “onsite”  to deliberately bypass 
other environmental laws or to implement response 
activities far afield of contaminated areas, the NCP 
definition would doubtless be subject to challenge. In 
the interim, we have no basis to believe that EPA will 
so abuse the minimal discretion contained in the 
NCP. Therefore, this portion of the States' petition is 
denied. 
 


[22] The States have also challenged one part of 
the Preamble to the NCP in which EPA proposed to 
treat non-contiguous, but reasonably related facilities 
as a single “site.”  See 55 Fed.Reg. 8690-91. It ap-
pears, though, that this issue was not properly raised 
before the Agency, thus foreclosing our review. See 
Linemaster Switch Corp. v. EPA, 938 F.2d 1299, 
1308-09 (D.C.Cir.1991). In support of their conten-
tion that the issue was raised below, the States have 
referred us to a public comment challenging EPA's 
definition of “onsite.”  See States' Reply Brief at 71 n. 
36. The comment relied upon offered a proposed 
definition of “onsite”  that limited the term to con-
tiguous areas. See Comments of Colorado, reprinted 
in J.D.A. at 128-29. However, this minimal reference 
to the contiguity issue is so tangential to the principal 
thrust of the comment that it cannot fairly be said to 
have been presented to EPA for resolution. There-
fore, this portion of the petition for review is dis-
missed. 
 


CONCLUSION 
The petitions for review are granted in part with 


respect to the issues discussed in Part V.A of this 
opinion. Although CERCLA does not require EPA to 
delegate full CERCLA authority in state-lead re-
sponse actions, the NCP regulations which categori-
cally bar states from exercising enforcement and 
remedy selection authority represent an inadequately 
justified departure from the Agency's prior practice. 
The petition is granted with respect to these regula-
tions, and the matter is remanded to the Agency for 
further proceedings consistent with this opinion. 
 


The petitions for review are denied with respect 
to the issues discussed in parts II.A, II.B, II.C, II.D, 
III.A, III.B, III.C, III.D, V.B.1, V.B.2, V.D.1, and 
V.E of this opinion. The petitions for review are also 
denied with respect to the issues discussed in part 
V.F of this opinion insofar as the petitions present a 


facial challenge to the regulation in question. 
 


The petitions for review are dismissed as prema-
ture with respect to the issues discussed in Parts 
IV.A, IV.B, IV.C, V.C, and V.D.2 of this opinion. 
The petitions for review with respect to the issues 
discussed in Part V.F of this opinion are also dis-
missed as premature insofar as they attempt to raise a 
site-specific, as-applied challenge to the regulation in 
question. 
 


So ordered. 
 
RANDOLPH, Circuit Judge, concurring: 


With respect to the issue discussed in Part V.A 
of our per curiam opinion, I believe EPA may retain 
exclusive remedial and enforcement authority with-
out running afoul of CERCLA. I join this portion of 
today's opinion because the current NCP fails to pro-
vide a reasoned explanation for categorically denying 
states the right to apply to exercise enforcement and 
remedy selection authority pursuant to § 
104(d)(1)(A) of CERCLA. 42 U.S.C. § 
9604(d)(1)(A). But I see no problem with EPA im-
posing such a categorical restriction so long as the 
Agency provides an adequate justification for doing 
so. Section 104(d)(1) gives the President unlimited 
discretion to determine whether a *1551 **349 state 
is capable of carrying out CERCLA enforcement 
actions. Under section 104(d)(1)(A), if the President 
determines that a state has the capability to carry out 
CERCLA authority, the President “may”  enter into a 
cooperative agreement with the state. Furthermore, 
such “contract or cooperative agreement ... shall be 
subject to such terms and conditions as the President 
may prescribe.”  42 U.S.C. § 9604(d)(1)(B). The 
President can always refuse to grant states enforce-
ment authority after receiving their applications. It 
follows that EPA can announce beforehand that it 
will never enter into any agreements depriving EPA 
of final approval over remedy selection. The regula-
tions already contain numerous conditions on ap-
proval of state applications. See 40 C.F.R. § 35.600 et 
seq. These conditions do not prevent states from ap-
plying to enter into cooperative agreements; they 
simply inform the states that their applications will 
not be considered unless those conditions are met. 
The states, in other words, can apply for anything 
they want, but EPA may decide that there are some 
things they just will not get, ever. 
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United States Court of Appeals, 


Tenth Circuit. 
UNITED STATES of America, Plaintiff-Appellant 


and Cross-Appellee, 
and 


State of Colorado, Intervenor-Appellant and Cross-
Appellee, 


v. 
BURLINGTON NORTHERN RAILROAD COM-
PANY, Defendant-Appellee and Cross-Appellant. 


 
Nos. 97-1328, 97-1352 and 97-1353. 


Dec. 21, 1999. 
 


United States brought action against potentially 
responsible parties (PRPs), including former partial 
property owner, to recover response costs for cleanup 
of contaminated site. State of Colorado intervened. 
The United States District Court for the District of 
Colorado, Zita L. Weinshienk, J., 862 F.Supp. 272, 
held that former owner was liable for costs as to por-
tion of site, and set amount of damages, 955 F.Supp. 
1268, 963 F.Supp. 951. Governments appealed, and 
former owner cross-appealed. The Court of Appeals, 
Henry, Circuit Judge, held that: (1) selection of po-
tential cancer risk level was not arbitrary and capri-
cious; (2) use of gravity settling tank did not funda-
mentally alter remedial plan; (3) Environmental Pro-
tection Agency (EPA) was required to seek amend-
ment of plan in connection with unanticipated devia-
tions that fundamentally altered plan; (4) EPA's vio-
lation of contingency plan would not preclude EPA 
from recovering costs of remediation, unless former 
owner could establish that clean up resulted in excess 
costs that could have been avoided; (5) former 
owner's liability would be reduced by EPA's settle-
ment with other PRPs, to extent that settlement was 
for costs related to portion of property for which 
owner was liable; and (6) owner's claim that it was 
not timely notified of site investigation called for 
advisory opinion. 
 


Affirmed in part, reversed in part, and remanded. 
 


West Headnotes 
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court's decision regarding agency action. 
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Environmental Response, Compensation, and Liabil-
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seq. 
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Capricious Action; Illegality. Most Cited Cases  
 


Agency action will be set aside as arbitrary and 
capricious only if the agency has relied on factors 
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problem, offered an explanation for its decision that 
runs counter to the evidence before the agency, or is 
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so implausible that it could not be ascribed to a dif-
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occurred, in its risk assessment for remediation of 
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that was too protective, was not arbitrary and capri-
cious, in view of purpose of risk assessment, namely, 
to identify harms that would be associated with site if 
no remedial action were taken. 40 C.F.R. § 
300.430(d)(4). 
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Consideration of potential future use of contami-
nated site as a day care center or residential commu-
nity, in risk assessment released by Environmental 
Protection Agency (EPA) for cleanup of site, did not 
render arbitrary and capricious EPA's decision to 
remediate site to a cancer risk level of 1 in 100,000, 
although such uses were unlikely, where cancer level 
was in fact based on an industrial use scenario, and 
risk assessment was required to consider potential 
future uses of site. 40 C.F.R. § 300.430(d)(4). 
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Cited Cases  
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Decision of Environmental Protection Agency 
(EPA) to remediate contaminated site to a 1 in 
100,000 potential cancer risk level was not arbitrary 
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persons might live or work in close proximity to site. 
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(EPA) to proceed with remediation plan without for-
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ronmental Response, Compensation, and Liability 
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Deviations from remediation plan set forth for 
contamination site by Environmental Protection 
Agency (EPA), which included increase in disposal 
of liners from temporary holding cells, removal of tar 
heels after sludge removed from site was emptied 
from rail cars, and need for incineration of some im-
poundment sludge, resulting in 61% increase in ex-
pected cost of remediation, represented fundamental 
alteration of remediation plan with respect to scope 
and cost, so EPA's failure to seek amendment to ac-
count for such deviations violated the Hazardous 
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Substance Pollution Contingency Plan. 40 C.F.R. § 
300.1 et seq. 
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Failure of Environmental Protection Agency 
(EPA) to propose amendment to its remediation plan 
for contamination site upon deviations that resulted in 
fundamental alteration of plan, in violation of Haz-
ardous Substance Pollution Contingency Plan, would 
not preclude EPA from recovering costs of remedia-
tion under CERCLA, unless potentially responsible 
party (PRP) could establish that clean up resulted in 
excess costs that could have been avoided. Compre-
hensive Environmental Response, Compensation, and 
Liability Act of 1980, § 107(a), 42 U.S.C.A. § 
9607(a); 40 C.F.R. § 300.1 et seq. 
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                149Ek446 k. Covered Costs; Damages. 
Most Cited Cases  
     (Formerly 199k25.5(5.5) Health and Environ-
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Liability of nonsettling potentially responsible 
party (PRP) for clean up of contaminated site under 
CERCLA would be reduced by settlement between 
government and settling PRPs, but only to extent that 
settlement represented costs of cleaning up that por-
tion of site for which nonsettling PRP was liable, 
where harm was geographically divisible. Compre-
hensive Environmental Response, Compensation, and 
Liability Act of 1980, §§ 107(a), 113(f)(2), 42 
U.S.C.A. §§ 9607(a), 9613(f)(2). 
 
[11] Constitutional Law 92 2607 
 
92 Constitutional Law 


      92XX Separation of Powers 
            92XX(C) Judicial Powers and Functions 
                92XX(C)6 Advisory Opinions 
                      92k2603 Particular Issues and Applica-
tions 
                          92k2607 k. Environment and Natural 
Resources. Most Cited Cases  
     (Formerly 92k69) 
 


Claim that failure of Environmental Protection 
Agency (EPA) to timely notify potentially responsi-
ble party (PRP) of its potential liability under CER-
CLA precluded recovery of costs incurred in cleaning 
up contaminated site prior to such notification called 
for advisory opinion, and thus would not be ad-
dressed by Court of Appeals, where PRP requested 
no relief to redress any specific injury it had suffered. 
Comprehensive Environmental Response, Compen-
sation, and Liability Act of 1980, § 113(k)(2)(D), 42 
U.S.C.A. § 9613(k)(2)(D). 
 
[12] Federal Courts 170B 12.1 
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      170BI Jurisdiction and Powers in General 
            170BI(A) In General 
                170Bk12 Case or Controversy Requirement 
                      170Bk12.1 k. In General. Most Cited 
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Federal courts do not render advisory opinions 
and are limited to deciding issues in actual cases and 
controversies. 
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Colorado, Defendant-Appellee and Cross-Appellant. 
 
Before TACHA, HENRY, and MURPHY, Circuit 
Judges. 
 
HENRY, Circuit Judge. 


This appeal arises from an action filed by the 
United States, pursuant to the Comprehensive Envi-
ronmental Response, Compensation and Liability Act 
(“CERCLA”), 42 U.S.C. §§ 9601-9675, to recover 
costs incurred by the Environmental Protection 
Agency (“EPA”) while remediating hazardous sub-
stance contamination at the Broderick Wood Prod-
ucts Site (the “Site” ), located in Adams County, 
Colorado. The United States (with the State of Colo-
rado as an intervenor and cross-appellee) argues that 
the district court erred in reducing Burlington North-
ern's (“BN's” ) $8.5 million dollar settlement decree. 
Specifically, the United States argues that: (1) the 
district court erred when it found that *682 the EPA's 
conclusion to remediate the Site to a 1x10 -5 cancer 
risk level was arbitrary and capricious; (2) the district 
court erred when it ruled that the EPA's failure to 
amend the Record of Decision for Operable Unit I 
when it encountered the unexpected rock content in 
the sludge was arbitrary and capricious; and, (3) even 
if the actions regarding the Record of Decision for 
Operable Unit I were arbitrary and capricious, the 
district court erred in not requiring BN to prove that 
the cost would not have been incurred in any event. 
 


BN cross-appeals. It argues that the district court 
erred in reducing the judgment against BN according 
to the geographic apportionment of a prior settlement 
with other defendants, rather than by the entire 
amount of the settlement. Further, BN argues that the 
district court erred in holding it liable for remediation 
costs incurred by the EPA before the EPA notified 
BN of its potential liability for the Site. For the rea-
sons set forth below, we affirm the district court's 
decision in part and reverse in part. 
 


First, we conclude that the EPA's remediation 
decision is supported by substantial evidence in the 
record and, therefore, is not arbitrary and capricious. 
Second, with regard to the EPA's refusal to review or 
amend the plan for the first phase of cleanup, we 
reach different conclusions as to the particular reme-
dial measures in question. As to the use of a settling 
tank to remove rock from liquified sludge, we con-
clude that no significant change or fundamental al-


teration of the scope, performance or cost of the re-
medial plan was involved. Therefore, the EPA was 
not required to amend the remediation plan in order 
to use the settling tank or to amend the plan. In con-
trast, the other remedial measures (the use of addi-
tional liners in rail cars containing sludge from the 
Site and the removal of tar heels solidifying from the 
sludge) did significantly change and fundamentally 
alter the scope and cost of the remedy implemented 
by the EPA. Therefore, as to these remedial meas-
ures, we agree with the district court that the EPA 
actions were arbitrary and capricious for failing to 
amend the plan. 
 


Third, we disagree with the district court's con-
clusion as to the impact of the EPA's errors in adopt-
ing these new remedial measures. We hold that the 
district court erred in refusing to require BN to dem-
onstrate that the EPA's errors resulted in expenditures 
in excess of those that would have occurred in the 
absence of the errors. Accordingly, we remand the 
case to the district court so that it may determine 
whether the EPA's errors resulted in costs that would 
not have otherwise been incurred. 
 


Finally, we reject the arguments advanced in 
BN's cross-appeal. We hold that the district court 
correctly reduced the judgment against BN pursuant 
to a geographic apportionment of a prior settlement 
with other defendants. Additionally, we hold that the 
district court did not err in finding BN liable for 
remediation costs incurred before the EPA notified 
BN of its potential liability for the Site. 
 


BACKGROUND 
Beginning in 1947, the Broderick Wood Prod-


ucts Company (“Broderick WP”) operated a wood 
treatment facility on a sixty-four acre parcel of land 
located immediately northwest of Denver, Colorado 
in Adams County (the “Site” ). From 1947 through 
1981, Broderick WP, and its successor, Broderick 
Investment Company (“BIC”), operated a wood 
treatment facility at the Site to treat power poles and 
other wood products with creosote and pentachloro-
phenol, which are CERCLA hazardous substances 
under 40 C.F.R. § 302.4(a). 
 


While operating the wood treatment facility, the 
Broderick companies disposed of process waste on 
the northwest portion of the Site. They used two 
unlined impoundments: a pond located on a 17.5 acre 
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parcel of land on the northwest portion of the Site 
(the “pond impoundment” ), and an *683 impound-
ment area located at the processing plant on the east-
ern side (the “plant impoundment” ). 
 


In April of 1981, the EPA began investigating 
the Site. In 1984, it placed the Site on the National 
Priorities List for clean up pursuant to CERCLA. The 
United States initiated this case in 1986. At that time, 
the United States sought response costs from BIC, 
which had assumed the assets and liabilities of Brod-
erick WP, and the current and former trustees of BIC 
(collectively the “BIC defendants” ). 
 


The EPA determined to remedy the Site through 
two “operable units”  (or phases) with Operable Unit I 
addressing impoundment sludges, and Operable Unit 
II addressing soils and groundwater. The National Oil 
and Hazardous Substance Pollution Contingency Plan 
(“ the Hazardous Substance Contingency Plan”), 40 
C.F.R. Pt. 300, directs that sites “should generally be 
remediated in operable units when early actions are 
necessary or appropriate to achieve significant risk 
reduction quickly, when phased analysis and re-
sponse is necessary or appropriate given the size or 
complexity of the site, or to expedite the completion 
of total site cleanup.”  40 C.F.R. § 
300.430(a)(1)(ii)(A). The EPA asserts in its brief that 
it decided to conduct the remedy in two operable 
units in order to address different media of contami-
nation. 
 


1. The Record of Decision for Operable Unit I  
On June 30, 1988, the EPA issued its Record of 


Decision for Operable Unit I to remedy both the pond 
impoundment sludge and the plant impoundment 
sludge. The pond impoundment consisted of 280,000 
gallons of hazardous sludge and the plant impound-
ment consisted of 450,000 gallons of hazardous 
sludge. The EPA concluded that the sludge would 
best be remediated through excavation and on-site 
incineration, with off-site disposal of the residue. The 
EPA further determined that the soil in both im-
poundments required removal and treatment, but de-
cided to defer removal and treatment of the contami-
nated soils until Operable Unit II. 
 
2. The Amendment to the Record of Decision for 


Operable Unit I  
On September 24, 1991, the EPA issued an 


amendment to the Record of Decision for Operable 


Unit I. The amendment changed the initial remedial 
plan so that the impoundment sludge would be reme-
died through off-site reclamation rather than on-site 
incineration. The EPA revised the plan because in-
cineration costs had increased substantially and 
equally protective alternatives (off-site reclamation) 
were available. The revised remedy concluded that 
the impoundment sludge should be removed from 
temporary on-site cells, placed in an on-site mixing 
tank, and converted into a pumpable slurry. The 
slurry would be pumped into rail tank cars and 
shipped to a permitted recycler, which would chemi-
cally treat the sludge rather than incinerate it. After 
treatment, the remaining residues would be inciner-
ated. The EPA estimated the cost of the amended 
Record of Decision for Operable Unit I would be 
between $2.06-$2.19 million dollars. The State of 
Colorado agreed with the new remedial plan. 
 


The EPA, through the U.S. Army Corps of Engi-
neers (the “Corps” ), contracted with a private com-
pany, Allied-Signal, to implement the impoundment 
sludge remedy. Under the contract, the rail car loads 
of “pumpable sludge”  from the two impoundments 
would be sent by rail to Allied Signal's reclamation 
facility in Alabama. During implementation, how-
ever, Allied Signal encountered three unanticipated 
difficulties. 
 


First, on September 19, 1992, Allied Signal noti-
fied the Corps that “ rocks”  in the sludge were clog-
ging the pumping equipment used to transfer the 
sludge onto the railcars. To remove the rocks, Allied 
Signal installed a gravity settling tank. The settling 
tank successfully removed the *684 rocks that were 
clogging the pumps. On October 24, 1992 (within the 
original projected time frame), Allied Signal com-
pleted pumping the impoundment sludge onto the rail 
cars. The removal of the rocks added $180,000 to the 
cost of removal. 
 


The second problem arose from the fact that, af-
ter removal of the sludge from temporary on-site 
holding cells, Allied Signal found substantial 
amounts of rock, soil, sludge and other debris adher-
ing to the liners that lined the inside of the holding 
cells. These materials could not be practically sepa-
rated from the liners. As a result, Allied Signal was 
forced to dispose of 396 boxes of liners (and the haz-
ardous materials clinging to the liners), rather than 
twenty boxes of liners, as originally anticipated in the 
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amended Record of Decision for Operable Unit I. 
Allied Signal shipped the additional liners to Ala-
bama for incineration. 
 


The third unanticipated problem concerned the 
residual sand and gravel that had settled during trans-
port and solidified to form “ tar heels”  in the rail cars. 
Allied Signal discovered the tar heels after the rail 
cars reached Alabama. The tar heels had to be re-
moved by hand, and Allied Signal and the EPA con-
cluded that they should be incinerated at the Alabama 
facility. 
 


On January 18, 1993, Allied Signal submitted a 
claim for an additional $1.79 million in compensation 
for the cost of addressing these three unforeseen 
problems. In its negotiations for the additional 
money, Allied Signal took the position that it had 
expected no solids in the sludge when it made its 
original bid, whereas the solids concentration had 
turned out to be fifty-one percent. However, the 
Corps asserted that Allied Signal should have rea-
sonably expected solids in a concentration of fifteen 
percent, and Allied Signal ultimately agreed with that 
position. Based on these negotiations, the Corps re-
duced Allied Signal's claim for additional compensa-
tion to approximately $1.38 million. 
 


3. The Remedial Investigation and Feasibility 
Study 


In January 1991, after issuing the Record of De-
cision for Operable Unit I but before the plan had 
been completed, the EPA released its baseline Risk 
Assessment of the Site in accordance with 40 C.F.R. 
§ 300.430(d)(4). The Risk Assessment is an impor-
tant part of the Remedial Investigation and Feasibility 
Study process. 
 


Under the Hazardous Substance Contingency 
Plan, the EPA is directed to first conduct a Remedial 
Investigation “ to collect data necessary to adequately 
characterize the site for the purpose of developing 
and evaluating effective remedial alternatives.”  40 
C.F.R. § 300.430(d)(1). As part of the Remedial In-
vestigation, the EPA must “conduct a baseline [R]isk 
[A]ssessment to characterize the current and potential 
threats to human health and the environment.”  40 
C.F.R. § 300.430(d)(4). The purpose of this Risk 
Assessment is to identify potential human health and 
ecological effects that would be associated with the 
site if no remedial action were taken. See Aplt's App., 


vol. IV, at 685 (EPA's published Risk Assessment for 
the Site, formerly referred to as an “Endangerment 
Assessment”  or “EA”). See also National Oil and 
Hazardous Substance Pollution Contingency Plan, 55 
Fed.Reg. 8666, 8709 (stating that the intent of the 
Risk Assessment is “ to provide an analysis of base-
line risk (i.e., the risks that exist if no remediation or 
institutional controls are applied to a site)” ). Thus, 
the Risk Assessment has the specific purpose of pro-
viding a baseline snapshot of the potential risks, as-
suming that no remedial action has been taken. “The 
results of the baseline risk assessment ... help estab-
lish acceptable exposure levels for use in developing 
remedial alternatives in the Feasibility Study.”  Id. at 
8708. 
 


Accordingly, the Risk Assessment in the present 
case addressed the public health *685 risks given the 
current industrial use of the Site (and assuming no 
remediation). It considered the following potentially 
exposed individuals: 
 


(1) On-site Visitor Adults 
 


(2) On-site Visitor Children 
 


(3) Off-site Industrial Workers 
 


(4) Off-site Resident Adults 
 


(5) Off-site Resident Children 
 


(6) Off-site Resident Young Children 
 


(7) Workers maintaining the nearby Fisher Ditch 
 


(8) Users of the Fisher Ditch water-Adults 
 


(9) Users of the Fisher Ditch water-Children 
 


(10) Users of the Fisher Ditch water-Young 
Children. 


 
See BN's Supp.App., vol. I, at 174-200. The Risk 


Assessment also considered various hypothetical 
future uses of the Site (for example, a residential use 
scenario, among others). It addressed the public 
health risks considering the following potentially 
exposed individuals: 
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(1) Construction Workers 
 


(2) On-site Industrial Workers 
 


(3) On-site Resident Adults 
 


(4) On-site Resident Children 
 


(5) On-site Resident Young Children 
 


(6) Day Care Children 
 


(7) Off-site Industrial Workers 
 


(8) Off-site Resident Adults 
 


(9) Off-site Resident Children 
 


(10) Off-site Resident Young Children 
 


(11) Workers Maintaining the Fisher Ditch 
 


(12) Users of Fisher Ditch Water-Adults 
 


(13) Users of Fisher Ditch Water-Children 
 


(14) Users of Fisher Ditch Water-Young Chil-
dren 


 
See id. at 200-23; vol. II, at 224-34. The Risk 


Assessment acknowledged that, in addition to con-
sidering the risk of the most likely commercial use of 
the property, “ the risks estimated ... are also based on 
unlikely land use scenarios.”  BN's Supp.App., pp., 
vol I, at 171. 


For example, the risk assessment assumes that the 
impoundment sludge will remain in place for the 
foreseeable future, in spite of the October, 1990 
removal of the sludge into lined, covered storage 
basins. It also assumes that the site will become a 
residential development or day care center. In fact, 
the area surrounding the site is heavily industrial-
ized and unsuitable as a residential area. These site 
use assumptions ... tend to cause an over estimation 
of potential site risks. 


 
Id. at 171-72. According to the United States, 


one of the reasons the EPA included these admittedly 
unlikely potential future uses of the property is the 


“presence of several single-family residences located 
just north of the Broderick site”  which “may continue 
to use wells ... for irrigation, or even drinking water, 
if they desire.”  Aplt.App., vol III, at 533. 
 


The EPA identified three potential cancer risk 
levels for the Site: 1x10 -444 (a 1 in 10,000 chance of 
getting cancer after remediation); 1 x 10 -5 (a 1 in 
100,000 chance of getting cancer after remediation); 
and 1 x 10 -6 (a 1 in 1,000,000 chance of getting 
cancer after remediation). These potential risk levels 
for each current and hypothetical future use of the 
Site, along with an overall general assessment of the 
conditions at the Site, were included in the Risk As-
sessment, which was released in January 1991. How-
ever, the ultimate selection of the final cancer risk 
level was not made until Operable Unit II. 
 


After the Risk Assessment and Remedial Inves-
tigation, the EPA conducted a Feasibility Study, 
which was published in July of 1991. “The primary 
objective of the [F]easibility [S]tudy ... is to ensure 
that appropriate remedial alternatives are developed 
and evaluated such that relevant information concern-
ing the remedial action *686 options can be presented 
to a decision maker and an appropriate remedy se-
lected.”  40 C.F.R. § 300.430(e)(1). Accordingly, the 
Feasibility Study identified more than thirty remedial 
alternatives for the Site. See BN's Supp.App., vol. II, 
at 255-56. Following a screening of these alterna-
tives, the EPA selected ten remediation plans for the 
published Feasibility Study. See id. The EPA evalu-
ated each plan using each of the three primary cancer 
risk levels and considering the following nine criteria 
required by the Hazardous Substance Contingency 
Plan: (1) Overall Protection of Human Health and the 
Environment; (2) Compliance with Applicable or 
Relevant and Appropriate Requirements (ARARs); 
(3) Short-Term Effectiveness; (4) Long-Term Effec-
tiveness and Permanence; (5) Reduction of Toxicity, 
Mobility or Volume Through Treatment; (6) Imple-
mentability; (7) Cost; (8) State Acceptance; and (9) 
Community Acceptance. See id. The proposed plan 
for Operable Unit II contained a detailed evaluation 
of this analysis. The EPA gave the public the oppor-
tunity for notice and comment. 
 


4. The Record of Decision for Operable Unit II 
On March 24, 1992, the EPA issued the Record 


of Decision for Operable Unit II to remedy all re-
maining contamination at the Site. The major com-
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ponents included: (1) excavation of approximately 
59,000 cubic yards of soil and sediments contami-
nated with organics, to be treated through bioreme-
diation in an on-site land treatment unit; (2) excava-
tion of approximately 800 cubic yards of soils con-
taminated with heavy metals, to be treated through 
chemical fixation and disposed of at an off-site per-
mitted landfill; (3) recovery and treatment of ap-
proximately 526 million gallons of groundwater and 
liquids; and (4) demolition of buildings and decon-
tamination of debris. 
 


In assessing soil remediation alternatives, the 
Record of Decision for Operable Unit II selected 
what it deemed to be the appropriate carcinogenic 
risk level for the Site, selecting one of the three po-
tential risk levels identified in the Risk Assessment. 
The EPA conducted the selection process pursuant to 
the Hazardous Substance Contingency Plan, 40 
C.F.R. Pt. 300, which requires that in setting reme-
diation goals, acceptable carcinogen exposures levels 
are generally levels with an upper limit lifetime 
cancer risk to an individual ranging from 1x10 -4 to 
1x10 -6; i.e., the acceptable upper limit will generally 
be a cancer risk probability (after clean up) between 
one incident of cancer per 10,000 people to one inci-
dent per 1,000,000 people, respectively. See 40 
C.F.R. § 300(e)(2)(i)(A)(2). 
 


As an initial base line point of departure, § 
300.430(e)(2)(i)(A)(2) requires the EPA to set the 
acceptable carcinogen exposure level, after remedia-
tion, at 1x 10 -6, or a probability of one incident of 
cancer per 1,000,000 people. From this point of de-
parture, the EPA conducts a cost-benefit analysis to 
determine whether a downward deviation from the 
initial base risk is appropriate. 
 


In assessing soil remediation alternatives and in 
determining whether to depart down from the base-
line cancer risk level, the Record of Decision for Op-
erable Unit II considered the risks using both indus-
trial and residential use scenarios for the contami-
nated property. However, the EPA ultimately deter-
mined that the acceptable carcinogen exposures level 
should be based on an industrial use of the property. 
See Aplt.App., vol. II, at 440. 
 


The industrial use scenario is appropriate because 
the present land uses in the vicinity of the site are 
predominantly industrial and commercial. Indus-


trial and commercial land uses have dominated the 
area around the site for the last 40 to 50 years. It is 
reasonable to assume that such uses will continue 
into the foreseeable future. 


 
Id. 


 
Based on this and other considerations, the Re-


cord of Decision for Operable Unit *687 II concluded 
that the strictest cancer risk level under the Hazard-
ous Substance Contingency Plan of 1x10 -6 was not 
cost effective. See id. Thus, the Record of Decision 
for Operable Unit II assessed remedial alternative 
using the two lesser exposure levels-1x10 -5 and 1x10 
-4. See id. After considering these two alternatives, 
the Record of Decision for Operable Unit II con-
cluded that the 1x10 -5 exposure level provided the 
appropriate level of protection for the Site. See id. at 
476-77. 
 
5. Burlington Northern as a Potentially Responsi-


ble Party 
Up to this point, the BIC defendants were the 


only Potentially Responsible Parties (“PRPs”) in-
volved in the case. However, on March 31, 1992, a 
few days after finalizing the Record of Decision for 
Operable Unit II, the EPA notified BN that it was a 
Potentially Responsible Party and, therefore, that it 
might be liable for Site clean up costs. Four months 
later, the EPA added BN as a defendant in the law-
suit. 
 


BN's potential liability arose from Broderick 
WP's use of the pond impoundment, which belonged 
to Chicago, Burlington and Quincy Railroad 
(“CBQRR”), a predecessor in interest to BN. In the 
early 1960s, Broderick WP used the 17.5 acres tract 
of land for the impoundment and disposal of treat-
ment wastes without CBQRR's permission. When 
CBQRR discovered the disposal, it leased the land to 
Broderick WP as a disposal site for waste for ap-
proximately six years. Eventually, in 1969, CBQRR 
quit-claimed the property to Broderick WP. Accord-
ing to the EPA, BN was a Potentially Responsible 
Party as the successor in interest to CBQRR. 
 


PROCEDURAL HISTORY 
1. Broderick I 


On October 28, 1993, the district court granted 
summary judgment in favor of the EPA on the issue 
of the BIC defendants' liability, holding the BIC de-







  
 


Page 9


200 F.3d 679, 49 ERC 1897, 30 Envtl. L. Rep. 20,281, 2000 Daily Journal D.A.R. 43 
(Cite as: 200 F.3d 679) 


{ W0206938; 1}© 2011 Thomson Reuters. No Claim to Orig. US Gov. Works. 


fendants liable for all CERCLA response costs in-
curred by the United States at the Site. The issue of 
BN's liability, however, went to trial. 
 


The district court held a bench trial on the issue 
of BN's liability on April 11-13, 1994 and June 21, 
22, and 29, 1994. The main issue tried in April was 
whether BN was liable under CERCLA for the re-
sponse costs incurred by the United States. The main 
issue tried in June was whether BN was jointly and 
severally liable with the Broderick defendants for all 
response costs incurred by the United States, and if 
not all costs, which cost were attributable to BN. 
 


In United States v. Broderick Inv. Co., 862 
F.Supp. 272 (D.Colo.1994) ( “Broderick I ” ) the dis-
trict court held that BN was liable under CERCLA 
for the response costs incurred, but that there were 
two separate and distinct geographic areas of con-
tamination: one emanating from the pond impound-
ment area located on the western 17.5 acre parcel of 
land on the Site, and another emanating from the 
plant impoundment area to the east. The district court 
found that “ [s]ince neither BN nor its predecessor 
ever had an ownership interest in the land on which 
the processing plant stood, and [the processing plant] 
plume has neither merged with the pond plume nor 
migrated onto [the 17.5 acre pond impoundment par-
cel], BN is not responsible or liable for the plume 
emanating from the processing plant area.”  Id. at 277. 
Thus, the district court held that BN was only jointly 
and severally liable with the BIC defendants for the 
response costs for the western 17.5 acre pond im-
poundment. 
 
2. IC Consent Decree 


On November 8, 1995, the district court ap-
proved a settlement and consent decree between the 
EPA, the State of Colorado, and the BIC defendants 
on the issue of the BIC defendants' damages. Under 
the decree, the BIC defendants agreed to pay *688 
$10.7 million to the United States and $630,000 to 
the State of Colorado for past response costs. See 
BN's Supp.App., vol. IV, at 668 (Consent Decree). 
The BIC defendants further agreed to complete the 
Site cleanup and to pay any other future response 
costs. See id. BN submitted limited comments on the 
decree and raised no objections as to the reasonable-
ness of the settlement, ultimately withdrawing its 
comments altogether. See Aplts' App. vol. I, at 82 ¶ 7 
& 8 (Motion to Enter Consent Decree). Thus, after 


the consent decree was entered, the sole remaining 
issue before the district court was the amount of 
damages (response costs) recoverable from BN. 
 
3. Broderick II 


In United States v. Broderick Inv. Co., 955 
F.Supp. 1268 (D.Colo.1997) ( “Broderick II ” ), the 
district court addressed the amount of damages re-
coverable from BN. BN entered into a settlement 
agreement that set its maximum damage amount at 
approximately $8.5 million, subject to reduction by 
BN's affirmative defense. See Aplt's App. vol. I, at 
93. In Broderick II, BN set forth its affirmative de-
fenses and argued that the actions of the EPA, its 
cleanup decision and selected remedies, were arbi-
trary and capricious and inconsistent with the Haz-
ardous Substance Contingency Plan, 40 C.F.R. Pt. 
300. Thus, BN argued, the EPA's costs associated 
with these actions were not recoverable. Further, BN 
argued that it should not be required to pay for any 
costs of remediation incurred by the EPA before BN 
was notified as a Potentially Responsible Party. 
 


The district court agreed with BN that the EPA's 
decision to remediate the Site to a cancer risk level of 
1x10 -5 was arbitrary and capricious. Thus, the district 
court ruled, the costs incurred by the EPA to remedi-
ate the Site to this level were not recoverable from 
BN. In addition, the district court ruled that the dam-
ages that were recoverable from BN should be re-
duced proportionally according to the district court's 
geographic divisibility ruling in Broderick I. Thus, 
BN's liability was reduced by the portion of the BIC 
defendants' settlement geographically attributable to 
the western 17.5 pond impoundment-the area of the 
Site for which BN was jointly and severally liable 
with the BIC defendants for under the district court's 
prior holding. Finally, the district court rejected BN's 
argument that it should not be required to pay any 
costs incurred by the EPA prior to BN's notification 
as a Potentially Responsible Party. 
 
4. Broderick III 


Finally, in United States v. Broderick Inv. Co., 
963 F.Supp. 951 (D.Colo.1997) (“Broderick III ” ), 
BN argued that it should not be required to pay the 
additional $1.3 million clean up cost incurred by Al-
lied Signal as a result of the unanticipated rock con-
tent of the sludge. Specifically, BN argued that it 
should not be required to pay the additional $1.3 be-
cause the EPA did not follow proper administrative 
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procedures and propose an amendment to the Record 
of Decision for Operable Unit I addressing the rock. 
Thus, BN argued, the EPA's costs associated with 
these actions were not recoverable. 
 


The district court agreed with BN and held that 
the EPA's actions were arbitrary and capricious be-
cause the EPA failed to propose an amendment to 
Operable Unit I after the rock was encountered. Ac-
cordingly, the district court held that the EPA could 
not recover the additional costs associated with the 
rock encountered by Allied Signal in remediating the 
Site. 
 


ANALYSIS 
[1][2] On appeal, the United States argues that 


the district court erred in finding that the EPA's ac-
tions arbitrary and capricious. “We review de novo 
the district court's decision regarding agency action.”  
Public Lands Council v. Babbitt, 167 F.3d 1287, 
1293 (10th Cir.1999), cert. granted, 528 U.S. 926, 
120 S.Ct. 320, 145 L.Ed.2d 249 (1999). Further, we 
“give *689 deference to the EPA's choice of response 
action and will not substitute our own judgment for 
that of the EPA.”  United States v. Hardage, 982 F.2d 
1436, 1442 (10th Cir.1992). 
 


[3] Under the Administrative Procedures Act, 5 
U.S.C. § 701-706, APA, a court may set aside an 
agency's decision only if it is arbitrary, capricious, an 
abuse of discretion, or otherwise not in accordance 
with the law. See 5 U.S.C. § 706(2)(A). Similarly, 
CERCLA § 113(j)(2) provides that courts “shall up-
hold [the EPA's] decision in selecting the response 
action unless the objecting party can demonstrate, on 
the administrative record, that the decision was arbi-
trary and capricious or otherwise not in accordance 
with law.”  42 U.S.C. § 9613(j)(2). Agency action will 
be set aside only if: 
 


the agency has relied on factors which Congress 
has not intended it to consider, entirely failed to 
consider an important aspect of the problem, of-
fered an explanation for its decision that runs 
counter to the evidence before the agency, or is so 
implausible that it could not be ascribed to a differ-
ence in view or the product of agency expertise. 


 
 Motor Vehicle Mfrs. Ass'n of U.S. v. State Farm 


Mut. Ins. Co., 463 U.S. 29, 43, 103 S.Ct. 2856, 77 
L.Ed.2d 443 (1983). 


 
Applying these principles, we first examine the 


contentions raised by the United States: (1) that the 
district court erred in Broderick II when it found that 
the EPA's conclusion to remediate the Site to a 1x10 -
5 cancer risk level was arbitrary and capricious; (2) 
that the district court erred in Broderick III when it 
ruled that the EPA's failure to amend the Record of 
Decision for Operable Unit I when it encountered the 
unexpected rock content in the sludge was arbitrary 
and capricious; and (3) that, even if the actions re-
garding the OU1ROD were arbitrary and capricious, 
the district court erred in not requiring BN to prove 
that the cost would not have been occurred in any 
event. 
 


1. Cancer Risk Level 
The United States argues that its decision to 


remediate the Site for a cancer risk probability after 
clean up of 1x10 -5, (a probability of one incident of 
cancer for every 100,000 people) was not arbitrary or 
capricious. The district court found that the decision 
was arbitrary and capricious for the following rea-
sons: (1) because the Risk Assessment, conducted 
after the implementation of Operable Unit I, errone-
ously failed to acknowledge the removal the im-
poundment sludges; (2) because the Risk Assessment 
improperly considered improbable uses of the Site as 
a residential area and a day care center; and (3) be-
cause a 1x10 -5 cancer risk level was unwarranted for 
a site with less than 100,000 people living or working 
in close proximity. BN contends that the district 
court's analysis of the EPA's decision is correct. 
 


(a) Removal of Impoundment Sludges 
[4] As noted above, the district court found that 


the failure of the EPA to account for the removal of 
the impoundment sludge at the beginning of Operable 
Unit I, made the decision to remediate to a 1x10 -5 
level arbitrary and capricious. BN argues that consid-
eration of the sludge in the base line Risk Assessment 
caused an overestimation of the risk presented by the 
Site, ultimately causing the EPA to erroneously 
choose the more protective 1x10 -5 cancer risk level 
for Operable Unit II, rather than BN's proposed 1x10 
-4 level. 
 


However, as previously discussed, the purpose of 
the Risk Assessment is to “ to identify potential hu-
man health and ecological effects that would be asso-
ciated with the site if no remedial action were taken.”  
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Aplt's App., vol. IV, at 685 (emphasis added); see 
also National Oil and Hazardous Substance Contin-
gency Plan, 55 Fed.Reg. 8666, 8709 (1990) (stating 
that the intent of the Risk Assessment is “ to provide 
an analysis of baseline risk (i.e., the risks that exist if 
no remediation or *690 institutional controls are 
applied to a site )” ) (emphasis added). One of the 
reasons that the base line risk assessment considers a 
no remedial action risk is because the EPA is re-
quired, in its feasibility study, to consider a “no ac-
tion”  alternative as one potential response to the site. 
See 40 C.F.R. § 300.430(e)(5), (e)(6); BN's 
Supp.App., vol. II, at 257 (EPA's Proposed Plan for 
Operable Unit II). The no action alternative “ is used 
as a means of comparison during the evaluation of 
other alternatives. Under the no action alternative, the 
contaminated soils and the buildings, vessels, and 
their contents would remain in place.”  BN's 
Supp.App., vol. II, at 257. 
 


In light of this explanation, which is supported 
by the administrative record, we can not say that the 
EPA's Risk Assessment relied on factors which Con-
gress did not intend the EPA to consider, or that the 
EPA entirely failed to consider an important aspect of 
the problem. See Motor Vehicle Mfr's Ass'n, 463 U.S. 
at 43, 103 S.Ct. 2856 (1983). In fact, the EPA's ex-
planation for “ failing to consider”  the removal of the 
impoundment sludges is entirely consistent with the 
stated purpose of the Risk Assessment-to evaluate the 
Site as if no remedial action were taken. 
 


Moreover, BN has not directed us to, and we are 
unable to find in the record, any evidence that the 
ultimate potential cancer risk level and remediation 
plan, adopted in the Record of Decision for Operable 
Unit II, considered the previously removed im-
poundment sludge. Rather, the record reflects that 
Operable Unit II acknowledged that the sludge had 
been removed from the impoundments and placed in 
on-site storage cells. See Aplt.App. vol. III, at 414 
(Record of Decision for Operable Unit II). Further, 
the record reflects that the EPA followed the proper 
procedure for adopting the appropriate cancer risk 
level and plan for Operable Unit II. Using the data 
collected in the Risk Assessment, the Feasibility 
Study identified more than thirty remedial alterna-
tives (including a “no action”  alternative required by 
the Hazardous Substance Contingency Plan) for the 
Site. See BN's Supp.App., vol. II, at 255-56. Follow-
ing a screening of these alternatives, the EPA se-


lected ten remediation plans for the published Feasi-
bility Study. See id. The EPA evaluated these plans 
using each of the three primary cancer risk levels and 
considering the nine criteria required by the Hazard-
ous Substance Contingency Plan. See id. The pro-
posed plan for Operable Unit II contained a detailed 
evaluation of this analysis and the EPA gave the pub-
lic the opportunity for notice and comment on the 
plan. 
 


The record reflects that the only time the im-
poundment sludge was considered was in the initial 
Risk Assessment for Operable Unit II. And, as stated, 
the purpose of the Risk Assessment is to evaluate the 
Site as if no remedial action had been taken, which 
would include considering the presence of the im-
poundment sludge. Thus, we find that the EPA's con-
sideration of the impoundment sludge in the Risk 
Assessment for Operable Unit II was not arbitrary 
and capricious, where the ultimate plan for Operable 
Unit II acknowledged and accounted for its removal. 
 


(b) Residential and Day Care Center Use 
[5] Next, the district court concluded that the 


Risk Assessment's consideration of a potential future 
use of the Site as a day care center or residential 
community made the decision to remediate the Site to 
a 1x10 -5 cancer risk level arbitrary and capricious. 
The district court's conclusion is not supported by the 
record. 
 


In a response to written comments on the pro-
posed remediation plan for Operable Unit II, the EPA 
responded and explained the uses that it considered: 
 


It should be noted that EPA has determined that an 
industrial use exposure scenario will be used at 
this site. Therefore, ... arguments based on other 
exposure scenarios are not relevant to *691 EPA's 
selected remedy. Nonetheless, EPA does not agree 
that the other use scenarios developed in the [Risk 
Assessment] were based on impossible future use 
scenarios.... First, [concerning residential use] ... 
BIC fails to consider the presence of several single-
family residences located just north of the Broder-
ick site.... These residences may continue to use 
wells ... for irrigation, or even drinking water, if 
they so desire. Therefore, assumption of residential 
use and exposure of young children ... is not im-
possible, but is particularly appropriate for a base-
line risk assessment. 
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 . . . . . 


 
Although it is unlikely that the establishment of a 
“stand alone”  day-care facility would occur on the 
Broderick site, another possibility exists. In addi-
tion to the possibility of the sequential discussed 
above, there is a trend industry-wide toward on-
site, “ in house”  day-care facilities for industrial and 
commercial development. In light of this, it is not 
overly conservative to estimate risks to day-care 
children of industrial workers.... Therefore, EPA 
disagrees with the BIC statement that “ this assump-
tion is even more preposterous than the assumption 
of future residential use.”  


 
Aplt's App., vol. III, at 533 (emphasis added); 


see also id. at 440 (Record of Decision, Operable 
Unit II, Final Site Remedy) (determining that “an 
action level for soils based on an industrial use sce-
nario is appropriate for this site.” ). 
 


The EPA's analysis establishes that the ultimate 
cancer risk level of 1 x10 -5 and corresponding reme-
diation plan adopted in the Record of Decision for 
Operable Unit II were based on an industrial use sce-
nario. Within that scenario, the EPA considered the 
possibility of some residential use just north of the 
Site as well as the possibility of a day care center 
located in an industrial facility. The EPA's considera-
tion of these unlikely possibilities is confusing, but it 
is not incompatible with the requirement that the Risk 
Assessment consider potential future uses of the Site. 
Thus, the EPA's consideration and ultimate rejection 
of a residential use scenario (including a day care 
center) was not arbitrary and capricious. 
 


(c) 100,000 People 
[6] Finally, the district court found that the 


EPA's decision to remediate to a 1x10 -5 potential 
cancer risk level was arbitrary and capricious 
“ [b]ecause of the improbability that 100,000 persons 
might live or work in close proximity to the Site.”  
Broderick II, 955 F.Supp. at 1276. However, this 
conclusion disregards the requirements the EPA must 
consider in selecting the acceptable cancer risk level 
and miscomprehends the nature of statistical prob-
abilities. 
 


As noted above, the EPA concluded in the Re-
cord of Decision for Operable Unit II that the Site 


should be remediated so that there would be a poten-
tial cancer risk level of 1x10 -5, or a .000001% chance 
of getting cancer after remediation. After reviewing 
the relevant statutes and codes controlling the EPA's 
decision, we are unable to find, and BN has not di-
rected us to, any authority stating that the level of 
cancer protection should be based on population size, 
with a sliding scale affording lesser protection to 
smaller populations. Quite to the contrary, the pre-
amble to the 1990 Hazardous Substance Contingency 
Plan, which applies to the Record of Decision for 
Operable Unit II, addressed a similar argument by a 
commenter that the cancer risk regulation should 
have “different targets for various population sizes, 
and that a high value such as 1x10 -4 is adequate for 
smaller populations.”  National Oil and Hazardous 
Substance Pollution Contingency Plan, 55 Fed.Reg. 
866, 8718 (1990). The EPA rejected this proposal, 
stating that “ the point of departure should be consis-
tent across all sites,”  and that the objective is “ to be 
protective of all individuals and environmental recep-
tors that may be exposed at a site....”  Id. at 8718, 
8710. 
 


*692 Additionally, the EPA made its remedia-
tion determination based on a future industrial use of 
the site. This determination must necessarily involve 
some comparison of the number of people expected 
to work at the Site, with the number of people that 
would be living there if the Site was devoted to resi-
dential use. 
 


Upon review of the record, we discern no evi-
dence that the EPA failed to considered all of the 
congressionally required factors in setting the appro-
priate cancer remediation level, failed to consider an 
important aspect of the problem, or offered an expla-
nation for its decision that runs counter to the evi-
dence. While differing from BN's opinion as to the 
appropriate cancer risk level, the EPA's assessment is 
not implausible. Therefore, we conclude that its deci-
sion was not arbitrary and capricious. 
 


Beyond this, the district court's assumption that 
100,000 people must live or work at the Site in order 
to justify a cancer risk level of 1 in 100,000 seems to 
miscomprehend the nature of statistical analysis. A 
statistical probability is nothing more than a mathe-
matical expression of the relative frequency with 
which an event ... is likely to occur. Webster's New 
Universal Unabridged Dictionary 1146 (1989). Ac-
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cordingly, if there is a one in 100,000 chance of get-
ting cancer at a particular site, it does not mean that 
100,000 people need be exposed in order to justify 
the percentage, or even that 100,000 people need to 
be exposed for one person to contract cancer. It sim-
ply means that for every person exposed at the Site, 
10, 100, or 100,000, there is a .00001% chance that 
the person will get cancer. While the size of the ex-
posure group is relevant to the probable number of 
cases of cancer that will likely occur, we can see no 
direct link between the size of the focus group and 
the decision to remediate to a cancer risk level be-
tween .0001% and .000001%. Thus, the decision to 
remediate to a 1 in 100,000 cancer risk level is not 
per se arbitrary and capricious simply because there 
are not 100,000 people living or working at the Site. 
 


2. Unexpected Rock Content in the Sludge 
In addition to the cancer risk level, the district 


court held in Broderick III, 963 F.Supp. at 955, that 
the EPA could not recover the costs associated with 
the unanticipated rock. Specifically, the district court 
found that as a result of the unanticipated circum-
stance encountered by Allied Signal-the presence of 
51% rock content in the impoundment sludge-“ the 
remedy was altered fundamentally with respect to 
scope and cost,”  because of the added requirements 
of: (1) a gravity settling box to pump sludge into the 
rail tank cars; (2) the incineration of additional plastic 
liners and miscellaneous materials from temporary 
on-site holding tanks; and (3) the scraping and incin-
eration of the tar heels. These added requirements 
increased the cost of remediating the impoundment 
sludge from approximately $2.2 million to $3.5 mil-
lion-a 60% increase. The district court concluded that 
this constituted a “significant deviation from the se-
lected remedy,”  and that “ the EPA acted arbitrarily 
and capriciously by failing to follow the proper pro-
cedures”  and propose a second amendment to the 
Record of Decision for Operable Unit I. Id. 
 


Section 107(a) of CERCLA provides: “Notwith-
standing any other provision or rule of law, and sub-
ject only to the defenses set forth in subsection (b) of 
this section,”  a potentially responsible party such as 
BN “shall be liable for ... all costs of removal or re-
medial action incurred by the United States govern-
ment ... not inconsistent with the national contin-
gency plan.”  42 U.S.C. § 9607(a). Accordingly, in 
order to show that the EPA's were arbitrary and ca-
pricious, BN bears the burden of showing that the 


actions of the United States were inconsistent with 
the national contingency plan. See United States v. 
Hardage, 982 F.2d at 1442. 
 


*693 Under the Hazardous Substance Contin-
gency Plan, the EPA is required to re-evaluate its 
remediation plan if a changed condition fundamen-
tally alters the remedy with respect to scope, per-
formance, or cost. The governing provision states in 
relevant part: 
 


(2) After the adoption of the [Record of Deci-
sion], if the remedial action or enforcement action 
taken, or the settlement or consent decree entered 
into, differs significantly from the remedy selected 
in the [Record of Decision] with respect to scope, 
performance, or cost, the lead agency shall consult 
with the support agency, as appropriate, and shall 
either: 


 
(i) Publish an explanation of significant differ-


ences when the differences in the remedial or en-
forcement action, settlement, or consent decree 
significantly change but do not fundamentally alter 
the remedy selected in the [Record of Decision] 
with respect to scope, performance, or cost .... or 


 
(ii) Propose an amendment to the [Record of 


Decision] if the differences in the remedial or en-
forcement action, settlement, or consent decree 
fundamentally alter the basic features of the se-
lected remedy with respect to scope, performance, 
or cost. 


 
40 C.F.R. 300.435(c)(2) (emphasis added). Thus, 


the issue is whether the unanticipated rock content 
specifically changed or fundamentally altered the 
remedial plan with respect to scope, performance, or 
cost. 
 


(a) The Record of Decision for Operable Unit I  
The initial Record of Decision for Operable Unit 


I provided for the remediation of impoundment 
sludge through on-site incineration. However, the 
cost of on-site incineration increased substantially 
making the plan no longer cost-effective. Thus, the 
EPA issued an amendment to the Record of Decision 
for Operable Unit I. The amendment to the Record of 
Decision for Operable Unit I provided that the im-
poundment sludge would be excavated and hauled to 
an on-site mixing tank where it would be mixed with 
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a solvent and heated to make the sludge pumpable. 
The mixture would then be transferred to rail tank 
cars and shipped to a permitted recycler, where it 
would be treated and the residues incinerated. See 
Aplt's App., vol. II, at 380-81. Both the initial plan 
and its amendment specifically rejected the idea of 
off-site incineration of the impoundment sludge. See 
Aplt.App., vol. II, at 282, 324, 378-83. 
 


(b) The Settling Tank 
[7] The first alleged deviation was Allied Sig-


nal's use of a gravity settling tank. The pumps used to 
transfer the sludge from the holding tanks onto the 
rail cars were clogging because of the rock. Allied 
Signal used a gravity settling tank to remove the rock 
so that the liquified impoundment sludge could be 
pumped into rail cars and transported to an off-site 
recycler for treatment. The gravity settling tank in-
creased the costs of remediation from $2.2 million to 
$2.3 million-an increase of only $100,000. Removal 
of the rock did not cause any delay in the amended 
remediation plan, which was completed on schedule. 
After the rock was removed, the liquified impound-
ment sludge was in fact pumped into rail cars and 
transported to an off-site recycler for treatment. 
 


Considering these facts, we can not conclude that 
at this point, the EPA's decision to proceed without a 
complete reconsideration of the amendment was arbi-
trary and capricious. We are unable to find any evi-
dence in the record that, once the rock had been re-
moved, the EPA or its contractors should have antici-
pated further problems as a result of the rock content. 
While the use of a gravity settling tank was not spe-
cifically part of the amendment, its use did not fun-
damentally alter the remedial plan with respect to 
scope, performance or cost. Accordingly, we hold 
that the decision of the EPA to proceed*694 with the 
remediation plan without an amendment was not ar-
bitrary and capricious, and the costs associated with 
the gravity settling tank are recoverable. 
 


(c) Additional Liners and Tar Heels. 
[8] The next alleged deviation from the amend-


ment to Operable Unit I was the requirement of dis-
posing of additional liners and the removal of tar 
heels. First, after pumping the sludge into the rail 
cars, Allied Signal found that substantial amounts of 
rock, soil, sludge and other debris had adhered to the 
liners. As a result, Allied Signal had to transport an 
additional 376 boxes of liners (the amendment antici-


pated 20 liners) and other miscellaneous materials. 
This resulted in approximately a 22% (or a $545,000) 
overall increase in the cost of the remedy. 
 


Further, while being transported to Alabama for 
recycling, some of the sludge solidified into tar heels. 
These tar heels could not be pumped out of the rail 
cars and had to be removed by hand. Eventually, the 
EPA decided to incinerate (rather than recycle) the 
tar heels, as well as the additional 376 boxes of lin-
ers. According to the record, these two changes re-
sulted in over half of the impoundment sludge being 
incinerated, despite the fact that incineration of the 
impoundment sludge had been specifically rejected. 
See Aplt's App., vol. I, at 119 (1,107 of 2,170 tons of 
sludge were incinerated). Moreover, the total costs 
associated with the Record of Decision for Operable 
Unit I amendment increased a total of approximately 
61% or $1.4 million as a result of these two devia-
tions. 
 


Accordingly, we agree with the district court that 
the remedy was altered fundamentally with respect to 
scope and cost. The EPA acted arbitrarily and capri-
ciously by failing to follow the Hazardous Substance 
Contingency Plan's required procedure to propose an 
amendment regarding the significant cost increase 
associated with the additional boxes of liners and the 
tar heels and by failing to propose an amendment 
regarding the decision to incinerate rather than reme-
diate a significant amount of the impoundment 
sludge. This failure resulted in excluding the public 
and Potentially Responsible Parties like BN from the 
decision-making process, in violation of the Hazard-
ous Substance Contingency Plan. Thus, BN has es-
tablished that the actions of the EPA were inconsis-
tent with the Hazardous Substance Contingency Plan. 
 


(d) Harmless Error 
[9] The EPA argues, however, that variance from 


the Hazardous Substance Contingency Plan does not 
provide a complete defense to liability for costs asso-
ciated with the remediation action. The EPA argues 
that section 107(a) of CERCLA requires that a Poten-
tially Responsible Party must establish that the clean 
up resulted in excess costs that could have been 
avoided. The district court rejected this argument, 
stating that “ [a]llowing the agency to recover all of 
its additional costs, either with or without the benefit 
of a factually questionable argument concerning 
harmless error, would provide no incentive to EPA to 







  
 


Page 15


200 F.3d 679, 49 ERC 1897, 30 Envtl. L. Rep. 20,281, 2000 Daily Journal D.A.R. 43 
(Cite as: 200 F.3d 679) 


{ W0206938; 1}© 2011 Thomson Reuters. No Claim to Orig. US Gov. Works. 


play by the rules in the future.”  Broderick III, at 954. 
 


In Minnesota v. Kalman W. Abrams Metals, Inc., 
155 F.3d 1019 (8th Cir.1998), the Eight Circuit ad-
dressed this issue. In Kalman, the district court found 
that all of the remedial actions taken on the site were 
inconsistent with the Hazardous Substance Contin-
gency Plan for various reasons and, therefore, pre-
cluded the state from recovering any of the remedia-
tion costs for the site. On appeal, the Eighth Circuit 
agreed with the district court's decision that the ac-
tions of the state were inconsistent with the Hazard-
ous Substance Contingency Plan, but disagreed with 
the district court's conclusion that, ergo, any costs 
associated with those actions were unrecoverable. 
 


We agree with the district court that appellees met 
their burden of proving [that all of the remedial ac-
tion in this *695 case] was arbitrary and capricious 
agency action inconsistent with the meaning of 42 
U.S.C. §§ 9607(a)(1-4)(A) [the Hazardous Sub-
stance Contingency Plan, 40 C.F.R. Pt. 300]. 


 
However, we disagree with the district court's 


decision to preclude the State from any cost recov-
ery under CERCLA. The record leaves no doubt, 
indeed appellees virtually concede, that remedial 
action was appropriate under CERCLA. The statute 
provides that the State may recover “all costs ... not 
inconsistent with the [Hazardous Substance Con-
tingency Plan].”  Therefore, the State may recover 
all costs except those that appellees prove were in-
consistent with the NCP. 


 
Id. at 1025 (emphasis added). The court further 


explained that “ [b]ecause [the state environmental 
agency's] actions were inconsistent with the [Hazard-
ous Substance Contingency Plan] ..., appellees are 
entitled to prove that this inconsistency caused the 
state to incur unreasonable or unnecessary response 
costs, in implementing even an appropriate remedial 
action.”  Id. at 1026 (emphasis added). Thus, despite 
the fact that the remedial actions taken were deemed 
arbitrary and capricious, the court held that only 
those costs that otherwise would not have been in-
curred were excludable. The court remanded the is-
sue to the district court to allow the defendants to 
prove the costs incurred were inconsistent with the 
Hazardous Substance Contingency Plan. Other courts 
have reached the same conclusion. See, e.g., United 
States v. American Cyanamid Co., 786 F.Supp. 152, 


161 (D.R.I.1992) (“Even if a response action is 
shown to be inconsistent with the [Hazardous Sub-
stance Contingency Plan], defendants still have not 
triumphed. In order to establish the amount of costs 
to be disallowed, ‘ the defendants have the burden of 
demonstrating that the clean-up, because of some 
variance from the Plan, resulted in demonstrable ex-
cess costs ....’  ”  ) (quoting O'Neil v. Picillo, 682 
F.Supp. 706, 729 (D.R.I.1988) aff'd, 883 F.2d 176 
(1st Cir.1989)). 
 


We agree with the reasoning of the Eighth Cir-
cuit and, therefore, hold that proof that the EPA's 
remedial actions were inconsistent with the Hazard-
ous Substance Contingency Plan is not a complete 
defense to liability for the cost of remediating a Site. 
The statute provides that the EPA may recover “all 
costs ... not inconsistent with the [Hazardous Sub-
stance Contingency Plan].”  42 U.S.C. § 9607(a) (em-
phasis added). The plain language of the statute 
speaks of costs rather than actions. Further, it is un-
disputed the Site required some remedial action. 
Thus, even according to BN's alternative remediation 
plan, the EPA would be allowed to recover some 
costs had it followed proper procedures. BN can not 
completely avoid liability for its toxic waste site, 
which undisputedly needs some remediation, simply 
because the EPA failed to follow the proper adminis-
trative procedure. The point is very similar to the 
difference between breach and damage under tort 
law. In the present case, BN has proven a breach of a 
duty to follow proper administrative procedures. 
However, BN must further prove that the breach re-
sulted in damages. Damages in this case are costs that 
are inconsistent with the Hazardous Substance Con-
tingency Plan. Thus, BN must further demonstrate on 
remand that the arbitrary and capricious actions of 
the EPA resulted in avoidable and unnecessary reme-
diation costs. We, therefore, remand the case for the 
district court to consider whether the EPA's remedial 
actions resulted in demonstrable excess costs that 
would not have otherwise been incurred. 
 
3. Reduction of L iability Based on BIC Settlement 


(BN's Cross Appeal) 
[10] BN cross-appeals, arguing that the district 


court erred in not reducing its liability in the full 
amount of the EPA's settlement with the BIC defen-
dants. As we have noted, the district court ruled that 
the harm associated with the Site was *696 divisible, 
the United States entered into a settlement agreement 
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with the BIC defendants. Pursuant to the agreement, 
the BIC defendants contributed $10.7 million in past 
response costs. However, the agreement made no 
provision for the allocation between the western por-
tion of the Site-the pond impoundment-for which the 
BIC defendants and BN are jointly and severally li-
able, and the eastern portion of the Site-the plant im-
poundment-for which the BIC defendants alone bear 
responsibility. Consequently, BN and the United 
States dispute whether, and in what amount, any con-
tribution required of BN should be reduced by the 
BIC defendants' settlement. 
 


BN argues that it should receive a reduction in 
its liability in the full amount of the BIC defendant's 
settlement. Conversely, the United States argues that 
none of the BIC defendant's settlement should be 
applied to reduce BN liability. The district court re-
jected both of these positions, holding that, in light of 
its ruling that harm from the site was divisible, the 
appropriate manner of crediting the settlement was to 
determine the percentage of total response costs at-
tributable to the western and eastern portions, and to 
allocate the BIC defendants' payments in accordance 
with those percentages. See Broderick II, 955 F.Supp. 
at 1276-78. Accordingly, the district court held that 
“ response costs attributable to the western portion 
constitute 50% of overall Site response costs”  and 
that “BN's liability would be reduced by 50% of the 
$10.7 [million] payment made by the BIC defen-
dants, or $5,350,000.”  Broderick II, 955 F.Supp. at 
1277 n. 4. This amount was credited toward BN's 
liability. We agree with the district court's appor-
tionment of the settlement. 
 


BN's argument is based on its erroneous interpre-
tation of 42 U.S.C. § 9613(f)(2), which provides: 
 


A person who has resolved its liability to the 
United States or a State in an administrative or ju-
dicially approved settlement shall not be liable for 
claims for contribution regarding matters addressed 
in the settlement. Such settlement does not dis-
charge any of the other potentially liable persons 
unless its terms so provide, but it reduces the po-
tential liability of the other by the amount of the 
settlement. 


 
42 U.S.C. § 9613(f)(2) (emphasis added). BN 


argues that under this statute, it is entitled to a reduc-
tion in its liability in the full amount of the BIC de-


fendants' settlement and no apportionment calculation 
is necessary. However, BN's interpretation is contrary 
to the plain language of the statute because it is not a 
“potentially liable person”  for the eastern portion of 
the Site. Further, its interpretation disregards the 
common law principles of joint and several liability 
inherent in CERCLA's remedial scheme. 
 


First, section § 9613(f)(2) provides that a settle-
ment does not “discharge any of the other potentially 
liable persons ... but it reduces the potential liability 
of the other by the amount of the settlement.”  42 
U.S.C. § 9613(f)(2). However, under the district 
court's divisibility ruling, BN is not a Potentially Re-
sponsible Party for the eastern portion of the Site. 
The district court held that the BIC defendants were 
exclusively liable for the eastern portion of the Site 
and, therefore, there is no “other”  potentially respon-
sible party's liability to credit. Liability for the eastern 
portion of the site was the BIC defendants' alone. 
Accordingly, under the plain language of the statute, 
BN is not entitled to a reduction in its potential liabil-
ity as a result of the BIC defendants' settlement at-
tributable to the eastern portion of the Site. 
 


Further, BN's interpretation disregards the com-
mon law principles of joint and several liability in-
herent in CERCLA's remedial scheme. CERCLA's 
cost-shifting scheme is found in § 107(a), 42 U.S.C. § 
9607(a), which imposes strict liability on four classes 
of potentially responsible parties. Although the stat-
ute does not expressly provide for joint and several 
liability*697 between the four classes of Potentially 
Responsible Parties, the statute has been consistently 
interpreted to impose joint and several liability. 
 


The leading case on joint and several liability 
under CERCLA is United States v. Chem-Dyne 
Corp., 572 F.Supp. 802 (S.D.Ohio 1983). Chem-
Dyne is explicitly recognized and endorsed in the 
legislative history to the Superfund Amendment and 
Reauthorization Act of 1986 (“SARA”) regarding 
CERCLA's liability provisions. See H.R.Rep. No. 99-
253(I) at 74, reprinted in 1986 U.S.C.C.A.N. 2835, 
2856 (“nothing in this bill is intended to change the 
application of the uniform federal rule of joint and 
several liability enunciated by the Chem-Dyne 
court” ). 
 


In Chem-Dyne, the court noted that, although 
CERCLA does not expressly provide for joint and 
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several liability for Potentially Responsible Parties, 
Congress intended the scope of liability to be deter-
mined in accordance with “ traditional and evolving 
principles of common law.”  Chem-Dyne, 572 F.Supp. 
at 808. Accordingly, the court stated that “where two 
or more persons cause a single and indivisible harm, 
each is subject to liability for the entire harm.”  Id. at 
810 (emphasis added) (citing Restatement (Second) 
of Torts § 875). Thus, under § 9613(f)(2), the statute 
at issue in this case, where both parties are jointly and 
severally liable for a site (a single harm), any settle-
ment paid by one party will reduce the potential li-
ability of the other jointly liable party by the amount 
of the settlement. 
 


In the present case, however, the district court 
found that the harm was geographically divisible. 
Under common law principles of joint and several 
liability, where there are distinct harms, damages for 
the separate harms are to be apportioned to the par-
ticular parties that are responsible. The Restatement 
(Second) of Torts § 433A provides: 
 


(1) Damages for harm are to be apportioned among 
two or more causes where: 


 
(a) there are distinct harms, or 


 
(b) there is a reasonable basis for determining the 
contribution of each cause to a single harm. 


 
(2) Damages for any other harm cannot be appor-
tioned among two or more causes. 


 
Accordingly, courts have apportioned damages 


under CERCLA when appropriate. See, e.g., In re 
Bell Petro. Services, Inc. (EPA. v. Sequa Corp.), 3 
F.3d 889, 895 (5th Cir.1993) (reversing the district 
court's imposition of joint and several liability under 
CERCLA, because there was a reasonable basis for 
apportioning liability and remanding for the district 
court to apportion damages); United States v. Alcan 
Aluminum Corp., 990 F.2d 711, 722 (2d Cir.1993) 
(reversing summary judgment in favor of the gov-
ernment, stating that the defendant “should have the 
opportunity to show that the harm caused at [the site] 
was capable of reasonable apportionment”  and that 
the defendant was entitled to “present evidence rele-
vant to establishing divisibility of harm”); United 
States v. Alcan Aluminum Corp., 964 F.2d 252, 257 
(3d Cir.1992) (reversing district court's imposition of 


joint and several liability and remanding for a hearing 
on apportionment because the court found that, given 
the intensely factual nature of the divisibility issue, it 
was error to impose joint and several liability without 
an apportionment hearing); United States v. R.W. 
Meyer, Inc., 889 F.2d 1497, 1507 (6th Cir.1989) 
(holding that district court did not err in imposing 
joint and several liability under CERCLA where “ the 
district court made a factual determination that the 
environmental harm created by the conditions on 
[the] property was indivisible” ). 
 


Applying this principle to the present case, we 
hold the district court correctly determined that BN 
should receive credit only for the part of the settle-
ment appropriately attributable to the property for 
which both the BIC defendants and BN were jointly 
and severally liable. In the case of a divisible harm, 
neither the government's*698 argument, that BN 
should receive no credit for the settlement, nor BN's 
argument that it should receive full credit for the set-
tlement, is a plausible reading of the statute. Neither 
argument is consistent with common law principles 
of joint and several liability. 
 


BN relies heavily on Hess Oil Virgin Islands 
Corp. v. UOP, Inc., 861 F.2d 1197 (10th Cir.1988), 
arguing that Hess, among several other cases, stands 
for the general rule “ that where a plaintiff fails to 
apportion damages in the settlement agreement, the 
non-settling party must receive credit in the entire 
amount of the settlement.”  Aple's Rply Br. at 2. 
However, BN's “general rule”  fails to acknowledge 
the fact that in each of the cases it cites, including 
Hess, the court expressly addressed a situation where 
there were “common damages.”  
 


In Hess, the court held that “ [w]hen a plaintiff 
receives an amount from a settling party, it is gener-
ally credited against the amount recovered by the 
plaintiff from a non-settling defendant, provided both 
the settlement and the judgment represent common 
damages. The [rule] is applicable only where the de-
fendant's conduct resulted in a single injury.”  Hess, 
861 F.2d at 1208 (emphasis added) (citations omit-
ted). However, in the present case, the district court 
found that the Site did not constitute a single injury 
but rather that there were two distinct injuries. Thus, 
the rule stated in Hess supports the district court's 
apportionment of the BIC defendants' settlement. 
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BN further relies on Gulfstream III Assocs. v. 
Gulfstream Aerospace Corp., 995 F.2d 425 (3d 
Cir.1993) and Singer v. Olympia Brewing Co., 878 
F.2d 596 (2d Cir.1989). However, like Hess, neither 
of these cases address a divisible harm. Both deci-
sions conclude that, in order to be entitled to appor-
tionment, a defendant must be jointly and severally 
liable for a single, indivisible harm. See Gulfstream 
III, 995 F.2d at 436 (holding that “where a plaintiff 
executes a general settlement instrument which set-
tles multiple claims with a defendant, but a non-
settling defendant is not a party to that agreement, the 
non-settling defendant need show only that the plain-
tiff settled a claim on which the non-settling defen-
dant was found liable at trial.”  (emphasis added)); 
Singer, 878 F.2d at 600 (2d Cir.1989) (“ [A] nonset-
tling defendant is entitled to a credit of the settlement 
amount against any judgment obtained by the plain-
tiff against the nonsettling defendant as long as both 
the settlement and judgment represent common dam-
ages.” ) (emphasis added). 
 


BN cannot avoid liability for the eastern portion 
of the Site, by proving in the district court that it did 
not cause the harm in that area, and then claim a 
credit for a settlement of the portion for which it 
claims no liability. Although it is true that the settle-
ment does not expressly address the district court's 
determination of divisible harm, it is undisputed that 
the BIC defendants' settlement resolved liability for 
both the eastern and western portion of the Site. As a 
result, part of the settlement consists of damages for 
which BN is not liable. Accordingly, BN can not 
receive credit for the portion of the BIC defendants' 
settlement attributable to the eastern portion of the 
Site. Apportionment of the settlement is appropriate 
in this case. 
 


4. Failure to Identify and Notify Potentially Re-
sponsible Parties 


[11] In its cross-appeal, BN also argues that the 
EPA's failure to timely notify a Potentially Responsi-
ble Party is a defense to the recovery of costs. In this 
case, BN was not notified as a Potentially Responsi-
ble Party until ten years after the initial investigation 
of the Site and, therefore, did not participate in a sub-
stantial amount of the administrative process of de-
termining the proper remedy for the Site. BN argues 
that, in violation of CERCLA and the Hazardous 
Substance Contingency Plan, the EPA inexplicably 
*699 failed to undertake the simple task of research-


ing the Adams County, Colorado real estate record to 
locate past owners, which would have revealed BN's 
predecessor as a former owner of a portion of the 
Site. 
 


Relying on 42 U.S.C. § 9613(k)(2)(D), the dis-
trict court rejected this argument. See Broderick II, 
955 F.Supp. at 1272-73. Section 913(k)(2)(D) pro-
vides that the EPA (by designation from the Presi-
dent) “shall make reasonable efforts to identify and 
notify potentially responsible parties as early as pos-
sible before the selection of a response action”  but 
that “ [n]othing in this paragraph shall be construed to 
be a defense to liability.”  Based on this statute, the 
district court held that: (1) the EPA's failure to notify 
BN was not a defense to liability; and (2) even if fail-
ure to notify BN was a potential defense, BN was 
adequately protected by the BIC defendants' partici-
pation and that, as a result, the remediation of the Site 
“would not have progressed any differently had BN 
received notification concurrently with the other [Po-
tentially Responsible Parties].”  Broderick II, 955 
F.Supp. at 1273. 
 


“On appeal, BN seeks to have this Court declare, 
as a matter of law, that EPA's failure can, in fact, be 
asserted as a defense to the recovery of response 
costs that result from lack of notice or the opportunity 
to participate.”  Aple's Br. at 10 (emphasis added). 
“ [H]owever, BN does not seek a remand or a declara-
tion that the additional costs cause[d][sic] by such a 
lack of notice are unrecoverable in this case.”  Rather, 
“BN respectfully requests that this Court provide 
appropriate guidance to the EPA for future cases.”  
Id. 
 


The record before indicates that the task of de-
termining BN's ownership was not as “simple”  as BN 
suggests. Apparently, it was not initially clear from 
the chain of title that BN was an owner of the prop-
erty. In the district court, BN argued that the 1908 
deed conveying the property to BN (or its predeces-
sor in interest, CBQRR) was ambiguous and did not 
pass title to BN. See Broderick I, 862 F.Supp. 272, 
275 (D.Colo.1994) The court agreed, finding that 
“ the 1908 deed was ambiguous.”  Id. Ultimately, 
however, “ the EPA established by a preponderance 
of the evidence that title passed to CBQRR under that 
deed.”  Id. 
 


[12] Regardless, we need not join this duel as a 







  
 


Page 19


200 F.3d 679, 49 ERC 1897, 30 Envtl. L. Rep. 20,281, 2000 Daily Journal D.A.R. 43 
(Cite as: 200 F.3d 679) 


{ W0206938; 1}© 2011 Thomson Reuters. No Claim to Orig. US Gov. Works. 


second to either party. BN's request for guidance in 
future cases is tantamount to a request for an advisory 
opinion. “ It is fundamental that federal courts do not 
render advisory opinions and that they are limited to 
deciding issues in actual cases and controversies.”  
Norvell v. Sangre de Cristo Dev. Co., Inc., 519 F.2d 
370, 375 (10th Cir.1975). “ [S]uch requests advocate 
a general interest, common to all citizens and do not 
purport to redress any specific injuries Plaintiffs may 
have suffered.”  Chrisman v. Commissioner of Inter-
nal Revenue, 82 F.3d 371, 373 (10th Cir.1996). Here, 
BN requests no relief to redress any specific injury it 
has suffered and advocates a general interest common 
to all citizens: “ requir[ing] EPA to follow its statu-
tory and regulatory mandates.”  Aple's Br. at 10. We 
decline to issue an advisory opinion on this issue. 
 


CONCLUSION 
Accordingly, we REVERSE the district court's 


holding that the EPA's conclusion to remediate the 
Site to a 1x10 -5 cancer risk level was arbitrary and 
capricious. We REVERSE in part the district court's 
holding that the EPA's actions were arbitrary and 
capricious in failing to amend the Record of Decision 
for Operable Unit I when it encountered the unex-
pected rock content in the sludge. Further, we RE-
VERSE the district court's holding that BN was not 
required to prove that the costs associated with the 
Record of Decision for Operable Unit II would not 
have been incurred in any event. We REMAND this 
case to the district court for further consideration, in 
accordance with *700 this opinion, of the issue of the 
costs associated with Operable Unit II. 
 


On BN's cross-appeal, we AFFIRM the district 
court's apportionment of the BIC defendants' settle-
ment and, for the reasons stated above, decline to 
reach the issue of whether the EPA's failure to timely 
notify a Potentially Responsible Party could be a de-
fense to the recovery of costs. 
 
C.A.10 (Colo.),1999. 
U.S. v. Burlington Northern R. Co. 
200 F.3d 679, 49 ERC 1897, 30 Envtl. L. Rep. 
20,281, 2000 Daily Journal D.A.R. 43 
 
END OF DOCUMENT 
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Executive Summary 


In 2004, the U.S. Environmental Protection Agency (EPA) released the Updated Report on the 
Incidence and Severity of Sediment Contamination in Surface Waters of the United States: National 
Sediment Quality Survey, which identifies areas in all regions of the country where sediment may be 
contaminated at potentially harmful levels (U.S. EPA 2004a).  Contaminated sediment can significantly 
impair the navigational and recreational uses of rivers and harbors in the U.S. [National Research Council 
(NRC) 1997 and 2001] and can be a contributing factor in many of the 3,221 fish consumption advisories 
nationwide (U.S. EPA 2005a). As of 2004, EPA had decided to take action to clean up contaminated 
sediment at approximately 140 sites, including federal facilities, under the Comprehensive Environmental 
Response, Compensation, and Liability Act (CERCLA) and additional sites under the Resource 
Conservation and Recovery Act [(RCRA), U.S. EPA 2004a].  The remedies for more than 60 sites are 
large enough that they are being tracked at the national level.  Many other sites are being cleaned up 
under state authorities, other federal authorities, or as voluntary actions. 


This document provides technical and policy guidance for project managers and management 
teams making remedy decisions for contaminated sediment sites.  It is primarily intended for federal and 
state project managers considering actions under CERCLA, although technical aspects of the guidance are 
also intended to assist project managers addressing sediment contamination under RCRA.  Many aspects 
of this guidance also will be useful to other governmental organizations and potentially responsible 
parties (PRPs) that may be conducting a sediment cleanup.  Although aspects related to site 
characterization and risk assessment are addressed, the guidance focuses on considerations regarding 
feasibility studies and remedy selection for contaminated sediment.  The guidance is lengthy, and users 
may wish to consult sections most applicable to their current need.  To help in this process, a short 
summary of each of the eight chapters is provided below.  Sediment cleanup is a complex issue, and as 
new techniques evolve, EPA will issue new or updated guidance on specific aspects of contaminated 
sediment assessment and remediation.  Links to guidance and additional information about contaminated 
sediments at Superfund sites are available at http://www.epa.gov/superfund/resources/sediment. 


Chapter 1, Introduction, describes the general backdrop for contaminated sediment remediation 
and reiterates EPA’s previously issued Office of Solid Waste and Emergency Response (OSWER) 
Directive 9285.6-08, Principles for Managing Contaminated Sediment Risks at Hazardous Waste Sites 
(U.S. EPA 2002a). Other issues addressed in Chapter 1 include the role of the natural resource trustees, 
states, Indian tribes, and communities at sediment sites.  Where there are natural resource damages 
associated with sediment sites, coordination between the remedial and trusteeship roles at the federal, 
state, and tribal levels is especially important.  In addition to their role as natural resource trustees, certain 
state cleanup agencies and certain Indian tribes or nations have an important role as co-regulators and/or 
affected parties and as sources of essential information.  Communities of people who live and work 
adjacent to water bodies containing contaminated sediment should be given understandable information 
about the safety of their activities, and be provided significant opportunities for involvement in the EPA’s 
decision-making process for sediment cleanup. 


Chapter 2, Remedy Investigation Considerations, introduces investigation issues unique to the 
sediment environment, including those related to characterizing the site, developing conceptual site 
models, understanding current and future watershed conditions, controlling sources, and developing 
cleanup goals. Especially important at sediment sites is the development of an accurate conceptual site 
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model, which identifies contaminant sources, transport mechanisms, exposure pathways, and receptors at 
various levels of the food chain. Project managers should consider the role of a sediment site in the 
watershed context, including other potential contaminant sources, key issues within the watershed, and 
current and reasonably anticipated or desired future uses of the water body and adjacent land.  Important 
parts of site characterization and remedy selection include the identification and, where feasible, control 
of significant continuing sources of contamination and an accurate understanding of their contribution to 
site risk and potential for recontamination.  It is also generally important that remedial action objectives, 
remediation goals, and cleanup levels are based on site-specific data and are clearly defined.  At most 
Superfund sites, chemical-specific remediation goals should be developed into final sediment cleanup 
levels by weighing the National Oil and Hazardous Substances Pollution Contingency Plan (NCP) 
balancing and modifying criteria. 


In addition, Chapter 2 introduces issues relating to sediment mobility and contaminant fate and 
transport, and modeling at sediment sites.  In most aquatic environments, surface sediment and associated 
contaminants move over time.  An important part of the remedial investigation at many sediment sites is a 
site-specific assessment of whether movement of contaminated sediment (surface and subsurface), or of 
contaminants alone, is occurring or may occur at scales and rates that will significantly change their 
contribution to risk. For example, is significant sedimentation of cleaner sediment burying contaminated 
sediment, and, if so, how quickly, and is erosion likely to re-expose those contaminants in the future? 
An accurate assessment of sediment mobility and contaminant fate and transport can be one of the most 
important factors in identifying areas suitable for monitored natural recovery (MNR), in-situ caps, or 
near-water confined disposal facilities (CDFs). Evaluation of alternatives should include consideration of 
disruption from man-made (anthropogenic) causes such as propeller scour and natural causes such as 
floods and ice scour. Generally, this evaluation should include the 100-year flood and other events with a 
similar probability of occurrence.  Project managers should make use of the variety of field and laboratory 
measurement methods available for evaluating site characteristics.  For example, the shear stress 
necessary to erode sediment or the increase in exposure of biota that might be expected from any 
contaminants transported to surface water from ground water.  


Where appropriate, project managers also should make use of numerical models for predicting 
future conditions at a site. There is a wide range of models, from simple to complex, which can be applied 
to contaminated sediment sites.  Where numerical models are used, verification, calibration, and 
validation should be typically preformed to yield a scientifically defensible study.  While quantitative 
uncertainty analyses can be performed for watershed loading and food web models, at the current time 
they cannot be generally performed for fate and transport models.  However, frequently a sensitivity 
analysis can be used to identify the model parameters that have most impact on model results, so that the 
project team can ensure that these parameters are well constrained by site data. 


Chapter 3, Feasibility Study Considerations, supplements existing EPA guidance by offering 
sediment-specific guidance about developing alternatives, applying the NCP remedy selection criteria, 
identifying applicable or relevant and appropriate requirements (ARARs), evaluating effectiveness and 
permanence, estimating cost, and using institutional controls.  Major alternatives include dredging and 
excavation, in-situ capping, and MNR. Innovative lab and field testing of in-situ treatment in the form of 
reactive caps or sediment additives are underway and may be useful in the future.  Due to the limited 
number of cleanup methods available for contaminated sediment, generally project managers should 
evaluate each of the three potential remedy approaches (sediment removal, capping, and MNR) at every 


ii 







Contaminated Sediment Remediation Guidance 
for Hazardous Waste Sites 


sediment site.  At large or complex sites, project managers have found that alternatives that combine a 
variety of approaches are frequently cost effective.  Pursuant to CERCLA section 121, all final remedial 
actions at CERCLA sites must be protective of human health and the environment, and must comply with 
ARARs unless a waiver is justified. Developing accurate cost estimates is an important part of evaluating 
sediment alternatives.  Project managers should evaluate capital costs, operation and maintenance costs 
(including long-term monitoring), and net present value.  When evaluating alternatives with respect to 
effectiveness and permanence, it is important to remember that each of the three potential remedy 
approaches may be capable of reaching acceptable levels of effectiveness and permanence, and that site-
specific characteristics should be reviewed during the alternatives evaluation to ensure that the alternative 
selected will be effective in that environment.  Institutional controls are frequently evaluated as part of 
sediment alternatives to prevent or reduce human exposure to contaminants.  Common types of 
institutional controls at sediment sites include fish consumption advisories, commercial fishing bans, and 
waterway use restrictions.  In some cases, land use restrictions or structure maintenance agreements have 
also been important elements of an alternative. 


Chapter 4, Monitored Natural Recovery, describes the natural processes that should be 
considered when evaluating MNR as a remedy, and briefly discusses enhanced natural recovery through 
thin-layer placement of sand or other material.  MNR is a remedy that typically uses known, ongoing, 
naturally occurring processes to contain, destroy, or otherwise reduce the bioavailability or toxicity of 
contaminants in sediment.  An MNR remedy generally includes site-specific cleanup levels and remedial 
action objectives, and monitoring to assess whether risk is being reduced as expected.  Although a “no 
action” decision may also include monitoring, in this case the monitoring is intended to ensure that an 
already-acceptable level of risk is maintained (e.g., that deeply buried contaminants are not re-exposed by 
erosion). Although burial by clean sediment is often the dominant process relied upon for natural 
recovery, multiple physical, biological, and chemical mechanisms frequently act together to reduce risk. 
Evaluation of MNR should be usually based on site-specific data, including multiple lines of evidence 
such as decreasing trends of contaminant levels in fish, in surface water, and in sediment.  Project 
managers should evaluate the long-term stability of the sediment bed and the mobility of contaminants 
within it. Contingency measures should be included as part of a MNR remedy when there is significant 
uncertainty that the remedial action objectives will be achieved within the predicted time frame. 
Generally, MNR should be used either in conjunction with source control or active sediment remediation. 


In addition, Chapter 4 discusses the potential advantages and limitations of MNR.  In most cases, 
the two key advantages of MNR are its relatively low implementation cost and its non-invasive nature. 
While costs associated with site characterization and modeling can be extensive, the costs associated with 
implementing MNR are primarily associated with monitoring.  Because no construction or infrastructure 
is needed, it is generally much less disruptive to human communities and the ecosystem than active 
remedies.  Two key limitations of MNR may be that it generally leaves contaminants in place without 
engineered containment and that it can be slow in reducing risks in comparison to active remedies.  As 
with any risk reduction approach that takes a period of time to reach remediation goals, remedies that 
include MNR frequently rely upon institutional controls, such as fish consumption advisories, to control 
human exposure during the recovery period.  At most sites, some people will disregard advisories despite 
best efforts to communicate risk, and advisories have no ability to reduce ecological exposures. 


Chapter 5, In-Situ Capping, summarizes the major capping technologies and describes the site 
conditions that are important to understand in evaluating the feasibility and effectiveness of in-situ 
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capping. In-situ capping refers to the placement of a subaqueous covering or cap of clean material over 
contaminated sediment that remains in place.  Caps are generally constructed of clean sediment, sand, or 
gravel, but can also include geotextiles, liners, or the addition of material, such as organic carbon, to 
attenuate the flux of contaminants into the overlying water.  Depending on the contaminants and sediment 
conditions present, a cap is generally designed to reduce risk through the following primary functions: 1) 
physical isolation of the contaminated sediment sufficient to reduce exposure due to direct contact and to 
reduce the ability of burrowing organisms to move contaminants to the cap surface; 2) stabilization of 
contaminated sediment and erosion protection of sediment and cap sufficient to reduce resuspension and 
transport of contaminants into the water column; and 3) chemical isolation of contaminated sediment 
sufficient to reduce exposure from dissolved contaminants that may be transported into the water column. 


In addition, Chapter 5 discusses the potential advantages and limitations of in-situ capping.  One 
advantage of in-situ capping is that it can quickly reduce exposure to contaminants.  Also, compared to 
sediment removal it normally requires both less infrastructure in terms of material handling, dewatering, 
and disposal and is typically less disruptive to people in local communities.  Compared to MNR, the 
potential for erosion and transport of contaminants is typically much lower.  However, contaminated 
sediment is still left in place in the aquatic environment where contaminants could be exposed or 
dispersed if the cap is significantly disturbed or if contaminants move through the cap in significant 
amounts.  Another potential limitation to in-situ capping may be that in some situations a preferred habitat 
may not be provided by the surficial cap materials which may be needed for erosion control. 


Chapter 6, Dredging and Excavation, describes dredging technologies (conducted under water) 
and excavation technologies (typically conducted after water is diverted or drained).  The chapter 
describes some of the key components involved in a sediment dredging or excavation remedy and 
describes site conditions that may be important when evaluating the feasibility and effectiveness of these 
remedies.  A dredging or excavation alternative should include an evaluation of all phases of the project, 
including removal, staging, dewatering, water treatment, sediment transport, and sediment treatment, 
reuse, or disposal. Transport and disposal options for contaminated sediment are sometimes complex and 
controversial and should be investigated and discussed with stakeholders early in the project.  In some 
cases, specialized methods of operation or equipment may be needed to minimize resuspension of 
sediment and transport of contaminants.  Project managers should make realistic, site-specific predictions 
of residual contamination (i.e., contamination that remains within or adjacent to the dredged area after 
dredging) based on pilot studies or data from comparable sites. Where residuals are a concern, thin layer 
placement/backfilling, MNR, or capping may also be needed. 


In addition, Chapter 6 discusses potential advantages and limitations of contaminated sediment 
removal by dredging and excavation.  One of the principal advantages of dredging and excavation is often 
that, if they achieve cleanup levels for the site, they may result in the least uncertainty regarding future 
environmental exposure to contaminants because the contaminants are removed from the aquatic 
ecosystem and disposed in a controlled environment.  Another potential advantage of removing 
contaminated sediment rather than managing it in place is that it may leave more flexibility regarding 
future use of the water body.  Although dredging remedies at sites with bioaccumulative contaminants 
usually include fish consumption advisories for a period of time after sediment removal, other types of 
institutional controls that might be needed to protect a cap or a layer of natural sedimentation are usually 
not necessary.  The principal limitations of sediment removal are that it is usually more complex and 
costly than in-situ management, and that the level of uncertainty associated with estimating residual 
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contamination can be high at some sites. The need for transport, storage, treatment (where applicable), 
and disposal facilities may lead to increased impacts on communities.  In some parts of the country, 
disposal capacity may be limited in existing municipal or hazardous waste landfills and it may be difficult 
to site new local disposal facilities. Another limitation may include the potential for contaminant losses 
during dredging through resuspension, and to a generally lesser extent, through other processes such as 
volatilization during excavation, transport, treatment, or disposal.  Finally, similar to in-situ capping, 
dredging or excavation typically includes at least a temporary destruction of the aquatic community and 
habitat within the remediation area. 


Chapter 7, Remedy Selection Considerations, discusses risk management decision making, the 
NCP’s remedy selection framework, including considering sediment remedies and comparing net risk 
reduction, considering alternatives that include institutional controls, and considering a “no-action” 
decision. Where a remedy is necessary, the best route to overall risk reduction depends on a large number 
of site-specific considerations, some of which may be subject to significant uncertainty.  Any decision 
regarding the specific choice of a remedy for contaminated sediment should be based on a careful 
consideration of the advantages and limitations of each available approach and a balancing of trade-offs 
among alternatives.  This chapter includes two summary tables to help with this comparison process: one 
describes site characteristics and conditions especially conducive to each of the three potential remedy 
approaches for sediment (MNR, capping, and dredging), and the other lists examples of key differences 
between the three potential remedy approaches with respect to the NCP’s nine remedy selection criteria. 
Documenting and communicating how and why remedy decisions were made are especially important at 
complex sites.  The concept of comparing “net” risk reduction may assist in the remedy selection process 
by providing a framework for considering elements of alternatives which may reduce risk and elements 
which may allow risk to continue or temporarily increase.  When considering remedies that include 
institutional controls, project managers should consider what entities possess the legal authority, 
capability and willingness to implement the control. 


EPA’s policy has been and continues to be that there is no presumptive remedy for any 
contaminated sediment site, regardless of the contaminant or level of risk.  At many sites, but especially at 
large sites, a combination of sediment cleanup methods may be the most effective way to manage the risk. 
The remedy selection process for sediment sites should include a clear analysis of the uncertainties 
involved, including uncertainties concerning the predicted effectiveness of various alternatives and the 
time frames for achieving cleanup levels and, if possible, remedial action objectives.  The uncertainty of 
factors very important to the remedy decision should be quantified, so far as this is possible.  Where it is 
not possible to quantify uncertainty, sensitivity analysis may be helpful to determine which apparent 
differences between alternatives are most likely to be significant. 


Chapter 8, Remedial Action and Long-Term Monitoring, provides a recommended approach 
to developing an effective monitoring plan at contaminated sediment sites.  The chapter presents sample 
measures of sediment remedy effectiveness, in terms of remedy performance and risk reduction.  A fully 
successful sediment remedy typically is one where the selected sediment chemical or biological cleanup 
levels have been met and maintained over time, and where all relevant risks have been reduced to 
acceptable levels based on the anticipated future uses of the water body and the goals and objectives 
stated in decision documents.  The chapter also presents the key steps in designing and conducting a 
monitoring program at a sediment site, introduces some of the monitoring techniques available for 
physical, chemical, and biological measurements, and summarizes some of the factors to consider when 
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monitoring remedies including MNR, in-situ capping, or dredging/excavation.  A monitoring plan 
typically can be important for all types of sediment remedies, before, during and after remedial action. 
The development of monitoring plans should follow a systematic planning process that identifies 
monitoring objectives, decision criteria, endpoints, and data collection and interpretation methods. 
Project managers should ensure that adequate baseline data are available for comparison to monitoring 
data after a remedial action and that adequate background data are available, including any continuing 
off-site contaminant contributions.  Monitoring before, during, and after sediment remediation generally 
will help not only to answer site-specific questions but to contribute to a better understanding of remedy 
performance at the national level. 
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Chapter 1: Introduction 


1.0 INTRODUCTION 


1.1 PURPOSE 


This document provides technical and policy guidance for project managers and management 
teams making risk management decisions for contaminated sediment sites.  It is primarily intended for 
federal and state project managers considering remedial response actions or non-time-critical removal 
actions under the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA), 
more commonly known as “Superfund.”  Technical aspects of the guidance are also intended to assist 
project managers addressing sediment contamination under the Resource Conservation and Recovery Act 
(RCRA). Many aspects of this guidance may also be useful to other governmental organizations and 
potentially responsible parties (PRPs) that are conducting a sediment cleanup under CERCLA, RCRA, or 
other environmental statutes, such as the Clean Water Act (CWA) or the Water Resource Development 
Act (WRDA). This guidance may also be useful to members of the community and their technical 
representatives. 


This guidance also provides information to the public and to the regulated community on how 
EPA intends to exercise its discretion in implementing its regulations at contaminated sediment sites.  It is 
important to understand, however, that this document does not substitute for statutes EPA administers nor 
their implementing regulations, nor is it a regulation itself.  Thus, this document does not impose legally 
binding requirements on EPA, states, or the regulated community, and may not apply to a particular 
situation based upon the specific circumstances.  Rather, the document suggests approaches that may be 
used at particular sites as appropriate, given site-specific circumstances.  EPA made many changes to this 
document based on public comment and external peer review of draft documents.  Even though the 
document is now final, however, EPA welcomes public comments on the document at any time and will 
consider those comments in any future revisions to the document which EPA may make without public 
notice. 


Guidance presented in this document can be applied to contaminated sediment in a wide variety 
of aquatic environments, including rivers, streams, wetlands, ponds, lakes, reservoirs, harbors, estuaries, 
bays, intertidal zones, and coastal ocean areas.  Sediment in wastewater lagoons, detention/sedimentation 
ponds, on-site storage/containment facilities, or roadside ditches is not addressed.  This guidance 
addresses both in-situ and ex-situ remedies for sediment, including monitored natural recovery (MNR), 
in-situ capping, and dredging and excavation. However, because the science and practice of sediment 
remediation are rapidly evolving, project managers are encouraged to test innovative approaches (e.g., 
including in-situ treatment options) that are beyond those discussed here, which may also effectively 
reduce risk from contaminated sediment. 


Consideration of materials deposited in floodplains, whether called soil or sediment, is an 
important factor in reducing risk in aquatic environments.  Much of the general approach recommended in 
this guidance can be applied to contaminated floodplains, although the technical considerations are 
written with aquatic sediment in mind.  Control of upland soils and other upland source materials is also 
critical to reducing risk in aquatic environments, but in general, existing guidance should be used for 
these materials [e.g., the U.S. Environmental Protection Agency’s (EPA’s) Soil Screening Guidance: 
Users Guide (U.S. EPA 1996a)].  However, where floodplain soils may be a source of contamination to 
surface water or sediment, the fate and transport of contaminants in the soil should be evaluated. 
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The emphasis of this guidance is on evaluating alternatives (e.g., the feasibility study stage of the 
Superfund process) and remedy selection, although the guidance presents some of the key remedial 
investigation issues at sediment sites.  Following this introductory chapter, the guidance provides 
sediment-specific issues to consider during remedial investigations (see Chapter 2) and feasibility studies 
(see Chapter 3), followed by chapters concerning the three potential remedy approaches for sediment 
management (see Chapter 4, Monitored Natural Recovery; Chapter 5, In-Situ Capping; and Chapter 6, 
Dredging and Excavation). This guidance then presents information on selecting sediment remedies (see 
Chapter 7); and on monitoring sediment sites (see Chapter 8). 


1.2 CONTAMINATED SEDIMENT 


For the purposes of this guidance, contaminated sediment is soil, sand, organic matter, or other 
minerals that accumulate on the bottom of a water body and contain toxic or hazardous materials at levels 
that may adversely affect human health or the environment (U.S. EPA 1998a).  Contaminants adsorbed to 
soil or in other forms may wash from land, be deposited from air, erode from aquatic banks or beds, or 
form from the underwater breakdown or buildup of minerals (U.S. EPA 1998a).  Contaminated sediment 
may be present in wetlands, streams, rivers, lakes, reservoirs, harbors, along ocean margins, or in other 
water bodies. In this guidance, “water body” generally includes all of these environments.  Some 
contaminants have both anthropogenic (or man-made) sources and natural sources (e.g., many metals and 
some organic compounds).  This guidance addresses management of contaminants present above 
naturally occurring levels that may cause an unacceptable risk to humans or to ecological receptors. 


Examples of primary and secondary sources of contaminants in sediment are included in 
Highlight 1-1. 


Highlight 1-1: Potential Sources of Contaminants in Sediment 


•	 Direct pipeline or outfall discharges into a water body from industrial facilities, waste water treatment 
plants, storm water discharges, or combined sewer overflows 


•	 Chemical spills into a water body 


•	 Surface runoff or erosion of soil from floodplains and other contaminated sources on land, such as waste 
dumps, chemical storage facilities, mines and mine waste piles, and agricultural or urban areas 


•	 Air emissions from power plants, incinerators, pesticide applications, or other sources that may be 
transferred to a water body through precipitation or direct deposition 


•	 Upwelling or seepage of contaminated ground water or non-aqueous phase liquids (NAPL) into a water 
body 


•	 Direct disposal from docked and dry-docked ships, or release of contaminants from in-water structures 
and over-water structures or ship maintenance facilities 


Organic contaminants in sediment typically adsorb to fine sediment particles and exist in the pore 
water between sediment particles.  Metals also adsorb to sediment and may bind to sulfides in the 
sediment.  The relative proportion of contaminants between sediment and pore water depends on the type 
of contaminant and the physical and chemical properties of the sediment and water.  Pore water in 
sediment generally is interconnected with both surface water and ground water, although the degree of 
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interconnection may change from place-to-place and with flow changes in ground water and surface 
water. 


Many contaminants persist for years or decades because the contaminant does not degrade or 
degrades very slowly in the aquatic environment.  Contaminants sorbed to sediment normally develop an 
equilibrium with the dissolved fraction in the pore water and in the overlying surface water to be taken up 
by fish and other aquatic organisms.  Some bottom-dwelling organisms ingest contaminated sediment, 
and in shallow water environments, humans may also come into direct contact with contaminated 
sediment.  Some contaminants, such as most metals, are hazardous primarily because of direct toxicity. 
Although some metals do accumulate in biota (i.e., bioaccumulate), generally they do not significantly 
increase in concentration as they are passed up the food chain (i.e., biomagnify).  Others, called persistent 
bioaccumulative toxics (PBTs) [e.g., polychlorinated biphenyls (PCBs), pesticides, and methyl mercury] 
are of concern primarily because they may both bioaccumulate and biomagnify.  Concentrations of PBTs 
in fish may endanger humans and wildlife that eat fish.  Women of childbearing age, young children, 
people who derive much of their diet from fish and shellfish, and people with impaired immune systems 
may be especially at risk. 


In 2004, the EPA released The Updated Report on the Incidence and Severity of Sediment 
Contamination in Surface Waters of the United States (U.S. EPA 2004a). This report identifies locations 
in all regions of the country where sediment contamination could be associated with probable or possible 
adverse effects to aquatic life and/or human health.  In 2004, state and local authorities issued 3,221 
advisories limiting fish consumption, which cover 35 percent of the nation’s total lake acreage (excluding 
the Great Lakes), 24 percent of the nation’s total river miles, and 100 percent of the Great Lakes and 
connecting waters, in part due to sediment contamination (U.S. EPA 2005a).  In addition, contaminated 
sediment can significantly impair the navigational and recreational uses of rivers and harbors in the U.S. 
Navigational dredging is not currently being performed in many harbors and waterways because of the 
concern for impacts of dredging on water quality, liability to those performing the dredging, and disposal 
options for the contaminated dredged material [National Research Council (NRC 1997 and 2001)]. 


As of 2004, the Superfund program had decided to take an action to address sediment at 
approximately 140 sites, including federal facilities.  The remedies for more than 60 sites, called “Tier 1” 
sites, are large enough that they are being tracked at the national level [for more information view the 
Office of Superfund Remediation and Technology Innovation’s (OSRTI’s) Contaminated Sediments in 
Superfund Web site at http://www.epa.gov/superfund/resources/sediment/sites.htm].  These sites include a 
wide variety of contaminants, as presented in Highlight 1-2. 


Many aspects of the cleanup process may be more complex at sediment sites versus sites with soil 
or ground water contamination alone.  Some potentially complicating factors for addressing contaminated 
sediment sites are listed in Highlight 1-3.  Based on these factors and other reasons as presented in this 
guidance, a team of experts is frequently needed to advise the project manager (see Section 1.4.2 
Technical Team Approach). 
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Highlight 1-2: Major Contaminants at Superfund Sediment Sites 
(Sites with Remedies Selected through 2004) 


Contaminants Driving Risk at Sediment Sites 
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Highlight 1-3: Why Sediment Sites Are a Unique Challenge 


•	 Sediment sites may have a large number of sources, some of which can be ongoing and difficult to

control



•	 The sediment environment is usually dynamic, and understanding the effect of natural forces and man-
made (anthropogenic) events on sediment movement and stability as well as contaminant transport can 
be difficult 


•	 Cleanup work in an aquatic environment is frequently difficult from an engineering perspective and may 
be more costly than other media 


•	 Contamination is often diffuse and the sites are often large and diverse (e.g., mixed use, numerous

property owners)



•	 Many sediment sites contain ecologically valuable resources or legislatively protected species or habitats 


•	 For large sites, a number of communities with differing views and opinions may be affected 


•	 There may be significant injuries to trustee resources at sediment sites 
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1.3 RISK MANAGEMENT PRINCIPLES AND REMEDIAL APPROACHES 


Office of Solid Waste and Emergency Response (OSWER) Directive 9285.6-08, Principles for 
Managing Contaminated Sediment Risks at Hazardous Waste Sites (U.S. EPA 2002a; attached as 
Appendix A to this document), presents eleven risk management principles that help project managers 
make scientifically sound and nationally consistent risk management decisions at contaminated sediment 
sites. Project managers should carefully consider these principles when planning and conducting site 
investigations, involving the affected parties, and selecting and implementing a response. 


The eleven risk management principles should be applied within the framework of the EPA’s 
existing statutory and regulatory requirements, such as the National Oil and Hazardous Substances 
Pollution Contingency Plan’s (NCP’s) nine remedy selection criteria (Title 40 Code of Federal 
Regulations (40 CFR) §300.430(c)). The eleven principles are listed in Highlight 1-4 and are 
incorporated throughout this guidance. The project manager should refer to OSWER Directive 
9285.6-11, OSRTI Sediment Team and the NRRB [National Remedy Review Board] Coordination at 
Large Sediment Sites (U.S. EPA 2004b) to help ensure that the eleven principles are appropriately 
considered before making site-specific risk management decisions.  Copies of both directives can be 
found on EPA’s Superfund Web site at http://www.epa.gov/superfund/resources/sediment/ 
documents.htm. 


Highlight 1-4: Risk Management Principles Recommended for Contaminated Sediment Sites 


1. Control sources early 


2. Involve the community early and often 


3. Coordinate with states, local governments, Indian tribes, and natural resource trustees 


4. Develop and refine a conceptual site model that considers sediment stability 


5. Use an iterative approach in a risk-based framework 


6. Carefully evaluate the assumptions and uncertainties associated with site characterization data and site 
models 


7. Select site-specific, project-specific, and sediment-specific risk management approaches that will achieve 
risk-based goals 


8. Ensure that sediment cleanup levels are clearly tied to risk management goals 


9. Maximize the effectiveness of institutional controls and recognize their limitations 


10. Design remedies to minimize short-term risks while achieving long-term protection 


11. Monitor during and after sediment remediation to assess and document remedy effectiveness 


Source: U.S. EPA 2002a; see Appendix A 
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1.3.1 Remedial Approaches 


Highlight 1-5 lists the major remedial approaches or alternatives available for managing risks 
from contaminated sediment.  Frequently, a final sediment remedy combines more than one type of 
approach. 


Highlight 1-5: Remedial Approaches for Contaminated Sediment 


In-situ Capping: 


• 


• 


• 


• 


• 


• 


• 


Institutional Controls: 


• 


• 


• 


navigational dredging) 


• 
agreements 


• 


• 


Dredging: 


• 
dredging and transport to shore 


• 


• 
residuals in upland landfill, confined disposal 


• 
appropriate 


• 


• 
staging or processing 


• 


• 
residuals in upland landfill, confined disposal 


• 
appropriate 


In-situ Approaches Ex-situ Approaches 


Single-layer granular caps 


Multi-layer granular caps 


Combination granular/geotextile caps 


Monitored Natural Recovery: 


Physical isolation or other processes 


Chemical transformation/sequestration 


Biological transformation/sequestration 


Hybrid Approaches: 


Thin layer placement of sand or other material 
to enhance recovery via natural deposition 


Fish consumption advisories 


Commercial fishing bans 


Waterway or land use restrictions (e.g., no 
anchor or no wake zones, limitations on 


Dam or other structure maintenance 


In-situ Treatment: 


Reactive caps 


Additives/enhanced biodegradation 


Hydraulic, mechanical, or combination/hybrid 


Treatment of dredged sediment and/or 
removed water 


Disposal of dredged sediment or treatment 


facility, or other placement 


Backfill of dredged area, as needed or 


Excavation: 


Water diversion or dewatering 


Excavation of sediment and transport to 


Treatment of excavated sediment 


Disposal of excavated sediment or treatment 


facility, or other placement 


Backfill of excavated area, as needed or 
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1.3.2 Urban Revitalization and Reuse 


Revitalizing urban areas and returning land and water bodies to productive uses have become 
increasingly important to the EPA’s hazardous waste programs in recent years.  Sediment sites may 
present opportunities to incorporate these concepts into remedy selection, remedial design, and into other 
phases of the risk management process.  At sediment sites in urban areas, project managers should 
consider the goals of local governments and other entities to revitalize the use of waterfront property, 
harbors, and water bodies. This may involve reviewing local land use plans and identifying potential 
partners such as land owners, elected officials, and local land and water planning and development 
agencies. It may lead to opportunities to consider remedies that take into account the views of local 
stakeholders, land owners, and land use planners.  For example, it may be possible to locate disposal 
structures or rail lines in areas that maximize future reuse.  Beneficial reuse of dredged material may also 
present an opportunity for urban revitalization.  Project managers are encouraged to make use of a 
collaborative Web site on beneficial reuse co-sponsored by the U.S. Army Corps of Engineers’ (USACE) 
Engineer Research and Development Center and EPA’s Office of Wetlands, Oceans, & Watersheds, 
available at http://el.erdc.usace.army.mil/dots/budm/budm.html. 


1.4 DECISION-MAKING PROCESS 


Decision making at sediment sites can follow somewhat different processes depending on the 
legal authority under which the sediment cleanup is conducted, the entity conducting the cleanup, and the 
scope of the problem.  While meeting all legal and regulatory requirements, it is the intent of the Agency 
to allow project managers the flexibility needed to make the most appropriate recommendation for their 
site. 


1.4.1 Decision Process Framework 


Remedial actions taken under CERCLA generally follow the Superfund remedial response 
process shown in Highlight 1-6, taken from A Guide to Preparing Superfund Proposed Plans, Records of 
Decision, and Other Remedy Selection Decision Documents (U.S. EPA 1999a, also referred to as the 
“ROD Guidance”). Project managers should refer to the ROD Guidance for descriptions of each stage of 
the remedial process.  Corrective actions under RCRA generally follow the RCRA remedial process laid 
out in the May 1, 1996 Advanced Notice of Proposed Rulemaking [(ANPR), 61 Federal Register (FR) 
19447]. 


In the report, A Risk-Management Strategy for PCB-Contaminated Sediments (NRC 2001), the 
NRC recommended the use of the iterative decision-making approach, adapted from the 1997 
Presidential/Congressional Commission on Risk Assessment and Risk Management (PCCRARM) risk 
management framework (Highlight 1-7).  EPA project managers should consider using this approach 
within the context of EPA’s existing remedial process.  The NRC approach emphasizes the unique 
importance of community involvement throughout the decision-making process and the usefulness of 
iteration and adaptation if new information becomes available that changes the nature or understanding of 
the problem. 
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Adapted from: U.S. EPA 1999a 


–Scoping the RI FS     –Development 
te Characterizat and Screening 


–Baseline R sk        of A ternatives
  Assessment     –Deta led 
–Treatabil ty       Analysis of
  Studies ternatives 


–Preliminary Assessment 
–Site Investigation Inspect on 
–Hazard Ranking System Evaluat
–National Prior es List L sting 


Pre-Remedial Process 


Process Activ ties 


Preliminary ident cat on of s te hazards and evaluation of 
the need for act on under Superfund remedial program 


Remedial Investigation Feasibility Study (RI FS


Remedy Se ection Process 


Identification of Preferred A ternative 


Proposed P


Public Comment 


Remedy Se ection 


Record of Dec on (ROD
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Highlight 1-6: General Overview of the Superfund Remedial Response Process 
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Highlight 1-7: National Research Council - Recommended Framework for Risk Management 


Evaluate 
Results 


Community 
Involvement 


Define 
Problems 


Make 
Decisions 


Assess 
Options 


Implement 
Strategy 


Analyze 
Risks 


Source: NRC 2001 


1.4.2 	 Technical Team Approach 


At many sediment sites, like other complex sites, a technical team approach frequently works best 
for effective site management.  This team may be made up of lead and support regulatory agency 
technical personnel and experts from within and outside of the agencies, including those representing 
responsible parties. Typically, it is most effective to form this group early in the site investigation process 
and maintain it with as much continuity as possible throughout the decision making and implementation 
of the project. Ongoing dialogue managed by the project manager among the technical team on all of the 
technical issues should help to ensure a productive, efficient site investigation and evaluation of remedial 
alternatives in which the tendency toward an adversarial environment is minimized.  This approach may 
require a strong project manager who facilitates the meetings and makes tough and fair decisions at points 
of disagreement. 


Technical teams, which include experts representing both government and responsible parties, 
can be especially effective when the following principles are considered: 


•	 Use sound, high quality science as the basis for site-specific decisions to

S jointly identify information needs and project objectives;

S call upon appropriate expertise;

S recognize and understand uncertainty; and

S operate in an atmosphere of respect.
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•	 Communicate openly and frequently to 
S foster partnerships with all stakeholders and listen to all viewpoints; 
S jointly identify areas of disagreement and means to resolve them; and 
S openly discuss site goals and capabilities of available alternatives. 


•	 Think outside the box to

S look for common ground and shared goals;

S solicit help of an outside neutral party when needed;

S experiment with a change in structure when needed; and

S look for opportunities to make progress.



1.4.3 	 Technical Support 


In 2004, EPA established the Superfund Sediment Resource Center (SSRC) to make expert 
technical assistance available to EPA project managers of any Superfund sediment site.  The SSRC has 
the capability of accessing expertise from the EPA’s Office of Research and Development, the USACE, 
as well as private consultants and academic researchers.  Information on how to access the SSRC is 
available through OSRTI’s Contaminated Sediments in Superfund Web site at http://www.epa.gov/ 
superfund/resources/sediment/ssrc.htm. 


In 2002, EPA established the Contaminated Sediments Technical Advisory Group (CSTAG) to 
monitor the progress of, and provide advice regarding, a number of large, complex, or controversial 
contaminated sediment Superfund sites.  For most sites, the group meets with the site team several times 
throughout the site investigation, response selection, and action implementation processes.  Involving 
CSTAG at each major phase of a project provides additional technical support to the project team and 
ensures consistency with EPA’s national sediment policies.  General information about CSTAG and site-
specific recommendations and responses are available through OSRTI’s Contaminated Sediments in 
Superfund Web site at http://www.epa.gov/superfund/resources/sediment/cstag.htm. 


1.5 STATE, TRIBAL, AND TRUSTEE INVOLVEMENT 


State cleanup agencies and affected Indian tribes or nations at sediment sites or impacted 
downstream areas have an important role as co-regulators and/or affected parties and as sources of 
essential information at sediment sites.  States are the lead agency at some sediment sites, or lead the 
cleanup of land-based source areas or particular operable units within a site.  States and Indian tribes are 
frequently an indispensable source of historic and current information about water body uses, fish 
consumption patterns, ecological habitat, other sources of contamination within a watershed, and other 
information useful in characterizing the site and selecting an appropriate remedy.  At some sediment sites, 
states are also owners of aquatic lands, dams, or floodplains.  Where this is the case, states have multiple 
roles at the site. At sediment sites, as for all sites, states (and local and tribal governments where 
applicable) should be involved early and often in the remedial investigation/feasibility study (RI/FS). 
Coordination with the state may be especially helpful in the development of the conceptual site model, 
risk assessment, and remediation goals.  Additional coordination during remedial design/remedial action 
phases is also very important (e.g., an opportunity to consult during the engineering design following 
remedy selection and on other technical matters related to implementation or monitoring of the remedy). 
Additional information on coordinating with states and Indian tribes can be found in OSWER Directive 
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9375.3-03P, The Plan to Enhance the Role of States and Tribes in the Superfund Program (U.S. EPA 
1998b), and OSWER Directive 9375.3-06P, Enhancing State and Tribal Role Directive (U.S. EPA 
2001a). 


Where there is a potential for natural resource injuries and damages associated with sediment 
sites, coordination between the remedial and trusteeship roles at the federal, tribal, and state levels is 
especially important.  Several different federal, state, or tribal natural resource trustees may have an 
interest in decisions concerning contaminated sediment sites and should have an opportunity to be 
involved throughout the investigation and remedy selection process at sites where they have jurisdiction 
and interest. The EPA is required to notify natural resource trustees promptly whenever a release of 
hazardous materials, contaminants, or pollutants may injure natural resources (CERCLA §104 (b)(2)). 
Trustees may include federal natural resource trustee agencies, such as the U.S. Department of the Interior 
(DOI), National Oceanic and Atmospheric Administration (NOAA), U.S. Department of Agriculture 
(USDA) Forest Service, U.S. Department of Defense (DoD), or U.S. Department of Energy (DOE).  State 
agencies and federally recognized tribes may also be natural resource trustees.  Where NOAA is the 
natural resource trustee, project managers should contact the Coastal Resource Coordinators (CRCs) who 
are assigned to each EPA region (except Regions 7 and 8, where there are no NOAA trust resources). 
These CRCs are also designated natural resource trustee representatives for marine resources, including 
migratory fish. 


Interests and data needs of the trustees and the EPA may be similar.  When trustees are involved, 
project managers should consult them early in the RI/FS process regarding potential contaminant 
migration pathways, ecological receptors, and characteristics of the water body and watershed.  Sharing 
information early with federal, tribal, and state trustees (rather than bringing them in later in the process) 
often leads to more efficient data collection and better coordination of protection of human health and the 
environment.  Information on coordinating with trustees is found in EPA’s ECO Update: The Role of 
Natural Resource Trustees in the Superfund Process (U.S. EPA 1992a), in OSWER Directive 
9200.4-22A, CERCLA Coordination with Natural Resource Trustees (U.S. EPA 1997a), and in OSWER 
Directive 9285.7-28P, Ecological Risk Assessment and Risk Management Principles for Superfund Sites 
(U.S. EPA 1999b).


1.6 COMMUNITY AND OTHER STAKEHOLDER INVOLVEMENT 


Communication and outreach with the community and other stakeholders can pose unique 
challenges at sediment sites, especially at large sites on publicly used water bodies.  Community 
involvement coordinators often have a critical role as part of the project team at these sites.  Sediment 
sites that span large areas may present barriers to communicating effectively with different communities, 
local governments, and the private sector along the water body.  People who live, work, and play adjacent 
to water bodies that contain contaminated sediment should receive accurate information about the safety 
of their activities, and be provided opportunities for involvement in the EPA’s decision-making process 
for sediment cleanup.  Community members may have a wide variety of needs and wishes for current and 
future uses of the water body.  Highlights 1-8 and 1-9 list some of the common community concerns 
about contaminated sediment and risk reduction methods for sediment.  These lists are compiled from 
information provided by Superfund project managers and by the NRC (2001).  Project managers should 
be aware of these potential concerns and others specific to their sites. 
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• Human health impacts from eating fish/shellfish, wading, and swimming 


• Ecological impacts on wildlife and aquatic species 


• Loss of recreational and subsistence fishing opportunities 


• Loss of recreational swimming and boating opportunities 


• Loss of traditional cultural practices by Indian tribes and others 


• Economic effects of loss of fisheries 


• Economic effects on development, reduction in property values, or property transferability 


• Economic effects on tourism 


• Concern whether all contamination sources have been identified 


• Increased costs of drinking water treatment, other effects on drinking water, and other water uses 


• Loss or increased cost of commercial navigation 


Highlight 1-8: Common Community Concerns about Contaminated Sediment 


Highlight 1-9: Common Community Concerns about Sediment Cleanup 


Concerns about MNR Concerns about In-Situ Capping Concerns about Dredging and 
Excavation 


• Long time-frame for 
recovery 


• Ongoing human and 
ecological exposure 
during recovery period 


• Doubts about 
effectiveness/spreading 
of contamination due to 
flooding/other 
disturbance 


• Extended loss of 
resources and uses 


• Perception of “do 
nothing” remedy 


• Property value/ 
transferability concerns 
with leaving significant 
contamination in place 


• Increased truck or rail traffic 


• Loss of resource/harvesting 
opportunities 


• Increased flooding 


• Disturbance of aquatic habitat 


• Cap material source issues 


• Loss of boat anchoring access 


• Doubts about effectiveness 
due to cap erosion, disruption, 
or contaminant migration 
through cap 


• Loss of privacy during 
construction 


• Recreation and tourism 
impacts during construction 


• Property value/transferability 
concerns with leaving 
significant contamination in 
place 


• Increased truck or rail traffic 


• Noise, emissions, and lights at 
treatment and disposal facilities 


• Siting of new disposal facilities 


• Loss of capacity at existing 
disposal facilities 


• Loss of privacy during 
construction 


• Infrastructure needs on adjacent 
land 


• Recreation and tourism impacts 


• Access to private property 


• Property values near dredging, 
treatment and disposal facilities 


• Disturbance of aquatic habitat 


• Resuspension/spreading 
contamination during dredging 
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Existing community involvement and sediment guidance from EPA and the NRC offer some 
guidelines for involving the community in meeting these and other concerns, as identified in Highlight 
1-10. 


Highlight 1-10: Community Involvement Guidance and Advice 


EPA Office of Solid Waste and Emergency Response on Community Involvement (most available at 
http://www.epa.gov/superfund/action/community/index.htm): 


•	 Contaminated Sediments: Impacts and Solutions Video and Presenters Manual (U.S. EPA 2005b) 


•	 Early and Meaningful Community Involvement (U.S. EPA 2001b) 


•	 Superfund Community Involvement Toolkit (U.S. EPA 2003a) 


•	 Community Advisory Group Toolkit for EPA Staff (U.S. EPA 1997b) 


•	 The Model Plan for Public Participation, National Environmental Justice Advisory Council (U.S. EPA 
1996b) 


•	 Incorporating Citizen Concerns into Superfund Decision Making (U.S. EPA 2001c) 


RCRA Community Involvement Guidance (available at http://www.epa.gov/epaoswer/hazwaste/ca/guidance.htm; 
see list under “Public Involvement/Communication”): 


•	 RCRA Public Participation Manual 


•	 RCRA Expanded Public Participation Rule (60 FR 63417-34) 


•	 RCRA Corrective Action Workshop Communication Tools 


Office of Water on Communication of Fish Consumption Risks and Surveys (available at 
http://www.epa.gov/ost/fish): 


•	 Guidance for Conducting Fish and Wildlife Consumption Surveys (U.S. EPA 1998c) 


•	 National Risk Communication Conference Held in Conjunction with the Annual National Forum on 
Contaminants in Fish (May 6-8, 2001, conference proceedings available at 
http://www.epa.gov/waterscience/fish/proceedings.html) 


National Research Council: 


•	 A Risk-Management Strategy for PCB-Contaminated Sediments, Chapter 4, Community Involvement 
(NRC 2001) 


Considering existing EPA guidance, and advice from the NRC and others, the three points below 
highlight some of the most critical aspects of community involvement at sediment sites. 


Point 1. Involve the Community and Other Stakeholders Early and Often 


In addition to the provisions addressing stakeholder involvement in CERCLA §117 and the NCP, 
one of EPA’s eleven principles for managing risk of contaminated sediment is to involve the community 
early and often.  This is an important principle in relation to other stakeholders as well, including local 


1-13 



http://www.epa.gov/superfund/action/community/index.htm

http://www.epa.gov/epaoswer/hazwaste/ca/guidance.htm

http://www.epa.gov/ost/fish

http://www.epa.gov/waterscience/fish/proceedings.html





Chapter 1: Introduction 


governments, port authorities, and PRPs.  The mission of the Superfund and RCRA community 
involvement programs is to advocate and strengthen early and meaningful community participation 
during Superfund cleanups. Planning for community involvement at contaminated sediment sites should 
begin as early as the site discovery and site assessment phase and continue throughout the entire 
Superfund process. As noted by the NRC (2001), community involvement will be more effective and 
more satisfactory to the community if the community is able to participate in or directly contribute to the 
decision-making process.  Passive feedback about decisions already made by others is not what is referred 
to as community or stakeholder involvement.  Early involvement allows necessary input from 
communities and other stakeholders and facilitates more comprehensive identification of issues and 
concerns early in the site management process. 


Early community involvement enables EPA to learn what stakeholders, especially community 
members, think are important exposure pathways of the contamination and of potential response options. 
Available materials about community involvement in the risk assessment process include A Community 
Guide to Superfund Risk Assessment – What’s it All about and How Can You Help? (U.S. EPA 1999c). 
Although the regulators have the responsibility to make the final cleanup decision at CERCLA and 
RCRA sites, early and frequent community involvement helps the regulators understand differing views 
and allows the regulators to factor these views into their decisions. 


Point 2. Build an Effective Working Relationship with the Community and Other Stakeholders 


In addition to the provisions addressing public outreach in CERCLA §117 and the NCP, building 
partnerships with key community groups, the private sector, and other interested parties is critical to 
implementing a successful outreach program.  Involving communities by fostering and maintaining 
relationships can lead to better site decisions and faster cleanups.  Referring specifically to PCB-
contaminated sites, but with application to all sediment sites, the NRC (2001) report recommended that 
community involvement at PCB-contaminated sediment sites should include representatives of all those 
who are potentially at risk due to contamination, although special attention should be given to those most 
at risk. 


Participants at EPA’s 2001 Forum on Managing Contaminated Sediments at Hazardous Waste 
Sites (U.S. EPA 2001d) offered the following ideas, among others, for building effective working 
relationships with communities and other stakeholders at sediment sites: 


•	 Create realistic expectations up front for both public involvement and sediment cleanup; 


•	 Where possible, instead of asking for extra meetings, ask for time at existing community 
meetings; 


•	 Use store-front on-site offices for public information when possible; 


•	 Be aware of tribal cultural and historic sites, not all of which are registered or are on 
tribal land; 


•	 Minimize jargon when speaking and writing for the public; 


•	 Use independent facilitators for public meetings when needed; 
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• Include broad representation of the community; 


• Look for areas where you can act on input from the community; and 


• Encourage continuity of membership as much as possible. 


A complete list of forum presentation materials is available through EPA’s Superfund Web site at 
http://www.epa.gov/superfund/resources/sediment/meetings.htm. 


Point 3. Provide the Community with the Resources They Need to Participate Effectively in the 
Decision-Making Process 


In addition to the provisions addressing public outreach in CERCLA §117 and the NCP, project 
managers should ensure that community members have access to the tools and information they need to 
participate throughout the cleanup process. Educational materials should be accessible, culturally 
sensitive, relevant, timely, and translated when necessary.  One potential resource is a video prepared by 
EPA’s Superfund office, which explains to communities the general remedial options for sediment (U.S. 
EPA 2005b). 


Contaminated sediment sites often involve difficult technical issues.  It is especially important to 
give community members opportunities to gain the technical knowledge necessary to become informed 
participants. Project managers should provide technical information to communities in formats that are 
accessible and understandable. The EPA has a number of resources available to help make large volumes 
of complex data more easily understandable.  These resources are often valuable communication tools not 
only with the community, but also within the EPA and between cooperating agencies.  An example 
includes the graphics and scenario analysis capabilities of Region 5 Fully Integrated Environmental 
Location Decision Support (FIELDS). FIELDS began as an effort to solve contaminated sediment 
problems more effectively  in and around the Great Lakes and is applied in other regions as well. 
Information about FIELDS is available at http://www.epa.gov/region5fields. 


Information about Superfund community services is available through EPA’s Superfund Web site 
at http://www.epa.gov/superfund/action/community/index.htm. This Web site provides information on 
community advisory groups (CAGs), EPA’s Technical Assistance Grant (TAG) program, and the 
Technical Outreach Services for Communities (TOSC) program.  The TOSC program uses university 
educational and technical resources to help community groups understand the technical issues involving 
hazardous waste sites in their communities.  The Superfund statute provides for only one TAG per site. 
At very large sites with diverse community interests, communities may choose to form a coalition and 
apply for grant funding as one entity.  The coalition would need to function as a nonprofit corporation for 
the purpose of participating in decision making at the site.  Individual organizations may choose to 
appoint representatives to a steering committee that decides how TAG funds should be allocated, and 
defines the statement of work for the grant.  The coalition group may hire a grant administrator to process 
reimbursement requests to the EPA and to ensure consistent management of the grant.  In some cases, 
EPA regional office award officials may waive a group’s $50,000 limit if site characteristics indicate 
additional funds are necessary due to the nature or volume of site-related information. 
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2.0 REMEDIAL INVESTIGATION CONSIDERATIONS 


The main purpose of investigating contaminated sediment, as with other media, is generally to 
determine the nature and extent of contamination to determine if there are unacceptable risks that warrant 
a response and, if so, to evaluate potential remedies.  Investigations may be conducted by a number of 
different parties under a number of different legal authorities.  Most of this chapter presents general 
information of potential use to any investigator.  However, the language and program-specific references 
are drawn from the Comprehensive Environmental Response, Compensation, and Liability Act 
(CERCLA) program, and at times, from the Resource Conservation and Recovery Act (RCRA) program. 
This chapter is not a comprehensive guide to site characterization and risk assessment of sediment sites, 
but it does attempt to summarize many of the most important considerations. 


Under CERCLA, the investigation process is known as a “remedial investigation” (RI).  Under 
RCRA, the investigation process is known as a “RCRA facility investigation.”  The RI process is 
described in the U.S. Environmental Protection Agency’s (EPA’s) Guidance for Conducting Remedial 
Investigations and Feasibility Studies under CERCLA (U.S. EPA 1988a, also referred to as the “RI/FS 
Guidance”). The investigative process in a RCRA corrective action is best described in Office of Solid 
Waste and Emergency Response (OSWER) Directive 9902.3-2A, RCRA Corrective Action Plan (U.S. 
EPA 1994a), and the May 1, 1996 Advanced Notice of Proposed Rulemaking [(ANPR) 61 Federal 
Register (FR) 19447].  This chapter supplements these existing guidances by offering brief sediment-
specific guidance about site characterization, risk assessment, and other investigation issues unique to 
sediment.  More detailed guidance concerning site characterization is beyond the scope of this document, 
but may be developed as needed in the future. 


2.1 SITE CHARACTERIZATION 


The site characterization process for a contaminated sediment site should allow the project 
manager to accomplish the following general goals, at a scale and complexity appropriate to the site: 


•	 Identify and quantify the contaminants present in sediment, surface water, biota, flood 
plain soils, and in some cases, ground water; 


•	 Understand the vertical and horizontal distribution of the contaminants within the 
sediment and flood plains; 


•	 Identify the sources of historical contamination and quantify any continuing sources; 


•	 Understand the geomorphological setting and processes (e.g., resuspension, transport, 
deposition, weathering) affecting the stability of sediment; 


•	 Understand the key chemical, and biological processes affecting the fate, transport, and 
bioavailability of contaminants; 


•	 Identify the complete or potentially complete human and ecological exposure pathways 
for the contaminants; 
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•	 Identify current and potential future human and ecological risks posed by the 
contaminants; 


•	 Collect data necessary to evaluate the potential effectiveness of natural recovery, in-situ 
capping, sediment removal, and promising innovative technologies; and 


•	 Provide a baseline of data that can be used to monitor remedy effectiveness in all 
appropriate media (generally sediment, water, and biota). 


The project manager, in consultation with technical experts and stakeholders, should develop site-
specific investigation goals that are of an appropriate scope and complexity for the site.  Systematic 
planning, dynamic work strategies, and, where appropriate, real-time measurement technologies may be 
useful at sediment sites.  Combined, these three strategies are known as the “triad approach,” described on 
EPA’s Innovative Technologies Web site at http://www.cluin.org/triad (although the term “triad” is the 
same, this approach should not be confused with the approach to ecological risk assessment known by the 
same name).  This approach attempts to summarize the best current practices in site characterization to 
collect the “correct” data, improve confidence in results, and save cost.  The triad approach resources also 
include EPA (2003b), Crumbling (2001), and Lesnick and Crumbling (2001). 


Data collection during the remedial investigation frequently has multiple uses, including human 
health and ecological risk assessment, identification of potential early actions, and remedy decision-
making.  It is important to consult as many data users as possible (e.g., risk assessors, modelers, as well as 
quality assurance/quality control (QA/QC) experts) early in the scoping process and throughout data 
collection. 


Data should be of a type, quantity, and quality to meet the objectives of the project.  The EPA’s 
data quality objective (DQO) process is one method to achieve this, as described below.  Where other 
agencies (e.g., natural resource trustee agencies, state remediation agencies, and health departments) have 
an interest at the site, they should be consulted concerning decisions about DQOs so that collected data 
can serve multiple purposes, if possible.  In addition, the community and other stakeholders [e.g., local 
governments and potentially responsible parties (PRPs)] should be consulted in these decision as 
appropriate. 


2.1.1 	 Data Quality Objectives 


The EPA’s DQO process is intended to help project managers collect data of the right type, 
quality, and quantity to support site decisions.  As described in Guidance for the Data Quality Objective 
Process (U.S. EPA 2000a), seven steps generally guide the process.  The initial steps help assure that only 
data important to the decisions that need to be made are collected.  The seven DQO process steps include 
the following, with an example provided in the context of a risk assessment: 


1.	 State the problem. Example: There is current exposure of humans to site-related 
contaminants through eating fish. 


2.	 Identify the decision. Example: Is the exposure causing an unacceptable risk? 
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3.	 Identify inputs to the decision. Examples: What are the appropriate fish species, receptor 
groups, and consumption rates to evaluate?  What existing data are available and what 
must be collected?  What is the toxicity of the contaminants to all receptor groups? 


4.	 Define boundaries of study.  Example: For purposes of the human health risk assessment, 
should the water body and the human population each be considered as a whole or in 
subparts? 


5.	 Develop a decision rule.  Example: If exposure at the upper 95 percent confidence limit 
for fish consumption of the recreational fisher population to the mean contaminant 
concentration of any one of the three most popular fish species exceeds a cancer risk 
range of 10-6 to 10-4 or a Hazard Index of 1, risk will be considered unacceptable. 


6.	 Specify limits on decision errors. Example: What levels of uncertainty are acceptable for 
this decision, considering both false positive and false negative errors? 


7.	 Optimize the design for obtaining data.  Example: What is the most resource-effective 
fish sampling and analysis design for generating data that will meet the data quality 
objectives? 


Similar hypotheses could be established for evaluating each remedial alternative being considered 
for the site, and for evaluating the effectiveness of the selected alternative.  The way in which the process 
is followed may vary depending on the decision to be made, from a thought process to a rigorous 
statistical analysis.  Additional guidance provided in EPA Requirements for Quality Assurance Project 
Plans [(QAPPs), U.S. EPA 2001e) describes how DQOs are incorporated into QAPPs. 


2.1.2 	 Types of Data 


The types of data the project manager should collect are determined mostly by the following 
information needed to: 


•	 Develop the conceptual site model; 


•	 Evaluate sediment and contaminant fate and transport; 


•	 Conduct the human health and ecological risk assessments; 


•	 Evaluate the effectiveness of source control; 


•	 Evaluate potential remedies; 


•	 Document baseline conditions prior to implementation of the remedy; and 


•	 Design and implement the selected remedy. 


Highlight 2-1 lists some general types of physical, chemical, and biological data that a project 
manager should consider collecting when characterizing a sediment site.  The project manager should 
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understand the importance of historical changes in some of these characteristics (e.g., water body 
bathymetry or contaminant distributions in surface and subsurface sediment, water, and biota).  It may 
also be important to understand how characteristics change seasonally, and under various flow and 
temperature conditions.  The relative importance of these types of data variabilities is dependent on the 
site. It is frequently important to understand the properties affecting the mixing zone or biologically 
active zone of sediment.  Contaminants in the biologically active layer of the surface sediment at a site 
often drive exposure, and reduction of surface sediment concentrations may be necessary to achieve risk 
reduction. While sediment sites typically demand more types of data for effective characterization than 
other types of sites, the type and quantity of data required should be geared to the complexity of the site 
and the weight of the decision. In addition, the data acquisition process should not prevent early action to 
reduce risk when appropriate. 


Site characterization should include collection of sufficient baseline data to be used to compare to 
monitoring data collected during and following implementation of the remedy in a statistically defensible 
manner.  Additional sampling could be needed during remedial design, however, to establish reliable 
baseline data for the monitoring program.  Chapter 8, Remedial Action and Long-Term Monitoring, 
provides a discussion of effective monitoring programs, much of which is also useful during the remedial 
investigation. 


At this time, polychlorinated biphenyls (PCBs) are among the most common contaminants of 
concern at contaminated sediment sites.  The term “PCB” refers to a group of 209 different chemicals, 
called PCB congeners, sharing a similar structure.  Aroclors are commercial mixtures of PCB congeners 
and weathering of an Aroclor after release into the environment results in a change in its congener 
composition (National Research Council, (NRC 2001).  EPA’s Office of Water Guidance for Assessing 
Chemical Contaminant Data for Use in Fish Advisories, Volume 1, Fish Sampling and Analysis, Third 
Edition (U.S. EPA 2000b), notes that individual PCB congeners may be preferentially enhanced in 
environmental media and in biota. 


Characterizing PCB risk on a congener-specific basis allows for an accounting of the differences 
in physiochemical, biochemical, and toxicological behavior of the different congeners in type and 
magnitude of effects and, therefore, in risk calculations.  Although Aroclor analysis can be useful for 
initial assessment of PCB concentrations, for risk assessment purposes, NRC recommends that PCB sites 
be characterized on the basis of specific PCB congeners and the total mixture of congeners found at each 
site (NRC 2001). EPA currently provides congener-specific analyses through its Non-Routine Program 
under the Contract Laboratory Program (CLP), but it may, in the future, be available through its CLP 
routine analytical services.  However, to the extent that PCB congener-specific data are determined useful 
at a site, the project manager should not assume this necessarily needs to be done for all samples 
collected. At times, only a subset of samples or sampling events may need congener analysis.  Deciding 
how best to characterize a PCB site is a complex issue due in part to issues related to dioxin-like PCBs, 
the lack of congener-specific toxicological data, the need for comparing present and previously collected 
data, and the cost of congener-specific analyses.  The decision about what method or methods to use for 
PCB analysis should be made on a site-specific basis. 
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Highlight 2-1: Example Site Characterization Data for Sediment Sites 


Physical	 Chemical Biological 


•	 Sediment particle •	 Near-surface • Sediment toxicity 
size/distribution and contaminant

mineralogy in cores
 concentrations in • Extent of 


sediment recreational/commercial 
•	 In-situ porosity/bulk density harvesting of fish/shellfish 


for human consumption• Contaminant profiles in 
•	 Bearing strength sediment cores 


•	 Extent of predators 
•	 Specific gravity •	 Contaminant dependent on aquatic food 


concentrations chain (e.g., mink, otter, 
•	 Salinity profile of sediment (especially metals) in kingfisher, heron) 


cores biota tissue, ground 
water, and pore water •	 Abundance/diversity of 


bottom-dwelling species and 
water body 


•	 Geometry/bathymetry of 
• Total organic carbon fishes 


(TOC) in sediment 
•	 Turbidity •	 Abundance/diversity of 


• Dissolved, suspended, emergent and submerged 
•	 Temperature and colloidal vegetation 


contaminant 
•	 Sediment resuspension concentrations in surface • Habitat stressor analyses 


and deposition rates water 
•	 Contaminant bioavailability 


• Simultaneously extracted

degree and depth of



•	 Depth of mixing layer/ 
metals (SEM) and acid • Pathological condition, such 


bioturbation volatile sulfide (AVS) in as presence of tumors in 
sediment fish 


•	 Geophysical survey results 
• Radiometric dating •	 Presence of indicator 


profiles in sediment species 
and event-driven 


•	 Flood frequencies, annual 
cores



hydrographs and current

velocities
 •	 Non-contaminant 


chemical species that 
•	 Tidal regime may affect contaminant 


mobility 
•	 Ground water flow regime



and surface water/ground
 • Oxidation-reduction

water interaction
 profile of sediment cores 
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Currently, metals are also among the most common contaminants of concern at Superfund 
sediment sites.  Concentrations of bulk (total dry weight basis) metals in sediment alone are typically not 
good measures of metal toxicity.  However, in addition to direct measurement of toxicity, EPA has 
developed a recommended approach for estimating metal toxicity based on the bioavailable metal 
fraction, which can be measured in pore water and/or predicted based on the relative sediment 
concentrations of acid volatile sulfide (AVS), simultaneously extracted metals (SEM), and total organic 
carbon (TOC) (U.S. EPA 2005c). Both AVS and TOC are capable of sequestering and immobilizing a 
range of metals in sediment. 


2.1.3 Background Data 


Where site contaminants may also have natural or anthropogenic (man-made) non-site-related 
sources, it may be important to establish background or reference data for a site.  When doing so, project 
managers should consult EPA’s Role of Background in the CERCLA Cleanup Program (U.S. EPA 
2002b), the EPA ECO Update - The Role of Screening-Level Risk Assessments and Refining 
Contaminants of Concern in Baseline Ecological Risk Assessments (U.S. EPA 2001f), and Guidance for 
Comparing Background and Chemical Concentrations in Soil for CERCLA Sites (U.S. EPA 2002c). 
Although the latter is written specifically for soil, many of the concepts may be applicable to contaminant 
data for sediment and biota.  It should be noted that a comprehensive investigation of all background 
substances found in the environment usually will not be necessary at CERCLA sites.  For example, radon 
background samples would not be normally collected at a chemically contaminated site unless radon, or 
its precursor was part of the CERCLA release. 


Where applicable, project managers should consider continuing atmospheric and other 
background contributions to sites to adequately understand contaminant sources and establish realistic 
risk reduction goals (U.S. EPA 2002b). For baseline risk assessments, EPA recommends an approach 
that generally includes the evaluation of the contaminants that exceed protective risk-based screening 
concentrations, including contaminants that may have natural or anthropogenic sources on and around the 
Superfund site under evaluation. When site-specific information demonstrates that a substance with 
elevated concentrations above screening levels originated solely from natural causes (i.e., is a naturally 
occurring substance and not release-related), these contaminant normally does not need to be carried 
through the quantitative analysis.  However, these contaminants should be generally discussed in the risk 
characterization summary so that the public is aware of its existence.  The presence of naturally occurring 
substances above screening levels may indicate a potential environmental or health risk, and that 
information should be discussed at least qualitatively in the document.  If data are available, the 
contribution of background to site conditions should be distinguished (U.S. EPA 2002b).  This approach 
is designed to ensure a thorough characterization of risks associated with hazardous substances, 
pollutants, and contaminants at sites (U.S. EPA 2002b). 


For risk management purposes, understanding whether background concentrations are high 
relative to the concentrations of released hazardous substances, pollutants, and contaminants may help 
risk managers make decisions concerning appropriate remedial actions (U.S. EPA 2002b).  Generally, 
under CERCLA, cleanup levels are not set at concentrations below natural or anthropogenic background 
levels (U.S. EPA 1996a, 1997c, 2000c). If a risk-based remediation goal is below background 
concentrations, the cleanup level for that chemical may be established based on background 
concentrations. 
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In cases where area-wide contamination may pose risks, but these risks are not appropriate to 
address under CERCLA, EPA may be able to help identify other programs or regulatory authorities that 
are able to address the sources of area-wide contamination, particularly anthropogenic sources (U.S. EPA 
1996a, 1997c, 2000c). In some cases, as part of a response to address CERCLA releases of hazardous 
substances, pollutants, and contaminants, EPA may also address some of the background contamination 
that is present on a site due to area-wide contamination. 


2.2 CONCEPTUAL SITE MODELS 


A conceptual site model (CSM) generally is a representation of the environmental system and the 
physical, chemical, and biological processes that determine the transport of contaminants from sources to 
receptors. For sediment sites, perhaps even more so than for other types of sites, the CSM can be an 
important element for evaluating risk and risk reduction approaches.  The initial CSM typically is a set of 
hypotheses derived from existing site data and knowledge gained from other sites.  Natural resource 
trustee agencies and other stakeholders may have information about the ecosystem that is important in 
developing the conceptual site model and it is recommended that they have input at this stage of the site 
investigation. This initial model can provide the project team with a simple understanding of the site 
based on available data. Information gaps may be discovered in development of the CSM that support 
collection of new data. 


Essential elements of a CSM generally include information about contaminant sources, transport 
pathways, exposure pathways, and receptors.  Summarizing this information in one place usually helps in 
testing assumptions and identifying data gaps and areas of critical uncertainty for additional investigation. 
The site investigation is, in essence, a group of studies conducted to test the hypotheses forming the 
conceptual site model and turning qualitative descriptions into quantitative descriptions.  The initial 
conceptual model should be modified to document additional source, pathway, and contaminant 
information that is collected throughout the site investigation.  Project managers should also be aware of 
the spatial and temporal dimensions to the processes depicted in a CSM.  Although these are difficult to 
represent in static graphical form, it is important to consider the relevance and role of these dimensions 
when using the CSM and developing hypotheses or inferences from them. 


A good CSM can be a valuable tool in evaluating the potential effectiveness of remedial 
alternatives. As noted in the following section on risk assessment, the CSM should capture in one place 
the pathways remedial actions are designed to interdict to reduce exposure of human and ecological 
receptors to contaminants.  Typical elements of a CSM for a sediment site are listed in Highlight 2-2. 


Project managers may find it useful to develop several conceptual site models that highlight 
different aspects of the site. At complex sediment sites, often three conceptual site models are developed: 
1) sources, release and media, 2)human health, and 3) ecological receptors.  For sites with more than one 
contaminant that are driving the risks, especially if they behave differently in the environment (e.g., PCBs 
vs. metals), it is often useful to develop a separate CSM for different contaminants or groups of 
contaminants.  Highlight 2-3, Highlight 2-4, and Highlight 2-5 present examples that focus on ecological 
and human health threats. 
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Highlight 2-2: Typical Elements of a Conceptual Site Model for Sediment 


Sources of Contaminants of Concern: 


• Upland soils 
• Floodplain soils 
• Surface water 
• Ground water 
• Non-aqueous phase liquids (NAPL) and other 


source materials 
• Sediment “hot spots” 
• Outfalls, including combined sewer outfalls 


and storm water runoff outfalls 
• Atmospheric contaminants 


Exposure Pathways for Humans: 


• Fish/shellfish ingestion 
• Dermal uptake from wading, swimming 
• Water ingestion 
• Inhalation of volatiles 


Exposure Pathways for Biota: 


• Fish/shellfish/benthic invertebrate ingestion 
• Incidental ingestion of sediment 
• Direct uptake from water 


Contaminant Transport Pathways: 


• Sediment resuspension 
• Surface water transport 
• Runoff 
• Bank erosion 
• Ground water advection 
• Bioturbation 
• Food chain 


Human Receptors: 


• Recreational fishers 
• Subsistence fishers 
• Waders/swimmers/birdwatchers 
• Workers and transients 


Ecological Receptors: 


• Benthic/epibenthic invertebrates 
• Bottom-dwelling/pelagic fish 
• Mammals and birds (e.g., mink, otter, heron, 


bald eagle) 


2.3 RISK ASSESSMENT 


Consistent with the National Oil and Hazardous Substances Pollution Contingency Plan (NCP), a 
human health risk assessment and an ecological risk assessment should be performed at all contaminated 
sediment sites.  In addition to assessing risks due to contaminated sediment, in many cases, risks from 
soil, surface water, ground water and air pathways may need to be evaluated as well.  One of the outputs 
from the risk assessment should be an understanding of the relative importance or contribution of the 
pathways depicted in the conceptual site model to actual risk.  This understanding is generally key to 
making informed decisions about which remedial alternative to implement at a site. 


Generally, the human health risk assessment should consider the cancer risks and non-cancer 
health hazards associated with ingestion of fish and other biota inherent to the site (e.g., shellfish, ducks); 
dermal contact with and incidental ingestion of contaminated sediment; inhalation of volatilized 
contaminants; swimming; and possible ingestion of river water if it is used as a drinking water supply. 
Separate analyses should also consider risks from exposure to floodplain soils and may include direct 
contact, ingestion, and exposures to homegrown crops, beef, and dairy products where appropriate.  The 
relevance and importance of each pathway to actual risks will vary with different contaminants or 
contaminant classes at a site.  In addition, the risk assessment should include an analysis of the risks that 
may be introduced due to implementation of remedial alternatives (see Section 2.3.3, Risks from 
Remedial Alternatives).  As with all remedial investigation (RI) and feasibility study (FS) data collection 
efforts, the scope of the assessments should be tailored to the complexity of the site and how much 
information is needed to reach and support a risk management decision.  It is important to involve the risk 
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assessors early in the process to ensure that the information collected is appropriate for use in the risk 
assessment. 


Screening and baseline risk assessments are designed to evaluate the potential threat to human 
health and the environment in the absence of any remedial action.  Generally, they provide the basis for 
determining whether remedial action is necessary as well as the framework for developing risk-based 
remediation goals.  Risk assessments should also provide information to evaluate risks associated with 
implementing various remedial alternatives that may be considered for the site.  Detailed guidance on 
performing human health risk assessments is provided in a number of documents, available through 
EPA’s Superfund Risk Assessment Web site at http://www.epa.gov/oswer/riskassessment/ 
risk_superfund.htm. The Risk Assessment Guidance for Superfund (U.S. EPA 1989, also referred to as 
“RAGS”), provides a basic plan for developing human health risk assessments.  Specific guidance on the 
standardized planning, reporting, and review of risk assessments is available at http://www.epa.gov/ 
oswer/riskassessment/ragsd/index.htm. 


Detailed guidance on performing ecological risk assessments is provided in Ecological Risk 
Assessment Guidance for Superfund: Process for Designing and Conducting Ecological Risk Assessment 
(U.S. EPA 1997d, also referred to as “ERAGS” ). In addition, OSWER Directive 9285.7-28P, Ecological 
Risk Assessment and Risk Management Principles for Superfund Sites (U.S. EPA 1999b), provides risk 
managers with several principles to consider when making ecological risk management decisions.  As 
stated in the Role of the Ecological Risk Assessment in the Baseline Risk Assessment (U.S. EPA 1994b), 
the purpose of the ecological risk assessment is to 1) identify and characterize the current and potential 
threats to the environment from a hazardous substance release, 2) evaluate the ecological impacts of 
alternative remediation strategies, and 3) establish cleanup levels in the selected remedy that will protect 
those natural resources at risk. 


Although not EPA guidance, project managers may find useful the Navy guidance 
Implementation Guide for Assessing and Managing Contaminated Sediment at Navy Facilities, which 
provides information on performing human health and ecological risk assessments at contaminated 
sediment sites [U.S. Naval Facilities Engineering Command (FEC) 2003]. 


2.3.1 Screening Risk Assessment 


A screening risk assessment typically is performed to identify the contaminants of potential concern 
(COPCs) and the portions of a site that may present an unacceptable risk to human health or the environment. 
Currently, there are no widely accepted sediment screening values for human health risk from either direct contact 
with sediment or from eating fish or shellfish, although research is ongoing.  For floodplain and beach soils, 
human health soil screening levels may be used.  Widely accepted screening values do exist for ecological risk 
from direct toxicity, although, similar to the situation for human health risk, screening values for risk to wildlife 
and fish from bioaccumulative contaminants have not yet been fully developed.  Each of these issues is discussed 
further below.  In cases where screening levels do exist, or may be developed in the future, it is very important for 
project managers to keep in mind that screening values are not designed to be used as default cleanup levels and 
generally should not be used for that purpose.  In evaluating whether specific screening values are appropriate for 
a particular site, project managers should consider whether the source of the data used to develop the screening 
values are relevant to site conditions, and understand the methods by which the screening values were derived. 
Project managers may also find ecological screening values or human health screening level exposure 
assumptions useful for evaluating whether detection levels for sediment analytical work are sufficiently low to be 
useful for risk assessment. 
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Highlight 2-3: Sample Pictorial-Style Conceptual Site Model Focusing on Human and Ecological Threats 


Source: Adapted from EPA Region 5, Sheboygan Harbor and River Site 
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Highlight 2-4: Sample Conceptual Site Model Focusing on Ecological Threats 


S u b m  e rg e d  E m  e rg e n t  
A q u a t c  W  e t a n d  P a n t  


S p e c e s  


S o u rc e s  
te  S o u rc e s 


G  ro u n d  W  a te r  
W  a te rs h e d o o d p la in  
A tm  o s p h e r c  C y c n g  


S in k s  
G  ro u n d  W  a te r  


o o d p la in  S o
a n t U p ta k e  


W a te r  C o u m  n  G ro u n d  W  a te r
P o re  W a te r S u s p e n d e d  S e d m  e n t  o o d p la in  


S e d im  e n t  


P e r p h y to n  
e .g . ,  a lg a e , d ia to m  s )  


T e r re s tr ia l A g r c u ltu re 
e .g .,  c ro p s ,  h a y ,  


g a rd e n s )  


s h e .g . ,  fa t  h e a d  
n n o w s ,  


m  u m  m  c h o g s


V e r te b ra te s e .g . ,  
m u s k ra ts ,  d u c k s ,  


g e e s e , d e e r ,  q u a i
ra b b its


T e r re s tr ia
In v e r te b ra te s e .g .,  


g ra s s h o p p e rs ,  
e a r th w o rm  s


O m  n iv o ro u s /  
C a rn v o ro u s  


V e r te b ra te s e .g . ,  
v a r o u s  f s h  s p e c e s ,  


f ro g s ,  tu r t e s


O  m  n iv o ro u s /  
C a rn v o ro u s  


In v e r te b ra te s e .g . ,  
c ra y f s h ,  d a m s e e s ,  


d ra g o n f e s


O  m  n iv o ro u s /  
C a rn v o ro u s  


M a m m a e .g . ,  
m o e s ,  s h re w s , b a ts


O m  n iv o ro u s /  
C a rn v o ro u s  B rd s  


e .g . ,  m  a r t n s ,  ro b in s ,  
w o o d c o c k ,  s e a g u l s ,  


c ro w s , s w a o w s


C a rn v o ro u s /  
s c v o ro u s  


M a m m a e .g . ,  m in k ,  
o t te r ,  fo x ,  ra c c o o n s


C a rn v o ro u s /P s c v o ro u s  
rd s e .g . ,  h a w k s , 


e a g le s ,  o w s ,  te rn s ,  
h e ro n s , p e l c a n s , o s p re y


A tm o s p h e r ic  C y c in g


     T ro p h ic  L e v e
T e r t a ry  C o n s u m  e r


  T ro p h c  L e v e
S e c o n d a ry  C o n s u m  e r


    T ro p h c  L e v e
P r m a ry  C o n s u m e r


    P r m  a ry  P ro d u c e rs


   E x p o s u re  M e d


B o tto m  d w e l
In v e r te b ra te s /  


Z o o p la n k to n  D e tr tu s  
C o n s u m  e rs e .g . ,  


g ra z e rs ,m  a y f e s ,  c a m  s ,  
s n a


C o n ta m  n a n ts n  S e d im  e n t  
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Highlight 2-5: Sample Conceptual Site Model Focusing on Human Health Threats 
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When evaluating human health risks from direct contact with sediments and from 
bioaccumulative contaminants in fish and shellfish, RAGS (U.S. EPA 1989), and other risk guidance 
discussed above, should be followed to identify the COPCs that may present an unacceptable risk.  In 
general, if bioaccumulative contaminants are found in biota at levels above site background, they should 
not be screened out and should be carried into the baseline risk assessment. 


When evaluating human health risks from direct contact with floodplain or beach soils, OSWER 
and several regions have soil screening values that may be useful.  Human health soil screening levels 
(SSLs) for residential and industrial properties are available through EPA’s Superfund Web site at 
http://www.epa.gov/superfund/resources/soil, which provide a generic approach and exposure
assumptions for evaluation of risks from direct contact with soil. 


When screening ecological risk to benthic biota from direct toxicity, project managers should 
consult EPA’s Eco-Updates EcoTox Thresholds (U.S. EPA 1996c) and The Role of Screening-Level Risk 
Assessment and Refining Contaminants of Concern in Baseline Ecological Risk Assessments (U.S. EPA 
2001f), which describes the process of screening COPCs.  The EPA’s  equilibrium-partitioning sediment 
benchmarks are available at http://www.epa.gov/nheerl/publications/, and the Superfund program’s 
Ecotox Thresholds (ETs) are available at http://www.epa.gov/oswer/riskassessment/pdf/eco_updt.pdf can 
be used as screening values for risk to benthic biota from direct toxicity.  Other published sediment 
guidelines [e.g., National Oceanic and Atmospheric Administration (NOAA) Screening Quick Reference 
Tables (SQuiRTs), http://response.restoration.noaa.gov/cpr/sediment/squirt/squirt.html] can also be used 
as screening values. Table 3-1 in the Navy guidance (U.S. Navy FEC 2003) also provides a list of 
citations for ecological screening values for sediment. 


When screening ecological risks to terrestrial receptors from contaminated floodplain soils, the 
OSWER Directive 9285.7-55, Guidance for Developing Ecological Soil Screening Levels [(Eco-SSLs), 
U.S. EPA 2003c, http://www.epa.gov/oswer/riskassessment/ecorisk/ecossl.htm] should be used. Eco-
SSLs for some receptors have been developed for aluminum, antimony, arsenic, barium, beryllium, 
cadmium, chromium, cobalt, copper, dieldrin, iron, lead, manganese, nickel, pentachlorophenol, 
selenium, trinitrotoluene (TNT), and zinc.  Screening values for dichloro diphenyl trichlorethane (DDT), 
polycyclic aromatic hydrocarbons (PAHs), silver, and vanadium are currently under development. 


For ecological risk to wildlife or fish from food chain effects, widely accepted screening values 
have not yet been fully developed.  As for the human health risk assessment, if bioaccumulative 
contaminants are found in biota at levels above site background, they generally should not be screened 
out and should be carried into the baseline risk assessment for ecological risk as well. 


2.3.2 Baseline Risk Assessment 


At contaminated sediment sites with bioaccumulative contaminants, the human health exposure 
pathway driving the risk is usually ingestion of biota, most commonly the ingestion of fish by recreational 
anglers and sometimes by subsistence anglers.  However, depending on the contaminant and the use of 
the site there can also be significant risks from direct contact with the sediment, water, or floodplain soils, 
through incidental ingestion and dermal contact. 


Generally, the ecological risk assessment should consider the risks to invertebrates, plants, fish 
and wildlife from direct exposure and from food chain expsoures.  The selection of appropriate site
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specific assessment endpoints is a critical component of the ecological risk assessment.  Once assessment 
endpoints have been selected, testable hypotheses and measurement endpoints can be developed to 
evaluate the potential threat of the contaminants of potential concern to the assessment endpoints.  PCBs, 
for example, bioaccumulate in food chains and can diminish reproductive success in upper trophic level 
species (e.g., mink, kingfishers) exposed to contaminants through their diet.  Therefore, reduced 
reproductive success in fish-eating birds and mammals may be an appropriate assessment endpoint.  An 
appropriate measurement endpoint in this case might be contaminant concentrations in fish or in the 
sediment where the concentrations in these media can be related to reproductive effects in the top predator 
that eats the fish. The sediment concentration range associated with an acceptable level of reproductive 
success usually would constitute the remediation goal. 


2.3.3 Risks from Remedial Alternatives 


Although significant attention has been paid to evaluating baseline risks, traditionally less 
emphasis has been placed on evaluating risks from remedial alternatives, in part because these risks may 
be difficult to quantify.  In 1991, the EPA issued a supplement to the RAGS Guidance, Risk Assessment 
Guidance for Superfund: Volume 1 - Human Health Evaluation Manual, Part C, Risk Evaluation of 
Remedial Alternatives (U.S. EPA 1991a). Although the 1991 guidance addresses only human health 
risks, it does note that remedial actions, by their nature, can alter or destroy aquatic and terrestrial habitat, 
and advises that this potential for destruction or alteration of habitat and subsequent consequences be 
evaluated and considered during the selection and implementation of a remedial alternative. 


The short-term and long-term risks to human health and the environment that may be introduced 
by implementing each of the remedial alternatives should be estimated and considered in the remedy 
selection process. Generally, the types, magnitude, and time frames of risk associated with each 
alternative is extremely site specific.  Increases to current risks and the creation of new exposure 
pathways and risk should be considered. 


Implementing a MNR remedy should cause no increase in baseline risks and no creation of new 
risks, although existing risks may change due to disturbance or significant watershed changes. 
Implementing in-situ capping might result in increased risk of exposure to contaminants released to the 
surface water during capping; other community impacts (e.g., accidents, noise, residential or commercial 
disruption; worker exposure during transport of cap materials and cap placement; and disruption of the 
benthic community.  Existing risks of exposure to contaminants may also occur if contaminants are 
released through the cap. Implementing dredging or excavation might result in increased risk of exposure 
to contaminants released during sediment removal, transport, or disposal; other community impacts (e.g., 
accidents, noise, residential or commercial disruption); worker exposure during sediment removal and 
handling; and disruption of the benthic community.  Risks of exposure to contaminants in residual 
contamination may also occur.  Each of these risks or potential exposure pathways may exist for different 
periods of time; some are relatively short-lived, while others may exist for a longer period of time.  The 
analysis of risk from implementation of various alternatives is important for remedy selection, and is 
discussed in more detail in the remedy-specific chapters of this guidance and in Chapter 7, Section 7.4, 
Comparing Net Risk Reduction. 
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2.4 CLEANUP GOALS 


In selecting the most appropriate remedy for a site, usually it is important to develop clearly 
defined remedial action objectives (RAOs) and contaminant-specific remediation goals (RGs).  RAOs are 
generally used in developing and comparing alternatives for a site and in providing the basis for 
developing more specific RGs, which in turn are used by project managers to select final sediment 
cleanup levels based on the other NCP remedy selection criteria.  RAOs, RGs, and cleanup levels are 
normally dependent on each other and represent three steps along a continuum leading from RI/FS 
scoping to the selection of a remedial action that will be protective of human health and the environment, 
meet applicable or relevant and appropriate requirements (ARARs), and provide the best balance among 
the remaining NCP criteria.  Under CERCLA, RAOs and cleanup levels generally are final when the 
record of decision (ROD) is signed. Where the site is not available for unlimited access and unrestricted 
use, their protectiveness is reviewed every five years. 


2.4.1 Remedial Action Objectives and Remediation Goals 


RAOs are intended to provide a general description of what the cleanup is expected to 
accomplish, and help focus the development of the remedial alternatives in the feasibility study.  RAOs 
are typically derived from the conceptual site model (Section 2.2), and address the significant exposure 
pathways.  RAOs may vary widely for different parts of the site based on the exposure pathways and 
receptors, regardless of whether these parts of the site are managed separately as operable units under 
CERCLA. For example, a sediment site may include a recreational area used by fishermen and children, 
as well as a wetland that provides critical habitat for fish and wildlife. Though both areas may contain 
similarly contaminated sediment, the different receptors and exposure pathways may lead a project 
manager to develop different RAOs and RGs for each area that are protective of the different receptors. 


The development of RAOs should also include a discussion of how they address all the 
unacceptable human health and ecological risks identified in the risk assessment.  Examples of RAOs 
specific for sediment sites are included in Highlight 2-6.  Sediment sites also may need RAOs for other 
media (e.g., soils, ground water, or surface water).  When developing RAOs, project managers should 
evaluate whether the RAO is achievable by remediation of the site or if it requires additional actions 
outside the control of the project manager.  For example, complete biota recovery may depend on the 
cleanup of sources that are regulated under other authorities. The project manager may discuss these 
other actions in the ROD and explain how the site remediation is expected to contribute to meeting area-
wide goals outside the scope of the site, such as goals related to watershed concerns, but RAOs should 
reflect objectives that are achievable from the site cleanup. 


Generally, preliminary remediation goals (PRGs) that are protective of human health and the 
environment are developed early in the remedial investigation process based on readily available 
screening levels for both human health and ecological risks (although project managers should be aware 
that currently available screening levels for sediment may be limited; see Section 2.3.1). 
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Highlight 2-6: Sample Remedial Action Objectives for Contaminated Sediment Sites 


Human Health: 


•	 Reduce to acceptable levels the risks to children and adults from the incidental ingestion of and dermal 
exposure to contaminated sediment while playing, wading, or swimming at the site 


•	 Reduce to acceptable levels the risks to adults and children from ingestion of contaminated fish and

shellfish taken from the site



Ecological Risk: 


•	 Reduce to acceptable levels the toxicity to benthic aquatic organisms at the site 


•	 Reduce to acceptable levels the risks to birds and mammals that feed on fish that have been

contaminated from sediment at the site



As more information is generated during the investigation, these PRGs should be replaced with 
site-specific RGs by incorporating an improved understanding of site conditions (e.g., site-specific 
information on fish ingestion rates and bioaccumulation of contaminants in sediment into biota; resource 
use; other human activities), and other site-specific factors, such as the bioavailability of contaminants. 
The human health and ecological risk assessors should identify appropriate RGs for each contaminant of 
concern in each medium of significance.  RGs for sediment often address direct contact for humans and 
biota to the sediment as well as bioaccumulation through the food chain.  The concentrations of 
bioaccumulative contaminants in fish typically are a function of both the sediment and water 
concentrations of the contaminant, and are, to some extent, species-dependent.  The development of the 
sediment RGs may involve a variety of different approaches that range from the simple application of a 
bioaccumulation factor from sediment to fish or more sophisticated food chain modeling.  The method 
used and the level of complexity in the back calculation from fish to sediment should be consistent with 
the approaches used in the human health and ecological risk assessments. 


RGs should be represented as a range of values within acceptable risk levels so that the project 
manager may consider the other NCP criteria when selecting the final cleanup levels.  For human health, 
general guidance is available regarding the exposure equations necessary to develop RG concentrations in 
various media for both cancer risks and non-cancer health hazards (see Section 2.3.)  The development of 
the human health-based RGs should provide a range of risk levels (e.g., 10-6, 10-5, and 10-4 and a non-
cancer Hazard Index of 1 or less depending on the health end points of the specific contaminants of 
concern.) The development of the ecologically based RGs should also provide a range of risk levels 
based on the receptors of concern identified in the ecological risk assessment (see Section 2.3).  Human 
health and ecological RGs should be developed through iterative discussions between the project 
manager, risk assessor, and modeler or other appropriate members of the team. 


2.4.2 	 Cleanup Levels 


At most CERCLA sites, RGs for human health and ecological receptors are developed into final, 
chemical-specific, sediment cleanup levels by weighing a number of factors, including site-specific 
uncertainty factors and the criteria for remedy selection found in the NCP at Title 40 Code of Federal 
Regulations (40 CFR) §300.430. These criteria include long-term effectiveness and permanence; 
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reduction of toxicity, mobility and volume through treatment; short-term effectiveness; implementability; 
cost; and state and community acceptance.  Chapter 3, Section 3.2, NCP Remedy Selection Criteria 
discusses these criterion in detail. Regions should note, however, that some states do have chemical 
and/or biological standards for contaminated sediment (e.g., in development by the State of Washington 
and others) that may be ARARs at sediment sites. 


Uncertainty factors that may be relevant to consider include (among others) the reliability of 
inputs and outputs of any model used to estimate risks and establish cleanup levels, reliability of the 
potential approaches to achieve those results, and the likelihood of occurrence for the exposure scenarios 
being considered. Other technical factors include (among others) limitations of remedial alternatives and 
detection and quantification limits of contaminants in environmental media.  It is especially important to 
consider both background levels of contamination and what has been achieved at similar sites elsewhere, 
so that achievable cleanup levels are developed. All of these factors should be considered when 
establishing final cleanup levels that are within the risk range. 


The derivation of ecologically based cleanup levels is a complex and interactive process 
incorporating contaminant fate and transport processes, toxicological considerations and potential habitat 
impacts of the remediation alternatives.  Before selecting a cleanup level, the project manager, in 
consultation with the ecological risk assessor, should consider at least the following factors (U.S. EPA 
1999b): 


•	 The magnitude of the observed or expected effects of site releases and the level of 
biological organization affected (e.g., individual, local population, or community); 


•	 The likelihood that these effects will occur or continue; 


•	 The ecological relationship of the affected area to the surrounding habitat; 


•	 Whether the affected area is a highly sensitive or ecologically unique environment; and 


•	 The recovery potential of the affected ecological receptors and expected persistence of 
the chemicals of concern under present site conditions. 


Generally, for CERCLA actions, the ROD should include chemical-specific cleanup levels as 
provided in the NCP at 40 CFR §300.430(c)(2)(I)(A). The ROD should also indicate the approach that 
will be used to measure attainment of the cleanup levels and how cleanup levels relate to risk reduction. 
At many sediment sites, especially but not exclusively those with bioaccumulative contaminants, the 
attainment of sediment cleanup levels may not coincide with the attainment of RAOs.  For example, this 
may be due to the length of time needed for fish or the benthic community to recover.  Where cleanup 
levels have been achieved but progress towards meeting RAOs is not as expected, the five-year review 
process, or where appropriate, a similar process conducted before five years, should be used to assess 
whether additional actions are needed. Consistent with the NCP (40 CFR §300.430(f)(4)(ii)), where 
contaminants remain present above unlimited use and unrestricted exposure levels, Superfund sites should 
be reviewed no less than every five years after initiation of the selected remedial action.  Chapter 8, 
Remedial Action and Long-Term Monitoring, provides additional guidance on the information that 
should be collected for this review to be effective. As explained further in Chapter 8, the need for long-
term monitoring is not limited to sites where five-year reviews are required.  Most sites where 
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contaminated sediment has been removed also should be monitored for some period to ensure that 
cleanup levels and RAOs are met and will continue to be met. 


2.5 WATERSHED CONSIDERATIONS 


A unique aspect of contaminated sediment sites is their relationship within the overall watershed, 
or drainage area, in which they are located.  Within the watershed there often is a spectrum of issues that 
the project manager may need to consider.  Foremost among them at many sites is to work with the state 
to ensure that fish consumption advisories are in place and well publicized.  In addition, project managers 
should understand the role of the contaminated water body in the watershed, including the habitat or flood 
control functions it may serve, the presence of non-site-related contaminant sources in the watershed, and 
current and reasonably anticipated or desired future uses of the water body and surrounding land. 


2.5.1 Role of the Contaminated Water Body 


Most water bodies provide important habitat for spawning, migration, or food production for fish, 
shellfish, birds, and other aquatic and land-based animals.  One significant issue is the protection of 
migratory fish.  These are fish such as salmon, shad, and herring that migrate as adults from marine 
waters up estuaries and rivers to streams and lakes where they spawn.  The juveniles spend varying 
lengths of time in freshwater before migrating to estuarine/marine waters.  It can be difficult to evaluate 
the impact of a particular contaminated sediment site on wide-ranging species that may encounter several 
sources of contamination along their migratory route.  This can be an important consideration when 
evaluating alternatives and establishing remediation goals for a site, as these fish populations may not 
show improvement if any link in their migratory route is missing, blocked, or toxic.  For migratory 
species, it may be more appropriate to measure risk and remedy effectiveness in terms of risk to juveniles, 
or whatever part of the life cycle is spent at the site. 


The size, topography, climate, and land use of a watershed, among other factors, may affect 
characteristics of a water body, such as water quality, sedimentation rate, sediment characteristics, 
seasonal water flows and current velocities, and the potential for ice formation.  For example, watersheds 
with large wetland areas tend to store flood waters and enable ground water recharge, thereby protecting 
downstream areas from increased flooding, whereas an agricultural or urbanized watershed may have 
increased erosion and greater flow during storm events.  Watershed changes can result from natural 
events, such as wildfires, or from human activities such as road and dam construction/removal, 
impoundment releases, and urban/suburban development. When considering watershed characteristics, it 
is generally important to consider both current and future watershed conditions. 


Some sediment sites are located in watersheds with a large number of historical and ongoing 
point and non-point sources, from many potentially responsible parties.  Where this is the case, it can be 
especially important to attain expert assistance to plan site characterization strategies that are well suited 
to the complexity of the issues and designed to answer specific questions.  In urban watersheds and others 
with a large number of ongoing sources, it may be beneficial for a broader group of stakeholders to 
participate in setting priorities for site characterization and remediation efforts.  In these areas, it can be 
especially important to consider background concentrations when developing remedial objectives and to 
evaluate the incremental improvement to the environment if an action is taken at a specific site in the 
watershed. Approaching management of a site within the watershed context may provide an opportunity 
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to better determine the needs and coordinate the sequence and schedule of cleanup activities in the 
watershed. 


2.5.2 Water Body and Land Uses 


Water body uses at sediment sites may include commercial navigation; commercial fisheries, 
shellfisheries, or aquaculture; boating, swimming, and other forms of recreation; other commercial or 
industrial uses; recreational or subsistence fishing or shellfishing; and other, less easily categorized uses. 
Most water bodies used for commercial navigation, such as for shipping channels, turning basins, and 
port areas, are periodically dredged to conform to the minimum depth for the area prescribed by 
Congress; such dredging is typically performed or permitted by the U.S. Army Corps of Engineers 
(USACE). Other commercial or industrial uses of a site may include the presence of gravel pits, drinking 
water use, and industrial uses of water including cooling, washing, or waste water disposal. 


The NCP preamble (55 FR 8710) states that both current and future land uses should be evaluated 
in assessing risks posed by contaminants at a Superfund site and discusses how Superfund remedies 
should be protective in light of reasonably anticipated future uses.  EPA has provided further guidance on 
how to evaluate future land use in the OSWER Directive 9355.7-04, Land Use in the CERCLA Remedy 
Selection Process (U.S. EPA 1995a, also referred to as the “Land Use Guidance”).  This guidance 
encourages early discussions with state and local land use planning authorities and the public, regarding 
reasonably anticipated future uses of properties associated with a National Priorities List (NPL) site.  This 
coordination should begin during the scoping phase of the RI/FS, and ongoing coordination is 
recommended to ensure that any changes in expectations are incorporated into the remedial process. 


There are additional factors the project manager should include in considering anticipated future 
uses for aquatic sites not specifically addressed in the Land Use Guidance.  For example, future use of the 
site by ecological receptors may be a more important consideration for an aquatic sediment Superfund or 
RCRA site as compared to an upland terrestrial site.  A remediated sediment site may attract more 
recreational, subsistence, and cultural uses, including fishing, swimming, and boating.  Where applicable, 
the project manager should consider tribal treaty rights to collect fish or other aquatic resources.  The 
project manager should also consider [generally as TBCs (or to be considered), see Chapter 3, Section 3.3 
on ARARs] designated uses in the state’s water quality standards, priorities established as a result of total 
maximum daily loads (TMDLs), or pollution reduction efforts under various Clean Water Act (CWA) 
programs in projecting future waterway uses.  In ports and harbors, the project manager should consult 
master plans developed by port and harbor authorities for projections of future use.  The USACE should 
also be contacted regarding future navigational dredging of federally maintained channels. 


There may be more parties to consult about anticipated future use at large sediment sites as 
opposed to typical upland sites.  These parties include the community, environmental groups, natural 
resource trustees, Indian tribes, the local department of health, as well as local government, port and 
harbor authorities, and land use planning authorities. As with upland sites, consultation should start at the 
RI/FS scoping phase and continue throughout the life of the project.  Different stakeholders often have 
divergent and conflicting ideas about future use at the site.  Local residents and environmental groups 
may anticipate future habitat restoration and increased recreational and ecological use while local 
industrial landowners may project increased shipping and industrial use.  The NCP preamble (55 FR 
8710) states that, in the baseline risk assessment, more than one future use assumption should be 
considered when decision makers wish to understand the implications of different exposure scenarios. 
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Especially where there is some uncertainty regarding the anticipated future uses, the project manager 
should compare the potential risks associated with several use scenarios. 


The identification of appropriate future use assumptions during the baseline risk assessment and 
the feasibility study should allow the project manager to focus on developing protective, practicable, and 
cost-effective remedial alternatives.  In addition, coordination with stakeholders on land and water body 
uses leads to opportunities to coordinate Superfund or RCRA remediation in conjunction with local 
development or habitat restoration projects.  For example, at some sites the EPA has worked with port 
authorities to combine Superfund or RCRA remedial dredging with dredging needed for navigation. 
Others have combined capping needed for Superfund or RCRA remediation with habitat restoration, 
allowing PRPs to settle natural resource damage claims in conjunction with the cleanup.  However, as 
noted in Chapter 1, Section 1.5, State, Tribal, and Trustee Involvement, whether remediation and 
restoration are addressed concurrently is a site-specific decision that involves input from a number of 
different parties. 


2.6 SOURCE CONTROL 


Identifying and controlling contaminant sources typically is critical to the effectiveness of any 
Superfund sediment cleanup.  Source control generally is defined for the purposes of this guidance as 
those efforts are taken to eliminate or reduce, to the extent practicable, the release of contaminants from 
direct and indirect continuing sources to the water body under investigation.  At some sediment sites, the 
original sources of the contamination have already been controlled, but subsequent sources such as 
contaminated floodplain soils, storm water discharges, and seeps of ground water or non-aqueous phase 
liquids (NAPLs) may continue to introduce contamination to a site.  At sites with significant sediment 
mobility, areas of higher contaminant concentration may act as continuing sources for less-contaminated 
areas. 


Some sources, especially those outside the boundaries of the Superfund or RCRA site, may best 
be handled under another authority, such as the CWA or a state program.  These types of sites can present 
an opportunity for partnering with private industry and other governmental entities to identify and control 
sources on a watershed basis. Water bodies with sources outside the Superfund site can also present a 
need to balance the desire for watershed-wide solutions with practical considerations affecting a subset of 
responsible parties. It can be difficult to determine the proper party to investigate sources outside the 
Superfund site, but the site RI/FS must be sufficient to determine the extent of contamination coming onto 
the site and its likely effect on any actions at the site.  A critical question often is whether an action in one 
part of the watershed is likely to result in significant and lasting risk reduction, given the probable 
timetable for other actions in the watershed. 


Source control activities are often broad-ranging in scope. Source control may include 
application of regulatory mechanisms and remedial technologies to be implemented according to ARARs, 
including the application of technology-based and water quality-based National Pollutant Discharge 
Elimination System (NPDES) permitting to achieve and maintain sediment cleanup levels.  Source 
control actions may include, among others, the following: 


•	 Elimination or treatment of contaminated waste water or ground water discharges (e.g., 
installing additional treatment systems prior to discharge); 
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•	 Isolation or containment of sources (e.g., capping of contaminated soil) with attendant 
engineering controls; 


•	 Pollutant load reductions of point and nonpoint sources based on a TMDL; 


•	 Implementation of best management practices (e.g., reducing chemical releases to a storm 
drain line); and 


•	 Removal or containment of potentially mobile sediment hot spots. 


EPA’s Contaminated Sediment Management Strategy (U.S. EPA 1998a) includes some 
discussion of EPA’s strategy for abating and controlling sources of sediment contamination.  Source 
control activities may be implemented by state or local governments using combinations of voluntary and 
mandatory actions. 


The identification of continuing sources and an evaluation of their potential to re-contaminate site 
sediment are often essential parts of site characterization and the development of an accurate conceptual 
site model, regardless of source areas within the site.  When there are multiple sources, it is often 
important to prioritize sources to determine the relative significance of continuing sources versus on-site 
sediment in terms of site risks to determine where to focus resources.  Where sources are a part of the site, 
project managers should develop a source control strategy or approach for the site as early as possible 
during site characterization. Where sources are outside the site, project managers should encourage the 
development of source control strategies by other authorities, and understand those strategies.  Generally, 
a source control strategy should include plans for identifying, characterizing, prioritizing, and tracking 
source control actions, and for evaluating the effectiveness of those actions.  It is also useful to establish 
milestones for source control that can be linked with sediment remedial design and cleanup actions.  If 
sources can be substantially controlled,  it is normally very important to reevaluate risk pathways to see if 
sediment actions are still needed.  If sources cannot be substantially controlled, it is typically very 
important to include these ongoing sources in the evaluation of what sediment actions may or may not be 
appropriate and what RAOs are achievable for the site. 


Generally, significant continuing upland sources (including ground water, NAPL, or upgradient 
water releases) should be controlled to the greatest extent possible before sediment cleanup.  Once these 
sources are controlled, project managers should evaluate the effectiveness of the actions, and should 
refine and adjust levels of source control, as warranted.  In most cases, before any sediment action is 
taken, project managers should consider the potential for recontamination and factor that potential into the 
remedy selection process.  If a site includes a source that could result in significant recontamination, 
source control measures will be likely necessary as part of that response action.  However, where 
sediment remediation is likely to yield significant benefits to human health and/or the environment after 
considering the risks caused by an unaddressed or ongoing source, it may be appropriate to conduct an 
action for sediment prior to completing all land-based source control actions. 


2.7 PHASED APPROACHES, ADAPTIVE MANAGEMENT, AND EARLY ACTIONS 


At some sediment sites, a phased approach to site characterization, remedy selection, or remedy 
implementation may be the best or only practical option.  Phasing site characterization can be especially 
useful when risks are high, yet some important site-specific factors are unknown.  Phasing in remedy 
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selection and implementation may be especially useful at sites where contaminant fate and transport 
processes are not well understood or the remedy has significant implementation uncertainties.  Phasing 
may also be useful where the effectiveness of source control is in doubt.  By knowing the effectiveness of 
source control prior to implementing sediment cleanups, the risk of having to revisit recontaminated areas 
is greatly reduced.  High remedy costs, the lack of available services and/or equipment, and uncertainties 
about the potential effectiveness or the risks of implementing the preferred sediment management 
approach, can also lead to a decision to phase the cleanup.  At some sites, it may be advantageous to pilot 
less invasive or less costly remedial alternatives early enough in the process that performance could be 
tracked. If performance does not approach desired levels, then more invasive or more costly approaches 
could be pursued. 


Phasing can also be used at large, multi-source, multi-PRP sites with primarily historic 
contamination where contaminated sediment is still near the sources.  At these types of sites, working 
with a single responsible party to address sediment with higher contaminant concentrations near a specific 
source may be an effective risk reduction measure, while the more complex decision making for the rest 
of the site is ongoing. 


Project managers are encouraged to use an adaptive management approach, especially at complex 
sediment sites to provide additional certainty of information to support decisions.  In general, this means 
testing of hypotheses and conclusions and reevaluating site assumptions as new information is gathered. 
This is an important component of updating the conceptual site model.  For example, an adaptive 
management approach might include gathering and evaluating multiple data sets or pilot testing to 
determine the effectiveness of various remedial technologies at a site.  The extent to which adaptation is 
cost-effective is, of course, a site-specific decision.  Resources on adaptive management at sediment sites 
include the NRC’s report Environmental Cleanup at Navy Facilities (NRC 2003) and Connolly and 
Logan (2004). 


Even before the sediment at a site is well characterized, if risk is obvious, it may be very 
important to begin to control significant ongoing land-based sources.  It also may be appropriate to take 
other early or interim actions, followed by a period of monitoring, before deciding on a final remedy. 
Highlight 2-7 provides examples of early actions taken to control sources, minimize human exposure, 
control sediment migration, or reduce risk from sediment hot spots at contaminated sediment sites.  Early 
or interim actions are frequently used to prevent human exposure to contaminants or to control sources of 
sediment contamination.  However, such actions for sediment are less frequent.  Factors for determining 
which response components may be suitable for early or interim actions include the time frame needed to 
attain specific objectives, the relative urgency posed by potential or actual exposure, the degree to which 
an action may reduce site risks, and compatibility with likely long-term actions (U.S. EPA 1992b). 


An early action taken under Superfund removal authority may be appropriate at a sediment site 
when, for example, it is necessary to respond quickly to a release or a threatened release of a hazardous 
substance that would present an immediate threat.  At contaminated sediment sites, removal authority or 
state authorities have been used to implement many of the actions listed in Highlight 2-7.  The NCP at 40 
CFR §300.415 outlines criteria for using removal authority, as further explained in the EPA guidance and 
directives (U.S. EPA 1993a, U.S. EPA 1996d, U.S. EPA 2000d).  Project managers may also consider 
separating the management of source areas from other, less concentrated areas by establishing separate 
operable units (OUs) for the site. 
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2.8 SEDIMENT AND CONTAMINANT FATE AND TRANSPORT 


An important part of the remedial investigation at many sediment sites is an assessment of the 
extent of sediment and contaminant transport and the effect of that transport on exposure and risk.  This 
usually includes gaining an understanding of the processes and events in the past and predicting future 
transport and exposure. 


Highlight 2-7: Potential Examples of Early Actions at Contaminated Sediment Sites 


Actions to prevent releases of contaminants from sources: 


•	 Excavation or containment of floodplain soils or other source materials in the floodplain 


•	 Engineering controls (e.g., sheet pilings, slurry walls, grout curtains, and extraction) to prevent highly 
contaminated ground water, NAPL, or leachate from reaching surface water and sediment 


• Engineering controls to prevent contaminated runoff from reaching surface water and sediment 


Actions to minimize human exposure to contaminants (coordinated with other appropriate agencies): 


•	 Access restrictions 


•	 Fish consumption advisories 


•	 Use restrictions and advisories for water bodies 


• Actions to protect downstream drinking water supplies 


Actions to minimize further migration of contaminated sediment: 


•	 Boating controls (e.g., vessel draft or wake restrictions to prevent propeller wash, anchoring restrictions) 


• Excavating, dredging, capping, or otherwise isolating contaminated sediment hot spots 


Actions taken to reduce risk from highly contaminated sediment hot spots: 


•	 Capping, excavation, or dredging of localized areas of contaminated sediment that pose a very high risk 


In most aquatic environments, surface sediment and any associated contaminants move over time. 
The more important and more complex issue is whether movement of contaminated sediment (surface and 
subsurface), or of contaminants alone, is occurring or may occur at scales and rates that will significantly 
change their current contribution to human health and ecological risk.  Addressing that issue requires an 
understanding of the role of natural processes that counteract sediment and contaminant movement and 
fate, such as natural sedimentation and armoring, and contaminant transformations to less toxic or less 
bioavailable compounds.  For this reason, it is important for project managers to use technical experts to 
help in the analysis, especially where large amounts of resources are at stake. 


Sediment movement also is a complex topic because it has both positive and negative effects on 
risk. For example, floods frequently transport both clean and contaminated sediment, which are 
subsequently deposited within the water body and on floodplains.  This may spread contamination, 
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isolate (through burial) other existing contamination, and lower concentrations of contaminants (through 
dilution) within the immediate site boundaries. 


Both natural and man-made (i.e., anthropogenic) forces may cause sediment and contaminants to 
move.  Highlight 2-8 lists examples of each. 


Highlight 2-8: Potential Causes of Sediment and/or Contaminant Movement 


Natural causes of sediment movement include: 


•	 Routine currents in rivers, streams, and harbors 


•	 Tides in marine waters and estuaries 


•	 Floods generated by rainfall or snow-melt induced runoff from land surfaces 


•	 Ice thaw and ice dam-induced scour 


•	 Seiches (oscillation of lake elevation caused by sustained winds), especially in the Great Lakes 


•	 Storm-generated waves and currents (e.g., hurricanes, Pacific cyclones, nor’easters) 


•	 Seismic-generated waves (e.g., tsunamis) 


•	 Earthquakes, landslides, and dam failures 


• Bioturbation from micro- and macrofauna 


Anthropogenic causes of sediment movement include: 


•	 Navigational dredging and channel maintenance 


•	 Placer mining as well as sand and gravel mining 


•	 Intentional removal or breaching of hydraulic structures such as dams, dikes, weirs, groins, and 
breakwaters 


•	 In-water construction 


• Boat propeller wash, ships’ wakes, ship grounding or anchor dragging 


Causes of dissolved contaminant movement without sediment movement include: 


•	 Flow of ground water through sediment 


•	 Molecular diffusion 


•	 Gas-assisted transport 


Many contaminated sediment sites are located in areas that are primarily depositional, or in areas 
where only a limited surface layer of sediment is routinely mobilized.  In these fairly stable areas, other 
processes may contribute to sediment and contaminant movement and resulting exposure and risk.  These 
include, for sediment, bioturbation, and for dissolved contaminants, ground water flow, molecular 
diffusion, and, potentially, gas-assisted transport. Like erosion and deposition, these processes continue 
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to operate after remedies are in place, so an understanding of whether or not they are likely to be 
significant ongoing contaminant transport pathways at a particular site is especially important for 
evaluating in-situ capping and MNR alternatives. 


Various empirical and modeling methods exist for evaluating sediment and contaminant 
movement and their consequences.  The models normally rely upon site-specific empirical data for input 
parameters.  Both empirical methods and models have limitations, so it is usually important to consider a 
variety of methods in evaluating a site and to compare the results.  For large or complex sediment sites, 
project managers should approach an assessment of sediment and contaminant movement from the 
following aspects: 


•	 A site-specific assessment of empirical site characterization data (see Section 2.8.1); 


•	 A site-specific assessment of the frequencies and intensities of expected routine and 
extreme events that mobilize sediment (see Section 2.8.2); 


•	 A site-specific assessment of ongoing processes that mobilize contaminants in otherwise 
stable sediment, such as bioturbation, diffusion, and advection (see Section 2.8.3); and 


•	 A site-specific assessment of the expected consequences or results of sediment and 
contaminant movement in terms of exposure and risk, cost, or other consequences (see 
Section 2.8.4). 


As noted above, this assessment will frequently require the use of models.  A wide variety of 
models is available, ranging from simple models with small numbers of input criteria to complex, multi
dimensional models that are data intensive.  A discussion of model uses and selection is presented in 
Section 2.9. 


Especially for larger sites, a “lines of evidence” approach should be used to evaluate the extent of 
sediment and contaminant movement and resultant exposure for various areas of the water body.  Where 
multiple lines of evidence point to similar conclusions, project managers may have more confidence in 
their predictions. Where the lines of evidence do not concur, project managers should bring their 
technical experts together to determine the source of the discrepancies and understand their significance. 
This approach is described in more detail in Chapter 4, Section 4.4, Evaluation of Natural Recovery. 


2.8.1 	 Data Collection 


An assessment of sediment and contaminant movement begins with the collection of a variety of 
empirical data (i.e., data derived from field or laboratory observation).  Although literature values may be 
available for some parameters, project managers are encouraged to collect site-specific information for 
the most important processes at the site (as identified in the conceptual site model), especially where large 
resources are at stake in decision making. 


The vertical and horizontal sediment and contaminant distributions present at a site are a result of 
all of the routine and extreme, natural and anthropogenic processes that contribute to the physical, 
chemical, and biological attributes of a water body.  Site conditions at the time of investigation generally 
reflect a combination of influences.  Project managers should not assume that current conditions represent 
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stable conditions when, in fact, sediment may be actively responding to recent or current forces and 
events. Conversely, project managers should not assume a site or all areas of a site are unstable or 
contaminants are mobile at a scale or rate which significantly impacts risk.  At many sites, the same areas 
of contamination persist over many years, despite some level of surface sediment and contaminant 
redistribution. 


Processes that are important in terms of exposure and risk on a watershed scale may be less 
important in smaller, more isolated areas of a water body.  Both scales of investigation may be needed. 
For example, in some situations, the large scale rainstorms associated with hurricanes may greatly impact 
sediment loading to the water body through erosion of watershed soils, but have little effect on stability of 
the in-water sediment bed itself.  When considering the potential impacts of disruptive forces on sediment 
movement, it is important to assess these forces as they relate to the overall watershed and in terms of 
current and future site characteristics. 


Many site characteristics affect sediment movement, but primary among them are the flow-
induced shear stress at the bottom of the water body during various conditions, and the cohesiveness of 
the upper sediment layers.  In most environments, bottom shear stress is controlled by currents, waves, 
and bottom roughness (e.g., sand ripples, biologically formed mounds in fines).  A preliminary evaluation 
of the significance of sediment movement should include at least site-specific measurements of surface 
water flow velocities and discharges, water body bathymetry, and surface sediment types (e.g., by use of 
surface grab samples). 


In some cases, empirically measured erosion rates are lower than anticipated from simple models, 
due to natural armoring.  Winnowing (suspension and transport) of fines from the surface layers of 
sediment is one common form of armoring.  Others are listed in Highlight 2-9, including the effect known 
as “dynamic armoring,” which describes the effect caused by suspended sediment or a fluff, floc, or low 
density mud layer (present in some estuaries and lakes) that decreases the expected erosion rate of 
underlying sediment. 


Highlight 2-9: Principal Types of Armoring 


Physical: 
• Winnowing of fine grained materials, leaving larger-grained materials on surface 


• Compaction of fine-grained sediment 


Chemical: 
• Chemical reactions and weathering of surface sediment 


Dynamic: 
• Suspended sediment dampening turbulence during high flow events 


Biological: 
• Physical protection and sequestration by rooted aquatic vegetation 


• Mucous excretions of polychaetes 


• Erosion-resistant fecal pellets or digested sediment 
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Sediment properties that affect cohesion and erosion in many sediment environments include 
bulk density, particle size (average and distribution), clay mineralogy, the presence of methane gas, and 
the organic content. It is not unusual for erosion rates to vary by 2 to 3 orders of magnitude spatially at a 
site, depending on currents, bathymetry, bioturbation, and other factors (e.g., pore water salinity).  In a 
fairly uniform cohesive sediment core, erosion rates may drop several orders of magnitude with depth 
into the sediment bed, but in more variable cores this may not be the case. 


Biological processes by macro- and microorganisms also affect sediment in multiple ways, both 
to increase erosion (e.g., gas generation and bioturbation by lowering bulk density) and to decrease 
erosion (e.g., aquatic vegetation, biochemical reactions which increase shear strength of sediment).  The 
process of sediment mixing caused by bioturbation is discussed further in Section 2.8.3. 


A wide variety of empirical methods is available to assess the extent of past sediment and 
contaminant movement.  Highlight 2-10 lists some key examples.  Each of these methods has advantages 
and limitations, and generally none should be used in isolation.  The help of technical experts is likely to 
be needed to determine which methods are most likely to be useful at a particular site. 


2.8.2 Routine and Extreme Events 


Naturally occurring hydrodynamic forces such as those generated by wind, waves, currents, and 
tides, occur with great predictability and significantly influence sediment characteristics and movement 
(Hall 1994). While these routine forces seldom cause changes that are dramatically visible, they may be 
the events causing highest shear stress and, therefore, the most important factors in controlling the 
physical structure of a given water body.  In northern climates, formation of ice dams and ice scour are 
also routine events that may have significant effects on sediment.  It is important to note that seasonal 
changes in water flow may also affect where erosion and deposition occur.  Depending on the location of 
the site, (e.g., riverine areas, coastal/marine area, inland water bodies), different water body factors will 
play important roles in determining sediment movement.  To determine the frequency of particular 
routine forces acting upon sediment, project managers should obtain historical records on flows and 
stages from nearby gauging stations and on other hydrodynamic forces.  However, project managers 
should keep in mind that residential or commercial development in a watershed may significantly increase 
the impervious area and subsequently increase the frequency and intensity of routine flood events.  While 
the intensity of most routine forces may be low, their high frequency may cause them to be an important 
influence on sediment movement within some water bodies. 
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Highlight 2-10: Key Empirical Methods to Evaluate Sediment and Contaminant Movement 


Bathymetry (evaluates net change in sediment surface elevations) 


•	 Single point/local area devices 


•	 Transects/cross-sections (with known vertical and horizontal accuracy) 


•	 Longitudinal river profiles along the thalweg (i.e., location of deepest depth) 


•	 Acoustic surveys (with known vertical and horizontal accuracy) 


• Comparison to dredging records, aerial photos, overall geomorphology



Contaminant data (from continuous cores, surface sediment, and water column):



•	 Time-series observations (event scale and long-term seasonal, annual, decade-scale) 


•	 Comparison of core pattern or changing pattern in surface sediment, with pollutant loading history 


• Comparison of concentration patterns during and after high energy events



Sediment data (e.g., from continuous cores or surface samples):



•	 Patterns of grain-size distribution (McLaren and Bowles 1985, McLaren et al. 1993, Pascoe et al. 2002) 


•	 In-situ or ex-situ erosion measurement devices [e.g., SEDFLUME (Jepsen et al. 1997, McNeil et al.

1996), PES (Tsai and Lick 1986), Sea Carousel (Maa et al. 1993), or Inverted Flume (Ravens and

Gschwend 1999)]



• Sediment water interface camera



Geochronology (evaluates continuity of sedimentation and age of sediment with depth in cores):



• 137Cs, lignin, stable Pb (longer-lived species to evaluate burial rate and age progression with depth) 


• 210Pb, 7Be, 234Th (shorter-lived species to evaluate depth of mixing zone) 


• X-radiography, color density analysis



Geomorphological studies:



•	 Land and water body geometry and bathymetry; physical processes 


• Human modifications



Sediment-contaminant mass balance studies, especially during high energy events:



•	 Upstream and tributary loadings (grain size distributions and rating curves) 


•	 Tidal cycle sampling (in marine estuaries and coastal seas) 


• Sampling during the rising limb of a rain-event generated runoff hydrograph (frequently greatest erosion) 


Dissolved contaminant movement: 


•	 Seepage meters at sediment surface 


•	 Gradients near water body 
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In contrast, some water bodies are significantly affected by short-term extreme forces that are 
much less common.  In many cases, these “extreme” forces originate by the same mechanisms as 
“routine” forces (e.g., wind) but are significantly stronger than routine conditions and capable of moving 
large amounts of sediment.  Some extreme events, however, have no routine event counterparts (e.g., 
earthquakes). Meteorological events, such as hurricanes, may move large amounts of sediment in coastal 
areas due to storm surges and unusually high tides that cause flooding.  Flooding may occur from snow
melt and other unusually heavy precipitation events resulting in the movement of large amounts of upland 
soil and erosion of sediment, which are then deposited in other areas of the water body or on floodplains 
when the flow slows during the falling limb of the runoff hydrograph.  Scour of the sediment bed may 
also result from the movement of ice and/or natural or man-made debris during extreme flood events.  To 
obtain a preliminary understanding of extreme event frequency at a site, it is important to examine both 
historical records (e.g., meteorological and flow records) and site characterization data (e.g., core data and 
bathymetry). 


Floods are frequently classified by their probability of occurrence; for example 50-year, 100-year, 
200-year, and probable maximum flood.  Although the term “100-year flood” suggests a time frame, it is 
in fact a probability expression that a flood has a one percent probability of occurring (or being exceeded) 
in any year.  Similarly, 200-year flood refers to a flood with a 0.5 percent probability of occurring in any 
year.  Probable maximum flood refers to the most extreme flood that could theoretically occur based on 
maximum rainfall and maximum runoff in a watershed.  It is not uncommon for multiple low probability 
events to happen more frequently than expected, especially when the hydrograph record used to 
determine these probabilities is not very long or where land use or climate is changing. 


It is important to consider the intensity of extreme hydrodynamic forces as well as their 
frequency.  Intensity is a measure of the strength, power or energy of a force.  The intensity of a force will 
be a significant determinant of its possible impact on the proposed remedy.  Tropical storms (including 
hurricanes) are often classified according to their intensity, that is, the effects at a particular place and 
time, which is a function of both the magnitude of and distance from the event.  Tropical storms such as 
hurricanes are commonly classified by intensity using the Saffir-Simpson Scale of Category 1 to Category 
5. Other physical forces and events, such as earthquakes, may be classified according to magnitude, that 
is, a measure of the strength of the force or the energy released by the event.  Earthquakes are most 
commonly classified in this way (e.g., the Richter scale) although they may also be classified by intensity 
at a certain surface location (e.g., the Modified Mercalli scale). 


For sites in areas that may be affected by extreme events, project managers should assess the 
record of occurrence near the site and determine the appropriate category or categories for analysis.  The 
recurrence interval that is considered in a project generally relates to the magnitude of the resultant 
impacts.  The choice of design event gives consideration to the impact of the event and the cost of 
designing against the event. For evaluation of contaminated sediment sites, project managers should 
evaluate the impacts on sediment and contaminant movement of a 100-year flood and other events or 
forces with a similar probability of occurrence (i.e., 0.01 in a year).  A similar probability of occurrence 
may be appropriate for analysis of other extreme events such as hurricanes and earthquakes.  At some 
sites, it may be appropriate to analyze the effects of events with lower and higher probabilities to 
understand the cost-effectiveness of various design decisions.  Recorded characteristics of physical 
events, such as current velocities or wave heights, may provide project managers with parameters needed 
to calculate or model sediment movement.  If information from historical records is insufficient or the 
historical record is too short to be useful, project managers should consider obtaining technical assistance 
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to model a range of potential events to estimate effects on sediment movement and transport.  Section 2.9 
of this chapter discusses modeling in more detail. 


2.8.3 Bioturbation 


In some depositional environments, the most important natural process bringing contaminants to 
the sediment surface is bioturbation.  Broadly speaking, bioturbation is the movement of sediment by the 
activities of aquatic organisms.  Although this movement may be in many directions, it is the vertical 
mixing that is mainly of concern for project managers because it brings contaminants to the bed surface, 
where most exposures occur.  While many discussions of bioturbation are focused on sediment dwelling 
animals, such as worms and clams, bioturbation may also include the activity of larger organisms such as 
fish and aquatic mammals.  The effects of bioturbation can include the mixing of sediment layers, 
alteration of chemical forms of contaminants, bioaccumulation, and transport of contaminants from the 
sediment to interstitial/pore water or the water column.  Many bottom-dwelling organisms physically 
move sediment particles during activities such as locomotion, feeding, and shelter building.  These 
activities may alter sediment structure, biology, and chemistry, but the extent and magnitude of the 
alteration depends on site location, sediment type, and the types of organisms and contaminants present. 


One factor of concern for understanding exposure is the depth to which significant physical 
mixing of sediment takes place, sometimes known as the “mixing zone.”  The depth of the mixing zone 
can be determined by examination of sediment cores (especially radioisotope analysis of core sections), or 
other site characterization data that displays the cumulative results of bioturbation through time, but 
useful information may also be gained from a sediment profile camera and other results.  It is also useful 
to be aware of the typical burrowing depths of aquatic organisms in uncontaminated environments similar 
to the site. Project managers should keep in mind, however, that population density has a tremendous 
effect on whether organisms present at the site may have a significant effect on the mixing zone.  It is 
important to understand the depth of the mixing zone in the various environments at a site because, where 
sediment is not subject to significant erosion and contaminants are not significantly mobilized by ground 
water advection, contaminants below this zone are unlikely to contribute to current or future risk at a site. 


Typically, the population of benthic organisms is greatest in the top few centimeters of sediment. 
In fresh waters, the decline in population density with depth is such that the mixed layer is commonly five 
to 10 cm deep (NRC 2001), although it may be deeper, especially in marine waters with high populations 
of deep burrowing organisms.  Highlight 2-11 provides examples of organisms that cause bioturbation, 
their activity type, and the general depth of the activity.  However, project managers should also consider 
the activity type, the intensity of the activity, and organism population density, when determining the 
extent bioturbation should be considered in site evaluation.  For example, the depth and effectiveness of 
bioturbation may be very different in a highly productive estuary and in a heavily used commercial boat 
slip. 


A project manager should be aware of at least the following parameters when assessing the depth 
of the mixing zone and the potential role bioturbation will play on a given sediment bed: 


• Site location - Salinity, water temperatures, depths, seasonal variation); 


• Sediment type - Size distribution, organic and carbonate content, bulk density); and 
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•	 Organism type - Organisms either present and/or likely to recruit to and recolonize 
the area). 


This analysis may be done for naturally deposited sediment as well as potential in-situ capping 
material or dredging backfill material.  Where bioturbation is likely to be a significant process, it is 
important to evaluate the depth over which it causes significant mixing, using site-specific data and 
assistance by technical experts, to assess alternative approaches for the site. 


(oligochaete) 
Burrowing/Feeding 0 - 3 cm Matisoff, Wang, and McCall 1999 


Pennak 1978 


(insects) 
Burrowi 0 - 15 cm 


Pennak 1978 


Burbot (fish) Burrowing 0 cm - 30 cm 


Burrowing 0 cm -15 cm 


Burrowi 0 cm - 20 cm Rhoads 1967 


Fiddler crab (crustacean) Burrowing 0 cm - 30.5 cm 


Clam (bivalve) ing 0 cm - 3 cm Risk and Moffat 1977 


Burrowing 0 cm - 15 cm 


Fiddler crab (crustacean) Burrowing 0 cm - 30.5 cm 


Clam (bivalve) ing 0 cm - 3 cm Risk and Moffat 1977 


Highlight 2-11: Sample Depths of Bioturbation Activity 


Organism Activity Type Depth Reference 


Freshwater 


Tubificid worm 


Midge and Mayfly ng/Feeding Matisoff and Wang 2000 


Boyer et al. 1990 


Marine/Estuarine (Atlantic Coast) 


Bristleworm (polychaete) Hylleberg 1975 


Bamboo worm 
(polychaete) 


ng/Feeding 


Warner 1977 


Burrow


Marine/Estuarine (Pacific Coast) 


Bristleworm (polychaete) Hylleberg 1975 


Warner 1977 


Burrow


2.8.4 	 Predicting the Consequences of Sediment and Contaminant Movement 


Depending on its extent, movement of sediment or contaminants may or may not have significant 
consequences for risk, cost, or other important factors at a specific site.  A number of differing factors 
may be important in determining whether expected or predicted movements are acceptable.  Historical 
records or monitoring data for contaminant concentrations in sediment and water during events such as 
floods may be valuable in analyzing the increase in exposure and risk.  Where this information is not 
available or has significant uncertainty, models may also be very useful to help understand and predict 
changes. This analysis should include increased risk from not only contaminant releases to the immediate 
water body, but wherever those contaminants are likely to be deposited.  Increased cost may include 
remedy costs such as cap repair or costs related to contaminant dispersal, such as increased disposal cost 
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of downstream navigational dredging.  There may also be societal or cultural impacts of contaminant 
releases the project manager should consider, such as lost use of resources. 


Project managers should assess the impacts of contaminant release on potential receptors on a 
site-specific basis, using information generated during the baseline human health and ecological risk 
assessments.  Where natural recovery is being evaluated, project managers should recognize that not only 
the rate of net sedimentation, but also the frequency of erosive episodes, can help determine the rate of 
recovery for surface sediment and biota.  Where in-situ capping is being evaluated, project managers 
should recognize that some amount of erosion and sediment transport may be acceptable and can be 
incorporated into plans for remedial design and cap maintenance.  Increased risk to human or ecological 
receptors due to contaminant releases during dredging may be a related analysis when considering 
dredging. Comparing the increased risks, costs, or other consequences of sediment disruption due to 
natural causes or the remedy itself also may be an important part of the remedy selection process. 


When evaluating remedy alternatives, the significance of potential harm due to reexposure of 
contaminated sediment or contaminated sediment redistribution is an important consideration.  Factors to 
be considered include the nature of the contaminants, the nature of the potential receiving environment 
and biological receptors, and the potential for repair or recovery from the disturbance.  These factors can 
be used to evaluate risks, costs, and/or other effects of different events on existing contaminated sediment 
or sediment remedies. 


2.9 MODELING 


Models are tools that are used at many sediment sites when characterizing site conditions, 
assessing risks, and/or evaluating remedial alternatives.  A complex computer model (e.g., multi
dimensional numerical model) may not be needed if there is widespread agreement about the best 
remedial strategy based on an adequate understanding of site conditions, however, this is not often the 
case. At some sites, significant uncertainties exist about site characterization data and the processes that 
contribute to relative effectiveness of available remedial alternatives.  Models can help fill gaps in 
knowledge and allow investigation of relationships and processes at a site that are not fully understood. 
For this reason, simple or complex modeling can play a role at most sediment sites. 


There is a wide range of simpler empirical models and more robust computer models that can be 
applied to contaminated sediment sites.  Simple models that aggregate processes or consider only some 
portion of a problem can provide significant insights and should be applied routinely at sediment sites, 
even complex sites.  For example, simple steady-state mass balance models applied during a time period 
where there are no disruptive events can be used to determine whether external contaminant sources have 
been identified and properly quantified.  Hydrodynamic model predictions of currents and associated 
bottom shear stresses can provide information about the potential for erosion and the degree of interaction 
between backwater and main channel areas.  Even if a complex fate and transport model is never 
developed, simple modeling can be used to develop a better understanding of current and future site 
conditions and lead to selection of the most appropriate remedial alternative. 


More complex fate and transport models are frequently applied to the most complex sites.  These 
sites typically have a long history of data collection, have documented contaminant concentrations in 
sediment and biota, and often have fish consumption advisories already in place.  Fate and transport 
models can be useful tools, even though they can be time consuming and expensive to apply at complex 
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sediment sites.  Most of these modeling efforts require large quantities of site-specific data, and typically 
a team of experienced modelers is needed.  Nevertheless, these models are helpful in that they give, when 
properly applied, a more complete understanding of the transport and fate of contaminants than typically 
can be provided by empirical data (from field or laboratory) alone. 


Whether and when to use a model, and what models to use, are site-specific decisions and 
modeling experts should be consulted.  Modeling of contaminated sediment, just as with other modeling, 
should follow a systematic planning and implementation process.  Technical assistance is available to 
project managers from EPA’s Superfund Sediment Resource Center (SSRC), where experts from inside 
and outside the Agency may be accessed.  Additional research about contaminated sediment transport and 
food web modeling is underway at the Office of Research and Development (ORD) (e.g., U.S. EPA in 
preparation 1 and 2). Project managers should monitor the Superfund sediment Web site at 
http://www.epa.gov/superfund/resources/sediment or contact their region’s ORD Hazardous Substance 
Technical Liaison for more information. 


In most cases, simple or complex models are expected to complement environmental 
measurements and address gaps that exist in empirical information.  Examples of the uses of models 
include the following: 


•	 Identifying data gaps during the initial phases of a site investigation; 


•	 Illustrating how contaminant concentrations vary spatially at a site.  Empirical 
information can provide useful benchmarks that can be interpolated or modeled to get a 
better understanding of the distribution of contaminants; 


•	 Predicting contaminant fate and transport over long periods of time (e.g., decades) or 
during episodic, high-energy events (e.g., tropical storm or low-frequency flood event); 


•	 Predicting future contaminant concentrations in sediment, water and biota to evaluate 
relative differences among the proposed remedial alternatives, ranging from monitored 
natural recovery to extensive removal; and 


•	 Comparing modeled results to observed measurements to show convergence of 
information.  Both modeling results and empirical data usually will have a measure of 
uncertainty, and modeling can help to examine the uncertainties (e.g., through sensitivity 
analysis) and refine estimates, which may include indications for where to sample next. 


The use of models at sediment sites is not limited to the remedy selection phase.  Most sites that 
use models for evaluation of proposed remedies have previously developed a mass balance or other type 
of model during the development of the baseline risk assessment.  These models are often used to 
quantify the relationships among contaminant sources, exposure pathways, and receptors.  At these sites, 
the same model is often used to predict the response of the system to various cleanup options.  Where this 
is done, it is important to continue to test the model predictions by monitoring during the remedy 
implementation and post-remedy phases to assess whether cleanup is progressing as predicted by the 
model.  Where it is not, information should be relayed to the modeling team so the model can be modified 
or recalibrated and then used to develop more accurate future predictions. 
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2.9.1 Sediment/Contaminant Transport and Fate Model Characteristics 


A sediment/contaminant transport and fate model typically is a mathematical or conceptual 
representation of the movement of sediment and associated contaminants, and the chemical fate of those 
contaminants, as governed by physical, chemical and biological factors, in water bodies.  Currently, there 
are two basic types of sediment transport models: conceptual and mathematical models.  In addition, there 
are several different types of mathematical models.  General types of models are described in Highlight 2
12, and an example of a conceptual site model is presented in Highlight 2-13. 


Highlight 2-12: Key Characteristics of the Major Types of Sediment/Contaminant 
Transport and Fate Models 


Conceptual Model: 


Identifies the following: 1) contaminants of potential concern; 2) sources of the contaminants; 3) physical and 
biogeochemical processes and interactions that control the transport and fate of sediment and associated 
contaminants; 4) exposure pathways; and 5) ecological and human receptors. 


Mathematical Model: 


A set of equations that quantitatively represent the processes and interactions identified by the conceptual model 
that govern the transport and fate of sediment and associated contaminants.  Mathematical models include 
analytical, regression, and numerical models. 


Analytical Model: 


An analytical model is one or more equations (e.g., simplified - a linearized, one-dimensional form of the 
advection-diffusion equation) for which a closed-form solution exists.  This type of model may not be applicable at 
most sites due to the complexities associated with the forcing hydrodynamics and spatial and temporal 
heterogeneities in sediment and contaminant properties/characteristics. 


Regression Model: 


A regression model is a statistically determined equation that relates a dependent variable to one or more 
independent variables. A stage-discharge rating curve is an example of a regression model in which stage (e.g., 
water level) and discharge (e.g., amount of water flow) are the independent and dependent variables, respectively. 


Numerical Model: 


In a numerical model, an approximate solution of the set of governing differential equations is obtained using a 
numerical technique. Examples of numerical techniques include finite difference and finite element methods.  A 
numerical model is used when the processes being modeled are represented by nonlinear equations for which 
closed-form solutions do not exist. 
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Highlight 2-13: Sample Conceptual Site Model Focusing on Sediment-Water Interaction 
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Source: Modified from Sediment Management Workgroup (SMWG) 


Typically, transport and fate models are inherently limited by our current understanding of the 
factors governing these processes and our ability to quantify them (i.e., represent mathematically their 
interactions and effects on the transport and fate of sediment and contaminants).  Even the most complex 
sediment model may be a relatively simplistic representation of the movement of sediment through 
natural and engineered water bodies. It may be simplistic due to the following: 


•	 Limitations in our understanding of natural systems, as reflected in the current state-of-
the-science; 


•	 Empiricism inherent in predicting flow-induced sediment transport, bank erosion, and 
nonpoint source loads; 
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•	 The relatively large space and time blocks used for modeling the water body; and 


•	 The inability to realistically simulate geomorphological processes such as river 
meandering, bank erosion, and localized effects (e.g., due to natural debris or beaver 
dams). 


Nevertheless, sediment/contaminant transport and fate models generally are useful tools when 
properly applied, although they are data intensive and require specialized expertise to apply and interpret 
the results. 


2.9.2 	 Determining Whether A Mathematical Model is Appropriate 


Since mathematical transport and fate models can be time-intensive and expensive to apply, their 
use and interpretation generally require specialized expertise.  Because of this, mathematical modeling is 
not recommended for every sediment site.  In some cases, existing empirical data and new monitoring 
data may be sufficient to support a decision.  A mathematical modeling study is usually not warranted for 
very small (i.e., localized) sites, where cleanup may be relatively easy and inexpensive.  Mathematical 
modeling generally is recommended for large or complex sites, especially where it is necessary to predict 
contaminant transport and fate over extended periods of time to evaluate relative differences among 
possible remedial approaches. 


Project managers should use the following series of questions to help guide the process for 
determining the appropriate use of site-specific mathematical models: 


•	 Have the questions or hypotheses the model is intended to answer been determined? 


•	 Are historical data and/or simple quantitative techniques available to answer these 
questions with the desired accuracy? 


•	 Have the spatial extent, heterogeneity, and levels of contamination at the site been 
defined? 


•	 Have all significant ongoing sources of contamination been defined? 


•	 Do sufficient data exist to support the use of a mathematical model, and if not, are time 
and resources available to collect the required data to achieve the desired level of 
confidence in model results? and 


•	 Are time and resources available to perform the modeling study itself? 


If the decision is made that some level of mathematical modeling is appropriate, the following 
section should assist project managers in deciding what type of model should be used. 


2.9.3 	 Determining the Appropriate Level of Model 


When the decision is made that a mathematical model is appropriate at a site, project managers 
should generally consider three steps in determining what level of modeling to use.  It is important to 
consider all three steps in order. In some cases, these three steps may be more useful when performed in 
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an iterative fashion (for example, based on additional data analysis or from results obtained during Step 3, 
it may become apparent that the conceptual site model (CSM) should be modified). 


Step 1: Develop Conceptual Site Model 


Development of a CSM is recommended as the key first step in this process in determining the 
level of modeling.  As described in Section 2.2, a CSM identifies the processes and interactions that 
typically control the transport and fate of contaminants, including sediment associated contaminants.  If 
this step is not performed, then the decision of what level of modeling is appropriate may be made with 
less than the requisite information that might be needed to make a scientifically defensible decision. 


The development of a CSM usually requires examination of existing site data to assist in 
determining the significant physical and biogeochemical processes and interactions.  Relatively simple 
quantitative expressions of key transport and fate processes using existing site data, such as presented by 
Reible and Thibodeaux (1999) or Cowen et al. (1999), may help in identifying those processes most 
significant at the site. 


Step 2: Determine Processes that Can and Cannot be Currently Modeled 


This step concerns determining if the most significant processes and interactions that control the 
transport and/or fate of sediment contaminants, as identified in the CSM, can be simulated with one or 
more existing sediment transport and fate models.  Mathematical models (in particular numerical models) 
that have been developed can simulate most of the processes controlling the transport and fate of sediment 
and contaminants in water bodies (including a wide variety of physical, chemical, and biological 
processes). Highlight 2-14 depicts the inter-relationship of some major processes and the type of model 
with which they are associated.  If it is determined that there are existing models capable of simulating at 
a minimum the most significant (i.e., first-order) processes and interactions, then the project manager 
should (using the appropriate technical experts) identify the types of models (e.g., analytical, regression, 
numerical) having this capability and eliminate from further consideration those types of models not 
having this capability. 


Depending on the needs at the site, models or model components (“modules”) may link many of 
these processes presented in Highlight 2-14 into one model.  Examples of the processes that can be 
modeled include the following: 


•	 Land and air: Physical processes that result in loading of contaminants to water bodies 
may include point discharges, overland flow (i.e., runoff), discharge of ground water, 
NAPL seeps, and air deposition; 


•	 Water column: Physical processes that may result in movement of dissolved or sediment-
sorbed contaminants include transport via the water’s ambient flow (advection), 
diffusion, and settling of sediment particles containing sorbed contaminants; 


•	 Sediment bed: Important physical processes include the movement of pore water and 
dissolved contaminants, seepage into and out of the sediment bed and banks, and the 
mixing of dissolved and sediment-sorbed contaminants by bioturbation.  In addition, both 
sorbed and dissolved material may be exchanged between the water column and sediment 
bed due to sediment deposition and resuspension or erosion; and 
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•	 Water column and sediment bed: Physiochemical processes influencing the fate and 
transport of contaminants include two-phase and three-phase chemical partitioning as 
described below. Biogeochemical reaction processes influencing the fate of 
contaminants include speciation, volatilization, anaerobic gas formation, hydrolysis, 
oxidation, photolysis, biotransformation, and biological uptake. 
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Highlight 2-14: Sample Contaminant Exposure Modeling Framework 


In Highlight 2-14 and in other modeling discussions, generally, “two-phase partitioning” refers to 
modeling the contaminant in two parts or phases: a bioavailable dissolved fraction and a generally non
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bioavailable particulate fraction. In “three-phase partitioning,” contaminant concentrations are normally 
considered in three phases: the bioavailable dissolved phase, a generally non-bioavailable dissolved 
organic carbon (DOC) phase, and a generally non-bioavailable particulate organic carbon phase. 


If it is determined that there are no existing models capable of simulating, at a minimum, the most 
significant (i.e., first-order) processes and interactions, then project managers may need to rely on other 
tools or methods for evaluating proposed approaches, or develop and test new models or modules. 


Examples of processes that cannot be dynamically simulated, even using state-of-the-art sediment 
transport models, may include geomorphological processes such as the development of meanders in 
streams and rivers, bank cutting/erosion, nepheloid layer sediment transport, and mud wave phenomena. 
However, there are empirical methods for simulating some of these processes, including estimating the 
total quantity of sediment introduced to a water body due to the failure of a river/stream bank.  Likewise, 
there are empirical tools to estimate the importance of nepheloid layer transport (i.e., relatively high 
sediment flux occurring immediately above the sediment-water interface).  Empirical tools are also being 
developed to simulate mud wave transport processes resulting from sediment disturbances such as 
dredging and resultant dispersal of contaminated sediment residuals. 


Step 3: Select an Appropriate Model 


If one or more models or types of mathematical models capable of simulating the controlling 
transport and fate processes and interactions exist, then project managers should use the process described 
above to choose the appropriate type of model (i.e., level of analysis).  If the decision is made to apply a 
numerical model at a sediment site, selection of the most appropriate contaminated sediment transport and 
fate model to use at a specific site is one of the critical steps in a modeling program.  During this process, 
familiarity with existing sediment transport models is essential.  Comprehensive technical reviews of 
available models have been conducted by the EPA’s ORD National Exposure Research Laboratory (see 
U.S. EPA in preparation 1 and 2).


2.9.4 Model Verification, Calibration, and Validation 


Where numerical models are used, verification, calibration, and validation typically should be 
performed to yield a scientifically defensible modeling study.  The project manager should be aware that 
the terms “verification” and “validation” are frequently used interchangeably in modeling literature. 
These terms, for purposes of this guidance, mean: 


Model verification: Evaluating the model theory, consistency of the computer code with model 
theory, and evaluation of the computer code for integrity in the calculations.  This should be an 
ongoing process, especially for newer models.  Model verification should be documented, or the 
model or model component should be peer-reviewed by an independent party if it is new. 


Model calibration: Using site-specific information from a historical period of time to adjust 
model parameters in the governing equations (e.g., bottom friction coefficient in hydrodynamic 
models) to obtain an optimal agreement between a measured data set and model calculations for 
the simulated state variables. 


Model validation: Demonstrating that the calibrated model accurately reproduces known 
conditions over a different period of time with the physical parameters and forcing functions 
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changed to reflect the conditions during the new simulation period, which is different from that 
used for calibration. The parameters adjusted during the calibration process should NOT be 
adjusted during validation. Model simulations during validation should be compared to the 
measured data set.  If an acceptable level of agreement is achieved between the data and model 
simulations, then the model can be considered validated as an effective tool, at least for the range 
of conditions defined by the calibration and validation data sets.  If an acceptable level of 
agreement is not achieved, then further analysis should be carried out to determine possible 
reasons for the differences between the model simulations and measured data during the 
validation period. The latter sometimes leads to refinement of the model (e.g., using a finer 
model grid) or to the addition of one or more physical/chemical processes that are represented in 
the model. 


It is important that both calibration and validation be conducted at the space and time scales 
associated with the questions the model must answer.  For example, if the model will be used to make 
decade-scale predictions, when possible, it should be compared to decade-scale trend data.  Even when 
data exist for a much shorter time period than will be used for prediction, the long-term behavior of the 
model should be examined as a part of the calibration process.  It is not unusual for a model to perform 
well for a short-term period, but produce unreasonable results when run for a much longer duration.  The 
extent to which components of a modeling study are performed using verified models can determine to a 
large degree the defensibility of the modeling project.  If a verified model has not been sufficiently 
calibrated or validated for a specific site, then the modeling study may lack defensibility and be of little 
value. Where possible, project managers should use verified models in the public domain, calibrated and 
validated to site-specific conditions. Proprietary models may also be useful, but project managers should 
be aware they contain code that has not been shared publicly and may not have been verified.  The 
interpretation of modeling results and the reliance placed on those results should heavily consider the 
extent of documented model verification, calibration, and validation performed. 


2.9.5 	 Sensitivity and Uncertainty of Models 


Another important tool for understanding model results may be a sensitivity analysis.  This 
process typically consists of varying each of the input parameters by a fixed percent (while holding the 
other parameters constant) to determine how the predictions vary.  The resulting variations in the state 
variables are a measure of the sensitivity of the model predictions to the parameter whose value was 
varied. This can be very informative, especially in understanding how the various processes being 
modeled affect contaminant fate and transport and which are dominant.  This analysis is frequently used 
to identify the model parameters having the most impact on model results, so that the project team can 
ensure these parameters are well constrained by site data. 


Uncertainty in models usually results from the following three principal sources: 


•	 The necessity for models to use equations that are simplifications and approximations of 
complex processes, which can result in uncertainty in just how well the equations 
represent the actual processes; 


•	 The uncertain accuracy of the values used to parameterize the equations (i.e., uncertainty 
about how well the input data represent actual conditions); and 
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•	 The uncertain accuracy of model assumptions about future conditions, when using the 
model for prediction, (e.g., assumptions about future rainfall, land use, or upstream 
contaminant sources). 


Typically, uncertainty analyses focus on only the second source, the accuracy of the input values for the 
model.  While quantitative uncertainty analyses are possible and practical to perform with watershed 
loading models and food chain/web models, they are generally not so (at the current time) for fate and 
transport models.  If a quantitative assessment of the uncertainty of fate and transport model predictions 
could be provided, the value of that prediction would be greatly increased.  Lacking a quantitative 
uncertainty analysis, one method modeling teams might consider to assess uncertainty is to use bounding 
calculations to produce a conservative model outcome to compare to the model’s best estimate outcome. 
This conservative model outcome may be developed by using parameter values that result in a 
conservative outcome but do not result in significantly degraded model performance, as measured by 
comparison to the calibration and validation data sets.  A second method to assess uncertainty involves 
quantification of “model error” by comparison of results to the calibration and validation data and 
application of that error to model predictions, as described in Connolly and Tonelli (1985). 


2.9.6 	 Peer Review 


It is EPA policy that a peer review of numerical models is often appropriate to ensure that a 
model provides decision makers with useful and relevant information.  Project managers should use 
EPA’s Guidance for Conducting External Peer Review of Environmental Regulatory Models (U.S. EPA 
1994c) and the Peer Review Handbook (U.S. EPA 2000e) to determine whether a peer review of a model 
is appropriate and, if so, what type of peer review should be used.  As a rule of thumb, when a model is 
being used outside the niche for which it was developed, is being applied for the first time, or is a critical 
component of a decision that is very costly, a peer review should be performed.  In addition, project 
managers should refer to OSWER Directive 9285.6-08, Principles for Managing Contaminated 
Sediments at Hazardous Waste Sites, Principle 6 (U.S. EPA 2002a; see Appendix A). 


EPA peer review guidance for models (U.S. EPA 1994c) also notes that environmental models 
that may form part of the scientific basis for regulatory decision making at EPA are subject to the peer 
review policy.  However, it cannot be more strongly stressed that peer review should be considered only 
for judging the scientific credibility of the model including applicability, uncertainty, and utility 
(including the potential for misuse) of results and not for directly advising the Agency on specific 
regulatory decisions stemming in part from consideration of model output.  Peer reviewers advise the 
Agency regarding proper use and interpretation of a model; it is then the Agency’s task to apply that 
advice properly to regulatory decisions. 


Highlight 2-15 summarizes some important points to remember about modeling at sediment sites. 


2-41 







Chapter 2: Remedial Investigation Considerations 


Highlight 2-15: Important Principles to Consider in Developing and Using Models 
at Sediment Sites 


1.	 Consider site complexity before deciding whether and how to apply a mathematical model.  Site 
complexity and controversy, available resources, project schedule, and the level of uncertainty in model 
predictions that is acceptable, are generally the critical factors in determining the applicability and 
complexity of a mathematical model.  Potential remedy cost and magnitude of risk are generally less 
important, but they can significantly affect the level of uncertainty that is acceptable. 


2.	 Develop and refine a conceptual site model that identifies the key areas of uncertainty where

modeling information may be needed.  When evaluating if a model is needed and in deciding which

models might be appropriate, a conceptual site model should be developed that identifies the key

exposure pathways, the key sediment and water-body characteristics, and the major sources of

uncertainty that may affect the effectiveness of potential remedial alternatives (e.g., capping, dredging,

and/or MNR).



3.	 Determine what model output data are needed to facilitate decision making.  As part of problem 
formulation, the project manager should consider the following: 1) what site-specific information is needed 
to make the most appropriate remedy decision (e.g., degree of risk reduction that can be achieved, 
correlation between sediment cleanup levels and protective fish tissue levels, time to achieve risk 
reduction levels, degree of short-term risk); 2) what model(s) are capable of generating this information; 
and 3) how the model results can be used to help make these decisions.  Site-specific data collection 
should concentrate on input parameters that will have the most influence on model outcome. 


4.	 Understand and explain model uncertainty.  The model assumptions, limitations, and the results of the 
sensitivity and uncertainty analyses should be clearly presented to decision makers and should be clearly 
explained in decision documents such as proposed plans and RODs. 


5.	 Conduct a complete modeling study.  If an intermediate or advanced level model is used in decision 
making, the following components should be included in every modeling effort: 


•	 Model verification (or peer-review if a new model is used) 
•	 Model calibration 
•	 Model validation 


6.	 Consider modeling results in conjunction with empirical data to inform site decision making. 
Mathematical models are useful tools that, in conjunction with site environmental measurements, can be 
used to characterize current site conditions, predict future conditions and risks, and evaluate the 
effectiveness of remedial alternatives in reducing risk.  Modeling results should generally not be relied 
upon exclusively as the basis for cleanup decisions. 


7.	 Learn from modeling efforts.  If post-remedy monitoring data demonstrate that the remedy is not 
performing as expected (e.g., fish tissue levels are much higher than predicted), consider sharing these 
data with the modeling team to allow them to perform a post-remedy validation of the model. This could 
provide a basis for model enhancements that would improve future model performance at other sites.  If 
needed, this information could also be used to re-estimate the time frame when RAOs are expected to be 
met at the site. 
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3.0 FEASIBILITY STUDY CONSIDERATIONS 


Generally, the purpose of a feasibility study for a contaminated sediment site is to develop and 
evaluate a number of alternative methods for achieving the remedial action objectives (RAOs) for the site. 
This process lays the groundwork for proposing and selecting a remedy for the site that best eliminates, 
reduces, or controls risks to human health and the environment.  The feasibility study process is described 
in the U.S. Environmental Protection Agency’s (EPA’s) Guidance for Conducting Remedial 
Investigations and Feasibility Studies under CERCLA (U.S. EPA 1988a, also referred to as the “RI/FS 
Guidance”). The proposed plan and record of decision (ROD) process is described in the EPA’s Guide to 
Preparing Superfund Proposed Plans, Records of Decision, and other Remedy Selection Decision 
Documents (U.S. EPA 1999a, also referred to as the “ROD Guidance”).  This chapter is intended to 
supplement existing guidance by offering sediment-specific guidance about developing alternatives, 
considering the National Oil and Hazardous Substances Pollution Contingency Plan (NCP) criteria, 
identifying applicable or relevant and appropriate requirements (ARARs), estimating cost, and 
implementing institutional controls.  Chapters 4, 5, and 6 present more detailed guidance on evaluating 
alternatives based on the three major approaches for sediment: monitored natural recovery (MNR), in-situ 
capping, and dredging (or excavation) with treatment or disposal. 


Although this chapter focuses on remedial alternatives for managing contaminated sediment, 
project managers beginning this stage of site management should keep in mind the first step at almost 
every sediment site should be to implement measures to control any significant ongoing sources and to 
evaluate the effectiveness of those controls. Until this is done, appropriately evaluating alternatives for 
sediment may be difficult.  However, it may be appropriate to evaluate implementation of interim 
sediment cleanup measures prior to completing source control to control further dispersal of sediment hot 
spots or reduce risks to human health and the environment due to sediment contamination. 


In addition, project managers should keep in mind that flexibility is frequently important in the 
feasibility study process at sediment sites.  Iterative or adaptive approaches to site management are likely 
to be appropriate at these sites. Also, project managers should consider pilot testing various approaches 
as part of the feasibility study process.  Phasing, adaptive management, and early actions are described 
further in Chapter 2, Section 2.7, Phased Approaches, Adaptive Management, and Early Actions. 


3.1 DEVELOPING REMEDIAL ALTERNATIVES FOR SEDIMENT 


As described in Chapter 1, Section 1.3.1, Remedial Approaches, there are typically three major 
approaches that can be taken to reduce risk from contaminated sediment when source control measures 
are insufficient to reduce risks: MNR, in-situ capping, and sediment removal by dredging or excavation. 
Hybrid approaches may combine these three.  A fourth approach, in-situ treatment, is currently under 
development and may become a viable alternative in the future, especially in combination with in-situ 
caps. Highlight 1-5 in Chapter 1 briefly summarizes these major approaches for sediment sites. 


Project managers should consider the following steps, which build on EPA’s RI/FS Guidance by 
adding details specific to sediment, when developing alternatives at sediment sites: 


1.	 Develop remedial action objectives specifying the contaminants and media of interest, 
exposure pathways, and remediation goals that permit a range of alternatives to be 
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developed including each of the three major approaches (MNR, capping, and removal), 
and that consider state and local objectives for the site; 


2.	 Identify estimated volumes or areas of sediment to which the approaches may be applied, 
taking into account the need for protectiveness as identified in the RAOs and the 
biological, chemical and physical characteristics of the site; 


3.	 Develop additional detail concerning the equipment, methods, and locations to be 
evaluated for each alternative, including the three major approaches (e.g., potential 
natural recovery processes, potential cap materials and placement methods, number and 
types of dredges or excavators, transport methods, treatment methods, type of disposal 
units, general disposal location, need for monitoring and/or institutional controls); 


4.	 Develop additional detail concerning known major constraints on each alternative, 
including the three major approaches at the site (e.g., need to maintain flow capacity for 
flood control, need to accommodate navigational dredging); 


5.	 To the extent possible with information available at this stage of the FS, identify the time 
frame(s) in which the alternatives are expected to achieve cleanup levels and RAOs; and 


6.	 Assemble the more detailed methods into a set of alternatives representing a range of 
options, including MNR, in-situ capping, and removal options or combination of options, 
as appropriate. 


This process often is best done in an iterative fashion, especially at complex sites.  For example, 
investigation into equipment and disposal options for sediment removal may lead to evaluation of a 
variety of time frames for achieving risk reduction goals.  Typically, the number and type of remedial 
alternatives that a project manager develops for any site is a site-specific decision.  The project manager 
should take into account the size, characteristics, and complexity of the site.  However, due to the limited 
number of approaches that may be available for contaminated sediment, generally project managers 
should evaluate each approach carefully, including the three major approaches (MNR, in-situ capping, 
and removal through dredging or excavation) at every sediment site at which they might be appropriate. 


3.1.1 	 Alternatives that Combine Approaches 


At sites with multiple water bodies or sections of water bodies with differing characteristics or 
uses, or differing levels of contamination, project managers have found that alternatives that combine a 
variety of approaches are frequently the most promising.  In many cases, institutional controls are also 
part of many alternatives (see Section 3.6, Institutional Controls).  The following examples illustrate how 
different approaches might be combined into alternatives: 


C	 An alternative might combine a variety of dredging, transport, and disposal methods that 
remove differing volumes of higher-risk contaminated sediment with MNR for more 
widespread areas of lesser risk; 


C	 An alternative might combine armored in-situ capping of contaminated sediment in more 
erodible areas, with MNR in highly depositional areas; 
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C An alternative might combine dredging in federal navigation channels or for areas where 
there is insufficient water depth to maintain navigation or flood capacity with a cap, with 
in-situ capping of floodplain, intertidal or under-pier areas where a more technically 
practicable and less costly approach is desired; and 


C An alternative might combine thin-layer placement (see Chapter 4, Monitored Natural 
Recovery) with MNR where the natural rate of sedimentation is insufficient to bury 
contaminants in a reasonable time frame. 


3.1.2 No-Action Alternative 


The NCP at Title 40 Code of Federal Regulations (40 CFR) §300.430(e)(6) provides that the no-
action alternative should be considered at every site.  The no action alternative should reflect the site 
conditions described in the baseline risk assessment and remedial investigation.  This alternative may be a 
no-further-action alternative if some removal or remedial action has already occurred at the site, such as 
under another ROD. 


No-action or no-further-action alternatives normally do not include any treatment, engineering 
controls, or institutional controls but may include monitoring.  For example, at a site where risk is 
acceptable (e.g., because contaminant levels in surface sediment and biota are low and the site is stable), 
but the site contains higher levels of contamination at depth, it may be advisable to evaluate periodically 
the continued stability of buried contaminants.  A no action alternative may include monitoring of these 
buried contaminants.  Project managers and others should not confuse this however with MNR, where 
natural processes are relied upon to reduce an unacceptable risk to acceptable levels.  The difference is 
often the increased level and frequency of monitoring included in the MNR alternative and the fact that 
the MNR alternative includes a cleanup level and expected time frame for achieving that level.  Project 
managers should normally evaluate both a no action alternative and a MNR alternative at sediment sites. 


If a no-action or no-further-action alternative does not meet the NCP’s threshold criteria 
addressed in 40 CFR §300.430 (i.e., protection of human health and the environment and meeting 
applicable or relevant and appropriate requirements), it is not necessary to carry it though to the detailed 
analysis of alternatives.  However, the ROD should explain why the no action alternative was dropped 
from the analysis.  Chapter 7, Remedy Selection Considerations, includes guidance on when it may be 
appropriate to select a no-action alternative. 


3.1.3 In-Situ Treatment and Other Innovative Alternatives 


Generally, in-situ treatment is an approach that involves the biological, chemical, or physical 
treatment of contaminated sediment in place.  This approach is currently under development by 
researchers and several pilot- and full-scale applications of the more promising technologies are 
underway.  Although significant technical limitations currently exist for many of the treatment 
technologies, the results of the ongoing testing may demonstrate the viability of some of these approaches 
in certain situations. Project managers are encouraged to track the development of in-situ treatment 
methods.  Potential in-situ treatment methods include the following: 
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•	 Biological Treatment: Enhancement of microbial degradation of contaminants by the 
addition of materials such as oxygen, nitrate, sufate, hydrogen, nutrients, substrate (e.g., 
organic carbon), or microorganisms into the sediment or into a reactive cap; 


•	 Chemical Treatment: The destruction of contaminants through oxidation and 
dechlorination processes by providing chemical reagents, such as permanganate, 
hydrogen peroxide, or potassium hydroxide, into the sediment or into a reactive cap; and 


•	 Immobilization Treatment: Solidification, stabilization, or sequestering of contaminants 
by adding coal, coke breeze, Portland cement, fly ash, limestone, or other additives to the 
sediment for encapsulating the contaminants in a solid matrix and/or chemically altering 
the contaminants by converting them into a less bioavailable, less mobile, or less toxic 
form. 


Most techniques for in-situ treatment of sediment are in the early stages of development, and few 
methods are currently commercially available.  Experiences gained to date in experimental or small-scale 
applications of in-situ remedies have indicated that technical limitations to the effectiveness of available 
in-situ treatments continue to exist.  For example, in-situ remedies relying on the addition of required 
substrates and nutrients, reagents, or catalysts have been developed for some contaminants, such as 
polychlorinated biphenyls (PCBs), but developing an effective in-situ delivery system to add and mix the 
needed levels of reagents to contaminated sediment is more problematic.  The lack of an effective 
delivery system has also hindered the application of in-situ stabilization systems [National Research 
Council (NRC) 2001].  However, new developments may make this a more promising approach in the 
future. 


Several EPA-funded bench and field studies in this area are underway.  These include studies 
conducted by EPA’s Superfund Innovative Technology Evaluation (SITE) program, which encouraged 
the development and routine use of innovative treatment, monitoring, and measurement technologies. 
The SITE program is in the process of completing demonstration of several in-situ treatment technologies 
(Highlight 3-1). More information on the SITE program is available at http://www.epa.gov/ORD/SITE/. 
Also, the Hazardous Substance Research Center (HSRC) - South and Southwest, is performing research 
about in-situ treatment and other innovative capping alternatives for contaminated sediment in the 
Anacostia River in Washington, DC. More information on this program is available from the HSRC Web 
site at http://www.hsrc.org. 


Site 


Disposal Facility) (PAHs) and PCBs 


PAHs and PCBs 


Electrochemical Oxidation 


Anacostia River Multiple Reactive Caps PAHs and PCBs 


Highlight 3-1: SITE Program In-situ Treatment Technology Demonstrations 


Technology Type Contaminant 


Jones Island CDF (Confined Phytoremediation Polycyclic aromatic hydrocarbons 


Milwaukee Harbor Phytoremediation 


Whatcom Waterway, Puget Sound Mercury and PAHs 
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Other sources of information about innovative approaches to contaminated sediment management 
include the U.S. Army Corps of Engineers’ (USACE) Dredging Operations Environmental Research 
Program (DOER), which has contributed substantially to work in the area of risk assessment methods, 
fate and transport models, and dredging and capping technologies.  Information on this program and on 
the Dredging Operations Technical Support (DOTS) program is available at http://el.erdc.usace.army. 
mil/dots. In addition, the Strategic Environmental Research and Development Program (SERDP) has 
made recent investments in contaminated sediment research.  Information about these projects can be 
accessed from the SERDP Web site at http://www.serdp.org. 


3.2 NCP REMEDY SELECTION CRITERIA 


The NCP at 40 CFR §300.430(e)(9) establishes a framework of nine criteria for evaluating 
remedies.  These criteria address the requirements of the Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA), and additional technical and policy considerations that are 
important for selecting remedial actions.  Many of these criteria are also important for actions under the 
Resource Conservation and Recovery Act (RCRA). 


The NCP at 40 CFR §300.430(e)(7) describes a method for screening potential alternatives prior 
to developing detailed alternatives when a number of alternatives are being considered at a site.  Only the 
alternatives judged as the best or most promising following this screening should be retained for further 
development and detailed analysis.  The three broad criteria for screening preliminary remedial 
alternatives are: 1) effectiveness; 2) implementability; and 3) cost.  Although a screening level analysis 
may be necessary in some cases, due to the relatively limited number of approaches available for 
sediment, project managers generally should not screen out any of the three major approaches early in the 
FS. 


More detailed discussions of what should be addressed under each of the nine criteria can be 
found in the ROD Guidance (U.S. EPA 1999a) and the RI/FS Guidance (U.S. EPA 1988a). The 
following provides a summary of the nine criteria (U.S. EPA 1988a).  More detailed explanations related 
to sediment sites are cited after each criterion, as appropriate. 


Threshold Criteria 


• Overall Protection of Human Health and the Environment: This criterion is used to 
evaluate how the alternative as a whole achieves and maintains protection of human 
health and the environment; and 


•	 Compliance with Applicable or Relevant and Appropriate Requirements (ARARs): This 
criterion is used to evaluate whether the alternative complies with chemical-specific, 
action-specific, and location-specific ARARs or if a waiver is justified. In addition to 
ARARs, this criterion also commonly includes whether the alternative considers other 
criteria, advisories, and guidance that are to be considered at the site.  This criterion is 
discussed further with respect to contaminated sediment in Section 3.3. 
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Balancing Criteria 


•	 Long-Term Effectiveness and Permanence: This criterion includes an evaluation of the 
magnitude of human health and ecological risk from untreated contaminated materials or 
treatment residuals remaining after remedial action has been concluded (known as 
residual risk), and the adequacy and reliability of controls to manage that residual risk.  It 
also includes an assessment of the potential need to replace technical components of the 
alternative, such as a cap or a treatment system, and the potential risk posed by that 
replacement.  This criterion is discussed further with respect to contaminated sediment in 
Section 3.4; 


•	 Reduction of Toxicity, Mobility, and Volume Through Treatment: This criterion refers to 
the evaluation of whether treatment processes can be used, the amount of hazardous 
material treated, including the principal threat that can be addressed, the degree of 
expected reductions, the degree to which the treatment is irreversible, and the type and 
quantity of treatment residuals.  This criterion is discussed further with respect to 
contaminated sediment in Chapters 4, 5, and 6 related to the individual remedies; 


•	 Short-Term Effectiveness: This criterion includes an evaluation of the effects of the 
alternative during the construction and implementation phase until remedial objectives 
are met.  This criterion includes an evaluation of protection of the community and 
workers during the remedial action, the environmental impacts of implementing the 
remedial action, and the expected length of time until remedial objectives are achieved. 
This criterion is discussed further with respect to contaminated sediment in Section 3.4; 


•	 Implementability: This criterion is used to evaluate the technical feasibility of the 
alternative, including construction and operation, reliability, monitoring, and the ease of 
undertaking an additional remedial action if the remedy fails.  It also considers the 
administrative feasibility of activities needed to coordinate with other offices and 
agencies, such as for obtaining permits for off-site actions, rights of way, and institutional 
controls, and the availability of services and materials necessary to the alternative, such 
as treatment, storage, and disposal facilities.  This criterion is discussed further with 
respect to contaminated sediment in Chapters 4, 5, and 6 related to the individual 
remedies; and 


•	 Cost: This criterion includes an evaluation of direct and indirect capital costs, including 
costs of treatment and disposal, annual costs of operation, maintenance, monitoring of the 
alternative, and the total present worth of these costs.  This criterion is discussed further 
with respect to contaminated sediment in Section 3.5. 


Modifying Criteria 


•	 State (Or Support Agency) Acceptance: This criterion is used to evaluate the technical 
and administrative concerns of the state (or the support agency, in the case of state-lead 
sites) regarding the alternatives, including an assessment of the state or the support 
agency’s position and key concerns regarding the alternative, and comments on ARARs 
or the proposed use of waivers. Tribal acceptance is also evaluated under this criterion. 
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This criterion is discussed further with respect to contaminated sediment in Chapter 1, 
Section 1.5; and 


•	 Community Acceptance: This criterion includes an evaluation of the concerns of the 
public regarding the alternatives. It determines which component of the alternatives 
interested persons in the community support, have reservations about, or oppose.  This 
criterion is discussed further with respect to contaminated sediment in Chapter 1, Section 
1.6. 


Additional guidance about how to apply these criteria to sediment alternatives is found 
throughout the guidance, as indicated above. In addition, Chapter 7, Remedy Selection Considerations, 
summarizes general considerations of each of the nine criteria with respect to the three major approaches. 


3.3 APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS 


Pursuant to CERCLA §121(d)(4), all remedial actions at CERCLA sites must be protective of 
human health and the environment.  In addition, on-site actions need to comply with the substantive 
portions of ARARs unless the ARAR is waived. ARARs may be waived only under limited 
circumstances.  Compliance with administrative procedures, such as permits, is not required for on-site 
response actions. Off-site actions must comply with both substantive and administrative requirements of 
legally applicable laws and regulations. 


Sediment cleanup levels for response actions under CERCLA are generally based on site-specific 
risk assessments, but are occasionally based on ARARs.  Project managers may also consider non-
promulgated advisories or guidance issued by federal, state, or tribal governments, frequently called TBC 
(“to be considered”). While TBCs may not be legally binding on their own, and, therefore, do not have 
the same status as ARARs, TBCs can be used as a basis for making cleanup decisions.  The project 
manager should refer to CERCLA Compliance with Other Laws Manual (U.S. EPA 1988b). Also, the 
preamble to the final NCP (55 Federal Register (FR) 8741) states that, as a matter of policy, it is 
appropriate to treat Indian tribes as states for the purpose of identifying ARARs (see NCP at 40 CFR 
§300.515(b) for provisions dealing with tribal governments). 


The process of identifying ARARs typically begins in the scoping phase of the RI/FS, continues 
until the ROD is finalized, and may be reexamined during the five-year review process.  Identification of 
ARARs should be done on a site-specific basis and usually involves a two-part analysis.  First, a 
determination of whether a given requirement is applicable should be made, and second, if it is not 
applicable, then a determination should be made as to whether it is relevant and appropriate.  Highlight 
3-2 lists some examples of potential federal, state, and tribal ARARs for sediment sites and actual and 
hypothetical examples of how remedial strategies have been adapted to comply with ARARs. 


For more information about ARARs, the project manager should consult the Compendium of 
CERCLA ARARs Fact Sheets and Directives (U.S. EPA 1991b), and the Assessment and Remediation of 
Contaminated Sediments (ARCS) Program Remediation Guidance Document (U.S. EPA 1994d). 


As part of the ARARs analysis, project managers, in consultation with the site attorney, should 
consider appropriate requirements promulgated under the Clean Water Act (CWA).  As described in the 
examples in Highlight 3-2, federal water quality criteria as well as state-promulgated regulations 
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including state water quality standards may be potential ARARs for surface water when water is 
discharged from dewatering or treatment areas or as effluent from confined disposal facilities (CDFs). 
Furthermore, some states may have their own promulgated sediment quality standards that may be 
potential ARARs for sediment. 


Total maximum daily loads (TMDLs) established or approved by the EPA under the CWA are 
planning tools designed to reduce contributing point and nonpoint sources of pollutants in water quality 
limited segments (WQLS).  TMDLs calculate the greatest amount of loading of a pollutant that a water 
body can receive without exceeding CWA water quality standards.  TMDLs are usually established by the 
states, territories, or authorized tribes and approved by the EPA.  Effluent limits in point source national 
pollutant discharge elimination system (NPDES) permits should be consistent with the assumptions and 
requirements in a wasteload allocation in an approved TMDL. 


EPA-established TMDLs are not promulgated as rules, are not enforceable, and, therefore, are not 
ARARs. TMDLs established by states, territories or authorized Indian tribes may or may not be 
promulgated as rules.  Therefore, TMDLs established by states, territories, or authorized Indian tribes, 
should be evaluated on a regulation-specific and site-specific basis.  Even if a TMDL is not an ARAR, it 
may aid in setting protective cleanup levels and may be appropriately a TBC.  Project managers should 
work closely with regional EPA Water program and state personnel to coordinate matters relating to 
TMDLs. The project manager should remember that even when a TMDL or wasteload allocation is not 
enforceable, the water quality standards on which they are based may be ARARs.  TMDLs can also be 
useful in helping project managers evaluate the impacts of continuing sources, contaminant transport, and 
fate and effects. Similarly, Superfund’s RI/FS may provide useful information and analysis to the federal 
and state water programs charged with developing TMDLs. 


Project managers are also strongly encouraged to follow the consultation requirements of the 
Endangered Species Act. For on-site actions, the Endangered Species Act, Section 7, requires federal 
agencies to ensure that the actions they authorize, fund or carry out are not likely to jeopardize the 
continued existence of endangered or threatened species, or adversely modify or destroy their critical 
habitat. By policy, EPA consults with the U.S. Fish and Wildlife Service and the National Marine 
Fisheries Service (NMFS) where a threatened or endangered species or their habitat is or may be present. 
The Commencement Bay NPL (National Priorities List) site provides an example of how a remedial 
strategy has been adapted to comply with this act.  Chinook salmon are threatened species that are found 
at this site during part of the year.  After following EPA’s policy of consulting with the NMFS, EPA 
decided that to avoid harming the species, some in-water remedial work would be conducted only during 
a window of time when juvenile salmon were not migrating through the area.  Other in-water work would 
be performed outside of this window, using special conditions recommended by NMFS to minimize 
impacts to salmon. 
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Law or Regulation Description Examples of How Remedial Strategies have been 
Adapted to Comply with ARARs 


Potential Federal ARARs 


Clean Water Act §304 
40 CFR part 130 


EPA publishes national recommended Ambient Water 
Quality Criteria (AWQC) for the protection of aquatic life and 


In developing a remedy that included treatment of water 
following dewatering sediment, EPA determined that a 


human health. CERCLA §121(d)(2) requires EPA to 
consider whether nationally recommended AWQC should be 


revised AWQC was a relevant and appropriate criteria for 
discharging to the waterway. 


relevant and appropriate requirements at a site. CERCLA 
§121(d)(2)(B) establishes the guidelines to consider in 
determining when AWQC may be relevant and appropriate 
requirements, including consideration of the designated or 
potential uses of surface water, the purposes for which the 
criteria were developed and the latest information available. 


Clean Water Act §404 
33 CFR parts 320-330 and 
40 CFR part 230 


Regulates the discharge of dredged or fill materials into 
waters of the U.S.  Discharges of dredged or fill materials are 
not permitted unless there is no practicable alternative that 
would have less adverse impact on the aquatic ecosystem. 
Any proposed discharge must avoid, to the fullest extent 
practicable, adverse effects, especially on aquatic 
ecosystems.  Unavoidable impacts must be minimized, and 
impacts that cannot be minimized must be mitigated. 


Work at the ASARCO, Tacoma Washington, National 
Priorities List (NPL) site included construction of an armored 
cap in the inter-tidal zone. Work at the Wyckoff/Eagle 
Harbor, Washington, NPL site included construction of a 
sheet pile barrier wall to control subsurface non-aqueous 
phase liquid (NAPL) migration. To compensate for the loss 
of habitat, intertidal habitat was created in another part of 
these two sites. 


Work at the Lavaca Bay, Texas site involved construction of 
a CDF with effluent discharge to the Bay.  CDF effluent 
discharged to waters of the U.S. is defined as the discharge 
of dredged material under EPA and USACE regulations 
implementing Section 404 (40 CFR §232.2). 
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Law or Regulation Description Examples of How Remedial Strategies have been 
Adapted to Comply with ARARs 


Resource Conservation and Dredged material may be subject to RCRA regulations if it The material to be dredged contains a listed pesticide 
Recovery Act (RCRA); 40 
CFR parts 260 to 268 


contained a listed waste, or if it displays a hazardous waste 
characteristic, for example, by the Toxicity Characteristic 


formulation waste, and thus RCRA may be a applicable. 
However, the site is located in a state where EPA implements 


Leaching Procedure (TCLP).  Most states have been 
authorized in lieu of EPA to implement the RCRA program. 


the RCRA program, and the on-site cleanup action will 
comply with substantive requirements of a 404 permit. Thus 


RCRA regulations may be potentially ARARs for the storage, 
treatment, and disposal of the dredged material unless an 


the cleanup action is exempted from RCRA.  This situation is 
explained in the description of the selected remedy in the 


exemption applies. One such exemption is if CWA 404 
applies to the cleanup activity (40 CFR part 261). 


ROD. 


Rivers and Harbors Act, 
Section 10 


Activities that could impede navigation and commerce are 
prohibited. Prohibits authorized obstruction or alteration of 


A site with contaminated sediment has an authorized 
navigation depth of 30 ft. The evaluation of alternatives 


33 CFR parts 320 to 323 any navigable waterway. needs to consider the need to maintain this minimum depth 
when evaluating whether capping is or is not a feasible 
alternative for the entire site. 


Toxic Substances Control Act Section 6(e) of TSCA regulates PCBs from cradle to grave Example: A determination was made to identify PCB 
(TSCA) 40 CFR part 761 (i.e., from manufacture to disposal). TSCA and portions of its 


implementing regulations may be an ARAR for on-site 
remediation waste by sampling the sediments.  Based on the 
definition of PCB remediation waste (40 CFR §761.3), as the 


response actions involving contaminated sediment. spill occurred prior to 1978, those sediments with PCB 
concentrations greater than 50 ppm are considered PCB 


The regulations provide several factors for determining 
whether PCB contaminated media is PCB remediation waste 


remediation wastes.  The risk-based option (under 40 CFR 
§761.61(c)) for PCB remediation waste is selected (the self-


(as defined per 40 CFR §761.3), including the date of the 
spill, PCB concentration of material spilled, and PCB 


implementing option at 40 CFR §761.61(a) is not available for 
sediments). A site-specific disposal plan is prepared that 


concentration currently at the site (i.e., the “as found” 
concentration.) In general, material meeting the definition of 


includes a sites specific sampling protocol as well as detailed 
performance standards for on-site temporary storage and off-


PCB remediation waste may be disposed of using one of the 
three options under 40 CFR §761.61, which includes a self-


site disposal for dredged sediments.  After determining that 
this approach will not pose an unreasonable risk of injury to 


implementing option (40 CFR §761.61(a)), a performance-
based option (40 CFR §761.61(b)), and a risk-based option 


health or the environment (as specified in 40 CFR 
§761.61(c)), the Regional Administrator approves the plan. 


(40 CFR §761.61(c)).  Under the regulations, however, the 
self-implementing option cannot be used to clean up 
sediments in marine or freshwater ecosystems (see 40 CFR 
§761(a)(1)(i)). 







Law or Regulation Description Examples of How Remedial Strategies have been 
Adapted to Comply with ARARs 


Selection of disposal options under 40 CFR §761.61 for 
wastes generated at a Superfund site is generally made at 
the regional level. The risk-based option under 40 CFR 
§761.61(c) may often be the most appropriate option at 
Superfund sites. In appropriate circumstances, the risk-
based option may allow disposal of PCB remediation wastes 
with <50 ppm in a municipal landfill. 


Substantive TSCA requirements also exist for storage and 
other activities involving PCB contaminated wastes. 


Potential State and Tribal ARARs 


State Water Quality Standards Under the CWA, states are required to designate surface A tribe has an EPA approved water quality standard 
Regulation water uses, and to develop water quality standards based on 


those uses and the AWQC. Often an applicable requirement 
regulation which designates the uses of a river to include 
rearing of aquatic life and other uses.  Design and 


for discharges to surface water.  Where an Indian tribe has 
promulgated water quality standards, these may also be an 


construction of the selected remedy, including the confined 
aquatic disposal facility, needs to achieve or waive the tribe’s 


applicable requirement. water quality standards based on that use. 


State Hazardous Waste Many states have been authorized by EPA to implement the The sediment at a site was contaminated with a listed 
Regulations RCRA Subtitle C Hazardous Waste Program in lieu of EPA. hazardous waste.  The state has been authorized for RCRA, 


and decided to not adopt the hazardous waste identification 
rule (HWIR) sediment exemption.  Treatment and disposal of 
the dredged contaminated sediment must meet or waive the 
state’s hazardous waste regulations. 


State Solid Waste Regulations Most states have regulations for the location, design, A remedial alternative includes on-site upland disposal of 
construction, operation and closure of solid waste 
management facilities. Potential applicable or relevant and 


dredged sediment. The feasibility study examines the state 
solid waste regulations and determines that a disposal facility 


applicable requirement for disposal of non-hazardous waste 
contaminated sediment. 


at two of the three possible sites can be designed to meet the 
ARAR. The third site is eliminated from further analysis. 
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Law or Regulation Description Examples of How Remedial Strategies have been 
Adapted to Comply with ARARs 


Total Maximum Daily Load 
(TMDL) Regulation 


Some states have established wasteload allocations in State-
promulgated and EPA-approved TMDLs.  These allocations 


A remedial dredging alternative includes an expected 
temporary increase in total suspended solids in the water 


may be an applicable or a relevant and appropriate 
requirement, where promulgated by the state as an 


body and residual contamination that provides a small 
continuing load to the water body.  EPA consulted with the 


enforceable regulation. Non-promulgated TMDLs may be a 
TBC. 


state TMDL program to determine whether TMDLs are a 
potential ARAR or TBC and how they interact with the 
alternative. 


National Pollutant Discharge Under the CWA, many states have been delegated the A Superfund remedy includes ground water remediation with 
Elimination System (NPDES) 
Permit Regulations 


authority for the NPDES permit program.  These regulations 
generally regulate discharges, including monitoring 


discharge of the water to surface water.  EPA consulted with 
the state NPDES permit program to determine water 


requirements and effluent discharge limitations for point 
sources. Where a remedy has a point discharge that is on-


treatment standards prior the discharge. 


site, the substantive requirements may be an applicable 
regulation. 
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Project managers are also strongly encouraged to follow the consultation requirements of the 
National Historic Preservation Act, Section 106 (36 CFR part 800).  Section 106 requires federal agencies 
to consider the effects of their actions on historic properties that are on or are eligible for listing on the 
National Register of Historic Places. Compliance generally includes conducting a preliminary survey to 
determine the presence of significant resources, including among others, historic, prehistoric, 
archeological, architectural, engineering or cultural resources. If significant resources are found, 
generally a documentation package is prepared for review and comment by the State or Tribal Historic 
Preservation Office and appropriate mitigation is included in site plans.  Examples of how remedial 
strategies have been adapted to comply with this Act include the Pine Street Canal Site in Vermont, where 
mitigation for damages related to capping sunken barges and other historic features included study and 
artifact collection by a local maritime museum related to a historic sunken barge of similar type in nearby 
Lake Champlain.  In addition, at the Fox River PCB (polychlorinated biphenyl) site in Wisconsin, historic 
and prehistoric artifacts will be protected during nearby site activities and a potential shipwreck site will 
either be avoided during dredging or a diver study employed for further examination. 


Project managers should also be aware of Executive Orders such as those covered by the 
Statement of Procedures on Floodplain Management and Wetland Protections (Appendix A of 40 CFR 
part 6). Although not ARARs, the Agency normally follows Executive Orders as a matter of policy.  The 
Statement of Procedures cited above sets forth EPA policy and guidance for carrying out Executive 
Orders 11988 and 11990, which were written in furtherance of the National Environmental Policy Act 
(NEPA) and other environmental statutes.  Executive Order 11988 concerns floodplain management and 
the evaluation by federal agencies of the potential effects of actions they may take in a floodplain to 
avoid, to the extent possible, adverse effects associated with direct and indirect development of a 
floodplain. Executive Order 11990 concerns protection of wetlands and the avoidance by federal 
agencies, to the extent possible, of the adverse impacts associated with the destruction or loss of wetlands 
if a practical alternative exists. OSWER Directive 9280.0-03, Considering Wetlands at CERCLA Sites 
(U.S. EPA 1994e), contains further guidance on addressing this Executive Order. 


Examples of ways in which remedial strategies for sediment have been adapted in light of these 
Executive Orders as a matter of policy include the following: 


•	 EPA determined that capping above grade would be an inappropriate alternative for 
remediating contaminated sediment in a small river, as the increased bottom elevation 
would increase the risk of flooding. Instead, the final EPA remedy called for dredging 
contaminated sediment and capping back to the existing grade; and 


•	 EPA selected a route that avoided the wetland and would minimize the potential for 
effects on the floodplain, after evaluating possible alignments for the access road to the 
contaminated sediment site.  During design of the access road, additional features were 
incorporated to further minimize any indirect impact on the floodplain. 


3.4 EFFECTIVENESS AND PERMANENCE OF SEDIMENT ALTERNATIVES 


Two NCP balancing criteria for which project managers of sediment sites may find additional 
guidance helpful are those related to short-term effectiveness, and long-term effectiveness and 
permanence.  Each is described in more detail below, as it relates to evaluation of contaminated sediment 
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alternatives. The NCP describes the assessment of short-term effectiveness as follows 40 CFR 
§300.430(e)(9)(iii)(E)): 


The short-term impacts of alternatives shall be assessed considering the following: 


(1) Short-term risks that might be posed to the community during implementation of an 
alternative; 


(2) Potential impacts on workers during remedial action and the effectiveness and reliability of 
protective measures; 


(3) Potential environmental impacts of the remedial action and the effectiveness and reliability of 
mitigative measures during implementation; and 


(4) Time until protection is achieved. 


For contaminated sediment alternatives, short-term risks to the community and workers may 
include those that may occur during dredging or capping operations or during the first few years of a 
MNR remedy.  For a sediment remedy involving bioaccumulative contaminants, short-term impacts may 
include those due to continued human or ecological exposure to contaminants currently in the food chain. 
For a MNR alternative, these impacts may also be frequently due to continued human and ecological 
exposure to contaminants in surface sediment.  For in-situ capping, short-term impacts may be due to 
factors such as contaminant releases during capping or accidents during transport or placement of cap 
material.  For dredging or excavation, short-term impacts may include those due to contaminant releases 
during sediment removal, transport, treatment, or disposal or accidents during construction and operation 
of facilities. Short-term impacts to the benthic community as a result of capping or dredging should also 
be considered. Additional possible short-term impacts are presented in Highlight 7-3, Examples of Some 
Key Differences Between Remedial Approaches for Contaminated Sediment. 


The time needed until protection is achieved can be difficult to assess at sediment sites, especially 
where bioaccumulative contaminants are present.  Generally, for sites where risk is due to contaminants 
in the food chain, time to achieve protection can be estimated using models.  These models may have 
significant uncertainty, but may be useful for predicting whether or not there are significant differences 
between time to achieve protection using different alternatives.  When comparing time to achieve 
protection from MNR to that for active remedies such as capping and dredging, it is generally important 
to include the time for design and implementation of the active remedies in the analysis. 


The NCP describes the assessment of long-term effectiveness and permanence as follows 
(40 CFR §300.430(e)(9)(iii)(C)): 


Alternatives shall be assessed for the long-term effectiveness and permanence they afford, along 
with the degree of certainty that the alternative will prove successful.  Factors that shall be 
considered, as appropriate, include the following: 


(1) Magnitude of residual risk remaining from untreated waste or treatment residuals remaining at 
the conclusion of the remedial activities.  The characteristics of the residuals should be 
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considered to the degree that they remain hazardous, taking into account their volume, toxicity, 
mobility, and propensity to bioaccumulate; and 


(2) Adequacy and reliability of controls such as containment systems and institutional controls 
that are necessary to manage treatment residuals and untreated waste.  This factor addresses in 
particular the uncertainties associated with land disposal for providing long-term protection from 
residuals; the assessment of the potential need to repair or replace technical components of the 
alternative, such as a cap, a slurry wall, or a treatment system; and the potential exposure 
pathways and risks posed should the remedial action need replacement. 


For contaminated sediment alternatives, residual risk generally may be considered to be the risk 
remaining after completion of dredging, capping, or MNR.  In their evaluation of residual risk, project 
managers should consider the volume, toxicity, mobility, and bioavailability of the remaining 
contaminants, as well as their propensity to bioaccumulate.  The adequacy and reliability of controls used 
to manage post-remediation sediment residuals or untreated contamination that remains in the sediment 
should also be considered. Where institutional controls such as fish consumption advisories are one of 
the controls used to manage residual risk, project managers should assess their expected effectiveness and 
whether resulting exposures are expected to be within protective levels.  Developing answers to the 
following questions may help the project manager in evaluating the long-term effectiveness and 
permanence of alternatives: 


•	 What is the likelihood that the planned cap, dredging approach, or MNR will meet the 
cleanup levels and RAOs? 


•	 What is the level of human health and/or ecological risk remaining after implementation? 


•	 What is the expected pattern of risk reduction over time for the various alternatives and 
what uncertainties are associated with that pattern? 


•	 How much of the risk is due to the area that was remediated versus unremediated areas of 
contamination? 


•	 What type and degree of long-term operation and maintenance (O&M) will be required? 


•	 What are the requirements for long-term monitoring? 


•	 What is the potential need for replacing or modifying the technical components of the 
alternative? 


•	 What is the magnitude of risk should the remedy fail? and 


•	 What is the degree of confidence that there are adequate controls to identify and prevent 
remedy failure? 


It is important to remember that each of the three major approaches may be capable of reaching 
acceptable levels of both short-term effectiveness and long-term effectiveness and permanence, and that 
site-specific characteristics should be reviewed during the alternatives evaluation to ensure that the 
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selected alternative will be effective in that environment.  Project managers should evaluate and compare 
the effectiveness of in-situ (capping and MNR) and ex-situ (dredging) alternatives under the conditions 
present at the site. There should not be necessarily a presumption that removal of contaminated 
sediments from a water body will be necessarily more effective or permanent than capping or MNR. 
Likewise, without sufficient evaluation there should not be a presumption that capping or MNR will be 
effective or permanent.  What constitutes an acceptable level of effectiveness and permanence is a site-
specific decision that should also consider each of the other NCP remedy selection criteria.  Each of the 
major approaches for sediment has its own remedy-specific considerations under these criteria, which are 
summarized below.  Some aspects are discussed in more detail in the following remedy-specific chapters. 


Monitored Natural Recovery 


For a MNR remedy, the risk present at the time of remedy selection should decrease with time as 
natural processes progress. The level of risk reduction afforded by this remedy generally depends on 
what cleanup levels the natural processes are expected to be able to achieve in a reasonable time frame 
and the level of contamination which may continue to enter the system from any uncontrolled sources. 


Residual risk following MNR and permanence for a MNR alternative frequently are related to the 
stability of the sediment bed, or the chance that clean sediment overlying buried contaminants may be 
eroded to such an extent that unacceptable risk is created.  Residual risk for an MNR remedy may also be 
related to the chance that ground water flow, bioturbation, or other mechanisms may move buried 
contaminants to the surface where they could cause unacceptable human or ecological exposure, even in 
otherwise stable, non-erosional sediment.  Whether erosion, ground water flow, or other processes cause 
unacceptable risk depends on the rate of exposure due to those processes.  For example, erosion of some 
portions of a sediment bed, or some movement of contaminants through bioturbation, may not create an 
unacceptable risk; therefore, it is important to review such factors on a site-specific basis.  Evaluating the 
adequacy of controls for these risks in an MNR remedy may include evaluating the ability of the 
monitoring plan to detect significant sediment erosion or contaminant movement, and evaluating the 
adequacy of any institutional controls that are relied upon to control erosion (e.g., dam or breakwater 
maintenance agreements). 


In-Situ Capping 


For an in-situ capping remedy, risk due to direct exposure to contaminated sediment in the 
capped area generally decreases rapidly, although risks may remain from uncapped areas.  The level of 
risk reduction associated with this remedy generally depends on the action level selected for capping (i.e., 
what level of contamination will remain outside the capped area) and the level of contamination that may 
continue to enter the system from any uncontrolled sources.  Residual risk, after the cap is in place, 
usually is related to the following: 1) likelihood of cap erosion or disruption exposing contaminants; 2) 
likelihood of contaminants migrating through the cap; and 3) risks from contaminants remaining in 
uncapped areas. Like MNR, whether cap erosion or contaminant migration through a cap cause 
unacceptable risk depends on depends on the rate of exposure due to those processes.  An evaluation of 
long-term effectiveness and permanence for capping also should include an evaluation of the ability to 
monitor the effectiveness of the cap and to replace or replenish components of the cap through time 
before any significant contaminant releases occur. 
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Dredging or Excavation 


For a dredging or excavation remedy, risks within the site itself may initially increase due to 
increased exposure to contaminants released into the surface water during sediment removal, but this 
increase should be temporary and localized.  After this time, risk should decrease.  The speed of the 
decrease and the level of long-term risk reduction associated with this remedy generally depends on the 
action level and/or cleanup levels selected for sediment removal (i.e., what level of contamination will 
remain outside of the dredged/excavated area), the level of residual contamination in the area after 
dredging, and the level of contamination that may continue to enter the system from any uncontrolled 
sources. 


Residual risk, after the dredging or excavation is complete, is usually related to the following: 1) 
risk from contaminated sediment left behind outside of the dredged or excavated areas and from 
contaminated sediment resuspended and transported by dredging; 2) residual contamination left in place 
after dredging (an estimate of the likely post-dredging/post-backfilling surficial contamination levels 
should be developed); and 3) risk posed by untreated contaminants and treatment residuals at their 
disposal location. Similar to capping, the long-term effectiveness evaluation should include the need to 
replace technical components of the remedy after remedial action is completed.  For dredging or 
excavation, this usually focuses on technical components of any on-site disposal units and the need to 
replenish backfill material in the dredged areas if backfill was used. 


Project managers should recognize that all approaches for remediating sediment leave some 
contaminants in place after remedial actions are completed, whether buried beneath a natural sediment 
layer or engineered cap, left near the surface or mixed with backfill as residuals following dredging or 
excavation, or as low levels of contamination outside of areas that were capped or dredged.  All of these 
residual contaminants are affected by a variety of natural processes that can disperse, contain or sequester 
them.  As described above and in the three remedy-specific chapters of this guidance that follow, MNR, 
in-situ capping, and sediment removal, each may be capable of achieving acceptable levels of 
effectiveness and permanence.  Site-specific site characteristics should be reviewed to ensure that the 
selected alternative will provide adequate short-term and long-term effectiveness at a particular site. 


3.5 COST 


Developing accurate cost estimates generally is an essential part of evaluating alternatives.  It is 
also appropriate at many sites, and can be especially useful at large sites, to include the relative cost of 
achieving different cleanup levels. This typically is an important part of evaluating the cost-effectiveness 
of a range of protective alternatives which may, for example, be associated with different fish 
consumption rates or different levels of ecological protection. 


Guidance on preparing cost estimates and the general role of cost in remedial alternative selection 
is discussed in A Guide to Developing and Documenting Cost Estimates During the Feasibility Study 
(U.S. EPA and USACE 2000). The general elements of a cost estimate include capital costs, annual and 
periodic O&M costs, and net present value (U.S. EPA and USACE 2000). A cost estimate prepared as 
part of the CERCLA cleanup process should not include potential claims for natural resource damages or 
potential restoration credits, but may include costs for mitigation of habitat lost or impaired by the 
remedial action, where appropriate. 
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3.5.1 Capital Costs 


Capital costs generally are those expenditures needed to construct a remedial action (U.S. EPA 
and USACE 2000). Capital costs include only those expenditures initially incurred to implement a 
remedial alternative and major capital expenditures in future years.  Capital cost elements that may be 
important at sediment sites include those listed in Highlight 3-3.  As indicated in the Highlight, capital 
costs may include construction monitoring and environmental monitoring before, during and immediately 
following the remedial action.  Monitoring beyond that point should be considered part of O&M. 


Highlight 3-3: Examples of Categories of Capital Costs for Sediment Remediation 


Categories Capital Costs 


General (may apply to 
several or all remedial 
approaches) 


• Mobilization/demobilization 


• Site preparation (e.g., fencing, roads, utilities) 


• Construction monitoring, sampling, testing, and analysis before, during, and 
immediately following construction (e.g., bathymetric surveys) 


• Environmental monitoring before, during, and immediately following 
construction (e.g., water quality monitoring) 


• Debris and/or structure (e.g., piers, pilings) removal and disposal 


• Project management and support throughout construction, including 
preparation of remedial action documentation and construction submittals 


• Engineering needs during construction (not pre-construction design) 


C Post-construction habitat restoration (e.g., plantings) 


C Pilot studies 


C General contingency 


C Indirect costs 


C Implementation of institutional controls 


Monitored Natural 
Recovery 


C Monitoring and reporting prior to attainment of cleanup levels 


In-situ Capping C Cap materials 
S Material costs 
S Equipment and labor costs 
S Cost of mitigation if required under CWA §404 


C Transport, storage, and placement of cap materials 
S Barge/tug lease costs 
S Stockpiling of cap material 
S Land use cost 
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Categories Capital Costs 


Dredging or Excavation C Dredging or excavation equipment and labor costs 


C Engineering controls to protect water quality (e.g., silt curtains) 


C Site decontamination for support facilities (e.g., truck wash, dewatering 
area) 


C Sediment isolation for excavation (e.g., sheetpile, earthen dams) 


C Construction of dewatering area/temporary storage of dredged material 


C Transporting sediment to treatment or disposal site 
S Barge/tug lease costs 
S Pipeline costs 


C Land acquisition costs for construction easements or relocating utilities 


Pretreatment/Treatment C Land acquisition costs 


C Construction of pretreatment/treatment/storage buildings 


C Treatment of sediment 


C Treatment and discharge of water from dewatering process 


C Engineering controls to protect water quality (e.g., process water and storm 
water runoff controls) 


C Disposal of treatment residuals 


In-Water Contained 
Aquatic Disposal, In-
Water or Upland Confined 
Disposal Facilities 


C 


C 


Land acquisition or use costs 


Construction of disposal site and any associated disposal costs 
S Demolition of existing facilities 
S Excavation to support berm 
S Equipment and labor costs 


C Berm construction 
S Imported materials for berm 
S Equipment costs 


C Capping disposal site 
S Cap materials 
S Equipment and labor costs 


C Engineering controls to protect water quality 


C Cost of mitigation if required under CWA §404 
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Categories Capital Costs 


Upland Landfill Disposal C Land acquisition costs 


C Construction costs 


C Transportation costs 


C Tipping fees for regional landfill 


The basis for a cost estimate may include a variety of sources, including cost curves, generic unit 
costs, vendor information, standard cost estimating guides, and similar estimates, as modified for the 
specific site. Where site-specific costs are available from pilot studies or removal actions, they are likely 
to be the best source of realistic cost information.  Where this is not available, actual costs from similar 
projects implemented at other sites is frequently the next best source of costs. 


Substantial amounts of historical cost data for some components of sediment remediation (e.g., 
removal, transport, disposal, and residue management) may be available from other project managers. 
EPA’s Office of Superfund Remediation and Technology Innovation (OSRTI) can help project managers 
locate sites where a similar approach has been implemented.  Additionally, the project manager may find 
it useful to refer to the ARCS program’s remediation guidance document (U.S. EPA 1994d) for a 
discussion on the general elements of cost estimates for sediment sites.  This document provides examples 
of percentages for general costs and site-specific costs for both in-situ and ex-situ remedies.  Also, many 
of the local district USACE offices have extensive experience with dredging and in-water construction 
and may be an additional source of good cost information. 


3.5.2 Operation and Maintenance (O&M) Costs 


O&M costs are generally those post-construction costs necessary to ensure or verify the 
continued effectiveness of a remedial action (U.S. EPA and USACE 2000).  These costs may be annual or 
periodic (e.g., once only, or once every five years).  It is important to note that short-term O&M costs 
generally are incurred as part of the remedial action phase of a project, while long-term O&M costs or 
long-term cap maintenance generally are part of the O&M phase of a project (U.S. EPA and USACE 
2000). At Fund-lead sites, it can be very important to differentiate these two cost categories because 
CERCLA has specific requirements addressing payment for long-term O&M [CERCLA §104(c))(3)), see 
Section 3.5.4, State Cost Share].  Some examples of categories that are generally considered short-term 
O&M at sediment sites include the following: 


C Operation of sediment or water treatment facilities during the remedial action; 


C Monitoring, sampling, testing, analysis, and reporting during the remedial action (some 
may be considered capital costs, see Section 3.5.1 above); 


C Maintenance of in-situ cap or on-site disposal site during the shake-down period (e.g., 
one year); 


C Maintenance of engineering site controls during shake-down period (e.g., one year); 
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C Cost overrun contingency; and 


C Project management and support. 


Some examples of categories that are generally considered long-term O&M at sediment sites 
include the following: 


C Maintenance and monitoring of institutional controls; 


C Long-term monitoring, sampling, testing, analysis, and reporting; 


C Long-term maintenance of in-situ cap or on-site disposal unit; and 


C Long-term maintenance of engineering site controls. 


Additional issues related to long-term monitoring and maintenance of all three remedial 
approaches (MNR, capping, and dredging or excavation) are discussed in Chapter 8 of this guidance. 


3.5.3 Net Present Value 


The NCP also provides that an analysis of remedy net present value, or present worth, should be 
used [NCP §300.430(e)(9)(iii)(G)].  A net present value analysis should be used to compare expenditures 
occurring over different time periods.  This standard methodology allows for a cost comparison of 
different alternatives having capital, O&M, and monitoring costs that would be incurred in different time 
periods on the basis of a single cost figure for each alternative.  In general, the period of analysis should 
be equivalent to the project duration, resulting in a complete life cycle cost estimate for implementing the 
remedial alternative.  Past EPA guidance recommended the general use of a 30-year period of analysis for 
estimating present value costs (U.S. EPA 1988a).  Although this may be appropriate in some 
circumstances, the blanket use of a 30-year period is no longer recommended.  Site-specific justification 
should be provided for the period of analysis selected, especially when the project duration (i.e., time 
period required for design, construction, O&M, and closeout) exceeds the selected period of analysis 
(U.S. EPA and USACE 2000).


For sediment approaches that leave significant quantities of contaminated sediment in place, such 
as in-situ capping or MNR based on natural burial, the actual monitoring period is likely to be longer than 
30 years, although project managers are encouraged not to assume that monitoring in perpetuity will be 
necessary at every site.  This is discussed further in Chapter 8, Remedial Action and Long-Term 
Monitoring. 


The discount rate that should be used for this analysis is established by the Office of Management 
and Budget (OMB). Based on current Agency policy, as reflected in the NCP preamble (55 FR 8722) and 
the OSWER Directive 9355.3-20, Revisions to OMB Circular A-94 on Guidelines and Discount Rates for 
Benefit-Cost Analysis (U.S. EPA 1993b), a seven percent discount rate should be used in estimating the 
present worth value for potential alternatives. This figure could be revised in the future, and project 
managers should use the current figure contained in an update of the OMB Circular.  Project managers 
should be aware that this rate may not be the same as rates that various potentially responsible parties 
(PRPs) or federal facilities use for similar analyses.  The project manager should refer to A Guide to 
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Developing and Documenting Cost Estimates for the Feasibility Study (U.S. EPA and USACE 2000) for 
more information. 


3.5.4 State Cost Share 


At Fund-lead sites, generally the state is responsible under CERCLA for ten percent of remedial 
action costs and 100 percent of long-term O&M costs (see also 40 CFR §300.510(b) and (c)).  Other 
requirements may apply if the facility was publicly operated at the time of disposal of hazardous 
substances and for federal facilities. Where O&M costs are significantly different between alternatives, 
this may add to differences of opinion about preferred alternatives.  For the discussion to be based on the 
best available information, it is especially important that cost estimates be as accurate as possible, 
including costs of long-term O&M. 


After a joint EPA/state inspection of an implemented Fund-financed remedial action, EPA may 
share, for a period of up to one year, in the cost of the operation of the remedial action to ensure that the 
remedy is operational and functional (40 CFR §300.510(c)(2)).  For sediment sites, this may arise at sites 
involving in-situ caps and on-site disposal facilities. 


The RAOs at sediment sites typically address sediment and biota, but remedies may also include 
surface water restoration as a goal of the remedial action.  The NCP specifies the following in 40 CFR 
§300.510(c)(2): 


In the case of the restoration of ground or surface water, EPA shall share in the cost of 
the state’s operation of ground or surface water restoration remedial actions as specified 
in 40 CFR §300.435(f)(3). 


The NCP at 40 CFR §300.435(f)(3) specifies that: 


For Fund-financed remedial actions involving treatment or other measures to restore 
ground- or surface-water quality to the level that assures protection of human health and 
the environment, the operation of such treatment or other measures for a period of up to 
10 years after the remedy becomes operational and functional will be considered part of 
the remedial action.  Activities required to maintain the effectiveness of such treatment or 
other measures following the 10-year period, or after remedial action is complete, 
whichever is earlier, shall be considered O&M. 


In 40 CFR §300.435(f)(3) and (4), the NCP also addresses when a restoration activity can be considered 
administratively “complete” for purposes of federal funding and discusses several actions that are 
excluded from consideration under this provision. 


Where a sediment site includes surface water restoration as a goal, the project manager should 
consult with their Office of Regional Counsel to determine how these provisions may apply to their site. 


3.6 INSTITUTIONAL CONTROLS 


The term “institutional control” (IC) generally refers to non-engineering measures intended to 
affect human activities in such a way as to prevent or reduce exposure to hazardous substances, often by 


3-22 







Chapter 3: Feasibility Study Considerations 


limiting land or resource use.  ICs can be used at all stages of the remedial process to reduce exposure to 
contamination.  Chapter 7, Remedy Selection Considerations, offers guidance on when it may be 
appropriate to select a remedy that includes institutional controls at sediment sites and considerations 
regarding their effectiveness and enforceability.  For more detailed information on ICs in general, refer to 
OSWER Directive 9355.0-74FS-P, Institutional Controls: A Site Manager’s Guide to Identifying, 
Evaluating, and Selecting Institutional Controls at Superfund and RCRA Corrective Action Cleanups 
(U.S. EPA 2000f) and Federal Facilities Restoration and Reuse Office (FFRRO) guidance, Institutional 
Controls and Transfer of Real Property under CERCLA Section 120 (h)(3)(A), (B), or (C) (U.S. EPA 
2000g). 


As explained in the site managers guide cited above (U.S. EPA 2000f), the following are the four 
general categories of ICs: 


C Governmental controls; 


C Proprietary controls; 


C Enforcement and permit tools with IC components; and 


C Information devices. 


Usually, governmental controls (e.g., bans on harvesting fish or shellfish) are implemented and 
enforced by the state or local government.  Proprietary controls (often referred to as “deed restrictions”), 
such as easements or covenants, typically involve legal instruments placed in the chain of title of the site 
or property.  Where enforcement tools are used to implement ICs, they may include provisions of 
CERCLA Unilateral Administrative Orders (UAOs), Administrative Orders on Consent (AOCs), or 
Consent Decrees (CD). Information devices are designed to provide information or notification to the 
public. The three most common types of ICs at sediment sites include fish consumption advisories and 
commercial fishing bans, waterway use restrictions, and land use restriction/structure maintenance 
agreements.  Each of these ICs is discussed in more detail below. 


Fish Consumption Advisories and Fishing Bans 


Fish consumption advisories are informational devices that are frequently already in place and 
incorporated into sediment site remedies.  Commercial fishing bans are government controls that ban 
commercial fishing for specific species or sizes of fish or shellfish.  Usually, state departments of health 
are the governmental entities that establishes these advisories and bans.  Frequently, fish consumption 
advisories and fishing bans are in place before a site is listed on the NPL, but if not, it could be necessary 
for the state to issue or revise them in conjunction with an early or interim action, or the final remedial 
action. An advisory usually consists of informing the public that they should not consume fish from an 
area, or consume no more than a specified number of fish meals over a specific period of time from a 
particular area. Sensitive sub-populations or subsistence fishers may be subject to more stringent 
advisories. Advisories can be publicized through signs at popular fishing locations, pamphlets, or other 
educational outreach materials and programs.  Information should be provided in appropriate languages to 
meet the needs of the impacted communities.  However, project managers should be aware that 
consumption advisories are not enforceable controls and their effectiveness can be extremely variable. 
This is discussed further in Chapter 7, Remedy Selection Considerations. 
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Waterway Use Restrictions 


For any alternative where subsurface contamination remains in place (e.g., capping, MNR, or an 
in-water confined disposal site), waterway use restrictions may be necessary to ensure the integrity of the 
alternative. Examples include restricting boat traffic in an area to establish a no-wake zone, or 
prohibiting anchoring of vessels. In considering boating restrictions, it is important to determine who can 
enforce the restrictions, and under what authority and how effective such enforcement has been in the 
past. In addition, a restriction on easements for installing utilities, such as fiber optic cables, can be an 
important mechanism to help ensure the overall protectiveness of a remedy.  It may also be necessary to 
evaluate remedial alternatives that involve changing the navigation status of a waterway.  For a federally 
authorized navigation channel, deauthorization or reauthorization of the channel to a different width 
and/or depth configuration would be required and should be fully investigated before selecting the 
remedy.  The state may also have additional authority to change harbor lines or the navigation status of a 
waterway. 


Federal deauthorization can be a lengthy process that requires a formal request to the USACE, an 
opportunity for users of the waterway to comment, and, ultimately, deauthorization by Congress.  By 
comparison, for those waterways or portions of waterways the USACE has placed in “caretaker” status 
(i.e., not actively maintained), channel reauthorization to widths and depths consistent with local 
requirements (e.g., to support continued recreational use) can be completed relatively quickly.  Proposed 
channel modifications/reauthorizations are typically processed by congressional conferees and may be 
incorporated into the Water Resources Development Act (WRDA) or other equivalent legislative 
vehicles. 


In designing caps to be placed within federal navigational channels, horizontal and vertical 
offsets, developed by the USACE based on considerations of normal dredging accuracy and overdepth 
allowances, can provide a factor of safety to protect the surface of the cap from potential damage during 
potential future maintenance dredging activities. 


Land Use Restrictions and Structure Maintenance Agreements 


Where contamination remains in place, it may be necessary for the project manager to work with 
private parties, state land management agencies, or local governments to implement use restrictions on 
nearshore areas and adjacent upland properties. For example, construction of boat ramps, retaining walls, 
or marina development can expose subsurface contamination and compromise the long-term effectiveness 
of a remedy.  Where contaminated sediment exceeding cleanup levels is identified in proximity to utility 
crossings or other infrastructure and temporary or permanent relocation of utilities in support of a 
dredging remedy may not be feasible or practical, capping may be desirable even though temporary cap 
disruption may be necessary periodically. 


Ownership of aquatic lands varies by state and locality.  In many cases, nearshore areas can be 
privately owned out to the end of piers.  For private property owners, more traditional ICs, such as 
proprietary controls or enforcement tools with IC components, can be considered.  Potentially, some of 
these restrictions can be implemented through agencies who permit construction activities in the aquatic 
environment.  Several federal, state, and local laws place restrictions on and may require permits or 
substantive requirements documents to be obtained for dredging, filling, or other construction activities in 
the aquatic environment.  These include Section 404 of the Clean Water Act, Title 33 United States Code 
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(U.S.C.) Section 1344, and Sections 9 and 10 of the Rivers and Harbors Act of 1899, 33 U.S.C. 401 and 
403. It may also be possible to implement some ICs through coordination with existing permitting 
processes. Harbor Master Plans, state-designated port areas, and local authorities may also function to 
restrict certain uses. In addition, long-term maintenance of structures such as dams or breakwaters may 
be a necessary component of some sediment remedies.  Where this is the case, it is important that project 
managers clarify how this maintenance is part of the remedy and who is responsible for the remedy. 
Where maintenance decisions may change through time, contingencies may be needed for additional 
actions. 


Highlight 3-4 summarizes some important points to remember about feasibility studies at 
sediment sites. 


Highlight 3-4: Some Key Points to Remember about Feasibility Studies for Sediment 


C Generally, project managers should implement and then evaluate the effectiveness of major source 
control actions before finalizing the evaluation of alternatives for sediment 


C Generally, project managers should evaluate each of the three major approaches: MNR, in-situ capping, 
and removal through dredging or excavation, at every sediment site 


C At sites with multiple water bodies or sections of water bodies with different characteristics or uses, 
alternatives that combine a variety of remedial approaches are frequently the most promising 


C MNR, in-situ capping, and sediment removal may each be capable of achieving acceptable levels of long-
term effectiveness and permanence; site-specific site characteristics should be reviewed to ensure that 
the selected alternative will be effective at a particular site 


C Accurate cost estimates, including long-term O&M costs and, where appropriate, materials handling, 
transport, and disposal costs, are very important to a good comparison of alternatives; a Actual costs 
from pilot projects at a site and at similar, completed sediment sites are among the best cost resources 


C Institutional controls can be used at all stages of the remedial process to reduce exposure to 
contamination; project managers should consider the effectiveness and enforce ability of controls used at 
the site and evaluate their role in risk reduction 
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4.0 MONITORED NATURAL RECOVERY 


4.1 INTRODUCTION 


Monitored natural recovery (MNR) is a remedy for contaminated sediment that typically uses 
ongoing, naturally occurring processes to contain, destroy, or reduce the bioavailability or toxicity of 
contaminants in sediment.  Not all natural processes result in risk reduction; some may increase or shift 
risk to other locations or receptors. Therefore, to implement MNR successfully as a remedial option, 
project managers should identify and evaluate those processes that contribute to risk reduction.  MNR 
usually involves acquisition of information over time to confirm that these risk-reduction processes are 
occurring. Project managers should also be aware of the potential for combining natural recovery with 
engineering approaches, for example by installing flow control structures to encourage deposition or by 
the placement of a thin layer of additional clean sediment or additives to enhance sorption or chemical 
transformation.  These combined approaches are discussed further in Section 4.5, Enhanced Natural 
Recovery. 


MNR may rely on a wide range of naturally occurring processes to reduce risk to human and/or 
ecological receptors. These processes may include physical, biological, and chemical mechanisms that 
act together to reduce the risk posed by the contaminants.  Depending on the contaminants and the 
environment, this risk reduction may occur in a number of different ways.  Highlight 4-1 lists the most 
common risk reduction processes.  Natural processes that reduce toxicity through transformation or 
reduce bioavailability through increased sorption are usually preferable as a basis for remedy selection to 
mechanisms that reduce exposure through natural burial or mixing-in-place because the 
destructive/sorptive mechanisms generally have a higher degree of permanence.  However, many 
contaminants that remain in sediment are not easily transformed or destroyed.  For this reason, risk 
reduction due to natural burial through sedimentation is more common and can be an acceptable sediment 
management option.  Dispersion is the least preferable basis for remedy selection based on MNR.  While 
dispersion may reduce risk in the source area, it generally increases exposure to contaminants and may 
result in unacceptable risks to downstream areas or other receiving water bodies.  As reiterated in Chapter 
7, Remedy Selection Considerations, project managers should carefully evaluate the effects of this 
increased exposure and risk to receiving water bodies before selecting MNR where dispersion is one of 
the risk reduction mechanisms, to ensure that it is not simply transferring risk to a new area.  Project 
managers should be aware that at most sites, a variety of natural processes are occurring that may reduce 
risk. 


As used in this guidance, MNR is similar in some ways to the Monitored Natural Attenuation 
(MNA) remedy used for ground water and soils [U.S. Environmental Protection Agency (U.S. EPA 
1999d)].  The key difference between MNA for ground water and MNR for sediment is in the type of 
processes most often being relied upon to reduce risk.  Transformation of contaminants is usually the 
major attenuating process for contaminated ground water, these processes are frequently too slow for the 
persistent contaminants of concern (COCs) in sediment to provide for remediation in a reasonable time 
frame.  Therefore, isolation and mixing of contaminants through natural sedimentation is the process most 
frequently relied upon for contaminated sediment. 


4-1 







Chapter 4: Monitored Natural Recovery 


Highlight 4-1: General Hierarchy of Natural Recovery Processes for Sediment Sites 


Many different natural processes may reduce risk from contaminated sediment, including the following, listed from 
generally most to least preferable, though all potentially acceptable, as a basis for selecting MNR: 


A The contaminant is converted to a less toxic form through transformation processes, such as 
biodegradation or abiotic transformations 


B Contaminant mobility and bioavailability are reduced through sorption or other processes binding 
contaminants to the sediment matrix 


C Exposure levels are reduced by a decrease in contaminant concentration levels in the near-
surface sediment zone through burial or mixing-in-place with cleaner sediment 


D Exposure levels are reduced by a decrease in contaminant concentration levels in the near-
surface sediment zone through dispersion of particle-bound contaminants or diffusive or 
advective transport of contaminants to the water column or (see caveats in text regarding use of 
these processes for risk reduction) 


To select a MNR remedy, the project manager generally should consider the need for the 
following: 


•	 A detailed understanding of the natural processes that are affecting sediment and 
contaminants at the site; 


•	 A predictive tool (generally based either on computer modeling or extrapolation of 
empirical data) to predict future effects of those processes; 


•	 A means to control any significant ongoing contaminant sources; 


•	 An evaluation of ongoing risks during the recovery period and exposure control, where 
possible; and 


•	 The ability to monitor the natural processes and/or concentrations of contaminants in 
sediment or biota to see if recovery is occurring at the expected rate. 


Some consider that all sediment site remedies are using natural recovery to some extent because 
natural processes are ongoing whether or not an active cleanup is underway [e.g., National Research 
Council (NRC) 2001].  It is true that natural processes in most cases will continue whether or not an 
active cleanup is underway, but these processes may either reduce, transfer, or increase risk.  Natural 
processes may reduce residual risk following dredging or in-situ capping at many sites, and it can be very 
valuable to monitor further risk reduction.  However, it is also important for project managers to 
distinguish whether they are relying upon natural processes to reduce risk to an acceptable level (i.e., 
using MNR as a remedy), or simply noting the fact that natural processes are ongoing at a site and are 
expected to continue to reduce residual risks. Therefore, the key factors that normally distinguish MNR 
as a remedy are the presence of unacceptable risk, the ongoing burial or degradation/transformation, or 
dispersion of the contaminant, and the establishment of a cleanup level that MNR is expected to meet 
within a particular time frame. 
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MNR has been selected as a component of the remedy for contaminated sediment at 
approximately one dozen Superfund sites so far.  Historically, at many sites MNR has been combined 
with dredging or in-situ capping of other areas of a site.  Although natural recovery following effective 
source control has been observed (e.g., decreases in sediment contaminant levels, sediment toxicity, and 
shellfish tissue contaminant levels), long-term monitoring data on fish tissue are not yet available at most 
sites to document continued risk reduction (see e.g., Magar et al. 2003).  However, monitoring results 
documented at some sites are promising (e.g., Patmont et al. 2003, U.S. EPA 2001g, U.S. EPA 2001h, 
Swindoll et al. 2000). When hazardous substances left in place are above levels that allow for unlimited 
use and unrestricted exposure, a five-year review pursuant to Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA) §121(c) may be required (U.S. EPA 2001i). 


Although each of the three potential remedy approaches (MNR, in-situ capping, and removal) 
should be considered at every site at which they might be appropriate, MNR should receive detailed 
consideration where the site conditions listed in Highlight 4-2 are present. 


Highlight 4-2: Some Site Conditions Especially Conducive to Monitored Natural Recovery 


•	 Anticipated land uses or new structures are not incompatible with natural recovery 


•	 Natural recovery processes have a reasonable degree of certainty to continue at rates that will contain, 
destroy, or reduce the bioavailability or toxicity of contaminants within an acceptable time frame 


•	 Expected human exposure is low and/or can be reasonably controlled by institutional controls 


•	 Sediment bed is reasonably stable and likely to remain so 


•	 Sediment is resistant to resuspension (e.g., cohesive or well-armored sediment) 


•	 Contaminant concentrations in biota and in the biologically active zone of sediment are moving towards 
risk-based goals on their own 


•	 Contaminants already readily biodegrade or transform to lower toxicity forms 


•	 Contaminant concentrations are low and cover diffuse areas 


•	 Contaminants have low ability to bioaccumulate 


4.2 POTENTIAL ADVANTAGES AND LIMITATIONS 


In most cases, the two key advantages of MNR are its relatively low implementation cost and its 
non-invasive nature. While costs associated with site characterization and modeling can be extensive, the 
costs associated with implementing MNR are primarily associated with monitoring.  However, 
implementation costs may also include the cost of implementing institutional controls and public 
education to increase the effectiveness of those controls. MNR typically involves no man-made physical 
disruption to the existing biological community, which may be an important advantage for some wetlands 
or sensitive environments where the harm to the ecological community due to sediment disturbance may 
outweigh the risk reduction of an active cleanup. 
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Other advantages of MNR may include no construction or infrastructure is needed, and may, 
therefore, be much less disruptive of communities than active remedies such as dredging or in-situ 
capping. No property should be needed for materials handling, treatment, or disposal facilities, and no 
contaminated materials should be transported through communities. 


Two key limitations of MNR may include it generally leaves contaminants in place and that it can 
be slow in reducing risks in comparison to active remedies.  Any remedy that leaves untreated 
contaminants in place probably includes some risk of reexposure of the contaminants.  When MNR is 
based primarily on natural burial, there is some risk of buried contaminants being reexposed or dispersed 
if the sediment bed is significantly disturbed by unexpectedly strong natural or man-made 
(anthropogenic) forces. The potential effects of reexposure may be greater if high concentrations of 
contaminants remain in the sediment, and likewise, lower if contaminant concentrations or risks are low. 
There is also some risk of dissolved contaminants being transported to the surface water at levels that 
could cause unacceptable risk. The time frame for natural recovery may be slower than that predicted for 
dredging or in-situ capping. However, time frames for various alternatives may overlap when 
uncertainties are taken into account. In addition, realistic estimates of the longer design and 
implementation time for active remedies should be factored in to the comparison.  Like any remedy that 
takes a period of time to reach remediation goals, remedies that include MNR frequently rely upon 
institutional controls, such as fish consumption advisories, to control human exposure during the recovery 
period. These controls may have limited effectiveness and usually have no ability to reduce ecological 
exposures. 


Major areas of uncertainty frequently noted for MNR include the ability to 1) predict future 
sedimentation rates in dynamic environments and 2) predict rates of contaminant flux through stable 
sediment.  It can be especially difficult to predict rates of natural recovery where contaminant levels and 
risks are already low because small additional factors become relatively more important.  However, a 
higher level of uncertainty may be more acceptable in these situations as well. 


4.3 NATURAL RECOVERY PROCESSES 


The success of MNR as a risk reduction approach typically is dependent upon understanding the 
dynamics of the contaminated environment and the fate and mobility of the contaminant in that 
environment.  The natural processes of interest for MNR may include a variety of processes that, under 
favorable conditions, act without human intervention to reduce the mass, toxicity, mobility, or 
concentration of contaminants in the sediment bed.  These natural processes may include the following: 


•	 Physical processes: Sedimentation, advection, diffusion, dilution, dispersion, 
bioturbation, volatilization; 


•	 Biological processes: Biodegradation, biotransformation, phytoremediation, biological 
stabilization; and 


•	 Chemical processes: Oxidation/reduction, sorption, or other processes resulting in 
stabilization or reduced bioavailability. 


Highlight 4-3 illustrates some of the natural processes the project manager should consider when 
evaluating MNR. With few exceptions, these processes interact in aquatic systems, sometimes increasing 
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the risk-reduction effects of a process compared to what they might be for that process in isolation, and 
sometimes reducing those risk-reduction effects.  For example, as recognized by the U.S. Environmental 
Protection Agency’s (EPA) Science Advisory Board (SAB) Environmental Engineering Committee, 
Monitored Natural Attenuation: USEPA Research Program - An EPA Science Advisory Board Review 
(U.S. EPA 2001j), sustained burial processes remove contaminants from the bioavailable zone, but can 
also impede certain degradation processes, such as aerobic biodegradation.  Likewise, contaminant 
sorption to sediment particles may reduce both bioavailability and rates of contaminant transformation. 
In addition, in the case of mixed contaminants, the same natural process may result in very different 
environmental fates.  When dealing with mixed contaminants at a site, the project manager should not 
focus unduly on one contaminant without understanding the effects of natural processes on the other 
contaminants, including breakdown products.  Understanding the interactions between effects and 
prioritizing the significance of these effects to the MNR remedy should be part of a natural process 
analysis. 
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4.3.1 Physical Processes 


Generally, physical processes do not directly change the chemical nature of contaminants. 
Instead, physical processes may bury, mix, dilute, or transfer contaminants to another medium.  Physical 
processes of interest for MNR include sedimentation, erosion, diffusion, dilution, dispersion, bioturbation, 
advection, and volatilization (including temperature-induced desorption of semi-volatiles).  All of these 
processes may reduce contaminant concentrations in surface sediment, and thus reduce risk associated 
with the sediment.  Sedimentation normally reduces risk physically by containing contaminants in place. 
Other physical processes, such as erosion, dispersion, dilution, bioturbation, advection, and volatilization 
may reduce contaminant concentrations in sediment as a result of transferring the contaminants to another 
medium or dispersing them over a wider area (e.g., via ground water or surface water).  These processes 
may reduce, increase, or transfer the risk posed by the contaminants.  As discussed previously in Section 
4.1, project managers should carefully evaluate the potential for increased exposure and risk to receiving 
water bodies before selecting MNR where dispersion is one of the risk reduction mechanisms. 


Physical processes in sediment can operate at vastly different rates.  Some may occur faster than 
others, but may or may not have more impact on risk.  In general, processes in which contaminants are 
transported by bulk movement of particles or pore water (e.g., erosion, dispersion, bioturbation, 
advection) occur at faster rates than processes in which contaminants are transported by diffusion or 
volatilization and, therefore, are frequently, but not always, more important when evaluating MNR. 
Processes that result in particle movement are particularly important for hydrophobic or other 
contaminants that are strongly sorbed to sediment particles.  Some physical processes are continuous, and 
others seasonal or episodic. Depending on the environment, any of these types of processes (i.e., 
continuous, seasonal, or episodic) may have the most impact on natural recovery of a site.  For example, 
project managers should not assume that episodic flooding will have a positive or negative effect on risk 
over an entire site. Flooding is most likely to cause erosion in some areas, while causing significant 
deposition in others. 


Transport and deposition of cleaner sediment in a watershed may lead to natural burial of 
contaminated sediment in a quiescent environment.  Natural burial may reduce the availability of the 
contaminants to aquatic plants and animals and, therefore, may reduce toxicity and bioaccumulation.  The 
overlaying cleaner sediment also serves to reduce the flux of contaminants into the surface water by 
creating a longer pathway that the desorbed contaminants must travel to reach the water column. 
However, while bioturbation by burrowing organisms may promote mixing and dilution of contaminated 
sediment with the newly deposited cleaner sediment, for bioaccumulative contaminants it may also result 
in continued bioaccumulation into the food web until contaminant isolation occurs. 


The long-term protectiveness provided by sedimentation depends upon the physical stability of 
the new sediment bed and the rates of movement of contaminants through the new sediment.  Major 
events, such as severe floods or ice movements may scour the buried sediment, exposing contaminated 
sediment and releasing the contaminants into the water column.  Ground water that flows through the 
sediment bed also may transport dissolved contaminants into the water column.  Depending upon their 
extent, processes such as these may extend the natural recovery period or, in some cases, inhibit it 
altogether. Project managers should consider the potential influence of these processes on exposure rates 
and risk. A site-specific evaluation of both sediment and contaminant fate and transport are important to 
evaluating MNR as a remedy.  There are a variety of empirical and modeling methods to assess rates of 
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various physical processes at specific sites.  These are discussed in Chapter 2, Section 2.8, Sediment and 
Contaminant Fate and Transport, and Section 2.9, Modeling. 


4.3.2 Biological and Chemical Processes 


Like most natural processes, biological processes also depend on site-specific conditions and are 
highly variable.  During biodegradation, a chemical change is facilitated by microorganisms living in the 
sediment.  One of the important limitations to the usefulness of biodegradation as a risk-reduction 
mechanism is that the greater the molecular weight of the organic contaminants, the greater partitioning to 
sorption sites on sediment particles (Mallhot and Peters 1988) and the lower the contaminant availability 
to microorganisms.  Some degradation of high molecular weight organic compounds occurs naturally in 
soil and sediment with anaerobic and aerobic microorganisms (Brown et al. 1987, Abramowicz and Olsen 
1995, Bedard and May 1996, Shuttleworth and Cerniglia 1995, Cerniglia 1992, Seech et al. 1993). 
Degradation rates vary with depth in sediment partly due to the change from aerobic or anaerobic 
conditions. This changes frequently occur at depths of a few millimeters to a few centimeters where 
sediments have substantial organic content and conditions are quiescent, and may occur deeper in some 
circumstances.  Longer residence times of contaminants in the sediment (aging) also usually result in 
increased sequestration (Luthy et al. 1997, Dec and Bollag 1997).  These processes reduce the availability 
of the organic compounds to microorganisms and, therefore, reduce the extent and rates of biodegradation 
(Luthy et al. 1997, Tabak and Govind 1997).  However, this can also reduce the availability of the 
contaminant to receptors living in the sediment and as well as at higher trophic levels. 


Chemical processes in sediment are especially important for metals.  Many environmental 
variables govern the chemical state of metals in sediment, which in turn affects their mobility, toxicity, 
and bioavailablity making natural recovery due to chemical processes difficult to predict.  Much of the 
current understanding of the role of chemical processes in controlling risk is focused on the important 
geochemical changes resulting from changes in redox potential that can affect the bioavailability of metal 
and organic metal compounds.  Formation of relatively insoluble metal sulfides under reducing conditions 
can often effectively control the risk posed by metal contaminants if reducing conditions are maintained. 
Environmental variables include pore water pH and alkalinity, sediment grain size, oxidation-reduction 
(redox) conditions, and the amount of sulfides and organic carbon present in the sediments.  Furthermore, 
many chemical processes in sedimentary environments are also affected by the biological community. 


Biochemical Processes for Polycyclic Aromatic Hydrocarbons (PAHs) 


The class of hydrocarbons known as polycyclic aromatic hydrocarbons (PAHs) is a common 
contaminant in sediment and biota at Superfund sites.  Many organisms are capable of accumulating PAH 
contaminants in their tissue, but biomagnification does not generally occur in vertebrate species (Suedel 
et al. 1994). Fish do not generally accumulate higher tissue PAH concentrations than their prey due to 
their ability to metabolize and eliminate PAHs; however, the PAH metabolites may themselves cause 
chronic toxicity, such as reduced growth and reproduction as well as increased incidence of neoplasms in 
fish. The potential exists for bioaccumulation in some invertebrate species because of their lesser ability 
to metabolize and eliminate PAHs (Meador et al. 1995). 


PAHs may be subject to physical, chemical and biological breakdown in the environment and 
where these processes are effective, may be especially amenable to natural recovery.  The type of process 
that dominates may depend on time.  For example, following a release of PAHs into the environment, 
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physical-chemical processes such as dispersion, volatilization, and photodegredation may dominate. 
Where these processes are effective in attenuating the contaminants to less toxic levels, tolerant microbial 
species may cause further biodegradation.  There is a wide variation in rates of biodegradation and 
toxicity reduction, depending on the levels of microbial activity and the physical and chemical conditions 
of the site (Swindoll et al. 2000). PAHs biodegrade more quickly through aerobic than anaerobic 
processes, although the degradation rate usually decreases as the number of aromatic rings increases 
(Shuttleworth and Cerniglia 1995, Cerniglia 1992, Seech et al. 1993).  While biodegradation of PAHs 
may occur under anaerobic conditions, PAHs usually persist longer in anaerobic sediment compared to 
aerobic environments (U.S. EPA 1996d, Safe 1980). 


Although low PAH degradation rates are often attributed to low bioavailability (see review by 
Reid et al. 2000), evidence reported by Schwartz and Scow (2001) demonstrates that it may be the lack of 
enzyme induction amongst the PAH-degrading bacteria that is responsible for low rates below a threshold 
PAH concentration. Other researchers have reported this phenomenon for PAHs (Ghiorse et al. 1995, 
Langworthy et al. 1998) and other aromatic organics (Zaidi et al. 1988, Roch and Alexander 1997).  At 
elevated PAH concentrations in sediment, there is selective pressure for PAH-degrading bacteria, which 
can increase the capacity to attenuate PAHs naturally.  However, there is uncertainty about whether and 
how fast this degradation may reach acceptable risk levels.  Because of the variation among sites, site-
specific studies may be needed to resolve uncertainties concerning degredation rates and whether these 
rates will contribute to recovery within an acceptable time frame. 


Biochemical Processes for Polychlorinated Biphenyls (PCBs) 


Release of a PCB Aroclor (see PCB data information in Chapter 2, Section 2.1.2, Types of Data) 
into the environment may result in a change in its congener composition.  This is a result of the combined 
weathering effects and such processes as differential volatilization, solubility, sorption, anaerobic 
dechlorination, and metabolism, and results in changes in the composition of the PCB mixture in 
sediment, water, and biota over time and between trophic levels (NRC 2001). 


Highly chlorinated congeners of PCBs may gradually partially dechlorinate naturally in anaerobic 
sediment (Brown et al. 1987, Abramowicz and Olsen 1995, Bedard and May 1996).  In general, less-
chlorinated PCBs bioaccumulate less than the highly chlorinated congeners, but are more soluble and, 
therefore, more readily transported into and within the water column than highly chlorinated PCBs.  The 
less chlorinated PCBs exhibit significantly less potential human carcinogenic and dioxin-like (coplanar 
structure) toxicity (Abramowicz and Olsen 1995, Safe 1992), but may be transformed in humans into 
forms with potential for other toxicity (Bolger 1993). 


Aerobic processes may then biodegrade the less chlorinated PCB congeners (Flanagan and May 
1993, Harkness et al. 1993). The sediment concentrations of other chemicals and the total organic content 
tend to control these processes. However, little evidence exists that lower chlorinated congeners under 
the anaerobic or anoxic conditions found in most sediment are significantly transformed.  Therefore, these 
partially dechlorinated organics tend to accumulate and persist (U.S. EPA 1996d, Harkness et al. 1993). 
Although desirable, it is unclear whether biologically mediated dechlorination of PCBs would be 
effective in achieving remedial objectives in a reasonable time frame and may result in the production of 
more toxic byproducts. 
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4.4 EVALUATION OF NATURAL RECOVERY 


An evaluation of MNR as a potential remedy or remedy component should generally focus on 
considering, at a minimum, the following questions: 


•	 Is there evidence that the system is recovering? 


•	 Why is the system recovering or not recovering? 


•	 What is the pattern of recovery or non-recovery expected in the future? 


This evaluation should be supported with a variety of types of site-specific characterization data and, 
often, modeling.  The lines of evidence approach for evaluation of natural attenuation of contaminants in 
soil and ground water can provide a general framework for evaluating MNR in sediment (e.g., U.S. EPA 
1999d). Swindoll and his colleagues include a chapter on natural remediation of sediment that presents a 
useful summary discussion (Swindoll et al. 2000).  EPA’s Office of Research and Development (ORD) is 
in the process of drafting a technical resource document specifically for MNR in sediments and may also 
include suggested protocols. In addition, members of the joint industry–EPA Sediments Action Team of 
the Remedial Technologies Development Forum (RTDF) has developed a series of working papers on 
MNR that can be found at http://www.rtdf.org/public/sediment/mnrpapers.htm (Davis et al. 2003, Dekker 
et al. 2003, Erickson et al. 2003, Magar et al. 2003, Patmont et al. 2003). 


As with the evaluation of any sediment alternative, an evaluation of MNR should be generally 
based on a thorough conceptual site model that includes current and future pathways of human and 
ecological exposure to the contaminants.  This conceptual understanding should be based on site-specific 
data collected over a number of years and, for factors known to fluctuate seasonally, data collected during 
different seasons. Lines of evidence that can be used to construct a plausible case for the use of MNR 
include those listed in Highlight 4-4. It is important to note that not all lines of evidence or types of 
information are appropriate at every site, but, generally, multiple lines of evidence are needed.  Project 
managers should be aware that a substantial spacial and temporal record may be useful to establish a 
reliable trend, especially for surface sediment data, which typically vary widely. 


Highlight 4-4: Potential Lines of Evidence of Monitored Natural Recovery 


•	 Long-term decreasing trend of contaminant levels in higher trophic level biota (e.g., piscivorous fish) 


•	 Long-term decreasing trend of water column contaminant concentrations averaged over a typical low-flow 
period of high biological activity (e.g., trend of summer low flow concentrations) 


•	 Sediment core data demonstrating a decreasing trend in historical surface contaminant concentrations 
through time 


•	 Long-term decreasing trends of surface sediment contaminant concentration, sediment toxicity, or 
contaminant mass within the sediment 
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Examples of types of site-specific information that could be collected to support the lines of evidence 
listed in Highlight 4-4 include the following: 


•	 Identification and characterization of ongoing sources of contamination; 


•	 Characterization of sediment types (e.g., bed mapping) and stratigraphic structure of the 
sediment bed; 


•	 Evaluation of historical and current contaminant levels in biota and surface water; 


•	 Evaluation of geomorphology, long-term accretion, and erosion; 


•	 Evaluation of sequestration mechanisms (e.g., sorption, precipitation) and rates of 
degradation or transformation; 


•	 Determination of the depth of the surface mixed layer; 


•	 Measurement of suspended solids and contaminant transport during high-energy (e.g., 
storm) events; 


•	 Measurement of sediment erosion properties and impacts of ice on sediment transport; 


•	 Evaluation of impacts of ground water advection or movement of non-aqueous phase 
liquids (NAPL); and 


•	 Development of a tool to allow prediction of future recovery and risk reduction (e.g., 
sediment and contaminant fate and transport modeling). 


The amount of physical, biological, and chemical process information needed to assess the 
applicability of MNR adequately is site specific.  An important step in documenting the potential for 
MNR as a management alternative normally is to show observed reductions in exposure and risk can be 
reasonably expected to continue into the future.  In systems where the mechanisms causing the recovery 
are uncertain, or where the fate and transport processes driving recovery may be complex and changing 
with time, simple extrapolation of historical trends may not be appropriate.  In such cases, a well-
constructed model can be a useful tool for predicting future behavior of the system.  The use of models is 
discussed further in Chapter 2, Section 2.9 Modeling. 


Integration of the data quality objective (DQO) process with risk evaluation can help identify 
which natural processes are most critical to the evaluation of MNR at a site.  Generally, the identification 
of MNR data needs and preparation of study design can be structured similarly to the DQO process (U.S. 
EPA 2000a) that is normally integrated within the remedial investigation and feasibility study (RI/FS). 
The DQO process is discussed in greater detail in Chapter 2, Section 2.1.1. 
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4.5 ENHANCED NATURAL RECOVERY 


In some areas, natural recovery may appear to be the most appropriate remedy, yet the rate of 
sedimentation or other natural processes is insufficient to reduce risks within an acceptable time frame. 
Where this is the case, project managers may consider accelerating the recovery process by engineering 
means, for example by the addition of a thin layer of clean sediment.  This approach is sometimes referred 
to as “thin-layer placement” or “particle broadcasting.”  Thin-layer placement normally accelerates 
natural recovery by adding a layer of clean sediment over contaminated sediment.  The acceleration can 
occur through several processes, including increased dilution through bioturbation of clean sediment 
mixed with underlying contaminants.  Thin-layer placement is typically different than the isolation caps 
discussed in Chapter 5, In-situ Capping, because it is not designed to provide long-term isolation of 
contaminants from benthic organisms.  While thickness of an isolation cap can range up to several feet, 
the thickness of the material used in thin layer placement could be as little as a few inches.  The grain size 
and organic carbon content of the clean sediment to be used for thin-layer placement should be carefully 
considered in consultation with aquatic biologists.  In most cases, natural materials (as opposed to 
manufactured materials) approximating common substrates found in the area should be used.  Clean 
sediment can be placed in a uniform thin layer over the contaminated area or it can be placed in berms or 
windrows, allowing natural sediment transport processes to distribute the clean sediment to the desired 
areas. 


Project managers might also consider the addition of flow control structures to enhance 
deposition in certain areas of a site. Enhancement or inception of contaminant degradation through 
additives might also be considered to speed up natural recovery.  However, when evaluating the 
feasibility of these approaches, project managers should consult state and federal water programs 
regarding the introduction of clean sediment or additives to the water body.  For example, in some areas, 
potentially erodible clean sediment already is a major nonpoint source pollution problem, especially in 
areas near sensitive environments such as those with significant subaquatic vegetation or shellfish beds. 


4.6 ADDITIONAL CONSIDERATIONS 


MNR is likely to be effective most quickly in depositional environments after source control 
actions and active remediation of any high risk sediment have been completed.  Where external sources 
were controlled many years previously and no discernable high risk sediment areas can be identified, yet 
site risks remain unacceptable, it may be questionable whether natural processes alone will reduce risks 
satisfactorily in the future.  At these sites, it can be especially important to evaluate the effectiveness of 
previous source control actions and to evaluate potential additional active sediment source control or 
remediation methods for selected areas.  For MNR, as for other sediment remedies, effective source 
control is often critical to reaching remedial objectives in a reasonable time frame and to preventing re
contamination. 


As discussed in Chapter 7, Remedy Selection Considerations, when evaluating MNR, the short-
term effects on human health and the environment during the recovery period (i.e., the baseline risks for 
the site) should be compared to the short-term effects of other approaches such as effects of resuspension 
of contaminants due to dredging and habitat changes caused by capping.  Section 7.3, Considering 
Remedies, discusses the process of comparing short-term and long-term risks associated with various 
approaches in a net comparative risk analysis. 
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In most cases, the long-term effectiveness of MNR is dependent on the dynamic processes of 
mixing and burial over time remaining dominant over sediment resuspension or contaminant movement 
via advective flow or other mechanisms.  Assessment of sediment and contaminant fate and transport are, 
therefore, very important at most sites.  Some potential mechanisms for physical disruption of overlying 
cleaner sediment, such as keel drag or pipeline construction, may be amenable to human management 
controls. Others mechanisms for physical disruption, such as ice scour or flooding, may be only partly 
manageable or not manageable.  The importance of contaminant movement through overlying sediment to 
surficial sediment and the overlying water can depend on several factors, including the chemical 
characteristics of the contaminant, physical characteristics of the sediment, and patterns of ground water 
flow. These issues can also be of concern for in-situ capping and are discussed further in Chapter 2, 
Section 2.8, Sediment and Contaminant Fate and Transport, in Chapter 5, In-Situ Capping, and in the U.S. 
Army Corps of Engineers (USACE) Technical Note, Subaqueous Capping and Natural Recovery: 
Understanding the Hydrogeologic Setting at Contaminated Sediment Sites (Winter 2002). In general, the 
presence of processes, such as erosion or ground water flow, that cause release of contamination to the 
water column should not eliminate consideration of MNR as a remedy; instead, they should lead to 
evaluation of the consequences of those processes on exposure and risk. 


Generally, regions should consider using MNR either in conjunction with source control or active 
sediment remediation or as a follow-up measure to an active remedy.  For example, MNR may be an 
appropriate approach for some sediment sites after control of floodplain soils and NAPL seeps.  At other 
sites, MNR may be an appropriate approach to control risk from areas of wide-spread, low-level sediment 
contamination, following dredging or capping of more highly-contaminated areas.  MNR may also be an 
appropriate measure to reduce residual risk from dredging or excavation in cases where the active cleanup 
is not expected to achieve risk-based measures alone. 


When considering the use of MNR as a follow-up measure, project managers should consider the 
change in conditions caused by the active remedy.  As noted by the SAB (U.S. EPA 2001j): “If MNA [or, 
as used in this guidance, MNR] is to be considered after a remedial action (e.g., the removal of heavily 
contaminated portions or capping), the effects of the remedial action on the chemistry, biology, and 
physics of contaminated sediments should be evaluated.  The effects include: 1) potential disturbances on 
reaction conditions and aquatic life when dredging is used, and 2) changes on reaction conditions and 
mass transfer in the sediment and at the sediment/water interface when capping is used.” 


MNR should be considered when it would meet remedial objectives within a time frame that is 
reasonable compared to active remedies.  However, the Agency recognizes that MNR may take longer to 
reach cleanup levels in sediment than dredging or in-situ capping and, therefore, may take longer to reach 
all remedial action objectives, such as contaminant reductions in fish.  It is important to compare time 
frames on as accurate a basis as possible, including for example, accurate assessments of time for design 
and implementation of dredging or capping and realistic assumptions concerning dredging residuals. 
Where possible, estimates of the uncertainty in the recovery time frame associated with each alternative 
should also be made.  Factors that the project manager should consider in determining whether the time 
frame for MNR is “reasonable” include the following: 


•	 The extent and likelihood of human exposure to contaminants during the recovery period, 
and if controlled by institutional controls, the effectiveness of those controls; 
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•	 The value of ecological resources that may continue to be impacted during the recovery 
period; 


•	 The time frame in which affected portions of the site may be needed for future uses 
which will be available after MNR has achieved cleanup levels; and 


•	 The uncertainty associated with the time frame prediction. 


As with any remedy, project managers should carefully evaluate the uncertainties involved and 
consider the need for contingency measures, contingency remedies, or interim decisions where there is 
significant uncertainty about effectiveness.  For MNR, as for other approaches which take a period of 
time to reduce risk, project managers should carefully consider how risks can be controlled during the 
recovery period.  For sites with bioaccumulative contaminants, institutional controls such as fish 
consumption advisories are frequently needed to reduce human exposures during this period.  In most 
cases, no institutional controls are possible for reducing ecological exposure during the recovery period. 
See Chapter 3, Section 3.6, Institutional Controls, and Chapter 7, Section 7.5, Considering Institutional 
Controls, for more information concerning institutional controls at sediment sites.  Highlight 4-5 lists 
some important points to remember from this chapter. 


Highlight 4-5: Some Key Points to Remember When Considering Monitored Natural Recovery 


•	 Source control should be generally implemented to prevent recontamination 


•	 MNR frequently includes multiple physical, biological, and chemical mechanisms that act together to 
reduce risk 


•	 Evaluation of MNR should be usually based on site-specific data collected over a number of years.  At 
some sites, this may include an assessment of seasonal variation for some factors 


•	 Project managers should evaluate the long-term stability of the sediment bed, the mobility of 
contaminants within it, and the likely ecological and human health impacts of disruption 


•	 Multiple lines of evidence are frequently needed to evaluate MNR (e.g., time-series data, core data, 
modeling) 


•	 Thin-layer placement of clean sediment may accelerate natural recovery in some cases 


•	 Contingency measures should be included as part of an MNR remedy when there is significant 
uncertainty that the remedial action objectives will be achieved within the predicted time frame 


•	 Generally, MNR should be used either in conjunction with source control or active sediment remediation 
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5.0 IN-SITU CAPPING 


5.1 INTRODUCTION 


For purposes of this guidance, in-situ capping refers to the placement of a subaqueous covering or 
cap of clean material over contaminated sediment that remains in place.  Caps are generally constructed of 
granular material, such as clean sediment, sand, or gravel.  A more complex cap design can include 
geotextiles, liners, and other permeable or impermeable elements in multiple layers that may include 
additions of material to attenuate the flux of contaminants (e.g., organic carbon).  Depending on the 
contaminants and sediment environment, a cap is designed to reduce risk through the following primary 
functions: 


•	 Physical isolation of the contaminated sediment sufficient to reduce exposure due to 
direct contact and to reduce the ability of burrowing organisms to move contaminants to 
the surface; 


•	 Stabilization of contaminated sediment and erosion protection of sediment and cap, 
sufficient to reduce resuspension and transport to other sites; and/or 


•	 Chemical isolation of contaminated sediment sufficient to reduce exposure from 
dissolved and colloidally bound contaminants transported into the water column. 


Caps may be designed with different layers to serve these primary functions or in some cases a single 
layer may serve multiple functions. 


As of 2004, In-situ capping has been selected as a component of the remedy for contaminated 
sediment at approximately fifteen Superfund sites.  At some sites, in-situ capping has served as the 
primary approach for sediment, and at other sites it has been combined with sediment removal (i.e., 
dredging or excavation) and/or monitored natural recovery (MNR) of other sediment areas.  In-situ 
capping has been successfully used at a number of sites in the Pacific Northwest, several of which were 
constructed over a decade ago (see site list at http://www.epa.gov/superfund/resources/sediment/ 
sites.htm). When hazardous substances left in place are above levels allowing for unlimited use and 
unrestricted exposure, a five-year review pursuant to the Comprehensive Environmental Response, 
Compensation and Liability Act (CERCLA) §121(c) may be required [U.S. Environmental Protection 
Agency (U.S. EPA 2001i)]. 


Variations of in-situ capping include installation of a cap after partial removal of contaminated 
sediment and innovative caps, which incorporate treatment components.  Capping is sometimes 
considered following partial sediment removal where capping alone is not feasible due to a need to 
preserve a minimum water body depth for navigation or flood control, or where it is desirable to leave 
deeper contaminated sediment in place to preserve bank or shoreline stability following removal.  There 
are pilot studies underway to investigate the effectiveness of in-situ caps that incorporate various forms of 
treatment (see Chapter 3, Section 3.1.3, In-Situ Treatment and Other Innovative Alternatives). 
Application of thin layers of clean material may be used to enhance natural recovery through burial and 
mixing with clean sediment when natural sedimentation rates are not sufficient (see Chapter 4, Section 
4.5, Enhanced Natural Recovery).  Placement of a thin layer of clean material is also sometimes used to 
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backfill dredged areas, where it mixes with dredging residuals and further reduces risk from 
contamination that remains after dredging.  In this application, the material is not often designed to act as 
an engineered cap to isolate buried contaminants and is, therefore, not considered in-situ capping in this 
guidance. 


Much has been written about subaqueous capping of contaminated sediment.  The majority of this 
work has been performed by, or in cooperation with, the U.S. Army Corps of Engineers (USACE). 
Comprehensive technical guidance on in-situ capping of contaminated sediment can be found in the 
EPA’s Assessment and Remediation of Contaminated Sediment (ARCS) Program Guidance for In-Situ 
Subaqueous Capping of Contaminated Sediments (U.S. EPA 1998d) and the Assessment and Remediation 
of Contaminated Sediments (ARCS) Program Remediation Guidance Document (U.S. EPA 1994d), 
available through EPA’s Web site at http://www.epa.gov/glnpo/sediment/iscmain. Additional technical 
guidance is available from the USACE’s Guidance for Subaqueous Dredged Material Capping (Palermo 
et al. 1998a) 


Although each of the three potential remedy approaches (MNR, in-situ capping, and removal) 
should be considered at every site at which they might be appropriate, capping should receive detailed 
consideration where the site conditions listed in Highlight 5-1 are present. 


Highlight 5-1: Some Site Conditions Especially Conducive to In-Situ Capping 


•	 Suitable types and quantities of cap material are readily available 


•	 Anticipated infrastructure needs (e.g., piers, pilings, buried cables) are compatible with cap 


•	 Water depth is adequate to accommodate cap with anticipated uses (e.g., navigation, flood control) 


•	 Incidence of cap-disrupting human behavior, such as large boat anchoring, is low or controllable 


•	 Long-term risk reduction outweighs habitat disruption, and/or habitat improvements are provided by the 
cap 


•	 Hydrodynamic conditions (e.g., floods, ice scour) are not likely to compromise cap or can be 
accommodated in design 


•	 Rates of ground water flow in cap area are low and not likely to create unacceptable contaminant 
releases 


•	 Sediment has sufficient strength to support cap (e.g., higher density/lower water content, depending on 
placement method) 


•	 Contaminants have low rates of flux through cap 


•	 Contamination covers contiguous areas (e.g., to simplify capping) 


5.2 POTENTIAL ADVANTAGES AND LIMITATIONS 


Two advantages of in-situ capping are that it can quickly reduce exposure to contaminants and 
that, unlike dredging or excavation, it requires less infrastructure in terms of material handling, 


5-2 



http://www.epa.gov/glnpo/sediment/iscmain





Chapter 5: In-Situ Capping 


dewatering, treatment, and disposal.  A well-designed and well-placed cap should more quickly reduce 
the exposure of fish and other biota to contaminated sediment as compared to dredging, as there should be 
no or very little contaminant residual on the surface of the cap.  Also, the cap often provides a clean 
substrate for recolonization by bottom-dwelling organisms.  Changes in bottom elevation caused by a cap 
may create more desirable habitat, or specific cap design elements may enhance or improve habitat 
substrate. Another possible advantage is that the potential for contaminant resuspension and the risks 
associated with dispersion and volatilization of contaminated materials during construction are typically 
lower for in-situ capping than for dredging operations and risks associated with transport and disposal of 
contaminated sediment are avoided.  Most capping projects use conventional equipment and locally 
available materials, and may be implemented more quickly and may be less expensive than remedies 
involving removal and disposal or treatment of sediment. 


In-situ capping may be less disruptive of local communities than dredging or excavation. 
Although some local land-based facilities are often needed for materials handling, usually no dewatering, 
treatment, or disposal facilities need to be located and no contaminated materials are transported through 
communities.  Where clean dredged material is used for capping, a much smaller area of land-based 
facilities is needed. 


The major limitation of in-situ capping is the contaminated sediment remains in the aquatic 
environment where contaminants could become exposed or be dispersed if the cap is significantly 
disturbed or if contaminants move through the cap in significant amounts.  In addition, in some 
environments, it can be difficult to place a cap without significant contaminant losses from compaction 
and disruption of the underlying sediment.  If the water body is shallow, it may be necessary to develop 
institutional controls (ICs), which can be limited in terms of effectiveness and reliability, to protect the 
cap from disturbances such as boat anchoring and keel drag. 


Another potential limitation of in-situ capping may be in some situations, a preferred habitat may 
not be provided by the surficial cap materials.  To provide erosion protection, it may be necessary to use 
coarse cap materials that are different from native soft bottom materials, which may alter the biological 
community.  In some cases, it may be desirable to select capping materials that discourage colonization 
by native deep-burrowing organisms to limit bioturbation and release of underlying contaminants. 


5.3 EVALUATING SITE CONDITIONS 


A good understanding of site-specific conditions typically is critical to predicting the expected 
feasibility and effectiveness of in-situ capping.  Site conditions can affect all aspects of a capping project, 
including design, equipment and cap material selection, and monitoring and management programs. 
Some limitations in site conditions can be accommodated in the cap design.  General aspects of site 
characterization are discussed in Chapter 2, Remedial Investigation Considerations.  Some specific 
aspects of site characterization important for in-situ capping are introduced briefly in the following 
sections. 


5.3.1 Physical Environment 


Aspects of the physical environment that should be considered include water body dimensions, 
depth and slope (bathymetry) of sediment bed, and flow patterns, including tides, currents, and other 
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potential disturbances in cold climates, such as an ice scour.  Existing infrastructure such as bridges, 
utility crossings, and other marine structures are discussed in Section 5.3.3. 


The bathymetry of the site influences how far cap material will spread during placement and the 
cap’s stability.  Flat bottoms and shallow slopes should allow material to be placed more accurately, 
especially if capping material is to be placed hydraulically.  Water depth also can influence the amount of 
spread during cap placement.  Generally, the longer the descent of the cap material through the water 
column, the more water is entrained in the plume, resulting in a thinner layer of cap material over a larger 
area. 


The energy of flowing water is also an important consideration.  Capping projects are easier to 
design in low energy environments (e.g., protected harbors, slow-flowing rivers, or micro-tidal estuarine 
systems).  In open water, deeper sites are generally less influenced by wind or wave generated currents 
and less prone to erosion than shallow, near-shore environments.  However, armoring techniques or 
selection of erosion-resistant capping materials can make capping technically feasible in some high 
energy environments.  Currents within the water column can affect dispersion during cap placement and 
can influence the selection of the equipment to be used for cap placement.  Bottom currents can generate 
shear stresses that can act on the cap surface and may potentially erode the cap.  In addition to ambient 
currents due to normal riverine or tidal flows, the project manager should consider the effects of storm-
induced waves and other episodic events (e.g., floods, ice scour). 


The placement of an in-situ cap can alter existing hydrodynamic conditions.  In harbor areas or 
estuaries, the decrease in depth or change in bottom geometry can affect the near-bed current patterns, and 
thus the flow-induced bed shear stresses. In a riverine environment, the placement of a cap generally 
reduces depth and restricts flow and may alter the sediment and flood-carrying capacity of the channel. 
Modeling studies may be useful to assess these changes in site conditions where they are likely to be 
significant. Project managers are encouraged to draft decision documents that include some flexibility in 
requirements for how a cap affects carrying capacity of a water body, while still meeting applicable or 
relevant and appropriate requirements (ARARs).  For example, in some water bodies, a cap may be 
appropriate even though it decreases, but not significantly, the flood-carrying capacity.  In depositional 
areas, the effect of new sediment likely to be deposited on the cap should be considered in predicting 
future flood-carrying capacity.  Clean sediment accumulating on the cap can increase the isolation 
effectiveness of the cap over the long term and may also increase consolidation of the underlying 
sediment bed. 


5.3.2 Sediment Characteristics 


The project manager should determine the physical, chemical, and biological characteristics of 
the contaminated sediment pursuant to using the data quality objective (DQO) process during the 
remedial investigation.  The results of the characterization, in combination with the remediation goals and 
remedial action objectives (RAOs), should determine the areal extent or boundaries of the area to be 
capped. 


Shear strength, especially undrained shear strength, of contaminated sediment deposits is of 
particular importance in determining the feasibility of in-situ capping.  Most contaminated sediment is 
fine-grained, and is usually high in water content and relatively low in shear strength.  Although a cap can 
be constructed on sediment with low shear strengths, the ability of the sediment to support a cap and the 
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need to construct the cap using appropriate methods to avoid displacement of the contaminated sediment 
should be carefully considered.  The presence of other materials within the sediment bed, such as debris, 
wood chips, high sludge fractions, or other non-mineral-based sediment fractions, can also present special 
problems when interpreting grain size and other geotechnical properties of the sediment, but their 
presence can also improve sediment stability under a cap.  It could be necessary to remove large debris 
prior to placing a cap, for example, if it will extend beyond the cap surface and cause scouring.  Side-scan 
sonar can be an effective tool to identify debris. 


The chemical characteristics of the contaminated sediment are an important factor that may affect 
design or selection of a cap, especially if capping highly mobile or highly toxic sediment.  Capping may 
change the uppermost layer of contaminated sediment from an oxidizing to an anoxic condition, which 
may change the solubility of metal contaminants and the susceptibility of organic contaminants to 
microbial decomposition in this upper zone.  For example, many of the divalent metal cations (e.g., lead, 
nickel, zinc) become less soluble in anaerobic conditions, while other metal ions (e.g., arsenic) become 
more soluble.  Mercury, in the presence of pore water sulfate concentrations and organic matter, can 
become methylated through the action of anaerobic bacteria, and highly chlorinated, polychlorinated 
biphenyls (PCBs) may degrade to less chlorinated forms in an anaerobic environment.  These issues are 
also discussed in Chapter 4, Section 4.3.2, Biological and Chemical Processes. 


When contaminated sediment is capped, chemical conditions in the contaminated zone change. 
Mercury methylation is generally reduced as organic matter deposition and biological processes are 
reduced. Organic matter remaining beneath a cap may be decomposed by anaerobic microorganisms and 
release methane and hydrogen sulfide gases.  As these dissolved gases accumulate, they could percolate 
through the cap by convective or diffusive transport.  This process has the potential to solubilize some 
contaminants and carry them upward, dissolved in the gaseous bubbles.  The grain size of the capping 
material controls in part how these avenues are developed.  Finer grained caps may develop fissures 
whereas coarser grained caps such as sands allow gas to pass through.  However, a compensating factor in 
some cases is caused by the caps’ insulation ability, which can cause underlying sediment to stay cooler 
and thus reduce expected decomposition rates.  Where gas generation is expected to be significant, these 
factors should be considered during cap design. 


5.3.3 Waterway Uses and Infrastructure 


If the site under consideration is adjacent to or within a water body used for navigation, recreation 
or flood control, the effect of cap placement on those uses should be evaluated.  As described in Section 
5.3.1, the flood-carrying capacity of a water body could be reduced by a cap.  If water depths are reduced 
in a harbor or river channel, some commercial and recreational vessels may have to be restricted or 
banned. The acceptable draft of vessels allowed to navigate over a capped area depends on water level 
fluctuations (e.g., seasonal, tidal, and wave) and the potential effects of vessel groundings on the cap. 
Potential cap erosion caused by propeller wash should be evaluated.  Where circumstances dictate, an 
analysis should be conducted for activities that may affect cap integrity such as the potential for routine 
anchoring of large vessels. Anchoring by recreational vessels may or may not compromise the integrity 
of a cap, depending on its design. Such activities may indicate the need for restrictions (see Chapter 3, 
Section 3.6, Institutional Controls) or a modification of the cap design to accommodate certain activities. 
It may be necessary to restrict fishing and swimming to prevent recreational boaters from dragging 
anchors across a cap. In some situations, partial dredging prior to cap placement may minimize these 
limitations of capping. 
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Other activities in and around the water body may also impact cap integrity and maintenance 
needs and should be evaluated. These include the following: 


• Water supply intakes; 


• Storm water or effluent discharge outfalls; 


• Utilities crossings; 


• Construction of bulkheads, piers, docks, and other waterfront structures; 


• Navigational dredging adjacent to the cap area; and 


• Future development of commercial navigation channels in the vicinity of the cap. 


Utilities (e.g., storm drains) and utility crossings (e.g., water, sewer, gas, oil, telephone, cable, and 
electric lines) are commonly located in urban waterways.  It may be necessary to relocate existing utility 
crossings under portions of water bodies if their deterioration or failure might impact cap integrity.  More 
commonly however, pipes or utilities are left in place under caps, and long-term operation and 
maintenance (O&M) plans include repair of cap damage caused by the need to remove, replace, or repair 
the pipes or utilities. Future construction or maintenance of utility crossings would have to consider the 
cap, and it may be necessary to consider limiting those activities through institutional controls (ICs) if cap 
repair cannot be assured. The presence of the cap can also place constraints on future waterfront 
development if dredging would be needed as part of the development activity. 


In designing caps to be placed within federal navigation channels, horizontal and vertical 
separation distances may be developed by USACE based on considerations of normal dredging accuracy 
and depth allowances. This can provide a factor of safety to protect the cap surface from damage during 
potential future maintenance dredging. 


To date, environmental agencies have little experience with the ability to enforce use restrictions 
necessary to protect the integrity of an in-situ cap (e.g., vessel size limits, bans on anchoring, etc.), 
although experience is growing. Generally, a state or local enforcement mechanism is necessary to 
implement specific use restrictions.  Project managers should consider mechanisms for compliance 
assurance, enforcement, and the consequences of non-compliance, on use restrictions when evaluating in-
situ capping. 


5.3.4 Habitat Alterations 


In-situ capping alters the aquatic environment and, therefore, can affect aquatic organisms in a 
variety of ways.  As is discussed further in Chapter 6, Dredging and Excavation, while a project may be 
designed to minimize habitat loss or degradation, or even to enhance habitat, both sediment capping and 
sediment removal do alter the environment.  Where baseline risks are relatively low, it is important to 
determine whether the potential loss of a contaminated habitat is a greater impact than the benefit of 
providing a new, modified but less contaminated habitat.  Habitat considerations are especially important 
when evaluating materials for the uppermost layers of a cap.  Sandy sediment and stone armor layers are 
often used to cap areas with existing fine-grained sediment.  Through time, sedimentation and other 
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natural processes will change the uppermost layer of the cap.  At least initially, changes in organic carbon 
content of the capping material may change the feeding behavior of bottom-dwelling organisms in the 
capped area. Generally, the uppermost cap layers become a substrate for recolonization.  Where possible, 
caps should be designed to provide habitat for desirable organisms.  In some cases it is possible to provide 
a habitat layer over an erosion protection layer by filling the interstices of armor stones with materials 
such as crushed gravel. In some cases, natural sedimentation processes after cap placement can create 
desirable habitat characteristics. For example, placement of a rock cap in some riverine systems can 
result in a final cap surface that is similar to the previously existing surface because the rock may become 
embedded with sands/silts through natural sedimentation. 


Desirable habitat characteristics for cap surfaces vary by location.  Providing a layer of 
appropriately sized rubble that can serve as hard substrate for attached molluscs (e.g., oysters, mussels) 
can greatly enhance the ecological value at some sites.  Material suitable for colonization by foraging 
organisms, such as bottom-dwelling fish, can also be appropriate.  A mix of cobbles and boulders may be 
desirable for aquatic environments in areas with substantial flow.  In addition, the potential for attracting 
burrowing organisms incompatible with the cap design or ability to withstand additional physical 
disturbances should be considered. Habitat enhancements should not impair the function of the cap or its 
ability to withstand the shear stresses of storms, floods, propeller wash, or other disturbances.  Project 
managers should consult with local resource managers and natural resource trustee agencies to determine 
what types of modifications to the cap surface would provide suitable substrate for local organisms. 


Habitat considerations are also important when evaluating post-capping bottom elevations. 
Capping often increases bottom elevations, which in itself can alter the pre-existing habitat.  For example, 
a remediated subtidal habitat can become intertidal, or lake habitat can become a wetland (Cowardin et al. 
1979). Changes in bottom elevation may either enhance or degrade desirable habitat, depending on the 
site. 


Project managers should consult EPA staff familiar with implementing the Clean Water Act, as 
well as natural resource trustees and USACE, where Section 404 of the Clean Water Act is either 
applicable or relevant and appropriate [see Chapter 3, Section 3.3, Applicable or Relevant and 
Appropriate Requirements (ARARs) for Sediment Alternatives].  Where remedies under consideration 
degrade aquatic habitat, substantive requirements may include minimizing the permanent loss of habitat 
and mitigating it by creation or restoration of a similar habitat elsewhere.  However, it should not be 
assumed that in-situ caps result in a permanent loss of habitat; this is a site-specific decision.  In addition, 
project managers should be aware that any mitigation related to meeting the substantive requirements of 
ARARs for the site, such as the Clean Water Act, may be independent of the Natural Resource Trustees’ 
natural resource damage assessment process. 


5.4 FUNCTIONAL COMPONENTS OF A CAP 


As introduced in Section 5.1 of this chapter, caps are generally designed to fulfill three primary 
functions: physical isolation, stabilization/erosion protection, and chemical isolation.  In some cases, 
multiple layers of different materials are used to fulfill these function and in some cases, a single layer 
may serve multiple functions.  Project managers are encouraged to consider the use of performance-based 
measures for caps in remedy decisions to preserve flexibility in how the cap may be designed to fulfill 
these functions. 
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5.4.1 Physical Isolation Component 


The cap should be designed to isolate contaminated sediment from the aquatic environment order 
to reduce exposure to protective levels. The physical isolation component of the cap should also include 
a component to account for consolidation of cap materials. 


To provide long-term protection, a cap should be sufficiently thick to effectively separate 
contaminated sediment from most aquatic organisms that dwell or feed on, above, or within the cap.  This 
serves two purposes: 1) to decrease exposure of aquatic organisms to contaminants, and 2) to decrease the 
ability of burrowing organisms to move buried contaminants to the surface (i.e., bioturbation).  To design 
a cap component for this second purpose, the depth of the effective mixing zone (i.e., the depth of 
effective sediment mixing due to bioturbation and/or frequent sediment disturbance) and the population 
density of organisms within the sediment profile should be estimated and considered in selecting cap 
thickness. Especially in marine environments, the potential for colonization by deep burrowing 
organisms (e.g., certain species of mud shrimp) could lead to a decision to design a thicker cap.  Measures 
to prevent colonization or disturbance of the cap by deep burrowing bottom-dwelling organisms can be 
considered in cap design, and in developing biological monitoring requirements for the project.  Project 
managers should refer to Chapter 2, Section 2.8.3 and consult with aquatic biologists with knowledge of 
local conditions for evaluation of the bioturbation potential. In some cases, a site-specific biological 
survey of bioturbators would be appropriate.  In addition, the USACE Technical Note Subaqueous Cap 
Design: Selection of Bioturbation Profiles, Depths and Process Rates [Clarke et al. 2001, (Dredging 
Operations and Environmental Research (DOER)-C21 at http://el.erdc.usace.army.mil/dots/doer/ 
technote.html], provides information on designing in-situ caps and also provides many useful references 
on bioturbation. Although not usually a major pathway for contaminant release, project managers should 
also be aware of the potential for wetland/aquatic plants to penetrate a cap and create pathways for some 
contaminant migration. 


The project manager should consider consolidation when designing the cap.  Fine-grained 
granular capping materials can undergo consolidation due to their own weight.  The thickness of granular 
cap material should have an allowance for consolidation so that the minimum required cap thickness is 
maintained following consolidation.  An evaluation of consolidation is important in interpreting 
monitoring data to differentiate between changes in cap surface elevation or cap thickness due to 
consolidation, as opposed to erosion. 


Even if the cap material is not compressible, most contaminated sediment is compressible and 
some may be highly compressible.  Underlying contaminated sediment will almost always undergo some 
consolidation due to the added weight of the capping material or armor stone.  The degree of 
consolidation should provide an indication of the volume of pore water expelled through the 
contaminated layer and capping layer to the water column due to consolidation.  The consolidation-driven 
advection of pore water should be considered in the evaluation of short-term contaminant flux.  Also, 
consolidation may decrease the vertical permeability of the capped sediment and thus reduce long-term 
flux. Methods used to define and quantify consolidation characteristics of sediment and capping 
materials, such as standard laboratory tests and computerized models, are available (U.S. EPA 1998d, 
Palermo et al. 1998a, Liu and Znidarcic 1991). 
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5.4.2 Stabilization/Erosion Protection Component 


This functional component of the cap is intended to stabilize both the contaminated sediment and 
the cap itself to prevent either from being resuspended and transported from the capping location.  The 
potential for erosion generally depends on the magnitude of the applied bed shear stresses due to river, 
tidal, and wave-induced currents, turbulence generated by ships/vessels (due to propeller action and 
vessel draft), and sediment properties such as particle size, mineralogy and bed bulk density.  At some 
sites, there is also the potential for seismic disturbance, especially where contaminated sediment and/or 
cap material are of low shear strength.  These and other aspects of investigating sediment stability are 
discussed in Chapter 2, Section 2.8, Sediment Stability and Contaminant Fate and Transport. 
Conventional methods for analysis of sediment transport are available to evaluate erosion potential of 
caps, ranging from simple analytical methods to complex numerical models (U.S. EPA 1998d, Palermo et 
al. 1998a). Uncertainty in the estimate of erosion potential should be evaluated as well. 


The design of the erosion protection features of an in-situ cap (i.e., armor layers) should be based 
on the magnitude and probability of occurrence of relatively extreme erosive forces estimated at the 
capping site. Generally, in-situ caps should be designed to withstand forces with a probability of 0.01 per 
year, for example, the 100-year storm.  As is discussed further in Chapter 2 (Section 2.8, Sediment 
Stability and Contaminant Fate and Transport), in some circumstances, higher or lower probability events 
should also be considered. 


Another consideration for capping, especially capping of contaminated sediment with high 
organic content is whether significant gas generation due to anaerobic degradation will occur.  Gas 
generation in sediment beneath caps, especially those constructed of low permeable materials, could 
either generate significant uplift forces and threaten the physical stability of the overlying capping 
material, or carry some contaminants through the cap.  Little has been documented in this area to date, but 
the possible influence of this process on cap effectiveness presents an uncertainty the project manager 
should consider in the analysis of remedial alternatives. 


5.4.3 Chemical Isolation Component 


If a cap has a properly designed physical isolation component, contaminant migration associated 
with the movement of sediment particles should be controlled.  However, the vertical movement of 
dissolved contaminants by advection (flow of ground water or pore water) through the cap is possible, 
while some movement of contaminants by molecular diffusion (movement across a concentration 
gradient) over long periods usually is inevitable.  However, in assessing these processes, it is important to 
also assess the sorptive capacity of the cap material, which will act to retard contaminant flux through the 
cap, and the long-term fate of capped contaminants that may transform through time.  Slow releases of 
dissolved contaminants through a cap at low levels will generally not create unacceptable exposures.  If 
reduction of contaminant flux is necessary to meet remedial action objectives, however, a more involved 
analysis to include capping effectiveness testing and modeling should be conducted as a part of cap 
design. Because of the uncertainties involved in predicting future flux rates over very long time periods, 
this guidance does not advocate a particular minimum rule of thumb for the appropriate time frame for 
design with respect to chemical isolation.  In general, it is reasonable for the physical isolation component 
(i.e., physical stability) of a cap design to be based on a shorter time frame (e.g., a disruptive event with a 
more frequent recurrence interval) than the much longer time frames considered in design for chemical 
isolation (e.g., the time required for accumulation of contaminants in the cap material or that required to 
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attain the maximum chemical flux through the cap), in part because erosion of small areas of a cap is 
easier to repair. 


Nevertheless, both advective and diffusive processes should be considered in cap design.  If a 
ground water/surface water interaction study indicates that advection is not significant over the area to be 
capped (e.g., migration of ground water upward through the cap would not prevent attaining the RAOs), 
the cap design may need to address only diffusion and the physical isolation and stabilization of the 
contaminated sediment.  In this case, it may not be necessary to design for control of dissolved and/or 
colloidally facilitated transport due to advection (Ryan et al. 1995). 


In contrast, where ground water flow upward through the cap is expected to be significant, the 
hydraulic properties of the cap should also be determined and factored into the cap design.  These 
properties should include the hydraulic conductivity of the cap materials, the contaminated sediment, and 
underlying clean sediment or bedrock.  According to a USACE laboratory study, ground water flow 
velocities exceeding 10-5 cm/sec potentially result in conditions in which equilibrium partitioning 
processes important to cap effectiveness could not be maintained (Myers et al. 1991).  Such conditions 
should be carefully considered in the cap design.  High rates of ground water flow through contaminated 
sediment may cause unacceptable exposures.  In these areas, in-situ capping may not be an effective 
remedial approach without additional protective measures.  Use of amended caps (caps containing 
reactive or sorptive material to sequester organic or inorganic contaminants) is one potential measure 
undergoing pilot studies. Project managers should refer to the Remediation Technologies Development 
Forum (RTDF) Web site at http://www.rtdf.org for the latest in-situ cleanup developments.  More 
information on the interactions of ground water and in-situ caps can be found in the USACE Technical 
Note, Subaqueous Capping and Natural Recovery: Understanding the Hydrogeologic Setting at 
Contaminated Sediment Sites (Winter 2002). 


Where non-aqueous phase liquids (NAPL) are present in part of an area to be capped, the process 
for potential contamination migration should be carefully considered.  NAPL may be mobilized by 
consolidation-induced or ground water-induced advective forces.  Field sampling and bench-scale tests 
such as the Seepage Induced Consolidation Test can be designed to test these issues (e.g., Hedblom et al. 
2003). In situations where conventional cap designs are not likely to be effective, it may be possible to 
consider impervious materials (e.g., geomembranes, clay, concrete, steel, or plastic) or reactive materials 
for the cap design. Where this is done, however, care must be taken such that head increases along the 
edges of the impervious area do not lead to additional NAPL migration.  Project managers are encouraged 
to draw on the experience of others who have conducted pilot or full scale caps in the presence of NAPL. 


Laboratory tests can be used to calculate sediment- and capping material-specific diffusion and 
chemical partitioning coefficients.  Several numerical models are available to predict long-term 
movement of contaminants due to advection and diffusion processes into or through caps, including caps 
with engineered components.  The models can evaluate the effectiveness of varying thicknesses of 
granular cap materials with differing properties [grain size and total organic carbon (TOC)].  The results 
generated by such models include flux rates to overlying water and sediment and pore water 
concentrations in the entire sediment and cap profile as a function of time.  These results can be compared 
to sediment remediation goals or applicable water quality criteria in overlying surface water, or 
interpreted in terms of a mass loss of contaminants as a function of time.  Results could also be compared 
to similar calculations for other remediation technologies. 
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5.5 OTHER CAPPING CONSIDERATIONS 


In preparing a feasibility study to evaluate in-situ capping for a site, project managers should 
consider the following: 


•	 Identifying candidate capping materials physically and chemically compatible with the 
environment in which they will be placed; 


•	 Evaluating geotechnical considerations including consolidation of compressible materials 
and potential interactions and compatibility among cap components; 


•	 Assessing placement methods that will minimize short-term risk from release of 
contaminated pore water and resuspension of contaminated sediment during cap 
placement; and 


•	 Identifying performance objectives and monitoring methods for cap placement and long-
term assessment of cap integrity and biota effects. 


In addition to evaluation during the feasibility study, these aspects should be addressed in more detail 
during design. These topics are discussed briefly below.  In addition, project managers should refer to 
Chapter 8, Section 8.4.2 for a discussion of general monitoring considerations for in-situ capping, and to 
Chapter 3, Section 3.6 for a discussion of ICs that may relate to caps. 


5.5.1 	 Identification of Capping Materials 


Caps are generally composed of clean granular materials, such as upland sand-rich soils or sandy 
sediment; however, more complex cap designs could be required to meet site-specific RAOs.  The project 
manager should take into consideration the expected effects of bioturbation, consolidation, erosion, and 
other related processes on the short- and long-term exposure and risk associated with contaminants.  For 
example, if the potential for erosion of the cap is significant, the level of protection could be raised by 
increasing cap thickness or by engineering the cap to be more erosion-resistant through use of cap 
material with larger grain size, or by using an armor layer.  Porous geotextiles do not contribute to 
contaminant isolation, but serve to reduce the potential for mixing and displacement of the underlying 
sediment with the cap material.  A cap composed of naturally occurring sand is generally preferred over 
processed sand because the associated fine fraction and organic carbon content found in natural sands are 
more effective in providing chemical isolation by sequestering contaminants migrating through the cap. 
However, sand containing a significant fraction of finer material may also increase turbidity during 
placement. 


Specialized materials may be used to enhance the chemical isolation capacity or otherwise 
decrease the thickness of caps compared to sand caps.  Examples include engineered clay aggregate 
materials (e.g., AquaBlok™), and reactive/adsorptive materials such as activated carbon, apatite, coke, 
organoclay, zero-valent iron and zeolite.  Composite geotextile mats containing one or more of these 
materials (i.e., reactive core mats) are becoming available commercially. 
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Highlight 5-2 illustrates some examples of cap designs. 


Highlight 5-2: Sample Cap Designs 


Water Column 


~36" 


Contaminated Sediment 


Sand 


A. Eagle Harbor, WA 


Water Column 


Geotextile 


Geogrid 


Cobbles 


Gravel 


Contaminated Sediment 


B. Sheboygan, WI 


Water Column 


Sand 


Gravel 


Contaminated Sediment 


C. Convair Lagoon, CA 


24" Min. 


12" 


Source: Modified from U.S. EPA 1998d 
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5.5.2 Geotechnical Considerations 


Usually, contaminated sediment is predominately fine-grained, and often has high water content 
and low shear strength. These materials are generally compressible.  Unless appropriate controls are 
implemented, contaminated sediment can be easily displaced or resuspended during cap placement. 
Following placement, cap stability and settlement due to consolidation can become two additional 
geotechnical issues that may be important for cap effectiveness. 


As with any geotechnical problem of this nature, the shear strength of the underlying sediment 
will influence its resistance to localized bearing capacity or sliding failures, which could cause localized 
mixing of capping and contaminated materials.  Cap stability immediately after placement is critical, 
before any excess pore water pressure due to the weight of the cap has dissipated.  Usually, gradual 
placement of capping materials over a large area will reduce the potential for localized failures. 
Information on the behavior of soft deposits during and after placement of capping materials is limited, 
although some field monitoring data have shown successful sand capping of contaminated sediment with 
low shear strength. Conventional geotechnical design approaches should, therefore, be applied with 
caution (e.g., by building up a cap gradually over the entire area to be capped).  Similarly, caps with 
flatter transition slopes at the edges are not generally subject to a sliding failure normally predicted by 
conventional slope stability analysis. 


5.5.3 Placement Methods 


Various equipment types and placement methods have been used for capping projects.  The use of 
granular capping materials (i.e., sand, sediment, and soil), geosynthetic fabrics, and armored materials are 
all in-situ cap considerations discussed in this section.  Important considerations in selection of placement 
methods include the need for controlled, accurate placement of capping materials.  Slow, uniform 
application that allows the capping material to accumulate in layers is often necessary to avoid 
displacement of or mixing with the underlying contaminated sediment.  Uncontrolled placement of the 
capping material can also result in the resuspension of contaminated material into the water column and 
the creation of a fluid mud wave that moves outside of the intended cap area. 


Granular cap material can be handled and placed in a number of ways.  Mechanically excavated 
materials and soils from an upland site or quarry usually have relatively little free water.  Normally, these 
materials can be handled mechanically in a dry state until released into the water over the contaminated 
site. Mechanical methods (e.g., clamshells or release from a barge) rely on gravitational settling of cap 
materials in the water column, and could be limited by depth in their application.  Granular cap materials 
can also be entrained in a water slurry and carried to the contaminated site wet, where they can be 
discharged by pipe into the water column at the water surface or at depth.  These hydraulic methods offer 
the potential for a more precise placement, although the energy required for slurry transport could require 
dissipation to prevent resuspension of contaminated sediment.  Armor layer materials can be placed from 
barges or from the shoreline using conventional equipment, such as clamshells.  Placement of some cap 
components, such as geotextiles, could require special equipment.  Examples of equipment types used for 
cap placement are shown in Highlight 5-3.  The Guidance for In-Situ Subaqueous Capping of 
Contaminated Sediments (U.S. EPA 1998d) contains more detailed information about cap placement 
techniques. 
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Monitoring sediment resuspension and contaminant releases during cap placement is important. 
Cap placement can resuspend some contaminated sediment.  Contaminants can also be released to the 
water column from compaction or disruption of underlying sediment during cap placement.  Both can 
lead to increased risks during and following cap placement.  Applying cap material slowly and uniformly 
can minimize the amount of sediment disruption and resuspension.  Therefore, designs should include 
plans to minimize and monitor impacts during and after construction. 


5.5.4 	 Performance Monitoring 


Performance objectives for an in-situ cap relate to its ability to provide sufficient physical and 
chemical isolation and stabilization of contaminated sediment to reduce exposure and risk to protective 
levels. Broader RAOs for the site such as decreases in contaminant concentrations in biota or reduced 
toxicity should be monitored when applicable. The following processes should be considered when 
evaluating the performance of a cap, and in developing a cap monitoring program: 


•	 Erosion or other physical disturbance of cap; 


•	 Contaminant flux into cap material and into the surface water from underlying 
contaminated sediment (e.g., ground water advection, molecular diffusion); and 


•	 Recolonization of cap surface and resulting bioturbation. 


General considerations related to monitoring caps and an example of cap monitoring elements are 
presented in Chapter 8, Remedial Action and Long-Term Monitoring. 


Performance monitoring of a cap should be related to the design standards and remedial action 
objectives related to the site. Generally, physical monitoring is initially conducted on a more frequent 
schedule than chemical or biological monitoring because it is less expensive to perform.  Some processes 
(i.e., contaminant flux) are not generally assessed directly because they are very difficult to measure, but 
are assessed by measuring contaminant concentrations in bulk samples from the cap surface, in shallow 
cores into the surface layer of a cap, and by bathymetric surveys and various photographic techniques.  It 
is often desirable to establish several permanent locational benchmarks so that repeated surveys can be 
accurately compared.  In some cases, contaminant flux and the resulting contaminant concentration in 
surface sediment, cap pore water, or overlying surface water can be compared to site-specific sediment 
cleanup levels or water quality standards (e.g., federal water quality criteria or state promulgated 
standards). In addition, the concentration of contaminants accumulating in the cap material as a function 
of time can be compared to site-specific target cleanup levels during long-term cap performance 
monitoring.  Both analytical and numerical models exist to predict cap performance and have been 
compared and validated with laboratory tests and field results (e.g., Ruiz et al. 2000).  However, project 
managers should be aware that representative chemical monitoring of caps is difficult, in part because of 
the need to distinguish between vertical migration into the cap and the mixing that occurs at the 
cap/sediment interface during placement.  In some cases, physical measurement of cap integrity and water 
column chemical measurement may be sufficient for routine monitoring. 
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Highlight 5-3: Sample Capping Equipment and Placement Techniques 


Source: U.S. EPA 1998d 
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Highlight 5-4 presents some general points to remember from this chapter. 


Highlight 5-4: Some Key Points to Remember When Considering In-Situ Capping 


•	 Source control generally should be implemented to prevent recontamination 


•	 In-situ caps generally reduce risk through three primary functions: physical isolation, stabilization, and 
reduction of contaminant transport 


•	 Caps may be most suitable where water depth is adequate, slopes are moderate, ground water flow 
gradients are low or contaminants are not mobile, substrates are capable of supporting a cap, and an 
adequate source of cap material is available 


•	 Evaluation of capping alternatives and design of caps should consider buried infrastructure, such as 
water, sewer, electric and phone lines, and fuel pipelines 


•	 Alteration of substrate and depth from capping should be evaluated for effects on aquatic biota 


•	 Evaluation of a capping project in natural riverine environments, should include consideration of a fluvial 
system’s inherent dynamics, especially the effects of channel migration, flow variability including extreme 
events, and ice scour 


•	 Evaluation of capping alternatives should include consideration of cap disruption from human and natural 
sources, including at a minimum, the 100-year flood and other events such as seismic disturbances with 
a similar probability of occurrence 


•	 Selection of cap placement methods should minimize the resuspension of contaminated sediment and 
releases of dissolved contaminants from compacted sediment 


•	 Use of experienced contractors skilled in marine construction techniques is very important to placement 
of an effective cap 


•	 Monitor in-situ caps during and after placement to evaluate long-term integrity of the cap, recolonization 
by biota, and evidence of recontamination 


•	 Maintenance of in-situ caps is expected periodically 
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6.0 DREDGING AND EXCAVATION 


6.1 INTRODUCTION 


Dredging and excavation are the two most common means of removing contaminated sediment 
from a water body, either while it is submerged (dredging) or after water has been diverted or drained 
(excavation). Both methods typically necessitate transporting the sediment to a location for treatment 
and/or disposal. They also frequently include treatment of water from dewatered sediment prior to 
discharge to an appropriate receiving water body.  Sediment is dredged by the U.S. Army Corps of 
Engineers (USACE) on a routine basis at numerous locations for the maintenance of navigation channels. 
The objective of navigational dredging is to remove sediment as efficiently and economically as possible 
to maintain waterways for recreational, national defense, and commercial purposes.  Use of the term 
“environmental dredging” has evolved in recent years to characterize dredging performed specifically for 
the removal of contaminated sediment.  Environmental dredging is intended to remove sediment 
contaminated above certain action levels while minimizing the spread of contaminants to the surrounding 
environment during dredging [National Research Council (NRC 1997)]. 


Some of the key components to be evaluated when considering dredging or excavation as a 
cleanup method include sediment removal, transport, staging, treatment (pretreatment, treatment of water 
and sediment, if necessary), and disposal (liquids and solids). Highlight 6-1 provides an sample flow 
diagram of the possible steps in a dredging or excavation alternative.  The simplest dredging or 
excavation projects may consist of as few as three of the components shown in Highlight 6-1.  More 
complex projects may include most or all of these components.  Efficient coordination of each component 
typically is very important for a cost-effective cleanup.  Project managers should recognize, in general, 
fewer sediment rehandling steps leads to lower implementation risks and lower cost. 
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Highlight 6-1: Sample Flow Diagram for Dredging/Excavation 
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Sediment removal by dredging or excavation has been the most frequent cleanup method used by 
the Superfund program at sediment sites.  Dredging or excavation has been selected as a cleanup method 
for contaminated sediment at more than 100 Superfund sites (some as an initial removal action).  At 
approximately fifteen to twenty percent of these sites, an in-situ cleanup method [i.e., capping or 
monitored natural recovery (MNR)] was also selected for sediment at part of the site.  When dredging is 
the selected remedy and hazardous substances left in place are above levels that allow for unlimited use 
and unrestricted exposure, a five-year review pursuant to the Comprehensive Environmental Response, 
Compensation and Liability Act (CERCLA) §121(c) may be required (U.S. EPA 2001i). 


Project managers should also refer to the U.S. Environmental Protection Agency’s (EPA’s) 
Assessment and Remediation of Contaminated Sediments (ARCS) Program Remediation Guidance 
Document (U.S. EPA 1994d), and Handbook: Remediation of Contaminated Sediments (U.S. EPA 
1991c), the NRC’s Contaminated Sediments in Ports and Waterways: Cleanup Strategies and 
Technologies (NRC 1997), and Operational Characteristics and Equipment Selection Factors for 
Environmental Dredging (Palermo et al. 2004) for detailed discussions of the processes and technologies 
available for dredging and excavation. 


Although each of the three potential remedy approaches (MNR, in-situ capping, and removal) 
should be considered at every site at which they might be appropriate, sediment removal by dredging or 
excavation should receive detailed consideration where the site conditions listed in Highlight 6-2 are 
present. 


Highlight 6-2: Some Site Conditions Especially Conducive to Dredging or Excavation 


•	 Suitable disposal site(s) is available and nearby 


•	 Suitable area is available for staging and handling of dredged material 


•	 Existing shoreline areas and infrastructure can accommodate dredging or excavation needs; 
maneuverability and access not unduly impeded by piers, buried cables, or other structures 


•	 Navigational dredging is scheduled or planned 


•	 Water depth is adequate to accommodate dredge but not so great as to be infeasible; or excavation in the 
dry is feasible 


•	 Long-term risk reduction of sediment removal outweighs sediment disturbance and habitat disruption 


•	 Water diversion is practical, or current velocity is low or can be minimized, to reduce resuspension and 
downstream transport during dredging 


•	 Contaminated sediment overlies clean or much cleaner sediment (so that over-dredging is feasible) 


•	 Sediment contains low incidence of debris (e.g., logs, boulders, scrap material) or is amenable to 
effective debris removal prior to dredging or excavation 


•	 High contaminant concentrations cover discrete areas of sediment 


•	 Contaminants are highly correlated with sediment grain size (to facilitate separation and minimize 
disposal costs) 
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6.2 POTENTIAL ADVANTAGES AND LIMITATIONS 


One of the advantages of removing contaminated sediment from the aquatic environment often is 
that, if it achieves cleanup levels for the site, it may result in the least uncertainty about long-term 
effectiveness of the cleanup, particularly regarding future environmental exposure to contaminated 
sediment.  Removal of contaminated sediment can minimize the uncertainty associated with predictions 
of sediment bed or in-situ cap stability and the potential for future exposure and transport of 
contaminants. 


Another potential advantage of removing contaminated sediment is the flexibility it may leave 
regarding future use of the water body.  In-situ cleanup methods such as MNR and capping frequently 
include institutional controls (ICs) that limit water body uses.  Although remedies at sites with 
bioaccumulative contaminants usually require the development or continuation of fish consumption 
advisories for a period of time after removal, other types of ICs that would be needed to protect a cap or 
layer of natural sedimentation might not be necessary if contaminated sediment is removed. 


Another advantage, especially where dredging residuals are low, concerns the time to achieve 
remedial action objectives (RAOs).  Active cleanup methods such as sediment removal and, particularly, 
capping may reduce risk more quickly and achieve RAOs faster than would be achieved by natural 
recovery.  (However, in comparing time frames between approaches, it is important to include accurate 
estimates of the time for design and implementation of active approaches.)  Also, sediment removal is the 
only cleanup method that can allow for treatment and/or beneficial reuse of dredged or excavated 
material.  (However, caps that incorporate treatment measures, sometimes called “active” caps, are under 
development by researchers.  See Chapter 3, Section 3.1.3, In-Situ Treatment and Other Innovative 
Alternatives.) 


There are also some potential sediment removal limitations that can be significant. 
Implementation of dredging or excavation is usually more complex and costly than MNR or in-situ 
capping because of the removal technologies themselves (especially in the case of dredging) and the need 
for transport, staging, treatment (where applicable), and disposal of the dredged sediment.  Treatment 
technologies for contaminated sediment frequently offer implementation challenges because of limited 
full-scale experience and high cost. In some parts of the country, disposal capacity may be limited in 
existing municipal or hazardous waste landfills, and it may be difficult to locate new local disposal 
facilities. Dredging or excavation may also be more complex and costly than other approaches due to 
accommodation of equipment maneuverability and portability/site access.  Operations and effectiveness 
may be affected by utilities and other infrastructures, surface and submerged structures (e.g., piers, 
bridges, docks, bulkheads, or pilings), overhead restrictions, and narrow channel widths. 


Another possible limitation of sediment removal is the level of uncertainty associated with 
estimating the extent of residual contamination following removal that can be high at some sites.  For 
purposes of this guidance, residual contamination is contamination remaining in the sediment after 
dredging within or adjacent to the dredged area. The mass and contaminant concentration of residuals is 
generally a result of many factors including dredge equipment, dredge operator experience, proper 
implementation of best management practices, sediment characteristics, and site conditions. 


Residual contamination is likely to be greater in the presence of cobbles, boulders, or buried debris, in 
high energy environments, at greater water depths, and where more highly contaminated sediment lies 
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near the bottom of the dredge thickness or directly overlies bedrock or a hard bottom.  Residuals may also 
be greater in very shallow waters and when dredging sediment with high water contents.  These 
complicating factors can make the sediment removal process difficult and costly.  The continued 
bioaccumulation of residual contaminants can also affect the achievement of risk-based remediation 
goals. Dredging residuals have been underestimated at some sites, even when obvious complicating 
factors are not present. For some sites, this has resulted in not meeting selected cleanup levels without 
also backfilling with clean material. 


Another potential limitation of dredging effectiveness includes contaminant losses through 
resuspension and, generally to a lesser extent, through volatilization.  Resuspension of sediment from 
dredging normally results in releases of both dissolved and particle-associated contaminants to the water 
column.  Resuspended particulate material may be redeposited at the dredging site or, if not controlled, 
transported to downstream locations in the water body.  Some resuspended contaminants may also 
dissolve into the water column where they are more available for uptake by biota.  While aqueous 
resuspension generally is much less of a concern during excavation, there may be increased concern with 
releases to air. Losses en route to and/or at the disposal or treatment site may include effluent or runoff 
discharges to surface water, leachate discharges to ground water, or volatile emissions to air.  Each 
component of a sediment removal alternative typically necessitates additional handling of the material 
and presents a possibility of contaminant loss, as well as other potential risks to workers and 
communities. 


Finally, similar to in-situ capping, dredging or excavation includes at least a temporary 
destruction of the aquatic community and habitat within the remediation area. 


Where it is feasible, excavation often has advantages over dredging for the following reasons: 


•	 Excavation equipment operators and oversight personnel can much more easily see the 
removal operation.  Although in some cases diver-assisted hydraulic dredging or video-
monitored dredging can be used, turbidity, safety and other technological constraints 
typically result in dredging being performed without visual assistance; 


•	 Removal of contaminated sediment is usually more complete (i.e., residual contamination 
tends to be lower when sediment is removed after the area is dewatered); 


•	 Far fewer waterborne contaminants are released when the excavation area has been 
dewatered; and 


•	 Bottom conditions (e.g., debris) and sediment characteristics (e.g., grain size and specific 
gravity) typically require much less consideration. 


However, site preparation for excavation can be more lengthy and costly than for a dredging 
project due to the need for dewatering or water diversion.  For example, coffer dams, sheet pile walls, or 
other diversions/exclusion structures would need to be fabricated and installed.  Maneuvering around 
diversion/exclusion structures may be required because earth moving equipment cannot access the 
excavation area or double handling may be required to move material outside of the area.  In addition, 
excavation is generally limited to relatively shallow areas. 
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6.3 SITE CONDITIONS 


6.3.1 	 Physical Environment 


Several aspects of the physical environment may make sediment removal more or less difficult to 
implement.  In the remedial investigation, the following types of information should be collected, as they 
can affect the type of equipment selected and potentially the feasibility of sediment removal: 


•	 Bathymetry, slope of the sediment surface and water depth; 


•	 Currents and tides; 


•	 Bottom conditions, especially the presence of debris and large rocks both on top of and 
within the sediment bed; 


•	 Depth to and (un)evenness of bedrock or hard bottom (e.g., stiff glacial till); 


•	 Sediment particle size distribution, degree of consolidation, and shear strength; 


•	 Thickness and vertical delineation of contaminated sediment; 


•	 Distance between dredging and disposal locations; 


•	 The presence and maintenance condition of structures such as piers, pilings, cables, or 
pipes; and 


•	 Land access to water body. 


Additionally, sediment removal may change the hydrodynamics and slope stability of the 
remediation area.  These changes should be evaluated to ensure that the removal activity does not cause 
significant bank or structural instability, shoreline facility damages, or other unacceptable adverse effects 
in or near the removal operation. 


Data on both the horizontal and vertical characterization of the physical and chemical sediment 
characteristics are generally needed during the remedial investigation to evaluate the feasibility, cost, and 
potential effectiveness of dredging or excavation. The results of this characterization should help 
determine the area, depth, and volume to be removed, and the volume of sediment requiring treatment 
and/or disposal. Some aspects of sediment characterization are discussed in Chapter 2, Section 2.1, Site 
Characterization. 


The project manager should refer to Evaluation of Dredged Material Proposed for Disposal at 
Island, Nearshore or Upland Confined Disposal Facilities - Testing Manual (USACE 2003) and 
Evaluation of Dredged Material Proposed for Discharge in Waters of the U.S. - Inland Testing Manual 
(U.S. EPA and USACE 1998) for further information.  In addition, several guidance documents on 
estimating contaminant losses from dredging and disposal have been developed by the EPA and USACE. 
For example, the project manager should refer to Estimating Contaminant Losses from Components of 
Remediation Alternatives for Contaminated Sediments (U.S. EPA 1996e). 
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6.3.2 Waterway Uses and Infrastructures 


Any evaluation of the feasibility of a dredging or excavation remedy should consider impacts to 
existing and reasonably anticipated future uses of a waterway.  Waterway uses that may need to be 
considered when evaluating a sediment removal alternative include the following: 


• Navigation (e.g., commercial, military, recreational); 


• Residential/commercial/military moorage and anchorage; 


• Flood control; 


• Recreation; 


• Fishing (e.g., subsistence, commercial, recreational); 


• Water supply, such as presence of intakes; 


• Storm water or effluent discharge outfalls; 


• Use by fish and wildlife, especially sensitive or important aquatic habitats; 


• Waterfront development; 


• Utility crossings; and 


• Existing dredge disposal sites. 


Evaluation of the feasibility of a sediment removal remedy should include an analysis of whether 
impacts to these potential uses may be avoided or minimized both during construction and in the long 
term. 


6.3.3 Habitat Alteration 


The project manager should consider the impact of habitat loss or alteration in evaluating a 
dredging or excavation alternative. As is also discussed in Chapter 5, In-Situ Capping, while a project 
may be designed to minimize habitat loss, or even enhance habitat, sediment removal and disposal do 
alter the environment.  It is important to determine whether the loss of a contaminated habitat is a greater 
impact than the benefit of providing a new, modified but less contaminated habitat.  For example, a 
sediment removal alternative may or may not be appropriate where extensive damage to an existing 
forested wetland will occur. If the contaminated sediment in the wetland is bioavailable and may be 
impacting wildlife populations, the short-term disruption of the habitat may be warranted to limit ongoing 
long-term impacts to wildlife.  Comparatively, if the wetland is functioning properly and is not acting as a 
contaminant source to the biota and the surrounding area, it may be appropriate to leave the wetland intact 
rather than remove the contaminated sediment.  Deliberations to alter wetland and aquatic habitats should 
be considered in the remedial decision process.  Appropriate coordination with natural resource agencies 
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will typically assist the project manager in determining the extent of impacts that a dredging project may 
have on aquatic organisms or their habitat, and how to minimize these impacts. 


Another consideration is avoidance of short-term ecological impacts during dredging.  This may 
involve timing the project to avoid water quality impacts during migration and breeding periods of 
sensitive species or designing the dredging project to minimize suspended sediment during dredging and 
disposal. 


6.4 EXCAVATION TECHNOLOGIES 


Excavation of contaminated sediment generally involves isolating the contaminated sediment 
from the overlying water body by pumping or diverting water from the area, and managing any 
continuing inflow followed by sediment excavation using conventional dry land equipment.  However, 
excavation may be possible without water diversion in some areas such as wetlands during dry seasons or 
while the sediment and water are frozen during the winter.  Typically, excavation is performed in streams, 
shallow rivers and ponds, or near shore areas. 


Prior to pumping out the water, the area can be isolated using one or more of the following 
technologies: 


• Sheet piling; 


• Earthen dams; 


• Cofferdams; 


• Geotubes, inflatable dams; 


• Rerouting the water body using temporary dams or pipes; or 


• Permanent relocation of the water body. 


Sediment isolation using sheet piling commonly involves driving interlocking metal plates (i.e., 
sheet piles) into the subsurface, and thereby either blocking off designated areas or splitting a stream 
down the center. Highlight 6-3 shows an example of where this technology has been used.  If a stream is 
split down its center, then one side of the stream may be excavated in the dry, after pumping out the 
trapped water. When the excavation of the first side of the stream is completed, water may be diverted 
back to the excavated side and sediment on the other side may be excavated.  Sheet piling may not be 
feasible where bedrock or hard strata are present at or near the bottom surface.  Where sheet piling is used 
to isolate a dredging or excavation action, project managers should consider potential hydraulic impacts 
of the diverted flow. Such diversion in most cases will increase natural flow velocity, which may scour 
sediment outside the diversion wall.  If the sediment is also contaminated, as is likely to be the case, the 
increased dispersion of the sediment should be considered in design choices.  Temporarily rerouting a 
water body with dams is sometimes done for small streams or ponds (Highlight 6-4).  This includes the 
use of temporary dams to divert the water flow allowing excavation of now “dry” contaminated sediment. 
The ability and cost to provide hydraulic isolation of the contaminated area during remediation is a major 
factor in selecting the appropriate removal technology. 
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Once isolated, standing water within the excavation area will need to be removed.  Although 
surface water flows are eliminated, ground water may infiltrate the confined area.  The ground water can 
be collected in sumps or dewatering wells.  After collection, the ground water should be characterized, 
managed, treated (if necessary), and discharged to an appropriate receiving water body.  Management of 
water within the confined area is another important logistical and cost factor that can influence the 
decision of wet versus dry removal techniques. 


Highlight 6-3: Example of Excavation Following Isolation Using Sheet Piling 


Source: Pine River/Velsicol, EPA Region 5 


Isolation and dewatering of the area is normally followed by excavation using conventional 
earthmoving equipment such as a backhoe or dragline.  Where sediment is soft, support of the excavation 
equipment in the dewatered area can be problematic because underlying materials may not have the 
strength to support equipment weight.  This also may reduce excavation depth precision.  Both factors 
should be accounted for in design. When the excavation activities are complete, temporary dam(s) or 
sheet piling(s) are removed, and the water body is restored to its original hydraulic condition. 


Another less common type of excavation project involves permanent relocation of a water body 
(also shown in Highlight 6-4). This, for example, was accomplished at the Triana/Tennessee River 
Superfund Site in Alabama and is being implemented at the Moss-American Superfund site in Wisconsin. 
The initial phases of such a project may be similar to excavation projects that temporarily reroute a water 
body.  However, in a permanent stream relocation project, a replacement stream normally is constructed 
and then the original water body is excavated or capped and converted into an upland area.  To the extent 
the original water body is covered over, direct exposure to residual contamination is generally eliminated. 
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Highlight 6-4: Examples of Permanent or Temporary Rerouting of a Water Body 


A: Permanent River Relocation – Triana/Tennessee River Site 


The Triana/Tennessee River site consists of an 11-mile stretch of two tributaries, the Huntsville Spring Branch 
(HSB) and Indian Creek, which both empty into the Tennessee River.  Remedial actions involved rerouting of the 
channel in Huntsville Spring Branch (HSB mile 5.4 to 4.0), the filling and burial in place of the total DDT (dichloro 
diphenyl trichloroethane and its metabolites) in the old channel, the construction of diversion structures at the 
upper and lower end of the stream to prevent stream reversion to the former stream channel, and the diversion of 
storm water runoff to prevent flow across the filled channel. Remedial actions for HSB mile 4.0 to 2.4 consisted of 
constructing four diversion structures; excavating a new channel between HSB mile 3.4 and 2.4; filling three areas; 
constructing a diversion ditch around the fill areas; and excavating portions of the sediment from the channel. 


These remedial actions effectively isolated in place 93% of the total DDT in the Huntsville Spring Branch-Indian 
Creek system of the Tennessee River.  These remedial actions began on April 1, 1986, and were completed on 
October 16, 1987. Through March 1, 2001, the remedial actions have been inspected yearly by a federal and 
state Review Panel.  The remedial action has not required any repair of the structures to maintain their integrity, 
and monitoring has shown that total DDT concentrations in fish and water continue to decline. 


B: Temporary ReRouting of a River – Bryant Mill Pond Project at the Allied Paper, Inc./Portage 
Creek/Kalamazoo River Site 


In EPA Region 5, an EPA-conducted 
removal and onsite containment 
action removed polychlorinated 
biphenyls (PCBs)-contaminated 
sediment from the Bryant Mill Pond 
area of Portage Creek. During the 
removal action, that was conducted 
from June 1998 - May 1999, Portage 
Creek was temporarily diverted from 
its normal streambed so that 150,000 
yds3 of the creek bed and floodplain 
soils could be excavated using 
conventional excavation equipment. 
PCB concentrations remaining after 
the removal action were below 1 ppm. 


Source: U.S. EPA Region 5 


Excavation may also include excavation of sediment in areas that experience occasional dry 
conditions, such as intermittent streams and wetlands.  These types of projects generally are logistically 
similar to upland construction projects and frequently use conventional earthmoving equipment. 


6.5 DREDGING TECHNOLOGIES 


For purposes of this guidance the term “dredging” means the removal of sediment from an 
underwater environment, typically using floating excavators called dredges.  Dredging involves 
mechanically grabbing, raking, cutting, or hydraulically scouring the bottom of a waterway to dislodge 
the sediment.  Once dislodged, the sediment may be removed from a waterway either mechanically with 
buckets or hydraulically by pumping.  Therefore, dredges may be categorized as either mechanical or 
hydraulic depending on the basic means of removing the dredged material.  Some dredges employ 
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pneumatic (compressed air) systems to pump the sediment out of the waterway (U.S. EPA 1994d); 
however, these have not gained general acceptance on environmental dredging projects. 


6.5.1 	 Mechanical Dredging 


The fundamental difference between mechanical and hydraulic dredging equipment is how the 
sediment is removed.  Mechanical dredges offer the advantage of removing the sediment at nearly the 
same solids content and, therefore, volume as the in-situ material.  Little additional water is entrained 
with the sediment as it is removed.  Thus, the volumes of contaminated material and process water to be 
disposed, managed, and/or treated are minimized.  However, the water that is present in the bucket above 
the sediment must either be collected, managed, and treated, or be permitted to leak out, which generally 
leads to higher contaminant losses during dredging. 


The mechanical dredges most commonly used in the U.S. for environmental dredging are the 
following (Palermo et al. 2004): 


•	 Clamshell: Wire supported, conventional open clam bucket, circular shaped cutting 
action; 


•	 Enclosed bucket: Wire supported, near watertight or sealed bucket as compared to 
conventional open clam bucket (recent designs also incorporate a level cut capability as 
compared to a circular-shaped cut for conventional buckets, for example, the Cable Arm 
and Boskalis Horizontal Closing Environmental Grab); and 


•	 Articulated mechanical: Backhoe designs, clam-type enclosed buckets, hydraulic closing 
mechanisms, all supported by articulated fixed-arm (e.g., Ham Visor Grab, Bean 
Horizontal Profiling Grab (HPG), Toa High Density Transport, and the Dry Dredge). 


The mechanical dredge types listed above reflect equipment used for environmental dredging and 
generally are readily available in the U.S.  The enclosed bucket dredges were designed to address a 
number of issues often raised relative to remedial dredging including contaminant removal efficiency and 
minimizing sediment resuspension.  However, newly redesigned dredging equipment may not be cost-
effective or preferred at every site.  For example, in some environments, an enclosed bucket may be most 
useful for soft sediment but may not close efficiently on debris.  A conventional clamshell dredge may 
have greater leverage and be able to close on or cut debris in some cases; however, material mounded 
over the top may be resuspended.  An articulated mechanical dredge may have advantage in stiffer 
sediment since the fixed-arm arrangement can push the bucket into the sediment to the desired cut-level, 
and not rely on the weight of the bucket for penetration.  Highlight 6-5 shows two examples of 
mechanical dredges. 


6.5.2 	 Hydraulic Dredging 


Hydraulic dredges remove and transport sediment in the form of a slurry through the inclusion or 
addition of high volumes of water at some point in the removal process (Zappi and Hayes 1991).  The 
total volume of material processed may be greatly increased and the solids content of the slurry may be 
considerably less than that of the in-situ sediment although solids content varies between dredges (U.S. 
EPA 1994d). The excess water is usually discharged as effluent at the treatment or disposal site and often 
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Highlight 6-5: Examples of Mechanical Dredges 


Note: A = Cable Arm Corp. dredge (Source: Cable Arm, Corp.) 
B = Bean Company Horizontal Profiling Grab (HPG) dredge, New Bedford Harbor Site (Source: Barbara Bergen, U.S. EPA) 


needs treatment prior to discharge.  Hydraulic dredges may be equipped with rotating blades, augers, or 
high-pressure water jets to loosen the sediment (U.S. EPA 1995b).  The hydraulic dredges most 
commonly used in the U.S. for environmental dredging are the following (Palermo et al. 2004): 


•	 Cutterhead: Conventional hydraulic pipeline dredge, with conventional cutterhead; 


•	 Horizontal auger: Hydraulic pipeline dredge with horizontal auger dredgehead (e.g., 
Mudcat); 


•	 Plain suction: Hydraulic pipeline dredge using dredgehead design with no cutting action, 
plain suction (e.g., cutterhead dredge with no cutter basket mounted, Matchbox 
dredgehead, articulated Slope Cleaner, Scoop-Dredge BRABO, etc.); 
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•	 Pneumatic: Air operated submersible pump, pipeline transport, either wire supported or 
fixed-arm supported (e.g., Japanese Oozer, Italian Pneuma, Dutch “d,” Japanese 
Refresher, etc.); 


•	 Specialty dredgeheads: Other hydraulic pipeline dredges with specialty dredgeheads or 
pumping systems (e.g., Boskalis Environmental Disc Cutter, Slope Cleaner, Clean 
Sweep, Water Refresher, Clean Up, Swan 21 Systems, etc.); and 


•	 Diver assisted: Hand-held hydraulic suction with pipeline transport. 


Some of the hydraulic dredges included above have been specifically developed to reduce 
resuspension during the removal process.  As with modified mechanical dredges, project managers should 
be aware that there may be tradeoffs in terms of production rate and ability to handle debris with many of 
these modifications.  Highlight 6-6 presents examples of hydraulic dredges. 


6.5.3 	 Dredge Equipment Selection 


The selection of appropriate dredging equipment is generally essential for an effective 
environmental dredging operation.  The operational characteristics of the three types of mechanical and 
six types of hydraulic dredges presented in the guidance sections above are listed in Highlights 6-7a and 
6-7b. This information was reviewed by an expert panel and attendees at a special session on 
environment dredging at the Meeting of the Western Dredging Association (WEDA XXI) and the 33rd 


Annual Texas A&M Dredging Seminar in Houston, Texas.  The operational characteristics and identified 
selection factors presented in Highlights 6-7a and 6-7b have been drawn from information compiled for 
this guidance as well as earlier published reviews of dredge characteristics.  Quantitative operational 
characteristics (both capabilities and limitations) are summarized for conditions likely to be encountered 
for many environmental dredging projects.  The numbers are not representative of all dredge designs and 
sizes available, but represent those most commonly used for environmental dredging.  Qualitative 
selection factors for each dredge type are presented based on the best professional judgment of the panel 
and/or their interpretation of readily available data.  Site-specific results and supporting references are 
available in Operational Characteristics and Equipment Selection Factors for Environmental Dredging 
(Palermo et al. 2004). 


The information in Highlights 6-7a and 6-7b is intended to help project managers make initial 
screening assessments of general dredge capabilities and identify equipment types for further evaluation 
at the feasibility study stage or for pilot field testing.  Note that whenever an equipment type receives a 
rating of “high,” it means that a particular dredge type should perform better for that selection factor.  It is 
not intended as a guide for final equipment selection for remedy implementation.  There are many site-
specific circumstances that dictate which equipment type is most appropriate for any given situation, and 
each type can be applied in different ways to adapt to site conditions.  Project managers should use their 
own experience and judgment in using this information, and may find it useful to consider other sources 
of information for purposes of comparison.  In addition, because new equipment is being continuously 
developed and tested, project managers will need to consult with experts who are familiar with the latest 
in equipment technologies.  Experience has shown that an effective environmental dredging operation 
also depends on the use of highly skilled dredge operators familiar with the goals of environmental 
remediation, in addition to close monitoring and management of the dredging operation. 
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Highlight 6-6: Examples of Hydraulic Dredges 


Note: A = Fox River, WI; horizontal auger hydraulic dredge deployment (Source: Jim Hahnenberg U.S. EPA)

B = Manistique, MI; closeup of twin-vortex pump, hydraulic dredge cutterhead (Source: Ernie Watkins U.S. EPA)

C = Closeup of swinging ladder hydraulic dredge cutterhead (Source: Ellicott Corporation)
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Highlight 6-7a: Sample Environmental Dredging Operational Characteristics and Selection Factors1 


EQUIPMENT TYPE2 


Cutter
head6 


Horizontal 
Auger7 


Plain 
Suction8 


Pneumatic9 Specialty10 Diver11 


Dry Excavation 


Various Mechanical 
Excavators12 


Operating 
Production Rate 
(m3/hr)14


 48 (2 m3 bucket)
 95 (4 m3 bucket) 


143 (6 m3 bucket) 
193 (8 m3 bucket) 


Mechanical Dredges 
(2 to 8 cubic meter buckets) 


Conventional 
Clamshell 


(Wire)3 


Enclosed 
Bucket (Wire)4 


Articulated 
Mechanical 
(Fixed Arm)5 


23 (15 cm pump) 
41 (20 cm pump) 
64 (25 cm pump) 
93 (30 cm pump) 


Site 
Specific 


Hydraulic/Pneumatic Dredges 
(15 to 30 cm pump sizes) 


OPERATIONAL CHARACTERISTICS13 


Equipment 
Specific 


10 Site Specific 


Percent Solids 
(by weight)15 


Near 
In-Situ 


Near 
In-Situ 


Near 
In-Situ 


5 5 5 15 or 
Higher 


Equipment 
Specific 


<5 In-Situ 
or Greater 


Vertical Operating 
Accuracy (cm)16 


15 15 10 10 10 10 15 10 5 


Horizontal 
Operating 
Accuracy (cm)17 


10 10 10 10 10 10 10 10 – 5 


Maximum 
Dredging Depth 
(m)18 


Stability 
Limitations 


Stability 
Limitations 


15 15 5 15 45 15 30 Stability 
Limitations 


Minimum 
Dredging Depth 
(m)19 


1 0.5 1 5 1 0.5 







EQUIPMENT TYPE2 


Mechanical Dredges 
(2 to 8 cubic meter buckets) 


Hydraulic/Pneumatic Dredges 
(15 to 30 cm pump sizes) 


Conventional 
Clamshell 


(Wire)3 


Enclosed 
Bucket (Wire)4 


Articulated 
Mechanical 
(Fixed Arm)5 


Cutter
head6 


Horizontal 
Auger7 


Plain 
Suction8 


Pneumatic9 Specialty10 Diver11 


Dry Excavation 


Various Mechanical 
Excavators12 


Limit Sediment 
Resuspension21 


Low High High Medium Medium 


EQUIPMENT SELECTION FACTORS20 


High High High High High 


Control 
Contaminant 
Release 22 


Low High High Medium Medium Medium Medium Medium High High 


Minimize Residual 
Sediment23 


Low Medium Medium Medium Medium Medium Medium Medium High High 


Transport by 
Pipeline24 


Medium Medium Medium High High High High High High Medium 


Transport by 
Barge25 


High High High Medium Medium Medium Medium Medium Low High 


Positioning 
Control in 
Currents/Wind/ 
Tides26 


High High High High Medium High High High Medium High 


Portability/ 
Access28 


Maneuverability27 


Availability29 


High 


High 


High 


High 


High 


High 


High 


High 


High 


High 


Low 


High 


High 


Low 


High 


High 


Low 


High 


High 


Low 


Medium 


Medium 


Low 


Medium 


High 


High 


High 


High 


High 


High 
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EQUIPMENT TYPE2 


Mechanical Dredges 
(2 to 8 cubic meter buckets) 


Hydraulic/Pneumatic Dredges 
(15 to 30 cm pump sizes) 


Dry Excavation 


Conventional 
Clamshell 


(Wire)3 


Enclosed 
Bucket (Wire)4 


Articulated 
Mechanical 
(Fixed Arm)5 


Cutter
head6 


Horizontal 
Auger7 


Plain 
Suction8 


Pneumatic9 Specialty10 Diver11 Various Mechanical 
Excavators12 


Debris/Loose 
Rock/ 
Vegetation30 


High High High Low Low Low Low Low Low High 


Hardpan/Rock 
Bottom31 


Low Low Low Low Low Medium Medium Medium High High 


Flexibility for 
Varying 
Conditions32 


High High Medium High Medium Low Low Low Low High 


Thin Lift/Residual 
Removal33 


Low Medium Medium Medium High High High High High High 


Note: For additional information on development and technical basis for the entries in this table refer to:  Palermo, M., N. Francingues, and D. Averett.  2004. 
Operational Characteristics and Equipment Selection Factors for Environmental Dredging.  Journal of Dredging Engineering, Western Dredging Association. 
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1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


Highlight 6-7b: Footnotes for Sample Environmental Dredging Operational Characteristics 
and Selection Factors 


This table provides some of the currently available general information that can help project managers initially assess 
dredge capabilities, and screen and select equipment types for evaluation at the feasibility study stage or for pilot field 
testing. This table is NOT intended as a guide for final equipment selection for remedy implementation, and regions may 
find it useful to consider other sources of information for purposes of comparison.  There are many site-specific, 
sediment-specific, and project-specific circumstances that will indicate which equipment is most appropriate for any given 
situation, and each equipment type can be applied in different ways to adapt to site and sediment conditions.  In addition, 
because new equipment is being continuously developed, project managers should consult with experts who are familiar 
with the latest technologies. 


Equipment types shown here are considered the most commonly used for environmental dredging in the U.S.  Other 
dredge types are available.  Equipment used for environmental dredging is usually smaller in size than that commonly used 
for navigation dredging. Information presented here is tailored for mechanical bucket sizes from 3 to 10 cubic yards (about 
2 to 8 m3), and hydraulic/pneumatic pump sizes from 6 to 12 inches (about 15 to 30 cm).  Larger sizes are available for 
many equipment types. 


Clamshell - conventional clamshell dredges, wire supported, conventional open clam bucket. 


Enclosed Bucket - wire supported, near watertight or sealed bucket usually incorporating a level cut capability. 


Articulated Mechanical - backhoe designs, clam-type enclosed buckets, hydraulic closing mechanisms, all supported by 
articulated fixed-arm. 


Cutterhead - conventional hydraulic pipeline dredge, with conventional cutterhead. 


Horizontal Auger - hydraulic pipeline dredge with horizontal auger dredgehead. 


Plain Suction - hydraulic pipeline dredge using dredgehead design with no cutting action. 


Pneumatic – air operated submersible pump, pipeline transport, either wire supported or fixed-arm supported. 


Specialty Dredgeheads - other hydraulic pipeline dredges with specialty dredgeheads or pumping systems 


Diver Assisted - hand-held hydraulic suction with pipeline transport. 


Dry Excavation - conventional excavation equipment operating within dewatered containments such as sheet-pile 
enclosures or cofferdams. 


OPERATIONAL CHARACTERISTICS - quantitative entries, reflecting capabilities and limitations of dredge types, and are 
solely a function of the equipment itself. 


Production Rate - in-situ volume of sediment removed per unit time. Rates shown are for production cuts as opposed to 
“cleanup passes” and are for active periods of operation under average conditions.  Rates for two bucket or pump sizes are 
shown for comparison.  For mechanical dredges, the rates were calculated assuming 80% bucket fill with a bucket cycle 
time of 2 minutes. For hydraulic dredges, the rates were calculated assuming in-situ sediment 35% solids by weight, 5% 
solids by weight for slurry, and pump discharge velocity of 10 ft/sec.  The rate shown for diver-assisted assumes a 
maximum pump size of 15 cm and roughly 50% efficiency of diver effort while working.  Production rate for dry excavation 
is would be largely dictated by the time required to isolate and dewater the areas targeted for excavation.  A variety of 
factors may influence the effective operating time per day, week, or season, and should be considered in calculating times 
required for removal. 


Percent Solids by Weight - ratio of weight of dry solids to total weight of the dredged material as removed, expressed as a 
percentage. Percent solids for mechanical dredging is a function of the in-situ percent solids and the effective bucket fill 
(expressed as a percentage of the bucket capacity filled by in-situ sediment as opposed to free water), and near in-situ 
percent solids is possible for production cuts. A wide range of percent solids for hydraulic dredges is reported, but 5% 
solids can be expected for most environmental dredging projects. 
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Highlight 6-7b: Footnotes for Sample Environmental Dredging Operational Characteristics 
and Selection Factors 


16 Vertical Operating Accuracy - the ability to position the dredgehead at a desired depth or elevation for the cut and maintain 
or repeat that vertical position during the dredging operation.  Although positioning instrumentation is accurate to within a 
few cm, the design of the dredge and the linkages between the dredgehead and the positioning system will affect the 
accuracy attainable in positioning the dredgehead.  A vertical accuracy of cut of approximately 15 cm (one-half foot) is 
considered attainable for most project conditions.  Fixed arm equipment holds some advantage over wire-supported in 
maintaining vertical operating accuracy.  The accuracies achievable for sediment characterization should be considered in 
setting performance standards for environmental dredging operating accuracy (both vertical and horizontal). 


17 Horizontal Operating Accuracy - the ability to position and operate the dredgehead at a desired location or within a desired 
surface area. Considerations are similar to those for vertical accuracy. 


18 Maximum Dredging Depth - physical limitation to reach below a given depth.  Wire-supported buckets or pumps can be 
deployed at substantial depths, so the maximum digging depth generally is limited by stability of the excavation.  Reach of 
fixed arm supported buckets or hydraulic dredges is limited by the length of the arm or ladder.  Conventional backhoe 
equipment is generally limited to about 15 m reach.  Smaller hydraulic dredges are usually designed for a maximum 
dredging depth of about 15 m. Hydraulic dredges usually also have a limiting depth of removal of about 50 ft due to the 
limitation of atmospheric pressure, but this limitation can often be overcome by addition of a submerged pump on the 
ladder. The table entries should NOT be considered as hard and fast limits.  Larger dredge sizes and designs are 
available for deeper depths. 


19 Minimum Dredging Depth - constraints on draft limitations of some floating dredges or potential loss of pump prime for 
hydraulic dredges.  Such limitations can be managed if the dredge “digs its way into the area.”  For smaller dredges, these 
limitations typically are at approximately the 1m water depth.  Pneumatic dredges require a minimum water depth of about 
5 m for efficient pump operation. 


20 SELECTION FACTORS - qualitative entries, reflecting the potential performance of a given dredge type, and are a function 
of both the capability of the equipment type and the site and/or sediment conditions.  Entries defined as follows: 


(High) - indicating the given dredge type is generally suitable or favorable for a given issue or concern, 
(Medium) - indicating the given dredge type addresses the issue or concern, but it may not be preferred, and 
(Low) - indicating the given dredge type may not be a suitable selection for addressing this issue or concern. 


21 Limit Sediment Resuspension - potential of a given dredge type in minimizing sediment resuspension.  Clamshell (Low) -
Circular-shaped cutting action, cratered bottom subject to sloughing, open bucket design subject to washout and spillage, 
scows and workboats working in shallow areas.  Enclosed Bucket (High) - Seal around the lips of the bucket and an 
enclosed top when in the shut position, level cut design minimizes sloughing.  Articulated Mechanical (High) - Less 
resuspension as compared to conventional clamshell dredges.  Cutterhead/Horizontal Auger (Medium) - Conventional 
cutterhead dredges and horizontal augers result in less resuspension as compared to conventional clamshell dredges. 
May be fitted with hoods or shrouds to partially control resuspension.  Plain Suction/Pneumatic (High) - No mechanical 
action to dislodge the material. Specialty (High) - Although designs vary, all the so-called specialty dredges have features 
specifically intended to reduce resuspension.  Diver Assisted (High) - Precision of diver assisted hydraulic dredging, the 
smaller size of the dredgeheads used, and inherently slow speed of operation.  Dry Excavation (High) - Completely isolates 
the excavation process from the water column. 


22 Control Contaminant Release - the inherent ability to control sediment resuspension and dissolved and volatile releases for 
the given equipment type and associated operation.  Clamshell (Low) - Can be operated such that the excavation and 
water column exposure of the bucket is within a silt curtain containment or enclosure; however, high suspended solids 
within the silt curtain may be released when the curtain is moved.  Enclosed Bucket/Articulated Mechanical (Medium) - can 
be operated such that the excavation and water column exposure of the bucket is within a silt curtain enclosure with 
relatively small footprint.  Enclosed buckets act as a control and greatly reduce resuspension within the enclosures and 
potential for release. Cutterhead/Plain Suction/Horizontal Auger/Pneumatic/Specialty Dredgeheads (Medium) - Capable of 
transporting the material directly by pipeline, minimizing exposure to the water column and to volatilization.  Can be 
operated within enclosures, but the footprint of such enclosures would be necessarily larger than that for mechanical 
dredges. Diver assisted (High) - scale of diver-assisted dredging would seldom require contaminant release controls.  Dry 
Excavation (High) - Dewatering of the dredging area effectively eliminates dissolved releases.  Sediment surface exposed 
to the atmosphere has lower volatile emission rates as compared to the same surface ponded with elevated suspended 
sediment concentrations. 
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Highlight 6-7b: Footnotes for Sample Environmental Dredging Operational Characteristics 
and Selection Factors 


23 Minimize Residual Sediment - efficiency of the dredge is in removing material without leaving a residual, and potentially 
meeting a cleanup level. Clamshell (Low) - High potential to leave residual sediment because of the circular-shaped 
cutting action and the tendency to leave a cratered bottom subject to sloughing.  Enclosed Bucket/Articulated 
Mechanical/Cutterhead/Horizontal Auger/Plain Suction/Pneumatic/Specialty Dredgeheads (Medium) - All dredges with 
active dredgeheads and/or movement in contact with the bottom sediment will leave some residual sediment.  The control 
offered by the articulated arm provides an advantage for removal of thin residual layers.  Diver Assisted (High) - Hand-held 
action of diver-assisted work has a low potential for generating residual sediment.  Dry Excavation (High) - Any fallback of 
sediment excavated under dry conditions can be readily observed and managed. 


24 Transport by Pipeline - compatibility of the dredge with subsequent transport by pipeline.  Clamshell/ Enclosed 
Bucket/Articulated Mechanical (Medium) - All mechanical dredges remove material at near in-situ density, and additional 
reslurry and rehandling equipment must be employed to allow for pipeline transport.  Cutterhead/Plain Suction/Horizontal 
Auger/Pneumatic/Specialty Dredgeheads/Diver Assisted (High) - All hydraulic and pneumatic dredges are designed for 
pipeline transport. Dry Excavation (Medium) - Additional reslurry and rehandling equipment must be employed to allow for 
pipeline transport. 


25 Transport y Barge - compatibility of the dredge with subsequent transport by barge.  Clamshell/Enclosed Bucket/Articulated 
Mechanical (High) - Material excavated with mechanical dredges is close to in-situ density and may be directly placed in 
barges for transport. Cutterhead/Plain Suction/Horizontal Auger/Pneumatic/Specialty Dredgeheads/Diver Assisted 
(Medium) - Barge transport of hydraulically dredged material is inefficient.  Although pneumatic and some specialty 
dredges are capable of removing soft sediment at high water content, intermittent operation for change-out of barges will 
significantly reduce efficiency.  Dry Excavation (High) - Material excavated in the dry may be placed directly in barges using 
conveyers or front-end loaders. 


26 Positioning Control in Currents/Wind/Tides - ability of the dredge to hold a desired position of the dredgehead horizontally 
with current, wind, or vertically with fluctuating tides. Clamshell/Enclosed Bucket/Articulated Mechanical (High) - Operate 
with spuds or jack-up piles and are inherently stable against movement by normal winds and currents. Cutterhead/Plain 
Suction/Specialty Dredgeheads (High) - Equipped with spuds and use “walking spud” method of operation inherently stable 
against movement by normal winds and current. Horizontal Auger (Medium) - Free floating and operate using an anchor 
and cable system, subject to movement with longer anchor sets. Pneumatic (High) - Operate from spudded barges or 
platforms and are inherently stable against movement by normal winds and currents. Diver Assisted (Medium) - Ability of 
divers to maintain a desired position will be hampered by currents.  Dry Excavation (High) - Not affected by wind and 
currents. 


27 Maneuverability - ability of the dredge to operate effectively in close proximity or around utilities and other infrastructure, 
narrow channel widths, surface and submerged obstructions, and overhead restrictions.  Clamshell/Enclosed 
Bucket/Articulated Mechanical (High) - Buckets are wire supported or fixed-arm articulated and may be operated close in to 
infrastructure and within tightly restricted areas.  Cutterhead/Plain Suction/Horizontal Auger/Pneumatic/Specialty 
Dredgeheads (Low) - Swinging action of the walking spud method of operation for hydraulic pipeline dredges and the need 
for long anchor and cable setup for horizontal auger dredges limits their ability to operate near infrastructure or within 
tightly restricted areas.  Diver Assisted (High) - Can be conducted close to infrastructure and within tightly restricted areas. 
Dry Excavation (High) - Containments for dry excavation can be designed for areas near infrastructure and tightly restricted 
areas may be completely contained. 


28 Portability/Access - ability of the dredge to pass under bridges, through narrow channels, or to be transported by truck and 
easily launched to the site.  Clamshell/Enclosed Bucket/Articulated Mechanical/Cutterhead/Plain suction/Horizontal 
Auger/Pneumatic/Diver Assisted/Dry Excavation (High) - Dredge types considered here are the smaller size and are 
generally truck transportable.  Specialty Dredgeheads (Medium) - Some specialty dredge designs are too large for truck 
transport. 


29 Availability - this factor refers to the potential availability of dredges types to contractors and the potential physical 
presence of the equipment in the U.S. Clamshell/Enclosed Bucket/Articulated Mechanical/Cutterhead/Plain 
Suction/Horizontal Auger/Pneumatic/Diver Assisted/Dry Excavation (High) - Most dredge types are readily available. 
Specialty Dredgeheads (Medium) - Some specialty dredges are available through only one contractor or may be subject to 
restrictions under the Jones Act. 


6-19 







Chapter 6: Dredging and Excavation 


Highlight 6-7b: Footnotes for Sample Environmental Dredging Operational Characteristics 
and Selection Factors 


30 Debris/Loose Rock/Vegetation - susceptibility of a given dredge type to clogging by debris and subsequent loss of 
operational efficiency.  Clamshell/Enclosed Bucket/Articulated Mechanical (High) - Mechanical dredges can effectively 
remove sediment containing debris, although leakage may result.  Mechanical equipment is the only approach for 
debris-removal passes. Cutterhead/Plain Suction/Horizontal Auger/ Pneumatic/ Specialty Dredgeheads (Low) - Subject to 
clogging by debris and are incapable of removing larger pieces of loose rock and larger debris.  Loose rock and large 
debris can also cause inefficient sediment removal.  Diver Assisted (Low) - Presence of logs and large debris may present 
dangerous conditions for diver-assisted dredging.  Although divers can remove sediment from around large debris or 
rocks, this type of operation would be inefficient.  Dry Excavation (High) - Dry excavation allows use of conventional 
excavation equipment. Leakage from buckets caused by debris is not a consideration for dry excavation. 


31 Hardpan/Rock Bottom - ability of a dredge type to remove a sediment layer overlying hardpan or rock bottom effciently 
without leaving excessive residual sediment.  Clamshell/Enclosed Bucket/Articulated Mechanical/Cutterhead/Horizontal 
Auger (Low) - Closing action of buckets and cutting action of dredgeheads result in problems maintaining a desired vertical 
cutting position and would tend to leave behind excessive residual sediment.  Power associated with articulated 
mechanical has advantage in removing hard materials.  Plain Suction/ Pneumatic/ Specialty Dredges (Medium) - Lack an 
active closing or cutting action and can operate over an uneven hard surface, although removal efficiency may be low. 
Diver Assisted (High) - May be the most effective approach for precise cleanup of a hard face, since the divers can feel the 
surface and adjust the excavation accordingly.  Dry Excavation (High) - Allows the visual location of pockets of residual 
remaining on an uneven hard surface. 


32 Flexibility for Varying Conditions - flexibility of a given dredge type in adapting to differing conditions, such as sediment 
stiffness, variable cut thicknesses, and the overall ability to take thick cuts.  Clamshell/Enclosed Bucket (High) - Buckets 
are capable of taking thin cuts or thicker cuts in proportion to the bucket size, and bucket sizes can be easily switched. 
Articulated Mechanical (Medium) - Ability to change bucket sizes for articulated mechanical is limited.  Cutterhead (High) 
Capable of taking variable cut thicknesses by varying the burial depth of the cutter.  Different cutterhead sizes or designs 
can be used to adapt to changing cut thicknesses or sediment stiffness.  Horizontal Auger (Medium) - Designed for a set 
maximum cut thickness, and attempts to remove thick cuts may result in plowing actions with excessive resuspension and 
residual. Plain Suction/ Pneumatic (Low) - No cutting action limits ability to take thicker cuts or remove stiffer materials. 
Specialty Dredgeheads (Low) - Specialty dredges are designed for a specific application and have limited flexibility.  Diver 
Assisted (Low) - Removal is limited to thin cuts.  Dry Excavation (High) - Allows use of a full range of conventional 
excavation equipment. 


33 Thin Lift/Residual Removal - ability of a given dredge type to removal thin layers of contaminated material without 
excessive over dredging. Clamshell (Low) - Circular shaped cut not suited for efficient removal of thin layers.  Enclosed 
Bucket/Articulated Mechanical (Medium) - Level cutting action is capable of removing thin layers, but the buckets would be 
only partially filled, resulting in inefficient production and higher handling and treatment costs.  Cutterhead/Horizontal Auger 
(Medium) - Capable of removing thin layers, but the percent solids is reduced under these conditions.  Plain 
Suction/Pneumatic (High) - Well suited for removal of thin lifts, especially loose material such as residual sediment. 
Specialty Dredgeheads (High) - Some specialty dredges are designed specifically for removal of thin lifts.  Diver Assisted 
(High) - Precision of diver-assisted dredging is well suited for removal of thin layers, especially residuals.  Dry Excavation 
(High) - Allows for a precise control of cut thickness, amenable to removal of thin layers. 


Source: Palermo et al. 2004 


6.5.4 Dredge Positioning 


An important element of sediment remediation is the precision of the dredge cut, both 
horizontally and vertically.  Technological developments in surveying (vessel) and positioning 
(dredgehead) instruments have improved the dredging process.  Vertical control may be particularly 
important when contamination occurs in a relatively thin or uneven layer to avoid an unnecessary amount 
of over-dredging and excess handling of uncontaminated sediment.  Video cameras are sometimes useful 
in monitoring dredging operations, although turbidity effects and lack of spatial references may present 
limitations on their use.  The working depth of the dredgehead may be measured using acoustic 
instrumentation and by monitoring dredged slurry densities.  In addition, surveying software may be used 
to generate pre- and post-dredging bathymetric charts, determine the volume of dredged sediment, locate 
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obstacles, and calculate linear dimensions of surface areas (see, e.g., St. Lawrence Centre 1993).  Also 
available are digital positioning systems that enable dredge operators to follow a complex sediment 
contour (see, e.g., Van Oostrum 1992). 


Depending on site conditions (e.g., currents, winds, tides), the horizontal position of the dredge 
may need to be continuously monitored during dredging.  Satellite- or transmitter-based positioning 
systems, such as differential global positioning systems (DGPS), can be used to define the dredge 
position. In some cases, however, the accuracy of these systems is inadequate for precise dredging 
control. Where the accuracy of site characterization data or the high cost of disposal warrant very precise 
control, it is possible to use optical (laser) surveying instruments set up at one or more locations on shore. 
These techniques, in conjunction with on-vessel instruments and spuds (if water depths are less than 
about 50 ft) and anchoring systems may enable the dredge operator to more accurately target specific 
sediment deposits.  The effectiveness of anchoring systems diminishes as water depth increases. 


The positioning technology described above enhances the accuracy of dredging.  The accuracies 
achievable for sediment characterization should be considered in setting performance standards for 
environmental dredging vertical and horizontal operating accuracy (Palermo et al. 2004).  However, 
project managers should not develop unrealistic expectations of dredging accuracy.  Contaminated 
sediment cannot be removed with surgical accuracy even with the most sophisticated equipment. 
Equipment may not be the only factor affecting the accuracy of the dredging operation.  Site conditions 
(e.g., weather, currents), sediment conditions (e.g., bathymetry, physical characteristics), and the skill of 
the dredge operator are all important factors.  In addition, the distribution of sediment contaminants may 
be only defined at a crude level and there could be a substantial margin for error.  Accurately dredging to 
pre-established cut-lines is an important component of meeting remedial action objectives for sediment, 
but alone is not generally sufficient to show that the objectives have been met.  Generally, post-dredging 
sampling should be conducted for that purpose.  The section below describes the equally important 
factors of controlling dredging losses and residual contamination. 


6.5.5 Predicting and Minimizing Sediment Resuspension and Contaminant Release and 
Transport During Dredging 


Sediment resuspension and the resulting unwanted contaminant release and transport in the water 
body arise due to a variety of activities associated with a dredging remedy.  These frequently include 
resuspension caused by operation of the dredgehead, by operation of work boats and tug boats, and by 
deployment and movement of control measures such as silt screens or sheet piles.  Contaminated 
sediment may also be lost from barges used during the dredging operation.  In environments with 
significant water movement due to tides or currents, resuspended sediment may be transported away from 
a dredging site; therefore, limiting resuspension or increasing containment (so that resuspended sediment 
is later redeposited and dredged) can be an important consideration in remedy selection and design. 
Storm events may also result in transport of contaminants beyond the dredging area.  Use of containment 
barriers to limit transport of resuspended contaminated sediment is discussed in Section 6.5.6 of this 
chapter. 


When evaluating resuspension due to dredging, it generally is important to compare the degree of 
resuspension to the natural sediment resuspension that would continue to occur if the contaminated 
sediment was not dredged, and the length of time over which increased dredging-related suspension 
would occur. Typically, two types of contaminant release are associated with resuspended sediment: 
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particulate and dissolved. Particulate release refers to the transport of contaminants associated with the 
particle phase (i.e., sorbed to suspended sediment).  Dissolved refers to the release of dissolved 
contaminants from the particles into the water column.  This latter form of release can be significant 
because dissolved contaminants are the most readily bioavailable and are more easily transported away 
from the site.  Consequently, resuspension can result in the release of bioavailable organic and inorganic 
contaminants into the water column, which may cause toxicity or enhanced bioaccumulation.  Research is 
currently being performed to address the risk associated with resuspension at contaminated sites and some 
existing models have been developed by the USACE.  Until further guidance is available, at most sites, 
the project manager should monitor resuspension during dredging and to evaluate its potential effects on 
water quality.  Project managers should be aware that most engineering measures implemented to reduce 
resuspension also reduce dredging efficiency.  Estimates of production rates, cost, and project time frame 
should take these measures into account. 


Some contaminant release and transport during dredging is inevitable and should be factored into 
the alternatives evaluation and planned for in the remedy design.  Releases can be minimized by choice of 
dredging equipment, dredging less area, and/or using certain operational procedures (e.g., slowing the 
dredge clamshell descent just before impact with the sediment bed).  Generally, the project manager 
should assess all causes of resuspension and realistically predict likely contaminant releases during a 
dredging operation. The magnitude of sediment resuspension and resulting transport of contaminants 
during a dredging operation is influenced by many factors, including: 


•	 Physical properties of the sediment [e.g., grain size distribution, organic carbon content, 
Acid Volatile Sulfides (AVS) concentration]; 


•	 Vertical distribution of contaminants in the sediment; 


•	 Water velocity and degree of turbulence; 


•	 Type of dredge; 


•	 Methods of dredge operation; 


•	 Skill of operators; 


•	 Extent of debris; 


•	 Water salinity; and 


•	 Extent of workboat/tugboat activity. 


To compare various remedies for a site, to the extent possible, the project manager should attempt 
to estimate the downstream mass transport and the degree of increase (if any) in downstream surface 
water and surface sediment contaminant concentrations.  However, at present, no fully verified empirical 
or predictive tools are available to quantify the predicted releases accurately.  As research in predicting 
resuspension and contaminant release associated with dredging progresses, project managers should 
watch for verified methods to be developed to assist in this estimate.  Although the degree of resuspension 
will be site specific, recent analyses of field studies and available predictive models of the mass of 
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sediment resuspended range from generally less than one percent of the mass dredged (Hays and Wu 
2001, Palermo and Averett 2003) to between 0.5 and 9 percent (NRC 2001).  The methods contained in 
EPA’s Estimating Contaminant Losses from Components of Remediation Alternatives for Contaminated 
Sediments (U.S. EPA 1996g), may be useful to estimate the dredgehead component of resuspension 
losses. To the extent possible, the project manager should estimate total dredging losses on a site-specific 
basis and consider them in the comparison of alternatives during the feasibility study. 


If conventional clamshell dredges may cause a high level of resuspension, a special purpose 
dredge may be considered.  These dredges generally resuspend less material than conventional dredges, 
but associated costs may be greater, and dredges may not be usable in the presence of significant debris or 
obstructions. As in the case of conventional dredges, the selection of a special purpose dredge will be 
likely dictated by site-specific conditions, economics, and availability (Palermo et al. 1998b).  Other 
factors unrelated to resuspension, such as maneuverability requirements, hydrodynamic conditions, or 
others listed in Section 6.5.3, Dredge Equipment Selection, may also dictate the type of dredge that 
should be used. The strategy for the project manager should be to minimize the resuspension levels 
generated by any specific dredge type, while also ensuring that the project can be implemented in a 
reasonable time frame.  The EPA’s Office of Research and Development (ORD) and others are in the 
process of evaluating resuspension and its effects, both in field and modeling studies.  The results of this 
research should help project managers to understand better and control effects of resuspension during 
future cleanup actions. 


Another potential route of contaminant release during dredging or excavation may be the 
volatilization of contaminants, either near the dredge or excavation site or in a holding facility like a 
confined disposal facility (CDF) (Chiarenzeli et al. 1998).  At sites with high concentrations of volatile 
contaminants, dredging or excavation may present special challenges for monitoring and operational 
controls if they may pose a potential risk to workers and the nearby community.  This exposure route may 
be minimized by reducing dredging production rates so that resuspension is minimized.  Covering the 
surface of the water with a physical barrier or an absorbent compound may also minimize volatilization. 
At the New Bedford Harbor site, a cutterhead dredge was modified by placing a cover over the 
dredgehead that retained polychlorinated biphenyl (PCB)-laden oils, thus reducing the air concentrations 
of PCBs during dredging to background levels; see Report on the Effects of the Hot Spot Dredging 
Operations: New Bedford Harbor Superfund Site, New Bedford, MA (U.S. EPA 1997e and available 
through EPA’s Web site at http://www.epa.gov/region01/nbh/techdocs.html). In addition, the CDF that 
the dredged sediment was pumped into was fitted with a plastic cover that effectively reduced air 
emissions.  To minimize the potential for volatile releases further, dredging operations were conducted 
during cooler weather periods and at night. During excavation, volatilization could be of greater concern 
as contaminated materials may be exposed to air.  Care should be taken during dewatering activities to 
ensure that temperatures are not elevated (e.g., cautious application of lime or cement for dewatering), 
and other control measure should be taken as needed (e.g., foam). 


6.5.6 Containment Barriers 


Transport of resuspended contaminated sediment released during dredging can often be reduced 
by using physical barriers around the dredging operation.  Barriers commonly used to reduce the spread 
of contaminants during the removal process include oil booms, silt curtains, silt screens, sheet-pile walls, 
cofferdams, and bubble curtains (U.S. EPA 1994d, Francingues 2003).  Under favorable site conditions, 
these barriers help limit the areal extent of particle-bound contaminant migration resulting from dredging 
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resuspension and enhance the long-term benefits gained by the removal process.  Conversely, because the 
barriers contain resuspended sediment, they may increase, at least temporarily, residual contaminant 
concentrations inside the barrier compared to what it would have been without the barriers. 


Structural barriers, such as sheet pile walls, have been used for sediment excavation and in some 
cases (e.g., high current velocities) for dredging projects. The determination of whether these types of 
barriers are necessary should be made based on a thorough evaluation of the site.  This can be 
accomplished by evaluating the relative risks posed by the anticipated release of contaminants from the 
dredging operation absent use of such structural barriers, the predicted extent and duration of such 
releases, and the potential for trapping and accumulating residual contaminated sediment within the 
barrier. The project manager should consult the ARCS program’s Risk Assessment and Modeling 
Overview Document (U.S. EPA 1993c) and Estimating Contaminant Losses from Components of 
Remediation Alternatives for Contaminated Sediment (U.S. EPA 1996e) for further information about 
evaluating the need for structural barriers. 


Sheet pile containment structures are more likely to provide reliable containment of resuspended 
sediment than silt screens or curtains, although at significantly higher cost and with different 
technological limitations.  Where water is removed on one side of the wall, project managers should be 
aware of the hydraulic loading effects of water level variations inside and outside of these walls.  Project 
managers should also be aware of the increased potential for scour to occur around the outside of the 
containment area, and the resuspension that will occur during placement and removal of these structures. 
In addition, use of sheet piling may significantly change the carrying capacity of a stream or river and 
make it temporarily more susceptible to flooding. 


Oil booms are appropriate for sediment that may likely release oils or floatables [i.e., light non-
aqueous-phase liquids (LNAPL)] when disturbed.  Such booms typically consist of a series of synthetic 
foam floats encased in fabric and connected with a cable or chains.  Oil booms may be supplemented with 
oil absorbent materials, such as polypropylene mats (U.S. EPA 1994d).  However, booms do not aid in 
retaining the soluble portion of floatables [i.e., polycyclic aromatic hydrocarbons (PAHs) from oils]. 


Silt curtains and silt screens are flexible barriers that hang down from the water surface.  Both 
systems use a series of floats on the surface and a ballast chain or anchors along the bottom.  Although the 
terms “silt curtain” and “silt screen” may be frequently used interchangeably, there are fundamental 
differences. Silt curtains are made of impervious materials, such as coated nylon, and primarily redirect 
flow around the dredging area. In contrast, silt screens are made from synthetic geotextile fabrics, which 
allow water to flow through, but retain a large fraction of the suspended solids (Averett et al. 1990).  Silt 
curtains or silt screens may be appropriate when site conditions dictate the need for minimal transport of 
suspended sediment, for example, when dredging hot spots of high contaminant concentration. 


Silt curtains have been used at many locations with varying degrees of success.  For example, silt 
curtains were found to be effective in limiting suspended solids transport during in-water dike 
construction of the CDF for the New Bedford Harbor pilot project.  However, the same silt curtains were 
ineffective in limiting contaminant migration during dredging operations at the same site primarily as a 
result of tidal fluctuation and wind (Averett et al. 1990).  Problems were experienced during installation 
of silt curtains at the General Motors site (Massena, New York) due to high current velocities and back 
eddies. Dye tests conducted after installation revealed significant leakage, and the silt curtains were 
removed.  Sheet piling was then installed around the area to be dredged with silt curtains used as 
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supplemental containment for hot spot areas.  A silt curtain and silt screen containment system were 
effectively applied during dredging of the Sheboygan River in 1990 and 1991, where water depths were 2 
m or less.  A silt curtain was found to reduce suspended solids from approximately 400 mg/L (inside) to 5 
mg/L (outside) during rock fill and dredging activities in Halifax Harbor, Canada (MacKnight 1992).  At 
some sites, changes in dredging operating procedures may offer more effective control of resuspension 
than containment barriers. 


The effectiveness of silt curtains and screens is primarily determined by the hydrodynamic 
conditions at the site. Conditions that may reduce the effectiveness of these and other types of barriers 
include the following: 


• Significant currents; 


• High winds; 


• Changing water levels (i.e., tidal fluctuation); 


• Excessive wave height, including ship wakes; and 


• Drifting ice and debris. 


Silt curtains and screens are generally most effective in relatively shallow, undisturbed water.  As 
water depth increases and turbulence caused by currents and waves increases, it becomes difficult to 
isolate the dredging operation effectively from the ambient water.  The St. Lawrence Centre (1993) 
advises against the use of silt curtains in water deeper than 6.5 m or in currents greater than 50 cm/sec. 


The effectiveness of containment barriers is also influenced by the quantity and type of 
suspended solids, the mooring method, and the characteristics of the barrier.  To be effective, barriers 
should be deployed around the dredging operation and remain in place until the operation is completed, 
although it may need to be opened to allow transport of barges in and out of the dredge site, which may 
release some resuspended contaminants.  For large projects, it may be necessary to relocate the barriers as 
the dredge moves to new areas.  Where possible, barriers should not impede navigation traffic. 
Containment barriers may also be used to protect specific areas, for example, valuable habitat, water 
intakes, or recreational areas, from suspended sediment contamination. 


6.5.7 Predicting and Minimizing Dredging Residuals 


All dredging operations leave behind some residual contamination in sediment, usually both 
within the dredged area and spread to adjacent areas.  This residual contaminated sediment is often soft, 
unconsolidated, has a high water content, and may exist, at least temporarily, as a “fluid mud” or nephloid 
layer.  The primary sources of the dredging residuals typically include: 1) contaminated sediment below 
the dredge line that was not removed, 2) sediment loosened by the dredge head or bucket, but not 
captured and removed, 3) sediment on steep slopes that fall into the dredged area, and 4) resettling of 
sediment from the dredging operation.  Similar to resuspension releases discussed in Section 6.5.5, the 
extent of the residual contamination is dependent on a number of factors including: 


• Skill of operator and type and size of dredging equipment; 
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•	 Steepness of dredge cut slopes; 


•	 Amount of contaminated sediment resuspended by the dredging operation; 


•	 Extent of controls on dispersion of resuspended sediment (e.g., silt curtains, sheet piling); 


•	 Vertical profile of contaminant concentrations in sediment relative to the thickness of 
sediment to be removed; 


•	 Contaminant concentrations in surrounding undredged areas; 


•	 Characteristics of underlying sediment or bedrock (e.g., whether over-dredging is 
feasible); and 


•	 Extent of debris, obstructions, or confined operating area (e.g., which may limit 
effectiveness of dredge operation). 


Project managers should factor a realistic estimate of dredging residuals into their evaluation of 
alternatives. Field results for some completed environmental dredging pilots and projects suggest that 
average post-dredging residual contamination levels have not met desired cleanup levels.  However, aside 
from past experience, there is no commonly accepted method to predict accurately the degree of residual 
contamination likely to result from different dredge types under given site conditions.  Additional 
guidelines are needed in this area and are likely to be developed in the future.  Some preliminary research 
has shown that the residual concentration may be expected to be similar to the average contaminant 
concentration within the dredging prism (Desrosiers et al. 2005).  In situations where more highly 
contaminated sediment is removed in a first dredging pass and deeper lower-level contamination is 
removed in a second dredging pass, lower residuals may be attainable.  If the buried sediment is 
significantly more contaminated than the near-surface sediments, and if over dredging into “clean” 
sediment is not accomplished or feasible, the residual concentration may be greater than the average 
baseline surface concentration although significant contaminant mass may have been removed.  When 
comparing alternatives and selecting of the best risk reduction alternative for the site, project managers 
should consider whether conditions are favorable for achieving desired post-dredging residual 
concentrations. 


In cases where residuals may cause an unacceptable risk, additional passes of the dredge may be 
needed to achieve the desired results. Placement of a thin layer (e.g., 6–24 in) of clean material designed 
to mix with underlying sediment or the addition of reactive/sorptive materials to surface sediment can 
also be used to reduce the residual contamination.  Project managers should consider developing a 
contingency remedy if there is sufficient uncertainty concerning the ability to achieve low cleanup levels. 
Where a contingency remedy involves containment of residuals by in-situ capping, project managers 
should consider whether containment without dredging may be a more appropriate solution to manage 
long-term risks in that area. 


It is generally important to conduct post-dredging sampling to confirm residual contamination 
levels. If resuspension and transport is expected, generally, it is also important to sample outside of the 
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dredged area to assess contaminant levels to which biota will be exposed from these areas.  These data are 
often needed to assess the likelihood of achieving all RAOs. 


6.6 TRANSPORT, STAGING, AND DEWATERING 


After removal, sediment often is transported to a staging or rehandling area for dewatering (if 
necessary), and further processing, treatment, or final disposal.  Transport links all dredging or excavation 
components and may involve several different modes of transport.  The first element in the transport 
process is to move sediment from the removal site to the disposal, staging, or rehandling site.  Sediment 
may then be transported for pretreatment, treatment, and/or ultimate disposal (U.S. EPA 1994d).  As 
noted previously, where possible, project managers should design for as few rehandling operations as 
possible to decrease risks and cost. Project managers should also consider community concerns regarding 
these operations (e.g., odor, noise, lighting, traffic, and other issues).  Health and safety plans should 
address both workers and community members. 


Modes of transportation may include one or more of the following waterborne or overland 
methods: 


•	 Pipeline: Direct placement of material into disposal sites by pipeline is economical only 
when the disposal and/or treatment site is located near the dredging areas (typically a few 
kilometers or less, unless booster pumps are used).  Mechanically dredged material may 
also be reslurried from barges and pumped into nearshore disposal sites by pipeline; 


•	 Barge: A rehandling facility located on shore is a commonly considered option. With a 
rehandling facility, dredging can be accomplished with mechanical (bucket) dredges 
where the sediment is excavated at near in-situ density (water content) and placed in a 
barge or scow for transport to the rehandling facility; 


•	 Conveyor: Conveyors may be used to move material relatively short distances.  Materials 
should be in a dewatered condition for transport by conveyor; 


•	 Railcar: Rail spurs may be constructed to link rehandling/treatment facilities to the rail 
network. Many licensed landfills have rail links, so long-distance transport by rail is 
generally an option; and/or 


•	 Truck/Trailer: Dredged material can be rehandled directly from the barges to roll-off 
containers or dump trucks for transport to a CDF by direct dumping or unloading into a 
chute or conveyor.  Truck transport of treated material to landfills may also be 
considered. The material should be dewatered prior to truck transport over surface streets. 
In some smaller sites where construction of dewatering beds may be difficult or the cost 
of disposal is not great, addition of non-toxic absorbent materials such as lime or cement 
may be feasible. 


A wide variety of transportation methods are available for moving sediment and residual wastes 
with unique physical and chemical attributes.  In many cases, contaminated sediment is initially moved 
using waterborne transportation. Exceptions are the use of land-based or dry excavation methods.   
Project managers should consider the compatibility of the dredge with the subsequent transport of the 
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dredged sediment.  For example, hydraulic and pneumatic dredges produce contaminated dredged-
material slurries that can be transported by pipeline to either a disposal or rehandling site.  Mechanical 
removal methods typically produce dense, contaminated material hauled by barge, railcar, truck/trailer, or 
conveyor systems.  The feasibility, costs of transportation, and need for additional equipment are 
frequently influenced by the scale of the remediation project (Churchward et al. 1981, Turner 1984, U.S. 
EPA 1994f). 


Temporary storage of contaminated sediment may also be necessary in order to dewater it prior to 
upland disposal or to allow for pretreatment and equalization prior to treatment.  For example, a 
temporary CDF may be designed to store dredged material for periods when dredging or excavation is not 
possible due to weather or environmental concerns, while the treatment process may continue on a near 
24-hour operating schedule. Storage may be temporary staging (e.g., pumping onto a barge with frequent 
off-loading) or more permanent disposal (e.g., moving the sediment to a land-based CDF where it may be 
dewatered and treated). A typical dewatering schematic is shown in Highlight 6-8. 


Highlight 6-8: Sample of Dredging Dewatering Process 


Depending upon the quality of the water after it is separated from sediment and upon applicable 
or relevant and appropriate requirements (ARARs), it may be necessary to treat water prior to discharge. 
Where water treatment is required, it can be a costly segment of the dredging project and should be 
included in cost estimates for the alternative.  Water treatment costs may also affect choices regarding 
dredging operation and equipment selection, as both can affect the amount of water entrained. 


The project manager should consider potential contaminant losses to the water column and 
atmosphere during transport, dewatering, temporary storage, or treatment.  For example, conventional 
mechanical dredging methods and equipment often rely on gravity dewatering of the sediment on a 
dredge scow, with drainage water and associated solids flowing into the surrounding water.  Project 
managers should evaluate what engineering controls are necessary and cost-effective, and include these 
controls in planning and design. Implementation risks, both to workers and to the community, differ 
significantly between the various transport methods listed above.  These risks should be evaluated and 
included when comparing alternatives.  Best management practices for protection of water quality should 
also be followed. 
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The risks associated with a temporary storage or staging sites are similar to those associated with 
CDFs, as discussed in Section 6.8.2, Sediment Disposal.  In particular, in-water temporary CDFs can 
prove to be attractive nuisances, especially to waterfowl, by providing attractive habitat that encourages 
use of the CDF by wildlife and presenting the opportunity for exposure to contaminants.  For highly 
contaminated sites, it may be necessary to provide a temporary cover or sequence dredging to allow for 
coverage of highly contaminated sediment with cleaner sediment to minimize short-term exposures.  This 
method of control has proven effective for minimizing exposures at upland sanitary landfills.  In addition, 
because some holding areas may not be designed for long-term storage of contaminated sediment, the risk 
of contaminant transport to ground water may need to be evaluated and monitored. 


6.7 SEDIMENT TREATMENT 


For the majority of sediment removed from Superfund sites, treatment is not conducted prior to 
disposal, generally because sediment sites often have widespread low-level contamination, which the 
NCP acknowledges is more difficult to treat.  However, pretreatment, such as particle size separation to 
distinguish between hazardous and non-hazardous waste disposal options, is common.  Although the NCP 
provides a preference for treatment for “principal threat waste,” treatment has not been frequently selected 
for sediment.  High cost, uncertain effectiveness, and/or (for on-site operations) community preferences 
are other factors that lead to treatment being selected infrequently at sediment sites.  However, treatment 
of sediment could be the best option in some circumstances and innovations in ex-situ or in-situ treatment 
technologies may make treatment a more viable cost-effective option in the future. 


The treatment of contaminated sediment is not usually a single process, but often involves a 
combination of processes or a treatment train to address various contaminant problems, including 
pretreatment, operational treatment, and/or effluent treatment/residual handling.  Some form of 
pretreatment and effluent treatment/residual handling are necessary at almost all sediment removal 
projects. Sediment treatment processes of a wide variety of types have been applied in pilot-scale 
demonstrations, and some have been applied full scale.  However, the relatively high cost of most 
treatment alternatives, especially those involving thermal and chemical destruction techniques, can be a 
major constraint on their use (NRC 1997).  The base of experience for treatment of contaminated 
sediment is still limited.  Each component of a potential treatment train is discussed in the next section. 


6.7.1 Pretreatment 


Pretreatment modifies the dredged or excavated material in preparation for final treatment or 
disposal. When pretreatment is part of a treatment train, distinguishing between the two components may 
be difficult and is not always necessary.  Pretreatment is generally performed to condition the material to 
meet the chemical and physical requirements for treatment or disposal; and/or to reduce the volume 
and/or weight of sediment that requires transport, treatment, or restricted disposal.  Pretreatment processes 
typically include dewatering and physical or size separation technologies. 


Most treatment technologies require that the sediment be relatively homogeneous and that 
physical characteristics be within a relatively narrow range.  Pretreatment technologies may be used to 
modify the physical characteristics of the sediment to meet these requirements.  Additionally, some 
pretreatment technologies may divide sediment into separate fractions, such as organic matter, sand, silt, 
and clay.  Often the sand fractions contain lower contaminant levels and may be suitable for unrestricted 
disposal and/or beneficial use if it meets applicable standards and regulations.  Selection factors, costs, 
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pilot-scale demonstrations, and applicability of specific pretreatment technologies are discussed in detail 
in EPA’s Assessment and Remediation of Contaminated Sediments (ARCS) Program Remediation 
Guidance Document (U.S. EPA 1994d). 


6.7.2 Treatment 


Depending on the contaminants, their concentrations, and the composition of the sediment 
treatment of the sediment to reduce the toxicity, mobility, or volume of the contaminants before disposal 
may be warranted.  Available disposal options and capacities may also affect the decision to treat some 
sediment.  In general, treatment processes have the ability to reduce sediment contaminant concentrations, 
mobility, and/or sediment toxicity by contaminant destruction or by detoxification, by extraction of 
contaminants from sediment, by reduction of sediment volume, or by sediment solidification/stabilization. 


Treatment technologies for sediment are generally classified as biological, chemical, extraction or 
washing, immobilization (solidification/stabilization), and thermal (destruction or desorption).  In some 
cases, particle size separation is also considered a treatment technology.  The following treatment 
technologies are among those which might be evaluated. 


Bioremediation 


Generally, bioremediation is the process in which microbiological processes are used to degrade 
or transform contaminants to less toxic or nontoxic forms.  In recent years, it has been demonstrated as a 
technology for destroying some organic compounds in sediment.  The project manager should refer to 
EPA (1994d), Myers and Bowman (1999), and Myers and Williford (2000) for a summarization of 
bioremediation technologies and their application under site-specific conditions. 


Chemical Treatment 


Generally, chemical treatment refers to processes in which chemical reagents are added to the 
dredged or excavated material for the purpose of contaminant destruction.  Contaminants may be 
destroyed completely, or may be altered to a less toxic form.  Averett and colleagues (1990) reviewed 
several general categories of chemical treatment.  Of the categories reviewed, treatments including 
chelation, dechlorination, and oxidation (of organic compounds) were considered most promising. 


Extraction/Washing 


Generally, the primary application of extraction processes is to remove organic and, in some 
cases, metal contaminants from the sediment particles.  “Sediment washing” is another term used to 
describe extraction processes, primarily when water may be a component of the solvent.  In the extraction 
process, dredged or excavated material is slurried with a chemical solvent and cycled through a separator 
unit. The separator divides the slurry into the three following fractions: 1) particulate solids; 2) water; 
and 3) concentrated organic contaminants.  The concentrated organics are removed from the separator for 
post-process treatment.  Extraction or washing may also generate large volumes of contaminated 
wastewater that generally must be treated prior to discharge. 
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Immobilization or Solidification/Stabilization 


Generally, immobilization, commonly referred to as solidification/stabilization, alters the physical 
and/or chemical characteristics of the sediment through the addition of binders, including cements and 
pozzolans (U.S. EPA 1994d). Immobilization technologies primarily work by changing the properties of 
the sediment so contaminants are less prone to leaching.  Alteration of the physical character of the 
sediment to form a solid material, such as a cement matrix, reduces the accessibility of the contaminants 
to water and entraps the contaminated solids in a stable matrix (Myers and Zappi 1989).  Another form of 
immobilization, chemical stabilization, minimizes the solubility of metals primarily through the control of 
pH and alkalinity.  Chemical stabilization of organic compounds may also be possible (Barth et al. 2001, 
Wiles and Barth 1992, Myers and Zappi 1989, Zimmerman et al. 2004). 


Thermal Treatment 


Generally, thermal technologies include incineration, pyrolysis, thermal desorption, sintering, and 
other processes that require heating the sediment to hundreds or thousands of degrees above ambient 
temperatures.  Thermal destruction processes, such as incineration, are generally effective for destroying 
organic contaminants but are also expensive and have significant energy costs.  Generally, thermal 
treatment does not destroy toxic metals. 


Particle Size Separation 


Generally, particle size separation involves separation of the fine material from the coarse 
material by physical screening.  A site demonstration of the Bergman USA process resulted in the 
successful separation of less than 45 micron fines from washed coarse material and a humic fraction (U.S. 
EPA 1994f). As previously noted, particle size separation may serve as a pretreatment step prior to 
implementation of a treatment alternative.  Many treatment processes require particle sizes of one 
centimeter or less for optimal operation. 


Effluent Treatment/Residue Handling 


Generally, treatment of process effluents means treatment of liquid, gas, or solid residues and is a 
major consideration during selection, design, and implementation of dredging or excavation.  As shown in 
Highlight 6-1, dredging or excavation may require management of several types of residual wastes from 
the pretreatment and operational treatment processes that include liquid and/or air/gas effluents from 
dewatering or other pretreatment/treatment processes, residual solids, and runoff/discharges from active 
CDFs. Generally, these wastes can be handled through the use of conventional technologies for water, 
air, and solids treatment and disposal.  However, the technical, cost, and regulatory requirements can be 
important considerations during the evaluation of dredging or excavation as a cleanup method. 


Pilot and full-scale treatment processes have been conducted at a number of sites, although there 
is limited experience at Superfund sites.  Where treatment has been used at Superfund sites, the most 
common treatment method is immobilization by solidification or stabilization.  Additional information 
concerning treatment technologies for contaminated sediment may be found in U.S. EPA Office of 
Water’s Selecting Remediation Technologies for Contaminated Sediment (U.S. EPA 1993d). Specific 
applications, limitations, specifications, and efficiencies of many sediment treatment processes are 
discussed in the ARCS program’s Remediation Guidance Document (U.S. EPA 1994d). The NY/NJ 
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Harbor Project is an example of a large-scale demonstration of several dredged decontamination 
technologies (Highlight 6-9). 


Highlight 6-9: NY/NJ Harbor - An Example of Treatment Technologies and Beneficial Use 


The goal of the NY/NJ Harbor Sediment Decontamination Project is to assemble a complete 
decontamination system for cost effective transformation of dredged material (mostly from navigational dredging 
projects) into an environmentally safe material that can be used in the manufacturing of a variety of beneficial use 
products. 


The following four treatment technologies are being used at the NY/NJ site: 1) sediment washing; 2) 
thermal treatment; 3) solidification; and 4) vitrification.  Each technology has a sponsor from the private sector that 
will provide the capital needed for facility construction and operation. 


Sediment washing (extraction) uses high-pressure water jets and proprietary chemical additives to extract 
both organic and inorganic contaminants from the sediment.  The resulting materials can be used to produce 
manufactured soil for commercial, and in some cases, residential landscaping applications.  Advantages to this 
treatment include modest capital costs and high throughput.  The patented washing system has been 
demonstrated capable of decontaminating sediments containing high quantities of silt and clay. 


A thermal treatment being used is a thermo-chemical manufacturing process that, at high temperatures, 
will destroy organic contaminants.  The process will melt a mixture of sediment and modifiers, and the resulting 
product is a manufactured grade cement comparable to Portland Cement.  This is a very effective treatment, but 
expensive. 


A third process is a “treatment train” that includes dewatering, pelletizing, and transport to an existing 
light-weight aggregate facility.  Pelletizing is a type of solidification treatment.  After the sediment is dewatered, it is 
mixed with shale fines and extruded into pellets. The pellets are fed into a rotary kiln, and the organic matter 
explodes. The resulting material can be used as a structural component in concrete, insulation (pipeline) and for 
other geotechnical uses. 


Finally, the process includes a high temperature vitrification, which uses an electrical current to heat 
(melt) and vitrify the soil in place.  This process can destroy organic contaminants and incorporate metals into a 
glassy matrix that can be used to produce an architectural tile. 


Source: Stern et al. 2000, Mulligan et al. 2001, Stern 2001, NRC 1997 


Potential sediment treatment technologies will evolve as new technologies are developed and 
other technologies are improved.  EPA has recognized the need for an up-to-date list of treatment 
alternatives and has developed the following databases: 


•	 EPA Remediation and Characterization Innovative Technologies (EPA REACH IT): 
Provides information on more than 750 service providers that offer almost 1,300 
remediation technologies and more than 150 characterization technologies (includes a 
variety of media, not just sediment).  More information is available at 
http://www.epareachit.org/index3.html; and


•	 EPA National Risk Management Research Laboratory (NRMRL) Treatability Database: 
Provides results of published treatability studies that have passed the EPA quality 
assurance reviews, it is not specific to sediment, and is available on CD from the EPA’s 
ORD National Risk Management Research Laboratory in Cincinnati, Ohio.  Detailed 
contact information is available at http://www.epa.gov/ORD/NRMRL/treat.htm. 
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6.7.3 	 Beneficial Use 


Although not normally considered a treatment option, beneficial use may be an appropriate 
management option for treated or untreated sediment resulting from environmental dredging projects. 
Significant cost savings may be realized if physical and chemical properties of the sediment allow for 
beneficial use, especially where disposal options are costly.  For example, at Rouge River/Newburgh 
Lake, Michigan, a Great Lakes Area of Concern, significant cost savings were realized by using lightly 
contaminated dredged sediment as daily cover at a local sanitary landfill, where it did not pose risk within 
the landfill boundary.  The Bark Camp Mine Reclamation Project in Pennsylvania provides another reuse 
example.  Information is available through the Pennsylvania Department of Environmental Protection 
Web site at http://www.dep.state.pa.us/dep/DEPUTATE/MINRES/BAMR/bark_camp/ 
barkhomepage.htm. However, beneficial use of dredged or excavated sediment has been only 
implemented infrequently for remedial projects, mainly due to lack of cost-effective uses in most 
instances. Where beneficial use is considered, the contaminant levels and environmental exposure, 
including considerations of future land use, should be assessed. 


Options for beneficial use may include the following: 


•	 Construction fill; 


•	 Sanitary landfill cover as in the above example; 


•	 Mined lands restoration; 


•	 Subgrade cap material or subgrade in a restoration fill project (topped with clean 
sediment or other fill); 


•	 Building materials (e.g., architectural tile; see Highlight 6-9); and 


•	 Beach nourishment (for a clean sand fraction). 


A series of technical notes on beneficial uses of contaminated material has been developed by the 
USACE (Lee 2000), and the USACE maintains a Web site of beneficial use case studies currently 
available at http://el.erdc.usace.army.mil/dots/budm/budm.html. Use of contaminated materials from 
CDFs (to include treated material) is a major thrust of the USACE Dredging Operations and 
Environmental Research (DOER) program (http://el.erdc.usace.army.mil/dots/doer). In addition, Barth 
and associates evaluated beneficial reuse using an effectiveness protocol (Barth et al. 2001). 


In some cases, a CDF (see description in Section 6.8.2) can be integrated with site reuse plans to 
both reduce environmental risk and simultaneously foster redevelopment in urban areas and brownfields 
sites. For example, at the Sitcum Waterway cleanup project in Tacoma, Washington, contaminated 
sediment was placed in a near shore fill in the Milwaukee Waterway, which was then developed into a 
container terminal.  Also, there may be innovative and environmentally protective ways to reuse dredged 
contaminated sediments in habitat restoration projects (e.g., placement of lightly contaminated material 
over highly contaminated materials to build up elevations necessary for eventual creation of clean 
emergent marshlands). 
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6.8 SEDIMENT DISPOSAL 


For purposes of this guidance the term “disposal” refers to the placement of dredged or excavated 
material and process wastes into a temporary or permanent structure, site, or facility.  The goal of disposal 
is generally to manage sediment and/or residual wastes to prevent contaminants associated with them 
from impacting human health and the environment.  Disposal is typically a major cost and logistical 
component of any dredging or excavation alternative. The identification of disposal locations can often 
be the most controversial component of planning and implementing a dredging remedy and, therefore, 
should be considered very early in the feasibility study. 


Historically, contaminated sediment from Superfund sites has been typically managed in upland 
sanitary landfills, or hazardous or chemical waste landfills, and less frequently, in CDFs.  Contaminated 
sediment has also been managed by the USACE in contained aquatic disposals (CADs).  Also, the 
material may have a beneficial use in an environment other than the aquatic ecosystem from which it was 
removed (e.g., foundation material beneath a newly constructed brownfields site), especially if the 
sediment has undergone treatment.  As noted below, all disposal options have the potential to create some 
risk. These risks may result from routine practices (i.e., worker exposure and physical risks and 
volatilization), while other risks may result from unintended events, such as transportation accidents and 
contaminant losses at the disposal site.  All potential risks should be considered when comparing 
alternatives. The ARCS program’s Remediation Guidance Document (U.S. EPA 1994d) provides a 
discussion of the available disposal technologies for sediment, including an in-depth discussion of costs, 
design considerations, and selection factors associated with each technology.  Averett and colleagues 
(1990), EPA (1991b), and Palermo and Averett (2000) provide additional discussion of disposal options 
and considerations. 


6.8.1 Sanitary/Hazardous Waste Landfills 


Existing commercial, municipal, or hazardous waste landfills are the most widely used option for 
disposal of dredged or excavated sediment and pretreatment/treatment residuals from environmental 
dredging and excavation. Landfills also are sometimes constructed onsite for a specific dredging or 
excavation project. Landfills can be categorized by the types of wastes they accept and the laws 
regulating their operation. Most solid waste landfills accept all types of waste (including hazardous 
substances) not regulated as Resource Conservation and Recovery Act (RCRA) hazardous waste or Toxic 
Substances Control Act (TSCA) toxic materials.  Due to typical restrictions on liquids in landfills, most 
sediment should be dewatered and/or stabilized/solidified before disposal in a landfill.  Temporary 
placement in a CDF or pretreatment using mechanical equipment may therefore be necessary (Palermo 
1995). 


6.8.2 Confined Disposal Facilities (CDFs) 


CDFs are engineered structures enclosed by dikes and specifically designed to contain sediment. 
CDFs have been widely used for navigational dredging projects and some combined 
navigational/environmental dredging projects but are less common for environmental dredging sites, due 
in part to siting considerations. However, they have been used to meet the needs of specific sites, as have 
other innovative in-water fill disposal options, for example, the filling of a previously used navigational 
waterway or slip to create new container terminal space (e.g., Hylebos Waterway cleanup and Sitcum 
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Waterway cleanup in Tacoma, Washington).  In some cases, new nearshore habitat has also been created 
as mitigation for the fill. 


Under normal operations of a CDF, water is discharged over a weir structure or allowed to 
migrate through the dike walls while solids are retained within the CDF.  Typically effluent guidelines or 
discharge permits govern the monitoring requirements of the return water.  Details regarding the use and 
engineering design of CDFs are available in the USACE Engineer Manual, Confined Disposal of Dredged 
Material (USACE 1987) and the USACE Testing Manual (USACE 2003). 


A cross-sectional view of a typical nearshore CDF dike design is shown in Highlight 6-10.  CDFs 
may be located either upland (above the water table), near-shore (partially in the water), or completely in 
the water (island CDFs). There are several documents available containing thorough descriptions, 
technical considerations, and costs associated with CDFs (U.S. EPA 1996e, U.S. EPA 1994d, U.S. EPA 
1991c, and Averett et al. 1990). Additionally, USACE and EPA (2003) describes a history and 
evaluation of the design and performance of CDFs used for navigational dredging projects in the Great 
Lakes Basin, including a review and discussion of relevant contaminant loss and contaminant uptake 
studies. 


Highlight 6-10: Cross Section of a Typical Confined Disposal Facility Dike with a Filter Layer 


Disposal Side Lake Side 


Granular Fill 


16' 


Sand Filter 8' 


5' 


1' 


1.5' 


1' 


2' 


1.5' 


1' 


1.5' 


1' 


Note: 1ft. = 0.3m 


Steel Sheet Piling 


Note: Adapted from US. EPA 1998d 


6.8.3 Contained Aquatic Disposal (CAD) 


For purposes of this guidance, contained aquatic disposal is a type of subaqueous capping in 
which the dredged sediment is placed into a natural or excavated depression elsewhere in the water body. 
A related form of disposal, known as level bottom capping, places the dredged sediment on a level bottom 
elsewhere in the water body, where it is capped.  CAD has been used for navigational dredging projects 
(e.g., Boston Harbor, Providence River), but has been rarely considered for environmental dredging 
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projects. However, there may be instances when neither dredging with land disposal nor capping 
contaminated sediment in-situ is feasible, and it may be appropriate to evaluate CADs.  The depression 
used in the case of a CAD should provide lateral containment of the contaminated material, and also 
should have the advantage of requiring less maintenance and being more resistant to erosion than level-
bottom capping.  The depression for the CAD cell may be excavated using conventional dredging 
equipment or natural or historically dredged depressions may be used.  Uncontaminated material 
excavated from the depression may be subsequently used for the cap (U.S. EPA 1994d). 


6.8.4 Losses from Disposal Facilities 


Evaluation of a new on-site disposal facility for placement of contaminated sediment should 
include an assessment of contaminant migration pathways and should incorporate management controls in 
the facility design as needed.  Landfill disposal options may have short-term releases, which include 
spillages during transport and volatilization to the atmosphere as the sediment is drying.  As for any 
disposal option, longer-term releases depend in large part on the characteristics of the contaminants and 
the design and maintenance of the disposal facility. 


For CDFs, contaminants may be lost via effluent during filling operations, surface runoff due to 
precipitation, seepage through the bottom and the dike wall, volatilization to the air, and uptake by plants 
and animals.  The USACE has developed a suite of testing protocols for evaluating each of these 
pathways (U.S. EPA and USACE 1992), and these procedures are included in the ARCS program’s 
Estimating Contaminant Losses from Components of Remediation Alternatives for Contaminated 
Sediments (U.S. EPA 1996e). The USACE has also developed the Testing Manual (USACE 2003), 
which describes contaminant pathway testing.  Depending on the likelihood of contaminants leaching 
from the confined sediment, a variety of dike and bottom linings and cap materials may be used to 
minimize contaminant loss (U.S. EPA 1991c, U.S. EPA 1994d, Palermo and Averett 2000).  Depending 
on contaminant characteristics, CDFs for sediment remediation projects may need control measures such 
as bottom or sidewall liners or low permeability dike cores.  Project managers should also be aware that 
permeability across these barriers can decline significantly with time due to the consolidation process and 
blockage of pore spaces with fine materials.  Therefore, site-specific evaluation is important. 


Contaminants may be released as a mud wave outside of the boundaries of the CAD, or to the 
water column or air during placement of the contaminated sediment.  Seepage of pore water may also 
occur during the initial consolidation of the sediment following placement.  Other releases common to in-
situ caps, such as through erosion of the cap or movement of contaminants through the cap (see Chapter 
5, In-Situ Capping) may also occur.  Whatever disposal options are evaluated, the rate and potential 
effects of contaminant losses during construction and in the long term should be considered. 


Highlight 6-11 presents some general points to remember from this chapter. 
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Highlight 6-11: Some Key Points to Remember When Considering Dredging and Excavation 


•	 Source control should be generally implemented to prevent recontamination 


•	 A dredging or excavation alternative should include details concerning all phases of the project, including 
sediment removal, staging, dewatering, water treatment, sediment transport, and sediment treatment, 
reuse, or disposal 


•	 Transport and disposal options may be complex and controversial; options should be investigated early 
and discussed with stakeholders 


•	 In predicting risk reduction effects of dredging or excavation of deeply buried contaminants, exposure and 
risk are related to contaminants that are accessible to biota.  Contaminants that are deeply buried have 
no significant migration pathway to the surface, and are unlikely to be exposed in the future may not need 
removal 


•	 Environmental dredging should take advantage of methods of operation, and in some cases specialized 
equipment, that minimize resuspension of sediment and transport of contaminants.  The use of 
experienced operators and oversight personnel is very important to an effective cleanup 


•	 A site-specific assessment or pilot study of anticipated sediment resuspension, contaminant release and 
transport, and its potential ecological impacts should be conducted prior to full scale dredging 


•	 Realistic, site-specific predictions should be made of residual contamination based on pilot studies or 
data from comparable sites. Where residuals are a concern, thin layer placement/backfilling, MNR, or 
capping may also be needed 


•	 Excavation (conducted after water diversion) often leads to lower levels of residual contamination than 
dredging (conducted under standing water) 


•	 A dredging or excavation project should be monitored during implementation to assess resuspension and 
transport of contaminants, immediately after implementation to assess residuals, and after 
implementation to measure long-term recovery of biota and to test for recontamination 
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7.0 REMEDY SELECTION CONSIDERATIONS 


No two sites are identical and therefore the risk-management strategy will vary from site 
to site... The strategy selected should be one that actually reduces overall risk, not merely 
transfers the risk to another site or another affected population. The decision process 
necessary to arrive at an optimal management strategy is complex and likely to involve 
numerous site-specific considerations... 


Management decisions must be made, even when information is imperfect.  There are 
uncertainties associated with every decision that need to be weighed, evaluated, and 
communicated to affected parties.  Imperfect knowledge must not become an excuse for 
not making a decision. 


In these two statements from the National Research Council’s (NRC’s) report A Risk 
Management Strategy for PCB-Contaminated Sediments (NRC 2001), the NRC identifies some of the key 
challenges faced by many project managers at the remedy selection stage.  The program goal of the 
Superfund remedy selection process is to select remedies that are protective of human health and the 
environment, that maintain protection over time, and that minimize untreated waste [Title 40 Code of 
Federal Regulations (40 CFR) §300.430(a)(1)(i)].  Superfund remedies must also be cost-effective and 
use permanent solutions to the maximum extent practicable [Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA) §121(b)].  The best route to meeting these and other 
requirements, as well as the best route to overall risk reduction, depends on a large number of site-specific 
considerations, some of which may be subject to significant uncertainty.  Although final decision making 
in the face of imperfect knowledge may be necessary, it may be appropriate to postpone a final decision if 
there is significant doubt about the proposed action’s ability to reduce site risks substantially in light of 
the potential magnitude of costs associated with addressing certain sediment sites.  Postponing a final 
decision may provide an opportunity to conduct additional investigation or pilot studies, and would not 
necessarily preclude carrying out appropriate interim response actions at the same time. 


7.1 RISK MANAGEMENT DECISION MAKING 


Consistent with the National Oil and Hazardous Substances Pollution Contingency Plan (NCP), 
each of the risk management principles in the U.S. Environmental Protection Agency’s (EPA’s) 
Principles for Managing Contaminated Sediment Risks at Hazardous Waste Sites (U.S. EPA 2002a; see 
Appendix A), is important to consider for achieving a successful sediment cleanup.  Several of the 
principles apply more directly to the remedy selection stage, especially Principle 7, Select Site-Specific, 
Project-Specific, and Sediment-Specific Risk Management Approaches that will Achieve Risk-based 
Goals. Any decision regarding the specific choice of a remedy for a contaminated sediment site should be 
based on a careful consideration of the advantages and limitations of available approaches and a 
balancing of tradeoffs among alternatives. 


A risk management process should be used to select a remedy designed to reduce the key human 
and ecological risks effectively.  Another important risk management function generally is to compare 
and contrast the costs and benefits of various remedies.  As noted in EPA’s Ecological Risk Assessment 
Guidance for Superfund: Process for Designing and Conducting Ecological Risk Assessment (U.S. EPA 
1997d), risk assessments should provide a basis for comparing, ranking, and prioritizing risks.  The 
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results can also be used in cost-effectiveness analyses that offer additional interpretation of the effects of 
alternative management options. 


In addition, risk management goals should be developed that can be evaluated within a realistic 
time period, acknowledging that it may not be practical to achieve all goals in the short term.  Risk 
management of contaminated sediment should comprehensively evaluate the broad range of risks posed 
by contaminated sediment and associated remedial actions, while recognizing that some risks may be 
reduced in a shorter time frame than others. 


EPA’s Rules of Thumb for Superfund Remedy Selection (U.S. EPA 1997c, also referred to as the 
“Rule of Thumb Guidance”) is a helpful guidance for project managers to review when making risk-
management decisions and selecting remedies at sediment sites.  The Rules of Thumb Guidance describes 
key principles and expectations, interspersed with “best practices” based on program experience and 
policies. In addition, this guidance discusses how remedy selection may also be applicable to the 
Resource Conservation and Recovery Act (RCRA) Corrective Action Program.  For more information on 
the two cleanup programs, the project manager should refer to Office of Solid Waste and Emergency 
Response (OSWER) Directive 9200.0-25, Coordination Between RCRA Corrective Action and Closure 
and CERCLA Site Activities (U.S. EPA 1996f). 


Decisions regarding risk management and remedy selection should also consider pertinent 
recommendations from stakeholders, which frequently include the local community, local government, 
states, Indian tribes, and responsible parties. Remediation may significantly impact day-to-day activities 
of residents and recreation-seekers, and operations of commercial establishments near the water body for 
extended periods. Stakeholders should be involved when designing and scheduling remedial operations, 
not just during the remedy selection process.  Documenting and communicating how and why remedy 
decisions are made are very important tasks at sediment sites.  For guidance on documenting remedy 
decisions under CERCLA, project managers should refer to EPA’s A Guide to Preparing Superfund 
Proposed Plans, Records of Decision, and other Remedy Selection Documents, also referred to as the 
“ROD Guidance” (U.S. EPA 1999a). 


7.2 NCP REMEDY SELECTION FRAMEWORK 


In the NCP, EPA provides a series of expectations (see Highlight 7-1) to reflect the principal 
requirements under CERCLA §121 and to help focus the remedial investigation/feasibility study (RI/FS) 
on appropriate cleanup options. EPA developed nine criteria for evaluating remedial alternatives to 
ensure that all important considerations are factored into remedy selection decisions.  Chapter 3, Section 
3.2 outlines the NCP’s nine remedy selection criteria.  These criteria are derived from the statutory 
requirements under CERCLA §121, as well as technical and policy considerations that have proven to be 
important for selecting among the remedial alternatives.  In general, the nine criteria analysis comprises 
the following two steps: 1) an evaluation of all alternatives with respect to each criterion; and 2) a 
comparison among the alternatives to determine the relative performance of the alternatives and identify 
major trade-offs among them (i.e., relative advantages and limitations).  Generally this comparison is 
made on a qualitative basis, although some have attempted a quantitative analysis (e.g., Linkov et al. 
2004). Ultimately, the remedy selected must be protective of human health and the environment, attain 
(or waive) applicable or relevant and appropriate requirements (ARARs), be cost effective, use permanent 
solutions and alternative treatment technologies or resource recovery technologies to the maximum extent 
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practicable, and satisfy a preference for treatment or provide an explanation as to why this preference was 
not met. 


Consistent with CERCLA and the NCP, each remedial action selected should be cost-effective. 
The NCP provides several threshold criteria that should be satisfied (40 CFR §300.430(f)(ii)(D)). Cost-
effectiveness is generally determined by evaluating three of the five balancing criteria: 1) long-term 
effectiveness and permanence; 2) reduction of toxicity, mobility, or volume of hazardous substances 
through treatment; and 3) short-term effectiveness.  A remedy typically is considered cost effective when 
its cost is proportional to its overall effectiveness. As described in the preamble to the NCP, more than 
one alternative may be considered cost-effective (55 Federal Register (FR) 8728, March 8, 1990). The 
relationship between overall effectiveness and cost should be examined across all alternatives to identify 
which options can best afford effectiveness proportional to their cost.  The evaluation of an alternative’s 
cost effectiveness is usually concerned with the reasonableness of the relationship between the 
effectiveness afforded by each alternative and its costs when compared to other available options (U.S. 
EPA 1999a). 


For some complex sediment sites, there may be a high degree of uncertainty about the predicted 
effectiveness of various remedial alternatives.  Where this is the case, it is especially important to identify 
and factor that uncertainty into site decisions.  Project managers are encouraged to consider a range of 
probable effectiveness scenarios that includes both optimistic and non-ideal site conditions and remedy 
performance. 


The NCP lists six “expectations” that EPA generally considers in developing appropriate 
remedial alternatives at Superfund sites (40 CFR §300.430(a)(1)(iii)).  Highlight 7-1 discusses how the 
six expectations may be relevant for sites with contaminated sediment.  Generally, the expectations are 
addressed by seeking the best balance of trade-offs among the alternatives evaluated. 


7.3 CONSIDERING REMEDIES 


If the baseline risk assessment determines that contaminated sediment presents an unacceptable 
risk to human health or the environment, remedial alternatives should be developed to reduce those risks 
to acceptable levels. As discussed in Chapter 3, Section 3.1, Developing Remedial Alternatives for 
Sediment, due to the limited number of approaches available for contaminated sediment, generally, 
project managers should evaluate each of the three major approaches monitored natural recovery (MNR), 
in-situ capping, and removal through dredging or excavation at every sediment site.  Depending on site-
specific conditions, contaminant characteristics, and/or health or environmental risks at issue, certain 
methods or combinations of methods may prove more promising than others.  Each site and the various 
sediment areas within it presents a unique combination of circumstances that should be considered 
carefully in selecting a comprehensive site-wide cleanup strategy.  At large or complex sediment sites, the 
remedy decision frequently involves choices between areas of the site and how they are best suited to 
particular cleanup methods rather than a simple one-size-fits-all choice between approaches for the entire 
site. 


Project managers should keep in mind that deeper contaminated sediment that is not currently 
bioavailable or bioaccessible, and that analyses have shown to be stable to a reasonable degree, do not 
necessarily contribute to site risks.  In evaluating whether to leave buried contaminated sediment in place, 
project managers should include an analysis of several factors, including the depth to which significant 
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Highlight 7-1: NCP Remedy Expectations and Their Potential Application 
to Contaminated Sediment 


EPA expects to use treatment to address the principal threats posed by a site, wherever practicable: 


•	 In general, wastes, including contaminated sediment, may be considered a principal threat where toxicity 
and mobility combine to pose a potential human health risk of 10-3 or greater for carcinogens (U.S. EPA 
1991d). For these areas, project managers should evaluate an alternative that includes treatment. 
However, the practicability of treatment, and whether a treatment alternative should be selected, should 
be evaluated against the NCP’s nine remedy selection criteria.  Based on available technology, treatment 
is not considered practicable at most sediment sites 


EPA expects to use engineering controls, such as containment, for waste that poses a relatively low long-term

threat or where treatment is impracticable:



•	 Containment options for sediment generally focus on in-situ capping. A project manager should evaluate 
in-situ capping for every sediment site that includes low-level threat waste.  Where a containment 
alternative is clearly not appropriate for a detailed evaluation, project managers should evaluate ex-situ 
containment (i.e., disposal without treatment).  It should be recognized that in-situ containment can also 
be effective for principal threat wastes, where that approach represents the best balance of the NCP nine 
remedy selection criteria 


EPA expects to use a combination of methods, as appropriate, to achieve protection of human health and the

environment:



•	 Large or complex contaminated sediment sites or operable units frequently require development of 
alternatives that combine various approaches for different parts of the site.  For a broader discussion on 
this topic, refer to Chapter 3, Section 3.1.1, Alternatives that Combine Approaches 


EPA expects to use institutional controls, such as water use and deed restrictions, to supplement engineering

controls as appropriate for short- and long-term management to prevent or limit exposure to hazardous

substances, pollutants, or contaminants:



•	 Institutional controls such as fish consumption advisories, fishing bans, ship draft/anchoring/wake 
controls, or structural maintenance requirements (e.g., dam or breakwater maintenance) are frequently a 
part of sediment alternatives, especially where contaminated sediment is left in place, or where remedial 
goals in fish tissue cannot be met for some time. See Chapter 3, Section 3.6, Institutional Controls, for 
additional discussion 


EPA expects to consider using innovative technology when such technology offers the potential for comparable or 
superior treatment performance or implementability, fewer or lesser adverse impacts than other available 
approaches, or lower costs for similar levels of performance than demonstrated technologies: 


•	 Innovative technologies are technologies whose limited number of applications may result in less cost and 
performance data, frequently due to limited field application.  Additional cost and performance data may 
be needed for many sediment remedies, and field demonstrations of new techniques and approaches 
may be especially needed, including both innovative in-situ and ex-situ technologies.  Although most 
innovations for sediment remedies are currently in the research phase, as they become available, project 
managers should consider using them 


EPA expects to return reusable ground waters to their beneficial uses wherever practicable, within a time frame 
that is reasonable given the circumstances for the site.  When restoration of ground water to beneficial uses is not 
practicable, EPA expects to prevent further migration of the plume, prevent exposure to the contaminated ground 
water, and evaluate further risk reduction: 


•	 Ground water may be a continuing source of sediment and surface water contamination.  Where this is 
the case, ground water migration prevention may be very important to a successful sediment cleanup and 
to protect benthic biota. Ground water restoration may also be needed to return the ground water to a 
beneficial use 
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populations of organisms burrow, the potential for erosion due to natural or anthropogenic (man-made) 
forces, the potential for contaminant movement via ground water, and the effectiveness of any 
institutional controls (ICs) to limit sediment disturbance.  In some cases, the most appropriate approach 
may be long-term monitoring, with contingency actions, if necessary. 


To assist project managers in evaluating cleanup options, two summary highlights are presented 
below. Highlight 7-2 provides general site, sediment, and contaminant characteristics or conditions 
especially conducive to each of the three common sediment approaches.  This highlight is intended as a 
general tool for project managers as they look more closely at particular approaches when most of these 
characteristics are present. Project managers should note that these characteristics are not requirements. 
It is important to remain flexible when evaluating sediment alternatives and when considering approaches 
that at first may not appear the most appropriate for a given environment.  When an approach is selected 
for a site that has one or more site characteristics or conditions appearing problematic, additional 
engineering or ICs may be available to enhance the remedy.  Some of these situations are discussed in the 
remedy-specific chapters (Chapters 4, 5, and 6). 


Highlight 7-2: Some Site Characteristics and Conditions Especially Conducive to Particular 
Remedial Approaches for Contaminated Sediment 


Characteristics Monitored Natural 
Recovery 


In-situ Capping Dredging/Excavation 


General Site 
Characteristics 


Anticipated land uses or 
new structures are not 
incompatible with natural 
recovery 


Natural recovery 
processes have a 
reasonable degree of 
certainty to continue at 
rates that will contain, 
destroy, or reduce the 
bioavailability or toxicity of 
contaminants within an 
acceptable time frame 


Suitable types and 
quantities of cap material 
are available 


Anticipated infrastructure 
needs (e.g., piers, pilings, 
buried cables) are 
compatible with cap 


Water depth is adequate 
to accommodate cap with 
anticipated uses (e.g., 
navigation, flood control) 


Incidence of cap-
disrupting human 
behavior, such as large 
boat anchoring, is low or 
controllable 


Suitable disposal sites are 
available 


Suitable area is available for 
staging and handling of 
dredged material 


Existing shoreline areas and 
infrastructure (e.g., piers, 
pilings, buried cables) can 
accommodate dredging or 
excavation needs 


Navigational dredging is 
scheduled or planned 


Human and 
Ecological 
Environment 


Expected human 
exposure is low and/or 
reasonably controlled by 
ICs 


Site includes sensitive, 
unique environments that 
could be irreversibly 
damaged by capping or 
dredging 


Expected human 
exposure is substantial 
and not well-controlled by 
ICs 


Long-term risk reduction 
outweighs habitat 
disruption, and/or habitat 
improvements are 
provided by the cap 


Expected human exposure is 
substantial and not well-
controlled by ICs 


Long-term risk reduction of 
sediment removal outweighs 
sediment disturbance and 
habitat disruption 
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Characteristics Monitored Natural 
Recovery 


In-situ Capping Dredging/Excavation 


Hydrodynamic Deposition of sediment is Hydrodynamic conditions Water diversion is practical, or 
Conditions occurring in the areas of 


contamination 
(e.g., floods, ice scour) 
are not likely to 


current velocity is low or can 
be minimized to reduce 


Hydrodynamic conditions 
compromise cap or can 
be accommodated in 


resuspension and downstream 
transport during dredging 


(e.g., floods, ice scour) 
are not likely to 


design 


compromise natural 
recovery 


Rates of ground water 
flow in cap area are low 
and not likely to create 
unacceptable contaminant 
releases 


Sediment Sediment is resistant to Sediment has sufficient Contaminated sediment is 
Characteristics resuspension (e.g., 


cohesive or well-armored 
sediment) 


strength to support cap 
(e.g., has high density/low 
water content) 


underlain by clean sediment 
(so that over-dredging is 
feasible) 


Sediment contains low 
incidence of debris (e.g., logs, 
boulders, scrap material) or is 
amenable to effective debris 
removal prior to dredging or 
excavation 


Contaminant 
Characteristics 


Contaminant 
concentrations in biota 
and in the biologically 
active zone of sediment 


Contaminants have low 
rates of flux through cap 


Contamination covers 


Higher contaminant 
concentrations cover discrete 
areas 


are moving towards risk-
based goals 


Contaminants readily 
biodegrade or transform 
to lower toxicity forms 


contiguous areas (e.g., to 
simplify capping) 


Contaminants are highly 
correlated with sediment grain 
size (i.e., to facilitate 
separation and minimize 
disposal costs) 


Contaminant 
concentrations are low 
and cover diffuse areas 


Contaminants have low 
ability to bioaccumulate 


Highlight 7-3 may assist project managers in evaluating cleanup options.  For convenience, these 
comparisons are organized around the NCP’s nine remedy selection criteria.  This highlight is intended 
only to identify some of the general differences between these three remedy types, not as an example of 
an actual comparative alternatives analysis for a site.  An actual site alternatives analysis would typically 
include more complex alternatives and many site-specific details, as described in the ROD Guidance 
(U.S. EPA 1999a) and EPA’s Guidance for Conducting Remedial Investigations and Feasibility Studies 
under CERCLA (U.S. EPA 1988a, commonly referred to as the “RI/FS Guidance”).  The example 
criterion components column used in Highlight 7-3 below are adapted from the RI/FS Guidance and are 
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intended only as examples of some of the components that may be considered when evaluating each 
remedy selection criterion. 


Highlight 7-3: Examples of Some Key Differences Between Remedial Approaches for 
Contaminated Sediment 


NCP 
Remedy 
Selection 
Criteria 


Example 
Criterion 


Components 
Monitored Natural 


Recovery In-Situ Capping Dredging/Excavation 


Overall 
Protective
ness 


Generally relies upon 
natural processes for 
protection 


May provide low level 
of short-term 
protection, but may 
provide potentially 
acceptable long-term 
protection 


Generally, relies upon 
adequate cap placement 
and maintenance for 
protection 


May provide moderate to 
high level of protection, 
depending upon areal 
extent, design of cap, and 
long-term maintenance 


Generally, relies upon 
effective removal and low 
residual levels for protection 


May provide moderate to 
high level of protection, 
depending on residual, or 
where remedy is combined 
with backfilling, capping, or 
MNR 


Compliance 
with 
Applicable 
or Relevant 
and 
Appropriate 
Require
ments 
(ARARs) 


Generally, only 
chemical-specific 
ARARs apply (these 
would also apply to 
other approaches) 


Generally, the Clean 
Water Act (CWA) §404 
(regulates discharge of 
dredged or fill materials 
into waters of the U.S.) 
and the Rivers and 
Harbors Act (prohibits 
obstruction or alteration 
of a navigable waterway) 
are ARARs 


See Chapter 3, Section 
3.3, for additional 
examples of ARARs 


Generally, CWA §404 and 
the Rivers and Harbors Act 
are ARARs. Generally, 
treatment facilities and in-
water disposal sites should 
meet substantive 
requirements of the CWA 
§§404 and 401 for 
discharge of effluents into 
waters of the U.S. 


Generally, state solid 
hazardous waste rules and 
RCRA is an ARAR for 
disposal in solid or 
hazardous waste landfills 


See Chapter 3, Section 3.3, 
for additional examples of 
ARARs 


Long-Term 
Effective
ness and 
Permanence 


Magnitude of 
Risk 
Reduction and 
Residual Risks 


May provide low to high 
level of risk reduction 
and residual risk, 
depending on 
processes being relied 
upon and site-specific 
characteristics that 
might enhance or 
prevent long-term 
isolation or destruction 
of contaminants 


May provide moderate to 
high level of risk 
reduction and low to 
moderate residual risk, 
depending on cap design, 
placement, construction, 
and maintenance to 
address site 
characteristics that might 
otherwise prevent long-
term isolation of 
contaminants 


May provide moderate to 
high level of risk reduction 
and low to moderate 
residual risk, depending on 
effectiveness of dredging 
and use of backfill material 


May provide low (upland) to 
moderate (in-water) residual 
risk for sediments and 
treatment residuals 
contained at controlled 
disposal sites 
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NCP 
Remedy Example 
Selection Criterion Monitored Natural 
Criteria Components Recovery In-Situ Capping Dredging/Excavation 


Long-Term 
Effective
ness and 
Permanence 
(cont.) 


Adequacy and 
Reliability of 
Controls for 
Residual Risk 


May provide low 
control, but potentially 
acceptable, depending 
on processes being 
relied upon and site-
specific conditions 


May provide moderate 
ability to control 
physical disturbance 
due to human activity 
via institutional 


May provide moderate to 
high control, depending 
on cap stability and 
contaminant migration 
through cap 


May provide low to 
moderate ability to control 
physical disturbance due 
to human and natural 
forces and to control 
effects of advective flow 


May provide high control 
due to removal of 
contaminants, if residual 
contamination is below 
cleanup levels or addressed 
through backfilling, or 
capping 


May leave residual risks at 
upland disposal sites that 
are easily controlled; at in-
water sites control can be 


controls; may provide 
little ability to control 
physical disturbance 
due to natural forces 


and diffusion through cap 
design and moderate 
ability to control disruption 
through institutional 
controls 


more complex 


May provide no ability 
to control advection 
and diffusion of 
contaminants through 
overlying cleaner 
sediment, where this is 
of concern 


Need for Five- Five-year reviews Five-year reviews Five-year review may be 
Year Reviews generally would be 


required for most sites 
generally would be 
required for most sites 


generally required until 
remedial action objectives 


due to waste left in 
place and possible 


due to waste left in place 
and possible continuing 


are met 


continuing need for use 
restrictions 


need for use restrictions Reviews generally required 
for on-site disposal facilities 


Reduction of 
Toxicity, 
Mobility, and 
Volume 
(TMV) 
Through 
Treatment 


No treatment is 
involved 


Typically, no treatment is 
involved 


Research is ongoing 
concerning the 
combination of innovative 
in-situ treatment 
components within a cap 


Sediment is treated in some 
cases if practical and cost-
effective; stabilization is 
most common form 


Potential exists for 
beneficial reuse of dredged 
sediment 


Water treatment can reduce 
TMV of contaminants where 
significant quantities of 
toxics are removed from the 
water 
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NCP 
Remedy Example 
Selection Criterion Monitored Natural 
Criteria Components Recovery In-Situ Capping Dredging/Excavation 


Short-Term 
Effective
ness 


Environ
mental 
Impacts 
During 
Remedy 
Implemen
tation 


There should be no 
additional impact to 
bottom-dwelling 
ecological community 
from the remedy itself, 
but impacts of 
contaminated sediment 


May provide high impact 
to bottom habitat in area 
of cap. Cap design can 
facilitate recolonization in 
some cases 


May provide low potential 


May provide high impact to 
bottom habitat in dredged 
area. Backfill design can 
facilitate recolonization in 
some cases 


May provide moderate 
on environment 
continue until 


for impacts from releases 
to the environment during 


potential for impacts to biota 
from release during 


protection is achieved cap placement and initial 
consolidation 


dredging; releases partially 
controllable by physical 
barriers and by selection 
and operation of dredging 
equipment 


Community 
and Worker 
Protection 
During 
Remedy 
Implementa
tion 


There should be no 
additional health 
impacts to community 
from the remedy itself; 
any pre-existing 
impacts would continue 
until protection is 
achieved 


May provide moderate 
ability to control 
community impacts 
from fish/shellfish 
ingestion and, where 
applicable, direct 
contact with 
contaminated 


There should be low 
potential for health 
impacts to community 
and workers from 
contaminant releases 
during cap placement. 
Engineering controls may 
minimize these releases; 
worker protection 
generally available 


Increased truck or rail 
traffic for transport of cap 
material may impact 
workers and the 
community 


There should be low to 
moderate potential for 
health impacts to 
community and workers 
from contaminant release 
during dredging, staging, 
transport, and disposal. 
Engineering controls may 
minimize these releases; 
worker protection generally 
available 


Increased truck or rail traffic 
for transport of dredged 
material may impact 
workers and the community 


sediment, through 
consumption advisories 
and use restrictions 


There should be 


Staging needs for cap 
placement may disrupt 
local community during 
placement 


Dredged materials and 
water handling or treatment 
needs may disrupt local 
community during dredging 


minimal impacts on 
workers and community 
from monitoring 
activities 
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NCP 
Remedy Example 
Selection Criterion Monitored Natural 
Criteria Components Recovery In-Situ Capping Dredging/Excavation 


Short-Term 
Effective
ness (cont.) 


Time Until 
Protection is 
Achieved 


Generally, longest time 
to achieve protection, 
depending on rates of 
natural processes and 
bioavailability of the 
contaminants 


Time to achieve 
protection is frequently 
highly uncertain 


Generally, shortest time 
to achieve protection 


Complete biota recovery 
could take several years 


Generally, most certainty 
concerning time to 
achieve protection 


Time to achieve protection 
varies depending on the 
size and complexity of the 
project 


Complete biota recovery 
could take several years 


Time frame generally more 
uncertain than for capping 
due to difficulty of predicting 
residual contamination 


Implement-
ability 


Technical 
Feasibility 


Generally, no 
construction is required 


Cap placement methods 
are generally well-
established; ability to 


Dredging and excavation 
methods are generally well-
established; technical 


Reliability can be 
uncertain in some 


construct a cap depends 
on a number of factors 


feasibility of dredging 
depends on a number of 


environments due to 
uncertain rates of 


including water depth and 
currents, slope and 


factors including 
accessibility, extent of 


natural processes and 
uncertainties 


geotechnical stability of 
underlying materials, and 


debris, and the ability to 
over-dredge 


concerning sediment 
stability 


stability of the cap itself 
during and after Disposal in upland landfills 
construction is a well-established 


Where site-specific technique; in-water disposal 
conditions allow, should 
be relatively easy to 


Reliability generally high, 
depending on site-


methods are less well-
established and may require 


implement a different 
remedy if MNR is not 


specific conditions, and 
degree of monitoring and 


greater monitoring; 
technical feasibility 


effective maintenance generally depends on 
distance to the disposal 


Methods for monitoring 
sediment cleanup 


Relatively easy to repair 
cap in case of localized 


site, ease of dewatering, 
and slope and geotechnical 


levels are relatively well 
established 


erosion or disruption, but 
can be difficult or costly to 


stability of disposal site 


implement sediment 
removal if cap is not 


May be necessary to re-
dredge, cap or implement 


effective MNR if dredging alone does 
not meet cleanup standards 


Methods for monitoring 
cap integrity and Monitoring methods for 
contaminant migration 
within cap are relatively 


sediment cleanup levels 
and short-term releases 


well established from dredging are relatively 
well established 
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NCP 
Remedy Example 
Selection Criterion Monitored Natural 
Criteria Components Recovery In-Situ Capping Dredging/Excavation 


Implement-
ability 
(cont.) 


Administra
tive Feasibility 


State-regulated ICs, 
including fish 
consumption advisories 
where contaminants 
are bioaccumulative, 
may be needed for a 
longer period than for 
other remedies 


Containment in public 
waters can require long-
term coordination with 
state and local regulators 
due to potential need for 
long-term controls on 
waterway use 


Dredging and excavation 
plan should be coordinated 
with other agencies to 
ensure compatibility with 
other waterway uses and 
habitat concerns during the 
removal operation 


Where contaminants are Where contaminants are 
bioaccumulative, fish bioaccumulative, fish 
consumption advisories 
frequently needed for a 
period of years.  Length 
of time generally depends 
on residual contamination 


consumption advisories 
frequently needed for a 
period of years.  Length of 
time generally depends on 
residual contamination 


outside of capped area within and outside of 
dredged area 


Disposal siting often 
requires extensive 
coordination with several 
government agencies and 
the public 


Availability of 
Services, 


Monitoring and 
analytical services are 


Location and suitability of 
capping material source 


Environmental dredging and 
excavation equipment is 


Materials, 
Capacities, 
and 


generally readily 
available 


is critical and can be 
problematic if not 
available locally 


generally available, 
although availability may be 
a problem for large projects. 


Equipment 
Specialized cap 


Specialized equipment may 
need to be constructed for 


placement equipment special situations 
may be needed in some 
environments, but are Availability of suitable 
generally available dredged material staging, 


separation, and, where 
Availability of suitable cap required, water treatment 
material staging areas is capacity is critical and can 
critical and can be be problematic for some 
problematic for some sites (e.g., some urban 
sites (e.g., some urban areas) 
areas) 


Availability of a suitable 
disposal facility is critical 
and can be problematic for 
some sites (e.g., where 
local disposal is infeasible 
or high volumes are 
involved) 


7-11 







Chapter 7: Remedy Selection Considerations 


NCP 
Remedy Example 
Selection Criterion Monitored Natural 
Criteria Components Recovery In-Situ Capping Dredging/Excavation 


Cost Generally, no capital Capital costs generally Capital costs generally 
cost higher than MNR and 


lower than dredging/ 
higher than MNR or capping 


Long-term monitoring 
costs typically continue 


excavation Long-term monitoring costs 
generally lower than MNR 


until cleanup levels and 
remedial action 


Long-term maintenance 
and monitoring costs 


and capping 


objectives are met. 
Length of long-term 


generally higher than 
MNR and dredging/ 


Long-term monitoring costs 
typically continue until 


monitoring is generally 
dependent on 


excavation cleanup levels and remedial 
action objectives are met. 


assurance of sediment 
stability 


Long-term monitoring 
costs typically continue 


Length of long-term O&M 
period dependent on extent 


until cleanup levels and 
remedial action objectives 


of residual contamination 
and use of on-site disposal 


are met. Length of long-
term operation and 
maintenance (O&M) 
period dependent on time 
necessary to verify long-
term stability of cap and 
lack of significant 
contaminant fluxes 
through cap 


State 
Acceptance 
and 
Community 
Acceptance 


Commonly identified 
benefits include lack of 
disruption to local 
residents, lack of 
disruption to aquatic 
and terrestrial animal 
and plant life, and low 
cost 


Commonly identified 
benefits include use of an 
active remedy with no 
disposal issues, generally 
moderate cost, and 
potentially faster biota 
recovery than MNR or 
dredging due to rapid 
placement of exposure 
barrier 


Commonly identified 
benefits include removing 
contaminants from 
waterway, possible 
treatment of contaminants, 
faster biota recovery than 
MNR, increased/restored 
navigational depth, 
decreased flooding, and 
lack of use limitations after 
completion 
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NCP 
Remedy Example 
Selection Criterion Monitored Natural 
Criteria Components Recovery In-Situ Capping Dredging/Excavation 


State 
Acceptance 
and 
Community 
Acceptance 
(cont.) 


Commonly identified 
concerns include 
objections to a “do 
nothing” remedy, 
leaving contamination 
in place, possible 
spread of contaminants 
during flooding or other 
disruption; 


Commonly identified 
concerns include leaving 
contamination in place, 
temporary disruption to 
local residents and 
businesses, increased 
truck, rail or barge traffic 
during capping; 
temporarily reduced 


Commonly identified 
concerns include temporary 
disruption to local residents 
and businesses, 
contaminant releases 
during dredging, temporary 
reduction of recreational 
and navigational waterway 
access during dredging; 


uncertainties of 
predicting rates of 


recreational access; 
potentially long-term 


siting of and risks from local 
disposal facilities; and 


natural burial; and a 
potentially lengthy 


reduction of navigational 
waterway access; 


increased truck, rail, or 
barge traffic during dredging 


period of fish 
consumption advisories 


reduced access to buried 
utilities, possible long-
term anchoring or other 
waterway use restrictions, 
and costs to potentially 
responsible parties 
(PRPs) and/or state 
during O&M 


7.4 COMPARING NET RISK REDUCTION 


Each approach to managing contaminated sediment has its own uncertainties and potential 
relative risks. The concept of comparative net risk reduction was discussed by the NRC as a method to 
ensure that all positive and negative aspects of each sediment management approach were appropriately 
considered at contaminated sediment sites.  The Committee on Remediation of PCB-Contaminated 
Sediments states that (NRC 2001): 


All remediation technologies have advantages and disadvantages when applied at a 
particular site, and it is critical to the risk management that these be identified 
individually and as completely as possible for each site.  For example, managing risks 
from contaminated sediment in the aqueous environment might result in the creation of 
additional risks in both aquatic and terrestrial environments...  Removal of contaminated 
materials can adversely impact existing ecosystems and can remobilize contaminants, 
resulting in additional risks to humans and the environment.  Thus, management 
decisions at a contaminated sediment site should be based on the relative risks of each 
alternative management action...  For a site, it is important to consider “overall” or “net” 
risk in addition to specific risks. 


Project managers are encouraged to use the concept of comparing net risk reduction between 
alternatives as part of their decision-making process for contaminated sediment sites, within the overall 
framework of the NCP remedy selection criteria.  Consideration should be given not only to risk 
reduction associated with reduced human and ecological exposure to contaminants, but also to risks 
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introduced by implementing the alternatives.  The magnitude of implementation risks associated with 
each alternative generally is extremely site-specific, as is the time frame over which these risks may apply 
to the site. Evaluation of both implementation risk and residual risk are existing important parts of the 
NCP remedy selection process.  By evaluating these two concepts in tandem, additional information may 
be gained to help in the remedy selection process.  Highlight 7-4 provides examples of elements that 
could be evaluated by project managers in this comparative evaluation. 


Highlight 7-4: Sample Elements for Comparative Evaluation of Net Risk Reduction 


Elements Potentially Reducing Risk 
• Reduced exposure to bioavailable/bioaccessible contaminants 


• Removal of bioavailable/bioaccessible contaminants 


• Removal or containment of buried contaminants that are likely to become bioaccessible 


Elements Potentially Continuing or Increasing Risk 


For MNR: 


• Continued exposure to contaminants already at sediment surface and in food chain 
• Potential for undesirable changes in the site’s natural processes (e.g., lower sedimentation rate) 
• Potential for contaminant exposure due to erosion or human disturbance 


For In-Situ Capping: 


• Contaminant releases during capping 
• Continued exposure to contaminants currently in the food chain 
• Other community impacts (e.g., accidents, noise, residential or commercial disruption) 
• Worker risk during transport of cap materials and cap placement 
• Releases from contaminants remaining outside of capped area 
• Potential contaminant movement through cap 
• Disruption of benthic community 


For Dredging or Excavation: 


• Contaminant releases during sediment removal, transport, or disposal 
• Continued exposure to contaminants currently in the food chain 
• Other community impacts (e.g., accidents, noise, residential or commercial disruption) 
• Worker risk during sediment removal and handling 
• Residual contamination following sediment removal 
• Releases from contaminants remaining outside dredged/excavated area 
• Disruption of benthic community 


7.5 CONSIDERING INSTITUTIONAL CONTROLS (ICs) 


Institutional controls (ICs) such as fish consumption advisories, fishing bans, or ship 
draft/anchoring/wake controls are common parts of sediment remedies (see Chapter 3, Section 3.6, 
Institutional Controls). Structural maintenance agreements are another legal mechanism that may be 
important for protecting some remedies.  40 CFR §300.430(a)(1)(iii)(D) contains the following general 
EPA expectations with respect to ICs. These expectations generally apply to all Superfund sites, 
including sediment sites: 
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•	 EPA expects to use institutional controls such as water use and deed restrictions 
to supplement engineering controls as appropriate for short- and long-term 
management to prevent or limit exposure to hazardous substances, pollutants, or 
contaminants; 


•	 Institutional controls may be used during the conduct of the RI/FS and 
implementation of the remedial action and, where necessary, as a component of 
the completed remedy; and 


•	 The use of institutional controls shall not be substituted for active response 
measures (e.g., treatment and/or containment of source material, restoration of 
ground waters to their beneficial uses) as the sole remedy unless such active 
measures are determined not to be practicable, based on the balancing of trade-
offs among alternatives that is conducted during the selection of remedy. 


EPA policies concerning ICs are explained in Institutional Controls: A Site Manager’s Guide to 
Identifying, Evaluating, and Selecting Institutional Controls at Superfund and RCRA Corrective Action 
Cleanups (U.S. EPA 2000f). In addition to considering the NCP expectations concerning ICs, the project 
manager should determine what entities possess the legal authority, capability and willingness to 
implement, and where applicable, monitor, enforce, and report on the status of the IC.  An evaluation 
should also be made of the durability and effectiveness of any proposed IC.  The objectives of any ICs 
contained in the selected alternative should be clearly stated in the ROD or other decision document 
together with any relevant performance standards.  While the specific IC mechanism need not be 
identified, the types of ICs envisioned should be discussed in sufficient detail to support a conclusion that 
effective implementation of the ICs can be reasonably expected.  For some federal facilities in the 
CERCLA program, the IC implementation details (i.e., the specific IC mechanism) should be placed in 
the ROD. The program manager should refer to EPA’s Guidance on the Resolution of the Post-ROD 
Dispute (U.S. EPA 2003d) for guidelines describing and documenting ICs in Federal Facility RODs, 
Remedial Designs, Remedial Action Workplans, and Federal Facility Agreements/Interagency 
Agreements. 


Reliability and effectiveness of ICs are of particular concern with sediment alternatives, whether 
they are used alone or in combination with MNR, in-situ capping, or sediment removal.  Project managers 
should recognize that, generally, ICs cannot protect ecological receptors or prevent disruption of an in-
situ cap by bottom-dwelling organisms.  In addition, in many cases ICs have been only partially effective 
in modifying human behavior, especially in the case of voluntary or advisory controls.  Although fish 
consumption advisories can be an important component of a sediment remedy, it should be recognized 
that they are unlikely to be entirely effective in eliminating exposures.  Where advisories or bans are 
relied upon to reduce human health risk for long periods, public education, and where applicable, 
enforcement by the appropriate agency, are critical.  This point is emphasized in EPA’s risk management 
Principle 9, Maximize the Effectiveness of Institutional Controls and Recognize Their Limitations (U.S. 
EPA 2002a; see Appendix A). 


Implementing and overseeing ICs can often be more difficult at sediment sites where control of 
the water body may involve multiple entities and a single landowner is not present to provide oversight 
and enforcement.  As for other types of sites, at sediment sites, project managers should review ICs 
during the five-year review.  Where a water body is owned or controlled by local, state, or federal 
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government entities, their regulations and guidance should be consulted to determine what governmental 
controls can be used to restrict the use of the water body, and the regulatory or administrative process to 
enforce such a restriction. In complex situations, it may be useful to layer a number of different ICs as 
discussed in the ICs site manager’s guide (U.S. EPA 2000f).  Additional guidance on other aspects of ICs 
is under development by EPA. 


7.6 CONSIDERING NO-ACTION 


As presented in Section 8.1 of the ROD Guidance, a no-action decision may be appropriate in the 
following situations: 


•	 When the site or operable unit poses no current or potential threat to human health or the 
environment; 


•	 When CERCLA does not provide the authority to take remedial action; or 


•	 When a previous response(s) has eliminated the need for further remedial response [often 
called a “no-further-action” alternative]. 


Generally, if ICs are necessary to control risks caused by a contaminant of concern at a site, a no-
action decision is not appropriate. For example, if fish consumption advisories or fishing bans are 
necessary to control risks from contaminants of concern at a site, a no-action decision for sediment is not 
appropriate, even if the advisories or bans are already in place.  Instead, a remedy should be considered 
that includes at least the institutional control (e.g., advisories or bans), and, if appropriate, other actions 
for sediment or other media. 


A no-action decision; however, may include monitoring.  For example, sediment may pose no 
unacceptable risk to human health or the environment; however, uncertainties concerning that evaluation 
may make it wise to continue some level of monitoring.  In this case, a no-action decision that includes 
monitoring may be appropriate.  It is important to note that this is different from a MNR remedy where 
current or expected future risk is unacceptable and natural processes are being relied upon to reduce that 
risk to an acceptable level within a reasonable time frame.  Although a no-action decision may require 
long-term monitoring, a MNR remedy generally needs more intensive monitoring to show that 
contaminant concentrations are being reduced by anticipated mechanisms at the predicted rates. 


7.7 CONCLUSIONS 


The focus of remedy selection should be on selecting the alternative best representing the overall 
risk reduction strategy for the site according to the NCP nine remedy selection criteria.  As discussed in 
the OSWER Directive 9285.6-08, Principles for Managing Contaminated Sediment Risks at Hazardous 
Waste Sites (U.S. EPA 2002a), EPA’s policy has been and continues to be that there is no presumptive 
remedy for any contaminated sediment site, regardless of the contaminant or level of risk.  Generally, as 
discussed in Chapter 3, Feasibility Study Considerations, project managers should evaluate each of the 
three potential remedy approaches (i.e., MNR, in-situ capping, and removal through dredging or 
excavation) at every sediment site.  Project managers should develop a conceptual site model that 
considers key site uncertainties.  Such a model can be used within an adaptive management approach to 
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control sources and to implement a cost-effective remedy that will achieve long-term protection while 
minimizing short-term impacts (refer to Chapter 2, Section 2.2 on conceptual site models). 


Controlling any continuing sources of contaminants is an important factor for any sediment 
remedy (U.S. EPA 2002a).  Where source control is uncertain, cannot be achieved, or is outside the scope 
of the remedial action, project managers should consider the potential for recontamination and factor that 
potential into the remedy selection process and into the long-term monitoring plan for the site.  However, 
project managers should note that delaying an action to complete source control may not always be wise. 
Early actions in some areas may be appropriate as part of a phased approach to address site-wide 
contamination even if sources are not fully controlled initially; in such situations, careful consideration 
should be given as to whether the uncontrolled sources will cause the early action to be ineffective. 


At many sites, but especially at large sites, the project manager should consider a combination of 
sediment approaches as the most effective way to manage the risk.  This is because the characteristics of 
the contaminated sediment and the settings in which it exists are not usually homogeneous throughout a 
water body (NRC 2001).  As discussed in the remedy-specific chapters of this document, when evaluating 
alternatives, project managers should include realistic assumptions concerning residuals and contaminant 
releases from in-situ and ex-situ remedies, the potential effects of those residuals and releases, and the 
length of time a risk may persist. 


The project manager should include a scientific analysis of sediment stability in the remedy 
selection process for all sites where sediment erosion or contaminant transport is a potential concern. 
Typically, it is not sufficient to assume that a site as a whole is depositional or erosional.  Generally, as 
discussed in Chapter 2, Remedial Investigation Considerations, project managers should make use of 
available empirical and modeling methods for evaluating sediment stability and fate and transport, 
especially when there are significant differences between alternatives. 


The project manager should include in the remedy selection process a clear analysis of the 
uncertainties involved, including uncertainties concerning the predicted effectiveness of various 
alternatives and the time frames for achieving cleanup levels and remedial action objectives.  Project 
managers should quantify, as far as possible, the uncertainty of the factors that are most important to the 
remedy decision.  Where it is not possible to quantify uncertainty, the project manager should use a 
sensitivity analysis to determine which apparent differences between alternatives are most likely to be 
significant. 


The project manager should monitor all sediment remedies during and after implementation to 
determine if the actions are effective and if all cleanup levels and remedial action objectives are met. 
Sediment remedies should not only include monitoring of surficial sediment immediately following 
implementation of the action, but also long-term monitoring of sediment to assess changes in residual 
contamination and possible recontamination, as well as monitoring of fish or other relevant biota recovery 
data. Without these data, an assessment of the long-term effectiveness of the remedy is difficult, and five-
year reviews may be difficult to perform accurately.  Additional monitoring data may help not only to 
assess the site but to help build a body of knowledge that will decrease uncertainties in decision making at 
future sites. Chapter 8, Remedial Action and Long-Term Monitoring, discusses these and other general 
monitoring considerations for contaminated sediment sites. 
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8.0 REMEDIAL ACTION AND LONG-TERM MONITORING 


This chapter provides a recommended approach to developing an effective monitoring plan at 
contaminated sediment sites.  A monitoring plan is recommended for all types of sediment remedies, both 
during and after remedial action.  Monitoring should be conducted at most contaminated sediment sites 
for a variety of reasons, including: 1) to assess compliance with design and performance standards; 2) to 
assess short-term remedy performance and effectiveness in meeting sediment cleanup levels; and/or 3) to 
evaluate long-term remedy effectiveness in achieving remedial action objectives (RAOs) and in reducing 
human health and/or environmental risk.  In addition, monitoring data are usually needed to complete the 
five-year review process where a review is conducted. 


A fully successful sediment remedy typically is one where the selected sediment chemical or 
biological cleanup levels have been met and maintained over time, and where all relevant risks have been 
reduced to acceptable levels based on the anticipated future uses of the water body and the goals and 
objectives stated in the record of decision (ROD).  Due to the significant post-remedial residual 
contamination at some sites, or the inability to control all sources of contamination to the water body, 
reaching sediment or biota levels resulting in unlimited exposure and unrestricted use may take many 
years if not decades.  Where appropriate, several interim measures of remedy effectiveness should be 
evaluated at most sites in addition to the key measure of long-term risk reduction.  Highlight 8-1 presents 
four measures that should be considered for all Superfund sediment sites where the remedy includes 
active remediation such as dredging, excavation, and/or capping.  At sites where achieving protection 
relies upon institutional controls (ICs) such as fish consumption advisories and/or on monitored natural 
recovery (MNR), only measures 2 and 4would typically apply.  A monitoring plan that addresses the 
appropriate measures generally should be developed and implemented at every sediment site.  The term 
“remedy effectiveness” as used in Highlight 8-1 of this guidance addresses the potential role of 
monitoring in measuring progress, not as one of the nine criteria provided in National Oil and Hazardous 
Substances Pollution Contingency Plan (NCP) to evaluate alternatives. 


Highlight 8-1: Sample Measures of Sediment Remedy Effectiveness 


Interim Measures:



1 - Short-term remedy performance (e.g., Have the sediment cleanup levels been achieved?  Was the cap placed

as intended?)



2 - Long-term remedy performance (e.g., Have the sediment cleanup levels been reached and maintained for at

least five years, and thereafter as appropriate?  Has the cap withstood significant erosion?)



3 - Short-term risk reduction (e.g., Do data demonstrate or at least suggest a reduction in fish tissue levels, a

decrease in benthic toxicity, or an increase in species diversity or other community indices after five years?)



Key Measure:



4 - Long-term risk reduction (e.g, Have the remediation goals in fish tissue been reached or has ecological

recovery been accomplished?) 


For Fund-lead sites subject to a state cost share, it may be necessary to distinguish monitoring 
that is part of the remedial action phase of the remedy from monitoring that is associated with the 
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operation and maintenance (O&M) phase of the remedy.  Distinguishing these two monitoring activities 
is a site-specific decision. Project managers may find it useful to refer to Chapter 3, Section 3.5.2, 
Operation and Maintenance Costs, for suggestions about what types of activities are frequently associated 
with long-term O&M as compared to similar activities typically conducted during the remedial action. 


This chapter is based in part on the framework presented in the U.S. Environmental Protection 
Agency’s (EPA’s) new “Monitoring Guidance,” Office of Solid Waste and Emergency Response 
(OSWER) Directive 9355.4-28, Guidance for Monitoring at Hazardous Waste Sites: Framework for 
Monitoring Plan Development and Implementation (U.S. EPA 2004c). This chapter presents more 
specific guidance for monitoring of sediment sites; however, many technical details are outside the scope 
of this chapter. More specific guidance on particular monitoring topics is under development by EPA to 
assist project managers.  In addition, the “triad approach” to systematic planning, dynamic work plans and 
real-time measurement technologies may have strategies that can be fruitfully applied to sediment site 
monitoring (see http://www.epa.gov/tio/triad). 


8.1 INTRODUCTION 


As described in EPA’s Monitoring Guidance (U.S. EPA 2004c), monitoring may be viewed as 
the collection and analysis of repeated observations or measurements to evaluate changes in condition and 
progress toward meeting a management objective.  Monitoring should include the collection of field data 
(i.e., chemical, physical, and/or biological) over a sufficient period of time and frequency to determine the 
status at a particular point in time and/or trend over a period of time in a particular environmental 
parameter or characteristic, relative to clearly defined management objectives.  The data, methods, and 
endpoints should be directly related to the RAOs and cleanup levels or remediation goals for the site. 


Environmental sampling and analysis is typically conducted during all phases of the Superfund 
process to address various questions. By the time a project manager is implementing a remedial action or 
writing a monitoring plan, a considerable amount of baseline site data should have been collected during 
the remedial investigation or site characterization phase.  In the site characterization phase, sampling is 
performed to determine the nature and extent of contamination, to develop the information necessary to 
assess risks to human health and the environment, and to assess the feasibility of remedial alternatives. 
During site characterization, the project manager should anticipate expected post-remedy monitoring 
needs to ensure that adequate baseline data are collected to allow comparisons to future data sets. 
Monitoring plans should also be designed to allow comparison of results with model predictions that 
supported remedy selection. 


Project managers should ensure that agreements with contractors or responsible parties 
concerning remedial design and remedial action include requirements for development of an appropriate 
monitoring plan.  The need for environmental monitoring and how the data will be used to measure 
performance against cleanup levels and RAOs should be considered in the ROD and discussed further 
early in the remedial design process.  Where ICs are part of the remedy, this discussion should also 
include implementation and, where appropriate, monitoring plans for those controls.  Having an early 
discussion of the monitoring needs as they relate to any engineering performance standards for the 
particular remedies should allow the project manager sufficient time to resolve logistical or other 
implementation issues long before the monitoring program is put in place.  This discussion during 
remedial design is also important to determine whether sufficient baseline data have been collected so that 
both the remedial action and long-term monitoring data can be easily compared to pre-remedy conditions. 
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At sediment sites, it is also frequently necessary to continue collecting background data from 
upstream or other reference areas away from the direct influence of the site.  This can be especially 
important where there are uncertainties or potentially changing conditions in background areas, for 
example, where upstream urban storm water runoff or other possible continuing sources of contamination 
could impact a remedy. 


During the remedial design phase, it is also important to develop a clear understanding of how the 
monitoring data will be used in the post-remediation decision process, and to ensure that reviews of the 
monitoring results are conducted in a timely fashion so additional actions can be taken when necessary. 
In this way, the monitoring data should become a key element of the decision process both in terms of 
whether the cleanup levels and RAOs are being met and whether additional management actions are 
warranted. 


Highlight 8-2 lists some key questions the project manager should answer before developing a 
monitoring plan. 


Highlight 8-2: Key Questions For Environmental Monitoring 


•	 What is the purpose of the monitoring? 


•	 Are detection limits adequate to meet the purpose of the monitoring? 


•	 Are there likely to be other factors, such as non site-related releases, besides the cleanup that will 
influence the monitoring results, and are these well understood? 


•	 How often should monitoring take place, and how long should it continue? 


•	 Can the monitoring results be readily placed into searchable, electronic databases and made available to 
the project team and others? 


•	 Is it clear who is responsible for reviewing the monitoring data and what the triggers are for identifying 
important trends (positive or negative) in the results? 


•	 What are the most appropriate methods for analyzing the monitoring data? Should these be based on 
statistical tests or other quantitative analysis?  Will there be sufficient data to support these statistical 
measures? 


•	 Is there agreement on what actions will be taken based on the results of the monitoring data? 


•	 How will the results be communicated to the public, and who is responsible for doing this? 


Although sediment sites vary widely in size and complexity, monitoring typically requires a 
higher degree of planning than at some other types of sites for the following reasons: 


•	 Sediment sites often involve more than one affected medium (e.g., sediment, surface 
water, biota, floodplain soils, and ground water) and multiple contaminants of concern; 


•	 Contaminants at sediment sites are often from a variety of sources, some of which may be 
outside of the site in question; 
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•	 Sediment sites may require monitoring over large areas and in a variety of physical and 
ecological settings; 


•	 Spatial and temporal variabilities of aquatic sediment and biota can be great; and 


•	 Risk goals, for sites with bioaccumulative contaminants, generally relate to contaminants 
in biota and the relationship between contaminant levels in sediment and biota is 
frequently complex. 


An especially important issue for project managers at large sites with more than one response 
action is the need to monitor both the effectiveness of individual sediment actions and the ability of 
achieving overall site RAOs. Frequently, the monitoring parameters at large sites are different.  For 
example, where contaminants from multiple sources are indistinguishable, it may be necessary to use 
unique parameters for monitoring effectiveness of individual actions.  However, it also may be very 
important to monitor parameters (i.e., some fish species), which may be responding to multiple sources or 
areas of a site. 


8.2 SIX RECOMMENDED STEPS FOR SITE MONITORING 


When developing a monitoring plan, it is important to review the ROD and supporting documents 
for the site. The ROD generally should contain numerical cleanup levels and/or action levels for 
sediment and sometimes for other media, and narrative RAOs that relate more directly to reducing risk. 
Generally, these form the basis of the monitoring plan.  RODs or other site documents may also contain 
specific performance criteria or objectives for the short-term and long-term performance of the remedy 
that should be incorporated into the monitoring plan. 


EPA’s Monitoring Guidance (U.S. EPA 2004c) describes six key steps that are recommended in 
developing and implementing a monitoring plan.  These steps are listed in Highlight 8-3 and explained 
briefly along with sediment site examples in the following text.  This guidance was developed for use at 
all hazardous waste sites, not just Superfund sites, and therefore, uses the term “site activity” to apply to 
implementation of removal actions, remedial actions, ICs, or habitat mitigation. 


Step 1. 	Identify Monitoring Plan Objectives 


Generally, the most important element in developing an effective monitoring plan is for the 
project manager to identify clear and specific monitoring objectives.  Identifying appropriate monitoring 
objectives normally includes examining the intended outcomes of the action and the methods used to 
achieve that outcome at the site.  Inadequate or vague monitoring objectives can lead to uncertainty about 
why the monitoring is being conducted and how the data will be used.  Furthermore, funding for 
monitoring is often limited.  Specifying objectives can help to focus the experimental design and ensure 
that the most useful information is collected.  When identifying monitoring objectives other than those 
already established in decision or enforcement documents, the project manager should involve 
participants from all concerned stakeholders (e.g., public, natural resource trustees, state agencies, 
potentially responsible parties). 
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Highlight 8-3: Recommended Six-Step Process for Developing and 
Implementing a Monitoring Plan 


Step 1.  Identify Monitoring Plan Objectives 


• Evaluate the site activity 
S Identify the activity objectives 
S Identify the activity endpoints 
S Identify the activity mode of action 


• Identify monitoring objectives 
• Obtain stakeholder input 


Step 2.  Develop Monitoring Plan Hypotheses 


• Develop monitoring conceptual models 
• Develop monitoring hypotheses and questions 


Step 3.  Formulate Monitoring Decision Rules 


Step 4.  Design the Monitoring Plan 


• Identify data needs 
• Determine monitoring plan boundaries 
• Identify data collection methods 
• Identify data analysis methods 
• Finalize the decision rules 
• Prepare monitoring quality assurance project plans (QAPPs) 


Step 5. Conduct Monitoring Analyses and Characterize Results 


• Conduct data collection and analysis 
• Evaluate results per the monitoring of data quality objectives (DQOs), developed in Steps 1-4, and revise 


data collection and analysis as necessary 
• Characterize analytical results and evaluate relative to the decision rules 


Step 6.  Establish the Management Decision 


• Monitoring results support the decision rule for site activity success 
S Conclude the site activity and monitoring 


• Monitoring results do not support the decision rule for site activity success but are trending toward 
support 
S Continue the site activity and monitoring 


• Monitoring results do not support the decision rule and are not trending toward support 
S Conduct causative factor and uncertainty analysis 
S Revise site activity and/or monitoring plan and implement 


Source: U.S. EPA 2004c 


Physical, chemical, and/or biological endpoints should be identified to help evaluate each 
monitoring objective.  In general, physical and chemical endpoints are less costly and more easily 
measured and interpreted than biological endpoints and, therefore, may be more appropriate where quick 
decisions are needed. However, the ability of physical and chemical endpoints to quantify changes in 
ecological risk reliably may be less direct than biological measurements, for example where risk is due to 
direct contact with multiple contaminants.  In this case, toxicity tests or bioassessments may provide an 
integrated measurement of the cumulative effects of all contaminants and, therefore, can be a better 
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assessment of ecological risks in some situations.  Conversely, where the primary risk is due to humans 
and wildlife eating fish, chemical endpoints in fish may be most appropriate. 


When identifying appropriate endpoints, it is important for the project manager to ensure that the 
measure employed matches the time frame established for the criteria.  For example, acute toxicity tests 
quantify short-term effects on an organism; therefore, this type of test may be appropriate for operational 
monitoring (e.g., monitoring during remedial dredging), where it can be performed in a short period of 
time.  Other biological endpoints, such as changes in species diversity, typically occur over long periods 
of time and may be more appropriate for use in a long-term monitoring program designed to look at 
ecological recovery.  Although no single endpoint can quantify all possible risks, a combination of 
physical, chemical, and biological endpoints usually provides the best overall approach for measuring risk 
reduction. 


Example: In the ROD, EPA established a RAO of reducing polychlorinated biphenyl 
(PCB) concentrations in fish tissue to levels that would eliminate the need for a fish 
consumption advisory for PCBs (for this site, 0.05 ppm).  To achieve this objective, EPA 
selected a cleanup level of 0.5 ppm total PCBs in sediment.  The short-term objective of 
the monitoring program is to monitor PCB concentrations in sediment until the cleanup 
level is met and the long-term objective of the monitoring program is to monitor PCB 
concentrations in fish tissue until the RAO is met. 


Step 2. Develop Monitoring Plan Hypotheses 


Typically, monitoring hypotheses represent statements and/or questions about the relationship 
between a site activity, such as sediment remediation, and one or more expected outcomes (U.S. EPA 
2004c). The development of the monitoring hypotheses is analogous to the problem formulation step 
(Step 1) of the DQO process (U.S. EPA 2000a). The monitoring hypothesis may be generally stated as 
“The site activity has been successful in reaching its stated goals and objectives,” or in question form, as 
“Has the site activity reached its stated goals and objectives?”  As described in EPA’s Monitoring 
Guidance (U.S. EPA 2004c), the concept of a monitoring conceptual model may be helpful in identifying 
and organizing appropriate hypotheses.  This model, frequently a flow chart or graphical display, consists 
of a series of working hypotheses that identify the relationships between site activities and expected 
outcomes. 


Example hypotheses: The PCB concentration in sediment has reached the cleanup level 
of 0.5 ppm.  The PCB concentration in fish tissue has reached the remedial goal of 0.05 
ppm. 


Step 3. Formulate Monitoring Decision Rules 


Once monitoring objectives and hypotheses are agreed upon and stated explicitly, the next step 
should be to identify specific decision rules that will be used to assess whether the objectives are met.  A 
decision rule is normally an “if... then...” statement that defines the conditions that would cause the 
decision maker to choose an action.  In a monitoring plan, the decision rules should establish criteria for 
continuing, stopping, or modifying the monitoring or for taking an additional response action.  Four main 
elements of a decision rule usually are: 1) the parameter of interest; 2) the expected outcome of the 
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remedial action; 3) an action level, the basis on which a monitoring decision will be made; and 4) 
alternative actions, the monitoring decision choices for the specified action (U.S. EPA 2004c). 


Another factor the project manager should consider when developing decision rules is the time 
frame under which they will operate.  For example, when dredging highly contaminated sediment, a real-
time monitoring program could be established to analyze water samples before proceeding with the next 
day’s dredging.  In contrast, the time frame required to assess a long-term monitoring objective (e.g., to 
lower fish tissue concentrations) would be longer.  In either case, the time frame should be explicitly 
stated and understood by all the participants. 


Examples: A decision rule could be established to require certain actions if suspended 
sediment or contaminant concentration in the surface water due to releases from dredging 
exceed certain criteria. A decision rule could be established to assess whether the 
sediment cleanup level of 0.5 ppm PCBs has been reached, defined as an average of 0.5 
ppm PCBs in each of ten grids over the site.  A decision rule could be established to 
assess whether progress is being made toward the remedial action objective of reduced 
PCB concentrations in fish tissue by establishing an interim goal of achieving 0.8 ppm in 
fish tissue within five years, after which monitoring frequency will be revisited.  PCB 
concentrations in fish species “A” will be measured on a specific frequency (e.g., 
annually) that is commensurate with the relevant species’ uptake and depuration rates. 


Step 4. Design the Monitoring Plan 


The fourth recommended step for the project manager is to identify the monitoring design for 
collecting the necessary data.  Design considerations include identifying data needs; determining 
monitoring boundaries (frequency, location, duration); identifying data collection methods; and 
identifying data analysis methods, including uncertainty analysis.  EPA recommends that a systematic 
planning approach be used to develop acceptance or performance criteria for all environmental data 
collection and use. The Agency’s DQO process is a planning approach normally appropriate for sediment 
sites (U.S. EPA 2000a). Quality assurance project plans (QAPPs) or their equivalent are also 
recommended for environmental data collection and use. 


The spatial and temporal aspects of a monitoring plan typically define where and when to collect 
samples.  In general, sampling locations should be based on the areal extent and magnitude of the 
contaminated sediment and the propensity for the contaminants to move, either through transport (e.g., 
remediation, natural events) or through the food chain.  Generally, the more dynamic the conditions, the 
more frequently sampling is necessary to represent conditions accurately.  However, a less costly 
alternative can be to use data endpoints which respond to cumulative, longer-term conditions, where 
appropriate. Additional factors that should be considered in establishing sampling locations include 
locations of baseline or pre-remediation sampling stations and spatial gradients in concentration.  For 
example, generally greater sample density is needed where concentration gradients are high. 


Selecting a statistical approach to use in evaluating the data is another important aspect of the 
monitoring program design.  Data are sometimes collected in a manner that is incompatible with or 
insufficient for the statistical tests used to analyze the data.  Although the amount of data needed to 
compare point-in-time data may be less than that needed to reliably establish a trend in data, both types of 
analyses may be needed to draw conclusions reliably.  Especially for critical decisions, project managers 
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should seek expert advice in order to design a sampling program that will yield statistically defensible 
results. One potential method, power analysis, is described in Biostatistical Analysis (Zar 1999). 


Another crucial element of developing a monitoring plan typically is cost.  Generally, it is more 
cost-effective to collect less data, providing they are the “correct” or most useful data than it is to collect 
more of the “wrong” data.  Following the key steps outlined in this guidance to design a monitoring plan 
should help project managers determine what are the “correct” data.  Project managers may also find it 
useful to consider the use of indicator or surrogate parameters that correlate with those of primary 
interest, as a supplement to primary parameters that are especially costly or problematic to collect. 


Finally, this step of monitoring plan development should ensure mechanisms are in place for 
modifying the plan based on new information. 


Example: From the remedial investigation data, we know that smallmouth bass spend 
most of their time in the contaminated area and spawn in late spring.  The proposed 
sampling plan would consist of overlaying an unbiased sampling grid onto a map of the 
contaminated area of River X as well as in the areas upstream and downstream of the site. 
It is decided that 30 four-year old female bass will be collected in the early spring, before 
spawning, in each of these areas. A power analysis on baseline data indicated 20 fish 
would allow the project team to discern  a 0.5 ppm or greater change in tissue 
concentration with 0.25 ppm confidence intervals (90 percent).  However, given cost 
considerations, only ten samples will be analyzed immediately and the other 20 archived 
for further analyses pending the results. 


Step 5. Conduct Monitoring Analyses and Characterize Results 


The next recommended step in developing a monitoring plan includes data collection and 
analysis, evaluating analytical results, and addressing data deviations from the monitoring DQOs.  At this 
point, the project manager should evaluate the data with regard to the monitoring hypotheses, the DQOs, 
and the monitoring decision rules developed in previous steps.  At this step, the project manager should 
implement decision rules that may call for continuing, stopping, or modifying the monitoring or for taking 
additional action at the site. 


In addition, the project manager should communicate data and results to the appropriate 
audiences. Frequently, the importance of communicating the results is underestimated.  Because 
information is often provided to individuals with various levels of technical expertise, it should be 
comprehensible at multiple levels of understanding.  Complex scientific data are not often easily 
understood by those without a technical background, and ineffective data communication often leads to 
skepticism about the conclusions.  Therefore, it is important that the project manager consider the 
audience and present results in multiple formats.  To those less familiar with the technical presentation of 
data, information can be presented in easily understood visual formats [e.g., geographic information 
system (GIS)].  This approach maximizes the effective dissemination of information to the greatest 
number of individuals, thus increasing the probability that the conclusions will be understood and 
believed. 


Example: At this point, three years of fish tissue data have been collected, analyzed, and 
validated. The decision criterion for this monitoring objective was to reduce the PCB 
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concentrations in fish tissue to 0.8 ppm within five years.  The data show that after the 
third year, fish tissue concentrations have decreased significantly but the averages are 
still above 0.8 ppm; however, the higher levels are restricted to a relatively small area and 
most fish are below 0.8 ppm.  The results are summarized and presented to the 
stakeholders. Due to the declining trend, the decision is made that the monitoring 
objective is expected to be met within five years and the fourth year monitoring effort can 
be skipped. 


Step 6. Establish the Management Decision 


The final step of a monitoring plan should be an extension of Step 5, to evaluate monitoring 
results and uncertainties and come to a decision regarding any changes in site activities or changes in the 
monitoring plans that may be appropriate at this time.  Developing contingency plans in advance for 
actions that may need to be taken in response to monitoring results is recommended. 


Example: Due to the declining trend, the decision is made that the monitoring objective 
is expected to be met within five years and the fourth year monitoring effort can be 
skipped. 


An outline of the six steps and suggested subparts is shown in Highlight 8-2.  It should be noted 
that the following outline essentially follows EPA’s DQO process, with modification for ease of 
application to a contaminated sediment site.  Project managers should refer to the DQO process guidance 
(U.S. EPA 2000a) to supplement this outline when preparing a sediment site monitoring program. 


8.3 POTENTIAL MONITORING TECHNIQUES 


This section provides a brief overview of the types of monitoring techniques and data endpoints 
that the project manager could consider when developing a monitoring plan.  Selection of endpoints 
depends on the requirements in the decision and/or enforcement documents, as well as more general 
considerations related to the cleanup methods selected and the phase of the operation, as discussed in 
previous sections. For complex sites, frequently a combination of physical, chemical, and biological 
methods and a tiered monitoring plan (Highlight 8-3), is the best approach to determine whether a 
sediment remedy is meeting sediment cleanup levels, RAOs or goals, and associated performance criteria 
both during remedial action and in the long term.  Monitoring, sampling, and analysis methods are being 
constantly improved based on research and increased field experience.  Project managers should watch 
for new methods and, where they offer additional accuracy or lower cost but also allow for data to be 
compared to existing data, consider using them. 


Generally, physical and chemical endpoints are easier to measure and interpret than biological 
endpoints. In the case of human health risk, chemical measurements are commonly used to assess risk. 
In contrast, measurement of the biological community is a direct but often complex measurement for 
monitoring changes in ecological risk.  Caged organisms (e.g., Macoma, or mussels) at the site over a 
defined time frame can identify changes in bioavailable concentrations of many contaminants.  Collection 
of fish and tissue analysis can address both human health and ecological response of the system, if both 
needs are considered during design of the sampling and analysis plan.  The project manager should refer 
to EPA’s Office of Water Methods for Collection, Storage, and Manipulation of Sediments for Chemical 
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and Toxicological Analyses (U.S. EPA 2001k) and Managing and Sampling and Analyzing Contaminants 
in Fish and Shellfish (U.S. EPA 2000h) for more detailed information. 


Biological endpoints (e.g., toxicity tests) typically provide an integrated measurement of the 
cumulative effects of all contaminants.  When using biological endpoints, it is important for the project 
manager to ensure the biological test employed fits the intended criteria.  For example, acute toxicity tests 
are designed to quantify short-term effects on an organism; therefore, this type of test may be appropriate 
when monitoring for short-term impacts of a remedy.  However, for toxicity tests to be useful, it is 
important to have demonstrated during site characterization a significant relationship between the 
contaminant and toxicity.  Other biological endpoints, such as changes in species diversity, typically 
occur over long periods of time and may be more appropriate for use in a long-term monitoring program 
designed to look at ecological recovery.  While no single endpoint can quantify all possible risks, project 
managers should consider a combination of physical, chemical, and biological endpoints to provide the 
best overall approach for assessing the long-term effectiveness of a remedial action in achieving the 
RAOs. 


8.3.1 	 Physical Measurements 


Physical testing at a site may include measurements of erosion and/or deposition of sediment, 
ground water advective flow, particle size, surface water flow rates, and sediment 
homogeneity/heterogeneity.  Potential types of physical data and their uses include the following: 


•	 Sediment Geophysical Properties: Uses include fate and transport modeling, 
determination of contaminant bioavailability, and habitat characteristics of post-cleanup 
sediment surface; 


•	 Water Column Physical Measurements (e.g., turbidity, total suspended solids): Uses 
include monitoring the amount of sediment resuspended during dredging and during 
placement of in-situ caps; 


•	 Bathymetry Data: Uses include evaluating post-capping or post-dredging bottom 
elevations for comparison to design specifications, and evaluating sediment stability 
during natural recovery; 


•	 Side Scan Sonar Data: Uses include remote sensing to monitor the distribution of 
sediment types and bedforms; 


•	 Settlement Plate Data: Uses include monitoring changes in cap thickness over time and 
measuring cap consolidation; 


•	 Sediment Profile Camera Data: Uses include monitoring of changes in thin layering 
within sediment profiles, sediment grain sizes, bioturbation and oxidation depths, and the 
presence of gas bubbles; and 


•	 Subbottom Profiler Data: Uses include remote sensing measurement of changes in 
sediment surface and subsurface layers, bioturbation and oxidation depths, and presence 
of gas bubbles. 
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8.3.2 	 Chemical Measurements 


Chemical testing may include sediment chemistry (both the upper biological surficial zone and/or 
deeper sediment), evaluating biodegradation, contaminant partitioning to the pore water, and 
concentrations of total organic carbon. Potential sampling tools and environmental monitoring methods 
used in support of chemical measurements include the following: 


•	 Sediment Grab Samplers: Uses include collection of samples for measurement of surface 
sediment chemistry; 


•	 Coring Devices (e.g., vibracore, gravity piston, or drop tube samplers): Uses include 
obtaining a vertical profile of sediment chemistry, or detection of contaminant movement 
through a cap or through a layer of naturally deposited clean sediment; 


•	 Direct Water Column Measurements (probes): Uses include measurement of parameters 
such as pH and dissolved oxygen in the water column; 


•	 Surface Water Samplers: Uses include measurement of chemical concentrations 
(dissolved and particulate) in water or contaminant releases to the water column during 
construction; 


•	 Semi-Permeable Membrane Devices: Uses include measurement of dissolved 
contaminants at the sediment-water interface; and 


•	 Seepage Meters: Uses include measurement of contaminant flux into the water column. 


8.3.3 	 Biological Measurements 


Biological testing can include toxicity bioassays, examining changes in the biological 
assemblages at sites, either to document problems or evaluate restoration efforts, and/or determining 
toxicant bioaccumulation and food chain effects.  Potential types of biological monitoring data and their 
uses also include the following: 


•	 Benthic Community Analysis: Uses include evaluation of population size and diversity, 
and monitoring of recovery following remediation; 


•	 Toxicity Testing: Uses include measurement of acute and long-term lethal or sublethal 
effects of contaminants on organisms to help establish a protective range of remediation 
goals; 


•	 Tissue Sampling: Uses include measurement of bioaccumulation, modeling trophic 
transfer potential, and estimating food web effects; 


•	 Caged Fish/Invertebrate Studies: Uses include monitoring change in uptake of 
contaminants by biota from the sediment or water column to measure the effect of the 
remedy on bioaccumulation rates; and 
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•	 Sediment Profile Camera Studies: Uses include indirect measurement of 
macroinvertebrate recolonization, for example, measuring population density of 
polychaetes by counting the number of burrow tubes per linear centimeter along the 
sediment-water interface. 


The interpretation of fish tissue results and their relationship to sediment contaminant levels can 
be especially complex.  Potential complications may relate to questions of home range, lipid content, age, 
feeding regime, contaminant excretion rates, and other factors.  Especially at low contaminant 
concentrations, these variabilities can make understanding the relationship between trends in sediment 
and biota concentrations especially difficult. 


Fact sheets are under development at EPA concerning biological monitoring at sediment sites, 
including: 


•	 An approach for using biological measures to evaluate the short-term and long-term 
remedial effects at Superfund sites; and 


•	 An approach for using bioaccumulation information from biota sediment accumulation 
factors (BSAFs) and food chain models to assess ecological risks and to develop 
sediment remediation goals. 


8.4 REMEDY-SPECIFIC MONITORING APPROACHES 


The following sections discuss monitoring issues particular to MNR, in-situ capping, and 
dredging or excavation. Many sediment remedies involve a combination of cleanup methods, and for 
these remedies, the monitoring plan will likely include a combination of techniques to measure short- and 
long-term success.  At many sediment sites, monitoring of source control actions is an important first 
step. 


8.4.1 	 Monitoring Natural Recovery 


Monitoring of natural recovery remedies often tests the hypothesis that natural processes are 
continuing to operate at a rate that is expected to reduce contaminant concentrations in appropriate media 
such as biota to an acceptable level in a reasonable time frame.  Other measures of reduced risk may also 
be appropriate for a site. In most cases, monitoring involves measuring natural processes indirectly or 
measuring the effects of those processes.  As a sound strategy for monitoring natural recovery the project 
manager should consider the following: 


•	 Monitoring direct or indirect measures of natural processes (e.g., sediment accumulation 
rates, degradation products, sediment and contaminant transport); 


•	 Monitoring contaminant levels in surface sediment, surface water, and biota; and 


•	 Monitoring measures of biota recovery (e.g., sediment toxicity, benthic community size 
and/or diversity). 
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When monitoring natural recovery, it is usually important to monitor sediment, surface water, and 
biota. The water column is typically important because it integrates the flux of contaminants from 
sediment and is not typically subject to as large a spatial variability as sediment.  Biota monitoring is 
important because it is frequently directly related to risk. 


Monitoring continued effectiveness of source control actions can be especially important at MNR 
sites. Depending on the quality of existing trend data, MNR remedies may require more intensive 
monitoring early in the recovery period, which may be relaxed if predicted recovery rates are being 
attained. Also, there may be a need to collect additional data after an intensive disturbance event. 


EPA’s Science Advisory Board (SAB), in its May 2001 report, Monitored Natural Attenuation: 
USEPA Research Program - An EPA Science Advisory Board Review (U.S. EPA 2001j), Section 3.4, 
Summary of Major Research Recommendations, indicates the need for the development of additional 
monitoring methods to quantify attenuation mechanisms, contaminated sediment transport processes, and 
bioaccumulation to support footprint documentation and analysis of permanence.  EPA is aware of these 
research needs and plans to address some of these topics in ongoing and future work. 


For areas that may be subject to sediment disruption, the project manager should conduct more 
extensive monitoring when specified disruptive events (e.g., storms or flow stages of a specified 
recurrence interval or magnitude) occur to evaluate whether buried contaminated sediment has been 
disturbed or transported and the extent of contaminant release contaminants and increased exposure.  The 
project manager should design the monitoring plan to handle the relatively quick turnaround times needed 
to effectively monitor disruptive events.  However, interpretation of these data in terms of increased risk 
should take into account the length of time organisms may be exposed to higher levels of contaminant 
concentrations. 


The project manager should include periodic comparisons of monitoring data to rates of recovery 
expected for the site in an MNR monitoring program.  Where predictions were based on modeling, the 
project manager should make monitoring results available to the modeling team or other researchers to 
conduct field validation of the model.  Where contingency remedies or triggers for additional work are 
part of a remedy decision, the project manager should design the monitoring plan to help determine 
whether those triggers are met.  For example, a contingency for additional evaluation or additional work 
may be triggered by an increasing or insufficiently decreasing trend in contaminant concentrations in 
sediment, surface water, or biota at specified locations.  Where contingencies for additional work are 
triggered, the project manager may need to include measures such as additional source control, additional 
ICs, the placement of a thin layer of clean sediment to enhance natural recovery, or an active cleanup (i.e., 
dredging or capping). 


Following attainment of cleanup levels and remedial action objectives, monitoring may still be 
needed at some MNR sites.  For sites where natural recovery is based on burial with clean sediment, 
continued monitoring may be necessary to assess whether buried contaminants remain buried after an 
intensive disturbance event. This monitoring should continue until the project team has reasonable 
confidence in the continued effectiveness of the remedy. 
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8.4.2 Monitoring In-Situ Capping 


Remedial action monitoring for capping generally includes monitoring of construction and 
placement, and of cap performance during an initial period.  It may also include monitoring of broader 
RAOs such as recovery of the benthic community or of contaminant levels in fish.  Long-term monitoring 
for capping generally includes continued periodic monitoring of cap performance and maintenance 
activities, and continued monitoring of RAOs.  In some cases (e.g., Fund-lead sites) it may be necessary 
to distinguish monitoring that is part of remedial action from monitoring that is part of O&M.  This 
should be a site-specific decision. Highlight 8-4 lists sample elements of monitoring an in-situ cap.  It is 
important to note that not all of these elements may be needed for every cap.  In general, cap monitoring 
should be designed so that elements can be phased back or eliminated if the remedy is performing as 
expected and there has been no large-scale disturbance of the cap. 


As shown in Highlight 8-4, a variety of monitoring equipment and methods can be used for 
capping projects during both remedial action and long-term monitoring.  The extent of any necessary 
monitoring should be a site-specific decision and also may depend on decision and enforcement document 
requirements.  In general, bathymetric surveys to determine cap thickness and stability over time, 
sediment core chemistry (including surface sediment and upper portion of cap) to confirm physical and 
chemical isolation and test for recontamination, and some form of biological monitoring are useful for 
most capping projects.  Specialized equipment, such as seepage meters, diffusion samplers (e.g., peepers 
and semi-permeable membrane devices), sediment profile cameras, sediment traps, or use of caged 
organisms, may also be useful in some cases. 


Construction monitoring for capping normally is designed to measure whether design plans and 
specifications are followed in the placement of the cap and to monitor the extent of any contaminant 
releases during cap placement.  During construction, monitoring results can be used to identify 
modifications to design or construction techniques needed to meet unavoidable field constraints. 
Construction monitoring frequently includes interim and post-construction cap material placement 
surveys.  Appropriate methods for monitoring cap placement include bathymetric surveys, sediment 
cores, sediment profiling camera, and chemical resuspension monitoring for contaminants.  For some 
sites, visual observation in shallow waters or surface visual aids, such as viewing tube or diver 
observations, can also be useful. 


Biological monitoring in the initial period following cap construction may include monitoring of 
the benthic community that may recolonize the capped site and the bioturbation behavior of bottom-
dwelling organisms.  Where contaminants are bioaccumulative, fish or other biota edible tissue or whole 
body monitoring are also likely to be needed. 


Long-term monitoring of in-situ capping sites typically is important to ensure that the cap is not 
being eroded or significantly compromised (e.g., penetrated by submerged aquatic vegetation, ground 
water recharge, or bioturbation) and that chemical contaminant fluxes that ultimately do move through the 
cap to surface water do so at the low projected rate and concentration.  It may be also desirable to include 
ongoing monitoring for recontamination of the cap surface and non-capped areas from other sources. 
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Monitoring Phase Element Component Analysis Frequency/Location 


Cap Construction Cap material quality Cap material sampling Physical properties 5% of loads 


Cap thickness and 
areal extent 


Bathymetry 
Subbottom profile 


Thickness of cap layers 
Areal extent of cap 


Baseline 
Initial placement 
Final surveys over entire area 


Sediment profile camera Thickness of cap layers Baseline 
Initial placement 
Defined grid for remaining cells 


Cores Layer thickness and physical properties 
Chemical properties for baseline 


Defined grid 


Sediment 
resuspension 


Plume tracking 
Acoustic doppler current 
profile (ADCP) 
Water column samples 


Suspended sediment 
Water column chemistry 


5% of load placements 


Sediment 
displacement 


Sediment samples Chemical properties of sediment Sediment bed near cap boundaries 


Cap Performance Recolonization Sediment profile camera 
Benthic community analysis 


Layer thickness 
Re-colonization, population size, and diversity 


Defined grid - frequency determined by local 
information about recolonization rates 


Physical isolation Subbottom profile 
Bathymetry 


Layer thickness Annual checks in some cases 
Surveys over entire area every five years, 
modify as needed 


Chemical isolation Cores 
Peepers, seepage meters, if 
needed 


Physical properties 
Sediment chemistry, pore water chemistry 


Defined grid every five years, modify as 
needed 


Severe Event Cap integrity Subbottom profile Following major storms or earthquakes 
Response Sediment profile camera 


Cores 
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For areas that may be subject to cap disruption, more extensive monitoring should be triggered 
when specified disruptive events (e.g., storms, flow stages, or earthquakes of a specified recurrence 
interval or magnitude) occur, to evaluate whether the cap was disturbed and whether any disturbance 
caused a significant release of contaminants and increased risk.  Additional monitoring for the effects of 
tidal and wave pumping and boat propeller wash is also recommended where these are expected to be 
important factors.  In general, the project manager should monitor cap integrity both routinely and 
following storm/flood events that approach the design storm magnitude envisioned by the cap’s 
engineers. As for other types of sediment remedies, the project manager should design the monitoring 
plan to handle the relatively quick turnaround times needed to effectively monitor disruptive events. 


Cap maintenance is generally limited to the repair and replenishment of the erosion protection 
layer in potentially high erosion areas where this is necessary.  Project managers should consider the 
ability to detect and respond quickly to a loss of the erosion protection layer when evaluating a capping 
alternative. Seasonal limitations, such as ice formation or closure of navigation structures (locks), can 
affect the ability to monitor and maintain in-situ caps and should be accounted for in monitoring plans. 


Capping remedies frequently include provisions for actions to be taken in the case that one or 
more cap functions are not being met.  Options for modifying the cap design may or may not be available. 
If monitoring shows that the stabilization component is being eroded by events of lesser magnitude than 
planned, or the erosive energy at the capping site was underestimated, then eroded material can be 
replaced with more erosion-resistant cap material.  If monitoring indicates that bottom-dwelling 
organisms are penetrating the cap and causing unacceptable releases of contaminants, then project 
managers should consider placing additional cap material on top of the cap to maintain isolation of the 
contaminated sediment.  These types of management options are usually feasible where additional cap 
thickness, and the resulting decrease in water depths at the site, does not conflict with other waterway 
uses. Where a cap has been closely designed to a thickness that will not limit waterway use (i.e., 
recreational or commercial navigation), the options for modifying a cap design after construction can be 
limited. 


8.4.3 	 Monitoring Dredging or Excavation 


Monitoring for dredging or excavation remedies generally includes construction and operational 
monitoring of the dredging or excavation, transport, dewatering, any treatment, transport, and any on-site 
disposal placement.  Following dredging or excavation, the residual sediment contamination should also 
be monitored.  Additional monitoring following sediment removal may include monitoring of sediment 
toxicity or benthic community recovery or, for bioaccumulative contaminants, tissue concentrations in 
fish or shellfish, as well as continued monitoring of any on-site disposal facilities and monitoring 
sediment and/or biota for recontamination. 


Depending on the levels of contamination and the selected methods of dredging/excavation, 
transport, treatment or disposal, potential construction and operational monitoring may include the 
following: 


•	 Surface water monitoring at the dredging site and any in-water disposal sites (e.g., total 
suspended solids, total and dissolved contaminant concentrations, caged fish toxicity, 
caged mussel intake); 
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•	 Dredging/excavation residual monitoring at the sediment surface to determine whether 
cleanup levels are met; 


•	 Effluent quality monitoring after sediment dewatering and/or treatment; 


•	 Air monitoring at the dredge, transport, on-site disposal, and treatment sites; and 


•	 On-site disposal monitoring of dredged sediment or treatment residuals. 


A thorough monitoring plan will normally enable project managers to make design or 
construction changes to ensure that the spread of contamination to uncontaminated areas of the water 
body, sensitive habitats, or adjacent human populations is minimized during dredging, transport, 
treatment, or disposal.  Depending on the contaminants present and their tendency to volatilize or 
bioaccumulate, the project manager should consider water, air, and biological sampling in the monitoring 
plan. 


Generally, a monitoring plan for dredging should include collecting data to test the effectiveness 
of silt curtains, dredge operating practices, and any other measures used to control sediment resuspension 
or sediment or contaminant transport.  In most cases the project manager should include sampling 
upgradient of the dredging operation and both inside and outside of any containment structures. 
Generally this sampling should also include dissolved compounds in the water column, although in some 
cases it may be a appropriate to use a tiered approach with analysis of dissolved compounds triggered by 
exceedances of threshold criteria for total compounds or for suspended solids.  Also, where contaminants 
may be volatile, project managers should consider the need for air sampling.  At highly contaminated 
sites, it may be necessary for the project manager to conduct a pilot study on a small area to determine if 
the sediment can be removed without causing unacceptable risks to adjacent human populations or 
adjacent benthic habitat. This information can help to determine what containment barriers or dredging 
methods work best and what performance standards are achievable at the site.  The project manager 
should compare monitoring results with baseline data for contaminant concentrations in water and, where 
appropriate, in air. This should ensure that effects due to dredging may be separated and evaluated from 
natural perturbations caused by tides and storms.  The project manager should develop contingency plans 
to guide changes in operation where performance standards are not met. 


Following dredging, it is usually essential for project managers to conduct monitoring to 
determine whether cleanup levels in sediment are achieved.  Initial sampling should be analyzed rapidly, 
so that contingency actions, such as additional dredging, excavation, or backfilling, can be implemented 
quickly if cleanup levels have not been met. 


Following sediment removal, it is usually necessary for the project manager to conduct long-term 
monitoring to ensure that the dredged or excavated area is not recontaminated by additional sources or by 
disturbance of any residuals that remain above cleanup levels.  Long-term monitoring is usually necessary 
to provide data to determine whether RAOs are met, and may be necessary for a period of time following 
remedial action to provide confidence that the objectives will remain met. 


If an in-water or upland disposal facility is constructed on site as part of the remedy, it should 
also be monitored to ensure that it remains intact and that there are no unacceptable contaminant releases 
in the long term.  Monitoring is recommended to determine whether contaminants are leaking through the 
bottom or walls of the on-site confined disposal facility (CDF) or landfill, and to determine if any surface 
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cap remains intact to ensure protection from infiltration.  Depending on the type of disposal site and the 
nature of the contamination, long-term disposal site monitoring may include the following: 


•	 Seepage from the CDF containment cells to surrounding surface water; 


•	 Ground water monitoring; 


•	 Surface water runoff monitoring; 


•	 Disposal area cap integrity monitoring; and 


•	 Revegetation or recolonization by plant and animal communities monitoring, and their 
potential uptake of contaminants. 


Highlight 8-5 lists important points to remember related to monitoring sediment sites. 


Highlight 8-5: Some Key Points to Remember About Monitoring Sediment Sites 


•	 Presentation of a monitoring plan is important for all types of sediment remedies, both during and 
following any physical construction, to ensure that exposure pathways and risks have been adequately 
managed 


•	 Development of monitoring plans should follow a systematic planning process that identifies monitoring 
objectives, decision criteria, endpoints, and data collection, and data interpretation methods 


•	 Before implementing a remedial action, project managers should determine if data adequate baseline 
data exists for comparison to future monitoring data and, if not, collect additional data 


•	 Where background conditions may be changing or where uncertainty exists concerning continuing off-site 
contaminant contributions to a site, it may be necessary to continue collecting data from upstream or 
other reference areas for comparison to site monitoring data 


•	 Monitoring needs include both monitoring of construction and operation and monitoring intended to 
measure whether cleanup levels in sediment and remedial action objectives for biota or other media have 
been met 


•	 Monitoring plans should be designed to evaluate whether performance standards of the remedial action 
are being met and should be flexible enough to allow revision if operating procedures are revised 


•	 Field measurement methods and quick turnaround analysis methods with real-time feedback are 
especially useful during capping and dredging operations to identify potential problems which may be 
corrected as the work progresses 


•	 After completion of remedial action, long-term monitoring should be used to identify recontamination, to 
assess continued containment of buried or capped contaminants, and to monitor dredging residuals and 
on-site disposal facilities 


8-18 







Contaminated Sediment Remediation Guidance 
for Hazardous Waste Sites 


REFERENCES



Abramowicz, D.A., and D.R. Olsen.  1995. Accelerated Biodegradation of PCBs. Chemtech 24:36–41. 


Averett, D.E., B.D. Perry, E.J. Torre, and J.A. Miller.  1990. Review of Removal, Containment, and 
Treatment Technologies for Remediation of Contaminated Sediments in the Great Lakes, 
Miscellaneous Paper EL-90-25. U.S. Army Corps of Engineers Waterways Experiment Station, 
prepared for U.S. Environmental Protection Agency - Great Lakes National Program Office, 
Chicago, IL. 


Barth, E., B. Sass, A. Polaczyk, and R. Lundy.  2001. Evaluation of Risk from Using Poultry Litter to 
Remediate and Reuse Contaminated Estuarine Sediments.  Journal of Remediation.  Autumn. 


Bedard, D.L., and R.J. May.  1996. Characterization of the Polychlorinated Biphenyls in Sediments of 
Woods Pond: Evidence for Microbial Declorination of Aroclors 1260 In-situ.  Environ. Sci. 
Technol. 30:237-245. 


Bolger, M. 1993. Overview of PCB Toxicology.  In: Proceedings of the U.S. Environmental Protection 
Agency’s National Technical Workshop PCBs in Fish Tissue.  U.S. Environmental Protection 
Agency Office of Water, Washington, DC.  EPA 823-R-93-003. September. 


Boyer, L.F., P.L. McCall, F.M. Soster, and R.B. Whitlatch.  1990. Deep Sediment Mixing by Burbot 
(Lota lota), Caribou Island Basin, Lake Superior, USA. Ichnos 1: 91-95. 


Brown, J.F., Jr., R.E. Wagner, H. Feng, D.L. Bedard, M.J. Brennan, J.C. Carnaham and R.J. May.  1987. 
Environmental Declorination of PCBs.  Environ. Toxicol. Chem. 6:579–593. 


Cerniglia, C.E. 1992. Biodegradation of Polycyclic Aromatic Hydrocarbons.  Biodegradation 
3:351–368. 


Chiarenzeli, J., R. Scrudata, B. Bush, D. Carpenter, and S. Bushart.  1998. Do Large Scale Remedial 
Dredging Events Have the Potential to Release Significant Amounts of Semivolatile Components 
to the Atmosphere?  Environmental Health Perspectives.  Volume 106, Number 2.  February. 


Churchward, V., E. Isely, and A.T. Kearney.  1981. National Waterways Study–Overview of the 
Transportation Industry. U.S. Army Corps of Engineers, Institute for Water Resources, Water 
Resources Support Center, Fort Belvoir, Virginia. 


Clarke, D.G., Palermo, M.R, and Sturgis, T.C.  2001.  Subaqueous cap design: Selection of bioturbation 
profiles, depths, and rates. DOER Technical Notes Collection. ERDC TN-DOER-C21, U.S. 
Army Engineer Research and Development Center, Vicksburg, Mississippi 
http://www.wes.army.mil/el/dots/doer 


Connolly, J.P., and R. Tonelli.  1985. A Model of Kepone in the Striped Bass Food Chain of the James 
River Estuary.  Estuarine, Coastal & Shelf Science, 20:349–366. 



http://www.wes.army.mil/el/dots/doer





Contaminated Sediment Remediation Guidance 
for Hazardous Waste Sites 
Connolly, J.P., and M.P. Logan.  2004. Adaptive Management as a Measured Response to the 


Uncertainty Problem.  Addressing Uncertainty and Managing Risk at Contaminated Sediment 
Sites. October 27, 2004, St. Louis, Missouri. 


Cowardin, L.M., V. Carter, F.C. Golet and E.T. LaRoe.  1979. Classification of Wetlands and Deepwater 
Habitats of the United States. U.S. Fish and Wildlife Service. U.S. DOI, FWS/OBS-79/31, 103 
pp. 


Cowen, C.E., et al., eds. 1999. The Multi-Media Fate Model: A Vital Tool for Predicting the Fate of 
Chemicals.  SETAC Press. 


Crumbling, D., et al.  2001. Managing uncertainty in environmental decisions.  Environ. Sci. Technol. 
35: 404A–409A (available on the Web at http://www.clu-in.org/triad). 


Davis, J.W., T. Dekker, M. Erickson, V. Magar, C. Patmont, and M. Swindoll.  2003. Framework for 
evaluating the effectiveness of monitored natural recovery (MNR) as a contaminated sediment 
management option.  Proceedings: 2nd International Conference on Remediation of Contaminated 
Sediments, Venice, Italy (September 30, 2003), Battelle, Columbus, Ohio.  (Working draft paper 
available at http://www.rtdf.org/public/sediment/mnrpapers.htm.) 


Dec, J., and J.M. Bollag. 1997. Determination of Covalent Binding Interaction Between Xenobiotic 
Chemicals and Soils.  Soil Sci. 162: 858–874. 


Desrosiers, R., C. Patmont, E. Appy, and P. LaRosa.  2005. Effectively Managing Dredging Residuals: 
Balancing Remedial Goals and Construction Costs.  Proceedings of the Third International 
Conference on Remediation of Contaminated Sediments, January 24–27, 2005, New Orleans, 
Louisiana, Battelle Press. 


Dekker, T. 2003. Numerical models as tools to allow prediction of MNR.  Proceedings: Second 
International Conference on Remediation of Contaminated Sediments, September 3, 2003, 
Venice, Italy, Battelle Press, Columbus, Ohio.  Working draft paper available at 
http://www.rtdf.org/public/sediment/mnrpapers.htm. 


Erickson, M.J., et al. 2003. Sediment stability assessment to evaluate natural recovery as a viable 
remedy for contaminated sediments.  Proceedings: Second International Conference on 
Remediation of Contaminated Sediments, September 3, 2003, Venice, Italy, Battelle Press, 
Columbus, Ohio.  Working draft paper available at 
http://www.rtdf.org/public/sediment/mnrpapers.htm. 


Flanagan, W.P., and R.J. May.  1993. Metabolic Detection as Evidence for Naturally Occurring Aerobic 
PCB Biodegradation in Hudson River Sediments.  Environ. Sci. Technol. 27: 2207–2212. 


Francingues, N.R., and D.W. Thompson.  2000. Innovative Dredged Sediment Decontamination and 
Treatment Technologies.  DOER Technical Notes Collection (ERDC TN-DOER-T2), U.S. Army 
Engineer Research and Development Center, Vicksburg, Mississippi.  Available at 
http://www.wes.army.mil/el/dots/doer. 



http://www.clu-in.org/triad

http://www.rtdf.org/public/sediment/mnrpapers.htm

http://www.rtdf.org/public/sediment/mnrpapers.htm

http://www.rtdf.org/public/sediment/mnrpapers.htm

http://www.wes.army.mil/el/dots/doer





Contaminated Sediment Remediation Guidance 
for Hazardous Waste Sites 
Ghiorse, W.C., J.B. Herrick, R.L. Sandoli, and E.L. Madsen.  1995. Natural selection of PAH-degrading 


bacterial guilds at coal-tar disposal sites. Environ. Health Perspect. 103(5): 103–111. 


Hall, J.S. 1994. Physical Disturbance and Marine Benthic Communities: Life in Unconsolidated 
Sediment. Oceanography and Marine Biology:  An Annual Review. 32:179–239. 


Harkness, M.R., J.B. McDermott, D.A. Abramowicz, J.J. Salvo, W.P. Flanagan, M.L. Stephens, F.J. 
Mondello, R.J. May, J.H. Lobos, K.M. Carrol, M.J. Brennan, A.A. Bracco, K.M. Fish, G.L. 
Wagner, P.R. Wilson, D.K. Dierich, D.T. Lin, C.B. Morgan and W.L. Gately.  1993. In-situ 
Stimulation of Aerobic PCB Biodegradation in Hudson River Sediments.  Science 159:503–507. 


Hays, D., and P. Wu.  2001. “Simple approach to TSS source strength estimates.” Proceedings, 21st 


Annual Meeting of the Western Dredging Association (WEDA XXI) and 33rd Annual Texas 
A&M Dredging Seminar, Houston, Texas. 


Hedblom, E., M. Costello, and H. Huls.  2003. Integrated field sampling for design of a remedial cap.  In-
Situ Contaminated Sediment Capping Workshop, May 12–14, 2003, Cincinnati, Ohio.  Available 
at http://www.serviceenv.com. 


Hylleberg, J.  1975. Selective Feeding by Abarenicola vagabunda and a Concept of Gardening in 
Lugworms.  Ophelia 14: 113–137. 


Jepsen, R., J. Roberts, and W. Lick. 1997. “Effects of Bulk Density on Sediment Erosion Rates.”  Water, 
Air and Soil Pollution, Kluwer Academic Publishers, The Netherlands.  99: 21–37. 


Langworthy, D.E., R.D. Stapleton, G.S. Sayler, and R.H. Findlay.  1998. Genotypic and phenotypic 
responses of a riverine microbial community to polycyclic aromatic hydrocarbon contamination. 
Appl. Environ. Microbiol. 64(9): 3422–3428. 


Lee, C.R. 2000. Reclamation and Beneficial Use of Contaminated Dredged Material: Implementation 
Guidance for Select Options. DOER Technical Notes Collection (ERDC TN-DOER-C12).  U.S. 
Army Engineer Research and Development Center, Vicksburg, Mississippi.  Also available on 
the Internet at: http://www.wes.army.mil/el/dots/doer. 


Lesnick, B., and D. Crumbling.  2001. Guidelines for Preparing SAPs [sampling and analysis plans]: 
Using Systematic Planning and PBMS [performance-based measurement system], Environmental 
Testing and Analysis, Jan/Feb 2001 (available on the Web at http://www.clu-in.org/triad). 


Liu and Znidarcic. 1991. Modeling one dimensional compression characteristics of soils, J. Geotechnical 
Engineering, ASCE, 117(1): 162–169. 


Luthy, R.G., G.R. Aiken, M.L. Brusseau, S.D. Cunningham, P.M. Gschwend, J.J. Pingnatello, M. 
Reinhard, S.J. Traina, W.J. Weber, Jr., and J.C. Wentall.  1997. Sequestration of Hydrophobic 
Organic Contaminants by Geosorbents.  Environ. Sci. Tech. 31: 3341–3347. 


Maa, J.P.-Y., L.D. Wright, C.-H. Lee, and T.W. Shannon. 1993. VIMS sea carousel: a field instrument 
for studying sediment transport.  Marine Geology 115: 271–287. 



http://www.serviceenv.com

http://www.wes.army.mil/el/dots/doer

http://www.clu-in.org/triad





Contaminated Sediment Remediation Guidance 
for Hazardous Waste Sites 
MacKnight, S.D. 1992. Dredging of contaminated sediment between pre-dredging survey and treatment. 


In: Proc. of the International Symposium on Environmental Dredging, Buffalo, NY. 


Mager, V. 2003. Characterization of fate and transport processes: Comparing contaminant recovery with 
biological endpoints. Proceedings: Second International Conference on Remediation of 
Contaminated Sediments, September 3, 2003, Venice, Italy, Battelle Press, Columbus, Ohio. 
Working draft paper available at http://www.rtdf.org/public/sediment/mnrpapers.htm. 


Mallhot, H., and R. H. Peters. 1988. Empirical Relationships Between the L-octane/water Partition 
Coefficient and Nine Physiochemical Properties.  Environ. Sci. Technol. 22:1479–1488. 


Matisoff, G., X. Wang and P.L. McCall. 1999. Biological redistribution of lake sediments by tubificid 
oligochaetes, Journal of Great Lakes Research 25(1): 205–219. 


Matisoff, G. and X. Wang. 2000. Particle mixing by freshwater infaunal bioirrigators: madiges and 
mayflies.  Journal of Great Lakes Research 26(2): 174–182. 


McLaren, P. and D. Bowles. 1985. The effects of sediment transport on grain-size distributions.  Journal 
of Sedimentary Petrology 55: 457–470. 


McLaren, P., W.J. Cretney, and R. Powys.  1993. Sediment pathways in a British Columbia fjord and 
their relationship with particle-associated contaminants; Journal of Coastal Research 9: 
1026–1043. 


McNeil, J., C. Taylor, and W. Lick.  1996. Measurements of erosion of undisturbed bottom sediments 
with depth. Journal of Hydraulic Engineering 122(6): 316–324. 


Meador, J.P., J.E. Stein, W.L. Reichert, and U. Varanasi.  1995. Bioaccumulation of polycyclic aromatic 
hydrocarbons by marine organisms.  Rev. Environ. Contamin. Toxicol. 143:79–163. 


Mulligan, C.N., R.N. Yong, and B.F. Gibbs. 2001. Heavy Metal Removal from Sediments by 
Biosurfactants. Journal of Hazardous Materials 85: 111–125. 


Myers, T.E., and M.E. Zappi.  1989. New Bedford Harbor Superfund Project, Acushnet River Estuary 
Engineering Feasibility Study of Dredging and Dredged Material Disposal Alternatives.  Report 
No. 9, Laboratory-Scale Application of Solidification/Stabilization Technology, Technical Report 
EL-88-15. U.S. Army Corps of Engineers Waterways Experiment Station, Vicksburg, 
Mississippi. 


Myers, T.E., R.P. Gambrell, and M.E. Tittlebaum.  1991. Design of an Improved Column Leaching 
Apparatus for Sediments and Dredged Material, Miscellaneous Paper D-91-3.  U.S. Army Corps 
of Engineers Waterways Experiment Station, Vicksburg, Mississippi. 


Myers, T.E., and D.W. Bowman.  1999. Bioremediation of PAH-Contaminated Dredged Material at the 
Jones Island CDF: Materials, Equipment, and Initial Operations.  DOER Technical Notes 
Collection (ERDC TN-DOER-C5), U.S. Army Engineer Research and Development Center, 
Vicksburg, Mississippi. Available at http://www.wes.army.mil/el/dots/doer. 



http://www.rtdf.org/public/sediment/mnrpapers.htm

http://www.wes.army.mil/el/dots/doer





Contaminated Sediment Remediation Guidance 
for Hazardous Waste Sites 
Myers, T.E., and Williford.  2000. Concepts and Technologies for Bioremediation in Confined Disposal 


Facilities. DOER Technical Notes Collection (ERDC TN-DOER-C11), U.S. Army Engineer 
Research and Development Center, Vicksburg, Mississippi.  Available at 
http://www.wes.army.mil/el/dots/doer. 


NRC. 1997. Contaminated Sediments in Ports and Waterways.  National Research Council. National 
Academy of Press, Washington, DC.  Available from the National Academies Press Web site at 
http://www.nap.edu/bookstore.html. 


NRC. 2001. A Risk-Management Strategy for PCB-Contaminated Sediments.  Committee on 
Remediation of PCB-Contaminated Sediments, Board on Environmental Studies and Toxicology, 
Division on Life and Earth Studies, National Research Council. National Academies Press, 
Washington, DC. May. 


NRC. 2003. Environmental Cleanup at Navy Facilities: Adaptive Site Management.  Committee on 
Environmental Remediation at Naval Facilities, National Research Council.  National Academies 
Press. 


Palermo, M.R.  1995. Considerations for Disposal of Dredged Material in Solid Waste Landfills. 
Proceedings of the 16th Annual Meeting of the Western Dredging Association, St. Paul, MN, May 
23–26, 1995. 


Palermo, M.R., and D.E. Averett.  2000. Confined Disposal Facility (CDF) Containment Measures: A 
Summary of Field Experience.  DOER Technical Notes Collection (ERDC TN-DOER-C18), U.S. 
Army Engineer Research and Development Center, Vicksburg, Mississippi.  Available on the 
Internet at: http://www.wes.army.mil/el/dots/doer. 


Palmero, M.R., and D.E. Averett.  2003. “Environmental dredging - A state of the art review.” 
Proceedings of the 2nd International Symposium on Contaminated Sediments: Characterization, 
Evaluation, Mitigation/Restoration, Monitoring, and Performance, Quebec, Canada, May 26–28. 


Palermo, M.R., J.E. Clausner, M.P. Rollings, G.L. Williams, T.E. Myers, T.J. Fredette, and R.E. Randall. 
1998a. Guidance for Subaqueous Dredged Material Capping.  U.S. Army Corps of Engineers 
Waterways Experiment Station, Vicksburg, Mississippi.  Technical Report DOER-1. Available 
on the Internet at http://www.wes.army.mil/el/dots/doer. 


Palermo, M., N. Francingues, and D. Averett.  1998b.  Environmental Dredging and Disposal – Overview 
and Case Studies. Proceedings, National Conference on Management and Treatment of 
Contaminated Sediments.  U.S. Environmental Protection Agency, Office of Research and 
Development, Washington DC.  EPA 625/R-98/001. 


Palermo, M.R., N.R. Francingues, and D.E. Averett.  2004. Operational Characteristics and Equipment 
Selection Factors for Environmental Dredging. Journal of Dredging Engineering, Western 
Dredging Association, Vol. 5, No. 4. 


Pascoe, G.A., P. McLaren, and M. Soldate. 2002. Impact of offsite sediment transport and toxicity on 
remediation of a contaminated estuarine bay. Marine Pollution Bulletin, 44: 1184–1193. 



http://www.wes.army.mil/el/dots/doer

http://www.nap.edu/bookstore.html

http://www.wes.army.mil/el/dots/doer

http://www.wes.army.mil/el/dots/doer





Contaminated Sediment Remediation Guidance 
for Hazardous Waste Sites 
Patmont, C., et al.  2003. Natural Recovery: Monitoring declines in sediment chemical concentrations 


and biological endpoints. Proceedings: Second International Conference on Remediation of 
Contaminated Sediments, September 3, 2003, Venice, Italy, Battelle Press, Columbus, Ohio. 
Working draft paper available at http://www.rtdf.org/public/sediment/mnrpapers.htm. 


Pennak, R.W. 1978. Fresh-water Invertebrates of the United States.  2nd Edition. John Wiley & Sons, 
New York. 


Ravens, T.M., and P.M. Gschwend. 1999. Flume Measurements of Sediment Erodibility in Boston 
Harbor. J. Hydraulic Engineering 125: 998–1005. 


Reible, D.D., and L.J. Thibodeaux. 1999. Using Natural Processes to Define Exposure from Sediments. 
Sediment Management Work Group Technical Paper.  Available at http://www.smwg.org. 


Reid, B.J., K.C. Jones, and K.T. Semple.  2000. Bioavailability of persistent organic pollutants in soils 
and sediments – a perspective on mechanisms, consequences and assessment.  Environ. Poll. 
108:103–112. 


Rhoads, D. 1967. Biogenic Reworking of Intertidal and Subtidal Sediments in Barnstable Harbor and 
Buzzards Bay, Massachusetts.  J. Geol. 75: 461–476. 


Risk, M., and J. Moffat. 1977. Sedimentological Significance of Fecal Pellets of Macoma balthica in 
Minas Basin, Bay of Fundy.  J. Sediment 47: 1425–1436. 


Roch, F., and M. Alexander. 1997. Inability of bacteria to degrade low concentrations of toluene in 
water. Environ. Toxicol. Chem. 16(7): 1377–1383. 


Ruiz, C.E., N.M. Aziz, and P.R. Schroeder. 2000. RECOVERY: A Contaminated Sediment-Water 
Interaction Model. ERCD/EL SR-00-1. U.S. Army Engineer Research and Development Center, 
Vicksburg, Mississippi. 


Ryan J.N., S. Mangion and D. Willey.  1995. Turbidity and Colloid Transport, In: U.S. EPA Ground 
Water Sampling - A Workshop Summary, Dallas, Texas, November 30–December 2, 1993.  EPA 
600/R-94/205, pp. 88–93. 


Safe, S. 1980. Metabolism Uptake, Storage, and Bioaccumulation.  In: Halogenated Biphenyls, 
Napthylenes, Di-benzodioxins and Related Products.  R. Kimbroush, ed. Elsevier, North Holland. 
pp. 81–107. 


Safe, S. 1992. Toxicology Structure-function Relationship and Human Environmental Health Impacts of 
Polychorinated Biphenyls: Progress and Problems.  Environ. Health Perspect. 100:259–268. 


Schwartz, E., and K.M. Scow. 2001. Repeated inoculation as a strategy for the remediation of low 
concentrations of phenanthrene in soil.  Biodegradation 12: 201–207. 



http://www.rtdf.org/public/sediment/mnrpapers.htm

http://www.smwg.org





Contaminated Sediment Remediation Guidance 
for Hazardous Waste Sites 
Seech, A., B. O’Neil and L.A. Comacchio.  1993. Bioremediation of Sediments Contaminated with 


Polynuclear Aromatic Hydrocarbons (PAHs).  In: Proceedings of the Workshop on the Removal 
and Treatment of Contaminated Sediments.  Environment Canada’s Great Lakes Cleanup Fund. 
Wastewater Technology Centre, Burlington, Ontario. 


Shuttleworth, K.L., and C.E. Cerniglia. 1995. Environmental Aspects of PAH Biodegradation.  Appl. 
Biochem. Biotechnol. 54:291–302. 


St. Lawrence Centre. 1993. Selecting and Operating Dredging Equipment:  A Guide to Sound 
Environmental Practices, prepared in Collaboration with Public Works Canada and the Ministere 
de l’Environment du Quebec, written by Les Consultants Jacques Berube, Inc.  Cat. No. En 
40-438/1993E. 


Stern, E.A., J.L. Lodge, K.W. Jones, N.L. Clesceri, H. Feng, and W.S. Douglas.  2000. Decontamination 
and Beneficial Use of Dredged Materials. 


Stern, E.A. 2001. Status Sheet-NY/NJ Harbor Sediment Decontamination Program. 


Suedel, B.C., J.A. Boraczek, R.K. Peddicord, P. Clifford, T.M. Dillon.  1994. Trophic transfer and 
biomagnification potential of contaminants in aquatic ecosystems.  Rev. Environ. Contam. 
Toxicol. 136:21–89. 


Swindoll, M., R.G. Stahl, and S.J. Ells., eds.  2000. Natural Remediation of Environmental 
Contaminants: Its Role in Ecological Risk Assessment and Risk Management.  Society of 
Environmental Toxicology and Chemistry (SETAC) Press. 


Tabak, H.H., and R. Govind. 1997. Bioavailability and Biodegradation Kinetics Protocol for Organic 
Pollutant Compounds to Achieve Environmentally Acceptable Endpoints During Bioremediation. 
In: Bioremediation of Surface and Subsurface Contamination, Annals of New York Academy of 
Sciences. 829:36–60. 


Tsai, C.H., and W. Lick. 1986. A portable device for measuring sediment resuspension.  J. of Great 
Lakes Res. 12(4): 314–321. 


Turner, T.M. 1984. Fundamentals of hydraulic dredging. Cornell Maritime Press, Centerville, Maryland. 


USACE. 1987. Confined Disposal of Dredged Materials.  Engineer Manual 1110-2-5027. U.S. Army 
Corps of Engineers, Washington, DC. 


USACE. 2003. Evaluation of Dredged Material Proposed for Disposal at Island, Nearshore, or Upland 
Confined Disposal Facilities - Testing Manual. U.S. Army Engineer Research and Development 
Center, Waterways Experiment Station, Vicksburg, Mississippi. ERDC/EL TR-03-1.  January. 


USACE and U.S. EPA. 2003. Great Lakes Confined Disposal Facilities Report to Congress. U.S. Army 
Corps of Engineers - Great Lakes and Ohio River Division and U.S. Environmental Protection 
Agency - Great Lakes National Program Office.  April. Available at 
http://www.lrd.usace.army.mil/navigation/glnavigation/cdf. 



http://www.lrd.usace.army.mil/navigation/glnavigation/cdf





Contaminated Sediment Remediation Guidance 
for Hazardous Waste Sites 
U.S. EPA. 1988a. Guidance for Conducting Remedial Investigations and Feasibility Studies under 


CERCLA, Interim Final.  U.S. Environmental Protection Agency, Office of Emergency and 
Remedial Response, Washington, DC.  OSWER Directive 9355.3-01. EPA/540/G-89/004. 
October. 


U.S. EPA. 1988b. CERCLA Compliance with Other Laws Manual, Interim Final.  U.S. Environmental 
Protection Agency, Office of Emergency and Remedial Response, Washington, DC.  OSWER 
Directive 9355.0-67FS. EPA 540-G-89-099. December. 


U.S. EPA. 1989. Risk Assessment Guidance for Superfund.  U.S. Environmental Protection Agency, 
Office of Emergency and Remedial Response, Washington, DC.  EPA 540/1-89/002. December. 


U.S. EPA. 1991a. Risk Assessment Guidance for Superfund: Volume 1 – Human Health Evaluation 
Manual, Part C, Risk Evaluation of Remedial Alternatives.  U.S. Environmental Protection 
Agency, Office of Emergency and Remedial Response.  OSWER Directive 9285.7-01C. 
EPA/540/R-92/004. See Chapter 2, page 2-16. 


U.S. EPA. 1991b. Compendium of CERCLA ARARs Fact Sheets and Directives.  U.S. Environmental 
Protection Agency, Office of Solid Waste and Emergency Response, Washington, DC.  OSWER 
Directive 9347.3-15. 


U.S. EPA. 1991c. Handbook: Remediation of Contaminated Sediments.  U.S. Environmental Protection 
Agency, Office of Research and Development, Cincinnati, OH.  EPA 625/91/028. April. 


U.S. EPA. 1991d. A Guide to Principal Threat and Low-level Threat Wastes. U.S. Environmental 
Protection Agency, Office of Solid Waste and Emergency Response, Washington, DC. OSWER 
Directive 9380.3-06FS. 


U.S. EPA. 1992a. ECO Update - The Role of Natural Resource Trustees in the Superfund Process.  
Intermittent Bulletin Vol. I, No. 3.  U.S. Environmental Protection Agency, Office of Emergency 
and Remedial Response, Washington, DC.  OSWER Directive 9345.0-05I. March. 


U.S. EPA. 1992b. Early Action and Long-Term Action under SACM - Interim Guidance.  U.S. 
Environmental Protection Agency, Office of Emergency and Remedial Response, Washington, 
DC. OSWER Directive 9203.1-05I. December. 


U.S. EPA. 1993a. Guidance on Conducting Non-Time-Critical Removal Actions Under CERCLA.  U.S. 
Environmental Protection Agency, Office of Solid Waste and Emergency Response, Washington, 
DC. OSWER Directive 9360.0-32. EPA 540/R-93/057. August. 


U.S. EPA. 1993b. Revisions to OMB Circular A-94 on Guidelines and Discount Rates for Benefit-Cost 
Analysis.  U.S. Environmental Protection Agency, Office of Solid Waste and Remedial 
Response, Washington, DC. OSWER Directive No. 9355.3-20. 


U.S. EPA. 1993c. Assessment and Remediation of Contaminated Sediments (ARCS) Risk Assessment 
and Modeling Overview Document.  U.S. Environmental Protection Agency, Great Lakes 
National Program Office, Chicago, Illinois.  EPA 905-R93-007. 







Contaminated Sediment Remediation Guidance 
for Hazardous Waste Sites 
U.S. EPA. 1993d. Selecting Remediation Technologies for Contaminated Sediment.  U.S. 


Environmental Protection Agency, Office of Water, Washington, DC.  EPA 823/B-93/001. 


U.S. EPA. 1994a. RCRA Corrective Action Plan (Final). U.S. Environmental Protection Agency, Office 
of Waste Programs Enforcement and Office of Solid Waste.  OSWER Directive 9902.3-2A. 
May. 


U.S. EPA. 1994b. Role of the Ecological Risk Assessment in the Baseline Risk Assessment.  U.S. 
Environmental Protection Agency, Office of Solid Waste and Emergency Response.  OSWER 
Directive 9285.7-17. April 12. 


U.S. EPA. 1994c. Guidance for Conducting External Peer Review of Environmental Regulatory Models. 
U.S. Environmental Protection Agency, Office of the Administrator, Agency Task Force on 
Environmental Regulatory Modeling, Washington, DC.  EPA 100/B-94/001. July. 


U.S. EPA. 1994d. Assessment and Remediation of Contaminated Sediments (ARCS) Program 
Remediation Guidance Document.  EPA/905/R-94/003. U.S. Environmental Protection Agency 
Great Lakes National Program Office, Chicago, Illinois. 


U.S. EPA. 1994e. Considering Wetlands at CERCLA Sites. U.S. Environmental Protection Agency 
Office of Solid Waste and Emergency Response.  EPA 540/R-94/019. May. 


U.S. EPA. 1994f. Pilot-Scale Demonstration of Sediment Washing for the Treatment of Saginaw River 
Sediment.  Assessment and Remediation of Contaminated Sediments (ARCS) Program.  EPA 
905/R-4/019. July. 


U.S. EPA. 1995a. Land Use on the CERCLA Remedy Selection Process.  U.S. Environmental Protection 
Agency, Office of Emergency and Remedial Response, Washington, DC.  OSWER Directive 
9355.7-04. 


U.S. EPA. 1995b. Cleaning Up Contaminated Sediments: A Citizen’s Guide.  Assessment and 
Remediation of Contaminated Sediment (ARCS) Program.  U.S. Environmental Protection 
Agency, Great Lakes National Program Office, Chicago, Illinois.  EPA 905/K-95/001. July. 


U.S. EPA. 1996a. Soil Screening Guidance: User’s Guide. U.S. Environmental Protection Agency, 
Office of Solid Waste and Emergency Response, Washington, DC.  OSWER 9355.4-23, EPA 
540/R-96/018. July. 


U.S. EPA. 1996b. The Model Plan for Public Participation (developed by the National Environmental 
Justice Advisory Council).  U.S. Environmental Protection Agency, Office of Environmental 
Justice. EPA 300/K-96/003. November. 


U.S. EPA. 1996c. ECO Update on Ecotox Thresholds.  U.S. Environmental Protection Agency, Office 
of Solid Waste and Emergency Response, Washington, DC.  EPA 540/F-95/038. January. 
Available at http://www.epa.gov/oswer/riskassessment/pdf/eco_updt.pdf. 



http://www.epa.gov/oswer/riskassessment/pdf/eco_updt.pdf





Contaminated Sediment Remediation Guidance 
for Hazardous Waste Sites 
U.S. EPA. 1996d. Superfund Removal Procedures, Response Management: Removal Action Start-up to 


Close-out. U.S. Environmental Protection Agency, Office of Emergency and Remedial 
Response, Washington, DC. OSWER Directive 9360.3-04. 


U.S. EPA. 1996e. Estimating Contaminant Losses from Components of Remediation Alternatives for 
Contaminated Sediments.  Assessment and Remediation of Contaminated Sediment (ARCS) 
Program.  U.S. Environmental Protection Agency, Great Lakes National Program Office, 
Chicago, Illinois. EPA 905/R-96/001. March. 


U.S. EPA. 1996f. Coordination between RCRA Corrective Action and Closure and CERCLA Site 
Activities. U.S. Environmental Protection Agency, Office of Solid Waste and Emergency 
Response, Washington, DC. OSWER Directive 9200.0-25. September. 


U.S. EPA. 1997a. CERCLA Coordination with Natural Resource Trustees.  U.S. Environmental 
Protection Agency, Office of Solid Waste and Emergency Response, Washington, DC.  OSWER 
Directive 9200.4-22A. 


U.S. EPA. 1997b. Community Advisory Group Toolkit for EPA Staff.  U.S. Environmental Protection 
Agency, Office of Solid Waste and Emergency Response, Washington, DC.  EPA 540/R-97/038. 


U.S. EPA. 1997c. Rules of Thumb for Superfund Remedy Selection.  U.S. Environmental Protection 
Agency, Office of Solid Waste and Emergency Response, Washington, DC.  OSWER 9355.0-69, 
EPA 540/R-97/013. 


U.S. EPA. 1997d. Ecological Risk Assessment Guidance for Superfund: Process for Designing and 
Conducting Ecological Risk Assessment.  Interim Final.  U.S. Environmental Protection Agency, 
Office of Solid Waste and Emergency Response, Washington, DC.  EPA 540/R-97/006. June. 


U.S. EPA. 1997e. Report on the Effects of the Hot Spot Dredging Operations, New Bedford Harbor 
Superfund Site, New Bedford, Massachusetts. U.S. Environmental Protection Agency, Region 1. 
October. 


U.S. EPA. 1998a. EPA’s Contaminated Sediment Management Strategy.  U.S. Environmental Protection 
Agency, Office of Water, Washington, DC.  EPA 823/R-98/001. The strategy and a fact sheet on 
this document are available on the Internet at http://www.epa.gov/OST/cs/stratndx.html. 


U.S. EPA. 1998b. The Plan to Enhance the Role of States and Tribes in the Superfund Program.  U.S. 
Environmental Protection Agency, Office of Emergency and Remedial Response, Washington, 
DC. OSWER Directive 9375.3-03P. EPA 540/R-98/012. March. 


U.S. EPA. 1998c. Guidance for Conducting Fish and Wildlife Consumption Surveys.  U.S. 
Environmental Protection Agency, Office of Water, Washington, DC.  EPA 823/B-98/007. 
November. 


U.S. EPA. 1998d. Assessment and Remediation of Contaminated Sediments (ARCS) Program Guidance 
for In-Situ Subaqueous Capping of Contaminated Sediments.  Prepared for the U.S. 
Environmental Protection Agency, Great Lakes National Program Office, Chicago, Illinois.  EPA 
905/B-96/004. Available on the Internet at http://www.epa.gov/glnpo/sediment/iscmain. 



http://www.epa.gov/OST/cs/stratndx.html

http://www.epa.gov/glnpo/sediment/iscmain





Contaminated Sediment Remediation Guidance 
for Hazardous Waste Sites 
U.S. EPA. 1999a. A Guide to Preparing Superfund Proposed Plans, Records of Decision, and Other 


Remedy Selection Decision Documents.  U.S. Environmental Protection Agency, Office of Solid 
Waste and Emergency Response, Washington, DC.  EPA 540/R-98/031. 


U.S. EPA. 1999b. Ecological Risk Assessment and Risk Management Principles for Superfund Sites. 
U.S. Environmental Protection Agency, Office of Solid Waste and Emergency Response, 
Washington, DC. OSWER Directive 9285.7-28P. 


U.S. EPA. 1999c. A Community Guide to Superfund Risk Assessment – What’s it All about and How 
Can You Help? U.S. Environmental Protection Agency, Office of Solid Waste and Emergency 
Response, Washington, DC. OSWER Directive 9285.7-30. EPA 540/K-99/003. December. 


U.S. EPA. 1999d. Use of Monitored Natural Attenuation at Superfund, RCRA Corrective Action, and 
Underground Storage Tank Sites. U.S. Environmental Protection Agency, Office of Solid Waste 
and Emergency Response, Washington, DC.  EPA 540/R-99/009. April. 


U.S. EPA. 2000a. Guidance for the Data Quality Objectives Process.  (EPA QA/G-4). U.S. 
Environmental Protection Agency, Office of Environmental Information, Washington, DC.  EPA 
600/R-96/055. Also available on the Internet at http://www.epa.gov/quality/qa_docs.html. 


U.S. EPA. 2000b. Guidance for Assessing Chemical Contaminant Data for Use in Fish Advisories, 
Volume 1, Fish Sampling and Analysis, Third Edition.  U.S. Environmental Protection Agency, 
Office of Water. EPA 823/B-00/007. November. 


U.S. EPA. 2000c. Soil Screening Guidance for Radionuclides: User’s Guide. U.S. Environmental 
Protection Agency, Office of Radiation and Indoor Air and Office of Solid Waste and Emergency 
Response. OSWER 9355.4-16A; EPA/540-R-00-007. October. 


U.S. EPA. 2000d. Use of Non-Time-Critical Removal Authority in Superfund Response Actions.  U.S. 
Environmental Protection Agency, Office of Emergency and Remedial Response.  OSWER 
Directive 9360.0–40P. February. 


U.S. EPA. 2000e. Peer Review Handbook, 2nd Edition.  U.S. Environmental Protection Agency, 
Science Policy Council, Washington DC.  EPA 100-B-00-001. December. 


U.S. EPA. 2000f. Institutional Controls: A Site Manager’s Guide to Identifying, Evaluating, and 
Selecting Institutional Controls at Superfund and RCRA Corrective Action Cleanups.  U.S. 
Environmental Protection Agency, Office of Solid Waste and Emergency Response, Washington, 
DC. OSWER Directive 9355.0-7FS-P. EPA 540-F-00-005. September. 


U.S. EPA. 2000g. Institutional Controls and Transfer of Real Property under CERCLA Section 120 
(h)(3)(A), (B), or (C). U.S. Environmental Protection Agency, Federal Facilities Restoration and 
Reuse Office, Washington, DC. February.  Available at: 
http://www.epa.gov/swerffrr/documents/fi-icops_106.htm. 


U.S. EPA. 2000h. Managing and Sampling and Analyzing Contaminants in Fish and Shellfish, Volume 
1. U.S. Environmental Protection Agency, Office of Water.  EPA 823/B-00/008. 



http://www.epa.gov/quality/qa_docs.html

http://www.epa.gov/swerffrr/documents/fi-icops_106.htm





Contaminated Sediment Remediation Guidance 
for Hazardous Waste Sites 
U.S. EPA. 2001a. Enhancing State and Tribal Role Directive.  U.S. Environmental Protection Agency, 


Office of Emergency and Remedial Response, Washington, DC.  OSWER Directive 9375.3-06P. 


U.S. EPA. 2001b. Early and Meaningful Community Involvement.  U.S. Environmental Protection 
Agency, Office of Emergency and Remedial Response, Washington, DC.  OSWER Directive 
9230.0-99. October. 


U.S. EPA. 2001c. Incorporating Citizen Concerns into Superfund Decision-Making.  U.S. 
Environmental Protection Agency, Office of Emergency and Remedial Response.  OSWER 
Directive 9230.0-18. January. 


U.S. EPA. 2001d. Forum on Managing Contaminated Sediments at Hazardous Waste Sites.  U.S. 
Environmental Protection, Agency Office of Emergency and Remedial Response, Washington, 
DC. Proceedings available at http://www.epa.gov/superfund/resources/sediment/meetings.htm. 


U.S. EPA. 2001e. EPA Requirements for Quality Assurance Project Plans.  U.S. Environmental 
Protection Agency, Office of Environmental Information, Washington DC.  EPA/240/B-01/003. 
Also available on the Internet at http://www.epa.gov/quality. 


U.S. EPA. 2001f. EPA ECO Update: The Role of Screening-Level Risk Assessments and Refining 
Contaminants of Concern in Baseline Ecological Risk Assessments.  U.S. Environmental 
Protection Agency, Office of Solid Waste and Emergency Response.  EPA 540/F-01/014; 
OSWER 9345.0-14. June. 


U.S. EPA. 2001g. Natural Recovery of Persistent Organics in Contaminated Sediments at the Sangamo-
Weston/Twelvemile Creek/Lake Hartwell Superfund Site.  Prepared by Batelle under contract to 
U.S. Environmental Protection Agency, National Risk Management Research Laboratory, 
Cincinnati, Ohio. 


U.S. EPA. 2001h. Natural Recovery of Persistent Organics in Contaminated Sediments at the 
Wykoff/Eagle Harbor Superfund Site.  Prepared by Battelle under contract to U.S. Environmental 
Protection Agency, National Risk Management Research Laboratory, Cincinnati, Ohio. 


U.S. EPA. 2001i. Comprehensive Five-Year Review Guidance.  U.S. Environmental Protection Agency, 
Office of Emergency and Remedial Response, Washington, DC.  EPA 540/R-01/007. June. 


U.S. EPA. 2001j. Monitored Natural Attenuation: U.S. Environmental Protection Agency Research 
Program - An EPA Science Advisory Board Review.  U.S. Environmental Protection Agency, 
Environmental Engineering Committee of the EPA Science and Advisory Board.  EPA-SAB-
EEC-01-004. May. 


U.S. EPA. 2001k. Methods for Collection, Storage, and Manipulation of Sediments for Chemical and 
Toxicological Analyses: Technical Manual.  U.S. Environmental Protection Agency, Office of 
Water, Washington, DC. EPA 823/B-01/002. 


U.S. EPA. 2002a. Principles for Managing Contaminated Sediment Risks at Hazardous Waste Sites. 
U.S. Environmental Protection Agency, Office of Emergency and Remedial Response, 
Washington, DC. OSWER Directive 9285.6-08. February. 



http://www.epa.gov/superfund/resources/sediment/meetings.htm

http://www.epa.gov/quality





Contaminated Sediment Remediation Guidance 
for Hazardous Waste Sites 
U.S. EPA. 2002b. Role of Background in the CERCLA Cleanup Program.  U.S. Environmental 


Protection Agency, Office of Solid Waste and Emergency Response, Washington, DC.  OSWER 
Directive 9285.6-07P. April 26. 


U.S. EPA. 2002c. Guidance for Comparing Background and Chemical Concentrations in Soil for 
CERCLA Sites, U.S. Environmental Protection Agency, Office of Emergency and Remedial 
Response. EPA/540/R-01/003, OSWER 9285.7-41, September 2002.  Also available on the 
Internet at http://www.epa.gov/superfund. 


U.S. EPA. 2003a. Superfund Community Involvement Toolkit.  U.S. Environmental Protection Agency, 
Office of Emergency and Remedial Response, Washington, DC.  Available at 
http://www.epa.gov/superfund/tools. 


U.S. EPA. 2003b. Using Dynamic Field Activities for On-Site Decision-Making: A Guide for Project 
Managers. U.S. Environmental Protection Agency, Office of Solid Waste and Emergency 
Response. OSWER No. 5200.1-40, EPA/540/R-03/002, May 2003 (available on the Web at 
http://www.epa.gov/superfund/programs/dfa/guidoc.htm). 


U.S. EPA. 2003c. Guidance for Developing Ecological Soil Screening Levels (Eco-SSLs). U.S. 
Environmental Protection Agency, Office of Solid Waste and Emergency Response.  OSWER 
Directive 9285.7-55. November. 


U.S. EPA. 2003d. Guidance on the Resolution of the Post-ROD Dispute (Memorandum).  U.S. 
Environmental Protection Agency, Office of Solid Waste and Emergency Response and Office of 
Enforcement and Compliance Assurance.  November 25, 2003. 


U.S. EPA. 2004a. Updated Report on the Incidence and Severity of Sediment Contamination in Surface 
Waters of the United States, National Sediment Quality Survey.  U.S. Environmental Protection 
Agency, Office of Water, Washington, DC.  EPA-823-R-04-007. November. 


U.S. EPA. 2004b. OSRTI Sediment Team and NRRB Coordination at Large Sediment Sites.  U.S. 
Environmental Protection Agency, Office of Superfund Remediation and Technology Innovation. 
OSWER Directive 9285.6-11. March. 


U.S. EPA. 2004c. Guidance for Monitoring at Hazardous Waste Sites: Framework for Monitoring Plan 
Development and Implementation.  OSWER Directive 9355.4-28, January. 


U.S. EPA. 2005a. 2004 National Listing of Fish Advisories (Fact Sheet).  U.S. Environmental Protection 
Agency, Office of Water.  EPA-823-F-05-004. September.  Available at 
http://www.epa.gov/waterscience/fish. 


U.S. EPA. 2005b. Contaminated Sediments: Impacts and Solutions, Video EPA-540-V-05-001, 
available from http://ertvideo.org, and Presenters Manual EPA-540-R-05-001, available from the 
Community Involvement and Outreach Branch, U.S. Environmental Protection Agency, Office of 
Superfund Remediation and Technology Innovation. 



http://www.epa.gov/superfund

http://www.epa.gov/superfund/tools

http://www.epa.gov/superfund/programs/dfa/guidoc.htm

http://www.epa.gov/waterscience/fish

http://ertvideo.org





Contaminated Sediment Remediation Guidance 
for Hazardous Waste Sites 
U.S. EPA. 2005c. Procedures for the Derivation of Equilibrium Partitioning Sediment Benchmarks 


(ESBs) for the Protection of Benthic Organisms: Metal Mixtures (Cadmium, Copper, Lead, 
Nickel, Silver and Zinc). EPA-600-R-02-011. U.S. Environmental Protection Agency, Office of 
Research and Development.  Washington, DC 20460. 


U.S. EPA. In preparation1. Evaluation of Contaminated Sediment Fate and Transport Models, Final 
Report, U.S. Environmental Protection Agency, Office of Research and Development, National 
Exposure Laboratory, Athens, Georgia, 141 pp. 


U.S. EPA. In preparation2. Evaluation of Chemical Bioaccumulation Models of Aquatic Ecosystems, 
Final Report, U.S. Environmental Protection Agency, Office of Research and Development, 
National Exposure Research Laboratory, Athens, Georgia, 122 pp. 


U.S. EPA and USACE. 1992. Evaluation of Dredged Material Proposed for Ocean Disposal: Testing 
Manual. U.S. Environmental Protection Agency, Office of Marine and Estuarine Protection, 
Washington, DC, and U.S. Army Corps of Engineers, Washington, DC.  EPA 503/8-91/001. 
February. 


U.S. EPA and USACE. 1998. Evaluation of Dredged Material Proposed for Discharge in Waters of the 
U.S. - Inland Testing Manual. U.S. Environmental Protection Agency, Office of Water, 
Washington, DC, and U.S. Army Corps of Engineers, Washington, DC.  EPA 823/B-98/004. 


U.S. EPA and USACE. 2000. A Guide to Developing and Documenting Cost Estimates During the 
Feasibility Study. EPA 540-R-00-002.  U.S. Army Corps of Engineers Hazardous Toxic, and 
Radioactive Waste Center of Expertise, Omaha, Nebraska, and U.S. Environmental Protection 
Agency, Office of Emergency and Remedial Response, Washington, DC.  July.  Available at: 
http://www.epa.gov/oerrpage/superfund/resources/remedy/finaldoc.pdf. 


U.S. Naval Facilities Engineering Command.  	2003. Implementation Guide for Assessing and Managing 
Contaminated Sediment at Navy Facilities.  UG-2053-ENV. March. 


Van Oostrum, R.W.  1992. Dredging of contaminated sediment between pre-dredging survey and 
treatment. In: Proc. of the International Symposium on Environmental Dredging, Buffalo, New 
York. 


Warner, G.F. 1977. On the Shapes of Passive Suspension-Feeders.  In Keegan, B.F., P.O. Ceidigh, and 
P.J.S. Boaden, eds. Biology of Benthic Organisms.  New York. 


Wiles, C.C., and E. Barth. 1992. “Solidification/Stabilization: Is it Always Appropriate?”  Stabilization 
and Solidification of Hazardous, Radioactive, and Mixed Wastes, 2nd Volume, ASTM STP 1123, 
T.M. Gilliam and C.C. Wiles, Eds.  American Society for Testing and Materials, Philadelphia, pp. 
18–32. 


Winter, T.C. 2002. Subaqueous Capping and Natural Recovery: Understanding the Hydrogeologic 
Setting at Contaminated Sediment Sites,  DOER Technical Notes Collection. ERDC TN-DOER-
C26, U.S. Army Engineer Research and Development Center, Vicksburg, Mississippi 
http://www.wes.army.mil/el/dots/doer. 



http://www.epa.gov/oerrpage/superfund/resources/remedy/finaldoc.pdf

http://www.wes.army.mil/el/dots/doer





Contaminated Sediment Remediation Guidance 
for Hazardous Waste Sites 
Zaidi, B. R., G. Stucki, and M. Alexander. 1988.  Low chemical concentrations and pH as factors 


limiting the success of inoculation to enhance biodegradation.  Environ. Toxicol. Chem. 7: 
143–151. 


Zappi, P.A., and D.F. Hayes.  1991. Innovative Technologies for Dredging Contaminated Sediments. 
Miscellaneous Paper EL-91-20. U.S. Army Corps of Engineers, Waterways Experiment Station, 
Vicksburg, Mississippi. 


Zar, J.H. 1999. Biostatistical Analysis Fourth Edition, Prentice Hall, Upper Saddle River, New Jersey. 


Zimmerman, J.R., U. Ghosh, R.G. Luthy, R.N. Millward, and T.S. Bridges.  2004. Addition of carbon 
sorbents to reduce PCB and PAH bioavailability in marine sediments: physiochemical tests. 
Environ. Sci. Technol. 38:5458–5464. 







This page left intentionally blank. 







CONTAMINATED SEDIMENT REMEDIATION

GUIDANCE FOR HAZARDOUS WASTE SITES:



APPENDIX A: PRINCIPLES FOR MANAGING 
CONTAMINATED SEDIMENT RISKS AT 
HAZARDOUS WASTE SITES 







This page left intentionally blank. 







Appendix A: 11 Principles 


UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

WASHINGTON, D.C. 20460



Feb. 12, 2002



OFFICE OF

SOLID WASTE AND EMERGENCY



RESPONSE



OSWER Directive 9285.6-08 


MEMORANDUM 


SUBJECT:	 Principles for Managing Contaminated Sediment Risks at Hazardous Waste Sites 


FROM:	 Marianne Lamont Horinko  /s/ Marianne Lamont Horinko 
Assistant Administrator 


TO:	 Superfund National Policy Managers, Regions 1 - 10 
RCRA Senior Policy Advisors, Regions 1 - 10 


I. PURPOSE 


This guidance will help EPA site managers make scientifically sound and nationally 
consistent risk management decisions at contaminated sediment sites.  It presents 11 risk 
management principles that Remedial Project Managers (RPMs), On-Scene Coordinators 
(OSCs), and RCRA Corrective Action project managers should carefully consider when 
planning and conducting site investigations, involving the affected parties, and selecting and 
implementing a response. 


This guidance recommends that EPA site managers make risk-based site decisions using 
an iterative decision process, as appropriate, that evaluates the short-term and long-term risks of 
all potential cleanup alternatives consistent with the National Oil and Hazardous Substances 
Pollution Contingency Plan’s (NCP’s) nine remedy selection criteria (40 CFR Part 300.430). 
EPA site managers are also encouraged to consider the societal and cultural impacts of existing 
sediment contamination and of potential remedies through meaningful involvement of affected 
stakeholders. 


This guidance also responds in part to the recommendations contained in the National 
Research Council (NRC) report discussed below. 
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II. BACKGROUND 


On March 26, 2001, the NRC published a report entitled A Risk Management Strategy for 
PCB-Contaminated Sediments. Although the NRC report focuses primarily on assessment and 
remediation of PCB-contaminated sediments, much of the information in that report is applicable 
to other contaminants.  Site managers are encouraged to read the NRC report, which may be 
found at http://www.nrc.edu. 


In addition to developing these principles, OSWER, in coordination with other EPA 
offices (Office of Research and Development, Office of Water, and others) and other federal 
agencies (Department of Defense/U.S. Army Corps of Engineers, Department of 
Commerce/National Oceanic and Atmospheric Administration, Department of the Interior/U.S. 
Fish and Wildlife Service, and others) is developing a separate guidance, Contaminated 
Sediment Remediation Guidance for Hazardous Waste Sites (Sediment Guidance).  The 
Sediment Guidance will provide more detailed technical guidance on the process that Superfund 
and RCRA project managers should use to evaluate cleanup alternatives at contaminated 
sediment sites. 


While this directive applies to all contaminants at sediment sites addressed under 
CERCLA or RCRA, its implementation at particular sites should be tailored to the size and 
complexity of the site, to the magnitude of site risks, and to the type of action contemplated. 
These principles can be applied within the framework of EPA’s existing statutory and regulatory 
requirements. 


III. RISK MANAGEMENT PRINCIPLES 


1. Control Sources Early. 


As early in the process as possible, site managers should try to identify all direct and 
indirect continuing sources of significant contamination to the sediments under investigation. 
These sources might include discharges from industries or sewage treatment plants, spills, 
precipitation runoff, erosion of contaminated soil from stream banks or adjacent land, 
contaminated groundwater and non-aqueous phase liquid contributions, discharges from storm 
water and combined sewer outfalls, upstream contributions, and air deposition.  


Next, site managers should assess which continuing sources can be controlled and by 
what mechanisms.  It may be helpful to prioritize sources according to their relative 
contributions to site risks. In the identification and assessment process, site managers should 
solicit assistance from those with relevant information, including regional Water, Air, and PCB 
Programs (where applicable); state agencies (especially those responsible for setting Total 
Maximum Daily Loads (TMDLs) and those that issue National Pollutant Discharge Elimination 
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System (NPDES) permits); and all Natural Resource Trustees.  Local agencies and stakeholders 
may also be of assistance in assessing which sources can be controlled. 


Site managers should evaluate the potential for future recontamination of sediments when 
selecting a response action. If a site includes a source that could result in significant 
recontamination, source control measures will likely be necessary as part of that response action. 
However, where EPA believes that the source can be controlled, or where sediment remediation 
will have benefits to human health and/or the environment after considering the risks caused by 
the ongoing source, it may be appropriate for the Agency to select a response action for the 
sediments prior to completing all source control actions.  This is consistent with principle #5 
below, which indicates that it may be necessary to take phased or interim actions (e.g., removal 
of a hot spot that is highly susceptible to downstream movement or dispersion of contaminants) 
to prevent or address environmental impacts or to control human exposures, even if source 
control actions have not been undertaken or completed. 


2. Involve the Community Early and Often. 


Contaminated sediment sites often involve difficult technical and social issues.  As such, 
it is especially important that a project manager ensure early and meaningful community 
involvement by providing community members with the technical information needed for their 
informed participation.  Meaningful community involvement is a critical component of the site 
characterization, risk assessment, remedy evaluation, remedy selection, and remedy 
implementation processes.  Community involvement enables EPA to obtain site information that 
may be important in identifying potential human and ecological exposures, as well as in 
understanding the societal and cultural impacts of the contamination and of the potential 
response options. The NRC report (p. 249) “recommends that increased efforts be made to 
provide the affected parties with the same information that is to be used by the decision-makers 
and to include, to the extent possible, all affected parties in the entire decision-making process at 
a contaminated site.  In addition, such information should be made available in such a manner 
that allows adequate time for evaluation and comment on the information by all parties.” 
Through Technical Assistance Grants and other mechanisms, project managers can provide the 
community with the tools and information necessary for meaningful participation, ensuring their 
early and continued involvement in the cleanup process. 


Although the Agency has the responsibility to make the final cleanup decision at 
CERCLA and RCRA sites, early and frequent community involvement facilitates acceptance of 
Agency decisions, even at sites where there may be disagreement among members of the 
community on the most appropriate remedy. 


Site managers and community involvement coordinators should take into consideration 
the following six practices, which were recently presented in OSWER Directive 9230.0-99 Early 
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and Meaningful Community Involvement (October 12, 2001). This directive also includes a list 
of other useful resources and is available at http://www.epa.gov/superfund/pubs.htm. 


(1) Energize the community involvement plan. 
(2) Provide early, proactive community support. 
(3) Get the community more involved in the risk assessment. 
(4) Seek early community input on the scope of the remedial investigation/feasibility 
study (RI/FS). 
(5) Encourage community involvement in identification of future land use. 
(6) Do more to involve communities during removals. 


3. 	 Coordinate with States, Local Governments, Tribes, and Natural Resource 
Trustees. 
Site managers should communicate and coordinate early with states, local governments, 


tribes, and all Natural Resource Trustees. By doing so, they will help ensure that the most 
relevant information is considered in designing site studies, and that state, local, tribal, and 
trustee viewpoints are considered in the remedy selection process.  For sites that include 
waterbodies where TMDLs are being or have been developed, it is especially important to 
coordinate site investigations and monitoring or modeling studies with the state and with EPA’s 
water program.  In addition, sharing information early with all interested parties often leads to 
quicker and more efficient protection of human health and the environment through a 
coordinated cleanup approach. 


Superfund’s statutory mandate is to ensure that response actions will be protective of 
human health and the environment.  EPA recognizes, however, that in addition to EPA’s 
response action(s), restoration activities by the Natural Resource Trustees may be needed.  It is 
important that Superfund site managers and the Trustees coordinate both the EPA investigations 
of risk and the Trustee investigations of resource injuries in order to most efficiently use federal 
and state resources and to avoid duplicative efforts. 


Additional information on coordinating with Trustees may be found in OSWER Directive 
9200.4-22A CERCLA Coordination with Natural Resource Trustees (July 1997), in the 1992 
ECO Update The Role of Natural Resource Trustees in the Superfund Process 
http://www.epa.gov/superfund/programs/risk/tooleco.htm), and in the 1999 OSWER Directive 
9285.7-28 P Ecological Risk Assessment and Risk Management Principles for Superfund Sites 
(also available at the above web site). Additional information on coordinating with states and 
tribes can be found in OSWER Directive 9375.3-03P The Plan to Enhance the Role of States and 
Tribes in the Superfund Program (http://www.epa.gov/superfund/states/strole/index.htm). 
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4. Develop and Refine a Conceptual Site Model that Considers Sediment Stability. 


A conceptual site model should identify all known and suspected sources of 
contamination, the types of contaminants and affected media, existing and potential exposure 
pathways, and the known or potential human and ecological receptors that may be threatened. 
This information is frequently summarized in pictorial or graphical form, backed up by site-
specific data. The conceptual site model should be prepared early and used to guide site 
investigations and decision-making.  However, it should be updated periodically whenever new 
information becomes available, and EPA’s understanding of the site problems increases.  In 
addition, it frequently can serve as the centerpiece for communication among all stakeholders. 


A conceptual site model is especially important at sediment sites because the 
interrelationship of soil, surface and groundwater, sediment, and ecological and human receptors 
is often complex.  In addition, sediments may be subject to erosion or transport by natural or 
man-made disturbances such as floods or engineering changes in a waterway.  Because 
sediments may experience temporal, physical, and chemical changes, it is especially important to 
understand what contaminants are currently available to humans and wildlife, and whether this is 
likely to change in the future under various scenarios. The risk assessor and project manager, as 
well as other members of the site team, should communicate early and often to ensure that they 
share a common understanding of the site and the basis for the present and future risks.  The May 
1998 EPA Guidelines for Ecological Risk Assessment (Federal Register 63(93) 26846-26924, 
http://www.epa.gov/superfund/programs/risk/tooleco.htm), the 1997 Superfund Guidance 
Ecological Risk Assessment Guidance for Superfund: Process for Designing and Conducting 
Ecological Risk Assessments (EPA 540-R-97-006, also available at the above web site), and the 
1989 Risk Assessment Guidance for Superfund (RAGS), Volume 1, Part A (EPA 540-1-89-002, 
http://www.epa.gov/superfund/programs/risk/ragsa) provide guidance on developing conceptual
site models.  


5. Use an Iterative Approach in a Risk-Based Framework. 


The NRC report (p. 52) recommends the use of a risk-based framework based on the one 
developed by the Presidential/Congressional Commission on Risk Assessment and Risk 
Management (PCCRARM, 1997, Framework for Environmental Health Risk Management, Vol. 
1, as cited by NRC 2001). However, as recognized by the NRC (p. 60): “The framework is 
intended to supplement, not supplant, the CERCLA remedial process mandated by law for 
Superfund sites.” 


Although there is no universally accepted, well-defined risk-based framework or strategy 
for remedy evaluation at sediment sites, there is wide-spread agreement that risk assessment 
should play a critical role in evaluating options for sediment remediation.  The Superfund 
program uses a flexible, risk-based framework as part of the CERCLA and NCP process to 
adequately characterize ecological and human health site risks.  The guidances used by the 
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RCRA Corrective Action program (http://www.epa.gov/correctiveaction/resource/guidance) also
recommend a flexible risk-based approach to selecting response actions appropriate for the site. 


EPA encourages the use of an iterative approach, especially at complex contaminated 
sediment sites.  As used here, an iterative approach is defined broadly to include approaches 
which incorporate testing of hypotheses and conclusions and foster re-evaluation of site 
assumptions as new information is gathered.  For example, an iterative approach might include 
pilot testing to determine the effectiveness of various remedial technologies at a site.  As noted 
in the NRC report (p. 66): "Each iteration might provide additional certainty and information to 
support further risk-management decisions, or it might require a course correction."


  An iterative approach may also incorporate the use of phased, early, or interim actions. 
At complex sediment sites, site managers should consider the benefits of phasing the 
remediation.  At some sites, an early action may be needed to quickly reduce risks or to control 
the ongoing spread of contamination.  In some cases, it may be appropriate to take an interim 
action to control a source, or remove or cap a hot spot, followed by a period of monitoring in 
order to evaluate the effectiveness of these interim actions before addressing less contaminated 
areas. 


The NRC report makes an important point when it notes (p. 256): “The committee 
cautions that the use of the framework or other risk-management approach should not be used to 
delay a decision at a site if sufficient information is available to make an informed decision. 
Particularly in situations in which there are immediate risks to human health or the ecosystem, 
waiting until more information is gathered might result in more harm than making a preliminary 
decision in the absence of a complete set of information.  The committee emphasizes that a 
‘wait-and-see’ or ‘do-nothing’ approach might result in additional or different risks at a site.”  


6. 	 Carefully Evaluate the Assumptions and Uncertainties Associated with Site 
Characterization Data and Site Models. 


The uncertainties and limitations of site characterization data, and qualitative or 
quantitative models (e.g., hydrodynamic, sediment stability, contaminant fate and transport, or 
food-chain models) used to extrapolate site data to future conditions should be carefully 
evaluated and described. Due to the complex nature of many large sediment sites, a quantitative 
model is often used to help estimate and understand the current and future risks at the site and to 
predict the efficacy of various remedial alternatives.  The amount of site-specific data required 
and the complexity of models used to support site decisions should depend on the complexity of 
the site and the significance of the decision (e.g., level of risk, response cost, community 
interest). All new models and the calibration of models at large or complex sites should be peer-
reviewed consistent with the Agency’s peer review process as described in its Peer Review 
Handbook (EPA 100-B-00-001, http://www.epa.gov/ORD/spc/2peerrev.htm). 
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 Site managers should clearly describe the basis for all models used and their 
uncertainties when using the predicted results to make a site decision.  As recognized by the 
NRC report (p. 65), however, “Management decisions must be made, even when information is 
imperfect.  There are uncertainties associated with every decision that need to be weighed, 
evaluated, and communicated to affected parties.  Imperfect knowledge must not become an 
excuse for not making a decision.” 


7. 	 Select Site-specific, Project-specific, and Sediment-specific Risk Management 
Approaches that will Achieve Risk-based Goals. 


EPA’s policy has been and continues to be that there is no presumptive remedy for any 
contaminated sediment site, regardless of the contaminant or level of risk.  This is consistent 
with the NRC report’s statement (p. 243) that “There is no presumption of a preferred or default 
risk-management option that is applicable to all PCB-contaminated-sediment sites.”  At 
Superfund sites, for example, the most appropriate remedy should be chosen after considering 
site-specific data and the NCP’s nine remedy selection criteria.  All remedies that may 
potentially meet the removal or remedial action objectives (e.g., dredging or excavation, in-situ 
capping, in-situ treatment, monitored natural recovery) should be evaluated prior to selecting the 
remedy.  This evaluation should be conducted on a comparable basis, considering all 
components of the remedies, the temporal and spatial aspects of the sites, and the overall risk 
reduction potentially achieved under each option. 


At many sites, a combination of options will be the most effective way to manage the 
risk. For example, at some sites, the most appropriate remedy may be to dredge high 
concentrations of persistent and bioaccumulative contaminants such as PCBs or DDT, to cap 
areas where dredging is not practicable or cost-effective, and then to allow natural recovery 
processes to achieve further recovery in net depositional areas that are less contaminated. 


8.	 Ensure that Sediment Cleanup Levels are Clearly Tied to Risk Management Goals. 


Sediment cleanup levels have often been used as surrogates for actual remediation goals 
(e.g., fish tissue concentrations or other measurable indicators of exposure relating to levels of 
acceptable risk). While it is generally more practical to use measures such as contaminant 
concentrations in sediment to identify areas to be remediated, other measures should be used to 
ensure that human health and/or ecological risk reduction goals are being met.  Such measures 
may include direct measurements of indigenous fish tissue concentrations, estimates of wildlife 
reproduction, benthic macroinvertebrate indices, or other “effects endpoints” as identified in the 
baseline risk assessment.  


As noted in the NRC report (p. 123), “The use of measured concentrations of PCBs in 
fish is suggested as the most relevant means of measuring exposures of receptors to PCBs in 
contaminated sediments.”  For other contaminants, other measures may be more appropriate. 


A-7







Appendix A: 11 Principles 


For many sites, achieving remediation goals, especially for bioaccumulative contaminants in 
biota, may take many years.  Site monitoring data and new scientific information should be 
considered in future reviews of the site (e.g., the Superfund five-year review) to ensure that the 
remedy remains protective of human health and the environment. 


9.	 Maximize the Effectiveness of Institutional Controls and Recognize their 
Limitations. 


Institutional controls, such as fish consumption advisories and waterway use restrictions, 
are often used as a component of remedial decisions at sediment sites to limit human exposures 
and to prevent further spreading of contamination until remedial action objectives are met. 
While these controls can be an important component of a sediment remedy, site managers should 
recognize that they may not be very effective in eliminating or significantly reducing all 
exposures. If fish consumption advisories are relied upon to limit human exposures, it is very 
important to have public education programs in place.  For other types of institutional controls, 
other types of compliance assistance programs may also be needed (e.g., state/local government 
coordination). Site managers should also recognize that institutional controls seldom limit 
ecological exposures. If monitoring data or other site information indicates that institutional 
controls are not effective, additional actions may be necessary. 


10. 	 Design Remedies to Minimize Short-term Risks while Achieving Long-term 
Protection. 


The NRC report notes (p. 53) that: “Any decision regarding the specific choice of a risk 
management strategy for a contaminated sediment site must be based on careful consideration of 
the advantages and disadvantages of available options and a balancing of the various risks, costs, 
and benefits associated with each option.” Sediment cleanups should be designed to minimize 
short-term impacts to the extent practicable, even though some increases in short-term risk may 
be necessary in order to achieve a long-lasting solution that is protective. For example, the long-
term benefits of removing or capping sediments containing persistent and bioaccumulative 
contaminants often outweigh the additional short-term impacts on the already-affected biota.  


In addition to considering the impacts of each alternative on human health and ecological 
risks, the short-term and long-term impacts of each alternative on societal and cultural practices 
should be identified and considered, as appropriate. For example, these impacts might include 
effects on recreational uses of the waterbody, road traffic, noise and air pollution, commercial 
fishing, or disruption of way of life for tribes. At some sites, a comparative analysis of impacts 
such as these may be useful in order to fully assess and balance the tradeoffs associated with 
each alternative. 
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11.	 Monitor During and After Sediment Remediation to Assess and Document Remedy 
Effectiveness. 


A physical, chemical, and/or biological monitoring program should be established for 
sediment sites in order to determine if short-term and long-term health and ecological risks are 
being adequately mitigated at the site and to evaluate how well all remedial action objectives are 
being met.  Monitoring should normally be conducted during remedy implementation and as 
long as necessary thereafter to ensure that all sediment risks have been adequately managed. 
Baseline data needed for interpretation of the monitoring data should be collected during the 
remedial investigation. 


Depending on the risk management approach selected, monitoring should be conducted 
during implementation in order to determine whether the action meets design requirements and 
sediment cleanup levels, and to assess the nature and extent of any short-term impacts of remedy 
implementation.  This information can also be used to modify construction activities to assure 
that remediation is proceeding in a safe and effective manner.  Long-term monitoring of 
indicators such as contaminant concentration reductions in fish tissue should be designed to 
determine the success of a remedy in meeting broader remedial action objectives.  Monitoring is 
generally needed to verify the continued long-term effectiveness of any remedy in protecting 
human health and the environment and, at some sites, to verify the continuing performance and 
structural integrity of barriers to contaminant transport. 


IV.	 IMPLEMENTATION 


EPA RPMs, OSCs, and RCRA Corrective Action project managers should immediately 
begin to use this guidance at all sites where the risks from contaminated sediment are being 
investigated. EPA expects that Federal facility responses conducted under CERCLA or RCRA 
will also be consistent with this directive. This consultation process does not apply to Time-
Critical or emergency removal actions or to sites with only sediment-like materials in wastewater 
lagoons, tanks, storage or containment facilities, or drainage ditches. 


Consultation Process for CERCLA Sites 


To help ensure that Regional site managers appropriately consider these principles before
 site-specific risk management decisions are made, this directive establishes a two-tiered 
consultation procedure that will apply to most contaminated sediment sites.  The consultation 
process applies to all proposed or listed NPL sites where EPA will sign or concur on the ROD, 
all Non-Time-Critical removal actions where EPA will sign or concur on the Action 
Memorandum, and all “NPL-equivalent” sites where there is or will be an EPA-enforceable 
agreement in place.  
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Tier 1 Process 


Where the sediment action(s) for the entire site will address more than 10,000 cubic 
yards or five acres of contaminated sediment, Superfund RPMs and OSCs should consult with 
their appropriate Office of Emergency and Remedial Response (OERR) Regional Coordinator at 
least 30 days before issuing for public comment a Proposed Plan for a remedial action or an 
Engineering Evaluation/Cost Analysis (EE/CA) for a Non-Time-Critical removal action. 


This consultation entails the submission of the draft proposed plan or draft EE/CA, a 
written discussion of how the above 11 principles were considered, and basic site information 
that will assist OERR in tracking significant sediment sites.  If the project manager has not 
received a response from OERR within two weeks, he or she may assume no further information 
is needed at this time.  EPA believes that this process will help promote nationally consistent 
approaches to evaluate, select and implement protective, scientifically sound, and cost-effective 
remedies. 


Tier 2 Process 


This directive also establishes a new technical advisory group (Contaminated Sediments 
Technical Advisory Group–CSTAG) that will monitor the progress of and provide advice 
regarding a small number of large, complex, or controversial contaminated sediment Superfund 
sites. The group will be comprised of ten Regional staff and approximately five staff from 
OSWER, OW, and ORD.  For most sites, the group will meet with the site manager and the site 
team several times throughout the site investigation, response selection, and action 
implementation processes.  For new NPL sites, the group will normally meet within one year 
after proposed listing. It is anticipated that for most sites, the group will meet annually until the 
ROD is signed and thereafter as needed until all remedial action objectives have been met.  The 
specific areas of assistance or specific documents to be reviewed will be decided by the group on 
a case-by-case basis in consultation with the site team.  For selected sites with an on-going RI/FS 
or EE/CA, the group will be briefed by the site manager some time in 2002 or 2003.  Reviews at 
sites with remedies also subject to National Remedy Review Board (NRRB) review will be 
coordinated with the NRRB in order to eliminate the need for a separate sediment group review 
at this stage in the process. 


Consultation Process for RCRA Corrective Action Facilities 


Generally, for EPA-lead RCRA Corrective Action facilities where a sediment response 
action is planned, a two-tiered consultation process will also be used. Where the sediment 
action(s) for the entire site will address more than 10,000 cubic yards or five acres of 
contaminated sediment, project managers should consult with the Office of Solid Waste’s 
Corrective Action Branch at least 30 days before issuing a proposed action for public comment. 
This consultation entails the submission of a written discussion of how the above 11 principles 
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were considered, and basic site information that will assist OSW in tracking significant sediment 
sites. 


If the project manager has not received a response from OSW within two weeks, he or 
she may assume no further information is needed.  States are also encouraged to follow these 
procedures. For particularly large, complex, or controversial sites, OSW will likely call on the 
technical advisory group discussed above. 


EPA also recommends that both state and EPA project managers working on sediment 
contamination associated with Corrective Action facilities consult with their colleagues in both 
RCRA and Superfund to promote consistent and effective cleanups.  EPA believes this 
consultation would be particularly important for the larger-scale sediment cleanups mentioned 
above. 


EPA may update this guidance as more information becomes available on topics such as: 
the effectiveness of various sediment response alternatives, new methods to evaluate risks, or 
new methods for characterizing sediment contamination.  For additional information on this 
guidance, please contact the OERR Sediments Team Leader (Stephen Ells at 703 603-8822) or 
the OSW Corrective Action Programs Branch Chief (Tricia Buzzell at 703 308-8632).  


NOTICE: This document provides guidance to EPA Regions concerning how the Agency 
intends to exercise its discretion in implementing one aspect of the CERCLA and RCRA remedy 
selection process. This guidance is designed to implement national policy on these issues.  Some 
of the statutory provisions described in this document contain legally binding requirements. 
However, this document does not substitute for those provisions or regulations, nor is it a 
regulation itself. Thus it cannot impose legally binding requirements on EPA, states, or the 
regulated community, and may not apply to a particular situation based upon the circumstances. 
Any decisions regarding a particular situation will be made based on the statutes and regulations, 
and EPA decision-makers retain the discretion to adopt approaches on a case-by-case basis that 
differ from this guidance where appropriate.  Interested parties are free to raise questions and 
objections about the substance of this guidance and the appropriateness of the application of this 
guidance to a particular situation, and the Agency welcomes public input on this document at 
any time.  EPA may change this guidance in the future. 


cc:	 Michael H. Shapiro 
Stephen D. Luftig 
Larry Reed 
Elizabeth Cotsworth 
Jim Woolford 
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Jeff Josephson, Superfund Lead Region Coordinator, USEPA Region 2 
Carl Daly, RCRA Lead Region Coordinator, USEPA Region 8 
Peter Grevatt 
NARPM Co-Chairs 
OERR Records Manager, IMC 5202G 
OERR Documents Coordinator, HOSC 5202G 
RCRA Key Contacts, Regions 1 - 10 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
WASHINGTON, D.C. 20460 


FEB 12 2002 


OFFICE OF 
SOLID WASTE AND EMERGENCY 


RESPONSE 


OSWER Directive 9285.6-08 


MEMORANDUM 


SUBJECT: Principles for Managing Contaminated Sediment Risks at Hazardous Waste Sites 


FROM:	 Marianne Lamont Horinko /s/ 
Assistant Administrator 


TO:	 Superfund National Policy Managers, Regions 1 - 10 
RCRA Senior Policy Advisors, Regions 1 - 10 


I. PURPOSE 


This guidance will help EPA site managers make scientifically sound and nationally consistent 
risk management decisions at contaminated sediment sites. It presents 11 risk management principles 
that Remedial Project Managers (RPMs), On-Scene Coordinators (OSCs), and RCRA Corrective 
Action project managers should carefully consider when planning and conducting site investigations, 
involving the affected parties, and selecting and implementing a response. 


This guidance recommends that EPA site managers make risk-based site decisions using an 
iterative decision process, as appropriate, that evaluates the short-term and long-term risks of all 
potential cleanup alternatives consistent with the National Oil and Hazardous Substances Pollution 
Contingency Plan’s (NCP’s) nine remedy selection criteria (40 CFR Part 300.430). EPA site 
managers are also encouraged to consider the societal and cultural impacts of existing sediment 
contamination and of potential remedies through meaningful involvement of affected stakeholders. 


This guidance also responds in part to the recommendations contained in the National Research 
Council (NRC) report discussed below. 
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II. BACKGROUND 


On March 26, 2001, the NRC published a report entitled A Risk Management Strategy for 
PCB-Contaminated Sediments. Although the NRC report focuses primarily on assessment and 
remediation of PCB-contaminated sediments, much of the information in that report is applicable to 
other contaminants. Site managers are encouraged to read the NRC report, which may be found at 
http://www.nrc.edu. 


In addition to developing these principles, OSWER, in coordination with other EPA offices 
(Office of Research and Development, Office of Water, and others) and other federal agencies 
(Department of Defense/U.S. Army Corps of Engineers, Department of Commerce/National Oceanic 
and Atmospheric Administration, Department of the Interior/U.S. Fish and Wildlife Service, and others 
is developing a separate guidance, Contaminated Sediment Remediation Guidance for Hazardous 
Waste Sites (Sediment Guidance). The Sediment Guidance will provide more detailed technical 
guidance on the process that Superfund and RCRA project managers should use to evaluate cleanup 
alternatives at contaminated sediment sites. 


While this directive applies to all contaminants at sediment sites addressed under CERCLA or 
RCRA, its implementation at particular sites should be tailored to the size and complexity of the site, to 
the magnitude of site risks, and to the type of action contemplated. These principles can be applied 
within the framework of EPA’s existing statutory and regulatory requirements. 


III. RISK MANAGEMENT PRINCIPLES 


1. Control Sources Early. 


As early in the process as possible, site managers should try to identify all direct and indirect 
continuing sources of significant contamination to the sediments under investigation. These sources might 
include discharges from industries or sewage treatment plants, spills, precipitation runoff, erosion of 
contaminated soil from stream banks or adjacent land, contaminated groundwater and non-aqueous 
phase liquid contributions, discharges from storm water and combined sewer outfalls, upstream 
contributions, and air deposition. 


Next, site managers should assess which continuing sources can be controlled and by what 
mechanisms. It may be helpful to prioritize sources according to their relative contributions to site risks. 
In the identification and assessment process, site managers should solicit assistance from those with 
relevant information, including regional Water, Air, and PCB Programs (where applicable); state 
agencies (especially those responsible for setting Total Maximum Daily Loads (TMDLs) and those that 
issue National Pollutant Discharge Elimination System (NPDES) permits); and all Natural Resource 
Trustees. Local agencies and stakeholders may also be of assistance in assessing which sources can be 
controlled. 
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Site managers should evaluate the potential for future recontamination of sediments when 
selecting a response action. If a site includes a source that could result in significant recontamination, 
source control measures will likely be necessary as part of that response action. However, where EPA 
believes that the source can be controlled, or where sediment remediation will have benefits to human 
health and/or the environment after considering the risks caused by the ongoing source, it may be 
appropriate for the Agency to select a response action for the sediments prior to completing all source 
control actions. This is consistent with principle #5 below, which indicates that it may be necessary to 
take phased or interim actions (e.g., removal of a hot spot that is highly susceptible to downstream 
movement or dispersion of contaminants) to prevent or address environmental impacts or to control 
human exposures, even if source control actions have not been undertaken or completed. 


2. Involve the Community Early and Often. 


Contaminated sediment sites often involve difficult technical and social issues. As such, it is 
especially important that a project manager ensure early and meaningful community involvement by 
providing community members with the technical information needed for their informed participation. 
Meaningful community involvement is a critical component of the site characterization, risk assessment, 
remedy evaluation, remedy selection, and remedy implementation processes. Community involvement 
enables EPA to obtain site information that may be important in identifying potential human and 
ecological exposures, as well as in understanding the societal and cultural impacts of the contamination 
and of the potential response options. The NRC report (p. 249) “recommends that increased efforts be 
made to provide the affected parties with the same information that is to be used by the 
decision-makers and to include, to the extent possible, all affected parties in the entire decision-making 
process at a contaminated site. In addition, such information should be made available in such a manner 
that allows adequate time for evaluation and comment on the information by all parties.” Through 
Technical Assistance Grants and other mechanisms, project managers can provide the community with 
the tools and information necessary for meaningful participation, ensuring their early and continued 
involvement in the cleanup process. 


Although the Agency has the responsibility to make the final cleanup decision at CERCLA and 
RCRA sites, early and frequent community involvement facilitates acceptance of Agency decisions, 
even at sites where there may be disagreement among members of the community on the most 
appropriate remedy. 


Site managers and community involvement coordinators should take into consideration the 
following six practices, which were recently presented in OSWER Directive 9230.0-99 Early and 
Meaningful Community Involvement (October 12, 2001). This directive also includes a list of other 
useful resources and is available at http://www.epa.gov/superfund/pubs.htm. 


(1) Energize the community involvement plan. 
(2) Provide early, proactive community support. 
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(3) Get the community more involved in the risk assessment. 

(4) Seek early community input on the scope of the remedial investigation/feasibility study

(RI/FS). 

(5) Encourage community involvement in identification of future land use. 

(6) Do more to involve communities during removals.



3. Coordinate with States, Local Governments, Tribes, and Natural Resource Trustees. 


Site managers should communicate and coordinate early with states, local governments, tribes, 
and all Natural Resource Trustees. By doing so, they will help ensure that the most relevant information 
is considered in designing site studies, and that state, local, tribal, and trustee viewpoints are considered 
in the remedy selection process. For sites that include waterbodies where TMDLs are being or have 
been developed, it is especially important to coordinate site investigations and monitoring or modeling 
studies with the state and with EPA’s water program. In addition, sharing information early with all 
interested parties often leads to quicker and more efficient protection of human health and the 
environment through a coordinated cleanup approach. 


Superfund’s statutory mandate is to ensure that response actions will be protective of human 
health and the environment. EPA recognizes, however, that in addition to EPA’s response action(s), 
restoration activities by the Natural Resource Trustees may be needed. It is important that Superfund 
site managers and the Trustees coordinate both the EPA investigations of risk and the Trustee 
investigations of resource injuries in order to most efficiently use federal and state resources and to 
avoid duplicative efforts. 


Additional information on coordinating with Trustees may be found in OSWER Directive 
9200.4-22A CERCLA Coordination with Natural Resource Trustees (July 1997), in the 1992 
ECO Update The Role of Natural Resource Trustees in the Superfund Process 
http://www.epa.gov/superfund/programs/risk/tooleco.htm), and in the 1999 OSWER Directive 
9285.7-28P Ecological Risk Assessment and Risk Management Principles for Superfund Sites 
(also available at the above web site). Additional information on coordinating with states and tribes can 
be found in OSWER Directive 9375.3-03P The Plan to Enhance the Role of States and Tribes in 
the Superfund Program (http://www.epa.gov/superfund/states/strole/index.htm). 


4. Develop and Refine a Conceptual Site Model that Considers Sediment Stability. 


A conceptual site model should identify all known and suspected sources of contamination, the 
types of contaminants and affected media, existing and potential exposure pathways, and the known or 
potential human and ecological receptors that may be threatened. This information is frequently 
summarized in pictorial or graphical form, backed up by site-specific data. The conceptual site model 
should be prepared early and used to guide site investigations and decision-making. However, it should 
be updated periodically whenever new 
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information becomes available, and EPA’s understanding of the site problems increases. In addition, it 
frequently can serve as the centerpiece for communication among all stakeholders. 


A conceptual site model is especially important at sediment sites because the interrelationship of 
soil, surface and groundwater, sediment, and ecological and human receptors is often complex. In 
addition, sediments may be subject to erosion or transport by natural or man-made disturbances such 
as floods or engineering changes in a waterway. Because sediments may experience temporal, physical, 
and chemical changes, it is especially important to understand what contaminants are currently available 
to humans and wildlife, and whether this is likely to change in the future under various scenarios. The 
risk assessor and project manager, as well as other members of the site team, should communicate 
early and often to ensure that they share a common understanding of the site and the basis for the 
present and future risks. The May 1998 EPA Guidelines for Ecological Risk Assessment (Federal 
Register 63(93) 26846-26924, http://www.epa.gov/superfund/programs/risk/tooleco.htm), the 1997 
Superfund Guidance Ecological Risk Assessment Guidance for Superfund: Process for Designing 
and Conducting Ecologicql Risk Assessments (EPA 540-R-97-006, also available at the above web 
site), and the 1989 Risk Assessment Guidance for Superfund (RAGS), Volume 1, Part A (EPA 
540-1-89-002, http://www.epa.gov/superfund/programs/risk/ragsa) provide guidance on developing 
conceptual site models. 


5. Use an Iterative Approach in a Risk-Based Framework. 


The NRC report (p. 52) recommends the use of a risk-based framework based on the one 
developed by the Presidential/Congressional Commission on Risk Assessment and Risk Management 
(PCCRARM, 1997, Framework for Environmental Health Risk Management, Vol. 1, as cited by 
NRC 2001). However, as recognized by the NRC (p. 60): “The framework is intended to supplement, 
not supplant, the CERCLA remedial process mandated by law for Superfund sites.” 


Although there is no universally accepted, well-defined risk-based framework or strategy for 
remedy evaluation at sediment sites, there is wide-spread agreement that risk assessment should play a 
critical role in evaluating options for sediment remediation. The Superfund program uses a flexible, 
risk-based framework as part of the CERCLA and NCP process to adequately characterize ecological 
and human health site risks. The guidances used by the RCRA Corrective Action program 
(http://www.epa.gov/correctiveaction/resource/guidance) also recommend a flexible risk-based 
approach to selecting response actions appropriate for the site. 


EPA encourages the use of an iterative approach, especially at complex contaminated sediment 
sites. As used here, an iterative approach is defined broadly to include approaches which incorporate 
testing of hypotheses and conclusions and foster re-evaluation of site assumptions as new information is 
gathered. For example, an iterative approach might include pilot testing to determine the effectiveness of 
various remedial technologies at a site. As noted in 
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the NRC report (p. 66): “Each iteration might provide additional certainty and information to support 
further risk-management decisions, or it might require a course correction.” 


An iterative approach may also inoorporate the use of phased, early, or interim actions. At 
complex sediment sites, site managers should consider the benefits of phasing the remediation. At some 
sites, an early action may be needed to quickly reduce risks or to control the ongoing spread of 
contamination. In some cases, it may be appropriate to take an interim action to control a source, or 
remove or cap a hot spot, followed by a period of monitoring in order to evaluate the effectiveness of 
these interim actions before addressing less contaminated areas. 


The NRC report makes an important point when it notes (p. 256): “The committee cautions 
that the use of the framework or other risk-management approach should not be used to delay a 
decision at a site if sufficient information is available to make an informed decision. Particularly in 
situations in which there are immediate risks to human health or the ecosystem, waiting until more 
information is gathered might result in more harm than making a preliminary decision in the absence of a 
complete set of information. The committee emphasizes that a ‘wait-and-see’ or ‘do-nothing’ approach 
might result in additional or different risks at a site.” 


6. 	 Carefully Evaluate the Assumptions and Uncertainties Associated with Site 
Characterization Data and Site Models. 


The uncertainties and limitations of site characterization data, and qualitative or quantitative 
models (e.g., hydrodynamic, sediment stability, contaminant fate and transport, or food-chain models) 
used to extrapolate site data to future conditions should be carefully evaluated and described. Due to 
the complex nature of many large sediment sites, a quantitative model is often used to help estimate and 
understand the current and future risks at the site and to predict the efficacy of various remedial 
alternatives. The amount of site-specific data required and the complexity of models used to support 
site decisions should depend on the complexity of the site and the significance of the decision (e.g., level 
of risk, response cost, community interest). All new models and the calibration of models at large or 
complex sites should be peerreviewed consistent with the Agency’s peer review process as described 
in its Peer Review Handbook (EPA 100-B-00-001, http://www.epa.gov/ORD/spe/2peerrev.htm). 


Site managers should clearly describe the basis for all models used and their uncertainties when 
using the predicted results to make a site decision. As recognized by the NRC report (p. 65), however, 
“Management decisions must be made, even when information is imperfect. There are uncertainties 
associated with every decision that need to be weighed, evaluated, and communicated to affected 
parties. Imperfect knowledge must not become an excuse for not making a decision.” 
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7. 	 Select Site-specific, Project-specific, and Sediment-specific Risk Management 
Approaches that will Achieve Risk-based Goals. 


EPA’s policy has been and continues to be that there is no presumptive remedy for any 
contaminated sediment site, regardless of the contaminant or level of risk. This is consistent with the 
NRC report’s statement (p. 243) that “There is no presumption of a preferred or default risk 
management option that is applicable to all PCB-contaminated-sediment sites.” At Superfund sites, for 
example, the most appropriate remedy should be chosen after considering site-specific data and the 
NCP’s nine remedy selection criteria. All remedies that may potentially meet the removal or remedial 
action objectives (e.g., dredging or excavation, in-situ capping, in-situ treatment, monitored natural 
recovery) should be evaluated prior to selecting the remedy. This evaluation should be conducted on a 
comparable basis, considering all components of the remedies, the temporal and spatial aspects of the 
sites, and the overall risk reduction potentially achieved under each option. 


At many sites, a combination of options will be the most effective way to manage the risk. For 
example, at some sites, the most appropriate remedy may be to dredge high concentrations of 
persistent and bioaccumulative contaminants such as PCBs or DDT, to cap areas where dredging is not 
practicable or cost-effective, and then to allow natural recovery processes to achieve further recovery 
in net depositional areas that are less contaminated. 


8. Ensure that Sediment Cleanup Levels are Clearly Tied to Risk Management Goals. 


Sediment cleanup levels have often been used as surrogates for actual remediation goals (e.g., 
fish tissue concentrations or other measurable indicators of exposure relating to levels of acceptable 
risk). While it is generally more practical to use measures such as contaminant concentrations in 
sediment to identify areas to be rdmediated, other measures should be used to ensure that human health 
and/or ecological risk reduction goals are being met. Such measures may include direct measurements 
of indigenous fish tissue concentrations, estimates of wildlife reproduction, benthic macroinvertebrate 
indices, or other “effects endpoints” as identified in the baseline risk assessment. 


As noted in the NRC report (p. 123), “The use of measured concentrations of PCBs in fish is 
suggested as the most relevant means of measuring exposures of receptors to PCBs in contaminated 
sediments.” For other contaminants, other measures may be more appropriate. For many sites, 
achieving remediation goals, especially for bioaccumulative contaminants in biota, may take many years. 
Site monitoring data and new scientific information should be considered in future reviews of the site 
(e.g., the Superfund five-year review) to ensure that the remedy remains protective of human health and 
the environment. 
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9. Maximize the Effectiveness of Institutional Controls and Recognize their Limitations. 


Institutional controls, such as fish consumption advisories and waterway use restrictions, are 
often used as a component of remedial decisions at sediment sites to limit human exposures and to 
prevent further spreading of contamination until remedial action objectives are met. While these controls 
can be an important component of a sediment remedy, site managers should recognize that they may 
not be very effective in eliminating or significantly reducing all exposures. If fish consumption advisories 
are relied upon to limit human exposures, it is very important to have public education programs in 
place. For other types of institutional controls, other types of compliance assistance programs may also 
be needed (e.g., state/local government coordination). Site managers should also recognize that 
institutional controls seldom limit ecological exposures. If monitoring data or other site information 
indicates that institutional controls are not effective, additional actions may be necessary. 


10.	 Design Remedies to Minimize Short-term Risks while Achieving Long-term 
Protection. 


The NRC report notes (p. 53) that: “Any decision regarding the specific choice of a risk 
management strategy for a contaminated sediment site must be based on careful consideration of the 
advantages and disadvantages of available options and a balancing of the various risks, costs, and 
benefits associated with each option.” Sediment cleanups should be designed to minimize short-term 
impacts to the extent practicable, even though some increases in short-term risk may be necessary in 
order to achieve a long-lasting solution that is protective. For example, the longterm benefits of 
removing or capping sediments containing persistent and bioaccumulative contaminants often outweigh 
the additional short-term impacts on the already-affected biota. 


In addition to considering the impacts of each alternative on human health and ecological risks, 
the short-term and long-term impacts of each alternative on societal and cultural practices should be 
identified and considered, as appropriate. For example, these impacts might include effects on 
recreational uses of the waterbody, road traffic, noise and air pollution, commercial fishing, or 
disruption of way of life for tribes. At some sites, a comparative analysis of impacts such as these may 
be useful in order to fully assess and balance the tradeoffs associated with each alternative. 


11.	 Monitor During and After Sediment Remediation to Assess and Document Remedy 
Effectiveness. 


A physical, chemical, and/or biological monitoring program should be established for sediment 
sites in order to determine if short-term and long-term health and ecological risks are being adequately 
mitigated at the site and to evaluate how well all remedial action objectives are being met. Monitoring 
should normally be conducted during remedy implementation and as long as necessary thereafter to 
ensure that all sediment risks have been adequately managed. Baseline 
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data needed for interpretation of the monitoring data should be collected during the remedial 
investigation. 


Depending on the risk management approach selected, monitoring should be conducted during 
implementation in order to determine whether the action meets design requirements and sediment 
cleanup levels, and to assess the nature and extent of any short-term impacts of remedy implementation. 
This information can also be used to modify construction activities to assure that remediation is 
proceeding in a safe and effective manner. Long-term monitoring of indicators such as contaminant 
concentration reductions in fish tissue should be designed to determine the success of a remedy in 
meeting broader remedial action objectives. Monitoring is generally needed to verify the continued 
long-term effectiveness of any remedy in protecting human health and the environment and, at some 
sites, to verify the continuing performance and structural integrity of barriers to contaminant transport. 


IV. IMPLEMENTATION 


EPA RPMs, OSCs, and RCRA Corrective Action project managers should immediately begin 
to use this guidance at all sites where the risks from contaminated sediment are being investigated. EPA 
expects that Federal facility responses conducted under CERCLA or RCRA will also be consistent 
with this directive. This consultation process does not apply to Time-Critical or emergency removal 
actions or to sites with only sediment-like materials in wastewater lagoons, tanks, storage or 
containment facilities, or drainage ditches. 


Consultation Process for CERCLA Sites 


To help ensure that Regional site managers appropriately consider these principles before 
site-specific risk management decisions are made, this directive establishes a two-tiered consultation 
procedure that will apply to most contaminated sediment sites. The consultation process applies to all 
proposed or listed NPL sites where EPA will sign or concur on the ROD, all Non-Time-Critical 
removal actions where EPA will sign or concur on the Action Memorandum, and all “NPL-equivalent” 
sites where there is or will be an EPA-enforceable agreement in place. 


Tier 1 Process 


Where the sediment action(s) for the entire site will address more than 10,000 cubic yards or 
five acres of contaminated sediment, Superfund RPMs and OSCs should consult with their appropriate 
Office of Emergency and Remedial Response (OERR) Regional Coordinator at least 30 days before 
issuing for public comment a Proposed Plan for a remedial action or an Engineering Evaluation/Cost 
Analysis (EE/CA) for a Non-Time-Critical removal action. 


This consultation entails the submission of the draft proposed plan or draft EE/CA, a written 
discussion of how the above 11 principles were considered, and basic site information 
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that will assist OERR in tracking significant sediment sites. If the project manager has not received a 
response from OERR within two weeks, he or she may assume no further information is needed at this 
time. EPA believes that this process will help promote nationally consistent approaches to evaluate, 
select and implement protective, scientifically sound, and cost-effective remedies. 


Tier 2 Process 


This directive also establishes a new technical advisory group (Contaminated Sediments 
Technical Advisory Group-CSTAG) that will monitor the progress of and provide advice regarding a 
small number of large, complex, or controversial contaminated sediment Superfund sites. The group will 
be comprised of ten Regional staff and approximately five staff from OSWER, OW, and ORD. For 
most sites, the group will meet with the site manager and the site team several times throughout the site 
investigation, response selection, and action implementation processes. For new NPL sites, the group 
will normally meet within one year after proposed listing. It is anticipated that for most sites, the group 
will meet annually until the ROD is signed and thereafter as needed until all remedial action objectives 
have been met. The specific areas of assistance or specific documents to be reviewed will be decided 
by the group on a case-by-case basis in consultation with the site team. For selected sites with an 
on-going RI/FS or EE/CA, the group will be briefed by the site manager some time in 2002 or 2003. 
Reviews at sites with remedies also subject to National Remedy Review Board (NRRB) review will be 
coordinated with the NRRB in order to eliminate the need for a separate sediment group review at this 
stage in the process. 


Consultation Process for RCRA Corrective Action Facilities 


Generally, for EPA-lead RCRA Corrective Action facilities where a sediment response action is 
planned, a two-tiered consultation process will also be used. Where the sediment action(s) for the 
entire site will address more than 10,000 cubic yards or five acres of contaminated sediment, project 
managers should consult with the Office of Solid Waste’s Corrective Action Branch at least 30 days 
before issuing a proposed action for public comment. This consultation entails the submission of a 
written discussion of how the above 11 principles were considered, and basic site information that will 
assist OSW in tracking significant sediment sites. 


If the project manager has not received a response from OSW within two weeks, he or she 
may assume no further information is needed. States are also encouraged to follow these procedures. 
For particularly large, complex, or controversial sites, OSW will likely call on the technical advisory 
group discussed above. 


EPA also recommends that both state and EPA project managers working on sediment 
contamination associated with Corrective Action facilities consult with their colleagues in both RCRA 
and Superfund to promote consistent and effective cleanups. EPA believes this 
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consultation would be particularly important for the larger-scale sediment cleanups mentioned above. 


EPA may update this guidance as more information becomes available on topics such as: the 
effectiveness of various sediment response alternatives, new methods to evaluate risks, or new methods 
for characterizing sediment contamination. For additional information on this guidance, please contact 
the OERR Sediments Team Leader (Stephen Ells at 703 603-8822) or the OSW Corrective Action 
Programs Branch Chief (Tricia Buzzell at 703 308-8632). 


NOTICE: This document provides guidance to EPA Regions concerning how the Agency intends to 
exercise its discretion in implementing one aspect of the CERCLA and RCRA remedy selection 
process. This guidance is designed to implement national policy on these issues. Some of the statutory 
provisions described in this document contain legally binding requirements. However, this document 
does not substitute for those provisions or regulations, nor is it a regulation itself. Thus it cannot impose 
legally binding requirements on EPA, states, or the regulated community, and may not apply to a 
particular situation based upon the circumstances. Any decisions regarding a particular situation will be 
made based on the statutes and regulations, and EPA decision-makers retain the discretion to adopt 
approaches on a case-by-case basis that differ from this guidance where appropriate. Interested parties 
are free to raise questions and objections about the substance of this guidance and the appropriateness 
of the application of this guidance to a particular situation, and the Agency welcomes public input on 
this document at any time. EPA may change this guidance in the future. 


cc:	 Michael H. Shapiro 
Stephen D. Luftig 
Larry Reed 
Elizabeth Cotsworth 
Jim Woolford 
Jeff Josephson, Superfund Lead Region Coordinator, USEPA Region 2 
Carl Daly, RCRA Lead Region Coordinator, USEPA Region 8 
Peter Grevatt 
NARPM Co-Chairs 
OERR Records Manager, IMC 5202G 
OERR Documents Coordinator, HOSC 5202G 
RCRA Key Contacts, Regions 1 - 10 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
WASHINGTON, D.C. 20460


OFFICE OF
SOLID WASTE AND EMERGENCY


RESPONSE


                    March 5, 2004
OSWER Directive 9285.6-11


MEMORANDUM


SUBJECT: OSRTI Sediment Team and NRRB Coordination at Large Sediment Sites


FROM: Michael B. Cook, Director /s/
Office of Superfund Remediation and Technology Innovation


TO: Superfund National Policy Managers, Regions 1 - 10


Purpose


This guidance supplements OSWER Directive 9285.6-08: Principles for Managing
Contaminated Sediment Risks at Hazardous Waste Sites issued on February 12, 2002.  
guidance provides additional information on the Office of Superfund Remediation and
Technology Innovation (OSRTI) consultation process for Tier 1 contaminated sediment sites that
are also being reviewed by the National Remedy Review Board (NRRB).


Background


When OSWER issued Directive 9285.6-08, it established a new consultation process for
Tier 1 sediment sites.  ent sites are those sites where the proposed sediment action(s)
for the entire site will address more than 10,000 cubic yards or five acres of contaminated
sediment.  
appropriate OSRTI Regional Coordinator at least 30 days before issuing for public comment a
Proposed Plan for a remedial action or an Engineering Evaluation/Cost Analysis (EE/CA) for a
Non-Time-Critical removal action.  
managers appropriately considered the new principles before making site-specific risk
management decisions.


The consultation entails the submission of the draft proposed plan or draft EE/CA, a
written discussion of how the 11 principles presented in Directive 9285.6-08 were considered,
i.e., a Tier 1 Consideration Memo, and basic site information that will assist OSRTI in tracking
these Tier 1 sediment sites. 


New Consultation Process for Tier 1 Sediment Sites Reviewed by the NRRB 


OSRTI  e changes need to be made to this process when the Tier
1 site is also a site that will undergo NRRB review.  
draft Tier 1 Consideration Memo in the site information package sent to the Board.  


This


Tier 1 sedim


The Directive requested that Superfund RPMs and OSCs consult with their


The purpose of the consultation was to help ensure that site


has discovered that som
For these sites, the Region should include a


A copy of







the Consideration Memo should also be sent to the appropriate OSRTI regional coordinator (see
list below) and to the OSRTI Sediment Team leader. The OSRTI Sediment Team will review 
the Consideration Memo and the site package and provide comments to the chair of the NRRB 
prior to their meeting on the site in question. If the draft Proposed Plan is available, it should
also be submitted to the OSRTI regional coordinator and the Sediment Team Leader at that time. 
If it is not available, it should be submitted as soon as it is drafted. The Sediment Team will not 
submit separate comments on the Consideration Memo to the Region. 


As part of its response to the NRRB recommendations, the Region should include a
revised Tier 1 Consideration Memo that addresses the comments made by the NRRB. If the 
NRRB chair and OSRTI Sediment Team leader believe that their comments were not 
appropriately addressed, and after consultation with the OSRTI Regional Branch Chief, the RPM 
may be asked to make additional revisions to the Consideration Memo. 


To assist in the review of the Consideration Memos for both Tier 1 sites and the larger
Tier 2 sites that are reviewed by the Contaminated Sediments Technical Advisory Group
(CSTAG), the OSRTI Sediment Team and the CSTAG have developed a Guideline for the
Review of Consideration Memos (attached). RPMs are strongly encouraged to use this
Guideline as a tool in preparing the Consideration Memo. 


Existing Process for CSTAG/NRRB Coordination at Tier 2 CSTAG Sites 


It is anticipated that the proposed remedy for most of the large Tier 2 sites being
reviewed by the CSTAG will also meet the requirements for review by the NRRB. When an 
RPM prepares the site package for the NRRB, the RPM should also prepare and submit to the 
NRRB and the CSTAG co-chairs a draft Tier 2 Consideration Memo. The memo should 
document how all 11 principles were considered in selecting the proposed remedy for the site
and should normally be less than 20 pages. The CSTAG co-chairs will distribute the memo to 
the CSTAG members for their review. In order to avoid sending two sets of recommendations to 
the RPM, any CSTAG comments will be relayed to the Chair of the NRRB. At least two 
members of the CSTAG will attend the NRRB meeting (this can include NRRB members that 
are also CSTAG members) to offer assistance on site issues relative to the 11 principles. 


Implementation 


This new process will be effective May 1 and applies to all future Tier 1 and Tier 2 
sediment sites coming before the NRRB. If there any questions, please consult with JoAnn
Griffith (703 603-8774), chair of the NRRB, or Steve Ells (703 603-8822), OSRTI Sediment 
Team leader and co-chair of the CSTAG. 


List of current OSRTI Regional Coordinators

Region 1 - Mike Hurd/Jim Konz

Region 2 - Terry Johnson

Region 3 - Steve Chang

Region 4 - Silvina Fonseca

Region 5 - Ernie Watkins

Region 6 - Matt Charsky

Region 7 - Mike Bellot

Region 8 - Dan Thornton

Region 9 - Jennifer Griesert

Region 10 - Mike Hurd
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Attachment 


cc:	 Betsy Southerland, OSRTI
Walt Kovalick, OSRTI 
Jeff Lape, OSRTI
Rafael Gonzalez, OSRTI 
David Lopez, OSRTI
James Woolford, FFRRO 
Nancy Riveland, Superfund Lead Region Coordinator, USEPA Region 9
NARPM Co-Chairs 
Joanna Gibson, OSRTI Documents Coordinator 
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NOTICE 


Development of this document was funded, wholly or in part, by the United States 
Environmental Protection Agency under contract No. 68-01-7090 to ICF, Incorporated. 


The policies and procedures set out in this document are intended solely for the 
guidance of Government personnel. They are not intended, nor can they be relied 
upon, to create any rights, substantive or procedural, enforceable by any party in 
litigation with the United States. The Agency reserves the right to act at variance 
with these policies and procedures and to change them at any time without public 
notice. 
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EXECUTIVE SUMMARY 


PURPOSE 


The CERCLA Compliance with Other Environmental Laws Manual has been developed 
to provide guidance to Remedial Project Managers (RPMs), State personnel at 
State-lead Superfund sites, On-Scene Coordinators (OSCs), and other persons 
responsible for planning response actions under §§104, 106, and 122 of the 
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA). The 
guidance is intended to assist in the selection of on-site remedial actions that 
meet the applicable, or relevant and appropriate requirements (ARARs) of the 
Resource Conservation and Recovery Act (RCRA), Clean Water Act (CWA), Safe Drinking 
Water Act (SDWA), Clean Air Act (CAA), and other Federal and State environmental 
laws, as required by CERCLA §§121.1 


The manual has been developed for use by lead or support agencies for remedial 
actions. The lead agency may be either EPA or a State. For timely identification and 
to ensure compliance with ARARs, it is important to provide for early and continuous 
coordination between lead and support agencies throughout the remedy selection 
process.2 


This manual will also be used by potentially responsible parties (PRPs) 
whenever they have the lead for identifying potential ARARs. In cases where 
potential ARARs are identified by the PRP, the actual ARARs will be decided by the 
lead agency. Further information concerning PRP involvement in the remedial 
investigation/feasibility study may be obtained from the “Interim Guidance on 
Potentially Responsible Party Participation in Remedial Investigations and 
Feasibility Studies.” (April, 1988, OSWER Directive 9835.1A) or from the lead 
agency. 


1  This volume covers requirements of RCRA, CWA, SDWA and ground-water 
protection policies. Another volume under development (Volume 3) will add 
requirements under the Clean Air Act and other environmental statutes. 


2  Specific EPA and State roles will be specified either in a Superfund 
Memorandum of Agreement (SMOA) or Cooperative Agreement (CA). The SMOA is a 
procedural agreement that outlines cooperative efforts between States and EPA 
Regions and defines the roles and responsibilities of each party in the conduct of a 
Superfund program in a State. For more information, see Draft Guidance on Preparing 
a Superfund Memorandum of Agreement (SMOA) (OSWER #9375.0-01). A Cooperative 
Agreement is a contractual agreement between the EPA and a State, in which the EPA 
provides money from the Fund to a State to conduct remedial action in compliance 
with the NCP. 
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SCOPE 


The requirements of §121 generally apply as a matter of law only to remedial 
actions. However, as a matter of policy, EPA will attain ARARs to the greatest 
extent practicable considering the exigencies of the situation at the site when 
carrying out removal actions. This manual may be used to assist OSCs in identifying 
potential ARARs for removal sites. 


CERCLA §121 also requires on-site remedial actions to attain promulgated State 
ARARs that are more stringent than Federal ARARS. Specific issues related to 
identifying State ARARs will be addressed in a separate chapter at a later date. 


Requirements for off-site actions are discussed to some extent in this manual. 
For a more detailed discussion of off-site requirements, the reader should consult 
“Revised Procedures for Planning and Implementing Off-Site Response Actions” (issued 
November 13, 1987, EPA Directive 9834.11). 


CERCLA defines situations in which the use of ARARs may be waived in 
particular circumstances. Waivers are described in this manual. Further guidance on 
the use of waivers may be added at a later date. 


The manual is intended to be used in conjunction with other EPA guidance 
documents, including the following: 


"	 Draft Guidance for Conducting Remedial Investigations and Feasibility 
Studies under CERCLA (May 1988, OSWER Directive 9335.3-01); 


"	 Superfund Public Health Evaluation Manual (October 1986, OSWER 
Directive 9285.4-1); 


"	 Draft Guidance on Preparing Superfund Decision Documents: The Proposed 
Plan and Record of Decision (March 1988, OSWER Directive 9355.3-02); 


"	 Draft Guidance the Administrative Record for SARA Response Actions 
(November 1986, OSWER Directive 9833.1A); 


" Interim Guidance on Potentially Responsible Party Participation in 
Remedial Investigations and Feasibility Studies (April 1988, OSWER 
Directive 9835.1A); and 


"	 Draft Guidance on Remedial Actions for Contaminated Ground Water at 
Superfund sites. (No date, OSWER Directive 9283.1-02). 
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Contents 


Chapters 1 and 2 of the manual discuss the overall procedures for identifying 
ARARs and provide guidance on the interpretation and analysis of RCRA requirements. 
Chapter 1 defines “applicable” and “relevant and appropriate,” provides matrices 
listing potential chemical-specific, location-specific, and action-specific 
requirements from RCRA, the Clean Water Act, and the Safe Drinking Water Act, and 
provides general procedures for identifying and analyzing requirements. Chapter 2 
discusses special issues of interpretation and analysis involving RCRA requirements, 
and provides guidance on when RCRA requirements will be ARARs for CERCLA remedial 
actions. Chapter 3 provides guidance for compliance with Clean Water Act substantive 
(for on-site and off-site actions) and administrative (for off-site actions) 
requirements for direct discharges, indirect discharges, and dredge and fill 
activities. Chapter 4 provides guidance for compliance with requirements of the Safe 
Drinking Water Act that may be applicable or relevant and appropriate to CERCLA 
sites. Chapter 5 provides guidance on consistency with policies for ground-water 
protection. The manual also contains a hypothetical scenario illustrating how 
applicable or relevant and appropriate requirements are identified and used, and an 
appendix summarizing the provisions of RCRA, the CWA and SDWA. 


KEY POINTS 


Definition of ARARs 


A requirement under other environmental laws may be either “applicable” 
or “relevant and appropriate,” but not both. Identification of ARARs must be done on 
a site-specific basis and involves a two-part analysis: first, a determination 
whether a given requirement is applicable; then, if it is not applicable, a 
determination whether it is nevertheless both relevant and appropriate. 


Applicable requirements are those cleanup standards, standards of control, and 
other substantive environmental protection requirements, criteria, or limitations 
promulgated under Federal or State law that specifically address a hazardous 
substance, pollutant, contaminant, remedial action, location, or other circumstance 
at a CERCLA site. 


Relevant and appropriate requirements are those cleanup standards, standards 
of control, and other substantive environmental protection requirements, criteria, 
or limitations promulgated under Federal or State law that, while not “applicable” 
to a hazardous substance, pollutant, contaminant, remedial action, location, or 
other circumstance at a CERCLA site, address problems or situations sufficiently 
similar to those encountered at the CERCLA site that their use is well suited to the 
particular site. 


The determination that a requirement is relevant and appropriate is a two-step 
process: (1) determination if a requirement is relevant and (2) determination if a 
requirement is appropriate. In general, this involves 
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a comparison of a number of site-specific factors, including the characteristics of 
the remedial action, the hazardous substances present at the site, or the physical 
circumstances of the site, with those addressed in the statutory or regulatory 
requirement. In some cases, a requirement may be relevant, but not appropriate, 
given site-specific circumstances; such a requirement would not be ARAR for the 
site. In addition, there is more discretion in the determination of relevant and 
appropriate; it is possible for only part of a requirement to be considered relevant 
and appropriate in a given case. When the analysis results in a determination that a 
requirement is both relevant and appropriate, such a requirement must be complied 
with to the same degree as if it were applicable. 


To-be-Considered Material (TBCs) are non-promulgated advisories or guidance 
issued by Federal or State government that are not legally binding and do not have 
the status of potential ARARs. However, as described below, in many circumstances 
TBCs will be considered along with ARARs as part of the site risk assessment and may 
be used in determining the necessary level of cleanup for protection of health or 
the environment. 


Types of ARARs 


There are several different types of requirements that CERCLA actions may have 
to comply with. The classification of ARARs below was developed to provide guidance 
on how to identify and comply with ARARs; however, some requirements may not fall 
neatly into this classification system. 


"	 Ambient or chemical-specific requirements are usually health- or 
risk-based numerical values or methodologies which, when applied to 
site-specific conditions, result in the establishment of numerical 
values. These values establish the acceptable amount or concentration of 
a chemical that may be found in, or discharged to, the ambient 
environment. 


"	 Performance, design, or other action-specific requirements are usually 
technology- or activity-based requirements or limitations on actions 
taken with respect to hazardous wastes. 


"	 Location-specific requirements are restrictions placed on the 
concentration of hazardous substances or the conduct of activities solely 
because they occur in special locations. 


Developing Protective Remedies Using Risk Assessment, ARARs, and TBCs 


CERCLA §121 requires selection of a remedial action that is protective of 
human health and the environment. EPA’s approach to determining protectiveness 
involves risk assessment, considering both ARARs and to-be-considered materials 
(TBCs). The risk assessment includes consideration of site-specific factors such as 
types of hazardous substances present, potential for exposure, and presence of 
sensitive populations. Acceptable exposure levels are generally determined by 
applicable or relevant and appropriate 
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Federal and State environmental requirements, if available, and the following 
factors: (1) for systemic toxicants, concentration levels to which the human 
population (including sensitive subgroups) could be exposed on a daily basis without 
appreciable risk of significant adverse effects during a lifetime; (2) for known or 
suspected carcinogens, concentration levels that represent an excess upperbound 
lifetime cancer risk to an individual of between 10-4 and 10-7; (3) other factors 
related to exposure (such as multiple contaminants at a site or multiple exposure 
pathways) or to technical limitations (such as detection/quantification limits for 
contaminants). The Superfund Public Health Evaluation Manual provides guidance on 
determining acceptable levels.3 


ARARs will define the cleanup goals when they set an acceptable level with 
respect to site-specific factors. For example, MCLs under the Safe Drinking Water 
Act are normally acceptable levels for specific contaminants. However, cleanup goals 
for some substances may have to be based on non promulgated criteria and advisories 
(for example, health advisories such as reference doses (RfD)) rather than on ARARs 
because ARARs do not exist for those substances or because an ARAR alone would not 
be sufficiently protective in the given circumstances, e.g., where additive effects 
from several chemicals are involved. In these situations, the cleanup requirements, 
in order to meet the cleanup goals, will not be based on ARARs alone but also on 
TBCs. Similarly, State criteria, advisories, and guidance should also be considered 
for the State in which a site is located. 


Using ARARs 


Different ARARs that may apply to a site and its remedial action should be 
identified at multiple points in the remedy selection process. During the scoping of 
the RI/FS and the site characterization phase, the lists of potential ARARs in 
Exhibits 1-1, 1-2, and 1-9 and the appropriate Regional or State program office 
should be consulted to determine what ARARs may apply to the site. At this stage 
potential chemical- and location-specific ARARs should be identified. Exhibits 1-3 
and 1-9 and the appropriate Regional or State program office should be consulted in 
identifying action-specific ARARs for each proposed alternative during the 
development of remedial alternatives in the Feasibility Study. During the detailed 
design the technical specifications must ensure attainment of ARARs. 


When and Where Protectiveness Must Be Attained 


ARARs (and TBCs necessary for protection) must be attained for hazardous 
substances, pollutants, or contaminants remaining on-site at the completion of the 
remedial action, unless waiver of an ARAR is justified. In addition, EPA intends 
that the implementation of remedial actions should also comply with ARARs (and TBCs 
as appropriate) to protect public health and the environment. 


3 Superfund Public Health Evaluation Manual, OSWER Directive 9285.4-1,October, 
1986. 
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ARARs (and TBCs necessary for protection), pertaining both to contaminant 
levels and to performance or design standards, should generally be attained at all 
points of potential exposure, or at the point specified by the ARAR itself. CERCLA 
requires, to the maximum extent practicable, the use of permanent solutions and 
alternative treatment technologies. Any waste left in place should either be brought 
to health-based levels or managed according to performance or design specifications. 
At sites where a TBC value is used to set a protective level of cleanup or where the 
ARAR does not specify the point of compliance, there is discretion to determine 
where the requirement shall be attained to ensure protectiveness. At each potential 
point of exposure, a reasonable maximum exposure scenario should be assumed, and 
cleanup goals set accordingly to ensure protectiveness, using best professional 
judgment. Restrictions on use or access should not be a substitute for remediation 
to appropriate protective health-based or design levels. If active measures are not 
practicable (or cost-effective), exposure to the waste must be controlled through 
legally enforceable institutional means. “Non-engineered” or “exposure” controls may 
be used in certain circumstances in combination with “engineered” controls and/or 
treatment in the management and cleanup of the site where it is determined that such 
controls are necessary to be protective. In such circumstances, where exposure 
controls are used, restrictions should be employed to ensure that the controls 
remain in place, that they remain protective, and that they are effective in 
preventing exposure to hazardous substances for as long as the substances at the 
site remain hazardous. 


In ground water, cleanup goals should generally be attained throughout the 
contaminated plume, or at the edge of the waste management area when waste is left 
in place. However, if the waste is left on-site under a hybrid-type closure scenario 
(see p. 2-20 for discussion of hybrid closure), where the waste does not threaten 
ground water, the goal should be to reach health-based levels underneath the waste 
as well. 


In surface water, cleanup goals should generally be attained at the point or 
points where the release enters the surface water. In air, cleanup goals should 
generally be achieved at the maximum exposed individual, considering the reasonably 
expected uses of the site and surrounding area. For soils, cleanup goals should 
generally be attained wherever direct contact might reasonably occur. 


Compliance with Substantive and Administrative Requirements 


CERCLA §121(e) exempts any response action conducted entirely on-site from 
having to obtain a Federal, State, or local permit, where the action is carried out 
in compliance with §121. 


In general, on-site actions need comply only with the substantive aspects of 
ARARs, not with the corresponding administrative requirements. That is, permit 
applications and other administrative procedures, such as administrative reviews and 
reporting and recordkeeping requirements, are not considered ARARs for actions 
conducted entirely on-site. However, the 
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Feasibility Study, the Proposed Plan, the Record of Decision, the Community 
Relations Plan, and the Administrative Record should demonstrate full compliance 
with all substantive requirements that are ARARs, unless a waiver is used. 


Off-site actions must comply with all legally applicable requirements, both 
substantive and administrative. The concept of “relevant and appropriate” is not 
available for off-site actions. 


Coordination/Consultation With Other Federal and State Programs 


Sources of potential ARARs include other Federal environmental laws 
administered by EPA and authorized States and by other Federal agencies, and more 
stringent State environmental or facility siting laws. Therefore, to ensure that 
remedies comply with substantive aspects of identified ARARs, other Federal and 
State program offices should be consulted as appropriate, particularly for on-site 
actions where no permit will be obtained. 


RCRA Requirements 


Prerequisites for Applicability of RCRA Hazardous Waste Management Regulations 


RCRA requirements for treatment, storage, or disposal of hazardous wastes 
apply to a Superfund site if the site contains RCRA listed or characteristic 
hazardous waste that was treated or disposed of after the effective date of the RCRA 
regulations that are under consideration as potential ARARs for the site, or if the 
CERCLA activity at the site constitutes current treatment, storage, or disposal of 
RCRA hazardous waste. In some cases, it may not be possible to determine whether a 
CERCLA hazardous substance at a site is a hazardous waste under RCRA, or whether it 
was disposed at the site after the effective date; these prerequisites should not be 
assumed. In such cases, RCRA requirements will not be applicable, but may 
nevertheless be relevant and appropriate, if the CERCLA action involves treatment, 
storage, or disposal and if the wastes are similar or identical to RCRA hazardous 
waste. 


Definition of Disposal 


EPA has concluded that moving RCRA hazardous waste (including hazardous 
waste that was originally disposed before the requirements’ effective date) 
constitutes land disposal when that waste is placed into a land disposal unit. At 
CERCLA sites, there are areas of contamination with differing levels of 
concentration of hazardous substances, pollutants, or contaminants. In such cases, 
when RCRA hazardous waste is moved into an area of contamination, RCRA disposal 
requirements (such as for closure) are applicable to the area where the waste is 
received. In addition, EPA has determined that disposal and placement are synonymous 
for purposes of determining the applicability of the land disposal restrictions 
under RCRA. 
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Corrective Action 


RCRA contains several authorities under which corrective action requirements 
will be promulgated.4 Because of the similarity of corrective action under RCRA to 
CERCLA cleanup, these requirements are likely to be applicable or relevant and 
appropriate in many remedial action situations. This manual will be updated to 
include RCRA corrective action requirements and their bearing on CERCLA remedial 
activities. 


Ground-water Protection 


RCRA currently contains ground-water monitoring and protection standards. In 
general, EPA will use MCLs as protection levels for ground water that is currently 
or potentially used for drinking. The Agency may establish site-specific 
exposure-based ACLs at particular sites where the ground water cannot be used for 
drinking because of high salinity or naturally occurring widespread contamination, 
or where cleanup is not practicable or cost-effective and where the circumstances 
fulfill the conditions of CERCLA §121(d)(B)(ii). 


The Superfund Program’s goal is to restore ground water to its beneficial uses 
based in large part on their vulnerability, use, and value. The Ground-Water 
Protection Strategy and draft Office of Ground-Water Protection Classification 
Guidelines serve as useful guidance. The program uses the classification scheme on a 
site-specific basis to assist in the characterization of a ground water’s 
vulnerability, use, and value. Ground-water classifications performed at Superfund 
sites are limited in scope to the Superfund action that will be taken and do not 
apply to the geographical area in general. More stringent promulgated State 
requirements will be used as standards when they exist. Additional guidance on Clean 
Water Act, Safe Drinking Water Act, and other water-related requirements is 
presented in Chapters 3, 4, and 5 of this manual. 


Clean Water Act Requirements 


Direct Discharge to Surface Waters 


Both on-site and off-site direct discharges from CERCLA sites to surface 
waters are required to meet the substantive requirements of the National Pollutant 
Discharge Elimination System (NPDES) program. These substantive requirements include 
discharge limitations (both technology and water quality based), certain monitoring 
requirements, and best management practices. These requirements will be contained in 
an NPDES permit for off-site CERCLA 


4 Corrective action requirements for regulated units have been 
promulgated in 40 CFR Part 264, Subpart F. Additional requirements for 
corrective action for solid waste management units (SWMUs) at RCRA facilities 
seeking permits are currently being developed for promulgation in 40 CFR Part 
264 Subpart S. 
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discharges. For on-site direct discharges from a CERCLA site, these substantive 
requirements must be identified and complied with even though on-site discharges are 
not required to have an NPDES permit. For purposes of this guidance, a direct 
discharge of CERCLA wastewaters would be “on-site” if the receiving water body is in 
the area of contamination or is in very close proximity to the site and necessary 
for implementation of the response action (even if the water body flows off-site). 


Indirect Discharge to POTWs 


In general, the discharge of CERCLA wastewaters to publicly owned treatment 
works (POTWs) is considered an off-site activity. Therefore, CERCLA responses 
required to comply with all applicable (both substantive and administrative) 
requirements of the national pretreatment program including the general and specific 
discharge prohibitions. Further, all local pretreatment regulations must be complied 
with before discharging wastewater to a POTW. These local pretreatment regulations 
include local discharge limitations and prohibitions. When considering discharge of 
CERCLA wastewater to a POTW, the POTW’s record of compliance with the NPDES permit 
and pretreatment program requirements should be assessed. 


Discharge of Dredged or Fill Material 


Under CERCLA §121(e), no Federal, State, or local permit is required for 
response actions conducted entirely on-site; however, consultation with the Corps 
remains important in developing the CERCLA response. Under the CWA §404 guidelines, 
no discharge of dredged or fill material will be allowed unless appropriate and 
practicable steps are taken that minimize potential adverse impacts of the discharge 
on the aquatic ecosystem. 


Safe Drinking Water Act Requirements 


Use of MCLs 


For cleaning up ground water or surface water that is or may be used for 
drinking, the Maximum Contaminant Levels (MCLs) set under the Safe Drinking Water 
Act are generally the applicable or relevant and appropriate standard. MCLs are 
applicable where the water will be provided directly to 25 or more people or will be 
supplied to 15 or more service connections. When MCLs are applicable they should at 
least be met at the tap. MCLs are relevant and appropriate in other cases where 
surface water or ground water is or may be directly used for drinking water, and in 
such cases, the MCLs should be met in the surface water or groundwater itself. 


Use of MCLGs 


A standard for drinking water more stringent than an MCL may be needed in 
special circumstances, such as where multiple contaminants in groundwater or 
multiple pathways of exposure present extraordinary risks (i.e., individual lifetime 
cancer risk above 10-4). In setting a level more stringent than the 
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MCL in such cases, a site-specific determination should be made by considering 
Maximum Contaminant Level Goals (MCLGs), the Agency’s policy on the use of 
appropriate risk ranges for carcinogens, levels of quantification, and other 
pertinent guidelines. Prior consultation with Headquarters contacts in the Office of 
Emergency and Remedial Response or the Office of Waste Programs Enforcement, as 
appropriate, is encouraged in such cases. 


Underground Injection Control Program 


CERCLA sites where underground injection wells are constructed on-site are not 
required to comply with the administrative requirements of the UIC program. However, 
they must meet the substantive requirements that are determined to be applicable or 
relevant and appropriate to the CERCLA remedial action. Examples of substantive UIC 
program requirements include RCRA manifest and corrective action requirements for 
the underground injection of hazardous wastes, well construction requirements, well 
operating requirements, and well closure requirements. Other information should also 
be reported to the Region UIC program regarding the operation of an injection well. 
(This information in described in Chapter 4). 
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CHAPTER 1 


GENERAL PROCEDURES FOR CERCLA COMPLIANCE WITH OTHER STATUTES 


1.0 INTRODUCTION 


This chapter describes general procedures for Superfund compliance with 
applicable or relevant and appropriate requirements (ARARs) of other environmental 
and public health statutes when conducting remedial actions. Currently, the most 
important requirements for compliance are set by the Comprehensive Environmental 
Response, Compensation, and Liability Act of 1980 (CERCLA) itself, as amended by the 
Superfund Amendments and Reauthorization Act of 1986 (SARA), particularly §121. The 
current National Contingency Plan (NCP)1 and the “Memorandum on CERCLA Compliance 
with Other Environmental Laws” (the Compliance Policy), which was published as an 
appendix to the November 1985 NCP Preamble, remain in effect regarding cleanup 
standards except when superceded by the new CERCLA requirements. However, because 
the NCP is being revised, it is generally not described in this chapter, which is 
organized as follows: 


Section 1.1 provides an overview of the statutory requirements concerning 
CERCLA compliance with other laws. 


Section 1.2 describes general procedures for identifying particular 
requirements in other laws that may be applicable or relevant and appropriate 
requirements (ARARs) for a CERCLA remedial action. In order to facilitate 
identification of ARARs, Section 1.2 provides matrices of chemical-specific, 
location-specific, and action-specific potential ARARs from several different 
laws. Finally, Section 1.2 provides a procedure for analyzing the probable 
ARARs to determine whether they are, in fact, applicable or relevant and 
appropriate requirements for the particular site in question. 


Section 1.3 provides a short description of the situations listed in CERCLA 
that may justify waiving particular requirements that have been determined to 
be ARARs. More detailed guidance on waivers will be provided at a later date. 


Section 1.4 describes how materials that are not potential ARARs, but which do 
provide useful guidance or information, should be considered, analyzed, and 
used. 


Section 1.5 provides guidance on documenting the consideration of ARARs in 
developing remedial actions. 


1 See 40 CFR Part 300. 
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1.1 OVERVIEW OF REQUIREMENTS CONCERNING CERCLA COMPLIANCE WITH OTHER LAWS 


CERCLA, as it was passed in 1980, did not contain a specific requirement 
pertaining to the compliance of on-site CERCLA actions with other laws. CERCLA §105, 
which authorizes EPA to prepare the National Contingency Plan (NCP) for Hazardous 
substance response, says only that the NCP shall include “methods and criteria for 
determining the appropriate extent of removal, remedy, and other measures.” EPA, 
however, stated in the NCP (as revised in 1985)2 and in its policy memorandum on 
CERCLA compliance with other environmental statutes, which was attached to the 
preamble to the 1985 NCP, that it would attain or exceed applicable or relevant and 
appropriate Federal environmental and public health standards in CERCLA response 
actions unless one of five specifically enumerated situations was present. 


CERCLA §121, added by Congress in SARA in 1986, in effect codifies EPA’s 
existing approach to compliance with other laws. Section 121 establishes cleanup 
standards for remedial actions under §§104 and 106 of CERCLA. Remedial actions must 
attain a general standard of cleanup that assures protection of human health and the 
environment, must be cost effective, and must use permanent solutions and 
alternative treatment technologies or resource recovery technologies to the maximum 
extent practicable. In addition, for any material remaining on-site,3 the level or 
standard of control that must be met for the hazardous substance, pollutant, or 
contaminant is at least that of any applicable or relevant and appropriate standard, 
requirement, criteria, or limitation under any Federal environmental law, or any 
more stringent standard, requirement, criteria, or limitation promulgated pursuant 
to a State environmental statute.4 


2 40 CFR §300.68 (50 FR 47969, November 20, 1985). 


3 CERCLA §121(c)(3)(B) requires off-site storage, destruction, 
treatment, or secure disposition of hazardous substances from Superfund sites 
to be carried out only at hazardous waste disposal facilities that are in 
compliance with Subtitle C of RCRA. CERCLA §121(d)(3) requires that transfer 
of hazardous substances be made only to facilities that are operating in 
compliance with §§3004 and 3005 of the Solid Waste Disposal Act (or, where 
applicable, in compliance with the Toxic Substances Control Act or other 
applicable Federal law) and all applicable State requirements. Requirements 
for off-site actions are discussed to some extent in this manual. For more 
detailed discussion of off-site requirements, the reader should consult 
“Revised Procedures for Planning and Implementing Off-site Response Actions 
(issued November 13, 1987, EPA Directive 9834.11). 


4 Applicable or relevant and appropriate requirements include more 
stringent currently promulgated State requirements (See CERCLA §121 
(d)(2)(A)(ii)). The proposed NCP will define “promulgated” State requirements 
as those laws or regulations that are of general applicability and are legally 
enforceable. Coordination with State governments to identify State ARARs will 
be addressed at a later date. 
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Congress added several new categories of potential ARARs, particularly State 
standards, which the NCP had previously included in the category of requirements to 
be considered, but not necessarily attained. In addition, remedial actions are now 
required by §121 to at least attain levels or standards of control established by 
Maximum Contaminant Level Goals under the Safe Drinking Water Act and Federal Water 
Quality Criteria under the Clean Water Act, when those standards or goals are 
relevant and appropriate under the circumstances of the release.5 Section 121 also 
establishes special requirements for the use of alternate concentration limits. 


CERCLA §121(e) provides that no Federal, State, or local permit shall be 
required "for the portion of any removal or remedial action conducted entirely on 
site," when the action is selected and carried out in compliance with the cleanup 
standards requirements in §121. EPA interprets “on-site” to include the “areal 
extent of contamination and all suitable areas in very close proximity to the 
contamination necessary for implementation of the response action.” As a matter of 
policy, this definition would be implemented with certain limitations. Generally, 
best professional judgment should be used to determine that the area is within “very 
close proximity” to the contamination and is necessary for implementation of the 
portion of the response action addressing the nearby contamination.6 


Finally, §121(d)(4) provides that under six specific circumstances, described 
below, legally applicable or relevant and appropriate requirements can be waived. 
However, the requirement that the remedy be protective of human health and the 
environment cannot be waived. 


ARARs and Removal Actions 


The requirements of CERCLA §121 generally apply as a matter of law only to 
remedial actions. EPA’s policy for removal actions, however, is that ARARs will be 
identified and attained to the extent practicable. This manual may be used as a 
reference by On-Scene Coordinators (OSCs) to assist in identifying potential ARARs 
for removal sites. Three factors will be applied to determine whether the 
identification and attainment of ARARs is practicable in a particular removal 
situation: (1) the exigencies of the situation; (2) the scope of the removal action 
to be taken; and (3) the effect of ARAR attainment on the statutory limits for 
removal action duration and cost. These factors are outlined below. 


5 Details concerning these categories of standards are provided in section 
1.2.3.1 below. CERCLA §121(d)(2)(B)(i) lists four factors that must be considered 
in determining whether or not any water quality criteria under the Clean Water 
Act are relevant and appropriate. 


6 Federal, State, or potentially responsible parties undertaking removal or 
remedial actions under CERCLA §§104, 106, or 122 are covered by the §121(e) 
permit exemption. 
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Exigencies of the situation. OSCs must often act quickly to provide protection 
of public health and the environment and any delay would compromise this objective 
of the removal action. Where urgent conditions constrain or preclude efforts to 
identify and attain ARARs, the OSC’s documentation of these conditions will be 
considered sufficient as justification for not attaining all ARARs. To illustrate, a 
site may contain leaking drums that pose a danger of fire or explosion in a 
residential area. The drums should be removed or stabilized imediately, without 
attempting to identify and comply with all potential ARARs. The OSC’s documentation 
should describe the time critical nature of the situation and the remedial action 
taken. 


Scope of the removal action. Removal actions generally focus on the 
stabilization of a release or threat of release and mitigation of near-term threats. 
ARARs that are within the scope of such removal actions, therefore, are only those 
ARARs that must be attained in order to eliminate the near-term threats. For 
example, a removal action may be conducted to remove large numbers of leaking drums 
and associated contaminated soil. In this situation, because the removal focuses 
only on partial control, chemical-specific ARARS for groundwater restoration would 
not be considered. 


Statutory limits. CERCLA sets time and money limitations on a removal action. 
Attainment of all ARARs for a removal response may not be possible within the 12 
months or $2 million limits set in the statute. For instance, a removal action may 
be undertaken at a site where there is widespread soil and ground water 
contamination. This response might involve removal of surface debris and excavation 
of highly-contaminated soil necessary to reduce the direct contact threat and 
further deterioration of the ground water. If the statutory limits were reached or 
approached as a result of the debris removal and limited excavation, more extensive 
excavation of low-level soil contamination as part of the removal action may not be 
warranted. Although the statutory limits may preclude removals from attaining all 
identified ARARs, OSCs will give greater emphasis to those ARARs that are most 
crucial to the proper stabilization of the site and protection of public health and 
the environment. (Exemptions to the $2 million/12 month statutory limits may be 
granted where sites meet the criteria for approving the “emergency” or “consistency” 
exemptions.) 


In addition to the three factors for determining whether it is practicable to 
identify and attain ARARs for removal actions, the statutory waivers in CERCLA 
§121(d)(4) would apply to removal as well as to remedial actions. For example, State 
ARARs do not have to be attained where the State standard, requirement, criterion, 
or limitation has not been consistently applied in circumstances similar to the 
response in question. If a State standard is identified as an ARAR for a removal 
action, attainment of that ARAR may be waived if the State has inconsistently 
applied it in similar circumstances. The ARARs waivers generally may be used as they 
are used for remedial activities. 


* * * AUGUST 8, 1988 DRAFT * * * 


Word-searchable version – Not a true copy 







1-5 


Developing Protective Remedies Using Risk Assessment, ARARs, and TBCs 


CERCLA §121 requires selection of a remedial action that is protective of 
human health and the environment. EPA’s approach to determining protectiveness 
involves assessment, considering both ARARs and to-be-considered materials (TBCs). 
The risk assessment includes consideration of site-specific factors such as types of 
hazardous substances present, potential for exposure, and presence of sensitive 
populations. Acceptable exposure levels are generally determined by applicable or 
relevant and appropriate Federal and State environmental requirements, if available, 
and the following factors: (1) for systemic toxicants, concentration levels to which 
the human population (including sensitive subgroups) could be exposed on a daily 
basis without appreciable risk of significant adverse effects during a lifetime; (2) 
for known or suspected carcinogens, concentration levels that represent an excess 
upperbound lifetime cancer risk to an individual of between 10-4 and 10-7; (3) other 
factors related to exposure (such as multiple contaminants at a site or multiple 
exposure pathways) or to technical limitations (such as detection/quantiiication 
limits for contaminants). The Superfund Public Health Evaluation Manual provides 
guidance on determining acceptable levels.7 


1.2	 GENERAL PROCEDURES FOR DETERMINING IF REQUIREMENT IS APPLICABLE OR RELEVANT 
AND APPROPRIATE 


CERCLA §121 requires, for hazardous substances left on-site at the conclusion 
of remedial actions, that the action require a level or standard of control which at 
least attains applicable or relevant and appropriate Federal or State environmental 
or public health requirements, except in certain limited circumstances. A 
requirement in applicable if the specific terms (or “jurisdictional prerequisites”) 
of the law or regulation directly address the circumstances at a site. If not 
applicable, a requirement may nevertheless be relevant and appropriate if 
circumstances at the site are, based on best professional judgment (BPJ), 
sufficiently similar to the problems or situations regulated by the requirement. 


Exhibit 1-9 to this chapter lists the universe of ARARs,8 without reference to 
particular situations where they may apply. Exhibits 1-1, 1-2, and 1-3 of this 
chapter list potential chemical-specific, location-specific, and action-specific 
ARARs, respectively; these potential ARARs should be analyzed to determine ARARs for 
a specific CERCLA site. 


7  Superfund Public Health Evaluation Manual, OSWER Directive 9285.4-1, 
October, 1986. 


8 EPA has identified a comprehensive list of statutory and regulatory 
requirements from which potential ARARs for a particular CERCLA site may be 
drawn. While every effort has been made to develop a complete list, some 
requirements, such as those recently promulgated, may not be included. 
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Because of the varied and unpredictable situations at CERCLA sites, EPA cannot 
specify in advance which requirements will be ARAR for each site. Applicable or 
relevant and appropriate requirements must be identified in connection with the 
characteristics of the particular site, the substances at the site, and the remedial 
action alternatives that are suggested by the circumstances of the site. In order to 
identify ARARs correctly and in a timely manner for on-site actions where permits 
are not required, each EPA Region should establish procedures, protocols, or 
memoranda of understanding to ensure early and continuous cooperation and 
coordination with Regional Superfund staff, appropriate Regional and State offices 
and other Federal arencies. These procedures should not recreate the administrative 
and procedural aspects of the permit process, but should ensure that all substantive 
requirements are attained. Section 3.2.4 of this Compliance Manual addresses key 
areas for recommended coordination between Superfund and Water Offices, and includes 
a detailed discussion that may be adopted as needed for other environmental laws. 


The diagram on p. 1-7 provides an overview of critical points for 
identification of ARARs and for communication/coordination with other EPA offices, 
States, and other Federal agencies as appropriate to identify and ensure compliance 
with ARARs. Superfund staff should also consider Federal and State environmental and 
public health criteria, advisories, guidance, and proposed standards 
(“to-be-considered” materials, or TBCs). TBCs will be evaluated along with ARARs as 
part of the risk assessment conducted for each CERCLA site, and may be used to set 
protective cleanup level targets. 


Coordination between CERCLA (Superfund) and other Program Offices 


In order to identify ARARs correctly and in a timely manner, each EPA Region 
should establish procedures, protocols or memoranda of understanding that, while not 
recreating the administrative aspects of a permit, ensure early and continuous 
cooperation and coordination between the Regional Superfund and other program 
offices. In addition, State Superfund and other program offices may be involved 
where there is a State-lead action or where the State has been delegated authority 
under the Clean Water Act or under the Resource Conservation and Recovery Act. Other 
Federal agencies may assist in ARARs determination for laws which they administer, 
e.g., the Endangered Species Act. Coordination among all appropriate offices should 
be established. Such coordination will be particularly important for on-site actions 
where no Federal, State, or local permit is required. 


The process of identifying ARARs for remedial actions essentially begins after 
the site characterization (during the remedial investigation) and may continue 
through the remedial design phase. ARARs are identified in increments of increasing 
certainty as more information regarding the site is developed. The appropriate scope 
and extent of each Region’s coordination procedures for identifying ARARs should be 
determined by the Region. It is recommended that the description of roles and 
responsibilities should identify those steps in the Superfund remedy selection 
process where coordination will occur and the level of involvement anticipated for 
each of these stops (e.g., written comments at certain stages, routing procedures, 
and agreement as 


* * * AUGUST 8, 1988 DRAFT * * * 


Word-searchable version – Not a true copy 







Word-searchable version – Not a true copy 


1-7 







1-8 


to what constitutes timely notification and timely response between Superfund and 
other Regional and State program offices, and other Federal agencies). 


1.2.1 WHERE AND WHEN ARARs SHOULD BE ATTAINED 


ARARs (and materials “to be considered” for protectiveness -- TBCs) must be 
attained for hazardous substances remaining on-site at the completion of the 
remedial action. In addition, EPA intends that the implementation of remedial 
actions should also comply with ARARs (and TBCs as appropriate) to protect public 
health and the environment. All remedial actions should attain action-specific 
requirements that have been identified as ARAR while the remedial action is being 
conducted, unless a waiver is justified. However, if ARARs are not being met before 
the commencement of a remedial action, it is not necessary to invoke a waiver to 
justify their non-attainment during the action. 


Generally, EPA’s policy is to attain ARARs (and TBCs necessary for protection) 
pertaining either to contaminant levels or to performance or design standards to 
ensure protection at all points of potential exposure. At sites where a TBC value is 
used to set a protective level of cleanup or where the ARAR does not specify the 
point of compliance, there is discretion to determine where the requirement shall be 
attained to ensure protectiveness. At each potential point of exposure, a reasonable 
maximum exposure scenario should be assumed, and cleanup goals set accordingly to 
ensure protectiveness, using best professional judgment. Restrictions on use or 
access should not be a substitute for remediation to appropriate protective 
health-based or design levels. If active measures are not practicable (or 
cost-effective), exposure to the waste must be controlled through legally 
enforceable institutional means. “Non-engineered” or “exposure” controls may be used 
in certain circumstances in combination with “engineered” controls and/or treatment 
in the management and cleanup of the site where it is determined that such controls 
are necessary to be protective. In such circumstances, where exposure controls are 
used, restrictions should be employed to ensure that the controls remain in place, 
that they remain protective, and that they are effective in preventing exposure to 
hazardous substances for as long as the substances at the site remain hazardous. Any 
waste left in place should either be brought to health-based levels or managed 
according to performance or design specifications. 


For ground water, remediation levels should generally be attained throughout 
the contaminated plume, or at and beyond the edge of the waste management area when 
waste is left in place. For air, the selected level(s) should be established for the 
maximum exposed individual, considering reasonably expected use of the site and 
surrounding area. For surface waters, the selected level(s) should be attained at 
the point or points where the release enters the surface waters. 
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1.2.1.1 	 Requirements for Handling of Investigation-Derived or Laboratory 
Wastes 


The handling, treatment, or disposal of investigation-derived wastes produced 
during remedial activities such as the Site Investigation (SI) or Remedial 
Investigation/Feasibility Study (RI/FS) must be carried out in compliance with 
Federal and State ARARs. Field investigation teams should use best professional 
judgment in determining when investigation-derived wastes may contain hazardous 
wastes in hazardous amounts, and should handle such wastes in accordance with all 
Federal and State ARARs.9 Similarly, if the hazards of investigation-derived wastes 
are not known, EPA expects that field investigation teams will make a reasonable 
effort to comply with all requirements that may be relevant and appropriate, as 
necessary to protect public health and the environment.10 


9  Specifically, there are several ways that investigation-derived wastes 
may result from such remedial activities: (1) ground water or surface water 
samples that must be disposed of after analysis; (2) drill cuttings or core 
samples from soil boring or monitoring well installations; (3) purge water 
removed from sampling wells before ground water samples are collected; move (4) 
water, solvents, or other fluids used to decontaminate field equipment such as 
backhoes, drilling rigs, and pipes; (5) condensation from pipes used for gas 
sampling in landfills; and (6) waste produced by on-site pilot-scale facilities 
constructed to test technologies best suited for remediation of the site. Note 
that the activities conducted as part of the Superfund Innovative Technologies 
Evaluation (SITE) program under CERCLA §311(b) are not response actions and 
therefore are not required to comply with ARARs. Nonetheless, in order to ensure 
protection of human health and the environment, SITE demonstration projects 
taking place at Superfund sites should comply with the substantive requirements 
of all applicable or relevant and appropriate Federal and State environmental 
laws unless a waiver is justified. 


10 The handling, treatment, or disposal of any such investigation-derived 
wastes must satisfy Federal and State requirements that are applicable or 
relevant and appropriate to the site location and the amount and concentration of 
the hazardous substances, pollutants, or contaminants involved. For example, if 
ground water samples containing hazardous substances are to be disposed of by 
discharge into surface water, they may require treatment before disposal so that 
water quality standards are not violated. Also, if it is known or suspected that 
purge waters are drawn from an area with significant dioxin contamination, such 
investigation-derived wastes should be containerized, tested, and disposed of in 
accordance with all ARARs. (Consistent with established practice, 
investigation-derived materials may remain on-site until the remedial action 
commences.) In contrast, the routine placement in containers of large volumes of 
drilling muds and purge waters which are not suspected to contain hazardous 
substances may be unnecessary because they result only in delays to investigation 
with no attendant public health or environmental benefit. 
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1.2.2 DEFINITIONS OF APPLICABLE AND RELEVANT AND APPROPRIATE 


The following definitions of “applicable” and “relevant and appropriate” will 
be proposed in the new NCP and retain the essential features of definitions in the 
current NCP: 


Applicable requirements means those cleanup standards, standards of 
control, and other substantive environmental protection requirements, 
criteria, or limitations promulgated under Federal or State law that 
specifically address a hazardous substance, pollutant, contaminant, 
remedial action, location, or other circumstance at a CERCLA site. 


“Applicability” implies that the remedial action or the circumstances at the site 
satisfy all of the jurisdictional prerequisites of a requirement. For example, the 
minimum technology requirement for landfills under RCRA would apply if a new 
hazardous waste landfill unit or a lateral expansion of an existing unit as 
defined11 were to be built on a CERCLA site. 


If a requirement is not applicable, one must consider whether it is both 
relevant and appropriate. 


Relevant and appropriate requirements means those cleanup standards, 
standards of control, and other substantive environmental protection 
requirements, criteria, or limitations promulgated under Federal or State 
law that, while not “applicable” to a hazardous substance, pollutant, 
contaminant, remedial action, location, or other circumstance at a CERCLA 
site, address problems or situations sufficiently similar to those 
encountered at the CERCLA site that their use is well suited to the 
particular site. However, in some circumstances, a requirement may be 
relevant but not appropriate for the site-specific situation. 


The determination that a requirement is relevant and appropriate is a two-step 
process: (1) determination if a requirement is relevant and (2) determination if a 
requirement is appropriate. In general, this involves a comparison of a number of 
site-specific factors, including the characteristics of the remedial action, the 
hazardous substances present at the site, or the physical circumstances of the site, 
with those addressed in the statutory or regulatory requirement. In some cases, a 
requirement may be relevant, but not appropriate, given site-specific circumstances; 
such a requirement would not be ARAR for the site. In addition, there is more 
discretion in the determination of relevant and appropriate; it is possible for only 
part of a requirement to be considered relevant and appropriate in a given case. 


11 Defined in RCRA §3015(b) and 40 CFR 264.301(c) and 265.301(a). 
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The first step of this determination is a screen of the requirements based on 
the factors listed in Exhibit 1-7 to determine if the requirement is potentially 
relevant at the site. If the requirement is relevant, then the comparison should be 
further refined to determine if the requirement is appropriate, focusing on the 
characteristics of the site and the proposed remedial action. The determination that 
a requirement is relevant and appropriate is site-specific and must rely on best 
professional judgment. 


When the analysis results in a determination that a requirement is both 
relevant and appropriate, such a requirement must be complied with to the same 
degree as if it were applicable. 


More detailed discussion of the determination of relevance and appropriateness 
is provided in section 1.2.4.3 following. 


1.2.2.1 Definitions of Substantive and Administrative Requirements 


Section 121(e) of CERCLA codifies EPA’s earlier policy that on-site response 
actions may proceed without obtaining permits. This permit exemption allows the 
response action to proceed in an expeditious manner, free from potential lengthy 
delays of approval by administrative bodies. This permit exemption applies to all 
administrative requirements, whether or not they are actually styled as “permits.” 
Thus, in determining the extent to which on-site CERCLA response actions must comply 
with other environmental and public health laws, one should distinguish between 
substantive requirements, which may be applicable or relevant and appropriate and 
administrative requirements, which are not. The determination of whether a 
requirement is substantive need not be documented. 


Substantive requirements are those requirements that pertain directly to 
actions or conditions in the environment. Examples of substantive requirements 
include quantitative health- or risk-based restrictions upon exposure to types of 
hazardous substances (e.g. MCLs establishing drinking water standards for particular 
contaminants), technology-based requirements for actions taken upon hazardous 
substances (e.g. incinerator standards requiring particular destruction and removal 
efficiency), and restrictions upon activities in certain special locations (e.g. 
standards prohibiting certain types of facilities in floodplains). 


Administrative requirements are those mechanisms that facilitate the 
implementation of the substantive requirements of a statute or regulation. 
Administrative requirements include the approval of, or consultation with 
administrative bodies, consultation, issuance of permits, documentation, 
reporting,12 recordkeeping, and enforcement. In general, administrative requirements 
prescribe methods and procedures by which substantive requirements are made 
effective for purposes of a particular environmental or 


12 Note that some requirements may be written to contain substantive 
requirements in sections which primarily address administrative requirements 
such as reporting. 
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public health program. For example, the requirement of the Fish and Wildlife 
Coordination Act to consult with the U.S. Fish and Wildlife service, Department of 
the Interior, and appropriate State agency before controlling or modifying any 
stream or other water body is administrative. 


This distinction is important because while off-site remedies must obtain all 
necessary permits and fulfill all administrative procedures, cleanup activities that 
remain on-site are statutorily exempted by CERCLA §121(e) from obtaining permits. 
While Superfund cleanups will comply with all the substantive requirements that 
permits enforce, on-site CERCLA cleanups are not required to obtain the actual 
permit papers, or to obtain the approval of State or local administrative boards. 
Instead, the Feasibility Study, the Proposed Plan, the ROD, the Community Relations 
Plan, and the Administrative Record will document that the substantive requirements 
of other Federal and State laws have been identified and will be complied with. 


The CERCLA program has its own set of administrative procedures which assure 
proper implementation of CERCLA. The application of additional or conflicting 
administrative requirements could result in delay or confusion. 


In most cases, the classification of a particular requirement as substantive 
or administrative will be clear, but some requirements may fall in the area between 
provisions related primarily to program administration and those concerned primarily 
with environmental and human health goals. The following considerations may be 
balanced in determining whether such requirements are substantive or administrative: 


� The basic purpose of the requirement; 


�	 Any adverse effect on the ability of the action to protect human health and 
the environment if the requirement were not met; 


�	 The existence of other requirements (e.g., CERCLA procedures) at the site 
that would provide functionally equivalent compliance; 


�	 Classification of similar or identical requirements as substantive or 
administrative in other CERCLA situations. 
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1.2.3 TYPES OF ARARs 


The laws and regulations that establish the universe of applicable or relevant 
and appropriate requirements are listed in Exhibit 1-9 at the end of this chapter. 
Exhibit 1-9 offers an overview of ARARs and is provided for reference purposes. 
Exhibits 1-1, 1-2, and 1-3 present potential chemical-, location-, and 
action-specific ARARs respectively, and must be examined in light of site-specific 
circumstances to determine the actual ARARs for each site. These exhibits will be 
expanded or revised as necessary to reflect changes in the laws or in regulations. 
An automated Federal ARARs database will be developed. 


The manual also includes in Exhibit 1-10 other Federal (and selected State) 
criteria, advisories, and guidance to be considered (TBCs). TBCs are not ARARs, but 
chemical-specific TBC values such as health advisories and reference doses will be 
used in the absence of ARARs or where ARARs are not sufficiently protective to 
develop cleanup goals (see discussion of risk assessment in Section 1.2.3.1 below). 
In addition, other TBC materials such as guidance or policy documents developed to 
implement regulations may be considered and used as appropriate, where necessary to 
ensure protectiveness. 


1.2.3.1 Chemical-Specific Requirements 


Chemical-specific ARARs are usually health- or risk-based numerical values or 
methodologies which, when applied to site-specific conditions, result in the 
establishment of numerical values. These values establish the acceptable amount or 
concentration of a chemical that may be found in, or discharged to, the ambient 
environment.13 If a chemical has more than one such requirement that is ARAR, the 
most stringent generally should be complied with. There are, at present, only a 
limited number of chemical-specific requirements. 


The results of a risk assessment, following the procedures in the Superfund 
Public Health Evaluation Manual (SPHEM), are used in setting cleanup goals that are 
protective. As described in the SPHEM, the total carcinogenic risk or hazard index 
for all chemicals of concern in a medium in calculated in this risk assessment. As a 
starting point for setting cleanup goals, the risk calculations are developed using 
chemical-specific requirements. If there are no chemical-specific ARARs, then 
specified Federal or State TBC values are used in the calculations. 


In general, chemical-specific requirements are set for a single chemical or 
closely-related group of chemicals. Those requirements typically do not consider the 
mixtures of chemicals that may be found at Superfund sites. Therefore, due to 
site-specific factors, cleanup goals set at the levels of 


13 Some Federal or State statutes, such as the Clean Water Act, may 
establish a methodology for setting site-specific discharge limitations. Such 
requirements may also be ARARs, depending on site-specific considerations. 
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single chemical-specific requirements may not adequately protect human health or the 
environment at that site. In these instances, cleanup goals would be set below the 
chemical-specific requirements (i.e., at more stringent levels). Similarly, cleanup 
goals at a site may also be set below the TBC value in order to protect human health 
and the environment. 


Exhibit 1-1 provides a matrix of chemical-specific standards established under 
several statutes. These chemical-specific requirements will generally be more likely 
to be relevant and appropriate rather than applicable to CERCLA actions. Chapters 2 
through 4 provide detailed guidance in evaluating these potential ARARs. It will be 
necessary to examine these standards in light of site-specific circumstances to 
determine actual ARARs for each site. At present, Exhibit 1-1 contains standards 
developed under the Resource Conservation and Recovery Act (RCRA), the Safe Drinking 
Water Act (SDWA), and the Clean Water Act (CWA), but does not include standards 
developed under other environmental laws, such as programs for the protection of air 
quality (e.g., National Ambient Air Quality Standards). As additional statutes are 
analyzed, the matrix will be expanded to include any standards established under 
those statutes that are potential ARARs. 


The following chemical-specific standards are included in the matrix: 


RCRA Maximum Concentration Limits. Standards (abbreviated as RCRA MCLs) for 14 
toxic compounds, primarily toxic metals and pesticides, have been adopted as a 
part of RCRA ground-water protection standards (40 CFR §264.94). These 
ground-water protection standards are equal to MCLs established under the 
National Primary Drinking Water Standards, based on the 1962 Public Health 
Service Regulations under the Safe Drinking Water Act (SDWA). The basic 
jurisdictional prerequisites for RCRA MCLs are part of the RCRA ground-water 
monitoring and response requirements, which apply to RCRA regulated units 
subject to permitting (landfills, surface impoundments, waste piles, and land 
treatment units) that received RCRA hazardous waste after July 26, 1982. If a 
comparison of indicator concentrations from background and downgradient wells 
shows a statistically significant increase, a ground-water protection standard 
is established for all hazardous constituents. The baseline protection 
standard is the background level of the constituent, or one of the 14 RCRA 
MCLs, whichever is higher. Alternatively, an alternate concentration limit 
(ACL) may be applied for and granted on a site-specific basis, if the 
constituent (in the quantity specified in the ACL) will not pose a substantial 
present or potential hazard to human health and the environment. 


SDWA Maximum Contaminant Levels. Standards (also abbreviated as MCLs) for 30 
toxic compounds, including the 14 compounds adopted as RCRA MCLs, have been 
adopted as enforceable standards for public drinking water systems (40 CFR 
§§141.11-141.16). MCLs for non-carcinogens are based in part on the allowable 
lifetime exposure to the contaminant for a 70 kg (154 pound) adult who is 
presumed to consume 2 liters (0.53 gallons) of water per day. In addition to 
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health factors, an MCL is required to reflect the technical and economic 
feasibility of removing the contaminant from the water supply. MCLs for each 
contaminant regulated must be set as close as feasible to the MCL Goal for 
that contaminant, given the best available technology and treatment 
techniques. The basic jurisdictional prerequisite for MCLs is that they apply 
to “public water systems,” defined as systems for the provision of piped water 
for human consumption with at least 15 service connections or serving at least 
25 persons. The SDWA Amendments of 1986 require EPA to promulgate National 
Primary Drinking Water Standards for 83 contaminants within three years. 
Thereafter, EPA is required to promulgate standards for 25 more contaminants 
every three years. 


SDWA MCL Goals. MCL Goals (MCLGs) (formerly known as recommended MCLs or 
RMCLs) are non-enforceable health goals for public water systems. EPA has 
promulgated MCLGs for 9 contaminants (40 CFR §§141.50-141.51), and has 
proposed MCLGs for 40 others (50 FR 46936). MCLGs are set at levels that would 
result in no known or anticipated adverse health effects with an adequate 
margin of safety. MCLGs for substances considered to be probable human 
carcinogens are set at the zero level, and MCLGs for substances that are not 
probable human carcinogens are set based upon chronic toxicity or other data. 
MCLGs are potentially relevant and appropriate standards under CERCLA §121. 


Water Quality Criteria (WOC). CERCLA §121 states that remedial actions shall 
attain Federal water quality criteria where they are relevant and appropriate 
under the circumstances of the release or threatened release. This 
determination is to be based on the designated or potential use of the water, 
the media affected, the purposes of the criteria, and current information. 
Water quality criteria are non-enforceable guidance developed under Clean 
Water Act (CWA) §304 and are used by the State, in conjunction with a 
designated use for a stream segment, to establish water quality standards 
under §303. In determining the applicability or relevance and appropriateness 
of water quality criteria, the most important factors to consider are the 
designated uses of the water and the purposes for which the potential 
requirements are intended. A water quality criteria component for aquatic life 
may be found relevant and appropriate when there are environmental factors 
that are being considered at a site, such as protection of aquatic organisms. 
With respect to the use of water quality criteria for protection of human 
health, levels are provided for exposure both from drinking the water and from 
consuming aquatic organisms (primarily fish) and from fish consumption alone. 
Whether a water quality criterion is relevant and appropriate and which form 
of the criterion is appropriate depends on the likely route(s) of exposure. A 
summary of water quality criteria may be found in Quality Criteria for Water 
1986, EPA 44/5-86-001, May 1, 1986 (51 Federal Register 43665) - commonly 
referred to as the “Gold Book.” 


* * * AUGUST 8, 1988 DRAFT * * * 


Word-searchable version – Not a true copy 



Unicor



Unicor



Unicor



Unicor







1-16 


EXHIBIT 1-1



SELECTED CHEMICAL-SPECIFIC POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS a/



RCRA AND SDWA MCLS



Potential ARARs b/ 


RCRA Maximum SDWA Maximum 
Concentration Contaminant 


Limits Levels 
Chemical Name (mg/l) (mg/l) 


Arsenic

Barium

Benzene

Beta Particle Photon Radioactivity

Cadmium

Carbon Tetrachloride

Chromium

Coliform Bacteria

p-Dichlorobenzene

1,2-Dichloroethane

1,1-Dichloroethylene

2-4-Dichlorophenoxyacetic Acid (2,4-D)

Endrin

Fluoride

Lead

Lindane

Total Mercury

Methoxychlor

Nitrate (as N)

Radionuclides, gross alpha particle activity

Radium-226 + Radium-226

Selenium

Silver 

Toxaphene

2,4,5-TP Silvex

1,1,1-Trichloroethane

Trichloroethylene

Total Trihalomethanes

Turbidity

Vinyl Chloride



5.0 x 10-2 5.0 x 10-2 


1.0	 1.0 
5.0 x 10-3 


4 millirems 
1.0 x 10-2	 1.0 x 10-2 


5.0 x 10-3 


5.0 x 10-2	 5.0 x 10-2 


1 per 100 ml 
7.5 x 10-2 


5.0 x 10-3 


7.0 x 10-3 


1.0 x 10-1 1.0 x 10-1 


2.0 x 10-4 2.0 x 10-4 


4.0 
5.0 x 10-2 5.0 x 10-2 


4.0 x 10-3 4.0 x 10-3 


2.0 x 10-3 2.0 x 10-3 


1.0 x 10-1 1.0 x 10-1 


10 
15 pCi/l 
5 pCi/l 


1.0 x 10-2 1.0 x 10-2 


5.0 x 10-2 5.0 x 10-2 


5.0 x 10-3 5.0 x 10-3 


1.0 x 10-2 1.0 x 10-2 


2.0 x 10-1 


5.0 x 10-3 


1.0 x 10-1 


1  Tu 
2.0 x 10-3 
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EXHIBIT 1-1 (continued) 


SELECTED CHEMICAL-SPECIFIC POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS a/ 


For Use In Special 


Potential ARARs b/ Circumstances 


CWA Water Quality Criteria 


for Protection of Human Health 


CWA Ambient Water Quality Criteria for 


Protection of Aquatic Life c/ 


Chemical Name 


Water and 


Fish Ingestion 


(mg/l) 


Fish Consumption



Only 



(mg/l)



Freshwater 


Acute/Chronic 


(mg/l) 


Marine 


Acute/Chronic 


(mg/l) 


SDWA/MCL Goal 


(mg/l) d/ 


Acenapthene



Acenaphthylene

Acrolein

Acrylonitrile

Aldrin

Anthracene

Antimony and Compounds

Arsenic and Compounds

Arsenic (V) and Compounds

Arsenic (III) and Compounds

Asbestos

Barium and Compounds

Benz(a)anthracene

Benz(c)acridine

Benzene

Benzidine

Benzo(a)pyrene

Benzo(b)fluoranthene

Benzo(ghi)perylene

Benzo (k) fluorantene

Beryllium and Compounds

Bis(2-chloroethyl)ether

Bis(2-chloroisopropyl)ether

Bis(chloromethyl)ether



3.2x10-01 7.8x10-01 
5.8x10-05 6.5x10-04 
7.4x10-08 7.9x10-08 


1.5x10-01 45 
2.2x10-06 1.8x10-05 


1 


6.6x10-04 4.0x10-02 
1.2x10-04 5.3x10-04 


6.8x10-06 1.2x10-04 


1.7*/0.5*



6.8x10-02*/2.1x10-02*

7.5*/2.6*

3.0x10-03



9.0/1.6



0.8*/4.8x10-02*

0.3/0.1



5.3*

2.5*



0.1*/5.3x10-03*



0.9*/0.7* 
3.0x10-01* 
5.5x10-02* 


1.3x10-03 


2.3*/1.3x10-02 
6.9x10-02/3.6x10-02 


0 


5.1*/0.7* 
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EXHIBIT 1-1 (continued) 


SELECTED CHEMICAL-SPECIFIC POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS a/ 


For Use In Special 


Potential ARARs b/ Circumstances 


CWA Water Quality Criteria 


for Protection of Human Health 


CWA Ambient Water Quality Criteria for 


Protection of Aquatic Life c/ 


Water and 


Fish Ingestion 


(mg/l) 


Fish Consumption



Only 



(mg/l)



Freshwater 


Acute/Chronic 


(mg/l) 


Marine 


Acute/Chronic 


(mg/l) 


SDWA/MCL Goal 


(mg/l) d/Chemical Name 


Cadmium and Compounds 1.0x10-02 3.9x10-03+/1.1x10-03+ 4.3x10-02/9.3x10-02 
Carbon Tetrachloride 4.0x10-04 6.9x10-03 3.5x10+01 5.0x10+01 0 
Chlordene 4.6x10-07 4.8x10-07 2.4x10-03/4.3x10-06 9.0x10-05/4.0x10-06 
Chlorinated Benzenes 2.5x10-01*/5.0x10-02* 1.6x10-01*/1.2x10-01* 
Chlorinated Napththalenes 1.6* 7.5x10-03* 


Chloroalkyl Ethers 2.3x10+02* 
Chlorobenzene (Mono) 
Chlorodibromomethane 
Chloroform 1.9x10-04 1.8x10-02 2.8x10+01*/1.2* 
2-Chlorophenol 4.3*/2.0* 
Chromium III and Compounds 170 3433 1.7+/0.2+ 1.0x10+01 
Chromium VI and Compounds 5.0x10-02 1.6x10-02/1.1x10-03 1.1/5.0x10-02 
Copper and Compounds 1.8x10-02+/1.2x10-02+ 2.9x10-03/2.9x10-03 
Cyanides 2x10-01 2.2x10-02/5.2x10-03 1.0x10-03/1.0x10-03 
DDT 2.4x10-08 2.4x10-08 1.1x10-03/1.0x10-06 1.3x10-04/1.0x10-06 
Dibutyl Phthalate 35 154 
Dichlorobenzenes 4x10-01 2.6 1.1*/7.6x10-01* 1.9* 
1,2-Dichlorobenzene 
1,3-Dichlorobenzene 7.5x10-01 
1,4-Dichlorobenzene 
3,3'-Dichlorobenzidine 1x10-04 2x10-05 
1,2-Dichloroethane (EDC) 9.4x10-04 2.4x10-01 1.1x10+02*/2.0x10+01* 1.1x10+02* 0 
Dichloroethylenes 3.3x10-05 1.9x10-03 1.1x10+1* 2.2+02* 
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EXHBIT 1-1 (continued) 


SELECTED CHEMICAL-SPECIFIC POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE REQURIEMENTS a/ 


For Use In Special 


Potential ARARs b/ Circumstances 


CWA Water Quality Criteria 


for Protection of Human Health 


CWA Ambient Water Quality Criteria for 


Protection of Aquatic Life c/ 


Water and 


Fish Ingestion 


(mg/l) 


Fish Consumption



Only 



(mg/l)



Freshwater 


Acute/Chronic 


(mg/l) 


Marine 


Acute/Chronic 


(mg/l) 


SDWA/MCL Goal 


(mg/l) d/Chemical Name 


1,1-Dichloroethylene



2,4-Dichlorophenol

2,6-Dichlorophenol

3,4-Dichlorophenol

2,3-Dichlorophenol

2,5-Dichlorophenol

2,4-Dichlorophenoxyacetic Acid (2,4-D)

1,3-Dichloropropene

Dieldrin

Diethylphthalate

Bis(2-ethylhexyl)phthalate (DEHP)

Diethylnitrosamine

7,12-Dimethylbenz(a)anthracene

Dimethylnitrosamine

2,4-Dimethylphenol

Dimethylphthalate

4,6-Dinitro-o-cresol

2,4-Dinitrophenol

1,2-Diphenylhydrazine

Endosulfan

Endrin

Ethylbenzene

Fluoranthene

Fluorides



3.1	 1.1x10+01* 
2.0*/0.3* 


8.7x10-02 14.1 6.0*/0.2*

7.1x10-08 7.6x10-08 2.5x10-03/1.9x10-06

350 1800



2.1* 
313 2900 


7.4x10-02 1.6x10-01 2.2x10-04/5.6x10-05 
1x10-03 1.8x10-04/2.3x10-06 
1.4 3.3 3.2x10+01 
4.2x10-02 5.4x10-02 3.9* 


4.0 
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0.7* 
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3.7x10-05/2.3x10-06 
4.3x10-01* 
4.0x10-02*/1.6x10-02* 
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EXHIBIT 1-1 (continued) 


SELECTED CHEMICAL-SPECIFIC POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS a/ 


Potential ARARs b/ Circumstances 


CWA Water Quality Criteria 


for Protection of Human Health 


CWA Ambient Water Quality Criteria for 


Protection of Aquatic Life c/ 


Water and 


Fish Ingestion 


(mg/l) 


Fish Consumption



Only 



(mg/l)



Freshwater 


Acute/Chronic 


(mg/l) 


Marine 


Acute/Chronic 


(mg/l) 


SDWA/MCL Goal 


(mg/l) d/Chemical Name 


Heptachlor 2.8x10-07 2.9x10-07 5.2x10-04/3.8x10-06 5.3x10-05/3.6x10-06 
Hexachlorobenzene 7.2x10-07 7.4x10-07 
Hexacalorobutadiene 4.5x10-04 5x10-02 9.0x10-02/9.3x10-03* 3.2x10-02* 
alpha-Hexachlorocyclohexane (HCCH) 9.2x10-06 3.1x10-05 
gamma-HCCH (Lindane) 
Technical-HCCH 1.2x10-05 4.1x10-05 
Hexachlorocyclopentadiene 2.1x10-01 7.0x10-03*/5.2x10-03* 7.0x10-03* 
Hexachloroethane 1.9x10-03 8.74x10-03 9.8x10-01*/5.4x10-01* 9.4x10-01* 
Iodomethane 
Isophorone 1.17x10+02* 1.2x10+01* 
Lead and Compounds (Inorganic) 5x10-02 8.0x10-02/3.2x10-03* 0.1/5.6x10-03 
Mercury and Compounds (Alkyl) 2.4x10-03/1.2x10-05 2.14x10-03/2.5x10-05 
Mercury and Compounds (Inorganic) 1.4x10-04 1.5x10-04 2.4x10-03/1.2x10-05 2.1x10-03/2.5x10-05 
Methoxychlor 1x10-01 0.3x10-04* 0.3x10-04* 
Methyl Chloride 
2-Methyl-4-chlorophenol 
3-Methyl-4-chlorophenol 
3-Methyl-6-chlorophenol 
3-Monochlorophenol 
4-Monochlorophenol 
Nickel and Compounds 1.3x10-10 1x10-01 1.4+/1.6x10-01+ 7.5x10-02/8.3x10-03 
Nitrate (as N) 10 
Nitrobenzene 20 2.7x10+01* 6.6 
Nitrophenols 2.3x10-01*/1.5x10-01* 4.8* 
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EXHBIT 1-1 (continued) 


SELECTED CHEMICAL-SPECIFIC POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS a/ 


For Use In Special 
Potential ARARs b/ Circumstances 


CWA Water Quality Criteria 


for Protection of Human Health 


CWA Ambient Water Quality Criteria for 


Protection of Aquatic Life c/ 


Chemical Name 


Water and 


Fish Ingestion 


(mg/l) 


Fish Consumption



Only 



(mg/l)



Freshwater 


Acute/Chronic 


(mg/l) 


Marine 


Acute/Chronic 


(mg/l) 


SDWA/MCL Goal 


(mg/l) d/ 


Nitrosamines 5.8* 3.3x10+03* 
n-Nitrosodiphenylamine 4.9x10-03 1.6x10-02 
N-Nitrosopyrrolidine 1.6x10-05 9.2x10-02 
Para Dichorobenzene 
Pentachlorinated Ethanes 7.2*/1.1* 3.9x10-01*/2.8x10-01* 
Pentachlorobenzene 7.4x10-02 8.5x10-02 
Pentachlorophenol 1 2.0x10-02/1.3x10-02 1.3x10-02/7.9x10-03 
Phenanthrene 
Phenol 3.5 1.0x10+01/2.5 5.8 
Phthalate Esters 9.4x10-01*/3.0x10-03* 2.9*/3.4x10-03* 
Polychlorinated Biphenyls (PCBs) 7.9x10-08 7.9x10-08 2.0x10-03/1.4x10-05 1.0x10-02/3.0x10-05 
Radionuclides, Gross alpha activity 15 pCil 
Radium 226 and 228 5 pCi/l 
Selenium and Compounds 1.0x10-02 1.0x10-02 2.6x10-01/3.5x10-02 4.1x10-01/5.4x10-02 
Silver and Compounds 5.0x10-02 5.0x10-02 4.1x10-03+/1.2x10-04 2.3x10-03 
Strontium-90 8 pCi/l 
2,3,7,8-TCDD (Dioxin) <1.0x10-05*/<1.0x10-08 
Tetrachlorinated Ethanes 9.3* 
1,2,4,5-Tetrachlorobenzene 3.8x10-02 4.8x10-02 
1,1,2,2-Tetrachlorethane 1.7x10-04 1.1x10-02 2.4* 9.0* 
Tetrachloroethanes 9.3* 
Tetrchloroethylene 8x10-04 8.9x10-03 5.2*/8.4x10-01* 1.0x10+01*/4.5x10-01* 
2,3,4,6-Tetrachlorophenol 4.4x10-01 
Thallium Compounds 1.3x10-02 4.8x10-02 1.4*/4.0x10-02* 2.1x10-03* 
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EXHIBIT 1-1 (continued) 


SELECTED CHEMICAL-SPECIFIC POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS a/ 


For Use In Special 


Potential ARARs b/ Circumstances 


CWA Water Quality Criteria 


for Protection of Human Health 


CWA Ambient Water Quality Criteria for 


Protection of Aquatic Life c/ 


Water and 


Fish Ingestion 


(mg/l) 


Fish Consumption



Only 



(mg/l)



Freshwater 


Acute/Chronic 


(mg/l) 


Marine 


Acute/Chronic 


(mg/l) 


SDWA/MCL Goal 


(mg/l) d/Chemical Name 


Toluene 14 420 1.7x10+01* 6.3*/5.0* 
Toxaphene 7.1x10-07 7.3x10-07 7.3x10-04/2.0x10-07 2.1x10-04/2x10-7 
Tribromomethane (Bromoform) 
Trichlorinated Ethanes 1.8x10+01* 
1,1,1-Trichloroethane 18 1000 3.1x10+01* 2.0x10-01 
1,1,2-Trichloroethane 6x10-04 4.2x10-02 9.4* 
Trichloroethylene 2.7x10-03 8.1x10-02 4.5x10+01*/2.1x10+01* 2.0* 0 
Trichloromonofluoromethane 
2,4,5-Trichlorophenol 2.8 
2,4,6-Trichlorophenol 1.2x10-03 3.6x10-03 9.7x10-01* 
2,4,5-Trichlorophenoxypropionic Acid 
Trihalomethanes (Total) b 
Tritium 
Vinyl Chloride 2x10-03 5.3x10-01 0 
Zinc and Compounds 1.3x10-01/1.1x10-01 9.6x10-02/8.6x10-02 


a/ Additional chemical-specific requirements will be added (e.g. National Ambient Air Quality Criteria) after analysis of additional statutes. 


b/ When two or more values conflict, the lower value generally should be used. 


c/ Federal water quality criteria (FWQC) are not legally enforceable standards, but are potentially relevant and appropriate to CERCLA actions. CERCLA §121(d)(2)(B)(i) requires consideration 
of four factors when determining whether FWQC are relevant and appropriate: 1 the designated or potential use of the surface or groundwater, 2) the environmental media affected, 3) the 
purposes for which such criteria were developed, and 4) the latest information available. 
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d/ For water that is to be used for drinking, the MCLs set under the SDWA are generally the applicable or relevant and appropriate standards. A standard for drinking water more stringent than an 
MCL may be needed in special circumstances, such as where multiple contaminants in ground water or multiple pathways of exposure present extraordinary risks. In setting a level more stringent 
than the MCL in such cases, a site-specific determination should be made by considering MCLGs, the Agency’s policy on the use of appropriate risk ranges for carcinogens (10-04 to 10-7 
individual lifetime risk), levels of quantification, and other pertinent guidelines. Prior consultation with Headquarters is encouraged in such cases. 


* Lowest Observed Effect level. 
+ Hardness dependent criteria (100 mg/l used); refer to specific criteria documents for equations to calculate criteria based on other water hardness values. 


Sources: U.S. EPA, Superfund Public Health Evaluation Manual. EPA 540/1-86/060 (OSWER Directive 9285.4-1) October 1986 and U.S. EPA, Quality Criteria for Water 1986, EPA 440/5-86-
001, May 1986 (51 Federal Register 43665). 
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1.2.3.2 Location-Specific Requirements 


A site's location is a fundamental determinant of its impact on human health 
and the environment. Location-specific ARARs are restrictions placed on the 
concentration of hazardous substances or the conduct of activities solely because 
they are in specific locations. Some examples of special locations include 
floodplains, wetlands, historic places, and sensitive ecosystems or habitats. An 
example of a location-specific requirement is the substantive CWA §404 prohibitions 
of the unrestricted discharge of dredged or fill material into wetlands. 


Exhibit 1-2 provides a matrix of location-specific requirements, established 
under several statutes, that are potential ARARs. At present, the matrix contains 
requirements established under a number of different environmental statutes. As 
additional statutes are analyzed, the matrix will be expanded to include their 
location-specific requirements. 


The following location-specific requirements are included in the matrix: 


RCRA Location Reguirements. RCRA contains a number of explicit limitations on 
where on-site storage, treatment, or disposal of hazardous waste may occur. In 
addition to the location criteria already contained in RCRA regulations, the 
Hazardous and Solid Waste Amendments of 1984 (HSWA) also mandate the 
development of location requirements concerning vulnerable hydrogeology (see 
RCRA §3004(o)(7)). When those regulations are promulgated, they will be added 
to the matrix. It should be emphasized that guidance issued under RCRA also 
should be considered when necessary to achieve protectiveness, but is not 
binding (i.e., is not ARAR) for determining what actions should be taken at a 
particular location.14 HSWA land disposal restrictions also prohibit placement 
of hazardous wastes in certain formations (salt domes, salt bad formations, 
and underground mines or caves) and list certain wastes, which will be 
evaluated for prohibition by EPA under RCRA by August 8, 1988, June 8, 1989, 
and May 8, 1990 (40 CFR §265.18, 40 CPR Part 268) 


National Historic Preservation Act of 1966 (NHPA)*. Requires action to take 
into account effects on properties included in or eligible for the National 
Register of Historic Places and to minimize harm to National Historic 
Landmarks. 


14 RCRA guidance which may be considered includes: Permit Writers’ 
Guidance Manual for the Location of Hazardous Waste Land Storage and Disposal 
Facilities: Phase I, Criteria for Location Acceptability and Existing 
Regulations for Evaluating Locations  (final draft), February 1985; Permit 
Applicants’ Guidance Manual for the General Facility Standards of 40 CFR 264 , 
SW-968, October 1983; and Guidelines for Ground-Water Classification Under the 
EPA Ground-Water Protection Strategy , (final draft), December 1986. 
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*Endangered Species Act. Requires action to avoid jeopardizing the continued 
existence of listed endangered or threatened species or modification of their 
habitat. 


*Wilderness Act. Establishes nondegradation, maximum restoration, and 
protection of wilderness areas as primary management principles. 


*Fish and Wildlife Coordination Act. Requires action to protect fish and 
wildlife from actions modifying streams or areas affecting streams. 


*Wild and Scenic Rivers Act. Requires action to avoid adverse effects on 
designated wild or scenic rivers. 


*Coastal Zone Management Act. Requires activities affecting land or water uses 
in a coastal zone to certify noninterference with coastal zone management. 


Clean Water Act. Section 404 prohibits discharge of dredged or fill material 
into navigable waters without a permit. CERCLA on-site actions do not require 
a permit, but the substantive requirements of §404 regarding such a discharge 
would be ARAR.15 


40 CFR Part 6 Appendix A. Sets forth EPA policy for carrying out the 
provisions of Executive Orders 11988 (Floodplain Management) and 11990 
(Protection of Wetlands).16 


*These and other statutes will be addressed in a later addition to this manual. 


15 
Note that Section 118(a)(1) of the CWA as amended by the Water Quality Act 


(WQA) of 1987 specifically provides that the United States should seek to attain 
the goals of the Great Lakes Water Quality Agreement (GLWQA), with particular 
emphasis on the goals related to toxic pollutants. Section 118(a)(1) also 
provides that EPA should take the lead in the effort to meet the GLWQA goals. 
Accordingly, the GLWQA will be very pertinent to sites having discharges to the 
Great Lake drainage basin. 


16 
Executive orders are binding on the section of the government for which they 


are issued. 
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EXHIBIT 1-2 


SELECTED LOCATION-SPECIFIC POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS a/ 


Location Requirement Prerequisite Citation 


Within 61 meters (200 feet) of a fault New treatment, storage, or disposal of RCRA hazardous waste; treatment, storage, 40 CFR 264.18(a) 
displaced in Honocene time hazardous waste prohibited or disposal 


Within 100-year floodplain Facility must be designed, constructed, RCRA hazardous waste; treatment, storage, 40 CFR 264.18(b) 
operated, and maintained to avoid washout or disposal 


Within floodplain b/ Action to avoid adverse effects, minimize Action that will occur in a floodplain, i.e., Protection of floodplains, b/ (40 CFR 6, 
potential harm, restore and preserve natural lowlands, and relatively flat areas adjoining Appendix A); Fish and Wildlife Coordination 
and beneficial values inland and coastal waters and other flood Act (16 USC 661 et seq.); 40 CFR 6.302 


prone areas 


Within salt dome formation, underground Placement of non-containerized or bulk RCRA hazardous waste; placement 40 CFR 264.18(c) 
mine, or cave liquid hazardous waste prohibited 


Within area where action may cause Action to recover and preserve artifacts Alteration of terrain that threatens significant National Historical Preservation Act (16 USC 
irreparable harm, loss, or destruction of scientific, prehistorical, historical or Section 469); 36 CFR Part 65 
significant artifacts archaeological data 


Historic project owned or controlled by Action to preserve historic properties; Property included in or eligible for the National Historic Preservation Act, Section 
Federal agency planning of action to minimize harm to National Register of Historic Places 106 (16 USC 470 et seq.); 36 CFR Part 800 


National Historic Landmarks 


Critical habitat upon which endangered Action to conserve endangered species or Determination of presence of endangered or Endangered Species Act of 1973 (16 USC 
species or threatened species depends threatened species, including consultation threatened species 1531 et seq.) 50 CFR Part 200, 50 CFR part 


with the Department of Interior 402 Fish and Wildlife Coordination Act (16 
USC 661 et seq.(; 33 CFR Parts 320-330. 
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EXHIBIT 1-2 (Continued) 


SELECTED LOCATION-SPECIFIC POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS 


Location Requirement Prerequisite Citation 


Wetlands b/	 Action to prohibit discharge of dredged or 
fill material into wetlands without permit 


Action to avoid adverse effects, minimize 
potential harm, and preserve and enhance 
wetlands, to the extent possible (see 
discussion in section 3.4.4.1) 


Wilderness area	 Areas must be administered in such manner 
as will leave it unimpaired as wilderness and 
to preserve its wilderness 


Wildlife refuge Only actions allowed under the provisions of 
16 USC Section 668 dd(c) may be 
undertaken in areas that are part of the 
National Wildlife Refuge System 


Area affecting stream or river Action to protect fish or wildlife 


Within area affecting national wild, scenic, or Avoid taking or assisting in action that will 
recreational river have direct adverse effect on scenic river 


Within coastal zone	 Conduct activities in manner consistent with 
approved State management programs 


Within designated coastal barrier	 Prohibits any new Federal expenditure within 
the Coastal Barrier Resource System 


Wetland as defined in U.S. Army Corps of 
Engineers regulations 


Action involving construction of facilities or 
management of property in wetlands, as 
defined by 40 CFR Part 6, Appendix A, 
section 4 (j) 


Federally-owned area designated as 
wilderness area 


Area designated as part of National Wildlife 
Refuge System 


Diversion, channeling or other activity that 
modifies a stream or river and affects fish or 
wildlife 


Activities that affect or may affect any of the 
rivers specified in section 1276(a) 


Activities affecting the coastal zone including 
lands therein and thereunder and adjacent 
shorelands 


Activity within the Coastal Barrier Resource 
System 


Clean Water Act section 404; 40 CFR Parts 
230, 33 CFR Parts 320-330. 


40 CFR Part 6, Appendix A 


Wilderness Act (16 USC 1131 et seq.); 50 
CFR 35.1 st seq. 


16 USC 668dd et seq.; 50 CFR Part 27 


Fish and Wildlife Coordination Act (16 USC 
661 et seq.); 40 CFR 6.302 


Wild and Scenic Rivers Act (16 USC 1271 et 
seq. section 7 (a)); 40 CFR 6.302(e) 


Coastal Zone Management Act (16 USC 
Section 1451 et seq.) 


Coastal Barrier Resources Act (16 USC 3501 
et seq.) 


a/ Additional location-specific requirements will be added after analysis of additional sources and will be included in a subsequent draft of this manual. 


b/ 40 CFR Part 6 Subpart A sets forth EPA policy for carrying out the provisions of Executive Order 11988 (Floodplain Management) and 11990 (Protection of Wetlands). Executive orders are 
binding on the level (e.g., Federal, State) or government for which they are issued. 


* * * AUGUST 8, 1988 DRAFT * * * 


Word-searchable version – Not a true copy 







1-29 


1.2.3.3 Action-Specific Requirements 


Action-specific ARARs are usually technology- or activity-based requirements 
or limitations on actions taken with respect to hazardous wastes. These requirements 
are triggered by the particular remedial activities that are selected to accomplish 
a remedy. Since there are usually several alternative actions for any remedial site, 
very different requirements can come into play. These action-specific requirements 
do not in themselves determine the remedial alternative; rather, they indicate how a 
selected alternative must be achieved. 


Exhibit 1-3 provides a matrix of action-specific requirements established 
under the Resource Conservation and Recovery Act (RCRA) and the Clean Water Act. As 
the statute that is directed toward the management of hazardous waste, RCRA provides 
the largest number of pertinent action-specific requirements. However, detailed 
corrective action requirements, which would provide action-specific requirements for 
the types of actions most similar to CERCLA remedies, have not yet been promulgated. 
RCRA corrective action requirements and other action-specific requirements in other 
statutes will be added to subsequent drafts of this matrix as requirements are 
promulgated or as the other statutes are analyzed. 


The actions described in Exhibit 1-3 were identified as potential CERCLA 
remedial alternatives from past Records of Decision (RODs). The terms used below to 
describe remedial actions are explained more fully in later chapters. They include 
the following: 


Air Stripping 
Capping 
Closure with No Post-Closure Care (e.g., Clean Closure - removal or 


decontamination of all residuals such that health-based standards are met) 
Closure with Waste In Place (i.e., capping or disposal closure) 
Closure of Land Treatment Units

Consolidation within Unit

Consolidation between Units

Container Storage

Construction of New Landfill On-Site

Construction of New Surface Impoundment On-Site

Dike Stabilization

Discharge of Treatment System Effluent

Direct Discharge to Ocean

Discharge to Publicly Owned Treatment Works (POTW)

Discharge of Dredge and Fill Material to Waters of the U.S. or Ocean Waters

Dredging

Excavation

Gas Collection

Ground-Water Diversion
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Incineration (on-site)

Land Treatment 

Operation and Maintenance (O&M) (post-closure care)

Placement of Liquid Waste in Landfill

Placement of Waste in Land Disposal Unit

Slurry Wall

Surface Water Control

Tank Storage (on-site)

Treatment (in a unit)

Treatment (when waste will be land disposed)

Underground Injection of Wastes and Treated Ground Water

Waste Pile
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EXHIBIT 1-3 


SELECTED ACTION-SPECIFIC POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS a/ 


Actions b/ Requirements Prerequisites for Applicability c/ ,d/ Citation 


Air Stripping [CAA requirements to be provided.] 


Capping Placement of a cap over waste (e.g., closing a 
(See also Closure with Waste landfill, or closing a surface impoundment or 
in Place for additional 
associated requirements) 


waste pile as a landfill, or similar action) 
requires a cover designed and constructed to: 


B Provide long-term minimization of 
migration of liquids through the capped 
area; 


B Function with minimum maintenance; 
Promote drainage and minimize erosion or 
abrasion of the cover; 


B Accommodate settling and subsidence so 
that the cover’s integrity is maintained; and 


B Have a permeability less than or equal to the 
permeability of any bottom liner system or 
natural sub-soils present. 


RCRA hazardous waste placed at site after the 
effective date of the requirements, or placement of 
hazardous waste into another unit will make 
requirements applicable when the waste is being 
covered with a cap for the purpose of leaving it 
behind after the remedy is completed. Capping 
without such placement will not make requirements 
applicable. d/ 


40 CFR 264.288(a)

(Surface Impoundments)

40 CFR 264.258(b) (Waste

Piles)

40 CFR 264.310(a)

(Landfills)



a/ Currently only RCRA, CWA, and SDWA requirements are included. Additional action-specific requirements will be added as additional statutes are analyzed. 


b/ Action alternatives from ROD keyword index, FY1986 Record of Decision Annual Report , January 1987, Hazardous Site Control Division, EPA. 


c/ Requirements have been proposed but not promulgated for air stripping, hybrid closure, gas collection and miscellaneous unit treatment. When these regulations are promulgated, they 
will be included in the matrix. 


d/ Some action-specific requirements listed may be relevant and appropriate even if RCRA definitions of storage, disposal, or hazardous waste are not met, or if the waste at the site is 
similar to but not identifiable as a RCRA hazardous waste. See Chapter 2 for information on relevant and appropriate RCRA requirements. 
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EXHIBIT 1-3 (continued) 


SELECTED ACTION-SPECIFIC POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS a/ 


Actions b/ Requirements Prerequisites for Applicability c/ ,d/ Citation 


Capping (continued)	 Eliminate free liquids, stabilize wastes 
before capping (surface impoundments). 


Restrict post-closure use of property as 
necessary to prevent damage to the cover. 


Prevent run-on and run-off from damaging 
cover. 


Protect and maintain surveyed benchmarks 
used to locate waste cells (landfills, waste 
piles). 


Closure with No Post-Closure General performance standard requires 
Care  (e.g. Clean Closure) elimination of need for further maintenance 


and control; elimination of post-closure 
escape of hazardous waste, hazardous 
constituents, leachate, contaminated run-off, 
or hazardous waste decomposition products. 


Disposal or decontamination of equipment, 
structure, and soils. 


Removal or decontamination of all waste 
residue, contaminated containment system 
components (e.g., liners, dikes), 
contaminated subsoils, and structures and 
equipment contaminated with waste and 
leachate, and management of them as 
hazardous waste. 


Meet health-based levels at unit. 


Applicable to land-based unit containing hazardous 
waste. d/ Applicable to RCRA hazardous waste (listed or 
characteristic) placed at site after the effective date of the 
requirements, or placed into another unit. Not applicable 
to material treated, stored, or disposed only before the 
effective date of the requirements, or if treated in-situ, or 
consolidated within area of contamination. Designed for 
cleanup that will not require long-term management. 
Designed for cleanup to health-based standards. 


May apply to surface impoundments and container or 
tank liners and hazardous waste residues, and to 
contaminated soil, including soil from dredging or soil 
disturbed in the course of drilling or excavation, and 
returned to land. 


40 CFR 264.228(a) 


40 CFR 264.117(c) 


40 CFR 264.228(b) 
40 CFR 264.310(b) 


40 CFR 264.310(b) 


40 CFR 264.111 


40 CFR 264.111 
40 CFR 264.178 
40 CFR 264.197 
40 CFR 264.288(o) (1) and 
40 CFR 264.258 


40 CFR 244.111 


d/ Some action-specific requirements listed may be relevant and appropriate even if RCRA definitions of storage, disposal, or hazardous waste are not met, or if the waste at the site 
is similar to but not identifiable as a RCRA hazardous waste. See Chapter 2 for information on relevant and appropriate RCRA requirements. 
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EXHIBIT 1-3 (continued) 


SELECTED ACTION-SPECIFIC POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS a/ 


Actions b/ Requirements Prerequisites for Applicability c/ ,d/ Citation 


Closure with Waste In Place 


Closure of Land Treatment 
Units 


Consolidation within a Unit 


Eliminate free liquids by removal or 
solidification. 


Stabilization of remaining waste and 
waste residues to support cover. 


Installation of final cover to provide 
long-term minimization of infiltration 
(see Capping). 


30-year post-closure care and 
groundwater monitoring. e/ 


Maximize degradation, transformation, or 
immobilization of hazardous constituents 
within the treatment zone, minimize run-
off of constituents, maintain run-on 
control system and run-off management 
system, control wind dispersal of 
hazardous waste, maintain unsaturated 
zone monitoring, establish vegetative 
cover, and establish background soil 
values to determine consistency with 
permit values. 


None applicable. d/ 


Applicable to land disposal of hazardous waste. d/ 


Applicable to RCRA hazardous waste (listed or 
characteristic) placed at site after the effective date of 
the requirements, or placed into another unit. Not 
applicable to material treated, stored, or disposed only 
before the effective date of the requirements, or if 
treated in-situ or consolidated within area of 
contamination. 


Closure of land treatment units. 


Consolidation within a unit. f/ 


40 CFR 264.228(a)(2) 
40 CFR 264.228(a)(2) 
40 CFR 264.258(b) 


40 CFR 264.310 


40 CFR 264.310 


40 CFR 264.280 


e/ Regional administrator may revise length of post-closure care period (40 CFR 264.117). 
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EXHIBIT 1-3 (continued) 


SELECTED ACTION-SPECIFIC POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS a/ 


Actions b/ Requirements Prerequisites for Applicability c/ ,d/ Citation 


Consolidation between Units	 With respect to the waste that is moved, 
see requirements in the following 
sections: Capping, Closure with Waste in 
Place, Container Storage, Construction of 
a New Landfill On-Site, Construction of a 
New Surface Impoundment On-Site, 
Incineration (On-Site), Land Treatment, 
Operation and Maintenance, Tank 
Storage, and Treatment. 


Container Storage	 Containers of RCRA hazardous waste 
must be: 


B Maintained in good condition; 


B Compatible with hazardous waste to be 
stored; and 


B Closed during storage (except to add or 
remove waste). 


Inspect container storage areas weekly for 
deterioration. 


Place containers on a sloped, crack-free 
base, and protect from contact with 
accumulated liquid. Provide containment 
system with a capacity of 10 percent of 
the volume of containers of free liquids. 
Remove spilled or leaked waste in a 
timely manner to prevent overflow of the 
containment system. 


Movement of hazardous waste and placement into 
another unit. 


Storage of RCRA hazardous waste (listed or 
characteristic) not meeting small quantity generator 
criteria held for a temporary period greater than 90 
days before a treatment, disposal, or storage elsewhere 
(40 CFR 264.10), in a container (i.e., any portable 
device in which a material is stored, transported, 
disposed of, or handled). A generator who 
accumulates or stores hazardous waste on-site for 90 
days or less in compliance with 40 CFR 262.34(a)(1-
4) is not subject to full RCRA storage requirements. 
Small quantity generators are not subject to the 90 day 
limit (40 CFR 262.34(c),(d), and (e)). 


See Capping, Closure with Waste 
in Place, Container Storage, 
Construction of a New Landfill 
On-Site, Construction of a New 
Surface Impoundment On-Site, 
Incineration (On-Site), Land 
Treatment, Operation and 
Maintenance, Tank Storage, and 
Treatment in this exhibit. 


40 CFR 264.171 


40 CFR 264.172 


40 CFR 264.173 


40 CFR 264.174 


40 CFR 264.175 


f/ In many cases, there are no defined “units” at a CERCLA site. Instead, there are areas of contamination with differing concentration levels (including hot spots) of hazardous substances, 
pollutants, or contaminants. When RCRA hazardous wastes are moved into or out of an area of contamination, RCRA disposal requirements are applicable to the waste being managed and 
certain treatment, storage, or disposal requirements (such as for closure) are applicable to the area where the waste is received. 
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EXHIBIT 1-3 (continued) 


SELECTED ACTION-SPECIFIC POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS a/ 


Actions b/ Requirements Prerequisites for Applicability c/ ,d/ Citation 


Container Storage 
(continued) 


Construction of New Landfill On-
Site  (see Closure with Waste in 
Place). 


Keep containers of ignitable or reactive 
waste at least 50 feet from the facility’s 
property line. 


Keep incompatible materials separate. 
Separate incompatible materials stored 
near each other by a dike or other barrier. 


At closure, remove all hazardous waste 
and residue from the containment system, 
and decontaminate or remove all 
containers, liners. 


Storage of banned wastes must be in 
accordance with 40 CFR 268. When such 
storage occurs beyond one year, the 
owner/operator bears the burden or 
proving that such storage is solely for the 
purpose of accumulating sufficient 
quantities to allow for proper recovery, 
treatment, and disposal. 


Minimum Technology Requirements : 


Install two liners or more, a top liner that 
prevents waste migration into the liner, 
and a bottom liner that prevents waste 
migration through the liner.h/ 


Install leachate collection systems above 
and between the liners. 


RCRA hazardous waste (listed or characteristic) 
currently being placed in a new, replacement, or 
expanded landfill. 


40 CFR 264.176 


40 CFR 264.177 


40 CFR 264.178 


40 CFR 268.50 


40 CFR 264.301 


40 CFR 264.301 


h/ Landfill units meeting the requirements of 40 CFR 264.310(f) are not subject to RCRA minimum technology requirements. 
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EXHIBIT 1-3 (continued) 


SELECTED ACTION-SPECIFIC POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS a/ 


Actions b/ Requirements Prerequisites for Applicability c/ ,d/ Citation 


Construction of New Landfill 
(see Closure with Waste in Place). 
(continued) 


Construct run-on and run-off control 
system capable of handling the peak 
discharge of a 25-year storm. 


Control wind dispersal of particulates. 


Operation and maintenance. 


Close each cell with a final cover after the 
last waste has been received. 


Ground-water Monitoring 


Establish a detection monitoring program 
(264.98). Establish a compliance 
monitoring program (264.99) and 
corrective action monitoring program 
(264.100) when required by 40 CFR 
264.91. All monitoring program must 
meet RCRA general ground-water 
monitoring requirements (264.97) 


40 CFR 264.301 


40 CFR 264.301 


40 CFR 264.303-304 


40 CFR 264.310 


Creation of a new landfill unit to treat, store, or 40 CFR 264.91- 264.100

dispose of RCRA hazardous wastes as part of a

response action.
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EXHIBIT 1-3 (continued) 


SELECTED ACTION-SPECIFIC POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS a/ 


Actions b/ Requirements Prerequisites for Applicability c/ ,d/ Citation 


Construction of a New Surface 
Impoundment (see Closure with 
Waste in Place and Closure with 
no Post-Closure Care) 


Minimum Technology Requirements: 


Use two liners, a top liner that prevents 
waste migration into the liner and a 
bottom liner that prevents waste 
migration through the liner (throughout 
the post-closure period). 


Design liners to prevent failure due to 
pressure gradients, contact with the waste, 
climatic conditions, and the stress of 
installation and daily operations. 


Provide a leachate collection system 
between the two liners. 


Use a leak detection system that will 
detect leaks at the earliest possible time. 


Ground-water Monitoring 


Establish a detection monitoring program 
(264.98). Establish a compliance 
monitoring program (264.99) and 
corrective action monitoring program 
(264.100) when required by 40 CFR 
264.91. All monitoring program must 
meet RCRA general ground-water 
monitoring requirements (264.97) 


RCRA hazardous waste (listed or characteristic) currently 
being placed in a new surface impoundment, or use of 
replacement or lateral extension of existing landfills or 
surface impoundments. 


Creation of a new landfill unit to treat, store, or dispose of 
RCRA hazardous wastes as part of a remedial action. 


40 CFR 264.220 


40 CFR 264.221 


40 CFR 264.221 


40 CFR 264.221 


40 CFR 264.91-264.100 
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EXHIBIT 1-3 (continued) 


SELECTED ACTION-SPECIFIC POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS a/ 


Actions b/ Requirements Prerequisites for Applicability c/ ,d/ Citation 


Dike Stabilization	 Design and operate facility to prevent Existing surface impoundment containing 
overtopping due to overfilling: wind and wave hazardous waste, or creation of a new surface 
action; rainfall; run-on; malfunction of level impoundment. 
controllers, alarms, and other equipment; and 
human error. 


Construct dikes with sufficient strength to prevent 
massive failure. 


Inspect liners and cover systems during and after 
construction. 


Inspect weekly for proper operation and integrity 
of the containment devices. 


Remove surface impoundment from operation if 
the dike leaks or there is a sudden drop in liquid 
level. 


At closure, remove or decontaminate all waste 
residues and contaminated materials. Otherwise, 
free liquids must be removed, the remaining 
wastes stabilized, and the facility closed in the 
same manner as a landfill. 


Manage ignitable or reactive wastes so that it is 
protected from materials or conditions that may 
cause it to ignite or react. 
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EXHIBIT 1-3 (continued) 


SELECTED ACTION-SPECIFIC POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS a/ 


Actions b/ Requirements Prerequisites for Applicability c/ ,d/ Citation 


Discharge of Treatment System 
Effluent 


Best Available Technology: 


Use of best available technology (BAT) 
economically achievable is required to 
control toxic and nonconventional 
pollutants. Use of best conventional 
pollutant control technology (BCT) is 
required to control conventional pollutants. 
Technology-based limitations may be 
determined on a case-by-case basis. 


Water Quality Standards : 


Applicable Federally approved State water 
quality standards must be complied with. 
These standards may be in addition to or 
more stringent than other Federal standards 
under the CWA. k/ 


Discharge limitations must be established at 
more stringent levels than technology-based 
standards for toxic pollutants. 


Best Management Practices: 


Develop and implement a Best Management 
Practices program to prevent the release of 
toxic constituents to surface waters. 


Point source discharge to waters of the United 40 CFR 122.44(a) 
States. i/ j/ 


40 CFR 122.44 and State 
regulations approved 
under 40 CFR 131 


40 CFR 122.44 (e) 


40 CFR 125.100 


i/ “Waters of the U.S.” is defined broadly in 40 CFR 122.2 and includes essentially any water body and wetland. 


j/ Section 121 of SARA exempts on-site CERCLA activities from obtaining permits. However, the substantive requirements of a law or regulation must be met. In particular, on-site 
discharges to surface waters are exempt from procedural NPDES permit requirements. Off-site dischargers would be required to apply for and obtain an NPDES permit. 


k/ Federal Water Quality Criteria may be relevant and appropriate depending on the designated or potential use of the water, the media affected, the purposes of the criteria, and current 
information. (CERCLA §121(d)(2)(B)(i)) Federal Water Quality Criteria for the protection of aquatic life will be relevant and appropriate when environmental factors (e.g., protection of 
aquatic organisms) are being considered. (50 FR 30784 [July 29, 1985]). 
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EXHIBIT 1-3 (continued) 


SELECTED ACTION-SPECIFIC POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS a/ 


Actions b/ Requirements Prerequisites for Applicability c/ ,d/ Citation 


Discharge of Treatment System The Best Management Practices program 
Effluent (continued) must: 


B Establish specific procedures for the 
control of toxic and hazardous pollutant 
spills. 


B Include a prediction of direction, rate of 
flow, and total quantity of toxic pollutants 
where experience indicates a reasonable 
potential for equipment failure. 


B Assure proper management of solid and 
hazardous waste in accordance with 
regulations promulgated under RCRA. 


Monitoring Requirements: 


Discharge must be monitored to assure 
compliance. Discharge will monitor: 


B The mass of each pollutant 
B The volume of effluent 
B Frequency of discharge and other 


measurements as appropriate 


Approved test methods for waste constituent 
to be monitored must be followed. Detailed 
requirements for analytical procedures and 
quality controls are provided. 


Sample preservation procedures, container 
materials, and maximum allowable holding 
times are prescribed. 


Discharge to waters of the U.S. j/ 40 CFR 125.104 


40 CFR 122.41(i) 


40 CFR 136.1-136.4 


j/ Section 121 of SARA exempts on-site CERCLA activities from obtaining permits. However, the substantive requirements of a law or regulation must be met. In particular, 
on-site discharges to surface waters are exempt from procedural NPDES permit requirements. Off-site dischargers would be required to apply for and obtain an NPDES permit. 
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EXHIBIT 1-3 (continued)



SELECTED ACTION-SPECIFIC POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS a/



Actions b/ Requirements Prerequisites for Applicability c/ ,d/ Citation 


Discharge of Treatment System Comply with additional substantive 
Effluent (continued) conditions such as: 


B Duty to mitigate any adverse effects of any 
discharge; and 


B Proper operation and maintenance of 
treatment systems. 


Direct Discharge to Ocean	 Discharges causing “unreasonable degradation 
of the marine environment” are not permitted. 


A determination of whether a discharge will 
cause reasonable degradation of the marine 
environment must be made, based on 
consideration of: 


B Quantity, composition, or persistence of 
pollutants to be discharged; 


B Potential transport of pollutants by 
biological, chemical, or physical 
processes; 


B Composition and vulnerability of exposed 
communities; 


B Importance of the receiving water to 
spawning, migratory paths, and surrounding 
biological community; 


B Existence of special aquatic sites; 


B Impact on human health and commercial 
fishing; 


40 CFR 122.41(i) 


Discharge to the marine environment. l/ 40 CFR 125.123(b) 


40 CFR 125.122 


l/ CWA §403 requires that an NPDES permit be issued for discharges into marine waters, including territorial seas, the contiguous zone, and the oceans. (40 CFR 122.2.) A permit is 
not required if point of discharge is on-site. 
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EXHIBIT 1-3 (continued) 


SELECTED ACTION-SPECIFIC POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS a/ 


Actionsb/ Requirements Prerequisites for Applicability c/ ,d/ Citation 


Direct Discharge to Ocean B Applicable requirements of the Coastal 
(continued)	 Zone Management Plan (see Vol. 3 of 


this manual); and 


B Marine Water Quality Criteria developed 
under CWA §304(a)(1). 


Comply with the limiting permissible 
concentrations (LPCs) at the mixing zone 
boundary that are established in the permit. 


Discharge to Publicly Owned Discharge of pollutants that pass-through 
Treatment Works (POTW) (off- the POTW without treatment, interfere with 
site activity, see footnote m/)	 POTW operation, contaminate POTW 


sludge, or endanger health/safety of POTW 
workers, is prohibited. 


Specific prohibitions preclude the 
discharge of pollutants to POTWs that: 


B Create a fire or explosion hazard in the 
POTW; 


B Will cause corrosive structural change to 
POTW; 


B Obstruct flow resulting in interference; 


B Are discharged at a flow rate and/or 
concentration that will result in 
interference; and 


B Increase the temperature of waste-water 
entering the treatment plant that would 
result in interference, but in no case raise 
the POTW influent temperature above 
104EF (40EC). 


40 CFR 125.123(d)(1) 


Indirect discharge to a POTW. 40 CFR 403.5 


m/ Discharge to POTWs is considered an off-site activity (see p. 3-21 for discussion of requirements); therefore, requirements related to discharge to a POTW are not ARARs, but 
are included in this exhibit for reference. Off-site actions must comply with all legally applicable requirements, both substantive and administrative. The concept of “relevant and appropriate” 
is not available for off-site actions. 
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EXHIBIT 1-3 (continued)



SELECTED ACTION-SPECIFIC POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS a/



Actions b/ Requirements Prerequisites for Applicability c/ ,d/ Citation 


Discharge to Publicly 
Owned Treatment Works 
(POTW) (continued) 


Discharge of Dredge and 
Fill Material to Waters of 
the U.S. or Ocean Waters 


B Discharge must comply with local POTW pretreatment 
program, including POTW-specific pollutants, spill 
prevention program requirements, and reporting and 
monitoring requirements. 


B RCRA permit-by-rule requirements (including 
corrective action where the NPDES permit was issued 
after November 8, 1984) must be complied with for 
discharges of RCRA hazardous wastes to POTWs. 


The four conditions that must be satisfied before dredge 
and fill is an allowable alternative are: 


B There must be no practical alternative. 


B Discharge of dredged or fill material must not cause a 
violation of State water quality standards, violate any 
applicable toxic effluent standards, jeopardize an 
endangered species, or injure a marine sanctuary. 


B No discharge shall be permitted that will cause or 
contribute to significant degradation of the water. 


B Appropriate steps to minimize adverse effects must be 
taken. 


Determine long- and short-term effects on physical, 
chemical, and biological components of the aquatic 
ecosystem. 


Transport of RCRA hazardous wastes to POTWs by 
truck, rail, or dedicated pipe (i.e., pipe solely 
dedicated for hazardous waste [as defined in 40 CFR 
264] which discharges from within the boundaries of 
the CERCLA site to within the boundaries of the 
POTW). 


Capping, dike stabilization, construction of beams 
and levees, and disposal of contaminated soil, waste 
material or dredged material are examples of 
activities that may involve a discharge of dredged or 
fill material. 


40 CFR 403.5 and local 
POTW regulations 


40 CFR 270.60 


40 CFR 230 
33 CFR 320-330 
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EXHIBIT 1-3 (continued) 


SELECTED ACTION-SPECIFIC POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS a/ 


Actions b/ Requirements Prerequisites for Applicability c/ ,d/ Citation 


Dredging Removal of all contaminated soil. 


Dredging must comply with Section 10 of the Rivers 
and Harbors Act and U.S. Army Corps of Engineers 
regulations. 


Excavation	 Movement of excavated materials to new location 
and placement in or on land will trigger land disposal 
restrictions for the excavated waste or closure 
requirements for the unit in which the waste is being 
placed. 


Area from which materials are excavated may require 
cleanup to levels established by closure requirements. 


Gas Collection [CAA requirements to be provided.] 


Ground-Water Diversion	 Excavation of soil for construction of slurry wall 
may trigger closure or land disposal restrictions. 


Incineration Analyze the waste feed. 


Dispose of all hazardous waste and residues, 
including ash, scrubber water, and scrubber sludge. 


No further requirements apply to incinerators that 
only burn wastes that are listed as hazardous solely 
by virtue of combination with other wastes, and if 
the waste analysis demonstrates that no Appendix VII 
constituent is present that might reasonably be 
expected to be present. 


RCRA hazardous waste placed at site after the 
effective date of the requirements, or placed into 
another unit. 


Dredging in navigable waters of the United States. 


Materials containing RCRA hazardous wastes subject 
to land disposal restrictions are placed in another 
unit. 


RCRA hazardous waste placed at site after the 
effective date of the requirements. 


Materials containing RCRA hazardous waste subject 
to land disposal restrictions are placed into another 
unit. 


RCRA hazardous waste. 


See Closure in this 
Exhibit. 


33 U.S.C. 403 
33 CFR 320-330 


40 CFR 268 (Subpart D) 


See Closure in this 
Exhibit. 


See Consolidation in this 
Exhibit. 


40 CFR 264.341 


40 CFR 264.351 


40 CFR 264.340 
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EXHIBIT 1-3 (continued) 


SELECTED ACTION-SPECIFIC POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS a/ 


Actions b/ Requirements Prerequisites for Applicability c/ ,d/ Citation 


Incineration (continued) Performance standards for incinerators: RCRA hazardous waste. 40 CFR 264.343 


B Achieve a destruction and removal efficiency of 
99.99 percent for each principal organic hazardous 
constituent in the waste feed and 99.9999 percent 
for dioxins: 


B Reduce hydrogen chloride emissions to 1.8 kg/hr 40 CFR 264.342 
or 1 percent of the BC1 in the stack gases before 
entering any pollution control devices; and 


B Not release particulate in excess of 180 mg/dscm 40 CFR 264.343 
corrected for amount of oxygen in stack gas. 


Monitoring of various parameters during operation 40 CFR 264.343

of the incinerator is required.

These parameters include:



B Combustion temperature;

B Waste feed rate;

B An indicator of combustion gas velocity; and

B Carbon monoxide.



Control fugitive emissions either by: 40 CFR 264.345 


B Keeping combustion zone sealed or 
B Maintaining combustion-zone pressure lower than 


atmospheric pressure 


Utilize automatic cutoff system to stop waste feed 
when operating conditions deviate. 
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EXHIBIT 1-3 (continued) 


SELECTED ACTION-SPECIFIC POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS a/ 


Actions b/ Requirements Prerequisites for Applicability c/ ,d/ Citation 


Incineration (continued)	 Special performance standard for incineration of 
PCBs: 


B Achieve a destruction and removal efficiency of 
99.9999 percent; 


B Either 2 second dwell time at 1200 degrees 
CE(±100) and 3 percent excess oxygen in stack 
gas; or 1.5 second dwell time at 1600 degrees C. 
and 2 percent excess oxygen in stack gas; and 


B For non-liquid PCBs, mass air emissions from the 
incinerator shall be no greater than 0.001 g. KB 
per kg of the PCBs entering the incinerator. 


Land Treatment	 Prior to land treatment, the waste must be treated to 
BDAT levels or meet a no migration standard. 


Ensure that hazardous constituents are degraded, 
transformed, or immobilized within the treatment 
zone. 


Maximum depth of treatment zone must be no more 
than 1.5 meters (5 feet) from the initial soil surface 
and more than 1 meter (3 feet) above the seasonal 
high water table. 


Demonstrate that hazardous constituents for each 
waste can be completely degraded, transformed, or 
immobilized in the treatment zone. 


Minimize run-off of hazardous constituents. 


Maintain run-on/run-off control and management 
system. 


Liquid and non-liquid PCBs at concentrations of 50 40 CFR 761.70 
ppm or greater. 


RCRA hazardous waste being treated or placed into 
another unit. 


40 CFR 264.271 


40 CFR 264.271 


40 CFR 264.271 


40 CFR 264.273 


40 CFR 264.273 
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EXHIBIT 1-3 (continued) 


SELECTED ACTION-SPECIFIC POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS a/ 


Actions b/ Requirements Prerequisites for Applicability c/ ,d/ Citation 


Land Treatment (continued) 


Operation and Maintenance 
(O&M) 


Placement of Liquid Waste in 
Landfill 


Placement of Waste in Land 
Disposal Unit 


Special application conditions if food-chain crops 
are grown in or on treatment zone. 


Unsaturated zone monitoring. 


Special requirements for ignitable or reactive 
waste. 


Special requirements for incompatible wastes. 


Special testing and location requirements for 
certain hazardous wastes. 


30-year post-closure care to ensure that site is 
maintained and monitored. 


Liquids in Landfills Prohibition: 


No bulk or non-containerized liquid hazardous 
waste or hazardous waste containing free liquids 
may be disposed of in landfills. 


Containers holding free liquids may not be placed 
in a landfill unless the liquid is mixed with an 
absorbent or solidified. 


Land Disposal Restrictions: 


Attain land disposal “treatment standards” before 
putting waste into landfill in order to comply with 
land ban restrictions. A treatment standard can be 
either: (1) a concentration level to be achieved 
(performance-based) or (2) a specified technology 
that must be used (technology-based). If the 
standard is performance-based, any technology 
can be used to achieve the standard. (See 
Treatment when Waste will be Land Disposed.) 


40 CFR 264.276 


40 CFR 264.278 


40 CFR 264.281 


40 CFR 264.282 


RCRA waste #s F020, F021, F022, F023, F026, F027 40 CFR 264.283 
(dioxin-containing wastes). 


Land disposal closure. 40 CFR 264.310 


Placement of a bulk or non-containerized RCRA 40 CFR 264.314 
hazardous waste in a landfill. 


40 CFR 264.314 


Placement of RCRA hazardous waste in a landfill, 40 CFR 268 (Subpart D)

surface impoundment, waste pile, injection well, land

treatment facility, salt dome formation, salt bed

formation, or underground mine or cave.
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EXHIBIT 1-3 (continued) 


SELECTED ACTION-SPECIFIC POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS a/ 


Actions b/ Requirements Prerequisites for Applicability c/ ,d/ Citation 


Slurry Wall	 Excavation of soil for construction of 
slurry wall may trigger land disposal 
restrictions. 


Surface Water Control	 Prevent run-on and control and collect 
run-off from a 24-hour 25-year storm 
(waste piles, land treatment facilities, 
landfills). 


Prevent over-topping of surface 
impoundment. 


Tank Storage (On-Site)	 Tanks must have sufficient structural 
strength to ensure that they do not 
collapse, rupture, or fail. 


Waste must not be incompatible with the 
tank material unless the tank is protected 
by a liner or by other jeans. 


Tanks must be provided with secondary 
containment and controls to prevent 
overfilling, and sufficient freeboard 
maintained in open tanks to prevent 
overtopping by wave action or 
precipitation. 


Inspect the following: overfilling control, 
control equipment, monitoring data, waste 
level (for uncovered tanks), tank 
condition, above-ground portions of tanks 
(to assess their structural integrity), and the 
area surrounding the tank (to identify signs 
of leakage). 


Repair any corrosion, crack, or leak. 


Materials containing RCRA hazardous waste subject 
to land disposal restrictions are placed in another 
unit. (See Treatment section for LDR schedule. Also 
see Consolidation, Excavation sections in this 
Exhibit.) 


RCRA hazardous waste treated, stored, or disposed 
after the effective date of the requirements. 


Storage of RCRA hazardous waste (listed or 
characteristic) not meeting small quantity generator 
criteria held for a temporary period greater than 90 
days before treatment, disposal, or storage elsewhere 
(40 CFR 264.10), in a tank(i.e., any portable device 
in which a material is stored, transported, disposed 
of, or handled). A generator who accumulates or 
stores hazardous waste on-site for 90 days or less in 
compliance with 40 CFR 262.34(a)(1-4) is not 
subject to full RCRA storage requirements. Small 
quantity generators are not subject to the 90 day limit 
(40 CFR 262.34(c), (d), and (e)). 


40 CFR 264.251(c).(d) 
40 CFR 264.273(c).(d) 
40 CFR 264.301(c).(d) 


40 CFR 264.221 (c) 


40 CFR 264.190 


40 CFR 264.191 


40 CFR 264.193-194 


40 CFR 264.195 


40 CFR 264.196 
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EXHIBIT 1-3 (continued) 


SELECTED ACTION-SPECIFIC POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS a/ 


Actions b/ Requirements Prerequisites for Applicability c/ ,d/ Citation 


Tank Storage (On-Site) 
(continued) 


Treatment (in a unit) 


At closure, remove all hazardous waste 
and hazardous waste residues from tanks, 
discharge control equipment, and 
discharge confinement structures. 


Store ignitable and reactive waste so as to 
prevent the waste from igniting or 
reacting. Ignitable or reactive wastes in 
covered tanks must comply with buffer 
some requirements in “Flammable and 
Combustible Liquids Code.” Tables 2-1 
through 2-6 (National Fire Protection 
Association, 1976 or 1981). 


Storage Prohibitions: 


Storage of banned waste must be in 
accordance with 40 CFR 268. When such 
storage occurs beyond one year, the 
owner/operator bears the burden of 
proving that such storage is solely for the 
purpose of accumulating sufficient 
quantities to allow for proper recovery, 
treatment and disposal. 


Design and operating standards for unit 
in which hazardous waste is treated. (See 
citations at right for design and operating 
requirements for specific unit.) 


40 CFR 264.197 


40 CFR 264.198 


40 CFR 268.50 


Treatment of hazardous waste in a unit.	 40 CFR 264.190- 264.192 
(Tanks) 
40 CFR 264.221 (Surface 
Impoundments) 
40 CFR 264.251 (Waste Piles) 
40 CFR 264.273 (Land Treatment 
Unit) 
40 CFR 264.343- .345 

(Incinerators)

40 CFR 264.601 (Miscellaneous

Treatment Units)

40 CFR 265.373 (Thermal

Treatment Units)
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EXHIBIT 1-3 (continued) 


SELECTED ACTION-SPECIFIC POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS a/ 


Actions b/ Requirements Prerequisites for Applicability c/ ,d/ Citation 


Treatment (when Waste will be 
Land Disposed) 


Treatment of waste subject to ban on land 
disposal must attain levels achievable by best 
demonstrated available treatment 
technologies (BDAT) for each hazardous 
constituent in each listed waste, if residual is 
to be land disposed. If residual is to be 
further treated, initial treatment and any 
subsequent treatment that produces residual 
to be treated need not be BDAT, if it does not 
exceed value in CCWE (Constituent 
Concentration in Waste Extract) Table, for 
each applicable water. (See 51 FR 40642, 
November 6, 1986.) 


Disposal of contaminated soil and debris resulting 
from CERCLA response actions or RCRA 
corrective actions is not subject to land disposal 
prohibitions and/or treatment standards for 
solvents, dioxins, or California list wastes until 
November 8, 1990 (and for certain first third 
wastes until August 8, 1990). 


All wastes listed as hazardous in 40 CFR Part 261 
as of November 8, 1984, except for spent solvent 
wastes and dioxin-containing wastes, have been 
ranked with respect to volume and intrinsic 
hazards, and are scheduled for land disposal 
prohibition and/or treatment standard 


40 CFR 268.10 
40 CFR 268.11 
40 CFR 268.12 
40 CFR 268.41 
40 CFR 268 (Subpart D) 


51 FR 40641 
52 FR 25760 


determinations as follows: 


Solvents and dioxins 
California list wastes 
One-third of all ranked and 


hazardous wastes 
Underground injection of 


solvents and dioxins and 
California list wastes 


CERCLA response action and 
RCRA corrective action soil 
and debris 


Two-thirds of all ranked and 
listed hazardous wastes 


All remaining ranked and 
listed hazardous wastes 
identified by characteris
tic under RCRA section 
3001 


Any hazardous waste listed 
or identified under RCRA 
section 3001 after 
November 8, 1984 


Nov. 8, 1986 
July 8, 1987 
Aug. 8, 1988 


Aug. 8, 1988 


Nov. 8, 1988 


July 8, 1989 


May 8, 1990 


Within 6 mos. 
of the date of 
identification 
or listing. 


* 
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EXHIBIT 1-3 (continued) 


SELECTED ACTION-SPECIFIC POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS a/ 


Actions b/ Requirements Prerequisites for Applicability c/ ,d/ Citation 


Treatment (when Waste will be 
Land Disposed) (continued) 


Underground Injection of 
Wastes and Treated Ground 
Water 


BDAT standards for spent solvent wastes 
and dioxin-containing wastes are based on 
one of four technologies or combinations: 
for waste waters, (1) steam stripping, (2) 
biological treatment, or (3) carbon 
absorption [alone or in combination with 
(1) or (2)]; and for all other wastes, (4) 
incineration. Any technology may be used, 
however, if it will achieve the 
concentration levels specified. 


UIC program prohibits: 


B Injection activities that allow movement 
of contaminants into underground 
sources of drinking water which may 
result in violations of MCLs or adversely 
affects health. 


B Construction of new Class IV wells, and 
operation and maintenance of existing 
wells. 


Class IV wells are banned except for 
reinjection of treated ground water into the 
same formation from which it was 
withdrawn, as part of a CERCLA cleanup 
or RCRA corrective action. 


Approved UIC program is required in States listed 
under SDWA section 1422. (All States have been 
listed.) Class I wells and Class IV wells are the 
relevant classifications for CERCLA sites. Class I 
wells are used to inject hazardous waste, beneath 
the lowermost formation containing, within one 
quarter mile, an underground source of drinking 
water (USDW). n/ Class IV wells are used to inject 
hazardous or radioactive waste into or above a 
formation which contains, within one quarter mile 
of the well, an underground source of drinking 
water. 


40 CFR 268.30 
RCRA Sections 3004(d)(3), 


(e)(3) 
42 U.S.C. 6924 (d)(3), 


(e)(3) 


40 CFR 144.12 


40 CFR 144.13 


40 CFR 144.13(c) 


n/ An underground source of drinking water (USDW) is a non-exempted aquifer or its portion which: (1) supplies any public water system, or (2) which contains a sufficient quantity 
of ground water to supply a public water system and currently supplies drinking water for human consumption or contains fewer than 10,000 mg/l total dissolved solids. (40 CFR 144.3.) 
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EXHIBIT 1-3 (continued) 


SELECTED ACTION-SPECIFIC POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS a/ 


Actions b/ Requirements Prerequisites for Applicability c/ ,d/ Citation 


Background Injection of 
Wastes and Treated Ground 
Water (continued) 


The Director of the UIC program in a state 40 CFR 144.16

may lessen the stringency of 40 CFR

144.52 construction, operation, and

manifesting requirements for a well if

injection does not occur into, through, or

above a USDW or if the radius of

endangering influence (see 40 CFR

146.06(c)) is less than or equal to the

radius of the well.



B Report non-compliance orally within 24 Class I wells. 40 CFR 144.28(b)

hours. 40 CFR 144.51(b)



B Prepare, maintain, and comply with

plugging and abandonment plan.



Monitor Class I wells by: Class I wells are used to inject hazardous waste, beneath 40 CFR 144.28(g)(1) 
the lowermost formation containing, within one quarter 


B frequent analysis of injection fluid; mile, an underground source of drinking water 
(USDW). 


B continuous monitoring of injection 
pressure, flow rate, and volume; and 


B installation and monitoring of ground-
water monitoring wells. 


Applicants for Class I permits must: 


B Identify all injection wells within the 
area of review. 


B Task action as necessary to ensure that 
such well are properly sealed, 
completed, or abandoned to prevent 
contamination of USDW. 


Criteria for determining whether an aquifer 
may be determined to be an exempted 
aquifer include current and future use, 
yield, and water quality characteristics. 


40 CFR 144.55 


40 CFR 146.4 
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EXHIBIT 1-3 (continued) 


SELECTED ACTION-SPECIFIC POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS a/ 


Actions b/ Requirements Prerequisites for Applicability c/ ,d/ Citation 


Underground Injection of 
Wastes and Treated Ground 
Water (continued) 


Case and cement all Class I wells to prevent 
movement of fluids into USDW, taking 
into consideration well depth, injection 
pressure, hole size, composition of injected 
waste, and other factors. 


Conduct appropriate geologic drilling logs 
and other tests during construction. 


Injection pressure may not exceed a 
maximum level designed to ensure that 
injection does not initiate new fractures or 
propagate existing ones and cause the 
movement of fluids into a USDW. 


Continuous monitoring of injection 
pressure, flow rate, and volume, and 
annual pressure, if required. 


Demonstration of mechanical integrity is 
required every 5 years. 


Ground-water monitoring may also be 
required 


Comply with State underground injection 
requirements. 


Hazardous waste to be injected is subject to 
land ban regulations. (See section 4.2.2.1 
of this manual.) Treated ground water that 
meets the definition of hazardous waste 
and is to be injected also is subject to land 
ban regulations. 


(See above) 40 CFR 144.28(e)(1) 


40 CFR 146.12(d) 


40 CFR 146.13 


40 CFR 147 


40 CFR 268.2 
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EXHIBIT 1-3 (continued) 


SELECTED ACTION-SPECIFIC POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS a/ 


Actions b/ Requirements Prerequisites for Applicability c/ ,d/ Citation 


Waste Pile Use a single liner and leachate collection RCRA Hazardous waste, non-containerized 40 CFR 264.251 
system. accumulation of solid, nonflammable hazardous waste 


that is used for treatment or storage. 


Waste put into waste pile subject to land 40 CFR 268.2 
ban regulations (see Appendix of this 
manual). 
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1.2.4 GENERAL PROCEDURE FOR IDENTIFICATION AND ANALYSIS OF ARARS 


ARARs should be identified at several points in the remedy selection process. 
They must be identified on a site-specific basis, and therefore as additional 
information is developed about the site, including the specific chemicals at the 
site, special features of the site location, and the actions that are being 
considered as remedies, more ARARS will progressively be identified and the list of 
“potential” ARARs further refined. The lead and support agency (Federal or State 
Superfund program) are responsible for the identification of ARARs with assistance 
from other EPA/State program offices and other Federal/State agencies a appropriate 
(including information and technical assistance). Regions must work closely with 
States, who are responsible for indentifying State ARARs in a timely manner, to 
ensure that State ARARs are identified at the critical points in the remedial 
planning process. Regions must also work closely with States operating Federally 
authorized programs under RCRA, the Clean Water Act (CWA), the Clean Air Act, or 
other statutes that are sources of potential ARARs.17 


Many statutes and the regulations promulgated under them contain requirements 
that may be applicable or relevant and appropriate. Exhibit 1-9 at the end of this 
chapter lists the statutes under which potential ARARs may have been promulgated. 


In order to provide guidance on ARARs identification, this manual describes in 
detail the steps in the thought process involved in determining whether a 
requirement is applicable or relevant and appropriate. However, as experience is 
gained in identification, the determination may be streamlined to consideration of 
key factors. For example, if the hazardous substance at the site is identical to a 
RCRA listed hazardous waste, but its source is unknown, RCRA requirements will not 
be applicable but may be relevant and appropriate if the action taken is regulated 
by RCRA. 


The decision framework for ARARs determination, as described in this 
manual, has five steps: 


(1)	 The first step in the process, using the procedures described in this 
guidance in Exhibit 1-4 and accompanying text is to identify potential 
ARARs. For chemical-specific requirements under RCRA, CWA, and SDWA, 
location-specific requirements under several statutes, and 
action-specific requirements under RCRA, CWA, and SDWA, potential 
requirements have already been identified and are listed in Exhibits 
1-1, 1-2, and 1-3, respectively. These exhibits will be expanded in 
subsequent drafts of this manual to include the requirements of 
additional environmental laws. 


(2) Using the procedures described in the flowchart in Exhibit 1-5 and 
accompanying text, analyze the potential ARARs to determine whether 


_______________________ 


17 Under the Clean Water Act, States may be authorized to implement the permit 
requirements of the National Pollution Discharge Elimination System (NPDES); under 
the Clean Air Act, national ambient air quality standards are implemented, 
maintained, and enforced through State Implementation Plans (SIPs). 
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they are actually applicable to the particular conditions at the site. 


(3)	 If the requirements are not applicable, using the procedures outlined in 
the flowchart in Exhibit 1-7 and discussed in section 1.2.4.3, analyze 
them to determine whether they are relevant and appropriate to the 
particular conditions at the site. 


(4)	 In developing the site risk assessment, which is used to determine 
protectiveness, criteria, guidances, advisories, and proposed standards 
may be used in addition to ARARs. These to-be-considered criteria, 
guidances, advisories and proposed standards are not promulgated 
requirements (and are not potential ARARs), but are an important 
component of the protectiveness determination required by the statutes. 
The Superfund Public Health Evaluation Manual provides guidance on 
conducting site-specific risk assessments and the use of TBCs. 


(5)	 Determine whether circumstances are present that might justify a waiver 
of any otherwise applicable or relevant and appropriate requirements. 


Subsequent to the initiation of the remedial action new standards based on new 
scientific information or awareness may be developed and these standards may differ 
from the cleanup standards on which the remedy was based. These new ARARs or TBCs 
should be considered as part of the review conducted at least every five years under 
CERCLA §121(c) for sites where hazardous substances remain on-site. The review 
requires EPA to assure that human health and the environment are being protected by 
the remedial action. Therefore, the remedy should be examined in light of any new 
standards that would be applicable or relevant and appropriate to the circumstances 
at the site or pertinent new TBCs, in order to ensure that the remedy is still 
protective. In certain situations, new standards or the information on which they 
are based may indicate that the site presents a significant threat to health or 
environment. If such information comes to light at times other than at the five-year 
reviews, the necessity of acting to modify the remedy should be considered at such 
times. 


An overview of the general procedure for identifying ARARs at different points 
in the remedial planning process is summarized in Exhibit 1-4. Identification of 
ARARs should begin following the scoping and site characterization phase of the 
Remedial Investigation, when sufficient information has been developed so that 
initial Judgments can be made about the chemicals present at the site and any 
special characteristics of the site location that must be taken into account. As 
Exhibit 1-4 indicates, the first steps in the identification of ARARs, following the 
determination of chemicals present and the determination of special location 
characteristics, should be a review of the matrices in this manual for 
chemical-specific and location-specific ARARs. Action-specific ARARs will first be 
considered during the development of remedial alternatives. Each of these steps is 
described in detail in the balance of this section and in sections 1.3 and 1.4. 
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EXHIBIT 1-4

Procedure for Identifying ARARs



* * * AUGUST 8, 1988 DRAFT * * * 


Word-searchable version – Not a true copy 







1-58 


EXHIBIT 1-4 (cont’d)

Procedure for Identifying ARARs



C Note that chemical-specific ARARs will generally be the same for all alternatives, 
and need not be repeat to each alternative. A single list of chemical-specific ARARs 
should be developed during the site characterization phase of the Remedial 
Investigation and modified during the remedy selection process. 
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1.2.4.1 Procedure for Identifying ARARs 


Chemical-Specific ARARs 


Those chemicals identified at the site should be compared to the chemicals 
listed in Exhibit 1-1, which lists chemical-specific standards under several 
statutes. (Until Exhibit 1-1 is completed with chemical-specific standards from all 
environmental statutes, it will be necessary to supplement the matrix in Exhibit 1-1 
with a review of standards in other statutes, obtained by consulting Exhibit 1-9.) 
If a chemical-specific standard is found in Exhibit 1-1, note the statute and its 
jurisdictional prerequisites under which the standard was established. This 
information will be necessary for determining if the chemical-specific standard is 
applicable or relevant and appropriate. (Although in most cases a standard found 
under the “potential ARAR” section of the matrix will be found to be an ARAR for 
site-specific chemicals and exposure pathways, Remedial Project Managers (RPMs) 
should follow the procedure for determining whether these probable ARARs are 
actually applicable or relevant and appropriate to a given site, as outlined in 
Sections 1.2.4.2 and 1.2.4.3 of this manual.) If more than one standard is found for 
a particular chemical, the most stringent should generally be identified as the 
likely ARAR. Finally, the standards identified as probable ARARs should all be 
analyzed according to the procedures outlined in the Superfund Public-Health 
Evaluation Manual. When ARARs do not exist for a particular chemical or when the 
existing ARARs are not protective of human health or the environment, advisories 
found in the to-be-considered category should also be used. 


Location-Specific ARARs 


Similarly, following the completion of Phase I of the Remedial Investigation, 
site characterization, any special characteristics of the site (e.g., presence of 
wetlands, habitat of endangered species, or historically significant features) 
should be compared to the list of location-specific requirements in Exhibit 1-2. If 
a location-specific requirement is found in Exhibit 1-2, the statute and its 
jurisdictional requirements should be noted, so that the additional analysis 
described in sections 1.2.4.2 and 1.2.4.3 of this manual can be completed. In noting 
the statutory and regulatory requirements, determine whether the statute is 
prohibitory (e.g. prohibits new activity) or in retroactive (e.g. requires that 
existing conditions be rectified). 


Action-Specific ARARs 


Action-specific requirements probably will not be identified for most sites 
until the development of alternatives in the Feasibility Study. Additional 
action-specific requirements should be identified and refined as appropriate during 
remedial design, when specific information regarding size and operation of treatment 
facilities will be available. Exhibit 1-4 indicates this difference by separating 
the identification of action-specific ARARs from the identification of 
chemical-specific and location-specific ARARs. Once possible action alternatives 
have been developed and screened to 
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a workable number, they should be broken down into operable units and the type of 
actions that are covered by potentially applicable or relevant and appropriate 
statutes should be reviewed (e.g., disposal into a POTW of non-volatile substances 
probably will not involve Clean Air Act (CAA) considerations, therefore potential 
CAA requirements need not be reviewed further for that specific action). 


Following the initial identification, the possible action alternatives should 
be compared to Exhibit 1-3 (Action-Specific Requirements) in this manual. Currently, 
this matrix includes RCRA and CWA action-specific requirements. 


1.2.4.2. General Procedure for Determining if a Requirement is Applicable 


This manual describes the process for determining applicability. The procedure 
is no different from that involved in determining the applicability of laws to any 
activity, but is provided here to promote a consistent approach to identifying 
applicable requirements. The basic criterion for an applicable requirement is that 
it directly and fully addresses or regulates the hazardous substance, pollutant, 
contaminant, action being taken, or other circumstances at a site. Applicability is 
established by the terms of the laws and regulations promulgating the requirements 
being analyzed. To determine whether a particular requirement would be legally 
applicable, it is necessary to refer to the specific terms or jurisdictional 
prerequisites of the statute or regulation. All pertinent jurisdictional 
prerequisites must be met for the requirement to be applicable. These jurisdictional 
prerequisites include: 


"	 Who, as specified by the statute or regulation, is subject to its 
authority;18 


"	 The types of substances or activities listed as falling under the 
authority of the statute or regulation; 


" The time period for which the statute or regulation is in effect; and 


"	 The types of activities the statute or regulation requires, limits, or 
prohibits. 


These statutory or regulatory provisions must then be compared to the pertinent 
facts about the CERCLA site and the CERCLA response actions under consideration, an 
outlined by Exhibit 1-5. To determine if a requirement is applicable, examine its 
language and determine whether it would otherwise legally apply to the site or the 
response action. This procedure may need to be undertaken for each potentially 
applicable requirement and for each potential action alternative (identification of 
action-specific ARARs will be 


18Although the lead agency may be managing the CERCLA site, and for the 
purposes of the ARARs analysis would be the operator, it is not an owner/operator 
for the purposes of CERCLA Sections 107 or 101(20). 
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completed during the detailed analysis of alternatives), since different 
requirements, even those within the same group of regulations, may have different 
jurisdictional prerequisites. In addition, the analysis should be repeated for each 
different operable unit, technology, or component of the remedial action. 


Exhibit 1-5 provides an outline of the general procedure for determining 
if a requirement is applicable. Based on the site scoping and characterization, or 
for action-specific ARARs the initial screening phase of the Remedial 
Investigation/Feasibility Study (and review during remedial design), the pertinent 
facts concerning the site should be identified. Many of these facts, such as the 
chemicals present, special characteristics of the location of the site, and the type 
of action under consideration for the site, will already have been determined in 
connection with the identification of potential ARARs. Other facts, such as the 
approximate date when substances were placed at the site, may also be necessary to 
determine if the requirement applies. Different categories of information will be 
necessary to determine the jurisdictional prerequisites of different requirements, 
and not all categories listed in Exhibit 1-5 will be pertinent in all cases. Exhibit 
1-6 indicates where subsequent chapters of this manual discuss the jurisdictional 
prerequisites of particular requirements. 


In summary, once the pertinent facts have been determined, they should be 
compared with the jurisdictional prerequisites of the requirement. These 
jurisdictional prerequisites can be found in Exhibits 1-1, 1-2, and 1-3 and are 
explained further in subsequent chapters of this manual. They also appear in the 
text of the relevant statute or regulation. If the jurisdictional prerequisites are 
met, the requirement is applicable. If not, the next step is to consider whether the 
requirement is relevant and appropriate. 
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Exhibit 1-5 
General Procedure for Determining 


If Requirement is Applicable 
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EXHIBIT 1-6



ARAR JURISDICTIONAL PREREQUISITES



List of Possible 
Chemical-Specific ARARs ARARs (pages) 


RCRA MCLs 1-16



SDWA MCLs 1-16



CWA WQCs 1-17 to 1-23



Location-Specific ARARs 


RCRA



* National Historic

Preservation Act



* Endangered Species Act



Clean Water Act



* Wilderness Act



* Fish and Wildlife 

Coordination Act



* Wild and Scenic Rivers Act



* Coastal Zone Management Act



40 CFR Part 6 Appendix A



List of Possible 
ARARs (pages) 


Fault Zone, 1-27

Flood Plain, 1-27

Salt Dome

Formation, 1-27



1-27 


1-27 


1-28 


1-28 


1-28 


1-28 


1-28 


1-28 


Jurisdictional 
Prerequisites/Text 
Discussion (pages) 


2-4 thru 2-14

2-23 thru 2-27



4-3, 4-8 


3-10 


Jurisdictional 
Prerequisites/Text 
Discussion (pages) 


1-25 
1-25 


1-25 


1-25 


1-25 


1-26 


1-26 


1-26 


1-26 


1-26 


1-26 


* These and other statutes will be addressed in a later addition of this manual. 
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EXHIBIT 1-6 (continued)



ARAR JURISDICTIONAL PREREQUISITES



Action-Specific ARARs 


RCRA Capping 


Closure 


Container Storage 


New Landfill 


New Surface Impoundment 


Dike Stabilization 


Excavation, Ground-Water 
Diversion 


Incineration 


Land Treatment 


Land Disposal 


Slurry Wall 


Tank Storage 


Treatment 


Waste Pile 


CWA Discharge to Water of US 


Direct Discharge 
to Ocean 


Discharge to POTW 


Dredge/Fill 


SDWA Underground Injection 
Control 


List of Possible ARARs 
ARARs (pages) 


1-31, 1-32



1-32, 1-33



1-34, 1-35



1-35, 1-36



1-37



1-38



1-44



1-44, 1-45, 1-46



1-46, 1-47



1-34, 1-47, 1-50, 1-51



1-48



1-48, 1-49



1-49, 1-50, 1-51



1-54



1-39, 1-40, 1-41



1-41, 1-42



1-42, 1-43



1-43, 1-44



1-51, 1-52, 1-53



Jurisdictional 
Prerequisites/Text 
Discussion (pages) 


2-15



2-15, 2-19



2-12, 2-13



2-15, 2-18



2-15, 2-18



2-15



2-15, 2-21



2-14



2-14, 2-15, 2-18



2-15, 2-18



2-15, 2-21



2-12, 2-13



2-14



2-15, 2-18



3-2, 3-3, 3-4



3-2, 3-3, 3-4, 3-5



3-5, 3-6, 3-21, 3-22



3-2, 3-3, 3-6, 3-28,

3-29



4-9, 4-10, 4-11
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1.2.4.3	 General Procedure for Determining if a Requirement is Relevant and 
Appropriate 


A particular requirement could be “relevant and appropriate” even if it is not 
“applicable.” The basic considerations are whether the requirement (1) regulates or 
addresses problems or situations sufficiently similar to those encountered at the 
CERCLA site (i.e., relevance), and (2) is appropriate to the circumstances of the 
release or threatened release, such that its use is well suited to the particular 
site. Determining whether a requirement is relevant and appropriate is site-specific 
and must be based on best professional judgment. This judgment is based on a number 
of factors, including the characteristics of the remedial action, the hazardous 
substances present at the site, and the physical circumstances of the site and of 
the release, as compared to the statutory or regulatory requirement. All 
requirements found to be applicable or relevant and appropriate must be complied 
with. 


Exhibit 1-7 outlines the general procedure and factors to consider in 
determining whether a requirement is relevant and appropriate. The factors listed in 
the left-hand column-relate to the problem that the requirement is designed to 
address or to the goal that the requirement is intended to attain; the factors in 
the right-hand column relate to the problem present at the CERCLA site and the 
objective of the remedial action. The relative importance of these factors will vary 
from site to site depending on the kind of ARARs under consideration (chemical-, 
action-, or location-specific), and on site-specific conditions. 


Both sets of factors in Exhibit 1-7 should be defined narrowly. For example, 
the goal of both RCRA corrective action requirements and the CERCLA cleanup might be 
defined as protection of human health and the environment. However, in analyzing 
whether the corrective action requirements are relevant and appropriate, such a 
definition of goals would be too broad. Instead, the goal of the RCRA corrective 
action requirement might be characterized as the cleanup of a plume of ground-water 
contamination from a distinct source. This would be compared to the goal of the 
CERCLA action, such as cleanup of area-wide ground-water contamination. 


Determining whether a requirement is both relevant and appropriate is 
essentially a two step process. First, the determination focuses on whether a 
requirement is relevant based on a comparison between the action, location, or 
chemicals, covered by the requirement and related conditions of the site, the 
release, or the potential remedy. This step should be a screen which will determine 
the relevance of the potentially relevant and appropriate requirement under 
consideration. The second step is to determine whether the requirement is 
appropriate by further refining the comparison, focusing on the 
nature/characteristics of the substances, the characteristics of the site, the 
circumstances of the release, and the proposed remedial action. 
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Exhibit 1-7 


General Procedure for Determining 
if Requirement is Relevant and Appropriate 
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A requirement may be relevant but not appropriate for the specific site. Only 
those requirements that are determined to be both relevant and appropriate must be 
complied with. A requirement may be found relevant because it closely matches the 
site on some of the factors listed in Exhibit 1-7, but may not be appropriate 
because the site circumstances differ significantly on other key factors. While some 
requirements within a regulation will be relevant and appropriate, other 
requirements in that same regulation may be relevant (in that they address in a 
broad sense the same problem as is faced at the CERCLA site), but not appropriate 
because the requirement is not well-suited to the circumstances at the CERCLA site, 
or to the threat to human health and the environment posed by the circumstances of 
the release. 


In comparing the requirement and the site circumstances or the circumstances 
of the release, some of the following factors from Exhibit 1-7 and related 
considerations might be particularly important in determining whether a requirement 
is appropriate: 


" the purpose of the requirement; 


"	 the physical characteristics (size/nature) of the site and 
contamination; 


"	 the character and circumstances of the release at the site compared to 
what the requirement was intended to address and requires; 


"	 the substances covered by the requirement (e.g., the chemical 
characteristics, form or concentration of the contamination or release 
for which the requirement was designed); 


" the duration of the activity; 


" the basis for a waiver or exemption; 


In addition, one should consider: 


"	 whether another requirement is available that more fully matches the 
circumstances at the site; and 


"	 where EPA has explicitly decided that a requirement is not appropriate 
to a situation, that requirement will not be appropriate for such a 
situation at a CERCLA site. 


Portions of a requirement may be relevant and appropriate even if a 
requirement in its entirety is not. For example, parts of the requirements for 
design and operation of a waste pile found in 40 CFR §264.251, such as the 
requirement to use a liner of sufficient strength and thickness to prevent failure 
due to pressure gradients, might be considered relevant and appropriate, while that 
portion of the design requirements calling for installation of a liner covering all 
surrounding earth likely to be in contact 
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with the waste might not be appropriate if such earth is already contaminated and 
the eventual remedy is to remove all of that earth. 


When the analysis results in a determination that a requirement is both 
relevant and appropriate, such a requirement must be complied with to the same 
degree as if it were applicable. 


Included below are several examples of situations where requirements might be 
relevant but not appropriate: 


1. A requirement may be relevant to the particular site because it addresses 
a similar type of facility or entity, but not appropriate because of differences in 
the duration of the activity. For example, the RCRA requirements for secondary 
containment of tanks and other storage units may not be appropriate for temporary, 
short-term storage. 


2. Many RCRA requirements are designed to apply to specific types of 
discrete units. These requirements may be relevant because they address the same 
wastes and activities, such as closure of hazardous wastes in a landfill, but may be 
inappropriate because of the physical size of the contamination at the CERCLA site. 
For example, although they may be appropriate for smaller areas, the requirements 
for capping may not be appropriate in some circumstances for large dispersed areas 
of low-level soil contamination such as may be found at many large municipal 
facilities. 


3. A requirement may also be found relevant but not appropriate when another 
requirement is available that has been designed to apply to that specific situation, 
reflecting an explicit decision about the requirements appropriate to that 
situation. For example, the Agency has made a determination under RCRA that Subtitle 
C is not an appropriate means of regulating on a national basis certain mining waste 
from the extraction or beneficiation of ores and minerals (51 FR 24496, July 3, 
1986). Therefore, since that explicit, formal determination has been made, Subtitle 
C requirements will generally not be relevant and appropriate to these wastes from 
extraction or beneficiation of ores and minerals. 


4. RCRA regulations affecting disposal or landfill closure require the site 
to be capped with a final cover designed and constructed to provide long-term 
minimization of the migration of liquids through the capped area. However, such 
requirements related to the need for an impermeable cover may not be appropriate in 
some circumstances if the wastes are largely immobile, and there will be no direct 
contact threat. 


5. A location-specific requirement may prohibit prospectively the deposit of 
certain substances in a floodplain. This prohibition may be appropriate with regard 
to remedial options in considering whether to create new disposal units in the 
floodplain. However, it is not likely to be appropriate to remove large existing 
landfills from the floodplain. 


6. MCLs (under RCRA and under SDWA) are relevant and appropriate to 
remediation of ground water that may be used for drinking. However, MCLs are 
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generally not appropriate where ground water is not potentially drinkable due to 
widespread naturally occurring contamination or due to location in a large industrial 
area with substantial contamination where there is no actual, planned, or potential 
use of ground water for drinking.19 In addition, MCLs are generally not appropriate 
for site-specific circumstances where a well would never be placed and ground water 
would thus never be consumed (e.g., a twenty-foot strip of land between the toe of a 
landfill and river, if there is no surface water contamination resulting from man-made 
ground-water contamination at the site). 


Not all of the specific factors listed in Exhibit 1-7 will need to be considered in 
determining whether a requirement is relevant and appropriate. Only the pertinent 
factors need be considered. For chemical-, location-, and action-specific 
requirements, the following factors should generally be considered: 


Chemical-Specific 


Specific Goal and Objective of 
Requirement 


Purpose of Requirement in Program 
of Origin 


Substances Covered by Requirement 


Media and Entities Regulated/ 
Affected/Protected by Requirement 


Variances, Waivers or Exemptions of 
Requirements 


Requirement’s Consideration of Use or 
Potential Use of Affected Resource 


Specific Goals and Objective of 
CERCLA Remedial Action at 
Site 


Use of Requirement at Site 
Related to Purpose 


Substances Involved at Site 


Media and Entities Potentially/ 
Actually Contaminated/ 
Affected by Cleanup 


Circumstances at Site - - Do they 
Fit Requirements for 
Variance, Waiver, or 
Exemption or Otherwise 
Contradict some Implicit 
Assumption Underlying the 
Requirement 


Use or Potential Use of Resource 
Involved 


19Ground water in such industrial area (where there is no actual, planned, 
or potential use of ground water for drinking) would still be classified as Class 
IIB aquifers, although MCLs may be determined to be relevant and appropriate. 
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Location-Specific 


Specific Goal and Objective of 
Requirement 


Purpose of Requirement in Program 
of Origin 


Type of Physical Location Regulated or 
Affected 


Action or Activity Prohibited/Required 
by Requirement 


Activity 


Variances, Waivers or Exemptions 


Requirement’s Consideration of Use or 
Potential Use of Affected Resource 


Action-Specific 


Specific Goal and Objective of 
Requirement 


Purpose of Requirement in Program 
of Origin 


Substances Covered by Requirement 


Media and Entities Regulated/ 
Affected/Protected by Requirement 


Action or Activity Regulated by 
Requirement 


Variances, Waivers or Exemptions 


Type and Size of Facility, Unit, Release 
(e.g. Size of Release) Regulated or 
Affected 


Specific Goals and Objective of 
CERCLA Remedial Action at 
Site 


Use of Requirement at Site 
Related to Purpose 


Location Involved 


Remedial Action Contemplated at 
Site and Duration of 


Circumstances at Site -- Do they 
Fit Requirements for 
Variance, Waiver, or 
Exemption 


Use or Potential Use of Resource 
Involved 


Specific Goals and Objective of 
CERCLA Remedial Action at 
Site 


Use of Requirement at Site 
Related to Purpose 


Substances Involved at Site 


Media and Entities Potentially/ 
Actually Contaminated/ 
Affected by Cleanup 


Remedial Action Contemplated at 
Site and Duration of 
Activity 


Circumstances at Site -- Do they 
Fit Requirements for 
Variance, Waiver, or 
Exemption 


Type and Size of Facility Unit, 
Release Involved 
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Requirement’s Consideration of Use or Use or Potential Use of Resource 
Potential Use of Affected Resource Involved 


1.3 CERCLA WAIVER CRITERIA FOR ARARS 


CERCLA §121 provides that under certain circumstances an otherwise applicable or 
relevant and appropriate requirement may be waived. These waivers apply only to 
meeting ARARs with respect to remedial actions on-site; other statutory requirements, 
such as that remedies be protective of human health and the environment, cannot be 
waived. A waiver must be invoked for each ARAR that will not be attained or exceeded. 
The waivers provided by CERCLA §121(d)(4), some circumstances under which each waiver 
might be invoked, and criteria for invoking the waivers are discussed below. 


1. Interim Measures 


[T]he remedial action selected is only part of a total remedial action that will 
attain such level or standard of control when completed.(CERCLA §121(d)(4)(A).) 


This waiver may be applicable to interim measures that are expected to be 
followed within a reasonable time by complete measures that will attain ARARs. The 
interim measures waiver may apply to sites at which a final site remedy is divided 
into several smaller actions. 


For example, the selected remedy at a site may include excavation and treatment 
of the source. However, the treatment method may require treatability testing or time 
for set-up or construction. During this time, an interim measure involving 
stabilization, such as a cap, of the source may be appropriate. In such a 
circumstance, the interim measure waiver would allow the present stabilization actions 
at the site to constitute the initial components of a phased remedial response. These 
actions would not be required to attain landfill closure ARARs under RCRA because the 
response would not be complete. 


The factors that may be appropriate for invoking this waiver include: 


"	 Potential for exacerbation of site problems. The interim measure should not 
directly cause additional migration of contaminants, complicate the site 
cleanup, or present an immediate threat to public health or the 
environment; and 


" Non-interference with final remedy. The interim measure selected must not 
interfere with, preclude, or delay the final remedy, consistent with EPA’s 
priorities for taking further action. 
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2. Greater Risk to Health and the Environment. 


[C]ompliance with such requirement at the facility will result in greater risk to 
human health and the environment than alternative options. (CERCLA 
§121(d)(4)(B).) 


This waiver may be invoked for an ARAR that can only be met by using remedial 
action that, because it meets that ARAR, poses greater risks than a similar remedial 
alternative that does not meet that ARAR. This waiver could be used to “salvage” a 
remedial action option that would cause greater environmental damage or health risks 
solely because that option had to meet all ARARs, especially where one ARAR causes the 
problem. For example, attaining the ambient concentration level for PCBs spread 
throughout river sediment might require widespread dredging of the sediments, causing 
an unacceptable release of the pollutant to the water body and damaging or disrupting 
the ecosystem. Waiving the ARAR for ambient PCB concentrations in the sediment would 
eliminate the need to conduct such harmful dredging. 


Meeting an ARAR could also pose greater risks to workers or residents. For 
example, excavation of a particularly toxic, volatile, or explosive waste to meet an 
ARAR could pose high short-term risks. If protective measures were not practicable, 
then use of this waiver might be appropriate. 


Specific factors that may be considered in invoking the waiver for preventing 
greater risks include: 


"	 Magnitude of adverse impacts. The risk posed or the likelihood of present 
or future risks posed by the remedy using the waiver should be 
significantly less than that posed by the totally compliant remedy posing 
the risk; 


"	 Duration of adverse impacts. The more long lasting the risks from the 
totally compliant remedy, the more this waiver becomes appropriate; and 


"	 Reversibility of adverse impacts. This waiver is especially appropriate if 
the risks posed by meeting the ARAR could cause irreparable damage. 


Remedies protective of human health and the environment but not meeting all ARARs 
should be compared to the remedy meeting ARARs that causes the minimum adverse 
impacts. The additional public health and environmental benefits of not meeting all 
ARARs must be weighed against the adverse impacts caused by not doing so. Only the 
ARARs that cause the greater risk are eligible to be waived. 


3. Technical Impracticability 


[C]ompliance with such requirement is technically impracticable from an 
engineering perspective. (CERCLA §121(d)(4)(C).) 
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The term “impracticable” implies an unfavorable balance of engineering 
feasibility and reliability. The term “engineering perspective” used in the statute 
implies that cost, although a factor, is not generally the major factor in the 
determination of technical impracticability. A remedial alternative that is feasible 
might be deemed technically impracticable if it could only be accomplished at an 
inordinate cost. For instance, attainment of an ARAR might be possible, but constant 
maintenance problems might require such an exorbitant amount of money that the 
alternative would not be considered reliable, and thus would be infeasible from an 
engineering perspective. 


Furthermore, the use of the term “impracticable” implies that remedies 
that are not demonstrated but that are thought to be feasible cannot be 
eliminated because of this waiver. Thus, this waiver may be used for cases 
where: (1) neither existing nor innovative technologies can reliably attain 
the ARAR in question, or (2) attainment of the ARAR in question would be 
illogical or infeasible from an engineering perspective. 


The technical impracticability waiver may be invoked when either of the following 
specific criteria are met: 


"	 Engineering feasibility. The current engineering methods necessary to 
construct and maintain an alternative that will meet the ARAR cannot 
reasonably be implemented. 


"	 Reliability. The potential for the alternative to continue to be protective 
into the future is low, either because the continued reliability of 
technical and institutional controls is doubtful, or because of inordinate 
maintenance costs. 


4. Equivalent Standard of Performance 


[T]he remedial action selected will attain a standard of performance that is 
equivalent to that required under the otherwise applicable standard, requirement, 
criteria, or limitation, through use of another method or approach. (CERCLA 
§121(d)(4)(D).) 


This waiver may be used in situations where an ARAR stipulates use of a 
particular design or operating standard, but equivalent or better remedial 
results (e.g., contaminant levels or reliability) could be achieved using an 
alternative design or method of operation. For instance, an alternative may 
involve reduction of either the mobility or toxicity of a hazardous substance 
through specific form of treatment. The waiver may be invoked where a substitute form 
of treatment from that specified or required in the ARAR (e.g., fixation instead of 
incineration) achieves comparable reductions in either mobility or toxicity. 


The CERCLA Reauthorization Conference Committee’s Statement of Managers makes the 
following point with regard to this waiver: 
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Subsection [121] (d)(4)(D) allows the selection of a remedial action that 
does not comply with a particular Federal or State standard or requirement 
of environmental law, where an alternative provides the same level of 
control as that standard or requirement through an alternative means of 
control. This allows flexibility in the choice of technology but does not 
allow any lesser standard or any other basis (such as a risk-based 
calculation) for determining the required level of control. However, an 
alternative standard may be risk-based if the original standard was 
risk-based. 


The following specific factors may be considered in deciding whether to invoke 
this waiver: 


"	 The time required to achieve beneficial results using the alternative 
remedy is equal to or less than the original ARAR. An alternative that 
achieved similar results in significantly less time should be considered as 
advantageous; 


"	 Degree of protection of health, welfare, and the environment (e.g., 
environmental concentration achieved) is equal to or greater than that 
under the original ARAR; 


"	 Level of performance achieved compared to that specified in the ARAR (e.g., 
concentration of residuals); and 


" Reliability of the remedy. The potential for the alternative ARAR to 
continue to be protective into the future in equal to or greater than that 
afforded by the ARAR to be waived. 


5. Inconsistent Application of State Requirements 


[W]ith respect to a State standard, requirement, criteria, or limitation, the 
State has not consistently applied (or demonstrated the intention to consistently 
apply) the standard, requirement, criteria, or limitation in similar 
circumstances at other remedial actions. (CERCLA §121(d)(4)(E).) 


This waiver is intended to prevent unjustified or unreasonable restrictions from 
being imposed on cleanups. The issues raised by this waiver are closely tied to those 
involved in the definition of “promulgated.” 


This waiver may be used in two situations. First, State requirements may have 
been developed and promulgated but never applied because of a lack of applicability in 
past situations. Such requirements should not be applied in CERCLA actions where there 
is evidence that the State does not intend to apply them. Second, State standards that 
have been variably applied or inconsistently enforced may give reason to invoke the 
inconsistent application waiver. A standard is presumed to have been consistently 
applied unless there is evidence to the contrary. 


* * * AUGUST 8, 1988 DRAFT * * * 


Word-searchable version – Not a true copy 







1-75 


Consistency of application may be determined by: 


"	 Similarity of sites or response circumstances (nature of contaminants or 
media affected, characteristics of waste and facility, degree of danger or 
risk, other hazardous waste management programs, etc.); 


" Proportion of non-compliance cases (including enforcement actions); 


" Reason for non-compliance; 


"	 Intention to consistently apply future requirements as demonstrated by 
policy statements, legislative history, site remedial planning documents, 
or State responses to Federal-lead sites; newly promulgated requirements 
shall be presumed to embody this intention unless there is contrary 
evidence. 


5. Fund Balancing 


[I]n the case of a remedial action to be undertaken solely under section 104 
using the Fund, selection of a remedial action that attains such level or 
standard of control will not provide a balance between the need for protection 
of public health and welfare and the environment at the facility under 
consideration, and the availability of amounts from the Fund to respond to 
other sites which present or may present a threat to public health or welfare 
or the environment, taking into consideration the relative immediacy of such 
threats. (CERCLA §121(d)(4)(F).) 


The Fund-balancing waiver may be invoked when meeting an ARAR would entail 
such cost in relation to the added degree of protection or reduction of risk 
afforded by that standard that remedial action at other sites would be jeopardized. 
(Even with this waiver, the remedy must still comply with the statutory requirement 
to be protective of human health and the environment). 


The following criteria may be considered when invoking the Fund-balancing 
waiver for ARARs: 


" The cost of implementing a remedy that would attain the ARAR in question. 


" The availability of amounts in the Fund to respond to other sites (includes 
consideration of the number of sites and expected cost of remediation) is 
not adequate because attainment of the ARAR would reduce the availability 
of Fund monies for other sites. Projections should show that significant 
threats from other sites may be addressed under the current Fund if the 
ARAR were not attained. 
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1.4 OTHER CRITERIA OR GUIDELINES TO BE CONSIDERED (TBCs) 


In addition to legally binding laws and regulations, many Federal and State 
environmental and public health programs also develop criteria, advisories, 
guidance, and proposed standards that are not legally binding, but that may provide 
useful information or recommended procedures. These materials are not potential 
ARARs but are evaluated along with ARARs, as part of the risk assessment conducted 
for each CERCLA site, to set protective cleanup level targets. Chemical-specific TBC 
values such as health advisories and reference doses will be used in the absence of 
ARARs or where ARARs are not sufficiently protective to develop cleanup goals. In 
addition, other TBC materials such as guidance or policy documents developed to 
implement regulations may be considered and used as appropriate, where necessary to 
ensure protectiveness. The TBC values and guidelines may be used as appropriate.20 


After the risk assessment has been conducted, if no ARARs address a particular 
situation, or if existing ARARs do not ensure protectiveness, to-be-considered 
advisories, criteria, or guidelines should be used to set cleanup targets. Note that 
it may be necessary in the risk assessment to express the TBC values in different 
units (e.g., daily intake) in order to apply then. For instance, TBC values 
expressed as dosages may have to be converted to concentration levels before they 
can be used. 


Exhibit 1-10 at the end of this chapter lists other Federal criteria, 
advisories, guidance, and standards that should be considered. EPA is not aware of 
any comprehensive listing of State TBCs, which should nevertheless be evaluated for 
use in a particular site cleanup. Exhibit 1-8 outlines a procedure for determining 
when such material should be used. The basic criterion in whether use of the 
material to be considered is necessary to protect public health or the environment 
at a CERCLA site. For example, although Health Effects Advisories (HEAs) are not 
legally binding standards, and may not be fully current, they may provide the best 
available standard for a particular chemical for which no binding standard exists. 
In that case, the HEA should be evaluated using the procedures in the Superfund 
Public Health Evaluation Manual, and if the standard is necessary to achieve a 
protective remedy it should be used. 


TBCs should only be used in setting protective cleanup levels after 
ascertaining that they have not been superceded. For specific TBC values, and 
related explanatory material and EPA contacts, consult the EPA Integrated Risk 
Information System (IRIS). IRIS is a computer-based catalogue of EPA risk assessment 
and risk management information for chemical risk assessment and risk management 
information for chemical substances, accessible through the Agency's electronic mail 
system.21 


20 See the discussion of risk assessment in Section 1.2.3.1 above and The 
Superfund Public Evaluation Manual (October 1986; 9285.4-1) 


21 Training is available. For general questions, contact the IRIS coordinator 
at FTS 382-7315. 
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Exhibit 1-8

General Procedure for Determining



if Guidance or Criteria Should be Considered
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1.5 DOCUMENTATION 


Guidance provided in this manual on ARAR and TBC documentation updates and 
supersedes other sources such as the Guidance on Feasibility Studies Under CERCLA 
(April 1985), materials distributed at ROD workshops, and the Preamble to the NCP 
(November 1985). Detailed documentation of ARARs, as described below, should be 
provided in an Appendix to the RI/FS Report, and a summary included in the ROD. When 
revised, the RI/FS guidance and the ROD guidance currently being developed will 
discuss specific guidelines, and this manual will be revised where necessary. 


The following documentation should always be supplied in an Appendix to the 
RI/FS Report in the discussion of the analysis of Federal and State ARARs: 


"	 Documentation should provide a rationale for the decision that a 
chemical-, location-, or action-specific requirement is applicable, 
or is relevant and appropriate for that specific site, for each 
remedial action alternative that passed through the screening and 
into detailed analysis.22 The rationale should include an 
explanation of the analysis loading to the determination of 
applicability, or relevance and appropriateness. If more than one 
requirement is determined to be ARAR in connection with the same 
substance, action, or site-specific condition, and if the standards 
are inconsistent or in conflict, the general rule is to comply with 
the most stringent requirement. 


"	 When an alternative is chosen that does not attain an ARAR, the 
basis for waiving the requirement must be fully documented and 
explained. 


"	 Documentation may also be appropriate in some cases when a potential 
ARAR is initially identified but ultimately is found not to be ARAR. For 
example, information may become available late in the RI/FS phase of the 
project that changes the status of a requirement from ARAR to not ARAR. 
When a requirement is expected to be ARAR, and the determination is 
difficult, the factors indicating why the standard was not ARAR should 
be stated and explained in sufficient detail so that the basis for the 
decision can be understood by a later reviewer. 


22 Note that chemical-specific ARARs will generally be the same for all 
alternatives. A single list of chemical-specific ARARs should be developed and 
modified during the remedy selection process. In most cases, documentation of the 
identification of chemical-specific ARARs need not be repeated for each 
alternative. 
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The following documentation should be provided in an Appendix to the RI/FS 
Report for the analysis of other Federal and State criteria, advisories, 
guidance, and proposed standards to be considered (TBCs). 


"	 If no potential ARARs are identified covering a particular 
situation, or if potential ARARs are determined not to be 
protective, any pertinent criteria, advisories, guidance, or 
proposed standards should be used, and the reasons for their use 
should be fully documented. 


"	 Documentation need not be provided for negative determinations 
related to TBCs. That is, reasons for determining that to-be-
considered standards are not pertinent do not need to be 
documented. 


In addition to the circumstances specified above, documentation should be 
provided for both ARARs and to-be-considered standards in every case in which, in 
the decision-maker's judgment, the documentation would strengthen the RI/FS 
Report and the ROD. 
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EXHIBIT 1-9 


UNIVERSE OF APPLICABLE OR RELEVANT AND 
APPROPRIATE REQUIREMENTS a/ 


1. Office of Solid Waste 


" Resource Conservation and Recovery Act of 1976 (42 U.S.C. 6901) b/ 


a. 40 CFR Part 264, applicable for permitted facilities c/, and 40 CFR Part 265, for interim status facilities. 


Ground-water Protection (40 CFR 264.90-264.101)



Ground-water Monitoring, Subpart F (40 CFR 264.98-264.100) d/



Closure and Post-Closure (40 CFR 264.110-264.120, 265.110-265.120)



Containers (40 CFR 264.170-264.178, 265.190-265.177)



Tanks (40 CFR 264.190-264.200, 265.190-265.199)



Surface Impoundments (40 CFR 264.220-264.249, 265.220-265.230)



Waste Piles (40 CFR 264.250-264.269, 265.250-265.258)



Land Treatment (40 CFR 264.270-264.99, 265.270-265.282)



Incinerators (40 CFR 264.340-264.999, 265.340-265-369)



Land Disposal Restrictions (40 CFR 268.1-268.50)



Dioxin-containing Wastes (50 FR 1978). Includes the final rule for the listing of dioxin-containing waste.



b. Statutory requirements, including: 


Liquids in Landfills (RCRA §3004(c))



Minimum Technology Requirements (RCRA §3004(o), 3005(j))



Dust Suppression (RCRA §3004(e))



Hazardous Waste Used as Fuel (RCRA §3004(q))



c. 	 Open Dump Criteria - pursuant to RCRA Subtitle D: criteria for classification of solid waste disposal facilities (40 CFR Part 257). 


Note: For nonhazardous wastes. 


2. Office of Water 


" The Safe Drinking Water Act (42 U.S.C. 300(f)) 


a. Maximum Contaminant Levels (chemicals, turbidity, and microbiological contamination) (for drinking water or human consumption (40 CFR 141.11-141.16). 


b. Maximum Contaminant Level Goals (40 CFR 141.50-141.51, 50 FR 46936) 


c. Underground Injection Control Regulations (40 CFR Parts 144, 145, 146, 147). 


" Clean Water Act (33 U.S.C. 1251) 


Requirements established pursuant to sections 301 (effluent limitations), 302 (effluent limitations), 303 (water quality standards, including State water quality standards), 304 
(Federal water quality criteria), 306 (national performance standards), 307 (toxic and pretreatment standards, including Federal pretreatment standards for discharge into 
publicly owned treatment works, and numeric standards for toxics), 402 (national pollutant discharge elimination system), 403 (ocean discharge criteria), and 404 (dredged 
or fill material) of the Clean Water Act, (33 CFR Parts 320-330, 40 CFR Parts 122, 123, 125, 131, 230, 231, 233, 400-469). Available ambient Water Quality 
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EXHIBIT 1-9 
(Continued) 


UNIVERSE OF APPLICABLE OR RELEVANT AND 


APPROPRIATE REQUIREMENTS 


Criteria Documents are listed at 45 FR 79318, November 28, 1980; 49 FR 5831, February 15, 1984;

50 FR 30784, July 29, 1985; 51 FR 22978, June 28, 1986; 51 FR 43665, December 3, 1986; 51 FR 8012, March 7, 1986;

52 FR 6213, March 2, 1987.



" Marine Protection, Research, and Sanctuaries Act (33 U.S.C. 1401) 


" Ocean Dumping Requirements (40 CFR Parts 220-223, Subchapter H) 


"	 Discharge of dredged materials into ocean, (33 CFR Parts 320-329, 40 CFR Parts 122, 123, 125, 131, 230, 231, 233, 400-469). Incineration at sea requirements (40 CFR 
Parts 220-225, 227, 228). See also 40 CFR 125.120-125.124. 


"	 Section 10 of the Rivers and Harbors Act prohibits unauthorized obstruction or alteration of navigable waters 
(33 CFR Parts 320-329, 40 CFR Parts 122, 123, 125, 131, 230, 231, 233, 400-469). 


" EPA’s Statement of Procedures on Floodplains Management and Wetlands Protection. (40 CFR Part 6 Appendix A) f/ 


3. 	 Office of Pesticides and Toxic Substances 


" Toxic Substances Control Act (15 U.S.C. 2601) 


a. PCB Requirements Generally: 40 CFR Part 761; Manufacturing Processing, Distribution in Commerce, and Use of PCBs, and PCB items (40 CFR 761.20-761.30); 
Marking of PCBs and PCB items (40 CFR 761.40-761.45); Storage and Disposal (40 CFR 761.60-761.79); Records and Reports (40 CFR 761.180-761.185). See 
also 40 CFR 129.105, 750. 


b. Disposal of Wate Material Containing TCDD (40 CFR 775.180-775.197). 


4. Office of Air and Remediation 


" The Uranium Mill Tailings Radiation Control Act of 1978 (42 U.S,C. 2022) 


Uranium mill tailing rules - Health and Environmental Protection Standards for Uranium and Thorium Mill 
Tailings, (40 CFR Part 192). 


" Clean Air Act (42 U.S.C. 7401) 


a. National Ambient Air Quality Standards (40 CFR Part 50) 


b. Standards for Protection Against Radiation - high and low level radioactive waster rule, (10 CFR Part 20). 


c. 	 National Emissions Standards for Hazardous Air Pollutants for Asbestos and Wet Dust particulates, (40 CFR 61.140-61.156), for Beryllium (40 CFR 61.30-61.34), for 
Vinyl Chloride (40 CFR 61.60-61.71), for Benzene (40 CFR 61.110-61.112), and for other hazardous substances (40 CFR Part 61 generally). See also effluent 
limitations and pretreatment standards dor Wet Dust Collection (40 CFR 427.110-427.116) and 40 CFR Part 763. 


d. National Emissions Radionuclides (40 CFR Part 61, 10 CFR 20.101-20.108) 


e. State implementation plans for national primary and secondary ambient air quality control standards (42 U.S.C. 7410) 
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EXHIBIT 1-9 
(Continued) 


UNIVERSE OF APPLICABLE OR RELEVANT AND 


APPROPRIATE REQUIREMENTS 


f. Standards of performance for new stationary sources, including new incinerators (42 U.S.C. 7411), (40 CFR Part 60). 


5. Other Federal Requirements 


" OSHA requirements r workers engaged in response or other hazardous waste operations (29 CFR 1910.120). 


" Occupational Safety and Health Act of 1970 (29 U.S.C. 651). 


(a) Occupational Safety and Health Standards (General Industry Standards) (29 CFR Part 1910). 


(b) The Safety and Health Standards for Federal Service Contracts (29 CFR Part 1926). 


(c) The Shipyard and Longshore Standards (29 CFR parts 1915, 1918). 


(d) The Health and Safety Standards for Employees engaged in Hazardous Waste Operations. (50 FR45654) 


"	 National Historic Preservation Act, 16 U.S.C. 470. Protection of Archaeological Resources: Uniform Regulations -- Department of Defense (32 CFR Part 229, 229.4), 
Department of the Interior (43 CFR Part 7, 7.4). 


"	 Federal Land Policy and Management Act, 13 U.S.C. 1700. (Establishes requirements concerning utilization of public lands, particularly rights of way regulation (13 U.S.C. 
1761), land use planning and land acquisition and disposition (13 U.S.C. 1711), and appropriation of waters on public lands. 


" Department of Transportation Rules for the Transportation of Hazardous Materials, 49 CFR Parts 107, 171.1-172.558.



" Endangered Species Act of 1973, 16 U.S.C. 1531. (Generally, 50 CFR Parts 81, 225, 402).



" Wild and Scenic Rivers Act, 16 U.S.C. 1271.



" Fish and Wildlife Coordination Act, 16 U.S.C. 661 note.



" Fish and Wildlife Improvement Act of 1978, and Fish and Wildlife Act of 1956, 16 U.S.C. 742a note. e /



" Fish and Wildlife Conservation Act of 1980, 16 U.S.C. 2901. (Generally, 50 CFR Part 83). e/



" Coastal Zone Management Act of 1972, 16 U.S.C. 1451. (Generally, 15 CFR Part 930 and 15 CFR 923,45 for Air and Water Pollution Control Requirements).



" Farmland Protection Policy Act, 7 U.S.C. 4201. (Generally, 7 CFR Part 658). e/



" Rivers and Harbors Act (33 U.S.C. 403)



a/ This is the list of potentially applicable or relevant and appropriate requirements found in the October 2, 1985, Compliance Policy with additions. As additional 
requirements are promulgated, they must also be considered potentially applicable or relevant and appropriate and added to this list. 


b/ In authorized States, Federal regulations promulgated under RCRA are not applicable as a State requirement until the State adopts those regulations through its own 
legislative process, but probably would be relevant and appropriate as a Federal requirement. Federal 
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EXHIBIT 1-9 
(Continued) 


UNIVERSE OF APPLICABLE OR RELEVANT AND 


APPROPRIATE REQUIREMENTS 


regulations promulgated pursuant to the Hazardous and Solid Waste Amendments of 1984, however, are effective immediately in all 50 States, and 
are potentially applicable as Federal Requirements. 


c/ 40 CFR Part 264 regulations apply to permitted facilities and may be relevant and appropriate to other facilities. 


d/ 	 Only the Subpart F ground-water monitoring requirements under 40 CFR 264 are ARAR. The Subpart F ground-water monitoring requirements under 
40 CFR 265 are not ARAR. 


e/ May not be applicable or relevant for many sites. 


f/ 40 CFR Part 6 Subpart A sets forth EPA policy for carrying out the provisions of Executive Orders 11988 (Floodplains Management) and 11990 
(Protection of Wetlands). 
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EXHIBIT 1-10 


OTHER FEDERAL AND STATE CRITERIA, ADVISORIES, AND GUIDANCE TO BE CONSIDERED a/ 


1. Federal Criteria, Advisories, and Procedures 


" Health Effects Assessments (HEAs) and Proposed HEAs, (“Health Effects Assessment for (Specific Chemicals), “ECAO, USEPA, 1985). 


"	 References Doses (RFDs), (“Verified Reference Doses of USEPA,” ECAO-CIN-475, January 1986). See also Drinking Water Equivalent Levels (DWELs), a set of 
medium-specific drinking water levels derived from RFDs. (See USEPA Health Advisories, Office of Drinking Water, March 31, 1987) 


"	 Carcinogen Potency Factors (CPFs) (e.g., Q1 Stars, Carcinogen Assessment Group [CAG] Values), (Table 11, “Health Assessment Document for Tatrachloroethylene 
(Porchloroethylene)," USEPA, OHEA/6008-82/005F, July 1985). 


" Pesticide registrations and registration date. 


" Pesticide and Food additive tolerances and action levels. Note: Some tolerances and action levels my pertain and should therefore be considered in certain situations. 


" Waste load allocation procedures, EPA Office of Water (40 CFR Part 125, 130). 


" Federal Sole Source Aquifer requirements See 52 FR 6873, March 5, 1987). 


" Public health criteria on which the decision to list pollutants as hazardous under Section 112 of the Clean Air Act was based. 


" Guidelines for Ground-Water Classification Under the EPA Ground-Water Protection Strategy. 


"	 TSCA chemical advisories (4 issued to date: Nitrosamines (September, 1984), P/Tert/Buti/benzoic acid (March,1985) Burning used oil & space heaters (November, 
1985, 4-4 Methylinebis [2/Chloroaline] (December, 1986), 2 Nitropropane (December 1986). 


" Advisories Issued by FWS and NWFS under the Fish and Wildlife Coordination Act. 


" TSCA Compliance Program Policy, (“TSCA Enforcement Guidance Manuel - Policy Compendium," USEPA, OECH, OPTS, March, 1985). 


" OSHA health and safety standards that way be used to protect public health (non-workplace). 


________________________________________ 


a/	 This list updates this list of other Federal criteria, advisories, and guidance to be considered in the October 5, 1985, Compliance Policy. As additional 
or revised criteria, advisories, or guidance are issued, they should be added to this list and also considered. 


b/	 Proposed amendments to the federal Insecticide, Fungicide and Rodenticide Act Introduced the concept of Ground Water Residue Guidance Levels (GRGLs). 
These amendments have not been passed by Congress and a List of GRGLs has not yet boan promulgated. 
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EXHIBIT 1-10 
(Continued) 


OTHER FEDERAL AND STATE CRITERIA, ADVISORIES, AND GUIDANCE TO BE CONSIDERED 


" Health Advisories, EPA Office of Water



" EPA Water Quality Advisories, EPA Office of Water, Criteria and Standards Division.



2.	 USEPA RCRA Guidance Documents 


" Interim Final Alternate Concentration Limit Guidance Part I: ACL Policy and Information Requirements (July, 1987) 


a. 	 EPA’s RCRA Design Guidelines 


(1) Surface Impoundments, Liners Systems, Final Cover and Feedback Control. 


(2) Waste Pile Design - Liner Systems. 


(3) Land Treatment Units. 


(4) Landfill Design - Liner Systems and Final Cover. 


b. Permitting Guidance Manuals c/ 


(1) 	 Permit Writer’s Guidance Manual for Hazardous Waste Land Treatment, Storage and Disposal Facilities, Phase I; (February 15, 1985) EPA/530-
SW-85-024. 


(2) Permit Writer’s Guidance Manual for Subpart F. (October, 1983) 


(3) Permit Applicant’s Guidance Manual for the General Facility Standards. (October 15, 1983) EPA # OSW 00-00-968 


(4) Waste Analysis Plan Guidance Manual. (October 15, 1984) EPA/530-SW-84-012 


(5) Permit Writer’s Guidance Manual for Hazardous Waste Tanks. (July 1983) 


(6) Model Permit Application for Existing Incinerators. (1985) 


(7) Guidance Manual for Evaluating Permit Applications for the Operation of Hazardous Waste Incinerator Units. (July 1983) 


(8) A Guide for Preparing RCRA Permit Applications for Existing Storage Facilities. (January 15, 1982) 


(9) Guidance Manual on closure and post-closure Interim Status Standards. 


c/ 	 RCRA permit manuals are listed to indicate the kind of information used, manner of interpreting information, and determining in setting standards; they are not 
used to indicate procedures. 
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EXHIBIT 1-10 
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OTHER FEDERAL AND STATE CRITERIA, ADVISORIES, AND GUIDANCE TO BE CONSIDERED 


c. 	 Technical Resource Documents (TRDs) 


(1) Evaluating Cover Systems for Solid and Hazardous Waste. (September 1982) EPS OSW-00-00-867 


(2) Hydrologic Simulation of Solid Waste Disposal Sites. (November 1982) EPA OSW-00-00-868 


(3) Landfill and Surface Impoundment Performance Evaluation. (April 1983) EPA OSW-00-00-869 


(4) Draft Minimal Technology Guidelines on Double Liner System for Landfills and Surface Impoundments. (May 1985) PB 87151072-AS 


(5) Draft Minimal Technology Guidelines on Single Liner System for Landfills and Surface Impoundments. (May 1985) PB 871173159



(6) Management of Hazardous Waste Leachate. (September 1982) OSW-00-00-871



(7) Guide to the Disposal of Chemically Stabilized and Solidified Waste. (1982) EPA/530-SW-872



(8) Closure of Hazardous Waste Surface Impoundments. (September 1982) OSW-00-00-873



(9) Hazardous Waste Land Treatment. (April 1983) OSW-00-00-874



(10) Soil Properties, Classification, and Hydraulic Conductivity Testing. (March 1984) OSW-00-00-925, OSWER directive 9480.00-7D



d. Test Methods for Evaluating Solid Waste 


(1) Solid Waste Leaching Procedure Manual. (1984) OSW-00-00-924 


(2) Methods for the Prediction of Leachate Plume Migration and Mixing 


(3) Hydrologic Evaluation of Landfill Performance (HELP) Mode, Volumes I and II (1984), EPA/530-SW-84-009 & EPA/530-SW-84-010 


(4) Hydrologic Simulation on Solid Waste Disposal Sites. (November 1982) EPA OSW-00-00-868 


(5) 	 Procedures for Modeling Flow through Clay Liners to Determine Required Liner Thickness. (1984) EPA/530-SW-84-001 & OSWER directive 
9480.00-9D 


(6) Test Methods for Evaluating Solid Wastes, third edition. (November 1986) SW-846 


(7) A Method for Determining the Compatibility of Hazardous Wastes. EPA/600-02-80-076 


(8) Guidance Manual on Hazardous Waste Compatibility 
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(Continued) 


OTHER FEDERAL AND STATE CRITERIA, ADVISORIES, AND GUIDANCE TO BE CONSIDERED 


3. USEPA Office of Water Guidance Documents 


a. 	 Pretreatment Guidance Documents: 


(1) 304(g) Guidance Revised Pretreatment Guidelines (3 Volumes) 


(2) Guidance for POTW Pretreatment Pogram Manual (October, 1983) 


(3) Developing Requirements for Direct and Indirect Discharges of CERCLA Wastewater, Draft. (1987) 


(4) Domestic Sewage Exemption Study



(5) Guidance for Implementing RCRA Permit by Rule Requirements at POTWs



(6) Application of Correction Action Requirements at Publicly Owned Treatment Works



(7) Draft Guidance Manual on the Development and Implementation of Local Discharge Limitations Under the Pretreatment Program (1987)



b. 	 Water Quality Guidance Documents 


(1) Ecological Evaluation of Proposed Discharge of Dredged Material into Ocean Waters (1997) 


(2) Technical Support Manual: Waterbody Surveys and Assessments for Conducting Use Attainability Analyses (1983) 


(3) Water-Related Environmental Fate of 129 Priority Pollutants (1979)



(4) Water Quality Standards Handbook (December, 1983)



(5) Technical Support Document for Water Quality-based Toxics Control. (1983)



c. 	 NPDES Guidance Documents 


(1) NPDES Best Management Practices Guidance Manual (June 1981). 


(2) Case studies on toxicity reduction evaluation (May 1983). 


d. Ground Water/UIC Guidance Documents 


(1) Designation of a USDW (No. 7.1, October 1979) 


(2) Elements of aquifer identification (No. 7.2, October 1979) 


(3) 	 Interim Guidance Concerning Corrective Action for Primary and Continuous Release of Class I and IV Hazardous Waste wells (No. 45, April 
1986) requirements 


(4) 	 Requirements applicable to wells injected into, through, or above an aquifer that has been exempted pursuant to Section 146.104(b) (4). (No. 
27, July 1981) 
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OTHER FEDERAL AND STATE CRITERIA, ADVISORIES, AND GUIDANCE TO BE CONSIDERED 


(5) Guidance for UIC implementation on Indian Lands. (No. 33, October 1983) 


e. Ground-Water Protection Strategy (August 1984). 


f. Clean Water Act Guidance Documents (See Exhibit 3-1). 


4. 	 USEPA Manuals from the Office of Research and Development 


" SW 846 methods - Laboratory analytic methods (November 1986) 


" Lab protocols developed pursuant to Clean Water Act Section 304(h). 


5. 	 Nonpromulgated State Advisories 


" State approval of water supply system additions or developments. 


" State ground water withdrawl approvals. 


Note: Many other State advisories could be pertinent. Forthcoming guidance will include a more comprehensive list. 


* * * AUGUST 8, 1998 DRAFT * * *
Word-searchable version – Not a true copy 







CHAPTER 2 


GUIDANCE FOR CERCLA COMPLIANCE WITH RCRA 


2.0 INTRODUCTION 


This chapter addresses compliance of CERCLA remedial actions with applicable 
or relevant and appropriate requirements in RCRA (42 U.S.C. 6901),as amended by 
HSWA, and regulations promulgated under that statute.1 RCRA currently has nine 
discrete sections (Subtitles) that deal with specific waste management activities. 
Three of these Subtitles are most likely to be the basis for applicable or relevant 
and appropriate requirements for CERCLA remedial actions: Subtitle C (Hazardous 
Waste Management), Subtitle D (Solid Waste Management), and Subtitle I (Underground 
Storage Tank Regulation). Of these, the provisions in Subtitle C, which mandate the 
creation of a “cradle to grave” management system for hazardous waste by regulating 
the generation, transportation, treatment, storage, and disposal of hazardous 
waste,2 have the greatest likelihood of being applicable or relevant and appropriate 
to CERCLA actions, because they address situations similar to CERCLA site conditions 
or activities. This chapter therefore mainly addresses Subtitle C, but also 
references Subtitles D and I where appropriate. 


Many of the potential ARARs have been listed in Exhibits 1-1 
(Chemical-Specific Requirements), 1-2 (Location-Specific Requirements) and 1-3 
(Action-Specific Requirements) in Chapter 1, Section 1.2.3. Therefore, this chapter 
concentrates on issues that can arise in determining whether RCRA requirements are 
applicable or relevant and appropriate in particular site-specific circumstances. 


This chapter is organized as follows: 


Section 2.1 highlights the importance of coordination between CERCLA and RCRA 
offices. 


Section 2.2 provides a description of the basic structure and purposes of 
RCRA. 


Section 2.3 addresses the jurisdictional requirements for RCRA applicability. 


1 This manual currently addresses RCRA requirements for CERCLA actions only 
where hazardous wastes will remain on site. Off-site remedial actions will be 
addressed at a later date. 


2 Waste is defined by the regulations to be hazardous (unless specifically 
excluded) if it meets one of three criteria: (1) it has a characteristic of 
hazardous waste (ignitability, corrosivity, reactivity, or toxicity); (2) it is 
listed as a hazardous waste; or (3) it is a mixture that contains a hazardous waste. 
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Section 2.4 discusses which RCRA requirements (i.e., requirements established 
by the Federal program, State programs, and requirements under the Hazardous 
and Solid Waste Amendments of 1984 (HSWA)) should be consulted in particular 
circumstances. 


Section 2.5 addresses issues involved in RCRA storage requirements. 


Section 2.6 addresses issues involved in RCRA treatment requirements. 


Section 2.7 addresses issues involved in RCRA disposal requirements. 


2.1 COORDINATION BETWEEN CERCLA (SUPERFUND) AND RCRA OFFICES 


This chapter is written to provide an overview of key RCRA requirements that 
may be applicable or relevant and appropriate to CERCLA remedial actions. However, 
since RCRA statutory and regulatory requirements are complex and many RCRA 
regulations are still under development, it is important that the lead agency 
consult with Regional and State RCRA experts3 for assistance in identifying RCRA 
ARARs. Each Region should develop procedures, protocols, or memoranda of 
understanding that, while not recreating the administrative aspects of a permit, 
ensure such early and continuous coordination. Such procedures may also include a 
mechanism for keeping the appropriate State or Federal RCRA program informed of how 
RCRA ARARs are met during the remedial construction phase. (See also Chapter 1, 
Section 1.2.1). 


In addition, since Superfund program policy on RCRA ARARs will continue to be 
developed as new RCRA regulations are promulgated, it may also be important to 
consult with the appropriate Headquarters Superfund office on questions regarding 
potential RCRA ARARs. 


2.2 OVERVIEW OF RESOURCE CONSERVATION AND RECOVERY ACT (RCRA) 


The Resource Conservation and Recovery Act (RCRA) was passed in 19764 to meet 
three goals: the protection of human health and the environment, the reduction of 
waste and the conservation of energy and natural resources, and the reduction or 
elimination of the generation of hazardous waste as expeditiously as possible. The 
Hazardous and Solid Waste Amendments (HSWA) of 1984 significantly expanded the scope 
of RCRA by adding new corrective action requirements, land disposal restrictions, 
and technical requirements. 


3 Consultation with State RCRA experts is particularly important where States 
are authorized to administer and enforce RCRA (see section 2.4). 


4 RCRA (Pub. L. No. 94-580, 90 Stat. 2795) was passed in 1976 as a series of 
amendments to the Solid Waste Disposal Act of 1965 (Pub. L. No. 89-272). The 
amendments were so extensive that the statute is commonly referred to as RCRA. 
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The RCRA regulations implementing Subtitle C establishing the hazardous 
waste management system first became effective on November 19, 1980. (The 
regulations were published on May 19, 1980, (45 FR 33066) and became effective six 
months 1ater.) Additional standards pertaining to the management of hazardous waste 
at permitted treatment, storage, and disposal facilities have been issued 
periodically since. Included among these are the land disposal restrictions under 
Subpart F (see p. 2-21 for effective dates) and tank system regulations (see p. 
1-48, p. 2-12, and p. A-6), which became effective January 12, 1987. 


The regulations comprising the management system are of two types: general 
standards that govern such topics as ground-water protection, closure, and 
post-closure care requirements for facilities (40 CFR Part 264 Subparts B through 
G), and specific standards that regulate the installation, operation, inspection, 
and closure of containers, tanks, surface impoundments, waste piles, land treatment 
units, landfills, incinerators, and the processes of thermal treatment, chemical or 
biological treatment, and underground injection (40 CFR Part 264 Subparts I through 
O and X, and 40 CFR 265 Subparts P, Q, and R). 


For CERCLA actions which involve treatment, storage, or disposal of RCRA 
hazardous waste after July 26, 1982, the 40 CFR Part 264 standards promulgated on 
that date will generally be applicable. (Note further discussion of Part 264 Subpart 
F requirements in Section 2.7.4.1 below). If RCRA hazardous waste was treated, 
stored, or disposed at the site before the effective date of these Part 264 
standards, the Part 264 standards would not be applicable if the CERCLA action does 
not involve current treatment, storage, or disposal, but may be relevant and 
appropriate. 


While EPA has promulgated regulations in many areas since RCRA was first 
passed, the Hazardous and Solid Waste Amendments of 1984 (HSWA) will result in 
promulgation of additional requirements pertaining to several topics. Final 
Promulgation of regulations to implement HSWA are expected in the future in the 
following areas that may affect CERCLA cleanup actions: 


N	 Standards for underground storage tanks containing Petroleum or hazardous 
chemicals (proposed 52 FR 12662, April 17. 1987); 


N	 New procedures for determining if a waste is a hazardous waste 
(forthcoming); 


N	 Technical standards for liners and leak detection systems in new landfills, 
surface impoundments, waste piles, underground tanks, and land treatment 
units (proposed 52 FR 20218, May 29, 1987); 


N	 Regulations for the monitoring and control of air emissions for volatile 
organics control at land disposal facilities (proposed 52 FR 3748, February 
5, 1987); 


N	 Requirements concerning land disposal restrictions on hazardous wastes 
(promulgated in part on November 7, 1986 and July 8, 1987 and 
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forthcoming according to the schedule listed on p. 2-21). Land disposal of 
contaminated soil or debris resulting from a response action under CERCLA 
§104 or §106 is currently exempt from theses requirements. This statutory 
exemption period will end on November 8, 1988. 


N	 Regulations under Subtitle D affecting solid waste disposal facilities 
(forthcoming). 


N	 Regulations specifying procedures for carrying out corrective actions at 
RCRA facilities (forthcoming). 


N	 Requirements concerning restrictions of hazardous wastes in underground 
injection wells (forthcoming). 


These regulations, when promulgated, are likely to be ARARs in certain 
circumstances. As these and other regulations are promulgated, this manual will be 
updated as necessary. 


2.3 JURISDICTIONAL REQUIREMENTS FOR SUBTITLE C APPLICABILITY 


RCRA Subtitle C regulates the treatment, storage, and disposal of hazardous 
waste. In determining the jurisdictional requirements of regulations promulgated 
under Subtitle C, the definitions of solid waste and hazardous waste, the types of 
activities covered, and the time periods covered should be analyzed. 


In general, RCRA Subtitle C requirements for the treatment, storage, or 
disposal of hazardous waste will be applicable if a combination of the following 
conditions are met: 


(1) the waste is a listed5 or characteristic6 waste under RCRA; and 


(2)(a)	 the waste was treated, stored, or disposed (as defined in 40 CFR 
§260.10) after the effective date of the RCRA requirements under 
consideration; or 


5 Listed hazardous wastes under RCRA are found in 40 CFR Part 261, Subpart D. 
The Subpart K lists identify waste streams from specified sources or industrial 
processes and certain discarded commercial chemical products as hazardous. Some RCRA 
requirements apply to hazardous wastes as defined in RCRA §1004(5). 


6 Characteristic hazardous wastes under RCRA are described in 40 CFR Part 261, 
Subpart C. Testing methods and protocols for characteristic determinations 
(ignitability, corrosivity, reactivity, and Extraction Procedure toxicity are 
contained in Test Methods for Evaluating Solid Waste, 3rd edition, Volume 1C, 
Laboratory Manual (SW-846). 
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(b)	 the activity at the CERCLA site constitutes treatment, storage, or 
disposal as defined by RCRA. 


Thus, there are two scenarios under which RCRA requirements may be applicable 
to CERCLA sites. First, if the lead agency determines that RCRA listed or 
characteristic hazardous waste is present and the wastes were treated, stored, or 
disposed at the site after the effective date of the RCRA Subtitle C requirements 
under consideration, then the pertinent RCRA Subtitle C requirements will be 
applicable to the waste activity. Generally, traditional RCRA regulated facilities 
that have been listed on the NPL may fall into this category, even if the proposed 
CERCLA action would not involve treatment, storage, or disposal. For example, if a 
RCRA Subtitle C landfill operated at the site after the effective date of the RCRA 
closure requirements, then the lead agency would need to comply with the applicable 
closure requirements for those units in completing the remedial action. 


Under the second scenario, the CERCLA activity involves treatment, storage, or 
disposal of hazardous waste. If the lead agency determines that RCRA listed or 
characteristic hazardous waste is present at the site (even if the waste was 
disposed before the effective date of the requirement) and the proposed CERCLA 
action involves treatment, storage, or disposal as defined under RCRA Subtitle C, 
then RCRA requirements related to those actions would be applicable. 


These two scenarios are contingent upon determinations that a RCRA Subtitle C 
hazardous waste is present and on the identification of the period of waste 
management. To determine whether a waste is a listed waste under RCRA, it is often 
necessary to know the source. However, at many Superfund sites no information exists 
on the source of the wastes. The lead agency should use available site information, 
manifests, storage records, and vouchers in an effort to ascertain the nature of 
these contaminants. When this documentation is not available, the lead agency may 
assume that the wastes are not listed RCRA hazardous wastes, unless further analysis 
or information becomes available which allows the lead agency to determine that the 
wastes are listed RCRA hazardous wastes. If the lead agency is unable to make an 
affirmative determination that the wastes are RCRA hazardous wastes, RCRA 
requirements would not be applicable to CERCLA actions, but may be relevant and 
appropriate if the CERCLA action involves treatment, storage or disposal and if the 
wastes are similar or identical to RCRA hazardous waste. 


Under certain circumstances, although no historical information exists about 
the waste, it may be possible to identify the wastes as RCRA characteristic wastes. 
This is important in the event that (1) remedial alternatives under consideration at 
the site involve on-site treatment, storage, or disposal, in which case RCRA may be 
triggered as discussed in this chapter; or (2) a remedial alternative involves 
off-site shipment. Since the generator (in this case, the agency or responsible 
party conducting the Superfund action) is responsible for determining if the wastes 
exhibit any of these characteristics (defined in 40 CFR §261.21-24), testing may be 
required. The lead agency must use best professional judgment to determine, on a 
site-specific basis, if testing for hazardous characteristics is necessary. 
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In determining whether to test for the toxicity characteristic using the 
Extraction Procedure (EP) Toxicity Test,7 it may be possible to assume that certain 
low concentrations of waste are not toxic. For example, if the total waste 
concentration is 20 times or less the EP Toxicity concentration, the waste cannot be 
characteristic hazardous waste. In such a case RCRA requirements would not be 
applicable. In other instances, where it appears that the substances may be 
characteristic hazardous waste (ignitable, corrosive, reactive, or EP toxic), 
testing should be performed. 


If the wastes exhibit hazardous characteristics, RCRA requirements are 
potentially applicable if the wastes also were either treated, stored, or disposed 
after the effective date of the applicable RCRA requirement or if the CERCLA actions 
will involve treatment, storage, or disposal. 


If RCRA Subtitle C is not applicable, further analysis may be done to 
determine whether it is both relevant and appropriate.8 This determination depends 
first on whether the waste at the site is “sufficiently similar” to a RCRA hazardous 
waste. The following paragraphs provide guidance on evaluating CERCLA waste with 
regard to this “sufficiently similar” text. 


In addition to identifying hazardous wastes through characteristic testing, 
EPA analyzes wastes from specific industries or processes, and lists certain wastes 
or waste streams if it determines they should be regulated as a hazardous waste 
under RCRA. EPA’s listing decision is based on an analysis of a number of factors 
that affect the hazard of the waste, including the toxicity of the constituents in 
the waste stream and their concentration, persistence, and bioaccumulation 
characteristics, as well as volume generated and potential for mismanagement. Simply 
the presence of a hazardous constituent in a waste is not sufficient to 
automatically consider a waste to be hazardous under RCRA. 


Similarly, when evaluating whether Subtitle C requirements are relevant and 
appropriate, the mere presence of hazardous constituents in a CERCLA waste does not 
mean the waste is sufficiently similar to a RCRA hazardous waste to trigger Subtitle 
C as an ARAR. Judguent should be used in assessing whether the waste closely 
resembles a RCRA hazardous waste, considering the chemical composition, form, 
concentration, and any other information pertinent to the nature of the waste. For 
example, waste in barrels that is virtually identical to a listed waste might be 
sufficiently similar. By contrast, low 


7 Currently, 14 contaminants are listed for the characteristic of EP toxicity. 
A waste exhibits the characteristic of EP toxicity if an extract of a representative 
sample of the waste, tested using the specified procedures, contains any of these 14 
contaminants equal to or greater than the concentration level specified in 40 CFR 
§261.24. 


8 See Chapter 1, section 1.2.2, p. 1-10, and section 1.2.4.3, p. 1-65 to p.1-
70, for detailed guidance on making the determination that a requirement is both 
relevant and appropriate. 
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concentrations of a hazardous constituent, dispersed in soil over a wide area, would 
generally not trigger Subtitie C as relevant and appropriate. (For determination of 
relevance and appropriateness see general discussion on page 1-65.) 


2.3.1 DEFINITION OF HAZARDOUS WASTE 


Generally, most requirements under RCRA are triggered by the management of 
waste defined specifically as solid or hazardous9 (See generally 40 CFR Part 261). 
Solid waste is defined very broadly under the regulations to include garbage (i.e. 
from households), refuse (metal scrap and other commercial wastes), sludges from 
facilities such as wastewater treatment plants and pollution control facilities, and 
other discarded materials in solid, semi-solid, liquid, or contaminated gaseous 
forms resulting from industrial, commercial, mining, agricultural, and community 
activities. Hazardous waste considered a subset of solid waste, and is subject to 
regulation under RCRA if: 


(1)	 the wastes exhibit one of four characteristics (ignitability, 
corrosivity, reactivity, or EP toxicity); 


(2)	 are waste streams or discarded chemical products listed in the RCRA 
regulations as hazardous wastes (40 CFR Part 264 Subpart D); or 


(3)	 are mixtures of solid waste and waste listed as hazardous by RCRA 
regulations. 


Wastes that are specifically excluded from regulation as a hazardous waste 
include household wastes, municipal resource recovery wastes, and some 
wastes returned to the land as fertilizer. 


9 Most provisions in Subtitle C of RCRA apply to hazardous waste listed or 
identified as characteristic pursuant to §3001, as described above in (1) through 
(3). However, RCRA §§3004(b), (c), and (u) apply to the broader definition of 
hazardous waste found in RCRA §1004(5): “The term ‘hazardous waste’ means a solid 
waste, or combination of solid wastes, which because of its quantity, concentration, 
or physical chemical, or infectious characteristic may cause, or significantly 
contribute to an increase in mortality or an increase in serious irreversible, or 
incapacitating reversible, illness; or pose a substantial present or potential 
hazard to human health or the environment when improperly treated, stored, 
transported, or disposed of, or otherwise managed.” RCRA §3004 (b) prohibits 
placement of noncontainerized or bulk liquid “hazardous waste” (as defined in 
§1004(5)) in certain salt domes and other geologic formations. Similarly, 
noncontainerized or bulk liquid hazardous waste may not be placed in any landfill 
(§3004(c)). Section 3004(u) pertains to corrective action for solid waste management 
units at RCRA facilities. 
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2.3.2 TREATMENT, STORAGE, AND DISPOSAL OF HAZARDOUS WASTE 


Management of hazardous waste is divided by the statute and the regulations 
into treatment, storage, and disposal. EPA has determined that the following 
jurisdictional prerequisites will trigger the applicability of some portion of the 
RCRA 40 CFR Part 264 requirements for a CERCLA remedial action: 


(1)	 RCRA storage requirements apply to the storage of RCRA hazardous waste 
after November 19, 1980.10 Waste received by a facility before November 
19, 1980, is still subject to RCRA requirements if the waste is stored 
after that date. Generators storing wastes for less than 90 days are not 
required to soak permits, but must satisfy the standards in 40 CPR Part 
265 Subpart I for containers or the standards in 40 CFR Part 265 Subpart 
J for tanks.11 


(2)	 RCRA requirements for treatment or disposal12 of hazardous wastes apply 
if: 


10 “Storage” means the holding of hazardous waste for a temporary period, at 
the end of which the hazardous waste is treated, disposed of, or stored elsewhere. 
(40 CFR §260.10(a)) Secondary containment system regulations for tank systems were 
enacted July 14, 1986, and must be met by January 12, 1989 for tanks containing 
dioxins, and for other tanks, by January 12, 1991, or when the system has reached 15 
years of age, whichever comes later. 


11 Generators of hazardous waste may accumulate hazardous waste on-site for 
less than 90 days without a permit or interim status, provided that: (1) the waste 
is placed in containers or tanks that are in compliance with Subparts I and J of 40 
CFR Part 265 (excluding §265.197(c) and §265.200); (2) the containers and tanks are 
clearly dated and marked “hazardous waste;” and (3) the generator complies with 
Subparts C and D of 40 CFR Part 265 and with §265.16 (see 40CFR §262.34(a)). In 
addition, generators of less than 100 kg/month of hazardous waste are not subject to 
the 90-day limit (40 CFR §261.5); and generators of less than 1000 kg/month of 
hazardous waste may accumulate waste for up to 180 days without a permit (40 CFR 
262.34(d)). 


12 “Treatment” means any method, technique, or process, including 
neutralization, designed to change the physical, chemical, or biological character 
or composition of any hazardous waste so as to neutralize such waste, or so as to 
recover energy or material resources from the waste, or so as to render such waste 
non-hazardous or less hazardous; safer to transport, store, or dispose of; or 
amenable for recovery, amenable for storage, or reduced in volume. (40 CFR §260.10) 


“Land disposal” is defined by Section 3004(k) of RCRA as follows: “when used with 
respect to a specified hazardous waste, shall be deemed to include, but not be 
limited to, any placement of such hazardous waste in a landfill, surface 
impoundment, waste pile, injection well, land treatment facility, salt dome 
formation, salt bed formation, or underground mine or cave.” 
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a) the unit or area of contamination13 contains RCRA hazardous waste that 
was treated or disposed of after the effective data of the pertinent 
requirements;14 or 


b) the CERCLA activity at the unit or area of contamination constitutes 
treatment or disposal of RCRA hazardous waste, as defined under RCRA.15 


(3)	 RCRA corrective action requirements16 apply at sites that are 
subject to RCRA regulation under paragraphs 1 and 2 above, and to 
all releases of hazardous waste or constituents from “solid waste 
management units” existing at facilities containing such units. 
Solid waste management units include “any unit from which 
hazardous constituents might migrate, irrespective of whether the 
units were intended for the management of solid and/or 
hazardous wastes.” Certain corrective action requirements 
specified under HSWA were in 50 FR 28712, July 15, 1985, and 52 
FR 45788, December 1, 1987. 


13 Disposal of RCRA hazardous waste into a unit or area of contamination (AOC) 
will trigger applicability of certain RCRA requirements to the unit or AOC. See 
section 2.7 for more detailed discussion. 


14 For example, the requirements for groundwater monitoring are applicable to 
surface impoundments, landfills, land treatment units, and waste piles that received 
hazardous waste after July 26,1982. 


15 When current activity at the CERCLA site constitutes treatment or disposal, 
the activity must also meet the conditions described in Sections 2.6 or 2.7 of this 
chapter. 


16 “Hazardous waste” requiring corrective action under §3004(h) is defined 
more broadly than wastes listed or identified under §3001. Corrective action applies 
to hazardous waste as defined in §1004(5). See Footnote 9. 
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A portion of the RCRA requirements under 40 CFR Part 264 will likely be 
applicable at most CERCLA sites that contain RCRA hazardous waste because remedial 
actions at those sites will generally constitute treatment, storage, or disposal 
after the effective date of RCRA. In those cases in which a RCRA facility has been 
listed on the NPL, the applicability of RCRA standards to the facility has already 
been determined. In addition to the jurisdictional prerequisites listed above, 
however, RCRA treatment, storage, and disposal standards each have their own 
separate requirements. Therefore it will be necessary to utilize the procedures 
outlined in Chapter 1 and take into account issues addressed in this chapter in 
order to determine which RCRA requirements are applicable or relevant and 
appropriate to particular CERCLA activities. 


2.3.3 ADDITIONAL CONSIDERATIONS IN DETERMINING SUBTITLE C ARARs 


The following general principles may assist in determining potentially 
applicable or relevant and appropriate RCRA requirementsl7: 


N RCRA permits are not required for CERCLA actions taken entirely onsite. 
Facilities used for off-site disposal are required by CERCLA §121(d)(3) to 
be in compliance with all pertinent RCRA requirements (e.g., have a RCRA 
permit or interim status and have any releases from SWMUs being controlled 
by corrective action). 


N	 Administrative RCRA requirements, such as reporting and recordkeeping 
requirements, are not applicable or relevant and appropriate for on-site 
activities. 


N	 RCRA requirements that are not applicable may nonetheless be relevant and 
appropriate based on site-specific circumstances. In some cases, the source 
or prior use of a CERCLA waste may not be identifiable, but the waste may 
be identical in composition to a listed RCRA waste derived from a known 
source or use, and therefore RCRA requirements would be relevant. In 
addition, a determination mist be made whether the requirement is 
appropriate given the circumstances of the release, the site 
characteristics, and the remedial activity. Only those requirements that 
are determined to be both relevant and appropriate must be complied with. 
(See Chapter 1, pp. 1-10 and 1-65 to 1-70 for a detailed discussion of the 
determination that a requirement is relevant and appropriate). 


17 RCRA guidance, although not ARAR, may also be considered and includes: 
Permit Writers’ Guidance Manual for the Location of Hazardous Waste Land Storage and 
Disposal Facilities: Phase 1, Criteria for Location Acceptability and Existing 
Regulations for Evaluating Locations (Final Draft), February 1985; Permit Applicants 
Guidance Manual for the General Facility Standards of 40 CER 264, SW-968, October 
1983; and Guidance for Ground-Water Classification Under the EPA Ground-Water 
Protection Strategy, (Final Draft), December 1986. 
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RCRA regulations are organized by particular waste management processes (i.e., 
types of technology, such an incineration, tanks, or land treatment) as well as by 
general standards (i.e., types of actions, such as disposal, closure, or corrective 
action, that may pertain to several different processes). Potential ARARs for CERCLA 
sites may pertain to either the process or the action. Action-specific requirements 
generally refer to an action or to a particular type of waste management process. 


2.4 FEDERAL AND STATES RCRA REQUIREMENTS 


Federal regulations under RCRA establish minimum national standards defining 
the acceptable management of hazardous waste. States can be authorized by EPA to 
administer and enforce RCRA hazardous waste management programs in lieu of the 
Federal program if the States have equivalent statutory and regulatory authority. In 
these authorized States, the Federal regulations promulgated pursuant to RCRA are 
not applicable until the State Adopts the Federal regulations through its own 
legislative process. Federal regulations promulgated pursuant to HSWA, however, are 
effective immediately. The regulations in these State programs may be more stringent 
or have greater scope of coverage than the Federal program. If a State is not 
authorized for a particular part of the RCRA program, the Federal government is 
responsible for that portion of the program in the State, and Federal regulations 
are applicable. 


If the CERCLA site is located in a State with an authorized RCRA program, the 
State’s promulgated RCRA requirements will replace the equivalent Federal 
requirements as potentially ARAR. If the remedial action is taking place in a State 
without full authorization, Federal requirements may be ARAR, unless the State’s 
promulgated regulations satisfy the requirement in CERCLA §121 that they are “more 
stringent” than the Federal standard. Since-a State standards may need to be 
evaluated. To retain final authorization State may be authorized for only a portion 
of the RCRA program, both Federal and, the State must adopt HSWA-related 
requirements as State law by specified dates. Thus, State authority and regulations 
will eventually replace corresponding Federal requirements when the State receives 
Federal authorization for HSWA. These requirements would then be analyzed as 
potential ARAR.18 


Because the timetable for implementation of HSWA requirements extends into the 
1990's, consideration of both Federal and State potential ARARs will be necessary 
for some time to come. The forthcoming HSWA standards that may affect CERCLA cleanup 
actions in the future are listed on page 2-3. 


18 Currently, the Agency is developing additional guidance on State ARARS, to 
be incorporate in this manual at a later date. 
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2.5 RCRA STORAGE REQUIREMENTS 


Remedial action at a CERCLA site may require short- or long-term storage of 
hazardous substances found at the site.19 Whether RCRA storage requirements will, be 
applicable will depend on whether the waste is a RCRA hazardous waste and on 
whether the waste has been or will be stored after November 19, 1980. If these 
requirements are not applicable, whether they are relevant and appropriate should be 
determined based on the procedure for determining relevance and appropriateness 
outlined in Chapter 1. 


The jurisdictional prerequisites for applicability of the RCRA storage 
requirements are: 


(1) The substance to be stored must be a RCRA hazardous waste. (If the 
substance meets the definition of ignitable or reactive wastes, 
incompatible wastes, or special categories of wastes, special 
requirements under the RCRA container storage, tank storage, surface 
impoundment storage, and waste pile storage regulations pertaining to 
these wastes might also be applicable); and 


(2)	 The hazardous waste must be stored after November 19, 1980. Note that 
waste received by a facility before that date is still subject to 
RCRA requirements if stored in tanks or containers after that date. 
Thus, if the CERCLA site contains an existing storage area holding 
RCRA hazardous waste, the requirements are applicable.20 


Alternatively, if the RCRA hazardous waste first becomes subject to 
regulation as a result of the actions taken at the cleanup site, RCRA 
storage requirements will be applicable. In these situations 
depending on the amounts and types of wastes being stored, different 
requirements may become applicable.21 


19 RCRA requirements for the use of storage containers are given in 40 CFR 
Part 264 Subpart I, those regarding storage tanks are in 40 CFR Part 264 Subpart J, 
those regarding storage surface impoundments are in 40 CFR Part 264 Subpart K, and 
those regarding storage piles are in 40 CFR Part 264 Subpart L. EPA has recently 
issued a notice of proposed rulemaking that would require leak detection systems for 
tanks, surface impoundments, and storage piles. (May 29, 1987, 52 FR 20218). 


20 The land disposal restrictions rule also provides that any waste that is 
prohibited from one or more methods of land disposal also is prohibited from storage 
unless the storage is solely to accumulate sufficient quantities of the waste to 
allow for proper recovery, treatment, or disposal. 


21 There are several types of small quantity generators and different 
provisions (40 CFR 1262.34) apply depending on length of storage and amount of 
hazardous waste generated. For example, a generator accumulating less than 55 
gallons of hazardous waste or one quart of an acutely hazardous waste listed in 
§261.33(3) in containers at or near any point of generation where wastes initially 
accumulate are not subject to the 90 day limit, as long as 
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Finally, when it is determined that a waste is a RCRA hazardous waste, and 
that the waste will be stored, a decision must be made as to whether the RCRA 
requirements pertaining to storage are applicable. The particular storage 
requirements applicable will depend upon the type of container used. Determining 
which storage requirements under RCRA, are applicable will require analysis of the 
prerequisites included in Subparts I, J, K, or L for the different types of storage. 
Subpart I requires determining whether the receptacle satisfies the definition of 
“container” in 40 CFR §260.10. Subpart J requires a determination if the receptacle 
is a “tank,” as tanks are defined by the regulations (40 CPR §260.10). Technical 
requirements under HSWA for underground tanks are being developed, and in the future 
they will also have to be considered in the ARAR analysis.22 Subpart L requires a 
determination whether the waste is being stored in a “pile,” as defined in the 
regulations. However, certain covered waste piles are exempt from a part of the 
waste pile requirements. A decision on the applicability of the waste pile 
regulations will require an analysis of both basic definitions and exemotions. 


Even if they are not applicable, portions of RCRA requirements for tanks (40 
CFR Part 264, Subpart J) may be relevant and appropriate for sites where temporary 
storage in tanks is required. For example, the requirement that tanks have 
sufficient minimum shell thickness and pressure controls to prevent collapse or 
rupture may be relevant and appropriate, since the purpose of this requirement is to 
ensure that the tank does not create additional environmental problems due to its 
own failure. Subpart J further requires that tanks have an inner lining or coating, 
or an alternative means of protection such as cathodic protection or corrosion 
inhibitors, in order to ensure that the tank is safe throughout its effective life. 
This requirement, while relevant, might not be appropriate unless the tanks were 
expected to be in use for several years. For example, if hazardous substances will 
be stored temporarily in the tanks and then drained, with the process repeated many 
times, then such protection requirements would be both relevant and appropriate. 


§§265.171, 265.172 and 265.173(a) are being complied with and containers are 
marked clearly as hazardous waste. These sections require that the waste is 
being stored in containers that are in good condition, are compatible with the waste 
being stored, and are handled properly to prevent rupture or leaking. (40 CFR 
§262.34(c)(1)). Generators of between 100 kg. and 1000 kg. of hazardous waste per 
month may accumulate it for up to 180 to 220 days (if they comply with tank and/or 
container” regulations for storage) without requiring a permit or interim status. 


22 Technical standards for underground storage tanks containing petroleum or 
hazardous substances were proposed on April 17, 1987, 52 FR 12662. 
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2.6 RCRA TREATMENT REQUIREMENTS23 


SARA §121 established a preference for remedial actions involving treatment 
that permanently and significantly reduces the volume , toxicity, or mobility of the 
hazardous substances, pollutants, and contaminants at the site. Whether RCRA 
requirements pertaining to treatment will be applicable for a CERCLA activity will 
depend on whether the prerequisites for RCRA applicability are satisfied. 


RCRA requirements for treatment of hazardous wastes apply at a CERCLA site 
only if: (a) the waste is a RCRA listed or characteristic waste; and (b) the CERCLA 
activity constitutes treatment of RCRA hazardous waste, as defined under RCRA. The 
general RCRA definition of treatment is: 


any method, technique, or process, including neutralization, designed to 
change the physical, chemical, or biological character or composition of any 
hazardous waste so as to neutralize such waste, or so as to recover energy or 
material resources from the waste, or so as to render such waste 
non-hazardous, or less hazardous; safer to transport, store, or dispose of; or 
amenable for recovery, amenable for storage, or reduced in volume. (40 CPR 
§260.10) 


When it is determined that these conditions are met, it is necessary to 
analyze the prerequisites included in the particular subpart that pertains to the 
type of treatment being considered, in order to determine which treatment 
requirements are applicable.24 Those prerequisites are described in detail in 
Exhibit 1-3 (Action-Specific Requirements) in the preceding chapter. 


Finally, the RCRA treatment requirements also contain special standards 
for ignitable or reactive waste, incompatible waste, and special categories of 
wastes. If the requirements pertaining to treatment are otherwise applicable, and if 
the wastes to be treated at the CERCLA site fall into any of the above special waste 
categories, the special treatment standards for such wastes will be applicable. 


23 See Section 2.7.3, Special Restrictions Applicable to Land Disposal, for 
discussion of beat demonstrated available treatment technologies (BDAT). 


24 RCRA treatment requirements are found in 40 CFR Part 264 Subpart J (Tanks), 
Subpart K (Surface Impoundments), Subpart L (Waste Piles), Subpart M (Land 
Treatment), Subpart O (Incinerators); 40 CPR Part 265 Subpart P (Thermal Treatment) 
and Subpart Q (Chemical, Physical, and Biological Treatment); in proposed standards 
for 40 CFR Part 264 Subpart X (Miscellaneous Treatment Units); and in 40 CFR Part 
268 (Land Disposal Restrictions). These requirements include design and operating 
standards. 
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2.7 RCRA REQUIREMENTS TRIGGERED BY DISPOSAL 


Remedial actions at a CERCLA site can frequently involve grading, excavating, 
dredging, or other measures that move contaminated materials from one place to 
another or in other ways disturb them. Such actions may constitute disposal of 
hazardous waste. 


Definition of Land Disposal 


EPA has concluded that moving RCRA hazardous waste (including hazardous waste 
that was originally disposed before the 1980 RCRA effective date) constitutes 
disposal when RCRA hazardous waste is moved from one unit and placed in another 
unit. It should be noted that disposal and placement are synonymous for purposes of 
the land disposal restrictions under RCRA. Therefore, land disposal is the same as 
placement into a land disposal unit and will be treated as the same action 
throughout the remainder of the chapter. 


In many cases, an area of contamination at a CERCLA site with differing 
concentration levels of hazardous substances, pollutants, or contaminants can be

viewed, as a single large “unit,” e.g., a single landfill. In such cases, when RCRA

hazardous waste is moved from one part of the unit to another, disposal/placement

has not occurred. For example, an area of generally dispersed waste containing an

existing or new landfill unit could be viewed as a single large landfill.

Consolidation of waste from throughout the area into the smaller “landfill” would

not constitute disposal/placement under this scenario, because the waste can be

viewed as being part of the same overall

land-based unit.



However, movement or hazardous waste into the area of contamination would make 
RCRA requirements triggered by disposal/placement applicable to the waste being 
managed and certain RCRA requirements (such as for closure) are applicable to the 
entire area of contamination where the waste is received. In addition, placement in 
a newly created or existing surface impoundment, or placement in a tank or 
incinerator and replacement on land, even within the larger area of contamination, 
would trigger applicability of RCRA requirements for disposal/placement, because the 
waste is being moved to different types of units. 


HSWA fines land disposal as the following 


[T]he term “land disposal”, when used with respect to a specified hazardous 
waste, shall be deemed to include, but not be limited to, any placement of 
such hazardous waste in a landfill, surface impoundment, waste pile, injection 
well, land treatment facility, salt dome formation, salt bed formation, or 
underground mine or cave. (RCRA §3004(k); HSWA §201(k)) 


RCRA requirements for disposal/placement of hazardous wastes in a landfill, 
waste pile, underground injection well, surface impoundment, or land 
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farm apply if (a) RCRA hazardous waste25 was placed/disposed into a land disposal 
unit after November 19, 1980 (or after the effective date of the appropriate land 
disposal regulations); or, (b) if actions at the CERCLA site constitute disposal as 
defined above. Exhibit 2-1 presents an illustration of selected actions that 
constitute disposal. General types of actions that do or do not constitute 
disposal/placement are summarized below. Actions which are not disposal/placement 
will not trigger the applicability of RCRA disposal requirements, such as landfill 
closure, minimum technology, or land disposal restrictions, but these requirements 
may be relevant and appropriate. 


EPA has determined that placement/disposal occurs when: 


N	 Wastes from different units are consolidated into one unit (other than a 
land disposal unit within an area of contamination); 


N	 Waste is removed and treated outside a unit and redeposited into the same 
or another unit (other than a land disposal unit within an area of 
contamination); 


N	 Waste is picked up from the unit and treated within the area of 
contamination in an incinerator, surface impoundment, or tank and then 
redeposited into the unit. (Does not include in-situ treatment.) 


Placement/disposal does not occur under the following circumstances: 


N	 Waste is consolidated within a unit (including an area of contamination 
that can be viewed as a single unit, see p. 2-15); 


N Waste is capped in place, including grading prior to capping; 


N Waste is treated in situ; 


N	 RCRA hazardous waste is processed within the unit in order to improve its 
structural stability for closure or for movement of equipment over the 
area. Under this scenario, the wastes are processed in order to stabilize 
the wastes prior to capping or for the purpose of moving machinery across 
the area. Wastes are not considered to be undergoing treatment in these 
situations. 


25 Disposal for purposes of §3004(b), (c), and (u) is not limited to 
characteristic waste -- it encompasses the statutory definition of hazardous waste 
in §1004(5) of RCRA. See Footnote 9. 
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EXHIBIT 2-1 


WHAT IS DISPOSAL/PLACEMENT
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If disposal of RCRA hazardous waste will occur as part of a CERCLA remedial 
action or has already occurred, several RCRA requirements may be applicable to that 
action.26 Depending on the precise action to be undertaken, these requirements may 
include the following: 


N	 Design and operating requirements in 40 CFR Part 264 for RCRA-regulated 
processes that constitute disposal; 


N Closure requirements in 40 CFR Part 264; and 


N	 Special RCRA requirements in 40 CFR Part 268 pertaining to the land 
disposal of particular hazardous wastes. 


Each of these categories of requirements and the actions that trigger then are 
described in greater detail in this section. 


2.7.1 DESIGN AND OPERATING REQUIREMENTS TRIGGERED BY DISPOSAL 


The RCRA regulations recognize that disposal of hazardous waste may take place 
in landfills, land treatment units, surface impoundments, waste piles, and by means 
of underground injection. The potentially applicable RCRA regulations include design 
requirements for landfills, waste piles, surface impoundments, and land treatment 
units. 


HSWA established new minimum technology requirements for such land disposal 
units. If new landfills or surface impoundments are constructed, or if replacements 
or lateral expansions27 of existing landfills or surface impoundments are used, they 
must satisfy these minimum technical requirements28 (two or more liners and a 
leachate collection system between 


26 In addition to RCRA disposal requirements, particular RCRA storage and 
treatment requirements also may be ARARs, depending on the action to be taken. See 
the discussion of these requirements in sections 2.5 and 2.6. 


27 “Lateral expansion” is defined to be an expansion of the boundaries of an 
existing unit. “Replacement” occurs if a unit is emptied and reused. Reuse occurs if 
original waste in removed from a unit and different waste (either treated or 
untreated from other units) in put into the unit. If waste is removed from a unit, 
treated, and put back into the same unit, replacement does not occur. 


28 RCRA §3001(o)(2) provides that if an owner/operator demonstrates to the 
Administrator, and if the Administrator finds that alternative design and operating 
practices and location characteristics will prevent the migration of a hazardous 
constituent into ground or surface water as effectively as minimum technology 
requirements, an exemption to the requirements shall be granted. 40 CFR Part 
264.301(b) specifies that the Administrator will consider four factors in granting 
the exemption: 1) the nature of the waste; 2) hydrogeology of the site; 3) the 
proposed alternative; 
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the liners; in addition, for landfills another leachate collection system must be 
placed above the top liner)(RCRA 3004(o)). EPA proposed minimum technology 
requirements for liners and leak detection systems for new land disposal units on 
May 29, 1987 (52 FR 20218). As these and other additional HSWA standards become 
effective, new landfills, surface impoundments, waste piles, land treatment units, 
and underground tanks also will be required to satisfy additional leak detection 
requirements.29 


Surface impoundments in existence on November 8, 1984, must be retrofitted to 
meet minimum design standards by November 8, 1988 (RCRA 3005(j)), if they will be in 
operation after that date, unless they meet certain statutory exceptions. Thus, use 
after November 8, 1988, of existing surface impoundments at a CERCLA remedial action 
site will trigger specific retrofitting requirements for surface impoundments, and 
construction of new units must conform to specific minimum technological 
requirements or obtain a waiver or exemption from them if RCRA hazardous waste will 
be disposed in the units. 


2.7.2 CLOSURE REQUIREMENTS 


Application of Closure Requirements. Excavation, consolidation, and other 
similar actions that move RCRA hazardous waste across the unit boundary, thereby 
constituting disposal under the interpretation described above in section 2.7.1, 
will trigger the closure requirements for the units into which the waste is being 
disposed. In particular, if soil cleanup is part of the remedy, movement of the soil 
containing RCRA hazardous waste across a unit boundary will make the closure 
requirements for either clean closure or closure in place (disposal or landfill 
closure) applicable to the unit into which the waste is placed.30 


If RCRA hazardous wastes deposited at a site before November 19, 1980, are 
not moved out, the RCRA, requirements for disposal are not applicable, since the 
jurisdictional prerequisites for their applicability are not satisfied. However, 
because they are designed to address a problem similar to that being encountered at 
the CERCLA site, these requirements may be relevant and appropriate, taking into 
account site-specific circumstances. See p. 1-65 


and 4) all other factors affecting the leachate. 


29 A notice of proposed rulemaking was issued on May 29, 1987 (52 FR 20218) 
discussing leak detection regulations. 


30 EPA has proposed requirements for “hybrid” or alternate closure options 
under RCRA (52 FR 8712, March 19, 1987). Such closures would combine elements of 
clean closure and the closure in place alternatives. Because the rules on hybrid 
closures are proposed regulations, and have not been promulgated as final rules, 
they are not applicable. However, the hybrid closure may be used where closure is 
not applicable, but is relevant and appropriate. Additional RCRA corrective action 
technical requirements, discussed above, also may affect this issue. 
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for a detailed discussion of the determination that a requirement is both relevant 
and appropriate. 


Types of Closure. RCRA regulations on clean closure (removal and 
decontamination) are found in 40 CFR §§264.111, 264.228, and 264.258. They require 
all waste residues and contaminated containment system components (e.g., liners), 
contaminated subsoils, and structures and equipment contaminated with waste and 
leachate to be removed and managed as hazardous waste or decontaminated before the 
site management is completed. The level of cleanup required has been interpreted to 
be “drinkable leachate” and “edible soils.” The basic intent of this provision is to 
allow the site to remain without care and supervision after the clean closure has 
been completed. 


RCRA regulations affecting disposal or landfill closure, in contrast, require 
the site to be capped with a final cover designed and constructed to provide 
long-term minimization of the migration of liquids through the capped area, and to 
maintain its integrity over time while functioning with minimum maintenance (40 CFR 
§§264.111, 264.228, 264.258, and 264.310). This type of closure, however, 
anticipates that post-closure care and maintenance will be carried out at the 
facility for at least 30 years after closure (40 CFR §264.117 (a)(1)).31 


Even when the waste found at a CERCLA site in a RCRA hazardous waste, the 
situation or waste management activity at the CERCLA site may not technically match 
the situation addressed by the regulation, and the RCRA requirement would therefore 
not be applicable. (Even if the hazardous waste is not identical to a hazardous 
waste, but is very similar, some hybrid closure requirements may be applicable.) 
RCRA closure requirements may nevertheless be relevant and appropriate if other 
factors are sufficiently similar. 


For example, if RCRA hazardous waste was disposed before 1980 in a unit like 
those covered under RCRA and the remedial action is designed to leave waste in 
place, a portion of one or more of the closure requirements may be relevant and 
appropriate. Depending on site circumstances and the remedy selected either clean 
closure, landfill closure, or hybrid closure, which combines elements of both, might 
be used. 


Two scenarios in which a hybrid or alternate approach to closure may occur 
(where RCRA closure is not applicable but may be relevant and appropriate) are the 
following: 


Scenario 1: Although residual contamination is above health-based levels 
(i.e., clean closure levels) contamination does not pose a direct contact threat or 
impact ground water. Residual leachate contaminant levels exceed health-based 
levels. A type of alternate closure, which may be termed “alternate-clean” closure, 
could be used. No covers or long-term management 


31 Minimal capping requirements (e.g., permeability test) are found in 
proposed regulations, but much of the information an capping is found in guidance. 
These are not ARAR, but can be used as TBC, as appropriate. 
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would be required. However, fate and transport modeling and model verification is 
necessary to ensure that the ground water is usable. In this situation, a notice in 
the property dead may be necessary indicating the presence of hazardous substances. 


Scenario 2: Removal of waste material results in residuals that potentially 
pose a direct contact threat but do not pose a threat to ground water. Residual 
leachate contamination does not exceed health-based levels. This type of alternate 
closure, which may be termed "alternate-landfill" closure, consists of a cover to 
address the direct contact threat. The cover, however, may be permeable. Limited 
long-term management would include site and cover maintenance and minimal 
ground-water monitoring. For this scenario, institutional controls, including 
land-use restrictions, would be necessary, based on site-specific considerations. 


If, however, the waste is widely dispersed and not contained in a RCRA-type 
unit, use of RCRA closure may not be appropriate. For instance, RCRA covers are 
generally not appropriate for large municipal landfills or large mining waste sites, 
where the waste is generally of a low toxicity and the site encompasses an area that 
bears little resemblance to the discrete units regulated under RCRA Subtitle C. 


2.7.3 SPECIAL RESTRICTIONS APPLICABLE TO LAND DISPOSAL 


Certain activities undertaken involving specific wastes of a remedial action 
may be subject to the special restrictions on land disposal of hazardous wastes. 
These Land Disposal Restrictions (LDR), established by HSWA, may be required if 
placement occurs (placement into a unit is defined as identical to disposal; see p. 
2-15 for the HSWA definition of land disposal). These amendments to RCRA prohibit 
the land disposal of certain untreated hazardous wastes or the residuals of treated 
hazardous waste not meeting specified standards. 


The following schedule identifies the categories of waste and the date on 
which the particular waste category will be banned from land disposal: 


WASTE 


Spent solvent wastes

(F001, F002, F003, F004, F005)



Dioxin-containing wastes

F020, F021, F022, F023, F026,

F027, F028)



California list wastes



First third of all ranked and

listed RCRA hazardous wastes



BAN EFFECTIVE DATE 


November 8, 1986 


November 8, 1986 


July 8, 1987 


August 8, 1988 
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Second third of all ranked and 
listed RCRA hazardous wastes 


All remaining ranked and listed 
RCRA hazardous waste and all RCRA 
characteristic hazardous wastes 


Any RCRA hazardous waste listed or 
identified under RCRA 3001 after 
November 8, 1984 


June 8, 1989 


May 8, 1990 


Within six months of 
listing or 
identification 


RCRA wastes treated in accordance with treatment standards set by EPA under 
RCRA §3004(m) are not subject to the prohibitions and may be land disposed.32 The 
restrictions on land disposal of hazardous wastes apply to RCRA hazardous waste 
placed after the effective prohibition date. Wastes land disposed before the 
effective prohibition date (and not removed) are not subject to the restrictions. 


The treatment standards are to be achieved using the best demonstrated 
available treatment technologies (BDAT). The land disposal restrictions regulations 
establish treatment standards that are based on BDAT for a given waste. A BDAT 
treatment standard can take one of two forms: 


(1)	 a concentration level to be achieved (i.e., a concentration-based 
standard), or 


(2)	 a specified technology that must be used (i.e., a "technology-based" 
standard). 


If the standard is concentration-based, any treatment technology that can 
achieve the standard may be used. If the standard is technology-based, that 
technology must be used, unless an exemption exists or a variance is granted. Thus, 
wastes must be treated according to the appropriate standard before wastes or the 
treatment residuals of wastes can be disposed in or on the land. 


HSWA does provide certain CERCLA remedial actions with exemptions from 
compliance with the land disposal restrictions. Until November 8, 1988, disposal of 
soil and debris contaminated with solvents, dioxins, or California list wastes 
resulting from a response action taken under §§104 or 106 of CERCLA is not subject 
to the land disposal restrictions. EPA extended the exemption for these soil and 
debris wastes until November 8, 1990 (and until August 8, 1990 for certain first 
third wastes). On November 7, 1986, when the Agency promulgated the first set of 
land disposal restrictions, it also established additional temporary exemptions for 
several waste categories and provided a schedule of ban effective dates by waste 
types. 


32 Section 3004 (m) provides that EPA shall “...promulgate regulations 
specifying...levels or methods of treatment...which substantially diminish the 
toxicity of the waste or substantially reduce the likelihood of migration of the 
hazardous constituents from the waste.” 
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In addition, HSWA authorizes EPA to grant national variances from the 
effective date of the land disposal restrictions based upon a lack of capacity to 
treat the wastes. A capacity variance has been granted for Superfund wastes 
containing spent solvents and dioxins that are not soil and debris waste until 
November 8, 1988. A capacity variance also exists for a portion of the California 
list wastes; for the wastes not granted a variance the testi restrictions are 
currently effective. Rules are currently being developed to establish BDAT levels 
for contaminated soil and debris. More exemptions and variances may be granted in 
the future, as additional regulations are promulgated for remaining wastes. See the 
following list of exemptions and variances. 


Waste 


All solvent, dioxin, and 
California list soil and debris 
wastes from CERCLA response and 
RCRA corrective actions 


All RCRA-listed dioxin wastes 


All RCRA-listed solvent wastes 
from CERCLA response and RCRA 
corrective actions (non-soil and 
debris) 


Small quantity generator (100 
kg-1000 kg per month) of RCRA 
solvent wastes 


Solvent-water mixtures, solvent 
containing sludges, or solvent-
contaminated soil or solids (non-
CERCLA or RCRA corrective action) 
containing less than 1 percent 
total F001-F005 solvent 
constituents as initially 
generated 


Liquid and non-liquid hazardous 
wastes containing HOCs in total 
concentration greater than or 
equal to 1000 mg/l, or 1000 
mg/kg, respectively (except for 
dilute HOC wastewaters) 


Exemption/Variance 


Statutory two year exemption from 
effective dates until 11/8/88; 
exemption extended to 11/8/90 
(exemption for certain first thirds 
granted until 8/8/90) 


Regulatory two-year national variance 
until 11/8/88 


Regulatory two-year national variance 
until 11/8/88 


Regulatory two-year national variance 
until 11/8/88 


Regulatory two-year 
variance until 11/8/88 


Regulatory two-year national 
variance until 7/8/89 
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2.7.4 CORRECTIVE ACTION AND GROUND-WATER PROTECTION REQUIREMENTS 


RCRA contains several authorities under which corrective action requirements 
will eventually be promulgated, and because of the similarity of corrective action 
under RCRA to CERCLA cleanup, these requirements are likely to be potential ARARs in 
many remedial action situations. 


40 CFR Part 264 Subpart F establishes requirements for ground-water protection 
for RCRA-regulated land disposal units (waste piles, surface impoundments, land 
treatment areas, and landfills) that received hazardous waste after July 26, 1982. 
In addition, releases of hazardous wastes or constituents from solid waste 
management units (SWMUs) must be cleaned up in accordance with 40 CFR §264.101. The 
existing corrective action requirements in 40 CFR §264.101 require the 
owner/operator of a facility seeking a permit for the treatment, storage, or 
disposal of hazardous waste to institute corrective action as necessary to protect 
human health and the environment for all releases of hazardous waste or constituents 
from any solid waste management unit at the facility, regardless of the time at 
which waste was placed in such unit. 


In addition to the regulatory requirements specified by 40 CFR Part 264 
Subpart F, HSWA added authority in RCRA §3004(u) for corrective action for all 
releases from solid waste management units at RCRA treatment, storage, or disposal 
facilities of hazardous waste or hazardous constituents to air, surface waters, 
soil, or ground water. Detailed corrective action regulations are currently being 
developed; in the interim, corrective actions are being implemented on a 
case-by-case basis. The corrective action standards under §3004(u), when they are 
promulgated, may be potentially applicable to CERCLA activities conducted at a 
facility subject to RCRA Subtitle C regulation, or if the response action itself 
involves treatment, storage, or disposal of a RCRA hazardous waste and potentially 
relevant and appropriate for similar response actions and wastes. While corrective 
actions requirements are specified in a RCRA permit (40 CFR §264.101), CERCLA 
on-site remedial actions are not required to obtain permits; however, substantive 
corrective action requirements under §3004(u), when promulgated, may be potential 
ARARs. This manual will be updated to include further corrective action requirements 
when they are promulgated. 


The two general types of ground-water corrective action requirements that 
should be analyzed are ground-water monitoring under RCRA Subpart F and ground-water 
protection (contaminant concentration) standards. 
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2.7.4.1 Ground-Water Monitoring Requirements under Subpart F 


There are three general types of ground-water monitoring outlined in 40 CFR 
Part 264 Subpart F:33 


N Detection monitoring (40 CFR §264.98) 


N Compliance monitoring (40 CFR §264.99) 


N Corrective action monitoring (40 CFR §264.100) 


If the CERCLA remedial actions involve creation of a new unit to dispose of RCRA 
hazardous waste, the three types of monitoring contained in Subpart F would be 
applicable.34 In all other cases, corrective action monitoring (40 CFR §264.100) 
will be applicable to remedial actions undertaken at exiting RCRA units or where the 
disposal of RCRA hazardous waste (as defined) occurs at an exiting area of 
contamination as part of the remedial action. Corrective action monitoring is 
generally triggered by remedial action involving management of RCRA wastes. Such 
monitoring may be required for three years following completion of the remedy to 
ensure that the clean-up level is not exceeded.35 


2.7.4.2 Ground-Water Protection Standards under Subpart F 


Evaluation of the RCRA ground-water protection standards under Subpart F as 
ARARs should be done in the context of the Superfund approach for establishing and 
meeting ground-water protection goals. The Superfund approach derives its ground-
water restoration goals primarily from the vulnerability, use, and value of the 
contaminated ground waters to their beneficial uses (e.g., restore current or 
potential sources of drinking water to drinking water quality ) within time frames 
established as appropriate for 


33 These requirements are described in detail in RCRA Ground-Water Monitoring 
Technical Enforcement Guidance Document, (OWPE/OSWER), September 1986. 


34 For CERCLA actions which involve treatment, storage, or disposal of RCRA 
hazardous waste after July 26, 1982, the 40 CFR Part 264 standards promulgated on 
the date will generally be applicable. If RCRA hazardous waste was treated, stored, 
or disposed at the site before the effective date of these Part 264 standards, the 
Part 264 standards would not be applicable if the CERCLA action does not involve 
current treatment, storage, or disposal but may be relevant and appropriate. 


35 Placement of upgradient (background) monitoring wells and RCRA procedures 
for sampling and analysis are described in guidance for implementing 40 CFR Part 264 
Subpart F. These procedures and guidance, however, are not ARAR, but may be 
considered in the development of ground-water monitoring plans at CERCLA sites. 
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the specific circumstances at a given site. When contaminated ground water is 
identified, the program undertakes an analysis to determine the characteristics of 
that ground water, using the framework laid out in EPA’s Ground-Water Protection 
Strategy and EPA’s Ground-Water Classification Guidelines as a guide. Remediation 
levels are then established for the site based on an analysis of ARARs and other 
requirements “to-be-considered” in determining protective levels. Alternative time 
frames for cleanup and different technologies that might be employed to achieve the 
selected remediation level should then be considered and analyzed against a series 
of criteria (the Superfund approach is discussed in greater detail in Chapter 5). 


The requirements of 40 CPR Part 264 come into play as ARARS are analyzed an 
part of determining the appropriate remediation level for a site. 40 CFR §264.94 
established three categories of ground water protection standards which are 
considered by Superfund as potentially applicable or relevant and appropriate 
requirements: background concentrations, RCRA Maximum Concentration Limits (MCLs), 
and Alternate Concentration Limits (ACLs). In general, Superfund will find MCLs 
under the Safe Drinking Water Act (SDWA MCLs) the relevant and appropriate 
requirements for most sites. In complying with SDWA MCLs, cleanup will also be 
consistent with RCRA MCLs. When no MCL has been established, Superfund remedial 
actions substantively meet RCRA Subpart F requirements in one of two ways. In 
general, for ground waters with the characteristics of Class I and II aquifers 
(i.e., those whose beneficial use will be as drinking water supply), the Superfund 
program establishes a remediation level that is the equivalent of a health-based 
(i.e., assuming human exposure) ACL under RCRA. For ground waters with the 
characteristics of Class III (i.e., cannot be used as drinking water because of high 
salinity or naturally occurring widespread contamination) and where MCLs would not 
be relevant and appropriate, Superfund establishes levels consistent with 
exposure-based (i.e., assuming low likelihood of human exposure) ACLs under RCRA. 
Background levels will generally not be adopted by the Superfund program in 
establishing remediation levels in Class III ground waters. 


The procedure for establishing site-specific ACLs under RCRA is specified in 
40 CFR §264.94, and requires a finding that the hazardous constituent in the ground 
water will not pose a substantial present or potential hazard to human health or the 
environment as long as the ACL is not exceeded. Consideration of numerous factors is 
required, affecting primarily: 


N	 Potential adverse effects on ground-water quality, taking into 
consideration physical and chemical characteristics of the waste, 
hydrogeological characteristics of the setting, the quantity and direction 
of ground-water flow, proximity and withdrawal rate of ground-water users, 
current and future uses of ground water, the existing quality of the area 
ground water, including other sources of contamination, the potential for 
health risks, the potential for other damage, the persistence and 
permanence of adverse effects; and 


N	 Potential adverse effects on hydraulically-connected surface water, taking 
into consideration factors similar to those listed above. 
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In evaluating use of ACLs, Superfund considers these and other factors in 
establishing site-specific remediation levels. 


CERCLA §121(d)(2)(B)(ii) provides a set of three additional conditions 
limiting the use of ACLs at Superfund sites where MCLs would otherwise be applicable 
or relevant and appropriate. The statute prohibits use of any process for 
establishing ACLs for hazardous constituents in ground water (where there is not a 
projected entry into surface water) for purposes of an on-site cleanup that assumes 
a point of human exposure beyond the boundaries of the facility, except where three 
specific conditions are met: “(1) There are known and projected points of entry of 
such groundwater into surface water; and (2) on the basis of measurements or 
projections, there is or will be no statistically significant increase of such 
constituents from such groundwater in such surface water at the point of entry or at 
any point where there is reason to believe accumulation of constituents may occur 
downstream; and (3) the remedial action includes enforceable measures that will 
preclude human exposure to the contaminated groundwater at any point between the 
facility boundary and all known and projected points of entry of such groundwater 
into surface water.” If the conditions are met, the assumed point of human exposure 
may be at such known and projected points of entry. 
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CHAPTER 3 


GUIDANCE FOR COMPLIANCE WITH CLEAN WATER ACT REQUIREMENTS 


3.0 INTRODUCTION 


This chapter addresses CERCLA compliance with Clean Water Act (CWA) applicable 
or relevant and appropriate requirements (ARARs) in remedial actions.1 The CWA has 
distinct regulatory features that include site-specific pollutant limitations and 
performance standards which are applied primarily for protection of surface water 
quality (e.g., regulating point and non-point source discharges to surface water).2 


Unlike the RCRA program described in Chapter 2, the CWA does not have specific 
technology design and operating requirements that can be linked to specific remedial 
technologies. It does, however, have effluent limitations guidelines and standards 
supported by technological bases for specified industrial categories, that may be 
relevant and appropriate to CERCLA actions. 


This chapter provides guidance for CERCLA site personnel based upon the type 
of effluent discharge activity likely to occur at CERCLA sites.3 Several types of 
discharges regulated under the CWA could occur at a CERCLA site: direct discharge to 
surface water or to oceans, indirect discharge to a publicly owned treatment works 
(POTW), and discharge of dredged or fill material into the waters of the U.S. 
(including wetlands). This chapter is organized into four sections: 


N	 Section 3.1 provides a general overview of the 
provisions of the CWA and how they are implemented; 


N	 Section 3.2 provides guidance for compliance with direct 
discharge requirements; 


N	 Section 3.3 provides guidance for compliance with indirect discharge 
requirements; and 


N	 Section 3.4 provides guidance for compliance with dredge 
and fill requirements. 


1 The requirements of CERCLA §121 generally apply as a matter of law only to 
remedial actions. However, as a matter of policy, EPA will attain ARARs to the 
greatest extent practicable considering the exigencies of the situation at the site 
when carrying out removal actions. 


2 Water quality criteria under the CWA may also be relevant and appropriate to 
cleanup of surface and ground water per CERCLA §121(d)(2)(B)(i). 


3 Section 118(a)(2) of the CWA as amended by the Water Quality Act of 1987 
specifically requires EPA to “...take the lead in the effort to meet...” the goals 
embodied in the Great Lakes Water Quality Agreement (GLWQA) with particular emphasis 
on goals related to toxic pollutants. The provisions of the GLWQA will be very 
pertinent to sites having discharges to the Great Lakes drainage basin. 
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3.0.1 ON-SITE ACTIONS: COMPLIANCE WITH SUBSTANTIVE REQUIREMENTS 


CERCLA §121(e) states that no Federal, State or local permit (e.g., a permit 
for a direct discharge to surface waters) is required for the portion of any removal 
or remedial action conducted entirely on-site. This permit exemption also applies to 
any activities that occur on-site prior to the response action (e.g., pump tests 
during the RI/FS).4 For purposes of this guidance, a direct discharge of Superfund 
wastewaters would be “on-site” if the receiving water body is in the area of 
contamination or is in very close proximity to the site and necessary for 
implementation of the response action (even if the water body flows off-site). 


Superfund sites are not required to comply with administrative requirements 
associated with the permitting process for on-site actions. However, remedies 
selected must be protective of human health and the environment, and must meet 
substantive requirements under any Federal environmental law or more stringent 
promulgated State environmental or facility siting law that are identified as 
applicable or relevant and appropriate. 


It is the responsibility of the lead agency to ensure that substantive 
requirements for direct on-site discharges to surface waters and other on-site 
actions are identified and complied with even though a permit incorporating that 
standard of control is not required. In most cases, this responsibility can be 
carried out effectively if the appropriate Regional and State Water personnel are 
involved early and continuously in the Superfund process. Section 3.2.4 provides 
more detailed guidance on such coordination. 


3.0.2 	OFF-SITE ACTIONS: COMPLIANCE WITH SUBSTANTIVE AND ADMINISTRATIVE 
REQUIREMENTS 


Off-site discharges from CERCLA sites directly to receiving waters or 
indirectly to POTWs must comply with applicable Federal, State and local 
substantive requirements and are not exempt from formal administrative 
permitting requirements.5 The formal administrative permitting requirements 
for off-site direct discharges are described further in section 3.2.5. 


4 EPA interprets “on-site” for permitting purposes to mean the areal extent of 
contamination and all suitable areas in very close proximity to the contamination 
necessary for implementation of the response action. Actions taken by EPA, other 
Federal agencies, States or private parties undertaking removal or remedial actions 
under CERCLA §§104, 106, or 122 are covered by the §121(e) permit exemption. 


5 The term “indirect discharge” is used when a source discharges waste to a 
POTW that treats the waste. Often, the POTW then discharges the treated wastewater 
to receiving waters. 
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3.1 OVERVIEW OF THE CLEAN WATER ACT 


The objective of the Clean Water Act (CWA) is to restore and maintain the 
chemical, physical, and biological integrity of the nation’s waters. This objective 
is achieved through the control of discharges of pollutants to navigable waters. 
This control is implemented through the application of Federal, State and local 
discharge standards. This section provides an overview of the CWA including a 
discussion of the regulated sources and pollutants, limitations and standards, and 
how limitations and standards are applied to regulated sources. A summary discussion 
of specific CWA provisions is provided in the Appendix. 


3.1.1 REGULATED SOURCES AND POLLUTANTS 


The CWA prohibits the unpermitted discharge of any pollutant or combination of 
pollutants to waters of the United States from any point source.6 A point source is 
defined as: 


. . . any discernible, confined, and discrete conveyance, including but not 
limited to any pipe, ditch, channel, tunnel, conduit, well, discrete 
fissure, container, . . . from which pollutants are or may be discharged. 
(40 CFR §122.2) 


A pollutant is defined for regulatory purposes to include: 


. . . dredged spoil, solid waste, incinerator residue, filter 
backwash, sewage, garbage, sewer sludge, munitions, chemical 
wastes, . . . and industrial, municipal, and agricultural 
waste discharged into water. (40 CFR §122.2) 


All pollutants are regulated under the CWA. For the purpose of regulation, CWA 
§301(b)(2) divides the pollutants into the following three categories: 


N	 Priority pollutants: the 126 individual toxic pollutants contained in 
65 toxic compounds or classes of toxic compounds adopted by EPA 
pursuant to Section 307(a)(1) of the CWA, including, for example. 
asbestos, benzene, and chloroform; 


N	 Conventional pollutants: pollutants classified, pursuant to CWA 
§304(a)(4), as biochemical oxygen demanding (BOD), total suspended 
solids (TSS), fecal coliform, oil and grease, and pH; and 


6 “Waters of the U.S.” is defined broadly in 40 CFR §122.2 and includes 
essentially any water body (including navigable waters) and most wetlands. 
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N	 Nonconventional Pollutants: any Pollutant not identified as either 
conventional or priority, i.e., ammonia nitrogen, chemical oxygen 
demand (COD), total organic carbon, total solids, and nonpriority 
toxic pollutants (40 CFR 122.21(l)(2)). 


3.1.2 LIMITATIONS AND STANDARDS 


The CWA requires the establishment of guidelines and standards to control the 
direct or indirect discharge of pollutants to waters of the U.S. Effluent 
limitations developed for the pollutants regulated under the CWA are applied to 
point source dischargers on a case-by-case basis. The standards required by the CWA, 
and the regulations promulgated to implement these standards (discussed in greater 
detail in sections 3.2, 3.3, and 3.4), include: 


N Technology-Based Guidelines and Standards. The standards of control 
for direct discharges are derived from Title III of the CWA. CWA 
§301(b) requires all direct dischargers to meet technology-based 
requirements. These requirements include, for conventional 
pollutants, application of the best conventional pollutant control 
technology (BCT), and for toxic and nonconventional pollutants, the 
best available technology economically achievable (BAT).7 EPA has 
determined the technology-based requirements through effluent 
limitations guidelines for specific categories of industries, which 
are transformed into specific discharge limits by permit writers. 
Where effluent guidelines for a specific industry or industrial 
category do not exist, e.g., CERCLA sites, BCT/BAT technology-based 
treatment requirements are determined on a case-by-case basis using 
best professional judgment (BPJ). Once the BPJ determination in made, 
the numerical effluent discharge limits are derived by applying the 
levels of performance of a treatment technology to the wastewater 
discharge. 


N	 Water Quality Criteria. CWA §304 requires EPA to publish water 
quality criteria for specific "pollutants, or their byproducts.” EPA 
develops two kinds of water quality criteria: one for protection of 
human health and another for protection of aquatic life. Federal 


7 BAT is the major national method of controlling the direct discharge of 
toxic and non-conventional pollutants to waters of the U.S. Effluent limitations 
achieved through application of BAT represent the best economically achievable 
performance of plants within an industrial category or subcategory. BCT is the level 
of technology control developed for conventional pollutants. 
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water quality criteria are non-enforceable guidelines used by 
States to set water quality standards for surface water. To date a 
total of 82 water quality criteria documents have been made 
available from the National Technical Information Service (NTIS). 
EPA has published notice of these documents as they have become 
available (45 FR 79318, November 28, 1980; 49 FR 5831, February 
15, 1984; 50 FR 30784, July 29, 1985; 51 FR 22978, June 28, 1986; 
51 FR 43665, December 3, 1986; 51 FR 8012, March 7, 1986; 52 FR 
6213, March 2, 1987). Water quality criteria may be relevant and 
appropriate to cleanup of surface and ground water at CERCLA sites 
(CERCLA §121(d)(2)(B)(i)). 


N	 Water Quality Standards. CWA §303 requires States to develop water 
quality standards based on Federal water quality criteria to 
protect existing and attainable use or uses (e.g., recreation, 
public water supply) of the receiving waters. CWA §301(b)(1)(C) 
requires that pollutants contained in direct discharges be 
controlled beyond BCT/BAT equivalents when necessary to meet 
applicable water quality standards. Where State standards contain 
numerical criteria for toxic pollutants, appropriate numerical 
discharge limitations may be derived for the discharge. Where 
State standards are narrative, e.g., “no toxic materials in toxic 
amounts,” either the whole-effluent or the chemical-specific 
approach is generally used as the standard of control. 


N	 Ocean Discharge Regulations. CWA §403 prohibits discharges into 
marine waters without an NPDES permit. A permit will not be issued 
if the discharge will cause unreasonable degradation to the marine 
environment. The permit, issued pursuant to 40 CFR Part 125, 
Subpart M, may contain monitoring requirements and effluent 
discharge limitations based upon limiting permissible 
concentrations described in 40 CFR Part 227, Subpart G. 
Substantive requirements of ocean discharge regulations are 
potential ARARs for on-site CERCLA action. 


N Pretreatment Standards. CWA §307(b) requires the establishment of 
pretreatment standards for the control of pollutants discharged 
into POTWs by industrial and other nondomestic sources, i.e., 
indirect dischargers. The purpose of the standards is to prevent 
the discharge of pollutants that pass through (are not susceptible 
to treatment by the POTW) or interfere with the POTW (inhibit or 
destroy the operations, contaminate sludge, or endanger the health 
of POTW workers). For many 
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industries, EPA has promulgated national categorical pretreatment 
standards for toxic pollutants. However, such standards do not cover 
all industrial categories or regulate all of the pollutants 
discharged to POTWs. Therefore, EPA’s regulations further impose 
general prohibitions (pass through and interference) and specific 
prohibitions (see section 3.3.1) on indirect discharges. These 
prohibitions apply directly to all nondomestic sources and are 
implemented through the development and enforcement of local limits, 
i.e., pretreatment requirements applied to wastewater discharges 
before they reach the POTW. 


N	 Dredge and Fill Standards. CWA §404 regulates the discharge of 
dredged or fill material into waters of the U.S. This program is 
implemented through regulations set forth at 33 CFR Parts 320 through 
330 and 40 CFR Part 230. These regulatory requirements ensure that 
proposed discharges are evaluated with respect to impacts on the 
aquatic ecosystem. The benefits that reasonably may be expected to 
accrue from the dredge and fill activity must be balanced against its 
reasonably foreseeable detriments (see section 3.4.3). Section 103 of 
the Marine Protection Research and Sanctuaries Act regulates 
discharge of dredged material into oceans. 


3.2 GUIDANCE FOR COMPLIANCE WITH DIRECT DISCHARGE REQUIREMENTS 


3.2.1 TYPES OF DIRECT DISCHARGES 


Several types of cleanup activities could be considered “direct discharges” 
from a point source under the CWA. These activities, which trigger action-specific 
requirements for the discharge, include: 


N	 On-site waste treatment in which wastewater8 is discharged directly 
into a surface water body in the area of contamination or in very 
close proximity to this area via a pipe, ditch, conduit, or other 
means of “discrete conveyance.” 


N	 Off-site treatment in which wastes from the site are piped or 
otherwise discharged through a point source to an off-site surface 
water. 


8 Wastewater may include contaminated ground water pumped, treated, and 
discharged to surface water. 
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N	 Any remedial action in which site runoff would be channeled directly 
to a surface water body via a ditch, culvert, storm sewer, or other 
means. 


It should be noted that contaminated ground water that naturally flows into 
surface waters is not considered a point source discharge. However, such 
contaminated ground water which enters a surface water may be subject to Federal 
water quality criteria or State water quality standards. 


3.2.2 OVERVIEW OF NPDES PERMITS 


The National Pollutant Discharge Elimination System (NPDES) program is the 
national program for issuing, monitoring, and enforcing permits for direct 
discharges. The CWA established the NPDES permit program under §402 of the Act to 
implement the regulations, limitations, and standards promulgated pursuant to §§301, 
304, 306, 307, 308, and 403 of the CWA for point source direct discharges. The NPDES 
program is implemented under 40 CFR Parts 122-125. NPDES permits contain applicable 
effluent standards (i.e., technology-based and/or water quality-based), monitoring 
requirements, and standard and special conditions for discharge. The NPDES program 
is administered by EPA and by State agencies authorized by EPA to administer a State 
program equivalent to the Federal NPDES program. Regardless of whether States are 
authorized to administer the NPDES program, they may establish more stringent 
requirements than those contained in the Federal program. 


3.2.3 GUIDELINES FOR DETERMINING SUBSTANTIVE REQUIREMENTS 


Both on-site and off-site discharges from CERCLA sites to surface waters are 
required to meet the substantive CWA NPDES requirements, including discharge 
limitations, monitoring requirements, and best management practices. These 
requirements will be contained in an NPDES permit for off-site CERCLA discharges 
(see section 3.2.5). For on-site discharges from a CERCLA site, these substantive 
requirements must be identified and complied with even though an NPDES permit will 
not be obtained. The following sections describe the substantive requirements of the 
CWA as implemented through the NPDES program. 


3.2.3.1 Technology-Based Standards 


The wastewater treatment technologies proposed in considering alternatives for 
a CERCLA site are required to meet BCT/BAT requirements (see section 3.1.2). Due to 
the lack of national effluent limitations guidelines for CERCLA site wastewater 
discharges, technology-based effluent limitations have to be imposed on a 
case-by-case basis. Therefore, best professional judgment (BPJ) is used to identify 
BCT/BAT equivalent discharge requirements. 


During an initial BPJ evaluation, a proposed CERCLA response alternative 
should be reviewed to ensure the use of treatment technologies that have been proven 
effective to treat the pollutants or classes of pollutants present in the 
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CERCA site wastewater (see p. 3-36, Exhibit 3-1 which is a list of the development 
documents that provided the basis for the BAT categorical standards). Then, 
numerical effluent limitations or treatment efficiency requirements can be developed 
for the specific situation (section 3.2.4 addresses how to coordinate with water 
program offices in order to identify substantive requirements). Factors that must be 
evaluated to determine the appropriateness of the selected technology as BCT/BAT 
include the process employed, the engineering aspects of the application of various 
types of control techniques, process changes, the cost of achieving such effluent 
reduction, non-water quality environmental impact, and other appropriate factors.9 


(See CWA §304 and 40 CFR §§122 and 125.3(c)(3)). RPMs will follow a process similar 
to a BPJ determination in developing numerical effluent limitations. State or 
Regional water quality staff may be consulted during the development of effluent 
limitations. 


A direct method for initially establishing effluent discharge limits for 
direct discharges an a case-by-case basis is to identify and use existing data on 
the application of treatment technologies to the classes of wastes found at CERCLA 
sites. The data needed to apply existing treatment technology performance to a 
CERCLA site include the following: 


N Description of wastes; 


N Concentration of pollutants in waste; 


N	 Engineering information - flow rates, volume, treatability 
information; and 


N Expected treatment (removal/destruction) efficiency. 


In general, the considerations involved in using technology-based information 
to set case-by-case discharge limits include the following: 


N	 Performance data should be based on the removal of identical or 
chemically similar pollutants to those found in the CERCLA discharge; 


N	 Performance data should pertain to the treatability of wastewaters 
containing approximately the same pollutant concentration levels an 
those found in the CERCLA discharge; 


9 In determining BAT for a specific source, costs are considered but are 
generally not balanced against pollutant removal benefits. In determining BCT, the 
reasonableness of the relationship between the costs of obtaining a reduction in 
effluents and the effluent reduction benefits is considered. Further, this 
relationship is compared to the cost and level of reduction of such pollutants by a 
POTW. 
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N	 Compositional differences between the CERCLA discharge and the 
discharge for which treatability data are available should be 
noted; 


o	 The variability in pollutant concentration levels in the CERCLA 
discharge may affect treatability; and 


N	 Major differences between the average flow at the discharge for 
which treatability data exist and the average flow of the CERCLA 
discharge should be noted. 


As mentioned above, in order to effectively assess wastewater treatability 
using technology-based limitations, available performance data should be obtained 
which document the efficiency of existing treatment technologies in treating 
wastewater of similar composition. If such data is not available, pilot tests may 
have to be conducted. Treatment technologies are usually geared toward the removal 
of general classes of pollutants (e.g., air stripping units remove volatile 
organics). Removal efficiencies for specific pollutants within any general category 
may vary when using any particular treatment technology and may necessitate close 
control (e.g., pH adjustment for precipitation of metals). 


Further guidance regarding the use of BPJ to develop technology-based 
discharge limitations can be found in the following Agency guidance manuals: 


N Training Manual for NPDES Permits Writers, March 1986. 


N Development of Case-By-Case Discharge Permits Under 
the NPDES and Pretreatment Programs  (Draft), 
U.S. EPA, Region 8, October 1986. 


N	 Developing Requirement for Direct and Indirect 
Discharges of CERCLA Wastewater (Draft), March 1987. 


3.2.3.2 Water Quality Criteria 


CERCLA §121 states that hazardous substances, pollutants, or contaminants 
left on-site at the conclusion of the remedial action shall attain Federal water 
quality criteria where they are relevant and appropriate under the circumstances 
of the release or threatened release. CERCLA §121(d)(2)(B)(i) requires that this 
determination is to be based on the designated or potential use of the water, the 
media affected, the purposes of the criteria, and current information. 


Whether a water quality criteria is relevant and appropriate depends on the 
use(s) designated by the State, which is based on existing and attainable uses, 
and whether the water quality criteria is intended to be protective of that use. 
Water quality criteria for protection of human health identify protective levels 
from two routes of exposures -- exposure from drinking the water and from 
consuming aquatic organisms, primarily fish, and from fish consumption alone. 


* * * AUGUST 8, 1988 DRAFT * * * 


Word-searchable version – Not a true copy 







3-10 


Therefore, in waters designated as a public water supply, a water quality 
criteria reflecting drinking the water would be relevant and appropriate; the 
criteria that reflects fish consumption and drinking the water should be used if 
fishing is also included in the State’s designated use. If the State has 
designated a water body for recreation, a water quality criteria reflecting fish 
consumption alone may be relevant and appropriate if fishing is included in that 
designation. Generally, water quality criteria are not relevant and appropriate 
for other uses, such as industrial or agricultural use, since exposures reflected 
in the water quality criteria are not likely to occur. 


Water quality criteria without modification are not relevant and 
appropriate in selecting cleanup levels in ground water, since consumption of 
contaminated fish is not a concern. However, a water quality criteria adjusted to 
reflect only exposure from drinking the water may be useful in selecting a 
cleanup level. 


MCLs represent the level of quality EPA has determined to be safe for 
drinking and are generally relevant and appropriate for ground water that is or 
may be used for drinking and for surface water designated as a current or 
potential drinking water supply. Therefore, when a promulgated MCL exists, the 
water quality criteria for that pollutant would not be relevant and appropriate. 


A water quality criteria for protection of aquatic life may be relevant and 
appropriate for a remedy involving surface waters (or ground water discharges to 
surface waters) when the designated use requires protection of aquatic life or 
when environmental concerns exist at the site. The presence of organisms more 
sensitive than those represented in the toxicological data based from which the 
national criteria were derived, or exposure of organisms to multiple toxic 
substances with additive or synergistic toxic effects may require application of 
more stringent criteria.10 In addition, if protection of human health and aquatic 
life are both a concern, the more stringent standard or criterion should 
generally be applied. 


If a State has promulgated a numerical water quality standard for a given 
chemical and use, the State standard would generally be relevant and appropriate 
rather than a water quality criteria, because it essentially represents a site-
specific adaptation of a water quality criteria. 


If a State has not designated uses for a surface water, whether a water 
quality criteria is relevant and appropriate should be based on a site-specific 
decision about the existing and attainable uses of the water body, considering 
similar criteria used by States in designating uses and in consultation with the 
State. 


10 For example, the water quality criteria for cadmium for the protection 
of freshwater aquatic organisms may, in fact, not be stringent enough to protect 
brown and brook trout, (50 FR 30784, July 29, 1985.) 
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In addition, CERCLA §121(d)(2) requires that, in determining whether a 
water quality criteria is relevant and appropriate, the latest information 
available be considered. Thus, a water quality criteria may be relevant but not 
appropriate if its scientific basis is not current. To ensure that a water 
quality criteria is current, consult with the Regional Water Program office and 
the EPA IRIS (see Footnote 21, p. 1-76).ll 


3.2.3.3 Water Quality Standards 


In addition to technology-based limits, CWA §402(a)(1), through reference 
to CWA §301, requires that all NPDES permits include effluent limitations to 
ensure that State ambient water quality standards are met in the receiving water 
body at all times.12 Section 303 of the CWA requires States to promulgate water 
quality standards. Such ambient State standards will be applicable to CERCLA 
discharges in combination with Federal BCT/BAT requirements which regulate the 
discharge. 


State water quality standards are composed of: 


N Use Classification 


Use classifications describe the existing and attainable uses for waters 
within State boundaries. Although a State may develop its own classification 
scheme, designated uses generally include: 


Recreation; 

Protection and propagation of fish and aquatic life;

Agricultural and industrial uses;

Public water supply; and 

Navigation.



N Numerical and/or narrative standards 


For each designated use, States are required to establish numerical or 
narrative water quality standards necessary to protect the designated use; such 
standards are subject to EPA review. (The standard may be a method for 
determining numerical discharge limitations, rather than the number itself.) 
Discharges of CERCLA wastewater must comply with these promulgated standards. 


11 Exhibit 1-1 presents the Federal water quality criteria for priority 
pollutants. A summary of water quality criteria developed for protection of fish 
and other aquatic life (fresh water, marine, and estuarine) and for protection of 
human health may be found in Quality Criteria for Water 1986, EPA 440/5-86-001, 
May 1, 1986 (51 FR 43665) - commonly referred to as the “Gold Book.” 


12 CWA §401(a)(2) requires that a discharge conform to applicable water 
quality requirements where the discharge affects a State other than the State 
issuing the NPDES permit. 
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Numerical State water quality standards are usually based on Federal 
ambient water quality criteria developed by EPA, which are also considered to be 
potentially relevant and appropriate under CERCLA §121(d)(2)(A)(ii) (see section 
3.2.3.2). States may use ambient water quality criteria in setting water quality 
standards, or may set more or less stringent standards, as necessary to protect 
designated uses. 


Many State water quality standards include narrative criteria to regulate 
discharges of toxic pollutants. In general, these narrative criteria prohibit the 
discharge of toxic pollutants in toxic amounts, or set a standard at a percentage 
(often 10 percent) of the lowest concentration that will kill 50 percent of the 
aquatic organisms (LC50) in a standard test. Under the CWA, “toxic” pollutants 
are the priority pollutants (listed in Table 1 of the CWA). However, toxic 
pollutants which are referred to in State water quality standards are not limited 
to those listed in the CWA. 


EPA has issued a “Policy for the Development of Water Quality-Based Permit 
Limitations for Toxic Pollutants” (49 FR 9016, March 9, 1984). Generally, this 
policy states that toxic pollutants contained in direct discharges will be 
controlled beyond BCT/BAT equivalents in order to meet applicable water quality 
standards. The use of an integrated strategy consisting of both biological and 
chemical methods is recommended to control toxic discharges from direct sources. 


Two general approaches are used to develop water quality-based toxics 
controls: the whole-effluent approach and the chemical-specific approach. The 
whole effluent approach considers the effect on the receiving stream of all toxic 
constituents in a complex wastewater. This is tested by determining the effects 
of the effluent on standard test animals. One or a combination of the following 
procedures should be used when implementing the whole effluent approach: 


N	 Set discharge limitation for whole effluent toxicity 
by using methods set forth in Federal guidance for 
water quality-based toxics control.13 


N	 Develop whole effluent toxicity monitoring 
requirements (e.g., the requirement to submit 
appropriate bioassays to demonstrate that the 
in-stream concentration of the effluent will be less 
than the no observable effect level, or NOEL). 


N	 Evaluate monitoring results and then determine whether 
to develop toxicity limits where necessary in the 
absence of specific State toxicity standards. The 


13 See Technical Support Document for Water Quality-Based 
Toxics Control (September 1985); A Permit Writers Guide to Water 
Quality-Based Permitting for Toxics Pollutants (February 1987.) 
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wastewater that shows a problem must be treated in order to reduce 
the concentration of toxics in the wastewater to a level less than 
that which causes an instream effect. 


The chemical-specific approach to toxics control is used where the discharge 
constituents are well-defined. Water quality criteria or State water quality 
standards can be used to limit specific toxicants directly (i.e., the effluent 
discharge limitation will reflect numerical criteria for specific toxic pollutants). 
Federal water quality advisories may also be helpful in setting limits for specific 
chemicals. 


All CERLCA sites where technology-based controls are not adequate to achieve 
water quality standards in the receiving water body should be considered for 
water-quality based toxics controls, including numerical toxicity limits and whole 
effluent limits. The impact of CERCLA discharges could be particularly critical on 
(1) a receiving water known to exhibit severe impacts on resident biota, (2) a 
receiving water in which the designated use is not being achieved, or (3) a 
particularly valuable or sensitive receiving water (e.g., a wildlife/recreation 
area) or an area of biological importance (e.g., a fishing ground). 


It is important to note that a combination of factors must be evaluated when 
deciding if water quality-based toxics controls are necessary for a particular 
CERCLA site discharge. The presence or absence of unacceptable effluent toxicity is 
sometimes highly variable. The toxicity of an effluent (and the subsequent need for 
toxics control) is dependent on many factors including: 


" Toxicity of materials; 


" Treatment system use; 


" Treatability of chemicals in the effluent; 


" Soundness of best management practices; 


" Variability of effluent composition and concentration; 


" Capacity of treatment system; and 


" Actual retention time of the treatment system. 


Coordination with Water Program offices is strongly recommended to ensure that 
water quality-based controls, if applicable, are properly implemented to adequately 
protect the receiving waters (see section 3.2.4). Guidance for implementing 
narrative State water quality standards, including effluent 


* * * AUGUST 8, 1988 DRAFT * * * 


Word-searchable version – Not a true copy 







3-14 


toxicity testing monitoring requirements, can be found in EPA guidance manuals.14 


3.2.3.4 Antidegradation Policy 


In addition to numerical and narrative State water quality standards, each 
State is required to develop and adopt a statewide antidegradation policy and 
identify the methods for implementing such a policy (40 CFR §131.12). 


The objectives of the antidegradation policy are to: 


" Protect existing uses of waters; 


"	 Maintain the water quality level where it exceeds that which is 
necessary to support existing uses; and 


"	 Protect high quality waters that constitute an outstanding national 
resource, such as waters of national significance and state parks and 
wildlife refugees. 


CERCLA discharges to high quality receiving waters could be prohibited or 
limited if protective standards have been promulgated under the antidegradation 
policy. These standards are commonly incorporated in the State's surface water 
quality protection statutes. 


3.2.3.5	 Requirements Regarding Water Quality Standards Imposed by the 1987 
Amendments to the CWA 


RPMs should be alert to possible changes in water quality standards. Pursuant 
to Section 308 of the 1987 Amendments to the CWA, States must, within two years of 
enactment of the 1987 Amendments, identify those water bodies within or adjacent to 
the State that will not meet State water quality standards because of toxic 
pollutants even after the implementation of BAT, new source performance standard, 
and pretreatment standards. For each segment of water bodies identified, the State 
is to determine the specific point sources discharging toxic pollutants (and the 
amount of such discharge) that are believed to be preventing or impairing the 
desired water quality. Further, the State is required to develop an individual 
control strategy, subject to EPA approval, that will produce a reduction in the 
discharge of toxic pollutants from the identified point sources. The control 
strategy will include the establishment of effluent limitations and water quality 
standards containing numerical criteria. 


The proposed strategy, in combination with other controls on point and 
nonpoint sources, must achieve the applicable water quality standard as soon as 


14 See Footnote 13. 
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possible, but not later than 3 years after the establishment of the strategy. If the 
State fails to submit an approvable strategy, EPA, with the cooperation of the 
State, will develop a strategy meeting the requirements of the Act. The section 
provides for judicial review of individual control strategies under CWA §509. 


Further, as the State reviews, revises, or adopts water quality standards, CWA 
§304(1) requires that the State adopt criteria for all toxic pollutants listed 
pursuant to CWA §307(a) for which criteria have been published under CWA §304(a), 
the discharge or presence of which pollutant interferes with designated uses. The 
State's standards are to be based on specific numerical criteria. Where numerical 
criteria are not available, a process that results in a site-specific numerical unit 
for specific chemicals may be included in permits.15 The State may also adopt 
criteria based on biological monitoring or assessment methods. 


3.2.3.6 Ocean Discharge Standards 


CWA §403 requires that an NPDES permit for a discharge into marine waters located 
seaward of the inner boundary of the territorial seas (i.e., State and Federal 
offshore waters) be issued in accordance with guidelines for determining the 
degradation of the marine environment.16 This section provides guidance on the 
substantive permit requirements which must be not for on-site CERCLA actions when 
applicable or relevant and appropriate. The intent of CWA §403 and these guidelines, 
referred to as the Ocean Discharge Criteria (40 CFR Part 125, Subpart M), is to 
"prevent unreasonable degradation of the marine environment and to authorize 
imposition of effluent limitations, including a prohibition of discharge, if 
necessary, to ensure this goal".17 


An NPDES permit will not be issued (or an on-site discharge will not be 
allowed) unless limits can be established that will prevent unreasonable degradation 
or irreparable harm. The factors that must be evaluated in determining whether a 
discharge will degrade marine waters include the following (40 CER § 125.122): 


"	 Quantities, composition, and potential for 
bioaccumulation or persistence of the pollutants; 


"	 Potential transport of pollutants by biological, 
chemical, or physical processes; 


15 48 FR 51400, November 8, 1983. 


16 Ocean discharge criteria are implemented through the CWA §402 NPDES program 
as outlined in 40 CFR §§125.120-125.124. 


17 45 FR 65942, October 3, 1980. 
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" Composition and vulnerability of exposed communities; 


"	 Importance of the receiving water to spawning, migratory paths, and the 
surrounding biological community; 


" Existence of special aquatic sites; 


" Potential effect on human health; 


" Existing or potential recreational commercial fishing; 


" Applicable requirements of the Coastal Zone Management Plan;18 and 


" Marine water quality criteria developed pursuant to CWA §304(a)(1). 


If a determination of unreasonable degradation cannot be made because of a 
lack of sufficient information, EPA must then determine whether a discharge will 
cause irreparable harm to the marine environment which will not be reversed after 
cessation or modification of the discharge and whether there are reasonable 
alternatives to ocean disposal. To assess the probability of irreparable harm, EPA 
is required to make a determination that the discharger, operating under appropriate 
permit conditions, will not cause permanent and significant harm to the environment 
during a monitoring period in which additional information is gathered. If data 
gathered through monitoring indicate that continued discharge may cause unreasonable 
degradation, the discharge shall be halted or additional permit limitations 
established. 


One approach to conducting a CWA §403(c) evaluation for any discharger is to 
identify the pollutants of concern in the effluent, determine their fate in the 
environment, and assess their potential effects on marine communities, considering 
the factors listed under 40 CFR §125.122 (see above). Site-specific information is 
essential in order to identify sensitive or critical marine resources and habitats. 


In addition to the monitoring requirements under 40 CFR §125.123 (d), 
the NPDES permit for ocean discharges will also include a requirement that the 
discharge must comply with the limiting permissible concentrations (LPCs) at the 
mixing zone boundary. Under 40 CFR §227.22, LPCs are established for solid, liquid, 
and suspended particulate phases of a discharge.19 Specific information 


18 Volume 3 of this compliance manual, currently under development, will 
discuss the requirements of the Coastal Zone Management Plan. 


19 Liquid phase LPCs are based on applicable marine quality criteria or upon 
bioassay results and are set at levels that will not cause unreasonable acute or 
chronic toxicity or other sublethal adverse effects and that will not 
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may be required (40 CFR §125.124) for evaluating proposed ocean discharge to an 
ocean including: 


"	 Analyses of chemical constituents of the discharge and the 
potential effect on the biological community; 


" Appropriate bioassays necessary to determine LPCs; 


"	 Identification of critical habitats (e.g., spawning 
sites); 


"	 Computer modeling of the dilution and 
dispersion of the discharge plume; 


" Facility and treatment process description; and 


" Evaluations of alternative disposal options. 


3.2.3.7 Other Substantive Requirements 


In addition to the discharge limitations described above, the NPDES permit 
establishes other substantive requirements for the direct discharge of pollutants to 
surface waters that may be applicable or relevant and appropriate to circumstances 
at a site. These NPDES permit requirements are contained in 40 CFR Parts 122-125 and 
include: 


"	 Monitoring. As required in 40 CFR §122.44(i), continued compliance 
with applicable NPDES discharge limitations is ensured through the 
establishment of monitoring requirements for the discharger. The 
regulation requires monitoring of the mass (or other specified 
measurement) of each pollutant regulated and the volume of 
effluent discharged from each point source. Other monitoring 
requirements include designation of monitoring points, monitoring 
frequency, sample types, and analytical methods. In addition to 
monitoring for regulated pollutant parameters, monitoring may be 
required for other pollutants of concern. These additional 
monitoring requirements are developed on a case-by-case basis. 
Consistent with the suggested CERCLA/Water coordination procedures 
described in section 3.2.4 below, RPMs should provide of 
monitoring reports in a form usable by the appropriate Water 
Office for input to the Permit Compliance System (PCS). The PCS is 
a computerized system that tracks NPDES discharges and assists the 
Water Office in determining whether water quality standards are 
being maintained. 


result in accumulation of toxic materials in the human food chain. 
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"	 Best Management Practices. In addition to standard discharge 
limits, best management practices (BMP) provisions can be required 
on a case-by-case basis (40 CFR §125.103(b)). These requirements 
can be incorporated into the NPDES permit and/or the CERCLA site 
decision documents. BMPs are actions or procedures to prevent or 
minimize the potential for the release or discharge of toxic 
pollutants or hazardous substances in significant amounts. BMPs, 
although normally qualitative, are most effective when used in 
conjunction with numerical effluent limits. Specific goals of BMP 
provisions include ensuring that a discharger institutes good 
housekeeping practices, ensuring proper chemical storage, and 
controlling contaminated site runoff, leachate and drainage from 
material storage areas, sludge and waste disposal, and spills and 
leaks.20 


3.2.4 COORDINATION BETWEEN CERCLA (SUPERFUND) AND WATER OFFICES FOR ON-SITE 
ACTIONS 


RPMs will identify ARARs where a treatment technology is being considered 
which involves on-site direct discharges to surface waters. In order to do so 
correctly and in a timely manner, each EPA Region should establish procedures, 
protocols or memoranda of understanding that, while not recreating the 
administrative and procedural aspects of a permit, ensure early and continuous 
cooperation and coordination between the Regional Superfund and Water offices. 
Moreover, State Superfund and Water Program offices should be involved where there 
in a State-lead action or where the State has been delegated NPDES authority. 
Coordination among all appropriate offices should be established. However, the 
Regional Superfund and Water offices should maintain their involvement in all 
actions. The Water Program offices' experience in applying standards of control 
under the CWA to industrial discharges is a valuable resource for Superfund. 


The process of identifying ARARs for remedial actions essentially begins after 
the site characterization (during the remedial investigation) and may continue 
through the remedial design phase. ARARs are identified in increments of increasing 
certainty as more information regarding the site is developed. The appropriate scope 
and extent of each Region's coordination procedures for identifying, ARARs should be 
determined by the Region. It is recommended that the procedures describe the roles 
and responsibilities of the respective offices in relation to the steps in the 
Superfund selection of remedy process. The description of roles and responsibilities 
should identify those steps where coordination will occur, the level of involvement 
anticipated for each of these steps, e.g., written comments at certain stages, 
routing procedures, and agreement as to what constitutes timely notification and 
timely response between Superfund and Water offices (Regional and State). 
Coordination between the 


20 See NPDES Best Management Practices Guidance Document, EPA, (June 1981). 
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Superfund and Water offices is recommended at the following steps in the remedial 
process: 


" Preliminary Assessment/Site Investigation. If, as a result of the 
preliminary assessment or site investigation, it appears that a 
remedial action involving a discharge to surface waters may be 
considered, copies of pertinent documents should be sent to Water 
offices (Regional and State, if appropriate). Early notice of 
possible remedial actions involving discharges to surface waters will 
allow Water offices to plan their workloads accordingly. 


o	 Remedial Investigation/Feasibility Study. Water offices should be 
kept advised as more information regarding the site and the nature of 
the contamination is developed, e.g., types of wastes, affected 
media, expected concentrations, and potential treatment technologies. 
It may useful to obtain information from Water offices regarding 
surface water classifications, existing use designations, 
technology-based requirements, and water quality standards. In 
addition, preliminary site summaries should be shared with the Water 
office. 


Further coordination with Water offices should occur when Superfund 
offices conduct an initial screening of potential remedial 
alternatives. Water offices may provide advice during the planning of 
the detailed analysis to be conducted regarding the effectiveness and 
implementability of treatment alternatives and the environmental, 
fate and effects of the discharge. These detailed analyses should 
identify Federal and State ARARs so that each alternative can be 
evaluated. The Water office comments should address, where 
appropriate, allocation analyses, treatability studies, monitoring 
strategies, and effluent limitations and conditions. 


Examples of documents that the Superfund office may want to provide 
to the Water office are the RI/FS Workplan (draft and final), the 
RI/FS report, and the proposed plan. 


" Selection of Remedy/Record of Decision. Coordination with Water 
offices should continue through the selection of remedy stage. When 
the selected remedy involves a discharge to surface water, the Water 
offices may be able to provide information that will assist the 
Superfund office in documenting, in the Record of 
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Decision, that the selected remedy meets or exceeds ARARs (or other 
health- or risk-based levels established through a risk assessment 
when ARARs do not exist or when they are waived). 


"	 Remedial Design/Remedial Action. Input from Water offices may assist 
the Superfund office in ensuring that the selected remedy is designed 
to attain and succeeds in attaining or exceeding all ARARs. 


General program coordination outside of specific Superfund projects can also 
be enhanced by the exchange of effluent guidelines development documents, which are 
the detailed technical bases for the categorical standards (see Exhibit 3-1, p. 
3-36), waste treatment literature, revised water quality standards and other 
documents which are necessary to identify and comply with ARARs. 


3.2.5 ADMINISTRATIVE REQUIREMENTS OF THE NPDES PROGRAM 


The NPDES program establishes administrative requirements that must be 
complied with prior to and after permit issuance. These requirements would not be 
considered ARARs for on-site direct discharges to surface waters because they are 
administrative in nature. However, they would be requirements to be complied with in 
the NPDES permitting process for off-site direct discharges to surface waters.21 


These NPDES administrative requirements include: 


" Certification: CWA §401 requires that any applicant for a Federal 
license or permit to conduct an operation that may result in any 
discharge to navigable waters, shall provide to the 
licensing/permitting agency a certification from the State that the 
discharge will comply with applicable provisions of CWA §§301, 302, 
303, 306, and 307. 


" Permit Application Requirements: A discharge from a CERCLA site is 
considered a "new discharge" for regulatory purposes under the NPDES 
program. NPDES regulations (40 CER §122.29) require that applications 
for permits for new-discharges must be made 180 days before 
discharges actually begin. The information required in a permit 
application will be collected during the RI/FS. States with NPDES 
authority may have slightly different permit application requirements 
for now discharges. The NPDES regulations require that pollution 
control equipment must be installed before the new discharge 


21 The lead agency (or the PRP in the case of enforcement-lead sites) will 
obtain the NPDES permit from either the State or Federal agency, whichever is 
authorized to implement the NPDES program. 
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begins, and compliance must be achieved within the shortest feasible 
time, not to exceed 90 days. 


" Reporting Requirements. The NPDES permit program requires 
dischargers to maintain records and to report periodically on the 
amount and nature of pollutants in the wastewaters discharged (40 CFR 
§§122.44(i) and l22.48). Reports that are typically required include 
emergency reports (required in cases of noncompliance that are 
serious in nature) and discharge monitoring reports (routine 
monitoring reports). 


"	 Public Participation. CERCLA RPMs should also be aware that any NPDES 
discharge limitations and requirements developed for a CERCLA site 
are subject to public participation requirements in 40 CFR §124.10, 
including public notice and public comment. 


3.3 GUIDANCE FOR COMPLIANCE WITH INDIRECT DISCHARGE REQUIREMENTS 


In general, a discharge to a POTW is considered an off-site activity.22 


Therefore, Superfund is required to comply with substantive and procedural 
requirements of the national pretreatment program and all local pretreatment 
regulations before discharging wastewater to a POTW. 


3.3.1 PRETREATMENT STANDARDS 


The national pretreatment program, authorized under CWA §307(b), controls the 
indirect discharge of pollutants to POTWs. The goal of the pretreatment program is to 
protect municipal wastewater treatment plants and the environment from damage that 
may occur when hazardous, toxic, or other nondomestic wastes are discharged into a 
sewer system.23 This objective is achieved through pretreatment of wastewaters 
discharged by industrial and other nondomestic users (e.g., a CERCLA site) into 
POTWs. 


The general pretreatment regulations, located in 40 CFR Part 403, are intended 
to control the introduction of pollutants into POTWs so as to: 


22 Even if CERCLA wastewater is discharged to a sewer located on-site, 
treatment by a POTW located off-site is considered an off-site activity. 


23 The potential problems to a POTW caused by inadequately treated 
discharges are diverse and include damages to the POTW’s physical facilities, 
threats to the health and safety of POTW workers, inhibition of POTW treatment 
processes, the discharge of toxic and other pollutants to the waters of the U.S., 
contamination of the POTW’s sludge, and emission of volatile pollutants from the 
POTW's sewer and treatment systems into the air. 
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" Prevent interference with the operation of a POTW; 


" Prevent pass through of pollutants through the treatment works; and 


"	 Improve opportunities to recycle and reclaim municipal and industrial 
wastewater and sludges. 


Interference is a discharge that, alone or in conjunction with discharges from 
other sources, inhibits or disrupts a POTW, its treatment processes or operations, 
or its sludge processes, thereby causing either a violation of any requirement of 
the POTW's NPDES permit or prevention of sewage sludge use or disposal.24 


Pass through is a discharge to a POTW that exits the POTW in quantities or 
concentrations, which alone or in conjunction with a discharge(s) from other 
sources, causes a violation of any requirement of the POTW's NPDES permit. 


EPA's regulations at 40 CFR §403.5 include general and specific prohibitions 
on discharges to POTWs. The general prohibitions state that pollutants introduced 
into POTWs by a non-domestic source shall not cause pass through or interference. 
The specific prohibitions preclude the introduction of pollutants that: 


" Create a fire or explosion hazard in the sewers or treatment works; 


"	 Will cause corrosive structural damage to the POTW (pollutants with a 
pH lower than 5.0); 


" Obstruct flow in the sewer system resulting in interference; 


"	 Are discharged at a flow rate and/or concentration that will result 
in interference; and 


"	 Increase the temperature of wastewater entering the treatment plant 
so as to inhibit biological activity resulting in interference (in no 
case shall the temperature of the POTW increase to above 104"F 
(40"C)). 


Nondomestic users must comply with the general and specific prohibitions. In 
addition, pursuant to 40 CFR §403.5(c), some POTWs are required to develop and 
enforce specific effluent limitations (i.e., local limits) to implement the 


24 Most POTWs are considered direct dischargers and are issued NPDES permits 
controlling the discharge of their wastewater to receiving waters. 
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general and specific prohibitions. In addition, the POTW may enforce local 
prohibitions on wastes with objectionable color, noxious or malodorous liquids, 
wastes that may volatilize in the POTW (endangering the health and safety of POTW 
workers), radioactive wastes, and other types of wastes that are incompatible with 
POTW operations. 


The 1987 amendments to the CWA require States to review their water quality 
standards and, if necessary, develop toxic discharge control programs (see section 
3.2.3.5). The amendments also require an increased EPA effort to develop regulations 
for sludge use and disposal. Both of these efforts may affect discharge limitations 
under NPDES permits, including POTWs’ permits. Revisions to a POTW's NPDES permit 
may affect existing pretreatment standards. In general, RPMs should maintain 
awareness of the possibility of such changes. 


The national pretreatment standards also specify quantities or concentrations 
of pollutants or pollutant properties that may be discharged to a POTW by existing 
or new industrial users in specific industrial subcategories. These categorical 
standards are not applicable requirements because CERCLA cleanup actions do not 
presently fit within any industrial category for which such standards exist. However 
ever, they may be relevant and appropriate if the considerations underlying the 
categorical standard (e.g., type and concentration of pollutant, type of industrial 
process that produced the waste) are sufficiently similar to the conditions of the 
hazardous substance found at the site. See Exhibit 3-1, p. 3-36 for a listing of 
development documents that provide the technical basis for the categorical 
standards. 


3.3.2 GUIDANCE FOR DETERMINING WHETHER TO DISCHARGE CERCLA WASTEWATER TO A 
POTW 


A discharge to a POTW must not occur if it will cause pass through, 
interference, violations of the specific prohibitions, or violations of the local 
limits or ordinance. POTWs under consideration as potential receptors of CERCLA 
wastewaters may include those POTWs either with or without an EPA-approved 
pretreatment program. POTWs with an approved pretreatment program are required to 
have the mechanisms necessary to ensure compliance by nondomestic users with 
applicable pretreatment standards and requirements.25 These POTWs are also required 
to have the legal authority to deny or condition discharges that do not meet 
pretreatment standards and requirements. POTWs 


25 POTWs with EPA-approved pretreatment programs must, among other things, 
establish procedures to notify nondomestic users of applicable pretreatment 
standards and requirements, receive and analyze self-monitoring reports from IUs, 
sample and analyze industrial effluents, require compliance, conduct inspections, 
investigate noncompliance, assess penalties, and comply with public participation 
requirements. A NPDES State may apply for approval of a State, pretreatment program 
pursuant to 40 CFR §403.10(f). A State with an approved pretreatment program may 
assume responsibility for implementing a POTW pretreatment program in lieu of 
requiring the POTW to develop a pretreatment program. 
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without an approved pretreatment program must be evaluated to determine whether 
sufficient mechanisms (i.e., enforceable local limits) exist to allow the POTW to 
meet the requirements of the national pretreatment program in accepting CERCLA 
wastewaters. Pass through, interference and violations of the specific prohibitions 
are always prohibited regardless of whether a POTW has an approved pretreatment program. 


The determination of a POTW's ability to accept CERCLA wastewater should be 
made during the remedial alternatives analysis under the Remedial Investigation 
Feasibility Study (RI/FS) process. Water Division officials and their State 
counterparts and representatives of the POTW should participate in the evaluation of 
any remedial alternatives recommending the use of a POTW. The following factors 
should be evaluated during the remedial alternatives analysis: 


"	 The quantity and quality of the CERCLA wastewater and its 
compatibility with the POTW. The constituents in the CERCLA 
wastewater must not violate the specific prohibitions, cause pass 
through or interference, including unacceptable sludge contamination, 
or cause a hazard to employees at the POTW. In some cases, control 
equipment at the CERCLA site may be necessary in order to pretreat 
the CERCLA discharge prior to discharge to the POTW.26 


"	 If an indirect discharge to a POTW is being considered as an 
alternative, RPMs should provide information, such as a description 
of the contents and concentrations in the wastewater, in order for 
the POTW to evaluate the impacts of a discharge on its treatment 
system and on its continued compliance with its NPDES permit. The 
RPM, working with the POTW, must perform the necessary analysis 
(e.g., pilot tests) to determine whether the CERCLA discharge is 
likely to cause interference or pass through at the POTW or to 
violate the specific prohibitions. 


" The POTW's record of compliance with its NPDES permit and 
pretreatment program requirements to determine if the POTW is a 
suitable disposal site for the CERCLA wastewater. Section 121(d)(3) 
of CERCLA prohibits the 


26 EPA's Office of Water is developing guidance manuals to assist in 
assessments regarding the compatibility of CERCLA wastewater with a POTW and the 
requirements necessary for CERCLA wastewater to comply with pretreatment standards. 
See also Guidance for POTW Pretreatment Program Development, October, 1983 (includes 
discussion on developing local limits). 
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discharge of CERCLA wastes to facilities that are not in 
compliance with applicable Federal law.27 


" The potential for volatilization of the wastewater 
constituents at the CERCLA site, while moving through the 
sewer system, or at the POTW and its impact upon air quality. 


"	 The potential for ground-water contamination from transport 
of CERCLA wastewater or impoundment at the POTW, and the need 
for ground-water monitoring. 


"	 The potential effect of the CERCLA wastewaters upon the 
POTW’s discharge as evaluated by maintenance of water quality 
standards in the POTW's receiving waters, including State 
narrative standard of “no toxic materials in toxic amounts.” 


" The POTW's knowledge of and compliance with any applicable 
requirements or requirements of other environmental statutes. 
RCRA permit-by-rule requirements may be triggered if the POTW 
receives CERCLA wastewaters that are classified as "hazardous 
wastes" without prior mixing with domestic sewage, i.e., 
direct delivery to the POTW by truck, rail, or dedicated 
pipe.28 Not all CERCLA wastewaters are considered hazardous 
wastes under RCRA (listed or characteristic); determinations 
must be made on a case-by-case basis. 


if the POTW is operating under an NPDES permit issued 
before November 8, 1984, the date of enactment of the 
Hazardous and Solid Waste Amendments (HSWA), which 
amended RCRA, the following permit-by-rule requirements 
under 40 CFR §270.60(c) apply:(1)the POTW must have 
an NPDES 


27 If a POTW is operating under an expired permit, the conditions of the 
permit normally continue in force until the effective date of a new permit. Most NPDES 
permits provide for such extensions, unless this would violate State law. Thus, a 
CERCLA site could discharge to a POTW that has an expired permit, if the POTW has 
received an extension permissable under State law and is in compliance with the 
extended permit. 


28 The domestic sewage exclusion (DSE) under RCRA Subtitle C provides that 
nondomestic wastes are not considered hazardous wastes when they are discharged to 
sewers containing domestic sewage that is treated at a POTW. The POTW that accepts 
such wastes is not deemed to have received hazardous wastes and, therefore, is not 
subject to RCRA permit requirements. 
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permit; (2) the POTW must be in compliance with its NPDES 
permit; (3) the POTW must comply with RCRA regulations 
regarding requesting an identification number, using a manifest 
system, identifying manifest discrepancies, and complying with 
reporting requirements; and (4) the waste received meets all 
Federal, State, and local pretreatment requirements that would 
be applicable to the waste if it were discharged through a 
sewer, pipe, or similar conveyance (i.e., the same pretreatment 
standards as if the domestic sewage exclusion applied). 


If the POTW is operating under an NPDES permit issued after 
November 8, 1984, including renewed permits, the POTW must 
comply with the same permit-by-rule requirements plus 
corrective action requirements under 40 CFR §264.101 before 
accepting a discharge of hazardous wastes.29 


"	 The various costs of managing CERCLA wastewater, including 
all risks, liabilities, permit fees, etc.30 It may be appropriate 
to reflect these costs in the POTW's connection fees and user 
charge system. 


Based upon consideration of the above elements, the discharge of CERCLA 
wastewater to a POTW should be deemed inappropriate if the evaluation indicates that: 


"	 The constituents in the CERCLA discharge are not compatible 
with the POTW and will cause pass through, interference, 
violations of the specific prohibitions, toxic pollutants in 
toxic amounts in the POTW's receiving waters, violations of 
water quality standards, unacceptable sludge contamination, or 
a hazard to employees of the POTW. 


"	 The impact associated with transporting the waste to and/or 
discharging of CERCLA wastewater into a POTW 


29 A RCRA rider permit incorporating the permit-by-rule requirements, 
including corrective action, will be issued in conjunction with renewal of the 
POTW’s NPDES permit after November 8, 1984. 


30 SARA §119(c)(5)(D) specifically prohibits EPA from indemnifying an owner or 
operator of a facility regulated under the Solid Waste Disposal Act, therefore, 
POTWs subject to permit-by-rule provisions cannot be indemnified. EPA has 
extended this prohibition of indemnification to any POTW. (For more information, 
see OSWER Directive 9835.5.) 
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would result in unacceptable impacts upon any environmental 
media. 


" The POTW is determined to be an unacceptable receptor of CERCLA 
wastewaters based upon a review of the POTW's compliance 
history. 


If consideration of the various element indicates that the discharge 
of CERCLA wastewater to a POTW is deemed appropriate: 


"	 There should be early public involvement, including contact with 
POTW officials and users, in accordance with the CERCLA community 
relations plan and public participation requirements; 


"	 Federal, State and local pretreatment requirements on the CERCLA 
discharge must be determined; 


"	 All other requirements on the CECLA discharge must be identified, 
e.g., manifesting requirements under RCRA if CERCLA wastewaters 
that are classified as hazardous wastes under RCRA are discharged 
directly to the POTW without prior mixing with domestic sewage, 
i.e., by truck, rail, or dedicated pipe; and 


"	 The POTW’s NPDES permit and fact sheet may need to be modified to 
reflect the conditions of acceptance of CERCLA wastewaters. Permit 
modification may be necessitated by the need to pretreatment 
requirements, local limits, monitoring requirements, and/or 
limitations on additional pollutants of concern in the POTW's 
discharge. 


3.3.3 POTW CONTROL MECHANISMS 


40 CFR §403.8(f)(iii) of the general pretreatment regulations require the use 
of control mechanisms (e.g., permit or order) to regulate indirect discharges to a 
POTW. Those control mechanisms contain applicable pretreatment standards including 
local discharge prohibitions and numerical discharge limits. 


The control mechanisms, in addition to incorporating pretreatment limitations 
and requirements, may also include the following: 


" Monitoring and reporting requirements to ensure continued 
compliance with applicable pretreatment standards. Monitoring and 
reporting frequencies vary among POTWs. However, frequencies are 
typically based upon factors such as facility flow, types of 
pollutants, expected, and process variability. 
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"	 Spill prevention programs to prevent the accidental discharge of 
pollutants to POTWs. The required components of a spill prevention 
program vary among POTWs. At a minimum, however, most POTWs 
require notification for spill events that could have an impact on 
their treatment system. 


3.4 COMPLIANCE WITH DREDGE AND FILL REQUIREMENTS 


3.4.1 DREDGE AND FILL ACTIVITIES 


CERCLA activities that may be considered dredge and fill activities include, 
but are not limited to the following: 


" Dredging of contaminated lake, river, or marine sediments; 


"	 Disposal of contaminated soil, waste material, well-drilling 
materials, or dredged material in surface water, including most 
wetlands; 


" Capping of the site; 


" Construction of berms and levees to contain wastes; 


" Stream channelization; 


" Excavation to contain effluent; and 


" Dewatering of the site. 


3.4.2 AUTHORITIES FOR REGULATING DREDGE AND FILL ACTIVITIES 


Dredge and fill activities are regulated under the following 
authorities: 


"	 Section 10 of the Rivers and Harbors Act prohibits the 
unauthorized obstruction or alteration of any navigable 
water of the United States. Navigable waters of the U.S. are 
defined an waters that are subject to the ebb and flow of 
the tide shoreward to the mean high water mark and/or are 
presently used, or have been used in the past or may be 
susceptible to use to transport interstate or foreign 
commerce. Structures or work in, above, or under navigable 
waters are regulated under Section 10. Examples of 
activities include dredging, filling, installation of 
pilings, and construction of structures such as berms, 
levees, coffer dams, and piers. 
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"	 Section 404 of the Clean Water regulates the discharge of 
dredged or fill material to waters of the United States. 
Federal jurisdiction under Section 404, the is, waters of 
the U.S., is broader than that under Section 10 of the 
Rivers and Harbors Act and includes all waters of U.S. 
including wetlands, the use of which could affect interstate 
commerce. Examples of the discharge of dredged or fill 
material regulated by Section 404 include (a) disposal of 
dredged material in wetlands, (b) capping and (c) construction 
of berms and levees. It is important to note that while 
the act of excavation and/or dredging is not regulated under 
Section 404, the deposition of dredged or excavated 
materials in waters of the U.S. is a regulated activity 
under Section 404. 


"	 Section 103 of the Marine Protection Research and 
Sanctuaries Act (MPRSA) regulates ocean discharges of 
materials dredged from waters of the U.S. Jurisdictional 
limits under Section 103 extend seaward from the low tide 
line (baseline of the territorial sea) where a shore 
directly contacts the open sea. Section 103 requires that 
permits be issued for the transport of that dredged material 
for the purposes of dumping it into ocean waters. MPRSA 
§103(b) requires that ocean dumping of dredged material be 
at sites designated by EPA under MPRSA §102(c). 


"	 40 CFR Part 6, Appendix A contains EPA's regulations for 
implementing Executive Order 11990, Protection of Wetlands, 
and Executive Order 11988, Floodplain Management, which 
require Federal agencies, wherever possible, to avoid or 
minimize adverse impacts of Federal actions upon wetlands 
and floodplains, and to preserve and enhance the natural 
values of wetlands and floodplains. Federal actions include 
dredge and fill activities. 


3,4.3 THE ARMY CORPS OF ENGINEERS/EPA PERMIT PROGRAM 


The Army Corps of Engineers (the Corps) evaluates applications for permits for 
activities regulated under Section 10 of the Rivers and Harbors Act and Section 404 
of the CWA.31 Protection of wetlands and other aquatic habitats is one of the 
primary goals of the dredge and fill permit program. The Corps 


31 A State agency may also be authorized to issue CWA §404 permits in lieu of 
the Corps or certain “State regulated waters." See 40 CFR Part 233. 
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issues or denies permit applications on the basis of compliance with relevant 
portions of the CWA §404(b)(1) guidelines and impact on the public interest (see 
next section). EPA also reviews Section 404 permit applications for compliance with 
the Guidelines as well as other CWA provisions. 


Under CERCLA §121(e), CWA §404 permits are not required for dredge and fill 
activities conducted entirely on-site. However, the Corps expertise in assessing the 
public interest factors for dredging and filling operations can contribute to the 
overall quality of the CERCLA response action. 


MPRSA §103(c) requires the Corps of Engineers to notify EPA of its intention 
to issue Section 103 permits for ocean dumping of dredged materials. EPA reviews 
Section 103 permits for compliance with environmental criteria promulgated by EPA 
under Section 102(a) of MPRSA. The Corps cannot issue Section 103 permits that do 
not comply with Section 102(a) criteria unless EPA grants a waiver to do so. 


3.4.4 SUBSTANTIVE REQUIREMENTS 


3.4.4.	 Dredged and Fill Material Disposal under CWA Section 404 and 
Rivers and Harbors Act Section 1032 


Superfund's determination whether to discharge dredged or fill material in 
waters of the United States should be based primarily on application of the CWA 
§404(b)(1) guidelines, promulgated as regulations in 40 CFR §230.10. A guiding 
principle of Part 230 is that degradation or destruction of wetlands and other 
special aquatic sites should be avoided to the extent possible. Under the CWA 
§404(b)(1) guidelines, no discharge of dredged or fill material shall be permitted 
if there is a practicable alternative to the proposed discharge that would have less 
adverse impact on the aquatic ecosystem, so long as the alternative does not have 
other significant adverse environmental consequences (40 CFR §230.10(a)). 


Pursuant to 40 CFR §230.10(b), no discharge of dredged or fill material shall 
be allowed if the discharge: 


"	 Causes or contributes to violations of any additional State water 
quality standard; 


"	 Violates any applicable toxic effluent standard or discharge prohibition 
under CWA §307; 


32 Among the factors to-be-considered in determining disposal requirements for 
dredged materials in the Great Lakes Basin under Section 404 of the Clean Water Act 
are EPA Guidelines for the Pollutional Classifications of Great Lakes Harbor 
Sediments and International Joint Commission Average Concentrations. 
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"	 Jeopardizes endangered or threatened species specified under the 
Endangered Species Act of 1973 (See Volume 3 of compliance manual); or 


"	 Violates requirements to protect any marine protection sanctuary 
designated under Title III of the Marine Protection, Research, and 
Sanctuaries Act of 1972. 


The guidelines also provide that no discharge of dredged or fill material 
shall be permitted which will cause or contribute to significant degradation of the 
waters of the United States (40 CFR §230.10(c)). Where a discharge would 
significantly degrade the waters of the United States, and there are no practicable 
alternatives to the discharge, such degradation can often be avoided or reduced and 
compliance with the guidelines achieved through the use of appropriate and 
practicable mitigation measures to minimize potential adverse impacts of the 
discharge on the aquatic ecosystem (40 CFR §230.10(d)). The term "practicable" is 
defined in 40 CFR §230.3(q) to mean available and capable of being done after taking 
into consideration cost, existing technology, and logistics in light of overall 
project purpose.” 


Determinations of Potential Effects of Discharge 


Prior to selecting a remedy which involves the discharge of dredged or fill 
material, RPMs, working with the Regional 404/Wetlands Office, must consider the 
availability of practicable alternatives to discharges in wetlands and other special 
aquatic sites. If no practicable alternative exists, the potential short-term or 
long-term effects of the proposed discharge of dredged or fill material on the 
physical, chemical, and biological components of wetlands and the associated aquatic 
environment should be determined. 40 CFR §230.11 describes the types of effects of a 
proposed discharge that must be evaluated and considered in order to mitigate 
impacts, including: 


" Physical substrate determinations; 


"	 Water circulation, fluctuation, an salinity 
determinations: 


" Suspended particulate/turbidity determinations 


" Contaminant determinations; 


" Aquatic ecosystem and organism determinations; 


" Proposed disposal site determinations; 


"	 Determination of cumulative effects on the aquatic 
ecosystem; and 
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"	 Determination of secondary effects on the aquatic 
ecosystem (see 40 CFR §§230.11 through 230.54). 


Minimizing Adverse Impacts 


Examples of specific steps that may be taken to comply with the requirement to 
minimize adverse impacts (40 CFR §230.10(d)) are set forth in considerable detail in 
40 CFR Part 230, Subpart H, entitled "Actions to Minimize Adverse Effect." The most 
preferred type of mitigation is to avoid impacts entirely. In some cases, avoidance 
is not possible. In such cases, the goal of mitigation for unavoidable impacts is to 
minimize adverse effects. This may include project modifications such as 
modification of the choice of disposal site, treatment of material to be disposed, 
providing for control of the material after discharge, or, when necessary and 
practicable, wetland enhancement, wetland restoration, and in certain instances, 
wetland creation (40 CFR §230.75(d), where demonstrated effective techniques are 
available. Small scale use of such techniques should be used where proposed 
development and restoration techniques have not yet advanced to the pilot 
demonstration stage. What, constitutes necessary mitigation at a particular site is 
a case-specific determination depending on such factors as the type of activity, the 
type of wetland, how well the wetland is presently functioning, etc., always keeping 
in mind the goal of preserving wetland values at the site. 


ARAR Determination 


Section 404 applies to the discharger of dredged and fill materials and 
addresses the impacts caused by such discharges. In some CERCLA response actions, 
the wetland will already be severely degraded by virtue of prior discharges 
of waste. While part of the CERCLA remedy may be to fill in the wetland, 
the remedy would contemplate that the fill will serve an environmental benefit. 
Where the functioning of the wetland has already been significantly and irreparably 
degraded, mitigation would be oriented towards minimizing further adverse 
environmental impacts, rather than attempting to recreate the wetland's original 
value on-site or off-site. That is, there would be discretion, but no obligation 
under CWA §404 for the lead agency to mitigate those impacts that preceded the 
remedial fill operation. While CWA §404 is not an applicable requirement in such 
cases, mitigation, including wetland restoration and creation, may nonetheless be 
appropriate in some circumstances to protect the environmental values of the site. 
Moreover, other provisions, most notably 40 CFR Part 6, Appendix A, implementing 
Executive Orders 11988 and 11990 (see section 3.4.4.3 below), may require such 
mitigation. In addition, independent enforcement authorities under the Clean Water 
Act (§§309 and 404) may be used to require private parties responsible for the 
original discharge (e.g., the contamination) to conduct appropriate mitigation 
activities. 


In contrast, there will be other situations where the response action itself 
involves a discharge that may destroy an undegraded, functioning wetland. Examples 
includes the diversion of surface or ground water through an existing 
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wetland, and building access roads in wetlands. Such activities should be avoided to 
the extent practicable. For impacts that cannot be avoided or minimized as described 
above, enhancement, restoration, or creation of another wetland, as provided in the 
CWA §404(b)(1) guidelines, may be applicable or relevant and appropriate to 
Superfund actions. 


A discharge must comply with the CWA §404(b)(1) guidelines. If the discharge 
complies with the guidelines, RPMs shall then consider whether the discharge would 
be in the public interest. This includes evaluation of the probable impacts, 
including cumulative impacts, of the proposed activity on the public interest. This 
evaluation requires a careful weighing of all those factors that become relevant in 
each particular case.33 The public interest review factors may not be used to offset 
noncompliance with the guidelines. While a discharge that meets the guidelines may 
not be permitted if it is concluded that permit issuance is not in the public 
interest, the regulations do not allow a determination that it is in the public 
interest to issue a permit that does not comply with the guidelines. 


In selecting remedies, the RPMs should also consult with the State(s) in which 
the waters of the United States to be filled are located. Under CWA §401 no permit 
may be used until the State concurs or waives concurrence. Certification primarily 
focuses on whether the State believes its water quality standards will be violated 
if the discharge occurs; the State, for example, may condition its concurrence on 
the inclusion of additional requirements necessary to satisfy State law. More 
specific guidance appears in CWA §401(a) and (d) and 40 CFR Part 121. 


Since no permit is required in the case of on-site actions, State 
certification is not legally required. However, consultation with the State should 
occur in general as part of State identification of substantive State ARARS. If a 
State determines the discharge would violate the requirements of CWA §401(a)(1), a 
discharge of dredged or fill material does not comply with the CWA §404(b)(1) 
guidelines (40 CFR 230.10). In such circumstances, the discharge will occur only in 
accordance with CERCLA waiver criteria for ARARs. In addition, the State will have 
the opportunity to review and concur with the remedy selected in the Record of 
Decision. 


33 33 CFR §325.3(c) sets forth the following factors that the Corps should 
evaluate when conducting a public interest analysis: conservation, economics, 
aesthetics, general environmental concerns, wetlands, historic properties, fish and 
wildlife values, flood hazards, land use, navigation, shoreline erosion and 
accretion, recreation, water supply and conservation, water quality, energy needs, 
safety, food and fiber production, mineral needs, considerations of property 
ownership and, in general, the needs and welfare of the people. 
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3.4.4.2 Dredged Material Disposal under Section 103, MPRSA 


Consistent with EPA's regulations under 40 CFR §225.2, Superfund's decision to 
ocean dispose (seaward of the territorial sea baseline) of dredged material 
(generally an off-site activity) needs to consider the following requirements: 


"	 Disposal must be at a site designated by EPA for such 
use unless disposal at an available, designated site 
is not feasible; 


"	 Requests for disposal at a nondesignated site must be 
accompanied by a statement of the basis for the 
determination that disposal at a designated site is 
not feasible. 


Requests for ocean disposal of dredged materials under Section 103 of MPRSA must 
include the following information: 


" Historical uses of the proposed disposal site; 


"	 Documented effects of other current or historical disposal 
activities, if any, in the area of the proposed dredged material 
site; 


"	 Estimated length of time for the proposed dredged 
material disposal; 


"	 Characteristics , quantities, and composition of the 
dredged material; and 


" A description of the proposed disposal site characteristics (if it is 
not a designated site) necessary for designation under 40 CFR Part 
228. 


Requests for ocean disposal of dredged material will be reviewed by the Corps of 
Engineers (the permit issuing agency) for compliance with EPA's criteria under 40 
CFR Part 227, including the following: 


" Environmental impact criteria; 


"	 Determination of the need for ocean disposal of 
dredged materials, including the evaluation of other 
available disposal alternatives; 


"	 Impact on aesthetic, recreational, and economic 
values; 


" Impact on other uses of the ocean. 
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3.4.4.3 Dredged and Fill Material Disposal Under 40 CFR Part 6. Appendix A 


40 CFR Part 6, Appendix A, which describes EPA's policy on implementing 
Executive Orders 11988 (Floodplain Management) and 11990 (Wetlands Protection), 
may be applicable or relevant and appropriate for CERCLA activities.34 The 
procedures substantively require that EPA conduct its activities to avoid, to the 
extent possible, the long- and short-term adverse impacts associated with the 
destruction or modification of wetlands and the occupation or modification of 
floodplains. The procedures also require EPA to avoid direct or indirect support of 
new construction in wetlands or floodplain development wherever there are 
practicable alternatives and to minimize potential harm to floodplains or wetlands 
when there are no practicable alternatives. 


3.4.5 	 COORDINATION BETWEEN SUPERFUND AND THE 404/WETLANDS PROTECTION PROGRAM 
OFFICES OR OCEAN DISPOSAL PROGRAM 


RPMs should early and continuously involve the affected Regional 404/Wetlands 
Protection office or Ocean Disposal Program where discharge of dredged or fill 
material is being considered as a component of a remedy (see section 3.2.4 generally 
describing coordination procedures), or if the CERCLA action has the potential to 
affect wetlands.35 If additional expertise is required and can be obtained within 
time constraints of the response action, the 404 office or Ocean Disposal Program, 
acting as a liaison and working closely with the lead agency Remedial Project 
Manager, should consult with other agencies with expertise in dredge and fill-type 
determinations: the Corps of Engineers (general expertise in conducting public 
interest and Section 404(b)(1) guidelines analyses and in identifying wetland 
resources), the Fish and Wildlife Service (identifying endangered species, 
evaluating impacts to the Fish and Wildlife community), the National Marine 
Fisheries Service (evaluating impacts to commercial and sport fisheries), the 
National Oceanic and Atmospheric Administration, and appropriate State agencies. 


Advice from the 404/Wetlands Office or Ocean Disposal Program and these other 
agencies may assist the lead agency responsible for CERCLA site cleanup in 
evaluating the possible impact of proposed actions on the aquatic environment, and 
in selecting the best overall remedy through a careful weighing of all relevant 
factors. These offices may also advise RPMs on how to minimize and mitigate adverse 
environmental impacts. 


34 40 CFR Part 6, Subpart A sets forth EPA policy for carrying out the 
provisions of Executive Orders 11988 (floodplains Management) and 11990 (Protection 
of Wetlands). 


35 In Regions 3, 6 and 7, the 404/Wetlands Protection Program Offices are not 
located in the Water Office. In Regions 3 and 6, the wetlands program is located in 
the Environmental Services Division and in Region 7 is located under the Assistant 
Regional Administrator for Policy and Management. 
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EXHIBIT 3-1 


CLEAN WATER ACT EFFLUENT GUIDELINES DEVELOPMENT DOCUMENTS 1/ 


INDUSTRIAL 
POINT SOURCE 
CATEGORY 


ALCOHOL FOR 
FUEL (SYNFUELS) 


ALUMINUM FORMING 


ASBESTOS 
MANUFACTURING 


40 CFR 
PART NUMBER SUBCATEGORY 


472 S	 Multimedia 
Technical 
Support 
Document for 
Ethenol and 
Fuel Industry 


S	 Low BTU 
Gasifier 
Wastewater 
(1986) 


S	 Ethenol-for
fuel (Guidance) 


S	 Low BTU Coal 
Gasification 
(Guidance) 


467 S Aluminum 
Forming 
Volumes I & II 
(Final) 


427 S	 Building, 
Construction 
and Paper 
(Final) 


S	 Textile, 
Friction 
Materials and 
Sealing 
(Final) 


SOURCES OF AVAILABILITY 
GPO 


EPA PUBLICATION NTIS ACCESSION STOCK 
DOCUMENT NUMBER NUMBER NUMBER EPA 


EPA 440/1-86-093 PB86/177557/AS 


PB86/245438/AS 


EPA 440/1-86/-093 X 


EPA 440/1-86/093 X 


EPA 440/1-84/073

Vol. I PB84-244425

Vol. II PB84-244433 X



EPA 4401/1-74/017-a PB238320/6 5501-00827 


EPA 440/1-74/035-a PB240860/7 


1/	 The development documents provide a detailed technical basis for the categorical effluent limitations (direct and indirect charges) promulgated for each 
industrial category. The documents may be useful in determining BAT/BCT technology to discharges from CERCLA sites, but are not in themselves ARARs. 
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EXHIBIT 3-1 (Continued)



CLEAN WATER ACT EFFLUENT GUIDELINES DEVELOPMENT DOCUMENTS 1/



SOURCES OF AVAILABILITY 
INDUSTRIAL GPO 
POINT SOURCE 40 CFR EPA PUBLICATION NTIS ACCESSION STOCK 
CATEGORY PART NUMBER SUBCATEGORY DOCUMENT NUMBER NUMBER NUMBER EPA 


BATTERY 461 S Battery EPA 440/1-82/067-b PB83-197921 --------------- X 
MANUFACTURING Manufacturing 


(Proposed) X 


S Errata Sheet 


S Battery EPA 440/1-84-067 
Manufacturing Vol. I PB85-121507 =-------------- X 
(Final) Vol. II PB85-121515 --------------- X 


BUILDERS PAPER 431 S Builders Paper EPA 440/1-74-026-a PB238076/4 5501-00909 X 
AND BOARD MILLS & Roofing 


Also part 430 
S Board & EPA 440/1-80/025-b PB81-201535 ---------------


Builders Paper 
and Board Mills 
(Proposed) 


S Pulp, Paper and EPA 4401/1-82/025 PB83-163949 ---------------
Paperboard and 
Builders’ Paper 
& Board Mills 
(Final) 


CANNED & 407 S Citrus, Apple & EPA 440/1-74/027-a PB238649/8 5501-00790 X 
PRESERVED FRUITS Potatoes 
& VEGETABLES 
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EXHIBIT 3-1 (Continued)



CLEAN WATER ACT EFFLUENT GUIDELINES DEVELOPMENT DOCUMENTS 1/



SOURCES OF AVAILABILITY 
INDUSTRIAL GPO 
POINT SOURCE 40 CFR EPA PUBLICATION NTIS ACCESSION STOCK 
CATEGORY PART NUMBER SUBCATEGORY DOCUMENT NUMBER NUMBER NUMBER EPA 


CANNED AND 408 S Catfish, Crab, EPA 440/1-74/020-a PB230614/2 5501-00920 
PRESERVED Shrimp 
SEAFOOD 
PROCESSING 


S Fishmeal, EPA 440/1-75/041-a PB256840/0 --------------- X 
Salmon, Bottom 
Fish, Sardine, 
Herring, Clam, 
Oyster, 
Scallop, 
Abalone (Final) 


S Report to EPA 440/1-80/020 PB81-182354 ---------------
Congress, 
Section 74 
Seafood 
Processing 
Executive 
Summary - (Vol. 
I-III) 


CEMENT 411 S Cement EPA 440/1-74/005-a PB238610/0 5501-00866 
MANUFACTURING Manufacturing 
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EXHIBIT 3-1 (Continued)



CLEAN WATER ACT EFFLUENT GUIDELINES DEVELOPMENT DOCUMENTS 1/



INDUSTRIAL

POINT SOURCE 40 CFR



CATEGORY PART NUMBER SUBCATEGORY



SOURCES OF AVAILABILITY 
GPO 


EPA PUBLICATION NTIS ACCESSION STOCK 
DOCUMENT NUMBER NUMBER NUMBER EPA 


EPA 440/1-82/071 PB83-205542 X 


EPA 440/1-83/071-b PB83-198598 X 


EPA 440/1-83/071 PB84-198647 X 


EPA 440/1-81/057-b PB81-229296-


EPA 440/1–82/057 PB83/180422 


EPA 440/1-76/015-a PB-253573/0 


COIL COATING 


COAL MINING 


COOLING WATER 
INTAKE 
STRUCTURES 


465 S	 Coil Coating 
Phase I (Final) 


S Coil Coating 
(Phase II 
Canmaking)
(Proposed) 


S	 Coil Coating 
Canmaking Phase 
II (Final) 


434 S	 Coal Mining 
(Proposed) 


S Coal Mining 
(Final) 


402 S	 Best Technology 
Available for 
the Location 
Design 
Construction & 
Capacity of 
Cooling Water 
Intake 
Structures for 
Minimizing 
Adverse 
Environmental 
Impact 
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EXHIBIT 3-1 (Continued) 


CLEAN WATER ACT EFFLUENT GUIDELINES DEVELOPMENT DOCUMENTS 1/ 


SOURCES OF AVAILABILITY 
INDUSTRIAL GPO 
POINT SOURCE 40 CFR EPA PUBLICATION NTIS ACCESSION STOCK 
CATEGORY PART NUMBER SUBCATEGORY DOCUMENT NUMBER NUMBER NUMBER EPA 


COPPER FORMING 468 S Copper and EPA 440/1-80/073-a X 
Copper Products 
(Draft) 


S Copper (Final) EPA 440/1-84/074 PB84-192459 X 


DAIRY PRODUCTS 405 S Dairy Products EPA 440/1-74/021-a PB238835/3 5501-00898 
PROCESSING Processing 


DOMESTIC SEWAGE S Report to EPA 530-SW-86-004 PB86/184017/AS 
STUDY - Congress on the 
HAZARDOUS WASTES Discharge of 


Hazardous 
Wastes to 
Publicly Owned 
Treatment 
works. 


ELECTRICAL AND 469 S Electrical and EPA 440/1-82/075-b PB82-249673

ELECTRONIC Electronic

COMPONENTS



S	 Electrical and EPA 440/1-83/075-b PB83-190208 
Electronic 
Components 
Phase II 
(Proposed) 
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EXHIBIT 3-1 (Continued)



CLEAN WATER ACT EFFLUENT GUIDELINES DEVELOPMENT DOCUMENTS 1/



SOURCES OF AVAILABILITY 
INDUSTRIAL GPO 
POINT SOURCE 40 CFR EPA PUBLICATION NTIS ACCESSION STOCK 
CATEGORY PART NUMBER SUBCATEGORY DOCUMENT NUMBER NUMBER NUMBER EPA 


ELECTROPLATING 413 & 433 S Copper, EPA 440/1-74/003-a PB238834/AS 5501-00816 
& METAL Nickel, 
FINISHING Chrome, & Zinc 


(Final) 


S Electroplating EPA 440/1-79/003 PB80-196488 ---------------
- Pretreatment 
(Final) 


S Metal EPA 440/1-82/091-b PB83-102004 --------------- X 
Finishing 
(Proposed) 


S Metal EPA 440/1-83/091 PB84-115989 ---------------
Finishing 
(Proposed) 


S Guidance EPA 440/1-84/091g --------------- ---------------
Manual for 
Electroplating 
and Metal 
Finishing 
Pretreatment 
Standards 
(February 
1984) 


FEEDLOTS 412 S Feedlots EPA 440/1-74/004-a PB23851/AS 5501-00842 
(Final) 


FERROALLOY 424 S Smelting and EPA 440/1-74/008-a PB238650/AS 5501-00780 
Slag 
Processing 


* * * AUGUST 8, 1988 DRAFT * * *



Word-searchable version – Not a true copy 







3-42 


EXHIBIT 3-1 (Continued)



CLEAN WATER ACT EFFLUENT GUIDELINES DEVELOPMENT DOCUMENTS 1/



INDUSTRIAL 
POINT SOURCE 
CATEGORY 


FERTILIZER 
MANUFACTURING 


GLASS 
MANUFACTURING 


GRAIN MILLS 


40 CFR 
PART NUMBER SUBCATEGORY 


418 S Basic 
Fertilizer 
Chemicals 


S	 Formulated 
Fertilizer 
(Final) 


426 S	 Pressed & Blown 
Glass (Final) 


S	 Insulation 
Fiberglass 
(Final) 


S	 Flat Glass 
(Final) 


406 S	 Grain 
Processing 


S	 Animal Feed, 
Breakfast 
Cereal & Wheat 


SOURCES OF AVAILABILITY 
GPO 


EPA PUBLICATION NTIS ACCESSION STOCK 
DOCUMENT NUMBER NUMBER NUMBER EPA 


EPA 440/1-74/011-a PB238652/AS 5501-00868 


EPA 440/1-75/042-a PB240863/AS 5501-01006 


EPA 440/1-75/034-a PB256854/1 5501-01036 


EPA 440/1-74/001-b PB238078/0 5501-00781 


EPA 440/1-74/001-c PB238-907/0 5501-00814 


EPA 440/1-74/028-a PB238316/4 5501-00844 


EPA 440/1-74/039-a PB240861/5 5501-01007 
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EXHIBIT 3-1 (Continued)



CLEAN WATER ACT EFFLUENT GUIDELINES DEVELOPMENT DOCUMENTS 1/



INDUSTRIAL 
POINT SOURCE 
CATEGORY 


INORGANIC 
CHEMICAL 
MANUFACTURING 


40 CFR 
PART NUMBER SUBCATEGORY 


415 S Major Inorganic 
Chemical 
Products 


S	 Inorganic 
Chemicals 
Manufacturing 
(Proposed Phase 
II) 


S	 Inorganic 
Chemicals 
(Treatability 
Study) 


S	 Inorganic 
Chemicals 
(Final Phase 
II) 


S	 Inorganic 
Chemicals 
(Final Phase 
II) 


SOURCES OF AVAILABILITY 
GPO 


EPA PUBLICATION NTIS ACCESSION STOCK 
DOCUMENT NUMBER NUMBER NUMBER EPA 


EPA 440/1-74/007-a PB238611/8 5502-00121 


EPA 440/1-80/007-b PB81-122632 X 


EPA 440/1-80/103 X 


EPA 440/1-82/007 PB82-265612 


EPA 440/1-84/007 PB85-156446/XAB X 
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EXHIBIT 3-1 (Continued) 


CLEAN WATER ACT EFFLUENT GUIDELINES DEVELOPMENT DOCUMENTS 1/ 


SOURCES OF AVAILABILITY 
INDUSTRIAL GPO 
POINT SOURCE 40 CFR EPA PUBLICATION NTIS ACCESSION STOCK 
CATEGORY PART NUMBER SUBCATEGORY DOCUMENT NUMBER NUMBER NUMBER EPA 


IRON & STEEL 420 S Steel Making EPA 440/1-74/024-a PB23883/9 5501-00906 
MANUFACTURING 


S Iron & Steel EPA 440/1-80/024-D PB81-184384 
(Proposed) 
Volume I “ PB81-184392 
Volume II “ PB81-184400 
Volume III “ PB81-184418 
Volume IV “ PB81-184426 
Volume V “ PB81-184434 
Volume VI “ PB81-184442 


Set of Vol’s 
S Iron & Steel EPA 440/1-82/024 I thru VI 


(Final) 
Volume I “ PB82-240425-a 
Volume II “ PB82-240433-b 
Volume III “ PB82-240441-c 
Volume IV “ PB82-240458-d 
Volume V “ PB82-240466-e 
Volume VI “ PB82-240474-f 


S	 Guidance Manual 
for 
Pretreatment 
Standards 
(September 
1985) 
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EXHIBIT 3-1 (Continued)



CLEAN WATER ACT EFFLUENT GUIDELINES DEVELOPMENT DOCUMENTS 1/



INDUSTRIAL

POINT SOURCE 40 CFR



CATEGORY PART NUMBER SUBCATEGORY



LEATHER TANNING 


MEAT PRODUCTS 
AND ENGINEERING 


METAL FINISHING 


S	 also refer 
to Part 413 


425 S Leather Tanning 


S	 Pretreatment 
Public Hearing 
Transcript for 
Leather Tanning 
and Finishing 
(February 15, 
1980) 


S	 Leather Tanning 
(Final) 


432 S	 Red Meat 
Processing 
(Final) 


S	 Renderer 
(Final) 


433 S Metal Finishing 
(Proposed) 


S Metal Finishing 
(Final) 


S	 Guidance Manual 
for Electro
plating and 
Metal Finishing 
Pretreatement 
Standards 
(February 1984) 


SOURCES OF AVAILABILITY 
GPO 


EPA PUBLICATION NTIS ACCESSION STOCK 
DOCUMENT NUMBER NUMBER NUMBER EPA 


EPA 440/1-74/016-a PB238079/8 5501-00818 


EPA 440/1-82/016 PB83-1/2593 X 


EPA 440/1-74/012-a PB238076/AS 5501-00843 


EPA 440/1-74/031-d PB253572/2 


EPA 440/1-82/091-b PB83-102004 


EPA 440/1-82/091 PB84-115989 
X 
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EXHIBIT 3-1 (Continued)



CLEAN WATER ACT EFFLUENT GUIDELINES DEVELOPMENT DOCUMENTS 1/



INDUSTRIAL

POINT SOURCE 40 CFR



CATEGORY PART NUMBER SUBCATEGORY



METAL MOLDING 
AND CASTING 
(FOUNDRIES) 


MINERAL MINING & 
PROCESSING 


NONFERROUS 
METALS FORMING 


NONFERROUS 
METALS 
MANUFACTURING 


464 S	 Metal Molding 
and Casting 
(Vol. I & II) 
(Proposed) 


S	 Metal Molding & 
Casting 
(Foundries) 
(Final) 


436 S	 Minerals for 
the 
Construction 
Industry 


471 S	 Nonferrous 
Metals Forming 
(Final) 


421 S	 Bauxite 
Refining -
Aluminum 
Segment 


S Primary 
Aluminum 
Smelting -
Aluminum 
Segment 


S	 Secondary 
Aluminum 
Smelting-
Aluminum 
Segment 


SOURCES OF AVAILABILITY 
GPO 


EPA PUBLICATION NTIS ACCESSION STOCK 
DOCUMENT NUMBER NUMBER NUMBER EPA 


EPA 440/1-82/070-b

Vol. 1



Vol. 2 X



EPA 440/1-85/070 PB86-161452/AS 


EPA 440/1-75/059 PB 274593/3 


EPA 440/1-84/019-b

Vol. I X

Vol. II X

Vol. III X



EPA 440/1-74/091-c PB238463/4 5501-00116 


EPA 440/1-74/019-d PB240859/9 5501-00817 


EPA 440/1-74/019-a PB238464/2 5501-00819 
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EXHIBIT 3-1 (Continued)



CLEAN WATER ACT EFFLUENT GUIDELINES DEVELOPMENT DOCUMENTS 1/



INDUSTRIAL 
POINT SOURCE 
CATEGORY 


OIL & GAS 
EXTRACTION 


ORE MINING AND 
DRESSING 


40 CFR 
PART NUMBER SUBCATEGORY 


435 S Onshore 
(Interim Final 
(Includes 
Offshore) 


S	 Oil & Gas 
Extraction 
(Proposed) 


S	 Assessment of 
Environmental 
Fate & Effects 
of Discharge 
from Offshore 
Oil and Gas 
Operations 


440 S	 Ore Mining and 
Dressing Volume 
I 


S	 Ore Mining and 
Dressing Volume 
II 


S	 Ore Mining & 
Dressing 
(Proposed) 


S	 Ore Mining & 
Dressing 
(Final) 


SOURCES OF AVAILABILITY 
GPO 


EPA PUBLICATION NTIS ACCESSION STOCK 
DOCUMENT NUMBER NUMBER NUMBER EPA 


EPA 440/1-76/055-a 


EPA 440/1-85/055 PB86-114949/XAB 


EPA 440/4-85/002 PB86/114964/AS 


EPA 440/1-78/061-d PB286520/AS 


EPA 440/1-78/061-e PB286521/AS 


EPA 440/1-82/061-b PB82-250952 X 


EPA 440/1-82/061 
X 
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EXHIBIT 3-1 (Continued)



CLEAN WATER ACT EFFLUENT GUIDELINES DEVELOPMENT DOCUMENTS 1/



INDUSTRIAL 
POINT SOURCE 40 CFR 
CATEGORY PART NUMBER SUBCATEGORY 


ORGANIC 414 and S Major Organic 
CHEMICALS 416 Products 
MANUFACTURING & 
PLASTICS AND 
SYNTHETIC FIBERS S	 Organic 


Chemicals & 
Plastics & 
Synthetic 
Fibers 
(Proposed) 


S	 Selected 
Summary of 
Information in 
Support of 
Organic 
Chemicals, 
Plastic & 
Synthetic 
Fibers (July 
1985) 


S	 Guidance Manual 
for 
Implementing 
Total Toxic 
Organic 
(TTO)Pretreat
ment Standards 
(September 
1985) 


SOURCES OF AVAILABILITY 
GPO 


EPA PUBLICATION NTIS ACCESSION STOCK 
DOCUMENT NUMBER NUMBER NUMBER EPA 


EPA 440/1-74/009-a PB241905/9 5001-008812 


EPA 440/1-83/009-b PB83-205625 
Vol. I PB83-205633 
Vol. II PB83-205641 
Vol. III PB83-205658 


- Set to Vol’s I 
and III 


X 


X 
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EXHIBIT 3-1 (Continued)



CLEAN WATER ACT EFFLUENT GUIDELINES DEVELOPMENT DOCUMENTS 1/



INDUSTRIAL

POINT SOURCE 40 CFR



CATEGORY PART NUMBER SUBCATEGORY



PESTICIDES 


PETROLEUM 
REFINING 


455 S Pesticides 
S	 Pesticides 


(Proposed) 


S Test Methods 
for Non-
conventional 
Pesticides 
Chemical 
Analysis of 
Industrial & 
Municipal 
wastewater 


S Pesticides 
(Final) 


419 S	 Petroleum 
Refining 


S	 Petroleum 
Refining 
(Proposed) 


S	 Petroleum 
Refining 
(Final) 


S	 Transcript for 
Public Hearing 
for Petroleum 
Refining (April 
9, 1980) 


SOURCES OF AVAILABILITY 
GPO 


EPA PUBLICATION NTIS ACCESSION STOCK 
DOCUMENT NUMBER NUMBER NUMBER EPA 


EPA 440/1-78/060-e PB285480/0 
EPA 440/1-82/079-b PB83-15371 


EPA 440/1-82/079-c PB83-176636 


EPA 440/1-85/079 PB86-150042/XAB 


EPA 440/1-74/014-a PB238612/6 5501-00912 


EPA 440/1-79/014-b PB81-118413 


EPA 440/1-82/014 PB83-1/2569 


=---------------
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EXHIBIT 3-1 (Continued)



CLEAN WATER ACT EFFLUENT GUIDELINES DEVELOPMENT DOCUMENTS 1/



INDUSTRIAL 
POINT SOURCE 40 CFR 
CATEGORY PART NUMBER SUBCATEGORY 


PHARMACEUTICALS 439 S Pharmaceutical 
(Proposed) 


S Pharmaceutical 
(Final) 


PHOSPHATE 422 S Phosphorus 
MANUFACTURING Derived 


Chemicals 


S Other Non-
Fertilizer 
Chemicals 


SOURCES OF AVAILABILITY 
GPO 


EPA PUBLICATION NTIS ACCESSION STOCK 
DOCUMENT NUMBER NUMBER NUMBER EPA 


EPA 440/1-82/084-b X 


EPA 440/1-83/084 PB84-180066 X 


EPA 440/1-74/006-a PB241018/1 5503-00078 


EPA 440/1-75/043 X 
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EXHIBIT 3-1 (Continued)



CLEAN WATER ACT EFFLUENT GUIDELINES DEVELOPMENT DOCUMENTS 1/



INDUSTRIAL 
POINT SOURCE 
CATEGORY 


PLASTIC & 
SYNTHETIC 
FIBERS 
(MATERIALS) & 
ORGANIC 
CHEMICALS 
MANUFACTURING 


PORCELAIN 
ENAMELING 


40 CFR 
PART NUMBER SUBCATEGORY 


416 S Synthetic 
& 414 Resins 


S	 Synthetic 
Polymers 


S	 Organic 
Chemicals & 
Plastics & 
Synthetic 
Fibers 
(Proposed) 


S	 Selected 
Summary or 
Information in 
Support of 
Organic 
Chemicals, 
Plastic & 
Synthetic 
Fibers (July 
1985) 


S	 Guidance Manual 
for 
Implementing 
Total Toxic 
Organic (TTO) 
Pretreatment 
Standards 
(September 
1985) 


466 S	 Porcelain 
Enameling 
(Proposed) 


S	 Porcelain 
Enameling 
(Final) 


SOURCES OF AVAILABILITY 
GPO 


EPA PUBLICATION NTIS ACCESSION STOCK 
DOCUMENT NUMBER NUMBER NUMBER EPA 


EPA 440/1-74/010 PB2/39241/3 5501-00815 


EPA 440/1-74/036 PB240862/3 5501-01012 X 


EPA 440/1-83/009-b PB83-205625 
Vol. I PB83-205633 
Vol. II PB83-205641 
Vol. III PB83-205658 


Set of Vol’s I 
thru III 


X 


EPA 440/1-81/072-b PB81-201527 X 


EPA 440/1-82/072 X 
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EXHIBIT 3-1 (Continued)



CLEAN WATER ACT EFFLUENT GUIDELINES DEVELOPMENT DOCUMENTS 1/



INDUSTRIAL 
POINT SOURCE 
CATEGORY 


POTWs/ 
POLLUTANTS:--
Priority 
Pollutants in 
Publicly Owned 
Treatment Works 


40 CFR 
PART NUMBER SUBCATEGORY 


S	 Fate of 
Priority 
Pollutants in 
Publicly Owned 
Treatment 
Works (vol. I 
& II) 


SOURCES OF AVAILABILITY 
GPO 


EPA PUBLICATION NTIS ACCESSION STOCK 
DOCUMENT NUMBER NUMBER NUMBER EPA 


EPA 440/1-82/303

Vol. I PB83-122788

Vol. II PB83-122796
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EXHIBIT 3-1 (Continued)



CLEAN WATER ACT EFFLUENT GUIDELINES DEVELOPMENT DOCUMENTS 1/



INDUSTRIAL 
POINT SOURCE 
CATEGORY 


PULP, PAPER AND 
PAPERBOARD 


RUBBER 
PROCESSING 


40 CFR 
PART NUMBER SUBCATEGORY 


430 S Unbleached 
Kraft and 
Semi-chemical 
Pulp 


S	 Pulp & Paper 
and Paperboard 
and Builders’ 
Paper and 
Board Mills 
(Proposed) 


S	 Pulp, Paper & 
Paperboard and 
Builders’ 
Paper & Board 
Mills (Final) 


S	 Control of 
Polychlori
nated 
Biphenyls in 
the Deink 
Subcategory of 
Pulp, Paper & 
Paperboard 
(Oct. 1982) 


428 S	 Tire & 
Synthetic 


S	 Fabricated & 
Reclaimed 
Rubber (Final) 


SOURCES OF AVAILABILITY 
GPO 


EPA PUBLICATION NTIS ACCESSION STOCK 
DOCUMENT NUMBER NUMBER NUMBER EPA 


EPA 440/1-74/025-a PB238833/AS 


EPA 440/1-80/025-b PB81-201535 X 


EPA 440/1-82/025 PB83-163949 X 


EPA 440/1-74/013-a PB238609/2 5501-00885 


EPA 440/1-74/030-a PB214916/6 5501-01016 
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EXHIBIT 3-1 (Continued)



CLEAN WATER ACT EFFLUENT GUIDELINES DEVELOPMENT DOCUMENTS 1/



INDUSTRIAL 
POINT SOURCE 
CATEGORY 


SOAPS & 
DETERGENTS 


STEAM ELECTRIC 
POWERPLANTS 


SUGAR PROCESSING 


TEXTILE MILLS 
MANUFACTURING 


TIMBER PRODUCTS 
PROCESSING 


40 CFR 
PART NUMBER SUBCATEGORY 


417 S	 Soaps & 
Detergents 


421 S Steam Electric 
Power 
Generating 


S Steam Electric 
(Proposed) 


409 S	 Beet Sugar 
(Final) 


S	 Cane Sugar 
Refining 
(Interim Final) 


410 S Textile Mills 


S	 Textile Mills 
(Final) 


429 S	 Wood Furniture 
and Fixtures 


S	 Timber Products 
Processing 
(Proposed) 


S	 Timber Products 
Processing 
(Final) 


SOURCES OF AVAILABILITY 
GPO 


EPA PUBLICATION NTIS ACCESSION STOCK 
DOCUMENT NUMBER NUMBER NUMBER EPA 


EPA 440/1-74/018-a PB238613/4 5501-00867 


EPA 440/1-74/029-a PB240853/2 5501-01001 


EPA 440/1-80/029-b PB81-19075 


EPA 440/1-74/002-D PB238462/6 5501-0011/ 


EPA 440/1-74/002-c PB23814/3 5501/00826 


EPA 440/1-74/022-a PB238832/AS 5501-00903 


EPA 440/1-82/022 PB83-1168/1 


EPA 440/1-74/033-a X 


EPA 440/1-79/023-b X 


EPA 440/1-81/023 PB81-227282 
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CHAPTER 4 


GUIDANCE FOR COMPLIANCE WITH REQUIREMENT 
OF THE SAFE DRINKING WATER ACT 


4.0 INTRODUCTION 


This chapter addresses CERCLA compliance with Safe Drinking Water Act (SDWA) 
applicable or relevant and appropriate requirements (ARARs) in remedial actions.1 It 
is organized into two sections: 


"	 Section 4.1 provides a general overview of the provisions of the SDWA 
and how they are implemented; and 


"	 Section 4.2 presents a summary of SDWA ARARs for CERCLA actions 
including drinking water standards, underground injection control, 
sole source aquifer, and wellhead protection program requirements. 


4.1 OVERVIEW OF THE SAFE DRINKING WATER ACT 


The Safe Drinking Water Act (SDWA),2 initially enacted in 1974 and most 
recently amended in 1986, mandates EPA to establish regulations to protect human 
health from contaminants in drinking water. The legislation authorizes national 
drinking water standards and a joint Federal-State system for assuring compliance 
with those standards. Maximum contaminant levels and treatment techniques ensure the 
quality of public drinking water supplies. This section provides an overview of the 
treatment and pollution prevention requirements imposed by the SDWA that may 
potentially affect the selection, design, and implementation of CERCLA response 
activities. 


The establishment of national drinking water standards is authorized under 
Title XIV, Part B of the SDWA. EPA has developed two sets of drinking water 
standards, referred to as primary and secondary standards, to protect human health 
and ensure the aesthetic quality of drinking water respectively. Primary standards 
consist of contaminant-specific standards, known as Maxim Contaminant Levels (MCLs). 
MCLs are set as close as feasible to Maximum Contaminant Level Goals (MCLGs), which 
are purely health-based goals. Secondary 


1 The requirements of CERCLA §121 generally apply as a matter of law only to 
remedial actions. However, as a matter of policy, EPA will attain ARARs to the 
greatest extent practicable considering the exigencies of the situation at the site 
when carrying out removal actions. 


2 42 USC §300f, et seq., as amended (in 1976, 1977, 1979, 1980, 1984, and 
1986). 
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drinking water standards consist primarily of limits used by States to regulate the 
aesthetic quality of water supplies, and are not enforceable at the Federal level. 


Part C of Title XIV of the SDWA authorizes the establishment of a permit 
program and two resource planning programs designed to prevent contamination of 
underground sources of drinking water. Those three programs are: the Underground 
Injection Control (UIC) permit program, the Sole Source Aquifer program, and the 
Wellhead Protection program. 


Owners and operators of certain classes of underground injection wells must, 
obtain permits or be authorized by rule under the UIC program in order to operate 
the wells. The permit applicant must prove to the State or Federal permitting 
authority that the underground injection will not endanger drinking water sources. 


An aquifer that is identified as the solo or principal source of drinking 
water source for an area may be designated as a “sole source aquifer” under Section 
1424(e) of the SDWA. No commitment of Federal financial assistance may be made for 
any project that may contaminate a sole source aquifer so as to create a significant 
public health hazard. 


The 1986 amendments to the SDWA established a Wellhead Protection program 
(WHP) that the States may use to protect public drinking wells and springs, 
“...within their jurisdiction from contaminants which may have any adverse effects 
on the health of persons.” EPA issued guidance on the procedures for determining 
WHP areas in June 1987. States have the option of using this guidance. Guidance was 
issued an June 19, 1987 and notice was published in the Federal Register. 


4.2 SUMMARY OF SDWA ARARs FOR CERCLA ACTIONS 


Under the SDWA, EPA has developed the following programs: 


" Drinking water standards; 


" Underground Injection Control program; and 


" Sole-source Aquifer and Wellhead Protection programs. 


In each of these areas, EPA has promulgated regulations that could be 
potential ARARs or developed guidance that could be considered for CERCLA actions. 
The following subsections discuss these potential ARARs in greater detail. (Chapter 
1, Exhibit 1-1 of this guidance presents a summary of potential SDWA ARARs in each 
of these areas and the appropriate CFR citations.) 
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4.2.1 DRINKING WATER STANDARDS 


EPA has promulgated drinking water regulations designed to protect human 
health from the potential adverse effects of drinking water contaminants. These 
drinking water regulations generally apply to community water systems, which are 
public water systems having at least 15 service connections or serving an average of 
at least 25 year-round residents.3 The drinking water standards and regulations 
promulgated in July 1987 for eight synthetic organic chemicals (52 FR 
25690, July 8, 1987) also apply to a new category of suppliers referred to as 
non-transient, non-community systems.4 These systems are those that regularly serve 
at least 25 of the same persons over 6 months per year (e.g., rural schools). 


Use of MCLs/MCLGs/SMCLs 


Primary drinking water regulations include MCLs for specific contaminants. 
MCLs are enforceable standards which apply to specified contaminants which EPA has 
determined have an adverse effect on human health. MCLs are set at levels that are 
protective of human health, and are set as close to MCLGs5 as is feasible taking 
into account available treatment technologies and the costs to large public water 
systems. MCLGs, in contrast, are strictly health-based and do not take cost or 
feasibility into account. As health goals, MCLGs are established at levels at which 
no known or anticipated adverse effects on the health of persons occur and which 
allow an adequate margin of safety. To date, MCLs have been promulgated for 30 
specific chemicals (10 inorganics, 14 organic chemicals including pesticides, and 
total trihalomethanes, certain radio-nuclides, coliform bacteria, and turbidity). 
The SDWA amendments of 1986 require EPA to promulgate MCLs for 83 specific 
contaminants (including reproposal of the earlier-promulgated 30 contaminants with 
the exception of silver and total trihalomethanes) by June 1989. A list of these 83 
contaminants and their promulgation schedule is provided in Exhibit 4-2. MCLGs have 
been published for 8 organic contaminants and for fluoride. A list of current MCLs 
and MCLGs is presented in Exhibit 1-1. MCLGs have been proposed for 40 additional 
organic and inorganic contaminants. A list of currently proposed MCLGs is presented 
in Exhibit 4-1. 


3 Certain drinking water standards also apply to non-community water systems. 
These include standards for nitrate, turbidity, and microbiological concentrations 
(40 CFR §141.11, 40 CFR §141.13, and 40 CFR §141.14 respectively). 


4 EPA plans to continue to extend its drinking water regulations to non-
transient, non-community systems. 


5 Recommended maximum contaminant levels (RMCLs) were renamed maximum 
contaminant level goals (MCLGs) by the 1986 Amendments to the Safe Drinking Water 
Act. 
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EXHIBIT 4-1 


Proposed Maximum Contaminant Level Goals (MCLGs)

Under the Safe Drinking Water Act a/



(1985)



PROPOSEDCHEMICAL 
MCLGs (mg/1)b/ 


Acrylamide

Alachlor

Aldicarb

Aldicarb sulfoxide

Aldicarb sulfone

Arsenic

Asbestos

Barium

Cadmium

Carbofuran

Chlordane

Chromium

Copper

Dibromochloropropane

o-Dichlorobenzene

1,2-cis-Dichloroethylene

1,2-trans-Dichloroethylene

1,2-Dichloropropane

2,4-D

Epichlorohydrin

Ethylbenzene

Ethylene dibromide (EDB)

Heptachlor

Heptachlor epoxide

Lead

Lindane

Mercury

Methoxychlor

Monochlorobenzene

Nitrate

Nitrite

Polychlorinated biphenyls

Pentachlorophenol

Selenium

Styrene

Tetrachloroethylene



0

0

0.009

0.009 

0.009

0.05

7.1 c/

1.5

0.005

0.036

0

0.12

1.3

0

0

0.07

0.07

0.006

0.07

0

0.68

0

0

0

0.02

0.0002

0.003

0.34

0.06



1	0 
1 
0 
0.22 
0.045 
0.14 
0 
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EXHIBIT 4-1

(Continued)



Proposed Maximum Contaminant Level Goals (MCLGs)

Under the Safe Drinking Water Act



(1985)



PROPOSEDCHEMICAL 
MCLGS (mg/1) a/ 


Toluene 2 
Toxapheno 0 
2,4,5-TP 0.052 
Xylene 0.44 


a/ A list of final MCLs and MCLGs is presented in Exhibit 1-1. There are 
currently no proposed MCLs. 


b/ MCLG - Maximum contaminant level goal; proposed values taken from 50 FR 
46936 (November 13, 1985). EPA will repropose those MCLGs with the proposal of MCLs 
for these chemicals. This proposal is expected in May/June 1988. 


c/ Million fibers per liter >10q in length. 
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EXHIBIT 4-2 


List of 83 Contaminants for Which MCLs Must Be 
Promulgated by June 1989 


9 MCLs Currently Final 


Benzene 1,2-Dichloroethane 
Carbon Tetrachloride 1,1-Dichloroethylene 
p- Dichlorobenzene Flouride 


40 Contaminants Mandated for MCL Promulgation by June 19886 


Acrylamide

Aldicarb



Alachlor

*Arsenic



Asbestos

*Barium



*Cadmium

Carbofuran



Chlordane

Chloroenzene



*Chromium

*Coliform Bacteria



Copper

Dibromochloropropane



(DBCP)



o-Dichlorobenzene 
cis-1,2, Dichloro
ethylene 
trans- 1,2, Dichloro 
ethylene 
*2,4- Dichlorophenoxy 
acetic Acid (2,4-D) 
1-2, Dichloropropane 
Epichlorohydrin 
Ethyl Benzene 
Ethylene Dibromide 
Giardia Lamblia 
Heptachlor 
Heptachlor Epoxide 
*Lead 


34 Contaminants Mandated for MCL Promulgation by June 1989 


Adipates



Aldicarb Sulfone

Aldicarb Sulfoxide



Antimony

Atrazine



Beryllium

*Beta Particle - Photon



Radioactivity

Cyanide



Dalapon

Dinoseb



Diquat 



* 19 MCLs to be reproposed 


*Endrin



Endothall

Glyphosate



*Gross alpha particle 

activity 



Hexachlorocyclopentadiene 

Legionella 



Methylene Chloride 

Nickel 



PAHs 

Phthalates 



Pichloram



1,1,1-Trichloromethane



Trichloroethylene

Vinyl Chloride



*Lindane

*Mercury



*Methoxychlor

*Nitrate



PCBs

Pentachlorophenol



*Selenium

*2,4,5- TP Silvex



Styrene

Toluene



*Toxaphene

*Turbidity



Viruses

Xylene



*Radium 226 and 228



Radon

Simazine



Standard Plate Count

Sulfate



2,3,7,8 - TCDD (Dioxin)

Tetrahlorobenzine



Thallium

Trichlorobenzine



1,1,2 - Trichloromethane

Uranium



Vydate



6 At the time of this manual’s publication, no MCLs for these contaminants had 
been proposed or promulgated under the SDWA amendments of 1986. 
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EXHIBIT 4-3 


Secondary Maximum Contaminant Levels (SMCLs)

Under the Safe Drinking Water Act



(1985)



CONTAMINANT LEVEL 


Chloride

Color

Copper

Corrosivity

Fluoride 

Foaming agents

Iron 

Manganese

Odor

pH

Sulfate

Total dissolved solids (TDS)

Zinc



Source: 40 CFR §143.3.



250 mg/l

15 color units

1 mg/l

Noncorrosive

2.0 mg/l

0.5 mg/l

0.3 mg/l

0.05 mg/l

3 threshold odor number

6.5-8.5

250 mg/l

500 mg/l

5 mg/1
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For water that is to be used for drinking, the MCLs set under the Safe 


Drinking Water Act are generally the applicable or relevant and appropriate 
standard. MCLs are applicable where the water will be provided directly to 25 or 
more people or will be supplied to 15 or more service connections. If MCLs are 
applicable, they are applied at the tap. In addition, MCLs are relevant and 
appropriate as in situ cleanup standards where either surface water or ground water 
is or may be used for drinking water. When no promulgated standard exists for a 
given contaminant, proposed MCLs are to be given greater consideration among the 
to-be-considered advisories. 


A standard for drinking water more stringent than an MCL may be needed in 
special circumstances, such as where multiple contaminants in groundwater or 
multiple pathways of exposure present extraordinary risks (i.e., above an individual 
lifetime cancer risk of 10-4). In setting a level more stringent than the MCL in 
such cases, a site-specific determination should be made by considering MCLGs, the 
Agency’s policy on the use of appropriate risk ranges for carcinogens, levels of 
quantification, and other pertinent guidelines. Prior consultation with Headquarters 
contacts in the Office of Emergency and Remedial Response or the Office of Waste 
Programs Enforcement, as appropriate, is encouraged in such cases. 


The responsibility for enforcing primary drinking water regulations resides 
with the appropriate State government agency in those States where EPA has granted 
the State primary enforcement authority or with EPA in the two States that do not 
have primary enforcement (Indiana and Wyoming). Suppliers of water may be assessed 
criminal or civil penalties for violations of primary drinking water regulations.1 


In addition, suppliers are required to notify the public regarding violations of 
primary drinking water standards. 


Secondary drinking water regulations consist primarily of Secondary Maximum 
Contaminant Levels (SMCLs) for specific contaminants or water characteristics that 
may affect the aesthetic qualities of drinking water (i.e., color, odor, and taste). 
SMCLs are nonenforceable limits intended as guidelines for use by States in 
regulating water supplies. SMCLs apply to public water systems and are measured at 
the tap of the user of the system. A list of existing SMCLs is presented in Exhibit 
4-3. For States that have adopted SMCLs as additional drinking water standards, 
SMCLs are potential State ARARs, depending on site conditions. 


Variances and Exemptions2 


Public water suppliers may also obtain variances or exemptions from complying 
with primary MCLs if certain criteria are met. Detailed procedures for applying for 
a variance or exemption are described in the regulations.7 Granting of an exemption 
or variance is contingent upon demonstrating that noncompliance will not result in 
an unreasonable risk to human health. 


7 40 CFR §142.40 and 40 CFR §142.50 respectively. 
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In general, variances are granted only to water supply systems in which the 
characteristic of the existing raw water sources precludes attainment of MCLs, even 
with the application of best available technology. Variances must include compliance 
schedules, which are determined by State water offices. Exemptions are typically 
granted in situations where, due to compelling factors (which may include economic 
factors), a public water system is unable to comply with the primary MGLs. As with 
variances, exemptions must include a schedule for eventual compliance with the 
primary drinking water regulations. The distinction between the two is that 
exemptions may only be given to a public water system that was in operation on the 
effective date of any MCL or treatment technique requirement. Variances may only be 
granted to public water systems that have installed best available technology, 
treatment techniques, or other means that EPA finds are available. The final date 
for compliance provided in any schedule in the case of any exemption may be extended 
to a maximum period of three years from the date of the exemption (except for 
systems serving fewer than 500 service connections). 


In addition, at CERCLA sites that are causing the public water supplies in the 
area to violate SDWA standards, the RPM should work closely with the water suppliers 
in developing remedial options and, if necessary, in assisting the water suppliers 
in obtaining temporary variances or exemptions if appropriate. However, the RPM 
should first coordinate this activity with the Regional drinking water program. 


4.2.2 UNDERGROUND INJECTION CONTROL (UIC) PROGRAM 


Overview 


Underground injection wells are divided into five general classes of wells for 
permitting and regulatory purposes.8 The applicable UIC technical and procedural 
standards and criteria vary according to the class of well. The five classes of 
wells are: 


"	 Class I wells are those used to inject industrial, hazardous and 
municipal wastes beneath the lower most formation containing, 
within one-quarter (1/4) mile of the well bore, an underground 
drinking water source.9 


8 According to 40 CFR §144.3, a well is defined as a bored, drilled or 
driven, shaftor a dug hole, whose depth is greater than the largest surface 
dimension. 


9 According to 40 CFR §146.3, an underground source of drinking water 
is defined as any aquifer or its portion that (1) supplies any public water 
supply or contains a sufficient quantity of water to supply a public 
water, and currently supplies drinking water for human consumption 
or contains fewer than 10,000 mg/l total dissolved solids, and 
(2) is not an exempted aquifer according to 40 CFR §146.4. 
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"	 Class II wells are used to dispose of fluids which are 
brought to the surface in connection with oil and gas 
production, to inject fluids for the enhanced recovery of 
oil or gas, or to store liquid hydrocarbons. 


"	 Class III wells are those used to inject fluids for the 
extraction of minerals. 


"	 Class IV wells are used to inject hazardous waste or 
radioactive waste into or above a formation that, within 
one-quarter (1/4) mile of the well, contains an 
underground drinking water source. Operation or 
construction of Class IV wells is prohibited and allowed 
only for the reinjection of treated wastes as part of a 
CERCLA or RCRA cleanup action. 


"	 Class V wells include all wells not incorporated in 
Classes I-IV. Typical examples of such wells are recharge 
wells, septic system wells, and shallow industrial 
(non-hazardous) disposal wells, 


Of the five classes of wells, Class I, Class IV, and Class V wells are the 
classes most likely to be associated with CERCLA actions For Class I and Class IV 
wells, the injection of hazardous wastes is involved.10 An abandoned or failed 
Class I or Class IV injection well facility could be the site of CERCLA action. 
In addition, UIC requirements may be ARARs for CERCLA remedial actions involving 
the reinjection of treated ground water. Class II and Class III wells are 
unlikely to be associated with CERCLA actions and are not discussed further in 
this section. The Agency is in the process of developing standards applicable to 
Class V wells. However, a CERCLA site cleanup could involve reinjection of 
wastewater that is not defined as hazardous (i.e., the wastewater does not meet 
the definition of hazardous waste) to a Class V well. 


Two important distinctions between Class I and Class IV wells are the 
location and existing quality of the aquifer above, into, or below which wastes 
will or are being injected. Class I wells are used for disposing hazardous waste 
beneath the lowermost formation containing within one-quarter mile of the well, 
an underground source of drinking water. Class IV wells are used for disposing 
hazardous waste into or above a formation containing within one-quarter mile of 
the well, an underground source of drinking water. However, 


10 Hazardous waste in the UIC program means a hazardous waste as defined in 40 
CPR §261.3. In summary, a hazardous waste is a solid waste that either exhibits 
any hazardous characteristics (ignitability, corrosivity, reactivity, EP toxicity), 
or that has been named hazardous and listed, and has not been excluded by 
regulation (e.g., household wastes, domestic sewage, irrigation return flows, 
mining overburden returned to site, and agricultural wastes). 
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the operation or construction of Class IV wells is prohibited, and allowed only 
where the wells are used to reinject treated ground water into the same formation 
from which it was withdrawn as part of a CERCLA cleanup or a RCRA corrective 
action (40 CFR §144.13). There are two clarifications regarding Class IV wells 
contained in 40 CFR §144.13(d) that should also be noted: 


"	 The injection of hazardous wastes into aquifers that have been 
exempted pursuant to 40 CFR §146.4 (and are otherwise below the 
lowermost underground source of drinking water) are considered 
to be Class I wells, rather than Class IV wells, and subject to 
Class I UIC regulations;11 and 


"	 The injection of hazardous wastes where no underground source of 
drinking water exists within one-quarter mile of the well, 
provided that EPA or the authorized State determines that such 
injection is isolated to ensure injected wastes do not migrate 
from the injection zone, considered to be Class I wells rather 
than Class IV wells, and subject to Class I UIC regulations. 


The UIC program regulates underground injections into the five classes of 
wells described above. Operation of these injection wells must be authorized by 
permit or rule if the injection results in the movement of fluid containing any 
contaminant into an underground source of drinking water, and if contaminants 
present in injected fluids cause a violation of any primary drinking water 
standard (see section 4.2.1) or adversely affect the health of persons. 


Underground injection wells that are constructed off-site are subject to 
all provisions of the SDWA relating to underground injection of fluids and must 
be permitted by an authorized State agency or EPA and comply with the UIC permit 
requirements. Superfund sites that construct underground injection wells on site 
are not required to comply with the administrative requirements of the UIC 
program, however they must meet the substantive requirements of this program 
where the requirement is determined to be applicable or relevant and appropriate 
to the CERCLA remedial action. 


11 In general, an aquifer that is not currently used for drinking purposes, 
and cannot be used for drinking water in the future due to insufficient yield or 
excessive contamination, may be officially designated as an “exempted aquifer” by 
EPA or an authorized State agency (subject to EPA approval). (40 CFR §146.4) 
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4.2.2.1 Guidelines for Determining Substantive Requirements 


The injection of hazardous wastes from CERCLA sites into wells constructed 
both on-site and off-site must meet the substantive requirements of the UIC program 
including general program requirements that apply to Class I, Class IV, and Class V 
wells, and specific criteria and standards applicable only to Class I wells. 


In general, no owner or operator may construct, operate, or maintain an 
injection well in a manner that results in the contamination of an underground 
source of drinking water at levels that violate MCLs or otherwise adversely affect 
the health of persons (40 CFR §144.12). This requirement applies to all classes of 
wells, including Class I, Class IV, and Class V wells. 


There currently are no requirements for the injection into Class V wells. 
However, if injection into a Class V well could cause the water in the receiving 
underground source of drinking water to violate primary drinking water regulations, 
then EPA or the authorized State agency could require the issuance of a permit that 
could include the substantive requirements of the UIC program (40 CER §144.12(c)). 
Such substantive requirements may be ARAR for on-site actions. 


The Hazardous and Solid Wastes Amendments of 1984 include a provision banning 
RCRA restricted wastes from land disposal unless the Agency promulgates specific 
treatment levels for each waste based on the Best Demonstrated Available Technology 
(BDAT) and in accordance with the statutory schedule.12 Thus far, the Agency has 
promulgated treatment levels for certain solvent- and dioxin-containing wastes (40 
CFR §268.40) and the “California list” prohibitions (40 CFR §268.32) were effective 
in July 1987. 


Until August 1988, solvents, dioxins, chlorophenols, and the “California list” 
are exempt from these treatment standards only when they are disposed of via deep 
well injection.13 This method of land disposal, however, will be banned after August 
1988, if the Agency determines that this practice for these specified wastes is not 
protective of human health and the environment, or the Agency fails to make such a 
determination by August 1988. 


Thus, CERCLA sites that involve the discharge of hazardous wastes into UIC 
wells currently do not have to comply with BDAT treatment levels. However, beginning 
August 1988, before RCRA restricted wastes can be disposed in a Class I well (as 
part of an on-site or off-site activity), or contaminated ground water can be 
reinjected into a Class IV well (as part of an on-site activity), the wastes or the 
ground water must attain any treatment levels that may have been promulgated for 
each constituent disposed in the injection well, or be 


12 RCRA §§3004(d), (e), (g), (m), and (h). 


13 RCRA §3004(f). 
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subject to one of several variances provided for in 40 CFR Part 268 for each RCRA 
listed waste present at the injection well.14 


Class I wells are also required to obtain a RCRA permit-by-rule as a 
condition for injecting hazardous waste. For any UIC permit issued to a Class I well 
after November 8, 1984, RCRA permit-by-rule provisions require the owner/operator of 
the well to comply with RCRA corrective action for releases from solid waste 
management units (40 CPR §264.101). Therefore, a RCRA permit-by-rule issued after 
November 8, 1984 must address any necessary corrective action not only for the 
injection well, but for all solid waste management units at the facility. For any 
UIC permit for Class I wells issued prior to November 8, 1984, RCRA corrective 
action requirements for releases from solid waste management units will be addressed 
upon permit reissuance.15 


All owners and operators of underground injection wells are subject to UIC 
closure requirements. These closure requirements include the preparation and 
submission of a plugging and abandonment plan. For Class I wells, this plan has to 
be submitted in accordance with the requirements provided in 40 CFR §144.28(c). For 
Class IV wells, closure plan requirements are provided in 40 CFR §144.23(b). 


Finally, owners and operators of Class I wells are subject to additional UIC 
operating requirements including: 


"	 Construction Requirements. Various requirements are specified 
for the construction of Class I wells including the type of 
casing and cementing for the well, appropriate geophysical well 
logging and other test requirements, ect. (40 CFR §146.12). 


"	 Operating Requirements. The operation of Class I wells are 
subject to specific operating requirements, including use of 
approved fluids surrounding the outermost casing and 
maintenance of injection pressure 


14 The Agency is required to promulgate regulations for RCRA restricted 
wastes in accordance with a statutory schedule. If the Agency fails to meet this 
schedule, then certain wastes present at a CERCLA site may be banned from land 
disposal. 


15 The UIC program corrective action requirements (40 CFR §144.55) are 
limited to repairing well defects to prevent releases from the well. The term 
RCRA corrective action, as used in this context, is broader and requires control 
to not only prevent releases from the well, but to also clean-up past releases 
from the well. RCRA regulatory amendments have been proposed (51 FR 10706; March 
28,1986) to clarify the corrective action requirements for hazardous waste 
injection wells. 
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(40 CFR §§144.28(f) and 146.13). 


"	 Monitoring Requirements. At a minimum, monitoring requirements 
for Class I wells include analysis of the injected fluids; 
installation and use of continuous recording devices to monitor 
injection pressure, flow rate and volume, and pressure on the 
annulus; demonstration of mechanical integrity (in accordance 
with 40 CFR §146.8) at least every 5 years; and use of 
monitoring wells in the area of review16 to monitor migration of 
fluids into, and pressure in, underground sources of drinking 
water (40 CFR §146.13(b)). As part of the suggested 
coordination between CERCLA RPMs and UIC program (EPA Regional 
and/or State) personnel, monitoring results should be provided 
to the appropriate UIC program office. 


4.2.2.2 Administrative Requirements of the UIC Program 


The UIC program establishes administrative requirements that must be complied 
with prior to and after UIC permit issuance or authorization by rule. The 
requirements would not be considered ARARs for on-site injection of wastes because 
they are procedural or administrative in nature. However, they would be requirements 
to be complied with for off-site injection of wastes into wells. These 
administrative requirements include: 


"	 Application Requirements. All existing and now underground injection wells 
must apply for a permit unless an existing wall is authorized by rule for 
the life of the well (40 CFR §144.31). For new wells, this application must 
be submitted to EPA or an approved State within a reasonable time prior to 
construction of the well. For existing Class I and Class IV wells, this 
application must be submitted within six months after the approval or 
promulgation of a State UIC program, or to EPA as expeditiously as 
practicable (but no later than 1 year and 4 years after the effective date 
of the UIC program for Class I wells and Class IV wells, respectively).17 


16 According to 40 CFR §146.6, the area of review for an injection well can be 
defined as either the zone of endangering influence or a fixed radius around the 
well. 


17 Specific UIC application requirements are contained in 40 §144.31(e). 
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"	 Inventory and Other Information Requirements. Existing 
underground injection wells that are authorized by rule are 
required to submit inventory information to EPA or are approved 
State (40 CFR §144.26). This inventory must be submitted no 
later than l year after the approval or promulgation of a State 
UIC program, or to EPA no later than 60 days after the 
effective date of the UIC program Class IV wells only). Owners 
and operators of class I wells do not need to submit inventory 
information to EPA if a permit application (as described above) 
is submitted within one year of the effective he program. 
Further, for EPA administered program only, other additional 
information may be submitted that is necessary to determine 
whether a well is endangering an underground source of drinking 
water(40 CFR §144.27). 


Consistent with the suggested CERCLA/UIC Office Coordination 
described in a section 4.2.2.3 below, RPMs should provide 
inventory information (for both on-site and off-site injection 
wells) for input to the Federal Underground Reporting System 
(FURS). The FURS is a computerized data base that tracks 
inventory information for the UIC Program. 


"	 Reporting Requirements. The UIC program requires owners and 
operators of Class I wells to maintain records and report 
quarterly on the characteristics of injection fluids and, 
ground-water monitoring wells (if required) and various 
operating parameters (e.g., injection pressure flow rate, etc.) 
(40 CFR §146.13(c)). In addition, Class I well authorized by 
rule are required to report orally with 24 hour any 
noncompliance that may endanger health or the environment (40 
CFR §144.28(b)). There are no reporting requirements for Class 
IV wells under the UIC program. 


4.2.2.3 Coordination Between CERCLA Program and UIC Office 


Before developing or considering remedial options that involve the use of 
underground injection wells, CERCLA RPMs should contact the appropriate State or EPA 
Regional office responsible for administering the UIC program to ensure compliance 
with substantive requirements (on-site and off-site) and all administrative, 
requirements (off-site). RPMs should also contact appropriate State or EPA, Regional 
office personnel responsible for issuing permits under RCRA, to ensure that any UIC 
well that requires a RCRA permit-by-rule is in compliance with RCRA corrective 
action requirements. 
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4.2.3 SOLE SOURCE AQUIFER (SSA) PROGRAM 


Designation of SSAs and Review of Federally Financed Projects 


The SDWA permits EPA to designate aquifers that are the sole or principal 
drinking water source for an area and which, if contaminated, would present a 
significant hazard to human health, as “sole source aquifers.” Under the Sole Source 
Aquifer program, Federal financial assistance may not be committed for any project 
that may contaminate a sole source aquifer so as to create a significant public 
health hazard. Federal financial assistant to design the project to avoid 
contamination of the aquifer.18 


In general, projects that could be subject to review under the Sole Source 
Aquifer (SSA) program include highway or building construction projects, either of 
which could have potentially detrimental effects on public health and the 
surrounding environment. As a general matter CERCLA activities would not in and of 
themselves increase preexisting contamination of sole source aquifers. Therefore, it 
is unlikely that CERCLA activities would be subject to restrictions on Federal 
financial assistance. Nonetheless, a review of any potential problems associated 
with sole source aquifers should be part of the RI/FS process. 


Demonstration Program 


The 1986 amendments to the SDWA also established procedures for the 
development, implementation, and assessment of demonstration programs designed to 
protect critical aquifer protection areas in sole source aquifers. The primary 
component of a SSA Demonstration Program is the development of a comprehensive 
management plan to maintain the quality of ground water in critical protection 
areas. The specific components of a protection plan must include several elements, 
including designation of the specific actions and management practices to be 
implemented to prevent adverse impacts on ground water quality. Any State, municipal 
or local government, or political subdivision, or planning entity, that identifies a 
critical aquifer protection area over which it has authority may apply to EPA for, 
selection of such area for a demonstration program. 


18 Following SDWA §1424(e), EPA issued guidance, in February 1987, on the sole 
source aquifer process entitled “sole Source Aquifer Designation Petitioner 
Guidance.” For purposes of the Edward Underground Aquifer, the sole source aquifer 
in San Antonio, Federal financial assistance is defined in 40 CFR §149.2 in part “as 
any financial benefits provided directly as aid to a project by a department, 
agency, or instrumentality of the Federal government in any form including 
contracts, grants, and loan guarantees.” 
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4.2.4 WELLHEAD PROTECTION PROGRAM 


One provision in the SDWA amendments of 1986 directs States to develop and 
implement programs to protect wells and recharge areas that supply public drinking 
water systems from contaminants that flow into the well from the surface and 
sub-surface. The Agency is responsible for publishing guidance to assist the States 
in preparing their wellhead protection programs. The Office of Ground-Water 
Protection issued this guidance in June, 1987.19 The statute require’s States to 
adopt and submit program plans within 3 years of enactment of the SDWA amendments. 
EPA is charged with reviewing these programs and ensuring that they comply with the 
requirements outlined under SDWA, including identifying all potential anthropogenic 
sources of contaminants, outlining programs for protecting wells from such 
contaminants, and describing contingency plans for replacing wells affected by 
contaminants. Finally, EPA is authorized to make grants to assist in the development 
and implementation of the State programs. 


Because the Wellhead Protection program is designed to be run by the States, 
the program will involve no Federal ARAR provisions. Nonetheless, State wellhead 
protection programs may impose requirements with which a Federal agency must comply, 
unless specifically exempted by the President.20 Thus, there may be ARARs under the 
State wellhead protection programs with which CERCLA response actions must comply. 
For example, a State program may contain requirements for protecting a municipal 
water source or replacing it if contaminated. RPMs should be alert to State programs 
an they develop over the next several years. It is suggested that RPMs coordinate 
with Regional drinking water program personnel assigned to the Wellhead Protection 
program. Regional personnel will be familiar with the progress of State programs, 
and can assist in the beginning of a CERCLA response action to determine ARARs. 


19 See Guidance For Application For State Wellhead Protection Program 
Assistance Funds Under The Safe Drinking Water Act, EPA, (June 1987). 


20 Section 1428(h) of SDWA requires that Federal agencies comply with both 
substantive and procedural State program requirements. However, according to CERCLA 
§121, on-site CERCLA actions need only comply with substantive program requirements. 
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CHAPTER 5 


GROUND-WATER PROTECTION POLICIES 


5.0 OVERVIEW OF THE GROUND-WATER PROTECTION STRATEGY 


The Environmental Protection Agency (EPA) is charged with the responsibility 
to adopt and enforce policies and regulations to protect the nation’s ground water 
under several different statutes, including CERCLA, the Resource Conservation and 
Recovery Act, the safe Drinking Water Act, the Clean Water Act, the Toxic Substances 
Control Act, and the Federal Insecticide, Fungicide, and Rodenticide Act. In 
response to the need to organize and coordinate the various programs that protect 
ground water EPA issued its “Ground-Water Protection Strategy” in 1984. Although the 
Strategy is not a promulgated requirement and therefore would not be a potential 
ARAR for a Superfund site, it does list several policy statements to be considered 
when developing a protective remedy. The Strategy outlined a number of specific 
activities, including: 


"	 strengthening EPA’s organization for ground-water 
management and cooperation between Federal and State 
Agencies; 


"	 issuing guidelines on classifying ground water for EPA 
decisions affecting ground-water protection and corrective 
action; and 


"	 assessing the problems thee may exist from unaddressed 
sources of contamination. 


The need to strengthen EPA’s ground-water management led to the creation of the 
Office of Ground-Water Protection (OGWP). In addition to coordinating the Agency’s 
Ground-Water Protection Strategy, OGWP is also administering programs mandated under 
SDWA that are geared specifically toward ground-water protection, including the Sole 
Source Aquifer (see section 4.2.3) and Wellhead Protection programs (see section 
4.2.4). 


5.1 OGWP GROUND-WATER CLASSIFICATION GUIDELINE 


To help achieve consistency among programs through appropriate guidance, 
ground-water classification guidelines, based on the policy that different ground 
waters merit different levels of protection, were developed under the Strategy. 
Again, since the ground-water classification guidelines are not promulgated 
regulations, they are not potential ARARs for a superfund site. Under the OGWP 
Classification Guidelines,1 ground waters are classified in one of three 
classification categories (I, II, or III), based upon ecological importance, 
replaceability, and vulnerability considerations. Irreplaceable 


1 In December 1986, EPA published the “Guidelines for Ground-Water Classification 
under the EPA Ground-Water Protection Strategy” (final draft). 


* * * AUGUST 8, 1988 DRAFT * * * 


Word-searchable version – Not a true copy 







5-2 


ground water that is currently used by a substantial population or ground water that 
supports an ecologically vital habitat is considered Class I. Class II ground water 
consists of water that is currently being used or water that might be used as a 
drinking water source in the future. Ground water that cannot be used for drinking 
water due to insufficient quality (e.g., high salinity or widespread naturally 
occurring contamination) or quantity is considered Class III. 


5.2 SUPERFUND APPROACH TO GROUND-WATER RESTORATION 


The Ground-Water Protection Strategy and the draft Classification Guidelines 
emphasize the protection of ground-water resources, while the CERCLA policies 
outlined in the “Draft Guidance on Remedial Actions for Contaminated Ground Water at 
Superfund Sites,” focus on the restoration of contaminated ground waters. Under 
Superfund, ground waters are restored based in large part on their characteristics, 
primarily: vulnerability, use, and value. The goal of the Superfund program’s 
approach is to return ground waters to their beneficial uses, e.g., restore current 
or potential sources of drinking water to drinking water quality. The restoration 
should be accomplished within a time frame that is reasonable given the particular 
circumstances at a site. As necessary, current ground-water users may be provided 
with an alternate source of drinking water or well-head treatment. In formulating a 
ground-water cleanup approach, the following factors are analyzed. 


"	 Determining the Characteristics of the Ground Water. Using 
the Ground-Water Protection Strategy and the EPA Guidelines 
for Ground-Water Classification as guides, a determination 
is made as to whether the contaminated ground water falls 
within Class I, II, or III. The classification methodology 
assists, in the characterization of the ground-water’s 
vulnerability, use, and, value.2 In applying the 
classification methodology to Superfund sites, additional 
judgment should be exercised. For example: 


2 Ground-water classifications performed at superfund sites are site-specific and 
limited in scope to the Superfund remedial action that well be undertaken. 
Classifications performed by EPA’s Superfund program do not apply to that 
geographical area in general nor to any other actions that may be undertaken under 
any other State or Federal program, or private actions. The classification scheme 
described above may be superseded by other classification scheme that may have been 
promulgated by a State and are applicable or relevant and appropriate to the 
superfund cleanup. This approach may also be modified by State ARARs that derive 
from wellhead protection programs which may require protection of a municipal water 
source, or replacement if that source is contaminated. 
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The Superfund program may define a Classification Review Area that is 
larger or smaller than the 2-mile radius specified in the proposed 
guidelines based on a site-specific determination; 


The Superfund program may use methods other than the DRASTIC3 model 
for predicting aquifer vulnerability to contamination; 


In establishing the aquifer characteristics, the Superfund program 
would always consider factors other than yield in determining that an 
aquifer is unusable; and 


The Superfund program may initiate investigations of other sources 
when background levels of contamination exist rather than treating 
the aquifer as Class III. 


Additional modifications of the specific criteria established in the 
classification guidelines may be warranted when site specific investigations 
reveal factors that the guidelines do not address. 


N	 Identifying ARARs and Establishing Cleanup Goals. MCLs are the probable 
relevant and appropriate Federal standards for aquifers with Class I and 
Class II characteristics, i.e., irreplaceable, current or potential 
drinking water sources.4 For aquifers with Class III characteristics, i.e., 
which cannot be used for drinking water because of high salinity or 
widespread naturally occurring contamination, MCLs are neither applicable 
nor relevant and appropriate. Further, consistent with Superfund site 
compliance with RCRA ground-water protection standards, the use of 
background levels will generally not be adopted by the Superfund program in 
establishing remediation levels for 


3 National Well Water Association “DRASTIC: A Standardized System for 
Evaluating Ground Water Pollution Potential Using Hydrogeologic Settings”, 
EPA/600/2-85/018, May 1985. 


4 EPA Class I ground waters include both those serving substantial populations 
and those that are ecologically vital. Where ground waters are Class I due to being 
ecologically vital, MCLs may not be stringent enough to protect the ecosystem. If 
this is the case, then site-specific standards should be developed to address 
protection of the ecosystem. 
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Class III aquifers (see discussion presented in Chapter 2, section 
2.7.4.2). While cleanup of aquifers with Class III characteristics is not 
likely, in some cases source control or other measures (such as 
point-of-use treatment) may be undertaken in order to prevent further 
contamination or to mitigate risk from exposure. Also, the need for 
environmental protection may determine the necessity and extent of 
ground-water remediation for such aquifers. 


Cleanup levels should be selected based on an evaluation of the information 
developed during the risk assessment for the site. 


If MCLs or more stringent State standards are not available or are not 
sufficiently protective, Federal and State environmental and public health 
criteria, advisories, guidance and proposed standards should be considered, 
along with MCLGs for special circumstances (discussed on p. 4-6). The 
to-be-considered (TBC) materials include: proposed MCLs, health advisories, 
drinking water equivalent levels, or risk specific doses, and State health 
advisories. 


N	 Evaluation of Cleanup Alternatives. Alternatives should be developed that 
meet the concentration goals, and also on the basis of the effectiveness, 
implementability, and cost of each alternative. 


Superfund’s approach to ground-water cleanup calls for development of a 
limited number of ground-water cleanup alternatives expressed in terms of a 
remediation level (i.e., cleanup concentration in the ground water), a time 
period for restoration to the preliminary remediation level for all 
locations in the area of attainment, and the technology or approach that 
will be used to achieve those goals. 


In evaluating remedial technologies and other methodologies for 
ground-water cleanup, technical and cost factors are of special importance. 
The technical practicability of each alternative must be evaluated in light 
of the contaminant characteristics and hydrogeological conditions which may 
not allow effective implementation of the alternative to clean up the 
ground water. 


Complex fate and transport mechanisms of contaminated ground waters often 
make it difficult to accurately 
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predict the performance of the ground-water remedial action. Therefore, the 
remedial process must be flexible and allow changes in the remedy based on 
the performance of several years of operation. If the chosen remedial 
action does not meet performance expectations after a period of operation, 
the Superfund program has to decide the extent to which further or 
different action is necessary and appropriate to protect human health and 
the environment. 


N	 State Ground-Water Protection Programs. In addition to the EPA policy for 
ground-water classification and protection as outlined in the “Ground-Water 
Protection Strategy”, many States have also begun adopting protection 
strategies and classification systems. In fact, the Strategy recognizes 
that States have the principal role in ground-water protection. The May 
1985 OGWP document, “Selected State and Territory Ground-Water 
Classification Systems,” outlines several State classification systems, 
some of which are more strict (i.e., more protective of certain 
ground-water resources) than the Federal system. For example, Wyoming has 
promulgated a regulation that recognizes seven classes of ground water. 
Consequently, a ground water that would be considered Class III under the 
EPA program might be placed under a more protected classification under the 
Wyoming program (e.g., “ground water suitable for industry”). If the State 
has promulgated a particular cleanup level associated with the class 
specifications that is more stringent than the Federal standards, then this 
cleanup level would be ARAR. 


In developing response options for Superfund sites that include 
contaminated ground water, the CERCLA RPM should contact the appropriate 
State or EPA Regional Ground-Water Office to ensure identification and 
compliance with State ARARs and consideration of State ground-water 
programs. 


19. Criminal and civil penalties can be assessed only by States. EPA may only 
commence civil actions for violations of primary drinking water regulations. 


20. Obtaining a variance or exemption requires a finding that an unreasonable risk 
to human health will not result. The Office of Drinking Water is developing guidance 
to define “unreasonable risk to human health.” 
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HYPOTHETICAL SCENARIO ILLUSTRATING HOW APPLICABLE 
OR RELEVANT AND APPROPRIATE REQUIREMENTS ARE IDENTIFIED AND USED 


The following hypothetical scenario illustrates the process of determining 
whether particular requirements are applicable or relevant and appropriate the 
actions to be taken at this hypothetical site. The purpose of this hypothetical 
scenario is to provide an example of how certain site-specific conditions would be 
analyzed, not to analyze fully all aspects of all ARARs for the site. Thus, only 
some of the potential chemical-specific, location-specific, and action-specific 
alternatives for the site are analyzed. The scenario has been designed to illustrate 
ARARs from several different statutes, and currently provides examples of RCRA, 
SDWA, and CWA requirements. 


SITE CONDITIONS 


The Flintstone site is a 9-acre abandoned hazardous waste disposal area. The 
site was used as a sand and gravel pit until the early 1970s. The pit was then used 
for the indiscriminate illegal dumping of household refuse, chemical sludges, 
construction debris, and hazardous liquids. Diagram 1 provides details of the site 
surroundings. 


Disposal methods for the liquid material and sludges included: 


N	 Discharge of the sludge-like material directly into pits at the 
site; 


N	 Abandonment of over 2,000 drums of various types of chemical waste on the 
surface of the site; 


N	 Dumping/burial of drummed materials in shallow trenches in the area; 
and 


N Pouring of the contents of the drums directly onto the surface. 


Solid wastes (refuse, tires, trash, empty drums, and construction debris) 
cover approximately 6 acres of 9-acre-site to an average depth of 10 feet. The depth 
of the fill materials ranges from 4 to 13 feet, in some areas extending below the 
water table, and includes an estimated 19,000 cubic yards of contaminated material. 
Areas of contaminated soil or “hot spots” outside of the waste pits resulted from 
flooding and overtopping of the pits during heavy rainfall and seasonal fluctuations 
in the ground-water level. One of the “hot spots” contains a number of discarded 
drums. Approximately 4,000 cubic yards of contaminated materials similar to those 
disposed of at the site were also dumped in a 1-acre wetlands area southwest of the 
gravel pit. This unauthorized fill may be subject to enforcement under the Clean 
Water Act, and mitigation could be required (under CWA §404 and related regulations 
as 


*** AUGUST 8, 1988 DRAFT *** 


Word-searchable version – Not a true copy 







H-2



Diagram 1 


Flintstones's Site Surroundings 
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relevant and appropriate to the CERCLA action -- see p.3-30).l Finally, PCB-
contaminated oils were sprayed along Route 2 and the dirt access road leading to the 
site. 


Ground water passing under the site flows southeast toward the Lamb 
River. The contaminant plume leaves the site and spreads diffusely due to the 
fractured bedrock underlying the site. Contamination of the aquifer is increased by 
pumping of wells in the local area, causing elevated levels of contaminants to be 
drawn into the aquifer. Ground-water flow in the aquifer is 50 ft/yr. 
Contaminants entering the ground water from the main site will reach the 
Lamb River after 10 to 12 years, with the contaminant plume reaching a steady 
state condition in approximately 16 years. The levels of observed on-site 
soil contamination are sufficient to act as a source of continuing ground-water 
contamination for several years if remedial actions are not initiated. Ground water, 
sampled at test wells 1,000 feet downgradient of the site, is contaminated with 
methylene chloride, trichloroethylene (TCE), benzene, cadmium, chromium, and lead. 


The area surrounding the Flintstone site is primarily residential. The closest 
residence are within 600 feet of the southern perimeter of the site. Drinking water 
wells at several private residences located near the site are contaminated. 
Residents of these homes are currently being supplied bottled water. 


IDENTIFICATION AND ANALYSIS OF CHEMICAL-SPECIFIC REQUIREMENTS 


During the scoping of the RI/FS, chemical-specific requirements for the site 
are initially identified.2 For chemicals, this is done by comparing the chemicals 
identified at the site with the list of chemical-specific ARARs in Exhibit 1-1 of 
Chapter 1 of this manual. The following table summarizes the data on chemicals found 
on the site: 


1 The 1-acre area represents the extent of the wetland as verified by Regional 
dredge and fill program personnel. The areas outside of the waste pits which have 
been subject to flooding and high ground-water tables have been determined not to be 
wetlands. 


2 Identification of chemical-specific ARARs should be modified and revised as 
necessary throughout the RI/FS. Note too that design changes or respecifications may 
result in further refinement of all types of ARARs. 
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Summary of Data on Chemicals Found on Site 


Waste Concentration Media Affected 


Volatile Organic Solvents 


trichloroethylene (TCE) 22ppb-43ppb Ground water 


methylene chloride 60 ppm Ground water 


benzene 200 ppb Ground water 


Metals 


cadmium, chromium, lead >.05ppm Ground water 


In identifying potential ARARs for these chemicals, the following procedure 
would be used (Note that this example works through the procedure for only one of 
the chemicals listed above.) 


Identification of Chemical-specific ARARs 


First, consult Exhibit 1-1 in Chapter 1 to determine if a chemical-specific 
standard or standards have been established for the chemicals. The chemical-specific 
standards for one of the chemicals in this example, trichloroethylene, are listed 
below, as taken from Exhibit 1-1. 


Chemical-Specific Standards for Trichloroethylene 


SDWA MCL 


CWA Ambient Water Quality Criteria 
Aquatic Life (Freshwater Acute) 
Aquatic Life (Freshwater Chronic) 
Aquatic Life (Marine Acute) 
Human Health (Water and Fish 


Ingestion) 
Human Health (Fish Ingestion 


only) 


5.0 x 10-03 mg/l 


4.5 x 10+01 mg/l 
2.1 x 10+01 mg/l 
2.0 mg/l 


2.7 x 10-03 mg/l 


8.1 x 10-02 mg/l 


Exhibit 1-1 also contains a Maximum Contaminant Level Goal (MCLG) of 0 mg/l, which 
should be considered in special circumstances, such an where multiple contaminants 
are found in the ground water or where multiple pathways of exposure present 
extraordinary risks (i.e., individual lifetime cancer risk above 10-4). 
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Analysis of Chemical-specific ARARs 


Determination of Applicability 


Second, following the procedures in Exhibit 1-5 of Chapter 1, determine if any 
of the listed chemical-specific standards fully address the particular site-specific 
conditions and is applicable. In this case, the individual wells in the local 
community are not public sources of drinking water. Therefore, the SDWA standards 
would not be applicable. 


Determination of Relevance and Appropriateness 


Third, determine which of the standards, if any, address situations 
sufficiently similar to the CERCLA site conditions that they should be treated as 
probable relevant and appropriate requirements. As the Superfund program gains 
further experience in identification of site-specific ARARs, the step by-step 
analysis described here may be supplemented by policy decisions on the 
relevance and appropriateness of some ARARs. For example, EPA has determined as a 
matter of policy that MCLs will be relevant and appropriate for ground water or 
surface water that currently is or may in the future be used directly 
for drinking. (In these cases, the MCLs should be met in the surface water or 
ground water itself.) The following analysis of the MCL for trichloroethylene 
is included to explain the logic of this policy in terms of ARARs. 


In this hypothetical situation, the ground-water flow is toward private wells. 
Although the water under the site is not a current source of public drinking water, 
and the wells do not belong to a public water system and thus do not meet the 
jurisdictional prerequisites for the SDWA requirements, the water may be a potential 
future source of drinking water. Because the contaminated ground water may be used 
directly for drinking water in the future, the MCL for trichloroethylene should be 
identified as a probable relevant and appropriate standard. Generally, use the 
factors listed in Exhibit 1-7 to determine if the requirement is potentially 
relevant at the site. If the requirement is relevant, focus on the purpose of the 
requirement, the characteristics of the site and contamination, the character of the 
release, the duration of the activity, and the basis for any waiver or exception to 
determine if the requirement is appropriate. With respect to the SDWA MCL for 
trichloroethylene, for example, the following factors would be considered: 


SDWA Requirement 


Objective:	 Provide safe drinking 
water 


Purpose: Avert TCE contamination 


Media: Ground water 


Substance: Trichloroethylene 


Problem at CERCLA Site 


Contamination of drinking water 
source 


Avert TCE contamination 


Ground water 


Trichloroethylene 


*** AUGUST 8, 1988 DRAFT *** 


Word-searchable version – Not a true copy 







H-6 


Parties:	 Public drinking water 
system 


Activity: Provision of water 


Variances: None 


Place: Drinking water tap 


Facility: Public drinking water 
source 


Use of

Resource: Human consumption



Private drinking water wells 


Cleanup of contamination 


Not relevant



Aquifer



Uncontrolled waste site



Human consumption/ 
other uses not specified 


Based on this comparison, the CERCLA situation appears to be sufficiently 
similar to the problem addressed by the SDWA requirement that the SDWA MCL for 
trichloroethylene would be considered relevant. Considering (1) the purpose of the 
requirement and the purpose of the CERCLA action (both are directed toward 
protection of current and potential drinking water), (2) the substance covered by 
the requirement (trichloroethylene) and (3) the fact that EPA has decided that MCLs 
are appropriate for future drinking water, it can be judged that MCLs are both 
relevant and appropriate. 


Water Quality Criteria (WQC) more stringent than a SDWA MCL may be found 
relevant and appropriate when there are environmental factors that are being 
considered at a site, such as protection of aquatic organisms. In this hypothetical 
situation, cleanup of the ground water under the waste pits will not be carried out 
in order to protect aquatic wildlife in Flint Stream since the plume of contaminated 
ground water will never reach the stream. Contaminated ground water is not currently 
reaching the Lamb River, and is not expected to do so at a level that would 
substantially harm aquatic life in the future. The WQCs for protection of aquatic 
life therefore are not relevant and appropriate for the site. Water quality criteria 
for protection of human health may be relevant and appropriate depending on the 
likely route of exposure. However, if the potential for human exposure to 
contaminants in the Lamb River existed, then WQC for protection of human health (for 
fish consumption) should be considered, or if the wetlands area were contaminated 
with TCE, and the cleanup goal was to make the water in the wetlands suitable for 
aquatic life, it would be necessary to consider ambient water quality criteria and 
State water quality standards. If such a State water quality standard were 
established for protection of aquatic life, the standard would be applicable. 


ARARs and Risk Assessment 


Standards identified as potential ARARs, as well an TBCs, should be analyzed 
according to the procedures outlined in the Superfund Public Health Evaluation 
Manual. Guidelines or criteria found in the to-be-considered 
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category should be used when ARARs do not exist for a particular chemical or when 
the risk assessment indicates that existing ARARs are not sufficient to protect 
human health or the environment. 


A similar analysis should be conducted for each of the other potentially ARAR 
chemical-specific standards. 


IDENTIFICATION AND ANALYSIS OF LOCATION-SPECIFIC REQUIREMENTS 


Identification and analysis of location-specific requirements should follow 
the same general procedure as outlined above for chemical-specific requirements. The 
locational characteristic of the site should be compared to the location-specific 
requirements listed in Exhibit 1-2 in Chapter 1. In this case, a review of the 
Flintstone site location reveals several characteristics that should be analyzed 
further. They include: 


N Flint Stream or Lamb River may be wild, scenic, or recreational rivers; 


N Site may be within 100-year floodplain; and 


N Remedial actions may affect wetland. 


For purposes of this hypothetical example, it is assumed that neither the 
stream nor the river has been designated a wild, scenic, or recreational river, and 
that the site is not within a floodplain. Therefore, the requirements listed in 
Exhibit 1-2 will not be ARARs based on those characteristics. For actions affecting 
the 1.0 acre contaminated wetlands area, however, Exhibit 1-2 lists CWA §404, 40 CFR 
Part 230, Army Corps of Engineers regulations (33 CFR Parts 320-330), and 40 CFR 
Part 6, Appendix A, as potential ARARs. An assessment of the potential effects of 
the remedial action on the wetland should be made during the RI/FS. Consultation 
with the State and contacts with the §404 Wetlands Protection Office in the Region 
should be made to determine if special steps are required to avoid adverse effects. 
In this hypothetical situation, because dredged or fill material will not be 
discharged into the wetland as part of the remedial action, CWA §404, 40 CFR Part 
230, and Army Corps of Engineers regulations (33 CFR Parts 320-330) are not 
applicable. However, 40 CFR Part 6, Appendix A, which is EPA’s statement of 
procedures on wetlands protection, requires, to the extent possible, that remedial 
activities avoid long- and short-term adverse impacts associated with the 
destruction or modification of wetlands. When there are no practicable alternatives 
to conducting such activities in wetlands, the potential harm should be minimized. 


IDENTIFICATION AND ANALYSIS OF ACTION-SPECIFIC REQUIREMENTS 


Cleanup at the hypothetical Flintstone Site will probably involve a large 
number of different remedial activities. It is assumed that several actions would be 
considered, including: 
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N	 The consolidation of waste from the contaminated wetland area by picking 
it up and removing it to one of the waste pits on the main site; 


N	 Extraction of contaminated ground water, treating it, and discharging it 
to a publicly owned treatment works (POTW); 


N	 Extraction of contaminated ground water, treating it, and discharging it 
directly to Flint Stream; and 


N	 Extraction of contaminated ground water, treating it, and injecting it 
back into the aquifer. 


Not all of these potential actions at the site are analyzed in this 
hypothetical scenario. The procedure used, however, would be followed for each of 
the potential actions. 


Identification of Action-specific ARARs 


First, the potential action-specific ARARs for each of the actions under 
consideration would be identified by consulting Exhibit 1-3 in Chapter 1, which 
lists action-specific requirements under RCRA (including the Hazardous and Solid 
Waste Amendments of 1984) and the CWA. In this hypothetical situation, for example, 
Exhibit 1-3 indicates that the potential requirements involved in consolidation will 
differ depending on whether the consolidation occurs within units or between units. 
Among the requirements are land disposal restrictions, closure requirements, and 
post-closure care requirements. 


Analysis of Action-specific ARARs 


Exhibit 1-3 also lists the prerequisites for applicability of the requirements 
associated with each of the actions listed. After potential ARARs have been 
identified, the next stop is to determine whether the prerequisites for RCRA 
applicability are satisfied by the site-specific conditions for the actions under 
consideration. In this case, Exhibit 1-3 indicates that the prerequisites for 
applicability of the consolidation requirements are placement of hazardous wastes 
into another unit. In analyzing these prerequisites, therefore, first determine 
whether RCRA hazardous wastes or constituents are involved in the action. 
Trichloroethylene is listed RCRA waste #U228 and cadmium, chromium, and lead are 
hazardous waste constituents. However, it should not be assumed that these materials 
are RCRA hazardous wastes. Testing or attempts to identify the origin of the 
constituents should be undertaken, when necessary, to determine whether the first 
prerequisite, that the wastes are RCRA hazardous wastes, is satisfied. Second, 
analyze the prerequisite concerning placement of the wastes. In this situation, 
movement of contaminated materials from the wetland area across the boundary of the 
1.0 acre unit and placement of the waste in the second unit would satisfy the 
prerequisite, because the site consists of two separate areas of contamination, and 
the materials are being 
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removed from the first and placed in the second. 


Because the prerequisites associated with consolidation are satisfied, 
next it is necessary to consider the requirements listed under Exhibit 1-3 for 
land-disposal requirements and restrictions, for closure requirements, and for 
post-closure care and monitoring, since they are triggered if consolidation 
between two units occurs. If the wastes are being consolidated in a new 
landfill, the entry in Exhibit 1-3 for construction of a new landfill on site 
should next be consulted to determine the requirements for that action. If, 
on the other hand, the wastes are being consolidated in an existing landfill 
(which would not be the case in this hypothetical scenario) the entry in 
Exhibit 1-3 for closure with waste in place may be relevant and appropriate. 
In either situation, additional prerequisites are listed in Exhibit 1-3 and 
regulatory citations are provided so that additional details about the requirements 
may be obtained if necessary. The identification of which requirements would be 
ARARs would depend, in part, on the further actions to be taken and the wastes 
involved. If, for example, the wastes are subject to the land disposal bans under 
RCRA, then treatment to Best Demonstrated Available Technology (BDAT) levels would 
be required before the wastes could be land disposed. 


Action-specific requirements for other potential actions at the site would be 
analyzed in the same way as the consolidation action described above. For example, 
direct discharge to Flint Stream or indirect discharge to a POTW are actions that 
Exhibit 1-3 indicates are subject to discharge requirements established pursuant to 
the Clean Water Act. Specifically, the direct discharge of treated ground water to 
Flint Stream is subject to National Pollutant Discharge Elimination System (NPDES) 
Program discharge standards and requirements. According to the draft NCP, “on-site” 
is defined for permitting purposes to include the “areal extent of contamination and 
all suitable areas in very close proximity to the contamination necessary for 
implementation of the response action.” For this hypothetical example, the area of 
contamination resulting from the abandoned hazardous waste area is directly adjacent 
to Flint Stream. Therefore the extraction and treatment of contaminated ground 
water, and subsequent discharge to Flint Stream is considered an on-site  action due 
to the proximity of the site to Flint Stream. As such, the discharge need not have a 
NPDES permit, but must meet substantive ARARs. As discussed in Chapter 3, these 
substantive requirements for the Flintstone site include discharge limits. These 
limits would be based on the more stringent standards between the following: 


N Technology-based standards. Because the Flintstone site was used for 
indiscriminate illegal dumping, and not for the sole use of an industrial 
generator of hazardous waste, there are no applicable EPA guidelines. 
Therefore, technology-based standards have to be set using best 
professional judgment. The proposed response alternative for the 
Flintstone site must be reviewed to ensure the use of treatment 
technologies that have been proven effective to treat the pollutants 
present in the contaminated ground water. Numerical effluent limits or 
treatment efficiency requirements can be 
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developed. 


N	 Water-quality criteria/State standards. The identification of which water 
quality criteria/State standards would be applicable or relevant and 
appropriate depends primarily on the designated use of Flint Stream. If, 
for example, the State designation of Flint Stream required protection and 
propagation of fish and aquatic life, EPA water quality criteria for the 
protection of aquatic life (or applicable or relevant and appropriate 
State water quality standards, if available) would need to be met for each 
pollutant of concern prior to discharge. 


Other substantive NPDES requirements such as effluent toxicity monitoring or 
best management practices would also have to be evaluated based on the Flintstone 
conditions. The appropriate EPA/State Water Program Office should be consulted 
regarding all substantive NPDES requirements that may be applicable or relevant and 
appropriate for the Flintstone site. 


Prior to the determination to discharge treated ground water from the 
Flintstone site to a POTW, it first must be determined if the POTW is in compliance 
with applicable Federal laws (i.e., the POTW’s NPDES permit and pretreatment program 
requirements). Therefore, the Flintstone site manager needs to evaluate the POTW’s 
record of compliance. To do this, the Flintstone site manager would need to contact 
the POTW oversight authority (i.e., appropriate EPA Region or delegated State Water 
Office) to collect data pertaining to the POTW’s compliance status. If the POTW is 
out of compliance with applicable laws, then according to CERCLA §121(d)(3), the 
discharge to the POTW should be prohibited. 


A determination of the POTW’s ability to accept the treated ground water 
should also be made during the remedial alternatives analysis under the RI/FS 
process. Factors that should be considered for this determination are discussed in 
Section 3.3.2. and include, for example, evaluating waste compatibility with the 
POTW. The Flintstone site manager should coordinate with the appropriate Water 
Division officials and their State counterparts and POTW representatives in 
evaluating the potential use of the POTW for the discharge of Flintstone site 
wastewater. 


If the remedial alternative under consideration involves discharge to a POTW, 
the pollutants to be discharged must be identified carefully. Certain pollutants are 
specifically precluded from discharge into a POTW (those that will create a fire or 
an explosion hazard in the POTW, for example). Other discharges must specifically 
comply with local POTW pretreatment programs. These local pretreatment programs 
typically have specific requirements regarding discharge to their POTW. For example, 
any local limits for the pollutants of concern at the Flintstone site would have to 
be complied with prior to discharge to the POTW. Any other specific discharge 
requirements of a POTW (e.g., prohibitions such as temperature, color, etc.) are 
considered applicable and must be complied with. 
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Other substantive requirements for discharge to POTWs include RCRA 
permit-by-rule requirements, which must be complied with for discharges of RCRA 
wastes to POTWs by truck, rail, or dedicated pipe. If the treated ground water is 
transported by a dedicated pipe from the site directly to the POTW, the POTW would 
be subject to the RCRA permit-by-rule provisions, and will have to also be in 
compliance with RCRA requirements in NPDES permits. The Flintstone site would also 
need to meet applicable RCRA requirements, including manifesting requirements, etc. 
Specific Clean Water Act ARARs are discussed in greater detail in Chapter 3. 


For the underground injection of treated ground water, Underground Injection 
Control (UIC) program requirements established under the Safe Drinking Water Act are 
potential ARARs (see 40 CFR Part 144). The identification of which specific 
requirements would apply depends on the type of injection well constructed at the 
site. Class I, Class IV and Class V wells are the three classes most likely to be 
associated with CERCLA actions. For the Flintstone site, contaminated ground water 
is to be extracted, treated, and reinjected back into the ground. The proposed well 
bore is located within one-quarter mile of an underground drinking water source. 
Therefore, the well is classified as a Class IV well. Such wells may be used for 
cleanup at CERCLA sites (40 CFR §144.13(c)). Further, the proposed well bore will be 
located within the Flintstone site. Therefore, this is considered an on-site 
discharge. No UIC permit is required, but substantive UIC program requirements must 
be met. 


Substantive requirements for Class IV injection wells include: 


N	 The general requirement that no owner or operator may construct, operate, 
or maintain an injection well in a manner that results in the 
contamination of an underground source of drinking water; 


N Applicable RCRA provisions; and 


N Construction, operating, and closure requirements. 


A more detailed discussion of these requirements is provided in Section 4.1.2. 
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APPENDIX



OVERVIEW OF MAJOR ENVIRONMENTAL STATUTES AND REGULATIONS



1. OVERVIEW OF RESOURCE CONSERVATION AND RECOVERY ACT 


1.1 OFFICE OF SOLID WASTE 


This section describes the Resource Conservation and Recovery Act (RCRA) of 
1976, the additions to the Act made in the Hazardous and Solid Waste Amendments 
(HSWA) of 1984, and accompanying regulations finalized or proposed by October 1, 
1987. As the major federal statute creating standards for the treatment, storage, 
and disposal of hazardous waste. RCRA is the most important source of applicable or 
relevant and appropriate standards for actions taken pursuant to CERCLA §§104 and 
106. The first part of this section provides an overview of the statutes, noting 
their purpose and structure; the second provides a summary of the important 
regulatory requirements under RCRA and HSWA. 


1.2 OVERVIEW OF RCRA 


RCRA was enacted in 1976 to regulate the management of hazardous waste, to 
ensure the safe disposal of wastes, and to provide for resource recovery from the 
environment by controlling hazardous wastes “from cradle to grave.” The statute 
attempts to address all aspects of hazardous waste management by establishing 
essentially a three-step process: (1) identification and listing of wastes to be 
regulated as hazards; (2) tracking of wastes from the point of generation, through 
transportation, to the site of final treatment, storage, or disposal; and (3) 
controlling the management practice used during the treatment, storage, and ultimate 
disposition of these wastes through technical standards, performance standards, and 
permitting requirements. 


Although certain statutory and regulatory requirements under RCRA apply 
specifically to generators and transporters, the majority of substantive RCRA 
requirements affect the management of hazardous waste treatment, storage, and 
disposal facilities. 


RCRA operating standards for treatment, storage, and disposal facilities will 
be the primary area of interaction between RCRA requirements and CERCLA responses. 
The authority for these requirements is found in RCRA Subtitle C, §3004, Standards 
Applicable to Owners and Operators of Hazardous Waste Treatment, Storage, and 
Disposal Facilities. Subtitle C also addresses the other aspects of the three-step 
process mentioned above, including identification and listing of hazardous waste 
(§3001); standards applicable to generators and transporters of hazardous waste 
(§§3002 and 3003); and standards applicable to owners or operators of facilities for 
treatment, 
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storage, and disposal of hazardous waste (§3305). 


RCRA Subtitle D provides criteria for the disposal of nonhazardous wastes in 
open dumps and sanitary landfills. These may be applicable or relevant and 
appropriate for CERCLA actions in a limited number of situations. RCRA §4004(a) 
requires EPA to issue regulations establishing criteria for determining whether a 
facility should be classified as a sanitary landfill or as an open dump. It also 
allows states to develop solid waste management planning programs that set forth a 
plan for closing open dumps. §4005(a) prohibits open dumping of hazardous or solid 
waste. 


The enactment in November, 1984 of the Hazardous and Solid Waste Amendments of 
1984 (HSWA) added significant new provisions to §3004. Among them are new 
requirements that: 


N	 Prohibit land disposal of certain wastes, including some liquid 
hazardous wastes and dioxins (this prohibition does not apply 
legally to disposal from a CERCLA response action for a four-year period 
after enactment of the amendment; however, it could be determined to be 
relevant and appropriate before the date of its legal applicability);l 


N	 Require a review of each RCRA hazardous waste to determine whether 
land disposal of the waste should be prohibited.2 The ban would not 
apply if an EPA-developed treatment standard for a waste had been 
met; 


N	 Require (1) the installation of a double liner and a leachate 
collection system and (2) ground-water monitoring for landfills and 
surface impoundments, and the use of leak detection systems for 
certain types of hazardous waste management units;3 


N	 Require corrective action for all releases from a solid waste 
management unit at permitted hazardous waste treatment, storage, or 
disposal facilities. (Although this requirement applies only to 


1 Initial land ban regulations were issued in 1986 and are found in 40 CFR 
Part 268. A correction to those regulations was issued in June, 1987 (52 FR 21010) 
and additional regulations for “California List” wastes were issued in July, 1987 
(52 FR 25760). 


2 The schedule of hazardous wastes to be reviewed by EPA is set out in 40 CFR 
Part 268. 


3 A Notice of Proposed Rulemaking (NPRM) was issued on May 29, 1987 discussing 
possible regulations for leak detection requirements. Rules covering the installation 
of liners and leachate collection systems have also been issued and are found in 
Subparts I - N of Part 264. 
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permitted facilities, standards for corrective action developed under RCRA 
may be applicable or relevant and appropriate to similar CERCLA actions.)4 


In addition, corrective action requirements as necessary or appropriate 
are authorized under §3004(u); and 


N	 Authorize administrative orders requiring corrective action or other 
response measure for releases of hazardous waste from interim status 
facilities. 


1.3 RCRA REGULATIONS PERTAINING TO HAZARDOUS WASTE 


The RCRA program is largely defined by regulations, which, along with guidance 
and decisions made in the permitting process, are the source of a great majority of 
the RCRA program’s specific requirements. RCRA requirements that may be applicable 
or relevant and appropriate to CERCLA response actions are found primarily in the 
RCRA regulations (40 CFR Parts 260-271). 


The RCRA regulations that are of primary importance for CERCLA responses 
are the Standards for Owners and Operators of Hazardous Waste Treatment, provided in 
RCRA §3004. The RCRA regulations differ depending on whether a hazardous waste 
facility has a RCRA permit (40 CFR Part 264) or is operating under interim status 
(40 CFR Part 265). CERCLA remedies will generally be consistent with the more 
stringent Part 264 standards, even though a permitted facility is not involved. 
Therefore, only the Part 264 standards are described here. 


Nine of the subparts in 40 CFR Part 264 are potentially applicable or relevant 
and appropriate to CERCLA. Seven of these subparts establish process-specific 
standards for particular types of hazardous waste management units: 


N Containers (Subpart I) 
N Tanks (Subpart J); 
N Surface impoundments (Subpart K); 
N Waste piles (Subpart L); 
N Land treatment (Subpart M); 
N Landfills (Subpart N); and 
N Incinerators (Subpart O). 


The other subparts that are potentially applicable or relevant and appropriate are 
ground-water protection (Subpart F) and closure and post-closure (Subpart G). These 
nine subparts are briefly described below. 


4 Procedures for corrective action are found throughout subparts of the 
RCRA regulations. A proposed rule covering administrative procedures for corrective 
action hearings was issued on August 6, 1987 (52 FR 29222). 
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Subpart F -- Ground-Water Protection (40 CFR §§264,90-264,101) 


Subpart F creates broad ground-water protection requirements under RCRA. These 
requirements include both concentration standards and monitoring requirements and 
corrective action requirements for regulated units. 


The EPA Regional Administrator is required by 40 CFR §264.92 and §264.94 to 
set ground-water protection standards and concentration limits for Appendix VIII and 
Appendix IX5 hazardous constituents once they are detected in the ground water at a 
hazardous waste land disposal facility. According to 264.94(a), the concentration 
limits will be based on: (1) the background level of each constituent in the ground 
water at the time the limit is specified in the permit; (2) maximum concentration 
limits (MCLs) for 14 specified hazardous constituents if background levels are below 
these standards; or (3) an “alternate concentration limit’ (ACL) that can be set by 
the Regional Administrator if he determines that a less stringent standard will 
protect public health and the environment. The factors that should be used to grant 
an ACL are outlined in 40 CFR §264.94(b).6 


Subpart F also establishes a three-phase ground-water monitoring program for 
permitted land disposal facilities. 40 CFR 1264.98 outlines the requirements of a 
“detection monitoring program,” to detect the existence of designated hazardous 
constituents in the ground waters. The detection monitoring program’ is a 
semi-annual monitoring protocol. If hazardous constituents are detected, the 
ground-water protection strategy (GWPS) must be established.7 


40 CFR §264.99 outlines the compliance monitoring program that must be 
established whenever hazardous constituents are detected. During this phase, the 
owner or operator must conduct compliance monitoring to determine if the levels of 
constituents exceed the ground-water protection standards (background levels, MCLs, 
or ACLs) specified in the permit. If GWPS limits are exceeded, the owner or operator 
must institute a corrective action program to bring the facility back into 
compliance (40 CFR §264.100). In conjunction with the corrective action program, the 
owner or operator must also establish effectiveness of the corrective action 
program. The owner or operator must continue the compliance monitoring program until 
the GWPS is achieved for 


5 Rules adding Appendix IX list were finalized on September 9, 1987 (52 FR 
25842). 


6 The factors used to grant an ACL are presented in Chapter 2. 


7 A proposed rule issued August 24, 1987 (52 FR 31948) would establish new 
standards for determining when hazardous wastes are “detected” in ground water, and 
thus when corrective action and compliance monitoring provisions would be triggered. 
This rule would change the definition of “detection”, for example, to be 
“statistically significant evidence of contamination.” 
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three consecutive years before returning to the detection monitoring program. 


Subpart G -- Closure and Post Closure (40 CFR §§264.110-264.120) 


Subpart G creates technical and procedural standards for closure and 
post-closure care of hazardous waste management facilities. 


40 CFR §264.111 requires that the owner or operator close the facility in a 
manner that “minimizes the need for further maintenance” and “controls, minimizes, 
or eliminates ... post-closure escape of hazardous waste, leachate, contaminated 
rainfall, or waste decomposition products” to the environment.”8 


Process-specific closure requirements for surface impoundments (40 CFR 
§264.228) specify that if some wastes or contaminated materials are left in place at 
final closure, the facility must be closed in accordance with the post-closure 
requirements contained in 40 CFR §§264.117-.120. Process-specific closure 
requirements for landfills (40 CFR §264.310) specify that the owner or operator must 
cover the landfill with a specially designed and constructed final cover. After 
final closure, the owner or operator must comply with the post-closure requirements 
contained in 40 CFR §§264.117-264.120. Finally, process-specific closure 
requirements for waste piles (40 CFR §264.258) specify that if, after removing or 
decontaminating all residues and making all reasonable efforts to effect removal or 
decontamination of contaminated components, subsoils, structures, and equipment, the 
owner or operator finds that not all contaminated subsoils can be practicably 
removed or decontaminated, he must close the facility and perform post-closure care 
in accordance with the closure and post-closure care requirements for landfills.9 


40 CFR §264.12 requires the owner or operator to prepare a written plan as 
part of the permit conditions that describes how and when the facility will be 
closed and partially closed, describes procedures for decontamination activities, 
and includes a schedule for conducting closure. In addition, the owner or operator 
must notify the Regional Administrator at least 180 days prior to the date he 
intends to begin closure activities. The closure plans must be reviewed by the 
Regional Administrator and are subject to the public participation provision in 40 
CFR Part 124 as part of the permit review 


8 The notice of proposed rulemaking issued on May 29, 1987 would add 
requirements for leak detection systems in most disposal facilities. 


9A rule issued on March 19, 1987 allows interim status facility owners 
or operators to remove all contaminants from treatment, storage or disposal 
facilities and avoid post-closure requirements. The rule provides interim 
status facilities the same opportunity that already exists for permitted 
facilities. 
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process.10 


40 CFR §264.117 states that monitoring, maintenance, and reporting 
requirements established for surface impoundments, waste piles, land treatment 
facilities, and landfills must continue for 30 years following closure. The Regional 
Administrator may extend or reduce the length of the period based on cause. 40 CFR 
§264.118 requires the preparation of a written post-closure plan describing planned 
monitoring and maintenance activities.11 


Subpart I -- Use and Management of Containers (40 CFR §§264.170-264.178) 


Requirements for facilities that store containers of hazardous wastes are 
provided in 40 CFR Part 264 Subpart I. The major requirements are that the owner or 
operator must: (1) maintain containers in good condition; (2) inspect container 
storage areas at least weekly; (3) provide a sloped, crack-free base for all areas 
storing containers that contain free liquids; (4) refrain from placing incompatible 
wastes in the same container, and place walls or dikes between containers holding 
wastes incompatible with other nearby materials; (5) remove all wastes and residues 
from containment systems upon closure; and (6) locate only containers holding 
ignitable or reactive waste at least fifty feet from the property line. 


Subpart J -- Tanks (40 CFR §§264.190-264.200) 


40 CFR Part 264 Subpart J outlines design and management standards for tanks 
containing hazardous wastes. 


On July 14, 1986, EPA promulgated regulations amending the Subpart J 
requirements.12 The regulations address tank design, installation, and operating 
standards and can be summarized as follows: 


"	 The owner or operator must obtain a written assessment the structural 
integrity and acceptability of existing tanks systems and designs for now 
tank systems, reviewed by an independent, qualified, registered 
professional engineer. 


"	 All new tank systems would be required to be enclosed in a full secondary 
containment system that would encompass the body of the 


10 A recent proposed rule (52 FR 35838) establishes procedures under which owners 
and operators may amend their written closure and post-closure plans. 


11 Post-closure procedure requirements for certain facilities that received 
wastesbetween 7/26/82 and 1/26/83 were issued (51 FR 16421) on May 2, 1986). The 
NPRM of May 29, 1987 would amend these requirements to make them consistent with the 
double-liner and leak detection systems. 


12 51 FR 25470, July 14, 1986. 
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tank and all ancillary equipment and be able to prevent any migration of 
wastes into the soil. This secondary containment system would be required 
to be equipped with a leak detection system capable of detecting releases 
within 24 hours of release. 


"	 Facilities with existing tank systems will be required to install 
secondary containment systems within specified times based on age and 
waste type. 


"	 Owners or operators may seek from the Regional Administrator both 
technology-based and risk-based variances from secondary containment 
requirements, based on either: (1) a demonstration of no migration of 
hazardous waste constituents beyond the zone of engineering control; or 
(2) a demonstration of no substantial present or potential hazard to 
human health and the environment. 


"	 Annua1 leak tests must be conducted on non-enterable underground tanks 
until such time as an adequate secondary containment system could be 
installed. Either an annual leak test or other type of adequate 
inspection must also be conducted on enterable types of tanks which do 
not have secondary containment. 


"	 Inspection requirements have been upgraded to include regular inspection 
of cathodic protection systems and daily inspection of entire tank 
systems for leaks, cracks, corrosion, and erosion that may lead to 
releases. 


"	 The owner or operator must remove a tank from which there has been a 
leak, spill or which is judged unfit to use. He then must determine the 
cause of the problem, remove all waste from the tank, contain visible 
releases, notify appropriate parties as required by other laws (i.e. 
CERCLA Reportable Quantity requirements), and certify the integrity of 
the tank before further use. 


"	 Closure requirements include removing waste, residues and contaminated 
liners, disposing of them as hazardous waste, and conforming with 
Subparts G and H (including post-closure of tank if necessary). 


"	 The owner or operator must also comply with general operating 
requirements and with special requirements for ignitable, reactive or 
incompatible wastes. 


EPA recently proposed a comprehensive rule (52 FR 12662, April 17, 1987) to 
regulate all underground storage tanks (USTs). It proposes standards for “design, 
construction, installation, release detection and compatibility” and applies them 
specifically to tanks storing either petroleum products or hazardous substances 
other than those regulated under Subtitle C of RCRA. These may, however, be relevant 
and appropriate to Subtitle C hazardous 


* * * AUGUST 8, 1988 DRAFT * * *



Word-searchable version – Not a true copy 







A-8 


wastes. 


Subpart K -- Surface Impoundments (40 CFR §§264.220-264.249) 


40 CFR Part 264 Subpart K establishes design and operating requirements for 
surface impoundments. The standards require that each new surface impoundment, each 
new surface impoundment at an existing facility, each replacement of an existing 
surface impoundment unit, and each lateral expansion of an existing surface 
impoundment unit must satisfy certain minimum technological requirements, including 
two or more liners and a leachate collection system between the liners. An 
alternative liner design may be approved if the Regional Administrator finds that 
operating practices and locational characteristics together prevent the migration of 
hazardous constituents into the ground water or surface water at least as 
effectively as the liners and leachate collection systems. Owners or operators must 
comply with ground-water monitoring requirements under 40 CFR Part 264 Subpart F, 
including corrective action, if needed. Impoundments must be removed from service if 
the liquid level suddenly drops or the dike leaks. 


RCRA §3005(j), as amended, requires the owner or operator of any surface 
impoundment that was in existence and operating under interim status on November 8, 
1984, to install two or more liners, a leachate collection system between the 
liners, and ground-water monitoring by November 8, 1988, (unless the impoundment 
qualifies for one of four exemptions set out in §3005(j)) or to cease placement, 
storage, or treatment of hazardous waste in the surface impoundment. 


RCRA also required EPA to issue standards mandating that new surface 
impoundment facilities use an approved leak detection system. EPA issued a notice of 
proposed rulemaking (NPRM) on May 29, 1987 that would allow a modified version of a 
leachate collection and removal system (LCRS) between double liners as an adequate 
leak detector. The NPRM also proposed changes in regulations for replacements and 
lateral extensions of existing surface impoundment facilities, response activities 
by owners and operators of facilities, and quality assurance requirements. 


At closure, an impoundment operated under Part 264 may be closed by removing 
and decontaminating all hazardous wastes, residues, liners and subsoils. If all 
hazardous wastes cannot be removed or decontaminated, then the facility must be 
capped and post-closure care provided. An owner or operator of an impoundment may 
also choose to close the impoundment as a disposal facility -- solidify all 
remaining wastes, cap the facility, and comply with Part 264 post-closure 
requirements. 


Subpart L -- Waste Piles (40 CFR §§264.25O-264.269) 


Subpart L requires that an owner or operator of a waste pile facility: (1) 
install a liner under each pile that prevents any migration of waste out of the pile 
into the adjacent subsurface soil or ground or surface water at 
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any time during the active life; (2) provide a leachate collection and removal 
system; (3) provide a run-on control system and a run-off management system; (4) 
comply with the Subpart F requirements; (5) inspect liners during construction and 
inspect the wastes at least weekly thereafter; and (6) close the facility by 
removing or decontaminating all wastes, residues, and contaminated subsoils (or 
comply with the closure and post-closure requirements applicable to landfills if 
removal or decontamination of all contaminated subsoils proves impossible). Existing 
piles are exempt from the liner and leachate collection system requirements but may 
be affected by the regulations proposed in the NPRM (May 29, 1987)13. 


Subpart M -- Land Treatment (40 CFR §§264.270-264.299) 


Subpart M requires that owners or operators of facilities that dispose of 
hazardous waste by land application: (1) establish a treatment program that 
demonstrates to the Regional Administrator's satisfaction that all hazardous 
constituents placed in the treatment zone will be degraded, transformed, or 
immobilized within that zone; (2) conduct a monitoring program to detect 
contaminants moving in the unsaturated zone (the subsurface above the water table); 
and (3) continue all operations during closure and post-closure to maximize the 
degradation, transformation, or immobilization of hazardous constituents.14 


Subpart N -- Landfills (40 CFR §§264.300-264.339) 


Subpart N requires owners or operators of new landfills, new landfills at an 
existing facility, replacements of existing landfill units, and lateral expansions 
of existing landfill units to satisfy the minimum technological requirements for two 
or more liners and a leachate collection system above and between the liners. In 
addition, the landfill must have run-on/run-off control systems and control wind 
dispersal of particulates as necessary; comply with the Subpart F ground-water 
protection requirements, close each cell of the landfill with a final cover, and 
institute specified post-closure monitoring and maintenance programs. In addition, 
40 CFR §264.314 and §265.314 ban the landfill disposal of bulk or non-containerized 
liquid hazardous waste. After November 8, 1985, non-hazardous liquids also are 
generally banned (for more information, see section “Hazardous Solid Waste 
Amendments - Land Ban”).15 


13 A NPRM (May 29, 1987, 52 FR 20218) would require double liners and a 
leachate collection and removal system for the unused portions of existing piles and 
for any lateral extensions of waste piles and leak detection. 


14 The NPRM would require owners and operators to establish a written response 
plan to handle any leaks detected at the facility. 


15 The NPRM would require leak detection systems and the development of a 
written response plan to any leaks that were detected. 
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Subpart O -- Incinerators (40 CFR §§264.340-264.999) 


Subpart O of Part 264 specifies design and operating requirements for any 
incinerator burning hazardous wastes. For incinerators that only burn wastes listed 
as hazardous solely by virtue of their ignitability, corrosivity, or reactivity, or 
some combination thereof, only the closure requirements and waste analyzes required 
prior to incineration are applicable. 40 CFR §264.343 specifies that all 
incinerators must be constructed and maintained so as to detoxify (by destruction or 
physical removal in air pollution control systems) at east 99.99 percent (or 99.9999 
percent for dioxin wastes) of each “principal organic hazardous constituent” in the 
input steam, and so as not to emit more than 180 milligrams of particulate matter 
per cubic meter of stack gas. HCL emissions are limited to 1.8 kg/hr or 1 percent of 
the HCL in stack gas before controls. 40 CFR §264.347 outlines the parameters the 
owner/operator must monitor during incinerator operation; 40 CFR §264.351 requires 
that all wastes, residues, ash, and effluents be removed from the incinerator site 
at closure and treated as hazardous wastes, if applicable. 


Hazardous Solid Waste Amendments - Land Ban 


On July 15, 1985, EPA codified into the existing RCRA Subtitle C regulations a 
set of provisions from the Hazardous and Solid Waste Amendments of 1984 (See 50 FR 
28742)(the “Codification Rule”). Although the provisions of the Codification Rule 
have been integrated into the previously discussed RCRA regulations, they are 
addressed separately here to highlight the new requiremients that the statute 
imposed. Those provisions likely to have a significant impact an the RCRA regulatory 
requirements that may be applicable or relevant and appropriate to CERCLA responses 
are discussed below. 


Ban of Liquids in Landfills. HSWA imposed a ban on the placement of bulk or 
non-containerized liquid hazardous waste or hazardous waste containing free liquids 
(whether or not absorbents have been added) in any landfill after May 8, 1985, 
unless it can be demonstrated that: 


(1) 	 The only reasonably available alternative for these non-hazardous 
liquids is a landfill or unlined surface impoundment which already 
contains, or any reasonably be anticipated to contain, hazardous waste; 
and 


(2) 	 The disposal of the non-hazardous liquids in the landfill will not 
present a risk of contamination to any underground source of drinking 
water. 


Other Land Ban Rules. EPA issued a rule in May, 1986 (effective June 28, 1986) 
and an amended rule in November, 1986 that is now codified in 40 CFR Part 268. The 
rule sets forth the first list of banned wastes that have not undergone the Best 
Demonstrated Available Technology (BDAT) and the schedule for EPA's review of other 
wastes that may be affected by the land ban. A 
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correction to Part 268 was finalized in June, 1987 (52 FR 21010), and a rule 
finalizing the restrictions on “California List” wastes (liquid hazardous wastes 
containing PCBs) and hazardous wastes containing HOCs was issued on July 7, 1987. 


Delisting Procedures. Prior to HSWA, delisting petitioners were required under 
40 CFR §260.22(a) to demonstrate to the satisfaction of the Administator at that the 
waste in question did not meet any of the criteria under which it was originally 
listed. Section 260.22 provided that a waste so excluded could still qualify as a 
hazardous waste if it failed any of the RCRA Subpart C characteristics 
(ignitability, reactivity, corrosivity, EP toxicity). The codification rule added to 
40 CFR §260.22(a) the requirements that, before excluding a waste: 


(1) The petitioner must demonstrate to the satisfaction of the Administrator 
that the waste produced by a particular generating facility does not 
meet any of the criteria under which the waste was listed as a hazardous 
or an acutely hazardous waste; and 


(2) 	 Based on a complete application, the Administrator must determine, where 
he has a reasonable basis to believe that factors (including additional 
constituents) other than those for which the waste was listed could 
cause the waste to be a hazardous waste, that such factors do not 
warrant retaining the waste as a hazardous waste. A waste which is so 
excluded, however, still may be a hazardous waste by operation of 
Subpart C of Part 261. 


Minimum Technology Requirements. HSWA imposed minimum technological 
requirements that must be met by owners or operators of certain landfills and 
surface impoundments. Specifically, amended §3004 of RCRA stipulates that a permit 
for a new landfill or surface impoundment, a new landfill or surface impoundment at 
an existing facility, or a replacement or lateral expansions of an existing landfill 
or surface impoundment unit, must require the installation of two or more liners, a 
leachate collection system above (in the case of a landfill) and between the liners, 
and ground-water monitoring. The section provides an exemption from liner and 
leachate collection system standards if alternative design and operating practices, 
together with locational characteristics, will prevent the migration of hazardous 
constituents into the ground water or surface water at least as effectively as 
the liners and leachate collection system. Amended §3015 of RCRA establishes 
the applicabili of §3004 standards to interim status surface impoundments, 
landfills, and waste piles receiving wastes after May 8, 1985.16 


16 Regulations concerning minimum technology requirements were proposed on 
March 28, 1986 (51 FR 10706). Information about the effectiveness of double-liner 
and leachate collection systems, the subject of the minimum requirements, was 
published on April 17, 1987 (52 FR  12566). 
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Corrective Action and Cleanup Beyond Facility Boundary. RCRA §3004 was amended 
by HSWA to require corrective action for all releases of hazardous waste or 
constituents from any solid waste management unit at a facility seeking a RCRA 
permit, regardless of when waste was placed at the unit. RCRA §3004 also directs the 
Agency to promulgate regulations obligating owners and operators of treatment, 
storage, and disposal facilities to undertake corrective action beyond the facility 
boundary where necessary to protect human health and the environment, unless the 
owner or operator demonstrates to EPA that, despite his best efforts, he or she is 
unable to obtain the necessary permission to undertake such action. Until EPA 
promulgates the regulations which are currently being developed, implementation of 
this statutory provision shall proceed on a case-by-case basis through 
administrative orders.17 


Underground Injection. The HSWA added new §7010 to RCRA, banning the injection 
of hazardous wastes into or above any underground formation which contains, within 
one-quarter mile of the injection well, an underground source of drinking water. The 
ban applies to any state not having identical or more stringent prohibitions in 
effect under an applicable underground injection control program that has been 
approved or prescribed by EPA under the Safe Drinking Water Act. 


1.4 OTHER RCRA REGULATIONS 


The following additional RCRA regulations may be applicable or relevant and 
appropriate to CERCLA responses: 


Open Dump Criteria (40 CFR Part 257) 


In addition to the subparts of 40 CFR Part 264 described above, the open dump 
criteria of 40 CFR Part 257 are potentially applicable or relevant and appropriate 
to CERCLA responses. 40 CFR Part 257 establishes criteria for classifying solid 
waste disposal facilities to determine which pose a reasonable probability of 
adverse effects on human health and the environment. Facilities that fail to satisfy 
the criteria of the Part are classified as open dumps, which must be addressed by 
State solid waste management plans. 


Special Rules Concerning Dioxin 


40 CFR Part 261 provides that certain wastes containing tetra, penta, and 
hexaclorinated dioxins (CDDs) are acute hazardous wastes. Special requirements are 
set by §§264.175, 264.200, 264.231, 264.259, 264.283, 264.317, and 264.343 for the 
management standards concerning such wastes. These standards include special 
requirements for the management of the wastes in a storage, tank, surface 
impoundment, pile, land treatment unit, landfill, 


17 A rule on corrective action and cleanup beyond the facility boundary was 
proposed an March 28, 1986 (51 FR 10706). 
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or incinerator. EPA has also proposed a rule for the management of the residues 
resulting from the incineration or thermal treatment of such wastes.18 


2. OVERVIEW OF CLEAN WATER ACT AND THE WATER QUALITY ACT 


This section describes the Clean Water Act (CWA) of 1977, and the amendments 
to the act made by the Water Quality Act (WQA) of 1987. The section provides an 
overview of the CWA, noting its purpose, structure, and implementing regulations. 
The purpose is to provide an overview of the legislative requirements and the 
implementing regulations of each law that establish potentially applicable or 
relevant and appropriate requirements for CERCLA activities. 


2.1. OVERVIEW OF THE CWA 


The objective of the CWA is to restore and maintain the chemical, physical, 
and biological integrity of the nation's waters. The national goals established to 
achieve this objective of the CWA are 1) that the discharge of pollutants into 
waters of the U.S. be eliminated, and 2) that water quality that provides for the 
protection and propagation of fish, shellfish, and wildlife and provides for 
recreation in and on the water, be attained. The objective and goals of the CWA are 
to be achieved through the control of discharges of pollutants to surface waters. 
The CWA also involves the States (through the implementation of approved programs) 
in the objective to prevent, reduce, and eliminate the discharge of pollutants to 
surface waters. 


The CWA is organized into five major sections: 


"	 Title I - Research And Related Programs: Establishes grants and 
contracts for research, development, and training programs for water 
pollution control. 


"	 Title II - Grants for Construction of Treatment Works: Requires the 
development and implementation of waste treatment management plans 
and practices that will achieve the goals of the Act. Provides for 
the award of grants for the construction of wastewater treatment 
works. 


" Title III - Standards and Enforcement: Requires the establishment of 
criteria and standards for discharges to surface waters to protect 
water quality and achieve national performance standards. The 
authority to enforce these standards is also established. 


18 See 50 FR 37338, September 12, 1985. 
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" Title IV - Permits and Licenses: Requires the establishment of 
regulatory permitting programs to apply and enforce standards 
established under Title III of the Act. 


" Title V - General Provisions: Establishes provisions associated with 
the implementation of the requirements of the Act, including 
emergency powers, citizen suits, judicial review, employee 
protection, administrative procedures, Federal procurement, and State 
authority. 


The primary areas of interaction between CWA requirements and CERCLA responses 
occurs under Titles III and IV, where effluent standards and permits are required to 
be established and applied to discharges to the Nation’s waterways. The implementing 
regulations resulting from the requirements established under Titles III and IV of 
the CWA are contained throughout Title 40 of the Code of Federal Regulations. Due to 
the numerous parts of Title 40 published pursuant to the CWA, the following sections 
will summarize CWA requirements by major Sections contained in Titles III and IV. 
The major implementing regulations for these sections are also referenced. 


2.2 CWA REQUIREMENTS PERTAINING TO CERCLA DISCHARGES 


Section 301 - Effluent Limitations 


Section 301 of the CWA requires technology-based discharge limitations be 
established for categories and classes of point sources of pollutants. For 
conventional pollutants, Section 301 requires that effluent limitations be based 
upon the application of the best conventional pollutant control technology (BCT). 
For toxic and nonconventional pollutants, Section 301 requires that effluent 
limitations be based upon the application of the best available technology 
economically achievable (BAT). Pretreatment standards are applied to indirect 
discharges to publicly owned treatment works (POTWs). 


Section 302 - Water Quality Related Effluent Limitations 


Section 302 authorizes the establishment of more stringent effluent 
limitations (including alternative BAT effluent control strategies) to protect water 
quality if technology-based controls established under Section 301 would not assure 
protection of the intended uses of the receiving waters (e.g., public water supply, 
agricultural and industrial uses, and recreational uses). 


Section 303 - Water Quality Standards and Implementation Plans 


Section 303 of the CWA requires States to develop water quality standards that 
consist of a designated use or uses for the waters and water quality criteria for 
such waters to protect the use or uses. 


The 1987 amendments revise Section 303 of the CWA and requires States to adopt 
the Federal water quality criteria established for all toxic pollutants 
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pursuant to Section 304 if the discharge or presence of toxic pollutants could 
reasonably be expected to interfere with the designated uses adopted by the State. 
In the absence of numerical criteria, States are required to adopt criteria based 
upon biological monitoring or assessment methods consistent with those provided in 
Section 304 of the CWA as amended by the WQA. 


Section 304 - Information and Guidelines 


Under Section 304 of the CWA, EPA is required to develop and publish criteria, 
based upon latest scientific knowledge, to be utilized by States in developing water 
quality standards. Under Section 304, EPA is also required to develop and publish 
regulations establishing guidelines for the technology-based effluent limitations 
required in Section 301 of the CWA for categories and classes of point sources of 
pollutants.19 


Section 304 of the CWA, as amended in 1987, requires States to develop 
individual strategies to control toxic pollutant discharge into those waters where 
application of effluent limitations for point sources, required under Section 301, 
cannot reasonably attain or maintain applicable water quality standards or the 
designated use of the waters. In addition, EPA is required to develop and publish 
guidance on methods for establishing and measuring water quality criteria for toxic 
pollutants on other bases than pollutant-specific criteria, including biological 
monitoring and assessment. 


Section 306 - National Standards of Performance 


Section 306 requires EPA to propose and publish regulations establishing 
standards of performance for new source discharges. A new source is defined as a 
building, structure, facility, or installation from which there is a discharge, and 
the construction of which is started after the publication of proposed national 
standards of performance (developed pursuant to Section 306) applicable to the 
source. 


Section 307 - Toxic and Pretreatment Effluent Standards 


Section 307(a) establishes the list of toxic pollutants (commonly referred to 
as “priority pollutants”) subject to regulation pursuant to the CWA. 
Technology-based effluent limitations are developed for the priority pollutants for 
categories or classes of point sources. Section 307(b) requires EPA to develop and 
promulgate pretreatment standards for the discharge of pollutants into POTWs. 


Section 401 - Certification 


Any applicant for a Federal license or permit to conduct an operation which 
may result in any discharge to navigable waters is required to provide 


19 These effluent guidelines are provided in 40 CFR Parts 405-471. 
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the Federal permitting agency (e.g., the Army Corps of Engineers) a certification 
from the State in which the discharge originates (or EPA on a State’s behalf in 
certain circumstances). This certification must state that the discharge will comply 
with applicable provisions of Sections 301, 302, 303, 306, and 307 of the CWA. If 
the certifying authority does not act on a request for certification within the 
specified time, concurrence is deemed waived. 


Section 402 - National Pollutant Discharge Elimination System 


Section 402 of the CWA establishes the National Pollutant Discharge 
Elimination System (NPDES) program. All dischargers into navigable waters are 
required to obtain a NPDES permit, which incorporates the requirements of sections 
301, 302, 306, 307 and 403 of the CWA.20 Section 402 also establishes procedures for 
implementing the NPDES program, including requirements for authorizing 
State-operated permit programs. 


Section 403 - Ocean Discharge Criteria 


Section 403 requires EPA to develop and promulgate guidelines for determining 
the effects of discharges on the degradation of ocean waters. All discharges to 
oceans must comply with these guidelines prior to issuance of a permit under Section 
402 of the CWA. 


Section 404 - Permits for Dredged or Fill Material 


Section 404 establishes the requirements to obtain a permit for the discharge 
of dredged or fill material to navigable waters.21 All discharges of dredge and fill 
materials must undergo a public interest analysis to determine whether the benefits 
reasonably expected to result from the activity outweigh the reasonably foreseeable 
detriments. Section 404 also establishes the Secretary of the Army (through the Army 
Corps of Engineers) or delegated State the permitting authority, for 1987 CWA 
Amendments dredge and fill activities. 


1987 CWA Amendments 


The enactment of the WQA of 1987 provides amendments and additions to various 
sections of the CWA. Other significant amendments with potential application to 
CERCLA activities include: 


" Establishment of the National Estuary Program, 


20 40 CFR Parts 122-125 provide the implementing regulations for the 
NPDES program. 


21 40 CFR Part 230 and 33 CFR Parts 320 through 330 provide the 
implementing regulations for the Dredge and Fill Program. 
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the purposes and policies of which are to maintain and 
enhance the water quality in estuaries, considered to 
be of great national significance for fish and 
wildlife resources. 


"	 Clarification of the CWA’s prohibition of backsliding 
on effluent limitations. 


" Authorization for grants to States to implement 
nonpoint source management programs, including ground 
water quality protection activities. 


3. THE SAFE DRINKING WATER ACT 


This section describes the Safe Drinking Water Act (SDWA) of 1974, the most 
recent amendments to the SDWA made in 1986, and accompanying regulations. The 
first part of this section provides an overview of the SDWA, noting its purpose 
and structure. The second part of this section provides a summary of the 
regulatory requirements under the SDWA that are applicable to CERCLA activities. 
The purpose is to provide an overview of the legislative requirements and the 
implementing regulations of each law that establish potentially applicable or 
relevant and appropriate requirements for CERCLA activities. 


3.1 OVERVIEW OF THE SDWA 


The SDWA was enacted in 1974 in order to assure that all people served by 
public water systems would be provided with a supply of high quality water. 
The SDWA established a program to require compliance with national drinking 
water standards for contaminants that may have an adverse effect on public 
health. The SDWA also focused on the removal of contaminants found in water 
supplies as a preventive health measure and established programs intended to 
protect underground sources of drinking water from contamination. 


The SDWA amendments of 1986 established new procedures and deadlines for 
setting national primary drinking water standards, established a national 
monitoring program for unregulated contaminants, augmented the underground waste 
injection control requirements, and established a sole source aquifer 
demonstration program and a wellhead area protection program. 


The SDWA is structured in five parts: 


Part A - Definitions: Provides definitions of key terms used in the SDWA. 


Part A - Public Water Systems: Requires EPA to establish maximum 
contaminant level goals and promulgate national primary and secondary drinking 
water regulations. Part B also provides conditions for giving States the 
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primary responsibility for enforcement of standards, establishes prohibitions for 
use of lead in water supply systems, and provides terms for variances and 
exemptions from national primary drinking water regulations. 


Part C - Protection of Underground Sources of Drinking Water: Requires EPA 
to publish regulations for State underground injection control programs, for 
State programs to establish wellhead protection areas, and for development, 
implementation, and assessment of demonstration programs designed to protect 
critical areas located within areas designated an sole source aquifers. 


Part D - Emergency Powers: Empowers EPA to enforce SDWA regulations to 
protect human health upon failure of State and local authorities to do so. 


Part E - General Provisions: Establishes general provisions for the 
implementation of the SDWA including: assurance of adequate treatment chemicals, 
grants for State programs; records and inspection requirements; establishment of 
an advisory council; regulation of Federal agencies; judicial review; and 
citizens civil actions. 


3.2 SDWA REGULATIONS PERTAINING TO CERCLA ACTIVITIES 


The following summarizes the SDWA regulation’s that may be applicable or 
relevant and appropriate to CERCLA response actions. 


40 CFR Part 141 - National Interim Primary Drinking Water Regulations 


40 CFR Part 141 establishes primary drinking water regulations which are 
designed to protect human health from the potential adverse effects of drinking 
water contaminants. Both maximum contaminant levels (MCLs) and maximum 
contaminant level goals (MCLGs) for specific contaminants are provided. Whereas 
MCLs are enforceable standards, MCLGs are secondary standards, and as such are 
non-enforceable. 


As of July 1987, MCLs have been promulgated for 24 specific chemical (10 
inorganics and 14 organic pesticides), total trihalomethanes, certain 
radionuclides, and coliform bacteria. MCLGs have been promulgated for eight 
organic contaminants and for fluoride. The 1986 SDWA amendments require EPA to 
promulgate MCLs for 83 specific contaminants by June 1989. 


40 CFR Part 141 also establishes monitoring, reporting, and analytical 
requirements for public water systems. 


40 CFR Part 142 - National Primary Drinking Water Regulations 
Implementation 


40 CFR Part 142 sets forth the regulations for the implementation and 
enforcement of national primary drinking water standards. In particular, 
procedures are provided for variances and exemptions from compliance with 
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MCLs. These variances and exemptions apply to public water suppliers. The 
requirements for determining the primary enforcement responsibilities of a State 
are also provided. 


40 CFR Part 143 - National Secondary Drinking Water Regulations 


This part establishes National Secondary Drinking Water Regulations which 
consist of secondary maximum contaminant levels (SMCLs). SMCLs are set to 
regulate contaminants that may affect the aesthetic qualities of drinking water 
(e.g., color, odor); however, SMCLs are nonenforceable. There are 12 SMCLs 
promulgated. 


40 CFR Part 144 - Underground Injection Control Program 


40 CFR Part 144 provide requirements for Underground Injection Control 
(UIC) Programs and establishes the following classification of wells: 


Class I, wells that inject RCRA hazardous or other industrial or 
municipal waste beneath the lower most formation containing, within 
one-quatter (1/4) mile of the well bore, an underground drinking water 
source. An underground source of drinking water is defined as any 
aquifer or its portion that supplies a public water system or contains 
fever than 10,000 mg/l total dissolved solids. 


Class II, injection wells associated with oil and natural gas 
production, recovery, and storage. 


Class III, wells that inject fluids for use in extraction of minerals. 


Class IV, wells used to inject RCRA hazardous waste into or above a 
formation that within one-quarter (1/4) mile of the well, contains an 
underground drinking water source. The operation or construction of 
Class IV wells is prohibited, and allowed only where the wells are 
used to reinject treated ground water as part of a CERCLA cleanup or a 
RCRA corrective action. 


Class V, wells not considered to be Class I, II, III, or IV. 


Various subparts within Part 144 describe the general requirements for the 
operation of underground injection wells. These subparts are briefly described 
below: 


" Subpart B - General Program Requirements 


Subpart B provides the general requirements for underground injection 
wells including prohibitions of unauthorized injection, prohibition of movement 
of fluid into underground sources of drinking water, and requirements for the 
discharge of hazardous wastes. Injection into Class IV 
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wells is also prohibited except for the reinjection of contaminated groundwater 
that has been reinjected into the same formation from which it was drawn pursuant 
to CERCLA activities. 


" Subpart C - Authorization of Underground Injection by Rule 


Subpart C authorizes by rule the injection into existing wells for 
specified periods of time depending upon the class of well involved. Specific 
requirements for authorization by rule are also specified. 


" Subpart D - Authorization by Permit 


Subpart D establishes the authorizations necessary to permit 
underground injection activities. 


" Subpart E - Permit Conditions 


Subpart E provides the conditions which are applicable to all 
underground injection activities that require a permit, including corrective 
action requirements for the injection into Class I wells. 


40 CFR Part 146 - Underglound Injection Control Program: Criteria and 
Standards 


40 CFR Part 146 sets forth the technical criteria and standards for the UIC 
program. In particular Subpart B provides the criteria and standards applicable 
to Class I wells including construction, operating, monitoring and reporting 
requirements. No criteria and standards currently exist for Class IV wells, which 
are banned except in cleanups approved under CERCLA or RCRA. 
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DICTIONARY OF ACRONYMS USED IN MANUAL 


ACL - Alternate concentration Limits 
AOC - Area of Contamination

ARAR - Applicable or Relevant and Appropriate Requirement



BAT - Best Available Technology Economically Achievable

BCT - Best Conventional Pollutant Technology

BDAT - Best Demonstrated Available Treatment Technologies

BMP - Best Management Practices



BOD - Biochemical Oxygen Demand

BPJ - Best Professional Judgment

CAA - Clean Air Act

CAG - Carcinogen Assessment Group



CCWE - Constituent Concentration in Waste Extract

CERCLA - Comprehensive Environmental Response, Compensation and



Liability Act of 1980 (aka Superfund) 
COD - Chemical Oxygen Demand 
CPF - Carcinogen Potency Factors

CFR - Code of Federal Regulations

CWA - Clean Water Act

DSE - Domestic Sewage Exclusion



EDB - Ethylene Dibromide

EP - Extraction Procedure

EPA - Environmental Protection Agency

FR - Federal Register

FS - Feasibility Study



FWQC - Federal Water Quality Criteria

GLWQA - Great Lakes Water Quality Agreement



IRIS 


GWPS - Ground Water Protection Standard 
HEA - Health Affects Advisories 
HSWA - Hazardous and Solid Waste Amendments of 1984 


IU - Industrial User 
LC50 - Lowest Concentration that Will Kill 50 Percent of Test Organisms 


- Integrated Risk Information System 


LCRS - Leachate Collection and Removal System 
LDR - Land Disposal Restrictions 
LPC - Limiting Permissible Concentrations 
MCLs - Maximum Contaminant Levels (SDWA) 


NPDES 


MCLGs - Maximum Contaminant Level Goals 
MPRSA - Marine Protection Research and Sanctuaries Act 
NCP - National Contingency Plan 
NHPA - National Historic Preservation Act 
NOEL - No'd6serVable Effect"Level 


NPL - National Priorities List 
NPRM - Notice of Proposed Rulemaking 
NTIS - National Technical Information Service 
OGWP - Office of Ground-Water Protection 
OSC - On-Scene Coordinator 
OSW - Office of Solid Waste 


- National Pollutant Discharge Elimination System 


OSWER - Office of Solid Waste and Emergency Response 
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OWPE - Office of Waste Programs Enforcement

PCB - Polychlorinated Biphenyls



PCS - Permit Compliance System

POTW - Publicly-Owned Treatment Works

PRP - Potentially Responsible Party

RCRA - Resource Conservation and Recovery Act



RFD - Reference Dose

RI/FS - Remedial Investigation / Feasibility Study

RMCL - Recommended Maximum Contaminant Level (renamed MCLG)

ROD - Record of Decisions



RPM - Remedial Project Manager

SARA - Superfund Amendments and Reauthorization Act

SDWA - Safe Drinking Water Act

SI - Site Investigation



SIP - State Implementation Plan (CAA)

SITE - Superfund Innovative Technologies Evaluation

SMCLs - Secondary Maximum Containment Levels

SMOA - Superfund Memorandum of Agreement



SPHEM - Superfund Public Health Evaluation Manual

SSA - Sole Source Aquifer

SWMU - Solid Waste Management Unit

TBC - To Be Considered



TCE - Trichloroethylene

TDS - Total Dissolved Solids

TSS - Total Suspended Solids

UCR - Unit Carcinogenic Risk

UIC - Underground Injection Control



USDW - Underground Source of Drinking Water

WHP - Wellhead Protection Program

WQA - Water Quality Act

WQC - Water Quality Criteria



* * * AUGUST 8, 1988 DRAFT * * *



Word-searchable version – Not a true copy 







Reproduced by NTIS 
National Technical Information Service 
U.S. Department of Commerce 
Springfield, VA 22161 


This report was printed specifically for your 
order from our collection of more than 2 million 
technical reports. 


For economy and efficiency, NTIS does not maintain stock of its vast

collection of technical reports. Rather, most documents are printed for

each order. Your copy is the best possible reproduction available from our

master archive. If you have any questions concerning this document or

any order you placed with NTIS, please call our Customer Services

Department at (703)487-4660.



Always think of NTIS when you want:

! Access to the technical, scientific, and engineering results

generated by the ongoing multibillion dollar R&D program of the U.S.

Government.

! R&D results from Japan, West Germany, Great Britain, and some

20 other countries, most of it reported in English.



NTIS also operates two centers that can provide you with valuable

information:

! The Federal Computer Products Center - offers software and

datafiles produced by Federal agencies.

! The Center for the Utilization of Federal Technology - gives you

access to the best of Federal technologies and laboratory resources.



For more information about NTIS, send for our free NTIS Products and

Services Catalog which describes how you can access this U.S. and

foreign Government technology. Call (703)487-4650 or send this sheet to

NTIS, U.S. Department of Commerce, Springfield, VA 22161.

Ask for catalog, PR-827.



Name __________________________________________________

Address ________________________________________________

_______________________________________________________



N
T


IS
 d


oe
s 


no
t p


er
m


it
 r


et
ur


n 
of


 it
em


s 
fo


r 
cr


ed
it


 o
r



re
fu


nd
. A


 r
ep


la
ce


m
en


t w
ill


 b
e 


pr
ov


id
ed


 if
 a


n 
er


ro
r



is
 m


ad
e 


in
 fi


lli
ng


 y
ou


r 
or


de
r,


 if
 th


e 
it


em
 w


as
 r


ec
ei


ve
d



in
 d


am
ag


ed
 c


on
di


ti
on


, o
r 


if
 th


e 
it


em
 is


 d
ef


ec
ti


ve
.



_______________________________________________________

_______________________________________________________

Telephone_______________________________________________ 


- Your Source to U.S. and Foreign Government 
Research and Technology. 


Word-searchable version – Not a true copy 





		Title Page

		Table of Contents

		Executive Summary

		Chapter 1

		Chapter 2

		Chapter 3

		Chapter 4

		Chapter 5

		Appendix A






28556 Federal Register / Vol. 63, No. 100 / Tuesday, May 26, 1998 / Rules and Regulations


ENVIRONMENTAL PROTECTION
AGENCY


40 CFR Parts 148, 261, 266, 268, and
271


[EPA–F–98–2P4F–FFFFF; FRL–6010–5]


RIN 2050 AE05


Land Disposal Restrictions Phase IV:
Final Rule Promulgating Treatment
Standards for Metal Wastes and
Mineral Processing Wastes; Mineral
Processing Secondary Materials and
Bevill Exclusion Issues; Treatment
Standards for Hazardous Soils, and
Exclusion of Recycled Wood
Preserving Wastewaters


AGENCY: Environmental Protection
Agency.
ACTION: Final rule.


SUMMARY: This rule promulgates Land
Disposal Restrictions treatment
standards for metal-bearing wastes,
including toxicity characteristic metal
wastes, and hazardous wastes from
mineral processing. The set of standards
being applied to these wastes is the
universal treatment standards. These
standards are based upon the
performance of the Best Demonstrated
Available technologies for treating
these, or similar, wastes. This rule also
revises the universal treatment
standards for twelve metal constituents,
which means that listed and
characteristic wastes containing one or
more of these constituents may have to
meet different standards than they
currently do.


In a related section regarding wastes
and secondary materials from mineral
processing, EPA is amending the rules
to define which secondary materials
from mineral processing are considered
to be wastes and potentially subject to
Land Disposal Restrictions. The
intended effect is to encourage safe
recycling of mineral processing
secondary materials by reducing
regulatory obstacles to recycling, while
ensuring that hazardous wastes are
properly treated and disposed. EPA also
is finalizing decisions on a set of
mineral processing issues wastes which
courts have been remanded to EPA.
These include retaining the Toxicity
Characteristic Leaching Procedure as the
test for identifying the toxicity
characteristic for mineral processing
wastes, and readdressing the regulatory
status of a number of miscellaneous
mineral processing wastes.


This rule also amends the LDR
treatment standards for soil
contaminated with hazardous waste.
The purpose of this revision is to create


standards which are more technically
and environmentally appropriate to
contaminated soils than those which
currently apply.


Finally, this rule excludes from the
definition of solid waste certain
shredded circuit boards in recycling
operations, as well as certain materials
reused in wood preserving operations.
EFFECTIVE DATES: This final rule is
effective on August 24, 1998.


Compliance dates:
—For prohibition on underground


injection of certain wastes at 40 CFR
148.18: May 26, 2000;


—For definition of solid waste
provisions at 40 CFR 261.2,
261.4(a)(15), and 261.4(b): November
27, 1998;


—For exclusion of recycled wood
preserving wastewaters at 40 CFR
261.4(a)(9): May 26, 1998;


—For prohibition on land disposal of
wastes from elemental phosphorus
processing and on mixed radioactive
wastes at 40 CFR 268.34(b): May 26,
2000; and


—For land Disposal Restrictions
treatment standards at 40 CFR 268.49
for soil contaminated with previously
prohibited wastes: May 26, 1998.


ADDRESSES: Supporting materials are
available for viewing in the RCRA
Information Center (RIC), located at
Crystal Gateway I, First Floor, 1235
Jefferson Davis Highway, Arlington,
Virginia. The docket information
number is F–98–2P4F–FFFFF. The RIC
is open from 9 a.m. to 4 p.m., Monday
through Friday, excluding federal
holidays. To review docket materials, it
is recommended that the public make
an appointment by calling (703) 603–
9230. The public may copy a maximum
of 100 pages from any regulatory docket
at no charge. Additional copies cost
$0.15/page. The index and some
supporting materials are available
electronically. See the ‘‘Supplementary
Information’’ section for information on
accessing them.
FOR FURTHER INFORMATION CONTACT: For
general information, contact the RCRA
Hotline at (800) 424–9346 or TDD (800)
553–7672 (hearing impaired). In the
Washington, D.C. metropolitan area, call
(703) 412–9810 or TDD (703) 412–3323.


For more detailed information on
specific aspects of this rulemaking,
contact the Waste Treatment Branch
(5302W), Office of Solid Waste (OSW),
U.S. Environmental Protection Agency,
401 M Street S.W., Washington, D.C.
20460; phone (703) 308–8434. For
information on the issue of treatment
standards for metal-bearing wastes,
contact Elaine Eby (703) 308–8449 or
Anita Cummings at (703) 308–8303. For


questions on land disposal restrictions
(LDR) treatment standards for mineral
processing wastes, radioactive mixed
wastes, and grab versus composite
sampling methods, contact Anita
Cummings at (703) 308–8303. For
information on treatment standards for
manufactured gas plant wastes, contact
Rita Chow at (703) 308–6158. Contact
Rhonda Minnick at (703) 308–8771 for
information on improvements and
corrections to the Land Disposal
Restrictions. For information on
secondary mineral processing materials
and Bevill issues, call Ashley Allen at
703–308–8419 or Stephen Hoffman of
the Industrial and Extractive Wastes
Branch at (703) 308–8413. For questions
on treatment standards for hazardous
soil, contact Elizabeth McManus of the
Permits and State Programs Division at
(703) 308–8657. Contact Stephen
Bergman of the Hazardous Waste
Identification Division at (703) 308–
7262 for questions on the exclusion for
wood preserving wastewaters. For
information on the capacity analyses,
contact Bill Kline at (703) 308–8440 or
C. Pan Lee at (703) 308–8478. For
questions on the regulatory impact
analyses, contact Paul Borst at (703)
308–0481. For other questions, call Sue
Slotnick at (703) 308–8462.
SUPPLEMENTARY INFORMATION:
Availability of Rule on the Internet:
Please follow these instructions to
access the rule: From the World Wide
Web (WWW), type http://www.epa.gov/
rules and regulations. In addition,
several technical background
documents contained in the docket
supporting this rule will be available on
the Internet at http://www.epa.gov/
offices and regions/oswer.
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treatment standards established by EPA
or is disposed in units from which there
will be no migration of hazardous
constituents for as long as the waste
remains hazardous. The HSWA
amendments require that treatment
standards must substantially diminish
the toxicity or mobility of hazardous
waste, so that short- and long-term
threats to human health and the
environment are minimized.


Today’s Phase IV final rule is the
latest in a series of LDR rules that
establish treatment standards for wastes
identified or listed as hazardous after
the date of the 1984 amendments. (See
RCRA § 3004(g)(4)). EPA proposed the
Phase IV rule in four Federal Register
notices, and issued three NODAs setting
out additional data relevant to this
proceeding. In two Federal Register
notices prior to today’s, EPA
promulgated various rules proposed in
the Phase IV proposals: treatment
standards for wood preserving wastes,
paperwork reduction, and clarification
of treatability variances. Today’s final
rule promulgates regulations addressing
most of the remaining issues discussed


in Phase IV proposals and NODAs. The
table at the end of this introduction lists
references for all the Phase IV Notices,
plus others cited frequently in the
preamble.


This final Phase IV preamble contains
five major, interrelated sections. The
first section explains the new land
disposal restrictions treatment standards
for wastes identified as hazardous
because they exhibit the toxicity
characteristic for metals (referred to as
‘‘TC metal wastes’’). The section also
revises the universal treatment
standards (UTS) for 12 metal
constituents in all hazardous wastes.
The TC metal wastes will now be
required to meet the universal treatment
standards as do most other hazardous
wastes. The second major preamble
section establishes the prohibition on
land disposal plus treatment standards
for a particular type of newly identified
hazardous waste: mineral processing
waste that exhibits a characteristic of
hazardous waste. The third section
addresses additional issues affecting
both TC metal wastes and characteristic
mineral processing wastes. The fourth


section amends the rules defining when
secondary materials being recycled are
solid wastes. It states that secondary
materials from mineral processing
which are generated and reclaimed
within that industry are not solid wastes
unless they are managed in land
disposal units before being reclaimed.
Such materials are not subject to
regulation as hazardous wastes. That
part of the preamble also addresses
other issues related to mineral
processing. The final major preamble
section promulgates amended treatment
standards for soil that contains
hazardous waste or which exhibits a
characteristic of hazardous waste.


Today’s rule also includes two brief
sections on hazardous waste issues
unrelated to the major sections. One
clarifies that a previously-promulgated
exclusion from hazardous waste
regulation for recycled shredded circuit
boards also applies to whole circuit
boards under certain conditions. The
other section promulgates an exclusion
from RCRA jurisdiction for certain wood
preserving wastewaters and spent wood
preserving solutions when recycled.


TABLE OF SELECTED LDR FEDERAL REGISTER NOTICES


Common name Title of rule in FEDERAL REGISTER Date Citation


Third Third LDR Final Rule ..... Land Disposal Restrictions for Third Third Scheduled Wastes;
Rule.


June 1, 1990 ...................... 55 FR 22520.


Phase II LDR Proposal ............ Land Disposal Restrictions for Newly Identified and Listed
hazardous Waste and hazardous soil; Proposed Rule.


September 14, 1993 .......... 58 FR 48092.


Phase III LDR Proposal ........... Land Disposal Restrictions Phase III: Decharacterized
Wastewaters, Carbamate and Organobromine Wastes, and
Spent Potliners; Proposed Rule.


March 2, 1995 .................... 60 FR 11702.


Phase IV Original Proposal ..... Land Disposal Restrictions—Phase IV: Issues Associated
With Clean Water Act Treatment Equivalency, and Treat-
ment Standards for Wood Preserving Wastes and Toxicity
Characteristic Metal Wastes; Proposed Rule.


August 22, 1995 ................. 60 FR 43654.


Phase IV First Supplemental
Proposal.


Land Disposal Restrictions—Clarification of Bevill Exclusion
for Mining Wastes, to the Definition of Solid Waste for Min-
eral Processing Wastes, Treatment Standards for Char-
acteristic Mineral Processing Wastes, and Associated
Issues.


January 25, 1996 ............... 61 FR 2338.


HWIR Media Proposal ............. Requirements for Management of Hazardous Contaminated
Media.


April 29, 1996 ..................... 61 FR 11804.


Phase IV NODA #1 ................. Land Disposal Restrictions Phase IV Proposed Rule—Issues
Associated With Clean Water Act Treatment Equivalency,
and Treatment Standards for Wood Preserving Wastes and
Toxicity Characteristic Metal Wastes; Notice of Data Avail-
ability.


May 10, 1996 ..................... 61 FR 21417.


Phase IV NODA #2 ................. Land Disposal Restrictions—Phase IV: Treatment Standards
for Characteristic Metal Wastes; Notice of Data Availability.


March 5, 1997 .................... FR 62 10004.


Phase IV LDR Wood Preserv-
ing Final Rule.


Land Disposal Restrictions Phase IV: Treatment Standards for
Wood Preserving Waste, Paperwork Reduction and Stream-
lining, Exemptions from RCRA for Certain Processed Mate-
rials; and Miscellaneous Hazardous Waste Provisions; Final
Rule.


May 12, 1997 ..................... 62 FR 25998.


Phase IV Second Supple-
mental Proposal.


Land Disposal Restrictions Phase IV: Second Supplemental
Proposal on Treatment Standards for Metal Wastes and
Mineral Processing Wastes, Mineral Processing and Bevill
Exclusion Issues, and the Use of Hazardous Waste as Fill.


May 12, 1997 ..................... 62 FR 26041.
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TABLE OF SELECTED LDR FEDERAL REGISTER NOTICES—Continued


Common name Title of rule in FEDERAL REGISTER Date Citation


Phase IV NODA #3 ................. Land Disposal Restrictions Phase IV: Second Supplemental
Proposal on Treatment Standards for Metal Wastes and
Mineral Processing Wastes, Mineral Processing and Bevill
Exclusion Issues, and the Use of Hazardous Waste as Fill;
Notice of Data Availability.


November 10, 1997 ........... 62 FR 60465.


Treatability Variance Final Rule Clarification of Standards for Hazardous Waste Land Disposal
Restriction Treatment Variances.


December 5, 1997 ............. 62 FR 64504.


II. Potentially Regulated Entities


Entities potentially regulated by this final rule vary according to the section of the rule. The following table shows
the industry categories that may be regulated according to each major section of the rule. The table is not intended
to be exhaustive or definitive with respect to every case-specific circumstance. Rather, it is a general guide for readers
regarding entities that EPA is now aware could potentially be regulated by this action. Other types of entities not
listed in the table could also be regulated, and failure to mention them in the table should not be taken as any
type of regulatory determination on the part of the Agency.


TABLE OF ENTITIES POTENTIALLY AFFECTED BY THE PHASE IV FINAL RULE


Section of the rule Category Examples of entities potentially affected


LDR treatment standards for TC metal
hazardous wastes, characteristic min-
eral processing wastes, and other
metal-bearing wastes.


Generators of Toxicity Characteristic (TC) metal hazardous
wastes (D004—D011), characteristic mineral processing
waste, or any hazardous waste required to meet the LDR
treatment standard for antimony, barium, beryllium, cad-
mium, chromium, lead, nickel, selenium, silver, thallium,
vanadium, or zinc.


Facilities in the following industries: pri-
mary mineral processing, chemical
manufacturers, pharmaceutical pro-
ducers, paint producers, manufactur-
ers of motor vehicle parts, blast fur-
naces and steel mills, metal plating
and polishing, and aircraft parts and
equipment.


Facilities that treat and/or dispose of TC metal hazardous
wastes, characteristic mineral processing wastes, and
other metal-bearing hazardous wastes.


Hazardous waste treatment and dis-
posal facilities.


LDR treatment standards for hazardous
soil.


Entities managing hazardous soil .......................................... Private or public parties remediating
sites containing hazardous soil


Mineral Processing Secondary Materials Facilities that generate, store, and/or recycle secondary ma-
terials from primary mineral processing.


Copper smelters, gold refiners, and
other primary metals producers that
return wastestreams to units for addi-
tional recovery


Exclusion for Recycled Wood Preserv-
ing Process Wastewaters.


Wood Preserving Facilities .................................................... Facilities that generate and reclaim
drippage and wastewaters on-site
from the wood processing industry.


III. Revised Land Disposal Restrictions
(i.e., Universal Treatment Standards)
for Metal Constituents in all Hazardous
Wastes, Including Toxic Characteristic
Metals


Summary


There are two purposes to today’s
new treatment standards for metal-
containing wastes. First, EPA is revising
the numerical standards because new
data are available on which to base more
accurate standards. Second, EPA is
including a new set of wastes in the
current treatment standard regime,
continuing EPA’s efforts to apply the
same LDR treatment standards when
technically and legally possible. (In a
subsequent section of this rule, EPA is
expanding the treatment standard
regime to include yet another set of
wastes. These are characteristic mineral
processing wastes that are not currently
subject to land disposal restrictions.)


The numerical standards that EPA is
revising are the universal treatment
standards (UTS) for 12 metal
constituents. The new UTS will apply to
nonwastewater forms of any listed or
characteristic hazardous waste that is
already required to meet the UTS for
those constituents in the waste. The
revised UTS are less stringent for 7
constituents, and more stringent for 5.
The rule does not affect the UTS for
wastewater forms of these wastes, and
does not change the UTS for any other
constituents, including any of the
organics.


The new set of wastes that EPA is
bringing into the current LDR regime is
the group of 8 wastes known as TC
metal wastes—wastes identified as
hazardous because they exhibit the
toxicity characteristic due to the
presence of the metals enumerated in
261.24 (Waste codes D004–D011). These
are wastes that exhibit the toxicity


characteristic because of high toxic
metal content. By today’s rule, that key
metal must be treated to the UTS for
that metal. Furthermore, any underlying
hazardous constituents (UHCs) must be
treated to UTS levels as well, whether
these UHCs are organics or metals. Both
wastewater and nonwastewater forms of
the TC metal wastes are affected by
today’s rule, except for arsenic, for
which only the wastewater forms are
affected.


Hazardous wastes that exhibit both
the TC for metals and the predecessor
characteristic based on the Extraction
Procedure (EP) are presently only
required to be treated to reduce metal
levels to below the characteristic level.
Today’s rule, for the most part, will
require additional treatment of these
metal constituents before land disposal
can occur.


The Agency also finds that the
treatment standards established in
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today’s rule are not established below
levels at which threats to human health
and the environment are minimized.
See Hazardous Waste Treatment
Council v. EPA, 886 F.2d 355, 362 (D.C.
Cir. 1990). That case held that the
statute can be read to allow either
technology-based or risk-based LDR
treatment standards, and further held
that technology-based standards are
permissible so long as they are not
established ‘‘beyond the point at which
there is no ‘threat’ to human health or
the environment.’’ Id. at 362. EPA’s
finding that today’s standards are not
below a ‘‘minimize threat’’ level is
based on the Agency’s inability at the
present time to establish concentration
levels for hazardous constituents which
represent levels at which threats to
human health and the environment are
minimized. As the Agency has
explained a number of times,
determining these levels on a national
basis—which requires determination of
relevant exposure pathways and
potential receptors for all hazardous
constituents in hazardous wastes, with
all the attendant uncertainties involved
in such a national determination—has
not yet proven possible. See, e.g., 55 FR
at 6642 (February 26, 1990). Thus, the
Agency continues to find that
technology-based standards remain the
best approach for the national treatment
standards since such standards
eliminate as much of the inherent
uncertainty of hazardous waste land
disposal and so fulfill the Congressional
intent in promulgating the land disposal
restrictions provisions. Id. However, the
Agency believes that it may be possible
to make valid determinations that
threats to human health and the
environment are minimized on an
individualized basis in the context of
certain site-specific remediations, and
accordingly has provided in this rule a
variance from technology-based
treatment requirements for
contaminated soils generated in certain
remediations. See section VII below.


A. History of Metal Treatment
Standards


Land disposal of hazardous wastes is
largely prohibited by statute, unless the
wastes meet the applicable treatment
standards established by EPA prior to
land disposal. See RCRA sections
3004(d)–(g), (m); (the exception for no-
migration units is not relevant to today’s
rule). Until today’s rule, metals that
were characteristic because they failed
the Toxicity Characteristic Leaching
Procedure (TCLP) and also failed the
Extraction Procedure (EP)—which
preceded the use of the TCLP as a
means of identifying whether a waste


exhibited a characteristic of hazardous
waste—were subject to treatment
standards at levels equal to the TC
levels (55 FR 22520, June 1, 1990). (Note
that wastes that were characteristic
according to the TCLP but did not fail
the EP were considered, until
promulgation of today’s rule, to be
newly identified wastes, and were not
subject to the LDR requirements.
Today’s rule makes these wastes subject
to LDR). However, the TC levels are
typically higher than those treatment
levels for which threats posed by land
disposal of the wastes are minimized.
(Waste Management v. EPA, 976 F.2d 2,
13–14, 26–27, 32 (D.C. Cir. 1992).
Consequently, treatment to levels lower
than the characteristic levels normally is
required. Id.


In an effort to make treatment
standards as uniform as possible while
adhering to the fundamental
requirement that the standards must
minimize threats to human health and
the environment, EPA developed the
UTS. Under the UTS, whenever
technically and legally possible, the
Agency adopts the same technology-
based numerical limit for a hazardous
constituent regardless of the type of
hazardous waste in which the
constituent is present (see 40 CFR
268.40; and 59 FR 47982, September 19,
1994). In the original Phase IV proposal,
EPA proposed to apply the metal UTS,
as measured by the TCLP (60 FR 43582,
August 22, 1995; see 40 CFR 261.24), to
all TC metal wastes. The TCLP measures
the possibility that a waste may leach
toxic metals above a designated
concentration level under certain
assumed disposal conditions, and so is
a measure of the potential mobility of
toxic metals in a waste.


Commenters in response to the
original proposal took issue with the
Agency’s use of data previously used to
establish metal UTS as a basis for
establishing the treatment standards for
characteristic metal wastes. The
commenters raised three basic issues
with regard to the data transfer. First,
they said that characteristic metal
wastes are extremely variable and the
data used to calculate the treatment
standards were not representative of the
diversity of TC metal wastes. Second,
the commenters said that although two
treatment technologies—high
temperature metals recovery (HTMR)
and stabilization—were determined to
be Best Demonstrated Available
Technology (BDAT), the current metals
UTS were based solely on HTMR, a
technology not commercially available
for many TC metal wastes. Finally,
commenters asserted that individual
metal UTS values were not uniformly


achievable when waste streams with
multiple toxic metals were being
treated. In light of these concerns, the
commenters urged the Agency to obtain
additional data that would demonstrate
the effectiveness of stabilization on TC
metal waste streams and more fully
characterize the diversity of treatment of
these nonwastewaters. The following
commenters provided the Agency with
stabilization performance data: Battery
Council International, American
Foundrymen’s Association, Chemical
Waste Management, and the
Environmental Treatment Council.
While extensive, the data unfortunately
was based on composite samples and
could not be used as the basis for
treatment standards (see USEPA, Final
Best Demonstrated Available
Technology (BDAT) Background
Document for Quality Assurance/
Quality Control Procedures and
Methodology, Office of Solid Waste,
October 23, 1991 and 62 FR 26041 for
a discussion of grab and composite
sampling).


The Agency, however, was convinced
that additional data were needed to
further assess the treatment of TC metal
nonwastewaters. During September
1996, EPA conducted site visits at three
hazardous waste treatment facilities and
collected additional treatment
performance data. One facility was a
large commercial TSDF that employed
conventional stabilization techniques to
treat a wide array of inorganic metal
wastes. Another was an on-site
treatment facility that focused on the
stabilization of inorganic metal slag. A
third facility was commercial and
focused on stabilization of inorganic
materials using non-conventional
stabilization techniques. During these
site visits, the Agency either gathered
performance data from company records
or requested the collection of actual
treatment performance data through
sampling and analysis.


Treatment data were collected for the
following types of hazardous waste:
mineral processing waste, baghouse
dust, battery slag, soils, pot solids,
recycling by-products, and sludge. See
the memorandum, Final Revised
Calculation of Treatment Standards
Using Data Obtained From Rollins
Environmental’s Highway 36
Commercial Waste Treatment Facility
and GNB’s Frisco, Texas Waste
Treatment Facility, March 10, 1997 and
the memorandum, Transferability of
UTS to Mineral Processing Wastes,
January 28, 1997 for a complete
description of the waste constituents
and concentrations. Most of the wastes
contained multiple metals in various
concentrations while some had
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significant concentrations of typically
two metal combinations, including lead
and cadmium, barium and lead, and
chromium and antimony. In addition,
between October 1994 and December
1995, the Agency obtained performance
data from one HTMR facility; (other
HTMR data became available very late
in 1997). The assessment of the new
data sets began with the calculation of
treatment standards for each of the two
data sets representing stabilization and
HTMR. The same methodology,
sometimes called ‘‘C 99,’’ and used in
past LDR rulemakings, was used to
calculate the treatment levels (see 56 FR
41164, August 18, 1991, and the BDAT
Background Document for K061, dated
August, 1991). Next, the Agency
compared the treatment levels for
stabilization verses HTMR. Based on
this comparison, the Agency selected
the highest level for each metal as the
proposed UTS to allow for waste and
process variability and detection limit
difficulties. This approach is consistent
with the legislative goal of providing
substantial treatment through standards
that are achievable by an array of well-
performing, available treatment
technologies. See 130 Cong. Rec. S 9184
(Daily ed., July 25, 1984) (statement of
Senator Chafee).


As a result, the Agency issued a
Second Supplemental Proposal on May
12, 1997 (62 FR 26041). In it, EPA
proposed to change the numerical limits
for all nonwastewater wastes containing
the following metal constituents:
antimony, barium, beryllium, cadmium,
chromium, lead, nickel, selenium,
silver, and thallium. (62 FR at 26047,
May 12, 1997). The Agency also
reproposed to change the numerical
limits for vanadium in P119 and P120
nonwastewaters, and for zinc in K061
nonwastewaters. (62 FR at 26047, May
12, 1997). EPA also proposed these
same UTS treatment standards for TC
metal wastes identified as hazardous
due to concentrations of barium,
cadmium, chromium, lead, selenium
and silver.


The Agency would like to correct in
today’s rule a prior error that was
discovered in calculating the metals
treatment levels using the HTMR
treatment data. As previously stated, in
the Second Supplemental and in today’s
preamble, in determining the treatment
levels for each metal constituent, the
Agency compared the treatment
standards calculated with data from
HTMR and stabilization. Based on this
comparison, the highest level for each
metal was chosen as the treatment
standard. In reviewing the calculations
from the HTMR data set, the Agency
discovered an error in the calculations.


When applying the methodology
presented in USEPA, ‘‘Final Best
Demonstrated Technology (BDAT)
Background Document for Quality
Assurance/Quality Control Procedures
and Methodology,’’ dated October 23,
1991, it was discovered that the Agency
failed to conduct a ‘‘Z-score test’’ to
remove any outliers—data that is either
so high or so low that it is not
considered to be representative of the
population from which the data are
drawn. EPA uses this statistical method
to confirm that certain data do not
represent treatment by a well-operated
system, or reflect anomalously low
levels which are not typically
achievable. This error was found to have
occurred only in the calculation of the
treatment standards based on the
performance of HTMR; the treatment
standards based on the performance of
stabilization were properly calculated.
The proposed treatment standards for
cadmium, chromium, nickel, and silver
were affected. The application of the Z-
score outlier test resulted in 2 data
points out of 40 being eliminated as
outliers for both cadmium and
chromium. For nickel, 5 out of 122 data
points were identified as outliers.


For silver, 3 out of 114 data points
were identified as outliers. Three of the
resulting, calculated treatment
standards changed slightly and are
slightly more stringent than the
proposed standards: cadmium from
proposed 0.20 to corrected 0.11 mg/L
TCLP; chromium from proposed 0.85 to
corrected 0.60 mg/L TCLP; and nickel
from proposed 13.6 to corrected 11
mg/L TCLP. Silver, on the other hand,
changed from the proposed 0.11 mg/L
TCLP to a corrected, slightly less
stringent 0.14 mg/L TCLP. (Note: In re-
calculating this standard, the Agency
added an additional 74 data points
which were submitted by the INMETCO
Company (a high temperature metal
reclaimer) in their comments to the May
12 supplemental proposal.) The Agency
believes that these re-calculations are
not significant because these four
revised standards are each still
achievable. See Memorandum,
‘‘Calculation of Universal Treatment
Standard (UTS) for HTMR Residues
Using Data Submitted by Horsehead
Research Development (HRD) Co., Inc.
And INMETCO,’’ December 17, 1997.


B. Applicability of Metal Treatment
Standards


As noted earlier, today’s rule finalizes
LDR treatment standards in two ways.
First, it revises the UTS levels for 10
metal constituents in nonwastewater
forms of hazardous wastes. The 10
include antimony, barium, beryllium,


cadmium, chromium, lead, nickel,
selenium, silver, and thallium. These
treatment standards will replace the
existing UTS values. In addition, EPA is
applying UTS for the first time to 8 TC
metal wastes: arsenic, barium,
cadmium, chromium, lead, mercury,
selenium, and silver. The UTS apply to
both wastewater and nonwastewater
forms of the wastes (except for TC
arsenic wastes, for which the UTS apply
to wastewater forms only), and to both
organic and metal underlying hazardous
constituents in them. No TC metal
wastes have had to meet standards for
underlying hazardous constituents
before today, and wastes exhibiting only
the TC and not the EP were not yet
prohibited. (Note, some subcategories of
mercury and arsenic TC metal wastes
have treatment methods requiring use of
a specified technology, and are not
affected by today’s rule.) The Agency is
also adjusting the treatment standards
for vanadium in P019 and P020
nonwastewaters as well as zinc in K061
nonwastewaters.


The metal treatment standards being
promulgated today have broad
applicability. They apply to the
following metal-containing hazardous
wastes: (1) characteristic metal wastes,
including both the newly identified
wastes that, heretofore, were not
prohibited from land disposal; and
metal wastes that were identified as
hazardous under the predecessor
leaching protocol, the Extraction
Procedure (EP), which remain
hazardous because they also exhibit the
TC by the TCLP; (2) mineral processing
wastes which exhibit the toxicity
characteristic for metal (this is actually
a subset of wastes in (1) above); (3)
listed hazardous wastes which have
metal constituents; (4) underlying
hazardous constituents (UHCs) that are
metals in any characteristic hazardous
waste (including mineral processing
waste which exhibit a characteristic)
that is disposed in other than a Clean
Water Act (CWA) or CWA-equivalent
wastewater treatment system (see 40
CFR 268.2(i); 59 FR 47982, September
19, 1994); and (5) radioactive wastes
mixed with the wastes mentioned in
(1)–(4) above.


C. Development of New Treatment
Standards for Hazardous Wastes
Containing Metals


1. Measuring Compliance by Grab or
Composite Sampling


As explained in the May 12, 1997
Second Supplemental Phase IV
proposal, EPA establishes treatment
standards using data obtained by grab
sampling, not composite sampling, and
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likewise assesses compliance with these
standards using grab sampling. 62 FR at
26047. This approach was sustained by
the D.C. Circuit Court of Appeals in
Chemical Waste Management v. EPA,
976 F. 2d at 34, and EPA did not and
is not reopening the issue in this
proceeding. The Agency has now
obtained requisite grab sampling data.
As a result, the treatment standards
promulgated in this rule are all based
upon treatment performance that was
measured through the use of grab
sampling. All compliance likewise will
be based on grab sampling.


2. Development of Treatment Standards
for Metal Wastes


All of the metals described below are
on the UTS list and some are also TC
metals. This section discusses
development of both the TC and UTS
treatment standard levels. The Agency
is presenting the metal treatment
standards alphabetically by constituent.
Depending on the constituent, one or
more treatment standards is discussed.
For example in the section entitled,
‘‘Treatment Standards for Barium
Waste,’’ the Agency discusses the
promulgation of three treatment
standards: (1) 21 mg/L TCLP for
nonwastewater forms of D005 waste
(based on the UTS); (2) 1.2 mg/L for
wastewater forms of D005 waste (also
based on the UTS); and (3) a revised
UTS of 21 mg/L TCLP for barium
nonwastewaters. If a metal constituent
is not one of the TC metals, its presence
cannot be the basis for determining if a
waste exhibits the toxicity
characteristic—but it could be an
underlying hazardous constituent in the
waste, in which case that constituent
would need to meet the standard for
that metal in today’s rule before the
waste could be land disposed.


a. Final Universal Treatment Standard
for Nonwastewater Forms of Antimony.
The Agency proposed in the Second
Supplemental (62 FR 26041, May 12,
1997), to change the UTS for
nonwastewaters containing antimony
from 2.1 mg/L TCLP to 0.07 mg/L TCLP.
This proposed change was a result of
new data collection efforts conducted by
the Agency to gather performance data
that was representative of the diversity
of metal-containing wastes.


In response, the Agency received
several comments. Two commenters
supported the proposed change;
however the remaining commenters
argued against the proposed level for
antimony of 0.07 mg/L TCLP for a
number of reasons. One commercial
waste management facility stated that
very few of the waste streams they treat
using conventional stabilization


techniques, including furnace ash,
incinerator ash, scrubber brine sludge,
furnace baghouse dust, and stripper
rinse waters, would meet the proposed
standard. The commenter submitted 48
data points supporting its claim. A third
commenter stated that meeting the
standard would significantly increase
their compliance costs. Another stated
that commercial stabilization techniques
were not capable of meeting the
proposed UTS for antimony. In general,
these commenters suggested a higher
UTS for antimony in the range of 1.3
mg/L TCLP to 2.98 mg/L TCLP.


In response to the commenters’
concerns regarding the difficulty in
treating antimony wastes, the Agency
has conducted a thorough review of its
BDAT data set and has determined that
while it represents a diverse collection
of waste streams containing metals, the
concentration of antimony in the 9 data
points used to calculate the proposed
standard may not be representative of
the most difficult to treat antimony
waste. The data used by the Agency to
calculate the proposed UTS of 0.07 mg/
L TCLP, showed a range of antimony
concentrations in the untreated waste of
between 0.2440 mg/L TCLP and 16.1
mg/L TCLP. While the Agency, at the
time, believed that these data were
sufficient to establish a treatment
standard, new data submitted by a
commercial hazardous waste treatment
facility provide a compelling argument
to amend this standard. The new data
consist of 48 additional data points
representing various multiple metal
waste streams, including incinerator or
furnace ash, scrubber brine sludge, lab
pack waste, stripper rinse water and
baghouse dust. These wastes have all
been treated with conventional
stabilization techniques and meet the
proposed UTS values for all metal
constituents except for antimony. The
Agency has reviewed the data, the
treatment technology, and the QA/QC
information submitted by the
commenter and believes that the data
should be incorporated into the existing
BDAT data set. After doing so, the
Agency recalculated the treatment
standard for antimony nonwastewaters
and is today promulgating a revised
standard of 1.15 mg/L TCLP. All data
available to the Agency indicate that the
revised treatment standard for antimony
nonwastewaters can be achieved by
either stabilization or HTMR processes
and addresses the commenter’s
concerns.


b. Treatment Standard for Wastewater
Forms of Arsenic Waste.The Agency
proposed in the original Phase IV
proposal (60 FR 43683, August 22,
1995), to change the treatment standard


for wastewater forms of toxicity
characteristic arsenic (D004) waste from
the characteristic level of 5.0 mg/L
established in the Third Third rule (55
FR 22520 June 1, 1990) to the previously
promulgated UTS for arsenic
wastewaters of 1.4 mg/L. The Agency
did not propose to change the treatment
standard for nonwastewater forms of
toxicity characteristic arsenic (D004)
waste in that the UTS of 5.0 mg/L TCLP
was the same as the TC level. The
Agency received no comment on the
proposed change to D004 wastewaters.
Therefore, the Agency is today
promulgating as proposed the UTS
standard of 1.4 mg/L for D004
wastewaters.


c. Treatment Standards for Barium
Waste. (i) Treatment standards for TC
Barium (D005) Waste. In 60 FR 43684
(August 22, 1995), EPA proposed to
change the treatment standards for
wastewater forms of TC metal barium
waste (D005) from the characteristic
level of 100 mg/L (established in the
Third Third rule, 55 FR 22520, June 1,
1990) to the previously promulgated
UTS for barium of 1.2 mg/L. Likewise,
EPA proposed for D005 nonwastewaters
a change from the characteristic level of
100 mg/L TCLP (55 FR 22520, June 1,
1990) to the previously promulgated
UTS of 7.6 mg/L TCLP. In support of
these revised treatment standards, the
Agency had performed a comprehensive
re-evaluation of the available treatment
performance data from wastes
containing significant concentrations of
barium.


For D005 wastewaters, the Agency
determined that the existing UTS level
for barium (1.2 mg/L) was appropriate,
based on the performance of lime
conditioning followed by sedimentation
and filtration as BDAT. For D005
nonwastewaters, the Agency determined
that the existing UTS level of 7.6 mg/L
TCLP, based on treatment of barium in
K061 (electric arc furnace dust) using
HTMR was also appropriate. The
Agency believed that these treatment
standards could be routinely met by
industry. Additionally, the Agency
reviewed stabilization data and
determined that the treatment standards
for barium could be achieved by
stabilization for a wide variety of waste
matrices. (See Proposed Best
Demonstrated Available Technology
(BDAT) Background Document for
Toxicity Characteristic Metal Wastes
D004–D011, July 26, 1995.)


The Agency received no significant
comment on the proposed change to the
wastewater standard for D005. However,
as previously discussed in Section III.A
of today’s rule, new data collection
efforts and new analysis of BDAT data







28563Federal Register / Vol. 63, No. 100 / Tuesday, May 26, 1998 / Rules and Regulations


for nonwastewaters resulted in a
reproposal of the barium treatment
standard in the Phase IV Second
Supplement (62 FR 26047) . In this
notice, the Agency proposed to revise
the treatment standard for barium
nonwastewaters to 21 mg/L TCLP based
on stabilization. The Agency received
no comments in response to the
reproposal. Therefore, the Agency today
is promulgating a nonwastewater
treatment standard of 21 mg/L TCLP as
proposed in 62 FR 26041. In addition,
the treatment standard of 1.2 mg/L for
wastewater forms of D005 is
promulgated as proposed in 60 FR
43654.


(ii) Universal Treatment Standard
(UTS) for Barium Nonwastewaters.
(Please refer to the discussion above
about the development of the treatment
standard for D005 for additional
information on the development of the
barium UTS levels.) The Agency
proposed to change the UTS for barium
nonwastewaters from 7.6 mg/L to 21
mg/L TCLP (see 62 FR 26041). It was
proposed that such a treatment standard
would better reflect the diversity of
metal-containing waste streams and
their treatment.


The Agency received no significant
comment in response to the reproposal.
Therefore, the Agency is today
promulgating a nonwastewater UTS of
21 mg/L TCLP, as proposed.


d. Final Universal Treatment
Standard for Nonwastewater Forms of
Beryllium Waste. The Agency proposed
in the original Phase IV proposal (60 FR
43683, August 22, 1995), to revise the
UTS for nonwastewaters containing
beryllium from 0.014 mg/L TCLP to 0.04
mg/L TCLP. As previously discussed,
new data collection efforts and new
analysis of BDAT data resulted in a
reproposal of the beryllium treatment
standard to 0.02 mg/L TCLP in the
Phase IV Second Supplemental (62 FR
26041, May 12, 1997).


The Agency received numerous
comments on the proposed revision.
One commenter supported the proposed
treatment level for beryllium, but stated
that current stabilization technologies
could achieve lower treatment levels.
Several other commenters stated that
while the proposed standard for
beryllium was consistent with the data
considered by the Agency, the
stabilization data for beryllium were
quite limited and reflected the treatment
of wastes having very low beryllium
content. Commenters further questioned
whether the proposed standard of 0.02
mg/L TCLP could be met by
conventional stabilization techniques if
higher concentrations of beryllium were
treated. Other commenters stated that


they could not support the treatment
standards because EPA has not
demonstrated that existing commercial
technologies were capable of achieving
the proposed standards or that
technologies were otherwise available.


In light of the comments received, the
Agency conducted a review of the data
set used to calculate the proposed
standard. The review indicated that,
consistent with the commenter’s
concerns, the data used by the Agency
to calculate the standard were based on
wastes containing low concentrations of
beryllium (between 0.0050 and 0.5 mg/
L TCLP). These concentration levels and
the subsequent treatment standard
developed from them does not appear to
adequately account for the difficulty in
treating wastes containing higher
concentrations of beryllium. Data
generated and submitted by Brush
Wellman, Inc., consisting of seven data
points, showed characteristic wastes
(D008) with concentrations of beryllium
ranging from 32 to 95 mg/L TCLP. When
treated with conventional stabilization
techniques, treatment resulted in
beryllium levels ranging from 0.05 mg/
L to 0.31 mg/L TCLP. As a result of
these data, the proposed UTS for
beryllium must be revised to reflect a
more difficult-to-treat or high-
concentration beryllium waste.
Accordingly, the Agency is today
promulgating a revised UTS for
beryllium nonwastewaters of 1.22 mg/L
based on this newly acquired data. All
treatment performance data available to
the Agency indicates that this revised
treatment standard can be met, thereby
addressing concerns raised by the
commenters to the proposal. It should
be noted that the UTS for beryllium
wastewaters remains unchanged at 0.82
mg/L.


e. Treatment Standards for Cadmium
Wastes. (i) Treatment standards for TC
Cadmium (D006) Waste. The Agency
proposed to change the treatment
standards for wastewater forms of TC
cadmium (D006) waste from the
characteristic level of 1.0 mg/L
(established in the Third Third rule (55
FR 22520. June 1, 1990) to the
previously promulgated UTS for
cadmium wastewaters of 0.69 mg/L.
EPA also proposed to change the
treatment standard for D006
nonwastewaters from the characteristic
level of 1.0 mg/L TCLP (55 FR 22520
(June 1,1990)) to the previously
promulgated UTS for cadmium
nonwastewaters of 0.19 mg/L TCLP. In
support of these revised treatment
standards, the Agency had performed a
comprehensive re-evaluation of the
available treatment performance data


from wastes containing significant
concentrations of cadmium.


For D006 wastewaters, the Agency
determined that the existing UTS for
cadmium (0.69 mg/L) based on a BDAT
of lime conditioning followed by
sedimentation was appropriate. The
treatment standard for nonwastewater
forms of D006 wastes was based on a
transfer from the UTS for cadmium of
0.19 mg/L TCLP based on the K061–
HTMR treatment standard data. The
Agency chose to use these data because
they represented performance of an
HTMR treatment unit. The UTS based
on K061–HTMR could be routinely met
by industry. Additionally the Agency
reviewed stabilization performance data
and determined that the UTS for
cadmium could be achieved by
stabilization for a wide variety of waste
matrices. See Proposed Best
Demonstrated Available Technology
(BDAT) Background Document for
Toxicity Characteristic Metal Waste
D004–D011 ( July 26, 1995).


The Agency received no comments on
the proposed change to the wastewater
standard for D006. However, for reasons
previously discussed in Section III.A of
today’s preamble, the Agency in the
Phase IV Second Supplemental
proposed to revise the treatment
standard for cadmium nonwastewaters
to 0.20 mg/L TCLP based on HTMR.


All comments received in response to
the revised standard for cadmium
supported the change. However, as
discussed earlier in Section III.A of
today’s preamble, the Agency
discovered an error in the calculation of
the treatment standard. In applying the
LDR methodology for calculating a
treatment standard, the Agency failed to
conduct a ‘‘Z-score’’ outlier test. With
the application of this test, 2 out of the
40 data points were determined to be
outliers, resulting in a revised treatment
standard for cadmium nonwastewaters
of 0.11 mg/L TCLP. (The proposed
treatment standard of 0.20 mg/L TCLP
was based on all 40 data points.) The
Agency has reviewed the comments in
light of this amended treatment
standard and believes that it can be
achieved by both HTMR and
stabilization treatment. Data submitted
by commenters in support of this rule
does clearly indicate that the standard
can be achieved. See supporting
information contained in docket for this
rule. Therefore, the Agency is today
promulgating a nonwastewater
treatment standard of 0.11 mg/L TCLP
for D006. In addition, the treatment
standard of 0.69 mg/L for wastewater
forms of D006 waste is being
promulgated as proposed in 60 FR
43654.
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(ii) Universal Treatment Standard
(UTS) for Nonwastewaters Containing
Cadmium. The reader is referred to the
above discussion about the development
of the treatment standard for D006
nonwastewaters for additional
information of the development of the
UTS level for cadmium nonwastewaters.
EPA is promulgating an UTS of 0.11 mg/
L TCLP for nonwastewaters containing
cadmium. No change was proposed for
the cadmium wastewater UTS; therefore
it remains at 0.69 mg/L.


f. Treatment Standards for Chromium
Wastes. (i) Treatment Standards for TC
Chromium Wastes (D007). In 60 FR
43654 (August 22, 1995), the Agency
proposed to change the treatment
standards for wastewater forms of
toxicity characteristic chromium (D007)
waste from the characteristic level of 5.0
mg/L (established in the Third Third
rule (55 FR 22520. June 1, 1990) to the
previously promulgated UTS for
chromium (total) wastewaters of 2.77
mg/L. EPA also proposed to change the
treatment standards for D007
nonwastewaters from the characteristic
level of 5.0 mg/L TCLP (55 FR 22520,
June 1,1990) (a standard remanded by
the D.C. Circuit as insufficiently
stringent in Chemical Waste
Management v. EPA, 976 F. 2d at 32) to
the previously promulgated UTS for
nonwastewater forms of chromium
(total) of 0.86 mg/L TCLP. In support of
these revised standards, the Agency had
performed a comprehensive re-
evaluation of the available treatment
performance data from wastes
containing significant concentrations of
chromium.


For D007 wastewaters, the Agency
determined that the existing UTS (2.77
mg/L) based on a BDAT of lime
conditioning followed by sedimentation
was appropriate. The treatment standard
for D007 nonwastewaters was based on
a transfer from the UTS for chromium
(total) of 0.86 mg/L TCLP based on the
K061–HTMR treatment standard data. In
addition, the Agency reviewed
stabilization performance data and
determined that the UTS for chromium
(total) could be achieved by stabilization
for a wide variety of waste matrices. See
Proposed Best Demonstrated Available
Technology (BDAT) Background
Document for Toxicity Characteristic
Wastes D004–D011, July 26, 1995.


The Agency received no comments on
the proposed change to the wastewater
standard for D007. However, as
previously discussed in Section III.A of
today’s preamble, new data collection
efforts and further analysis of BDAT
data, resulted in a proposed revision to
the treatment standard for
nonwastewater containing chromium to


0.85 mg/L TCLP based on a BDAT of
stabilization (62 FR 26041).


In response to the reproposal, the
Agency received no significant
comments. However, as discussed
earlier in Section III.A of today’s
preamble, the Agency discovered an
error in the calculation of the treatment
standard. In applying the LDR
methodology for calculating a treatment
standard, the Agency failed to conduct
a ‘‘Z-score’’ outlier test. With the
application of this test, 2 out of the 40
data points, originally used to calculate
the standard, were determined to be
outliers, resulting in a revised treatment
standard for chromium nonwastewaters
of 0.60 mg/L TCLP. The Agency has
reviewed the comments in light of this
amended standard and believes that it
can be achieved by both HTMR and
stabilization technologies. Data
submitted by commenters in response to
this proposal also support this
conclusion. See supporting information
contained in the docket for this rule.
Therefore, the Agency is today
promulgating an amended
nonwastewater treatment standard of
0.60 mg/L TCLP. In addition, EPA is
also promulgating a treatment standard
of 2.77 mg/L for wastewater forms of
D007 as proposed in 60 FR 43654.


(ii) Universal Treatment Standard
(UTS) for Chromium Nonwastewaters.
(Please refer to the discussion above
about the development of the treatment
standard for D007 for additional
information on the development of the
chromium UTS levels.) The Agency
proposed to change the UTS for
chromium (total) nonwastewaters to
0.85 mg/L TCLP to better reflect the
diversity of metal-containing waste
streams and their treatment (see 62 FR
26041). No change was proposed for the
chromium wastewater UTS.


The Agency received no significant
comments on the reproposal. However,
as a result of an error in the calculation
of the proposed treatment standard, as
previously discussed, the Agency is
today promulgating a revised chromium
nonwastewater UTS of 0.60 mg/L TCLP.
The chromium wastewater UTS remains
unchanged at 2.77 mg/L.


g. Final Treatment Standards for Lead
Wastes. (i) Treatment standards for TC
Lead Wastes (D008). In 60 FR 43654
(August 22, 1995), the Agency proposed
to change the treatment standards for
wastewater forms of toxicity
characteristic lead (D008) waste from
the characteristic level of 5.0 mg/L
established in the Third Third rule (55
FR 22520, June 1, 1990) to the
previously promulgated UTS for lead
wastewaters of 0.69 mg/L. EPA also
proposed to change the treatment


standard for D008 nonwastewaters from
the characteristic level of 5.0 mg/L
TCLP (55 FR 22520, June 1, 1990) (a
standard remanded by the D.C. Circuit
as insufficiently stringent in Chemical
Waste Management v. EPA, 976 F. 2d at
27) to the previously promulgated UTS
for lead nonwastewaters of 0.37 mg/L
TCLP. In support of these revised
treatment standards, the Agency had
performed a comprehensive re-
evaluation of the available treatment
performance data from wastes
containing significant concentrations of
lead.


For D008 wastewaters, the Agency
determined that the existing UTS for
lead (0.69 mg/L) based on a BDAT of
lime conditioning followed by
sedimentation was appropriate. The
treatment standard for nonwastewater
forms of D008 waste was based on a
transfer from the UTS for lead of 0.37
mg/L TCLP, which in turn, was based
on K061–HTMR treatment standard
data. The Agency believed that the UTS
could be routinely met by industry
using HTMR. Additionally, the Agency
reviewed stabilization performance data
and determined that the UTS for lead
could also be achieved by stabilization
for a wide variety of waste matrices. See
Proposed Best Demonstrated Available
Technology (BDAT) Background
Document for Toxicity Characteristic
Metal Wastes D004–D011, July 26, 1995.


The Agency did not receive any
comments on the proposed change for
D008 wastewaters. However as
previously discussed in today’s
preamble, numerous comments on the
proposed nonwastewater treatment
standard were submitted. As a result,
the Agency in the Phase IV Second
Supplemental proposed to change the
D008 nonwastewater standard to 0.75
mg/L TCLP based on new BDAT
stabilization data (62 FR 26047)
collected by the Agency. The Agency
felt that these data better reflected the
diversity of lead-containing waste
streams and their treatment.


Numerous commenters concurred
with the Agency’s reproposal. However,
other commenters, specifically those
representing various sectors of the
secondary lead industry, argued that
EPA’s proposed treatment standard for
lead was not achievable. In particular,
comments from Battery Council
International (BCI) and the Association
of Battery Recyclers (ABR) argued that
new data developed by their association
members showed that no facility in the
secondary lead industry could meet
EPA’s proposed treatment standard for
lead. Instead, they supported setting a
treatment standard of 8.39 mg/L TCLP
for D008 nonwastewaters based on
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stabilization. The commenters argued
that smelter slag has chemical and
physical characteristics distinctly
different from the wastes used to
develop the treatment standard and that
because of its physical variability,
treatment of secondary smelter slag
through stabilization was much less
effective than other types of D008
wastes. The commenter further
questioned EPA’s decision to ignore
data submitted by BCI, ABR and others
in response to the original Phase IV
proposal, stating that these data were
much more comprehensive and
representative. The commenter stated
that these data contained 276 composite
data points for lead from secondary
smelter slag, with a 99th percentile
confidence interval for stabilized slag of
2.97 mg/L TCLP. Another commenter,
which uses a chemical fixation process
on the generated blast furnace slag,
argued that they could only meet a 2.0
mg/L TCLP for lead, based on composite
rather than grab sampling.


In response to the commenters’
concerns, the Agency would first like to
respond to the commenters’ statement
that data previously submitted to the
Agency was ignored. The Agency is
careful to review and analyze all data
that are submitted in support or
response to its rulemakings. In fact, the
referenced data were analyzed
extensively, but were found to be so
seriously lacking in form and quality
assurance/quality control prerequisites
that it was impossible to use them for
BDAT development. (In the docket for
this rule see the documents, ‘‘Draft—
Overview of Five Data Sets Submitted in
Response to the Land Disposal
Restrictions Phase IV Proposed Rule:
Treatment of Metals,’’ November 1996;
and correspondence from Michael
Petruska, USEPA to David B. Weinberg,
Battery Council International Re:
Request for Additional Data in Support
of the Previous Submitted Data in
Response to the Land Disposal
Restriction Phase IV,’’ July 22, 1996).
Specifically, the data submitted to the
Agency were (1) based on composite
samples rather than grab samples, the
latter being the only type used to
develop treatment standards; (2) lacking
in any quality assurance/quality control
(QA/QC) documentation; and (3) not
accompanied with specific treatment
information, or any indication that
performance of the treatment process
was in fact optimized. As such, the
Agency was unable to utilize these data.


Other additional data were
subsequently submitted by the
commenter in response to the ‘‘Second
Supplemental’’ and analyzed by the
Agency. These data were based on grab


sampling, but there were no specifics on
the type of stabilization treatment
conducted on the waste. The data does
indicate that secondary smelter slags
can be treated to meet today’s treatment
standards for all metals except lead and
thallium. With respect to lead,
approximately 24 out of 83 samples
have treated lead values greater than
0.75 mg/L TCLP, but less than the
characteristic level of 5.0 mg/L TCLP.
No information was provided for the
majority of the thallium data sets. Based
on these data, the commenter proposed
a treatment standard of 8.39 mg/L TCLP
for lead nonwastewaters and 0.79 mg/L
TCLP for thallium nonwastewaters.
However, these data failed to show
effective treatment of the thallium and
lead constituents. (In the docket for this
rule, see memorandum to Nick Vizzone,
USEPA from Howard Finkel of ICF,
‘‘Calculation of Universal Treatment
Standard (UTS) for Stabilized
Secondary Lead Slag Using Data
Submitted by the Battery Council
International and Association of Battery
Recyclers,’’ December 5, 1997).


Commenters have failed to provide
reliable and convincing data or
information to persuade the Agency that
stabilization can not meet the proposed
treatment standard of 0.75 mg/L TCLP
for lead slags. While the physical
variability of the slag may indeed affect
treatment performance, the Agency is
unconvinced that the commenter’s data
were the result of optimized treatment
conditions and, therefore, are not
indicative of true treatment difficulties.
EPA’s own performance data from
treatment of D008 battery slags (which
were used in part for the calculation of
the treatment standard) clearly support
the view that slags from secondary
battery recyclers can be treated to meet
the nonwastewater standard of 0.75 mg/
L TCLP. These data indicate that slags
with lead concentrations ranging from 5
to 846 mg/L TCLP (a range similar to
that associated with the data submitted
in response to the May 12 Second
Supplemental proposal and which are
discussed above) can be treated with
stabilization techniques to levels less
than 0.01 mg/L to 0.3 mg/L TCLP.
Furthermore, data and information
available to the Agency suggest that
with optimized treatment these
standards should be achievable
regardless of the waste matrix. (See
‘‘Treatment Technology Background
Document’’, January 1991, for a
discussion of Waste Characteristics
Affecting Performance (WCAPS and
other pertinent material). As such, the
Agency is unpersuaded by the
commenter’s arguments and is today


promulgating as proposed a treatment
standard of 0.75 mg/L TCLP for D008
nonwastewaters and a standard of 0.69
mg/L for D008 wastewaters. The Agency
notes that if a particular waste is unique
or possesses properties making it
unusually difficult to treat by the
treatment technologies whose
performance was used to develop the
treatment standard, the affected party
may petition the Agency, on a case-by-
case basis, for a treatment variance as
provided in 40 CFR 268.44.


(ii) Final Universal Treatment
Standard (UTS) for Nonwastewaters
Containing Lead. (Please refer to the
discussion above about the development
of the treatment standard for D008 for
additional information on the
development of the lead UTS levels.)
The Agency proposed to change the
UTS for lead nonwastewaters from 0.37
mg/L TCLP to 0.75 mg/L TCLP to better
reflect the diversity of metal-containing
waste streams and their treatment (see
62 FR 26041). In response to the
proposed revision, the Agency did
receive a number of comments on the
nonwastewater level, discussed above.
For reasons also discussed above, the
Agency is today promulgating a lead
nonwastewater UTS of 0.75 mg/L TCLP
as proposed.


(iii) Secondary Smelter Battery Slag—
Additional Issue. EPA published a
Notice of Data Availability (NODA) on
May 10, 1996 (61 FR 21419) that
discussed, among other things, an issue
regarding application of the LDR
standards to slags resulting from the
smelting of lead acid batteries. The LDR
treatment standard, established in the
Third Third Rule in 1990, for lead acid
batteries is RLEAD (see 40 CFR 268.40
and 268.42, Table 1), which means
recovery of lead. The NODA stated that
‘‘[o]nce the batteries are smelted, the
LDR requirements have been satisfied,
and, therefore, the slag resulting from
this smelting need not be treated
further. The standards proposed under
Phase IV (i.e., compliance with UTS)
would not apply to this slag, even if the
slag exhibits a characteristic of
hazardous waste (i.e., contains lead in
amounts greater than 5.0 mg/L).’’ This
position was based on EPA’s usual
interpretation that ‘‘when EPA specifies
a treatment method as the treatment
standard, residues resulting from the
required treatment method are no longer
prohibited from land disposal unless
EPA should otherwise specify.’’
(emphasis added) 55 FR at 22538 (June
1, 1990).


After the publication of the May 10,
1996 NODA, EPA realized that it had, in
fact, ‘‘otherwise specified’’ that lead
slags resulting from the smelting of lead
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acid batteries would be a separate
treatability group in the Third Third
rule, and they would indeed require
further treatment if the slags exceeded
the TC for lead (5.0 mg/L) as generated.
See 55 FR at 22568 (June 1, 1990). The
Third Third rule states that ‘‘The
residuals from the recovery process are
a new treatability group (i.e., the
residues are not lead acid batteries) and,
therefore, their status as prohibited or
nonprohibited is determined at the
point the residues are generated. Such
residues would thus only be prohibited
and therefore require further treatment
if they exhibit a characteristic.’’ This
point was clarified both in person and
in a letter, dated July 31, 1996, sent to
representatives of Battery Council
International. The letter explained that
the Agency had mischaracterized the
status of lead slags in the May 10, 1996
NODA and requested comment on the
appropriate treatment standard for these
lead slags.


EPA published the Phase IV Second
Supplemental Proposed Rule on May
12, 1997, and among other things, used
new data from the treatment of lead
slags in revising the treatment standards
for lead. In response to this issue, one
commenter stated that EPA was
prohibited under RCRA 3004(m) from
requiring further treatment for residuals
that resulted from a treatment process
that was determined to be BDAT (such
as RLEAD). The commenter believes
RCRA 3004(m) states that once threats
are minimized, EPA cannot require
further treatment of the residuals after
the specified BDAT treatment has been
performed on the waste, or the BDAT
numerical level has been achieved.
Because the Agency’s data on lead slag
residuals show concentrations of 283
mg/L TCLP lead are not uncommon,
potential threats from treated lead slag
(using RLEAD only) are clearly not
minimized. In fact, the concentrations of
lead in these residuals resulting from
RLEAD of lead acid batteries are among
the most concentrated TC lead wastes
for which the Agency has data. The
Agency only is requiring further
treatment of slag residuals which
exhibit the characteristic for lead (i.e.,
contain lead in amounts greater than the
TC level of 5.0 mg/l). Those residuals,
by definition, are still hazardous and
potential threats posed by their land
disposal have not been minimized.


Another commenter raised the issue
of whether there had been adequate
notice and comment given regarding the
status of lead slag residuals. The Agency
believes that adequate notice and
opportunity to comment were given in
light of the facts recited. We note also
that all comments received on the Phase


IV second supplemental rule regarding
lead slag residuals took issue with the
treatment standard for lead and the data
used to develop the standard, but did
not question that the slags could be
required to be treated further.
Commenters appeared to clearly
understand that slags are covered by the
Phase IV rule establishing standards for
TC lead wastes.


Therefore, lead slag residuals
resulting from the smelting of lead acid
batteries are included under today’s
rulemaking. If such residuals exhibit a
lead toxicity characteristic (i.e., have
lead levels exceeding 5.0 mg/L) after
RLEAD is employed, they would have to
be treated again for lead and any other
underlying hazardous constituents
present in waste until the treatment
standards are achieved. For a discussion
on the development of these numerical
standards being promulgated today; see
the discussion in section (i) above.


(iv) Addition of Iron Filings to
Stabilize Lead-Containing Wastes.
Today, the Agency is codifying the
principle that the addition of iron metal,
in the form of fines, filings, or dust, for
the purpose of ostensibly achieving a
treatment standard for lead is
‘‘impermissible dilution’’ under 40 CFR
268.3. The Agency has determined that
this waste management practice does
not minimize threats posed by land
disposal of lead-containing hazardous
waste because the practice essentially
‘‘blinds’’ the analytic method but would
not in fact prevent lead from leaching
under actual disposal conditions.
Affected wastes include: toxic
characteristic lead wastes (D008), any
characteristic waste containing lead as
an underlying hazardous constituent,
and listed wastes for which lead is
regulated.


On March 2, 1995, EPA published the
LDR Phase III proposal (60 FR 11702).
Among other things EPA proposed that
the addition of iron dust to stabilize
lead in characteristic hazardous waste
constituted impermissible dilution,
rather than treatment legitimately
meeting the LDR treatment standards
(60 FR 11731). In the proposal, the
Agency stated that certain industries
were adding iron dust or iron fines to
some characteristic hazardous waste
(nonwastewaters) as an ostensible form
of treatment for lead. As an example, the
Agency noted that foundries were
known to mix iron dust or filings with
the D008 sand generated from their
spent casting molds, viewing this
practice as a form of stabilization. In the
proposal, the Agency stated that such
stabilization practices were inadequate
to minimize threats posed by land
disposal of metal-containing hazardous


waste, and proposed to clarify that
waste management practice as
‘‘impermissible dilution’’ under 40 CFR
268.3.


In response to the proposal, the
Agency received numerous comments.
Commenters in support of the
‘‘impermissible dilution’’ designation
agreed with EPA’s discussion in the
preamble that no chemical or
pozzolanic reaction was possible from
iron dust or filings and that standard
chemistry showed that metals such as
lead were not bound in a non-leachable
matrix when using iron dust or filings
as a stabilizing agent. One commenter
further mentioned many instances
where generators have avoided
treatment costs by adding iron to their
metal and cyanide-bearing waste
streams, thus providing the short-term
ability to, as the commenter stated,
‘‘fool’’ the test for both amenable
cyanide and leachable metals. The
commenter pointed out that EPA’s
adoption of a total cyanide treatment
standard had essentially solved the
issue of ineffective treatment of cyanide
using iron, but the issue of metals
treatment still remained. The
commenter concluded that the
prohibition on the use of iron dust and
filings would promote more treatment of
toxic metal-bearing wastes.


Other commenters discussed
analytical concerns with the TCLP test
when used on iron-treated wastes. One
commenter stated that the addition of
iron to D008 waste sand may mask the
presence of lead in two ways: first, iron
is more easily oxidized than lead so that
under the conditions of the TCLP test,
iron may be preferentially leached out
into solution, leaving the lead in an
insoluble, undetectable state. A second
problem with the presence of iron in the
TCLP test is spectral interference with
the analysis of lead, which could result
in positive interference and a raised
detection limit for lead.


Numerous commenters representing
the foundry industry, however, argued
extensively against the ‘‘impermissible
dilution’’ designation for iron treatment
of characteristic metal wastes. The
commenters stated that EPA’s position
was neither justified nor supported by
any technical documentation. The
commenters further stated that: (1) iron
added to lead bearing waste foundry
sand effectively immobilizes the lead
and yields a treatment residue that
consistently passes the TCLP; (2) TCLP
tests, run on foundry sand that was
treated with iron and landfilled 8–10
years ago, yielded lead results below the
5 ppm level; (3) analytical results for
total iron from landfill samples clearly
show the iron has not oxidized after
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several years; and (4) iron treatment has
long-term stability. The commenters
further stated that no evidence either
from leaching tests or from real-world
experience showed that iron treatment
is not a successful long-term treatment
for brass foundry sand when the
treatment is conducted in an
appropriate manner. On March 5, 1997,
the Agency addressed the issue and
industry arguments in Land Disposal
Restriction—Phase IV Treatment
Standards for Characteristic Metal
Wastes; Notice of Data Availability
(NODA) (62 FR 10004). In this NODA,
new studies and data were presented on
the issue of the treatment adequacy of
adding iron to characteristic metal
wastes as a method of treatment. As
explained in the Phase III proposed rule
(60 FR 11702), and again in the NODA
of March 5, 1997, the addition of iron
seems to temporarily retard the
leachability of lead in spent foundry
sand, thus allowing the waste to pass
the TCLP test, but not to be permanently
treated. At the time of the Phase III final
rule, EPA decided not to finalize a
determination that the practice was a
form of impermissible dilution in the
Phase III final rule without studying the
issue further. See 61 FR 15569, April 8,
1996. In the March 5, 1997 NODA, two
studies were noticed that had recently
been completed.


One study was developed by Dr. John
Drexler of the University of Colorado
and the other by Dr. Douglas Kendall of
the National Enforcement Investigation
Center (NEIC). The results of these
studies indicated that the addition of
iron filings or iron dust to spent foundry
sands (D008) did not constitute
adequate treatment of the waste because
high concentrations of lead remained
available to the environment and indeed
have been shown to leach in actual field
testing of units receiving the spent
foundry wastes. (The reader is referred
to 62 FR 10004, March 5, 1997 for a full
discussion of the studies).


Specifically, Dr. Drexler’s study
concluded: (1) the spent foundry wastes
placed in Nacodoches Municipal
Landfill remained hazardous; (2) the
addition of iron filings to spent foundry
sand does not cause chemical reduction
(i.e., the hazardous lead remains
oxidized); (3) the addition of iron filings
to the spent foundry sand promoted a
physicochemical dilution of the sample
during the TCLP by producing
significant increases in surface area
sorption sites; (4) the addition of iron
filings to the waste artificially altered
the environmental character of the TCLP
test by increasing pH and lowering Eh
(redox potential) and DO (dissolved
oxygen); and (5) in-vitro testing shows


that these ‘‘treated’’ wastes maintain a
high bioavailability of lead.


Dr. Kendall’s study concluded that
the addition of iron is not a permanent
way to treat lead-contaminated waste.
Specifically, he concluded that: (1) no
reaction occurs when metallic iron is
mixed with lead-contaminated foundry
sand (D008); (2) during the TCLP
process, lead begins to leach into the
solution and if metallic iron is present,
the lead concentration in solution will
decrease by an oxidation/reduction
reaction to levels below the lead
characteristic; (3) only if fresh metallic
iron is regularly introduced into the
mixture, can soluble lead be kept at low
levels; and (4) upon placement of the
waste in a landfill and left alone, the
iron will oxidize, losing its ability to
reduce lead ions.


Peer review of the studies concurred
with the findings that the addition of
iron filings to spent foundry sand is not
treatment of hazardous waste and that
the scientific data presented in the
studies were based on sound scientific
research and support the conclusions
made. (See ‘‘Peer Review Report,
September 3, 1996, submitted by A.T.
Kearney, Inc., Dallas, Texas to Rena
McClurg, Regional Project Officer,
USEPA, Dallas, Texas.)


The Agency received several
comments in response to the NODA.
One State agency commented that based
on the evidence gathered by the EPA,
the addition of iron fines as treatment of
lead containing wastes appears to be
unacceptable under most disposal
criteria. Furthermore, it was the
commenter’s contention that the method
in question should be rejected where
disposal of wastes so treated may be
subjected to acid leaching and chemical
oxidation, in particular disposing of
wastes in a municipal solid waste
landfill. The commenter did note
however that data exist to support the
contention that the treatment may be
acceptable for brass foundries under
specified monofill disposal criteria.
Another commenter requested
clarification as to whether iron-bearing
lead waste products, i.e., from the steel
bridge blast cleaning and painting
industry, would be impacted. The
commenter recommended that all waste
debris from any lead abatement project
be deemed hazardous and treated
appropriately regardless of the type of
abrasive blast media used.


Two commenters argued that the
conclusions drawn from the studies
conducted by Drs. Kendall and Drexler
were erroneous or misplaced from a
regulatory standpoint. In particular the
commenters argued, among other things,
that given the biased sampling, i.e.,


sampling of only ‘‘hot spots’’ in the
landfill and disregard for SW–846
statistical analysis, EPA should
reconsider its view on the treatment of
foundry sands with iron filings. (The
reader is referred to the ‘‘Comment
Response Document’’ for this final rule
for a more complete discussion of the
comments received on this issue.)


EPA has evaluated all the comments
on the subject studies and on the issue
of iron filings as a treatment method for
lead nonwastewaters. The regulatory
issue at hand—and the focus of the
studies—is whether or not adding iron
metal is adequate treatment for LDR
purposes. Several commenters have
elected to take issue with points that are
not the central focus of the two studies.
While a statistical evaluation is used to
determine if a waste is hazardous, all
parts of the waste must be treated to
meet the applicable standards, not just
a representative sample. Thus, if results
show that ‘‘hot spots’’ remain, this is
presumptive evidence that treatment
was not effective and there is
noncompliance with the LDR treatment
requirements. In the preceding
determination of whether a waste is
hazardous, the Agency guidance in SW–
846 provides basic sampling strategies
for simple and stratified random
sampling of the waste as a whole.
However, in application of the land
disposal treatment standards, all
portions of the waste must meet the
applicable treatment standards, i.e., no
portion may exceed the regulatory limit.
See 40 CFR 268.40. Hence, commenters
that focused on the SW–846 sampling
issue largely misconstrued the central
findings of the studies.


In response to comments pointing to
the disposal of a waste in a monofill,
while data may suggest that disposal of
iron treated waste in this type of
controlled environment may be
protective in some scenarios, RCRA
section 3004(m)(1) requires treatment to
substantially diminish the toxicity of
the waste or substantially reduce the
likelihood of migration of hazardous
constituents from the waste so that
short-term and long-term threats to
human health and the environment are
minimized. This statutory requirement
has not been met with iron addition
plus placement in a monofill since
ultimate placement of the waste in a
monofill is not germane to the key issue
at hand—is the treatment prior to land
placement effective.


With respect to this key issue, the
Agency’s determination that the
addition of elemental iron in the form
of fines, filings, etc., constitutes
impermissible dilution is predicated on
the fact that the adsorption of soluble
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lead on to the iron surface is a reversible
reaction and once the iron surfaces
oxidize (which naturally occurs when
the treated waste is exposed to air), the
ability of the additive (iron) to scavenge
soluble metals is diminished. Therefore,
the treatment is not permanent. In
addition, adsorption alone is not a
reliable method of permanently
immobilizing lead which both studies
conclude. The authors have also
concluded, and the Agency agrees, that
the prohibition should apply to any
lead-containing waste. As stated by Dr.
Kendall in his response to comments,
‘‘Lead-contaminated foundry sand is no
different from any other waste which
fails the TCLP test because of excessive
amount of extractable lead. The addition
of iron metal (zero valence iron) is not
a permanent treatment because iron
oxidizes. Since iron addition is not a
permanent treatment, it should not be
allowed for hazardous wastes which are
to be land disposed, regardless of their
origin.’’ (See memorandum from Samuel
Coleman, USEPA to James R. Berlow,
USEPA Re: ‘‘Reply to Comments
Concerning Prohibition of Land
Disposal of Iron Treated Lead
Contaminated Wastes’’. November 17,
1997.)


As indicated above, the addition of
iron metal is not a permanent treatment
because the iron inevitably oxidizes and
loses its adsorptivity for soluble lead
ions. After oxidation of the iron
surfaces, surface adsorption of lead ions
ceases and the lead-bearing waste
returns to its original state; all pretext of
treatment is lost. Since iron addition is
not effective, it cannot be allowed for
hazardous lead-containing hazardous
wastes that are to be land disposed,
regardless of their origin (i.e., all lead-
bearing wastes, not just foundry sands).


The Agency concludes that addition
of iron metal, in the form of fines,
filings, or dust, fails to provide long-
term treatment for lead-containing
hazardous wastes. EPA is codifying this
determination by calling the practice
impermissible dilution, and so
invalidating it as a means of treating
lead in lead-containing hazardous
wastes. It can also be simply viewed as
a type of treatment that fails to
minimize the threats to human health
and the environment posed by disposal
of lead-containing hazardous wastes,
because lead mobility is not
substantially reduced when the waste is
disposed.


In response to comments whether use
of iron-containing abrasives to remove
lead-based paint, for example from the
steel bridge blast cleaning and painting
industry, may be a type of
impermissible dilution, the Agency


notes that the dilution prohibition does
not apply to processes which generate a
waste, only to processes that treat a
waste which already has been
generated. See S. Rep. No. 284, 98th
Cong. 2d Sess. 17 (1984). As such, it
would not appear that abrasive blasting
is impermissible dilution since it is part
of the process generating the waste, i.e.,
the removed paint. If generators added
iron filings/dust or discarded, off
specification steel shots to lead-based
paint waste (similar to the current
foundry practices), it is analogous to
impermissible dilution and this rule
bans such practice. However, addition
of iron filing/dust to a hazardous waste
(before the hazardous waste
determination) is a lot different from
using steel pellets/shots, silica-
containing products, and other abrasive
materials for paint removal.


The Agency has been pursuing several
specific efforts to evaluate the
environmental hazards caused by
disposal of lead-containing wastes,
including evaluation of damage case
information included in the 1996
Hazardous Waste Characteristic Scoping
Study, re-examination of the risk
modeling used for the 1995-proposed
Hazardous Waste Identification rule,
and evaluation of fate and transport in
other environmental media from
industrial nonhazardous solid waste
disposal facilities. Upon completion of
these activities, the Agency will be in a
better position to decide whether
disposal of lead-containing waste is a
health and environmental concern
warranting listing or whether revising
the TC regulatory limit would be more
appropriate.


In addition, the Agency notes that a
determination that a waste is not
hazardous (here because addition of
iron during a generating process results
in a determination that paint waste does
not exhibit a characteristic) may not be
a shield against future liability, if the
disposal results in environmental
damage. Note that under CERCLA, not
just generators are liable for any
environmental damage caused by the
release of hazardous material into the
environment. CERCLA liability is
independent of any hazardous waste
determination that previously may have
been made. EPA believes that in light of
CERCLA liability and the available
environmental contamination data, it
would be prudent for generators to
examine their waste generation and
management practices with an eye
toward segregation of lead-based paint
waste and iron dust/flakes or steel shots,
and potential re-smelting of the lead-
bearing residuals.


As a final matter, it has been argued
to the Agency that the proposed (and
now final) action regarding addition of
iron filings is analogous to treatment of
fluoride in a process for treating
aluminum spent potliner waste (K088)
operated by Reynolds Metals Company.
See generally Docket P33F–S0069 p. 6
(July 7, 1997) and 62 FR 37694, 37697
(July 14, 1997) (responding to comment
and establishing October 8, 1997 as the
date prohibition of land disposal of
K088 wastes takes effect). The argument
goes that in the Reynolds treatment
process, reagents are added to the
process that only allow the fluoride to
meet the LDR treatment standard by
blinding the analytical method (the
TCLP), but do not result in permanent
reduction of fluoride mobility in the
treated wastes. See 62 FR at 37695,
noting that levels of fluoride in the
leachate from actual disposal are well in
excess of the levels established in the
treatment standard (as measured by the
TCLP). Hence, it is asserted, this process
must be an example of impermissible
dilution.


The Agency disagrees. First, EPA
calculated that the process did reduce
fluoride mobility on the order of 28%.
Docket P33F–S0064. This estimate may
in fact understate the extent of
treatment. The maximum amount of
fluoride detected in actual leachate from
the disposed treatment residue is 2228
mg/L. 62 FR 37695. However, untreated
potliners leached fluoride at
concentrations ranging from 7730–8860
mg/L when exposed to the same type of
leaching medium (simulated monofill
leaching medium). Docket P33F–S0049
data set J. Thus, EPA finds that the
process is resulting in non-dilutive
treatment of fluoride. In addition, the
reagent used for fluoride treatment
serves another legitimate function in the
process—as a fluxing agent to prevent
agglomeration of material in the rotary
kiln. 62 FR at 37695. Dilution which is
a necessary part of a treatment process
is normally permissible. 51 FR at 40592
(November 7, 1986); 62 FR at 37697.
Consequently, EPA does not regard the
treatment of fluoride in the Reynolds
K088 treatment process to be a form of
impermissible dilution.


h. Treatment Standards for
Wastewater and Nonwastewater Forms
of Mercury Waste. The Agency, in the
original Phase IV rule, proposed to
change the treatment standard for one
subcategory of TC mercury wastewaters
(D009—All Others) from the
characteristic level of 0.20 mg/L
(established in the Third Third rule (55
FR 22520. June 1, 1990) to the
previously promulgated UTS for
mercury wastewaters (Mercury—All
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Others) of 0.15 mg/L. (60 FR 43654,
August 22, 1995.) The Agency received
no comments on this proposed change.
As such, the Agency is promulgating a
treatment standard of 0.15 mg/L for
wastewater forms of D009—All Others.


The Agency also proposed to revise
the treatment standard for TC mercury
nonwastewaters (D009—All Others)
from the characteristic level of 0.20 mg/
L TCLP to 0.025 mg/L TCLP. The
nonwastewater UTS for mercury is
based on the mercury standard
developed from K071 waste treatment
data. The only comments received on
the achievability of this proposed
change were regarding the application
of this treatment standard to TC
mercury soil. TC soils are subject to
specific treatment standards being
finalized elsewhere in today’s rule.
More detail can be found on the
mercury soil comments in the Response
to Comments Background Document.
Therefore, the Agency is promulgating a
treatment standard of 0.025 mg/L TCLP
for nonwastewater forms of D009—All
Others in today’s rule.


With respect to the broader issue of
mercury treatment, the Agency plans to
conduct an intensive review of
traditional and innovative technologies
over the next year or so. Outreach to
various industry, academic, and other
groups is also being investigated as to its
feasibility. Key information, when
available, on this effort can be obtained
from the RCRA Hotline, and notices of
significant public events will be placed
in the Federal Register and on EPA’s
Internet home page.


i. Final Universal Treatment Standard
for Nonwastewater Forms of Nickel. The
Agency proposed in the Phase IV
Second Supplemental to change the
UTS for nonwastewaters containing
nickel from 5.0 mg/L TCLP to 13.6 mg/
L TCLP. This revision to the UTS was
based on new performance data
obtained by the Agency and presented
in that notice. The Agency did not
receive any significant comments on
this issue. However, as discussed in an
earlier section of today’s preamble, the
Agency discovered an error in the
calculation of the treatment standard. In
applying the LDR methodology for
calculation of a treatment standard, the
Agency failed to conduct a ‘‘Z-score’’
outlier test. With the application of this
test, 5 out of the 122 data points
originally used in the calculation of the
standard, were determined to be
outliers. This error resulted in a revised
treatment standard for nickel
nonwastewaters of 11.0 mg/L TCLP. In
light of this amended standard, the
Agency has reviewed all of the
comments and data submittals, and has


determined that all the treatment data
for nickel is below 11.0 mg/L TCLP.
Accordingly, the Agency is today
promulgating a final UTS for nickel
nonwastewaters of 11.0 mg/L TCLP. No
change was proposed for nickel
wastewater; therefore, the UTS remains
at 3.98 mg/L for these wastes.


j. Final Treatment Standards for
Selenium Wastes. (i) Treatment
standards for TC Selenium Wastes
(D010). The majority of commenters
supported the Agency proposal to
maintain the 5.7 mg/L TCLP level for
D010 nonwastewaters. They strongly
agreed with the Agency’s reasoning, and
urged EPA to adopt the proposed
treatment standard.


One commenter, however, maintains
that the Agency should establish a
‘‘High Selenium Greater Than 200 ppm’’
subcategory for nonwastewaters, with a
corresponding treatment standard of 10
mg/L TCLP. The commenter has cited
technical problems in achieving the
proposed treatment standard level for
highly contaminated selenium wastes.
The commenter states that, since 1995,
they have consistently experienced
problems treating waste streams from
glass manufacturing companies with
wastes that contain high concentrations
of selenium. The commenter provided
treatability testing data from a selenium
waste stream, containing 80 mg/L TCLP,
which showed that 16 different
treatment recipes were tested prior to
finding one that would treat a selenium
waste to below 5.7 mg/L TCLP. The
other data, from three different
generators of selenium waste, suggest
TCLP values of untreated waste of
between 465–1064 ppm TCLP, with
treated wastes achieving between 2.5
and 45.6 mg/L TCLP.


The Agency has reviewed all the
treatment data and, for the most part,
waste streams containing selenium exist
either in relatively low concentrations
(0.1–0.13 mg/L TCLP) or in extremely
high concentrations (greater than 450
mg/L TCLP). Because of the highly
divergent nature of these wastes and the
difficulty in treating selenium with
multiple metals at almost any
concentration, it seems unreasonable to
mandate that one treatment standard
could be applicable to both.
Calculations of a revised treatment
standard, based only on the newly
submitted treatment data for the high
selenium concentration wastes, would
yield a standard of 77.0 mg/L TCLP for
selenium nonwastewaters. If a
calculation is done after pooling all
selenium data (including low
concentration selenium data), a
standard of 261 mg/L TCLP would
result. The Agency is reluctant to


establish a treatment standard for
selenium nonwastewaters of either 77.0
mg/L or 261 mg/L TCLP on a national
level. Earlier data suggest and
commenters concur that for the majority
of selenium wastes the proposed
standard of 5.7 mg/L TCLP for selenium
nonwastewaters is appropriate.
Furthermore, only three high selenium
concentration waste streams that could
apparently not be treated to this level.
Therefore, there is little reason to pool
all treatment data or to engage in
bifurcation of the selenium standard.


Accordingly, the Agency is
promulgating a treatment standard of
5.7 mg/L TCLP for nonwastewaters
containing selenium. The Agency,
however, is convinced that the high-
level selenium waste streams for which
data were submitted to EPA will be
unable to be treated to achieve the 5.7
mg/L TCLP standard. Therefore, in a
Federal Register notice that will be
published shortly, the Agency will be
requesting comment on a proposal to
grant a site-specific treatment variance
for Waste Management, Inc. for the
treatment of some D010 wastes
containing high concentrations of
selenium.


The Agency also is promulgating as
proposed a wastewater treatment
standard of 0.82 mg/L for D010
wastewaters. No comments were
received on this issue.


(ii) Universal Treatment Standard
(UTS) for Selenium. As noted above, in
the May 12, l997 reproposal of the Phase
IV rule, the Agency proposed to change
the UTS for selenium nonwastewaters
from 0.16 mg/L to 5.7 mg/L TCLP. For
the reasons discussed above for D010
nonwastewaters, 5.7 mg/L TCLP is a
better reflection of treatability of
difficult-to-treat selenium waste streams
than 0.16 mg/L TCLP. This is the level
being promulgated today for the
selenium nonwastewater UTS. (It
should be noted that because the UTS
is above the TC level for selenium,
selenium is not considered an
‘‘underlying hazardous constituent’’
(UHC) in characteristic waste, according
to the definition at 268.2(i)). The
wastewater UTS for selenium remains
unchanged at 0.82 mg/L.


k. Final Treatment Standards for
Silver Wastes. (i) Treatment standards
for TC Silver Wastes (D011). In today’s
final rule, EPA is promulgating a
nonwastewater treatment standard of
0.14 mg/L TCLP for characteristic silver
(D011). For wastewaters, EPA is
promulgating a treatment standard of
0.43 mg/L as proposed in the original
Phase IV proposal on August 22, 1995
(60 FR 43684). EPA is in the process of
determining whether silver should
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remain on the TC list at 40 CFR
261.24(b) Table 1 or whether the current
TC level should be altered. If EPA alters
the status of silver on that TC list, EPA
will revisit the treatment standards for
silver.


(ii) Proposals, Comments, and
Responses. Until today’s notice, the
treatment standards for wastewater and
nonwastewater forms of D011 have both
been 5.0 mg/L TCLP, which is the TC
level. In 1995, EPA proposed a
treatment standard of 0.43 for
wastewaters and 0.30 mg/L for
nonwastewater, based on the best
treatment data in EPA’s possession at
that time (60 FR 43684). EPA received
comments urging the Agency to refrain
from setting a treatment standard lower
than the TC level and instead suggesting
that EPA remove silver from the TC list
altogether due to new information on
the low risk of silver to human health.


In a 1996 Notice of Data Availability
(NODA), EPA presented the option of
retaining the 5.0 mg/L treatment
standard for D011 wastes (61 FR 21420,
May 10, 1996). Comments were divided
in two groups: those which supported
the option, and those which stated that
EPA had no firm basis for such a
decision, given the potential toxicity of
silver to aquatic life.


Since receipt of the comments on the
NODA, EPA acquired more recent
treatment data on TC metals, including
silver. Based on these data, EPA learned
that D011 nonwastewaters could be
successfully treated to a level of 0.11
mg/L using HTMR, and EPA proposed
revising the UTS for silver in its Phase
IV Second Supplemental proposal. The
grab data used to establish this
treatment standard was submitted to the
Agency by an HTMR facility (62 FR
26041) (Background Documents from
Second Supplemental proposal).
Commenters on the Second
Supplemental reiterated that silver
should not be on the TC list. However,
the commenters continued, if silver
remains on the list for now, EPA should
not set a more stringent standard than
the current one of 5.0 mg/L, but rather
it should choose a risk-based standard.
Commenters explained further that little
D011 is disposed, because silver is
generally recovered from silver wastes.


In response to the reproposal, the
Agency received no significant
comment on the technical aspects of
achieving the proposed treatment
standard; however the Agency did
receive from International Metals
Company (INMETCO) an additional 74
grab data points on the treatment of
silver using HTMR. (See memorandum
from Howard Finkel, ICF, Inc., to Nick
Vizzone, USEPA Re: ‘‘Calculation of


Universal Treatment Standards (UTS)
for HTMR Residues Using Data
Submitted by Horsehead Research
Development Company, Inc. and
INMETCO,’’ December 17, 1997.) The
Agency used INMETCO data for the
calculation of the proposed treatment
standard and determined that this
additional data should be included in
the data pool. As previously discussed
in Section III.A. of today’s preamble, the
Agency discovered an error in the
calculation of the treatment standard. In
applying the LDR methodology for
calculating a treatment standard, the
Agency failed to conduct a ‘‘Z-score’’
outlier test. With the application of this
test and the inclusion of the 74
additional data points, 3 out of the 114
data points, were determined to be
outliers, resulting in a revised treatment
standard for silver nonwastewaters of
0.14 mg/L TCLP. The Agency has
reviewed the comments in light of this
amended standard and believes that it
can be achieved by both HTMR and
stabilization technologies. Data
submitted by commenters in response to
this proposal also support this
conclusion. See supporting information
contained in the docket for this rule.


The Agency does not have an
adequate basis for taking the actions
recommended by some commenters, i.e.
to remove silver from the TC list, or
regulate it at a less stringent level than
the proposed technology-based
treatment standard. EPA is in the
process of determining whether silver
should remain on the TC list at 40 CFR
261.24(b) Table 1, or whether the
current TC level should be altered. In
addition, EPA continues its work on the
Hazardous Waste Identification Rule
(HWIR) to establish risk-based exit
levels for hazardous wastes. The Agency
is not yet able to establish a nationally-
applicable risk-based level for silver that
fulfills the statutory charge of
minimizing threats of hazardous waste
to human health and the environment.


The process of establishing such a
level is technically complex; EPA is
currently modeling the ecological and
human health effects of exposure to
silver through numerous pathways.
Several issues remain unresolved
concerning human health and
environmental risk. EPA is continuing
to investigate these issues. The Agency
recently acquired studies indicating that
silver may be connected to central
nervous system and other non-cancer
effects in humans. The draft Reference
Dose for these effects have not been
finalized by the Agency for use in risk
assessments. (A Reference Dose is a
benchmark level for chronic toxicity
that is protective of human health.) In


addition to potential adverse human
health effects, uncertainties and
concerns also remain for potential
adverse environmental effects. Although
EPA removed the Maximum
Contaminant Level (MCL) for silver in
drinking water, the Ambient Water
Quality Criteria remain in effect due to
potential aquatic toxicity. Further areas
of uncertainty are how silver speciates
after release (i.e. which valence state of
silver would be present). The issue
could be important since potential toxic
effects differ depending on the species
of silver present. In short, EPA’s work
on understanding risks from disposal of
silver-containing hazardous wastes is
ongoing, and it would be premature to
establish a treatment standard based on
risk at this time.


In the absence of such ‘‘minimize
threat’’ levels for hazardous
constituents, the Agency establishes
standards based on Best Demonstrated
Available Technology (BDAT). (See full
explanation in the preamble of the
Phase II Final LDR rule at 59 FR 47986,
September 19, 1994.) The fact that the
UTS for nonwastewater forms of silver
is being lowered (made more stringent)
from the existing level of 0.30mg/L to
0.14 mg/L is due to new data on what
treatment technology achieves. As
explained in the summary of this
preamble section (Section III: Revised
Land Disposal Restrictions for Metal
Constituents in All Hazardous Wastes,
Including Toxic Characteristic Metals),
technology-based standards are the best
assurance that threat is minimized,
given the uncertainty as to the level at
which threats of hazardous waste
disposal are minimized.


EPA expects that the new treatment
standard for silver wastes will have
little, if any impact on the regulated
community. As stated by commenters,
high-silver wastes are generally recycled
due to their economic value and are
covered by the special streamlined
standards for recyclable materials
utilized for precious metal recovery at
40 CFR Part 266.70 Subpart F.
Moreover, the Regulatory Impact
Analysis for this rule estimated that the
new, more stringent UTS levels for
metal constituents, including silver, will
not increase compliance costs. This is
because the current treatment methods
already achieve the new standard of
0.14 mg/L in silver nonwastewaters.
(Achievability of the UTS for TC silver
wastewaters is not an issue; EPA
received no comments nor data on its
proposal to apply the existing UTS of
0.43 mg/L.)


Thus, the Agency is promulgating the
wastewater standard of 0.43 mg/L as
proposed and the nonwastewater
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standard of 0.14 mg/L. If EPA changes
the status of silver on the TC list, EPA
will revisit the treatment standards for
silver wastes.


(iii) Universal Treatment Standard
(UTS) for Silver Nonwastewaters.
(Please refer to the discussion above
about the development of the treatment
standard for characteristic silver for
information on the development of the
UTS levels.) In today’s final rule, EPA
is promulgating a nonwastewater UTS
of 0.14 mg/L TCLP for silver.


l. Final Universal Treatment Standard
for Nonwastewater Forms of Thallium.
The Agency proposed in the Second
Supplemental Proposed Rule to change
the UTS for thallium-containing
nonwastewaters from 0.078 mg/L TCLP
to 0.20 mg/L. (The original standard was
based on composite sampling from an
HTMR facility). This proposal was
based on new data obtained by the
Agency and presented in that notice.
Several commenters supported the
change. However, two commenters
argued that EPA had not demonstrated
that existing commercial technologies
were capable of achieving the proposed
standards or that technologies were
otherwise available. The Agency
remains unconvinced by the arguments
of the commenters and notes that they


supplied no treatment data in support of
their contentions. Accordingly, the
Agency is today promulgating as
proposed a revised UTS for
nonwastewaters containing thallium of
0.20 mg/L TCLP. No change was
proposed for wastewater containing
thallium; therefore the UTS remains 1.4
mg/L.


m. Final Treatment Standard for
Nonwastewater Forms of Vanadium in
P119 and P120 Wastes. The Agency
proposed in the Second Supplemental
Proposed rule to change the UTS for
nonwastewaters containing vanadium in
P119 and P120 wastes from 0.23 mg/L
TCLP to 1.6 mg/L TCLP. This proposal
was based on new data obtained by the
Agency and presented in that notice.
Commenters were supportive of the
change. The treatment standard of 1.6
mg/L TCLP is being promulgated as
proposed. No change was proposed for
wastewater containing vanadium in
P119 and P120 wastes, therefore, the
UTS remains 4.3 mg/L. The Agency
would like to point out that vanadium
is not an ‘‘underlying hazardous
constituent’’ in characteristic waste,
according to the definition at 268.2(i).


n. Final Treatment Standard for
Nonwastewater Forms of Zinc in K061
Waste. The Agency proposed in the


Second Supplemental Proposed rule to
change the treatment standard for zinc
nonwastewaters in K061 waste from 5.3
mg/L to 4.3 mg/L . This proposal was
based on new data obtained by the
Agency and presented in that notice.
One commenter was supportive of the
change, while two other commenters
were concerned with zinc being
identified as an UHC. Still another
commenter, a major HTMR facility,
submitted data (152 data points)
showing 100% compliance with the
standard after 6 high statistical outliers
were removed. Indeed, the great
majority of these data showed zinc at
levels an order of magnitude below the
promulgated standards. EPA believes
these data confirm the achievability of
today’s standard. Therefore, the Agency
is today promulgating a revised
nonwastewater treatment standard of
4.3 mg/L TCLP for K061 waste. No
change was proposed for wastewater
containing zinc in K061; therefore the
UTS remains 2.61 mg/L. In response to
the comments regarding zinc as an UHC,
the Agency would like to point out that
zinc is only regulated in K061 waste; it
is not defined as an ‘‘underlying
hazardous constituent’’ in characteristic
waste, according to the definition at
268.(i).


UNIVERSAL TREATMENT STANDARDS FOR TWELVE METAL CONSTITUENTS


[Affecting Nonwastewater TC Metal Wastes and Nonwastewater Metal Constituents in All Wastes]


Waste code Constituent TC level (mg/
L)


Existing UTS
level (mg/L


TCLP)


2nd supple-
mental pro-
posed UTS
level (mg/L


TCLP)


Final UTS
level (mg/L


TCLP)


D005 .......................... Barium .............................................................................. 100 7.6 21.0 21.0
D006 .......................... Cadmium .......................................................................... 1.0 0.19 0.20 0.11
D007 .......................... Chromium ......................................................................... 5.0 0.86 0.85 0.60
D008 .......................... Lead .................................................................................. 5.0 0.37 0.75 0.75
D009- all others ......... Mercury ............................................................................. 0.2 0.025 0.025 0.025
D010 .......................... Selenium ........................................................................... 1.0 0.16 5.7 5.7
D011 .......................... Silver ................................................................................. 5.0 0.30 0.11 0.14


Antimony ........................................................................... 2.1 * 0.07 1.15
Beryllium ........................................................................... 0.014 * 0.02 1.22
Nickel ................................................................................ 5.0 13.6 11.0
Thallium ............................................................................ 0.078 0.20 0.20
Vanadium ** ...................................................................... 0.23 1.6 1.6
Zinc ** ............................................................................... 5.3 4.3 4.3


* The proposed UTS levels for antimony and beryllium were rounded up to the nearest 0.01 mg/L TCLP.
** Vanadium and zinc are not underlying hazardous constituents.
Note: Treatment standards for TC metal wastewaters have also been revised in today’s rule, but are not reflected in this table.


D. Use of TCLP to Evaluate Performance
of Treatment Technology for Treating
Hazardous Metal Constituents


Commenters did not question the
appropriateness of using the TCLP as a
means of evaluating the performance of
the treatment technology used to treat
metal hazardous constituents in
hazardous wastes. EPA is addressing the


issue sua sponte to set out why the
recent opinion of the D.C. Circuit in
Columbia Falls Aluminum Co. v. EPA
(No. 96–1234, April 3, 1998) does not
affect use of the TCLP for this purpose.


Columbia Falls presented an unusual
set of facts. EPA had established
treatment standards for spent aluminum
liners (waste K088), which standards


used the TCLP to measure performance
of the treatment technology for several
hazardous constituents, including
arsenic and fluoride. All of the
commercial treatment capacity for this
waste was provided by a single facility,
and all of the treatment residue from
this single process was disposed at a
single location. Slip op. at p. 6; 62 FR
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1Nor is there a legitimate argument that the TCLP
is impermissibly overpredictive. Indeed, since the
TCLP has already been upheld as a means of
identifying many of these metal-containing wastes
as hazardous, Edison Electric Inst. v. EPA, 2 F.3d
438, 444–45 (D.C. Cir. 1993), and since the
‘minimize threat’ requirement in section 3004(m) is
a more stringent test, HWTC III, 886 F.2d at 363,
a fortiorari it is reasonable to use the TCLP as part
of the process of assuring that threats posed by land
disposal of these wastes are minimized.


at 1993 (Jan. 14, 1997). Notwithstanding
that the treatment process was able to
achieve the treatment standards for
arsenic and fluoride as measured by the
TCLP (i.e., the treatment residue, when
tested with the TCLP, never exceeded
the regulatory levels), actual leachate
from the disposal site contained
significantly higher levels of these
constituents. Id. EPA also had not
offered any substantive explanation for
continued use of the TCLP to measure
performance of the treatment process for
these constituents after the extreme
disparities in actual performance in the
field became known. Id. p. 18. Under
these circumstances, the court held that
it was arbitrary and capricious to
continue to use the TCLP because it
bore no rational relationship to what
was actually occurring. Id. p. 19.


None of these circumstances are
present here. The TCLP has not been
shown here to be underpredictive of
performance of treatment technology for
key hazardous constituents for any
wastes, much less, as in Columbia Falls,
to be drastically underpredictive (for
two constituents) for 100 % of the
wastes to which the test applied.
Moreover, the wastes affected by the
standard in today’s rule will not
uniformly be going to a single disposal
environment where actual leaching of
key constituents is shown to be higher
than the regulatory level. Rather, the
wastes will be decharacterized and so
can be disposed in any landfill:
municipal, subtitle D or subtitle C.
Given the enormous diversity of
characteristic wastes and the diversity
of likely disposal environments, the
TCLP will not pervasively underpredict
as was the case with spent potliners.
Unlike the situation in Columbia Falls,
therefore, there is no argument that
application of the TCLP to measure
treatment performance will fail to
minimize threats posed by these wastes’
land disposal.1


EPA also emphasizes that the LDR
treatment standards are technology-
based, not risk-based. A key role of the
TCLP in the treatment standard is to
measure whether the best demonstrated
treatment technology has been properly
applied to the waste. Thus, unlike the
situation when the test is used as a
means of identifying whether or not


wastes are hazardous, the TCLP is not
principally serving a predictive function
when it is used as a component of an
LDR treatment standard. The test is
normally a good measure of evaluating
the performance of treatment technology
both because it is a widely-available test
for metal mobility, and also because it
is typically somewhat aggressive
(Edison Electric, 2 F.3d at 445). Thus, it
is a useful tool for measuring whether
metal mobility has been substantially
reduced in order that threats posed by
land disposal be minimized (as required
by section 3004 (m)). In the Agency’s
view, therefore, questions as to the
validity of the TCLP as a component of
LDR treatment standards are raised only
under the extreme circumstances
present in Columbia Falls, where, for all
wastes and all disposal scenarios
affected by the standard, large
disparities between actual
environmental field results and the
treatment standard raise significant
questions as to whether treatment is
minimizing threats. These questions are
not present for the metal-containing
wastes here.


IV. Application of Land Disposal
Restrictions to Characteristic Mineral
Processing Wastes


Summary


EPA is today finalizing its proposal to
apply the Universal Treatment
Standards (UTS), as revised in part
today, to the newly identified
characteristic mineral processing
wastes. In earlier rules and a Report to
Congress, EPA has determined which
mineral processing wastes are not
excluded in the Bevill Amendment and
are thus considered ‘‘newly identified’’
wastes subject to RCRA regulations. (See
54 FR 36592, September 1, 1989; 55 FR
2322, January 23, 1990; and Report to
Congress on Special Wastes from
Mineral Processing, USEPA, July 31,
1990.) The treatment standards being
promulgated today are located in the
table ‘‘Treatment Standards for
Hazardous Wastes’’ at 268.40 in the
regulatory language for today’s rule. The
wastes are identified by characteristic
waste code (e.g. D002 corrosive waste,
or D008 TC lead waste); there is no
separate section in that table for
characteristic mineral processing
wastes.


A. Proposal, Comments, and Responses


In the original Phase IV, EPA
proposed to apply the metal UTS, as
measured by the TCLP (60 FR 43582,
August 22, 1995) to all TC metal wastes.
On January 25, 1996, EPA further
proposed to apply the existing UTS to


the newly identified mineral processing
wastes, i.e., mineral processing wastes
that exhibit a characteristic and do not
have Bevill status and are not excluded
from being a solid wastes due to
recycling. The Agency stated in this
proposal that existing data showed that
these ‘‘newly identified’’ mineral
processing wastes were similar to those
wastes for which the UTS was
achievable, and consequently the UTS
fairly reflected the performance of Best
Demonstrated Available Technology
(BDAT) for these wastes. (See 61 FR
2338 for a complete discussion of the
Agency’s rationale for extending the
UTS to both wastewater and
nonwastewater forms of ‘‘newly
identified’’ mineral processing wastes.)


Many commenters in response to this
proposal took issue with the Agency’s
conclusions that the existing data
demonstrated that the UTS was
achievable for the newly identified
mineral processing wastes and stated
that the record for the rulemaking
reflected no such showing. The
commenters further argued that to
develop representative treatment
standards for mineral processing wastes,
the Agency must: (1) Collect and
analyze a representative mineral
processing waste characterization and
treatability data set; (2) analyze that data
using well-reasoned and documented
methods for determining the treatability
of the subject wastes; (3) make a
determination as to whether the UTS or
some other LDR treatment standards are
appropriately applied to mineral
processing wastes; and (4) provide
notice and an opportunity to comment
on that determination prior to imposing
any LDR treatment standards on such
wastes. Several other commenters took
issue with the Agency’s use of only
HTMR data to develop the treatment
standards.


As a result of these comments and
others received in response to the
original Phase IV rule, the Agency
decided to further assess the treatment
of TC metal wastes and mineral
processing wastes. As previously
discussed in today’s preamble, the
Agency collected actual stabilization
performance data during three site visits
conducted in September 1997. In
particular, treatment data were collected
for the following primary mineral
processing wastes: cadmium sponge
residue, cupel and crucibles from fire
assay laboratories, slag from fire assay
laboratory, soil and debris contaminated
with sulfuric acid, blast furnace slag,
baghouse dust, lead/bromide residue,
and gold ore leach tailings. In addition,
treatment data from the following
secondary mineral processing wastes
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were also collected: lead slag waste,
lead-bearing assay laboratory wastes,
lead contaminated wastes, cupels, and
debris; blast furnace slag, lead recycling
by-products, lead contaminated soils,
and lead battery recycling slag waste.
Many of these wastes were particularly
difficult to treat due to high total and
leachable levels of metals, extreme Ph,
and presence of multiple hazardous
metal constituents.


As previously discussed in an earlier
section of today’s preamble, the Agency
assessed two data sets representing
performance of stabilization and HTMR
for the treatment of metal-containing
waste streams. This assessment began
with the calculation of treatment
standards for each of the two data sets.
Next, the Agency compared the
treatment levels for stabilization versus
HTMR. Based on this comparison, the
Agency selected the highest level for
each metal as the proposed UTS to
allow for process variability and
detection limit difficulties. As noted
earlier, this approach is consistent with
the legislative goal of providing
substantial treatment through standards
that are achievable by an array of well-
performing available treatment
technologies.


On May 12, 1997, the Agency issued
a Second Supplemental Proposal (62 FR
26041). In it, EPA proposed to change
the numerical limits for all
nonwastewater wastes containing the
following metal constituents: antimony,
arsenic, barium, beryllium, cadmium,
chromium, lead, mercury, nickel,
selenium, silver, thallium, vanadium,
and zinc. EPA also proposed these same
UTS treatment standards for TC metal
wastes identified as hazardous due to
the concentration of barium, cadmium,
chromium, lead, selenium, or silver.
Based on the data collection efforts, the
methodology used to develop these
revised standards, and the
preponderance of mineral processing
treatment data used to calculate the
standards, the Agency was convinced
that the transferability of the universal
treatment standards to mineral
processing wastes was well supported.


In response to these revised treatment
standards and their application to
mineral processing wastes, the Agency
received few comments. Several
commenters supported the Agency’s
decision to apply the LDR treatment
standards to mineral processing wastes.
A limited few, however, continued to
argue that EPA’s application of the LDR
program to mineral processing wastes
was not supported by the record. The
commenters’ position is
unsubstantiated, relying entirely upon
assertions that the standards are not


achievable. No data was submitted to
support the commenters’ position.
Conversely, the data in hand (some of
which reflect successful treatment of
hard-to-treat mineral processing wastes)
show that the treatment standards are
achievable using either stabilization or
HTMR for mineral processing wastes.
As a result, the Agency is today
finalizing the applicability of the
existing UTS to the newly identified
mineral processing wastes.


The reader is referred to an earlier
section of today’s preamble for a
complete discussion of treatment
standards for metal wastes being
promulgated today.


B. Clarification That Universal
Treatment Standards Apply to Ignitable,
Corrosive, and Reactive Characteristic
Mineral Processing Wastes


As discussed above, the treatment
standards promulgated in this rule will
apply to all the newly identified
characteristic wastes from mineral
processing operations. This includes not
only the mineral processing wastes
exhibiting the toxicity characteristic
(TC), but also wastes that exhibit the
characteristic of ignitability (D001);
corrosivity (D002); or reactivity (D003).
(See definitions of these characteristics
at 40 CFR 261.20 through 261.23.) The
treatment standards found in 40 CFR
268.40 require removal of the
characteristic as well as meeting the
treatment standards for all underlying
hazardous constituents (UHCs)
reasonably expected to be present at
levels above the UTS. The Agency
received no comment on this issue at
proposal (see 61 FR 2338, January 25,
1996). Therefore, the Agency has no
reason to believe that the UTS are not
achievable for mineral processing
wastes also exhibiting the characteristic
of ignitability, corrosivity and/or
reactivity. As such, the Agency is today
promulgating the application of UTS to
D001, D002, and D003 mineral
processing wastes.


C. Use of TCLP to Evaluate Performance
of Treatment Technology for Treating
Hazardous Metal Constituents in
Mineral Processing Wastes


Part of this rulemaking involves
consideration of what the appropriate
regulatory test is to determine if mineral
processing wastes exhibit the toxicity
characteristic. The Agency addresses
this issue in detail later in this preamble
when discussing retention of the TCLP
for this purpose. Here, we confirm that
the Agency will also continue to use the
TCLP as part of the LDR treatment
standard for these wastes. Although
commenters did not raise this issue, the


Agency feels that addressing it is
appropriate in light of the D.C. Circuit’s
recent decision in Columbia Falls
Aluminum Co. v. EPA (No. 96–1234,
April 3, 1998).


The critical component in making
waste identification determinations (i.e.,
to determine whether a waste should be
regulated) is ascertaining a plausible
mismanagement scenario for the waste
if unregulated, and finding a predictive
model that can reasonably evaluate
whether the waste is capable of posing
substantial present or potential harm to
human health and the environment
under those conditions. Edison Electric
Inst., 2 F. 3d at 444. This issue simply
does not arise in the LDR context since
the wastes subject to LDR are regulated
hazardous wastes, and the issue of
where and how they would have been
managed absent Subtitle C regulation is
irrelevant.


In the LDR context, all land disposal
(except that occurring in no-migration
units) is defined as being unprotective
(see, e.g. RCRA section 3004(d)(1)),
largely due to the ‘‘long-term
uncertainties associated with land
disposal’’ (id.). For this reason,
treatment standards reflecting
performance of Best Demonstrated
Available Technology provide an
objective means of removing as much of
this inherent ‘‘long-term uncertainty’’ as
possible, and so permissibly achieve the
ultimate requirement of minimizing
threats posed by land disposal of
hazardous wastes. HWTC III, 886 F. 2d
at 362–65; 55 FR at 6642 (Feb. 26, 1990).
The principal role of the TCLP in these
treatment standards is assuring the
performance levels achievable from use
of these best treatment technologies, not
predicting environmental fate in the
disposal environment.


As discussed earlier, the TCLP is
historically accepted as being well-
suited for evaluating performance of
treatment technology for metals given
its availability and general
aggressiveness for mobilizing metals.
Also, we note that since the TCLP serves
a different purpose in the LDR treatment
standards than it serves for identifying
wastes as hazardous, and since it is
well-suited for that purpose, there
would be no contradiction in using it as
part of the LDR standard even if a
different test were to be used
(presumably in the future) for waste
identification.


Nor does the Columbia Falls opinion
undercut use of the TCLP as a
component of treatment standards for
mineral processing wastes. As noted
earlier with respect to other toxic metal-
containing wastes, EPA does not view
Columbia Falls as requiring a change in
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use of the TCLP as part of the LDR
treatment standards. The TCLP has not
been shown generally to be
underpredictive of performance of
treatment technology for key hazardous
constituents for any wastes, much less,
as in Columbia Falls, to be drastically
underpredictive (for two constituents)
for 100% of the wastes to which the test
applied. For all mineral processing
wastes to which it was applied, the
TCLP test has not been shown to be
underpredictive either, and so would be
part of the mechanism for assuring that
treatment minimizes threats posed by
land disposal of these wastes. Moreover,
it should be noted that mineral
processing wastes can be and are treated
commercially, and the treatment
residues are then disposed along with
other wastes in different types of
disposal units. See, e.g. the document
entitled, ‘‘Background Documents
Supporting the Phase IV Final Rule:
Metal Treatment Standards’’ in the
RCRA Docket (commercial treatment
company treating mineral processing
wastes along with other metal-
containing wastes and disposing of
commingled treatment residues). These
units certainly can generate mildly
acidic leachate. 51 FR at 40594 (Nov. 7,
1986). Given these circumstances, the
TCLP is an appropriate part of a
standard which minimizes threats posed
by land disposal of these wastes.


V. Other LDR Issues That May Affect
Both Toxic Characteristic Metal Wastes
and Characteristic Mineral Processing
Wastes


A. Treatment Standards for Soil
Contaminated With TC Metal Wastes or
Characteristic Mineral Processing
Wastes


1. Summary


EPA has decided that the LDR
treatment standards (i.e., UTS) for
toxicity characteristic metals (D004–
D011) and newly identified mineral
processing wastes being promulgated in
today’s rulemaking will not apply to
soils contaminated with these
hazardous wastes. Instead, these
contaminated soils will be subject to the
treatment standards for soil originally
proposed in a separate rulemaking
entitled the Hazardous Waste
Identification Rule for Contaminated
Media (‘‘HWIR-Media’’) (61 FR 11804,
April 29, 1996). These treatment
standards are being finalized in a
separate section of today’s rule.
However, because of their impacts on
TC metal and mineral processing
wastes, a brief introductory discussion
is warranted at this point.


2. Discussion of Today’s Approach
In the Phase IV proposed rule (60 FR


43682, August 22, 1995), the Agency did
not specifically exempt soil
contaminated with TC metal wastes
from the newly proposed LDR
standards; thus, the UTS standards for
metals would have applied to TC metal
soils. In the Phase IV First
Supplemental Proposal (61 FR 2338,
January 25, 1996), the Agency proposed
applying existing universal treatment
standards to newly identified mineral
processing wastes, i.e., to mineral
processing wastes that exhibit a
characteristic, do not have Bevill status,
and are not excluded from being solid
wastes due to recycling. As a
consequence, soils contaminated with
these newly identified mineral
processing wastes would also have been
subject to UTS.


In today’s rule, the Agency is
finalizing alternative treatment
standards for contaminated soil
reproposed in the HWIR-Media
rulemaking. (See the section of this
preamble on treatment standards for
contaminated soil.) These treatment
standards for hazardous contaminated
soils are being finalized for all
hazardous wastes, including TC metal
and newly identified mineral processing
wastes.


B. LDR Treatment Standards for
Manufactured Gas Plant Waste (MGP)


1. Summary
Today, the Agency is promulgating


treatment standards for hazardous MGP
wastes and soils, i.e., wastes and
contaminated soils that resulted from
processing coal to produce gas and that
exhibit a characteristic of hazardous
waste. Typically these operations were
conducted at manufactured gas plants
until the 1950s, and wastes remain at
those closed MGP sites. MGP wastes are
among the mineral processing wastes
which the Agency determined in 1989
and 1990 to be subject to RCRA
jurisdiction because they are not
excluded from RCRA by the Bevill
Amendment. See 54 FR 36592
(September 1, 1989). Hence, they are a
subset of the newly identified mineral
processing wastes covered by the
prohibitions and treatment standards
promulgated in this rule.


On January 25, 1996, EPA proposed to
apply LDR treatment standards to MGP
wastes (61 FR 2360). MGP wastes are no
longer being produced, since
manufactured gas plants are no longer
in operation. The Agency notes that the
LDRs only apply at closed MGP sites
that are excavated and managed in a
way that constitutes placement in a land


disposal unit (See 61 FR 18805, April
29, 1996.) The LDRs would require that
actively managed MGP wastes be treated
to eliminate any characteristics and to
achieve the UTS for any underlying
hazardous constituents prior to land
disposal. Today’s rule finalizes the UTS
for MGP wastes that exhibit the toxicity
characteristic. However, for soils
contaminated with MGP wastes, EPA is
today promulgating treatment standards
specifically for hazardous soil. These
soil standards, generally, require
treatment to achieve 90 percent
reduction of hazardous constituent
levels, or 10 times the UTS levels. See
Section VII of this preamble.


Today’s rule does not alter the
Agency’s 1993 memorandum that
interpreted existing rules to say that the
ash that results from burning MGP
remediation wastes along with coal in
utility boilers remains covered by the
Bevill amendment and hence is not
regulated under Subtitle C rules. (See
memorandum, dated April 26, 1993,
entitled ‘‘Remediation of Historic
Manufactured Gas Plant Sites’’, from
Sylvia K. Lowrance, Director of the
Office of Solid Waste, to EPA Regional
Waste Management Division Directors.
The memorandum is located in the
RCRA docket for the Phase IV
Supplemental Proposal dated January
25, 1996; 61 FR 2338.) Such residuals
are considered to be covered by the
Bevill amendment because they result
primarily from the combustion of coal
(assuming, if the MGP remediation
wastes that are co-burned are hazardous,
the residues are not significantly
affected by burning the MGP wastes,
within the meaning of 40 CFR section
266.112).


2. Background


Manufactured gas plants were
designed to generate gas from coal. The
coal tar residuals generated from the
process remain at these historic MGP
sites. Many of these sites have soils
contaminated with these coal tar
residuals. The majority of these
contaminated soils will come from the
cleanup of historic MGP sites. A
significant portion of the soil is
nonhazardous, but approximately 15
percent of the soils fail the toxicity
characteristic leaching procedure test
for benzene. These toxicity
characteristic (TC) soils also typically
contain PAHs, heavy metals, inorganics,
volatile aromatics, and phenolics. At
certain closed MGP sites, there can be
non-soil hazardous wastes, e.g., coal tars
in tar holders, which may need to be
treated to UTS levels if they are actively
managed and land disposed.
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3. Public Comments and EPA Responses


Commenters expressed several major
concerns about the Phase IV proposal to
apply UTS to MGP wastes. First, they
urged the Agency to delay
implementing the soil standards until
the final HWIR-media rule becomes
effective. In addition, commenters
requested that EPA re-affirm the
Agency’s 1993 co-burning memorandum
for MGP wastes. Finally, commenters
urged the Agency to establish specified
treatment methods for those MGP
wastes that will not be managed
according to the Agency’s 1993 co-
burning memorandum, rather than
making the wastes subject to the UTS
concentration levels as proposed. One
commenter identified several methods
of management that could be specified:
‘‘recycling technologies including the
use of coal tar residuals to manufacture
asphalt, bricks, and cement; and
combustion technologies that include
utility boiler co-burning, incineration
and thermal desorption.’’ The
commenter stated that specified
methods would preserve flexibility for
managing MGP site remediations and
remove regulatory barriers to
expeditious site cleanups.


Regarding the commenter’s concern
about the coordination of Phase IV
standards and the HWIR-media rule, the
Agency is finalizing treatment standards
for hazardous contaminated soils in a
separate section of today’s rule. Also,
although the Agency did not reopen the
issue, the Agency confirms that the 1993
co-burning interpretation remains in
effect.


The Agency has studied carefully the
comment urging the Agency to specify
incorporation of MGP waste into
asphalt, bricks, or concrete as a
designated method of treatment, which
would have the effect of making wastes
so treated not subject to meeting
numerical treatment standards for
hazardous constituents. The recycling of
hazardous waste-contaminated soil in
asphalt, brick, or cement manufacturing
produces products that potentially
could be applied or placed on the land.
These recycling practices incorporate
the contaminated soils into the
products, and, thus, are considered to be
a ‘‘use constituting disposal’’ (see
section 261.2 (c) (1)). The use
constituting disposal practice (assuming
legitimate recycling is occurring) is
regulated per the provisions of 40 CFR
sections 266.20 through 266.23. This
issue is discussed in more detail in
section VII of the preamble.


At this time, the Agency does not
have adequate information on asphalt,
brick, or cement produced from MGP


hazardous waste to determine whether
these waste-derived products minimize
threats posed by land disposal of MGP
wastes. (See also response to USWAG
comment #00035 in ‘‘Phase IV Response
to Comments’’ in the docket to this
rule.) Until the Agency can further
study the issue, it is not designating
production of these materials from MGP
soils as a specified method of treatment.
Existing 266.23 (a) continues to apply.
And, as noted earlier, for MGP sites in
particular, the Bevill exclusion still
applies for MGP wastes co-burned in
coal-fired utility boilers.


EPA is aware that the regulated
community has requested various types
of flexibility from LDR treatment
standards in managing their site-specific
cleanup, remediation, and/or removal
activities of these wastes and
contaminated soils. With the possible
exception of use consituting disposal
scenarios, the Agency continues to
believe that more complete relief for
remediation wastes is needed,
particularly with respect to the land
disposal restrictions and is best
provided by targeted statutory change.
Thus, the Agency will continue to
participate in discussion of potential
legislative solutions on this important
issue.


Please refer to the Phase IV response
to comments document that is available
at the RCRA docket for responses to
other issues raised by commenters.


C. Treatment Standards for Debris
Contaminated With Phase IV wastes


The Agency is clarifying that debris
contaminated with TC metal or
characteristic mineral processing wastes
can be disposed if it meets the treatment
standards established in this rule, but
also can be disposed if it meets the
standards for debris set out at 40 CFR
268.45.


D. Treatment Standards for Radioactive
Mixed Waste


1. Background


Radioactive mixed wastes are wastes
which satisfy the definition of
radioactive waste subject to the Atomic
Energy Act (AEA) 10 CFR Part 61 and
also contain waste that is either listed as
a hazardous waste in Subpart D of 40
CFR Part 261, or that exhibits any of the
hazardous characteristics identified in
Subpart C of 40 CFR Part 261. Since the
hazardous portions of the mixed waste
are subject to RCRA, the land disposal
restrictions apply to the mixed waste.
Today’s rule promulgates revised
treatment standards for radioactive
wastes that are mixed with metal
characteristic wastes and do not


currently have a method of treatment
(i.e. HLVIT) specified as BDAT.


Treatment standards for radioactive
waste mixed with metal-bearing waste
were first promulgated in the Third
Third rule at 55 FR 22626 (June 1,
1990). That rule established a
subcategory of mixed wastes for a
specific high level wastestream at the
Savannah River site, for which a
specified method of treatment is
currently required. This method is
HLVIT (vitrification of high-level
radioactive waste) for radioactive high-
level wastes generated during the
reprocessing of fuel rods mixed with
characteristic metal wastes. This was
done because of the human health
hazards associated with sampling that
would be required if numerical
standards were applied. The Third
Third rule stated that all the
promulgated treatment standards in that
rule for RCRA listed and characteristic
wastes apply to the RCRA hazardous
portion of mixed radioactive (high-level,
TRU, and low-level) wastes, unless EPA
has specifically established a separate
treatability group for a specific category
of mixed waste. Thus, that rule required
that radioactive waste mixed with metal
characteristic waste would have to
comply with the LDR treatment
standard for the metal characteristic
waste, as well as any requirements set
forth by the NRC for the radioactive
component of the mixed waste.


Because today’s rule revises the
treatment standards for metal
characteristic wastes (i.e., revising
certain metal numeric treatment
standards, and applying UTS levels to
underlying hazardous constituents in
the characteristic waste), the treatment
standards for radioactive waste mixed
with metal characteristic waste that
were not specifically subcategorized in
the Third Third rule are also affected.
Today’s rule also revises treatment
standards for twelve metal constituents
in all wastes, including radioactive
mixed wastes. In conclusion, unless
specifically noted in Section 268, the
treatment standards promulgated today
apply to all mixed wastes.


2. Proposal and Issues Discussed by
Comments


In addition to revising metal
characteristic treatment standards that
apply to mixed waste, the Phase IV
proposal also discussed mixed
radioactive and characteristic metal
wastes which have been previously
stabilized to meet the LDR
requirements, and are now being stored
until disposal capacity becomes
available. The rule proposed to allow
this particular category of stabilized
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characteristic metal mixed wastes to
comply with the LDR metal standards
that were in effect at the time the waste
was stabilized. More simply, they would
require no further treatment to comply
with the newly promulgated TC metal
standards. The proposal stated that
mixed radioactive/characteristic metal
wastes that are stabilized after the
effective date of Phase IV would be
subject to the metal treatment standards
promulgated in the Phase IV
rulemaking.


The majority of commenters agreed
with this approach. The Agency
believes that requiring facilities to re-
treat the wastes could pose significant
threats to human health and the
environment (worker exposure,
environmental releases). Essentially,
requiring these wastes to meet the
newly promulgated treatment standards
could necessitate treaters opening
sealed drums of stabilized mixed waste,
grinding the stabilized material, and re-
treating to comply with the treatment
standards for the few constituents for
which EPA is lowering the standards.
One commenter wanted the exemption
to be broadened to include wastes that
were treated by methods other than
stabilization. Because the exposure
concerns of re-treating the previously
stabilized waste primarily center around
the idea of first grinding up the
stabilized material to retreat it and the
potential added radiological exposures
attendant thereto, the broadening of this
exemption without more specific
information is not warranted at this
point. Of course, if any wastes already
meet the applicable treatment standards,
for example macroencapsulation, then
there is no need to initiate further
treatment. It is important to emphasize
that the Agency does not want any more
handling of this material than is
necessary, and we will entertain site-
specific treatment variances to ensure
that the appropriate balance is struck to
ensure minimization of threats.


As noted, the majority of commenters
agreed that hazards from added worker
radiation exposure associated with re-
treatment (i.e., opening drums, grinding
already treated masses of mixed waste)
would probably offset any gain in
protection of human health and the
environment resulting from compliance
with the new metal treatment standards
proposed in Phase IV. It was pointed out
by one commenter that this is consistent
with the Storage Prohibition (40 CFR
268.50(e) ), where wastes that have met
the applicable treatment standards are
excluded from the storage prohibition.
In addition, one commenter stated that
these wastes have been treated to meet
the LDR standards in place at the time


of treatment, and the only reason they
have not already been land disposed is
that capacity has not been available. The
one commenter who disagreed with the
proposal stated that neither retreatment
nor an exemption from the new
standards are reasonable options, but
prefers retreatment. The commenter did
not provide support, and the Agency is
not persuaded that retreatment is
environmentally preferable. Thus, the
Agency is promulgating the exemption
as proposed. In response to comments,
EPA is also indicating that the same
principle applies with regard to listed
wastes stabilized to meet a previous
treatment standard, which standard is
affected by this rule because the metal
UTS have changed. Again, retreating
these wastes would likely create new
threats, not minimize them.


One DOE facility requested that the
Agency clarify whether a waste required
to be treated by a specific technology
(i.e., HLVIT) would be required to be
further treated for any UHCs present in
the waste above UTS levels. The Agency
is not imposing additional treatment
requirements on those wastes for which
a method of treatment (HLVIT) is
specified.


Four facilities are concerned that
uranium mills tailings will not remain
exempt under RCRA. These wastes are
by-product materials from uranium
mining (i.e., waste acids from solvent
extractions, barren lixiviants, slimes
from solvent extraction and waste
solvents generated in the beneficiation
process during the extraction of
uranium ore) and, therefore, are
excluded from the treatment standards
being promulgated today for TC metal
wastes. With respect to the radioactive
mineral processing wastes, RCRA
Section 1004 (27) as codified in 40 CFR
261.4(a)(4) states that ‘‘...source, special
nuclear or by-product material as
defined by the Atomic Energy Act of
1954 as amended, 42 U.S.C. 2100 et
seq...’’ are not solid wastes. Therefore,
such excluded materials are not subject
to this rule. However, all other wastes
not excluded under 40 CFR 261.4 are
subject to today’s rulemaking (assuming
the waste is otherwise subject to today’s
rule).


Therefore, the Agency is today
finalizing as proposed numerical
treatment standards for radioactive
waste mixed with metal-bearing
characteristic waste for which no
method of treatment has been
established as the treatment standard.


E. Underlying Hazardous Constituents
in TC Metal Wastes and Characteristic
Mineral Processing Wastes


Summary: As with other
characteristic wastes, TC metal wastes
(D004—D011) and newly identified
mineral processing wastes cannot be
land disposed until the characteristic is
removed and any underlying hazardous
constituents (UHCs) are below universal
treatment standards.


1. Background


In 1993, EPA began requiring that, in
addition to removing the characteristic
in the characteristic wastes, treatment
must ensure that UHCs are below their
UTS levels. (58 FR 29860; see also 59 FR
47982. See also Chemical Waste
Management v. EPA, 976 F. 2d at 13–
14, 16–18 (treatment standards may be
lower than the level at which waste is
identified as hazardous, and underlying
hazardous constituents must be treated
to minimize threats posed by land
disposal)). UHCs are any constituents in
40 CFR 268.48 that are reasonably
expected to be present at levels above
the UTS at the point of generation of the
characteristic waste. See 40 CFR
268.2(i). EPA’s review of the treatment
data on TC metal and mineral
processing wastes shows that these
wastes often contain underlying
hazardous constituents, and that UTS
are achievable for the UHCs.


2. Discussion of Today’s Approach


In the August 22, 1995 Phase IV
proposed rule, EPA proposed to apply
treatment standards to all TC metal
wastes, and on January 25, 1996, EPA
further proposed the same for
characteristic mineral processing
wastes. See 60 FR 43654 and 61 FR
2338. Furthermore, EPA proposed that
when the new treatment standards were
promulgated, all of those newly
identified wastes would have to be
treated not only to meet the proposed
treatment standards, but also to meet
treatment standards for any UHCs
reasonably expected to be present (at
levels above UTS) in those wastes at the
wastes’ point of generation. See 60 FR
43654.


One commenter disagreed with the
Agency’s proposal, stating that the TC
metal wastes that also contain organic
UHCs would have to be treated by
combustion technologies to achieve the
organic UTS levels. The Agency
disagrees. The organic UTS levels were
based on the performance of combustion
as well as other removal and destruction
technologies. These other removal and
destruction technologies can be used to
treat organic UHCs to UTS levels in TC
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metal wastes. Thus, pretreatment of the
waste can be used to achieve the organic
UTS levels. In addition, the commenter
believed there would be difficulties in
stabilizing incinerator ash to meet the
finalized UTS levels for the metals. The
Agency does not agree. In determining
the UTS numbers for each metal, the
wastes with the most difficult to treat
metal constituents were treated by
HTMR and stabilization technologies.
The higher value between the two
technologies was selected as the
treatment standard. Thus, treatment
using either HTMR or stabilization is
expected to achieve the final metal UTS
levels. It should be noted that selenium
is not being regarded as a UHC since its
treatment standard is above its
characteristic level. Thus, a selenium
characteristic waste will always be
hazardous unless the selenium
concentration is below the characteristic
level of 1 mg/L TCLP. Fluoride,
vanadium, and zinc are other metals not
considered UHCs in characteristic
wastes because these three metals are
not on the Hazardous Constituents
Table, 40 CFR 261 Appendix VIII (i.e.,
they are not ‘‘hazardous constituents’’).
(See Background Document for Phase IV
Second Supplemental Proposed Rule.)


VI. Issues Relating to Newly-Identified
Mineral Processing Wastes


As explained above, EPA considers
mineral processing hazardous wastes to
be newly identified or listed for
purposes of determining when LDR
prohibitions apply, since their status as
hazardous wastes was not established
until after 1984. Today’s rule establishes
prohibitions and treatment standards for
these wastes, pursuant to RCRA section
3004(g)(4).


However, there are a series of
important threshold issues in
determining what these prohibitions
and treatment standards apply to,
generally involving the issues of
whether primary mineral processing
secondary materials are solid and
hazardous wastes. There are three main
issues. A fundamental first issue is
whether, if a mineral processing
secondary material (which would
otherwise be a hazardous waste) is
recycled within the mineral processing
industry sector, it is a solid waste. Of
particular importance in assessing
applicability of the LDR program, is a
second issue: whether there is land
placement of the mineral processing
secondary material before recycling, or
during the recycling process. If the
material is a waste, a third issue is
relevant: is the waste a beneficiation/
extraction waste or one of 20 mineral
processing wastes that are excluded


from subtitle C regulation under the
Bevill exclusion (see RCRA 3001
(b)(3)(A)(ii)).


In this rulemaking, EPA also is
addressing certain sub-issues that are
related to determining whether a
particular mining waste is subject to the
Bevill exclusion, including whether a
waste is ‘‘uniquely associated’’ with
mining, how the introduction of non-
exempt, mineral processing feedstocks
into a Bevill process may affect the
Bevill status of the waste generated from
the process, and how the mixture of
Bevill wastes with other hazardous
wastes affects the Bevill status of the
resulting wastes when disposed.


As stated in the January 1996
proposal, EPA is not reopening in any
respect the Bevill determinations
previously made by the Agency,
including the Agency’s articulation in
1989 of the functional distinctions
between beneficiation and mineral
processing. See 61 Fed. Reg. 2354. Some
commenters misinterpreted EPA’s
statements in the proposal generally
describing the beneficiation/processing
distinction as somehow reinterpreting
the scope of the Bevill amendment. That
discussion was intended, however,
merely to restate principles articulated
by EPA in 1989 (see 54 Fed. Reg.
36619), not to reopen in any way the
distinctions as articulated previously by
the Agency. Whether a particular waste
is from beneficiation or mineral
processing will continue to be
determined based on 40 CFR 261.4(b)(7)
and criteria articulated by EPA in the
1989 preamble.


The following sections of the
preamble discuss these threshold issues.


A. Introduction
In July of 1988, the U.S. Court of


Appeals, for the D.C. Circuit in
Environmental Defense Fund v. EPA
(EDF II), 852 F.2d 1316 (D.C. Cir. 1988),
cert. denied, 489 U.S. 1011(1989),
ordered EPA to restrict the scope of the
Bevill mining waste exclusion, as it
applied to mineral processing wastes, to
include only ‘‘large volume, low
hazard’’ wastes. In response, the Agency
promulgated several rules that
delineated the scope of the Bevill
exemption for extraction/beneficiation
and mineral processing wastes. In these
rulemakings, the Agency applied high-
volume/low toxicity criteria for
determining whether a particular waste
was subject to the Bevill exemption. The
Agency also described the general
characteristics that would distinguish
extraction/beneficiation wastes from
mineral processing wastes. The rules
also evaluated which specific mineral
processing wastes were in conformance


with these high volume/low toxicity
criteria and thus were eligible for the
exclusion provided by RCRA
3001(b)(3)(A)(ii) (the ‘‘Bevill
exclusion’’).


These rules were promulgated on
September 1, 1989 (54 FR 36592) and on
January 23, 1990 (55 FR 2322). EPA was
required to prepare a Report to Congress
which further studied mineral
processing wastes identified in the 1990
rule to determine their regulatory status
under the Bevill exclusion. This report
was issued on July 31, 1990 (Report to
Congress on Wastes from Mineral
Processing). EPA fully considered
information from, and comments on, the
Report to Congress in a regulatory
determination published on June 13,
1991(56 FR 27300). The list of Bevill
exempt activities and wastes is set out
at 40 CFR 261.4(b)(7).


Many mineral processing wastes that
EPA determined did not fall within the
Bevill exclusion as a result of the 1991
rule appear to exhibit the toxicity
characteristic due to metal content
(D004–D011), and also exhibit
corrosivity (D002), and/or reactivity
(D003). For purposes of LDR
applicability, these wastes are ‘‘newly
identified’’ because they were brought
into the RCRA Subtitle C system after
the date of enactment of the Hazardous
and Solid Waste Act Amendments on
November 8, 1984. (See 55 FR at 22667
(June 1, 1990). Hence, their land
disposal has not been prohibited until
today’s rule.


The Agency is currently required by
a court approved consent decree (EDF v.
Browner, No. 89–0598 (D.D.C.)) to
promulgate LDR restrictions for
characteristic and listed mineral
processing wastes, and metal wastes
hazardous under the revised toxicity
characteristic, by April 15, 1998. On
April 14, 1998, EPA filed an unopposed
motion requesting the Court to extend
the deadline to April 30, 1998 to
establish Land Disposal Restrictions for
newly identified mineral processing
wastes by April, 1998. The legal
obligation to establish prohibitions on
land disposal and treatment standards
for newly identified mineral processing
wastes is established by statute. RCRA
section 3004(g)(4).


B. Overview of Today’s Rule


1. Issues Related to Which Mineral
Processing Secondary Materials are
Subject to LDRs


As noted above, a threshold question
when considering whether wastes are
prohibited from land disposal is
whether the mineral processing
secondary materials are ‘‘solid wastes’’







28578 Federal Register / Vol. 63, No. 100 / Tuesday, May 26, 1998 / Rules and Regulations


under RCRA. The issue is of importance
with respect to land disposal
prohibitions for the mineral processing
industry because this industry recycles
mineral processing secondary materials
that exhibit hazardous waste
characteristics, and sometimes uses
land-based units—piles and
impoundments—to store these materials
before recycling. Thus, there is an issue
as to whether such materials are solid
wastes subject to the land disposal
prohibition (as well as to the rest of
Subtitle C). The Agency issued two
proposals (61 FR 2338, January 25,
1996, and 62 FR 26041, May 12, 1997)
which discussed potential RCRA
jurisdiction over secondary materials
from mineral processing that are
reclaimed within the industry sector
and sought comment on a proposed
conditional exclusion from the
definition of solid waste.


We now further summarize how
today’s rule deals with issues raised by
whether and when mineral processing
secondary materials, when placed in
land-based storage units, are subject to
the LDR standards and other Subtitle C
controls. The rationale for the Agency’s
decisions are described below.


To be a hazardous waste, a material
must first be a solid waste. RCRA
section 1004 (5). To be a ‘‘solid waste’’
a material must in some sense be
‘‘discarded.’’ RCRA section 1004 (27). A
material is not ‘‘discarded’’ if it is
‘‘destined for immediate reuse in
another phase of the industry’s ongoing
production process and [has] not yet
become part of the waste disposal
problem.’’ American Mining Congress v.
EPA, 907 F. 2d 1179, 1186 (D.C. Cir.
1990).


This rule amends the current RCRA
rules (existing 40 CFR 261.2(c)(3))
defining which ‘‘secondary materials’’—
sludges, by-products and spent
materials—being generated by and
reclaimed by mineral processing or
beneficiation facilities are solid wastes.
The rule does so by creating a
conditional exclusion to the regulatory
definition of solid waste, so that:


(a) Mineral processing secondary
materials may not be stored on the land
before they are reclaimed. The rule
provides a partial exception to this
principle: if the pile is placed on a pad
which has been approved as protective
by an EPA Region or a State with an
authorized program, the pile would not
be considered to be storing solid or
hazardous waste, and so would be
outside RCRA jurisdiction. Thus, if
storage is used prior to reentry into a
mineral processing reclamation process,
to be excluded, all mineral processing
secondary materials must be placed in


tanks, containers, buildings, or
approved piles resting on pads;


(b) Mineral processing secondary
materials must be legitimately recycled
to recover metal, acid, cyanide, water, or
other values:


(c) Mineral processing secondary
materials cannot be accumulated
speculatively; and


(d) Facilities utilizing this conditional
exclusion must submit a one-time
notification of their recycling activities
to EPA or the authorized State
describing: the materials being recycled
and the processes into which they are
recycled; where storage units are located
and their design. Facilities must update
the notification if their recycling
activities change.


EPA is thus essentially disclaiming
authority over mineral processing
secondary materials that are reclaimed
within the mineral processing or
mining/beneficiation industry sector, so
long as there is no land-based storage
preceding reclamation. Further,
potential jurisdiction affects only
storage. EPA is not asserting authority
over any mineral processing production
unit, even if the unit is land-based.


2. Issues Related to Whether Materials
are Within the Scope of the Bevill
Exclusion


a. Use of Non-Bevill Materials as
Feedstocks to Operations Whose Waste
is Bevill Exempt. Today’s rule also
allows secondary materials from
mineral processing to be co-processed
with normal raw materials in
beneficiation operations which generate
Bevill exempt wastes, without changing
the exempt status of the resulting Bevill
waste, provided that legitimate recovery
of the mineral processing secondary
material is occurring, and provided that
primary ores and minerals account for at
least 50 percent of the feedstock. The
Agency voiced concern at proposal that
the addition of mineral processing
secondary materials into a Bevill
exempt extraction/beneficiation process
could have the potential to increase the
risk of the resulting wastes. The Agency
proposed adding a condition—the use of
a significantly affected test (similar to
the existing test used in the Burning in
Industrial Furnaces (BIF) Rule (see 40
CFR 266.112))—as a means of assuring
that resultant Bevill wastes were not
adversely impacted by co-processing.
EPA also considered simply limiting
eligibility for Bevill status to situations
where Bevill raw materials comprised
the sole feedstock to the process.


After considering public comments,
the Agency has decided to adopt the
general approach proposed in January
1996, with one change. The Agency now


does not believe that the use of the
‘‘significantly affected’’ test would
appreciably reduce risks posed by the
resulting wastes, and the Agency is
concerned that it would severely disrupt
legitimate recycling practices within
beneficiation and mineral processing
industries. Even in situations where a
constituent may increase due to
recycling, the increase may not be
environmentally significant, may be
balanced by the lowering of other
constituents, or may be off-set by having
to dispose of the material and utilize
additional raw material feedstocks.


b. Uniquely Associated. The Bevill
exclusion for the primary metal sector is
limited to extraction/beneficiation
wastes and 20 mineral processing
wastes. Under Section 3001(b)(3)(A)(ii)
of RCRA, the Bevill exclusion is
available for ‘‘solid waste from the
extraction, beneficiation and processing
of ores and minerals.’’ Under the
Agency’s longstanding interpretation, a
waste must be ‘‘uniquely associated’’
with mining and processing of ores and
minerals to be subject to the Bevill
exclusion. The Agency currently uses a
qualitative approach (see 45 FR 76619
and 54 FR 36623) to determine if a
waste is uniquely associated. Because of
public interest in how the Agency
makes these determinations, the Agency
sought comment on alternative
approaches for making ‘‘uniquely
associated’’ determinations.


The Agency is retaining and clarifying
in this rule its use of its qualitative
approach. The Agency recognizes that
determining whether a particular waste
is uniquely associated with extraction,
beneficiation, and processing involves
an evaluation of the specific facts of
each case. While the Agency discussed,
in the May 1997 proposal, several
options that would establish a bright
line for making this determination, the
Agency is concerned that any of these
tests could potentially be either over- or
under-inclusive of the wastes that, in
EPA’s view, are best viewed as uniquely
associated.


In the Agency’s view the following
qualitative criteria should be used to
make such determinations on a case-by-
case basis:


(1) Any waste from ancillary
operations are not ‘‘uniquely
associated’’ because they are not
properly viewed as being ‘‘from’’ mining
or mineral processing.


(2) In evaluating wastes from non-
ancillary operations, one must consider
the extent to which the waste originates
or derives from processes that serve to
remove mineral values from the ground,
concentrate or otherwise enhance their
characteristics to remove impurities,
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and the extent to which the mineral
recovery process imparts its chemical
characteristics to the waste.


c. Bevill Mixtures. EPA first addressed
mixing of hazardous wastes with Bevill
wastes in 1989 (see 54 FR 36622–23).
That rule provided that mixtures of
Bevill wastes and listed wastes would
be considered a hazardous waste unless
and until the mixture was delisted. A
mixture of Bevill waste and non-
excluded characteristic hazardous
waste, however, would be considered
hazardous if it exhibited a characteristic
of the non-excluded waste, but not if it
exhibited a characteristic imparted to it
by the Bevill waste. As explained in the
proposal, this Bevill mixture rule was
remanded to the Agency in Solite Corp
v. EPA, 952 F.2d 472, 493–94 (D.C. Cir.
1991), and an emergency reinstatement
of that rule was vacated on procedural
grounds in Mobil Oil v. EPA, 35 F.3d
579 (D.C. Cir. 1994). Today EPA is
reinstating the 1989 Bevill mixture rule.
Under this 1989 rule, a mixture of a
Bevill-exempt waste and a characteristic
hazardous waste (or a waste listed solely
because it exhibits a hazardous
characteristic) is a hazardous waste if it
continues to exhibit the characteristic of
the non-excluded waste. Mixtures of
Bevill wastes and other listed wastes are
hazardous wastes unless and until
delisted. In addition, the act of mixing
Bevill and and non-Bevill wastes is
subject to all normal Subtitle C
consequences (i.e., requires a permit if
it constitutes treatment, storage of
disposal of hazardous wastes). EPA is
adopting this approach because it
preserves the Bevill exclusion for
mixtures that are characteristically
hazardous due to Bevill wastes, but
nonetheless ensures that the Bevill
Amendment is not used to allow Bevill
wastes to shield/immunize non-Bevill
hazardous wastes from regulatory
controls that would otherwise apply to
those wastes.


d. Response to Court Remands
Dealing with Other Issues Relating to
Mineral Processing and to Scope of
Bevill Exclusion. (i) Toxicity
Characteristic Leaching Procedure
(TCLP) The applicability of the TCLP
test to mineral processing wastes was
challenged in Edison Electric Institute v.
EPA, 2 F.3d 438 (D.C. Cir. 1993). In that
case the Court held that the Agency
must provide at least some factual
support that the mismanagement
scenario assumed in developing the
TCLP is plausible when applied to
mineral processing wastes or,
alternatively, that mining wastes are
exposed to conditions similar to those
simulated by the TCLP, namely ‘‘contact
with some form of acidic leaching


media’’. 2 F. 3d at 447. EPA prepared a
technical background document in
support of the January, 1996 proposal,
which presented data on this issue. This
report concluded that mineral
processing wastes had in the past been
co-disposed with municipal wastes, and
due to the location of mineral
processing plants near large urban areas,
it was plausible that these wastes could
be mismanaged with municipal wastes.
EPA also solicited information from the
public that would help the Agency
evaluate industry comments that the
Synthetic Precipitation Leaching
Procedure (SPLP) would provide a more
accurate measure of how mineral
processing wastes behave in the
environment. EPA received extremely
limited data from the public on this
issue.


EPA has concluded, based on the
information available to the Agency and
review of public comments, that co-
disposal of mineral processing wastes
with municipal wastes is a plausible
mismanagement scenario and that,
therefore, application of the TCLP to
these wastes continues to be
appropriate. Moreover, comments from
industry during the rulemaking stated
that certain facilities co-manage mineral
processing wastes with extraction and
beneficiation wastes. Given the well-
documented, acidic nature of some
extraction and beneficiation wastes,
mineral processing wastes disposed of
in this manner may be subject to the
kinds of low pH conditions that are
reflected in the TCLP. For this
additional reason, EPA finds that, under
the plausible mismanagement standard
articulated in Edison Electric,
application of the TCLP to mineral
processing wastes is appropriate in light
of the information at the Agency’s
disposal. While the Agency has received
comments seeking to compare the TCLP
and the SPLP, the Agency has
concluded, for reasons discussed later
in this preamble, that this information is
not sufficient to support adopting the
SPLP as the appropriate test for mineral
processing wastes at this time.


The Agency recognizes that the
methodology underlying the TCLP may
not reflect the variety of conditions
under which some types of mineral
processing wastes are disposed. As a
result, the Agency will undertake, and
within three to five years, conclude a
review of the appropriateness of using
the TCLP and other leaching protocols
in this and other contexts.


(ii) Listed Hazardous Wastes. In
American Mining Congress v. EPA, 907
F.2d 1179 (D.C. Cir. 1990), the Court
found that the Agency’s record
regarding the listings of five waste


streams (K064, K065, K066, K090, K091)
did not adequately address certain
issues raised in comments. EPA
indicated its intent not to list these five
waste streams in the January, 1996
proposal and placed a technical
background document in the docket
enumerating the reasons for those
decisions. Many of these wastes are
either no longer generated, or managed
in a fashion not warranting listing. EPA
did not receive any comments
challenging those proposed decisions.
Therefore, in this rule, EPA is not listing
these five smelting wastes as hazardous
wastes. Instead, EPA will rely on the
RCRA hazardous waste characteristics
to identify those portions of the wastes
requiring management as hazardous
wastes.


(iii) Titanium Tetrachloride. In 1989,
EPA determined that wastes from the
production of titanium tetrachloride
were mineral processing wastes. DuPont
challenged this decision, and the Court
remanded EPA’s decision for further
consideration on grounds that the
Agency’s decision was unclear (see
Solite Corporation v. EPA, 952 F.2d at
494–95 (D.C. Cir. 1991)). EPA
reevaluated data on wastes from the
production of titanium tetrachloride,
and placed results of this reevaluation
in the docket in support of the January
1996 proposal. EPA also has met with
representatives of DuPont to discuss
their process further. Based on the
Agency’s reevaluation of this issue,
EPA, in this rule, concludes that iron
chloride waste acid generated from the
chloride-ilmenite process of titanium
tetrachloride production should be
classified as a mineral processing waste.
The Agency has reached this decision
because this process significantly affects
the physical/chemical structure of the
raw feedstock through chlorination and
this reaction creates new chemicals
(iron chloride and titanium
tetrachloride gases). This meets the
definition of mineral processing rather
than beneficiation.


(iv) Air Pollution Control Dust and
Sludges Generated From Lightweight
Aggregate Production. Finally, since
1995, the Agency has conducted
reviews of air pollution control dust and
sludges generated from lightweight
aggregate production, and has met with
representatives of this industry sector.
The Agency also has issued a Report to
Congress and a regulatory determination
on Cement Kiln Dust (CKD) (59 FR at
709, January 6, 1994 and 60 FR at 7366,
February 7, 1995). EPA has found that
some aggregate kilns and cement kilns
use hazardous waste fuels to fire their
units. Both types of facilities generate
dusts which may be either reintroduced
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2The other cases which have similarly stressed
this narrow reading of AMC I are American
Petroleum Inst. v. EPA, 906 F. 2d 726, 741 (D.C. Cir.
1990); Shell Oil v. EPA, 950 F. 2d 741, 755–56 (D.C.
Cir. 1991); Chemical Waste Management v. EPA,
976 F. 2d 2, 14 (D.C. Cir. 1992); United States v.
Ilco, Inc., 996 F. 2d 1126, 1131 (5th Cir. 1993); and
Owen Electric Steel Co. v. Browner. 37 F. 3d 146,
149–50 (4th Cir. 1994).


into the kiln or blended into the final
product. While these dusts rarely
exhibit any of the RCRA hazardous
waste characteristics, the resultant
product could be classified as hazardous
waste due to the ‘‘derived from’’ rule if
listed hazardous wastes are combusted.
The Agency is seeking a way to
encourage the legitimate and
environmentally sound reuse of dusts,
from both cement and lightweight
aggregate manufacture. In an effort to
develop a consistent regulatory
approach, EPA, therefore, has decided
to defer any decision on the Bevill
status of air pollution control dust and
sludges generated from lightweight
aggregate production until evaluation of
issues related to CKD and lightweight
aggregate dust handling, use, and
disposal can be completed.


e. Reexamination of Bevill Exempt
Wastes. The May 12 proposal sought
general comment on whether a
reexamination of some Bevill waste is
warranted given that additional risk
assessment techniques and additional
information are available since making
the 1986 Bevill regulatory determination
(51 FR at 24496, July 3, 1986) on mining
and the 1991 Bevill regulatory
determination on mineral processing (56
FR 27300, June 13, 1991). EPA
presented information from Superfund
sites and other sources which indicate
that some Bevill wastes continue to
cause environmental damage (see
environmental damage and risk
technical background documents placed
in the January 1996, and April, 1997
dockets). The Agency also posed the
question of whether some waste streams
require additional study or regulatory
controls. Today’s rule is not making any
changes to the status of Bevill exempt
extraction and beneficiation wastes or
the 20 exempt mineral processing
wastes.


C. Analysis of and Response to Public
Comments


1. Jurisdiction
a. EPA Authority to Regulate Mineral


Processing Secondary Materials
Reclaimed Within the Industry. Many
industry commenters maintained that
EPA lacks jurisdiction over mineral
processing secondary materials
reclaimed within the industry because
such materials cannot be ‘‘solid wastes.’’
The argument is straight-forward: a
solid waste regulated under RCRA must
be a ‘‘discarded material,’’ RCRA section
1004 (27), and these materials are not
discarded. The comments suggest that,
under the case law, (in particular
American Mining Congress v. EPA, 824
F. 2d 1177 (D.C. Cir. 1987) (‘‘AMC I’’)),


these materials are part of an on-going
production process within the
generating industry, and so cannot be
‘‘discarded.’’


EPA disagrees that there is an
absolute jurisdictional barrier to
regulating any management of mineral
processing secondary materials which
are reclaimed within the industry.
Although the AMC I court found that, in
some respects EPA’s 1985 rules
exceeded the statutory grant of
authority, subsequent judicial opinions
have sharply limited the scope of AMC
I. The only absolute bar on the Agency’s
authority to define recycled mineral
processing secondary materials as solid
wastes is for ‘‘materials that are
‘destined for immediate reuse in another
phase of the industry’s ongoing
production process’ and that ‘have not
yet become part of the waste disposal
problem.’’’ American Mining Congress
v. EPA, 907 F. 2d 1179, 1186 (D.C. Cir.
1990) (‘‘AMC II’’) quoting AMC I, 824 F.
2d at 1186.2) The case law likewise
makes clear that ‘‘discarded’’ is an
ambiguous term, within EPA’s
discretion to interpret, consistent with
RCRA’s overall goals and purposes.
AMC II, 907 F.2d at 1179; American
Petroleum Inst. v. EPA, 906 F.2d 726,
741(D.C. Cir. 1990).


Applying this test, today’s rule states
that any mineral processing secondary
materials which are being reclaimed
immediately within the mineral
processing industry (or within
beneficiation) are not a solid waste.
However, as explained below, EPA does
not view mineral processing secondary
materials which have been removed
from a production process for storage as
being ‘‘immediately reused,’’ and so
such materials are not automatically
excluded from jurisdiction. EPA
reiterates that there is a jurisdictional
bar against regulating the actual
production process (see Steel
Manufacturers Association v. EPA, 27
F.3d 642, 647 (D.C. Cir. 1994); EPA also
interprets the holding of AMC I to
mandate this result), so today’s rule
does not assert authority over mineral
processing production units. However,
if production units are also used to
dispose of hazardous wastes, those units
are subject to RCRA Subtitle C.


With respect to mineral processing
secondary materials which are stored


before being reclaimed at mineral
processing or beneficiation facilities—
i.e. that are not being immediately
reused—the Agency has established a
conditional exclusion from the
definition of solid waste, the conditions
being designed to assure that
management of these materials are not
‘‘part of the waste disposal problem.’’
The main condition is that mineral
processing secondary materials not be
stored on the land (except for storage on
approved pads) and not be stored in
disposal units.


In considering the question of scope
of jurisdiction, it is useful to remember
that this rule applies to a continuum of
potential recovery practices. At the one
end of the continuum, where EPA’s
authority is most certain, would be the
situation where mineral processing
company A sends its secondary
materials to unrelated mineral
processing company B processing a
different metal than company A. The
case law indicates that EPA retains
discretion to classify the material as a
solid waste. API, 906 F.2d at 741
(transfer of steel industry dust to a metal
reclaimer processing exclusively steel
industry secondary materials can
involve a RCRA solid waste). It should
be remembered that EPA views
‘‘mineral processing’’ broadly in this
rule to include all primary mineral
processing sectors (see, e.g., the
Agency’s 1996 Identification and
Description of Mineral Processing
Sectors and Waste Streams). This
document identified 41 different sectors
involved in primary mineral processing.
Primary mineral processing involves
changing the physical and chemical
structure of ores and minerals. For
example, mineral processing includes
the production of steel and the
production of gold. These sectors
generate very different types of wastes
and recycle them under different
conditions. Thus, the API principle of
no absolute jurisdictional bar applies.


Points further in on the continuum
would be if companies A and B process
the same metal but are unrelated
companies (also potentially within the
API framework), and where companies
A and B are under common ownership
but not at the same site. The point on
the continuum closest to on-going
production is where secondary
materials are reclaimed at the generating
site, but where the process is non-
continuous due to storage of materials.
Immediate recovery on-site without
storage would then mark the other end
of the continuum, and would illustrate
when materials are immediately reused
within a continuous process, and so
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3 The Agency indicated in its January 1996
proposal that some lower value mineral processing
secondary materials are from ancillary production
operations and that those materials were often
placed in land-based storage units. 61 FR at 2340.
Industry comments challenged this discussion as
over broad and misplaced. Upon review, the
Agency acknowledges that mineral processing
facilities generate a wide range of secondary
materials, which also have a wide range of values
to the facility owner.


absolutely outside Subtitle C
jurisdiction.3


EPA believes that it has discretion to
consider whether any of these situations
short of immediate reuse involve solid
wastes, this discretion being limited by
the second part of the Court’s
articulated test: is the non-continuous
management of the mineral processing
secondary materials part of the waste
disposal problem. Thus, EPA in today’s
rule has focused on the storage of these
materials. The leading authority for this
approach is AMC II, where the Court
found that secondary materials
generated and reclaimed on-site could
be classified as solid wastes because
they were stored in surface
impoundments. 907 F. 2d at 1186. The
case involved a single plant which
stored its secondary materials
—sludges—in an impoundment before
reclaiming all of the accumulated
sludges in its own smelting process. 50
FR at 40292, 40296 (October 1985).
Several comenters argued that AMC II
involved only specutlative
accumulation. This is not the case. The
wastes generated in the impoundment
were actually recycled 100 percent, not
stored with expectation of recycling. 50
FR at 40292, 40296; Brief of Petitioner
Amercian Mining Congress in AMC II
(filed March 30, 1990) pp. 18, 29. The
Court nonetheless held that the sludges
were discarded, stressing the special
sensitivity in RCRA to land-based units
such as surface impoundments, and
explaining how storage of secondary
materials in such units can be part of
the waste disposal problem (907 F. 2d
at 1186–87). Thus, EPA believes that
mineral processing secondary materials
stored on the land are discarded.


Land-based storage of mineral
processing sludges, spent materials, and
by-products can be viewed by EPA as
being part of the waste disposal
problem. There is no dispute that a
considerable amount of mineral
processing secondary materials contain
hazardous constituents that can threaten
human health and the environment (see
U.S. EPA, Office of Solid Waste, Human
Health and Environmental Damages
from Mining and Mineral Processing
Wastes, 1995, and Damage Cases and
Environmental Releases, 1997). Land-
based units, and impoundments in


particular, have certain inherent indicia
of discard due to their inability to
prevent releases of contained materials.
RCRA section 1002(b)(7); AMC II, 907
F.2d at 1187; 53 FR at 521, 525 (Jan. 8,
1988). Surface impoundments pose
essentially inherent risks of
groundwater contamination due to the
hydraulic pressure created by the
contained liquids. Chemical Waste
Management v. EPA, 919 F. 2d 158, 166
(D.C. Cir. 1992). There are many damage
incidents which involve storage of
mineral processing wastes in piles and
surface impoundments, some of which
involve mineral processing secondary
materials stored in land-based units
before eventual reclamation. These
damage incidents confirm that this
potential harm is not hypothetical.


It should be noted that there is
Agency precedent for the limitation on
land based storage as part of within-
industry recycling practices. The
Agency established the principle of
encouraging recycling without allowing
land-based storage at 40 CFR
261.4(a)(10). Any wastes from coke by-
product production are not solid wastes
if recycled to coke ovens conditioned on
there being no land disposal from the
point of generation to the point of
recycling. The Agency also has
promulgated a rule where recovered oil
generated by any facet of petroleum
exploration, production, and retailing is
not a solid waste conditioned on no
management of these materials in land-
based units (see 59 FR 58936, July 28,
1994). The Agency has also proposed to
extend this principle to a wider range of
oil-bearing secondary materials (see 60
FR 57747, 57753, November 20, 1995).
The condition likewise appears in
current rules at 40 CFR 261.2(e)(iii)
where it qualifies the exclusion for
materials returned for reclamation in the
process from which they are generated.
The application of a no land placement
condition in today’s rule is, therefore,
building on an established policy of
encouraging recycling conditioned on
no land placement.


Putting this together, the Agency
reads the statute as creating an absolute
jurisdictional bar in two situations:
where mineral processing or
beneficiation is occurring, and where
reclamation is continuous in the sense
that there is no interdiction in time—i.e.
materials moving from one step of a
recovery process to another without a
break in the process, as for storage. As
one moves back along the continuum,
EPA has discretion to interpret whether
secondary materials may be considered
discarded. The Agency is exercising that
discretion here by putting its focus on
whether the reclamation, or more


precisely, the storage which precedes
reclamation, is part of the waste
disposal problem because it involves
storage which can be and has been part
of that problem.


b. Are There Limits on Jurisdiction?
(Response to Public Interest Group
Position). In contrast, representatives of
public interest groups argued that the
Agency’s authority was essentially
unlimited. They believe that the
authority should be extended, at a
minimum, to all land-based units
because such units are a type of disposal
unit. With respect to mineral processing
secondary materials that are managed in
tanks, containers, or buildings (i.e. in
other than land-based units), EPA sees
no principle that compels the materials
to be designated as solid wastes. As
explained above, case law indicates that
EPA has discretion to interpret which
materials are ‘‘discarded’’ consistent
with the overall statutory objective, API,
906 F.2d at 742. These objectives
include not only assuring safe
management of hazardous wastes, but
also ‘‘encouraging . . . materials
recovery, [and] properly conducted
recycling and reuse . . . .’’ RCRA
section 1003(a)(6). EPA’s construction
in today’s rule, which rests largely on
the distinction between land-based
storage and more environmentally
protective storage of secondary
materials, is consistent with this object
by encouraging ‘‘properly conducted
recycling. . . .’’ In addition, EPA reads
the case law as allowing the Agency to
make reasonable distinctions among
secondary material handling practices
in determining when a particular
recycling practice may be considered to
be ‘‘part of the waste disposal problem.’’
Finally, as EPA explained at proposal,
there are potential jurisdictional
constraints given that the mineral
processing industry exists to recover
mineral values from an initial raw
material, and some aspects of recovery
of mineral values from secondary
materials can be like sequential
processing of an initial raw material. 61
FR at 2342. Where there is no obvious
element of discard present, such as
land-based storage, the Agency does not
believe that it should exercise its
interpretive discretion to assert
authority.


With respect to intra-industry
reclamation practices involving land-
based units, EPA largely is asserting
authority. EPA proposed a series of
conditions that would have allowed
land-based storage units on the idea that
there were certain unique necessities
within this industry compelling use of
such units. 61 FR at 2341. However, as
the rulemaking progressed, it became
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4 It should be noted that EPA is not using ‘‘reuse’’
as a term of art in this section of the preamble (i.e.
is not using the term as defined in 40 CFR
261.1(a)(5)), but rather is referring to immediate
reclamation of materials (i.e. material recovery) at
a mineral processing facility. The key concept here
is actually ‘‘immediate,’’ which EPA is using to


interpret the phrase ‘‘continuous process’’ used in
the case law.


5 It should be noted that since no land-based
storage is involved, these gold slags are not solid
wastes under the final rule in any case (assuming
that the recovery is legitimate and that the other
conditions in the rule are satisfied).


apparent that there are no such
production-related necessities. Agency
reevaluation of mineral processing
secondary material volumes indicated
that, in addition to volumes being lower
than EPA initially believed, comparison
to volumes of other industrial hazardous
wastes indicated that these wastes were
often higher in volume than mineral
processing secondary materials and
were being stored off the land.
Consequently, the Agency is claiming
authority over most land-based storage
units.


The Agency is not, however, asserting
authority over piles resting on pads
determined by a state or EPA to be
protective. The reasoning is similar to
that for not claiming authority over
within-industry secondary materials
stored in tanks, containers or buildings.
Such materials need not be viewed as
‘‘part of the waste disposal problem,’’
and so, given the intra-industry
recycling, need not be considered
‘‘discarded.’’ The practice also can be
viewed as a type of ‘‘properly conducted
recycling’’ which should be encouraged.
Again, EPA views this determination to
be within its interpretive discretion.


EPA also disagrees that it is
compelled to assert control over land-
based units that are actual production
units, i.e. that actually recover product.
The Agency is aware of only two land-
based units which recover metals: gold
heap leach piles and copper dump leach
piles. Under prior rulemakings (54 FR
36592 and 55 FR 2322), the Agency has
defined these land-based units as
extraction/beneficiation activities. The
Agency is unaware of any other land
based process units which actually
recover metals. The Agency believes
that regulating such units could pose
the possibility of interdicting actual
production steps which was the
particular focus of the AMC I court. EPA
notes, however, that storage units which
also make secondary materials more
suitable for actual recovery, such as
equalization basins, can remain within
Subtitle C jurisdiction. These units, in
the Agency’s view, are not the part of
the process which actually produces an
end product (such as the smelter at a
smelting facility). At most, they
facilitate eventual recovery. The Agency
does not read the case law to say that
such storage units are in all cases
outside the authority of Subtitle C.


EPA also is not asserting authority
over mineral processing secondary
materials once they are removed from
approved storage for reclamation. Thus,
should a mineral processing plant
reclaim mineral processing secondary
materials after those materials are stored
in land-based units (i.e. the materials


defined as hazardous wastes in today’s
rule), they would no longer be solid and
hazardous wastes. EPA believes it
would be counterproductive to retain
the hazardous waste status for mineral
processing secondary materials entering
reclamation. If the materials remain
hazardous wastes, for example, the
smelting process itself could be subject
to Subtitle C regulation. EPA believes
that it retains discretion to classify the
removed materials as no longer being
solid and hazardous wastes.


The Agency believes it has discretion
to adopt this classification
notwithstanding the court’s decision in
American Petroleum Institute. v. EPA,
906 F.2d 726 (D.C. Cir. 1990). In that
case, the Court held that EPA had
adopted the so-called indigenous
principle, whereby secondary materials
stopped being wastes at the point they
were utilized as feedstock in a
production process related to the one
that generated it, without sufficient
justification. 906 F.2d at 741–42.
However, in that case, EPA had made no
attempt to determine which materials
were part of the waste disposal problem,
and which were not. Here, the Agency
is making clear that storage on the land
of mineral processing secondary
materials is the environmental concern,
and that reclaiming mineral processing
secondary materials within the industry
is ordinarily a form of proper recycling
which may permissibly be encouraged.
RCRA section 1003(a)(6).


EPA also notes that it is possible that
no mineral processing secondary
materials will be placed in
impoundments or in unapproved piles.
Under today’s rule, if a facility wishes
to use a pile for storage (assuming the
pile has not been adjudicated to be
protective), the wastes would first have
to be treated to meet Land Disposal
Restrictions standards, probably
rendering them unrecoverable. If an
impoundment is utilized, wastes need
not be pretreated, but the impoundment
would have to meet minimum
technology design standards and be
dredged annually (RCRA section
3005(j)(11) and 40 CFR section 268.5)
and, of course, ultimately obtain a
RCRA permit. The Agency anticipates
that facilities will use a non land-based
form of storage instead.


c. Immediate Reuse.4 In the May 1997
proposal, EPA suggested a different way


of defining absolute jurisdictional
limits, namely to say that secondary
minerals generated by and
‘‘immediately reused’’ within the
mineral processing industry, were not
solid wastes. The reference to
‘‘immediate’’ was suggested as a means
of interpreting the ‘‘immediate reuse in
another phase of the industry’s ongoing
process’’ standard articulated in the case
law. AMC I, at 824 F. 2d at 1185. The
Agency proposed that secondary
materials that were legitimately recycled
within 48 hours would be outside RCRA
jurisdiction, regardless of whether they
were stored between process steps
(including storage in land-based units).
See 62 FR at 26051.


Industry and public interest groups
both opposed the use of the 48-hour
time limit included in the January 1996
proposal to define immediate reuse.
Industry renewed its categorical
objections based on AMC I, and noted
that many secondary materials are
legitimately reclaimed long after they
are generated and the time period
between generation and reclamation in
no way affected their value. For
example, commenters stated that the
gold industry generates retort slags
which contain gold values. Comments
stated that these slags are stored off the
ground for periods up to six months
after which they are reintroduced into
their recovery process.5


Public interest groups objected to the
48-hour limit on the basis that an
absolute waiver of RCRA jurisdiction
based on time does not translate to any
reduction of environmental risk. Public
interest groups also noted that the Court
in AMC II granted jurisdiction to units
holding secondary materials with the
propensity to leak, and that the Court’s
opinion would extend to all land
placement, since the continuous
placement of materials on piles or other
land-based units would result in the
same ‘‘discard’’ underlying the Court’s
opinion.


Although the Agency necessarily
accepts that materials immediately
reused in another phase of the
industry’s ongoing production process
are beyond EPA’s jurisdiction, AMC I,
824 F.2d at 1185, the Agency is not
adopting in today’s rule the proposed
48-hour approach to define immediate
reuse. The Agency is defining
‘‘immediate reuse’’ as the continuous
recirculation of secondary materials
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6 Put another way, the fact that a mineral
processing secondary material is a sludge, rather
than a spent material or by-product, does not
convey any meaningful information as to the types
of risks the material might pose if reclaimed.


7 EPA does note the potential anomaly that non-
mineral processing secondary materials, at least for
the moment, will be regulated in some cases
stringently than those generated and reclaimed
within the mineral processing industry. This could
come about because non-mineral processing
industry sludges and by-products would still not be
solid wastes if reclaimed, and so could be stored in


land-based units before reclamation without being
solid wastes. EPA has chosen, however, to address
the broader issues regarding the regulatory
definition of solid waste in a different rulemaking
effort, which is proceeding on a different schedule
from this rule. EPA believes that if may legitimately
proceed one step at a time on these issues, and so
is not precluded from making needed changes to
the regulatory definition that affect only discrete
industry segments, in this case, the mineral
processing industry.


8 This example assumes that legitimate recycling
is occurring.


9 The exclusion for return of secondary materials
as feedstock was in fact adopted largely in order to
exclude certain direct reclamation practices in the
mineral processing industry. 50 FR at 639–40.


back into recovery processes without
prior storage. The plain reading of the
words ‘‘continuous,’’ 824 F.2d at 1193,
and ‘‘immediate’’ preclude storage.
Storage by its very nature means that
processes are not continuous; rather,
storage means that materials are
generated which must be held apart for
some period of time prior to reentry into
a process. Storage, therefore, breaks the
continuous and immediate nature of
production and reentry. In addition,
land-based storage units have inherent
elements of discard. AMC II, 907 F. 2d
at 1186–87.


The definition of ‘‘immediate reuse’’
in today’s rule does not bar storage prior
to recycling. Mineral processing
industries will be able to store and
recycle their mineral processing
secondary materials outside RCRA
Subtitle C requirements if they do so
while meeting the conditions of the
exclusion from the definition of solid
waste contained in today’s rule.


In the May 1997 proposal, the Agency
discussed the possibility that some
molten metals that spill onto the ground
could be classified as materials
undergoing immediate reuse (see 62 FR
at 26051). The Agency noted that copper
reverts (refined copper material) can be
spilled in the process of being
transferred from one part of the smelting
process to another. Such reverts are
picked up as soon as they can be safely
handled and are placed directly back
into the smelting process. The Agency
has reviewed smelting processes in
other metal sectors and finds that
spillage from ladles is common and that
these materials are routinely picked up
within a short time and placed back into
the process. The Agency thus concludes
that molten metal spilled onto smelter
floors is not a solid waste if it is picked
up as practical (given heat and worker
safety factors) and is then placed back
into the smelting process. Such a
material is not a secondary material (i.e.
sludge, by-product, or spent material),
but rather remains in process. This
interpretation parallels existing rules,
which say that a spilled commercial
chemical product is not a solid waste if
it is recycled within a reasonable
amount of time (see 40 CFR 261.33 and
55 FR at 22671).


Industry commenters stated that spent
smelter brick was similar to reverts
since they are often returned back into
recovery processes. If such spent bricks
are stored before being recycled, they
are not being immediately reused (nor
are they still in process, since they are
spent and physically removed). As
noted in the Agency’s May 1997
proposal, copper flue dusts, also are
stored sometimes and not immediately


recycled. Flue dusts not meeting the
immediate reuse definition are defined
as mineral processing secondary
materials (usually a sludge, since these
dusts are usually air pollution control
residue) and would be eligible for the
conditional exclusion to the definition
of solid waste.


d. Relation to the Current Regulatory
Definition of Solid Waste. (i)
Distinctions among Sludges, By-
products, and Spent Materials. The
existing regulatory definition of solid
waste classifies metal recovery
operations as a type of reclamation
activity, and then states that certain
secondary materials being reclaimed
are, or are not, solid wastes depending
on the type of material being reclaimed.
Spent materials being reclaimed are
solid wastes, while characteristic
sludges and by-products being
reclaimed are not solid wastes. See,
generally, 40 CFR 261.2(c)(3) and 50 FR
at 633–34, 639–41 (January 4, 1985).


As EPA noted at proposal, these
distinctions among types of secondary
materials being reclaimed are not
needed because they are not directly
based on environmental distinctions. 61
FR at 2342. In this industry, at least, the
distinctions do not relate to which of
these materials may be part of the waste
disposal problem.6 The more
environmentally meaningful distinction,
and the one adopted here, is between
land-based storage and storage in tanks,
containers, and buildings.


In this rule, the Agency is, therefore,
eliminating the regulatory distinctions
between by-products, sludges and spent
materials from mineral processing when
these materials are reclaimed. Thus,
under the amended rule, if any
secondary material—sludge, by-product,
or spent material—is legitimately
reclaimed within the mineral processing
industry, it is not a solid waste as long
as all other conditions to the exclusion
to the definition of solid waste are
satisfied. EPA believes that this
principle not only should encourage
properly conducted recycling within the
industry, but also fulfills an Agency
objective of reducing some of the
complexity in the existing regulatory
definition of solid waste.7


(ii) Other existing regulatory
exclusions. The existing regulatory
definition of solid waste also contains a
series of exclusions in 40 CFR 261.2(e),
two of which could apply to the mineral
processing industry. Section 261.2(e)(1)
(ii) excludes from the definition of solid
waste sludges, by-products and spent
materials (i.e. secondary materials)
which are ‘‘used or reused as effective
substitutes for commercial products.’’
An example could be mineral
processing acid plant blowdown
substituting for commercial acid in
another process (either mineral
processing or a process in a different
industrial category).8 Commenters from
industry questioned whether this
provision is affected by the amendments
relating to mineral processing secondary
materials being reclaimed. The answer
is that the provision remains as an
independent basis for excluding
secondary materials from Subtitle C.
EPA did not propose to change it, and
the issues involved, in any case, would
be broader than the present proceeding
since the basis for the exclusion does
not rest on the notion of a continued
process within an industry, but on
comparability of secondary and virgin
materials (see 50 FR at 619–20 and 637–
41 (Jan. 4, 1985)).


The second existing exclusion, found
at 261.2(e)(1)(iii), does overlap with the
present rule. The exclusion is for
secondary materials ‘‘returned [as a
substitute for feedstock materials] to the
original process from which they are
generated, without first being reclaimed
or land disposed.’’ An example could be
an emission control dust from primary
smelting which is returned directly to
the smelter for metal recovery without
any interim land disposal.


This provision is essentially
consistent with, but also subsumed by,
today’s final rule (with respect to the
mineral processing industry). It is
subsumed because the activity involved,
return as a feedstock to a smelter, is a
type of reclamation activity (see 50 FR
at 639–40), the subject of this final rule.9
The existing rule also contains a ‘‘no
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land disposal’’ condition similar to the
conditions in this final rule (although
today’s rule excludes storage in piles in
some circumstances, and so is more
flexible than the current 261.2(e)(1)(iii)
in this respect).


In light of this overlap, EPA is adding
language to 261.2(e)(1)(iii) to indicate
that there are special provisions relating
to reclamation within the mineral
processing industry (namely those
adopted in today’s final rule), and that
these provisions define the scope of the
exclusion for mineral processing
secondary materials generated and
reclaimed within the industry,
including those which are returned to a
mineral processing operation from
which they are generated without first
being reclaimed.


Today’s rule also does not alter the
regulatory status of recyclable materials
that are reclaimed to recover
economically significant amounts of
gold, silver, platinum, iridium, osmium,
rhodium, ruthenium, or any
combination of them. 40 CFR 266.70.
This rule was established to encourage
recycling of precious metals.
Commenters from the gold industry
questioned whether this provision is
affected by the amendments relating to
mineral processing secondary materials
being reclaimed. The answer is that
today’s rule redefines which secondary
materials generated and reclaimed
within the mineral processing industry
are wastes, and so could exclude certain
materials reclaimed within the precious
metal industry which are now defined
as solid wastes. However, to the extent
any precious metal recovery operations
remain subject to regulation after
today’s rule, the tailored regulatory
provisions in 266.70 continue to apply.


e. Otherwise Excluded Mineral
Processing Units Which Serve as
Disposal Units. As the Agency noted in
the original proposal, land-based units
in the mineral processing industry not
only can be related to a recovery process
but also can serve as repositories of
conventional wastes. 61 FR at 2340,
2342, 2347. That is, unusable solids
settle in surface impoundments or are
left in piles and in many cases these
units become the ultimate repositories
for these wastes. Id.


Under current rules, when an
operating product storage unit that is a
tank also contains a hazardous waste,
the waste is not subject to regulation
until it exits the unit. 40 CFR section
261.4 (c). An example would be a listed
distillation column bottom remaining
within the distillation column.


Section 261.4(c) does not apply to
hazardous wastes which accumulate in
land-based units. Thus, if wastes


accumulate in piles or impoundments,
if those wastes are hazardous (i.e. are
listed or exhibit a characteristic of
hazardous waste), and the wastes are
not legitimately recycled, then the units
are Subtitle C regulated units because
they are being used to store or dispose
of hazardous waste. The Agency is not
altering this long-standing principle in
the present rule (particularly given the
central statutory finding that land-based
units, and especially surface
impoundments, ‘‘should be the least
favored method for managing hazardous
wastes’; RCRA section 1002(b)(7)).
Consequently, any process
impoundment that holds un-recycled
hazardous accumulated solids, the
impoundment is a regulated unit (i.e.
subject to Subtitle C) because it is
disposing of a hazardous waste. In
addition, the same principle would
apply to storage or process piles, which
likewise are ineligible for the 261.4(c)
exemption.


2. Scope of This Rule
This section of the preamble


addresses the issue of which secondary
materials come from ‘‘mineral
processing’’ operations, and so are
potentially within the scope of the
conditional exclusion for mineral
processing wastes being reclaimed
within the mineral processing industry
sector or in extraction/beneficiation
operations. Newly identified wastes
from mineral processing also are subject
to the LDR prohibitions and treatment
standards adopted today, and so this
preamble section also clarifies the
applicability of these LDR provisions.


a. Mineral Processing Wastes Covered
by This Rule. The Agency’s 1989 rule
(see 54 FR 36592) applied the high
volume/low toxicity criteria to
determine which primary mineral
processing wastes would retain the
Bevill exclusion. This rule also clarified
the Bevill status of beneficiation
operations. Those mineral processing
waste streams not meeting the high
volume/low toxicity criteria are no
longer Bevill exempt wastes and are
subject to regulation under Subtitle C
(except 20 mineral processing waste
streams noted at 40 CFR 261.4). Non-
exempt Bevill mineral processing
wastes are ‘‘newly identified,’’ and are
now subject to the Land Disposal
Restrictions, when land disposed.
Therefore, only ‘‘newly identified’’
characteristic hazardous mineral
processing wastes are potentially
eligible for the conditional exclusion
from the definition of solid waste.


EPA established in the 1989
rulemaking the factors it would use to
determine whether a waste is generated


from extraction/beneficiation versus
mineral processing (see 54 FR 36592,
36616–20). The Agency has not and is
not reopening this standard. However,
EPA prepared and noticed a report—
Identification and Description of
Mineral Processing Sectors and Waste
Streams—which tentatively applied this
existing test on a waste-by-waste basis
to wastes from 41 mineral sectors (62 FR
at 2354).


There are two principal issues raised
by this report: its legal status and its
accuracy. First, the Agency has decided
that the Identification and Description
of Mineral Processing Sectors and Waste
Streams report should be a guidance
document. Thus, the Report is not a
rule, and it, therefore, cannot be
invoked as a definitive determination as
to whether or not a particular waste is
to be classified as being from mineral
processing or from extraction/
beneficiation. In addition, this report
should not be viewed as an exclusive
list of mineral processing and associated
waste streams: other mineral processing
waste streams may exist. Mineral
processing facilities are obligated to
determine the Bevill status of their
wastes by utilizing applicable regulatory
provisions, as clarified by the criteria
articulated in 1989 in the Federal
Register preamble cited above. Thus,
because the document is guidance, no
party could rely upon that document as
the definitive basis for a regulatory
determination.


The Agency has fully evaluated
comments suggesting that the report
contains factual inaccuracies, and
believes that the Report, as now revised
after review of public comments, is
accurate and should therefore, provide
useful guidance to the public. EPA
disagrees with comments contenting
that the Agency adopted new criteria in
reaching the tentative conclusions set
out in the Report. This is not the case—
the same general approach used in 1989
was applied in the Report, and would
have to be applied in making any actual
regulatory determination.


One commenter argued that
considering these determinations to be
advisory would violate EPA’s duty
under section 3001(b)(3) of RCRA, as
construed by the Court in EDF V. EPA,
852 F.2d 1316, 1331 (D.C. CIR 1988) to
have made final determinations as to
which mining wastes are subject to the
Bevill exclusion. According to this
commenter, reaching one conclusion at
headquarters and a potentially different
conclusion at EPA regions or States
would undermine the intent of the
Court’s order in EDF. This commenter
also asserted that such an approach
would effectively allow States to







28585Federal Register / Vol. 63, No. 100 / Tuesday, May 26, 1998 / Rules and Regulations


10 Waters in these impoundments are often
recycled back into processes for their value as
water. Recycling of wastewaters may be currently
allowed under the effective substitute clause in the
regulatory definition of solid waste (see 40 CFR
261.2(e)(1)(ii)), a provision unaffected by today’s
amendments. However, EPA reads AMC II and its
regulations to state that impoundments where some
wastewaters are returned to a process as an effective
substitute for a commercial product, but which also
function as wastewater treatment impoundments,
would be regulated units (assuming there are
hazardous wastes in the unit). This is because the
unit would necessarily be functioning at least
partially as a disposal unit (since wastewaters are
ultimately discharged). In addition, the product
storage regulatory exemption at 40 CFR 261.4(c)
does not apply to surface impoundments.
Notwithstanding industry comments that recycling
of wastewater should be encouraged, the Agency
notes the stronger policy in RCRA to assure that
surface impoundments managing hazardous waste
are managed so as to operate protectively. AMC II,
907 F.2d at 1187 and sources there cited.


regulate less stringently than EPA, in
violation of sections 3006 and 3009 of
RCRA.


EPA believes that these comments are
erroneous. EPA fulfilled some time ago
its obligations under section 3001(b)(3)
generally, and under the EDF decision
in particular, to define the scope of the
Bevill exclusion as it applied to mining
wastes. See 51 Fed. Reg. 24496 (July 3,
1986); 54 Fed. Reg. 36592 (Sept. 1,
1989); 55 Fed. Reg. 2322 (Jan. 23, 1990);
56 Fed. Reg. 27300 (June 13, 1991). As
discussed in those notices and rules,
EPA’s regulatory determination did not
obviate the need to evaluate whether a
particular waste was from mineral
processing which, unless one of the 20
identified special mineral processing
wastes, would not be exempt from
Subtitle C under Bevill. Indeed, the
Agency has extensively discussed the
distinctions between beneficiation and
mineral processing precisely to assist
industry, EPA and the States in making
such case-specific determinations. See
54 Fed. Reg. 36618–36619 (Sept. 1,
1989). Issuance of the Identification
document in the record for this
rulemaking is simply intended to aid
the industry and regulators in making
these decisions.


EPA acknowledges that the potential
for inconsistent determinations exist; for
this reason, EPA headquarters has
assisted regional offices and States in
making these determinations over the
past decade. Section 3001(b)(3) does
not, however, require the Agency to use
rulemaking to make each and every
decision. Those decisions that are very
fact-specific may need to be made on a
case-by-case basis using general criteria
articulated nationally by EPA. It is
precisely because of the fact-specific
nature of such inquiries that EPA
believes adopting the guidance
document as ‘‘binding’’ would not be
appropriate. Finally, nothing in EPA’s
approach is inconsistent with the RCRA
requirement that authorized State
programs be at least equivalent to and
no less stringent than the federal
program (see RCRA 3006 (b)).


b. Wastewater Treatment Surface
Impoundments. EPA indicated at
proposal that wastes managed in
wastewater treatment surface
impoundments would never be eligible
for a conditional exclusion from the
definition of solid waste. 62 FR at 2348.
(A wastewater treatment surface
impoundment is one whose ultimate
discharge is regulated by the Clean
Water Act, and can include zero
discharge facilities.) This remains EPA’s
position, although the issue is no longer
directly relevant to the final rule
because no impoundments are eligible


for exclusion. As the Agency noted at
proposal, the essential purpose of these
units is waste management rather than
production. 62 FR at 2348. See also
AMC II, where the D.C. Circuit held that
wastewater treatment surface
impoundments can be classified as
waste management units,
notwithstanding that all of the entrained
solids in the unit were eventually
recycled as feedstock at the generating
plant. 907 F. 2d at 1186–87.18 10


c. Materials Outside the Scope. This
rule limits the use of the conditional
exclusion to the definition of solid
waste to only those secondary mineral
processing materials generated within
primary mineral processing. The
Agency identified over 40 mineral
sectors which potentially generate
mineral processing secondary materials
subject to this rule. The scope of this
rule is therefore quite broad. The
Agency did not receive comments
opposed to the Agency including them
in this rule.


This rule also restricts the use of the
conditional exclusion from the
definition of solid waste to
characteristically hazardous mineral
processing materials. Thus, no listed
hazardous wastes can qualify for the
conditional exclusion.


The National Mining Association
(NMA) and the Metals Industry
Recycling Coalition submitted
comments urging the Agency to broaden
the scope of the rule to include metal-
bearing wastes generated outside of
primary mineral processing as well as
allowing the reprocessing of listed
hazardous wastes. The Agency is not
extending the exclusion contained in
this rule because the Agency did not
propose addressing wastes generated
outside of primary mineral processing,
since at the time of proposal the Agency
indicated that these wastes would be


addressed under a different rulemaking.
While metal-bearing wastes generated
outside of primary mineral processing,
and listed hazardous wastes are not
within the scope of this rule, the Agency
will continue to assess how best to
encourage their legitimate recycling.


Commenters indicated they were
unsure how this rule would affect the
application of 40 CFR 261.2 to
secondary materials generated from
outside the mineral processing industry
sector. As discussed earlier in the
preamble, today’s rule does not amend
§ 261.2 for any secondary materials
other than those generated within the
mineral processing sector. Thus, when
fully implemented, a mineral processing
facility can use the conditional
exclusion to the definition of solid
wastes and can utilize § 261.2 to recycle
other wastes.


3. Mineral Processing Secondary
Material Volumes and Environmental
Damages


a. Volume of Secondary Materials and
Large Volume Exemption. In the
Agency’s May 1997 proposal, land
placement of secondary mineral
processing materials would be
prohibited except for materials
exceeding the high volume criteria
(45,000 tons per facility waste stream
per year for solid wastes and one
million tons per facility per waste
stream per year for liquids). The May
1997 proposal would have allowed high
volume secondary materials to be
placed in land-based units if those units
meet the integrity standards noted in the
January proposal and meet other
proposed conditions. In today’s rule, the
Agency is adopting a no land placement
condition for mineral processing
secondary materials without any
volume exemption.


As noted in the May 1997 proposal
(see 62 FR at 26049), the Agency
reevaluated the volumes of mineral
processing secondary materials as a
result of comments submitted by public
interest groups which asserted that
volumes of these materials were
considerably less than EPA originally
believed (see Characterization of
Mineral Processing Wastes and
Materials, U.S. EPA, 1998). Based on
this reevaluation, the Agency finds that
mineral processing wastes are not
generated in the high volumes that we
previously believed to be the case. EPA
found that of the 119 hazardous wastes
streams it studied, 117 were generated
in volumes lower than the proposed
high volume cutoff. Further, comments
from public interest groups on the
Agency’s May 1997 proposal indicate
that two remaining waste streams that
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11 Of course, those mineral processing facilities
that have in fact improved their storage practices for
mineral processing secondary materials being
reclaimed by using tanks, containers, or buildings
instead of impoundments to store secondary
materials would be essentially unaffected by this
rule, since such units would be excluded from
regulations.


the Agency had classified as high
volume may not in fact meet the high
volume cutoff. The Agency reassessed
how it estimated the volumes of these
waste streams and acknowledges that it
used very conservative approaches to
estimate these volumes. It is, therefore,
possible that none of the 119 waste
streams studied meet the high volume
cutoff. The Agency proposed using the
high volume cutoff as an indicator that
land storage may be an economic
necessity because when volumes are
high, alternatives to land placement are
costly and not practical. In fact, the
Agency now finds that mineral
processing secondary materials are
generated at volumes where there is no
reason that they cannot be managed in
non-land based units (except for solids
placed on approved pads).


Industry comments maintained that it
is impractical to place mineral
processing secondary materials in tanks,
containers, and buildings. Based on the
storage of similar volumes and types of
hazardous wastes generated in other
industries, the Agency does not agree.
The Agency presented its analyses of
volumes in its report entitled,
Characterization of Mineral Processing
Wastes and Materials, 1997. This report
noted that listed hazardous wastes, such
as spent potliners, and electric arc
furnace dusts, are generated at volumes
which generally exceed that of mineral
processing secondary materials yet are
stored in tanks and buildings. Further,
this report noted that the volumes
generated by other industries that use
tanks, containers, and buildings to store
hazardous wastes are not substantially
different than volumes generated by the
mineral processing industry.


b. Reliability of Damage and
Environmental Release Reports.
Industry commenters to the May 12,
1997 proposal sought to refute or
minimize the degree of contamination
caused by the land storage of mineral
processing secondary materials. Despite
these objections, the Agency still finds
that land-based storage and management
practices of mineral processing
secondary materials and wastes can or
may create or exacerbate soil and
ground water contamination.


The Agency issued two separate
reports in 1995 and 1997 (Office of
Solid Waste, U.S. EPA, Human Health
and Environmental Damages from
Mining and Mineral Processing Wastes
(1995), and Office of Solid Waste, U.S.
EPA, Damage Cases and Environmental
Releases (1997)) which presented
information on damage cases and
environmental releases of mineral
processing and mining wastes. The data
tended to fall into two general classes:


(1) information that illustrates that
environmental damages have occurred,
and (2) information that discusses the
types and magnitude of mineral
processing materials that have been
released into the environment. In some
cases, a combination of feedstock, in-
process materials, secondary materials,
and wastes contribute to ground water,
surface water, or soil contamination.
Also, in some cases, contamination
occurred through episodic or continuing
mismanagement of hazardous and other
solid wastes (e.g., commercial chemical
spills). Industry commenters objected to
the use of these damage cases
contending that they reflect historic
practices and not current operations.


The Agency disagrees that storage of
mineral processing wastes, and in some
cases secondary materials, on the
ground, which was reflected in these
reports, no longer occurs. After careful
reevaluation, the Agency finds that the
record and, in particular, these reports,
clearly indicate that the storage on the
ground of mineral processing wastes
and secondary materials continues as a
management practice and has caused
environmental damage or has the
potential to do so. These reports identify
cases where mineral processing wastes
and secondary materials were eroded by
rain, were carried by wind, or, in the
case of surface impoundments, migrated
to contaminate ground water. The vast
majority of newly identified mineral
processing wastes are liquids and their
placement in impoundments presents
actual or potential threats to the
environment. The Agency concludes
that placement of secondary mineral
processing materials in impoundments
may contribute to the waste
management problem.11


EPA is also not impressed by
comments stating that most of the
damage incidents involved wastes no
longer utilized within a process, not
secondary materials awaiting
reclamation, and therefore are irrelevant
to this rule. The damage incidents
certainly show that when hazardous
mining and mineral processing wastes
and mineral processing secondary
materials are stored in piles or in
surface impoundments, hazardous
constituent releases and consequent
damage has occurred in this industry.
Piles and impoundments do not
automatically become safer if the


materials stored in them are secondary
materials awaiting recycling rather than
wastes. Rather, the risk comes from the
nature of the storage unit.


The Agency compared the toxic and
hazardous properties of newly
identified mineral processing wastes
with a limited number of RCRA listed
hazardous wastes in the 1997 technical
background document, Characterization
of Mineral Processing Wastes and
Materials. This report was used to
support the May 1997 proposal. In order
to easily compare the listed waste
leachate concentrations with the
leachate concentrations of the newly
identified mineral processing wastes, a
combined mean and maximum range of
chromium, cadmium, and lead
concentrations for the seven listed
wastes were calculated. The mean
leachate concentrations for chromium,
cadmium, and lead range from 6.03 mg/
l to 273.23 mg/l, <0.01 mg/l to 117.5
mg/l, and 1.47 mg/l to 259.83 mg/l,
respectively. Likewise, the maximum
leachate concentrations for chromium,
cadmium, and lead range from 12 mg/
l to 4250 mg/l, <0.01 mg/l to 268 mg/
l, and 2.10 mg/l to 1550 mg/l,
respectively. The report then compared
the ranges in constituent concentrations
exhibited by the listed wastes and the
newly identified mineral processing
wastes. The report states that 15 of the
23 mineral processing wastes exhibit
leachate concentrations of chromium,
cadmium, and lead at levels that are
equal to or greater than those levels
exhibited by the seven listed wastes.
Therefore, the Agency has concluded
that some mineral processing secondary
materials exhibit hazardous properties
similar to listed hazardous wastes, and
have the same or greater potential of
leaching metals into the environment
when they are improperly placed on the
land.


In addition, mineral processing
secondary materials often contain metal
compounds and other constituents
which, due to processing steps, become
more mobile in the environment (see 54
FR 36614–36619, September 1, 1989).
By the very nature of mineral
processing, heavy metals are
continuously concentrated and waste
streams tend to contain higher metal
loadings than those found in raw ore.
Since the resultant wastes have higher
concentrations of metals, they likewise
have a higher potential to leach higher
concentrations of metals into the
environment if they are not adequately
stored. Finally, the record also shows
that a wide range of mineral processing
secondary materials are released into
the environment. Such releases do not
necessarily mean that environmental
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damage has occurred; however, the
Agency believes it must take
appropriate steps to minimize such
releases to reduce the potential for
damage to occur, just as the Agency
does with other hazardous wastes.
RCRA is a preventive statute, designed
to assure safe management of hazardous
waste from cradle to grave to prevent
the need for remediating releases. Based
on the information noted above, the
Agency therefore has finalized in
today’s rule a ‘‘no land placement’’
condition for the storage of mineral
processing secondary materials.


Comments from public interest groups
pointed out that a considerable amount
of information shows that releases result
from fugitive dusts and that control of
dusts was not adequately addressed in
the proposals. The Agency agrees that
the release of fugitive dust should be
addressed and believes that placement
in tanks, containers or buildings will
adequately address this concern.
Mineral processing secondary materials
stored in tanks or containers must be
stored in a manner which effectively
manages fugitive emissions. Moreover,
as at proposal, if the site-specific pile
approval process is utilized, the
possibility of harm via an air exposure
must be considered, and, if necessary,
controlled. See 62 FR at 2372 (proposed
261.4(a)(15)(iv)(A)(3)).


4. Conditions to the Exclusion
In the January 1996 and May 1997


proposals, the Agency sought comment
on how to establish a conditional
exclusion to the definition of solid
waste which would encourage recycling
of mineral processing secondary
materials and be protective. In today’s
rule the Agency is establishing a
conditional exclusion to the definition
of solid waste. The conditions relate to
legitimacy of recycling, land placement,
speculative accumulation, and
notification, and are discussed below.


a. Legitimacy. It goes virtually
without saying that only mineral
processing secondary materials which
are reclaimed legitimately would be
excluded under today’s rule. This is
because sham recycling is simply waste
treatment or disposal conducted under
the guise of recycling. See U.S. v. Self,
2 F. 3d 1071, 1079 (10th Cir. 1993).


The Agency currently uses a
qualitative approach for determining
whether a material is being legitimately
recycled. Factors the Agency considers
typically relevant in making such
determinations are found at 50 FR 638
(Jan. 4, 1985); 53 FR 522(Jan. 8, 1988);
56 FR 7145, 7185 (Feb. 21. 1991). Use
of these factors to assess whether a
particular activity is to be viewed as


recycling rather than treatment or
disposal was emphatically sustained by
the Court in Marine Shale Processors v.
EPA, 81 F. 3d 1371, 1381–83 (5th Cir.
1996) and United States v. Marine Shale
Processors, 81 F. 3d 1361, 1366(5th Cir.
1996).


The main issue in this rulemaking
was whether the Agency should develop
quantified criteria for use in assessing
legitimacy of reclamation activities
within the mineral processing industry.
The Agency proposed quantitative
criteria including the potential use of an
ore grade cut-off, normal operating
range, efficiency standard, and an
economic test. 62 FR at 2342–44. In
addition to metal values, the Agency
also solicited comment on legitimate
recycling of acid, water, and other
values.


The mineral processing industry
noted in their comments that their
products must meet international
quality standards and they would not
risk affecting product quality by
introducing materials which would
adversely affect that quality, and
therefore that legitimacy can be
assumed in essentially all cases. They
also opposed the proposed quantified
criteria.


While the Agency agrees that market
forces generally may limit the
introduction of materials which could
adversely affect product quality, mineral
processing facilities by their nature
process large volumes of materials, EPA
is concerned that small volumes of
wastes could be placed into processes
without contributing mineral values in
order to treat or dispose of them.
Obviously, this is not recycling, as
noted by the Court in U.S. v. Marine
Shale Processors, 81 F. 3d at 1366. The
Agency, therefore, does not agree that
there is no need to apply some type of
reasonable legitimacy criteria.


Industry commenters also noted that
application of quantitative criteria
would be burdensome, are not
necessary, and could not be effectively
implemented. The Agency agrees that
implementation of the proposed
quantitative tests would have required
significant testing of materials (and
resultant costs) and that due to
uncertainty in evaluating test results,
companies may decide not to recycle
any materials to protect the Bevill status
of their resultant wastes. Application of
an ore grade cutoff criteria could restrict
the gold industry’s ability to recover
gold values from secondary materials
that contain gold at levels below those
found in ore. Such recovery could
nevertheless be cost effective. Industry
commenters stated that the application
of a normal operating range test would


be difficult to implement since
operating parameters at large mineral
processing facilities change often related
to differences in feed. There also was
little support from industry for the
proposed efficiency test because such
facilities may be recovering a specific
metal at one recovery rate while they are
recovering other metals at a different
rates. Industry commenters also rejected
the proposed use of an economic test
because recycling need not be profitable
to be legitimate. They specifically
pointed out the cases where recycling
was economical only relative to
disposal, and yet, the company was
legitimately reusing the recycled
materials.


For these reasons the Agency has
declined to adopt any of the proposed
quantitative tests. In today’s rule, the
Agency is not adopting quantitative
criteria and will continue to use the
qualitative approach for evaluating
whether an activity is legitimate
recycling. In addition, the Agency
believes that legitimate recycling may
occur for reasons other than to recover
metal values— recovery of acids,
cyanide, or water, for example. With no
quantitative tests for such recycling, the
Agency believes the qualitative criteria
best cover the broad array of situations
being addressed. Situations most likely
to be deemed sham recycling would,
thus, be those involving low amounts of
recoverable material plus the presence
of non-contributing hazardous
constituents in the waste (particularly
hazardous constituents not otherwise
present in the normal feedstock of the
process). See generally, 53 FR at
522(January 8, 1988).


b. Design and Construction
Standards. In the January 1996
proposal, the Agency assumed that
land-based storage of mineral processing
secondary materials was a necessity
within the mineral processing sector,
and proposed three different types of
conditional mechanisms whereby these
land-based units could be deemed
‘‘process units’’ that would be excluded
from Subtitle C jurisdiction. 62 FR at
2345–48. More specifically, these
alternative conditions were an
environmental performance standard, a
design and operating standard, or an ad
hoc, site-specific standard developed by
an EPA Region or authorized State. The
environmental performance standard
would have used a ground water
protection standard as a determinant of
whether a land-based unit was involved
in discard. If ground water monitoring
determined that there was an
exceedance of the MCL (background
levels if background exceeded the MCL)
at a designated point of compliance,







28588 Federal Register / Vol. 63, No. 100 / Tuesday, May 26, 1998 / Rules and Regulations


then the unit would be required to
implement unit-specific corrective
action. 62 FR at 2345–46.


The Agency also proposed, in lieu of
compliance with the ground water
standard, design and construction
standards. EPA proposed that surface
impoundments be constructed with a
transmissivity equivalent to a 40 mil
geomembrane liner placed on top of 12
inches of a material with a 10–5
hydraulic conductivity. Piles could be
constructed on concrete, asphalt, or soil
any of which would have to have the
equivalent transmissivity of three feet of
clay with 10–7 cm/sec hydraulic
conductivity. Id. at 2346.


The final alternative allowed for an
authorized State or EPA Region to make
a site-specific determination that the
unit can be operated in a manner that
is protective. The Agency proposed this
option to allow for flexibility because
there are a range of site-specific
characteristics, such as depth to
groundwater and rainfall, which can
affect the design of a unit and affect the
risks posed by such units. Id. at 2347.


EPA finds now, however, that the
premise of volumetric necessity was
mistaken (see the earlier section of this
preamble). As such, the Agency is
adopting its traditional jurisdictional
demarcation point of not allowing
exclusions for land-based storage units.
As discussed earlier, land-based storage
units are so fraught with indicia of
discard—including elements of outright
disposal via both air and groundwater
exposure pathways (borne out by
damage cases as well), plus no longer
being part of the actual production
operation—that EPA views this
demarcation as strongly justified once it
is clear that there is no necessity to use
such units. The sole exception in the
final rule which allows for conditional
exclusion for a land-based storage unit
is for piles resting on pads which are
approved by an authorized State or EPA
Region, as discussed in the section
below.


c. Units Eligible for Conditional
Exclusion and Conditions Attached to
Such Units. (i) Tanks, Containers and
Buildings. Today’s rule states that
mineral processing secondary materials
reclaimed within the industry can be
excluded if they are stored in any of the
following: tanks, containers, buildings,
or piles resting on pads when such piles
are evaluated and approved on a site-
specific basis by an authorized State or
EPA Region. (As noted in the May 12,
1997 proposal, this is conceptually the
same as the rule EPA proposed for the
oil-bearing secondary materials
generated by and recycled within the
petroleum industry. See 62 FR at 26048


(May 12, 1997) and 60 FR 57753
(November 20, 1995)). Tanks,
containers, building, and approved pads
do not have to meet the design and
operating standards for units storing
RCRA Subtitle C wastes.


EPA also is adopting certain minimal
conditions on these units’ design to
assure basic unit integrity and so assure
that tanks, containers, and buildings do
not serve as conduits for massive
material release (i.e. disposal units). An
acceptable tank must be free standing
and not be a surface impoundment, and
be manufactured of a material suitable
for containment of its contents. An
acceptable container must be free
standing and be manufactured of a
material suitable for containment of its
contents. An acceptable building must
be a man-made structure and have floors
constructed from non-earthen materials,
have walls, and have a roof suitable for
diverting rainwater away from the
foundation. A building may also have
doors or removable sections to enable
trucks or machines access. The Agency’s
technical report Non-RCRA Tanks,
Containers, and Buildings, U.S. EPA,
1998, provides examples of acceptable
units for the storage of mineral
processing secondary materials.


EPA disagrees with comments from
public interest groups stating that
nothing short of RCRA Subtitle C
standards could assure protectiveness
and so demonstrate that these non-land-
based storage units were not part of the
waste management problem. The
plenary conditions urged by the public
interest group commenters are indeed
those necessary for protective
management of hazardous wastes, but
the Agency’s task here is different. It is
to delineate discard from non-discard
(i.e. wastes from non-wastes), and, as
noted at proposal, not only is this a
different test than determining
protective waste management
conditions, but there are jurisdictional
constraints on the types of conditions
EPA can impose when considering the
situation presented here, i.e., secondary
materials generated and reclaimed
within a single industry sector. 62 FR at
2342. Thus, the conditions EPA is
adopting are designed to assure that
these units are not essentially sieves
functioning as means of disposal.


The Agency discussed its definition of
non-RCRA tanks, containers and
buildings in its Technical Background
Document (See 62 FR at 26050, Non-
RCRA Tanks Containers, and Buildings,
1997). Industry commenters requested
clarification on whether their smelter or
refiner buildings would meet the
definition of ‘‘building’’ if tanks,
containers or buildings were required.


As set out in the final rule, a building
is a structure with four walls, a roof, and
floor constructed of non-earthen
materials. Smelter and refinery
buildings are quite large and include
floor areas which, in part, use earthen
materials. As long as mineral processing
secondary materials (i.e. those sludges,
by-products, and spent materials which
would otherwise be identified as
hazardous wastes) are stored in those
sections of the smelter and refinery
building that do have floors constructed
of non-earthen materials, these
structures would qualify for the
exclusion included in today’s rule as
non-RCRA buildings.


Industry commenters also noted that
the Agency made reference to tanks and
containers having to meet applicable
industry standards for their construction
and operation, such as those established
by the American Society of Testing
Materials (ASTM) or the American
Petroleum Institute (API)(See 62 FR at
26050). They pointed out that API
standards deal specifically with tanks,
while ASTM standards relate more
specifically to testing procedures. The
commenters argued that units storing
mineral processing secondary materials
do not need to comply with these
standards to be safe. The Agency agrees
that the references to applicable
industry standards such as ASTM and
API were overly broad and has not
included them in today’s rule. Industry
commenters requested clarification on
whether tanks and containers needed
covers to meet the condition of ‘‘no land
placement.’’ The Agency expects that
the storage of mineral processing
secondary materials will prevent
uncontrolled fugitive emissions. Tanks
and containers do not need covers as
long as the materials stored in them are
managed to reduce fugitive emissions.
The facility operator will therefore need
to determine if covers are needed to
effectively control fugitive emissions.
For example, tanks and containers
placed inside buildings may not need
covers.


The gold and copper industries stated
that their secondary materials would
meet legitimacy conditions and that
they do not need to store these materials
prior to placement back onto gold heap
leaches or copper dump leaches. The
final rule indicates that process units, as
opposed to storage units, are excluded
from RCRA Subtitle C. EPA believes that
the heap and dump leach units are
process units, notwithstanding the fact
that they are land-based. This is because
dump and heap leach piles
simultaneously produce products and
waste. The issue is also academic with
respect to these units. This is because
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12 EPA has not provided for this type of site-
specific approval of land-based storage units in
other rules providing for conditioned exclusion
from the regulatory definition of solid waste. In
some cases, this is because management of solids
was not at issue (proposed petroleum listing rule
and rules on recovered oil), or the industry sector
did not use piles for solids management (steel
industry coke-byproducts listing rule). As noted in
the text above, EPA believes that there are certain
factors peculiar to the mineral processing industry
that have persuaded EPA to allow for a site-specific
authorization process, but this provision should not
be considered to be a precedent for any other
industry sector.


13 As proposed, these general decision factors are
drawn from the environmental performance
standard in the row-revoked 40 CFR 267.10.62 FR
at 2347. Commenters noted correctly that Part 267
is no longer codified, so that these requirements
should not be placed in regulatory language (or
preamble) by means of a cross-reference to the
revoked provisions.


the Agency determined that these units
are extraction/beneficiation activities in
1986 and reiterated that position in
1989 (see 51 FR 24496 and 54 FR
36592), and their Bevill regulatory
status is unchanged by today’s rule.
Thus, if the heap leach pile becomes a
disposal unit because wastes remain
there permanently, those wastes
presently have Bevill status. The
Agency continues to be concerned that
there may be environmental risks
related to dump and heap leaching, but
has determined that this rule is not the
appropriate means to address those
concerns.


Industry commenters also raised
concern that under the ‘‘no land
placement’’ option, described in the
May 1997 proposal, they would no
longer be able to place slags on the
ground. This is an incorrect reading of
the regulations and the proposals since
at 40 CFR 261.4(b)(7), iron and steel,
copper, lead, zinc, and elemental
phosphorus slags are all classified as
Bevill exempt mineral processing
wastes and would not be affected by this
rule. The management of these slags on
the ground can continue as long as they
meet other applicable federal and state
regulations.


(ii) Solid Mineral Processing
Secondary Materials Resting On Pads.
As noted, EPA proposed at 61 FR 2346
to allow land-based units which had
been approved as protective on a site-
specific basis by an authorized State or
EPA Region. The Agency is retaining a
portion of that proposal in the final rule
in order to allow solid mineral
processing secondary materials resting
on pads to be used for storage of mineral
processing secondary materials being
reclaimed within the industry. The
Agency defines ‘‘solid mineral
processing secondary materials’’ as
those mineral processing secondary
materials containing no free liquids. The
provision functions effectively as a
variance to allow conditionally
excluded storage using pads to occur.


Industry comments pointed out that
there are materials which can be placed
on concrete or asphalt pads in a manner
that provides the equivalent protection
of a tank, container, or building. The
Agency is aware that in the arid
Southwest, the copper industry places
materials on pads to dry them prior to
their reentry into processes. The Agency
agrees with industry comments that a
degree of flexibility is needed regarding
the storage of solid mineral processing
secondary materials in this sector,
particularly given the number of such
storage units presently used in arid
conditions, and (to a lesser degree of
importance) given the number of


existing piles used by this industry
which conceivably could be upgraded to
operate protectively and for which a
more flexible approach could be
warranted.12


In today’s rule EPA is adopting a
provision whereby persons storing only
solid mineral processing secondary
materials (those mineral processing
secondary materials containing no free
liquids) on pads prior to legitimate
reclamation in a mineral processing
process may seek a determination from
an authorized State or (if the pile is
located in an unauthorized State) EPA
Region such that the unit is approved as
protective and materials stored in the
unit are conditionally excluded from the
regulatory definition of solid waste
provided that the pad is not serving as
a mode of discard.


Minimum design criteria for pads are
as follows; (1) Pads must be designed of
non-earthen materials which are
compatible with the chemical nature of
the mineral processing secondary
material being stored, (2) Pads must be
capable of withstanding physical
stresses associated with placement and
removal, (3) Pads must have run on/
runoff controls, (4) Pads must be
operated in a manner which controls
fugitive dust, and (5) Owner/operators
must conduct inspections and
maintenance programs to ensure the
integrity of the pads.


The decision-maker would evaluate
the application for storage on pads
against a general environmental
performance standard: whether the pad
is located, designed, constructed and
operated so as to be protective of human
health and the environment and is not
used for disposal. A broad benchmark of
performance would be that the
approved pad must afford the same
degree of protectiveness as non-RCRA
tanks, containers and buildings eligible
for exclusion.


The decision-maker would have to
consider potential releases via
groundwater, surface water, and air
exposure pathways. Factors to be
considered for assessing the
groundwater, surface water, air
exposure pathways are:


—The volume and physical and
chemical properties of the secondary
material, including its potential for
migration off the pad;


—The potential for human or
environmental exposure to hazardous
constituents migrating from the pad
via each exposure pathway, and the
possibility and extent of harm to
human and environmental receptors
via each exposure pathway.13


Thus, under this regime, a State could
approve placement of solid mineral
processing secondary materials (those
materials containing no free liquids) on
a pad where, after consideration of
relevant exposure pathways, a
determination is made that the mode of
storage will not adversely affect human
health and the environment, and where
the operator has demonstrated
compliance with the minimum design
and operating criteria. Approval would
be more problematic if a pad was
located in an area which experiences
flooding, or in an area where ground
water was close to the surface and used
for drinking water purposes.


The Agency is confident that site-
specific determinations can be
accomplished as part of existing State
regulatory programs. The situations
eligible for this variance are
considerably more circumscribed than
at proposal, and the decision criteria
consequently more focused, meeting
some of the objections in comments
from public interest groups on the
proposals. Today’s rule only allows the
placement of mineral processing
secondary materials that are physical
solids, and the rule also specifies certain
minimum conditions such pads must
meet to be approved. Further, the rule
identifies the factors a State must
consider prior to making such
determinations. The Agency will review
a State’s regulatory authorities it intends
to use in implementing this
determination to assure that an
authorized state can effectively
implement this element of the rule.


As proposed, EPA is requiring that
there be opportunity for public
participation in the evaluation and
approval process of pads storing solid
mineral processing secondary materials.
62 FR at 2366. The Agency believes it
is important that those citizens who
may be directly affected by these
determinations be notified of them and
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participate in the process, and notes
further that this requirement is fully
consistent with RCRA’s strong
preference for public participation. See
RCRA section 7004(b).


On the other hand, EPA is not
adopting any site-specific approval
process for storage of mineral processing
secondary materials in surface
impoundments. The Agency has
concluded that storage in
impoundments would likely lead to
their contributing to the waste
management problem. Many damage
incidents in this industry involve the
use of impoundments (see damage case
on phosphorus impoundments in
Idaho). Furthermore, the Agency has
determined that there are no
engineering or economic constraints on
requiring liquid mineral processing
secondary materials to be placed in
tanks.


d. Speculative Accumulation. In this
rule, the Agency is establishing a
condition that mineral processing
secondary materials cannot be
accumulated speculatively as defined in
40 CFR 261.1(c)(8). EPA proposed this
condition, 61 FR at 2372, and indeed,
this condition already applies to every
other secondary material being recycled
which is excluded from being a solid
waste. See, e.g., 261.2 (e). Industry
comments noted that the 12-month limit
on speculative accumulation was overly
restrictive and that many mineral
processing secondary materials need to
be stored until economic conditions
warrant their recycling. The Agency
rejects these comments because no data
were presented that would indicate that
the volumes of materials being
generated could not be efficiently
recycled within a 12-month period. In
the 12 years the speculative
accumulation provision has been in
effect, the Agency is unaware of other
industries suffering economic burdens
by complying with the limits placed on
speculative accumulation. Nor is EPA
aware of any mineral processing facility
which has applied, pursuant to the
variance provision in 40 CFR 260.30(a)
and 260.31(a) (which allow an extension
of the 12-month speculative
accumulation period), to extend the
existing 12-month requirement for
currently excluded mineral processing
secondary materials (like unlisted
sludges and by-products). The Agency
infers that the existing 12-month
requirement is not imposing any type of
significant constraint on this industry.


e. One Time Notification. EPA
proposed that mineral processing plants
generating mineral processing
secondary materials and utilizing the
conditional exclusion to the definition


of solid waste provide EPA (or an
authorized State) with a one-time
notification which describes the mineral
processing materials to be recycled and
the recycling processes being used. (See
61 FR at 2345). The Agency is finalizing
this provision in today’s rule. It applies
to any facility utilizing the conditional
exclusion.


Today’s rule requires that the one
time notification must specify the types
and amounts of mineral processing
secondary materials to be recycled and
the location and type of unit storing
mineral processing secondary material.
The notice should be submitted to the
appropriate EPA regional office or
authorized State. An amended
notification would not be required
unless the facility has significant
process changes affecting the
generation, location, or recovery of
mineral processing secondary materials.


The reason the provision is needed is
to assure that the conditioned-exclusion
approach in today’s rule can be feasibly
implemented. To do so, EPA or States
must know what secondary materials
are being stored, and where storage is
occurring, in order to determine
whether the other conditions in the rule
are being satisfied. As described above,
these other conditions are necessary to
assure that secondary material storage
within the industry does not become
part of the waste management problem.
In this very real sense, the notification
condition is likewise necessary to assure
that the storage is not part of the waste
management problem, since notification
is necessary to successfully implement
the other conditions.


Industry comments opposed this
condition, not so much on grounds of
unreasonable burden, but based on the
argument that the Agency lacks legal
authority over non-waste activities.
Since EPA finds that the notification
condition is an integral part of a group
of conditions necessary to assure that
storage of these hazardous secondary
materials does not become part of the
waste management problem, EPA has
legal authority to adopt it. In addition,
the Agency notes that RCRA section
3007(a) provides authority to enter
facilities and obtain information needed
to assist in the enforcing of provisions
of Subtitle C. This provision can
reasonably be read to apply to gathering
information to determine whether or not
a particular hazardous secondary
material is a waste. The notification
condition obtains this same type of
information by regulatory condition.
The Agency thus believes that section
3007(a) (implemented here by rule,
pursuant to the Agency’s general
rulemaking authority under RCRA


section 2002(a)) likewise provides
authority to adopt this condition.


In the January 1996 proposal, the
Agency solicited comment on whether a
Facility Operating Plan should be
required for facilities that generate,
store, or process hazardous mineral
processing secondary materials. (See 61
FR at 2345) Under this approach, a
Facility Operating Plan would include:
a spill prevention plan and procedures;
types, quantities, and analysis of
recycled materials; product
specifications; speculative accumulation
and storage requirements; closure plan;
and record keeping and reporting for
off-site shipments. In today’s rule, the
Agency is not requiring the preparation
of such a plan. This requirement is not
necessary given the burden of proof
under existing 40 CFR section 261.2(f)
that a facility must meet to comply with
the conditions of legitimacy,
containment, and speculative
accumulation. The Agency does,
however, strongly encourage facilities to
develop a plan or at least components
of a plan as part of responsible
environmental management.


5. Bevill Related Issues
a. Uniquely Associated. Under the


Agency’s longstanding interpretation of
the Act, the Bevill amendment applies
to special wastes that are uniquely
associated with extraction/beneficiation
and certain mineral processing
activities. Because the decision whether
a particular waste is uniquely associated
may determine whether a particular
waste is subject to Subtitle C controls,
the Agency believed that it was
important and useful to receive public
input regarding the manner in which
EPA and authorized States apply this
principle and solicited comment
regarding the criterion for determining
whether a waste is uniquely associated
with mineral operations. The Agency
has described non-uniquely associated
wastes at 45 FR 76619, November 19,
1980 and 54 FR 36623, September 1,
1989. In the May 1997 proposal, the
Agency noted examples of non-uniquely
associated wastes, which include spent
solvents, pesticide wastes, and
discarded commercial chemicals. As
stated in the May 1997 proposal, in the
Agency’s view, these wastes are
logically viewed as not being ‘‘from’’
extraction, beneficiation, or mineral
processing, and, therefore, are not
subject to the Bevill exclusion. (See 62
FR 26054–56, May 12, 1997).


In May 1997, the Agency proposed
several alternative approaches to
determining whether a waste was
uniquely associated. One option to
determine if a waste is uniquely







28591Federal Register / Vol. 63, No. 100 / Tuesday, May 26, 1998 / Rules and Regulations


associated was the simple application of
the high volume threshold used in the
Agency’s 1989 rulemaking. Under this
option, the volume criterion would
obviate the need to consider the
uniquely associated principle further.


The Agency based this option on the
fact that Congress and the courts have
established that only large volume
special wastes should be eligible for the
Bevill exclusion (62 FR 26041, May 12,
1991; Environmental Defense Fund v.
EPA, 852 F.2d 1316 (D.C. Cir 1988), cert.
denied 489 U.S. 1011, Solite
Corporation v. EPA, 952 F.2d 473, 494–
495 (D.C. Cir 1991)). The Agency
reasoned that a large volume criterion is
simple to apply and is consistent with
the broad parameters of Congressional
intent. Further, this approach would
help prevent additional toxic
constituents from being disposed with
Bevill wastes, potentially encouraging
recycling, and may result in reduction
of cleanup costs.


Industry commenters voiced strong
opposition to the use of a volume
criterion to determine whether a waste
was uniquely associated. Commenters
stated that the Bevill exclusion was
intended to exempt all mining wastes,
regardless of their volume or toxicity.
As the regulatory history of EPA’s
implementation of the Bevill exemption
makes clear, however, this is not the
case. (see 54 FR 36592, September 1,
1989).


Nonetheless, while the Agency has
used volume to make certain Bevill
determinations, it has not in the past
used the high volume criterion to make
uniquely associated determinations. The
Agency assessed the impact of applying
a high volume criteria in making
uniquely associated determinations and
found that such an application would
make virtually all such wastes non-
uniquely associated and subject to
Subtitle C controls, regardless of the
extent to which the waste was, in fact,
associated with mining and mineral
processing. EPA does not believe that it
would be appropriate to ignore
altogether the extent to which a
particular waste is associated with
mining and mineral processing
activities that are subject to the Bevill
exclusion, since that exclusion on its
face applies to wastes from those
processes. In addition, the Agency
believes that a certain degree of
flexibility is needed for making
uniquely associated determinations due
to the complex and varied mineral
operations and site-specific factors that
must be considered in making these
decisions. In today’s rule, the Agency is,
therefore, not adopting the use of a


volume criterion to determine whether
a waste is uniquely associated.


The Agency also proposed an option
where a waste would be uniquely
associated if it came into direct contact
with an ore or mineral or wastes from
the extraction, beneficiation, or
processing of ores and minerals. Several
commenters expressed the view that,
while contact can be one useful
indicator of whether a waste is uniquely
associated with mining, such contact
should not be required in all cases.
These commenters believed that the test
should be whether the conduct of
mining and mineral processing
necessitates the generation of a
particular waste; if so, then the waste
should be considered uniquely
associated. Other commenters believed
that the ‘‘contact’’ principle was
potentially overly broad, since it would
have the potential to sweep into Bevill
wastes that typically would not be
considered uniquely associated. As
proposed, however, the contact option
would consider only contact that
occurred as part of a processing
operation.


After consideration of public
comments, the Agency has concluded
that a strict application of the ‘‘contact’’
principle, while appealing because of its
simplicity, would not provide the best
means of determining whether a waste
is uniquely associated with mining or
mineral processing. The Agency is
concerned that, while contact may be
one indicator of when a waste is
associated with the mineral recovery
process where, for example, the contact
with the process imparts chemical
characteristics to the waste, EPA agrees
with commenters that simple
application of the contact principle has
the potential to be over-inclusive of
wastes that are properly viewed as
‘‘uniquely associated.’’ The Agency has
not, therefore, adopted that criterion as
being determinative of whether a waste
is uniquely associated.


The other option in the May 1997
proposal would modify the contact
principle to exclude, as non-uniquely
associated, wastes that only exhibit the
same hazardous characteristic both
before and after contact with the Bevill
waste, feedstock, or product. This
‘‘modified contact’’ approach may
reduce the potential for Bevill wastes to
be dumping grounds for non-Bevill
hazardous wastes. Under this approach,
wastes that are inherently hazardous
prior to contact with a Bevill waste, and
which retain the same hazardous
characteristic after contact, would be
subject to Subtitle C regulation when
discarded.


Commenters pointed out that the
Agency had never before proposed to
use the hazardous characteristic to
determine whether a waste was
uniquely associated, nor had the Agency
used this criterion in making uniquely
associated determinations since 1980.
They also pointed out that the Agency
had already studied the hazardous
characteristics of uniquely associated
wastes but nevertheless stated that these
wastes should not be subject to RCRA
Subtitle C (51 FR 24496).


Some commenters also contended
that the real issue is whether the waste
is indigenous to the mining and mineral
recovery process—i.e., whether it is
necessary to generate the waste in order
to conduct the process—and that the
hazardousness of a material prior to its
use in the process is, therefore,
irrelevant.


EPA agrees, in part, with these
commenters that the characteristics of a
material (i.e., whether it is hazardous)
prior to use in mineral recovery
processes should not be solely
determinative of whether the wastes are
‘‘uniquely associated.’’ As a general
matter, the closer the nexus between a
particular waste and the mineral
recovery process, the more likely it is
‘‘uniquely associated’’ within the
meaning of Bevill. The Agency
recognizes, however, that one fact that
might help evaluate the relationship
between a particular waste and the
mineral recovery process is the extent to
which the properties of a particular
waste can be attributed to the process
itself. Thus, while the Agency does not
believe that hazardousness of a material
prior to use in the mineral recovery
process should be determinative of its
Bevill status after use, the extent to
which the material has acquired
attributes through its involvement in
that process is relevant.


Based on consideration of all the
public comments, the Agency believes
that it is appropriate to evaluate
whether a particular waste is uniquely
associated with mining and mineral
processing as follows. First, any waste
from ancillary operations are not
‘‘uniquely associated’’ because they are
not properly viewed as being ‘‘from’’
mining or mineral processing. In
evaluating wastes from non-ancillary
operations, one must consider the extent
to which the waste originates or derives
from processes that serve to remove
mineral values from the ground,
concentrate or otherwise enhance their
characteristics or remove impurities,
and the extent to which the mineral
recovery process imparts its chemical
characteristics to the waste. Under this
test, the greater the extent to which the
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waste results from the mineral recovery
process itself, and the more the process
imparts to the waste its chemical
characteristics, the more likely the
waste is ‘‘uniquely associated.’’


The Agency believes that this
approach provides a reasonable basis to
determine whether a waste is ‘‘uniquely
associated.’’ The Agency believes that
these factors touch on the full range of
facts that are likely to be relevant in any
particular case. As is evident from the
criteria summarized above, judgment
must be exercised where the question is
whether a waste from a non-ancillary
operation is uniquely associated. EPA
believes that this is appropriate because
of the fact-specific nature of this
determination and the myriad
circumstances that can arise. However,
as noted above, the Agency believes that
wastes generated from ancillary
operations (such as truck maintenance
shops at a mine and not from the mining
or mineral recovery process itself), are
not uniquely associated. Such
circumstances would likely present the
most readily identifiable cases of non-
uniquely associated wastes.


The approach noted above reflects the
longstanding principle, based on the
clear language in Section 3001 of RCRA,
that uniquely associated wastes must
result from mining and mineral
processes themselves. This approach
also is generally consistent with
industry’s underlying contention that
the uniquely associated concept should
exempt wastes that are ‘‘indigenous’’ to
mining. EPA disagrees, however, with
industry’s contention that uniquely
associated wastes are any wastes that
are unavoidably generated by mining
operations. For example, arguably, it is
unavoidably necessary to conduct
maintenance on machinery that
supports mining at a site (e.g., used to
transport ores and minerals among
processes); however, such maintenance
is not necessarily part of the mining or
mineral recovery process itself. EPA
believes that the proper focus should be
the extent to which a waste is generated
as part of the mining and mineral
recovery process, not the extent to
which a facility must conduct an
activity as part of its operation.


The elements of the ‘‘contact’’ options
discussed in the preamble to the
proposal, as well as regulatory language
contained in the May 1997 proposed
rule (see proposed 40 CFR 261.4(b)(7)
(stating that exempt extraction and
beneficiation wastes must ‘‘originate
from the extracted ore or mineral’’)) may
affect uniquely associated
determinations. While, as discussed
above, the Agency believes that sole
reliance on a contact principle would be


unjustifiably rigid, consideration of the
extent to which the mineral recovery
imparts to the waste its chemical
characteristics provides a useful means
of evaluating whether a waste is
uniquely associated. The greater the
extent to which the waste acquires its
chemical characteristics from the
process from the processing of an ore or
mineral, the more likely that waste
would be uniquely associated with the
Bevill process. Conversely, the less a
particular waste originated from or
acquired its characteristics from such
processes, the less likely it is uniquely
associated.


Some commenters asserted that the
Agency’s proposal represented a sharp
departure from past Agency practice
under the uniquely associated principle
and would constitute, in effect, a
revision of prior Bevill regulatory
determinations. Neither contention is
correct. While the Agency has
articulated here its approach to the
uniquely associated principle in more
detail than previously, the Agency
believes that the approach is
fundamentally the same as how the
Agency has applied the uniquely
associated principle in the past. Second,
the Agency is not, through the uniquely
associated principle, seeking to revise
past regulatory determinations that
exempted extraction and beneficiation
wastes and certain mineral processing
wastes from Subtitle C regulation. The
list of exempt extraction/beneficiation
processes and mineral processing
wastes in section 261.4(b)(7) is not
altered by this approach. Even under
these existing regulatory provisions, it
was necessary to determine in certain
cases whether a particular waste stream
was, in fact, ‘‘from’’ (i.e., ‘‘uniquely
associated’’ with) one of the enumerated
Bevill processes. EPA’s past regulatory
determinations did not, therefore,
obviate the need for determining the
applicability of Bevill to particular
waste streams. In this rule, EPA is
simply ensuring that the uniquely
associated criteria have the benefit of
full public notice and comment; we
have not, however, altered the scope of
prior regulatory determinations through
this process.


Industry commenters nonetheless had
concerns about certain applications of
the uniquely associated principle
articulated in the mineral processing
identification document contained in
the docket at proposal. In particular,
commenters expressed concerns that the
document concluded that spent
kerosene in copper solvent extraction,
crud from electrowinning, crucibles and
cupels, and acid cleaning solutions from
gold heap leaches are not uniquely


associated. All of the wastes just noted
are generated as a result of
beneficiation. It should be noted that all
wastes generated after the
commencement of mineral processing
are mineral processing wastes. As a
result of the Agency’s 1989 rule (54 FR
2322), all mineral processing wastes,
except those noted in 40 CFR
261.4(b)(7), are subject to RCRA Subtitle
C, if they exhibit a hazardous
characteristic. Therefore, the effect of
the uniquely associated principle is of
less import than at beneficiation
facilities.


The Agency received numerous
comments challenging the Agency’s
position that these wastes were not
uniquely associated. Comments from
the copper industry noted that slimes/
muds, crud, and spent kerosene
generated from copper solvent
extraction and electrowinning were
uniquely associated because these
wastes had been determined by the
Agency in 1989 (see 54 FR 36592) to be
wastes from extraction and
beneficiation. Based on these comments,
the Agency has reassessed its prior
conclusions regarding these wastes and
agrees with the copper industry that
slimes/muds, crud, and spent kerosene
generated from copper solvent
extraction and electrowinning are
uniquely associated. 40 CFR 261.4 states
that wastes from solvent extraction and
electrowinning are extraction/
beneficiation wastes and are not subject
to regulation under Subtitle C. Applying
the approach described above, it is clear
that solvent extraction and
electrowinning are clearly not ancillary
activities since their sole purpose is to
concentrate copper values out of
pregnant leach solution. The ‘‘uniquely
associated’’ nature of these wastes is
also supported by the degree to which
the wastes originate and derive from the
mineral recovery process. Thus, the
Agency’s view is that these wastes are
‘‘uniquely associated’’ with
beneficiation.


Comments received from the gold
industry noted that acid wash solutions
are generated solely from processes used
to concentrate gold values from cyanide
leach solutions. Again, the Agency has
reassessed its earlier interpretation and
now believes that acid wash solutions
from gold heap leaching are uniquely
associated. The Agency came to this
conclusion in light of the non-ancillary
nature of the process generating these
wastes (carbon columns must be kept
‘‘clean’’ for the gold to be effectively
recovered), the extent to which the
wastes originate and derive from this
mineral recovery process, as well as the
fact that the process imparts some
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chemical characteristics to the waste
(i.e., the ore material that is cleaned
from the carbon).


Based on the approach articulated
above, the Agency now believes that
other wastes are best viewed as non-
uniquely associated. For example, the
Agency believes that lead anodes used
in the electrowinning process are not
non-uniquely associated wastes. While
lead anodes are used in the mineral
recovery process and thus could be
viewed as uniquely associated based on
this consideration in isolation, a
countervailing consideration is that the
mineral recovery process imparts
virtually no characteristics to these
materials. Lead anodes are virtually
identical both before and after being
used in the process. On balance, the
Agency concludes that lead anodes are
not uniquely associated with mining
and mineral processing.


The Agency also reassessed the status
of cupels and crucibles and finds that
they remain non-uniquely associated
wastes. These wastes are the result of
laboratory testing. Cupels and crucibles
are also used in other industries (e.g.,
jewelry companies test the precious
metal content of metals using cupels).
These wastes are from an ancillary
operation, laboratory analyses, and are
not generated due to the direct recovery
of gold and, therefore, fail to meet the
Agency’s uniquely associated criteria. It
should also be noted that the Agency
has consistently found that laboratory
wastes are generally non-uniquely
associated.


As stated previously, the applications
of the ‘‘uniquely associated’’ principle
articulated here reflect the Agency’s
interpretation of the criteria as applied
to those particular wastes based on the
best current information available to
EPA. Like the positions articulated in
the Identification Document, these calls
represent the Agency’s current best
evaluation of whether these wastes are
‘‘uniquely associated,’’ based on
available information. However, the
discussion above and in the
Identification Document simply
provides guidance on these issues, and
therefore, the determinations are not
legally binding on decisionmakers, the
public, or the courts.


Finally, one commenter argued that
the uniquely associated principle as
discussed by EPA is an impermissible
reading of the Act to the extent it would
authorize EPA to consider factors other
than high volume/low toxicity in
making Bevill determinations. The
Agency disagrees with this position.
The Court in EDF II directed the Agency
to apply a high volume/low toxicity
criteria to determine if a mineral


processing waste would retain the Bevill
exclusion. The uniquely associated
inquiry is somewhat different. The
question here is the threshold issue
whether a particular waste is ‘‘from’’
extraction, beneficiation or mineral
processing in the first place. The
Agency does not believe that the
decision in EDF II spoke to that inquiry.
Rather, EDF II was concerned solely
with the circumstances under which a
waste that is ‘‘from’’ these processes
qualifies for the Bevill exclusion. Stated
another way, a waste is only subject to
the Bevill exclusion if it is, in fact,
‘‘uniquely associated’’ with extraction/
beneficiation or one of the 20 exempt
mineral processing wastes. Thus, the
uniquely associated principle does not
expand the scope of the Bevill
exemption, and the Agency’s approach
is, therefore, entirely consistent with the
decision in EDF II.


b. Addition of Mineral Processing
Secondary Materials to Units Processing
Bevill Raw Materials. The question
addressed in this section is: if a Bevill
extraction/beneficiation process uses as
feedstock a mineral processing
secondary material which otherwise
would be a hazardous waste, would the
resulting wastes still be considered to be
from extraction/beneficiation and hence
Bevill exempt?


There are two bases for potential
environmental concern prompting this
question. The narrower issue is that if
otherwise-hazardous wastes are used as
partial feedstocks, could they change
the resulting wastes’ character in a
manner such that the existing exclusion
should no longer apply, or, put another
way, is the Bevill exemption being used
to shield disposal of non-exempt
hazardous wastes? The broader issue is
whether the Bevill amendment, which
creates an exemption from rules
designed to protect the public and the
environment from unsafe hazardous
waste disposal practices, should be
interpreted any more broadly than
necessary given that the effect is to
exempt more waste from protective
controls.


EPA proposed two different answers
to these questions. In the January 1996
proposal, the Agency proposed to apply
the same ‘‘significantly affected’’ test
used in the partially analogous context
of a Bevill device which co-processes
hazardous waste along with normal raw
material feedstock. 61 FR at 2351 and 40
CFR section 266.112. So long as
resulting wastes from the extraction/
beneficiation process were not
‘‘significantly affected’’ by the addition
of hazardous secondary materials,
resulting wastes would remain exempt.
Id. Significantly affected meant either


that the resulting wastes reflecting co-
processing were statistically different
over the non-waste baseline, or that
there was an environmentally
significant increase in hazardous
constituents over the non-waste
baseline. Id.


The May 1997 proposal would have
gone further and interpreted the Bevill
amendment narrowly (a common rule of
construction when construing
exceptions to plenary protective
regulatory schemes to apply only to
situations when extraction/beneficiation
raw material feedstocks are utilized) to
apply only to situations when
extraction/beneficiation raw material
feedstocks are utilized (see 62 FR at
26052).


After reviewing the public comments,
the Agency has decided not to adopt
either of these alternatives. As
explained below, EPA ultimately has
decided that the likely result of either
proposal would be unwarranted
disruption to legitimate (and desirable)
recovery practices within the industry.
Nonetheless, as discussed in the final
subsection of this part of the preamble,
the Agency retains concerns that the
Bevill amendment not be used as a
means of shielding disposal of non-
Bevill hazardous wastes, and therefore
cautions that the Agency intends to
scrutinize especially carefully claims of
legitimate recycling when hazardous
secondary materials are co-processed in
extraction/beneficiation operations.


(i) Should the Bevill amendment
apply only when virgin materials are
processed in extraction/beneficiation
operations? In the Agency’s May 1997
proposal, EPA sought comment on
whether a narrow reading of the Bevill
exclusion should be implemented
which would limit the availability of the
Bevill exemption to wastes generated
exclusively from the use of Bevill raw
materials, namely ores and minerals.
Under this approach only virgin ores
used as a feedstock to a beneficiation
operation and only concentrates derived
from beneficiation and then used as a
feedstock to mineral processing would
be eligible for the Bevill exclusion. If
any alternative materials were used as
feedstocks, the resulting waste would
not be eligible for the Bevill exclusion.
62 FR at 26052.


In today’s rule, the Agency is
declining to pursue this option. Industry
comments were uniformly opposed.
Industry noted that since 1989, the
Agency has established a clear use of
the 50 percent rule and was well aware
that the co-processing of a range of
materials was occurring at both
extraction/beneficiation and mineral
processing facilities when it finalized its







28594 Federal Register / Vol. 63, No. 100 / Tuesday, May 26, 1998 / Rules and Regulations


1989 rulemaking (see 54 FR 33620,
September 1, 1989). Industry further
pointed out that in the 1989 rulemaking
the Agency found that 20 mineral
processing wastes (see 40 CFR
261.4(b)(7)) would retain their Bevill
exempt status even though co-
processing was occurring. Industry also
noted that the Agency had not presented
any data to confirm that the co-
processing of virgin and non-virgin
materials would actually increase risks
to the environment. Public interest
groups on the other hand indicated that
the proposed option more closely
follows the intent of Congress to limit
the Bevill exemption to high volume,
low toxicity wastes.


The Agency has reviewed the data on
co-processing of non-virgin and virgin
material and finds that it did evaluate
co-processing issues in its 1990 Report
to Congress on Wastes from Mineral
Processing (EPA Office of Solid Waste,
July 31, 1990). This review, as it relates
to the 20 mineral processing waste
streams that are still exempt, found that
co-processing had not significantly
changed the hazardous properties of the
resultant wastes.


The Agency noted in its proposal that
it was unaware of the extent of co-
processing at extraction/beneficiation
facilities, particularly after 1985.
Industry comments noted that
background reports to the Agency’s
1985 ‘‘Report to Congress on Extraction
and Beneficiation Wastes’’ (EPA Office
of Solid Waste, December 31, 1985)
discussed this co-processing issue.
Agency review of these documents
indicates that while some references to
feedstocks are discussed, the Agency
was not aware of the extent of this
practice until it began to restudy mining
and mineral waste management
practices in 1989 and initiated a series
of visits to mines and mineral
processing facilities in 1991–92.


Industry also submitted comments
indicating that implementing this
option would have significant adverse
impacts on the mining and mineral
processing industries. The Agency
assessed industry comments and
conducted its own economic analysis.
The Agency found that implementation
of this option may reduce current
recycling in the copper and lead sectors,
and could cause potentially serious
economic disruption to industry. (See
EPA’s Regulatory Risk Impact
Analyses.) Both the gold and copper
sectors pointed out that they routinely
reintroduce mineral-bearing streams
from their processing activities into
their beneficiation plants to further
recover metal values. Such practices
would diminish if this option were


implemented, since affected extraction/
beneficiation operations would not
recycle secondary materials if the result
is to lose Bevill status of the resulting
wastes. It makes little sense for the
Agency to implement a program which
may reduce recycling where its
knowledge of the environmental benefit
of the approach is limited.


(ii) Significantly Affected. Under the
Agency’s January 1996 proposal,
mineral processing secondary materials
could be introduced into beneficiation
units generating Bevill-exempt wastes
(without affecting the wastes’ Bevill
status) if they were legitimately
recycled, secondary materials
comprised less than 50% of the total
feed to the unit, and the resulting wastes
were not ‘‘significantly affected’’ by the
recycling practice.


EPA has decided to adopt the
proposed approach except the Agency
has decided not to adopt the proposed
‘‘significantly affected’’ test in today’s
final rule. It should be pointed out that
small volumes of mineral processing
secondary materials likely to be
recycled at beneficiation facilities
would be processed along with
enormous quantities of raw ore.
Therefore, the probability that the
introduction of such materials would
affect the characteristic of the resultant
wastes is very low.


Given the likelihood of minimal
environmental effect, the Agency must
therefore judge whether the benefits of
encouraging recycling these materials
outweigh the potential additive risks
that, however unlikely, could
potentially occur in unusual cases. The
Agency has decided that, from both an
implementation and an overall
environmental perspective, not
requiring a ‘‘significantly affected’’
evaluation makes sense. While it is
possible that adoption of a
‘‘significantly affected’’ test might catch
the unusual circumstance where
addition of secondary materials
substantially changes the characteristics
of the resultant wastes, imposing such a
requirement could potentially have a
chilling effect on the amount of
secondary material that the industry
recycles. This is because industry would
not risk imperilling Bevill status, since
a consequence could be RCRA
permitting and facility-wide corrective
action potentially affecting areas of
historic contamination. From an
environmental perspective, EPA
believes that the benefits of recycling
such materials are substantial, and far
outweigh the largely marginal benefits
that could be associated with requiring
a ‘‘significantly affected’’ analysis on a
waste stream by waste stream basis.


EPA originally viewed the situation
presented here as analogous to when
hazardous wastes are co-processed in
Bevill units, and so proposed the
identical test for resulting residues. 61
FR at 2351. On reflection, there are
important distinctions between the two
fact patterns. EPA applies the
‘‘significantly affected’’ tests when what
are admittedly hazardous wastes are co-
processed. The usual case is when a
hazardous waste fuel is burned in a
Bevill unit (like a cement kiln) which
also processes normal raw materials.
The hazardous wastes can contribute
more and different hazardous
constituents not normally found in the
raw materials. In the extraction/
beneficiation example, however, the
mineral processing secondary materials
are being used as feedstock precisely
because those materials share attributes
found in raw materials (i.e., recoverable
amounts of metals). Because the rule
limits co-processing to mineral
processing secondary materials, such
materials would typically be similar in
nature to the raw materials being
processed, making it far less likely that
co-processing would significantly alter
the attributes of resulting wastes. In
addition, unlike the burning in furnaces
example noted above, the mineral
processing secondary materials being
recycled are not hazardous wastes.
Although they are secondary materials,
the Agency has decided to exclude them
from the regulatory definition of solid
waste (assuming legitimate recycling)
because the activity resembles normal
reclamation practices within the
industry. Put another way, since the
mineral processing secondary materials
are from the same industry sector and
are being reclaimed within the same
industry, they can be viewed as
secondary materials which are not
wastes. It is, thus, less appropriate to
apply a significantly affected test to
these non-waste feedstocks.


EPA also was unable to apply the
‘‘significantly affected’’ test in a manner
that would focus on those secondary
materials that actually could cause
significantly increased environmental
risks. The proposed test was the
Burning in Furnaces (BIF) 2-part test,
which would function in a different
manner in this rule. Under the BIF rule,
the concern was with the use of
hazardous wastes from outside
industries, and residuals rarely fail the
second part of the test, exceeding the
hazardous characteristic. Here, we are
dealing with materials from within the
industry, metal values are reclaimed,
and wastes typically exhibit a hazardous
characteristic. Since mineral processing
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secondary materials often contain other
metals in them, the resultant wastes
from co-processing may show statistical
increases or decreases in the metals
content of the resultant wastes. The
increases or decreases in metal
constituents, however, does not
necessarily mean that risk has
increased. An increase in one
constituent may be offset by a decrease
in another constituent or by additional
volumes of raw material feedstocks that
would be needed to replace the mineral
processing secondary materials. The
application of the proposed test
therefore could not be effectively used
to determine if risks would increase if
secondary materials are co-processed at
beneficiation facilities.


(iii) Conclusion. For these reasons, the
Agency has decided to retain as a
condition for retaining Bevill status the
standard requirement that an extraction/
beneficiation unit processes at least 50
percent raw material. 54 FR at 33620
(Sept. 1, 1989); 50 FR at 49190 (Nov. 25,
1985); and 56 FR at 7198 (Feb. 21, 1991)
(previous instances where EPA has used
this test); 61 FR at 2351 (proposal of that
test here). If the 50 percent criterion is
met, the resulting waste would still be
from extraction/beneficiation and hence
exempt. Raw materials can be mineral
processing secondary materials and be
placed into units generating Bevill-
exempt wastes provided that the facility
legitimately recycles these materials.


The proviso is important. EPA repeats
that the Bevill amendment is not to
serve as a means of disposing of non-
Bevill hazardous wastes. As explained
later in the preamble, if a hazardous
waste is mixed with a Bevill waste, the
mixing is regulated under RCRA
Subtitle C, and the mixed wastes may be
Subtitle C hazardous wastes. While the
mixture rule does not apply when
materials are placed in a beneficiation
unit for legitimate recycling, it would
apply if a hazardous secondary material
is not being recycled legitimately. See
U.S. v. Self, 2 F.3d at 1071, 1079 (10th
Cir. 1993)(sham recycling is simply
hazardous waste disposal or treatment).


It should also be pointed out that
today’s rule prohibits the storage on the
ground of any characteristically
hazardous mineral processing secondary
material. Should a beneficiation facility
wish to legitimately reclaim such
materials, it should be aware that
placement of these materials in raw
material piles may change the RCRA
status of the pile.


c. Bevill Mixture Rule and Disposal.
Disposal of waste mixtures is the focus
of this section. The Agency promulgated
the Bevill mixture rule in 1989 (see 54
FR 36592). That rule was remanded to


the Agency in Solite Corp v. EPA, 952
F.2d 473, 493–94 (D.C. Cir. 1991). EPA
reinstated the mixture rule in 1992;
however, this reinstatement was found
to be procedurally defective in Mobil Oil
v. EPA, 35 F. 3d 579 (D.C. Cir. 1994).


In the January 1996 proposal, the
Agency proposed that if any mineral
processing hazardous waste, or indeed
any hazardous waste, is mixed with and
disposed with a Bevill waste, the
resulting waste is, under certain
circumstances, regulated under RCRA
Subtitle C. The Agency further stated
that the mixture of Bevill wastes and
hazardous wastes would normally be
regulated as a form of treatment subject
to regulation under Subtitle C. The
Agency stated its concern about the
potential human health and
environmental risks due to increased
hazardous constituents resulting from
the disposal of mixtures of hazardous
waste with Bevill-exempt wastes. The
Agency based the proposal on the policy
that Bevill wastes not be allowed to
serve as an unregulated dumping
ground for hazardous wastes. Cf.
Horsehead Resource Development Co. v.
Browner, 16 F. 3d at 1258.


The rule being adopted today is a
reinstatement of the mixture rule
promulgated in 1989. The Agency
continues to believe that the approach
adopted in 1989 is sound, and properly
balances the objectives of the Bevill
amendment with those of RCRA as a
whole. While commenters criticized
EPA on the grounds that the prior
mixture rule has twice been struck
down by the courts, those decisions did
not address the merits of the Bevill
mixture rule.


One clarification of statements in the
1996 proposal is in order. The Agency
stated that the proposed rule differed
from the 1989 Bevill mixture rule in that
the earlier rule had exempted mixtures
of Bevill wastes and characteristic
hazardous wastes from requirements
pertaining to treatment. See 61 Fed. Reg.
2352. This statement was, however, in
error. The Agency stated in the 1989
rulemaking that such mixing would, in
fact, constitute treatment of a hazardous
waste, and would be subject to the
appropriate regulation for treatment
storage and disposal of hazardous
wastes, including obtaining a permit. 54
Fed. Reg. 36622. Thus, the Agency is
not taking a more stringent approach to
regulating mixtures than was taken in
1989. As in 1989, moreover, the Agency
is not amending in any way the
definition of treatment, storage, or
disposal of hazardous wastes; nor is the
Agency promulgating any specific
provisions related to how those
definitions apply to mineral processing


wastes. The Agency is simply stating
that mixtures of Bevill and non-Bevill
wastes can, depending upon the
particular facts, constitute treatment,
storage or disposal under the existing
regulatory program.


Industry commenters generally
opposed the proposed mixture rule.
Several commenters argued that the
proposed rule was contrary to the Act
because it undermined the protection
that the Bevill amendment was intended
to provide the industry. These
commenters argued that the legislative
history indicates Congress intended the
Bevill amendment to be read broadly, to
incorporate waste products generated in
the ‘‘real world,’’ and that Congress
recognized co-management of wastes
practiced by the industry occurred in
the ‘‘real world.’’ According to these
commenters, integrated facilities
conducting extraction, beneficiation and
processing operations at a single
location have historically co-managed
wastes from these operations, including
certain newly identified mineral
processing wastes, and the proposed
rule would effectively undermine the
protections of the Bevill amendment for
these operations. One commenter
contended that the mixture rule would
subject ‘‘high volume/low hazard’’
waste mixtures from the mining and
mineral processing industry to Subtitle
C regulation without having conducted
the special study and regulatory
determination process set forth in
section 3001 of RCRA. Since such
mixtures of wastes are ‘‘high volume/
low hazard,’’ these commenters argued
that section 3001, as construed by the
Court in EDF v. EPA, 852 F.2d 1316
(D.C. Cir. 1988), mandates exclusion of
those wastes from regulation under
Subtitle C.


After careful consideration of these
comments, EPA has concluded that they
misconstrue the scope of the Bevill
amendment, and that the proposed
approach to Bevill mixtures is a
reasonable one. First, the Agency
disagrees with these commenters’
interpretation of the Bevill amendment
as applying to not only to ‘‘special
wastes’’ themselves, but also to any
other hazardous waste that may be co-
managed with them. Congress simply
provided that ‘‘solid waste from
extraction, beneficiation and processing
of ores and minerals’’ are not subject to
Subtitle C. RCRA § 3001(b)(3)(A).
Congress did not, as these commenters
suggested, apply this exclusion to such
wastes ‘‘and other hazardous wastes that
may be co-managed’’ with them. Rather,
Congress endorsed EPA’s conclusion
that high volume/low toxicity ‘‘special
wastes’’ deserved special treatment
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under the Act by virtue of the
difficulties that would be associated
with managing these wastes under the
Subtitle C program. Moreover, EPA’s
decade-long effort to demarcate the line
between special wastes and non-
excluded wastes was premised on the
notion that the line between them is of
some significance. If any hazardous
waste can come within the scope of the
Bevill amendment simply by being
mixed with Bevill waste, that line
becomes blurred, potentially creating a
universe of excluded wastes far beyond
that envisioned by Congress when it
enacted the Bevill amendment.


The Court in EDF II indicated that
those mineral processing wastes which
did not meet the high volume/low
toxicity criteria should be fully subject
to Subtitle C. The Agency, in today’s
rule, has taken prudent steps to
encourage the legitimate recycling of
hazardous secondary materials. If
hazardous mineral processing wastes
can not be recycled and must be
disposed, the Agency finds nothing in
EDF II which precludes the Agency from
treating these hazardous wastes like any
other hazardous wastes. It should also
be pointed out that today’s rule does not
affect the disposal of extraction/
beneficiation wastes as long as there is
no mixing of non-exempt hazardous
wastes with them. EPA believes that this
rule is consistent with the scope of the
Bevill amendment because it maintains
the Bevill exclusion for mixtures that
are hazardous due solely to any
hazardous constituents of the Bevill
waste. The fact that these resulting
wastes retain their Bevill status does not
mean, however, that the act of storing,
treating, or disposing of hazardous
wastes with Bevill wastes should be
exempted from normal Subtitle C
controls.


EPA also disagrees with the notion
advanced by some commenters that EPA
is required by section 3001 to conduct
a study to determine whether mixtures
of Bevill and other wastes meet the high
volume/low toxicity test and thereby
merit being covered by the Bevill
amendment. EPA reads section 3001 as
mandating that EPA study wastes
generated by the mining and mineral
processing industry for purposes of
determining whether particular waste
streams are subject to the Bevill
amendment. EPA has done so and
determined that mineral processing
wastes that do not meet the high
volume/low toxicity threshold are not
subject to Bevill. EPA’s orderly
decision-making (see 54 FR 36592 and
55 FR 2322), would be undermined if
the Agency were then required to revisit


these determinations based upon how
facilities happen to manage their wastes.


Stated another way, EPA reasonably
based its Bevill regulatory
determinations on the volumes of each
type of mineral processing waste
generated within the industry; the
Agency does not believe it is reasonable
to interpret section 3001 as mandating
that EPA disregard the volumes in
which wastes are generated and instead
base its determinations on the vagaries
of how those waste streams may be
aggregated through industry’s disposal
practices. Such a result would be
counter to EPA’s special waste concept,
and ignore the fact that mineral
processing wastes streams that are not
generated above Bevill’s high volume/
low toxicity threshold would, in fact, be
amenable to management under Subtitle
C. Thus, the commenter’s interpretation
would effectively allow the mining and
mineral processing industry to
‘‘bootstrap’’ smaller volume wastes into
Bevill simply by co-disposing them with
Bevill wastes. The Agency and the
courts have never interpreted Bevill in
such an awkward fashion, and the
Agency declines to follow such an
approach here.


The Agency does not agree with
comments that any change to the Bevill
mixture rule would effectively eliminate
Bevill for integrated facilities. Today’s
rule does not change the Bevill status of
extraction/beneficiation wastes nor does
it alter the Bevill status of 20 mineral
processing wastes (see 40 CFR 261.4).
Since a large number of ‘‘newly
identified’’ mineral processing waste
streams become subject to the LDR, the
Agency took steps to clarify the status
of non-exempt ‘‘Bevill’’ wastes (i.e.
mineral processing wastes not within
the scope of the Bevill amendment) in
this rulemaking. The Identification
report, placed in the docket in January
1996, was developed by the Agency to
assist companies in determining if
wastes were or were not exempt. The
Agency sought comment on the draft
Identification document and has
finalized this report. This report is,
however, guidance. Mineral processing
companies now have the ability to
identify the status of each waste stream
and to cease mixing non-exempt
hazardous wastes with exempt waste
streams.


Regarding commenters’ critique of the
concerns expressed by EPA in the
proposal justifying the proposed
mixture rule, the Agency continues to
be concerned about the mixture of
hazardous wastes with Bevill exempt
wastes for treatment, storage or disposal.
The Agency has noted earlier that it is
not imposing the significantly affected


option because the mixture of hazardous
secondary materials with feedstocks
does not appear to adversely affect risk.
This is so because the mixtures are
destined for legitimate recovery of
metal, acid, water or cyanide, or other
values. Mixtures destined for disposal
will not have any of their hazardous
constituents removed or other values
utilized and may contribute to the waste
disposal problem. Nor is there the
slightest indication in law that normal
Subtitle C rules should not apply to
disposal of normal Subtitle C hazardous
wastes.


Commenters did point out several
errors made by EPA in the proposed
rule language. Many commenters noted
that there was an inconsistency between
the preamble of the January proposal
and its proposed regulatory language.
The proposed regulatory language
inadvertently omitted language in the
general mixture rule stating that mixture
of a solid waste with a hazardous
wasted listed solely because it exhibits
a characteristic identified in Part 261
subpart C is a hazardous waste ‘‘unless
the resultant mixture no longer exhibits
any characteristic of hazardous
waste. . . ‘‘ 40 C.F.R. 261.3(a)(2)(iii). It
was not EPA’s intent to propose deleting
this language, and it therefore is
included in the final rule.


In addition, as pointed out by
commenters, the proposed language
failed to track the preamble discussion
of mixtures of Bevill wastes and
characteristic hazardous wastes (as well
as wastes that are listed because they
exhibit a hazardous characteristic).
Under the proposed rule language,
mixtures of Bevill wastes and hazardous
wastes would be a hazardous waste
whenever it exhibited a hazardous
waste characteristic, even where that
characteristic was imparted to it solely
from the Bevill waste. (See proposed
section 261.3(i).) As shown by the
preamble, this was clearly not EPA’s
intent, which was to preserve the Bevill
exclusion for mixtures that are
hazardous solely because of the Bevill
component of the mixture. See 61 FR
2352–53.


Conversely, the preamble, although
ambiguous in spots on this issue, did
say at one point that mixtures of
characteristic hazardous waste and
Bevill wastes would be considered
hazardous waste only if the mixture
continued to be hazardous due to
characteristics imparted to it by the non-
Bevill waste. 61 FR at 2352. If the
mixture exhibited a hazardous
characteristic due solely to the Bevill
waste, the Agency did not intend to
designate the mixture as a hazardous
waste.
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Consistent with that discussion,
under today’s rule, the Agency has
decided that if Subtitle C hazardous
waste exhibiting a characteristic is
mixed with Bevill-exempt waste
exhibiting the same characteristic and
the mixture continues to exhibit that
common characteristic, then the entire
mixture should be considered to be non-
exempt hazardous waste. This result is
consistent with normal rules on when
wastes are hazardous, which state that
if a waste exhibits a hazardous waste
characteristic, it remains a hazardous
waste unless and until it no longer
exhibits a characteristic. 40 CFR
261.3(d)(1). In addition, such a principle
will make this rule easier to administer
(should this situation actually occur),
since enforcement officials will not have
to parse out which portion of the waste
mixture is imparting the characteristic
property. Finally, the result is consistent
with the overall object of today’s rule:
not to let Bevill wastes be used as a
means of allowing unregulated
management of normal Subtitle C
hazardous wastes.


Several commenters noted concern
that existing exemptions to the Agency’s
mixture rule, such as that given to
totally enclosed treatment facilities and
elementary neutralization units, would
be eliminated under this rule. The
Agency reiterates that this rule does not
alter in any way the current Agency
mixture rule. The purpose of this
rulemaking is to place the mixing of
hazardous wastes that may occur at
mineral processing plants on the same
status as all other hazardous waste
management.


(i) Illustrations of how today’s rule
operates. Although the regulatory
parlance for today’s rule has always
been the ‘‘Bevill mixture rule’’, the
greatest practical consequence of the
rule is probably on the units where
mixing occurs. This is because units (i.e.
tanks, impoundments, piles, landfills,
etc.) where hazardous wastes are placed
will (absent some exemption or
exclusion other than that provided by
the Bevill amendment) be regulated
units, i.e. units subject to Subtitle C
standards for treatment, storage, and/or
disposal. This point is illustrated by the
following examples, which also
illustrate the effect of the rule on the
resulting mixtures:


Example 1. Facility A generates F 001
listed spent solvents which it mixes with a
solid waste that has Bevill exempt-status.
The mixing occurs in a landfill.


The landfill is a regulated unit because
hazardous waste—F 001—is being disposed
in it. (Among other things, this means that
the F 001 wastes could not be placed in the
landfill until the LDR treatment standard is


satisfied.) In addition, all of the wastes with
which the F 001 wastes are mixed are
hazardous wastes carrying the F 001 waste
code by application of the mixture rule.


Example 1a. Same facts as in example 1,
except that the waste being mixed is F 003
spent solvent, a waste listed only because it
exhibits a characteristic of hazardous waste.


The landfill becomes a regulated unit for
the same reason as in example 1. (See
Chemical Waste Management v. EPA, 976
F.2d at 20 n.4 and 24 n. 10 (placement of
waste which is hazardous for any amount of
time in a unit subject that unit to Subtitle C
regulation); 61 FR at 2352 (same). However,
the status of the resulting waste mixture is
determined by the principles for
characteristic hazardous wastes, illustrated
below.


Example 2. Facility B generates a
characteristic ignitable solvent which it adds
to a surface impoundment containing a
Bevill-exempt waste that would exhibit the
TC for lead. The resulting mixture exhibits
TC for lead but is no longer ignitable.


The surface impoundment is a regulated
unit, since it is engaged in treatment
(elimination of the ignitability characteristic)
and disposal (the placement of the ignitable
waste). The remaining wastes in the unit
retain their Bevill-exempt status because they
do not exhibit the characteristic property of
the non-Bevill hazardous waste. Thus, if the
waste were to be removed from the
impoundment and disposed elsewhere,
disposal need not occur in a regulated unit.


Example 3. Facility C generates a
characteristic hazardous waste exhibiting TC
for lead which it mixes in a tank with Bevill-
exempt wastes which also would exhibit the
TC for lead. The resulting mixture continues
to be TC for lead.


The tank is engaged at least in storage of
hazardous waste, and possibly treatment
(depending on how the D008 hazardous
waste is affected by the mixing). If waste is
removed from the tank, it remains subject to
Subtitle C because it continues to exhibit the
characteristic of the non-exempt hazardous
waste.


d. Remining. The Agency clarified in
its January 1996 proposal that the
removal of historically land placed
mineral processing wastes for the
purposes of mineral recovery would not
constitute disposal for purposes of
triggering Subtitle C. Moreover, removal
of wastes would not render the historic
disposal unit subject to RCRA
hazardous waste requirements (see 53
FR at 51444, December 21, 1988). The
Agency is today again clarifying that
removal of waste from a unit does not
constitute disposal for the purposes of
triggering Subtitle C regulation.


Commenters noted that the proposed
mixture rule would in effect eliminate
opportunities for remining. The Agency
disagrees. As noted previously, the
mixture restrictions in today’s rule deals
primarily with disposal of mixtures. The
mixture rule therefore, will not affect
the co-processing of historically


disposed mineral processing secondary
materials with other feedstocks.


6. Responses to Court Remands
a. Applicability of the Toxicity


Characteristic Leaching Procedure
(TCLP) to Mineral Processing Wastes. In
the January 1996 proposal, the Agency
proposed to continue using the TCLP
(SW–846 Test Method 1311) as the basis
for determining whether mineral
processing wastes and manufactured gas
plant wastes exhibit the toxicity
characteristic (TC) of hazardous wastes,
and developed a record supporting this
position. When the Agency promulgated
the TCLP method for testing whether
wastes exhibit the toxicity
characteristic, the applicability of the
TCLP test to mineral processing wastes
was challenged in Edison Electric
Institute v. EPA, 2 F.3d 438 (D.C. Cir.
1993) (‘‘Edison’’). The Court held that
the information in the record at the time
was insufficient to show a rational
relationship between the TCLP and a
likely mismanagement scenario for
mineral processing wastes.


Under the Court’s holding, the
Agency must at least provide some
factual support that such a
mismanagement scenario is plausible (2
F.3d at 446–47). The Agency is
addressing this remand in today’s final
rule because any applicable land
disposal restrictions would have little
meaning unless the Agency has a basis
for determining whether these mineral
processing wastes are hazardous, and,
therefore, subject to the restrictions.


Under the Court’s ruling in Edison,
the application of the TCLP test to
mineral processing wastes is
appropriate if the evidence available to
EPA shows that disposal of such wastes
in municipal solid waste landfills
(MSWLF) is a ‘‘plausible’’
mismanagement scenario (not
necessarily requiring that it be typical or
common) 2 F.3d at 446. Moreover, it is
sufficient if there is ‘‘evidence or
explanation on the record to justify a
conclusion that mineral wastes ever
come into contact with any form of
acidic leaching medium.’’ Id. at 447.


In considering the plausibility of this
mismanagement scenario, the Agency
has first carefully evaluated those
circumstances that industry has argued
make such mismanagement implausible.
Industry has argued that co-disposal
with municipal solid waste is not
plausible because the huge volumes in
which the wastes are generated could
simply not be handled by an MSWLF.
EPA has, however, conducted a
comprehensive review of such wastes
and concluded that many wastestreams
are generated at low volumes. (See
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Characterization of Mining and Mineral
Processing Wastestreams, USEPA,
1998.) Thus, the volumes in which
mineral processing wastes are generated
do not render disposal in an MSWLF
implausible.


Industry comments also indicated that
the location of its facilities were remote
and not close to municipal landfills.
Based on physical location alone,
industry suggested that disposal of their
wastes in municipal landfills was very
unlikely. This contention is not,
however, supported by the facts. The
Agency evaluated the location of
mineral processing facilities and found
that a considerable number of them are
located east of the Mississippi River and
some are located in or near urban areas.
(see Population Studies of Mines and
Mineral Processing Sites, 1998, U.S.
EPA.) This report indicates that there is
factual information which rebuts the
industry’s position that the location of
mineral processing facilities is routinely
so remote so as to make co-disposal
with municipal solid waste implausible.
Thus, based on the Agency’s population
study noted above, the Agency
concludes that some mineral processing
facilities are in fact located in or near
urban areas and their location in such
urban areas means that it is plausible
that their wastes could be disposed of in
urban landfills.


Factual information collected by the
Agency (made available for public
comment) supports the conclusion that
mineral processing wastes may
plausibly be disposed of with municipal
solid wastes. Industry comments
contested EPA’s factual basis for the
landfill disposal cases found in
Applicability of the Toxicity
Characteristic Leaching Procedure to
Mineral Processing Waste, U.S. EPA,
1998. Industry commenters contended
that the cases presented by the Agency
do not reflect current waste
management practices (which primarily
involve on-site disposal). Industry
commenters also argued that the facts of
particular cases did not, in fact, support
the conclusion that co-disposal had
occurred. EPA has reviewed the
information and concluded some of
these comments had merit, and EPA has
deleted from the final document those
cases for which there was not sufficient
information to be relied upon by the
Agency. However, even after a careful
sifting of the case studies, there
continues to be evidence to support the
conclusion that co-disposal of mineral
processing wastes with municipal solid
waste is plausible. While most mineral
processing wastes are generated in large
volumes and disposed on-site as
industry contends, the Agency has


found that some mineral processing
wastes are placed in dumpsters, or
similar containers, and shipped off-site
for commercial disposal.


These cases include, but are not
limited to, co-disposal of mineral
processing wastes from the refining of
alumina, copper, gold, ferrous metals,
lead, silver, and zinc. Such wastes have
been disposed in MSWLFs in various
states throughout the United States. The
Agency also found several cases where
manufactured gas plant wastes were
disposed in MSWLFs. (See Applicability
of the Toxicity Characteristic Leaching
Procedure to Mineral Processing Waste,
U.S. EPA, 1998.)


EPA acknowledges that the
information obtained by the Agency
does not show that the mismanagement
scenario is either typical or common,
but such a level of proof is not required.
Edison, 2 F.3d at 446. It is, moreover,
not surprising that the practice does not
appear to be widespread because, since
1989, disposal of any non-Bevill
hazardous mineral processing wastes in
a municipal solid waste landfill has
been illegal. Nonetheless, since some
mineral processing facilities are located
near urban areas and generate low
volume wastes, and some of these
facilities appear to have, in fact, co-
disposed of these wastes in this manner,
EPA believes it is reasonable to
conclude that application of its
mismanagement scenario to mineral
processing wastes is reasonable; that is,
if these wastes were no longer identified
as hazardous by means of the TCLP,
then the type of improper disposal
which occurred in the past could
resume.


Industry commenters further contend
that an alternative test, the Synthetic
Precipitation Leaching Procedure
(SPLP), is more appropriate for mineral
processing wastes. The National Mining
Association (NMA) noted in its
comments that the leach solution used
in the SPLP test protocol would more
accurately reflect the environmental
exposure of mineral processing wastes.
The SPLP test uses a leach solution
which mimics acid rain, while the TCLP
uses a leach solution which mimics
acids formed in municipal landfills. The
TCLP test therefore uses a leach solution
which is more acidic that the SPLP test.
However, ‘‘[n]othing in [RCRA] requires
EPA to tailor the TCLP to the conditions
to which mineral wastes are typically
exposed.’’ Edison, 2 F.3d at 443. If that
were the case, it would not have been
appropriate for EPA to even have
adopted a generic mismanagement
scenario as the basis for establishing its
approach for testing for the hazardous
characteristic. This approach has,


however, been upheld as a reasonable
exercise of the Agency’s discretion. Id.


Industry commenters supplied data
indicating that the TCLP is more
aggressive than the SPLP for most
metals and especially lead. Certain
states supported use of the test under all
or limited circumstances. EPA received
very limited data comparing the leach
tests. Because these data were extremely
limited, the Agency still does not have
data broadly comparing TCLP results to
SPLP results for a range of mineral
processing waste streams. Industry-
supplied data appear to indicate that the
SPLP test generates results which show
lower levels of lead than comparable
results using the TCLP. Thus, due to the
limited amount of data, the Agency is
unable to determine if the SPLP would
routinely show lower levels of lead, or
how the two tests compare when
analyzing other metals or whether such
lower levels would, in fact, better reflect
actual field conditions than would the
TCLP. At bottom, the fundamental issue
is not whether one test is more
conservative than the other. Rather, the
issue is whether it is plausible that
mineral processing wastes may be
disposed of in environments reflected
by the conditions mimicked in the
TCLP.


Aside from the plausibility of the
Agency’s mismanagement scenario,
application of the TCLP to mineral
processing wastes is supported by
comments from industry submitted
during the rulemaking regarding
disposal practices that are taking place
or advantageous at integrated mineral
processing/beneficiation facilities in the
industry. The proposed (and now final)
rule regarding mixtures of Bevill wastes
with non-Bevill hazardous wastes
(including mineral processing
hazardous wastes) effectively prohibits
such mixing. Some commenters
opposed the proposed mixture rule on
the grounds that integrated facilities
typically co-dispose of hazardous
mineral processing wastes (including
those exhibiting the TC) with extraction
and beneficiation wastes, and desired to
continue this practice or to have mixing
available as a management option for
these mineral processing hazardous
wastes. It is well-documented that
extraction and beneficiation wastes can
often generate highly acidic
environments. (See Acid Rock Drainage
Prediction, U.S. EPA, 1994) Disposal of
mineral processing wastes with such
wastes means that the mineral
processing wastes would be subject to
acidic conditions that, in some cases,
may be comparable to the acidic
leacheate medium utilized in the TCLP
(if not somewhat more aggressive). This
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is because water contacting the acidic
waste would thereupon become acidic
itself (an example being acid mine
drainage). EPA’s concern is that if the
mineral processing wastes are no longer
identified as hazardous because a test
other than the TCLP is used, then these
wastes could be disposed with the
acidic extraction/beneficiation wastes
and be exposed to metal-mobilizing
acidic leaching conditions as water
percolates through the mixture. Given
the evident economies noted in the
public comments in disposing of
mineral processing wastes along with
extraction/beneficiation wastes, such a
scenario is at least plausible. Such a
disposal scenario, which industry states
is not only plausible, but is typical of
some facilities, provides an additional
justification for the application of the
acidic leachate approach reflected in the
TCLP.


EPA recognizes that the TCLP utilizes
organic acids, while the disposal
scenario discussed above would involve
exposure to mineral acids. In part
because of this difference, EPA utilized
the SPLP in screening low hazard
wastes as part of its 1989 Bevill
determination. See 54 FR 36592 (Sept 1,
1989). Commenters have pointed to this
statement as undercutting any
application of TCLP to mineral
processing wastes.


EPA made clear in 1989, however,
that the TCLP was still the appropriate
test for determining whether a particular
mineral processing waste is a hazardous
waste subject to Subtitle C. Morever,
EPA believes that the general statement
contained in the 1989 preamble
arguably swept too broadly in its
conclusions. Notwithstanding that
statement, standard chemistry texts
establish that certain metals are highly
soluble in acidic environments,
including inorganic acids. Numerous
factors can affect the precise solubility
of a particular metal, and it is generally
not possible to generalize whether
organic or inorganic acids would cause
more or less of a particular metal
compound to solubilize. Based on
generally accepted chemistry principles,
however, a highly acidic environment,
whether organic or mineral in nature,
can be aggressive towards certain metals
typically found in mineral processing
wastes. Given that acidic leaching
media can result when mineral
processing wastes are co-disposed with
extraction/beneficiation wastes, EPA
believes that the acidic leachate
procedure utilized in the TCLP can be
appropriate for characterizing mineral
processing wastes.


EPA also notes a further policy
justification in its choice of the TCLP.


The final rule seeks to encourage
properly conducted recycling of mineral
processing secondary materials, and the
scheme in the final rule (whereby
recovery can occur provided facilities
do not utilize land-based storage units)
can be implemented at reasonable cost.
(See the Regulatory Impact Analysis for
the final rule, summarized later in this
preamble.) However, the Agency is
concerned that if integrated facilities
have a lower cost option of simply
disposing these mineral processing
secondary materials with extraction/
beneficiation wastes, facilities will
choose this alternative. Thus, not only
will the mineral processing wastes be
potentially exposed to acidic leaching
conditions, but properly conducted
metal recovery will be foregone. (See
RCRA section 1003 (a) (6) noting the
statutory goal to encourage properly
conducted recycling of hazardous
wastes.)


In addition to questioning the choice
of a leaching medium, commenters
questioned certain other features of the
test, notably a particle size feature
which mirrors freeze/thaw cycles, and a
dilution/attenuation factor which is
premised on human receptors
potentially living relatively proximate to
the disposal site. These issues are
addressed in greater detail in responses
to comments and technical background
documents. However, the Agency has
documented in the record that many
mineral processing facilities are located
in parts of the country where freeze/
thaw cycles which reduce particle size
occur, and are also located near
populations reflecting the degree of
dilution and attenuation used in the
model. (See Population Studies of Mines
and Mineral Processing Sites, 1998, U.S.
EPA)


Finally, EPA notes that nothing in the
recent decision Columbia Falls
Aluminum Co. v. EPA (no. 96–1234)
(April 3, 1998) is contrary to this
determination. Columbia Falls does not
stand for the proposition that EPA must
customize a test for particular wastes to
reflect individual or even typical
disposal circumstances, a proposition
expressly rejected in Edison, 2 F. 3d at
445. Rather, Columbia Falls approvingly
cites Edison for the proposition that
‘‘the TCLP must bear some rational
relationship to mineral wastes in order
for the Agency to justify the application
of the toxicity test to those wastes.’ ’’
Columbia Falls, slip op. at 18; see also
Huls America Inc. v. Browner, 83 F. 3d
445, 454 (Edison involved an instance
‘‘where the record was barren of any
rational relationship between the
methodology used by the EPA to set
regulatory levels and the known


behavior of the substance to which this
methodology was applied’’). EPA has
rectified the record deficiencies noted in
Edison, showing how the TCLP ‘‘bears
a rational relationship to the reality it
purports to represent.’’ Columbia Falls,
slip op. at 18. Today’s action is thus
consistent with both Edison and
Columbia Falls.


EPA is making the decision to retain
the TCLP as the test for identifying
mineral processing wastes effective
within 90 days, co-extensive with the
LDR prohibition effective date. This
effective date can be complied with
feasibly within 90 days since the TCLP
is already the applicable test for mineral
processing wastes (since it was
remanded, not vacated, by the Edison
ruling). Thus, the regulated community
does not need six months to come into
compliance. See RCRA section
3010(b)(1).


b. Remanded Mineral Processing
Wastes. In the January 1996 proposal,
the Agency proposed to revoke the
current hazardous waste listings for five
court-remanded smelting wastes. The
Agency also proposed not to re-list them
as hazardous stating that these wastes
would be regulated as hazardous wastes
if they exhibit a characteristic of a
hazardous waste.


In 1980, the Agency listed as
hazardous eight wastes generated by
primary metal smelters (45 FR 33066,
33124, 47832–34, (1980)). The Agency
listed the wastes pursuant to 40 CFR
261.11(a)(3) because they contained one
or more of the hazardous constituents
listed in 40 CFR 261, Appendix VIII.
The eight wastes are described as
follows:
K064—Acid plant blowdown slurry/sludge


resulting from the thickening of
blowdown slurry from primary copper
production.


K065—Surface impoundment solids
contained in and dredged from surface
impoundments at primary lead smelting
facilities.


K066—Sludge from treatment of process
wastewater and/or acid plant blowdown
from primary zinc production.


K067—Electrolytic anode slimes/sludges
from primary zinc production.


K068—Cadmium plant leach residue (from
oxide) from primary zinc production.


K088—Spent potliners from primary
aluminum reduction.


K090—Emission control dust or sludge from
ferrochromium-silicon production.


K091—Emission control dust or sludge from
ferrochromium production.


In October of 1980, in response to
Congressional enactment of the Bevill
Exclusion, the Agency suspended its
listing of the eight wastes (46 FR 4614–
15, 27473 October, 1980). In 1985, EPA
proposed a new rule that would relist
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six of the eight wastes (50 FR 40292,
40295, October 2, 1985). (The Agency
chose not to propose to re-list two of the
original eight waste streams (electrolytic
anode slimes/sludges, K067, and
cadmium plant leach residue, K068,
from primary zinc production) because
it found that industry was routinely
recycling these secondary materials in
an environmentally sound manner.)
However, the Agency withdrew its 1985
proposal on October 9, 1986 (51 FR
36233).


In Environmental Defense Fund v.
EPA, 852 F.2d 1316 (D.C. Cir. 1988) EPA
was ordered to make a final decision
regarding whether to re-list the six metal
smelting wastes that it had proposed to
list in 1985, and to reduce the scope of
the Bevill exemption as it applies to
mineral processing wastes. The Agency
complied with this order when it re-
listed the six wastes.


The American Mining Congress
(AMC) challenged these listings. In
American Mining Congress v. EPA, 907
F.2d 1179 (D.C. Cir., 1990) the Court
upheld the Agency’s decision to re-list
waste K088, spent potliners from
primary aluminum reduction, but found
that the Agency’s record for the five
remaining waste streams did not
adequately address certain issues raised
in comments during the rulemaking.
Since the Court did not vacate the
listings, they technically remain in
effect.


In today’s rule, the Agency is revoking
the five remanded waste listings. The
Agency has found that several of these
wastes are still generated and in some
cases land disposed, but there is a lack
of information demonstrating threats to
human health or the environment that
would justify a listing at this time. The
Agency believe that some wastes,
specifically copper acid plant
blowdown (K064) and surface
impoundment solids at primary lead
smelters (K065), are inherently
hazardous due to the presence of arsenic
and lead, respectively. These wastes can
be effectively regulated under RCRA
Subtitle C if they exhibit a hazardous
characteristic.


The Agency received no comments
opposing the proposed rule. To
summarize, the Agency is revoking the
listing for, and is not re-listing: copper
acid plant blowdown (K064); surface
impoundment solids at primary lead
smelters (K065); acid plant blowdown
from primary zinc production (K066);
emission control dust and sludge from
ferrochromium-silicon production
(K090); and emission control dust or
sludge from ferrochromium production
(K091). However, as explained
previously, should these wastes exhibit


a characteristic of a hazardous waste,
they will be subject to hazardous waste
regulations, including the hazardous
waste mixture rule.


c. Lightweight Aggregate Mineral
Processing Wastes. In the January 1996
proposal, the Agency proposed that air
pollution control dust and sludge from
the production of lightweight aggregate
be classified as a mineral processing
waste that is no longer eligible for the
Bevill exemption. Lightweight aggregate
air pollution control (APC) dust and
sludge were among the many mineral
processing wastes made conditionally
exempt from RCRA Subtitle C
requirements under the 1980 Bevill
Amendment to RCRA. In 1990,
following more detailed study of the
generation rates for this waste, the
Agency determined that it did not
qualify for the Bevill exemption (55 FR
2322, 2340, January 23, 1990). In 1991,
the D.C. Circuit directed the Agency to
reconsider, after providing notice and
soliciting comments, whether these
wastes qualify for the Bevill exemption.
(Solite Corporation v. EPA, 952 F.2d at
500 (D.C. Cir. 1991)).


In the January 1996 proposal, the
Agency stated that the wastes from
lightweight aggregate production do not
meet the high volume criterion for
excluded mineral processing wastes. For
purposes of EPA’s 1989 and 1990 rules
concerning Bevill eligibility for mineral
processing wastes, high volume is
defined as greater than 45,000 metric
tons per year per facility, for a solid
waste, or 1,000,000 metric tons per year
per facility, for a liquid waste, averaged
across all facilities generating a
particular waste.


To determine whether APC dust and
sludge from lightweight aggregate
production satisfied the high volume
criterion, the Agency analyzed data
from its 1989 National Survey of Solid
Wastes from Mineral Processing
Facilities (SWMPF Survey) and data
from public comments submitted by
affected companies. The Agency finds
that the lightweight aggregate wastes do
not meet the high volume criterion.


None of the methods used resulted in
a volume estimate that is greater than
45,000 metric tons per year per facility,
the high volume criterion for mineral
processing wastes. SWMPF survey data,
which includes Confidential Business
Information (CBI) from two facilities
have been included in a separate
analysis. The results, which remain
confidential, are not substantially
different from the results presented
previously.


Solite acknowledged in comments
that data do not support a determination
that lightweight aggregate air pollution


control (APC) dust and sludge is
generated in volumes that meet the high
volume cutoff. However, Solite
requested that the Agency delay making
a final determination on the Bevill
status of its wastes due to other Agency
rulemaking activities dealing with
cement kiln dusts, which Solite
contends would be addressing similar
issues to those posed by lightweight
aggregate air pollution control (APC)
dust and sludge.


The Agency is aware that both cement
kiln and aggregate kilns may both burn
hazardous wastes fuels and that the
dusts from air pollution control devices
are often blended into final products.
Under existing regulations, if these
dusts resulting from burning listed
hazardous waste fuels are blended into
products that are used on the land, the
product would be subject to RCRA’s
‘‘derived from’’ rules which would
render the product a hazardous waste.
Since both cement and light weight
aggregate products are usually placed on
the land, the potential impacts on their
use could be significant. The Agency
noted in its 1993 Report to Congress on
Cement Kiln Dust (CKD) that it did not
have evidence that CKD was materially
different when generated from kilns
burning hazardous wastes as fuel and
those which did not. The Agency does
not have similar comparable analysis of
light weight aggregate dusts and
sludges, and can not at this point in
time conclude that there is no difference
between dusts and sludges from units
burning hazardous waste fuels and
those that do not. The Agency wants to
encourage the sound recycling of these
dusts and requires additional time to
assess how to ensure that aggregate and
cement kiln dusts are managed to
ensure protection of human health and
the environment. The Agency is
currently developing a regulatory
program for the safe management of
cement kiln dusts and anticipates
issuing a proposed rule in 1998. The
Agency further anticipates that it will
seek comment on how to best manage
both wastes in this proposal and will
seek information it needs to make a final
determination on the status of
lightweight aggregate wastes. The
Agency is not finalizing its technical
background document, Lightweight
Aggregate Production and Air Pollution
Control Wastes (1995), at this time.


d. Mineral Processing Wastes From
the Production of Titanium
Tetrachloride. (i) Summary. In 1989,
following a study of this waste’s
circumstances of generation, the Agency
determined that titanium tetrachloride
waste acid did not qualify for the Bevill
exemption because it was a mineral
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processing waste, not an extraction/
beneficiation waste, and did not meet
the high volume/low hazard criteria for
determining eligibility for the Bevill
exemption. (See 54 FR 36592,
September 1, 1989.) One producer of
titanium tetrachloride, DuPont,
requested a determination that waste
from its production process be
categorized as beneficiation waste on
the ground that, unlike processes used
by other manufacturers, their process
included a beneficiation step which
generated the wastes at issue. However,
EPA determined that DuPont’s waste
acids were mineral processing wastes.
DuPont challenged this decision, and
the Court remanded EPA’s decision for
further consideration on the grounds
that the Agency’s explanation for its
decision was unclear. Solite Corporation
v. EPA, 952 F.2d 473,494–95 (D.C. Cir.
1991).


DuPont submitted comments on the
January 1996 proposal that contend its
processes do not destroy the structure of
the mineral as it is placed into its
processes. The Agency does not accept
this contention, and, as described
below, finds that the waste iron chloride
acid is a mineral processing wastes.


There are four sequential steps in
DuPont’s chloride-ilmenite process, the
first two of which occur within the same
vessel: (1) chlorine gas reacts with iron
from the ilmenite ore to form iron
chloride gas; (2) chlorine gas reacts with
titanium in the ilmenite ore to form
titanium tetrachloride gas; (3) the iron
chloride is condensed and separated to
form a waste iron chloride acid; and
finally (4) the titanium tetrachloride is
condensed and processed to form
titanium oxide pigment, the saleable
product. The issue remanded in Solite is
whether the iron chloride acid waste,
which is produced in gaseous form at
step (1) but removed from the vessel as
a liquid at step (3), is a mineral
processing waste that does not qualify
for the Bevill exemption, or is a
beneficiation waste covered by the
Bevill exclusion under 40 CFR
261.4(b)(7).


(ii) Proposal. In the January 1996
proposal, the Agency proposed that iron
chloride waste acid from the production
of titanium tetrachloride be classified as
a mineral processing waste that is not
eligible for the Bevill exemption. In the
chloride-ilmenite production of
titanium tetrachloride, the Agency
found that mineral processing began
with the chlorination of the iron in the
ilmenite ore and the resulting acid is a
waste from mineral processing.
Specifically, the Agency found that the
acid wastes from this process are not
physically or chemically similar to the


feedstocks entering the operation, which
is indicative that mineral processing has
occurred.


(iii) Response to Comments. One
commenter agreed with EPA’s proposed
conclusion that Du Pont’s process is
properly classified as mineral
processing because the reaction of
ilmenite ore with chlorine gas forms
new chemical compounds, namely
titanium tetrachloride and ferric or
ferrous chloride. The commenter
remarked that such a reaction is a
chemical processing step that
fundamentally alters the make-up of the
feedstock ore. The commenter said that
EPA correctly drew the analogy between
the mineral processing that occurs in
the chloride-ilmenite operation and the
mineral processing that occurs in other
metallurgical operations.


One commenter noted that no
beneficiation occurs in the chloride-
ilmenite process at all and that the iron
chloride waste stream is not eligible for
the Bevill exemption. The commenter
said that it too produces a waste iron
chloride acid in the production of
titanium tetrachloride but its waste acid
is neutralized in a waste treatment unit.
The commenter provided data showing
that its treatment of waste iron chloride
acid meets all proposed Land Disposal
Restrictions (LDR) treatment standards
for underlying hazardous
characteristics.


DuPont objected to the Agency’s
proposed classification. DuPont claims
that the removal of iron from the
ilmenite ore is more appropriately
classified as beneficiation. DuPont
remarked that the separation of the iron
chloride from the titanium ore grains
results in a beneficiated ore, similar in
nature to commercially available
beneficiated ores that EPA has
determined are Bevill exempt. The
Agency disagrees with this
characterization, and concludes that
since the ore is chlorinated, that
chlorination step changes the physical
and chemical structure of ore. The
Agency’s rationale for this decision is
discussed below.


The Agency reiterates its broad
standard for making mineral processing
determinations described in 54 Fed.
Reg. 36592, 36616, September 1, 1989.
Specifically, beneficiation operations
typically serve to separate and
concentrate the mineral values from
waste material, remove impurities, or
prepare the ore for further refinement.
Beneficiation activities do not, however,
change the chemical structure of the ore.
Mineral processing operations, in
contrast, generally follow beneficiation
and serve to change the concentrated
mineral value into a more useful


chemical form and change the chemical
composition of the waste. In contrast to
beneficiation operations, processing
activities often destroy the physical
structure of the incoming ore or mineral
feedstock such that the materials leaving
the operation do not closely resemble
those that entered the operation.
Typically, beneficiation wastes are
earthen in character, whereas mineral
processing wastes are derived from
melting or other chemical changes.


Today, the Agency again finds that
DuPont’s chloride-ilmenite operation is
mineral processing. In DuPont’s process,
chlorine gas is reacted with the iron in
the ore in the first step to produce a new
and significantly different chemical
compound than the feedstock ore,
namely liquid waste iron chloride acid.
The iron is more than simply removed;
the solid iron in the ore undergoes a
chemical reaction with the chlorine gas
to form a new compound that is highly
reactive and non-earthen in character,
namely iron chloride gas. This reaction
is the beginning of a significant change
to the physical and chemical structure
of the ore. This change is similar to the
reaction of chlorine gas with solid
titanium to form titanium tetrachloride
gas. The Agency finds that the net result
of the reaction of chlorine gas with both
iron and titanium, which occur in the
same vessel, destroys the physical and
chemical nature of the ore.


DuPont contends that the formation of
iron chloride gas is simply a process to
remove an impurity from the ore.
DuPont noted in its comments that
activities which remove impurities from
ores and minerals are classified as
beneficiation and all wastes from
beneficiation are exempt from
regulation under RCRA Subtitle C (see
40 CFR 261.4). DuPont therefore
contends that their processes are in fact
beneficiation and should not be
classified as mineral processing.


As noted earlier, the Agency clarified
the definition of beneficiation and
mineral processing in its 1989
rulemaking. That rule clearly indicated
that beneficiation serves to remove
impurities as long as the resultant
materials remained earthen in nature
and had not undergone a physical/
chemical change. The Agency studied
the DuPont process numerous times and
met with the company several times to
assure that the Agency fully understood
DuPont process. The Agency concludes
that chlorination of the ore causes a
significant physical/chemical change to
the ore, and therefore the process is
more indicative of mineral processing
than beneficiation. Further, in the
DuPont case, the removal of impurities
is taking place simultaneously with
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other reactions generating titanium
gases. This reaction alone would
classify the process as mineral
processing since the ore and titanium
gas are clearly physically and
chemically dissimilar from that point on
in the process. The Agency stated in
1989 that once mineral processing
began, all wastes generated after that
point would be classified as mineral
processing wastes, even those wastes
which are similar to those generated in
beneficiation.


Thus, all wastes associated with the
chloride-ilmenite production of
titanium tetrachloride are mineral
processing wastes. They are neither high
volume nor low toxicity and therefore
are not eligible for the Bevill exemption.


VII. LDR Treatment Standards for Soil
This section discusses final


regulations establishing land disposal
treatment standards specific to
contaminated soil. Contaminated soil is
subject to the land disposal restrictions,
generally, when it contains a listed
hazardous waste or when it exhibits a
characteristic of hazardous waste.
(Throughout this discussion, the
specific term ‘‘hazardous contaminated
soil’’ refers to soil which contains a
listed hazardous waste or exhibits a
characteristic of hazardous waste; the
more general term ‘‘contaminated soil’’
refers to both hazardous contaminated
soil and other soils—such as
decharacterized soil—which may be
subject to the land disposal restrictions.)
Prior to today’s rule, contaminated soil
subject to LDRs was subject to the same
land disposal restriction treatment
standards that apply to industrial
hazardous waste: soil contaminated by
listed hazardous waste was subject to
the standards that apply to those listed
wastes and soil that exhibited a
characteristic of hazardous waste was
subject to the same standards that apply
to the characteristic waste. Today’s final
rule establishes a new treatability
group—contaminated soils—and
establishes land disposal restriction
treatment standards specifically tailored
to that treatability group. Although EPA
believes generators of contaminated soil
will typically choose to comply with the
new soil treatment standards
promulgated today, under today’s final
rule, they have the option of complying
either with the existing treatment
standards for industrial hazardous waste
(i.e., the universal treatment standards)
or the soil treatment standards. This is
consistent with the approach the
Agency took in promulgating LDR
treatment standards for hazardous
contaminated debris. 57 FR 37221,
August 18, 1992.


EPA first proposed tailored land
disposal restriction treatment standards
for contaminated soil in September
1993. 59 FR 48122—48131 (September
14, 1993). In the September 1993
proposal, EPA requested comment on
three soil treatment standard options.
These three options involved various
combinations of percent reduction
requirements for hazardous constituents
(typically ninety percent—90%) and
multipliers of the universal treatment
standards (typically ten times the UTS—
10 x UTS). In response to comment on
the September 1993 proposal, EPA
deferred a final decision on soil
treatment standards to the Agency’s
broader evaluation of application of
RCRA requirements to remediation
wastes, the Hazardous Waste
Identification Rule for Contaminated
Media, or HWIR-Media.


On April 29, 1996, as part of the
HWIR-Media proposal, EPA again
proposed tailored land disposal
restriction treatment standards for
contaminated soils. 61 FR at 11804
(April 29, 1996). In the April 29, 1996
proposal, soil-specific treatment
standards would have required
reduction in concentrations of
hazardous constituents by 90% with
treatment for any given constituent
capped at ten times the universal
treatment standard. Id. This is
commonly referred to as ‘‘90% capped
at 10 times UTS.’’


In 1995, 1996 and 1997, EPA
proposed new land disposal restriction
treatment standards for waste identified
as hazardous because of metal content
and for mineral processing wastes. 60
FR 43654 (August 22, 1995) for metal
wastes; 61 FR 2338 (January 25, 1996)
for mineral processing wastes; and, 62
FR 26041 (May 12, 1997) supplemental
proposal for both types of waste. In
these proposals, soil contaminated with
metal or mineral processing waste
would have been subject to the new
treatment standards for those wastes.
This was consistent with the way EPA
had historically addressed contaminated
soil and, at the time, considered proper
given that the proposals to establish
soil-specific treatment standards were
not yet resolved.


EPA did not reopen the issue of
whether LDRs apply to contaminated
soil or whether it is appropriate to
require that contaminated soil achieve
the same LDR treatment standards as the
contaminating waste (soil contaminated
by listed waste) or the characteristic
property (soil that exhibits a
characteristic of hazardous waste) in the
August 22, 1995, January 25, 1996, or
May 12, 1997 proposals. Commenters,
nonetheless, strongly opposed


application of the new LDR treatment
standards for metal and mineral
processing wastes to soil contaminated
with those materials. At about the same
time, EPA decided to go forward with
the soil-specific LDR treatment
standards proposed in April 1996.
Therefore, the Agency is promulgating
the land disposal restriction treatment
standards tailored to contaminated soils
proposed on April 29, 1996 (i.e., 90%
capped at 10xUTS) today, with the new
LDR treatment standards for metal and
mineral processing wastes. The soil-
specific treatment standards
promulgated today may be applied to
any contaminated soil that is restricted
from land disposal, including but not
limited to soil contaminated by metal
and mineral processing wastes.


The land disposal restriction
treatment standards for contaminated
soil promulgated today differ from the
standards proposed on April 29, 1996 in
three major ways. First, the Agency
proposed that the soil treatment
standards would be available only for
contaminated soil that was managed
under an approved cleanup plan
(termed a remediation waste
management plan, or RMP). In today’s
final rule, the Agency is making the soil
treatment standards available for all
contaminated soil that is restricted from
land disposal. Second, the Agency
proposed that, for soil contaminated by
listed hazardous waste, treatment would
be required only for the hazardous
constituents that originated from the
contaminating listed hazardous waste.
When the soil treatment standards are
used, today’s final rule requires all
hazardous contaminated soil, including
soil contaminated by listed hazardous
waste, to be treated for each underlying
hazardous constituent reasonably
expected to be present when such
constituents are initially found at
concentrations greater than ten times
the universal treatment standard. Third,
in response to comments asserting that
the proposed regulations governing the
applicability of LDRs to contaminated
soils were difficult to understand, the
Agency has reformatted these
regulations into an easier-to-read table.
These changes, as well as other
significant issues associated with the
soil treatment standards and responses
to comments, are discussed below.


Today’s promulgation of land
disposal restriction treatment standards
specific to contaminated soil is largely
based on the April 29, 1996 proposal (62
FR at 18804–18818). It also relies on the
Agency’s first effort to establish soil-
specific treatment standards, the LDR
Phase II proposal (58 FR 48092,
September 14, 1993). Today’s action
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14 The exception is when waste contaminating
soil is subject to a specified treatment method; in
that case, the contaminated soil would also be
subject to the specified treatment method.


15 These soil treatment data have been claimed as
confidential business information.


16 As discussed in the April 29, 1996 proposal,
EPA has, in the past, justified the existing treatment
standards, in part, because they create an incentive
to generate less of the affected waste in the first
instance. See, Steel Manufactures Association v.
EPA, 27 F.3d 642, 649 (D.C. Cir. 1994). In the
remedial context, the waste is already in existence;
therefore waste minimization is not an issue. Thus,
application of the current LDR treatment standards
to remediation waste can have the perverse effect
of creating an incentive to avoid ‘‘generating’’ waste
by leaving it in the ground. The Agency believes
that the goals of remediation are better served by
more aggresive remedial approaches, such as
excavation and management (including some
degree of treatment) of remediation wastes, that
generally result in more permanent remedies. Such
approaches should, therefore, be encouraged.


resolves the portions of the April 29,
1996 and September 14, 1993 proposals
that address land disposal restriction
treatment standards for contaminated
soil. However, other elements of the
April 29, 1996 proposal remain open
and will be acted on in a future
rulemaking. Responses to comments
submitted on the soil treatment
standards proposals are included in the
Soil Treatment Standards Response to
Comments Background Document,
available in the docket for today’s
action.


A. Application of Land Disposal
Restriction Treatment Standards to
Contaminated Soil and Justification for
Soil Specific LDRs


Prior to today’s rule, soil that
contained listed hazardous waste or
exhibited a characteristic of hazardous
waste were prohibited from land
disposal unless they had been treated to
meet the treatment standards
promulgated for pure industrial
hazardous waste. This means the same
treatment standards which apply to a
pure, industrial hazardous waste were
also applied to contaminated soil. 61 FR
at 18804 (April 29, 1996) and other
sources cited therein. In most cases
then, contaminated soils were subject to
the treatment standards listed in 40 CFR
268.40, and the associated treatment
standards in 40 CFR 268.48(a) table
Universal Treatment Standards (UTS).14


As EPA has discussed many times,
the treatment standards developed for
pure, industrial hazardous waste may be
unachievable in contaminated soil or
may be inappropriate for contaminated
soil due to particularities associated
with the soil matrix and the remediation
context under which most contaminated
soil is managed, as discussed below. For
that reason, EPA is promulgating today’s
LDR treatment standards specifically
tailored to contaminated soil and to the
remedial context.


With respect to the soil matrix, the
treatment standards developed for pure
hazardous waste (i.e., the universal
treatment standards) are generally either
technically unachievable or technically
or environmentally inappropriate. For
metal constituents, the UTS may not be
achievable in contaminated soil even
using model technologies such as
stabilization or high temperature metal
recovery. Stabilization technologies are
sensitive to soil characteristics such as
the presence of oxidizing agents and
hydrated salts, the distribution of soil


particle size and the concentrations of
sulfate and chloride compounds.
Various combinations of soil
characteristics can impair the
effectiveness or rate of reaction in
stabilization technologies. For example,
insoluble materials, such as materials
that will pass through a number 200
mesh sieve, can delay setting and curing
during stabilization, or small soil
particles can coat larger soil particles
weakening bonds between particles and
cement or other reagents. High
temperature metal recovery technologies
may not be appropriate for some
contaminated soil given the low
concentrations of metals that might be
present in the soil. In addition, clay and
silt content in some soil matrices may
add undesired impurities to the metal
concentrates or alloys that are formed
during high temperature metal recovery.


Although EPA has data showing that
some soils can be treated to the existing
universal treatment standards for metals
using stabilization 15 and high
temperature metals recovery, the
Agency continues to believe that
tailored soil treatment standards are
appropriate for metal contaminated soil
to ensure that the wide variety of soils
can be effectively treated to meet the
treatment standards. In addition, the
soil treatment standards will have the
added environmental benefit of
encouraging greater use of innovative
soil treatment technologies such as soil
or enhanced soil (acid) washing. See,
Proposed BDAT Background Document
for Hazardous Soils, August 1993;
Technical Resource Document:
Solidification/Stabilization and its
Application to Waste Materials, EPA/
530/R–93/012, June 1993; and,
Technology Screening Guide for
Treatment of CERCLA Soils and
Sludges, EPA 540/2–88/004, September
1988.


For soil contaminated with organic
constituents, EPA has noted many times
that, notwithstanding the fact that such
soils can be treated by combustion to
meet the universal treatment standards,
it is generally unsuitable or impractical
from a technical standpoint to combust
large volumes of mildly contaminated
soil. See, for example, 55 FR at 8760 and
8761 (March 8, 1990) and 61 FR 18806–
18808 (April 29, 1996). In addition, the
Agency has documented potential
difficulties that may arise from the
combustion of soil due to soil/
contaminant characteristics that affect
incineration performance such as the
concentrations of volatile metals, the
presence of alkali salts, fine particles of


soils such as clays and silts, and the ash
fusion point of the contaminating waste.
For example, operation of an incinerator
at or near the waste ash fusion
temperature can cause melting and
agglomeration of inorganic salts; the
loading of clays and silts in some soils
may also result in high loadings of
particulate matter in flue gases.
Proposed BDAT Background Document
for Hazardous Soils, August 1993 and
Technology Screening Guide for
Treatment of CERCLA Soils and
Sludges, EPA 540/2–88/004, September
1988.


With respect to the remedial context,
EPA, the states, and the regulated and
environmental communities have long
recognized that application of the LDR
treatment standards developed for pure,
industrial hazardous waste to
contaminated soil can be
counterproductive. See, for example,
‘‘Hazardous Waste: Remediation Waste
Requirements Can Increase the Time
and Cost of Cleanups’ U.S. General
Accounting Office, GAO/RCED–98–4,
October 1997. Application of LDRs
developed for pure, industrial
hazardous waste to contaminated soil
often presents remediation project
managers with only two choices: pursue
a legal option of capping or treating
hazardous contaminated soil in place
thereby avoiding a duty to comply with
LDRs, or excavate the soil and treat it to
the full extent of best demonstrated
available technology, usually, for
organic constituents, incineration. EPA
has found that this situation often
creates an incentive to select remedies
that minimize application of LDRs (e.g.,
remedies that involve capping or
leaving untreated soil in place) a result
obviously not contemplated by Congress
in enacting the LDR program.16 62 FR at
pages 64505–64506 (Dec. 5, 1997) and
61 FR at 18808 (April 29, 1996) and
other sources cited therein.


Because of the differences between
the remedial context (responding to
wastes which have already been
released to the environment) and
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17 A complete discussion of the Agency’s method
for screening the Soil Treatment Database can be
found in the LDR Phase II proposal (58 FR 48129—
48131, September 14, 1993) and the Best
Demonstrated Available Technology Background
Document for Hazardous Soil (August 1993).


regulation of wastes generated by on-
going industrial process (preventing
wastes from being released into the
environment in the first instance), EPA
has rejected the conclusion that
treatment standards for soil must be
based upon the performance of the
‘‘best’’ demonstrated available treatment
technology in the way the Agency has
historically interpreted these terms.
Instead, the Agency has chosen to
develop soil treatment standards that
can be achieved using a variety of
treatment technologies which achieve
substantial reductions in concentration
or mobility of hazardous constituents
and, because they are generally used to
treat contaminated soils in remedial
settings, do not present site managers
with the type of dilemma described
above. As EPA has long maintained, the
strong policy considerations that argue
for using the traditional BDAT analysis
as the basis for LDR treatment standards
for hazardous wastes generated by on-
going industrial operations do not apply
when evaluating BDAT in the remedial
context. In the remedial context, for
example, waste minimization is not an
issue and the additional increment of
treatment necessary to achieve
traditional BDAT may yield little if any
environmental benefit over other
treatment options that adequately
protect human health and the
environment. 54 FR 41568 (October 19,
1989). Indeed there is a legitimate
question as to whether a technology
whose use results in foregoing other
substantial environmental benefits (such
as more aggressive, permanent
remedies) can be considered a ‘‘best’’
technology. Portland Cement
Association v. Ruckelshaus, 486 F. 2d
375, 385–86 at n. 42 (D.C. Cir. 1973);
Essex Chemical Corp. v. Ruckelshaus,
486 F. 2d 427, 439 (D.C. Cir. 1973). This
issue was discussed fully in the April
29, 1996 proposal and in a number of
other EPA documents, see, for example,
54 FR 41568 (October 19, 1989) and 61
FR at 18808 (April 29, 1996) and other
sources cited therein.


The soil treatment standards
promulgated today will significantly
improve management of contaminated
soil and remediations that involve
contaminated soil. However, the Agency
emphasizes that today’s rule does not
resolve the larger, more fundamental
issues associated with application of
RCRA Subtitle C to remediation
generally. The Agency maintains that
additional reform is needed to address,
more fundamentally, the application of
certain RCRA subtitle C requirements to
all remediation wastes, including
contaminated soil. The Agency will


continue to participate in discussions of
potential legislation to promote this
additional needed reform. If legislation
is not forthcoming, the Agency may
reexamine its approach to remediation
waste management, including the soil
treatment standards.


B. Detailed Analysis of Soil Treatment
Standards


All land disposal restriction treatment
standards must satisfy the requirements
of RCRA section 3004(m) by specifying
levels or methods of treatment that
‘‘substantially diminish the toxicity of
the waste or substantially reduce the
likelihood of migration of hazardous
constituents from that waste so that
short-term and long-term threats to
human health and the environment are
minimized.’’ As EPA has discussed
many times, the RCRA Section 3004(m)
requirements may be satisfied by
technology-based standards or risk-
based standards. This conclusion was
upheld in Hazardous Waste Treatment
Council v. EPA, 886 F.2d 355, 362–64
(D.C. Cir. 1989), where technology-
based LDR treatment standards were
upheld as a permissible means of
implementing RCRA Section 3004(m)
provided they did not require treatment
beyond the point at which threats to
human health and the environment are
minimized. Today’s treatment standards
for contaminated soils are primarily
technology-based; however, a variance
from the technology-based standards is
allowed when EPA or an authorized
state makes a site-specific determination
that threats posed by land disposal of
any given volume of contaminated soil
are minimized at higher concentrations.


1. Technology Basis for Soil Treatment
Standards


The land disposal restriction
treatment standards for soil require that
concentrations of hazardous
constituents subject to treatment be
reduced by ninety percent (90%) with
treatment for any given constituent
capped at ten times the universal
treatment standard (10 X UTS). In other
words, if treatment of a given
constituent to meet the 90% reduction
standard would reduce constituent
concentrations to less than 10 X UTS,
treatment to concentrations less than 10
X UTS is not required. This is
commonly referred to as ‘‘90% capped
by 10xUTS.’’


As first discussed in the September
14, 1993 proposal, the Agency has not
used the statistical methods historically
used in the land disposal restriction
program to establish the soil treatment
standards. In the past, the Agency has
typically evaluated treatability data to


identify the ‘‘most difficult to treat’’
waste and established treatment
standards based on a statistical analysis
of data from the best demonstrated
available treatment technology for that
waste. See, for example, 55 FR 26594
and 26605, June 23, 1989. While the
existing regulations allow treatment
using any technology that will satisfy
the treatment standards, the practical
impact of that approach is that
treatment using the most aggressive
treatment technology available (i.e., for
organic constituents, destruction of
organic constituents based upon the
performance of incineration) is often
necessary to achieve the treatment
standards.


For contaminated soil, the Agency has
chosen to establish technology-based
soil treatment standards at levels that
are achievable using a variety of
common remedial technologies which
destroy, remove or immobilize
substantial amounts of hazardous
constituents. 58 FR 48129 (September
14, 1993). The levels chosen—90%
reduction capped at 10 X UTS—are
within the zone of reasonable levels the
Agency could have selected as treatment
standards for contaminated soil.


Soil treatability data from EPA’s Soil
Treatment Database indicate that the
soil treatment standards are achievable
and that the Agency has selected a
reasonable level of performance for the
standard. After screening the Database
to eliminate data from tests reflecting
poorly designed or operated treatment,
tests where EPA believes inappropriate
technologies were applied (for example,
data from ‘‘immobilization’’ of organic
constituents), and other inappropriate
data, the Agency was left with 2,541
data pairs representing treatment of
eighty hazardous constituents including
nine BDAT list metals.17 EPA then
analyzed these data to determine if the
soil treatment standards could be
reliably achieved using demonstrated
soil treatment technologies. Based on
this analysis, the Agency concluded that
the soil treatment standards can be
reliably achieved using a variety of
available soil treatment technologies.
The Agency concluded that the soil
treatment standards can be reliably
achieved using: biological treatment,
chemical extraction, dechlorination, soil
washing, stabilization and thermal
desorption. Of course, since soil
treatment is generally matrix dependent,
the exact treatment technology which
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might be applied to any given
contaminated soil will depend on the
specific properties of the soil and the
hazardous constituents of concern.
Choices about which soil treatment
technology to apply should be informed
by appropriate use of bench and pilot
scale studies and good engineering
judgement. EPA acknowledges that the
treatment efficiency necessary to
achieve the soil treatment standards will
depend on, among other things, the
initial concentrations of hazardous
constituents in any given volume of
contaminated soil. Thus, not all soil
treatment technologies will be capable
of treating every contaminated soil to
meet the standards adopted in this rule.
However, the Agency finds that the soil
treatment standards typically can be
achieved by at least one of the
demonstrated technologies, even in the
case of hard-to-treat hazardous
constituents such as dioxins and furans,
polychlorinated biphenyls, and
polynuclear aromatics.


Furthermore, the Agency has
concluded that it is appropriate to
express the soil treatment standards as
a treatment performance goal capped by
specific treatment levels. More specific
standards, for example, a single
numerical standard for all soil, could be
counterproductive—less often
achievable—given the varying
combinations of hazardous constituents
and soil properties that might be
encountered in the field. 58 FR 48130
(September 14, 1993). An express
objective of this rule is to increase the
range of appropriate treatment
alternatives available to achieve the LDR
treatment standards in soil to increase
the likelihood that more remediations
will include treatment as a component
of the remedy. This objective could be
impeded by adopting single numeric
values as treatment standards, since that
approach would reduce needed
flexibility. The resulting soil treatment
standards, while still technology-based,
thus depart from EPA’s past
methodology developed for process
wastes in that they are not based
exclusively on the application of the
most aggressive technology to the most
difficult to treat waste and are not
expressed as a single numeric value.


Like any land disposal restriction
treatment standard, the soil treatment
standards may be achieved using any
treatment method except treatment
methods which involve impermissible
dilution (e.g., addition of volume
without destroying, removing or
immobilizing hazardous constituents or
transfer of hazardous constituents from
soil to another medium such as air). For
organic constituents, the soil treatment


standards for volatile organic
constituents are based on the
performance of biotreatment, chemical
extraction, dechlorination, thermal
desorption or soil vapor extraction. The
standards for semivolatile organic
constituents are based on the
performance of biotreatment, chemical
extraction, dechlorination, soil washing,
thermal desorption, or soil vapor
extraction. The standards for
organochlorine pesticides are based on
the performance of biotreatment,
dechlorination, hydrolysis, or thermal
desorption. The standards for
phenoxyacetic acid pesticides are based
on the performance of dechlorination.
The standards for polychlorinated
biphenyls are based on the performance
of chemical extraction, dechlorination,
or thermal desorption. The standards for
dioxins and furans are based on the
performance of dechlorination or
thermal desorption. EPA does not have
specific data in the record on treatment
of organophosphorous insecticides.
Because they are based on a similar
chemical structure, these contaminants,
however, are likely as difficult to treat
as other polar nonhalogenated organic
compounds and are expected to respond
to treatment in a manner similar to other
polar nonhalogenated phenols, phenyl
ethers, and cresols. Therefore, EPA
believes that organophosphorous
insecticides can be treated using the
same technologies as would otherwise
be used to treat polar nonhalogenated
organics, i.e., biotreatment, chemical
extraction, or thermal desorption. For
all organic constituents the soil
treatment standards are also achievable
using combustion. EPA notes also that
a number of judicial opinions have
upheld EPA’s extrapolation of
achievability results for technology-
based treatment standards based on
chemical structure and activity
similarity, as has been used here. See,
e.g., Chemical Manufacturers Ass’n v.
EPA, 870 F. 2d 177, 248 (5th Cir. 1989)
and National Ass’n of Metal Finishers v.
EPA, 719 F. 2d 624, 659 (3d Cir. 1983).
For metals, the soil treatment standards
are based on the performance of
stabilization, and for mercury, chemical
extraction. Achievability of the soil
treatment standards is discussed, in
detail, in section VII.B.8 of today’s
preamble.


a. Measuring Compliance With the
Soil Treatment Standards For hazardous
constituents which have a treatment
standard measured by total waste
analysis (i.e. standards for organic
constituents and for cyanide),
compliance with the 90% reduction
standard should generally be measured


using total constituent concentrations.
For hazardous constituents which have
a treatment standard measured based on
concentrations in a TCLP extract (i.e.,
standards for metals and for carbon
disulfide, cyclohexanone and
methanol), compliance with the 90%
reduction standard should generally be
measured in leachate using the toxicity
characteristic leaching procedure. The
exceptions to these rules would be, for
example, if soils contaminated with
metal constituents were treated using a
technology which removed or
destroyed, rather than stabilized, metals.
In an example like this, compliance
with the 90% reduction standards
should generally be measured using
total constituent concentrations.


EPA takes this opportunity to clarify
that when establishing the
concentrations of hazardous
constituents in any given volume of
contaminated soil from which the 90%
reduction will be measured, normal soil
characterization techniques and
procedures for representative sampling
should be used. For example, it is not
necessary to measure the 90% reduction
from the soil sample with the lowest
concentrations of hazardous
constituents. EPA will publish
additional guidance on establishing and
validating 90% reduction levels for
contaminated soil in the near future.


Today’s rule does not change existing
policies or guidance on soil sampling or
site characterization. Although soil is
often characterized using composite
sampling, EPA notes that, consistent
with the way the Agency measures
compliance with other LDR treatment
standards, compliance with the soil
treatment standards will be measured
and enforced using grab samples. This
is appropriate because well-designed
and well-operated treatment systems
should ensure that soil is uniformly
treated.


b. Major Comments A number of
commenters expressed concern about
the achievability of the soil treatment
standards and/or the methodology EPA
used to develop the soil treatment
standards. These concerns are discussed
in Section VII.B.8 of today’s preamble
and in the response to comments
document, available in the docket for
today’s rulemaking.


2. The Soil Treatment Standards Satisfy
RCRA Section 3004(m) Requirements


The technology-based ‘‘90% capped
by 10 X UTS’’ treatment standard for
contaminated soil is sufficiently
stringent to satisfy the core requirement
of RCRA Section 3004(m) that short-
term and long-term threats to human
health and the environment posed by
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land disposal are minimized.
Technology-based standards provide an
objective measure of assurance that
hazardous wastes are substantially
treated before they are land disposed,
thus eliminating the ‘‘long-term
uncertainties associated with land
disposal.’’ Eliminating these
uncertainties was a chief Congressional
objective in prohibiting land disposal of
untreated hazardous wastes. Hazardous
Waste Treatment Council v. EPA, 886
F.2d at 361–64. In addition, the extent
of treatment required, 90 % reduction
capped at treatment to concentrations
within an order of magnitude of the
UTS, ‘‘substantially’’ reduces mobility
or total concentrations of hazardous
constituents within the meaning of
RCRA Section 3004(m)(1).


EPA has made two changes from
proposal which strengthen the soil
treatment standards to assure that they
minimize threats to human health and
the environment. First, the Agency has
modified its approach to which
hazardous constituents will be subject
to treatment. In today’s rule, when the
soil treatment standards are used, EPA
requires treatment for all hazardous
constituents reasonably expected to be
present in contaminated soil when such
constituents are initially found at
concentrations greater than ten times
the universal treatment standard. This
treatment is required both for soil
contaminated by listed hazardous waste
and soil that exhibits (or exhibited) a
characteristic of hazardous waste.
Constituents subject to treatment are
discussed further in Section VII.B.4 of
today’s preamble.


To further ensure that contaminated
soil treated to comply with the soil
treatment standards is safely managed,
EPA has included additional restrictions
on the use of treated contaminated soil
in hazardous waste-derived products
that are used in a manner constituting
disposal (i.e., when such products will
be placed on the land). The restrictions
on use of treated contaminated soil in
hazardous waste-derived products that
are used in a manner constituting
disposal are discussed in Section VII.B.5
of today’s preamble.


Finally, the Agency reiterates that, in
the remediation context, in assessing
whether threats posed by land disposal
have been minimized, one should
appropriately consider the risks posed
by leaving previously land disposed
waste in place as well as the risks posed
by land disposal of waste after it is
removed and treated. 62 FR at 64506
(December 5, 1997). For example, if a
treatment standard for organic
constituents based on performance of
incineration typically results in already


land disposed materials such as
contaminated soils being capped in
place rather than more aggressively
remediated, threats posed by land
disposal of the waste ordinarily would
not be minimized. Conversely, a
treatment standard that results in
substantial treatment followed by secure
land disposal can be said to minimize
threats, taking into account the totality
of threats posed (i.e. including those
posed if the soil were left in place
untreated). Id. The soil treatment
standards will ordinarily ensure that
contaminated soil is appropriately
treated within the meaning of RCRA
Section 3004(m), considering both the
threats posed by new land disposal of
treated soil and the threats posed by on-
going land disposal of existing
contaminated soil (e.g., if the soil were
left in place untreated).


EPA recognizes that some people may
be concerned that a situation may arise
where the soil treatment standards are at
levels that are higher than those that
EPA or an authorized state believes
should be required for soil cleanup
under a cleanup program. The Agency
acknowledges that this may occur. The
soil treatment standards, like other land
disposal restriction treatment standards,
are based on the performance of specific
treatment technologies. As discussed
earlier in today’s preamble, technology-
based standards have been upheld as a
permissible means of implementing
RCRA Section 3004(m). Most soil
cleanup levels are based not on the
performance of specific treatment
technologies but on an analysis of risk.
For this reason, technology-based
treatment standards will sometimes
over-and sometimes under-estimate the
amount of treatment necessary to
achieve site-specific, risk-based goals.


The purpose of the land disposal
restriction treatment standards is to
ensure that prohibited hazardous wastes
are properly pre-treated before disposal
(i.e., treated so that short- and long-term
threats to human health and the
environment posed by land disposal are
minimized). As discussed above, the
Agency believes the soil treatment
standards promulgated today fulfill that
mandate for soil that contains
prohibited listed hazardous waste or
exhibits a characteristic of prohibited
hazardous waste. However, technology-
based treatment standards are not
necessarily appropriate surrogates for
site-specific risk-based cleanup levels.
In a circumstance where the soil
treatment standards result in constituent
concentrations that are higher than
those determined, on a site-specific
basis, to be required for soil cleanup,
existing remedial programs such as


RCRA Corrective Action, CERCLA and
state cleanup programs could be applied
to ensure that remedies are adequately
protective. These programs already
ensure protection of human health and
the environment when managing most
contaminated soils—i.e., soils that are
not subject to the LDRs—and other
remediation wastes. Furthermore, as
discussed later in today’s rule, treated
contaminated soil would remain subject
to regulation under RCRA Subtitle C
unless and until EPA or an authorized
state made an affirmative decision that
the soil did not contain hazardous waste
or, in the case of characteristic soil, no
longer exhibited a hazardous
characteristic.


3. Variance From the Soil Treatment
Standards at Risk-Based Levels


EPA has long indicated that its
preference would be to establish a
complete set of risk-based land disposal
treatment standards at levels that
minimize short- and long-term threats to
human health and the environment.
See, for example, 55 FR at 6641 (Feb. 26,
1990). However, the difficulties
involved in establishing risk-based
standards on a nationwide basis are
formidable due in large part to the wide
variety of site-specific physical and
chemical compositions encountered in
the field and the uncertainties involved
in evaluating long-term threats posed by
land disposal. Id.; 60 FR 66380—66081
(Dec. 21, 1995). For these reasons the
Agency has chosen to establish land
disposal restriction treatment standards
based on the performance of specific
treatment technologies. Although
technology-based treatment standards
are permissible, they may not be
established at levels more stringent than
those necessary to minimize short and
long-term threats to human health and
the environment. Hazardous Waste
Treatment Council, 886 F. 2d at 362
(land disposal restriction treatment
standards may not be established,
‘‘beyond the point at which there is not
a ‘‘threat’’ to human health or the
environment’’).


While using risk-based approaches to
determine when threats are minimized
on a national basis has proven
extremely difficult, these difficulties
will diminish when evaluating risks
posed by a specific contaminated soil in
a particular remediation setting since,
during remediation, one typically has
detailed site-specific information on
constituents of concern, potential
human and environmental receptors,
and potential routes of exposure. For
this reason, EPA is establishing a site-
specific variance from the technology-
based soil treatment standards, which
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18 In the April 29, 1996 proposal, the Agency
proposed to limit variances based on a site-specific
minimize threat determination to contaminated
soils where all concentrations of hazardous
constituents were below a ‘‘bright line,’’ that is,
below a certain risk level. The Agency also
requested comment on extending site-specific
minimize threat variances to other contaminated
soils. Based on further consideration and
consideration of comments, the Agency is
persuaded that a site-specific minimize threat
variance should be available to all contaminated
soils. The Agency believes this is proper because
the outcome of a site-specific, risk-based minimize
threat variance—alternative, site-specific LDR
treatment standards based on risk—will be the same
regardless of the initial concentrations of hazardous
constituents. In any case, the Agency is not, at this
time, taking action on the portion of the April 29,
1996 proposal that would have established a ‘‘bright
line’’ to distinguish between higher- and lower-risk
media. If, in the future, the Agency takes action to
establish a bright line, it will address the
relationship of a bright line to site-specific
minimize threat variances.


19 While not forbidden, the Agency believes that
site-specific, risk-based minimize threat
determinations will rarely be made in the context
of an independent or voluntary cleanup action,
since, in these types of actions, an overseeing
Agency will not, typically, have been involved in
the identification exposure pathways and receptors
of concern or the calculation of site-specific, risk-
based cleanup levels. Of course, generators could
apply for a site-specific, risk-based minimize threat
variance during an independent or voluntary
cleanup and, provided EPA or an authorized state
agreed that the proposed alternative treatment
standards minimized threats considering
appropriate exposure pathways and receptors, a
variance could be approved.


can be used when treatment to
concentrations of hazardous
constituents greater (i.e., higher) than
those specified in the soil treatment
standards minimizes short- and long-
term threats to human health and the
environment. In this way, on a case-by-
case basis, risk-based LDR treatment
standards approved through a variance
process could supersede the technology-
based soil treatment standards. This
approach was first discussed in the
September 14, 1993 proposal, where
EPA proposed that determinations that
contaminated soil did not or no longer
contained hazardous waste could
supersede LDR treatment standards, if
the ‘‘contained-in’’ level also
constituted a ‘‘minimized threat’’ level.
It was repeated in the April 29, 1996
proposal where the Agency proposed
that, in certain circumstances, variances
from land disposal restriction treatment
standards could be approved in
situations where concentrations higher
than the treatment standards minimized
threats.18 58 FR at 48128 (September 14,
1993) and 61 FR at 18811 and 18812
(April 29, 1996).


At this time, EPA is allowing the risk-
based variances only for contaminated
soils. The Agency believes this
limitation is appropriate for a number of
reasons. First, contaminated soils are
most often generated during agency
overseen cleanups, such as CERCLA
cleanups, RCRA corrective actions or
state overseen cleanups. This type of
involvement in cleanups positions EPA
and authorized states to appropriately
consider site-specific, risk-based issues.
Second, during remediation, experts
and field personnel typically gather
detailed site-specific information on
risks posed by specific hazardous
constituents or combinations of
hazardous constituents, potential direct
and indirect exposure routes, risk


pathways and human and
environmental receptors. Through
application of this information,
overseeing agencies can eliminate many
of the long-term uncertainties associated
with land disposal and, therefore, make
appropriate risk-based decisions
regarding the extent of treatment needed
to minimize short- and long-term threats
to human health and the environment
from any given hazardous constituent or
combination of hazardous constituents.
EPA and state officials already routinely
make these types of decisions when
developing site-specific, risk-based
cleanup levels and when making
decisions about whether any given
contaminated medium contains
hazardous waste.19 After experience
implementing the site-specific minimize
threat variance for contaminated soil,
the Agency may consider extending it to
other environmental media and
remediation wastes.


Some commenters expressed concern
that allowing site-specific, risk-based
minimize threat determinations would
abrogate the Agency’s responsibilities
under RCRA Section 3004(m). The
Agency strongly disagrees. RCRA
Section 3004(m) requires EPA to
establish ‘‘levels or methods of
treatment, if any. * * *.’’ In the case of
contaminated soil, EPA is establishing
those levels today based on the
performance of available, appropriate
soil treatment technologies. Providing a
variance process to modify a level or
method of treatment on a case-by-case
basis reduces the likelihood that in any
particular situation technology-based
treatment standards will result in
treatment beyond the point at which
threats are minimized. The Agency is
requiring that minimize threat variance
determinations for contaminated soils
be evaluated using the existing site-
specific variance process set out in 40
CFR 268.44(h). EPA recently added
language to this provision to clarify that
variances cannot be approved without
opportunity for public participation,
including notice by appropriate means,
opportunity for public comment and
adequate explanation of an ultimate


determination. 62 FR at 64507 (Dec. 5,
1997).


While not required, EPA anticipates
that decisions about site-specific
minimize threat decisions variances will
often be combined with decisions that
soil no longer contains hazardous waste.
As discussed later in today’s preamble,
Agency guidance on ‘‘contained-in’’
determinations is essentially the same
as the requirements for site-specific,
risk-based minimize threat
determinations promulgated today. For
that reason, EPA believes it will always
be appropriate to combine a contained-
in determination with a site-specific,
risk-based minimize threat variance. In
these cases, EPA encourages program
implementors and facility owners/
operators to include information about
the ‘‘contained-in’’ decision in the
public notice of the site-specific
minimize threat variance. In cases
where a site-specific minimize threat
variance is combined with a decision
that a soil no longer contains hazardous
waste, once treated to comply with the
treatment standard imposed by the
variance, the soil would no longer have
any obligations under RCRA Subtitle C
and could be managed—including land
disposed—without further control
under RCRA Subtitle C. The contained-
in policy is discussed in more detail in
Section VII.B.8 and Section VII.E of
today’s preamble.


EPA reminds program implementors
that, consistent with the rest of the land
disposal restriction program, site-
specific determinations that threats are
minimized cannot be based on the
potential safety of land disposal units,
or engineered structures such as liners,
caps, slurry walls or any other practice
occurring after land disposal. American
Petroleum Inst. v. EPA, 906 F.2d 729,
735–36 (D.C. Cir. 1990) (land treatment
cannot be considered in determining
whether threats posed by land disposal
have been minimized because land
treatment is a type of land disposal and
section 3004(m) requires that threats be
minimized before land disposal occurs);
see also S. Rep. No. 284, 98th Cong. 1st
sess. at 15, stating that engineered
barriers cannot be considered in
assessing no-migration variances
because ‘‘[a]rtificial barriers do not
provide the assurances necessary to
meet the standard.’’ This means that
site-specific minimize threat
determinations must be based on the
inherent threats any given contaminated
soil would pose. The Agency recognizes
that this will have the effect of
precluding site-specific minimize threat
variances for remedies that rely, even in
part, on capping, containment or other
physical or institutional controls. In
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20 Unacceptable cross-media transfer would
include, for example, transfer of contaminants from
soil to air in excess of applicable air emission
standards.


addition to being compelled by the
statute, the Agency believes this
approach is proper, in that it may
encourage remedy choices that rely
more predominantly on treatment to
permanently and significantly reduce
the concentrations (or mobility) of
hazardous constituents in contaminated
soil. The Agency has a strong and
longstanding preference for these types
of more permanent remedial
approaches.


In addition, at a minimum, alternative
land disposal restriction treatment
standards established through site
specific, risk-based minimize threat
variances should be within the range of
values the Agency generally finds
acceptable for risk-based cleanup levels.
That is, for carcinogens, alternative
treatment standards should ensure
constituent concentrations that result in
the total excess risk from any medium
to an individual exposed over a lifetime
generally falling within a range from
10¥4 to 10¥6, using 10¥6 as a point of
departure and with a preference, all
things being equal, for achieving the
more protective end of the risk range.
For non-carcinogenic effects, alternative
treatment standards should ensure
constituent concentrations that an
individual could be exposed to on a
daily basis without appreciable risk of
deleterious effect during a lifetime; in
general, the hazard index should not
exceed one (1). Constituent
concentrations that achieve these levels
should be calculated based on a
reasonable maximum exposure
scenario—that is, based on an analysis
of both the current and reasonably
expected future land uses, with
exposure parameters chosen based on a
reasonable assessment of the maximum
exposure that might occur. The Agency
believes these represent an appropriate
range of minimum values for site-
specific, risk-based minimize threat
determinations because sites cleaned up
to these levels are typically released
from regulatory control under the
Federal CERCLA program and the RCRA
corrective action program. See, for
example, the National Contingency Plan
(55 FR 8666, March 8, 1990) the 1990
RCRA Corrective Action Subpart S
Proposal (55 FR 30798, July 27, 1990),
and the 1996 RCRA Corrective Action
Subpart S ANPR (61 FR 19432, May 1,
1996). In addition to achieving
protection of human health, alternative
treatment standards must ensure that
environmental receptors are protected
and must also ensure that no
unacceptable transfer of contamination
from one medium to another, for
example, from soil to ground water, will


occur.20 Protection of environmental
receptors and against cross-media
contamination may, in some cases,
require more stringent (i.e., lower)
alternative treatment standards than
would be necessary to protect human
health alone. The Agency recognizes
that this approach is different from the
approach used in developing national
risk-based minimize threat levels
proposed in the Hazardous Waste
Identification Rule (HWIR-Waste). 60 FR
66344 (December 21, 1995). This
difference is proper, in that the HWIR-
Waste proposal contemplated
nationally-applicable risk-based LDR
treatment standards and, therefore, had
to consider the myriad of potential
exposure pathways and receptors which
might occur at any given site, nation
wide. A site-specific minimize threat
determination is informed by actual and
reasonable potential exposure pathways
and receptors at a specific land disposal
location.


Although not expressly limited to
land disposal of contaminated soil on-
site, EPA anticipates that site-specific
minimize threat variances will, most
often, be applied to these activities. The
basis for developing an alternative land
disposal restriction treatment standard
during the site-specific minimize threat
variance is application of risk
information about specific exposure
pathways and receptors of concern. To
apply such a variance to off-site land
disposal, the treatment standard would
have to be informed by the exposure
pathways and receptors present at the
off-site land disposal areas (assuming no
physical or engineered structures or
other post-land-disposal controls).
While such an analysis is allowed, this
information is not, to the Agency’s
knowledge, routinely gathered during
site remediation.


Most commenters supported the
concept of using a treatment variance to
reduce the likelihood that, in any
particular case, technology-based soil
treatment standards might prompt
treatment beyond the point at which
threats to human health and the
environment are minimized.


One commenter was concerned that
establishing a risk-based minimize
threat variance without adequate
minimum standards would be contrary
to law and impossible to oversee. EPA
was, in part, persuaded by these
comments and has added a requirement
that, at a minimum, alternative LDR
treatment standards approved through a


site-specific minimize threat variance be
within the range of acceptable values
the Agency typically uses for cleanup
decisions, as discussed above. In
addition, as discussed above, the
Agency has clarified that, unlike some
CERCLA or RCRA corrective action
remedies, site-specific minimize threat
variances may not rely on post-land
disposal controls.


4. Constituents Subject to Treatment
For soil contaminated by listed


hazardous waste, EPA proposed that
treatment would be required for each
hazardous constituent originating from
the contaminating waste. For soil which
exhibits (or exhibited) a characteristic of
hazardous waste, EPA proposed that
treatment would be required: (1) in the
case of TC soil, for the characteristic
contaminant; (2) in the case of ignitable,
reactive or corrosive soil, for the
characteristic property; and, (3) in both
cases, for all underlying hazardous
constituents. 61 FR at 18809 (April 29,
1996). Under the 1996 proposal,
treatment would have been required
only when those constituents were
initially present at concentrations
greater than ten times the universal
treatment standard. EPA also requested
comment on, among other things,
whether, for soil contaminated by listed
hazardous waste, treatment should be
required for all underlying hazardous
constituents present at concentrations
above ten times the UTS. Underlying
hazardous constituent is defined in 40
CFR 268.2(i) as, ‘‘any constituent listed
in 40 CFR 268.48 table UTS, except
fluoride, sulfides, vanadium, selenium,
and zinc, which can reasonably be
expected to be present at the point of
generation of the hazardous waste, at a
concentration above the constituent-
specific UTS treatment standards.’’


Many commenters supported the
proposed approach. Some commenters,
however, expressed concern that,
because contaminated soil often
contains numerous hazardous
constituents from a variety of sources,
limiting treatment of soil contaminated
by listed hazardous waste to
constituents originating from the
contaminating waste might result in soil
contaminated with listed waste
undergoing less treatment than soil
which exhibits (or exhibited) a
characteristic of hazardous waste. One
commenter also asserted that the
proposed approach to constituents
subject to treatment was, in the case of
soil contaminated by listed hazardous
waste, inconsistent with the Chemical
Waste opinion. On further
consideration, EPA was persuaded that
it is prudent to apply the logic of the
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Chemical Waste opinion both to soil
contaminated by listed hazardous waste
and to soils which exhibit a
characteristic of hazardous waste.


As the Agency explained in the 1996
proposal, contaminated soils are
potentially contaminated with a wider
range of hazardous constituents than
most pure hazardous wastes generated
by on-going industrial processes—in no
small part because contaminated soils
generally reflect uncontrolled disposal
settings. 58 FR at 48124 (September 14,
1993). Since the Chemical Waste
opinion addressed a similar situation
(certain characteristic hazardous wastes
that might contain a variety of
hazardous constituents), the Agency is
persuaded that it is prudent to apply the
logic of the Chemical Waste opinion to
contaminated soil and require treatment
of all underlying hazardous
constituents. See Chemical Waste
Management v. US EPA, 976 F.2d at 16–
18 (D.C. Cir 1992). Therefore, when the
soil treatment standards are used,
today’s final rule requires that all
contaminated soil subject to the LDRs be
treated to achieve the soil treatment
standards for each underlying
hazardous constituent reasonably
expected to be present in the soil when
such constituents are initially found at
concentrations greater than ten times
the universal treatment standard. In
addition to treatment of all underlying
hazardous constituents as discussed
above, as proposed, characteristic soil
must also be treated, in the case of TC
soil, for the TC constituent and, in the
case of ignitable, corrosive, or reactive
soil, for the characteristic property.


Although, when the soil treatment
standards are used, treatment is now
required for each underlying hazardous
constituent when such constituents are
initially found at concentrations greater
than ten times the universal treatment
standard, it will not be necessary to
monitor soil for the entire list of
underlying hazardous constituents.
Generators of contaminated soil can
reasonably apply knowledge of the
likely contaminants present and use that
knowledge to select appropriate
underlying hazardous constituents, or
classes of constituents, for monitoring.
This is consistent with the approaches
EPA typically takes in remedial
programs, where it emphasizes that
remediation managers should focus
investigations on constituents of
concern and with regulations that allow
generators to rely on knowledge to
determine whether any given solid
waste is hazardous. Cf. 61 FR at 19444
where EPA encouraged remediation
managers to ‘‘tailor [facility
investigations] to the specific conditions


and circumstances at the facility and
focus on the units, releases, and
exposure pathways of concern.’’


For nonanalyzable constituents, EPA
is promulgating the approach discussed
in both the September 14, 1993 and the
April 29, 1996 proposals. In situations
where contaminated soil contains both
analyzable and nonanalyzable organic
constituents, treating the analyzable
constituents to meet the soil treatment
standards is also reasonably expected to
provide adequate treatment of the
nonanalyzable constituents. In
situations where contaminated soil
contains only nonanalyzable
constituents (i.e., soil contaminated
only by nonanalyzable U or P listed
wastes), treatment using the specified
method for the appropriate U or P listed
waste is required. 61 FR at 18810, April
29, 1996. Most commenters supported
this approach.


5. Relationship of Soil Treatment
Standards to Naturally Occurring
Constituents


In the April 29, 1996 proposal EPA
requested comment on whether
concentrations of naturally occurring
constituents should be evaluated when
identifying constituents subject to
treatment. Commenters who addressed
this issue overwhelmingly
recommended that, for naturally
occurring constituents, EPA cap LDR
treatment requirements for soil at
natural background concentrations.
After considering these comments, EPA
was persuaded that treatment to comply
with LDRs should not be required if
constituent concentrations fall below
naturally occurring background
concentrations, provided the soil will
continue to be managed on site or in an
area with similar natural background
concentrations. If soil will be sent for
land disposal off-site, compliance with
LDRs is required, since the Agency
believes that natural background
concentrations on-site will not
automatically correspond to natural
background concentrations at a remote
land disposal facility.


The Agency notes that, for purposes
of this discussion, natural background
concentrations are constituent
concentrations that are present in soil
which has not been influenced by
human activities or releases. Since these
constituent concentrations are present
absent human influence and EPA has
determined that soil (like other
environmental media) is not, of itself, a
waste but may be regulated as
hazardous waste under RCRA only
when it contains (or contained) waste,
EPA is not convinced the Agency would
have the authority to require


compliance with LDRs when
constituent concentrations fall below
background concentrations even if it felt
compelled to do so. (Of course, such
constituents could be regulated as
hazardous constituents under state and
Federal cleanup authorities, including
RCRA corrective action and other
authorities.)


Since natural background
concentrations may vary across
geographic areas, and to ensure that
LDRs will only be capped at background
where appropriate, EPA will require
that individuals who wish to cap LDR
treatment at natural background
concentrations apply for and receive a
treatment variance. EPA will presume
that when LDRs would require
treatment to concentrations that are less
than natural background, such a
variance will be appropriate, based on
the finding that it is inappropriate, for
contaminated soil, to require treatment
to concentrations less than natural
background concentrations. This issue
has been clarified in today’s final
regulations, see 40 CFR 268.44(h)(4).


6. Restrictions on Use of Treated
Hazardous Contaminated Soil in
Products Used in a Manner Constituting
Disposal


Although, as discussed earlier in
today’s preamble, EPA believes the soil
treatment standards satisfy the
requirements of RCRA Section 3004(m),
EPA has determined that additional
restrictions are necessary for hazardous
contaminated soils that are used to
produce products which are,
subsequently, used in a manner
constituting disposal (i.e., used to
produce products which are placed in
or on the land). Under current
regulations, hazardous waste-derived
products that are used in a manner
constituting disposal must, among other
things, comply with the applicable land
disposal restriction treatment standards
in 40 CFR part 268.40, that is, the
Universal Treatment Standards. See 40
CFR 266.23(a). EPA has concluded that
hazardous contaminated soil used to
produce products which are,
subsequently, used in a manner
constituting disposal must continue to
meet the universal treatment standards.
Such products, then, are not eligible for
the soil treatment standards
promulgated today. EPA has made this
decision for several reasons. First, EPA
has chosen technology-based treatment
standards (such as today’s soil treatment
standards) as a means of implementing
the LDR statutory requirements in order
to eliminate as many of the
uncertainties associated with land
disposal of hazardous waste as possible.
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21 The exception would be soil residuals from
treatment of soils which were determined no longer
to contain a listed hazardous waste or were
decharacterized and yet remained subject to LDRs.
In this case, since the treatment would be
performed on non-hazardous soil, the soil residuals
would also be considered non-hazardous.


55 FR at 6642 (Feb. 26, 1990). These
uncertainties increase sharply when one
considers possible dispositions of
hazardous waste-derived products used
in a manner constituting disposal. These
products can be placed virtually
anywhere, compounding potential
release mechanisms, exposure
pathways, and human and
environmental receptors. 62 FR at 64506
(Dec. 5, 1997) and 53 FR at 31197–98
(August 17, 1988). For these reasons, the
Agency in 1988 determined that these
wastes should be treated to reflect the
best treatment available, 53 FR at
31197–98, and the Agency believes this
reasoning continues to hold with
respect to contaminated soils. Second,
EPA has determined that the soil
treatment standards adopted in today’s
rule are justified, in many instances, in
order to encourage remediation
involving treatment over remedies that
involve leaving un-treated contaminated
soils in place. The Agency is less sure
that this is a desirable incentive if the
contaminated soils are to be used in a
manner constituting disposal, again
because of the uncertainties posed by
this method of land disposal.


Note that EPA has explained,
however, that remediation activities
involving replacement of treated soils
onto the land is not a type of use
constituting disposal, in part, because it
is a supervised remediation instead of
an unsupervised recycling activity. 62
FR 26063 (May 12, 1997). This
interpretation is not affected by today’s
rulemaking.


7. Availability of Soil Treatment
Standards


EPA proposed that soil-specific land
disposal restriction treatment standards
would be available only for
contaminated soils managed under an
agency approved, site-specific cleanup
plan termed a Remediation Management
Plan or ‘‘RMP.’’ The Agency also
specifically requested comment on
whether soil-specific treatment
standards should be made available to
all contaminated soil. 61 FR at 18813
(April 29, 1996). The majority of
commenters who addressed this issue
strongly supported extending the soil
treatment standards to all contaminated
soil. These commenters argued that
extending soil-specific LDRs to all
contaminated soil would encourage
voluntary and independent cleanups,
especially at low and medium priority
sites where a regulatory agency might
not have the resources to provide real-
time oversight through a ‘‘RMP.’’ After
considering these comments, EPA is
persuaded that the soil treatment
standards should be available for all


contaminated soil and has revised the
regulations accordingly.


EPA’s thinking in proposing to
require a site-specific remediation
management plan to take advantage of
the soil treatment standards was that
site-specific oversight, and potentially
modification of the treatment standards,
would be necessary to ensure that all
contaminated soils were appropriately
treated. 61 FR at 18807 (April 29, 1996).
However, EPA now concludes that the
soil treatment standards will ensure
adequate treatment of all contaminated
soils for two reasons.


First and primarily, the residuals from
treatment of hazardous contaminated
soil will typically continue to be
regulated as hazardous waste and will
remain subject to applicable RCRA
Subtitle C requirements. 61 FR at 18810
(April 29, 1996). Non-soil residuals,
such as wastes generated during
application of separation technologies,
will be regulated as hazardous wastes if
they exhibit a characteristic of
hazardous waste or if they derive from
treating a soil which contains listed
hazardous waste. Therefore, these types
of non-soil residuals will typically be
subject to the universal treatment
standards in 40 CFR 268.40. See 57 FR
at 37240 (Aug. 18, 1992) where EPA
took the same approach for residues
from treating contaminated debris. Soil
residuals will also be regulated as
hazardous waste unless it is determined
that the soil does not contain hazardous
waste.21 For example, application of a
thermal desorption technology would
likely generate two types of residuals:
treated soil (soil residual) and
concentrated contaminants removed
from the soil and captured in an air
pollution control device (non-soil
residual). If the contaminated soil
contained a listed hazardous waste or
exhibited a characteristic of hazardous
waste at the time of treatment, both
residuals would continue to be subject
to RCRA Subtitle C regulations. The
non-soil residual would be required to
comply with applicable universal
treatment standards prior to land
disposal; the soil residual would
generally require land disposal in a
Subtitle C unit unless a ‘‘contained-in’’
determination was made. Therefore,
although a remediation management
plan is no longer required to take
advantage of the soil treatment
standards, a site-specific decision is still


required before treated contaminated
soil can exit the system of RCRA
regulations.


Second, as noted earlier, EPA has
extended the treatment requirement to
all underlying hazardous constituents
reasonably expected to be present in
contaminated soils when such
constituents are found at initial
concentrations greater than ten times
the universal treatment standard and
retained current treatment requirements
for hazardous contaminated soils used
to produce products that are
subsequently used in a manner
constituting disposal.


8. Achievability of Contaminated Soil
Treatment Standards


The soil treatment standards
promulgated today are based primarily
on the data for soil treatability found in
EPA’s Soil Treatment Database (SDB).
See, Best Demonstrated Available
Treatment Background Document for
Hazardous Soils, August 1993 and LDR
Phase 2 proposal at 58 FR 48122, Sept.
14, 1993. Data from the soil treatment
database are corroborated by more
recent performance data for non-
combustion treatment of remediation
wastes. See Soil Treatability Analysis:
Analysis of Treatability Data for
Contaminated Soil Treatment
Technologies (April 1998, USEPA) and
references cited in note 5 below.


The soil treatment data base contains
6,394 pairs of data points (for the same
sample, one datum for untreated soil
and one datum for treated soil)
describing the treatment of hazardous
constituents in contaminated soils
managed under the RCRA and the
Superfund programs. After screening
the database to eliminate data from tests
reflecting poorly designed or operated
treatment, tests where EPA believes
inappropriate technologies were applied
(for example, data from immobilization
of organic constituents) and other
inappropriate data, the Agency was left
with 2,541 pairs of data points. These
data pairs depict treatment of ninety-
four hazardous constituents, including
eighty-five organic constituents and
nine BDAT list metals. The retained
2,541 pairs of data points from the soil
treatment database represent the
treatment of organic and metal
constituents by various technologies
including: combustion, biological
treatment, chemical/solvent extraction,
dechlorination, thermal desorption, air/
steam extraction, photolysis, soil
washing, stabilization, and vitrification.
The soil treatment database includes
performance data from bench, pilot, and
full scale technologies. A complete
discussion of the Agency’s method for
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22 One single datum from the vitrification of
p,p’DDT was not included since it appears to have
resulted from treatment that was not optimally
designed or conducted.


23 Out of 85 organic constituents, only 13 were
treated exclusively by combustion. See, however,
the discussion later in this preamble with regard to
presence of data from incineration and
extrapolation of data among organic constituents.


screening the Soil Treatment Database
can be found in the LDR Phase II
proposal (58 FR 48129–31, September
14, 1993) and the Best Demonstrated
Available Technology Background
Document for Hazardous Soil (August
1993).


A number of commenters were
concerned that aggregated data, i.e., the
2,541 pairs of data points representing
the combined performance of
combustion and non-combustion
technologies, may mask the
performance of non-combustion
technologies alone. Commenters urged
EPA to disaggregate these performance
data to allow for more accurate analysis
of non-combustion technology
performance. As a result, EPA has
disaggregated the combustion and non-
combustion treatment data for purposes
of analyzing the achievability of today’s
soil treatment standards. See generally,
Soil Data Analysis: Soil Treatability
Analysis of Treatability Data for
Contaminated Soil Treatment
Technologies (April 1998, USEPA) and
Additional Information on Treatability
of Contaminated Soils as Discussed in
Section VII.B.8. of Phase IV Final Rule
Preamble (April 1998, USEPA).


After separating out combustion data,
the remaining non-combustion soil
treatment data base is reduced from
2,541 to 2,143 paired data points. These
2,143 22 data pairs depict the treatment
of 72 organics 23 and nine metals in
contaminated by biological treatment,
chemical and solvent extraction,
dechlorination, thermal desorption, air
and steam stripping, hydrolysis,
photolysis, soil washing, and
stabilization.


As discussed earlier in today’s
preamble, EPA did not use the
traditional BDAT approach to develop
the soil treatment standards. Instead, the
Agency evaluated data from the 2,143
non-combustion data pairs in the soil
treatment database to identify,
generally, the level of performance non-
combustion soil treatment technologies
achieve. In light of our multi-faceted
objectives regarding remediation of
contaminated soils (discussed earlier in
this preamble), this approach and
methodology are appropriate. As noted
earlier in today’s preamble, the
numerical values chosen for soil
treatment standards—90% reduction


capped at ten times the UTS—are
within the zone of reasonable values
from which the Agency can properly
select.


For soil contaminated with organic
constituents, the retained 2,143 data
pairs from the soil treatment database
show generally that soils with moderate
levels of contamination are more
amenable to treatment by non-
combustion technologies than soils with
high levels of contamination. However,
the data also show that the soil
treatment standards promulgated today
can be achieved by non-combustion
technologies even in cases when soils
contain elevated levels of harder-to-treat
organic hazardous constituents, such as
dioxins and furans, polychlorinated
biphenyls (PCBs), and polynuclear
aromatics (PNAs). The available data on
the performance of non-combustion
technologies suggest that some
technologies are more effective with
certain organics within specific families
or chemical functional groups. For
example, while many organic treatment
technologies were effective in removing
volatile organics from the soils,
dechlorination is more effective than
other non-combustion treatment
technologies for treating chlorinated
organics. For soil contaminated by
metals, the retained 2,143 data points
from the soil treatment database show
that metals can typically be treated via
stabilization to meet the soil treatment
standards.


Although, for the reasons discussed
earlier in today’s preamble, EPA has
elected to base the soil treatment
standards on the performance of non-
combustion technologies, combustion of
soil is not prohibited. This is consistent
with all other numerical treatment
standards, which can likewise be
achieved through use of any technology
(other than impermissible dilution). It
may be that combustion is, in fact,
chosen as the remedial treatment
technology at certain sites, most likely
because of economic considerations
(such as in the case of low soil volumes
where on-site treatment units are not
economically viable). Selection of the
best treatment technology for the
specific soil type and range of
contaminants present at any given
remediation site is a site-specific
decision assuming, for soils subject to
the LDRs, that the selected technology
does not involve impermissible dilution
and that today’s soil treatment standards
are met. Further details about the results
of EPA’s examination of treatment
technologies for different groups of
contaminants are discussed in the
succeeding sections.


a. Comments. Many commenters
expressed concern that the retained
2,541 data points from the soil treatment
database might not adequately address
the many types of soils and
contaminated site scenarios that may
arise in the field. Among other things,
these commenters asserted that: (1) the
list of chemical organic constituents for
which EPA has data may be too small
to extrapolate to other organics in the
list of underlying hazardous
constituents that must meet treatment
standards; (2) for organic constituents,
many of the treatment test results
examined by EPA involved mostly
combustion rather than non-combustion
technologies; (3) for soils with multiple
hazardous constituents and other
complex soil matrices, the soil treatment
standards could only be met via
incineration; and, (4) EPA should not
pool data from bench, pilot, and full
scale treatment applications. For the
most part, these commenters suggested
that EPA either exempt hazardous
contaminated soil entirely from a duty
to comply with land disposal restriction
treatment standards or, if hazardous
contaminated soil were to remain
subject to LDRs, allow risk-based
treatment standards to be developed
entirely on a site-by-site basis pursuant
to state oversight.


EPA closely considered these
comments and carefully re-evaluated
the data from the soil treatment database
as well as other data from more recent
sources. These evaluations are
summarized in the background
documents for today’s final rule. EPA is
not, at this time, taking action to
categorically exempt large volumes of
hazardous remediation waste (including
contaminated soil) from RCRA
hazardous waste management
requirements and, therefore, the issue of
achievability of today’s soil treatment
standards is germane.


Notwithstanding the treatment results
described in this section below, which
support the achievability of today’s soil
treatment standards, EPA realizes that
national, technology-based treatment
standards are sometimes not achievable
because of site- and waste-specific
characteristics. Thus, EPA has long
provided for treatment variances under
these circumstances (see 40 CFR
268.44). In addition, because EPA and
authorized states are in a position
during remediation to make site-specific
risk-based minimize threat
determinations, the Agency is also
adopting in today’s rule a new type of
variance for contaminated soils. This
variance can be granted if, on a case-by-
case basis, it is determined that the
technology-based treatment standard
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24 For discussion of these treatment data, see Soil
Treatability Analysis Report, and Extrapolation of
Treatment Performance Data in the Soil Data Base
Among Hazardous Constituents in Contaminated
Soils (April 1998, USEPA).


25 As noted earlier, EPA examined in detail up to
2,541 pairs of data points in total, and the number
of non-combustion data pairs examined is 2,143.


would prompt treatment beyond the
point at which threats are minimized.


Fundamentally, EPA agrees with
many commenters that today’s land
disposal treatment standards for
contaminated soil may not remove all of
the barriers RCRA can impose on
efficient and aggressive site
remediation. As discussed earlier in
today’s preamble, the Agency hopes the
application of RCRA Subtitle C
requirements to remediation of
contaminated soils and other wastes
will be addressed through legislation. If
there is no legislative action, EPA may
choose to take additional regulatory
action, which may include either a re-
examination of the application of LDRs
to contaminated soil or other


remediation wastes or a re-evaluation of
today’s soil treatment standards, or
both. In the meantime, today’s rule
represents a significant improvement
over the current practice of applying the
treatment standards developed for pure
industrial hazardous waste to
contaminated soil.


b. Analysis of Data from the Soil
Treatment Database. The soil treatment
standards promulgated today are based
EPA’s Soil Treatment Database (SDB).
See, Best Demonstrated Available
Treatment Background Document for
Hazardous Soils (August 1993); LDR
Phase 2 proposal (58 FR 48122, Sept. 14,
1993); and Soil Treatability Analysis:
Analysis of Treatability Data for
Contaminated Soil Treatment


Technologies (April 1998, USEPA)
(hereinafter, this document is referred to
as the ‘‘Soil Treatability Analysis
Report’’). General concerns about the
soil treatment database (and in
particular, concerns about achieving the
10 times UTS or 90% reduction
standard) are addressed here. Results of
our analysis of the soil treatment
database data on treatment performance
for various technologies are shown in
Table 1 below. Results of additional
analysis for various organic and metal
contaminant groups are shown in Tables
2–5 below. Further details of the
analysis and additional findings are
contained in the technical background
documents in this docket.


TABLE 1.—SUMMARY OF TREATMENT RESULTS PER TECHNOLOGY IN SOIL DATA BASE 24


Treatment technology
Total paired data
points in the soil


data base


Untreated Treated


Data points
meeting 10 times


UTS standard


Data points
meeting 10 times
UTS but not 90%
reduction stand-


ard


Data points
meeting 90% re-
duction but not
10 times UTS


standard


Data points
meeting both 10
times UTS and
90% reduction


standards


Data Points fail-
ing both 10 times


UTS and 90%
reduction stand-


ards


Biological Treatment ......... 250 86 176 168 109 15
Chemical Treatment .......... 242 58 226 206 200 10
Dechlorination ................... 154 53 134 100 84 4
Stabilization ....................... 269 140 250 239 232 12
Stripping ............................ 236 88 206 103 103 30
Washing ............................ 35 10 21 14 11 11
Thermal Desorption .......... 957 338 833 759 692 57


Total ........................... 2143 25 773 1846 1589 1431 139


In aggregate, the results on Table 1
indicate that the Agency’s selection of
standards are within the range of
reasonable values for non-combustion
technologies to achieve. These data
show that 139 (or 6%) paired data
points out of 2143 would fail to meet
the 10 times UTS or 90% reduction
standard. Among possible reasons for
these treatment performance deviations
are that some soil samples represent
cases in which the selected technology
was not appropriate for the range of
hazardous constituents in an organic
chemical admixture. A better selection
of treatment technology may include
either a more aggressive non-
combustion technology or may involve
use of two or more technology trains in
order to meet the soil treatment
standards. It is common practice to
employ multiple treatment trains at
facilities that have complex chemical


mixtures or soil textures at a site. As
further explained in succeeding sections
of this preamble and in various
background documents, EPA believes
that the hazardous soil treatment
standards promulgated today are within
a regime of reasonable treatment levels
normally achieved by non-combustion
technologies. See, e.g., Soil Treatability
Analysis Report and Extrapolation of
Treatment Performance Data in the Soil
Data Base Among Hazardous
Constituents in Contaminated Soils
(April 1998, USEPA).


(1) Concerns About Presence of Data
from Incineration and Extrapolation of
Data to Other Constituents. As
mentioned earlier, EPA has segregated
the available treatment data (2,541
paired data points) so that we can better
examine the 2,143 paired data points
describing the treatment of hazardous
soils by non-combustion technologies.
Although 50 organic constituents in the
original 2,541 paired data points were
treated by combustion (i.e.,
incineration), only 13 of these 50
organics were treated exclusively by
combustion. These 13 hazardous
constituents are: 1,2,4-trichloro-
benzene; p,p′-DDD; p,p′DDE; 2,4-


dichlorophenol; methoxychlor; 2,4,6-
trichlorophenol; 2,4,5-trichlorophenol;
carbon tetrachloride; chloroform;
hexachloroethane; 1,2-dibromo-3-
chloro-propane; isodrin; and gamma-
BHC. None of the data describing
combustion of these 13 constituents or
the other 37 organics (for which there
are some combustion results) were
relied upon in assessing achievability of
today’s hazardous soil treatment limits.


With respect to commenters’ concerns
about extrapolating the SDB data to
organic and inorganic constituents that
will need to be treated, EPA analyzed
the various non-combustion
technologies and their average treatment
efficiencies against various chemical
clusters and chemical functional groups
of hazardous constituents. See: (1)
Extrapolation of Treatment Performance
Data in the Soil Data Base Among
Hazardous Constituents in
Contaminated Soils (April 1998,
USEPA); (2) Derivation of Treatment
Achievability Results of Organic
Functional Groups and Types of
Compounds (April 1998, USEPA); (3)
Soil Treatability Analysis Report
(USEPA, 1998); and (4) Additional
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26 The following constituents were present at
levels below the soil treatment standards; fluorene,
fluoranthene, pyrene, acenaphthalene,
benzo(a)anthracene, chrysene, di-n-butyl phthalate,
and diphenylnitrosamine.


27 Hydrolysis can be of normal occurrence or
intentionally induced at hazardous waste sites. EPA
does not have full-scale ex-situ demonstration
studies on this technology but considers the data in
the SDB to be indicative of what levels can be
achieved.


Information on Treatability of
Contaminated Soils as Discussed in
Section VII.B.8. of the Final Rule
Preamble (April 1998, USEPA).


The results are summarized in Tables
2–5 below. These results show that non-
combustion technologies can achieve
today’s soil treatment standards. 93.5%
(2,004 of the 2,143 data pairs ) of the
treatment test results meet the 10 times
UTS or 90% reduction standard.
Furthermore, non-combustion
technologies can meet the soil treatment
standards even in cases when soils
contain elevated levels of harder-to-treat
organic hazardous constituents, such as
dioxins and furans, polychlorinated
biphenyls (PCBs), and polynuclear
aromatics (PNAs). See Appendix D in
Soil Treatability Analysis Report.


As noted earlier, available data on the
performance of non-combustion
technologies treating organics also show
that some technologies are more
effective with certain organics within
specific families or chemical functional
groups, e.g., organic treatment
technologies removing volatile organics
from the soils and dechlorination
removing halogenated organics.
Treatability tests at certain complex
sites corroborate these findings of
achievability from the SDB.


Regarding organics, at the Ninth
Avenue Dump Site in Indiana,
hazardous soils were contaminated with
low to moderate concentrations of
PNAs, aromatics, chlorinated aliphatics,
and phthalates. Untreated constituents
showed concentrations that were about
the same or up to two orders of
magnitude higher than today’s soil
treatment standards.26 Among the
volatiles were toluene (1,100 ppm), total
xylene (2,100 ppm), ethylbenzene ( 420
ppm), 1,1,1-trichloroethane (120 ppm),
trichloroethene (93 ppm),
tetrachloroethene (380 ppm), 1,1-
dichloroethane (81 ppm), and
methylene chloride (800 ppm). The
following semivolatile organics-PNAs
(and their highest concentration) were
phenanthrene (92 ppm) and
naphthalene (84 ppm). Bis(2-ethylhexyl)
phthalate, a semivolatile phthalate, was
reported at 110 ppm. The soil particle
distribution of the contaminated soil
was not quantified, but the soil was
reported as comprised primarily of sand
and silt. Biotreatment achieved the
following average treatment reduction
efficiencies:


• Volatile chlorinated aliphatics—
99.9%;


• Ethylbenzene—100%;
• Volatile aromatics—99.9%;
• Semivolatile PNAs—97.4%;
• Bis(2-ethylhexyl)phthalate—93.2%.
Regarding complex metal


remediations, the full-scale stabilization
study conducted at the Portable
Equipment Salvage Company, a
transformer and metal salvage operation
in Oregon, involved untreated levels of
lead up to 880 mg/l (TCLP) and zinc up
to 71 mg/l (TCLP). Organics were also
present—the highest sample showing
610 mg/l lead (TCLP), 14,000 ppm oil
and grease, 41,000 ppm total organic
carbon, and 7.1 pH. The facility
conducted treatability studies on three
soil textures found at the site: (1) sandy
loam, (2) loamy sand, and (3) loam. The
stabilized sandy loam sample showed a
concentration of 0.5 ppm lead, a 99.72%
reduction efficiency. The facility also
treated two samples of loamy sand, one
to 47 mg/l lead (TCLP) (a 93.65%
reduction efficiency ) and the other to
2.5 mg/l lead (TCLP) (a 99.72%
reduction efficiency ). The treated loam
sample showed 0.10 mg/l lead, a
99.97% reduction.


More information underlying EPA’s
rationale for extrapolating the available
treatment performance data to other
organic and inorganic hazardous
constituents regulated under the land
disposal restrictions can be found in the
RCRA Docket for this rule (see
Appendix D in Soil Treatability
Analysis Report) and memorandum to
docket on extrapolation of treatment
performance data among different
hazardous constituents.


Finally, we note that even though
there were treatment data on soils
containing cyanide in the larger data
base (6,394 paired data points), none of
the retained 2,541 or 2,143 paired data
points included treatment data on
cyanide. However, the current UTS for
cyanide is based on the performance of
alkaline dechlorination, a non-
combustion technology. Cyanides can
form complexes with metals and
organics and, therefore, technologies
capable of removing both organic and
metals are also able to remove cyanide
from contaminated soils. As a result, it
is reasonable to expect that the average
treatment performance attained by
treating organics in soils will also be
achieved for cyanide-bearing
contaminated soils. We note that, for
example, 90% reduction can be
achieved based on the performance
efficiency that thermal desorption
attained in removing PNA’s (with more
than five rings) and chlorinated organics
from contaminated soil. These
constituents are among the hardest
chemical species to remove via thermal


desorption. For these reasons, the
Agency has concluded that today’s soil
treatment standard for cyanide can be
achieved by a non-combustion
technology as well.


(2) Technology Scale and Soil
Variability Issues. As noted earlier,
several commenters objected to EPA’s
pooling of treatment data from pilot,
bench, and full scale processes, and
urged EPA to consider only performance
data from full-scale field studies
characterizing the treatment of soil
volumes. EPA prefers, generally, to rely
on full scale studies for the purpose of
developing and promulgating treatment
standards, and this is true with respect
to the soil treatment standards as well.
However, in this case as well as in many
prior LDR treatment standard efforts,
EPA’s data base includes more than just
full scale data upon which EPA can
properly rely. Bench and pilot scale
technologies can be appropriately
considered by EPA (and EPA has
historically done so) in setting treatment
limits as long as full scale operations of
the treatment system under
consideration exist or have been
demonstrated on wastes/soils. Except
for hydrolysis,27 the technologies in the
SDB are demonstrated full scale, and the
administrative docket contains bench,
pilot, and full scale studies that reflect
the Agency’s field experiences at
contaminated sites.


Furthermore, in this rulemaking,
given the variability of hazardous soils
(in terms of types, concentrations and
numbers of hazardous constituents and
soil matrices), plus the special policy
considerations associated with
remediations, the Agency is adopting
treatment standards from the zone of
reasonable values that could be
permissibly selected based upon the
treatment performance data. Thus, the
data are not being used so much to
establish a precise performance level as
to confirm the typical achievability of
the promulgated standards, i.e., ten
times UTS or 90% reduction.


With respect to the SDB and
commenters’ concerns about the impact
of soil variability on achievability of the
soil treatment standards by non-
combustion technologies, EPA collected
6,394 pairs of data point describing the
treatment of various hazardous soils.
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28 See (1) Remediation Case Studies:
Bioremediation and Vitrification, July 1997, EPA
542–R–97–008 or PB97–177554; (2) Remediation
Case Studies: Soil Vapor Extraction and Other In
Situ Technologies, July 1997, EPA 542–R–97–009 or


NTIS PB97–177562; (3) Analysis of Selected
Enhancements for Soil Vapor Extraction, September
1997, EPA–542–R–97–007; (4) Remedial Case
Studies: Thermal Desorption, Soil Washing, and In
Situ Vitrification, March 1995, EPA 542–R–95–005
or NITS PB95–182945; (5) Remediation Case
Studies: Soil Vapor Extraction, March 1995, EPA
542–4–95–004 or NTIS PB95–182937; and (6)
Remediation case Studies: Bioremediation, March
1995, EPA 542–R–95–002 or NTIS PB95–182911.


The retained 2,143 non-combustion
paired data points are reasonably
sufficient to adequately describe the
treatment of metal, organics, and
multiple metal and organic
contaminants that are frequently found
at different type of sites, including both
Superfund and RCRA sites. For
instance, the SDB has treatment data on
soils with varying textures including top
soils, silty/loam soils, and clay soils. For
the 14 different soil type groupings
analyzed, only 139 out of 2,143 data
pairs (about 6.5%) would not meet
today’s soil treatment standards (see
Appendices C and D in Soil Treatability
Analysis Report).


With respect to these 6.5% data pairs,
several potential reasons exist to explain
why 90 % reduction or 10 times UTS
level might not have been achieved.
First, the treatment study objectives may
not primarily have been to test whether
these standards could be met. For
example, the treatment study may have
been designed either to assess the
feasibility of using a particular (but not
necessarily optimum) technology on a
particular contaminated soil, or to meet
a prescribed risk-based level under a
RCRA or CERCLA site remediation plan.


Second, a treatment technology may
have been applied to soils contaminated
with multiple hazardous constituents
where the technology may have been
inappropriate for a subset of those
contaminants (and for which data were
reported anyway). For example, air
stripping is a technology that operates
best on volatile organics within a given
range of Henry constant values. In
contrast, air stripping of semivolatile
organics and metals is expected to be
much poorer. (In this type of situation,
a technology amendment or treatment
train may be appropriate, i.e., air
stripping may be improved if steam
stripping is applied first to enhance the
pool of semivolatiles that can respond to
the physical separation treatment
process.)


Third, these treatment data likely
include instances when a treatment
technology encountered soil
heterogeneities that resulted in
undertreatment of portions of the soil.
For instance, during the clean up of
contaminated debris and soils, detailed
sampling protocols are typically
developed to ensure that desired
treatment constituent concentrations are
met because of the deleterious impact of
heterogeneous soil strata and the
presence of debris on treatment
technology performance. Re-processing
can often be required to comply with
the applicable treatment standards.


Another alternative is to optimize
specific technology operating
parameters that can enhance the ability
of the technology to meet the prescribed
treatment limits. Optimization can
involve: (1) feeding the correct soil/
debris particle size fractions to the
treatment system, (2) creating more
turbulence between soil and gaseous/
liquid treatment fluids, (3) using a
greater-than-normal amount of chemical
agents, (4) operating at the higher end of
an operating temperature range, (5)
adjusting the pH of the soil, (6) adding
adequate pre-/post-treatment steps that
address specific contaminants that may
be expected to receive sub-optimal
treatment, or (7) allowing longer
residence time in the treatment unit.


It is not possible to determine
precisely how many of these techniques
were used in the 139 instances that
failed the 90% reduction or 10 times
UTS levels. However, EPA expects that
not all optimization measures were used
since the operators of the treatment
technologies did not have as their
primary objective the attainment of
these particular levels, which are being
adopted today as the soil treatment
standard. On balance, the weight of
evidence and analysis from the SDB are
believed to reasonably indicate that
today’s standards are achievable for
soils that may exhibit variability,
particularly if optimization techniques
or treatment technology trains are fully
considered. Of course, should an
unusual situation present itself in which
these measures are not successful, a
treatment variance can be sought under
40 CFR 268.44(h) or under the risk-
based variance provisions being adopted
in today’s rule.


Furthermore, EPA has a number of
bench and pilot studies on the treatment
of contaminated soils from wood
preserving, petroleum refining, and
electroplating sites, which contain a
wide range of constituents such as
polynuclear aromatic, phenolic,
chlorinated organics, spent solvents,
creosote, and metals. It is reasonable to
expect that these treatment results,
showing achievability, also lend support
to the conclusion that treatment at other
RCRA and Superfund sites, containing
these types of complex contaminant and
soil variability scenarios, can be
expected to achieve today’s soil
treatment standards.28 See also Chapter
4 in Soil Treatability Analysis Report.


Pooled bench, pilot, and full scale
data in the SDB are expected to depict
what the various treatment technologies
can achieve for other hazardous soils
managed under CERCLA and RCRA. As
noted earlier, non-combustion
technologies will behave better on a
given range or class of organic and metal
constituents. A given range of soil
characteristics that may inhibit
treatment performance can be amended
to facilitate the treatment of hazardous
soils. Available information on other
full scale operations of the tested
technologies demonstrate that
optimization techniques can be used to
overcome potential soil interferences
and thus attain, generally, treatment
design objectives. Hence, it is important
to carefully evaluate the characteristics
of each site against the expected
capabilities of various non-combustion
technologies, which are summarized
below.


(3) Performance Data for Organic
Constituents. EPA’s conclusions with
respect to achievability of soil treatment
standards for organics in hazardous
soils are based on the performance of
biological treatment, chemical
extraction, dechlorination, soil washing,
thermal desorption, and soil vapor
extraction. Other treatment technologies
capable of achieving the treatment
limits (such as combustion) are not
prohibited except for those that may
constitute impermissible dilution.
Tables 2 and 3 below provide an
overview of the number of data points
and the average treatment efficiency
ranges that each of the technology
categories achieved. Also, each Table
below reports the range of test scales as
well as the available treatment
performance data per major chemical
family category/cluster assigned to
chemical constituents in the BDAT List.
(For the whole list of BDAT constituents
and their classification, see Appendix B
in the BDAT Background Document for
Hazardous Soils, August 1993.) Further
details and discussion on the results for
major chemical family categories/
clusters is contained in the docket.
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29 For a discussion of these treatment data, see the
Soil Treatment Achievability Report; Extrapolation
of Treatment Performance Data in the Soil Data
Base Among Hazardous Constituents in
Contaminated Soils (April 1998, USEPA); and the
Additional Information on Treatability of
Contaminated Soils as Discussed in Section VII.B.8.
of Phase IV Final Rule Preamble, (April 1998,
USEPA). These documents indicate the numbers
and types of data pairs that meet the 10 times UTS
level, both prior to treatment and after the treatment
described in the table.


30 Cyclical hydrocarbons with more than five
rings undergo lower reduction efficiencies.


31 EPA is transferring the available performance
data from the chemical extraction and the biological
treatment of (semivolatile) polar nonhalogenated
organics in the hazardous solid treatment data base.
Thus, the columns are intentionally left blank.


32 Only one test was performed.
33 For a discussion of these treatment data, see the


Soil Treatment Achievability Report; Extrapolation
of Treatment Performance Data in the Soil Data
Base Among Hazardous Constituents in
Contaminated Soils (April 1998, USEPA) and the
Additional Information on Treatability of
Contaminated Soils as Discussed in Section VII.B.8.
of Phase IV Final Rule Preamble, (April 1998,
USEPA). These documents indicate the numbers
and types of data pairs that meet the 10 times UTS
level, both prior to treatment and after the treatment
described in the table.


34 The term thermal desorption, as used in this
table, is a general description of various thermal


techniques. No conclusion may be drawn about the
regulatory status or classification of a particular
thermal desorber from the inclusion of treatment
data from that device in this column.


35 The performance of combustion and soil vapor
extraction is less effective in treating semivolatile
organics that contain aromatic and heterocyclical
structures. The same is true for and nonvolatile
chlorinated organics.


36 EPA is transferring the available performance
data from the chemical extraction and the biological
treatment of (semivolatile) polar nonhalogenated
organics in the hazardous soil treatment data base.


TABLE 2.—SUMMARY OF NONTHERMAL TREATMENT PERFORMANCE DATA ON GROUPS OF ORGANIC HAZARDOUS CONSTITUENTS 29


BDAT organic cluster


Biotreatment scale:
0.01 kg to 1,250,000 kg


Chemical extraction scale:
0.0075 kg to 37,000 kg


Dechlorination scale:
0.1 kg to 127,913 kg


Soil washing scale:
0.08–204 kg


Hydrolysis scale:
0.1 kg to 2.75 kg


Data
points


Average removal
efficiency


Data
points


Average removal
efficiency


Data
points


Average removal
efficiency


Data
points


Average removal
efficiency


Data
points


Average removal
efficiency


Volatiles ........................................................... 48 >99% ................... 9 >99% ................... 13 96.3 to 99.3% ...... None None .................... None None
Semivolatiles .................................................... 185 55–98.2% 30 ........ 163 62–98.8% ............ 2 99.8% .................. 13 81.8–97.2% ......... None None
Organochlorine ................................................ 12 16.7—70.2% ........ None None .................... 13 >95.2% ................ None None .................... 2 67.9–91.7%
Phenoxyacetic Acid Pesticides ........................ None None .................... None None .................... 9 98.6–99.0% ......... None None .................... None None
Organo Phosphorous insecticides 31 ............... None None .................... None None .................... None None .................... None None .................... None None
Polychlorinated Biphenyls ............................... None None .................... 52 71.5%–99.9% ...... 69 68.8–97.1% ......... 1 88.5% 32 .............. None None
Dioxins and Furans ......................................... None None .................... 12 40–>97% ............. 48 73.7–>99.8% ....... 7 84.8% .................. None None


Total Number of Data Points ................... 245 .............................. 236 .............................. 154 .............................. 21 .............................. 2


TABLE 3.—SUMMARY OF THERMAL PERFORMANCE DATA ON GROUPS OF ORGANIC HAZARDOUS CONSTITUENTS 33


BDAT organic cluster


Thermal desorption 34 scale: 21.6 kg to
3,823,000 kg


Soil vapor extraction scale:
4.5 kg to >1,000 kg


Data points Average removal efficiency Data points
Average
removal


efficiency


Volatiles ............................................................................................. 293 79.2–99.9% ........................ 189 44–99.2%
Semivolatiles 35 .................................................................................. 614 50–99.4% ........................... 47 0–57.2%
Organochlorines ................................................................................ 12 88.5–98.8% ........................ None None
Phenoxyacetic Acid Pesticides .......................................................... None None ................................... None None
Organo Phosphorous insecticides 36 ................................................. None None ................................... None None
Polychlorinated Biphenyls ................................................................. 1 87.5% ................................. None None
Dioxins and Furans ........................................................................... 37 85.6–97.6% ........................ None None


Total Number of Data Points ..................................................... 957 ............................................ 236


As shown on Tables 2 and 3, EPA
lacks performance data for the thermal


or non-thermal treatment of four organic
constituents classified in the BDAT list
as organophosphorous insecticides.
These four constituents are disulfoton,
famphur, methyl parathion, and
phorate. However, we can determine
achievability for these four organic
constituents based upon the transfer of
treatment data for other, similarly
difficult to treat organics. Because of
structural and chemical similarities,
these four organophosphorous
compounds are expected to behave
similarly during treatment to other polar
nonhalogenated phenols, phenyl ethers,
and cresols. Thus, EPA believes that
these four organophosphorus
compounds can be treated by the same
technologies as other polar
nonhalogenated organic compounds, for


which EPA has data. Therefore, based
on the available data for polar
nonhalogenated compounds, EPA
concludes that the treatment standards
for soils contaminated with these four
organophosphorous compounds can be
achieved by biodegradation, chemical
extraction, and thermal desorption
(semivolatiles).


(4) Other Indicia of Achievability for
Organic Constituents


EPA also re-analyzed certain portions
of the SDB with regard to ability of
various technologies to meet today’s soil
treatment standards by looking more
closely at organic treatability groups
based on the structural features of the
hazardous constituents of concern. The
results of this analysis, presented in
Table 4 below, corroborate those in
Tables 1–3 and EPA’s conclusion that
the soil treatment standards—ten times
UTS or 90% reduction—are within the
zone of reasonable values that could
have been selected. For further
information on the derivation of Table
4, see the background document entitled
‘‘Derivation of Treatment Achievability
Results for Organic Functional Groups
and Types of Compounds.’’
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37 Table based on data from ‘‘Delivery of Graphs
and Data Tables Showing Corrected Treated
Concentrations vs. Data Point Number Index for
Selected Constituents,’’ February 19, 1992
(Administrative Record of the proposed LDR Phase
2 rules as F–93–CS2P–S0597). See also (1)
Derivation of Treatment Achievability Results for
Organic Functional Groups and Types of
Compounds, April 1998 (USEPA); (2) Additional
Information on Treatability of Contaminated Soils
as Discussed in Section VII.B.8. of Phase IV Final
Rule Preamble, (April 1998, USEPA); (3)
Extrapolation of Treatment Performance Data in the
Soil Data Base Among Hazardous Constituents in
Contaminated Soils (April 1998, USEPA); and (3)
Soil Treatability Analysis Report (April 1998,


USEPA). These documents indicate the numbers
and types of data pairs that meet the 10 times UTS
level, both prior to treatment and after the treatment
described in the table.


38 The term thermal desorption, as used in this
table, is a general description of various thermal
techniques. No conclusion may be drawn about the
regulatory status or classification of a particular
thermal desorber from the inclusion of treatment
data from that device in this column.


39 These include air stripping, photolysis, and
treatment trains.


40 For a discussion of these treatment data, see the
Soil Treatment Achievability Report; Extrapolation
of Treatment Performance Data in the Soil Data
Base Among Hazardous Constituents in
Contaminated Soils (April 1998, USEPA); and the
Additional Information on Treatability of
Contaminated Soils as Discussed in Section VII.B.8


of Phase IV Final Rule Preamble, (April 1998,
USEPA). These documents indicate the numbers
and types of data pairs that meet the 10 times UTS
level, both prior to treatment and after the treatment
described in the table.


41 Available data are exclusively for the treatment
of mercury on soils.


TABLE 4.—TREATMENT EFFICIENCY—PERCENT REDUCTION RANGES BY TECHNOLOGY FOR VARIOUS FUNCTIONAL
GROUPINGS


[Average percent reduction in brackets; number of data points analyzed in parentheses] 37


Treatability group Biological
treatment


Chemical
extraction Dechlorination Thermal


desorption 38 Soil washing Other
technologies 39


Halogenated Nonpolar Aromatics ............. 52.05–99.97
[76.01]


(2)


80.42
[80.42]


(1)


99.05–100
[99.53]


(2)


29.19–100
[95.31]


(29)


66.21–95.6
[85.41]


(4)


30.13—49.68
[42.41]


(3)
Dioxins, Furans, PCBs, and Precursors ... none 14.88–99.97


[90.13]
(40)


91.66–99.88
[97.94]


(20)


98.9–100
[99.57]


(17)


none none


Halogenated Phenols, Cresols, and Other
Polar Aromatics ..................................... 45.1–95.14


[81.05]
(5)


63.83–93.18
[79.46]


(3)


none 2.71–99.93
[56.21]


(15)


6.25–99.06
[73.71]


(6)


96.21
[96.21]


(1)
Halogenated Aliphatics ............................. 99.87–99.99


[99.91]
(3)


86.62–94.81
[91.09]


(3)


89.06–100
[97.54]


(7)


36.88–100
[96.49]


(80)


58.68–99.4
[90.58]


(9)


72–99.68
[95.66]


(6)
Halogenated Cyclic Aliphatics, Ethers,


Esters, and Ketones .............................. 9.76–99.77
[60.99]


(8)


none none none none none


Nitrated Aromatics and Aliphatics ............. none none none none none none
Simple Nonpolar Aromatics and


Heterocyclics ......................................... 99.97–100
[100]
(10)


77.41–99.92
[90.77]


(6)


96.39–100
[98.61]


(10)


22.68–100
[94.3]
(158)


47.74–99.91
[82.39]


(14)


97.7
[97.7]


(1)
Polynuclear Aromatic Hydrocarbons ........ 5.13–99.85


[67.15]
(75)


51.55–99.98
[95.72]


(125)


10.92–97.42
[67.47]


(3)


10.14–100
[94.19]


(301)


81.83–92.19
[85.74]


(3)


95.9–99.55
[97.73]


(2)
Other Nonhalogenated Polar Organics .... none 75.96–99.82


[98.35]
(28)


90.81–99.89
[95.13]


(10)


2.6–99.98
[82.04]


(36)


51.07–99.97
[88.67]


(10)


94.59–99.89
[97.24]


(2)


(5) Performance Data for Metal
Contaminants


Performance data for metals
contaminants are based on the


performance of stabilization and
chemical extraction (mercury) of soils
contaminated with metals. Other metal
treatment technologies are not
prohibited (except if impermissible


dilution were to occur). The results of
EPA’s analysis of the data on treatment
of metals in soils are summarized in
Table 5 below.


TABLE 5.—SUMMARY OF PERFORMANCE DATA FOR HAZARDOUS METALS CONSTITUENTS 40


BDAT metals clus-
ter


Stabilization scale: bench, pilot, and full
scale


Chemical extraction
scale: pilot


Soil washing
scale: bench & pilot


Data
Points


Average removal effi-
ciency


Data
points


Average removal effi-
ciency


Data
points


Average removal effi-
ciency


Metals .................... 269 91.1–99.8% ............... 4 97.7% 41 .................... 14 17.9–97.2%


Total ............... 269 .................................... 4 .................................... 14


The results in Table 5 corroborate
EPA’s conclusion that the soil treatment


standards—ten times UTS or 90%
reduction—are within the zone of
reasonable values that could have been
selected. For further information on the
derivation of Table 5, see Soil
Treatability Analysis Report.


With respect to multiple metal
constituents or organometallic
constituents in a contaminated soil, we
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42 As discussed earlier in today’s final rule, all
hazardous wastes that were listed or identified at
the time of the 1984 Hazardous and Solid Waste
Amendments to RCRA have been prohibited from
land disposal. EPA is required to prohibit
hazardous wastes listed or identified after 1984
within six months of the wastes’ listing or
identification. RCRA Section 3004(g)(4). A table in
40 CFR Part 268 Appendix VII. outlines the dates
of LDR applicablity for hazardous wastes.


43 Note that, as discussed later in today’s
preamble, nothing in today’s final rule affects
implementation of the existing ‘‘area of
contamination’’ policy. Therefore, soil managed
within areas of contamination, even if it is
‘‘removed from the land’’ within such an area,
would not be considered to be ‘‘generated.’’ See the
discussion of the area of contamination policy later
in today’s preamble.


recognize that a situation may call for
two or more treatment technology trains
to achieve the treatment standards
promulgated today (e.g., one treatment
for organics and another for metals).
This must include proper consideration
of the order in which various treatment
processes should be applied to the
contaminated soil so that treatment
effectiveness is optimized. However, if
these considerations have been properly
made and the required treatment
standards are not being met because, for
example, of unique soil matrices or
difficult to treat sites, then we expect
that entities may elect to seek a
treatment variance pursuant to 40 CFR
268.44(h) or a risk-based soil treatment
variance, which is being adopted in
today’s rule.


c. Data Submitted by Commenters
At least four commenters submitted


treatment data from studies describing
the performance of innovative and
conventional treatment technologies on
hazardous soils. DuPont submitted
bench, pilot, and full scale treatment
data from various vendors describing
the operation of soil washing. DuPont
asserts these data supports the viability
of soil washing as an innovative
technology for hazardous soils.


The Environmental Technology
Council (formerly the Hazardous Waste
Treatment Council) submitted full,
pilot, and bench scale treatment data
from various vendors of innovative
treatment technologies and provided an
extensive review of EPA’s soil treatment
data base. See document entitled,
Evaluation of Proposed BDAT Soil and
Process Treatment Technologies—
Report to the Hazardous Waste
Treatment Council, November 1993
(filed as document number
CS2P00060.E in Docket No. F–92–
CS2P–FFFFF). Based on the ETC’s
technical report and the subsequent
comments of the ETC to the HWIR-
Media rule (see comments from the
Environmental Technology Council,
filed as comment number MHWP 00088
in Docket No. F–92–CS2P–FFFFF), the
ETC believes that today’s treatment
standards for hazardous soils are
achievable using thermal treatment.
Although the ETC report stated that EPA
may lack full-scale treatment data for
several innovative or alternative
technologies, the ETC data support
EPA’s view that the many full scale
operations of non-combustion
technologies demonstrated in the field
were sufficient to support a view that
the soil treatment standards were
achievable. Further, the ETC pointed to
various examples of how various non-
combustion treatment technologies can
be better optimized. EPA concurs with


many of those observations on how non-
combustion technologies can be
optimized.


Two other commenters submitted
data in the Phase 2 rule regarding the
performance of non-combustion
technologies—USPCI and Sierra
Environmental Services. USPCI’s
performance data describe the treatment
of polynuclear organics in soils via
chemical oxidation followed by
stabilization. These data were
determined to be insufficient to support
a broad national determination that
stabilization of organics can be
considered BDAT for organics.
However, use of organic stabilization
may, in some situations, be a
permissible treatment option since the
LDRs do not specifically prohibit the
use of stabilization or solidification to
treat nonwastewaters containing
hazardous organic constituents. See
Response to Comment Document,
Comment from Chemical Waste
Management, Inc. (No. PH4P–00048).
There are, however, specific
circumstances in which stabilization or
solidification would be considered
impermissible dilution. We expect that,
for these types of situations to be
properly evaluated, it will be necessary
to petition for a treatment variance
under 40 CFR 268.44(h) or under the
provisions for a risk-based soil
treatment variance being adopted in
today’s rule. The Agency also is
currently considering whether, in the
near future, to issue guidance on when
stabilization or solidification of organic-
bearing waste is appropriate and when
it may constitute impermissible
dilution.


Sierra Environmental Services
submitted performance data regarding
the treatment of carcinogenic
polyaromatic hydrocarbons (cPAH) via
bioremediation. These data are based on
in-situ treatment of a 7.5 acre lagoon
which was divided into two cells.
Although the facility remediated 35
volatile, 65 semivolatile organics, PCBs,
and pesticides, the facility only
submitted data describing the treatment
of major PAHs. Based on the
performance of the biotreatment process
applied to this site, the commenter
argued the proposed treatment
standards, if promulgated as proposed,
would eliminate biotreatment as an
alternative at this facility. EPA
disagrees. Remediation processes that
are applied in-situ do not trigger land
disposal restrictions. If the facility were
biotreating the lagoon sludges ex-situ,
EPA concurs that the facility may be
unable to land dispose the treated
lagoon sludges. We also note that, under
the existing regulations and regulations


being adopted today, the commenter
may be able to avail itself of a treatment
variance, depending on the site-specific
circumstances involved.


9. Applicability of Soil Treatment
Standards and Readability of Final
Regulations


Many commenters asserted that the
proposed regulations governing
applicability of LDRs to contaminated
soil were difficult to understand and
apply. EPA was persuaded by these
comments and has reformatted the
applicability regulations into an easier-
to-read table. The Agency recognizes
that determining whether or not LDRs
apply to any given volume of
contaminated soil can be complicated.
To further assist program implementors
and facility owners/operators, we will
review and discuss the principles that
govern LDR applicability for
contaminated soil in this section of
today’s preamble.


The following principles informed
EPA’s decisions concerning application
of LDRs to contaminated soils.


First principle: land disposal
restrictions only attach to prohibited
hazardous waste (or hazardous
contaminated soil) when it is (1)
generated and (2) placed in a land
disposal unit.42 Therefore, if
contaminated soil is not removed from
the land (i.e., generated), LDRs cannot
apply. Similarly, if contaminated soil is
removed from the land (i.e., generated)
yet never placed in a land disposal unit,
LDRs cannot apply.43 In other words,
LDRs do not apply to contaminated soil
in situ or force excavation of
contaminated soil. If soils are excavated,
however, LDRs may apply, as discussed
below.


Second principle: once a decision has
been made to generate and re-land-
dispose contaminated soils, LDRs
generally only apply to contaminated
soils that contain hazardous waste. The
Agency considers soil to contain
hazardous waste: (1) when it exhibits a
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44 EPA is assuming that the waste did not meet
a treatment standard when it was placed on the soil.
Wastes which meet a treatment standard are no
longer prohibited from land disposal and, unless it
is determined to ‘‘contain’’ hazardous waste at its
point of generation and are subsequently land
disposed, soils contaminated by these wastes are,
likewise, not prohibited from land disposal. See,
RCA section 3004(m)(2) (hazardous wastes meeting
treatment standards are no longer prohibited from
land disposal).


characteristic of hazardous waste; and,
(2) when it is contaminated by certain
concentrations of constituents from
listed hazardous waste. The contained-
in policy is discussed in Section VII.E
of today’s preamble.


Third principle: once LDRs attach
(generally, at the point of generation, see
principle (1)) to any given hazardous
waste or volume of hazardous
contaminated soil, the LDR treatment
standards continue to apply until they
are met. This principle comes from
application of the logic of the Chemical
Waste opinion. In that opinion, the D.C.
Circuit held that land disposal
prohibitions attach at the point that a
hazardous waste is generated and
continue to apply until threats posed by
land disposal of the waste are
minimized. Chemical Waste
Management v. EPA, 976 F.2d at 13, 14
and 24. In illustration of this principle,
the court held that (in the case of
characteristic hazardous waste)
elimination of the property that caused
EPA to identify a waste as hazardous in
the first instance does not automatically
eliminate the duty to achieve
compliance with LDRs. As discussed
later in this section of today’s preamble,
EPA has determined that, although the
Chemical Waste opinion did not address
contaminated soils per se, it is prudent
to apply the logic of the Chemical Waste
opinion to contaminated soils.


Using these principles, EPA created
the regulations and table that govern
application of LDRs to contaminated
soils, as discussed below.


The regulations that address
application of LDRs to soil that exhibits
a characteristic of hazardous waste are
relatively straightforward. Soil that
exhibits a characteristic of hazardous
waste when it is generated is subject to
LDRs and must be treated to meet LDR
treatment standards prior to land
disposal. EPA’s conclusion that soil that
exhibits a characteristic of hazardous
waste must be treated to meet LDRs
prior to land disposal derives from a
simple application of the principles
above. First, LDRs have the opportunity
to attach to contaminated soil at the
point of generation (principle (1)) and,
second, under the contained-in policy,
soil that exhibits a characteristic of
hazardous waste must be managed as
hazardous waste (principle (2)) and,
therefore, must comply with LDRs. Note
that, once LDRs have attached to soil
that exhibits a characteristic of
hazardous waste, LDR treatment
standards must be met prior to land
disposal of the soil, even if the
characteristic is subsequently
eliminated (principle (3)).


The remainder of today’s regulations
on application of LDRs to contaminated
soil, which are in table form, apply to
soil contaminated with listed hazardous
wastes. The table lists four scenarios.


In the first scenario, soil is
contaminated with untreated listed
hazardous waste that was prohibited
from land disposal when first land
disposed (e.g., prohibited hazardous
waste that was illegally placed or
prohibited hazardous waste that was
spilled). In this case, LDRs have already
attached to the hazardous waste.
Therefore, since LDRs have attached to
the waste and threats have not yet been
minimized (i.e., treatment standards
have not been met), under principle (3)
LDRs continue to apply to the waste
and, automatically, to any contaminated
soil.44 The Agency has concluded that
LDRs apply to soils contaminated in this
way regardless of whether the soil is
determined not to (or no longer to)
‘‘contain’’ hazardous waste either when
first generated or at any time in the
future. This conclusion comes from
application of principle (3): once
something is prohibited from land
disposal, LDRs continue to apply until
threats to human health and the
environment posed by land disposal are
minimized regardless of whether the
material is at some point determined no
longer to be ‘‘hazardous.’’


In the next two scenarios, soil is
contaminated with hazardous wastes
that were not prohibited from land
disposal when first land disposed, but,
sometime after land disposal, LDRs have
gone into effect. In these cases, whether
or not LDRs apply to contaminated soil
is governed by a determination of
whether or not any given volume of
contaminated soil ‘‘contains’’ hazardous
waste at its point of generation. If any
given volume of soil is determined to
contain hazardous waste at its point of
generation, LDRs attach (principles (1)
and (2)) and, therefore, the LDR
treatment standards must be met prior
to placement of such soil in a land
disposal unit (principle (3)). If any given
volume of soil is determined not to
contain hazardous waste at its point of
generation, there is no hazardous waste
to which a land disposal prohibition
could attach and the soil, thus, would
not be prohibited from land disposal


(principles (1) and (2)). (It would be the
same if a hazardous waste land disposed
before the effective date of an applicable
land disposal prohibition were delisted
when first re-generated. In that case too,
there would be no hazardous waste to
which a land disposal prohibition could
attach and the delisted waste, thus,
would not be prohibited from land
disposal.) Note that, under principle (3),
once LDRs attach to contaminated soil,
the treatment standards must be met
prior to land disposal even if the soil is,
subsequently, determined no longer to
contain hazardous waste.


The final scenario requires no
elaboration; it simply makes clear that if
soil is contaminated by hazardous waste
that was never prohibited from land
disposal, LDRs do not apply. This is
through application, primarily, of
principle (2)—LDRs attach only to
hazardous wastes or soil that contains
hazardous waste.


Note that, because LDRs apply to the
waste ‘‘contained-in’’ soil, and not the
soil itself (see principle (2)), LDRs do
not apply to soil that is at any time
completely separated from its
contaminating waste ( i.e., the soil
contains no solid or hazardous waste,
it’s ‘‘just soil’’). One might determine
that soil contained no solid or
hazardous waste, for example, if
concentrations of hazardous
constituents fall below natural
background levels or are at non-
detectable levels. Such a determination
would terminate all RCRA Subtitle C
requirements, including LDRs, since
waste would not longer be ‘‘contained-
in’’ the soil. See September 15, 1996
letter from Michael Shapiro (EPA) to
Peter Wright (Monsanto Company),
making this finding; see also, 61 FR
18806 (April 29, 1996) and other
sources cited therein.


The following examples illustrate
application of LDRs to contaminated
soil:


1. Generator A is excavating soil
mildly contaminated with wastewater
treatment sludge (listed waste F006).
The sludge was land disposed before
1980. The soil does not exhibit a
characteristic of hazardous waste and
has been determined by an authorized
state not to contain listed hazardous
waste. The soil is not prohibited from
land disposal. This is because, for LDR
purposes, the point of generation is
when the soil is first excavated from the
land (principle (1)). Since no prohibited
hazardous waste existed before that time
(i.e., the contaminating waste was not
prohibited) and the soil does not
contain listed hazardous waste or
exhibit a characteristic of hazardous
waste at its point of generation, there is
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45 Although, if such a spill were not cleaned up
in a timely way, EPA or an authorized state could
determine that the contaminated area should be
considered a land disposal unit for purposes of
requiring cleanup under RCRA Subtitle C. 55 FR at
20809 (July 27, 1990).


no hazardous waste to which a land
disposal prohibition could attach
(principle (2)).


2. Generator B is excavating soil
contaminated by leaks from a closing
hazardous waste surface impoundment.
The surface impoundment received
listed hazardous wastes K062 (spent
pickle liquor) and characteristic
hazardous waste D018 (wastes that fail
the TCLP test for benzene). The surface
impoundment stopped receiving K062
waste in 1987 and D018 waste in 1993.
The soil does not exhibit a characteristic
of hazardous waste and has been
determined by an authorized state not to
contain listed hazardous waste. The soil
is not prohibited from land disposal.
This is because, for LDR purposes, the
point of generation is when the soil is
first excavated from the land (principle
(1)). Since no prohibited hazardous
waste existed before that time (i.e., the
contaminating wastes were not
prohibited) and the soil does not
contain listed hazardous waste or
exhibit a characteristic of hazardous
waste at its point of generation, there is
no hazardous waste to which a land
disposal prohibition could attach
(principle (2)).


3. Generator C is excavating soil
contaminated with listed hazardous
waste F024. The F024 waste was land
disposed after 1991, after it was
prohibited from land disposal, and was
not first treated to meet applicable land
disposal treatment standards (i.e., it was
illegally land disposed or accidentally
spilled). Since the contaminating waste
was prohibited from land disposal and
treatment standards were not achieved
prior to land disposal, the LDR
prohibition continues to apply to any
soil contaminated by the waste
(principle (3)) regardless of whether the
soil ‘‘contains’’ hazardous waste when
generated. The soil is prohibited from
land disposal and, before land disposal,
must be treated to meet applicable
technology-based treatment standards or
until a site-specific, risk-based minimize
threat determination is made through
the variance process.


4. Generator D is excavating soil
contaminated by an accidental spill of
benzyl chloride, which, when
discarded, is listed hazardous waste
P028 and is prohibited from land
disposal. The accidental spill occurred
yesterday. The contaminating waste was
prohibited from land disposal and, since
the treatment standards were not
achieved prior to the accidental spill,
the prohibition continues to apply to
any soil contaminated by the waste
(principle (3)). Thus, the soil is
prohibited from land disposal and,
before land disposal, must be treated to


meet applicable technology-based
treatment standards or until a site-
specific, risk-based minimize threat
determination is made through the
variance process.


5. Generator E is excavating soil
contaminated by listed hazardous waste
F004 (generally, spent non-halogenated
solvents). The F004 waste was land
disposed in 1984, prior to the effective
date of an applicable land disposal
prohibition; however, on generation the
soil contains high concentrations of
cresols constituents, so that an
authorized state determines it
‘‘contains’’ hazardous waste. The soil is
prohibited from land disposal. Although
the contaminating waste was not
prohibited from land disposal, since the
soil contained hazardous waste at the
point of generation (and the waste had
since become prohibited from land
disposal), the land disposal prohibition
attaches to the contaminated soil and,
before land disposal, the soil must be
treated to meet applicable technology-
based treatment standards or until a
site-specific, risk-based minimize threat
determination is made through the
variance process (principles (1), (2), and
(3)).


EPA acknowledges that the reading of
LDR applicability to contaminated soil
discussed above creates potential
administrative difficulties, since, in
many cases, a factual determination will
be required as to when hazardous
wastes were land disposed in order to
determine whether they were prohibited
at that time and whether, therefore, the
prohibition continues to apply to
contaminated soil. The Agency expects
that these difficulties will be minimal
because, in most cases, contamination
will be caused by hazardous wastes
placed before the effective date of
applicable land disposal prohibitions
since land disposal after prohibition
would be illegal. The exception is
accidental spills of hazardous waste,
which the Agency believes are (1) rare,
and (2) known, so determining dates of
land disposal should not be
problematic. This issue was discussed
in detail in the HWIR-Media proposal.
61 FR 18805 (April 26, 1996).


As discussed in the April 29, 1996
proposal, the Agency continues to
believe that, if information is not
available or inconclusive, it is generally
reasonable to assume that contaminated
soils do not contain untreated
hazardous wastes placed after the
effective dates of applicable land
disposal prohibitions. This is because
placement of untreated hazardous waste
after applicable LDR effective dates
would be a violation of RCRA, subject
to significant fines and penalties


including criminal sanctions. 61 FR at
18805 (April 29, 1996). Of course,
program implementors and facility
owners/operators cannot make the
determination that information on the
types of waste contamination or dates of
waste placement is unavailable or
inconclusive without first making a
good faith effort to uncover such
information. By using available site- and
waste-specific information such as
manifests, LDR records required under
40 CFR 268.7, vouchers, bills of lading,
sales and inventory records, storage
records, sampling and analysis reports,
accident reports, site investigation
reports, spill reports, inspection reports
and logs, EPA believes that program
implementors and facility owners/
operators will typically be able to make
informed decisions about the types of
waste contamination and dates of waste
placement. Most commenters supported
this approach.


EPA notes that it is not critical for a
decision about whether contaminated
soil contains listed hazardous waste or
exhibits a characteristic of hazardous
waste to be made without removing any
of the soil (other than the sample
volume) from the land. In an area of
generally dispersed soil contamination,
soil may be consolidated or managed
within the area of contamination to
facilitate sampling, for example, to
ensure that soil samples are
representative or to separate soil from
non-soil materials. However, care
should be taken not to remove
hazardous contaminated soils from
separate areas of contamination at a
facility and place such hazardous
contaminated soil into a land disposal
unit unless, of course, the soil meets
applicable LDR treatment standards.
The area of contamination policy is
discussed later in this section of today’s
preamble.


A few commenters expressed concern
or confusion over the application of
LDRs to soil contaminated by accidental
spills of hazardous wastes. The Agency
clarifies that accidental spills of
hazardous wastes (or products or raw
materials) are not considered placement
of hazardous waste into a land disposal
unit since, in the case of a spill,
prohibited waste is not being placed in
one of the identified units named in
RCRA Section 3004(m).45 See, 45 FR
76626 (Nov. 19, 1980), issuing clarifying
regulations at 40 CFR 264.10(g) to
provide that hazardous waste treatment
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and storage activities undertaken in
immediate response to an accidental
spill are exempt from the 40 CFR Part
264 and 265 regulations governing
treatment and storage and do not require
permits and Sept. 29, 1986 memo from
J. Winston Porter (EPA Assistant
Administrator) to Fred Hansen
interpreting the 40 CFR 264.10(g)
regulations; also see, 55 FR at 30808–
30809 (July 27, 1990) (‘‘a one-time spill
of hazardous waste would not be
considered a solid waste management
unit.’’) However, contaminated soils
generated through remediation of spills
of untreated listed prohibited hazardous
wastes are, as discussed above, subject
to land disposal prohibitions since the
LDR prohibition that had attached to the
contaminating hazardous waste
continues to apply until threats are
minimized, and, therefore, any
contaminated soil remains subject to
LDRs (see principle (3)).


A number of commenters expressed
concern that EPA’s interpretation of
LDR applicability to contaminated soil
might preclude application of the
existing area of contamination policy. In
the area of contamination policy, EPA
interprets RCRA to allow certain
discrete areas of generally dispersed
contamination to be considered a RCRA
unit (usually a landfill). 55 FR 8758–
8760 (March 8, 1999). This
interpretation allows hazardous wastes
(and hazardous contaminated soils) to
be consolidated, treated in situ or left in
place within an area of contamination
without triggering the RCRA land
disposal restrictions or minimum
technology requirements—since such
activities would not involve ‘‘placement
into a land disposal unit,’’ which is the
statutory trigger for LDR. EPA clarifies
that its interpretation of LDR
applicability for contaminated soil does
not, in any way, affect implementation
of the area of contamination policy.


Finally, many commenters expressed
concern over EPA’s application of the
LDR treatment standards to soil that is
determined no longer to contain
hazardous waste or exhibit a
characteristic of hazardous waste. As
discussed in detail in the 1996 proposal,
at this time EPA has concluded that
although the Chemical Waste opinion
did not speak to contaminated soil
specifically, it is prudent to apply the
Chemical Waste logic—that a duty to
comply with LDRs attaches to
hazardous waste when it is first
generated and elimination of the indicia
of ‘‘hazardousness’’ does not,
necessarily, fulfil the statutory land
disposal restriction treatment
standard—to contaminated soil. See
Chemical Waste Management v. EPA,


976 F.2d at 13–16. Although, as
discussed later in today’s preamble,
EPA believes that contained-in
determinations will rarely, if ever, be
made at constituent concentrations
which do not minimize threats, without
codifying the contained-in policy, the
Agency cannot make the generic finding
that this will be the case at every site.
For this reason, EPA is requiring that
the standards and procedures
promulgated today for site-specific, risk-
based minimize threat variances alone
be used to make minimize threat
determinations. This issue is discussed
in section VII.E of today’s preamble.


C. Conforming and Supporting Changes
To support the land disposal


restriction treatment standards for
contaminated soil, the Agency is today
promulgating a number of conforming
and supporting regulations, as follows.


1. Recordkeeping Requirements
A number of commenters expressed


confusion over the recordkeeping and
reporting requirements that would
apply to contaminated soil. The Agency
is today clarifying that contaminated
soil subject to the land disposal
restrictions must comply with the same
recordkeeping and reporting
requirements as other wastes subject to
the land disposal restrictions. That is,
the recordkeeping and reporting
requirements of 40 CFR 268.7 will
apply.


EPA has clarified this in the final
regulations by adding appropriate
recordkeeping requirements for
contaminated soils to the tables in 40
CFR 268.7(a) and 40 CFR 268.7(b).
These rules specify that, for
contaminated soil, generators and/or
treaters must include the following
information with their land disposal
restriction paperwork: the constituents
subject to treatment as described in 40
CFR 268.49(d) and this statement, ‘‘this
contaminated soil [does/does not]
contain listed hazardous waste and
[does/does not] exhibit a characteristic
of hazardous waste and [is subject to/
complies with] the soil treatment
standards as provided by 268.49(c) or
the universal treatment standards.’’ Note
that because in some cases
contaminated soil will continue to be
subject to LDRs even after it has been
determined not to or no longer to
contain listed hazardous waste (or de-
characterized), the statement includes a
notification of whether the soil is still
considered hazardous. This is consistent
with the approach the Agency used
when establishing land disposal
restriction treatment standards for
hazardous contaminated debris.


2. Definition of Soil


The Agency is promulgating the
definition of soil from the April 29,
1996 proposal with one change made in
response to comments. Soil is defined
as, ‘‘unconsolidated earth material
composing the superficial geologic
strata (material overlying bedrock),
consisting of clay, silt, sand, or gravel
size particles as classified by the U.S.
Soil Conservation Service, or a mixture
of such materials with liquids, sludges
or solids which is inseparable by simple
mechanical removal processes and is
made up primarily of soil by volume,
based on visual inspection.’’ The
Agency has added the phrase ‘‘by
volume, based on visual inspection’’ in
response to comments recommending
that EPA explicitly conform the
definition of soil with the definition of
debris. See 57 FR 37222 (August 18,
1992). This clarification is consistent
with the Agency’s intent, as discussed
in the 1996 proposal, that
determinations of whether any material
was ‘‘soil,’’ ‘‘debris,’’ or ‘‘waste’’ to be
made in the field. 61 FR 18794 (April
26, 1996).


The definition of soil includes the
concept that mixtures of soil and other
materials are to be considered soil
provided the mixture is made up
predominantly of soil and that the other
materials are inseparable using simple
physical or mechanical means. This
approach allows program implementors
and facility owners/operators to
determine whether any given material is
soil, waste, or debris based on the
results of simple mechanical removal
processes commonly used to separate
materials, such as pumping, dredging,
or excavation by backhoe, forklift or
other device. It avoids requiring
chemical analysis for soil properties in
order to differentiate precisely between
wastes, soil and debris. As discussed in
the April 29, 1996 and September 14,
1993 proposals, the Agency believes
that attempting to distinguish more
precisely between waste, soil or debris
using chemical analysis or other tests
would be prohibitively difficult to
develop and support and cumbersome
to administer. Cf. 57 FR at 37224,
August 18, 1992, where the Agency
adopted a similar classification system
for hazardous debris. Most commenters
supported this approach. Note that any
non-soil that is separated from
contaminated soil that contains listed
hazardous waste or is found to exhibit
a characteristic of hazardous waste
should be considered hazardous waste
and is subject to the applicable
universal treatment standard.
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46 Of course, as noted earlier, EPA or an
authorized state could determine, at any time, that
any given volume of environmental media did not
contain (or no longer contained) any solid or
hazardous waste (i.e., it’s just media). These types
of determinations might be made, for example, if
concentrations of hazardous constituents fall below
background levels, or are at non-detectable levels.
Such a determination would terminate all RCRA
Subtitle C requirements, including LDRs. See,
September 15, 1995 letter from Michael Shapiro
(EPA) to Peter Wright (Monsanto Company), making
this finding, and 61 FR 18806 (April 29, 1996).


EPA also emphasizes that any
dilution of a prohibited contaminated
soil (or of a prohibited hazardous waste
with soil) as a substitute for adequate
treatment to achieve compliance with
LDR treatment standards or to
circumvent the effective date of an LDR
prohibition is considered a type of
impermissible dilution and is illegal.
Therefore, any deliberate mixing of
prohibited hazardous waste with soil in
order to change its treatment
classification (i.e., from waste to
contaminated soil) is illegal. Existing
regulations concerning impermissible
dilution already make this point. See 40
CFR 268.3(a) and (b); see also 57 FR at
37243 (Aug. 18, 1992) (adopting the
same principle for contaminated debris).
The Agency expects that deliberate
mixing of hazardous waste with soil
(and vice versa) will be rare because
such actions are clearly illegal and
would subject generators to substantial
fines and penalties, including criminal
sanctions. In addition, the resulting
mixture (hazardous waste impermissible
diluted by soil) would continue to be
subject to the LDRs for the original
hazardous waste (i.e., generally, the
universal treatment standards), so no
benefit in terms of reduced treatment
requirements would occur. The Agency
took a similar approach when
promulgating treatment standards
specific to hazardous debris. See 57 FR
at 37224 (August 18, 1992).


The Agency notes that the normal
mixing of contaminated soil from
various portions of a site that typically
occurs during the course of remedial
activities or in the course of normal
earthmoving and grading activities is
not considered intentional mixing of
soil with non-media or prohibited soil
with non-prohibited soil and, therefore,
is not a type of impermissible dilution.


D. Seeking Treatment Variances
Because the National Treatment
Standard is Unachievable or
Inappropriate


Under existing regulations at 40 CFR
268.44, people may obtain a variance
from a land disposal restriction
treatment standard when a waste cannot
be treated to the specified level or when
a treatment standard may be
inappropriate for the waste. With
respect to contaminated soils, EPA has
to this point presumed that a treatment
variance would generally be needed
because the LDR treatment standards
developed for process wastes were
either unachievable (generally applied
to soil contaminated by metals) or
inappropriate (generally applied to soil
contaminated by organic constituents).
See, for example, 55 FR 8760 (March 8,


1990); 58 FR 48092, 48125 (September
14, 1993); 61 FR 18805–18808, 18810–
18812 (April 29, 1996); and, 61 FR
55717 (October 28, 1996). This
presumption will no longer apply once
today’s soil treatment standards take
effect. This is because today’s standards
were developed specifically for
contaminated soils and are intended to
specifically address the past difficulties
associated with applying the treatment
standards developed for process waste
to contaminated soil.


This is not to say that treatment
variances based on the ‘‘unachievable’’
or ‘‘inappropriate’’ prongs of the test are
now unavailable for contaminated soils.
For example, in some cases it may prove
that even though an appropriate
technology, suited to the soil matrix and
constituents of concern was used, a
particular soil cannot be treated to meet
the soil treatment standards using a
well-designed well-operated application
of one of the technologies EPA
considered in establishing the soil
standards. In these types of cases, under
existing regulations, the soil treatment
standard would be considered
‘‘unachievable’’ and a treatment
variance could be approved. In other
cases, under existing regulations,
application of the soil treatment
standards might be ‘‘inappropriate’’ in
that, for example, it would present
unacceptable risks to on-site workers.


As noted earlier in today’s preamble,
alternative LDR treatment standards
established through treatment variances
must, according to 40 CFR 268.44(m),
‘‘minimize threats to human health and
the environment posed by land disposal
of the waste.’’ In cases where an
alternative treatment standard does not
meet this requirement, a treatment
variance will not be approved even
though application of a technology more
aggressive than the technologies on
which the soil treatment standards are
based might then be necessary. For
example, in cases where the soil
treatment standards cannot be achieved
through application of a well-designed,
well-operated application of one of the
model soil treatment technologies and
application of the model technology or
other non-combustion technologies will
not result in constituent concentrations
that minimize threats, a variance would
not be approved and combustion would
be necessary. This is proper given that
the soil treatment standards were not
developed using the methodology
typically used in the land disposal
restriction program (i.e., application of
the most aggressive treatment
technology to the most difficult to treat
waste), but, instead are designed to
accommodate a variety of soil treatment


technologies that are typically used
during remediation. Variances for
treatment of contaminated soil will be
applied during the remedial context,
where, as discussed in Section VII.B.3 of
today’s preamble, EPA and authorized
states will typically have detailed
information about the risks posed by
specific hazardous constituents, direct
and indirect exposure routes, risk
pathways and human and
environmental receptors. This
information can be used to inform
decisions about whether threats are
minimized.


E. The Contained-In Policy
The contained-in principle is the


basis for EPA’s longstanding
interpretation regarding application of
RCRA Subtitle C requirements to
mixtures of contaminated media and
hazardous wastes. Under the
‘‘contained-in’’ policy, EPA requires
that soil (and other environmental
media), although not wastes themselves,
be managed as if they were hazardous
waste if they contain hazardous waste or
exhibit a characteristic of hazardous
waste. See, for example, 53 FR 31138,
31148 (August 17, 1988) and 57 FR
21450, 21453 (May 20, 1992)
(inadvertently citing 40 CFR 261(c)(2)
instead of 40 CFR 261.3(d)(2)); see also
Chemical Waste Management v. EPA,
869 F.2d 1526, 1539–40 (D.C. Cir. 1989)
(upholding the contained-in principle as
a reasonable interpretation of EPA
regulations). In practice, EPA has
applied the contained-in principle to
refer to a process where a site-specific
determination is made that
concentrations of hazardous
constituents in any given volume of
environmental media are low enough to
determine that the media does not
‘‘contain’’ hazardous waste. Typically,
these so called ‘‘contained-in’’
determinations do not mean that no
hazardous constituents are present in
environmental media but simply that
the concentrations of hazardous
constituents present do not warrant
management of the media as hazardous
waste.46 For contaminated soil, the
result of ‘‘contained-in determinations’’
is that soil no longer ‘‘contains’’ a
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hazardous waste; however, as discussed
above, the result is not automatically
that soil no longer must comply with
LDRs.


In order to preserve flexibility and
because EPA believes legislative action
is needed, the Agency has chosen, at
this time, not to go forward with the
portions of the September 14, 1993 or
April 29, 1996 proposals that would
have codified the contained-in policy
for contaminated soils. The Agency
continues to believe that legislation is
needed to address application of certain
RCRA subtitle C requirements to
hazardous remediation waste, including
contaminated soil. If legislation is not
forthcoming, the Agency may, in the
future, re-examine its position on the
relationship of the contained-in policy
to site-specific minimize threat
determinations based on
implementation experience and/or may
choose to codify the contained-in policy
for contaminated soil in a manner
similar to that used to codify the
contained-in policy for contaminated
debris.


1. Current Guidance on Implementation
of the Contained-in Policy


EPA has not, to date, issued definitive
guidance to establish the concentrations
at which contained-in determinations
may be made. As noted above, decisions
that media do not or no longer contain
hazardous waste are typically made on
a case-by-case basis considering the
risks posed by the contaminated media.
The Agency has advised that contained-
in determinations be made using
conservative, health-based levels
derived assuming direct exposure
pathways. 61 FR at 18795 (April 29,
1996) and other sources cited therein. A
compilation of many of the Agency’s
statements on the contained-in policy
has been placed in the docket for
today’s rulemaking.


The land disposal restriction
treatment standards for contaminated
soil promulgated today do not affect
implementation of the contained-in
policy. They are not considered, and
should not be used, as de facto
‘‘contained-out’’ concentrations
although, in some cases, it may be
appropriate to determine that soil
treated to the soil treatment standards
no longer contains hazardous waste.
Remediation project managers should
continue to make contained-in decisions
based on site-specific conditions and by
considering the risks posed by any given
contaminated media.


2. Relationship of the Contained-In
Policy to Site-Specific, Risk-Based
Minimize Threat Determinations


As discussed above, the D.C. Circuit
held in the Chemical Waste opinion that
the RCRA Section 3004(m) obligation to
minimize threats can continue even
after a waste would no longer be
identified as ‘‘hazardous.’’ Chemical
Waste Management v. EPA, 976 F.2d at
13–16. The Agency believes that it is
prudent to apply the logic of the
Chemical Waste opinion to
contaminated soil. Therefore, when the
contained-in policy is applied to soil
that is already subject to a land disposal
prohibition, the Agency is compelled to
decide if a determination that soil does
not or no longer ‘‘contains’’ hazardous
waste is sufficient to determine that
threats posed by subsequent land
disposal of those soils have been
minimized. As discussed earlier in
today’s preamble, EPA is not, at this
time, able to make a generic finding that
all contained-in determinations will
automatically satisfy this standard. This
is largely because, for reasons of needed
administrative flexibility and because
we believe legislation is needed, EPA
has not codified standards for approving
contained-in determinations and has not
codified procedures for making such
determinations. Absent such standards
and procedures, the Agency cannot, at
this time, make a generic finding that all
contained-in determinations will result
in constituent concentrations that also
minimize threats within the meaning of
RCRA Section 3004(m). These
decisions, of course, could be made on
a site-specific basis, by applying the
standards and procedures for site-
specific, risk-based minimize threat
variances, promulgated today.


The regulations governing site-
specific, risk-based minimize threat
determinations promulgated today are,
essentially, the same as the Agency’s
guidance for making contained-in
determinations. See, for example, 61 FR
18795 (April 29, 1996) and other
sources cited therein. That is, decisions
should be made by considering the
inherent risks posed by any given soil,
assuming direct exposure (i.e., no post-
land disposal controls) and applying
conservative information to calculate
risk. Therefore, the Agency expects that,
in most cases, a determination that soils
do not (or no longer) contain hazardous
waste will equate with minimize threat
levels and, therefore, encourages
program implementors to combine
contained-in determinations, as
appropriate, with site-specific, risk-
based minimize threat variances.


F. Relationship of Soil Treatment
Standards to the Final HWIR-Media
Rule


In the April 29, 1996 HWIR-Media
proposal, EPA proposed to establish a
comprehensive alternative management
regime for hazardous contaminated
media, of which the treatment standards
for contaminated soil would have been
a small part. The HWIR-Media proposal
discussed a number of options for
comprehensive management standards
for hazardous contaminated media.


Today’s action resolves and finalizes
the portion of the HWIR-Media proposal
that addressed land disposal restriction
treatment standards for contaminated
soil. See 61 FR 18805–18814, April 29,
1996. Other portions of the proposal are
not resolved by this action and will be
addressed by EPA in future actions. EPA
continues to emphasize that, while the
soil-specific LDR treatment standards
will improve contaminated soil
management and expedite cleanups, the
Agency also recognizes that additional
reform is needed, especially for
management of non-media remediation
wastes like remedial sludges. The
Agency will continue to participate in
discussions on potential legislation to
promote this additional needed reform.


VIII. Improvements and Corrections to
LDR Regulations


Summary: The regulated community
has pointed out several examples of the
LDR regulations that were unclear or
had typographical errors. These sections
are clarified and corrected below.


A. Typographical Error in Section
261.1(c)(10)


A typographical error was found in
the cross reference in the note in
§ 261.1(c)(10). The first Phase IV final
rule (‘‘Minirule,’’ 62 FR 25998) said
‘‘They are covered under the exclusion
from the definition of solid waste for
shredded circuit boards being recycled
(261.4(a)(13)).’’ The correct cross
reference is to ‘‘(261.4(a)(14).’’ This
typographical error is corrected in this
final rule.


B. Typographical Error in Section
268.4(a)(2)(ii) and (a)(2)(iii)


These paragraphs have referred to
§ 268.8 for some time. Section 268.8 was
where the so called ‘‘soft hammer’’
provisions were once found in the
regulations. These provisions expired in
1990, and the provisions have been
removed from the regulations; thus
there is no need to continue to include
references to § 268.8.
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C. Clarifying Language Added to Section
268.7


The first item in the paperwork tables
requires that the EPA Hazardous Waste
and Manifest numbers be placed on the
notification forms. Today’s changes
clarify that the manifest number
required to be placed on the notification
form is that of the first shipment of
waste to the treatment or disposal
facility.


The tables of paperwork requirements
found at § 268.7(a)(4) and (b)(3) have
entries that describe what waste
constituents have to be identified on the
one-time LDR notification (see item 3 in
the generator table at § 268.7(a)(4), and
item 2 in the treatment and storage
facility table at § 268.7(b)(3)). The
language of these items has been
changed to avoid confusion about
whether wastes managed at facilities
subject to the Clean Water Act (CWA),
CWA-equivalent facilities, or wastes
injected into deepwells subject to the
Safe Drinking Water Act (SDWA) are
subject to a paperwork requirement (and
if so, what requirements). Wastes
managed in these facilities are subject to
a one-time notification requirement.
This notification must be placed in the
facility’s on site files and must contain
the information described in the
paperwork tables. Therefore, the
parenthetical language that appeared to
exclude such facilities from the
paperwork requirements has been
removed from item 2 in the ‘‘Generator’’
table, and item 3 in the ‘‘Treatment
Facility’’ table.


In addition, these items have been
further clarified by adding the language
‘‘in characteristic wastes’’ after the
clause ‘‘and underlying hazardous
constituents,’’ to indicate exactly what
type of wastes must be considered when
determining whether underlying
hazardous constituents are present. The
title of the paperwork table at
§ 268.7(b)(3) has been changed to clarify
that the requirements apply to storage
facilities as well as treatment facilities.
A number of certifications were
inadvertantly removed from § 268.7(b)
through Office of Federal Register
drafting errors. Those certifications are
reinstated because it was never the
intention of the Agency that they were
removed.


D. Correction to Section 268.40—
Treatment Standards for Hazardous
Waste


In the Phase III Final Rule (61 FR
15566), the Agency promulgated a UTS
of 12.0 mg/L for 1,4-dioxane
wastewaters based on the performance
of distillation. At that time, 1,4-dioxane


was the only UTS constituent for which
EPA had promulgated a nonwastewater
standard but not a wastewater standard.
However, as part of that rule, the
Agency failed to extend the treatment
standard to wastewater forms of U108
wastes. Today, the Agency is correcting
this oversight in Section 268.40—
Treatment Standards for Hazardous
Wastes, by replacing the ‘‘NA’’
designation under AU108 -1,4-Dioxane
wastewaters@ with ‘‘12.0 mg/L.’’ As
such the 1,4-Dioxane alternate treatment
standard now applies to both
wastewater and nonwastewaters forms
of U108 waste.


E. Removal of California List
Requirements and de minimis Provision
From Section 268.42


In the Phase IV rule promulgated on
May 12, 1997, EPA removed the
California List requirements because
they have all been superseded by more
specific treatment standards. The
California List included liquid wastes
containing certain metals, cyanide,
polychlorinated biphenyls (PCBs) above
specified levels, and liquid and
nonliquid halogenated organic
compounds (HOCs) above specified
levels. These wastes were removed from
the Table of Treatment Standards in
§ 268.40; however, the requirements in
§ 268.42(a)(1) and (a)(2) were
overlooked. These paragraphs are
removed by today’s rule. And because
these paragraphs are being removed, it
is necessary to revise the language of
§ 268.42(a) to remove references to these
paragraphs.


The de minimis provision of
paragraph § 268.42(a)(3) is also being
removed by today’s rule. The de
minimis provision applied to
wastewaters regulated under the Clean
Water Act (CWA) mixed with high total
organic carbon (TOC) ignitable wastes.
In the Phase III final rule, however,
wastes discharged under the CWA, or in
a facility that is CWA-equivalent, are
not subject to the LDRs (61 FR 15660,
April 8, 1996). Therefore the de minimis
provision was redundant and has been
removed by today’s rule.


F. Typographical Errors and Outdated
Cross-References in Section 268.45


There is a typographical error in
§ 268.45(a). The language has referred to
§ 261.3(c)(2), a section removed from the
regulations on September 30, 1992 (57
FR 49278). It should refer to
§ 261.3(f)(2). The correction is being
made in this final rule.


In paragraphs (3) and (4) in
§ 268.45(d) there are outdated cross
references to treatment standards that
were once found at § 268.42 and


§ 268.43 (the treatment standards once
found in these sections have been
consolidated into the ‘‘Table of
Treatment Standards’’ at § 268.40).
These cross references have been
removed from § 268.45(d)(3) and (d)(4).


G. Correction to § 268.48 to Explain
That Sulfides are not Regulated as
Underlying Hazardous Constituents in
Characteristic Wastes


In response to a comment received on
the original Phase IV proposal, EPA
reviewed the basis for the universal
treatment standard for sulfides in the
Universal Treatment Standard Table at
40 CFR 268.48. EPA is correcting the
table in this rule. Sulfides are regulated
only in Waste Code F039 (multi-source
leachate), and not as underlying
hazardous constituents in characteristic
wastes.


H. Cross References in Section 268.50(e)
Erroneous references appeared in this


section to §§ 268.41, 268.42, 268.43, and
268.32. They are eliminated in this final
rule.


I. Mistakes in Appendices VII and VIII
Table 1 includes entries for F033.


There is no hazardous waste with the
EPA waste code F033. Therefore, these
entries are being removed. The second
entry for waste codes F032, the second
entry for F034, and the first entry for
K088 contained typographical errors
that are being revised in today’s final
rule. In addition, two entries for waste
code F035 are being added to the table.
Table 2 is amended by revising entry
number 9 to change the prohibition date
for soil and debris contaminated with
K088 wastes.


The title of appendix VIII is revised to
clarify that it provides the effective
dates for wastes injected into deep
wells.


J. Clarification Regarding Point of
Generation of Boiler Cleanout Rinses


In the May 12, 1997 final Phase IV
rule, EPA included in the preamble an
interpretive discussion regarding at
what point the Agency considers a
waste to be generated when power plant
boilers are cleaned out using multiple
rinses. 62 FR at 26006. The question is
relevant to the issue of whether subtitle
C rules apply to such waste, and also,
if the waste is to be land disposed,
whether LDR prohibitions apply. In
essence, the interpretation is that the
cleanout of the boiler is to be viewed as
a single process, so that if the boiler
cleanout liquids are commingled in a
single tank system, the hazardousness of
the resulting cleanout liquids is to be
determined at the end of the cleaning
process. Id.
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Some confusion has arisen regarding
whether this interpretation applies to
permanent storage tanks, or only to
temporary tanks brought on-site to
manage the boiler cleanout rinses. The
Agency’s view is that the interpretation
applies to temporary tanks, and also to
permanent tanks when such units are
used exclusively for the management of
boiler cleanout during the boiler
cleanout process. (Such tanks could, of
course, be engaged in other activities
when they are not dedicated to
management of boiler cleanout waste
during the cleanout process.)


EPA did state in the May 12 notice
that ‘‘[t]he interpretation * * * does not
apply where there are permanent
storage units involved.’’ 62 FR at 26007.
What the Agency had in mind was a
tank already engaged in the permanent
storage of hazardous waste. However, so
long as a tank is dedicated solely to
storage of boiler cleanout rinses during
the boiler cleanout process, there is no
environmental distinction between
whether or not a temporary or
permanent tank is used for the purpose.
Consequently, the point of generation
interpretive principle announced in the
May 12 notice applies to both
permanent and temporary tanks
systems.


IX. Capacity Determination for Phase
IV Land Disposal Restrictions


A. Introduction


This section summarizes the results of
the capacity analysis for the wastes
covered by today’s rule. For a detailed
discussion of capacity analysis-related
data sources, methodology, and
response to comments for each group of
wastes covered in this rule, see the
background document for the capacity
analysis and the background document
for the comment summary and response
for capacity-related issues (i.e.,
collectively referred to as the Capacity
Background Documents).


In general, EPA’s capacity analysis
focuses on the amount of waste to be
restricted from land disposal that is
currently managed in land-based units
and that will require alternative
treatment as a result of the LDRs. The
quantity of wastes that are not managed
in land-based units (e.g., wastewater
managed only in RCRA exempt tanks,
with direct discharge to a Publicly
Owned Treatment Works (POTW)) is
not included in the quantities requiring
alternative treatment as a result of the
LDRs. Also, wastes that do not require
alternative treatment (e.g., those that are
currently treated using an appropriate
treatment technology) are not included
in these quantity estimates.


EPA’s decisions on when to establish
the effective date of the treatment
standards (e.g., by granting a national
capacity variance) are based on the
availability of alternative treatment or
recovery technologies. Consequently,
the methodology focuses on deriving
estimates of the quantities of waste that
will require either commercial treatment
or the construction of new on-site
treatment as a result of the LDRs. EPA
also estimates the quantities of waste
that will be treated adequately either on
site in existing systems or off site by
facilities owned by the same company
as the generator (i.e., captive facilities),
and attempts to subtract that amount
from the overall amount of required
capacity.


B. Available Capacity for Surface
Disposed Wastes


Available capacity was estimated for
four treatment technology categories
that are expected to be used for the
majority of wastes in today’s rule:
stabilization (including chemical
fixation), vitrification, metal recovery,
and thermal treatment. (Numerous other
types of treatment also can meet the
treatment standards for much of these
wastes, although the Agency did not
find it necessary to present the estimates
of available capacity of these treatments.
See the Capacity Background
Documents for further information.)


1. Stabilization
EPA estimates that there are at least


several million mt/yr of available
stabilization capacity, with most of it
able to meet the treatment requirements
for the TC metal wastes and newly
identified mineral processing wastes.
Furthermore, the Agency found that
currently utilized stabilization capacity
can be quickly modified (i.e., in less
than 90 days) to meet the new treatment
standards by implementing relatively
simple changes to formulations. For
additional details, see the Capacity
Background Documents.


2. Vitrification
EPA has determined that vitrification


technology is commercially available for
treating limited quantities of Phase IV
wastes, such as some arsenic wastes,
that are difficult to treat using
stabilization and other techniques. EPA
estimates that there are approximately
15,000 mt/yr of available vitrification
capacity.


3. Metal Recovery
High temperature and other types of


metal recovery appears to be the most
applicable treatment for certain wastes
containing high concentrations of metal


constituents. EPA identified and
reviewed several metal recovery
technologies that are commercially
available, and has determined that at
least 800,000 mt/yr of metal recovery
capacity exists.


EPA recognizes, however, that not all
of this capacity will be available for
Phase IV wastes. For example, there are
technical constraints on the metal
recovery systems stemming from metal
content limitations of the waste.
Nevertheless, the Agency believes that a
significant portion of this capacity is
amenable to Phase IV wastes. For
additional details, see the Capacity
Background Documents.


4. Thermal Treatment
EPA estimates that there are


approximately 231,000 mt/yr of
commercial sludge/solid/soil
combustion capacity and 651,000 mt/yr
of commercial liquid combustion
capacity available for wastes covered by
today’s rule. Other types of thermal
treatment, such as thermal desorption,
also are available. For additional details,
see the Capacity Background
Documents.


C. Required Capacity and Variance
Determination for Surface Disposed TC
Metal Wastes


EPA estimates that at most, 1.2
million mt/yr of TC metal wastes could
require alternative treatment as a result
of promulgation of today’s rule. This
estimate includes both wastes that are
newly-identified TC wastes (i.e., wastes
that do not fail the EP test, and,
consequently, were not part of the Third
Third LDR rule) and wastes that fail the
EP test (i.e., those wastes that were
regulated in the Third Third LDR rule).
Although only the newly identified TC
wastes are eligible for a national
capacity variance, the capacity analysis
includes all wastes affected by the rule
because estimates for each category are
not available, and, furthermore, because
all of these wastes need to be assessed
to determine the full impact of this rule
on the need for a capacity variance.
Additionally, the 1.2 million estimated
quantity is likely to be an overestimate
because most of these wastes are already
meeting the new treatment standards.
Also, most of these wastes are likely to
fail the EP test and, therefore, are no
longer eligible for a capacity variance.


The wastes that will require
alternative treatment are expected to
primarily only require optimization of
existing stabilization formulations and
systems. Also, sufficient vitrification
capacity exists to treat the otherwise
difficult-to-treat TC metal wastes, high
temperature metal recovery capacity
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exists for some of the TC metal wastes,
and sufficient and other combustion
capacity exists to pre-treat TC metal
wastes that contain organic underlying
hazardous constituents (UHCs). The
Agency has determined that these
conclusions also apply to TC metal
contaminated debris. In addition, the
other debris treatment technologies set
out in 268.45 are widely available.


For TC metal contaminated soils, the
Agency believes that the treatment
standards, ten times UTS or 90%
reduction, will not result in any
capacity problems for treating metals
since most soils are already meeting
these standards and, furthermore, there
is an excess of stabilization treatment
capacity. Additionally, for treating
organics to the alternative treatment
standards, sufficient treatment capacity
exists from use of other technologies
(e.g., thermal desorption, soil washing,
biotreatment).


To allow facilities time to determine
whether their wastes are affected by this
rule and identify and locate alternative
treatment capacity if necessary, EPA is
providing 90 days between the
publication of today’s rule and the
effective date of the treatment standards
for the TC metal wastes, including soil
and debris, covered by today’s rule. For
a detailed discussion on data sources,
methodology, and comments and
responses for these wastes, see the
Capacity Background Documents.


D. Required Capacity and Variance
Determination for Surface Disposed
Mineral Processing Wastes


EPA estimates that the maximum
quantity of newly identified mineral
processing wastes potentially requiring
alternative treatment is approximately
1.9 million mt/yr. Most of these wastes
(approximately 1.8 million mt/yr) are
already being treated to nonhazardous
levels and, therefore, are not expected to
require much, if any, additional
treatment. The remaining wastes,
approximately 71,000 mt/yr, will
require treatment to meet the treatment
standards. However, adequate on-site
and off-site treatment capacity is
available for these wastes. The Agency
has determined that these conclusions
also apply to debris contaminated with
mineral processing wastes. In addition,
the other debris treatment technologies
set out in 268.45 are widely available.
For soils contaminated with mineral
processing wastes, the Agency believes
that the treatment standards, ten times
UTS or 90 percent reduction, will not
result in any capacity problems.
Nevertheless, to allow time for activities
such as treatment system modifications
or to identify and locate alternative


treatment capacity for process wastes,
soil, and debris, EPA is providing 90
days between the publication of today’s
rule and the effective date of the
treatment standards for the mineral
processing wastes, contaminated soil
(including MGP soil; see discussion
below), and debris covered by today’s
rule (one exception is the elemental
phosphorus wastes; see discussion
below). For a detailed discussion on
data sources, methodology, and
comments and responses for these
wastes, see the Capacity Background
Documents.


EPA estimates that up to 1.2 million
mt/yr of soil contaminated with ‘‘de-
Bevilled’’ wastes may be remediated
from historic manufactured gas plant
(MGP) sites. In response to the first
supplemental proposal, several
commenters stated that more than 50
percent of the MGP remediation sites
are currently co-burning the wastes in
on-site coal-fired utility boilers and
requested the Agency to allow co-
burning of MGP soils in coal-fired
utility boilers and exclude them from
RCRA requirements. In today’s
rulemaking, the Agency is confirming
its existing (and not reopened)
interpretation that residues from co-
burning hazardous MGP soils along
with coal are covered by the Bevill
amendment (assuming the residues are
not significantly affected by such
burning, as provided in section
266.112). In addition, as discussed
elsewhere in this notice, the Agency is
promulgating treatment standards (ten
times UTS or 90 percent reduction) for
contaminated soils. On-site treatment
and existing commercially available
treatment technologies can readily
achieve—and to a large extent are
already achieving—the treatment
standards for contaminated MGP soil.
Therefore, the Agency does not
anticipate any capacity problems. To
allow facilities time to determine
whether their wastes are affected by this
rule, to identify alternative treatment
capacity if necessary, and to make
contractual arrangements for
transportation and other logistics, EPA
is providing 90 days between the
publication of today’s rule and the
effective date of the treatment standards
for MGP soils.


In the first supplemental proposed
rule, the Agency identified the
following three waste streams generated
from elemental phosphorus production
as lacking sufficient commercial
treatment capacity: Medusa scrubber
blowdown, Anderson filter media
rinsate, and furnace building
washdown. A major generator of these
waste streams, the FMC Corporation’s


Pocatello, Idaho facility, provided a
substantial amount of data to show that
these waste streams pose unique
treatability problems (e.g., due the
presence of naturally occurring
radioactive materials (NORM)) and that
a two-year national capacity variance is
needed to develop and construct
treatment capacity. After careful review
of the data, EPA discussed in the May
10, 1996 Notice of Data Availability, the
possibility of a two-year national
capacity variance for these three large
volume wastewater streams. In May
1997, EPA proposed the second
supplemental Phase IV rule (62 FR
26041) and, in response to this proposal,
FMC submitted a comment to EPA with
new information identifying three other
waste streams (NOSAP slurry,
precipitator slurry, and phossy water) at
its Pocatello, Idaho facility that FMC
believes would be subject to Phase IV
LDR requirements. FMC requested that
a two-year national capacity variance
also be granted for these three new
waste streams. Like the original waste
streams, the three newly identified
streams are generated in the elemental
phosphorous production process and
contain varying amounts of both NORM
and elemental phosphorous. FMC also
noted that the AFM Rinsate waste
stream, for which FMC originally
requested a national capacity variance,
has been completely eliminated, and
that therefore a national capacity
variance would no longer be needed for
this waste stream. The Agency made
these additional data available for
public comment in a November 10, 1997
NODA (62 FR 60465). No adverse
comments were received. The Agency
has decided to grant a two-year capacity
variance for all five FMC wastestreams.


Details of the methodology and
estimates of affected facilities and waste
quantities for the newly identified
mineral processing wastes are provided
in the Capacity Background Documents.


E. Phase IV Mineral Processing and TC
Metal Wastes Injected Into Underground
Injection Control (UIC) Class I Wells


Summary: EPA is granting a two-year
capacity variance for UIC wells that
inject newly identified mineral
processing wastes from titanium dioxide
production.


There are approximately 272 Class I
injection well facilities nationwide. The
Agency identified approximately 46 of
those facilities as potentially injecting
Phase IV wastes. These injected Phase
IV wastes account for less than 15
percent of the total injectate being
managed by Class I wells annually. Most
of these facilities potentially identified
already have approved no-migration
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petitions. In assessing the impact of the
Phase IV rule to operators of UIC
facilities, the Agency found that the
only potentially affected wells are those
injecting newly identified characteristic
mineral processing wastes, since other
characteristic wastewaters were already
prohibited in 1990 and the period for
possible capacity extensions for these
wastes has run out. (See UIC
background document explaining in
detail why the other wastes are
unaffected.)


For a facility with an existing
approved no-migration determination,
the facility operator may have already
incorporated the subject waste in the
original petitions. Any facility with an
approved no-migration determination
without the waste already incorporated
may submit a modified petition (40 CFR
Part 148.20 (f)). However, if an injection
well has received a no-migration
determination, it can inject a newly
prohibited waste only if the waste is
similar to wastes included in the initial
no-migration petition. The new wastes
must behave hydraulically and
chemically in a similar manner to those
already included in the initial petition
demonstration such that they will not
interfere with the containment
capability of the injection zone and the
location of the waste plume will not
significantly differ from the initial
demonstration (See 40 CFR 148.20 (f) &
UIC Program Guidance # 74)). Based on
this information, promulgation of the
Phase IV LDRs should have little impact
on any facilities with approved
petitions.


EPA estimates that approximately five
million tons of mineral processing
wastes are being disposed annually in
UIC wells. Of these, approximately three
million tons are attributable to titanium
dioxide production from two DuPont
facilities. This volume is a conservative
estimate based on highly complex, non-
segregable waste stream mixtures. This
total volume would be subject to the
LDR treatment standards. Titanium
dioxide (TiO2) production wastes are
either generated onsite at facilities with
injection wells, or at facilities without
injection. For these DuPont facilities,
this waste is generated and disposed
onsite by injection wells. In order for
these facilities to continue injection of
this restricted waste, a no-migration
petition must be approved to meet the
conditions of 40 CFR Part 148.20 of the
UIC regulations.


For those facilities disposing
restricted Phase IV TiO2 mineral
processing waste, their options may be
limited to meeting treatment standards
(onsite or offsite), submitting a no-
migration petition, transporting their


waste to a commercial Class I hazardous
disposal well facility, or deactivating
(diluting) the waste to make it
nonhazardous before injection (see
RCRA section 3004 (g) (9), a recent
amendment which allows such
dilution). All of these options are
resource intensive and owners/operators
of these facilities will be faced with
critical economic and business
decisions. These TiO2 facilities do not
have immediate capability to treat their
waste onsite. If they were to opt for
treatment onsite, it would require
substantial time and resources to build
a treatment facility or to substantially
modify their existing facility. It would
take at least two years (and possibly
longer) to construct such a treatment
system. In evaluating various disposal
alternatives, one DuPont facility is
currently constructing a treatment
works that will integrate a
neutralization project based on current
production. As an alternative to deep
well injection disposal, the long term
construction at this facility has been
costly and operational start-up will
require additional time to work out
issues. See DuPont letter of Feb. 5, 1998.


With respect to the options of
managing the waste water offsite, severe
practical constraints limit the
availability of capacity to these DuPont
Ti02 facilities. A typical volume of Ti02
wastewater is 900,000 Gallons (3,750
tons) per day; and peak production
volumes are 1 million Gallons (4,167
tons) per day. DuPont letters of Feb. 5
& 20, 1998. At peak production, this
would take 200 tanker trucks per day for
each affected facility to ship the volume
of waste that is currently injected.
Additionally, these trucks must be
constructed with fiberglass or titanium
tanks to be compatible to the low pH-
highly corrosive acid waste (Note from
ICF to R. E. Smith to RCRA Docket (Feb.
17, 1998)). Indeed, it is not even certain
that existing 10, 000 gallon tanker trucks
are compatible with this wastestream,
due to its weight (the TDS content is so
high that a 10, 000 gallon tanker could
only be half full) and corrosivity.
Dupont letter of Feb. 20, 1998.


Commercial waste management
facilities normally cannot feasibly
accommodate this daily volume. There
are at least ten operating commercial
Class I hazardous waste injection
facilities nationwide, it is uncertain
whether they have the capacity to
accept 3 million tons of TiO2 mineral
processing waste annually for disposal
because of permitting limitations. These
commercial wells also have finite
capacity limitations. The Agency
studied the operational permit
parameters of these commercial


facilities and found that individual
injection and flow capacity rates
(UICWELLS Database) may restrict
injection of additional high volumes of
waste. Rates are scientifically and
mathematically determined to avoid
damage to the well and the injection
zone. Further study of compatibility
requirements for these wells suggest that
they have acceptable construction for
most wastes disposed but not
necessarily for the TiO2 production
waste in its present concentration.
Without pretreatment, these waste
characteristics would require a more
exotic well construction that is
composed of fiberglass injection tubing,
titanium casing and packer, epoxy and
acid resistance compatible cement.


EPA has also looked at commercial
wastewater treatment capacity in the
vicinity of the two DuPont facilities. For
one facility, there are no available
commercial waste water treatment
plants within 200 miles. For the other
facility, there are two treatment plants
within 75 miles but neither has the
capacity to accept the high volumes of
waste generated by either DuPont
facility (based on BSR data).
Commercial waste water treatment
facilities generally handle corrosive
toxic metal waste waters by stabilization
and neutralization techniques.
Treatment plants managing the Ti02
production waste waters would have to
be specially constructed and equipped
not only to be amenable to a high
volume of acidic waste but also have the
capacity to manage the huge amount of
solids that will yield from treatment.
Thus, wastewater treatment requires
having pre-storage and processing units,
adequate chemicals to neutralize the
corrosive characteristic of the waste and
stabilization technology to immobilize
the metals before they are either stored
onsite, marketed, or landfilled. While
the Agency is satisfied that this
treatment technology is applicable to
Ti02 waste water, there is much
reservation whether DuPont’s facilities
could realistically mobilize 200 tanker
trucks per day per facility to safely ship
this waste to these treatment facilities
even if treatment capacity were readily
available at them.


The statute also allows injection of
waste waters which no longer exhibit a
characteristic into Class I wells without
meeting any other LDR treatment
standard, and dilution may be used as
a means of decharacterizing the waste.
RCRA section 3004 (g) (9). However,
deactivation of certain characteristic
wastes through dilution is not always
practical or even feasible. The whole
waste stream process may not be
amenable to dilution prior to injection
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at the wellhead, and the geologic
reservoirs into which the wells inject
have a finite capacity. Sometimes filling
up reservoirs with huge volumes of
additional water shortens the life of the
well operation because reservoir
pressures build up much more quickly
and the injection zone becomes
‘‘overpressurized.’’ EPA finds that this
is the case for the TiO2 wastewater at
issue here. Thus, the dilution option
cannot be utilized here to find that there
is adequate available treatment capacity
for these TiO2 wastes.


Capacity analyses usually focus on
the demand for alternative capacity
once existing on-site capacity and
captive off-site capacity have been
accounted for. However, capacity also
may be unavailable if there is no
practical means of utilizing it due to
logistical problems. For example, in the
Third Third rule, EPA relied on such
logistical factors to determine when
capacity was realistically available (see
55 FR 22645–22646, June 1, 1990). The
Agency noted that injection wells at on-
site facilities are directly connected to
the plant operations and that in order to
realistically arrange for off-site
disposition of the waste, the plant
managers will need time to make
considerable logistical adjustments such
as, repiping, retooling, and development
of transportation networks at the plant
operations. Similarly, for TiO2 waste
facilities, the Agency doesn’t believe
that treatment capacity is available since
there is no feasible way for generators to
transport their wastes to the treatment


facilities at this time, plus all of the
other repiping that would be entailed.
The Agency believes that it would take
at least two years for the TiO2 facilities
to alter their operations to ship
wastewater to offsite facilities and for
off-site facilities to make corresponding
changes to their operations to
accommodate the large influx of highly
corrosive, high volume, dense
wastewater (even if off-site facilities
were to be willing to accept the waste,
which is quite unclear).


Under these circumstances, the
Agency finds that there is inadequate
treatment, recovery, or disposal capacity
presently available for TiO2 injected
waste waters currently being injected
into Class I hazardous wells, and
therefore is granting a two-year national
capacity variance for these wastes. The
Agency expects that affected generators
will utilize this period for applying for
no-migration petitions for their existing
wells, or to construct on-site wastewater
treatment systems.


EPA estimates that there is
approximately 2 million tons of other
injected Phase IV mineral processing
wastes (i.e. from processes other than
TiO2 production). One facility with the
largest volume of that injected waste has
applied for and received an approved
no-migration petition thus meeting the
conditions of 40 CFR Part 148.20. The
rest of these facilities are either applying
dilution as a means of decharacterizing
their waste (as allowed under Section
3004(g)(9)), or are treating their waste
before disposal. Their waste volumes


are much less than the TiO2 production
waste being injected. Since the volume
of wastes is so much less than TiO2, and
the wastes are more amenable to
conventional management, EPA does
not see the same types of difficulties
arising, and is therefore not delaying the
effective date of the prohibition for
these facilities. (See UIC background
document).


F. Mixed Radioactive Wastes


Significant uncertainty exists about
quantities of mixed radioactive wastes
containing wastes that will require
treatment as a result of today’s rule.
Despite this uncertainty, any new
commercial capacity that becomes
available will be needed for mixed
radioactive wastes that were regulated
in previous LDR rulemakings and whose
variances have already expired. Thus,
EPA has determined that sufficient
alternative treatment capacity is not
available, and therefore is granting a
two-year national capacity variance for
mixed RCRA/radioactive TC metal
wastes that are newly identified (i.e.,
wastes, soil, or debris identified as
hazardous by the TCLP but not the EP),
and newly identified characteristic
mineral processing wastes including
soil and debris.


G. Summary


Table 1 summarizes the capacity
variance determination for each
category of Phase IV RCRA wastes for
which EPA is promulgating LDR
treatment standards.


TABLE OF CAPACITY VARIANCES FOR PHASE IV WASTES


[Note: Capacity variances begin from the publication date]


Waste description Surface-disposed
wastes


Deep well-injected
wastes


Newly identified wastes from elemental phosphorus processing .................................................... Two years .................. Not applicable.
Newly identified mineral processing wastes from titanium dioxide production ............................... 90 days ...................... Two years.
Newly identified TC metal wastes (i.e., wastes identified as hazardous by the TCLP but not the


EP), and newly identified characterisitc mineral processing wastes including soil and debris.
90 days ...................... 90 days.


Radioactive wastes mixed with newly identified TC metal wastes (i.e., wastes identified as haz-
ardous by the TCLP but not the EP), and mixed with newly identified characteristic mineral
processing wastes, including soil and debris.


Two years .................. Two years.


X. Change to Definition of Solid Waste
To Exclude Wood Preserving
Wastewaters and Spent Wood
Preserving Solutions From RCRA
Jurisdiction


Summary: As proposed on May 12,
1997 (FR 62 26055), EPA is today
amending the definition of solid waste
to exclude wood preserving wastewaters
and spent wood preserving solutions
from RCRA jurisdiction provided that


certain conditions are met, as specified
below.


A. Summary of the Proposal


On May 12, 1997 in the Phase IV LDR
second supplemental rulemaking, EPA
proposed to amend the RCRA
regulations to provide an exclusion from
the definition of solid waste for certain
materials generated and recycled by the
wood preserving industry. Specifically,
the proposal would exclude certain
wood preserving wastewaters and spent


wood preserving solutions from
classification as solid waste under
RCRA. Any wood preserving plant
claiming the exclusion for these wastes
would need to manage them according
to the following criteria: (1) the
materials must be recycled and reused
on-site in the production process for
their original intended purpose; (2) the
materials must be managed to prevent
release; (3) the plant must assure that
the units managing these materials can
be visually or otherwise determined to
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prevent releases; and (4) drip pads
managing these materials must comply
with Subpart W drip pad standards
regardless of whether the plant has been
classified as a conditionally exempt
small quantity generator (CESQG) (see
40 CFR 261.5). For a more detailed
discussion of these conditions, please
consult the relevant sections in the May
12, 1997 proposed rule.


As noted above, the exclusion was to
be limited to wood preserving
wastewaters and spent wood preserving
solutions that are recycled and reused
on-site at wood preserving plants in the
production process for their original
intended purpose. As EPA explained in
the proposal, any listed wastewater or
spent solution that is not recycled on-
site according to the conditions of the
exclusion is not excluded from the
definition of solid waste. Moreover, the
F032, F034 and F035 listings cover
wastestreams other than wastewaters
and spent solutions. These other listed
wastestreams would not be eligible for
exclusion even if recycled. This could
include materials associated with
wastewaters and spent solutions, such
as residues that accumulate in a drip
pad sump. EPA affirms this scope of the
exclusion for the final rule.


It was neither the Agency’s intent nor
belief that the proposed exclusion
would in any way reduce the
obligations that wood preserving plants
have under 40 CFR Part 264, Subpart W
and Part 265, Subpart W, including the
requirements for drip pads and the
§ 264.570(c) and § 265.440(c)
requirements under for response to
infrequent and incidental drippage in
storage yards. The Agency specifically
requested comment on whether the
proposed exclusion would reduce these
requirements. The Agency also sought
comment on whether a plant claiming
the proposed exclusion should be
required to place a notification form to
that effect in its files on-site and/or to
submit it to either the EPA Regional
Administrator or State Director to allow
review. Finally, EPA asked for comment
concerning the conditions under which
the proposed exclusion, once claimed,
would no longer apply.


Of course, this exclusion from the
definition of solid waste under the
federal RCRA statute does not modify
any regulatory requirements that are
independently imposed under other
environmental statutes.


B. Modifications to the Proposal
The Agency received four sets of


comments on the proposed exclusion
for wood preserving wastewaters and
spent wood preserving solutions. While
some comments were supportive of the


proposal, others were critical of the
Agency for, among other things,
relinquishing some regulatory oversight
of the wood preserving industry. The
comments EPA received on the scope of
the proposed exclusion and the
Agency’s response can be found in the
docket for this rulemaking. All
comments were carefully considered.
This section addresses those changes
that EPA made to the proposed rule
based on comments the Agency
received. The next section (‘‘Other
Comments’’) addresses those aspects of
the proposal that, though they remain
unchanged by today’s rule, require
further clarification based on the
comments received.


1. Notification
EPA received two responses to its


request for comment on whether it was
necessary for a plant claiming the
proposed exclusion to provide notice to
the appropriate regulatory agency and, if
so, what type of notice that should be.
One commenter suggested that the
publication of the exclusion and its
effective date by EPA in this final rule
would serve as sufficient notice, and
that notification on a plant specific basis
is unnecessary. EPA does not consider
publication of the final rule to provide
adequate notice on the names and
locations of wood preserving plants
planning to operate under the
conditional exclusion. Moreover, EPA is
concerned that this commenter may
have assumed that the exclusion would
take effect nationwide upon publication.
As explained below in the section titled
‘‘state authorization,’’ this is not correct.
The exclusion will not take effect in any
authorized state unless and until the
state adopts it.


The other commenter suggested that it
is appropriate for wood preserving
plants claiming an exclusion for their
recycled wastewaters and spent
solutions to notify the appropriate state
agency. EPA considers notification to
the appropriate regulatory agency to be
essential to the proper implementation
of this provision. To allow EPA and
authorized states to verify that the
conditions placed upon today’s
exclusion are properly met, it is
important that wood preserving plants
inform the appropriate Regional
Administrator or State Director that they
are claiming the exclusion and will
therefore be reporting significantly
lower waste generation totals. EPA is
therefore revising the proposed
exclusion to require a plant owner or
operator (prior to operating pursuant to
this exclusion) to submit to the
appropriate Regional Administrator or
State Director a one-time notification


stating that the plant intends to claim
the exclusion, giving the date on which
the plant intends to begin operating
under the exclusion, and containing the
following language: ‘‘I have read the
applicable regulation establishing an
exclusion for wood preserving
wastewaters and spent wood preserving
solutions and understand it requires me
to comply at all times with the
conditions set out in the regulation.’’
The plant must maintain a copy of that
document in its on-site records for a
period of no less than 3 years from the
date specified in the notice.


2. Conditions Under Which the
Exclusion Would No Longer Apply


EPA requested comment on
conditions that void the exclusion.
Specifically, EPA asked whether a spill
should result in the loss of the exclusion
just for the spilled material, or also for
the wastewaters and spent solutions
generated after the spill occurred. EPA
received two comments on conditions
under which the exclusion, once
claimed, would no longer apply. One
commenter stated that RCRA regulation
should be required for all materials that
are spilled or otherwise exit the
recycling loop. The other commenter
suggested that ‘‘a simple spill . . . is
obviously not related to the normal
operation of the drip pad . . .’’ and
should therefore not void the exclusion
for wastewaters and spent solutions that
are collected and not spilled or released.


EPA agrees with the commenter who
took the position that the spilled
material itself should be ineligible for
the exclusion. The spilled material
inherently fails to meet the condition
requiring plant operators to manage
wastewaters and solutions so as to
prevent releases. Although there could
potentially be conditions under which a
spilled material could still be eligible
for the existing exclusions under
§ 261.4(a)(9)(i) and (ii) following
reclamation, such materials are in all
cases ineligible for today’s new
exclusion under § 261.4(a)(9)(iii).


To respond to the second comment,
EPA has decided to clarify the effect of
a violation of any condition, including
the condition prohibiting spills, on
wastewaters and spent solutions
generated after a violation occurs. EPA
has decided that the exclusion should
not be available until the plant owner or
operator notifies the appropriate
regulatory agency, and the agency
determines that the problem has been
adequately addressed. It is appropriate
to impose this requirement even for
spills, because the significance of a spill
may vary greatly from plant to plant and
from incident to incident. EPA hopes
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that a reviewing agency would quickly
reinstate the exemption after a one-time
spill, particularly if small, and would
not require specific actions to correct
the problem. In contrast, EPA would
expect the reviewing agency to require
specific actions (such as creation and
implementation of a spill prevention
plan) for a plant that experienced
repeated spills. EPA believes the
severity of any violation and the precise
actions needed to return the plant to
compliance can best be assessed on a
case-by-case basis. EPA has added
language to the regulation to clarify this
issue. It applies to all of the conditions
of the exclusion.


C. Other Comments


A number of comments indicated a
need for EPA to clarify other aspects of
the proposal that the Agency is
finalizing today.


1. Oil Borne Facilities


One commenter suggested that the
exclusion that EPA is finalizing today
applies not only to water borne wood
treating plants but also to oil borne
wood treating plants. At the time of
proposal, EPA intended to create an
exclusion only for plants using water
borne preservatives. See, for example,
the discussion at 63 FR 26057, col. 1.
EPA did not evaluate oil borne plants at
the time. It is EPA’s general
understanding that plants which use oil
borne preservatives do not recycle
wastewaters and spent solutions by
using them in the work tank to treat
wood. Rather, they reuse these
wastewaters in cooling systems, vacuum
seals, and other devices. EPA wants to
limit today’s exclusion to materials that
are reused for their original intended
purpose—the treatment of wood. EPA
has not had time to investigate the
jurisdictional and factual issues posed
by the use of wastewaters for other,
more ancillary purposes. Consequently,
EPA is not expanding the exclusion
beyond the proposal. It applies only to
water borne processes.


2. Application of the Conditions to
Units Other Than the Drip Pad


One commenter expressed opposition
to ‘‘any language that would extend the
EPA’s RCRA authority to devices that
have previously not been regulated
under RCRA.’’ In view of this comment,
the Agency is prompted to clarify that
the conditions for claiming the
exclusion must be met with regard to
any unit that comes into contact with
the recycled wastewaters and spent
wood preserving solutions excluded in
today’s rule.


Thus, sumps or other units that are
arguably part of an exempt wastewater
treatment unit and that manage
wastewaters and spent solutions are
subject to these conditions. EPA has
already stated that ‘‘management to
prevent releases would include, but not
necessarily be limited to, compliance
with [Subpart W] and maintenance of
the sumps receiving the wastewaters
and spent solutions from the drip pad
and retort to prevent leaching into land
and groundwater.’’ (62 FR 26057). The
Agency must be able to verify that the
excluded materials are being managed
to prevent release at every step of the
recycling process through reclamation
to ensure that the basic technical and
policy conditions underlying the
exclusion are properly met.


3. Relationship of Today’s Exclusion to
Previous Industry Exclusions


One commenter wanted to assure that
today’s exclusion would not now
regulate units that transmit or store
materials that have been excluded
according to other, currently existing
regulations. EPA does not intend to use
today’s exclusion to rescind either of the
exclusions that the Agency has
previously granted the wood preserving
industry under §§ 261.4(a)(9)(i) and (ii).


4. Units That May Be Visually or
Otherwise Determined to Prevent
Release


One commenter expressed concern
that the term ‘‘units’’ is an overly broad
way to refer to those portions of the
system subject to RCRA inspection. EPA
will now clarify which ‘‘units’’ are
subject to inspection under the
conditions of this exclusion. As
mentioned above, all units that come
into contact with the excluded materials
prior to reclamation must necessarily be
subject to verification that they are able
to contain these materials in a manner
that prevents their release to the
environment. This includes, but is not
necessarily limited to, any drip pad,
sump, retort or conduit that comes into
contact with the wastewaters and spent
solutions prior to reclamation. This also
includes any unit that is arguably part
of a plant’s wastewater treatment system
but that comes into contact with the
wastewaters or spent solutions prior to
reclamation. An inspector must be able
to determine (by visual or other means)
whether these units are managing the
wastewaters and spent solutions in a
manner that prevents release. When
relying on a visual inspection (as
opposed to a leak detection system or
other means), it may be necessary for an
inspector to require these units be
drained or cleaned for the inspector to


make an informed determination as to
whether the unit is cracked or leaking.


5. CESQG Status
One commenter also requested EPA to


prevent wood preserving plants from
becoming conditionally exempt small
quantity generators (CESQGs) after
claiming the exemption. The commenter
was concerned that other, non-excluded
wastestreams generated at these plants
that are covered by the listings would
no longer be subject to any hazardous
waste regulation. As explained in more
detail in the response to comment
document, EPA lacks sufficient
information about the volumes of these
other wastes and the risks they pose to
promulgate a rule creating an exception
to the long-established CESQG
exemption for them.


D. State Authorization
Upon promulgation, this exclusion


will immediately go into effect only for
plants in those states and territories that
are not currently authorized to
implement the RCRA program (i.e.,
Alaska, Iowa, Hawaii, American Samoa,
Northern Mariana Islands, Puerto Rico
and Virgin Islands). Plants in these
states are subject to the provisions of the
federal program. Conversely, any plant
located in a RCRA authorized state will
be unable to claim the exclusion we are
finalizing today unless and until that
state amends its regulations to include
the exclusion. Because EPA allows state
programs to be more stringent than the
federal program, it is not necessarily
guaranteed that all authorized states
will elect to adopt this exclusion.


XI. Clarification of the RCRA Exclusion
of Shredded Circuit Boards


In the May 12, 1997 final rule on Land
Disposal Restrictions, the
Environmental Protection Agency (EPA)
excluded shredded circuit boards from
the definition of solid waste
conditioned on containerized storage
prior to recovery. To be covered by this
exclusion shredded circuit boards must
be free of mercury switches, mercury
relays, nickel-cadmium batteries or
lithium batteries. On a related issue,
current Agency policy states that whole
circuit boards may meet the definition
of scrap metal and therefore be exempt
from hazardous waste regulation. In a
parenthetical statement in the May 12,
1997 rule, the Agency asserted that
whole used circuit boards which
contain mercury switches, mercury
relays, nickel-cadmium batteries, or
lithium batteries also do not meet the
definition of scrap metal because
mercury (being a liquid metal) and
batteries are not within the scope of the
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47 One possible exception to this are producers of
hazardous waste-derived fertilizers. This is


definition of scrap metal. The preamble
cited 50 FR 614, 624 (1985).


Members of the electronics industry
expressed concern to the Agency about
the preamble statement regarding the
regulatory status of whole used circuit
boards which contain mercury switches,
mercury relays, nickel-cadmium
batteries, or lithium batteries. The
electronics industry indicated that its
member have developed a sophisticated
asset/materials recovery system to
collect and transport whole used circuit
boards to processing facilities. The
industry explained that the boards are
sent to processing facilities for
evaluation (continued use, reuse or
reclamation) where the switches and the
types of batteries are generally removed
by persons with the appropriate
knowledge and tools for removing these
materials. Once these materials are
removed from the boards, they become
a newly generated waste subject to a
hazardous waste determination. If they
fail a hazardous waste characteristic,
they are handled as hazardous waste,
otherwise they are managed as a solid
waste. Information was also provided
regarding the quantity of mercury on
these switches and on the physical state
in which they are found on the boards.
The information indicates that the
mercury switches and relays on circuit
boards from some typical applications
contain between 0.02–0.08 grams of
mercury and are encased in metal which
is then coated in epoxy prior to
attachment to the boards.


In today’s final rule, the Agency
recognizes that the preamble statement
in the May 12, 1997 final rule is overly
broad in that it suggested that the scrap
metal exemption would not apply to
whole used circuit boards containing
the kind of minor battery or mercury
switch components and that are being
sent for continued use, reuse, or
recovery. It is not the Agency’s current
intent to regulate under RCRA circuit
boards containing minimal quantities of
mercury and batteries that are
protectively packaged to minimize
dispersion of metal constituents. Once
these materials are removed from the
boards, they become a newly generated
waste subject to a hazardous waste
determination. If they meet the criteria
to be classified as a hazardous waste,
they must be handled as hazardous
waste, otherwise they must be managed
as a solid waste.


XII. Regulatory Requirements


A. Regulatory Impact Analysis Pursuant
to Executive Order 12866


Executive Order No. 12866 requires
agencies to determine whether a


regulatory action is ‘‘significant.’’ The
Order defines a ‘‘significant’’ regulatory
action as one that ‘‘is likely to result in
a rule that may: (1) have an annual
effect on the economy of $100 million
or more or adversely affect, in a material
way, the economy, a sector of the
economy, productivity, competition,
jobs, the environment, public health or
safety, or State, local, or tribal
governments or communities; (2) create
serious inconsistency or otherwise
interfere with an action taken or
planned by another agency; (3)
materially alter the budgetary impact of
entitlements, grants, user fees, or loan
programs or the rights and obligations of
recipients; or (4) raise novel legal or
policy issues arising out of legal
mandates, the President’s priorities, or
the principles set forth in the Executive
Order.’’


The Agency estimated the costs of
today’s final rule to determine if it is a
significant regulation as defined by the
Executive Order. The analysis
considered compliance costs and
economic impacts for newly identified
wastes affected by this rule, as well as
media contaminated with these wastes.
In addition, the analysis addresses the
cost savings associated with the new
soil treatment standards being
promulgated in today’s rule. Newly
identified mineral processing wastes
covered under this rule include 118
mineral processing wastes identified as
potentially characteristically hazardous.
Also covered under this rule are TC
metal wastes. Today’s final rule also
covers treatment standards for
contaminated media (i.e., soil and
sediment). EPA estimates the total cost
of the rule to be a savings of $6 million
annually, and concludes that this rule is
not economically significant according
to the definition in E.O. 12866.
However, the Agency does consider this
rule to be significant for novel policy
reasons. The Office of Management and
Budget has reviewed this rule.


Detailed discussions of the
methodology used for estimating the
costs, economic impacts and the
benefits attributable to today’s proposed
rule for newly identified mineral
processing wastes, followed by a
presentation of the cost, economic
impact and benefit results, may be
found in the background documents: (1)
‘‘Regulatory Impact Analysis of the
Phase IV Land Disposal Restrictions
Final Rule for Newly Identified Mineral
Processing Wastes,’’ (2)’’Regulatory
Impact Analysis of the Phase IV Land
Disposal Restrictions Final Rule for TC
Metal Wastes,’’ and (3) ‘‘Regulatory
Impact Analysis of the Phase IV Land
Disposal Restrictions Final Rule for


Contaminated Media,’’ which were
placed in the docket for today’s final
rule.


1. Methodology Section


The Agency estimated the volumes of
waste and contaminated media affected
by today’s rule to determine the national
level incremental costs (for both the
baseline and post-regulatory scenarios),
economic impacts (including first-order
measures such as the estimated
percentage of compliance cost to
industry or firm revenues), and benefits
or risk-screens used to document the
inherent hazard of materials being
evaluated.


2. Results


a. Volume Results. EPA estimates that
there are 29 mineral commodity sectors
potentially affected by today’s rule,
including an estimated 136 facilities
that generate 118 streams of newly
identified mineral processing secondary
materials. The estimated volume for
these potentially affected newly
identified mineral processing secondary
materials is 22 million tons. Also,
approximately 1.3 million tons of
contaminated soil containing coal tar
and other wastes from manufactured gas
plants are potentially affected by this
rule. As discussed below, EPA does not
believe that any TC metal process
wastes are potentially affected by
today’s final rule. EPA estimates that
approximately 165,000 tons per year of
soil and sediment contaminated with
TC metals and approximately 90,000
tons per year of previously regulated
contaminated soils is impacted by
today’s rule.


b. Cost Results For the part of today’s
final rule that prohibits land storage of
mineral processing residues (below the
high volume threshold) prior to being
recycled, EPA estimates these expected
case annualized compliance costs to be
$10 million. The cost results for this
part of today’s final rule are a function
of two factors: (1) the expense
associated with purchasing new storage
units or upgrading existing storage
units, and (2) the transfer of some
mineral processing residues either from
recycling to disposal resulting in
increased costs or from disposal to
recycling resulting in a cost savings.


For TC metal wastes the Agency
believes that there will be no
incremental costs associated with
stabilization of these wastes from the
promulgation of these treatment
standards.47 In addition, EPA believes
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discussed below under the Regulatory Flexibility
section.


48 December 19, 1996 letter to Anita Cummings,
USEPA Office of Solid Waste from Michael G.
Fusco, Director of Regulatory Analysis, Rollins
Environmental Inc., p.4 of edited draft EPA trip
report letter to Rollins Highway 36 facility in
Colorado.


that there will be no incremental
treatment costs for the treatment of TC
metal wastes that contain organic
underlying hazardous constituents.
Based on public comment and data
collected from commercial hazardous
waste treaters and generators, EPA
believes that TC metal wastes are often
already treated to these universal
treatment standard levels when waste
handlers treat to the current treatment
standards using bona fide treatment
reagents (e.g., portland cement).48


Therefore, no additional treatment
reagent or capital equipment associated
with stabilization is required with these
wastes.


Previously, EPA had estimated costs
to the nonferrous foundry industry
associated with complying with today’s
treatment standards. This estimate was
modeled on trisodium phosphate with a
ph buffer. When this type of treatment
reagent is used, incremental quantities
are required to achieve the universal
treatment standards for cadmium
promulgated in today’s rule. However,
based on contacts with trade
associations and vendors of stabilization
equipment, EPA believes that portland
cement is equal to or less than the cost
of trisodium phosphate and is therefore
a more appropriate choice for modeling
a compliance baseline from which to
estimate the costs of the rule. Unlike
trisodium phosphate, portland cement
currently being used to meet existing
treatment standards has been shown to
meet the universal treatment standards
without additional reagent.
Accordingly, EPA believes that no
incremental costs (or benefits) for
stabilization are attributable to the
promulgation of the universal treatment
standards for TC metal wastes.


Although according to the American
Foundrymen’s Society iron filings are
used by many nonferrous foundries as a
treatment reagent, for the reasons
discussed above under Section III (f),
EPA does not believe that iron filings
are a legitimate and effective form of
treatment. Therefore, the costs of
switching from iron filings to another
form of treatment reagent such as
portland cement is more appropriately
characterized as a cost of coming into
compliance with already existing
treatment standards rather than an
incremental cost attributable to today’s
rule. Although EPA does not believe the


cost of switching from iron filings to
another treatment reagent is attributable
to today’s final rule, the Agency has
estimated these compliance costs and
included this information in the
background document ‘‘Regulatory
Impact Analysis of the Phase IV Land
Disposal Restrictions Final Rule for TC
Metal Wastes,’’ which was placed in the
docket for today’s final rule. EPA
estimates that the annual cost to
nonferrous foundries to switch from
iron to portland cement to stabilize
hazardous foundry sands is $11.7
million. Results from the risk screen for
nonferrous foundry sands are discussed
below.


For TC metal hazardous wastes that
contain organic underlying hazardous
constituents, one commenter has
suggested that the Phase IV final rule
would result in costs resulting from
changing from stabilization of these
wastes to incineration. EPA has
evaluated data from the National
Hazardous Waste Constituent Survey to
assess both the prevalence and level of
organic underlying hazardous
constituents in TC metal wastes (solid
and sludges). The results indicate that
organic underlying hazardous
constituents are rarely present in these
wastes. Only seven of 181 TC metal
hazardous wastes examined contained
organic underlying hazardous
constituents. Of these seven, only three
contained organics above the Univeral
Treatment Standard. None of the three
waste steams that contained organics
above the Univeral Treatment Standard
was present in concentrations high
enough to warrant incineration. In short,
it is unlikely that organic underlying
hazardous constituents will be present
in TC metal wastes. And if present,
incineration is unlikely to be used to
treat these wastes. For reasons, EPA
believes that the Phase IV final rule will
not result in incremental costs for TC
metal wastes containing organic
underlying hazardous constituents.


The Agency is also promulgating new
soil treatment standards in today’s final
rule. As these standards are less
stringent than those currently required
for previously regulated soils, an
estimate of the cost savings associated
with these standards has been prepared.
The total incremental savings estimated
for the new soil treatment standards is
$25 million per year.


For contaminated soils which exhibit
a characteristic for TC metals (including
soils containing newly identified
mineral processing wastes) but do not
contain organic underlying hazardous
constituents, there is no incremental
cost expected from today’s rule. These
soils are subject to the new treatment


standards which are less stringent than
current LDR treatment standards for
contaminated soils. The one category of
TC hazardous metal contaminated soil
that is potentially impacted by today’s
rule is TC hazardous metal
contaminated soil which contains
organic underlying hazardous
constituents. These soils require
additional treatment over that received
in the baseline to effectively treat the
organic constituents of concern. The
Agency estimates that this additional
requirement will result in a $3 million
per year cost for these wastes, occurring
mainly at voluntary cleanups and
Superfund sites.


Manufactured gas plant contaminated
soils (MGP) are a class of contaminated
media that has heretofore not been
subject to LDR treatment standards. EPA
believes that some incremental costs
may result from today’s final rule to
MGP clean ups involving the use of
MGP soils in land applied recycling
such as hot or cold mix asphalt, brick
and concrete. It is possible that some of
these soils will not meet the conditional
exemption for waste-derived products
that are used in a manner constituting
disposal. 40 CFR § 266.20(b). For this
reason, it is also possible that owner/
operators of these sites may select an
alternative remedy such as in-situ
treatment or co-burning which are not
affected by today’s rule. On balance,
EPA still believes that the promulgation
of new treatment standards will
encourage remediation of hazardous
soils. The estimated annual costs to
owner/operators of MGP sites for
selecting remedies that are alternatives
to asphalt, brick or concrete recycling
are $6.2 million.


c. Economic Impact Results. To
estimate potential economic impacts
resulting from today’s final rule, EPA
has used first order economic impacts
measures such as the estimated
compliance cost of the rule as a
percentage of sales/revenues, value
added (sales less and material cost) and
profit or return on capital. EPA has
applied these measures to newly
identified mineral processing hazardous
wastes.


For recycled mineral processing
secondary materials, EPA has evaluated
the estimated compliance costs as a
percentage of value (i.e. sales), value
added and profits of the mineral
commodities produced in each sector.
In addition EPA has compared
estimated compliance costs as a
percentage of revenues to specific
mineral processing firms to provide
additional information on potential
impacts.
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49 See Human Health and Environmental
Damages from Mining and Mineral Processing
Wastes, Technical Background Document
Supporting the Supplemental Proposed Rule
Applying Phase IV Land disposal Restrictions to
Newly Identified Mineral Processing Wastes, U.S.
Office of Solid Waste, U.S. Environmental
Protection Agency, December 1995; Ecological Risk
Assessment Southshore Wetlands for the Kennecott
Utah Copper Salt Lake City, Utah. Working Draft
March 4, 1996; May 7, 1996 letter from Max H.
Dodson, Assistant Regional Administrator for
Ecosytem Protection and Remediation, U.S.E.P.A,
Region VIII to Michael Sahpiro, Director, Office of
Solid Waste, U.S.E.P.A.


Economic impacts from today’s rule
for mineral processing facilities may or
may not be substantial for selected
mineral processing sectors depending
on the actual storage and management
of mineral processing residues prior to
being recycled. In the expected case
scenario up to 5 of the 29 commodity
sectors are expected to incur
compliance costs equal to or greater
than 1 percent of the economic value of
the mineral commodities produced
under the Agency’s proposed option in
today’s rule. These sectors include:
cadmium, fluorspar and hydrofluoric
acid, mercury, selenium and tungsten.
The range of percentages in these
sectors is between 2 percent (cadmium)
and 36 percent (mercury). Because
many of these sectors are actually co-
processed with other mineral
commodity sectors, these impacts may
be distributed over the economic value
of the other minerals, rather than
concentrated solely on the mineral
commodity associated with generating
the secondary materials. For example,
EPA has estimated that today’s final rule
may affect the cadmium and selenium
sectors by imposing incremental costs
equal to 18 percent of the value added
of those minerals. The value added is
equal to the market value of the
minerals less the cost of the raw
materials (i.e., ore concentrate).
Cadmium is a co-product of zinc
production and selenium is co-product
of copper production; hence, these
economic impacts are expected
primarily to affect the production of
these co-products and the reclamation
of their residuals rather than the mineral
processing operation as a whole.
Because recovery for these co-product
residuals is generally less expensive
than treatment and disposal, EPA
believes that the costs for these
residuals will not significantly decrease
their recovery although the storage costs
could add to the expense.


As stated above, the Agency believes
that there are no incremental costs
associated with today’s final rule for
stabilization for handlers of TC metal
hazardous wastes. Moreover, the
Agency believes that there are no
incremental costs associated with TC
metal wastes containing organic
underlying hazardous constituents may
incur costs as described above and
corresponding impacts. Accordingly,
there is no economic impact for waste
handlers managing TC metal wastes.


For TC hazardous foundry sands, EPA
also believes that there is no economic
impact attributable to today’s final rule.
As stated above, EPA views the cost
associated from switching from iron
filings to cement or other treatment


reagent are not properly considered
attributable to this rulemaking but
rather a cost of coming into compliance
with existing regulations. Moreover,
even if these costs were attributable to
this rulemaking, EPA estimates that
incremental costs attributable to this
switching from iron filings to portland
cement are less than one percent of
industry revenues and six percent of
industry profits and therefore would not
create a significant impact to these
facilities. More detailed information on
this estimate can be found in the
regulatory impact analysis placed into
today’s docket.


As previously stated, EPA does not
believe there are incremental costs
associated with today’s rule for TC
hazardous metal contaminated soils
except for TC hazardous metal
contaminated soils that contain organic
underlying hazardous constituents. EPA
has evaluated the industries generating
these TC metal organometallic soils and
has determined that incremental costs
from today’s final rule do not impose a
significant impact.


Similarly, EPA has determined for
MGP site clean ups that the economic
impact of today’s rule is not a
significant impact. The estimated
percentage of compliance costs to firm
sales is less than 1 percent.


d. Individual Risk Estimate Results.
The Agency has performed an
individual risk analysis to estimate the
quantifiable central tendency and high-
end hypothetical individual risk for
mineral processing secondary materials
associated with today’s final rule to be
above levels of concern for cancer and
noncancer risks for specific mineral
processing streams in both groundwater
and nongroundwater pathways. Results
suggest that central tendency and high-
end hypothetical individual cancer and
non-cancer risks may be decreased
below 1×10¥5 and below a reference
dose ratio of 1 in a number of mineral
processing facilities. These results are
linked primarily with mineral
processing liquid secondary materials
stored in surface impoundments prior to
reuse. The data used to calculate these
results are based on the groundwater
pathway as well as other potential
routes of exposure such as air or surface
water. The risk results indicate that the
highest individual risks are associated
with exposure through groundwater and
surface water pathways. These results
are also limited to a subset of the
mineral processing universe being
regulated today where the Agency has
collected data from individual mineral
processing facilities. EPA also notes that
in completing these individual risk
results that the entire mass of hazardous


constituents available for release in the
waste management unit was available
for release through each pathway. This
could result in overestimation in risks
due to double counting of constituent
mass. To address this factor, EPA
conducted mass balance calculations for
all non-groundwater release pathways.
These calculations indicate that this
potential overestimate would result in
negligible bias because only a very small
percentage of hazardous constituents in
the waste mass is available for release.
In addition, EPA did not conduct these
mass balance calculations for the
groundwater pathway because of
limitations in the methodology for
which individual groundwater risks
were calculated. The Agency believes
that the potential bias in risk results for
both surface impoundments and waste
piles is low.


As stated above the Agency’s efforts to
evaluate benefits for mineral processing
secondary materials were limited to
calculations for central tendency and
high-end individual risk. However, due
to data limitations, the Agency has been
unable to evaluate additional more
explicit risk-reduction benefits,
including populations benefits. In
general, the Agency’s experience has
been that it is unusual to predict high
population risks, unless there is an
unusually large water well supply
impacted by the facility, because ground
water contamination generally moves
slowly and locally.


Although the regulatory impact
analysis completed for today’s rule does
not address benefits associated with
ecological risk reduction and a decrease
in natural resource damages, based on a
review of available information on
damage incidents associated with
mining and mineral processing
operations 49, the Agency’s experience is
that, while these types of benefits are
extremely difficult to quantify, this rule
may produce benefits in the area of
ecological risk reduction and reduced
natural resource damage.


For TC metals, because the analysis
shows that many handlers of TC metal
wastes are already meeting the universal
treatment standards being promulgated
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in today’s rule, EPA does not believe
that there are either incremental costs or
benefits associated with stabilization of
these wastes. However, for TC
hazardous nonferrous foundry sands,
the Agency has completed a risk
screening for groundwater releases of
lead and cadmium resulting from the
disposal of untreated or poorly treated
sands in municipal solid waste landfills.
The results of the screen indicate that
the probability the lead and cadmium
would exceed the action level for lead
of 0.015 mg/l or the drinking water
standard for cadmium of 0.005 mg/l for
untreated foundry sands was
approximately 9 percent for lead and 14
percent for cadmium. The risk results
also showed that the probability for
hazardous foundry sands treated to the
universal treatment standard to exceed
these standards were approximately 2
percent for lead and 7 percent for
cadmium. Because of data limitations,
EPA is not able to demonstrate
population benefits associated with
effective treatment of foundry sands.
These risk results do, however,
document the intrinsic hazard of the
sands and the need for effective
treatment of these sands. However, as
indicated above, EPA would attribute
any public health benefits associated
with decreasing lead and cadmium
concentrations from foundry sands
leachate to coming into compliance
with existing regulations rather than
promulgation of today’s universal
treatment standards.


B. Regulatory Flexibility
The Regulatory Flexibility Act (RFA)


generally requires an agency to conduct
a regulatory flexibility analysis of any
rule subject to notice and comment
rulemaking requirements unless the
agency certifies that the rule will not
have a significant economic impact on
a substantial number of small entities.
Small entities include small businesses,
small not-for-profit enterprises, and
small governmental jurisdictions. Based
on the following discussion, this final
rule will not have a significant impact
on a substantial number of small
entities.


With respect to mineral processing
facilities that are small entities, EPA
believes that today’s final rule will not
pose a significant impact to a substantial
number of these facilities. EPA
identified 22 firms owning 24 mineral
processing facilities that are small
businesses based on the number of
employees in each firm. Under the
Agency’s proposed option, zero firms
out of the 24 identified incurred
estimated compliance costs that exceed
1 percent of reported firm revenues.


As discussed above in the cost and
economic impact section on TC metal
wastes, EPA has determined that
treating TC metal wastes will not result
in incremental costs to the regulated
community. As stated above, data from
commercial treaters and generators of
TC metal wastes indicate that the wastes
are already treated to below UTS levels.
Moreover, today’s rule will not result in
increased costs from incinerating TC
metal wastes with organic underlying
hazardous constituents. EPA’s review of
data from commercial hazardous wastes
treatment facilities indicates that TC
metal wastes with organic underlying
hazardous constituents are not prevalent
and when present would rarely require
incineration.


Finally, after the close of the public
comment period, representatives of
small business hazardous waste-derived
fertilizer producers met with the Agency
claiming economic hardship resulting
from the Agency’s proposed UTS for
metal wastes. Under existing 40 CFR
§ 266.20(b) commercial fertilizers sold
for public use must meet treatment
standards in order to be placed on the
land. Currently all such hazardous
waste fertilizers (except for K061–
derived fertilizers) are subject to
treatment standards for metals at the
characteristic level. Based on available
information, the Agency has found that
out of 10 secondary small business zinc
fertilizer producers only two firms in
the United States produce a hazardous
waste-derived fertilizer, meet the
definition of a small business and are
subject to this today’s rule. Considering
a limited range of regulatory responses
(such as switching from a hazardous to
a non-hazardous source of zinc waste),
EPA believes that only one of the two
firms could potentially incur a
significant economic impact. Because
only one firm in this industry is
potentially affected by today’s rule, EPA
does not consider this to be a substantial
number of small entitities.


Additionally, there are incremental
costs estimated to result from today’s
rule to facilities undergoing remediation
of TC metal contaminated soils and
sediments with organic underlying
hazardous constituents. EPA estimates
that between 34 and 93 small entities
would be impacted by these costs. Two
firms out of the 93 identified as an
upper bound estimate incurred
estimated compliance costs that exceed
1 percent of reported firm revenues.
Therefore, I certify that this action will
not have a significant economic impact
on a substantial number of small
entities.


C. Unfunded Mandates Reform Act
Title II of the Unfunded Mandates


Reform Act of 1995 (UMRA), P.L. 104–
4, establishes requirements for Federal
Agencies to assess the effects of their
regulatory actions on State, local, and
tribal governments and the private
sector. Under Section 202 of the UMRA,
EPA generally must prepare a written
statement, including a cost-benefit
analysis, for proposed and final rules
with ‘‘Federal mandates’’ that may
result in expenditures to State, local,
and tribal governments, in the aggregate,
or to the private sector, of $100 million
or more in any one year. Before
promulgating an EPA rule for which a
written statement is needed, section 205
of the UMRA generally requires EPA to
identify and consider a reasonable
number of regulatory alternatives and
adopt the least costly, most cost-
effective, or least burdensome
alternative that achieves the objectives
of the rule. The provisions of section
205 do not apply when they are
inconsistent with applicable law.
Moreover, section 205 allows EPA to
adopt an alternative other than the least
costly, most cost-effective, or least
burdensome alternative if the
Administrator publishes with the final
rule an explanation why that alternative
was not adopted. Before EPA establishes
any regulatory requirements that may
significantly or uniquely affect small
governments, including tribal
governments, it must have developed
under section 203 of the UMRA a small
government agency plan. The plan must
provide for notifying potentially
affected small governments, enabling
officials of affected small governments
to have meaningful and timely input in
the development of EPA regulatory
proposals with significant Federal
intergovernmental mandates, and
informing, educating, and advising
small governments on compliance with
the regulatory requirements.


EPA has determined that this rule
does not include a Federal mandate that
may result in estimated costs of $100
million or more to either State, local, or
tribal governments in the aggregate. The
rule would not impose any federal
intergovernmental mandate because it
imposes no enforceable duty upon State,
tribal or local governments. States,
tribes and local governments would
have no compliance costs under this
rule. It is expected that states will adopt
similar rules, and submit those rules for
inclusion in their authorized RCRA
programs, but they have no legally
enforceable duty to do so. For the same
reasons, EPA also has determined that
this rule contains no regulatory
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requirements that might significantly or
uniquely affect small governments. In
addition, as discussed above, the private
sector is not expected to incur costs
exceeding $100 million. EPA has
fulfilled the requirement for analysis
under the Unfunded Mandates Reform
Act.


D. Paperwork Reduction Act
The information collection


requirements in this rule have been
submitted for approval to the Office of
Management and Budget (OMB) under
the Paperwork Reduction Act, 44 U.S.C.
3501 et seq. EPA has prepared an
Information Collection Request (ICR)
document: OSWER ICR No. 1442.15
would amend the existing ICR approved
under OMB Control No. 2050–0085.
This ICR has not been approved by
OMB and the information collection
requirements, although they are less
stringent than those previously required
by the EPA, are not enforceable until
OMB approves the ICR. EPA will
publish a document in the Federal
Register when OMB approves the
information collection requirements
showing the valid OMB control number.
An agency may not conduct or sponsor,
and a person is not required to respond
to, a collection of information unless it
displays a currently valid OMB control
number. The OMB control numbers for
EPA’s regulations are listed in 40 CFR
Part 9 and 48 CFR Chapter 15.


Copies of this ICR may be obtained
from Sandy Farmer, OPPE Regulatory
Information Division; U.S.
Environmental Protection Agency
(2136); 401 M St., S.W.; Washington,
D.C. 20460 or by calling (202) 260–2740.
Include the ICR number in any request.


The Agency has estimated the average
information collection burden of this
final Phase IV rule to the private sector
and the government. The burden of this
final rule to the private sector is
approximately 4,880 hours over three
years, at a cost of $943,942. The burden
to EPA is approximately 787 hours over
three years, at a cost of $29,841. The
term ‘‘burden’means the total time,
effort, or financial resources expended
by persons to generate, maintain, retain,
or disclose or provide information to or
for a Federal agency. This includes the
time needed to review instructions;
develop acquire, install, and utilize
technology and systems for the purposes
of collecting, validating, and verifying
information; process and maintain
information and comply with any
previously applicable instructions and
requirements; train personnel to be able
to respond to a collection of
information; search data sources;
complete and review the collection of


information; and transmit or otherwise
disclose the information.


Send comments on the Agency’s
burden reduction, the accuracy of the
provided burden estimates, and any
suggested methods for minimizing
respondent burden, including through
the use of automated collection of
techniques to the Director, OPPE
Regulatory Information Division; U.S.
Environmental Protection Agency
(2136); 401 M St., S.W.; Washington, DC
20460; and to the Office of Information
and Regulatory Affairs, Office of
Management and Budget, 725 17th St.,
N.W., Washington, D.C. 20503, marked
‘‘Attention: Desk Officer for EPA.’’
Include the ICR number in any
correspondence.


XIII. Environmental Justice


A. Applicability of Executive Order
12898


EPA is committed to address
environmental justice concerns and is
assuming a leadership role in
environmental justice initiatives to
enhance environmental quality for all
residents of the United States. The
Agencies goals are to ensure that no
segment of the population, regardless of
race, color, national origin, or income
bears disproportionately high and
adverse human health and
environmental effects as a result of
EPA’s policies, programs, and activities,
and all people live in clean and
sustainable communities.


B. Potential Effects
Today’s rule covers high-metal wastes


(‘‘TC metal wastes,’’ hazardous mineral
processing wastes, and mineral
processing materials). The rule will
possibly affect many facilities
nationwide, with the potential for
impacts to minority or low-income
communities. Today’s rule is intended
to reduce risks to human health and the
environment, and to benefit all
populations. It is not expected to cause
any disproportionate impacts to
minority or low income communities
versus affluent or non-minority
communities.


XIV. State Authority


A. Statutory Authority
Under section 3006 of RCRA, EPA


may authorize qualified States to
administer and enforce the RCRA
hazardous waste program within the
State. Following authorization, EPA
retains enforcement authority under
sections 3008 (a)(2), 3013, and 7003 of
RCRA, although authorized States have
primary enforcement responsibility. The
standards and requirements for


authorization are found in 40 CFR Part
271.


Prior to the Hazardous and Solid
Waste Amendments of 1984 (HSWA), a
State with final authorization
administered its hazardous waste
program in lieu of EPA administering
the Federal program in that State. The
Federal requirements no longer applied
in the authorized State, and EPA could
not issue permits for any facilities that
the State was authorized to permit.
When new, more stringent Federal
requirements were promulgated or
enacted, the State was obliged to enact
equivalent authority within specified
time frames. New Federal requirements
did not take effect in an authorized State
until the State adopted the requirements
as State law.


In contrast, under RCRA section
3006(g) (42 U.S.C. 6926(g)) new
requirements and prohibitions imposed
by HSWA take effect in authorized
States at the same time that they take
effect in unauthorized States. Although
States are still required to update their
hazardous waste programs, EPA is
directed to carry out the HSWA
requirements and prohibitions in
authorized States, including the
issuance of permits, until the State is
granted authorization.


Authorized States are required to
modify their programs only when EPA
promulgates Federal requirements that
are more stringent or broader in scope
than existing Federal requirements.
RCRA section 3009 allows the States to
impose standards more stringent than
those in the Federal program. See also
40 CFR 271.1(i). Therefore, authorized
States can, but do not have to, adopt
Federal regulations, both HSWA and
non-HSWA, that are considered less
stringent. Less stringent regulations,
promulgated under both HSWA and
non-HSWA authority, do not go into
effect in authorized States until those
States adopt them and are authorized to
implement them.


B. Effect on State Authorization
Today’s rule is promulgated in part


pursuant to non-HSWA authority, and
in part pursuant to HSWA. The more
stringent HSWA portions of this rule
will become effective at the same time
in all states. The new LDR treatment
standards for metal-bearing and mineral
processing wastes are being
promulgated pursuant to section 3004
(g)(4) and (m), provisions added by
HSWA. (Note, however, that the
treatment standards, even though they
are promulgated pursuant to HSWA,
will not apply to mineral processing
wastes unless the wastes are currently
included in the authorized State’s
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definition of solid waste.) The
application of the TCLP to mineral
processing wastes likewise implements
a HSWA provision, section 3001(g).
These requirements are being added to
Table 1 in 40 CFR 271.1(j), which
identifies the Federal program
requirements that are promulgated
pursuant to HSWA, and would take
effect in all States, regardless of
authorization status. States may apply
for final or interim authorization for the
HSWA provisions in Table 1, as
discussed in the following section of
this preamble. Table 2 in 40 CFR
271.1(j) is also modified to indicate
those provisions of this rule that are
self-implementing provisions of HSWA.
Note that there are other HSWA
provisions that are not more stringent
than the current program, such as the
revisions to certain of the existing LDR
treatment standards. These would not
be implemented by EPA in those states
authorized for the existing provisions
prior to a State being authorized for
them. These provisions are further
discussed below.


Today’s rule contains provisions, both
under HSWA and non-HSWA authority,
that are less stringent than the current
Federal program. First is the non-HSWA
provision which would allow mineral
processing spent materials being
reclaimed within the mineral processing
industry sector, or in beneficiation
processes, to be excluded from the
definition of solid waste. This provision
can be adopted at the States’ option,
although EPA strongly encourages
States to adopt this provision. As stated
earlier in the preamble, part of the
purpose of this rule is to eliminate
distinctions among reclaimed spent
materials, by-products, and sludges
within this industry. This change, in
combination with the conditioned
exclusion for the reclaimed byproducts
and sludges, will result in more control
over land-based mineral processing
units than exists presently, encourage
additional material recovery within the
industry, properly control land-based
storage of mineral processing industry
secondary materials awaiting intra-
industry recovery, and also simplify the
solid waste regulatory classification
scheme. In addition, State adoption of
these provisions will provide national
consistency.


Similarly, another less stringent non-
HSWA provision in this rule excludes
from RCRA regulation certain recycled
wood preserving wastewaters and spent
wood preserving solutions. The
exclusion will not be effective in
authorized States until they amend their
regulations and received authorization.
Although the States do not have to


adopt these provisions, EPA strongly
encourage them to do so, because the
exclusion encourages properly
conducted material recovery in the
wood preserving industry.


Last, the treatment standards for soil
contaminated with hazardous waste
(and the associated site-specific risk
based variance provision for
contaminated soils), promulgated under
HSWA, are less stringent than the
existing treatment standards. Although
the authority for these standards is
under HSWA, EPA will not implement
them in those States that are authorized
for the existing standards because they
are less stringent. EPA will implement
them in those States that are
unauthorized for the applicable existing
treatment standards. However, EPA
strongly encourages States to seek
authorization for these standards in
order to encourage and speed up
cleanups of contaminated sites based on
remedies involving treatment of
contaminated soils, thus providing more
permanent remedial solutions.


Some of today’s regulatory
amendments are neither more or less
stringent than the existing Federal
requirements. These are the revisions to
the existing UTS numbers. EPA clarified
in a December 19, 1994, memorandum
(which is in the docket for today’s rule)
that EPA would not implement the
Universal Treatment Standards
(promulgated under HSWA authority in
the Phase II LDR rule) separately for
those States for which the State has
received LDR authorization. EPA views
changes from the existing limits to be
neither more or less stringent since the
technology basis of the standards has
not changed. Accordingly, EPA will not
implement today’s amendments to the
UTS in those States with authorization
for the treatment standards.


Today’s rule also clarifies the scrap
metal exemption from solid waste as it
applies to whole circuit boards. This
part of the preamble simply clarifies the
Agency’s interpretation of the existing
rules. If authorized for the scrap metal
exemption, States do not need further
authorization to interpret their rules in
conformity with this interpretation.


C. Authorization Procedures
Because portions of today’s rule are


promulgated pursuant to HSWA, a State
submitting a program modification for
those portions may apply to receive
interim authorization under RCRA
section 3006(g)(2) or final authorization
under RCRA section 3006(b), on the
basis of requirements that are,
respectively, substantially equivalent or
equivalent to EPA’s. For program
modifications for the non-HSWA


portions of this rule, States can received
final authorization only. The procedures
and schedule for final authorization of
State program modifications are
described in 40 CFR 271.21. It should be
noted that all HSWA interim
authorizations will expire January 1,
2003. (See 40 CFR 271.24(c) and 57 FR
60132, December 18, 1992.)


Section 271.21(e)(2) requires that
States with final authorization modify
their programs to reflect Federal
program changes and subsequently
submit the modification to EPA for
approval. The deadline by which the
State would have to modify its program
to adopt these regulations is specified in
section 271.21(e). This deadline can be
extended in certain cases (see section
271.21(e)(3)). Once EPA approves the
modification, the State requirements
become Subtitle C RCRA requirements.


States with authorized RCRA
programs may already have
requirements similar to those in today’s
rule. These State regulations have not
been assessed against the Federal
regulations being promulgated today to
determine whether they meet the tests
for authorization. Thus, a State is not
authorized to implement these
requirements in lieu of EPA until the
State program modifications are
approved. Of course, States with
existing standards could continue to
administer and enforce their standards
as a matter of State law. In
implementing the Federal program, EPA
will work with States under agreements
to minimize duplication of efforts.


D. Streamlined Authorization
Procedures


It is EPA’s policy to provide as much
flexibility as possible to encourage
States to become authorized for rules
under the hazardous waste program.
EPA discussed an expedited
authorization approach in the proposed
Phase IV LDR rule (60 FR 43688, August
22, 1995), and the supplemental
proposal (61 FR 2338, January 25, 1996).
EPA also discussed streamlined
authorization procedures in a more
comprehensive fashion in the proposed
HWIR-media rule (61 FR 18780, April
29, 1996). This expedited approach
would apply to those minor or routine
changes to the existing program that do
not expand the scope of the program in
significant ways, and was called
Category 1. EPA has decided to address
this proposed authorization procedure
in the upcoming HWIR-Media rule
rather than here, so that the expedited
authorization approaches can be dealt
with in a comprehensive manner.
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XV. Submission to Congress and
General Accounting Office


The Congressional Review Act, 5
U.S.C. § 801 et seq., as added by the
Small Business Regulatory Enforcement
Fairness Act of 1996, generally provides
that before a rule may take effect, the
agency promulgating the rule must
submit a rule report, which includes a
copy of the rule, to each House of the
Congress and to the Comptroller General
of the United States. EPA will submit a
report containing this rule and other
required information to the U.S. Senate,
the U.S. House of Representatives, and
the Comptroller General of the United
States prior to publication of the rule in
the Federal Register. This rule is not a
‘‘major rule’’ as defined by 5 U.S.C.
§ 804(2).


XVI. Executive Order 13045: Protection
of Children From Environmental Health
Risks and Safety Risks


Executive Order 13045: The Executive
Order 13045 applies to any rule that
EPA determines (1) ‘‘economically
significant’’ as defined under Executive
Order 12866, and (2) the environmental
health or safety risk addressed by the
rule has a disproportionate effect on
children. If the regulatory action meets
both criteria, the Agency must evaluate
the environmental health or safety
effects of the planned rule on children,
and explain why the planned regulation
is preferable to other potentially
effective and reasonably feasible
alternatives considered by the Agency.


This final rule is not subject to E.O.
13045, entitled ‘‘Protection of Children
from Environmental Health Risks and
Safety Risks (62FR19885, April 23,
1997), because this is not an
economically significant regulatory
action as defined by E.O. 12866.


XVII. National Technology Transfer
and Advancement Act


Under § 12(d) of the National
Technology Transfer and Advancement
Act, the Agency is directed to use
voluntary consensus standards in its
regulatory activities unless to do so
would be inconsistent with applicable
law or otherwise impractical. Voluntary
consensus standards are technical
standards (e.g., materials specifications,


test methods, sampling procedures,
business practices, etc.) that are
developed or adopted by voluntary
consensus standard bodies. Where
available and potentially applicable
voluntary consensus standards are not
used by EPA, the Act requires the
Agency to provide Congress, through
the Office of Management and Budget,
an explanation of the reasons for not
using such standards.


EPA is not proposing any new test
methods or other technical standards as
part of today’s final rule. Thus, the
Agency has no need to consider the use
of voluntary consensus standards in
developing this proposed rule.


List of Subjects


40 CFR Part 148


Administrative practice and
procedure, Hazardous waste, Reporting
and recordkeeping requirements, Water
supply.


40 CFR Part 261


Environmental protection, Hazardous
waste, Recycling, Reporting and
recordkeeping requirements.


40 CFR Part 266


Energy, Hazardous waste, Recycling,
Reporting and recordkeeping
requirements.


40 CFR Part 268


Hazardous waste, Reporting and
recordkeeping requirements.


40 CFR Part 271


Administrative practice and
procedure, Hazardous materials
transportation, Hazardous waste,
Penalties, Reporting and recordkeeping
requirements.


Dated: April 30, 1998.
Carol M. Browner,
Administrator.


For the reasons set out in the
preamble, Title 40, chapter I of the Code
of Federal Regulations is amended as
follows:


PART 148—HAZARDOUS WASTE
INJECTION RESTRICTIONS


1. The authority citation for Part 148
continues to read as follows:


Authority: Secs. 3004, Resource
Conservation and Recovery Act, 42 U.S.C.
6901, et seq.


2. Section 148.18 is amended by
redesignating paragraphs (a) through (f)
as (c) through (h) respectively, and by
adding paragraphs (a) and (b) to read as
follows:


§ 148.18 Waste specific prohibitions—
newly listed and identified wastes.


(a) Effective August 24, 1998, all
newly identified D004–D011 wastes and
characteristic mineral processing
wastes, except those identified in
paragraph (b) of this section, are
prohibited from underground injection.


(b) Effective May 26, 2000,
characteristic hazardous wastes from
titanium dioxide mineral processing,
and radioactive wastes mixed with
newly identified D004–D011 or mixed
with newly identified characteristic
mineral processing wastes, are
prohibited from underground injection.
* * * * *


PART 261—IDENTIFICATION AND
LISTING OF HAZARDOUS WASTE


Subpart A—General


3. The authority citation for Part 261
continues to read as follows:


Authority: 42 U.S.C. 6905, 6912(a), 6921,
6922, 6924(y), and 6938.


4. Section 261.2 is amended by
revising Table 1 in paragraph (c)(4),
paragraph (c)(3) and (e)(1)(iii) to read as
follows:


§ 261.2 Definition of solid waste.


* * * * *


(c) * * *


(3) Reclaimed. Materials noted with a
‘‘*’’ in column 3 of Table 1 are solid
wastes when reclaimed (except as
provided under 40 CFR 261.4(a)(15)).
Materials noted with a ‘‘—’’ in column
3 of Table 1 are not solid wastes when
reclaimed (except as provided under 40
CFR 261.4(a)(15)).
* * * * *


(4) * * *
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TABLE 1


Use constitut-
ing disposal


(§ 261.2(c)(1))


Energy
recovery/ fuel
(§ 261.2(c)(2))


Reclamation
(§ 261.2(c)(3))


(except as
provided in
261.4(a)(15)
for mineral
processing
secondary
materials)


Speculative
accumulation
(§ 261.2(c)(4))


1 2 3 4


Spent Materials ................................................................................................. (*) (*) (*) (*)
Sludges (listed in 40 CFR Part 261.31 or 261.32 ............................................ (*) (*) (*) (*)
Sludges exhibiting a characteristic of hazardous waste ................................... (*) (*) — (*)
By-products (listed in 40 CFR 261.31 or 261.32) ............................................. (*) (*) (*) (*)
By-products exhibiting a characteristic of hazardous waste ............................. (*) (*) — (*)
Commercial chemical products listed in 40 CFR 261.33 ................................. (*) (*) — —
Scrap metal other than excluded scrap metal (see 261.1(c)(9)) ...................... (*) (*) (*) (*)


Note: The terms ‘‘spent materials,’’ ‘‘sludges,’’ ‘‘by-products,’’ and ‘‘scrap metal’’ and ‘‘processed scrap metal’’ are defined in § 261.1.


* * * * *
(e) * * *
(1) * * *
(iii) In cases where the materials are


generated and reclaimed within the
primary mineral processing industry,
the conditions of the exclusion found at
§ 261.4(a)(15) apply rather than this
provision.
* * * * *


5. Section 261.3 is amended by
revising paragraphs (a)(2)(i) and
(a)(2)(iii) to read as follows:


§ 261.3 Definition of hazardous waste.


(a) * * *
(2) * * *
(i) It exhibits any of the characteristics


of hazardous waste identified in subpart
C of this part. However, any mixture of
a waste from the extraction,
beneficiation, and processing of ores
and minerals excluded under
§ 261.4(b)(7) and any other solid waste
exhibiting a characteristic of hazardous
waste under subpart C is a hazardous
waste only if it exhibits a characteristic
that would not have been exhibited by
the excluded waste alone if such
mixture had not occurred, or if it
continues to exhibit any of the
characteristics exhibited by the non-
excluded wastes prior to mixture.
Further, for the purposes of applying the
Toxicity Characteristic to such mixtures,
the mixture is also a hazardous waste if
it exceeds the maximum concentration
for any contaminant listed in table I to
§ 261.24 that would not have been
exceeded by the excluded waste alone if
the mixture had not occurred or if it
continues to exceed the maximum
concentration for any contaminant
exceeded by the nonexempt waste prior
to mixture.
* * * * *


(iii) It is a mixture of a solid waste and
a hazardous waste that is listed in
subpart D of this part solely because it
exhibits one or more of the
characteristics of hazardous waste
identified in subpart C of this part,
unless the resultant mixture no longer
exhibits any characteristic of hazardous
waste identified in subpart C of this
part, or unless the solid waste is
excluded from regulation under
§ 261.4(b)(7) and the resultant mixture
no longer exhibits any characteristic of
hazardous waste identified in subpart C
of this part for which the hazardous
waste listed in subpart D of this part
was listed. (However, nonwastewater
mixtures are still subject to the
requirements of part 268 of this chapter,
even if they no longer exhibit a
characteristic at the point of land
disposal).
* * * * *


6. Section 261.4 is amended by
adding paragraphs (a)(9)(iii) and (a)(16)
and by revising paragraph (b)(7) to read
as follows:


§ 261.4 Exclusions.


(a) * * *
(9) * * *
(iii) Prior to reuse, the wood


preserving wastewaters and spent wood
preserving solutions described in
paragraphs (a)(9)(i) and (a)(9)(ii) of this
section, so long as they meet all of the
following conditions:


(A) The wood preserving wastewaters
and spent wood preserving solutions are
reused on-site at water borne plants in
the production process for their original
intended purpose;


(B) Prior to reuse, the wastewaters and
spent wood preserving solutions are
managed to prevent release to either
land or groundwater or both;


(C) Any unit used to manage
wastewaters and/or spent wood
preserving solutions prior to reuse can
be visually or otherwise determined to
prevent such releases;


(D) Any drip pad used to manage the
wastewaters and/or spent wood
preserving solutions prior to reuse
complies with the standards in part 265,
subpart W of this chapter, regardless of
whether the plant generates a total of
less than 100 kg/month of hazardous
waste; and


(E) Prior to operating pursuant to this
exclusion, the plant owner or operator
submits to the appropriate Regional
Administrator or State Director a one-
time notification stating that the plant
intends to claim the exclusion, giving
the date on which the plant intends to
begin operating under the exclusion,
and containing the following language:
‘‘I have read the applicable regulation
establishing an exclusion for wood
preserving wastewaters and spent wood
preserving solutions and understand it
requires me to comply at all times with
the conditions set out in the regulation.’’
The plant must maintain a copy of that
document in its on-site records for a
period of no less than 3 years from the
date specified in the notice. The
exclusion applies only so long as the
plant meets all of the conditions. If the
plant goes out of compliance with any
condition, it may apply to the
appropriate Regional Administrator or
State Director for reinstatement. The
Regional Administrator or State Director
may reinstate the exclusion upon
finding that the plant has returned to
compliance with all conditions and that
violations are not likely to recur.
* * * * *


(16) Secondary materials (i.e., sludges,
by-products, and spent materials as
defined in § 261.1) (other than
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hazardous wastes listed in subpart D of
this part) generated within the primary
mineral processing industry from which
minerals, acids, cyanide, water or other
values are recovered by mineral
processing, provided that:


(i) The secondary material is
legitimately recycled to recover
minerals, acids, cyanide, water or other
values;


(ii) The secondary material is not
accumulated speculatively;


(iii) Except as provided in paragraph
(a)(15)(iv) of this section, the secondary
material is stored in tanks, containers,
or buildings meeting the following
minimum integrity standards: a building
must be an engineered structure with a
floor, walls, and a roof all of which are
made of non-earthen materials
providing structural support (except
smelter buildings may have partially
earthen floors provided the secondary
material is stored on the non-earthen
portion), and have a roof suitable for
diverting rainwater away from the
foundation; a tank must be free
standing, not be a surface impoundment
(as defined in 40 CFR 260.10), and be
manufactured of a material suitable for
containment of its contents; a container
must be free standing and be
manufactured of a material suitable for
containment of its contents. If tanks or
containers contain any particulate
which may be subject to wind dispersal,
the owner/operator must operate these
units in a manner which controls
fugitive dust. Tanks, containers, and
buildings must be designed, constructed
and operated to prevent significant
releases to the environment of these
materials.


(iv) The Regional Administrator or the
State Director may make a site-specific
determination, after public review and
comment, that only solid mineral
processing secondary materials may be
placed on pads, rather than in tanks,
containers, or buildings. Solid mineral
processing secondary materials do not
contain any free liquid. The decision-
maker must affirm that pads are
designed, constructed and operated to
prevent significant releases of the
secondary material into the
environment. Pads must provide the
same degree of containment afforded by
the non-RCRA tanks, containers and
buildings eligible for exclusion.


(A) The decision-maker must also
consider if storage on pads poses the
potential for significant releases via
groundwater, surface water, and air
exposure pathways. Factors to be
considered for assessing the
groundwater, surface water, air
exposure pathways are: the volume and
physical and chemical properties of the


secondary material, including its
potential for migration off the pad; the
potential for human or environmental
exposure to hazardous constituents
migrating from the pad via each
exposure pathway, and the possibility
and extent of harm to human and
environmental receptors via each
exposure pathway.


(B) Pads must meet the following
minimum standards: be designed of
non-earthen material that is compatible
with the chemical nature of the mineral
processing secondary material, capable
of withstanding physical stresses
associated with placement and removal,
have run on/runoff controls, be operated
in a manner which controls fugitive
dust, and have integrity assurance
through inspections and maintenance
programs.


(C) Before making a determination
under this paragraph, the Regional
Administrator or State Director must
provide notice and the opportunity for
comment to all persons potentially
interested in the determination. This
can be accomplished by placing notice
of this action in major local newspapers,
or broadcasting notice over local radio
stations.


(v) The owner or operator provides a
notice to the Regional Administrator or
State Director, identifying the following
information: the types of materials to be
recycled; the type and location of the
storage units and recycling processes;
and the annual quantities expected to be
placed in land-based units. This
notification must be updated when
there is a change in the type of materials
recycled or the location of the recycling
process.


(vi) For purposes of § 261.4(b)(7),
mineral processing secondary materials
must be the result of mineral processing
and may not include any listed
hazardous wastes. Listed hazardous
wastes and characteristic hazardous
wastes generated by non-mineral
processing industries are not eligible for
the conditional exclusion from the
definition of solid waste.


(b) * * *
(7) Solid waste from the extraction,


beneficiation, and processing of ores
and minerals (including coal, phosphate
rock, and overburden from the mining
of uranium ore), except as provided by
§ 266.112 of this chapter for facilities
that burn or process hazardous waste.


(i) For purposes of § 261.4(b)(7)
beneficiation of ores and minerals is
restricted to the following activities;
crushing; grinding; washing;
dissolution; crystallization; filtration;
sorting; sizing; drying; sintering;
pelletizing; briquetting; calcining to
remove water and/or carbon dioxide;


roasting, autoclaving, and/or
chlorination in preparation for leaching
(except where the roasting (and/or
autoclaving and/or chlorination)/
leaching sequence produces a final or
intermediate product that does not
undergo further beneficiation or
processing); gravity concentration;
magnetic separation; electrostatic
separation; flotation; ion exchange;
solvent extraction; electrowinning;
precipitation; amalgamation; and heap,
dump, vat, tank, and in situ leaching.


(ii) For the purposes of § 261.4(b)(7),
solid waste from the processing of ores
and minerals includes only the
following wastes as generated:


(A) Slag from primary copper
processing;


(B) Slag from primary lead processing;
(C) Red and brown muds from bauxite


refining;
(D) Phosphogypsum from phosphoric


acid production;
(E) Slag from elemental phosphorus


production;
(F) Gasifier ash from coal gasification;
(G) Process wastewater from coal


gasification;
(H) Calcium sulfate wastewater


treatment plant sludge from primary
copper processing;


(I) Slag tailings from primary copper
processing;


(J) Fluorogypsum from hydrofluoric
acid production;


(K) Process wastewater from
hydrofluoric acid production;


(L) Air pollution control dust/sludge
from iron blast furnaces;


(M) Iron blast furnace slag;
(N) Treated residue from roasting/


leaching of chrome ore;
(O) Process wastewater from primary


magnesium processing by the
anhydrous process;


(P) Process wastewater from
phosphoric acid production;


(Q) Basic oxygen furnace and open
hearth furnace air pollution control
dust/sludge from carbon steel
production;


(R) Basic oxygen furnace and open
hearth furnace slag from carbon steel
production;


(S ) Chloride process waste solids
from titanium tetrachloride production;


(T) Slag from primary zinc processing.
(iii) A residue derived from co-


processing mineral processing
secondary materials with normal
beneficiation raw materials remains
excluded under paragraph (b) of this
section if the owner or operator:


(A) Processes at least 50 percent by
weight normal beneficiation raw
materials; and,


(B) Legitimately reclaims the
secondary mineral processing materials.
* * * * *
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PART 268—LAND DISPOSAL
RESTRICTIONS


7. The authority citation for Part 268
continues to read as follows:


Authority: 42 U.S.C. 6905, 6912(a), 6921,
and 6924.


8. Section 268.2 is amended by
revising paragraph (i) and adding
paragraph (k) to read as follows:


§ 268.2 Definitions applicable in this part.


* * * * *
(i) Underlying hazardous constituent


means any constituent listed in
§ 268.48, Table UTS—Universal
Treatment Standards, except fluoride,
selenium, sulfides, vanadium, and zinc,
which can reasonably be expected to be
present at the point of generation of the
hazardous waste at a concentration
above the constituent-specific UTS
treatment standards.
* * * * *


(k) Soil means unconsolidated earth
material composing the superficial
geologic strata (material overlying
bedrock), consisting of clay, silt, sand,
or gravel size particles as classified by
the U.S. Soil Conservation Service, or a
mixture of such materials with liquids,
sludges or solids which is inseparable
by simple mechanical removal
processes and is made up primarily of
soil by volume based on visual
inspection.


9. Section 268.3 is amended by
adding paragraph (d) to read as follows:


§ 268.3 Dilution prohibited as a substitute
for treatment.


* * * * *
(d) It is a form of impermissible


dilution, and therefore prohibited, to
add iron filings or other metallic forms
of iron to lead-containing hazardous
wastes in order to achieve any land
disposal restriction treatment standard
for lead. Lead-containing wastes include
D008 wastes (wastes exhibiting a
characteristic due to the presence of
lead), all characteristic wastes
containing lead as an underlying
hazardous constituent, listed wastes
containing lead as a regulated
constitutent, and hazardous media
containing any of the aforementioned
lead-containing wastes.


10. Section 268.4 is amended by
revising paragraphs (a)(2)(ii) and
(a)(2)(iii) to read as follows:


§ 268.4 Treatment surface impoundment
exemption.


(a) * * *
(2) * * *
(ii) Removal. The following treatment


residues (including any liquid waste)
must be removed at least annually;


residues which do not meet the
treatment standards promulgated under
subpart D of this part; residues which
do not meet the prohibition levels
established under subpart C of this part
or imposed by statute (where no
treatment standards have been
established); residues which are from
the treatment of wastes prohibited from
land disposal under subpart C of this
part (where no treatment standards have
been established and no prohibition
levels apply); or residues from managing
listed wastes which are not delisted
under § 260.22 of this chapter. If the
volume of liquid flowing through the
impoundment or series of
impoundments annually is greater than
the volume of the impoundment or
impoundments, this flow-through
constitutes removal of the supernatant
for the purpose of this requirement.


(iii) Subsequent management.
Treatment residues may not be placed
in any other surface impoundment for
subsequent management.
* * * * *


11. Section 268.7 is amended by
revising paragraphs (a)(1), (a)(3)(ii),
(a)(7), (b)(1), (b)(2), (b)(5) and (b)(6); by
revising the first sentence of the
paragraphs (a)(2), (a)(3) introductory
text, (a)(4), (a)(5) introductory text,
(a)(6), and (b)(3) introductory text; by
adding paragraph (a)(2)(i) and three
sentences to the end of paragraph (b)(4)
introductory text and adding paragraphs
(b)(4)(iv), (b)(4)(v), and (e) and adding
and reserving paragraph (a)(2)(ii); and
by revising entries 1 and 3, designating
entry 8 as 9, and adding entry 8 in the
table entitled ‘‘Generator Paperwork
Requirements Table’’ in paragraph
(a)(4), and by revising entries 1 and 2
designating entry 5 as 6, and adding
entry 5 in the table entitled ‘‘Treatment
Facility Paperwork Requirements
Table’’ in paragraph (b)(3)(ii) to read as
follows:


§ 268.7 Testing, tracking, and
recordkeeping requirements for generators,
treaters, and disposal facilities.


(a) * * *
(1) A generator of hazardous waste


must determine if the waste has to be
treated before it can be land disposed.
This is done by determining if the
hazardous waste meets the treatment
standards in § 268.40, § 268.45, or
§ 268.49. This determination can be
made in either of two ways: testing the
waste or using knowledge of the waste.
If the generator tests the waste, testing
would normally determine the total
concentration of hazardous constituents,
or the concentration of hazardous
constituents in an extract of the waste
obtained using test method 1311 in


‘‘Test Methods of Evaluating Solid
Waste, Physical/Chemical Methods,’’
EPA Publication SW–846, as referenced
in § 260.11 of this chapter, depending
on whether the treatment standard for
the waste is expressed as a total
concentration or concentration of
hazardous constituent in the waste’s
extract. In addition, some hazardous
wastes must be treated by particular
treatment methods before they can be
land disposed and some soils are
contaminated by such hazardous
wastes. These treatment standards are
also found in § 268.40, and are
described in detail in § 268.42, Table 1.
These wastes, and soils contaminated
with such wastes, do not need to be
tested (however, if they are in a waste
mixture, other wastes with
concentration level treatment standards
would have to be tested). If a generator
determines they are managing a waste or
soil contaminated with a waste, that
displays a hazardous characteristic of
ignitability, corrosivity, reactivity, or
toxicity, they must comply with the
special requirements of § 268.9 of this
part in addition to any applicable
requirements in this section.


(2) If the waste or contaminated soil
does not meet the treatment standard:
With the initial shipment of waste to
each treatment or storage facility, the
generator must send a one-time written
notice to each treatment or storage
facility receiving the waste, and place a
copy in the file. * * *


(i) For contaminated soil, the
following certification statement should
be included, signed by an authorized
representative:


I certify under penalty of law that I
personally have examined this
contaminated soil and it [does/does not]
contain listed hazardous waste and
[does/does not] exhibit a characteristic
of hazardous waste and requires
treatment to meet the soil treatment
standards as provided by 268.49(c).


(ii) [Reserved]
(3) If the waste or contaminated soil


meets the treatment standard at the
original point of generation:
* * * * *


(ii) For contaminated soil, with the
initial shipment of wastes to each
treatment, storage, or disposal facility,
the generator must send a one-time
written notice to each facility receiving
the waste and place a copy in the file.
The notice must include the information
in ‘‘268.7(a)(3) of the Generator
Paperwork Requirements Table in
§ 268.7(a)(4).


(4) For reporting, tracking, and
recordkeeping when exceptions allow
certain wastes or contaminated soil that
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do not meet the treatment standards to
be land disposed: There are certain
exemptions from the requirement that


hazardous wastes or contaminated soil meet treatment standards before they
can be land disposed. * * *
* * * * *


GENERATOR PAPERWORK REQUIREMENTS TABLE


Required information § 268.7
(a)(2)


§ 268.7
(a)(3)


§ 268.7
(a)(4)


§ 268.7
(a)(9)


1. EPA Hazardous Waste Numbers and Manifest Number of first shipment.


* * * * * * *
3. The waste is subject to the LDRs. The constituents of concern for F001–F005, and


F039, and underlying hazardous constituents in characteristic wastes, unless the
waste will be treated and monitored for all constituents. If all constituents will be
treated and monitored, there is no need to put them all on the LDR notice ................ ✔ ................... ................... ...................


* * * * * * *
8. For contaminated soil subject to LDRs as provided in 268.49(a), the constituents


subject to treatment as described in 268.49(d), and the following statement: This
contaminated soil [does/does not] contain listed hazardous waste and [does/does
not] exhibit a characteristic of hazardous waste and [is subject to/complies with’ the
soil treatment standards as provided by 268.49(c) or the universal treatment stand-
ards. ............................................................................................................................... ✔ ................... ................... ...................


* * * * * * *


(5) If a generator is managing and
treating prohibited waste or
contaminated soil in tanks, containers,
or containment buildings regulated
under 40 CFR 262.34 to meet applicable
LDR treatment standards found at
§ 268.40, the generator must develop
and follow a written waste analysis plan
which describes the procedures they
will carry out to comply with the
treatment standards. * * *
* * * * *


(6) If a generator determines that the
waste or contaminated soil is restricted
based solely on his knowledge of the
waste, all supporting data used to make
this determination must be retained on-
site in the generator’s files. * * *


(7) If a generator determines that he is
managing a prohibited waste that is
excluded from the definition of
hazardous or solid waste or is exempted
from Subtitle C regulation under 40 CFR


261.2 through 261.6 subsequent to the
point of generation (including
deactivated characteristic hazardous
wastes managed in wastewater
treatment systems subject to the Clean
Water Act (CWA) as specified at 40 CFR
261.4(a)(2) or that are CWA-equivalent,
or are managed in an underground
injection well regulated by the SDWA),
he must place a one-time notice
describing such generation, subsequent
exclusion from the definition of
hazardous or solid waste or exemption
from RCRA Subtitle C regulation, and
the disposition of the waste, in the
facility’s on-site files.
* * * * *


(b) * * *
(1) For wastes or contaminated soil


with treatment standards expressed in
the waste extract (TCLP), the owner or
operator of the treatment facility must
test an extract of the treatment residues,


using test method 1311 (the Toxicity
Characteristic Leaching Procedure,
described in ‘‘Test Methods for
Evaluating Solid Waste, Physical/
Chemical Methods,’’ EPA Publication
SW–846 as incorporated by reference in
§ 260.11 of this chapter) to assure that
the treatment residues extract meet the
applicable treatment standards.


(2) For wastes or contaminated soil
with treatment standards expressed as
concentrations in the waste, the owner
or operator of the treatment facility must
test the treatment residues (not an
extract of such residues) to assure that
they meet the applicable treatment
standards.


(3) A one-time notice must be sent
with the initial shipment of waste or
contaminated soil to the land disposal
facility. * * *
* * * * *


(ii) * * *


TREATMENT FACILITY PAPERWORK REQUIREMENTS TABLE


Required information § 268.7(b)


1. EPA Hazardous Waste Numbers and Manifest Number of first shipment.
2. The waste is subject to the LDRs. The constituents of concern for F001–F005, and F039, and underlying hazardous constitu-


ents in characteristic wastes, unless the waste will be treated and monitored for all constituents. If all constituents will be treated
and monitored, there is no need to put them all on the LDR notice. .................................................................................................. ✔


* * * * * * *
5. For contaminated soil subject to LDRs as provided in 268.49(a), the constituents subject to treatment as described in 268.49(d)


and the following statement, ‘‘this contaminated soil [does/does not] contain listed hazardous waste and [does/does not] exhibit
acharacteristic of hazardous waste and [is subject to/complies with] the soil treatment standards as provided by 268.49(c). ......... ✔


* * * * * * *


(4) * * * A certification is also
necessary for contaminated soil and it
must state:


I certify under penalty of law that I have
personally examined and am familiar with
the treatment technology and operation of the


treatment process used to support this
certification and believe that it has been
maintained and operated properly so as to
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comply with treatment standards specified in
40 CFR 268.49 without impermissible
dilution of the prohibited wastes. I am aware
there are significant penalties for submitting
a false certification, including the possibility
of fine and imprisonment.


* * * * *
(iv) For characteristic wastes that are


subject to the treatment standards in
§ 268.40 (other than those expressed as
a required method of treatment) that are
reasonably expected to contain
underlying hazardous constituents as
defined in § 268.2(i); are treated on-site
to remove the hazardous characteristic;
and are then sent off-site for treatment
of underlying hazardous constituents,
the certification must state the
following:


I certify under penalty of law that the
waste has been treated in accordance with
the requirements of 40 CFR 268.40 to remove
the hazardous characteristic. This
decharacterized waste contains underlying
hazardous constituents that require further
treatment to meet universal treatment
standards. I am aware that there are
significant penalties for submitting a false
certification, including the possibility of fine
and imprisonment.


(v) For characteristic wastes that
contain underlying hazardous
constituents as defined § 268.2(i) that
are treated on-site to remove the
hazardous characteristic to treat
underlying hazardous constituents to
levels in § 268.48 Universal Treatment
Standards, the certification must state
the following:


I certify under penalty of law that the
waste has been treated in accordance with
the requirements of 40 CFR 268.40 to remove
the hazardous characteristic and that
underlying hazardous constituents, as
defined in § 268.2(i) have been treated on-site
to meet the § 268.48 Universal Treatment
Standards. I am aware that there are
significant penalties for submitting a false
certification, including the possibility of fine
and imprisonment.


(5) If the waste or treatment residue
will be further managed at a different
treatment, storage, or disposal facility,
the treatment, storage, or disposal
facility sending the waste or treatment
residue off-site must comply with the
notice and certification requirements
applicable to generators under this
section.


(6) Where the wastes are recyclable
materials used in a manner constituting
disposal subject to the provisions of
§ 268.20(b) regarding treatment
standards and prohibition levels, the
owner or operator of a treatment facility
(i.e., the recycler) is not required to
notify the receiving facility, pursuant to
paragraph (b)(3) of this section. With
each shipment of such wastes the owner
or operator of the recycling facility must


submit a certification described in
paragraph (b)(4) of this section, and a
notice which includes the information
listed in paragraph (b)(3) of this section
(except the manifest number) to the
Regional Administrator, or his delegated
representative. The recycling facility
also must keep records of the name and
location of each entity receiving the
hazardous waste-derived product.
* * * * *


(e) Generators and treaters who first
receive from EPA or an authorized state
a determination that a given
contaminated soil subject to LDRs as
provided in § 268.49(a) no longer
contains a listed hazardous waste and
generators and treaters who first
determine that a contaminated soil
subject to LDRs as provided in
§ 268.49(a) no longer exhibits a
characteristic of hazardous waste must:


(1) Prepare a one-time only
documentation of these determinations
including all supporting information;
and,


(2) Maintain that information in the
facility files and other records for a
minimum of three years.


Subpart C—Prohibitions on Land
Disposal


12. Section § 268.34 is revised to read
as follows:


§ 268.34 Waste specific prohibitions—
toxicity characteristic metal wastes.


(a) Effective August 24, 1998, the
following wastes are prohibited from
land disposal: the wastes specified in 40
CFR Part 261 as EPA Hazardous Waste
numbers D004—D011 that are newly
identified (i.e. wastes, soil, or debris
identified as hazardous by the Toxic
Characteristic Leaching Procedure but
not the Extraction Procedure), and
waste, soil, or debris from mineral
processing operations that is identified
as hazardous by the specifications at 40
CFR Part 261.


(b) Effective May 26, 2000, the
following wastes are prohibited from
land disposal: newly identified
characteristic wastes from elemental
phosphorus processing; radioactive
wastes mixed with EPA Hazardous
wastes D004—D011 that are newly
identified (i.e. wastes, soil, or debris
identified as hazardous by the Toxic
Characteristic Leaching Procedure but
not the Extraction Procedure); or mixed
with newly identified characteristic
mineral processing wastes, soil, or
debris.


(c) Between May 26, 1998 and May
26, 2000, newly identified characteristic
wastes from elemental phosphorus
processing, radioactive waste mixed


with D004—D011 wastes that are newly
identified (i.e. wastes, soil, or debris
identified as hazardous by the Toxic
Characteristic Leaching Procedure but
not the Extraction Procedure), or mixed
with newly identified characteristic
mineral processing wastes, soil, or
debris may be disposed in a landfill or
surface impoundment only if such unit
is in compliance with the requirements
specified in § 268.5(h)(2) of this part.


(d) The requirements of paragraphs (a)
and (b) of this section do not apply if:


(1) The wastes meet the applicable
treatment standards specified in subpart
D of this part;


(2) Persons have been granted an
exemption from a prohibition pursuant
to a petition under § 268.6, with respect
to those wastes and units covered by the
petition;


(3) The wastes meet the applicable
alternate treatment standards
established pursuant to a petition
granted under § 268.44; or


(4) Persons have been granted an
extension to the effective date of a
prohibition pursuant to § 268.5, with
respect to these wastes covered by the
extension.


(e) To determine whether a hazardous
waste identified in this section exceeds
the applicable treatment standards
specified in § 268.40, the initial
generator must test a sample of the
waste extract or the entire waste,
depending on whether the treatment
standards are expressed as
concentrations in the waste extract or
the waste, or the generator may use
knowledge of the waste. If the waste
contains constituents (including
underlying hazardous constituents in
characteristic wastes) in excess of the
applicable Universal Treatment
Standard levels of § 268.48 of this part,
the waste is prohibited from land
disposal, and all requirements of part
268 are applicable, except as otherwise
specified.


Subpart D—Treatment Standards


13. Section 268.40 is amended by
revising paragraph (e), adding paragraph
(h), and revising the Table of Treatment
Standards to read as follows:


§ 268.40 Applicability of treatment
standards.
* * * * *


(e) For characteristic wastes (D001—
D043) that are subject to treatment
standards in the following table
‘‘Treatment Standards for Hazardous
Wastes,’’ and are not managed in a
wastewater treatment system that is
regulated under the Clean Water Act
(CWA), that is CWA-equivalent, or that
is injected into a Class I nonhazardous







28642 Federal Register / Vol. 63, No. 100 / Tuesday, May 26, 1998 / Rules and Regulations


deep injection well, all underlying
hazardous constituents (as defined in
§ 268.2(i)) must meet Universal
Treatment Standards, found in § 268.48,
Table Universal Treatment Standards,


prior to land disposal as defined in
§ 268.2(c) of this part.
* * * * *


(h) Prohibited D004–D011 mixed
radioactive wastes and mixed
radioactive listed wastes containing
metal constituents, that were previously


treated by stabilization to the treatment
standards in effect at that time and then
put into storage, do not have to be re-
treated to meet treatment standards in
this section prior to land disposal.
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Footnotes to Treatment Standard Table
268.40


1 The waste descriptions provided in this
table do not replace waste descriptions in 40
CFR 261. Descriptions of Treatment/
Regulatory Subcategories are provided, as
needed, to distinguish between applicability
of different standards.


2 CAS means Chemical Abstract Services.
When the waste code and/or regulated
constituents are described as a combination
of a chemical with its salts and/or esters, the
CAS number is given for the parent
compound only.


3 Concentration standards for wastewaters
are expressed in mg/l and are based on
analysis of composite samples.


4 All treatment standards expressed as a
Technology Code or combination of
Technology Codes are explained in detail in
40 CFR 268.42 Table 1—Technology Codes
and Descriptions of Technology-Based
Standards.


5 Except for Metals (EP or TCLP) and
Cyanides (Total and Amenable) the
nonwastewater treatment standards
expressed as a concentration were
established, in part, based upon incineration
in units operated in accordance with the
technical requirements of 40 CFR Part 264
Subpart O or Part 265 Subpart O, or based
upon combustion in fuel substitution units
operating in accordance with applicable
technical requirements. A facility may
comply with these treatment standards
according to provisions in 40 CFR 268.40(d).
All concentration standards for
nonwastewaters are based on analysis of grab
samples.


6 Where an alternate treatment standard or
set of alternate standards has been indicated,
a facility may comply with this alternate
standard, but only for the Treatment/
Regulatory Subcategory or physical form (i.e.,
wastewater and/or nonwastewater) specified
for that alternate standard.


7 Both Cyanides (Total) and Cyanides
(Amenable) for nonwastewaters are to be
analyzed using Method 9010 or 9012, found
in ‘‘Test Methods for Evaluating Solid Waste,
Physical/Chemical Methods,’’ EPA
Publication SW–846, as incorporated by
reference in 40 CFR 260.11, with a sample
size of 10 grams and a distillation time of one
hour and 15 minutes.


8 These wastes, when rendered
nonhazardous and then subsequently
managed in CWA, or CWA-equivalent
systems, are not subject to treatment
standards. (See § 268.1(c) (3) and (4)).


9 These wastes, when rendered
nonhazardous and then subsequently
injected in a Class I SDWA well, are not
subject to treatment standards. (See
§ 148.1(d)).


10 Between August 26, 1996, and August
26, 1997, the treatment standard for this


waste may be satisfied by either meeting the
constituent concentrations in this table or by
treating the waste by the specified
technologies: combustion, as defined by the
technology code CMBST at § 268.42 Table 1
of this Part, for nonwastewaters; and,
biodegradation as definded by the technology
code BIODG, carbon adsorption as defined by
the technology code CARBN, chemical
oxidation as defined by the technology code
CHOXD, or combustion as defined as
technology code CMBST at § 268.42 Table 1
of this Part, for wastewaters.


11 For these wastes, the definition of
CMBST is limited to: (1) combustion units
operating under 40 CFR 266, (2) combustion
units permitted under 40 CFR Part 264,
Subpart O, or (3) combustion units operating
under 40 CFR 265, Subpart O, which have
obtained a determination of equivalent
treatment under 268.42 (b).


14. Section 268.42 is amended by
revising the introductory text of
paragraph (a) and removing paragraphs
(a)(1), (a)(2), and (a)(3) to read as
follows:


§ 268.42 Treatment standards expressed
as specified technologies.


(a) The following wastes in the table
in § 268.40 ‘‘Treatment Standards for
Hazardous Wastes,’’ for which standards
are expressed as a treatment method
rather than a concentration level, must
be treated using the technology or
technologies specified in the table
entitled ‘‘Technology Codes and
Description of Technology-Based
Standards’’ in this section.
* * * * *


15. Section 268.44 is amended by
redesignating paragraph (h)(3) as (h)(5),
and adding new paragraphs (h) (3) and
(4) to read as follows:


§ 268.44 Variance from a treatment
standard.


* * * * *
(h) * * *
(3) For contaminated soil only,


treatment to the level or by the method
specified in the soil treatment standards
would result in concentrations of
hazardous constituents that are below
(i.e., lower than) the concentrations
necessary to minimize short- and long-
term threats to human health and the
environment. Treatment variances
approved under this paragraph must:


(i) At a minimum, impose alternative
land disposal restriction treatment
standards that, using a reasonable
maximum exposure scenario:


(A) For carcinogens, achieve
constituent concentrations that result in
the total excess risk to an individual
exposed over a lifetime generally falling
within a range from 10 ¥4 to 10 ¥6; and


(B) For constituents with non-
carcinogenic effects, achieve constituent
concentrations that an individual could
be exposed to on a daily basis without
appreciable risk of deleterious effect
during a lifetime.


(ii) Not consider post-land-disposal
controls.


(4) For contaminated soil only,
treatment to the level or by the method
specified in the soil treatment standards
would result in concentrations of
hazardous constituents that are below
(i.e., lower than) natural background
concentrations at the site where the
contaminated soil will land disposed.
* * * * *


16. Section 268.45 is amended by
revising the introductory text of
paragraph (a), and paragraphs (d)(3) and
(d)(4) to read as follows:


§ 268.45 Treatment standards for
hazardous debris.


(a) Treatment standards. Hazardous
debris must be treated prior to land
disposal as follows unless EPA
determines under § 261.3(f)(2) of this
chapter that the debris is no longer
contaminated with hazardous waste or
the debris is treated to the waste-
specific treatment standard provided in
this subpart for the waste contaminating
the debris:
* * * * *


(d) * * *
(3) Cyanide-reactive debris. Residue


from the treatment of debris that is
reactive because of cyanide must meet
the treatment standards for D003 in
‘‘Treatment Standards for Hazardous
Wastes’’ at § 268.40.


(4) Ignitable nonwastewater residue.
Ignitable nonwastewater residue
containing equal to or greater than 10%
total organic carbon is subject to the
technology specified in the treatment
standard for D001: Ignitable Liquids.
* * * * *


17. Section 268.48 is amended by
revising the table Universal Treatment
Standards to read as follows:


§ 268.48 Universal treatment standards.


(a) * * *
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18. Subpart D is amended by adding
§ 268.49 to read as follows:


§ 268.49 Alternative LDR treatment
standards for contaminated soil.


(a) Applicability. You must comply
with LDRs prior to placing soil that
exhibits a characteristic of hazardous
waste, or exhibited a characteristic of


hazardous waste at the time it was
generated, into a land disposal unit. The
following chart describes whether you
must comply with LDRs prior to placing
soil contaminated by listed hazardous
waste into a land disposal unit:


If LDRs And if LDRs And if Then you


Applied to the listed waste when it
contaminated the soil*.


Apply to the listed waste now ......... ......................................................... Must comply with LDRs


Didn’t apply to the listed waste
when it contaminated the soil*.


Apply to the listed waste now ......... The soil is determined to contain
the listed waste when the soil is
first generated.


Must comply with LDRs.


Didn’t apply to the listed waste
when it contaminated the soil*.


Apply to the listed waste now ......... The soil is determined not to con-
tain the listed waste when the
soil is first generated.


Needn’t comply with LDRs.


Didn’t apply to the listed waste
when it contaminated the soil*.


Don’t apply to the listed waste now ......................................................... Needn’t comply with LDRs.


* For dates of LDR applicability, see 40 CFR Part 268 Appendix VII. To determine the date any given listed hazardous waste contaminated any
given volume of soil, use the last date any given listed hazardous waste was placed into any given land disposal unit or, in the case of an acci-
dental spill, the date of the spill.


(b) Prior to land disposal,
contaminated soil identified by
paragraph (a) of this section as needing
to comply with LDRs must be treated
according to the applicable treatment
standards specified in paragraph (c) of
this section or according to the
Universal Treatment Standards
specified in 40 CFR 268.48 applicable to
the contaminating listed hazardous
waste and/or the applicable
characteristic of hazardous waste if the
soil is characteristic. The treatment
standards specified in paragraph (c) of
this section and the Universal
Treatment Standards may be modified
through a treatment variance approved
in accordance with 40 CFR 268.44.


(c) Treatment standards for
contaminated soils. Prior to land
disposal, contaminated soil identified
by paragraph (a) of this section as
needing to comply with LDRs must be
treated according to all the standards
specified in this paragraph or according
to the Universal Treatment Standards
specified in 40 CFR 268.48.


(1) All soils. Prior to land disposal, all
constituents subject to treatment must
be treated as follows:


(A) For non-metals, treatment must
achieve 90 percent reduction in total
constituent concentrations, except as
provided by paragraph (c)(1)(C) of this
section.


(B) For metals, treatment must
achieve 90 percent reduction in
constituent concentrations as measured
in leachate from the treated media
(tested according to the TCLP) or 90
percent reduction in total constituent


concentrations (when a metal removal
treatment technology is used), except as
provided by paragraph (c)(1)(C) of this
section.


(C) When treatment of any constituent
subject to treatment to a 90 percent
reduction standard would result in a
concentration less than 10 times the
Universal Treatment Standard for that
constituent, treatment to achieve
constituent concentrations less than 10
times the universal treatment standard
is not required. Universal Treatment
Standards are identified in 40 CFR
268.48 Table UTS.


(2) Soils that exhibit the characteristic
of ignitability, corrosivity or reactivity.
In addition to the treatment required by
paragraph (c)(1) of this section, prior to
land disposal, soils that exhibit the
characteristic of ignitability, corrosivity,
or reactivity must be treated to eliminate
these characteristics.


(3) Soils that contain nonanalyzable
constituents. In addition to the
treatment requirements of paragraphs
(c)(1) and (2) of this section, prior to
land disposal, the following treatment is
required for soils that contain
nonanalyzable constituents:


(A) For soil that also contains
analyzable constituents, treatment of
those analyzable constituents to the
levels specified in paragraphs (c)(1) and
(2) of this section; or,


(B) For soil that contains only
nonanalyzable constituents, treatment
by the method specified in § 268.42 for
the waste contained in the soil.


(d) Constituents subject to treatment.
When applying the soil treatment


standards in paragraph (c) of this
section, constituents subject to
treatment are any constituents listed in
40 CFR 268.48, Table UTS—Universal
Treatment Standards that are reasonably
expected to be present in any given
volume of contaminated soil, except
fluoride, selenium, sulfides, vanadium
and zinc, and are present at
concentrations greater than ten times
the universal treatment standard.


(e) Management of treatment
residuals. Treatment residuals from
treating contaminated soil identified by
paragraph (a) of this section as needing
to comply with LDRs must be managed
as follows:


(1) Soil residuals are subject to the
treatment standards of this section;


(2) Non-soil residuals are subject to:
(A) For soils contaminated by listed


hazardous waste, the RCRA Subtitle C
standards applicable to the listed
hazardous waste; and


(B) For soils that exhibit a
characteristic of hazardous waste, if the
non-soil residual also exhibits a
characteristic of hazardous waste, the
treatment standards applicable to the
characteristic hazardous waste.


19. Table 1 in Appendix VII to Part
268 is amended by removing the entries
for waste code F033; revising the second
entry for waste code F032, the second
entry for F034, and the first entry for
K088; revising the entries for D003-D011
and two entries for waste code F035;
and, Table 2 is amended by revising
entry number 9 and adding entries 12
and 13 to read as follows:
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TABLE 1.—EFFECTIVE DATES OF SURFACE DISPOSED WASTES


[(Non-soil and Debris) Regulated in the LDRSa—Comprehensive List]


Waste code Waste category Effective date


* * * * * * *
D003 .......................... Newly identified surface-disposed elemental phosphorus processing wastes ............................... May 26, 2000.
D004 .......................... Newly identified D004 and mineral processing wastes ................................................................... August 24, 1998.
D004 .......................... Mixed radioactive/newly identified D004 or mineral processing wastes ......................................... May 26, 2000.
D005 .......................... Newly identified D005 and mineral processing wastes ................................................................... August 24, 1998.
D005 .......................... Mixed radioactive/newly identified D005 or mineral processing wastes ......................................... May 26, 2000.
D006 .......................... Newly identified D006 and mineral processing wastes ................................................................... August 24, 1998.
D006 .......................... Mixed radioactive/newly identified D006 or mineral processing wastes ......................................... May 26, 2000.
D007 .......................... Newly identified D007 and mineral processing wastes ................................................................... August 24, 1998.
D007 .......................... Mixed radioactive/newly identified D007or mineral processing wastes .......................................... May 26, 2000.
D008 .......................... Newly identified D008 and mineral processing waste .................................................................... August 24, 1998.
D008 .......................... Mixed radioactive/newly identified D008 or mineral processing wastes ......................................... May 26, 2000.
D009 .......................... Newly identified D009 and mineral processing waste .................................................................... August 24, 1998.
D009 .......................... Mixed radioactive/newly identified D009or mineral processing wastes .......................................... May 26, 2000.
D010 .......................... Newly identified D010 and mineral processing wastes ................................................................... August 24, 1998.
D010 .......................... Mixed radioactive/newly identified D010 ormineral processing wastes .......................................... May 26, 2000.
D011 .......................... Newly identified D011 and mineral processing wastes ................................................................... August 24, 1998.
D011 .......................... Mixed radioactive/newly identified D011or mineral processing wastes .......................................... May 26, 2000.


* * * * * * *
F032 ........................... All others .......................................................................................................................................... August 12, 1997.


* * * * * * *
F034 ........................... All others .......................................................................................................................................... August 12, 1997.
F035 ........................... Mixed with radioactive wastes ......................................................................................................... May 12, 1999.
F035 ........................... All others .......................................................................................................................................... August 12, 1997.


* * * * * * *
K088 ........................... All others .......................................................................................................................................... October 8, 1997.


* * * * * * *


* * * * *


TABLE 2.—SUMMARY OF EFFECTIVE DATES OF LAND DISPOSAL RESTRICTIONS FOR CONTAMINATED SOIL AND DEBRIS
(CSD)


Restricted hazardous waste in CSD Effective date


* * * * * * *
9. Soil and debris contaminated with K088 wastes ................................................................................................................ October 8, 1997.


* * * * * * *
12. Soil and debris contaminated with newly identified D004–D011 toxicity characteristic wastes and mineral processing


wastes.
August 24, 1998.


13. Soil and debris contaminated with mixed radioactive newly identified D004–D011 characteristic wastes and mineral
processing wastes.


May 26, 2000.


20. Appendix VIII to Part 268 is amended by revising the title and adding in alpha numeric order the entry ‘‘NA’’
to read as follows:


Appendix VIII to Part 268—LDR Effective Dates of Injected Prohibited Hazardous Wastes


NATIONAL CAPACITY LDR VARIANCES FOR UIC WASTES


Waste code Waste category Effective date


* * * * * * *
NA .............................. Newly identified mineral processing wastes from titanium dioxide production and mixed radioactive/


newly identified D004–D011 characteristic wastes and mineral processing wastes.
May 26, 2000.


* * * * * * *
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PART 271—REQUIREMENTS FOR
AUTHORIZATION OF STATE
HAZARDOUS WASTE PROGRAMS


21. The authority citation for Part 271
continues to read as follows:


Authority: 42 U.S.C. 6905, 6912(a) and
6926.


Subpart A—Requirements for Final
Authorization


22. Section 271.1(j) is amended by
adding the following entries to Table 1
in chronological order by date of
publication in the Federal Register, and
by adding the following entries to Table


2 in chronological order by effective
date in the Federal Register, to read as
follows:


§ 271.1 Purpose and scope.


* * * * *
(j) * * *


TABLE 1.—REGULATIONS IMPLEMENTING THE HAZARDOUS AND SOLID WASTE AMENDMENTS OF 1984


Promulgation date Title of regulation Federal Register reference Effective date


* * * * * * *
May 26, 1998 ............. Land Disposal Restrictions Phase IV Final Rule ...................... [Insert FR page numbers] ....... August 24, 1998.


* * * * * * *


* * * * *


TABLE 2.—SELF-IMPLEMENTING PROVISIONS OF THE HAZARDOUS AND SOLID WASTE AMENDMENTS OF 1984


Effective date Self-implementing provision RCRA citation Federal Register reference


* * * * * * *
August 24, 1998 ................. Prohibition on land disposal of newly identified


wastes including TC metal wastes and char-
acteristic mineral processing wastes; treat-
ment standards for contaminated soil.


3004(m) ............ Date of publication and FR page cite.


May 26, 2000 ...................... Prohibition on land disposal of newly identified
wastes from elemental phosphorus processing
and mixed radioactive and newly identified TC
metal/mineral processing wastes (including
soil and debris).


3004(m) ............ Date of publication and FR page cite.


Prohibition on underground injection of newly
identified mineral processing wastes from tita-
nium dioxide production


* * * * * * *


* * * * *
[FR Doc. 98–12575 Filed 5–22–98; 8:45 am]
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9441.1989(30) 
 
United States Environmental Protection Agency 
Washington, D.C. 20460 
Office of Solid Waste and Emergency Response 
 
June 19, 1989 
 
Mr. Thomas C. Jorling  
Commissioner  
Department of Environmental  
Conservation  
State of New York  
Albany, New York 12233-1010 
 
Dear Mr. Jorling: 
 
     I am writing in response to your letter of May 5, 1989, in 
which you ask numerous questions concerning the regulatory status, 
under the Resource Conservation and Recovery Act (RCRA), of 
environmental media (ground water, soil, and sediment) contaminated 
with RCRA-listed hazardous waste. 
 
     As you point out in your letter, it is correct that the 
Agency's "contained-in" interpretation is that contaminated 
environmental media must be managed as if they were hazardous 
wastes until they no longer contain the listed waste, or are 
delisted. This leads to the critical question of when an 
environmental medium contaminated by listed hazardous waste ceases 
to be a listed hazardous waste. In your letter, you discuss three 
possible answers (based on previous EPA positions and documents) 
which you believe address this question, and request the Agency to 
clarify its interpretation. Each of these is discussed below. 
 
     The first possible answer you cite would be that the 
contaminated media would be a hazardous waste unless and until it 
is delisted, based on the "mixture" and "derived-from" rules. As 
you correctly state in your letter, a waste that meets a listing 
description due to the application of either of these rules remains 
a listed hazardous waste until it is delisted. However, these two 
rules do not pertain to contaminated environmental media. Under our 
regulations, contaminated media are not considered solid wastes in 
the sense of being abandoned, recycled, or inherently waste-like as 
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those terms are defined in the regulations. Therefore, contaminated 
environmental media cannot be considered a hazardous waste via the 
"mixture" rule (i.e., to have a hazardous waste mixture, a 
hazardous waste must be mixed with a solid waste per 40 CFR 
261.3(a)(2)(iv)). Similarly, the "derived-from rule does not apply 
to contaminated media. Our basis for stating that contaminated 
environmental media must be managed as hazardous wastes is that 
they "contain" listed hazardous waste. These environmental media 
must be managed as hazardous waste because, and only as long as, 
they "contain" a listed hazardous waste, (i.e., until 
decontaminated). 
 
     The second possibility you mention is that environmental media 
contaminated with a RCRA listed waste no longer have to be managed 
as a hazardous waste if the hazardous constituents are completely 
removed by treatment. This is consistent with the Agency's 
"contained-in" interpretation and represents the Agency's current 
policy. 
 
     The third possibility you discuss comes from Sylvia Lowrance's 
January 24, 1989, memorandum that you cited in your letter. This 
memorandum indicates that OSW has not issued any definitive 
guidance as to when, or at what levels, environmental media 
contaminated with listed hazardous waste are no longer considered 
to contain that hazardous waste. It also states that until such 
definitive guidance is issued, the Regions may determine these 
levels on a case-specific basis. Where this determination involves 
an authorized State, such as New York, our policy is that the State 
may also make such a determination. 
 
     Related to such a determination, you ask whether a risk 
assessment approach that addressed the public health and 
environmental impacts of hazardous constituents remaining in 
treatment residuals would be acceptable. This approach would be 
acceptable for contaminated media, but would not be acceptable for 
"derived-from" wastes under our current rules. Additionally, 
consistent with the statute, you could substitute more stringent 
standards or criteria for contaminated environmental media than 
those recommended by the Federal EPA if you determined it to be 
appropriate. 
 
     The Agency is currently involved in a rulemaking effort 
directed at setting de minimis levels for hazardous constituents 
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below which eligible listed wastes, treatment residuals from those 
wastes, and environmental media contaminated with those listed 
wastes would no longer have to be managed as hazardous wastes. The 
approach being contemplated in the De Minimis program would be 
similar to that used in the proposed RCRA Clean Closure Guidance in 
terms of the exposure scenario (direct ingestion), the management 
scenario (not in a waste management unit), and the levels 
(primarily health-based). 
 
     Your final question related to whether the "remove and 
decontaminate" procedure set forth in the March 19, 1987 Federal 
Register preamble to the conforming regulations on closing surface 
impoundments applies when making complete removal determinations 
for soil. These procedures do apply when one chooses to clean close 
a hazardous waste surface impoundment by removing the waste. The 
preamble language states that the Agency interprets the term 
"remove" and "decontaminate" to mean removal of all wastes, liners, 
and/or leachate (including ground water) that pose a substantial 
present or potential threat to human health or the environment (52 
FR 8796). Further discussion of these requirements is provided in 
a clarification notice published on March 28, 1988, (53 FR 1144) 
and in OSWER Policy Directive # 9476.00-18 on demonstrating 
equivalence of Part 265 clean closure with Part 264 requirements 
(copy enclosed).  
 
     I hope that this response will be helpful to you in 
establishing and implementing New York's hazardous waste policies 
on related issues. Should you have additional questions, please 
contact Bob Dellinger, Chief of the Waste Characterization Branch 
at (202) 475-8551.  
 
Sincerely yours, 
Jonathan Z. Cannon 
Acting Assistant Administrator 
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9441.1991(04) 
 
United States Environmental Protection Agency 
Washington, D.C. 20460 
Office of Solid Waste and Emergency Response 
 
March 26, 1991 
 
John E. Ely  
Enforcement Director  
Virginia Department of Waste Management  
101 North 14th Street  
Richmond, Virginia 23219 
 
Dear Mr. Ely: 
 
     At the request of Carlyle C. Ring, Vice President and General 
Counsel of Atlantic Research Corporation, I am sending this letter 
to summarize the Agency's current position on the "contained-in" 
interpretative policy. It is my understanding, based upon Mr. 
Ring's letter, that there was some question as to whether the 
"contained-in" interpretative policy applies to all environmental 
media or only to ground water. Mr. Ring's letter also suggested 
that a letter from my Office would help resolve this matter. I hope 
this letter will answer this question and further clarify the 
policy. I have also enclosed, for your information, a memorandum 
from Jonathan Cannon to Thomas Jorling dated June 19, 1989. I hope 
that you will find these helpful. 
 
     The "contained-in" interpretation addresses environmental 
media (i.e., ground water, soil, and sediment) contaminated with 
RCRA listed hazardous waste. Our federal regulations at 40 CFR Part 
261.3 identify hazardous wastes. Among other things, these 
regulations state that a solid waste mixed with a hazardous waste 
is a hazardous waste. However, these regulations generally do not 
specifically address environmental media, which are not solid 
wastes, mixed with listed hazardous waste. The Agency's position 
continues to be that mixtures of environmental media and listed 
hazardous waste (i.e., contaminated ground water, contaminated 
soil, and contaminated sediments) must be managed as if they were 
hazardous waste. This position is known as the "contained-in" 
policy. EPA's application of the "contained-in" policy to 
contaminated media was upheld by the D.C. Circuit Court of Appeals 
in Chemical Waste Management Inc. v. U.S.EPA, 869 F.2d 1526 (D.C. 
Cir. 1989). 
 
     Consistent with this approach, the Agency further interprets 
the regulations to mean that environmental media contaminated with 
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listed hazardous waste must be managed as if they were hazardous 
waste until the media no longer contain the listed hazardous waste 
(i.e., until decontaminated), or are delisted. To date, the Agency 
has not issued any definitive guidance as to when, or at what 
levels, environmental media contaminated with listed hazardous 
waste no longer contain that hazardous waste. Until such guidance 
is issued, the Regions or authorized States may determine these 
levels on a case-specific basis. However, as you know, States that 
are authorized to implement the RCRA hazardous waste program, as 
Virginia is, are not bound by EPA's interpretation of the Federal 
regulations. Although they usually follow Federal interpretations, 
authorized States may interpret their own regulations more strictly 
than EPA interprets the Federal regulations. 
 
     Related to making a determination as to when contaminated 
media no longer contains listed hazardous waste, we suggest that a 
risk assessment approach be used that addresses the public health 
and environmental impacts of hazardous constituents remaining in 
the treated soils. And as stated above, the authorized State could 
apply more stringent standards or criteria for contaminated 
environmental media than those recommended by the Federal EPA if 
the authorized state determined it to be appropriate. [Note: 
However, this approach does not apply to residuals from the 
treatment of listed hazardous waste or mixtures of solid waste with 
listed hazardous waste under our current regulations, which must be 
delisted.] 
 
     I hope that this letter will be helpful to you in establishing 
and implementing Virginia's hazardous waste policies on related 
issues. Should you have any questions concerning EPA's 
"contained-in" interpretative policy, please contact Steve Cochran, 
Acting Chief of the Waste Identification Branch, at (202) 382-4770. 
 
Sincerely yours, 
Sylvia K. Lowrance 
Director 
Office of Solid Waste 
 
cc:  C. Ring; D. Freedman 
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feliteVV a any plans or Inroposals for aetiOrIS Ul floc► lplatins„ in accord-
ance with Section 41b) of Executive ()railer l%Io. 11514, as arngnided, in-
city:ling the clevehaprent of ININ ► UNitures to aurcomplish this objective for
Fecheral acfions, whose impact is not signfificant enough to require the
preparation of ell environmental impact stodennent, under sectical
02(2X(:) of the :National Etrvir continental Policy Act of 1969„ as amend-


ed.
OD) Any requelts, for new arnloriorh)ns, cmr appxtipriaticxns transmidoi


to the ICHTikme of Management arni. Ehudgel sivall indicate, if an action tA)
be proposgmi will be located in a. flk)ociphlin, whether the proposed
action is ill accord vvith this 101rder.


(c) Each agency shall take ilc ► kholain management into ,account
librEhtflUllhilg car evaluating any 'water and hand use plans arid shall re-
quire land and 'water .resources use appropriate to the degree of hazard
involved. .A.gencies; shall include ;adequate provision for the evaluation
;and consideration of flood hazards in the regulations arid operating ]pro..
cetitures fo:r the heenSieS, permits, loon or grants,im•ni prt)granns that
they achlnlister. ikspencies shall also encourage and provide: approp•fitte
guiciaree to applicants tc) evaluate the enreas c7 their proposals, in
'Iliondplains prior to submitting applications, fbr Federal licenses, per-
mits, loans or grants.


((0 As allo`Ned hY law, each agency shall issue or .arnend existing ,reg-
ulations and proceditres vvitifin one year v) conlOv vviCh this C)rder.
TIMM! r► NDeelitUreS shall incorpoilme the 12nified lqaficmial 1?rogram fOr
Fh)odpbain Managerngmat dram Water Resources Ccmancil,' and shall ex,
plain the moms dim the agency vvill erriploy pursue the narilituEar-
(IOUS USe of riverine, coastal atrial Other 11( ►0dpiehIS hl conntetion with
the activities under its auChcmrity. To the extent postidtble, existing ►roc-
elSeS, such as Chose of the Council an Envircarnental 1:',I1uality and the
'Water Ites ►uroes Council, shall be utilize:1 to fulfill the requirements of
this C)rder. Agencies shill prepare their procedures in con sultation vviCh.
the 'Water Resources Council, the Directg)r of tilt! Fechtral Emergency


ElE117170111tIAL IN11.71r1E:: Inactive as of Oct I„ 1198:2..







Codification of Plqisiderdial Proclamations anal libcoarliins Orders


Management Agency, and the ,Council c ii Environmerrad Chmtlity, and
shall I update such p roc edur es as necessar y
[Sc.e 2 1.1nriendlecl by 12;10 12148 a duly 20, 1979, 44 FR. 43139, 3 CFR, 1979 Gamp.„
4111


SEX, 3. In addition to the requirements of Secticna 2, agencies vvhda
responsibilities for Federal real property and facilithes shall take the fcd-
havving measures:


(a) 'Ile regulations and procedures established under Section 2.(d) of
this C)rder sindl, at a. minirrima, necashat the ccmastruction of Fedelail
struciares and facilhies to be in accordance with the standards 8114
terha and. lia toe ccrushalnat Nvitia the intent: of those promiligated under
tint Pgational Fliacod lmnarance Pnagram. 'rimy sludi del/hunt only to the
extent. ChAa the standards of the Flood insinanee Program are demon-
Istria," y inappropriate f br t given type of structure 017	 t y,


(b) If, after compliance 'with the requirements cif tills, ()Itler, new cm,
straclical of structures cur facihthes	 no be bacated in a floodplain, ac-
atpled flocniproofing and other flood protect:km inn 	 stud], be ap-
plied to new construction or reluabilitathan.	 sicliklme fiiood. prciex-
tkan, agenches shall,, whereimer praciicable, elevate structures ;siboime the
base flood level rattier than filling in Land.


(c) If r► a ►rmtrty Used by the general public has saifferval flood damage
or is located in an. identified fic ►od lutztuad 2111NR, the limipcmasible agency
shall proviCht on structures, and other places where appropriate con-
spicuous delineation of past and probable floo d) height in older to en-
hance putlic itivareness of and luricrwledge about flcoc ►d hazards.


(d) Ihrbann property ha flocoodphies is proposed. for lease, easement
right-la-IA/ay, or diSiNossil to nor••Federad pasblk: or private: garnes„ the
Federal agency shall (1) reference in. the conveyance those Wes that are
restricted under identified IFederid, Slane or loud. floodphdri regulatharau
and (2) attach. other approprhate restrictions to the uses of properties by
the grantee or purchaser and ;any succ esscrs„ except 'where  prohibited.
bylaw; or (3) withhold such properties ficnal conlfeyance.


SEC. 4. In miditicna to any respoltsibilithes ander this Oilier and Sec-
ticons 2102 and 205 of the Flood. IDisaster Protection Act, of 11973,, as
amended (4 2 1CI.S.1:1 4106 and 41110, agencies vvhdch guarsdatee ap-
rwove, regulate or ins ure any fhaarxdad transaction which is related to
an area located in a flocniplidal sluall, rorhar toconipleting action on such
transactiaan, irdrorna any private parties participating ha the transaction. of
the. hazards allocating structures in the floodplain.


Stec„ 5. The head of each agency shall SlabMit a, report to the ,Council
on Environmental Quality and to the \Water Rtenatuxes cis hint
30, 19711, regarding the status of their procedu•es and the impact ciflitis
Older on the agencys ►persdicmas. Thereafter, die lArater Resources
Council shall rwricodically el/al:mate agenclf procedures and their it:free ,
tiveness.


.A.s used in this C)rChtr:
(a) The 'elan "agermy" shall have the saline meaning as the term "EJI,


ecautive ag4macy" in Section. 105 °Untie 5 off tile thillAN1 States Code aml
shall include military dlepsuldin:ats; the directives ccnatained in this
C ►rdanr, haNvever, are meant tco apply only to those agencies vvhicla per-
farina it activities described in Secticm 11 which are located in or affect-
ing fl ►odpladris.







Chapter 40L—Protection Ii1 Eavireameal


(b) The term "base flood" shall niean that x: vvhich has, a one per-
cient or &uifier chanoe of occurrienoe in any gjvien. yelm


(c) Thu! terns "floodplain" shall mean: llue lowland and relativehr flat
areas adjoining inland and coastal waters including floodprone areas of
offdlore islands, including alt a nliniarminn„ tfult area sailkiect to a one per-
cent or g•eater clianoe of floc► hns In any


SEE.  7. Executive OTder No. 11296 of August 10, 1966, is hereby re-
vok.ed. All .actions, procedures„ and issuances Laken under that Order
and still in effect shall remain in effect until modified by appropriate
authority under the terms of this Order:


Simi 8. lSiothing in this Order shall apply to assistance provided for
emergency work eaSenttal to save lives and protect property and public
health andl safety, :perfOrnied pursuant to sections 305 ;and 306 of the
Disaster Relief Act of 11974 (88 Stat. 148, 42 U.S.C. 514:5 and 514154..


SEC. 9. TO the extent the provisions of !section. 2(a) of this Order are
applicable to projects covered by Section 104(h) of the 1-lousing and
Community Ett:velloptrient Act: of 1974,, as amended. (88 Stat.. 640, 42


5304(h))., the responsibilities under those provisions may be as-
sumed by the appropriate applicant, if the .ap ►licant has, also assumed,.
Nvith. reS ►eet to such prOjaCtS,, ;all of the responsibilities for environment- ,
tall revievv, decisionmaking.„ and. action. pursuant to the National Envii-
ronniental dtkat of 969,, aS antended..,


Cllmplwr 41&-Prgdtm(:itiwrt d &winmMllM4Mlrl
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October 14, 1998


MEMORANDUM


SUBJECT: Management of Remediation Waste Under RCRA


TO: RCRA/CERCLA Senior Policy Managers
Regional Counsels


FROM: Timothy Fields, Jr., Acting Assistant Administrator for
Solid Waste and Emergency Response  /signed/


Steven A. Herman, Assistant Administrator for
Enforcement and Compliance Assurance  /signed/


Rapid clean up of RCRA corrective action facilities and Superfund sites is one of the
Agency’s highest priorities.  In this context, we often receive questions about management of
remediation waste under the Resource Conservation and Recovery Act (RCRA).  To assist you in
successfully implementing RCRA requirements for remediation waste, this memorandum
consolidates existing guidance on the RCRA regulations and policies that most often affect
remediation waste management.  We encourage you to work with the regulations, policies and
approaches outlined in this memorandum to achieve our cleanup goals as quickly and efficiently as
possible.


Note that not all remediation wastes are subject to RCRA Subtitle C hazardous waste
requirements.  As with any other solid waste, remediation wastes are subject to RCRA Subtitle C
only if they are listed or identified hazardous waste.  Environmental media are subject to RCRA
Subtitle C only if they contain listed hazardous waste, or exhibit a characteristic of hazardous
waste.  These distinctions are discussed more completely below.


The information in this memo is divided into three categories: information on regulations
and policies that apply to all remediation waste; information on regulations and policies that apply
only to contaminated media; and, information on regulations and policies that apply only to
contaminated debris.  Most of the references cited in this memo are available over the Internet. 
The Federal Register notices published after 1994 are available at www.access.gpo.gov/nara; the
guidance memos and other EPA documents are available at www.epa.gov/correctiveaction. 
Federal Register notices and other documents are also available through the RCRA/CERCLA
hotline: in Washington D.C., call (703) 412-9810; outside Washington D.C., call (800) 424-9346;
and hearing impaired call (800) 553-7672.  The hotline’s hours are Monday - Friday, excluding
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Federal holidays, 8:00 - 5:00, eastern standard time. Many EPA guidance memos and other
documents may also be obtained through the RCRA/CERCLA hotline fax-back system.  To
obtain a list of documents available over the fax-back system, and fax-back system code numbers,
call the RCRA/CERCLA hotline at the numbers listed above.


  I hope this information will assist you as you continue to make protective, inclusive, and
efficient cleanup decisions.  If you have additional questions or require more information, please
contact Robert Hall or Greg Madden, of our staffs, on (703) 308-8484 or (202) 564-4229
respectively.


Regulations and Policies that Apply to All Remediation Wastes 


Area of Contamination Policy.  In what is typically referred to as the area of
contamination (AOC) policy, EPA interprets RCRA to allow certain discrete areas of generally
dispersed contamination to be considered RCRA units (usually landfills).  Because an AOC is
equated to a RCRA land-based unit, consolidation and in situ treatment of hazardous waste
within the AOC do not create a new point of hazardous waste generation for purposes of RCRA.
This interpretation allows wastes to be consolidated or treated in situ within an AOC without
triggering land disposal restrictions or minimum technology requirements.  The AOC
interpretation may be applied to any hazardous remediation waste (including non-media wastes)
that is in or on the land.  Note that the AOC policy only covers consolidation and other in situ
waste management techniques carried out within an AOC.  For ex situ waste management or
transfer of wastes from one area of contamination to another, see discussion of corrective action
management units, below. 


The AOC policy was first articulated in the National Oil and Hazardous Substances
Pollution Contingency Plan (NCP).  See 53 FR 51444 for detailed discussion in proposed NCP
preamble; 55 FR 8758-8760, March 8, 1990 for final NCP preamble discussion.  See also, most
recent EPA guidance, March 13, 1996 EPA memo, “Use of the Area of Contamination Concept
During RCRA Cleanups.”


Corrective Action Management Units (CAMUs).  The corrective action management
unit rule created a new type of RCRA unit – a Corrective Action Management Unit or CAMU --
specifically intended for treatment, storage and disposal of hazardous remediation waste.  Under
the CAMU rule, EPA and authorized states may develop and impose site-specific design,
operating, closure and post-closure requirements for CAMUs in lieu of MTRs for land-based
units.  Although there is a strong preference for use of CAMUs to facilitate treatment,
remediation waste placed in approved CAMUs does not have to meet LDR treatment standards. 


The main differences between CAMUs and the AOC policy (discussed above) are that,
when a CAMU is used, waste may be treated ex situ and then placed in a CAMU, CAMUs may
be located in uncontaminated areas at a facility, and wastes may be consolidated into CAMUs
from areas that are not contiguously contaminated.  None of these activities are allowed under the
AOC policy, which, as discussed above, covers only consolidation and in situ management
techniques carried out within an AOC.
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CAMUs must be approved by EPA or an authorized state and designated in a permit or
corrective action order.  In certain circumstances, EPA and states (including states that are not
authorized for the CAMU regulations) may use other mechanisms to approve CAMUs.  See, 58
FR 8677, February 16, 1993; appropriate use of RCRA Section 7003 orders and comparable state
orders is discussed below and in an EPA guidance memo from J. Winston Porter to EPA Regional
Administrators, “RCRA Permit Requirements for State Superfund Actions,” November 16, 1987,
OSWER Directive 9522.00-2.  In addition, as appropriate, CAMUs may be approved by EPA as
an applicable or relevant and appropriate requirement during a CERCLA cleanup using a record
of decision or by an authorized state during a state cleanup using a CERCLA-like authority and a
similar state document.  See, e.g., 58 FR 8679, February 16, 1993.  An opportunity for the public
to review and comment on tentative CAMU approvals is required by the regulations when
CAMUs are approved using permitting procedures and as a matter of EPA policy when CAMUs
are approved using orders.  EPA recommends that, whenever possible, remediation project
managers combine this public participation with other public involvement activities that are
typically part of remediation.  For example, public notice of tentative approval of a CAMU could
be combined with public notice of a proposed plan under CERCLA. 


The CAMU rule is currently subject to litigation; however, the suit has been stayed
pending promulgation of the final HWIR-Media regulations.  Although EPA proposed to
withdraw CAMUs as part of the HWIR-Media proposal, the Agency now intends to retain the
CAMU rule.  The Agency encourages approval of CAMUs when they are appropriate given the
site-specific conditions. 


The CAMU regulations are at 40 CFR 264.552, promulgated February 16, 1993 (58 FR
8658).  The differences between CAMUs and AOCs are discussed in more detail in the March 13,
1996 EPA guidance memo, “Use of the Area of Contamination Concept During RCRA
Cleanups.” 


Corrective Action Temporary Units (TUs).  Temporary units, like corrective action
management units, are RCRA units established specifically for management of hazardous
remediation waste.  The regulations for temporary units (TUs) were promulgated at the same time
as the regulations for corrective action management units.  The CAMU regulations established
land-based units for treatment, storage and disposal of remediation waste; the TU regulations
established non-land based units for treatment and storage of hazardous remediation waste. Under
the TU regulations, EPA and authorized states may modify existing MTR design, operating and
closure standards for temporary tank and container units used to treat and store hazardous
remediation waste.  Temporary units may operate for one year, with an opportunity for a one year
extension. 


 Like CAMUs, temporary units must be approved by EPA or an authorized state and
designated in a permit or corrective action order.  In certain circumstances, EPA and states
(including states that are not authorized for the TU regulations) may use other mechanisms to
approve TUs.  See, 58 FR 8677, February 16, 1993; appropriate use of RCRA Section 7003
orders and comparable state orders is discussed below and in an EPA guidance memo from J.
Winston Porter to EPA Regional Administrators, “RCRA Permit Requirements for State
Superfund Actions,” November 16, 1987, OSWER Directive 9522.00-2.  In addition, as
appropriate, TUs may be approved by EPA as an applicable or relevant and appropriate







1  Listing determinations are often particularly difficult in the remedial context because the listings are generally
identified by the sources of the hazardous wastes rather than the concentrations of various hazardous constituents;
therefore, analytical testing alone, without information on a waste’s source, will not generally produce information that will
conclusively indicate whether a given waste is a listed hazardous waste.
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requirement during a CERCLA cleanup using a record of decision or by an authorized state
during a state cleanup using a CERCLA-like authority and a similar state document.  Placement of
waste in tanks or containers, including temporary units, is not considered land disposal. 
Therefore, waste does not have to be treated to meet LDR treatment standards prior to being
placed in a TU.  Of course, LDRs must be met if hazardous remediation wastes are eventually
land disposed, for example, after they are removed from the TU; however, if treatment in a TU
results in constituent concentrations that comply with applicable land disposal restriction
treatment standards, no further treatment prior to land disposal is required as a condition of the
LDRs. 


An opportunity for the public to review and comment on tentative TU approvals is
required by the regulations when TUs are approved using permitting procedures and as a matter
of EPA policy when TUs are approved using orders.  As with CAMUs, EPA recommends that 
whenever possible, remediation project managers combine this public participation with other
public involvement activities that are typically part of remediation.  For example, public notice of
tentative approval of a temporary unit could be combined with public notice of a proposed plan
under CERCLA. 


The TU regulations are at 40 CFR 264.553, promulgated February 16, 1993 (58 FR
8658).


Determination Of When Contamination is Caused by Listed Hazardous Waste.  
Where a facility owner/operator makes a good faith effort to determine if a material is a listed
hazardous waste but cannot make such a determination because documentation regarding a
source of contamination, contaminant, or waste is unavailable or inconclusive, EPA has stated
that one may assume the source, contaminant or waste is not listed hazardous waste and,
therefore, provided the material in question does not exhibit a characteristic of hazardous waste,
RCRA requirements do not apply.  This approach was first articulated in the Proposed NCP
preamble which notes that it is often necessary to know the source of a waste (or contaminant) to
determine whether a waste is a listed hazardous waste under RCRA1 and also notes that, “at many
CERCLA sites no information exists on the source of the wastes.”  The proposed NCP preamble
goes on to recommend that the lead agency use available site information such as manifests,
storage records and vouchers in an effort to ascertain the sources of wastes or contaminants, but
that when this documentation is not available or inconclusive the lead agency may assume that the
wastes (or contaminants) are not listed RCRA hazardous wastes.  This approach was confirmed in
the final NCP preamble.  See, 53 FR 51444, December 21, 1988 for proposed NCP preamble
discussion; 55 FR 8758, March 13, 1990 for final NCP preamble discussion. 


This approach was also discussed in the HWIR-Media proposal preamble, 61 FR 18805,
April 29, 1996, where it was expanded to also cover dates of waste disposal – i.e., if, after a good
faith effort to determine dates of disposal a facility owner/operator is unable to make such a
determination because documentation of dates of disposal is unavailable or inconclusive, one may
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assume disposal occurred prior to the effective date of applicable land disposal restrictions.  This
is important because, if hazardous waste was originally disposed of before the effective dates of
applicable land disposal restrictions and media contaminated by the waste are determined not to
contain hazardous waste when first generated (i.e., removed from the land, or area of
contamination), the media are not subject to RCRA requirements, including LDRs.  See the
discussion of the contained-in policy, below.


Site Specific LDR Treatment Variances.  The regulations for site-specific LDR
treatment variances allow EPA and authorized states to establish a site-specific LDR treatment
standard on a case-by-case basis when a nationally applicable treatment standard is unachieveable
or inappropriate.  Public notice and a reasonable opportunity for public comment must be
provided before granting or denying a site-specific LDR treatment variance.  EPA recommends
that remediation project managers combine this public involvement with other public involvement
activities that are typically part of remediation.  Regulations governing site-specific LDR
treatment variances are at 40 CFR 268.44(h), promulgated August 17, 1988 (53 FR 31199) and
clarified December 5, 1997 (62 FR 64504).  The most recent EPA guidance on site-specific LDR
treatment variances, which includes information on establishing alternative LDR treatment
standards, is in the January 8, 1997 guidance memo, “Use of Site-Specific Land Disposal
Restriction Treatability Variances Under 40 CFR 268.44(h) During Cleanups.” 


In 1996, EPA revised its policy on state authorization for site-specific LDR treatment
variances and began encouraging states to become authorized to approve variances.  See, HWIR-
Media proposal, 61 FR 18828 (April 29, 1996).  


On May 26, 1998, EPA promulgated additional site-specific land disposal restriction
treatment variance opportunities specific to hazardous contaminated soil.  These opportunities are
discussed below.


Treatability Studies Exemption.  The term “treatability study”as defined at 40 CFR
260.10 refers to a study in which a hazardous waste is subjected to a treatment process to
determine: (1) whether the waste is amenable to the treatment process; (2) what pretreatment (if
any) is required; (3) the optimal process conditions needed to achieve the desired treatment; (4)
the efficiency of a treatment process for a specific waste or wastes; or, (5) the characteristics and
volumes of residuals from a particular treatment process.  Under regulations at 40 CFR 261.4(e)
and (f), hazardous wastes managed during a treatability study are exempt from many RCRA
Subtitle C requirements.  The regulations limit the amount of waste that may be managed under
an exempt treatability study to, generally, 1000 kg of hazardous waste or 1 kg of acutely
hazardous waste per study.  For contaminated environmental media, the volume limit is, generally,
10,000 kilograms of media that contain non-acutely hazardous waste and 2,500 kilograms of
media that contain acutely hazardous waste per study.  There are also limits on the types and
lengths of studies that may be conducted under the exemption and record keeping and reporting
requirements.  Regulations governing treatability studies are at 40 CFR 261.4(e) and (f),
associated preamble discussions at 52 FR 27290 (July 19, 1988) and 59 FR 8362 (February 18,
1994). 


Exemption for Ninety Day Accumulation.  Management of hazardous waste in tanks,
containers, drip pads and containment buildings does not constitute land disposal.  In addition,







2 Note that, under certain circumstances, substantive requirements may be waived using CERCLA.  See the
ARAR waiver provisions at 40 CFR 300.430(f)(1)(ii)(C).
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EPA has provided an exemption for generators of hazardous waste which allows them to
accumulate (i.e., treat or store) hazardous waste at the site of generation in tanks, containers, drip
pads or containment buildings for up to ninety days without RCRA interim status or a RCRA
permit.  Accumulation units must meet applicable design, operating, closure and post-closure
standards.  Because putting hazardous waste in a tank, container, drip pad or containment
building is not considered land disposal, LDR treatment standards do not have to be met before
putting waste in such units.  LDRs must be met if hazardous wastes are eventually land disposed,
for example, after they are removed from the accumulation unit; however, if treatment in an 
accumulation unit results in constituent concentrations that comply with applicable land disposal
restriction treatment standards, no further treatment prior to land disposal is required as a
condition of the LDRs.  The exemption for ninety-day accumulation is found in regulations at 40
CFR 262.34; associated preamble discussion is at 51 FR at 10168 (March 24, 1986).


Permit Waivers.  Under CERCLA Section 121(e), no Federal, state or local permit is
required for on-site CERCLA response actions.  EPA has interpreted CERCLA Section 121(e) to
waive the requirement to obtain a permit and associated administrative and procedural
requirements of permits, but not the substantive requirements that would be applied through 
permits.2  


In addition, on a case-by-case basis, where there may be an imminent and substantial
endangerment to human health or the environment, EPA has broad authority to require corrective
action and other appropriate activities under RCRA Section 7003.  Under RCRA Section 7003,
EPA has the ability to waive both the requirement to obtain a permit and the substantive
requirements that would be imposed through permits.  When EPA uses RCRA Section 7003,
however, the Agency seldom uses RCRA Section 7003 to waive substantive requirements.  In
rare situations where substantive requirements are waived, the Agency would impose alternative
requirements (e.g, waste treatment or storage requirements) as necessary to ensure protection of
human health and the environment.  EPA may issue RCRA Section 7003 orders at, among other
sites, facilities that have been issued RCRA permits and facilities that are authorized to operate
under RCRA interim status.  In discussing the use of 7003 orders, where other permit authorities
are available to abate potential endangerments, EPA generally encourages use of those other
permit authorities (e.g., 3005(c)(3) omnibus permitting authority) rather than RCRA Section
7003.  Similarly, if RCRA Section 3008(h) or RCRA Section 3013 authority is available, EPA
generally encourages use of these authorities rather than RCRA Section 7003.  If permit
authorities or non-RCRA Section 7003 enforcement authorities are inadequate, cannot be used to
address the potential endangerment in a timely manner, or are otherwise inappropriate for the
potential endangerment at issue, use of RCRA Section 7003 should be considered.  See,
“Guidance on the Use of Section 7003 of RCRA,” U.S. EPA, Office of Enforcement and
Compliance Assurance, October 1997.  


In 1987, EPA issued guidance indicating that RCRA-authorized states with state waiver
authorities comparable to CERCLA 121(e) or RCRA Section 7003 could use those state waiver
authorities to waive RCRA requirements as long as the state did so in a manner no less stringent
than that allowed under the corresponding Federal authorities.  These waivers are most often
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used, as are the Federal waivers, to obviate the need to obtain a RCRA permit, rather than to
eliminate substantive requirements.  See, EPA guidance memo from J. Winston Porter to EPA
Regional Administrators, “RCRA Permit Requirements for State Superfund Actions,” November
16, 1987, OSWER Directive 9522.00-2.  


Exemption from 40 CFR Part 264 Requirements for People Engaged in the
Immediate Phase of a Spill Response.  Regulations at 40 CFR 264.1(g)(8) provide that people
engaged in treatment or containment activities are not subject to the requirements of 40 CFR part
264 if the activities are carried out during immediate response to: (1) a discharge of hazardous
waste; (2) an imminent and substantial threat of a discharge of hazardous waste; (3) a discharge of
a materials which, when discharged, becomes a hazardous waste; or, (4) an immediate threat to
human health, public safety, property or the environment from the known or suspected presence
of military munitions, other explosive material, or an explosive device.  This means that, during
the immediate phase of a spill response, hazardous waste management activities do not require
hazardous waste permits (or interim status) and hazardous waste management units used during
immediate response actions are not subject to RCRA design, operating, closure or post-closure
requirements.  


Of course, if hazardous waste treatment activities or other hazardous waste management
activities continue after the immediate phase of a spill response is over, all applicable hazardous
waste management and permitting requirements would apply.  In addition, if spills occur at a
facility that is already regulated under 40 CFR part 264, the facility owner/operator must continue
to comply with all applicable requirements of 40 CFR Part 264 Subparts C (preparedness and
prevention) and D (contingency plan and emergency procedures).  See regulations at 40 CFR
260.1(g) and associated preamble discussion at 45 FR 76626 (November 19, 1980).  See also,
Sept. 29, 1986 memo from J. Winston Porter (EPA Assistant Administrator) to Fred Hansen
interpreting the 40 CFR 264.1(g) regulations.


Changes During Interim Status to Comply with Corrective Action Requirements. 
Under regulations at 40 CFR 270.72(a)(5), an owner or operator of an interim status facility may
make changes to provide for treatment, storage and disposal of remediation wastes in accordance
with an interim status corrective action order issued by EPA under RCRA Section 3008(h) or
other Federal authority, by an authorized state under comparable state authority, or by a court in a
judicial action brought by EPA or an authorized state.  These changes are limited to treatment,
storage and disposal of remediation waste managed as a result of corrective action for releases at
the facility in question; however, they are exempt from the reconstruction ban under 40 CFR
270.72(b).  Under this provision, for example, EPA could approve a corrective action
management unit for treatment of remediation waste using a 3008(h) order (or an authorized state
could approve a CAMU using a similar state authority), even if that unit would otherwise amount
to “reconstruction.”  Of course, units added at interim status facilities in accordance with this
provision must meet all applicable unit requirements; for example, in the case of a CAMU, the
CAMU requirements apply.  See, regulations at 40 CFR 270.72(a)(5) promulgated March 7, 1989
and associated preamble discussion at 54 FR 9599.


Emergency Permits.  In the event of an imminent and substantial endangerment to human
health or the environment, EPA, or an authorized state, may issue a temporary emergency permit
for treatment, storage or disposal of hazardous waste.  Emergency permits may allow treatment,
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storage or disposal of hazardous waste at a non-permitted facility or at a permitted facility for
waste not covered by the permit.  Emergency permits may be oral or written.  (If oral, they must
be followed within five days by a written emergency permit.)  Emergency permits must specify the
hazardous wastes to be received and managed and the manner and location of their treatment,
storage and disposal.  Emergency permits may apply for up to ninety days, but may be terminated
at any point if EPA, or an authorized state, determines that termination is appropriate to protect
human health or the environment.  Emergency permits must be accompanied by a public notice
that meets the requirements of 40 CFR 124.10(b), including the name and address of the office
approving the emergency permit, the name and location of the hazardous waste treatment, storage
or disposal facility, a brief description of the wastes involved, the actions authorized and the
reason for the authorization, and the duration of the emergency permit.  


Emergency permits are exempt from all other requirements of 40 CFR part 270 and part
124; however, to the extent possible and not inconsistent with the emergency situation, they must
incorporate all otherwise applicable requirements of 40 CFR part 270 and parts 264 and 266.


See, regulations at 40 CFR 270.61, originally promulgated as 40 CFR 122.27 on May 19,
1987 (45 FR 33326).  EPA has also written a number of letters interpreting the emergency permit
regulations, see, for example, November 3, 1992 letter to Mark Hansen, Environmental Products
and Services Inc., from Sylvia Lowrance, Director Office of Solid Waste (available in the RCRA
Permit Policy Compendium).


Temporary Authorizations at Permitted Facilities.  Under regulations at 40 CFR
270.42(e), EPA, or an authorized state, may temporarily authorize a permittee for an activity that
would be the subject of a class two or three permit modification in order to, among other things,
facilitate timely implementation of closure or corrective action activities.  Activities approved
using a temporary authorization must comply with applicable requirements of 40 CFR part 264. 
Temporary authorizations are limited to 180 days, with an opportunity for an extension of 180
additional days.  To obtain an extension of a temporary authorization, a permittee must have
requested a class two or three permit modification for the activity covered in the temporary
authorization.  Public notification of temporary authorizations is accomplished by the permittee
sending a notice about the temporary authorization to all persons on the facility mailing list and to
appropriate state and local governments.  See regulations at 40 CFR 270.42, promulgated on
September 28, 1988, and associated preamble at 53 FR 37919.


Regulations and Policies that Apply to Contaminated Environmental Media Only


Contained-in policy.  Contaminated environmental media, of itself, is not hazardous
waste and, generally, is not subject to regulation under RCRA.  Contaminated environmental
media can become subject to regulation under RCRA if they “contain” hazardous waste.  As
discussed more fully below, EPA generally considers contaminated environmental media to
contain hazardous waste: (1) when they exhibit a characteristic of hazardous waste; or, (2) when
they are contaminated with concentrations of hazardous constituents from listed hazardous waste
that are above health-based levels.


If contaminated environmental media contain hazardous waste, they are subject to all
applicable RCRA requirements until they no longer contain hazardous waste.  EPA considers
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contaminated environmental media to no longer contain hazardous waste: (1) when they no
longer exhibit a characteristic of hazardous waste; and (2) when concentrations of hazardous
constituents from listed hazardous wastes are below health-based levels.  Generally, contaminated
environmental media that do not (or no longer) contain hazardous waste are not subject to any
RCRA requirements; however, as discussed below, in some circumstances, contaminated
environmental media that contained hazardous waste when first generated (i.e., first removed
from the land, or area of contamination) remain subject to LDR treatment requirements even after
they “no longer contain” hazardous waste.  


The determination that any given volume of contaminated media does not contain
hazardous waste is called a “contained-in determination.”  In the case of media that exhibit a
characteristic of hazardous waste, the media are considered to “contain” hazardous waste for as
long as they exhibit a characteristic.  Once the characteristic is eliminated (e.g., through
treatment), the media are no longer considered to “contain” hazardous waste.  Since this
determination can be made through relatively straightforward analytical testing, no formal
“contained-in” determination by EPA or an authorized state is required.  Just like determinations
about whether waste has been adequately decharacterized, generators of contaminated media may
make independent determinations as to whether the media exhibit a characteristic of hazardous
waste.  In the case of media that are contaminated by listed hazardous waste, current EPA
guidance recommends that contained-in determinations be made based on direct exposure using a
reasonable maximum exposure scenario and that conservative, health-based, standards be used to
develop the site-specific health-based levels of hazardous constituents below which contaminated
environmental media would be considered to no longer contain hazardous waste.  Since this
determination involves development of site-specific health-based levels, the approval of EPA or
an authorized state is required.


In certain circumstances the, RCRA land disposal restrictions will continue to apply to
contaminated media that has been determined not to contain hazardous waste.  This is the case
when contaminated media contain hazardous waste when they are first generated (i.e., removed
from the land, or area of contamination) and are subsequently determined to no longer contain
hazardous waste (e.g., after treatment), but still contain hazardous constituents at concentrations
above land disposal restriction treatment standards.  It is also the case when media are
contaminated as a result of disposal of untreated (or insufficiently treated) listed hazardous waste
after the effective date of an applicable LDR treatment requirement.  Of course, if no land
disposal will occur (e.g., the media will be legitimately recycled) the LDR treatment standards do
not apply.  In addition, contaminated environmental media determined not to contain any waste
(i.e., it is just media, it does not contain solid or hazardous waste) would not be subject to any
RCRA Subtitle C requirements, including the LDRs, regardless of the time of the “contained-in”
determination.


The contained-in policy was first articulated in a November 13, 1986 EPA memorandum,
“RCRA Regulatory Status of Contaminated Groundwater.”  It has been updated many times in
Federal Register preambles, EPA memos and correspondence, see, e.g., 53 FR 31138, 31142,
31148 (Aug. 17, 1988), 57 FR 21450, 21453 (May 20, 1992), and detailed discussion in HWIR-
Media proposal preamble, 61 FR 18795 (April 29, 1996).  A detailed discussion of the continuing
requirement that some soils which have been determined to no longer contain hazardous waste
(but still contain solid waste) comply with land disposal treatment standards can be found in the







3 This rule, which also addresses a number of non-soil issues, has been challenged by a number of parties.  To
date, the parties have filed non-binding statements of issues only; however, based on those statements, it appears that, with
the exception of the requirement that PCBs be included as an underlying hazardous constituent which has been challenged
for both soil and non-soil wastes, the soil treatment standards are not included in the challenges.


4 Except fluoride, selenium, sulfides, vanadium and zinc.
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HWIR-Media proposal preamble, 61 FR 18804; the September 15, 1996 letter from Michael
Shapiro (EPA OSW Director) to Peter C. Wright (Monsanto Company); and the preamble to the
LDR Phase IV rule, 63 FR 28617 (May 26, 1998). 


Note that the contained-in policy applies only to environmental media (soil, ground water,
surface water and sediments) and debris.  The contained-in policy for environmental media has
not been codified.  As discussed below, the contained-in policy for hazardous debris was codified
in 1992.


RCRA Section 3020(b) Exemption for Reinjection of Contaminated Ground Water.  
Under RCRA Section 3020(a), disposal of hazardous waste into or above a formation that
contains an underground source of drinking water is generally prohibited.  RCRA Section 3020(b)
provides an exception for underground injection carried out in connection with certain
remediation activities.  Under RCRA Section 3020(b), injection of contaminated ground water
back into the aquifer from which it was withdrawn is allowed if: (1) such injection is conducted as
part of a response action under Section 104 or 106 of CERCLA or a RCRA corrective action
intended to clean up such contamination; (2) the contaminated ground water is treated to
substantially reduce hazardous constituents prior to reinjection; and, (3) the response action or
corrective action will, on completion, be sufficient to protect human health and the environment. 
Approval of reinjection under RCRA Section 3020(b) can be included in approval of other
cleanup activities, for example, as part of approval of a RCRA Statement of Basis or CERCLA
Record of Decision.  See, RCRA Section 3020(b), established as part of the 1984 HSWA
amendments.  See also, OSWER Directive 9234.1-06, “Applicable of Land Disposal Restrictions
to RCRA and CERCLA Ground Water Treatment Reinjection Superfund Management Review:
Recommendation No. 26,” November 27, 1989.


LDR Treatment Standards for Contaminated Soils.  On May 26, 1998, EPA
promulgated land disposal restriction treatment standards specific to contaminated soils.3  These
treatment standards require that contaminated soils which will be land disposed be treated to
reduce concentrations of hazardous constituents by 90 percent or meet hazardous constituent
concentrations that are ten times the universal treatment standards (UTS), whichever is greater. 
(This is typically referred to as 90% capped by 10xUTS.)  For contaminated soil that exhibits a
characteristic of ignitable, reactive or corrosive hazardous waste, treatment must also eliminate
the hazardous characteristic. 


The soil treatment standards apply to all underlying hazardous constituents4 reasonably
expected to be present in any given volume of contaminated soil when such constituents are found
at initial concentrations greater than ten times the UTS.  For soil that exhibits a characteristic of
toxic, ignitable, reactive or corrosive hazardous waste, treatment is also required for: (1) in the
case of the toxicity characteristic, the characteristic constituent; and, (2) in the case of ignitability,
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reactivity or corrosivity, the characteristic property.  Although treatment is required for each
underlying hazardous constituent, it is not necessary to monitor soil for the entire list of
underlying hazardous constituents.  Generators of contaminated soil can reasonably apply
knowledge of the likely contaminants present and use that knowledge to select appropriate
underlying hazardous constituents, or classes of constituents, for monitoring.  As with the LDR
treatment standards for hazardous debris (discussed below), generators of contaminated soil may
use either the applicable universal treatment standards for the contaminating hazardous waste or
the soil treatment standards.


See, soil treatment standard regulations at 40 CFR 268.49, promulgated May 26, 1998
and associated preamble discussion at 63 FR 28602-28622. 


Note that the soil treatment standards supersede the historic presumption that an LDR
treatment variance is appropriate for contaminated soil.  LDR treatment variances are still
available for contaminated soil, provided the generator can show that an otherwise applicable
treatment standard (i.e., the soil treatment standard) is unachieveable or inappropriate, as
discussed above, or can show that a site-specific, risk-based treatment variance is proper, as
discussed below.


Site-Specific, Risk-Based LDR Treatment Variance for Contaminated Soils.  On
May 26, 1998, EPA promulgated a new land disposal restriction treatment variance specific to
contaminated soil.  Under 40 CFR 268.44(h)(3), variances from otherwise applicable LDR
treatment standards may be approved if it is determined that compliance with the treatment
standards would result in treatment beyond the point at which short- and long-term threats to
human health and the environment are minimized.  This allows a site-specific, risk-based
determination to supersede the technology-based LDR treatment standards under certain
circumstances.


Alternative land disposal restriction treatment standards established through site specific,
risk-based minimize threat variances should be within the range of values the Agency generally
finds acceptable for risk-based cleanup levels.  That is, for carcinogens, alternative treatment
standards should ensure constituent concentrations that result in the total excess risk to an
individual exposed over a lifetime generally falling within a range from 10-4 to 10-6, using 10-6 as a
point of departure and with a preference for achieving the more protective end of the risk range.
For non-carcinogenic effects, alternative treatment standards should ensure constituent
concentrations that an individual could be exposed to on a daily basis without appreciable risk of
deleterious effect during a lifetime; in general, the hazard index should not exceed one (1). 
Constituent concentrations that achieve these levels should be calculated based on a reasonable
maximum exposure scenario -- that is, based on an analysis of both the current and reasonable
expected future land uses, with exposure parameters chosen based on a reasonable assessment of
the maximum exposure that might occur; however, alternative LDR treatment standards may not
be based on consideration of post-land disposal controls such as caps or other barriers.


See, regulations at 40 CFR 268.44(h)(4), promulgated May 26, 1998 and associated
preamble discussion at 63 FR 28606-28608.


Regulations and Policies that Apply Only to Debris
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LDR Treatment Standards for Contaminated Debris.  In 1992, EPA established land
disposal restriction treatment standards specific to hazardous contaminated debris.  The debris-
specific treatment standards established by these regulations are based on application of common
extraction, destruction, and containment debris treatment technologies and are expressed as
specific technologies rather than numeric criteria.  As with the contaminated soil treatment
standards discussed earlier, generators of hazardous contaminated debris may choose between
meeting either the debris treatment standards or the numerical treatment standard promulgated for
the contaminating hazardous waste.  See, regulations at 40 CFR 268.45, promulgated August 18,
1992, and associated preamble discussion at 57 FR 37194 and 27221.


Interpretation that Debris Treated to the LDR Debris Treatment Standards Using
Extraction or Destruction Technologies no Longer Contain Hazardous Waste.  With the
land disposal restriction treatment standards for hazardous contaminated debris, in 1992, EPA
determined that hazardous debris treated to comply with the debris treatment standards using  one
of the identified extraction or destruction technologies would be considered no longer to contain
hazardous waste and would, therefore, no longer be subject to regulation under RCRA, provided
the debris do not exhibit any of the hazardous waste characteristics.  This “contained-in
determination” is automatic; no agency action is needed.  Note that this automatic contained-in
determination does not apply to debris treated to the debris treatment standards using one of the
identified immobilization technologies.  See, regulations at 40 CFR 261.3(f) and treatment
standards at Table 1 of 40 CFR 268.45, promulgated August 18, 1992, and associated preamble
discussion at 51 FR 37225.


cc: Barbara Simcoe, Association of State and Territorial Solid Waste Management Officials 





		EC-G-2002-096: 








United States Office of Directive: 9347.3-05FS 
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Agency Emergency Response 


Superfund LDR Guide #5 


Determining When Land 
Disposal Restictions (LDRs) 
Are Applicable to CERCLA 
Response Actions 


CERCLA Section 121(d)(2) specifies that on-site Superfund remedial actions shall attain “other Federal standards, 
requirements, criteria, limitations, or more stringent State requirements that are determined to be legally applicable or relevant and 
appropriate (ARAR) to the specified circumstances at the site.” In addition, the National Contingency Plan (NCP) requires that 
on-site removal actions attain ARARs to the extent practicable. Off-site removal and remedial actions must comply with legally 
applicable requirements. This guide outlines the process used to determine whether the Resource Conservation and Recovery 
Act (RCRA) land disposal restrictions (LDRs) established under the Hazardous and Solid Waste Amendments (HSWA) are 
“applicable” to a CERCLA response action. More detailed guidance on Superfund compliance with the LDRs is being prepared 
by the Office of Solid Waste and Emergency Response (OSWER). 


For the LDRs to be applicable to a CERCLA response, 
the action must constitute placement of a restricted RCRA 
hazardous waste. Therefore, site managers (OSCs, RPMs) 
must answer three separate questions to determine if the 
LDRs are applicable: 


(1) 	 Does the response action constitute 
placement? 


(2) 	 Is the CERCLA substance being placed also a 
RCRA hazardous waste? and if so 


(3) Is the RCRA waste restricted under the LDRs? 


Site managers also must determine if the CERCLA 
substances  are California list wastes, which are a distinct 
category of RCRA hazardous wastes restricted under the 
LDRs (see Superfund LDR Guide #2). 


(1) DOES THE RESPONSE CONSTITUTE PLACEMENT? 


The LDRs place specific restrictions (e.g., treatment of 
waste to concentration levels) on RCRA hazardous wastes 
prior to their placement in land disposal units. Therefore, a 
key determination is whether the response action will 
constitute placement of wastes into a land disposal unit. As 
defined by RCRA, land disposal units include landfills, 
surface impoundments, waste piles, injection wells, land 
treatment facilities, salt dome formations, underground 
mines or caves, and concrete bunkers or vaults. If a 
CERCLA response includes disposal of wastes in any of 
these types of off-site land disposal units, placement will 
occur. However, uncontrolled hazardous waste sites often 
have widespread and dispersed contamination, making the 


concept of a RCRA unit less useful for actions involving 
on-site disposal of wastes. Therefore, to assist in defining 
when “placement” does and does not occur for CERCLA 
actions involving on-site disposal of wastes, EPA uses the 
concept of “areas of contamination” (AOCs), which may be 
viewed as equivalent to RCRA units, for the purposes of 
LDR applicability determinations. 


An AOC is delineated by the areal extent (or boundary) 
of contiguous contamination. Such contamination must be 
continuous, but may contain varying types and 
concentrations of hazardous substances. Depending on site 
characteristics, one or more AOCs may be delineated. 
Highlight 1 provides some examples of AOCs. 


Highlight 1: EXAMPLES OF AREAS OF 
CONTAMINATION (AOCs) 


# A waste source (e.g., waste pit, landfill, 
waste pile) and the surrounding 
contaminated soil. 


#	 A waste source, and the sediments in a 
stream contaminated by the source, where 
the contamination is continuous from the 
source to the sediments.* 


#	 Several lagoons separated only by dikes, 
where the dikes are contaminated and the 
lagoons share a common liner. 


— 
* The AOC does not include any contaminated surface 
or ground water that may be associated with the land-
based waste source. 
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For on-site disposal, placement occurs when wastes are 
moved from one AOC (or unit) into another AOC (or unit). 
Placement does not occur when wastes are left in place, or 
moved within a single AOC. Highlight 2  provides scenarios 
of when placement does and does not occur, as defined in 
the proposed NCP. The Agency is current reevaluating the 
definition of placement prior to the promulgation of the final 
NCP, and therefore, these scenarios are subject to change. 


Highlight 2: PLACEMENT 


Placement does occur when wastes are: 


#	 Consolidated from different AOCs 
into a single AOC; 


#	 Moved outside of an AOC (for 
treatment or storage, for example) 
and returned to the same or a 
different AOC; or 


# Excavated from an AOC, placed in a 
separate unit, such as an incinerator 
or tank that is within the AOC, and 
redeposited into the same AOC. 


Placement does not occur when wastes 
are: 


# Treated in situ; 


# Capped in place; 


# Consolidated within the AOC; or 


#	 Processed within the AOC (but not 
in a separate unit, such as a tank) to 
improve its structural stability (e.g., 
for capping or to support heavy 
machinery). 


In summary, if placement on-site or off-site does not 
occur, the LDRs are not applicable to the Superfund action. 


(2) 	 IS THE CERCLA SUBSTANCE A RCRA 
HAZARDOUS WASTE? 


Because a CERCLA response must constitute 
placement of a restricted RCRA hazardous waste for the 
LDRs to be applicable, site managers must evaluate whether 
the contaminants at the CERCLA site are RCRA hazardous 
wastes. Highlight  3 briefly describes the two types of 


RCRA hazardous wastes --listed and characteristic wastes. 


Highlight 3: RCRA HAZARDOUS WASTES 


A RCRA solid waste* is hazardous if it is listed or 
exhibits a hazardous characteristic. 


Listed RCRA Hazardous Wastes 


Any waste listed in Subpart D of 40 CFR 
261, including: 


# F waste codes (Part 261.31) 


# K waste codes (Part 261.32) 


# P waste codes (Part 261.33(e)) 


# U waste codes (Part 261.33(f)) 


Characteristic RCRA Hazardous Wastes 
Any waste exhibiting one of the following 


characteristics, as defined in 40 CFR 261: 


# Ignitability 


# Corrosivity 


# Reactivity 


# Extraction Procedure (EP) Toxicity 


___ 
* A solid waste is any material that is discarded or 
disposed of (i.e., abandoned, recycled in certain ways, or 
considered inherently waste-like). The waste may be 
solid, semi-solid, liquid, or a contained gaseous material. 
Exclusions from the definition (e.g., domestic sewage 
sludge) appear in 40 CFR 261.4(a). Exemptions (e.g., 
household wastes) are found in 40 CFR 261.4(b). 


Site managers are not required to presume that a 
CERCLA hazardous substance is a RCRA hazardous waste 
unless there is affirmative evidence to support such a 
finding. Site managers, therefore, should use 
“reasonable efforts” to determine whether a 
substance is a RCRA listed or characteristic waste. 
(Current data collection efforts during CERCLA removal and 
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remedial site investigations should be sufficient for this 
purpose.) For listed hazardous wastes, if manifests or labels 
are not available, this evaluation likely will require fairly 
specific information about the waste (e.g., source, prior use, 
process type) that is “reasonably ascertainable” within the 
scope of a Superfund investigation. Such information may 
be obtained from facility business records or from an 
examination of the processes used at the facility. For 
characteristic wastes, site managers may rely on the results 
of the tests described in 40 CFR 261.21 - 261.24 for each 
characteristic or on knowledge of the properties of the 
substance. Site managers should work with Regional RCRA 
staff, Regional Counsel, State RCRA staff, and Superfund 
enforcement personnel, as appropriate, in making these 
determinations. 


In addition to understanding the two categories of 
RCRA hazardous wastes, site managers will also need to 
understand the derived-from rule, the mixture rule, and the 
contained-in interpretation to identify correctly whether a 
CERCLA substance is a RCRA hazardous waste. These 
three principles, as well as an introduction to the RCRA 
delisting process, are described below. 


Derived-from Rule (40 CFR 261.3(c)(2)) 


The derived-from rule states that any solid waste 
derived from the treatment, storage, or disposal of a listed 
RCRA hazardous waste is itself a listed hazardous waste 
(regardless of the concentration of hazardous constituents). 
For example, ash and scrubber water from the incineration of 
a listed waste are hazardous wastes on the basis of the 
derived-from rule. Solid wastes derived from a characteristic 
hazardous waste are hazardous wastes only if they exhibit 
a characteristic. 


Mixture Rule (40 CFR 261.3(a)(2)) 


Under the mixture rule, when any solid waste and a 
lis t ed hazardous waste are mixed, the entire mixture is a 
listed hazardous waste. For example, if a generator mixes a 
drum of listed F006 electroplating waste with a 
non-hazardous wastewater (wastewaters are solid wastes -
see Highlight  3), the entire mixture of the F006 and 
wastewater is a listed hazardous waste. Mixtures of solid 
wastes, and characteristic hazardous wastes are hazardous 


only if the mixture exhibits a characteristic. 


Contained-in Interpretation (OSW Memorandum dated 
November 13, 1986) 


The contained-in interpretation states that any mixture 
of a non-solid waste and a RCRA listed hazardous waste 
must be managed as a hazardous waste as long as the 
material contains (i.e., is above health-based levels) the 
listed hazardous waste. For example, if soil or ground water 
(i.e., both non-solid wastes) contain an F001 spent solvent, 
that soil or ground water must be managed as a RCRA 
hazardous waste, as long as it “contains” the F001 spent 
solvent. 


Delisting (40 CFR 260.20 and .22) 


To be exempted from the RCRA hazardous waste 
“system,” a listed hazardous waste, a mixture of a listed and 
solid waste, or a derived-from waste must be delisted 
(according to 40 CFR 260.20 and .22). Characteristic 
hazardous wastes never need to be delisted, but can be 
treated to no longer exhibit the characteristic. A 
contained-in waste also does not have to be delisted; it only 
has to “no longer contain” the hazardous waste. 


If site managers determine that the hazardous 
substance(s) at the site is a RCRA hazardous waste(s), they 
should also determine whether that RCRA waste is a 
California list waste. California list wastes are a distinct 
category of RCRA wastes restricted under the LDRs (see 
Superfund LDR Guide #2). 


(3) 	 IS THE RCRA WASTE RESTRICTED UNDER 
THE LDRs? 


If a site manager determines that a CERCLA waste 
is  a RCRA hazardous waste, this waste also must be 
restricted for the LDRs to be an applicable 
requirement. A RCRA hazardous waste becomes a 
restricted waste on its HSWA statutory deadline 
or sooner if the Agency promulgates a standard before 
the deadline. Because the LDRs are being phased in 
over a period of time (see Highlight  4), site managers 
may need to determine what type of restriction is in 


Word-searchable version – Not a true copy 







Highlight 4: LDR STATUTORY DEADLINES 


Waste Statutory Deadline 


Spent Solvent and Dioxin-
Containing Wastes 


California List Wastes 


First Third Wastes 


Spent Solvent, Dioxin-
Containing, and California 
List Soil and Debris From 
CERLA/RCRA 
Corrective Actions 


Second Third Wastes 


Third Third Wastes 


Newly Identified 
Wastes 


November 8, 1986 


July 8, 1987 


August 8, 1988 


November 8, 1988 


June 8, 1989 


May 8, 1990 


Within 6 months of 
identification as a 
hazardous waste 


effect at the time placement is to occur. For example, if the 
RCRA hazardous wastes at a site are currently under a 
national capacity extension when the CERCLA decision 
document is signed, site managers should evaluate whether 
the response action will be completed before the extension 
expires. If these wastes are disposed of in surface 
impoundments or landfills prior to the expiration of the 
extension, the receiving unit would have to meet minimum 
technology requirements, but the wastes would not have to 
be treated to meet the LDR treatment standards. 


APPLICABILITY DETERMINATIONS 


If the site manager determines that the LDRs are 
applicable to the CERCLA response based on the previous 
three questions, the site manager must: (1) comply with the 


LDR restriction in effect, (2) comply with the LDRs by 
choosing one of the LDR compliance options (e.g., 
Treatability Variance, No Migration Petition), or (3) invoke 
an ARAR waiver (available only for on-site actions). If the 
LDRs are determined not to be applicable, then, for on-site 
actions only, the site manager should determine if the LDRs 
are relevant and appropriate. The process for determining 
whether the LDRs are applicable to a CERCLA action is 
summarized in Highlight 5. 
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ENVIRONMENTAL PROTECTION
AGENCY


40 CFR Part 300


(FRL-3381-41


National Oil and Hazardous
Substances Pollution Contingency
Plan


soENcv: Environmental Protection
Agency.
scram Proposed rule.


SUMMARY: The Environmental Protection
Agency (EPA) is proposing revisions to
the National Oil and Hazardous
Substances Pollution Contingency Plan
(NCP). The Superfund Amendments and
Reauthorization Act of 1988 [SARA)
amends existing provisions of and adds
major new authorities to the
Comprehensive Environmental
Response, Compensation, and Liability
Act of 1980 (CERCLA). Furthermore,
SARA mandates that the NCP be
revised to reflect these amendments.
The proposed NCP revisions are
intended to implement regulatory
changes necessitated by SARA, as well
as to clarify existing NCP language and
to reorganize the NCP to coincide more
accurately with the sequence of
response actions.
DATES: Comments on•he proposed
revisions to the NCP must be submitted
on or before February 21, 1989.
Elsewhere in this issue of the Federal
Register, a separate notice is being
published announcing the dates, times,
and locations of public meetings
regarding today's proposed revisions to
the NCP to be held during the public
comment period.
ADDRESS: Written Comments on the
proposed revisions to the NCP should be
submitted, in triplicate, to the Superfund
Docket, located in Room LC at the U.S.
Environmental Protection Agency, 401M
Street SW., Washington, DC 20460. The
record supporting this rulemaking is
contained in the Superfund Docket and
is available for inspection by
appointment only between the hours of
9:00 a.m. and 4:00 p.m., Monday through
Friday, excluding legal holidays. As
provided in 40 CFR Part 2, a reasonable
fee may be charged for copying services.
FOR FURTHER INFORMATION CONTACT:
Tod Gold; Policy and Analysis Staff,
Office of Emergency and Remedial
Response (0S-240), U.S. Environmental
Protection Agency, 401 M Street SW..
Washington, DC 20480, at 1-202-382-
2182, or the RCRA/Superfund Hotline at
1-800-424-9346 (in Washington, DC, at
1-202-38.2-3000j.


SUPPLEMENTARY INFORMATION: The
contents of today's preamble are listed
in the following outline:
I. Introduction
II. Major Revisions in Each Subpart
III.Summary of Supporting Analyses


I. Introduction
Pursuant to section 105 of the


Comprehensive Environmental
Response. Compensation. and Liability
Act of 1980, Pub. L. No. 96-510, as
amended by section 105 of the
Superfund Amendments and
Reauthorization Act of 1986, Pub. L No.
99-499, (ChltCLA or Superfund or the
Act), and Executive Order (E.0.1 No.
12580 (52 FR 2923, January ZS, 1987], the
Environmental Protection Agency (EPA)
is proposing revisions to the National
Oil and Hazardous Substances Pollution.
Contingency Plan (NCP). Revisions to
the NCP were last promulgated on
November 20, 1985 (50 FR 47912}. For the
reader's convenience and because the
section numbers are being changed, EPA
is reprinting the entire NCP, except for
Appendices A (Uncontrolled Hazardous
Waste Site Ranking System: A Users
Manua!) and B (National Priorities List),
which are or will be proposed


•separately. and C (Revised Standard
Dispersant Effectiveness and Toxicity
Tests), for which only minor technical
corrections are being proposed. EPA is
not reproposing those portions of the
NCP that are unchanged and does not
solicit comment on those provisions.
Comment is requested only on new
portions of, or substantive changes to,
the NCP.


All existing subparts of the NCP have
proposed revisions and several new
subparts are being added. Furthermore,
because the NCP is being reorganized,
many of the existing subparts have been
redesignated.with a different letter. The
proposed reorganization of NCP
subparts is as follows:
Subpart A—Introduction
Subpart B--Responsibility and Organization


for Response
Subpart C—Planning and Preparedness
Subpart D—Operational Response Phases for


Oil Removal
Subpart E---Hazardous Substance Response
Subpart F--State Involvement in Hazardous


Substance Response
Subpart G—Trustees for Natural Resources
Subpart H--Participation by Other Persons
Subpart I--Administrative Record for


Selection of Response Action
Subpart j—Use of Dispersants and Other


Chemicals
Subpart K--Federal Facilities {Reserved!


In today's revisions to the NCP. EPA
- is proposing a broad and comprehensiVe
rulemaking to revise as well as


•restructure the NCP. The primary


purpose of today's proposal is to
incorporate changes mandated by the
Superfund Amendments and
Reauthorization Act of 1966 [SARA) and
to set forth the EPA's proposed
approach for implementing SARA.
SARA extensively revised existing
provisions of and added new authorities
to CERCLA. These changes to CERCLA
necessitate revision of the NCP.


The regulation and the rest of the
preamble use the term "CERCLA" to
mean CERCLA as amended by SARA:
the term "SARA" is used only to refer to
Title III, which is an Act separate from
CERCLA, and to other parts of SARA
that did not amend CERCLA. The term
"SARA" is used in this overview portion
of the preamble, however, to highlight
the changes to CERCLA.


A. Statutory Overview


The following discussion summarizes
the CF.RCLA legislative framework. with
particular focus on the major revisions
to CERCLA mandated by SARA as well
as those mandated by E.O. No. 12580,
which delegates certain functions vested
in the President by CERCLA to EPA and
other Federal agencies, In addition, this
discussion gives reference to the specific
preamble sections that detail how these
changes to CERCLA are reflected in
today's proposed rule.


1. Reporting and Investigation,
CERCLA section 103 requires that a
release into the environment of a
hazardous substance in an amount
equal to or greater than its "reportable
quantity" (established pursuant to
section 102 of CERCLA) must be
reported to the National Response
Center. Title III of SARA establishes a
new, separate program that requires
releases of hazardous substances, as
well as other "extremely hazardous
substances," to be reported to State and
local emergency planning officials. The
preamble discussion of Subpart C
summarizes Title ill reporting
requirements.


CERCLA section 104 provides the
Federal government with authority to
investigate releases. SARA amends
CERCLA section 104 to clarify EPA's
investigatory and access authorities,
explicitly empowering EPA to compel
the release of information and to enter
property for the purpose of undertaking
response activities. Amended section
104(e) also provides Federal courts with
explicit authority to enjoin property
owners from interfering with the
conduct of response actions. SARA
further amends CERCLA section 104 to
authorize EPA to allow potentially
responsible parties (PRPs) to conduct
investigations. The preamble discussion
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would need to comply with the
applicable closure requirements for
those units in completing the remedial
action. Second, if the lead agency
determines that RCRA listed or
characteristic hazardous waste is
present at the site (even if the waste
was disposed before the effective date
of the requirement) and the proposed
CERCLA action involves treatment,
storage, or disposal as defined under
RCRA. then RCRA requirements related
to those actions would be applicable.


These two scenarios are contingent
upon determinations that RCRA Subtitle
C hazardous waste is present and on the
identification of the period of waste
management. To determine whether a
waste is a listed waste under RCRA, it is
often necessary to know the source.
However, at many CERCLA sites no
information exists on the source of the
wastes nor are references available
citing the date of disposal. The lead
agency should use available site
information, manifests, storage records.
and vouchers in an effort to ascertain
the source of these contaminants. When
this documentation is not available, the
lead agency may assume that the wastes
are not listed RCRA hazardous wastes,
unless further analysis or information
becomes available which allows the
lead agency to determine that the
wastes are listed RCRA hazardous
wastes. If the lead agency assumes the
wastes are not listed RCRA hazardous
wastes and it is determined that the
wastes are not characteristic wastes
under RCRA (see discussion below,
17.i.) RCRA requirements would not be
applicable to CERCLA actions, but may
be relevant and appropriate if the
CERCLA action involves treatment,
storage or disposal and/or if the wastes
are similar or identical to RCRA
hazardous waste.


Under certain circumstances, although
no historical information exists about
the waste and when it was treated,
stored. or disposed, it may be possible
to identify the wastes as RCRA
characteristic wastes. With respect to
hazardous characteristics, (ignitability,
corrosivity, reactivity, or EP toxicity), it
is the responsibility of the generator (in
this case, the lead agency or PRP
conducting the action) to determine if
the wastes exhibit any of these
characteristics (defined in 40 CFR 261.21
through 24). The lead agency must use
best professional judgment to determine.
on a site-specific basis, if testing for
hazardous characteristics is necessary.
Testing is required unless it can be
determined, by "applying knowledge of
the hazard characteristic in light of the
materials or process used," that the


waste does not have hazardous
characteristics (40 CFR 262.11[c)).


In determining whether to test for the
toxicity characteristic using the
Extraction Procedure (EP) Toxicity Test,
it may be possible to assume that
certain low concentrations of waste are
not toxic. For example, if the total waste
concentration is 20 times or less the EP
Toxicity concentration, the waste
cannot be characteristic hazardous
waste. In such a case RCRA
requirements would not be applicable
and would not likely be relevant or
appropriate unless the waste also
contained other RCRA hazardous
wastes and the CERCLA action involved
treatment, storage, or disposal.


If the wastes exhibit hazardous
characteristics, RCRA requirements are
potentially applicable if the wastes also
were either treated, stored, or disposed
after the effective date of the applicable
RCRA requirement or if the CERCLA
actions will involve treatment, storage,
or disposal.


ii. Actions constituting treatment,
storage, or disposal. Many CERCLA
actions occur in areas of contamination
that contain waste treated, disposed of,
or stored prior to November 19, 1980. If
left untouched, wastes in such areas are
not currently regulated under Subtitle C
of RCRA. (Solid waste management
units at RCRA facilities are regulated by
the 3004(u) corrective action
requirements.) However, certain
physical movement, alteration, or
disturbance of RCRA hazardous waste
associated with a remedial action may
meet the RCRA definition of treatment,
storage, or disposal. For instance,
treatment has occurred when the
CERCLA remedial action uses "any
method, technique, or process, including
neutralization, designed to change the
physical, chemical, or biological
character or composition of any
hazardous waste so as to neutralize
such waste, or so as to recover energy or
material resources from the waste, or so
as to render such waste non-hazardous,
or less hazardous; safer to transport,
store, dispose of; or amenable for
recovery, amenable for storage, or
reduced in volume," 40 CFR 260.10.


Similarly, storage occurs when a
CERCLA remedial action involves the
"holding of hazardous waste for a
temporary period, at the end of which
the hazardous waste is treated, disposed
of, or stored elsewhere." 40 CFR 260.10.


Land disposal occurs when RCRA
hazardous waste 18 placed into a land
disposal unit, including a "landfill,
surface impoundment, waste pile,
injection well, land treatment facility,
salt dome formation, salt bed formation,


or underground mine or cave." RCRA
section 3004(k).


Movement of hazardous waste
entirely within a unit does not constitute
"land disposal" under Subtitle C of
RCRA. However, movement of
hazardous waste into a unit (i.e., across
the boundary of a unit) does constitute
"land disposal."


In many cases CERCLA sites contain
areas of contamination (with differing
levels of concentration, including hot
spots, of hazardous substances,
pollutants, or contaminants) that may be
characterized as a unit, usually a
landfill, under RCRA. In such cases
where RCRA hazardous waste is moved
into the area of contamination, RCRA
disposal requirements are applicable to
the disturbed waste and certain land
disposal requirements (such as for
closure) may be applicable to the area
where the waste is received.


Therefore, the following activities
constitute land disposal under RCRA
Subtitle C where the waste involved is
RCRA hazardous waste:


a. Wastes from different units are
consolidated into one unit;


b. Waste is removed and treated
outside a unit and redeposited into the
same or another unit; or


c. Waste is picked up from the unit
and treated within the area of
contamination in an incinerator, surface
impoundment, or tank and then
redeposited into the unit (does not
include in-situ treatment).


In contrast, an example of an activity
that does not constitute "land disposal"
is the mere consolidation of RCRA
hazardous wastes within a unit.
Similarly, the covering and sealing off of
hazardous waste, called "capping with
waste in place," is also not considered
"land disposal" and RCRA Subtitle C
requirements would not be applicable. if
some of the waste at a site is moved into
another unit, but other waste is left
behind in the original unit (the unit in
which such waste was found), "land
disposal" applies only with regard to the
waste that is moved into another unit.
Under these examples, however, certain
RCRA land disposal requirements might
nevertheless be relevant and
appropriate to such waste. (See ARARs
preamble sections below, 16.iii. and 17.)


iii. Hypothetical examples of
compliance with RCRA: land disposal
restrictions. Land disposal restrictions
under RCRA sections 3004 (d) through
(k) are triggered whenever there is
placement of RCRA hazardous wastes
subject to land disposal restrictions
("banned waste") into a land-based unit.
Such land disposal does not occur when
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ENVIRONMENTAL PROTECTION
AGENCY


40 CFA Part 300


IFF1L-3644-1


RIN 2050-AA75


Nat!onal Oil and Hazardous
Substances Pollution Contingency
Plan


AGENCY: Environmental Protection
Agency.


ACTION: Final rule.


SUMMARY: The Environmental Protection
Agency (EPA) is today promulgating
revisions to the Na tional Oil and
I lazardous Substances Pollution
Contingency Plan (NCP). The Superfund
Amendments and Reauthorization Act
of 1986 (SARA) amends existing
provisions of and adds major new
authorities to the Comprehensive
Environmental Response,
Compensation, and Liability Act of 1980
(CERCLA). Furthermore. SARA
mandates that the NCP be revised to
reflect these amendments. Today's
revisions to the NCP are intended to
implement regulatory changes
necessitated by SARA, as well as to
clarify existing NCP language and to
reorganize the NCP to coincide more
accurately with the sequence of
response actions.


DATES: The final rule is effective April 9,
1990. CERCLA section 305 provides for a
legislative veto of regulations
promulgated under CERCLA. Although
INS v. ChacIha. 462 U.S. 919, 103 S.Ct.
2764 (19B3), cast the validity of the
legislative veto into question, EPA has
transmitted a copy of this regulation to
the Secretary of the Senate and the
Clerk of the House of Representatives. if
any action by Congress calls the
effective date of this regulation into
question, EPA will publish notice of
clarification in the Federal Register. The
incorporation by reference of certain
publications listed in the regulation is
approved by the Director of the Federal
Register as of April 9, 1990.


ADDRESSES: The official record for this
rulemaking is located in the Superfund
Docket, located in Room 2427 at the U.S.
Environmental Protection Agency, 401 M
Street, SW., Washington. DC 20460,
telephone number 1-202-382-3046. The
record is available for inspection, by
appointment only, between the hours of
9:00 a.m. and 4:00 p.m.. Monday through
Friday, excluding legal holidays. As
provided in 40 CFR part 2. a reasonable
fee may be charged for copying services.


FOR FURTHER INFORMATION CONTACT:
Tod Gold, Policy and Analysis Staff,
Office of Emergency and Remedial
Response (OS-240), U.S. Environmental
Protection Agency, 401 M Street, SW.,
Washington, DC 20460, at 1-202-382-
2182, or the RCRA/Superfund Hotline at
1-800-424-9346 (in Washington, DC. at
1-202-382-3000).
SUPPLEMENTARY INFORMATION: The
contents of today's preamble are listed
in the following outline:


I. Introduction
Response to Comments on Each Subpart [a


detailed index is set forth al the
beginning of this section)


El. Summary of Supporting Analyses


I. Introduction


Pursuant to section 105 of the
Comprehensive Environmental
Response, Compensation, and Liability
Act of 1980, Pub. L. No. 96-510 (CERCLA
ar Superfund or the Act), as amended by
section 105 of the Superfund
Amendments and Reauthorization Act
of 1986, Pub. L. No. 99-499, and
Executive Order (E.0.) No. 12580 (52 FR
2923, January 29, 1987), the
Environmental Protection Agency (EPA),
in consultation with the National
Response Team, is today promulgating
revisions to the National Oil and
Hazardous Substances Pollution
Contingency Plan (NCP), 40 CFR part
300. Today's final rule is based on
revisions proposed on December 21,
1988 at 53 FR 51394; approximately 160
commenters submitted specific
comments on the Federal Register
proposal. in writing as well as in
testimony at four public hearings held in
January 1989. Revisions to the NCP were
last promulgated on November 20,1985
(50 FR 47912).


For the reader's convenience and
because the section numbers are being
changed, EPA is reprinting the entire
NCP, except for Appendix A
(Uncontrolled Hazardous Waste Site
Ranking System: A Users Manual),
which is the subject of a separate
rulemaking (see 53 FR 51962. December
23, 1988); and Appendix B (National
Priorities List), which undergoes
frequent updates by rulemakings (see,
e.g., 54 FR 29820, July 14, 1989): and
Appendix C (Revised Standard
Dispersant Effectiveness and Toxicity
Tests), for which only minor technical
corrections were proposed. Also the
"Procedures for Planning and
Implementing Off-Site Response
Actions." 40 CFR 300.440, is the sub(ent
of a separate rulemaking and is not
included in this notice. See proposed
rule, 53 FR 48218 (November 29, 1988).
Those sections of the NCP that are
merely being repeated in this rule for


public convenience, but for which no
changes were proposed or comment
solicited, are not the subject of this
rulemaking and are not subject to
judicial review.


All existing subparts of the NCP have
been revised and several new subparts
have been added. Furthermore, because
the NCP has been reorganized, many of
the existing subparts have been
redesignated with a different letter. The
reorganization of NCP subparts is as
fellows:


Subpart A---Introduction
Subpart 13—Responsibility end Organization


for Response
Subpart C—Planning and Preparedness
Subpart 0—Operational Response Phases for


Oil Removal
Subpart E—iiazardous Substance Response
Subpart F—State Involvement in Hazardous


Substance Response
Subpart C—Trustees for Natural Resources
Subpart H—Participation by Other Persons
Subpart I—Administrative Record for


Selection of Response Action
Subpart (—Use of Dispersants and Other


Chemicals
Subpart If —Federal Facilities (Reserved)


Today's revisions to the NCP
encompass a broad and comprehensive
rulemaking to revise as well as
restructure the NCP. The primary
purpose of today's rule is to incorporate
changes mandated by the Superfund
Amendments and Reauthorization Act
of 1986 (SARA) and W set forth EPA's
approach for implementing SARA.
SARA extensively revised existing
provisions of and added new authorities
to CERCLA. These changes to CERCLA
necessitated revision of the NCP. In
addition, EPA is making a number of
changes to the NCP based on EPA's
experience in managing the Superfund
program.


The preamble to the December 21,
1988 proposed revisions to the NCP
provided detailed explanations of
changes to the existing (1985) NCP. The
preamble to today's rule consists mainly
of responses to comments received on
the proposed revisions. Therefore, both
preambles should be reviewed when
issues arise on the meaning or intent of
today's rule. Unless directly
contradicted or superseded by this
preamble or rule, the preamble to the
proposed rule reflects EPA's intent in
promulgating today's revisions to the
NCP:


The preamble to today's rule responds
to the major comments received on the
proposed revisions, except as rioted in
the following paragraphs. In general, a
separate discussion is provided for each
proposed suction on which comments
were received; the discussions are
organized as follows: a description of
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requirements. Rather, given the need to
ensure finality of remedy selection in
order to achieve expeditious cleanup of


sites. and given the length of time often
required to design, negotiate, and
implement remedial actions. EPA
he.lieves that this is the most reasonable
interpretation of the statute.


As EPA discusses elsewhere in this
preamble. one variation to this policy
occurs when a component of the remedy
was not identified when the ROD is
signed. In that situation, EPA will
comply with ARARs in effect when that
component is identified (e.g., during
remedial design). which could include
requirements promulgated both before
and after the ROD was signed. EPA
notes that newly promulgated or
modified requirements may directly
apply or be more relevant and
appropriate to certain locations, actions
ur contaminants than existing standards
and, thus, may be potential ARARs for
future responses.


It is important to note that a policy of
freezing ARARs at the time of the ROD
signing will not sacrifice protection of
human health and the environment,	 •
because the remedy will be reviewed for
protectiveness every five years,
considering new or modified
requirements at that point, or more
frequently, if there is reason to believe
that the remedy is no longer protective
of health and environment.


In response le the specific comments
received, EPA notes that under this
policy, EPA does not intend that a


. remedy must be modified solely to
attain a newly promulgated or modified
requirement. Rather, a remedy must be
modified if necessary to protect human
health and the environment: newly


promulgated or modified requirements
contribute to that evaluation of
protectiveness. For example, a new
requirement for a chemical at a site may
indicate that the cleanup level selected
for the chemical corresponds to a cancer
risk of yr' rather than 10 -5. as
originally thought. The original remedy
would then have to be modified because
it would result in exposures outside the
acceptable risk range that generally
defines what is protective.


This policy that newly promulgated or
modified requirements should be
considered during protectiveness
reviews of the remedy, but should not
require a reopening of the ROD during
implementation every time a new state
or federal standard is promulgated or
modified. was discussed in the preamble
to the proposed rule (53 FR at 51440) but
not in the rule section itself. For the
reasons outlined above, EPA believes
that this concept is critical to the
expeditious and cost-effective


accomplishment of remedies duly
selected under CERCLA and the NCP,
and thus is appropriate for inclusion in
§ 300.430(f)(1)(ii)(B) of the final NCP.
This will afford both the public and
implementing agencies greater clarity as
to when and how requirements must be
considered during CERCLA responses,
and thbs will allow the CERCLA
program to carry out selected remedies
with greater certainty and efficiency. Of
course, off-site CERCLA remedial
actions are subject to the substantive
and procedural requirements of
applicable federal, state, and local laws
at the time of off-site treatment, storage
or disposal.


Finol rule: EPA is adding the
following language to the rule at
§ 300.430(0(1)(i i)(B):


(B) On - site remedial actions selected in a
ROD must attain those ARARs that are
identified at the time of ROD signature or
provide grounds for invoking a waiver under
§300 .4 30(f)Mill(C)(3).


(/) Requirements that are promulgated or
modified after ROD signature must be
attained (or waived) only when determined
to be applicable or relevant and appropriate
and necessary to ensure that the remedy is
protective of human health and the
environment.


(2) Components of the remedy not
described in the ROD must attain for waive)
requirements that are identified as applicable
or relevant and appropriate at the time the
amendment to the ROD or the explanation of
significant differences describing the
component is signer].


Name: Applicability of RCRA
requirements.


Proposed rule: The preamble to the
proposed rule discussed when RCRA
subtitle C requirements will be
applicable for site cleanups (53 FR
51443). It described the prerequisites for
"applicability" at length, which are that:
(1) The waste must be a listed or
characteristic RCRA hazardous waste
and (2) treatment, storage or disposal
occurred after the effective date of the
RCRA requirements under consideration
(fur example, because the activity at the
CERCLA site constitutes treatment,
storage, or disposal, as defined by
RCRA).


The preamble explained how EPA will
determine when a waste at a CERCLA
site is a listed RCRA hazardous waste.
It noted that it is often necessary to
know the origin of the waste to
determirfe whether it is a listed waste
and that, if such documentation is
lacking, the lead agency may assume it
is not a listed waste.


The preamble discussed how EPA will
determine that a waste is a
characteristic hazardous waste under
RCRA. It stated that EPA can test to


determine whether a waste exhibits a
characteristic or can use best
professional judgment to determine
whether testing is necessary, "applying
knowledge of the hazard characteristic
in light of the materials or process
used."


The preamble also discussed when a
CERCLA action constitutes 'land
disposal," defined as placement into a
land disposal unit under section 3004(k)
of RCRA, which triggers several
significant requirements, including
RCRA land disposal restrictions (LDRs)
and closure requirements (when a unit is
closed). It equated an area of
contamination 1A0C), consisting of
continuous contamination of varying
amounts and types at a CERCLA site, to
a single RCRA land disposal unit, and
staled that movement within the unit
does not constitute placement. It also
stated that placement occurs when
waste is redeposited after treatment in a
separate unit. (e.g., incinerator or tank),
or when waste is moved from one AOC
to another. Placement does not occur
when waste is consolidated within an
AOC, when it is treated in situ, or when
it is left in place.


Response to comments: EPA received
many comments on its discussion of
when RCRA requirements can be
applicable to CERCLA response actions.
On the issue of compliance with RCRA
in general, most of these commenters
argued that RCRA requirements are not
intended for site cleanup actions, that
such compliance will result in delays
and that RCRA requirements are often
unnecessary to protect human health
and the environment at CERCLA sites.
Other commenters argued, however,
that EPA is trying to avoid compliance
with RCRA requirements. Most of the
comments, however, focused on when
LDRs are applicable to CEItCI.A actions
and on EPA's discussion of what actions
associated with rernediation trigger
LDRs.


Some commenters opposed EPA's
interpretation of "land disposal" or


"placement" as too lenient, believing
that EPA is trying to avoid compliance
with RCRA laws, particularly LDRs.
These commenters argued that LDRs
should be applicable when hazardous
wastes are managed, excavated, or
moved in any way. One argued that
ARARs waivers are available to address
situations when the LDR levels cannot
be achieved and should be used as
necessary, rather than trying to
narrowly define the universe of ARARs
to avoid waivers, This commenter was
also concerned with EPA's use of the
term ''unit," calling it an inappropriate
concept for Superfund sites because it
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ENVIRONMENTAL PROTECTION
AGENCY


40 CFR Parts 260, 261, 262, 264, 268,


269 and 271


[FRL-5460-4]


RIN 2050-AE22


Requirements for Management of
Hazardous Contaminated Media
(HWIR-Media)


AGENCY: Environmental Protection
Agency (EPA).
ACTION: Proposed rule.


SUMMARY: As part of the President's
regulatory reform initiative, the United
States Environmental Protection Agency
(EPA) is proposing new regulations for
contaminated media, including
contaminated soils, ground water, and
sediments, that are managed during
government-overseen remedial actions.
The proposed rule would address
contaminated media that are currently
subject to regulation as "hazardous
waste" under the Resource Conservation
and Recovery Act (RCRA). The rule's
purpose is to develop more flexible
management standards for media and
wastes generated in the course of site
cleanups.


To accomplish the objective, the
proposal would establish modified Land
Disposal Restrictions (LDR) treatment
requirements, and modified permitting
procedures for higher-risk,
contaminated media that remain subject
to hazardous waste regulations; and give
EPA and authorized States the authority
to remove certain lower-risk,
contaminated media from regulation as
"hazardous wastes" under most of
Subtitle C of RCRA. Under this
proposal, many contaminated media
management units would be relieved
from the obligation to comply with
Minimum Technological Requirements
(MTRs). The State-authorization
procedures for RCRA program revisions
would be simplified for this proposed
rule; the Hazardous Waste Identification
Rule (HWIR-waste); and the Revised
Technical Standards for Hazardous
Waste Combustion Facilities. Today's
proposal also proposes to withdraw the
regulations for corrective action
management units (CAMUs). In
addition, dredged material permitted
under CWA or MPRSA would be
exempted from Subtitle C.
DATES: Written comments on this
proposal should be submitted on or
before July 29, 1996.


The Agency will hold a public
hearing on this proposal on June 4,
1996.


ADDRESSES: Commenters must send an
original and two copies of their
comments referencing docket number
F-96-MHWP-FFFFF to: (1) If using
regular US Postal service mail: RCRA
Docket Information Center, Office of
Solid Waste (5305W), U.S.
Environmental Protection Agency
Headquarters (EPA, HQ), 401 M Street,
SW, Washington, D.C. 20460 or (2) if
using special delivery, such as overnight
express service: RCRA Docket
Information Center (RIC), Crystal
Gateway One, 1235 Jefferson Davis
Highway, First Floor, Arlington, VA
22202. Comments may also be
submitted electronically through the
Internet to: RCRA-
Docket @ep amail.ep a.gov. These
comments should be identified by the
docket number F-96-MHWP-FFFFF,
and submitted as an ASCII file to avoid
the use of special characters and
encryptions.


Please do not submit any Confidential
Business Information (CBI)
electronically. An original and two
copies of CBI must be submitted under
separate cover to: RCRA CBI Document
Control Officer, Office of Solid Waste
(5305W), U.S. EPA, 401 M Street, SW,
Washington, D.C. 20460.


Public comments and supporting
materials are available for viewing in
the RCRA Information Center (RIC)
located at Crystal Gateway One, 1235
Jefferson Davis Highway, First Floor,
Arlington, VA. The RIC is open from
9:00 a.m. to 4:00 p.m., Monday through
Friday, excluding Federal holidays. To
review docket materials, please make an
appointment by calling (703) 603-9230.
The public may copy a maximum of 100
pages from any regulatory docket at no
charge. Additional copies will cost $.15!
p age.


The June 4, 1996 public hearing will
be held at the Key Bridge Marriott,
located at 1401 Lee Highway, Arlington,
VA 22209. The main switchboard
number for the hotel is (703) 524-6400.
Individuals interested in more complete
directions or room reservations should
contact the hotel directly. Registration
for the hearing will begin at 8:30 a.m..
The hearing will begin at 9:00 a.m. and
end at 5:00 p.m. unless concluded
earlier. Oral and written statements may
be submitted at the public hearing. Time
for the public hearing is limited; oral
presentations will be made in the order
that requests are received and will be
limited to 15 minutes, unless additional
time is available. Requests to speak at
the hearing should be submitted in
writing to: Carolyn Hoskinson (5303W)
U. S. Environmental Protection Agency,
401 M Street, SW, Washington, D.C.
20460. Please clearly mark your request


as a request to speak at the public
hearing and include both the scheduled
date of the hearing (June 4, 1996) and
the docket number (F-96-MHWP-
FFFFF). Requests to speak may also be
made on the day of the hearing by
registering at the door; requests to speak
by individuals who choose to register at
the door on the day of the hearing will
be granted in the order received, as time
permits. Individuals are requested to
provide a copy of their testimony for the
record.


FOR FURTHER INFORMATION CONTACT: For
general information, contact the RCRA
Hotline at 1-800-424-9346 or TDD 1-
800-553-7672 (hearing impaired). In
the Washington metropolitan area, call
703-412-9810 or TDD 703-412-3323.


For more detailed information on
specific aspects of this rulemaking,
contact Carolyn L. Hoskinson, Office of
Solid Waste (5303W), U.S.
Environmental Protection Agency, 401
M Street, SW, Washington, D.C. 20460,
(703) 308-8626. For further information
on EPA's development of the guidance
document "Best Management Practices
for Soils Treatment Technologies,"
contact Subijoy Dutta (703) 308-8608,
(internet address:
dutta.subijoy @epamail.epa.gov). For
further information on EPA's
development of a guidance document
for sampling and analysis, which is
associated with today's proposal,
contact James R. Brown (703) 308-8656,
(internet address:
brown .jamesr @ep am ail.ep a.gov).


SUPPLEMENTARY INFORMATION: The index
is available on the Internet. Please
follow these instructions to access the
information electronically:


Gopher: gopher.epa.gov
WWW: http://www.epa.gov
Dial-up: (919) 558-0335


This report can be accessed from the
main EPA Gopher menu in the
directory: EPA Offices and Regions/
Office of Solid Waste and Emergency
Response (OSWER)/Office of Solid
Waste (RCRA)/Hazardous Waste/
Corrective Action/(HWIRMDIA).


FTP: ftp.epa.gov
Login: anonymous
Password: Your Internet Address
Files are located in /pub/gopher/


OSWRCRA


The official record for this action will
be kept in paper form. Accordingly, EPA
will transfer all comments received
electronically into paper form and place
them in the official record, with all of
the comments received in writing. The
official record is the paper record
maintained at the address in ADDRESSES
at the beginning of this document.
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EPA's responses to comments,
whether written or electronic, will be
printed in the Federal Register, or in a
"response to comments document"
placed in the official record for this
rulemaking. EPA will not immediately
reply to commenters electronically other
than to clarify electronic comments that
may be garbled during transmission or
conversion to paper form.


Outline


The information presented in this
preamble is organized as follows:
I. Authority
II. Background


A. Purpose and Context for Today's
Proposed Rule


B. Relationship to Previous
Regulatory Initiatives


1. Proposed Subpart S Corrective
Action Requirements


2. Final Rules for Corrective Action
Management Units (CAMUs)


3. Proposed Land Disposal
Restrictions for Hazardous Soils


4. Deferral of the Toxicity
Characteristic for Petroleum
Contaminated Media and Debris
from Cleanup of Releases from
Underground Storage Tanks (USTs)


5. Suspension of the Toxicity
Characteristic for Non-UST
Petroleum Contaminated Media
(proposed rule)


6. Proposed Hazardous Waste
Identification Rule (May 20, 1992)


7. Relationship to CERCLA
8. Relationship to HWIR-waste Rule


(Dec. 21, 1995)
9. Relationship to RCRA Legislative


Reforms
C. Origin of Today's Proposed Rule


III. EPA's Policy Objectives for the
HWIR-media Rule


IV. Introduction and Overview of
Today's Proposal and Alternatives
to Today's Proposal


A. Today's Proposed Approach
B. Alternative Approaches Including


Unitary Approach
C. Relationship to HWIR-waste Rule


V. Section by Section Analysis
A. General Provisions
1. General Scope of Today's


Proposal-§ 269.1
2. Purpose/Applicability-§ 269.2
3. Definitions-§ 269.3
4. Identification of Media Not Subject


to Regulation as Hazardous Waste-
§ 269.4


B. Other Requirements Applicable to
Management of Hazardous
Contaminated Media


1. Applicability of Other
Requirements-§ 269.10


2. Intentional Contamination of Media
Prohibited-§ 269.11


3. Interstate Movement of


Contaminated Media-§ 269.12
C. Treatment Requirements
1. Overview of the Land Disposal


Restrictions
2. Treatment Requirements-§ 269.30
3. Constituents Subject to Treatment
4. Nonanalyzable Constituents
5. Review of Treatment Results-


§ 269.33
6. Management of Treatment


Residuals-§ 269.34
7. Media Treatment Variances-


§ 269.31
8. Request for Comment on Other


Options
9. LDR Treatment Requirements for


Non-HWIR-media Soils
10. Issues Associated with Hazardous


Debris
D. Remediation Management Plans


(RMPs)
1. General Requirements-§ 269.40
2. Content of RMPs-§ 269.41
3. Treatability Studies-§ 269.42
4. Approval of RMPs-§ 269.43
5. Modification of RMPs-§ 269.44
6. Expiration, Termination, and


Revocation of RMPs-§ 269.45
E. Streamlined Authorization


Procedures for Program Revisions
(Part 271)


1. Statutory and Regulatory
Authorities


2. Background and Approach to
Streamlined Authorization


3. Streamlined Procedures-§ 271.21
4. Authorization for Revised


Technical Standards for Hazardous
Waste Combustion Facilities


5. Request for Comment on
Application of Category 1
Procedures to Portions of HWIR-
waste Proposal


6. HWIR-media Specific
Authorization Considerations-
§ 271.28


7. Effect in Authorized States
8. Request for Comment on EPA's


Approach to Authorization
F. Corrective Action Management


Units-§ 264.552
G. Remediation Piles-§§ 260.10 and


264.554
H. Dredged Material Exclusion-


§ 261.4
VI. Alternative Approaches to HWIR-


media Regulations
A. The Unitary Approach
1. Overview of the Unitary Approach
2. Legal Authority for the Unitary


Approach
3. LDRs Under the Unitary Approach
4. The RAP Process Under the Unitary


Approach
5. State Authorization for the Unitary


Approach
6. Enforcement Authorities Under the


Unitary Approach
7. State Jurisdiction Under the


Unitary Approach
B. Hybrid Approach
C. Key Elements of an HWIR-media


Rule
1. Scope of the Rule (Regarding Non-


media Remediation Wastes)
2. The Bright Line
3. RAPs, RMPs, and RCRA Permits
4. Request for Comment


VII. Effective Date of Final HWIR-media
Rule


VIII. Regulatory Requirements
A. Assessment of Potential Costs and


Benefits
1. Executive Order 12866
2. Background
3. Need for Regulation
4. Assessment of Potential Costs and


Benefits
5. Regulatory Issues
B. Regulatory Flexibility Analysis
C. Paperwork Reduction Act


I. Authority


These regulations are proposed under
the authority of sections 2002(a), 3001,
3004, 3005, 3006, and 3007 of the Solid
Waste Disposal Act of 1970, as amended
by the Resource Conservation and
Recovery Act of 1976 [RCRA], as
amended by the Hazardous and Solid
Waste Amendments of 1984 [HSWA], 42
U.S.C. §§ 6912(a), 6921, 6924, 6925,
6926, and 6927.


II. Background


A. Purpose and Context for Today's
Proposed Rule


Since 1980, the Environmental
Protection Agency (EPA) has developed
a comprehensive regulatory framework
under Subtitle C of RCRA that governs
the identification, generation,
transportation, treatment, storage, and
disposal of hazardous wastes. The
RCRA program is generally considered
prevention- rather than response-
oriented. The regulations center around
two broad objectives: to prevent releases
of hazardous wastes and constituents
through a comprehensive and
conservative set of management
requirements (commonly referred to as
"cradle to grave management"); and to
minimize the generation and maximize
the legitimate reuse and recycling of
hazardous wastes.


The RCRA regulations constitute
minimum national standards for
management of hazardous wastes. In
general, they apply equally to all
hazardous wastes, regardless of where
or how generated, and to all hazardous
waste management facilities, regardless
of how much government oversight any
given facility receives. In order to
ensure an adequate level of protection
nationally, the RCRA regulations have
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been conservatively designed to ensure
proper management of hazardous wastes
over a range of waste types,
environmental conditions, management
scenarios, and operational
contingencies.


In the course of administering current
RCRA regulations, to contaminated
media generated during site cleanups,
EPA and the States have recognized
fundamental differences in both
incentives and objectives for
prevention- and cleanup-oriented
programs. For example, the stringent
treatment requirements established by
RCRA land disposal restrictions (LDRs)
have encouraged many generators to
reduce the amount of hazardous waste
they generate. On the other hand, when
these requirements are applied in the
context of site cleanup, they often
provide a strong incentive to leave
hazardous waste and contaminated
media in place, or to select alternate
remedies that will minimize the
applicability of RCRA regulations. This
can result in remedies that are less
protective of human health and the
environment. (See 54 FR 41566, October
10, 1989; 58 FR 8658, (February 16,
1993); and the information in the docket
to today's proposed rule)).


In the administration of remedial
programs such as Superfund and the
RCRA corrective action program, EPA
and the States are already faced with an
unacceptable situation that must be
remedied while operating within the
technical and practical realities of the
site. Remedial actions generally receive
intensive government oversight, and
remedial decisions are made by a State
or Federal Agency only after site-
specific conditions have been
thoroughly investigated. In contrast,
prevention -oriented hazardous waste
regulations are generally implemented
independently by facility owner/
operators through compliance with
national regulatory requirements.


In addition to differences in the
incentives and objectives of cleanup-
and prevention-oriented programs, EPA
and the States recognize that frequently
there are significant differences between
"as-generated" process wastes and
contaminated media or other
remediation wastes. For example,
contaminated media are often
physically quite different from as-
generated wastes. Contaminated soils
often contain complex mixtures of
multiple contaminants, and are highly
variable in their composition, handling,
and treatability characteristics. For this
reason, treatment of contaminated soils
can be particularly complex, involving
one or a series of custom-designed
treatment systems. As-generated wastes,


however, are usually more consistent in
composition, since they are derived
from specific known manufacturing
processes.


Historically, EPA and the States have
sought to address the application of
RCRA's prevention-oriented standards
to remedial actions through a series of
regulatory and policy directives. These
policies aim at preserving RCRA's goal
of protectiveness, while providing
government regulators the flexibility
and tools necessary to craft effective
site-specific remedies. These include
the "Area of Contamination" policy, the
"Contained-in" policy, the presumption
for LDR treatment variances for
contaminated soils, and the regulations
for Corrective Action Management Units
and Temporary Units, which are
discussed in section (V)(F) of this
preamble. (See e.g., memorandum from
Michael Shapiro, Director, Office of
Solid Waste, Stephen D. Luftig, Director,
Office of Emergency and Remedial
Response, and Jerry Clifford, Director,
Office of Site Remediation Enforcement,
EPA to RCRA Branch Chiefs and
CERCLA Regional Managers, (March 13,
1996); section (V)(A)(4)(a) of today's
preamble; 55 FR 8666, 8758-8760
(March 8, 1990); "Superfund LDR Guide
#6A (2nd Edition) Obtaining a Soil and
Debris Treatability Variance for
Remedial Actions" EPA/Superfund
Publication: 9347.3-06FS (September
1990); "Superfund LDR Guide #6B
Obtaining a Soil and Debris Treatability
Variance for Removal Actions" EPA/
Superfund Publication: 9347.3-06BFS
(September 1990); and 58 FR 8658
(February 16, 1993)).


With the exception of the Corrective
Action Management Unit regulations,
EPA is not proposing that this
rulemaking withdraw any of these
policies or directives.


Instead, EPA seeks to formally
recognize the differences between as-
generated waste and contaminated
media, by creating a framework that: (1)
Allows State and Federal regulators to
impose site-specific management
requirements on lower-risk
contaminated media, and (2) modifies
LDR treatment and other requirements
that are applicable to higher-risk
contaminated media. Since EPA
proposes that higher-risk contaminated
media remain subject to regulation as
"hazardous waste," management of
these media would remain subject to
most of the other applicable RCRA
Subtitle C requirements.


EPA has found that the administrative
procedures associated with issuance of
RCRA permits can often significantly
delay cleanup actions. To relieve this
problem, EPA is also proposing to


streamline the administrative
requirements for hazardous waste
permits that are needed for government-
overseen remedial actions. In addition,
the proposal contains provisions for
State authorization not only for today's
proposal, but for all RCRA program
revisions, specifically including the
Revised Technical Standards for
Hazardous Waste Combustion Facilities
and the HWIR waste proposals. These
are much more streamlined than the
RCRA program's current procedures.


In today's notice, EPA is also
soliciting comment on an approach that
would remove remediation wastes-
defined broadly- from the definition of
solid waste, if they were managed under
a State or EPA-approved plan.


In another matter, today's proposal
would exclude dredged material from
RCRA Subtitle C when it is managed
according to a permit under CWA or
MPRSA.


Finally, EPA wishes to emphasize that
this proposal and other alternatives
discussed address only the management
of wastes that are generated during
cleanup actions-it does not consider
issues associated with what wastes
should be cleaned up, what the cleanup
levels should be, or how remedies are
selected. EPA believes that these and
other "how clean is clean" issues are
best determined by other State and
Federal regulations and guidelines.


Throughout the development of
today's proposal, EPA has worked very
closely with States as "co-regulators,"
and the Agency believes that most
States share the views and goals
expressed in these pages by EPA.


B. Relationship to Previous Regulatory
Initiatives


As noted above, the need for an
alternative regulatory scheme for
management of contaminated media and
remediation waste has been recognized
for some time. In recent years, EPA has
developed several regulatory initiatives
to address that need. Today's proposal
is intended to address the issues and
problems discussed above in a single,
comprehensive regulatory package. As
such, it modifies and/or replaces many
of the Agency's previous regulatory
initiatives, as discussed below.


1. Proposed Subpart S Corrective Action
Regulations


In July 1990, EPA proposed
comprehensive regulations to address
the substantive and procedural
requirements for implementing
corrective actions at RCRA facilities
under the authorities of RCRA sections
3004(u) and 3004(v) (42 USC
§§ 6924(u),(v)). Commonly known as the
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"Subpart S proposal," the proposal
discussed various technical issues
associated with site cleanup including
"action levels", cleanup standards,
remedy selection, points of compliance
and other cleanup requirements. The
Subpart S proposal has been the
primary guidance for the RCRA
corrective action program since its
publication.


In general, the Subpart S proposal
contemplated that contaminated media
would be subject to the same regulatory
requirements that apply to as-generated
wastes. Although EPA generally did not
use the Subpart S proposal to address
issues associated with contaminated
media management, the Agency did
introduce the concept of Corrective
Action Management Units (CAMUs) and
temporary units (TUs) as a means of
providing some relief from the burdens
that LDRs and other Subtitle C
requirements can impose on cleanup
activities. The CAMU concept is
discussed more completely below, and
in section (V)(F), of today's proposal.


Today's proposal would establish a
more definitive and comprehensive set
of requirements for the management of
contaminated media-and provide
considerably more regulatory relief-
than the Subpart S proposal would have
in this area. Currently EPA is
reexamining the Subpart S proposal,
and working to finalize and/or
repropose some of those regulations in
approximately 18 months. As a
precursor to the Subpart S rulemaking,
the Agency is issuing an Advanced
Notice of Proposed Rulemaking
(ANPRM). One of the purposes of the
ANPRM is to describe the relationship
of the Subpart S initiative to other
Agency initiatives, including today's
proposal. The Agency expects that if
finalized, the HWIR-media rules will be
an essential complement to and an
integral part of the final RCRA
corrective action regulations.


2. Final Rules for Corrective Action
Management Units (CAMUs)


On February 16, 1993 EPA published
final regulations for CAMUs and TUs
(58 FR 8658). In essence, the CAMU
concept provides considerable
flexibility to EPA and implementing
States to specify design, operating, and
closure/post closure requirements for
units used for land-based temporary
storage, or for treatment of wastes that
are generated during cleanup at an
RCRA facility. The CAMU also specifies
requirements for units that are used as
long-term repositories for cleanup
wastes. Decision criteria for the
designation of CAMUs are specified in
those rules. Most importantly, the


placement of cleanup wastes into an
approved CAMU does not trigger RCRA
LDR requirements (40 CFR 264.552
(a)(1)). Thus, appropriate treatment
requirements can be specified by the
overseeing Agency I on a site- and
waste-specific basis. In addition, the
CAMU rule provides that consolidation
or placement of cleanup wastes into a
CAMU does not trigger RCRA section
3004(o) minimum technology
requirements (MTRs) (40 CFR 264.552
(a)(2)).


The CAMU rule did not address,
however, issues pertaining to the delay
often caused by the need to obtain
RCRA permits for cleanup actions.
While the regulations provide relief
from MTRs and LDRs, CAMUs must be
approved by the same procedures used
for approving other types of hazardous
waste management units; i.e., through
RCRA permits or permit modifications,
or through orders.


The CAMU rule received broad
support from many affected
stakeholders. Since its adoption, EPA
and the States have been using the
CAMU rule to provide appropriate
regulatory relief for cleanups conducted
under RCRA, CERCLA, and State
cleanup authorities. Some parties,
however, have expressed concern that,
according to the rule, LDRs do not apply
to wastes managed in a CAMU. They
have questioned whether the rule
provides too much discretion to EPA
and the States, and whether this
discretion could result in unacceptably
lenient treatment requirements. On May
14, 1993 these parties filed a petition for
review with the U.S. Court of Appeals
for the District of Columbia Circuit
which challenged both the legal and
policy bases for the final CAMU rules.
Environmental Defense Fund v. EPA,
No. 93-1316 (D.C. Cir.).


As part of the dialogue that prefaced
the creation of the HWIR Federal
Advisory Committee (discussed more
fully in section C, "Origin of Today's


1 Throughout this notice, EPA uses the term


"overseeing agency" to mean either EPA or the
State authorized for the HWIR-media program. Most
States are authorized for the RCRA base program,
and so would be eligible, as appropriate, to receive
authorization for the HWIR-media program if they
chose to do so (for a discussion of authorization for
LDRs under this proposal, see the State
authorization discussion in this preamble). For
those States not authorized for the RCRA base
program, EPA would operate the HWIR-media
program in that State, just as it operates the rest of
the RCRA program in that State. Also, EPA might
run a cleanup program (e.g., RCRA Corrective
Action or Superfund) in a State that receives
authorization for the HWIR-media program. In that
case, EPA would consult with or seek approval
from the State, as appropriate, in order to approve
the RMP. The Agency hopes that the EPA Regions
and States will develop agreements regarding how
this approval will take place.


Proposed Rule"), the Agency agreed to
reexamine the CAMU regulations in the
context of developing this proposal,
which is intended to be a broader, more
comprehensive response to the
problems in applying traditional RCRA
Subtitle C standards to the management
of remediation wastes. As discussed in
detail elsewhere in this preamble (see
section (V)(F)), today's proposal would
supersede the CAMU regulations. A
more detailed discussion of the
relationship between today's proposal
and the CAMU regulation is presented
in section (V)(F).


3. Proposed Land Disposal Restrictions
for Hazardous Soils


On September 14, 1993 (58 FR 48092),
EPA proposed the "Phase II" land
disposal restriction regulations, which
included provisions to establish
constituent-specific treatment standards
for soils contaminated with hazardous
wastes. In that proposal, the Agency
reiterated that combustion is not always
the appropriate BDAT for soils, and
proposed treatment standards tailored
specifically to contaminated soils. The
Agency acknowledged the limitations of
the data available when the proposal
was written regarding the levels that can
be achieved by treating various matrices
of contaminated soils with available
technologies (58 FR 48092, 48125
(September 14, 1993)). Because of these
uncertainties, the Agency outlined
several options to establish treatment
standards for contaminated soils. Two
options described in the proposal's
preamble would have based soil
treatment standards on some multiplier
of the universal treatment standards for
hazardous wastes (which were included
in the same proposal). Another
proposed option was based on a simple
90% reduction standard. The Phase II
proposal also contained provisions for
codifying the RCRA "contained-in"
policy for soils. This policy, which is
discussed in detail in section
(V)(A)(4)(a) of this preamble, is based on
the concept that environmental media
(e.g., soils, ground water) that are
contaminated with listed hazardous
wastes or that exhibit a hazardous
characteristic are not of themselves
hazardous. However, these media must
be regulated under Subtitle C because
they contain hazardous wastes;
conversely, once they are determined to
no longer contain hazardous wastes, the
media are generally no longer regulated
under RCRA Subtitle C.


EPA received a number of comments
on the proposed soil treatment
standards, many of which strongly
urged the Agency to address LDR
treatment standards for contaminated
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soils and codification of the contained-
in policy in the context of HWIR-media
regulations, rather than as part of the
LDR Phase II rule. The Agency agreed
with those who commented, and in a
subsequent Federal Register notice (58
FR 59976, November 12, 1993)
announced its intention to use the
HWIR-media rule as the vehicle for
promulgating these standards. That
notice also extended the deadline for
comments and data concerning Phase II
provisions for hazardous soils to March
18, 1994. The Phase II final rule (minus
the soil treatment standards) was
promulgated on September 19, 1994 (59
FR 47980).


4. Deferral of the Toxicity Characteristic
for Petroleum Contaminated Media and
Debris From Cleanup of Releases From
Underground Storage Tanks (USTs)


On February 12, 1993, EPA published
a proposal to defer the applicability of
the toxicity characteristic (TC) rule for
petroleum contaminated media and
debris that are generated during
underground storage tank cleanups.
This was a follow-up proposal to the
Agency's original temporary deferral,
which was part of the final rulemaking
for the toxicity characteristic (55 FR
11798, 11862, March 29, 1990). The
Agency will be assessing studies to
support a final decision as to whether
UST petroleum contaminated media
and debris should be regulated as
hazardous wastes under RCRA Subtitle
C. Today's proposal does not address
whether or not this material should be
regulated as hazardous waste; thus, the
temporary exclusion described here will
remain in effect until the Agency
publishes a separate final rulemaking
determination. (Note that because
today's proposal does not address this
issue, it does not reopen the comment
period for the February 12, 1993
proposal.)


5. Suspension of the Toxicity
Characteristic for Non-UST Petroleum
Contaminated Media (Proposed Rule)


On December 24, 1992, EPA proposed
to suspend temporarily the applicability
of the toxicity characteristic (TC) to
media contaminated with releases of
petroleum from sources other than
underground storage tanks. This
proposal was developed in response to
petitions from a number of States. Their
contention was that exempting
petroleum contaminated media from
UST cleanups-while cleanup of
petroleum releases from other sources
(such as aboveground tanks) remained
subject to Subtitle C-made little sense.


In December 1992, EPA answered the
States' petitions, and announced its


intention to suspend the applicability of
the toxicity characteristic to all
petroleum contaminated media (57 FR
61542). The suspension would have
taken effect only in States that certified
that they had effective authorities and
programs in place that could compel
cleanup and regulate the management of
such petroleum contaminated media in
a protective manner. Also, the
suspension would only apply to media
generated during State or Federally
supervised cleanup actions. EPA
proposed that the suspension be
effective for three years, during which
time the Agency would conduct more
thorough studies to determine whether
or not-and how-petroleum
contaminated media should be
regulated under RCRA.


After the proposed suspension was
published, it became clear that many
issues addressed in that proposal
applied not only to media contaminated
by petroleum releases, but also to the
management of all types of
contaminated media. The issues
associated with judging the adequacy of
State cleanup programs and whether
such programs can ensure protective
management of cleanup wastes outside
of the Subtitle C system were also
recognized as relevant to other
regulatory initiatives involving State
authorization under RCRA.


Soon after the publication of the
proposed suspension, the Agency, in
concert with the States and other
stakeholders, launched a major,
comprehensive effort to address the
regulation of contaminated media under
Subtitle C. (See the following discussion
of the HWIR-media rulemaking
proposal). EPA and the others
recognized that these more
comprehensive HWIR-media rules
would have to deal essentially with the
same set of issues addressed in the
proposed suspension for petroleum
contaminated media. Thus, finalizing
the proposed suspension would have
required reaching decisions on a
number of issues common to both rules.


In effect, finalizing the TC suspension
rule would have preempted the HWIR-
media process in many respects. To
preserve the process, and to avoid the
redundancy of developing two
regulations to address the same basic
problems, EPA decided not to proceed
with finalizing the TC Suspension.
Instead, the Agency chose to address
those issues in the broader context of
the HWIR-media rulemaking process.


The Agency believes that the
flexibility introduced into Subtitle C
requirements in today's proposal
sufficiently addresses the issues raised
under the proposed "Suspension of the


Toxicity Characteristic for Non-UST
Petroleum Contaminated Media," and
therefore believes that if the HWIR-
media rule is finalized, it will not be
necessary to finalize the TC suspension.
The Agency requests comments on
whether additional flexibility (beyond
that provided for in today's proposal) is
necessary for non-UST petroleum
contaminated media.


6. Proposed Hazardous Waste
Identification Rule (May 20, 1992)


Shortly after the publication of the
proposed TC suspension, the Agency
completed a separate (but related)
rulemaking proposal, commonly
referred to as the Hazardous Waste
Identification Rule (HWIR) (57 FR
21450, May 20, 1992). This proposed
rule was issued in response to the U.S.
Court of Appeals, District of Columbia
Circuit's vacature of the mixture and
derived from rules (Shell Oil Co. v. EPA,
950 F.2d 741 (D.C. Cir. 1991)), which
were issued in 1980 as part of the
original RCRA hazardous waste
regulations. In that HWIR proposal, EPA
outlined alternative regulatory
approaches for establishing "exit" levels
for hazardous wastes (i.e., concentration
levels below which listed hazardous
wastes would no longer be subject to
Subtitle C jurisdiction). The primary
focus of the HWIR proposal was on the
"exit" of as-generated hazardous wastes
from the Subtitle C system. However, a
separate portion of the proposal
outlined conceptual approaches for
revising Subtitle C requirements as they
currently apply to the management of
contaminated media (57 FR 21450,
21463, May 20, 1992).


The HWIR proposal received
considerable interest. A number of
commenters expressed strong concerns
about the proposal as a whole, and the
process that was used to develop it.
Some of the concerns focussed on EPA's
failure to consult with the States and the
public prior to issuing the very complex
and significant proposal. Because of
process related issues, the strong views
expressed by the States, and the
importance of the rulemaking, EPA
decided that a more deliberate and
inclusive process was needed for
developing the regulations. On October
5, 1992 the Agency formally announced
its intention to withdraw the May 20,
1992 proposal, and start a series of
discussions with various stakeholders to
develop a new, carefully considered
approach to crafting both exit levels for
"as-generated" wastes and management
standards for cleanup of contaminated
media.
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7. Relationship to CERCLA


The rule being proposed today would
be expected to have a significant impact
at sites being addressed under CERCLA.
Superfund sites generate large quantities
of remediation waste, and compliance
with RCRA requirements in the
management of this waste has been a
recurring concern. The substantive
requirements of RCRA Subtitle C,
including land disposal restrictions,
apply to hazardous wastes at these sites,
and permits are required for off-site
actions.


Under the approach proposed today,
the flexibility being provided for
management of remediation waste
would be available to CERCLA
responses. It should be noted, however,
that CERCLA responses must comply
with all "applicable" or "relevant and
appropriate" requirements, both Federal
and State. Therefore, until a RCRA
authorized State is authorized for the
HWIR-media rule, the State's existing
RCRA regulatory system would be
applicable (or relevant and appropriate)
to Superfund actions in the State.


8. Relationship to HWIR-waste Rule
(Dec. 21, 1995)


See preamble section (IV)(C).


9. Relationship to RCRA Legislative
Reform


On March 16, 1995 the President
committed to identify high cost, low
benefit provisions of the Resource
Conservation and Recovery Act (RCRA)
for legislative reform. After an extensive
stakeholder outreach process, the
Administration selected two issues. The
first issue for legislative reform, an
exemption for certain low risk wastes
from costly regulation under RCRA's
land disposal restrictions program, was
signed into law-the Land Disposal
Flexibility Act-by the President on
March 26, 1996.


The second topic identified for
legislative reform was the application of
RCRA hazardous waste management
requirements to cleanup wastes. The
Administration currently is discussing
with stakeholders and Congress the
possible development of bipartisan
legislation to expedite the safe and cost-
effective management of cleanup wastes
that are currently subject to RCRA
hazardous waste management
requirements. In addition to RCRA
cleanup sites, the type of reform being
discussed would benefit site cleanups
under Superfund, Brownfields and State
voluntary programs. EPA has requested
comment on a range of alternatives to
today's proposal that are consistent with
the range of alternatives being discussed
for legislative reforms.


C. Origin of Today's Proposed Rule


In order to facilitate discussions with
various stakeholders, EPA established a
formal advisory Committee, chartered
under the Federal Advisory Committee
Act (FACA). Chaired jointly by the
Director of the Office of Solid Waste and
the Commissioner of the Oregon
Department of Environmental Quality
(representing the States as "co-
regulators"), the HWIR FACA
Committee included representatives
from industry, environmental
organizations, the States, and other
affected organizations.


One of the initial decisions reached
by the FACA Committee was to create
separate sub-groups to address the two
major components of the rule-the
provisions for contaminated media, and
the provisions for as-generated wastes.
Since then, these two efforts have
proceeded in parallel, and have evolved
into separate but obviously related
rulemakings. A more complete
description of the proceedings of the
HWIRFACA Committee and subsequent
deliberations of its two sub-groups can
be reviewed in the Docket for this rule,
and the HWIR-waste rule (60 FR 66344-
469, Dec. 21, 1995).


In July 1993 the FACA Committee
developed and approved a conceptual
framework for the HWIR-media rule.
Commonly referred to as the
"Harmonized Approach," this
framework embodied a number of
compromises reached among the
participants in the process. It was
recognized by the Committee that the
Harmonized Approach was only a
conceptual outline for crafting a
proposed HWIR-media rule, and that a
number of important issues remained to
be resolved. However, the participants
agreed that EPA, in partnership with the
States, should begin the formal
rulemaking process with the objective of
assessing the remaining issues,
determining the viability of such a rule
from a legal, technical, and policy
standpoint, and if possible, developing
a proposed rule that embodied the
general concepts and directions
outlined in that approach. Today's
proposal represents the culmination of
those efforts.


It should be understood that this
proposal, which is patterned after the
Harmonized Approach, represents the
Agency's best efforts to fulfill the
directive of the HWIR FACA Committee.
In developing the proposal it was
necessary to make decisions on a
number of important issues, some of
which were not specifically addressed
in the Harmonized Approach, including
some issues that were not identified


during the FACA process. The Agency
recognizes that although tentative
consensus was reached by the FACA
Committee on the harmonized
approach, it cannot be assumed that
today's proposal will meet with the
approval of all members of the
Committee. In fact, some stakeholders
have already expressed concerns with
some of the specifics of today's
proposal.


It is the Agency's view that today's
proposal would offer many benefits
beyond the present regulatory situation.
However, it is quite possible that other,
different regulatory approaches could
achieve the same objectives and levels
of protection, and might offer other
advantages in terms of simplicity, cost-
effectiveness and/or ease of
implementation. A discussion of
possible alternative approaches to
today's proposed rule is presented in
sections IV and VI of this preamble.


In any case, EPA in consultation with
the States, will continue to seriously
examine the strengths and weaknesses
of the proposal presented in today's
notice, and of the alternatives discussed.
The Agency specifically requests
comments on the approaches taken in
today's proposed rule, and the specific
strengths and weaknesses of the
proposed options as well as the
alternatives discussed in section VI of
this preamble.


Alternative regulatory approaches,
and any advantages they may have in
comparison to today's proposal, will be
very carefully considered. The Agency
is committed to issuing a final HWIR-
media rule that achieves as much
desirable regulatory relief as possible,
that is protective of human health and
the environment, and that can be easily
understood and implemented.


III. EPA's Policy Objectives for the
HWIR-Media Rule


In developing today's proposal, EPA,
in consultation with the States,
identified several key policy objectives.
These are discussed below.


Special Requirements Should Be
Developed That A re Approp riate for
Management of Contaminated Media


As discussed above, based on their
experiences overseeing and
implementing environmental cleanups,
EPA and the States believe that many of
the current prevention -oriented
regulations under RCRA are
inappropriate for regulating the
management of contaminated media.
EPA and the States have found that
these prescriptive standards can create
disincentives for action, and constrain
the range of options available to
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environmental remediators. Thus, in
order to better align the regulatory
controls for the unique challenges
associated with contaminated media,
existing Subtitle C requirements should
be modified to create a more flexible
and common-sense regulatory system
for management of contaminated media.


Requirem ents for Management of
Contaminated Media Should Be Flexible
and Should Reflect Actual Media
Cleanup Site Conditions and the
Characteristics of the Contaminated
Media


EPA and the States have found that
cleanup of hazardous waste sites often
requires regulators to make numerous
site- and media-specific cleanup
decisions that can be at odds with
RCRA's uniform national standards.
Although some may argue that applying
uniform national LDR treatment
standards and other national standards
is appropriate for contaminated media,
EPA is persuaded that for the most part,
site-specific flexibility is necessary to
ensure the most effective management
of these wastes. EPA further believes
that EPA and/or State oversight of
media management activities will
ensure that this additional flexibility
will not be abused.


State and Federal Cleanup Programs
That Have Adequate Authorities and
That Are Responsibly Administered Can
and Should Be Relied Upon To Exercise
Sound Professional Judgment in
Implementing HWIR-Media Regulations


For some time many States have been
successfully operating cleanup
programs under State authorities. These
States have often completed cleanups at
substantial numbers of sites, and have
demonstrated a capability for overseeing
technically complex cleanups while
ensuring adequate protection of human
health and the environment. Many of
these programs are patterned after
existing Federal programs such as
CERCLA or RCRA corrective action.
EPA is confident, therefore, that many
States will be able to effectively
implement these new regulations, and
exercise sound judgment in making site-
specific management decisions.


HWIR-Media Regulations Should to the
Extent Possible Remove Administrative
Obstacles To Expedite Cleanups, and
Provide Incentives for Voluntary
Initiation of Cleanup by Responsible
Parties


The obstacles posed by RCRA permit
requirements for cleanups that involve
on-site treatment, storage or disposal of
contaminated media, and other cleanup
wastes have been recognized for some


time. EPA believes that today's proposal
would provide considerable relief from
these administrative obstacles. At the
same time, adequate opportunities for
public participation must be
maintained. EPA believes that the new
administrative procedures presented in
today's proposal for remedial actions
that would otherwise require traditional
RCRA permits would meet the goal of
streamlining the process, while
maintaining opportunities for public
participation.


Because this proposal would provide
considerable substantive relief (through
more flexible management standards),
and relief from administrative obstacles,
EPA believes that the rule would have
the additional benefit of stimulating
voluntary initiation of cleanup actions
by owners and operators of
contaminated properties.


Authorizing States for HWIR-Media
Regulations Should Be Streamlined and
Simplified To Save Time and Resources


The process for authorizing States for
the RCRA Subtitle C program has been
characterized by lengthy procedures,
large resource expenditures, and
detailed, line-by-line reviews of State
authorization applications. The goal of
these procedures has been to ensure
before the State may receive
authorization, that State programs are
equivalent-in the strictest sense of the
word-to the Federal program. EPA
views the HWIR-media regulations as an
opportunity to rethink the State
authorization process, with the goal of
creating a new approach that relies on
less up-front review by EPA, a greater
reliance on certification by States, and
more credible and effective sanctions on
States that do not effectively implement
the regulations for which they are
authorized. EPA expects that this new
approach to State authorization will be
applied to other parts of the RCRA
program. If it is successful, the approach
may become the template for the RCRA
program as a whole. (This is discussed
in more detail in section (V)(E).)


The Regulations Should Be Easy To
Understand


The RCRA Subtitle C program has
been criticized by many for being overly
complex and thus difficult to comply
with. This rule is not intended to fix all
of the program's complexities; however,
a primary objective in creating this new
regulatory framework for management
of contaminated media was to ensure
that the new regulations are as easy to
understand-and implement-as
possible.


IV. Introduction and Overview of
Today's Proposal and Alternatives to
Today's Proposal


A. Today's Proposed Approach


Today's proposal would establish two
new regulatory regimes for management
of contaminated media that would
otherwise be subject to regulation under
the current RCRA Subtitle C regulations,
if the media are managed under the
oversight of EPA or an authorized State.
The rule would establish a "Bright
Line"-a set of constituent-specific
concentrations-to distinguish between
those two regimes based on whether
media are more highly contaminated, or
contaminated at lower levels.


Media which were contaminated with
constituent concentrations below Bright
Line values would be eligible to exit
from Subtitle C regulation if the State or
EPA determined that the media did not
contain waste that present a hazard (i.e.,
hazardous waste). (See RCRA § 1004(5)).
Most management requirements for
contaminated media that do not contain
hazardous wastes would be specified by
the overseeing Agency on a case-by-case
basis.


Today's proposal also addresses
application of the Land Disposal
Restrictions (LDRs) to both hazardous
and non-hazardous contaminated
media. Hazardous contaminated media
are environmental media that contain
hazardous wastes or exhibit a hazardous
characteristic and have not been
determined, pursuant to § 269.4, to no
longer contain hazardous wastes. Non-
hazardous contaminated media are
media determined, pursuant to § 269.4,
not to contain hazardous waste. LDRs
apply to media contaminated by
hazardous wastes when the wastes were
land disposed after the effective date of
the applicable land disposal
prohibitions. When the wastes that are
contaminating the media were land
disposed before the effective date of the
applicable land disposal prohibitions,
LDRs attach to the media when the
media are removed from the land,
unless the media have been determined
not to contain hazardous wastes before
they are removed from the land. Media
subject to the LDRs must be treated to
meet LDR treatment standards prior to
placement, or re-placement, in a land
disposal unit (except a no-migration
unit). As stated above, media
contaminated by hazardous wastes
placed before the effective dates of the
applicable land disposal prohibitions
and determined to no-longer contain
hazardous waste before they are
removed from the land are not subject
to the land disposal restrictions.
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In some cases, hazardous
contaminated media may be determined
to no-longer contain hazardous waste,
but may remain subject to the land
disposal restriction treatment standards.
As discussed more completely later in
today's preamble, this is based on the
logic that, once attached, the obligation
to meet land disposal restriction
treatment standards continues even if a
waste is no longer considered hazardous
under RCRA Subtitle C.


Under current regulations, media
subject to the land disposal restriction
treatment standards must meet the
standards for the hazardous wastes
contained (or, in some cases, formerly
contained) in the media, that is, the
same treatment standard the
contaminating hazardous wastes would
have to meet if they were newly
generated. Today's proposal would
modify the land disposal restriction
treatment standards for media subject to
the LDRs so that the treatment standards
reflect the site-specific nature of
cleanup activities and media treatment
technologies and strategies more
accurately and appropriately. Today's
proposal also establishes new Media
Treatment Variances to ensure that,
when the generic LDR treatment
standards are technically impracticable
or inappropriate or, for contaminated
media with all constituent
concentrations below the Bright Line,
when the statutory LDR standard can be
met with less treatment than required by
the generic LDR treatment standards,
appropriate treatment will be required.
When contaminated media determined
by a State or EPA to no-longer contain
hazardous waste is still subject to the
LDRs, today's proposal establishes a
policy that site-specific Media
Treatment Variances would be
appropriate.


Contaminated media that contain
hazardous wastes would continue to be
regulated as hazardous wastes, but
certain Subtitle C requirements would
be modified. Most importantly, the LDR
treatment standards for media would be
amended, to account for the highly
variable characteristics of media (such
as soils) that are mixed with hazardous
wastes, and the technical uncertainties
involved with treating such
heterogeneous materials. One of the
primary objectives of the proposed rule
is to replace generic, national standards
with more tailored and flexible
requirements for contaminated media.
The rule would establish a new
mechanism for imposing these site-
specific requirements-remediation
management plans (RMPs). These plans
would be the vehicle for imposing (and
enforcing) the new requirements, while


ensuring public participation in the
decision making process. An approved
RMP would be required for both wastes
that contain hazardous wastes and those
determined not to contain hazardous
wastes. Thus, the regulations would not
be self-implementing-the increased
flexibility allowed under the new rules
would be available to owner/operators
and other responsible parties only when
there is sufficient government oversight
to ensure that such flexibility is not
abused.


The use of RMPs should accelerate
and streamline cleanup actions in
several ways. First, an approved RMP
would be considered a RCRA permit,
eliminating the need to issue traditional,
time-intensive RCRA permits for
cleanup actions. Second, the procedures
for reviewing and approving RMPs
would be considerably less complex
than those required for RCRA permits.
Third, RMP's would not trigger the
requirement for facility-wide (and
beyond facility boundary) corrective
action requirements under § 3004(u) and
(v) of RCRA. Thus, the delays and other
disincentives that have often been
caused by the need to obtain a RCRA
permit for certain cleanup activities
should be significantly eased.


It should be noted that certain types
ofremediation wastes, such as sludges,
debris, and other non-media
remediation wastes, would not be
subject to the more flexible treatment
standards specified in the proposal and
could not exit from hazardous waste
regulation through a contained-in
determination. Such materials would be
subject to the traditional Subtitle C
regulations, including LDR
requirements. However, RMPs could be
used (at the discretion of the overseeing
Agency) to address all types of
remediation wastes.


Today's proposal would also replace
the current regulations for CAMUs,
which were promulgated on February
16, 1993. New CAMUs could not be
approved after the publication date of
the final HWIR-media rule; however,
existing CAMUs would be
"grandfathered", and could continue
operating for the duration of the
remedial operations. For situations in
which cleanup wastes are simply stored
or treated in piles as part of cleanup
activities, a new type of unit-a
remediation pile-could be used
without triggering LDRs and MTRs. A
significant difference between the
requirements for these remediation piles
and the current CAMU requirements is
that these piles would be only
temporary and could not be used as a
disposal option for remediation wastes.
Remediation piles could only be used


during the duration of the cleanup
activities at the site.


Another important feature of this
proposal is it's new approach to
authorizing States for the rule, which
would be much more streamlined than
existing authorization procedures.
Under the new approach, States would
certify that they have an equivalent
program, and EPA would only do a very
brief review prior to authorization,
rather than a meticulous line-by-line
review of the States' regulations to
determine equivalence. Once
authorized, EPA would monitor the
State's implementation of the program.
Ultimately, the Agency could revoke a
State's authorization specifically for this
rule, without having to revoke the
State's entire RCRA program (as is
currently the case).


B. Alternative Approaches Including
Unitary Approach


The Agency also solicits comments
regarding alternative approaches to
implementing the objectives of today's
proposal. An alternative that was
originally suggested by Industry
stakeholders has received attention and
support from many stakeholders. This
alternative approach is commonly
referred to as the "Unitary Approach. 2"


The Unitary Approach would exempt
all cleanup wastes (including
contaminated media and non-media
remediation wastes) from Subtitle C
regulation if they meet certain
conditions (the rule would thus be
based on a conditional exclusion
theory). The conditional exclusion
requires that these remediation wastes
be managed under an enforceable
"Remedial Action Plan" or RAP
approved by EPA or an authorized State
program. The Unitary Approach would
not include a Bright Line concept. All
cleanup wastes would be subject to site-
specific management requirements set
by the overseeing Agency (EPA or State)
in the RAP. EPA also believes that many
of the key elements of different options
and alternatives discussed in this
proposal could be combined in different
ways to construct an effective HWIR-
media program. The following table
illustrates three different combinations
of the key elements, and is intended to
facilitate comparison of options. A
further discussion of alternative
approaches and hybrids, is provided in
section VI of the preamble to today's
proposal.


2 See letter from James R. Roewer, USWAG


Program Manager, Utilities Solid Waste Activities


Group, to Michael Shapiro, Director, Office of Solid


Waste, EPA (September 15, 1995) in the docket for


today's proposal.
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TABLE 1


Key elements Proposed option Hybrid contingent management Unitary approachoption


Legal Theory ........... Contained-in ......................................... Conditional Exclusion for below the Conditional Exclusion.
Bright Line.


Scope ...................... M edia only ............................................ A ll rem ediation w astes ......................... All rem ediation w astes.
Bright Line ............... Bright Line-lO -3 and Hazard index Bright Line (a) (for media) same as No Bright Line.


of 10. proposal, or (b) qualitative Bright
Line1 .


Hazardous vs. Non- All media above Bright Line are sub- All remediation wastes above Bright All remediation wastes managed ac-
hazardous. ject to Subtitle C; below is site- spe- Line are subject to Subtitle C; below cording to RAP or RMP are not haz-


cific decision. (when managed according to RAP ardous.
or RMP) are not hazardous.


LDRs ........................ LDRs required for media where LDRs LDRs required for wastes where LDRs LDRs required for wastes where LDRs
attaches 2. attaches 2. 


atta c he s .3


Permitting ................ RMP serves as RCRA permit for RMP serves as RCRA permit for No requirement that RAP/RMP serve
media that remain subject to Subtitle wastes that are above the Bright as RCRA permit, since wastes are
C. Line; for wastes below the Bright not subject to Subtitle C.


Line, RMP does not have to serve
as RCRA permit.


1 See discussion of qualitative Bright Line below.
2 See discussion of applicability of LDRs in section (V)(C).
3 See discussion of alternative option for LDR applicability in section (Vl)(A)(3).


The Agency believes that the
alternative approaches provide more
flexibility than today's approach, and
requests comments on the Unitary
Approach as an alternative to today's
proposal, as well as other options that
combine different key elements.


C. Relationship to HWIR-Waste Rule


EPA recently proposed two
approaches for exemptions from
Subtitle C regulation that focus on listed
hazardous wastes that are not
undergoing remediation (60 FR 66344-
469, Dec. 21, 1995). Under the "HWIR-
waste" proposal, listed wastes, wastes
mixed with listed wastes and wastes
derived from listed wastes would be
eligible for exemption from Subtitle C
where tests show that all hazardous
constituents fall below one of the two
sets of "exit levels" set out in the
proposal.


EPA's goal for the generic option was
to identify levels of hazardous
constituents that would pose no
significant threat to human health or the
environment regardless of how the
waste was managed after it exited
Subtitle C jurisdiction. EPA derived
these exit levels by making reasonable
worst case assumptions about releases
from a variety of solid waste
management units. The exit values are
designed to be protective even if there
is no further regulation or oversight by
any Federal or State agency. Moreover,
the proposal does not require any
regulatory agency to review exit claims
or make decisions as to whether an exit
is warranted. As noted in that proposal,
in addition to listed hazardous wastes,
both contaminated media and wastes
that do not contain media, but are


undergoing cleanup, would be eligible
to exit Subtitle C at these levels under
this self-implementing process.
However, since the exit levels do not
account for site-specific factors that may
exist at cleanup sites, large quantities of
remediation wastes and contaminated
media might not qualify for exit.


The second set of exit levels proposed
in the HWIR-waste notice is somewhat
less conservative because risk reduction
credit is given for the conditions of the
exemption, thus, adhering to the overall
risk protection goal. These levels,
however, would be available only to
waste handlers that comply with
specified conditions for the
management of the exempted wastes.
(The proposed option has a condition
prohibiting management in land
application units.) The notice also
describes and requests preliminary
comments on several other options for
conditional exemptions with more
extensive conditions that would
increase risk protection and would,
presumably, yield even less
conservative exit levels. One of these
options described could allow
regulatory agencies to calculate
exemption levels for individual waste
management facilities using site-specific
data. Waste that exited under this
option would be subject to the
conditions of the exit, enforced through
ordinary, periodic compliance
inspections, as opposed to special site-
specific oversight.


Today's HWIR-media proposal, unlike
the HWIR-waste generic option, does
not seek to identify constituent
concentrations that would be safe
regardless of the manner in which the
media is managed. Rather, it tries to


distinguish between (1) contaminated
media that are eligible to exit because it
is likely that they can be managed safely
under cleanup authorities outside of
Subtitle C, and (2) media that contain so
much contamination that Subtitle C
management is warranted. For
exempted media EPA is proposing to
require that a regulatory agency make
any appropriate site-specific decisions
about the management of remediation
wastes, and impose those decisions in
an enforceable document. EPA also
expects that States will conduct
significant oversight of these
requirements during the course of their
remediation activities. This scheme
provides for more extensive oversight
than most of the conditional exemption
options in the HWIR-waste proposal.
Consequently, the "Bright Line"
concentrations in this proposal (that
identify media that are eligible for
exclusion from Subtitle C) are not as
conservative as either the generic or the
proposed conditional exemption option
in the HWIR-waste proposal. EPA
anticipates that larger quantities of
contaminated media will be eligible for
exemption under this proposal than
under the HWIR-waste proposal. (For a
further discussion of the technical
methodologies used for developing the
HWIR-waste exit levels and the HWIR-
media Bright Line levels see section
(V)(A)(4)(c) of today's preamble and the
background documents for the two
proposals in the docket.)


Finally, this proposal, unlike the
HWIR-waste proposal, provides
additional flexibility for materials that
remain subject to Subtitle C jurisdiction.
For example, EPA is proposing special
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permitting and land disposal restriction
standards for proposed Part 269. EPA
believes this relief will increase
environmental protection by reducing
regulatory disincentives to cleanup.


V. Section-by-Section Analysis


A. General Provisions


1. General Scope of Today's Proposal-
§ 269.1


Today's proposal would establish a
new Part 269 of 40 CFR, which would
prescribe special standards for State or
EPA-overseen cleanups managing
contaminated media.


In § 269.1, today's proposed rule
articulates several important provisions
that apply generally to the Part 269
regulations, which are intended to
clarify what these rules are intended to
do. The following is a discussion of
each of those provisions.


The first provision (§ 269.1(a))
clarifies that the rules (except the
provisions for RMPs, in Subpart D)
would apply only to materials that
would otherwise be subject to Subtitle
C hazardous waste regulations. The
rules would not expand the coverage of
Subtitle C regulations, or otherwise
cause wastes to be considered
hazardous that have not been so
regulated before. In other words,
contaminated media would have to be
hazardous by characteristic, or be
contaminated with a listed hazardous
waste to become subject to this rule's
provisions. Other contaminated media-
regardless of constituent levels-would
not have to be managed as hazardous
wastes, and therefore, would not fall
under the scope of this rule.


In discussions with various
stakeholders, EPA has become aware
that the "coverage" issue has been the
source of some confusion. The rule has
been perceived by some as applying to
all media that might be managed as part
of cleanup activities, rather than just
those media that are currently subject to
regulation as hazardous wastes. This
provision is intended to clarify this
point.


The second provision (§ 269.1(b)) is
intended to explain that today's
proposal would only affect certain
specific Subtitle C regulations as they
apply to hazardous contaminated media
(i.e., media that contain hazardous
waste). The primary effect of Part 269
concerning these media would be to
replace the current LDR regulations
(specified in Part 268) with modified
treatment requirements, and to
significantly streamline permit
requirements. Other regulations that
apply to treatment, storage, and disposal
of hazardous wastes would continue to


apply to hazardous contaminated
media. 3 For example, if hazardous
contaminated media were generated
from cleanup activities-and
subsequently stored in tanks or
containers for greater than 90 days-the
tanks and containers would have to
comply with the Subparts I or J
requirements of Part 264 (or Part 265, if
at an interim status facility). Other Part
264 and 265 requirements would
continue to apply in similar fashion.


The third provision (§ 269.1(c))
addresses the interplay between these
HWIR-media rules and other cleanup-
related laws and regulations.
Specifically, it clarifies that remedy
selection standards, other "how-clean-
is-clean" standards, and guidelines that
are specified in cleanup statutes and/or
regulations, would not be affected by
these rules. EPA wishes to emphasize
that the proposed HWIR-media rules
would not affect which media or wastes
at a site must be cleaned up, or how
much contaminated media should be
excavated. Such decisions are usually
made according to Federal or State
cleanup laws and regulations, most of
which specify certain guidelines or
criteria for determining how sites are to
be cleaned up. Only after those
decisions are made would these HWIR-
media regulations come into play.


The fourth provision (§ 269.1(d)) is
meant to emphasize a very important
point regarding the Bright Line, which
is that the Bright Line values identified
in the proposal are not designed as
cleanup levels. As stated elsewhere in
this preamble (see (V)(A)(4)(c)), the
Bright Line concept has very little to do
with setting cleanup levels or making
other "how -clean -is-clean" decisions.
Cleanup levels usually take into account
various site-specific and contaminant-
specific factors, and are meant to ensure
that risks from exposure to residual
contamination are at acceptable levels.
Bright Line concentrations would
determine only whether the overseeing
Agency has the discretion to conclude
that media no longer contain hazardous
waste, and therefore decide what
management standards would apply to
that media if generated during a
cleanup. The use of Bright Line
concentrations as cleanup levels would
generally be inappropriate.


The fifth, and final provision,
(§ 269.1(e)) specifies that these rules
would not be self-implementing. As
explained elsewhere in this preamble,


3
Note that this only applies to hazardous


contaminated media; media exempt from Subtitle C
because of contained-in decisions (see § 269.4)
would not be subject to any Subtitle C regulations
except perhaps LDRs. (See discussion of LDRs in
section (V)(C) of this preamble).


and in the proposed rule language
(§ 269.1(e)), the provisions of Part 269
can only be implemented with oversight
by EPA or an authorized State, by an
approved Remediation Management
Plan (RMP) or analogous document.


2. Purpose/Applicability-§ 269.2


As described above, this rule would
modify the existing Subtitle C
requirements for the management of
more highly contaminated media, and
would, in effect, exempt lesser
contaminated media (that are
determined not to contain any
hazardous waste, and are managed in
accordance with an approved
Remediation Management Plan (RMP))
from most RCRA Subtitle C
requirements. For such less-
contaminated media, EPA and the States
would impose appropriate management
requirements on a site- and waste-
specific basis, pursuant to authorities
not reliant on the presence of RCRA
hazardous waste.


The Agency is proposing to
promulgate these regulations in a new
Part (Part 269) of Title 40 of the Code
of Federal Regulations. Issuing the rules
for contaminated media management in
a readily identified, discrete part of the
Subtitle C regulations should help to
make them clearer and easier to
understand for both regulators and the
regulated community. Although an
alternate approach was considered that
would have promulgated the rules as a
series of amendments and modifications
to the existing Subtitle C regulations
(Parts 260 to 271), EPA believes such an
alternative would be more difficult to
understand, and would add to the
complexity of an already complex body
of rules.


Section 269.2 of today's proposal is
intended to establish the general scope
and applicability of these rules. As
such, this part of the proposal addresses
a number of important issues that were
the subject of considerable debate
during the FACA Committee process.
The following is an explanation of how
this proposal addresses those specific
issues.


Section 269.2 specifies that Part 269
(except Subpart D) would apply only to
hazardous contaminated media, not to
all cleanup wastes. Therefore, non-
media remediation wastes (e.g.,
excavated drum waste) would be subject
to the same regulatory requirements that
apply to as-generated hazardous wastes
(with the exception of the Subpart D
provisions for Remediation Management
Plans). Likewise, hazardous debris
under today's proposal would be subject
to the existing LDR treatment standards
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for debris, as well as other Subtitle C
requirements.


The question of which types of
remediation wastes should be covered
under the HWIR-media rule was one of
the major issues left unresolved by the
FACA Committee under the
Harmonized Approach. Although all
parties on the Committee agreed that
hazardous contaminated media (as
defined in § 269.3-see ensuing
preamble discussion) should be subject
to this modified regulatory system, some
groups argued that other types of
remediation wastes, such as sludges,
and other remediation wastes should
also be covered by the rule. Those
groups argued that separating media
from non-media in this context is an
artificial distinction that is inconsistent
with the realities of managing wastes
during cleanup operations. They
contended that the rationale for
modifying requirements for
contaminated media applies equally to
these non-media wastes (e.g., the
presence of an overseeing agency, and
disincentives for cleanup created by
Subtitle C requirements). They
maintained that the coverage of the rule
should reflect the differences between
cleanup- and prevention-oriented waste
management, rather than create new
categories of remediation wastes.


Other parties involved in the FACA
Committee argued strongly that the rule
should be narrower in scope, and
should include only the types of
remediation wastes that are clearly
different in nature from newly-
generated wastes. They said that
because non-media remediation wastes
(e.g., drummed wastes and sludges), are
physically and chemically similar to as-
generated hazardous wastes they should
be subject to the same treatment
standards and other requirements that
apply to as-generated wastes. The fact
that such wastes are managed as a result
of cleanup actions (those parties argued)
does not mean that they should be
subject to the more flexible rules for
remediation waste proposed today.


EPA decided to limit the scope of
today's proposal to contaminated media
for several reasons. First, the contained-
in concept used in this proposal for
exempting materials from Subtitle C
only applies to media (and, as discussed
below, debris). Thus, a different legal
concept would have to be used to
exempt other types of remediation
wastes from Subtitle C. Further
discussion of this issue is presented in
section (VI)(A) of this preamble.


Another reason for limiting the
applicability of the rule to contaminated
media is that the cost-benefit analysis
prepared for this rule indicates that, on


a national basis, contaminated media
comprise approximately 80% of the
total volume of material that is typically
managed at Superfund (Federal and
State) sites, RCRA corrective action
sites, and voluntary cleanup sites. The
rule would thus provide a considerable
amount of regulatory relief, thereby
removing the disincentive for cleanup
this rule is designed to address. It can
also be argued that the need for
regulatory relief, particularly from LDR
requirements, is more acute for
contaminated media than other
remediation wastes. This is because, as
discussed in section (II)(A) of this
preamble, they are often more complex
to treat effectively, since there are often
large, heterogeneous volumes of media,
with numerous types of contaminants
present, requiring multiple types of
treatment technologies. In addition, this
rule, if finalized, will constitute a major
change in the way the covered materials
are regulated under RCRA and will
require a "break-in" period while
regulators and the regulated community
adjust to the new system. Therefore, it
may be prudent to limit the rule to cover
only contaminated media, at least until
EPA and the States have established a
track record in implementing this new
regulatory system.


By limiting the applicability of this
proposed rule to contaminated media,
EPA is not discounting the arguments of
those who believe that the rule should
be more expansive in scope. It is
acknowledged that the rule as drafted
may create complexities for site
managers and regulators in
distinguishing and separating media
from other remediation wastes at a site,
and then applying two different
regulatory regimes to their management.
The Agency also recognizes that at
many cleanup sites, the issue of whether
to pick up and manage remediation
wastes or to leave them in place,
involves old wastes, not media. The
Agency has also found in the Cost/
Benefit assessment for today's proposed
rule that an alternative which would
include all remediation wastes in the
scope of this rule would provide
significantly more cost savings than the
proposed option. As discussed in
section (VI)(A) of this preamble, the
Agency is seriously considering
applying the rule to all remediation
wastes and specifically requests
comments and factual data concerning
whether it is appropriate to do so.
Specifically, the Agency seeks comment
on the benefits of including all cleanup
wastes, and what types of
implementation difficulties, if any,
would be created by regulating


hazardous contaminated media and
other hazardous remediation wastes
separately and how easy those problems
are to overcome.


Debris. A related issue concerning the
scope of today's proposal is whether the
substantive portions of the rule should
cover hazardous debris. 4 Although the
FACA Committee did not examine this
question in detail, individual members
of the committee, as well as several
other stakeholders (including several
States) have recently contended that the
rule should include debris and should
allow it to be addressed under the same
modified regulatory scheme as for
media. These parties argue that although
under today's proposal, requirements
for debris could be addressed in an
RMP, separate management standards
(particularly the LDR treatment
standards) for debris can complicate
cleanups by requiring physical
separation of debris from non-debris
remediation wastes, and requiring
different treatment technologies, where
debris and media often can be handled
together without compromising
environmental protection.


Because this issue arose late in the
preparation of today's proposed rule,
EPA has decided, with a few
exceptions, 5 not to include hazardous
debris in the scope of today's proposal.
However, should the Agency receive
persuasive comments, it will consider
including hazardous debris in the final
rule.


EPA requests comment on whether
hazardous debris should be included in
the final Part 269 rule and, if debris is
included, the management standards or
combinations of management standards
(e.g., some combination of the existing
Debris Rule standards and the standards
for contaminated media proposed today)


4
Debris is defined in 40 CFR 2


6
8.2(g) as "solid


material exceeding a 60 mm particle size that is
intended for disposal and that is: a manufactured
object; or plant or animal matter; or natural geologic
material. However, the following materials are not
debris: any material for which a specific treatment
standard is provided in Subpart D, Part 268, namely
lead acid batteries, cadmium batteries, and
radioactive lead solids; process residuals such as
smelter slag and residues from the treatment of
waste, wastewater, sludges, or air emission
residues; and intact containers of hazardous waste
that are not ruptured and that retain at least 75%
of their original volume. A mixture of debris that
has not been treated to the standards provided by
§ 268.45 and other material is subject to regulation
as debris if the mixture is comprised primarily of
debris, by volume, based on visual inspection."
Hazardous debris is defined in 40 CFR 268.2(h) as
"debris that contains a hazardous waste listed in
Subpart D of Part 261 of this chapter, or that
exhibits a characteristic of hazardous waste
identified in Subpart C of Part 261 of this chapter."


5
The exceptions are today's proposed regulations


for remediation management plans and remediation
piles, as discussed in the applicable sections of
today's preamble.
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that should be imposed. EPA requests
that commenters address the
distinctions, if any, which should be
made between naturally occurring
debris (e.g., gravel, tree roots) and man-
made debris (e.g., crushed drums,
sorbants). For example, should naturally
occurring debris be included in the final
Part 269 rule and subject to the same
standards as contaminated media
because it is often co-located with
media? While these issues were
specifically raised in the context of
petroleum contaminated debris, EPA
believes they are also applicable to
debris more generally.


Details associated with the potential
application of today's proposed
requirements for contaminated media to
hazardous debris are discussed later in
sections (V)(A)(4)(b) and (V)(C)(10) of
this preamble.


Oversight. Section 269.2(b) specifies
that the regulations of Part 269 would
apply only to cleanup activities that are
overseen by EPA or an authorized State
agency, in accordance with an approved
plan (i.e., a RMP). This limitation is a
key feature of the proposal.


As discussed earlier, remedial actions
under RCRA, CERCLA, and other
Federal and State cleanup programs are
typically conducted with substantial
government oversight. Often this occurs
because the implementing agencies have
decided to make many decisions
relating to cleanup on a site-specific
basis rather than promulgating generally
applicable regulations. Agencies have
preferred site-specific decision-making
in the area of cleanup because remedial
management decisions are extremely
complex, and because site-specific
factors play very important roles in the
design and implementation of protective
remedies. It is the Agency's belief that
the government agency overseeing a
particular remedial action is generally
best suited to make decisions
concerning the management of the
contaminated media from that site,
because they would be most familiar
with the site-specific conditions that
would affect how the media should be
properly managed. Thus, for the
majority of media (i.e., those with all
constituent concentrations below the
Bright Line), today's proposal would
allow EPA or the State to impose site-
specific standards in lieu of most of the
current Subtitle C requirements.


In many States, several cleanup
programs are operated by different
programs or agencies of the State
government. It is the intention of the
Agency to authorize for this rule, State
RCRA programs that have incorporated
the rule and plan to rely on companion
authorities that are not reliant on the


presence of hazardous wastes for
jurisdiction (e.g., State solid waste laws,
or State Superfund laws, and RCRA
corrective action authority at TSDFs),
and that are capable of assuring sound
media management decisions for media
determined to no longer contain
hazardous wastes. EPA would then
allow those States to determine which
companion authority(s) should be used
to define media management
requirements at any specific site.
Likewise, management standards for
media determined to no longer contain
hazardous wastes may be imposed, as
appropriate, under Federal cleanup
programs, such as Superfund or RCRA
corrective action.


Since these proposed Part 269
regulations and appropriate site-specific
management standards for media
determined to no longer contain
hazardous wastes would be
implemented and enforced on a site-by-
site basis, some mechanism must be
available for the overseeing Agency to
document the site-specific
requirements, and thus provide a means
to enforce compliance with those
requirements. The proposal specifies
that these rules will only apply when
EPA or an authorized State approves a
remediation management plan for the
site. The requirements that contained-in
decisions and appropriate non-Subtitle
C management standards must be
included in RMPs would also serve the
very important purpose of providing the
information necessary for the Agency to
monitor whether an authorized State is
implementing the HWIR-media rule in a
protective manner (e.g., whether the
State is making protective contained-in
determinations). As discussed more
fully in section (V)(E) below, today's
proposal would allow EPA to withdraw
a State's HWIR-media authorization if
the Agency determines that the State is
not managing the contaminated media
addressed by the rule in a protective
manner.


An approved RMP may also constitute
a RCRA permit in cases where such
permits are required specifically for
cleanup activities. Further discussion of
RMPs is presented elsewhere in this
preamble.


§ 269.2(c) is designed to make clear
that this rule does not expand the
applicability of Subtitle C requirements
to any materials for which Subtitle C
would otherwise not apply. Materials
and activities that are not already
subject to Subtitle C would not be
required to begin complying with
Subtitle C standards. For example, if a
site owner managed hazardous
contaminated media under the 90-day
accumulation provision of 40 CFR


262.34, this rule would not require him
to obtain a RCRA Part B permit or a
RMP. Similarly, if a site owner treats
hazardous contaminated media in situ
(i.e., without triggering the RCRA Land
Disposal Restrictions), this rule would
not subject him to the proposed media-
specific LDR standards in Part 269.


3. Definitions-§ 269.3


Section 269.3 defines several
important new terms that are unique to
Part 269 6. These terms are defined here,
rather than in § 260.10 (where most of
RCRA's regulatory terminology is
defined), for the sake of convenience,
and to emphasize that these are terms
that would be specific only to this
portion of the hazardous waste
regulations. Of course, the definitions in
§ 260.10 would apply to Part 269 as
well. The following is a discussion of
each new term.


Bright Line Constituent. Today's
proposal specifies the following
definition:


Bright Line constituent means any
constituent found in media that is listed in
Appendix A of this Part, and which is: (1)
The basis for listing of a hazardous waste (as
specified in Appendix VII of 40 CFR Part
261) found in that media; or (2) a constituent
which causes the media to exhibit a
hazardous characteristic.


This definition would be used to
establish which constituent
concentrations in the media must be
measured against Bright Line
concentrations, which in turn would
determine whether the Director has the
discretion to decide that the media do
not contain hazardous waste. The
Agency considered several approaches
for defining this term, including
defining it to include any constituent
that: (1) May be present in the media, (2)
may be present in the media and
originated from hazardous waste, or (3)
may be present in the media, originated
from hazardous waste, and was a
constituent that either formed the basis
for the waste's hazardous waste listing
or caused the media to exhibit a
hazardous characteristic.


The Agency rejected the first option
because it could be over inclusive; i.e.,
there could be concentrations of
constituents in the media that exceed
Bright Line concentrations, but did not
originate from hazardous waste (e.g.,


6
The term "Director" as used in today's proposed


rule means "Director" as defined currently in 40
CFR 270.2. The HWTR-waste proposal (60 FR
66344 469, Dec. 21, 1995) would move that
definition to 260.10, in which case the 260.10
definition would be sufficient to define "Director"
for purposes of today's proposal. For that reason,
today's rule does not propose a definition for
"Director."
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naturally occurring constituents). Since
under the contained-in principle, media
are only regulated under Subtitle C
because they contain hazardous waste,
this approach could inappropriately
extend the reach of the Subtitle C
regulations.


EPA chose the third option over the
second reasoning that the use of the
same constituents that have caused the
wastes in the media to be regulated as
hazardous form a sound basis for
deciding whether those same media
should be eligible to be "deregulated."
The sole purpose of the Bright Line is
to determine whether the media should
be eligible for a contained-in
determination; the conclusion that all
Bright Line constituents are below the
Bright Line does not necessarily
determine that the media no longer
contain waste. If the media contain
other constituents of concern, the
Director could, where appropriate, use
the constituents as the basis for denying
a request that the media be determined
to no longer contain hazardous wastes.


At some point in the site-cleanup
process it would be necessary to
determine which constituents in the
media are Bright Line constituents. For
media that exhibit a hazardous
characteristic, the Bright Line
constituents should be readily identified
(i.e., by chemical analysis). For media
contaminated with listed hazardous
wastes, Appendix VII to 40 CFR Part
261 lists the constituents that were the
basis for listing the waste as hazardous.


The Agency recognizes that
identifying the presence of listed wastes
(and thus the Bright Line constituents)
in media is not always simple. It has
been the Agency's longstanding policy
that in cases where the origin of the
contaminants is unknown, the lead
agency may assume that contaminants
in media did not originate from listed
hazardous wastes. (See e.g., 55 FR 8666,
8758, March 8, 1990, and 53 FR 51394,
51444, (December 21, 1988)). It is
generally the responsibility of the
owner/operator or responsible party to
make a good faith effort to determine
whether hazardous constituents in
media have originated from listed
hazardous wastes. If the origin of
constituents in media cannot be
determined, and the media do not
exhibit a hazardous characteristic, then
the media would not be subject to
Subtitle C regulations in the first place.


Although Bright Line constituents
may help to determine the regulatory
status of media they would not
necessarily be the only constituents
subject to LDR treatment standards. A
discussion of how LDR standards would
be applied to hazardous waste


constituents in hazardous contaminated
media is presented in section (V)(C) of
this preamble.


The tables in Appendix A specify
concentrations for 100 constituents for
which verified human health effects
data were available to the Agency at the
time of the proposal's publication.
These constituents are also the ones
most commonly found in contaminated
media at Superfund sites. EPA expects
that Bright Line concentrations for
additional constituents will be available
before publication of the final Part 269
rules. However, it is likely that for some
time Appendix A will be an incomplete
list. Comment is invited as to whether
this list should be updated, as data
become available, to include as many
constituents as possible, or whether for
purposes of this regulation it is
acceptable to have a Bright Line list that
does not specify levels for every
constituent that might be found at a
cleanup site.


In cases where constituents are
present in media but are not among
those listed with concentration values
in Appendix A to Part 269-the Director
would have the discretion (but not the
obligation) to specify site-specific or
State-wide Bright Line concentrations.
The Director's discretion to decide
whether media contained hazardous
wastes is unconstrained with respect to
these constituents.


For constituents that do not have
established Bright Line concentration
values, EPA believes it would generally
be appropriate to use similar
assumptions to those used to establish
the current Bright Line concentrations.
The technical background documents
which describe the assumptions,
equations, and models used to set the
Bright Line numbers are in the docket
for today's rule.


Additional discussion of the Bright
Line concept is presented in section
(V)(A)(4)(c) of this preamble, including
information on the specific numbers in
Appendix A and how they were
calculated. The Agency requests
comments on this definition of Bright
Line constituents. In particular, the
Agency seeks comments on the
approach of defining Bright Line
constituents as those constituents that
caused the waste to be hazardous in the
first place. For example, would it make
more sense to define Bright Line
constituents as any constituents for
which LDR treatment would be
required? (Constituents that would be
required to be treated for LDR are
discussed in section (V)(C)(3) below.)
This approach may be appropriate,
since the owner/operator would already
be addressing these constituents for LDR


purposes. The Agency requests
comments on approaches for making
contained-in decisions for constituents
that do not have levels specified in
Appendix A.


Hazardous contaminated media.
Today's rule proposes the following
definition of hazardous contaminated
media:


Hazardous contaminated media means
media that contain hazardous wastes listed in
Part 261 Subpart D of this chapter, or that
exhibit one or more of the characteristics of
hazardous waste defined in Part 261, Subpart
C of this chapter, except media which the
Director has determined do not contain
hazardous wastes pursuant to § 269.4 of this
Part (non-hazardous contaminated media).


This definition would be used to
identify media that remain subject to
regulation as hazardous wastes under
RCRA Subtitle C.


Media. Today's rule proposes the
following definition of media:


Media means materials found in the
natural environment such as soil, ground
water, surface water, and sediments; or a
mixture of such materials with liquids,
sludges, or solids which is inseparable by
simple mechanical removal processes and is
made up primarily of media. This definition
does not include debris (as defined in
§ 268.2).


This definition is intended to include
a broad range of naturally occurring
environmental media that may become
contaminated with hazardous wastes.
Debris has not been included in this
definition, for reasons cited in the
earlier discussion of debris, section
(V)(A)(2), although, as discussed in that
section, EPA solicits comments on
whether it should be. However,
hazardous debris or other remediation
wastes may be managed in remediation
piles (see discussion of proposed
§ 264.554), and could be addressed in a
remediation management plan under
today's proposal.


Media Rem ediation Site. Today's rule
proposes the following definition of
media remediation site:


Media remediation site means an area
contaminated with hazardous waste that is
subject to cleanup under State or Federal
authority, and areas that are in close
proximity to the contaminated area at which
remediation wastes are being managed or
will be managed pursuant to State or Federal
cleanup authorities (such as RCRA corrective
action or CERCLA). A media remediation site
is not a facility for the purpose of
implementing corrective action under
§ 264.101, but may be subject to such
corrective action requirements if the site is
located within such a facility (as defined in
§ 260.10).


EPA also proposes to amend the
definition of facility in § 260.10 to
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exclude media remediation sites (except
those located at a TSDF).


The concept of a media remediation
site is new in the RCRA context,
although it is similar to the "on-site"
concept that is defined in the Superfund
program. Traditionally, RCRA has
focused on "facilities" for purposes of
applying hazardous waste regulations.
These are generally properties where
industrial operations manage hazardous
wastes that they have generated, or
where commercial hazardous waste
treatment, storage, and/or disposal
operations are conducted. For purposes
of implementing corrective actions
under § 3004 (u) and (v) and 3008(h), a
facility is defined (see § 260.10) as "all
contiguous property under the control
of the owner or operator" where
hazardous wastes are managed.


Applying this concept of a facility to
cleanup actions can be problematic in
some cases, particularly where cleanup
activities are being conducted on
property that was never before regulated
under RCRA (e.g., land that became
contaminated before RCRA regulations
were promulgated). Under the current
regulations, if the cleanup activities at
such a site require a RCRA permit, the
site would become a "facility" for RCRA
purposes, and corrective action
requirements would apply to all
contiguous property that is under the
control of the owner or operator. This
has created disincentives for cleanups at
properties not heretofore regulated
under RCRA. For example, obtaining a
permit can be a time- and resource-
intensive undertaking, and the facility-
wide corrective action requirements that
attach once the permit is issued can also
deter cleanups. Since a media
remediation site would not be
considered a facility for RCRA purposes,
a RMP issued for the cleanup activities
at the site would not trigger any of the
RCRA corrective action requirements
mandated by RCRA § 3004 (u) and (v).


EPA believes that using the concept of
a media remediation site in applying
Part 269 regulations, instead of calling
them RCRA facilities, is sensible and
consistent with the RCRA statute. The
HWIR FACA Committee also supported
this approach. As originally conceived,
RCRA facilities were generally
properties whose owners and operators
were engaged in ongoing hazardous
waste management. Requiring corrective
action for such facilities (both facility-
wide and beyond the facility boundary)
was seen as a quid pro quo; i.e., one of
the costs of doing business for those
engaged in-and in some way profiting
from-the management of hazardous
wastes. In a remedial context, however,
there is no profit or advantage gained by


owners and operators from managing
hazardous wastes; it is simply
incidental to performing an act that is
environmentally beneficial (i.e.,
cleaning up a site). Viewing cleanup
sites as traditional hazardous waste
facilities (and thus imposing additional
cleanup responsibilities) can have the
effect of penalizing those who wish to
clean up their properties.


EPA does not believe that Congress
intended for RCRA to create obstacles
like this one to cleaning up
contaminated sites. Under § 3004(u) of
RCRA, the corrective action requirement
applies to "a treatment, storage, or
disposal facility seeking a permit." This
clearly refers to facilities that need
permits because they are in the business
of hazardous waste management. In the
Agency's opinion, sites that only
conduct hazardous waste management
incidental to cleanup activities are not
the types of facilities to which Congress
intended to apply the § 3004 (u) and (v)
facility-wide (and beyond the facility
boundary) corrective action
requirements.


In some cases, a media remediation
site could be part of an operating (or
closing) RCRA hazardous waste
management facility that is already
subject the § 3004 (u) and (v) corrective
action requirements; in those cases,
identifying an area of the facility as a
media remediation site would not have
any effect on the corrective action
requirements for that site or the rest of
the facility. The only advantage to
designating part of a RCRA-regulated
facility as a media remediation site
would be that more streamlined permit
procedures (for RMPs-see § 269.43)
could be used for that part of the
facility.


Under the proposed definition, a
media remediation site would be
limited to the area that is contaminated
and subject to cleanup, and adjacent
areas that are used for managing
remediation wastes as part of cleanup
activities. Areas that are remote from the
contaminated site would not be eligible
to be media remediation sites. For
example, if remediation wastes were
generated from a site and subsequently
transported off-site for treatment or
disposal, the treatment/disposal sites
could not be considered media
remediation sites. These off-site units
would be subject to regulation as RCRA
facilities for permitting and corrective
action purposes.


Of course, units used to manage non-
hazardous remediation wastes
(including non-hazardous contaminated
media-e.g., media determined not to
contain hazardous waste), would not
need to comply with Subtitle C


regulations, nor would such units need
RCRA permits. In other words, if the
Director determined that media did not
contain hazardous waste, units used for
subsequent management of the media
(on or off site) would not be subject to
permitting or other Subtitle C
requirements.


EPA considered the option of
allowing certain off-site areas to be
considered media remediation sites,
such as sites dedicated to managing
only remediation wastes, and sites
where only remediation wastes from a
specific cleanup site were managed.
These options could provide significant
advantages. For example, excavating
wastes from a site located in a
floodplain, and staging those wastes in
a more secure location away from the
floodplain, prior to ultimate disposal
could be a reasonable remedy. As
proposed, the off-site staging area could
not be considered a media remediation
site-it would have to be permitted as
a traditional hazardous waste storage
facility. The Agency recognizes that
allowing the use of RMPs at off-site
staging facilities might be more
streamlined than requiring RCRA
permits. However, an option that would
allow off-site areas to be considered
media remediation sites (or to be
permitted under RMPs) could be more
complicated to administer. The Agency
does not want to restrict off-site
management of remediation wastes, but
simply to ensure that these off-site
locations are adequately overseen. The
Agency requests comments on allowing
off-site areas to be regulated as media
remediation sites under Part 269, and
any specific requirements or limitations
that should be imposed on off-site
media remediation sites.


Today's proposal would allow the
Director to include areas in close
proximity to contaminated land that is
being cleaned up as part of a designated
media remediation site. This would
allow the site managers a limited
amount of room for conducting cleanup
operations outside the area that is
actually contaminated. For example,
cleaning up a lagoon full of sludges
might involve constructing and
operating a treatment unit at the site; in
many cases, it might be impractical or
impossible to locate the treatment unit
within the lagoon. This provision would
require some judgment on the part of
regulators responsible for defining the
boundaries of a media remediation site.
EPA solicits comments on this
provision, and on the more general
question of how expansive the
definition should be, and what types of
operations or areas should be included
or excluded.
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Non-hazardous contaminated media.
Today's rule proposes the following
definition of non-hazardous
contaminated media:


Non-hazardous contaminated media means
media that are managed as part of cleanup
activities and that the Director has
determined do not contain hazardous wastes
(according to § 269.4), but absent such a
determination would have been hazardous
contaminated media.


This definition is intended to
encompass any media that would have
been subject to RCRA Subtitle C
management requirements but the
Director determined that they do not
contain waste that presents a hazard
(i.e., hazardous waste) based on controls
in a RMP. (See discussion in section
(V)(A)(4)(a) of this proposal). This
definition is intended to differentiate
non-hazardous contaminated media
from media which would never have
been subject to Subtitle C in the first
instance (e.g., soil that was never
contaminated with hazardous waste.)


Under today's proposal, management
of non-hazardous contaminated media
would nevertheless be subject to control
and oversight from EPA or an
authorized State. As discussed in
section (V)(A)(4)(a), in order for
hazardous contaminated media to be
designated non-hazardous contaminated
media, the Director would need to
specify any appropriate management
controls in an approved RMP. Since the
intent of this rule is not to expand the
reach of RCRA Subtitle C requirements,
"never contaminated soil" would not be
subject to the requirements set forth in
this part for non-hazardous
contaminated media.


Inherent in this definition is the idea
that, even though these media would
not be regulated as hazardous wastes,
they might nevertheless be
"contaminated" enough to be of some
concern to the overseeing agency's site
cleanup decisions. In fact, most of the
media that are generated and managed
as part of cleanups would likely be
eligible to be considered non-hazardous,
according to the results of the
Regulatory Impact Analysis prepared for
this proposed rule.


Rem ediation Management Plan
(RMP). Today's rule proposes the
following definition for Remediation
Management Plan:


Remediation Management Plan means the
plan which describes specifically how
hazardous and non-hazardous contaminated
media will be managed in accordance with
this Part. Such a plan may also include, as
allowed under Subpart D of this Part,
requirements for other remediation wastes
and any other (non-Part 269) requirements
applicable to hazardous contaminated media.


The requirements of today's proposal
depend on a responsible overseeing
agency (EPA or an authorized State) to
approve and monitor compliance with
many site-specific decisions regarding
the management of hazardous
contaminated media. The RMP would
provide the documentation of the plan
and relevant information to demonstrate
compliance with applicable
requirements. A unique aspect of the
RMP is that there could be several
different kinds of RMPs. Since
hazardous and non-hazardous
contaminated media would be managed
under any number of Federal and State
programs, the Agency believes that it
would be unnecessarily burdensome to
require a fixed form of documentation,
as long as the required information is
adequately included or described in the
documents already being used by the
programs that implement the remedial
activities. In other words, this rule
would allow any enforceable document
containing the information required to
be included in a RMP if it also goes
through at least the minimum public
participation requirements in proposed
§ 269.43.


Sediment. Today's proposal specifies
the following definition for sediments:


Sediment is the mixture of assorted
material that settles to the bottom of a water
body. It includes the shells and coverings of
mollusks and other animals, transported soil
particles from surface erosion, organic matter
from dead and rotting vegetation and
animals, sewage, industrial wastes, other
organic and inorganic materials, and
chemicals.


This definition is from EPA's Office of
Water's document from June 1993,
entitled "Selecting Cleanup Techniques
for Contaminated Sediments," EPA
823-B93-001, p. xiv, which is available
in the docket to today's proposal. For
further discussion of how the proposal
would affect management of
contaminated sediments, see sections
(V)(A)(4)(c) and (V)(H) of this preamble.


Soil. Today's proposal specifies the
following definition of soil, for the
purpose of implementing Part 269
regulations:


Soil means unconsolidated earth material
composing the superficial geologic strata
(material overlying bedrock), consisting of
clay, silt, sand, or gravel size particles (sizes
as classified by the U.S. Soil Conservation
Service), or a mixture of such materials with
liquids, sludges, or solids which is
inseparable by simple mechanical removal
processes, and is made up primarily of soil.


This definition was originally
proposed in the September 14, 1993
Phase II LDR proposal (58 FR 48092,
48123). It would allow regulators to
distinguish between soils, debris, and


other remediation wastes by judging the
results of simple, in-situ mechanical
removal processes to separate the
materials. These processes would
include pumping, dredging, or
excavation by backhoe, or other devices.


This approach would eliminate
requirements for chemical analysis of
soil, to differentiate between waste, soil
and debris (e.g., considering such things
as soil particle size, elemental
composition of the soil, or other
properties that might distinguish soil
from other remediation wastes). The
Agency is not proposing that owner/
operators or the Director distinguish
more precisely than specified in today's
proposal between waste, soil, or
debris-through a chemical analysis or
other tests-since these approaches
would be difficult to develop, support,
and administer. Specifically, a basis for
chemical analysis or other tests has not
been developed, and implementation of
this approach would most likely not be
beneficial. Instead it would simply
delay the progress of remedial actions.
The Agency specifically solicits
comments on this proposed definition
for soil, and this type of approach for
classifying mixtures of soil and other
materials.


4. Identification of Media Not Subject to
Regulation as Hazardous Waste-§ 269.4


Section 269.4 specifies that, as long as
media do not contain Bright Line
Constituents that are at or above Bright
Line concentrations, the Director may
determine if those media contain
hazardous wastes. If not, the Director
may determine that the media would
not be subject to most RCRA hazardous
waste management requirements. 7 This
does not mean, however, that
management of those media would be
unrestricted. Instead, the rule would
require EPA or the State to impose
appropriate management requirements
in an approved RMP, using authorities
that do not depend on the presence of
hazardous wastes (i.e., general cleanup
authorities as provided in Federal or
State cleanup statutes).


The Agency is imposing this
condition on decisions that media no
longer contain hazardous wastes,
because the proposed rule, as discussed
below, would allow those decisions to
be made where media may be more
highly contaminated than media the
Agency has traditionally deemed to no
longer contain hazardous waste. If, for
some reason, a RMP were terminated
prior to completion of a remedy, those


7The exception is, in some cases, the requirement
to comply with the land disposal treatment
standards. (See discussion in (V)(C).)


18794


HeinOnline -- 61 Fed. Reg. 18794 1996







Federal Register / Vol. 61, No. 83 / Monday, April 29, 1996 / Proposed Rules


media would again become subject to
Subtitle C regulation. Understanding the
role of the Bright Line and the
contained-in principle is essential to
understanding how today's proposal
would work. Both the contained-in
principle and the Bright Line are
explained below.


a. The contained-in principle in
today's proposed rule background. The
contained-in principle is the basis for
EPA's longstanding policy regarding the
application of RCRA Subtitle C
requirements to mixtures of
environmental media (e.g., soils, ground
water, sediments) and hazardous
wastes. This concept has been discussed
previously in several Agency directives
and in several RCRA rulemakings. (See,
e.g., 58 FR 48092, 48127 (September 14,
1993)). In today's proposed rule the
Agency is expanding this concept as the
basis for allowing EPA or an authorized
State to exempt certain contaminated
media from the stringent, prevention-
oriented RCRA regulations for
hazardous waste management that
previously would have applied.


The contained-in concept was
originally developed to define the
regulatory status of environmental
media that are contaminated with
hazardous wastes. The mixture rule at
40 CFR 261.3(a)(2)(iv) states that "a
mixture of solid waste and one or more
[listed] hazardous wastes" constitutes a
listed waste itself (emphasis added).
Similarly, the derived-from rule at 40
CFR 261.3(c)(2)(i) provides that "a solid
waste generated from the treatment,
storage, or disposal of a hazardous
waste" is a hazardous waste (emphasis
added).


Since media are not solid wastes,
these rules do not apply to mixtures of
media and hazardous wastes. However,
two other regulations subject
contaminated media to Subtitle C
requirements. Under 40 CFR 261.3(c)(1)
a "hazardous waste will remain a
hazardous waste" unless and until
certain specified events occur. Under 40
CFR 261.3(d)(2) a "waste which
contains" a listed waste remains a
hazardous waste until it is delisted.
Together these regulations provide for
continued regulation of hazardous
wastes even after they are released to
the environment and mingled with
media.


The U.S. Court of Appeals for the
District of Columbia Circuit upheld this
interpretation of §§ 261.3(c)(1) and
(d)(2) in Chemical Waste Management
Inc. v. EPA, 869 F.2d 1526, 1538-40
(D.C. Cir. 1989), and EPA has explained
the policy and its regulatory basis in
numerous preambles and letters. (See 53
FR 31138, 31142, 31148 (Aug. 17, 1988);


57 FR 21450, 21453 (May 20, 1992)
(inadvertently citing 40 CFR 261(c)(2) in
lieu of § 261.3(d)(2)); memorandum
from Marcia E. Williams, Director, EPA
Office of Solid Waste, to Patrick Tobin,
EPA Region IV (Nov. 15, 1986); letter
from Jonathan Z. Cannon, EPA Acting
Assistant Administrator, Office of Solid
Waste and Emergency Response, to
Thomas Jorling, Commissioner, New
York Department of Environmental
Conservation (June 19, 1989); and letter
from Sylvia K. Lowrance, Director, EPA
Office of Solid Waste, to John Ely,
Enforcement Director, Virginia
Department of Waste Management (Mar.
26, 1991). Under the contained-in
policy, media contaminated with listed
hazardous wastes are not wastes
themselves, but they contain hazardous
wastes and must therefore be managed
as hazardous wastes until they no longer
contain the waste. This concept is based
on the idea that at some point (e.g., at
some concentration of hazardous
constituents) the media would no longer
contain the hazardous waste, or be
subject to RCRA Subtitle C regulations.


Because the regulations that serve as
the basis for the contained-in policy are
part of the "base" RCRA program that
was in effect prior to 1984, the Agency
has taken the position that EPA or the
State agency authorized to administer
the "base" RCRA regulations may
determine whether media contain listed
wastes. Decisions that media no longer
contain listed hazardous wastes (or
"contained-in" decisions) have typically
been made on a case-by-case basis,
according to the risks posed by the
contaminated media. The Agency has
not issued any definitive guidance or
regulations for determining appropriate
contained-in levels; however, EPA
Regions and States have been advised
that conservative, health-based levels
derived from direct exposure pathways
would clearly be acceptable as
"contained-in" levels. (See
memorandum from Sylvia K. Lowrance
to Jeff Zelikson, Region IX, (January 24,
1989)). It has been the common practice
of EPA and many States to specify
conservative, risk-based levels
calculated with standard conservative
exposure assumptions (usually based on
unrestricted access), or site-specific risk
assessments.


With regard to mixtures of media and
characteristic wastes, EPA has often
stated that media are regulated under
RCRA Subtitle C if they exhibit a
hazardous waste characteristic. (See 57
FR 21450, 21453, (May 20, 1992)). But,
since media generally are not wastes,
they become regulated when they have
been contaminated with solid or
hazardous wastes and the resultant


mixture exhibits a characteristic. EPA
has also taken the position that
contaminated media cease to be
regulated as hazardous waste when
sufficient quantities of hazardous
constituents are removed so that the
mixture ceases to exhibit a
characteristic 8 (57 FR 21450, 21453,
May 20, 1992).


The contained-in concept in today's
proposed rule. One of the primary
objectives of today's proposal is to
remove lower risk contaminated media
from Subtitle C jurisdiction so that more
appropriate, site-specific management
requirements can be specified by the
overseeing Agency. For the purpose of
this rulemaking EPA has chosen to use
the contained-in concept as the basis for
allowing these materials to be exempted
from Subtitle C requirements. In
formulating the proposal, the Agency
considered alternative concepts that
might be provided under the RCRA
statute that would produce the same or
similar exemption. Those concepts are
discussed in section (VI)(A)(2) of this
preamble.


Today's proposal would allow two
separate regulatory regimes to be
applied to the management of
contaminated media under EPA or
State-approved cleanups. For media
determined to contain hazardous
wastes, modified LDR treatment
standards would apply, as would other
applicable Subtitle C requirements. For
media determined not to contain
hazardous wastes, Subtitle C
requirements would generally not
apply, and the State or EPA would have
considerable discretion in applying
appropriate management standards.


The proposed rule would limit an
overseeing agency's discretion to make
site-specific decisions that media no
longer contain wastes by specifying
"Bright Line" concentration levels.
Media that are contaminated below
Bright Line concentrations would be
eligible for contained-in decisions by
the overseeing Agency. However, Bright
Line concentrations would not
constitute an automatic exemption from
Subtitle C; rather, they would represent
the concentration below which the State
or EPA might determine that media do
not contain hazardous waste.


As described below, EPA believes it
would generally be acceptable to make
a decision that media do not contain
hazardous waste at the Bright Line
concentrations specified in today's
proposal. However, the proposed rule is


8
Recent developments under the RCRA land


disposal restrictions (LDRs) may suggest a
qualification to this latter point. (See discussion of
LDRs in section (V)(C) of today's preamble.)
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designed to provide for site-specific
discretion in making such decisions.
Thus, it is possible that some States
might choose to specify-on a site-
specific basis, more broadly as a matter
of policy, or in regulations-contained-
in levels that are lower (i.e., more
stringent) than the Bright Line
concentrations specified in today's
proposal. Moreover, States can be more
stringent than the Federal program, and
adopt lower Bright Line concentrations.


In applying the contained-in concept,
today's proposed rule does not
distinguish between media that are
contaminated with listed hazardous
wastes, and media that exhibit a
hazardous waste characteristic. In both
cases, it is the concentration levels of
the individual hazardous constituents in
the media that determine how the media
will be regulated under Part 269. The
origin of the constituents (i.e., listed
wastes or characteristic hazardous
wastes) is irrelevant in comparing
measured levels in the media with
Bright Line concentrations and/or
contained-in concentrations.


EPA sees no reason to apply the
Bright Line concept differently to media
contaminated with listed hazardous
wastes and media that exhibit a
hazardous characteristic. In either case
the media could presumably be
contaminated with the same types of
hazardous constituents, at similar
concentrations, that would present
similar potential risks if mismanaged.
Thus, applying these rules differently,
depending on how the media came to be
regulated as hazardous, would be
unnecessary and artificial, and would
further complicate how these rules
would be implemented in the field.


EPA recognizes that today's rule
could have the effect of excluding from
Subtitle C regulation some media that
until now have been considered
hazardous-i.e., media that exhibit a
hazardous waste characteristic, with
constituent concentrations below the
Bright Line and EPA or the State makes
a determination that the media no
longer contain hazardous waste (often
based on protective management
controls). However, EPA believes that
there is no compelling environmental
rationale for not including such media
in Part 269 regulation. The risk
presented even by characteristic wastes
is dependent on site-specific
circumstances. Therefore, because
today's proposal would require the
Director to impose any management
controls on contaminated media that are
necessary to protect human health and
the environment, whether the media is
contaminated with listed or
characteristic waste is unimportant.


Under today's proposed rule,
contained-in decisions would be
documented in the site's approved
Remediation Management Plan (RMP).
If an approved RMP expires or is
terminated, the provisions of today's
proposal would no longer apply.
Therefore, all contaminated media that
are addressed in the RMP (i.e., media
that are contaminated both above and
below contained-in concentrations)
would again prospectively be subject to
the "base" Subtitle C regulations. For
example, if a cleanup of contaminated
soil was half completed when a RMP
was terminated or expired, the half that
was completed in compliance with the
RMP while it was in effect, would
continue to be considered to be in
compliance. For example, if
contaminated soil was determined not
to contain hazardous waste, and was
disposed of in a Subtitle D landfill
according to the requirements of the
RMP, that Subtitle D landfill would not
be considered retroactively to have
accepted hazardous wastes. The half of
the cleanup that was not completed
when the RMP was terminated or
expired, however, would have to be
completed prospectively in compliance
with the non-Part 269 Subtitle C
regulations.


Effect of contained-in decisions under
today's rule. Once the overseeing
Agency has made a decision that media
with constituents at certain
concentrations no longer contain
hazardous wastes (i.e., "a contained-in
decision"), the media would no longer
be regulated as hazardous wastes under
Federal RCRA regulations (§ 261.4(g)
and § 269.4(a)). 9 The Agency requests
comments, however, on whether the
Agency should exempt the media
instead, only if it were managed in
compliance with the provisions of the
RMP. The Agency did not propose this
approach primarily because it could be
unduly harsh, since any violation, no
matter how minor, would result in a
reversion to Subtitle C. However, this
approach could be incorporated into
RMPs on a case-by-case basis, where the
Director could specify in the RMP the
provision(s) who's violation would
result in a reversion to Subtitle C
regulation. (See discussion below).


A contained-in decision for wastes at
a cleanup site would not, however,
eliminate the Administrator's authority
to require the owner/operator (or other


9
The Agency notes, however, that by explicitly


providing in § 261.4 that decisions under Part 269
that media no longer contain hazardous waste are
not subject to most Subtitle C regulations, EPA
would not intend to affect in any way the authority
of EPA and authorized States to make contained-in
decisions outside of the HWIR-media context.


responsible parties at sites not regulated
by RCRA) to conduct remedial actions
for media that do not contain hazardous
wastes. Specifically, Federal cleanup
authorities under RCRA section 3004(u)
at TSDFs, section 7003, and CERCLA
authorities, authorize the Agency to
require cleanup of a broad spectrum of
hazardous constituents and/or
hazardous substances, however, the
presence of hazardous waste(s) in media
is not a requirement for exercising those
authorities. Many State cleanup
authorities have similar provisions.


Decision factors for contained-in
decisions. Because the Agency does not
want to constrain site-specific decision-
making, today's proposed rule would
not mandate specific factors for making
contained-in decisions, but would allow
the Director to base these decisions on
appropriate site-specific factors.
However, EPA requests comments on
whether decision factors should be
codified for making contained-in
decisions. EPA believes that the Bright
Line concentrations will generally be
acceptable for contained-in decisions;
however, decision factors could help
authorities determine, on a site-specific
basis, what types of management
controls (see discussion below), if any,
would make the Bright Line
concentrations appropriate
concentrations at which to make
contained-in decisions. Decision factors
could also aid in determining other
appropriate levels at which to make
contained-in decisions.


Given the multiplicity of different
types of sites, EPA requests comments
on what decision factors, if the Agency
decided to include them in the final
rule, would ensure consistent decision-
making, and yet keep the process
efficient and flexible. Although EPA
does not believe it would be appropriate
to do a risk assessment at every site,
particularly if the cleanup is of a
relatively simple nature, the Agency
does believe that the following factors
(adapted from the LDR proposal for
hazardous soils) contain the types of
information that may be appropriate
(depending on the specific
circumstances at a given site) to
consider in making contained-in
decisions:


-Media properties;
-Waste constituent properties
(including solubility, mobility,
toxicity, and interactive effects of
constituents present that may affect
these properties);


-Exposure potential (including
potential for direct human contact,
and potential for exposure of sensitive
environmental receptors, and the
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effect of any management controls
which could lessen this potential);


-Surface and subsurface properties
(including depth to groundwater, and
properties of subsurface formations);


-Climatic conditions;
lWhether the media pose an


unacceptable risk to human health
and the environment; and


-Other site or waste-specific properties
or conditions that may affect whether
residual constituent concentrations
will pose a threat to human health
and the environment.


Most of these factors were proposed
in the LDR proposal for hazardous soil
(58 FR 48092, September 14, 1993) as
decision factors that might be
considered by the Director in making
contained-in decisions. If the proposal
for hazardous soil had been finalized, it
would have codified the contained-in
principle for hazardous soil. Today's
suggested factors differ from those in the
hazardous soil proposal in one
significant respect. The Agency has
determined that it may be appropriate,
when assessing "exposure potential," to
consider site-specific management
controls imposed by the Director that
limit potential exposures of human or
environmental receptors to media. The
Agency made this change because EPA
believes that States overseeing cleanups
might determine that media that would
have traditionally been considered to
contain hazardous waste (e.g., media
that contained listed wastes and posed
an unacceptable risk under traditional
exposure scenarios) no longer presented
a hazard (and thus did not contain
"hazardous" waste), based on site-
specific management controls imposed
by the Director.


This position is based upon EPA's
understanding that RCRA provides EPA
and the States the discretion to
determine that a waste need not be
defined as "hazardous" where
restrictions are placed on management
such that no improper management
could occur that might threaten human
health or the environment. (See
definition of hazardous waste at RCRA
section 1004(5)(B)). The HWIR-waste
proposal included a full discussion of
the legal basis for this position. For the
sake of clarity, it is repeated below (60
FR 66344-469, Dec. 21, 1995).


EPA's original approach to
determining whether a waste should be
listed as hazardous focused on the
inherent chemical composition of the
waste, and assumed that
mismanagement would occur, causing
people or organisms to come into
contact with the waste's constituents.
(See 45 FR 33084, 33113, (May 19,


1980)). Based on more than a decade of
experience with waste management,
EPA believes that it is inappropriate to
assume that worst-case mismanagement
will occur. Moreover, EPA does not
believe that worst-case assumptions are
compelled by statute.


In recent hazardous waste listing
decisions, EPA identified some likely
"mismanagement" scenarios that are
reasonable for almost all wastewaters or
non-wastewaters, and looked hard at
available data to determine if any of
these are unlikely for the specific wastes
being considered, or if other scenarios
are likely, given available information
about current waste management
practices. (See the Carbamates Listing
Determination (60 FR 7824, February 9,
1995) and the Dyes and Pigments
Proposed Listing Determination (59 FR
66072, December 22, 1994)). Further
extending this logic, EPA believes that
when a mismanagement scenario is not
likely, or has been adequately addressed
by other programs, the Agency need not
consider the risk from that scenario in
deciding whether to classify the waste
as hazardous.


EPA believes that the definition of
"hazardous waste" in RCRA section
1004(5) permits this approach to
hazardous waste classification. Section
1004(5)(B) defines as "hazardous" any
waste that may present a substantial
present or potential hazard to human
health or the environment "when
improperly * * * managed." EPA reads
this provision to allow it to determine
the circumstances under which a waste
may present a hazard and to regulate the
waste only when those conditions
occur. Support for this reading can be
found by contrasting section 1004(5)(B)
with section 1004(5)(A), which defines
certain inherently dangerous wastes as
"hazardous" no matter how they are
managed. The legislative history of
Subtitle C of RCRA also appears to
support this interpretation, stating that
"the basic thrust of this hazardous waste
title is to identify what wastes are
hazardous in what quantities, qualities,
and concentrations, and the methods of
disposal which may make such wastes
hazardous." H. Rep. No. 94-1491, 94th
Cong., 2d Sess.6 (1976), reprinted in, "A
Legislative History of the Solid Waste
Disposal Act, as Amended,"
Congressional Research Service, Vol.1,
567 (1991) (emphasis added).


EPA also believes that section 3001
gives it flexibility in order to consider
the need to regulate as hazardous those
wastes that are not managed in an
unsafe manner (section 3001 requires
that EPA decide, in determining
whether to list or otherwise identify a
waste as hazardous waste, whether a


waste "should" be subject to the
requirements of Subtitle C). EPA's
existing regulatory standards for listing
hazardous wastes reflect that flexibility
by allowing specific consideration of a
waste's potential for mismanagement.
(See § 261.11(a)(3) (incorporating the
language of RCRA section 1004(5)(B))
and § 261.1 1(c)(3)(vii) (requiring EPA to
consider plausible types of
mismanagement)). Where
mismanagement of a waste is
implausible, the listing regulations do
not require EPA to classify a waste as
hazardous, based on that
mismanagement scenario.


Two decisions by the U.S. Court of
Appeals for the District of Columbia
Circuit provide potential support for the
approach to defining hazardous waste,
in Edison Electric Institute v. EPA, 2
F.3d 438, (D.C. Cir. 1993) the Court
remanded EPA's RCRA Toxicity
Characteristic ("TC") as applied to
certain mineral processing wastes
because the TC was based on modeling
of disposal in a municipal solid waste
landfill, yet EPA provided no evidence
that such wastes were ever placed in
municipal landfills or similar units.
This suggests that the Court might
approve a decision to exempt a waste
from Subtitle C regulation if EPA were
to find that mismanagement was
unlikely to occur. In the same decision
the Court upheld a temporary
exemption from Subtitle C for
petroleum-contaminated media because
such materials are also subject to
Underground Storage Tanks regulations
under RCRA Subtitle I. The court
considered the fact that the Subtitle I
standards could prevent threats to
human health and the environment to
be an important factor supporting the
exemption. Id. At 466. In NRDC v. EPA,
25 F.3d 1063 (D.C. Cir. 1994) the Court
upheld EPA's finding that alternative
management standards for used oil
promulgated under section 3014 of
RCRA reduced the risks of
mismanagement and eliminated the
need to list used oil destined for
recycling. (The Court, however, did not
consider arguments that taking
management standards into account
violated the statute because petitioners
failed to raise that issue during the
comment period.)


The Agency believes, therefore, that
EPA and the States may consider site-
specific management controls when
making contained-in decisions pursuant
to proposed Part 269. EPA believes that
this approach is especially appropriate
in the Part 269 context, because of the
significant level of oversight generally
given to cleanup actions. Management
controls that are tailored to site-specific


18797


HeinOnline -- 61 Fed. Reg. 18797 1996







Federal Register / Vol. 61, No. 83 / Monday, April 29, 1996 / Proposed Rules


circumstances and imposed in
enforceable documents, and State or
EPA oversight of cleanup activities,
would ensure that the site-specific
management controls that the Director
relied upon in making each contained-
in decision would continue to be
implemented. In addition (although
EPA is not proposing to require it as a
federal matter), States may want to
consider making such contained-in
decisions conditional; i.e., media would
only be considered nonhazardous so
long as they were managed in the
manner considered by the Director in
making the contained-in decision.
Deviations (any, or specific ones) would
result in a reversion to Subtitle C
regulation.


EPA specifically requests comments
on the following: (1) Should the Agency
specify a list of criteria to consider; (2)
should the Agency prepare decision
factors as guidance; (3) should the
Agency promulgate decision factors as
part of the final rule; (4) are the above
decision factors appropriate for making
these decisions; (5) if so, should the
criteria listed above be more or less
specific regarding the conditions that
would allow or preclude contained-in
decisions; (6) are there other factors the
Director should consider when making
contained-in decisions, in addition to
those listed above; and (7) should there
be fewer factors to consider?


b. Issues associated with hazardous
debris. When EPA promulgated land
disposal treatment standards for
hazardous debris, it also codified the
contained-in principle for debris
contaminated with listed hazardous
waste. (See 57 FR 37194, 37221, (August
18, 1992)). At the time EPA codified the
contained-in principle for hazardous
debris, it was the Agency's practice to
make contained-in decisions at "health-
based,"' 0 levels, thus a decision that
debris no longer contain hazardous
waste would clearly also constitute a
"minimize threat" determination for
purposes of RCRA section 3004(m).
Therefore, contained-in decisions under
40 CFR 260.3(f)(3) also eliminate the
duty to comply with the land disposal
restriction requirements of 40 CFR Part
268. EPA requests comments on
whether the contained-in principle
codified for hazardous debris is
adequate or whether the contained-in
policy should be applied to debris in the
same way today's proposed rule applies
it to hazardous contaminated media. For
example, should contained-in decisions
for debris incorporate the Bright Line
concept? If a Bright Line is established


10 See memoranda discussed in section


(V)(A)(4)(a) of today's preamble.


for debris, should it be the same as the
Bright Line in today's proposed rule for
hazardous contaminated media or
would some other Bright Line values or
methodology be more appropriate for
debris? Are there issues associated with
requiring that debris be tested to
determine if it has constituent
concentrations greater than Bright Line
concentrations? Is testing routinely too
complicated for debris matrices? Should
contained-in decisions for debris be
based on determinations made for
media co-located with the debris (i.e., if
debris were located in the same area as
media that was determined not to
contain hazardous wastes, should the
debris be presumed not to contain
hazardous wastes)? Similarly, if debris
is located in the same area as media that
have constituent concentrations less
than Bright Line concentrations, should
the debris be presumed to also be below
the Bright Line?


Alternatively, should the Director be
able to make contained-in decisions, as
they are described in today's proposed
rule, without application of the Bright
Line to debris (as we are proposing for
sediment? (See preamble (V)(A)(4)(c)). If
allowed, should these contained-in
decisions replace the existing
contained-in decisions available for
debris or should the existing contained-
in decisions be maintained with non-
Bright Line contained-in decisions (as
discussed in today's proposed rules
addressing sediments-see preamble
(V)(A)(4)(c)) available for debris
managed under a RMP? Are other
combinations of the existing debris
contained-in decision provisions and
the contained-in decision provision for
media in today's proposed rule
appropriate?


While today's proposed rule does not
include changes to the existing
contained-in principle as applied to
debris contaminated with listed
hazardous waste, EPA could include
revisions to the standard in response to
public comment. Issues associated with
hazardous debris and the possibility of
including debris in the final Part 269
rules are also discussed in sections
(V)(C)(10) and (V)(A)(2) of today's
preamble.


c. The Bright Line. One of the key
features of the "Harmonized Approach"
developed through the FACA process
was the concept of a "Bright Line." The
Bright Line would divide contaminated
media into two different categories,
which would be subject to two different
regulatory regimes. Although
straightforward in concept, the Agency
has found it challenging to establish a
set of numbers to serve this purpose.


As conceived by the FACA
Committee, and presented in Appendix
A to today's proposal, the Bright Line is
a set of constituent-specific, risk-based
concentration levels. In agreeing on a
Bright Line approach, the FACA
Committee anticipated that a substantial
proportion of contaminated media
would fall below the Bright Line, and
thus be eligible, at the Director's
discretion, for flexible, site-specific
requirements (non-Subtitle C) set by the
overseeing Agency. At the same time,
the FACA Committee agreed that the
Bright Line should ensure that very
highly contaminated media
(traditionally considered "hot spots") be
subject to uniform national protective
standards (e.g., treatment). EPA believes
that the Bright Line values presented in
today's proposal are a reasonable
attempt to balance both of these
important objectives.


As originally conceived, the Bright
Line was intended to represent in some
manner the relative risk posed by
contaminated media. Simply put, media
contaminated above Bright Line
concentrations should pose higher risks
than media below the Bright Line under
a given exposure scenario. Since the
Bright Line is only an indicator of
relative risk, the levels should not be
interpreted as representing what is
protective or "clean." The actual risk of
any particular contaminated medium
depends on the circumstances by which
human or environmental receptors may
be exposed to the medium. EPA wishes
to emphasize that Bright Line
concentrations are not cleanup levels.
The Bright Line simply is a means of
identifying which regulatory regime
may be appropriate for the
contaminated media at a cleanup site.


The Agency believes that the
management of contaminated media
would be conducted in a protective
manner under either of the regulatory
schemes that would be established by
the rule. The underlying assumption is
that managing contaminated media
under the HWIR-media rule would
eliminate significant exposures to
humans or ecological receptors. This is
because the overseeing agency's
presence ensures that media will be
managed in a way that directly
addresses the risk posed by site-specific
circumstances. Thus, protection of
human health and the environment can
be ensured by applying either the
national standards for media that
contain hazardous waste, or the site-
specific standards specified by the
overseeing agency for media, which the
overseeing agency has determined do
not contain hazardous waste, based on
the proposed management standards
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identified in the RMP. Thus, in
establishing Bright Line concentrations,
EPA finds it reasonable to consider the
potential effect of different sets of Bright
Line concentrations in terms of the
proportional volumes of media that
would fall above and below the Bright
Line. EPA believes that unless a
substantial amount of contaminated
media are eligible for site-specific
decision-making, the disincentives for
clean-up will not be eliminated
(therefore resulting in greater overall
risk to human health and the
environment).


Thus, EPA's goal was to develop
Bright Line concentrations that would
remove a significant amount of
contaminated media from Subtitle C
jurisdiction, while ensuring that "hot
spots" would remain subject to
mandatory national standards. In
deciding how to determine such levels,
the Agency considered several
approaches that included selecting
concentrations based solely on volume.
This approach, however, was rejected
because there was no way to account for
the relative degree of risk posed by
different constituents. In other words,
because some constituents are more
hazardous than others at the same
concentration, a Bright Line based
purely on volume would not account for
this difference.


EPA, therefore, wanted to set Bright
Line concentrations for different
constituents at different levels in order
to account for this variance in relative
risk. In order to do this, EPA needed to
consider a potential exposure scenario
that would account for the difference in
relative risk of these different
constituents. Because risk occurs only
when there is a chance of exposure, at
least one set of exposure assumptions
would be necessary to establish the
Bright Line.


Since one of the goals of the Bright
Line was to identify the most highly
contaminated media, the FACA
Committee recommended using 10 3 as
a benchmark for setting the Bright Line.
Therefore, the Bright Line values in
Appendix A were based on a 10 3 risk
level for carcinogenic constituents
(using the assumptions described
above), and a health index of 10 for non-
carcinogens, (that is, 10 x the
concentration at which adverse health
effects occur) according to certain
exposure assumptions. This approach is
consistent with the Superfund Principle
Threats concept which uses 10 3 as a
factor to identify the principle threats at
Superfund sites.


Describing the Bright Line theory was
relatively easy compared with
determining Bright Line concentrations


for all media which would be subject to
today's Part 269 proposal. Today's rule
proposes to define soil, ground water,
surface water, and sediments as media.
However, the potential exposure
assumptions that could be used to
determine Bright Line concentrations
vary for different types of media.
Therefore, EPA established two sets of
Bright Line values, one for soils, and
one for ground water and surface water.


Today's proposed rule does not
include Bright Line numbers for
contaminated sediments. The amount of
sediment that is classified as RCRA
hazardous is very low. Thus, EPA
proposes that site-specific contained-in
decisions be made for hazardous
contaminated sediments. The Agency
requests comments on whether to
develop a Bright Line specifically for
contaminated sediments. The Agency
also requests comments on whether it
would be appropriate to use the Bright
Line for soil for sediments.


Bright Line concentrations for soils. In
setting the Bright Line for soils, EPA
chose to use exposure scenarios and
assumptions that were developed for the
Superfund Soil Screening Levels (SSLs),
because that effort used standard risk
scenarios that have been widely used
and accepted by the Agency (and by
many States). The SSLs were developed
for a purpose different from the Bright
Line; 11 however, the exposure scenarios
used in that effort are good indicators of
relative risk for developing Bright Line
values.


The SSLs are based on three human
exposure scenarios; direct contact
ingestion, inhalation, and drinking
contaminated ground water. Each
scenario is based on a specific set of
assumptions for such things as body
weight, frequency of exposure, daily
intake rates, and other factors. The
inhalation pathway also uses certain
models to calculate wind dispersion and
the uptake of airborne contaminants by
human receptors.


Today's proposed Bright Line
numbers for soils are based on only two
of those human exposure scenarios-
direct contact ingestion and inhalation.
The Bright Line value for each
constituent is based on whichever
pathway yields the more conservative
(i.e., lower) concentration. EPA
recognizes that protection of ground
water is one of RCRA's major goals and


11Superfund Soil Screening Levels (SSLs) were
developed as a screening tool to determine when
further investigation is necessary at Superfund
sites. Because the SSLs are intended to be
conservative, and trigger investigation whenever
prudent, they are set at a 10 6 level for carcinogens.
For more information on SSLs, call David Cooper
(703) 603 8763.


that many of the Subtitle C design and
operating standards were developed to
protect ground water resources.
Therefore, EPA considered the
possibility of using the ground water
exposure pathway in setting Bright Line
concentrations for soils. However, the
migration of contaminants from soils to
ground water is fundamentally site-
specific, and influenced by a number of
site-specific factors such as depth to
ground water; soil porosity; carbon
content and other soil characteristics;
amount of rainfall; solubility of the
contaminants; and numerous other site-
and constituent-specific conditions. The
Agency has found less variability in fate
and transport potential for inhalation
and ingestion exposures in residential
settings.


EPA is reluctant to use a greatly
simplified ground water model that
would not take any site-specific or
constituent-specific factors into account.
In order to address concerns posed to
ground water on a more appropriate
site-specific basis, EPA prefers to allow
for consideration of ground water risks
in making site-specific decisions
regarding either the contained-in
decision and/or the site-specific
management requirements. Given the
overseeing Agency's discretion to
determine these standards on a site-
specific basis, and given that EPA
believes that site-specific decisions are
most appropriate for ground water risk
decisions, the Agency has proposed that
the ground water exposure pathway
should not be considered in setting the
national Bright Line values for soils.
Finally, EPA proposes two
considerations to overlay the soil Bright
Line numbers. EPA proposes to cap the
Bright Line values at 10,000 ppm,
equivalent to 1% of the volume of the
contaminated media. EPA believes that
it is reasonable to classify media as
highly contaminated if 1% of the
volume of media is contaminated with
a particular constituent. Therefore
capping the Bright Line at 10,000 ppm
is consistent with the intention that the
Bright Line distinguish between highly
contaminated and less contaminated
media. The second cap on the soil
Bright Line values is the saturation limit
(Csat). EPA believes it is sound science
to compare the concentrations
developed through the inhalation and
ingestion risk scenarios to the actual
concentration that could physically
saturate the soil. If the Csat was lower
than the concentrations from the
inhalation or ingestion scenarios, EPA
set the Bright Line concentration at the
Csat. For further details on specific
assumptions and methodologies used to
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determine the Bright Line values for
soils, see Appendix A-1.


The Agency also considered several
alternatives for establishing exposure
assumptions for soil Bright Line
numbers. These alternatives are
discussed below. Estimates of the
impacts of each alternative (in terms of
volumes of media exempted) are all
based on a 10 -3 risk for carcinogens,
and a health index of 10 for non-
carcinogens (that is lOx the
concentration at which adverse health
effects occur).


Alternative #1-Bright Line for soils
based on inhalation, ingestion, and
migration to ground water. In addition
to inhalation and ingestion pathways,
this alternative would use a generic
model to derive soil levels that, given
certain fate and transport assumptions,
would result in transfer of contaminants
in the soils to ground water at or below
drinking water standards (i.e.,
maximum concentration levels, or
MCL's). EPA did not choose this
alternative primarily because of the site-
specific variability of calculating ground
water exposure scenarios (as discussed
above). In addition, this approach
would result in Bright Line numbers
that were considerably lower than those
in the proposed option. The Agency
estimated that under this alternative,
approximately 50 percent of
contaminated media would fall below
the Bright Line, compared to 70 to 75
percent under the proposed option.


Alternative #2-Bright Line for soils
based on inhalation and ingestion
pathways, with concentrations
calculated on a site-specific basis for the
soil-to-ground water pathway. This
option would yield Bright Line numbers
that would approximate more closely
ground water risks for each site.
However, it would have the
disadvantage of requiring considerable
data gathering and analysis simply to
calculate Bright Line concentrations,
and these concentrations would
obviously differ from site to site. This
contradicts the idea of the Bright Line
as "bright"-i.e., an easily referenced
set of numbers that can be applied in a
standard fashion. However, since Bright
Line numbers would vary widely across
the range of cleanup sites, volume
estimates for this alternative are not
possible to calculate.


Alternative #3-Bright Line numbers
for soils based on a multipathway
analysis. Under this alternative,
numerous exposure pathways would be
considered for each constituent, and
Bright Line concentrations would be set
for the most conservative pathway (i.e.,
the pathway that resulted in the lowest
concentration level). In some respects


this approach would be consistent with
the multipathway approach being used
in the HWIR proposed rule for as-
generated wastes (60 FR 66344-469,
Dec. 21, 1995). However, the Bright Line
is intended for a very different purpose
than the "exit levels" being developed
for that proposed rule. For instance, the
exit levels in the HWIR-Waste rule
(discussed in section (II)(B) of this
preamble) generally assume that exited
wastes will not be subject to any
management requirements, whereas this
proposal assumes that these wastes will
be managed protectively under State/
EPA oversight. In addition, the resulting
Bright Line values would be much
lower than those proposed today, thus
much less media would be regulated
"below the line."


Bright Line concentrations for ground
water and surface water. Today's
proposed rule also establishes Bright
Line values specifically for
contaminated ground water. (See
Appendix A-2 and discussion below).
As with contaminated soils, highly-
concentrated, contaminated ground
water would be subject to specific
national management standards, while
less-contaminated ground water could
be managed according to site-specific
requirements imposed by the State or
EPA.


To set Bright Line concentrations for
ground water and surface water
(Appendix A-2), EPA used standard
exposure assumptions for human
ingestion of contaminated water. EPA
believes that it is appropriate to use the
same Bright Line values for surface
water and ground water. And for the
same reasons discussed above for soils,
the Agency believes a multi-pathway
approach, or "actual risk" approach is
not necessary for setting Bright Line
concentrations for ground water and
surface water.


EPA has used the same philosophical
approach for the ground water/surface
water Bright Line as it has used for soils,
by analyzing relative risk and relying on
the oversight of authorized States or
EPA to ensure that hazards are
addressed on a site-specific basis. In
addition, EPA used a 10,000 ppm cap
for the ground water/surface water
Bright Line, just as for the soil Bright
Line. This is explained in the soil Bright
Line section of the preamble. Finally, if
the concentrations from the ingestion of
contaminated water were below the
detection limits for that constituent in
water (the EQC), EPA set the Bright Line
at the EQC. More details on the specific
assumptions and methodologies used to
determine these concentrations are
included in Appendix A-2.


Issues common to both sets of Bright
Line numbers. In developing today's
proposed Bright Line concentrations,
some stakeholders said that EPA would
need to calculate a number of additional
direct and indirect pathways to evaluate
the relative risks of contaminated media
completely. The stakeholders also said
that the Agency would need to predict
risks to ecological receptors (i.e., plants
and animals) as well as human health
risks. EPA, however, does not believe
that evaluation of additional pathways
is necessary. The pathways selected
already provide a sufficient basis for
distinguishing relatively lower-risk
contaminated media from relatively
higher-risk media. The evaluation of
other pathways and receptors would be
important and, in some cases, necessary
if the Bright Line represented "safe"
levels of contamination. As explained
above, however, the Bright Line serves
no such purpose. It merely identifies
which of two regulatory schemes would
apply to certain contaminated media. If
site-specific factors demonstrate that a
decision that media no longer contain
hazardous wastes, would be
inappropriate, then the overseeing
agency has the discretion not to make
such a determination.


Some stakeholders have voiced
concerns about the land use
assumptions that were used to set the
Bright Line. The SSLs used residential
land use assumptions; therefore,
residential land use assumptions form
the basis for the proposed Bright Line
for soils. EPA recognizes that the
residential land use assumptions that
underlie the ingestion and inhalation
exposure pathways used for today's
Bright Line values for soil may be
inappropriate for managing risks at
many sites that would be subject to
these HWIR-media regulations.
However, since the purpose of using
risk assessment to develop the Bright
Line is to differentiate between the
relative risks of constituents, and not to
establish the risks posed at specific
sites, either residential or industrial
assumptions would have been equally
appropriate. Since the Agency's
residential risk assessment methodology
is more developed than the industrial
methodology, the Agency chose to use
residential assumptions for developing
the Bright Line. The Bright Line for
ground water and surface water does not
include assumptions about land use.
(See discussion above).


Request for comment. EPA solicits
comments on the approaches used to
develop today's proposed Bright Lines.
The Agency also requests comment on
the alternatives described above, as well
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as any other possible approaches to
developing the Bright Line.


In addition, EPA requests comments
on whether it is necessary to have a
Bright Line at all. If there were no Bright
Line, all media would be eligible for
contained-in decisions by the
overseeing agency on a site-specific
basis. Alternatively, the "unitary
approach," discussed in section VI of
this preamble, would eliminate the
Bright Line, and instead would exempt
all cleanup wastes managed under a
RMP from Subtitle C requirements.


Technical methodology. As discussed
above, the technical methodologies used
in calculating Bright Line
concentrations for soil ingestion and
inhalation are those that were used to
develop "soil screening levels" for
contaminated sites (59 FR 67706,
December 30, 1994). In the proposed
soil screening level guidance, values for
the soil-to-ground water pathway would
generally be calculated with data
derived from site-specific factors and
conditions, although generic values for
this pathway would be presented in
situations where site-specific data were
unavailable. These technical methods
and formulae are available for review in
the docket for this rulemaking, and in
the docket for the soil screening level
proposal since they support both rules.


EPA requests comments on the
methods, formulae, and technical
underpinnings used for this rulemaking.
Comments could include information
on particular constituents that could
change proposed Bright Line
concentrations, information that may be
used to determine Bright Line numbers
for constituents that currently do not
have Bright Line numbers. Commenters
should keep in mind that the Agency's
objective is to provide regulatory relief
by encouraging contaminated media
with a lower degree of risk to exit from
Subtitle C regulation-provided that
adequate safeguards exist to protect
human health and the environment.


EPA has often found it necessary to
propose sets of risk-based numbers to
address contaminated media, for
example; Subpart S action levels, (55 FR
30798, July 27, 1990), Superfund Soil
Screening Levels (see below), and
today's proposed rule. Since the
Agency's understanding of risk
assessment and the science surrounding
risk based numbers is constantly
developing, EPA has realized that
almost as soon as risk-based numbers
are published, they can become
outdated. As a very current example,
today EPA is proposing Bright Line
concentrations based, in part, on the
Superfund Soil Screening Levels (EPA/
9355.4-14FS, EPA/540/R-94/101 PB95-


963529 (December 1994)). After today's
proposed Bright Line concentrations
were calculated, but before this proposal
was published, some of the technical
inputs used to calculate the Superfund
Soil Screening levels were adjusted in
response to public comments (e.g.,
volatilization factors, cancer slope
factors, etc.). EPA did not have time to
recalculate the Bright Line
concentration before publishing them.


In response to this problem, EPA
requests comment on alternatives to
keep the Bright Line concentrations up-
to-date with the most current Agency
risk information and policies (e.g.,
adjustments to the Soil Screening
levels, 12 changes in reference doses or
cancer slope factors in the IRIS or
HEAST databases). For purposes of
comment on this proposal, EPA will
update the Bright Line calculations and
place them in the docket for this rule.


EPA believes it might be appropriate,
instead of promulgating actual Bright
Line concentrations in the final rule, to
promulgate the methodology that could
be used to develop constituent-specific
concentrations, in Appendix A to this
rule, and to provide guidance on
appropriate sources for needed
underlying risk-based information. EPA
believes it might then be appropriate for
States to update their lists of Bright Line
concentrations on a regular basis, such
as every six months, to remain current
with developments in risk information.
As an alternative, EPA believes it may
be appropriate for States and/or EPA to
calculate new Bright Line
concentrations for each new RMP at the
time it is proposed for public comment.
In any case, the Bright Line
concentrations being used under a RMP
must be stated in the RMP, and
available during public comment on the
RMP. The Agency requests comment on
these alternatives, and any other
suggestions for keeping Bright Line
concentrations up-to-date.


The Agency also recognizes the
problems of trying to comply with a
"moving target." A cleanup could be
completed or underway using a certain
set of Bright Line concentrations that
could then change. EPA believes it
might be appropriate to protect those
past and on-going cleanup operations
from the requirement to change course
mid-way, or to revisit completed
remediation waste management under a
RMP which used outdated Bright Line
concentrations. In the Superfund
program, requirements that are revised


12
The Soil Screening Guidance has addressed


this problem by publishing the methodology as the
guidance itself, and only providing the actual
concentrations as examples in the appendix to the
,uidance.


or newly promulgated after the ROD is
signed must be attained only when EPA
determines that these requirements are
ARARs and that they must be met to
ensure that the remedy is protective (40
CFR 300.430(f)(1)(ii)(1)). Another
alternative could be a shield such as is
provided for RCRA permits in 40 CFR
270.4, which could specify that
compliance with a RMP would equal
compliance with RCRA. EPA requests
comments on this protection issue, and
how best to achieve it.


Relationship of the HWIR-media
Bright Line to the HWIR-waste exit
levels. As described earlier in this
preamble (in section (IV)(C)) the
objectives for the HWIR-waste exit
levels and the HWIR-media Bright Line
are different. The HWIR-waste exit
levels are intended to identify levels of
hazardous constituents that would pose
no significant threat to human health or
the environment regardless of how the
waste was managed after it exited
Subtitle C jurisdiction. The HWIR-
media Bright Line levels are simply
intended to distinguish between (1)
contaminated media that are eligible to
exit Subtitle C because it is likely that
they can be managed safely under
cleanup authorities outside of Subtitle
C, and (2) media that contain so much
contamination that Subtitle C
management is warranted. Because of
these different objectives, EPA
developed the two proposals using
different methodologies. For the soil
Bright Line, HWIR-media used a
calculation based on ingestion and
inhalation of soil at 10 -3 cancer risk,
and a hazard index of 10 for non-
carcinogens. For the non-wastewater
HWIR-waste exit level (which is most
readily comparable to the soil Bright
Line), EPA used an analysis that
evaluates exposures from multiple
pathways to identify those pathways
that may result in a 10 6 cancer risk
and hazard index of 1 for non-
carcinogens. EPA then selected the most
limiting pathway, (most conservative),
as the exit criteria. EPA believed that
the HWIR-waste levels would be more
conservative than the HWIR-media
concentrations. However, upon a recent
comparison of the two sets of numbers,
some HWIR-waste exit levels are at
higher concentrations (less
conservative) than the HWIR-media
Bright Line concentrations. In the
comparison of those concentrations,
EPA determined that for about 27% of
the HWIR-media Bright Line
concentrations of chemical constituents
for soil, the HWIR-waste exit levels for
non-wastewater were higher.


A similar result was found when EPA
compared the HWIR-media
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groundwater/surface water Bright Line
concentrations to the HWIR-waste
wastewater exit levels. In that case, EPA
used direct ingestion of groundwater
resulting in a cancer risk of 10 -3 and
hazard index of 10 for non-carcinogens
to calculate the HWIR-media Bright
Line. For the HWIR-waste wastewater
exit level, EPA again analyzed multiple
pathways to identify those that would
result in a cancer risk of 10 6 and a
hazard index of 1 for non-carcinogens
and then selected the most limiting
pathway as the exit criteria. For
approximately 20% of the HWIR-media
Bright Line concentrations for
groundwater/surface water the HWIR-
waste concentrations for wastewater
were higher.


One of the practical concerns that
arises from this difference in
concentrations is this: if contaminated
media is below the HWIR-waste exit
levels, then that media is eligible for
exit under that rulemakingjust like any
other hazardous waste. Therefore, if the
HWIR-media rule specified that media
at concentrations below the HWIR-waste
exit levels were still "above the Bright
Line" and not eligible for a contained-
in determination, the two rules would
be inconsistent. EPA recognizes that this
inconsistency must be addressed before
promulgation of these two final rules,
and requests comments on how to
resolve this issue. A preliminary
description of the primary differences in
the methodologies follows.


One of the most significant
differences between the HWIR-waste
and the HWIR-media methodologies is
that the HWIR-waste methodology was
designed to calculate an acceptable
concentration at which as-generated
waste and treatment residuals could exit
the Subtitle C system. A part of that
methodology assumed that exited
wastes might be managed in such a way
as to contaminate soils and
groundwater, and calculated the
potential risk to receptors from the
contaminated soil or groundwater.
Therefore, the HWIR-waste analysis
models fate and transport between the
original waste and the contaminated
media, assuming some loss of
concentration due to many factors, such
as: partitioning of constituents to air,
soil, and water; losses of contaminant
mass through biodegradation;
bioaccumulation through the food
chain; and volatilization, hydrolysis,
and dispersion of contaminants during
transport. The HWIR-media
methodology begins at the point where
soils and groundwater are already
contaminated. Therefore, the HWIR-
media Bright Line did not incorporate
fate and transport considerations to


calculate the Bright Line concentrations,
but assumed the receptor was in direct
contact with the contaminated media.


Specific comparison of soil Bright
Line to non-wastewater exit levels. If
contaminated soil were managed under
the HWIR-waste proposal, the soil
would be subject to the exit criteria for
non-wastewaters. That is why EPA
compared the soil Bright Line to the
non-wastewaters exit level. For this
analysis, the HWIR-media Bright Line
for soil based on ingestion or inhalation
was compared with the exit criterion for
non-wastewater identified as the most
limiting pathway (e.g., soil ingestion,
fish ingestion) in the HWIR-waste
proposal. Thus, the analysis was not
necessarily a comparison of exit criteria
and Bright Lines for similar exposure
pathways.


The analysis indicated that for 27 of
the HWIR-media Bright Line constituent
concentrations for soil, the proposed
Bright Line concentration was lower
than the exit criterion for HWIR-wastes
for non-wastewater. Of these
constituents, six of the lower proposed
Bright Line concentrations are lower
because the HWIR-media number was
intentionally "capped" at 10,000 parts
per million. EPA decided to propose a
10,000 ppm cap, equivalent to 1% of the
volume of the contaminated media, (as
discussed above) because EPA believes
that it is reasonable to classify media as
highly contaminated if 1% of the
volume of media is contaminated with
a particular constituent. Therefore
capping the Bright Line at 10,000 ppm
is consistent with the intention that the
Bright Line distinguish between highly
contaminated and less contaminated
media. The HWIR-waste proposal did
not propose to cap the exit levels
because it was not intended to
differentiate wastes based on higher vs.
lower concentration, but instead to
differentiate based on risk factors.


For 12 of the 27 constituents, HWIR-
media Bright Lines are established at
soil saturation limits (Csat) that are less
than the corresponding HWIR-waste exit
level. EPA believes it is sound science
for a rule establishing soil
concentrations to compare the
concentrations developed through the
inhalation and ingestion risk scenarios
to the actual concentration that could
physically saturate the soil. If the Csat
was lower than the concentrations from
the inhalation or ingestion scenarios,
EPA set the Bright Line concentration at
the Csat. The HWIR-waste proposal
(since it is proposed for as generated
wastes, not soils) did not propose to cap
the exit levels at the soil saturation
limit.


For the other nine of the 27
constituents, differences in the results
can be attributed to several factors
related to the underlying assumptions of
the methodologies used to calculate the
criteria.' 3 These include the fate and
transport differences discussed above,
and:


-Receptors. Although many of the
exposure assumptions (e.g., exposure
duration, exposure frequency,
ingestion rate) are common to the
analyses, there are still significant
differences in the location of the
receptors that will affect the exit
criteria. The HWIR-media Bright
Lines are based on an exposure
scenario in which a resident lives
directly on the contaminated media
and ingests contaminated soil or
inhales particulate and volatile
emissions. The HWIR-waste exit
levels consider several exposure
scenarios; however, none are directly
comparable to the HWIR-media
exposure scenario. These exposure
scenarios include an off-site resident,
an adult off-site resident, a child off-
site resident, an adult and child on-
site 10 years after site closure, and an
on-site worker.


-Sources. The HWIR-media Bright
Lines for soil ingestion and inhalation
exposure pathways are based solely
on contaminated soils and assume
that the soil is an infinite source. The
HWIR-waste non-groundwater non-
wastewater exposure pathways
consider three sources: land
application units, waste piles, and ash
monofills. Waste piles and ash
monofills are assumed to be infinite
sources; however, the land
application units are assumed to be
finite sources. This assumption may
result in higher (less conservative)
exit criteria under HWIR-waste.


A comparison of the toxicity
benchmarks indicates that the HWIR-
media Bright Lines and the HWIR-waste
exit levels generally start with the same
toxicity benchmark (all but three
chemicals for oral ingestion and all but
four chemicals for inhalation use the
same toxicity benchmarks). Thus, the
apparent discrepancies in the criteria
can be attributed to the significant
differences in the fate and transport
modeling of the chemicals in the HWIR-
process waste analysis, the receptors
evaluated, and assumptions related to
the sources (as described above).


13 
If the HWIR-media proposed Bright Line


concentrations were updated to reflect the updated
Soil Screening levels, as discussed above, two of
these nine remaining constituents would have
higher HWTR-media Bright Line concentrations than
HWR-waste exit levels.
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Specific comparison of Groundwater/
Surface Water Bright Line to wastewater
exit levels. If contaminated groundwater
were managed under the HWIR-waste
proposal, the groundwater would be
subject to the exit criteria for
wastewaters. That is why EPA
compared the groundwater/surface
water Bright Line to the wastewaters
exit level. For this analysis, the HWIR-
media Bright Line for groundwater/
surface water based on ingestion of
groundwater was compared with two
options for the exit criterion for
wastewater for the HWIR-waste
proposal, one based on toxicity
benchmarks and one based on toxicity
benchmarks and MCLs.


The analysis indicated that 38
constituents had higher proposed
HWIR-waste exit criteria than proposed
HWIR-media Bright Line
concentrations.' 4 For one of these 38
constituent, only the MCL option for the
HWIR-waste exit level was higher. For
four of the 38 constituents, only the
toxicity benchmark only option for the
HWIR-waste exit level was higher. None
of these 38 constituents were affected by
the HWIR-media 10,000 ppm cap, and
there is not a saturation limit cap on the
HWIR-media groundwater/surface water
Bright Line.


Similar to the comparison of the
HWIR-media soil Bright Line to the
HWIR-waste non-wastewater exit levels,
the HWIR-media groundwater/surface
water Bright Line and the HWIR-waste
wastewater exit levels use different
methodologies, and therefore produce
different results. Again, a key difference
between the two sets of concentrations
is the use of fate and transport
modeling. The HWIR-waste proposal
assumes some loss through fate and
transport, whereas the HWIR-media
methodology assumes direct ingestion
of the contaminated groundwater (more
details on the two methodologies can be
found in the dockets for the two
proposed rules).


Request for comments. Because of the
above comparisons, EPA has
determined that for some constituents,
because the HWIR-media methodology
was more conservative than the HWIR-
waste methodology, that conservatism
outweighed the fact that the HWIR-
media risk target (10 -3 for limited
pathways) was less conservative than
the HWIR-waste risk target (10 6 for
multiple pathways). Therefore some of
the HWIR-waste exit levels, which were


14
If the HWIR-media proposed Bright Line


concentrations were updated to reflect current
updated risk information, as discussed above, two
of these 38 constituents would have higher HWTR-
media Bright Line concentrations than HWIR-waste
exit levels.


intended to be more conservative
overall than the HWIR-media Bright
Line, are set at higher concentrations.
As described above, EPA recognizes that
these discrepancies must be resolved
before promulgation of the two
proposed rules. For further detail on the
methodologies used to develop the
HWIR-media Bright Line, Soil Screening
Levels and the HWIR-waste exit levels,
see the docket for the two proposed
HWIR rules. EPA requests comments on
how to resolve these issues.


B. Other Requirements Applicable to
Management of Hazardous
Contaminated Media


1. Applicability of Other
Requirements-§ 269.10


The purpose of today's proposed rule
would be to modify the identification,
permitting, management, treatment, and
disposal requirements for contaminated
media. It is not intended to replace the
entire scope of Subtitle C requirements
as they relate to media. For that reason,
many existing Subtitle C requirements
would continue to apply to remedial
actions conducted in accordance with
this Part. Specifically, 40 CFR Parts
262-267 and 270 would continue to
apply when complying with this Part,
except as specifically replaced by the
provisions of this Part. In addition,
when treating media subject to LDRs
according to the treatment standards in
§ 269.30, the following provisions of
Part 268 would continue to apply'
§§ 268.2-268.7 (definitions, dilution
prohibition, surface impoundment
treatment variance, case-by-case
extensions, no migration petitions, and
waste analysis and recordkeeping),
§ 268.44 (treatment variances), and
§ 268.50 (prohibition on storage). Again,
the Agency does not intend to recreate
all of the Subtitle C requirements, but in
this case only replace certain
requirements themselves as they relate
to hazardous contaminated media.


2. Intentional Contamination of Media
Prohibited-§ 269.11


EPA recognizes that promulgation of
standards for hazardous contaminated
media that are less onerous than the
requirements for hazardous waste may
create incentives for mixing waste with
soil or other media to render the waste
subject to these provisions. The Agency
expressly proposes to prohibit this
behavior (§ 269.11).


EPA recognizes, however, that
sometimes it is necessary to have some
mixing of contaminated media for
technical purposes to facilitate cleanup.
That mixing is not the prohibited
mixing referred to here. This prohibition


specifically includes the intent to avoid
regulation. If the intent of the mixing is
to better comply with the regulations
that would apply to the wastes prior to
mixing, then it would not be prohibited
under this clause. The Agency requests
comments on whether further
safeguards, in addition to this proposed
provision and the civil and criminal
enforcement authorities of RCRA, are
needed to ensure that no attempts are
made to mix wastes with media to take
advantage of the reduced requirements
of the proposed HWIR-media rule.


3. Interstate Movement of Contaminated
Media-§ 269.12


EPA recognizes that media that would
be exempted under today's rule, but that
previously would have been managed as
hazardous wastes, would be transported
to and through States that were not the
overseeing agency for the remedial
action that generated those media.
Therefore, the Agency designed the
interstate movement requirements of
proposed § 269.12 to ensure that
receiving (consignment) States-or
States through which media would
travel-could approve the designation
that the media is not hazardous before
they accepted the media for transport or
disposal.


The default in these requirements is
that the media must be managed as
Subtitle C waste in the receiving or
transporting State if the receiving or
transporting State has not been notified
of the designation as non-hazardous, or
if the receiving or transporting State
does not agree with the determination.
Receiving and transporting States would
also have to be authorized for this Part
in order to approve these decisions in
their States. If a receiving or
transporting State agrees to the
redesignation, then the media may be
managed as non-hazardous.


EPA requests comments on these
interstate movement requirements,
specifically on any implementation
concerns with this approach, and any
suggestions to ease implementation.
Several people have expressed concern
about notifying the States through
which the media would be transported,
but not ultimately disposed. The
Agency believes that it may be
appropriate to limit notification
requirements to the States ultimately
receiving the media. EPA also feels that
it would be necessary to limit the
designation of media as non-hazardous
only to States that are authorized for
this Part. The Agency believes that this
would be necessary because the
authority to make these contained-in
decisions is an integral element for
authorization for this Part. EPA believes
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that it may be appropriate to allow
States not authorized for this Part to
simply approve another authorized
States' decision that the media are not
hazardous. The Agency requests
comments on these issues.


C. Treatment Requirements


1. Overview of the Land Disposal
Restrictions


The Hazardous and Solid Waste
Amendments (HSWA) to the Resource
Conservation and Recovery Act (RCRA),
enacted on November 8, 1984, largely
prohibit land disposal of hazardous
wastes.' 5 Once a hazardous waste is
prohibited from land disposal, the
statute provides only two options:
comply with a specified treatment
standard prior to land disposal, or
dispose of the waste in a unit that has
been found to satisfy the statutory no
migration test (referred to as a "no
migration" unit) (RCRA section
3004(m)). Storage of waste prohibited
from land disposal is also prohibited,
unless the storage is solely for the
purpose of accumulating the quantities
of hazardous waste that are necessary to
facilitate proper recovery, treatment, or
disposal (RCRA section 30040)). For
purposes of the land disposal
restrictions, land disposal includes any
placement of hazardous waste into a
landfill, surface impoundment, waste
pile, injection well, land treatment
facility, salt dome formation, salt bed
formation, or underground mine or cave
(hereafter referred to as "placement")
(RCRA section 3004(k)).


Not all management of hazardous
waste constitutes placement for
purposes of the LDRs. EPA has
interpreted "placement" to include
putting hazardous waste into a land-
based, moving hazardous waste from
one land-based unit to another, and
removing hazardous waste from the
land, managing it in a separate unit, and
re-placing it in the same (or a different)
land-based. Placement does not occur
when waste is consolidated within a
land-based unit, when it is treated in
situ, or when it is left in place (e.g.,
capped). (See 55 FR 8666, 8758-8760,
(March 8, 1990) and "Determining
When Land Disposal Restrictions (LDRs)
Are Applicable to CERCLA Response
Actions," EPA, OSWER Directive
9347.3-O5FS, (July 1989)).


15 The LDR requirements are not cleanup


requirements; LDR treatment standards do not
trigger removal, exhumation, or other management
of contaminated environmental media; however,
other applicable requirements, such as State or
Federal cleanup requirements, could trigger such
actions which, in turn, could trigger LDR
requirements.


Congress directed EPA to establish
treatment standards for all hazardous
wastes restricted from land disposal at
the same time as the land disposal
prohibitions take effect. According to
the statute, treatment standards
established by EPA must substantially
diminish the toxicity of the waste or
substantially reduce the likelihood of
migration of hazardous constituents
from the waste so that short- and long-
term threats to human health and the
environment are minimized (RCRA
section 3004(m)(1)). In Hazardous
Waste Treatment Council v. EPA, 886
F.2d 355 (D.C. Dir. 1989), Cert. Denied
111 S.Ct 139 (1990), the court held that
section 3004(m) allows both technology-
and risk-based treatment standards,
provided that technology-based
standards are not established "beyond
the point at which there is not a 'threat'
to human health or the environment."
id. at 362 (i.e., beyond the point at
which threats to human health and the
environment are minimized) (59 FR
47980, 47986, September 19, 1994).
Hazardous wastes that have been treated
to meet the applicable treatment
standard may be land disposed in land
disposal facilities that meet the
requirements of RCRA Subtitle C (RCRA
section 3004(m)(2)).


Congress established a schedule for
promulgation of land disposal
restrictions and treatment standards for
all hazardous wastes listed and
identified as of November 8, 1984 (the
effective date of the HSWA
amendments) so that treatment
standards would be in effect, and land
disposal of all hazardous waste that did
not comply with the standards would be
prohibited, by May 8, 1990 (RCRA
section 3004(g)). For some classes of
hazardous wastes, Congress established
separate schedules: for certain
hazardous wastes identified by the State
of California ("California List"),
Congress directed EPA to establish
treatment standards and prohibit land
disposal by July 8, 1987; for hazardous
wastes containing solvents and dioxins,
Congress directed the Agency to
establish treatment standards and
prohibit land disposal by November 8,
1986. (RCRA sections 3004(d) and (e)).
For wastes listed or identified as
hazardous after the HSWA amendments
(referred to as "newly identified
wastes"), EPA must establish treatment
standards and land disposal
prohibitions within six months of the
effective date of the listing or
identification (RCRA section 3004(g)(4)).
Under current regulations,
environmental media containing
hazardous waste are prohibited from


land disposal unless they are treated to
meet the treatment standards
promulgated for the original hazardous
waste in question (i.e., the same
treatment standard the contaminating
hazardous waste would have to meet if
it were newly generated). (See 58 FR
48092, 48123, (September 14, 1993)).


The land disposal restrictions
generally attach to hazardous wastes, or
environmental media containing
hazardous wastes, when they are first
generated. Once these restrictions
attach, the standards promulgated
pursuant to section 3004(m) must be
met before the wastes (or environmental
media containing the wastes) can be
placed into any land disposal unit other
than a no migration unit. In cases
involving characteristic wastes, the D.C.
Circuit held that even elimination of the
property that caused EPA to identify
wastes as hazardous in the first instance
(e.g., treating characteristic wastes so
they no longer exhibit a hazardous
characteristic) does not automatically
eliminate the duty to achieve
compliance with the land disposal
treatment standards. (Chem ical Waste
Management v. U.S. EPA, 976 F.2d 2,22
(D.C. Dir. 1992), cert. denied, 113 S.Ct
1961 (1993).) The Agency has examined
the logic of the Chemical Waste decision
and concluded that the same logic could
arguably be applied in the remediation
context; i.e., a determination that
environmental media once subject to
LDR standards no longer contain
hazardous wastes may not automatically
eliminate LDR requirements. While the
Chemical Waste court did not
specifically address the remediation
context, the Agency believes it may be
prudent to follow the logic the court
applied to characteristic wastes, and has
developed today's proposal accordingly.


It is important to note that the land
disposal restrictions apply only to
hazardous (or, in some cases, formerly
hazardous) wastes and only to
placement of hazardous wastes after the
effective date of the applicable land
disposal prohibition-generally May 8,
1990 for wastes listed or identified at
the time of the 1984 amendments, or six
months after the effective date of the
listing or identification for newly
identified wastes. 61n other words, the
duty to comply with LDRs has already
attached to hazardous wastes land
disposed ("placed") after the applicable
effective dates, but not to hazardous
wastes disposed prior to the applicable
effective dates. Accordingly, hazardous


16
A detailed listing of when the land disposal


prohibitions took effect for individual hazardous
wastes can be found in 40 CFR Part 268, Appendix
VII.
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wastes disposed prior to the effective
date of the applicable prohibition only
become subject to the LDRs if they are
removed from the land and placed into
a land disposal unit after the effective
date of the applicable prohibition. (See
53 FR 31138, 31148, (August 17, 1988)
and Chemical Waste Management v. US
EPA, 86 9 F.2d 1526, 1536 (D.C. Cir.
1989)), "treatment or disposal of
[hazardous waste] will be subject to the
[LDR] regulation only if that treatment
or disposal occurs after the
promulgation of applicable treatment
standards.") Similarly, environmental
media contaminated by hazardous
wastes placed before the effective dates
of the applicable land disposal
restrictions does not become subject to
the LDRs unless they are removed from
the land and placed into a land disposal
unit after the effective dates of the
applicable restrictions.


The land disposal restrictions do not
attach to environmental media
contaminated by hazardous wastes
when the wastes were placed before the
effective dates of the applicable land
disposal prohibitions. If these media are
determined not to contain hazardous
wastes before they are removed from the
land, then they can be managed as non-
hazardous contaminated media and
they're not subject to land disposal
restrictions. For example, soil
contaminated by acetone land disposed
("placed") in 1986 (prior to the effective
date of the land disposal prohibition for
acetone) and, while still in the land,
determined not to contain hazardous
waste, is not subject to the land disposal
restrictions.' 7 This is consistent with the
Agency's approach in the HWIR-waste
rule, where it indicates that LDRs do not
attach to wastes that are not hazardous
at the time they are first generated (60
FR 66344, December 21, 1995).


Since application of the land disposal
restrictions is limited, in order to
determine if a given environmental
medium must comply with LDRs one
must know the origin of the material
contaminating the medium (i.e.,
hazardous waste or not hazardous
waste), the date(s) the material was
placed (i.e., before or after the effective
date of the applicable land disposal
prohibition), and whether or not the
medium still contains hazardous waste
(i.e., contained-in decision or not).


17Similarly, soil contaminated by acetone placed


in a solid waste management unit in 1986, but
leaked into the soil at some point after 1986, is not
subject to the land disposal restrictions provided
that, while the soil is still in the land, the Director
determines it does not contain hazardous wastes.
LDRs would not attach because, in this case, it is
the initial placement of hazardous waste that
determines whether there is a duty to comply with
LDRs.


Facility owner/operators should make
a good faith effort to determine whether
media were contaminated by hazardous
wastes and ascertain the dates of
placement. The Agency believes that by
using available site- and waste-specific
information such as manifests,
vouchers, bills of lading, sales and
inventory records, storage records,
sampling and analysis reports, accident
reports, site investigation reports, spill
reports, inspection reports and logs, and
enforcement orders and permits, facility
owner/operators would typically be able
to make these determinations. However,
as discussed earlier in the preamble of
today's proposal, if information is not
available or inconclusive, facility
owner/operators may generally assume
that the material contaminating the
media were not hazardous wastes.
Similarly, if environmental media were
determined to be contaminated by
hazardous waste, but if information on
the dates of placement is unavailable or
inconclusive, facility owner/operators
may, in most cases assume the wastes
were placed before the effective date.


The Agency believes that, in general,
it is reasonable to assume that
environmental media do not contain
hazardous wastes placed after the
effective dates of the applicable land
disposal prohibitions when information
on the dates of placement is unavailable
or inconclusive, in part, because current
regulations, in effect since the early
1980's, require generators of hazardous
waste to keep detailed records of the
amounts of hazardous waste they
generate. These records document
whether the waste meets land disposal
treatment standards and list the dates
and locations of the waste's ultimate
disposition. With these records, the
Agency should be able to determine if
environmental media were
contaminated by hazardous wastes and
if they would be subject to the land
disposal restrictions.


In addition, EPA believes that the
majority of environmental media
contaminated by hazardous wastes were
contaminated prior to the effective dates
of the applicable land disposal
restrictions. Generally, the
contamination of environmental media
by hazardous waste after the effective
date of the applicable land disposal
restriction would involve a violation of
the LDRs, subject to substantial fines
and penalties, including criminal
sanctions. The common exception
would be one-time spills of hazardous
waste or hazardous materials. In these
cases, the Agency believes that,
typically, independent reporting and
record keeping requirements (e.g.,
CERCLA sections 102 and 103 reporting


requirements or state spill reporting
requirements) coupled with ordinary
"good housekeeping" procedures, result
in records that will allow the Agency to
determine the nature of the spilled
material, and the date (or a close
approximation of the date) of the spill.
The Agency requests comments on this
approach and on any other assumptions,
records, or standards of evaluation that
would ensure that facility owner/
operators would identify any
contaminated media subject to land
disposal restrictions properly and
completely.


Information on contained-in decisions
should be immediately available since,
generally, these determinations are
made by a regulatory agency on a site-
specific basis and careful records are
kept.


2. Treatment Requirements-§ 269.30


a. Approach to treatment
requirements and recommendations of
the FA CA Committee. RCRA section
3004(m) requires that treatment
standards for wastes restricted from
land disposal, " * * specify those
levels or methods of treatment, if any,
which substantially diminish the
toxicity of the waste or substantially
reduce the likelihood of migration of
hazardous constituents from the waste
so that short-term and long-term threats
to human health and the environment
are minimized." A recurring debate
through EPA's development of the land
disposal restriction program has been
whether treatment standards should be
technology-based (i.e., based on
performance of a treatment technology)
or risk-based (i.e., based on assessment
of risks to human health and the
environment that are posed by the
wastes). The Agency believes that both
approaches are allowed. It has long been
recognized that Congress did not
directly address the questions of how to
set treatment standards in the language
of section 3004(m).' 8 In addition,
Congress did not specifically address
whether the LDR treatment standards
for newly generated wastes and
remediation wastes must be identical;
the structure of RCRA's LDR provisions
suggests that Congress believed that
remediation waste may merit special
consideration. (See, RCRA sections
3004(d)(3) and 3004(e)(3), which


1 8 
See, e.g., 51 FR 40572, 40578 (November 7,


1986); Hazardous Waste Treatment Council v. US
EPA, 886 F.2d 355, 361 3 D.C. Cir. 1989); 55 FR
6640, 6641 (February 26, 1990). The legislative
history of section 3004(m) is likewise inconclusive.
See discussion of the legislative history at 55 FR
6640, 6641 6642 (February 26, 1990)"[a]t a
minimum, the [legislative history shows] that
Congress did not provide clear guidance on the
meaning of 'minimize threats'."
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provided a separate schedule for
establishing LDR prohibitions and
treatment standards for most
remediation wastes).


EPA's preference would be to
establish generic nationwide risk-based
treatment standards that represent
minimized threats to human health and
the environment in the short- and long-
term. However, the difficulties involved
in establishing risk-based standards for
contaminated media on a generic
nationwide basis are formidable 19, due,
in large part, to the wide variety of site-
specific physical and chemical
compositions encountered during
cleanups in the field. In the absence of
the information necessary to develop
generic, risk-based standards for
contaminated media, the Agency is
proposing generic standards using a
technology-based approach and, for
lower-risk media subject to the LDRs,
provisions for site-specific, risk-based
minimize threat determinations. (See
discussion of Media Treatment
Variances, below).


Technology-based standards achieve
the objective of minimizing threats by
eliminating as much of the uncertainty
associated with disposal of hazardous
waste as possible. For this reason,
technology-based standards were
upheld as legally permissible so long as
they are not established "beyond the
point at which there is not a "threat" to
human health or the environment."
(See, Hazardous Waste Treatment
Council v. EPA, 886 F.2d 355, 361-64
(D.C. Cir. 1989),cert. denied 111 S.Ct.
139 (1990), page 362; see also (55 FR
6640, 6642, February 26, 1990)).


Today's proposed regulations would
modify the land disposal restriction
treatment standards for contaminated
media so that they reflect appropriate
treatment technologies and strategies for
environmental media, and the site-
specific nature of cleanup activities
more accurately. When non-hazardous
contaminated media is still subject to
LDRs (e.g., because hazardous wastes
contaminating the media were land
disposed ("placed") after the effective
date of the applicable LDR prohibition,
or because the media were determined


19 The Agency has proposed a rule that would


define hazardous constituent concentrations below
which certain wastes will no longer be listed or
identified as "hazardous" under RCRA Subtitle C.
(60 FR 66344 469 (December 21, 1995)). In some
instances, these concentrations may also serve as
risk-based LDR treatment standards. The Agency
can set risk-based LDR treatment standards for
certain as-generated hazardous wastes (and not for
hazardous contaminated environmental media)
because the Agency has significantly more
information on as-generated wastes streams and as-
generated waste streams are typically more
homogeneous that contaminated environmental
media waste streams.


to still contain hazardous wastes when
removed from the land), today's
proposal would establish, as a policy
matter, a presumption for site-specific
LDR treatment variances. This approach
is consistent with the recommendations
of the FACA Committee, which agreed
that the land disposal treatment
standards for "as-generated" wastes are
not generally appropriate for
contaminated environmental media, and
that higher-risk media should be subject
to generic national standards while
requirements for lower-risk media
should be determined on a site-specific
basis in the context of agency-overseen
cleanups.


b. Proposed treatment standards for
contaminated media (1) Applicability.
Hazardous contaminated media are
environmental media that contain
hazardous waste or that exhibit a
hazardous characteristic and have not
been determined, pursuant to § 269.4, to
no longer contain hazardous wastes.
Non-hazardous contaminated media are
environmental media that have been
determined, pursuant to § 269.4, not to
contain hazardous wastes. Media
contaminated by hazardous wastes
placed after the effective date of the
applicable land disposal prohibition
must be treated to meet LDR treatment
standards before it is placed into a land
disposal unit. In this case, the land
disposal restrictions attach because
hazardous waste was originally land
disposed-placed-after the effective
date of the applicable land disposal
prohibition and the standards of section
3004(m) were never met. Likewise,
hazardous contaminated media removed
from the land after the effective date of
the applicable land disposal restriction
and placed into a land disposal unit,
must be treated to meet LDR treatment
standards. The land disposal restrictions
attach in this case because, although the
hazardous waste was not restricted from
land disposal when first disposed, it has
subsequently been prohibited from land
disposal and, therefore, if removed from
the land after the effective date of the
applicable prohibition, cannot be placed
into a land disposal unit until it meets
the standards of RCRA section 3004(m).
As discussed earlier in today's
preamble, once the land disposal
restrictions attach, the standards of
section 3004(m) must be met before the
wastes (or environmental media) may be
placed into any land disposal unit other
than a no migration unit, elimination of
the property that cause the waste to be
hazardous (e.g., deciding, pursuant to
§ 269.4, that a given environmental
medium no longer contains hazardous
waste) does not automatically mean the


wastes have complied with RCRA
section 3004(m). 20


(2) Today's proposal. In today's
proposed rule, EPA would, (1) establish
generic, technology-based treatment
standards for higher-risk contaminated
media subject to the LDRs (i.e.,
hazardous contaminated media) and, (2)
for lower-risk contaminated media
subject to the LDRs (i.e., non-hazardous
contaminated media), establish, as a
policy matter, a presumption for site-
specific LDR treatment variances. The
treatment standards proposed today
would only apply when media subject
to the LDRs are managed under a RMP.
For hazardous contaminated media
other than soils (e.g., groundwater and
sediments), the proposed rule would
require treatment to meet the LDR
treatment standards applicable to the
hazardous wastes contained in the
media. (See § 269.30(f)). For example,
ground water contaminated with a
commercial chemical product such as
acetone (hazardous waste number U002)
would have to be treated to the
standards specified in Part 268 for
acetone.


For hazardous contaminated soils, the
proposed rule would establish
alternative soil-specific LDR standards.
Proposed § 269.30(e) would require that,
generally, soils be treated so that the
concentrations of constituents subject to
treatment are reduced by 90 percent
with treatment capped at 10 times the
Universal Treatment Standard. If
treatment of a given constituent to meet
the 90 percent reduction standard
would result in reducing constituent
concentrations to less than 10 times the
UTS, treatment beyond 10 times the
UTS would not be required. For non-
metal contaminants, total
concentrations of constituents subject to
treatment would have to be reduced by
at least 90 percent from their initial
concentrations (or 10 times the
Universal Treatment Standard,
whichever is higher). For metal
contaminants, the 90 percent standard
would apply either to the total
concentrations of metals (for treatment
technologies that remove metal
contaminants), or to the concentrations
of the metals in leachate as measured
using the TCLP (for solidification-type
treatment technologies). In addition to


20 of course, if the environmental media is


determined not to contain hazardous wastes before
it is removed from the land, the land disposal
restrictions and duty to comply with RCRA section
3004(m) do no attach, because no placement of
hazardous waste will occur after the effective date
of the applicable land disposal prohibition. In
addition, if contaminated environmental media are
determined not to contain solid or hazardous waste
(i.e., it's just media) it would not be subject to any
RCRA Subtitle C standard, including LDRs.
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treating for constituents subject to
treatment, for soil that is hazardous
because it exhibits the characteristics of
ignitability, corrosivity, or reactivity, the
Agency proposes to require treatment
until the soil no longer exhibits the
characteristic.


(3) Justification for soil-specific LDRs.
EPA believes that it is appropriate to set
soil-specific LDR standards because the
soil matrix often poses distinct
treatment issues. Specifically, the Part
268 Universal Treatment Standards that
would otherwise apply to soil subject to
the LDRs are based, in large part, on
incineration for organics and high
temperature metal recovery (HTMR) for
metals. Although incineration and
HTMR are highly effective technologies,
their selection was based on treatment
of concentrated, as-generated hazardous
wastes, and they are not generally
appropriate for the large volumes of low
and moderately contaminated soil
typically encountered during site
remediation. Thus, the Agency believes
that technology-based standards for
contaminated soil should not rely
exclusively on incineration or HTMR
and that, in many cases, innovative (i.e.,
non-combustion) technologies will be
more appropriate (See 55 FR 8666,
8760-8761, (March 8, 1990) and 58 FR
48092, 48125, (September 14, 1993)).
While the Agency believes that soil is,
in most cases, most appropriately
treated using non-combustion
technologies, data gathered for the
Phase II Soil proposal do not
demonstrate conclusively that the
Universal Treatment Standards can be
met using technologies other than
combustion; therefore, EPA is proposing
the alternative soil treatment standards
discussed today at levels somewhat
above UTS levels.


(4) Application of soil-specific LDRs
to other media. EPA considered
applying the alternative 90% or 10
times the UTS treatment standard to
hazardous contaminated media other
than soils, but decided not to because
there is little information available to
the Agency to indicate that the LDR
treatment standards that currently apply
to these other media are inappropriate,
or otherwise pose the same type of
technical challenges as they do for soils.
In individual cases where the existing
UTS standards is inappropriate, the
Director would be able to use the
proposed Media Treatment Variance
procedures outlined below to set
alternative LDR treatment standards for
these other media.


(5) Request for corn m ents. EPA
requests comments and data on the LDR
treatment standards that would be
established by today's proposed


regulations. The Agency is especially
interested in comments which
document that the current LDR
treatment standards are appropriate or
inappropriate for hazardous
contaminated media other than soils
(e.g., groundwater, sediments), or are
otherwise compatible or incompatible
with the remediation context. The
Agency is also interested in comments
which document whether the proposed
LDR treatment standards for
contaminated soils are achievable using
technologies appropriate at remediation
sites.


c. Detailed analysis of proposed
treatment standardsfor hazardous
contaminated soils. EPA first proposed
LDR treatment standards specific to
hazardous contaminated soil in the LDR
Phase II Rule (58 FR 48092, September
14, 1993). In the Phase II Rule, EPA
requested comment on three options for
soil treatment standards: Option 1 was
90% treatment provided treatment
achieved concentrations at least equal to
or less than one order of magnitude
above the Universal Treatment Standard
(90% and 10 times UTS); Option 2 was
treatment to one order of magnitude
above the Universal Treatment Standard
(10 times UTS); and Option 3 was 90%
treatment with no ceiling value (90%).
Commenters on the Phase II proposal
strongly supported the 10 times UTS
treatment standard, 2 1 indicating that
they thought it would be easy to
implement, provide for appropriate
levels of protection, and be achievable
using a range of treatment technologies.
Available data supports the
achievability of the 10 times UTS
standard, 91% of the data pairs in EPA's
Soil Treatability Database were treated
to 10 times UTS using non-combustion
technologies such as biological
treatment, thermal desorption, and
dechlorination. Commenters also
supported various combinations of the
90% reduction and 10 times UTS
standards, including the 90% or 10
times UTS approach proposed today.


Ultimately, EPA has chosen to
propose the approach it believes will
provide the most flexibility to
overseeing agencies and facility owner/
operators. Providing for flexibility in the
management requirements for
contaminated media is one of EPA's
goals for the HWIR-media rulemaking.
While EPA agrees with some of the
comments on the Phase II proposal and
believes that many facility owner/


21Of the 34 comments received, 14 supported 10


times the UTS; 6 supported 90% and 10 times the
UTS; 4 supported 90%; 6 supported other
combinations of 90% and 10 times the UTS,
including the combination proposed today; and 4
supported other options.


operators will be able to achieve the 10
times UTS treatment standard using
non-combustion soil treatment
technologies, the Agency does not have
information to show that 10 times UTS
will be necessary to fulfill the
requirements of RCRA section 3004(m)
at all sites. In addition, the data pairs in
EPA's Soil Treatment Database are
primarily from bench and pilot schedule
studies and may not reflect the
"potentially problematic soil matrices
and varying contaminant levels" likely
to be encountered in the field (58 FR
48092, 48124, September 14, 1993).
Finally, the FACA committee agreed on
a 90% treatment standard for
contaminated media with constituent
concentrations above Bright Line
concentrations. Therefore, the Agency
believes it is appropriate to also allow
for 90% reduction. As discussed below,
the Agency believes compliance with
either standard fulfills the requirements
of RCRA section 3004(m). EPA intends
to use the treatability data it receives
pursuant to the requirements in
proposed § 269.41(c)(9) and § 269.42(b)
to fill in gaps in the data on which the
proposed standards are based, and
intends to amend the standards if
appropriate.


EPA acknowledges that because the
90% reduction standard does not
guarantee any particular final
constituent concentrations, it may
increase the chance, in individual cases,
that soil treatment standards will not be
appropriate to the site or might not meet
the statutory standard. To address this
concern, the Agency has built a "safety
net" into the proposed soil treatment
standards in today's regulations, by
allowing the Director to specify more
stringent soil treatment standards that
are based on site-specific factors when
he/she finds that the 90% or 10 times
the UTS treatment standard does not
"minimize threats" (e.g., where initial
concentrations of hazardous
constituents in the media are
abnormally high). (See § 269.32.)


In developing the LDR treatment
standards proposed today for hazardous
contaminated soils and the standards
discussed in the Phase II proposal, the
Agency did not use its normal approach
to setting technology-based LDR
standards. In setting LDR treatment
standards, the Agency generally
examines available treatment data and
sets a standard based on the "best" of
the demonstrated available technologies
("BDAT"). The Agency typically finds a
technology to be "demonstrated" when
the data show that it can operate at the
required levels, and "available" when,
among other things, it is commercially
available and provides "substantial"
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treatment. The Agency's selection of the
"best" of these technologies is generally
based on a statistical evaluation of the
treatability data. (See 51 FR 40572,
40588-40593 (Nov. 7, 1986).) Instead of
this standard approach, the Agency
selected options that could be achieved
by available technologies and that
would result in the "substantia[l]"
reductions mandated by RCRA section
3004(m) to develop the standards
proposed today.


The Agency believes that RCRA
allows this alternative approach to
implementing section 3004(m).
Specifically, RCRA § 3004(m) does not
require the use of "BDAT" to implement
a technology-based approach. In fact, as
the D.C. Circuit has specifically
recognized, section 3004(m) need not be
read "as mandating the use of the best
demonstrated available technologies
(BDAT) in all situations." Chemical
Waste Management, Inc. v. US EPA, 976
F.2d 2, 15 (D.C. Cir. 1992). Instead, any
substantial treatment method that
"minimizes" threats according to the
statutory objectives is permissible. Id.22


In other instances the Agency chose a
BDAT approach because it believed that
applying BDAT standards best served
the Congressional objectives when the
LDR requirements for as-generated
wastes were enacted (55 FR 6640-6643,
February 26, 1990).


The policy considerations that argue
for BDAT as the basis for technology-
based standards for as-generated wastes
do not, however, support a BDAT
approach in the remediation context.
EPA has long maintained that setting
BDAT standards for newly generated
wastes best fulfilled the Congressional
goal of reducing the amount of wastes
ultimately disposed on the land (55 FR
6640, 6642, February 26, 1990); RCRA
section 1003(6). While this may be true
for newly generated waste not yet
disposed, such standards do not further
this goal in the remediation context. As
discussed in section (II)(A) of this
preamble, current standards can create
disincentives to excavation, and more
protective management of wastes


22The legislative history of section 3004(m)


supports the reading that the legislative preference
expressed for "BDAT" could be achieved using
something less than only the "best" technologies:


The requisite levels of [sic] methods of treatment
established by the Agency should be the best that
has [sic] been demonstrated to be achievable. This
does not require a BAT-type process as under the
Clean Air or Clean Water Acts which contemplates
technology-forcing standards. The intent here is to
require utilization of available technology in lieu of
continued land disposal without prior treatment. It
is not intended that every waste receive repetitive
or ultim ate levels of [sicim ethods of treatm ent


130 Cong. Rec. S. 9178 (daily ed. July 25, 1984)
(statement of Sen. Chaffee) [emphasis added].


already disposed of on the land, because
excavation of contaminated media for
the purposes of treatment may trigger
LDRs. Site decision makers are often
faced with the choice of either capping
or treating the wastes in place (to avoid
LDRs), or excavating and triggering the
costly BDAT treatment standards. This
situation creates an incentive to leave
wastes in place, a result obviously not
contemplated by Congress in enacting
LDRs. For a fuller discussion of this
issue, see 54 FR 41566-41569, (Oct. 10,
1989). EPA has justified BDAT
standards based in part on the fact that
imposing them would create an
incentive to generate less of the affected
waste in the first instance. (See Steel
Manufacturers Association v. EPA, 27
F.3d 642, 649 (D.C. Cir. 1994)
(upholding the LDR standard, in part,
because it minimized the amount of
waste that would be generated)). In the
remediation context the waste is already
in existence, therefore, such "waste
minimization" is not an issue.
Typically, the threats to human health
and the environment that the land
disposal restrictions were intended to
address are better controlled through
excavation and management of remedial
wastes and such action should therefore
be encouraged, not discouraged.


Accordingly, EPA believes that it is
appropriate to set LDR standards for soil
subject to the LDRs based on something
less than the "best" demonstrated
available technologies, so long as those
standards encourage the development of
more permanent remedies and result in
the "substantia[l]" reductions
contemplated by section 3004(m). The
Agency believes that the 90% or 10
times the UTS standard proposed today
will, by providing flexibility to cleanup
decision makers, encourage the
development of more permanent
remedies. The Agency also believes that
the 90% or 10 times the UTS standard
represents a level of treatment that will,
in general, "substantially" diminish the
toxicity of the wastes or substantially
reduce the likelihood of migration of
hazardous constituents from the wastes
so that short- and long-term threats to
human health and the environment are
minimized. Among other things, the
Agency looks to the percentage of
constituents removed, destroyed, or
immobilized when deciding whether
treatment is "substantial" (51 FR 40572,
40589, November 7, 1986). On this
basis, the Agency believes that the 90%
component is clearly substantial. Since
EPA has previously determined that the
UTS standards result in "substantial"
treatment, the Agency believes that a
standard one order of magnitude higher


should be considered substantial when
addressing matrices that can be
significantly more difficult to treat.


d. Application of proposed treatment
standards to media which no longer
contain hazardous waste. In some cases,
contaminated media with constituent
concentrations below the Bright Line
will be determined to no longer contain
hazardous waste, but may remain
subject to the land disposal treatment
requirements. As discussed earlier in
today's preamble, EPA's analysis in this
proposal is based on the logic that once
the land disposal restrictions attach to
hazardous wastes (or environmental
media that contain hazardous wastes)
the standards of section 3004(m) must
be met before the wastes can be land
disposed in any unit other than a no
migration unit. Once attached, the
obligation to meet land disposal
restriction treatment standards
continues even if a waste is no longer
considered hazardous under RCRA
Subtitle C (e.g., by eliminating a
hazardous characteristic, or, in the case
of an environmental medium, by
making a contained-in decision 23).


In these cases, EPA believes that it
will generally be appropriate to use the
additional opportunities for Media
Treatment Variances proposed in
§ 269.31 to establish site-specific LDR
treatment requirements based on risk.
While the Agency is proposing generic
technology-based treatment standards
for higher-risk environmental media
(i.e., hazardous contaminated media);
EPA continues to believe that LDR
treatment standards for lower-risk
contaminated media (i.e., media
determined not to contain hazardous
wastes) are best addressed on a site-
specific basis. This belief was supported
by the FACA Committee, which said
that lower-risk media should be exempt
from the land disposal restrictions, and
addressed on a site-specific basis in the
context of agency-overseen cleanups.


Media Treatment Variances are
discussed in more detail in section
(V)(C)(7) of today's preamble. Most of
these variances are also available for
higher-risk media, the difference is a


23 Of course, as discussed earlier in today's


preamble, if soils were contaminated by hazardous
waste prior to the effective date of the applicable
land disposal prohibition and a contained-in
decision was made prior to removal of the
contaminated material from the land, the land
disposal restrictions and the duty to treat to LDR
treatment standards would not attach in the first
instance. Since the Agency believes most
environmental media contaminated by hazardous
waste were contaminated prior to the effective date
of the applicable land disposal restrictions, the
Agency believes instances where contaminated
environmental media is determined to no longer
contain hazardous waste but remains subject to the
LDR requirements will be few.
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matter of assumptions. The Agency
believes that lower-risk media that
remain subject to the LDRs (i.e., media
determined to no longer contain
hazardous waste) should be addressed
on a site-specific basis in the context of
an Agency overseen cleanup and,
because they present less risk, should,
as a policy matter, be afforded
additional flexibility. Therefore,
treatment variances are presumed to be
appropriate and are encouraged for
these media. It is presumed that
hazardous contaminated media will be
treated to meet generic, nationwide
treatment standards, although a variance
may be appropriate in individual
circumstances based on site-specific
conditions.


e. More stringent treatment
standards-Proposed §269.32. As
discussed above, because of the great
diversity among cleanup sites-in terms
of the contaminated media's properties;
the exposure potential; size; topography;
climate, and many other factors-EPA
believes that it is appropriate to provide
for situations where meeting the
proposed treatment standards for
hazardous contaminated media may be
insufficient to meet RCRA section
3004(m)'s requirements that "* * *
threats to human health and the
environment are minimized." For
example, a site might be located in a
particularly sensitive environmental
setting (e.g., over a shallow aquifer used
for drinking water), where large
volumes of contaminated soil
containing high concentrations of
highly-mobile, toxic constituents will be
excavated, treated, and disposed on-site.
In order to minimize the potential for
releases from the on-site landfill over
the long-term, it could be appropriate to
require some type of treatment that is
more stringent than the standards
proposed in § 269.30. While EPA
believes these situations would be rare,
it is sensible to explicitly give
overseeing Agencies the authority to
impose more stringent LDR treatment
requirements when they believe them
necessary in order to meet the intent of
RCRA section 3004(m). Because these
decisions would be made on the record
during the RMP approval process, they
would be subject to notice and
comment. Any final Agency decision to
impose more stringent standards would
be subject to challenge during the RMP
review and approval process.


f. Cross-media transfer. Paragraph (h)
of proposed § 269.30 specifies that the
technologies employed in meeting any
treatment standard for contaminated
media must be designed and operated in
a manner that would control the transfer
of contaminants to other media. This


general standard is intended to
eliminate from consideration any
technology, such as uncontrolled air
stripping, that would remove
contamination from one medium by
simply contaminating another. For a
discussion of the Agency's tentative
position concerning at what point cross-
media transfers of constituents from
land-based units could result in an
invalidation of that unit as a treatment
unit, see 60 FR 43654, 43656, (August
22, 1995). In addition, in conjunction
with this rulemaking effort, EPA is
developing guidance on controlling
cross-media transfer of contaminants for
a wide range of soil treatment
technologies. The Agency plans to issue
this guidance prior to or in conjunction
with the final HWIR-media rulemaking.
Further information on this guidance
may be obtained from Subijoy Dutta in
the Office of Solid Waste at (703) 308-
8608.


3. Constituents Subject to Treatment


EPA is proposing that hazardous
contaminated media be treated for each
UTS constituent that originated from the
contaminating hazardous waste, and
that is subject to the treatment standard
for such hazardous waste as it was
generated (hereafter "constituents
subject to treatment") (§ 269.30(g)). For
contaminated media other than soil
(e.g., groundwater, sediments),
treatment would be required for each
constituent subject to treatment with
concentrations above the UTS. For
contaminated soil, treatment would be
required for each constituent subject to
treatment with concentrations greater
than 10 times the UTS.


EPA believes it is appropriate to link
LDR treatment requirements to the
contaminating hazardous waste because,
under the contained-in principle,
environmental media only become
subject to hazardous waste management
requirements because they contain
hazardous waste. The duty to treat,
therefore, should only attach to those
constituents for which treatment would
have been required if the wastes were
not contained in environmental media.


EPA is proposing to apply the
definition of constituents subject to
treatment to environmental media
contaminated by both listed and
characteristic wastes. Under the
proposed rule, if environmental media
were contaminated only by listed
hazardous wastes (or mixtures of listed
hazardous wastes and solid wastes)
treatment would be required solely for
Part 268 "regulated hazardous
constituents" in these wastes (identified
in the table entitled "Treatment
Standards for Hazardous Wastes" at 40


CFR 268.40). If environmental media
exhibit a characteristic, treatment would
be required for the characteristic
constituent (in the case of TC wastes) or
the characteristic property (in the case
of ignitable, reactive, or corrosive
wastes), and for all constituents listed in
§ 268.48 "Table UTS-Universal
Treatment Standards" present in the
media. As stated above, this approach,
in essence, incorporates the rule for
characteristic wastes that requires
treatment of all "underlying hazardous
constituents"; underlying hazardous
constituents are those constituents for
which the Agency has promulgated
Universal Treatment Standards (except
for zinc and vanadium) that can
reasonably be expected to be present in
the wastes, and that are present in
concentrations exceeding the UTS levels
(or, for contaminated soil, ten times the
UTS level). (See 40 CFR 268.2(i); 40 CFR
268.40(e); 60 FR 11702, (March 2, 1995);
and discussion of underlying hazardous
constituents at (59 FR47980, 48004,
(September 19, 1994)).


The Agency requests comments on
the scope of the constituents that would
be subject to treatment under today's
proposed approach. For example,
should background concentrations of
naturally occurring hazardous
constituents be explicitly evaluated
when identifying constituents that are
subject to treatment? Would it be more
appropriate, as was suggested in the
Phase II proposal (58 FR 48092, 48124,
September 14, 1993), for the Agency to
make all constituents present (even in
media containing listed wastes) above
UTS levels (or for contaminated soil, 10
times UTS levels) subject to treatment?
Are there other ways to address the
scope of constituents subject to
treatment?


The Agency notes that "Bright Line
constituents" and "constituents subject
to treatment" are two different sets of
constituents. Under today's proposal,
the Bright Line does not define the
applicability of LDR treatment
requirements or the constituents subject
to treatment in media subject to the
LDRs. Contaminated environmental
media that contains one or more
hazardous constituents at
concentrations greater than Bright Line
concentrations would be ineligible for a
contained-in decision and would
become subject to the requirements for
hazardous contaminated media,
including LDR treatment requirements.
Once subject to LDR treatment
requirements, contaminated media
would have to be treated to the generic,
technology-based treatment standards
for all constituents subject to treatment,
including those below the Bright Line.
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EPA requests comments on this
approach. For example, should EPA
allow site-specific minimized threat
Media Treatment Variances (discussed
below) for constituents subject to
treatment that have initial
concentrations below Bright Line
concentrations and require compliance
with the generic treatment standards
only for constituents subject to
treatment that have initial
concentrations above Bright Line
concentrations? How would this affect
overseeing agencies that choose to set
contained-in levels at concentrations
more stringent than the Bright Line?


4. Nonanalyzable Constituents


Some contaminated environmental
media may contain constituents that do
not have analytical methods. For media
containing multiple organic
constituents, some of which are
analyzable and some of which are
nonanalyzable, the Agency believes that
treating the analyzable constituents to
meet treatment standards should
provide adequate treatment of any
nonanalyzable constituents. As a
general principle, the destruction of an
analyzable organic surrogate constituent
is an effective indicator for destruction
of nonanalyzable organic constituents.
The Agency is therefore not proposing
treatment standards for nonanalyzable
organic constituents found in hazardous
contaminated media. The Agency
requests comment on this approach as
well as data on the degree to which non-
analyzable organic constituents are
treated when environmental media are
treated for other organic contaminants.
If, based on public comments, EPA
should choose to regulate these
constituents, the Agency could require
treatment by specific technologies
known to achieve adequate treatment of
the constituent.


In cases where contaminated
environmental media are contaminated
solely with nonanalyzable constituents,
(i.e, media contaminated only by
nonanalyzable U or P wastes), EPA
proposes requiring treatment by the
methods specified in § 268.42 for those
U or P wastes. For a list of U and P
wastes, see 40 CFR 261.33. The Agency
solicits comments on whether other
technologies should be allowed for
treatment of such media.


5. Review of Treatment Results-
§ 269.33


Once treatment under an approved
RMP has been completed, the proposal
would require the overseeing agency to
review the treatment results and
determine whether the treatment
standard was achieved. If the treatment


standard were not achieved, EPA
proposes that the facility owner/
operator would be required to: submit a
new RMP that includes plans and
procedures designed to re-treat the
material, or submit an application for a
Media Treatment Variance (if a variance
is appropriate). The Director, at his/her
discretion, could require that the owner/
operator continue to treat the materials
until the treatment standard is met, or
grant a Media Treatment Variance.


6. Management of Treatment
Residuals-§ 269.34


Depending upon the type of treatment
system used, residuals from the
treatment of media under Part 269 could
either be media (hazardous
contaminated or otherwise) or wastes
(hazardous or otherwise) that have been
separated from the media being treated.
Under the proposed rule, waste
residuals would be managed according
to applicable RCRA Subtitle C or
Subtitle D requirements. Media
residuals would remain subject to Part
269. This is consistent with the
Agency's approach to residuals from
treating hazardous debris. (See 57 FR
37194, 37240, (August 18, 1992)). If
media residuals from treatment of
contaminated media meet the treatment
standards, they can be disposed of in a
Subtitle C land disposal facility. If those
media have met their treatment
standards and also no longer contain
hazardous wastes, they are no longer
subject to Subtitle C requirements and
can be used, re-used, or returned to the
land absent additional Subtitle C
control. Under proposed § 269.33,
media residuals that do not meet the
treatment standards would be re-treated
or, if appropriate, granted a Media
Treatment Variance.


The Agency requests comments on
this approach and on whether
regulatory standards for management of
non-media treatment residuals are
necessary under this Part. For example,
should residuals from treating media
using stabilization technologies (i.e.,
stabilized media) be considered waste
residuals and subject to the applicable
subtitle C or D standard? Should the
Agency address, through regulations or
guidance, the methods used to
determine whether treatment residuals
are media or non-media? For example,
should the Agency use the approach it
promulgated for treatment residuals
from treatment of hazardous debris and
require that media and non-media
treatment residuals be separated using
simple physical or mechanical means?


Some treatment methods may
distinctly separate hazardous wastes
from contaminated media (e.g., carbon


adsorption for groundwater). In these
cases, each residual can be measured to
certify compliance with the applicable
land disposal restriction treatment
standards. For other treatment
technologies that may not as distinctly
separate media from non-media
residuals, it may be more difficult to
determine which LDR treatment
standards should be applied. For
example, some treatment methods (e.g.,
combustion technologies) may result in
destruction of the media treated, leaving
only non-media residuals. In these
cases, should the residuals be subject to
the treatment standards for
contaminating hazardous wastes (e.g.,
the Universal Treatment Standard) or
the treatment standards for media (e.g.,
the 90% or 10 times the UTS alternative
soil treatment standard proposed today).


7. Media Treatment Variances-§ 269.31


This section provides a mechanism
which the Director can use to establish
alternative treatment standards for
contaminated media subject to the land
disposal restrictions. The Agency is
proposing to allow variances from
generic treatment standards in three
situations: when the generic standard is
technically impracticable, when the
generic standard is inappropriate, or
when the Director can demonstrate,
based on site-specific circumstances,
that lower levels of treatment "minimize
threats" in accordance with the
standard of RCRA section 3004(m). Each
situation is discussed in more detail
below.


EPA encourages use of these
procedures to establish site-specific LDR
treatment standards for media that have
been determined to no longer contain
hazardous wastes but remain subject to
LDRs. In addition, although EPA
believes the generic, nationwide
technology-based treatment standards
for hazardous contaminated media
should be appropriate and achievable
for the majority of media managed at
cleanup sites, the Agency acknowledges
that because of the wide range of soils
and contaminants that may be
encountered in the field, there may be
situations where such standards would
be inappropriate.


Paragraphs (a) and (b) of § 269.31
would list the situations under which
the Agency believes a Media Treatment
Variance would be appropriate.
Paragraph (c) of § 269.31 would provide
the overseeing agency with the authority
to request any information from the
owner/operator that may be necessary to
determine whether a treatment variance
should be approved, and paragraph (d)
provides that an alternative treatment
standard approved according to this
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section may be expressed numerically,
or as a specified technology.


In order to ensure that the Media
Treatment Variance provisions are not
used simply to seek approval of an
inferior technology or a poorly operated
treatment system, § 269.31(e) would
specify that any technology used to
meet an alternative standard would
have to be operated in a manner that
optimizes efficiency, and result in
substantial reductions in the toxicity or
mobility of the media's contaminants.
For the reasons discussed above, any
such technology would be required to
control the cross-media transfer of
constituents.


The Media Treatment Variances in
today's proposed rule are analogous to
the existing site-specific treatment
variances in Part 268. (See § 268.44(h)).
EPA considered using § 268.44(h) for
contaminated media, but decided to
propose media-specific variance
provisions for three reasons. First, for
clarity, EPA has made a conscious effort
to develop the HWIR-media rules to
operate as a complete system and
minimize cross-references to other
portions of the regulations. Second, EPA
believes that including Media Treatment
Variances will make it easier and less
disruptive for states to adopt and
implement the final HWIR-media rules.
Third, EPA believes that it is valuable
to propose regulations clarifying the
circumstances under which media
treatment variances are appropriate,
especially in the case of the variance for
a site-specific minimize threat
determination. The Agency requests
comments on the need for the specific
Media Treatment Variances proposed
today and the relationship of the
proposed Media Treatment Variances to
the existing site-specific variance
procedures in § 268.44(h).


a. The generic technology-based
treatment standard is technically
impractical (§ 269.31(a)(1)). In some
cases, an owner/operator may be able to
demonstrate to the overseeing agency
that achieving the generic LDR standard
is technically impracticable. While EPA
believes it will typically be possible to
achieve the general standards using
common remedial technologies (e.g.,
biological treatment, soil washing,
chemical oxidation/precipitation,
activated carbon, air stripping), the
Agency recognizes that, in some cases,
these technologies may not be able to
meet the 90% or 10 times the UTS
standard. For example, comparison of
leachate concentrations from some
metal-bearing wastes before and after
stabilization or solidification may not
indicate a 90% reduction (and may not


be at concentrations below 10 times the
UTS).


b. The generic technology-based
treatment standard is inappropriate
(§269.31(a)(2)). Many site-specific
circumstances could cause the generic
treatment standard to be inappropriate.
In some cases, the media to be treated
may differ significantly from the
material upon which the generic
treatment standard was based. For
example, the Universal Treatment
Standards for water were based on
treatment of industrial wastewater. In
some situations facility owner/operators
could be treating groundwater that
poses unique treatability issues, and
may merit an alternative treatment
standard (e.g., groundwater that is
highly saline or has high concentrations
of other naturally occurring
contaminants such as iron). In another
example, treatment of soils
contaminated by heavy chain
polynuclear aromatics (PNAs) with non-
combustion strategies may not be
sufficient to meet the 10 times the UTS
standard.


In other cases, the generic treatment
standard will be inappropriate because
use of an alternative treatment standard
would result in a net environmental
benefit. For example, use of innovative
treatment technology might result in
substantial reductions in constituent
concentrations in the near-term, while
use of a more traditional treatment
technology might eventually achieve the
generic treatment standard but take
twice as much time. For a discussion of
EPA's position that a treatment standard
may be deemed inappropriate when
imposing it "could result in a net
environmental detriment." (See 59 FR
44684, 44687, (August 30, 1994)).


c. Threats can be minimized with less
treatment than the generic technology-
based standard would require
(§269.31(b)). As discussed earlier, EPA
prefers to base land disposal restriction
treatment requirements on risk. While
information is not available to establish
generic risk-based treatment standards
for contaminated environmental media,
EPA believes that adequate information
may be available to establish site-
specific, risk-based treatment standards.
Using this variance, the Director would
be able to make a site-specific, risk-
based determination of § 3004(m)
treatment requirements. In other words,
the regulations would allow the Director
to determine on a site-specific basis,
"levels or methods of treatment, if any,
which substantially diminish the
toxicity of the waste or substantially
reduce the likelihood of migration of
hazardous constituents from the waste
so that short-term and long-term threats


to human health and the environment
are minimized" (RCRA section
3004(m)).


EPA is proposing this site-specific
approach to ensure appropriate levels of
treatment, and to provide some relief
from the generic LDR treatment
standards where an examination of
actual site circumstances demonstrates
that the requirements of section 3004(m)
may be met with lesser treatment than
that required by the generic, technology-
based standards proposed today. The
Agency has long recognized that section
3004(m) could be implemented on a risk
basis, and that the risk approach often
would require less treatment than the
BDAT approach (51 FR 1602, 1611,
(January 14, 1986); 55 FR 6640, 6642,
(February 26, 1990); and Hazardous
Waste Treatment Council v. US EPA,
886 F.2d 355, 361 (D.C. Cir. 1989)
(upholding the Agency's view that
although permissible, risk-based
treatment standards are not compelled
by section 3004(m)).


The Agency believes that a great
number and variety of site-specific
factors would influence minimize threat
determinations; therefore, it is not
proposing generic decision criteria. In
general, however, EPA believes that the
decision factors for contained-in
decisions discussed earlier would be
appropriate. This is similar to the
approach in the LDR Phase II proposal,
in which the Agency expressed the view
that when a regulatory authority
determined that media no longer
contain hazardous waste, the regulatory
authority could also make a site-specific
determination that threats had been
"minimized" (58 FR 48092, 48128,
September 14, 1993).


The Agency further believes the site-
specific minimize threat variance would
be particularly appropriate in situations
when the Director would be able to
determine that constituent
concentrations greater than the
proposed soil treatment standards
minimize threats at a site because not
providing such relief would result in a
less protective remedy. Often, when
excavation of environmental media
would trigger the duty to comply with
LDRs, the LDR treatment standards
serve as a disincentive to excavation
and treatment in the remediation
context. In proposing the NCP, EPA
discussed the effect that LDRs can have
on CERCLA decision making:


For wastes potentially subject to the LDRs,
essentially only two options will generally be
available treatment to BDAT standards, or
containment (including containment of
wastes treated in situ). The range of treatment
technologies between these two extremes that
may be practical and cost-effective, and yield
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highly protective environmental results,
would not be available to decision makers. In
some cases, given only these two remedial
choices, decision makers may be pressured to
select containment remedies that offer less
permanence than treatment options that
might otherwise be selected if the LDRs were
not applicable (54 FR 41566, 41568, (October
10, 1989)).


EPA has experienced the same effect in
the RCRA closure program. (See 54 FR
41566, 41568, (October 10, 1989)).
"EPA's experience with the RCRA
closure program has shown that owner/
operators, faced with the choice of using
BDAT treatment, or no treatment or in
situ treatment, have a strong incentive
to choose the less costly option * * *,
which may actually result in less
effective long-term performance for
many closed units").


While Congress did not address how
to determine when threats are
minimized in the remediation context, it
obviously did not intend LDRs to act as
a barrier to aggressive cleanup when
enacting RCRA section 3004(m).
Therefore, the Agency believes that in
cases presenting the dilemma outlined
above, and where imposing a lesser
standard would encourage more
protective management of the media, it
would be reasonable for the Director to
decide that, because overall risks at the
site would be significantly reduced,
imposition of lesser LDR treatment
requirements would minimize threats at
that site; therefore, as a general rule,
cleanup to health-based standards
through implementation of an approved
remedy in the context of an agency-
overseen cleanup can be presumed to
minimize threats even when the remedy
involves placement (or re-placement) of
contaminated media which does not
meet the generic, technology-based LDR
treatment standards. The Agency notes
that most Federal and State remedy
selection criteria and cleanup
procedures include independent
requirements or preferences for
treatment to ensure that remedies are
protective over the long-term, although
such would not necessarily be to the
generic, technology-based LDR
treatment standards.


Consistent with the recommendations
of the FACA Committee, which agreed
that higher-risk contaminated media
should be subject to generic, nationwide
standards, while lower-risk
contaminated media should be
addressed on a site-specific basis in the
context of agency overseen cleanups,
the Agency is proposing to limit the
availability of the site-specific
minimized threats variance to
hazardous (or formerly hazardous)
contaminated environmental media


with all constituent concentrations
below the Bright Line. For media that
does not have a Bright Line (i.e.,
sediments) program implementors
should consider the Bright Line risk
levels and principles when determining
if a site-specific minimize threat
variance is appropriate. Despite this
limitation, the Agency believes that the
site-specific, minimize threat
determination will provide significant
and appropriate relief since Agency
experience has shown that the dilemma
of choosing between capping and/or
treating media in place or excavating
and triggering inflexible LDR treatment
standards is much more likely to
present itself with less contaminated
media (such as media in which all
constituents are below the Bright Line)
(54 FR41566, 41567, October 10, 1989).
This is because an in situ option is
much more likely to be acceptable
under a remedial authority where
wastes are not highly concentrated.


EPA recognizes that there may be
concerns regarding the ability of the
overseeing agency to grant a treatment
variance based on a site-specific
determination that threats are
minimized. However, it should be noted
that these decisions would go through
the same notice and comment
procedures as other substantive
standards included in RMPs. Any
concerns with risk-based treatment
standards identified in a particular RMP
could be raised during the comment
period, and the overseeing agency
would be required to address them
when finalizing the RMP.


EPA seeks comments on its approach
to site-specific, minimize threat
variances. For example, should EPA
propose more specific standards for
making minimize threat determinations?
Should the Agency allow site-specific
minimize threat variances for any
constituent subject to treatment that has
initial concentrations that are less than
Bright Line concentrations even though
other constituents in the same medium
might have concentrations that are
greater than Bright Line concentrations?
Should EPA allow site-specific,
minimize threat variances when
constituent concentrations drop below
Bright Line concentrations even if the
generic, technology-based LDR
treatment standards (i.e., 90% or 10
times the UTS) have not yet been
achieved? Should EPA allow site-
specific, minimize threat variances for
constituents with initial concentrations
that are greater than the Bright Line?


EPA requests that commenters who
support specific standards for minimize
threat determinations suggest standards
for EPA consideration, and address the


application of these standards in the
remediation context. Commenters who
support minimize threat determinations
for contaminated media with
constituent concentrations above the
Bright Line should address the
relationship of these determinations to
contained-in decisions (which, under
today's proposed rule are not allowed
for contaminated media with
constituent concentrations above the
Bright Line).


The Agency also requests comments
on whether it should attempt to provide
explicit opportunities for site-specific
minimize threat determinations outside
of the HWIR-media context (e.g., add
appropriate provisions for non-HWIR-
media contaminated media to the
current treatment variance rules at
§ 268.44(h))? If so, should these
determinations be limited to media with
constituent concentrations below the
Bright Line?


8. Request for Comment on Other
Options


Two of the Agency's stated policy
objectives for the HWIR-media rule are
to develop requirements that are
appropriate for contaminated media and
to remove administrative obstacles to
expeditious cleanups where possible.
EPA has struggled with these objectives
in the context of LDR requirements. The
applicability of land disposal treatment
requirements depends, in part, on
whether contaminated environmental
media are determined to contain
hazardous waste. Under today's
proposed rule, contaminated
environmental media that contain
hazardous waste, are placed after the
effective date of the applicable land
disposal prohibition, and have
concentrations of hazardous
constituents above the Bright Line will
always be subject to the LDRs because
contained-in decisions are not allowed
for contaminated environmental media
with constituent concentrations above
the Bright Line. For such contaminated
environmental media with constituent
concentrations below the Bright Line,
overseeing agencies would have the
discretion to make contained-in
decisions, as discussed in section
(V)(A)(4)(a), above. Accordingly, in
some cases, the LDRs might apply to
contaminated environmental media
with all constituent concentrations
below the Bright Line (e.g., where the
duty to comply with LDRs attached to
the contaminating waste prior to the
initial act of disposal), while in other
cases they might not.


While the Agency believes that
today's proposed LDR requirements are
consistent with the goals and objectives
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of the HWIR-media rulemaking and
would provide significant and
appropriate relief from the LDR
treatment requirements for as-generated
wastes, it requests comments and
suggestions that identify other options
for developing appropriate land
disposal restriction standards for
contaminated media.


The Agency is especially interested in
comments that address environmental
media with all constituent
concentrations below the Bright Line.
For example, the HWIR FACA
Committee expressed the view that it
would be appropriate, as a policy
matter, to exempt contaminated media
with constituent concentrations below
the Bright Line from LDR treatment
requirements when these media were
subject to agency-overseen cleanups.
Comments are therefore invited on how
the Agency could attain this result
consistent with the requirements of
section 3004(m). For example, would it
be appropriate for EPA to define
contaminated soil and/or other
contaminated environmental media
(e.g., groundwater, sediments) as a
separate LDR "treatability group?"
Changes in treatability groups generally
result when the properties of a waste
that affect treatment performance have
changed enough that the waste is no
longer considered similar to those in its
initial group. Each change in a waste's
treatability group constitutes a new
point of generation; if the waste is no
longer considered "hazardous" at the
time of the change (e.g., through a
contained-in decision), LDRs would not
attach even though the initial waste
might have been subject to LDRs prior
to the change in treatability group (55
FR 22520, 22660-22662, June 1, 1990).
The Agency notes that the treatability
group approach could be Bright Line
dependent (i.e., available only for
contaminated media with all constituent
concentrations below the Bright Line) or
Bright Line independent (i.e., available
for all contaminated media regardless of
constituent concentrations).


9. LDR Treatment Requirements for
Non-HWIR-media Soils


In some cases, hazardous
contaminated soils would not be subject
to the alternative LDR treatment
requirements in today's proposal. This
will be the case in states that choose not
to adopt the HWIR-media rules and may
also occur at sites where cleanup occurs
without direct agency approval (e.g.,
voluntary cleanup sites). The Phase II
proposal would have modified the LDR
treatment standards for all hazardous
soils regardless of the presence of
agency-oversight; however, under


today's proposal, the alternative LDR
soil treatment standards would only be
available when applied by an overseeing
agency through issuance of a RMP.


Today's proposal would limit
application of the alternative soil
treatment standards proposed today
because they were developed, in part,
using the assumption that they would
only be applied with agency-oversight
and, therefore, could be easily adjusted,
either upward or down, to account for
site-specific conditions. Nonetheless,
the Agency requests comment on
whether it would be appropriate to
extend the 90%/1OXUTS treatment
standard proposed today to all
hazardous contaminated soils, instead
of limiting them to soils managed under
an approved RMP. This would allow
their use in States that do not seek
authorization for this rule, or by facility
owner/operators who wish to proceed
with remedies ahead of formal agency
approval of a RMP.


Alternatively, should the Agency
adopt soil treatment standards that are
adjusted to account for the lack of State
or Agency oversight over how they are
administered? For example, should the
Agency promulgate a 10 times the UTS
only standard for non-HWIR-media
hazardous soils? This would account for
the fact that the "safety-net" provided
by proposed § 269.32, which would
allow the Director to impose more
stringent treatment standards Director
on a case-by-case basis, would not be
applicable in the non-HWIR-media
situation. Would some other
combination of a greater percent
reduction and lesser UTS multiplier be
more appropriate?


10. Issues Associated With Hazardous
Debris


Earlier in the preamble for today's
proposal, EPA requested comment on
whether the substantive requirements of
today's proposed rules should be
applied to hazardous debris as defined
in 40 CFR 268.2(h). Hazardous debris
are currently subject to a specific set of
LDR treatment standards, promulgated
in the LDR Debris rule (57 FR 37194,
37221, August 18, 1992).24 In individual
cases where the generic, national LDR
treatment standards are not appropriate
or un-achievable for certain hazardous
debris, EPA and authorized states may
grant site-specific treatment variances
using the procedures in 40 CFR
268.44(h).


The LDR treatment standards for
hazardous debris promulgated in the
LDR Debris Rule are generally expressed


24EPA is not now reopening the comment period
on the LDR Debris Rule.


as generic, specified technologies, rather
than constituent concentrations. While
EPA believes that the technologies
specified for debris treatment are
generally compatible with most types of
remedial activities, the Agency
recognizes that applying different
regulatory schemes at the same site (one
for media and one for debris) may
unnecessarily complicate cleanups and
raise cleanup costs without a
discernable environmental benefit.2 5 In
addition, the debris treatment
technologies can be problematic in some
instances, especially when the standard
of 0.6 cm surface removal is applied to
brick, cloth, concrete, paper, pavement,
rock or wood debris treated with high
pressure steam or water sprays.


EPA requests comments on whether
the current LDR treatment standards for
hazardous debris remain appropriate or
whether hazardous debris should,
instead, be subject to treatment
standards similar to the standards in
today's proposed rule for contaminated
media, or whether some combination of
the standards would be most
appropriate. For example, EPA could
allow the Director to impose either the
generic debris treatment technologies
codified in the Hazardous Debris Rule
or, if appropriate, specify site-specific
LDR treatment standards (either as
constituent concentrations or specified
technologies) using the proposed site-
specific, minimize threat Media
Treatment Variance. Since under
today's proposal, site-specific minimize
threat Media Treatment Variances are
only available for contaminated media
with constituent concentrations less
than Bright Line concentrations, EPA
requests that commenters who support
site-specific, minimize threat variances
for debris address application of the
Bright Line to debris. More generally,
EPA requests comments on whether the
variances provided for in 40 CFR
268.44(h) are sufficient to provide for
appropriate management of hazardous
debris or whether the Media Treatment
Variances proposed today would be
more appropriate.


While today's proposed rule does not
include changes to the existing LDR
treatment standards and requirements
for hazardous debris, EPA could include
new LDR treatment standards or
requirements in response to public
comment. Issues associated with
hazardous debris and the possibility of


25
BP Exploration Alaska Inc estimated that


managing hazardous debris in compliance with the
existing 40 CFR 268.45 regulations, rather than
including hazardous debris in on-going cleanups on
similarly contaminated media, would cost $3,200
$6,000 a ton since Debris Rule treatment
technologies are rarely used in remote Alaska areas.
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including debris in the final Part 269
regulations are also discussed in
sections (V)(A)(2) and (V)(A)(4)(b) of
today's preamble.


D. Rem ediation Management Plans
(RMPs)


1. General Requirements-§ 269.40


Today's proposed rule provides for
considerable site-specific decision
making as to how contaminated media
should be managed as part of remedial
actions. This is particularly so in the
case of media that are determined not to
contain hazardous waste (on the
condition that there is compliance with
a RMP that would address any hazards),
and thus would not be subject to any of
the national, generic Subtitle C
management standards. Today's
proposal would provide a new
administrative mechanism-RMPs-as
the means for documenting, providing
for public review and comment, and
enforcing these site-specific
requirements.


Under the proposal, a RMP would be
required (1) whenever hazardous
contaminated media are managed
according to Part 269, and (2) whenever
a contained-in determination is made
for non-hazardous contaminated media
(i.e., contaminated media are
determined by the Director to not
contain hazardous wastes), and (3)
whenever non-hazardous contaminated
media are managed in accordance with
site-specific management requirements
prescribed by the overseeing Agency.
Thus, any management of contaminated
media that would need a permit
according to § 270.1-if Part 269 did not
apply-would require a RMP.


It should be understood that RMPs
could also be used (if deemed
appropriate by the Director) as the
procedural/administrative vehicle for
imposing management requirements, in
addition to those required under Part
269, for any hazardous cleanup wastes
under Part 264, and as requirements for
management of non-hazardous cleanup
wastes. The following are examples of
the types of management requirements
that could be imposed under a RMP,
and the circumstances under which
those requirements could apply. When
applicable, a RMP must include
requirements for management of:


1. Hazardous contaminated media at
the media cleanup site, imposed
pursuant to Part 269;


2. Hazardous contaminated media at
the media cleanup site, imposed
pursuant to applicable unit-specific
provisions of Part 264 (e.g., standards
for tanks, landfills, etc.);


3. Hazardous contaminated media at a
permitted, off-site hazardous waste
management facility, imposed pursuant
to the Part 269 LDR treatment standards;


4. Other types of hazardous cleanup
wastes (e.g., debris, sludges) that are
managed in compliance with applicable
provisions of this chapter;


5. Non-hazardous contaminated
media (i.e., media that have been
determined by the Director to not
contain hazardous wastes, in
accordance with § 269.4), that are
managed either at a media cleanup site
or elsewhere, in accordance with site-
specific or other management
requirements imposed pursuant to any
applicable State or Federal management
requirements, which do not require the
presence of hazardous waste; and/or


6. Other types of non-hazardous
cleanup wastes that are generated from
a media cleanup site and managed
either at the site or elsewhere, in
accordance with management
requirements imposed pursuant to
applicable State or Federal regulations.


As explained above, RMPs would
always be required whenever Part 269
requirements are implemented, except
when the cleanup is conducted under
circumstances where a permit is not
required, such as in CERCLA responses.
In the case of CERCLA on-site removal
or remedial actions, RMPs would not be
required. Generally, however, a Record
of Decision (ROD), or other CERCLA
decision document, would specify the
requirements for compliance with Part
269, if the remedy involved
management of contaminated media.


As mentioned already, the provisions
of this rule would not waive or replace
otherwise applicable provisions of
Subtitle C. For example, if the cleanup
will be taking place at an operating
RCRA Treatment Storage or Disposal
Facility (TSDF),2 6 that TSDF would still
need a traditional RCRA permit for its
ongoing operations. If that facility
wanted to conduct cleanup according to
Part 269, the RCRA permit for the site
could serve as the RMP, or the facility
could have both a RMP and a RCRA
permit. In addition, if hazardous waste
management units are to be employed
during the remedial activities, such
units would have to be operated in


2 6
i.e., hazardous waste management activities


apart from the cleanup activities would require a
RCRA permit. Although the part of the site where
the remediation was taking place could be
considered a "media remediation site," the entire
facility could not be considered a "clean up only"
site, and therefore would be subject to applicable
RCRA requirements, including permitting, and
RCRA §§ 3004(u) and (v) facility, and beyond the
facility boundary, corrective action. (See definition
of media remediation site in 40 CFR 269.3, and
preamble section (V)(A)(3)).


compliance with the appropriate
standards of 40 CFR Part 264 (except
Subparts B and C, for general facility
standards and preparedness and
prevention) for design; operation;
closure and post-closure; handling
procedures; transportation, and
inspection of units or equipment.


The Agency is proposing this
approach because the requirements of
Subparts A and D-DD are appropriate to
ensure safe, protective operation of such
units for hazardous contaminated
media, just as they are appropriate for
new wastes. EPA is proposing not to
require compliance with parts B and C
because those sections were designed
for long-term operating hazardous waste
facilities, and not one-time cleanup
actions. However, EPA recognizes that
other 40 CFR Part 264 standards may
not be appropriate under certain site-
specific circumstances. EPA solicits
comments on what other, if any,
provisions of 40 CFR Part 264 should
not be applicable to management of
hazardous contaminated media at media
cleanup sites.


The proposed requirements
concerning RMPs (Subpart D) are the
only provisions of Part 269 that could be
applied to management of all types of
hazardous cleanup wastes. EPA
considered restricting RMPs to address
only management of media. Under such
an option, however, other types of
cleanup wastes, such as debris and
sludges, would require a permit-a
second authorizing document under the
RCRA permit requirements of Part 270.
The Agency does not propose to limit
RMPs in this way, because RMPs are
intended to expedite permitting and
accelerate cleanups for a wide variety of
sites, and because they can adequately
address public participation concerns.
As explained in section II of this
proposed rule, the requirement to obtain
RCRA permits for cleanups has often
frustrated desirable cleanup activities.
Thus, limiting RMPs to management of
contaminated media would severely
limit the relief that this rule is intended
to provide.


In addition, RMPs would be required
only if cleanup wastes are managed in
such a way that requires a RCRA permit,
or to document contained-in decisions
(that media do not contain hazardous
waste), and the management
requirements for the non-hazardous
contaminated media. In many cases,
hazardous cleanup wastes could be
managed in such a way that does not
trigger the requirement for a RCRA
permit. An example would be a site
where contaminated media are simply
excavated and transported off-site to a
permitted facility for treatment or
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disposal. Another example would be
treatment or storage in units that are
exempt from permitting requirements,
such as wastewater treatment units, or
less than 90-day treatment or storage in
tanks or containers. In summary, if
absent proposed Part 269, a cleanup
action did not require a RCRA permit
under § 270.1, and a RMP is not needed
to document a contained-in decision, it
would not need a RMP.


Under proposed § 269.40(e), a RMP
could be a "stand alone" document, or
as might often be the case, a part of a
more comprehensive document
prepared by the overseeing agency. An
example of a comprehensive document
would be an enforcement order that
explains the overall remedy for a
contaminated site. The order would
specify the requirements for
management of hazardous cleanup
wastes, and other remedial requirements
such as cleanup standards and source
control requirements. The order's media
management requirements would not
necessarily have to be presented as a
separate plan, so long as those
requirements were clearly specified to
enable public review and comment. On
the other hand, an overseeing agency
might prefer to issue a RMP for a
cleanup site, and use the RMP as the
vehicle for specifying other remedial
requirements, in addition to those for
waste management.


Proposed § 269.40(c) provides that
RMPs may constitute RCRA permits for
the purpose of satisfying permitting
requirements under RCRA section
3005(c). RMPs are designed to
streamline the implementation of
remedial actions that need RCRA
permits by requiring less extensive
review and comment procedures than
are required for RCRA permits. In
addition, facility-wide corrective action
requirements would not generally apply
to RMPs. (See preamble discussion of
media cleanup sites elsewhere in this
proposed rule).


Proposed § 269.40 (f) and (g) specify
that approval of a RMP would not
convey any property rights, or any
exclusive privilege of any sort, and that
approval of a RMP does not authorize
any injury to persons or property, or any
invasion of other private rights, or any
infringement of State or local laws or
regulations. These statements were
taken from RCRA permitting
requirements. (See § 270.4 (b) and (c)).
EPA believes that these statements
should apply in the same manner to
RMPs as they do to RCRA permits.


EPA believes it may also be
appropriate to specify that compliance
with a RMP during its term would
constitute compliance, for purposes of


enforcement, with Subtitle C of RCRA.
This would be consistent with 40 CFR
270.4(a) for RCRA permits. The Agency
requests comments on this issue.


2. Content of RMPs-§ 269.41


The purpose of a RMP is to document
the requirements for the contaminated
media that are being managed at the
media cleanup site, and to justify these
requirements. This documentation is
necessary because it (1) defines the
enforceable provisions that apply to
contaminated media management
activities; (2) provides information to
the Director that is sufficient to
determine that these actions will be
conducted according to applicable
provisions; and (3) provides sufficient
information and opportunity for public
comment through the public
participation procedures in § 269.43(e).


Although RMPs may be required for
the management of media that result
from investigations and treatability
studies, the Agency believes that the
process and content requirements for
such RMPs should be as streamlined as
possible. In those cases, under the
proposed rule it would only be
necessary to include relevant
information to determine that media
management activities would be in
compliance with the requirements of
this Part, and other applicable
requirements. This would ease the
administrative burden on investigations
and treatability studies, and therefore
facilitate getting these activities
underway at cleanup sites. EPA requests
comments on whether this streamlining
is appropriate, and whether more
should be done to reduce the
administrative burdens associated with
investigations and treatability studies in
regard to today's proposal.


Since several different types of
cleanup wastes may be managed under
approved RMPs, the RMP must define
what types of materials are being
managed according to their
requirements. For media that will be
managed by the requirements of this
Part, the proposed rule provides that
information must demonstrate that the
materials are indeed media, as defined
in proposed § 269.3. For hazardous
contaminated media and other
hazardous cleanup wastes that must be
managed according to the substantive
requirements under Subtitle C,
information would be required to
demonstrate what type of cleanup
wastes would be managed in order to
identify the applicable, substantive
Subtitle C regulations. This information
would be necessary to indicate that the
planned remedial activities involving
those materials would be in compliance


with those substantive requirements.
For non-hazardous contaminated media
which would be managed according to
applicable State/Federal requirements,
the RMP would have to include enough
information to allow the Director to
determine that the media did not
contain hazardous waste. Also, the RMP
would have to show that the media
would be managed in compliance with
any applicable State/Federal
requirements.


It is important to demonstrate that the
contaminated media being managed
would meet the definition in the
proposed § 269.3, and that planned
treatment of those media would meet
the treatment requirements of this Part,
if applicable. The RMP would have to
provide any information on the media
(or waste) characteristics, and the
constituent concentrations that would
affect how the materials should be
treated and/or managed. Particularly,
the RMP would have to provide
information on initial concentrations of
contaminants in the media so that the
overseeing agency could determine
when any applicable required treatment
reductions are met. Also, some
contaminants are treated more or less
successfully with different types of
technologies. Accordingly, this
information could affect how those
contaminants should be treated.


Different management requirements
could be more appropriate for different
sites, depending on the volumes of
hazardous contaminated media to be
managed at the site. Therefore, EPA
proposes that RMPs would be required
to include information on the volumes
of wastes and media to be managed.


The RMP should also specify the
types of treatment and management that
will be used to treat the contaminated
media under the RMP. With this
information the Director could
determine if other Subtitle C
requirements would be applicable to
that treatment, such as the 40 CFR Part
264 standards. The Director also could
determine if the treatment would be
conducted in a way that would be
protective of human health and the
environment.


As discussed in the section
"Treatment Requirements for Hazardous
Contaminated Media" of today's
proposed rule, EPA is concerned about
the potential for remedial technologies
to cause cross-media transfer of
contaminants. For example,
contaminants could be volatilized for
removal from the soil, but releasing
them to the air could then contaminate
the air. Obviously, this would not
accomplish the Agency's goal of actual
cleanup of contaminants. Instead the
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Agency proposes to control the potential
of cross-media transfer by requiring that
the RMP would include information on
how the treatment system would be
designed and operated so that the
transfer of pollutants to other
environmental media would be
minimized.


As discussed earlier, EPA is currently
developing a set of guidance documents
called Best Management Practices for
Soils Treatment Technologies. These
documents will provide guidance for
controlling cross-media contamination
from different categories of remedial
technologies. This guidance will be
made available for comment before it is
finalized.


In EPA's experience, accurate waste
analysis is critical in selecting effective
remedial waste management
requirements. Thus, the proposed rule
states that RMPs would include
information on planned or completed
sampling, and analysis procedures
necessary to many aspects of the
remedial actions, including:
characterization, ensuring effective
treatment, and demonstrating
compliance with the treatment standard.
In addition, the RMP would include
quality assurance, and quality control
procedures to validate the results of the
sampling and analysis.


The Agency is currently developing
guidance on how to sample, test, and
analyze contaminated media. This
guidance would be used to characterize
the contaminated media being managed
in a way that EPA would generally
consider adequate for compliance with
this Part. This draft guidance is
available for comment in the docket for
today's proposal.


EPA has found it necessary to collect
treatability data for contaminated media
so that it can set treatment standards
with reasonable faith that those
standards can be met with available
technologies, and provide information
on which technologies have
accomplished what results on what
kinds of contaminated media to
potential users. Today's proposed rule
would provide tremendous flexibility in
LDR treatment standards because,
among other things, of a lack of data
regarding what treatment levels can
actually be met in practice. One of the
rule's goals is to provide data to ensure
appropriate, future treatment
requirements. In order to collect this
much-needed data, the proposed rule
would require that upon conclusion of
implementation of remedial
technologies (both full-scale as well as
treatability studies), conducted under
approved RMPs, data be submitted to
EPA in the manner specified in


Appendix B to this Part. (See
§§ 269.41(c)(9) and 269.42(b)). The
Agency will make these data available
to the public once they have been
compiled into EPA's NRMRL treatability
database. EPA proposes that data from
treatability studies be submitted as soon
as the treatability study (or studies) has
been completed. Full-scale operating
data would be submitted every three
years, or after the cleanup has been
completed, whichever is first.


Treatability data. The National Risk
Management Research Laboratory
treatability database is available through
the Alternative Treatment Technology
Information Center (ATTIC) system or
on disk at no charge from EPA. The
ATTIC system provides access to several
independent databases as well as a
mechanism for retrieving full-text
documents of key literature. The ATTIC
system can be accessed with a personal
computer and modem 24 hours a day,
and no user fees are charged.


To access the ATTIC system, set your
PC communications software as follows:


Name: ATTIC
Number: (703) 908-2138
Baud Supported: Up to 14,400
Parity: N
Data Bits: 8
Stop Bits: 1
Terminal Emulations: ANSI, VT100
Duplex: Full


For further information on the ATTIC
system, please call the ATTIC Hotline
at: (703) 908-2137, or contact the ATTIC
Program Manager: Daniel Sullivan, U.S.
EPA (MS 106), 2890 Woodbridge
Avenue, Edison, NJ08837-3679, phone:
(908) 321-6677, fax: (908) 906-6990.


The Agency requests comments on
whether this procedure and format will
meet the goals of providing access to the
public and regulated community about
achievable treatment at cleanup sites,
and whether it will provide adequate
information to the Agency for the
development of future rulemakings.


For many reasons, the Director could
decide that further information in the
RMP is needed to determine compliance
with this Part. If the Director does
request further information (according
to § 269.41(c)(10)), the owner/operator
shall revise the proposed RMP to
include that information.


Fostering innovative technologies.
The Agency believes that environmental
regulations and policies should
promote, rather than inhibit, the
innovation and adaptation of new
technologies. By adopting such a
strategy, environmental policy can
promote both the economy and the
environment by creating new industries,
jobs, and a new capability to make


environmental progress. We therefore
are seeking comments on how this
regulation can further innovative
technology as well.


In order to clarify what the Agency
means by innovative technology in this
case, the following is a definition from
the White House "Bridge to a
Sustainable Future" document from
April 1995. "[A] technology that
reduces human and ecological risks,
enhances cost effectiveness, improves
efficiency, and creates products and
processes that are environmentally
beneficial or benign. The word
"technology" is intended to include
hardware, software, systems, and
services. Categories of environmental
technologies include those that avoid
environmental harm, control existing
problems, remedied or restore past
damage, and monitor the state of the
environment."


One example of how this proposed
rule attempts to foster innovative
technologies is by creating a new media
treatment variance. In cases where
innovative technologies will be
protective of human health and the
environment, given site-specific
conditions, a media treatment variance
could set an alternative treatment
standard using an innovative
technology.


The Agency requests comments on
what specific regulatory or policy
changes should be added to the rule to:
(1) Increase incentives for innovative
technologies; and (2) identify and
reduce any existing barriers to
innovative technologies. Specifically,
the Agency requests comments on how
RCRA requirements can be changed, in
a manner acceptable to all concerned
parties, to allow for rapid technology
development.


EPA solicits comments on the
desirability of, and possible approaches
for, tailoring regulatory requirements for
technologies when the risk of a major
system failure is impossible, remote, or
without significant risk from unit
operations commonly called "soft
landing technologies." For such
technologies, particularly those that are
in-situ, a high level of regulatory control
does not appear necessary. Certain ex-
situ technologies such as soil washing
also seem to present a minimal risk.
EPA requests comments and suggestions
specifically on how regulatory
requirements could be tailored to "soft
landing" technologies. For example,
should RMPs for soft landing
technologies have a more streamlined
approval process than other RMPs; or
should they be exempt from permitting
requirements entirely; or should their
requirements be tailored differently?
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3. Treatability Studies-§ 269.42


EPA recognizes that treatability
studies are likely to be an important
component of evaluation, selection, and
application of LDR treatment
technologies, especially for innovative
technologies. Thus, it may be highly
desirable or even necessary to generate
site-specific, pilot-scale treatability
information to support preparation of
Remediation Management Plans (RMPs).


In § 269.42 of today's proposed rule,
EPA proposes that treatability studies
would be conducted subject to the
discretion of the Director, and in
accordance with appropriate provisions
of 40 CFR 269.41 and 269.43. (See
discussion above). If a treatability study
were going to be conducted under a
RMP, the RMP would include
information describing how the study
would be conducted, including relevant
design and operating parameters,
information on waste characteristics,
and sampling and analytical procedures.


If applicable, the currently available
Treatability Sample Exclusion Rule
could be used for treatability studies;
however, the rule might not cover all
situations where relief for treatability
studies is needed. EPA solicits
comments on whether it would be
preferable to revise the Treatability
Sample Exclusion Rule (40 CFR
261.4(e)-(f)) to allow site-specific
decisions regarding quantities and time
frames for treatability studies that have
been conducted in support of activities
covered by HWIR-media, or other
cleanup projects.


The Agency recently revised the
Treatability Sample Exclusion Rule to
allow up to 10,000 kg of contaminated
media to be used in treatability studies
without permits or manifests. In
promulgating the revision, EPA was
aware, based on comments received on
the proposal, that the quantity limits
were not always sufficient to allow
treatability studies of appropriate scale,
particularly for in-situ treatments.
Because treatability studies in support
of HWIR-media activities have the
objective of improved remedial
decision-making and cleanups, and
would take place under regulatory
oversight, EPA sees merit in facilitating
appropriate scale studies, and requests
comments on whether to allow the
Director to determine, on a site-specific
basis, to exempt waste under treatability
studies when necessary in order to
obtain effective treatability study
results. The Director would be required
to ensure, as always, that exempting the
wastes would not pose a threat to
human health and the environment. The
Agency requests comments on any other


approaches to effective treatability
studies, and other issues related to this
area.


4. Approval of RMPs-§ 269.43


This section of the proposed rule sets
out procedures for review and approval
of RMPs. If, however, the overseeing
Agency were using an alternative
document as discussed above, and if the
Agency had review and approval
requirements for the document (that
provide equivalent or greater
opportunities for public review and
comment), then those alternative
procedures could be used. Examples of
these procedures would be the RCRA
permit, or the permit modification
procedures in Part 270. If necessary, the
Director could also require further
review and comment procedures.


The proposed rule would require both
the owner and operator to sign the draft
RMP before submitting it to the Director
for review and approval. The owner and
the operator's signatures would certify
their agreement to implement the
provisions of the RMP if the RMP is
approved as submitted. In the context of
cleanups, EPA has found that, on
occasion, either the owner or operator is
unwilling to sign a permit application.
For example, a property owner may be
unwilling to sign, because of fear of
liability, where a lessee is conducting a
cleanup. EPA solicits comments on
whether signatures of both the owner
and operator are needed in every case.


The Director could require
modification or additional information
that might be necessary for
demonstrating compliance with the
requirements of this Part. For example,
to allow EPA and the States flexibility
in using existing enforceable documents
and procedures to comply with the
requirements for RMPs, the Agency is
not proposing national requirements in
areas such as record keeping and
reporting. EPA believes that the Director
should specify any additional
requirements that he/she determines
necessary, (but that do not have national
requirements specified in Part 269) in
the RMP. The Agency requests
comments on whether EPA should
specify national requirements for record
keeping and reporting, or any other
requirements for RMPs.


Once the Director determines that the
draft RMP adequately demonstrates
compliance with the requirements of
this Part, he/she could add provisions to
the proposed RMP that specify
conditions under which the media must
be managed, in accordance with this
Part and other applicable provisions of
Subtitle C. The Director could also add
contained-in concentrations for media


that would be managed under the RMP.
If media that originally contain
hazardous wastes were to be treated to
a point at or below which they no longer
would contain the wastes, then these
levels would be necessary to define
when the media no longer contain
hazardous wastes.


If the Director had established
applicable State-wide contained-in
concentration levels, or if all media at
the site were to be managed as
hazardous contaminated media, then
such contained-in levels could simply
be referenced in the RMP.


The Director must also document site-
specific minimize threat determinations
or other treatment variances in the RMP
if such a determination were made for
the site in question. This would provide
the public the opportunity to review
and comment on both contained-in and
minimize threat decisions.


EPA considers public review and
comment procedures to be an extremely
important part of the review and
approval process for remedial activities.
The Agency intends for the procedures
provided in this proposed rule to
balance the need for public involvement
with the need for fast and efficient
approval of remedial activities.


In essence, EPA is proposing to
require the use of the minimum public
participation requirements set out in
RCRA section 7004(b). Thus, the first
step in the proposed public review and
comment procedures is for the Director
to publish in a major local newspaper of
general circulation, and broadcast over
a local radio station his/her intention to
approve the RMP. This notice would
provide the public with the opportunity
to submit written or oral comments, and
would be required to specify the length
of time that the public has to comment.
The proposed rule specifies that the
comment period shall be no shorter than
45 days. At this time, the Director
would also be required to transmit a
written notice of his/her intent to
approve the RMP to each unit of local
government having jurisdiction over the
area in which the site was located, and
to each State agency having any
authority under State law with respect
to any construction or operations at the
site.


The next step is an informal hearing.
The Director could determine on his/her
own initiative that a hearing is
appropriate, or receive a request for a
hearing. In either case the Director
would be required to schedule a hearing
to discuss issues relating to approval of
the RMP. The hearing would provide
the interested public an opportunity to
present written or oral statements. The
Director would be required, whenever
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possible, to schedule the hearing at a
location that is convenient to the site's
nearest population center. The Director
would be required to give notice again
in the newspaper and on the radio of the
hearing's date, time, and subject matter.


After the comment period, and after
the hearing (if one is held) the Director
would be required to consider and
respond to all significant written and
oral comments (received by the
deadline) on the proposed RMP. If the
Director determines that it is
appropriate, he/she may modify the
RMP to accommodate the comments
received.


At that point, the Director would be
required to determine if the RMP were
adequate, and if it met the requirements
of this Part. If so, he/she would be
required to notify the owner/operator
and all other commenters in writing that
the RMP had been approved. Once the
RMP had been approved, it would be an
enforceable document, and a final
Agency action (not subject to
administrative appeals in § 124.19 of
this part).


EPA requests comments on whether
these public participation requirements
are appropriate for RMPs. The Agency
also requests comments on public
participation requirements in the State
Authorization section of this proposal.
The Agency is proposing this approach
to public participation for RMPs
because RMPs can serve as RCRA
permits if necessary; hence, the Agency
is proposing to follow the statutory
requirements for public participation for
RCRA permits. The Agency also
requests comments on whether there
should be different levels of public
participation if the media contain
hazardous wastes, or if the Director
determines that the media do not
contain hazardous wastes. The Agency
requests comments on whether there
should be some flexibility in the public
participation requirements based on the
different types of activities that could be
performed according to RMPs. See
further discussion of this issue below in
the State Authorization section
(V)(E)(6)(b) of the preamble regarding
essential elements for an HWIR-media
program.


Proposed § 269.43(f) specifies that
RMPs that require combustion of
cleanup wastes at a media cleanup site
would have to be approved according to
the more rigorous procedures that are
required for RCRA permits under Part
270. Technologies involving higher
levels of energy input generally achieve
higher levels of contaminant removal/
destruction, and may do so with greater
consistency over a range of conditions.
Nevertheless, higher energy systems


potentially may have undesirable side-
effects. As in the case of combustion,
regulatory attention, including
preliminary demonstrations of
performance through trial burns, etc.,
has been found necessary to address
these concerns.


5. Modification of RMPs-§ 269.44


Plans for remedial actions sometimes
need to be modified. Often,
modifications are necessary as new
information becomes available, or when
unforeseen circumstances arise. In order
to retain the most flexibility for
overseeing Agencies that have their own
requirements for modification of
remedial plans, this rule proposes that
the RMP specify procedures for any
necessary modifications. The Agency
believes that if the modifications
include a major change in the
management of hazardous contaminated
media at the site, the modification
procedures should provide
opportunities for public review and
comment.


6. Expiration, Termination, and
Revocation of RMPs-§ 269.45


In a similar manner as modifications
to RMPs, EPA intends for the Director
to specify in the RMP the procedures
under which the RMP will expire,
terminate, or be revoked. RMPs which
constitute permits for land disposal
facilities must be reviewed every five
years to comply with the statutory
requirements under RCRA section
3005(c)(3), and all RMPs which
constitute RCRA permits must be
renewed at least every 10 years, if they
will remain in effect longer than that, in
order to comply with the statutory
requirements under RCRA section
3005(c)(3).


E. Streamlined Authorization
Procedures for Program Revisions (Part
271)


1. Statutory and Regulatory Authorities


Section 3006(b) of RCRA, 42 U.S.C.
6929(b), instructs EPA, after notice and
opportunity to comment, to authorize
State programs, unless the Agency finds
that the State program is not equivalent
to the Federal program, nor consistent
with the Federal program, nor adequate
in providing for enforcement. General
standards and requirements for State
authorization are set forth in 40 CFR
Part 271. Following authorization, EPA
retains the enforcement authorities of
RCRA sections 3008, 7003 and 3013,
although the authorized State has
primary enforcement responsibility.
Pursuant to RCRA section 3009, 42
U.S.C. 6929, States may choose to


implement hazardous waste
management requirements that are
either more stringent or broader in
scope than the Federal requirements.
State requirements that are more
stringent may be included in a State's
authorized program; requirements that
are broader in scope are not part of the
authorized State program. 27 (See 40
CFR 271.1 (i)).


2. Background and Approach to
Streamlined Authorization


EPA has been reviewing State
authorization applications and
authorizing State hazardous waste
programs since the early 1980's.
Currently 49 States and territories have
received final authorization as defined
in 40 CFR 270.2 for the base RCRA
program. 28 To varying degrees these
same States and territories are also
authorized to implement provisions
promulgated under the Hazardous and
Solid Waste Amendments of 1984
(HSWA). Many States have more than a
decade of experience promulgating rules
for and implementing authorized
hazardous waste programs.


Once authorized, States are required
to adopt and become authorized for new
and revised Federal requirements that
are more stringent than the authorized
State program. (See 40 CFR 271.21).
Since EPA regularly revises the RCRA
regulations in response to statutory
provisions, court ordered deadlines,
evolving science, and changing Agency
priorities, States continually submit
program revisions to EPA for review and
approval.


Under the current authorization
structure, all revisions to authorized
State hazardous waste programs,
including minor changes, are potentially
subject to the same standards of
application and receive the same level
of EPA scrutiny. Preparation, review,
and processing of these program
revisions represent a significant
resource commitment on the part of
EPA and the States. Occasionally, States
and EPA Regions can experience delays
in authorization of State program
revisions during which EPA and a State
are jointly implementing many portions
of the RCRA program. For example, in
many States EPA is still implementing


27 More stringent State requirements are typically


those which impose additional requirements on
wastes or facilities that are already addressed by the
Federal program. Broader in scope requirements are
typically those that would address wastes or
facilities not covered by the Federal program. The
authorization status of a State's requirements does
not in any way affect the ability of a State to enforce
such requirements as a matter of State law.


28 In this context, the "base" RCRA program refers


to authorization for all or part of the regulations
promulgated by EPA prior to January 26, 1983.
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regulations promulgated pursuant to the
1984 HSWA amendments. Any delay in
authorization of State program revisions
concerns EPA and State regulators, and
can confuse the public and the regulated
community who often must interact
with both agencies for even routine
inquiries (e.g., the status of a pending
permit application or the compliance of
a given hazardous waste management
facility).


EPA is continuously improving the
administrative processes associated
with authorization of State program
revisions. Over the past years,
improvements have been made through
joint training of State and Federal
authorization staff, increased emphasis
on early EPA involvement in initial
preparation of authorization
applications, and delegation of the
authority to grant authorization for
program revisions to EPA Regional
offices. EPA believes that the quality of
State program revision applications has
improved and therefore, EPA review
and approval of these submittals has
accelerated.


Over the past two years, many EPA
rulemaking workgroups (including the
HWIR FACA Committee) began to
discuss and/or develop streamlined
authorization procedures specific to
their rulemakings. Based on these
discussions, EPA became concerned
that some of the recently gained
efficiencies in authorization processes
could be lost if every new Federal rule
contained its own specialized
authorization procedures. EPA believes
that promulgating specific authorization
procedures for each new rule could
force State and Regional authorization
personnel to continually revise their
application formats and review
procedures. EPA is especially concerned
since many States do not apply for
authorization of new Federal regulations
one rule at a time, but "cluster" their
authorization applications. Establishing
slightly different authorization
procedures for each new Federal rule
might preclude clustering of program
revisions, and actually slow
authorization by forcing States and EPA
Regions to prepare and process separate
program revision applications for each
new rule.


To address this situation, and to
further improve the authorization
process, EPA developed two generic sets
of streamlined procedures for the
authorization of program revisions. The
first set of streamlined procedures was
proposed in the Phase IV proposal (60
FR 43654, August 22, 1995); 29 the


29 EPA is not now reopening the comment period


on the Phase IV proposal.


second set is being proposed today. EPA
believes that these procedures would
formalize some efficiencies in the
authorization of State program revisions
piloted by some States and EPA
Regions.


In addition, EPA believes that, by
using these new generic procedures,
States and EPA Regions would continue
to be able to cluster their authorization
applications, and conduct successful
reviews, by including all Category 1
rules in one authorization package, and
all Category 2 rules in another
authorization package. (See preamble
(V)(E)(3) for discussion of Categories 1
and 2). States and EPA Regions could
even choose to coordinate the submittal
dates for these authorization packages.
For example, the Category 2 application
could be submitted prior to the Category
1 application. This would allow the
EPA Region to include an authorization
decision for both applications in one
Federal Register notice.


Through use of two sets of
authorization procedures, EPA hopes to
tailor the level of effort for preparation,
review, and approval of revision
applications to the significance of the
program revision. Both new sets of
procedures would significantly
streamline authorization of program
revisions. However, both would also
provide for EPA review of State program
revisions and maintain opportunities for
public review and comment on EPA's
proposed authorization decisions.


In developing streamlined
authorization procedures, EPA used
three guiding principles. First, States are
EPA's partners in environmental
protection. Although EPA must
maintain minimum national standards
for hazardous waste management, the
Agency recognizes that many States
have sophisticated, and highly-
developed programs for hazardous
waste management and cleanup
designed to meet their individual
circumstances and priorities. Second,
State programs do not have to be exactly
the same as the Federal program to be
equivalent. EPA review of State
programs must focus on whether State
programs would achieve the same
results. (See S. Rept. 98-248 p. 62).
Third, EPA should continue to promote
the most efficient use of State and
Federal authorization resources and take
advantage of opportunities to streamline
and otherwise encourage State
authorization.


3. Streamlined Procedures-§ 271.21


a. Phase IV proposal- Category 1. In
the recent Phase IV Land Disposal
Restrictions (LDR) proposal (60 FR
43654, August 22, 1995), EPA proposed


a streamlined set of authorization
procedures that would apply to certain
routine changes to the LDR program,
such as the application of treatment
standards to newly identified wastes.
The streamlined authorization
procedures proposed with Phase IV
have come to be known as Category 1
procedures for authorization of program
revisions, or simply "Category 1."


In the Phase IV proposal, EPA
explained that the proposed streamlined
authorization procedures would also be
used for certain other revisions to the
LDR program and could be considered
for future, non-LDR, rules. EPA
proposed the generic streamlined
authorization procedures for Category 1
in the Phase IV proposal because many
of the changes to the LDR program
proposed in the Phase IV proposal
exemplify the types of program
revisions EPA believes should be
addressed by Category 1. In general,
EPA believes Category 1 authorization
procedures would be appropriate for
rules or parts of rules that do not change
the basic structure of the authorized
State program, or expand the State
program into significant new areas or
jurisdictions. For example, the
application of LDR treatment standards
to newly identified wastes and revisions
to existing LDR treatment standards
discussed in the Phase IV proposal
would be additions of new wastes to an
existing program, changes to numeric
criteria, or improvements in existing
procedures. These would have minimal
effect on the basic scope or
implementation of authorized State LDR
programs.


Since Category 1 authorization
procedures are designed for rules or
parts of rules that do not significantly
change the way a State might implement
its authorized program, EPA believes it
is essential that the State first be
authorized for the appropriate
prerequisite program component. For
example, the Phase IV proposal would
allow use of Category 1 authorization
procedures only in States already
authorized for the LDR Third Third
regulations (55 FR 22520, June 1, 1990)
since the LDR Third Third rule
essentially completed the framework of
the LDR program. Interested individuals
are encouraged to refer to the LDR Phase
IV proposal at (60 FR 43654, August 22,
1995), for more information on Category
1 authorization requirements and
procedures. Note that in today's
proposed rule, EPA would reserve 40
CFR 271.21(h) for finalization of the
generic Category 1 streamlined
authorization procedures proposed in
40 CFR 271.28 of the LDR Phase IV
proposal.
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b. Today's proposal- Category 2. In
this proposed rule, EPA addresses
authorization of program revisions that
have significant impacts on State
hazardous waste programs. EPA is
proposing generic Category 2
authorization procedures today because
we believe the HWIR-media rule
exemplifies the type of program
revisions which could be addressed
using the Category 2 procedures. In
general, EPA believes that Category 2
authorization procedures would be
appropriate for rules or portions of rules
that address areas not previously
covered by the authorized State
program, or that substantially change
the nature of the program.


For example, implementation of the
HWIR-media regulations proposed
today would involve policy decisions
for management of hazardous
contaminated media. These policy
decisions would likely affect the way
States implement hazardous waste
requirements at cleanup sites, and State
HWIR-media programs would probably
be significantly different from the
States' previously authorized programs.
As with the Category 1 procedures
discussed above, EPA believes it could
be appropriate to require States to be
authorized for certain rules prior to
receiving authorization for certain
Category 2 rules. For instance, a
prerequisite for authorization of today's
HWIR-media regulations would be final
authorization as defined by 40 CFR
270.2 for the "base" RCRA program (the
base RCRA program is defined in
footnote #28 in (V)(E)(2) of today's
proposed rule).


The Category 2 authorization
procedures proposed today consist of
the following components: (i)
Requirements for Category 2 revision
applications; (ii) criteria to be used by
EPA to determine if Category 2 revision
applications are complete; and (iii)
procedures for EPA review and approval
of Category 2 revision application. Each
of these components is discussed in
detail below.


When developing the authorization
procedures discussed today, EPA sought
to balance its desire to recognize
successful State performance and
experience with the need to ensure
adequate implementation of minimum
Federal requirements. EPA requests
comments on (1) whether the
authorization procedures proposed
today sufficiently recognize the
sophistication of State programs, while
maintaining an appropriate level of EPA
review; (2) whether these provisions are
appropriate for authorization of the
HWIR-media regulations (alternative
approaches to HWIR-media


authorization and HWIR-media
eligibility are discussed in section
(V)(E)(6)(a) of today's proposed rule); (3)
other types of regulations that these
procedures could address; and (4)
whether the development of generic sets
of authorization procedures will
preclude or inhibit clustering of
program revision applications, thereby
potentially slowing their authorization.
EPA also requests comments from State,
tribal, and territorial governments on
the degree to which the authorization
approach proposed today will
streamline and create efficiencies in the
preparation, review, and approval of
revision applications.


i. Requirements for Category 2
revision applications (§ 271.21(i)(1)).
EPA is proposing that Category 2
revision applications include: (1) a
certification by the State attorney
general (or the attorney for State
agencies that have independent legal
counsel) that the laws and regulations of
the State provide authority to
implement a program equivalent to the
Federal program; (2) a certification by
the State program director that the State
has the capability to implement an
equivalent program and commits to
implementing an equivalent program;
(3) an update to the State/EPA
Memorandum of Agreement (MOA)
and/or State Program Description (PD) if
necessary; and (4) copies of all
applicable State laws and regulations
showing that such laws and regulations
are fully effective. EPA also proposes to
allow States, at their discretion, to
submit any additional information that
they believe will support their revision
application.


State certifications (§ 271.21(i)(1)(i)).
The State certifications should
specifically address the Category 2 rule
for which a State is seeking
authorization, and include reference to
State authorities and requirements that
provide for a State program equivalent
to the Federal program.


The State attorney general's
certification should include specific
citations to the State laws and
regulations that the State would rely on
to implement an equivalent program. If
appropriate, the attorney general's
certification should include citations to
judicial decisions that demonstrate that
the State's laws and regulations provide
for an equivalent program. All State
laws and regulations cited in the State
attorney general's certification must be
fully effective at the time the
certification is signed. Copies of all
cited laws, regulations, and judicial
decisions must be attached to the State's
certification.


In cases where authorization of a
Category 2 rule is contingent on the
State already being authorized for
certain rules, EPA is proposing that the
State attorney general's certification
include certification that the State is
authorized for the prerequisite
requirements. Although information on
a State's authorization status is, of
course, available to EPA, the Agency
believes that requiring that the State AG
certification address prerequisite
requirements would ensure that the
State adequately considers these
requirements when preparing the
authorization application. In addition,
States should note that existing
regulations at 40 CFR 271.21(a) and (c)
require an authorized State to keep EPA
fully informed of any proposed changes
to its basic statutory or regulatory
authorities, its forms, procedures, or
priorities, and to notify EPA whenever
they propose to transfer all or part of the
authorized program from the approved
State agency to another State agency.
Failure by an authorized State to keep
EPA fully informed of changes to State
statutes and regulations may affect
authorization of that State's program
revision applications.


The State program director's
certification should specifically address
the State's intent and capability to
implement an equivalent program. The
State program director is the "director"
as defined at 40 CFR 270.2. If EPA has
established essential elements for the
rule in question, the State program
director's certification must address
each essential element individually.
Essential elements are discussed in
detail below. It may be helpful for the
State to reference State policies,
procedures, or other documents that
support the State program director's
certification. When referenced, these
documents should be fully effective at
the time of the certification, and copies
must be attached.


Essential elements (§ 271.21(i)(1)(ii).
EPA could choose to promulgate
essential program elements for any
Category 2 rule. Essential elements
summarize critical program components
and/or implementation requirements.
They would be intended to focus State
and EPA resources on a review of
critical program components to
determine whether the State program
will achieve the same results as the
Federal program, rather than on line-by-
line comparisons of State and Federal
regulations. Essential elements could
include regulatory provisions, and
enforcement or capability
considerations. EPA emphasizes that the
purpose of essential elements is not to
promote detailed or exhaustive re-
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evaluations of authorized State
programs. Instead, essential elements
should be used by State and EPA
Regions to ensure that all impacts of
certain Category 2 program revisions
have been identified and adequately
considered. As discussed in section
(V)(E)(3)(b)(iii) of the preamble below,
EPA would give great deference to
States in their certifications of
programmatic intent and capability.


EPA would establish essential
elements as specifically as possible;
however, because of the varying degrees
to which States are authorized for the
RCRA program and HSWA
amendments, some essential elements
could overlap with authorized
requirements in some States. For
example, one of the essential elements
proposed today for the HWIR-media
rule is "authority to address all media
that contain hazardous wastes listed in
Part 261 Subpart D of this chapter, or
that exhibit one or more of the
characteristics of hazardous waste
defined in Part 261, Subpart C of this
chapter." Some States that have already
been authorized for various portions of
the RCRA program, including the
corrective action program, and the land
disposal restrictions for hazardous
debris. These States have already
promulgated-and are using-
appropriate rules for addressing media.


If EPA promulgates essential elements
for a particular rule, EPA proposes that
the Director's certification would
address each essential element
individually. When State program
components corresponding to an
essential element have already been
reviewed by EPA when authorizing a
previous program revision, the Agency
would not re-evaluate the State program
component. In these cases, EPA would
evaluate the essential element portion of
the Director's certification only to verify
that the State did, in fact, consider the
essential element when deciding how it
would implement the program revision
at issue.


EPA is not proposing that essential
elements replace the authorization
checklists currently used by States and
EPA to document authorized State
authorities. However, to ensure that
work is not duplicated, future
authorization checklists would
incorporate any promulgated essential
elements. EPA is proposing essential
elements for the HWIR-media rule; these
elements are discussed in section
(V)(E)(6)(b) of the preamble to today's
proposed rule.


Update to the State/EPA
Memorandum of Agreement and/or
State Program Description
(§ 271.21(i)(1)(iii)). EPA is proposing


that the Category 2 revision application
would include either updates to the
State/EPA Memorandum of Agreement
and Program Description or certification
by the Director that such updates are not
necessary. EPA believes that these
updates or certifications must be
required because Category 2 rules could
affect the way a State implements its
authorized program.


Consequently, implementation of the
proposed program revision could raise
issues not addressed by the existing
MOA or PD. For example, a State
hazardous waste agency may choose to
rely on another State agency (e.g., a
State water control board) to implement
some Category 2 rules. In these cases the
State/EPA MOA and Program
Description should be updated to reflect
the various roles and responsibilities of
the two State agencies, and to designate
a lead agency for communications with
EPA. (See 40 CFR 271.6). If an update
to the State/EPA MOA is needed, it
should be finalized and signed by the
State and EPA before final authorization
of the program revision.


EPA does not believe authorization of
Category 2 program revisions would
routinely necessitate updates to State/
EPA Memorandums of Agreement or
Program Descriptions. In cases where
the MOA already addresses issues such
as routine State program monitoring,
sharing of information, and procedures
for State enforcement, Category 2
revisions could simply add additional
requirements to those already
implemented by the State agency, and
updates would not typically be
necessary. Similarly, when the State
Program Description already addresses
the setting of State priorities,
organizational structures, and
implementation strategies, and a
Category 2 program revision only adds
to RCRA requirements already
implemented by the State agency,
updates would not typically be
necessary. In other cases, Category 2
program revisions-even those that
would simply add to the RCRA
requirements already implemented by a
State-could have significant resource
implications that should be addressed
in an update to the State Program
Description.


ii. Completeness check
(§§ 271.21(i)(2) and 271.21(k)). When
EPA receives a Category 2 revision
application, the Agency would conduct
a completeness check to determine if
the application contains all of the
required components. To be considered
complete, Category 2 revision
applications must include the State
attorney general and Director
certifications, any necessary updates to


the State/EPA MOA and PD, and copies
of all cited laws and regulations, as
discussed above.


The criteria for completeness checks
of Category 2 revision applications
would be essentially the same as those
proposed in the Phase IV proposal for
completeness checks of Category 1
revision applications. Like Category 1
revision applications, Category 2
revision applications would be
considered incomplete if: (1) Copies of
the laws and regulations cited by the
State in their certifications were not
included; (2) the statutes and
regulations cited by the State were not
in effect; (3) the State was not yet
authorized for any prerequisite
regulations; or (4) the State certifications
contain significant errors or omissions.


EPA proposes to allow 30 days for the
completeness check. When the Agency
determines that a Category 2 revision
application is incomplete, it will notify
the State in writing. This written
notification will specifically identify the
application's deficiencies, and provide
the State an opportunity to revise and
re-submit its application. In cases where
a State application was deemed
incomplete because of minor errors or
omissions, and the State and EPA are in
agreement on correction of such errors,
the Agency could choose to proceed
with the review and approval process
discussed below, emphasizing that final
authorization of the State program
would be contingent on agreed upon
corrections to errors in the State
application.


iii. Review and approval
(§ 271.21(i)(3)). Following determination
that a Category 2 program revision
application is complete, EPA would
review the application as necessary to
confirm that the State revisions are
equivalent to applicable Federal rules.
During this review, EPA could, for
example, examine an update to the
State/EPA Memorandum of Agreement,
if one were submitted, to see if it
addressed implementation roles.
Similarly, EPA could review the State
Director's certification of essential
elements to learn more about how the
State intended to implement the
program revision.


EPA proposes to allow a maximum
period of 60 days, beginning when the
Agency determines that a program
revision application is complete, to
consider the application, and to prepare
a Federal Register notice requesting
public comment on EPA's tentative
authorization decision. Although EPA
and the State may agree to a shorter or
longer review period, EPA believes that
it would be possible to confirm the
revision's equivalence and prepare the
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necessary Federal Register notice
within 60 days.


Through the initial authorization of
the State program, EPA would have
become familiar with the program, and
with the laws and regulations of the
State. In addition, through the existing
procedures for EPA monitoring and
oversight of authorized State programs,
EPA would be familiar with a State's
program priorities, implementation
strategies, policies, and procedures.
Therefore, authorization of program
revisions should be a straightforward
process, where EPA's role would be to
confirm that the State has adequately
considered implementation of the
program revision at issue, and has
appropriately certified that the State
laws and regulations provide for a
program equivalent to the Federal
program. EPA emphasizes that the
review of program revision applications
that are provided for in proposed 40
CFR 271.21(i)(3) should be used only to
address the particular program revision
at issue. Concerns EPA might have with
parts of the State program that are
already authorized should be addressed
during EPA's monitoring and oversight
of the State program.


EPA believes that the exact level of
review necessary to confirm that a
State's revisions provide for a program
equivalent to the Federal program
would vary from State to State, and from
rule to rule. For example, in cases where
EPA is very familiar with the State
program (e.g., in the case of HWIR-
media, in a State authorized for
corrective action), the review necessary
for EPA to confirm equivalence would
not be extensive. In other cases, a State
may be proposing to implement a
program revision using a non-hazardous
waste authority, or a combination of
authorities, and the level of review
necessary for EPA to confirm
equivalency could be more intensive.
EPA has developed the Category 2
authorization procedures to allow States
and EPA Regions the flexibility to
establish the level of review necessary
for a determination of equivalence,
rather than presupposing that any given
level of review would be appropriate in
all States for all Category 2 program
revisions.


EPA proposes to use the procedures
for an immediate final rule (see 40 CFR
271.21(b)(3)) to request comments on its
tentative decision to approve or
disapprove a Category 2 program
revision. Immediate final rules, which
are published in the Federal Register,
provide a 30-day public comment
period, and go into effect 60 days after
publication unless significant adverse
comment is received. An example of


significant adverse comment would be
comments demonstrating that the cited
State authorities do not provide for an
equivalent program. EPA believes that
immediate final rules would typically
be the most efficient way to publish and
seek comments on its proposed program
revision authorization decisions;
however, the Agency and a State could
agree to use a proposed/final Federal
Register notice (as provided for under
40 CFR 271.21 (b)(4)), if they believed
such notice would be more appropriate
to their circumstances.


EPA's goal is to authorize State
program revisions in a timely way. EPA
is committed to working with State
agencies to address any deficiencies or
areas of confusion in State applications,
and to support States as they develop
their programs. EPA emphasizes that,
when processing program revision
applications, it would give great
deference to the State in: (1)
interpretation of State laws and
regulations and the judgement that such
laws and regulations provide for an
equivalent State program; and (2)
certifications of State intent and
capability. As always, EPA encourages
States to work closely with the Agency
when developing revision applications.
The Agency has found that this "up
front" investment is often the most
effective way to streamline
authorization.


c. Clarification of the meaning of the
term "Equivalent" (§271.21(j)). EPA is
taking this opportunity to clarify that
the term "equivalent" means that the
proposed State program is no less
stringent than the Federal program. EPA
hopes that this clarification allows
States and Regions to efficiently focus
authorization applications and review
on the ability of the proposed State
programs to meet the minimum national
standards, rather than on line-by-line
comparisons of State and Federal
regulations. One of EPA's guiding
principles in developing streamlined
authorization procedures for program
revisions was that State programs do not
have to be exactly the same as the
Federal program to be equivalent, and
that EPA should focus its authorization
review on environmental results.


EPA is considering applying the
definition of "equivalent" discussed
above to all authorization decisions,
including authorization of Category 1
program revisions, authorization of
program revisions using the existing
regulations, and final authorization as
defined in 40 CFR 271.3. If EPA decided
to apply the definition of equivalent to
all authorization decisions, the
definition would be finalized in 40 CFR
270.2. EPA requests comments on


whether or not the definition of
"equivalent" discussed above should be
applied to all authorization decisions
and, if commenters believe that the
clarification should be applied to all
authorization decisions, whether or not
the definition should be finalized in 40
CFR 271.210) or 40 CFR 270.2.


d. Table of Authorization Categories
(§271.21 Table 1). EPA is proposing to
record rules or parts of rules eligible for
Category 2 authorization procedures and
any prerequisite requirements in Table
1 of 40 CFR 271.21. EPA believes that
tabulating the different Category 2 rules
and their prerequisite requirements is
the most effective and efficient way to
present and maintain this information.
If the procedures for Category 1
proposed in the LDR Phase IV proposal
are finalized, the information proposed
in § 271.28(a) of that proposed rule, and
any future Category 1 rules and
prerequisite requirements, would be
also presented in table form.


e. Relationship of Category ] and 2
procedures to existing authorization
procedures for program revision, and
request for comm ents on the need for a
third Category. EPA believes that all
revisions to authorized State hazardous
waste programs required in the future
could be appropriately addressed using
either the Category 1 authorization
procedures proposed in the LDR Phase
IV proposal, or the Category 2
authorization procedures proposed
today. EPA believes that the Category 1
and Category 2 procedures would be
appropriate for all program revisions
since each retains a level of EPA review
appropriate to the program revision at
issue, and incorporates an opportunity
for the public to comment on EPA's
proposed authorization decisions.
Under this scenario, the existing
program revision procedures in 40 CFR
271.21(b)(1) would apply only to
authorization of rules or parts of rules
promulgated prior to finalization of the
Category 1 and 2 authorization
procedures discussed today.


Alternatively, EPA could retain the
existing program revision procedures as
Category 3, and use them to authorize
major revisions to State hazardous waste
programs (e.g., States authorized for the
first time for land disposal restrictions).
EPA requests comments on the need for
a third authorization category and the
types of revisions that might require that
level of review. In addition, EPA is
considering not changing the current
program revision rules, and instead
applying the streamlined authorization
procedures discussed today and in the
Phase IV proposal as guidance to
authorization of existing rules. EPA
requests comment on the degree to
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which Category 1 and 2 authorization
procedures should be used as guidance
when implementing the current
procedures for authorization of program
revisions.


4. Authorization for Revised Technical
Standards for Hazardous Waste
Combustion Facilities


Recently, EPA proposed Revised
Technical Standards for Hazardous
Waste Combustion Facilities published
in the Federal Register on April 19,
1996 at (61 FR 17358). In this document,
EPA requested comment on whether the
streamlined authorization procedures
that were proposed on August 22, 1995,
(see 60 FR43654, 43686) should apply
to States seeking authorization for this
rule. Note that in today's proposed rule,
those procedures are classified as
Category 1.


In requesting comment on the use of
Category 1 procedures in the April 19,
1996 combustion standards proposal,
EPA made a distinction among those
States that would be approved to
implement the final rule pursuant to 40
CFR Part 63, Subpart E (in the Clean Air
Act (CAA) regulations), those States
simply incorporating this rule into their
RCRA regulations, and those States that
would be seeking to implement the rule
for the first time under RCRA authority.
EPA continues to believe that the
Category 1 procedures would be
appropriate for those States that would
be incorporating the combustion
standards rule from an already approved
State air program into the State RCRA
program. However, EPA stated in the
combustion proposal its belief that for
all other States, the slightly more
extensive authorization procedures
developed as part of today's HWIR-
media proposal would be most
appropriate. This preference is based on
the complexity and significance of the
combustion standards rule, which
substantially revises the performance
standards for hazardous waste
combustion facilities. EPA believes that
the Category 2 procedures provide the
benefits of streamlined authorization,
while allowing a slightly longer period
for EPA review.


Because the Category 2 authorization
procedure had not been proposed before
the combustion standards rule was
developed, EPA was unable to request
comments on whether the proposed
Category 2 procedures should apply to
the authorization of those States that did
not incorporate by reference an
approved State CAA program for the
combustion standards rule. Thus, EPA
is now taking the opportunity in today's
notice to request this comment. EPA
will consider comments made regarding


today's notice when developing the
final combustion standards rule.


5. Request for Comment on Application
of Category 1 Procedures to Portions of
HWIR-waste Proposal


In the recent proposal to establish
self-implementing exit levels for listed
hazardous wastes, waste mixtures, and
derived-from wastes (the HWIR-waste
rule), EPA announced that it was
considering the possibility of using
streamlined authorization procedures
for some portions of the exit rule. (See
60 FR 66344, 66411-12, (December 21,
1995)). EPA has completed its initial
evaluation of this issue, and is
proposing today to apply the Category 1
procedures set forth in the LDR Phase IV
rulemaking to major portions of the exit
proposal.


Specifically, EPA is proposing to
allow States to use Category 1
procedures for all portions of proposed
40 CFR 261.36 (the exit levels,
requirements for qualifying for an
exemption based on these levels, and
the conditions for maintaining an
exemption). However, EPA is proposing
to restrict this option to States that have
already obtained authorization for the
pre-1984 base program, including the
1980 Extraction Procedure Toxicity
Characteristic. (Authorization for the
1990 Toxicity Characteristic that
replaced the EP rule would also be
acceptable). The two toxicity
characteristic rules closely resemble the
exit proposal. All three rules require
waste handlers to determine whether
their wastes contain specified hazardous
constituents in concentrations
exceeding specified threshold levels. All
three schemes also are self-
implementing, requiring the waste
handler to keep records but requiring no
prior approval by Federal or State
authorities. Thus, States that have been
authorized for the base program have
experience in drafting rules similar to
the proposed exit rule. They also have
significant experience in enforcing a
self-implementing waste determination
scheme that covers both organic and
metallic waste constituents. Although
the proposed exit scheme for listed
waste involves many more constituents
than either the EP or TC rule, EPA does
not believe that increasing the number
of constituents that waste handlers must
evaluate would warrant, by itself, a
detailed review of the State program.


Neither the base program nor the 1990
Toxicity Characteristic include any
conditions for maintaining an exit. The
conditions proposed in § 261.36,
however, would be requirements for
retesting, notification, and record
keeping similar to requirements in the


base program and the TC. Moreover,
they would be easy to understand, and
relatively easy to detect, if violated.
Accordingly, EPA believes that the
Category 1 procedures would be
appropriate for these conditions. EPA
requests comments on its proposal to
allow use of Category 1 procedures for
all portions of § 261.36. The proposed
Category 1 procedures are described in
detail in the preamble to LDR Phase IV
proposal at (60 FR 43654, 43687-88,
August 22, 1995). Proposed regulatory
text is set out at (60 FR 43654, 43698-
99, August 22, 1995).


EPA is also proposing to allow States
that have obtained authorization for the
Third Third LDR rule to use Category 1
procedures for the alternative
"minimize threat" treatment standards
in proposed revisions to § 261.40 and
proposed new § 268.49. States that are
already authorized for the basic
framework of the LDR program are
familiar with the type of rule changes
needed, have adopted all or most of the
underlying LDR program, and have
experience in implementing and
enforcing the rules. The minimize threat
levels would merely be different
numerical alternatives to some of the
existing BDAT standards. No change to
any other portion of the LDR program
would be required.


The December 1995 HWIR-waste
proposal also contains an option for
alternative, less restrictive exit levels
based on constraining the type of
management that the wastes will
receive. Under this option, wastes with
higher constituent concentrations would
be exempted from Subtitle C control if
they were not placed in land treatment
units. EPA believes that this option may
present significant new issues not
previously addressed in the base
program or any subsequent program
revision. Consequently, EPA is not
proposing to apply Category 1
procedures to this portion of the waste
exit proposal. Rather, EPA is proposing
to allow States that wish to adopt this
option to use the Category 2 procedures
proposed in today's proposed rule. EPA
requests comments on this proposal,
and the alternative of allowing States to
use Category 1 procedures for this
"management condition" option.


6. HWIR-media Specific Authorization
Considerations-§ 271.28


During the development of today's
proposed rule, EPA considered a
number of authorization alternatives
before deciding to propose the Category
2 authorization procedures discussed
above. One approach would have based
eligibility for final HWIR-media
authorization on whether a State was


18823


HeinOnline -- 61 Fed. Reg. 18823 1996







Federal Register / Vol. 61, No. 83 / Monday, April 29, 1996 / Proposed Rules


authorized to implement the corrective
action regulations under RCRA section
3004(u). Under this approach, all HWIR-
media authorization applications would
have been prepared, reviewed, and
approved using streamlined
procedures, 30 but States that were not
authorized for corrective action would
have been granted HWIR-media
authorization for a two-year provisional
period. During this period, States would
have been required to demonstrate their
ability to implement an equivalent
program.


After careful consideration, EPA
tentatively determined that lack of
corrective action authorization should
not prejudice a State's ability to receive
prompt authorization for the HWIR-
media program. Many States that are not
authorized for corrective action
nonetheless have highly-developed,
sophisticated cleanup programs that
they are using to address RCRA
facilities, sometimes through work-
sharing agreements with EPA Regions.
EPA believes that it would be inefficient
to require States to undergo a two-year
provisional demonstration period, if
EPA is already familiar with the State's
program, and confident in the State's
ability to make appropriate cleanup
decisions. In addition, EPA was
concerned that a provisional period
approach would be cumbersome and
confusing, because it would rely on two
different procedures, and because it
involved, for States authorized under
this approach, a significant resource
commitment. Instead, EPA decided to
propose a single authorization approach
using the streamlined Category 2
process discussed above-not only for
States authorized for corrective action,
but for all States that have received final
authorization for the "base" RCRA
program. (See footnote #28, (V)(E)(2) of
this preamble for a definition of the base
RCRA program). This would allow
almost all States to be eligible to use the
streamlined Category 2 authorization
procedures to their applications for
HWIR-media authorization. An
alternative approach to HWIR-media
eligibility, where States proposing to
use authorized hazardous waste
authorities to implement an HWIR-
media program would be authorized
using the Category 1 authorization
procedures, and all other States would
be authorized using the Category 2
authorization procedures, is discussed


3 0
Although considered prior to development of


the streamlined Category 1 and 2 authorization
procedures discussed today, the streamlined
procedures considered for HWTR-media
authorization most closely resembled those
proposed as Category 1 in the LDR Phase IV
proposal.


in section (V)(E)(6)(a) of this preamble
for today's proposed rule.


Although EPA did not decide to
propose that State authorization for
HWIR-media be based, in part, on a
State's corrective action authorization
status, the Category 2 procedures
proposed today would incorporate
many of the streamlined procedures
contemplated by the HWIR FACA
Committee. EPA solicits comments on
whether the alternative discussed above
(predicating authorization for HWIR-
media on corrective action
authorization, and requiring non-
corrective action authorized States to
undergo a two-year provisional period)
would be more appropriate to HWIR-
authorization and therefore should be
finalized in lieu of the approach
proposed today. The Agency also
requests comment on other alternatives
that would differentiate between States
which are authorized for RCRA
corrective action, and those which are
not.


a. Eligibility for HWIR-media
authorization. EPA proposes that
authorization to administer an approved
HWIR-media program would be made
available only to those States that have
received final authorization as defined
in 40 CFR 270.2 to implement the base
RCRA program (the base RCRA program
is defined in footnote #28 in section
(V)(E)(2) of today's preamble). Before
granting a State final authorization, EPA
would determine that the State in
question had legal and administrative
structures in place to implement an
equivalent program, that the State
program was consistent with the Federal
program and other authorized State
programs, and that the State had
adequate enforcement authorities.


EPA believes that final authorization
would be an essential prerequisite to
HWIR-media authorization because
States that have received final
authorization are allowed to decide that
solid wastes met the definition of
hazardous wastes. This authority
includes the authority to make
contained-in decisions that are a central
element of the HWIR-media program.
EPA believes that experience making
hazardous waste decisions would be
essential to a State's ability to make
contained-in decisions for media with
concentrations of hazardous
constituents that are below the Bright
Line. In addition, States that have
received final authorization would have
demonstrated capability in permitting,
ground water protection, oversight, and
enforcement of hazardous waste
management requirements.


States seeking authorization to
implement the new HWIR-media LDR


treatment standards and treatment
variances must first have received final
or interim authorization for the LDR
program through the Third Third LDR
rule (55 FR 22520, June 1, 1990). As
discussed in the Phase IV proposal, EPA
believes that the LDR Third Third rule
established the general framework and
infrastructure of the LDR program. Since
the new LDR treatment standards and
treatment variances rely on the existing
infrastructure of the LDR program, EPA
believes that it would be necessary for
States to be authorized for the LDR
Third Third rule before they could be
authorized to implement those portions
of the HWIR-media program. EPA
requests comments on whether the
Third Third LDR rule would be the
appropriate prerequisite requirement for
authorization of the changes to the LDR
program proposed today. If commenters
believe that the Third Third LDR rule is
not appropriate, EPA requests
suggestions for an alternative
prerequisite (e.g., the LDR Solvents and
Dioxins Rule, (51 FR 40572, November
7, 1986)).


States that have not received final
authorization or LDR authorization
could seek HWIR-media authorization
concurrently with, or subsequent to,
those authorizations. Unauthorized
States could work with EPA under
cooperative agreements to implement
the HWIR-media program, if interested.


Alternative proposal for HWIR-media
eligibility. Alternatively, EPA could
allow States that are planning to use
authorized hazardous waste authorities
to implement the HWIR-media program
to use the generic procedures for
Category 1 for HWIR-media
authorization, and reserve the generic
Category 2 procedures for States
proposing to implement the HWIR-
media with non-authorized authorities
(e.g., State Superfund-like authorities).
This approach would allow streamlined
authorization procedures to apply to
almost all States by retaining the
prerequisite of final RCRA base program
authorization (rather than corrective
action authorization), and would
provide States proposing to use
authorities familiar to EPA with the
most streamlined procedures available.


EPA requests comments on this
alternative to HWIR-media
authorization eligibility, and whether or
not this approach should be finalized in
lieu of the eligibility approach
discussed above. EPA also requests
general comments on the feasibility of
determining authorization categories
based on the type of authority a State
proposes to use, rather than on the
impact or significance of the program
revision at issue.
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Authorization of tribes. EPA is
currently developing a proposal to
clarify the eligibility of tribes to receive
authorization to administer their own
hazardous waste programs. The
proposal would discuss in detail
existing RCRA authorities that EPA
believes allow tribes to seek full or
partial hazardous waste program
authorization. If this proposal is
finalized, any tribe that wishes to obtain
final base RCRA program authorization
would likewise be eligible for HWIR-
media authorization. Tribes that choose
to receive only partial authorization
would not be eligible to obtain HWIR-
media authorization, since the scope of
such a partial program would be
limited. EPA believes that in order to
adequately implement the HWIR-media
program, a tribe (like a State) should
receive final authorization to implement
the base RCRA program.


b. HWIR-media essential elements
(§ 271.28(a)). EPA may choose to
establish essential elements for any
Category 2 rule. As discussed above (see
preamble section (V)(E)(3)(b)(i)), the
purpose of essential elements is to focus
State and EPA resources on critical
program components.


EPA believes that essential elements
would be especially important when
authorizing States to implement the
HWIR-media program because it
anticipates that many States would seek
authorization for HWIR-media using
existing, non-RCRA, State authorities.
For example, some States could choose
to rely on State Superfund-like
authorities that could address a broader
universe of sites and/or wastes than the
RCRA corrective action or HWIR-media
programs, and provide considerable
flexibility and discretion to State
agencies in specification of cleanup
requirements. Alternatively, some States
could choose to rely, in part, on a
program that is less comprehensive than
the Federal HWIR-media program. For
example, a State could choose to rely on
its pesticide management authorities to
implement the HWIR-media program for
media that were contaminated with
pesticides. EPA believes that the HWIR-
media essential elements would help
State and Federal staff efficiently
determine if these non-RCRA State
authorities provide for equivalent State
programs. EPA believes that the States'
reliance on broad or flexible authority
should not make approval of HWIR-
media revision applications more
difficult, as long as the State clearly
provided for implementation of the
HWIR-media program essential
elements.


EPA has identified the following
essential elements for the HWIR-media
program:


(i) Authority to address all media that
contain hazardous wastes listed in Part
261, Subpart D of this chapter, or that
exhibit one or more of the
characteristics of hazardous waste
defined in Part 261, Subpart C of this
chapter.


(ii) Authority to address the hazards
associated with media that are managed
as part of remedial activities and that
the Director has determined do not
contain hazardous wastes (according to
Part 269), but would otherwise be
subject to Subtitle C regulation. States
that choose to make contained-in
decisions only when concentrations of
hazardous constituents in any given
media are protective of human health
and the environment, absent any
additional management standards (i.e.,
eatable, drinkable concentrations), may
receive HWIR-media authorization
without certifying their ability to
impose management standards on
media that no longer contain hazardous
waste.


(iii) Authority to include, in the
definition of media, materials found in
the natural environment such as soil,
ground water, surface water, and
sediments, or a mixture of such
materials with liquids, sludges, or solids
that are inseparable by simple
mechanical removal processes and
made up primarily of media.


(iv) Authority to exclude debris (as
defined in § 268.2) and non-media
remediation wastes from the
requirements of Part 269 (except those
for Remediation Management Plans).


(v) Authority to use the contained-in
principle (or equivalent principles) to
remove contaminated media from the
definition of hazardous wastes only if
they contain hazardous constituents at
concentrations at or below those
specified in Appendix A.


(vi) Authority to require compliance
with LDR requirements listed in
§ 269.30 through § 269.34.


(vii) Authority to issue, modify and
terminate (as appropriate) permits,
orders, or other enforceable documents
to impose management standards for
media as described in essential elements
1-6 and 8 and 9.


(viii) Requirements for public
involvement in management decisions
for hazardous and non-hazardous media
as described in § 269.43(e).


(ix) Authority to require that data
from treatability studies and full scale
treatment of media that contain
hazardous waste be submitted to EPA
for inclusion in the NRMRL treatability
database.


The essential elements of HWIR-
media programs are proposed in 40 CFR
271.28(a).


The preceding essential elements
were developed for the proposed
options included in today's proposed
rule. If EPA chooses to finalize the
alternatives discussed in this proposal,
rather than the proposed options, then
the essential elements will be revised to
represent the final version of today's
rule more accurately.


The Agency requests comments on
the essential elements proposed for
HWIR-media authorization. The Agency
also requests comments on whether
essential elements in general should be
promulgated as rules, or suggested as
guidance only.


Specifically, the Agency requests
comment on the essential element (viii)
for public participation. Many cleanups,
particularly if they were short term, or
involved wastes that would not remain
on site, could warrant less public
participation. For example, if a State
agency were cleaning up spilled
petroleum in soil, which exhibited the
hazardous TC characteristic for benzene,
and the remedy called for digging it up
immediately for off-site treatment or
disposal, should the Agency wait to
clean up the site until it was in
compliance with the public
participation requirements described
above? Should the final rule allow for
different degrees of public participation
depending on the nature of the activities
being performed? Should EPA allow
decisions to be made on a site-specific
or case-specific basis about the level of
public participation necessary?


c. Monitoring of State HWIR-media
programs and program withdrawal
(§271.28(b)). The Agency is not
proposing requirements for monitoring
of State HWIR-media programs;
however, a discussion of how EPA
expects this monitoring should take
place is included below. The procedures
for partial program withdrawal
discussed below were developed by the
HWIR-media workgroup to complement
the streamlined authorization
procedures anticipated for HWIR-media.


A number of changes have occurred
since these procedures were developed.
First, EPA has chosen to propose
generic, streamlined authorization
procedures rather than establish
authorization procedures specific to the
HWIR-media rule. (See the above
discussion of Category 1 and 2 program
revision authorization procedures in
section (V)(E)(3)). Second, the
authorization procedures for the HWIR-
media rule, while significantly
streamlined from the existing
procedures for authorization of program
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revisions, include a level of EPA review
not anticipated by the workgroup when
monitoring and partial program
withdrawal procedures were developed.


EPA has also addressed the oversight
and monitoring of authorized State
programs more generally through a
number of Agency workgroups and
initiatives. EPA requests comments on
the degree to which the monitoring
procedures discussed below should be
considered for application beyond the
HWIR-media rule. In addition, EPA
requests comments on whether partial
program withdrawal would be feasible,
and whether such a provision would be
necessary.


i. Monitoring of State HWIR-media
programs. EPA believes that some
monitoring of State programs is
necessary to ensure that the
considerable flexibility provided by
today's proposed rule would be
implemented in a way that is protective
of human health and the environment.
This was a particular concern to
stakeholders during the development of
today's proposed rule because it allows
a more streamlined authorization for
program revisions. For this reason,
stakeholders were concerned that State
programs might not receive sufficient
up-front review prior to authorization to
ensure that the program would be
conducted protectively.


EPA currently conducts routine
monitoring of State programs in order to
identify conflicting EPA and State
priorities, or areas where the State
program seems to be significantly at
variance with Federal rules or guidance.
The purpose of routine monitoring is
not to direct the priorities or site-
specific implementation decisions of
any given State program, but to identify
problematic trends in the program.
Typically, the procedures for routine
State program monitoring are specified
in the State/EPA Memorandum of
Agreement, the annual or biannual
State/EPA Grant Workplan, or other
written State/EPA agreements. Often,
routine State program monitoring will
include mid- and end-of-year State/EPA
meetings, periodic oversight
inspections, and review of State files or
enforcement cases.


EPA believes that most concerns
regarding a State's implementation of its
authorized HWIR-media program could
be resolved through routine State
program monitoring activities. If
concerns regarding a State's HWIR-
media program implementation cannot
be resolved during routine monitoring,
EPA would identify those concerns and
propose options for resolution.
Depending on the degree of EPA's
concerns, the Agency would increase its


monitoring of the State program
accordingly. When serious concerns are
identified, and when a State's failure to
address these concerns adequately
would cause significant risk to human
health or the environment, EPA would
warn the State, in writing, that the
State's HWIR-media authorization could
be withdrawn.


Decisions to increase the monitoring
of State programs could be made by EPA
based on the Agency's own information,
or based on information submitted by
independent third parties who allege
poor or inadequate performance by the
State HWIR-media program. (See
proposed 40 CFR 271.28(d)). EPA would
consider such allegations when making
decisions about the level of program
monitoring necessary in an HWIR-media
authorized State. Third party allegations
are also discussed in the section of this
preamble that addresses withdrawal of
authorized State HWIR-media programs.


ii. Program withdrawal (§ 271.28(b)).
In the event that EPA and the State
could not resolve their differences
during program monitoring, EPA could
choose to withdraw the State's HWIR-
media program authorization. Program
withdrawal would be for the HWIR-
media portion of the State's
authorization program only.


EPA would not withdraw HWIR-
media authorization without first
providing the State an opportunity to
address EPA's concerns using the
monitoring discussed above. In
addition, EPA would not withdraw
HWIR-media authorization without first
giving the State clear, written warning
that program withdrawal was imminent.


EPA proposes that, in addition to
program withdrawal initiated for cause
by EPA, any person could petition EPA
at any time to withdraw a State's HWIR-
media program authorization based on
allegations that the program fails to
meet the minimum national standards
for an HWIR-media program as set forth
in 40 CFR 271.28(a), and discussed in
today's proposal. Whenever such
petitions are received, EPA would
provide copies of the petition and all
supporting documentation to the State
and allow the State at least 30 days to
respond. Following the State's response
and any independent EPA investigation,
EPA would respond to all third-party
allegations in writing.


When EPA determines that a State's
HWIR-media program authorization
should be withdrawn, EPA will publish
its tentative decision to withdraw the
State's HWIR-media program in the
Federal Register, and provide the
public, including the State, at least 60
days to review and comment on the
tentative program withdrawal


determination. If requested, EPA would
also hold an informal public hearing. At
the close of the review and comment
period, EPA would publish its final
decision regarding withdrawal of the
State's HWIR-media program in the
Federal Register. EPA's notice of final
decisions would include responses to
any significant comments received
during the public review and comment
period.


Following withdrawal of a State's
HWIR-media program, EPA would
administer the HWIR-media program in
that State using the Federal standards
for HWIR-media, and Federal
enforcement authorities. (See
§ 271.28(c)). EPA believes it is important
for HWIR-media program
implementation to continue even in
States that lose their HWIR-media
program authorization because reverting
to existing RCRA Subtitle C hazardous
waste management requirements would
disrupt and delay the cleanup process.
In addition, since States that receive
HWIR-media authorization would
expect that management standards for
contaminated media would be tailored
to specific cleanup sites through the
HWIR-media process, EPA believes that
it would be appropriate to continue
implementation of the program for new
cleanups even if a State's HWIR-media
program authorization is withdrawn.
Otherwise, management standards
could revert to the existing RCRA
standards for hazardous waste once a
State's authorization for HWIR-media
was withdrawn; then, the State would
no longer be able to approve
Remediation Management Plans (RMPs)
or make contained-in decisions for
contaminated media. Remediation
Management Plans that were approved
by the State prior to the withdrawal of
its HWIR-media program would remain
in effect. However, EPA could use
Federal enforcement authorities to
impose additional management
requirements in these RMPs as
necessary to ensure protection of human
health and the environment.


d. HWIR-media authorization in
States that can be no more stringent
Than the Federal Program. Some States'
statutes prohibit the promulgation of
any rules that are more stringent than
Federal RCRA regulations. EPA does not
believe that such statutes would
prohibit States from adopting and
implementing any portion of Part 269,
including decisions to continue
regulation of media with constituent
concentrations below Bright Line
concentrations as hazardous. As
proposed, this media management
decision would be completely
discretionary with the overseeing
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agency. Consequently, it would be
impossible to argue that a State that
chooses to continue regulation of
contaminated media under Subtitle C
would be "more stringent" than the
Federal RCRA program. As proposed,
the Bright Line would not automatically
reclassify media, even under the Federal
RCRA program. Rather, it would act as
a "ceiling" below which an agency
overseeing cleanup of a site would have
the authority and discretion to
determine whether the media should
continue to be managed as hazardous
waste.


States that could be no more stringent
than the Federal program might,
however, be required to adopt
regulations equivalent to the new
regulations for LDR treatment standards
and media treatment variances and
remediation piles. Since these new
requirements would be less stringent
than the existing requirements, a State
that is prohibited from having more
stringent regulations might be required
to provide equivalent flexibility.


7. Effect in Authorized States


Under section 3006 of RCRA, EPA
may authorize qualified States to
administer and enforce the RCRA
program within the State. Following
authorization, EPA retains enforcement
authority under section 3008, 3013, and
7003 of RCRA, although authorized
States have primary enforcement
responsibility.


Prior to the Hazardous and Solid
Waste Amendments of 1984 (HSWA), a
State with final RCRA authorization
administered the State hazardous waste
program, in lieu of EPA administering
the Federal program in that State. When
new, more stringent, Federal
requirements were promulgated or
enacted, authorized States were
required to update their hazardous
waste programs within specified time
frames to remain equivalent to the
Federal program, as revised. States were
not required to update their hazardous
waste programs to conform to new
Federal requirements that were less
stringent than the authorized State
program. New Federal requirements did
not take effect in authorized States until
the State adopted the requirements as
State law and received authorization to
implement the new requirements (in
lieu of the Federal program).


In the HSWA amendments of 1984,
Congress specified that the new
requirements enacted in the
amendments and all implementing
regulations promulgated by EPA would
take effect immediately in authorized
and non-authorized States. (See RCRA
section 3006(g); 42 U.S.C. 6926(g)).


While States are still required to update
their authorized hazardous waste
programs to remain equivalent to the
Federal program, EPA is directed to
carry out HSWA requirements in
authorized States until the State
modifies its program, and receives final
or interim authorization.


Since EPA modifies portions of the
Federal hazardous waste program
enacted prior to the HSWA amendments
and portions of the Federal program
enacted by the HSWA amendments,
there are different time frames by which
revisions to the Federal RCRA program
become effective in authorized States.
New, more stringent, Federal
regulations that are promulgated
pursuant to the pre-HSWA program do
not take effect in authorized States until
the State modifies and updates its
hazardous waste program. New, more
stringent, Federal regulations
promulgated pursuant to the HSWA
amendments take effect immediately in
authorized and non-authorized States,
and are implemented by EPA until the
State adopts the new requirements and
revises its authorized program. New
Federal regulations (HSWA and pre-
HSWA program) that are considered less
stringent than the existing Federal or
authorized State programs are optional
for States to adopt and do not go into
effect unless and until States adopt
them, and are authorized to implement
the provisions in lieu of EPA (except for
less stringent HSWA requirements that
are in effect and implemented by EPA
in unauthorized States, such as Alaska).
To ensure that authorized State
programs accurately reflect the Federal
program, States are required to update
their authorized hazardous waste
programs to incorporate all more
stringent Federal regulations within the
time frames specified in 40 CFR
271.21(e).


Today's proposal is promulgated in
part pursuant to pre-HSWA authority,
and in part pursuant to HSWA. The
following sections of this proposed rule
are proposed pursuant to pre-HSWA
authority: (1) Codification of the
contained-in policy for constituents
lacking Bright Line concentrations; (2)
Bright Line concentrations and
decisions that media no longer contain
hazardous waste; and (3) RMP issuance
for management of remediation wastes
that contain hazardous wastes. The
following elements of today's proposal
are proposed pursuant to HSWA and
would be modifications to the existing
HSWA program that would cause the
Federal program to become less
stringent: (1) LDR treatment
requirements for hazardous
contaminated soil addressed under new


Part 269; (2) new regulations for
remediation piles; (3) media treatment
variances; and (4) interpretations that
RCRA section 3004 (u) and (v) do not
apply to cleanup-only facilities. In
today's proposal, revocation of the
CAMU regulations would be more
stringent than existing HSWA
regulations.


In general, today's proposal is less
stringent than the existing Federal
hazardous waste program and, therefore,
optional for States to adopt. The sole
exception is the proposed revocation of
the CAMU regulations, which would be
considered more stringent, and would
thus require adoption by States within
the time frames set forth in 40 CFR
271.21(e). These time frames would
provide that State modifications be
made within one year of the date of the
Federal program change, or within two
years if State statutory amendments are
necessary.


Since the bulk of the HWIR-media
program proposed today is less stringent
than the existing Federal RCRA
program, it would not be effective in
authorized States unless and until the
State chose to adopt it and become
authorized. EPA believes that the relief
provided by the HWIR-media program
would significantly increase the speed
and efficiency of cleanups. Therefore,
States seeking authorization for a HWIR-
media program would be encouraged to
use their existing State enforcement
authorities to provide for HWIR-media
style relief while their authorization
applications were being reviewed.


a. Pre-HSWA requirements. The pre-
HSWA requirements proposed today
would be less stringent than the existing
RCRA requirements. Because they
would be less stringent, they would be
optional for States to adopt, and would
not take effect in authorized States
unless and until the State adopted and
became authorized for them. States with
final authorization (or States seeking
final authorization concurrently with
this rule), that choose to obtain
authorization for today's HWIR-media
rule, would have to adopt requirements
that were no less stringent than the
requirements specified in Part 269.
States that seek final program
authorization after finalization of HWIR-
media regulations could choose to apply
for final program authorization without
the HWIR-media program.


b. HSWA Requirements. The HSWA
requirements proposed today (with the
exception of CAMU revocation) would
relate to the Land Disposal Restriction
(LDR) program, and would be less
stringent than existing LDR
requirements. They would be, therefore,
optional in HSWA authorized States
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and would not go into effect unless and
until a State adopted and became
authorized for them. Normally, less
stringent HSWA requirements
automatically take effect in non-HSWA
authorized States. However, the Part 269
LDR treatment requirements would not
take effect because they apply only to
cleanup wastes addressed under a Part
269 program. Thus, they would become
effective in non-HSWA authorized
States only when such States obtain
authorization to run a Part 269 program.
States authorized for the LDR program
that choose to obtain HWIR-media
authorization, would have to adopt
requirements that would be at least as
stringent as the LDR requirements
specified in Part 269. States that seek
LDR authorization after promulgation of
final HWIR-media regulations would
have to adopt requirements no less
stringent than the existing (non-Part
269) Federal LDR program, if they chose
not to seek authorization for today's
HWIR-media requirements.


Media treatment variances. Under
current regulations at 40 CFR 268.44,
EPA may grant waste- or site-specific
variances from treatment standards in
cases where it can be demonstrated that
the treatment standard is inappropriate
for the waste, or that the waste cannot
be treated to specified levels, or treated
by specified methods. Today's proposed
rule would retain the availability of
treatment variances in the
implementation of the HWIR-media
program, and establish HWIR-media
specific treatment variance procedures
for media managed under Part 269. The
Agency is clarifying today that States
could seek authorization for both the
site-specific treatment variance
procedures in 40 CFR 268.44, and the
HWIR-media specific treatment variance
procedures proposed in Part 269. EPA is
aware that some States, especially States
that chose to adopt the Federal LDR
program by reference, could have
already received authorization to issue
site-specific LDR treatment variances
under 40 CFR 268.44. Because there has
been some confusion about this issue,
and because EPA's current proposal
would encourage States to become
authorized for treatment variances, EPA
requests the States to note in their
HWIR-media program revision
application, or other authorization
application, or in official
correspondence, whether or not they
believe that they have been authorized
for site-specific LDR treatment variances
under 40 CFR 268.44. EPA would then
evaluate that aspect of a State submittal
to confirm the State's authorization for
treatment variances. EPA requests


comments on this proposal, especially
from States that believe they are already
authorized to approve LDR treatment
variances.


CAMU revocation. EPA is proposing
today to revoke the CAMU regulations
at 40 CFR 264.552 and to "grandfather"
CAMUs approved prior to the
publication date of the final HWIR-
media rule. Since revocation of the
CAMU regulations would remove that
option at the Federal level, even States
that have adopted CAMU regulations as
a matter of State law and/or become
authorized for CAMUs would be
blocked from approving new CAMUs by
this date, when these more stringent
Federal rules would go into effect. Of
course, States could still use their
CAMU regulations for non-hazardous
wastes at their discretion, or for media
that do not contain hazardous wastes
(and that are not subject to LDRs).


In order to ensure that requirements
for "grandfathered" CAMUs remain
enforceable, States that have already
been authorized for the CAMU
regulations, and that choose to
grandfather CAMUs, should retain their
CAMU regulations (for those
grandfathered CAMUs) until those
CAMUs have expired or are terminated.
States would be required, however, to
make clear that existing State CAMU
regulations would not be used to grant
any new CAMUs for management of
Federally hazardous waste after the date
of publication of the final HWIR-media
rule.


c. Examples. The following examples
illustrate the effect of today's proposed
rule in authorized States.


Example One: The State has received final
base program authorization but has not yet
been authorized for the land disposal
restriction program.


Because the State has received final base
program authorization, and the pre-HSWA
HWIR-media regulations proposed today are
less stringent than the existing program, the
pre-HSWA HWIR-media regulations would
not be effective in the State unless and until
the State adopted and became authorized for
them.


Since EPA would still be implementing the
LDR program in the State, the Part 269 LDR
treatment requirements for hazardous
contaminated media and treatment variances
for contaminated media would be effective
immediately upon approval of the State's
HWIR-media program, and would be
implemented by EPA until the State received
the necessary LDR program authorization. On
the other hand, the new remediation pile
provisions would become effective
immediately in non-HSWA authorized
States, because they are HSWA requirements
that are not specific to the Part 269 program.


Example Two: The State has received final
base program authorization, and is also
authorized for the land disposal restriction
program through the Third Third LDR rule.


Since the State has received final
authorization and the pre-HSWA HWIR-
media regulations proposed today are less
stringent than the existing program, the pre-
HSWA HWIR-media regulations would not
be effective unless and until the State
adopted and became authorized for them, as
discussed in example one. Similarly, since
the State would be authorized for the land
disposal restriction program, and the
remediation pile provisions (which are
considered HSWA provisions because they
affect LDRs) proposed today are considered
less stringent than the existing LDR program,
the remediation pile provisions proposed
today would not be effective in the State
unless and until the State adopted and
became authorized for them.


For the less stringent Part 269 treatment
standards, as explained in example one,
these would not become effective in the State
until the State chose to adopt a Part 269
program. Because the State would already be
authorized for a sufficient LDR program, the
State could also be authorized to run the LDR
program of the HWIR-media program.


Example Three: The State is authorized for
the corrective action management unit rule.


The CAMU revocation provision proposed
today is the only provision that is more
stringent than the existing Federal RCRA
program and, therefore, mandatory for States
to adopt. In addition, because revocation of
the CAMU regulations would remove that
option at the Federal level, even States that
have adopted CAMU regulations as a matter
of State law would be blocked from
implementing those regulations when more
stringent Federal rules take effect (date of
publication of final HWIR-media rule).


8. Request for Comment on EPA's
Approach to Authorization


EPA requests general comments on
the approach to authorization outlined
in today's proposal. In addition, as
discussed above, EPA specifically
requests comments that address the
following issues and areas:


a. The use of differential authorization
procedures for State program revisions,
and whether the Category 2
authorization procedures discussed
today would sufficiently recognize the
sophistication of State programs while
maintaining an appropriate level of EPA
review. EPA is specifically interested in
the ability of these procedures to
adequately address evaluation of a
State's capability to implement any
given program revision;


b. The effect of differential
authorization procedures, if any, on
State's and EPA's ability to cluster
authorization applications (i.e., the
ability to prepare and review program
revision applications that address more
than one rule at the same time);


c. Whether the Category 2 procedures
discussed today would be appropriate
for authorization of the HWIR-media
regulations, and other types of
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regulations which these procedures
should address;


d. The degree to which the
authorization approach proposed today
would, in practice, streamline and make
preparation, review, and approval of
State program revision applications
more efficient;


e. The use of essential elements to
target authorization applications and
review and whether essential elements
should be specified in regulations or
discussed in preambles as guidance;


f. The need for a third authorization
Category to address major revisions to
State programs, the types of program
revisions a third Category might
address, and the potential requirements
and procedures for a third Category;


g. The degree to which the Category
1 and 2 authorization procedures
discussed today should be applied as
guidance when authorizing existing
rules using the current program revision
procedures;


h. The clarification of the definition of
equivalent, and whether the proposed
definition should be used for all
authorization decisions, or only for the
Category 2 authorization decisions
discussed in today's proposal;


i. The use of Category 2 authorization
procedures for authorization of those
States not incorporating an approved
State CAA program for the combustion
standards rule by reference (as
discussed in section (V)(E)(4) of today's
preamble);


j. The alternative approach to HWIR-
media authorization discussed in
section (V)(E)(6)(a);


k. Whether final base-program
authorization is the appropriate
prerequisite requirement for
authorization of the general HWIR-
media program;


1. Whether authorization for the LDR
Third Third rule is the appropriate
prerequisite requirement for
authorization of the LDR portion of the
HWIR-media rule;


m. The alternative approach to HWIR-
media eligibility that would allow States
proposing to use previously authorized
authorities to implement an HWIR-
media program to use the Category 1
authorization procedures, discussed in
section (V)(E)(6)(a);


n. The approach to authorization of
LDR treatment variances discussed in
section (V)(E)(7)(b);


o. The degree to which the monitoring
procedures discussed today would
conform to the program monitoring
procedures currently in place;


p. Whether the monitoring procedures
discussed today are necessary, whether
they should be codified for the HWIR-
media rule, and whether they should be


considered for application beyond the
HWIR-media rule;


q. The feasibility of partial program
withdrawal and the necessity for such a
provision;


r. The proposed and alternative
approaches to HWIR-media
implementation following program
withdrawal;


s. The effect today's proposed
approach to authorization might have
on a State's desire to seek authorization
for a State HWIR-media program; and


t. Other suggestions for improvements
to the authorization process.


F. Corrective Action Management
Units-§ 264.552


Today's proposed rule, at § 264.552,
would withdraw the existing regulations
for Corrective Action Management Units
(CAMUs), which were promulgated on
February 16, 1993 (58 FR 8658). Today's
proposal for Part 269 would replace
much of the flexibility under the current
CAMU regulations as they apply to
contaminated media. EPA does not
intend to withdraw the CAMU
regulations without, at the same time,
substituting one of today's options in its
stead.


States with existing CAMU
regulations would need to come in for
program revisions, to make their
programs as stringent as the Federal
program. Today's proposal would also
grandfather CAMUs that have already
been approved by EPA and the States,
by the publication date of the final
HWIR-media rule. The original CAMU
rulemaking also included provisions for
temporary units to be used for
management of cleanup wastes. These
provisions would not be affected under
today's proposal, thus the Agency is not
reopening these requirements for
comment at this time.


The CAMU rule was the Agency's
initial attempt to resolve many of the
problems that have been encountered by
EPA and State cleanup programs in
applying the prevention -oriented
Subtitle C regulations (specifically, the
land disposal restrictions (LDRs) and
minimum technology requirements
(MTRs)) to the management of cleanup
wastes. The rule has allowed regulators
to designate an area at a facility as a
CAMU, and has specified that
placement of cleanup wastes into a
CAMU does not trigger LDR or MTR
requirements that would otherwise
apply. Because the rule was designed to
provide flexibility to regulators for
prescribing site-specific management
requirements for cleanup wastes, the
regulations do not prescribe specific
standards for design or operation of
CAMUs, or generic national treatment


standards for cleanup wastes that are
managed in CAMUs. Since its
promulgation, the final CAMU rule has
been used by EPA's Superfund program,
the RCRA corrective action program,
and other State cleanup programs.
However, the actual number of CAMUs
that have been approved to date is
relatively small. EPA is aware of fewer
than twenty CAMUs that have been
approved.


Some parties have argued that the
CAMU rule allows regulators too much
discretion in determining appropriate,
site-specific management requirements
for cleanup wastes. Those parties
support the idea of having some type of
minimum national LDR treatment
standards for cleanup wastes (especially
for sludges and other non-media
wastes), rather than allowing regulators
to specify treatment requirements on a
case-by-case basis.


When the HWIR-FACA Committee
was initiated, EPA, and most of the
State participants on the committee,
agreed to consider whether the CAMU
regulations should be modified or
replaced with a different regulatory
approach.


The Agency is proposing to replace
the existing CAMU regulations with
today's proposed rule, except that it
would retain existing CAMUs approved
prior to publication of the final HWIR-
media rule. The Agency believes that
much of the site-specific flexibility
provided in the CAMU rule has been
preserved in this proposal, especially
for less-contaminated media. Further,
the proposal would modify the
minimum LDR treatment standards
specified in the Part 269 regulations
specifically to be more compatible with
the realities of treating contaminated
media. Today's proposal should also
minimize potential disruptions to site
cleanups that are planned or underway,
since existing CAMUs approved prior to
the publication date of a final HWIR-
media rule could continue to operate
until their cleanup activities are
complete. (See discussion below.)


At the same time, the Agency believes
that the CAMU rule has been used
successfully to expedite cleanups, and
that it has provided much needed
flexibility for remedial actions at RCRA
corrective action and Superfund.
Furthermore, replacing the CAMU
regulations with today's HWIR-media
rules could have a significant impact in
some situations, particularly in
remedies involving sludges and other
non-media wastes. The proposal would
cover only contaminated media,
whereas all types of cleanup wastes can
be managed in CAMUs. Actually, a
number of the CAMUs that have already
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been approved will be managing sludges
from cleanups. Thus, the flexibility
provided under the proposed HWIR-
media rule would apply to a more
limited spectrum of cleanup wastes.
Sludges and other non-media cleanup
wastes would be subject to the
traditional hazardous waste regulations,
including LDRs and MTRs. (See
discussion in section (V)(A)(2) of this
preamble.)


Therefore, the Agency requests
comments on what benefits might
accrue if the CAMU rule were retained.
(See letter from M. L. Mullins, Vice
President-Regulatory Affairs, Chemical
Manufacturers Association, to Michael
Shapiro, Director, Office of Solid Waste,
EPA (August 22, 1995).) Specifically,
the Agency requests comments on what
the ramifications may be of failing to
provide the degree of relief that the
CAMU rule has provided. The Agency
is also interested in ways that the
CAMU might be modified to target the
CAMU provisions on wastes that pose
lower risks. For example, the Agency
could incorporate a Bright Line
approach in CAMU.


Today's proposed rule would
grandfather CAMUs that were approved
before the publication date of this rule.
Thus, an owner/operator who was
conducting a cleanup that involved an
approved CAMU would be able to
continue using the unit until the
cleanup is complete, under the terms of
the permit or order. EPA believes that
this provision is reasonable and would
help avoid delays and disruptions to
ongoing cleanup actions. In addition,
EPA believes that not providing this
type of grandfathering would raise
important questions of fairness because
they were approved according to the
regulations in effect at the time, and
because EPA has encouraged the use of
CAMUs when the flexibility they
provide is necessary to selecting and
implementing sensible, protective
remedies.


EPA considered various
grandfathering options for CAMUs, such
as establishing a certain time limit (e.g.,
one year) for operating existing CAMUs
after the Part 269 rules were
promulgated. EPA does not believe that
such a limitation would be necessary or
desirable. Some remedies require
several years to fully implement, and
could be adversely affected if an
existing CAMU had to cease operations.
For example, risks of exposure to highly
contaminated sites could continue for
several more years while the regulators,
owners, and operators negotiate a new
site remedy, instead of implementing
the CAMU remedy they had already
agreed upon and determined would be


protective. The CAMUs that have been
approved to date have been a key factor
in accelerating the cleanup process and
allowing protective remedies to be
implemented at considerable cost
savings.


If today's rule is finalized as
proposed, States that have adopted the
CAMU regulations would be required to
revise these regulations after the
publication of final HWIR-media
regulations in order to remain as
stringent as the Federal program.
(Except when the State CAMU rules are
as stringent as the current Federal
program, for example, in requiring
wastes to be treated to LDRs before
being placed in a CAMU.) Of course,
States would still be allowed to use the
Area of Contamination (AOC) concept,
which would not be changed by today's
proposal (55 FR 8666, 8758-8760,
March 8, 1990; and also the
memorandum from Michael Shapiro,
Director, Office of Solid Waste, Stephen
D. Luftig, Director, Office of Emergency
and Remedial Response, and Jerry
Clifford, Director, Office of Site
Remediation Enforcement, EPA to
RCRA Branch Chiefs and CERCLA
Regional Managers, (March 13, 1996)).
More discussion on State authorization
for these HWIR-media rules is presented
in section (V)(E) of this preamble.


G. Rem ediation Piles-§§ 260.10 and
264.554


Today's rulemaking proposal would
establish a new type of unit-
remediation piles-that would preserve
needed flexibility for conducting certain
types of cleanup activities. Proposed
§ 260.10 specifies the following
definition:


Remediation Pile means a pile that is used
only for the temporary treatment or storage
of remediation wastes, including hazardous
contaminated media (as defined in § 269.3),
during remedial operations.


This definition would appear in
§ 260.10, where most of the RCRA
hazardous waste regulatory definitions
are codified, rather than in § 269.3,
which defines terms specific to the Part
269 regulations. This is because
remediation piles would be able to
accept all types of remediation wastes,
rather than only hazardous
contaminated media. As a result,
remediation piles could be approved for
remedial actions that are not regulated
by Part 269.


The primary reason for creating this
new type of unit is that under current
regulations, waste piles are considered
land disposal units, and all hazardous
wastes must be treated to LDR standards
before being placed into the pile.


Remediation piles, however, would not
be considered land disposal units under
this proposed rule; they are not listed in
section 3004(k), (see discussion below);
and these regulations clearly specify
that they may be used only for
temporary treatment or storage of
cleanup wastes. For reasons noted
below, the Agency believes that this
type of unit, which would not trigger
LDRs, would provide necessary
flexibility in situations where
application of the LDRs would create
obstacles to common sense remedies.


One of the principal goals of this
proposed rule is to achieve a net
environmental benefit by facilitating the
cleanup of as many contaminated sites
as possible. The Agency also believes
that remediation piles would be
necessary to facilitate the cleanup of
many previously contaminated sites.
The physical, economic, and technical
limitations on the operation of a
cleanup program could dictate that
remediation wastes be temporarily
stored and/or concentrated in a
centralized location onsite prior to
completion of the remedial activity.
Similarly, once the wastes had been
placed in a remediation pile it could be
advantageous to begin some form of
treatment or pretreatment to reduce the
level of threat posed by the wastes prior
to its ultimate disposal.


Because of the potentially large
volumes of contaminated media
encountered during remedial action,
prohibiting such wastes from being
temporarily treated or stored in onsite
piles (unless it met LDR standards)
would be counterproductive since it
would be a disincentive to the cleanup
activities. The Agency believes that the
temporary existence of a controlled
activity using a remediation pile would
be preferable to the continuing,
unmanaged presence of contaminated
media, and the resulting threat against
human health and the environment, for
an indefinite period of time. In
endorsing the idea ofremediation piles,
the Agency is in no way authorizing the
indefinite operation of the piles, or the
use of them for permanent disposal. The
obligatory, temporary nature of
remediation piles is the primary
difference between the piles and the
previously used CAMUs.


The design and operating
requirements for remediation piles are
specified in proposed § 264.554.
Although these provisions are being
proposed in § 264.554, remediation
piles could also be approved under
orders, and at interim status facilities.
As explained above, placement of
remediation wastes into a remediation
pile would not trigger RCRA land
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disposal restrictions, because such
placement would not constitute "land
disposal" according to RCRA § 3004(k)'s
definition of land disposal. For a further
discussion of the Agency's position that
would be reasonable to interpret
§ 3004(k) to exclude placement of
remediation wastes into units used
solely for cleanup purposes. (See 58 FR
8658, 8662, (February 16, 1993)). The
unit would also not be subject to
minimum technology requirements
(MTRs) under section 3004(o), since the
pile would not be considered a land
disposal unit subject to those
requirements.


Other types of piles (e.g., piles not
used for cleanup purposes) would
remain subject to the Subpart L
requirements of Parts 264 and 265, and
wastes placed into such piles would be
subject to LDRs. Additionally, the use of
a remediation pile does not allow
remediation wastes to be entirely
exempt from the LDR requirements.
Since remediation piles are temporary
and not intended for disposal, all wastes
being held in remediation piles must
eventually meet LDRs at the time of
their ultimate disposal.


EPA's objective in proposing the
concept of remediation piles in Part 264
rather than in Part 269 with the rest of
the HWIR-media provisions is that the
Agency wishes to encourage remedial
action of contaminated sites by making
the use of these units more widely
available for those cleanups that are not
mandated by RMPs under Part 269, or
include remediation wastes other than
contaminated media.


Remediation piles are intended to
preserve flexibility for decision makers
in situations where site cleanup
involves the temporary storage or
treatment of remediation wastes prior to
disposal. Unlike CAMUs, remediation
piles could not be used for disposal of
wastes; remediation piles would be
required to close by removal of wastes
(i.e., "clean close"), as do tanks,
containers, and other types of hazardous
waste storage and treatment units. As
with the existing CAMU regulations,
remediation piles would have to be
located at the cleanup site, and could
not be used to manage any wastes other
than remediation wastes.


The flexibility that would be provided
by the proposal for remediation piles is
currently available through use of the
CAMU concept; such units would
currently be considered CAMUs for
regulatory purposes, and would be
subject to the requirements of § 264.552.
The net effect of this proposal for
remediation piles would thus be to
preserve the existing flexibility and
regulatory relief from LDRs and MTRs


in situations involving the temporary
placement of remediation wastes in
piles. Although today's Part 269
proposal would provide some relief for
these types of situations (particularly for
below the Bright Line wastes), EPA
believes that remediation piles would be
useful in facilitating cleanups at a large
number of sites.


Because wastes and media volumes,
and the expected duration of cleanup
activities at cleanup sites all vary, EPA
believes that the Director is best able to
determine the site-specific conditions
for the safe and effective operation of a
remediation pile on a site-specific basis.
Therefore, today's proposal for
remediation piles does not prescribe any
specific design or operating standards;
the Director would establish such
requirements on a case-by-case basis,
using the decision factors specified for
Temporary Units. (See § 264.553(c)).


EPA considered a more prescriptive
approach that would have established
certain minimum standards for
remediation piles. For example,
standards for liners could be specified
in the regulation, as could standards for
covers or other methods for controlling
air emissions, and wind and water
dispersal, or other design and operating
standards. Comments are requested as to
whether more national uniformity is
necessary in the design and operation of
remediation piles, or whether such
decisions are more appropriately made
on a site-specific basis. Comments are
also requested as to the types of
minimum standards that should be
applied to remediation piles (assuming
such national standards are necessary),
whether certain time limits or
renewable time limits should be set for
operating such units, and whether
creating this new type of unit would be
necessary at all.


H. Dredged Material Exclusion-§ 261.4


In addition to the media management
requirements discussed above, today's
proposed rule contains a provision to
clarify the relationship of RCRA Subtitle
C to dredged material. Specifically, EPA
today proposes to establish that dredged
material disposed in waters of the
United States in accordance with a
permit issued under section 404 of the
Clean Water Act (CWA) or in ocean
waters in accordance with a permit
issued under section 103 of the Marine
Protection, Research, and Sanctuaries
Act (MPRSA),3 1 would not be subject to
Subtitle C of the Resource Conservation


31 "Permit" also includes the administrative


equivalent, a finding of compliance with the
substantive requirements of the CWA or MPRSA,
for U. S. Army Corps of Engineers' civil works
projects authorized by Congress.


and Recovery Act (RCRA)(§ 261.4(h)).
This approach is authorized under
RCRA section 1006, which calls for the
Agency, in implementing RCRA, to
avoid duplication with other Federal
statutes.


At present, if dredged material
proposed for disposal in the aquatic
environment is contaminated or
suspected of being contaminated, the
potential application of both RCRA
Subtitle C regulations, and dredged
material regulations under CWA or
MPRSA, complicates efficient
assessment and management of
potential environmental impacts.
Today's proposal would eliminate the
potential overlap of RCRA Subtitle C
with the CWA and MPRSA programs by
establishing an integrated regulatory
scheme for dredged material disposal
that ensures an accurate and
environmentally sound evaluation of
any potential impacts to the aquatic
environment.


Dredged Material Regulation Under
CWA and MPRSA


Section 404 of the CWA establishes a
permit program to regulate the discharge
of dredged or fill material into waters of
the United States that is jointly
administered by the U. S. Army Corps
of Engineers (Corps) and EPA. Proposed
discharges must comply with the
environmental criteria provided in 40
CFR Part 230 in order to be authorized.
The EPA and Corps regulations under
section 404 define dredged material as
"material that is excavated or dredged
from waters of the United States."
Dredged material can be mechanically
or hydraulically dredged, and disposed
of by barges or pipelines into river
channels, lakes, and estuaries. Today's
proposal does not address "fill
material," such as that discharged to
replace portions of the waters of the
United States with dry land.


In addition to such discharges as open
water disposal from a barge, the section
404 regulations specifically identify the
runoff or return flow from a contained
land or water disposal area into waters
of the United States as a discharge of
dredged material. In most cases, this
type of discharge occurs from a weir and
outfall pipe to drain water from a
confined disposal facility (CDF),
including the water entrained with the
solid portion of the dredged material
discharged at the site and from
rainwater runoff. Impacts to uplands, as
well as groundwater, air, and other
endpoints, can be addressed within the
section 404 permitting process as
potential impacts of a discharge of
dredged material into waters of the U.S.
However, in those cases where upland-
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disposed dredged material has no return
flow to waters of the United States, as
defined by section 404, the dredged
material is not regulated under the
CWA, and therefore may be subject to
RCRA Subtitle C, even under today's
proposed regulatory revision.


The MPRSA regulates the
transportation of material, including
dredged material, that will be dumped
into ocean waters. Section 102 of the
MPRSA requires that EPA, in
consultation with the Corps, develop
environmental criteria for reviewing and
evaluating applications for ocean
dumping permits. Section 103 of the
MPRSA assigns to the Corps the
responsibility for authorizing the ocean
dumping of dredged material, subject to
EPA review and concurrence. In
evaluating proposed ocean dumping
activities, the Corps is required to
determine whether such proposals
comply with EPA's ocean dumping
criteria (40 CFR Parts 220-228).


Dredged Material Regulation Under
RCRA


RCRA (42 U.S.C. 6901 et seq.)
regulates the assessment, cleanup, and
disposal of solid and hazardous wastes
under Subtitles D and C, respectively. A
solid waste is considered hazardous for
regulatory purposes if it is listed as
hazardous in RCRA regulations or
exhibits any of four hazardous waste
characteristics: ignitability, corrosivity,
reactivity, or toxicity. Dredged material
could trigger RCRA's Subtitle C
requirements by exhibiting any of the
four characteristics or by containing a
listed hazardous waste.


EPA regulations at 40 CFR Parts 270
and 124 set forth application
requirements and procedures for issuing
RCRA hazardous waste permits under
RCRA Subtitle C. In developing a
permit, the permitting authority
considers the potential pathways of
human and ecological exposures to
hazardous wastes resulting from
releases at the unit, and the potential
magnitude and nature of those
exposures. Permit conditions are
established as necessary to achieve
compliance with the standards and
restrictions set forth in Parts 264 and
266 through 268 (and proposed 269) (or
the authorized State program). In
addition, RCRA section 3005(c)(3)
authorizes the permit writer, on a site-
specific basis, to add conditions to a
permit that go beyond the applicable
regulations where such additional
requirements are necessary to protect
human health and the environment (42
U.S.C. § 6925(c)(3)).


The specific requirements of RCRA
Subtitle C that would otherwise apply to


the disposal of dredged materials in the
aquatic environment would differ
depending on whether these activities
were considered to be acts of "land
disposal" as defined in RCRA § 3004(k).
If considered to be "land disposal," a
more extensive set of requirements
under RCRA Subtitle C would apply,
including land disposal restrictions
treatment standards (§ 3004(m)) and
minimum technology requirements
(§ 3004(o)).


Clarification of Regulatory Jurisdiction


EPA proposes to revise the RCRA
regulations to provide that the discharge
of dredged material to waters of the
United States pursuant to a permit
under section 404 of the CWA or to
ocean waters pursuant to a permit under
section 103 of the MPRSA would not be
subject to RCRA Subtitle C
requirements. Specifically, 40 CFR
261.4, which lists exclusions from the
hazardous waste provisions of RCRA,
would be amended by adding dredged
material discharges covered by CWA or
MPRSA permits (or authorized
administratively in the case of Corps
civil works projects) to the list of
exclusions.


This proposal would exclude dredged
material disposal only from the
requirements of Subtitle C, and would
not exclude it from the requirements of
Subtitle D. This exclusion would not
diminish the authority of the
Administrator to take action under
section 7003 of RCRA to address
situations of imminent hazard to human
health or the environment. As noted
above, upland disposal of dredged
material with no return flow to waters
of the United States (i.e., not regulated
under section 404 of CWA) would not
be subject to the exclusion, and
therefore would still be subject to the
requirements of RCRA Subtitle C as
appropriate. Finally, management of
dredged material not disposed of in
waters of the United States in
accordance with a permit issued under
section 404 of the Clean Water Act
(CWA), or not disposed of in ocean
waters in accordance with a permit
issued under section 103 of the Marine
Protection, Research, and Sanctuaries
Act (MPRSA), (e.g., dredged material
managed for purposes of cleanup under
RCRA corrective action or CERCLA),
would not be eligible for this exclusion,
and therefore, could be subject to RCRA
Subtitle C requirements.


Today's proposed rule would
establish an integrated approach to the
regulation of dredged material disposal
that would avoid duplicative regulatory
processes, while ensuring an accurate,
appropriate, and environmentally sound


evaluation of potential impacts to the
aquatic environment. This approach is
authorized under section 1006(b) of
RCRA, which states that "the
Administrator * * * shall avoid
duplication, to the maximum extent
practicable, with the appropriate
provisions of * * * the Federal Water
Pollution Control Act (CWA), * * * the
Marine Protection, Research and
Sanctuaries Act, * * *, and such other
Acts of Congress as grant regulatory
authority to the Administrator." Section
1006(b) of RCRA calls for the provisions
of RCRA to be integrated with other
statutes, including the CWA and the
MPRSA, to avoid duplication when
such integration "can be done in a
manner consistent with the goals and
policies expressed" in RCRA and the
other Acts.


The Agency believes that the CWA
and MPRSA programs described above
fully protect human health and the
environment from the consequences of
dredged materials disposal. These
programs incorporate appropriate
biological and chemical assessments to
evaluate potential impacts on water
column and benthic organisms, and the
potential for human health impacts
caused by food chain transfer of
contaminants. They also make available
appropriate control measures for
addressing contamination in each of the
relevant pathways. These programs are
more fully described in support
documents that are included in the
record for this proposal and are
available in the docket for today's
proposed rule.


The Agency believes that RCRA
Subtitle C coverage of dredged materials
disposal in the aquatic environment,
whether or not this disposal is
considered to be "land disposal" under
RCRA, is duplicative and unnecessary
when considered alongside the CWA
and MPRSA coverage of these activities.
The overriding goal of each of the three
statutory programs is to protect human
health and the environment, and the
CWA and MPRSA programs fully
achieve this goal by addressing the
proposed aquatic disposal of dredged
material.


Moreover, applying the RCRA Subtitle
C program together with the CWA and
MPRSA permitting programs might be
unduly burdensome and cause
unnecessary procedural difficulties-
e.g., by requiring duplicate permit
applications and procedures. It is also
possible that the duplicative nature of
the programs could in fact increase
environmental risks by causing delays
in proper disposal. The Agency believes
that today's proposal, which would
divide coverage, would therefore be
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appropriate and consistent with the
goals and policies in each of these
statutes. Accordingly, under RCRA
§ 1006(b), today's regulatory proposal
would be an appropriate way to
integrate the CWA and MPRSA
permitting schemes with the RCRA
Subtitle C program.


VI. Alternative Approaches to HWIR-
media Regulations


EPA believes that the specific
regulatory proposal that is presented in
today's proposed rule is consistent with
the objectives that EPA and the States
had in mind for the HWIR-media rule.
Those objectives are discussed in
section III of this preamble. However,
alternative approaches may offer
significant advantages as well as
disadvantages compared to today's
proposed rule; some might be quite
different from the proposal. EPA will
continue to examine such alternatives,
and invites commenters to address these
fundamental issues in addition to
providing comments on the specifics of
the rule as proposed.


As explained previously in this
preamble, today's proposed rule was
created expressly to reflect the concepts
and directions identified in the
"Harmonized Approach" developed by
the FACA Committee. Thus, although a
number of alternatives were identified
and considered by EPA and other
parties throughout the process of
developing this proposal, adhering to
the Harmonized Approach in many
cases precluded certain alternative
concepts from being included. In
addition, not all controversial issues
were resolved by the FACA Committee.
In fact, some issues central to the
framework of today's proposed rule
provoked strong disagreement. The
Agency specifically requests comments
on alternatives in the areas where
agreement was not reached.


In EPA's view, a critical element both
within the proposal and in the other
alternatives identified in the preamble
(e.g., the Unitary Approach) is the
rationale used for exempting wastes
from Subtitle C. Under today's proposed
rule, implementing agencies would be
able to allow lower-risk contaminated
media to generally exit the Subtitle C
system based on the contained-in
principle (i.e., Subtitle C doesn't apply
if EPA or a State determines that a
medium doesn't contain wastes that
present a hazard (hazardous wastes)
based on site-specific circumstances or
controls in a RMP). The legal theory
supporting "conditional exclusions" is
broader than the contained-in theory,
and need not be limited to contaminated
media. The "conditional exclusion"


theory is based upon EPA's
understanding that RCRA provides EPA
and the States the discretion to
determine that a waste need not be
defined as "hazardous" where
restrictions are placed on management
such that no improper management
could occur that might threaten human
health or the environment. (See
definition of hazardous waste at RCRA
section 1004(5)(B)). The HWIR-waste
proposal included a full discussion of
the legal basis for this position (60 FR
66344-469, Dec. 21, 1995). This theory
is also discussed in section (V)(A)(4)(a).
For the sake of clarity, it is repeated
below.


EPA's original approach to
determining whether a waste should be
listed as hazardous focused on the
inherent chemical composition of the
waste and assumed that
mismanagement would occur causing
people or organisms to come into
contact with the waste's constituents.
(See 45 FR 33113, (May 19, 1980)).
Based on more than a decade of
experience with waste management,
EPA believes that it is inappropriate to
assume that worst-case mismanagement
will occur. Moreover, EPA does not
believe that worst-case assumptions are
compelled by statute.


In recent hazardous waste listing
decisions, EPA identified some likely
"mismanagement" scenarios that are
reasonable for almost all wastewaters or
non-wastewaters, and looked hard at
available data to determine if any of
these are unlikely for the specific wastes
being considered, or if other scenarios
are likely, given available information
about current waste management
practices. (See the Carbamates Listing
Determination (60 FR 7824, (February 9,
1995)) and the Dyes and Pigments
Proposed Listing Determination (59 FR
66072, (December 22, 1994)). Further
extending this logic, EPA believes that
when a mismanagement scenario is not
likely, or has been adequately addressed
by other programs, the Agency need not
consider the risk from that scenario in
deciding whether to classify the waste
as hazardous.


EPA believes that the definition of
"hazardous waste" in RCRA section
1004(5) permits this approach to
hazardous waste classification. Section
1004(5)(B) defines as "hazardous" any
waste that may present a substantial
present or potential hazard to human
health or the environment "when
improperly * * * managed." EPA reads
this provision to allow it to determine
the circumstances under which a waste
may present a hazard and to regulate the
waste only when those conditions
occur. Support for this reading can be


found by contrasting section 1004(5)(B)
with section 1004(5)(A), which defines
certain inherently dangerous wastes as
"hazardous" no matter how they are
managed. The legislative history of
Subtitle C of RCRA also appears to
support this interpretation, stating that
"the basic thrust of this hazardous waste
title is to identify what wastes are
hazardous in what quantities, qualities,
and concentrations, and the methods of
disposal which may make such wastes
hazardous." H.Rep. No. 94-1491, 94th
Cong., 2d Sess. 6 (1976), reprinted in "A
Legislative History of the Solid Waste
Disposal Act, as Amended,"
Congressional Research Service, Vol. 1,
567 (1991) (emphasis added).


EPA also believes that section 3001
gives it flexibility in order to consider
the need to regulate as hazardous those
wastes that are not managed in an
unsafe manner (section 3001 requires
that EPA decide, in determining
whether to list or otherwise identify a
waste as hazardous waste, whether a
waste "should" be subject to the
requirements of Subtitle C.) EPA's
existing regulatory standards for listing
hazardous wastes reflect that flexibility
by allowing specific consideration of a
waste's potential for mismanagement.
(See § 261.11(a)(3) (incorporating the
language of RCRA section 1004(5)(B))
and § 261.1 1(c)(3)(vii) (requiring EPA to
consider plausible types of
mismanagement)). Where
mismanagement of a waste is
implausible, the listing regulations do
not require EPA to classify a waste as
hazardous, based on that
mismanagement scenario.


The Agency believes, therefore, that it
may be appropriate for EPA and the
States to consider site-specific
management controls when making
decisions that media and remediation
wastes, managed pursuant to a RMP or
RAP under the various alternatives to
today's proposed rule, are exempt from
Subtitle C. EPA believes that this
approach may be especially appropriate
in the Part 269 context, because of the
significant level of oversight generally
given to cleanup actions. State or EPA
oversight of cleanup activities, and the
requirements set out in the RMP for
management controls that are tailored to
site-specific circumstances, could
ensure that the site-specific
management controls that the Director
used as a basis for the "conditional
exclusion" decision would continue to
be implemented. EPA or States could
specify that media exempted under
"conditional exclusions" would only be
considered nonhazardous so long as
they were managed in the manner
specified by the Director in the RAP or
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RMP. Deviations (any, or specific ones)
would result in a reversion to Subtitle
C regulation.


Using this legal theory could have
several advantages in the context of an
HWIR-media rule. For one, allowing all
contaminated media or remediation
wastes to exit from Subtitle C could
avoid many of the complexities that
come with regulation within the
hazardous waste regulatory system.
Overseeing agencies would have much
more flexibility to prescribe inclusive,
site-wide solutions for contaminated
media, rather than a limited series of
separate approaches. In particular, more
types of cleanup wastes, such as old
sludges, could be covered under the
HWIR-media system. This would
provide significantly greater relief,
because many corrective actions address
old wastes as well as contaminated
media.


Under the proposed rule, it would be
entirely possible that cleanup wastes at
the same site could be subject to as
many as three different sets of
regulatory requirements (for example,
"base" Subtitle C regulations for non-
media, modified Subtitle C regulations
for media above the Bright Line, and
site-specific requirements for media
below the Bright Line). Using a
conditional exclusion theory without
dividing remediation wastes and media,
and without dividing media above and
below the bright line, could allow all
cleanup wastes at a site to be covered
under a single regulatory regime that
would be more straightforward to
implement, and easier to comply with
and understand.


A specific alternative, introduced
earlier in this proposal, called the
Unitary Approach, would take a
different approach on a number of key
elements from the proposed approach.
The following sections present detailed
discussions of (1) the Unitary Approach,
(2) a hybrid conditional exclusion
approach which would combine
elements of both the Unitary Approach
and the proposed approach and, (3)
some of the key elements of these
several alternatives that deserve careful
consideration.


A. The Unitary Approach


1. Overview of Unitary Approach


Under the Unitary Approach
suggested by Industry (see letter from
James R. Roewer, USWAG Program
Manager, Utilities Solid Waste
Activities Group, to Michael Shapiro,
Director, Office of Solid Waste, EPA
(September 15, 1995) in the docket to
today's proposal) and discussed
previously in section IV of this


preamble, management of remediation
wastes would proceed according to
requirements set forth in an enforceable
remedial action plan (RAP) approved by
EPA or an authorized State. The RAP
could be part of another document, for
example, a CERCLA ROD, corrective
action RFI workplan, etc. The non-RAP
portions of the document might deal
with other aspects of the investigation
and cleanup not addressed in this
proposed rule, such as the cleanup goals
to be achieved, the extent of materials
to be excavated during the cleanup, or
the scope of the pre-cleanup
investigation. This would be intended to
avoid duplication and overlap with
existing cleanup program requirements,
while assuring that the RAP adequately
described how remediation wastes will
be managed protectively. In that
manner, the RAP would be similar to
the RMP in today's proposed rule.


More than one RAP might be used
during the course of a remediation. For
example, one document might govern
management of wastes from the
investigation or pilot study phase, while
another might be employed for the
remediation phase. A RAP might also be
prepared and submitted for approval to
allow subsequent management as
remediation wastes, of materials that
were originally produced as "hazardous
wastes" during remediation and that
had previously been staged as such, for
example, drill cuttings or produced
ground water.


Remediation wastes that would
otherwise be hazardous wastes would
not be subject to regulation as hazardous
wastes when managed in accordance
with an approved RAP. All hazardous
remediation wastes managed during the
cleanup, including during the
investigation phases, would be eligible
for management under a RAP. This is
consistent with today's proposed
approach for RMPs.


Management standards for the
remediation wastes would be set forth
in the approved RAP. The management
standards would be tailored to be
protective of human health and the
environment, as determined by the
overseeing Agency. EPA or the
authorized State could employ such
standards as it deemed appropriate for
the specific remediation wastes
involved, the location where the
remediation wastes would be managed,
and the site-specific risk posed by the
contemplated management approach.
For example, the substantive standards
of the RCRA containment building
regulations might be suitable in a given
situation, or local ground water
considerations might make it advisable
for particular treatment tanks to have


secondary containment. In setting the
standards for a given RAP, the
overseeing agency could turn to existing
State or federal standards or
remediation waste management practice
or experience appropriate for the wastes
as managed during the remedial
activities contemplated by the RAP.


The RAP would have to describe how
the wastes to be managed under it
would be aggregated and stored, both
on-site, and if applicable, off-site. The
nature and effectiveness of any
treatment methodologies to be used
would need to be described as well. The
specific method and location for
disposal of any wastes or treatment
residuals that would otherwise be
required to be managed as hazardous
waste would also be addressed. Of
course, the option of simply managing
a particular remediation waste as a
hazardous waste would remain
available and, in such an instance, that
aspect of remediation waste
management would not be addressed in
the RAP subject to review and approval
pursuant to this Part.


In the Unitary Approach proposed by
industry, RCRA treatment requirements
and the land disposal restrictions would
not apply to remediation wastes, and
there would be no Bright Line concept
ensuring that higher-concern wastes
were managed under Subtitle C-like
standards. EPA and overseeing States
would have the authority to prescribe in
RAPs whatever management and
treatment standards they deemed
appropriate; the only specific regulatory
standard would be that remedies be
protective of human health and the
environment. EPA recognizes that this
approach would give program
implementers much needed flexibility
in overseeing cleanups. In its economic
analysis supporting today's rulemaking
(discussed later in this preamble), EPA
assumed that the costs of waste
treatment would be comparable under
both the proposed and the Unitary
approaches, because the overseeing
agencies in both cases would generally
require some level of treatment where a
remedy involved management of highly
contaminated waste. EPA acknowledges
that the specific language of the Unitary
Approach, as proposed by industry,
does not provide guidance on when
treatment might be needed. EPA solicits
comments on whether the Unitary
Approach (if adopted) should include
specific direction in this area, and what
language might be appropriate. One
approach would be to include a Bright
Line with a presumption for treatment
of wastes above the Bright Line. This
approach, however, would raise the
implementation difficulties discussed
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elsewhere. Another approach would be
to capture the same intent through more
general and flexible regulatory language.
For example, the rule might specify that
the overseeing agency consider, and as
appropriate require, waste treatment
before land disposal, where the
remediation waste might present a
substantial risk, either because of high
concentrations of hazardous
constituents or because it could not be
contained reliably over time. This
language would not prescribe a specific
approach in any given situation, but it
would ensure that treatment was
seriously considered where wastes
presented significant risks and effective
treatment was available.


2. Legal Authority for the Unitary
Approach


As discussed above (introduction to
section VI), EPA believes that RCRA
provides the Agency with the discretion
to determine that wastes should not be
defined as "hazardous" when
mismanagement of the waste is not
likely.


If EPA were to finalize a rule similar
to the one suggested in the Unitary
Approach, which is based upon a
"conditional exclusion" or "conditional
exemption" theory, the Agency would
base the finding that mismanagement of
the covered wastes and media is
unlikely on the Agency's belief that
States that are authorized for the HWIR-
media program will set appropriate
management standards, and provide an
appropriate level of oversight of
remedial actions, so as to ensure that
such wastes are managed protectively.
Specifically, EPA's conclusion that
mismanagement is not likely would be
based primarily on the rule's provisions
for prior State program approval, public
notice and comment on all RAPs, and
"streamlined" State program
withdrawal where a State is found not
to be operating its HWIR-media program
in a protective manner.


The Agency requests comment on
whether this conclusion would be
appropriate.


3. LDRs Under the Unitary Approach


Earlier in today's proposal, EPA
discussed the applicability of the land
disposal restrictions (LDRs) to
contaminated media and requested
comments on alternatives to the
approach to the LDRs taken today.
Under the Unitary Approach,
remediation wastes (including
contaminated media) addressed in a
RAP would, as a general matter, be
excluded from all RCRA Subtitle C
requirements, including LDRs. The
proponents of the Unitary Approach


have not put forth a legal rationale to
explain why LDRs would not continue
to apply to hazardous wastes that are
determined not to be hazardous after
their point of generation. As was
discussed in section (V)(A)(4) of this
preamble, following the logic of the
court in Chemical Waste Management v.
EPA, 976 F.2d 2 (D.C. Cir. 1992),
elimination of a waste's "hazard"
designation does not necessarily
eliminate LDR obligations. Thus, for
wastes that have entered the Subtitle C
system, and for which LDRs have
attached, a finding that such wastes are
conditionally exempt from RCRA may
not eliminate LDR obligations.


If EPA were to promulgate a program
modeled after the Unitary Approach, the
Agency would likely address the
residual LDR issue by applying the
"new treatability group" approach to
LDRs [instead of the approach proposed
today]. As discussed earlier, changes in
treatability group can result when the
properties of a waste that affect
treatment performance change enough
so that the waste is no longer considered
similar to the wastes EPA evaluated
when it established the applicable LDR
treatment standards. Each change in
treatability group is a new point of
generation for purposes of determining
whether a waste is hazardous under
RCRA Subtitle C. Therefore, if
contaminated media were, by definition,
considered a new treatability group
under the LDR program, and, as
discussed in the Unitary Approach,
media addressed in a RAP is, by
definition, not considered hazardous
waste, media addressed in a RAP would
not be subject to the LDR treatment
standards. This would typically remove
contaminated media addressed in a RAP
from the duty to comply with the LDR
requirements.


3 2


For remediation wastes other than
media, as long as the wastes were not
prohibited from land disposal when first
placed (i.e., when first land disposed),
the land disposal restrictions do not
attach unless these wastes are still
considered hazardous when they are
removed from the land. Therefore, if,
due to issuance of a RAP, such wastes
were determined to be non-hazardous
before they were removed from the land,
the land disposal restrictions would not
apply. This approach would remove
most non-media remediation wastes


32 The exception would be media that are still


considered hazardous (e.g., because a RAP has not
been issued) when removed from the land. In this
case, the applicable LDRs would attach and the
media would have to attain compliance with the
standards of RCRA section 3004(m) even if it were
later made subject to a RAP and therefore
determined to no longer be hazardous.


addressed in a RAP from the duty to
comply with LDR requirements.


33


As discussed above, EPA has
struggled with the application of LDR
requirements in developing today's
proposal. The Agency requests
comments on alternative approaches to
the LDR requirements which would
support a program modeled after the
Unitary Approach consistent with the
requirements of RCRA section 3004(m).
For example, since a program modeled
after the Unitary Approach would not
automatically release all remediation
wastes from the duty to comply with the
LDRs, should the Agency concurrently
promulgate the other approaches to the
LDRs proposed today?


4. The RAP Process Under the Unitary
Approach


To initiate the RAP process, the
owner or operator of a facility at which
the remediation would be conducted,
would submit the proposed RAP to the
Director. Upon receipt of the RAP, the
Director would give public notice via
local newspapers of the availability of
the RAP and the opening of a minimum
thirty-day comment period. If
significant written opposition that also
requested a hearing on the RAP were
received during the comment period, an
informal hearing might be held at a
location in the vicinity of the facility at
which the remediation would be
conducted. Fifteen days advance notice
of the hearing would have to be given.
Not later than thirty days after the close
of the public comment period or the
conclusion of any informal hearing,
whichever were later, the Director
would have to inform the applicant in
writing of whether the RAP satisfied the
appropriate criteria. In the case of a
denial, the Director must include a
written statement of the reasons for
denial. The Director's decision would be
final Agency action for purposes of
judicial review.


Major modifications and terminations
of RAPs would follow the same
procedures. The Director could
terminate the RAP for cause at any time.
A "for cause" event could include
noncompliance with RAP provisions,
failure of a remediation waste treatment
methodology to perform as expected, or
some unexpected negative impact of a
treatment technology, for example.


33 The exception would be non-media hazardous
remediation wastes (e.g., sludges, hazardous debris)
which were first land-disposed (placed) after the
effective date of the applicable land disposal
prohibition.
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5. State Authorization for the Unitary
Approach


The Unitary Approach presented a
proposal for State Authorization which
was based on self-certification by States.
EPA is not soliciting comment on this
aspect of the Unitary Approach as
proposed by Industry, because the
Agency believes that there are statutory
limitations to authorizing States by self-
certification. If the Agency were to
finalize the Unitary Approach, EPA
would likely authorize States according
to the process described in section
(V)(E) of this proposal. EPA would
adjust the essential elements described
in that section in order to reflect the
essential elements of the Unitary
Approach, as opposed to today's
proposed approach.


6. Enforcement Authorities Under the
Unitary Approach


As with the proposed approach, EPA
would retain its remedial and
enforcement authorities with respect to
solid wastes and hazardous substances
that are not hazardous wastes (e.g.,
section 7003 of RCRA and sections 104
and 106 of CERCLA). Furthermore, EPA
would have authority to revoke a State's
authorization for this program without
revoking any other Subtitle C program
authorization held by the State, in
which case EPA would then oversee
completion of any ongoing activities
under RAPs previously approved by the
State in question. In any instance where
a remediation waste was not managed in
accordance with the approved RAP an
appropriate enforcement response could
be initiated by the authorized State, or
if the State was dilatory in that respect,
by EPA. (As in the proposed approach,
remediation wastes that were managed
out of compliance with the RAP could
lose their exemption from Subtitle C.)


7. State Jurisdiction Under the Unitary
Approach


Once a State has obtained
authorization for this program, it would
have authority to issue and oversee the
contents and implementation of RAPs.
Of course, that authority would extend
only to management of remediation
wastes within the authorized State. A
State's authority with regard to RAP
approval, however, would not run to
wastes that would be managed in full
accord with otherwise applicable
hazardous waste management
requirements. In other words, in the
same way as in the proposed approach,
if the owner or operator elected to
manage hazardous wastes produced
during remediation in full accord with
otherwise applicable hazardous waste


management requirements, there would
simply be no need to seek redundant
approval for such activities by means of
RAP submission.


Of course, a State's authority would
not extend beyond its borders.
Accordingly, if an entity managing
remediation wastes wished to manage
remediation wastes in a RAP in a State
other than that in which the
remediation would be conducted, it
would be required to get approval from
the other State for that portion of the
RAP addressing management in that
other State. If the entity managing the
remediation wastes wished to manage
them in accordance with the otherwise
applicable hazardous waste
management requirements of the other
State, no RAP approval would be
necessary from that State for those
activities. (In this respect, the Unitary
Approach is similar to today's proposed
approach).


As described above, all remediation
wastes (including contaminated media,
debris and non-media wastes) would be
eligible for management under a RAP.
Remediation waste might be defined,
consistent with § 260.10, as "all solid
and hazardous wastes, and all media
(including groundwater, surface water,
soils and sediments) and debris, which
contain listed hazardous wastes or
which themselves exhibit a hazardous
characteristic, that are managed for the
purpose of implementing cleanup. For a
given facility or media remediation site,
remediation wastes may originate only
from within the facility or site
boundary, but may include waste
managed in implementing RCRA
sections 3004(v) or 3008(h) for releases
beyond the facility boundary." This
Unitary Approach would not have a
Bright Line. Nor would this approach
use a contained-in theory, but rather a
conditional exclusion theory for
excluding remediation wastes from the
definition of hazardous wastes under
Subtitle C.


The Agency requests comments on
the approach outlined above. In
particular, the Agency requests
comments on whether the Unitary
Approach should be adopted as
described, or whether some
combination of the several approaches
discussed in today's preamble would be
more appropriate.


B. Hybrid Approach


The Unitary Approach (discussed
above) as an alternative to today's
proposed rule would use a conditional
exclusion theory to exempt all
remediation wastes from Subtitle C
regulation (except, in some cases,
LDRs).


A more limited use of a conditional
exemption for the HWIR-media rule
would be compatible with (i.e., would
not preclude) most of today's proposed
rule. There are, in fact, a variety of ways
in which one might combine important
features of today's proposed rule with
the Unitary Approach. For example, the
rule could retain a Bright Line provision
to distinguish between higher-risk and
lower-risk media and wastes. Under this
kind of an alternative, wastes above
Bright Line concentrations could remain
subject to modified Subtitle C
requirements, similar to the approach
proposed today. Another option would
be to have all above and below the
Bright Line wastes and media exempt
from Subtitle C, but subject to different
alternative management requirements.
Either way, the rule could prescribe
alternative management standards that
might be very similar to "base" Subtitle
C standards, or to the modified LDR
standards specified in the proposal for
above the Bright Line media.


The Agency also notes that a
conditional exclusion approach could
be implemented either on a national or
site-specific basis. Specifically, as is
urged by industry supporting the
Unitary Approach, the Agency could
make a generic determination that any
remediation wastes managed according
to a RAP that is issued by an approved
program (subject to appropriate public
participation requirements) would not
be considered a hazardous waste under
the RCRA program. Alternatively, the
rule could leave that decision up to the
overseeing agency on a site-specific
basis, thus requiring the regulator
explicitly to make the determination
that, because of the management
conditions imposed, all or some part of
the media and wastes at the site do not
present a "hazard" and thus should not
be considered "hazardous" wastes. The
Agency requests comment on which
approach would be appropriate for
implementing an HWIR-media rule
based on a conditional exclusion theory.


For purposes of illustration, one such
approach could use a conditional
exclusion to exempt all remediation
wastes below a Bright Line from Subtitle
C. (This approach is presented as the
hybrid contingent management option
in Table 1.) Under this approach, the
rule would define a Bright Line, either
as constituent concentrations, or
qualitatively. Then, the rule could
specify that if EPA or an authorized
State determined that remediation
wastes were below a Bright Line at a
specific site, and site-specific
management requirements were written
into a RAP or RMP, then those
remediation wastes would be exempt
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from Subtitle C so long as they were
managed in accordance with the
provisions of the RAP/RMP. In this type
of a HWIR-media program, LDRs would
be required for remediation wastes
where LDR attached. (See (V)(C)). Also,
a RMP for remediation wastes that were
above the Bright Line would have to be
the equivalent of a RCRA permit,
because those remediation wastes
would be subject to Subtitle C.


This hybrid option could have several
advantages over the approach proposed
today. This option would not set
requirements for contaminated media
that are different than those for other
remediation wastes, which could
simplify remedy decisions at cleanup
sites. Also this option would eliminate
the uncertainty of whether remediation


wastes below the Bright Line would be
subject to Subtitle C. The proposed
approach allows the overseeing Agency
to determine whether contaminated
media below the Bright Line should be
exempted from Subtitle C or not. Under
this alternative option, remediation
wastes below the Bright Line would be
exempt from Subtitle C as long as they
were managed in accordance with the
RAP or RMP. Also, RAPs for wastes
below the Bright Line could be simpler
because they would not have to meet all
the procedural requirements for RCRA
permits.


The Agency requests comments on
this alternative approach, and on other
alternatives that could be adopted to
exempt remediation wastes, as
appropriate, from Subtitle C regulation.


In doing so, the Agency is particularly
interested in comments on the key
elements of an HWIR-media rule
discussed in the following section.


C. Key Elements of an HWIR-media Rule


EPA believes that many of the key
elements of the different options and
alternatives presented in this proposal
could be combined in different ways to
construct an effective HWIR-media
program. The following is a discussion
of those key elements, and a table
illustrating three different combinations
of the key elements. This table is
intended to facilitate comparison of
options. EPA requests comments on the
combinations of key elements as
presented, or on other combinations.


TABLE 1


Key elements Proposed option Hybrid contingent management option Unitary approach


Legal Theory .......... Contained-in ......................................... Conditional Exclusion for below the Conditional Exclusion.
Bright Line.


Scope ..................... M edia only ............................................ All rem ediation w astes ......................... All rem ediation w astes.
Bright Line .............. Bright Line-10 -3 and Hazard index of Bright Line (a) (for media) same as No Bright Line.


10. proposal, or (b) qualitative Bright
Line*.


Hazardous vs. Non- All media above Bright Line are sub- All remediation wastes above Bright All remediation wastes managed ac-
hazardous. ject to Subtitle C; below is site-spe- Line are subject to Subtitle C; below cording to RAP or RMP are not haz-


cific decision. (when managed according to RAP ardous.
or RMP) are not hazardous.


LDRs ...................... LDRs required for media where LDRs LDRs required for wastes where LDRs LDRs required for wastes where LDRs
attaches**. attaches**. attaches***.


Permitting ............... RMP serves as RCRA permit for RMP serves as RCRA permit for No requirement that RAP/RMP serve
media that remain subject to Subtitle wastes that are above the Bright as RCRA permit, since wastes are
C. Line; for wastes below the Bright not subject to Subtitle C.


Line, RMP does not have to serve
as RCRA permit.


*See discussion of qualitative Bright Line below.
** See discussion of applicability of LDRs in section (V)(C).
***See discussion of alternative option for LDR applicability in section (Vl)(A)(3).


1. Scope of the Rule (Regarding Non-
media Remediation Wastes)


The proposed rule would apply only
to contaminated media. Therefore, as
discussed in section (V)(A)(2) of this
preamble, hazardous cleanup wastes
that are not media (such as sludges or
other wastes that have not been mixed
with soils or ground water), would only
be eligible under the proposal for the
limited regulatory relief provided by the
provisions allowing management in
remediation piles and through
remediation management plans.
Otherwise, these remediation wastes
would be subject to existing Subtitle C
requirements.


EPA recognizes that at many sites,
cleanups involve excavating and
managing large volumes of these non-
media remediation waste materials.
Therefore, the HWIR-media proposal is
only a partial solution to the overall


problem of regulating cleanups under
RCRA Subtitle C. The Agency
recognizes that excluding non-media
from the HWIR-media rule coverage
would leave in place many of the
Subtitle C problems that arise in the
course of cleanup. This issue was the
subject of much discussion during the
HWIR FACA process. As discussed
above, today's proposed approach for
resolution of this issue is linked to the
contained-in theory that is used for
exempting wastes from Subtitle C
jurisdiction. Since the contained-in
theory only applies to media that
"contain" or do not "contain"
hazardous wastes, the theory cannot, by
definition, be extended to non-media
wastes. These wastes are regulated
under Subtitle C not because they
"contain" hazardous wastes, but
because they are hazardous wastes.


A conditional exclusion approach,
like the Unitary Approach discussed


above, would not make a distinction
between media and non-media
remediation wastes. All remediation
wastes would be eligible for relief.


Because "pure" remediation wastes
(i.e., those that have not been mixed
with environmental media) are often
similar-if not identical to-the "as
generated" wastes for which the land
disposal restrictions and other Subtitle
C requirements were originally created,
it has been argued that existing LDR and
other requirements are more appropriate
for management of these wastes than the
HWIR-media requirements. To address
this concern for the more concentrated
wastes, the Agency could retain the
concept of the Bright Line, for example,
but determine that all remediation
wastes above the Bright Line would be
subject to the current national Subtitle
C LDR standards, and all remediation
wastes below the Bright Line would be
eligible for a "conditional exclusion"
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from Subtitle C requirements under a
site-specific RAP or RMP. This
alternative would be identical to today's
proposed approach, except that it would
include non-media remediation wastes,
and rely on a conditional exclusion
theory (see discussion below) to exclude
wastes below the Bright Line from
Subtitle C as opposed to the contained-
in theory. The Agency requests
comments on this and any other
alternative approaches for the scope of
today's proposed rule.


Commenters should also review
section (V)(A)(2) of today's preamble
and § 269.2 of today's proposed rule for
a further discussion of the scope of the
proposal, including a discussion of
whether and how contaminated debris
should be included in the rule.


2. The Bright Line


The Bright Line concept originated as
a compromise between those on the
FACA Committee who favored setting
uniform national standards for most, if
not all, contaminated media, and those
who favored a large degree of site-
specific flexibility in the rule. In
essence, the Bright Line serves to
provide certainty that higher-risk media
(if they are land disposed) would be
treated to established national
standards, while overseeing agencies
would have considerable discretion in
prescribing management standards for
lower-risk media. This is conceptually
similar to the "principal threat" concept
that has been used in the Superfund
program for several years ("A Guide to
Principal Threat and Low Level Threat
Wastes" EPA/Superfund Publication:
9380.3-06FS (November 1991) and 40
CFR 300.430(a)).


In any case, distinguishing between
higher- and lower-risk remediation
wastes, and ensuring that the higher-risk
wastes are handled according to certain
minimum standards, has a number of
positive aspects that are consistent with
established Agency policies. However,
reaching consensus on exactly how to
calculate Bright Line concentrations is a
considerable challenge. The Bright Line
concept has something of a
"philosophical lightning rod" among
the various stakeholders.


The Agency has proposed one method
of calculating the Bright Line, but has
analyzed three alternative methods for
calculating the Bright Line in the
"Economic Assessment." The Agency
used the Soil Screening Levels (SSLs)
from Superfund as the basis for
calculating the proposed Bright Line.
The SSLs are set using a residential
exposure scenario. The Agency has
already received comments from
stakeholders that the residential


exposure setting is not an appropriate
basis for calculating the Bright Line at
many remediation sites. The Agency
acknowledges that, by using certain
exposure assumptions in determining
the Bright Line, especially residential
exposure assumptions, the actual risks
posed by remediation wastes at the site
could be, in some circumstances,
significantly lower than the 10 3


implied by the Bright Line. However, as
discussed in section (V)(A)(4) the Bright
Line is not intended to be an indication
of actual risk, but is intended to reflect
relative risks. Nonetheless, it is possible
that setting the Bright Line in this way
could lead to confusion, for example, in
communicating to the public the actual
risks posed by the site, and other similar
problems. The 10 3 level is used to
determine which wastes would
typically receive stringent oversight,
including treatment according to
national treatment standards, but it does
not reflect actual risks at actual sites. An
alternative approach would be to use
industrial land use assumptions in
setting Bright Line levels. At this time,
however, EPA does not believe that
there is enough consensus around a
methodology for non-residential
exposure scenarios (e.g., industrial
exposure scenarios) that could be used
as the basis for a national rulemaking.
The Agency requests suggestions of
widely accepted methodologies for
determining non-residential exposure
scenarios (e.g., industrial exposure
scenarios). The Agency also requests
comments on whether the Bright Line
should be based on different exposure
scenarios (e.g., industrial). If so, how
should the appropriate scenarios for a
site be determined? How should the
methodology for assessing alternative
exposure scenarios be developed or
used? Finally, the Agency has received
comments from stakeholders that 10-3
may be too high of a risk for the Bright
Line. The Agency requests comments on
using alternative risk levels (such as
10-4) to set the Bright Line.


The Agency also requests comment on
the alternative of setting a qualitative
Bright Line. The rule could describe
qualitatively what should constitute
"above the Bright Line" wastes and
"below the Bright Line wastes." The
overseeing agency approving the RMP
or RAP could determine for each
specific site whether wastes were above
or below the Bright Line, and specify
that in the RMP or RAP. For example,
the rule could define "above the Bright
Line wastes" as wastes that have
unusually high concentrations
compared to the rest of the remediation
waste at the site, or wastes that are


highly mobile, or highly toxic. If the
overseeing agency evaluated those
criteria and determined that
remediation wastes at that site met those
criteria, then those wastes would be
required to be managed as "above the
Bright Line wastes." The Agency
requests comments on the merits of
promulgating a qualitative Bright Line.


The combination of the Bright Line
with the contained-in principle was of
particular concern to the States.
Although the Bright Line (as originally
designed by the HWIR FACA
Committee) was supposed to be a
"bright," clear distinction between
media regulated under national
standards and media subject to site-
specific requirements, the Agency (at
the request of the States), decided to
propose the Bright Line not as an
automatic contained-in concentration,
but as an upper limit (or "ceiling") for
contained-in determinations.


The Agency requests comments on
whether the Bright Line concept should
be retained, or whether all contaminated
media (or all remediation wastes)
should be subject to the same set of
standards.


3. RAPs, RMPs, and RCRA Permits


The final key element of an HWIR-
media program is whether the RAP or
RMP must serve as a RCRA permit.
Substantively, RAPs (discussed under
the Unitary Approach) and RMPs
(discussed under the proposed
approach) serve the same purpose, but
they differ in certain procedural
respects. Under the proposed approach,
some contaminated media and
remediation wastes managed under
RMPs would remain subject to Subtitle
C. In those cases, RMPs must serve as
RCRA permits for those wastes and
media. Because all remediation wastes
managed under RAPs under the Unitary
Approach would be exempt from
Subtitle C, RAPs need not serve as
RCRA permits. Therefore, RMPs are
proposed as meeting the minimum
statutory requirements for public
participation for RCRA permits, while
RAPs are discussed as requiring even
more simplified public participation
requirements. Although neither the
proposed approach nor the Unitary
Approach propose to require it, it is
EPA's expectation that in cases of
extensive cleanups or significant on-site
treatment, public participation
procedures under either option would
be more extensive than the statutory
minimum. At the same time, the RAP
approach would allow simplified
procedures for routine responses (for
example, removals) involving low
concentration wastes.
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4. Request for Comments


EPA requests comments on all of
these key elements of an HWIR-media
rule. EPA also requests comments on
different combinations of these
elements, including, but not limited to,
the combinations discussed in this
proposal as the proposed approach, the
Unitary approach and the hybrid option.


VII. Effective Date of Final HWIR-
Media Rule


Regulations promulgated pursuant to
RCRA Subtitle C generally become
effective six months after promulgation.
RCRA section 3010 provides, however,
for an earlier, or immediate, effective
date in three circumstances: (1) Where
the industry regulated by the rule at
issue does not need six months to come
into compliance; (2) the regulation is in
response to an emergency situation; or
(3) for other good cause.


Most of the rule proposed today
would become effective within six
months after promulgation. EPA is
proposing, however, to make the CAMU
rule withdrawal and "grandfathering"
provisions, discussed in section (V)(F)
above, effective upon publication. The
basis for this decision is that the Agency
does not believe that the regulated
community requires six months to come
into compliance with the CAMU
withdrawal. Since all CAMUs approved
at the time of publication of the final
rule are "grandfathered," withdrawal of
the rule would not require any action on
the part of those with approved CAMUs.


The Agency requests comments on
whether it would be appropriate to
make the CAMU withdrawal
immediately effective.


VIII. Regulatory Requirements


A. Assessment of Potential Costs and
Benefits


1. Executive Order 12866


Under Executive Order 12866 (58 FR
51735, October 4, 1993), the Agency
must determine whether this regulatory
action is "significant." Significant
regulatory actions must be assessed in
detail and are subject to full OMB
review under Executive Order 12866
requirements. The order defines
"significant regulatory action" as one
that is likely to result in a rule that may:


(a) Have an annual effect on the
economy of $100 million or more, or
adversely affect in a material way the
economy, a sector of the economy,
productivity, competition, jobs, the
environment, public health or safety, or
State, local, or tribal governments or
communities;


(b) Create a serious inconsistency or
otherwise interfere with an action taken
or planned by another Agency;


(c) Materially alter the budgetary
impact of entitlements, grants, user fees,
or loan programs, or the rights and
obligations of recipients thereof; or


(d) Raise novel legal or policy issues
arising out of legal mandates, the
President's priorities, or the principles
set forth in the Executive Order.


The Agency has determined that
today's proposed rule is a "significant
regulatory action" under part (a) and
possibly part (d) above. These parts are
discussed fully in Executive Order
12866. This proposed rulemaking action
is subject to full OMB review under the
requirements of the Executive Order.
The Agency has prepared an "Economic
Assessment of the Proposed Hazardous
Waste Identification Rule for
Contaminated Media," in support of
today's action. A summary of this
assessment is presented under section 4
below.


2. Background


As discussed in section (V)(A)(4)(a) of
this preamble, the Agency has
determined that media which "contain"
hazardous waste must be managed as
hazardous waste until they no longer
contain such waste. Under this
approach, EPA Regions and authorized
States determine, on a case-by-case
basis, what media "contain" hazardous
waste, and therefore must be managed
as hazardous waste.


RCRA Subtitle C regulatory
requirements may be applied to
contaminated media generated during
several different types of site cleanups,
including CERCLA remedial actions,
State Superfund actions, RCRA
corrective actions, RCRA closures, and
voluntary cleanups. If contaminated
media containing hazardous wastes are
excavated in the process of site cleanup,
they are required to be managed
according to RCRA Subtitle C standards.
These stringent requirements for
excavated media, which often contain
low levels of hazardous waste, have
resulted in site cleanup decisions that
effectively leave in place large volumes
of contaminated media. As discussed in
section (II)(A), EPA and the States have
recognized that there are fundamental
differences in the incentives and
objectives for prevention-orientated
versus cleanup-orientated waste
management programs. Today's
proposal seeks to alleviate many of the
disincentives currently associated with
the application of traditional RCRA
Subtitle C requirements to cleanup
programs.


3. Need for Regulation


Traditional RCRA Subtitle C
management requirements for all
excavated media containing any level of
hazardous waste have resulted in less
than optimal resource allocation. From
a social perspective, too many resources
are required to be devoted to the
management of very low-risk media.
This misallocation restricts availability
of limited resources for use in other
investments, including effective
management of high-risk media and
wastes. In addition, this disconnect
between risk and management
requirements creates disincentives for
cleanup, impedes ongoing cleanup
processes, and restricts the protective
cleanup options available for
consideration by the stakeholders.
These unanticipated market distortions
resulting from traditional RCRA Subtitle
C management requirements for all
excavated media containing any level of
hazardous waste has convinced the
Agency that reform is necessary.
Through many discussions with
stakeholders, particularly State and
Federal cleanup programs, the Agency
has determined that such reforms
should provide meaningful regulatory
structure and guidance designed to
ensure safe management while, at the
same time, providing site-specific
flexibility that will help facilitate
accelerated cleanups around the
country. Particularly, as this proposal
was designed specifically for the
cleanup scenario, EPA believes that it
will be better suited to the situations
encountered at typical cleanup sites
than some of the current regulations
which are more appropriate for as-
generated wastes. Specifically, EPA
believes that reforms presented in
today's proposal will facilitate more
timely and less costly cleanups while
maintaining protection of human health
and the environment.


4. Assessment of Potential Costs and
Benefits


The Agency has prepared an
"Economic Assessment" to accompany
today's proposed rulemaking. This
"Economic Assessment" has been
submitted to the Office of Management
and Budget in accordance with
Executive Order 12866.


a. Description of the HWIR-media
proposal. HWIR-media will address an
important limitation of the current
RCRA Subtitle C program. The Subtitle
C regulatory framework was designed
primarily to ensure the safe cradle-to-
grave management of currently
generated hazardous wastes.
Furthermore, the Subtitle C program
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seeks to prevent releases, minimize
generation, and maximize the legitimate
reuse and recycling of hazardous waste.
Subtitle C regulations contain detailed
procedural and substantive management
requirements that, when applied to the
cleanup of contaminated media, often
create incentives to leave this material
in place or to select remedies that
otherwise minimize the applicability of
RCRA regulations. In addition, the level
of regulation is not always
commensurate with the risks posed by
contaminated media. For example,
media having very low levels of
contamination are often regulated as
hazardous waste under RCRA Subtitle C
as a result of the contained-in policy.


The proposed rule would revise
existing RCRA Subtitle C regulations by
creating a new decision process for
identifying and managing contaminated
media. Under this framework, a set of
hazardous constituent concentration
levels would constitute a "Bright Line"
for separating higher and lower levels of
contaminated media. One Bright Line is
proposed for soil and a second Bright
Line for ground water and surface water.


The proposed rule does not include a
Bright Line for sediments; instead, site-
specific decisions alone would
determine whether sediment contains
hazardous waste. Media that contain
levels of contamination above the Bright
Line would be managed as "hazardous
contaminated media" under revised
Subtitle C standards. Contaminated
media with all constituent
concentrations below the Bright Line
would be eligible for a determination by
the EPA, or authorized State agency
overseeing the cleanup, that the media
do not contain hazardous waste.


Today's proposal would also replace
and withdraw the requirements for
Corrective Action Management Units
(CAMUs), simplify the state
authorization procedures for RCRA
program revisions, and streamline the
permitting requirements for
management of all types of remediation
waste. Furthermore, the proposal would
exempt from RCRA Subtitle C, dredged
material permitted under the Clean
Water Act or the Marine Protection,
Research and Sanctuaries Act (MPRSA).


b. HWIR-media options analyzed.
Executive Order 12866 requires and
assessment of reasonably feasible
alternatives to the proposed regulatory
option. The Agency analyzed several
options for this "Economic
Assessment." These options vary in two
dimensions:


(i) types of rem ediation waste eligible
for exclusion from Subtitle C.34The


options include either:
-Contaminated media only (soils, non-


navigational sediments, ground water,
surface water), or


-All remediation waste (the above
contaminated media plus old waste
and debris); and


(ii) partial or complete exclusion of
such wastes from Subtitle C. The
options include potential exclusion
from Subtitle C regulation of either:


-Media with all constituent
concentrations below a proposed
Bright Line, or


-All media, regardless of the extent of
contamination.


The primary options analyzed are
identified in Exhibit A below.


EXHIBIT A.-PRIMARY OPTIONS ANALYZED


Levels of contamination potentially excluded from subtitle C regulation
Remediation wastes eligible for


exclusion Lower risk Lower and higher risk
(bright line)* (No bright line)


Contaminated Media Only ...................................................... Proposed Bright Line Option (Proposed Conditional Exemption Option.
Rule).


All Remediation W aste ........................................................... Expanded Bright Line Option ................ Expanded Conditional Exemption
I I Option** (Unitary Approach).


*Three other Bright Line options were examined applying alternative Bright Line concentrations. These findings are present in the Appendix to


the full Economic Assessment, located in the RCRA Docket materials for this Action.
** This option is similar to the "Unitary Approach" proposed by industry.
NOTE: The Proposed Option contains no Bright Line for sediments. Only site-specific determination is proposed for the cleanup of contami-


nated sediments.


The Bright Line for contaminated soil
under the proposed and expanded
Bright Line options is defined for
approximately one hundred hazardous
constituents for which EPA has
calculated Soil Screening Levels (SSLs).
These SSLs are based on potential
human health risk and were developed
using risk equations and exposure
assumptions specified in EPA's "Risk
Assessment Guidance for Superfund
(RAGS)." A lifetime cancer risk of 10 6


for carcinogens and a hazard quotient of
one for non-carcinogens was applied to
determine the Soil Screening Levels
(SSLs). The HWIR-media soil Bright


3 4
Although, throughout this analysis, the Agency


characterizes media determined to no longer
contain, or wastes no longer considered hazardous,
to be excluded or otherwise not subject to RCRA
Subtitle C, as discussed in section (V)(C) of this
Preamble, those wastes may nevertheless continue


to be subject to LDRs.


Line levels were derived from the
inhalation and ingestion pathways of
the SSLs, and correspond to an excess
lifetime cancer risk of 10 -3 for
carcinogens and a hazard quotient of 10.


The levels from the inhalation and
ingestion pathways from the Superfund
SSLs are multiplied by 10 if the
constituent is a non-carcinogen, and by
1,000 if the constituent is a carcinogen
to achieve the target risk levels (referred
to as the "risk adjustment"). The Bright
Line concentration is the lower of the
risk-adjusted inhalation or soil
ingestion-based levels. All Bright Line
levels are capped at 10,000 ppm and the


lead Bright Line is set at 4,000 ppm. The
Conditional Exemption Options (base
and expanded) do not rely on Bright
Line constituent contamination levels.
All contaminated media or all
remediation waste would be exempt
from RCRA Subtitle C under these
options. Rather than using the Bright
Line to determine management regimes,
site-specific Remediation Management
Plans would specify the management
standards.


The Agency examined three
alternative Bright Lines for the
"Economic Assessment." The findings
are presented in Appendix C to the full
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"Economic Assessment," which is
located in the docket for this action. The
Bright Line for Alternative One (1)
matches the proposed Bright Line but
includes ground water leachate as an
additional exposure pathway. The
Alternative Two (2) Bright Line is based
upon a compilation of the most
stringent levels combining numbers
from the Multipathway Analysis,
constituent-specific ground water levels,
and Exemption Quantitation Criteria
(EQCs) for constituents without
adequate analytical methods, or for
which exit levels are below detection.
The Alternative Three (3) Bright Line
multiplies Soil Screening Levels for
both carcinogens and non-carcinogens
by 1,000, corresponding to a 10 -3


cancer risk and a hazard quotient of
1,000, respectively. Appendix A of the
full "Economic Assessment" provides
the Bright Line levels for each
constituent for the proposed Bright Line
and the three alternative Bright Lines.
Appendix C of the "Economic
Assessment" discusses the findings for
Alternatives 1, 2, and 3.


c. Data sources and methodology. The
"Economic Assessment" of this
proposed action analyzes the impact of
HWIR-media options on the following
types of remediation wastes: soils,
sediments, ground water, old waste, and
debris. Soils, sediments, and ground
water are analyzed under the
contaminated media only options (see
Exhibit A), while old waste and debris
are included under the all remediation
waste options. Sludges at remediation
sites frequently are found to be mixed
with soil and sediment. These sludges
are generally inseparable and
occasionally indistinguishable from
their host media. Such mixtures are
included in the soil volumes analyzed
under all options. Sludges were also
found to be occasionally classified as
old waste. Sludges identified in this
manner are included in the old waste
volumes examined under the all
remediation waste options. The vast
majority of media-like sludges, however,
are believed to be generated from
operating Subtitle C and Subtitle D
surface impoundments and managed as
hazardous waste. A sensitivity analysis
presented in the Economic Assessment
examines potential cost savings of
applying the proposed Bright Line to
sludges from these facilities. Data and
analytical limitations have prevented an
analysis of surface water impacts under
the HWIR-media options.


The "Economic Assessment" projects
a full range of potential cost savings
from HWIR-media options; it does not
attempt to estimate the actual cost
savings. EPA used this approach


because of the substantial uncertainties
affecting the implementation of HWIR-
media, including (1) the extent of State
adoption of the rule; (2) the impact of
the existing corrective action
management unit (CAMU) rule, which
has been disrupted by litigation; and (3)
the extent of voluntary use of the HWIR-
media flexibility by remediation
decision-makers. To simplify the
analysis, the Economic Assessment first
estimates high-end potential cost
savings by assuming that (1) all States
quickly adopt HWIR-media; (2) the
CAMU rule is ineffective; and (3) less
expensive management methods are
chosen when available under HWIR-
media. Sensitivity analyses are then
developed that address the impacts of
these assumptions, resulting in a broad
range of potential economic impacts.
The Agency recognizes that HWIR-
media may stimulate a certain degree of
accelerated cleanup activity and
corresponding cost impacts immediately
following promulgation but has not
developed a sensitivity analysis for this
potential scenario.


For soil and sediment, EPA's analysis
of potential cost savings of HWIR-media
was conducted in six steps: (1) Develop
an HWIR-media database of a sample of
CERCLA remedial action and RCRA
corrective action contaminated soil and
sediment sites, detailing the amount of
contaminated soil and sediment at each
site and the maximum concentration of
each hazardous constituent in each
volume; (2) develop a basis for
predicting the management technologies
and costs for each site in the database
under both the baseline and the HWIR-
media options; (3) project the methods
and costs of managing contaminated soil
and sediment under the baseline of
current Subtitle C requirements for the
sample of sites in the HWIR-media
database; (4) project the methods and
costs of managing soil and sediment
under the HWIR-media options for the
sites in the database; (5) estimate the
annual volume of soil and sediment to
be remediated at all CERCLA remedial
action, RCRA corrective action, RCRA
closure, State superfund, and voluntary
cleanup sites; and (6) estimate potential
high-end aggregate cost savings by
multiplying the changes in weighted
average management costs under Steps
3 and 4 by the annual volumes from
Step 5.


The Agency compiled a soil and
sediment database using available data
reported in CERCLA Records of
Decision (RODs) signed in Federal fiscal
years 1989 through 1993, the Corrective
Action Regulatory Impact Analysis, and
supporting research. Management
methods were assigned to particular


volumes of contaminated soil and
sediment in the HWIR-media database
based on the type of hazardous
constituents in the contaminated media,
the concentration of these hazardous
constituents, and the volume to be
remediated. The baseline and HWIR-
media contaminated soil and sediment
volumes reflect the amount of
contaminated media planned to be
managed at cleanup sites under current
regulations. This analysis assumes a
baseline site characterization cost that
remains unchanged under HWIR-media.
Beyond this, the HWIR-media analysis
assumes that the unit or general area of
contamination initially identified as
containing constituents above the Bright
Line will incur the cost of additional
sampling and analysis costs. This is
necessary to refine estimates of "hot
spot" volumes and to distinguish
between volumes above and below the
Bright Line at specific sites. These
incremental sampling and analysis costs
are estimated at two dollars per ton for
all soils and sediments. Volumes below
the Bright Line will not incur these new
costs. The Agency has not estimated the
difference in implementation costs
between the Bright Line and Expanded
Bright Line options. The Expanded
Bright Line option may result in lower
incremental implementation costs
because it avoids the need to separately
characterize and manage contaminated
media and other remedial wastes that
are mixed together. Additional sampling
and analysis costs are not incurred for
volume partitioning under the no Bright
Line option.


The media volume and cost estimates
developed in Steps 1 through 4 above
apply to a sample of RCRA and CERCLA
facilities included in the HWIR-media
database. The HWIR-media proposal, as
written, will affect additional soil and
sediment volumes from other actions,
including RCRA closures, State
Superfund sites, and voluntary
cleanups. The baseline rate of
contaminated soil and sediment
generation for all potentially affected
actions is estimated at 8.1 million tons
annually for the period from 1996
through 2000. The results of the HWIR-
media database analysis for the sample
of sites were used to determine the
fraction of annual contaminated soil and
sediment volumes above and below the
Bright Line and corresponding net cost
impacts.


The methodology used to estimate
ground water volumes, costs, and cost
savings differs from the methodology for
contaminated soil and sediment because
of the lack of site-specific data on
volumes of contaminated ground water.
The ground water analysis used data on
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the hazardous constituents present at
actual CERCLA ground water cleanup
sites (contained in the HWIR-media
database) combined with randomly
generated ground water volume
estimates that reflect the national
distribution of contaminated ground
water plume volumes. Cleanup cost data
were based on an analysis using a
modified version of EPA's Cost of
Remedial Action (CORA) Model. For
estimating potential ground water
cleanup cost savings under HWIR-
media, EPA developed a methodology
consisting of two major components: (1)
A Monte Carlo simulation that generates
hypothetical sites and estimates cleanup
volumes associated with different target
contaminant concentrations; and (2) a
costing component based on EPA's
CORA Model.


For the analyses conducted under the
"expanded" options, old waste is
defined as waste generated prior to the
enactment of RCRA. The nationwide
baseline volume generation of old waste
under both RCRA and CERCLA is
estimated at 1.8 million tons annually.
This volume was estimated based on a
comparison of the results of RCRA
Corrective Action RIA analysis, HWIR-
database results for RCRA soil, and
database results for old waste at RCRA
sites. Experts indicate that management
methods for old wastes are typically


similar to those for contaminated soil.
Cost savings from HWIR-media,
therefore, are estimated by applying the
approach used for contaminated soils.
Only the expanded options, which
incorporate all remediation wastes into
the HWIR-media analysis, address old
waste.


The expanded options, which
incorporate all remediation waste, also
address hazardous debris. EPA gathered
information on the current and
projected management of hazardous
debris from past regulatory and cost
impact analyses, supplemented by
expert opinion and best professional
judgment. Total baseline contaminated
debris generation is estimated at 0.36
million tons annually. The cost and
economic impact analysis prepared for
the Phase I Land Disposal Restrictions
(LDR) rule for hazardous debris
provided information on the amount of
debris generated from cleanup activities,
technologies used to manage the debris,
and the projected average cost of
treating debris under the baseline. EPA
contacted several industry experts to
discuss potential management practices
under HWIR-media. The Agency also
used the Corrective Action RIA for costs
of Subtitle C and on-site disposal units,
while the Subtitle D cost was derived
from published sources.


d. Findings. This section presents the
key findings of the "Economic
Assessment." The volumes of
remediation wastes affected and
associated net cost savings for the
proposed option are presented. Findings
for the primary alternatives are also
presented. In addition, this section
briefly summarizes key sensitivity
analyses, non-monetary effects (both
positive and negative), and industry
impacts.


i. Volume Impacts and Cost Savings
Proposed and Expanded Bright Line
Options. Exhibit B identifies the portion
ofremediation waste that is estimated to
be above and below the Proposed Bright
Line Option (Proposed Rule) and the
Expanded Bright Line Option. Ground
water is excluded from this summary
because the volume of ground water
treated under the baseline and under
HWIR-media is a function of the
treatment duration required to achieve
target constituent concentrations.
Therefore, the total volume of
contaminated ground water cannot be
simply divided into volumes above and
below the HWIR-media Bright Line. The
Agency, however, estimates that only
about 5 percent of CERCLA ground
water sites contaminated with HWIR-
media constituents have constituent
concentrations that are all below the
Bright Line.


EXHIBIT B.-REMEDIATION WASTES ABOVE AND BELOW THE PROPOSED AND EXPANDED BRIGHT LINE OPTIONS


[Million tons per year]


Above bright line Below bright line
Media type Baseline


Volume Percent Volume Percent


Soil- CERCLA, State, and Voluntary ....................................................... 3.08 1.23 40 1.85 60
S o il- R C R A .............................................................................................. 4 .56 0 .46 10 4 .10 90
Sediment- CERCLA ................................................................................. 0.14 0.04 25 0.10 75
Sediment- RCRA .................................................................................... 0.32 0.03 10 0.29 90
Proposed Bright Line Option .................................................................... 8.10 1.76 22 6.34 78
Old Waste- CERCLA ............................................................................... 0.65 0.24 37 0.41 63
Old Waste- RCRA ................................................................................... 1.14 0.42 37 0.72 63
D e b ris ........................................................................................................ 0 .3 6
Expanded Bright Line Option ................................................................... 10.25 2.42 24 7.47 76


NOTE: The above and below bright line estimates exclude debris. Representative constituent concentration data for debris were unavailable.


The total annual volume of soil and
sediment subject to RCRA Subtitle C
jurisdiction may decline by up to 78
percent under the proposed option.
Subtitle C volume under the proposed
option drops from the baseline of 8.10
million tons to 1.76 million tons
annually. The addition of old waste and
debris under the expanded Bright Line
option increases the total annual
Subtitle C baseline volume to 10.25
million tons annually, an increase of 27
percent. The total volume eligible for
exclusion from Subtitle C increases 18


percent, going from 6.34 million tons to
7.47 million tons annually.


The potential reduction in the volume
ofremediation waste managed under
Subtitle C is the major reason for the
cost savings of the Proposed HWIR-
media Rule. Management procedures for
remediation wastes below the Bright
Line are substantially less costly due to
less stringent requirements. In addition,
treatment requirements for volumes
above the Bright Line are modified,
resulting in additional cost savings. The
"Economic Assessment" estimates that


about 84 percent of the potential cost
savings of the proposed rule are from
volumes below the Bright Line; the
remaining savings are from volumes
above the Bright Line.


Exhibit C presents point estimates for
high-end total cost savings potentially
resulting from the HWIR-media
Proposal. These estimates are presented
by remediation waste type, for the
Proposed and the Expanded Bright Line
Options. The potential high-end
aggregate nationwide cost savings under
the Proposed Bright Line Option are
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estimated at $1.2 billion, annually. This billion, annually. The management costs estimates presented here. As noted
estimate is derived from an annual under this HWIR-media option are earlier, several factors may contribute to
baseline management cost estimate of reduced to $1.6 billion, resulting in net reduced savings, including: the extent of
$2.4 billion, covering soil, sediment, cost savings of approximately $1.6 State adoption, the impact of existing
and groundwater. Most of the savings billion per year. All estimated cost CAMU rule, and the extent to which
under the proposed option, $1.1 billion, savings are net of implementation costs remediation decision-makers adopt the
result from reduced RCRA and CERCLA for the affected volumes, as discussed less expensive media management
soil management costs. The Expanded under section (4)(c) above. Actual technologies available under HWIR-
Bright Line Option has a baseline nationwide cost savings may be media.
management cost estimate of $3.2 significantly less than high-end


EXHIBIT C.-ESTIMATED HIGH-END COST SAVINGS UNDER THE PROPOSED AND EXPANDED BRIGHT LINE OPTIONS


Annual total cost


Media type Net annual cost
Baseline HWIR-media savings


options


Million Dollars


Soil- C ERC LA, State, and Voluntary .................................................................................... 1,152 522 630 (55% )
S o il-- R C R A ............................................................................................................................ 6 7 0 2 5 1 4 19 (6 3 % )
S ed im e nt- C E R C LA .............................................................................................................. 4 7 19 28 (63% )
S ed im e nt- R C R A ................................................................................................................... 5 2 2 2 3 0 (5 7% )
G round W ater- C E R C LA ....................................................................................................... 223 169 54 (24% )
Ground W ater- RCRA Corrective Action .............................................................................. 281 213 68 (24% )
P roposed B right Line O ption .................................................................................................. 2,425 1,196 1,229 (5 1% )
O ld W aste- C E R C LA ............................................................................................................ 165 85 80 (49% )
O ld W aste- R C R A ................................................................................................................. 290 149 14 1 (49% )
D e b ris ..................................................................................................................................... 2 9 4 2 0 3 9 1 (3 1 % )
Expanded Bright Line O ption ................................................................................................. 3,174 1,633 35 1,541 (49% )


35 Inclusion of sludges increases this total to $1,732 million annually.


Conditional Exemption and
Expanded Conditional Exemption (no
Bright Line) Options. Volume impacts
and potential net cost savings under the
Conditional Exemption Options are
difficult to estimate because these
options do not establish specific Bright
Line levels for contaminant
concentrations, or any minimum
treatment standards. Instead, the
management of contaminated media
(Conditional Exemption) or
contaminated media and other
remediation wastes (Expanded
Conditional Exemption) would be
determined by individual States or
oversight agencies based on site-specific
cleanup plans. Because of the lack of
cleanup management standards or
detailed guidance, States or oversight
authorities may continue to follow
current standards and cleanup decisions
may be delayed or continue to be
delayed. Thus, the conditional
exemption options, despite increased
flexibility, may actually achieve fewer
cost savings than the Proposed Bright
Line Option in the near term.


Over time, however, States are likely
to develop their own explicit standards
and guidelines for cleanup decisions
that may be roughly equivalent to the
Bright Line scenario. Conversations
with various State officials have
indicated that contaminated media
containing concentrations close to the


proposed Bright Line levels would
likely be managed as if it were above the
Bright Line. Eventually, therefore, State
standards may likely be set similar to
the proposed Bright Line levels. This
would result in similar cost savings for
the Conditional Exemption Options,
over the longer term. The Conditional
Exemption Options do, however, allow
more management flexibility than the
Bright Line Options. The Agency is not
able to predict how various factors will
affect State selection of cleanup
remedies under the Conditional
Exemption Options. EPA, therefore, has
no basis to believe that, over the long
term, cost savings under the Conditional
Exemption Options are likely to be
significantly different compared to the
Bright Line Options.


ii. Sensitivity analyses. The
"Economic Assessment" contains
several sensitivity analyses, including
analyses of three major analytical
assumptions used to develop the
baseline:


-all States quickly adopt and
implement the HWIR-media Proposal;


-corrective action management units
(CAMUs) and temporary units (TUs)
are not used at any cleanup sites; and


-cleanup waste containing only a
hazardous characteristic, in addition
to media contaminated with listed
hazardous wastes, are affected by
HWIR-media.


The Agency has also developed a
table designed to illustrate the
distinctions between the baseline and
corresponding management costs and
cost savings under alternative policy
options and implementation scenarios.
This table is presented under "Other
Sensitivity Analyses" at the end of this
section.


State adoption. The options analyses
presented above assume all States
adopt, receive EPA authorization, and
implement HWIR-media upon
promulgation of the Final Rule. This
scenario may not be completely
realistic. Some States may not develop
HWIR-media programs. Furthermore,
programs that are developed are not
likely to become effective immediately
after the final rule is promulgated.
These State programs will likely receive
EPA authorization over a few years. In
addition, States that do not adopt
HWIR-media may influence program
development and cleanup decisions in
other States because of such factors as
industry pressures, local or regional
environmental issues, or public
concerns and perceptions.


California, Illinois, New Jersey, New
York, and Pennsylvania are the major
generators of contaminated media in the
United States. These States, combined,
generate roughly 35 percent of the total
annual volume of contaminated media
managed ex-situ in the nation. These
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States may be more likely to develop
HWIR-media programs than other States
for several reasons. For example,
generators located in these States may
be large potential beneficiaries from the
rule. In addition, these States are likely
to have larger and better developed
cleanup programs and resources,
allowing for protective site-specific
cleanup decisions, and oversight. If only
these States adopt HWIR-media, total
annual cost savings may be reduced by
approximately 60 to 70 percent. This
assumes the remediation waste types
and contaminants in these States are
representative of the national total.


Another method for estimating the
potential impacts of State adoption is a
phased-in approach. Previous Agency-
State interaction experience under
RCRA indicates roughly 33 percent of
the impacts of HWIR-media may begin
accruing within one year after
promulgation, 67 percent after two
years, and 100 percent after three years.
Total cost savings under HWIR-media
may correspond to such a phased-in
scenario.


Corrective Action Management Units
(CAMUs). On February 16, 1993, the
Agency published final regulations for
corrective action management units
(CAMUs) and temporary units (TUs).
Under this action, placement of
remediation wastes in an approved
CAMU would not trigger land disposal
restriction (LDR) requirements or
minimum technology requirements
(MTRs). Critics of this action brought
suit against the Agency, challenging
both the legal and policy basis for the
CAMU Rule. The Agency has agreed to
reexamine the CAMU regulations in the
context of HWIR-media. Because of the
litigation, the resulting limited use of
CAMUs and the likely CAMU phase-
out, the HWIR-media analysis assumed
that CAMUs do not, and have never
existed. Some CAMUs, however,
currently exist and are grandfathered
into the HWIR-media proposal. The
Agency has conducted a sensitivity
analysis, assuming the final "expanded"
CAMU is effective in the baseline, in an
effort to analyze the potential maximum
impact of the CAMU provision.


There are some differences in the
types of benefits achieved by CAMU
and HWIR-media rules. This analysis
assumes that the two rules achieve
similar benefits for contaminated soils
and sediments. The Agency's analysis in
support of the final expanded CAMU
Rule ("Regulatory Impact Analysis of
the Final Rulemaking on Corrective
Action Management Units and
Temporary Units," Office of Solid
Waste, U.S. EPA, January 11, 1993)
estimated that the rule would reduce the


volume of contaminated soil and
sediment subject to LDR standards by 57
percent for CERCLA volumes and 72
percent for RCRA volumes. Based on
these percentages, the Agency estimates
that potential soil and sediment cost
savings HWIR-media would decline by
approximately $640 million or 52
percent if the final "expanded" CAMU
rule was fully effective.


Listed versus characteristic
contaminated media. The proposed rule
does not distinguish between media
contaminated with listed hazardous
wastes, and media that must be
managed as hazardous waste because it
exhibits a characteristic. In both cases,
the concentration levels of individual
hazardous constituents in the media
determine how the media will be
regulated under HWIR-media. Early
HWIR-media discussions focused only
on media contaminated with listed
hazardous waste. A sensitivity analysis
was conducted for CERCLA and RCRA
contaminated soil volumes. This
analysis indicates the potential net
savings from the Proposed Bright Line
Option may be reduced by up to 10
percent if characteristic only media
volumes were removed from HWIR-
media consideration.


Other sensitivity analyses. Previous
sensitivity analyses independently
examined potential impacts on cost
savings associated with limited state
adoption, fully effective expanded
CAMU, and characteristic contaminated
media. This discussion compares the
effects of limited state adoption, CAMU
impacts under alternative
implementation scenarios, and extends
the analysis to the expanded Bright Line
and no Bright Line (Unitary Approach)
option. The purpose of this discussion
is to present a direct comparison of
impacts potentially associated with
alternative policy options and
implementation scenarios relevant to
CAMU and HWIR-media.


The HWIR-media analysis is difficult
to compare to the CAMU cost savings
analysis. There is wide variation in
assumptions related to baseline
treatments, affected facilities,
remediation waste types and volumes,
and the projected remediation time
frame for each analysis. The
relationship between CAMU and
alternative HWIR-media options
presented in this section should be
considered for general comparative
purposes only.


Limited implementation of HWIR-
media, as defined in this analysis,
assumes HWIR-media adoption by the
five states listed above. Limited
implementation of CAMUs implies that
only grand fathered CAMUs will


operate. Aggressive implementation
assumes 100 percent state adoption of
HWIR-media and the final "expanded"
CAMU rule. Total annual baseline
management costs for HWIR-media
affected remediation wastes, assuming
full LDR compliance, are estimated at
$3.52 billion (Exhibit D). This estimate
covers RCRA and CERCLA soils and
sediments, groundwater, old waste,
debris, and sludges. Aggressive
implementation of the expanded CAMU
rule, covering all remediated waste
except groundwater, would reduce this
estimate to $2.67 billion, resulting in
annual cost savings of approximately
$0.84 billion. These savings were
estimated to range from $1.20 to $2.00
billion in the January 11, 1993
Regulatory Impact Analysis for CAMU.
A significant reduction in the level of
incineration applied in the baseline
accounts for the majority of this
difference. Furthermore, CAMU
assumed accelerated clean-up
(remediation) levels in the years
immediately following rule
promulgation. Data available to the
Agency since completion of the CAMU
analysis in 1993 have proven both of
these factors to be significantly
overestimated. Cost savings attributable
to only the current in-place (grand
fathered) CAMUs are estimated at $0.04
billion annually.


The HWIR-media proposal and
options reflect annual aggregate cost
savings above and beyond the revised
estimate for expanded CAMU.
Aggressive implementation of the
HWIR-media proposal, without CAMU
consideration, is estimated to result in
high-end cost savings of $1.23 billion
beyond the baseline for soils, sediments,
and groundwater. These savings are
reduced to approximately $0.43 billion
under the limited implementation
scenario. Annual cost savings with the
inclusion of old waste, debris, and
sludges under the Expanded Bright Line
and Unitary options may range
anywhere from $0.61 to $2.07 billion,
depending upon the option and extent
of state adoption.


The Agency also examined the
potential aggregate cost savings
assuming both promulgation of HWIR-
media, and retaining the expanded
CAMU rule. Annual cost savings
assuming full state adoption increase by
approximately $0.59 billion beyond the
HWIR-media proposal without CAMU.
These incremental savings are derived
from the inclusion of additional
facilities previously unaffected by
CAMU, plus an expanded media scope
covering soils, sediments, and
groundwater. With limited state
adoption of HWIR-media, savings
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increase by about $0.04 billion
annually, derived only from
groundwater. While not presented in
Exhibit D, full implementation of the
HWIR-media Unitary Approach option
was found to provide no incremental
savings beyond the expanded CAMU
rule. The extent of implementation of


both CAMU and HWIR-media has a
significant impact on incremental and
aggregate cost savings. Aggressive
implementation of the HWIR-media
proposal, combined with the final
"expanded" CAMU, results in aggregate
annual cost savings of $1.44 billion, or
approximately 17 percent beyond the


HWIR-media only scenario. Aggregate
savings, while significantly lower
overall, increase from $0.43 to $0.88
billion when the HWIR-media limited
implementation scenario is combined
with the final "expanded" CAMU.


EXHIBIT D.-ESTIMATED REMEDIATION WASTE MANAGEMENT COSTS UNDER ALTERNATIVE POLICY OPTIONS AND
IMPLEMENTATION SCENARIOS


Implementation Scenario


Aggressive Implementation Limited Implementation


Remediation waste baseline and policy option Remedi- Remedi-


ation waste Cost ation waste Cost
manage- savings manage- savings


ment costs ment costs


Billion Dollars Per Year


Baseline 36 management costs: (no CAMU, no HWIR-media, all remediation waste) .... 3.52 .................... 3.52 ....................
Policy option and impact from baseline: Corrective Action Management Units (CAMU) 2.67 370.84 3.48 0.04
HW IR-media bright-line Proposal: (no CAMU consideration) .......................................... 2.29 1.23 3.09 0.43
Aggregate Cost Savings: HWIR-Media Bright-Line proposal with expanded CAMU ...... 2.08 1.44 2.63 0.88
HWIR-media expanded bright-line option: (no CAMU consideration) ............................. 1.79 1.73 2.91 0.61
HWIR-media expanded no bright-line option (unitary approach): (no CAMU consider-


a tio n ) ............................................................................................................................. 1 .4 5 2 .0 7 2 .7 9 0 .7 3
3 6 This baseline includes CERCLA cleanup volumes managed under the Area of Contamination (AOC) concept. Current AOC management of


RCRA volumes is believed to be negligible and is not included in this baseline.
37 Updated data leading to significant revisions in baseline treatment methods, costs, volumes affected, and remediation schedule have led the


Agency to adjust this figure from earlier estimates.


iii. Nonmonetary positive and
negative effects. Currently, cleanup
activities generating contaminated
media containing a listed hazardous
waste or exhibiting a hazardous
characteristic are subject to the LDRs
and MTRs when they involve placement
of waste upon the land. When LDRs are
triggered, contaminated media are
subject to stringent and often costly
treatment standards. Cleanup decision-
makers, therefore, often prefer remedies
that leave contaminated media in place
in an effort to avoid triggering the LDRs.
When MTRs are triggered by the


creation, expansion, or replacement of
landfills and surface impoundments
managing hazardous waste,
contaminated media are subject to
technical standards for liner, cover, and
leachate collection systems. Thus,
cleanup decision-makers have, in the
past, avoided consolidating or otherwise
moving contaminated media during
cleanup to bypass the MTRs.


When the costs resulting from LDRs
and MTR are incorporated into a
cleanup decision many cleanups
become economically infeasible. The
Agency believes, however, that with the


increased flexibility and corresponding
cost savings under the HWIR-media
Proposed Rule, facility and site
managers will conduct more cleanups
than are currently being performed.
Several factors would provide
incentives to perform cleanups if
excessive LDR and MTR costs were not
incurred. For example, cleaning up a
site reduces future potential liability,
increases the salability of the land, and
may generate public good will. Exhibit
E summarizes the anticipated changes
in management methods under HWIR-
media.


EXHIBIT E.-ANTICIPATED INCENTIVES CREATED BY HWIR-MEDIA


HWIR-media
Baseline management plans incentives for Reason for change or no change


non-hazardous media


No excavation or treatment (e.g., Manage in-situ or ex-situ ............... LDRs either would not apply or would be more flexible and therefore
containment). a less costly ex-situ method may be chosen. Could also encourage


in-situ or on-site ex-situ management because HWIR-media lets a
facility operate under a Remediation Management Plan instead of a
more costly Part B permit for in-situ or ex-situ treatment.


Manage in-situ ................................ Manage ex-situ .............................. LDRs either would not apply or would be more flexible and therefore
a less costly (non-LDR) ex-situ method may be chosen.


Manage ex-situ ............................... None; would still choose ex-situ Previously preferred ex-situ to in-situ or no treatment; ability to select
treatment. a less costly ex-situ method under HWIR-media will not cause shift


from ex-situ management. May, however, choose a less expensive
ex-situ method.
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Although HWIR-media will reduce
the stringency of regulation for some
media currently managed as hazardous
waste, EPA does not expect any of the
options to significantly increase risks to
human health and the environment for
two reasons. First, there is a built-in
process to minimize these risks under
the HWIR-media proposal, namely State
or EPA oversight of cleanups through
Remediation Management Plan review,
approval, and oversight. Second, under
all of the options considered, active
management of contaminated media is
likely to eliminate possible exposure
pathways. Thus, the Agency believes
that the potential for negative benefits,
that is, potential increases in risk, is
negligible. Thus, EPA's selection of a
regulatory option is driven primarily by
balancing option protectiveness,
improved long-term effectiveness of
cleanups, implementation issues, and
overall cost savings.


iv. Industry impacts. The economic
impacts of HWIR-media will be
distributed across industries that
generate contaminated media and other
remediation waste, as well as the
environmental services industry which
helps manage such contamination. All
regulatory options will result in cost
savings for generating industries and
revenue losses, to some extent, for the
commercial environmental services
industry.


Petroleum and coal products (SIC 29),
chemicals and allied products (SIC 28),
and fabricated metals products (SIC 34),
are the major industries generating
contaminated media that will be
affected by HWIR-media. Firms in these
industries will be the main beneficiaries
of cost savings from changes in cleanup
practices. Total potential cost savings by
industry, however, are estimated to
represent less than 0.1 percent of each
industry's aggregate annual revenues.
Firm level impacts within affected
industries are likely to be more diverse,
depending upon the nature and extent
of individual facility/firm cleanup
responsibilities. Potential remedial
action cost savings for an affected
"typical firm" in the chemicals or
fabricated metals industry are estimated
to represent less than 2.0 percent of
annual revenues.


The initial HWIR-media cost savings
associated with a particular cleanup or
set of cleanups could range from a one-
time event (for firms with a single unit),
to a continuous stream over the next 15
to 20 years for firms with multiple
units/sites. These cost savings may help
stimulate productive efficiencies, both
on a micro- and macroeconomic level,
depending upon how the cost savings
are managed. Investment of the savings


in the form of increased capital reserves,
new capital purchases, or increased
research and development may have
long-term positive economic impacts on
affected firms, and the general economy.
Furthermore, much of the cost of most
cleanup activities often falls on
insurance companies. A reduction in
projected remedial action costs as a
result of HWIR-media may stimulate
competitive insurance companies to
lower premiums in an effort to expand
market share.


Unlike in the case of generators, the
effect of any cost savings associated
with this rule will be to reduce the
revenue stream to firms in the
commercial environmental services
industry. These firms work for a variety
of generators who schedule cleanups at
different times in the future. HWIR-
media will not, however, have a
uniform impact on the entire industry.
Instead, the impacts will vary across
three distinct industry segments: (1) the
solid waste management industry
segment, which provides transportation
and disposal services for non-hazardous
waste and contaminated media, (2) the
hazardous waste management industry
segment, which provides transportation
and disposal services for hazardous
waste and contaminated media, and, (3)
the cleanup services industry segment,
which provides engineering and
technical advice for management of
hazardous wastes.


The demand for the services of the
solid waste management industry
segment will increase under HWIR-
media as more remediation wastes are
disposed of in Subtitle D landfills. In
contrast, the hazardous waste
management industry segment could
face a reduction in their revenue
streams as smaller volumes are likely to
be managed at commercial Subtitle C
facilities. In addition, volumes that
continue to be managed at such
facilities may require less extensive
treatment. The cleanup services
industry segment is likely to incur
reductions in their revenue streams
under HWIR-media because over 95
percent of hazardous wastes and media
are managed on-site. This implies that a
large portion of projected cost savings to
generators may translate into reduced
revenues for this industry.


These industry segments are not
mutually exclusive. Many of the larger
firms in the environmental services
industry operate in more than one
segment of the industry. In addition, the
analysis does not consider the impact of
HWIR-media in increasing the speed of
cleanup and stimulating new cleanups,
which will offset revenue losses.


A decrease in demand for the services
of the environmental services industry
under HWIR-media will lower prices in
the short-run as firms compete for the
lower demand. At a lower price,
however, services may be offered at a
loss. Consequently, environmental
services firms may exit the industry,
consolidate, or decrease in size, and the
supply of services may decline, until a
new long-run equilibrium is reached.


5. Regulatory Issues


Regulatory issues most pertinent to
this proposed action include
environmental justice and Federal
unfunded mandates. Both of these
issues are discussed below.


a. Environmental Justice. Under
Executive Order 12898, "Federal
Actions to Address Environmental
Justice in Minority Populations and
Low-Income Populations," as well as
through EPA's April 1995,
"Environmental Justice Strategy,
OSWER Environmental Justice Task
Force Action Agenda Report," and
National Environmental Justice
Advisory Council, EPA has undertaken
to incorporate environmental justice
into its policies and programs. To
address this goal, EPA examined the
impacts of HWIR-media on low-income
populations and minority populations.
EPA concluded that HWIR-media will
advance environmental justice, as
follows:


-By encouraging the use of innovative
treatment techniques, HWIR-media
will reduce the number of hazardous
waste incinerators that need to be
located throughout the nation. This,
in turn, will reduce the likelihood of
an incinerator being sited in a low-
income or minority community,
thereby avoiding the negative public
perceptions associated with
incinerators.


-HWIR-media will assist in expediting
site cleanups across the nation, by
reducing the need for time-consuming
permitting of on-site cleanup
activities, increasing the flexibility of
decision-makers to respond to site-
specific conditions, and lessening
administrative and regulatory
complications and delays. This may
free Superfund and other remediation
resources to address additional sites.
By encouraging excavation of
contaminated media, the HWIR-media
proposal will expedite the restoration
of sites and lead to their beneficial
use, which may result in new jobs and
increased economic activity in low-
income or minority communities.
This economic activity could take the
form of increased employment of
local community members at the
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cleanup sites; the sale and
redevelopment of sites for new
economic activities; and new
beneficial uses for remediated
properties, such as parks,
transportation facilities, and even
hospitals.


-HWIR-media's public participation
provisions will enable local residents
and other members of the public to
participate in the development and
approval of Remediation Management
Plans.


The Agency believes that the
oversight restrictions required under the
HWIR-media proposal will ensure that
increased human health risks to local
communities are highly unlikely.


b. Unfunded mandates. The Agency
also evaluated the proposed HWIR-
media rule for compliance with the
Unfunded Mandates Reform Act of
1995. Title II of the Unfunded Mandates
Reform Act of 1995 (UMRA), P.L. 104-
4, establishes requirements for Federal
agencies to assess the effects of their
regulatory actions on State, local, and
tribal governments and the private
sector. Under section 202 of the UMRA,
EPA generally must prepare a written
statement, including a cost-benefit
analysis, for proposed and final rules
with "Federal Mandates" that may
result in expenditures to State, local,
and tribal governments, in the aggregate
or to the private sector, of $100 million
or more in one year. Before
promulgating a rule for which a written
statement is needed, section 205 of the
UMRA generally requires EPA to
identify and consider a reasonable
number of regulatory alternatives and
adopt the least costly, most cost-
effective or least burdensome alternative
that achieves the objectives of the rule.
The provisions of section 205 do not
apply when they are inconsistent with
applicable law. Moreover, section 205
allows EPA to adopt an alternative other
than the least costly, most cost-effective
or least burdensome alternative if the
Administrator publishes with the final
rule an explanation why that alternative
was not adopted. Before EPA establishes
any regulatory requirements that may
significantly or uniquely affect small
governments, including tribal
governments, it must have developed
under section 203 of the UMRA a small
government agency plan. The plan must
provide for notifying potentially
affected small governments, enabling
officials of affected small governments
to have meaningful and timely input in
the development of EPA regulatory
proposals with significant Federal
intergovernmental mandates, and
informing, educating, and advising


small governments on compliance with
the regulatory requirements.


Today's rule contains no Federal
mandates (under the regulatory
provisions of Title II of the UMRA) for
State, local, or tribal governments or the
private sector because the UMRA
generally excludes from the definition
of "Federal intergovernmental mandate"
duties that arise from participation in a
voluntary Federal program. Rather, State
and tribal organizations are under no
obligation to participate in the Part 269
program. In addition, promulgation of
the HWIR-media rule, because it is
considered generally less stringent than
current requirements, is not expected to
result in mandated costs estimated at
$100 million or more to any State, local,
or tribal governments, in any one year.
Thus, today's proposal is not subject to
the requirements of sections 202 and
205 of the UMRA. Finally, EPA has
determined that the proposed HWIR-
media rule contains no regulatory
requirements that might significantly or
uniquely affect small governments.
Specifically, the program is generally
less stringent than the existing program
and makes no distinctions between
small governments and any potentially
regulated party.


B. Regulatory Flexibility Analysis


The Regulatory Flexibility Act of 1980
requires Federal agencies to assess
whether proposed regulations will have
a significant economic impact on a
substantial number of small entities.
EPA's "Guidelines for Implementing the
Regulatory Flexibility Act" (May 1992),
have determined that a Regulatory
Flexibility Analysis (RFA) is required
for all rulemakings, unless no impact is
expected on any small entity. These
guidelines further require the Agency to
develop and consider alternatives that
mitigate the impact of the rule on small
entities. Furthermore, the Agency
reserves the flexibility to tailor the level
of effort devoted to an RFA based on the
severity of a rule's anticipated impacts
on small entities.


The Agency has determined that
today's proposed rule will not have a
significant adverse economic impact on
a substantial number of small entities.
HWIR-media confers remediation waste
management cost savings on the
regulated community while imposing
implementation costs in cases where
firms voluntarily seek cost savings.
Therefore, in cases where remediation
wastes are managed in the same manner
under any option as under the baseline,
no additional costs will be incurred
under HWIR-media. If a different
management method is used, a
generator may have to incur additional


implementation costs to obtain
management cost savings. An
economically rational generator,
however, will change the management
method and incur these additional
implementation costs only if it is
confident of obtaining net benefits, such
as savings on remediation waste
management.


In summary, the rule will confer net
benefits in situations where the
generator changes the management
method under HWIR-media or impose
zero net costs in situations where the
generator uses baseline management
methods. Because HWIR-media is not
expected to impose net costs on any
small entities, the Agency has not
considered options to mitigate the
impacts of the proposed rule on such
entities. A full discussion of HWIR-
media in the context of small entities is
presented in Chapter 6 of the
"Economic Assessment."


C. Paperwork Reduction Act


The information collection
requirements in this proposed rule have
been submitted for approval to the
Office of Management and Budget
(OMB) under the Paperwork Reduction
Act, 44 U.S.C. 3501 et seq. An
Information Collection Request (ICR)
document has been prepared by EPA
(ICR No. 1775.01) and a copy may be
obtained from Sandy Farmer, OPPE
Regulatory Information Division; U.S.
Environmental Protection Agency
(2137); 401 M Street, S.W., Washington,
D.C. 20460 or by calling (202) 260-2740.
This Information Collection Request is
titled "Hazardous Waste Identification
Rule for Contaminated Media" (or
"HWIR-media").


The Agency has estimated the burden
associated with complying with the
requirements of this proposed rule.
Included in that burden are estimates
for industry respondents for complying
with the specific requirements for:
reading the regulations; media treatment
variances; review of treatment results;
content of RMPs; treatability studies;
approval of RMPs; and expiration,
termination and revocation of RMPs.
For State respondents, the burden was
estimated for interstate movement of
contaminated media; and procedures for
authorization of State hazardous waste
programs.


The Agency has determined that this
collection of information is necessary to
determine compliance with the
requirements of this proposal. In
addition, the Agency will use the data
collected to determine if Federal
treatment standards are appropriate and
whether they should be revised in the
future. Responses to the collection of
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information will be required to obtain or
retain a benefit. For industry
respondents, that benefit would be the
more flexible requirements for
management of hazardous contaminated
media proposed in this proposal,
instead of having to comply with the
current Subtitle C standards. For State
respondents, adoption of this regulation
is optional, and the benefit would be for
receiving authorization for this
regulation. Section 3007(b) of RCRA and
40 CFR Part 2, Subpart B, which define
EPA'sgeneral policy on the public
disclosure of information, contain
provisions for confidentiality. EPA has
tried to minimize the burden of this
collection of information on
respondents.


The universe of respondents is
expected to be sites conducting cleanup
under: RCRA corrective action and
closure; State and Federal CERCLA (or
CERCLA-like) removal and remedial
actions; and State voluntary cleanup
programs which involve approval of
RMPs. EPA estimates that the industry
sites most likely to be affected by these
requirements will be associated with the
following SIC codes: 28 (Chemical and
Allied Products); 2911 (Petroleum
Refining); 34 (Fabricated Metal
Products); and 3568 (Power
Transmission Equipment).


EPA estimates that the annual
respondent burden hours will be: for
industry 259,165; for States 3,058; for a
total of 262,223. The annual costs will
be: for industry $63,661,186; for States
$88,387; for a total of $63,749,573. The
average per response for industry
respondents would be 121.2 hours, and
the average per response for state
respondents would be 174.3 hours. The
frequency of response would be once.
The number of industry respondents
would be 2,139 per year, and State
respondents would be 16 per year.


EPA estimates total capital and start-
up annualized over expected useful life
to be: for industry $0.00; for states
$0.00; total operation and maintenance
to be: for industry $8.00; for States
$8.00; and purchases of services to be:
for industry $61,497; for States $0.00.


Burden means the total time, effort, or
financial resources expended by persons
to generate, maintain, retain, or disclose
or provide information to or for a
Federal agency. This includes the time
needed to review instructions; develop,
acquire, install, and utilize technology
and systems for the purposes of
collecting, validating, and verifying
information, processing and
maintaining information, and disclosing
and providing information; adjust the
existing ways to comply with any
previously applicable instructions and


requirements; train personnel to be able
to respond to a collection of
information; search data sources;
complete and review the collection of
information; and transmit or otherwise
disclose the information.


An Agency may not conduct or
sponsor, and a person is not required to
respond to a collection of information
unless it displays a currently valid OMB
control number. The OMB control
numbers for EPA's regulations are listed
in 40 CFR Part 9 and 48 CFR Chapter
15.


Comments are requested on the
Agency's need for this information, the
accuracy of the provided burden
estimates, and any suggested methods
for minimizing respondent burden,
including through the use of automated
collection techniques. Send comments
on the "ICR for HWIR-media" to the
Director, OPPE Regulatory Information
Division; U.S. Environmental Protection
Agency (2137); 401 M St., S.W.,
Washington, D.C. 20460; and to the
Office of Information and Regulatory
Affairs; Office of Management and
Budget; 725 17th Street, N.W.,
Washington, D.C. 20503; marked
"Attention: Desk Officer for EPA."
Include the ICR No. 1775.01 in any
correspondence.


Since OMB is required to make a
decision concerning the ICR between 30
and 60 days after April 29, 1996, a
comment to OMB is best assured of
having its full effect if OMB receives it
by May 29, 1996. The final rule will
respond to any OMB or public
comments on the information collection
requirements contained in this proposal.


List of Subjects


40 CFR Part 260


Hazardous Waste.


40 CFR Part 261


Hazardous Waste.


40 CFR Part 264


Hazardous Waste.


40 CFR Part 269


Administrative practice and
procedures, Hazardous Waste, reporting
and record keeping requirements.


40 CFR Part 271


Administrative practice and
procedure and Intergovernmental
relations.


Authority: These regulations are proposed
under the authority of sections 2002(a), 3001,
3004, 3005, 3006, and 3007 of the Solid
Waste Disposal Act of 1970, as amended by
the Resource Conservation and Recovery Act
of 1976 [RCRA], as amended by the
Hazardous and Solid Waste Amendments of


1984 [HSWA], 42 U.S.C. 6912(a), 6921, 6924,
6926, and 6927.


Dated: April 12, 1996.
Carol M. Browner,
Administrator.


For the reasons set out in the
preamble, 40 CFR Parts 260, 261, 262,
264, 268, 270 and 271 are proposed to
be amended, and Part 269 is proposed
to be added as follows:


PART 260-HAZARDOUS WASTE
MANAGEMENT SYSTEM: GENERAL


Subpart A-General


1. The authority citation for part 260
continue to read as follows:


Authority: 42 U.S.C. 6905, 6912(a), 6921
6927, 6930, 6934, 6935, 6937, 6937, 6938,
6939, and 6974.


la. Section 260.1 is amended by
revising paragraphs (a), (b) introductory
text, (b)(1), (b)(2), (b)(3) and (b)(4) to
read as follows:


§260.1 Purpose, scope, and applicability.
(a) This part provides definitions of


terms, general standards, and overview
information applicable to Parts 260
through 269 of this chapter.


(b) In this part:
(1) Section 260.2 sets forth the rules


that EPA will use in making information
it receives available to the public and
sets forth the requirements that
generators, transporters, or owners or
operators of treatment, storage, or
disposal facilities must follow to assert
claims of business confidentiality with
respect to information that is submitted
to EPA under Parts 260 through 269 of
this chapter.


(2) Section 260.3 establishes rules of
grammatical construction for Parts 260
through 269 of this chapter.


(3) Section 260.10 defines the terms
which are used in Parts 260 through 269
of this chapter.


(4) Section 260.20 establishes
procedures for petitioning EPA to
amend, modify, or revoke any provision
of parts 260 through 269 of this chapter
and establishes procedures governing
EPA's action on such petitions.


2. Section 260.2 is amended by
revising paragraph (a) and the first
sentence of paragraph (b) to read as
follows:


§260.2 Availability of information;
confidentiality of information.


(a) Any information provided to EPA
under Parts 260 through 269 of this
chapter will be made available to the
public to the extent and in the manner
authorized by the Freedom of
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Information Act, 5 U.S.C. section 552,
section 3007(b) of RCRA and EPA
regulations implementing the Freedom
of Information Act and section 3007(b),
part 2 of this chapter, as applicable.


(b) Any person who submits
information to EPA in accordance with
parts 260 through 269 of this chapter
may assert a claim of business
confidentiality covering part or all of
that information by following the
procedures set forth in § 2.203(b) of this
chapter. * * *


3. Section 260.3 is amended by
revising the introductory text to read as
follows:


§260.3 Use of number and gender.


As used in parts 260 through 269 of
this chapter:


Subpart B-Definitions


4. Section 260.10 is amended by
revising the first sentence, by removing
the second sentence, and by adding
paragraph (3) to the definition for
"facility" and adding the definition for
"remediation pile" to read as follows:


§260.10 Definitions.


When used in Parts 260 through 273
of this chapter, the following terms have
the meanings given below:


Facility * * *


(3) Notwithstanding paragraphs (1)
and (2) of this definition, a media
remediation site, as defined in § 269.3,
does not constitute a facility for the
purposes of § 264.101.


Remediation Pile means a pile that is
used only for the temporary treatment or
storage of remediation wastes, including
hazardous contaminated media (as
defined in 40 CFR 269.3), during
remedial operations.


Subpart C-Rulemaking Petitions


5. Section 260.20(a) is amended by
revising the first sentence to read as
follows:


§ 260.20 General.


(a) Any person may petition the
Administrator to modify or revoke any
provisions in Parts 260 through 273 of
this chapter.


PART 261-IDENTIFICATION AND
LISTING OF HAZARDOUS WASTE


Subpart A-General


6. The authority citation for part 261
continues to read as follows:


Authority: 42 U.S.C. 6905, 6912(a), 6921,
6922, and 6933. 6a. Section 261.1(a)(1) is
revised to read as follows:


§261.1 Purpose and scope.
(a) * * *
(1) Subpart A defines the terms "solid


waste" and "hazardous waste,"
identifies those wastes which are
excluded from regulation under Parts
262 through 270 of this chapter and
establishes special management
requirements for hazardous waste
produced by conditionally exempt small
quantity generators and hazardous
waste which is recycled.


7. Section 261.4 is amended by
adding paragraphs (g) and (h) to read as
follows:


§261.4 Exclusions.


(g) Non-hazardous contaminated
media. Media that are managed as part
of remedial activities and that the
Director has determined do not contain
hazardous wastes (according to 269.4),
but would otherwise be hazardous
contaminated media, are not hazardous
wastes.


(h) Dredged material discharged in
accordance with a permit issued under
section 404 of the Federal Water
Pollution Control Act [33 U.S.C. § 1344]
or in accordance with a permit issued
for the purpose of transporting material
for ocean dumping under section 103 of
the Marine Protection, Research, and
Sanctuaries Act of 1972 [33 U.S.C. 1413]
is not a hazardous waste. For purposes
of this subsection, the following
definitions apply:


(1) The term "dredged material" has
the same meaning as defined in 40 CFR
232.2.


(2) The term "dredged material
discharged" has the same meaning as
discharge of "dredged material" as
defined in 40 CFR 232.2.


(3) The terms "ocean" and
"dumping" have the same meaning as
defined in 40 CFR 220.2.


(4) The term "permit" means a permit
issued by the U.S. Army Corps of
Engineers (Corps) or approved State
under section 404 of the Federal Water
Pollution Control Act [33 U.S.C. § 1344];
and/or a permit issued or by the Corps
under section 103 of the Marine
Protection, Research, and Sanctuaries
Act of 1972 [33 U.S.C. 1413]; or in the


case of a Corps civil-works project, the
administrative equivalent of a permit, as
provided for in Corps regulations (e.g.,
see 33 CFR 336.1(b), 33 CFR 336.2(d),
and 33 CFR 337.6).


Subpart C-Characteristics of
Hazardous Wastes


8. Section 261.20(b) is revised to read
as follows:


§ 261.20 General.


(b) A hazardous waste which is
identified by a characteristic in this
subpart is assigned every EPA
Hazardous Waste Number that is
applicable as set forth in this subpart.
This number must be used in complying
with the notification requirements of
section 3010 of the Act and all
applicable record-keeping and reporting
requirements under parts 262 through
265 and parts 268 through 270 of this
chapter.


* * *


Subpart D-Lists of Hazardous Wastes


9. Section 261.30(c) is revised to read
as follows:


§ 261.30 General.


(c) Each hazardous waste listed in this
subpart is assigned an EPA Hazardous
Waste Number which precedes the
name of the waste. This number must be
used in complying with the notification
requirements of section 3010 of the Act
and certain record-keeping and
reporting requirements under parts 262
through 265 and parts 268 through 270
of this chapter.


PART 262-STANDARDS APPLICABLE
TO GENERATORS OF HAZARDOUS
WASTE


10. The authority citation for part 262
continues to read as follows:


Authority: 42 U.S.C. 6906, 6912, 6922,
6923, 6925, 6937, and 6938.


1Oa. Section 262.11(d) is revised to
read as follows:


§262.11 Hazardous waste determination.


(d) If the waste is determined to be
hazardous, the generator must refer to
parts 261, 264 through 269 and part 273
of this chapter for possible exclusions or
restrictions pertaining to management of
the specific waste.
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PART 264-STANDARDS FOR
OWNERS AND OPERATORS OF
HAZARDOUS WASTE TREATMENT,
STORAGE, AND DISPOSAL
FACILITIES


11. The authority citation for part 264
continues to read as follows:


Authority: 42 U.S.C. 6905, 6912(a), 6924,
and 6925.


1la. Section 264.552 is amended by
redesignating paragraphs (a) through (h)
as paragraphs (c) through (); and by
adding new paragraphs (a) and (b) to
read as follows:


§264.552 Corrective Action Management
Units (CAMU).


(a) Corrective Action Management
Units may not be approved under this
subpart after (date of publication of final
rule).


(b) A Corrective Action Management
Unit that was approved according to the
provisions of the subpart prior to (date
of publication of final HWIR-media rule)
remains subject to the requirements of
this part.


12. Part 264 is amended by adding
new § 264.554 to subpart S to read as
follows:


§264.554 Remediation piles.
(a) For piles that are used only for the


temporary treatment or storage of
remediation waste (including hazardous
contaminated media as defined in 40
CFR 269.3) during remedial operations
that are conducted in accordance with
an approved permit or order, the
Director may prescribe on a case-by-case
basis design and operating standards for
such units that are protective of human
health and the environment. In
establishing case-by-case standards for
remediation piles, the Director shall
consider the decision factors for
temporary units, as specified in
§ 264.553.


(b) Placement of remediation waste
(including hazardous contaminated
media) into a remediation pile
designated in an approved permit or
order shall not constitute placement in
a land disposal unit for the purposes of
section 3004(k) of RCRA.


(c) Any remediation pile to which
site-specific requirements are applied in
accordance with paragraph (a) of this
section shall be:


(1) Located within the boundary of
the facility or media remediation site (as
defined in 40 CFR 269.3); and


(2) Used only for the temporary
treatment or storage of remediation
wastes (as defined in 40 CFR 260.10).


(d) The Director shall specify in the
permit or order the design, operating,


and closure requirements for any
remediation pile, the length of time the
remediation pile will be allowed to
operate, and any requirements for
control of cross-media contaminant
transfer. Remediation piles shall not be
permitted to operate beyond the time
that remedial operations are completed.


PART 268-LAND DISPOSAL
RESTRICTIONS


13. The authority citation for part 268
continues to read as follows:


Authority: 42 U.S.C. 6905, 6912(a), 6921,
and 6924.


Subpart A-General


13a. Section 268.1(b) is revised to
read as follows:


§268.1 Purpose, scope and applicability.


(b) Except as specifically provided
otherwise in this part, Part 261 of this
chapter, or in cases where hazardous
contaminated media are subject to
treatment standards under Part 269 in
this chapter, the requirements of this
part apply to persons who generate or
transport hazardous waste and owners
and operators of hazardous waste
treatment, storage, and disposal
facilities.


14. 40 CFR is amended by adding part
269 to read as follows:


PART 269-REQUIREMENTS FOR
MANAGEMENT OF HAZARDOUS
CONTAMINATED MEDIA


Subpart A-General Provisions
Sec.
269.1 Scope.
269.2 Purpose and applicability.
269.3 Definitions.
269.4 Identification of media not subject to


regulation as hazardous wastes.


Subpart B-Other Requirements Applicable
to Management of Hazardous Contaminated
Media
269.10 Applicability of other requirements.
269.11 Intentional contamination of media


prohibited.
269.12 Interstate movement of


contaminated media.


Subpart C-Treatment Requirements
269.30 Minimum LDR treatment


requirements for media.
269.31 Media treatment variances.
269.32 More stringent treatment standards.
269.33 Review of treatment results.
269.34 Management of treatment residuals.


Subpart D-Remediation Management
Plans (RMPs)
269.40 General requirements.
269.41 Content of RMPs.
269.42 Treatability studies.


269.43 Approval of RMPs.
269.44 Modification of RMPs.
269.45 Expiration, termination, and


revocation of RMPs.
Appendix A to Part 269 HWIR-Media Bright


Line Numbers
Appendix A-1 to Part 269 Bright Line


Numbers
Appendix A 2 to Part 269 Bright Line


Numbers for Ground Water
Appendix B to Part 269 Submittal of


Treatability Data
Authority: 42 U.S.C. 6912(a), 6921, 6924,


6925, and 6926.


Subpart A-General Provisions


§ 269.1 Scope.
(a) The provisions of this part apply


only to contaminated media that would
otherwise be subject to regulation as
hazardous wastes under RCRA Subtitle
C regulations. The only exception is
Subpart D of this part, which applies to
all remediation wastes, including
contaminated media.


(b) The provisions of this part modify
and replace only certain specific
Subtitle C regulations as they apply to
the management of hazardous
contaminated media. Other Subtitle C
regulations that are not specifically
addressed under this part will continue
to apply to the management of
hazardous contaminated media.


(c) The provisions of this part apply
only to the treatment, storage,
transportation and disposal of
hazardous contaminated media that is
conducted pursuant to site remediation
activities. This part is not intended to
affect remedy selection decisions. This
part is intended to affect only decisions
regarding the management of hazardous
contaminated media as part of cleanup
activities.


(d) The constituent concentration
levels specified in Appendix A to this
part are not cleanup levels, and the
Environmental Protection Agency does
not support their use as cleanup levels
under Federal or State cleanup
programs.


(e) The provisions of this part are not
self-implementing. They may be applied
to specific remedial actions only as
approved by EPA, or a State authorized
for this part.


§269.2 Purpose and applicability.
(a) The purpose of this part is to


establish standards for management of
hazardous contaminated media that are
generated as part of remedial activities.


(b) The provisions of this part apply
to treatment, storage and disposal of
hazardous contaminated media which is
conducted in accordance with a
Remediation Management Plan (RMP)
approved by EPA or a State program
authorized for this part.
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(c) The provisions of this part do not
apply to non-media hazardous
remediation wastes (except Subpart D)
or to hazardous contaminated media
that are not managed in a way that
would otherwise subject the media to
the requirements of this chapter.


§ 269.3 Definitions.
For the purposes of this part, the


following definitions apply:
Bright Line constituent means any


constituent found in media that is listed
in Appendix A of this part, and that is:


(1) The basis for listing of a hazardous
waste (as specified in Appendix VII of
40 CFR Part 261) found in that media;
or


(2) A constituent that causes the
media to exhibit a hazardous
characteristic.


Hazardous contaminated media
means media that contain hazardous
wastes listed in Part 261 Subpart D of
this chapter, or that exhibit one or more
of the characteristics of hazardous waste
defined in Part 261 Subpart C of this
chapter, except media which the
Director has determined do not contain
hazardous wastes pursuant to § 269.4 of
this part (non-hazardous contaminated
media).


Media means materials found in the
natural environment such as soil,
ground water, surface water, and
sediments, or a mixture of such
materials with liquids, sludges, or solids
which is inseparable by simple
mechanical removal processes and is
made up primarily of media. This
definition does not include debris (as
defined in 40 CFR 268.2).


Media remediation site means an area
contaminated with hazardous waste that
is subject to cleanup under State or
Federal authority, and areas in close
proximity to the contaminated area at
which remediation wastes are being or
will be managed pursuant to State or
Federal remediation authorities (such as
RCRA corrective action or CERCLA). A
media remediation site is not a facility
for the purpose of implementing
corrective action under 40 CFR 264.101,
but may be subject to such corrective
action requirements if the site is located
within such a facility (as defined in 40
CFR 260.10).


Non-hazardous contaminated media
means media that are managed as part
of remedial activities and that the
Director has determined do not contain
hazardous wastes (according to § 269.4),
but would otherwise be subject to
Subtitle C regulation.


Remediation Management Plan means
the plan that describes specifically how
hazardous contaminated media will be
managed in accordance with this part.


Such a plan may also include, where
appropriate, requirements for other
remediation wastes and any other (non-
Part 269) requirements applicable to
hazardous contaminated media.


Sediment is the mixture of assorted
material that settles to the bottom of a
water body. It includes the shells and
coverings of mollusks and other
animals, transported soil particles from
surface erosion, organic matter from
dead and rotting vegetation and
animals, sewage, industrial wastes,
other organic and inorganic materials
and chemicals.


Soil means unconsolidated earth
material composing the superficial
geologic strata (material overlying
bedrock), consisting of clay, silt, sand,
or gravel size particles (sizes as
classified by the U.S. Soil Conservation
Service), or a mixture of such materials
with liquids, sludges, or solids which is
inseparable by simple mechanical
removal processes and is made up
primarily of soil.


§269.4 Identification of media not subject
to regulation as hazardous wastes.


(a) The Director may, as appropriate,
determine that media which are
generated and managed as part of
remedial activities, and which would
otherwise be subject to regulation under
this chapter, do not contain hazardous
wastes, provided that:


(1) There are no Bright Line
constituents (as defined in § 269.3) in
the media in concentrations equal to or
greater than those specified in
Appendix A of this part;


(2) The basis for the decision that the
media do not contain hazardous wastes
is documented in a Remediation
Management Plan (RMP) approved in
accordance with Subpart D of this part;
and


(3) Appropriate requirements for the
management of the media are specified
in such RMP. Such materials will be
considered non-hazardous
contaminated media (as defined in
§ 269.3).


(b) [Reserved]


Subpart B-Other Requirements
Applicable to Management of
Hazardous Contaminated Media


§ 269.10 Applicability of other
requirements.


(a) Except where expressly indicated,
for hazardous contaminated media that
are regulated under this part, the
applicable requirements of 40 CFR Parts
262-267 and 270 continue to apply to
the treatment, storage, and disposal of
hazardous contaminated media.


(b) For hazardous contaminated
media and non-hazardous contaminated


media that remain subject to LDRs, the
provisions of 40 CFR Part 268 do not
apply, except for the following: 40 CFR
268.2 through 268.7 (definitions,
dilution prohibition, surface
impoundment treatment variance, case-
by-case extensions, no migration
petitions, and waste analysis and
recordkeeping), and 40 CFR 268.50
(prohibition on storage prior to land
disposal). Compliance with these
provisions of Part 268, and with the
provisions of Subpart C of this part,
shall constitute compliance with the
provisions of section 3004(m) of RCRA.


§269.11 Intentional contamination of
media prohibited.


No generator, transporter, or owner or
operator of a treatment, storage, or
disposal facility shall in any way
deliberately combine media and
hazardous waste so as to become subject
to the provisions of this part.


§269.12 Interstate movement of
contaminated media.


(a) Hazardous contaminated media
and non-hazardous contaminated media
that are transported out of the State in
which they are generated are subject to
the requirements of 40 CFR parts 262-
268 and 270 outside of the originating
State, unless:


(1) The receiving State and any State
through which the waste will be
transported has been authorized to
implement this part (or EPA is
implementing this part in that State);
and


(2) The generating State notifies the
authority implementing Part 269 in the
receiving State and any State through
which the material will be transported
of the plans to transport such media into
or through that State and provides an
opportunity to comment on the draft
RMP setting out the basis for the
classification of such media.


(b) If a receiving State or a State
through which such media are
transported is authorized for this part
269, that State may determine that
media originating in other States:


(1) Contains hazardous waste and
must be managed under Parts 261-268
and 270 when in that State; or


(2) Contains hazardous waste and
must be managed under this part when
in that State; or


(3) Contains solid waste and must be
managed under that State's solid waste
or other applicable authorities; or


(4) Contains no waste.
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Subpart C-Treatment Requirements


§269.30 Minimum LDR treatment
requirements for media.


(a) The requirements of this subpart
apply to the following materials when
they are removed from the land, except
as identified in paragraph (b) of this
section:


(1) Media subject to the requirements
of this part as identified by § 269.1(a),
(including media that have been
determined, pursuant to § 269.4, to no
longer contain hazardous wastes) when
the waste contaminating the media was
prohibited from land disposal at the
time it was placed.


(2) Media subject to the requirements
of this part as identified by § 269.1(a),
(including media that have been
determined, pursuant to § 269.4, to no
longer contain hazardous wastes) when
the waste contaminating the media is
prohibited from land disposal at the
time the media is removed from the
land. To identify the effective date of
applicable land disposal prohibitions,
see 40 CFR part 268, Appendix VII.


(b) The requirements of this subpart
do not apply to media identified by
paragraph (a)(2) of this section when
they are determined, pursuant to
§ 269.4, not to contain hazardous wastes
before they are removed from the land.


(c) Media treatment standards must be
specified in each RMP for all media
identified by paragraph (a) of this
section.


(d) Prior to land disposal, media
identified in paragraph (a) of this
section must be treated according to the
applicable treatment requirements
specified in paragraphs (e) and (f) of this
section unless a variance is given
according to § 269.31 (Media Treatment
Variances), or the Director requires more
stringent treatment standards according
to § 269.32.


(e) (1) For soils, treatment must
achieve the following standards for all
constituents subject to treatment that are
present in the soils at concentrations
greater than 10 times the Universal
Treatment Standard for the
constituent(s):


(i) For non-metals, 90 percent
reduction in total constituent
concentrations, except as provided by
paragraph (e)(2) of this section.


(ii) For metals, 90 percent reduction
in constituent concentrations as
measured in leachate from the treated
media (tested according to the TCLP) or
90 percent reduction in total constituent
concentrations, except as provided by
paragraph (e)(2) of this section.


(2) When treatment of any constituent
subject to treatment to a 90 percent
reduction standard would result in a


concentration less than 10 times the
Universal Treatment Standard for that
constituent, 10 times the Universal
Treatment Standard shall be the
treatment standard. Universal Treatment
Standards are identified in 40 CFR
268.48 Table UTS.


(3) In addition to the treatment
required by paragraph (e)(1) of this
section, soils that exhibit the
characteristic of ignitability, corrosivity,
or reactivity must be treated by
deactivation technologies which
eliminate these characteristics.


(4) In addition to the treatment
requirements of paragraphs (e)(1) and
(3) of this section, the following
treatment is required for soils that
contain nonanalyzable constituents:


(i) Where the soil also contains
analyzable constituents, treatment of
those analyzable constituents to the
levels specified in paragraph (e)(1) of
this section; and


(ii) For soils containing only
nonanalyzable constituents, treatment
by the method specified in § 268.42 for
the waste contained in the media.


(f) For media other than soils, such as
ground water and sediments, treatment
must achieve the applicable part 268
treatment standard(s) for each
constituent subject to treatment.


(g) Constituents subject to treatment
are:


(1) For media identified by paragraph
(a) of this section because they contain
or contained wastes listed under part
261, subpart D of this chapter, the
constituents identified as regulated
hazardous constituents in the table
"Treatment Standards for Hazardous
Wastes" in § 268.40 of this chapter for
such waste; and


(2) For media identified by paragraph
(a) of this section because it exhibits a
characteristic of hazardous wastes as
defined by part 261, subpart C of this
chapter, any constituent listed in 40
CFR 268.48, Table UTS-Universal
Treatment Standards that is present in
the media, except zinc and vanadium.


(h) Treatment technologies employed
in meeting these treatment standards
must be designed and operated in a
manner that controls the transfer of
contaminants to other media.


§269.31 Media treatment variances.
(a) The Director may approve a


variance from a treatment standard(s)
specified in § 269.30, if the owner/
operator demonstrates to the satisfaction
of the Director that:


(1) Compliance with the standard(s) is
technically impracticable; or


(2) Compliance with the standard(s)
would require the use of a technology
which is inappropriate for the media to


be treated because the physical or
chemical properties of media differ
significantly from the media EPA
examined in establishing the standard,
or the standard is otherwise
inappropriate for the hazardous
contaminated media; or


(b) For media containing all
constituents at levels below those
specified in Appendix A of this part, the
Director may approve a variance from a
treatment standard specified in § 269.30
by specifying a level or method of
treatment, if any, which substantially
diminishes the toxicity of the waste or
substantially reduces likelihood of
migration of hazardous constituents
from the waste so that short- and long-
term threats to human health and the
environment are minimized based on
site-specific considerations.


(c) The Director may request any
additional information, including
additional sampling and analysis, if
necessary to evaluate a media treatment
variance demonstration.


(d) The Director may specify a media
treatment variance as a numerical
standard or as a specified treatment
method or technology.


(e) Technologies used to comply with
media treatment variances must
optimize efficiency, result in substantial
reductions in toxicity or mobility of
constituents, and control cross media
tran sfer.


(f) Proposed media treatment
variances must be identified in RMPs
and shall, at a minimum, be subject to
the public participation requirements
for RMPs specified in § 269.43.


§269.32 More stringent treatment
standards.


For soil, the Director may require that
constituents subject to treatment be
treated to achieve standards more
stringent than the standards specified in
§ 269.30, if s/he determines that the
treatment required under § 269.30(e)
and (f) would not substantially diminish
the toxicity of the waste or substantially
reduce the likelihood of migration of
hazardous constituents from the waste
so that short-term and long-term threats
to human health and the environment
are minimized, based on site-specific
circumstances.


§269.33 Review of treatment results.


If data indicate that the treatment
standards specified in a RMP have not
been met, the owner/operator shall:


(a) Submit a new or modified RMP
containing procedures for treating the
media subject to treatment to
compliance with the specified treatment
standard; or
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(b) Submit an application for a media
treatment variance under § 269.31(a) (1)
or (2); or


(c) If appropriate, request that the
Director specify a level or method of
treatment, if any, that would meet the
requirement of § 269.31 (b).


§269.34 Management of treatment
residuals.


(a) Treatment residuals from treating
media identified by § 269.30(a) shall be
managed as follows:


(1) Media residuals shall be subject to
the standards of this part;


(2) Non-media residuals shall be
subject to the RCRA Subtitle C or D
standards applicable to the waste
contaminating the media before
treatment.


Subpart D-Remediation Management
Plans (RMPs)


§269.40 General requirements.
(a) Before hazardous contaminated


media may be managed according to the
provisions of this part, the owner/
operator must receive approval by the
Director of a Remediation Management
Plan (RMP), in accordance with the
procedures in § 269.43.


(b) A RMP must be an enforceable
document, and shall specify
requirements for management of
hazardous and non-hazardous
contaminated media at a media
remediation site, according to the
provisions of this part and according to
other applicable requirements of
Subtitle C, including 40 CFR part 264
(except subparts B and C). A RMP may
also incorporate requirements for the
management of other remediation
wastes at a media remediation site, in
compliance with applicable provisions
of part 264 of this chapter.


(c) For remedial activities involving
treatment, storage or disposal of
remediation wastes that would require a
RCRA permit under 40 CFR 270.1, a
RMP approved by the Director, and
containing the necessary 40 CFR part
264 substantive requirements, shall
constitute a RCRA permit for those
activities, for the purposes of section
3005(c) of RCRA.


(d) The corrective action requirements
of sections 3004 (u) and (v) of RCRA do
not apply to persons engaging in
treatment, storage, or disposal of
hazardous wastes solely as part of a
cleanup action pursuant to a RMP.


(e) A RMP may be:
(1) A stand-alone document that


addresses only the requirements of this
part, and does not address other
remedial activities or units; or


(2) Included as part of a more
comprehensive document that specifies


requirements for compliance with this
part, in addition to requirements for
other remedial activities for the site.
Such documents must be approved by
the Director according to procedures
that allow equivalent or greater
opportunities for public involvement
than those prescribed in § 269.43.
Examples of such documents may
include enforcement orders (that meet
the minimum notice requirements of
§ 269.43), RCRA permits or permit
modifications issued to hazardous waste
management facilities, or other similar
remedial documents approved by the
Director.


(f) Approval of a RMP does not
convey any property rights of any sort,
or any exclusive privilege.


(g) Approval of a RMP does not
authorize any injury to persons or
property or invasion of other private
rights, or any infringement of State or
local law or regulations.


§269.41 Content of RMPs.
(a) A draft RMP submitted to the


Director for approval must contain
sufficient information to demonstrate to
the Director that the proposed
management activities for contaminated
media at the site will comply with the
requirements of this part. If a draft RMP
is submitted as part of a more
comprehensive document(s) (in
accordance with § 269.40(e)(2)), it may
simply reference or otherwise identify
where the information pertaining to part
269 requirements can be found in such
document(s).


(b) If a RMP will be used only for the
management of investigation derived
wastes or for treatability studies, the
RMP need only include the relevant
information necessary to determine that
the investigation or treatability study
will be conducted in accordance with
applicable requirements. It may not be
necessary to include all the information
specified in paragraph (c) of this
section.


(c) The following information must be
included in any RMP (except as
specified in paragraph (b) of this
section):


(1) Information demonstrating that the
materials to be managed in accordance
with this part are media, as defined in
§ 269.3.


(2) If applicable, information
identifying hazardous remediation
wastes (other than hazardous
contaminated media) which will be
managed according to the RMP but not
under the requirements of 40 CFR part
269, and specifying that management of
those wastes will comply with the
applicable requirements of 40 CFR parts
260 through 268.


(3) If applicable, information
identifying non-hazardous
contaminated media, and specifying
how such media will be managed.


(4) Description of the remediation
wastes to be managed in accordance
with the RMP, including information on
constituent concentrations, and other
properties of media and wastes that may
affect how such materials should be
treated and/or otherwise managed.


(5) Estimates of volumes of the
hazardous contaminated media to be
managed according to the provisions of
this part;


(6) Plans or proposals specifying the
technology(s), handling systems, design
and operating parameters to be used in
treating remediation wastes prior to
disposal, in accordance with applicable
LDR standards of §§ 269.30 through
269.34, or 40 CFR part 268, as
applicable.


(7) Information which demonstrates to
the Director that any proposed treatment
system will be designed and operated in
a manner that will adequately control
the transfer of pollutants to other
environmental media.


(8) Information which describes
planned sampling and analysis
procedures necessary to characterize the
wastes or media to be managed, to
ensure effective treatment of the
materials has occurred, and to
demonstrate compliance with the
treatment standard, including quality
assurance and quality control
procedures.


(9) Agreement to submit data as
specified in Appendix B of this part
regarding treatment information from
both treatability studies and full scale
implementation of treatment systems
conducted for the remedial activities
under this RMP. Data from treatability
studies shall be submitted as soon as the
treatability study (or studies) has been
completed. Full scale implementation
data shall be submitted every three
years, or after cleanup has been
completed, whichever is first.


(10) Other information determined by
the Director to be necessary for
demonstrating compliance with the
provisions of this part.


§269.42 Treatability studies.
(a) If the Director determines that a


treatability study is necessary to
determine the efficacy of a proposed
treatment technology, and if conduct of
the study requires a RCRA permit, the
study may be approved under a RMP. In
addition to the other requirements of
this part, such RMPs shall specify how
the study(s) will be conducted,
including relevant data on system
design and operating parameters, waste
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characteristics, sampling, and,
analytical procedures.


(b) Upon conclusion of a treatability
study conducted according to an
approved RMP, data shall be submitted
to (EPA Headquarters) in the manner
specified in appendix B of this part.


§269.43 Approval of RMPs.
(a) Draft RMPs shall be reviewed and


approved according to the procedures
specified in paragraphs (b) through (f) of
this section. Alternative procedures
which provide the same or greater
opportunities for public review and
comment may also be used, including
the RCRA permit procedures of 40 CFR
part 270, or the permit modification
procedures of 40 CFR 270.41.


(b) A proposed RMP shall be signed
in accordance with 40 CFR 270.11.


(c) The Director may, if necessary, add
provisions to a draft RMP specifying the
conditions under which media will be
managed pursuant to the RMP, and
concentration levels below which media
will be determined not to contain
hazardous waste. Such provisions may
not be necessary when:


(1) The Director has established
applicable State-wide contained-in
concentration levels; or


(2) All media to be managed at the site
will be managed as hazardous
contaminated media, therefore making
contained-in levels unnecessary.


(d) The Director may, if necessary,
add provisions to a draft RMP
specifying when threats to human
health and the environment will be
considered to have been minimized.


(e) When the Director determines that
a draft RMP is complete and adequately
demonstrates compliance with
applicable requirements, the RMP shall
be approved according to the following
minimum procedures. If appropriate,
the Director may require additional
review and comment procedures.


(1) A notice of the Director's intention
to approve the RMP shall be:


(i) Published in a major local
newspaper of general circulation and
broadcast over a local radio station,
according to the procedures of 40 CFR
124.10(d); and


(ii) Sent to each unit of local
government having jurisdiction over the
area in which the site is located, and to
each State agency having any authority
under State law with respect to any
construction or operations at the site.
The notice shall provide an opportunity
for the public to submit written


1
EPA was unable to develop ground water Bright


Lines for nine constituents that lacked both an oral
reference dose and an oral slope factor.


comments on the RMP within no fewer
than 45 days.


(2) If within the comment period the
Director receives written notice of
opposition to the Director's intention to
approve the RMP and a request for a
hearing, the Director shall hold an
informal hearing (including an
opportunity for presentation of written
and oral views) to discuss issues
relating to the approval of the RMP. The
Director may also determine
independently that an informal hearing
on the RMP is appropriate. Whenever
possible, the Director shall schedule
such hearing at a location convenient to
the nearest population center to the site
and give notice in accordance with
paragraph (i)(1) of this section, of the
date, time and subject matter of such
hearing.


(3) The Director shall consider and
respond to any significant written or
oral comments received by the comment
deadline on the proposed RMP, and
may modify the RMP based on those
comments as appropriate.


(4) When the Director determines that
the RMP adequately demonstrates
compliance with all applicable
requirements, s/he shall notify the
owner/operator, and all other
commenters on the proposed RMP, in
writing, that the RMP has been
approved. The Director's approval of a
RMP shall constitute final Agency
action (not subject to the administrative
appeals in 40 CFR 124.19).


(f) For remedial actions involving on-
site combustion of hazardous
remediation wastes, the procedural
requirements for issuance of RCRA
permits (specified in 40 CFR Parts 124
and 270 shall at a minimum be followed
for review and approval of RMPs.


§269.44 Modification of RMPs.
(a) The Director shall specify in the


RMP procedures for modifying the RMP.
Such procedures must provide adequate
opportunities for public review and
comment on any modification that
would result in a major or significant
change in the management of
contaminated media at the site, or
which otherwise merits public review
and comment.


(b) The Director may unilaterally
modify an approved RMP, through
appropriate procedures for public
review and comment, based on new
information which indicates that such
modification may be necessary to ensure


the effective implementation of
remedial actions at the site.


§269.45 Expiration, termination, and
revocation of RMPs.


The Director shall specify in an
approved RMP the procedures under
which the RMP will expire, be
terminated or revoked. RMPs that
pursuant to § 269.40(c) constitute RCRA
permits for the purposes of section
3005(c), shall be for a fixed term, not to
exceed 10 years, although they may be
renewed. In addition, any such RMP for
a hazardous waste land disposal facility
shall be reviewed five years after date of
issuance or reissuance and shall be
modified as necessary to assure that the
facility continues to comply with
currently applicable requirements of
RCRA sections 3004 and 3005. All
RMPs which constitute RCRA permits
must be renewed at least every 10 years
(if they will remain in effect longer than
that).


Appendix A to Part 269-HWIR-Media
Bright Line Numbers


Appendix A 1 presents the Bright Lines
for soil for the 107 HWIR-media constituents
with Soil Screening Levels (SSLs). Appendix
A 2 presents the Bright Lines for
groundwater ingestion for 211 HWIR-media
constituents.1 The Bright Lines for both soil
and groundwater exposures are calculated
using a target risk of 10 3 for carcinogens
and RID x 10 for non-carcinogens. For
constituents that have both carcinogenic and
non-carcinogenic health effects, the lower of
the two Bright Lines is reported.


Appendix A-1 to Part 269-Bright Line
Numbers for Soil


The Bright Lines for soil in Appendix A
1 are based upon SSLs presented in the
Superfund Soil Screening Guidance, which is
available in the docket for this proposed rule.
SSLs have been developed for 107 HWIR-
media constituents and are calculated using
risk equations presented in EPA's "Risk
Assessment Guidance for Superfund
(RAGS)." SSLs are either based on exposure
by direct soil ingestion or by inhalation of
volatiles from soil. The SSLs for these two
exposure pathways are calculated using
different risk equations. In addition, since
carcinogens and non-carcinogens pose
different kinds of health effects, there are two
separate equations for each exposure
pathway, depending upon the
carcinogenicity of the constituent. These
equations for each pathway are presented
below:


Inhalation of Soil Contaminants


For cancer health effects:
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TR x AT x 365 days/yr


URFx1000ug/mgxEFxEDx[F +PEFI


For non-cancer health effects:


SSL THQ x AT x 365 days/yr


EFxEDx [RV _K+PF
IR (VF PEF )]


The exposure assumptions used in the
above risk equations for inhalation of soil
contaminants are presented in Exhibit 1.


Ingestion of Soil Contaminants


For cancer health effects:


TR x AT x 365 days/yr
SSL 6SFx×1O - kg/mgx×EFxJ F


For non-cancer health effects:


SS1, THQ x BW x AT x 365 days/yr


(R)I 0-6 kg/mgxEFxEDxiR
The exposure assumptions used in the above
risk equations for ingestion of soil
contaminants are presented in Exhibit 2.


The calculated soil screening values for
both the inhalation and ingestion pathways
correspond to a cancer risk level of 10 6 for


carcinogens and a non-cancer hazard
quotient of one for non -carcinogens. The
SSLs for cancerous and non-cancerous
constituents are, therefore, multiplied by
1,000 and 10 respectively, so that the


reported Bright Lines correspond to a target
risk of 10 -3 for carcinogens and RfD x 10 for


non-carcinogens. All Bright Lines for soil are


capped at 10,000 parts per million (ppm).


The soil saturation limit (Csat) for a
constituent is reported as the inhalation


pathway SSL if the Csat is lower than the


calculated SSL. Csats are not risk-adjusted


(i.e., they are not multiplied by a factor of 10
or 1,000) when calculating Bright Lines.


When the Csat is lower than the risk-adjusted


SSL for the soil ingestion pathway, the Bright
Line is set at the Csat. The soil Bright Lines
for 17 constituents are set at their Csat.


Exhibit 1 .- EXPOSURE ASSUMPTIONS USED To CALCULATE SOIL INHALATION
[Soil Screening Levels]


Corresponding HWIR-media as-


sumptions


Cancer Non-cancer


SSL=soil screening level .................................................................................................................................. calculated ............... calculated.
TR=target excess lifetime cancer .................................................................................................................... (mg/kg) ................... (mg/kg).
T H Q = ris k .......................................................................................................................................................... 1 0 6 ......................
A T = ta rg e t h a z a rd q u o tie n t ............................................................................................................................... . ................................ 1 .
URF=averaging time ........................................................................................................................................ 70 years ................. 30 years.
RfC=inhalation unit risk factor .......................................................................................................................... constituent .............
EF=inhalation reference ................................................................................................................................... specific ................... constituent
E D = c o n c e n tra tio n ............................................................................................................................................. (ug /m 3 ) 1 .............. s p e c ific .
V F = e x p o s u re fre q u e n c y ................................................................................................................................... . ................................ (m g /m 3 ).
PEF=exposure duration ................................................................................................................................... 350 days/yr ............ 350 days/yr.


soil-to-air volatilization ............................................................................................................................... 30 years ................. 30 years.
fa c to r ......................................................................................................................................................... c o n s titu e n t ............. c o n s titu e n t.
particulate em ission factor ........................................................................................................................ specific ................... specific.


m 3/kg ..................... m 3/kg.
6.79xl 08 ................ 6.79xl 08.
m3/kg ............. m3/kg.


EXHIBIT 2.-EXPOSURE ASSUMPTIONS USED To CALCULATE SOIL INGESTION


[Soil Screening Levels]


Corresponding HWIR-media


assumptions


Cancer Non-Cancer


SSL = soil screening level ............................................................................................................................... calculated ............... calculated.
TR = target excess lifetime cancer .................................................................................................................. (mg/kg) ................... (mg/kg).
T H Q = ris k ........................................................................................................................................................ 1 0 -6 .......................
A T = ta rg e t h a z a rd q u o tie n t ............................................................................................................................. ................................ 1 .
BW = averaging time ....................................................................................................................................... 70 years ................. 6 years.
S F = b o d y w e ig h t ............................................................................................................................................. ................................ 1 5 k g .
R fD = o ra l s lo p e fa c to r ..................................................................................................................................... c o n stitu e n t .............
IF = oral reference dose .................................................................................................................................. specific ................... constituent.
IR = age-adjusted soil ingestion ...................................................................................................................... (mg/kg/day) 1 ........ specific.
E F = fa c to r ....................................................................................................................................................... ................................ (m g /k g /d a y ).
ED = soil ingestion rate .................................................................................................................................... 114 mg-yr/kg-day ...


e x p o s u re fre q u e n c y ................................................................................................................................... . ................................ 2 0 0 m g /d a y .
e x p o s u re d u ra tio n ..................................................................................................................................... . ................................ 3 5 0 d a y s/y r.


350 days .............. 6 years.
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APPENDIX A-1 .- BRIGHT LINE NUMBERS FOR SOIL


Bright Line
CAS No. Constituent for soil Path Basis


(ppm)


630-20-6 ...................
71-55-6 .....................
79-34-5 .....................
79-00-5 .....................
76-13-1 .....................
75-34-3 .....................
75-35-4 .....................
96-18-4 .....................
95-94-3 .....................
120-82-1 ...................
96-12-8 .....................
107-06-2 ...................
78-87-5 .....................
122-66-7 ...................
542-75-6 ...................
99-65-0 .....................
123-91-1 ...................
99999-04-0 ...............
58-90-2 .....................
95-95-4 .....................
93-76-5 .....................
88-06-2 .....................
120-83-2 ...................
94-75-7 .....................
105-67-9 ...................
51-28-5 .....................
121-14-2 ...................
95-80-7 .....................
606-20-2 ...................
823-40-5 ...................
57117-31-4 ...............
99999-03-0 ...............
99999-06-0 ...............
99999-02-0 ...............
99999-05-0 ...............
99999-01-0 ...............
1746-01-6 .................
51207-31-9 ...............
95-57-8 .....................
126-99-8 ...................
110-80-5 ...................
91-59-8 .....................
79-46-9 .....................
88-85-7 .....................
91-94-1 .....................
119-90-4 ...................
119-93-7 ...................
107-05-1 ...................
56-49-5 .....................
57-97-6 .....................
83-32-9 .....................
67-64-1 .....................
75-05-8 .....................
98-86-2 .....................
107-02-8 ...................
79-06-1 .....................
107-13-1 ...................
309-00-2 ...................
319-84-6 ...................
62-53-3 .....................
7440-36-0 .................
140-57-8 ...................
7440-38-2 .................
7440-39-3 .................
71-43-2 .....................
92-87-5 .....................
98-07-7 .....................
50-32-8 .....................
205-99-2 ...................
100-51-6 ...................


1,1,1,2-Tetrachloroethane
1,1,1 -Trichloroethane .......................................................................................
1,1,2,2-Tetrachloroethane ................................................................................
1,1,2-Trichloroethane .................................................................................
1,1,2-Trichloro-1,2,2-trifluoroethane
1,1 -Dichloroethane ...........................................................................................
1,1 -Dichloroethylene .........................................................................................
1,2,3-Trichloropropane
1,2,4,5-Tetrachlorobenzene
1,2,4-Trichlorobenzene .....................................................................................
1,2-Dibromo-3-chloropropane
1 ,2 -D ic h lo ro e th a n e ...........................................................................................
1,2-Dichloropropane .........................................................................................
1,2-Diphenylhydrazine
1 ,3 -D ic h lo ro p ro p e n e .........................................................................................
1,3-Dinitrobenzene
1,4-Dioxane
12378 PeCDFuran
2,3,4,6-Tetrachlorophenol
2,4,5-Trichlorophenol ........................................................................................
2,4,5-Trichlorophenoxyacetic acid
2,4,6-Trichlorophenol ........................................................................................
2 ,4 -D ic h lo ro p h e n o l ...........................................................................................
2,4-Dichlorophenoxyacetic acid (2,4-D)
2 ,4 -D im e th y lp h e n o l ...........................................................................................
2 ,4 -D in itro p h e n o l ..............................................................................................
2 ,4 -D in itro to lu e n e .............................................................................................
2,4-Toluenediamine
2 ,6 -D in itro to lu e n e .............................................................................................
2,6-Toluenediamine
23478 PeCDFuran
2378 HpCDDioxins
2378 HpCDFurans
2378 HxCDDioxins
2378 HxCDFurans
2378 PeCDDioxins
2378 TCDDioxin
2378 TCDFuran
2 -C h lo ro p h e n o l .................................................................................................
2-Chloro-1,3-butadiene
2-Ethoxyethanol
2-Naphthylamine
2-Nitropropane
2-sec-Butyl-4,6-dinitrophenol (Dinoseb)
3,3'-Dichlorobenzidine ......................................................................................
3,3'-Dimethoxybenzidine
3,3'-Dimethylbenzidine
3-Chloropropene
3-Methylcholanthrene
7,12-Dimethylbenz(a)anthracene
A c e n a p h th e n e ..................................................................................................
Acetone (2-propanone) ....................................................................................
Acetonitrile (methyl cyanide)
Acetophenone
Acrolein
Acrylamide
Acrylonitrile
A ld rin ................................................................................................................
a lp h a -H C H ........................................................................................................
Aniline (benzeneamine)
Antimony (and com pounds N.O .S.) .................................................................
Aramite
Arsenic (and com pounds N.O .S.) ....................................................................
Barium (and compounds N.O .S.) .....................................................................
B e n z e n e ...........................................................................................................
Benzidine
Benzotrichloride
B e n z o (a )p y re n e ................................................................................................
Benzo(b)fluoranthene .......................................................................................
Benzyl alcohol


980
400
800


9800
40


Inhal .........
Inhal .........
Inhal .........


Inhal .........
Inhal .........


2400 1 Inhal .........


300
110


100


10000


10000
2400


10000
1600
1600


780


Inhal .........
Ingest .......


Inhal .........


Cap ..........


Cap ..........
Ingest .......


Cap ..........
Ingest .......
Ingest .......


Ingest .......


Csat.
Cancer.
Cancer.


Non-Cancer.
Cancer.


Non-Cancer.


Cancer.
Cancer.


I Cancer.


Non-Cancer.


Cancer.
Non-Cancer.


Non-Cancer.
Non-Cancer.
Non-Cancer.


Non-Cancer.


3900 Ingest ....... Non-Cancer.


1000 Ingest ....... Cancer.


10000 Cap .......... Non-Cancer.
10000 Cap .......... Non-Cancer.


40
100


310


400
10000


500


Ingest .......
Ingest .......


Ingest .......


Ingest .......
Cap ..........
Inhal .........


Cancer.
Cancer.


Non-Cancer.


Cancer.
Non-Cancer.
Cancer.


90 Ingest ....... Cancer.
900 Ingest ....... Cancer.
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APPENDIX A-1 .- BRIGHT LINE NUMBERS FOR SoiL-Continued


Bright Line
CAS No. Constituent for soil Path Basis


(ppm)


100-44-7 ...................
56-55-3 .....................
7440-41-7 .................
319-85-7 ...................
111-44-4 ...................
39638-32-9 ...............
117-81-7 ...................
75-27-4 .....................
74-83-9 .....................
71-36-3 .....................
85-68-7 .....................
7440-43-9 .................
75-15-0 .....................
56-23-5 .....................
57-74-9 .....................
108-90-7 ...................
510-15-6 ...................
124-48-1 ...................
67-66-3 .....................
74-87-3 .....................
7440-47-3 .................
218-01-9 ...................
156-59-2 ...................
10061-01-5 ...............
7440-50-8 .................
1319-77-3 .................
98-82-8 .....................
57-12-5 .....................
72-54-8 .....................
72-55-9 .....................
50-29-3 .....................
2303-16-4 .................
53-70-3 .....................
74-95-3 .....................
75-71-8 .....................
75-09-2 .....................
60-57-1 .....................
84-66-2 .....................
56-53-1 .....................
60-51-5 .....................
131-11-3 ...................
122-39-4 ...................
298-04-4 ...................
84-74-2 .....................
117-84-0 ...................
115-29-7 ...................
72-20-8 .....................
106-89-8 ...................
141-78-6 ...................
60-29-7 .....................
97-63-2 .....................
62-50-0 .....................
100-41-4 ...................
106-93-4 ...................
96-45-7 .....................
52-85-7 .....................
206-44-0 ...................
86-73-7 .....................
50-00-0 .....................
64-18-6 .....................
110-00-9 ...................
58-89-9 .....................
76-44-8 .....................
1024-57-3 .................
118-74-1 ...................
608-73-1 ...................
77-47-4 .....................
67-72-1 .....................
70-30-4 .....................
87-68-3 .....................


Benzyl chloride
B e n z [a ]a nth ra ce n e ...........................................................................................
Beryllium (and com pounds N.O .S.) .................................................................
b e ta -H C H ..........................................................................................................
B is (2 -c h lo ro e th y l) e th e r ....................................................................................
Bis(2-chloroisopropyl) ether
Bis(2-ethylhexyl) phthalate ...............................................................................
Bromodichloromethane ....................................................................................
B ro m o m e th a n e .................................................................................................
B u ta n o l .............................................................................................................
B u ty l b e n zy l p h th a la te ......................................................................................
Cadm ium (and com pounds N.O .S.) .................................................................
C a rb o n d is u lfid e ...............................................................................................
C a rb o n te tra c h lo rid e .........................................................................................
C h lo rd a n e .........................................................................................................
C h lo ro b e n z e n e .................................................................................................
Chlorobenzilate
Chlorodibromomethane ....................................................................................
C h lo ro fo rm ........................................................................................................
Chloromethane
Chrom ium (and com pounds N.O .S.) ................................................................
C h ry s e n e ..........................................................................................................
c is -1 ,2 -D ic h lo ro e th e n e ......................................................................................
Cis-1,3-Dichloropropene
Copper
Cresols
Cumene
C y a n id e (a m e n a b le ) .........................................................................................
D D D ..................................................................................................................
D D E ..................................................................................................................
D D T ..................................................................................................................
Diallate
Dibenz(a,h)anthracene .....................................................................................
Dibromomethane (methylene bromide)
Dichlorodifluoromethane
Dichloromethane (Methylene Chloride) ............................................................
D ie ld rin .............................................................................................................
D ie th y l p h th a la te ...............................................................................................
Diethylstibestrol
Dimethoate.
Dimethyl phthalate
Diphenylamine
Disulfoton
D i-n -b u ty l p h th a la te ..........................................................................................
D i-n -o cty l p h th a la te ..........................................................................................
E n d o s u lfa n ........................................................................................................
E n d rin ...............................................................................................................
Epichlorohydrin
Ethyl acetate
Ethyl ether
Ethyl methacrylate
Ethyl methanesulfonate
E th y lb e n z e n e ....................................................................................................
Ethylene dibromide
Ethylenethiourea
Famphur
F lu o ra n th e n e ....................................................................................................
F lu o re n e ...........................................................................................................
Formaldehyde
Formic acid
Furan
gam ma-HCH (Lindane) ....................................................................................
H e p ta c h lo r ........................................................................................................
Heptachlor epoxide (a,b,g isomers) .................................................................
H e x a c h lo ro b e n z e n e ..........................................................................................
Hexachlorocyclohexane
Hexachlorocyclopentadiene .............................................................................
H e x a c h lo ro e th a n e ............................................................................................
Hexachlorophene
Hexachloro-1,3-butadiene ................................................................................


900
100
400
300


210
1800
20


9700
530
390
110
200
500
940


Ingest .......
Ingest .......
Ingest .......
Inhal .........


Inhal .........
Inhal .........
Inhal .........
Inhal .........
Inhal .........
Ingest .......
Inhal .........
Inhal .........
Ingest .......
Inhal .........


Cancer.
Cancer.
Cancer.
Cancer.


Csat.
Csat.
Non-Cancer.
Csat.
Csat.
Non-Cancer.
Non-Cancer.
Cancer.
Cancer.
Non-Cancer.


1900 Inhal ......... Csat.
200 Inhal ......... Cancer.


3900
10000
1500


10000
3000
2000
2000


90


7000
40


520


Ingest .......
Cap ..........
Inhal .........


Cap ..........
Ingest .......
Ingest .......
Ingest .......


Ingest .......


Inhal .........
Ingest .......
Inhal .........


1600 1 Inhal .........


1100
10000


40
230


Inhal .........
Cap ..........
Ingest .......
Ingest .......


260 1 Inhal


Non-Cancer.
Cancer.
Csat.


Non-Cancer.
Cancer.
Cancer.
Cancer.


Cancer.


Cancer.
Cancer.
Csat.


Csat.


Csat.
Non-Cancer.
Non-Cancer.
Non-Cancer.


Csat.


10000 Cap .......... Non-Cancer.
10000 Cap .......... Non-Cancer.


500
100


70
400


20


10000


1000


Ingest .......
Ingest .......
Ingest .......
Ingest .......


Inhal .........


Cap ..........


Inhal .........


Cancer.
Cancer.
Cancer.
Cancer.


Non-Cancer.


Cancer.


Cancer.
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APPENDIX A-1 .- BRIGHT LINE NUMBERS FOR SoiL-Continued


Bright Line
CAS No. Constituent for soil Path Basis


(ppm)


193-39-5 ...................
78-83-1 .....................
78-59-1 .....................
143-50-0 ...................
7439-92-1 .................
108-31-6 ...................
7439-97-6 .................
126-98-7 ...................
67-56-1 .....................
72-43-5 .....................
78-93-3 .....................
108-10-1 ...................
80-62-6 .....................
298-00-0 ...................
7439-98-7 .................
108-39-4 ...................
91-20-3 .....................
7440-02-0 .................
98-95-3 .....................
62-75-9 .....................
86-30-6 .....................
621-64-7 ...................
10595-95-6 ...............
100-75-4 ...................
930-55-2 ...................
55-18-5 .....................
924-16-3 ...................
3268-87-9 .................
99999-07-0 ...............
152-16-9 ...................
95-48-7 .....................
95-50-1 .....................
95-53-4 .....................
56-38-2 .....................
608-93-5 ...................
82-68-8 .....................
87-86-5 .....................
108-95-2 ...................
25265-76-3 ...............
298-02-2 ...................
85-44-9 .....................
1336-36-3 .................
23950-58-5 ...............
129-00-0 ...................
110-86-1 ...................
106-47-8 ...................
106-44-5 ...................
106-46-7 ...................
106-49-0 ...................
94-59-7 .....................
7782-49-2 .................
7440-22-4 .................
93-72-1 .....................
57-24-9 .....................
100-42-5 ...................
99-35-4 .....................
127-18-4 ...................
3689-24-5 .................
7440-28-0 .................
108-88-3 ...................
8001-35-2 .................
156-60-5 ...................
10061-02-6 ...............
75-25-2 .....................
79-01-6 .....................
75-69-4 .....................
126-72-7 ...................
7440-62-2 .................
75-01-4 .....................
1330-20-7 .................


Indeno(1,2,3-cd)pyrene ....................................................................................
Isobutyl alcohol
Is o p h o ro n e ........................................................................................................
Kepone
Lead (and com pounds N.O .S.) ........................................................................
Maleic anhydride
Mercury (and com pounds N.O .S.) ...................................................................
Methacrylonitrile
Methanol
M e th o x y c h lo r ....................................................................................................
Methyl ethyl ketone
Methyl isobutyl ketone
Methyl methacrylate
Methyl parathion
Molybdenum
m-Cresol
Naphthalene-
Nickel (and com pounds N.O .S.) ......................................................................
N itro b e n z e n e ....................................................................................................
N-Nitrosodimethylamine
N-Nitrosodiphenylam ine ...................................................................................
N-Nitrosodi-n-propylam ine ................................................................................
N-Nitrosomethylethylamine
N-Nitrosopiperidine
N-Nitrosopyrrolidine
N-Nitroso-diethylamine
N-Nitroso-di-n-butylamine
OCDD
Octachlorodibenzofu ran (OCDF)
Octamethyl pyrophosphoramide
o -C re s o l ............................................................................................................
o -D ic h lo ro b e n z e n e ...........................................................................................
o-Toluidine
Parathion
Pentachlorobenzene
Pentachloronitrobenzene (PCNB)
P e n ta c h lo ro p h e n o l ............................................................................................
P h e n o l ..............................................................................................................
Phenylenediamine
Phorate
Phthalic anhydride
Polychlorinated biphenyls .................................................................................
Pronamide
P y re n e ..............................................................................................................
Pyridine
p -C h lo ro a n ilin e .................................................................................................
p-Cresol
p -D ic h lo ro b e n z e n e ...........................................................................................
p-Toluidine
Safrole
Selenium (and com pounds N.O .S.) .................................................................
Silver (and com pounds N.O .S.) .......................................................................
Silvex (2,4,5-TP)
Strychnine and salts
S ty re n e .............................................................................................................
sym-Trinitrobenzene
Tetrachloroethylene ..........................................................................................
Tetraethyl dithiopyrophosphate
Thallium
T o lu e n e .............................................................................................................
T o x a p h e n e ........................................................................................................
trans-1 2-Dichloroethene ..................................................................................
Trans-1 3-Dichloropropene
Tribromomethane (Bromoform ) ........................................................................
T ric h lo ro e th y le n e ..............................................................................................
Trichlorofluoromethane
Tris(2,3-dibromopropyl)phosphate
V a n a d iu m .........................................................................................................
Vinyl chloride (Chloroethene) ...........................................................................
X y le n e s .............................................................................................................


900


3400


4000


Ingest .......


Inhal .........


Fixed.


Cancer.


Csat


70 1 Inhal ......... I Non-Cancer.


3900 1 Ingest .......


10000
390


10000
90


Cap ..........
Ingest .......


Cap ..........
Ingest .......


Non-Cancer.


Non-Cancer.
Non-Cancer.


Cancer.
Cancer.


10000 Cap .......... Non-Cancer.
300 Inhal . Csat.


3000 Ingest ....... Cancer.
10000 Cap .......... Non-Cancer.


1000


10000


3100


10000


Ingest .......


Cap ..........


Ingest .......


Cap ..........


Cancer.


Non-Cancer.


Non-Cancer.


Cancer.


3900 Ingest ....... Non-Cancer.
3900 Ingest ....... Non-Cancer.


1400


10000


520
600


3600


10000
3000


5500
2


320


Inhal .........


Cap ..........


Inhal .........
Ingest .......
Inhal .........


Cap ..........
Inhal .........


Ingest .......
Inhal .........
Inhal .........


Csat.


Cancer.


Csat.
Cancer.
Csat.


Cancer.
Cancer.


Non-Cancer.
Cancer.
Csat.
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APPENDIX A-1 .- BRIGHT LINE NUMBERS FOR SoiL-Continued


Appendix A-2 to Part 269-Bright Line
Numbers for Ground Water


The Bright Lines for ground water in
Appendix A 2 were calculated directly from
risk equations in RAGS. Since carcinogens
and non-carcinogens pose different kinds of
health effects, two sets of risk equations and
exposure assumptions are used to calculate
Bright Lines for groundwater: For cancer
health effects:


TR x AT x BW x 365 daysC=
SFxIRxEFxED


For non-cancer health effects:


RDxlOxBWxATxx365 daysC=
JR x EF x ED


The exposure assumptions used in the


above risk equations are presented in Exhibit


3. These exposure assumptions are consistent


with those used to develop the SSLs. For


constituents with calculated Bright Lines for
ground water less than the detection limit,


the groundwater Bright Line is set at the
detection limit, as defined by the Exemption


Quantitation Criteria (EQC). The ground
water Bright Lines for 15 constituents are set


at their EQC's.


EXHIBIT 3.-EXPOSURE ASSUMPTIONS USED TO CALCULATE GROUND WATER BRIGHT LINES


Corresponding HWIR-media assumptions


Cancer Non-Cancer


C = Constituent concentration in groundwater .............................................. Calculated (mg/I) ................ Calculated (mg/I).
TR = Target excess lifetime cancer risk .......................................................... 10 3 1 70 years ................. - 30 years.
A T = A ve ra g in g tim e ........................................................................................ 70 kg .................................. 70 kg .
B W = B o d y w e ig ht ............................................................................................. C o n stitue nt .........................
SF = Oral cancer slope factor .......................................................................... Specific ............................... Constituent.
RfD = Oral reference dose ................................................................................ (mg/kg/day)-1 ..................... Specific.
IR = G roundw ate r ingestio n rate ..................................................................... ............................................ (m g/kg/day).
EF = Exposure frequency ................................................................................ 2 liters/day .......................... 2 liters/day.
ED = Exposure duration ................................................................................... 350 days, 30 years ............ 350 days, 30 years.


TABLE TO APPENDIX A-2.-BRIGHT LINES FOR GROUNDWATER


Groundwater
CAS No. Constituent Bright Line Basis


(mg/I)


630-20-6 ...................
71-55-6 .....................
79-34-5 .....................
79-00-5 .....................
76-13-1 .....................
75-34-3 .....................
75-35-4 .....................
96-18-4 .....................
95-94-3 .....................
120-82-1 ...................
96-12-8 .....................
107-06-2 ...................
78-87-5 .....................
122-66-7 ...................
542-75-6 ...................
99-65-0 .....................
123-91-1 ...................
99999-04-0 ...............
58-90-2 .....................
95-95-4 .....................
93-76-5 .....................
88-06-2 .....................
120-83-2 ...................
94-75-7 .....................
105-67-9 ...................
51-28-5 .....................
121-14-2 ...................
95-80-7 .....................
606-20-2 ...................
823-40-5 ...................
57117-31-4 ...............
99999-03-0 ...............
99999-06-0 ...............


1 ,1 ,1 ,2 -T e tra c h lo ro e th a n e ................................................................................................
1,1,1 -Trichloroethane ........................................................................................................
1 ,1 ,2 ,2 -T e tra c h lo ro e th a n e ................................................................................................
1 ,1 ,2 -T ric h lo ro e th a n e ........................................................................................................
1,1,2-Trichloro-1,2,2-trifluoroethane .................................................................................
1,1 -Dichloroethane ...........................................................................................................
1,1 -Dichloroethylene .........................................................................................................
1 ,2 ,3 -T ric h lo ro p ro p a n e .....................................................................................................
1,2,4,5-Tetrachlorobenzene ..............................................................................................
1 ,2 ,4 -T ric h lo ro b e n z e n e .....................................................................................................
1,2-Dibromo-3-chloropropane ...........................................................................................
1 ,2 -D ic h lo ro e th a n e ...........................................................................................................
1 ,2 -D ic h lo ro p ro p a n e .........................................................................................................
1 ,2 -D ip h e n y lh y d ra z in e ......................................................................................................
1 ,3 -D ic h lo ro p ro p e n e .........................................................................................................
1 ,3 -D in itro b e n z e n e ...........................................................................................................
1 ,4 -D io x a n e ......................................................................................................................
1 2 3 7 8 P e C D F u ra n ............................................................................................................
2 ,3 ,4 ,6 -T e tra c h lo ro p h e n o l .................................................................................................
2 ,4 ,5 -T ric h lo ro p h e n o l ........................................................................................................
2,4,5-Trichlorophenoxyacetic acid ....................................................................................
2 ,4 ,6 -T ric h lo ro p h e n o l ........................................................................................................
2 ,4 -D ic h lo ro p h e n o l ............................................................................................................
2,4-Dichlorophenoxyacetic acid (2,4-D) ...........................................................................
2 ,4 -D im e th y lp h e n o l ...........................................................................................................
2 ,4 -D in itro p h e n o l ..............................................................................................................
2 ,4 -D in itro to lu e n e .............................................................................................................
2 ,4 -T o lu e n e d ia m in e ..........................................................................................................
2 ,6 -D in itro to lu e n e .............................................................................................................
2 ,6 -T o lu e n e d ia m in e ..........................................................................................................
2 3 4 7 8 P e C D F u ra n ............................................................................................................
2 3 7 8 H p C D D io x in s ...........................................................................................................
2 3 7 8 H p C D F u ra n s ............................................................................................................


3
(1)


0.4
1


10000
0.9
0.1
2
0.1
4
0.06
0.9
1
0.1
0.1
0.04
8
0.00001


10
40
4
8
1
4
7
0.7
0.1
0.03
0.1


70
0.000001
0.00005
0.00005


Cancer.


Cancer.
Non-Cancer.
Non-Cancer.
Cancer.
Cancer.
Non-Cancer.
Non-Cancer.
Non-Cancer.
Cancer.
Cancer.
Cancer.
Cancer.
Non-Cancer.
Non-Cancer.
Cancer.
Cancer.
Non-Cancer.
Non-Cancer.
Non-Cancer.
Cancer.
Non-Cancer.
Non-Cancer.
Non-Cancer.
Non-Cancer.
Cancer.
Cancer.
Cancer.
Non-Cancer.
Cancer.
Cancer.
Cancer.
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TABLE TO APPENDIX A-2.-BRIGHT LINES FOR GROUNDWATER-Continued


Groundwater
CAS No. Constituent Bright Line Basis


(mg/I)


99999-02-0 ...............
99999-05-0 ...............
99999-01-0 ...............
1746-01-6 .................
51207-31-9 ...............
95-57-8 .....................
126-99-8 ...................
110-80-5 ...................
91-59-8 .....................
79-46-9 .....................
88-85-7 .....................
91-94-1 .....................
119-90-4 ...................
119-93-7 ...................
107-05-1 ...................
56-49-5 .....................
57-97-6 .....................
83-32-9 .....................
67-64-1 .....................
75-05-8 .....................
98-86-2 .....................
107-02-8 ...................
79-06-1 .....................
107-13-1 ...................
309-00-2 ...................
319-84-6 ...................
62-53-3 .....................
7440-36-0 .................
140-57-8 ...................
7440-38-2 .................
7440-39-3 .................
71-43-2 .....................
92-87-5 .....................
98-07-7 .....................
50-32-8 .....................
205-99-2 ...................
100-51-6 ...................
100-44-7 ...................
56-55-3 .....................
7440-41-7 .................
319-85-7 ...................
111-44-4 ...................
39638-32-9 ...............
117-81-7 ...................
75-27-4 .....................
74-83-9 .....................
71-36-3 .....................
85-68-7 .....................
7440-43-9 .................
75-15-0 .....................
56-23-5 .....................
57-74-9 .....................
108-90-7 ...................
510-15-6 ...................
124-48-1 ...................
67-66-3 .....................
74-87-3 .....................
7440-47-3 .................
218-01-9 ...................
156-59-2 ...................
10061-01-5 ...............
7440-50-8 .................
1319-77-3 .................
98-82-8 .....................
57-12-5 .....................
72-54-8 .....................
72-55-9 .....................
50-29-3 .....................
2303-16-4 .................
53-70-3 .....................


2 3 7 8 H x C D D io x in s ...........................................................................................................
2 3 7 8 H x C D F u ra n s ............................................................................................................
2 3 7 8 P e C D D io x in s ...........................................................................................................
2 3 7 8 T C D D io x in ...............................................................................................................
2 3 7 8 T C D F u ra n ................................................................................................................
2 -C h lo ro p h e n o l .................................................................................................................
2 -C h lo ro -1 ,3 -b u ta d ie n e .....................................................................................................
2 -E th o x y e th a n o l ................................................................................................................
2 -N a p h th y la m in e ...............................................................................................................
2 -N itro p ro p a n e ..................................................................................................................
2-sec-Butyl-4,6-dinitrophenol (Dinoseb) ...........................................................................
3 ,3 '-D ic h lo ro b e n z id in e ......................................................................................................
3 ,3 '-D im e th o x y b e n z id in e ..................................................................................................
3 ,3 '-D im e th y lb e n z id in e .....................................................................................................
3 -C h lo ro p ro p e n e ...............................................................................................................
3 -M e th y lc h o la n th re n e .......................................................................................................
7,12-Dimethylbenz(a)anthracene .....................................................................................
A c e n a p h th e n e ...................................................................................................................
A c e to n e (2 -p ro p a n o n e ) .....................................................................................................
A ceto n itrile (m ethy l cya n id e ) ............................................................................................
A c e to p h e n o n e ...................................................................................................................
A c ro le in .............................................................................................................................
A c ry la m id e ........................................................................................................................
A c ry lo n itrile .......................................................................................................................
A ld rin .................................................................................................................................
a lp h a -H C H ........................................................................................................................
A n ilin e (b e n z e n e a m in e ) ....................................................................................................
Antimony (and compounds N.O.S.) .................................................................................
A ra m ite ......................................... ...................................................................................
Arsenic (and compounds N.O.S.) ....................................................................................
Barium (and compounds N.O.S.) .....................................................................................
B e n z e n e ............................................................................................................................
B e n z id in e ..........................................................................................................................
B e n z o tric h lo rid e ................................................................................................................
B e n z o (a )p y re n e ................................................................................................................
B e n z o (b )flu o ra n th e n e .......................................................................................................
B e n z y l a lc o h o l ..................................................................................................................
B e n z y l c h lo rid e .................................................................................................................
B e n z [a ]a n th ra c e n e ............................................................................................................
Beryllium (and compounds N.O.S.) ..................................................................................
b e ta -H C H ..........................................................................................................................
B is (2 -c h lo ro e th y l) e th e r ....................................................................................................
B is(2 -c h lo ro iso p ro py l) eth e r ..............................................................................................
B is (2 -e th y lh e xy l) p h th a la te ...............................................................................................
B ro m o d ic h lo ro m e th a n e .....................................................................................................
B ro m o m e th a n e .................................................................................................................
B u ta n o l ................ . ............................................................................................................
B u ty l b e n z y l p h th a la te ......................................................................................................
Cadmium (and compounds N.O.S.) .................................................................................
C a rb o n d is u lfid e ................................................................................................................
C a rb o n te tra c h lo rid e .........................................................................................................
C h lo rd a n e .........................................................................................................................
C h lo ro b e n z e n e .................................................................................................................
C h lo ro b e n z ila te .................................................................................................................
C h lo ro d ib ro m o m e th a n e ....................................................................................................
C h lo ro fo rm ........................................................................................................................
C h lo ro m e th a n e .................................................................................................................
Chromium (and compounds N.O.S.) ................................................................................
C h ry s e n e ..........................................................................................................................
c is -1 ,2 -D ic h lo ro e th e n e ......................................................................................................
C is -1 ,3 -D ic h lo ro p ro p e n e ...................................................................................................
C o p p e r ..............................................................................................................................
C re s o ls ..............................................................................................................................
C u m e n e ............................................................................................................................
C y a n id e (a m e n a b le ) .........................................................................................................
D D D ..................................................................................................................................
D D E ..................................................................................................................................
D D T ..................................................................................................................................
D ia lla te ..............................................................................................................................
D ib e n z (a ,h )a nth ra c e n e .....................................................................................................


0.000005
0.000005
0.000001
0.0000005
0.000005
2


(1)
100


0.1
(1)


0.4
0.2
6
0.01


(1)
0.01
0.01


20
40


2
40


7
0.1
0.2
0.005
0.01


10
0.1
3
0.05


30
3
0.03
0.007
0.01
0.1


100
0.5
0.2
0.02
0.05
0.08
1


6
0.7
0.5


40
70


0.2
40


0.3
0.02
7
0.3
1


4
(1)


2
1


4
0.1


10
20
10


7
0.4
0.3
0.2
1
0.002


Cancer.
Cancer.
Cancer.
Cancer.
Cancer.
Non-Cancer.


Non-Cancer.
Cancer.


Non-Cancer.
Cancer.
Cancer.
EQC Floor.


EQC Floor.
EQC Floor.
Non-Cancer.
Non-Cancer.
Non-Cancer.
Non-Cancer.
Non-Cancer.
EQC Floor.
Cancer.
Cancer.
Cancer.
Cancer.
Non-Cancer.
Cancer.
Cancer.
Non-Cancer.
Cancer.
EQC Floor.
Cancer.
Cancer.
Cancer.
Non-Cancer.
Cancer.
Cancer.
Cancer.
Cancer.
Cancer.
Cancer.
Cancer.
Cancer.
Non-Cancer.
Non-Cancer.
Non-Cancer.
Non-Cancer.
Non-Cancer.
Non-Cancer.
Non-Cancer.
Non-Cancer.
Cancer.
Cancer.
Non-Cancer.


Non-Cancer.
Cancer.
Non-Cancer.
Non-Cancer.
Non-Cancer.
Non-Cancer.
Non-Cancer.
Non-Cancer.
Cancer.
Cancer.
Non-Cancer.
Cancer.
Cancer.
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TABLE TO APPENDIX A-2.-BRIGHT LINES FOR GROUNDWATER-Continued


Groundwater
CAS No. Constituent Bright Line Basis


(mg/I)


74-95-3 .....................
75-71-8 .....................
75-09-2 .....................
60-57-1 .....................
84-66-2 .....................
56-53-1 .....................
60-51-5 .....................
131-11-3 ...................
122-39-4 ...................
298-04-4 ...................
84-74-2 .....................
117-84-0 ...................
115-29-7 ...................
72-20-8 .....................
106-89-8 ...................
141-78-6 ...................
60-29-7 .....................
97-63-2 .....................
62-50-0 .....................
100-41-4 ...................
106-93-4 ...................
96-45-7 .....................
52-85-7 .....................
206-44-0 ...................
86-73-7 .....................
50-00-0 .....................
64-18-6 .....................
110-00-9 ...................
58-89-9 .....................
76-44-8 .....................
1024-57-3 .................
118-74-1 ...................
608-73-1 ...................
77-47-4 .....................
67-72-1 .....................
70-30-4 .....................
87-68-3 .....................
193-39-5 ...................
78-83-1 .....................
78-59-1 .....................
143-50-0 ...................
7439-92-1 .................
108-31-6 ...................
7439-97-6 .................
126-98-7 ...................
67-56-1 .....................
72-43-5 .....................
78-93-3 .....................
108-10-1 ...................
80-62-6 .....................
298-00-0 ...................
7439-98-7 .................
108-39-4 ...................
91-20-3 .....................
7440-02-0 .................
98-95-3 .....................
62-75-9 .....................
86-30-6 .....................
621-64-7 ...................
10595-95-6 ...............
100-75-4 ...................
930-55-2 ...................
55-18-5 .....................
924-16-3 ...................
3268-87-9 .................
99999-07-0 ...............
152-16-9 ...................
95-48-7 .....................
95-50-1 .....................
95-53-4 .....................


Dibromomethane (methylene bromide) ............................................................................
D ic h lo ro d iflu o ro m e th a n e ...................................................................................................
Dichloromethane (Methylene Chloride) ............................................................................
D ie ld rin ..............................................................................................................................
D ie th y l p h th a la te ...............................................................................................................
D ie th y ls tib e s tro l ................................................................................................................
D im e th o a te .......................................................................................................................
D im e th y l p h th a la te ............................................................................................................
D ip h e n y la m in e ..................................................................................................................
D is u lfo to n ..........................................................................................................................
D i-n -b u ty l p h th a la te ..........................................................................................................
D i-n -o c ty l p h th a la te ...........................................................................................................
E n d lo s u lfa n ........................................................................................................................
E n d rin ...............................................................................................................................
E p ic h lo ro h y d rin .................................................................................................................
E th y l a c e ta te .....................................................................................................................
E th y l e th e r ........................................................................................................................
E th y l m e th a c ry la te ............................................................................................................
E th y l m e th a n e s u lfo n a te ....................................................................................................
E th y lb e n z e n e ....................................................................................................................
E th y le n e d ib ro m id e ...........................................................................................................
E th y le n e th io u re a ...............................................................................................................
F a m p h u r ...........................................................................................................................
F lu o ra n th e n e .....................................................................................................................
F lu o re n e ............................................................................................................................
F o rm a ld e h y d e ...................................................................................................................
F o rm ic a c id .......................................................................................................................
F u ra n ..................... ..........................................................................................................
g a m m a -H C H (L in d a n e ) ....................................................................................................
H e p ta c h lo r ........................................................................................................................
Heptachlor epoxide (alpha, beta, gamma) .......................................................................
H e x a c h lo ro b e n z e n e ..........................................................................................................
H e xa ch lo ro cyc lo he xa ne ....................................................................................................
Hexachlorocyclopentadiene ..............................................................................................
H e x a c h lo ro e th a n e .............................................................................................................
H e x a c h lo ro p h e n e ..............................................................................................................
H e xa ch lo ro -1 ,3 -b uta d ie ne ................................................................................................
In d e n o (1 ,2 ,3 -c d )p y re n e ....................................................................................................
Is o b u ty l a lc o h o l .................................................................................................................
Is o p h o ro n e ........................................................................................................................
K e p o n e .............................................................................................................................
Lead (and compounds N.O.S.) ........................................................................................
M a le ic a n h y d rid e ..............................................................................................................
Mercury (and compounds N.O.S.) ...................................................................................
M e th a c ry lo n itrile ................................................................................................................
M e th a n o l ...........................................................................................................................
M e th o x y c h lo r ....................................................................................................................
M e th y l e th y l k e to n e ..........................................................................................................
M e th y l is o b u ty l k e to n e ......................................................................................................
M e th y l m e th a c ry la te .........................................................................................................
M e th y l p a ra th io n ...............................................................................................................
M o ly b d e n u m .....................................................................................................................
m -C re s o l ...........................................................................................................................
N a p h th a le n e .....................................................................................................................
Nickel (and compounds N.O.S.) .......................................................................................
N itro b e n z e n e ....................................................................................................................
N -N itro so d im e th y la m in e ...................................................................................................
N -N itro so d ip h e n y la m in e ...................................................................................................
N -N itro so d i-n -p ro py la m in e ................................................................................................
N -N itro so m eth y le thy la m in e ...............................................................................................
N -N itro s o p ip e rid in e ...........................................................................................................
N -N itro s o p y rro lid in e ..........................................................................................................
N -N itro so -d ie th y la m in e .....................................................................................................
N -N itro so -d i-n -b u ty la m in e .................................................................................................
O C D D ...............................................................................................................................
Octachlorodibenzofu ran (OCDF) ......................................................................................
Octamethyl pyrophosphoramide .......................................................................................
o -C re s o l ............................................................................................................................
o -D ic h lo ro b e n z e n e ............................................................................................................
o -T o lu id in e ........................................................................................................................


4
70
10


0.005
300


0.02
0.07


4000
9
0.01


40
7
0.02
0.1
0.7


300
70
30
0.02


40
0.001
0.03
0.02


10
10
70


700
0.4
0.07
0.02
0.005
0.05
0.05
3
0.4
0.1
1


0.1
100


70
0.02


(1)
40


0.1
0.04


200
2


200
20
30


0.09
2


20
10


7
0.2
0.01


20
0.01
0.01
0.02
0.04
0.02
0.02
0.0005
0.0005
0.7


20
30


0.4


Non-Cancer.
Non-Cancer.
Cancer.
Cancer.
Non-Cancer.
EQC Floor.
Non-Cancer.
Non-Cancer.
Non-Cancer.
Non-Cancer.
Non-Cancer.
Non-Cancer.
Non-Cancer.
Non-Cancer.
Non-Cancer.
Non-Cancer.
Non-Cancer.
Non-Cancer.
EQC Floor.
Non-Cancer.
Cancer.
Non-Cancer.
EQC Floor.
Non-Cancer.
Non-Cancer.
Non-Cancer.
Non-Cancer.
Non-Cancer.
Cancer.
Cancer.
Non-Cancer.
Cancer.
Cancer.
Non-Cancer.
Non-Cancer.
Non-Cancer.
Cancer.
Cancer.
Non-Cancer.
Non-Cancer.
EQC Floor.


Non-Cancer.
Non-Cancer.
Non-Cancer.
Non-Cancer.
Non-Cancer.
Non-Cancer.
Non-Cancer.
Non-Cancer.
Non-Cancer.
Non-Cancer.
Non-Cancer.
Non-Cancer.
Non-Cancer.
Non-Cancer.
EQC Floor.
Cancer.
EQC Floor.
EQC Floor.
EQC Floor.
Cancer.
EQC Floor.
Cancer.
Cancer.
Cancer.
Non-Cancer.
Non-Cancer.
Non-Cancer.
Cancer.
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TABLE TO APPENDIX A-2.-BRIGHT LINES FOR GROUNDWATER-Continued


Groundwater
CAS No. Constituent Bright Line Basis


(mg/I)


56-38-2 ..................... Parathion .......................................................................................................................... 2 Non-Cancer.
608-93-5 ................... Pentachlorobenzene ......................................................................................................... 0.3 Non-Cancer.
82-68-8 ..................... Pentachloronitrobenzene (PCNB) ......................................... ...... ................................... 0.3 Cancer.
87-86-5 ..................... Pentachlorophenol ............................................................................................................ 0.7 Cancer.
108-95-2 ................... Phenol ............................................................................................................................... 200 Non-Cancer.
25265-76-3 ............... Phenylenediam ine ............................................................................................................ 2 Non-Cancer.
298-02-2 ................... Phorate ............................................................................................................................. 0.07 Non-Cancer.
85-44-9 ..................... Phthalic anhydride ............................................................................................................ 700 Non-Cancer.
1336-36-3 ................. Polychlorinated biphenyls ............................................ ............................................... . 0.01 Cancer.
23950-58-5 ............... Pronam ide ........................................................................................................................ 30 Non-Cancer.
129-0 0-0 ................... Pyrene .............................................................................................................................. 10 Non-Cancer.
110-8 6-1 ................... Pyridine ............................................................................................................................. 0.4 Non-Cancer.
106-47-8 ................... p-Chloroaniline .................................................................................................................. 1 Non-Cancer.
1 0 6 -4 4 - 5 ................... p -C re s o l ............................................................................................................................ (1).
106-46-7 ................... p-Dichlorobenzene ............................................................................................................ 4 Cancer.
106-49-0 ................... p-Toluidine ........................................................................................................................ 0.4 Cancer.
94-59-7 ..................... Safrole .............................................................................................................................. 0.5 Cancer.
7782-49-2 ................. Selenium (and com pounds N.O .S.) ...................................... ..... .................................... 2 Non-Cancer.
7440-22-4 ................. Silver (and com pounds N.O .S.) ..................................................................................... 2 Non-Cancer.
93-72-1 ..................... Silvex (2,4,5-TP) .............................................................................................................. 3 Non-Cancer.
57-24-9 ..................... Strychnine and salts ......................................................................................................... 0.1 Non-Cancer.
100-4 2-5 ................... Styrene ............................................................................................................................. 70 Non-Cancer.
99-35-4 ..................... sym -Trinitrobenzene ......................................................................................................... 0.02 Non-Cancer.
127-18-4 ................... Tetrachloroethylene .......................................................................................................... 4 Non-Cancer.
3689-24-5 ................. Tetraethyl dithiopyrophosphate ........................................... ...... ..................................... 0.2 Non-Cancer.
7440-28-0 ................. Thallium ............................................................................................................................ (1)
108-8 8-3 ................... Toluene ............................................................................................................................. 70 Non-Cancer.
8 3001-35-2 ................. Toxaphene ........................................................................................................................ 0.08 Cancer.
156-60-5 ................... trans-1 2-Dichloroethene ....................................................... 7 Non-Cancer.
10061-02-6 ............... Trans-1,3-Dichloropropene .............................................................................. 0.1 Non-Cancer.
75-25-2 ..................... Tribrom om ethane (Brom oform ) ........................................... ...... ..................................... 7 Non-Cancer.
79-01-6 ..................... Trichloroethylene .............................................................................................................. (1)
75-69-4 ..................... Trichlorofluorom ethane ..................................................................................................... 100 Non-Cancer.
126-72-7 ................... Tris(2,3-dibrom opropyl)phosphate ......................................... ...... ................................... 0.2 EQ C Floor.
7440-62-2 ................. Vanadium .......................................................................................................................... 3 Non-Cancer.
75-01-4 ..................... Vinyl chloride (Chloroethene) .......................................................................................... 0.04 Cancer.
1330-20-7 ................. Xylenes ............................................................................................................................. 700 Non-Cancer.
7440-66-6 ................. Zinc (and com pounds N.O .S.) .................................................................... .............. 100 Non-Cancer.


1 No Data.


Appendix B to Part 269-Submittal of
Treatability Data


Both treatability data and full-scale
operating data shall be submitted to EPA for
entry into the National Risk Management
Research Laboratory (NRMRL) treatability
database system. Data from treatability
studies shall be submitted as soon as the
treatability study (or studies) has been
completed. Full-scale operating data shall be
submitted every three years, or after the
cleanup has been completed, whichever is
first.


Data shall be submitted to: Chief, Site
Management Support Branch,National Risk
Management Research Laboratory,26 West
Martin Luther King Drive,Cincinnati, Ohio
45268.


A copy of the entire treatability/
performance study should be submitted if
possible. No particular format is required for
presentation of the data; however, the
following information must be included:


Site/laboratory name and address
Point of contact
Technology (or technologies) used
Chemicals of contamination


Size of study (i.e., bench top, pilot plant,
full scale)
Volumes treated
Description of study/abstract
Beginning and ending concentrations
Percent removal
Analytical method
Source matrix
Any important operational parameters
Any other information that the site feels is
important
Sites should be aware that any data


submitted will be available to the general
public through the NRMRL treatability
database. Sites should not submit
confidential business information (CBI)
material.


PART 270-EPA ADMINISTERED
PERMIT PROGRAMS: THE
HAZARDOUS WASTE PERMIT
PROGRAM


Subpart A-General Information


15. The authority citation for part 270
continues to read as follows:


Authority: 42 U.S.C. 6905, 6912, 6924,
6925, 6927, 6939, and 6974.


15a. Section 270.1 (a)(1) is revised to
read as follows:


§270.1 Purpose and scope of these
regulations.


(a) Coverage. (1) These permit
regulations establish provisions for the
Hazardous Waste Permit Program under
Subtitle C of the Solid Waste Disposal
Act, as amended by the Resource
Conservation and Recovery Act of 1976,
as amended (RCRA), (Pub. L. 94-580, as
amended by Pub. L. 95-609 and by Pub.
L. 96-482; 42 U.S.C. 6091 et seq.). They
apply to EPA and to approved States to
the extent provided in part 271 of this
chapter. Other requirements can be
found in Part 269 of this chapter.
*< < *< *< *
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PART 271-REQUIREMENTS FOR
AUTHORIZATION OF STATE
HAZARDOUS WASTE PROGRAMS


16. The authority citation for part 271
continues to read as follows:


Authority: 42 U.S.C. 6905, 6912(a) and
6926.


16a. Section 271.21 is amended by
revising paragraph (b) introductory text,
(b)(1), (b)(2) and (e)(2) introductory text;
by reserving paragraph (h) and by
adding paragraphs (i), () and (k) and by
adding a table to the end of the section
to read as follows:


§271.21 Procedures for revision of State
programs.
* * * * *


(b) Revision of a State program shall
be accomplished as follows:


(1) The State shall submit a modified
program description, Attorney General's
Statement, Memorandum of Agreement,
or such other documents as EPA
determines to be necessary under the
circumstances. Submittals to support
Category 1 and Category 2 program
revisions (as listed in Table 1) shall be
in accordance with paragraph (i) of this
section.


(2) The Administrator shall approve
or disapprove program revisions based
on the requirements of this part and of
the Act. In approving or disapproving
program revisions, the Administrator
shall follow the procedures of paragraph
(b) (3) or (4) of this section. Procedures
for review and approval of Category 1
and Category 2 program revisions (as
listed in Table 1) shall be in accordance
with paragraph (i) of this section.
* * * * *


(e) * * *
(2) Federal program changes are


defined for purposes of this section as
promulgated amendments to 40 CFR
parts 124, 270, 260-269 and any self-
implementing statutory provisions (i.e.,
those taking effect without prior
implementing regulations) which are


listed as State program requirements in
this subpart. States must modify their
programs to reflect Federal program
changes and must subsequently submit
the modifications to EPA for approval.
* * * * *


(h) (Reserved).
(i) Category 2 program revisions.


Category 2 program revisions and
prerequisite requirements are identified
in Table 1 of this section. The
procedures for authorization of Category
2 program revisions are as follows:


(1) The State shall submit an
application for authorization of Category
2 program revision(s). The State
application shall include:


(i) A certification by the State
Attorney General (or the attorney for the
State agency(ies) which have
independent legal counsel) that the laws
and regulations of the State provide
adequate authority to implement a State
program equivalent to the Federal
program as listed in Table 1;


(ii) A certification by the Director (as
"Director" is defined in 40 CFR 270.2)
that the State intends to and has the
capability to implement a State program
equivalent to the Federal program. EPA
may establish essential program
elements for any Category 2 rule. When
established, the Director's certification
shall address each essential element
individually.


(iii) An update to the State/EPA
Memorandum of Agreement (MOA)
provided in § 271.8 or a certification by
the Director stating that the current
MOA provides for adequate
implementation of the program
revision(s).


(iv) An update to the Program
Description provided in § 271.6 or a
certification by the Director stating that
the current Program Description
adequately addresses implementation of
the program revision(s).


(v) Copies of all cited State laws and
regulations showing that the cited State
laws and regulations are lawfully


adopted and fully effective at the time
the certifications are signed.


(vi) At the State's discretion, any
additional information which the State
believes will support the application.


(2) Within 30 days of receipt of a
Category 2 program revision
application, EPA will review the
application to determine if it is
complete. If EPA determines that the
application is not complete, EPA will
provide the State a concise written
Statement of the deficiencies of the
application.


(3) Within 60 days of determining a
Category 2 application is complete, EPA
will review the application to determine
whether the application describes a
State program equivalent to the Federal
program and follow the procedures of
paragraph (b)(3) of this section for an
immediate final rule to publish its
decision to authorize or deny
authorization of the program revision.
The State and EPA may agree to a longer
or shorter review period. The State and
EPA may agree to use the procedures of
paragraph (b)(4) of this section for a
proposed/final rule.


(J) For purposes of Category 2 program
revisions, State programs will be
considered equivalent to the Federal
program if the laws and regulations
cited by the State provide for a program
no less stringent than the analogous
Federal program.


(k) For purposes of Category 2
program revisions, State certifications
will be considered incomplete when:


(1) Copies of cited statutes or
regulations were not included;


(2) The statutes or regulations cited by
the State are not in effect;


(3) The State is not yet authorized for
certain RCRA rules specified as
necessary before seeking authorization
of the program revision at issue, as
identified in Table 1;


(4) The certification contains
significant errors or omissions.


TABLE 1 to § 271.21


Program revision Prerequisite regulations Category


HWIR-media rule 40 CFR Part 269 (except 40 CFR 269.30-26934) ............................ Final authorization as defined in §270.2 2
LDR treatment requirements for media 40 CFR 269.30-26934 ..................................... LDR Third Third Rule, 55 FR 22520 Jun. 2


1, 1990.
Site-specific LDR treatment variances 40 CFR 268.44 .................................................. LDR Third Third, 55 FR 22520 Jun. 1, 2


1990.
HWIR-waste rule (60 FR 66344-663469, December 21, 1995) ..................................... Final authorization as defined in §270.2 2
Revised Technical Standards for Hazardous Waste Combustion Facilities April 19, Final authorization as defined in §270.2 2


1996.


18863
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17. Add a new § 271.28 to subpart A
to read as follows:


§271.28 Specific authorization provisions
for an HWIR-media program.


(a) The essential elements of an
HWIR-media program are:


(1) Authority to address all media that
contain hazardous wastes listed in Part
261, Subpart D of this chapter, or that
exhibit one or more of the
characteristics of hazardous waste
defined in part 261, subpart C of this
chapter.


(2) Authority to address the hazards
associated with media that are managed
as part of remedial activities and that
the Director has determined do not
contain hazardous wastes (according to
40 CFR 269.4), but would otherwise be
subject to Subtitle C regulation. States
that choose to make contained-in
decisions only when the concentrations
of hazardous constituents in any given
media are protective of human health
and the environment, absent any
additional management standards (i.e.,
eatable, drinkable concentrations), may
receive HWIR-media authorization
without certifying their ability to
impose management standards on
media that no longer contain hazardous
waste.


(3) Authority to include, in the
definition of media, materials found in
the natural environment such as soil,
ground water, surface water, and
sediments, or a mixture of such
materials with liquids, sludges, or solids
that are inseparable by simple
mechanical removal processes and
made up primarily of media.


(4) Authority to exclude debris (as
defined in 40 CFR 268.2) and non-media
cleanup wastes from the requirements of
40 CFR part 269 (except the
requirements for Remediation
Management Plans).


(5) Authority to use the contained-in
principle (or equivalent principles) to
remove contaminated media from the
definition of hazardous waste only if
they contain hazardous constituents at
concentrations at or below those
specified in appendix A of part 269 of
this chapter.


(6) Authority to require compliance
with LDR requirements listed in 40 CFR
269.30 through 269.34.


(7) Authority to issue, modify and
terminate (as appropriate) permits,
orders, or other enforceable documents
to impose management standards for
media as described in essential elements
1-6 and 8 and 9.


(8) Requirements for public
involvement in management decisions
for hazardous and non-hazardous media
as described in 40 CFR 269.43(e).


(9) Authority to require that data from
treatability studies and full scale
treatment of media that contain
hazardous waste be submitted to EPA
for inclusion in the National Risk
Management Research Laboratory
treatability database.


(b) EPA may withdraw authorization
of a State HWIR-media program
whenever:


(1) The State has failed to adequately
address EPA concerns; or


(2) The State's HWIR-media program
does not provide authority for all of the
HWIR-media program essential
elements as set forth in this section; or


(3) The State's HWIR-media program
meets any one of the criteria for general
program withdrawal as set forth in
§ 271.22. When withdrawing a State's
HWIR-media program authorization,
EPA will use the procedures of
§ 271.21(b)(4) for a proposed/final rule
to provide notice of the proposed
authorization decision.


(c) Following withdrawal of a State's
HWIR-media program, the State is
barred from making contained-in
decisions or from approving RMPs and
EPA will implement the Federal HWIR-
media program in the State. RMPs
issued by a State pursuant to its HWIR-
media program prior to program
withdrawal will remain in effect;
however, EPA may use its enforcement
authorities to impose additional
requirements on media managed
pursuant to such RMPs, as necessary to
protect human health and the
environment.


(d) Any person may, at any time,
submit written information to EPA
alleging inadequate State performance
of an authorized HWIR-media program
and EPA will consider such information
when making decisions about the
appropriate phase of monitoring for a
State HWIR-media program. EPA will
provide copies of all such written
information to the Director and give the
State at least 30 days to respond.
Following receipt of the State's
response, EPA will respond to all such
information in writing. EPA and the
State may agree to waive the
opportunity for State response.


[FR Doc. 96 10096 Filed 4 26 96; 8:45 am]
BILLING CODE 6560-50-P


18864


HeinOnline -- 61 Fed. Reg. 18864 1996








SESSION 10SESSION 10


RCRA HAZARDOUS WASTERCRA HAZARDOUS WASTE
IDENTIFICATION:IDENTIFICATION: 


Special Regulatory ConventionsSpecial Regulatory Conventions


1 







� Introduction 
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� Derived-from Rule 
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� Contained-in Policy 


� Review 


Agenda: Special Regulatory Conventions 


Mixture Rule 


As-generated Wastes 
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(HWID) process 


� 


� Derived-from rule 


� As-generated wastes listed solely for 
ignitability, corrosivity, and reactivity 
(I, C, R) 


� Contained-in policy 


There are special regulatory conventions to 
consider in the hazardous waste identification 


Mixture rule 


Introduction 


•	 This Session addresses: 
» how mixtures effect a wastes status as hazardous, 
» the status of residues of treated hazardous waste, 
» as-generated wastes listed solely for the ignitability, corrosivity, and 


reactivity characteristics, and 

» the “contained-in” policy.
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Introduction 


Without special regulatory conventions some 
wastes might get out of regulation 


� Questions often arise if hazardous waste really is 

hazardous, for example:

– Is waste identified as hazardous always hazardous? 


– Can hazardous waste be mixed with other wastes and 
become nonhazardous? 


– If the waste is treated to modify its chemical composition, is it 
still regulated as hazardous? 


•	 Every facility has elaborate processes and steps to produce their product that 
causes different wastes to be generated along the way. 


•	 As these wastes are generated, industries may collect them in various 
fashions, sometimes: 


»	 These methods can cause different wastes to be mixed; 
»	 Residuals may be generated during the management or treatment of 


waste. 


•	 The regulated community needed to know how to look at their waste as they 
are managed throughout the process. 


•	 These types of issues  would leave “loopholes” in the regulations, that the 
regulated community in trying to cut waste management costs may try to 
take advantage of to “get their waste out” of RCRA regulation... 
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Introduction 


Two important regulatory conventions are the 
mixture and derived-from rules 


� The mixture rule governs mixtures of hazardous waste 
with nonhazardous waste 


� The derived-from rule governs residues resulting from 
treatment, storage, and disposal of hazardous waste 


40 CFR §261.3 


•	 As a result, the Agency adopted a conservative approach to close these loopholes.  
This approach is known as the “mixture and derived-from rules.” 


• 	The  mixture rule governs mixtures of hazardous waste with nonhazardous solid 
waste. 


• 	The  derived-from rule governs residues resulting from the treatment, storage, or 
disposal of hazardous waste. 
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The mixture rule applies to listed hazardous 


Nonhazardous 
Waste 


F002 


F002 


=+ 
Listed 
Waste 


Listed 
Waste 


Nonhazardous 
Waste 


wastes 


40 CFR §261.3(a)(2)(iv), §261.3(b)(2) 


Mixture Rule 


•	 THE MIXTURE RULE for listed wastes is: 


» Listed waste + nonhazardous waste = listed waste 


•	 Let’s say that we have a dry cleaning operation and have F002 spent solvent. After 
our dry cleaning process, we mix that spent solvent in a container with 
nonhazardous process wastewater. 


»	 The whole mixture is now F002. 


• 	The  reason F002 was listed in the first place is the risk posed by the  hazardous 
constituents. Those constituents (and their risks) are STILL THERE.  It’s the SAME 
mass load, just more dispersed and diluted in the waste.  


•	 As you can see, this removes the incentive to dilute the waste. 
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(if mixture does not exhibit 
any characteristic) 


+ = 
Nonhazardous 


Waste 
Characteristic 


Waste 


Nonhazardous 
Waste 


D039 


Nonhazardous 
Waste 


(if mixture 
does not 


exhibit any 
characteristic) 


40 CFR §261.3(b)(3) 


The mixture rule applies to characteristic 
hazardous wastes 


Nonhazardous  Waste  


Mixture Rule 


•	 MIXTURE RULE FOR CHARACTERISTIC WASTES: 


• With  CHARACTERISTICS … if the resultant mixture does not exhibit a 
characteristic, then the waste does not apply. 


»	 Characteristic waste + nonhazardous waste = Characteristics waste (if 
the mixture exhibits a characteristic of hazardous waste) 


•	 Let’s go back to our dry cleaner and assume that we are using a cleaning 
solution that it TC for tetrachloroethylene (Perc, PCE) but is not listed … 
because it’s only 5% before use. 


»	 we mix it with some other detergents in the back room … the resultant 
mixture is no longer characteristic 


– TCLP is less than .7 mg/l; and 
– It is not ignitable



» … do we need to manage it as a hazardous waste.?  NO



•	 HOWEVER, this mixture may violate the LDR dilution prohibition. 
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a characteristic (I,C,R) 


Nonhazardous 
Waste 


F003 


Nonhazardous 
Waste 


(if mixture 
does not 


exhibit any 
characteristic) 


+ 
a characteristic) 


= 


Mixture Rule 


The mixture rule for wastes listed for exhibiting 


40 CFR §261.3(g)(2)(i) 


Listed Waste 
(listed for exhibiting 


Nonhazardous Waste  
(if mixture does not exhibit 


any characteristic) 


Nonhazardous 
Waste 


•	 That same reasoning applies to wastes that are LISTED FOR EXHIBITING A 
CHARACTERISTIC. 


•	 The third part of the rule involves listed wastes (that are listed for exhibiting a 
characteristic) and are mixed with nonhazardous waste. 


•	 WHAT IS THE RULE? 


»	 Listed waste (listed for exhibiting a characteristic) + nonhazardous waste = 
nonhazardous waste (if mixture does not exhibit any characteristic) 


•	 After our dry cleaning process, the spent solvent (F003) gets mixed in a container 
with nonhazardous process wastewater. If the mixture does not exhibit ANY 
characteristic, then the waste is not hazardous. This is because F003 was listed 
for a characteristic (that’s the threat) and if a mixture involving F003 is no longer 
characteristic, that mixture does not pose enough of a threat to warrant regulation). 


8 







Listed 
Waste 


Disposal 
= 


Listed 
Waste 


F006F006 = 


le 


The derived-from rule applies to listed 
hazardous waste 


Treatment 
Storage 


40 CFR §261.3(c)(2)(i) 


Derived-from Ru


•	 EXAMPLES OF THE DERIVED-FROM RULE: 


» waste disposed in a landfill generates a leachate; 


» what if you store a waste and it solidifies--is that still hazardous?; 


» what if treating inside a container, remove the waste, but there’s a residue 
leftover from the treatment? or 



» what if you treat some waste, and generate a sludge? 



•	 WHY IS IT IMPORTANT? residu could be different from the original listed waste 
(may or may not meet the narrative listing description) but the residue could be just 
as or even more dangerous (constituents and risks could even be more 
concentrated). 


•	 WHAT IS THE DERIVED-FROM RULE FOR LISTINGS? 


»	 Waste (residue) derived from the treatment, storage, or disposal of listed 
waste = listed waste 


»	 This includes: any sludge, spill residue, ash, emission control dust, or leachate 
(but not including precipitation run-off) is a hazardous waste.”  
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Waste 
Disposal 


= 
Waste* 


D002D018 = 


le 


The derived-from rule applies to characteristic 
hazardous waste 


40 CFR §261.3(d)(1) 


Characteristic Treatment 
Storage Characteristic  


* if residue exhibits any characteristic 


Derived-from Ru


•	 WHAT IS THE DERIVED-FROM RULE FOR CHARACTERISTICS? 


» Waste derived from treatment, storage, or disposal of characteristic = 
Hazardous waste (if characteristic) 


»	 Waste derived from treatment, storage, or disposal of characteristic = 
Nonhazardous waste (if not characteristic) 


•	 Let’s say we have a waste that exhibits TC for benzene (D018).  Let’s say we burn it 
and get a residue that does not fail the TC for benzene (D018), however it would 
meet the definition of an ignitable solid (D001). 


•	 Is the residue hazardous? What code applies? D001. 


•	 In the end, the derived-from rule acknowledges that the management of hazardous 
waste may not render the waste nonhazardous. 
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Listed Waste 


exhibiting a 
Storage 
Disposal 


= 


F003 Waste 


) 


(listed for 


characteristic) 


Treatment 


40 CFR §261.3(g)(2)(ii) 


Nonhazardous 
Waste * 


* if resultant residues do not exhibit any characteristic 


Nonhazardous 


(if residue 
does not 


exhibit any 
characteristic) 


The derived-from rule for listed wastes 
exhibiting a characteristic (I,C,R


Derived-from Rule 


•	 WHAT IS THE RULE? 


» Waste derived from treatment, storage, or disposal of a waste listed for 
exhibiting a characteristic = Hazardous waste (if characteristic) 


»	 Waste derived from treatment, storage, or disposal of a waste listed for 
exhibiting a characteristic = Nonhazardous waste (if not characteristic) 
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A special rule applies to as-generated wastes 
listed solely for exhibiting a characteristic 


Wastes listed solely for ignitabil ty, corros vity, or reactiv
(I,C,R) that do not exhib t the characteristic at the point of 
generation, are not hazardous 


There are 29 waste codes that are listed for I, C, or R 


Promulgated on May 16, 2001 (66 FR 27297) 


40 CFR §261.3(g)(1) 


As-Generated Wastes 


•	 This rule did not exist prior to May 16, 2001.  The Federal Register cited on 
the slide promulgated this provision. 


•	 Before May 16, 2001, we only had the mixture rule for wastes listed for 
exhibiting a characteristic.  
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RCRA can regulate environmental media via 
the contained-in policy 


Environmental media that contain hazardous waste 
must be managed as hazardous waste until the med


Media do not contain a characteristic waste when the media 
no longer exh bit a character


Media do not contain a waste listed for a characteristic 
when the media no longer exhibit a characteristic 


Determination that med a no onger conta
a listed waste is made by states or EPA regions 


Contained-in Policy 


57 FR 958, 986; January 9, 1992 


•	 The other potential problem that EPA encountered was how to regulate 
hazardous waste that is found in environmental media, such as soil or 
groundwater. 


•	 In order for something to be classified as a hazardous waste it must first be a 
solid waste. 


»	 In-place media does not meet the definition of solid waste. That’s 
where it’s suppose to be.  It’s not discarded. 


•	 EPA developed the contained-in policy to regulate environmental media, 
such as soil, groundwater that contain a hazardous waste.  This is policy only 
and is not found in the regulations!! 


•	 LISTED: If a barrel has leaked F001 waste into the ground when that soil is 
excavated it must be handled as if it were that listed waste until the soil no 
longer contains the waste. 


•	 Point at which the soil is determined to no longer “contain” the waste is up to 
the implementing agency (CONTAINED-OUT DETERMINATION). 


»	 It could be any level (background, health based, Superfund, SDWA 
MCLs, etc. 
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Contained-in Policy 


The contained-in policy applies to 

environmental debris



� Debris contaminated with a RCRA listed waste must be 

managed as a hazardous waste until it no longer contains 

the hazardous waste



� The definition of debris found in §268.2(g) includes 


– Solid material 


– Particles that exceed 60 mm in size 


– Materials that are intended for disposal 


40 CFR §261.3(f)(2) 


• Unlike environmental media, the contained-in policy for debris is codified in 
the RCRA regulations. 
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NOTICE


The policies and procedures set forth here are intended as
guidance to Agency and other government employees. They
do not constitute rulemaking by the Agency, and may not be
relied on to create a substantive or procedural right
enforceable by any other person. EPA officials may decide to
follow the guidance provided in this directive, or to act at
variance with the guidance, based on analysis of specific site
circumstances. The Agency also reserves the right to change
this guidance at any time without public notice.
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EXECUTIVE SUMMARY


This guidance presents a general regulatory background and options for management of investigation-derived wastes
(IDW) generated during Superfund site inspections (SIs). These wastes include soil cuttings, drilling muds, purged
ground water, decontamination fluids (water and other fluids), disposable sampling equipment (DE), and disposable
personal protective equipment (PPE). The National Contingency Plan (NCP) requires that management of IDW
generated during SIs complies with all applicable or relevant and appropriate requirements (ARARs) to the extent
practicable. In addition, other legal and practical considerations may affect the handling of IDW. Therefore, site
inspection managers and other involved parties should be familiar with this guidance, as well as the requirements
of the NCP, ARARs, and EPA's interpretation of these requirements.


IDW from SIs may contain hazardous substances as defined by the Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA). Some CERCLA hazardous substances are hazardous wastes under
Subtitle C of the Resource Conservation and Recovery Act (RCRA), while other substances are regulated by other
federal laws such as the Safe Drinking Water Act (SDWA), Clean Air Act (CAA), Toxic Substances Control Act
(TSCA), and the Clean Water Act (CWA). EPA estimates that RCRA hazardous IDW have been generated at fewer
than 15 percent of CERCLA sites. However, RCRA regulations, and in particular the RCRA Land Disposal
Restrictions (LDRs), are very important as potential ARARs since they regulate treatment, storage, and disposal
of many of the most toxic and hazardous materials.


EPA's strategy for managing RCRA hazardous IDW presented in this guidance is based on:


• The NCP directive that SIs comply with ARARs to the extent practicable.


• The Area of Contamination (AOC) unit concept.


The most important elements of the IDW management approach are as follows:


• Leaving a site in no worse condition than existed prior to the investigation.


• Removing those wastes that pose an immediate threat to human health or the environment.


• Leaving on-site wastes that do not require off-site disposal or extended above-ground containerization.


• Complying with federal ARARs, to the extent practicable.


• Complying with state ARARs, as practicable.


• Careful planning and coordination for IDW management.


• Minimizing the quantity of generated wastes.


The specific elements of the approach are as follows:


• Characterizing IDW through the use of existing information (manifests, Material Safety Data Sheets,
previous test results, knowledge of the waste generation process, and other relevant records) and best
professional judgment.


• Delineating an AOC unit for leaving RCRA hazardous soil cuttings within the unit.







• Containerizing and disposing of RCRA hazardous ground water, decontamination fluids, and PPE and
DE (if generated in excess of 100 kg/month) at RCRA Subtitle C facilities.


• Leaving on-site RCRA nonhazardous soil cuttings, ground water, and decontamination fluids preferably
without containerization and testing.


EPA does not recommend removal of wastes from all sites and, in particular, from those sites where IDW do not
pose any immediate threat to human health or the environment. Removing wastes from all sites would not benefit
human health and the environment and would result in spending a significant portion of the total funds available for
the site assessment program, thus impairing EPA's ability to successfully meet the goals of the program.
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1.0 INTRODUCTION


In the process of collecting environmental samples during Superfund site inspections (SIs), site investigators generate
many different types of potentially contaminated investigation-derived wastes (IDW) that include soil, groundwater,
used personal protective equipment (PPE), decontamination fluids, and disposable sampling equipment (DE). The
National Contingency Plan (NCP) (1) requires that managing (handling) of IDW attains all applicable or relevant and
appropriate requirements (ARARs) to the extent practicable considering the exigencies of the situation. To comply
with ARARs, site managers need to be familiar with these requirements and how the Environmental Protection
Agency interprets them.


1.1 PURPOSE


This document provides guidance on determining and interpreting ARARs, and highlights EPA's recommended
approach to handling IDW in compliance with these requirements. The guidance is intended to assist site inspection
managers (SM), EPA regional project officers (RPOs), EPA Site Assessment Managers (SAMs), state environmental
agencies, potentially responsible parties (PRPs), and others involved in Superfund site assessment work. The
approach presented reflects EPA's goal to protect human health and the environment, addresses the most typical
scenarios that the SM may encounter, and describes cost-efficient methods of handling both hazardous and non-
hazardous IDW.


1.2 ORGANIZATION OF THE GUIDANCE


This guidance consists of seven sections:


• Section 1 - Introduction.


• Section 2 describes regulatory requirements and policy concerns, with emphasis on Resource
Conservation and Recovery Act (RCRA) (2) regulations.


• Section 3 discusses the distinction between IDW containing Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA) hazardous substances and RCRA hazardous wastes based
on their regulatory definitions.


• Section 4 stresses planning for IDW generation and management as the most important factor of the
comprehensive approach to handling IDW. This section also presents the IDW disposal decision tree
intended as a quick reference for site inspection managers.


• Section 5 describes the implementation of the IDW management plan.


• Section 6 discusses costs involved in both on-site and off-site IDW handling.


• Section 7 briefly describes available subcontracting procedures for IDW transportation and disposal.
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2.0 REGULATORY REQUIREMENTS AND POLICY CONCERNS


A variety of IDW are generated during CERCLA SIs. Many of these wastes contain substances considered
hazardous under CERCLA or regulated under various federal statutes such as the Toxic Substances Control Act
(TSCA), Clean Water Act (CWA), Safe Drinking Water Act (SDWA), Clean Air Act (CAA), and RCRA. Even
though all of these statutes can be ARARs for CERCLA actions, the application of these laws to handling IDW
generated during the SI can be difficult and confusing, since none specifically addresses the management of IDW
generated during the SI.


The National Contingency Plan (NCP)(') and the proposed amendment to the NCP (3) ("Procedures for Planning and
Implementing Off-Site Response Actions") codifying the CERCLA off-site policy°, present EPA's interpretation
of how these laws apply to response action investigations such as SIs.


2.1 REQUIREMENTS OF CERCLA AND THE NCP


CERCLA authorizes EPA to respond to releases or threats of releases of hazardous substances into the environment.
CERCLA response actions include removal actions, remedial investigations, and other response actions financed
by Superfund. CERCLA Section 101 (23) defines "removal" to include actions that may be necessary to monitor,
assess, and evaluate the release or threat of release of hazardous substances. Thus, CERCLA studies, site
assessments, and field investigations are considered removal actions. The NCP directs that removal actions attain
ARARs "to the extent practicable considering the exigencies of the situation" (unless the ARAR is waived) (see
Section 300.415 (i) of the NCP). Practicability is assessed by examining factors such as the urgency of the situation
and the scope of the removal action to be conducted. Section 2.2 of this guidance discusses procedures for
CERCLA off-site actions.


The preamble to the NCP clarifies the extent to which ARARs apply to removal actions:


"[Because] the purpose of removal actions generally is to respond to a release or threat of release of hazardous
substances, pollutants, or contaminants so as to prevent, minimize, or mitigate harm to human health and the
environment... [and] removals are distinct from remedial actions in that they may mitigate or stabilize the threat
rather than comprehensively address all threats at a site... removal actions cannot he expected to attain all
ARARs...Indeed, the imposition by Congress of limits on the amount of time and Fund money that may be
spent conducting a removal action often precludes comprehensive remedies by removal actions alone" (55 FR
8695, March 8, 1990) (emphasis added).


Because investigative activities are categorized as removal actions, the preamble to the NCP sets out the following
IDW management approach:


"... the field investigation team should, when handling, treating or disposing of investigation-derived waste on-
site, conduct such activities in compliance with ARARs to the extent practicable, considering the exigencies of
the situation  . Investigation-derived waste that is transported off-site (e.g., for treatability studies or disposal)
must comply with applicable requirements of the CERCLA off-site policy" (55 FR 8756, March 8, 1990)
(emphasis added).


In determining what is "practicable" in the context of an SI, the Agency may take into account the very limited
scope and purpose of the activity, and in particular the fact that it is not intended to address contamination at the
site (other than to gather information about it). This means that, as a general matter, actions taken at the SI that
leave conditions essentially unchanged (such as returning soil cuttings to the location from which they were taken)
should not require a detailed analysis of ARARs or assurance that conditions at the site after the action is taken will
comply with ARARs. At the same time, site personnel should ensure that their handling of IDW does not create
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additional hazards at the site. (For example, leaving highly contaminated soil cuttings on the surface could create
as additional risk of direct exposure.)


Potential ARARs include (but are not limited to) RCRA0, TSCA, CWA, CAA, and state legally enforceable
regulations. The most important ARARs for managing IDW are RCRA and TSCA (addressed in Sections 2.4 and
2.5 of this guidance). The preamble to the NCP discusses when CERCLA actions (including activities during SIs)
constitute "land disposal," which triggers several significant requirements, including RCRA land disposal restrictions
(LDRsr (55 FR 8759-8762).


Section 300.400(g) (4) of the NCP defines state ARARs as "those state standards that are promulgated, are identified
by the state in a timely manner, and are more stringent than federal requirements." Section 2.7 of this guidance
discusses the issue of state ARARs.


Before ARARs can be determined, it is necessary to determine what contaminants, if any, are present in the IDW.
Section 3.0 of this guidance discusses the process of identifying contaminants In general, such identification should
be done based on available information about the site and professional judgment rather than testing.


In brief, compliance with the NCP can generally be assured by:


(1) Identifying contaminants, if any, present in IDW based on existing information and best professional
judgment; testing is not required in most circumstances.


(2) Determining ARARs (particularly RCRA and state laws), and the extent to which it is practicable to
comply with them.


(3) Delineating an area of contamination (AOC) unit based on existing information and visual observation
if soil cuttings are RCRA hazardous (see Section 2.4.2).


(4) Burying RCRA hazardous soil cuttings within the AOC unit, so long as no increased hazard to human
health and the environment will be created. Containerization and testing are not required.


(5) Containerizing RCRA hazardous ground water and other RCRA hazardous IDW such as PPE, DE, and
decontamination fluids for off-site disposal.


The following sections of this guidance provide guidelines for determining ARARs and identifying IDW.


2.2 OFF-SITE RESPONSE ACTIONS POLICY


CERCLA Section 121 (d) (3) requires that hazardous substances, pollutants, or contaminants that are transferred
off-site for treatment, storage, or disposal during CERCLA response actions must be sent to facilities operating in
compliance with RCRA and other applicable laws or regulations. In 1987, EPA issued a more detailed policy (the
"off-site policy" — OSWER Directive No. 9834.11, November 13, 1987n that describes procedures that must be
followed when a response action under CERCLA involves off-site management of CERCLA wastes. This policy
applies to all IDW that are transported to an off-site disposal facility, but does not itself require that all RCRA
hazardous wastes and CERCLA hazardous substances be disposed off-site. Sections 2.4.3, 2.4.4, 2.5 and 2.6 of
this guidance present the criteria that RCRA Subtitle C facilities, RCRA Subtitle D facilities, TSCA and CWA-
regulated facilities must meet. The off-site policy is complex, and questions that arise should be referred to the
appropriate EPA Office of Regional Counsel.


The off-site policy provides acceptability criteria for facilities that receive wastes from CERCLA-authorized or
-funded response actions, including RCRA land disposal, treatment, storage, and permit-by-rule facilities, and for
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non-RCRA Subtitle C facilities (such as facilities permitted to receive waste under TSCA) that receive non-RCRA
wastes. Section 2.4.3 of this guidance discusses requirements for RCRA facilities that receive such wastes. In
addition, the off-site policy lists procedures for implementing off-site response actions, incorporates the SARA
requirements, and provides detailed procedures for issuing and reviewing unacceptability determinations. Off-site
actions must comply with applicable requirements of this policy.


The off-site policy also establishes criteria for selecting an appropriate disposal facility. The policy requires that
all RCRA hazardous wastes and CERCLA hazardous substances (which include RCRA hazardous wastes as a
subset) generated during CERCLA response actions that are transferred off-site be managed in facilities that are not
only in compliance with RCRA and other federal and state requirements, but also meet the compliance and release
criteria outlined in the policy.


EPA has proposed an off-site rule (Part 300.440 of the NCP) that would codify the requirements of CERCLA
Sections 121 (d) (3) and the off-site policy, and prevent CERCLA response actions from contributing to present or
future environmental problems "by directing these wastes to management units determined to be environmentally
sound" (53 FR 48218, November 29, 1988 0). Once the rule is issued in final form, it will supersede the policy.
Note that the proposed off-site rule contains provisions regarding materials sent to laboratories for testing and
analysis. These provisions do not relate to the types of IDW discussed in this guidance.


2.3 APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS


ARARs must be identified on a site-specific basis, and the site manager must determine whether a requirement is
applicable and, if not, whether the requirement is relevant and appropriate. A requirement under environmental
laws may be either "applicable" or "relevant and appropriate," but not both.


For dealing with IDW, the most important federal ARAR is RCRA because it specifically regulates all aspects of
transportation, treatment, storage, and disposal of hazardous wastes. Other major federal ARARs of concern
include CWA, CAA, SDWA, and TSCA. State ARARs should be attained where they are promulgated and legally
enforceable (see Section 2.7 of this guidance).


Much of what is discussed in this guidance is directly applicable; however, there are instances where requirements
may not be legally applicable, but are nethertheless relevant (addressing a similar situation or problem) and
appropriate (being well-suited to a particular site). Relevant and appropriate requirements should be considered in
the same way as those that are directly applicable. For instance, such situations might include circumstances where
a highly toxic waste constituent is suspected, a large volume of waste may be generated or the nature of the property
(e.g. residential or proximity to public facilities) is of concern. Section 4.6 of this guidance discusses factors
identified for off-site disposal of IDW and management options when an ARAR has been determined.


2.4 RESOURCE CONSERVATION AND RECOVERY ACT (RCRA)


The Resource Conservation and Recovery Act (RCRA) of 1976, an amendment to the Solid Waste Disposal Act
(SWDA) of 1965, was passed to protect human health and the environment, to conserve energy and natural
resources, and to quickly reduce or eliminate the generation of hazardous wastes. RCRA currently has 10 discrete
sections (Subtitles) that address specific waste management activities. Two of these Subtitles, and their
implementing regulations, may be ARARs for IDW handling: Subtitle C (Hazardous Waste Management) and
Subtitle D (Solid Waste Management).


The RCRA Hazardous and Solid Waste Amendments (HSWA) of 1984 established land disposal restrictions (LDRs)
for RCRA hazardous wastes and mixtures of RCRA hazardous wastes with other substances, including those
regulated under TSCA. Under RCRA regulations, restricted RCRA wastes may only be land disposed after
treatment to specified levels. RCRA may be an ARAR for IDW handling if the IDW generated during the SI
contain RCRA hazardous wastes. In that case, the SM should evaluate compliance (to the extent practicable) with
LDRs.
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2.4.1 LAND DISPOSAL RESTRICTIONS


Land disposal, as defined by RCRA Section 3004 (k), includes any placement of RCRA hazardous waste in a
landfill, surface impoundment, waste pile, injection well, land treatment facility, salt dome or salt bed formation,
or underground mine or cave. For LDR purposes, the Agency commonly uses "land disposal" and "placement"
as synonymous terms.


For the purpose of the LDRs, HSWA divides RCRA hazardous wastes into several groups (e.g., First Third, Second
Third, California list wastes) and specifies dates, referred to as the statutory deadlines, by which treatment standards
for each group must be established. The final statutory deadline for wastes listed or identified before November
8, 1984 was May 8, 1990. For wastes identified after November 8, 1984, EPA must determine whether these
wastes will be prohibited from land disposal within 6 months of listing or identification. If EPA fails to promulgate
treatment standards within 6 months for newly identified wastes, the wastes can be land disposed without restriction
until the appropriate treatment standards are promulgated. After the statutory deadline for wastes identified before
November 8, 1984, the wastes are "restricted" or "prohibited" and cannot be disposed in land unless:


• The wastes are treated to meet promulgated treatment standards.


• It can be demonstrated that hazardous constituents will not migrate from the land disposal unit as long
as the wastes remain hazardous.


• The wastes are subject to treatment standard variances.


• The specific waste has received a national capacity variance.


It should be noted that the NCP establishes a presumption that treatment to best demonstrated available technology
(BDAT) standards is inappropriate as a standard for soil removed from CERCLA sites, and that a treatability
variance is appropriate in such circumstances (see 55 FR 8760-8762).


To determine if LDRs are applicable to IDW management, the SM must evaluate whether:


(1) The IDW are RCRA hazardous waste.


(2) The RCRA hazardous waste is regulated under the LDRs.


(3) The anticipated approach to IDW management constitutes "placement" (land disposal) of the generated
wastes. (For the purpose of the LDRs, EPA considers itself a waste generator when the response action
involves treatment, storage, or disposal of RCRA hazardous wastes. If the SI does not involve RCRA
hazardous IDW disposal, RCRA regulations are not triggered.)


LDRs apply only if the answer to all three questions is "yes. " In some cases, as discussed in section 2.3, LDRs
may be "relevant and appropriate" even if not strictly applicable.


2.4.2 AREA OF CONTAMINATION CONCEPT AND ITS IMPLICATIONS


An important consideration in determining whether LDRs apply is whether land disposal of IDW has occurred. If
IDW are merely being moved within the same "area of contamination" (AOC), EPA does not consider "land
disposal" to have occurred, so that LDRs are not triggered, even if IDW contain RCRA hazardous material.
Therefore, if IDW are being moved only within an AOC, it is unnecessary to determine whether they are subject
to LDRs.
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EPA has not promulgated a regulatory definition of an AOC. However, the preamble to the NCP (55 FR 8760)
states that "EPA generally equates the CERCLA area of contamination with a single RCRA land-based unit, usually
a landfill. " EPA noted that under RCRA, the term " 'landfill' could include a non-discrete land area on or in which
there is generally dispersed contamination." The contamination in an AOC may vary in concentration and type of
contaminant. Further guidance on the AOC concept is provided in 55 FR 8760 (March 8, 1990), 53 FR 51444
(December 21, 1988), and in Superfund LDR Guide #5 (OSWER Directive 9347.3-05, July 1989).


The AOC concept applies only to contaminated soil (and sediments) from the inspected site. The AOC concept does
not affect the approach for managing IDW that did not come from the AOC, such as PPE, DE, decontamination
fluids, and ground water. The latter materials, if RCRA hazardous, must be containerized and disposed off-site.


Examples of AOCs include: a waste source such as waste pit, landfill, waste pile along with the surrounding
contaminated soil, or the sediments in a contaminated stream. Depending on site characteristics, one or more AOCs
may be delineated. CERCLA sites often consist of several AOCs. To determine if separate AOCs can be
delineated within the site, and if RCRA regulated wastes are present within the AOCs, the site manager should
collect sufficient information about the site as early as possible, preferably prior to starting field work. Determining
AOCs may prove difficult if there is little available information or no visual contamination. In such cases, site
managers may use their best professional judgment to delineate AOCs (e.g., a small area immediately adjacent to
a borehole may be part of an AOC if the area is covered with surface soil similar to soil from the borehole).


Once the AOC units are determined, the site manager must evaluate whether an anticipated IDW handling approach
constitutes land disposal. In general, land disposal does not occur when wastes are:


• Moved within the unit.


• Capped in place.


• Treated in situ (without placing the waste in another unit for treatment).


• Processed within the AOC to improve structural stability (without placing the waste into another unit for
processing).


Superfund LDR Guide #5, "Determining when Land Disposal Restrictions (LDRs) are Applicable to CERCLA
Response Actions, " (5) states that land disposal occurs when:


• Wastes from different AOCs are consolidated into one AOC.


• Wastes are moved outside of an AOC (for treatment and storage) and returned to the same or a different
AOC.


• Wastes are excavated from an AOC, transferred to a separate unit such as a tank, surface impoundment,
or incinerator that is within the AOC, and then redeposited into the AOC.


In addition, land disposal occurs if wastes removed from an AOC are stored (e.g., placed in drums outside the
AOC) prior to being returned to the AOC.


Thus, under the NCP, the AOC unit concept means that:


• Land disposal does not occur when wastes are left in place, or moved or stored within a single AOC
unit.


• Leaving RCRA hazardous soil on-site within the AOC unit does not constitute disposal and does not


7







trigger RCRA regulations, unless the SM determines that the wastes would significantly increase risks
to human health and the environment (e.g., fire or explosion) and must be disposed of off-site.


• RCRA hazardous ground water, decontamination fluids, PPE, and DE should be containerized and
disposed off-site.


• Moving RCRA hazardous soil cuttings from one AOC to another AOC triggers the LDRs.


If IDW cannot be deposited within the delineated AOC, the site manager must comply with all LDRs to the extent
practicable. This means that the IDW should be transferred to an off-site RCRA Subtitle C hazardous waste
treatment, storage, or disposal facility that complies with the off-site policy.


2.4.3 REQUIREMENTS FOR RCRA SUBTITLE C TREATMENT, STORAGE, AND DISPOSAL
FACILITIES


The RCRA Subtitle C standards cover hazardous waste treatment, storage, and disposal (TSD) facilities. The
specific standards govern installation, operation, inspection, and closure of containers, tanks, surface impoundments,
waste piles, land treatment units, landfills, incinerators, and other units.


Off-site TSD facilities receiving IDW must have RCRA permits to operate. Facilities that are permitted under
another statute to receive hazardous wastes are eligible for RCRA permits without filing RCRA permit applications.
These facilities, referred to as "permit-by-rule," include ocean disposal barges or vessels, injection wells, and
publicly-owned treatment works (POTWs). The NCP exempts EPA from the RCRA permitting requirement while
conducting CERCLA actions on-site. However, EPA should attempt to consider RCRA storage regulations as
relevant and appropriate when containerizing and storing wastes on-site, even though a permit application will not
be filed.


Generally, the RCRA storage regulations require a generator to: (1) place the waste in containers or tanks; (2)
satisfy the standards for containers or tanks; (3) clearly indicate the waste accumulation date on the containers; (4)
mark the containers and tanks as "hazardous waste"; and (5) comply with the requirements for owners and operators
of hazardous waste TSD facilities. In addition, LDRs prohibit the storage of RCRA restricted waste unless the
storage is to accumulate sufficient quantities of the waste to promote proper disposal, treatment, or recovery. When
storing hazardous waste for more than 90 days, the SM should consider the storage requirements of 40 CFR Parts
262 and 264 as relevant and appropriate and comply with them to the extent practicable unless the site falls within
one of the following categories of waste generators:


1. Conditionally exempt small quantity generators (producing no more than 100 kilograms of hazardous
waste in a calendar month), and


2. Small quantity generators producing between 100 kg and 1,000 kg of hazardous waste in a calendar
month.


In the cases listed above, the SM will have to comply with the guidelines provided in 40 CFR Part 261.5(g)(2) and
40 CFR Part 262.34.


Any facility receiving IDW containing hazardous wastes must comply with all RCRA Subtitle C design, operation,
and closure requirements. In addition, the off-site policy presents additional criteria for selecting an appropriate
disposal facility. The most important criteriao) that a RCRA Subtitle C facility must meet if it receives RCRA
hazardous IDW are:


• There must be no record of any relevant violations at or affecting the receiving unit.


• There must be no releases at receiving units of land disposal, treatment, or storage facilities. Note that
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a land disposal facility may consist of one or more land disposal units, including landfills, surface
impoundments, land treatment units, and piles.


• There must be no significant releases (as determined by EPA) from non-receiving units at treatment and
storage facilities that are not controlled by corrective action.


• Waste cannot be disposed of at any unit of a land disposal facility, if any one unit at the facility has
releases that are not controlled by corrective action.


• The land disposal facility must demonstrate compliance with the minimum technology requirements of
RCRA Section 3004 (o).


The off-site policy also applies to RCRA permit-by-rule facilities receiving RCRA hazardous waste. These facilities
are subject to the same requirements as other RCRA Subtitle C facilities and must be inspected for compliance with
the applicable RCRA requirements, as well as be inspected by the appropriate authorities for compliance with other
applicable laws. Permit-by-rule facilities that receive only nonhazardous materials do not need RCRA permits but
must be inspected by local agencies for compliance with applicable laws.


2.4.4 APPLICATION OF RCRA REQUIREMENTS TO IDW MANAGEMENT


RCRA requirements apply to management of IDW during SIs in the following manner: if IDW is stored or
disposed off-site, then the SM must comply with all RCRA and ARAR storage requirements; if IDW are stored
on-site, then the SM must comply with RCRA to the extent practicable.


Off-site management of RCRA hazardous IDW may also involve treatment, storage, and disposal of RCRA
hazardous wastes in accordance with all applicable guidelines. For TSD facilities constructed solely as part of a
CERCLA response action, RCRA operating permits are not required.


IDW generated during the SI may require on-site storage in containers while awaiting off-site disposal. Although
CERCLA exempts response actions conducted entirely on-site from permit requirements (see CERCLA Section 121
(e) (1)), EPA's policy is to follow the storage regulation practices required for RCRA generators who wish to avoid
obtaining permits ( 40 CFR Parts 240-280). These requirements are applicable if the site manager determines that
the containerized IDW are RCRA hazardous waste. RCRA hazardous IDW containerized and stored on-site must
be properly disposed within a regulatory timeframe. There are cases where this may not be possible and storage
does not require a permit, although EPA should try to expedite removal as much as possible. Note that
accumulation of IDW, even on-site, in units other than containers or tanks may result in creation of RCRA units
that are subject to various RCRA requirements such as closure, permitting, and ground water monitoring.


2.4.5 CRITERIA FOR RCRA SUBTITLE D FACILITIES


RCRA Subtitle V') regulates disposal of nonhazardous wastes in facilities such as municipal landfills. RCRA
nonhazardous IDW, such as personal protection equipment (PPE) and disposable equipment (DE), may be disposed
of in a Subtitle D facility. Other RCRA nonhazardous IDW (e.g., soil cuttings or ground water) should go to a
Subtitle D facility only in very rare circumstances (these wastes should be disposed on-site). The off-site policy
establishes requirements for selecting an appropriate RCRA Subtitle D facility for IDW disposal:


• The facility must have a compliance inspection prior to receiving CERCLA IDW and this inspection must
not identify any noncompliance with relevant federal and state regulations at or affecting the receiving
unit.


• Environmentally significant releases (as determined by EPA) of hazardous substances must be controlled
by corrective action.
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2.5 TOXIC SUBSTANCES CONTROL ACT


RCRA nonhazardous IDW containing PCBs or asbestos must, in certain circumstances, be disposed of at facilities
regulated under the Toxic Substances Control Act (TSCA). While asbestos is not a common contaminant at
CERCLA sites, PCBs can be found at about 17 percent of CERCLA sites. Regulations governing the management
of IDW containing PCBs, which are generally based on PCB concentrations in waste, are found at 40 CFR 761.60.


TSCA requirements for handling PCBs (6) call for incineration of PCB-contaminated liquid material with
concentrations greater than 500 ppm. For liquid material with PCB concentrations between 50 and 500 ppm, the
principal alternative to incineration is disposal in a TSCA chemical waste landfill. Any receiving unit must meet
the compliance and release criteria for non-RCRA units as set out in the off-site policy, in order to be acceptable.
These PCBs may also be destroyed by using a TSCA-approved method that provides a level of performance
equivalent to incineration. Nonliquid PCBs at concentrations greater than or equal to 50 ppm may be incinerated,
treated by a equivalent TSCA-approved method, or disposed in a TSCA chemical landfill. PCB-contaminated
material with concentrations less than 50 ppm are generally not regulated under TSCA, and may be disposed in
acceptable Subtitle D facilities.


Even though IDW containing PCBs alone are not RCRA hazardous wastes, IDW containing PCBs mixed with
RCRA hazardous wastes are regulated under RCRA LDRs as part of the California list wastes (4,5) . Since PCBs can
be governed by RCRA and TSCA, the SM must determine whether RCRA (in the case of PCBs mixed with RCRA
wastes) or TSCA regulations, or both, are applicable.


2.6 CLEAN WATER ACT


The Clean Water Act (CWA) addresses site-specific pollutant discharge limitations and performance standards for
specified industries to protect surface water quality. At the SI, the most likely situation involves indirect discharge
of IDW water, regulated under CWA, to POTWs for treatment and disposal. A less likely situation may involve
direct discharge, either on-site or off-site, to surface water.


RCRA hazardous wastewater can be disposed of at POTWs that have a RCRA permit-by-rule and that meet the off-
site policy criteria for a facility receiving RCRA hazardous waste. Disposal at a POTW of nonhazardous
wastewaters from CERCLA sites is an optima') if the POTW is acceptable under the off-site policy (Appendix C).
EPA regulations cover general and specific prohibitions on discharges (9) to POTWs.


The following criteria (1°) should be used in selecting an appropriate POTW facility:


• Compliance with all applicable laws.


• The quantity and quality of the CERCLA IDW must be compatible with the POTW.


• The POTW must have no unpermitted "releases."


• The concentration of any hazardous substance must meet applicable pretreatment standards (CERCLA
IDW cannot upset the facility's operation and violate the permit).


• The POTW must be in compliance with its National Pollutant Discharge Elimination System (NPDES)
permit.


• The transport of IDW to the POTW and its placement in an impoundment must not create a potential for
ground water contamination.
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2.7 STATE REQUIREMENTS


State ARARs present an array of specific problems for CERCLA sites because their goals and methods often differ
from federal environmental laws. CERCLA Section 121 and Section 300.400 (g) of the NCP provide that only
those state standards that are promulgated, identified by the state in a timely manner, and more stringent than federal
requirements may generally be ARARs. To be considered "promulgated," a standard must be legally enforceable
and of general applicability. A waiver is available if the state standard is applied only to CERCLA sitesm. When
dealing with IDW, SMs must comply (to the extent practicable) with state promulgated and enforceable requirements
that are more stringent than federal requirements.


State hazardous waste regulations are among the most important environmental laws that may differ, in some states,
from federal law. EPA has authorized some states to administer and enforce RCRA hazardous waste management
programs. Regulations in these states may be more stringent or have a greater scope of coverage than the federal
RCRA requirements If the CERCLA site is in a state with an authorized RCRA program, the RCRA requirements
promulgated by the state will replace the federal requirements as potential ARARs.


In addition to state RCRA regulations, other state legally enforceable standards may govern the handling of wastes.
However, the SM should be aware that ARAB waivers are generally available for state requirements specifically
aimed at CERCLA sites (see CERCLA section 121(d)(4)(E); 40 CFR 300.430(f)(1)(ii)(C)(5).
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3.0 IDENTIFICATION OF INVESTIGATION-DERIVED WASTES


To properly deal with IDW from SIs, the SM must know whether IDW contain CERCLA hazardous substances,
and whether these hazardous substances constitute either RCRA hazardous wastes or contaminants regulated under
other statutes. This section is intended to help the SM ascertain the types of IDW generated during the SI and, in
particular, to determine whether IDW are either RCRA listed or characteristic hazardous waste.


There are several types of IDW generated during the SI. Examples include the following: (1) soil cuttings and drill
mud from soil boring or monitoring well installations; (2) purge water removed from wells before ground water
samples are collected; (3) water, solvents, or other fluids used to decontaminate field equipment and PPE; and, (4)
PPE and DE. These IDW can be contaminated with various CERCLA hazardous substances. To handle IDW in
compliance with regulations, reasonable efforts should be made to characterize the wastes.


3.1 EXTENT OF EFFORTS TO CHARACTERIZE WASTES


The efforts made to characterize IDW should be consistent with the limited scope and purpose of the SI. In most
cases, the limited scope of an SI makes it impracticable to characterize wastes to the same extent that might be done
in a remedial investigation/feasibility study (RI/FS). In particular, Contract Laboratory Program (CLP) testing
would not be warranted in most cases; instead, the nature of the wastes should be assessed by applying best
professional judgment, using readily available information about the site (such as manifests, storage records,
preliminary assessments, and results of earlier studies that may have been conducted and are available to the
Agency, as well as direct observation of the IDW for discoloration, odor, or other indicators of contamination).
The Agency has specifically indicated that IDW may be assumed not to be "listed" wastes under RCRA unless
available information about the site suggests otherwise (53 FR 51444, December 21, 1988). Similarly, RCRA
procedures for determining whether a waste exhibits RCRA hazardous characteristics do not require testing if the
decision can be made by "applying knowledge of the hazard characteristic in light of the materials or process used"
(40 CFR 262.11(c)). The level of such knowledge required to make a determination with respect to IDW may take
into account considerations of practicability and should reflect the limited scope of the activity. In most instances,
a determination may be possible based on available information and professional judgment.


The fact that extensive resources need not be used in characterizing IDW does not mean that IDW can be assumed
to be nonhazardous unless clearly proven otherwise. Rather, the question is whether, given the limited information
that is likely to be available, the SM considers it more likely than not that the wastes are hazardous.


It should be noted that characterizing IDW is only the first step. For example, once it has been determined that
a RCRA hazardous waste is involved, the guidelines discussed in Section 2.4 for determining the extent to which
RCRA requirements must be complied with should be considered. Furthermore, the degree of certainty with which
IDW are characterized during site inspections will be less than during remedial actions. Therefore, even if the
waste is deemed not to be RCRA hazardous, RCRA requirements may be considered relevant and appropriate under
the specific circumstances at the site (see section 3.2.1).


3.2 RCRA HAZARDOUS WASTES AND CERCLA HAZARDOUS SUBSTANCES


Some CERCLA hazardous substances are RCRA hazardous wastes. Another category of CERCLA hazardous
substances are PCBs, which are fairly common at CERCLA sites. Identification of RCRA hazardous wastes and
PCB-contaminated IDW is important for making appropriate management decisions (see Sections 2.5, 3.2.1, and
3.2.2 of this guidance). The SM must know the difference between RCRA hazardous wastes and other CERCLA
hazardous substances because the presence of RCRA hazardous IDW invokes special technical considerations and
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management decisions due to RCRA regulations (particularly the LDRs). EPA recommends using knowledge of
IDW rather than testing the wastes to characterize them.


The SM should not assume that all IDW contaminated with CERCLA hazardous substances are RCRA hazardous
wastes, in the absence of positive evidence (e.g., manifests, records, knowledge of generation processes) to support
such an assumption. At the same time, however, the SM should determine whether IDW are RCRA hazardous
wastes, to the extent practicable, as discussed above.


The most important characterization decision is whether IDW contain "hazardous waste" under RCRA. This is
relevant to the ARAR status of LDRs and other RCRA requirements, and whether waste disposed of off-site must
be disposed of in a Subtitle C or Subtitle D facility. A solid waste is a RCRA hazardous waste) if it contains a
listed waste or exhibits any of the hazardous characteristics and is not excluded from regulation as a hazardous
waste. (For purposes of the RCRA Subtitle C regulations, a solid waste is any discarded material (solid, sludge,
liquid, and compressed gas) that is not excluded under SWDA.) IDW generated during the SI may either exhibit
a RCRA characteristic or contain RCRA listed waste.


Under EPA regulations, soil and ground water may be considered contaminated environmental media. If they
contain listed hazardous waste, they must be managed as RCRA hazardous wastes as long as they "contain" the
listed waste. If IDW exhibit RCRA characteristics, they also have to be managed as RCRA hazardous wastes.


To properly handle IDW, the SM must make a reasonable effort to ascertain if they are RCRA hazardous. When
the SM determines that IDW do not fall in any listed waste category and does not display RCRA characteristics,
the wastes are not RCRA hazardous. Sections 3.2.1 and 3.2.2 help determine if IDW are RCRA characteristic
wastes or if they contain RCRA hazardous listed wastes.


Even if the IDW do not contain RCRA "hazardous waste," the SM should determine whether they contain other
CERCLA hazardous substances. CERCLA hazardous substances include, in addition to RCRA hazardous wastes,
substances, elements, compounds, solutions, or mixtures designated as hazardous or toxic under CERCLA itself
or under the authority of other laws such as TSCA, CWA, CAA, and SDWA. Therefore, even where RCRA is
not applicable, one of these statutes may be an ARAR. EPA presents a list of these hazardous substances in 40
CFR Part 302.4, Table 302.4.


3.2.1 RCRA CHARACTERISTIC WASTES


A solid waste is a RCRA characteristic hazardous waste if it exhibits the characteristic of ignitability, corrosivity,
reactivity (as defined in 40 CFR Part 261, Subpart C), or toxicity (toxicity characteristic leaching procedure, TCLP,
as described in 55 FR 11796-11877, March 29, 1990").


IDW exhibit ignitability if:


• They are a liquid, other than an aqueous solution containing less than 24 percent alcohol by volume, and
have a flash point lower than 60°C (140°F).


• They are not a liquid and are capable, under standard temperature and pressure, of causing fire and,
when ignited, create a hazard.


• They are an ignitable compressed gas as defined in 49 CFR 173.300.


• They are an oxidizer as defined in 49 CFR 173.151.
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IDW exhibit corrosivity if:


• They are aqueous and have a pH less than or equal to 2 or greater than or equal to 12.5.


• They are a liquid and corrode steel at a rate greater than 6.35 mm (0.25 inch) per year at a test
temperature of 55°C (130°F).


IDW exhibit reactivity if:


• They are normally unstable and readily undergo violent change without detonating.


• They react violently with water.


• They form potentially explosive mixtures with water.


• When mixed with water, they generate toxic gases, vapors or fumes that pose a danger to human health
or the environment.


• They are a cyanide- or sulfide-bearing waste capable of (at the pH range of 2 to 12.5) generating toxic
gases that can present a danger to human health or the environment.


• They are capable of detonation or explosive decomposition.


• They are a forbidden explosive as defined in 49 CFR 173.51.


IDW exhibit TCLP-toxicity when its leachate contains certain contaminants at levels exceeding their regulatory
thresholdsm. The TCLP has replaced the EP-toxicity test for identifying RCRA characteristic wastes. The new
procedure expands the number of chemicals regulated as hazardous wastes by adding 25 organic constituents to the
previous RCRA list of toxic chemicals, and by establishing regulatory levels for these chemicals (Appendix C).
The TCLP is designed to determine the mobility of both organic and inorganic contaminants present in liquid, solid,
and multiphasic wastes. A water containing less than 0.5 percent dry solid material, filtered through a 0.6 to
0.8-um glass fiber filter, is defined as the TCLP extract. If this extract contains a regulated compound above its
threshold level, then the water is hazardous by TCLP characteristic. If the filtered extract from the solid phase
contains a regulated compound above its threshold level, then the solid material is RCRA hazardous.


To identify RCRA characteristic waste, the SM may rely on knowledge of the properties of the substances from,
for example, the Material Safety Data Sheets (MSDS) prepared by manufacturers, or on the results of tests described
in 40 CFR 261.21 - 261.24. EPA recommends using knowledge of the properties of materials instead of testing
since most CERCLA wastes do not exhibit these RCRA characteristics. Therefore, the SM should not test IDW,
particularly if they are a soil of known RCRA characteristics, the AOC concept is applicable, and the wastes will
be buried on-site.


3.2.2 RCRA LISTED HAZARDOUS WASTES


Any type of IDW that contains listed hazardous wastes should be considered a RCRA hazardous waste. EPA has
developed four lists of RCRA hazardous wastes according to the sources of their origin and toxicity (40 CFR Part
261, Subpart D). These lists contain:
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• Wastes from nonspecific sources (F wastes). Examples include spent halogenated solvents
(tetrachloroethylene, methylene chloride), nonhalogenated solvents (xylene, acetone, ethyl ether), still
bottoms from the recovery of these spent solvents, and some wastewater treatment sludges.


• Wastes from specific sources (K wastes). Examples include wastewater treatment sludges from the
production of zinc yellow and chrome green pigments, and still bottoms from the distillation of benzyl
chloride.


• Discarded commercial chemical products, manufacturing intermediates, off-specification (off-spec)
chemicals (which, if they met specifications, would be listed), and container and spill residues that are
"acutely hawirdous" (P-wastes). Examples include aldrin and phosgene.


• Discarded commercial chemical products, manufacturing chemical intermediates, or off-spec commercial
chemical products that are "toxic" (U-wastes). Examples include chlorobenzene and mercury.


To ascertain whether IDW constitute RCRA listed hazardous waste, the SM must first determine if the IDW contain
a component that may be a listed hazardous waste, and then decide whether that component meets the regulatory
description of that listed waste.


For example, to determine if solvents contaminating IDW are RCRA spent solvent F001-F005 wastes, the SM must
know if:


• The solvents are spent and cannot be reused without reclamation or cleaning.


• The solvents were used exclusively for their solvent properties.


• The solvents are spent mixtures and blends that contained, before use, a total of 10 percent or more (by
volume) of the solvents listed in F001, F002, F004, and F005.


If the solvents contained in the IDW are RCRA listed wastes, the IDW are RCRA hazardous waste. When the SM
does not have guidance information on the use of the solvents and their characteristics before use, the IDW cannot
be classified as containing a listed spent solvent. When the solvents are not listed and IDW are not a characteristic
waste, the IDW should be declared nonhazardous.


For other F and K wastes, the SM must know the generation process information (about each waste contained in
the RCRA waste) described in the listing. For example, for IDW to be identified as containing K001 wastes that
are described as "bottom sediment sludge from the treatment of wastewaters from wood preserving processes that
use creosote and/or pentachlorophenol," the SM must know the manufacturing process that generated the wastes
(treatment of wastewaters from wood preserving process), feedstocks used in the process (creosote and
pentachlorophenol), and the process identification of the wastes (bottom sediment sludge).


P and U wastes cover only unused and unmixed commercial chemical products, particularly spilled or off-spec
products. Not every waste containing a P or U chemical is a hazardous waste. To determine whether a CERCLA
IDW contains a P or U waste, the SM must have direct evidence of product use. In particular, the SM should
ascertain, if possible, whether the chemicals are:


• Discarded (as described in 40 CFR 261.2(a) (2)).


• Either off-spec commercial products or a commercially sold grade.


• Not used (soil contaminated with spilled unused wastes is a P or U waste).
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•	 The sole active ingredient in a formulation.


Identification of a listed waste requires a great deal of care on the part of the SM, particularly if the IDW have to
be disposed off-site. For instance, depending on its source and prior use benzene may be an F waste, U waste, or
not a RCRA hazardous waste at all. The waste identification process requires access to manifests, storage records,
records of waste sources and their prior use, and other information that is reasonably ascertainable during the SI.
Visual inspection of the site or the waste generating process will sometimes be sufficient.


IDW from many SIs will not fit the definition of RCRA hazardous listed waste due to limited information. If there
is a probability that investigation-derived soil cuttings contain a RCRA listed waste, and a site manager intends to
leave them on-site within the AOC unit, a thorough evaluation of the waste is not necessary.
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4.0 PLANNING FOR IDW GENERATION AND MANAGEMENT


The most important phase of IDW management is planning for waste generation and handling before field activity
starts. In the planning phase of work, the SM must decide if IDW can be left on-site or must be disposed off-site.
Since some sites may have both RCRA hazardous and RCRA nonhazardous IDW, the SM must be familiar with
the NCP, and appropriate sections of RCRA, TSCA, CWA, and other relevant statutes.


Handling of RCRA hazardous IDW and IDW with high PCB concentrations (greater than 50 ppm) may involve
either moving the IDW within an AOC unit, or containerization, storage, testing, treatment, and off-site disposal.
Handling of RCRA nonhazardous IDW usually involves various methods of on-site disposal. EPA prefers to leave
both RCRA hazardous and nonhazardous IDW on-site whenever it complies with regulations and does not pose any
immediate threat to human health and the environment. This approach speeds up the site assessment process while
avoiding high costs of off-site disposal, particularly when off-site disposal does not result in any benefits to human
health and the environment.


The approach to IDW generating and handling must be described in the SI work plan which is subject to EPA
approval. The SM must base the approach on available information and best professional judgment. The work plan
should describe the logic behind the proposed approach to IDW handling, and in particular:


• Methods of waste quantity minimization.


• Types of waste.


• Quantity of waste.


• ARARs of concern, and limits of practicability in light of the scope of the SI.


• On-site and off-site handling methods, where necessary.


• Delineated AOCs for RCRA waste to be handled on-site.


• Containerization, storage, testing, and pick-up methods for wastes to be disposed off-site.


The description of the approach to IDW handling must be as detailed as possible, so the inspection team can execute
the work plan without any major problems in the field. If the SI results in generating any IDW off-site, they should
be handled the same way as if they were generated on-site.


4.1 AUTHORITY TO MANAGE IDW


EPA views IDW management as an inherent part of the site investigation process authorized under CERCLA Section
104 (e) (4). Should a site owner refuse to provide access, EPA has the authority to issue an administrative order,
or seek a court order, to gain site access for environmental sampling. Non-compliance with such an order may
result in imposing the sanctions authorized under CERCLA Section 104 (e) (5), including penalties.


EPA believes the approach contained in this guidance to be reasonable and protective of human health and the
environment. The limited scope and purpose of the SI activity is not intended to address contamination at a
particular site (other than to gather information about it). Generally, SI activities that leave conditions essentially
unchanged (e.g., returning soil cuttings to the location from which they were taken) will comply with ARARs. The
SM should seek to obtain the appropriate management approach for IDW outlined in this guidance when negotiating
site access agreements.
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Note, however, that some site circumstances may warrant exceptions to the IDW management approach outlined
in this guidance. The SM should use professional judgment in recognizing situations where special steps are
required to avoid creating additional threats to human health and the environment. When substantial doubt exists
regarding the scope of EPA's authority to carry out the proposed plan for IDW management, the SM should consult
legal counsel.


4.2 WASTE MINIMIZATION


The SM should select investigation methods that minimize the generation of IDW, particularly RCRA hazardous
wastes. The SI team should limit contact with contaminants, and use drilling and decontamination methods (such
as steam cleaning) that minimize PPE, DE, decontamination fluids, and soil cuttings. In particular, the inspection
team should minimize the amounts of solvents used for decontamination or eliminate solvents. Minimizing the
amount of wastes generated reduces the number of IDW handling problems and costs of disposal. The waste
minimization approach should be addressed in the SI workplan.


4.3 TYPES, HAZARDS, AND QUANTITIES OF IDW


To handle IDW properly, the SM must determine the types (such as soil cuttings, ground water, decon fluids, PPE
or DE), characteristics (whether RCRA hazardous or containing other CERCLA hazardous substances), and
quantities of anticipated wastes. As discussed in Section 3.1, testing will generally not be required to characterize
waste to the extent appropriate for an SI. In addition to direct observation of the IDW for evidence of
contamination, the SM should review and analyze all available information about the site such as:


• Results of previous EPA preliminary assessments or site investigations.


• Environmental permits.


• Results of inspections by state, local, or federal agencies, or private parties.


• Records from community relations interviews.


• Any other helpful data such as tax records or aerial photography.


Upon ascertaining the types of anticipated IDW, the SM should determine IDW characteristics, in particular whether
the anticipated waste is RCRA hazardous (see Section 3.2 of this guidance) or contains high concentrations of PCBs.
For RCRA hazardous IDW, the SM should determine whether the IDW pose an increased hazard to human health
and the environment relative to conditions that existed prior to the SI. Whenever field analytical screening
instruments are used during the SI, the SM may plan to evaluate the analytical results as helpful indicators of IDW
characteristics. However, the SM must remember that most of these tests are not RCRA tests, and that the test
results usually do not identify RCRA hazardous wastes. The SM must also determine the exact properties of RCRA
nonhazardous IDW to select an appropriate disposal facility (e.g., POTW) when the circumstances require off-site
disposal.


Upon determining the types and characteristics of IDW to be generated, the SM must assess the anticipated
quantities which vary depending on the size of a site and the scope of the SI. As a point of reference, a typical SI
may result in generating a range of 1 to 3 drums of PPE and DE, 50 to 1,500 gallons of decontamination water,
1 to 3 pints of other decontamination fluids (e.g., organic solvents) and, depending on the number of wells installed
or sampled, 0 to 13 drums of soil cuttings and 0 to 200 gallons of well purge water. The SM should calculate the
quantity of the anticipated soil cuttings and ground water from the dimensions of wells and the depth to the ground
water table. The SM should use experience to assess the amount of decontamination fluids (decontamination water
and organics), PPE, and DE.
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4.4 DECISION TREE


Upon designating IDW either RCRA hazardous or RCRA nonhazardous, the SM should determine the appropriate
handling approach. The SM should use the decision tree (Figures 1, 2, and 3) which, combined with the SM's best
professional judgment, will help select the best approach for IDW management and the steps that are involved in
executing the approach. The decision tree indicates when and how IDW should be handled on-site or disposed off-
site.


The decision tree summarizes basic elements of planning for IDW handling such as waste minimization,
characterization, and management. It shows the steps that must be followed in the process. For example, the "Plan
for Waste Management According to IDW Characteristic" branch (Figure 1) indicates that the SM has two options:
either to handle IDW on-site or to dispose of it off-site. If the SM's decision is to leave IDW on-site, then the "On-
Site Handling" branch (Figure 2) indicates what choices and steps can be involved in this approach depending on
the type of IDW. The "Off-Site Disposal" branch (Figure 3) of the decision tree presents options available for
handling IDW off-site and steps involved in executing these options. The SM should select one of the available
options for a given type of IDW.


For example, when IDW from the same site are expected to encompass ground water, PPE, DE, decontamination
fluids, and soil cuttings that are RCRA hazardous (or contaminated with PCBs) wastes, the decision tree (Figures
1, 2) calls for either handling the cuttings on-site in an AOC unit, or in the site's existing treatment or disposal unit
(TDU), or disposing of them off-site. EPA prefers to handle most IDW on-site, but if circumstances require, the
off-site option is also available. If PPE and DE can be decontaminated and, according to the SM's best professional
judgment, rendered nonhazardous, the decision tree indicates (Figure 3) that these wastes should be double-bagged,
and deposited either in an industrial dumpster (on-site or at the EPA warehouse), or in a municipal landfill (RCRA
Subtitle D facility). If the SM anticipates that PPE and DE cannot be rendered RCRA nonhazardous after
decontamination and the total quantity of IDW generated exceeds 100 kg at an individual site, the decision tree
indicates (Figures 1,2) that the wastes should be drummed and disposed off-site at an appropriate facility by a
subcontractor, and the SM should start the subcontracting process before field activity begins. If the total quantity
of RCRA hazardous PPE and DE is less than 100 kg and this quantity represents the entire amount of IDW
generated during the SI, the small quantity waste generator exemption applies and the wastes can be disposed of
in a municipal landfill with state approval. However, EPA prefers to send even small quantities of RCRA hazardous
PPE and DE to RCRA hazardous waste facilities.


The decision tree points out that when the ground water is RCRA nonhazardous (the most common situation), the
water may be managed on-site (Figure 2) using one of a few simple techniques. If decontamination fluids are
RCRA nonhazardous, they should be handled similarly. The decision tree indicates (Figure 3) that RCRA hazardous
organic decontamination fluids should be handled off-site.


Sections 4.5 and 4.6 of this guidance present the details of EPA-preferred approaches to IDW management.
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4.5 ON-SITE IDW HANDLING AND MANAGEMENT OPTIONS


If IDW are RCRA nonhazardous soil or water, they should be left on-site unless other circumstances, such as a state
ARAR or a high probability of serious community concerns, require off-site disposal. RCRA hazardous soil also
may be left on-site within an AOC unit. The SM must determine procedures for handling IDW on-site and notify
the site owner in the site access agreement form that IDW such as soil cuttings and water will be left on-site. If
the .SM intends to leave IDW on-site, the waste should not be containerized and tested.


The on-site handling options available to the SM when IDW are RCRA nonhazardous are listed below.


• For soil cuttings:


1. Spread around the well
2. Put back to the boring
3. Put into a pit within an AOC
4. Dispose of at the site's operating TDU.


• For ground water:


1. Pour onto ground next to the well to allow infiltration
2. Dispose of at the site's TDU.


• For decontamination fluids:


1. Pour onto ground (from containers) to allow infiltration
2. Dispose of at the site's TDU.


• For decontaminated PPE and DE:


1. Double bag and deposit in the site or EPA dumpster, or in any municipal landfill
2. Dispose of at the site's TDU.


If IDW are considered RCRA nonhazardous due to lack of information on the waste hazard, the inspection team
should have an alternative plan for handling IDW if field conditions indicate that these wastes are hazardous. In
such a case, the minimum requirement is to have an adequate number of containers available for collecting ground
water, decontamination water, or soil cuttings.


If IDW consist of RCRA hazardous soils that pose no immediate threat to human health and the environment, the
SM should plan on leaving it on-site within a delineated AOC unit. However, before deciding to leave RCRA
hazardous soil on-site, the SM must consider the proximity of residents and workers in the surrounding area. The
SM must always use best professional judgment to make such decisions. Planning for leaving RCRA hazardous
soil on-site involves:


• Delineating the AOC unit.


• Determining pit locations close to the borings within the AOC unit for waste burial.


• Covering hazardous IDW in the pits with surficial soil.


• Not containerizing and testing wastes designated to be left on-site.
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Another alternative for handling RCRA hazardous soil is disposal in a TDU located on the same property as the
AOC under investigation. If the TDU is outside the AOC, it must comply with the off-site policy. If any organic
decon fluids are generated (which are RCRA hazardous wastes), they should be disposed of off-site in compliance
with the offsite policy or in compliance with the conditionally exempt small quantity generator exemption. Small
quantities (i.e., no more than 100 kg/month) of organic decon fluids may be containerized off-site prior to delivery
to a hazardous waste facility.


4.6 OFF-SITE DISPOSAL OF IDW AND MANAGEMENT OPTIONS


IDW should be disposed off-site in the following situations:


• They are RCRA hazardous water.


• They are RCRA hazardous soil that may pose a substantial risk if left at the site.


• They are RCRA hazardous PPE and DE.


• If leaving them on-site would create increased risks at the site.


RCRA nonhazardous wastes could be disposed of off-site at appropriate RCRA nonhazardous facilities that are in
compliance with CERCLA section 121(d)(3) and the off-site policy when it is necessary to comply with legally
enforceable requirements such as state ARARs that preclude onsite disposal. IDW designated for off-site disposal
must be properly containerized, tested, and stored before pick-up and disposal. Decontaminated PPE and DE should
be double-bagged if sent to an off-site dumpster or a municipal landfill.


Planning for off-site disposal should include the following EPA guidelines:


• Incorporating a provision in the site access agreement form to inform the site owner that containerized
IDW may be temporarily stored on-site while awaiting pickup for off-site disposal. The agreement
should also request the owner's cooperation.


• Initiating the bidding process for IDW testing, pick-up, and disposal. If there are any subcontracting
needs in planning for off-site disposal, EPA should specify what means of disposal will be needed (i.e.
various types of treatment, landfilling, etc.). Since RCRA hazardous IDW must go to RCRA hazardous
waste disposal facilities that comply with the off-site policy, the SM should obtain a list of available
facilities from the RPO. Each EPA region maintains a list of RCRA hazardous TSD facilities that meet
the conditions of the off-site policy. The recent addition of 25 new toxicity characteristic constituents
to the list of toxic chemicals subject to RCRA hazardous waste regulations may result in fewer facilities
available to handle IDW in the future. The SM must also check the selected facility's compliance
before IDW pick-up. If IDW are RCRA nonhazardous, the SM must also check if the receiving RCRA
nonhazardous waste facility complies with the off-site policy.


• Coordinating IDW generation with testing and pick-up. IDW samples should be collected in accordance
with the "Test Methods for Evaluating Solid Waste" guidance manual (SW 846), and shipped for RCRA
tests (and other tests, if necessary) as early as possible during the SI. This approach shortens the
storage time and reduces the number of site visits to pick up waste. IDW need not be analyzed by a
CLP laboratory. The SM should use the laboratory services of the pickup and disposal subcontractor,
obtain an EPA ID number and manifest form for RCRA hazardous IDW, and a bill of lading for RCRA
nonhazardous IDW.
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• Preparing adequate numbers and types of containers. Drums should be used for collecting small
amounts of IDW. Larger amounts of soil and water can be contained in Baker tanks, poly tanks, and
bins. PPE and DE should be double-bagged for disposal at a municipal landfill or collected in drums
for disposal at a hazardous waste facility.


• Designating a storage area (either within the site's existing storage facility, existing fenced area, or
within a temporary fence constructed for the SI). No humans, children in particular, may have access
to the storage area. If a temporary storage facility is to be constructed, its location and size must be
agreed upon with the site owner, and all construction materials should be delivered to the site before
or on the first day of the SI.


EPA expects that complying with this guidance will limit on-site storage to, at most, the time required to complete
any testing (usually less than 6 weeks) required by subcontractors in order to arrange for transportation. In most
cases, this will not result in exceeding the regulatory 90 day storage time for quantities greater than 1,000 kg/month
regardless of the quantity of IDW. In cases where the regulatory 90 day storage time for quantities greater than
1,000 kg/month is exceeded, the SM must initiate a subcontract bidding process to remove IDW wastes off-site and
a permit is not required.


All IDW shipped off-site, whether RCRA hazardous or not, must go to facilities that comply with the off-site policy,
and the SM must check that subcontractors operate in accordance with this policy.
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5.0 IMPLEMENTING THE IDW MANAGEMENT PLAN


The work plan describing the anticipated approach and procedures for IDW management should be clear, detailed,
and concise to allow the field team to follow without problems. The plan should also be flexible enough to allow
slight modifications due to unexpected and unforeseen field conditions. The SM should document implementation
of the work plan in the field log book and describe the appearance of IDW as well as any modifications to the
original handling approach. The SM must also ensure that IDW is handled in a fashion that does not generate public
concerns.


5.1 ON-SITE IDW MANAGEMENT


If ground water or decontamination fluids are to be collected during the SI, adequate numbers and types of
containers must be delivered to the site before the SI starts. The SM must check if the containers are clean and
measure the pH of containerized waters even if these waters were originally determined to be RCRA nonhazardous.
When the work plan calls for ground water to be poured onto the ground next to the well, then the SM must verify
the original determination (e.g., pH testing) before allowing the water to infiltrate the ground.


If the SM, using best professional judgment, renders PPE and DE RCRA nonhazardous after decontamination, the
materials are to be double-bagged and the SI team should take them to either the on-site or EPA warehouse
dumpster, or to a municipal landfill. The location of PPE and DE disposal should be described in the field log book.


If the work plan calls for on-site management of RCRA hazardous soil cuttings, a shallow pit should be made close
to the borings within a delineated AOC unit. IDW should then be buried in this pit and covered with surficial soil.
The SM may decide to have more than one IDW burial pit within an AOC unit. The appearance of the generated
IDW, and the size and location of the pit, must be described in the field log book.


If the work plan indicates that both RCRA hazardous and nonhazardous IDW are to be disposed in an operating
treatment and disposal unit located on the same property as the IDW sources (but outside the AOC), then the SM
must verify that the unit complies with the requirements of the off-site policy at the time of disposal.


5.2 OFF-SITE DISPOSAL OF IDW


Off-site disposal of RCRA hazardous and nonhazardous IDW involves the following common elements:


• Coordinating IDW handling.


• Identifying and verifying an acceptable disposal facility before the SI.


• Finalizing the subcontract.


• Containerizing IDW.


• Labeling containers.


• Storing containers.


• Sampling and testing of IDW.


• Transporting IDW off-site.
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• Disposing at a disposal facility.


• Documenting the process.


Coordination of IDW handling is important because it affects the schedule and costs of the SI. Most coordination
must be done before field activity starts. Before starting the field work, a subcontractor should be selected so the
SM can coordinate field work and IDW generation with the subcontractor's sampling, testing, pick-up, and disposal
activities. Before containerizing IDW, the SM should check the containers to ensure they are clean and do not
contain any residues from past use. All filled containers should be dated and labeled as either RCRA hazardous
or RCRA nonhazardous and stored in a safe manner in compliance with relevant regulations. The SM should also
obtain an EPA ID number for a RCRA hazardous waste from the RPO.


If a temporary storage facility must be constructed, the SM should have all construction materials, such as chain-link
fencing, posts, and other needed materials, delivered to a location agreed upon with the site owner before the SI.
The SM should ensure that the storage time is short and never exceeds the regulatory 90 days for RCRA hazardous
waste even if the small quantity generator exemption applies.


The SM should check that the subcontractor collects IDW analytical samples for the disposal facility "profile
analysis" using EPA-recommended methods described in "Test Methods for Evaluating Solid Waste
Physical/Chemical Methods" - SW 846. One composite sample should be collected from each large container or
from a group of drums. Small samples of soil cuttings or drilling mud should be taken from several locations and
depths of the handling containers, homogenized in a decontaminated bucket, and placed in sampling jars. Sampling
of PPE and DE should be avoided. The SM should also ensure that the chain-of-custody form for shipping IDW
samples is used. When the subcontractor's analysis confirms that IDW is a RCRA restricted hazardous waste, the
SM should check that the subcontractor:


• Treats the IDW to meet the treatment standards (if needed) before land disposal.


• Complies with the LDR notification requirements of 40 CFR Part 268.


Containerized and tested RCRA hazardous IDW must be accompanied by a Hazardous Waste Manifest (and other
forms required by state laws) if hauled off-site. RCRA nonhazardous IDW should have a bill of lading if
transported off-site. The SM must obtain all required forms, fill them out clearly and completely, and have the
forms signed by the RPO. The SM, if authorized, may sign the forms on behalf of EPA. Before transporting IDW
to the selected facility, the SM must verify the facility's compliance with the off-site policy at the time of disposal.
If the facility's status has changed since the award of the contract, (due to receiving citations or fines), the SM is
responsible for finding a replacement facility without delay. The SM must receive a copy of the IDW analytical
results and a confirmation of disposal from the subcontractor.
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6.0 IDW HANDLING COSTS AND SUBCONTRACTING


This section presents and compares the costs of both on-site and off-site IDW management with emphasis on the
costs of off-site disposal. The costs presented here are for general reference.


The costs of off-site IDW disposal have been increasing for several years and this trend is expected to continue in
the future. Off-site IDW handling involves the use of a subcontractor to haul and dispose IDW in an appropriate
facility that complies with the off-site policy. Most wastes generated during the SI and designated for off-site
disposal are liquids, either RCRA hazardous or nonhazardous, which go to either RCRA wastewater treatment plants
or POTWs. Solid IDW usually go to land disposal facilities.


On-site IDW handling, the EPA-preferred approach, involves the use of a variety of simple techniques for leaving
the IDW in existing waste areas. These techniques include pouring RCRA nonhazardous decontamination fluids
and ground water onto the ground, and burying soil cuttings in a shallow pit in the investigation area.


6.1 ON-SITE IDW MANAGEMENT


On-site IDW handling generally incurs no costs and does not delay the SI. Drums may be needed for collecting
water. However, these drums will be recovered and reused on other SIs, so the cost of purchasing drums,
distributed over several SIs, is negligible. The cost of digging shallow pits can be covered under the drilling
subcontract. Spreading soil cuttings around the boring, or pouring ground water onto the ground, incurs no costs.


6.2 OFF-SITE DISPOSAL OF IDW


Handling IDW off-site involves hiring a subcontractor to provide transportation, testing, and disposal services. This
approach allows the waste generator to select the most technically advanced and economically suitable disposal
facility that complies with regulations. However, off-site management has several disadvantages including: (1)
increasing costs of the services; (2) loss of control over the fate of IDW while still being liable for the waste; (3)
potential for accidental spills during transportation; (4) difficulty in finding a suitable disposal facility; and (5) the
reluctance of states to accept out-of-state wastes for disposal.


The costs of off-site IDW handling consist of the following elements: (1) containerization; (2) testing; (3)
transportation; and (4) disposal. The costs of containers (usually 55-gallon drums) used to collect waste is about
$50/drum. These containers may be purchased by either EPA or the subcontractor. The cost of containers
purchased by subcontractors is usually higher, therefore, the SM may decide to purchase all necessary containers.


The cost of the "profile analysis," performed by the subcontractor to verify the waste hazard prior to transport is
between $40 and $300/sample. The total cost of the analysis depends on the number of samples and the parameters
analyzed. The cost of transportation varies depending on factors such as the distance between the site and the
disposal facility, the number of drums (the price per drum is lower when more drums are transported), and whether
the pickup service is set for an individual generator or for several waste generators which is less expensive. In
1990, the estimated price range for waste transportation (regardless of whether IDW are hazardous) was between
$35 to $600/drum.
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The costs of disposal depend on the waste hazard, matrix, and amount. The ranges of costs per drum are presented
below:


• RCRA nonhazardous liquid: $12.50 - 345/drum


• RCRA hazardous liquid: $155 - 550/drum


• RCRA nonhazardous solid: $66 - 135/drum


• RCRA hazardous solid: $145 - 615/drum


Additional costs of handling IDW off-site include:


• Storage.


• Field trips (to assist in waste sampling and pickup).


• Procurement expenses.


If IDW on-site storage is not available before pickup, a chain-link fence can be built at an average cost of $600
($300 for the materials and $300 for labor). The cost of procurement is estimated at about $300 per site. The cost
of the field trips depends on the coordination of waste generation, testing, and pickup.


The site manager must select a subcontractor before field work is completed, so the subcontractor can collect IDW
samples for the "profile analysis" while the SM is still on-site. This approach requires only one more field trip to
assist in the waste pickup. If two additional trips are needed (one for collecting IDW samples and one for IDW
pickup), the costs of IDW disposal increase significantly. For example, if there are two drums to dispose of, the
transportation, testing, and disposal cost is $700, and one field trip costs $500, the total cost of IDW handling is
$1,200. An additional field trip would result in a total cost of $1,700, a 42 percent increase.


The approximate cost ranges of managing one drum of IDW off-site, depending on the waste hazard, are presented
below:


WASTE CONTAINER
($)


TEST
($)


TRANSPORTATION
($)


DISPOSAL
($)


STORAGE
PROCUREMENT


AND FIELD TRIPS
($)


TOTAL"
(5)


RCRA Hazardous
Solid


50 20-150 35-600 145-615 233 500-1650


RCRA Non-
Hazardous Solid


50 20-150 35-600 66-135 233 400-1200


RCRA Hazardous
Liquid


50 20-150 35-600 155-550 233 500-1600


RCRA Non-
Hazardous Liquid


50 20-150 35-600 12.50-345 233 350-1400


" Based on the following assumptions: (1) 6 drums/site, (2) 1 sample/2 drums and, (3) only one field trip required
for waste pickup at a cost of $500/6 drums ($83/drum).
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The role of the SM in coordinating field activities, the subcontracting process, and IDW management is crucial to
reducing the costs of IDW management. Disposing IDW off-site always results in high costs regardless of the waste
hazard because there is no significant difference between the costs of disposal of hazardous and nonhazardous
wastes. The SM should apply the most efficient management techniques to lower the costs of IDW handling
whenever possible, and when such practices do not threaten human health and the environment.


6.3 SUBCONTRACTING


To implement subcontracting services for off-site disposal of IDW, the SM should refer to Federal guidelines.
These guidelines are available from the Federal Aquisition Regulations (FAR). Federal Superfund contractors
generally follow these guidelines.


Names of these subcontractors are available from either a local telephone directory, a state environmental agency
list (in some states), or from the Hazardous Materials Control Directory (published annually by the Hazardous
Materials Control Research Institute. Waste management facilities of all prospective bidders must be in compliance
with the off-site policy during the bidding process and when the IDW are transported and disposed of. The SM
and EPA are responsible for verifying the subcontractor's facility compliance with the policy. If the selected
facility's status changes before the date of transport and disposal, the subcontract should be immediately awarded
to the next lowest bidder if this bidder is able to meet the regulatory storage time limits.
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APPENDIX A


RELEVANT PARTS OF THE NCP
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300.420(c)(5) describes the information
contained in a lead-agency report
following completion of a remedial site
investigation, including documentation
as well as sampling data and potential
risks to humans and the environment.


Response to comments: A commenter
asked that the NCP state that
reasonable efforts will be made during
the site investigation phase to identify
PRPs and provide them copies of the
preliminary assessment/site
investigation (PA/SI) report and an
opportunity to comment.


The removal and remedial processes
as currently outlined in the NCP provide
PRPs with a reasonable opportunity to
review and comment on lead agency
actions at a site when the proposed plan
is made available. Before this time,
dOcuments placed in the administrative
record, including the PA/SI, are
available for public inspection. In
addition, PRPs that are interested in
more extensive involvement in the
investigation process may agree to
undertake removal or remedial actions
through a settlement agreement with
EPA. They may be granted substantially
more site involvement than non-settling
PRPs.


Extending the formal review and
comment period to PRPs as far back in
the removal and remedial process as the
PA/SI stage would unnecessarily slow
down preliminary fact-gathering at a
site. In cases where removal actions are
considered emergency or time-critical,
such review and comment time would
unjustifiably delay response to a
dangerous situation. Also, in most cases,
the PRP search has not been completed
or even started in a comprehensive
manner at the time of the PA/SI.
Accordingly, specifying formal
procedures for PRP involvement at that
time is not practical.


Final rule: EPA is promulgating
§§ 300.410(c)(2) and 300.420(c)(5) as
proposed.


Name: Section 300.410(g). Notification
of natural resource trustee.


Final rule: Section 300.410(g) is
revised as follows (see preamble
discussion on § 300.615):


If natural resources are or may be injured
by the release, the OSC or lead agency shall
ensure that state and federal trustees of the
affected natural resources are promptly
notified in order that the trustees may initiate
appropriate actions, including those
identified in subpart G of this part. The OSC
or lead agency shall seek to coordinate
necessary assessments, evaluations,
investigations, and planning with such state
and federal trustees.


Name: Sections 300.415(b)(4) and
300.420(c)(4). Sampling and analysis
plans.


Proposed rule: Proposed § 300.415 did
not describe sampling requirements.
Proposed § 300.420(c)(4) described the
procedures necessary for preparing a
site-specific sampling plan for a
remedial site inspection.


Response to comments: One
commenter stated that EPA should
revise § 300.420(c)(4) to specify review
of the sampling plan to ensure that
appropriate sampling and quality
control procedures are followed. In
response, EPA is revising the description
of the site-specific sampling plan in
proposed § 300.420(c)(4) to conform with
the purpose of the quality' assurance
project plan (QAPP) defined in § 300.5
and the QAPP and sampling and
analysis plan described in
§ 300.430(b)(8), which states that such
plans will be approved by EPA. This
change emphasizes the similarity of
these activities in the site evaluation
and remedial investigation parts of the
program. In addition, EPA believes that,
when samples will be taken, it is
appropriate to describe sampling
requirements for non-time-critical
removal actions to ensure that data of
sufficient quality and quantity will be
collected for this type of action.


EPA also notes that portions of the
QAPP may incorporate by reference
non-site-specific standardized portions
of already-approved QAPPs, especially
those portions addressing policy and
organization, or describing general
functional activities to be conducted at a
site to ensure adequate data. This
eliminates the necessity to reproduce
non-site-specific quality assurance
procedures for every site.


Final rule: Proposed §§ 300.415(b)(4)
and 300.420(c)(4) are revised as follows:


1.In § 300.415(b)(4), a requirement has
been added for developing a sampling
and analysis plan, when samples will be
taken.


2.Section 300.420(c)(4) is revised to
better describe the required contents of
the sampling and analysis plan.


Section 300.415. Removal Action.


Name: Section 300.415(b)(5)(ii).
Removal action statutory exemption.


Proposed rule: CERCLA section
104(c)(1)(C) provides a new exemption
to the statutory limits on Fund-financed
removal actions of $2 million and 12
months. This exemption, stated in the
NCP in § 300.415(b)(5)(ii), is applicable
when continued response is otherwise
appropriate and consistent with the
remedial action to be taken. EPA
expects to use the exemption primarily
for proposed and final NPL sites, and
only rarely for non-NPL sites (see 53 FR
51409).


Response to comments: One
commenter supported EPA's proposal to
allow waiver of the limits on Fund-
financed removal payments if such an
exemption is consistent with remedial
actions.


One commenter stated that the
decision to engage in a removal action
should be based on site conditions and
their impact on health and the
environment, not cost or time; that once
EPA concludes that a removal action is
appropriate, the various alternatives
should be analyzed at both likely NPL
and non-NPL sites equally. The
commenter felt that EPA should use the
consistency exemption more liberally
where time, rather than money, was the
complicating factor.


In response, Congress has made the
determination that cost and time are
relevant factors in deciding how
extensive a Fund-financed removal
action may be; thus, contrary to the
commenter's remark, EPA will continue
to consider such factors. Further,
Congress did not differentiate between
time and dollar limits in setting the
exemptions; EPA notes that exceeding
the time limit will often also increase the
cost of a removal action, even though it
does not necessarily raise the cost to
over $2 million. Thus, EPA does not
believe it should set different criteria for
their use.


The new exemption from the time and
dollar limits applies to any Fund-
financed removal and thus encompasses
state-lead as well as EPA-lead
responses. Actions where EPA has the
lead, but is to be reimbursed by private
parties or other federal agencies, are
still subject to the statutory limits and
provisions for exemption.


Because the exemption requires
consistency with the remedial action to
be taken, its use is well suited to
proposed or final NPL sites where
remedial action is likely to be taken. It
may also be appropriate to use this
exemption at some non-NPL sites where
justified on a case-by-case basis.


Final rule: EPA is promulgating the
rule as proposed.


Name: Section 300.415(i). Removal
action compliance with other laws.


Existing rule: The current NCP in
§ 300.65(f) requires that Fund-financed
removal actions and removal actions
pursuant to CERCLA section 106 attain
or exceed, to the greatest extent
practicable considering the exigencies of
the circumstances, applicable or
relevant and appropriate federal public
health and environmental requirements.
Other federal criteria, advisories, and
guidance and state standards are to be
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considered, as appropriate, in
formulating a removal action.


Proposed rule: Proposed 300.415(j)
(renumbered as 300.415(1) in the final
rule) required that removal actions
attain, to the extent practicable
considering the exigencies of the
situation, all state as well as federal
applicable or relevant and appropriate
requirements (ARARs). 6 Other federal
and state criteria, advisories, and
guidance shall, as appropriate, be
considered in formulating the removal
action, The proposed revisions also note
that statutory waivers from attaining
ARARs may be used for removal
actions. In addition, the preamble to the
proposed revisions provided guidance
clarifying three factors to be considered
in determining the "practicability" of
complying with ARARs: The exigencies
of the situation, the scope of the removal
action to be taken, and the effect of
ARAR attainment on the removal
statutory limits for duration and cost (53
FR 51410-11).


Response to comments: Several
commenters supported the proposed
revision to the NCP requiring that both
federal and state ARARs be complied
with when conducting removal actions.
One commenter asked what
documentation Is required to show that
ARARs have been identified and
requested that EPA develop guidance
providing hypothetical conditions
describing the extent to which ARAR
analysis should be performed. Another
commenter stated that non-Fund-
financed removal actions conducted at
federal facilities also should be required
to comply with ARARs.


In opposition to the proposal, a
number of commenters pointed out that
Congress did not intend that removal
actions be required to comply with
ARARs. The commenters suggested that,
based on the legislative history,
Congress intended that only remedial
actions be subject to compliance with
ARARs. According to one commenter,
the legislative history states that ARARs
do not apply during removal actions
because removal actions are short-term,
relatively low-cost activities of great
urgency that should be free of the delays
that may arise if it is necessary to
identify and attain ARARs.


Other commenters suggested that
attainment of ARARs should not be
required during removal actions because
removal actions are not intended to
completely clean up a site, but rather to
quickly eliminate or control an


• Note that proposed 300.415(e) has been
deleted (see preamble section above on "Listing
sites in CERCLIS." and the remaining sections in


300.415 have been renumbered.


immediate threat. The commenters
argued that compliance with ARARs is
based on what remains on site after an
entire remedy is completed, not after a
particular problem is controlled. In
addition, several commenters argued
that the main purpose of the removal
program is quick mitigation of threats,
and that requiring ARARs to be
complied with during removal actions
undermines this purpose by slowing
down the cleanup process. The
commenters suggested that such
procedural delays as identification of
ARARs will hinder the removal
program's ability to respond to
emergencies swiftly.


Several additional commenters
suggested that requiring attainment of
ARARs discourages PRPs from
undertaking removal actions. Fund-
financed removals can use the statutory
limits to limit attainment of ARARs;
those limits do not apply to PRP actions.


One commenter opposed the provision
that requires OSCs to justify why they
are not attaining ARARs during a
specific removal action. The commenter
argued that the prospect of an OSC
being required to justify why he or she is
not attaining all ARARs is inconsistent
with removal program objectives.


Other commenters believed that the
current policy concerning compliance
with ARARs during removal actions
should be replaced with a more
discretionary policy. They suggested
that OSCs should only be required to
comply with ARARs that are most
crucial to the proper stabilization of the
site and protection of public health and
the environment.


In response, EPA has carefully
reviewed this issue in light of the public
comments, and believes a number of
clarifying points need to be made. First,
as a threshold matter, EPA agrees that
Congress didnot, in the 1988
amendments to CERCLA, "require" EPA
to meet ARARs during removal actions.
However, it has been EPA's policy since
1985, established in the NCP, to attain
ARARs during removals to the extent
practicable, considering the exigencies
of the situation. EPA believes that this is
still a sound policy. Reference to
requirements under other laws (i.e.,
ARARs) help to guide EPA in
determining the appropriate manner in
which to take a removal action at many
sites.


If, for example, a component of the
removal action is to discharge treated
waste to a nearby river or stream,
effluent limitations based on federal or
state water quality criteria will be useful
in determining the extent of such
treatment. Today's policy is consistent


with section 105 of CERCLA which
directs that the NCP include methods
and criteria for determining the
appropriate extent of removals. Thus,
EPA is maintaining the policy described
in the preamble to the proposed NCP,
although EPA has modified the factors
to be considered in determining
practicability.


A number of other comments
questioned the extent to which removals
should attempt to attain ARARs. In
responding to such comments, it is
important to note that the policy that
removals comply with ARARs to the
extent practicable is defined in large
part by the purpose of removal actions.


The purpose of removal actions
generally is to respond to a release or
threat of release of hazardous
substances, pollutants, or contaminants
so as to prevent, minimize, or mitigate
harm to human health and the
environment. Although all removals
must be protective of human health and
the environment within their defined
objectives, removals are distinct from
remedial actions in that they may
mitigate or stabilize the threat rather
than comprehensively address all
threats at a site. Consequently, removal
actions cannot be expected to attain all
ARARs. Remedial actions, in contrast,
must comply with all ARARs (or invoke
a waiver). Indeed, the imposition by
Congress of limits on the amount of time
and Fund money that may be spent
conducting a removal action often
precludes comprehensive remedies by
removal actions alone. Removal
authority is mainly used to respond to
emergency and time-critical situations
where long deliberation prior to
response is not feasible. All of these
factors—limits on funding, planning
time, and duration, as well as the more
narrow purpose of removal actions—
combine to circumscribe the
practicability of compliance with
ARARs during individual removal
actions. Indeed, the vast majority of
removals involve activities where
consideration of ARARs is not even
necessary, e.g., off-site disposal,
provision of alternate water supply, and
construction of fences, dikes and
trenches.


Further, it should be noted that
requirements are ARARs only when
they pertain to the specific action being
conducted. If, for example, a site has
leaking drums, widespread soil
contamination, and significant ground-
water contamination, the removal action
at the site might only involve actions
necessary to reduce the near-term
threats, such as direct contact and
further deterioration of the ground
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water; thus, the removal action might be
limited to removal of the drums and
surface debris and excavation of highly
contaminated soil. Requirements
pertaining to the cleanup of ground-
water contamination would not be
ARARs for that action because the
removal action is not intended to
address ground water; rather,
requirements pertaining to the drums,
surface debris, or contaminated soil may
be ARARs for the specific removal
action. Once the lead agency makes the
determination that the requirements are
ARARs for a removal, then it must
determine whether compliance is
practicable.


It will generally be practicable for
removal actions to comply with ARARs
that are consistent with the goals and
focus of the removal. However, as
stated above, removals are intended to
be responses to near-term threats, with
the ability to respond quickly when
necessary; thus, ARARs that would
delay rapid response when it is
necessary, or cause the response to
exceed removal goals, may be
determined to be impracticable. Of
course, even where compliance with
specific ARARs is not deemed
practicable, the lead agency for a
removal must use its best judgment to
ensure that the action taken is
protective of human health and the
environment within the defined
objectives of the removal action.


In order to better explain how a lead
agency can determine when compliance
with an ARAR is practicable, the
preamble to the proposed NCP included
three factors for consideration:
Exigencies of the situation, scope of the
removal action and the statutory limits
(53 FR 51410-11). Upon consideration of
comments, EPA has decided to
enumerate in the rule only two of those
three factors as important for
determining practicability: Urgency
(simply renaming exigencies) of the
situation, and scope of the removal
action. EPA believes that statutory
limits, because they relate to the
authority to conduct removal actions,
are easier to consider within, rather
than apart from, the factor of scope of
the removal action when determining
whether compliance with an ARAR is
practicable.


The factor of urgency of the situation
relates to the need for a prompt
response. In many cases, appropriate
response activities must be identified
and implemented quickly in order to
ensure the protection of human health
and the environment. For example, if
leaking drums pose a danger of fire or
explosion in a residential area, the


drums must be addressed immediately,
and it will generally be impracticable to
identify and comply with all potential
ARARs.


The second factor, the scope of the
removal action relates to the special
nature of removals in that they may be
used to minimize and mitigate potential
harm rather than totally eliminate it.
Removals are further limited in the
amount of time and Fund money that
may be expended at any particular site
in the absence of a statutory exemption.
Again, using the example above, even
though standards requiring cleanup of
the lower level soil contamination
would be an ARAR to that medium, they
would be outside the scope of the
removal action when such cleanup is not
necessary for the stabilization of the
site, or when it would cause an
exceedance of the statutory limits and
no exemption applied. Hence, such soil
standards, while ARARs, would not be
practicable to attain considering the
exigencies of the situation. Of course,
such standards may be ARARs for any
remedial action that is subsequently
taken at the site.


EPA disagrees with the comment that
requiring PRPs to comply with ARARs
to the extent practicable discourages
PRPs from conducting removals because
the statutory limits do not apply to non-
Fund-financed actions. Although the
limits apply by law to Fund-financed
actions only, EPA has the discretion
under CERCLA section 104(c)(1) to take
removal actions that exceed those
limits, in emergency situations or where
the action is otherwise appropriate and
consistent with the remedial action that
may be taken at the site. EPA will select
the appropriate remedy, even where an
extensive removal action is warranted,
regardless of whether the site is Fund-
lead or PRP-based. The only difference
is that if the site is Fund-lead, an
exemption must first be invoked in order
to proceed with the action. Thus, the
time and dollar limitations generally will
not result in PRPs performing a more
extensive removal than EPA itself would
conduct. That is, EPA's selection of a
removal action, including what ARARs
will be attained, will not be based on
who will be conducting the removal.


Finally, as stated in the preamble to
the proposed NCP (53 FR 51411), even if
attainment of an ARAR is practicable
under the factors described above, the
lead agency may also consider whether
one of the statutory waivers from
compliance with ARARs is available for
a removal action. EPA is developing
guidance on the process of complying
with ARARs during removal actions.
EPA generally will only require


documentation of ARARs for which
compliance is determined to be
practicable, in order not to burden OSCs
with substantial paperwork
requirements.


Final rule: Proposed § 300.415(j)
(renumbered as final § 300.415(i)) is
revised as follows:


1. The following has been added to
identify factors that are appropriate for
consideration in determining the
practicability of complying with ARARs:


In determining whether compliance with
ARARs is practicable, the lead agency may
consider appropriate factors, including the
following:


(1)The urgency of the situation; and
(2)The scope of the removal action to be


conducted.
2. The reference to advisories, criteria


or guidance has been modified (see
preamble section below on TBCs).


3. The description of ARARs has been
reworded (see preamble section below
on the definition of "applicable.")


Name: Sections 300.5, 300.415(g) and
(h), 300.500(a), 300.505 and 300.525(a).
State involvement in removal actions.


Existing rule: Sections 300.61 and
300.62 of the current NCP encourage
states to undertake actions authorized
under subpart F. Such actions include
removal and remedial actions pursuant
to CERCLA section 104(a)(1). The
regulation notes further that CERCLA
section 104(d)(1) authorizes the federal
government to enter into contracts or
cooperative agreements with the state to
take Fund-financed response actions
authorized under CERCLA, when the
federal government determines that the
state has the capability to undertake
such actions.


Proposed rule: Proposed § 300.415(h)
and (i) (renumbered as final § 300.415(g)
and (h)) and § 300.525(a) would codify
EPA's existing policy of entering into
cooperative agreements with states to
undertake Fund-financed removal
actions, provided that states follow all
the provisions of the NCP removal
authorities. The preamble to the
proposed rule suggested that non-time-
critical actions are the most likely
candidates for state-lead removals (53
FR 51410). Proposed § 300.510(b)
provided further that facilities operated
by a state or political subdivision
require a minimum cost share of 50
percent of the total response costs if a
remedial action is taken. Section 300.505
describes what EPA and a state may
agree to in a Superfund Memorandum of
Agreement (SMOA) regarding the nature
and extent of interaction on EPA-lead
and state-lead response. The preamble
clarified that, where practicable, a
SMOA may include general provisions
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responses and responses conducted by
PRPs (emergency and time-critical
removals are not covered by this policy).
This notification should specify the type
and quantity of waste involved, the
name and location of the receiving
facility and the expected schedule for
the transfer of the CERCLA waste. Such
notification will enable the recipient
state to obtain from its permitted
facilities any other information it may
need in order to support the out-of-state
action. Although this notification is
neither mandatéd by CERCLA nor
required by this regulation, EPA
believes that adherence to this
procedure will help to ensure that these
waste transfers occur in a safe and
expedient manner. The policy is
explained in more detail in OSWER
Directive No. 9330.2-07 (September 14,
1989).


Because CERCLA actions may be
carried out under a number of
mechanisms and by a number of parties
(e.g., lead state agencies, other federal
agencies, PRPs), EPA plans to issue
additional guidance or regulations, if
appropriate, to implement this
notification policy.


Final rule: There is no rule language
on this issue.


Applicable or Relevant and Appropriate
Requirements


Introduction. The November 20, 1985
revisions to the NCP required that, for
all remedial actions, the selected
remedy must attain or exceed the
federal applicable or relevant and
appropriate requirements (ARARs) in
environmental and public health laws. It
also required removal actions to attain
ARARs to the greatest extent
practicable, considering the exigencies
of the circumstances. The preamble to
the 1985 revisions to the NCP stated that
ARARs could be determined only on a
site-by-site basis, and it included from
EPA's October-2, 1985 Compliance
Policy a list of potentially applicable or
relevant and appropriate requirements.
The preamble also provided a list of
federal non-promulgated criteria,
advisories and guidance, and state
standards "to be considered," called
TBCs. EPA also provided five limited
circumstances in which ARARs could be
waived.


On October 17, 1986, CERCLA was
reauthorized with additional new
requirements. Section 121 of CERCLA
requires that, for any hazardous
substance that will remain on-site,
remedial actions must attain
requirements under federal
environmental or state environmental or
facility siting laws that are applicable or


relevant and appropriate under the
circumstances of the release or
threatened release at the completion of
the remedial action. The statute also
retained most of the waivers, with a few
additions.


Although section 121(d)(2) basically
codified EPA's 1985 policy regarding
compliance with other laws, the section
also requires that state standards are
also potential ARARs for CERCLA
remedial actions when they are
promulgated, more stringent than
federal standards, and identified by the
state in a timely manner.


Furthermore, the CERCLA
amendments provide that federal water
quality criteria established under the
Clean Water Act (CWA) and maximum
contaminant level goals (MCLGs)
established under the Safe Drinking
Water Act, must be attained when they
are relevant and appropriate under the
circumstances of the release.


Today's revision to the NCP continues
the basic concept of compliance with
ARARs for any remedy selected (unless
a waiver is justified). ARARs will be
determined based upon an analysis of
which requirements are applicable or
relevant and appropriate to the
distinctive set of circumstances and
actions contemplated at a specific site.
Unlike the 1985 revisions to the NCP,
where alternatives were developed
based on their relative attainment of
ARARs, in today's rule recognition is
given to the fact that ARARs may differ
depending on the specific actions and
objectives of each alternative being
considered (for more discussion of this
point, see preamble of proposal at 53 FR
51438, section 9).


In today's rule, EPA retains its policy
established in the 1985 NCP of requiring
attainment of ARARs during the
implementation of the remedial action
(where an ARAR is pertinent to the
action itself), as well as at the
completion of the action, and when
carrying out removal actions "to the
extent practicable considering the
exigencies of the situation."


For ease of identification, EPA divides
ARARs into three categories: chemical-
specific, location-specific, and action-
specific, depending on whether the
requirement is triggered by the presence
or emission of a chemical, by a
vulnerable or protected location, or by a
particular action. (More discussion of
these types can be found in the
preamble of the proposal at 53 FR 51437,
section 6).


Response to comments: EPA received
a few comments on general ARARs
policies. One commenter argued that the
remedial action should not necessarily


have to attain the most stringent
applicable or relevant and appropriate
requirement if a less stringent
requirement provides adequate
protection of human health and the
environment.


EPA disagrees. CERCLA requires that
remedial actions comply with all
requirements that are applicable or
relevant and appropriate. Therefore, a
remedial action has to comply with the
most stringent requirement that is ARAR
to ensure that all ARARs are attained.
In addition, CERCLA requires that the
remedies selected be protective of
human health and the environment and
attain ARARs. A requirement does not
have to be determined to be necessary
to be protective in order to be an ARAR.
Conversely, the degree of stringency of a
requirement is not relevant to the
determination of whether it is an ARAR
at a site and must be attained (except
for state ARARs).


Another commenter asked for
confirmation that variance or exemption
provisions in a regulation can be
potential ARARs as well as the basic
standards. EPA agrees that meeting the
conditions and requirements associated
with a variance or exemption provision
can be a means of compliance with an
ARAR. For example, EPA expects that
CERCLA sites will frequently be
complying with the terms of the
treatability variance under the RCRA
land disposal restrictions (LDR) for soil
and debris when LDR is an ARAR.


Limitations in a regulation, such as the
quantity limitations that define small
quantity generators under RCRA and
affect what requirements a generator
must comply with, will also affect what
requirements are applicable at a
CERCLA site. However, it is possible
that a requirement could be relevant and
appropriate even though the requirement
is not applicable because of a limitation
in the regulation.


Indian tribe commenters contended
that ARARs should not be defined as
promulgated laws, regulations, or
requirements because some Indian tribe
laws, which could apply to a Superfund
cleanup, may not be promulgated in the
same fashion as state or federal laws.
CERCLA section 126 directs EPA to
afford Indian tribes substantially the
same treatment as states for certain
specified subsections of CERCLA
sections 103, 104 and 105; EPA believes,
as a matter of policy, that it is similarly
appropriate to treat Indian tribes as
states for the purpose of identifying
ARARs under section 121(d)(2). EPA
realizes that tribal methods for
promulgating laws may vary, so any
evaluation of tribal ARARs will have to
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be made on a case-by-case basis. Tribal
requirements, however, are still subject
to the same eligibility criteria as states,
as described in § 300.400(g)(4).


Another commenter disagreed with
EPA's position that environmental laws
do not apply to a CERCLA response
action unless incorporated by CERCLA
section 121(d). This commenter argued
that EPA has confused the ARARs
concept with one of preemption of state
law.


In response, SARA established a
process, in CERCLA sections 121(d)(2)
and (d)(4), for how federal and state
environmental laws should apply to on-
site CERCLA remedial actions, i.e., the
ARARs process. Based on these
provisions, CERCLA remedies will
incorporate (or waive) state standards,
as appropriate under CERCLA. Thus,
although other environmental laws do
not independently apply to CERCLA
response actions, the substantive
requirements of such laws will be
applied to such actions, consistent with
section 121(d) and NCP § 300.400(g).


EPA's interpretation that CERCLA
response actions are required to meet
state (and other federal) environmental
law standards only to the limited degree
set out in CERCLA is also necessary to
comply with the special mandates in
CERCLA to respond quickly to
emergencies, and to perform Fund-
balancing. The position that on-site
CERCLA response actions are not
independently subject to other federal or
state environmental laws is a long-
standing one, based on a theory of
implied repeal or pre-emption. See, e.g.,
50 FR 47912, 47917-18 (Nov. 20,1985); 50
FR 5802, 5865 (Feb. 12, 1985); "CERCLA
Compliance With Other Environmental
Laws" Opinion Memorandum, Francis S.
Blake, General Counsel, to Lee M.
Thomas, Administrator, Nov. 22, 1985.


Following are summaries of major
comments and EPA's responses on
specific sections of the ARARs policy.


Name: Sections 300.5 and
300.400(g)(1). Definition of "applicable."


Proposed rule: "Applicable
requirements" means those cleanup
standards, standards of control, or other
substantive environmental protection
requirements, criteria, or limitations
promulgated under federal or state law
that specifically address a hazardous
substance, pollutant. contaminant,
remedial action, location, or other
circumstance at a CERCLA site. The
preamble to the proposed rule pointed
out that there is generally little
discretion in determining whether the
circumstances at a site match those
specified in a requirement (53 FR 51435-
37).


Response to comments: One
commenter suggested that language
used in § 300.400(g)(4) of the proposed
NCP which provides that "only those
state standards that are promulgated
and more stringent than federal
requirements may be applicable or
relevant and appropriate" be added to
the definition of ARARs found in
§ 300.5.


In response, EPA notes that the
definition it proposed already includes
the condition that standards, whether
federal or state, must be promulgated in
order to be potential ARARs. EPA
accepts this comment on stringency and
has revised both §§ 300.5 and 300.400(g)
to specify that in order to be considered
ARARs, state requirements must be
more stringent than federal
requirements. EPA notes that, in general,
state regulations under federally
authorized programs are considered
federal requirements.


A commenter supported the
discussion of ARARs in the preamble to
the proposed NCP, but remarked that
the definitions of ARARs do not
adequately reflect many of the
important aspects mentioned in the
preamble. EPA believes that the
definitions stated in the rule are
sufficiently comprehensive and that the
information contained in the preamble
to the proposed and final rules will help
the public in applying the definitions.


One commenter asked why EPA had
deleted rule language 'that applicable
requirements are those requirements
that would be legally applicable if the
response action were not undertaken
pursuant to CERCLA. In working with
this definition, EPA found the previous
definition confusing because it was
stated in the conditional, i.e.,
requirements that would apply if the
action were not under CERCLA. EPA
revised the definition to explain more
specifically what it means by applicable
requirements to avoid any confusion.
However, the 1985 wording is still a
correct statement of the applicability
concept. EPA is modifying the definition,
however, to make it clear that the
standards, etc. do not have to be
promulgated specifically to address
CERCLA sites.


Final rule: The proposed definition of
"applicable" in §§ 300.5 and
300.400(g)(1) are revised as follows:


1. Consistent with the language in
CERCLA section 121(d)(2), the
description of federal and state laws in
§ 300.5 is revised to read:
"* * * requirements, criteria or
limitations promulgated under federal
environmental or state environmental or
facility siting law * * * *"
[Comparable changes are made in


§§ 300.415(i), 300.430(e)(2)(i)(A),
300.430(e)(9)(iii)(B) and
300.430(f)(1)(ii)(C).]


2.The following sentence is added to
§ 300.5: "Only those state standards that
are identified by a state in a timely
manner and that are more stringent than
federal requirements may be
applicable."


3. In §§ 300.5 and 300.400(g)(1), the
word "found" is added before "at a
CERCLA site."


Name: Sections 300.5 and
300.400(g)(2). Definition of "relevant and
appropriate."


Proposed rule: "Relevant and
appropriate requirements" means those
cleanup standards, standards of control,
and other substantive environmental
protection requirements, criteria, or
limitations promulgated under federal or
state law that, while not "applicable" to
a hazardous substance, pollutant,
contaminant, remedial action, location,
or circumstance at a CERCLA site,
address problems or situations
sufficiently similar to those encountered
at the CERCLA site that their use is well
suited to the particular site.


Section 300.400(g)(2) identified criteria
that must be considered, where
pertinent, to determine whether a
requirement addresses problems or
situations that are sufficiently similar to
the circumstances of the release or
remedial action that it is relevant and
appropriate. The preamble to the
proposed rule emphasized that a
requirement must be both relevant and
appropriate; this determination is based
on best professional judgment. Also, the
preamble stated that with respect to
some statutes or regulations, only some
of the requirements may be relevant and
appropriate to a particular site, while
others may not be (53 FR 51436-37).


Response to comments:1. General.
Several commenters expressed support
in general for the revised definition of
relevant and appropriate requirements
and for the approach described in the
proposal to identifying such
requirements. Commenters in particular
supported statements that a requirement
must be both relevant, in that the
problem addressed by a requirement is
similar to that at the site, and
appropriate, or well-suited to the
circumstances of the release and the
site, to be considered a relevant and
appropriate requirement.


A few commenters recommended
changes to the definition of relevant and
appropriate requirements. One
commenter suggested adding to the
proposed definition that a relevant and
appropriate requirement must be
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"generally pertinent," a phrase used in
the preamble of the proposed NCP in
discussing the analysis of the relevance
of a requirement, while another
suggested adding "pertinent" to the
circumstances of the site, expressing
concern that "generally pertinent" was
overly broad. EPA believes that the
concept of "pertinence" is adequately
considered as part of the evaluation of
what is relevant and appropriate (see
discussion of factors for determining
relevant and appropriate requirements,
below). EPA does not believe that the
suggested changes should be made in
the definition itself.


Another commenter suggested
revising the definition to emphasize the
jurisdictional prerequisites of a
potentially relevant and appropriate
requirement, recommending that a
relevant and appropriate requirement be
defined as one that, "while not
applicable, sufficiently satisfies the
jurisdictional prerequisites for legal
enforceability." EPA disagrees, because
the jurisdictional prerequisites, while
key in the applicability determination,
are not the basis for relevance and
appropriateness. Rather, the evaluation
focuses on the purpose of the
requirement, the physical characteristics
of the site and the waste, and other
environmentally- or technically-related
factors.


Another commenter objected to the
policy that some portions of a regulation
could be found relevant and
appropriate, while other portions would
not be. The commenter believed that
this policy would lead to confusion and
inconsistency, although the commenter
agreed that the application of this policy
to RCRA closure requirements,
described in the proposal, was useful.
EPA believes that this policy is
appropriate and reflects its experience
in evaluating RCRA closure
requirements and other requirements as
relevant and appropriate. Finding some


-parts of a regulation relevant and
appropriate, and others not, allows EPA
to draw on those standards that
contribute to and are suited for the
remedy and the site, even though all
components of a regulation are not
appropriate.


This approach has been particularly
valuable as applied to RCRA closure,
where the two applicable regulations,
clean closure and landfill closure,
address only the two poles of a potential
continuum of closure responses. When
RCRA closure is relevant and
appropriate, Superfund may use a
combination of these two regulations,
known as hybrid closure, to fashion an
appropriate remedy for a site that is


protective of both ground water and
direct contact (for more discussion of
hybrid closure, see preamble to the
proposed NCP at 53 FR 51448).


2. Factors for determining relevant
and appropriate requirements. One
commenter suggested referencing the
criteria described in § 300.400(g)(2) in
the definition. EPA believes this is not
appropriate because it could lead to
confusion about the role of the criteria
and result in greater emphasis on rigidly
applying the criteria than is warranted.


Based on this latter comment and
others about specific criteria in the
proposal, EPA wants to clarify the role
of the factors. (Note that the rule now
refers to "factors" rather than
"criteria.") EPA intends that the factors
in § 300.400(g)(2) should be considered
in identifying relevant and appropriate
requirements, but does not want to
imply that the requirement and site
situation must be similar with respect to
each factor for a requirement to be
relevant and appropriate. At the same
time, similarity on one factor alone is
not necessarily sufficient to make a
requirement relevant and appropriate.
Rather, the importance of a particular
factor depends on the nature of the
requirement and the site or problem
being addressed and will vary from site
to site. While the factors are useful in
identifying relevant and appropriate
requirements, the final decision is based
on professional judgment about the
situation at the site and the requirement
as a whole.


In addition, as EPA discussed in the
proposal, a requirement must be both
"relevant," in that it addresses similar
situations or problems, and
"appropriate," which focuses on
whether the requirement is well-suited
to the particular site. Consideration of
only the similarity of certain aspects of
the requirement and the site situation
constitutes only half of the analysis of
whether a requirement is relevant and
appropriate.


After review of comments it received,
EPA has revised the language in
§ 300.400(g)(2) because it is concerned
that it was misleading. Some
commenters viewed the analysis
required by this section as requiring
consideration only of the similarity of
the requirement and the problems or
situation at the CERCLA site. While
non-substantive for the most part, the
changes to § 300.400(g)(2) make clearer
that a requirement and a site situation
must be compared, based on pertinent
factors, to determine both the relevance
and appropriateness of the requirement.
The rule also now uses the term
"factors," rather than "criteria," a


change instituted to avoid confusion
with the nine criteria for remedy
selection in § 300.430.


One commenter suggested that factors
be developed for use in evaluating
whether a requirement is "appropriate."
EPA does not believe this is necessary.
Decisions about the appropriateness of
a requirement are based on site-specific
judgments using the same set of factors
already identified. In the abstract it is
very difficult to separate out those
factors to be considered for relevance
and those to be considered for
appropriateness. In specific cases it
would be possible to say, for example,
that a requirement is relevant in terms
of the substances but not appropriate in
terms of the facility covered.


Several commenters questioned
whether certain factors could
legitimately be considered in identifying
relevant and appropriate requirements.
These and other comments on individual
factors are discussed below; a brief
description of each factor as described
in the proposed NCP is given after the
name of the factor.


(1): Purpose of the requirement. This
factor compared the purpose of a
requirement to the specific objectives of
the CERCLA action. One commenter
was concerned that the "objectives for
the CERCLA action" could include the
implementability of the remedy, its cost,
and even the acceptability of the action
to the community. This is not what EPA
meant by "objectives." Rather, EPA
intended that this factor consider the
technical, or health and environmental
purpose of the requirement compared to
what the CERCLA action is trying to
achieve. For example, MCLs are
promulgated to protect the quality of
drinking water; this is similar in purpose
to a CERCLA action to restore ground
water aquifers to drinkable quality. To
avoid confusion, EPA has simplified the
factor, which now states, "the purpose
of the requirement and the purpose of
the CERCLA action."


(ii): The medium regulated by the
requirement. This factor compared the
medium addressed by a requirement to
the medium contaminated or affected at
a CERCLA site. No comments were
received on this factor, and the final rule
is essentially unchanged from the
proposal.


(iii): The substances regulated by the
requirement. This factor compared the
substances addressed by a requirement
to the substances found at a CERCLA
site. Several commenters argued that
RCRA requirements for hazardous
waste should not be potentially relevant
and appropriate to wastes "similar" but
not identical to a hazardous waste, and
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that this criterion should be dropped.
EPA disagrees and has discussed this
issue in the section of this preamble on
RCRA ARARs.


(iv):The entities or interests affected
or protected by the requirement. This
factor compared the entities or interests
addressed by a requirement and those
affected by a CERCLA site. Two
commenters expressed concern about
this factor. One commenter was
concerned that it could be used to
disqualify standards from being relevant
and appropriate simply because the
requirement regulated entities different
from those at a CERCLA site. In
contrast, another commenter was
concerned that EPA would broadly
apply requirements to entities that were
never intended to be subject to the
requirement. EPA agrees that this factor
is confusing. EPA believes that the
characteristics intended to be addressed
by this factor are adequately covered
under other factors, such as purpose and
type of facility. Therefore, this factor
has been eliminated.


(v):The actions or activities regulated
by the requirement. This factor
compared the actions or activities
addressed by a requirement to those
undertaken in the remedial action at a
CERCLA site. No comments were
received on this factor, and the final rule
is essentially unchanged from the
proposal.


(vi):Any variances, waivers, or
exemptions of the requirement. This
factor considered the availability of
variances, waivers, or exemptions from
a requirement that might be available
for the CERCLA site or action. One
commenter asked for clarification on
this factor and expressed his view that
the CERCLA waiver provisions for
ARARs were the only waivers
allowable. However, EPA believes that
it is reasonable to consider the
existence of waivers, exemptions, and
variances under other laws because
generally there are environmental or
technical reasons for such provisions.
These provisions are generally
incorporated into national regulations
because there are specific circumstances
where compliance with a requirement
may be inappropriate for technical
reasons or unnecessary to protect
human health and the environment.
Again, this factor is only one that should
be considered; even if a waiver
provision in a requirement matches the
circumstances at the CERCLA site, there
may be other reasons why the
requirement is still relevant and
appropriate.


(vii):The type and size of structure or
facility regulated by the requirement.
This factor compared the characteristics


of the structure or facility addressed by
a requirement to that affected by or
contemplated by the remedial action.
One commenter argued that regulations
routinely contain cut-offs based on type
or size of the structure or facility for
administrative or enforcement
convenience. EPA agrees that cut-offs
based solely on administrative reasons
may not be critical in determining
whether a requirement is relevant and
appropriate. However, EPA believes
that it is necessary and appropriate to
consider the physical type or size of
structure regulated because
requirements may be neither relevant
nor appropriate to structures or facilities
that are dissimilar to those that the
requirement was intended to regulate. In
many cases, this factor is a very basic
one: in identifying requirements relevant
to landfills, one would turn to standards
for landfills, not for tanks.


(viii):Consideration of use or
potential use of affected resources in the
requirement. This factor compared the
resource use envisioned in a
requirement to the use or potential use
at a CERCLA site. One commenter
objected to this factor based primarily
on opposition to EPA's proposed ground
water policy, which, along with the
comments EPA has received on this
issue, is discussed in the section on
ground-water policy in the preamble
discussion of § 300.430. EPA believes it
is appropriate to compare the resource
use considerations in a requirement with
similar considerations at a CERCLA
site.


Final rule: 1. The following sentence is
added to the proposed definition of
"relevant and appropriate" in § 300.5
(see preamble discussion above on
"applicable"): "Only those state
standards that are identified by a state
in a timely manner and that are more
stringent than federal requirements may
be relevant and appropriate."


2. Proposed § 300.400(g)(2) is revised
as follows:


(2) If, based upon paragraph (g)(1) of this
section, it is determined that a requirement is
not applicable to a specific release, the
requirement may still be relevant and
appropriate to the circumstances of the
release. In evaluating relevance and
appropriateness, the factors in paragraphs
(g)(2)(i) through (viii) shall be examined,
where pertinent, to determine whether a
requirement addresses problems or situations
sufficiently similar to the circumstances of
the release or remedial action contemplated,
and whether the requirement is well-suited to
the site, and therefore is both relevant and
appropriate. The pertinence of each of the
following factors will depend, in part, on
whether a requirement addresses a chemical,
location, or action. The following


comparisons shall be made, where pertinent,
to determine relevance and appropriateness:


(i) The purpose of requirement and the
purpose of the CERCLA action;


(ii) The medium regulated or affected by
the requirement and the medium
contaminated or affected at the CERCLA site;


(iii) The substances regulated by the
requirement and the substances found at the
CERCLA site;


(iv) The actions or activities regulated by
the requirement and the remedial action
contemplated at the CERCLA site;


(v) Any variances, waivers, or exemptions
of the requirement and their availability for
the circumstances at the CERCLA site;


(vi) The type of place regulated and the
type of place affected by the release or
CERCLA action;


(vii) The type and size of structure or
facility regulated and the type and size of
structure or facility affected by the release or
contemplated by the CERCLA action;


(viii) Any consideration of use or potential
use of affected resources in the requirement
and the use or potential use of the affected
resource at the CERCLA site.


Name: Section 300.400(g)(3). Use of
other advisories, criteria or guidance to-
be-considered (TBC),


Proposed rule: The preamble to the
proposed rule provided that advisories,
criteria or guidance to-be-considered
(TBC) that do not meet the definition of
ARAR may be necessary to determine
what is protective or may be useful in
developing Superfund remedies (53 FR
51438). The ARARs preamble described
three types of TBCs: health effects
information with a high degree of
credibility, technical information on how
to perform or evaluate site
investigations or remedial actions, and
policy.


For example, proposed § 300.400(g)(3)
stated that other advisories, criteria, and
guidance to be considered (TBCs) shall
be identified, as appropriate, because
they may be useful in developing
CERCLA remedies. Proposed
§ 300.415(j)(§ 300.415(i) in the final rule)
stated that other federal and state
criteria, advisories, and guidance shall,
as appropriate, be considered in
formulating the removal action.
Proposed § 300.430(b) stated that during
project scoping the lead agency shall
initiate a dialogue with the support
agency on potential ARARs and TBCs.
Proposed § 300.430(e)(2) provided that
other pertinent information may be used
to develop remediation goals. Proposed
§ 300.430(e)(8) provided that the lead
agency shall notify the support agency
of the alternatives to be analyzed to
facilitate the identification of ARARs
and TBCs. Proposed § 300.430(f) on
selecting a remedy, however, referred to
compliance with ARARs only, not TBCs.
Proposed subpart F required that the
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Final rule: References to TBCs will be
changed in the following sections to
make it clear that their use is
discretionary rather than mandatory:
§§ 300.400(g)(3), 300.415(i), 300.430(b)(9),
300.430(d)(3), 300.430(e) (8) and (9),
300.505(d)(2)(iii), 300.515(d) and (d) (1)
and (2), and 300.515(1)(2).


Name: Sections 300.400 (g)(4) and
(g)(5). ARARs under state laws.


Proposed rule: Section 300.400(g)
specified that only promulgated state
standards may be considered potential
ARARs. A promulgated state standard
must be legally enforceable and of
general applicability. The term "legally
enforceable," according to the preamble
to the proposed NCP, means that state
laws or standards which are considered
potential ARARs must be issued in
accordance with state procedural
requirements and contain specific
enforcement provisions or be otherwise
enforceable under state law. The
preamble also explained that "of general
applicability" means that potential state
ARARs must be applicable to all
remedial situations described in the
requirement, not just CERCLA sites (53
FR 51437-38).


The preamble also discussed a
dispute resolution process to be
followed if there is disagreement about
the identification of ARARs, as well as
policies to be followed if a state insists
that a remedy attain a requirement not
determined to be ARAR (see 53 FR
51437 and 51457).


Response to comments: Commenters
on this subject called for EPA to
establish a formal procedure to be
followed by states to demonstrate that
proposed state ARARs are legally
enforceable and of generally
applicability. Commenters suggested
that states be required to provide legal
citations from appropriate sections of
state laws, as well as appropriate
citations to legal authority for issuing
compliance orders, obtaining
injunctions, or imposing civil or criminal
penalties in the event of noncompliance.
These citations, according to
commenters, would demonstrate that
proposed ARARs are legally
enforceable.


Commenters suggested that general
applicability could be demonstrated by
requiring states to identify the
chemicals, locations, and cleanup
actions to which a proposed ARAR
would apply.


The proposed NCP did not prescribe a
specific procedure to be used in
evaluating state standards as potential
ARARs. A formal process for
demonstrating that state requirements
are promulgated is not required by


CERCLA. EPA believes that the
imposition of a formal procedure on
states would be a large administrative
burden and could impede the cleanup
process.


EPA expects, however, that states will
substantiate submissions of potential
ARARs by providing basic evidence of
promulgation, such as a citation to a
statute or regulation and, where
pertinent, a date of enactment, effective
date, or description of scope. Because a
citation is the minimum needed to
positively identify a requirement, EPA
has added regulatory language requiring
both lead and support agencies to
provide citations when identifying their
ARARs.


Section 300.400(g)(4) specifies that
only promulgated state standards that
are more stringent than federal
requirements and are identified by the
state in a timely manner may be
considered potential ARARs. If a
question is raised as to whether a
requirement identified by a state
conforms to the requirements for being a
potential state ARAB, or is challenged
on the basis that it does not conform to
the definition, the state would have the
burden of providing additional evidence
to EPA to demonstrate that the
requirement is of general applicability,
is legally enforceable, and meets the
other prerequisites for being a potential
ARAR. If EPA does not agree that a
state standard identified by a state is an
ARAB, EPA will explain the basis for
this decision.


Furthermore, the language of CERCLA
section 121(d)(2)(A) makes clear, and
program expediency necessitates, that
the specific requirements that are
applicable or relevant and appropriate
to a particular site be identified. It is not
sufficient to provide a general "laundry"
list of statutes and regulations that
might be ARARs for a particular site.
The state, and EPA if it is the support
agency, must instead provide a list of
requirements with specific citations to
the section of law identified as a
potential ARAR, and a brief explanation
of why that requirement is considered to
be applicable or relevant and
appropriate to the site.


Other comments on this section raised
objections to EPA's acceptance of
general goals as potential ARARs. One
commenter questioned whether such
general goals were implementable and
satisfied the requirements of a
promulgated standard, requirement,
criteria, or limitation contained in
CERCLA section 121(d). Another
commenter argued that attempts to
interpret compliance with a general goal
will lead to confusion and delay. Several
commenters requested clarification of


the status of state nondegradation goals
and whether such goals qualified as
potential ARARs.


In response, it is necessary to
examine the nature of a general goal in
order to determine whether it may be an
ARAR. General goals that merely
express legislative intent about desired
outcomes or conditions but are non-
binding are not ARARs. EPA believes,
however, that general goals, such as
nondegradation laws, can be potential
ARARs if they are promulgated, and
therefore legally enforceable, and if they
are directive in intent. The more specific
regulations that implement a general
goal are usually key in identifying what
compliance with the goal means.


For example, in the preamble to the
proposed NCP, EPA cited the example of
a state antidegradation statute that
prohibits the degradation of surface
water below a level of quality necessary
to protect certain uses of the water body
(53 FR 51438). If promulgated, such a
requirement is clearly directive in nature
and intent. State regulations that
designate uses of a given water body
and state water quality standards that
establish maximum in-stream
concentrations to protect those uses
define how the antidegradation law will
be implemented are, if promulgated, also
potential ARARs.


Even if a state has not promulgated
implementing regulations, a general goal
can be an ARAB if it meets the
eligibility criteria for state ARARs.
However, EPA would have considerable
latitude in determining how to comply
with the goal in the absence of
implementing regulations. EPA may
consider guidelines the state has
developed related to the provision, as
well as state practices in applying the
goal, but such guidance or documents
would be TBCs, not ARARs.


Final rule: 1. EPA has revised
§ 300.400(g)(4) as follows:


(4) Only those state standards that are
promulgated, are identified by the state in a
timely manner, and are more stringent than
federal requirements may be applicable or
relevant and appropriate. For purposes of
identification and notification of promulgated
state standards, the term "promulgated"
means that the standards are of general
applicability and are legally enforceable.


-2. Also, language has been added to
§ 300.400(g)(5) requiring that specific
requirements for a particular site be
identified as ARARs, and that citations
be provided.


Name: Section 300.515(d)(1). Timely
identification of state ARARs.


Proposed rule: Section 300.515(d)(1)
stated that the lead and support
agencies shall identify their respective
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cue of "applicable" requirements.
However, the determination of whether
a requirement is relevant and
appropriate is not based on its
stringency; rather, other criteria are
used, as discussed in the section on
relevance and appropriateness, and the
remedy must comply with the most
stringent requirement determined to be
ARAR. EPA also believes that, in some
situations, the availability of certain
requirements that more fully match the
circumstances of the site may result in a
decision that another requirement is not
relevant and appropriate. EPA believes
that one such situation is when an MCL
or non-zero MCLG and an FWQC for
human health are available for the same
contaminant when a current or potential
source of drinking water is of concern,
and there are no impacts to aquatic
organisms.


As discussed in this preamble, EPA
believes that an MCL or non-zero MCLG
is generally the relevant and appropriate
requirement for ground water that is a
current or potential source of drinking
water. EPA also believes that an MCL or
non-zero MCLG, promulgated
specifically to protect drinking water,
generally is the appropriate standard for
ground water even if an FWQC for
human health is also available for the
contaminant, for the following reasons.


CERCLA section 121(d)(2)(B)(i) lists,
among other factors, the purpose for
which the criteria were developed and
the designated or potential use of the
water as factors in determining whether
FWQC are relevant and appropriate.
Since FWQC for human health are
promulgated for exposures that include
drinking water and consuming fish, on
the one hand, and consuming fish only,
on the other, it is not directly the
purpose of such criteria to provide
drinking water standards per se,
although levels that protect such a use
can be mathematically derived from
these two values. Furthermore, such
derived values for drinking water will
not reflect the contribution of other
sources (through an apportionment
factor), as MCLs and MCLGs do. Finally,
for carcinogens FWQC are
recommended at zero, although values
corresponding to risks of 10- , 10-8, and
10-Tare also given. For the reasons
given in the discussion of MCLs and
MCLGs above, the zero value is not
considered relevant and appropriate
under CERCLA; MCLs, however,
represent a level determined to be both
protective of human health for drinking
water and attainable by treatment.


For the same reasons, EPA believes
that MCLs or non-zero MCLGs generally
will be the relevant and appropriate


standards for surface water designated
as a drinking water supply, unless the
state has promulgated water quality
standards (WQS) for the water body
that reflect the specific conditions of the
water body. However, surface water
bodies may be designated for uses other
than drinking water supply, and
therefore an FWQC intended to be
protective of such uses, such as the
FWQC for consumption of fish or for
protection of aquatic life, may very well
be relevant and appropriate in such
cases. Also, where a contaminant does
not have an MCL or MCLG, FWQC
adjusted to reflect drinking water use
may be used as relevant and
appropriate requirements.


Final rule: EPA is including in the
final rule at § 300.430(e)(2)(i)(E)
language stating that FWQC are to be
attained where relevant and appropriate
under the circumstances of the release
or threatened release.


Name: Section 300.435(b)(2).
Compliance with applicable or relevant
and appropriate requirements (ARARs)
during the remedial action.


Proposed rule: CERCLA section 121
requires that, at the completion of a
remedial action, a level or standard of
control required by an ARAR will be
attained for wastes that remain on-site.
However, consistent with the 1985 NCP
(§ 300.88(i), § 300.435(b)) of the proposed
NCP also required compliance with
ARARs during implementation of the
action, stating that during the course of
the remedial design/remedial action
(RD/RA), the lead agency shall be
responsible for ensuring that all federal
and state ARARs identified for the
action are being met, unless a waiver is
invoked. Examples of such requirements
given in the preamble to the proposed
rule included RCRA treatment, storage,
and disposal requirements, Clean Air
Act national ambient air quality
standards, and Clean Water Act effluent
discharge limitations (53 FR 51440).


Response to comments: EPA received
a number of comments that the NCP
should not require compliance with
ARARs during the remedial action.
Commenters argued that this policy is


*inconsistent with the statute, which
requires compliance with ARARs only
at the completion of the remedial action,
and questioned EPA's authority to
require compliance with ARARs during
remedial design/remedial action.


Several commenters pointed out that
CERCLA section 121(d)(1) states that
remedial actions must be protective and
"must be relevant and appropriate under
the circumstances," and argued that this
standard should govern how the action
itself is carried out. Design and


operation of the remedial action should
be based on best professional judgment
and undertaken in a manner that is
protective. Other commenters suggested
requiring compliance only with those
ARARs that "can reasonably be
achieved," or listing specific types of
ARARs that must be met during RD/RA.


Commenters were particularly
concerned about problems created by
requiring compliance with RCRA
requirements and the land disposal
restrictions in partiCular for remedial
actions.


EPA disagrees with these
commenters. EPA believes that it is
appropriate to require that remedial
activities comply with the substantive
requirements of other laws that apply or
are relevant and appropriate to those
activities. The reasons for complying
with such laws during the conduct of the
remediation are basically the same as
the reasons for applying ARARs as
remediation objectives: the laws help
define how the activity can be carried
out safely and with proper safeguards to
protect human health and the
environment. EPA is concerned that, if
the narrowest possible interpretation
were applied to ARARs compliance,
compliance with laws critical to
protection of health and the
environment would become subject to
debate, laws such as those that govern
surface water discharges or air
emissions, or that set operational
standards for incineration of hazardous
waste.


Several commenters also stated that
chemical-specific ARARs used as
remediation goals, such as MCLs as
ARARs for ground water remediation,
cannot be attained during
implementation. EPA wants to clarify
that it recognizes that ARARs that are
used to determine final remediation
levels apply only at the completion of
the action.


It is worthwhile to point out, in the
context of this policy on complying with
ARARs pertaining to the remedial
activity itself, that CERCLA provides a
waiver from ARARs for interim actions,
provided the final action will attain the
waived standard. If there is doubt about
whether an ARAR represents a final
remediation goal or an interim standard,
and it cannot be met during the activity,
this waiver could be invoked.


Comments were also received on
EPA's discussion of compliance with
ARARs during remedial investigations
in the preamble to the proposed NCP (53
FR 51442-43). In that discussion, EPA
stated that on-site handling, treatment
or disposal of investigation-derived
waste must satisfy ARARs and that the
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field investigation teams should use best
professional judgment in determining
when such wastes contain hazardous
substances. One commenter
recommended that investigation-derived
samples be required to be handled,
treated, and disposed in accordance
with applicable RCRA requirements.


In response, EPA wishes to clarify the
discussion in the preamble to the
proposed NCP. CERCLA section 101(23)
defines "removal" to include "such
actions as may be necessary to monitor,
assess, and evaluate the release or
threat of release of hazardous
substances * * * [including] action
taken under section 104(b) of
[CERCLA]." EPA has stated, therefore,
that studies and investigations
undertaken pursuant to CERCLA section
104(b), such as activities conducted
during the RI/FS, are considered
removal actions (54 FR 13298, March 31,
1989). EPA's policy, explained elsewhere
in today's preamble, is that removal
actions will comply with ARARs to the
extent practicable, considering the
exigencies of the circumstances. Thus,
the field investigation team should,
when handling, treating or disposing of
investigation-derived waste on-site,
conduct such activities in compliance
with ARARs to the extent practicable,
considering the exigencies of the
situation. Investigation-derived waste
that is transported off-site (e.g., for
treatability studies or disposal) must
comply with applicable requirements of
the CERCLA off-site policy (OSWER
Directive No. 9834.11 (November 13,
1987)) and § 300.440 when finalized (see
53 FR 48218, November 29, 1988). 20 EPA
notes that CERCLA section 104(c)(1)
provides that the statutory limits on
removals do not apply to investigations,
monitoring, surveying, testing and other
information-gathering performed under
CERCLA section 104(b).


Final rule: EPA is promulgating the
rule as proposed except for minor
editing revisions.


Name: 300.5. Distinction between
substantive and administrative
requirements.


Proposed rule: The proposed
definitions of "applicable" and "relevant
and appropriate" stated that they are
cleanup standards, standards of control,
and other substantive environmental
protection requirements, criteria or
limitations. The preamble to the
proposed rule explained that
requirements that do not in and of


2° The CERCLA off-site policy requires that
receiving facilities are in compliance with
"applicable laws." Note that many treatability study
wastes are exempt from the permitting requirement
under RCRA (see 40 CFR 261.4(e) and (f)).


themselves define a level or standard of
control are considered administrative
(53 FR 51443). Administrative
requirements include the approval of, or
consultation with, administrative
bodies, issuance of permits,
documentation, and reporting and
recordkeeping. Response actions under
CERCLA are required to comply with
ARARs, which are defined not to
include administrative requirements.


Response to comments: Many
comments were received on EPA's
differentiation between substantive and
administrative requirements. Some
commenters supported the distinction
between substantive and administrative
requirements. Other commenters
disagreed with EPA's interpretation for
various reasons.


Several commenters argued that
Superftmd actions should not be exempt
from consultation requirements. One
commenter argued that consultation
with a state may be necessary to
determine how state ARARs apply to
the remedy. A commenter contended
that it is virtually impossible to meet
substantive requirements without
consultation. One commenter asserted
that state procedures or methodology
necessary to determine permit levels
should be considered state ARARs.
Another argued that not requiring
consultation runs opposite to the spirit
of cooperation with states. One
commenter suggested narrowing the
exemption to allow for consultation
through existing Superfund mechanisms
such as consent orders, SMOAs, and


.cooperative agreements.
Commenters also objected to the


exemption from reporting and
recordkeeping requirements. One
contended that EPA had no legal
authority for such exemption. Others
argued that reporting and recordkeeping
are necessary to ensure proper control
of hazardous substances that will
remain on-site and are also necessary
for activities with local impacts: Long-
term water diversions and air or surface
water releases. Commenters asserted
that the lead agency must meet reporting
requirements to avoid gaps in a state's
environmental data. One commenter
noted that there are a number of federal
and state programs that require the
maintenance of complete databases and
that the NCP's approach is inconsistent
with such programs. Under these
programs, a state needs all discharge
information in order to evaluate surface
water toxicity impacts in a stream or to
establish total maximum daily loads.


The concern was also raised that
maintaining reporting and recordkeeping
procedures on a site-by-site basis would


undermine a state's standardized
reporting requirements, e.g., ground-
water monitoring report forms, NPDES
forms, etc. Also, unique site approaches
to reporting and recordkeeping may
result in problems not detected by a
state. Further, these commenters stated
that they were not aware of Superfund
recordkeeping and reporting
requirements. One commenter stated
that reporting requirements and
compliance mechanisms during remedy
implementation and O&M periods
should be specified through Superfund
mechanisms, as appropriate. One
commenter contended that if Superfund
insists on this distinction, a
determination whether a requirement is
substantive or administrative must be
documented.


EPA has reviewed these comments,
but concludes, as stated in the preamble
to the proposed NCP (53 FR 51443), that
CERCLA response actions should be
subject only to substantive, not
administrative, requirements. EPA
believes that this interpretation is most
consistent with the terms of CERCLA
and with the goals of the statute. Section
121(d)(2) provides that remedial actions
should require "a level or standard of
control" which attains ARARs; only
substantive standards set levels or
standards of control. Moreover,
Congress made clear in sections 121
(d)(2) and (d)(4) that the "standards" or
"requirements" of other laws that are
ARARs should be applied to actions
conducted on-site, and specifically
provided in section 121(e)(1) that federal
and state permits would not be required
for such on-site response actions. These
subsections reflect Congress' judgment
that CERCLA actions should not be
delayed by time-consuming and
duplicative administrative requirements
such as permitting, although the
remedies should achieve the substantive
standards of applicable or relevant and
appropriate laws. Indeed, CERCLA has
its own comparable procedures for
remedy selection and state and
community involvement. EPA's
approach is wholly consistent with the
overall goal of the Superfund program,
to achieve expeditious cleanups, and
reflects an understanding of the
uniqueness of the CERCLA program,
which directly impacts more than one
medium (and thus overlaps with a
number of other regulatory and statutory
programs). Accordingly, it would be
inappropriate to formally subject
CERCLA response actions to the
multitude of administrative
requirements of other federal and state
offices and agencies.
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requirements. Rather, given the need to
ensure finality of remedy selection in
order to achieve expeditious cleanup of
sites, and given the length of time often
required to design, negotiate, and
implement remedial actions, EPA
believes that this is the most reasonable
interpretation of the statute.


As EPA discusses elsewhere in this
preamble, one variation to this policy
occurs when a component of the remedy
was not identified when the ROD is
signed. In that situation, EPA will
comply with ARARs in effect when that
component is identified (e.g., during
remedial design), which could include
requirements promulgated both before
and after the ROD was signed. EPA
notes that newly promulgated or
modified requirements may directly
apply or be more relevant and
appropriate to certain locations, actions
or contaminants than existing standards
and, thus, may be potential ARARs for
future responses.


It is important to note that a policy of
freezing ARARs at the time of the ROD
signing will not sacrifice protection of
human health and the environment,
because the remedy will be reviewed for
protectiveness every five years,
considering new or modified
requirements at that point, or more
frequently, if there is reason to believe
that the remedy is no longer protective
of health and environment.


In response to the specific comments
received, EPA notes that under this
policy, EPA does not intend that a
remedy must be modified solely to
attain a newly promulgated or modified
requirement. Rather, a remedy must be
modified if necessary to protect human
health and the environment; newly
promulgated or modified requirements
contribute to that evaluation of
protectiveness. For example, a new
requirement for a chemical at a site may
indicate that the cleanup level selected
for the chemical corresponds to a cancer
risk of 10-2 rather than 10-2, as
originally thought. The original remedy
would then have to be modified because
it would result in exposures outside the
acceptable risk range that generally
defines what is protective.


This policy that newly promulgated or
modified requirements should be
considered during protectiveness
reviews of the remedy, but should not
require a reopening of the ROD during
implementation every time a new state
or federal standard is promulgated or
modified, was discussed in the preamble
to the proposed rule (53 FR at 51440) but
not in the rule section itself. For the
reasons outlined above, EPA believes
that this concept is critical to the
expeditious and cost-effective


accomplishment of remedies duly
selected under CERCLA and the NCP,
and thus is appropriate for inclusion in
§ 300.430(f)(1)(ii)(B) of the final NCP.
This will afford both the public and
implementing agencies greater clarity as
to when and how requirements must be
considered during CERCLA responses,
and thus will allow the CERCLA
program to carry out selected remedies
with greater certainty and efficiency. Of
course, off-site CERCLA remedial
actions are subject to the substantive
and procedural requirements of
applicable federal, state, and local laws
at the time of off-site treatment, storage
or disposal.


Final rule: EPA is adding the
following language to the rule at
§ 300.430(f)(1)(ii)(B):


(B) On-site remedial actions selected in a
ROD must attain those ARARs that are
identified at the time of ROD signature or
provide grounds for invoking a waiver under
§ 300.430(f)(1)(ii)(C)(3).


(1) Requirements that are promulgated or
modified after ROD signature must be
attained (or waived) only when determined
to be applicable or relevant and appropriate
and necessary to ensure that the remedy is
protective of human health and the
environment.


(2) Components of the remedy not
described in the ROD must attain (or waive)
requirements that are identified as applicable
or relevant and appropriate at the time the
amendment to the ROD or the explanation of
significant differences describing the
component is signed.


Name: Applicability of RCRA
requirements.


Proposed rule: The preamble to the
proposed rule discussed when RCRA
subtitle C requirements will be
applicable for site cleanups (53 FR
51443). It described the prerequisites for
"applicability" at length, which are that:
(1) The waste must be a listed or
characteristic RCRA hazardous waste
and (2) treatment, storage or disposal
occurred after the effective date of the
RCRA requirements under consideration
(for example, because the activity at the
CERCLA site constitutes treatment,
storage, or disposal, as defined by
RCRA).


The preamble explained how EPA will
determine when a waste at a CERCLA
site is a listed RCRA hazardous waste.
It noted that it is often necessary to
know the origin of the waste to
determine whether it is a listed waste
and that, if such documentation is
lacking, the lead agency may assume it
is not a listed waste.


The preamble discussed how EPA will
determine that a waste is a
characteristic hazardous waste under
RCRA. It stated that EPA can test to


determine whether a waste exhibits a
characteristic or can use best
professional judgment to determine
whether testing is necessary, "applying
knowledge of the hazard characteristic
in light of the materials or process
used."


The preamble also discussed when a
CERCLA action constitutes "land
disposal," defined as placement into a
land disposal unit under section 3004(k)
of RCRA, which triggers several
significant requirements, including
RCRA land disposal restrictions (LDRs)
and closure requirements (when a unit is
closed). It equated an area of
contamination (AOC), consisting of
continuous contamination of varying
amounts and types at a CERCLA site, to
a single RCRA land disposal unit, and
stated that movement within the unit
does not constitute placement. It also
stated that placement occurs when
waste is redeposited after treatment in a
separate unit (e.g., incinerator or tank),
or when waste is moved from one AOC
to another. Placement does not occur
when waste is consolidated within an
AOC, when it is treated in situ, or when
it is left in place.


Response to comments: EPA received
many comments on its discussion of
when RCRA requirements can be
applicable to CERCLA response actions.
On the issue of compliance with RCRA
in general, most of these commenters
argued that RCRA requirements are not
intended for site cleanup actions, that
such compliance will result in delays
and that RCRA requirements are often
unnecessary to protect human health
and the environment at CERCLA sites.
Other commenters argued, however,
that EPA is trying to avoid compliance
with RCRA requirements. Most of the
comments, however, focused on when
LDRs are applicable to CERCLA actions
and on EPA's discussion of what actions
associated with remediation trigger
LDRs.


Some commenters opposed EPA's
interpretation of "land disposal" or
"placement" as too lenient, believing
that EPA is trying to avoid compliance
with RCRA laws, particularly LDRs.
These commenters argued that LDRs
should be applicable when hazardous
wastes are managed, excavated, or
moved in any way. One argued that
ARARs waivers are available to address
situations when the LDR levels cannot
be achieved and should be used as
necessary, rather than trying to
narrowly define the universe of ARARs
to avoid waivers. This commenter was
also concerned with EPA's use of the
term "unit," calling it an inappropriate
concept for Superfund sites because it
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will allow the excavation and
redeposition of waste within very large
areas without ever meeting RCRA
design and operating standards and
LDR. One commenter asserted that EPA
concerns on LDRs stem from an
unjustifiable belief that LDR cleanup
levels cannot be achieved.


Other commenters believed that the
definition of "placement" should
provide more flexibility. One asserted
that replacement of treated residuals in
the proximate area should not constitute
placement. The commenter argued that
Congress intended to address,
preventively or prospectively, the
original act of disposal, and that an
innocent government or public entity
should not be required to assume the
entire environmental responsibility of
the original disposers. The commenter
also argued that establishing that
replacement of treated waste triggers
LDRs will be a serious disincentive to
treating wastes. Some commenters
argued that LDRs should not be relevant
and appropriate where the CERCLA
waste to be disposed on land is merely
similar in composition to RCRA banned
waste.


Other commenters argued that LDRs
are inappropriate for CERCLA remedial
actions. They noted an inherent conflict
between LDRs, which require treatment
to BRAT level's, and the taltCLA
process, and claimed that LDRs will
supplant CERCLA's "carefully
articulated and balanced approach to
remedy selection." Commenters
asserted that compliance with LDRs will
create technical problems because of
differences between CERCLA wastes
and those evaluated for LDRs. The
solutions recommended by these
commenters primarily focused on
narrowing or eliminating RCRA
applicability, but included suggestions
for creating treatability groups for
CERCLA-type waste and seeking
legislative waivers from LDRs, e.g., a
waiver from LDRs for Superfund actions
at NPL sites.


One commenter believed that the
concept of "unit" is not readily
transferable to CERCLA sites due to the
age and former uses of many of the sites
undergoing remediation. Given the
ramifications of LDRs, the commenter
argued. it may be more reasonable to
create a presumption of treating the
entire site as one "unit," even if
remediation includes a series of
operable units.


Some comments were received on
EPA's statements on consolidating
waste. One stated that consolidation of
small amounts of waste across units
should not be considered placement,
because that will lead to less


environmentally sound and less cost-
effective solutions, particularly if LDRs
are triggered. Another recommended
that EPA should allow consolidation of
small volumes of waste anywhere on-
site, for purposes of storage or
treatment, without triggering otherwise
applicable RCRA standards. Another
commenter requested clarification that
consolidation within a unit included
normal earthmoving and grading
operations.


1. Actions constituting land disposal.
EPA disagrees with commenters who
considered EPA's interpretation of the
definition of "land disposal" under
RCRA section 3004(k) to be too narrow.
These commenters argued that any
movement of waste should be
considered "placement" of waste, and
thus "land disposal" under RCRA
section 3004(k).


The definition of "land disposal" is
central to determining whether the
RCRA LDRs are applicable to a
hazardous waste which is being
managed as part of a CERCLA response
action, or RCRA closure or corrective
action. The term "land disposal" is
defined under RCRA section 3004(k) as
including, but not limited to, "any
placement of such hazardous waste in a
landfill, surface impoundment, waste
pile, injection well, land treatment
facility, salt dome formation, salt bed
formation, or underground mine or
cave." The terms "landfill", "surface
impoundment," and the others, refer to
specific types of units defined under
RCRA regulations. Thus, Congress
generally defined the scope of the LDR
program as the placement of hazardous
waste in a land disposal unit, as those
units are defined under RCRA
regulations.


EPA has consistently interpreted the
phrase "placement * * * in" one of
these land disposal units to mean the
placement of hazardous wastes into one
of these units, not the movement of
waste within a unit. Nee e.g., 51 FR 40577
(Nov. 7, 1986) and 54 FR 41568-67
(October 10, 1989)(supplemental
proposal of possible alternative
interpretations of "land disposal"). EPA
believes that its interpretation that the
"placement * * * in" language refers to
a transfer of waste into a unit (rather
than simply any movement of waste) is
not only consistent with a
straightforward reading of section
3004(k), but also with the Congressional
purpose behind the LDRs. The central
concern of Congress in establishing the
LDR program was to reduce or eliminate
the practice of disposing of untreated
hazardous waste at RCRA hazardous
waste facilities. The primary aim of
Congress was prospective rather than


directed at already-disposed waste
within a land disposal unit. See 51 FR
40577 (Nov. 7, 1986). Moreover,
interpreting section 3004(k) to require
application of the LDRs to any
movement of waste could be difficult to
implement and could interfere with
necessary operations at an operating
RCRA facility. For instance, when
hazardous waste is disposed of in a land
disposal unit at an operating RCRA
facility, there may well be some
"movement" of the waste already in the
unit. Under the commenters' approach,
such movement without pretreatment of
the moved waste could be in violation of
the LDRs. Thus, under the commenters'
interpretation, virtually no operational
activities could occur at any RCRA land
disposal unit containing hazardous
waste without pretreatment of any
waste disturbed by the operation;
clearly an infeasible approach.


EPA also believes that this
interpretation of section 3004(k) is
supported by the legislative history for
this provision (see 129 Cong. Rec. H8139
(Oct. 6, 1983)(statement of Rep. Breaux)),
and by the Congressional choice to
define "land disposal" more narrowly
for purposes of application of the LDRs
than the already-existing term
"disposal", which has a much broader
meaning under RCRA. Under RCRA
section 1004(3), the term "disposal" is
very broadly defined and includes any
"discharge, deposit, injection, dumping,
spilling, leaking, or placing" of waste
into or on any land or water. Thus,
"disposal" (in a statutory, rather than
the regulatory subtitle C meaning of the
term) would include virtually any
movement of waste, whether within a
unit or across a unit boundary. In fact,
the RCRA definition of "disposal" has
been interpreted by numerous courts to
include passive leaking, where no active
management is involved (see, e.g., U.S.
v. Waste Industries, Inc., 734 F.2d 159
(4th Cir. 1984)). However, Congress did
not use the term "disposal" as its trigger
for the RCRA land disposal restrictions,
but instead specifically defined the new,
and more narrow, term "land disposal"
in section 3004(k). The broader
"disposal" language continues to be
applicable to RCRA provisions other
than those in subtitle C, such as section
7003. Thus, for the reasons outlined
above, EPA believes that the existing
interpretation, that movement of waste
within a unit does not constitute "land
disposal" for purposes of application of
the RCRA LDRs, is reasonable.


With respect to the commenter who
asked whether normal earthmoving and
grading operations within a land
disposal unit constitute "placement into
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the unit", under EPA's interpretation of
RCRA section 3004(k), such activity
would not be "placement into the unit"
and thus the RCRA LDRs and other
subtitle C disposal requirements would
not be applicable (nor would the
requirement to obtain a permit under
RCRA or minimum technology
requirements in RCRA section 3004(o)
apply).


Given this interpretation of section
3004(k), EPA does not believe that it is
necessary to invoke ARAR waivers of
LDRs for any movement of waste within
a unit, which was the alternative
suggested by the commenters. Nor does
EPA believe that the widespread use of
such waivers would be practical or
desirable. 54 FR 41568-69 (October 10,
1989).


EPA also does not fully agree with the
commenters who argued that the RCRA
concept of "unit" does not apply to
CERCLA sites. The commenters who
criticized the application of the RCRA
"unit" to the CERCLA area of
contamination for purposes of section
3004(k) believed it to be either too
broad, allowing large areas to escape
the LDRs, or too narrow, not allowing
entire CERCLA sites to be considered a
single "unit". In contrast to hazardous
waste management units at a RCRA
facility, CERCLA sites often do not
involve discrete waste management
units, but rather involve land areas on
or in which there can be widespread
areas of generally dispersed
contamination. Thus, determining the
boundaries of the RCRA land disposal
"unit," for which section 3004(k) would
require application of the LDRs at these
sites, is not always self-evident.


EPA generally equates the CERCLA
area of contamination with a single
RCRA land-based unit, usually a
landfill. 54 FR 41444 (December 21,
1988). The reason for this is that the
RCRA regulatory definition of "landfill"
is generally defined to mean a land
disposal unit which does not meet the
definition of any other land disposal
unit, and thus is a general "catchall"
regulatory definition for land disposal
units. As a result, a RCRA "landfill"
could include a non-discrete land area
on or in which there is generally
dispersed contamination. Thus, EPA
believes that it is appropriate generally
to consider CERCLA areas of
contamination as a single RCRA land-
based unit, or "landfill". However, since
the definition of "landfill" would not
include discrete, widely separated areas
of contamination, the RCRA "unit"
would not always encompass an entire
CERCLA site.


Waste consolidation from different
units or AOCs at a CERCLA site are


subject to any applicable RCRA
requirements regardless of the volume of
the waste or the purpose of the
consolidation. Thus, EPA disagrees with
those commenters that asserted that
small volumes of hazardous waste at a
CERCLA site can be consolidated
anywhere on-site for storage or
treatment purposes without
consideration of any applicable RCRA
requirements. Such requirements may,
however, be subject to ARAR waivers in
appropriate circumstances.


The remaining comments received
with respect to EPA's interpretation of
section 3004(k) discussed the
achievability of LDR cleanup levels,
questioned the appropriateness of
applying the LDRs to remedial actions,
and requested more flexibility regarding
the LDRs. These comments were the
basis for EPA's supplemental notice and
proposed reinterpretation of section
3004(k), which is discussed below.


In light of the numerous comments
received on the interpretation of "land
disposal" in RCRA section 3004(k), as it
relates to removal, treatment, and
redeposition of hazardous wastes
generated by CERCLA and RCRA
remedial and other activities, and in
view of the important policy decisions
that RCRA LDRs pose for the CERCLA
and RCRA programs, EPA decided to
separately and more fully discuss the
issue, the interpretation outlined in the
proposed NCP, and possible alternative
interpretations of "land disposal". In a
supplemental notice to the proposed
NCP (54 FR 41566 (Oct. 10, 1989)), EPA
outlined several technical, policy, and
legal issues concerning LDR
applicability to removal, treatment, and
redeposition of hazardous wastes, and
requested comment on two alternative
interpretations of "land disposal". The
first alternative would allow the
excavation and replacement of
previously disposed hazardous wastes
in the same unit or area of
contamination; since the same wastes
would remain in the same unit, this
activity would not constitute "land
disposal". Under the second alternative,
hazardous wastes could be excavated
and redeposited either within the
original unit or area of contamination, or
elsewhere at the site in a new or
existing unit. These interpretations
would allow greater flexibility in
remedial decision-making, in the context
of both CERCLA actions and RCRA
corrective actions and closures.


On November 6 and 7, 1989, EPA held
a forum on contaminated soil and
groundwater ("Contaminated Media
Forum") to provide an opportunity for
interested groups to further address
these issues. The Contaminated Media


Forum was attended by representatives
from EPA, states, environmental groups,
Congress, and the regulated community.
A summary of the concerns raised and
suggested solutions appears in the
public docket for this rulemaking.


2. Selection of LDR treatment
standards. Upon further examination,
EPA believes that many of the problems
discussed in the supplemental notice,
and raised by commenters, result from
treatment standards developed pursuant
to the RCRA LDR program that are
generally inappropriate or infeasible
when applied to contaminated soil and
debris. As discussed in the October 1989
notice, EPA's experience under CERCLA
has been that treatment of large
quantities of soil and debris containing•
relatively low levels of contamination
using LDR "best demonstrated available
technology" (BDAT) is often
inappropriate. 54 FR 41567, 41568
(October 10, 1989). EPA noted that:


Experience with the CERCLA program has
shown that many sites will have large
quantities—in some cases, many thousands
of cubic meters—of soils that are
contaminated with relatively low
concentrations of hazardous wastes. These
soils often should be treated, but treatment
with the types of technologies that would
meet the standard of BDAT may yield little if
any environmental benefit over other
treatment based remedial options.


54 FR 41568 (October 10, 1989).
Examples of these and other situations
reflecting EPA's experience concerning
the inappropriateness of incinerating
contaminated soil and debris are
included in the record for this rule. In
addition, as discussed below, EPA has
experienced problems in achieving the
current noncombustion LDRs for
contaminated soil and debris. Based on
EPA's experience to date and the
virtually unanimous comments
supporting this conclusion, EPA has
determined that, until specific standards
for soils and debris are developed,
current BDAT standards are generally
inappropriate or unachievable for soil
and debris from CERCLA response
actions and RCRA corrective actions
and closures. Instead, EPA presumes
that, because contaminated soil and
debris is significantly different from the
wastes evaluated in establishing the
BDAT standards, it cannot be treated in
accordance with those standards and
thus qualifies for a treatability variance
from those standards under 40 CFR
268.44.


Accordingly, persons seeking a
treatability variance from LDR
treatment standards for contaminated
soil and debris do not need to
demonstrate on a case-by-case basis
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believes that it is unnecessary for
petitioners (or the lead Agency in
CERCLA response actions) to make site-
specific demonstrations that BDAT
standards are inappropriate for
contaminated soil and debris. The
numerous comments and Agency
experience supporting a presumption
that the BDAT standards are
inappropriate or not achievable is
clearly warranted at this time because
the criteria in 40 CFR 268.44 for
treatability variances are generally met
for soil and debris. As a result, under
EPA's established treatability variance
procedures (40 CFR 268.44), variance
applications for contaminated soil and
debris do not need to demonstrate that
the physical and chemical properties
differ significantly from wastes
analyzed in developing the treatment
standard and that, therefore, the waste
cannot be treated to specified levels or
by specified methods. Petitions need
only focus on justifying the proposed
alternative levels of performance, using
existing interim guidance containing
suggested treatment levels for soil and
debris (Superfund LDR Guidance #6A,
"Obtaining a Soil and Debris
Treatability Variance for Remedial
Actions", EPA OSWER Directive 9347.3—
06FS, July 1989) as a benchmark.


Although the presumption is that
BDAT standards are not appropriate for
soil and debris, there may be special
circumstances where EPA determines
that the existing BDAT standards are
appropriate for contaminated soils and
debris at a particular site, such as where
high levels of combustible organics in
soil are present. In these circumstances,
the Agency would make a determination
that treatment to the BDAT standards
was appropriate and would require such
treatment.


EPA regulations provide that
treatability variances may be issued on
a site-specific basis. 40 CFR 268.44(h). 22


22 In light of today's determination, the
application of this rule requires clarification in two
respects. First, although EPA is today establishing a
general presumption that BDAT standards are
inappropriate or not achievable for treating soil and
debris, the Agency does not believe that this
presumption triggers the rulemaking variance
procedures in 40 CFR 268.44(a). Even with the
presumption, treatment levels will be determined on
a case-by-case basis, and commenters may submit
information contending that the presumption is not
applicable in a particular case. Thus, it is EPA's
view that the site-specific, non-rulemaking
procedures in 40 CFR 268.44(h) are entirely
appropriate. See 53 FR 31199-31200 (August 17.
1988).


Second, EPA does not interpret its site specific
variance procedures as invariably requiring
applicants to demonstrate that they cannot meet
applicable treatment levels or methods. The first
sentence of 40 CFR 268.44(h) makes it clear that an
applicant may make one of two demonstrations to
qualify for a variance: he may show either that he


Thus, they may be approved
simultaneously with the issuance of a
RCRA permit, the approval of a RCRA
closure plan, or the selection of a
remedy in a CERCLA response action in
the ROD. In the case of an on-site
CERCLA response action, the
procedural requirements of the variance
process do not apply. See CERCLA
sections 121(e)(1) and 121(d)(2). The
variance decision will be made as part
of EPA's remedy selection process,
during which data justifying alternative
treatment levels will be included in the
administrative record files, and public
participation opportunities and Agency
response to comment will be afforded as
appropriate under this rule.


In EPA's view, the Agency's
determination that the BDAT standards
are generally inappropriate for
contaminated soil and debris addresses
many of the practical concerns raised by
commenters in the supplemental notice
on the Agency's interpretation of the
term "land disposal". For this reason,
and because EPA has had insufficient
time to review and evaluate the many
lengthy and complex issues raised by
commenters on the supplemental notice,
EPA is deferring any final decision to
modify that interpretation. (EPA will
respond to comments on the alternatives
in the supplemental notice , when the
Agency makes a final decision on the
proposed reinterpretation of land
disposal.) Until a final decision is made,
the interpretation announced in the
preamble to the proposed NCP and
discussed in section 1 above will remain
in effect.


Final rule: There is no rule language
on this issue.


Name: Determination of whether a
waste is a hazardous waste.


Proposed rule: The preamble to the
proposed rule discussed how to
determine whether hazardous waste
regulated under RCRA Subtitle C was
present at a site (53 FR 51444).


Response to comments: Some
commenters raised questions about
EPA's discussion about determining
whether a waste exhibits a hazardous
characteristic. One argued that EPA
cannot assume a waste is not a
characteristic waste in the absence of
testing and should therefore adopt a
liberal and inclusive approach to


cannot meet a treatment standard, or that a
treatment method (or the method underlying the
standard is inappropriate for his waste. The final
sentence of § 268.44(h), identifying the showing an
applicant must include in his variance application,
on its terms applies only to applications submitted
under the first criterion. EPA's presumption,
however, applies to soil and debris regardless of
which of the two types of variances apply.


determining whether RCRA applies to
avoid expensive and time-consuming
testing. Another commenter asked for
clarification on who was responsible for
applying "process knowledge" to
determine whether a waste was a
hazardous waste in the absence of
testing. The commenter asserted that,
under RCRA, EPA exercises
prosecutorial discretion if a generator,
acting in good faith, decides incorrectly
that his waste is not hazardous. EPA
notes that when it determines that there
is a violation there will normally be
some kind of enforcement action taken;
the level and type of prosecutorial
response will depend on a number of
factors, for example, the size of the
company, the significance of the
violation, the intent, etc.


Under RCRA rules, a generator is not
required to test, but may use knowledge
of the waste and its constituents to
judge whether the waste exhibits a
characteristic. (See 40 CFR 282.11(c).)
EPA believes this should also apply if
the lead agency or PRP at a CERCLA
site is the "generator." EPA wants to
make clear, however, that a decision
that a waste is not characteristic in the
absence of testing may not be arbitrary,
but must be based on site-specific
information and data collected on the
constituents and their concentrations
during investigations of the site. Based
on site data, it will be very clear in some
cases that a waste cannot be
characteristic; for example, if a waste
does not contain a constituent regulated
as EP toxic, a decision that the waste
does not exhibit this characteristic can
reliably be made without testing for EP
toxicity. EPA does not expect to
undertake testing when it can otherwise
be determined with reasonable certainty
whether or not the waste will exhibit a
characteristic.


In response to the second concern, the
determination whether a waste is a
hazardous waste may be made by EPA,
the state, or a PRP, depending on the
nature of the action. EPA will take any
necessary or appropriate action if
decisions about the hazardous nature of
the waste are in error or are made
without proper basis.


Several commenters discussed the
question of whether RCRA requirements
can be applicable to RCRA hazardous
waste disposed of before the RCRA
requirements went into effect in 1980.
One commenter argued that they could
not be, unless the waste exhibited a
characteristic at the time of the CERCLA
action. However, as one commenter
noted, EPA has consistently maintained
in enforcement actions that RCRA
requirements apply to any waste
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SFEPA	 Superfund LDR Guide #5


Determining When Land
Disposal Restrictions (LDRs)
Are Applicable to CERCLA
Response Actions


CERCLA Section 121(d)(2) specifies that on-site Superfund remedial actions shall attain "other Federal standards,
requirements, criteria, limitations, or more stringent State requirements that are determined to be legally applicable
or relevant and appropriate (ARAR) to the specified circumstances at the site." In addition, the National Contingency
Plan (NCP) requires that on-site removal actions attain ARARs to the extent practicable. Off-site removal and .
remedial actions must comply with legally applicable requirements. Thii guide outlines the process used to determine
whether the Resource Conservation and Recovery Act (RCRA) land disposal restrictions (LDRs) established under
the Hazardous and Solid Waste Amendments (HSWA) are "applicable" to a CERCLA response action. More detailed
guidance on Superfund compliance with the LDRs is being prepared by the Office of Solid Waste and Emergency
Response (OSWER).


For the LDRs to be applicable to a CERCLA
response, the action must constitute placement of a
restricted RCRA hazardous waste. Therefore, site
managers (OSCs, RPMs) must answer three separate
questions to determine if the LDRs are applicable:


(1) Does the response action constitute
placement?


(2) Is the CERCLA substance being placed
also a RCRA hazardous waste? and if so


(3) Is the RCRA waste restricted under the
LDRs?


Site managers also must determine if the CERCLA
substances are California list wastes, which are a
distinct category of RCRA hazardous wastes restricted
under the LDRs (see Superfund LDR Guide #2).


(1) DOES THE RESPONSE CONSTITUTE
PLACEMENT?


The LDRs place specific restrictions (e.g., treatment
of waste to concentration levels) on RCRA hazardous
wastes prior to their placement in land disposal units.
Therefore, a key determination is whether the response
action will constitute placement of wastes into a land
disposal unit. As defined by RCRA, land disposal
units include landfills, surface impoundments, waste
piles, injection wells, land treatment facilities, salt dome
formations, underground mines or caves, and concrete
bunkers or vaults. If a CERCLA response includes
disposal of wastes in any of these types of pff-site land
disposal units, placement will occur. However,
uncontrolled hazardous waste sites often have
widespread and dispersed contamination, making the


concept of a RCRA unit less useful for actions
involving on-site disposal of wastes. Therefore, to
assist in defining when "placement" does and does not
occur for CERCLA actions involving on-site disposal
of wastes, EPA uses the concept of "areas of
contamination" (ADCs), which may be viewed as
equivalent to RCRA units, for the purposes of LDR
applicability determinations.


An AOC is delineated by the areal extent (or
boundary) of contiguous contamination. Such
contamination must be continuous, but may contain
varying types and concentrations of hazardous
substances. Depending on site characteristics, one or
more AOCs may be delineated. Highlight 1 provides
some examples of AOCs.


Highlight 1: EXAMPLES OF AREAS OF
CONTAMINATION (ADCs)


n A waste source (e.g., waste pit, landfill,
waste pile) and the surrounding
contaminated soil.


n A waste source, and the sediments in a
stream contaminated by the source, where
the contamination is continuous from the
source to the sediments.*


n Several lagoons separated only by dikes,
where the dikes are contaminated and the
lagoons share a common liner.


• The AOC does not include any contaminated surface
or ground water that may be associated with the land-
based waste source.







Highlight 3: RCRA HAZARDOUS WASTES


A RCRA solid waste* is hazardous if it is
listed or exhibits a hazardous characteristic.


Listed RCRA Hazardous Wastes


Any waste listed in Subpart D of 40
CFR 261, including:


F waste codes (Part 261.31)


K waste codes (Part 261.32)


P waste codes (Part 26133(e))


U waste codes (Part 261.33(0)


Characteristic RCRA Hazardous Wastes
Any waste exhibiting one of the following


characteristics, as defined in 40 CFR 261:


n Ignitability


n Corrosivity


n Reactivity


n Extraction Procedure (EP)
Toxicity


• A solid waste is any material that is discarded or
disposed of (i.e., abandoned, recycled in certain ways, or
considered inherently waste-like). The waste may be
solid, semi-solid, liquid, or a contained gaseous material.
Exclusions from the definition (e.g., domestic sewage
sludge) appear in 40 CFR 261.4(a). Exemptions (e.g.,
household wastes) are found in 40 CFR 261.4(b).


•


•


n


For on-site disposal, placement occurs when wastes
are moved from one AOC (or unit) into another AOC
(or unit). Placement does not occur when wastes are
left in place, or moved within a cingle AOC. Highlight
2 provides scenarios of when placement does and does
not occur, as defined in the proposed NCP. The
Agency is current reevaluating the definition of
placement prior to the promulgation of the final NCP,
and therefore, these scenarios are subject to change


Highlight 2: PLACEMENT


Placement kel occur when wastes are:


a	 Consolidated from different
AOCs into a single AOC;


• Moved outside of an AOC (for
treatment or storage, for
example) and returned to the
same or a different AOC; or


n Excavated from an AOC, placed
in a separate unit, such as an
incinerator or tank that is within
the AOC, and redeposited into
the same AOC.


Placement does not occur when wastes
are:


a	 Treated in situ;


n Capped in place;


a Consolidated within the AOC; or


n Processed within the AOC (but
not in a separate unit, such as a
tank) to improve its structural
stability (e.g., for capping or to
support heavy machinery).


In summary, if placement on-site or off-site does
not occur, the LDRs are not applicable to the
Superfund action.


(2) IS 	  CERCLA SUBSTANCE A RCRA
HAZARDOUS WASTE?


Because a CERCLA response must constitute
placement of a restricted RCRA hazardous waste for
the LDRs to be applicable, site managers must evaluate
whether the contaminants at the CERCLA site are
RCRA hazardous wastes. Highlight 3 briefly describes


the two types of RCRA hazardous wastes --listed and
characteristic wastes.


Site managers are not required to presume that a
CERCLA hazardous substance is a RCRA hazardous
waste unless there is affirmative evidence to support
such a finding. Site managers, therefore, should use
"reasonable efforts" to determine whether a substance
is a RCRA listed or characteristic waste. (Current
data collection efforts during CERCLA removal and







remedial site investigations should be sufficient for this
purpose.) For listed hazardous wastes, if manifests or
labels are not available, this evaluation likely will
require fairly specific information about the waste (e.g.,
source, prior use, process type) that is "reasonably
ascertainable" within the scope of a Superfund
investigation. Such information may be obtained from
facility business records or from an examination of the
processes used at the facility. For characteristic wastes,
site managers may rely on the results of the tests
described in 40 CFR 26121 - 261.24 for each
characteristic or on knowledge of the properties of the
substance. Site managers should work with Regional
RCRA staff, Regional Counsel, State RCRA staff, and
Superfund enforcement personnel, as appropriate, in
making these determinations.


In addition to understanding the two categories of
RCRA hazardous wastes, site managers will also need
to understand the derived-from rule, the mixture rule,
and the contained-in interpretation to identify correctly
whether a CERCLA substance is a RCRA hazardous
waste. These three principles, as well as an
introduction to the RCRA delisting process, are
described below.


Derived-from Rule (40 CFR 261.3(c)(2))


The derived-from rule states that any solid waste
derived from the treatment, storage, or disposal of a
listed RCRA hazardous waste is itself a listed
hazardous waste (regardless of the concentration of
hazardous constituents). For example, ash and
scrubber water from the incineration of a listed waste
are hazardous wastes on the basis of the derived-from
rule. Solid wastes derived from a characteristic
hazardous waste are hazardous wastes only if they
exhibit a characteristic.


Mixture Rule (40 CFR 2613(a)(2))


Under the mixture rule, when any solid waste and
a listed hazardous waste are mixed, the entire mixture
is a listed hazardous waste. For example, if a
generator mixes a drum of listed F006 electroplating
waste with a non-hazardous wastewater (wastewaters
are solid wastes - see Highlight 3), the entire mixture
of the F006 and wastewater is a listed hazardous waste.


Mixtures of solid wastes and characteristic hazardous
wastes are hazardous only if the mixture exhibits a
characteristic.


Contained-in Interpretation (05W Memorandum dated
November 13, 1986)


The contained-in interpretation states that any
mixture of a non-solid waste and a RCRA listed
hazardous waste must be managed as a hazardous
waste as long as the material contains (i e , is above
health-based levels) the listed hazardous waste. For
example, if soil or ground water (i.e., both non-solid
wastes) contain an F001 spent solvent, that soil or
ground water must be managed as a RCRA hazardous
waste, as long as it "contains" the F001 spent solvent.


Delisting (40 CFR 260.20 and .22)


To be exempted from the RCRA hazardous waste
"system," a listed hazardous waste, a mixture of a listed
and solid waste, or a derived-from waste must be
delisted (according to 40 CFR 260.20 and .22).
Characteristic hazardous wastes never need to be
delisted, but can be treated to no longer exhibit the
characteristic. A contained-in waste also does not have
to be delisted; it only has to "no longer contain" the
hazardous waste.


If site managers determine that the hazardous
substance(s) at the site is a RCRA hazardous waste(s),
they should also determine whether that RCRA waste
is a California list waste. California list wastes are a
distinct category of RCRA wastes restricted under the
LDRs (see Superfund LDR Guide #2).


(3)	 IS THE RCRA WASTE RESTRICTED
UNDER THE LDRs?


If a site manager determines that a CERCLA waste
is a RCRA hazardous waste, this waste also must be
restricted for the LDRs to be an applicable
requirement. A RCRA hazardous waste becomes a
restricted waste on its HSWA statutory deadline or
sooner if the Agency promulgates a standard before
the deadline. Because the LDRs are being phased in
over a period of time (see Highlight 4), site managers
may need to determine what type of restriction is in







Hilt 4: LDR STATUTORY DEADLINES


Waste	 Statist:ay Deadline


Spent Solvent and Dioxin- 	 November 8, 1986
Containing Wastes


California List Wastes


First Third Wastes


Spent Solvent, Dioxin-
Containing, and California
List Soil and Debris From
CERCLA/RCRA Corrective
Actions


July 8, 1987


August 8, 1988


November 8, 1988


Second Third Wastes	 June 8, 1989


Third Third Wastes	 May 8, 1990


Newly Identified
	


Within 6 months of
Wastes
	


identification as a
hazardous waste


NODoes
placement occur? LDRe are not


applicable


YES


Is the
CERCLA waste a


RCRA hazardous or
California list


waste?


YES


Is the
RCRA hazardous
waste restricted
under the LDRs?


LDRs are not
applicable:


determine if
they are


relevant and
appropriate


(on-site
response only)


LDRs are not
applicable


NC


YES


Highlight 5 - DETERMINING WHEN LDRS
ARE APPLICABLE REQUIREMENTS


LORs are applicable
requirements


effect at the time placement is to occur. For example,
if the RCRA hazardous wastes at a site are currently
under a national capacity extension when the CERCLA
decision document is signed, site managers should
evaluate whether the response action will be completed
before the extension expires. If these wastes are
disposed of in surface impoundments or landfills prior
to the expiration of the extension, the receiving unit
would have to meet minimum technology requirements,
but the wastes would not have to be treated to meet
the LDR treatment standards.


APPLICABILITY DETERMINATIONS


If the site manager determines that the LDRs are
applicable to the CERCLA response based on the
previous three questions, the site manager must: (1)


comply with the LDR restriction in effect, (2) comply
with the LDRs by choosing one of the LDR
compliance options (e.g., Treatability Variance, No
Migration Petition), or (3) invoke an ARAR waiver
(available only for on-site actions). If the LDRs are
determined a91 to be applicable, then, for on-site
actions only, the site manager should determine if the
LDRs are relevant and appropriate. The process for
determining whether the LDRs are applicable to a
CERCLA action is summarized in Highlight 5.
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s";	 UNITED STATES ENVIRONMENTAL PROTECTION AGENCY


k>11124	


WASHINGTON, D.C. 20450


AM 15 E€6
MEMORANDUM 


SUBJECT: Discharge of Wastewater from CERC A	 es into POTWS


FROM:	 Henry L. Longest II, Director
Office of Emergency and Remedi•inse


Rebecca Hanmer, Director	 1+7;0*•"r041
Office of Water Enforcemep.t and Permits


Gene A. Lucero, DirectoreA: L-4.42-irT)
Office of Waste Programs Enforcement


TO:	 Waste Management Division Directors
Regions I - X


Water Management Division Directors
Regions I - X


A number of emergency removals and remedial cleanup actions
under CERCLA will involve consideration of publicly owned treat-
ment works (POTWs) for discharge of wastewater. The current
off-site policy (issued on May 6, 1985) does not address the set
of concerns and issues unique to POTWs that must be evaluated
during the Remedial Investigation and Feasibility Study (RI/FS)
for discharge of CERCLA wastewater to POTWs.


Recently, we have had meetings with representatives of the .
Association of Metropolitan Sewerage Authorities (AMSA) to discuss
technical and policy concerns related to the POTW/CERCLA issue.
This memorandum is to highlight some of the major points under
consideration which were shared with AMSA at their recent Winter
Technical Conference. The Agency intends to develop policy on
the use and selection of POTWs for CERCLA wastewater. Your
comments are sought on the proposed criteria set forth herein.
These criteria may be useful in evaluation of POTWs for response
actions (fund financed or responsible party financed) to be taken
in the interim.


Our position is that no CERCLA discharges to a POTW should
occur unless handled in a manner demonstrated to be protective
of human health and the environment. Full compliance with all
applicable requirements of the Clean Water Act (CWA), the
Resource Conservation and Recovery Act (RCRA), and any other
relevant or appropriate environmental statutes will be necessary .
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The national pretreatment program, under the Clean Water Act,
requires an analysis to determine whether the discharge of an
industrial user of a POTW may pass through the POTW to cause
receiving water quality problems or may interfere with POTW
operations (including sludge disposal). If the analysis suggests
that limits on the industrial user's discharge are needed to pre-
vent pass through or interference, local limits or other safe-
guards, as necessary, must be established by the POTW and/or the
NPDES permitting authority. The national pretreatment program
requirements apply to the introduction of all non-domestic
wastewater into any POTW, and include, among other things, the
following elements:


o Prohibited discharge standards - prohibit the intro-
duction of pollutants to the POTW which are ignitable,
corrosive, excessively high in temperature, or which
may cause interference or pass through at the POTW.


o Categorical discharge standards - include specific pre-
treatment standards which are established by EPA for the
purpose of regulating industrial discharges in specific
industrial categories.


o Local limits - where no categorical standards have been
promulgated or where more stringent controls are necessary.


POTWs under consideration as potential receptors of CERCLA
wastewaters may include those POTWs either with or without an
approved pretreatment program. POTWs with an approved pretreat-
ment program are required to have the mechanisms necessary to
ensure compliance by industrial users with applicable pretreatment
standards and requirements.* POTWs without an approved pretreat-.
ment program must be evaluated to detailing whether sufficient
mechanisms exist to allow the POTW to meet the requirements of
the national pretreatment program in accepting CERCLA wastewaters.
As noted above, pass through and interference are always prohibited,
regardless of whether a POTW has an approved pretreatment program.
POTWs without an approved pretreatment program must therefore
have mechanisms which are adequate to apply the requirements of
the national pretreatment program to specific situations.


*POTWs with approved pretreatment programs must, among other
things, establish procedures to notify industrial users (IUs) of
applicable pretreatment standards and requirements, receive and
analyze self-monitoring reports from /Us, sample and analyze
industrial effluents, investigate noncompliance, and comply with
public participation requirements.
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Determination of a POTW's ability to accept CERCLA wastewater
as an alternative to on-site treatment and direct discharge to
receiving waters must be made during the Remedial Investigation/
Feasibility Study (RI/FS) process. During the remedial alternatives
analysis, the appropriateness of using a POTW must be carefully
evaluated. Water Division officials and their state counterparts
should participate in the evaluation of any remedial alternatives
recommending the use of a POTW, and should concur on the selection
of the POTW.


If an alternative considers the discharge of wastewater from
a CERCLA site into a POTW, the following points should be evaluated
in the RI/FS prior to the selection of the remedy for the site:


o The quantity and quality of the CERCLA wastewater and its
compatibility with the POTW (The constituents in the
CERCLA wastewater must not cause pass through or inter-
ference, including unacceptable sludge contamination or
a hazard to employees at the POTW; in some cases, control
equipment at the CERCLA site may be appropriate in order
to pretreat the CERCLA discharge prior to introduction to
the POTW).


o The ability (i.e., legal authority, enforceable mechanisms,
etc.) of the POTW to ensure compliance with applicable
pretreatment standards and requirements, including monitor-
ing and reporting requirements.


o The POTW's record of compliance with its NPDES permit
and pretreatment program requirements to determine if
the POTW is a suitable disposal site for the CERCLA waste-
water.


o The potential for volatilization of the wastewater at the
CERCLA site and POTW and its impact upon air quality.


o The potential for groundwater contamination from trans-
port of CERCLA wastewater or impoundment at the POTW, and
the need for groundwater monitoring.


o The potential effect of the CERCLA wastewaters upon the
POTW's discharge as evaluated by maintenance of water
quality standards in the POTW's receiving waters,
including the narrative standard of no toxics in toxic
amounts".
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o The POTW's knowledge of and compliance with any applicable
RCRA requirements or requirements of other environmental
statutes (RCRA permit-by-rule requirements may be trig-
gered if the POTW receives CERCLA wastewaters that are
classified as *hazardous wastes" without prior mixing
with domestic sewage, i.e., direct delivery to the POTW
by truck, rail, or dedicated pipe; CERCLA wastewaters are
not all necessarily considered hazardous wastes; case by
case determinations have to be made).


o The various costs of managing CERCLA wastewater, including
all risks, liabilities, permit fees, etc. (It may be
appropriate to reflect these costs in the POTW's connection
fees and user charge system).


Based upon consideration of the above elements, the discharge
of CERCLA wastewater to a POTW should be deemed inappropriate if
the evaluation indicates that:


o The constituents in the CERCLA discharge are not com-
patible with the POTW and will cause pass through, inter-
ference, toxic pollutants in toxic amounts in the POTW's
receiving waters, unacceptable sludge contamination, or a
hazard to employees of the POTW.


o The impact of the transport mechanism and/or discharging of
CERCLA wastewater into a POTW would result in unacceptable
impacts upon any environmental media.


o The POTW is determined to be an unacceptable receptor
of CERCLA wastewaters based upon a review of the POTW's
compliance history.


o The use of the POTW is not cost-effective.


If consideration of the various elements indicates that the
discharge of CERCLA wastewater to a POTW is deemed appropriate:


o There should be early public involvement, including
contact with POTW officials and users, in accordance
with the CERCLA community relations plan and public
participation requirements.


o The NPDES permit and fact sheet may need to be modified
to reflect the conditions of acceptance of CERCLA waste-
waters; permit modification may be necessitated by the
need to incorporate specific pretreatment requirements,
local limits, monitoring requirements and/or limitations
on additional pollutants of concern in the POTW's dis-
charge or other factors.
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Policy to be developed in the future will apply to all
removal, remedial, and enforcement actions taken pursuant to
CERCLA and Section 7003 of RCRA. We would appreciate your feed-
back on this memorandum and any experience in the use of POTWs
for CERCLA removal or remedial actions that you have to offer.


If you have any comments or questions on this issue, please
submit written comments to the workgroup co-chairs: Shirley Ross
(FTS-382-5755) from the Office of Emergency and Remedial Response,
or Victoria Price (FTS-382-5681) from the Office of Water.


cc: Ed Johnson
Russ Wyer
Tim Fields
Steve Lingle
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TOXICITY CHARACTERISTIC CONSTITUENTS AND REGULATORY LEVELS


Constituent
Regulatory
level (mg/L)


Arsenic 5.0


Barium 100.0


Benzene 0.5


Cadmium 1.0


Carbon tetrachloride 0.5


Chlorodane - 0.03


Chlorobenzene 100.0


Chloroform 6.0


Chromium 5.0


o-Cresol 200.0


m-Cresol 200.0


p-Cresol 200.0


2,4-D 10.0


1,4-Dichlorobenzene 7.5


1 ,2-Dichloroethane 0.5


1 , 1-Dichloroethylene 0.7


2,4-Dinitrotoluene 0.13


Endrin 0.02


Heptachlor (and its hydroxide) 0.008


Hexachlorobenzene 0.13


Hexachloro-1,3-butadiene 0.5


Hexachlorethane 3.0


Lead 5.0


Lindane 0.4


Mercury 0.2


Methoxychlor 10.0


Methyl ethyl ketone 200.0


Nitrobenzene 2.0
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TOXICITY CHARACTERISTIC CONSTITUENTS AND REGULATORY LEVELS


Constituent
Regulatory


level (mg/L)


Pentachlorophenol 100.0


Pyridine 5.0


Selenium 1.0


Silver 5.0


Tetrachloroethylene 0.7


Toxaphene 0.5


Trichlorethylene 0.5


2,4,5-Trichlorophenol 400.0


2,4,6-Trichlorophenol 2.0


2,4,5-TP (Silvex) 1.0


Vinyl chloride 2.0
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GLOSSARY OF TERMS


AOC - Area of Contamination


ARARs - Applicable or Relevant and Appropriate Requirements


BDAT - Best Demonstrated Available Technology


BOA - Basic Ordering Agreement


CAA - Clean Air Act


CERCLA - Comprehensive Environmental Response, Compensation, and Liability Act


CLP - Contract Laboratory Program


CWA	 Clean Water Act


DE	 Disposable Equipment


FIT	 Field Investigation Team


HSWA - Hazardous and Solid Waste Amendments


IDW - Investigation - Derived Wastes


LDRs	 Land Disposal Restrictions


NCP	 National Contingency Plan


PCB	 Polychlorinated Biphenyls


PPE	 Personal Protective Equipment


POTW - Publicly Owned Treatment Works


PRPs - Potentially Responsible Parties


RCRA - Resource Conservation and Recovery Act


RI/FS - Remedial Investigation/Feasibility Study


RPO - Regional Project Officer


SDWA - Safe Drinking Water Act


SI	 - Site Inspection


SM	 - Site Inspection Manager


SWDA - Solid Waste Disposal Act


TSD	 - Treatment, Storage, and Disposal


TCLP - Toxicity Characteristic Leaching Procedure


TSCA - Toxic Substances Control Act
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EPA’s Science Plan for Activities Related to 
Dioxins in the Environment 


May 26, 2009 
 
 
The U.S. Environmental Protection Agency is currently addressing several issues related to 
dioxins and dioxin-like chemicals in the environment.  These include the comprehensive 
human health and exposure assessment for dioxin, commonly called the “dioxin 
reassessment,” and a review of dioxin soil clean-up levels currently in use across the 
United States.  To move forward with both of these efforts, as well as other dioxin related 
activities, a plan with interim milestones, has been developed and it is outlined below. 
 


 
EPA’s Exposure and Human Health Reassessment of 2,3,7,8-


Tetrachlorodibenzo-p-Dioxin (TCDD) and Related Compounds; 
Response to NAS and Completion of Dioxin Reassessment 


 
1. EPA will release a draft report that responds to the recommendations and comments 


included in the National Academy of Sciences’ (NAS) 2006 review of EPA’s 2003 draft 
dioxin reassessment. 
• EPA’s National Center for Environment Assessment (NCEA) in the Office of Research 


and Development, will prepare a limited response to key comments and 
recommendations in the NAS report (draft response to comments report). 


• The draft response will focus on dose-response issues raised by the NAS and will 
include an analysis of relevant new key studies. 


• The draft response will be provided for public review and comment and independent 
external peer review.  


• The draft response will also include an evaluation of some of the significant 
recommendations that are difficult for the Agency to address given the current state of 
science, and a detailed rationale for these conclusions. 


• The peer review will be conducted by the EPA Science Advisory Board, an independent 
review body chartered under the Federal Advisory Committee Act. 


• The draft response to comments report will be completed and released for public and 
peer review by December 31, 2009. 


 
2. EPA will provide the draft response to comments report for internal and external 


review. 
• The draft response to comments report will also undergo both internal EPA review and 


interagency review. 
• The availability of the draft report for public review and the start of the comment period 


will be announced in the Federal Register. 
• The draft report will be publicly available on EPA’s Web site (www.epa.gov/ncea). 


 
3. The SAB will review the science content of the response to comments report. 


• The SAB’s review will focus on the analyses of the new dose-response studies, and the 
rationale for the recommendations that EPA could not implement.  


• EPA will work with the SAB to ensure that the SAB’s report is completed in a timely 
manner. 


 



http://www.epa.gov/ncea





4. EPA will review impacts of the draft response to comments report on the Agency’s 
2003 draft dioxin reassessment. 
• Throughout the development of the draft response to comments report, NCEA will 


determine whether any new analyses included in the draft response to comments report 
will require some, or extensive, revisions to EPA’s 2003 draft dioxin reassessment. 


• This process will continue during the SAB and public review period. 
• NCEA will provide an estimated completion date for the 2003 draft dioxin reassessment 
• NCEA will complete any changes expeditiously. 
 


5. EPA will release the final response to comments report and focus on completion of 
the dioxin reassessment. 
• By the end of 2010, EPA will release the final response to comments report. 
• By the end of 2010, EPA expects to complete the final dioxin human health and 


exposure assessment and release it to the public, subject to further consideration of the 
science. 


• The release date of the final dioxin human health and exposure assessment is 
dependent on the scope and complexity of the revisions that will need to be made to the 
2003 draft assessment based on the contents of the final response to comments report. 


 
 


Other Dioxin Related Activities 
 


6. EPA will review currently available information from an exposure study by the 
University of Michigan. 
• NCEA, working together with EPA’s Region 5 and the Office of Solid Waste and 


Emergency Response (OSWER), will review currently available information from the  
University of Michigan study of dioxin exposures in the Midland, Michigan area 


• EPA will determine the relationship of this work to addressing potential risks from dioxin 
exposure 


• The review of the study will be completed by September 30, 2009. 
 
7. EPA will evaluate information about the basis for dioxin soil clean-up levels. 


• NCEA will review information about the basis for state dioxin soil clean-up levels. 
• NCEA will prepare a report for OSWER that includes a survey and evaluation of the 


clean-up levels in the states  
• The report will characterize the science that these values are based on, as well as the 


degree of peer review, if any that was done. 
• This report will be completed before December 31, 2009, and provided to OSWER. 
• OSWER will announce an updated interim dioxin soil clean-up level to the public by 


December 31, 2009. 
 


8. EPA will release final report on Dioxin Toxicity Equivalency Factors (TEF). 
• EPA will complete its report entitled, “Recommended Toxicity Equivalency Factors 


(TEFs) for Human Health Risk Assessments of Dioxin and Dioxin-Like Compounds.” 
• This document will describe EPA’s updated approach for evaluating the human health 


risks from exposures to environmental media containing dioxin-like compounds. 
• The report is expected to recommend the use of consensus TEF values for 2,3,7,8-


tetrachlorodibenzo-p-dioxin and dioxin-like compounds published in 2005 by the World 
Health Organization. 


• This report will be completed and released to the public by December 31, 2009. 
 
 








DRAFT 


 
THE FINDINGS AND CONCLUSIONS IN THIS DOCUMENT ARE FOR PUBLIC REVIEW 


AND SHOULD NOT BE CONSTRUED TO REPRESENT ANY FINAL AGENCY 
DETERMINATION OR POLICY. 


 
 


 
                OSWER 9200.3-56 


 
 
 
 
 


PUBLIC REVIEW DRAFT 
 
DRAFT RECOMMENDED INTERIM PRELIMINARY REMEDIATION GOALS 


FOR DIOXIN IN SOIL AT CERCLA AND RCRA SITES 
 
 
 
 
 
 
 
 


Prepared by: 
 
 


U.S. Environmental Protection Agency 
Office of Superfund Remediation and Technology Innovation 


Washington, D.C. 
 


 
 
 
 
 
 
 


December 30, 2009 
 







DRAFT 


 
THE FINDINGS AND CONCLUSIONS IN THIS DOCUMENT ARE FOR PUBLIC REVIEW 


AND SHOULD NOT BE CONSTRUED TO REPRESENT ANY FINAL AGENCY 
DETERMINATION OR POLICY. 


 
 


 
LIST OF ACRONYMS AND ABBREVIATIONS 


 
ARAR Applicable or Relevant and Appropriate Requirement 
ATSDR Agency for Toxic Substances and Disease Registry 
CERCLA Comprehensive Environmental Response, Compensation, and Liability Act 
CSF Cancer Slope Factor 
ECEH European Centre for Environmental Health 
EPA U.S. Environmental Protection Agency 
HAD Health Assessment Document 
HEAST Health Effects Assessment Summary Table 
HI Hazard Index 
HQ Hazard Quotient 
IPCS International Programme on Chemical Safety 
IRIS Integrated Risk Information System 
LOAEL Lowest-Observed-Adverse-Effect-Level 
MCL Maximum Contaminant Level 
MRL Minimal Risk Level 
NAS National Academy of Sciences 
NCEA National Center for Environmental Assessment 
NCP National Contingency Plan 
NOAEL No-Observed-Adverse-Effect-Level 
NPL National Priority List  
NTP National Toxicology Program 
ODW Office of Drinking Water 
OEM Office of Emergency Management 
ORD Office of Research and Development 
OSRTI Office of Superfund Remediation and Technology Innovation 
OSWER Office of Solid Waste and Emergency Response 
OW Office of Water 
PCB Polychlorinated biphenyl 
PCDD Polychlorinated dibenzodioxin 
PCDF Polychlorinated dibenzofuran 
pg Picogram (10-12 grams) 
PM2.5 Particulate material less than 2.5 um 
PM10 Particulate material less than 10 um 
POCD Program Operations and Coordination Division 
ppb Parts per billion 
PPRTV Provisional Peer Reviewed Toxicity Value 
ppt Parts per trillion 
PRG Preliminary Remediation Goal 
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LIST OF ACRONYMS AND ABBREVIATIONS - continued 


 
PTMI  Provisional Tolerable Monthly Intake 
PWG Pathology Working Group 
RAGS Risk Assessment Guidance for Superfund 
RBA Relative Bioavailability 
RCRA Resource Conservation and Recovery Act 
RfD Reference Dose 
ROD Records of Decision 
RSC Relative Source Contribution 
STSC Superfund Technical Health Risk Support Center 
TCDD 2,3,7,8-Tetrachlorodibenzo-p-dioxin 
TDI Tolerable Daily Intake 
TEF Toxicity Equivalency Factors 
TEQ TCDD Toxic Equivalent 
WHO World Health Organization 
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PUBLIC REVIEW DRAFT 
 
DRAFT RECOMMENDED INTERIM PRELIMINARY REMEDIATION GOALS 


FOR DIOXIN IN SOIL AT CERCLA AND RCRA SITES 
 
 
OVERVIEW 
 
In May 2009, the U.S. Environmental Protection Agency’s (EPA) Administrator Lisa P. 
Jackson decided that EPA needs to accelerate work underway to reassess the human 
health risks from exposures to dioxin.  EPA’s Science Plan for Activities Related to 
Dioxins in the Environment (EPA 2009a) details a plan, with interim milestones, for 
completion of the Agency’s dioxin reassessment and other efforts related to dioxins in the 
environment.  In a letter dated May 26, 2009, to the community of the Tittabawassee 
River/Saginaw River and Bay Contamination Site in Michigan, the Administrator stated: 
 


“As we move forward to develop remediation strategies at this site, the science on 
dioxin’s health and ecological effects will obviously play an important role in our 
decisions.  Although EPA scientists, supported by external peer review bodies, have 
invested considerable time and effort in evaluating the scientific literature on dioxin, 
we need to be sure that EPA’s assessment of dioxin’s risks to people and the 
environment is brought to bear at this and other dioxin-contaminated sites in a timely 
manner. Accordingly, I am, in parallel with this letter, announcing a commitment to 
accelerate our scientific work on dioxin.  Our goal is to issue a final dioxin 
assessment by the end of 2010.  In addition, our Office of Research and Development 
and Office of Solid Waste and Emergency Response will review current dioxin 
cleanup guidance set by the Agency and the States with the aim of recommending 
interim preliminary remediation goals informed by the latest science and the work of 
state agencies.  We will announce these interim PRGs by the end of the year.” 


 
EPA’s Office of Research and Development (ORD) expects to complete the dioxin 
reassessment by the end of 2010, subject to further consideration of the science and the 
scope and complexity of the revisions that will need to be made.  ORD will be 
responding to all National Academy of Sciences (NAS) comments received on EPA’s 
draft 2003 dioxin reassessment. 
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EPA’s Office of Solid Waste and Emergency Response (OSWER) has developed draft  
recommended interim Preliminary Remediation Goals (PRGs) for dioxin in soil, 
informed by the best available science and work of state agencies at this time. On 
October 13, 2009, EPA posted a proposed plan for developing the interim PRGs, 
(available at: 
www.epa.gov/superfund/policy/remedy/sfremedy/remedies/dioxininterimplan.html) 
and requested comments on the proposed plan.  EPA has taken these comments into 
account, establishing a docket (available at: http://www.regulations.gov and go to Docket 
No. EPA-HQ-SFUND-2009-1002) where comments received to date can be found. EPA 
has considered these comments in formulating the draft recommended interim PRGs 
(available at: http://www.regulations.gov and go to Docket No. EPA-HQ-SFUND-2009-
0907).   
 
EPA expects to finalize these draft recommended interim PRGs for soil in June 2010 
after receipt and evaluation of public comments on all aspects of this draft interim 
guidance. Until these draft recommended interim PRGs are finalized, EPA will continue 
to use the 1998 recommended interim PRGs (EPA 1998). The finalized recommended 
PRGs are intended for interim use until EPA issues its final dioxin reassessment 
(hereafter “recommended interim PRGs” refers to PRGs that once finalized are to be used 
in the interim until EPA issues its final dioxin reassessment).  At that time, EPA intends 
to issue updated recommended PRGs based on the final dioxin reassessment.  Also at that 
time, EPA intends to re-evaluate cleanup decisions at Comprehensive Environmental 
Response, Compensation, and Liability Act (CERCLA) and Resource Conservation and 
Recovery Act (RCRA) sites that were based on the 2010 recommended PRGs to ensure 
that cleanups remain protective for human health. 
 
PURPOSE 
 
The purpose of this guidance is two-fold: 
 


1. To recommend the use of PRGs to protect against cancer and non-cancer effects 
associated with human exposure to dioxin in soil at CERCLA and RCRA sites, 
and, 


 
2. To discuss the interim use of these recommended PRGs for soil at CERCLA and 


RCRA sites 
 
These draft recommended interim PRGs are intended for use in evaluating dioxin 
(2,3,7,8-tetrachlorodibenzo-p-dioxin, TCDD) and other dioxin-like compounds in soil. 
Dioxin-like compounds, including other polychlorinated dibenzodioxins (PCDDs), 
dibenzofurans (PCDFs) and biphenyls (PCBs) may collectively be evaluated using the 
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recommended PRGs for dioxin after adjustment to account for relative toxicity using 
toxicity equivalency factors (TEFs) to calculate dioxin  toxicity equivalent (TEQ) 
concentrations. EPA recommends the use of the TEFs developed by the World Health 
Organization (WHO) (van den Berg et al. 1998, 2006) based on review of the 
toxicological literature.  For example, if a soil contained 10 ppt of dioxin (i.e, TCDD) and 
also contained 20 ppt of some other dioxin-like chemical that was 1/10 as toxic as dioxin, 
the toxicity equivalent concentration for the other dioxin-like compound would be 2 ppt, 
and the total TEQ concentration for the soil would be 10 + 2 = 12 ppt dioxin TEQ.  The 
total dioxin TEQ concentration would then be compared to the recommended PRG. EPA 
acknowledges that there is uncertainty associated with risk estimates based on TEQs. 
Therefore, risk assessors should identify the fraction of the TEQ attributable to dioxin 
and to each chemical class of dioxin-like compounds (i.e., PCDDs, PCDFs, and PCBs). 
 
For CERCLA and RCRA sites, Regions generally should consider using the 
recommended interim PRGs in this guidance as a starting point for residential and 
commercial/industrial soil cleanup levels.  EPA encourages State and Tribal programs 
that do not use PRGs to consider the recommended interim PRGs as starting point 
concentrations to develop cleanup levels. 
 
This guidance supersedes OSWER’s previous PRG guidance for dioxin in soil (EPA 
1998).  These draft recommended interim soil PRGs are national levels protective for 
cancer and non-cancer effects from human exposure by ingestion and dermal contact with 
surface soils.  Inhalation exposure is not included for the draft recommended interim 
PRGs, because at present, there is no available inhalation unit risk value for dioxin that 
has been derived in accordance with current guidance for inhalation risk assessment 
(EPA 2009d). However, inhalation exposure to dioxin (particulates and vapor) is 
expected to be low (< 2.4%) compared to oral exposure in most cases (see Attachment 1). 
Therefore, risks due to inhalation of particulates and vapors are expected to be minimal. 
Regions should continue to develop PRGs on a site-specific basis for other media (e.g., 
sediments, which involve biotransfer and bioaccumulation through indirect pathways) 
and for ecological assessments.   
 
This guidance is consistent with OSWER’s guidance (EPA 2003a) on using a hierarchy 
of existing chemical toxicity value sources; it does not represent a new or independent 
review of dioxin toxicity, which ORD is currently conducting as part of the final dioxin 
reassessment.  As a result, there is uncertainty associated with these draft recommended 
interim PRGs because they do not take into account peer review comments on the new 
science that was reviewed by the NAS, and new science that was released since the NAS 
review.  A final dioxin reassessment is still under development. 
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This draft guidance presents current OSWER technical and policy recommendations 
regarding PRGs for soil contaminated with dioxin.  While OSWER developed this draft  
guidance for facility response actions under CERCLA and RCRA corrective action, other 
regulators, including the States, may find it useful in their programs, although they may 
choose to use alternative assessments consistent with their own programs and policies.  In 
addition, EPA may use and accept other technically sound approaches after appropriate 
review, either at its own initiative or at the suggestion of other interested parties.  This 
draft guidance does not impose any requirements or obligations on EPA, the States, other 
Federal agencies, or the regulated community.  It is important to understand that this 
document does not substitute for statutes that EPA administers or their implementing 
regulations, nor is it a regulation itself.  Thus, this document does not impose legally 
binding requirements on EPA, the States, or the regulated community, and may not apply 
to a particular situation based upon the specific circumstances.  Rather, the document 
suggests approaches that may be used at particular sites as appropriate, given site-specific 
circumstances. 
 
BACKGROUND 
 
Description of PRGs 
 
Consistent with CERCLA and the National Contingency Plan (NCP), protection of 
human health and the environment is a requirement for selected remedies (see 40 CFR 
§300.430(f)(1)(i)(A)).  In the CERCLA remedy selection process, PRGs typically are 
used when developing cleanup levels.  At CERCLA sites, PRGs typically are “specific 
statements of desired endpoint concentrations of risk levels (55 FR 8713, March 8, 1990) 
that are conservative, default endpoint concentrations used in screening and initial 
development of remedial alternatives before consideration of information from site-
specific risk assessments”.  In accordance with the NCP (see 40 CFR 
§300.430(e)(2)(i)(A)), PRGs are generally at the low end of the risk range and typically 
are used in screening and initial development of remedial alternatives before 
consideration of more detailed information from the site-specific risk assessment. 
 
The NCP (40 CFR §300.430(e)(2)(i)(A)) states: 


 
“Remediation goals shall establish acceptable exposure levels that are protective 
of human health and the environment and shall be developed by considering the 
following: 
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(A) Applicable or relevant and appropriate requirements (ARARs) under federal 
environmental or state environmental or facility siting laws, if available, and the 
following factors: 


(1) For systemic toxicants, acceptable exposure levels shall represent 
concentration levels to which the human population, including sensitive 
subgroups, may be exposed without adverse effect during a lifetime or part 
of a lifetime, incorporating an adequate margin of safety; 
(2) For known or suspected carcinogens, acceptable exposure levels are 
generally concentration levels that represent an excess upper bound 
lifetime cancer risk to an individual of between 10-4 and 10-6 using 
information on the relationship between dose and response.  The 10-6 risk 
level shall be used as the point of departure for determining remediation 
goals for alternatives when ARARs are not available or are not sufficiently 
protective because of the presence of multiple contaminants at a site or 
multiple pathways of exposure; 
(3) Factors related to technical limitations such as detection/quantification 
limits for contaminants; 
(4) Factors related to uncertainty; and 
(5) Other pertinent information.”  


 
1998 OSWER Guidance on PRGs for Dioxin in Soil 
 
This draft interim guidance, when finalized, will supersede the 1998 OSWER directive 
entitled “Approach for Addressing Dioxin in Soil at CERCLA and RCRA Sites” (EPA 
1998).  The 1998 OSWER directive recommended that a soil concentration of 1 part per 
billion (ppb), which is equivalent to 1,000 parts per trillion (ppt) of dioxin (as TEQ) be 
generally used as a starting point for developing cleanup levels for CERCLA removal 
sites and as a PRG for CERCLA remedial sites for dioxin TEQ in surface soil involving a 
residential exposure scenario.  For commercial/industrial exposure scenarios, a soil 
concentration within the range of 5 ppb (5,000 ppt) to 20 ppb (20,000 ppt) dioxin TEQ 
was recommended as a starting point for developing cleanup levels for CERCLA sites.  A 
range in soil concentrations was recommended for commercial/ industrial soils due to the 
greater variability in exposures associated with the commercial/industrial scenarios.  The 
PRGs were also generally recommended as a starting point for actions taken at RCRA 
corrective action sites.  These levels were recommended unless extenuating site-specific 
circumstances warranted a different level. 
 
Based on the oral cancer slope factor (CSF) developed by EPA (1985), EPA (1998) 
estimated that the lifetime excess cancer risks to residents from oral exposure to dioxin in 
soil at a PRG of 1,000 ppt dioxin TEQ was about 2.5E-04, and that lifetime excess cancer 
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risks to workers at a PRG of 5,000 ppt dioxin TEQ corresponds to a risk of about 1.3E-
04.  Dermal exposure was not considered for either residential or commercial/industrial 
land use.  EPA (1998) noted that these risks were at the higher end of the range of excess 
cancer risks. 
 
Need to Update the 1998 OSWER PRGs 
 
In developing this guidance, the Agency has evaluated several attributes of the current 
PRGs for dioxin in soil that are not consistent with the best available science on dioxin.  
These inconsistencies include the following: 
 


• The derivation procedure did not consider potential non-cancer effects of dioxin 
• The value for residents considered oral exposure only, and did not include dermal 


exposure 
• The value for workers is based on an indoor worker (oral exposure only), while 


the most exposed worker is usually an outdoor worker with both oral and dermal 
exposure 


 
Based on a consideration of a number of factors, the Administrator has determined that it 
is important to develop updated interim PRGs to be used until the release of the final 
dioxin reassessment.  The following sections describe the approach used by EPA to 
provide and select new recommended interim PRGs for dioxin. 
 
RECOMMENDATIONS 
 
Recommended Toxicity Values 
 
The most common health effect in people exposed to large amounts of dioxin is 
chloracne.  Chloracne cases have typically been the result of accidents or significant 
contamination events.  Chloracne is a severe skin disease with acne-like lesions that 
occur mainly on the face and upper body.  Other effects of exposure to large amounts of 
dioxin include skin rashes, skin discoloration, excessive body hair, and possibly mild 
liver damage. 
 
One of the main concerns over health effects from dioxins is the risk of cancer in adults.  
Several studies suggest that workers exposed to high levels of dioxins at their workplace 
over many years have an increased risk of cancer.  Animal studies have also shown an 
increased risk of cancer from long-term exposure to dioxins. 
 
Finally, based on data from animal studies, there is some concern that exposure to low 
levels of dioxins over long periods (or high level exposures at sensitive times) might 
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result in reproductive or developmental effects (FDA, 2008).  Consequently, both a 
cancer slope factor and a non-cancer toxicity value are used to derive PRGs for cancer 
and non-cancer effects. 
 
Hierarchy for Selecting Interim Toxicity Values 
 
OSWER has developed a recommended hierarchy (EPA 2003a) for the selection of 
toxicity values, including those used in developing PRGs.  As discussed in EPA (2003a), 
the first tier of toxicological information is found in EPA’s Integrated Risk Information 
System (IRIS), and is developed by EPA’s ORD National Center for Environmental 
Assessment (NCEA).  Generally, any values in IRIS are considered to be Tier 1.  If no 
data are available in IRIS, the next preference (Tier 2) is Provisional Peer Reviewed 
Toxicity Values (PPRTVs) developed by EPA NCEA’s Superfund Technical Health Risk 
Support Center (STSC).  If toxicity values are not available from either Tier 1 or 2, other 
high quality sources of toxicity information can be used.  These are considered Tier 3 
values in this hierarchy. 
 
As discussed in EPA (2003a), toxicity values generally are not appropriate for use as Tier 
3 values until they have been through peer review, the peer review comments have been 
addressed, and the analysis is made publicly available.  Also, toxicity values should be 
based on similar methods and procedures as those used for Tier 1 and Tier 2, and the 
methods and processes used to develop the values should be transparent.  It should be 
noted that these procedures are specific to CERCLA/RCRA cleanup programs and are 
not necessarily the approach taken by other EPA programs. 
 
At present, EPA has not derived any Tier 1 or Tier 2 toxicity values for dioxin, either for 
cancer or non-cancer effects.  Consequently, for the purposes of providing these 
recommended interim PRGs for dioxin, EPA reviewed available toxicity values to 
identify the most appropriate Tier 3 values (EPA 2009b, 2009c).  The recommended 
interim Tier 3 toxicity values that are discussed in this guidance may be appropriate for 
the Regions to use to assess human health risks until toxicity values for dioxin are 
available in EPA’s IRIS database or until further scientific analysis indicates that 
alternate values should be used.  When a new IRIS toxicity assessment is finalized, EPA 
intends to review cleanup level decisions to ensure that sites addressed using these 
interim toxicity values remain protective, given the revised toxicity values.  If important 
new scientific information becomes available before a new IRIS toxicity assessment is 
finalized, EPA may issue additional guidance addressing the recommended interim 
toxicity values discussed in this guidance.  
 
Recommended Cancer Slope Factor 
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Because EPA does not have a Tier 1 or Tier 2 cancer toxicity value for dioxin, EPA 
reviewed available cancer slope factors for dioxin (EPA 2009b) to determine whether 
they would meet EPA’s Tier 3 criteria.  Five primary candidate values were identified, as 
follows: 
 


• EPA’s Office of Health and Environmental Assessment (EPA 1985) developed an 
oral cancer slope factor of 1.56E-04 (pg-kg-day)-1.  This was based on the 
combined incidence of lung, palate, and nasal carcinomas, and liver hyperplastic 
nodules or carcinomas in female rats in the study by Kociba et al. (1978). 


• EPA (1997a) (EPA’s Health Effects Assessment Summary Table, or HEAST) 
included an oral CSF of 1.5E-04 (pg-kg-day)-1.  The citation for the CSF in 
HEAST lists EPA (1985) as one of the sources for the HEAST value. 


• California (CalEPA) (1986, 2002) developed an oral cancer slope factor of 1.3E-
04 (pg/kg-day)-1.  This is based on the occurrence of hepatocellular adenomas and 
carcinomas in male mice in a study by the National Toxicology Program (NTP 
1982). 


• Michigan (MDEQ 1998) utilizes an oral cancer slope factor of 7.5E-05 (pg/kg-
day)-1, which is based on a re-analysis of the histological slides of livers from 
female rats from the Kociba et al. (1978) study using the liver tumor classification 
scheme proposed by NTP in 1986 (Maronpot et al. 1986, EPA 1990). 


• Minnesota (MNDOH 2003) uses an oral cancer slope factor of 1.4E-03 (pg/kg-
day)-1, which is based on the draft re-evaluation of the exposure-response data for 
liver cancer in female rats reported in the draft EPA (2003b) dioxin reassessment. 


 
More detailed descriptions of these five alternative slope factors are presented in 
Attachment 2. 
 
The slope factor identified by Minnesota is not considered appropriate because it is based 
on the 2003 EPA draft dioxin reassessment (EPA 2003b), which has not been finalized.  
The slope factor identified by Michigan is based on an updated and peer-reviewed 
evaluation of the Kociba et al. (1978) data using the updated NTP tumor classification 
system.  However, documentation of the slope factor of 75,000 (mg/kg-day) -1, including 
its derivation, peer review and supporting information, is very brief and the information 
that is publicly available is limited or not completely transparent.  The slope factor listed 
in HEAST of 1.5E-04 (pg/kg-day)-1 is slightly different from the slope factor listed in the 
source document (EPA 1985) of 1.56E-04 (pg/kg-day)-1.  Because of this, the HEAST 
was not considered to be transparent as to the derivation of the CSF and how the value 
came to be changed slightly from that listed in the source document.  Of the two 
remaining slope factors (EPA 1985, CalEPA 1986), both are publicly available, 
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transparent as to their derivation, and were adequately peer-reviewed.  However, the 
slope factor of 1.56E-04 (pg/kg-day)-1 derived by EPA (1985) is preferred because it is 
based on the incidence of all significant tumors combined, rather than the incidence of 
liver tumors alone. 
 
Recommended Non-Cancer Toxicity Factor 
 
As noted above, EPA has not yet derived a Tier 1 or Tier 2 non-cancer toxicity value 
(Reference Dose, or RfD) for dioxin.  Therefore, EPA reviewed non-cancer toxicity 
values developed by States, foreign countries, or other health agencies (EPA 2009b, 
2009c).  Based on a review of available documents, the following candidate values were 
identified: 
 


• A chronic oral Minimal Risk Level (MRL) value of 1 pg/kg-day developed by the 
Agency for Toxic Substances and Disease Registry (ATSDR).  This value is 
based on behavioral effects in the offspring of female monkeys exposed to dioxin 
in the diet for 16 months, including the period of gestation and lactation (ATSDR 
1998). 


• A chronic oral RfD value of 1 pg/kg-day developed by the EPA’s Office of 
Drinking Water (ODW) (EPA 1987) to support derivation of a lifetime health 
advisory for TCDD.  This value is based on the occurrence of reproductive effects 
in animals. 


• A range of Tolerable Daily Intake (TDI) values, ranging from about 1 pg/kg-day 
to 4 pg-kg-day, developed by the WHO (WHO 1991, 1998; JECFA 2002).  These 
values are derived by identifying a no-effect tissue burden in exposed animals for 
a range of non-cancer effects, and computing the average daily intake level that 
would yield the no-effect tissue burden in humans. 


 
Each of these approaches is described in greater detail in Attachment 2. 
 
Of these values, OSWER recommends the chronic oral MRL value of 1 pg/kg-day 
developed by ATSDR (1998) generally as the most appropriate value for use in the 
development of non-cancer PRGs.  This value is well documented and peer reviewed, 
and qualifies as an OSWER Tier 3 toxicity value.  This toxicity value is consistent with 
the RfD of 1 pg/kg-day developed by EPA’s ODW (EPA 1987), and is also consistent 
with the low end of the range of TDI values developed by WHO (1991, 1998; JECFA 
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2002).  Note that ATSDR (2008) has used the 1 pg/kg-day value to derive a soil 
screening concentration of 50 ppt1 dioxin TEQ.  
 
Recommended Exposure Pathways and Parameters 
 
EPA provides guidance on the calculation of PRGs in two main documents, including 
Risk Assessment Guidance for Superfund (RAGS) Volume I, Part B (Development of 
Risk-Based Preliminary Remediation Goals) (EPA 1991) and Supplemental Guidance for 
Developing Soil Screening Levels for Superfund Sites (EPA 2002a).  For the purposes of 
this effort, EPA has utilized default exposure equations and exposure parameters 
discussed in the more recent EPA guidance (2002a) along with the RAGS dermal 
guidance (EPA 2004). For workers, RAGS B recommends evaluating only indoor 
workers, while EPA (2002a) recommends evaluating both indoor and outdoor workers.  
Also, EPA (2002a) recommends evaluating non-cancer risk to a resident based on the soil 
intake rate of a child, which is considered more protective of children than the approach 
used in RAGS B (that uses a time-weighted average intake rate across childhood and 
adulthood). Soil PRGs calculated using EPA 2002a equations are generally appropriate 
provided that conditions at the site are the same as the conditions assumed in the 
calculations. Site managers wishing to use PRGs developed with these protective 
equations should consider whether it may be appropriate to modify any of the 
assumptions in deriving site-specific PRGs. 
 
The equations and exposure assumptions recommended by EPA (2002a, 2004) for oral 
and dermal exposure of residents and workers (both indoor and outdoor workers) to soil 
are provided in Tables 1 to 4.  In brief, some of the key exposure assumptions for these 
populations are as follows: 
 


• Residents and outdoor workers are assumed to be exposed by both oral and 
dermal exposure 


                                                 
1 ATSDR’s soil screening levels are calculated in accordance with ATSDR’s Public Health 
Assessment Guidance Manual (ATSDR 2005). The dioxin soil screening level is based on 
ATSDR’s chronic oral MRL value of 1 pg/kg-day, assuming a soil intake rate of 0.2 g/day by a 
10-kg child.  Dermal exposure is not included.  The assumption of a body weight of 10 kg is 
consistent with previous exposure factor recommendations from EPA, while EPA currently 
recommends a body weight of 15 kg for a child.   Moreover, the 50 ppt screening level is not 
intended for use as a PRG, or to serve as a remedial goal. Rather, ATSDR uses the soil screening 
concentration as an initial comparison value for health assessments and to make public health 
recommendations, such as community health education or site access limitations.. 
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• Indoor workers are assumed to be exposed by oral exposure only, as no 
significant dermal exposure is expected. 


• Inhalation exposure is not included for any population because at present, there is 
no available inhalation unit risk value for dioxin that has been derived in 
accordance with current guidance for inhalation risk assessment (EPA 2009d). 


• Inhalation exposure to dioxin (particulates and vapor) is expected to be low (< 
2.4%) compared to oral exposure in most cases (see Attachment 1). 


• For evaluation of cancer PRGs, residential exposure is assumed to begin at birth 
and extend for 30 years.  This includes exposure for 6 years as a child and 24 
years as an adult.  Worker exposures are assumed to occur for 25 years, but only 
as an adult. 


• For non-cancer PRGs, exposure as a resident is assumed to occur only as a child.  
This assumption is thought to be generally conservative (EPA 2002), since 
exposure to soil is higher for a child than for an adult resident. For workers, 
exposure is assumed to occur only as an adult. 


 
 The equations shown in Tables 1 to 4 include two additional terms not explicitly 
included in the equations recommended by EPA (2002a): 
 


• RBA.  Relative bioavailability (RBA), for purposes of this guidance, is the ratio 
of the absorption of dioxin from soil compared to the absorption that occurred in 
the study used to derive the oral cancer slope factor or the oral reference dose for 
dioxin.  For the calculations included in this document, the value of RBA is 
assumed to be 1.0 (i.e., dioxin absorption is the same as that occurring in the 
study.) This is an appropriate assumption for establishing a default PRG because 
use of a RBA factor of 1.0 will ensure protectiveness.  However, this assumption  
may need to be revisited when performing site-specific assessments. 


 
• RSC.  The Relative Source Contribution (RSC) is the amount of a daily safe 


intake for non-cancer effects that is “allocated” to soil.  RSCs should be applied 
only for effects that have a non-zero threshold, and are used mainly by EPA in 
developing water standards (EPA 2000).  In cases where other sources (e.g., the 
diet) contribute a substantial fraction of the ingestion exposure, then the RSC term 
may be set to some lower value. The national average dioxin contribution from 
diet is estimated to be more than 90% (from beef, pork, poultry, other meats, 
dairy, eggs, milk, and fish). If we accounted for this 90% contribution from food, 
then the RSC would be 0.1 and the PRG would be one-tenth of the non-cancer 
PRG value that we are currently recommending. However, an RSC adjustment for 
soil is not often used at Superfund sites, where soil is an exposure source for the 
following reasons. The available dietary data are for adults, but the PRGs are 
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developed for children who are exposed to lower concentration levels in the 
current food supply. In addition, EPA’s responsibilities are to evaluate and 
manage only contaminant sources related to the site.  For those individuals near 
Superfund sites, the contribution of soil derived dioxin exposures relative to food 
derived exposures is expected to be much greater than the national average. 
Therefore, for all PRG calculations performed in this document, the value of RSC 
is set to 1.0. 


 
 
Draft Interim Recommended PRGs for Dioxin in Soil 
 
Cancer PRGs 
 
Based on the recommended oral cancer slope factor of 1.56E-04 (pg/kg-day)-1 discussed 
above, recommended interim soil PRGs for protection against cancer effects at the 1E-06 
risk level may be computed in accordance with current EPA equations and default 
exposure assumptions shown in Table 1 and Table 2.  The results are shown below: 
 


Potential Soil PRGs for Dioxin Based on Cancer (1E-06 Risk Level) 


Land Use Receptor PRG 
(ppt TEQ) 


Residential Resident 3.7 
Indoor Worker 37 Commercial/ 


Industrial Outdoor Worker 17 
  All PRGs are shown to two significant figures 
 
Non-Cancer PRGs 
 
Based on the recommended oral non-cancer interim toxicity value of 1 pg/kg-day 
selected above, recommended interim non-cancer PRGs for residential and 
commercial/industrial land use that correspond to a Hazard Quotient (HQ) of 1 may be 
calculated in accordance with current EPA equations and default exposure assumptions 
shown in Table 3 and Table 4.  These results are shown below: 
 


Potential Soil PRGs for Dioxin Based on Non-Cancer Effects (HQ of 1) 
Land Use Receptor PRG 


(ppt TEQ) 
Residential Resident 72 


Indoor Worker 2,000 Commercial/ 
Industrial Outdoor Worker 950 


  All PRGs are shown to two significant figures 
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Draft Recommended Interim PRGs 
 
Based on consideration of oral and dermal exposures to dioxin and other dioxin-like 
compounds in soil, EPA recommends the interim PRGs for dioxin in soil calculated 
based on non-cancer effects: 72 ppt dioxin TEQ in residential soil and 950 ppt dioxin 
TEQ in commercial/industrial soil. EPA believes that these recommended interim PRGs 
generally provide adequate protection against non-cancer effects. In addition, they 
generally are protective for cancer effects at approximately the 1E-05 risk level, which is 
within EPA’s protective risk range of 1E-04 to 1E-06 (see 40 CFR §300.430(e)(2)(i)(A)). 
It should be noted that because these recommended interim PRGs correspond to a HQ of 
1, they limit the upper bound cancer risk level to 1E-05 rather than the typical upper limit 
of 1E-04. These recommended interim PRGs are set at a more protective cancer risk level 
than the 1998 PRGs, which reflect a cancer risk level of 2E-04.  These draft 
recommended interim PRGs are expected to be higher than typical background levels for 
residential and most commercial/industrial soils, respectively (ATSDR 1998).  
 
 


Land Use PRG (ppt TEQ) 
Residential 72 
Commercial/Industrial 950 
All recommended PRGs are shown to two significant figures 


 
EPA believes the draft recommended PRGs described above if finalized would be 
appropriate for use on an interim basis until EPA releases its final dioxin reassessment.  
 
However, EPA is also considering an alternative concentration of 3.7 ppt dioxin TEQ in 
residential soil and 17 ppt dioxin TEQ in commercial/industrial soil as the point of 
departure for determining PRGs.  These alternative draft PRGs are at the 1E-06 risk level 
and therefore are also consistent with the NCP provision for PRGs (see 40 CFR 
§300.430(e)(2)(i)(A)(2)), which states 1E-06 is the point of departure for determining 
remediation goals. These alternative values are protective for non-cancer as well as 
cancer effects. EPA notes that PRGs based on a 1E-06 cancer risk level would likely be 
within or possibly below background concentrations of dioxins in U.S. soils.  A recent 
EPA report found mean rural soil concentrations ranging from 0.2 to 11.4 ppt dioxin TEQ 
(EPA 2007).  Generally, it is OSWER policy to not set site specific cleanup levels at 
concentrations below site specific natural background levels (EPA 2002b).  Thus, if EPA 
were to finalize these alternative values, soil background levels would need to be 
identified at CERCLA sites in order to develop appropriate cleanup levels.  While EPA is 
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taking comments on all aspects of this draft guidance, EPA is particularly interested in 
comments on the utility of these alternative values. 
 
IMPLEMENTATION 
 
This guidance does not affect or replace statutory or regulatory requirements (e.g., 
CERCLA Section 121 provisions on meeting or waiving ARARs) under CERCLA or 
RCRA.  For example, the maximum contaminant level (MCL) for dioxin in drinking 
water is 30 pg/L, and this should continue to be considered as an ARAR for the cleanup 
under CERCLA of ground water that may be used as drinking water (unless a more 
stringent state ARAR requires a lower concentration).   
 
These draft recommended interim PRGs are informed by the best available toxicity 
values as evaluated using OSWER’s toxicity hierarchy (EPA 2003a) and calculated using 
current EPA exposure assumptions, which have been updated since the 1998 PRG 
guidance (EPA 1998) was issued.  Once finalized, regions may consider using these 
recommended interim PRGs at both CERCLA and RCRA sites where the Agency is 
determining dioxin soil cleanup levels.  When EPA’s ORD finalizes its dioxin 
reassessment, OSWER will evaluate the impact of the dioxin reassessment and will 
update these PRGs as appropriate. 
 
These draft recommended interim soil PRGs are national levels protective for cancer and 
non-cancer effects from ingestion and dermal contact with surface soils in residential 
and commercial/industrial exposure scenarios. Inhalation exposure is not included for 
the draft recommended interim PRGs, because at present, there is no available inhalation 
unit risk value for dioxin that has been derived in accordance with current guidance for 
inhalation risk assessment (EPA 2009d). However, inhalation exposure to dioxin 
(particulates and vapor) is expected to be low (< 2.4%) compared to oral exposure in 
most cases (see Attachment 1). Therefore, risks due to inhalation of particulates and 
vapors are expected to be minimal. Once finalized, the interim guidance will supersede 
OSWER’s previous PRG guidance for dioxin in soil (EPA 1998).  These draft 
recommended interim soil PRGs are national levels protective for cancer and non-cancer 
effects from human contact (ingestion, dermal contact, and inhalation exposure (this is 
minimal for dioxin particulates and vapors)) with surface soils in residential and 
commercial/industrial exposure scenarios.  Exposure to dioxin by the inhalation route is 
not expected to be significant compared to oral exposure (see Attachment 1).  Regions 
should continue to develop PRGs on a site-specific basis for other media, like sediments, 
that involve biotransfer and bioaccumulation up the aquatic food chain to fish consumed 
by humans and for ecological assessments where the receptors are terrestrial biota, such 
as plants and animals, not humans. 
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At CERCLA National Priority List (NPL) sites, including, where appropriate, other 
Federal agency-lead and state-lead sites, Regions should consult with the Office of 
Superfund Remediation and Technology Innovation (OSRTI) Site Assessment and 
Remedy Decisions Branch on all proposed dioxin cleanups that are conducted under 
Superfund.  Consultation should be initiated at the risk assessment stage, and continue 
through the process.   
 
For removal actions, Regions should contact Headquarters for concurrence on non-NPL 
removal actions where dioxin is a principal contaminant of concern (EPA 1989).  For 
non-time critical removal actions involving dioxin, consultation may involve both OEM 
and OSRTI.   The use of removal authority is determined on a site-specific basis, and 
trigger levels for initiating a removal action are sometimes higher than the levels used as 
either PRGs (or starting points) or final cleanup levels. 
 
For sites where another Federal agency is the lead agency, OSRTI will notify the Federal 
Facilities Restoration Reuse Office of ongoing consultations regarding dioxin soil 
cleanup levels.  The Office of Site Remediation Enforcement will provide support if 
enforcement issues are identified.  For consultation procedures, refer to OSWER 
Directive 9200.4-19 (EPA 1996) and OSWER Directive 9200.1-18FS (EPA 1997b). 
 
Once finalized, Regions performing five-year-reviews of CERCLA remedial sites where 
soils contaminated with dioxin or other dioxin-like compounds have been left in place 
should consider this guidance on recommended interim PRGs when evaluating whether 
the original remedies in the Records of Decision (ROD) remain protective for the 
contaminated areas.  Consistent with existing five-year-review guidance (EPA 2001), 
OSWER recommends that the five-year-reviews include an evaluation of existing site 
data, identification of the need for additional site data, and identification of areas 
potentially needing cleanup based on the review of this existing data.  This information 
can be used to evaluate whether additional data collection and/or site cleanup is 
appropriate. Once the final dioxin reassessment has been released, OSWER may issue 
additional guidance on implementation of the PRGs. 
 
In the case of EPA-lead RCRA corrective action sites, Regions should provide the 
Program Implementation and Information Division within the Office of Resource 
Conservation and Recovery (ORCR) with proposed dioxin soil cleanup levels (i.e., prior 
to notice and comment) in order to ensure appropriate implementation of the 
recommended interim PRGs, once they are finalized.  For State-lead RCRA corrective 
action sites, we would also encourage States to use the dioxin levels recommended by 
this guidance as starting points in developing soil cleanup levels, unless they have 
developed their own standards or guidance.  Because States are the primary implementers 
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of the RCRA Corrective Action program, this guidance does not recommend specific 
procedures for implementation under RCRA.  States are encouraged to share their 
approaches with the Regions in a manner consistent with established procedures for EPA 
support and oversight of state RCRA Corrective Action programs. 
 
Point of Contact 
 
If you have any questions, please contact Marlene Berg by phone at 703-603-8701 or by 
e-mail at berg.marlene@epa.gov. 
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TABLE 1 


RECOMMENDED EQUATION FOR COMPUTING CANCER PRGS FOR 
EXPOSURE OF RESIDENTS TO DIOXIN IN SOIL 


 


RBAEVABSSFSABSSFIFSFEF
ATTRgpgPRG


dGIoadjsoilo ⋅⋅⋅⋅+⋅⋅
⋅⋅


=
])/([


days/yr365)/(
/


 


  


Parameter (description) Units Default Value 


TR (target cancer risk) dimensionless 1E-04 to 1E-06 


AT (averaging time)  years 70 


EF (exposure frequency)  days/yr 350 


SFo (oral slope factor) (pg-kg-day)-1 1.56E-04 (a) 


IFsoil/adj (age-adjusted soil ingestion factor)  g-yr/(kg-d) 0.114 


ABSGI (gastrointestinal absorption fraction) pg absorbed/pg ingested 1.0 


SFS (age adjusted dermal factor) g-yr/kg-event 0.360 


ABSd (dermal absorption fraction)  pg absorbed/pg on skin 0.03 (b) 


EV (dermal exposure frequency) events/day 1 


RBA (relative bioavailability) -- 1 
 
Source:  EPA 2002 Equation 3-1 
Includes oral and dermal exposure. 


(a) Based on EPA (1985) 
(b) Based on EPA (2004) 
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TABLE 2 


RECOMMENDED EQUATION FOR COMPUTING CANCER PRGS FOR 
EXPOSURE OF WORKERS TO DIOXIN IN SOIL 


 


RBASAEVABSAFABSSFoSFIREDEF
ATBWTRgpgPRG


dGIo ⋅⋅⋅⋅⋅+⋅⋅⋅
⋅⋅⋅


=
])/()[(


days/yr365)/(  


 
  


Default Value 
Parameter (description) Units 


Indoor Worker Outdoor 
Worker 


TR (target cancer risk) Dimensionless 1E-04 to 1E-06 1E-04 to 1E-06 


BW (body weight) Kg 70 70 


AT (averaging time)  Years 70 70 


EF (exposure frequency)  days/yr 250 225 


ED (exposure duration)  Years 25 25 


SFo (oral slope factor) (pg-kg-day)-1 1.56E-04 (a) 1.56E-04 (a) 


IR (soil ingestion rate) g/day 0.05 0.10 
ABSGI (gastrointestinal absorption 
fraction) pg absorbed/pg ingested 1.0 1.0 


ABSd (dermal absorption fraction)  pg absorbed/pg on skin -- 0.03 (b) 


EV (dermal exposure frequency) events/day -- 1 


AF (dermal adherence factor) g/cm2 -- 2E-04 


SA (dermal surface area) cm2 -- 3300 


RBA (relative bioavailability) -- 1 1 
 
Source: EPA 2002 Equation 4-1 
Includes oral and dermal exposure for outside workers.  Dermal exposure not quantified for an 
indoor worker. 


(a) Based on EPA (1985) 
(b) Based on EPA (2004) 
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TABLE 3 


RECOMMENDED EQUATION FOR COMPUTING NON-CANCER PRGS FOR 
EXPOSURE OF RESIDENTS TO DIOXIN IN SOIL  


 


RBAABSRfDSAEVABSAFRfDIREDEF
RSCATBWTHQgpgPRG


GIodosoil ⋅⋅⋅⋅⋅+⋅⋅
⋅⋅⋅⋅


=
)](/)(/[


days/yr365)/(


 
  


Parameter (description) Units Default 
Value 


THQ (target hazard quotient) dimensionless 1 


BW (body weight - child) kg 15 


AT (averaging time)  years 6 


EF (exposure frequency)  days/yr 350 


ED (exposure duration) years 6 


RfDo (oral reference dose) pg/kg-day 1.0 (a) 


IRsoil (soil ingestion rate)  g/day 0.20 


ABSGI (gastrointestinal absorption fraction) pg absorbed/pg ingested 1.0 


AF (dermal adherence factor) g/cm2 2E-04 


ABSd (dermal absorption fraction)  pg absorbed/pg on skin 0.03 (b) 


EV (dermal exposure frequency) events/day 1 


SA (dermal surface area exposed - child) cm2 2,800 


RBA (relative bioavailability) -- 1 


RSC (relative source contribution) -- 1 
 


Source:  EPA 2002 Equation 3-2 
Includes oral and dermal exposure. 
(a) Based on ATSDR (1998) chronic oral MRL 
(b) Based on EPA (2004) 
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TABLE 4 


RECOMMENDED EQUATION FOR COMPUTING NON-CANCER PRGS FOR 
EXPOSURE OF WORKERS TO DIOXIN IN SOIL 


 


RBAABSRfDSAEVABSAFRfDIREDEF
RSCATBWTHQgpgPRG


GIodosoil ⋅⋅⋅⋅⋅+⋅⋅
⋅⋅⋅⋅


=
)](/)(/[


days/yr365)/(


 
  


Default Value 
Parameter (description) Units Indoor 


Worker 
Outdoor 
Worker 


THQ (target hazard quotient) Dimensionless 1 1 


BW (body weight) Kg 70 70 


AT (averaging time)  Years 70 70 


EF (exposure frequency)  days/yr 250 225 


ED (exposure duration)  Years 25 25 


RfDo (oral reference dose) pg/kg-day 1.0 (a) 1.0 (a) 


IR (soil ingestion rate) g/day 0.05 0.10 
ABSGI (gastrointestinal absorption 
fraction) pg absorbed/pg ingested -- 1.0 


ABSd (dermal absorption fraction)  pg absorbed/pg on skin -- 0.03 (b) 


EV (dermal exposure frequency) events/day -- 1 


AF (dermal adherence factor) g/cm2 -- 2E-04 


SA (dermal surface area) cm2 -- 3,300 


RBA (relative bioavailability) -- 1 1 


RSC (relative source contribution) -- 1 1 
 
Source: EPA 2002 Equation 4-2 
Includes oral and dermal exposure for outdoor workers.  Dermal exposure not quantified for an 
indoor worker. 
(a) Based on ATSDR (1998) chronic oral MRL 
(b) Based on EPA (2004) 
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ATTACHMENT 1 


 
EVALUATION OF RELATIVE DIOXIN INTAKE 


FROM INHALATION AND INGESTION EXPOSURE 
 
Exposure to a contaminant in soil may occur by a number of pathways, including direct 
ingestion of soil, dermal contact with soil, inhalation of soil particulates in air, and 
inhalation of vapors of the chemical released from soil to air. This Attachment compares 
the relative magnitude of human exposure to dioxin in soil by the inhalation route 
(including both inhalation of dioxin on airborne particulates and inhalation of dioxin 
vapor) compared to intake by the oral route using EPA’s default residential and 
commercial/industrial land exposure parameters.  The dermal pathway is not included in 
the comparison because dermal exposure is expressed in terms of absorbed dose, while 
the oral and inhalation pathways are expressed in terms of administered dose.  However, 
based on default exposure assumptions, the dermal pathway is relatively minor compared 
to oral. This Attachment does not compare risks associated with oral and inhalation 
pathways because there is no available inhalation unit risk value for dioxin that has been 
derived in accordance with current guidance for inhalation risk assessment (EPA 2009d).  
 
Relative Contribution from Inhalation of Particulates 
 
The ratio of the amount of dioxin inhaled on respirable soil particles (e.g., PM10s or 
PM2.5s) compared to the amount of dioxin ingested with soil can be calculated as 
described below. 
 


Dose Inhaled (mg/day) = Csoil · CPM10 · BR 
Dose Ingested (mg/day) = Csoil · IR 


 
where: 
 
 Csoil = concentration of dioxin in soil 


CPM10 = concentration of soil particles less than 10 µm in size in air (mg/m3) 
 BR = breathing rate (m3/day) 


IR = soil ingestion rate (mg/day) 
 
The concentration of PM10 particles in air is given by: 
 
 CPM10 (mg/m3) = (1E-06 mg/kg) / PEF 
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where PEF = particulate emission factor (m3/kg). 
 
The ratio of the daily intakes of dioxin by these two routes is then: 
 
 Ratio(inhal/ingest) = BR / (IR · PEF) 


 
EPA (1991) provides recommended default values for breathing rate and soil ingestion 
rate for residents and workers, and EPA (2002) provides a recommended default PEF for 
residential and industrial land use.  Based on these inputs, the resulting ratio of daily 
intakes (inhalation compared to oral) are as follows: 
 


Parameter Value Parameter 
Child Adult Worker 


BR (m3/day) 10 20 10 
IR (kg/day) 2E-04 1E-04 1E-04 
PEF (m3/kg) 1.36E+09 1.36E+09 1.36E+09 
Ratio (inhalation of dioxin on particulates 
vs. oral intake from soil) 0.00004 0.00015 0.00007 


 
As indicated, based on recommended default exposure parameters, the amount of dioxin 
inhaled as respirable particulates is likely to be small (<< 1%) compared to the amount 
ingested with soil. 
 
Relative Contribution from Inhalation of Volatiles 
 
Similarly, the ratio of the daily intake of a chemical due to inhalation of the volatilized 
chemical in air to the chemical ingested on soil: 
 
 Ratio(inhal/ingest) = BR / (IR · VF) 
 
where VF = volatilization factor (m3/kg). 
 
The value of the VF term may be calculated using Equation 4-8 in EPA (2002).  
Recommended default inputs and chemical-specific terms are shown in Table A1-1.  
Based on these parameters, the value of VF is estimated to be 8.4E+06 m3/kg.  Based on 
this, the ratios of dioxin intake from vapor inhalation compared to soil ingestion are as 
follows: 
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Parameter Value Parameter 


Child Adult Worker 
BR (m3/day) 10 20 10 
IR (kg/day) 2E-04 1E-04 1E-04 
VF (m3/kg) 8.4E+06 8.4E+06 8.4E+06 
Ratio (inhalation of vapors vs. oral intake) 0.006 0.024 0.012 


 
As seen, exposure by inhalation of dioxin released to air from soil is likely to be small 
(< 2.4%) compared to the amount of dioxin ingested in soil. 
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TABLE A1-1 
RECOMMENDED DEFAULT INPUTS AND CHEMICAL-SPECIFIC VALUES 


USED IN VOLATILIZATION FACTOR CALCULATION 
 
 


Parameter (description) Units Value Source 


Q/Cvol (inverse of the ratio of geometric mean air concentration 
to volatilization flux at a center of a square source) g/m2-s per kg/m3 68.18 [a] 


T (exposure interval) s 9.5E+08 [a] 
Ρb (dry soil bulk density) g/cm3 1.5 [a] 
Θa (air-filled soil porosity) Lair/Lsoil n- Θw [a] 
n (total soil porosity) Lpore/Lsoil 1-( Ρb/ Ρs) [a] 
Θw (water-filled soil porosity) Lair/Lsoil 0.15 [a] 
Ρs (soil particle density) g/cm3 2.65 [a] 
foc (fraction organic carbon in soil) g/g 0.006 [a] 


Di (diffusivity in air) cm2/s 4.7E-02 [b] 


H' (Henry’s law constant) dimensionless 2.04E-03 [c,d] 


Dw (diffusivity in water) cm2/s 8E-06 [b] 


Kd (soil-water partition coefficient) cm3/g Koc Α foc [a] 


Koc (soil-organic carbon partition coefficient) cm3/g 3.98E+06 [e] 


Chemical-specific values are shaded in grey. 
 
[a] EPA (2002) 
[b] GSI Chemical Database: http://www.gsi-net.com/en/publications/gsi-chemical-
database/single/240.html  
[c] SRC PHYSPROP Database: http://www.syrres.com/what-we-do/product.aspx?id=133  
[d] Converted to dimensionless using EPA’s On-line Tools for Site Assessment Calculation 
http://www.epa.gov/athens/learn2model/part-two/onsite/henryslaw.html  
[e] SRC CHEMFATE Database: http://www.srcinc.com/what-we-do/databaseforms.aspx?id=381   
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ATTACHMENT 2 
 


DESCRIPTION OF CANDIDATE CANCER AND 
NON-CANCER TOXICITY VALUES FOR DIOXIN 


 
 


A.  DERIVATION OF CANCER SLOPE FACTORS 
 
The first step in computing recommended cancer-based Preliminary Remediation Goals 
(PRGs) for dioxin is to select the cancer slope factor.  A review of the approaches used 
by U.S. states, territories (EPA 2009b) and other U.S. health agencies has identified five 
potential values, as discussed below. 
 
EPA (1985) 
 
EPA’s Office of Health and Environmental Assessment reviewed the toxicity data for 
dioxin and prepared a Health Assessment Document (HAD) in September 1985 (EPA 
1985).  The HAD evaluated the cancer dose-response data from each of two published 
studies in animals: 


 
• A two-year oral feeding study in male and female rats (Kociba et al. 1978).  The 


HAD evaluation considered two alternative pathological analyses of the slides 
from the study, including the findings of the original pathologist (Kociba) and 
also an independent reviewer (Squire) employed by EPA’s Cancer Assessment 
Group. 
 


• A two-year oral gavage study in male and female rats and mice performed by the 
National Toxicology Program (NTP) of the National Cancer Institute (NTP 1982). 


 
The HAD fit a number of alternative cancer dose response data sets from each of these 
studies to the linearized multistage model to derive a series of alternative estimates of an 
oral cancer slope factor.  These results are summarized in Table A2-1.  The HAD found 
that the highest slope factor was obtained using the data from Kociba et al. (1978), using 
the combined incidence of carcinomas in lung, carcinoma and hyperplastic nodules in 
liver, and carcinoma in nasal turbinates and hard palate in female rats.  Based on the 
histopathological analysis of Kociba, the slope factor was 1.51E-04 (pg/kg-day)-1, while 
based on the histological analysis by Squire, the slope factor was 1.61E-04 (pg/kg-day)-1.  
The HAD identified the geometric mean of these two values (1.56E-04 (pg/kg-day)-1) as 
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the recommended slope factor.  This approach was peer-reviewed by an expert panel 
assembled for a peer review workshop in Cincinnati in 1983, and by the Environmental 
Effects, Fate and Transport committee of EPA’s Science Advisory Board. 
 
EPA (1997) 
 
EPA’s Health Effects Assessment Summary Table (HEAST) (EPA 1997a) identifies an 
oral cancer slope factor of 1.5E-04 (pg/kg-day)-1.  HEAST tables are described in EPA 
(1997) as containing “provisional risk assessment information” that “have not had 
enough review to be recognized as high quality, Agency-wide consensus information.”  
The primary source of the oral slope factor value for dioxin is the EPA (1985) HAD, but 
the reason that the value listed is 1.5E-04 (pg/kg-day)-1 rather than 1.56E-04 (pg/kg-day)-


1 is not clear.  The value was indicated as being provisional, and was qualified as being 
under further evaluation.  Although the HAD (EPA 1985) is peer-reviewed, specific 
information on the peer review status of the value in HEAST has not been found. 
 
CalEPA (1986, 2002) 
 
California (CalEPA 1986, 2002) also reviewed the cancer data from the study of Kociba 
et al. (1978) (including the histological analyses by both Kociba and Squire) and by NTP 
(1982).  A number of different data sets were fit to the linearized multistage model to 
derive inhalation unit risk values.  These unit risk values, and the equivalent oral cancer 
slope factors, are summarized in Table A2-2.  In this analysis, the highest slope factor 
was found to occur using data from the NTP (1982) study on the incidence of carcinomas 
and adenomas in male mouse liver.  This slope factor was 1.3E-04 (pg/kg-day)-1 (CalEPA 
1986).  This slope factor was peer-reviewed in August 1986 by an independent nine-
member Scientific Review Panel. 
 
Michigan (MDEQ 1998) 
 
Michigan uses a slope factor of 7.5E-05 (pg/kg-day)-1, which is based on a re-analysis of 
the histological slides of livers from female rats from the Kociba et al. (1978) study using 
the liver tumor classification scheme proposed by NTP in 1986 (Maronpot et al. 1986).  
In this revised histological classification, lesions that were previously classified as 
“neoplastic nodules” and were counted as liver tumors are divided into “hepatocellular 
hyperplasia” and “hepatocellular adenoma.”  The term “hyperplasia” is reserved for 
proliferative lesions that are secondary responses to degenerative changes in the liver, 
and these are not considered to be liver tumors.  Foci of cellular alteration, including 
hepatocellular adenoma and hepatocellular carcinoma, are considered to represent a 
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spectrum of changes that comprise the natural history of liver neoplasia, and these are 
counted as liver tumors (Maronpot et al. 1986). 
 
The pathology slides from Kociba et al. (1978) were originally reclassified by Squire (an 
independent pathologist serving as a consultant to EPA’s Carcinogen Assessment 
Group), who reported that preliminary results from the re-reading indicated substantially 
lower liver tumor incidence (EPA 1990).  Based on a request from the Maine Science 
Advisory Panel, the slides were subsequently re-evaluated under the new system by 
seven independent pathologists referred to as the Pathology Working Group (PWG) 
(Sauer 1990, Goodman and Sauer 1992).  Table A2-3 summarizes the results for liver 
lesions derived using the original and the revised classification schemes.  As shown, the 
incidence of liver tumors is substantially lower based on the new classification scheme 
than the original scheme.  Based on total significant tumors (liver, lung, nasal turbinates 
and hard palate), the cancer slope factor based on the revised classification scheme is 
7.5E-05 (pg/kg-day)-1, as opposed to a value of 1.51E-04 using the original analysis (EPA 
1990).   
 
A three page document is publicly available on the Michigan Department of 
Environmental Quality website that summarizes the reevaluation of the Kociba data by 
the PWG; however, a description of the derivation of the cancer slope factor is not 
included nor is information about external peer review of that derivation.  The findings of 
the PWG, however, were published in the peer reviewed literature.  In short, 
documentation of the slope factor of 75,000 (mg/kg-day) -1, including its derivation, peer 
review and supporting information, is very brief, and the information that is publicly 
available is limited or not completely transparent. 
   
Minnesota (MNDOH 2003) 
 
Minnesota uses a value of 1.4E-03 (pg/kg-day)-1, which is based on the re-evaluation of 
the exposure-response data for liver cancer in female rats reported in the EPA 2003 draft 
dioxin reassessment (EPA 2003b).  In this approach, the tumor incidence data reported by 
Goodman and Sauer (1992) were used, which are based on the revised liver pathology 
scheme developed by NTP in 1986 (Maronpot et al. 1986).  However, the dose metric 
was changed from administered dose (ug/kg-day) to body burden (ug/g).  This approach 
helps account for the large difference in half-life of TCDD in humans and rats (EPA 
2003b).  The dose corresponding to a specified body burden was estimated using the 
following equation: 
 


Intake (pg/kg-d) = Tissue Burden (pg/kg) · ln(2) / [t1/2 · f] 
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where: 
 
t1/2 = half-life of dioxin in the body (days).  A value of 2593 days was assumed 


for humans and 25 days in rats. 
f = fraction of an ingested dose that is absorbed (assumed to be 0.8) 


 
Using the linearized multistage model and adjusting the dose metric as described, EPA 
(2003b) derived a cancer slope factor of 1.4E-03 (pg/kg-day)-1.  This value is 8.7 times 
higher than the cancer slope factor derived by EPA (1985), and reflects the combined 
effect of using body burden rather than ingested dose (31 times higher) and the effect of 
using the revised histopathology incidence data (3.6 times lower). 
 
This approach and the resultant slope factor have not undergone final Agency approval or 
final peer review. 
 
B. DERIVATION OF NON-CANCER TOXICITY VALUES 


 
The first step in computing recommended non-cancer-based PRG concentrations for 
dioxin is to select a non-cancer toxicity value (RfD). 2  EPA currently does not have an 
Agency RfD for dioxin.  Therefore, EPA reviewed non-cancer values used by states, 
foreign nations or other health agencies. 
 
EPA Office of Drinking Water (1987) 
 
In 1987, EPA’s Office of Drinking Water (ODW) developed an oral RfD of 1 pg/kg-day 
for use in deriving a Lifetime Health Advisory value (EPA 1987).  This RfD was based 
on a 3-generation reproductive study in rats (Murray et al. 1979).  In this study, animals 
were exposed to TCDD in the diet at concentrations that produced average doses of 0, 
0.001, 0.01, or 0.1 ug/kg-day.  Significant decreases in fertility and neonatal survival of 
offspring were observed in animals exposed to the 0.1 ug/kg-day dose level.  At the dose 
of 0.01 ug/kg-day, signs of toxicity included decreases in gestational survival, decreased 
pup size at birth, and decreased neonatal survival and growth.  For the 0.001 ug/kg-day 
dose group, no effect on fertility, litter size, or postnatal body weight was observed in any 
generation, and effects on neonatal survival were inconsistent.  However, a re-evaluation 
of these data by Nisbet and Paxton (1982), using different statistical methods indicated 


                                                 
2 An RfD is an estimate (with uncertainty spanning perhaps an order of magnitude) of a daily oral 
exposure to the human population (including sensitive subgroups) that is likely to be without an 
appreciable risk of deleterious effects during a lifetime. It can be derived from a NOAEL, 
LOAEL, or benchmark dose, with uncertainty factors generally applied to reflect limitations of 
the data used.. 
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that there was a reduction in the gestational index, decreased fetal weight, increased liver 
to body weight ratio, and increased incidence of dilated renal pelvis at the 0.001 ug/kg 
dose.  From these results, EPA (1987) determined that a dose of 0.001 ug/kg-day was the 
lowest-observed-adverse-effect-level (LOAEL), and calculated an RfD by dividing the 
LOAEL by an uncertainty factor of 1,000, yielding a result of 1E-06 ug/kg-day (1 pg/kg-
day).  The uncertainty factor of 1,000 was chosen in accordance with National Academy 
of Sciences (NAS) and EPA ODW guidelines for use with a LOAEL from an animal 
study.  This uncertainty factor accounts for uncertainty in extrapolation from animals to 
humans (10x), variation in sensitivity between humans (10x), and use of a LOAEL rather 
than a NOAEL (10x).  ODW states that this value has been peer-reviewed, but 
documentation of the peer review was not located. 
 
ATSDR (1998) 
 
ATSDR has derived a chronic oral Minimal Risk Level (MRL)3 of 1 pg/kg-day (ATSDR 
1998).  This value is based on a study by Schantz et al. (1992) in which female monkeys 
were exposed to dioxin in the diet for 16 months at 0, 5 or 25 ppt TCDD.  After 7 months 
of exposure, the females were bred with unexposed males.  Exposure of the females 
continued through mating, gestation and lactation.  Only one monkey in the high dose 
group delivered a viable offspring, so this group was not studied further.  When offspring 
from the control group and the 5 ppt group were 8.6 months of age, they were placed in 
peer groups of 4 monkeys (2 exposed, 2 control) and allowed to play without 
interference.  Behavioral patterns (social interactions, vocalizations, locomotion, self-
directed behavior, environment exploration) were monitored 4 days/week for 9 weeks.  
No overt signs of toxicity were observed in the mothers or the offspring, and birth 
weights were not adversely affected.  However, significant alterations were observed in 
play behavior, displacement and self-directed behavior, with a tendency for offspring 
from exposed mothers to initiate more rough/-tumble play bouts, to retreat from play less 
often, and to engage in more self-directed behavior.  Based on this, a dietary exposure 
level of 5 ppt was identified as a LOAEL.  The estimated dose from this diet was 1.2E-04 
ug/kg-day.  This dose was adjusted by dividing by an overall uncertainty factor of 100 to 
account for use of a minimal LOAEL, inter-species extrapolation, and inter-individual 
variability.  This yielded an MRL of 1E-06 ug/kg-day (1 pg/kg-day).  All ATSDR 
Toxicity Profiles are peer reviewed and publicly available. 
 


                                                 
3 An MRL is an estimate of the daily human exposure to a hazardous substance that is likely to be 
without appreciable risk of adverse noncancer health effects over a specified duration of 
exposure.  These substance-specific estimates, which are intended to serve as screening levels, are 
used by ATSDR health assessors and other responders to identify contaminants and potential 
health effects that may be of concern at hazardous waste sites. 
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WHO (1991, 1998); JECFA (2002) 
 
The World Health Organization (WHO) has been organizing expert consultations and 
workgroups for a number of years to derive toxicity values for the evaluation of dioxin 
toxicity.  The results of their first consultation was issued in 1990.  At that time, WHO 
(1991, 1992) concluded that TCDD was carcinogenic in animals, acting as a non-
genotoxic promoter-carcinogen.  Therefore, the consultation decided to establish a 
Tolerable Daily Intake (TDI)4 based on general toxicological effects.  Based on liver, 
immunological and reproductive effects in animals, the no-effect dose was estimated to 
be about 1,000 pg/kg-day.  This value was adjusted to an equivalent human dose of 100 
pg/kg-day using toxicokinetic data.  After applying an uncertainty factor of 10 to account 
for insufficient data on reproductive effects in humans, a TDI of 10 pg/kg-day was 
recommended. 
 
In 1998, the WHO European Centre for Environmental Health (WHO-ECEH) and 
International Programme on Chemical Safety (IPCS) performed a re-assessment of the 
available information on the toxicity of dioxin (WHO 1998), and reached the following 
key conclusions: 
 


• The cancer effects of dioxin are mediated by a non-genotoxic mode of action that 
is mediated via a receptor binding mechanism.  Consequently, cancer risk has a 
threshold, and exposures that do not cause non-cancer effects will not increase 
cancer risk. 


• The most sensitive non-cancer effects caused by dioxin include developmental 
and reproductive effects in rats and monkeys. 


• The most reliable metric of exposure for use in risk evaluation is tissue burden 
rather than ingested dose. 


 
Based on these key conclusions, WHO (1998) estimated the TDI (pg/kg-day) for lifetime 
exposure in a series of 3 steps, as follows: 


 
Step 1:  Identify the tissue burden effect level for the most sensitive (and relevant) 


adverse responses.  Based on studies in rats and monkeys, the WHO estimated that the 
LOAEL tissue burdens ranged from 28-73 ng/kg (28,000-73,000 pg/kg). 


 


                                                 
4 A TDI is an estimate of the amount of a substance in air, food or drinking water that can be taken in daily 
over a lifetime without appreciable health risk.  TDIs are calculated on the basis of laboratory toxicity data 
to which uncertainty factors are applied. 
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Step 2:  Given the tissue burden range, calculate the TDI that would yield this 
tissue burden range.  The WHO computed the TDI using a simple steady-state 
pharmacokinetic model of the following form: 


 
TDI (pg/kg-d) = Tissue Burden (pg/kg) · [1-exp(-ln(2)/t1/2)] / f 
 


where: 
 
t1/2 = half-life of dioxin in the body (days) 
f = fraction of an ingested dose that is absorbed 
 


WHO utilized a half-life of 7.5 years (2,738 days), and an assumed fractional absorption 
of 0.5 (50%).  Based on this, the TDI was estimated to range from 14-37 pg/kg-day. 


 
Step 3:  Adjust the TDI to account for uncertainties.  A factor of 10 was applied to 


address the following uncertainties: a) the use of a range of LOAELs instead of a no-
effect level, b) the possible differences in susceptibility between humans and 
experimental animals, c) the potential differences in susceptibilities within the human 
population, and d) differences in half-lives of elimination for the compounds of a 
complex TEQ mixture.  After application of the uncertainty factor, the TDI (rounded) 
was estimated to range from 1-4 pg/kg-day.  The WHO (1998) consultation stressed that 
the upper range of the TDI of 4 pg/kg-day should be considered a maximal tolerable 
intake on a provisional basis and that the ultimate goal is to reduce human intake levels to 
below 1 pg/kg-day. 


 
More recently, the Joint FAO/WHO Expert Committee on Food Additives (JECFA 2002) 
re-evaluated dioxin toxicity based on two new reproductive studies (Ohsako et al. 2001 
and Faqi et al. 1998) published since the previous assessment. 
 
Faqi et al. (1998) exposed female rats subcutaneously with TCDD at 0, 25, 60 or 300 
ng/kg, followed by weekly maintenance doses of 0, 5, 12 or 60 ng/kg, beginning 2 weeks 
before the beginning of mating and continually through mating, gestation and lactation.  
Male offspring were assessed for sexual development and were bred to untreated females.  
Adverse effects on sperm were detected at all doses on postnatal day 170. 
 
Ohsako et al. (2001) administered a single oral dose of 0, 12.5, 50, 200 or 800 ng/kg of 
TCDD to pregnant rats, and male offspring were assessed for reproductive development.  
Adverse effects that were noted on postnatal day 49 and/or day 120 included reduced 
anogenital distance (50, 200 or 800 ng/kg), reduced ventral prostate weight (200 or 800 
ng/kg), reduced androgen receptor messenger ribonucleic acid (mRNA) production in 
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ventral prostate (all doses) increased 5-alpha-reductase type 2 mRNA in ventral prostate 
(all doses), and decrease androgen receptor mRNA in the ventral prostate (all doses). 
 
JECFA (2002) used two alternative models (linear model and power model) to estimate 
the relationship between fetal and maternal body burden and to calculate a Provisional 
Tolerable Monthly Intake (PTMI) for each of these two new studies.  The resulting 
values are summarized in Table A2-4. 
 
Based on these calculations, JECFA (2002) concluded that the range of PTMI values was 
40-100 pg/kg-month, and chose the mid-point of this range (70 pg/kg-month) as the final 
PTMI.  Assuming 30 days/month, this is equivalent to a TDI of 2.3 pg/kg-day. 
 
Because all of the evaluations described above were performed by panels of expert 
scientists, all of the TDI values derived are considered to be adequately peer-reviewed. 
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TABLE A2-1  CANCER SLOPE FACTORS DEVELOPED BY EPA (1985) 
 


Study Pathologist Species Gender Tissue(s) Tumor Type(s) CSF 
(pg/kg-day)-1 


Kociba et al. 1978 Kociba Rat Male Nasal turbinates/hard palate Carcinoma  1.5E-05 


Kociba et al. 1978 Squire Rat Male Nasal turbinates/hard 
palate/tongue Carcinoma  1.7E-05 


Kociba et al. 1978 Kociba Rat Female 
Lung 
Nasal turbinate/hard palate 
Liver 


Carcinoma 
Carcinoma 
Hyperplastic nodules or carcinoma 


1.51E-04 


Kociba et al. 1978 Squire Rat Female 
Lung 
Nasal turbinate/hard palate 
Liver 


Carcinoma 
Carcinoma 
Hyperplastic nodules or carcinoma 


1.61E-04 


NTP 1982 
 NTP Rat Female Liver Carcinoma and neoplastic nodules  3.3E-05 


NTP 1982 
 NTP Mouse Male Liver Carcinoma 7.5E-05 


NTP 1982 NTP Mouse Female 
Subcutaneous tissue 
Blood 
Liver 


Fibrosarcoma 
Lymphoma or leukemia 
Carcinoma or adenoma 


4.6E-05 


 
Shaded cells indicate the slope factors recommended by EPA (1985) for use. 
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TABLE A2-2  CANCER SLOPE FACTORS DEVELOPED BY CALEPA (1986) 


 
 


Study Pathologist Species Gender Tissue(s) Tumor Type(s) iUR 
(ng/m3)-1 x 103 


CSF 
(pg/kg-day)-1 


Kociba et al. 
1978 Kociba Rat Male Nasal turbinates/hard palate Carcinoma  4.2 1.5E-05 


Kociba et al. 
1978 Squire Rat Male Nasal turbinates/hard 


palate/tongue Carcinoma  4.9 1.7E-05 


Kociba et al. 
1978 Kociba Rat Female Liver Carcinoma and 


neoplastic nodules 27 9.5E-05 


Kociba et al. 
1978 Squire Rat Female Liver Carcinoma and 


neoplastic nodules 25 8.8E-05 


NTP 1982 
 NTP Rat Female Liver Carcinoma and 


neoplastic nodules  9.4 3.3E-05 


NTP 1982 
 NTP Mouse Male Liver Carcinoma and 


adenomas 38 1.3E-04 


NTP 1982 
 NTP Mouse Female Subcutaneous tissue Fibrosarcoma 2.4 8.4E-06 


 
 Shaded cell indicates the slope factor recommended by CalEPA (1986) for use. 
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TABLE A2-3 
RECOMMENDED EQUATIONS FOR COMPUTING CANCER PRGS FOR 


EXPOSURE OF RESIDENTS TO DIOIXN IN 
SOIL LIVER TUMOR OCCURRENCE IN FEMALE RATS (KOCIBA ET AL. 1978) BASED ON 


TWO ALTERNATIVE HISTOPATHOLOGICAL CLASSIFICATION METHODS 
 


Original Analysis (EPA 1985) Reanalysis (EPA 1990) 
Dose 


(ug/kg-day) Hyperplastic 
nodules 


Hepatocellular 
carcinomas 


Total Animals 
with Liver 


Tumors 
Adenoma Hepatocellular 


Carcinoma 


Total Animals 
with Liver 


Tumors 


0 8/86 1/86 9/86 2/86 0/86 2/86 


0.001 3/50 0/50 3/50 1/50 0/50 1/50 


0.010 18/50 2/50 18/50 9/50 0/50 9/50 


0.100 23/49 11/49 34/48 14/45 4/45 18/45 


  Source:  EPA (1990, 2003b) 
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TABLE A2-4. RECOMMENDED EQUATION FOR COMPUTING CANCER PRGS FOR 


EXPOSURE OF WORKERS TO DIOXIN IN SOIL  
TDI CALCULATIONS FROM JECFA (2002) 


 
Faqi et al. (1998) Ohsako et al. (2001) Parameter 


Linear 
Model 


Power 
Model 


Linear 
Model 


Power 
Model 


LOEL Maternal body burden (ng/kg) 25 25 7.6 7.6 
Equivalent body burden with repeated dosing (ng/kg) 25 39 13 19 
Body burden from feed (ng/kg) 3 3 3 3 
Total body burden (ng/kg) 28 42 16 22 
EHMIa (pg/kg per month) 423 630 237 330 
Safety factor 9.6 9.6 3.2 3.2 
PTMI (pg/kg per month) 44 66 74 103 
TDIb (pg/kg-day) 1.5 2.2 2.5 3.4 


a  Equivalent human monthly intake 
b  Calculated based on 30 days per month 
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title 40 of the CFR. CRUMERR
establishes electronic reporting as an
acceptable rc:gulatory alternative to
paper reporting and establishes
requirements In assure that electronic
documents are as legally dependable as
their paper counterparts. Under Subpart
D of CROMERR, State, tribe or focal
government agencies that receive, or
wish to begin receiving, electronic
reports under their EPA-authorized
programs must apply to EPA fhr a
revision or modification of those
programs and get EPA approval. Subpart


also provides standards for such
approvals based on consideration of the
electronic document receiving systems
that the State, tribe, or local government
will use to implement the electronic
rep Jri ing. Additionally, in §3.1000(b)
through (e) of 40 CFR Part 3, Subpart D
provides special procedures for program
revisions and modifications to allow
electronic: reporting, to he used at the
option of !he state, tribe or local
government in place of procedures
available under existing program-
specific authorization regulations. An
application submitted under the
Subpart D procedures must show that
the state, tribe or local government has
sufficient Hod itu [hurl ly to implement
the electronic reporting components of
the programs covered by the application
and will use electronic: document
receiving systems that meet the
applicable. Subpart D requirements.


On July 22, 2000, the Stale of
Connecticut Department of
Environmental Protection (CTDEP)
submitted an application for its Net
Discharge Monitoring Report (NetDMR)
(deal nin he rhictunent receiving system
for revision or modification of EPA-
authorize(' programs under title 40 CFR.
EPA reviewed CTDEP's request to
revise/modi its EPA-authorized
programs and, based on this review,
EPA determined that the application
met the standards for approval of
authorized program revisions/
modifications set out in 40 CFR part 3.
subpart D. In accordance with 40 CFR
3.1000(d), this notice of EPA's decision
to approve Connecticut's request far
revision/modification to certain of ils
authorized programs is being published
in the Federal Register.


Spec:i final Iy, EPA has approved
CTDEP's request for revision/
modification to the following authorized
programs to allow electronic: reporting
for the specified reports: 411 CFR Part
123-NPDES State Program
Requirements and Part 403—General
Pretreatment Regulations For Existing
And New Sources Of Pollution
programs for electronic reporting of
discharge monitoring report information


submitted under 40 CFR Parts 122 and
403.


CTDEP was notified of EPA's
determination to approve its application
with respect to the authorized programs
listed above.


Dated: Decumber 22, 2009.
Lisa Schlosser,


Dimcior, Office of Information Collection.


[FR Doe. 2010-14 Filed 1-6-10; 11:45 atnJ
BILLING CODE 6500-517-P


ENVIRONMENTAL PROTECTION
AGENCY


[EP A-HQ-SFUND-2009-0907; FR L-9100-81


RIN 2050-ZAC5


Draft Recommended Interim
Preliminary Remediation Goals for
Dioxin in Soil at CERCLA and RCRA
Sites


AGENCY: Environmental Protection
Agency (EPA).


ACTION: Notice of availability and
announcement of public comment
period.


SUMMARY: The Environmental Protuction
Agency (EPA or the Agency) is
announcing a 50-day public comment
period for draft recommended interim
preliminary remediation goals (PRGs)
developed in the Drill? Recommended
interim Preliminary Bernediation Coals
for Dioxin in Soil at Comprehensive
Environmental Response,
Compensation, and Liability Act
(CERCLA) and Resource Conservation
and Recovery Act IRGRA) Sites. EPA's
Office of Solid Waste and Emergency
and Emergency Response (OSWER) has
developed the draft recommended
interim PRGs for dioxin in soil. These
draft recommttncled interim PRGs ware
calculated using existing, pear-reviowed
toxicity values and current EPA
equations and default exposure
assumptions.


This Federal Register notice is
intended to provide an opportunity for
public: comment on the (Iran
recommended interim PRGs. EPA will
uirisicler any public: comments
submitted in accordance with this
notice and may revise the draft
recommended interim PRGs thereafter,
DATES: Comments may be submitted in
writing by February 26, 2010.
ADDRESSES: Submit your comments,
identified by Docket ID No. EPA.-HQ-
SFUND-2009-0907, by one of the
following methods:


• http://www.regulations.gov . Follow
the on-line instructions for submitting
comments.


n E-mail: OSWER,Dockei@opa.gov.
• Mail: EPA Docket Center,


Environmental Protection Agency, Mail
Code: 3305'1', 1200 Pennsylvania Ave.,
NW., Washington, DC 20460.


n Hand Delivery: EPA Docket Center
(EPA/DC), Room 3334, EPA West
Building, 1301 Constitution Avenue
NW., Washington, DC 20460, Attention
Docket ID No, EPA-I-1Q-SFUND-2000-
0007. Deliveries are only accepted from
8:30 a.m. to 4:30 p.m., Monday through
Friday, exc:luding legal holidays.
Special arrangements should be made
for deliveries of boxed information.


Instructions: Direc:t your comments to
Doc:ket ID No. EPA-HQ-SFI iND-2009-
0007. EPA's policy is that al] comments
received will be included in the public:
docket without change and may he
made available online at htip://
www.reguIations,gov, including any
personal information provided, unless
the comment includes information
claimed to be Confidential Business
Information (CM) or other information
whose disclosure is restricted by statute.
Do not submit information that you
consider to be CBI or otherwise
protected by statute through littp:11
www.regalotions.gov or e-mail. The
hitp://www.regulations.gav Web site is
an "anonymous access" system, which
means EPA will not know your identity
Or contact information unless you
provide it in the body of your comment.
If you send an e-mail comment directly
to EPA, without going through http:11
www.regulations.gov, your e-mail
address will be automatically captured
and included as part of the comment
that is placed in thin public docket and
macle available on the Internet. If you
submit an electronic comment, EPA
recommends that you include your
name and other contact information in
the body of your comment laid with any
disk or CD-ROM you submit. ff EPA
cannot read your comment due to
technical difficulties and cannot contact
you for clarification, EPA may not be
able to consider your comment.
Electronic files should avoid the use of
special characters, any form of
encryption, and he free of any defects or
viruses.


Dockci: '1'h is Federal Register notice


and supporting document art ion are
available in a docket EPA has
established under Docket ill No. EPA-
HQ-SI:IND-2009-0007. All documents
in the docket are listed in the http.11
www,regulations.gov index. Although
listed in the index, some information is
not publicly available, e.g., CBI or other
information whose disclosure is
rostric:ted by statute. Certain other
material, such as copyrighted material,
will be publicly available only in hard
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copy. Publicly available docket
materials are available either
electronically in http:II
www.regulations.gov or in hard copy at
the OSWER Docket, EPA West, Room
3334, 1301 Constitution Avenue,. NW.,
Washington, 1X The Public Reading
R(10111 Is upail from 8:30 a.irt. t.U. 4:30
p.m.. Monday through Friday, excluding
legal holidays. The telephone number
for the Public Reading Room is (202)
513E-1744, and the telephone number for
the OSWER docket is (202) 566-0270.
FOR FURTHER INFORMATION CONTACT:


Offi,, or supurfund
ReinE:dial loll amt Technology
lnnovaLion,1200 Pennsylvania Avenue,
NW., Mail Code; 5204P, Washington,
DC 20460; by telephonetvoicemail at
(703) 603-8701: Fax: (702) 603-9112; or
via u-mailat berg.in rlermae pa .gov.


SUPPLEMENTARY INFORMATION:


Preliminary remediation goals (PROs)
generally are chemical-specific
concentration goals for specific media
(e,g., soil, sediment, water and air) and
land use combinations at CERCLA sites.
They are intended to serve as a point of
departure in the remedy selection
process and generally are used as a
target in conjunction with site-specific
information (e.g., exposure frequency)
during the initial development., analysis,
and selection of cleanup alternatives. As
discussed in the National Oil and
Hazardous Substances Pollution
Contingency Plan (NCP) (40 CFR
:100.430(e)(2)(i)) preliminary
remecliation goalsart: typically
developed from readily available
information. Preliminary remeditItififl
goals should be modified, as nec:essary,
when mire site-specific information
becomes available (e.g., exposure
frequency).


In May 2009, EPA Administrator Lisa
P. Jackson committed to accelerating the
Agency's work currently underway to
reassess the human health risks from
exposures la dioxin, EPA's Science Mon
for Activities Helated to Dioxins in the
Envituninent (http://cfpub.epo.gov/
ncoacfml
mconlisploy.cfrnMeld=209690) details a
plan. with interim milestones, for
completion of the Agency's dioxin
reassessment. fly i he end or 2010, EPA
expects to complete the dioxin
reassess Ment and release it to f he
public, subject to further consideration
of the science and the scope and
complexity of the revisions.


Several site-specific investigations
and decisions involving dioxin may
need toe he made before the dioxin
111;1S:4U:4SM:tit is rilla]i/C:d.
Administrator Jackson directed the
Office of Solid Waste and Emergency


Response (OSWER) to develop draft
recommended interim PRGs by the end
of 2009 that are informed by the best
available peer-reviewed science. The
recommended interim PRGs, when
finalized, will allow EPA to continue to
make progress on key site-specific
investigations and decisions while the
dioxin reassessment is on-going. Also,
development of the recommended
interim PROs at this juncture allows
EPA to include the dermal absorption
pathway of dioxin. The information to
estimate the dermal pathway was not
available when EPA last recommended
PROs for dioxin in soil in 1998.


OSWER reviewed the Agency's
current dioxin cleanup guidance and
related work by other entities, including
the states, other countries, and other
federal agencies with the goal of
developing guidance containing
recommended interim PROs informed
by the best available peer-reviewed
science. Once the recommended interim
PROs are finalized, they are intended to
he considered by EPA regions until the
Agency issues its final dioxin
reassessment; at that time, OSWER may
issue updated recommended PROs
based on [he Final dioxin reassessment.
After publication of the final dioxin
reassessment and any subsequent
updated PRO guidance, EPA regions
would then re-evaluate, as appropriate,
cleanup decisions at CERCLA sites to
ensure that cleanups are still protective.
Slates which apply the final
recommended interim PROS to RC:RA
sites may choose to re-evaluate, as
appropriate, cleanup decisions based on
the recommended interim PROs as won


The draft guidance presents current
OSWER technical and policy
recommendations regard ing PROs for
soil contaminated with dioxin. While
OSWER developed the draft guidance
for facility response actions under
CERCLA and RCRA corrective action,
other rep,ulaters, including the States,
may find it useful in their programs.
although they may choose to use
alternative assessments consistent with
their own programs and policies. In
addition, EPA rnav use and accept other
technically sound approaches after
appropriate review, either at its own
initiative or at the suggestion of other
interested parties. The draft guidance
does not impose tiny requirements or
obligations on EPA, [he Stales, other
Federal agencies, or the regulated
community. It is important to
understand that the draft guidance does
not substitute for statutes that EPA
administers or their implementing
regulations, nor is it a regulation itse I I'.
Thus, the draft guidance does not
impose legally binding requirements on


EPA, the States, or the regulated
community, and may not apply to a
particular situation based upon the
specific circumstances. Rather, the draft
guidance suggests approaches that may
Ian 05011 at. particular sites as
appropriate, given site-specific
circumstances.


In developing these draft
recommended interim PROs, OSWER,
EPA's Office of Research and
Development and other EPA offices
reviewed current soil cleanup levels and
dioxin toxicity values used by the states,
the U.S. Department of Health and
Human Services' Agency for Toxic
Substances and Disease Registry and
other countries (see docket 4EPA-HQ-
SFUND-2009-0907 for State Soil
Cleanup Levels far Dioxin and Review of
In 	 Soil Levels for Dioxin).
Based on this evaluation, OSWER
considered EPA's currently
recommended PROs for CERCLA and
RCRA sites (http://www.epa.gov/
superfuntitresources/rernedyIpdf192-
00420-s.pdfl, which are 1 ppb (parts per
billion) (or 1,000 ppt (parts per trillion))
fur dioxin toxicity equivalents (TEQs) '
in residential soil, and a level Within the
range of 5 ppb (or 5,000 ppt) and 20 ppb
(or 20,000 ppt) in commercial/inclusirial
soil, where exposure is due to direct
contact. Three key components of EPA's
current recommended PROs were re-
evaluated: available toxicity values,
generic exposure assumptions and the
cancer risk level.


These draft recommended interim
PROs are informed by the best available
peer-reviewed science, as well as the
work of stales and other agencies. Based
on a consideration of oral and dermal
exposures to dioxin, EPA has developed
the following draft recommended
interim PRGs for dioxin in soil: 72 ppt
for residential soil and 950 ppt for
commercial/industrial soil. EPA
believes that these draft recommended
interim PROs would generally provide
adequate protection against non-cancer
effects, and generally should protect
tigainst cancer effects al approximately
I he 1 E-05 risk level (1 in 190,000).
'l'hese recommended interim PROs are
within EPA's protective risk range of
1E-04 to 1E-06 (see 40 CFR
300.430(e)(2)(i)(A)), and are more
protective than the 1998 PROs,


in addition, consistent ).vi lb the NCP
(40 CFR 300.430(e)(2)(i)(A)), EPA is
considering (and requesting c:omment


Toxicity equivalents consider the toxicity of the
less toxic dioxin-like compounds ors fractions of that
toxirity of the most toxic compound (2,3,7,0-
TCDD). Each compound is attributed a specific
"Toxic Equivalency Factor' (TEE), This factor
indicates the tiogrec of toxictly rompontd lo 2,3,7,0•
TC013, whteh is given ie referenCOWLII LIT of
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on) an alternative. concentration of 3.7
ppi 'MCI in residenlial soil and 17 ppi
TkQ in tiornmercial/indusirial soil as
(frail	 allornini


(trail interim PRGs would be proteclive
for cancer and non-cancer effects and
are consistent with the NCP provision
for PRGs reflecting a 1E-06 risk level as
a point of departure for determining
romediation goals. OSWIiR notes that
PRCs based on a 1E-06 cancer risk level
would likely be within or possibly
below the average concentration of
dioxins in rural I I.S. soils. Generally, ii
is OSWER's policy not to clean below
background (for more infOrmation about
Ibis policy visit hit plIcfpub.opa.govl
ncea/CFM1
fecordisplay.clin?deid=150944).


Dated: December 30,3009,
Methy Stanislaus,


Assistant Administrator, Office of Solid Waste
(Ind Emergency fiespon6e.


[1 .R !too. 2010-16 Filed 1-6-10; 8:45 arnl


FALLING. CODE 55150-513-P


FEDERAL TRADE COMMISSION


Granting of Request for Early
Termination of the Waiting Period


Under the Premerger Notification
Rules


Section 7A of the Clayton Act, 15
IJ.S.C. 18a,	 itIded by Title H of the
Hart-Scott Rodin() Antitrust
improvements Act of 1976, requires
persons contemplating certain mergers
or acquisitions to give Ole Forleral Thide


Commission and the Assistant Attorney
General advance notice and to wait
designated periods before
consummation of such plans. Section
7A(b)(2) of the Act permits the agencies,
in individual cases, to terminate this
wailing period prior to its expiration
and requires that notice of this action be
published in the Federal Register.


The following transactions were
granted early termination of the waiting
period provided by law and the
premerger notification rules. The grants
were made by the Fedora] 'Trade
Commission and the Assistant Attorney
General for the Antitrust Division of the
Department of Justice. Neither agency
intends to take any action with respect
to these proposed acquisitions during
the applicable wailing period.


TRANSACTION GRANTED EARLY TERMINATION


ET date Trans No. ET req
status Party name


02-NC V-09 	 20100028 Campuware Corporation.
Gomez, Inc.
Gomez, Inc.


03-NOV-09 	 20100047 JAF Participacoes S.A.
Controlling Holding.
Controlling Holding.


20100052 H.I.G. Bayside Debt and LBO Fund II, L.P.
Dr, Rodolfo Gari and Mrs. Laurie Garr,
Business IT Solutions of Tampa, Inc.
Medical Billing Solutions, LLC.


G Sarasota Anesthesia Services, LLC,
Surgery Partners of Coral Gables, LLC.
Armenia Surgery Center, Inc.
APS of Merritt Island, LLC.
APS of Bradenton, LLC,
Anesthesia Professional Services, Inc.
Anesthesia Management Services, LLC.
Surgery Partners of Lake Mary, LLC.
Weschase Anesthesiology Professional Services, Inc.
Tampa Pain Relief Center, inc.
Surgery Partners, LLC,
Surgery Partners of Lake Worth, LLC.
Surgery Partners of Merritt Island, LLC.
Surgery Partners of Millenia, LLC.


G Surgery Partners of New Tampa, LLC,
Surgery Partners of Park Place, LLC.
Surgery Partners of Sarasota, LLC.
Surgery Partners of Westchase, LLC.
Surgery Partners of West Kendall, L.L.C.


20100057 Berkshire Hathaway Inc.
Capmark Financial Group Inc.
Capmark Capital Inc.
Capmark Finance Inc.


04-NOV-09 	 20100017 Rohm Co., Ltd.


20100053


Kionix, Inc,
Kionix, Inc,
Occidental Petroleum Corporation,
Citigroup Inc.


G Phibro, LLC.
05-NOV-09 	 20100058 Leucadia National Corporation.


Capmark Financial Group Inc.
G Capmark Capital Inc,


Capmark Finance Inc.
06-NOV-09 	 20100078 G Kok Thay Lim.


Empire Resorts, Inc.
Empire Resorts, Inc.


20100081 Carlyle Partners V L.P.
TA IX L.P.


HcinOnlinc -- 75 Fed. Reg. 986 21110








SDMS DocID 237189


Interim Final


Remedial Investigation
Centredale Manor Restoration Project


Superfund Site
North Providence, Rhode Island


Contract No. DACW33-01-D-0004
Delivery Order No. 01


Prepared for


U.S. EPA Region 1
1 Congress St., Suite 1100 (HBO)


Boston, MA 02114


and


U.S. Army Corps of Engineers
New England District


696 Virginia Road
Concord, MA 01742


Prepared by


Battelle
397 Washington St.


Duxbury,MA 02332


June 30, 2005







This page left blank intentionally.


11







EXECUTIVE SUMMARY


The United States Environmental Protection Agency (U.S. EPA) Region 1 and United States Army Corps
of Engineers (USAGE) New England District are conducting a Remedial Investigation and Feasibility
Study (RI/FS) for the Centredale Manor Restoration Project (CMRP) Superfund site located in North
Providence, Rhode Island. The main part of the site is located at 2072 and 2074 Smith Street (Route 44).
The CMRP site formerly was used for chemical manufacturing and drum recycling operations, and
currently is occupied by the Brook Village and Centredale Manor apartment complexes. The study area
also includes the 3-mile reach of the Woonasquatucket River from the Route 44 bridge immediately
upstream of the Brook Village apartment complex, downstream to the former Dyerville Dam. From north
to south, this reach of the river has four dammed impoundments: Allendale Pond, Lyman Mill Pond,
Manton Pond, and Dyerville Pond. The study area includes parts of three Rhode Island towns: North
Providence, Providence, and Johnston. This report presents the results of the Remedial Investigation (RI)
completed for the site. The purpose of the RI is to determine the sources, nature, and extent of contami-
nation at the site; characterize the fate and transport of contaminants; and evaluate potential human health
and ecological risks resulting from exposure to site-related contaminants. Human health and ecological
risks are evaluated separately in the Baseline Human Health Risk Assessment Report (BHHRA)
(MACTEC, 2004b) and the Baseline Ecological Risk Assessment Report (BERA) (MACTEC, 2004a).


The main part of the CMRP site, referred to as the source area, encompasses approximately nine acres.
Chemical manufacturing activities took place at the source area from approximately 1940 until the early
1970s. Potential historical sources of contamination include improper storage and disposal of chemicals
in drums, stockpiles and surface impoundments. It is believed that hexachlorophene was manufactured at
the site in approximately 1965. Hexachloroxanthene (HCX) and dioxin were byproducts of this process.
Other chemical processes also occurred and could be the source of other contaminants at the site. Chem-
icals that were potentially used on site were identified based on drum labels and included caustics, halo-
genated solvents, polychlorinated biphenyls (PCBs), and inks. The New England Container Company,
Inc. operated an incinerator-based drum reconditioning facility on a portion of the site from 1952 until the
early 1970s. Chemical residues were dumped or burned prior to drum reconditioning. Residues associ-
ated with drum reconditioning operations also may have been a source of dioxin and other chemicals at
the site. Evidence from historical photographs, state report files and geophysical testing suggests that
buried waste material may be present in several areas of the site.


In 1972, a fire destroyed most property structures. Brook Village was constructed in 1977 and Centredale
Manor was constructed in 1982. Dioxin was first identified in the area in 1996 in fish collected from the
Woonasquatucket River by the U.S. EPA. Since that time, elevated levels of contaminants including
dioxin (primarily 2,3,7,8-tetrachlorodibenzo-/7-dioxin [TCDD]), PCBs, volatile organic compounds
(VOCs), semivolatile organic compounds (SVOCs), and metals have been detected in various media
including soil, groundwater, sediment, surface water, and biota.


Contamination at the CMRP site is being addressed in two stages: immediate (removal) actions, and long-
term (remedial) actions. A time critical removal action (TCRA) for the source area floodplain soils was
conducted at the site in 1999-2000 to reduce the immediate threat to the health of residents on and near
the site. The major activities conducted under the TCRA included construction of two interim soil caps
and installation of fencing to restrict access to potentially contaminated areas. An Engineering Evalua-
tion/Cost Analysis (EE/CA) was performed in 2000 as the basis for a non-time critical removal action
(NTCRA). The NTCRA included reconstruction of the Allendale Dam and restoration of Allendale Pond,
and excavation of contaminated floodplain soils in eleven action areas on residential properties and recre-
ational access points along Allendale and Lyman Mill Ponds. Another TCRA was performed in 2003-
2004 to cap contaminated soils and sediments in the former tailrace on the east side of the source area.
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Several studies were conducted between 1997 and 2004 to characterize the nature and extent of contami-
nation in soil, groundwater, sediment, surface water and biota at the site. Indoor air screening was also
performed in both housing complexes at the site. Studies also were conducted to address U.S. EPA's
sediment management principles (U.S. EPA, 2002). A variety of contaminants have been detected in
source area soils, including dioxins, VOCs, PCBs, SVOCs, pesticides, and inorganic constituents. The
majority of the contaminated soils are in areas that are paved or capped. The mean dioxin toxic equiva-
lent (TEQ) concentration in source area soils was approximately 118 nanograms per kilogram (ng/kg).
The highest concentrations are found in surface soils beneath the interim soil caps. Dioxin concentrations
decrease with increasing depth, with only localized contamination found at depths of greater than 5 ft
below ground surface (bgs). Six VOCs have been measured at concentrations exceeding Rhode Island
Department of Environmental Management (RIDEM) direct exposure criteria for residential use soils.
PCB concentrations are highest in the central and southern parts of the source area, and in the upper 2 ft
of soil. The mean total PCB concentration in source area soils is approximately 0.29 milligrams per
kilogram (mg/kg). Aroclor 1254 was the most frequently detected PCB. Other detected contaminants in
soil were measured at lower concentrations or were not as widely distributed as dioxin and PCBs.


Groundwater contamination at the CMRP site is not pervasive or widespread. Concentrations of VOCs
were below RIDEM GB groundwater criteria except for trichloroethylene (TCE) and tetrachloroethylene
(PCE) in samples from one well in the Brook Village parking lot and PCE in two other wells. VOC
concentrations generally decreased from 2001 to 2002. Trace levels of other contaminants (e.g., phenols
and dioxin) have been detected in some groundwater samples. Dioxin has been detected at high concen-
trations (> 1,000 picograms per liter [pg/L]) in the well with the elevated PCE and TCE concentrations in
the Brook Village parking lot; the dioxin appears to have been mobilized by the solvents. This plume of
VOC-contaminated groundwater appears to discharge into the Woonasquatucket River along
approximately 50 ft of its east bank. It is not known whether dioxin is discharging to the river in the
VOC plume. Groundwater discharging to Allendale Pond at the south end of the source area contains low
levels of VOCs.


The mean dioxin TEQ concentrations in Allendale and Lyman Mill Pond sediments were approximately
972 ng/kg and 491 ng/kg respectively. Sediment dioxin concentrations decrease in a downstream direc-
tion, hi Allendale and Lyman Mill Ponds, mean dioxin concentrations are highest in the uppermost 1 ft
of sediment. Mean concentrations of other chemicals (e.g., PCBs and pesticides) also were highest in
Allendale Pond sediments. Radiometric age-dating results indicate that no significant dioxin
contamination is found in sediments deposited prior to 1940, and maximum concentrations generally
correspond to sediments deposited between about 1950 and 1970. Dioxin concentrations are lowest in
samples with less than 20% silt+clay and less than 3% total organic carbon (TOC). Dioxin and other
hydrophobic organic compounds tend to adsorb to fine-grained sediment particles and organic material.
Additional data collection is in progress to better define the horizontal and vertical distribution of dioxin
and other contaminants of concern (COCs) in Lyman Mill Pond.


An environmental forensics review of sediment chemistry data for chlorinated organic compounds
suggests that different contaminants may have had different release histories and transport mechanisms.
Dioxin (primarily 2,3,7,8-TCDD) and HCX contamination in sediment extended from the source area
downstream to approximately half of the sampling locations downstream of Manton Dam. 2,3,7,8-TCDD
and HCX concentrations in sediment are significantly higher in the reaches of the river adjacent to and
downstream of the CMRP site relative to upstream background concentrations. The mean dioxin
concentration in Allendale Pond sediment was higher than the mean concentration in source area soils.
Elevated concentrations of PCBs and pesticides in sediment do not appear to extend as far downstream as
dioxin and HCX. PCB and pesticide concentrations in sediment generally were not significantly higher
than upstream background concentrations below Allendale Dam. These differences could arise from
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differences in timing, location, and magnitude of the original releases, and in subsequent transport
mechanisms.


HCX and dioxin are believed to be primarily derived from a hexachlorophene manufacturing process,
which took place on the CMRP site for a relatively short period of time in the mid-1960s. If these
byproducts were contained in waste that was directly discharged to the Woonasquatucket River, then
dioxin and HCX could have been carried downstream in the water column adsorbed to suspended
sediment particles. Source area contaminants (e.g. dioxins, HCX, PCBs, and pesticides) probably mostly
entered the river via surface runoff and erosion and transport of contaminated soils from the source area.
These transport mechanisms would have operated for a longer period of time (throughout the duration of
waste-related activities on the CMRP site, until contaminated source area soils were capped). Persistent
organic contaminants entering the river via surface runoff and erosion from the source area are expected
to be more readily attenuated by sediment particles and organic matter in Allendale Pond.


The most important potential transport mechanism currently affecting the CMRP source area is leaching
of contaminants from soil to groundwater. The soil caps and paved surfaces currently prevent the erosion
and runoff of contaminated soils. A teachability evaluation indicated that except in the vicinity of the
Brook Village parking lot, leaching does not appear to be a major pathway of concern. However, PCE
and TCE in soil and groundwater beneath the Brook Village parking lot adjacent to the Woonasquatucket
River may be mobilizing dioxin. Additional investigation is in progress to determine whether this is a
significant transport pathway for dioxin.


Because of the hydrophobic and persistent nature of the primary COCs (dioxin and PCBs), sediment
resuspension and downstream transport are the most important potential transport pathways in the
Woonasquatucket River. A sediment stability evaluation of Allendale and Lyman Mill Ponds indicated
that during a rare flood (i.e., 100-year return period), significant scour (i.e., more than about 1 cm of
erosion) will occur over less than 5 percent of the bed area in Allendale Pond. Erosion will generally
occur in the northern portion of the pond, near the upstream inlet. Significant scour will occur over a
larger area in Lyman Mill Pond, with up to 10 to 15 percent of the Lyman Mill Pond bed experiencing
significant scour. Scour would generally occur in the northern portion of Lyman Mill Pond, with maxi-
mum erosion near the upstream inlet. Sediment eroded in the upstream portion of each pond during a
flood will be transported downstream by river currents. A portion of the eroded sediment is likely to be
redeposited within the pond where current velocities tend to decrease. Additional data collection is in
progress to reduce uncertainty and refine the sediment stability study conclusions.


Analysis of surface water data from 1999 suggests that minimal net export of dioxin from the two ponds
occurs during low-flow, non-resuspending conditions. The water column load of dioxin entering the
study area (i.e., the background load) is approximately equal to the load over Lyman Mill Dam during
low-flow periods. Additional data collection is in progress to verify this hypothesis.


Bioaccumulation is a significant transport pathway for transfer of contaminants from lower trophic level
organisms into upper trophic level organisms. Compounds with a tendency to bioaccumulate are taken up
by plants, invertebrates, and fish, and are transferred through aquatic food webs. Wildlife species that
consume these lower trophic level organisms are also exposed to site-related contaminants. Humans are
also exposed to the contaminants through ingestion of fish and other aquatic organisms.


Vertical dioxin profiles in sediment cores indicate that natural recovery (i.e., burial of contaminated
sediment by cleaner sediment) may be occurring in some areas of the ponds, but not in others. A natural
recovery trend is not expected to be apparent in the ponds at this point in time because contaminated soils
in the source area were not completely capped until 2004 and post-depositional processes (e.g. bioturba-
tion and resuspension) continue to mix surface and subsurface sediment. Radiometric age-dating results
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indicate that the average sediment accumulation rate in Allendale Pond is approximately 0.5-0.8 cm/year.
Results from a single core from Lyman Mill Pond indicate an average sediment accumulation rate of
about 0.3 cm/year.


Overall, findings from the BERA indicate that the greatest ecological risks at the site are associated with
exposure to sediments, which pose a bioaccumulation hazard. Sediments in Allendale and Lyman Mill
Ponds pose a greater risk than those downstream of Lyman Mill Dam. The primary exposure pathway to
ecological receptors is ingestion of contaminated prey. The benthic macroinvertebrate communities that
reside in impoundments upstream of dams and fish populations are at substantial risk of harm due to
exposure to site-related contaminants in surface water, sediment, and tissue. Mammal and bird popula-
tions may be at substantial risk of harm due to exposure to site-related contaminants in surface water,
sediment, floodplain soil (insect-eating mammals and birds only), and prey. Consumption of contami-
nated prey by mammal and bird populations may result in elevated tissue residues in these receptors
resulting in adverse reproductive effects (i.e., bioaccumulation hazard). Chemicals that contribute to
ecological risk include dioxins/furans; coplanar PCBs; Aroclor 1254; total Aroclors; 4,4'-DDD; 4,4'-
DDE; technical chlordane; aluminum; arsenic, barium; cadmium, selenium; vanadium; and zinc. The
concentrations of the predominant risk contributors (e.g., dioxin) in tissue are directly related to
corresponding sediment concentrations.


Results from the BHHRA indicate that study areas downstream of the CMRP site have higher cumulative
lifetime risks (i.e., cancer risks) and hazards (i.e., non-cancer risks) compared with the background and
reference areas. Human health risks associated with exposure to aquatic biota, surface water and
sediment are higher in Allendale and Lyman Mill Ponds than in areas downstream of Lyman Mill Dam.
Cancer and non-cancer risks from exposure to surface soil at the Fogarty Center on the southeast side of
Lyman Mill Pond are below the U.S. EPA levels of concern.


Incremental cancer risks (i.e., risks above background) for current and future residents and visiting recre-
ational anglers from the consumption of fish are above the U.S. EPA Superfund risk range at Allendale
Pond, Lyman Mill Pond, Manton Pond, and Dyerville Pond (reasonable maximum exposure [RME] and
central tendency exposure [CTE]). Incremental cancer risks from exposure to surface water also
exceeded the U.S. EPA Superfund risk range in all four exposure areas (RME in all areas and CTE for
Allendale residents only). Risk estimates for the surface water direct exposure pathway currently are
being refined. Incremental cancer risks from direct exposure to sediment exceeded the U.S. EPA
Superfund risk range for Allendale residents only (RME only). Incremental non-cancer risks for residents
and visiting recreational anglers from the consumption of fish are above the U.S. EPA Superfund Hazard
Index (HI) benchmark of one at Allendale Pond, Lyman Mill Pond, and Dyerville Pond (RME and CTE).
Non-cancer risks from fish consumption exceeded the U.S. EPA Superfund benchmark value for residents
in the Manton Pond area (CTE only). Non-cancer risks associated with exposure to surface water and
sediment were below the U.S. EPA Superfund benchmark value. Human health contaminants of concern
are dioxins/furans; coplanar PCBs; Aroclor 1254; Aroclor 1268; 4,4'-DDE; dieldrin; technical chlordane;
benzo(a)pyrene; dibenz(a,h)anthracene, n-nitroso-di-n-propylamine; arsenic; and methylmercury.


Preliminary remediation goals will be developed for pathways and contaminants that were found to be
associated with unacceptable ecological and human health risks at the CMRP site. As summarized above,
additional data collection is in progress to address important uncertainties identified in the RI and refine
the conceptual site model. This information will be incorporated into the Feasibility Study (FS) of
remedial alternatives for the CMRP site.
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1.0 INTRODUCTION


The United States Environmental Protection Agency (U.S. EPA) Region I and U.S. Army Corps of
Engineers (USAGE) New England District are conducting a Remedial Investigation and Feasibility Study
(RI/FS) for the Centredale Manor Restoration Project (CMRP) Superfund site located in North
Providence, Rhode Island. The main part of the site is located at 2072 and 2074 Smith Street (Route 44)
(Figures 1-1 and 1-2). The CMRP site formerly was used for chemical manufacturing and drum recycling
operations, and is currently occupied by the Brook Village and Centredale Manor apartment complexes.
The site also includes free-flowing reaches and impoundments of the Woonasquatucket River adjacent to
and downstream from the site. This report presents the results of the Remedial Investigation (RI) com-
pleted for the site. The RI was completed following Guidance for Conducting Remedial Investigations
and Feasibility Studies Under CERCLA (U.S. EPA, 1988), and the final RI/FS Work Plan for the site
(Battelle, 2003b).


1.1 Purpose of Report


The purpose of the RI is to determine the sources, nature, and extent of contamination at the site; charac-
terize the fate and transport of contaminants; and evaluate potential human health and ecological risks
resulting from exposure to site-related contaminants. Human health and ecological risks are evaluated
separately in the Baseline Human Health Risk Assessment Report (BHHRA) (MACTEC, 2004b) and the
Baseline Ecological Risk Assessment Report (BERA) (MACTEC, 2004a). Results of the BHHRA and
BERA are summarized in this report.


The Feasibility Study (FS) will evaluate risk management strategies and remedial alternatives for
contamination that is found to pose an unacceptable risk to human health or the environment. The FS
also will evaluate the long-term effectiveness of time critical and non-time critical removal actions
(TCRA and NTCRA) previously performed at the CMRP site to determine whether additional action is
needed to achieve a permanent remedy.


The results of the RI/FS will be used to formulate a Proposed Plan for the site. The Proposed Plan will
recommend remedial actions that will result in overall protection of human health and the environment,
fulfill the requirements of CERCLA, be acceptable to all stakeholders, and satisfy the guidelines in U.S.
EPA's Principles for Managing Contaminated Sediment Risks at Hazardous Waste Sites (U.S. EPA,
2002).


1.2 Report Organization


This report is organized in eight sections and five appendices. Section 1.0 is an introduction and
describes the site history and previous investigations performed at the CMRP site. A summary of activi-
ties conducted to support the RI is presented in Section 2.0. Physical characteristics of the study area are
described in Section 3.0. Contaminant sources and the nature and extent of contamination in soil, ground-
water, sediment, and surface water are discussed in Section 4.0 (contaminant data for biota are presented
in detail in the BHHRA and BERA reports). Contaminant fate and transport are discussed in Section 5.0.
Results from the BHHRA and BERA are summarized in Section 6.0. An integrated conceptual site
model (CSM) is presented in Section 7.0. References are provided in Section 8.0.


Appendices A through E contain information used to support the RI. Appendix A describes data manage-
ment and analysis procedures. Appendix B provides a comprehensive list of samples and associated
analytical parameters used in the RI. Appendix C contains statistical summaries of chemical concentra-
tions in various site media. Appendix D presents graphic logs of sediment cores collected at the site.
Appendix E provides an environmental forensics review of soil and sediment data.
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1.3 Site Background


A general description of the CMRP site and a summary of the site history are provided below.


1.3.1 Site Description


The study area for the CMRP site includes the 3-mile reach of the Woonasquatucket River from the
Route 44 bridge immediately upstream of the Brook Village apartment complex, downstream to the
former Dyerville Dam (Figure 1-1). This area corresponds to the study area evaluated in the BHHRA and
BERA. From north to south, this reach of the river has four dammed impoundments: Allendale Pond,
Lyman Mill Pond, Manton Pond, and Dyerville Pond (only pilings remain of the former Dyerville Dam,
which apparently failed in the 1990s). These impoundments are connected by free-flowing channel
reaches below each dam. Allendale Dam breached in 1991, reducing the surface water level in Allendale
Pond. The dam breached again in 2001, exposing most of the Allendale Pond bottom adjacent to resi-
dential properties along the eastern bank of the pond. In early 2002, Allendale Dam was reconstructed
and Allendale Pond was restored to its pre-1991 elevation as part of a NTCRA (the NTCRA is discussed
further in Section 1.4). Greystone Mill Pond, the reach of the Woonasquatucket River upstream of the
Route 44 bridge, was used as a background area for the RI. Assapumpset Brook, which is a tributary of
the Woonasquatucket River, was used as a reference area.


The main part of the site, generally referred to as the source area, encompasses approximately nine acres
and comprises parking lots, roadways, and the Centredale Manor and Brook Village apartment complexes
(Figure 1-2). The source area is bounded on the north by Route 44, on the south by Allendale Pond, on
the west by the Woonasquatucket River, and on the east by commercial and residential properties along
Route 44. Three interim soil caps have been constructed over contaminated soils in the source area: one
to the south of the Centredale Manor south parking lot (Cap Area #1), one to the west of the Centredale
Manor building (Cap Area #2), and one in the former tailrace (drainage channel) east of the Centredale
Manor building (Cap Area #3). These soil caps are discussed further in Section 1.4.


The land use on the east side of the Woonasquatucket River in the vicinity of the CMRP site in North
Providence, RI is primarily residential, with some commercial and light industrial properties. The
western side of the river in Johnston, RI is characterized by mixed residential, commercial, and industrial
use. The North Smithfield wastewater treatment plant is located upstream from the site, in the Greystone
Mill Pond area. The Woonasquatucket River was recognized within the larger Blackstone River drainage
as one of fourteen American Heritage Rivers in 1998, and is currently the focus of urban revitalization
and watershed restoration efforts. Future land use in the area is not expected to change significantly.


Groundwater in the vicinity of the site and surface water from the Woonasquatucket River are not used as
drinking water sources. Groundwater is classified as Class GB, which is defined as "may not be suitable
for drinking water use without treatment due to known or presumed degradation" (Rhode Island Depart-
ment of Environmental Management [RIDEM], 1996). RIDEM water quality regulations designate the
reach of the river in the vicinity of the CMRP site as a Class Bl water body, which is defined as follows:


"Designated for primary and secondary contact recreational activities and fish and wildlife
habitat. They shall be suitable for compatible industrial processes and cooling, hydropower,
aquacultural uses, navigation, and irrigation and other agricultural uses. These waters shall
have good aesthetic value. Primary contact recreational activities may be impacted due to
pathogens from approved wastewater discharges."


A fish consumption advisory was issued by Rhode Island Department of Health (RIDOH) and U.S. EPA
in 1999 for dioxin and mercury. This advisory was updated in 2003. The reach of the river that includes
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the site is listed as an impaired water body under Section 303(d) of the Clean Water Act. Impairment has
been attributed to pathogens, metals (cadmium, lead, copper, and mercury), polychlorinated biphenyls
(PCBs), dioxins, excess algal growth, and low dissolved oxygen (DO). RIDEM has initiated a Total
Maximum Daily Load (TMDL) study for the river, which will lead to the development of TMDLs for the
watershed.


1.3.2 Site History


A chronology of activities at the CMRP site is provided in Table 1-1. In the 1800s, numerous textile
mills were constructed along the Woonasquatucket River banks to harness the streamflow to drive
machinery. Dams were set in place to pond water near a headrace, a canal that directed water through a
water wheel to power mill machinery. Ponds were formed behind the Allendale and Lyman Mill Dams,
adjacent to the former Allendale and Lymansville Mills.


Prior to 1936, the CMRP site was occupied by Centredale Worsted Mills, a woolens mill, and the
Olneyville Wool Combing Company. The Atlantic Chemical Company began operating on the property
in approximately 1943. Atlantic Chemical Company changed its name to Metro Atlantic, Inc., and
subsequently to Crown-Metro, Inc. Chemical manufacturing operations on the site continued until the
early 1970s. The mill complex buildings were located at the north end of the site, north of the existing
Centredale Manor building and north parking lot (Figure 1-3).


Trichlorophenols were shipped to the site, where it is believed that Metro Atlantic manufactured hexa-
chlorophene in approximately 1965. Hexachloroxanthene (HCX) and dioxin are byproducts of this
process (Archer and Crone, 2000). The building where this process is believed to have taken place was
located on the east bank of the Woonasquatucket River, in what is now the Brook Village parking lot
(Figure 1 -3). The New England Container Company, Inc. operated an incinerator-based drum recondi-
tioning facility on a portion of the site from 1952 until the early 1970s. Chemical residues were believed
to have been dumped or burned prior to drum reconditioning. The drum reconditioning facility was
located at the south end of the mill complex, immediately north of the Centredale Manor north parking lot
(Figure 1-3).


Prior to about 1940, the Woonasquatucket River flowed along the east side of the CMRP site, in the loca-
tion of the former tailrace (LEA, 2002c). After about 1940, the majority of the river flow was diverted to
the west side of the site. Between 1939 and 1951, the north end of tailrace was filled and it no longer
flowed continuously, although surface water was present throughout the rest of the tailrace. During the
1960s and '70s, the tailrace was vegetated and appeared to receive some surface drainage from the site.


In 1972, a fire destroyed most of the structures on the property. Brook Village was constructed in 1977
and Centredale Manor was constructed in 1982. From 1970 to 1986, RIDEM conducted or supervised
several investigations of the source area. RIDEM representatives observed hundreds of drums at the site,
some of which were visibly smoking. In 1982, RIDEM directed the disposal of approximately 400 drums
and 6,000 cubic yards of contaminated soil, which were removed from the site. Chemicals that were
potentially used on site were identified based on drum labels and included caustics, halogenated solvents,
PCBs, and inks. Evidence from historical photographs, state report files and geophysical testing suggests
that buried waste material still may be present in several areas of the site (results of the geophysical
surveys are discussed further in Section 1.4).


Evidence of improper waste disposal activities at the source area is documented in an analysis of histor-
ical aerial photographs conducted by the U.S. EPA Office of Research and Development (U.S. EPA,
2000). U.S. EPA analyzed thirteen sets of black-and-white historical aerial photographs taken from 1939
to 2000 to assess landscape morphology, patterns of hazardous waste disposal, and other discernible
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activities and conditions of environmental significance at the source area. Results from the study showed
evidence of waste disposal activities dating back to 1951, including presence of drums, stained soils,
grading scars, evidence of solid and liquid waste materials, mixtures of solid waste and drums, and sur-
face impoundments. These features were concentrated in the central and southern parts of the site. The
historical aerial photographs show evidence of drainage leading away from waste disposal areas to the
west into the Woonasquatucket River, and to the east towards the tailrace along the eastern boundary of
the site.


The most significant waste disposal activities, in terms of volume and spatial extent, were observed from
1962 through 1970. Annotated photographs from 1965 and 1970 are provided as Figures 1-4 and 1-5.
Environmentally significant features observed from this time period included possible and probable
drums, staining, solid and liquid wastes, mixtures of solid waste, and drums. In particular, an apparent
waste disposal area is evident at the southwest edge of the site, in the area now occupied by the
Centredale Manor south parking lot and Cap Area #1. The 1970 photo shows an impoundment in the
central part of the site, which appears to drain into the tailrace in the area now occupied by the Centredale
Manor north parking lot.


By 1979, waste-related activities appeared to cease and sparse vegetation was observed across the
previously disturbed areas. Even so, historical photographs from 1981 to 1995 suggest that some waste
material may still be present in the source area, as evidenced by possible seepage, moist soil, one area of
standing liquid, and several areas of sparse vegetation. The U.S. EPA study (2000) also estimated that by
2000 approximately 86% of the areal extent of wetlands in the vicinity of the site had been lost (i.e.,
2.6 hectares) compared to 1951 conditions.


Dioxin was first identified in the Woonasquatucket River in 1996 in fish collected by the U.S. EPA as
part of a water quality investigation (U.S. EPA, 1996 and 1998b). Since that time, elevated levels of con-
taminants including dioxins (primarily 2,3,7,8-tetrachlorodibenzo-/?-dioxin [TCDD]), furans, polychlori-
nated biphenyls (PCBs), volatile organic compounds (VOCs), semivolatile organic compounds (SVOCs),
and metals have been detected in various media including soil, groundwater, sediment, surface water, and
biota at the site. In 1999, U.S. EPA constructed two interim soil caps in the source area and fenced con-
taminated areas to reduce the immediate risk from exposure to contaminated soils at the site. The site was
listed on the National Priorities List (NPL) in 2000.


1.4 Previous Investigations and Site Actions


Investigations conducted at the CMRP site prior to the RI are summarized in Table 1-2. This table identi-
fies the types of samples collected at the site and the original use of the data. These studies included the
initial investigations to establish and confirm the presence of contamination at the site, and to support
TCRA and NTCRA activities. Studies conducted to support the development of long term (remedial)
actions in the RI/FS are discussed in Section 2.0. All relevant site data were integrated in the RI to
evaluate the nature and extent of contamination,


U.S. EPA conducted a number of investigations at the site, including an initial investigation of the
Woonasquatucket River in 1996 and an expanded site inspection in 1998 (U.S. EPA, 1996; Roy F.
Weston, 1999a). Additional site investigations were performed between 1999 and 2002 to better define
the distribution and concentrations of dioxin and other site-related contaminants in soil at the source area
and residential properties adjacent to the site, and sediment in Allendale Pond. Contaminants detected in
source area soils include dioxins, furans, PCBs, chlorinated and aromatic VOCs, polycyclic aromatic
hydrocarbons (PAHs), and various metals.
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Drinking water samples from several locations and indoor air samples from Brook Village and Centredale
Manor also were collected. Results from these studies indicated that short-term removal actions were
needed to minimize exposure to contaminated soils in some areas, and to prevent erosion and transport of
contaminated soils into the Woonasquatucket River. Drinking water, indoor air, and soils in recreational
use properties adjacent to the site were found to pose no human health risk.


The indoor air survey targeted areas in the Brook Village and Centredale Manor apartment buildings
where VOCs have the greatest potential to migrate from the soil to the indoor air environment, such as
floor drains, utility conduits, and elevator shafts, as well as the breathing zone in living areas (the build-
ings do not have basements). The initial screen used a non-specific organic/inorganic vapor and gas
monitor using both flame ionization and photoionization detectors. VOC concentrations did not exceed
outdoor ambient levels except at three locations in Centredale Manor and two locations in Brook Village.
Air samples were collected from these locations using Summa™ canisters; these samples were analyzed
with gas chromatography/mass spectroscopy (GC/MS) following U.S. EPA standard operating proce-
dures (U.S. EPA, 1999a). The GC/MS sample results indicated that VOC migration into the buildings at
the points where the samples were collected was insignificant.


Geophysical surveys were conducted in the source area in February and April 1999 to determine whether
any buried waste material was present in the source area (Roy F. Weston, 1999b). The initial survey in
February 1999, which relied on electromagnetic (EM) survey techniques, identified 44 anomalies. A
follow-up survey was undertaken in April 1999 using EM methods and ground-penetrating radar (GPR)
to better define the most significant anomalies and complete surveys in areas that had not been covered in
the initial investigation.


Thirteen significant undetermined EM anomalies were identified in the April 1999 survey. In some cases,
these appeared to be buried cultural features such as subsurface utilities. Anomalies beneath the Brook
Village parking lot and Cap Area #2 were interpreted to be stratigraphic features (i.e., paleochannels).
The origin of a dipping structure identified underneath the Centredale Manor north parking lot was
undetermined; it was interpreted as possibly alluvial or anthropogenic (i.e., fill or construction-related).
Anomalies beneath the south end of the Centredale Manor south parking lot were interpreted as having
the highest potential for containing buried bulk metallic materials (Figure 1 -3). The approximate lateral
extent of this area is 80 ft in a north-south direction by 120 ft in an east-west direction.


1.4.1 1999-2000 Time Critical Removal Action


A TCRA was conducted at the CMRP site in 1999 and 2000 to reduce the immediate human health threat
to residents on and near the site. Pre-removal and post-removal action maps are provided in Figure 1-6.
The major activities conducted under the TCRA included the following:


• Construction of fencing in the source area and in residential areas adjoining Allendale Pond
to restrict access to potentially contaminated areas.


• Construction of an interim protective cap (Cap Area #1) in a formerly wooded area immedi-
ately south of the Centredale Manor parking lot. This area was prone to flooding and had
some of the highest concentrations of dioxin and PCBs in surface soil at the site. Contami-
nated soils were capped with intermediate cover material (6 inches minimum thickness), a
geotextile liner, and approximately 12 inches of final cover material. The uppermost layer
consists of 4 inches of loam and a vegetative cover.


• Construction of a second interim cap (Cap Area #2) between the Woonasquatucket River and
the Centredale Manor building. This area also was prone to flooding and contained elevated
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concentrations of dioxin in surface soils. Contaminated soils were capped with a geotextile
fabric liner, 6 inches of sand fill, and 12 inches of common fill. The uppermost layer consists
of loam and a vegetative cover. A flood control berm was constructed along the western edge
of the cap to reduce erosion (Figure 1-7).


• Placement of riprap along the eastern bank of the Woonasquatucket River from the Brook
Village apartments to the south end of Cap Area #1 to isolate contaminated bank soils and
reduce erosion (see Figure 1-7).


The rationale for the TCRA is provided in a U.S. EPA Region I Action Memorandum, dated May 4,
1999, as amended September 13,1999 and June 1, 2000. The purpose of the interim caps is to minimize
human exposure to contaminated soils and prevent soil erosion and runoff into the Woonasquatucket
River. Evaluation of protectiveness from exposure to those contaminated soils and of the integrity of the
interim caps, riprap, and existing pavement at the site will be included in the FS as part of the process of
selecting components of the permanent remedy.


1.4.2 2002 Non-Time Critical Removal Action


An Engineering Evaluation/Cost Analysis (EE/CA) was performed in 2000 as the basis for a NTCRA
(Tetra Tech NUS Inc. [TTNUS], 2000a). The EE/CA included a streamlined human health risk assess-
ment and screening ecological risk assessment (ERA). The streamlined human health risk assessment
identified potential risks to residents and recreational users of the pond banks along the Allendale and
Lyman Mill Ponds from exposure to site-related chemicals. Dioxin (2,3,7,8-TCDD) was identified as the
primary risk driver, and an action level of 1,000 nanograms per kilogram (ng/kg; equivalent to 1 micro-
gram per kilogram [(ig/kg] or 1 part per billion [ppb]) dioxin as a toxic equivalency quotient (TEQ) was
selected as the action level for the NTCRA based on the U.S. EPA Office of Solid Waste and Emergency
Response (OSWER) Directive 9200.4-26 (Approaches for Addressing Dioxins in Soil at CERCLA and
RCRA Sites, April 13, 1998). This action level represents the recommended starting point for soil
cleanups based on a residential exposure scenario.


The objectives of the NTCRA were to (1) mitigate an unacceptable human health risk from soil contami-
nated with dioxin and other co-located chemicals on residential and recreational use properties on the
Woonasquatucket River floodplain between Route 44 and the Lyman Mill Dam, and (2) minimize further
downstream migration of contaminated river sediment from Allendale Pond. The NTCRA included the
following elements:


• Reconstruction of the Allendale Dam and restoration of Allendale Pond to prevent further
downstream migration of sediment-bound contaminants. This action was largely imple-
mented in early 2002. Waste materials and timber cribbing from the former Allendale Dam
were shipped to Canada and incinerated. The restored dam is shown in Figure 1-8.


• Delineation and excavation of contaminated floodplain soils in eleven action areas on
residential properties and recreational access points along Allendale and Lyman Mill Ponds
to minimize exposure to site-related contaminants. Approximately 100 cubic yards of soil
were excavated and transported offsite for disposal. No post-excavation sampling was
conducted. Restoration of the remediated areas was implemented in 2003 by replacing
topsoil and reestablishing the vegetative cover. NTCRA excavation areas are shown in
Figures 1-9 and 1-10.


Details regarding the NTCRA are contained in an Action Memorandum dated January 18,2001 (U.S.
EPA, 200 Ic) and the Completion of Work Report (LEA, 2005).
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1.4.3 2003-2004 TCRA


Another TCRA was performed in 2003-2004 to minimize potential erosion and downstream transport of
contaminated soils and sediments in the former tailrace on the east side of the source area (Figure 1-2).
The TCRA activities included soil grading within the tailrace, construction of a permeable protective cap
over contaminated soils and sediments, installation of a precast modular stormwater control structure at
the terminus of a storm drain at the north end of the tailrace, and construction of a drainage swale along
the length of the capped area (LEA, 2003). Some tailrace soils were excavated and placed under the
protective cap. The majority of the tailrace is capped with a cellular confinement system consisting from
the bottom up of approximately 6 inches of sand, a geotextile fabric, and a 6-inch-thick cellular confine-
ment system filled with and covered by 1.5-inch aggregate material. A soil cap consisting of geotextile
fabric covered by 20 inches of bank run gravel and 4 inches of loam was constructed at the north end of
the tailrace. The TCRA did not include collection and analysis of soil samples. Details regarding the
TCRA are provided in a Completion of Work Report (LEA, 2004).
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2.0 REMEDIAL INVESTIGATION ACTIVITIES


This section describes activities conducted to support the RI of the CMRP site. Data have been collected
to characterize the nature and extent of contamination in soil, groundwater, sediment, and surface water at
the site; better understand contaminant fate and transport processes; and support the BHHRA and BERA.
Results from these data collection activities were used in conjunction with previously-collected data to
complete the RI. Table 2-1 summarizes Rl-related investigations. All soil, groundwater, sediment, and
surface water samples that were used to characterize the nature and extent of contamination in the RI are
considered in Section 4.0. The majority of the data from these studies were validated prior to inclusion in
the project database. Sample location maps for each medium showing combined sample locations from
all studies are provided in Section 4.0. RI sample collection and data analysis activities are described
further below.


2.1 U.S. Geological Survey Vapor-to-Water Diffusion Survey


In the fall of 1999, the U.S. Geological Survey (USGS) conducted a study to characterize the discharge of
VOC-contaminated groundwater from the source area to the Woonasquatucket River, former tailrace, and
cross-channel at the south end of the source area using more than 100 water-to-vapor diffusion samplers
(USGS, 2000a). The samplers consisted of 40-mL, uncapped glass bottles secured inside two poly-
ethylene bags with cable ties. Samplers were manually placed 6 to 10 inches deep in channel sediments
with the bottle opening facing downward. Organic vapors from VOCs in the water or saturated sediments
diffused into the bottle through the polyethylene. The samplers were deployed for two weeks, which was
sufficient time for VOCs inside and outside of the bags to equilibrate. Upon retrieval, the outer bag of
each sampler was removed and the cap was immediately screwed onto the bottle over the inner bag.
Vapor samples were analyzed onsite for VOCs. Target compounds were benzene, chlorobenzene, ethyl-
benzene, tetrachloroethylene (PCE), trichloroethylene (TCE), toluene, and xylenes. Sample results were
used to provide information about potential discharge areas of contaminated groundwater. Study results
are summarized in Section 4.3.


2.2 1999-2000 Woonasquatucket River Investigations


A sampling and analysis program was conducted in the Woonasquatucket River in 1999 and 2000 to
determine the nature and extent of contaminants on residential use properties adjacent to the river, and in
river sediment and water. Details of the Woonasquatucket River investigations are provided in the
Technical Memorandum, Woonasquatucket River Sediment Investigation (TTNUS, 2000b) and Manton
and Dyerville Reaches Sediment Sampling (TTNUS, 2001) and are summarized below. Results of these
studies are incorporated into Section 4.0.


2.2.1 1999 Woonasquatucket River Investigation


Residential soil, sediment (bank and river), and surface water samples were collected between Route 44
and Lyman Mill Dam from October through December 1999 (TTNUS, 2000b). A total of 62 residential
lots abutting the Woonasquatucket River were sampled within the 100-year floodplain. Generally, at each
lot, three surface (0-1 ft) soil samples were collected along a line perpendicular to the pond or river with
the first sample collected nearest the water, and the remaining two samples were collected along the line
and generally upgradient in the direction of the residential property. All samples were analyzed for
dioxins/furans and HCX. One sample from each lot, located closest to the water body, also was analyzed
for PCBs, pesticides, SVOCs, and metals.


Bank sediment samples were collected at eight stations, with three samples at each station. Two of the
stations were located upstream of the Route 44 bridge, and the remaining six stations were located
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downstream of the source area south to Lyman Mill Dam. Surface (0-0.5 ft) sediment samples were
analyzed for dioxin/furans, HCX, PCBs, pesticides, and SVOCs.


River sediment samples were collected from 50 stations located in depositional areas along the study area.
At each of these stations, surface (0-0.5 ft) sediment was collected and analyzed for dioxins/furans, HCX,
PCBs, pesticides, SVOCs, metals, acid volatile sulfides and simultaneously extracted metals (AVS/SEM),
total organic carbon (TOC), and grain size distribution. Subsurface sediment samples (0.5-2 ft and 2-4 ft
depth intervals) were collected from 15 of the 50 stations and analyzed for dioxin/furans, HCX, PCBs,
pesticides, SVOCs and metals.


Surface water samples were collected at 36 of the 50 sediment stations and analyzed for dioxin/furans,
HCX, PCBs, pesticides, SVOCs, and metals (total and dissolved). Ancillary measurements including pH,
specific conductivity, temperature, turbidity, and dissolved oxygen was recorded on field data sheets at
the time of water collection.


2.2.2 2000 Woonasquatucket River Investigation


A second investigation of the Woonasquatucket River was conducted in September 2000 to determine if
depositional sediments located downstream of Lyman Mill Dam were impacted by contaminant releases
from the site (TTNUS, 2001). Surface (0-0.5 ft) sediment samples were collected from the Manton and
Dyerville reaches, and from a reference area (Assapumpset Pond and Assapumpset Brook). A total of
15 sediments were collected and analyzed for dioxins/furans, HCX, PCBs, pesticides, SVOCs, metals,
AVS/SEM, TOC, and grain-size distribution.


2.3 Source Area Investigation


A sampling and analysis program was conducted in the source area in 2001 to determine the nature and
extent of soil and groundwater contamination, and characterize the hydrogeologic setting and ground-
water flow directions and velocities (TTNUS, 2002). Field investigation activities included surface
geophysical surveys, soil and bedrock borings and monitoring well installations (including soil sampling
and borehole geophysics), water level monitoring, groundwater sampling and analysis, and hydraulic
conductivity testing. Details of the source area investigation methods are provided in the Technical
Memorandum, Source Area Investigation (TTNUS, 2002) and are summarized below.


2.3.1 Geophysical Surveys


Surface geophysical surveys used GPR, 2-D resistivity imaging, and seismic refraction. Data from these
surveys were used to characterize overburden materials (i.e., unconsolidated materials present above the
bedrock), estimate the thickness of fill material and depth to bedrock, and determine the bedrock surface
topography. Results were used to characterize the geology of the site (Section 3.5).


2.3.2 Subsurface Data Collection Activities


Subsurface data collection activities included installation of piezometers and surface water gauges,
advancement of soil borings and collection of soil samples, installation of monitoring wells and collection
of groundwater samples, and borehole geophysics.


Twenty-one 1-inch-diameter piezometers were screened over a length of 5 ft in the shallow water table to
provide groundwater table elevation measurements (Figure 2-1). Staff gauges were installed at three
surface water locations, and the USGS Woonasquatucket River gauging station near the Route 44 bridge
also was used. Recording electronic transducers were installed at selected piezometer and staff gauge
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locations to monitor groundwater and surface water elevation changes at the site. Two long-term
monitoring programs included one high water table event and one low water table event. Water level
monitoring results are presented in Section 3.6.1.


Two soil borings and 26 monitoring wells were installed during the source area investigation. Seven
monitoring wells had been previously installed at the site in the Brook Village parking lot as part of an
underground storage tank (UST) removal project (Goldman Environmental Consultants [GEC], 1999). A
summary of monitoring wells installed by GEC and TTNUS is provided in Table 2-2, and all well
locations are shown in Figure 2-1.


Soil samples collected from subsurface borings were analyzed for VOCs, SVOCs, pesticides, PCBs,
metals, and dioxins (Appendix B). Soil sampling results were integrated with other data sets and are
summarized in Section 4.2.1. Continuous soil samples were collected from each boring and screened for
total VOCs using the jar headspace method. Screening results were used in conjunction with soil char-
acteristics and, if observed, evidence of potential contamination (e.g., staining) to identify the saturated
zone with the greatest likelihood of contamination; wells were screened across these intervals.


Soil borings were advanced and monitoring wells were installed throughout the source area and around
the perimeter of the site to determine the thickness of fill and evaluate the nature and extent of contami-
nation. Five borings were advanced along the centerline of the tailrace, and three of these were converted
to-shallow monitoring wells (MW-01S, MW-02S, and MW-03S) (Figure 2-1). Four soil borings were
advanced in the source area adjacent to suspected contaminant sources based on historical aerial photo-
graphs (U.S. EPA, 2000) and geophysical survey results (Roy F. Weston, 1999b). These were completed
as monitoring wells MW-06S, MW-07S, MW-08S, and MW-09S.


Monitoring well clusters were installed around the perimeter of the source area, and downgradient of
suspected hotspot or discharge areas. Well identification numbers (IDs) with an "S" designation were
screened in the shallow portion of the aquifer. Wells IDs with a "D" designation were screened in deep
overburden materials, and well IDs with a "B" designation were completed as open holes in bedrock.
These well clusters provided information on the depth to bedrock, vertical and horizontal groundwater
gradients, and groundwater quality. Borehole geophysical surveys were conducted within bedrock in
each well cluster to determine the orientation of linear features in the bedrock, identify zones that
produced water under static and stressed conditions, and measure the natural gamma radiation.


Four well clusters were installed around the perimeter of the site (MW-10, MW-11, MW-12, and MW-
13), with two or three wells in each cluster (Figure 2-1). Soil samples for chemical analysis were not
collected from these borings. Five well clusters (MW-04, MW-05, MW-02, MW-14, and MW-15) were
installed downgradient of suspected hot spots or discharge areas within the source area (Figure 2-1). The
rationale for the location of each well or well cluster is summarized in Table 2-2.


2.3.3 Groundwater Sample Collection


Two groundwater sampling events were conducted as part of the source area investigation. Groundwater
samples were collected using low-flow sampling methods, and were analyzed for VOCs, SVOCs, pestici-
des, PCBs, metals (total and dissolved), dioxins, alkalinity, sulfides, and TOC. The first round of ground-
water sampling was conducted in the spring of 2001 after installation of the shallow monitoring wells in
the tailrace and source area (seven new wells). The existing wells installed by GEC in the Brook Village
parking lot also were sampled. The second round of groundwater sampling was conducted in the summer
of 2001 after all drilling activities were completed. All 33 monitoring wells were sampled in this event,
including the seven GEC wells. Groundwater sample results are described in Section 4.3.
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2.3.4 Hydraulic Conductivity Tests


Hydraulic conductivity tests were performed at each overburden monitoring well to evaluate groundwater
flow conditions. The data were used to estimate groundwater velocities for each stratigraphic unit identi-
fied at the site. Constant discharge tests were performed by pumping at a given rate and measuring draw-
down in the well until steady-state conditions were achieved, or for a maximum of 15 minutes. Slug tests
were performed in wells that were screened in soils with lower hydraulic conductivity. Slug tests were
conducted by adding or withdrawing a solid slug from the well, resulting in a near-instantaneous change
in water level. The rate of recovery of the water level to static conditions was measured. Hydraulic con-
ductivity in bedrock was estimated based on Packer tests. Hydraulic conductivity results are discussed in
Section 3.6.1.


2.4 Interim Data Collection


An interim data collection study was conducted in the fall of 2002 to address data gaps identified in
Summary of Data Needs for the Centredale Manor Restoration Project Superfund Site RI/FS (Battelle,
2002c).


Surface and subsurface soil samples were collected from the tailrace on the east side of the source area to
better define the distribution and extent of dioxin contamination, and screen for the presence of other site-
related contaminants. Nine soil borings were advanced to a depth of 9 ft in the tailrace. Surface and
subsurface soil samples were analyzed for dioxin and HCX, and two samples analyzed for SVOCs,
pesticides, PCBs, and metals, grain size, and TOC. Geologic descriptions of the soil borings were used to
characterize fill material, infer the depositional history in the tailrace, and explain the distribution of
dioxin.


Surface soil samples also were collected from the John E. Fogarty Center property on the southeast shore
of Lyman Mill Pond to evaluate potential human health risks to site users. Samples were analyzed for
conventional parameters (grain size and TOC) and chemicals of potential concern including dioxin/fur-
ans, HCX, metals, SVOCs, chlorinated pesticides, and PCBs. Soil sample results were analyzed in the
BHHRA (MACTEC, 2004b).


Groundwater samples were collected from the 33 existing monitoring wells to evaluate temporal trends in
contaminant concentrations. All groundwater samples were analyzed for VOCs, and groundwater
samples from one well (MW-05S) were analyzed for dioxin. Water level measurements were collected
from all wells and piezometers to confirm groundwater flow information collected in the source area
investigation (TTNUS, 2002).


Additional information regarding the interim data collection is provided in Battelle (2003a). An evalua-
tion of the sample data for tailrace soils and groundwater is provided in Sections 4.2 and 4.3.


2.5 2002-2004 Sediment Investigations


In 2002-2004, several sediment-related studies were conducted in the Allendale and Lyman Mill reaches
of the Woonasquatucket River to address Principles for Managing Contaminated Sediment Risks at
Hazardous Waste Sites (U.S. EPA, 2002). This guidance document presents eleven risk management
principles that should be considered when investigating and managing contaminated sediment sites. The
sediment investigations are described below.
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2.5.1 Geomorphology Investigation


In 2002, the USAGE Engineer Research and Development Center (ERDC) conducted a geomorphology
investigation of the Woonasquatucket River located in Rhode Island (USACE/ERDC, 2004). This study
evaluated historic aerial photographs, USGS topographic quadrangles, published documents, and field
investigation results to identify morphological features (e.g., floodplains, terraces, abandoned channels)
and changes along the Woonasquatucket River over time. Geomorphic data were used to identify features
and areas where sediment contamination is likely to accumulate. This information was used in conjunc-
tion with geophysical data collected in 2002 (Section 2.5.2) to target areas for sediment coring in May
2003 (Section 2.5.3). The results of the geomorphology investigation are summarized in Section 3.1.


2.5.2 Geophysical Investigation


The U.S. EPA Environmental Response Team Center (ERTC) performed a geophysical investigation of
the Allendale and Lyman Mill ponds in the fall of 2002 (Lockheed Martin, 2003). The purpose of the
study was to map water depth and soft sediment thickness in both of the ponds. Waterborne geophysical
surveys were performed from a low-draft, pontoon-type boat. Two geophysical methods were attempted:
GPR imaging and acoustic sub-bottom profiling. The sub-bottom profiling was unsuccessful due to
heavy vegetation and gas bubbles on the pond bottoms, and was abandoned. GPR was used to map soft
sediment thickness in both of the ponds. Soft sediments were also manually probed to verify GPR data.
Water depth data also were collected and verified using manual measurements.


Maps of water depth and apparent soft sediment thickness were prepared and incorporated into the
Geographic Information System (GIS) for the site. These maps are presented in Section 3.0. Geophysical
cross-sections of the sediments in the ponds were prepared from the GPR data. These are referred to as
"pseudosections" because they do not represent sub-bottom conditions directly, although they can be used
to infer stratigraphic features. Results from the geophysical investigation were used in conjunction with
the results of the geomorphology study to target depositional areas for the May 2003 sediment coring
study (Section 2.5.3). The results of the geophysical survey are presented as part of the sediment and
surface water description in Section 3.7.


2.5.3 2003 Sediment Characterization Study


A sediment characterization study was performed jointly by U.S. EPA/ERTC and USACE/ERDC during
the spring of 2003 (Lockheed Martin, 2002). U.S. EPA/ERTC collected 20 sediment cores from
Allendale Pond and 10 cores from Lyman Mill Pond (six cores also were collected by hand from the
forested wetland southwest of Allendale Dam). Cores were collected using vibracore methods to a depth
of at least 4 ft, unless refusal was encountered at a shallower depth. USACE/ERDC personnel visually
examined the cores, documented sediment lithology, and collected subsamples for laboratory analysis.
Samples from various depth intervals were collected for radiometric age dating, dioxin, TOC, and
geotechnical analyses (water content, specific gravity, Atterberg limits, grain-size distribution, moisture
content, ash content, and organic content). One half of each sediment core was used to obtain dioxin,
TOC, and age-dating samples, and the other half of each core was used to obtain samples for geotechnical
analysis.


Radiometric age dating (i.e., 210Pb and 137Cs) was performed using surface and subsurface samples from
nine Allendale Pond cores and three Lyman Mill Pond cores. Sediment accumulation rates were esti-
mated using the age-dating results. Samples for dioxin analysis were selected based on sediment lithol-
ogy and estimated age based on radiometric dating results. Dioxin analysis was conducted on surface and
subsurface samples from ten Allendale Pond cores and four Lyman Mill Pond cores, hi addition, surface
and subsurface samples from 20 cores from Allendale Pond and 10 cores from Lyman Mill Pond were
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also analyzed for TOC. Geotechnical parameters were measured in samples from 18 Allendale Pond
cores and 10 Lyman Mill Pond cores.


Sediment characterization data were used to:


• Identify the sediment depth associated with the onset of waste-related activities at the site
through visual inspection of sediment cores and radiometric age dating.


• Identify any relationships between sediment depth, age, and dioxin concentration.


• Estimate the rate of sediment accumulation in depositional areas and assess the degree to
which natural recovery (i.e., burial) appears to be occurring.


In addition, selected samples from Lyman Mill Pond were analyzed for total petroleum hydrocarbon
(TPH) content, alkanes, isoprenoids, PAHs, and biomarkers to characterize the nature and possible origin
of petroleum hydrocarbons observed in a gelatinous, organic silt layer in Lyman Mill Pond (Battelle,
2003c). Results from the 2003 sediment investigation are presented in Sections 3.7 and 4.4.


2.5.4 Sediment Stability Evaluation


A sediment stability evaluation was performed at the CMRP site to assess the impacts of sediment ero-
sion, transport, and deposition processes on surficial sediment bed and water column concentrations of
dioxin within the Allendale and Lyman Mill reaches of the Woonasquatucket River (Quantitative Envi-
ronmental Analysis [QEA], 2004a). The sediment stability evaluation considered both the hydrodynamic
forces that induce sediment resuspension and the properties of the sediment bed that influence erosion
rates. The sediment stability study specifically addressed the following questions:


• What is the impact of floods of various magnitudes on surficial dioxin TEQ concentrations in
Allendale and Lyman Mill Ponds?
— Where is scour likely to occur within the ponds?
— What scour depth will be caused by floods of various magnitudes?


• What effect will different remedial alternatives have on mitigating the impacts of a rare (i.e.,
100-year) flood?


A two-phased approach was used to address these questions as described in the Final Sediment Stability
Work Plan (QEA, 2004b). hi Phase I, site data were compiled, analyzed and synthesized to develop an
overall understanding of sediment transport in the study area. The results of the data synthesis task were
used to develop a CSM for sediment transport. A CSM is an important component of a sediment stability
analysis because consistency must be maintained between the CSM and the results of quantitative and
qualitative sediment stability analyses. The sediment transport CSM is a qualitative description of the
processes (e.g., deposition and erosion) and system characteristics (e.g., upstream and tributary sediment
loads, spatial distribution of bed properties) that control sediment dynamics within the study area.


In Phase II, a hydrodynamic model, Environmental Fluid Dynamics Code (EFDC), was developed and
applied. The hydrodynamic model was used to evaluate the potential impacts of a range of floods on bed
stability. Impacts of floods with 5-, 10-, 25-, 50- and 100-year return periods were investigated. For each
flood simulation, two methods were used to analyze the potential impacts on bed stability: (1) comparison
of bottom shear stress and current velocity to critical values for those parameters; and (2) estimation of
scour depth. Results of the sediment stability analysis are provided in the Final Technical Memorandum,
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Sediment Stability Study (QEA, 2004a) and are summarized in Section 5.0 of this report. Additional data
collection activities are planned to refine the sediment transport CSM and reduce uncertainties; revised
results will be incorporated into the FS.


2.6 Baseline Ecological Risk Assessment


A BERA was conducted to assess current and potential future risk to ecological receptors at the CMRP
site. The BERA was conducted in accordance with the U.S. EPA Ecological Risk Assessment Guidance
for Superfund, Process Document for Designing and Conducting Ecological Risk Assessments (U.S. EPA,
1997b), as well as U.S. EPA Region I risk assessment guidance contained in Risk Updates (U.S. EPA,
1994, 1995, 1999b). The detailed scope, methods, and results for the BERA are provided in the Interim
Final Baseline Ecological Risk Assessment (MACTEC, 2004a).


Data collected from several site investigations were used in the BERA. In 2001, soil, surface water,
sediment, and biota samples were collected from areas along the Woonasquatucket River. Specifically.,
samples were collected from the source area, four reaches of the river downstream of the site (i.e.,
Allendale, Lyman Mill, Manton, and Dyerville), at an upstream background area (Greystone Mill Pond)
and at a reference area (Assapumpset Brook and Pond, a tributary that flows into the river). Biota
samples (i.e., fish, crayfish, emerging insects, and earthworms) were analyzed for dioxins/furans, HCX,
PCBs, pesticides, metals and lipid content; fish were also analyzed for SVOCs. Aquatic sediment and
floodplain soil samples were analyzed for conventional parameters (grain size, TOC) and contaminants of
potential concern (COPCs) including dioxins/furans, HCX, PCBs, pesticides, metals and SVOCs;
sediments also were analyzed for AVS/SEM. Surface water samples were analyzed for PCBs, pesticides,
SVOCs, VOCs, metals (dissolved and total), hardness, biological oxygen demand (BOD), and nutrients.


Data from other site investigations used to support the BERA included tree swallow studies conducted by
the USGS annually from 2000 to 2003. Samples of tree swallow nestling, egg and diet tissue were ana-
lyzed for dioxins/furans. Tree swallow samples from 2000 and 2001 were analyzed for PCB congeners
and lipid content, and selected tree swallow samples from 2001 were also analyzed for PCB Aroclors,
pesticides and metals. USAGE conducted an early life stage (ELS) test in 2001, which included collec-
tion offish from Allendale and Lyman Mill ponds and analysis of samples for dioxins/furans, HCX, PCB
congeners, and lipid content. Results from the ELS test are presented in Appendix H of the BERA
(MACTEC, 2004a). Additionally, floodplain soil, sediment, and groundwater data collected by TTNUS
(Sections 2.2 and 2.3) were also used in the BERA.


Data from site investigations were used in the BERA to:


• Evaluate risk to wildlife receptors associated with the consumption of contaminated prey,
drinking water, and incidental ingestion of surface soil and sediment at the site; and,


• Evaluate risk to other ecological receptors associated with direct contact with and ingestion of
surface water, sediment, and floodplain soil present in the portion of the Woonasquatucket
River that constitutes the site.


Contaminants that are present in the surface water and aquatic sediment may have bioaccumulated in fish
and other biota present in the Woonasquatucket River. Aquatic receptors (including invertebrates and
both demersal and pelagic fish species) are exposed to COPCs in sediment and surface water via direct
contact, direct ingestion, or by consuming prey items that have bioaccumulated contaminants. Semi-
aquatic receptors (including mammals, birds, reptiles, and amphibians) may be exposed as a result of
incidental ingestion of sediment, consumption of water, or ingestion of contaminated prey. Terrestrial
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invertebrates and wildlife that prey on these species may be exposed to contaminants in floodplain soil
directly or by ingesting contaminated prey.


The overall objective of the BERA is to analyze potential adverse ecological effects for both current and
future conditions caused by hazardous substance releases from the site in the absence of any actions to
control or mitigate these releases. The BERA was conducted when the Allendale Dam was breached and
floodplain soils were exposed in the pond. General types of adverse ecological effects include mortality,
growth or reproductive effects, or indirect effects associated with a substantial reduction in abundance of
prey populations.


Results from field population and community studies were evaluated to assess potential population level
effects (e.g., survival, growth, or reproduction) or community-level effects (e.g., species richness and
abundance) associated with exposure to site media. The six assessment endpoint receptor groups selected
for the BERA are as follows:


• Aquatic and floodplain invertebrates (crayfish, earthworms);
• Demersal and omnivorous fish;
• Pelagic, piscivorous, or semi-piscivorous fish;
• Piscivorous mammals and birds;
• Insectivorous mammals and birds; and
• Omnivorous mammals and birds.


Acceptable risks to wildlife and other ecological receptors will be achieved and/or maintained through
risk management procedures that may include development of preliminary remediation goals (PRGs) for
sediment and other media as appropriate. Results and conclusions from the BERA are presented in
Section 6.1.


2.7 Baseline Human Health Risk Assessment


A BHHRA was conducted to assess current and potential future risk to human health from exposure to
contamination from the CMRP site. The BHHRA was conducted in accordance with the U.S. EPA Risk
Assessment Guidance for Superfund (RAGS) Parts A, D, and E (U.S. EPA, 1989,2001a, and 2001b), as
well as U.S. EPA Region I risk assessment guidance contained in Risk Updates (U.S. EPA, 1994, 1995,
1999b). The detailed scope, methods and results for the BHHRA are provided in the Interim Final
Baseline Human Health Risk Assessment (MACTEC, 2004b).


Data collected from several site investigations were used in the BHHRA. Soil, surface water, sediment
and fish data collected in the 2001 field investigation (Section 2.6), and floodplain soil and sediment data
collected by TTNUS (Section 2.2) were used to support the BHHRA.


The overall goals of the BHHRA were to:


• Evaluate the current and potential future risk to human health associated with the consump-
tion of fish present in the portion of the Woonasquatucket River that constitutes the site; and,


• Evaluate current and potential future risk to human health associated with human contact with
surface water, sediment, and bank soil present in the portion of the Woonasquatucket River
that constitutes the site.
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Contaminants that are present in surface water and aquatic sediments may have bioaccumulated in fish
and other biota present in the Woonasquatucket River. These fish may be consumed by individuals that
catch and/or consume biota from the river. Both neighborhood residents and visitors to the site could
contact surface water, sediment, and bank soils during angling activities or other recreational activities
(e.g., swimming) at or adjacent to the river. Risk to residents and visitors was evaluated at the four
reaches of the river downstream of the site (i.e., Allendale, Lyman Mill, Manton, and Dyerville), the
Fogarty Center (located on eastern shore of Lyman Mill Pond), and at an upstream background area
(Greystone Mill Pond) and at a reference area (Assapumpset Brook and Pond).


The objective of the BHHRA was to analyze potential adverse human health effects for both current and
future conditions caused by hazardous substance releases from the site in the absence of any actions to
control or mitigate these releases (i.e., assuming no action or the absence of the RDDOH health advisories
on fish consumption for this particular site). Anecdotal information provided to the U.S. EPA suggests
that the fish consumption advisory issued by the State of Rhode Island is not preventing exposure to biota
from the Woonasquatucket River in the short-term, although no site-specific data have been collected to
verify the effectiveness of the advisory. Current and potential future exposure to fish and other biota
(including high lipid content biota such as eels) may occur at the river. U.S. EPA's goal is the return of a
fishable and swimmable condition to the Woonasquatucket River and associated reaches and
impoundments.


Acceptable risks associated with biota consumption and contact with bank soil, surface water and sedi-
ment will be achieved and/or maintained through risk management procedures that may include develop-
ment of PRGs for sediment and other media as appropriate. Results and conclusions from the BHHRA
are presented in Section 6.2.


2.8 2004 Oxbow Area Study


Floodplain sediment samples were collected in June 2004 from the forested wetland (i.e., oxbow area)
located southwest of Allendale Dam to investigate the nature and extent of site-related contamination.
Sample locations excluded areas of artificial fill or gravel, and targeted topographically low areas. Three
surface sediment samples were collected within the abandoned channel within the oxbow area. Two
surface sediment samples were collected north of the channel, and two were collected south of the
channel. All samples were analyzed for dioxins/furans. Samples from three of the stations were also
analyzed for PCBs, pesticides, metals, and TOC. Sample results are presented in Section 4.4.


2.9 Environmental Forensics Review


An environmental forensics review of soil and sediment chemistry data from the source area and the
Woonasquatucket River was conducted to compare the chemical composition of chlorinated organic
compounds (dioxins, PCBs, and chlorinated pesticides) in source area soil; sediments adjacent to and
downstream from the CMRP site; and sediments from upstream (i.e., background) and reference loca-
tions. The purpose of the forensics review was to differentiate if possible chemical contaminant signa-
tures from the CMRP site from those in background or reference samples. The results were used to help
define the nature and extent of site-related contamination. Results are summarized in Section 4.4, and
provided as a letter report in Appendix E.


2.10 Community Relations


A variety of mechanisms have been used to keep the public informed about activities at the site, and to
solicit input from the public and stakeholders on critical issues. These mechanisms include public meet-
ings, open houses, dissemination of numerous site updates and fact sheets (more than ten since 1999),
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press releases, and individual contact with residents near the site on an as-needed basis. Updated site
information is made available to the public on the U.S. EPA Superfund Web site (http://www.epa.gov/
ne/superfund/sites/centredale). These mechanisms appear to be effective.


The "Do's and Don'ts of the Woonasquatucket River" that address swimming, playing, fishing and other
activities were developed as a fact sheet that was widely disseminated. The "Do's and Don'ts" also were
developed as curriculum that was presented in North Providence-area schools. Advisory signs summariz-
ing the "Do's and Don'ts" pictorially and in multiple languages have been posted along the river in
readily accessible locations.


A Management Action Committee (MAC) has met monthly since 2000 to discuss project-specific issues
and progress. The MAC meetings include representatives from local, state and federal agencies, com-
munity leaders, and community-based environmental groups. For example, the community provided
input through the MAC regarding the TCRA of soils and sediments in the tailrace on the east side of the
site, and U.S. EPA responded to community input by minimizing the loss of trees and using a geotextile
membrane to reduce the spread of phragmites in the newly-constructed drainage channel.
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3.0 PHYSICAL CHARACTERISTICS OF THE STUDY AREA


Physical characteristics of the CMRP site and surrounding region are described in this section.


3.1 Geomorphology


The area of the site from the Route 44 bridge downstream to the Lyman Mill Dam was studied by
USACE/ERDC to identify geomorphic features and changes along the Woonasquatucket River over time.
The results of the geomorphic assessment were used to identify existing and historic features where con-
tamination from the site is likely to accumulate, and to contribute to the overall understanding of contam-
inant fate and transport. Details of the methods and results of the geomorphic study are provided in
Geomorphic Assessment of the Woonasquatucket River, RI (USACE/ERDC, 2004). A description of the
geomorphology of the site based on this report is provided in following paragraphs.


The Woonasquatucket River was once typical of most New England rivers: narrow, slightly sinuous, and
fast flowing. The man-made alterations of the river channel from the construction of mill dams in the
1800s greatly influenced the river morphology and sedimentation regime. Surficial deposits in the area of
the Woonasquatucket River watershed are predominantly of glacial origin and can be classified broadly as
glacial till or stratified drift (Figure 3-1) (Krinsley, 1949; Smith, 1956). At higher altitudes, glacial till is
exposed as ground moraine. In low-lying areas, stratified drift dominates the morphologic features.
According to Smith (1956), the stratified drift consists of glacial outwash plains and other ice-contact
features. The remainder of the surficial deposits along the Woonasquatucket River is alluvium deposited
when the river overtops its banks. The alluvium, mapped as floodplain or alluvial deposits, is reworked
glacial outwash and river terrace. The bedrock underlying the surficial deposits consists of Pennsylvanian
sandstone, shale, and conglomerate of the Narragansett Basin and older igneous and metamorphic rocks
surrounding the basin (Smith, 1956).


The Woonasquatucket River is entrenched in a valley train, a glacial feature described by Smith (1956) as
a graded outwash that was deposited by glacial streams, which fills a valley bottom from wall to wall.
The valley train is derived primarily from crystalline rock and, because the rock has been transported a
considerable distance, consists of well-rounded grains. The outwash plain extends the length of the
Woonasquatucket River.


Major changes in the Woonasquatucket River channel from 1951 through 2000 as shown by aerial
photography are shown in Figure 3-2. These outlines show that the river channel is well confined by the
valley train, with no significant lateral migration. The orange arrows show the abandonment of a river
channel immediately south of the Allendale Dam between 1970 and 1976. This abandoned meander is
described further later in this section.


Geomorphic features along the Woonasquatucket River are shown in Figure 3-3. The features are typical
of those found in riverine and glacial systems. The valley train limits the movement of Allendale Pond to
the west; as a result, the position of the west bank of the Woonasquatucket River has changed very little
over time. The east bank of the river in this area was developed as a residential area between 1888 and
1935. The former Allendale Mill is situated on the river terrace, an ideal setting for the building because
of the elevated topography. Because the river terrace along the east bank of the Woonasquatucket River
is a former floodplain, it is classified as a depositional feature. The Centredale Manor and Brook Village
Apartments are constructed on artificial fill on the floodplain of the river. Floodplain deposition occurs
when sediment is transported over the riverbanks during periods of high flow.


The Allendale reach has undergone significant changes because of the breaching of Allendale Dam in
1991 and 2001. The breach may have contributed to the transport of contaminated sediment downstream
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of the dam and also altered geomorphic features along the river. As the water level in the pond subsided,
more sediment was exposed along the eastern shore of the river, bordering a residential area. Figure 3-4
shows the configuration of Allendale Pond in 1987 (before the dam breach) and 2000 (after the dam
breach). The river assumed the characteristics of a braided channel in response to the dam breach. In
early 2002, Allendale Dam was reconstructed in order to restore Allendale Pond to its pre-1991 elevation
and minimize the potential for transport of contaminated sediments downstream of the dam.


Anthropogenic influences are evident in the river channel immediately below the Allendale Dam. The
river channel has been straightened at the point where water from the former Allendale Mill entered the
river immediately below the Allendale Dam (Figure 3-3). Dredged material from the channelization was
used to build a levee covered with cobbles from the river channel. Floodplain deposits were observed to
the west of this ridge in a forested wetland (i.e., oxbow area) during a field reconnaissance in 2003.
These deposits indicate that overbank river flow has occurred in this area.


Historical aerial photography and field mapping revealed an abandoned channel in the forested wetland
southwest of Allendale Dam (mapped as floodplain deposits in Figure 3-3; this also is referred to as the
oxbow area). Abandoned channels are segments of a channel abandoned by the river when it shortens its
course. This abandoned meander appears to be the response of the river to the man-made cut-off where
the river was straightened. The area within the meander contains fine-grained sediment deposited as the
river adjusted to its new path and the meander cut-off was filled. Analysis of historic topographic maps
and field mapping revealed evidence of three previous channels near this meander, reflecting channel
migration. During flooding, overbank deposits still may be introduced into the abandoned channel. The
most recent meander loop is still in communication with the river during times of high water (as evident
in the 1995 aerial photography).


Lyman Mill Pond is bordered by valley train on the west bank and by river terrace deposits on the right
bank (Figure 3-3). The former Lymansville Mill also is located on a river terrace. Below the Lyman Mill
Dam, the river was diverted almost due east to accommodate the Lymansville Mill. The original path of
the river prior to mill construction is difficult to trace, although two abandoned channels can be seen on
aerial photography in addition to the current river channel.


3.2 Soils


Soils at and near the CMRP site reflect post-glacial development. The Soil Survey of Rhode Island
(U.S. Department of Agriculture, 1977), published prior to the construction of Brook Village and
Centredale Manor and updated in 1996, was used to assess the soil type and conditions surrounding the
sites. Soil types were characterized as part of the geomorphic investigation (USACE/ERDC, 2004) and
are summarized below.


Soil types in the Allendale reach of the river are shown in Figure 3-5. Soils on both sides of the
Woonasquatucket River in this area are primarily classified as Canton-Urban soil complex. These soils
are well drained and composed of fine sandy loam; urban areas are covered by pavement and buildings.
The west bank of Allendale Pond is identified as the Udorthents-Urban soil complex, which is moderately
to excessively drained and disturbed by cutting or filling. An area of Hinckley gravelly sandy loam lies to
the east of the source area. This soil is excessively drained and found on terraces and outwash plains.
The Podunk soil is present to the southwest of Allendale Dam, in a forested wetland area. This series
consists of moderately well-drained fine sandy loam soils that formed in recent alluvium on floodplains.


A variety of soil types characterize the Lyman Mill reach of the river (Figure 3-6). Adrian muck is found
at the north end of the reach, in the southern part of the forested wetland (i.e., oxbow area). This soil is
very poorly drained and forms in depressions and drainage channels in an outwash plain. It is composed
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of black muck at the surface and fine sand in the subsurface. The west side of the river is covered
primarily by Hinckley gravelly sandy loam. Udorthents-Urban soils and sand and gravel pits also are
found on the west side of the river. A narrow band of Sudbury sandy loam occurs on the west bank of the
south end of Lyman Mill Pond. This soil is moderately drained and forms in depressions in terraces and
outwash plains. The eastern side of Lyman Mill Pond is covered by Canton-Urban and Merrimac sandy
loam soils. The Merrimac sandy loam is somewhat excessively drained and forms on terraces and
outwash plains.


3.3 Meteorology


According to National Oceanic and Atmospheric Administration's (NOAA's) National Climatic Data
Center (NCDC), the weather in the vicinity of Providence (including Centredale) is influenced by its
proximity to Narragansett Bay and the Atlantic Ocean. Winter temperatures are modified considerably,
and major snowstorms often change to rain before reaching the area. Hot summer days are often cooled
by sea breezes. In early fall, severe coastal storms of tropical origin occasionally bring destructive winds
to the area. Coastal storms usually produce the severest weather. Since 1 900, Rhode Island has
experienced five hurricanes, including three major hurricanes (i.e., > Category 3). Hurricanes affecting
New England typically occur in late summer or early fall (http://www.nhc.gov/paststate.html).


Temperatures are generally moderate and average around 50°F on an annual basis. The average temper-
ature between late May and late September is approximately 70°F. During this period, it is not unusual
for several days to reach 90°F; however, it is rare that the temperature exceeds 100°F. Freezing tempera-
tures occur on the average about 125 days per year, and are very common between late November and
March. However, sub-zero weather in winter seldom occurs. Measurable precipitation occurs on about
one day out of every three, and is fairly evenly distributed throughout the year. There is usually no
definite dry season, but occasionally droughts do occur.


Thunderstorms are responsible for much of the rainfall from May through August, and usually produce
heavy rainfall. Over the last 10 years, three floods and one flash flood have been documented in
Providence County, RI. The most recent documented flooding of the Woonasquatucket River occurred
on June 30, 1998. According to the NCDC, the river overflowed its banks flooding low-lying areas after
a slow moving storm system produced several hours of torrential rainfall (3 to 6 inches) across northern
Rhode Island. The Woonasquatucket River overflowed its banks again on September 10, 1999 after a
slow moving cold front, combined with tropical moisture, produced heavy rainfall throughout Rhode
Island and resulted in a flash flood.


3.4 Surface Water Hydrology


The USGS has monitored streamflow for the Woonasquatucket River at Centredale (USGS gauge station
Oil 14500) since the early 1940s and has a wide range of streamflow statistical data available on the Web
(http://nwis.waterdata.usgs.gov/nwis/), including daily, monthly, annual and peak streamflows. Stream-
flow is from north to south. Annual mean streamflow has ranged from 50 cubic ft per second (cfs) to
100 cfs in most years (Figure 3-7). The lowest annual mean streamflow was observed in 1966, at
35.3 cfs. The highest annual mean streamflows were observed in 1972 and 1983, at 122 cfs and 126 cfs,
respectively.


Peak streamflow data from 1936 to 2002 for the Woonasquatucket River is presented in Figure 3-8. Over
the last 60 years, peak streamflow ranged between 250 cfs and 750 cfs 64% of the time. Between 1942
and 1966, peak streamflow was fairly consistent and fell within this specified range, except in September
1954 and October 1955 when peak streamflow exceeded 950 cfs. Since 1966, peak streamflow has been
somewhat more variable, with values ranging from 190 cfs to 1,520 cfs. The highest measured peak
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streamflow (1,520 cfs) was recorded in June 1998, which corresponds with the last documented flooding
of the Woonasquatucket River.


Historical flowrate data from the USGS gauging station were used by USACE/ERDC to conduct a flood
frequency analysis. Table 3-1 shows the flowrates for floods with return periods ranging from 5 to
100 years. These flowrates were used in the sediment stability study to predict areas and depths of
erosion resulting from flood events (QEA, 2004a).


3.5 Geology


In 2001, an investigation of the subsurface geology in the source area at the CMRP site was carried out by
TetraTech NUS Inc. According to TTNUS (2002), the overburden at the site largely comprises silty
sands and gravels. These unconsolidated materials are underlain by bedrock. Geophysical data indicate
that the site is situated above a north-south trending bedrock valley. The following stratigraphic units
were identified at the site:


Fill - The majority of the site is covered with a loose to very dense fill composed of unsorted silt,
sand, and gravel with trace amounts of anthropogenic debris. Anthropogenic material included
fragments of wood, metal, brick, glass, plastic, paper, vitrified clay, asphalt, coal or charcoal, and
slag. Fill thickness appears to vary significantly across the site, with a typical thickness of
approximately 6-8 ft.


Sat/Organic Silt/Wetland Deposits - Fine-grained deposits consisting primarily of silt and fine
sand-size particles with variable amounts of organic matter are found underlying the fill at
selected locations at the site. These relatively thin layers of fine grained sediments appear to have
been deposited in former wetland or floodplain areas. In the former tailrace, the organic rich silt
was at the surface prior to the installation of Cap #3. Where found, the thickness of this unit
ranges in thickness from 0.2 ft to 2.7 ft.


Sand and Gravel - The most common soil type present at the site consists of relatively coarse-
grained materials, ranging from fine to coarse gravel and cobbles to poorly-graded, silty, fine to
medium sands. Discontinuous lenses of silty fine sand and sandy silt were encountered in this
unit. Cobbles and boulders occur individually or in layers up to 5 ft thick. This soil type
underlies both the fill and the finer-grained floodplain deposits and overlies the majority of the
glacially-carved bedrock valley throughout the site, and corresponds to the valley train deposits
described in Section 3.1 (Smith, 1956). Thickness of this unit ranges from 12.5 ft to 43 ft, and
appears to extend well beyond the boundaries of the site (Smith, 1956).


Fine Sand and Silt - A dense, fine-grained unit varying from fine sand, some silt to silt with
trace fine sand and trace clay is present either within or beneath the coarse-grained sand and
gravel unit at several locations on the site. This unit has a rhythmic bedding pattern, indicating a
relatively short-term presence of a glacial lake or pond, where seasonal depositional variations
formed varves in the sediment. Where found, this unit ranges in thickness from 2 to 12 ft.


Possible Till - At most locations within the site, a dense to very dense, unsorted mixture of grain
sizes, possibly representing a basal till, is present beneath the coarse-grained sand and gravel unit.
The thickness of the possible till unit ranges from approximately 3 ft to 40 ft. This unit may
represent the ground moraine described in Section 3.1 (Smith, 1956).


Bedrock - Bedrock is located approximately 40 to 60 ft below ground surface (bgs) in the source
area. Bedrock recovered from five boreholes drilled around the perimeter of the site was
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composed of foliated, gray to green schist or gneiss. Granite was found in one of the boreholes
(MW-10B; Figure 2-1).


During the source area investigation (TTNUS, 2002), seismic refraction and GPR surveys were conducted
to evaluate overburden stratigraphy, depth to bedrock and topography of bedrock. Figure 3-9 is a map of
the bedrock topography based on site boring logs and GPR and seismic refraction data points. The map
indicates that the CMRP site is situated above a north-south trending bedrock valley. From Route 44 to
the south end of the Brook Village parking lot, the deepest part of the valley lies west of the
Woonasquatucket River. South of the Brook Village parking lot, the valley turns to the southeast, and
bifurcates around a bedrock knob under the Centredale Manor south parking lot and Cap #1. The deeper
branch of the valley runs beneath the Centredale Manor building. Geophysical data were sparse south of
Cap #1, but the bedrock valley appears to trend south beneath the river channel south of the site. A
geologic cross-section of the site showing site bedrock and overburden stratigraphy is provided in
Figure 3-10 (the cross-section location is shown in Figure 3-9). Hydraulic conductivity values shown
in the cross section are discussed further in Section 3.6.


3.6 Hydrogeology


TTNUS (2002) characterized groundwater flow at the site based on overburden and bedrock borings,
geophysical surveys, hydraulic conductivity tests, and water level measurements taken during the spring
and fall of 2001.


3.6.1 Groundwater Flow Directions, Gradients, and Surface Water Interactions


Water level measurements were collected from March 21 through May 9, 2001 from the USGS gauge
station Oil 14500 (shown as SP-4 in Figure 2-1), several other surface water locations in the river and
tailrace, and 21 shallow overburden piezometers installed in the source area (Figure 2-1). On March 30,
2001, water levels in the river and aquifer reached a local maximum from a 3-inch precipitation event.
Figure 3-11 shows the configuration of the water table when the water levels peaked in response to this
event. Under these conditions, groundwater flow is apparently to the east-southeast and the river
recharges the aquifer everywhere except in the immediate vicinity of the small groundwater mound
located beneath the Brook Village parking lot. This local groundwater high may be due to groundwater
perched above a low-permeability silt lens or man-made structure. The fast response to and recovery
from these precipitation events in the shallow piezometers indicate that the shallow subsurface soils are
highly permeable. Figure 3-12 shows the water table on May 4, 2001 after 20 days of no significant
precipitation. Under these conditions, the groundwater flow is to the south. The localized groundwater
mound beneath the Brook Village parking lot was still apparent.


Groundwater-surface water interactions were evaluated by comparing concurrent water level data
collected in the spring of 2001 from each surface water monitoring location and the closest shallow
piezometer. Results from two staff gauge locations in the former tailrace on the east side of the source
area indicated that prior to the installation of Cap #3, groundwater consistently discharged to the tailrace.
At the north end of the site near the USGS gauge station (SP-04), groundwater discharged to the river at
all times except during two heavy precipitation events in March (Figure 3-13). During these events, the
flow direction reversed and the river recharged the aquifer. At the south end of the source area near staff
gauge SP-03, it appears that the river always lost water to the aquifer, even during March 2001 high flow
events (Figure 3-13). Although the staff gauge record did not begin until April 2, 2001, water levels at
the staff gauge were much higher than those in adjacent piezometer P-17 only two days after the March
30, 2001 event, and remained higher until the end of the data recording period.
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Continuous water level measurements were also collected from the river, monitoring wells, and selected
piezometers from October 4 through November 1, 2001. No significant precipitation occurred during this
time. The shallow water table map constructed from measurements collected on November 1 indicated
that groundwater flow patterns were similar to those encountered under low flow conditions in the spring
of 2001, although water levels were lower, and the groundwater mound beneath the Brook Village
parking lot was not as pronounced (TTNUS, 2002). Groundwater flow through the deep overburden and
bedrock beneath the northern and central portions of the site was generally to the south-southeast.


Horizontal and vertical hydraulic gradients were estimated from the fall 2001 water level data (TTNUS,
2002). The average horizontal gradient was 0.0032 in the shallow overburden, 0.0033 in the deep
overburden, and 0.0038 in the bedrock. Groundwater elevations in deep overburden and bedrock wells
were similar to those in shallow overburden wells. Small downward vertical gradients were observed in
several well clusters; otherwise the gradients were flat or upwards. These measurements indicate the
absence of a strong, sitewide vertical hydraulic gradient.


Water level measurements were also collected in October 2002. Groundwater elevations were consistent
with those measured in the fall of 2001. The direction of shallow groundwater flow was generally to the
south. The groundwater mound beneath the Brook Village parking lot was not observed. Small differ-
ences in groundwater elevations in collocated shallow, deep, and bedrock wells indicate that there are no
strong vertical hydraulic gradients, which is also consistent with previous groundwater measurements at
the site (TTNUS, 2002).


3.6.2 Hydraulic Conductivity, Hydraulic Gradient, and Groundwater Velocity


Hydraulic conductivity of various stratigraphic units at the site was estimated using single-well pump
tests. Slug tests and packer tests were also conducted on bedrock wells. Details of the aquifer testing are
provided in TTNUS (2002) and results are summarized below.


Hydraulic conductivity values are summarized in Table 3-2. Hydraulic conductivities in the shallow
overburden unit ranged from 4 to 55 feet per day (ft/d), with an average of 23 ft/d. Hydraulic conductiv-
ities in the deep overburden unit ranged from 10 to 190 ft/d, with an average of 58 ft/d. The lowest
hydraulic conductivities (i.e., <10 ft/d) in both units were associated with silt- and organic-rich deposits.
The average hydraulic conductivity in the bedrock unit was 7 ft/d based on slug and pump test data
(results for packer test data were lower; however, these data represent deeper bedrock whereas most of
the bedrock flow appears to occur in the uppermost 2-10 ft).


Measurements of horizontal hydraulic gradients, mean hydraulic conductivity, and effective porosity were
used to calculate groundwater velocities in the overburden and bedrock (Table 3-2). The average ground-
water velocity in the shallow overburden is estimated at 0.21 ft/d. The average velocities in the deeper
overburden and bedrock are estimated to be 0.55 ft/d and 27 ft/d, respectively. The difference in average
groundwater velocity between the shallow and deep overburden is primarily due to the difference in mean
hydraulic conductivity. The much higher velocity in the bedrock, despite its relative low hydraulic con-
ductivity, is due to its lower effective porosity. The bedrock estimate has the greatest uncertainty because
the effective porosity can be highly variable, although published values for fractured crystalline rocks are
orders of magnitude lower than those for sands and gravels.


3.7 Sediment and Surface Water


The Woonasquatucket River is approximately 19 miles long, originating in North Smithfield, RI and dis-
charging to Providence Harbor approximately 8.5 miles downstream of the CMRP site. The river drains
an area of approximately 38.5 square miles. Upstream of Route 44, the river generally has a low current
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velocity. Samples collected from the upstream reach have a silt and clay content ranging from 8% to
97%, with a mean of 58% (Table C-6, Appendix C). Floodplain and wetland areas border parts of the
river channel in this reach. Approximately 200 ft upstream of the Route 44 bridge, the current velocity
increases and the bottom consists of cobbles, boulders, and gravel.


3.7.1 Allendale Reach


The Allendale reach of the Woonasquatucket River encompasses the portion of the river from Route 44
past the CMRP source area to the Allendale Dam. The river channel from the Route 44 bridge to the head
of Allendale pond is straight and approximately 500 ft long. The channel bed is composed of gravel,
cobbles, and sand. The eastern bank of the river along this reach is armored with rip rap that was installed
in 1999 to prevent bank erosion. An abandoned railway bed follows the river bank on the west side of the
channel.


Allendale Pond, which is restored to its pre-1991 level, has an area of about 11 acres. The bathymetry in
Allendale Pond was mapped in October 2002 based on GPR data (Lockheed Martin, 2003) (Figure 3-14).
Water depths also were measured manually in some locations to confirm the GPR measurements; in many
cases, the manually-measured depths were about 0.5 ft deeper than the depths indicated by the GPR.
Water depths range from less than 0.5 ft to a maximum of about 10 ft (the maximum water depth
measured manually was 8.4 ft at southeastern part of the pond). The deepest area in the pond is the recent
flow channel that trends from northwest to southeast across the southern part of Allendale Pond (this was
the main channel when the dam was breached and the water level in the pond was low). Smaller tributary
channels are also evident. Most of the sediments that were formerly exposed as floodplain soils in the
1990s are now covered by less than 2 ft of water. Depths in the southern part of the pond are generally
4-6 ft.


The apparent soft sediment thickness in Allendale Pond based on GPR data is shown in Figure 3-15
(Lockheed Martin, 2003). Soft sediments were probed in many areas of the pond to confirm the GPR
measurements; measurements were generally in good agreement. The flow channels that were exposed
when the dam was breached contain gravel and sand with little or no soft sediment. Apparent bedrock
was observed on the east side of the pond, approximately halfway between the head of the pond and
Allendale Dam (bedrock outcrops at the surface in this area). The apparent soft sediment thickness
contours indicate areas where the greatest sediment accumulation has occurred. The thickest soft sedi-
ments occur away from the present flow channel, in shallow water depths, although thick sediments also
occur in deeper water in the southern part of the pond.


Two layers of material were apparent in most of the GPR data: soft sediment underlain by relatively hard
sediment or possible bedrock. The hard sediment may represent original gravel and sand river channel
prior to the construction of Allendale Dam. In a few locations, deep layering was apparent beneath the
top of the hard sediment layer. In some areas, the boundary between soft and hard sediment was clearly
identified, although in other areas it was not well-defined or appeared hummocky. Geophysical cross-
section data are currently being integrated with geomorphology and sediment core data to refine the
interpretation of sub-bottom features.


Surface sediment gram size expressed as percent fines (percent silt + percent clay) in Allendale Pond
based on samples collected from 1999 through 2003 is shown in Figure 3-16. In general, sediments are
coarser near the inlet to Allendale Pond and in the flow channel that was exposed when the pond level
was lower. Sediments are finer in the pond sediments on either side of the flow channel.


Twenty sediment cores collected in May 2003 targeted depositional areas in Allendale Pond. Cores
ranged from 1.2 ft to 4.5 ft in length. May 2003 core sample locations are shown in Figure 3-17.
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Detailed core logs are provided in Appendix D. A surface layer of highly organic fine-grained material
(classified as peat) was found in all cores except one (CMS-SD-4214), which had approximately 0.5 ft of
sand on top of the peat. The peat layer as measured in the cores varied from less than 0.5 ft to greater
than 3.4 ft, with the thickest accumulation in an embayment on the east side of the pond (CMS-SD-4210).
The thickness of the peat layer was most variable at the north end of the pond. Sand, silt and clay layers
occurred in the peat at several locations. The peat layer was underlain by sand and gravel.


Sediment samples were collected from selected cores and analyzed for the radioisotopes 210Pb and 137Cs to
determine the sedimentation rate. Radiometric age dating results are discussed in USACE/ERDC (2004)
and QEA (2004a) and are summarized in Table 3-3. Independent estimates of sedimentation rate are
provided by the 210Pb and l37Cs analyses. Frequency distributions of upper- and lower-bound estimates of
sedimentation rates based on the 210Pb and 137Cs analyses in Allendale Pond are presented in Figure 3-18
(results for core CMS-SD-4210 are excluded from the distribution because those results are exceptionally
high, inconsistent with I37Cs results for the same core, and thus are considered unreliable). Methods for
determining the upper and lower bound estimates are described in QEA (2004a). These results indicate
that, generally, the 210Pb and 137Cs analyses produce consistent upper- and lower-bound estimates of
sedimentation rate (QEA, 2004a). Median values of lower- and upper-bound sedimentation rates are
about 0.5 and 0.8 cm/yr, respectively. Although there is variability in sedimentation rate in Allendale
Pond, a reasonable estimate of a representative (or average) range of sedimentation rate for this pond is
0.5 to 0.8 cm/yr.


Core samples also were analyzed for dioxin, TOC, and geotechnical parameters. Dioxin and TOC chem-
istry results are discussed in Section 4.4. Geotechnical data are included on the core logs (Appendix D)
and will be used to support the development of remedial alternatives in the FS.


3.7.2 Lyman Mill Reach


Below the Allendale Dam, the Woonasquatucket River is channelized. As described in Section 3.1, a
forested wetland (i.e., oxbow area) is located on the west side of the channel below the dam. Lyman Mill
Pond has an area of approximately 24 acres. The water level in Lyman Mill Pond probably has remained
relatively constant for many years. Bathymetry in Lyman Mill Pond in October 2002 based on GPR data
is shown in Figure 3-19 (Lockheed Martin, 2003). Water depths range from less than 1 ft to a maximum
of greater than 6 ft (the maximum water depth measured manually was 9 ft in the southeastern part of the
pond). A deep flow channel is apparent along the eastern side of the pond. A prominent ridge divides the
southern part of the pond.


Apparent soft sediment thickness as inferred from the GPR data is shown in Figure 3-20. Shallow water
in the north end of the pond corresponds with thicker soft sediments. A thicker layer of soft sediment is
also found at the south end of the pond, behind the dam. As in Allendale Pond, the soft sediments are
underlain by a relatively hard sediment or possibly bedrock. GPR data suggest that bedrock is probably
close to the surface in the central part of the pond (Lockheed Martin, 2003).


Surface sediment grain size expressed as percent fines (percent silt + percent clay) in Lyman Mill Pond
based on samples collected from 1999 through 2003 is shown in Figure 3-21. Surface sediments gener-
ally are coarser in the channel and at the north end of Lyman Mill Pond, and finer in the central and
southern parts of the pond. Coarser surface sediments are also found along the southwestern shore of the
pond.


Ten sediment cores were collected in May 2003 from depositional areas in Lyman Mill Pond. Core
ranged from 2.0 ft to 4.4 ft in length. May 2003 core sample locations are shown in Figure 3-22.
Detailed core logs are provided in Appendix D. A layer of gelatinous, highly organic silt was found at the
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sediment surface at all but one (LPX-SD-4202) of the cores. The gelatinous, organic silt layer ranged in
thickness from 1 to >3.5 ft, with an average thickness of about 2 ft. The organic silt layer was underlain
by peat, clay, and sand in most locations. Gravel was found in four of the cores, three of which appear to
be located in the flow channel (LPX-SD-4206, LPX-SD-4208, and LPX-SD-4209).


One core from Lyman Mill Pond was subsampled for radiometric age dating. The 210Pb results indicated
a sedimentation rate of approximately 0.3 cm/yr, which is confirmed by the 137Cs results (Table 3-3).


3.7.3 Downstream of Lyman Mill Dam


Below the Lyman Mill Dam, the Woonasquatucket River occupies a well defined channel with a gravel
and sand bottom and short riffle areas (TTNUS, 2001). The current velocity decreases downstream as the
channel turns east and then south (Figure 3-3). Manton Pond is a small shallow impoundment behind the
Manton Dam. The reach between the Manton Dam and the former Dyerville Dam is relatively straight,
with generally steep banks and a cobble bottom.


3.8 Demography and Land Use


The Brook Village and Centredale Manor apartment complexes occupy the northern part of the CMRP
site. This area is currently occupied and covered by buildings, pavement, landscaping, and interim pro-
tective caps, and is expected to remain a multi-family residential use area. The land use on the east side
of the Woonasquatucket River in the vicinity of the CMRP site in North Providence, RI is primarily resi-
dential, with some commercial and light industrial properties. The western side of the river in Johnston,
RI is characterized by mixed residential, commercial and industrial use. Groundwater in the vicinity of
the site is not used as a drinking water source. The Woonasquatucket River was recognized within the
larger Blackstone River drainage as one of fourteen American Heritage Rivers in 1998, and is currently
the focus of urban revitalization and watershed restoration efforts. Future land use in the area is not
expected to change significantly.


3.9 Ecology


The following is a summary of the ecological habitat types at the site as described in the Interim Final
BERA (MACTEC, 2004a). The habitats associated with the site are characteristic of fragmented,
disturbed, and developed landscapes in the New England region and include riverine, lacustrine, and
palustrine systems. The following briefly describes the ecological habitats extending from north of the
site (i.e., Greystone) to south (i.e., Dyerville Pond). Wetland classifications follow the system presented
in Cowardin et al. (1978).


Greystone - Riverine and palustrine wetland types dominate the section of the Woonasquatucket
River located upstream of the source area (i.e., Greystone). The river above Greystone Mill Pond
is consistent with a lower perennial riverine system (i.e., slow flow and gradient), with well
developed floodplains, bordered by palustrine scrub shrub and emergent wetlands. The river
below the dam is relatively shallow with sections of higher flow and gradient (i.e., riffle and run).
The bottom substrate varies from rock cobble bottom to unconsolidated sand and muck. Water
depths range from several inches to approximately six ft. The river is bordered by palustrine
forested, and emergent wetland present along the western edge of the river, while the eastern edge
is dominated by palustrine and forested wetlands.


The Greystone Mill Pond is characterized as palustrine unconsolidated bottom and aquatic bed
wetland. Dense rooted submergent vegetation (i.e., water milfoil \Myriophyllum sp.]) dominates
the bottom of the pond; however, there are large areas of unvegetated muck, mostly in front of the
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dam. Aquatic vegetation above the dam includes rooted submergent, emergent and floating
leafed plants including water milfoil, water lilies (Nuphar and Nymphaea spp.), and duck weed
(Lemna sp.). The palustrine scrub shrub wetlands bordering the upper reaches of the river and
Pond are dominated by water willow (Decodon verticlatus), alders (Alnus sp.), sweet pepper bush
(Clethra alnifolid), willows (Salix spp.), birches (Betula sp.) and red maples (Acer rubrum).
Avian wildlife observed in the upper sections of the river and Pond included tree swallow
(Tachycineta bicolor), mallard duck (Anasplatyrhynchos), black duck (A. rubripes), wood duck
(Aix sponsa), mute swan (Cygnus olor), Canada goose (Branta canadensis), belted kingfisher
(Ceryle alcyon), green heron (Butroidies striatus), great blue heron (Ardea herodias). Other
wildlife observed using these areas included muskrat (Ondatra zibethica) and raccoon (Procyon
lotor). Reptiles and amphibians observed in the lacustrine and riverine sections included painted
and snapping turtles (Chrysemys picta and Chelydra serpentina, respectively) and frogs (Rana
spp.). Chorusing male wood frogs (R. sylvatica) were heard in 2001 and 2002 upstream of
Greystone by a U.S. Fish and Wildlife Service census team, which suggests that habitat is
available for wood frogs, spotted salamanders (Ambystoma spp.) and other obligate vernal pool
species. Fish species observed included chain pickerel (Esox niger), brown and yellow bullhead
(Ameiurus nebulosus and Ameiums natalis), white sucker (Catostomus commersori), tessellated
darter (Etheostoma olmstedi), and American eel (Anguitta rostratd).


Allendale - This section encompasses the river section between the Route 44 bridge and
Allendale dam, and is considered the source area. The upper portion of this reach is characterized
as upper perennial riverine habitat dominated by cobble bottom. There is very little emergent or
submergent vegetation associated with this section of the river. The western bank of the river is
relatively steep and undercut and dominated by trees and scrub shrub vegetation. The eastern
bank of the river is mostly developed (i.e., Brook Village and Centredale Manor) and included rip
rap along two capped areas. Several muskrats and mallard ducks were observed in this section of
the river.


The lower portion of the reach is characterized as riverine wetland habitat dominated by uncon-
solidated bottom (e.g., sand and muck) bordered by palustrine emergent and scrub shrub wetland
habitat. Vegetation includes yellow birch (Betula alleghaniensis), gray birch (Betula populifolia),
dogwood (Cornus amomum), black willow (Salix nigra), and red maple. The palustrine emergent
wetland is dominated by jewel weed (Impatiens capensis), smart weed (Polygonum spp.), nettle
(Laportea sp.), cattails (Typha sp.), woolgrass (Scirpus cyperinus), and purple loosestrife
(Lythrum salicaria). Wildlife observed in these areas includes tree swallow, killdeer (Charadrius
vociferous), Canada goose, mourning doves (Zenaida macrourd), muskrat, and mink (Mustela
vision). Reptiles and amphibians including snapping turtles and green frogs (Rana clamitans),
pickerel frogs (R. palustris), bullfrogs (R. catesbiand), spring peepers (Pseudacris crucifer), and
gray tree frogs (Hyla versicolor) also were observed. Fish observed in this reach included
American eel, brown bullhead, tessellated darter, and white sucker.


Lyman Mill — This river reach is located immediately downstream of the source area and is
bounded by the Allendale dam to the north and the Lyman Mill Pond Dam to the south. This area
includes riverine, palustrine, and lacustrine wetland habitats. Immediately below the Allendale
Dam, the river flow is channelized with a section of riffle/run habitat before the impact of the
Lyman Mill Dam is encountered. Palustrine forested, scrub shrub, and emergent wetland habitats
are associated with the riverine section, as well as the upper portion and borders of Lyman Mill
Pond. The pond itself is classified as lacustrine wetland habitat based on its size (>20 acres).


The section of river below the Allendale Dam is classified as upper perennial with a rock cobble
bottom. The banks are steep and undercut for most of the section. The banks are vegetated with
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overhanging shrubs and trees including dogwood, witch hazel (Hamamelis virginiana), birch, red
maples, and oaks (Quercus sp.), tree of heaven (Ailanthus altissimd), catalpa {Catalpa specios).
ash (Fraxinus sp.), and sweet gum (Nyssa sylvaticd). A large forest borders the western bank,
while a thin strip of scrub shrub habitat and residential properties as well as a ball field and
recreational complex border the eastern bank. The riverine habitat transitions into a palustrine
scrub shrub and emergent wetland at the upper end of Lyman Mill Pond. Button bush (Cepha-
lanthus occidentalis) dominates the palustrine scrub shrub wetland north of Lyman Mill Pond.
Subordinate species identified in this habitat included alders, dogwood, purple loosestrife, poison
ivy (Rhus radicans), cattails, and red maple saplings. Water willow dominates along the upper
borders of the Lyman Mill Pond, between the palustrine and littoral lacustrine wetland habitat.


Lyman Mill Pond is characterized as a lacustrine wetland habitat. The majority of the pond is
classified as littoral (i.e., less than 3 m deep). Aquatic beds of water milfoil and pond weed
(Potamogeton spp.) dominate the pond bottom and water column. Approximately 10 to 20 per-
cent of the bottom is unvegetated; unvegetated areas are generally limited to confluences with
tributaries (e.g., Assapumpset Brook) and immediately upstream of the Lyman Mill Dam.
Osprey were observed feeding frequently in Lyman Mill Pond in 2001 and fish observed in this
reach include American eel, brown bullhead, tessellated darter, golden shiner (Notemigonus
crysoleucas), bluegill sunfish (Lepomis macrochirus), chain pickerel, white sucker, and
largemouth bass (Micropterus salmoides).


Manton - This section of the site is located downstream of Lyman Mill, and habitat and river
morphology is very similar to the Lyman Mill Pond reach although the impounded portion of the
river area behind the Manton Dam is approximately a tenth of the area.


Dyerville — This section of the site is located downstream of the Manton Pond Reach. Only
pilings remain of the former Dyerville Dam, and the area is primarily riverine in nature and
classified as upper perennial with a rock cobble bottom. The banks are generally steep and
undercut for most of the reach although scrub shrub habitat occurs along terraces. The upland
forest and palustrine scrub shrub wetland/floodplain habitat that occurs between Manton Pond
and the former Dyerville Dam pilings is similar to that described for upstream areas. Elms, green
ash, red maple, and birch are found along the bank side slopes and abut scrub shrub species such
as alders, sweet pepper bush and willow species.


Assapumpset - This section is the off-site reference area for the source area. Assapumpset Pond
is approximately four acres and primarily provides lacustrine wetland habitat although fringing
scrub shrub wetland occurs along the western portion of the pond. The pond discharges to
Assapumpset Brook at a spillway located to the southeast, which flows in a generally easterly
direction before discharging to Lyman Mill Pond. The brook is narrow (approximately 3-4 ft
wide) with a rocky bottom and is heavily shaded as it flows through upland forest habitat.
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4.0 NATURE AND EXTENT OF CONTAMINATION


An evaluation of the nature and extent of contamination based on all relevant and existing site data is
provided in this section. All existing data for the site are compiled in a project database and GIS. Data
for soils excavated as part of the NTCRA are archived in a separate table in the database and are not
included in the RI data analyses. Table 4-1 lists the number of samples currently in the database for each
class of contaminants for various media in the source area, area upstream (background) of the Route 44
bridge, Allendale reach excluding the source area, Lyman Mill reach, Manton reach, and area downstream
of the Manton Dam. Assapumpset Brook, the reference area for the BERA and BHHRA, is summarized
separately.


Data management and analysis procedures are described in Appendix A, and a complete list of samples
used in the RI is provided in Appendix B. A source characterization is presented below in Section 4.1,
followed by an evaluation of the nature and extent of contamination in soil, groundwater, sediment, and
surface water at the site (Sections 4.2 through 4.5). Contaminant concentrations in biota and their
significance are evaluated in the BERA and BHHRA (MACTEC, 2004b and 2004a). Section 4.4.5
presents the results of an environmental forensics review of data for persistent chlorinated organic
compounds (dioxins, furans, PCBs and chlorinated pesticides) in soil and sediment. The objective of the
environmental forensics review was to help characterize the nature of sediment contamination based on
concentration gradients and compositional relationships.


4.1 Source Characterization


As described in Section 1.3.2, potential historical sources of contamination at the CMRP site include
improper storage and disposal of chemicals in drums, stockpiles and surface impoundments. These


'̂ uf activities appear to have been concentrated in the central and southern parts of the source area. Chemicals
apparently were released directly to the ground, buried, and discharged directly to the Woonasquatucket
River. Chemical residues from the drum recycling operation were apparently dumped or burned prior to
reconditioning. Other materials related to site operations also were apparently buried on the site (e.g.
metal and construction debris such as bricks and asphalt).


Because a variety of chemical manufacturing processes took place in the source area and drums for
reconditioning were received from a variety of sources, contamination by a diverse mixture of chemicals
would be expected. The Agency for Toxic Substances and Disease Registry (ATDSR) Health Consulta-
tion for the site identified dioxin as the primary contaminant of concern in soil (ATDSR, 1999). VOCs,
SVOCs, PCBs, pesticides and inorganic constituents have also been detected in various media at the site.
Dioxin (primarily 2,3,7,8-TCDD) and HCX are byproducts of the hexachlorophene manufacturing
process (Archer and Crone, 2000), which is known to have taken place at the CMRP site. Dioxins and
furans also may have been produced by incineration of waste material at the site.


Geophysical surveys indicate that the largest concentration of buried bulk metallic materials appears to be
at the south end of the Centredale Manor south parking lot and northwest part of Cap #1 (Figure 1-3)
(Roy F. Weston, 1999b). This area has the greatest potential for containing residual waste material from
former site operations. However, the primary sources of contamination to the site are no longer active.


Non-site related contaminants may enter the Woonasquatucket River upstream and downstream of the
CMRP site. Any current or historic releases from sources upstream of Centredale are expected to be
reflected in the background chemical signature measured in sediment and water samples from the
upstream background area. Other possible sources of contaminants to the river are briefly described


^iiadtf below; however, the types and volumes of chemicals that could be attributed to these sources were not
^^ characterized in detail.
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Table 4-2 lists permitted upstream discharges to the river north of the CMRP site as identified by the RI
Pollution Discharge Elimination System (RIPDES) program (RIDEM, 2004). This list includes all types
of point discharges (i.e., from a discharge pipe) located within the Woonasquatucket River basin upstream
of the site. No combined sewer outfalls (CSOs) are located upstream of Centredale (RIDEM, 2004).
Fifteen active CSOs discharge into the river downstream of the CMRP site (Louis Berger Group, 2000).
Stormwater outfalls discharge to the river along its entire length. The watershed is less urbanized and
developed upstream of the Centredale Manor site than downstream of it; therefore, impacts from storm-
water runoff would be expected to be greater in the downstream reaches. The North Smithfield Waste-
water Treatment Plant (WWTP) located upstream of the CMRP site has a design capacity of 3.5 million
gallons per day (MOD), with an average daily flow of 1.75 MOD (Louis Berger Group, 2000). Treatment
consists of conventional activated sludge, and disinfection using sodium hypochlorite and dechlorination
using sodium bisulfite. The North Smithfield WWTP is under a Consent Decree to plan, design and build
an advanced wastewater treatment facility capable of phosphorus removal.


The Water Quality Characterization for the Woonasquatucket River Basin was performed to support
development of TMDLs for the Woonasquatucket River (Louis Berger Group, 2000). This report identi-
fies pollutant sources to the river, including historic point sources, minor permitted dischargers, the North
Smithfield WWTP and CSOs. hi 1976 there were approximately 26 known dischargers, with discharges
consisting of cooling water, industrial wastewater, and sanitary wastewater. The majority of these dis-
charges terminated following construction of the Smithfield WWTP (the currently permitted discharges
are listed in Table 4-2). The Woonasquatucket River watershed contains fourteen RIDEM State Hazard-
ous Waste Sites and CERCLA sites, including the CMRP site (Louis Berger Group, 2000). Four of these
sites are inactive, including one adjacent to Lyman Mill Pond and two downstream of Lyman Mill Dam.
All of the active hazardous waste sites are located upstream of Centredale, and any impacts from these
sites are expected to be reflected in the upstream (background area) sediment and surface water.


4.2 Soil


This section describes the nature and extent of contamination in soil within the source area, along the east
shore of the Woonasquatucket River between the source area and Allendale Dam, and on the east shore of
the river between Allendale Dam and Lyman Mill Dam. A list of soil samples used in the RI and associ-
ated analytical parameters is provided in Table B-l (Appendix B).


4.2.1 Source Area Soil


Soil sampling efforts in the source area have focused on characterizing the distribution of dioxin
(primarily 2,3,7,8-TCDD), which was identified as the primary contaminant of concern in the Health
Consultation for the site (ATSDR, 1999). A subset of soil samples also was analyzed for other site-
related chemicals. Sample locations and station IDs are shown in Figure 4-1, including stations located
on the west bank of the Woonasquatucket River across from the source area. Statistical summaries of the
source area soil data are provided in Table C-l (Appendix C). Methods used to calculate summary
statistics are described in Appendix A. The statistical summaries include the following information for
each analyte: number of samples, detection frequency, minimum concentration, maximum concentration,
central tendency (either geometric mean, arithmetic mean, or median, depending on the distribution of the
data), standard deviation, and location of the maximum detected value. A value of one-half the method
detection limit was used to represent non-detected sample results in the determination of summary
statistics. For analytes with less than 50% detected sample results, only the minimum, maximum and
median concentrations were determined.


The horizontal and vertical distributions of various chemicals in source area soils are described below.
Dioxin results are evaluated relative to an action level of 1,000 ng/kg dioxin (TEQ), which is the
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recommended preliminary cleanup level for residential properties (U.S. EPA, 1998a). This action level
was used as the basis for the first TCRA and the NTCRA (Sections 1.4.1 and 1.4.2, respectively).


Results for other contaminants are compared to residential direct exposure and teachability criteria
promulgated in the RIDEM Remediation Regulations (RIDEM, 1993). Section 8.02 of the RIDEM
Remediation Regulations states that soil contaminated as a result of a release of hazardous materials must
be remediated in a manner that meets the direct exposure and leachability criteria for each hazardous
substance present. Because the CMRP site is used for residential purposes, the residential direct exposure
criteria are potential applicable or relevant and appropriate requirements (ARARs) for the site. These
criteria must be applied to soils throughout the vadose zone in accordance with Rule 8.02.A. Leachability
criteria also apply to vadose zone soils. The average thickness of the vadose zone at the CMRP site is
approximately 5 ft. The leachability criteria are intended to ensure protection of the designated ground-
water classification. The groundwater underlying and downgradient of the CMRP site is classified by
RIDEM as GB (Section 1.3.1); therefore, the GB leachability criteria apply to site soils as long as
application of these criteria does not contribute to actual or potential adverse impacts to surface water
and/or sediment. GB leachability criteria are established for VOCs and PCBs only.


Table 4-3 summarizes chemical concentrations in source area soil samples and the number of vadose zone
soil samples with concentrations exceeding the RIDEM residential direct exposure criteria. Table 4-4
summarizes detections above the GB leachability criteria for VOCs (the leachability criterion for PCBs is
10 milligrams per kilogram (mg/kg), which is the same as the RIDEM residential direct exposure
criteria). Non-detected results with detection limits that were higher than the direct exposure or leach-
ability criteria were excluded from the analysis. In some samples, the detection limits for some param-
eters (primarily VOCs and SVOCs) were higher than the RIDEM residential direct exposure criteria.
While these parameters were not detected, it is possible that they are present at concentrations above the
direct exposure criteria.


The contaminants most frequently detected at concentrations exceeding the direct exposure criteria are
dioxin, medium to high molecular weight PAHs, PCBs, and several inorganics. VOCs exceeded the
direct exposure criteria in some samples, but at a lower frequency than the analytes noted above.
Leachability criteria for VOCs were exceeded in samples from six locations. The results for each
contaminant type are discussed further below.


4.2.1.1 Dioxins and Furans


Dioxin and furan concentration data typically were reported on an individual congener basis and as
2,3,7,8-TCDD TEQ concentrations. In cases where TEQ values were not reported in the database, they
were calculated according to a toxicity weighting scale. 2,3,7,8-TCDD is considered the most toxic
compound and is assigned a weighting factor of 1.0. The remaining 16 dioxin and furan congeners were
assigned weighting factors (toxicity equivalency factors [TEFs]) according to Van den Berg et al. (1998),
ranging from 0.001 to 0.5 (the list of TEFs is provided in Appendix A). The observed concentrations of
these seventeen dioxin and furan congeners are multiplied by the corresponding weighting factors (TEFs),
and the products are summed to determine the 2,3,7,8-TCDD TEQ concentration.


Table 4-3 indicates that 155 out of 690 vadose zone samples from the source area had dioxin TEQ
concentrations exceeding 1,000 ng/kg. The mean dioxin TEQ concentration in the all source area soil
samples is 118 ng/kg.


Figure 4-2 shows the distribution of dioxin in surface soils (0-0.25 ft) across the source area (fewer
samples were collected from the 0-1 ft interval than the 0-0.25 ft interval; although these sample results
are not shown, the dioxin distribution in the upper 1 ft is similar to the 0-0.25 ft interval). It should be
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noted that sample results for soils in the former tailrace on the east side of the site no longer may be
representative because the soils were graded during the TCRA conducted in 2003-2004 (Section 1.4.3).
Dioxin TEQ concentrations in surface soils are below 1,000 ng/kg at the north end of the site, except at a
few locations along the bank of the Woonasquatucket River by the Brook Village parking lot. Dioxin is
most widespread and present at the highest concentrations under Cap Area #1, and numerous locations
with a dioxin TEQ above 1,000 ng/kg also were found beneath Cap Area #2. This distribution pattern is
consistent with the analysis of historical activities on the site. The north end of the site was primarily
occupied by former facility buildings, whereas waste-related activities were concentrated in the central
and southern parts of the site. A former waste disposal area was identified at the southwestern part of the
site, under Cap Area #1. A former chemical manufacturing building was located on the east bank of the
Woonasquatucket River in what is now the Brook Village parking lot adjacent to where high dioxin
concentrations were found in bank soils (these soils are now covered with riprap).


Figures 4-3 through 4-6 show the distribution of dioxin in subsurface soils. Although there are fewer
samples with increasing depth, concentrations generally decrease with increasing depth beneath Cap
Areas #1 and #2. In other areas, the peak dioxin concentration is found at the surface in some locations
and at depth in others (e.g. CMS-420 in the Centredale Manor north parking lot; MW-15D in the Brook
Village parking lot). At a depth of 4-5 ft bgs, dioxin TEQ concentrations exceed 1,000 ng/kg in five
borings, three in the Brook Village parking lot (MW-05S, CMS-451, and MW-15D), one in the
Centredale Manor north parking lot (CMS-425), and one under Cap Area #1 (MW-09S) (Figure 4-6).
The variable distribution of dioxin with depth suggests that different mechanisms were responsible for its
deposition in different areas. Under Caps #1 and #2, the higher surface concentrations indicate discharge
to the ground surface. In other areas, burial of waste material or use of contaminated fill may have
resulted in higher subsurface concentrations.


4.2.1.2 Volatile Organic Compounds


VOCs were detected in less than 50% of the source area soil samples. Six VOCs exceeded the RTDEM
residential direct exposure criteria in more than one vadose zone soil sample: benzene, chlorobenzene,
PCE, TCE, vinyl chloride, and xylenes (Table 4-3). These VOCs are solvents, solvent breakdown
products, or fuel-related compounds. The majority of the exceedances occurred in samples from boring
locations CMS-417 (north end of Cap Area #2), CMS-419 (Centredale Manor north parking lot), and
MW-05S (Brook Village parking lot) (Figure 4-1). All of the benzene exceedances were found in two
borings from the Centredale Manor south parking lot (CMS-405 and CMS-408). These boring locations
are in areas that are currently capped or paved. In general, the elevated VOC concentrations appear to
have resulted from localized releases because the contamination is not laterally extensive.


The highest VOC concentrations found in source area soils were in samples from borings CMS-417,
CMS-419, and MW-05S. The vertical distribution of selected VOCs in these borings is shown hi
Table 4-5. The highest concentrations were found in the 1-2 ft interval at CMS-417 and CMS-419, and in
the 4-6 ft interval at MW-05S. These results suggest that the contaminants at CMS-417 and CMS-419
originated from surface spills or discharges, whereas the contamination near MW-05S appears to be due
to a subsurface release, or lateral migration from a nearby surface source, perhaps on top of a low-
permeability soil horizon. Although low-permeability soils were not noted on the boring log for Well
MW-05S, the logs for nearby wells GEC-4 and GEC-5 noted a silt layer underlying the fill from 5-13.5 ft
(GEC-4) and 7.5-22 ft (GEC-5).


GB leachability criteria for VOCs were exceeded in vadose samples from the Brook Village parking lot,
Cap Area #2, the Centredale Manor north parking lot, and the Centredale Manor south parking lot
(Table 4-4). Figure 4-7 shows the boring locations where leachability criteria are exceeded, and the
associated chemicals. Solvent-related VOCs (PCE and TCE) exceed leachability criteria on the west side
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of the Brook Village parking lot (CMS-060 and MW-05S). A variety of solvent-and fuel-related VOCs
exceed criteria at the northern ends of Cap Area #2 and the Centredale Manor north parking lot (CMS-
417 and CMS-419), and benzene exceeds the criteria at the south end of the Centredale Manor south
parking lot (CMS-405 and CMS-408). As noted above, these areas appear to have been contaminated by
separate, localized releases.


Figure 4-8 shows the distribution of PCE in vadose zone samples from the source area. PCE was chosen
as a representative VOC because it is one of the most frequently detected compounds, and is the only
VOC in groundwater (except for TCE in one well) that exceeds the GB groundwater objective (see Sec-
tion 4.3). PCE exceeds the residential direct exposure and GB leachability criteria in the Brook Village
parking lot, Cap Area #2, and the Centredale Manor north parking lot. PCE exceeds the leachability
criterion only in the Centredale Manor south parking lot.


4.2.1.3 Semivolatile Organic Compounds


Six PAHs were detected in more than 50% of the source area soil samples. Concentrations of medium to
high molecular weight PAHs exceeded the RIDEM residential direct exposure criteria in numerous
vadose zone soil samples across the site (Table 4-3). Chrysene and benzo(a)pyrene were the most
frequently detected PAHs. The PAHs could have been derived from the asphalt pavement that covers
much of the source area. Several other SVOCs (i.e., chlorinated benzenes) also exceeded the criteria in
several samples. The elevated levels of chlorinated benzenes were found in samples from borings CMS-
417 and CMS-419 (Figure 4-1), which also contained elevated levels of various VOCs (Section 4.2.1.2).


4.2.1.4 Pesticides and PCBs


Dieldrin exceeded the direct exposure criteria in 4 out of 122 vadose zone soil samples (Table 4-3). Total
PCBs exceeded the residential direct exposure and GB leachability criteria of 10 mg/kg in 56 out of
313 vadose zone soil samples (Table 4-3). Figures 4-9 through 4-13 show the distribution of PCBs with
increasing depth in the source area. PCB concentrations exceed 10 mg/kg at numerous locations in the
central and southern part of the source area (but not in the Brook Village parking lot). The highest PCB
concentrations generally occur within the upper 2 ft of soil. At depths of greater than 4 ft, PCB concen-
trations exceeded 10 mg/kg at only two locations: CMS-410 under Cap Area #1, and CMS-427 in the
Centredale Manor north parking lot.


Table 4-6 summarizes the Aroclor distribution of PCBs detected in source area soils. All Aroclors except
Aroclor 1221 were detected. Aroclor 1254 was detected the most frequently and at the highest concentra-
tions. The locations of the highest concentrations of Aroclors 1242, 1248, and 1254 (CMS-410, CMS-
402, and CMS-147, respectively) are all adjacent to the border between the Centredale Manor south
parking lot and Cap Area #1 (Figure 4-9). This area was identified as having a significant geophysical
anomaly possibly related to the presence of bulk metallic material (Figure 1-3). High levels of PCBs in
this area may be related to the disposal of the material responsible for the geophysical anomaly. Aroclor
1268 was detected in two samples collected from the former tailrace on the east side of the source area.


4.2.1.5 Inorganics


Beryllium and lead exceeded the RIDEM residential direct exposure criteria in numerous source area
vadose zone samples (Table 4-3). The mean beryllium concentration of 0.41 mg/kg is approximately
equal to the residential direct exposure criterion. Lead exceeded the direct exposure criterion in 40 out of
116 vadose zone soil samples south of the Brook Village parking lot (Figure 4-14). Other metals, includ-
ing antimony, arsenic, cadmium, manganese and thallium also exceeded the direct exposure criteria, but
at a lower frequency compared to beryllium and lead (Table 4-3). It should be noted that the direct
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exposure criteria for metals represent background concentrations for Rhode Island soils. Site-specific
background soil data are not available for the CMRP site.


4.2.2 Allendale and Lyman Mill Soil


Soil samples were collected from residential and recreational use properties along the east bank of the
Woonasquatucket River between the source area and Allendale Dam, and between Allendale Dam and
Lyman Mill Dam. Sample locations and station IDs are shown in Figures 4-15 and 4-16. Statistical sum-
maries of the Allendale and Lyman Mill area soil data are provided in Tables C-2 and C-3 (Appendix C).
Samples collected from areas that were excavated as part of the NTCRA (Section 1.4.2) are not included
on the maps or in the statistical summaries. Residential and recreational use soils along Allendale and
Lyman Mill Ponds were evaluated as part of the EE/CA (TTNUS, 2000a), and areas that were found to
pose an unacceptable human health risk were excavated.


4.3 Groundwater


A list of all groundwater samples used in the RI is provided in Table B-2 (Appendix B). Groundwater
monitoring well locations at the CMRP site are shown in Figure 2-1. Groundwater samples were
collected at the site in 2001 and 2002 (Sections 2.3.3 and 2.4). Statistical summaries of all groundwater
sample results are provided in Table C-4. The source area investigation conducted in 2001 (TTNUS,
2002) indicated that the most significant groundwater contamination at the site was found in the vicinity
of Well MW-05S on the east bank of the Woonasquatucket River, adjacent to the Brook Village parking
lot. A small building formerly located in this area (Figure 1-3) is believed to be where hexachlorophene
was manufactured. High levels of chlorinated solvents and dioxin were detected in groundwater samples
from this well, and a small quantity of a nonaqueous-phase liquid (NAPL) was found hi subsurface soil
samples (NAPL has not been found in groundwater from MW-05S). These contaminants may be residual
waste material from the hexachlorophene manufacturing process. PCE was detected in some of the
deeper monitoring wells elsewhere on the site at concentrations in the hundreds of micrograms per liter
(ug/L) , and lower concentrations of VOCs were detected in samples from some of the shallow
monitoring wells. Trace levels of several other contaminants (e.g., phenols and dioxin) were also
detected in some samples.


An additional round of groundwater samples from all monitoring wells was collected in October and
November 2002 as part of the interim data collection effort (Section 2.4). All samples were analyzed for
VOCs, and the sample from MW-05S also was analyzed for dioxin. Table 4-7 presents VOC concentra-
tions measured in groundwater samples collected in 2001 and 2002 and compares them to GB ground-
water objectives. Rule 8.03 of the Rhode Island Remediation Regulations states that groundwater
contaminated as a result of a release of hazardous materials located in a GB area shall be remediated to a
concentration that meets the GB groundwater objectives. GB groundwater objectives are established for
VOCs only.


These results indicate that VOC concentrations generally decreased or remained consistent from 2001 to
2002. All VOC concentrations detected in 2002 were below the GB groundwater objectives except for
PCE and TCE in the sample from Well MW-05S, and PCE in the samples from Wells MW-13D and
MW-14M. PCE concentrations in 2002 groundwater samples are shown in Figure 4-17. The PCE con-
centrations in Wells MW-05S and MS-13D have decreased since 2001. However, the PCE concentration
in Well MW-14M increased from below detection in 2001 to 1,900 ug/L in 2002. This well is in the
Brook Village parking lot, south-southeast (downgradient) of Well MW-05S, which has the highest PCE
concentration on site. These results suggest that the PCE plume has migrated downgradient from the
vicinity of Well MW-05S to Well MW-14M. The lateral extent of this PCE plume is well-defined in
shallow groundwater, but is not defined at depth. The origin of the PCE detected in deep overburden
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wells on the southeast edge of the site (MW-02M and MW-13D) is not clear. Drums and contaminated
soil were removed from the vicinity of the Centredale Manor apartment complex when it was under
construction; these materials may have been the source of this contamination.


Dioxin (2,3,7,8-TCDD) concentrations measured in groundwater samples from Well MW-05S were
4,180 picograms per liter (pg/L) in 2001, and 1,030 pg/L (1,460 pg/L in a field duplicate sample) in 2002
(Battelle, 2003a). Dioxin was detected in groundwater samples from eleven other monitoring wells in
2001 at concentrations that were two to three orders of magnitude lower than the concentration measured
in the sample from Well MW-05S (TTNUS, 2002).


The nature and extent of VOC contamination in groundwater as determined by laboratory analysis of
groundwater samples is consistent with the results of a USGS study using vapor-to-water diffusion
samplers deployed in the Woonasquatucket River, tailrace and Allendale Pond (USGS, 2000a). The
scope of this study is summarized in Section 2.1. VOCs were detected at 84 of the 104 sites where sam-
plers were retrieved. PCE and TCE were the principal VOCs that were detected. Results for PCE, which
was detected at the highest concentrations, are presented in Figure 4-18. Results are presented as concen-
tration per unit volume (i.e., parts per billion per unit volume, or ppbv). Sampler results are higher than
concentrations in surface water or groundwater, and should be interpreted qualitatively as relative values
to identify VOC discharge areas. This survey identified the seepage of VOC-contaminated groundwater
along a 500-ft stretch of the Woonasquatucket River immediately downstream of Well MW-05S. Lower
concentrations of VOCs appear to be discharging to the river at the south end of the source area.


The BERA (MACTEC, 2004a) indicated that VOCs are not having an adverse impact on surface water
and sediment quality in the river. However, it is possible that VOC contamination in the vicinity of Well
MW-05S has increased dissolved concentrations of dioxin in groundwater, which may be subsequently
discharging to river. A qualitative assessment of groundwater data indicates no apparent correlation
between dissolved dioxin and elevated VOC concentrations in groundwater except at well MW-05S.
Additional investigation is planned to confirm whether dioxin is discharging to the river near
Well MW-05S.


4.4 Sediment


Table B-3 (Appendix B) lists all sediment sample data that were used in the RI. Figures 4-19 through
4-23 show sediment sample locations in the upstream, Allendale, Lyman Mill, Manton, and downstream
of Manton reaches of the river. Sediment sample locations in Assapumpset Brook are shown in Fig-
ure 4-24. Nine floodplain soil samples (including two field duplicates) were collected from the forested
wetland (oxbow area) southwest of the Allendale Dam in June 2004. Sample locations are shown in
Figure 4-25. Statistical summaries for all analytical parameters in each reach of the river and in
Assapumpset Brook are provided in Tables C-5 through C-l 1 (Appendix C). Statistical analysis methods
are described in Appendix A. hi addition to calculating summary statistics (i.e., frequency of detection,
minimum and maximum values, central tendency, standard deviation and location of maximum value),
groups of samples from different reaches of the river were statistically compared to upstream (back-
ground) samples to determine whether or not chemical concentrations were significantly different than
background.


The horizontal and vertical distributions of various contaminants in sediment are described below in
Sections 4.4.1 through 4.4.4. This discussion focuses on parameters that were determined to contribute to
ecological and human health risk (MACTEC, 2004a and 2004b; summarized in Sections 6.1.5 and 6.2.5,
respectively). The chemicals of concern identified in the BERA and BHHRA are listed in Table 4-8.
Section 4.4.5 summarizes an environmental forensics review of dioxin/furan, PCB, and chlorinated
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pesticide data that further investigates the possible sources of persistent chlorinated organic chemicals
detected in site sediments.


4.4.1 Dioxins and Furans


The nature and extent of dioxin and furan contamination in Woonasquatucket River sediments and the
forested wetland southwest of the Allendale Dam (i.e., oxbow area) are described below. Dioxin and
furan congener data are summarized below as dioxin TEQ concentrations. Distribution patterns for
specific dioxin/furan congeners and HCX are discussed in Section 4.4.5.


A statistical summary of dioxin TEQ concentrations in sediment from various reaches of the
Woonasquatucket River is provided in Table 4-9, and sample results are shown graphically as side-by-
side boxplots in Figure 4-26 (note the logarithmic scale). Each boxplot shows the data distribution. The
ends of the box represent the 25th and 75th quartiles, and the line across the middle represents the median
value. The solid lines are "whiskers" that extend to the minimum and maximum values. The dioxin TEQ
data indicate that concentrations are lowest in the Assapumpset (reference) and upstream (background)
areas (mean concentrations of 3.29 and 21.0 ng/kg, respectively). Sediment dioxin concentrations are
highest in Allendale Pond, with a mean TEQ concentration of 972 ng/kg. The maximum concentration
measured in a sediment sample was 110,000 ng/kg in Allendale Pond. Mean dioxin concentrations in
sediment decrease in a downstream direction. TEQ concentrations are significantly higher than upstream
background concentrations in all reaches of the river adjacent to and downstream of the source area
(oxbow area floodplain soil data were not statistically compared to background). Dioxin TEQ
concentrations in the oxbow area floodplain soils southwest of Allendale Dam were within the range
measured in sediment samples from Allendale and Lyman Mill Ponds (Table 4-9), indicating that low-
lying areas in the forested wetland have been affected by contamination from the CMRP site.


Figures 4-27 through 4-30 show the dioxin TEQ distribution with increasing depth in Allendale Pond.
These maps include data collected from 1999 through 2003. Dioxin concentrations in surface sediment in
many areas of the pond are between 1,000 and 10,000 ng/kg. Localized hotspots of higher concentrations
(i.e., >10,000 ng/kg) are found throughout the pond. Relatively lower concentrations (i.e., >1,000 ng/kg)
tend to occur in the shallower area on the northern edge of the central part of the pond. Comparison of
the surface dioxin distribution patterns with apparent soft sediment thickness in Allendale Pond (Fig-
ure 3-15) indicates that higher surface concentrations generally correspond to areas with thicker accumu-
lations of soft sediment (i.e., depositional areas). Dioxin concentrations are generally below 1,000 ng/kg
from 1-2 ft below the sediment surface, and continue to decrease with increasing depth. Additional
analysis of geophysical, geomorphic, and chemical data is in progress to identify features and areas that
are likely to enhance the accumulation of contaminated sediments.


The dioxin TEQ distribution in surface and subsurface sediments in Lyman Mill Pond is shown in
Figures 4-31 and 4-32. Dioxin concentrations in surface sediment (0-1 ft) are generally between 100 and
8,000 ng/kg. The maximum concentration measured in Lyman Mill Pond is 8,030 ng/kg. Surface con-
centrations are lower hi the shallow embayment on the east side of the pond. Little subsurface sediment
sample data (i.e., for samples from >1 ft depth) are currently available for Lyman Mill Pond; additional
samples in Lyman Mill Pond were collected in March 2005 and will be included in the FS.


Figures 4-33 and 4-34 show the vertical distribution of dioxin TEQ concentrations in samples from the
May 2003 sediment cores collected in Allendale and Lyman Mill Ponds, respectively. In Allendale Pond,
dioxin concentrations are higher in the 0-1 ft interval than below 1 ft. The highest dioxin concentrations
are found at the surface in some cores, and in the subsurface in others. In one core from Lyman Mill
Pond, higher concentrations are found in samples below 1 ft. Again, the dioxin concentration peak is near
the surface in some cores, and in the subsurface in others.
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Figure 4-35 shows the relationship of dioxin TEQ concentration with TOC content in sediment samples
from Allendale and Lyman Mill Ponds. The top panel in Figure 4-35 includes all samples with paired
dioxin-TOC data, and the bottom panel includes only the sediment core samples collected in May 2003.
Dioxin TEQ concentration and TOC content are not well correlated (i.e., correlation coefficient <0.3),
although samples with less than 3% TOC generally have lower TEQ concentrations. Additional investi-
gation of possible lognormal relationships between TEQ and TOC did not substantially improve the
correlation (i.e., correlation coefficient <0.35). The lack of a strong correlation is probably due to the
abundance of organic matter in most of the sediment that has accumulated in the ponds since the darns
were built. Although dioxins and furans have a strong tendency to adsorb to organic material, other
factors such as time of release and depositional processes also influence their distribution. Some high
TOC sediments were deposited before and after the discharge of dioxin from the CMRP site, yielding
samples with high TOC and low TEQ concentrations. Additionally, depositional areas of the river appear
to have accumulated dioxin-contaminated sediments; sediments in other parts of the river may have
abundant organic material but lower TEQ concentrations.


Figure 4-36 shows the relationship of grain size (expressed as percent fines) and dioxin TEQ concentra-
tion. Dioxin and other hydrophobic organic compounds have a strong tendency to adsorb to fine-grained
sediment particles. As expected, dioxin TEQ concentrations are lowest in samples with less than 20%
silt+clay (with the exception of one sample), although overall the correlation between percent fines and
TEQ is not strong (i.e., correlation coefficient <0.3).


The May 2003 core logs provided in Appendix D show the sediment type, dioxin and TOC concentra-
tions, location of the 1940 time horizon based on radiometric age dating results, and geotechnical charac-
teristics of selected sediment samples (the 1940 time horizon incorporates uncertainty associated with the
sediment age estimates, and represents the segment of the core that corresponds to the onset of CMRP
site-related activities). Radiometric age dating results show a good correlation with dioxin concentra-
tions, with no significant contamination found in sediments deposited prior to 1940, and maximum con-
centrations generally corresponding to samples dated from about 1950 to 1970 (Figure 4-37). These dates
encompass the period when hexachlorophene was manufactured on the site (around 1965). The most
recently deposited sediments still show evidence of dioxin contamination, which may reflect the fact that
the major upland sources were not controlled (i.e., contaminated soils in the source area were not capped)
until approximately 2000. Additionally, post-depositional processes including bioturbation and sediment
resuspension mix surface and subsurface sediments, resulting in the distribution of dioxin throughout the
active layer. Assuming an average sedimentation rate in Allendale Pond of 0.5 to 0.8 cm/year (Section
3.7.1), a 1 ft depth corresponds to an age of 40 to 60 years (i.e., 1943-1963).


4.4.2 Semivolatile Organic Compounds


Statistical summaries of SVOC concentrations in sediment are provided in Tables C-5 though C-l 1
(Appendix C). Benzo(a)pyrene and dibenz(a,h)anthracene were found to contribute to human health risk
at the CMRP site (Table 4-8). Concentration data for these two PAH compounds are summarized in
Table 4-9 (samples from the oxbow area were not analyzed for SVOCs), and boxplots are provided in
Appendix C. Benzo(a)pyrene was detected in more than 50% of the samples from all reaches of the river.
Dibenz(a,h)anthracene was detected in less than 50% of the samples collected in the Allendale and
Lyman Mill reaches. The mean concentration of benzo(a)pyrene is highest in the upstream background
sediments and lowest in the Assapumpset (reference) sediment. Concentrations in the reaches adjacent to
and downstream of the CMRP site are not significantly higher than those in background sediments.
N-nitroso-di-n-propylamine was also identified as a human health chemical of concern. This SVOC was
only detected in one sediment sample from the Manton reach of the river.
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A petroleum hydrocarbon assessment, including fingerprinting analysis of PAH composition, was
performed in 2003 using five sediment core samples from Allendale and Lyman Mill Ponds (Battelle,
2003c). The results indicate that the gelatinous organic silt layer observed at the sediment surface over
much of Lyman Mill Pond likely contains combustion byproducts (soot) and residual petroleum (asphalt,
motor oil, and possibly other residual petroleum products) consistent with an urban background signature.
The signature of urban runoff was more pronounced in samples from the central part of Lyman Mill Pond,
possibly due to the greater density of human activity, incidental hydrocarbon releases from vehicular
traffic, and commercial activity in adjacent upland locations. No pronounced localized signatures of
petroleum and tar products were detected in the samples.


4.4.3 PCBs and Pesticides


Statistical summaries of PCB and pesticide concentrations in sediments are provided in Tables C-5
though C-l 1 (Appendix C). As previously noted, the PCBs and pesticides that contribute to ecological
and human health risk are coplanar PCB congeners, Aroclor 1254, Aroclor 1268, total Aroclors,
4,4'-DDD, 4,4'-DDE, dieldrin, and technical chlordane. Table 4-9 includes summary statistics for these
chemicals, and boxplots are provided in Appendix C (results for 4,4'-DDT are included in Table 4-9
because it is the parent compound of 4,4'-DDD and 4,4'-DDE).


The procedure used to convert PCB congener concentrations into PCB TEQ concentrations is described in
Appendix A. Only a small number of sediment samples were analyzed for coplanar PCB congeners (two
in the upstream reach, one in the Allendale reach, and three in the Lyman Mill reach). Sample results
suggest that PCB TEQ concentrations are higher in the Allendale Reach than in the upstream or Lyman
Mill reaches (Table 4-9). The highest detection frequencies for Aroclor 1254 were in samples from the
Allendale, Lyman Mill, and upstream reaches of the river. A boxplot of Aroclor 1254 concentrations is
provided in Figure 4-38. Aroclor 1254 was detected in less than 50% of the samples from the Manton
and downstream of Manton reaches of the river, and from Assapumpset Brook. Aroclor 1254
concentrations in the Allendale reach only are significantly higher than concentrations in the upstream
(background) reach. The maximum detected Aroclor 1254 concentrations in floodplain soil samples from
the oxbow area is similar to the maximum detected concentration in Lyman Mill Pond (Table 4-9).
Aroclor 1268 and total Aroclor concentrations in reaches of the river adjacent to and downstream of the
CMRP site are not significantly higher than background concentrations (Table 4-9).


Concentrations of the pesticides in sediment adjacent to and downstream of the CMRP site are not
significantly higher than background concentrations (Table 4-9). A boxplot of dieldrin sample results is
provided in Figure 4-39; this pesticide was detected in less than 50% of the samples collected from all
reaches of the river except the oxbow area floodplain soil samples. Dieldrin concentrations in oxbow area
soil samples are similar to those in Allendale and Lyman Mill Ponds.


4.4.4 Metals and Inorganics


Statistical summaries of metal and inorganic constituent concentrations in sediments are provided in
Tables C-5 though C-l 1 (Appendix C). Metal and inorganic chemicals contributing to risk at the CMRP
site are aluminum, arsenic, barium, cadmium, methylmercury, selenium, vanadium, and zinc (Table 4-8).
Summary statistics for these chemicals are presented in Table 4-9, and boxplots are provided in Appendix
C (results for total mercury are included in Table 4-9 because it is the source of methylmercury). None of
the metal or inorganic chemicals of concern are significantly higher in sediments adjacent to and
downstream of the CMRP than in upstream (background) sediment. Methylmercury is produced from
inorganic mercury by microbial activity. Total mercury concentrations adjacent to and downstream of the
CMRP site were not significantly higher than background concentrations.
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4.4.5 Environmental Forensic Review of Chlorinated
Organic Compounds in Sediment


An environmental forensics review of persistent chlorinated organic compounds at the CMRP site was
performed to characterize compositional relationships among analytes detected in the study area and to
differentiate, if possible, between assemblages of contaminants associated with the CMRP source area
from those associated with current or historic activities that are not site-related. The complete review is
presented in NewFields (2005) (provided as Appendix E) and is summarized below. The forensics review
relied upon three data analysis methods: (1) statistical analysis of chemical concentration data for various
RI sample groups, (2) examination of correlation relationships between various classes of compounds,
and (3) principal components analysis (PCA) to characterize compositional patterns on a sample-specific
basis. Analyte concentration data and compositional trends were used to infer likely sources of contami-
nation to the study area. Major findings of this review are summarized below, and the full analysis is
provided in Appendix E.


Patterns of PCDDs and PCDFs (i.e., fingerprints) are commonly indicative of the process that generated
them. Consequently, the PCDD/DF fingerprints between candidate source and release areas can be com-
pared to determine the origin of these compounds in the environment. Hexachlorophene was reportedly
manufactured within the source area in the mid-1960s. Hexachlorophene was produced by reaction of
raw materials such as 2,4,5-trichlorophenol and 2,4,5-trichloroaninsole and used as an additive for anti-
bacterial soap and cosmetics (Archer and Crone, 2000). In addition to the co-generation of 2,3,7,8-
TCDD, the manufacture of hexachlorophene produced HCX in widely varying amounts depending on the
reaction conditions of the manufacturing process (Archer and Crone, 2000). Previous investigators
recommended the use of detected levels of HCX to identify residues of the hexachlorophene manufactur-
ing process; however, the high variability of the process prevents the use of source ratios, such as
HCX:2,3,7,8-TCDD, for the reliable identification of hexachlorophene byproducts (Archer and Crone,
2000).


Table 4-10 summarizes concentrations of various chlorinated organic analyte concentrations by area.
Chemical concentrations in upstream (background) sediment samples were statistically compared with
data for reaches of the Woonasquatucket River adjacent to and downstream from the CMRP site (i.e.,
Allendale, Lyman Mill, Manton, and downstream of Manton reaches). Chemicals with concentrations
that were significantly higher than upstream background concentrations were considered to be potentially
influenced by CMRP site activities or other local sources not reflected in the upstream background
concentrations.


Dioxin (2,3,7,8-TCDD) concentrations were highest hi Allendale Pond sediments and decreased in a
downstream direction. 2,3,7,8-TCDD concentrations were significantly higher than upstream background
concentrations hi sediments from all reaches of the river downstream of the CMRP site. Concentrations
in Allendale Pond sediments were higher than source area soil concentrations. Dioxin congeners other
than 2,3,7,8-TCDD were not significantly higher than upstream background concentrations. HCX was
found throughout the study area, with highest concentrations found in Allendale Pond, Lyman Mill Pond,
downstream of Manton, and source area samples. HCX concentrations in Allendale Pond were higher
than source area soil concentrations. The HCX concentration fluctuated independently relative to the
2,3,7,8-TCDD concentration, presumably because of variable manufacturing processes for
hexachlorophene. HCX also was detected in many upstream background samples. The presence of HCX
hi the upstream background samples may be due to discharge of soaps or cosmetics containing hexa-
chlorophene into the river, possibly from the North Smithfield WWTP. However, HCX concentrations
were significantly higher than upstream background concentrations in all reaches of the river downstre;im
of the CMRP site, and residues of the historical manufacturing of hexachlorophene at the CMRP site
appeared to extend downstream from the source area to approximately half of the sampling locations
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downstream of Manton Dam. The long downstream migration path for 2,3,7,8-TCDD and HCX is
consistent with a manufacturing discharge in which the chemicals were not adsorbed to heavy soil
particles capable of retarding movement.


Furan concentrations in Woonasquatucket River sediments were not significantly higher than upstream
background concentrations except for two HxCDF congeners in Manton Pond. These furans are believed
to be from a local, non-CMRP related source. Furan concentrations were higher in Allendale Pond
sediments than in source area soils. A high degree of variability in the furan pattern may be the result of
variable manufacturing processes for hexachlorophene, or of multiple PCDF sources.


The highest concentrations and greatest compositional diversity of dioxins and furans were observed in
Allendale Pond sediments. The PCDD/DF fingerprint that was evident in source area samples could be
seen in samples from Allendale Pond, Lyman Mill Pond, Manton Pond, and downstream sediments
largely based on the higher levels of TCDD relative to other congeners. This signature was most evident
in the top 2 ft of sediment. These results were consistent with the tracking of the source area signature
based on HCX distribution.


Diverse mixtures of high-concentration PCBs and pesticides were largely confined to the source area.
Aroclor 1254 was the dominant PCB; other Aroclors were spatially limited in the source area. Detection
frequencies for Aroclors in Allendale Pond were similar to those in the source area. Aroclor concentra-
tions in Woonsquatucket River sediments downstream of the CMRP site were not significantly higher
than upstream background concentrations with the exception of Aroclor 1254 in Allendale Pond, Aroclor
1248 in Allendale and Lyman Mill Ponds, and Aroclor 1242 in the downstream of Manton reach. PCBs
most likely migrated on soil particles into Allendale Pond; below Allendale Pond, PCB mixtures are
indistinguishable from background.


The chlorinated pesticide signature in upstream background area samples contained a mixture of chlor-
dane, endosulfan, and DDT-related compounds. The source area samples shared this basic fingerprint
with variations in the relative abundances of dieldrin, endrin, benzene hexachloride (BHC), and other
pesticides. This chemical diversity is consistent with the drum reconditioning operation that received
used drums from various sources. Pesticide assemblages in many samples from Allendale Pond resem-
bled source area mixed with background signatures. Although it is possible that pesticides from the
source area reached Lyman Mill Pond, upland soils adjacent to Lyman Mill Pond more closely matched
the pattern in these sediments. Below Lyman Mill Pond, the sediment pesticide patterns were consistent
with background conditions. Sediment samples from Assapumpset Pond and Brook exhibited no
chemical influence from historical activities at the CMRP site based on concentration and compositional
data.


Total PCB and dioxin TEQ concentrations were poorly correlated (i.e., correlation coefficients <0.3),
which suggests that these contaminants have different release histories. High-concentration Aroclors
were largely confined to the source area. The former drum reconditioning facility probably received
chemical shipping and storage containers from numerous sources and may be the original source of the
PCBs. As previously noted, dioxin distribution patterns suggest that it may have been contained in
manufacturing discharge from the hexachlorophene production process. Total PCB and total pesticide
concentrations were moderately correlated (i.e., correlation coefficients >Q.5), indicating that high
concentrations of PCBs tended to occur with high concentrations of pesticides.


The following conceptual model is consistent with the findings of the environmental forensics analysis:


• Dioxins (primarily 2,3,7,8-TCDD), furans, and HCX were generated as hexachlorophene
byproducts that were discharged directly into the Woonasquatucket River. 2,3,7,8-TCDD
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and HCX ratios are not constant because of variations in the hexachlorophene production
process; however, the co-occurrence of HCX and 2,3,7,8-TCDD above background levels in
sediments from Allendale Pond to downstream of Manton Dam indicates that the
contaminants came from the manufacture of hexachlorophene on the CMRP site.


• The former drum reconditioning operation in the source area likely washed pesticide and
PCB residues into the source area soils. Surface soil erosion and transport transported some
of these residues to downgradient locations. Localized soil erosion and inputs from upstream
background locations altered and diluted the source area signature. Aroclor and pesticide
contributions to river sediments are generally indistinguishable from background below
Lyman Mill Pond.


4.5 Surface Water


Table B-4 (Appendix B) lists all surface water samples collected at the CMRP site and the associated
analytical parameters. Surface water sample locations from north to south are shown in Figures 4-19,
4-40, 4-41, 4-22, and 4-23. Reference surface water sample locations are shown in Figure 4-24. Statis-
tical summaries for all analytical parameters in surface water samples from the source area and each reach
of the river are provided in Tables C-12 through C-l 8. Source area surface water samples were collected
from the former tailrace prior to capping in 2003-2004. Therefore, data for these samples no longer
represent current conditions on the site. The discussion below focuses on dioxin, which is the only
parameter that was found to potentially contribute to unacceptable risk. The BHHRA found that potential
risks from direct exposure to dioxin in surface water exceeded the risk management range for Superfund,
although this finding is based on total dioxin concentration data rather than dissolved-phase data
(MACTEC, 2004b). Uncertainties associated with the direct exposure pathway are currently being
evaluated in greater detail. The BERA found that potential risks to ecological receptors from ingestion of
or direct contact with surface water were not significant compared with potential risks from
bioaccumulation and trophic transfer (MACTEC, 2004a).


A statistical summary of dioxin TEQ results for surface water is provided in Table 4-11, and a boxplot is
shown in Figure 4-42. Few samples were collected in the background and reference areas, and none were
collected downstream from Lyman Mill Dam. Dioxins were not detected in the Assapumpset Brook
reference sample, and at trace levels in one of the background area samples from Greystone Mill Pond.
Median dioxin TEQ concentrations in surface water samples from the AJlendale and Lyman Mill reaches
of the river were similar, although the maximum concentration was measured in a sample from Allendale
Pond.
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5.0 CONTAMINANT FATE AND TRANSPORT


This section describes the most significant fate and transport processes that currently influence the move-
ment of contaminants at the CMRP site (historical release and transport mechanisms are summarized as
part of the CSM in Section 7.0). These processes control how site-related contaminants migrate from the
source area into various media (soil, groundwater, sediment, and surface water) and ultimately to human
and ecological receptors. The following discussion focuses on the COCs identified in the BERA and
BHHRA that were found to be significantly higher in sediments adjacent and downstream from the
CMRP site than in upstream (background) sediments: dioxins (particularly 2,3,7,8-TCDD), Aroclor 1254,
dieldrin, and methylmercury. Coplanar PCBs also are included, although insufficient data were available
for statistical comparisons to upstream (background) concentrations.


Potentially important fate and transport processes in the CMRP source area include the erosion and runoff
of contaminated soils, volatilization of VOCs from vadose zone soils, and leaching of contaminants from
soils into groundwater. Potential fate and transport pathways in the Woonasquatucket River are resus-
pension and downstream transport of contaminated sediment particles, partitioning of contaminants from
sediment to water and transport via diffusion and advection, transformation and/or biodegradation of
contaminants in the sediment bed, and bioaccumulation (transfer of contaminants into the tissues of
organisms from direct contact with or ingestion of sediments and water). The environmental behavior of
various contaminants is controlled by their physical and chemical properties. These properties are
described below, followed by an evaluation of fate and transport processes in the CMRP source area and
Woonasquatucket River.


5.1 Physical and Chemical Properties of Primary COCs


Important physical and chemical properties that control the fate and transport of contaminants at the
CMRP site are water solubility, organic carbon partition coefficient (Koc), octanol-water partition coeffi-
cient (KoW), and the Henry's Law constant (Hc). These parameters control the partitioning of chemicals
between various phases. Water solubility influences the movement of a compound from solid to liquid
phases (i.e., from soil to groundwater and sediments to porewater and surface water). The organic carbon
partition coefficient is a measure of the equilibrium concentration of a compound between organic carbon
and water. Log KOC increases as the tendency for a compound to adsorb to organic carbon increases. The
octanol-water partition coefficient is a measure of the equilibrium concentration of a compound between
octanol and water. The log KQW increases as the tendency for the compound to partition from water into
lipids increases. A high Log KOW value indicates a tendency for the compound to bioaccumulate into plant
and animal tissue. Henry's Law constant is a vapor-water partition coefficient. Vapor pressure is a
measure of the tendency for a chemical to volatilize.


Table 5-1 presents typical values of these parameters for the chlorinated organic COCs that are driving
risk at the CMRP site. 2,3,7,8-TCDD is one of the most toxic dioxin congeners, and is detected at high
concentrations in many samples from the CMRP site relative to other congeners (Figure 5-1). 2,3,7,8-
TCDD can cause chloracne and cancer in humans, and a variety of effects in animals including repro-
ductive damage and disruption of the endocrine system (ATSDR, 1998). Other PCDDs, PCDFs, and
coplanar PCBs have similar physical properties and environmental behavior as 2,3,7,8-TCDD. Dioxins
and furans are highly hydrophobic, lipophilic, and very stable under most environmental conditions.
They have very low vapor pressures and do not tend to volatilize. Binding to particulates and sediment
and bioaccumulation by aquatic organisms are the most significant fate and transport processes (ATSDR,
1998). In most environments, dioxins and furans are strongly adsorbed to particulate and organic matter
and are relatively immobile. Therefore, the primary transport mechanism for dioxins and furans at the
CMRP site is expected to be transport on soil or sediment particles.
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Dioxins adsorb more strongly to soils with a higher organic carbon content than those with a lower
organic carbon content (Yousefi and Walters, 1987). However, the vertical mobility of dioxin in soil will
increase if organic solvents are present in the soil (Podoll et al., 1986). Dioxins resist degradation by
oxidation, hydrolysis, or biological activity (Arthur and Frea, 1989). Aroclor 1254 and dieldrin also have
low solubilities and a tendency to adsorb to particles and organic matter and bioaccumulate in aquatic
organisms.


The BHHRA found that methylmercury contributed to risk from fish consumption (MACTEC, 2004a).
Mercury was not identified as a COC in the source area (i.e., mercury concentrations did not exceed the
RIDEM direct exposure criterion for residential use soils), and total mercury concentrations in sediment
adjacent to and downstream from the source area were not significantly higher than upstream (back-
ground) concentrations. As noted in Section 4.4.4, methylmercury is produced from inorganic mercury
by microbial activity. Methylmercury is soluble, mobile, and quickly enters the aquatic food chain
(ATSDR, 1999). The exact mechanisms by which mercury enters the food chain are not known or clearly
understood (USGS, 2000b).


5.2 Fate and Transport Processes in Source Area


Contaminated soils in the source area currently are not posing an unacceptable human health or ecological
risk because the majority of the area is either capped or paved. Groundwater also is not believed to be
posing an unacceptable human health risk, although it could be pathway for the discharge of dioxin to the
Woonasquatucket River adjacent to the Brook Village parking lot (Section 4.3).


Because the majority of the soils are capped or paved, erosion and runoff are not significant transport
pathways as long as the capped and paved surfaces are maintained. Floodwaters periodically inundate the
source area (e.g., as in 1998), and the soil caps must be able to withstand the erosive forces of floodwaters
to prevent migration of contaminated soils.


Elevated concentrations of VOCs in source area soils are localized and in areas that are either capped or
paved (Section 4.2.1.2). An air survey was performed by U.S. EPA in 1999 to investigate whether VOCs
were migrating into the indoor air environment in the Centeredale Manor and Brook Village apartment
buildings (U.S. EPA, 1999a). The screening results of the survey indicated no significant migration of
VOCs from soils into buildings, and therefore no significant potential risk exists from the inhalation
pathway (see Section 1.4). Therefore, volatilization does not appear to be a significant pathway of
contaminants from the source area.


Leaching of contaminants from soil to groundwater in the source area was evaluated as part of an
approach for developing a long-term remedy for source area soils (Battelle, 2004d). Results of this eval-
uation are summarized in Section 4.2. RCDEM leachability criteria are intended to protect the designated
groundwater quality (GB for the CMRP site). Although GB leachability criteria were exceeded in some
soils (primarily beneath parking lots), GB groundwater criteria were exceeded only in samples from two
wells in the Brook Village parking lot, and one deep well on the southeast side of the site. These results
indicate that except in the vicinity of the Brook Village parking lot, leaching does not appear to be a
major pathway of concern. PCE and TCE in soil and groundwater beneath the Brook Village parking lot
adjacent to the Woonasquatucket River may be mobilizing dioxin. The VOC-contaminated groundwater
is discharging to the river over a distance of about 50 ft. However, it is not clear if dioxins also are dis-
charging to river in VOC-contaminated groundwater, and if so, whether the magnitude of the discharge is
significant. Additional investigation is in progress to determine whether this is a significant transport
pathway for dioxin.
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5.3 Fate and Transport Processes in Woonasquatucket River


Dioxin (2,3,7,8-TCDD) is the primary COC in the Woonasquatucket River. Average dioxin (and HCX)
concentrations are higher in Allendale Pond sediments than in source area soils, and concentrations
exceeding background levels appear to extend farther downstream than concentrations of site-related
PCBs and pesticides (Section 4.4.5). Additionally, concentrations of dioxin and PCBs in sediment are
poorly correlated, which suggests that these contaminants do not co-occur and may have different release
histories and/or transport mechanisms.


One source of dioxin (primarily 2,3,7,8-TCDD) and HCX to the river may have been the direct discharge
of dioxin-bearing waste from the hexachlorophene manufacturing process into the river. Dioxins and
HCX directly discharged to the river would have a strong tendency to adsorb to organic material and fine-
grained suspended sediment particles. These particles would eventually be deposited downstream in
lower energy depositional areas. This mechanism could explain why 2,3,7,8-TCDD and HCX appear to
have been transported farther downstream than other site-related contaminants such as Aroclor 1254, and
why concentrations of these contaminants are higher in Allendale Pond sediments than source area soils
(although higher TOC content and finer grain size in pond sediments relative to source area soils also
could facilitate concentration of dioxin and HCX). This type of transport would have occurred for a short
period of time in the mid-1960s. The relatively brief period of release could explain the lack of a strong
correlation between TEQ and TOC concentrations in sediment samples from the river: highly organic silts
deposited before and after the 1960s would have a high organic carbon content, but little or no dioxin
contamination.


Other contaminants from the source area (e.g., PCBs, pesticides, dioxins/furans) probably entered the
river primarily via surface runoff and erosion of contaminated source area soils. Chemicals present in
runoff from the site would tend to adsorb to fine-grained sediment particles in Allendale Pond.
Concentrations of these COCs (with the exception of some dioxins/furans) are lower in Allendale Pond
sediments than in source area soils, and do not appear to have migrated as far downstream. These
mechanisms would have operated from the time that waste-related activities began at the site until all
contaminated source area soils were capped. Contaminated sediments now act as secondary sources of
contamination. Potentially significant fate and transport processes are discussed further below.


5.3.1 Sediment Resuspension and Transport


A sediment stability evaluation of Allendale and Lyman Mill Ponds was conducted as described in
Section 2.5.4 to evaluate the potential for sediment resuspension and downstream transport under typical
and extreme conditions (QEA, 2004a). The sediment stability evaluation considered both the hydro-
dynamic forces that induce sediment resuspension and the properties of the sediment bed that influence
erosion rates. Erosion from a sediment bed occurs through two modes of transport: (1) bed load trans-
port, which is the near-bed transport of sand and gravel; and (2) suspended load transport, which is
resuspension of clay, silt, and fine sand into the water column. The eroded sediment particles eventually
deposit at a different location.


A two-phased approach was used to characterize sediment stability in Allendale and Lyman Mill Ponds.
In Phase I, site data were compiled, analyzed, and synthesized to develop a coherent understanding of
sediment transport in the study area. Results of the data-based analyses were used to develop a CSM for
sediment transport. A sediment transport CSM is a detailed component of the overall CSM presented in
Section 7.0. The sediment transport CSM is a qualitative description of the processes (e.g., deposition
and erosion) and system characteristics (e.g., spatial distribution of bed properties) that control sediment
dynamics within the study area.
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Based on the data-based analyses, the following CSM for sediment transport was proposed (QEA,
2004a):


• The surficial layer of the sediment bed in each pond (i.e., approximately the upper 1 -2 ft) is
generally composed of cohesive sediment. Cohesive sediments have a median particle
diameter of less than 250 um and clay/silt content of greater than 15 percent (Ziegler and
Nisbet, 1994). Relatively small areas of noncohesive sediment are found in each pond, and
are typically in locations where higher current velocities exist.


• The composition of surficial sediment is finer in the downstream pond (Lyman Mill Pond)
due to the selective deposition of coarser sediment in the upstream pond (Allendale Pond).


• The two ponds are net depositional environments for most flowrates. Significant erosion
during a high-flow event is expected to occur over small areas within each pond.


• The river channel upstream of each pond (i.e., impoundment) is composed of coarse,
noncohesive sediment and is typically non-depositional. The river channels serve as conduits
for suspended sediment into and between the ponds.


The potential impacts of rare floods (i.e., 100-year return frequency) on bed stability in the two ponds
were evaluated using the EFDC hydrodynamic model. The primary results of the modeling are as
follows:


• In Allendale Pond, significant scour will occur over less than 5 percent of the bed area hi the
pond during a rare flood. Significant erosion, i.e., greater than approximately 1 cm, will
generally occur in the northern portion of the pond, near the upstream inlet (Figure 5-2).


• Significant scour will occur over a larger area in Lyman Mill Pond than in Allendale Pond,
with up to 10 to 15 percent of the Lyman Mill Pond bed having erosion greater than approx-
imately 1 cm. Bed scour generally occurs in the northern portion of Lyman Mill Pond, with
maximum erosion near the upstream inlet (Figure 5-3).


• The absolute magnitude of the model predictions is more uncertain than the relative magni-
tude. For example, predictions of mass of sediment eroded during a 100-year flood (195 and
2,400 metric tons in Allendale and Lyman Mill Ponds, respectively) have an order-of-
magnitude accuracy, at best. The relative difference between the two predictions, i.e., the
magnitude of erosion is expected to be much larger in Lyman Mill Pond than in Allendale
Pond, is probably more accurate and reliable.


The model-based analyses appear to be consistent with the proposed CSM. The impacts of rare floods on
bed scour are predicted to be restricted to a relatively small portion (i.e., less than approximately 5 to
15 percent of pond area) of the sediment bed in each pond. The modeling results suggest that deposition
occurs over large portions of Allendale and Lyman Mill Ponds during high-flow events; deposition rates
during a flood will be spatially variable within each pond due to variations in sediment load and bottom
shear stress. In addition, sediment eroded in the upstream portions of each pond during a flood will be
transported downstream by river currents. A portion of the eroded sediment will be redeposited within
the pond; current velocity and bottom shear stress tend to decrease in the downstream portions of each
pond, making those areas conducive to redeposition of eroded material from upstream locations.
However, the hydrodynamic model is unable to predict the proportion of sediment redeposited within
each pond, or the amount potentially transported downstream of Allendale and Lyman Mill Dams.
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The validity of the sediment stability study conclusions depends on the uncertainty in the data and model.
Attempts were made to incorporate the effects of uncertainty in the data-based analyses. Uncertainty in
the data-based analyses was reflected in the conclusions through use of ranges of results, rather than
specific numbers.


Uncertainty in the model-based conclusions is due to these primary sources: (1) lack of model calibration;
(2) insufficient data to develop a detailed bed map for the ponds; and (3) lack of site-specific erosion
potential data. Additional data collection was conducted in 2005 to reduce these uncertainties.


5.3.2 Advective and Diffusive Flux


The flux of dioxin from the sediment bed to the water column in Allendale and Lyman Mill Ponds under
low flow (i.e., non-resuspending) conditions was evaluated as part of the sediment stability study (QEA,
2004a). Water column samples collected in October and November 1999 were used in the evaluation
(TTNUS, 2000b). The sampling was carried out during low to moderate flow conditions during which it
is expected that sediment resuspension does not occur. Under non-resuspending conditions, COC flux
(i.e., dioxin flux) from the bed to the water column occurs due to a combination of various processes,
including diffusion, bioturbation and groundwater flux. The flux analysis is presented in detail in QEA
(2004a) and is summarized below.


The spatial distribution of dioxin concentrations suggested that the study area could be divided into five
zones (Table 5-2 and Figures 5-4 and 5-5). Dioxin concentrations increased between Zones 1 and 2 (i.e.,
from the upstream area to the source/upstream portion of Allendale Pond area), with average concentra-
tions increasing from 27 to 1,160 pg/L (Table 5-2). Moving from Zone 2 to 3 (i.e., from upstream portion
to downstream portion in Allendale Pond), concentrations decreased to levels observed in Zone 1. In
Zone 4 (i.e., upstream portion of Lyman Mill Pond), dioxin water column concentrations increased again
to an average value of 105 pg/L. As in Allendale Pond, concentrations in Zone 5 declined to values
comparable to Zone 1 and 3 concentrations.


Dioxin loads were calculated by multiplying the observed dioxin water column concentration by the daily
average flowrate for the day of sample collection (Table 5-3). The calculated water column loads have a
spatial pattern that is similar to the one observed for water column concentrations. Higher loads occur in
Zones 2 and 4, while lower loads are observed in Zones 1, 3 and 5. Dioxin loads ranged from about 2 to
870 mg/day during this low-flow period.


Results of the water column load analysis were used to draw preliminary conclusions about dioxin
loading to the water column during non-resuspending conditions in Allendale and Lyman Mill Ponds.
First, dioxin loads of approximately 110 and 11 mg/day, on average, are added to the water column in
Zones 2 and 4, respectively. It assumed that the sediment bed is a source of the dioxin loading to the
water column in Zones 2 and 4; mass transfer of porewater from the bed to water column (due to pro-
cesses such as diffusion, bioturbation, and groundwater advection) is probably the main source of dioxin.
Another possible source of dioxin in Zone 2 is contaminated groundwater discharge to the river in the
vicinity of the Brook Village parking lot. Second, transport processes within Allendale and Lyman Mill
Ponds appear to remove the loads from Zones 2 and 4, resulting in a return to background levels in the
downstream portion of each pond. Background dioxin loads in the river appear to be approximately
4 mg/day. The processes responsible for the apparent removal of the loads from Zones 2 and 4 are not
known. Third, minimal increase in dioxin loading occurs between the upstream boundary of the study
area and Lyman Mill Dam. Minimal net export of dioxin from the two ponds occurs during low-flow,
non-resuspending conditions; the water-column load of dioxin entering the study area (i.e., the back-
ground load) is approximately equal to the load over Lyman Mill Dam during low-flow periods.
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The data set used for this analysis is limited, with only three to five samples from Zones 1, 3 and 5. Thus,
uncertainty exists in the estimates of dioxin loads and the preliminary conclusions drawn from the
analysis. Additional data collection is in progress to assess the validity of these hypotheses.
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6.0 BASELINE RISK ASSESSMENT


This section presents results from the baseline risk assessments conducted for the CMRP site. BERA and
BHHRA investigations were initiated in 2001, and included an evaluation of current and future potential
risks to the environment and public health. Results from the risk assessments will form the basis for any
future remedial activities at the site. The following is a summary from the BERA and BHHRA reports;
complete details are presented in MACTEC (2004a and 2004b).


6.1 Ecological Risk Assessment


The BERA analyzes potential adverse ecological effects caused by hazardous substance releases from a
site in the absence of any actions to control or mitigate these releases (i.e., under an assumption of no
action at the site). Samples were collected to support the BERA when the Allendale Dam was breached
and floodplain soils were exposed in Allendale Pond, although the BERA assumed a restored condition.
The dam was restored in 2001, and the water level in the pond was raised. The potential impact of using
samples collected when the dam was breached is addressed in the BERA uncertainty analysis. In
accordance with U.S. EPA guidance, the BERA consists of four components: problem formulation,
exposure assessment, effects assessment, and risk characterization (including an evaluation of risk
uncertainties) (U.S. EPA, 1997b). Each of these components is described below.


6.1.1 Problem Formulation


The problem formulation focuses the BERA and establishes the goals, breadth, and major issues for
consideration, and includes a description of the environmental setting and resources potentially at risk; the
selection of COPCs and their fate, transport, and ecotoxicity; the selection of receptors of concern and
species profiles; a CSM with complete exposure pathways; assessment and measurement endpoints along
with the study rationale, and risk hypotheses.


Environmental Setting
The Woonasquatucket River is designated as a Class Bl waterbody, suitable for primary and secondary
human contact recreation and fish and wildlife habitat. The land-use for the eastern shore of Allendale
and Lyman Mill reaches is primarily residential with some commercial and industrial activity. Resi-
dential, commercial, and industrial properties are located approximately 200 ft or more from the western
shore of Allendale and Lyman Mill. Undeveloped land adjacent to the river includes palustrine forest,
scrub-shrub, and emergent marsh. Fish and aquatic invertebrates associated with the Woonasquatucket
River are typical of a warm-water fishery in New England; these organisms in turn support of variety of
wildlife species that specialize on fish, invertebrate, or mixed diets (piscivores, insectivores/vermivores,
and omnivores, respectively).


Conceptual Site Model
The CSM identifies the sources, media, pathways and routes of exposure evaluated in the BERA, and the
relationship between the measurement endpoints and the assessment endpoints (U.S. EPA, 1997b). It
serves as a communication tool that illustrates the major pathways by which ecological receptors might be
exposed to COPCs associated with releases from the site source area. Figure 6-1 presents a generalized
ecological CSM for the site.


A description of the source area, history of improper waste disposal activities conducted at site, and
contaminants detected in various environmental media (e.g., soil, sediment, fish, water and groundwater)
at the site is provided in Section 1.3. Downstream sediments have been impacted through the transport
and deposition of contaminants from the source area. Partial breaching of Allendale Dam in 1991 and
again in 2001 may have facilitated additional contaminant migration.
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Contaminants that were discharged from the source area entered the Woonasquatucket River and were
transported downstream dissolved in the water column and/or adsorbed to suspended sediments. Over-
land flow during flooding events resulted in contamination of lateral floodplain habitats associated with
the river. Over time, contaminants preferentially accumulated in floodplain soils and sediments located in
low energy depositional areas, which are characterized by higher organic carbon content. Compounds
with a propensity to bioaccumulate were taken up by plants, invertebrates, and fish and were transferred
through aquatic food webs. Wildlife species that consume these lower trophic level organisms could also
be exposed to site-related contaminants. Contaminants that were deposited in floodplain soils could also
enter the terrestrial food webs by a similar process.


• Potential Ecological Receptors. Potential ecological receptor species considered in the
BERA are aquatic and floodplain invertebrates, amphibians, fish, birds, and mammals that
depend on aquatic resources of the Woonasquatucket River. In general, aquatic receptors
(including invertebrates and both demersal and pelagic fish species) are exposed to COPCs in
sediment and surface water via direct contact, direct ingestion, or by consuming prey items
that have bioaccumulated COPCs. Semi-aquatic receptors (including mammals, birds,
reptiles, and amphibians) may be exposed as a result of incidental ingestion of sediment,
consumption of water, or ingestion of contaminated prey. Terrestrial invertebrates and
wildlife that prey on these species may be exposed to contaminants in floodplain soil directly
or by ingesting contaminated prey.


• Ecological Exposure Pathways. Ecological receptors may be exposed to site-related
contaminants through a variety of exposure pathways. A complete exposure pathway
involves a potential for contact between a given receptor and contamination either through
direct exposure to an abiotic medium (air, soil, sediment, water) or indirectly through prey
consumption. Pathways are evaluated by considering information on contaminant fate and
transport, ecosystems potentially affected, and the magnitude and extent of contamination
(U.S. EPA, 1997b).


The BERA includes evaluation of the following exposure pathways: direct contact with surface water,
sediment and floodplain soils by invertebrate receptors; ingestion of biota by piscivorous, insectivorous,
and omnivorous wildlife receptors from a background location, a reference area, and the reach of the
Woonasquatucket River that constitutes the site; consumption of surface water by wildlife receptors; and
incidental ingestion of sediment and floodplain soil by wildlife receptors.


Animals and plants that occur in or adjacent to the Woonasquatucket River, including invertebrates, fish,
amphibians, birds, and mammals, could be exposed to contaminants through contact with floodplain soil,
sediment, surface water, and prey consumption. Species representing various trophic levels were selected
as representative receptor species to evaluate the assessment endpoints. The selected species are intended
to be representative of other species at the same trophic level that share similar ecological characteristics.
These groups of species are generally referred to as guilds. By evaluating a representative member of a
guild and by accounting for the predominant guilds, the uncertainty associated with missing an important
species group or pathway is reduced.


Summary of Data
Dioxins and furans (particularly 2,3,7,8-TCDD), HCX, Aroclor 1254, and possibly PCB-77 appear to be
the primary chemical parameters that are detected in environmental media with frequency of detection
and concentrations that are indicative of site-related impacts (MACTEC, 2004a). In other words, these
parameters have clearly elevated concentrations in biota tissue (including fish, earthworms, emerging
insects, tree swallow eggs, nestlings, and stomach contents) and sediments in the site-related exposure
areas (Allendale Pond, Lyman Mill Pond, Manton Pond, and Dyerville Pond) compared to the Greystone
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Mill Pond upstream background area and the Assapumpset Pond and Brook reference area. In addition,
a distinctive dioxin/furan "signature" characterized the site sediment, floodplain soil, white sucker,
American eel, largemouth bass, crayfish, emerging insects, earthworms, and tree swallow eggs, nestlings,
and stomach contents, hi virtually all cases, the average 2,3,7,8-TCDD concentrations are 10 to
100 times higher in sediment and tissue samples from Allendale and Lyman Mill compared to the back-
ground and reference areas.


Chemicals of Potential Concern Selection
Using the data collected in soil, surface water, sediment, and biota (white sucker, largemouth bass,
American eel, crayfish, earthworms, emerging insects, and tree swallow eggs, nestlings, and stomach
content), chemicals were initially identified as COPCs by media for the site and chemicals of interest
(COIs) in reference/background areas. COPCs require further evaluation in the risk assessment if the
chemical concentrations are above risk-based screening concentrations.


COPCs selected for the environmental media include the following:


1. Surface water: W.s-2-ethylhexylphthalate, several pesticides, inorganics (total and dissolved),
ammonia, dioxins and furans, and HCX.


2. Overburden groundwater: COPCs include two VOCs and six SVOCs.
3. Sediment: SVOCs, particularly PAHs, pesticides, inorganics, PCBs, and dioxins, furans, and HCX.
4. Crayfish tissue: Pesticides, inorganics, PCBs, and dioxins, furans, and HCX.
5. Emerging insects: PCBs, and dioxins, furans, and HCX.
6. Fish tissue: SVOCs (particularly PAHs), pesticides, inorganics, PCBs, and dioxins, furans, and


HCX.
7. Floodplain soil: SVOCs (particularly PAHs), pesticides, inorganics, PCBs, and dioxins, furans, and


HCX.
8. Earthworm tissue: Pesticides, inorganics, PCBs, and dioxins, furans, and HCX.
9. Tree swallow egg tissue: Pesticides, PCBs, and dioxin, furans, and HCX.
10. Tree swallow nestling tissue: Pesticides, PCBs, and dioxin, furans, and HCX.


The list of COIs for the background and reference areas is very similar to that for the site. For the
background area and reference area, sediment COPCs include SVOCs, particularly PAHs, pesticides,
inorganics, PCBs, and dioxins, furans, and HCX. In fish tissue, COPCs also include SVOCs, particularly
PAHs, pesticides, inorganics, PCBs, and dioxins and furans. HCX was not detected and therefore was not
selected as a COI for white sucker, but HCX was selected as a COPC for American eel and largemouth
bass. In surface water, COPCs include no VOCs, no SVOCs, no pesticides, inorganics (total and
dissolved), and dioxins and furans.


Ecotoxicology of Selected COPCs
The BERA summarized the available toxicological literature for all classes of compounds identified as
COPCs for each evaluated receptor category (i.e., invertebrates, fish, birds, and mammals). The TEQ
approach was employed in the BERA to overcome the difficulty in assessing the overall toxicity of dioxin
mixtures. Specific TEFs have been developed for human/mammals, birds, and fish. A TEQ concentra-
tion was derived by summing the products of the individual congener concentrations and their corre-
sponding TEFs for a given environmental sample. The TEQ values presented in the BERA are reported
separately for the sum of dioxin and furan congeners and the sum of PCB congeners.


No TEF has been established for HCX and interim values for mammals, birds, and fish were developed as
part of the BERA based on a biochemical competition assay to assess the relative affinity of HCX relative
to TCDD for binding to both fish (trout) and mammal (human) Ah-receptors (Hahn, 2001). The selected
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interim TEF (0.0002) for HCX was supported by both in vitro and in vivo laboratory studies reported in
the literature.


Assessment and Measurement Endpoints
The assessment and measurement endpoints evaluated in the BERA are summarized in Table 6-1.


6.1.2 Exposure Assessment


The objective of the exposure assessment is to estimate the type and magnitude of an ecological
receptors' exposures to COPCs at or migrating from the site. The exposure assessment is conducted to:
(1) characterize the relevant exposure areas, exposure pathways, and receptors and (2) identify the
concentration, or dose, of COPCs that receptors may receive through the identified exposure pathways.


Identification of Exposure Areas
The exposure points correspond to the exposure areas identified above as follows:


• Allendale exposure area;
• Lyman Mill exposure area;
• Manton exposure area;
• Dyerville exposure area;
• The upstream background area is referred to as the Greystone Mill Pond exposure area; and
• The reference area is referred to as the Assapumpset Brook and Pond exposure area.


Exposure Point Concentrations
For each contaminant selected as a COPC, at each exposure point, representative concentrations in fish
(American eel, largemouth bass, and white sucker), submerged sediment, surface water, and bank soil
were identified as the basis for the exposure assessments. The representative concentrations (exposure
point concentrations [EPCs]) were calculated based on the 95% UCL on the arithmetic mean concentra-
tion of the data. The procedures used to identify the 95% UCL and the EPC were selected based on the
size of the data set and the distribution type for the concentration data. Exposures were assessed primar-
ily using the central tendency exposure (CTE), which represents typical or average exposure conditions;
however, the exposures are not actually measured and there is variability among receptors which might be
present at the site with respect to frequency and duration of exposure and their consumption rates. There-
fore, the reasonable maximum exposure (RME), expressed as the highest estimate of exposure, also was
evaluated in order to bound the exposure estimates.


Identification of Exposure Models and Parameters
Chemical-specific intakes were calculated in a manner consistent with U.S. EPA guidance for risk assess-
ment. Estimated daily intakes (EDIs) of COPCs were calculated as the measure of exposure for each
selected wildlife receptor. The EDIs are expressed as milligrams of contaminant per kilogram of body-
weight per day (mg/kg/day). The following exposure parameters are included in the dose calculations
employed in the BERA:


• Concentrations in biota tissue, sediment, surface water, and floodplain soil
• Consumption rate
• Exposure frequency
• Fraction ingested from contaminated source
• Exposure duration
• Body weight.
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6.1.3 Effects Assessment


The purpose of the effects assessment is to characterize the relationship between the concentration or dose
of COPC administered or received and the incidence of adverse effects in the ecological endpoint receptor
at the appropriate level of ecological organization (i.e., usually population- or community-level). The
following types of information were used in the BERA:


• Toxicity reference values (TRVs) that relate a threshold concentration or ingested dose to an
adverse and relevant biological response. TRVs were established for surface water, sediment,
floodplain soil, and biological tissue (including invertebrates, fish, birds, and mammals)


• Sediment bioassay


• Aquatic macroinvertebrate community study


• Study of emerging insect productivity


• Floodplain macroinvertebrate community study


• Fish community survey (including fish length-weight relationships, percent gross lesions in
individual fish, demographic structure analysis, and fish species richness)


• Fish ichthyoplankton study


• ELS laboratory bioassay


• Multiple year tree swallow reproductive and nestling study


• Multiple year amphibian call survey.


It is important to note that all but the first type are site-specific measures of effects were derived
specifically for this BERA.


6.1.4 Risk Characterization


The risk characterization describes the types and magnitude of potential risk from contaminants for differ-
ent ecological receptors. However, because of the many different interactions in a complex ecosystem
like the Woonasquatucket River, there is some uncertainty that is considered when determining potential
ecological risk. These uncertainties are evaluated using statistical methods, and the potential risk for
different ecological receptors is expressed in terms about how certain that risk is. Table 6-2 summarizes
the principal risk uncertainties and identifies the relevant assessment endpoint(s) and COPCs, as well as
the direction (i.e., under- or over-estimating risks) and magnitude of likely effect. Those uncertainties
that likely resulted in the BERA risk estimates being substantially under-estimated are indicated by shad-
ing, and include the following: (1) not deriving TCDD plant tissue concentrations to evaluate omnivorous
mammal risks, (2) not characterizing floodplain exposures in the Manton and Dyerville exposure areas,
(3) the lack of critical body residue data for certain COPCs, and (4) the limited ichthyological survey
results. On the other hand, the following categories probably resulted in risk estimates generally being
over-estimated in the BERA: (1) estimated fish tissue EPCs for Dyerville, (2) the use of relatively large
fish in the tissue sampling program, and (3) the use of standard screening benchmarks as one line of
evidence for several of the assessment endpoints. It is not clear whether uncertainties regarding the
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Allendale Dam restoration resulted in an over-estimate or under-estimate of risk; however, the magnitude
of any possible effect is expected to be low.


6.1.5 Major Findings of the BERA


Major findings of the BERA are detailed in MACTEC (2004a). Table 6-3 summarizes the results of the
BERA for each of the assessment endpoints. Incremental risk for each assessment endpoint, using a
representative ecological receptor, is presented in Figures 6-2 through 6-7. Incremental risk is presented
as the range in additive hazard quotients (HQ) by chemical class, ranging from the lowest LOAEL-based
(lowest observed adverse effect level) CTE HQ to the highest NOAEL-based (no observed adverse effect
level) RME HQ.


Overall, findings from the BERA indicate that the greatest ecological risks at the site are associated with
exposure to sediment, in that contaminants present in the site sediments pose a bioaccumulation hazard
and risks are associated with the ingestion of contaminated prey. Key findings of the BERA include:


• The benthic macroinvertebrate community that resides in low-gradient habitats (lentic)
upstream of dams within the study area is at substantial risk of harm due to exposure to site-
related contaminants in surface water, sediment, and tissue residues.


• Discharge of VOC-contaminated groundwater into the reach of the Woonasquatucket River
adjacent to the site does not appear to have adversely affected the benthic macroinvertebrate
community associated with lotic (riffle/run) habitats.


• The soil invertebrate community that resides within the Woonasquatucket River floodplain
does not appear to be at substantial risk of harm due to exposure to site-related contaminants
in floodplain soil or tissue residues.


• Fish populations may be at substantial risk of harm due to exposure to site-related
contaminants in surface water, sediment, and tissue residues. Contaminants of concern are
dioxins/furans; coplanar PCBs; Aroclor 1254; 4,4'-DDD; 4,4'-DDE; technical chlordane;
aluminum; barium; selenium; vanadium; and zinc.


• Mammal and bird populations may be at substantial risk of harm due to exposure to site-
related contaminants in surface water, sediment, floodplain soil (insect-eating mammals and
birds only), and prey.


• Consumption of contaminated prey by mammal and bird populations may result in elevated
tissue residues in these receptors resulting in adverse reproductive effects (i.e.,
bioaccumulation hazard).


• Chemicals of concern for fish-eating animals include dioxins and furans (particularly 2,3,7,8-
TCDD); coplanar PCBs; Aroclor 1254; total Aroclors; 4,4'-DDD; 4,4'-DDE; technical
chlordane and zinc.


• Dioxins and furans (particularly 2,3,7,8-TCDD) and coplanar PCBs appear to be the primary
contributors to risks for insect-eating animals. For example, elevated dioxin concentrations
were associated with a reduction in egg hatching success for tree swallows.
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• The chemicals of concern for earthworm-eating (vermivorous) wildlife that forage in
floodplain soils adjacent to the Woonasquatucket River are dioxins and furans (particularly
2,3,7,8-TCDD), Aroclor 1254, arsenic, cadmium, and selenium.


• HCX was an insignificant contributor to the risk based on use of a more realistic interim TEF
value derived as part of the BERA and as supported by the findings of ELS bioassay.


• The time course of ELS mortality (i.e., majority within a week of exposure) in the laboratory
bioassay may corroborate findings of the ichthyoplankton survey; limited evidence of facial-
cranial malformations was observed in both the laboratory and field studies.


• The large and positive accumulation rates of TCDD in swallow nestlings and induction of
elevated ethoxyresorufin-O-deethylase (EROD) activity in their livers are strongly indicative
of local contamination from the individual exposure areas where the birds nested because of
the limited foraging behaviors of the adult birds. Moreover, the swallow study also
demonstrated a strong correlation between TCDD concentrations in tree swallow nestling
tissue and stomach contents.


• Dietary exposures and measured or modeled tissue burdens in avian eggs and mammal whole
body tissue pose a substantial risk of harm to piscivorous and insectivorous wildlife species.


• Omnivorous mammal and bird populations that forage within the study area are not at sub-
stantial risk of harm due to exposure to site-related contaminants in surface water, floodplain
soil, and terrestrial prey items. However, omnivorous mammals could be adversely affected
as a result of exposure to site-related contaminants in sediment and aquatic prey. Although
the exclusive use of aquatic habitat by omnivorous mammals, such as the raccoon, could
result in substantial population-level effects, the spatially and temporally varied diets and
exposures of these receptors minimizes the likelihood that demographically significant effects
would occur.


The concentrations in biota tissue of the predominant risk contributors (e.g., dioxin) are directly related to
corresponding sediment concentrations (MACTEC, 2004a). Although direct contact exposures to
sediments are not associated with the largest risks at the site (i.e., COPCs pose primarily a bioaccumula-
tion hazard and risks are associated with the indirect trophic transfer of COPCs), the greatest risks at the
site appear to be associated with the sediments.


6.2 Human Health Risk Assessment


The BHHRA analyzes potential adverse human health effects for both current and future conditions
caused by hazardous substance releases from a site in the absence of any actions to control or mitigate
these releases (i.e., under an assumption of no action or in the absence of the RDDOH health advisories on
fish consumption for this particular site). Currently, there is a fish consumption advisory issued by the
State of Rhode Island that is not believed to be a sufficient barrier to preventing exposure to biota from
the Woonasquatucket River in the short-term.


In accordance with U.S. EPA guidance (U.S. EPA, 1989, 1994, 1995c, 1999, 2001a, and 2001b), the
BHHRA consists of four components: hazard identification, exposure assessment, toxicity assessment,
and risk characterization (including an evaluation of risk uncertainties). Each of these components is
described below.
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6.2.1 Hazard Identification


The purpose of the hazard identification is to present a compilation of the available sampling data for the
hazardous substances present at the site, to identify data sets suitable for use in a quantitative risk evalua-
tion, and to identify contaminants of potential concern in biota, sediment, surface water, and bank soil on
which the quantitative assessment of risk will be based. The BHHRA is based on data collected from
several site investigations in soil, surface water, and sediment, as well as in biota found in and adjacent to
the Woonasquatucket River. Data were collected from the source area, four reaches of the
Woonasquatucket River adjacent to and downstream of the site (Allendale Pond, Lyman Mill Pond,
Manton Pond, and Dyerville Pond), and at an upstream background area (Greystone Mill Pond) and a
reference area (Assapumpset Brook), both of which are believed to be unimpacted by the site.


COPCSelection for Biota, Sediment, Surface Water, and Bank Soils.
Using the data collected in soil, surface water, sediment, and biota (American eel, largemouth bass, and
white sucker), chemicals were initially identified as COPCs by media for the site and the reference/back-
ground areas. COPCs require further evaluation in the risk assessment if the chemical concentrations are
above risk-based screening concentrations.


Consistent with U.S. EPA Region I guidance, COPCs were selected based on frequency of detection and
comparison of detected concentrations to risk-based screening criteria. U.S. EPA Region 9 residential
soil PRGs were used in the selection of COPCs for bank soil and sediments. Region 9 PRGs for tap water
were used in the selection of COPCs for surface water and U.S. EPA Region III risk-based concentrations
for fish tissue were used in the selection of COPCs for fish tissue consumption.


For the site sediments and fish tissue, COPCs include SVOCs, particularly PAHs, pesticides, metals and
inorganics, PCBs, dioxins and furans, and HCX (sediment only). In surface water, COPCs include one
VOC, one SVOC, one pesticide, one PCB (Aroclor 1254), ten metals or inorganics, HCX, and dioxins
and furans. In bank soil, 2,3,7,8-TCDD was identified as the COPC.


Dioxins and furans (particularly 2,3,7,8-TCDD), HCX, Aroclor 1254 and possibly PCB-77 appear to be
the primary chemical parameters that are detected in environmental media with frequency of detection
and concentrations that are indicative of site-related impacts. In other words, these parameters have
clearly elevated concentrations in fish tissue and sediments in the site-related exposure areas (Allendale
Pond, Lyman Mill Pond, Manton Pond, and Dyerville Pond) compared to the Greystone Mill Pond
upstream background area and at the Assapumpset Pond and Brook reference area.


The list of COPCs for the background area and reference area is very similar to that for the site. For the
background area and reference area sediment COPCs include SVOCs, particularly PAHs, pesticides,
metals and inorganics, PCBs, dioxins and furans, and HCX). The COPCs in fish tissue are the same with
the exception of HCX. HCX was not detected and therefore not selected as a COPC for white sucker, but
HCX was selected as a COPC for American eel and largemouth bass. In surface water, COPCs include
three metals or inorganics, and dioxins and furans.


6.2.2 Exposure Assessment


The objective of the exposure assessment is to estimate the type and magnitude of receptors' exposures to
COPCs at or migrating from the site. The exposure assessment is conducted to: (1) characterize the
populations of humans potentially exposed via consumption of biota from the Woonasquatucket River and
direct contact with surface water, sediment and bank soil at and adjacent to the river; (2) identify the mecha-
nisms by which receptors may be exposed; and (3) identify the intake, or dose, of COPCs that receptors
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may receive through the identified exposure pathways. The human health CSM for site is presented in
Figure 6-8.


Identification of Potentially Exposed Human Populations
The potentially exposed human populations have been identified for evaluation in the BHHRA include
"Residents Living Along the Woonasquatucket River"; "Visiting Recreational Anglers" who do not live
in the immediate vicinity of the site, but who would visit the site for recreational angling activities; and
"Commercial/Industrial Employees" of The Fogarty Center at 220 Woonasquatucket Avenue (a disability
business enterprise), hi addition to these receptors, "Subsistence Anglers" were identified as potential
receptors. However, due to the uncertainty in the Subsistence Angler scenario, this receptor has been
evaluated in an appendix to the BHHRA.


Identification of Exposure Points
The exposure points correspond to the exposure areas identified above as follows:


• Allendale Pond exposure point;
• Lyman Mill Pond exposure point;
• Manton Pond exposure point;
• Dyerville Pond exposure point;
• The Fogarty Center is a specific exposure point on the eastern shore of Lyman Mill Pond;
• The upstream background area is referred to as the Greystone Mill Pond area exposure point; and
• The reference area is referred to as the Assapumpset Brook and Pond exposure point.


Exposure Scenarios and Routes of Exposure
Based on the current and likely future land use of the site, the BHHRA evaluated the following exposure
scenarios. Residents Living Along the Woonasquatucket River (child, older child, and adult) and Visiting
Recreational Anglers (child, older child, and adult) are assumed to consume a combined fish diet consist-
ing offish caught at the exposure points and to contact (incidental ingestion and skin contact) surface
water and sediment within the Woonasquatucket River, and to contact (incidental ingestion and skin
contact) bank soil (Greystone Mill Pond and Allendale Pond exposure points only). For the Visiting
Recreational Angler, the child is assumed to consume fish caught by other family members, but it is
assumed the young child does not visit the site for recreational angling and is therefore not exposed to
surface water, sediment, or bank soil. For the Resident Living Along the River and the Visiting Recrea-
tional Angler, exposures were evaluated at a total of six exposure points, including the Allendale Pond
reach, Lyman Mill Pond reach, Manton Pond reach, and Dyerville Pond reach as well as the Greystone
Mill Pond area (upstream background) and the Assapumpset Brook and Pond (reference area). For the
Employee of the Fogarty Center, incidental ingestion and skin contact with surface soil were evaluated.


Exposure Point Concentrations
The Resident Living Along the River and the Visiting Recreational Angler have been assumed to each
have a favorite fishing spot at one of the identified exposure areas. For each COPC, at each exposure
pornt, representative concentrations in fish (American eel, largemouth bass, and white sucker), submerged
sediment, surface water, and bank soil were identified as the basis for the exposure assessments. Repre-
sentative concentrations of COPCs in surface soil were identified for the Employee of the Fogarty Center.
The representative concentrations (i.e., EPCs) were calculated based on the 95% UCL on the mean con-
centration of the data. The procedures used to identify the 95% UCL and the EPC were selected based on
the size of the data set and the distribution type for the concentration data.
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Identification of Exposure Models and Parameters
Chemical-specific intakes were calculated in a manner consistent with U.S. EPA guidance for risk assess-
ment. Average daily doses (ADDs) of COPCs were calculated as the measure of exposure. The ADDs
are expressed as milligrams of contaminant per kilogram of bodyweight per day (mg/kg/day). For non-
cancer health effects calculations, the ADD was averaged over the duration of exposure. For cancer risk
calculations, the ADD was averaged over a 70-year lifetime (a lifetime average daily dose). The
following exposure parameters are included in the dose calculations:


• Concentrations in fish tissue, sediment, surface water, and bank soil
• Consumption rate
• Exposure frequency
• Fraction ingested from contaminated source
• Exposure duration
• Body weight
• Averaging time - cancer and non-cancer
• Skin surface area exposed.


Consistent with U.S. EPA guidance (U.S. EPA, 1989), exposures were assessed for both RME, expressed
as the highest estimate of exposure that is likely to occur, and CTE, which represents typical or average
exposure conditions. The two scenarios are assessed to place some boundaries on the estimates of expo-
sure, because the exposures are not actually measured and there is variability among people who might be
present at the site with respect to frequency and duration of exposure, the contact rates and consumption
rates, and the locations where they are present now and in the future.


6.2.3 Toxicity Assessment


The purpose of the toxicity assessment is to characterize the relationship between the dose of COPC
administered or received and the incidence of adverse health effects in the exposed population. From this
quantitative dose-response relationship, toxicity values (e.g., slope factors, reference dose values, or
reference concentrations) are derived that can be used to estimate the likelihood of adverse effects as a
function of human exposure to an agent. These toxicity values are used in the risk characterization
process to estimate the potential for adverse effects occurring in humans at different exposure levels.


The dose-response information may be divided into two major categories:


• Toxicity information associated with threshold (non-carcinogenic) health effects.


• Toxicity information concerning carcinogenicity, either from human epidemiologic data or
from laboratory studies.


All the chemicals selected as COPCs were evaluated for potential non-carcinogenic health effects. In
addition, any substance considered to be a known, probable, or possible human carcinogen also was
evaluated for its potential carcinogenic effects. The classification of a chemical as a carcinogen does not
preclude an evaluation of that same chemical for potential non-carcinogenic health risks, as all potentially
carcinogenic chemicals may also exert non-carcinogenic health effects.


Toxicity values were obtained from U.S. EPA recommended sources, including the U.S. EPA's Integrated
Risk Information System (IRIS), U.S. EPA Region HI Risk-Based Concentration Table, the U.S. EPA
Region 9 PRGs table, and the U.S. EPA's National Center for Environmental Assessment publications,
and various U.S. EPA reports. Published, peer-reviewed toxicity values for HCX were not available.
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Due to the uncertainty in the toxicity of HCX, that compound has been evaluated separately in an
appendix of the BHHRA report.


6.2.4 Risk Characterization


The risk characterization describes the potential health risks and identifies which chemicals are causing
the risk. Using U.S. EPA-approved toxicity values, potential risks associated with current and future
exposure for Residents Living Along the River, Visiting Recreational Anglers, and Visiting Subsistence
Anglers were evaluated based on fish consumption, exposures to surface water and sediment at four
exposure points (Allendale Pond, Lyman Mill Pond, Manton Pond, and Dyerville Pond) within the
Woonasquatucket River, at the Greystone Mill Pond (background) and Assapumpset Brook and Pond
(reference area), and exposure to bank soil within Allendale Pond, Lyman Mill Pond, and the Greystone
Mill Pond area. Risks to adult workers associated with direct contact with surface soils at the Fogarty
Center have also been evaluated. Risks were calculated using both RME and CTE scenarios.


Equations used to calculate cumulative lifetime risks (cancer risks) and hazards to different age groups (non-
cancer risks) are detailed in the BHHRA (MACTEC, 2004b).


EPA's Acceptable Risk Range
The results from the carcinogenic risk assessment are compared to acceptable risk ranges established by
the U.S. EPA. The U.S. EPA's guidelines, established in the National Hazardous Substances and
Pollution Contingency Plan (NCP), identify acceptable exposure levels as those concentration levels "that
represent an excess upper bound lifetime cancer risk to an individual of between 10~4 [one in ten thou-
sand] and 10~6 [one in one million] using information on the relationship between dose and response"
(U.S. EPA, 1990). Where the cumulative RME site risk to an individual exceeds the upper end of this
range, action is generally warranted at a site. Where the cumulative RME site risk to an individual is less
than 10~6, action is generally not warranted. However, U.S. EPA also may decide that a lower level of
risk is unacceptable and that action is warranted, if there are extenuating circumstances, such as
uncertainties in the risk assessment.


An hazard index (HI) of less than 1 indicates that noncarcinogenic toxic effects are unlikely. An HI
greater than 1 indicates a greater possibility of a noncarcinogenic toxic effect occurring, but the circum-
stances must be evaluated on a case-by-case basis. U.S. EPA typically considers action if the HI is
greater than one.


The incremental cancer and non-cancer risks (the difference between the risks at the site and the upstream
background area, Greystone Mill Pond) have been identified for each receptor at each exposure point.
The incremental risks (site-related risks) have been compared to the Superfund cancer risk range of 10"°
to 1(T4 and to a non-cancer HI value of 1.


Uncertainty Analysis
The actual fish consumption rates for current and potential future human receptors are uncertain. Reason-
ably conservative recreational angler consumption rates have been estimated from literature sources and
have been used in the BHHRA. In addition, a more conservative, "high-end" assessment offish con-
sumption by recreational anglers has been included in an appendix to the BHHRA. It is not clear that
subsistence angling is currently taking place or will take place in the future. The potential fish consump-
tion rates for subsistence angling also are uncertain. The subsistence angler scenario has been evaluated
in an appendix to the BHHRA.


There is currently a fish consumption advisory, issued by the RIDOH, that may not be completely
effective in preventing consumption of fish from Allendale Pond, Lyman Mill Pond, Manton Pond, and
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Dyerville Pond. However, the advisory may be effective in reducing fish consumption rates in the area.
RIDOH and the U.S. EPA also published a pamphlet in 1999 that advised the public to avoid swimming,
wading, and bathing in the river and to avoid drinking water from the river ("The Do's and Don'ts of the
Woonasquatucket River"). This advice was reinforced with press releases from U.S. EPA and RIDEM in
May and August of 2003. The BHHRA has been conducted to evaluate baseline conditions, in the
absence of any measures to eliminate or minimize potential exposures, hi that context, the BHHRA may
overestimate current exposures associated with the river.


One of the contaminants in fish tissue and sediments, HCX, does not have published, peer-reviewed
toxicity values. An appendix to the BHHRA evaluates the potential toxicity and risks associated with
HCX exposures, and discusses the potential impacts of HCX on the BHHRA results and conclusions. It
appears that cancer risks are slightly underestimated due to the absence of published, peer-reviewed
toxicity information for HCX.


The concentrations in fish tissue of the predominant risk contributors are directly related to corresponding
sediment concentrations. Although direct contact exposures to sediments are not associated with the
largest risks at the site, the sediments appear to be associated with the largest risks at the site.


Cancer risks above the Superfund risk range have been identified for skin contact with surface water for
the Resident Living Along the River. The cancer risks for this exposure pathway appear to be substan-
tially overestimated. The risks are primarily associated with 2,3,7,8-TCDD and it appears the 2,3,7,8-
TCDD is associated with suspended particulate matter in the surface water samples. It is unlikely that the
2,3,7,8-TCDD in the suspended particulate matter could be easily transferred to the dissolved phase in
water and then subsequently be absorbed through the skin. Risk estimates associated with the direct
contact pathway for surface water are currently being refined.


6.2.5 Major Findings of the BHHRA


Major findings of the BHHRA are detailed in MACTEC (2004b). Non-cancer and cancer risks are sum-
marized in Tables 6-4 and 6-5, respectively. Overall, results from the BHHRA indicate that study areas
downstream of the site have higher cancer and non-cancer risks for fish consumption, surface water
contact, and sediment contact compared with the background and reference areas. Key findings of the
BHHRA, which evaluates cumulative lifetime risks (cancer risks) and hazards to different age groups
(non-cancer risks), include:


• Incremental RME and CTE cancer risks (risks above background) from consumption of fish
for the current and future Resident Living Along the River and the Visiting Recreational
Angler are above the U.S. EPA Superfund risk range at Allendale Pond, Lyman Mill Pond,
Manton Pond, and Dyerville Pond.


• Incremental RME cancer risks (risks above background) from exposure to surface water for
the current and future Resident Living Along the River and the Visiting Recreational Angler
are above the U.S. EPA Superfund risk range at Allendale Pond, Lyman Mill Pond, Manton
Pond, and Dyerville Pond. The Incremental CTE cancer risks (risks above background) from
exposure to surface water for the current and future Resident Living Along the River at
Allendale Pond only are above the U.S. EPA Superfund risk range. These risk estimates are
currently being refined in an addendum to the BHHRA.


• Incremental RME and CTE cancer risks (risks above background) for exposure to sediment
or bank soil for the current and future Resident Living Along the River and the Visiting
Recreational Angler are not (with two exceptions) above the U.S. EPA Superfund risk range
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at Allendale Pond, Lyman Mill Pond, Manton Pond, and Dyerville Pond. The incremental
RME cancer risks (risks above background) for exposure to sediment for the current and
future Resident Living Along the River are above the U.S. EPA Superfund risk range at
Allendale Pond and Lyman Mill Pond only.


Cancer risks from exposure to surface soil at the Fogarty Center are not above the U.S. EPA
Superfund risk range.


Incremental non-cancer risks (hazard index) from consumption of fish for the current and
future Resident Living Along the River and the Visiting Recreational Angler are equal to or
above (by factors between 1 and 27) the U.S. EPA Superfund benchmark hazard index of one
at Allendale Pond, Lyman Mill Pond, Manton Pond (CTE only and Resident Living Along
the River only), and Dyerville Pond.


Chemicals of concern are dioxins and furans (particularly 2,3,7,8-TCDD; coplanar PCBs;
Aroclor 1254; Aroclor 1268; 4,4'-DDE; dieldrin; technical chlordane; benzo(a)pyrene;
dibenzo(a.h)anthracene; n-nitroso-di-n-propylamine; arsenic; and methylmercury.


Incremental non-cancer risks (hazard index) from exposure to surface water and sediment for
the current and future Resident Living Along the River and the Visiting Recreational Angler
are below the U.S. EPA Superfund benchmark HI of one at Allendale Pond, Lyman Mill
Pond, Manton Pond, and Dyerville Pond.


The non-cancer hazard index from exposure to surface soil at the Fogarty Center is below the
U.S. EPA Superfund benchmark HI of one.
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7.0 SUMMARY AND CONCLUSIONS


This section summarizes the most significant findings of the CMRP RI. The findings are presented in
Section 7.1 as an integrated CSM. Principal uncertainties associated with the RI conclusions are
presented in Section 7.2.


7.1 Summary and Conceptual Site Model


RI conclusions regarding source identification and control, nature and extent of contamination, fate and
transport, exposure pathways, and ecological and human health risks are presented below. Findings are
incorporated into an integrated CSM for the site, which is provided in Figure 7-1.


7.1.1 Primary Sources of Contamination


Chemical manufacturing activities took place at the CMRP site from approximately 1940 until the early
1970s. Potential historical sources of contamination at the CMRP source area include improper storage
and disposal of chemicals in drums, stockpiles and surface impoundments. These activities appear to
have been concentrated in the central and southern parts of the source area.


Trichlorophenols were shipped to the site, where it is believed that hexachlorophene was manufactured in
approximately 1965. HCX and dioxin were byproducts of this process. The building where this process
is believed to have taken place was located on the east bank of the Woonasquatucket River, in what is
now the Brook Village parking lot. Other chemical processes also occurred and could be the source of
other contaminants at the site. Chemicals that were potentially used on site were identified based on drum
labels and included caustics, halogenated solvents, PCBs, and inks.


The New England Container Company, Inc. operated an incinerator-based drum reconditioning facility on
a portion of the site from 1952 until the early 1970s. Chemical residues were dumped or burned prior to
drum reconditioning. Residues and combustion products associated with drum reconditioning operations
also may have been a source of dioxin and other chemicals at the site.


Some residual waste material may remain buried in the source area. Geophysical surveys indicate that the
largest concentration of buried bulk metallic materials appears to be at the south end of the Centredale
Manor south parking lot (Roy F. Weston, 1999b). This area has the greatest potential for containing
residual waste material from former site operations. However, the primary sources of contamination to
the CMRP site are no longer active.


7.1.2 Primary Release and Transport Mechanisms


Chemicals were apparently released directly to the ground, buried, and possibly discharged directly to the
Woonasquatucket River. Direct infiltration of chemicals and leaching through the ground surface led to
the contamination of surface and subsurface soils in the source area, primarily in the areas that are
currently beneath Caps #1 and #2. Leaching has led to localized groundwater contamination, particularly
on the west side of the Brook Village parking lot adjacent to the Woonasquatucket River. Discharge of
chemicals directly into the river, overland flow of chemicals, and erosion and transport of contaminated
source area soils by surface runoff resulted in contamination of surface water and sediment in the adjacent
river and ponds and tailrace on the east side of the site.


The spatial distributions and concentrations of dioxin (primarily 2,3,7,8-TCDD) and HCX in soil and
sediment suggest that these contaminants may have been released to the Woonasquatucket River via the
direct discharge of dioxin-bearing waste (see Section 7.1.3). Dioxins/furans, PCBs, pesticides and other
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chemicals also probably migrated to the river and Allendale Pond via surface runoff and erosion of
contaminated soils from the source area. Discharge of VOC-contaminated groundwater to the river on the
west side of the Brook Village parking lot also may contribute to the contamination of surface water and
sediment by dioxin if in fact the groundwater discharge contains dioxin. The zone of VOC discharge has
been delineated, although it is not currently known whether the dioxin is also discharging to the river, or
being attenuated by adsorption to soil particles prior to discharge.


Contaminated sediments have accumulated in fine-grained depositional areas of the Woonasquatucket
River, primarily in the impoundments behind the Allendale and Lyman Mill Dams. Contaminants are
generally not present in the coarser-grained channel sediments immediately upstream of each pond.
Sediments may have been eroded and redistributed by high river flows, and deposited on the river banks
and in the adjacent floodplain during flood events. The breach of the Allendale Dam in 1991 and again in
2001 may have resulted in the downstream transport of contaminated sediment from Allendale Pond to
Lyman Mill Pond, and left the Allendale Pond bottom sediments exposed as floodplain soils. Allendale
Pond was restored to its original level in early 2002.


7.1.3 Nature and Extent of Contamination


A variety of contaminants have been detected in source area soils, including dioxins, VOCs, PCBs,
SVOCs, pesticides, and inorganic constituents such as lead. The vast majority of the contaminated soils
are in areas that are paved or capped. 2,3,7,8-TCDD occurs in high concentrations at the CMRP site
relative to other dioxin and furan congeners. The mean dioxin TEQ concentration in source area soil
samples from all sampled depths is approximately 118 ng/kg. The highest concentrations are found in
surface soils beneath Caps #1 and #2. Dioxin concentrations decrease with increasing depth below the
surface, with only localized contamination found at depths of greater than 5 ft bgs.


Localized VOC contamination in source area soils is found primarily beneath the north end of Cap #2, the
Centredale Manor north parking lot, and the Brook Village parking lot (Figure 4-7). Six solvent- and
fuel-related VOCs have been measured at concentrations exceeding RIDEM direct exposure criteria for
residential use soils. PCB concentrations are highest in the central and southern parts of the source area,
and in the upper 2 ft of soil. The mean total PCB concentration in source area soils is approximately 0.29
mg/kg. Aroclor 1254 is the most frequently detected PCB formulation. Other detected contaminants
were measured at lower levels or were not as widely distributed as dioxin and PCBs.


Residential and recreational use soils along the eastern bank of Allendale and Lyman Mill Ponds were
addressed in a NTCRA in 2002-2003. Soils that were found to pose an unacceptable human health risk
were excavated and transported off site for disposal, and the remediated areas were restored.


Groundwater contamination at the CMRP site does not appear to be pervasive. Concentrations of VOCs
were below RIDEM GB groundwater criteria except for TCE and PCE in one well in the Brook Village
parking lot next to the Woonasquatucket River, and PCE in two other wells. VOC concentrations gener-
ally decreased from 2001 to 2002. Trace levels of other contaminants (e.g. phenols and dioxin) have been
detected in some groundwater samples. Dioxin has been detected at high concentrations (>1,000 pg/L) in
the well with the elevated PCE and TCE concentrations in the Brook Village parking lot; the dioxin
appears to have been mobilized by the solvents. A vapor-to-water diffusion survey indicated that this
plume of VOCs discharges into the Woonasquatucket River along approximately 50 ft of its east bank
(USGS, 2000a). It is not known whether dioxin is discharging to the river in the plume. The lateral
extent of the plume is well defined in shallow groundwater, but not at depth. Groundwater discharging to
Allendale Pond at the south end of Cap #1 contains low levels of VOCs; however, the BERA indicated no
ecological risk from exposure to VOCs in surface water.
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The mean dioxin TEQ concentrations in Allendale and Lyman Mill Pond sediments were approximately
972 ng/kg and 49Ing/kg respectively. The mean TEQ concentration in Allendale Pond is higher than the
mean concentration in source area soils. TEQ concentrations in all reaches of the river adjacent to and
downstream of the CMRP site were significantly higher than upstream (background) concentrations.
2,3,7,8-TCDD was detected at high concentrations in sediment samples relative to other dioxin
congeners. Sediment dioxin concentrations decrease in a downstream direction, hi Allendale and Lyman
Mill Ponds, mean dioxin concentrations are highest in the uppermost 1 ft of sediment. Subsurface
sediment data are not available for other reaches of the river. Concentrations of other chemicals of
concern in sediment (i.e., those that contribute to human health and ecological risk) were not significantly
higher than upstream (background) concentrations except for Aroclor 1254 in Allendale Pond.


Radiometric age dating results indicate that no significant dioxin contamination is found in sediments
deposited prior to 1940, and maximum concentrations generally correspond to sediments deposited
between about 1950 and 1970. This period corresponds with the time when hexachlorophene was manu-
factured on the site (i.e., 1965). The most recently deposited sediments still show evidence of dioxin
contamination, which may reflect the fact that upland sources were not completely controlled (i.e., most
of the contaminated soils in the source area were not capped) until approximately 2000. Additionally,
post-depositional processes such as bioturbation and sediment resuspension will mix surface sediment
with more highly-contaminated subsurface sediment. Dioxin TEQ concentration and TOC content are not
well correlated; therefore, organic content cannot be used as a reliable predictor of dioxin contamination.
Although dioxin TEQ concentration and grain size were not well correlated, dioxin concentrations are
lowest in samples with less than 20% silt+clay and less than 3% TOC.


An environmental forensics review of sediment chemistry data for chlorinated organic compounds
suggests that different contaminants may have had different release histories and transport mechanisms.
Dioxin (primarily 2,3,7,8-TCDD) and HCX contamination in sediment extended from the source area
downstream to approximately half of the sampling locations downstream of Manton Dam. As previously
noted, the mean concentration in Allendale Pond sediment was higher than the mean concentration in
source area soils. Elevated concentrations of PCBs and pesticides in sediment do not appear to extend as
far downstream as dioxin and HCX, and concentrations were generally not significantly higher below
Allendale Dam than in upstream (background) sediments. These differences could arise from differences
in tuning, location, and magnitude of the original releases, and in subsequent transport mechanisms.


HCX and dioxin are believed to be primarily derived from a hexachlorophene manufacturing process,
which took place on the CMRP site for a relatively short period of time in the mid-1960s. If these
byproducts were contained in waste that was directly discharged to the Woonasquatucket River, then
dioxin and HCX could have been carried downstream in the water column in dissolved phase and
adsorbed to suspended sediment particles. Source area contaminants (e.g. dioxins, HCX, PCBs and
pesticides) also probably entered the river via surface runoff and erosion and transport of contaminated
soils from the source area. These transport mechanisms would have operated for a longer period of time
(throughout the duration of waste-related activities on the CMRP site, until contaminated source area soils
were capped). Persistent organic contaminants entering the river via surface runoff and erosion are
expected to be more readily attenuated by fine-grained sediment particles and organic matter in Allendale
Pond.


7.1.4 Secondary Release and Transport Mechanisms


The most important potential transport mechanism currently affecting the CMRP source area is leaching
of contaminants from soil to groundwater. Volatilization of VOCs from vadose zone soils is not likely to
be significant pathway given the localized nature of VOC contamination, apparent lack of VOC migration
into the Centredale Manor and Brook Village buildings, and presence of soil caps or pavement over the
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majority of the site. The soil caps and paved surfaces also currently prevent the erosion and runoff of
contaminated soils. A teachability evaluation indicated that except in the vicinity of the Brook Village \^/
parking lot, leaching does not appear to be a major pathway of concern. However, PCE and TCE in soil
and groundwater beneath the Brook Village parking lot adjacent to the Woonasquatucket River may be
mobilizing dioxin. VOC-contaminated groundwater is discharging to the river over a distance of about
50 ft, although it is not clear if dioxins also are discharging to river. Additional investigation is in
progress to determine whether this is a significant transport pathway for dioxin.


Because of the hydrophobic and persistent nature of the primary COCs (i.e., dioxin and PCBs), sediment
resuspension and downstream transport are likely to be the most important potential transport pathways in
the Woonasquatucket River. A sediment stability evaluation of Allendale and Lyman Mill Ponds indi-
cated that during a rare flood (i.e., 100-year return period), significant scour (i.e., more than about 1 cm of
erosion) will occur over less than 5 percent of the bed area in Allendale Pond. Erosion will generally
occur in the northern portion of the pond, near the upstream inlet. Significant scour will occur over a
larger area in Lyman Mill Pond, with up to 10 to 15 percent of the Lyman Mill Pond bed experiencing
significant scour. Scour would generally occur in the northern portion of Lyman Mill Pond, with maxi-
mum erosion near the upstream inlet. Sediment eroded in the upstream portion of each pond during a
flood will be transported downstream by river currents. A portion of the eroded sediment is likely to be
redeposited within each pond where current velocities tend to decrease. Additional data collection is in
progress to reduce uncertainty and refine the sediment stability study conclusions.


Analysis of surface water data from 1999 suggests that minimal net export of dioxin from the two ponds
occurs during low-flow, non-resuspending conditions. The water column load of dioxin entering the
study area (i.e., the background load) is approximately equal to the load over Lyman Mill Dam during
low-flow periods. Additional data collection is in progress to verify this hypothesis.


\**
Bioaccumulation is a significant transport pathway for transfer of contaminants from lower trophic level
organisms into upper trophic level organisms. Compounds with a tendency to bioaccumulate are taken up
by biota and are transferred through aquatic food webs. Wildlife species that consume these lower
trophic level organisms are also exposed to site-related contaminants. Humans also are exposed to the
contaminants through ingestion offish and other aquatic organisms.


Vertical dioxin profiles in sediment cores indicate that natural recovery (i.e., burial of contaminated sedi-
ment by cleaner sediment) may be occurring in some areas of the ponds, but not in others. A natural
recovery trend is not expected to be apparent in the ponds at this point in time because contaminated soils
in the source area were not completely capped until 2004, and post-depositional processes will continue to
mix surface and subsurface sediments. Radiometric age dating results indicate that the average sediment
accumulation rate in Allendale Pond is approximately 0.5-0.8 cm/year. Results from a single core from
Lyman Mill Pond indicate an average sediment accumulation rate of about 0.3 cm/year.


7.1.5 Ecological and Human Health Risks


The main conclusions of the BERA and BHHRA are summarized below.


7.1.5.1 Ecological Risk


Overall, findings from the BERA indicate that the greatest ecological risks at the site are associated with
exposure to sediments, which pose a bioaccumulation hazard. Sediments in Allendale and Lyman Mill
Ponds pose a greater risk than those downstream of Lyman Mill Dam. The primary exposure pathway to
ecological receptors is ingestion of contaminated prey. The benthic macroinvertebrate communities that f


reside in impoundments upstream of dams and fish populations are at substantial risk of harm due to
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exposure to site-related contaminants in surface water, sediment, and tissue. Mammal and bird popula-
tions may be at substantial risk of harm due to exposure to site-related contaminants in surface water,
sediment, floodplain soil (insect-eating mammals and birds only), and prey. Consumption of contami-
nated prey by mammal and bird populations may result in elevated tissue residues in these receptors,
thereby resulting in adverse reproductive effects (i.e., bioaccumulation hazard).


Discharge of VOC-contaminated groundwater into the reach of the Woonasquatucket River adjacent to
the site does not appear to have adversely affected the benthic macroinvertebrate community in riffle/run
habitats. The soil invertebrate community that resides within the Woonasquatucket River floodplain does
not appear to be at substantial risk of harm due to exposure to site-related contaminants in floodplain soil
or tissue. Omnivorous mammal and bird populations that forage within the study area are not at substan-
tial risk of harm due to exposure to site-related contaminants in surface water, floodplain soil, and
terrestrial prey items.


Chemicals that appear to contribute to ecological risk include dioxins and furans (particularly 2,3,7,8-
TCDD); coplanar PCBs; Aroclor 1254; total Aroclors; 4,4'-DDD; 4,4'-DDE; technical chlordane;
aluminum; barium; cadmium; selenium; vanadium; and zinc.


The concentrations of the predominant risk contributors (e.g., dioxin) in tissue are directly related to
corresponding sediment concentrations. Although ingestion of contaminated prey rather than direct
contact with sediments is associated the largest risks at the site, the greatest risks at the site appear to be
associated with the sediments.


7.1.5.2 Human Health Risk


Overall, results from the BHHRA indicate that study areas downstream of the CMRP site have higher
cumulative lifetime risks (i.e., cancer risks) and hazards (i.e., non-cancer risks) compared with the
background and reference areas. Human health risks associated with exposure to aquatic biota, surface
water, and sediment are higher in Allendale and Lyman Mill Ponds than in areas downstream of Lyman
Mill Dam. Cancer and non-cancer risks from exposure to surface soil at the Fogarty Center on the
southeast side of Lyman Mill Pond are below U.S. EPA levels of concern. Risk estimates associated with
direct exposure to surface water will be refined in an addendum to the BHHRA.


Incremental cancer risks (i.e., risks above background) for current and future residents and visiting
recreational anglers from the consumption offish are above the U.S. EPA Superfund risk range at
Allendale Pond, Lyman Mill Pond, Manton Pond, and Dyerville Pond (RME and CTE). Incremental
cancer risks from exposure to surface water also exceeded the U.S. EPA Superfund risk range in all four
exposure areas (RME hi all areas and CTE for Allendale residents only). Incremental cancer risks from
direct exposure to sediment exceeded the U.S. EPA Superfund risk range for Allendale residents only
(RME only).


Incremental non-cancer risks for residents and visiting recreational anglers from the consumption offish
are above the U.S. EPA Superfund HI benchmark of one at Allendale Pond, Lyman Mill Pond, and
Dyerville Pond (RME and CTE). Non-cancer risks from fish consumption exceeded the U.S. EPA
Superfund benchmark value for residents in the Manton Pond area (CTE only). Non-cancer risks associ-
ated with exposure to surface water and sediment were below the U.S. EPA Superfund benchmark value.


Human health chemicals of concern include dioxins and furans (particularly 2,3,7,8-TCDD); coplanar
PCBs; Aroclor 1254; Aroclor 1268; 4,4'-DDE; dieldrin; technical chlordane; benzo(a)pyrene;
dibenzo(a,h)anthracene; n-nitroso-di-n-propylamine; arsenic; and methylmercury.
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7.2 Uncertainties


Important uncertainties associated with the RI of the CMRP site are summarized below, and the potential
effects of the uncertainties on the RI conclusions are described. Additional data collection is in progress
in some cases to address these uncertainties.


7.2.1 Source Identification and Control


The exact location and nature of residual waste in the CMRP source area is not known. Geophysical
surveys identified an area at the south end of the Centredale Manor south parking lot and under Cap #1 as
having the greatest likelihood of containing bulk metallic materials. If drums containing waste materials
are still buried on the site, future degradation could lead to a secondary subsurface release of contami-
nants. However, additional characterization of residual waste material would require invasive techniques
that could pose a significant health risk to residents and workers, and is not recommended.


It is not known whether the solvent-contaminated groundwater that is discharging to the
Woonasquatucket River adjacent to the Brook Village parking lot contains dioxin. Although the VOCs
are not posing an ecological or human health risk, the discharge could be an active source of dioxin to the
river. Additional data collection is in progress to determine whether dioxin is discharging to the river in
this area.


7.2.2 Nature and Extent of Contamination


More chemistry data are available for dioxin than for other contaminants in source area soils; therefore,
the horizontal and vertical distribution of other COCs is less certain. However, the available data are
sufficient for characterizing contaminant fate and transport in the source area and developing remedial
alternatives for evaluation in the FS.


A plume of VOC-contaminated groundwater (PCE and TCE) has been identified near the west side of the
Brook Village parking lot. The plume originates in the area of the former chemical manufacturing build-
ing. The horizontal extent of the plume in shallow groundwater is well defined; however, the vertical
extent is not known.


One VOC (PCE) is above the GB groundwater criterion of 150 ng/L in a deep overburden well on the
southeast edge of the source area. The source of this PCE contamination is uncertain. The PCE concen-
tration in samples from this well decreased from 340 ug/L in 2001 to 220 ug/L in 2002. The contamina-
tion currently poses no threat to surface water, and is migrating downgradient in a GB aquifer. It is
possible that the PCE concentration will decrease below the GB groundwater criteria in the absence of an
ongoing source.


More chemistry data are available for dioxin than for other contaminants in Woonasquatucket River
sediments; therefore, the magnitudes and distributions of other COCs are less certain. Radiometric age
dating results for Allendale Pond sediments were used to identify the 1940 time horizon, which corre-
sponds well with the detection of dioxin. Therefore, other site-related COCs in Allendale Pond are not
expected to occur below this time horizon.


The spatial coverage for sediment samples in Lyman Mill Pond is insufficient for mapping the horizontal
and vertical distribution of dioxin and other COCs with sufficient resolution for developing remedial
alternatives. Additional data collection is in progress to address this data gap. The number of samples
downstream of Lyman Mill Dam also is relatively small; however, existing data indicate that chemical


Interim Final CMRP Remedial Investigation Report 7-6 June 2005







concentrations in sediments are lower below Lyman Mill Dam than above it. Additional data may be
collected below Lyman Mill Dam in a future phase of the project.


7.2.3 Contaminant Fate and Transport


The locations and absolute magnitudes of predicted mass of sediment eroded in various flood events has
not been reliably determined. The sediment stability evaluation provides reliable estimates of relative
magnitude of erosion in Allendale and Lyman Mill Ponds, but the absolute values are probably accurate
only within an order of magnitude. Additional data collection is in progress to refine the sediment
stability modeling predictions.


The fate of any sediment eroded from Allendale and Lyman Mill Ponds during flood events is not known.
Some of the sediment would be deposited behind each dam, some would be carried over each dam as
suspended sediment, and some would be deposited on the floodplain; however, existing data are not
sufficient for developing a reliable mass balance. The need to collect additional data to further refine the
mass balance will be evaluated after the sediment stability modeling predictions are refined.


Initial estimates of potential downstream transport of dioxin under non-resuspending conditions were
based on a relatively small data set. Additional data collection is in progress to confirm the initial flux
predictions.


7.2.4 Ecological and Human Health Risk


For the BERA, the primary uncertainties are those associated with estimating exposures and effects (e.g.,
development of exposure parameters, selection of appropriate receptors, and estimation of biota-
sediment/soil accumulation factors [BSAFs]). When site-specific data were unavailable, conservative
assumptions were used to select exposure parameters. BSAFs were developed using organic cabon and
lipid-normalized site-specific sediment/soil and tissue data. The inclusion of several field studies focus-
ing on community or population level effects (i.e., tree swallow, benthic macroinvertebrate community,
and ELS studies) supported the interpretation of modeled results.


Another uncertainty associated with the BERA is associated with the breaching of the Allendale Dam in
early summer 2001. Some of the fish tissue samples were collected prior to the breach, and some were
collected after. The sediment data used to estimate exposure point concentrations were collected before
the breach, but contaminated sediments could have been transported from Allendale Pond to Lyman Mill
Pond during the breach. Consequently, exposures associated with Allendale Pond may be over-estimated
and those for Lyman Mill Pond may be underestimated. The effects of the breach (an unstable condition)
were recently evaluated.


For the BHHRA, it was not possible to determine actual fish consumption rates for recreational anglers
who consume their catch. However, fish consumption rates for adults were estimated using New England
regional information from the Maine Angler Survey. Another uncertainty is associated with the use of
the most recent risk assessment approach for evaluating dioxins and furans. The oral cancer slope factor
(CSF) for dioxin was taken from U.S. EPA (1997a). U.S. EPA's reassessment of 2,3,7,8-TCDD and
related compounds (September 2000) identifies another, more conservative CSF for dioxin. This alterna-
tive oral CSF was used to recalculate potential risks for some scenarios to evaluate this uncertainty. This
evaluation indicated that the overall cancer risk estimates would increase by a factor of approximately
seven if the alternative CSF were used (MACTEC, 2004b). No additional data collection currently is
planned to reduce specific uncertainties associated with the BERA and BHHRA.
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7.3 Data Gaps


The most important data gaps that will be addressed prior to developing remedial alternatives for the
CMRP site are as follows:


• Further investigation of the discharge of VOCs and possibly dioxin into the Woonasquatucket
River near the Brook Village parking lot to determine whether or not a significant ongoing
source of dioxin to the river exists. This investigation will be completed in 2005.


• Additional data to better define the nature and extent of dioxin and other chemicals of
concern in Lyman Mill Pond and downstream of Lyman Mill Dam. Additional data were
collected from Lyman Mill and Manton Ponds in early 2005; further additional data may be
collected downstream as needed in a future phase of the project.


• Additional data collection will be collected in 2005 to reduce uncertainty associated with
sediment stability model predictions, including measurement of site-specific sediment erosion
properties; bed type on Allendale and Lyman Mill Ponds; and stage height and current
velocity data to calibrate the hydrodynamic model.


• Additional surface water sample data were collected in late 2004 to verify that no net
downstream transport of dioxin is occurring under non-resuspending conditions.


• The nature of the hard layer underlying soft sediment in Allendale and Lyman Mill Ponds
(i.e., gravel deposits or bedrock) will need to be determined if on-site contained aquatic
disposal is to be considered in the FS.


• The ownership and condition of the Allendale, Lyman Mill, and Manton Dams should be
determined if the dams are to be incorporated as an element of the remedial alternatives for
sediments.
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Figure 1-4. Annotated 1965 Aerial Photograph of CMRP Site
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Figure 3-4. Allendale Pond in 1987 (top) and 2000 (bottom)
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Figure 3-7. Annual Mean Streamflow at the Woonasquatucket River from 1942 to 2003
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Figure 3-8. Peak Streamflon- at the Woonasquatucket River from 1936 to 2002
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Figure 4-26. Boxplot of Dioxin TEQ in Sediment Samples
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b. Dioxin TEQ vs. TOC in May 2003 Core Samples from Allendale and Lyman Mill Pond


Figure 4-35. Dioxin TEQ Concentration vs. TOC Content in Sediment Samples from Allendale and
Lyman Mill Ponds
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Figure 4-36. Dioxin TEQ Concentration vs. Percent Fines in Sediment Samples
from Allendale and Lyman Mill Ponds
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Figure 4-37. Dioxin TEQ Concentration vs. Approximate Age in Cores
from Allendale and Lyman Mill Ponds


Interim Final CMRP Remedial Investigation Report June 2005







PftRftMETEH=ftroc1or-1254


IE+OZ


1E+01


IE-01:


IE-02-


1E-03:


IE-041


RI Samp 1 e Group


Figure 4-38. Distribution of Aroclor 1254 in Sediment Samples
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Figure 4-39. Distribution of Dieldrin in Sediment Samples
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Table 1-1. Chronology of Events at the CMRP Site


Date
1930s


1943


1952


1953


1965


1971


1972


1977


1982


1991


1996


1999


1999-2000


2000


2001


2000 - 2003


2003 - 2004


1999-2004


Event
Site occupied by Centredale Worsted Mills and Olneyville Wool Combing Co.


Atlantic Chemical Company began operating on the properties


The New England Container Company, Inc. began operating an incinerator-based drum
reconditioning facility on a portion of the site
Atlantic Chemical Company changed its name to Metro-Atlantic, Inc. and subsequently to
Crown-Metro Inc.
Metro Atlantic manufactured hexachlorophene


Crown-Metro and New England Container Company ceased operating on the site


Fire destroyed most property structures


Brook Village apartments constructed


Centredale Manor apartments constructed


Allendale Dam breached, reducing the surface water level in Allendale Pond


Dioxin first identified in fish collected from the Woonasquatucket River by U.S. EPA


RIDOH and U.S. EPA issue a fish consumption advisory for dioxin and mercury (advisory was
updated in 2003)
TCRA implemented by U.S. EPA. Major activities included construction of fencing,
installation of two interim soil caps, and placement of riprap along the east bank of the
Woonasquatucket River
Final NPL listing


Allendale Dam breached again, exposing most of the Allendale Pond bottom adjacent to
residential properties along the eastern bank of the pond
NTCRA conducted at the site. Activities included:
• Reconstruction of the Allendale Dam and restoration of Allendale Pond
• Delineation and excavation of contaminated soils in eleven action areas on residential


properties and recreational access points along Allendale and Lyman Mill Ponds, and
restoration of the remediated areas


TCRA performed in the tailrace on the east side of the source area. The TCRA activities
included soil grading, construction of a permeable protective cap over contaminated soils and
sediments, installation of a precast modular stormwater control structure at the terminus of a
storm drain at the north end of the tailrace, and construction of a drainage swale along the
length of the capped area
Remedial investigation conducted at site


Interim Final CMRP Remedial Investigation Report June 2005







V•+rf


35V
)


GS3


I
f


_g'>u0
.OuI1/3


Reference


S


Original Use of DalI15SelB
B


1
?


toVH


Description_
.


taQ


soS
^ 


00
 


00


Is 
&


1^o 
B


S: 
s: 


>~ <;o .=n ~ 
v.


o 
53 


»> 32 
K


 
?> 


^>
C


o 
-g


 
>


 ^
 


S
 


5
; 


>


S
i


 
S|t| 


?


^
^


^
^


|
^


>
J


^
•s « R


 ̂ 
^S"! 


^^
13 


v
 


'•- 
'S


 ^ 
'~


 
5S


 
.5


 
N


 X
I


^
^
i 


|S
 1


 1
 a


 |s
R -S 1


 |2
 | '§


 §
 |2


g
j


^
^


K
 


.
^


S
g


C
 


.


|1
S


|^
3


H
|^


aq^;k,sw
ft;cs;cos:u-i


a -3^+H
ID


 
O


T
3
 
£


1
 
2


 
%


*


b 
-S


 'C•S 
^


CQ 
•« -2 


^ <-
Q


 
U


 T
3
 \O


^
 
^
 


C
N


_ 
O 


p^


"3 ^
 


a- r~
•
g


 
C


M
 
C


 
*


g
 


M
 
2


 
M


-o S3 ^ 00
«J 


C
 -i 


U
"rt 


1
>


 
S


 
Q


-


iris
C


/5 
O


 
"O


 U
H


rtl 
*
^
 


t—
^
 


_
^
.S


 
n
^
 


^
. 


S
*


3


Fish collected at two locations:
15 sunfish collected at Valley St. si
Providence. 3 American eel collect*
at Smith St. site (near Centredale), 1
Providence. Fillet and offal sample
for each.


soO
s


O
scaS


0
0


?N
 °*~


15O
f
O


n


b
 
W


j
j


<
%
 


^


O^H
 


,


First sediment evaluatior
locate possible source of
dioxin.


I 
a 


8
'S 


<! 
^_


(L
> 


"


P
*


 
h-pH


 
^
 


[
f
l 


f
3


fi 
^
 


ca
 
1
>


 rt


S
" £r* 


S "-" S
*5 


^ 
S- ^3


h 
^ 


£ «" S
|1


 1
S


I
^
 


0
 


C
/5


 
O


H
 
T


3


•U
 


|


Water and sediment collected behiri
7 dams on Woonasquatucket River
Esmond, Allendale, Lyman Mill,
Manton, Dyerville, Olneyville,
Lonigan.


t~-O
s


O
su-UOOo


4 =
 fc'


^
 


0
 >


.


Final Summary Report
Expanded Site Inspecti
Centredale Manor (Ro
Weston, 1999a)


0
 
I


n
 


0
 


T


Sediment investigation t<
confirm high concentrati
of chemicals in sediment
the Centredale Manor
property.


*8ffi
•o <S


» ;§
C


 "*"*


*" 
a.


«S 
^ o


^§ o 2
.2 > •«
Q


 oo §


•̂
^Soil and sediment samples collectec


from the following locations: 5 soil
samples at Centredale Manor prop-
erty, 1 soil sample at Brook Village
property, 35 sediment samples on
Woonasquatucket River, and
4 sediment samples in Centredale
tailrace.


ooO
S


O
S


^
Hi-T


•Sg&0
0


<& «" fe'
^
 


o
 


>
>


Final Summary Report
Expanded Site Inspecti
Centredale Manor (Ro
Weston, 1999a)


o<2 
^ 


o
•" 


O
 
C


3


Determine possible risks
persons using these areas
recreational purposes.
Ballfield and Boys/Girls
properties were found to
pose a risk to humans.


x"25QQUH-oq,


£rrsf


xT


Soil samples collected from
17 locations at Centredale Manor,
No. Providence Boys and Girls Clu
Early Years Learning Center, Lee
Romano Baseball Field.


.0
 


S
fe'


^
 


0
 


>
->


Final Summary Report
Expanded Site Inspecti
Centredale Manor (R.o
Weston. 1999a1


oDetermine possible risks
persons drinking water a
these locations.


XyI-H


T
3crac/5


§t^
<s"aXo15


f^
Three drinking water samples
collected collected - 2 at Yacht Ch
Bottling Works Co. and 1 at the Pie
Picer School.


O
S


O
S


O
S«-J*


Ccapa£


Interim
 F


in
al C


M
R


P
 R


em
edial Investigation R


eport
June 2005







ou9)
SaH


S«!
Original Use of Data


1g0 8Me'E$aIo>O•S«Q


I5rft;KQ"abo1
1


^
^


^ 
(S


.
•Si 


=j
&


 
o


^
<


 
C


H


|0IfeDetermine extent of surface
contamination, and develop
approach for short-term
actions under emergency
response.


jlj,
"3oQQO [_oor~r*T
<s"


<L>00a


222 soil samples collected from
Centredale Manor and Brook Vill
properties and several residential
properties located adjacent to
Centredale Raceway.


ONO
N


O
N1.£}<L>
b


•a ef
1
 Qr/3


1
5


c
 £


 o
i ^


 ̂
,̂


J
 


!<


ill
g i^
K


 
"3 


O
i


O
 


3
 
-S


o sr-s
7. S


 ?
»^; 


^ 
^j


1111
Evaluated expanded site
inspection results for public
health implications. Recom-
mended measure to restrict
public access to areas where
dioxin in surface soil was
>l,000ng/kg.


<2


ATSDR Health Consultation


ON3^
ONj£§


t̂>3


§
 


1
^


'^i«
,&


0 -^ 
O


N
•*« 


aj 
O


N


s ̂
 -


111
*-* 


"S; 
co


a 
K


 u
•~ cj ^
c, 


"O
 S*-


>. -- ./
"
^
 


v
 


b


&
 S


 
^


I
t
t


Determine if buried objects
existed on the site.


<£


(•HGeophysical surveys conducted it
source area


•oC
 
^


a O
N


£,O
N


3
 ^


^
t


u 
3
.


H
. 


<
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Mill Pond, and Assapumpset Brook
before Alllendale Dam restored.


<N>>2H
-j


VHO
H


<


Interim
 F


inal C
M


R
P R


em
edial Investigation R


eport
June 2005







•9O31


Reference


1O«•«oaEM§̂!§>0


Testing Parametersa" SO4>1


£)ato Evaluation Repor
(MACTEC, 2003)


£
 


.
O


 "*^


|Ko pa
•̂ "g
if


c
*


 r
-


l
S3 P-i


O
H


 
ffl


]>>


Dioxins/furans, HCX, PCBs,
pesticides, SVOCs, metals, mel
mercury, AVS/SEM, grain size
and total organic carbon
Approximately 20% of the
samples also analyzed for PCB
congeners


T> 
<u a 


%


19 sediment samples were collecte
from upstream locations, Greyston
Mill Pond, Allendale Reach, Lyma
Mill Reach, and Assapumpset Bro<
before Allendale Dam restored.


Data Evaluation Repor
(MACTEC, 2003)


ti 
j


o <
|-KO


 pQ
•73 


T
3


<U
 


g
S
3


 
T


O


<s oi
PH paS-Dioxins/furans, HCX, PCBs,


pesticides, SVOCs, metals, mel
mercury, grain size and total
organic carbon
Approximately 20% of the
samples also analyzed for PCB
congeners


"§


1 1 floodplain soil samples were
collected from upstream locations,
Allendale Reach, and Lyman Mill
Reach before Allendale Dam resto:


Data Evaluation Repor
(MACTEC, 2003)


•g 
.


O
 


"^


- K
o pa


T
3 


•§


<s ^
S3 W


p
 | 


P
Q


«Tr iPCBs, pesticides, SVOCs, VO(
metals (total and dissolved),
hardness, biological oxygen
demand, and nutrients


T
3o 


"3


9 surface water samples were colle
from upstream locations, Allendah
Reach, Lyman Mill Reach, and
Assapumpset Brook before Allend
Dam restored.


^
H5
C


CN


"31


« .5 
-SS


"S
i 


\T
, o


Anuran Call Survey of:
Woonasquatucket Rivei
the Vicinity of the
Centredale Manor
Superfund Site, North
Providence, RI. (U.S.I
and Wildlife Service, 2


•£o%enO-o£
 P


§


OH pa


Anuran call survey


"8fli 
di


U.S. Fish and Wildlife Service assi
differences between species and
numbers of anuran amphibians
(i.e., frogs) at the site and referenci
areas.


oo<N03


sft


Interim
 Final C


M
R


P R
em


edial Investigation R
eport


June 2005
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Table 2-2. Monitoring Well Summary


Monitoring Well ID1


GEC1
GEC2
GEC3
GEC4
GEC5
GEC6
GEC7
MW-01S
MW-02S
MW-02M
MW-02D
MW-03S
MW-04S
MW-04D
MW-04B


MW-05S


MW-06S
MW-07S
MW-07D
MW-08S
MW-09S
MW-10D
MW-10B
MW-11S
MW-11M
MW-11B
MW-12D
MW-12B
MW-13S
MW-13D
MW-13B


MW-14M


MW-15D


Screen
Length


(ft)
10.0
10.0
10.0
10.0
10.0
10.0
10.0
4.5
4.0
5.0
4.5
5.0
10.0
3.0


31.02


5.0


4.0
4.0
5.0
5.0
5.0
5.0


24.52


5.0
6.0


30.02


5.0
50.02


10.0
6.3


30.02


5.0


5.0


Total
Depth
(ftbgs)


14.5
15.0
15.0
15.0
15.0
11.0
12.0
8.1
8.0


30.0
69.8
8.9
14.0
45.5
77.0


8.0


9.0
7.8
58.0
8.5
10.0
45.0
85.0
25.0
42.0
89.5
44.0
102.5
14.0
45.5
80.0


34.0


53.1


Rationale
North of Brook Village, 1999 UST investigation


Brook Village parking lot, 1999 UST investigation


Former tailrace


Former tailrace, downgradient of bedrock valley
identified in geophysical survey


Former tailrace


South end of Cap #1, near location of elevated VOCs
measured by USGS vapor diffusion samplers


Brook Village parking lot near location of high VOCs
measured by USGS vapor diffusion samplers
Monitoring well located just east of the former chemical


manufacturing building


In areas of ground disturbance noted in historical aerial
photographs and near geophysical anomalies


Well clusters around perimeter of site


Downgradient of hotspot identified near Well MW-05S,
clustered with Well GEC-6
Downgradient of former mill complex, clustered with


Well GEC-2
1 All wells installed by TTNUS (TTNUS, 2002) except for GEC1 - GEC7 (GEC, 1999).
2 No screen; value is length of open bedrock hole.
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Table 3-1. Flood Frequency Data


Flood Return Period
(years)


5


10


25


50


100


Flow Rate (cfs)
894


1,111
1,398


1,621


1,850


From QEA (2004a).


Table 3-2. Summary of Aquifer Characteristics


Characteristic
Range of hydraulic conductivity (ft/day)
Average hydraulic conductivity (ft/day)
Horizontal hydraulic gradient
Effective porosity(a)


Average groundwater velocity (ft/day)


Shallow Overburden
(0-14 ft bgs)


4-55
23


0.0032
0.35
0.21


Deep Overburden
(23-70 ft bgs)


10 - 190
58


0.0033
0.35
0.55


Bedrock
0.2-18.8


7
0.0038
0.001


27
(a) From Dominico and Schwartz (1998).


Table 3-3. Estimated Sedimentation Rates


Pond


Allendale Pond


Lyman Mill Pond


Boring ID


CMS-SD-4204


CMS-SD-4206
CMS-SD-4209
CMS-SD-4210
CMS-SD-4212


CMS-SD-4213
CMS-SD-4218
CMS-SD-4219
CMS-SD-4222
LPX-SD-4201


Sedimentation
Rate (cm/yr)


210Pb Analysis
0.17
0.24


0.65
2.8


0.34


0.43


0.68


0.90


0.76
0.30


Sedimentation Rate Range (cm/yr)
210Pb Analysis


0.11-0.30
0.20-0.31
0.63-0.96
1.55-7.29
0.26-0.45
0.53-0.59
0.53-0.84
0.58-1.41
0.73-1.02
0.26-0.35


137Cs Analysis
0.33 - 0.52


NA
0.48-1.04
0.56-1.12
0.26-0.52
0.56-0.82
0.67-1.04


NA


0.33 - 0.74
0.11 -0.45


NA = not analyzed due to non-interpretable Cs profile.
From QEA (2004a).
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Table 4-2. Permitted Discharges to the Woonasquatucket River Upstream of the CMRP Site


Facility Name and
Location


Benny's Inc., Esmond


Gregory Rubano,
Smthfield
Induplate, LLC, North
Providence
K&R Auto Salvage, North
Providence
Mine Safety Appliances,
Esmond
Smithfield Sewer
Authority, Esmond


Worcester Textile
Company, Centredale


Permit Status
Inactive 5/26/95


Inactive 6/1/99


Active


Active


Inactive 12/1/97


Active


Active


Type of Discharge
Non-contact cooling
water
Not available


Non-contact cooling
water
Stormwater runoff


Process water


Secondary treatment
discharge


Boiler blowdown


Monitoring Requirements
Temperature, pH, flow


PAHs


Temperature, pH, flow, pH change


BOD (5-day), pH, total suspended
solids, oil and grease, COD
Temperature, pH, total suspended
solids, flow
Acute and chronic toxicity
(ceriodaphnia), BOD (5-day), pH,
total suspended solids, settleable
solids, oil and grease, total ammonia
(as N), nitrite plus nitrate, total
phosphorus, total cyanide, total metals
(cadmium, copper, lead, silver, zinc),
flow, total residual chlorine, fecal
coliform, BOD (5-day carbonaceous)
Temperature, pH, flow


BOD = biological oxygen demand.
COD = chemical oxygen demand.
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Table 4-3. Summary of Chemical Concentrations in Source Area Soil Samples


Substance
Minimum


Concentration


Maximum
Detected


Concentration


Geometric
Mean


Concen-
tration (">


RIDEM
Residential


Direct
Exposure
Criteria


No. Source
Area


Vadose
Zone


Sample
Results (b)


No. Detected
Vadose Zone


Results >
Criterion'0


Dioxin (ng/kg)
DioxinTEQ(d) 0.000079 140000 118 1,000 690 155
Volatile Organic Compounds (mg/kg)
Benzene
Chlorobenzene
Dichloroethane(l,2-)
Ethyl benzene


Tetrachloroethene (PCE)
Toluene
Trichloroethene (TCE)
Vinyl chloride
Xylenes (Total)


0.0003
0.0004
0.0002
0.0003
0.0002
0.0003
0.0002
0.0006
0.0009


480
1000
1.7
81


1700
430
2400
2.3
380


-
-
-
-
-
-
-
-
-


2.5
210
0.9
71
12


190
13


0.02
110


93
90
87
90
91
90
90
89
85


7


4
1
1
6
1
4
6
3


Semivolatile Organic Compounds (mg/kg)
Benzo(a)anthracene


Benzo(a)pyrene


Benzo(b)fluoranthene


Benzo(g,h,i)perylene


Benzo(k)fluoranthene


Chrysene


Dibenzo(a,h)anthracene


Dichlorobenzene, l,2-(o-DCB)


Dichlorobenzene, l,4-(p-DCB)


Fluoranthene


Indeno(l ,2,3-cd)pyrene


Naphthalene


Pentachlorophenol


Pyrene
Trichlorobenzene, 1,2,4-


0.0060


0.0060


0.0235


0.0041


0.0099


0.0045


0.0048


0.0005


0.0006


0.0235


0.0055


0.0021


0.0110


0.0235
0.0003


8.5
8.9
10.0
5.3
8.8
11.0
2.2


2800


40
24
5.3
84
18
23
340


0.22
0.25
0.30


-
-


0.27
-
-
-


0.46
-
-
-


0.47
-


0.9
0.4
0.9
0.8
0.9
0.4
0.4
510
27
20
0.9
54
5.3
13
96


122
118
122
122
122
124
121
165
165
124
122
176
123
124
164


40
63
46
23
25
75
12
T


3
1


23
1
1
4
2


Pesticides/PCBs (mg/kg)
Dieldrin


PCBs (Total Aroclor)


0.0002


0.0074
9.9


1300
0.0009


0.29
0.04
10


122
313


4
56


Inorganics (mg/kg)
Antimony


Arsenic


Beryllium


Cadmium


Lead


Manganese


Thallium


0.08
0.27
0.03
0.03
2.2
35.7
0.16


27.8
49.3
3.90
180


3160
6420


13.4


-


3.40
0.41
0.32


53.8
194


-


10
7.0
0.4
39
150
390
5.5


108
116
114
115
116
115
114


5
26
62
1


40
19
6


(a) The mean concentration was not calculated in cases where the detection frequency was less than 50%.
(b) Vadose zone represented by 0-5 ft interval; some boring locations have more than one sample in this interval,
(c) Some boring locations have more than one detected result exceeding the RIDEM residential direct exposure criteria in the


0-5 ft interval. Non-detected values with detection limits above the criterion are not included in this total,
(d) No residential direct exposure criterion for dioxin is available; criterion is preliminary remediation goal (PRO) for


residential surface soil (U.S. EPA, 1998a).
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Table 4-4. Boring Locations Where VOC Concentrations in Source Area Vadose Zone
Soil Samples Exceed GB teachability Criteria


Boring
ID


CMS-060
CMS-060
CMS-405
CMS-405
CMS-405
CMS-405
CMS-405
CMS-408
CMS-408
CMS-417
CMS-417
CMS-417
CMS-417
CMS-417
CMS-417
CMS-417
CMS-417
CMS-417
CMS-417
CMS-417
CMS-417
CMS-417
CMS-417
CMS-417
CMS-417
CMS-419
CMS-419
CMS-419
CMS-419
CMS-419
MW-05S
MW-05S


Top of
Sample
(ftbgs)


0
1
1
1
2
3
4
1
2
0
0
0
0
0
1
1
1
1
1
1
2
2
2
2
2
1
1
1
1
1
4
4


Bottom
of


Sample
(ft bgs)


1
2
2
2
3
4
5
2
3
1
1
1
1
1
2
2
2
2
2
2
3
3
3
3
3
2
2
2
2
2
6
6


Sample ID
GP09-FD
CMS-060-B
CMS-405-B
GP04-FD
CMS-405-C
CMS-405-D
CMS-405-E
CMS-408-B
CMS-408-C
CMS-417-A
CMS-417-A
CMS-417-A
CMS-417-A
CMS-417-A
CMS-417-B
CMS-417-B
CMS-417-B
CMS-417-B
CMS-417-B
CMS-417-B
CMS-417-C
CMS-417-C
CMS-417-C
CMS-417-C
CMS-417-C
CMS-419-B
CMS-419-B
CMS-419-B
CMS-419-B
CMS-419-B
CM-SO-MW05-0406
CM-SO-MW05-0406


Parameter
Tetrachloroethene
Tetrachloroethene
Benzene
Benzene
Benzene
Benzene
Benzene
Benzene
Benzene
Chlorobenzene
Cis-1 ,2-dichloroethene
Tetrachloroethene
Toluene
Trichloroethene
Chlorobenzene
Cis-1 ,2-dichloroethene
Ethylbenzene
Tetrachloroethene
Toluene
Trichloroethene
Chlorobenzene
Cis-1 ,2-dichloroethene
Tetrachloroethene
Toluene
Trichloroethene
Chlorobenzene
Cis-1 ,2-dichloroethene
Ethylbenzene
Tetrachloroethene
Toluene
Tetrachloroethene
Trichloroethene


Result
(mg/kg)


63
25


140
83
27


130
66


160
480
360
180
820
140
630


1000
500
81


1700
430


2400
220
490
9.4
110
34


300
73
68
40
75


300
26


J
J
J
J
J
J
J


J


J


*J
*J


GB
Leachability


Criteria
(mg/kg)


4.2
4.2
4.3
4.3
4.3
4.3
4.3
4.3
4.3
100
60


4.2
54
20


100
60
62


4.2
54
20


100
60


4.2
54
20


100
60
62


4.2
54


4.2
20


J Estimated value
* From dilution analysis
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Table 4-7. Comparison of Groundwater VOC Concentrations to GB Objectives


Well ID
GEC-4
GEC-5
GEC-5
GEC-5
GEC-6
GEC-6
GEC-6
GEC-6
GEC-7
GEC-7
GEC-7
GEC-7
MW-02D
MW-02D
MW-02D
MW-02D
MW-02M
MW-02M
MW-02S
MW-02S
MW-04B
MW-04B
MW-04D
MW-04D
MW-04S
MW-04S
MW-04S
MW-04S
MW-04S
MW-05S
MW-05S
MW-05S
MW-06S
MW-06S
MW-06S
MW-06S
MW-06S
MW-06S
MW-07D
MW-07D


MW-07S


MW-08S
MW-08S
MW-08S
MW-08S
MW-08S
MW-08S
MW-08S
MW-09S
MW-09S
MW-09S
MW-09S
MW-09S


Parameter
cis- 1 ,2-Dichloroethene
cis- 1 ,2-Dichloroethene
Tetrachloroethene (PCE)
Trichloroethene (TCE)
Chlorobenzene
cis- 1 ,2-Dichloroethene
Tetrachloroethene (PCE)
Trichloroethene (TCE)
Benzene
cis- 1 ,2-Dichloroethene
Tetrachloroethene (PCE)
Trichloroethene (TCE)
cis- 1 ,2-Dichloroethene
Tetrachloroethene (PCE)
Toluene
Trichloroethene (TCE)
Tetrachloroethene (PCE)
Trichloroethene (TCE)
Benzene
Chlorobenzene
Tetrachloroethene (PCE)
Trichloroethene (TCE)
Tetrachloroethene (PCE)
Trichloroethene (TCE)
Benzene
Chlorobenzene
cis- 1 ,2-Dichloroethene
Tetrachloroethene (PCE)
Trichloroethene (TCE)
cis- 1 ,2-Dichloroethene
Tetrachloroethene (PCE)
Trichloroethene (TCE)
Benzene
Chlorobenzene
cis- 1 ,2-Dichloroethene
Ethylbenzene
Toluene
Trichloroethene (TCE)
Tetrachloroethene (PCE)
Trichloroethene (TCE)
l,2-Dibromo-3-
chloropropane
Benzene


Chlorobenzene
cis- 1 ,2-Dichloroethene
ithylbenzene
Toluene
rans-1 ,2-Dichloroethene


Trichloroethene (TCE)
Benzene
Chlorobenzene


cis- 1 ,2-Dichloroethene
Tetrachloroethene (PCE)
Trichloroethene (TCE)


Spring 2001
(HE/L)


1U
38U


2.2
1.3


10U
150


1U
1.3
5.6U
11
2


10U
10U


5J
100


4J
7J
5J


10U


10U


6J
10
10U


1 J
1J


10U
10U
1J
1J
2J
2J


10U


Summer 2001
G»g/L)


10U
18


200*
10U


2J
700*


10U
27


110
2J
1J
1 J


63
0.9 J
64


1J
2J
5J
7J


17U
0.8 J


1200J
61000*
2500


6J
58
4J


10U
10U


0.9 J
10U
10U


7J


4J
40
10U
10U
10U
10 UJ
10U
21
10U
12
21 U


1 J


Fall 2002
(Hg/L)


2.8
21


0.86 J
0.62 J


1.5
5.6
11


0.74 J
1U


0.48 J
0.21 J


1U
12
73
1.8J
4.2
110
1.1J


1U
2.1
17


0.39 J
27


0.46 J
1U


2.1
5.9
4.4
3.2


1600J
28000


1800
6.8J
160
2.8 J
1.2J
3.3 J


6U
10


0.3 1J


1U


12J
25
9.3
2.7 J


0.98 J
3U


2.8 J
9.7
3.4
14


3.3
0.72J


FaU 2002 Field
Duplicate Sample


(H8/L)


520J
37000
2200


11
190
10U


2.7J
10U
10U


GB
Groundwater
Objective*"


(ug/L)
2400
2400
150
540
3200
2400
150
540
140


2400
150
540


2400
150


1700
540
150
540
140


3200
150
540
150
540
140


3200
2400
150
540


2400
150
540
140


3200
2400
1600
1700
540
150
540


2


140
3200
2400
1600
1700
2800
540
140


3200
2400
150
540


Exceeds GB
Groundwater
Objective'"'


Yes
Yes
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Table 4-7. (continued)


Well ID
MW-10B
MW-10D
MW-12B
MW-12D
MW-13B
MW-13B
MW-13D
MW-13D
MW-13S
MW-14M


Parameter
Tetrachloroethene (PCE)
Tetrachloroethene (PCE)
Tetrachloroethene (PCE)
Tetrachloroethene (PCE)
Tetrachloroethene (PCE)
Trichloroethene (TCE)
Tetrachloroethene (PCE)
Trichloroethene (TCE)
Tetrachloroethene (PCE)
Tetrachloroethene (PCE)


Spring 2001
(ne/L)


Summer 2001
(HS/L)


10U
10U
10U
18


220*
7J


340*
6J


10U
10U


Fall 2002
(US/L)
0.25 J
0.39J
0.89 J
0.64 J


96
5


220
5.2J
7.7


1900


Fall 2002 Field
Duplicate Sample


(HB/L)


GB
Groundwater
Objective'"


(WJ/L)
150
150
150
150
150
540
150
540
150
150


Exceeds GB
Groundwater
Objective00


Yes


Yes
J Estimated value.
U Not detected at the given detection limit.
(a) State of Rhode Island Remediation Regulations (DEM-DSR-01-93)
(b) Evaluation against GB Groundwater Objectives conducted using fall 2002 data only.
* From dilution analysis.
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Table 4-8. Chemicals of Concern in Sediment Based on BERA and BHHRA Results


Ecological Chemicals of Concern
Allendale Reach
Dioxins and furans
Coplanar PCBs
Aroclor 1254
Total Aroclors
Technical chlordane
Selenium
Zinc


Lyman Mill Reach
Dioxins and furans
Coplanar PCBs
Aroclor 1254
Total Aroclors
4,4'-DDD
4,4'-DDE
Technical chlordane
Aluminum
Arsenic
Barium
Cadmium
Selenium
Vanadium
Zinc
Manton Reach
Dioxins and furans
Coplanar PCBs
Total Aroclors
4,4'-DDE
Technical chlordane
Aluminum
Barium
Vanadium
Dyerville Reach (a)


Dioxins and furans
Coplanar PCBs
Aroclor 1254
Total Aroclors
4,4'-DDD
4,4'-DDE
Zinc


Human Health Chemicals of Concern
Allendale Reach
Dioxins and furans
Coplanar PCBs
Aroclor 1254
Aroclor 1268
Dieldrin
Technical chlordane
Benzo(a)pyrene
Dibenzo(a,h)anthracene
Arsenic
Lyman Mill Reach
Dioxins and furans
Coplanar PCBs
Aroclor 1254
Aroclor 1268
Dieldrin
Technical chlordane
Benzo(a)pyrene
Dibenzo(a,h)anthracene
n-nitroso-di-n-propylamine
Arsenic


Manton Reach
Dioxins and furans
Aroclor 1254
Aroclor 1268
4,4'-DDE
Dieldrin
Technical chlordane
Methylmercury


Dyerville Reach (a)


Dioxins and furans
Aroclor 1254
Dieldrin
Technical chlordane
Benzo(a)pyrene


(a) The downstream extent of the Dyerville exposure area for the BERA and BHHRA is the location of
the former Dyerville Dam; for the purposes of the RI, all sample results for the Woonasquatucket
River downstream of the Manton Dam were grouped together.
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(a) Central tendency not determine
Bold = arithmetic mean (data normE
Italics = median (data not lognorma
Yellow shaded cells indicate that m
Blue shaded cells indicate that meai
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1 Aluminum N£ O to S ON oo I z > > z > "2 o to ~o ~j -j U
J -J oo N
O to X 1 U
i


SO u* K
> oo O | 4
i


O
O 4^
- o oo oo o N
)


fc N
O


O ^
J


U
J b. oo to N
O oo o o -J —
 J4*
.


-o L
A


N
O


U
J


1 € a 2 ? 1, 1


1 Technical Chlordane o | Lrt O V
£ O t-
,


C
o p o 00 o o ^J o o V
l Z > z; > z > z > 0 u> 0 ^) 4
.̂


0 >J -J O 0 ?N ^ 0 Lr
t o


| Dieldrin p c p o o 5 ~
4 g — O O -J p Z i o o o t>> o 1 o o o o o \o *. o o o o 0 § s


4^ V B 0 1 K 0 b u> 0 p U
J 1 x to \D p z > 1 o 0 ./I to o u 0 1 o o 0 Lf


t
U


) o 1 0 5


*. "ji c IT p c p to U
J p to <^
l


o Ji to § p\ 5 1— § p o s 0
0 o 1 o D 0 o ~-J o 0 .0 o 2 0 Jl L
rt


4^ "4̂ 1 c o 0.00002 o 1 p K <_A K § O
s


X
J x K
J 5 5 s <^
»


SJ o 1 o s to 0 8 }0 o o o o \o o §̂ >
C


)


0 o A) to


| Total Aroclor p to oo b 0 io p o U
J Lft oo * *. 0 o\ ro N


O to oo 4*
.


o io o U
J


N
O o o U
u o g to -p- to o 1 ~J 00 o 0 •M 0 C
T


\


0 s V
O 0 o K
>


O
o


Aroclor- 1268 o 2 * . P O
N


O b ON p 1 5 o LA 0 oc u> ON ~j


,̂


\3 O o o 0 1 o 0 o 0 o o LA O o oo 0 S r\ 0 s to o ô *
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Table 5-1. Physical and Chemical Properties of Primary COCs at the CMRP Site


Solubility in Water (mg/L at 25°C)
LogKow
LogKoc
Henry's Law Constant (atm-m3/mol at 25°C)
Vapor pressure (mm Hg at 25°C)


2,3,7,8-TCDD00


7.9 x 10~6-3.2x l(T4


6.8-7.58
No Data


16.1 x l(T6-101.7x 10~6


7.4 x i(T10-3.4x 1(T5


Aroclor 1254(b)


0.012
6.5


No Data
2.0 x 10~3


7.71 x 10~5


Dieldrin(i:l


0.11
6.2
6.7


5.2 x 10~6


5.9 x 10~6


(a) ATSDR, 1998.
(b) ATSDR, 2000.
(c) ATSDR, 2002.


Table 5-2. Summary of Zones and Dioxin Concentrations Used in Non-Resuspending
Dioxin Flux Analysis


Zone
1


2


3
4
5


General Description
Upstream area
Source area and upstream portion of
Allendale Pond
Downstream portion of Allendale Pond
Upstream portion of Lyman Mill Pond
Downstream portion of Lyman Mill Pond


No.
Observations*"'


3


8


5
9
5


Average
(pg/L)


27


1,160


28
105
22


Standard
Deviation


(PE/L)
7.1


3,130


9.9
99
14


95% CI
(PS/L)
9 - 45


0 - 3,800


16-40
29-180


5 - 39
Modified from QEA (2004a).
(a) October-November 1999 data (TTNUS, 2000b).


Table 5-3. Statistics for Dioxin Load in Five Zones


Zone
1
2
3
4
5


No.
Observations00


3
8
5
9
5


Average Load
(ing/day)


4.6
115
6.0
17
4.2


Standard Deviation
(ing/day)


1.2
310
2.2
18


2.5


95% CI
(ing/day)
1.6-7.6
0-380
3.3-8.7


3-31
1.1-7.3


From QEA (2004a).
(a) October-November 1999 data (TTNUS, 2000b).
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Table 6-1. Assessment and Measurement Endpoints Evaluated in the BERA


Assessment Endpoint


la


Ib


2


Protection and
maintenance
(i.e., survival,
growth, repro-
duction) of
aquatic
invertebrate
communities,
which are a
forage base for
fish and wildlife
populations


Protection and
maintenance
(i.e., survival,
growth,
reproduction) of
floodplain
invertebrate
communities,
which are a
forage base for
wildlife
populations
Protection and
maintenance of
demersal,
omnivorous fish
populations as a
forage base or
sport fishery


Risk Questions


A


B


C


D


E


A


B


C


A


B


Do measured concentrations of COPCs in
surface water exceed appropriate criteria
and/or guidelines for the protection of
aquatic life, with special consideration of
reproduction and early lifestage survival?
Do measured concentrations of COPCs in
whole sediment exceed appropriate
guidelines for the protection of benthic
macroinvertebrate populations?
Are sediments toxic to aquatic
macroinvertebrates under chronic
laboratory exposure conditions?
Do measured and modeled concentrations
of COPCs in the tissues of aquatic
macroinvertebrates (such as aquatic insects,
crayfish, and molluscs I exceed benchmarks
for residue effects on survival, growth or
reproduction?
Do the available aquatic macroinvertebrate
data indicate presence/absence of
ecological integrity due to VOC discharge
in riffle/run habitat adjacent to the site?


Do measured concentrations of COPCs in
floodplain soil exceed appropriate
guidelines for the protection of floodplain
soil invertebrate populations?
Do measured and modeled concentrations
of COPCs in the tissues of floodplain soil
invertebrates (such as earthworms) exceed
benchmarks for residue effects on survival,
growth or reproduction?
Do the available floodplain soil
invertebrate data indicate presence/absence
of ecological integrity?
Do field surveys of demersal fish
populations indicate presence/absence of
ecological integrity?


Do measured and modeled concentrations
of COPCs or TEQs in eggs and/or tissues
of demersal, omnivorous fish (such as
carps, suckers, other cyprinids, bullheads,
turtles or American eel) exceed
benchmarks for adverse effects on survival,
growth, reproduction or embryo
development?


Measurement Endpoint
A


B


C


D


E,


E2


A


B


C


A,


A2


A3


A4


B,


B2


B3


Comparison of surface water COPC
concentrations to criteria/guidelines


Comparison of sediment COPC
concentrations to
benchmarks/guidelines


Site-specific whole sediment
laboratory bioassays


Comparison of measured COPC
concentrations in aquatic
macroinvertebrates to Critical Body
Residues (CBRs)


Site-specific study of aquatic
macroinvertebrate community
structure/function
Site-specific study of emerging
aquatic macroinvertebrate
productivity
Comparison of floodplain soil
COPC concentrations to
benchmarks/guidelines


Comparison of measured site-
specific COPC concentrations in
floodplain soil invertebrates to
CBRs


Site-specific study of floodplain
soil invertebrate community
structure/function
Fish length-weight relationships
and condition indices relative to
habitat characterization
Percent gross lesions in individual
fish
Demographic structure analysis of
dominant species
Species richness and relative
abundance of ichthyoplankton
Comparison of measured
concentrations or toxic
equivalencies in fish tissue to
literature derived CBRs
Comparison of modeled
concentrations or toxic
equivalencies in eggs and fish
tissue to site-specific CBRs
Partial life cycle laboratory
bioassay using channel catfish
eggs, embryos, and fry
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Table 6-1. (continued)


Assessment Endpoint


3


4


5


6


Protection and
maintenance of
pelagic,
piscivorous or
semi-piscivorous
fish populations
as a forage base
or sport fishery


Protection and
maintenance of
piscivorous
mammal and
bird populations


Protection and
maintenance of
insectivorous
mammal and
bird populations


Protection and
maintenance of
omnivorous
mammal and
bird populations


Risk Questions


A


B


A


B


A


B


C


D


A


Do field surveys of piscivorous fish
populations indicate presence/absence of
ecological integrity?


Do measured and modeled concentrations
of COPCs or TEQs in eggs and/or tissues
of pelagic, piscivorous or semi-piscivorous
fish (such as sunfishes, other centrarchids,
or yellow perch) exceed benchmarks for
adverse effects on survival, growth,
reproduction or embryo development?


Do ingestion doses of COPCs in piscivor-
ous wildlife (such as mink, river otter,
kingfisher, great blue heron, or American
bald eagle) exceed TRVs or TEQs for
adverse effects on survival, growth, or
reproduction?
Do residues of COPCs in tissues of
piscivorous wildlife (such as mink, river
otter, kingfisher, great blue heron, or
American bald eagle) exceed benchmarks
for adverse effects on survival, growth, or
reproduction?
Do ingestion doses of COPCs in insectivor-
ous wildlife (such as shrew, bat, American
woodcock or tree swallow) exceed TRVs
or TEQs for adverse effects on survival,
growth or reproduction?
Do residues of COPCs in eggs and/or
tissues of insectivorous wildlife (such as
shrew, little brown bat, American wood-
cock, or tree swallow) exceed benchmarks
for adverse effects on survival, growth,
reproduction or embryo development?


Do field survey data on insectivorous
wildlife population indicate
presence/absence of ecological integrity?


Do mix-function oxidase (MFO) liver
enzyme levels in swallow nestlings indicate
that they have been exposed to compounds
with "dioxin"-like metabolic activity?
Do ingestion doses of COPCs in
omnivorous wildlife (such as raccoon or
mallard) exceed TRVs or TEQs for adverse
effects on survival, growth or
reproduction?


Measurement Endpoint


A,


A2


A3


A4


B,


B2


A


B


A


B,


B2


c,


C2


D


A


Fish length-weight relationships
and condition indices relative to
habitat characterization
Percent gross lesions in individual
fish
Demographic structure analysis of
dominant species
Species richness and relative
abundance of ichthyoplankton
Comparison of measured concen-
trations or toxic equivalencies in
fish tissue to literature-derived
CBRs
Comparison of modeled concentra-
tions or toxic equivalencies in eggs
and fish tissue to site-specific
CBRs
Comparison of estimated ingestion
doses in piscivorous wildlife with
TRVs and toxic equivalencies


Comparison of estimated
piscivorous wildlife residues with
CBRs


Comparison of estimated ingestion
doses in insectivorous wildlife with
TRVs and toxic equivalencies


Comparison of measured
insectivorous wildlife tissue and/or
egg residues with CBR data


Comparison of estimated insectiv-
orous wildlife tissue and/or egg
residues with site-specific CBR
data
Site-specific measurement of
reproductive effects in local tree
swallow populations
Site-specific survey of calling
amphibians
Elevated MFO activity in tree
swallow nestling liver tissue


Comparison of estimated ingestion
doses in omnivorous wildlife with
TRVs and TEQs
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Table 6-2. Principal Risk Uncertainties Identified in the BERA


Uncertainty Category


Assessment
Endpoints
Affected*"


COPC
Categories*'


Likely Direction
(under-/over+


estimate risk)(c)


Magnitude of
Possible
Effect(d)


Exposure Assessment
Development of EPCs
Allendale Dam breach in 2001
Estimated fish tissue EPCs for Dyerville
Fish EPCs based on large fish
Fish EPCs for Manton/Dyerville based on 3 samples
No tissue data for several wildlife receptors
Emerging insect EPCs estimated for Manton and
Dyerville
Insectivorous diets assumes to be entirely aquatic in
origin within exposure area


la, 2, 3, 4
2,3,4
2 ,3 ,4
2 ,3 ,4


4,5


5


5


PBTs
PBTs
PBTs


all
PBTs


D/F/PCBs


D/F/PCBs


7


+-t—
++-


9


9


++_


+++


+
+++
+++


+
+++


+


+


Selection of Endpoint Receptors
Plant receptors not evaluated - All — +
Wildlife Exposure Parameter
Use of standard receptor exposure parameters 4, 5, 6 | All 9 +


Bioaccumulation Factors
No TCDD plant uptake factor employed
No plant tissue data; literature uptake factors used


6
6


D/F/PCBs
PBTs, inorganics


—
9


++
+


Evaluated Exposures
No floodplain soil data available for Manton and
Dyerville; no evaluation of floodplain soil exposures 5,6 All .. ++


Effects Assessment
Toxicity Reference Values
Use of standard benchmarks
Lack of ingestion dose data


Lack of CBR data
Extrapolation between laboratory and field
TRV extrapolation between receptors


la, Ib
4,5,6


la, Ib, 2, 3,
4,5


4,5,6
4,5,6


All
PEST, inorganics


PEST, inorganics
All


D/F/PCBs


+++


—


...


9


9


+++
+


++
++
++


Dioxin/furan/PCB congeners
Interim TEF value for HCX
Use of Fish TEFs for invertebrates
Lack of uptake of HCX in ELS study


All
la, Ib
All


HCX, TEQ
D/F


HCX, TEQ


9


+++


9


+
+++


+


Field Studies
Amphibian call survey not qualitative
Limited ichthyological data
Limited emerging insect data
High background mortality in bioassay


5
2,3
la, 5
la


Risk Characterization
Hazard quotient approach All


All
D/F
All
All


9


—
9


+++


+
+++


+
+


All 7 +


(a) Assessment endpoints (la, Ib, 2, 3, 4, 5, and 6) as described in Table 6-1.
(b) COPC categories that are most likely affected by the specific uncertainty: D/F - dioxins/furans; PEST - pesticides;


PBT - persistent bioaccumulative toxicants, TEQ - TCDD Toxic Equivalency.
(c) Direction of likely effect indicated by the sign:


Underestimated risks indicated by "-" sign as follows: "-" - somewhat likely; "--" - likely; "—" - very likely
Overestimated risks indicated by "+" sign as follows: "+" - somewhat likely; "++" - likely; "+++" - very likely


(d) Estimated magnitude of effect on risk estimates where magnitude ranges from "+" - least to "+++" - greatest; rows shades
are the identified uncertainties that could result in risk being substantially underestimated.
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Table 6-3. Summary of BERA Results for each Assessment Endpoint


Assessment Endpoint'"*


la. Protection and mainte-
nance (i.e., survival, growth,
reproduction) of aquatic
invertebrate communities,
which are a forage base for
fish and wildlife populations


Ib. Protection and mainte-
nance (i.e., survival, growth,
reproduction) of floodplain
invertebrate communities,
which are a forage base for
wildlife populations


2. Protection and mainte-
nance of demersal, omnivor-
ous fish populations as a
forage base or sports fishery.


3. Protection and
maintenance of pelagic,
piscivorous, or semi-
piscivorous fish populations
as a forage base or sports
fishery


4. Protection and
maintenance of piscivorous
mammal and bird populations


Measures of Effect00


A. Comparison of surface water COC concentrations to
criteria/guidelines


B. Comparison of sediment COC concentrations to
benchmarks/guidelines


C. Whole sediment laboratory bioassays
D. Comparison of measured COC concentrations in


aquatic macroinvertebrates to CBRs
EI. Aquatic macroin vertebrate community


structure/function


E2. Emerging aquatic macroinvertebrate productivity


Risk Conclusion


A. Comparison of soil COC concentrations to
benchmarks/guidelines


B. Comparison of measured COC concentrations in
floodplain invertebrates to CBRs


C. Floodplain macroinvertebrate community integrity
Risk Conclusion


A[. Fish length-weight relationships and condition indices
relative to habitat characterization


A2. Percent gross lesions in individual fish
A3. Demographic structure analysis of dominant species


(based on fish scales)
A4. Species richness and relative abundance of


ichthyoplankton
Bj. Comparison of measured concentrations or toxic


equivalencies in fish tissue to literature derived CBRs
B2. Comparison of modeled concentrations or toxic


equivalencies (using BSAFs) in eggs and fish tissue to
literature derived CBRs


B3. Partial life cycle laboratory water exposure of fish
eggs dosed with synthetic mixture emulating DLC
composition of Allendale Pond fish tissue.


Risk Conclusion
AI . Fish length-weight relationships and condition indices


relative to habitat characterization
A2. Percent gross lesions in individual fish
A3. Demographic structure analysis of dominant species


(based on fish scales)
At. Species richness and relative abundance of


ichthyoplankton
B]. Comparison of measured concentrations or toxic


equivalencies in fish tissue to literature derived CBRs
B2. Comparison of modeled concentrations or toxic


equivalencies (using BSAFs) in eggs and fish tissue to
literature derived CBRs


Risk Conclusion


A. Comparison of estimated ingestion doses in
piscivorous wildlife with TRVs and toxic
equivalencies


B. Comparison of estimated piscivorous wildlife residues
with CBRs


Risk Conclusion


Inference
Weight00


L-M


M
M-H


L-M


M-H


L-M


L-M


L-M


M


L-M


M


M


M


M-H


M


M


L-M
M


M


M


M-H


M


M


L-M


Risk/Magnitude


Yes/High


Yes/High


Yes/High


Yes/Low


No/Very Low


No/Low
Yes/High(bl


No/Low(c)


Yes/High


Yes/High


No/Very Low
No/Low


No/Low
Yes/Low


No/ Very Low


Indeterminate


Yes/High


Indeterminate


Yes/High


Yes/High


No/Low
Yes/Low


No/Very Low


Indeterminate


Yes/High


Indeterminate


Yes/High


Yes/Low


Yes/High


Yes/High
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Table 6-3. (continued)


Assessment Endpoint(a)


5. Protection and
maintenance of insectivorous
mammal and bird populations


6. Protection and
maintenance of omnivorous
mammal and bird populations


Measures of Effect00


A. Comparison of estimated ingestion doses in
insectivorous wildlife with TRVs and toxic
equivalencies


B[. Comparison of measured insectivorous wildlife tissue
and/or egg residues with CBR data


B2. Comparison of estimated insectivorous wildlife tissue
and/or egg residues with CBR data


Ci. Measurement of reproductive effects in local tree
swallow populations


C2. Survey of calling amphibians
D. Measurement of MFO activity in tree swallow nestling


tissue
Risk Conclusion


A. Comparison of estimated ingestion doses in
omnivorous wildlife with TRVs and toxic
equivalencies


Risk Conclusion


Inference
Weight00


M


M-H


M


H


L-M


M


M


Risk/Magnitude


Yes/Low - High,
Indeterminate


Yes/Low - High


Yes/Low - High


Yes/High


Indeterminate


Indeterminate
Yes/High


No/Very Low(d)


No/Low
(a) Information obtained from Table 6-1 .
(b) Applies to lentic (but not lotic) habitat,
(c) Applies to lotic (but not lentic) habitat,
(d) Omnivorous mammals could be adversely affected from exposure to Site-related contaminants in sediments and aquatic


prey; however, the spatially and temporally varied diets and exposures of these receptors minimizes the likelihood of
demographically significant effects.
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APPENDIX A


Data Management, Analyses, and Verification/Validation Procedures


Procedures used to manage, analyze, and verify data used to support the Centredale Manor Restoration
Project (CMRP) Superfund Site Remedial Investigation (RI) are discussed below. All sediment and soil
data discussed in the RI are expressed as dry weight.


DATA MANAGEMENT PROCEDURES
The CMRP Superfund Site database is the source of all chemical and physical data used to support the
site RI. Prior to data extractions and evaluations, NSAMPLEs (unique sample number assigned upon
sample collection) were assigned a RI_SAMPLE_GROUP name, which is a descriptive name that
identifies the exposure area from which the sample was collected and the sample media type. Biota
samples were not assigned a RI_SAMPLE_GROUP name, as these data were evaluated in the Baseline
Human Health Risk Assessment (BHHRA) and Baseline Ecological Risk Assessment (BERA) reports
(MACTEC 2004a, b), not the site RI. RI_SAMPLE_GROUP names are defined in Table A-l. A list of
qualifiers and definitions, where available, used to qualify the CMRP data are provided in Table A-2.


A list of samples used in the RI, presented by media type (soil, sediment, surface water and groundwater)
was prepared from the CMRP database output. Sample list tables identify the type of data available (e.g.,
VOC, SVOC) for each sample and the numbers of samples with data for each class of data. The tables
also identify the RI_SAMPLE_GROUP, NSAMPLE, FffiLD_QC_TYPE, SAMPJDATE, BORING,
TOP_OF_SAMPLE, BOTTOM_OF_SAMPLE, and DATASOURCE for each sample using in support of
theRI.


A series of updates were made to the CMRP database to support the site RI, including:


1) Wherever the same chemical was reported with the two different PARAMETER codes, the
PARAMETER was updated to one consistent code. For example, benzo(a)anthracene is also
reported as benzo[a]anthracene in the database. Affected data generally included SVOC and GS
CLASS categories for selected NSAMPLEs.


2) Duplicate records were deleted. Specifically, NSAMPLEs DAM002-SD through DAM007-SD
reported the same coplanar polychlorinated biphenyl (PCB) results using both the DIOXIN and
PCBC CLASS categories.


3) The CLASS field for dioxin/furan data was updated to DIOXIN; previously this field was reported
as DIOX, DIOXI, or DIOXIN.


4) The CLASS field for dissolved metals data for groundwater and surface water samples was
updated to MD to ensure that dissolved and particulate data could be distinguished.


5) Toxic Equivalency Quotient (TEQ) values were calculated in cases where dioxins and furans data
were in the Centredale database, but a record with the corresponding TEQ value did not exist.
Details regarding calculation of TEQ values are provided in the Data Terms section, below.


After the changes to the CMRP database were incorporated, a working copy of the database (referred to
as Working RI Statistics database) was created for statistical data evaluations. A series of additional
changes were then applied to the Working RI Statistics database, including:


Interim Final CMRP Remedial Investigation Report A-l June 2005







6) All data were excluded where,
a. LABjQC_CODE N (for NORMAL);
b. An RI_SAMPLE_GROUP was not assigned;
c. CLASS = WET, AVS/SEM, TOX, DIOXI-M, and PCBC-M; and
d. UNITS = PCT_REC.


7) Wherever the same PARAMETER was reported with different units (e.g., total organic carbon
(TOC) is reported as both mg/kg and %), the data were converted to one consistent set of units.
Affected data generally included DIOXIN, SVOC, and TOC CLASS categories for selected
NSAMPLEs.


8) Selected NSAMPLEs were excluded from data evaluations because field records were not
available to clearly indicate where a sample was collected. Excluded NSAMPLEs included
06199,06205, BV01-COMP, S-l-SOIL through S-5-SOIL.


DATA TERMS
In the discussion of chemical and physical data, the following terms are used in the site RI.


• Dioxin TEQ - The TEQ value is calculated according to a toxicity weighting scale. The
compound 2,3,7,8-tetrachlorinated dibenzo-p-dioxin is usually considered the most toxic
compound and is assigned a weighting factor of 1.0. The remaining 16 dioxin and furan
congeners are assigned weighting factors (toxicity equivalency factors [TEFs]) according to Van
den Berg (1998), ranging from 0.5 down to 0.001 (see Table A-3). The observed concentrations
of these 17 dioxin-furan congeners are multiplied by the weighting factors (TEF) to determine the
total concentration of dioxin-furan compounds that have a toxic equivalent to 2,3,7,8-
tetrachlorinated dibenzo-p-dioxin.


• PCB TEQ - values were determined previously (MACTEC, 2003b), and are based on the
application of TEFs (mammal, fish, bird) to measured concentrations (Van den Berg, 1998) of
dioxin-like PCB congeners. Dioxin-like PCB congeners include PCBs 77, 81,105, 114, 118,
123, 126, 156, 157, 167, 169, and 189. PCB TEQ was calculated as the sum of the detected
concentrations of the Dioxin-like PCB congeners multiplied by the appropriate Mammal TEF.


• Total Aroclor - values were calculated as the sum of the detected individual Aroclors. Where all
individual Aroclors were undetected, then the Total Aroclor is the sum of the detection limits for
the individual Aroclors.


• Percent Fines - sum of percent silt and clay


For calculated values (Dioxin TEQ, PCB TEQ, Total Aroclor, and Percent Fines) a value of 0.0 was
assigned to individual analytes that were not detected.


DATA ANALYSES PROCEDURES
Chemical and physical data associated with each RI_SAMPLE_GROUP (above) were extracted from the
CMRP and Working RI Statistics databases and used to support of the site RI. Data manipulations
performed included:


1. Gram size data from the TetraTech 2000-2001 sediment investigations, originally reported in
units of particle size, were converted to %gravel, %sand, and %silt + %clay. A combined
gram size data set (converted TetraTech data and all other grain size data from the CMRP
database) were used for statistical data evaluations.
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Table A-l. CMRP Sample Identification List


RI SAMPLE GROUP
Upstream sediment


Upstream surface water


Source area soil


Source area surface water
Source area groundwater


Allendale sediment


Allendale soil


Allendale surface water


Oxbow floodplain soil


Lyman Mill sediment


Lyman Mill soil


Lyman Mill surface water


Assapumpset sediment


Assapumpset surface water


Manton sediment


Manton surface water


Downstream of Manton
sediment
Downstream of Manton
surface water


Description
NSAMPLEs collected upstream of the source area; MATRIX is sediment or soil


NSAMPLEs collected upstream of the source area; MATRIX is surface water


NSAMPLEs collected at the source area; MATRIX is soil or sediment


NSAMPLEs collected at the source area; MATRIX is surface water


NSAMPLEs collected at the source area; MATRIX is groundwater. Note that
groundwater samples have only been collected at the source area exposure area
NSAMPLEs collected south of the source area cap #1 to Allendale Mill Dam;
MATRIX can be either sediment or soil. Field notes and/or sample location
suggest sample is aquatic sediment.
NSAMPLEs collected south of the source area cap #1 to Allendale Mill Dam;
MATRIX can be either sediment or soil. Field notes and/or sample location
suggest sample is terrestrial soil.
NSAMPLEs collected along the western bank of the Woonasquatucket River in the
source area, and south of the source area cap #1 to Allendale Mill Dam; MATRIX
is surface water.
NSAMPLEs collected from the forested wetland, in the northwest region of Lyman
Mill reach.
NSAMPLEs collected south of Allendale Mill Dam to Lyman Mill Dam;
MATRIX can be either sediment or soil. Field notes and/or sample location
suggest sample is aquatic sediment.
NSAMPLEs collected south of Allendale Mill Dam to Lyman Mill Dam;
MATRIX can be either sediment or soil. Field notes and/or sample location
suggest sample is terrestrial soil.
NSAMPLEs collected south of Allendale Mill Dam to Lyman Mill Dam;
MATRIX is surface water.
NSAMPLEs collected from the Assapumpset Pond or Brook area; MATRIX is
sediment.
NSAMPLEs collected from the Assapumpset Pond or Brook area; MATRIX is
surface water.
NSAMPLEs collected south of Lyman Mill Dam to Manton Dam; MATRIX is
sediment.
NSAMPLEs collected south of Lyman Mill Dam to Manton Dam; MATRIX is
surface water.
NSAMPLEs collected south of Manton Dam; MATRIX is sediment.


NSAMPLEs collected south of Manton Dam; MATRIX is surface water.


Interim Final CMRP Remedial Investigation Report A-3 June 2005







Table A-2. List of Data Qualifiers, CMRP Remedial Investigation Report


Qualifier
$
$J
&
*
*J
DPI
EB
EB$
EB*
EBJ
EMPC
J
J$
J$EB
J&
J*
J 1
J 2
J 12
J 3
J 4
J 5
J 7
J,EB
JEB
JN
JN 1
JN 2
JP
JTB
NA
ND
NJ
NJ 1
NJ 2
NJ 3
NR
P
R
U
UJ


Definition ,
From dilution analysis
From dilution analysis, Quantitation approximate
(not defined in project documents)
From dilution analysis
From dilution analysis, Quantitation approximate
(not defined in project documents)
Equipment Blank Contamination
Equipment Blank Contamination, From dilution analysis
Equipment Blank Contamination, From dilution analysis
Equipment Blank Contamination, Quantitation approximate
Estimated Maximum Possible Concentration
Quantitation approximate
Quantitation approximate, From dilution analysis
Quantitation approximate, From dilution analysis, Equipment Blank Contamination
(not defined in project documents)
Quantitation approximate, From dilution analysis
Estimate (1)
Estimate (1)
Estimate (1)
Estimate (1)
Estimate (1)
Estimate (1)
Estimate (1)
Quantitation approximate, From dilution analysis, Equipment Blank Contamination
Quantitation approximate, Equipment Blank Contamination
(not defined in project documents)
(not defined in project documents)
(not defined in project documents)
(not defined in project documents)
Quantitation approximate, Holding time exceeded, Blank contamination (2)
Not Analyzed
Not detected and no detection limit reported
(not defined in project documents)
(not defined in project documents)
(not defined in project documents)
(not defined in project documents)
Not Reported
(not defined in project documents)
Rejected
Not detected
Detection limit approximate


(1) Qualifier description provided in the project documents, but the description varied across data sets. The J
qualifier indicates that the value is considered an estimate. The 1,2, 3,4, 5, or 7 codes indicate why the value
is considered an estimate, usually due to chromatography, calibration, and/or unacceptable results from the
laboratory-based QC samples.


(2) Qualifier not defined in project documents. Description for J assumed based on documented definition;
description for T and B assumed based on standard descriptions for these qualifiers.
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Table A-3. Toxic Equivalency Factors (TEF)


Dioxin/Furans
2,3,7,8-TCDD
1,2,3,7,8-PeCDD
1,2,3,4,7,8-HxCDD
1,2,3,6,7,8-HxCDD
1,2,3,7,8,9-HxCDD
1,2,3,4,6,7,8-HpCDD
OCDD
2,3,7,8-TCDF
1,2,3,7,8-PeCDF
2,3,4,7,8-PeCDF
1,2,3,4,7,8-HxCDF
1,2,3,6,7,8-HxCDF
1,2,3,7,8,9-HxCDF
2,3,4,6,7,8-HxCDF
1,2,3,4,6,7,8-HpCDF
1,2,3,4,7,8,9-HpCDF
OCDF


TEF -
1
1


0.1
0.1
0.1


0.01
0.0001


0.1
0.05
0.5
0.1
0.1


0.1
0.1


0.01
0.01


0.0001


PCB Congeners
3,3',4,4'-Tetrachlorobiphenyl (77)
3,4,4',5-Tetrachlorobiphenyl (81)
2,3>3',4)4'-Pentachlorobiphenyl(105)
2,3,4,4',5-Pentachlorobiphenyl (1 14)
2,3',4,4',5-Pentachlorobiphenyl (118)
2,3',4,4',5'-Pentachlorobiphenyl(123)
3,3',4,4',5-Pentachlorobiphenyl(126)
2,3)3',4,4',5-Hexachlorobiphenyl(156)
2,3)3',4,4',5'-Hexachlorobiphenyl(157)
2,3',4,4',5,5'-Hexachlorobiphenyl(167)
3,3',4,4',5,5'-Hexachlorobiphenyl(169)
2,3,3',4,4',5,5'-Heptachlorobiphenyl(189)


(1) Mammal TEF used.


TEF<i) .


0.0001
0.0001
0.0001
0.0005
0.0001
0.0001


0.1
0.0005
0.0005


0.00001
0.01


0.0001


Source: Van den Berg et al. (1998).


2. In the case of non-detects (where the QUAL field is populated with any combination of the U
qualifier), the detection limit was used for data analysis. Note that selected chemical data
were reported as 0 in the LAB_RESULT field, yet an associated detection limit was not
provided in the MDL, IDL, or CRDL fields. Affected data were excluded from the statistics
evaluations.


Sample data were then input into mapping, statistical software, and principal component analysis
programs for additional data evaluations, as follows:


Data Mapping - Dioxin TEQ, total Aroclor (also referred to as total PCB), 1,2,4,5,7,8-
hexachloro(9h)xanthene (HCX), tetrachloroethylene (or perchloroethylene, PCE), and lead were prepared
in Excel spreadsheets for mapping. Sample data were sorted by RI_SAMPLE_GROUP, BORING, and
depth interval. Additional data manipulations included:


• Sample data from the same BORING and depth interval were averaged.


• Total Aroclor was calculated in cases where the database output included individual Aroclor delta,
but no corresponding record for Total Aroclor. Total Aroclor was calculated as described above.


• Selected data were excluded from the color contour maps that show the distribution of Dioxin
TEQ concentrations in surface (0-1 ft) sediments at Allendale Pond (and the posted map for
Lyman Mill Pond). This was necessary because only one value for each boring ID can be
mapped. However, there were cases where two distinct surface intervals were collected witliin
the same boring ID. For example,
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o Selected borings have data for the 0-1 ft and 0-0.25 ft depth intervals; the 0-0.25 interval
was excluded because this interval was sampled less frequently than the 0-1 ft interval;


o Selected borings have data for the 0-0.5 ft and 0.5-2 ft depth intervals; data for the 0.5-2ft
intervals were excluded because these data represent subsurface data (deeper than the top
foot);


o Selected borings from the May 2003 investigation have data for one or more surface
intervals; these data were averaged for mapping (no data were excluded).


Statistical Data Analyses - were undertaken to summarize the CMRP site data to support the RI and
assist with an environmental forensics evaluation. The analyses are divided into four phases:


• Calculation of summary statistics;


• Comparison of chemical concentrations in sediment data between the upstream (i.e., Greystone
Mill) background location and the other reaches of the Woonasquatucket River adjacent to and
downstream of the CMRP site;


• Correlation analysis to determine relationships between several key variables; and


• Preparation of box plots.


The methods used for these analyses are discussed below. It should be noted that the CMRP database
includes results from numerous investigations that were conducted for a variety of purposes by different
organizations over a period of about 5 years (over 100,000 records). Chemical analyses were performed
using a variety of methods with different detection limits. In some cases, detection limits from one
sampling event were higher than detected values measured in a different sampling event. The methods
used to calculate dioxin toxic equivalents (TEQs) for some of the previous sample events are not known,
and in some cases dioxin TEQs are based solely on 2,3,7,8-TCDD rather than a full list of dioxin and
furan congeners.


1) Calculation of Summary Statistics


The first phase of statistical analyses was the calculation of summary statistics. The statistical
measures included in the summaries are:


• the number of observations;


• the number and percent of observations that were found to be above the method detection
limit (MDL);


• the minimum and maximum observed values;


• the median of the observed values; and


• the mean and standard deviation of the observed values.


The maximum was calculated two ways: the maximum of all observations and the maximum of all
observations above the MDL. Separate sets of summary statistics were calculated for each of the RI
sample groups (Table A-l) and each chemical measured.
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Many of the measured chemical concentrations in samples collected at the CMRP site were found to
be below the MDL. The U.S. Environmental Protection Agency (EPA) has provided guidance (EPA,
2000) on calculating means and standard deviations for cases where there are non-detected
observations. The EPA guidance recommends:


• if the percentage of non-detected observations is less than 15, the mean and standard
deviation should be calculated using all of the data;


• if the percentage of non-detected observations is greater than 15 but less than 50, trimmed
means and standard deviations should be calculated; and


• if the percentage of non-detected observations is greater than 50, no means and standard
deviations should be calculated.


These guidelines have been adopted for the CMRP RI with one caveat: where possible, one-half the
MDL is used for non-detected observations in cases where the non-detects comprise less than 15% of
the total number of observations.


The summary statistics, particularly the mean and standard deviation, are intended to provide
measurements that capture important qualities of the population being examined. How well the mean
and standard deviation represent the central tendency and dispersion of the population depends on the
probability distribution of the measurement. When the distribution of measurements is symmetric
and bell-shaped (i.e., normally distributed), the mean and standard deviation are reasonable estimates
of the central tendency and dispersion of the population. However, if the distribution of the
measurement is asymmetrical (skewed), the mean and the standard deviation are not reasonable
estimates of the corresponding population parameters. In some cases, mathematical transformation of
the data may result in a symmetrical, bell-shaped distribution. With chemical concentrations in
environmental media, the logarithms of the concentrations often are normally-distributed (i.e., the
data are log-normally distributed). In this case, the geometric mean and geometric standard deviation
provide better estimates of the central tendency and dispersion of the data. If there is no reasonable
transformation of the measurements that "normalizes" the data, then the central tendency can best be
estimated by the sample median, and the dispersion will not have a reasonable estimate.


In calculating the summary statistics for the CMRP RI, the distribution of the data was first examined
to determine whether the mean and standard deviation, the geometric mean and geometric standard
deviation, or the median with no dispersion estimate was most appropriate for the measurement. To
determine which set of summary statistics was most appropriate, the Shapiro-Wilkes normality test
was applied to both the untransformed chemical concentration data and the logarithms of the
concentrations, and the p-value for each test was calculated. The appropriate probability distribution
was determined using the following criteria:


• if there were fewer than 5 observations in the sample, the distribution was deemed to be
neither normal nor log-normal because there was an insufficient number of observations to
make a determination;


• if there were between 5 and 50 observations, then
o if the larger of the two Shapiro-Wilkes p-values (normal and log-normal) was greater


than 0.05, then the distribution was selected corresponding to the larger p-value;
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o if the larger of the two p-values was less than 0.05, then neither normal nor log-normal
distributions adequately fit the data, and "None" was selected as the appropriate
distribution;


• if there were more than 50 observations, then the distribution corresponding to the larger of
the two p-values was selected as the appropriate distribution.


In the case of large sample sizes (more than 50), the Shapiro- Wilkes test tends to reject both
distributions regardless of how well the distribution appears to fit - that is, even if the data come from
a normal distribution, the Shapiro-Wilkes test is likely to reject normality because of a large number
of apparent small deviations from the normal distribution. Thus, rather than declare neither normal
nor log-normal to be appropriate when there is a large number of observations, we have chosen to
select the better distribution as being representative of the data.


As noted above, when the percentage of non-detected observations is between 15 and 50, EPA
guidance calls for the use of trimmed means and standard deviations to represent the central tendency
and dispersion of the population of measurements. For this study, these trimmed mean and standard
deviations were calculated under the assumption that the samples where a chemical was measured
below the MDL were the samples with the smallest concentrations. Because several different
methods may have been used to quantify the concentrations of the same chemical in the CMRP
database, it is likely that the actual concentration obtained for a sample using one method may be
larger than a detected concentration in a different sample using a different method. Thus, strictly
speaking, the trimming assumption may not be accurate. The trimmed mean was calculated by taking
the mean of the set of observations remaining after removing the observations below the MDL and
removing an equal number of the highest measured concentrations. For example, in a sample with
two non-detected observations, the trimmed mean would be calculated after eliminating the two non-
detects and the two largest values of the concentration in the sample. Calculation of the standard
deviation associated with the trimmed mean is more complicated. It is calculated by replacing the
non-detected concentrations with the smallest detected concentration, replacing an equal number of
the highest observed values with the highest concentrations remaining after trimming, calculating the
standard deviation for the modified data, and adjusting it by the number of non-trimmed observations.


The summary statistics were calculated using a computer program written in SAS. Most of the
summary statistics were calculated using summary statistics procedures available in SAS (PROC
UNIVARIATE). Calculations for trimmed means and standard deviations required the use of special
code. All SAS code was checked by applying it to a dataset with known results.


2) Comparison of Two Populations


The concentrations of the various chemicals in sediment were statistically compared between the
upstream background location (i.e., Greystone Mill) and the other locations where sediment samples
were collected, with separate comparisons for each location. Traditionally, such statistical
comparisons would take the form of a t-test (for normal data), a t-test based on the logarithms of
concentration (for log-normal data), or the nonparametric Wilcoxon test (for data whose distribution
can not be determined). However, the presence of a large number of non-detected observations
makes the results of these tests uncertain. The Wilcoxon test can be adapted to situations where there
are non-detects, but there is the further problem that the MDL may vary among samples collected at
the same location.


As an alternative to the traditional methods, the sediment concentrations can be compared using
methods developed for censored data. In the CMRP case, the data are "left-censored" - that is, there
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are several observations whose values are only known to be "less than some specified value." Most
censored-data methods have been developed for right-censored data - that is, where there are
observations whose values are only known to be "greater than some specified value." These methods
are often used in life-testing settings, where subjects may leave a study before the measurement of
interest (usually time until an event) can be measured. Left-censored data can be transformed to
right-censored data by reversing the order of the data. With environmental data, this can best be done
by subtracting the actual concentration of a particular chemical from the maximum concentration
across all observations of that chemical (i.e., over all locations). The resulting transformed data will
have a minimum value of zero and a maximum value approximately equal to the maximum observed
value over all locations. The non-detected observations then become right-censored observations.
The equality of two population distributions of chemical concentrations can then be tested using
methods for censored life-table data. In this case, the proportional hazards analysis was used (at the
0.05 significance level) for comparing sediment concentrations for the various locations to those for
the upstream background location. In order to assure that there are a sufficient number of
observations for performing the statistical inference, only those chemicals for which there are at least
10 observations in both the upstream and the "test" location are included.


The proportional hazards analysis was performed using a program written in SAS programming
software. No existing procedure exists to perform the proportional hazards test, so code was written
to perform the test. The code was tested using a dataset with known results to verify that it was
performing correctly. The Wilcoxon test was also performed on the data (using SAS PROC
NPAR1WAY) and used to validate the results of the proportional hazards analysis.


3) Correlation Analyses


The relationships between several chemicals can be used in performing forensic evaluations of
environmental data. Specifically, the correlation of two chemicals may provide evidence about the
location and number of sources as well as information about the transport of the chemicals at a site.
In this study, four chemicals were examined to determine their relationships: TEQ, TOC, total PCBs
(calculated as total Aroclor), and total pesticides. The first three chemicals were available in the
database as unique measurements. The total pesticide concentration was determined by summing the
concentrations of 22 individual pesticides in the database to create a total pesticide concentration
(replacing non-detected observations with zero in the sum). The relationship between these four
variables was determined using two types of correlation coefficients: Pearson correlations
(parametric) and Kendall correlations (nonparametric). The Pearson correlation coefficient measures
the degree to which two variables have a linear relationship if the variables have normal distributions.
The Kendall correlation, on the other hand, measures the degree to which high concentrations of one
variable are associated with high concentrations of the second variable. Kendall correlation
coefficients are calculated by subtracting the number of discordant pairs of observations in a sample
from the number of concordant pairs of observations and dividing by the total number of pairs of
observations. For a dataset with n observations, the total number of pairs is equal to n(«+l)/2.
Concordant pairs are pairs of observations for which the higher concentration of both chemicals
appears in the same observation, while discordant pairs are pairs for which the higher concentration
of the two chemicals appears in different observations. For example, if the values of TEQ for two
observations are 1 and 2, and the values of TOC for the same observations are 5 and 7, then the pair
of points is concordant, because the higher concentration appears in the second observation for both
TEQ and TOC. Similarly, if the TEQ concentrations are 1 and 2 and the TOC concentrations are 5
and 3, then the pair of points is discordant because TEQ is higher in the second observation while
TOC is higher in the first observation. For both Pearson and Kendall correlations, values near 1
indicate that the two variables have a strong positive correlation, values near -1 indicate that the two
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variables have a strong negative correlation, and values near 0 indicate that the two variables are
unrelated.


Correlation coefficients were calculated using PROC CORK in SAS. The total pesticide
concentration was also calculated within the program.


4) Box Plots


Box plots were prepared for selected chemicals in site sediment and surface waters. Each boxplot
summarizes the sample distribution. The ends of the box represent the 25th and 75th quartiles, and the
line across the middle represents the median value. The lines extending from either end of the box
are "whiskers" that extend to the minimum and maximum values. Box plots were prepared using the
GPLOT procedure in SAS.


Principal Component Analysis (PCA) - Sediment and soil dioxin/furan, HCX, PCB, pesticide, and
TOC data were prepared in Excel for PCA, a multivariant numerical analysis technique that effectively
compares chemical data from many samples, visually displaying samples that are chemically similar or
distinct. For PCA, a complete set of analyte data is required and the entire sample must be excluded if
any one parameter is missing. For example, if a sample has dioxin data but no corresponding PCB data,
then the entire sample is excluded from PCA. PCA was performed by using Pirouette (Version 3.02;
Infometrix, Inc., Seattle, WA). Additional detail regarding PCA methods are provided in Appendix E.


DATA VERIFICATION/VALIDATION PROCEDURES
Sample location maps, contaminant distribution maps, statistical data summaries, and summary sample
list tables received a quality assurance (QA) review according to Battelle SOP 4-039 Quality Assurance
Reviews for Project Delivembles, and SOP 4-015 Quality Assurance Audits of Reported Data. Battelle's
QA Unit verified a minimum of 10% of the data presented in the final maps (sample location and contam-
inant) and tables (statistical summaries, sample lists) to assess the accuracy and completeness of the
reported data. The sample location and contaminant distribution maps were audited to ensure that the
correct data were used, that the figure accurately represents the data and that units and captions were
correct. The statistical summary and sample list tables were reviewed against source data (i.e., Centredale
database query outputs), and formula components (e.g., mean and median calculations) were verified
from raw or verified data by reproducing the reported result. Results from the QA review were summa-
rized on the Document Review Forms or audit reports. Any documentation or data errors identified by
the QA review process were corrected, and the affected maps and/or tables updated accordingly and
reverified.


PCA results were not reconstructed during the QA review process given the complex nature of the soft-
ware program employed for the analysis. Instead, the final PCA results received a technical review by
staff familiar with the processing procedures, and the data input into the program were reviewed for
accuracy.


REFERENCE
U.S. EPA. 2000. EPAQA/G-9, Guidance for Data Quality Assessment, Practical Methods for Data


Analysis. EPA/600/R-96/084.
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APPENDIX C


STATISTICAL SUMMARIES







Abbreviations


MIN Minimum
MAX Maximum
Lnrm log normal
Norm normal
A. Mean arithmetic mean
A. StDev arithmetic standard deviation
G. Mean geometric mean
G. StDev geometric standard deviation
No.
Detected Number detected
No. Obs Number of observations
ng/kg nanograms per kilogram
mg/kg milligrams per kilogram
ug/kg micrograms per kilogram
pet percent
J Quantitation approximate
EMPC Estimated Maximum Possible Concentration
JN (not defined in project documents)
NJ (not defined in project documents)
JN_2 (not defined in project documents)
NJ_2 (not defined in project documents)
* From dilution analysis
NJ_1 (not defined in project documents)
EB Equipment Blank Contamination
J_5 Estimate (1)
J_12 Estimate (1)
J_3 Estimate (1)
J_l Estimate (1)
J_4 Estimate (1)
JTB Quantitation approximate, Holding time exceeded, Blank contamination (2)
$ From dilution analysis
EB$ Equipment Blank Contamination, From dilution analysis
J$ Quantitation approximate, From dilution analysis
P (not defined in project documents)
& (not defined in project documents)
J_2 Estimate (1)
J_7 Estimate (1)
JEB Quantitation approximate, Equipment Blank Contamination
J$EB Quantitation approximate, From dilution analysis, Equipment Blank Contamination
$J From dilution analysis, Quantitation approximate
J& (not defined in project documents)
EB* Equipment Blank Contamination, From dilution analysis
B Blank Contamination


(1) Qualifier description provided in the project documents, but the description varied across data sets. The
J qualifier indicates that the value is considered an estimate. The 1, 2, 3,4, 5 or 7 codes indicate why
the value is considered an estimate, usually due to chromatography, calibration, and/or unacceptable
results from the laboratory-based QC samples.


(2) Qualifier not defined in project documents. Description for J assumed based on documented definition;
description for T and B assumed based on standard descriptions for these qualifiers.
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î^COCOCDCozo§


\ Bis(2-chloroethyl)ether


RAB-SD-2069-01RAB-SD-2069


oooooominsO
JEoC
DCO| Bis(2-ethylhexyl)phthalate j


RAB-SD-2069-01


O
)


COoCM


QCO


C
Do:-aOCOoCD


OCDScozIOCM


tCD[Butylbenzylphthalate I


CM


mO
I


CO10-z.


ocn


1


[Caprolactam |


oooCOQCORAB-SD-3004


SinCM


mmCOIOO
l


8ozgC
D


1


|Carbazole !


RAB-SD-2069-01RAB-SD-2069


88OCDcno
i


CO


COCOCOm£oZgCD|Chrysene I







reE2Ss*- 
to


c o>


•S -2
W


 
"g


o£n


Sample ID of MAX
(detected)


Location of
MAX
(detected)


MAX
(detected)


Qualifier
MAX


(detected)


Xsca-a0}
S


ci £§


o
 gCC


S1<r.


< §izE


Distribution
%


Detected
No


Detected


°
S


z
 01a:U


J


a.


ouQ<na


RAB-SD-5008


0ffmo50CC


8E§S0
>a,h)anthracene 1


VI6


RAB-SD-5008-0000-01RAB-SD-5008


C
O


acgC
DgzS0
)apDibenzo


gZOI3a.B


So>szoD
lphthalate I55


0e*d0ddoCD<COuoC
O


s£O
)


szoI


D59Dl-n-but


oIDr*-


T
-


CC§ZO?)D5sipo-u-in


(CoCS)


C(Xa:RAB-SD-2069


r^8OCNC
O


C
O


1aEz8t°eDS


C
D


coindC
O


dO
fRAB-SD-5008


C
O


CCmC
D


C
NSoz§C
D£.5)D


gC
O


Sgozo7)y>orobenzene |Hexach


Sosgoo5""aorobutadlene |


1


gC
OgOoS
1raorocyclopentadiene |5D


OmCN


ccozoD
)oroethane |3


cndCOCD<
f


CCRAB-SD-3004


o8ino•<tS1Z8t


lecular Weight Pahs |3>
X


C
D


dC
O
oC


M


dC
O


C
t


a:RAB-SD-2069


omC
O


goac
d


O
)


C
O


m5gI 15),2,3-cd)pyrene 1


ff


gO
)


TDgOZoIe53


RAB-SD-3004-01RAB-SD-3004
(C8gC


N


eg8z8H


ft


Q
.D


•go<1)Low Mo


RAB-SD-5008-0000-01RAB-SD-5008
SaS0C
O


OZoC
N


1""en&Dia


omC
OCDcoz:


oo"enINitrober


gC
OIZOoS
1


0
)D-di-n-propylamine |


a,3


gosgozoon


>diphenylamine |


»


ggozoo0
)orophenol |Pentach


RAB-SD-5008-0000-01RAB-SD-5008


ah-£sCC


C
O


C
O


sinsoC
O


t


DD5§


gr-T~gZO1)guL


CddCOaC
D


C
O
oC


N


dCOaa:18oIf!


C
D


C
D£m§gI
1


"encVL


RAB-SD-5008-0000-01


a§Qtoao:C
O


gC
O


O
)


8C
OX
)


8gz8C
O


I155 ,


PCB as


RAB-SD-5008-0000-01RAB-SD-5008


cooenaaC
O


inccc\soznC
O


S
1


"aQ5Aroclor,


S'C
O


SozotC
O


o


'Aroclor-


S^~sO
)


ogozooIM
C


MAroclor-


55^~in?oZooD
)


C
N


C
O


C
MAroclor-


co'C
OrgoZooenM


C
MAroclor-


•qC
O


'S0§zooI 1C
D


C
O


C
N53


RAB-SD-5008-0000-01RAB-SD-5008


mifLf


£If)C
O


*~


sozsC
O


1s


Aroclor-


c<~SInozoong


|Aroclor-


RAB-SD-5008-0000-01RAB-SD-5008


»g"*^C
M


grioZoDC
M3)5)


COCO
C


NAroclor-


inooCM<DcO
5


CM61±OD
.


(DcooO
)


D
_


D
T


O







(0II
t
:


8 R
^_


f 
Q


)


(0 OL


*-• 
(0


£ °>
<D 


-̂


I 8
"8 ^
^3 


.5
M


 "


«
 0


.


11•9
°


6


2*oili*»s
'o 


—


i )
!


s
$


l
5


ls


MAX
(detected)


Qualifier
MAX


(detected)


|


Median


o
|CO


o
 ioEO


T


<


<
 
§izs


Distribution


*?INo.
Detected


^1s3


PARAMETER


Pesf/c/de&Wenb/c/des


SCCUCOCCa1CCr-.


ffh-c<C
M


ITO§CD1?iSCD


5a>


aQ3•̂•«T"


§aKma:CC2(
f


r-•̂rinf-•*rif:C
X


o§o8iS<o5""aU
J


QJ•S-
•̂


5o<f-COo:o«,moc0
)


O
)


c~5CD


SCD$i8COcn0
.


5o•d-w


8C
T


O|CD


§CD§iooC
OO
)


0
)5


so>oiCD


ICD£iooCDq>"aalpha-BHC


0000-01


CC


QCOCQr£OCQCOCD<£.


sC
O


C
O


soCM•»t
OCDsoZsCMCOO


>


0
)alpha-Chlordane sO


)
osCD


SCDaioo<DO
)


"B)beta-BHC


go>CDCOCOOCD


•̂J-
oCDZO0COO


J


"B)delta-BHC


0000-01


CCQ</)COa:CCPDCOCOa:->o>o
i


auCD0.0535


zsC
M


C
OO
)


0
)pieldrin


§O
)


C
D


f^OC
D


•£>
OC


D$OZo0C
DO
)


D
)Endosulfan I |


moC
D


C
D


C
O


OOo'SozooCOO
)


"B)Endosulfan II


ScnOC
N


C
D


OSO0CDO
)


0
)| Endosulfan Sulfate |


So>CDN
-


O
J


CD


§C
D


ZO0C
DO
)


0
)


c?U
J


8cnosCOCD


§CDCDCOzooCDcn


"S.Endrin Aldehyde |


inocnoCD


CDVcozo0C
Oo>"B)EndrinKetone |


mOO
J


or^-
oo«*oCD8OZooCOO


)


"Bi


OXCOi5D
)


0000-01


§QC OtoQL•̂QCOCOofinCDOO
C


oC
O
oo8CD8OZ£:COD
)


0
)


8(0T35oroc5D
)


mocnoC
O


0C
O


C
D


OC
D<DCOzoo<DO
)


"O
)Heptachlor


moo>oC
D


OC
D


$C
O
oCD8OZooCOq>0
)Heptachlor Epoxide |


moo>oC
M


C
O


C
D


1
0r^OCDSozooCOD
)


0
)Methoxychlor |


9§vCDCCCC


WCOrrinCMITmC
NITC
O


O^cxi
COinC


O


C
O


C
DsozooC
M


C
M0
>


0
>Technical Chlordane


mCN


•̂rC
M


»T
TSOzooC
O0
1


ro(Toxaphene |


b57sc:
t


9ittCQr£|QCOCOa:mCDCNu?c:CNCNCDino
i


COosozoo*fr


•̂J-8Percent Clay


0T tC
L


U
.


CQDCSCLU
-


£Qu2SI^-
COmCN•̂


~


•̂
-


§s^COinfeooCDCO8">
^T
I


O+nIL§DQ
.


O1«madgQCOCOo2C
D


C
O


C
O


C
D


CCC
O


ctl
T


t


OO^
*


C
O


oE_
i


ooCDCO8Percent Gravel )


0Ic/:CDatcc,


IO
f


CNr~c\r*^N
-


egsozoo•5nPercent Moisture j


o§oc oCQaLO
)


8QCOCQo;inf-mr-CM8go>(0C
M


06"*COsooCOCO0Q(Percent Sand j


0000-01


§QC Oma!aOCOCOa:CMOrĈ
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ôinCOCMC
O


00pCOCDc0zoo^en


^1NCMooe<
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Figure C-l. Boxplot of Dioxin TEQ in Sediment Samples
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Figure C-2. Boxplot of Benzo(a)pyrene in Sediment Samples
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Figure C-3. Boxplot of Dibenz(a,h)anthracene in Sediment Samples
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Figure C-4. Boxplot of Aroclor 1254 in Sediment Samples
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Figure C-5. Boxplot of Aroclor 1268 in Sediment Samples
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Figure C-6. Boxplot of Total Aroclor in Sediment Samples
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Figure C-7. Boxplot of 4,4'-DDD in Sediment Samples
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Figure C-8. Boxplot of 4,4'-DDE in Sediment Samples
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Figure C-9. Boxplot of Dieldrin in Sediment Samples
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Figure C-10. Boxplot of Technical Chlordane in Sediment Samples
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Figure C-ll. Boxplot of Aluminum in Sediment Samples
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Figure C-12. Boxplot of Arsenic in Sediment Samples
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Figure C-13. Boxplot of Barium in Sediment Samples
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Figure C-14. Boxplot of Cadmium in Sediment Samples
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Figure C-15. Boxplot of Selenium in Sediment Samples
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Figure C-16. Boxplot of Vanadium in Sediment Samples
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Figure C-17. Boxplot of Zinc in Sediment Samples
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Figure C-18. Boxplot of Dioxin TEQ in Surface Water Samples
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APPENDIX E


ENVIRONMENTAL FORENSICS REVIEW







NEWFlELDS


June 20, 2005


Ms. Deirdre Dahlen
Battelle Memorial Institute
397 Washington Street
Duxbury, MA 02332
Tel: (781)952-5253


Environmental Forensics Review of Persistent Chlorinated Organics
Centredale Manor Restoration Project Superfund Site
North Providence, Rhode Island


Dear Ms. Dahlen:


This letter provides an environmental forensics summary of the measured
concentrations of persistent chlorinated organics in samples collected from the
Centredale Manor Restoration Project Superfund Site in North Providence, Rhode
Island (Centredale). Historically, the property currently occupied by Centredale Manor
and its immediate surroundings supported the production of pesticides, chemicals, and
reconditioned waste drums. Past environmental investigations identified likely residues
of these activities in hydrologically downgradient ponds and streams.


Objective


The primary objective of this analysis was a statistical review of these data for the
identification of compositional relationships among analytes detected in the study area.
Specifically, we explored the likelihood that analytes detected above background
screening levels were consistent with the assemblages of contaminants present in the
source area around the current location of the Centredale Manor property.
Alternatively, we evaluated the likelihood that the chlorinated compounds were better
associated with background or independent human activity adjacent to Allendale or
Lyman Mill Ponds.


Sample Locations


The study area and site history are described under separate cover (Battelle, 2005).
The project team divided the study area into nine subsections for this review (Figure 1).
These locations provided a frame of reference for determining the migration potential of
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material from the Source Area (Centredale Manor) through the Nearfield (Allendale
Pond), Middle Field (Lyman Pond), and Far Field (Manton Pond) areas. Recognizing
that many of the persistent chlorinated pesticides were widely used in residential,
commercial and industrial applications, Upstream Background locations were sampled
to determine the site specific ambient levels for these compounds (e.g., background
concentrations). The background locations were selected by the project team to
demonstrate the composition of local sediments in the absence of historical operations
at the Centredale Manor property. The Reference Areas were sampled as a
conservative measure to evaluate the less likely pathways of contaminant migration.


Methods


Polychlorinated dibenzo-p-dioxins (PCDDs or dioxins) and polychlorinated
dibenzofurans (furans or PCDFs) are two families of chemical compounds that are
produced simultaneously. Patterns of PCDDs and PCDFs (PCDD/DF fingerprints) are
often indicative of the process that generated them. Consequently, the PCDD/DF
fingerprints can be compared between candidate source and release areas to
determine the origin of these compounds in the environment. This pattern matching
approach typically improves in proportion to the number of PCDD/DF congeners
measured as part of a forensic investigation.


There are 75 PCDD and 135 PCDF congeners. Of these, toxicologists identified 7
PCDDs and 10 PCDFs toxic congeners (U.S. EPA, 1995). The most toxic PCDD/DF
congener is 2,3,7,8-TCDD (U.S. EPA, 1995). The relative toxicity of these congeners
can be estimated by multiplying each toxic congener by its toxicity equivalent factor
(TEF). The products of this calculation are added together to determine the toxicity
equivalent (TEQ) of 2,3,7,8-TCDD (U.S. EPA, 1987). This study employed two primary
measures of dioxins and furans (i.e., TEQ and toxic PCDD/DF isomers) based on the
project objectives as discussed below.


The historical manufacture of hexachlorophene was reported within the Source Area. It
was produced by reacting of raw materials such as 2,4,5-trichlorophenol and 2,4,5-
trichloroaninsole and used as an additive for antibacterial soap and cosmetics (Archer
and Crone, 2000). In addition to the co-generation of dioxins and furans, the
manufacture of hexachlorophene produced 1,2,4,5,7,8-Hexachloro(9h)xanthene (HCX)
in widely varying amounts depending on the reaction conditions of the manufacturing
process (Archer and Crone, 2000). The high variability of the manufacturing process
prevented the use of source ratios, such as HCX:2,3,7,8-TCDD, for the reliable
identification of hexachlorophene byproducts. Consequently, previous investigators
recommended the use of detected levels of HCX to identify residues of the
hexachlorophene manufacturing process (Archer and Crone, 2000).
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Since Fall 1998, EPA collected 1,400 sediment and soil samples for dioxins and furans
in multiple sampling efforts. The TEQ was determined for all of these samples. Data
were available for only the most toxic dioxin congener (2,3,7,8-TCDD) in approximately
1360 samples and individual toxic congeners plus HCX in approximately 550 samples.
In addition, EPA collected more than 400 sediment and soil samples for the
measurement of chlorinated pesticides and more than 700 sediment and soil samples
for the measurement of polychlorinated biphenyls (PCBs) as Aroclors. Only 181
samples were tested for all of these chlorinated compounds. Wherever possible, all of
the data were used for this interpretation; however, subsets of samples with more
numerous measured compounds provided the great value for the source identification
objective as evidenced in the results section below.


The analytical methods are described in greater detail in the work plans for each
sampling effort (see summary in Battelle, 2005). The Centredale database indicated
that most dioxin analyses were conducted following EPA Methods 8290 or 1613B
(modified) (U.S. EPA, 1986). In general, PCDD and PCDF compounds (Table 1) were
measured using a gas chromatograph equipped with a high resolution mass
spectrometer (GC/HRMS). Some samples collected in February, 1999 were analyzed
for 2,3,7,8-TCDD by a GC equipped with a low resolution mass spectrometer
(GC/LRMS) according to EPA Method 8290. Table 2 lists the chlorinated pesticides
and polychlorinated biphenyls (PCBs) that were measured using a gas chromatograph
equipped with an electron capture detector (GC/ECD) following EPA Methods 8081A
and 8082, respectively (U.S. EPA, 1986). Selected samples were also measured for
total organic carbon (TOC) in accordance with EPA Method 9060 (U.S. EPA, 1986).


Detailed chemical analysis of chlorinated organic compounds provides a substantial
amount of numerical data. In order to present this data in a meaningful manner, we
use a variety of visual, graphical and statistical techniques to explain the compositional
relationships. Largely, we rely upon three methods of data presentation in this report,
These include:


• Data tables that depict frequencies of detection and concentration summaries.


• Scatter Plots that depict the concentrations of important and related
hydrocarbons in samples in a format amenable to establishing qualitative or
quantitative correlations.


• Parametric Pearson and Nonparametric Kendall Correlations1


1 The relationships between total PCDD/DFs, PCBs, pesticides, and organic carbon were examined using
two types of correlation coefficients: Pearson correlations (parametric) and Kendall correlations
(nonparametric). The Pearson correlation coefficient measures the degree to which two variables have a
linear relationship if the variables have normal distributions. Normality could occur in untransformed or
logarithmically transformed data. The Kendall correlation, on the other hand, measures the degree to
which high concentrations of one variable are associated with high concentrations of the second variable.
Kendall correlation coefficients are calculated by subtracting the number of discordant pairs of
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• Score and loading generated by a chemometric technique known as principal
components analysis2 (PCA).


Whenever possible, color coding and symbols will be used to illustrate the most
relevant compositional features.


Results and Discussion


The identification of likely sources for dioxins, furans, pesticides and PCBs is complex
and benefits from a tiered approach. This section begins with a large scale view of
closely associated contaminants. Thereafter, the macro trends are evaluated on a
sample specific basis. The summary section closes with a site conceptual model that
helps unify the data interpretation.


General Patterns


The distributions of target analytes in the Upstream Background area were used as
reference values to help identify contamination in the study area. We evaluated the
central tendency of each location relative to the Upstream background primarily in
terms of the median (Table 3). In addition, the Proportional Hazard test3 helped identify
sampling locations in which the analyte concentration in sediment was statistically
greater than the background samples from the Upstream portion of the study area. Soil
data were not compared to background due to differences in exposure pathway
scenarios. Specific exceedances are discussed by analyte group.


observations in a sample from the number of concordant pairs of observations and dividing by the total
number of pairs of observations.
2 Principal Component Analysis (PCA; Pirouette, Version 3.02, Infometrix, Seattle, WA) is a factor analysis
method that generates new independent variables (i.e. factors) that are linear combinations of the original
input variables (e.g., chemical concentrations). This method reduces the dimensionality of the data to a
few important "principal components" (axes) that best describe variations in the data. The first axis (1st
PC) demonstrates the most prominent trend and successive axes (2nd PC, 3rd PC, etc.) demonstrate
additional trends in decreasing order of importance. Prior to PCA, non-detected analytes are set to zero to
isolate compositional trends among detected analytes. (Other substitution (e.g., 1/2 detection limit)
scenarios yield comparable results with less compositional resolution - see project file). While data
normality is not required for this technique, the chemical concentrations are log-transformed and Z-scaled
to reduce the effect of widely varying concentrations between samples and between individual analytes.
The primary objective of the PCA conducted for this study was to aid in the classification of field samples
based on their chemical similarities or differences, without any pre-classification as to their
nature/source(s). In this report, the results of a PCA are presented using 2-dimensional factor score and
loading plots.
3 The Proportional Hazard test (i.e., modified Kaplan Meier) is a non-parametric test to determine if the
sediment concentrations were statistically different than the upstream background at the 95% confidence
limit. See Appendix A for details on the use of all statistics.
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• Dioxins
The analytes 2,3,7,8-TCDD and HCX were greater than background in Allendale
Pond sediments, Lyman Mill Pond sediments, Manton Pond sediments, and
Downstream sediments (Table 3). By inspection of the sample specific data, the
concentration of 2,3,7,8-TCDD was higher in Allendale Pond and Lyman Mill
Pond sediments than Source soils. We speculated that this pattern resulted
from either 1) the gradual erosion of contaminants from the source area to the
proximal sediments, or 2) the direct discharge of dioxin-containing byproducts
into the proximal water body during the manufacture of hexachlorophene. It was
not possible to definitively determine the dominant transport process with the
available data. However, we believed that the higher concentration of
PCDD/DFs in Allendale Pond, not the Source Area, helped identify the initial
point of discharge. In addition, the long migration path from Allendale Pond to
the Downstream sediments was consistent with a manufacturing discharge in
which the contaminants were not adsorbed to heavy soil particles capable of
retarding movement.


The sediment concentrations of 2,3,7,8-TCDD generally decreased
hydrologically down gradient through Lyman Mill Pond, Manton Pond and
Downstream sediments. Interestingly, this washout pattern was not as clearly
observed for the hexachlorophene marker HCX. Rather, HCX exhibited
relatively high concentrations in Manton Pond in relation to Lyman Mill Pond.
However, varying relative amounts of 2,3,7,8-TCDD and HCX were consistent
with hexachlorophene byproducts observed in previous investigations (Archer
and Crone, 2000). Accordingly, moderate to high levels of 2,3,7,8-TCDD
coincided with detected concentrations of HCX. The co-detection of these two
compounds linked the source of this material to the hexachlorophene
manufacturing process.


The dioxins other than 2,3,7,8-TCDD were not significantly higher than Upstream
background sediments. Indeed, they were below the background levels in the
Downstream and Assapumpset sediments (Table 3).


• Furans
The origin of furans was less clear. The furans were not greater than the
Upstream background sediment concentrations in the Source soils, Allendale
Pond Soils, and Lyman Mill Pond Soils. Like 2,3,7,8-TCDD, however, the
highest furan concentrations occurred in Allendale Pond sediments.
Unexpectedly, two HxCDF isomers were significantly greater in Manton Pond
when compared to the Background sediments. In fact, the central tendency of
these isomers in Manton Pond were also greater than Allendale Pond. The
reason for the elevated levels of these analytes was not evident in these data. It
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is possible that elevated levels of PCDFs relative to PCDDs was a feature of off-
sjte furan sources distinct from background. On the whole, however, the initial
data indicated a high degree of variability in the furan pattern. This variability
may indicate 1) variable manufacturing processes for hexachlorophene or 2)
multiple PCDF sources.


• RGBs
Aroclor concentrations above background were not as spatially widespread as
2,3,7,8-TCDD (Table 3). Unlike dioxins and furans, the PCBs were largely
restricted to the Source Area soils. The maximum concentrations of total
Aroclors in Source Area Soils were substantially higher than the Allendale Pond
Sediments (Battelle, 2005). The high frequency of Aroclor 1254 detections in the
Source Area mirrored the detection frequency in Allendale Pond. Although
measured in high concentrations in selected Source Area soils, other Aroclors
like 1232, 1242, and 1248 appeared to be spatially limited based on the
frequency of detects. These Aroclors also exhibited higher concentrations of
totla PCBs in Source Area soils relative to Allendale Pond sediments. The
presence of Aroclor 1248 above background in Lyman Mill Pond sediments were
unexpected given the low levels measured in Allendale Pond relative to Aroclor
1254. The isolated detections of Aroclor 1242 in the Downstream sediments
were most likely caused by local releases. Evidence for the common use of
Aroclor 1242 in the region was found in the soils proximal to Lyman Mill Pond.


• Pesticides
The central tendency of pesticides was variable (Table 3). One of the most
commonly detected pesticides in soils and sediments were members of the DDT
breakdown series (e.g., 4,4'-DDT, 4,4'-DDD, and 4,4'-DDE). We attributed the
concentrations in Allendale Pond to the Source Area. However, soils proximate
to Lyman Mill Pond could have impacted sediments in Lyman Mill Pond, Manton
Pond, and Downstream locations. Other commonly detected pesticides included
the chlordane series (alpha-chlordane, gamma-chlordane, and technical
chlordane). Like the DDT series, high levels of chlordanes and heptachlor
contamination in Allendale Pond sediments was attributed to the Source Area
while down gradient contamination was linked to landside activities in the soils
proximate to Lyman Mill Pond. The shared distribution of chlordanes and
heptachlor was consistent with the common practice of blending them before
application.


Many pesticides were detected less frequently than DDT and chlordane in the
sediments samples (Table 3). Dieldrin was detected in approximately half of the
Source Area soils at high levels compared to other sampling locations. The
concentrations declined gradually through Allendale Pond and Lyman Mill Pond
and eventually reached non detected levels in Manton Pond. Local use of
dieldrin was credited for low levels of dieldrin detected in soils proximate to
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Allendale Pond and Lyman Mill Pond. This activity likely contributed to the
background screening levels of dieldrin.


The breakdown series of endrin (endrin, endrin aldehyde, and endrin ketone)
and endosulfan (endosulfan I, endosulfan II, and endosulfan sulfate) were more
concentrated and less degraded (e.g., lower levels of endrin aldehyde, endrin
ketone, and endosulfan sulfate) in the Source Area. By inspection of the sample
specific data, the concentrations of endrins and endosulfans declined in the
sediments with distance from the Source Area. The declining concentration of
these compounds corresponded to the increasing abundance of the breakdown
products relative to the parent material. However, sediment impacts from
activities proximal to Allendale Pond and Lyman Mill Pond were also likely
sources endrin and endosulfan compounds. Higher levels of endosulfan sulfate
and endrin ketone were detected in two Downstream sediment samples. These
compounds are attributed to the breakdown of endosulfan and endrin,
respectively, and possibly linked to soils from the Source Area or soils proximate
to Allendale Pond and Lyman Mill Pond.


The remaining pesticides exhibited concentrations well within the range of
background. These pesticides included aldrin, BHCs, endosulfan I, heptachlor
epoxide, methoxychlor and toxaphene.


• Clean Area
Assapumpset Pond sediments were consistently below the background
screening levels for all measured analytes. No impacts were observed in this
reference area. Indeed, these sediments contained lower levels of target
compounds than the Upstream background sampling locations.


Correlations
We evaluated mathematical relationships among the classes of target analytes to
determine if the contaminants generally shared an origin or behaved similarly in the
environment.


• PCBs v Dioxins and Furans
The measured values for TEQ and total PCBs (TPCBs) were poorly correlated
(Parametric Pearson Correlation was 0.27435 at p < 0.0001 and Nonparametric
Kendall Correlation was 0.17569 at p < 0.0001) (Figure 2a). High levels of TEQ
did not necessarily correspond to high levels of TPCBs. As noted previously, the
highest levels of 2,3,7,8-TCDD resided in Allendale Pond sediments while the
highest levels of PCBs existed in the Source Area. The independent
distributions of these compound classes possibly indicated different release
histories. For example, the dioxin and furan wastes associated with the
production of hexachlorophene may have been directly discharged to Allendale
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Pond while PCB residuals from drum refurbishing activities may have been
initially discharged within the Source Area.


• RGBs v TOC
Similarly, TOC and TPCBs were poorly correlated (Parametric Pearson
Correlation was 0.31530 at p = 0.0007 and Nonparametric Kendall Correlation
was 0.14036 at p = 0.0277) (Figures 2a and 2b). Again, high levels of TOC did
not necessarily correspond to high levels of TPCBs. We attributed the
independent relationship between TOC and TPCBs to active local sources of
organic carbon; e.g., degraded vegetation. Recent organic matter would not
have the time or exposure history to become enriched in anthropogenic
contaminants like PCBs.


• PCBs v Pesticides
The measured values of TPCBs and total pesticides (TPEST) exhibited a fair
correlation (Parametric Pearson Correlation was 0.71204 at p < 0.0001 and
Nonparametric Kendall Correlation was 0.54683 at p < 0.0001) (Figure 2b).
Higher levels of PCBs and pesticides often occurred together, especially in
samples from the Source Area and Allendale Pond. Conversely, lower levels of
pesticides and PCBs were observed in sediments from Lyman Mill Pond, Manton
Pond, and Downstream locations. Factors that might adversely affect the
correlation may include the high degradability of pesticides relative to PCBs. As
noted previously, endosulfan and endrin breakdown products appeared in
Downstream sediments. By contrast, the breakdown of Aroclors was not within
the technical scope of this project. In addition, the local use of pesticides and
release of PCBs would very likely occur independently. Consequently, these
activities would not impact the sediments simultaneously. Indeed, we might
expect the local application of pesticides to resemble chronic sediment impacts
before the 1970's while the local PCB impacts might resemble acute releases
from damaged electrical equipment into the 1980's.


Principal Components Analysis


A principal components analysis (PCA) provided a qualitative method for objectively
observing compositional patterns on a sample specific basis. Loading factors for each
analyte class (dioxins and furans, Aroclors, and pesticides) described the maximum
compositional differences present in the field samples (Figures 3e, 4e, and 5e). The
loading factors were used to generate score plots that graphically presented the
compositional relationships among the samples. In general, proximal samples were
chemically similar and distal samples were different. We plotted specific groups of
samples in black to demonstrate how the mixtures of measured analytes varied by
location, concentration, and depth. Finally, we approximated the compositional
variability within the background signature by circling the Upstream sediment sample
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with a dashed loop. By projecting the background footprint (dashed loop) onto the
multiple copies of the scores plot, we illustrated the chemical similarity and differences
between samples from each study area location, concentration, and depth. The
implications of these associations are described below.


• Spatial Patterns of Dioxins and Furans
The primary compositional differences among dioxins and furans were caused
by changes in the abundances of PCDDs/PCDF isomers relative to HCX and
less frequently detected isomers, like 1,2,3,7,8,9-HexCDF. These differences
accounted for 70% and 7% of the variability in the dioxin and furan isomer data
as represented by Factors 1 and 2, respectively (Figure 3e).


We approximated the variance within the background signature by circling the
samples collected from Upstream locations (Figure 3d). We projected this
background footprint (dashed loop) onto other scores plots to highlight samples
of similar composition by location (Figure 3), concentration (Figures 6a, 6b, and
6c), and depth (Figures 7a, 7b, and 7c). At the outset, we observed that many
background samples plotted near the top of the background footprint indicating
high abundances of HCX relative to other PCDDs and PCDFs (Figure 3d). This
was unexpected given the intended use of HCX as a marker for the manufacture
of hexachlorophene in the Source Area. If transport of HCX from the Source
Area to the Upstream locations was unlikely, one might conclude that soaps and
cosmetics containing hexachlorophene and HCX byproduct may have been
widely used or discharged in this water shed. Indeed, a wastewater treatment
plant capable of releasing HCX from soaps and cosmetics into the study area
was located upstream in North Smithfield, Rl. In summary, HCX might not be an
exclusive indicator of PCDDs and PCDFs originating from the Source Area within
the concentration range of background.


Many samples collected from the Source Area resembled background
compositionally (see looped samples in black in Figure 3a). However, a great
many differed from background (see samples in black above and to the right of
the dashed loop in Figure 3a). These samples generally contained higher levels
of HCX and PCDDs consistent with the manufacture of hexachlorophene. By
extension, samples from Allendale Pond plotting within the background footprint
resembled background and samples above and to the right resembled the
Source Area (Figure 3b). Other samples plotting to the lower right of the
background footprint were slightly enriched in furans. The highest density of
samples from Lyman Mill Pond plotted above and to the right of the background
signature indicating likely impacts from the Source Area (Figure 3c).


The soil samples proximal to Allendale and Lyman Mill Pond were highly
concentrated within the background footprint (Figure 3f). However, the
compositional diversity in these areas was greater than in the background
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samples (see samples that plotted across the dashed line) and possibly
explained the origin of furan enriched samples in the Allendale and Lyman Mill
Ponds (see samples plotting to the lower right of the dashed line in Figures 3b
and 3c). While many samples from Manton Pond and Downstream resembled
background, several samples resembled the Source Area signature (see
samples plotting above the dashed loop in Figures 3i and 3h). All of the
Assapumpset samples fell within the background footprint and exhibited no
perceptible influence from the Source Area (Figure 3g).


In summary, we identified three principal dioxin and furan signatures: a) samples
containing background PCDDs and PCDFs fell within the dashed loop, b) Source
Area patterns plotted within and above the dashed loop, c) local mixtures of
dioxins and furans generally plotted within and to the lower right of the dashed
loop. The overlap between the signatures of background, Source Area, and
local soils was not discernable within the dashed loop. It was not possible to
further refine the classification criteria using only the toxicologically significant
dioxin and furan isomers.


• Concentration Patterns of Dioxins and Furans
The greatest number of samples with concentrations of Total PCDDs and
PCDFs (TPCDD/DFs) less than 500 ng/kg fell within the background signature
(see high density sample cluster within the dashed loop of Figure 6a). However,
some samples in this concentration range exhibited some influence consistent
with the Source Area (see samples plotting above the dashed loop in Figure 6a).
Greater compositional diversity appeared in the TPCDD/DF concentration range
of 500 to 12500 ng/kg (Figure 6b). Samples plotting above the dashed loop
exhibited an influence from the Source Area while samples plotting to the lower
right exhibited an influence from soils proximal to Allendale and Lyman Mill
Ponds (see samples plotting above and to the lower right of the dashed loop in
Figure 6b, respectively). Predictably, the compositional features of samples with
the highest levels of TPCDD/DFs were most consistent with the Source Area and
soils proximal to Allendale and Lyman Mill Ponds (Figure 6c). The lack of
overlap between the samples with the highest TPCDD/DF concentration and
background indicated a clear compositional distinction between background and
local dioxin and furan sources (notice the near absence of samples in black
within the dashed loop of Figure 6c).


• Vertical Distribution of Dioxins and Furans
The dioxin and furan pattern was most diverse in the top 2 feet (Figure 7a). The
surface pattern penetrated into the 2-6 foot interval and suggested some form of
disturbance of the applicable Source Area soils and a few Allendale Pond
sediments (Figure 7b). The deeper samples (greater than 6 feet) were
overwhelmingly from the Source Area and consistent with background (samples
generally contained within the dashed loop in Figure 7c). Some Source Area
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samples below 6 feet appeared to have a mixture of background and surficial
PCDD/DF contamination (see samples that plotted along the top of the dashed
loop in Figure 7c). These data indicated that soil and sediments from the deeper
sediments contained dioxins consistent with background that mixed with
hexachlorophene related contamination in more surficial samples. The likely
mechanisms of mixing in the surficial soils may have been drum burial or filling
activities. The possible mechanisms of mixing in the sediments were storm
events and bioturbation.


• Spatial Patterns of PCB Aroclors
PCB Aroclors were fairly similar over the study area. The samples commonly
contained mixtures of AR1254 with lesser amounts of other Aroclors. Rare
mixtures with high levels of AR1016 and AR1260 caused samples to plot high on
the Factor 1 axis; high levels of AR1232 and AR1248 caused samples to plot
high on the Factor 2 axis; and high levels of AR1221 caused samples to plot in
the upper right hand quadrant (Figure 4e). Factors 1 and 2 accounted for 21%
and 15% of the variability, respectively.


Aroclor mixtures dominated by AR1254 comprised the primary background
signature (Figure 4d). Again, we approximated the compositional features of
background with a dashed loop and projected it on the copies of the scores plot.
This reference point helped illustrate the widely variable Aroclor composition
found in the Source Area (Figure 4a). As stated previously, samples plotting
above the background footprint generally contained higher levels of AR1232 and
AR1248 while samples plotting to the right contained higher levels of AR1016
and AR1260. Fortunately, these varying signatures were confined to the Source
Area. Samples from Allendale and Lyman Mill Ponds were consistent with
background (Figures 4b and 4c, respectively). Like the Upstream sediments
(Figure 4d) and proximal soils (Figure 4f), a few samples from Allendale and
Lyman Mill Ponds plotted towards the lower right perimeter of the background
pattern (Figures 4b and 4c, respectively). We attributed this minor variability to
background. The Aroclor composition of Manton Pond, Downstream, and
Assapumpset Pond sediments compared very well with background (Figures 4i,
4h, and 4g, respectively).


• Concentration Patterns of PCB Aroclors
The overwhelming majority of samples with less than 500 ug/kg TPCBs fell within
the compositional range of the background samples (Figure 6d). Two samples
from the Source Area (CMS-SS-4105 and -4110) plotted just above the dashed
loop due to enriched levels of AR1268. Both of these samples were collected
from the former tail race on the east side of the Source Area. A third sample
(WRC-SD-2010) plotted in the upper right corner due to the presence of many
Aroclors, including AR1221. At TPCB concentrations above 500 ug/kg,
additional samples plotted outside the background signature footprint (Figures 6e
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and 6f). These were rare mixtures isolated to the Source Area. Although most
of the samples were compositionally consistent with background, the
concentration of TPCB clearly indicates that they likely originated from the
Source Area. Consequently, the identification of background PCBs truly relied
on compositional features plus TPCB concentration.


• Vertical Distribution of PCB Aroclors
The majority of samples in any given depth predominantly contained AR1254.
However, alternate mixtures of Aroclors with significant concentrations of
AR1232 were observed in the Source Area between 0 and 6 feet (see samples
above the dashed loop in Figures 7d and 7e). Mixtures of AR1016 and AR1260
were observed in the Source Area from the surface to depths below 6 feet (see
samples to the lower right of the dashed loop in Figures 7d, 7e, and 7f). It was
not clear whether these deep PCB signatures resulted from downward
contaminant migration, waste drum burial, or filling activities. Other Aroclor
mixtures were limited to surficial releases within the top 2 feet of the site.


• Spatial Patterns of Pesticides
Pesticides were frequently observed as mixtures commonly containing one or
more members of the following analyte groups: chlordanes (aC, gC, and TC),
endosulfan (ES1, ES2, and ES), and DDT (DDT, DDD, and DDE). Varying
levels of DDE, DIEL, END, HEPT, BHC and others differentiated samples with
less common pesticide mixtures (Figure 5e). However, in this PCA run, Loading
Factors 1 and 2 accounted for only 16% and 10% of the variability, respectively.
We concluded that the patterns of pesticides were actually more similar than
different with a handful of notable exceptions discussed below.


Background samples collected from Upstream locations contained a mix of
chlordane, endosulfan, and DDT series analytes (Figure 5d). Source Area soils
again demonstrated a greater diversity of pesticide mixtures, many with higher
levels of DDE, DIEL, END, HEPT, BHC relative to the common chlordane-
endosulfan-DDT analytes (see samples spilling over the right and lower sides of
the dashed loop Figure 5a). For example, CMS-451-F plotted in the lower
middle quadrant due to enriched BHC while CMS-419-B plotted in the lower right
quadrant due to enriched DDE and EA. We observed a likely mixture of
background and Source Area pesticides in the Allendale Pond samples where
most samples matched background, but several samples plotted within a short
distance above and to the to the right of the dashed line (Figure 5b). Samples
from the Lyman Mill Pond that plotted to the upper right of the dashed loop
(Figure 5c) most closely resembled the soil patterns proximal to Allendale and
Lyman Mill Ponds (Figure 5f). The pesticide composition of Manton Pond,
Downstream, and Assapumpset Pond sediments compared very well with
background (Figures 5i, 5h, and 5g, respectively).
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• Concentration Patterns of Pesticides
The concentration pattern of pesticides followed the classic background to
Source Area mixing model. Low concentrations of TPEST (< 50 ug/kg) plotted
completely within the footprint of the regional background signatures initially
defined by the samples collected from Upstream locations (Figure 6g). Samples
with high concentrations (> 1250 ug/kg) of varying pesticides plotted outside the
range of the background samples (see samples outside the dashed loop in
Figure 6i). Samples of intermediate concentration (50-1250 ug/kg) plotted along
a mixing gradient overlapping the right hand boundary of the dashed loop (Figure
6h). This pattern suggested that pesticides likely migrated on eroded soil
particulates from upland soils into proximal Allendale and Lyman Mill Pond
sediments.


• Vertical Distribution of Pesticides
The surficial samples (0-2 feet) exhibited the greatest degree of compositional
diversity (Figure 7g). However, pesticide residues from the Source Area
locations near CMS-451-F and CMS-417-F contained moderate to high
concentrations TPEST at depths ranging from 2 to 6 feet (Figure 7h). Pesticide
signatures below 6 feet generally resembled background (Figure 7i) with the
exception of CM-SO-SB02 from the Source Area. In summary, Source Area
impacts were generally observed in the top two feet of Allendale Pond
sediments, deeper sediments resembled background, a few Source Area
locations contained moderate to high levels of pesticides below 2 feet and only
one sampling location had moderate levels of pesticides below 6 feet.
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Summary


The distributions of PCDD/DFs, PCB Aroclors, and chlorinated pesticides were
complex. Based on concentrations alone, the influence of the Source Area appeared
more extensive than it was when considering the assemblages of target analytes in
signature groups. Some examples of the relationship between analyte concentration
and compositional trends are presented below.


• High concentration and compositional diversity were characteristics that helped
locate the primary source of fugitive materials in this study area. Compositional
diversity was important as a marker of the historical manufacture of
hexachlorophene, because the manufacturing process that co-generated
PCDD/DFs was reported to be variable. Diversity was also characteristic of the
drum refurbishing operation that presumably received chemical shipping and
storage containers from numerous sources.


• For dioxins and furans, the highest concentrations and diversity was observed in
Allendale Pond. Alternatively, diverse mixtures of high concentration PCBs and
pesticides were largely confined to the Source Area.


• The hexachlorophene marker HCX was found throughout the study area with
highest concentrations in Allendale Pond, Lyman Mill Pond, Downstream, and
Source Area locations. The concentration of HCX fluctuated independently
relative to dioxins, like 2,3,7,8-TCDD. This phenomenon was observed in
previous studies and attributed to varying manufacturing processes for
hexachlorophene. However, we identified low levels of HCX in many Upstream
background locations. Consequently, we used HCX as a Source Area marker
above background samples collected from Upstream locations. Accordingly,
residues of the historical manufacturing of hexachlorophene extended down
gradient from the site to approximately half of the Downstream sampling
locations.


• We tracked the PCDD/DF fingerprint of the Source Area through Allendale Pond,
Lyman Mill Pond, Manton Pond, and Downstream sediments using PCA largely
based on the relatively high levels of PCDDs. This signature was most evident in
the top 2-foot interval. These results complemented well the tracking of Source
Area signatures with HCX.


• Low level PCDD/DF impacts were also observed in Allendale and Lyman Mill
Ponds from landside activities that deposited dioxins and furans into the proximal
soils.


• Relative to background, PCB mixtures dominated by AR1254 with minor
amounts of other Aroclors likely migrated on soil particles into Allendale Pond.
Below Allendale Pond, almost all of the PCB mixtures were indistinguishable
from background.


• Source Area samples dominated by AR1016, AR1232, and AR1260 did not
migrate directly off site. The spatially limited distribution of these signatures was
attributed in part to the depth (frequently below 2 feet) at which they were
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located. Relative to background, the slightly elevated concentration of AR1248
in several samples from Lyman Mill and AR1242 in a Downstream sediment was
compositionally consistent with background.


• The pesticide background signature contained a mixture of chlordane,
endosulfan, and DDT related compounds. The Source Area samples shared this
basic formulation with numerous variations in the relative abundances of dieldirin,
endrin, BHC and others. This chemical diversity was consistent with a drum
refurbishing operation that received used drums from various sources.


• Many samples from Allendale Pond resembled Source Area pesticides mixed
with background. While it was possible that Source Area pesticides reached
Lyman Mill Pond, upland soils proximal to Lyman Mill Ponds more closely
matched these sediments. Below Lyman Mill Pond, the sediment pesticide
patterns were consistent with background.


• Assapumpset Pond sediments exhibited no chemical influence from historical
activities at the Source Area based on concentration and compositional data.


A conceptual site model that helped explain the findings of this environmental forensic
analysis included several parts. First, dioxins and furans were generated as
hexachlorophene byproducts that were discharged directly into Allendale Pond.
Second, the historical drum refurbishing operation likely washed pesticide and Aroclor
residues into the Source Area soils. Third, surface soil erosion and sediment migration
secondarily transported a fraction of the initial discharge into hydrologically down
gradient locations. Fourth, surface soil erosion and upgradient discharges of
background contamination established regional and local assemblages of selected
target analytes that admixed and diluted the impacts from the Source Area. While
2,3,7,8-TCDD and HCX were likely conveyed from the Source Area to Downstream
locations, the remaining Aroclor and pesticides were compositionally indistinguishable
from background below Lyman Mill Pond.
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Please do not hesitate to call me at (781) 681-5040 if you have any questions.


Sincerely,


Stephen Emsbo-Mattingly
Senior Scientist
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Table 1. Dioxin and Furan Target Analytes


Target Analytes
Toxic Dioxin Congeners
2,3,7,8-Tetrachloro dibenzo-p-dioxin
1 ,2,3,7,8-Pentachloro dibenzo-p-dioxin
1 ,2,3,7,8,9-Hexachloro dibenzo-p-dioxin
1 ,2,3,6,7,8-Hexachloro dibenzo-p-dioxin
1 ,2,3,4,7,8-Hexachloro dibenzo-p-dioxin
1 ,2,3,4,6,7,8-Heptachloro dibenzo-p-dioxin
Octachloro dibenzo-p-dioxin
Toxic Furan Congeners
2,3,7,8-Tetrachloro dibenzofuran
2,3,4,7,8-r^entacWorodibenzofuran
2,3,4,6,7,8-Hexachloro dibenzofuran
1 ,2,3,7,8-Pentachloro dibenzofuran
1 ,2,3,7,8,9-Hexachloro dibenzofuran
1 ,2,3,6,7,8-Hexachloro dibenzofuran
1 ,2,3,4,7,8-Hexachloro dibenzofuran
1 ,2,3,4,7, 8, 9-Heptachloro dibenzofuran
1 ,2,3,4,6,7,8-Heptachloro dibenzofuran
Octachloro dibenzofuran
Miscellaneous Congeners
Other PCDDs and PCDFs
Summary Value
Toxic Equivalent to 2,3,7,8-TCDD
Total Toxic Congeners by Chlorination Level
Total Tetrachloro dibenzo-p-dioxin
Total Heptachloro dibenzo-p-dioxin
ToTal Hexachloro dibenzo-p-dioxin
Total Pentachloro dibenzo-p-dioxin
Total Tetrachloro dibenzofuran
Total Heptachloro dibenzofuran
Total Hexachloro dibenzofuran
Total Pentachloro dibenzofuran
Manufacturing Byproduct
1,2,4,5,7,8-Hexachloro(9h)xanthene


Abbreviation


2,3,7,8-TCDD
1,2,3,7,8-PeCDD
1,2,3,7,8,9-HxCDD
1, 2,3,6, 7,8-HxCDD
1,2,3,4,7,8-HxCDD
1,2,3,4,6,7,8-HpCDD
OCDD


2,3,7,8-TCDF
2,3,4,7, Q-PeCDF
2,3,4,6,7,8-HxCDF
1,2,3,7,8-PeCDF
1,2,3,7,8,9-HxCDF
1,2,3,6,7,8-HxCDF
1,2,3,4,7,8-HxCDF
1,2,3,4,7,8,9-HpCDF
1,2,3,4,6,7,8-HpCDF
OCDF " ~


PCDD/Fs


TEQ


TotaTtCDD " "" "
Total HpCDD
total'hfxCDD"
Total PeCDD
Total TCDF
Total HpCDF
Total HxCDF
Total PeCDF


HCX
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Table 2. Pesticide and PCS Aroclor Target Analytes


Target Analytes
PCB Aroclors
Aroclor-1016
Aroclor-1221
Aroclor-1232
Aroclor-1242
Aroclor-1248
Aroclor-1254
Aroclor-1260
Aroclor, Total
Pesticide Target Analytes
4,4'-DDD
4,4'-DDE
4,4'-DDT
Aldrin
alpha-BHC
beta-BHC
delta-BHC
gamma-BHC
Dieldrin
Endosulfan I
Endosulfan II
Endosulfan Sulfate
Endrin
Endrin Aldehyde
Endrin Ketone
alpha-Chlordane
gamma-Chlordane
Technical Chlordane
Heptachlor
Heptachlor Epoxide
Methoxychlor
Toxaphene
Total Pesticides


Abbreviation


AR1016
AR1221
AR1232
AR1242
AR1248
AR1254
AR1260
TPCB


ODD
DDE
DDT
ALD
aBHC
bBHC
dBHC
gBHC
DEL
ES1
ES2
ES
END
EA
EK
aC
gc
TC
HEPT
HE
M
TOX
TPEST
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1.0 INTRODUCTION 


Two issues of considerable importance on the nation's environmental agenda are (1) 
loss of wetlands and other aquatic habitat, and (2) the impacts, potential or actual, to human 
health and the environment from Superfund sites. Some estimates have indicated that at 
least 60% of Superfund sites are located in or near wetlands or other sensitive aquatic 
habitat.1 As EPA policy and program emphasis evolves to include a greater concern for 
ecological impacts, the impact of contamination from Superfund sites on wetlands values 
and functions is receiving greater consideration. 


In 1989, the EPA Wetlands Action Plan2 stated the goal of "no overall net loss of the 
Nation's remaining wetlands resource base." Since that time, EPA's Wetlands Division in 
the Office of Water has incorporated this goal in Division activities, including Superfund. 
The goal was adopted by the 11/93 Interagency Wetlands Working Group, convened by the 
White House. 


EPA approaches wetlands protection within the framework of the Executive Order 
for Protection of Wetlands (E.O. 11990): avoid the long- and short-term adverse impacts 
associated with the destruction or modification of wetlands and avoid direct or indirect 
support of new construction in wetlands whenever there is a practicable alternative. The 
Office of Solid Waste and Emergency Response (OSWER) Directive 9280.0-02 of August 
1985, Policy on Floodplain and Wetlands Assessments for CERCLA Actions, states: 


Under this policy, Superfund actions must meet the substantive requirements of the 
Floodplain Management Executive Order (E.O. 11988), and the Protection of 
Wetlands Executive Order (E.O. 11990). 


As a Federal Agency, EPA must follow executive orders. The effect of citing these 
executive orders in CERCLA compliance policy further establishes the expectation that the 
Agency will follow the requirements of the two orders in developing CERCLA responses. 


This guidance aims to provide Superfund site managers and regional wetlands 
program personnel with policy guidance that will be useful when considering potential 
impacts of response actions on wetlands at Superfund sites. Successful coordination of the 
programs will achieve a greater degree of wetlands protection and a more efficient 
response for remediating Superfund site contamination. 


* * * 


1U.S. EPA. 1989. Summary of Ecological Risks, Assessment Methods, and Risk Management Decisions in 
Superfund and RCRA. EPA-230-03-89-046. 


2 The Action Plan was released under a memorandum from the EPA Administrator dated January 18, 1989. 
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2.0 BACKGROUND 


This section provides general information on wetlands functions and values, and on 
relevant regulations and laws. This information should help facilitate relationships based on 
a mutual understanding of each program's purpose, laws, and policies. In this section, as 
well as the other sections throughout this guidance, reference documents are identified to 
help the reader find more information on a particular topic. 


2.1 Wetlands Functions and Values 


As defined in the Federal Clean Water Act regulations (40 CFR Part 232.2(r)) 
wetlands are: 


Those areas that are inundated or saturated by surface or ground water at a frequency 
and duration sufficient to support, and that under normal circumstances do support, a 
prevalence of vegetation typically adapted for life in saturated soil conditions. 
Wetlands generally include swamps, marshes, bogs, and similar areas. 


Wetlands vary across the country due to regional and local differences in vegetation, 
hydrology, water chemistry, soils, topography, climate, and other factors. For example, 
wetlands include coastal marshes along the Atlantic and Gulf coasts; mangrove swamps in 
Hawaii and southern Florida; red maple swamps, bogs, and fens in northeastern and north 
central States and Alaska; pocosins in North Carolina; pitch-pine lowlands in southern New 
Jersey; riparian wetlands of the arid and semiarid West; prairie potholes in Minnesota and 
the Dakotas; vernal pools in California; playa lakes in the Southwest; cypress gum swamps 
in the South; wet tundra in Alaska, and tropical rain forests in Hawaii. Wetlands found at 
Superfund sites may occur naturally or as a result of human influence, such as created 
lagoons or depressions on top of landfills that have wetland characteristics. 


Wetlands typically provide a number of functions that benefit humans and the 
environment. By absorbing, adsorbing, transforming, or retaining natural pollutants and 
xenobiotic pollutants which can enter a wetland through runoff, wetlands have a water 
quality improvement function. Flood water storage and conveyance functions are provided 
by wetlands. Some wetlands serve as recharge or discharge sites for ground water. Due to 
the presence of vegetation in these systems, wetlands often provide shoreline and erosion 
control. 


Many commercial and game fish use headwaters, sloughs and inland wetlands as well 
as coastal marshes and estuaries for nursery and/or spawning grounds. Because of their high 
productivity, wetlands offer food sources for many species and provide habitat for fish and 
wildlife, including certain endangered or threatened species. A number of natural products 
also are produced by wetlands including wild rice, timber, and blueberries. Finally, because 
of their natural aesthetic value and abundance of bird, waterfowl, and plant species, wetlands 
also provide recreation and aesthetic enjoyment. 


Wetlands are sensitive ecosystems particularly vulnerable to impacts from 
contamination or from response actions that may occur as part of the Superfund process. 
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Many wetland systems have been used as dumping sites for hazardous and nonhazardous 
waste. Because of their relatively low elevation in the landscape, wetlands also may act as a 
sink or source for contamination flowing overland via surface water or from groundwater 
discharges. 


Information on this topic can be found in the following documents: 


•	 U.S. Fish and Wildlife Service. "An Overview of Major Wetlands Functions and Values", FWS/OBS-84/18, 
Sep 1984 


• U.S. EPA. "America's Wetlands: Our Vital Link Between Land and Water", OPA-87-016, Feb 1988 


2.2 Overview of the Clean Water Act Section 404 Program 


Section 404 of the Clean Water Act (CWA) regulates discharges of dredged or fill 
material into waters of the U.S., including wetlands. While this guidance is directed at 
wetlands, it is important to note that wetlands, like rivers, streams, and interstate lakes, are 
"waters of the U.S.," and much of the discussion here can be related to those other waters 
(See glossary for definition of "Waters of the U.S."). 


The Section 404 program operates independently of the CERCLA program. Much of 
the following information about the §404 program, such as the process of obtaining a 
permit, is not applicable at a CERCLA site. However, the information may be useful in 
applying §404 as an applicable or relevant and appropriate requirement (ARAR), as 
discussed further in Section 3.2. 


The CWA §404 program is implemented jointly by the U.S. Army Corps of 
Engineers (COE) and EPA. The COE reviews permit applications and determines whether 
to issue or deny a permit. EPA's responsibilities include development and interpretation of 
the §404(b)(1) Guidelines, which are the environmental criteria that must be satisfied 
before a §404 permit can be issued. Under §404(c), EPA has authority to veto a Corps 
decision to issue a permit or to otherwise prohibit or restrict the discharge of dredged or 
fill material to wetlands or other waters of the U.S. EPA also has ultimate authority for 
determining the geographic scope (extent of Federal jurisdiction) under the CWA; i.e., 
whether an area is a wetlanid or other water of the U.S. EPA and the COE share authority 
for enforcing §404 requirements. 


Generally, anyone wishing to discharge dredged or fill material to wetlands or other 
waters of the U.S. must first obtain authorization from the COE, either through issuance of 
an individual permit or pursuant to a general permit. Section 404(e) authorizes general 
permits for categories of activities that are similar in nature and will have only a minimal 
environmental impact. General permits can be issued on a nationwide, regional, or state 
level. Nationwide permits (NWP) #38 (Clean-up of Hazardous and Toxic Waste) and #20 
(Oil Spill Clean-up) are intended to cover cleanup activities other than CERCLA activities. 
For this reason, and because permits are not required for on-site CERCLA activities, these 
NWPs do not apply to response actions at CERCLA sites. 
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Section 404 regulations define wetlands based on three parameters: vegetation, 
soil, and hydrology in the form of flooding or soil saturation. Once an area meets the 
three-parameter criteria and is identified as a wetland, it is necessary to determine if it falls 
within the geographic scope of the CWA, i.e., whether it is a "water of the U.S." Courts 
generally have interpreted the term broadly to include all waters the degradation or 
destruction of which could affect interstate commerce. Thus, waters of the U.S. include 
wetlands adjacent to interstate lakes, rivers and streams and coastal waters, or isolated 
waters and wetlands provided their degradation could affect interstate commerce. 


Section 404 regulates "discharges" of "dredged or fill material" to waters of the 
United States. Courts have interpreted the term "discharge" to include both additions and 
redeposits to the wetland or other water of the United States. Under a revised definition of 
"discharge of dredged material," issued August 25, 1993 by EPA and the COE 58 Fed. Reg. 
45008, discharges associated with mechanized landclearing, ditching, channelization, and 
other excavation activities that destroy or degrade wetlands or other waters of the U.S. are 
regulated under §404. This definition specifically excludes from §404 regulation discharge 
activities that have only de minimis, or inconsequential, environmental effects. The rule 
also provides that placement of pilings to construct structures in waters of the U.S. will be 
regulated under §404 when such placement has the effect of a discharge of fill material. 


Even though §404 permits are not required for on-site Superfund actions, the 
substantive requirements of the §404(b)(1) guidelines may be relevant and appropriate. Any 
off-site activity must meet all requirements of §404, including obtaining permits and 
compliance with the §404(b)(1) guidelines. See Section 3.2 of this document for 
discussion of the substantive requirements. 


2.3 Overview of CERCLA 


The Comprehensive Environmental Response, Compensation and Liability Act of 
1980, (CERCLA, or Superfund), as amended by the Superfund Amendments and 
Reauthorization Act of 1986 (SARA), gives EPA broad authority to manage cleanup and 
enforcement activities at hazardous waste sites. The Office of Solid Waste and Emergency 
Response (OSWER) promulgated the National Contingency Plan (NCP) which presents the 
guidelines and procedures for implementing the law. Superfund considers wetlands 
throughout the response action process. A diagram of the process is shown in Diagram 1 in 
Appendix 3. 


When sites are considered for listing on the National Priorities List (NPL), 
wetlands should be considered during the Preliminary Assessment and Site Inspection 
(PA/SI) or during an Engineering Evaluation/Cost Analysis (EE/CA), which is conducted 
for removal actions. Information gathered during the PA/SI is factored into the Hazard 
Ranking System (HRS) score. Wetlands are one of the sensitive environments specifically 
addressed in the 1990 Revised HRS. Sites containing wetlands receive points which 
contribute to total site score. Sites can be listed based solely on environmental concerns. 
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Attention to wetlands continues through the Remedial Investigation and Feasibility 
Study (RI/FS) during the ecological assessment of the site, which is part of the baseline 
risk assessment and the feasibility study where the impact of the response actions on the 
wetlands shall be considered. If wetlands are found at the site, impacts from contamination 
and from potential response actions on these areas must be assessed in the RI/FS. The 
RI/FS workplan should provide means to collect data for risk assessment and to evaluate 
potential impacts of various remedial alternatives. OSWER's June, 1991 "Role of the 
Baseline Risk Assessment" memo further explains why baseline risk assessment must be 
conducted to characterize current and potential threats to human health and the 
environment. The results of risk assessment and other information collected during the 
RI/FS are considered during remedy selection. The decision is documented in the Record 
of Decision (ROD). The nine criteria used in remedy selection consider short- and long-
term risks and are outlined below in Figure 1. 


It is important to recognize that all nine criteria are analyzed and balanced in the 
selection of the remedy. The remedy selected must meet the first two criteria and best 
balance the other seven criteria. 


Wetlands are considered again during the Remedial Design/Remedial Action 
(RD/RA) phase. Unavoidable impacts to wetlands must be mitigated to comply with 
pertinent regulations and executive orders. Examples of mitigation actions are discussed in 
Section 3.3.1. Wetlands can also be assessed in the post-remedial monitoring phase. 


National policy states that wetlands are valuable natural resources of critical 
importance; accordingly, the unnecessary destruction or alteration of wetlands should be 
avoided. Laws, regulations, policies, guidelines and executive orders have been developed 
to minimize wetland loss and destruction. Statutes and regulations applicable or relevant 
and appropriate to wetlands and water resource protection must be complied with (or 
waived) under the NCP. The NCP also provides that EPA should consider nonpromulgated 
criteria, advisories, guidance and proposed statutes and regulations issued by Federal and 
State governments when selecting a remedy. These "applicable or relevant and appropriate 
requirements" or "ARARs", and "to-be-considered" "TBC" factors are addressed in Sections 
3.1 and 3.2, respectively. 


* * * 
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3.0 THRESHOLD CRITERIA FOR REMEDY SELECTION 


The NCP sets forth as the national goal of the remedy selection process: 


... Remedies that are protective of human health and the environment, that maintain 
protection over time, and that minimize untreated wastes. (40 CFR Section 
300.430) 


Overall protection of human health and the environment and compliance with 
applicable or relevant and appropriate requirements (ARARs), or invoking a waiver, are the 
threshold criteria that must be satisfied for a response action alternative to be eligible for 
selection. This Section discusses how wetlands should be considered within the analysis of 
alternatives. 


FIGURE 1

NINE EVALUATION CRITERIA 


(40 CFR 300.430(d)) 


1)	 Overall protection of human health and the environment - describes how existing and 
potential risks from pathways of concern are eliminated, reduced, or controlled through treatment, 
engineering controls, institutional controls or by a combination of controls. 


2)	 Compliance with ARARs - addresses whether an alternative meets its respective chemical-, 
location-, and action-specific requirements or whether EPA can evoke a waiver for an ARAR. 


3) Long-term effectiveness and permanence - evaluates performance alternatives in protecting 
human health and the environment after response objectives have been met and includes: 
! Magnitude of residual risk (untreated waste and treatment residuals) 
! Adequacy and reliability of controls (engineering and institutional) used to manage 


untreated waste and treatment residuals over time. 


4)	 Reduction of toxicity, mobility, or volume through treatment - assesses performance of 
alternatives in terms of reduced toxicity, mobility, or volume through treatment and whether or 
not statutory preference for treatment as a principal element is satisfied. 


5)	 Short-term effectiveness - addresses the impacts of alternatives on human health and the 
environment during construction and implementation of the remedy and the length of time until 
protection is achieved. 


6)	 Implementability - assesses degree of difficulty and uncertainties with undertaking specific 
technical and administrative steps and the availability of various service and materials. 


7)	 Cost - addresses costs of construction (capital) and necessary costs of operation and 
maintenance based on OMB Circular A-94. 


8)	 State (support agency) acceptance - evaluates technical and administrative issues and concerns 
the support agency may have regarding each of the alternatives. 


9)	 Community acceptance  - evaluates issues and concerns the community may have for each 
alternatives. 
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3.1 Potential ARARs 


Compliance with the ARARs of other environmental laws is a cornerstone of 
CERCLA. Section 121(d) of CERCLA requires that on-site response actions attain (or 
waive) standards contained in Federal and state environmental or facility siting laws. The 
NCP requires compliance with ARARs during remedial actions and at completion. It 
compels attainment of ARARs during removal actions to the extent practicable, considering 
situation urgencies. One purpose of Section 121(d) is to avoid displacing contamination at 
a site from one medium to another, or creating new environmental harm while remediating 
another. Identification of ARARs is a major consideration in setting cleanup goals, 
selecting the remedy, and determining how to implement the remedy while assuring 
protection of human health and the environment. 


Chapter 3 of the CERCLA Compliance with Other Laws Manual provides specific 
guidance for compliance with CWA requirements. However, the diverse characteristics of 
CERCLA sites preclude generic identification of all prescribed ARARs. By necessity, 
identification of ARARs is conducted on a site-by-site basis. Refer to documents listed at 
the end of this section for detail on policies and procedures for implementing ARARs and 
to foster consistent, nationwide application of these policies. Pertinent sections of the 
CERCLA Compliance with Other Laws Manual are included below. 


3.1.1 CWA Section 404 as a Potential ARAR 


As stated in the CERCLA Compliance with Other Laws Manual, Superfund's 
determination to discharge dredged or fill material into waters of the U.S. should be based 
primarily on whether the discharge complies with the CWA Section 404(b)(1) Guidelines, 
promulgated as regulations in 40 CFR 230.10. Under the Guidelines, no discharge of 
dredged or fill material shall be permitted if a practicable alternative exists to the proposed 
discharge that would have less adverse impact on the aquatic ecosystem, as long as the 
alternative does not have other significant adverse environmental consequences (40 CFR 
230.10(a)). 


Pursuant to 40 CFR 230.10(b), no discharge of dredged or fill material shall be 
allowed if the discharge: 
• Causes or contributes to violations of any applicable State water quality standards; 
•	 Violates any applicable toxic effluent standard or discharge prohibition under CWA 


Section 307 (Toxic and Pre-treatment Effluent Standards); 
•	 Jeopardizes endangered or threatened species or their habitat designated as critical 


habitat under the Endangered Species Act of 1973 (see Volume 2 of CERCLA 
Compliance with Other Laws Manual); or 


•	 Violates requirements to protect any marine sanctuary designated under Title III of 
the Marine Protection, Research and Sanctuaries Act of 1972. 


The Guidelines also prohibit discharge of dredged or fill material that will cause or 
contribute to significant degradation of the waters of the U.S. (40 CFR 230.10(c)). Where 
a discharge would significantly degrade the waters of the United States, and there are no 
practicable alternatives to the discharge, compliance with the Guidelines can be 
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achieved generally through the use of appropriate and practicable mitigation measures to 
minimize or compensate for potential adverse impacts of the discharge on the aquatic 
ecosystem (40 CFR 230.10(d)). "Practicable" is defined in 40 CFR 230.3(q) to mean 
"available and capable of being done after taking into consideration cost, existing 
technology, and logistics in light of overall project purposes." 


When §404 is an ARAR 


When the response action will result in a discharge of dredged or fill material into a 
wetland, §404 is applicable and is therefore an ARAR. Examples of such response actions 
include, but are not limited to, discharging fill material in the wetland to construct roads or 
a well head treatment facility, consolidating contaminated sediments within the wetland, 
removing vegetation where the root system seriously disturbs the substrate, or capping a 
contaminated wetland. Section 404 applies to wetlands determined to be waters of the U.S., 
and mitigation should be provided in accordance with the §404(b)(1) guidelines. (Consult 
the water program for further detail on what constitutes a "Water of the U.S."). 


Recent regulations expand the definition of what constitutes a discharge of dredged 
or fill material triggering §404. See 58 FR 45037-38 Aug 25, 1993. They address activities 
which can affect wetlands significantly through excavation (e.g., dredging), but are designed 
to minimize spillage of dredged material, therefore not previously under §404. Under these 
regulations, even operations that involve only excavation will trigger §404 unless they have 
only de minimis environmental effects. While determinations must be made on a 
site-specific basis, this change means that most CERCLA responses involving some 
activity in a wetland will make §404 an ARAR. 


Questions have arisen as to whether §404 may be relevant and appropriate where it is 
not applicable (for example, where fill had been placed in the wetland prior to the cleanup, 
but no action is taken in the wetland as part of the CERCLA response). While this decision 
must be made on a site-specific basis, the presence of pre-remedial fill generally does not 
by itself make §404 relevant and appropriate as a standard for remediating the wetland. 
Where action is taken in a wetland to address pre-remedial fill, §404 is applicable, as 
described above. In such cases, the extent of the mitigation or other action required is 
determined by the extent of the CERCLA action, not the extent of the pre-remedial fill. 


Actions beyond those compelled by §404 as an ARAR may be necessary to ensure 
that the remedy is protective. In addition, note that authorities other than CERCLA may be 
used to compel a responsible party to take action or restore damaged resources. These 
include Section 10 of the Rivers and Harbors Act of 1899 (administered by the COE) and 
the Fish and Wildlife Coordination Act (administered by the U.S. Fish and Wildlife Service 
and the National Marine Fisheries Service), both of which are explained in the SF 
Compliance with Other Uws Manual, Vol 1, p.3-30 and Vol 2, p 4-20 respectively. If 
pre-response fill was placed on site in violation of §404, the Regional Water Management 
Division and the appropriate District Office of the Corps of Engineers (COE) should be 
contacted concerning possible CWA enforcement action against the discharger. 
Information gathered on pre-response fill should include the date 
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of discharge and whether the fill required or received a §404 permit. If either agency 
determines that enforcement action and mitigation are appropriate, it may be advantageous 
to all parties to have any mitigation actions combined with the restoration, replacement, or 
acquisition of habitat (compensation) requested by the natural resource trustees. All 
CERCLA compensation for pre-response action fill is the responsibility of the natural 
resource trustees. 


Subpart H of Part of 40 CFR 230 provides a list of possible steps to minimize 
adverse impacts. It should be noted that Subpart H is a non-exhaustive list of actions that 
could be taken to achieve the more general requirement under 40 CFR 230.10(d) to 
"minimize potential adverse impacts of the discharge on the aquatic ecosystem." EPA has 
wide discretion in determining the precise form of mitigation that may be required at a 
particular site under §404. 


Mitigation in Accordance with the §404 B(1) Guidelines 


The types and levels of mitigation necessary to demonstrate compliance with the 
CWA Section 404 (b)(1) Guidelines are clarified in a Memorandum of Agreement (MOA) 
between EPA and the Department of the Army. While this MOA is not a " substantive 
requirement" of the CWA, the Guidelines, which serve as the basis for the MOA, are 
substantive requirements. Prior to initiating any action which might impact wetlands 
Regional wetlands staff or the Wetlands Coordinator (listed in Appendix 2) should be 
contacted for advice on §404 compliance. 


The Guidelines require a hierarchial approach to mitigation measures: 


1. Impact Avoidance - No activity resulting in a discharge shall be permitted if there is a 
practicable alternative to the proposed discharge that would have less adverse impact to the 
aquatic ecosystem, as long as the alternative does not have other significant adverse 
environmental consequences. 


2. Impact Minimization - Once steps have been taken to avoid impacts to the extent 
practicable, appropriate and practicable steps to minimize the adverse impacts will be 
required through project modifications and permit conditions. 


3. Compensatory Mitigation - Appropriate and practicable compensatory mitigation is 
required for unavoidable adverse impacts which remain after all appropriate and practicable 
minimization has been attained. Compensatory mitigation actions include restoring existing 
degraded wetlands and creating new wetlands. While on-site mitigation is preferred, 
site-specific conditions may require the use of off-site mitigation. The EPA regional 
wetlands staff can assist in developing or reviewing mitigation measures and can provide 
guidance to determine compliance with the substantive requirements of §404 of the CWA. 


When the proposed discharge is necessary to avoid environmental harm (e.g. to 
protect a natural aquatic community from salt water intrusion, chemical contamination, or 
other deleterious physical or chemical impacts), or when the proposed discharge can 
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 reasonably be expected to result in environmental gain or insignificant environmental 
losses, it may be appropriate to deviate from the previous sequence. 


The §404 mitigation MOA between EPA and the COE states that enhancement, 
restoration, creation or replacement of wetlands should be based on functional equivalence. 
Mitigation will be based on an EPA assessment of the values provided by the wetland. The 
ratio-of-mitigation area to impacted area may vary for the type and conditions of the 
original wetland and type of mitigation action. Superfund policy is to require a minimum of 
one acre of wetlands mitigation for each acre of wetland filled. 


When response actions are taken in severely degraded wetlands, without affecting 
the quantity of wetland, a response action which improves the function and value of the 
wetland may qualify as a one-to-one mitigation. The site manager should always consult 
with the §404 staff in considering the value of the system and set forth mitigation 
requirements accordingly. 


A higher ratio may be appropriate when wetlands are being created, rather than 
restored, because of uncertainties in the successful creation of new wetlands. In addition to 
§404 staff, the natural resource agencies (USFWS, NOAA, states) can be consulted when 
determining the appropriate amount of replacement or restored wetlands. 


If the appropriate mitigation to meet the ARAR cannot be conducted on-site, off-
site mitigation may be required. At fund-lead sites CERCLA §104(j) permits EPA to 
acquire property with Fund money only when the state agrees to accept the transfer of all 
property interest following completion of the response action. In addition, the state must 
pay 10% of the cost for remedial actions. The 10% requirement does not apply to removal 
actions. 


3.1.2 Water Quality Criteria and Standards 


Section 121 of CERCLA states that hazardous substances, pollutants, or 
contaminants left on-site at the conclusion of the response action shall attain Federal water 
quality criteria where they are relevant and appropriate under the circumstances of the 
release or threatened release. This section also states that remedies must comply with "any 
promulgated standard, requirement, criteria, or limitation under a state environmental or 
facility siting law that is more stringent than any Federal standard, requirement, or 
limitation if applicable or relevant and appropriate to the hazardous substance or release in 
question." 


Whether a water quality criterion is relevant and appropriate depends on the uses 
designated by the state, which are based on existing and attainable uses. In addition, if a 
surface water exists, and is impacted at a site, state water quality standards (or federally 
promulgated standards) may be applicable or relevant and appropriate for determining 
cleanup levels. Water Quality Standards are determined by the State, based on the Federal 
Water Quality Criterion and subject to EPA approval. FWQC are generally not relevant and 
appropriate if the water body is only used for drinking water. See 56 Fed. Reg. (March 8, 
1990.) 
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The Water Quality Standards Regulation requires states to adopt: (1) designated 
uses, (2) narrative and/or numeric criteria sufficient to protect designated uses, including 
narrative biological criteria, and (3) an antidegradation policy and implementation methods 
(40 CFR Part 131, 48 FR 51400, November, 8 1983). General state goals that are 
contained in a promulgated statute and implemented via specific requirements found in the 
statute or in other promulgated regulations are potential ARARs. For example, a state 
antidegradation statute which prohibits degradation of surface waters below specific levels 
of quality or in ways that preclude certain uses of that water would be a potential ARAR. 
Where such promulgated goals are general in scope, e.g., a general prohibition against 
discharges to surface waters of "toxic materials in toxic amounts," compliance must be 
interpreted within the context of implementing regulations, the specific circumstances at 
the site, and the remedial alternatives being considered. 


Site managers should note that by the end of FY 1993, states should have established 
water quality standards for wetlands. Some states are including hydrologic criteria, 
sedimentation/settleable solids criteria, and habitat criteria. Coordination with the wetlands 
staff, water quality standards staff, or Biological Technical Assistance Groups (BTAGs, see 
section 4.2) is important to ensure that any applicable water quality standards will be met. 
See pages 3-9 through 3-14 of the Compliance With Other Laws Manual for additional 
discussion. 


Other documents that may be useful include: 


• U.S. EPA. 1990. Water Quality Standards for Wetlands - National Guidance EPA 440/S-90-011 


3.2 TBCs 


Many Federal and state environmental and public health agencies develop criteria, 
advisories, guidance, and proposed standards that are not legally enforceable but contain 
information that would be helpful in carrying out, or in determining the protectiveness level 
of, selected remedies. In other words, "to-be-considered" (TBCs) materials are meant to 
complement the use of ARARs, not to compete with or replace them. TBCs are not legally 
enforceable and therefore are not ARARs. Their identification and use are not mandatory. 


In conjunction with completion of the baseline risk assessment, where no ARARs 
address a particular situation, or the existing ARARs do not ensure sufficient 
protectiveness (e.g., because of cumulative effects due to either multiple pathways for 
exposure to a contaminant, or multiple contaminants in a single pathway), TBC advisories, 
criteria, or guidelines should be used to set cleanup targets. In such cases, health advisories 
or toxicity values, together with standardized exposure assumptions, are used in setting the 
preliminary remediation goals. 


TBCs also may be invaluable in deciding how to carry out a particular remedy. Many 
ARARs have broad performance criteria but do not provide specific instructions for 
implementation. Often those instructions are contained in supplemental program guidance. 
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A partial list of TBCs can be found on page 1-85 of the Compliance with Other Laws 
Manual. Some examples include NPDES, ground water and water quality guidance 
documents, policies from the Office of Water, EPA/Army MOAs, and Executive Orders 
(EOs). EO 11998, relating to floodplain management and EO 11990, relating to wetlands 
protection, are not legally enforceable, so they are TBC rather than ARAR. However, they 
differ from other TBCs in that they are orders of the President to all Executive Branch 
employees, so that even though they are not ARAR under CERCLA they should be 
complied with. General guidance on how EPA should implement EOs 11988 and 11990 is 
contained in Appendix A to 40 CFR Part 6; as this is policy, rather than a rule, it similarly 
has TBC status. More specific guidance for implementing both the EOs and Appendix A 
policy in the Superfund program can be found in OSWER directive No. 9280.0-02 (August 
5, 1985). 


Other Documents that address these issues include: 


!	 NCP, 40 CFR Section 300.415(i) (55 FR 8666, 8843) and Section 300.435(b)(2) (55 FR 8666, 8852) (March 8, 
1990) 


! ARARs Q's and A's: Revised NCP, Pub. No. 9234.2-10/FS, May 1992 


!	 US EPA CERCLA Compliance with Other Laws Manual: Parts I and II (OSWER Directives 9234.1-01 and 
9234.1-02) 


!	 Overview of ARARs (Focus on ARAR Waivers) Fact Sheet 
December 1989, Pub. No. 9234.2-03/FS 


! CERCLA/SARA Environmental Review Manual/Reg II, Jan 1988 


* * * 
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4.0 CONSIDERING WETLANDS AT SUPERFUND SITES 


Appropriately considering wetlands at Superfund sites requires early identification 
of wetlands on or near the site. During the Preliminary Assessment/Site Investigation 
(PA/SI), wetland or soil maps may be consulted to help formulate a general picture of 
present site conditions. Historical wetlands and soil maps may be used to determine areas 
which may have been filled. This may lead to the identification of additional areas of 
contamination during the RI. Information regarding the presence of wetlands and other 
sensitive areas is factored into the Hazard Ranking Score. This section discusses issues 
about which Superfund site managers should be aware during early stages of the Superfund 
process such as identification of wetlands, early involvement of wetlands personnel and 
Biological Technical Assistance Groups, and other issues to keep in mind during remedy 
selection. 


4.1 Early Identification 


Wetland identification is a descriptive analysis of the environment in question to 
determine if wetlands are potentially present. The initial preliminary identification of 
wetlands, as well as other sensitive environments, should take place during the PA/SI. 
However, to ensure that indicators of wetlands have been considered, the site manager 
should determine the likelihood of the presence or absence of wetlands. There are a 
number of tools available to help site managers make this determination. 


Information contained in site records relating to drainage problems, soil stability 
problems, deep organic mats, or certain vegetation types, are indicators that wetlands may 
be on the site. Aerial photographs or a site visit are appropriate levels-of-effort to 
determine if wetlands are potentially present. Infra-red photography and remote sensing 
techniques can also be used to identify areas. In addition, National Wetland Inventory 
(NWI) maps are often available for a study area and are a good reference to indicate the 
likely presence of wetlands.3 The U.S. Fish and Wildlife Service (FWS) can be contacted 
regarding availability of that data. These maps are useful and can be adapted for regional or 
site specific use. For example, Region 10 has developed a NWI map overlay to map 
Superfund sites. Region 2 site managers use a similar technique to map Superfund sites by 
overlaying NWI maps on U.S. Geological Survey (USGS) 7.5 minute quad sheets. The NWI 
also produces state lists of wetland plants for initial surveys. In addition, the U.S. 
Department of Agriculture (USDA), Soil Conservation Service (SCS) produces Soil 
Surveys that provide useful soil information. 


If the NWI or Soil Survey indicate that wetlands or hydric soil are present on or 
adjacent to the site, it is likely that wetlands will be there. A field wetlands determination 
should then be scheduled as part of the RI to determine more accurately the size, location 
and function of the wetlands. However, a negative determination of wetlands presence by 
NWI or the Soil Survey does not necessarily mean wetlands will not be located on or 
adjacent to the site. Careful attention should be given to ensure 


3Wetland Inventory Maps are available from the U.S. Fish & Wildlife Service or by calling 
1-800-USA-MAPS. 
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that the study does not exclude hard-to-identify or recently established wetlands. Many 
Superfund sites, being altered environments, create conditions favorable for newly 
established wetlands that would not ordinarily be identified by the above sources. A positive 
field determination will still be required. If it is determined that no wetlands are present on 
or hydrologically connected to the site, the RI report should state this. 


Other sources that may be useful for early identification of wetlands include: EPA 
Wetlands staff, Army Corps of Engineers (COE) project reports or delineation surveys, 
field indicators discussed in the COE Wetland Delineation Manual (part 3), soil surveys 
from the USDA SCS, Environmental Photo Interpretation Center (EPIC) or Environmental 
Monitoring Surveillance Lab (EMSL) documentation, as well as state and local wetland 
maps. Local, Federal and state sources who are especially knowledgeable include: FWS 
Regional and Field Offices, National Marine Fisheries Service Offices, Coastal Zone 
Management Offices, COE District Offices, US Department of Agriculture Soil 
Conservation State Conservationist, US Forest Service Offices, Federal Emergency 
Management Agency Insurance and Mitigation Branch, and various state agencies, local 
planning agencies and commissions. 


4.2	 Early Notification of Wetlands Staff and Biological Technical Assistance 
Groups 


Once the site manager has determined that wetlands are potentially present on or 
near the site, the regional wetlands program staff should be contacted. The wetlands 
program staff has expertise to assist the site manager in determining if there are wetlands 
on the site. In many cases, the wetlands personnel can assist with actual field level 
determinations or evaluation of the ecological impacts. However, to ensure a cooperative 
effort, an understanding of the expected roles of each program should be discussed at the 
beginning of the process. 


The site manager's use of the Regional Biological Technical Assistance Group 
(BTAG) is another important part of the process. The regional BTAG, which may go by 
various names (e.g., Ecological Technical Assistance Group or Site Ecological Assessment 
Team), is a group of scientists from EPA and other Federal and state agencies that helps 
with ecological studies and ecological risk assessment at Superfund sites. Members of the 
group can also provide advice throughout the RI/FS process on issues such as sampling 
design, monitoring programs, goals and methods. Their role is to promote coordination, 
consultation and information sharing. BTAGs were established, in part, in response to 
Superfund Office Directors instructing the Regions to conduct more thorough and 
consistent environmental evaluations at Superfund sites. Some BTAGs include 
representatives of the wetlands program who may serve as contacts for coordination and 
identification of relevant issues throughout the remedial process. See Section 6.1 for 
examples of such coordination. It should be noted that contacting a Regional BTAG does 
not relieve the site manager's obligation under the NCP to contact the Natural Resource 
Trustees. Early contact with the Trustees is also encouraged. 


Details on BTAG membership, support services the BTAG can provide, and how to 
access these services are discussed in the ECO Updates listed in Section 6.1. Each Region 
has a BTAG coordinator who can be contacted for additional information. (See Appendix 2 
for a list of BTAG Coordinators.) 
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Other documents that address these include: 


!	 US EPA. "The Role of BTAGs in Ecological Assessment", ECO Update Volume 1, Number 1; Pub. No. 
9345.0-051 


! See Section 6.1 of this guidance 


4.3 Appropriate Levels of Effort to Consider Wetlands 


When beginning the on-site investigation during the RI/FS, the site manager should 
consider potential wetlands impacts from the response action both on-site and off-site. 
During this stage, determinations are made about the characteristics of the site, the wastes 
involved, alternative remedies, projected costs, relative risks, and potential pathways to 
off-site wetlands. When assessing the protectiveness of the remedy (NCP, first of the nine 
criteria), Executive Orders and Agency policy require the evaluation of impacts of the 
action on the wetland. 


Wetlands can be identified, characterized, or assessed a number of different ways, 
depending on the situation. Investigative and analytical wetlands assessments and studies 
conducted during the RI/FS should be tailored to site circumstances to ensure that the 
scope and detail of analysis is appropriate in relation to the complexity or nature of site 
problems. Wetlands analysis may include any or all of the following: wetlands 
characterization, a wetlands delineation, an assessment of wetlands function, and an 
assessment of the ecological risk. (see Diagram 2). This section provides an overview of 
these various approaches available to RPMs with a discussion of when a particular approach 
may be appropriate. Wetlands staff or the BTAG should be consulted for the particular site 
in question. 


4.3.1 Wetlands Characterization 


A wetlands characterization should be undertaken if wetlands have been or will be 
affected by the contaminant release or impacted by implementing the remedy. Wetlands 
characterization involves evaluating the ecological structure, hydrology, soil, and 
conditions of the site. The site's ecological structure should provide information on the 
vegetation present (emergent, scrub-shrub, tree canopy with scrub-shrub and emergent 
strata, etc.) as well as the fauna of the area. Information on the cover density of the strata 
present may also be appropriate. Information on the hydrology of a wetland may include the 
source of water, the conditions that make the area "wet," and other site characteristics that 
contribute to the wetlands hydrology. Soil information is often available from USDA SCS 
soil surveys. Data in these surveys are reliable because the data are extensively field 
checked prior to publication. If no published survey is available, the site manager should 
determine whether the SCS has unpublished information available. Factors that affect the 
condition of a site may include the presence of fine-grained sediment that may precipitate 
from acid mine drainage after oxidation, or high concentrations of pollutants in the soils. 
Results of preliminary field samples or direct observation may provide additional data 
describing on-site conditions. 
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4.3.2 Wetlands Delineation 


The term "delineation" normally refers to on-the-ground identification of the limits 
of jurisdiction of the CWA §404 regulatory program. EPA and the Corps of Engineers 
standard for delineation for Superfund sites is the 1987 U.S. Army Corps of Engineers 
Wetlands Delineation Manual developed by the COE. 


Despite the natural variability of wetland plant and animal communities, wetlands 
generally possess three characteristics: hydric (wet) soils, hydrophytic (wetlands) 
vegetation, and hydrology, in the form of flooding or soil saturation. Section 404 uses 
these criteria when it defines wetlands as "areas that are inundated or saturated with surface 
or groundwater at a frequency or duration sufficient to support, and that under normal 
circumstances do support, a prevalence of vegetation typically adapted for life in saturated 
soil conditions." Wetlands are commonly known as bottomlands, bogs, fens, marshes, 
sloughs and swamps. Areas described by these terms should be thoroughly investigated for 
their status as jurisdictional wetlands, although the exact use of these terms varies 
throughout the US. 


• A delineation should be performed at the RI/FS stage whenever the response action 
may adversely impact the wetlands. Delineation may be appropriate also during the 
pre-remedial design phase. Potential impacts to wetlands from response actions must be 
determined in order to comply with CWA ARARs (§101, §507). In addition, the extent of 
wetlands impacts and ecological structure of the impacted wetlands must be known when 
proposing and evaluating mitigation measures for wetlands impacts. 


4.3.3 Ecological Risk Assessment 


Assessing impacts from contaminants in any ecosystem is a complex and technical 
process; therefore, only a brief overview can be provided here. The goals of the ecological 
risk assessment are to: 


1)	 identify and evaluate any ecological impacts, actual or potential, from the 
release or potential release; 


2) establish clean-up goals that are protective; and, 
3) determine the appropriateness of potential remedies. 


Since much of the impact to wetlands at Superfund sites occurs as a result of 
hydrologic impacts (i.e., pathways involving contaminated leachate movement), the 
assessment of contaminant levels in surface and ground water is a key part of ecological 
assessment procedures. A number of factors determine the type of studies that should be 
conducted at a site, including the type of wetland and natural resources potentially 
impacted, the ecotoxicological properties of the site contaminants, the environmental 
media that are contaminated, and the areal extent and level of contamination. These factors 
must all be taken into consideration when any ecological assessment is being planned. The 
results of the ecological risk assessment should be incorporated into the baseline risk 
assessment. The wetlands staff, BTAG, or Trustees can provide technical advice on sample 
design and implementation of assessment procedures. 
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Both the Ecological Risk Assessment (ERA) and the Natural Resources Damage 
Assessment (NRDA) may include ecological studies on the effects of hazardous substances 
on the environment. However, the goals behind these processes are different. The ERA 
provides information for the remedial decision (nature and extent of contamination). The 
NRDA is performed by the Trustees to determine injury for calculation of damages. While 
some of the data collected may be useful to both EPA and the Trustees, the target and 
method of investigation will differ in some cases because their purposes are different. 


Other documents which address this subject in more detail include: 


!	 US EPA. Ecological Assessment of Hazardous Waste Sites: A Field and Laboratory Reference, 
EPA/600/3-89/013 


!	 US EPA. Risk Assessment Guidance for Superfund, Volume II: Environmental Evaluation Manual, 
EPA/540/1-89/001 


!	 US EPA. Evaluation of Terrestrial Indicators for Use in Ecological Assessments at Hazardous Waste Sites. 
EPA/600/R-92/183. 


! ECO Update, a series of intermittent bulletins published by the Hazardous Site Evaluation Division, Office 
of Emergency and Remedial Response on ecological assessments which supplement Risk Assessment 
Guidance for Superfund, Volume II. 


!	 US EPA. Ecological Assessment of Superfund Sites: An Overview. Vol. 1 No. 2; Pub. No. 9345.0-051 (Dec. 
1991) 


!	 US EPA. Developing a Work Scope for Ecological Assessments. Vol. 1 No. 4; Pub. No. 9345.0-051 (May 
1992) 


4.3.4 Wetland Functional Assessment 


A wetland functional assessment evaluates and describes the functions of a wetland, 
which may include wildlife and waterfowl habitat, water quality improvement, ground water 
discharge, and other wetland functions and values discussed in Section 2.0. In general, only 
qualitative methods for the evaluation of these functions exist for wetlands (such as the 
Wetland Evaluation Technique, also known as WET). The one exception is for the 
evaluation of wildlife habitat where the Habitat Evaluation Procedure (HEP) provides 
semi-quantitative data. 


Information gathered during the wetland functional assessment is important to 
support the overall ecological assessment at the site. In particular, the wetland functional 
assessment can provide important data to evaluate the potential ecological effects of the 
response action on the wetland. Data collected during this assessment may be factored into 
the ecological risk assessment and the development of proposed mitigative measures, when 
necessary. 


The wetland functional assessment also may assist in determining the significance 
or uniqueness of the area. Some wetlands provide habitat opportunities for threatened or 
endangered species of plants and animals and are designated as State Outstanding Natural 
Resource Waters. These concerns should be identified at the beginning of the 
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ecological assessment. In addition to wetlands functions and values discussed earlier, 
ecological experts ascribe special significance to wetlands because they: 


- Contain or support an unusually large number of species or individuals; 
- Are extremely productive (such as an important fishery); 
- Contain species considered rare in the area; 
- Are rare or unusually large; 
- Protect water quality in important adjacent or downstream waters; 
- Perform important landscape level functions (e.g. migratory corridors). 


The Risk Assessment Guidance for Superfund -- Volume II Environmental Evaluation 
Manual and ECO Updates provide additional guidance on this topic. 


The site manager should also define and identify sensitive environments based on a 
site- and area-specific analysis, keeping in mind the ecological connections between the 
site and nearby habitats. The BTAG, EPA regional wetlands staff or Natural Resource 
Trustees can provide valuable technical assistance for this analysis and for the wetland 
functional assessment. 


Documents that can provide additional information include: 


!	 Adamus, P.R., E.J. Clairain, Jr., R.D. Smith, and R.E. Young. 1987. "Wetland Evaluation Technique (WET); 
Vol. II Methodology." Tech. Rep. Y-87. Waterways Experiment Station, Corps of Engineers, Vicksburg, MS 


! Leibowitz, S.G., B. Abbruzzese, P.R. Adamus, L.E. Hughes, J.T. Irish. 1992. "A Synoptic Approach to 
Cumulative Impact Assessment--A Proposed Methodology." U.S. EPA Office of Research and 
Development Environmental Research Laboratory, Corvallis, OR, EPA/600/R-92/167 


!	 Simenstead, CA., C.D. Tanner, T.M. Thom and L.L. Conquest. 1991. "Estuarine Habitat Assessment 
Protocol." EPA 910/9-91-037. Prepared for EPA Region 10, Puget Sound Estuary Program. 


!	 U.S. EPA. 1989. "Risk Assessment Guidance for Superfund Volume II -- Environmental Evaluation Manual." 
Office of Emergency and Remedial Response. EPA/540/1-89/001 


!	 U.S. EPA. 1989. "Ecological Assessment of Hazardous Waste Sites." Office of Research and Development. 
EPA 600/3-89/013 


! U.S. Fish and Wildlife Service. 1980. "Habitat Evaluation Procedures (HEP) Manual." Washington, DC 
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4.4 Potential Impacts from Response Actions 


Site managers should consider the wetland data and analysis gathered during the 
RI when selecting a remedy. Site managers should also consider the potential impacts of 
the proposed remedy to on-site and adjacent wetland resources. Impacts may include the 
loss of vegetation, removal of soil or sediment, capping of the site, disruption of surface 
and/or groundwater flow(s), filling of a wetland to construct an access road, draining, and 
the like (see Table 1 below). Some of these impacts are temporary while others represent a 
permanent loss of the wetland resource and its functions. Wetland coordinators and BTAG 
staff can assist in clarifying how these activities may affect wetland functions. Impacts can 
be either direct to wetlands due to activities in the wetland or indirect due to activities 
outside of the wetland that affect the wetland secondarily. An OSWER fact sheet entitled 
"Controlling the Impacts of Remediation Activities in or Around Wetlands" addresses 
various technical aspects of this issue. (See citation at the end of this Section). 


Table 1 
Potential Wetland Impacts Caused By Remedial Alternatives 


Response Action Activity 
Change 
Wetland 


Hydrology 


Impact 
Water 


Quality 


Impact 
Habitat 
Quality 


Impact 
Vegetative 
Community 


Capping X X X X 


Grading X X X X 


Revegetation X X 


Diversion & Collection System X X X X 


Containment Barrier X X X 


Groundwater Pumping X X X X 


Subsurface Drains X X X X 


Excavation & Removal X X X X 


On-site Land Disposal X X X X 


Sediment Removal X X X X 


Containment & Turbidity Control X X X X 


In-Situ Methods X X X X 


Areas that will experience temporary impacts should be identified. Even though 
temporary impacts are generally less severe than permanent ones, the loss of only a few 
breeding seasons for an endangered species, for example, can be significant. The impact of 
temporary disturbances can be evaluated based on general area information, the 
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wetlands assessment results, and with the aid of the BTAG, regional wetlands staff, or 
Natural Resource Trustees. Whether the impacts are temporary or permanent, plans should 
be made to fully mitigate or compensate for lost functions by conclusion of remediation. 


Direct impacts involving a permanent loss of wetlands, or of certain wetland 
functions, should be clearly identified. In the case of the direct loss of wetlands, the impact 
will be measured, most simply, on an acreage basis. Results of the functional assessment 
will be used to evaluate affected functions. To evaluate the loss of any area, the results 
should be factored into goals for mitigation. 


Indirect impacts to wetlands can sometimes result from a response action that is not 
necessarily located in the wetland itself. For example, actions that result in a surface or 
subsurface reconfiguration of a site (i.e., changes in upland slope as a result of excavation) 
can alter the hydrology of an area and result in physical, chemical and subsequently 
biological changes to nearby wetlands. Other types of actions that can lead to indirect 
impacts include ground water pumping and treating, and installation of subsurface drains. 
See OSWER Fact Sheet "Controlling the Impacts of Remediation Activities In or Around 
Wetlands" for additional discussion. The permanent and temporary effects of secondary 
impacts should be considered when selecting the appropriate response action. Protective 
measures such as Agency policy and 40 CFR Part 6 Appendix A to implement E.O. 11990 
as described in OSWER Directive 9280.0-02 should be considered. 


Often as remediation activities are being completed, soil or fill will be placed or 
vegetation replanted in the impacted wetland areas. Care should be taken to ensure that the 
proper materials are used and sound management practices followed to encourage and 
enhance, rather than impede, natural recovery of wetland functions similar to those which 
originally existed. Examples of materials and practices include: use of clean and 
appropriate fill, installation of silt barriers, use of soil similar to that of the damaged or 
destroyed wetland area, and revegetation using native or desired wetland plants. The BTAG, 
regional wetlands staff, and Trustees can provide additional technical assistance to address 
these concerns. In addition, as noted earlier, §404 is an ARAR when a response action 
involves placing fill into a wetland. 


The ROD should address the impacts to on-site and off-site wetlands resulting from 
current or potential releases of hazardous substances and impacts from implementation of 
the selected response action. Information regarding wetlands impacts should be addressed 
in both the ROD Declaration and Decision Summary sections. The Declaration should 
include discussion of the major components of the selected remedy that address 
contaminated wetlands. The Decision Summary should include wetlands discussions where 
appropriate in the following sections: 


•	 Site History - should include past disposal practices in or affecting on-site and 
off-site wetlands. 


• Summary of Site Characterization - should include summaries of: 


S Wetland(s) acreage and proximity to the site 
S Wetlands delineation 
S Applicable state and Federal wetlands classification 
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!	 Surface water drainage patterns and possible discharges from the site, including 
storm water runoff, leachate seeps, and contaminated shallow ground water, that may 
affect wetlands 


!	 Occurrences and concentrations of contaminants detected in wetlands sediments and 
surface water. 


• Summary of Site Risks - should include a summary of: 


! The ecological risk assessment, including identification of contaminants of concern, 
exposure assessment, ecological effects assessments, and risk characterization 


! Any wetlands evaluation studies conducted to determine potential wetlands losses 
and mitigation activities associated with site response action activities. 


•	 Description of Alternatives - should discuss how each alternative remedy addresses the 
environmental risks associated with the wetlands areas and/or the extent to which that 
alternative complies with state and Federal ARARs regarding wetlands protection standards. 


• Selected Remedy - should include: 


! Major components of the selected remedy that address contaminated wetlands 

! Reasons the selected remedy is located in or affects wetlands 

! A list of significant facts considered in making the decision to locate in or affect



wetlands, including alternative locations and actions. 
! A list of mitigation actions to be taken in response to §404 or other ARARs and 


TBCs. 


• Statutory Determinations - should include: 


! A statement indicating how the selected response action affects or protects the 
natural or beneficial values of the wetlands 


! A description of the steps taken to design or modify the selected response action to 
minimize potential harm to affected wetlands. 


The Proposed Plan also should include discussions of wetlands. In general, these brief discussions 
should appear in the same section as those addressed above for the ROD. Because the Proposed 
Plan is designed to facilitate and solicit public involvement in the remedy-selection process, it is 
important to include a discussion of the wetlands implications associated with each response 
action alternative considered as well as the preferred alternative. 


Documents that can provide additional information include: 


!	 EPA OSWER Fact Sheet: "Controlling the Impacts of Remediation Activities in or Around Wetlands". EPA 
530-F-93-0202. 


* * * 
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5.0 ROLE OF THE NATURAL RESOURCES TRUSTEES 


EPA is not a Natural Resource Trustee. The Trustees are designated as the Secretary of 
Commerce, Secretary of the Interior, Secretaries for land managing agencies (e.g. Department of 
Interior, Department of Agriculture, Department of Defense, and Department of Energy), state 
trustees as designated by the Governor of each state, and Indian Tribal chairperson. Trustees are 
responsible for assessing damages for injury to, destruction of, or loss of natural resources. The 
Trustees should be involved at the site as early as possible. Participation of the Trustees is 
important at sites where wetlands are located where the wetlands may have been impacted by the 
release of hazardous substances or may be affected by the response action. 


Although wetlands are not specifically identified as "natural resources" in CERCLA Section 
101(16), the individual elements of wetlands: "land, fish, wildlife, biota,... water, ground water... 
and other such resources..." are included in the definition. Damages to these specific resources, 
and therefore wetlands, can provide the basis for a Natural Resource Damage claim by Trustees 
under Section 107(f)(1). 


It is important to recognize the different roles and responsibilities of EPA and the Trustees 
under CERCLA and the National Contingency Plan (NCP). EPA (or at Federal Facilities another 
Federal agency) is responsible for the assessment of the risk a site (e.g., release of hazardous 
substance) poses to public health, welfare and the environment. This is a significant factor in 
determining the extent and degree of site response actions. EPA is also responsible for taking 
response actions to address the release or potential release of hazardous substances. Remedial 
action is defined in CERCLA Section 101 (24) and is, either directly or through oversight, an EPA 
(or another Federal agency) responsibility. On the other hand, when the Trustees have determined 
that the resources under their trust have been injured and require restoration, these activities 
become the responsibility of the Trustees. CERCLA, as amended by SARA Section 517, places 
restrictions on the use of Fund monies for natural resource damage assessment or restoration 
activities. 


The roles and responsibilities of Trustees are outlined in CERCLA Section 107(f)(2) and 
NCP Subpart G. Section 104 (b)(2) of CERCLA requires that Trustees be "promptly" notified of 
releases that have, or may have the potential to, impact natural resources. In addition this section 
requires that "assessments, investigations, and planning" shall be coordinated with Trustees. 


Trustees should be asked to participate in developing the scope of work for the RI and in 
negotiations with the Potentially Responsible Parties (PRPs) for conducting the RI. Should the 
Trustee require data beyond that which EPA requires for the RI, it is the Trustee's responsibility to 
negotiate with the PRPs for either collection of the data, or for funding to support data collection. 
Trustees may also collect data themselves and attempt to recover these costs from the PRPs. 


Trustees have a significant role in the settlement process. Section 122(j) requires that 
Trustees be notified of, and encouraged to participate in, negotiations with the PRPs. Trustees may 
grant a Covenant-Not-to-Sue for natural resource damages. EPA does not have the authority or 
responsibility to negotiate on behalf of Trustees. Trustees may agree to a 
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Covenant-Not-to-Sue where the PRPs agree to undertake "...appropriate actions necessary to 
protect and restore the natural resources damaged..." by the release. At most sites, it is more 
efficient and cost effective for the PRPs to conduct restoration or other actions in concert with 
the response action. PRPs may also be interested in resolving all of their CERCLA liabilities in a 
single consent decree. Early involvement of Trustees is important to minimize delays in the 
clean-up process. 


It is also the responsibility of Trustees to determine the need for, type of, amount of, and 
appropriate location of, any "restoration, replacement, or acquisition of equivalent resources" 
(restoration actions) to be carried out by the PRPs. Trustees also must be prepared to participate 
in the settlement negotiations with PRPs to achieve the implementation, including the operation 
and maintenance, of restoration actions. 


Where no PRPs have been identified and the Superfund-conducted Response action (RA) 
will impact wetlands, Trustees, along with the BTAG and Regional Wetlands Staff, should be 
consulted for their technical knowledge as to potential means of mitigating the impacts of the RA. 
Mitigation is necessary to satisfy provisions of the CWA Section 404 and related regulations 
which are generally ARAR. 


As was mentioned, CERCLA Section 104(j)(2), Section 517(c) and Section 111(a) and (b) 
place certain limitations on the restoration, rehabilitation, and acquisition of property using Fund 
monies. SARA Section 517 and Sections 111(a)(3) and (b)(1) state that Fund money cannot be 
used for claims resulting from a release or threat of release of a hazardous substance from a 
vessel or a facility for injury to, or destruction or loss of, natural resources including cost for 
damage assessment. 


Other documents that address this issue include: 


! NCP, 40 C.F.R. Part 300, Subpart G 


! US EPA - Region 10. Superfund Natural Resource Trustee Notification and Coordination Manual 


! The Role of the Natural Resource Trustees in the Superfund Process, Vol. 1 No. 3, Pub. No. 9345.0-051, Mar 1992 


! MOU between EPA and NOAA, OSWER Dir. No. 9295.0-02 


* * * 


Word-Searchable Version – Not a true copy 23 







6.0 OPPORTUNITIES FOR COORDINATION 


There are various opportunities for coordinating wetland and Superfund programs to better 
address wetlands at Superfund sites. They include Biological Technical Assistance Groups, 
memoranda of agreement, and training in wetland issues. 


6.1 Biological Technical Assistance Groups (BTAGs) 


The BTAG is an important mechanism for coordinating activities affecting wetlands at 
Superfund sites. As previously discussed, these groups exist in all EPA Regions and usually 
include representatives from different EPA program offices (i.e., wetlands, ESD, groundwater, 
water quality, etc.) as well as from Federal agencies outside EPA such as the National Oceanic 
Atmospheric Administration (NOAA) and the Fish and Wildlife Service (FWS). Some BTAGs also 
include representatives from state agencies. This interagency group provides input on ecological 
and biological issues to RPMs during the CERCLA process and activities. See Section 4.2 for 
further discussion. 


The Regional structure and operation of the BTAG may vary. For example, individual 
members of the BTAG may be assigned to individual Superfund sites. The BTAG may have its own 
budget for ecological risk assessments as well as an inter-agency agreement (IAG) with other 
Federal agencies such as the FWS or the COE. 


In some Regions, BTAG review of the ecological risk assessment is mandatory and the 
BTAG meets at least once a month to discuss the sites and review documents. For instance, the 
Region 2 BTAG provides input throughout the process, from work plans for RI/FS through signing 
of the ROD. One site where the BTAG provided assistance was in central New Jersey. A wetland 
area adjacent to the site had the potential to be affected by pump-and-treat remediation. The BTAG 
helped develop a monitoring plan in which an off-site reference wetland with similar habitat 
conditions would be monitored to determine if changes in the wetland closer to the site were a 
result of Superfund activities or seasonal fluxes. BTAGs routinely provide recommendations and 
guidance on ecological issues at Enforcement and Fund lead sites as well as Federal facilities that 
are being cleaned up. 


ECO Updates, a series of bulletins produced by the Office of Solid Waste and Emergency Response, provide 
additional guidance on BTAG coordination and on ecological assessment. The following can be referenced for additional 
information: 


C	 The Role of the BTAGs in Ecological Assessment. Vol. 1 No. 1, 
Pub. No. 9345.051, Sept 1991 


C	 Briefing the BTAG: Initial Description of the Setting, History, and Ecology of a Site. 
Vol. 1, No. 5, Pub. No. 9345.0-051, Aug 1992 
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6.2 Training 


Professionals in both the Superfund and wetlands programs should rely on one another for 
respective expertise. This can include training with each program office providing programs to 
increase understanding. 


For example, Region 10 has offered in-house training on wetlands issues for Superfund 
personnel. The training included a course on wetlands delineation and one on Section 404(b)(1) 
guidelines. Region 2 has a training course entitled "CERCLA/SARA Environmental Review 
Procedures," which includes sections on wetlands, BTAGs, and Natural Resource Trustee issues. 
To date, more than 35 sessions of this course have been presented to EPA regional offices, 
headquarters, the OSC/RPM Academy, states, Federal agencies, and contractors. 


Other training programs on wetland issues are available from a variety of groups: 


• EPA offers a Wetlands Delineation Course through the COE. This week-long course 
concentrates on the Delineation Manual used by the U.S. Army Corps of Engineers and 
other Federal agencies. Contact the Wetlands Coordinator in your EPA Regional Office for 
more information (see Appendix 2). Other public and private institutions offer similar 
courses. 


• Courses on wetlands laws and regulations are offered by universities and other public and 
private organizations. 


• Training on wetland function and value assessment, wetland creation and restoration, 
wetland hydrology and wetland vegetation is offered through local colleges and 
universities, government agencies, non-profit organizations and private training institutes. 


6.3 Memoranda of Agreement 


A memorandum of agreement (MOA) or understanding (MOU) between wetland and 
Superfund programs can be useful in establishing or clarifying procedures and practices for 
considering wetlands and ecological issues at Superfund sites. 


In Region 5 the Waste Management Division and Water Division developed an MOA that 
establishes principles and procedures to provide appropriate coordination between the Superfund 
and Water Division programs. The MOA governs CERCLA response actions that affect the water 
media. It provides for notification to the Superfund program by the Water Division of situations 
that may require a CERCLA response. Major features include: 


1) Early involvement - Triggered by the Waste Management Division, it gives the Water Division 
opportunity to review action memoranda for removal actions and provides access to National 
Priority List-candidate packages and initial RI workplans; 
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2) Articulation of interest areas by Water Division - Interest areas described include projects that 
potentially impact or involve drinking water; interpretations of maximum contaminant levels and 
their health effects; treatment requirements for discharges to surface waters; information on the 
discharge of dredge or fill material to wetlands  and other waters of the U.S., and insights on 
precedent-setting groundwater and underground injection policy issues; 


3) Timely consultation and training by Water Division regarding program requirements; 


4) Review of CERCLA program guidance by Water Division; 


5) Time frames for Water Division reviews of documents; 


6) Specific identification by Waste Management Division to the Regional Administrator of 
actions that would lead to non-compliance with substantive Water Division program provisions; 


7) Coordination with state counterparts. 


This MOA is entitled "Principles of Waste Management Division/Water Division Coordination for 
CERCLA Removal and Remedial Actions", July 9, 1991 revision and a copy is provided in 
Appendix 3. 


* * * 
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GLOSSARY OF TERMS AND ACRONYMS 


Administrative Requirements 
Those mechanisms that facilitate the implementation of the substantive requirements of a 
statute or regulation. Administrative requirements include the approval of or consultation 
with administrative bodies, issuance of permits, documentation, reporting, record keeping, 
and enforcement. 


ARAR (Applicable or Relevant and Appropriate Requirement) 
Applicable requirements means those cleanup standards, standards of control, and other 
substantive environmental protection requirements, criteria, or limitations promulgated 
under Federal environment or state environmental or facility siting laws that specifically 
address a hazardous substance, pollutant, contaminant, remedial action, location, or other 
circumstance at a CERCLA site. 


Relevant and appropriate requirements means those cleanup standards, standards of control, 
and other substantive environmental protection requirements, criteria, or limitations 
promulgated under Federal environmental or state environmental or facility siting laws that, 
while not "applicable" to a hazardous substance, pollutant, contaminant, response action, 
location or other circumstance at a CERCLA site, address problems or situations 
sufficiently similar to those encountered at the CERCLA site that their use is well suited to 
the particular site. In some circumstances, a requirement may be relevant but not 
appropriate for the site-specific situation. 


BTAG (Biological Technical Assistance Group) 
A group that provides comment and expertise on ecological issues at Superfund sites. This 
group often consists of representatives from appropriate EPA program offices as well as 
from other Federal and state agencies. Some Regions use a different name such as 
Ecological Technical Assistance Group (ETAG), Peer Review Group, or Superfund 
Ecological Assessment Team (SEAT). 


CERCLA (Comprehensive Environmental Response, Compensation, and Liability Act of 1980 as 
amended: 42 U.S.C. §§9601 - 9657) 


The legal basis for the Superfund program. Under CERCLA, the Federal government has 
authority and funds to respond to uncontrolled hazardous substance sites and releases and 
potential releases. CERCLA was amended by the Superfund Amendments and 
Reauthorization Act (SARA) in 1986. 


Covenant Not to Sue  (CERCLA § 122(j)(2) 
A promise by a party not to bring future legal action against another party. The Natural 
Resource Trustee(s) may agree to a covenant-not-to-sue (an agreement not to pursue 
damage claims) if "the potentially responsible party [PRP] agrees to undertake appropriate 
actions necessary to protect and restore the natural resources damaged by ... the release or 
threatened release of hazardous substances." 


CWA (Clean Water Act, 33 U.S.C.A §§ 1251 - 1387) 
The goal of the Clean Water Act is to restore and maintain the chemical, physical, and 
biological integrity of the Nation's waters. 
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CWA Section 404(b)(1) Guidelines (40 CFR Part 230) 
Regulations setting forth environmental criteria that must be satisfied before a Section 404 
permit can be issued. 


Delineation 
see Wetland Delineation 


Discharge of Dredged Material 
Any addition of dredged material into navigable waters including, without limitation, any 
addition or redeposit of dredged material, including excavated material, into navigable 
waters which is incidental to any activity, including mechanized landclearing, ditching, 
channelization, or other excavation that has or would have the effect of destroying or 
degrading any area of navigable waters (40 CFR 232.2). 


Discharge of Fill Material 
Any addition or redeposit of fill material into navigable waters, including the placement of 
pilings in navigable waters when such placement has or would have the effect of a discharge 
of fill material (40 CFR 232.2). 


Dredged Material 
Material excavated or dredged from waters of the United States. (40 CFR 232.2(g). 


Ecological Risk Assessment 
The measure of contaminant effects on an ecosystem. In the Superfund process, it is used 
to provide information on ecological impacts that can be used in making remedial 
decisions. 


Engineering Evaluation/Cost Analysis (EE/CA) 
An analysis of removal alternatives for non-time critical removal actions. (NCP Section 
300.415). 


Fill Material 
Any "pollutant" which replaces portions of the waters of the United States with dry land or 
which changes the bottom elevation of a water body for any purpose. (40 CFR 232.2(i)). 


Habitat Restoration Plan 
See Subpart G - A comprehensive plan for restoration, replacement and compensation of 
equivalent resources. 


HEP (Habitat Evaluation Procedure) 
Developed by the U.S. Fish and Wildlife Service, HEP evaluates the suitability of a given 
area to provide habitat for wildlife through the use of "evaluation species". HEP also can 
give an indication of the potential for proposed mitigation areas to provide habitat for 
wildlife through the use of "target species". HEP generally provides semi-quantitative 
results. Some site-specific information is necessary to apply HEP, such as vegetative types 
to determine the "cover types" of the area. HEP results are greatly influenced by the 
selection of evaluation species and target species. 
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HRS (Hazard Ranking System) 
A model used to assess the relative risk at sites; sites that score 28.5 or greater are placed 
on the National Priority List. 


Jurisdictional Determination 
Ascertaining the geographic scope of a wetland using the three-parameter approach of 
vegetation, soils and hydrology as specified in the 1987 U.S. Army Corps of Engineers 
Wetlands Delineation Manual. A wetland delineation may be used in making a jurisdictional 
determination. 


Mitigation 
A February 6, 1990, Memorandum of Agreement (MOA) between the Department of the 
Army and EPA articulates policy and procedures to determine the type and level of 
mitigation necessary to demonstrate compliance with the Clean Water Act §04(b)(1) 
Guidelines. The MOA provides that the Army Corps of Engineers evaluate projects to 
ensure that mitigation occurs in the following sequence: 
1) avoidance of wetland impacts to the maximum extent practicable through the evaluation 
of alternatives; 
2) minimization of impacts by sighting project features such that impacts to aquatic 
resources are further reduced; and 
3) compensatory mitigation of unavoidable impacts through creation or mitigation. 


Natural Resource Damages 
Damages for injury or loss of natural resources as set forth in 42 U.S.C.A. § 9607. 


Natural Resource Damage Assessment 
A damage assessment conducted by the Natural Resource Trustee for injury to, destruction 
of, or loss of those natural resources held by the Natural Resource Trustees; such an 
assessment is required under CERCLA § 107(f)(2). 


Natural Resource Trustees 
As defined by CERCLA, trustees are responsible for assessing damages for injury to, 
destruction of, or loss of natural resources. Trustees include agencies such as the US Fish 
and Wildlife Service, US Forest Service, and the National Oceanic and Atmospheric 
Administrations National Marine Fisheries Service (see Subpart G of NCP). 


NCP (National Contingency Plan; 40 CFR Part 300) 
The regulations implementing CERCLA. 


Non-Time Critical Removal 
A removal action taken after a 6-month planning period and the completion of an EE/CA or 
equivalent, after the lead agency has determined, based on site conditions, that the removal 
action is appropriate. 


NPL (National Priority List; 40 CFR Part 300 Appendix B) 
A list of releases or threatened releases to which EPA gives highest priority for further 
response under CERCLA. The list is an end result of a Hazard Ranking System (HRS) that 
numerically scores uncontrolled hazardous waste sites. Sites that are not on the list 
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may still be addressed, but fund monies may not be used for response action at such sites 
unless an appropriate determination of imminent and substantial endangerment can be made 
in order to take a response action under §104(a) of CERCLA. 


PA/SI (Preliminary Assessment/Site Investigation) 
The PA is generally a low-cost initial evaluation intended to give as full and complete a 
picture of the site as possible. The SI is to better characterize the problems at the site, 
determine if further actions are required and if the site should be included on the NPL. 
PA/SI occurs before the HRS. 


PRP (Potentially Responsible Party) 
Those identified by EPA as potentially liable under §107(A) of CERCLA for cleanup 
costs. A PRP may be a past or present property owner, generator or transporter of 
hazardous substances, or one who arranges for disposal. 


RD/RA (Remedial Design/Remedial Action) 
The RD is the preparation of plans and specifications to accomplish the remedial action; 
the RA is the implementation of the remedy itself. RD and RA occur after the ROD. 


Response Action 
A response action under CERCLA may be a remedial action which is a longer-term action 
consistent with a permanent remedy or a removal action which is generally a short-term 
action (less than 2 years) that removes an immediate threat to public health, welfare, or the 
environment. Response actions address releases or threats of release. 


RI/FS (Remedial Investigation/Feasibility Study)
The RI/FS provides information about the site that will be considered in the ROD. The RI 
includes data collection and site characterization; the FS focuses on the development of 
specific remedial alternatives, based in part on the information contained in the RI. 


RPM  (Remedial Project Manager) 
The individual, generally designated by the EPA region, who directs remedial actions and 
coordinates all other actions at the site. 


ROD (Record of Decision) 
The ROD documents the remedy selected for a remedial response, states the rationale for 
the remedy, and states that requirements of the National Contingency Plan are met. The 
ROD is published after the completion of the RI/FS. 


SARA (Superfund Amendments Reauthorization Act of 1986; 42 U.S.C.A. 
§11001 et. seq.) Amendments to CERCLA adopted in 1986 containing a variety of 
provisions to further implement the Superfund program. 


Substantive Requirements 
Those requirements that pertain directly to actions or conditions in the environment. 
Examples include quantitative health- or risk-based restrictions upon exposure to types of 
hazardous substances and restrictions on activities in certain special locations. 


Superfund (Oil and Hazardous Materials Trust Fund) 
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A trust fund established under CERCLA, which is financed by a special tax on 
petroleum and chemical industries authorized by CERCLA. The fund is available for 
site clean up when no viable responsible parties are found or when responsible 
parties fail to take the necessary response actions. 


Time Critical Removal 
A removal action completed within 6 months and after the lead agency has 
determined, based on site conditions, that the removal action was appropriate. 


TBCs (To-Be-Considered) 
Non-promulgated advisories or guidance issued by Federal or state government that 
are not legally binding and do not have the status of potential ARARs, but are to be 
considered in selecting the remedy. 


Waters of the United States 
This term is defined broadly and includes wetlands adjacent to waters of the U.S. and 
all other wetlands and waters such as intrastate lakes, rivers, streams, and the like, 
the use, degradation or destruction of which would or could affect interstate or 
foreign commerce. For a complete definition, see 40 C.F.R. 232.2(q)(l)-(7). 


WET (Wetland Evaluation Technique) 
A widely used methodology for evaluation of wetland functions developed by 
Adamus et. al., 1987, initially for the Federal Highway Administration and later 
revised by the Army Corps of Engineers. Wet assesses the potential of a wetland to 
carry out wetland functions and the value of those functions. Each function is 
considered in terms of its social significance, effectiveness of the wetland in 
performing the function, and opportunity for performance of that function. WET can 
also be applied to any of three levels depending on the information available and the 
time available for the analysis. 


Wetlands 
Those areas that are inundated or saturated by surface or ground water at a frequency 
and duration sufficient to support, and that under normal circumstances do support, a 
prevalence of vegetation typically adapted for life in saturated soil conditions. 
Wetlands generally include swamps, marshes, bogs, and similar areas. 


Wetlands Assessment 
An evaluation of the various functions of a wetland. At Superfund sites, this activity 
may also include an ecological risk assessment which evaluates contaminant impacts 
on wetlands. 
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Wetland Characterization 
The inventory or description of the ecological structure, hydrology, soils and 
conditions of the site. 


Wetlands Delineation 
The on-the-ground determination of the boundary between wetland and upland. This 
information is often used in making a jurisdictional determination of the limits of 
the Clean Water Act §404 jurisdiction. 
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Appendix 1 - BTAG Coordinators 


Region 1:

Susan Svirsky

Waste Management Division

USEPA - Region I (HSS-CAN7)

JFK Federal Building

Boston, MA 02203

(617) 573-9649



Region 2:

Shari Stevens

Surveillance Monitoring Branch

USEPA - Region 2 (MS-220)

Woodbrige Avenue

Raritan Depot Building 209

Edison, NJ 08837

(908) 906-6994



Region 3:

Robert Davis

Technical Support Section

USEPA - Region 3 (3HW15)

841 Chestnut Street

Philadelphia, PA 19107

(215) 597-3155



Region 4:

Lynn Wellman

WD/OHA

USEPA - Region 4

345 Courtland Street, NE

Atlanta, GA 30365

(404) 347-1586



Region 5:

Steve Ostroka

USEPA Region 5 (5HSM-TUB7)

230 South Dearborn

Chicago, IL 60604-1602

(312) 886-5902



Region 6:

Jon Rauscher

Susan Swenson Roddy

USEPA - Region 6

First Interstate Tower

1445 Ross Avenue

Dallas, TX 75202-2733

(214) 655-8513



Region 7:

Bob Koke

SPFD-REML

USEPA - Region 7

726 Minnesota Avenue

Kansas City, KS 660101

(913) 551-7468



Region 8:

Gerry Henningsen

USEPA - Region 8

Denver Place, Suite 500

999 18th Street

Denver, CO 80202-2405

(303) 294-7656



Region 9:

Doug Steele

Clarence Callahan

USEPA - Region 9

75 Hawthorne Street

San Francisco, CA 94105

(415) 744-1916 



Region 10:

Bruce Duncan

USEPA Region 10 (ES-098)

1200 6th Avenue

Seattle, WA 98101

(206) 553-8086
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Appendix 2 - Wetland Coordinators 


Region 1

Doug Thompson, Chief

Wetlands Protection Section

EPA, Region 1

John F. Kennedy Federal Building

Boston, Massachusetts 02203

(617) 565-4421



Region 2

Daniel Montella, Chief

Wetlands Protection Section

EPA, Region 2

26 Federal Plaza

New York, New York 10278

(212) 264-5170



Region 3

Barbara D'Angelo, Chief

Wetlands & Marine Policy Section

EPA, Region 3

841 Chestnut Street

Philadelphia, Pennsylvania 19107

(215) 597-9301



Region 4

Tom Welborn, Chief

Wetlands Regulatory Section

EPA, Region 4

345 Courtland Stree, N.E.

Atlanta, Georgia 30365

(404) 347-4015



Region 5

Sue Elston, Chief

Wetlands Planning Unit

EPA, Region 5 (WQW-16-J)

77 W. Jackson Boulevard

Chicago, Illinois 60604

(312) 353-2308



Region 6

Beverly Ethridge, Chief

ESD Technical Assistance Section

EPA, Region 6

1445 Ross Avenue

Dallas, Texas 75202

(214) 655-2263



Region 7

Diana Hershberger, Chief

Wetlands Section

EPA, Region 7

726 Minnesota Avenue

Kansas City, Kansas 66101

(913) 551-7573



Region 8

Gene Reetz, Chief

Water Quality Section

EPA, Region 8

999 18th Street

Denver, Colorado 80202

(303) 293-1568



Region 9

Phil Oshida, Chief

Wetlands Section

EPA, Region 9

75 Hawthorne Street (W-7-40)

San Francisco, California 94105

(415) 744-1972



Region 10

William Riley

Wetlands Section

EPA, Region 10

1200 Sixth Avenue

Seattle, Washington 98101

(206) 553-1412
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

REGION 5



Attached are the revised “Principles of Waste Management 


Division/Water Division Coordination for CERCLA Removal and Remedial 


Actions”. The Divisions have agreed to these Principles to ensure 


that appropriate coordination takes place between the Divisions early 


in each action and to identify water program concerns affecting or 


affected by these actions. 


These Principles are effective immediately. Please read them 


carefully. If you have any questions, please raise them now for 


prompt resolution. 


Attachment 


Addressees:

Norman Neidetgang, Office of Superfund

Robert Bowden, Emergency Response Branch

John Kelley, Remedial Response Branch

Jo Lynn Traub, Superfund Program Management Branch

Kenneth Ferner, Water Quality Branch

Todd Cayer, Water Compliance Branch

Edward Watters, Safe Drinking Water Branch

Jerri Anne Garl, Ground Water Protection Branch



cc:	 Ralph Bauer, Deputy Regional 
Robert Springer, Planning and Management Division 
Phyllis Reed, Environmental Sciences Division 
Christopher Grundler, Great Lakes National Program Office 
Gail C. Ginsburg, Office of Regional Counsel 
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PRINCIPLES OF WASTE MANAGEMENT DIVISION / WATER 
DIVISION COORDINATION FOR CERCLA REMOVAL AND 


REMEDIAL ACTIONS 


Objective 


The objective of this document is to establish principles that will ensure appropriate coordination 
between the Comprehensive Environmental Response, Compensation and Liability Act (CERCLA) 
program and the Water Division (WD) for (1) CERCLA removal and remedial actions that affect the 
water media and (2) alerting the CERCLA program of situations discovered by WD programs that may 
require a CERCLA response. 


Responsibilities 


The WD is responsible for advising the Waste Management Division (WMD) of the requirements of the 
Clean Water Act and the Safe Drinking Water Act applicable to CERCLA projects. The WD is also 
responsible for providing advice and assistance to the WMD on drinking water criteria and general 
water quality protection. When WD program staff discover sources that may be contaminating drinking 
water or resulting in water pollution, they will be responsible for notifying the CERCLA program for 
potential CERCLA response. The WD is responsible for providing the WMD with sufficient 
information to enable WMD to provide an adequate investigation and development of an appropriate 
response. 


The WD will refer to WMD all instances of water contamination considered by WD to warrant 
CERCLA response. These sites will be evaluated by WMD for (1) potential removal activity or (2) 
prioritization with existing preliminary assessment (PA)/site inspection (SI) workloads associated with 
National Priority List (NPL) candidacy and qualifications for remedial action. The WMD will advise 
WD of the initial disposition of all WD referrals within 15 working days and will meet to discuss any site 
referred if the MD so requests. 


The WMD will keep the WD informed of actions taken in response to WD advice and comment. 


It is the joint responsibility of the WD and WMD staff to ensure that adequate and timely coordination 
occurs on all projects. Wherever agreement cannot be reached under the principles of this document, 
the issues should be raised to higher level supervision. The WD Safe Drinking Water Branch Chief and 
the WMD Office of Superfund Associate Division Director are responsible for ensuring that the above 
responsibilities are effectively carried out. 


Early Involvement 


The WMD and WD will ensure early cooperation on CERCLA projects to identify and resolve issues 
without unnecessarily delaying needed response actions. To that end, WMD will provide copies of 
action memoranda for removal actions to WD. The WMD On-Scene 
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Coordinator (OSC) shall consult with WD representatives during the development of Removal action 
memoranda wherever there is a question as to the need for, or extent of responses relating to drinking 
water in specific, or ground or surface water in general. 


The WMD will allow WD staff access to National Priority List (NPL) candidate packages and provide 
copies of the initial Remedial Investigation workplans to WD for review. This will provide WD with 
early notice of probable Remedial Action and allow WD to advise WMD of any interest in participation 
in future activities. Many controversial issues are related to the ecological impacts of a given CERCLA 
site. Since all CERCLA sites have important human health risks, or at a minimum have the potential to 
impact human health, it is reasonable to assume that all sites will require some level of Water Division 
review. 


Under the procedures described in this section, WD will have the opportunity to surface any sites about 
which it is aware and to be advised of WMD actions at both removal and remedial sites. The WMD 
will provide reports and notices of meetings to the WD in time to allow effective WD participation in 
these projects. The WD will define as early as possible the point and level of involvement it requires in 
these projects in order to carry out its responsibilities. 


Areas of Interest 


As a result of the responsibilities noted herein, the WD may participate in the following: 


! Projects affecting or potentially affecting the quality of public or private drinking water supplies. 


!	 The interpretation of drinking water health effects information and Safe Drinking Water Act 
maximum contaminant levels. 


!	 Projects involving or potentially involving the discharge of water to surface waters from point 
and non-point sources and the establishment of treatment requirements on such projects to 
comply with water quality standards. 


! Projects that involve or potentially involve dredging or filling of wetlands or navigable waters. 


!	 Projects involving precedential ground water policy issues that may be subject to review by the 
Regional Ground Water Coordinating Committee. 


!	 Projects involving or potentially involving underground injection of waste or reinjection of 
treated (remediated) ground water. 
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WMD is interested in reviewing all projects viewed by WD as having a potential for CERCLA 
response. This effort will be greatly expanded as Remedial Action Plans for the Great Lakes Area of 
Concern as well as other Regional initiatives become more fully developed. 


Consultation 


The WD staff will be available to consult with WMD staff on any aspect of a CERCLA project. The 
WD staff will be responsible for providing timely and complete consultation consistent with WD policy. 
All consultation should be documented by WD staff with copies provided to both Divisions. 
Consultation may take place at a variety of times during the development and/or implementation of a 
project. 


Guidance 


The WMD has and will continue to provide WD with CERCLA program guidance for review and 
comment. WD will identify all provisions of CERCLA guidance that conflict with its policies and 
procedures. If possible, a generic resolution of these differences will be agreed to. 


The WD will support WMD internal training initiatives by providing regulation summaries as they 
become available, and will provide speakers to instruct WMD staff of WD regulations, policies and 
initiatives having potential effects on CERCLA activities. Training sessions will be coordinated by 
WMD and attendance will be encouraged by both Divisions. 


Distribution of Documents 


The Safe Drinking Water Branch has the responsibility of coordination within the Water Division. For 
projects requiring WD involvement as identified above, the WMD will routinely provide the following 
documents, Attention: Safe Drinking Water Branch, as they are completed: 


WD Site Referred To WMD 


REMOVAL ACTIONS Action Memo (or whatever is available) 


NPL CANDIDATES Preliminary Assessment/Site Inspection 


FINALIZED NPL SITES Quarterly Summary Report of Site Status 
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All Sites 


GENERAL 
STATUS/PLANNING 


Superfund Comprehensive Accomplishment Plan (1 copy) 


REMOVAL ACTIONS Action Memo (4 copies) 


On-Site Coordinater’s Report (1 copy) 


NPL CANDIDATES Access to completed Hazard Ranking System packages 


REMEDIAL ACTIONS Draft and Final Remedial Investigation Scope of Work for 
NPL Sites (4 copies) 


Draft Remedial Investigation/Feasability Study, including 
Applicable or Relevent and Appropriate Requirments (ARAR) 
(4 copies) 


Proposed Place (4 copies) 


Draft Record of Decision (ROD)/Enforcement Decision 
Document (EDD) (4 copies) 


Final ROD/EDD (1 copy) 


Meeting Notices 


The WMD will routinely inform the WD Safe Drinking Water Branch as early as possible of pre-action 
strategy meetings or scoping meetings for all sites identified by WD as warranting WD participation. 
The WD will be notified of all pre-ROD/EDD meetings, and ROD briefings for the Regional 
Administrator. The WD will attend these meetings if appropriate. 


Comments 


The WD Safe Drinking Water Branch Chief will provide written comments to the Associate Division 
Director, Office of Superfund, on documents provided by the WMD within 15 working days of receipt 
or less if possible. If WMD needs WD comments in less than 15 working days, a shorter review time 
will be attempted. 
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Disposition of Comments 


The WMD will inform the WD of the disposition of WD comments either in the final decision 
documents or by other means agreeable to both Divisions (e.g., providing a copy to WD of comments 
made to CERCLA contractors). The WMD will identify to the Regional Administrator all 
recommendations for action that would lead to noncompliance with the substantive requirements of the 
Safe Drinking Water Act or the Clean Water Act in the ROD/Negotiated Decision Document/EDD. 


Coordination With State Programs 


The WD will coordinate its review of CERCLA projects with its counterpart State water programs. 
The WMD will encourage State CERCLA program counterparts to coordinate with their State water 
programs as well. 
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NOTICE 


This manual is a companion volume to the CERCLA Compliance With Other 
Laws Manual that was made available to the public as a draft, dated 
August 8, 1988. That volume should now be considered interim final. 


The policies in Part I and Part II of the CERCLA Compliance With Other 
Laws Manual are based on policies in the proposed revisions to the 
National Oil and Hazardous Substances Pollution Contingency Plan (NCP), 
which was published on December 21, 1988 (53 FR 51394). The final NCP 
may adopt policies different than those in these manuals and should, 
when promulgated, be considered the authoritative source. 


Development of this part of the guidance was funded by the United State 
Environmental Protection Agency under Contract No. 68-01-7090 to ICF 
Incorporated. 


The policies and procedures set out in this interim final guidance are 
intended solely for the guidance of Government personnel. They are not 
intended, nor can they be relied upon, to create any rights enforceable 
by any party in litigation with the United States. The Agency reserves 
the right to act at variance with these policies and procedures and to 
change them at any time without public notice. 


- ii -
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CHAPTER 1 


INTRODUCTION AND OVERVIEW 


The purpose of the CERCLA Compliance with other Laws Manual is to assist 
Remedial Project Managers (RPMs) in identifying and complying with all 
applicable or relevant and appropriate requirements (ARARs) for remedial 
actions taken at Superfund sites. This part of the guidance manual addresses 
CERCLA compliance with the Clean Air Act and other environmental statutes for 
remedial actions. 


Under CERCLA §121, remedies selected at Superfund sites must be 
protective of human health and the environment and must comply with ARARs.1 
Remedial actions taken under CERCLA §§104, 106, or 122 that are conducted 
entirely on site do not require Federal, State, or local permits, whether 
conducted by EPA, another Federal agency, a State, or a responsible party 
(RP). On-site remedies must comply with substantive requirements but need not 
comply with the administrative and procedural requirements. On-site remedial 
activities covered by the permit exemption includes any activity occurring on 
site prior to the response action itself (e.g., activities during the RI/FS). 
"On-site" is defined as the areal extent of contamination and all suitable 
areas in very close proximity to the contamination necessary for 
implementation of the response action. The reason for the permit exemption is 
to preserve flexibility and avoid lengthy, time-consuming procedures when 
developing and implementing remedial alternatives. 


CERCLA actions involving the transfer of hazardous substances or 
pollutants or contaminants off site must comply with applicable Federal and 
State requirements and are not exempt from formal administrative permitting 
requirements. Off-site actions are not governed by the concept of relevant and 
appropriate. 


CERCLA §121 also requires compliance with State environmental standards. 
A discussion of policies and procedures for evaluating State ARARs is 
presented in Chapter 7. Although this manual does not discuss in depth each 
State's standards, it does outline the criteria used for determining if a 
requirement is eligible to be a State ARAR, examines several types of State 
laws, and describes the process of communicating State ARARs during the RI/FS 
process. 


This part of the guidance manual, Part II, describes general procedures 
for CERCLA compliance with applicable or relevant and appropriate requirements 
in environmental and public health statutes, programs, and policies that are 
not covered in Part I (RCRA, CWA, SDWA, and ground-water policies). This part 
covers the Clean Air Act (CAA), the Toxic Substances Control Act (TSCA), the 


1 The requirements of CERCLA §121 generally apply as a matter of law 
only to remedial actions. However, as a matter of policy, EPA will attain 
ARARs to the extent practicable when conducting removal actions. Chapter 1 of 
Part I provides further guidance on ARARs and removal actions, as well as 
guidance on identifying ARARs for a Superfund site. 
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Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA), and several other 
statutes with potential ARARs. Part II is organized as follows: 


!	 Chapter 1 provides an introduction and overview of this 
part of the guidance manual; 


!	 Chapter 2 provides guidance for compliance with CAA 
requirements and related RCRA and State requirements; 


!	 Chapter 3 provides guidance for compliance with statutes 
that address toxics and pesticides (i.e., TSCA and 
FIFRA); 


!	 Chapter 4 provides guidance for compliance with other 
resource protection statutes. These statutes generally 
cover specific concerns or areas (e.g., endangered 
species, historic preservation, and coastal zones); 


!	 Chapter 5 discusses potential ARARs and potentially 
useful guidance for cleaning up radioactively 
contaminated sites and buildings; 


!	 Chapter 6 provides guidance for compliance with statutes 
incorporating standards for mining, milling, or smelting 
sites (other than uranium or thorium mines or mills, 
addressed in Chapter 4); 


!	 Chapter 7 provides guidance on identifying and complying 
with State ARARs; 


!	 Appendix A provides guidance for compliance with CAA Part 
C (Prevention of Significant Deterioration) requirements; 
and 


!	 Appendix B describes the Federal/State relationships 
under major Federal environmental statutes. 


Exhibits 1-1, 1-2, and 1-3 present potential chemical-, location-, and 
action-specific ARARs, respectively, for those statutes discussed in this part 
of the guidance manual. Within each exhibit, for the convenience of the 
reader, the requirements are organized by the chapter in which they are 
discussed in more detail. Remedial Project Managers should use these exhibits 
to develop a preliminary list of potential ARARs, then refer to the text for a 
full description of the requirement and the site-specific circumstances under 
which it may be an actual ARAR for the site. More information on the 
definition of each type of ARAR and the methodology for determining ARARs is 
presented in Part I, Chapter 1. 


1-2 
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EXHIBIT 1-1



SELECTED CHEMICAL-SPECIFIC POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS



Chemical Name Requirements Prerequisites for Applicability Citation 


CHAPTER 1 – CLEAN AIR ACT 


NESHAPS 


Mercury Not more than 2,300 g/day 


Not more than 3,200 g/day 


Arsenic 1/	 Not more than 2.5 Mg/yr, or acheive 85% emission 
reduction 


Not more than 0.4 Mg/yr, or acheive 85% emission 
reduction 


Not more than 11.6 mg/m3 particulate matter, design 
and operating requirements 


Inspection, maintenance, and housekeeping 


Asbestos No visible emissions 


No surfacing with asbestos



No visible emissions



Notification, wet and remove friable asbestos



Limitations on concentration of asbestos, no visible

emissions



No visible emissions



No asbestos



No visible emissions



No visible emissions



No visible emissions, design/work practice standards



No visible emissions, design/work practice standards 


Beryillium	 Not more than 10 g/day or 0.01 g/m3 ambient 
concentration (with 3 years of monitoring data) 


Not more than 2 g/hr, maximum 10 g/day 


Vinyl chloride	 Not more than 10 ppm, equipment standards, work 
practice standards 


Mercury smelters, chloroalkali plants 


Sewage sludge incinerators/dryers 


Existing glass manufacturing plants 


New glass manufacturing plants 


Primary copper smelters 


Arsenic trioxide and mettalic arsenic production 
facilities 


Asbestos mills 


Roadways 


Manufacturing plants 


Demolition activities 


Spraying operations 


Fabricating shops 


Insulation operations 


Mill waste disposal sites 


Waste disposal--manufacturing, demolition/ 
renovation, spraying, fabricating 


Inactive waste disposal sites for mills, 
manufacturing, fabricating 


Active waste disposal sites 


Extraction plants, ceramic plants, foundries, 
incinerators, rocket propellant plants, machine 
shops 


Rocket motor test sites, collection of combustion 
products 


Ethylene dichloride, vinyl chloride, and vinyl 
chloride polymer plants 


Clean Air Act (CAA) 40 
CFR Part 61 


40 CFR Part 61 (CAA) 


40 CFR Part 61 (CAA) 


40 CFR Part 61 (CAA) 


40 CFR Part 61 (CAA) 


40 CFR Part 61 (CAA) 


40 CFR Part 61 (CAA) 


40 CFR Part 61 (CAA) 


40 CFR Part 61 (CAA) 


40 CFR Part 61 (CAA) 


40 CFR Part 61 (CAA) 


40 CFR Part 61 (CAA) 


40 CFR Part 61 (CAA) 


40 CFR Part 61 (CAA) 


40 CFR Part 61 (CAA) 


40 CFR Part 61 (CAA) 


40 CFR Part 61 (CAA) 


40 CFR Part 61 (CAA) 


40 CFR Part 61 (CAA) 


40 CFR Part 61 (CAA) 
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EXHIBIT 1-1 (Continued)



SELECTED CHEMICAL-SPECIFIC POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS



Chemical Name Requirements Prerequisites for Applicability Citation 


CHAPTER 1 – CLEAN AIR ACT 


NESHAPS 


Benzene 1/ No detectable emissions (approximately 500 ppm) Fugitive leaks from equipment containing 10% 40 CFR Part 61 (CAA) 


Radionuclides 1/ 25 mrem/year (whole body), 
75 mrem/year (any critical organ) 


Radon 222 Design and operation 


Design and operation 


benzene



DOE facilities, NRC licenses, and non-DOE Federal 40 CFR Part 61 (CAA)

facilities, except from doses from radon-220,



radon-222, and their decay products; facilities

regulated under 40 CFR 190-192; and low-energy

accelerator and users of sealed sources.



40 CFR Part 61 (CAA) 


Elemental phosphorus 40 CFR Part 61 (CAA) 


Uranium mines 40 CFR Part 61 (CAA) 


Uranium mill tailings 40 CFR Part 61 (CAA) 


Coke oven No visible emissions; operation and maintenance Coke ovens 40 CFR Part 61 (CAA) 


emissions standards 


NAAQS 2/ 


Carbon monoxide Not to exceed 9 ppm over 8-hour period and not to Major stationary and mobile sources. 40 CFR Part 50 (CAA) 
exceed 35 ppm over a 1-hour period (primary); no 
secondary standards 


Lead Not to exceed 1.5 Fg/m3 based on a quarterly average. Major stationary sources. 40 CFR Part 50 (CAA) 


Nitrogen dioxide Not to exceed 0.053 ppm annually. Major stationary and mobile sources. 40 CFR Part 50 (CAA) 


Particulate Not to exceed 50 Fg/m3 annually. Major Stationary Sources 40 CFR Part 50 (CAA) 


matter (PM10) Not to exceed 150 Fg/m3 /24-hour period. 


Ozone Not to exceed 0.12 ppm/hr. Major stationary and mobile sources. 40 CFR Part 50 (CAA) 


Sulfur oxides Not to exceed 0.03 ppm annually. Major stationary sources. 40 CFR Part 50 (CAA) 


Not to exceed 0.14 ppm/24-hour period. Not to exceed 
0.5 ppm/3-hour period. 


1/ The NESHAPs for arsenic, benzene, and radionuclides are being reexamined and may be revised as a result of a July 1987 court ruling on a vinyl chloride 
NESHAPs. The court required EPA to first consider only human health in determining a safe level of risk, and only then consider costs and technical 
feasibility in establishing an ample margin of safety. 


2/ NAAQS are translated into source-specific requirements in State Implementation Plans (SIPs). 
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EXHIBIT 1-1 (Continued) 


SELECTED CHEMICAL-SPECIFIC POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS 


Chemical Name Requirements Prerequisites for Applicability Citation 


CHAPTER 4 – MANAGEMENT OF RADIOACTIVE WASTE 


Protection of Maximum contaminant levels for radioactivity in 
Drinking Water community water systems are set as follows: 


Safe Drinking Water Act 
(SDWA) 


Supplies from 40 CFR section 141.15 
Radioactive • 5 pCi/l of combined radium-226 and radium-228; or 
Pollutants 


• 15 pCi/l of gross alpha particle activity 
(including radium-226 but excluding radon and 
uranium). 


The average annual concentration of beta particle and 40 CFR section 141.16 
photon (i.e., gamma) radioactivity from man-made (SDWA) 
radionuclides in drinking water shall not produce an 
annual dose equivalent to the total body or any 
internal organ greater than 4 mrem. 


Discharge of Best Available Technology: 


Radioactive 


Pollutants to The concentration of pollutants discharged in Clean Water Act (CWA) 


40 CFR Section 440.33Surface Waters 	 drainage from mines that produce uranium ore 


shall not exceed: 


• 10 pCi/l of dissolved radium-226 in any one day 


or 3 pCi/l of dissolved radium-226 


Averaged over 30 consecutive days; 


• 30 pCi/l of total radium-226 in any one day or 
10 pCi/l of total radium-226 averaged over 30 
consecutive days; and 


•	 4 mg/l of uranium in any one day or 2 mg/l of 


uranium averaged over 30 consecutive days. 


Applicable to community water systems, which are 
defined as public water systems that serve at least 
15 service connections used by year-round residents 
or regularly serve at least 25 year-round 
residents. 


Applicable to community water systems, which are 
defined as public water systems that serve at least 
15 service connections used by year-round residents 
or regularly serve at least 25 year-round 
residents. 


Applicable to discharges of radium-226 and 


uranium from open-pit or underground mines 


from which uranium, radium, and vanadium ores 


are produced, including mines that use in-situ 


leach methods. 
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EXHIBIT 1-1 (Continued) 


SELECTED CHEMICAL-SPECIFIC POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS 


Chemical Name Requirements Prerequisites for Applicability Citation 


CHAPTER 4 – MANAGEMENT OF RADIOACTIVE WASTE 


Protection of 
Individuals in 
Restricted Areas 
(i.e., Workers) from 
Radiation Exposure 


Protection or 
Individuals in 
Unrestricted Areas 
from Radiation 
Exposure 


Discharge of 
Radionuclides to 
Unrestricted Areas 
(Air and Water) 


A variety of different radiation exposure limits are 
set for individuals in restricted areas, including a 
dose limit of 1.25 rem/ quarter (which is equivalent 
to 5 rem/year) to the whole body and radioactivity 
concentration limits for air and water in restricted 
areas (designed to limit worker exposure to 1.25 
rem/quarter). 


Radiation exposures to members of the public is 
limited to: 


• A whole body dose of 0.5 rem/year; 


• 0.002 rem/hour; 


• 0.1 rem in any 7 consecutive days; and 


•	 The dose limits in 40 CFR Part 190 for 
operations within the uranium fuel 
cycle (see Section 4.1.1.3 of Chapter 4 
of Part II). 


Airborne and liquid discharges to unrestricted areas 
shall not meet radionuclide-specific concentration 
limits in 10 CFR Part 20, Appendix B, Table II. 
These concentrations are designed to limit radiation 
exposure to members of the public to 0.5 rem/year to 
the whole body, blood-forming organs, and gonads; 3 
rems/year to the bone and the thyroid; and 1.5 
rems/year to other organs. 14/ 


Applicable to all categories of NRC licenses; also 
applicable to Agreement State licenses. 


Applicable to exposures to source, byproduct, and 
special nuclear material, as well as to NARM 
released from facilities licensed to possess 
source, byproduct, and special nuclear material. 


Applicable to all categories of NRC licenses; also 
applicable to Agreement State licenses. 


Applicable to exposures to source, byproduct, and 
special nuclear material, as well as to NARM 
released from facilities licensed to possess 
source, byproduct, and special nuclear material. 


Applicable to all categories of NRC licenses; also 
applicable to Agreement State licenses. 


Applicable to releases of source, byproduct, and 
special nuclear material, as well as to NARM 
released from facilities licensed to possess 
source, byproduct, and special nuclear material. 


Atomic Energy Act (AEA) 
10 CFR sections 20.101 
through 20.104 


10 CFR section 20.105 
(AEA) 


10 CFR section 20.106 
(AEA) 
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EXHIBIT 1-1 (Continued) 


SELECTED CHEMICAL-SPECIFIC POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS 


Chemical Name Requirements Prerequisites for Applicability Citation 


CHAPTER 4 – MANAGEMENT OF RADIOACTIVE WASTE 


Radioactive Waste 
Treatment and 
Disposal 


Control of Uranium 
or Thorium Mill 
Tailings 


A variety of waste disposal requirements are set, 
including those specifying how licenses may dispose 
of licensed material (see Section 4.2.1.1 of Chapter 
4 of Part II), as well as concentration limits for 
disposal of radioactive waste into sanitary sewerage 
systems, requirements for treatment and disposal by 
incineration, and specific requirements for the 
disposal of radioactively contaminated animal tissue 
and liquid scintillation media. 


Control measures shall be designed to ensure that 
releases of radon-222 from residual radioactive 
material to the atmosphere will not exceed an 
average (applied over the entire surface of the 
disposal site and over at least a one-year period) 
release rate of 20 pCi/m2/sec or increase the 
average annual concentration of radon-222 in the 
atmosphere at or above any location outside the 
disposal site by more than 0.5 pCi/l. 


Applicable to all categories of NRC licenses; also 
applicable to Agreement State licenses. Applicable 
to releases of source, byproduct, and special 
nuclear material. 


Certain requirements also apply to other 
radioactive materials, i.e., NARM released from 
facilities licensed to possess source, byproduct, 
and special nuclear material. 


Applicable to certain inactive uranium processing 
sites designated for remedial action under Title I 
of UMTRCA (see Chapter 4 for more detail). 


10 CFR sections 20.301 
through 20.311 (AEA) 


10 CFR sections 20.302(a) 
and 20.302(b) (AEA) 


Uranium Mill Tailings 
Radiation Control Act 
(UMTRCA) 40 CFR section 
192.02(b) 


14/ These dose limits are considered high relative to recent EPA standards (see discussion in Section 4.2.1.1 of this chapter). 
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EXHIBIT 1-2



SELECTED LOCATION-SPECIFIC POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS



Location Requirements Prerequisites for Applicability Citation 


CHAPTER 1 – CLEAN AIR ACT 


NAAQS Attainment 
Areas 


NAAQS Non-Attainment 
Areas 


New major stationary sources shall apply best 
available control technology for each pollutant, 
subject to regulation under the Act, that the 
source would have potential to emit in significant 
amounts. 


Owner or operator of proposed source or 
modification shall demonstrate that allowable 
emissions increases or reductions (including 
secondary emissions) will not cause or contribute 
to a violation of the NAAQS or applicable maximum 
allowable increase over baseline concentrations. 


Source must obtain emissions offsets in Air Quality 
Control Region of greater than one-to-one. 


Source subject to “lowest achievable emission rate 
(LAER)” as defined in 40 CFR section 
51.18(j)(xiii). 


All major stationary sources owned or operated by 
the person in the State are in compliance, or on a 
schedule for compliance, with all applicable 
emission standards. 


Major stationary sources as identified in 40 CFR 
section 52.21(b)(1)(i)(a) that emits, or has the 
potential to emit, 100 tons per year or more of any 
regulated pollutant; any other stationary source 
that emits, or has the potential to emit, 250 tons 
per year or more of any regulated pollutant 


Any stationary facility or source of air pollutants 
that directly emits, or has the potential to emit, 
100 tons per year or more of any air pollutant 
(including any major emitting facility or source of 
fugitive emissions of any such pollutants). [CAA 
§302(j)]. 


Properties listed in the National Register of 
Historic Places, or eligible for such listing. 


Species or habitat listed as endangered or 
threatened. 


40 CFR section 52.21(j) 
(CAA) 


CAA Part D, §173(1) 


CAA Part D, §173(2) 


CAA Part D, §173(3) 


National Historic 
Preservation Act (NHPA) 
16 CFR Part 470, et. seq. 


Endangered Species Act

(ESA)

50 CFR section 402.04



50 CFR section 402.01



50 CFR section 402.01



CHAPTER 3 - OTHER RESOURCE PROTECTION STATUES 


Historic district, 
site, building, 
structure, or object. 


Critical habitat 
of/or an endangered 
or threatened species 


Avoid impacts on cultural resources. Where impacts 
are unavoidable, mitigate through design and data 
recovery. 


Identify activities that may affect listed species. 


Actions must not threaten the continued existence 
of a listed species. 


Actions must not destroy critical habitat. 
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EXHIBIT 1-2 (Continued) 


SELECTED LOCATION-SPECIFIC POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS 


Location Requirements Prerequisites for Applicability Citation 


CHAPTER 3 – OTHER RESOURCE PROTECTION STATUES 


Wild and Scenic Determine if project will affect the free-flowing 
Rivers characteristics, scenic, or natural values of a 


designated river; 


Not authorize any water project or any other 
project that would directly or indirectly impact 
any designated river without notifying DOE or 
Forest Service. 


Coastal zone or an Federal activities must be consistent with, to the 
area that will affect maximum extent practicable, State coastal zone 
the coastal zone management programs. 


Federal agencies must supply the State with a 
consistency determination. 


Wilderness Area	 The following are not allowed in a Wilderness 
area: 


• commercial enterprises 
•	 permanent roads, except as necessary 


to administer the area 
• motor vehicles 
• motorized equipment 
• motorboat 
• aircraft 
• mechanized transport 
• structure or buildings 


CHAPTER 5 - MINING, MILLING SMELTING SITES 


Surface Mining Sites	 Remove and segregate topsoil from site before 
remedial action. After cleanup redistribute 
original soil on site. 


Minimize disturbance of the hydrologic balance 
within the permitted and adjacent areas. 


Implement sediment control measures to minimize 
erosion and prevent additional contributions of 
sediment to streamflow or runoff. Measures 
instituted must attain State and Federal effluent 
limits. 


Backfill and grade disturbed areas to approximate 
original contour, minimize erosion, and achieve a 
stable slope. 


Revegetate disturbed area with species native to 
the area. 
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Any river, and the bordering or adjacent land, 
designated as “wild and scenic or recreational.” 


Wetland, flood plain, estuary, beach, dune, barrier 
island, coral reef, and fish and wildlife and their 
habitat, within the coastal zone. 


Any unit of the National Wildlife Refuge System. 


Applies to all surface coal mining operations except 
for non-commercial use, extraction of 250 tons or 
less, extraction as an incidental part of 
government-financed construction or of mining of 
other minerals, or extraction of coal that affects 
less than 2 acres (30 CFR section 700.11). 
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Wild and Scenic Rivers

Act (WSRA)

36 CFR section 297.4



Coastal Zone Management

Act (CZMA)

15 section 930.30



15 CFR section 930.34

(CZMA)



Wilderness Act (WA) 50

CFR section 35.5



Surface Mining Control

and Reclamation Act

(SMCRA)

30 CFR section 816.22



30 CFR section 816.41

(SMCRA)



30 CFR section 816.41

(SMCRA)



30 CFR section 816.102

(SMCRA)



30 CFR section 816.11

(SMCRA)








EXHIBIT 1-3



SELECTED ACTION-SPECIFIC POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS



Action Requirements Prerequisites for Applicability Citation 


CHAPTER 1 – CLEAN AIR ACT 


New Source Performance 
Standards 


Incineration (general)	 Particulate emissions shall be less than 0.08 
grains per dry standard cubic foot corrected to 
12% carbon dioxide. 


Statutory Gas Turbines Standard for NOx emissions. 


SO2 emissions shall be less than 0.015% by 
volume at 15% oxygen on a dry basis. 


Storage of Petroleum Floating roof, vapor recovery system, or their 
Liquids equivalents. 


Floating roof or vapor recovery system. 


CHAPTER 2 - TOXICS/PESTICIDES 


PCB Storage Prior to All Storage Areas 1/ 
Disposal 


Storage facilities must be constructed: 


• With an adequate roof and walls. 
•	 With a floor and curb of impervious 


materials. 
•	 Without drain valves, floor-drains, 


expansion joints, sewer lines or 
other openings. 


•	 Above the 100-year flood water 
level. 


Incinerator burning solid waste, more than 50% of 
which is municipal-type waste, for the purpose of 
reducing waste volume by removing combustible 
matter. 


Stationary gas turbines with load heat input equal 
to or greater than 10.7 gigajoules per hour, based 
on the lower heating value of the fuel fired. 


Storage vessel constructed after 6/11/73 and prior 
to 5/19/78 having storage capacity greater than 
40,000 gallons, storing petroleum liquids with 
vapor pressure equal to or greater than 1.5 psia. 


Storage vessels constructed after 5/18/78 having 
storage capacity greater than 40,000 gallons, 
storing petroleum liquids with vapor pressure 
equal to or greater than 1.5 psia. 


Storage of PCBs at concentrations of 50 ppm or 
greater and PCB items with PCB concentration of 50 
ppm or greater. 


40 CFR section 60.52 
(CAA) 


40 CFR section 60.332 
(CAA) 


40 CFR section 60.333 
(CAA) 


40 CFR section 60.112 
(CAA) 


40 CFR section 60.112(a) 
(CAA) 


Toxic Substances Control 
Act (TSCA) 
40 CFR section 761.65 


1/ Bulk storage requires the preparation and implementation of an SPCC Plan (see 40 CFR section 761.65(c)(7)(ii) for specifications of container sizes that 
are considered “bulk” storage containers). Substantive requirements may be ARARs if bulk storage is performed on-site. 
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EXHIBIT 1-3 (Continued) 


SELECTED ACTION-SPECIFIC POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS 


Action Requirements Prerequisites for Applicability Citation 


CHAPTER 2 – TOXICS AND PESTICIDES 


PCB Storage Prior to 
Disposal (continued) 


PCB Storage Prior to 
Disposal 


Temporary Storage (30 days or less) 


Temporary storage (up to 30 days from the date of 
initial storage) need not comply with the above 
storage regulations for the following items: 


•	 PCB articles and equipment that are 
non-leaking. 


•	 Leaking articles and equipment placed 
in non-leaking containers. 


•	 PCB containers containing non-liquid 
PCBs, such as contaminated soil, rags, 
debris. 


• Liquid PCB containers containing PCBs 
between 50-500 ppm if covered by a 
spill prevention, control, and 
countermeasure plan. 


All Storage Areas 


Storage area must be properly marked. 


No item of movable equipment used to handle PCBs 
that comes into contact with PCBs shall be moved 
from the storage area unless it has been 
decontaminated under section 761.79. 


All stored articles must be checked for leaks every 
30 days. 


Containers must be dated when they are placed in 
storage. 


All PCB articles or containers must be removed and 
disposed of within 1 year of storage. 


40 CFR section 761.65 
(TSCA) 


40 CFR section 761.65 
(TSCA) 


40 CFR section 761.65 
(TSCA) 


40 CFR section 761.65 
(TSCA) 


40 CFR section 761.65 
(TSCA) 


40 CFR section 761.65 
(TSCA) 


40 CFR section 761.65 and 
761.180 (TSCA). 
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EXHIBIT 1-3 (Continued) 


SELECTED ACTION-SPECIFIC POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS 


Action Requirements Prerequisites for Applicability Citation 


CHAPTER 2 – TOXICS AND PESTICIDES 


Incineration of Combustion requirements: 
Liquid PCBs 


• Either: 


2-second dwell time at 1200E C(± 100E C) 
and 3 percent excess oxygen in stack gas; 


or 


1.5 second dwell time at 1600E C 
and 2 percent excess oxygen in 
stack gas; 


•	 Combustion efficiency of at least 
99.9999 percent. 


•	 Rate and quantity of PCBs fed to the 
combustion system shall be measured 
and recorded at regular intervals no 
longer than 15 minutes. 


•	 Temperature of incineration shall be 
continuously measured and recorded. 


•	 Flow of PCBs to incinerator must stop 
automatically whenever the combustion 
temperature drops below specified 
temperature. 


Incineration of liquid PCBs at concentrations of 40 CFR section 761.70 
50 ppm or greater unless specified in 40 CFR (TSCA) 
section 761.70. 2/ 


2/ An approved incinerator (under section 761.70) can be used to destroy any concentration of PCBs; a high-efficiency boiler approved under section 
761.61(a)(2)(iii) can be used for mineral oil dielectric fluid from PCB-contaminated electrical equipment containing PCBs in concentrations greater than or 
equal to 50 ppm but less than 500 ppm; and a RCRA-approved incinerator (under section §3005(a)) can be used for PCBs that are not subject to the incineration 
requirements of TSCA (i.e., at concentrations less than 50 ppm). Except as provided in section 761.75(b)(ii), liquid PCBs shall not be processed into non-
liquid forms to circumvent the high-temperature incineration requirements of section 761.60(a). 
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EXHIBIT 1-3 (Continued) 


SELECTED ACTION-SPECIFIC POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS 


Action Requirements Prerequisites for Applicability Citation 


CHAPTER 2 - TOXICS AND PESTICIDES 


Incineration of 
Liquid PCBs 
(continued) 


Incineration of 
Non-Liquid PCBs, 
PCB Articles, PCB 
Equipment, and PCB 
Containers 


Monitoring must occur: 


•	 When the incinerator is first used or 
modified; monitoring must measure for O2, 
CO, CO2, Oxides of Nitrogen, HCl, Rcl, PCBs, 
Total Particulate Matter. 


•	 Whenever the incinerator is incinerating 
PCBs, the O2 and CO levels must be 
continuously chocked. CO2 must be 
periodically checked. 


Water scrubbers must be used for HCl control. 


Treatment standards under RCRA land disposal 
restrictions (LDRs): 


• incineration; or 
• burning in high efficiency boilers. 3/ 


Same as for liquid PCBs. 


Mass air emissions from the incinerator shall be no 
greater than 0.001g PCB per kg of the PCBs entering 
the incinerator. 


Monitoring is required. 


Same as for liquid PCBs. 


Incineration of liquid PCBs under the California 
List Waste land disposal restrictions, assuming 
that HOC wastes are mixed with a RCRA-Listed or 
-characteristic waste and total HOC concentration 
is equal to or greater than 1,000 mg/kg or PCB 
concentration alone is 50 ppm. 


Incineration of non-liquid PCBs, PCB articles, PCB 
equipment, and PCB containers at concentrations of 
50 ppm or greater unless specified in 40 CFR 
section 761.60 4/ 


Incineration of non-liquid PCBs regulated as HOCs 
under the California List Wastes land disposal 
restrictions, provided that HOC wastes are mixed 
with a RCRA-Listed or RCRA characteristic waste 
and total HOC concentrations equal to or greater 
than 1,000 mg/kg. 


40 CFR section 761.70 
(TSCA) 


40 CFR section 761.70 
(TSCA) 


Resource Conservation and 
Recovery Act (RCRA) 
40 CFR section 268.42 


40 CFR section 761.70 
(TSCA) 


40 CFR sections 761.70 and 
761.180 (TSCA) 


40 CFR section 268.42 
(TSCA) 


3/ The incineration requirements of40 CFR Part 264, Subpart 0, and Part 265, Subpart 0, are listed in Exhibit 1-3 of Part I of this Guidance, pp. 1-44 and 
1-45. 


4/ Incineration of non-liquid PCBs can only be carried out in TSCA-approved incinerators (under section 761.60), which may be used to destroy any 
concentration of PCBs. 
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EXHIBIT 1-3 (Continued) 


SELECTED ACTION-SPECIFIC POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS 


Action Requirements Prerequisites for Applicability Citation 


CHAPTER 2 - TOXICS AND PESTICIDES 


Chemical Landfilling Landfill must be located in thick, relatively 
of PCB impermeable soil formation or on soil with high 


clay and silt content with: 
•	 Soil thickness of 4 foot, or compacted soil 


liner thickness of 3 feet. 


• Permaability (cm/sec), less than 1x10-7 


•	 Percent soil passing No. 200 sieve, greater 
than 30. 


• Liquid limit, greater than 30. 


• Plasticity Index greater than 15. 


Synthetic membranes must be used when landfill 
conditions cannot fulfill permeability requirement. 


Avoid placing landfill in floodplain, shoreline, or 
ground-water recharge areas and below the 
historical high ground-water table. 


Provide surface-water diversion dikes around the 
landfill if the site is below the 100-year 
flood-water elevation. 


Provide diversion structures capable of diverting 
all surface water from a 24-hour, 25-year storm. 


Locate landfill in an area of low to moderate 
relief. 


Monitor ground water and surface water in disposal 
area prior to building a landfill. 


Sample surface-water courses designated by the 
Regional Administrator, at least monthly. 


Analyze all samples for the following parameters: 


• PCBs 
• pH 
• Specific conductance 
• Chlorinated organics 


Disposal of PCEs and PCB Items in a chemical waste 
landfill 


• Mineral oil dielectric fluid from PCB-
contaminated electrical equipment or other 
liquids containing PCBs at a concentration 
of 50 ppm or greater but less then 500 
ppm. 


•	 Non-liquid PCBs at concentrations of 50 ppm 
or greater. 


• PCB Transformers, other PCB articles, PCB 
small capacitors, and PCB containers at 
concentrations of 500 ppm or greater. 


40 CFR section 761.75 
(TSCA) 


40 CFR section 761.75 
(TSCA) 


40 CFR section 761.75 
(TSCA) 


40 CFR section 761.75 
(TSCA) 


40 CFR section 761.75 (6) 
(TSCA) 


40 CFR section 761.75 (c) 
(TSCA) 


Word-searchable version – Not a true copy 1-14 







EXHIBIT 1-3 (Continued) 


SELECTED ACTION-SPECIFIC POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS 


Action Requirements Prerequisites for Applicability Citation 


CHAPTER 2 - TOXICS AND PESTICIDES 


Chemical Landfilling Install a leachate monitoring system. 
of PCBs (continued) 


Place containers in landfill without damaging 
other containers. 


Segregate PCB wastes from wastes not chemically 
compatible with PCBs. 


Marking of PCBs The following must be marked as designated in 40 


Disposal of 
Pesticides 


CPR section 761.45: 


•	 PCB containers containing greater than 
50 ppm PCBs, PCB transformers, PCB 
Large High-Voltage Capacitors, 
equipment containing a PCB transformer 
or a PCB Large High-Voltage Capacitor, 
PCB Large Low-Voltage Capacitor at 
time of removal, electric motors using 
PCB coolants, hydraulic systems using 
PCB hydraulic fluid, heat transfer 
systems using PCBs, PCB article 
containers containing any of the 
above, storage areas used to store 
PCBs and PCB item for disposal. 


ALL marks must be an exterior of PCB container and 
must be clearly visible. 


Unacceptable disposal methods: 


• Those inconsistent with label 


• Open dumping 


• Open burning 


• Disposal into any body of water 


•	 Those inconsistent with applicable 
law. 


Incinerate pesticide at a specified 
temperature/dwell time that will ensure that all 
emissions meet requirements of CAA relating to 
gaseous emissions. 


40 CFR section 761.75 (7) 
(TSCA) 


40 CFR section 761.75 (8) 
(TSCA) 


40 CFR section 761.75 (8) 
(TSCA) 


PCB article described in 40 CFR section 761.45	 40 CFR section 761.40 
(TSCA) 


40 CFR section 761.40 
(TSCA) 


Federal Insecticide 
Fungicide and Rodenticide 
Act (FIFRA) 40 CFR 
section 165.7 


Incineration (recommended) of organic pesticides, 40 CPR section 165.8 (a) 
except organic mercury, lead, cadmium, and arsenic. (FIFRA) 
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EXHIBIT 1-3 (Continued) 


SELECTED ACTION-SPECIFIC POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS 


Action Requirements Prerequisites for Applicability Citation 


CHAPTER 2 - TOXICS AND PESTICIDES 


Disposal of Dispose of liquids, sludges, or solid residues 
Pesticides generated by incineration in accordance with 
(continued) applicable Federal, State, and local pollution 


control requirements. 


If incineration facilities are not available, 
dispose of pesticides by: 


• Burial in a designated landfill 


• Chemical degradation and burial 


• Storage 


•	 Well injection, if all other 
alternatives are more harmful to the 
environment. 


Chemically or physically treat pesticides to 
recover heavy metals then incinerate the pesticides 
in compliance with CAA. 


If appropriate treatment and incineration are not 
available, the pesticides may be: 


• Chemically degraded and buried 


• Stored 


•	 Injected into the ground only if there 
is no alternative offering more 
protection to the environment. 


Chemically deactivate pesticide and recover the 
heavy metals. If chemical deactivation facilities 
are not available, encapsulate the pesticide and 
bury it. 


Store pesticide if neither deactivation nor burial 
are available. 
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Incineration (recommended) of metallo-organic 
pesticides (except mercury, lead, cadmium, or 
arsenic compounds). 


Treatment recommended for organic mercury,lead, 
cadmium, arsenic, and all inorganic pesticides. 
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40 CPR section 165.8(a) 
(FIFRA) 


40 CFR section 165.8(b) 
(FIFRA) 


40 CFR section 165.8(c) 







EXHIBIT 1-3 (Continued) 


SELECTED ACTION-SPECIFIC POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS 


Action Requirements Prerequisites for Applicability Citation 


CHAPTER 2 - TOXICS AND PESTICIDES 


Disposal of Pesticide Incinerate or bury in a designated landfill. 40 CFR section 165.9 (a) 
Containers and (FIFRA) 
Residue 


Non-combustible containers must be: 40 CFR section 165.9 (b) 
• Triple-rinsed. (FIFRA) 


• Returned to the pesticide manufacturer 
for reuse if in good condition. 


• Returned to a facility for recycling as 
scrap metal if in poor condition. 


Triple puncture containers to facilitate drainage, 40 CFR section 165.9 (c) 
and dispose of in a sanitary landfill. (FIFRA) 


Labeling of Label pesticides legibly, and prominently, to show: 40 CFR section 162.10 
Pesticides (FIFRA) 


• .Ingredients; 


• Warnings and precautionary statements; 


• Toxicity; 


• Directions for use, including storage 
and disposal methods. 


Handling of Individuals handling certain pesticides must be 40 CFR section 171.4 
Pesticides State- or Federally-approved applicators (FIFRA) 


Combustible containers that formerly held organic 
or metallo-organic pesticides, except organic 
mercury, lead, arsenic, and cadmium. 


Non-combustible containers that formerly held 
organic or metallo-organio pesticides (with 
exceptions noted above) 


Combustible and non-combustible containers that 
formerly held organic, mercury, lead, cadmium, or 
arsenic, or inorganic pesticides. 


Labeling requirements may apply when pesticides are 
considered products, and not RCRA hazardous wastes 
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EXHIBIT 1-3 (Continued) 


SELECTED ACTION-SPECIFIC POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS 


Action Requirements Prerequisites for Applicability Citation 


CHAPTER 4 - MANAGEMENT OF RADIOACTIVE WASTES 


Discharge of Airborne emissions shall not cause members of the

Radioactive public to receive doses greater than:

Pollutants to Air



• 25 mrem/yr to the whole body; or 


• 75 mrem/yr to the critical organ. 1/ 


Best Available Technology: 


Discharge of The concentration of pollutants discharged in

Radioactive drainage from mines that produce uranium ore shall

Pollutants to Surface not exceed:

Waters



•	 10 pCi/l of dissolved radium-226 in any 
one day or 3 pCi/l of dissolved 
radium-226 average over 30 consecutive 
days 3/ 


•	 30 pCi/l of total radium-226 in any one 
day or 10 pCi/l of total radium-226 
averaged over 30 consecutive days; and 


•	 4 mg/l of uranium in any one day or 2 
mg/L of uranium averaged over 30 
consecutive days. 


Best Practicable Control Technology: 


The concentration of pollutants discharged in 
drainage from mines from which uranium, radium, and 
vanadium ores are produced shall not exceed the 
same concentration criteria noted above for the 
Best Available Technology. 


Applicable to airborne emissions from DOE, 
NRC-licensed, and non-DOE Federal facilities during 
their operational period. Not applicable to: doses 
caused-by radon-220, radon-222, and their 
respective decay products; facilities regulated 
under 40 CFR Parts 190, 191, or 192; and low-energy 
accelerators and users of sealed radiation sources. 


Applicable to discharges of radium-226 and uranium 
from open-pit or underground mines from which 
uranium, radium, and vanadium ores are produced, 
including mines that use in-situ leach methods. 4/ 


Applicable to discharges of radium-226 and uranium 
from open-pit or underground mines from which 
uranium, radium, and vanadium ores are produced, 
excluding mines that use in-situ leach methods. 4/ 


Clean Air Act (CAA)40 CPR 
Part 61, Subparts H and I
2/ 


Clean Water Act (CWA) 
40 CPR section 440.33 


40 CFR section 440.32(a) 
(CWA) 


1/ A millirem (mrem) = 0.001 rem, where a rem is a measure of dose equivalence for the biological affect of radiation of different types and energies on 
people. 
2/ Lead agencies are cautioned that the radionuclide NESHAPs are being reexamined subject to a voluntary remand and that they may be revised in the future. 
3/ A curie or Ci, is the amount of radioactive material that produces 37 billion nuclear disintegrations per second. A picocurie, or pCi, is equal to 1 x 
10-12 curie. 
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EXHIBIT 1-3 (Continued) 


SELECTED ACTION-SPECIFIC POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS 


Action Requirements Prerequisites for Applicability Citation 


CHAPTER 4 - MANAGEMENT OF RADIOACTIVE WASTES 


Discharge of Best Practicable Control Technology:

Radioactive

Pollutants to Surface The concentration of pollutants discharged from

Waters (continued) 


Discharge of 
Radionuclides to 
Unrestricted Areas 
(Air and Water) 


mills shall not exceed the concentration criteria 
for radium-226 noted above for the Best Available 
Technology. 


New Source Performance Standards: 


The concentration of pollutants discharged in mine 
drainage from mines that produce uranium ore shall 
not exceed the same concentration criteria noted 
above for the Beat Available Technology. 


There shall be no discharge of process wastewater 
to navigable waters. 


Airborne and liquid discharges to unrestricted 
areas shall meet radionuclide-specific 
concentration limits in 10 CFR Part 20, Appendix B, 
Table II. These concentrations are designed to 
limit radiation exposure to members of the public 
to 0.5 rem/year to the whole body, blood-forming 
organs, and gonads; 3 rems/year to the bone and 
thyroid; and 1.5 rems/year to other organs. 5/ 


Applicable to mills using the acid leach, alkaline 
leach, or combined acid and alkaline leach process 
for the extraction of uranium, radium, and 
vanadium, including mill-mine facilities and mines 
using in-situ leach methods.4/ 


Applicable to discharges of radium-226 and uranium 
from open-pit or underground mines from which 
uranium, radium, and vanadium ores are produced, 
excluding mines using in-situ leach methods.4/ 


Applicable to discharges of radium-226 and uranium 
from mills using the acid leach, alkaline leach, or 
combined acid and alkaline leach processes for the 
extraction of uranium and from mines and mills 
using in-situ leach methods.4/ 


Applicable to all categories of Nuclear Regulatory 
Commission (NRC) licensees; also applicable to 
Agreement State licensees. 


Applicable to releases of source, byproduct, and 
special nuclear material, as well as to naturally 
occurring and accelerator-produced radioactive 
material (NARM) released from facilities licensed 
to possess source, byproduct, and special nuclear 
material.6/ 


40 CFR section 440.32 (b) 
(CWA) 


40 CFR section 440.34 (a) 
(CWA) 


40 CFR section 440.34 (b) 
(CWA) 


Atomic Energy Act 7/ 


(AEA) 


10 CFR section 20.106 


4/ Applicable only to vanadium byproduct production from uranium ores. 
5/ These dose limits are considered high relative to recent EPA standards (see discussion in Section 4.2.1.1 of Chapter 4 of Part II). 
6/ Section 104 (a)(3)(A) of CERCLA as amended by SARA prohibits response to releases "of a naturally occurring substance in its unaltered form or altered 
solely through naturally occurring processes or phenomena, from a location where it is naturally found." NARM possessed and used by a nuclear material 
licensees, in almost all cases, would not qualify as a naturally occurring substance as it is defined in this section. 
7/ These standards are potentially applicable only for CERCLA actions at sites licensed by the NRC, but may be relevant and appropriate to radioactively 
contaminated sites not licensed by the NRC. 
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EXHIBIT 1-3 (Continued) 


SELECTED ACTION-SPECIFIC POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS 


Action Requirements Prerequisites for Applicability Citation 


CHAPTER 4 - MANAGEMENT OF RADIOACTIVE WASTES 


Protection of Ground 
Water from 
Radioactive 
Contamination 


Corrective Action of 
Radioactively 
Contaminated Ground 
Water 


Cleanup of 
Radioactively 
Contaminated Land 


Uranium mill tailings shall be managed so as to 
conform to the ground-water protection standard in 
40 CFR section 264.92, except that for the purpose 
of this standard: 


•	 Molybdenum, uranium, and thorium are 
added to the list of hazardous 
constituents referenced in 40 CFR 
section 264.93; 


•	 Radioactivity concentration limits for 
radium and gross alpha particle 
activity are added to Table 1 of 40 CFR 
section 264.94; and 8/ 


• Detection monitoring programs required 
under section 264.98 to establish the 
standards required under section 264.92 
shall be completed within one year of 
promulgation. 9/ 


If the ground-water standards established under 40 
CFR section 192.329(a)(2) are exceeded at a 
licensed site, a corrective action program as 
specified in 40 CFR section 264.100 shall be put 
into operation an soon as is practicable, and in no 
event later than 18 months after a finding of 
exceedance. 9/ 


If the above-background concentration of radium-226 
in land averaged over any area of 100 m2  is: 


• <5 pCi/g, no further cleanup is needed; 


•	 Between 5 and 15 pCi/g, a decision 
concerning the need for further cleanup 
should be made based on the volume and 
depth of the contamination, as well an 
other site-specific characteristics 
(further guidance from EPA's ORP should 
be sought in these cases); or 


•	  >15 pCi/g, the contamination should be 
removed. 


Applicable to active commercial uranium and thorium 
processing sites licensed by the NRC or States. 


Applicable to active commercial and thorium 
processing sites licensed by the NRC or States. 


Applicable to certain inactive uranium processing 
sites designated for remedial action under Title I 
of UMTRCA (see Chapter 4 of Part II for more 
detail), as well as active commercial uranium and 
thorium processing sites licensed by the NRC or 
States. 


Uranium Mill Tailings 
Radiation Control Act 
(UMTRCA) 


40 CFR section 
192.32 (a)(2) and 192.41 


40 CFR section 192.33 and 
192.41 (UMTRCA) 


40 CPR section 192.12 
(a), 192.32(b)(2), and 
192.41 (UMTRCA) 


8/ Gross alpha particle radioactivity means the total radioactivity due to all alpha particle emitters, excluding (for the purpose of 40 CFR action 141.15) 
radon and uranium. 
9/ Refer to Chapter 2 of Part I of this guide for guidance on CERCLA compliance with RCRA. 
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EXHIBIT 1-3 (Continued) 


SELECTED ACTION-SPECIFIC POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS 


Action Requirements Prerequisites for Applicability Citation 


CHAPTER 4 - MANAGEMENT OF RADIOACTIVE WASTES 


Cleanup of 
Radioactively 
Contaminated 
Buildings 


Control of Uranium or 
Thorium Hill Tailings 


Remedial actions should attempt to achieve an 
annual average radon decay product concentration 
(including background) of less than 0.02 WL in any 
occupied or habitable building. In any case, the 
radon decay product concentration shall not exceed 
0.03 WL. 10/ 


The level of gamma radiation shall not exceed the 
background level by more than 20 
microroentgens/hour in any occupied or habitable 
building.11/ 


Control measures shall be designed to be effective 
for up to 1,000 years, to the extent reasonably 
achievable, and, in any case, for at least 200 
years. 


Control measures shall be designed to ensure that 
releases of radon-222 from residual radioactive 
material to the atmosphere will not exceed an 
average (applied over the entire surface of the 
disposal site and over at least a one-year period) 
release rate of 20 pCi/m2/ sec or increase the 
average annual concentration of radon-222 in the 
atmosphere at or above any location outside the 
disposal site by more than 0.5 pCi/l. 


At the and of the closure period, disposal areas 
shall be designed to be effective for up to 1,000 
years, to the extent reasonably achievable, and, in 
any case, for at least 200 years. 


At the end of the closure period, disposal areas 
shall be designed to ensure that releases of 
radan-222 from residual radioactive material to the 
atmosphere will not exceed an average (applied over 
the entire surface of the disposal site and over at 
east a one-year period) release rate of 20 
pCi/m2/sec. 


Applicable to certain inactive uranium processing 
sites designated for remedial action under Title I 
of UMTRCA (see Chapter 4 of Part II for more 
detail). 


Applicable to certain inactive uranium processing 
sites designated for remedial action under Title I 
of UMTRCA (see Chapter 4 for more detail). 


Applicable to active commercial uranium and thorium 
processing sites licensed by the NRC or States. 


40 CFR section 
192.12(b)(1) (UMTRCA) 


40 CFR section 
192.12(b)(2) (UMTRCA) 


40 CFR section 192.02(a) 
(UMTRCA) 


40 CFR section 192.02(b) 
(UMTRCA). 


40 CFR section 
192.32(b)(1)(i), and 
192.41 (UMTRCA). 


40 CFR section 
192.32(b)(1)(ii) and 
192.41 (UMTRCA). 


10/ A working level, or WL, means any combination of short-lived radon decay products (through polonium-214) in one liter of air that will result in the 
emission of alpha particles with a total energy of 130 billion electron volts. An activity concentration of 10 picocuries per liter of radon-222 in 
equilibrium with its daughters corresponds approximately to one WL. 
11/ A microroentgen = 1 x 10-6 roentgen, where a roentgen is a unit of exposure to gamma or X-rays, equivalent to an absorbed dose in tissue of approximately 
0.9 rad. . A rad is a measure of the energy imparted to matter by ionizing radiation, defined as 100 ergs/g. 
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EXHIBIT 1-3 (Continued) 


SELECTED ACTION-SPECIFIC POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS 


Action Requirements Prerequisites for Applicability Citation 


CHAPTER 4 - MANAGEMENT OF RADIOACTIVE WASTES 


Closure of Uranium 
and Thorium Mill 
Tailings Sites 


Radioactive Waste 
Treatment and 
Disposal 


Closure and Post-
closure Observation 
and Maintenance of a 
Low-level Radioactive 
Waste Disposal Site 


At the and of the closure period, disposal areas 
shall each comply with the closure performance 
standard in 40 CFR section 261.111 with respect to 
non-radiological hazards (see Exhibit 1-3 in Part I 
for more discussion on 261.111).12/ 


A variety of waste disposal requirements are set, 
including those specifying bow licensees may 
dispose of licensed material (see Section 4.2.1.1 
of Chapter 4 of Part II), as well as concentration 
limits for disposal of radioactive waste into 
sanitary sewerage systems, requirements for 
treatment and disposal by incineration, and 
specific requirements for the disposal of 
radioactively contaminated animal tissue and liquid 
scintillation media. 


Closure designs must assure that long-term 
performance objectives of 10 CFR sections 61.41-
61.44 (see below) are met, taking into account 
site-specific geologic, hydrologic, and other 
conditions. 


Following completion of closure, the disposal site 
most be monitored and maintained for 5 years 
(longer or shorter periods may be allowed) and then 
responsibility is transferred to a Federal or State 
government agency, which will implement 
institutional care requirements in 10 CFR section 
61.23(g). 


Applicable to active commercial and thorium 
processing sites licensed by the NRC or States. 


Applicable to all categories of NRC licensees; also 
applicable to Agreement State licensees. Applicable 
to releases of source, byproduct, and special 
nuclear material. 


Certain requirements also apply to other 
radioactive materials, i.e., NARM released from 
facilities licensed to possess source, byproduct, 
and special nuclear material. 


Applicable to NRC-licensed land disposal facilities 
that receive low-level wastes from others (i.e., 
commercial disposal facilities). 


Not applicable to disposal of: 


•	 High-level waste and spent fuel 
(addressed in 10 CFR Part 60 and 40 CFR 
Part 191); 


•	 Transuranic waste (addressed in 40 CFR 
Part 191); 


•  Uranium and thorium mill tailings 
(addressed in 10 CFR Part 40 and 40 CFR 
Part192); and 


•	 Radioactive waste by an individual 
licensee, as provided for in 10 CFR 
Part 20. 


40 CFR section 
192.32(b)and 192.41 
(UMTRCA) 


10 CFR sections 20.301 
through 20.311 (AEA) 


10 CFR sections 20.302(a) 
and 20.302(b) (AEA) 


10 CFR section 61.28 
(AEA, LLWPA and 
LLRWPAA)13/ 


10 CFR sections 61.29 and 
61.30 (AEA, LLWPA, and 
LLRWPAA) 


12/ Refer to Chapter 2 of Part I of this guide for guidance on CERCLA compliance with RCRA. 
13/ Part 61 was promulgated primarily under the authority of the Atomic Energy Act, but two other statutes from which authority was derived are the 
Low-Level Waste Policy Act of 1980 (LLWPA) and the Low-Level Radioactive Waste Policy Amendments Act of 1985 (LLRWPAA). 
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EXHIBIT 1-3 (Continued) 


SELECTED ACTION-SPECIFIC POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS 


Action Requirements Prerequisites for Applicability Citation 


CHAPTER 4 - MANAGEMENT OF RADIOACTIVE WASTES 


Siting, Designing, A variety of performance objectives are

Operation, Closure, established, including standards that set limits on

and Control of a radiation exposures by members of the public,

Low-Level Radioactive protect people from inadvertently intruding onto a

Waste Disposal Site radioactive waste site, and stabilize the site



after closure. The public exposure limits are the 
same dose limits as in 40 CFR Part 190. 


A variety of technical requirements are 
established, i.e., minimum characteristics a 
disposal sits must have to be acceptable. 


Siting, Operation, Numerous technical, financial, ownership, and

Decontamination, long-term surveillance criteria are established.

Decomissioning, and 



Reclamation of

Uranium Mills and

Mill Tailings



Same prerequisites as specified above for 10 CFR 
Part 61. 


Same prerequisites as specified above for 10 CFR 
Part 61, except that existing technical 
requirements are applicable only to the 
near-surface disposal of radioactive waste. A near 
surface disposal facility is defined as one that 
disposes of waste in or within the upper 30 meters 
of the earth's crust. 


Applicable to active uranium or thorium mills and 
inactive mills that are not covered under the 
remedial action program of UMTRCA'S Title I (see 
Chapter 4 of Part II for more discussion on this 
remedial action program). 


10 CFR sections 61.41 
through 61.44 (Subpart C 
of Part 61) (AEA, LLWPA, 
LLRWPAA) 


10 CFR sections 61.50 
through 61.59 (Subpart D 
of Part 61) (AEA, LLWPA, 
and LLRWPAA) 


10 CFR Part 40, Appendix 
A (AEA and UMTRCA) 
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CHAPTER 2 


CLEAN AIR ACT REQUIREMENTS AND RELATED RCRA AND STATE REQUIREMENTS 


2.0 SOURCES OF AIR EMISSIONS AT UNCONTROLLED HAZARDOUS WASTE SITES 


Air pollution problems at uncontrolled hazardous waste sites are usually 
the result of emissions of gas or particulate matter (e.g., dust).1 Such 
emissions may be released through a stack, chimney, vent, or other 
functionally equivalent opening. Emissions that do not pass through such 
openings are considered to be “fugitive” emissions. 


Gaseous emissions from uncontrolled hazardous waste sites may be due to 
the vaporization of liquids, thermal destruction of organics, venting of 
entrained gases, or chemical and biological reactions with solid and liquid 
waste material. Volatile organic compounds (VOCs) may be released slowly but 
continuously from surface impoundments or landfills. Methods for controlling 
the release of gaseous emissions into the atmosphere include placement of 
covers, to control volatile emissions from impoundments, and the use of active 
gas collection systems, to collect and control gases generated in landfills. 


Emissions of particulate matter at uncontrolled hazardous waste sites 
are likely to be caused by incineration or by sources of fugitive dust 
emissions, such as wind erosion of exposed waste materials or cover soil. 
Commonly used measures for controlling fugitive dust emissions from inactive 
waste piles and from active cleanup sites include use of chemical dust 
suppressants, wind screens, water spraying, and other dust control measures 
commonly used during construction. 


The following activities, commonly performed during a CERCLA cleanup 
action, may be sources of air emissions: 


•	 Air stripping (used to volatilize contamination both 
in ground water and in soil);2 


•	 Thermal destruction (e.g., incineration), which may 
produce emissions through volatilization of organic 
contaminants and through volatilization or suspension 
of particulate matter into the stack gases; 


•	 Handling of contaminated soil, including loading, 
unloading, compaction of material in a landfill, and 
transfer operations (e.g., digging and relocating of 


1 Uncontrolled hazardous waste sites include some sites where Superfund 
actions are already underway. 


2 EPA has developed a policy for control of emissions from air stripper 
operations at CERCLA sites, entitled Control of Air Emissions from Superfund 
Air Strippers at Superfund Groundwater Sites, June 15, 1989 (OSWER Directive 
9355.0-28). 
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soil) can lead to volatilization of organic contaminants 
and wind entrainment of particulates; 


•	 Gaseous waste treatment (e.g., flaring used, for example, 
when capping and venting a site, usually abandoned or 
inactive landfills); and 


•	 Biodegradation, especially when aeration of liquids is 
involved. 


Many of the sources of gaseous and particulate matter emissions may be 
subject to Federal or State regulations. In addition, control devices and some 
cleanup activities that increase the amount of emissions, or change the type, 
e.g., flares, air strippers, or excavation, may be considered sources subject 
to air emission requirements contained in the CAA, or RCRA.3 The remainder of 
this chapter discusses the ARARs related to air emissions that may be 
triggered by remedial activities at CERCLA sites. The CAA, RCRA, and State 
requirements are discussed in turn. 


2.1 THE CLEAN AIR ACT 


The objective of the CAA is to protect and enhance the quality of the 
nation’s air resources in order to promote and maintain public health and 
welfare and the productive capacity of the population. The CAA achieves this 
objective by regulating emissions into the air. Controls on stationary and 
mobile sources of emissions are implemented through combined Federal, State, 
and local programs. Pursuant to the CAA, EPA has promulgated National Ambient 
Air Quality Standards, National Emission Standards for Hazardous Air 
Pollutants, and New Source Performance Standards, any of which may apply to 
the source, depending on the pollutant involved. These potential ARARs are 
described in detail below. 


• National Ambient Air Quality Standards for Criteria Pollutants. 


Pursuant to the CAA §109, EPA promulgates national ambient air quality 
standards (NAAQS) (see 40 CFR Part 50 and Exhibit 2-1). The attainment and 
maintenance of these primary and secondary standards are required to protect 
the public health (allowing an adequate margin of safety) and the public 
welfare, respectively. EPA has promulgated NAAQS for the following six 
pollutants (called “criteria pollutants”): particulate matter equal to or less 
than 10 microns particle size (PM10), sulfur dioxide, carbon monoxide, ozone 
(which results from the photochemical oxidation of VOCs), nitrogen 


3 Many remedial technologies, such as air strippers, soil gas evacuation 
systems, methane flares, in situ vitrification systems, and ion exchange resin 
systems have radioactive byproducts. These systems often remove and emit 
naturally occurring radioactive materials, such as radon-220 and radon-222, as 
well as the chemical contaminants, especially in some geological locations 
with high concentrations of radioactive materials. See Chapter 5 of Part II 
for potential ARARs for radioactive materials. 
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EXHIBIT 2-1 


NATIONAL AMBIENT AIR QUALITY STANDARDSa 


(NAAQS) 


Criteria Primary Secondary 
Pollutant Standards Averaging Time Standards 


Carbon Monoxide 9 ppm 8-hourb 


35 ppm 1-hourb 


Lead 1.5 Fg/m3 Quarterly average 


Nitrogen dioxide 0.053 ppm Annual (arithmetic mean) 


Particulate Matter 50 Fg/m3 Annual (arithmetic mean)c 


(PM10) 150 Fg/m3 24-hourd 


Ozone 0.12 ppm 1-houre 


Sulfur oxides 0.03 ppm Annual (arithmetic mean) 
0.14 ppm 24-hourb 


3-hourb 


None 


Same as primary 


Same as primary 


Same as primary 


Same as primary 


0.5 ppm 


a States translate these ambient standards into source-specific emission 
limitations in State Implementation Plans. 


b Not to be exceeded more than once per year. 


c The standard is attained where the expected annual arithmetic mean 
concentration, as determined in accordance with Appendix K (52 FR 24667, July 
1, 1987), is less than or equal to 50 Fg/m3. 


d The standard is attained when the expected number of days per calendar year 
with a 24-hour average concentration above 150 Fg/m3 is equal to or less than 
1. 


e The standard is attained when the expected number of days per calendar year 
with maximum hourly average concentrations above 0.12 ppm is equal to or less 
than 1. 
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dioxide, and lead. Primary standards are set at levels to protect public 
health. Secondary standards are set at levels to protect public welfare, which 
includes wildlife, climate, recreation, transportation, and economic values. 


• National Emission Standards for Hazardous Air Pollutants 


Pursuant to the CAA §112, EPA identifies pollutants for which no ambient 
air quality standard exists but that cause or contribute to air pollution that 
may reasonably be anticipated to result in an increase in mortality or in 
serious irreversible, or incapacitating reversible, illness. EPA first “lists” 
a pollutant as hazardous and then establishes emissions standards for source 
types (i.e., industrial categories) that emit that pollutant, known as 
national emissions standards for hazardous air pollutants (NESHAPs). NESHAPs 
have been promulgated for specific source types emitting the following 
pollutants: arsenic, asbestos, benzene, beryllium, mercury, radionuclides, and 
vinyl chloride (see 40 CFR Part 61 and Exhibit 2-2). Coke oven emissions have 
also been listed as a hazardous air pollutant but a NESHAP for such emissions 
has not yet been finalized. 


•	 New Source Performance Standards for Criteria and Designated 
Pollutants 


Under the CAA §111, EPA promulgates new source performance standards 
(NSPS) for CFRtain classes of new stationary sources (e.g., industrial 
categories) of air pollution (listed at 40 CFR Part 60). Section 111(d) of the 
CAA, however, requires that, for designated pollutants, States must regulate 
existing sources.4 The NSPS limit the emissions of a number of different 
pollutants, including the six criteria pollutants and the following three 
designated pollutants: fluorides, sulfuric acid mist, and total reduced sulfur 
(including H2S). 


2.1.1 National Ambient Air Quality Standards (NAAQS) 


The primary and secondary standards for criteria pollutants (i.e., 
NAAQS) are identified at 40 CFR Part 50 (see Exhibit 2-1). The NAAQS for some 
criteria pollutants can include both short-term and long-term averaging times 
(e.g., 3-hour, 24-hour, and annual standards for sulfur oxides). These 
standards do not apply directly to source-specific emissions limitations; 
rather, they are national limitations on ambient concentrations intended to 
protect health and welfare. 


Under the CAA §107, each State has the primary responsibility for 
assuring that NAAQS are attained and maintained. Section 110 requires each 
State to adopt and submit to EPA for approval a plan for the implementation, 
maintenance, and enforcement of the NAAQS. EPA approves a State Implementation 
Plan (SIP) or portion thereof when it meets the requirements of the CAA 
§110(a)(2). Upon EPA 


4 Pollutants that are regulated under NSPS, and for which EPA has 
promulgated neither NAAQS or NESHAPS, are referred to as designated 
pollutants. 
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EXHIBIT 2-2 


HAZARDOUS AIR POLLUTANTS: 
SOURCES AND STANDARDSa 


(NESHAPs) 


Hazardous

Pollutants Sources Standards



Mercury	 Mercury smelters, choroalkali 
plants 
Sewage sludge incinerators/dryers 


Asbestos	 Asbestos mills 
Roadways 
Manufacturing 
Demolition 


Spraying



Fabrication

Insulation

Mill waste disposal

Waste disposal--manufacturing,



demolition/renovation, spraying, 
fabricating 


Inactive waste disposal sites for 
mills, manufacturing, fabricating 


Active waste disposal sites 


Beryllium Extraction plants, ceramic plants, 
foundries, incinerators, rocket 
propellant plants, machine shops 


Rocket motor test sites, collection 
of combustion products 


Vinyl chloride Ethylene dichloride plants 


Vinyl chloride plants

Vinyl chloride polymer plants



2-5 


2,300 g/day 


3,200 g/day 


No visible emissions

No surfacing with asbestos

No visible emissions

Notification, wet and remove 



friable asbestos 


Limitations on concentrations 
of asbestos, no visible 
emissions 


No visible emissions

No asbestos

No visible emissions

No visible emissions



No visible emissions, 

design/work practice 

standards

No visible emissions, 

design/work practice 

standards



10 g/day or 0.01 Fg/m3 ambient 
concentration (with 3 years 
of monitoring data) 


2 g/hr, maximum 10g/day 


10 ppm, equipment standards, 
work practice standards 


10 ppm 
10 ppm 
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EXHIBIT 2-2 (Continued) 


HAZARDOUS AIR POLLUTANTS: 
SOURCES AND STANDARDSa 


(NESHAPs) 


Hazardous 
Pollutants Sources Standards 


Benzeneb Fugitive leaks from equipment 
containing >10% benzene 


No detectable emissions 
(approx. 500 ppm.) 


Arsenicb Glass manufacturing Existing: 2.5 Mg/year or 85% 
control 
New: 0.4 Mg/year or 85% 


control 


Primary copper 11.6 mg/m3 particulate 
matter 


Arsenic trioxide and metallic Inspection, maintenance, and 
housekeepingarsenic production 


Radionuclidesb	 DOE facilities 


NRC facilities 


Elemental phosphorus 


25 mrem/year (whole body)c 


75 mrem/year (any organ) 
25 mrem/year (whole body) 
75 mrem/year (any organ) 
21 Ci/yeard 


Radon 222	 Uranium mines 
Uranium mill tailings 


Design and operation 
Design and operation 


Coke oven 
emissions 


Coke ovens (proposed 4/23/87)	 Visible emissions and operating 
and maintenance requirements 


a 40 CFR Part 61

b The NESHAPs for arsenic, benzene, and radionuclides are being reexamined and may be

revised as a result of a July 1987 court ruling on vinyl chloride NESHAPs. The court

required EPA to first consider only human health in determining a safe level of risk, and

only then consider costs and technical feasibility in establishing an ample margin of

safety.



C mrem - millirem 


d Ci - curie 
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approval, the SIP becomes Federally enforceable. Thus, State requirements can 
become Federal requirements by means of the SIP approval process. 


As discussed in the section below, only “major sources” are subject to 
requirements related to attainment of NAAQS. In general, emissions from CERCLA 
activities are not expected to qualify as “major.” 


Of course, in addition to NAAQS, the States may also adopt more 
stringent standards or standards with additional averaging times (including 
more stringent definitions of “major sources”). Both State requirements 
approved through the SIP process and more stringent State standards issued 
under State law are potential ARARs for Superfund sites. Moreover, States may 
delegate authority to Regional or local air programs for SIP requirements. Any 
Regional or local air program requirements that are a part of a SIP under the 
CAA are considered potential ARARs.5 


2.1.1.1 Pre-Construction Review 


In general, new and modified stationary sources of air emissions must 
undergo a pre-construction review. Pre-construction reviews are conducted by 
EPA, the State, or the local air pollution control agency (40 CFR sections 
51.160 through 51.164) to determine whether the construction or modification 
of any stationary source will interfere with attainment or maintenance of 
NAAQS or will fail to meet other new source review requirements, including 
NESHAPs and NSPS, which would result in a denial of a permit to construct. The 
scope and extent of the review, including the extent and types of pollution 
control required and possible exemptions for de minimis (i.e., low level) 
emissions, varies according to Federal or State requirements. Examples of 
pollution controls that may be required for CERCLA activities include vapor 
recovery on air strippers, controls on emissions of particulates from 
incinerators, and controls on sources of fugitive particulate emissions. SIPs 
may require some version of best available control technology (BACT) on 
particular types of emission in attainment/unclassified areas, Lowest 
Achievable Emission Rates (LAER), or emission offsets in non-attainment areas, 
(see Prevention of Significant Deterioration and non-attainment sections in 
Appendix A). 


Although CERCLA §121(e) exempts facility owners/operators from having to 
obtain permits for on-site remedial activities, the substantive requirements 
and conditions that would otherwise be included in the permit must be met. It 
is the responsibility of the RPM, through the Superfund process, to identify 
and to comply with these requirements (see Section 2.4 below for suggestions 
regarding how EPA’s Superfund and Air offices can work together to determine 
these requirements). 


The permitting process related to attainment of NAAQS applies only to 
“major” sources of air emissions. Thus, requirements related to attainment of 
NAAQS are ARARs only when the remedial activity at a CERCLA site is a major 


5 Local regulatory agencies’ rules are not always a part of the State’s 
SIP. Under these circumstances, such rules are not potential ARARs but should 
be considered in developing a protective remedy. 
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source of emissions, considering the aggregate of all source emissions at the 
site. Generally, it is not anticipated that emissions from CERCLA activities 
would qualify as “major.” (The definition of “major source” differs for 
attainment and non-attainment areas. See discussion below and Appendix A for 
EPA definitions of major sources under the CAA.) For major sources, different 
requirements will be triggered depending on whether the new modified 
stationary source is located in an attainment or non-attainment area. 
Attainment and non-attainment areas are designated in 40 CFR Part 81. 


2.1.1.2 Attainment Areas 


The Prevention of Significant Deterioration (PSD) requirements for 
attainment areas apply to new major stationary sources and major modifications 
in areas designated as being in attainment of the NAAQS for criteria 
pollutants. The PSD requirements for attainment areas also apply in areas 
where no data exist and the area is defined as unclassified. Regions 
throughout the country are designated as attainment or non-attainment areas 
for each of the criteria pollutants. Part C of the CAA requires SIPs to 
contain “adequate provisions” for the prevention of significant deterioration 
(the PSD program) of air quality in an attainment (or unclassified) area, 
i.e., a “clean” area whose air quality is better than that required by the 
NAAQS. In general, the purpose of the PSD program is to ensure that air 
quality in attainment areas does not significantly deteriorate, while a margin 
for future industrial growth is maintained. PSD areas do not necessarily have 
the same boundaries as air quality control regions. 


“Major” new sources or “major” modifications to existing sources must 
meet PSD requirements and obtain PSD permits before beginning construction. 
Pursuant to §121(e), a CERCLA response action taking place entirely on site is 
exempt from the requirement to obtain a permit. However, the action must 
comply with all substantive requirements of a PSD review. 


Under the PSD program, a CERCLA site would not be considered a major 
source unless it was expected to emit 250 tons or more per year of any 
regulated pollutant (or the site contains CFRtain specific types of 
facilities, such as an incinerator or a chemical processing plant, for which 
the threshold is 160 tons per year). SIP or other State requirements may have 
different ton per year thresholds for applying PSD requirements. PSD 
regulations require that the source install and operate the BACT for Certain 
pollutants. The regulations also ensure that the source will not cause or 
contribute to violations of the NAAQS or PSD increments for sulfur dioxide, 
nitrogen dioxides, and particulates; will not impair visibility or adversely 
impact soils or vegetation; and will not cause adverse impacts on the air 
quality-related values of certain wilderness areas and national parks.6 


6 Increments refers to the maximum allowable increase of the pollutant 
in an attainment area. More detail on the potential applicability of PSD 
requirements is provided in Appendix A. 
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2.1.1.3 Non-Attainment Areas 


An area may be designated non-attainment for any of the NAAQS. Non-
attainment area permits are issued under State or local jurisdiction. A CERCLA 
site would not be considered a major source unless its emissions equalled or 
exceeded 100 tons or more per year of the pollutant for which the area is 
designated non-attainment. (SIP or other State requirements may have different 
thresholds.) Sources emitting a non-attainment pollutant must meet the lowest 
achievable emission rate (LAER). In addition, the SIP must contain a growth 
allowance or the source must provide an emissions offset (i.e., offset the 
quantity of the source’s emissions by reducing emissions of the non-attainment 
pollutant emanating from one of its own operations or from an unrelated 
source). The program also provides that a permit may not be issued unless all 
other sources owned or operated by the permit applicant in the State are in 
compliance with the SIP. A given area can be designated an attainment area for 
one of the criteria pollutants and a non-attainment area for different 
criteria pollutant. 


2.1.2 	 National Emissions Standards for Hazardous Air Pollutants 
(NESHAPs) 


Section 112 of the CAA directs EPA to publish, and periodically to 
revise, a list of hazardous air pollutants for which it intends to establish 
emission standards, and to establish emission standards for those pollutants. 
Hazardous air pollutants are those for which no ambient air quality standard 
exists, but which cause, or contribute to, air pollution that may reasonably 
be anticipated to result in an increase in mortality or an increase in serious 
irreversible, or incapacitating reversible, illness. The statute directs EPA 
to establish standards at the level that provides an ample margin of safety to 
protect the public health from such hazardous air pollutants. The standards 
are referred to as national emissions standards for hazardous air pollutants 
(NESHAPs), listed in 40 CFR Part 61 (see Exhibit 2-2). 


NESHAPs, like NSPS, are promulgated for emissions of particular air 
pollutants from specific sources (e.g., inorganic arsenic emissions from glass 
manufacturing plants). NESHAPs are not generally applicable to Superfund 
remedial activities because CERCLA sites do not usually contain one of the 
specific source categories regulated. Moreover, NESHAPs as a whole are 
generally not relevant and appropriate because the standards of control are 
intended for the specific type of source regulated and not all sources of that 
pollutant. Possible exceptions to this are the asbestos and radionuclide 
NESHAPs, which are discussed in the next two sections. However, part of a 
NESHAP may be relevant and appropriate to a CERCLA site. For example, the 
vinyl chloride NESHAP, which applies to vinyl chloride and polyvinyl chloride 
manufacturing plants, sets an emissions level for strippers. This portion of 
the NESHAP would only be applicable to a CERCLA air stripper if the stripper 
fell into the category of a manufacturing plant. This same standard may be 
relevant and appropriate, however, for any CERCLA air stripper producing vinyl 
chloride emissions. 


2.1.2.1 Asbestos NESHAPs 


The NESHAPs for asbestos may, in some circumstances, be ARARs for the 
cleanup of Certain kinds of asbestos waste. Subpart M of 40 CFR Part 61 
establishes standards for inactive waste disposal sites for asbestos mills and 
manufacturing 
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and fabricating operations (40 CFR section 61.153), for active waste disposal 
sites (40 CFR section 61.156), and for disposal of asbestos-containing waste 
from demolition and renovation operations (40 CFR section 61.152). Although 
not applicable to CERCLA sites, requirements in these sections may be relevant 
and appropriate to Superfund cleanup activities when they are sufficiently 
similar to the site situation and appropriate to the circumstances of the 
release. 


The asbestos NESHAPs also list acceptable procedures for asbestos 
emissions control for demolition of buildings or equipment containing friable 
asbestos material (40 CFR section 61.147). These requirements may be ARARs if 
the Superfund cleanup were to involve, for example, demolition of an abandoned 
building containing asbestos. 


2.1.2.2 Radionuclide NESHAPs 


The radionuclide NESHAPs are presented in five different subparts of 
Part 61, with each subpart addressing a different source category as shown 
below:7 


• Subpart B applies to active underground uranium mines; 


•	 Subpart H applies to certain facilities owned or operated 
by DOE; 


•	 Subpart I applies to Certain NRC-licensed facilities 
(including Agreement State licensees) and facilities 
owned or operated by any Federal agency other than DOE; 


•	 Subpart K applies to calciners and nodulizing kilns at 
elemental phosphorus plants; and 


•	 Subpart W applies to NRC-licensed uranium mill tailings 
sites during their operational period. 


Subparts H and I limit radiation doses that can be received by members of 
the general public as a result of airborne emissions from DOE facilities and 
NRC-licensed/non-DOE Federal facilities, respectively. Exhibit 1-1 and Chapter 5 
of Part II of this guidance manual discuss the specific radiation dose limits and 
their prerequisites for applicability. The requirements in Subparts H and I would 
be applicable to airborne emissions of radionuclides during the cleanup of sites 
at DOE facilities, NRC-licensed facilities, and non-DOE Federal (e.g., DOD) 
facilities. It is important to clarify however, that these subparts would not be 
applicable or relevant and appropriate for airborne emissions from residual 
contamination after cleanup, when the 


7 Lead agencies are cautioned that the existing radionuclide NESHAPs, as 
well as other NESHAPs, may change in form or substance as a result of a voluntary 
remand to be consistent with the July 1987 vinyl chloride ruling. The Agency will 
revise NESHAPs only to consider human health when setting a “safe” or 
“acceptable” level of risk and account for the costs and technological 
feasibility only when determining the margin of safety. 
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facility is no longer in operation (the standards were developed to limit 
radiation doses caused by operations that yield a beneficial product). 


Subparts B and W do not establish radionuclide emission standards, but 
rather establish work practices to limit emissions of radon-222. For example, 
Subpart B requires an owner or operator of an active underground uranium mine to 
install and maintain bulkheads (air restraining barriers) to control radon from 
abandoned and temporarily abandoned areas of the mine. Subpart W requires phased 
or continuous disposal for all new tailings impoundments at licensed uranium mill 
sites during their operational period. Neither of these subparts would apply to 
CERCLA responses. The subparts, however, may be relevant and appropriate if the 
CERCLA response occurs at an underground uranium mine or at a uranium mill site. 


Finally, Subpart K applies only to emissions of polonium-210 from calciners 
and nodulizing kilns at elemental phosphorus plants. Because such emissions are 
not likely to occur during a CERCLA response action, Subpart K is not likely to 
be applicable to CERCLA responses and probably would not even be relevant and 
appropriate. 


2.1.3 New Source Performance Standards (NSPS) 


Section 111 of the CAA requires EPA to promulgate standards for new sources 
of air emissions. The purpose is to ensure that new stationary sources are 
designed, built, equipped, operated, and maintained to reduce emissions to a 
minimum. The CAA requires EPA to promulgate standards for categories of 
stationary sources that emit particular pollutants that cause, or contribute 
significantly to, air pollution that may reasonably be anticipated to endanger 
public health or welfare.8 The emissions control technology on which the New 
Source Performance Standards (NSPS) are based is the best demonstrated technology 
(BDT). BDT is the degree of emission limitation achievable through application of 
the best technological systems of continuous emission reduction that (taking into 
consideration the cost of achieving such emission reduction, any non-air-quality 
health and environmental impacts, and energy requirements) EPA determines by 
regulation has been adequately demonstrated. 


Since NSPS are source-specific requirements, they are not generally 
considered applicable to Superfund cleanup actions. However, an NSPS may be 
applicable if the facility at the Superfund site is a new source subject to NSPS 
(e.g., an incinerator), or an NSPS may be considered relevant and appropriate if 
the pollutant emitted and the technology employed during the cleanup action are 
sufficiently similar to the pollutant and source category regulated by an NSPS 
that they are well-suited to the circumstances of the release at the CERCLA site. 
For example, there is an NSPS for particulate emissions from incinerators with a 
charging rate of 50 tons/day that are used for burning solid waste, more than 50 
percent of which is municipal type waste (40 CFR section 60.50). If a cleanup 
action will involve the use of an incinerator at a municipal landfill, this NSPS 
should be evaluated to 


8 Many States have the authority to enforce both NSPS and NESHAPs. 
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determine if it is an ARAR (see Part I, Chapter 1 for the methodology for 
determining ARARs). 


2.2 AIR EMISSION REGULATIONS UNDER RCRA 


Existing RCRA regulations covering hazardous waste air emissions are 
limited to controls on incinerators and requirements for controlling windblown 
fugitive particulate matter from landfills, waste piles, and land treatment 
facilities. However, a number of forthcoming RCRA regulations will address air 
emissions from hazardous waste treatment, storage, and disposal facilities 
(TSDFs) in a more comprehensive manner. Both existing and forthcoming regulations 
are described below. 


2.2.1 Incinerators 


Existing RCRA regulations for hazardous waste incinerators (40 CFR Part 
264, Subpart O) set standards for destruction and removal efficiency, hydrogen 
chloride emissions, and particulate emissions. Forthcoming revisions will add 
limits on metals emissions and products of incomplete combustion, and will revise 
the standard for hydrogen chloride emissions. These revisions are expected to be 
proposed late in 1989, with promulgation expected to occur one year later. 


2.2.2 Land Disposal Facilities 


Existing RCRA air regulations for hazardous waste piles, land treatment, 
and landfills are limited to the requirement that particulate matter from such 
facilities be controlled by covers or other means (40 CFR sections 264.251, 
264.273, and 264.301). 


2.2.3 Other Treatment, Storage, and Disposal Facilities (TSDFs) 


Regulations governing organic air emissions from treatment, storage, and 
disposal facilities (TSDFs) other than incinerators and land disposal units will 
be promulgated under 40 CFR Part 269. These regulations will include air emission 
standards for process vents and equipment leaks, which were proposed on February 
5, 1987 (52 (FR)3748), and air emission standards for container storage, tanks, 
surface impoundments, and waste fixation units (to be proposed in 1989). The 
regulations are expected to include requirements for the installation, operation, 
and maintenance of control equipment, including leak detection and repair, as 
well as requirements related to the installation of control equipment for process 
vents on air strippers, which are likely to be frequently used in Superfund 
operations. 


When promulgated, these requirements will be potentially applicable or 
relevant and appropriate requirements. The proposed standards are not potential 
ARARs, but may be considered in developing a protective remedy for a Superfund 
site. 
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2.3 STATE AIR TOXIC PROGRAMS 


A number of State air pollution control agencies have adopted, or are in 
the process of establishing, programs to regulate what are generally referred to 
as “toxic air pollutants.” Requirements under these programs are likely to be the 
most significant ARARs for Superfund activities. These programs differ from State 
to State in terms of the pollutants and sources regulated and the safe levels 
adopted.9 An RPM must coordinate with the appropriate State agency and with the 
Regional Air/Superfund Coordinator to identify these potential State ARARs. 


Many States control toxic air pollutants through the imposition of 
technology-based standards and then determine whether residual emissions exceed 
State standards. Other States control toxic air pollutants by comparing emissions 
with acceptable ambient concentrations; that is, the concentration of the toxic 
pollutant is estimated, by modeling, at a receptor, usually at the fenceline of 
the source, and compared with the “acceptable limit.” The definition of an 
“acceptable limit” varies a good deal from State to State. Many States establish 
acceptable limits by applying a correction factor to occupational standards, 
i.e., threshold limit values (TLV). These correction factors vary from 1/10 to 
1/420. 


Other States regulate carcinogens using risk assessment principles. For 
example, a State law may require that the risk to the most exposed individual in 
any population exposed to a carcinogen (for an assumed 70-year lifetime) cannot 
exceed 1 x 10-5 excess cancer risk. 


A typical State air toxics program will require a source to do the 
following: 


•	 Identify pollutants of concern by comparing anticipated 
emissions with the State air toxics list; 


•	 Estimate emissions of toxic air pollutants using 
procedures approved by the State; 


•	 Estimate off-site concentrations, normally by air quality 
modeling procedures approved by EPA or the State; 


9 Except where NESHAPs have been adopted, there are no Federal or CAA-
related requirements on the State control of toxic air pollutants. EPA’s role is 
currently to provide information, for example, through the National Air Toxics 
Information Clearinghouse (NATICH), the Air Toxics Control Technology Center (the 
CTC Hotline number is (919) 541-0800), and the Air Risk Information Support 
Center (the Air Risk Hotline number is (919) 541-0888). NATICH is a computerized 
data base that contains information from Federal, State, and local agencies, as 
well as research information from EPA and other organizations. The information in 
NATICH is organized according to agency, pollutant, and emissions source. For 
more information, contact the Pollutant Assessment Branch, Research Triangle 
Park, North Carolina, at (919) 541-0850. 
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•	 Compare off-site concentrations to permissible State 
levels; and 


•	 Require additional controls (beyond what would otherwise 
be required) if a new source is likely to exceed the 
State limits. 


2.4	 COORDINATION BETWEEN CERCLA AND AIR PROGRAM OFFICES FOR REMEDIAL ACTIVITIES 
CONDUCTED ON SITE 


Remedial Project Managers are responsible for identifying and complying 
with ARARs when proposed remedial actions could result in air emissions. In order 
to do so correctly and in a timely manner, each EPA Region should establish 
procedures, protocols, or memoranda of understanding that, while not recreating 
the administrative and procedural aspects of a permit, ensure early and 
continuous cooperation and coordination between the Regional Superfund and Air 
Program offices. An Air/Superfund coordinator from the Air Program office has 
been designated in each Region to facilitate cooperation and coordination between 
the Superfund and Air Program offices. Moreover, State Superfund and State Air 
Program offices may be involved where there is a State-lead action or where the 
State has been delegated new source air permitting authority. Coordination among 
all appropriate program offices should be established to ensure early involvement 
and identification of information requirements for expeditious remediation of 
particular sites. The Regional Superfund and Air Program offices should maintain 
their involvement in all actions. 


It is expected that most remedial air field studies and engineering 
assessments will be performed by Superfund contractors under the direction of the 
RPM in coordination with the appropriate Regional and State Air Programs. The Air 
Program offices’ experience in applying standards of control under the CAA to 
industrial new sources is a valuable resource for Superfund. Air Program offices 
can help ensure that Superfund site decisions involving air pollution issues are 
consistent with Air Program ARARs. The Air Program offices can also review and 
comment on Superfund work plans, site investigations, and cleanup studies, and 
can also be called upon to perform special site field evaluations during removal 
and pre-remedial actions. Air Program offices may also play a critical role in 
the selection of methodologies and assumptions for risk assessment. In some 
special circumstances, Air Program staff may provide assistance to Superfund 
contractors by consulting in areas such as air modeling, monitoring, and the use 
and effectiveness of air pollution control devices. Superfund staff should 
consult with their Air Program counterparts early in the planning process to 
facilitate this cooperative effort. 


Another source of information regarding control technologies is the Control 
Technology Center in Research Triangle Park, North Carolina (Hotline numbers: 
(919) 541-0800 and (FTS) 629-0800). The Control Technology Center can provide 
information regarding types of technologies (e.g., BACT and LAER) that have been 
used previously to control various kinds of emissions. 
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CHAPTER 3



STANDARDS FOR TOXICS AND PESTICIDES



3.0 TOXIC SUBSTANCES CONTROL ACT 


This chapter addresses CERCLA compliance with requirements under the Toxic 
Substances Control Act (TSCA). TSCA authorizes EPA to establish regulations 
pertaining to the testing of chemical substances and mixtures, premanufacture 
notification for new chemical substances or significant new uses of existing 
substances, control of chemical substances or mixtures that pose an imminent 
hazard, and record keeping and reporting requirements. Of these, the regulations 
controlling hazardous chemicals are potential ARARs for CERCLA actions. Pursuant 
to TSCA §6, EPA has published regulations pertaining to polychlorinated biphenyls 
(PCBs), fully halogenated chlorofluoroalkanes (prohibited for aerosol propellant 
uses subject to TSCA), and asbestos (40 CFR Parts 761, 762, and 763, 
respectively). Requirements for PCBs will be discussed in this chapter. Asbestos 
removal requirements are addressed in Part II, Chapter 2, Section 2.1.2.1 
(asbestos NESHAPs). 


Background Information on Rulemaking Under TSCA 


Section 6 of TSCA requires EPA to promulgate regulations when there is a 
reasonable basis to conclude that a chemical substance or mixture (chemical) 
presents or will present an unreasonable risk of injury to human health or the 
environment. A demonstration that a chemical will present an unreasonable risk is 
made on the basis of a qualitative or quantitative risk assessment, which 
evaluates the likelihood that the chemical will cause adverse effects either to 
human health or the environment. 


Chemicals reviewed under TSCA §6 include chemicals that are listed on the 
TSCA §8(b) inventory and chemicals for which data has been submitted to EPA under 
TSCA §8(e), under a mandatory reporting rule, or from the National Toxicology 
Program, the TSCA §5 New Chemicals Program, the TSCA §4 Test Rules Program, or 
other sources. From the thousands of chemicals reviewed each year, candidates are 
selected for further review based on their potential to cause serious, 
long-lasting, or irreversible harm to human health or the environment, e.g., 
chemicals that are carcinogenic, mutagenic, or teratogenic, or that cause chronic 
toxicity, behavioral disorders, cumulative or synergistic effects, or 
environmental toxicity. 


The risk assessment developed for a chemical that undergoes detailed review 
is used to determine whether EPA should regulate activities involving the use of 
the chemical or whether the chemical should be referred to another agency (e.g., 
OSHA, CPSC) for regulation. With respect to Superfund cleanup actions, the risk 
numbers generated under TSCA will be included within the “to be considered” 
category and may be used when developing a protective remedy (see Part I, Chapter 
1, Section 1.4). The Office of Toxic Substances periodically updates the list of 
risk assessments. 
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3.0.1 PCB Requirements1 


3.0.1.1 TSCA Disposal Requirements 


TSCA requirements will be applicable when disposal of material contaminated 
with PCBs at concentrations of 50 ppm or greater occurs after February 17, 
1978.2,3 TSCA requirements for disposal of PCB-contaminated wastes vary according 
to the physical state (liquid, non-liquid, or articles and concentration of PCBs 
(40 CFR section 761.60).4 The following TSCA requirements, listed by waste type 
and concentration of PCBs, may be ARARs for treatment and disposal of waste 
contaminated with PCBs: 


Liquid Waste 


•	 PCBs at concentrations of 500 ppm or greater must be 
disposed of in a TSCA-approved incinerator (40 CFR 
section 761.60(a)), or by a TSCA-approved alternative 
disposal method (section 761.60(e)). 


•	 Any PCB dielectric fluid, regardless of its 
concentration, mixed with any fluid containing 500 parts 
per million (ppm) or greater PCBs must be disposed of in 
a TSCA-approved incinerator (40 CFR section 
761.30(a)(2)(iv)), or by a TSCA approved alternative 
disposal method (section 761.60(e)). 


•	 Mineral oil dielectric fluid from PCB-contaminated 
electrical equipment or other liquids containing PCBs at 
a concentration of 50 ppm or greater, but less than 500 
ppm must be disposed of in either a TSCA-approved 


1 Further information on the Superfund approach to cleanup of sites 
contaminated with PCBs is being documented in the draft Guidance and 
Regulatory Background on the Determination of Response Actions at Superfund 
Sites with PCB Contamination, which will be available as an OSWER Directive 
when finalized. 


2 For CERCLA Fund-lead actions, PCB-contaminated material is evaluated 
based on the concentration at which the PCBs occur in the environment. If, 
under an enforcement action, it is determined that the material was spilled by 
an RP after the effective date of the TSCA regulations, the material is 
evaluated under TSCA as if the PCBs were in the form and at the concentration 
of the material that was spilled. 


3 TSCA requirements may be relevant and appropriate regardless of the 
date of disposal. 


4 “Disposal” under TSCA is used broadly and includes destruction and 
landfilling actions. 
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incinerator, a TSCA-approved chemical waste landfill (if 
not ignitable), or a high efficiency boiler (40 CFR 
section 761.60(a)(2) and (3)), or by a TSCA-approved 
alternative disposal method (section 761.60(e)). 


Non-Liquid Waste 


•	 Any non-liquid PCBs at concentrations of 50 ppm or 
greater in the form of contaminated soil, rags, or other 
debris shall be disposed of in a TSCA-approved 
incinerator or in a TSCA-approved chemical waste landfill 
(40 CFR section 761.60(a)(4)), or by a TSCA-approved 
alternative disposal method (section 761.60(e)). 


•	 All dredged materials and municipal sewage treatment 
sludges that contain PCBs at concentrations of 50 ppm or 
greater shall be disposed of in a TSCA-approved 
incinerator or a TSCA-approved chemical waste landfill, 
or by a method approved by the appropriate Regional 
Administrator if it can be shown that disposal in an 
incinerator or chemical waste landfill is not reasonable 
or appropriate and that an alternate disposal method will 
provide adequate protection to human health and the 
environment (40 CFR section 761.60(a)(5)). 


Articles 


•	 PCB Transformers (500 ppm PCBs or greater) may be 
disposed of in a TSCA-approved incinerator or drained, 
flushed with a solvent, drained again, and placed in a 
TSCA-approved chemical waste landfill (40 CFR section 
761.60(b)(1)(i)), or by a TSCA-approved alternative 
disposal manner (section 761.60(e)). The drained liquids 
must be incinerated in an incinerator that complies with 
section 761.70. 


•	 Other PCB Articles (500 ppm PCBs or greater) including 
electric motors, pumps, and pipes, may be disposed of in 
a TSCA-approved incinerator or drained and placed in a 
TSCA-approved chemical waste landfill (40 CFR section 
761.60(b)(5)(i)), or by a TSCA-approved alternative 
disposal manner (section 761.60(e)). The drained liquids 
must be incinerated in an incinerator that complies with 
section 761.70. 
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•	 Other PCB-Contaminated Articles (between 50 and 500 ppm 
PCBs) must be disposed of by draining free-flowing liquid 
and disposing of liquid in accordance with 40 CFR 
sections 761.60(a)(2) or (3) (see methods for disposal of 
liquids described above). The disposal of the drained 
article is not regulated (40 CFR section 
761.60(b)(5)(ii)). 


•	 PCB-Contaminated Electrical Equipment (except capacitors) 
including transformers, circuit breakers, reclosers, 
voltage regulators, switches, electromagnets, and cables 
(50-499 ppm PCBs) must be drained. The disposal of 
drained equipment is not regulated (40 CFR section 
761.60(b)(4)). 


•	 PCB Small Capacitors (often found in fluorescent light 
ballasts) may be disposed of as municipal solid waste (40 
CFR section 761.60(b)(2)(ii)), except that those owned by 
a capacitor manufacturer must be sent either to a TSCA 
approved incinerator or a TSCA-approved chemical waste 
landfill (40 CFR section 761.60(b)(2)(iv) and (v)). 


•	 Large High or Low Voltage Capacitors (500 ppm PCBs or 
greater) must be disposed of in an approved incinerator 
(40 CFR section 761.60(b)(2)(iii)(B) and (v)), or by a 
TSCA approved alternative disposal manner (section 
761.60(e)). 


•	 PCB hydraulic machines, such as hydraulic die casting 
machines (50-999 ppm PCBs) may be disposed of as 
municipal solid waste after they are drained. If the PCB 
liquid contains 1000 ppm PCBs or greater, the hydraulic 
machine must be flushed with a solvent containing less 
than 50 ppm PCBs (40 CFR section 761.60(b)(3)). The 
solvent must be disposed of in an incinerator that 
complies with section 761.70. 


•	 PCB Containers with concentrations of 500 ppm PCBs or 
greater, unless decontaminated by flushing three times 
with a solvent of less than 50 ppm PCBs, must be disposed 
of in TSCA-approved incinerator or, if first drained, in 
a TSCA-approved chemical waste landfill (40 CFR section 
761.60(c)), or by a TSCA-approved alternative disposal 
manner (section 761.60(e)). The drained 
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liquid must be disposed of in an incinerator that 
complies with section 761.70. 


•	 PCB Containers with concentrations of less than 500 ppm 
PCBs must be thoroughly drained and the drained liquid 
must be disposed of in accordance with 40 CM sections 
761.60(a)(2) or (3). 


The regulations further specify requirements that the incinerator (40 
CFR section 761.70), chemical waste landfill (40 CFR section 761.75), or other 
disposal method (40 CFR section 761.60(a)(5)(iii)) must achieve for each of 
the PCB types described above. In addition, the regulation states that 
machinery that comes in direct contact with PCBs is considered contaminated 
and must be disposed of by an approved method (40 CFR section 761.60(b)). 


Under section 761.60(e), an alternative method of destroying PCBs may be 
used if it demonstrates a level of performance equivalent to incineration and 
the alternative method has been approved by the Regional Administrator or the 
Director of the Exposure Evaluation Division, Office of Toxic Substances. 


Although the on-site disposal of PCBs from a Superfund site does not 
require a TSCA permit, substantive requirements of all applicable or relevant 
and appropriate Federal and State (if more stringent than Federal) standards, 
regulations, criteria, or limitations for PCB disposal must be met. That is, 
the destruction and removal efficiency of PCBs by on-site incineration must be 
99.9999 percent and the ash must contain less than 2 ppm PCBs. HCL emissions 
must be limited to 4 pounds per hour, or, if greater than 4 pounds per hour, 
the emissions must not be greater than 1 percent of the HCL entering the 
pollution control device. For alternative methods of disposal pursuant to 40 
CFR section 761.60(e), if chemical destruction or separation of the PCBs from 
the soil is carried out, the destruction/separation of the PCBs must result in 
soil containing less than 2 ppm PCBs to ensure equivalence to a PCB 
incinerator. All chemical destruction or separation must occur on site and 
achieve the less-than-2 ppm level. If the material containing the PCBs is 
shipped off site for disposal, it must be sent to a TSCA-permitted PCB 
disposal facility. 


3.0.1.2 Storage for Disposal 


The substantive portions of the PCB storage requirements may be ARARs 
for on-site storage of PCBs prior to disposal. The regulations (40 CFR section 
761.65) specify that PCBs and PCB Items (e.g., equipment) at concentrations of 
50 ppm or greater must be disposed of within one year after being placed in 
storage for disposal. The regulations also include structural requirements for 
facilities used for the storage of PCBs and PCB Items, requirements for the 
containers used to store PCBs, the requirement to prepare and implement a 
Spill Prevention Control and Countermeasure (SPCC) Plan, and the requirement 
to check all PCB articles and containers for leaks at least once every 30 
days, and other requirements. The requirement to prepare an SPCC Plan is an 
administrative requirement and, therefore, not an ARAR; substantive 
requirements of the SPCC regulations which may be ARARs are, for example, 
building retaining walls to contain spills. 
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3.0.1.3 PCB Spill Cleanup Policy 


Under 40 CFR section 761.60(d), EPA defines improper disposal of PCBs as 
intentional (as well as unintentional) spills, leaks, and other uncontrolled 
discharges of PCBs at concentrations of 50 ppm or greater. PCB spills include 
spills, leaks, or other uncontrolled discharges where the release results in 
any quantity of PCBs running off or about to run off the surface of the 
equipment or other PCB source, as well as the contamination resulting from 
these releases. With the exception of the requirement for timely cleanup, 
regulatory requirements for the cleanup of PCB spills have never been 
established. 


However, EPA recently published a nationwide TSCA PCB spill cleanup 
policy (52 FR 10688, April 2, 1987; 40 CFR Part 61, Subpart G). The 
requirements under 40 CFR Part 61, Subpart G, while not potential ARARs, are 
TBCs for CERCLA actions, particularly with respect to cleanup of soils 
contaminated with PCBs. The policy establishes guidelines for spill cleanups 
that, if followed, will minimize the need for the Agency to take enforcement 
action for illegal disposal. This policy applies to the cleanup of spills 
occurring after May 4, 1987 (the effective date of the policy) resulting from 
the release of materials containing PCBs at concentrations of 50 ppm or 
greater. Spills that occurred before May 4, 1987, are to be decontaminated in 
accordance with the existing Regional standards.5 The policy is based on EPA’s 
evaluation of the potential routes of exposure and potential risks associated 
with common PCB spills. 


The policy requires the party responsible for the spill to clean up PCBs 
to different levels depending upon spill location, the potential for exposure 
to residual PCBs remaining after cleanup, the concentration of PCBs initially 
spilled, and the nature and size of the population potentially at risk of 
exposure. Thus, the policy applies the most stringent requirements for PCB 
spill cleanup to areas where there is a greater potential for human exposure 
to spilled PCBs. 


The cleanup standards described in the policy cover the following spill 
situations:6 


•	 Low concentration spills that involve less than 1 pound 
PCBs by weight (40 CFR section 761.125(b). 
“Low-concentration” means PCB materials that are tested 
and found to contain less than 500 ppm PCBs or those 
PCB-contaminated materials that 


5 Policies for the cleanup of PCB spills have been established by each 
EPA Regional Office, and provide general guidelines to be applied on a 
case-by-case basis for specific spill situations. 


6 Additional requirements for cleanup of indoor surfaces may be TBCs for 
CFRCLA actions involving indoor PCB contamination (40 CFR section 761.125). 
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EPA assumes to be at concentrations below 500 ppm. The 
policy States that: 


-- Solid surfaces should be double washed/rinsed; and 


-- All soil within the spill area, plus a 1-foot buffer, 
should be excavated, and the ground restored to its 
original configuration by backfilling with clean soil 
(i.e., soil containing less than 1 ppm PCBs). 


•	 High-concentration spills and low-concentration spills 
involving 1 pound or more PCBs by weight. 
“High-concentration” means PCB materials that contain 500 
ppm or greater PCBs, or those materials that EPA assumes 
contain 500 ppm or greater PCBs in the absence of 
testing. The policy describes actions that should be 
taken immediately (within 24 hours) including restricting 
the area, recording and documenting the area of visible 
contamination, and initiating cleanup and removal of all 
visible traces of contamination. The policy then 
describes cleanup standards depending upon the location 
of the spill: 


-- Outdoor electrical substations. Contaminated solid 
surfaces will be cleaned to a PCB concentration of 100 
micrograms/100 square centimeters. Soil contaminated 
by the spill will be cleaned either to 25 or 50 ppm 
PCBs by weight provided that a label or notice is 
visibly placed in the area. 


-- Other restricted access areas. These are areas other 
than electrical substations that are at least 0.1 
kilometer away from residential/commercial areas, and 
to which access is limited by man-made barriers (e.g., 
fences and walls) or substantially limited by 
naturally occurring barriers such as mountains, 
cliffs, or rough terrain. The policy describes cleanup 
standards for surfaces contaminated with PCBs and 
further states that soil contaminated by the spill 
will be cleaned to 25 ppm. PCBs by weight. 


-- Nonrestricted access areas. These are areas other than 
outdoor electrical substations and other restricted 
access locations, i.e., residential/ commercial areas 
and unrestricted access rural areas. 
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The policy sets forth standards for cleanup of surfaces and vault 
areas. Also, the policy states that soil contaminated by the spill 
will be decontaminated to 10 ppm PCBs by weight provided that the 
soil is excavated to a minimum depth of 10 inches, a 10-inch cap 
of clean soil (less than 1 ppm PCBs) is put on, and the site is 
restored. 


•	 Spills at sites warranting additional cleanup. The policy states that 
in exceptional spill situations, site-specific risk factors may 
warrant additional cleanup to more stringent numerical 
decontamination levels. For example, even after cleanup to the 
standards specified in the policy, site-specific characteristics such 
as short depth to ground water, type of soil, or the presence of a 
shallow well may pose an exceptionally high potential for 
ground-water contamination by PCBs. Therefore, the policy provides 
that the Regional Administrator may require additional cleanup to 
prevent unreasonable risk. The RPM should similarly consider whether 
additional cleanup (beyond the policy’s numerical standards) is 
necessary in order for the Superfund action to be protective of human 
health and the environment. 


•	 Spill situation excluded under the policy. The policy is intended to 
cover typical PCB spill situations involving the limited release of 
PCBs during the course of EPA-authorized activities such as the use 
of electrical equipment, the servicing of electrical equipment, and 
the storage of PCBs for disposal. Other spill situations are not 
considered “typical.” Therefore, the policy provides that the 
numerical cleanup standards described above are not to be applied 
automatically to non-typical spills directly into: 


-- Surface water; 


-- Drinking water; 


-- Sewers; 


-- Grazing lands; and 


-- Vegetable gardens. 
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For such PCB spills, immediate practicable 
containment action must be taken to prevent 
further contamination, the appropriate Regional 
Office must be notified, and cleanup must achieve 
the standards set by the Regional Office. The 
standards are set on a case-by-case basis. 


3.0.1.4 RCRA Land Disposal Restrictions 


Liquid hazardous wastes containing PCBs at concentrations greater than 
or equal to 50 ppm are addressed by RCRA under the California List Wastes land 
disposal restrictions, promulgated July 8, 1987. 


Under 40 CFR section 268.42(a)(1), liquid hazardous wastes containing 
PCBs at concentrations greater than or equal to 50 ppm but less than 500 ppm 
must be incinerated in a facility meeting the requirements of 40 CFR section 
761.70 or burned in a high efficiency boiler meeting the requirements of 40 
CFR section 761.60. 


40 CFR section 268.42(a)(1) also specifies that liquid hazardous wastes 
containing PCBs at concentrations greater than or equal to 500 ppm must be 
incinerated in accordance with the technical requirements of 40 CFR section 
761.70. 


PCBs also are halogenated organic compounds (HOCs) and may be regulated, 
in either liquid or solid form, under the HOC California List Wastes land 
disposal restrictions.7 If HOC wastes are mixed with a RCRA-listed or 
characteristic waste and the total concentration of HOCs is equal to or 
greater than 1,000 mg/kg, 40 CFR section 269.42(a)(2) requires that the wastes 
be incinerated in accordance with the requirements of Part 264, Subpart O, or 
Part 265, Subpart O, or treated in boilers or industrial furnaces in 
accordance with applicable regulatory standards.8 


Thermal treatment under 40 CFR section 761.70, if performed on site, 
must also be in compliance with substantive portions of applicable or relevant 
and appropriate requirements in Parts 264, 265, and 266. Subpart O of 40 CFR 
Part 264 specifies requirements for the incineration of hazardous wastes at 
permitted hazardous waste facilities, including requirements relating to waste 
analysis, performance standards, operation, and monitoring. 


Subpart O of 40 CFR Part 265 specifies similar requirements for the 
incineration of hazardous wastes at interim status facilities. In addition, 
Subpart P establishes requirements for other methods of thermal treatment, 
including those requirements relating to general operations, waste analysis, 
monitoring, closure, and open burning. 


7 The HOC constituents are listed in Appendix III to 40 CFR Part 268. 


8 Except for diluted HOC wastewaters containing between 1,000 and 10,000 mg/l, 
which must only be treated to a concentration of less than 1,000 mg/l before 
land disposal. 
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Subpart D of 40 CFR Part 266 specifies requirements for the incineration 
of hazardous wastes for energy recovery, including standards applicable to 
burners of hazardous waste fuel. 


Alternative treatment methods (40 CFR section 268.42(b)) may be used if 
the treatment method can be shown to achieve a measure of performance 
equivalent to methods specified in paragraph (a). 


This rule specifies stricter standards for a subset of the PCB wastes 
covered by TSCA -- liquid wastes containing PCBs at concentrations between 50 
and 500 ppm that also contain RCRA listed or characteristic wastes. Where TSCA 
would allow disposal of these wastes in a landfill meeting specifications of 
40 CFR section 761.75, RCRA requires thermal treatment in an incinerator or 
high efficiency boiler or an equivalent alternate treatment. 


3.1 FEDERAL INSECTICIDE, FUNGICIDE, AND RODENTICIDE ACT 


The Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA) 
authorizes EPA to regulate the sale, distribution, and use of all pesticide 
products in the United States. EPA accomplishes this through a product 
licensing or registration process that includes reregistration of products and 
Special Review of pesticides that appear to pose health or safety concerns. A 
vital part of the pesticide registration process is EPA approval of product 
labeling. Under FIFRA, the label is the law -- use of a registered pesticide 
product in a manner inconsistent with its labeling (including disposal) is a 
violation of the Act. 


To ensure proper use of pesticides that are especially toxic or pose 
particular health or environmental hazards, EPA restricts the use of such 
products to trained, certified pesticide applicators. Products found to pose 
risks that outweigh their benefits may be suspended or cancelled by EPA. All 
FIFRA provisions are enforced by a compliance monitoring program that is 
carried out by States, often under cooperative agreements with EPA. 


Under FIFRA §19, EPA has the authority to issue procedures and 
regulations for the disposal and storage of excess pesticides and pesticide 
containers. EPA has published procedures for disposal and storage in 40 CFR 
Part 165, Subpart C. These procedures are recommended for all pesticide 
storage and disposal activities, but are mandatory for any storage or disposal 
activities undertaken by the Agency. However, in 1988, FIFRA was substantially 
amended to expand its authority over storage and disposal of pesticides and 
pesticide containers. In particular, the 1988 amendments explicitly provide 
for the enforceability of regulations issued under FIFRA §19. Consistent with 
this mandate, revised regulations for the storage and disposal of pesticide 
products and containers are currently under development. Since the current 
Subpart C contains nonbinding recommendations, at this time these procedures 
are not potential ARARs for Superfund cleanup actions but should be considered 
when developing a protective remedy. 
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Labels are required for all registered pesticide products and generally 
include storage and disposal statements. These statements are tailored to 
reflect the toxicity of the product and type of use pattern and user involved 
(for example, the household user as opposed to the commercial or industrial 
user). It is unlawful for the user to dispose of a pesticide product or its 
container in a manner inconsistent with its label instructions. Similarly, it 
is unlawful to violate a cancellation or suspension order, which may contain 
specific storage or disposal provisions. At a Superfund site, however, the 
disposal labeling on a pesticide may provide useful information but compliance 
with the labeling directions may not be an applicable requirement since at 
that point in time the pesticide may not be considered a pesticide product; it 
may be considered a RCRA waste (see Section 3.1.1.3). 


In addition to the labeling requirements for the use, storage, and 
disposal of all registered pesticide products, EPA has promulgated tolerance 
levels for pesticides and pesticide residues in or on raw agricultural 
commodities under authority of the Federal Food, Drug, and Cosmetic Act (see 
40 CFR Part 180. These tolerance levels are potential ARARs for sites at which 
agricultural commodities and wildlife are obtained for consumption. 


3.1.1 FIFRA Requirements 


The following procedures and manuals are not potential ARARs, but 
may be considered in developing a protective remedy. 


3.1.1.1 	 Procedures Not Recommended for Disposal (40 CFR section 
165.7) 


The current FIFRA regulations recommend that pesticides, pesticide 
containers, or pesticide container residue should not be stored or disposed 
of: 


! In a manner inconsistent with its label or labeling; 


!	 So as to cause or allow open dumping of pesticides or 
pesticide containers; 


!	 So as to cause or allow open burning of pesticides or 
pesticide containers, except small quantities of certain 
containers in areas where allowed by State and local 
regulations; 


! So as to cause or allow water dumping or ocean dumping of 
pesticides or pesticide containers except in conformance with 
regulations developed under the National Marine Protection, 
Research and Sanctuaries Act and the Clean Water Act (see 
Part I, Chapter 3); 


!	 So as to violate any applicable Federal or State pollution 
control standard; and 
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! So as to violate any applicable provision of FIFRA. 


3.1.1.2	 Procedures Recommended for the Disposal of Pesticides (40 CFR 
section 165.8) 


FIFRA regulations recommend the following procedures for the disposal of 
certain groups of pesticides: 


!	 Organic pesticides (except organic mercury, lead, 
cadmium, and arsenic). The preferred method of 
disposal is incineration in a pesticide incinerator at 
the specified or other temperature/dwell time 
combination that will cause complete destruction of 
the pesticide. Any liquid, sludges, or solid residues 
should be disposed of in accordance with applicable 
Federal, State, and local laws. If appropriate 
incineration facilities are not available, other 
methods to be considered include burial in a specially 
designated landfill, chemical methods, or well 
injection.9 The regulations caution that the impact of 
these alternatives is not well known in all cases and 
that they should be used only with specific guidance. 
If adequate procedures are not available, temporary 
storage of pesticides for disposal should be 
undertaken. 


! Metallo-organic pesticides (except organic mercury, 
lead, cadmium, or arsenic compounds). The regulations 
recommend subjecting these compounds to an appropriate 
chemical or physical treatment to recover the heavy 
metals before incineration. Other disposal 
alternatives, if treatment and incineration are not 
available, are burial in a landfill, chemical 
degradation, or well injection. These alternatives are 
subject to the same cautions described above for the 
disposal alternatives for organic pesticides. 


!	 Organic mercury, lead, cadmium, arsenic, and all 
inorganic pesticides. The regulations recommend that 
chemical deactivation be used to convert these 
pesticides to non-hazardous compounds and to recover 
the heavy metal resources. Chemical 


9 The environmental impact of the soil injection method (i.e., burial in a 
specifically designated landfill) has not been clearly defined and should be 
undertaken only with specific guidance. It is recommended that such guidance 
be requested from the Regional Administrator in the Region where the material 
will be disposed of prior to undertaking disposal by this method. 
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deactivation is not currently available for all 
pesticides. If chemical deactivation is not 
available, these pesticides should be encapsulated 
and buried in a specially designated landfill.10 If 
neither option is available, the pesticides should 
be placed in suitable containers and temporarily 
stored until adequate disposal facilities or 
procedures are available. 


40 CFR Part 165, Subpart G also provides recommended procedures for the 
disposal of pesticide containers and residues (40 CFR section 165.9) and the 
storage of pesticides and pesticide containers (40 CFR section 165.10). 
Consistent with the 1988 amendments of FIFRA, revised regulations covering 
these materials are currently under development. 


3.1.1.3 Pesticide Control Under Other Statutes 


Requirements under the Clean Water Act (CWA) and RCRA are potential 
ARARs for the disposal of pesticides. Because some pesticides are regulated as 
toxic pollutants under the CWA, effluent limitations or prohibitions regarding 
the discharge of pesticides to surface waters are potential ARARs (see Part I, 
Chapter 3). Further, some discarded or off-specification pesticides are listed 
as a hazardous waste and some may potentially be hazardous by characteristic 
(40 CFR section 261.24), and therefore subject to regulation under Subtitle C 
of RCRA, (40 CFR sections 261.33(e) and (f)) (see Part I, Chapter 2). 


3.1.1.4 Other Manuals 


The following technical manuals may provide useful information 
regarding pesticides, e.g., toxicity, solubility: 


!	 The Degradation of Selected Pesticides in 
Soil: A Review of the Published Literature, 
Municipal Environmental Research Laboratory 
(August 1977), EPA-600/9-77-022. 


! Farm Chemicals Handbook (updated yearly). 


!	 Crop Protection Chemicals, Ed. by L. Fowden, 
Royal Society of London (1981). 


10 "Encapsulate" means to seal a pesticide, and its container, if 
appropriate, in an impervious container made of plastic, glass, or other 
suitable material which will not be chemically degraded by the contents. This 
container then should be sealed within a durable container made from steel, 
plastic, concrete, or other suitable material of sufficient thickness and 
strength to resist physical damage during and subsequent to burial or storage 
(40 CFR Part 165, Subpart A). 
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CHAPTER 4 


OTHER RESOURCE PROTECTION STATUTES 


4.0 OVERVIEW 


The laws addressed in the following sections contain consultation, 
documentation, and reporting requirements that must be complied with for off 
site remedial actions,1 and that are strongly recommended to ensure that on-
site remedial activities comply with the substantive ARARs. While EPA 
interprets CERCLA §121(e) to exempt lead agencies from obtaining Federal, 
State, or local permits (or documents similar to permits) or from complying 
with the administrative requirements for on-site remedial activities, it is 
strongly recommended that lead agencies, nevertheless, consult as specified 
with administering agencies for on-site actions. The administering agencies 
have the expertise to determine the impacts of a remedial action on particular 
aspects of the environment and what steps should be taken to avoid and 
mitigate adverse impacts. 


The National Environmental Policy Act (NEPA) Compliance staffs at 
Headquarters in the Office of Federal Activities (OFA) and in the Regions (a 
list of Regional NEPA coordinators is available from OFA) can assist project 
officers in meeting the substantive requirements of these laws and in carrying 
out consultation through contacts in other agencies. RPMs are advised to 
contact the NEPA Compliance staff early in the planning process of a remedial 
action. In addition to such site-specific coordination, Regions should 
establish procedures, protocols, or memoranda of understanding that, while not 
recreating the administrative aspects of the consultation or review process, 
ensure cooperation and coordination between the Regional Superfund and NEPA 
staffs, and between the Regional staff and the appropriate Federal agencies. 
Moreover, State Superfund and other State program staff should be involved 
where there is a State-lead action or where State ARARs are under 
consideration. Coordination among all appropriate offices should be 
established. 


The laws described in this section apply to activities conducted by 
Federal agencies or with Federal assistance. EPA interprets the CERCLA §121 
requirement to meet ARARs as applicable to all remedial activities undertaken 
pursuant to CERCLA §§104, 106, and 122. Therefore, the ARARs described in this 
chapter must be complied with by the lead agency (EPA, State, or other 


1 CERCLA §121(d)(3) states that off-site transfer of CERCLA wastes shall 
only be transferred to facilities that are in compliance with applicable 
Federal law. RCRA requires permitted hazardous waste facilities to comply with 
the Endangered Species Act and the National Historic Preservation Act, as well 
as other environmental statutes. Therefore, treatment or disposal of CERCLA 
wastes at a RCRA permitted facility does not require separate compliance 
efforts because the RCRA permit process will have ensured the facility's 
compliance with these laws. 
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Federal agency), including CERCLA actions conducted by responsible parties 
under the direction of a lead agency.2 


4.1 NATIONAL HISTORIC PRESERVATION ACT 


Pursuant to §106 and §110(f) of the National Historic Preservation Act 
(NHPA),3 as amended, CERCLA remedial actions are required to take into account 
the effects of remedial activities on any historic properties included on or 
eligible for inclusion on the National Register of Historic Places.4 For 
purposes of this chapter, historic properties are referred to as cultural 
resources. The National Register is a listing of districts, sites, buildings, 
structures, and objects that are significant in American history, 
architecture, archeology, engineering, and culture. 


The first step toward substantive compliance with the NHPA is to 
identify cultural resources included on (or eligible for inclusion on, based 
on criteria described in Section 4.1.1) the National Register that are located 
in or near the area under study in the RI. Cultural resource surveys are 
usually carried out to help in the identification of previously undocumented 
resources. The second step is to identify the possible effects of proposed 
remedial activities on such resources. If the activity will have an effect on 
such resources, the lead agency must examine whether feasible alternatives 
exist that would avoid such effects. If an effect cannot reasonably be 
avoided, measures shall be taken to minimize or mitigate the potential 
effects. 


If, at any point, the conclusion is reached that cultural resources are 
not present or will not be affected, no further investigation is necessary 
(see Exhibit 4-1). 


2 The phrase, "lead agency," is used throughout this chapter to identify 
the 'actor' taking steps to ensure compliance with requirements described 
here. At any given site or step in the process, the 'actor' may be EPA, the 
State, a Federal agency remediating a site at a Federal facility, or a 
responsible party. However, EPA retains sole responsibility for some 
activities and is ultimately responsible for ensuring compliance, whether as 
the lead agency or in an oversight or concurrence role. 


3 16 USC §§470 et. seq., and its implementing regulation 
(36 CFR Part 800). 


4 The Historic Sites Act of 1935, Executive Order 11593, the 
Presidential Memorandum "Environmental Quality and Water Resources 
Management," and 36 CFR Part 800 "Protection of Historic and Cultural 
Properties" are not discussed separately here, but are relevant to the 
historic preservation process. Other statutes contain requirements regarding 
archeological resources, e.g., the Archaeological and Historic Preservation 
Act of 1974 and the Archaeological Resources Protection Act of 1979. The State 
Historic Preservation Officer (see footnote 5) can be consulted to assist in 
determining whether these requirements apply. 
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Exhibit 4-1 


Cultural Resources Review Under NHPA and 
Remedy Selection Under CERCLA 


1 The Interagency Review Letter (IRL), formerly known as the A-95 Clearing 
House Letter, is the scoping phase of the process. 
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The regulations implementing NHPA §106 describe the administrative and 
procedural requirements that must be followed by Federal agencies. These 
procedural requirements include consultation and coordination between the 
Federal agency, a party undertaking a Federally assisted cleanup, the Advisory 
Council on Historic Preservation (ACHP), the State Historic Preservation 
Officer (SHPO),5 and other interested parties. For CERCLA actions, these 
requirements must be complied with for any part of the cleanup action that 
takes place off site. (For example, if an access road is to be built off site 
to carry out the proposed remedial action, the road's impact area should be 
subject to a cultural resource survey.) Although administrative and procedural 
requirements are not ARARs for on-site activities, adherence to these steps is 
strongly recommended for cleanup actions that take place entirely on site 
because of the effectiveness of these procedures in identifying cultural 
resources and the expertise of the SHPO and the ACHP in these matters. 


States often act as the lead agency for CERCLA remedial actions. In such 
cases, the responsibilities described in this section would be undertaken by 
the State. However, NHPA regulations require that Federal agencies retain the 
responsibility for final decisions regarding the impacts of remedial 
activities on cultural resources. Therefore, in this section, lead agency is 
used whenever EPA or a State agency may act on cultural resource 
identifications or "no effect" determinations. Formal determinations regarding 
eligibility for the National Register, "no adverse effect" evaluations, and 
consultation with the ACHP are reserved to EPA. These determinations, however, 
should be made by EPA with the assistance of the State. 


This section of the guidance manual describes the criteria used in 
determining whether a property is a cultural resource eligible for listing on 
the National Register, and the site information needed to identify cultural 
resources. Also described in this section is a recommended approach for 
collecting the necessary information and determining within the remedy 
selection process whether proposed remedial activities will affect cultural 
resources. 


4.1.1 Criteria for Evaluation 


36 CFR section 60.4 identifies the criteria applied to evaluate whether 
cultural resources will be eligible for inclusion on the National Register. 
The evaluation is based in part upon the quality of significance in American 
history, architecture, archeology, engineering, and culture that is present in 
districts, sites, buildings, structures, and objects that possess integrity of 
location, design, setting, materials, workmanship, feeling, and association, 
and that: 


5 The State Historic Preservation Officer is the official responsible 
pursuant to §101(b)(1) of the Act for administering the State historic 
preservation program within each State or jurisdiction. 
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!	 are associated with events that have made a significant contribution 
to the broad patterns of our history; 


! are associated with the lives of persons significant in our past; 


! embody the distinctive characteristics of a type, period, or method 
of construction, or that represent the work of a master, or that 
possess high artistic values, or that represent a significant and 
distinguishable entity whose components may lack individual 
distinction; or 


!	 have yielded, or may be likely to yield, information important in 
prehistory or history. 


4.1.2 Needs Determination 


The following factors are reviewed in order to determine whether a 
Cultural Resource Survey (CRS) is necessary. This analysis should be conducted 
prior to developing the RI/FS Workplan, with the recognition that varying 
amounts of the following information will be available for each CERCLA site: 


! The type and scope of activity under preliminary consideration; 


!	 The nature and extent of the physical disruption likely to be 
associated with the undertaking; 


! The environmental characteristics of the planning area; 


!	 The type of direct and indirect impacts anticipated in the planning 
area; 


!	 The data gathered from a field inspection of the proposed planning 
area, including photo-documentation of any potential cultural 
resources that may be directly or indirectly impacted; and 


!	 The recommendations of the SHPO and other appropriate State agencies, 
and State and local historic preservation groups, local governments, 
Indian Tribes, and other parties likely to have knowledge of historic 
properties in the area. 


4.1.3 Cultural Resource Survey 


A CRS is the category of activities necessary to identify cultural 
resources within the project area and, where necessary, to develop the 
information required to apply the National Register's criteria for evaluation 
(see Section 4.1.1 above). The objective of the CRS is to develop adequate 
information to make the substantive determinations required by the NHPA. A 
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CRS is carried out by a professional archaeologist/historian, as defined by 
Department of the Interior (DOI) standards.6 


4.1.4 Implementing NHPA Requirements during the CERCLA Cleanup Action 


The following sections discuss how the steps in the CERCLA cleanup 
process provide opportunities to develop the information and make the 
determinations required under §106 of the NHPA. Exhibit 4-1 illustrates that 
these determinations, as appropriate, may be included in the remedy selection 
process. 


4.1.4.1 Remedial Investigation/Feasibility Study 


! The Workplan 


Should there be a need for a CRS (see Section 4.1.2 above), then the 
requirements for the CRS can be incorporated into the RI/FS Workplan. Most of 
the information for a CRS will be developed during the RI/FS. The CRS process 
is a staged investigation, narrowing in focus when specific resources are 
identified. The RI/FS Workplan may include a scope of work and schedule for a 
Stage I (A&B) Site Recognition survey and allow for scheduling of a Stage II 
Site Definition and Evaluation survey (described below), should it be 
necessary. 


Even at those sites where a CRS is undertaken, it will not be necessary 
or appropriate to go through all of these steps at every CERCLA site in order 
to achieve compliance with NHPA. The objective of these surveys is to have 
information available regarding cultural resources at various decision points, 
e.g., when remedial alternatives are discussed during the FS phase, and when 
making eligibility, mitigation, and data recovery determinations. 


! Stage I Survey 


The Stage I survey is designed to determine the presence or absence of 
cultural resources in the project's potential impact area. The Stage I work 
should be conducted early during the planning activities for each project. 
This allows the information derived from this work to be used in developing 
and screening remedial alternatives to avoid or minimize effects on 
historical, architectural, archaeological or culturally significant 
properties. For the purpose of this survey, the study area is the planning 
area of the proposed project. To facilitate planning, the Stage I survey may 
be divided into two sequential units of study: 


Stage IA: Literature Search and Sensitivity Study 


Stage IA is the initial level of survey and requires documentary 
research designed to identify any known or potential historical, 
architectural, archeological, culturally significant resources within the 
project area. A 


6 See Department of the Interior Standards and "Guidelines on Archaeology and 
Historic Preservation," 48 FR 44716-42 (September 29, 1983). 
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primary objective of the study is to evaluate the sensitivity of the project 
area for the presence of cultural resources; this information will be used to 
guide the field investigation that follows. In carrying out the initial 
search, sources at the State Historic Preservation Office, local governments, 
universities, local libraries, museums, historical societies, and other, 
individuals or organizations with historical and cultural expertise can be 
consulted as appropriate. Indian Tribes and other appropriate parties may also 
represent important sources of information. In addition, the nature and extent 
of the proposed project is evaluated, an initial walk-over reconnaissance and 
surface inspection is completed, and the effect of prior ground disturbance on 
the probability of identifying cultural resources is assessed. 


The Stage IA search should identify actual or potential cultural 
resources and all properties that are eligible, listed, or being considered 
for inclusion in the National Register within the project's area. To further 
define the potential for unidentified resources, the Stage IA search should 
include synthesis of land use patterns, and prehistoric and historic cultural 
development of the project area. This information should provide the basis for 
identifying zones of cultural resource sensitivity. This synthesis may be 
particularly useful when screening alternatives, analyzing indirect effects, 
and determining the need for and scope of a Stage IB survey. Areas where 
substantial prior land modification is evident should be clearly identified. 
It is appropriate to include materials (e.g., maps, photos, soil boring 
logs)that support conclusions of the analysis. Further, the Stage IA 
sensitivity study will result in recommendations for the subsequent Stage IB 
investigation. 


Stage IB: Field Investigation 


A Stage IB field investigation can include subsurface testing, and is 
recommended unless the presence or absence of resources can be determined by 
direct observation or by examination of historical records and documents. 
Although detailed evaluation of specific resources is not carried out at this 
level, it is necessary to record and describe the cultural resources, 
including their location on the site, as fully as possible to aid in the 
formulation of recommendations for avoidance or further evaluation. 


The final Stage IB report presents the results of the field 
investigation, including: a description of the survey design and methodology 
(based on results of the Stage IA study); complete records of soil 
stratigraphy; and an artifact catalogue characterizing the nature of the 
discoveries. As appropriate, this should include the identification, estimated 
data range, and quantity or weight of each artifact. The locations of all 
field test units must be accurately plotted on a project area map, with 
locations of identified resources clearly defined. Photographs that illustrate 
salient points of the survey are a necessary component of the final report. 
Detailed recommendations and supporting rationale for additional investigation 
must be incorporated into the conclusions of the Stage IB report. 
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-- Review of Stage I Survey Findings 


The schedule for the CRS should provide for lead agency review of the 
Stage I survey results and sufficient opportunity for the completion of a 
Stage II survey, should one be necessary, before completion of the RI 
fieldwork. The lead agency will evaluate the Stage I survey results to 
determine the need for, and refine the scope of, any Stage II survey. 


If all cultural resources identified through the Stage IA and/or Stage 
IB surveys will not be affected by the proposed project, the survey process is 
complete. If cultural resources identified by these studies may be affected, 
further evaluation may be required to determine the potential eligibility of 
the resources for inclusion in the National Register. The extent of additional 
cultural resource study may be reduced by project modifications (e.g., 
realignment or relocations) that avoid or minimize potential effects. 


! Stage II Survey: Site Definition and Evaluation 


The Stage II survey is a detailed evaluation of an identified cultural 
resource(s) that may be affected by the remedial alternatives being 
considered. Research is carried out on each identified resource to provide 
adequate data to allow a determination of the resource's eligibility for 
listing in the National Register (see next section). The Stage II report 
should include, at a minimum, information on boundaries, integrity, and 
significance of the resource(s), and evaluation of the effect of the proposed 
project as well as any additional data necessary to evaluate eligibility. 


The Stage II survey results will provide the lead agency with sufficient 
information to determine both the effects and ways to avoid or reduce the 
effects on any cultural resources. The data from the CRS should be 
incorporated into the RI/FS environmental analysis, and the reports should be 
appended to the document. 


! Determination of Eligibility 


The lead agency, in consultation with the SHPO, shall apply the criteria 
for inclusion described in Section 4.1.1 above in order to determine whether a 
cultural resource meets the criteria for inclusion on the National Register. 
If both the lead agency and the SHPO agree, the lead agency should prepare 
appropriate documentation according to the DOI regulations (see 36 CFR Part 
63). This documentation should include the SHPO's written opinion regarding 
eligibility. The lead agency should transmit the documentation to the Keeper 
of the National Register. If a question exists or the lead agency and the SHPO 
do not agree on eligibility, the documentation should be forwarded to the 
Keeper for a determination of eligibility. 


! Impact Evaluation 


After the appropriate CRS studies have been accomplished, one of the 
following determinations of the effect of the proposed remedial activities on 
all National Register-listed and eligible resources identified in the project 
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area of potential effects shall be made by the lead agency in consultation 
with the SHPO. An effect occurs when an undertaking may alter characteristics 
of the cultural resources that qualify it for inclusion in the National 
Register. 


-- Determination of no effect 


If the lead agency, in consultation with the SHPO, determines that the 
undertaking will have no effect on National Register-listed resources or on 
resources eligible for nomination on the National Register, then no further 
review is necessary. 


-- Determination of no adverse effect 


If there will be an effect on a resource which is listed or eligible for 
listing on the National Register, the lead agency, in consultation with the 
SHPO, shall determine the nature of the effect by applying the "Criteria of 
Adverse Effect" (see next section). If a determination of no adverse effect is 
made, the lead agency shall prepare adequate documentation for this 
determination for submittal to the ACHP (36 CFR section 800.5(d)). 


Effects of an undertaking that would otherwise be found to be adverse 
may be considered to be not adverse when both the nature of the impact is 
limited and appropriate data recovery (see mitigation section below) is 
implemented (36 CFR section 800.9(c)). For example, a data recovery program 
may be applied to an archaeological site whose primary significance lies in 
its ability to yield information important to history. This data recovery can 
take the form of preserving the significant information by professional 
excavation, reporting, and curation of archaeological materials. 


-- Determination of adverse effect 


An adverse effect is an effect on a historic property on or eligible for 
the National Register that may diminish the integrity of the property's 
location, design, setting, materials, workmanship, feeling, or association. 
Adverse effects (36 CFR section 800.9(b)) include, but are not limited to, the 
following: 


!	 physical destruction, damage, or alteration of all or part of 
the property; 


!	 isolation of the property from or alteration of the character 
of the property's setting when that character contributes to 
the property's qualification for the National Register; 


!	 introduction of visual, audible, or atmospheric elements that 
are out of character with the property or alter its setting; 
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!	 neglect of the property resulting in its deterioration or 
destruction; and 


! transfer, lease, or sale of the property. 


If it is determined that a remedial activity conducted off site has the 
potential to adversely affect a National Register-listed or eligible resource, 
or if the ACHP objects to a determination of no adverse effect, the lead 
agency shall prepare the required documentation (36 CFR section 800.8) (it is 
strongly recommended that the lead agency also comply with these documentation 
requirements, where possible, for on-site activities). This documentation will 
contain the lead agency's proposals to avoid or mitigate the adverse effects 
of a project upon a National Register-listed or eligible resource and shall be 
submitted to the ACHP. The ACHP may consult with the lead agency, the SHPO, 
and other interested parties in examining all feasible alternatives that would 
avoid adverse effects on these resources. Generally, the formal consultation 
should result in an agreement on the treatment of any adverse effects. 


When agreement is reached on how the effects will be taken into account, 
the ACHP may participate in the preparation or approval of a Memorandum of 
Agreement (MOA) reflecting such agreement. The lead agency shall not take or 
authorize any action having an adverse effect on such cultural resources until 
all reasonable alternatives have been examined. Of course, for on-site 
actions, the lead agency must meet the substantive requirements to avoid or to 
mitigate potential project effects. For off-site actions, the lead agency 
shall not take the action until the ACHP has accepted an MOA or has commented 
on the report. 


! Mitigation 


Where the lead agency determines that it is not feasible to implement an 
alternative to avoid an effect on a National Register-listed or eligible 
resource, measures to minimize the potential effects should be developed in 
consultation with the SHPO, the ACHP and, where appropriate, other parties. A 
mitigation plan outlining these measures should be developed. Where an adverse 
effect exists, this mitigation plan should be included in an MOA signed by the 
consulting parties. 


If a mitigation plan is developed, it shall be based on engineering, 
environmental, economic, and resource preservation concerns. Mitigation may 
take the form of avoidance through cost-effective redesign, reduction of the 
direct impact on the resource, and/or data recovery prior to construction. 


4.1.4.2 Remedial Design 


The remedial design process should provide for the scheduling and 
funding of the development and implementation of a detailed cultural resources 
mitigation plan (e.g., data recovery, construction constraints, etc.). The 
lead agency will be responsible for obtaining final SHPO and ACHP approval of 
any mitigation plan that involves alteration or destruction of identified 
National Register or eligible resources located off site. In general, it will 
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be advantageous to complete data recovery activities prior to construction; 
however, provisions may occasionally be necessary to schedule such work to 
occur during construction. 


4.1.5 Documentation 


Compliance with NHPA requirements should be documented in the RI/FS 
report, describing, as appropriate, the determination of whether cultural 
resources are or are not present; the results of the CRS process and 
recommendations on the eligibility of the identified cultural resources for 
the National Register; the impact, if any, on such resources; and the 
associated mitigation measures to minimize potential "no adverse" or "adverse" 
effects. 


When cultural resources are present, the ROD should identify the NHPA as 
an ARAR. For each alternative, the ROD should identify whether the alternative 
will comply with substantive NHPA requirements. For the selected remedy, the 
ROD should also include a brief statement describing what compliance with NHPA 
entails, e.g., that there will be no impact on cultural resources or what 
mitigation measures will be required. 


4.2 ARCHEOLOGICAL AND HISTORIC PRESERVATION ACT 


The Archeological and Historic Preservation Act, 16 USC §469a-1, 
provides for the preservation of historical and archeological data that might 
otherwise be lost as a result of dam construction or alterations of the 
terrain. If activities in connection with any Federal construction project or 
Federally approved project may cause irreparable loss to significant 
scientific, prehistorical, or archeological data, the Act requires the agency 
undertaking that project to preserve the data or request the DOI to do so. 
This Act differs from the NHPA in that it encompasses a broader range of 
resources than those listed on the National Register and mandates only the 
preservation of the data (including analysis and publication). 


4.3 ENDANGERED SPECIES ACT 


4.3.1 Overview of the Endangered Species Act 


The Endangered Species Act (ESA) of 1973, 16 USC §1531 et seq., provides 
a means for conserving various species of fish, wildlife, and plants that are 
threatened with extinction. The ESA defines an endangered species as "any 
species which is in danger of extinction throughout all or a significant 
portion of its range.... " In addition, the ESA defines a threatened species 
as "any species which is likely to become an endangered species within the 
foreseeable future.... " Further, the ESA provides for the designation of 
critical habitats, that are "specific areas within the geographical area 
occupied by the [endangered or threatened] species... on which are found those 
physical or biological features essential to the conservation of the 
species..." 
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Section 7(a) of the ESA requires Federal agencies, in consultation with 
the DOI and the National Marine Fisheries Service (NMFS), as appropriate, to 
ensure that the actions they authorize, fund, or carry out are not likely to 
jeopardize the continued existence of endangered or threatened species, or 
adversely modify or destroy their critical habitats. Actions that might 
jeopardize listed species include direct and indirect effects, as well as the 
cumulative effects of other actions that are interrelated or interdependent 
with the proposed action. 


Substantive compliance with the ESA means that the lead agency must 
identify whether a threatened or endangered species, or its critical habitat, 
will be affected by a proposed response action. If so, the agency must avoid 
the action or take appropriate mitigation measures so that the action does not 
affect the species or its critical habitat. If, at any point, the conclusion 
is reached that endangered species are not present or will not be affected, no 
further action is required. 


Section 7 of the ESA requires consultation to determine whether the 
project is likely to jeopardize the continued existence of any endangered or 
threatened species or result in the destruction or adverse modification of a 
critical habitat. The lead agency should consult with the U.S. Fish and 
Wildlife Service (FWS) for terrestrial and freshwater species and the NMFS for 
marine species. Such consultation is required for off-site actions and is 
strongly recommended for cleanup actions conducted entirely on site, since 
such procedures were designed to ensure compliance with the ESA.7 


4.3.2 ESA Review Procedures 


4.3.2.1 Determining Whether Endangered Species Are Present 


As early as possible in the remedial planning process, the lead agency 
should request a determination from the appropriate office(s) of the FWS and 
the NMFS on whether there are listed or proposed species or critical habitats 
present in the study area. A written request for information is required for 
off site actions and is strongly recommended for on-site activities. The 
location and type of project and a map of the planning area for each project 
should be included with the letters to the FWS and NMFS, as appropriate. 


The FWS and NMFS are required to respond within 30 days of the receipt 
of such a request. If the FWS and NMFS determine that no listed or proposed 
species are present in the study area, no further consultation with these 
agencies is required. 


Informal consultation under the ESA can also be conducted on many 
projects at one time. In addition, certain FWS and NMFS regional offices may 
provide lists of Federal endangered and threatened species and critical 
habitats on a State-by-State basis that can help to expedite the review 
process. Requests for bulk informal consultations and State species lists 


7 Procedures for interagency cooperation concerning endangered species 
are found in 50 CFR Part 402. 
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should be forwarded to the respective FWS regional office. These lists, 
assuming they are kept current, can provide an early screening and may result 
in a determination by the lead agency that no endangered species or critical 
habitats are present, and no further actions or investigations would be 
required. 


4.3.2.2 Biological-Assessment 


A determination, during informal consultation, that an endangered or 
threatened species or critical habitat is present and may be impacted by site 
activities will necessitate preparation of a biological assessment (BA). The 
intent of the BA is to examine any possible impacts of a proposed action upon 
the affected species or critical habitats in the project area. The 
determination of possible project impacts should be completed within 180 days 
after the BA is initiated and should be made during the RI/FS process. To 
support this determination, the BA should include the following, as 
appropriate: 


! Views of wildlife experts; 


! Review of literature and field data; 


!	 Results of on-site inspection of the total area affected (both 
on site and off site, as appropriate) to determine the presence 
or absence of affected species and/or critical habitat 
(conducted in accordance with the site's Health and Safety 
Plan); 


!	 Analysis of the likely effects of the proposed project on the 
species in terms of individuals (short-term impacts) and 
populations (long-term impacts); 


!	 Analysis of alternative actions to protect endangered species; 
and 


! Description of the study methodology. 


Prior to the implementation of any of these tasks, it is recommended 
that the specific scope of the BA be approved by the appropriate FWS or NMFS 
office(s). 


Based upon the BA conclusions, the lead agency, in consultation with the 
FWS or NMFS, must determine the next appropriate action. The following 
consultation requirements described below and in Sections 4.3.2.3. and 
4.3.2.4. are not required for on-site actions, but are strongly recommended. 


!	 If the lead agency determines the project will not affect any 
listed or proposed species, the lead agency will supply the 
appropriate area manager or regional director of the FWS or 
NMFS with that determination and the completed BA. Unless FWS 
or 
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NMFS disagrees with the determination of no effect, the lead 
agency's endangered species responsibilities under §7 of the 
ESA have been met. 


!	 If the lead agency anticipates that the project will affect a 
listed or proposed species, the lead agency must initiate the 
formal consultation process with the appropriate regional 
office(s) of EVS or NMFS. No action can be approved until the 
formal consultation process is completed. 


If the lead agency and the Federal wildlife management agencies disagree about 
the effect of an action on an endangered species, the formal consultation 
process (i.e., biological opinion) must be initiated. 


4.3.2.3 Biological Opinion (Formal Consultation) 


The lead agency initiates formal consultation by a written request to 
FWS or NMFS which must include: 


! a description of the action to be considered; 


!	 a description of the specific area that may be affected by the 
action; 


!	 a description of listed species or critical habitat that may be 
affected by the action, and of how they will be affected, and 
an analysis of any cumulative effects; and 


!	 relevant available reports and other information on the action, 
or affected species or habitats. 


The FWS or NMFS is required to conclude formal consultation within 90 days, 
although that time can be extended by mutual consent of the Federal agencies 
involved. Within 45 days of the conclusion of formal consultation, a 
biological opinion (BO) must be completed. The BO can conclude that: 


!	 The proposed action is not likely to jeopardize or adversely 
affect the species or critical habitat. No further action is 
required and the proposed project can proceed. 


!	 The proposed action is likely to jeopardize or adversely affect 
an endangered species or critical habitat. In this case, the 
project must be stopped unless alternatives to avoid or 
mitigate any impact to the species or critical habitat can be 
found, or an exemption is granted by the Endangered Species 
Committee through formal consultation procedures. 
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4.3.2.4 Application for Exemptions 


The procedures for applying for ESA exemptions are found in 50 CFR Parts 
450, 451, 452, and 453 and are summarized below. 


If the BO results in a determination of adverse effect (jeopardy to 
species or adverse modification of habitat), and there are no reasonable or 
prudent measures that can be taken to avoid or mitigate impacts from off-site 
activities, the lead agency may submit an application for exemption from the 
§7(a)(2) requirement. The application must be sent to the Secretary of the 
Interior or Secretary of Commerce, as appropriate, within 90 days following 
the termination of the consultation process. The exemption application must 
contain the following information (similar information should be provided for 
on-site action): 


• Comprehensive description of the proposed agency action; 


• Description of the consultation process carried out under the Act; 


• Copy of the BA; 


• Copy of the BO; 


• Description of the alternatives considered; 


•	 Statement describing why the proposed agency action cannot be 
altered or modified to avoid violating §7(a)(2) of the Act; and 


•	 Description of resources committed by the Federal agency, if any, 
to the proposed action subsequent to the initiation of insulation. 


For off-site actions, the Secretary will conduct a threshold review of 
the application and determine, within 20 days, whether the application 
qualifies for consideration by the Endangered Species Committee. If it is 
determined that all the consultation requirements have been met by the agency, 
the Secretary will submit a report to the Endangered Species Committee within 
140 days. The Endangered Species Committee is composed of: the Secretary of 
the Interior, the Secretary of Agriculture, the Secretary of the Army, the 
Chairman of the Council of Economic Advisors, the Administrator of the 
Environmental Protection Agency, the Administrator of the National Oceanic and 
Atmospheric Administration, and a person from each affected State as 
determined by the Secretary. 


It should be noted that applying for an ESA Exemption is a lengthy and 
detailed process involving hearings before an Administrative Law Judge. The 
process has been carried out on only a few cases in the history of the Act. 
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Exhibit 4-2 


Endangered Species Review Under Endangered Species 
Act and Remedy Selection Under CERCLA 
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4.3.3 Documentation 


Compliance with ESA requirements should be documented in the RI/FS 
report, describing, as appropriate, the determination of whether endangered 
species or a critical habitat are or are not present; the results of the BA; 
the results of the formal consultation or BO; the impact, if any, of the 
CERCLA action; and the associated mitigation measures to minimize impacts. 


When an endangered species or critical habitat is present, the ROD 
should identify the ESA as an ARAR. For each alternative, the ROD should state 
whether the alternative will comply with substantive ESA requirements. For the 
selected remedy, the ROD should also include a brief statement describing what 
compliance with ESA entails, e.g., that there will be no impact on the 
endangered species or what mitigation measures will be required. 


4.3.4 Discussion 


Provided that appropriate consultation is initiated in a timely manner, 
it is unlikely that the provisions of the ESA will cause a delay in a remedial 
project. Moreover, because of the nature of the remedial program (i.e., the 
cleanup of environmental contamination), it is very unlikely that the ESA 
review process will result in a project being delayed or stopped because of 
adverse impacts to endangered or threatened species or critical habitats. 
However, changes in methods or timing may be necessary to avoid adverse 
impacts (e.g., timing the action to avoid the mating season of a species). The 
vast majority of projects will not require anything further than informal 
consultation. However, if serious impacts could result from a remedial action, 
the provisions of natural resource damage assessments and claims of 
CERCLA/SARA (i.e., 43 CFR Part 11) would likely be initiated by the 
appropriate Trustee. In such cases, an agreement may be reached with the 
respective Trustee that will allow appropriate remedial action "operable 
units" to proceed to ensure the protection of public health. 


4.4 WILD AND SCENIC RIVERS ACT 


4.4.1 Overview of the Wild and Scenic Rivers Act 


The Wild and Scenic Rivers Act (WSRA), 16 USC §1271, et seq., 
establishes requirements applicable to water resource projects affecting wild, 
scenic, or recreational rivers within the National Wild and Scenic Rivers 
System, as well as rivers designated on the National Rivers Inventory to be 
studied for inclusion in the National System. In accordance with §7 of the 
Act, a Federal agency may not assist through grant, loan, license, or 
otherwise, the construction of a water resources project that would have a 
direct and adverse effect on the free-flowing, scenic, and natural values for 
which a river on the National System or Study River on the National Rivers 
Inventory was established. The Act also covers indirect effects from 
construction of water resources projects below or above rivers or their 
tributaries that are in the National System or under study on the National 
Rivers Inventory, such as a dam on a tributary and construction or development 
on adjacent shorelines. If the project(s) would affect the free-flow 
characteristic of a designated river or 
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unreasonably diminish the scenic, recreational and fish and wildlife values 
present in the area, such activities should be undertaken in a manner that 
would minimize adverse impacts, and should be developed in consultation with 
the DOI (National Park Service) and the Department of Agriculture (DOA). 


If, at any point, the conclusion is reached that the CERCLA activity 
will not impact a designated river or is not a water resource project, no 
further action is required. 


The Act is administered by the DOI and the DOA. Potentially applicable 
requirements are found in §7 of the Act. The DOA has promulgated implementing 
procedures at 36 CFR Part 297 for rivers within its jurisdiction. 


4.4.2 Summary of Wild and Scenic Rivers ARARS for CERCLA Actions 


The WSRA requires that the lead agency: 


•	 Identify any rivers within the National Wild and Scenic Rivers 
System or Study River on the National Rivers Inventory within a 
Federal project area; 


•	 Determine if a project will involve construction of any water 
resources project that could affect the free-flowing 
characteristics, the scenic, or natural values of a designated 
river; and 


•	 Not authorize any water resources project or any other project 
that will directly or indirectly impact any designated river 
without notifying the Secretary of the Interior or Chief of the 
Forest Service (whoever has jurisdiction) in writing at least 
60 days prior to the date of the proposed actions. 


A water resources project8 is defined as a dam, water conduit, 
reservoir, powerhouse, transmission line, discharge to waters, or other 
project works under the Federal Powers Act or other construction of 
developments that would affect the free-flowing characteristics or scenic, 
recreational, or fish and wildlife values of a Wild and Scenic River or Study 
River. The statute further provides that the Secretary of Agriculture or 
Secretary of the Interior will make a determination as to the effect of the 
project on the designated river and will either consent or not consent to the 
project. If consent is denied, either Secretary may recommend measures to 
eliminate adverse effects. 


If on-site cleanup activities involve the potential to impact a 
designated river, the lead agency is strongly encouraged to notify and consult 


8 Note that the DOI definition includes activities such as dredging, 
installation of rip-rap, and shoreline development (DOI Solicitors Memorandum, 
February 7, 1969). 
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Exhibit 4–3 


Wild and Scenic Rivers Review Under Wild and Scenic 
Rivers Act and Remedy Selection Under CERCLA 
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with DOI and DOA in determining whether the project is considered a water 
resources development project, whether to proceed with the activity, and how 
to eliminate direct and adverse effects. For off-site activities, the lead 
agency must notify DOI or DOA and obtain consent before implementing an action 
that would directly and adversely impact a designated river. 


4.4.3 Documentation 


When CERCLA activities potentially involve a designated river, the RI/FS 
should describe the results of the analysis of impacts and discussions with 
DOI or DOA. For each alternative, the ROD should state whether the alternative 
will meet substantive WSRA requirements. For the selected remedy, the ROD 
should also include a brief statement describing what compliance will entail. 


4.5 FISH AND WILDLIFE COORDINATION ACT 


4.5.1 Overview of the Fish and Wildlife Coordination Act of 1934 


The Fish and Wildlife Coordination Act, 16 USC §661 et seq., was enacted 
to protect fish and wildlife when Federal actions result in the control or 
structural modification of a natural stream or body of water. The statute 
requires Federal agencies to take into consideration the effect that 
water-related projects would have upon fish and wildlife and then take action 
to prevent loss or damage to these resources. Such action should be viewed in 
the context of obtaining maximum overall project benefits, i.e., cleaning up 
the site. Under §662 of the Act, consultation is required with the FWS or NMFS 
and the Wildlife Resources Agency of the State if alteration of the water 
resource would occur as a result of off-site remedial activities. Consultation 
is strongly recommended for on-site actions. The purpose of consultation is to 
develop measures to prevent, mitigate or compensate for project-related losses 
to fish and wildlife. 


4.5.2 Summary of Fish and Wildlife ARARS for CERCLA Actions 


In planning a response action, the lead agency must determine whether 
the action will result in the control or structural modification of a body of 
water. The types of actions that would fall under the jurisdiction of the Act 
include: 


•	 Discharges of pollutants including industrial, mining, 
and municipal wastes or dredge and fill material into a 
body of water or wetlands;9 and 


•	 Projects involving construction of dams, levees, 
impoundments, stream relocation, and water diversion 
structures. 


9 The requirements to comply with the Fish and Wildlife Coordination Act are 
in EPA’s NPDES permit regulations in 40 CFR section 122.49. 
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If a response action would involve any of these activities, the lead agency 
must develop measures to prevent, mitigate or compensate for project-related 
losses of fish and wildlife resources. 


The statute requires consultation with the FWS and the affected State for 
developing measures to protect wildlife. Consultation can be carried out with the 
field offices of the FWS. Consultation is required for off-site response actions 
and is recommended for cleanup actions taking place entirely on-site. 


4.5.3 Documentation 


The RI/FS report should describe any reports or recommendations of the FWS. 
When control or modification of a water body is involved, the ROD should state 
whether each alternative will meet substantive Fish and Wildlife Coordination Act 
ARARs, and should briefly describe requirements for the remedy selected, 
including the impacts, if any, of the response alternatives on wildlife and the 
mitigation measures that would be employed. 


4.6 COASTAL ZONE MANAGEMENT ACT 


4.6.1 Overview of the Coastal Zone Management Act 


Section 307(c)(1) of the Coastal Zone Management Act (CZMA), 16 USC §1451 
et seq., requires that Federal agencies conducting or supporting activities 
directly affecting the coastal zone conduct or support those activities in a 
manner that is consistent with approved State coastal zone management programs. A 
State coastal zone management program (developed under State law and guided by 
the CZMA) sets forth objectives, policies, and standards to guide public and 
private uses of lands and waters in the coastal zone. The State coastal zone 
management program must be approved by the Secretary of Commerce. 


If a remedial activity will affect (adversely or not adversely) the coastal 
zone of a State with an approved coastal zone management program, the lead agency 
is required to determine whether the activity will be consistent, to the maximum 
extent practicable (CZMA §307(c)), with the State’s coastal zone management 
program and must notify the State of its determination. (If an off-site remedial 
activity requires a Federal permit, which will not occur often, the State must 
certify that the proposed activity complies with its coastal zone management plan 
[CZMA §307(c)(3)].) 


Copies of State management plans may be obtained from the coastal 
commission of each State. All coastal States have approved State management plans 
except for Georgia, Texas, Ohio, Indiana, Illinois, and Minnesota. 


The term "coastal zone" is identified in the Act as "the coastal waters 
(including the lands therein and thereunder) and the adjacent shorelands 
(including the waters therein and thereunder), strongly influenced by each other 
and in proximity to the shorelines of the several coastal States, and includes 
islands, transitional and intertidal areas, salt marshes, to the 
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international boundary between the United States and Canada and in other areas, 
seaward to the outer limit of the U.S. territorial sea. The zone extends inland 
from the shorelines only to the extent necessary to control shorelands, the uses 
of that have a direct and significant impact on the coastal waters." 


4.6.2 Summary of Potential Coastal Zone Management Act ARARS for CERCLA 
Activities 


To comply with the CZMA, the lead agency should identify remedial 
activities that would directly affect the coastal zone and then undertake the 
following: 


•	 Review the State coastal zone management plan and 
determine whether remedial activities would be 
consistent with the plan (if a Federal permit(s) 
required, the appropriate State coastal zone 
management authority would make such a 
determination); 


•	 Prepare a consistency determination (or its 
equivalent for on-site activities) that includes: 


A detailed description of the remedial action, 
its associative facilities, and coastal zone 
effects; 


A brief statement on how the remedial action, 
to the maximum extent practicable, would be 
consistent with the State coastal zone 
management plan; and 


Data to support the consistency determination. 


4.6.2.1 On-site activities 


Under CERCLA, on-site actions are not subject to administrative review 
processes. However, it is the lead agency’s responsibility to ensure that on-site 
actions will comply with all of the substantive requirements under a State’s 
coastal zone management plan. The lead agency should document that substantive 
requirements will be met by developing an analysis similar to a consistency 
determination. The lead agency is strongly encouraged to consult with the State 
coastal zone management agency in determining whether substantive requirements 
will be met. 


4.6.2.2 Off-Site Activities 


For off-site remedial actions, the lead agency should notify the 
responsible State agency of its consistency determination as early as possible in 
the planning process (when sufficient data is available) but before the lead 
agency reaches a significant point in the decision making, i.e., at least 
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Exhibit 4-4 


Coastal Zone Review Under Coastal Zone Act and Remedy Selection 
Under CERCLA 
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90 days before final approval of the remedial action. The consistency 
determination is a brief statement indicating how the remedial action will be 
undertaken in a manner consistent with the State's coastal zone management 
program. The consistency determination must include a detailed description of the 
proposed remedial action, its associated facilities and their combined coastal 
effects, as well as data and information to support the Federal agency's 
conclusion. The consistency determination need not follow a particular format as 
long as all the substantive information is included. 


State agencies are required to respond to a consistency determination 
within 45 days from receipt of the notice. If a State fails to provide a 
response, the lead agency should assume State agreement. An off-site remedial 
activity may not be taken sooner than 90 days from issuance of a consistency 
determination unless both the lead agency and the responsible State agency agree 
to an alternative period. 


If the State agency disagrees with a consistency determination, the State 
will respond with its reasons for disagreeing and provide supporting 
documentation. The response will address how the activity will be inconsistent 
with specific elements of the coastal zone management plan and alternative 
measures that can be undertaken to allow the activity to proceed consistent with 
the management program. 


When disagreement occurs, the lead agency and responsible State agency 
should utilize the remaining portion of the 90-day notification period to resolve 
their differences. If disagreement continues, the 90-day period may be suspended 
until the disagreement is resolved. However, the lead agency would not have to 
delay or abandon implementation of the response action identified by the State as 
inconsistent with the coastal program as long as the lead agency maintains that 
the action is consistent, to the maximum extent practicable, with the coastal 
program. 


There are a number of procedures for resolving State/Federal conflicts. 
These include: 


•	 Informal discussions between the parties, assisted by the Department 
of Commerce, Office of Coastal Zone Management; 


• Mediation by the Secretary of Commerce with public hearing; and 


• Judicial review by either party. 


4.6.3 Documentation 


When remedial activities will directly affect a coastal zone, the RI/FS 
should describe compliance with the State's CZMA and should incorporate the 
consistency determination, or its equivalent. The ROD should identify the CZMA as 
an ARAR and state whether each alternative will meet CZMA requirements. 
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4.7 WILDERNESS ACT 


The Wilderness Act, 16 USC §§1131 et seq., creates the National Wilderness 
Preservation System. The intent of the law is to administer units of this System 
(i.e., Wilderness Areas) in order to preserve their wilderness character and to 
leave them unimpaired for future use as wilderness. 


In complying with the Wilderness Act, the RPM must first identify whether 
proposed remedial activities will impact designated wilderness areas (see 16 USC 
§1132). The Regional NEPA Compliance staff should be able to identify these 
areas. If a proposed remedial activity will impact a wilderness area, the RPM 
should consult with the NEPA Compliance staff and the administering agency to 
determine the prohibitions on activities in the wilderness area and whether 
exemptions to these prohibitions are necessary and can be obtained. For example, 
the RPM may have to implement a remedial activity that uses only temporary 
structures and roads, or certain kinds of equipment. 


4.7.1 Documentation 


When remedial activities will impact a wilderness area, the RI/FS should 
describe compliance with the Wilderness Act. The ROD should identify the 
Wilderness Act as an ARAR and state whether each alterative will meet the ARAR. 
For the selected remedy, the ROD should also briefly state what compliance with 
the Wilderness Act will entail. 
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Exhibit 4-5 


Wilderness Area Review Under Wilderness Area Act and 
Remedy Selection Under CERCLA 


1 The Interagency Review Letter (IRL), formerly known as the A-95 Clearing House Letter, is the 
scoping phase of the process. 
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CHAPTER 5 


STANDARDS, ADVISORIES, AND GUIDANCE 
FOR THE MANAGEMENT OF RADIOACTIVE WASTE 


5.0 OVERVIEW 


Very few applicable standards exist for the cleanup of radioactively 
contaminated sites and buildings. The principal exceptions are health and 
environmental protection standards for mill tailings under the Uranium Mill 
Tailings Radiation Control Act (see Section 5.1.1.4 of this chapter). Other 
standards described here are likely only to be relevant and appropriate because 
of the jurisdictional framework of the radiation statutes. EPA is developing 
standards and guidance for residual radioactivity for cleanup of sites where 
radionuclides have been used.1 Such standards, when promulgated, will be 
potentially applicable or relevant and appropriate requirements (ARARs) for 
CERCLA sites. 


This chapter provides guidance on the potential applicability or relevance 
and appropriateness of standards for management of mill tailings and on other 
radiation standards that may be relevant and appropriate to CERCLA actions. 
Determinations of what is an ARAR will be based on site-specific evaluations. 


Several agencies have authority over the cleanup of sites contaminated with 
radioactive materials. Each agency has a variety of general regulations that 
could be applicable to sites within the agency's purview, or may be relevant and 
appropriate to CERCLA sites with similar radioactive contamination. In addition, 
there are a variety of radiation advisories and guidance that, while not ARARs, 
may be considered when developing protective remedies at CERCLA sites. 


The primary agencies that have regulatory programs for the cleanup of 
radioactively contaminated sites and buildings are EPA, the Nuclear Regulatory 
Commission (NRC), the Department of Energy (DOE), and States. Several other 
Federal agencies also have regulatory programs for radioactive waste, but these 
programs generally are more narrow in scope than those of EPA, NRC, and DOE. In 
addition, a few non-government, scientific organizations issue important 
advisories and guidance related to radioactive waste management. Briefly, the 
main functions and areas of jurisdiction of all of these organizations are as 
follows: 


•	 EPA's authority to protect public health and the 
environment from adverse effects of radiation exposure is 
derived from several statutes, including the Atomic 
Energy Act, the Clean Air Act, the Uranium Mill Tailings 
Radiation Control Act (UMTRCA), the Nuclear Waste Policy 
Act, RCRA, and CERCLA. The Agency's major 
responsibilities in the radiation area are to establish 


1 Advance Notice of Proposed Rulemaking, 51 FR 22264; also Regulatory 
Agenda 53 FR 14365, Regulation Identification No. 2060-AB31. 
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Act, RCRA, and CERCLA. The Agency's major 
responsibilities in the radiation area are to establish 
Federal guidance and standards, assess new technologies, 
and monitor radiation in the environment. EPA also has 
lead responsibility in the Federal government for 
advising all Federal agencies on radiation standards. 
EPA's radiation standards apply to many different types 
of activities involving all types of radioactive material 
(i.e., source, byproduct, special nuclear, and naturally 
occurring and accelerator-produced radioactive material 
[NARMI)2. For some EPA standards, implementation and 
enforcement responsibilities are vested in other 
agencies, such as the NRC and DOE. 


•	 NRC licenses the possession and use of certain types of 
radioactive material at certain types of facilities. 
Specifically, the NRC is authorized to license source, 
byproduct, and special nuclear material; it is not 
authorized to license NARM, although NARM may be 
partially subject to NRC regulation when it is associated 
with material licensed by the NRC. Most of DOE's 
operations are exempt from NRCs licensing and regulatory 
requirements, as are certain Department of Defense (DOD) 
activities involving nuclear weapons and the use of 
nuclear reactors for military purposes. 


• DOE is responsible for conducting or overseeing 
radioactive material operations at numerous government 
owned/contractor- operated facilities. DOE is also 
responsible for managing several inactive sites that 
contain radioactive contamination, such as sites 
associated with the Formerly Utilized Sites Remedial 
Action Program (FUSRAP), the Uranium Mill Tailings 
Remedial Action Program (UMTRAP), the Grand Junction 
Remedial Action Program (GJAP), and the Surplus 
Facilities Management Program (SFMP). DOE is authorized 
to control all types of nuclear materials at sites within 
its jurisdiction. 


2 Source material is defined as: (1) natural uranium, thorium, or any 
combination thereof; or (2) ores that contain 0.05 percent or more (by weight) 
uranium or thorium. Byproduct material is: (1) any material made radioactive by 
exposure to radiation in the process of producing or using special nuclear 
material; or (2) the wastes produced by the extraction or concentration of 
uranium or thorium from ore (i.e., uranium or thorium mill tailings). Special 
nuclear material is defined as plutonium or uranium enriched in the U-235 or 
U-233 isotope. NARM includes: (1) a variety of naturally occurring radionuclides 
other than uranium or thorium, such as radium in discrete sources or wastes from 
mineral extraction industries; or (2) a variety of accelerator-produced 
radionuclides mostly used in medicine and in research. 
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•	 Other Federal agencies with regulatory programs 
applicable to radioactive waste include the Department of 
Transportation (DOT) and DOD. DOT has issued regulations 
that set forth packaging, labeling, record keeping, and 
reporting requirements for the transport of nuclear 
material (see 49 CFR Parts 171 through 179). Most of 
DOD's radioactive waste management activities are 
regulated by the NRC and/or EPA (see Section 5.1.1.1 of 
this chapter). However, DOD has its own program for 
controlling wastes generated for certain nuclear weapon 
and reactor operations for military purposes. Other 
agencies, such as the Federal Emergency Management Agency 
(FEMA) and the Department of Interior (DOI), may also 
play a role in radioactive waste cleanups in certain 
cases. 


•	 States have their own authority and regulations for 
radioactive material and waste. In addition, 29 States 
(Agreement States) have entered into agreements with NRC, 
under which NRC has relinquished to such States its 
regulatory authority over source, byproduct, and small 
quantities of special nuclear material. Both Agreement 
States and Nonagreement States also can regulate NARM. 
Such State-implemented regulations are potential ARARs. 


•	 Non-government organizations include the National Council 
on Radiation Protection and Measurements (NCRP) and the 
International Commission on Radiological Protection 
(ICRP). The NCRP was chartered by Congress to collect, 
analyze, develop, and disseminate information and 
recommendations about radiation protection and 
measurements. The ICRP's function is basically the same, 
but on an international level. Although neither NCRP nor 
ICRP have regulatory authority, their recommendations 
serve as the basis for nearly all Federal and State 
general (i.e., not source-specific) regulations on 
radiation protection. 


The standards, advisories, and guidance of these various groups are 
designed primarily to be consistent with each other--they often overlap in scope 
and purpose and incorporate the same basic provisions. Nevertheless, there are 
important differences between programs in some cases. It is important for these 
differences to be well understood so that when more than one set of standards is 
potentially applicable or relevant and appropriate to the same CERCLA site, the 
lead agency will be able to evaluate which standards are actually applicable or 
relevant and appropriate. In general, decisions concerning what is an ARAR for a 
site contaminated with radioactive waste will depend on: (1) what type of site it 
is (defined by the radioactive constituents present and the functional operations 
that generated the site); (2) whose regulatory jurisdiction the site falls under; 
and (3) which regulation is most protective, or if relevant and appropriate, most 
appropriate given site conditions (see Chapter 1 in Part I for discussion of the 
applicable or relevant and appropriate determination). 
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The remainder of this chapter is divided into three main sections that 
separately address the programs of EPA, NRC, and DOE. State programs will be 
addressed in a separate part of this guidance manual. Within each section, the 
discussion focuses on decision criteria for determining when a regulation is an 
ARAR, or when and how advisories or guidance should be considered. Where 
appropriate, the discussion of each regulation also describes its relationship 
with other regulations in order to help identify where the regulations are in 
conflict and when one regulation should be used over another. For further 
information on radiation standards, advisories, and guidance, the lead agency 
should consult with EPA's Office of Radiation Programs (ORP) and/or Regional 
Radiation Representatives. 


5.1 EPA PROGRAMS 


EPA's regulatory program for radiation protection is very broad in scope, 
covering many activities involving all types of radioactive material. Section 
5.1.1 discusses those EPA radiation regulations that could be ARARs, and Section 
5.1.2 discusses those EPA advisories and guidance that may be useful to consider 
when cleaning up a radioactively contaminated site. 


5.1.1 Potential EPA ARARs 


Existing EPA regulations that may be applicable or relevant and appropriate 
to CERCLA responses at radioactively contaminated sites include those found in 40 
CFR Parts 61, 141, 190, 192, and 440.3 


5.1.1.1	 40 CFR Part 61: National Emissions Standards for Hazardous Air 
Pollutants: Standards for Radionuclides 


Pursuant to section 112 of the Clean Air Act, EPA has issued final 
standards for radionuclide emissions to the air as part of the National Emissions 
Standards for Hazardous Air Pollutants (NESHAPs). The radionuclide 


3 EPA also has environmental standards (see 40 CER Part 191) for the 
management and disposal of spent nuclear fuel, high-level, and transuranic wastes 
at facilities licensed by NRC or Agreement States, or at DOE-operated disposal 
sites. For most CERCLA sites, Part 191 is not likely to be pertinent and thus is 
not discussed here. However, where radium concentrations are high, it may be 
appropriate to treat the wastes as though they were transuranic; therefore, the 
requirements of 40 CFR Part 191 for the storage and disposal of these wastes may 
be relevant and appropriate. In addition, EPA's regulations in 40 CFR Part 227 
establish criteria that will be used to evaluate a permit application to dispose 
of waste materials, including low-level radioactive waste, in the ocean. However, 
ocean dumping of low-level waste will (in most cases) not be an available waste 
disposal alternative because recent amendments to the Ocean Dumping Act require a 
joint resolution of Congress before EPA can issue a permit to dispose of 
low-level waste in the ocean. This requirement will make it very difficult to get 
approval to dispose of radioactive waste in this manner; therefore, it is 
unlikely that 40 CFR Part 227 will be pertinent to CERCLA responses. 


5-4 


Word-searchable version – Not a true copy 







NESHAPs are presented in five different subparts of Part 61; each subpart 
addresses a different source category. Subparts H and I, which address DOE, 
NRC-licensed, and non-DOE Federal facilities, are most likely to be applicable to 
CERCLA responses. The applicability or relevance and appropriateness of all of 
the radionuclide NESHAPs are discussed in Section 2.1.2.2 of Chapter 2 in this 
Part. 


5.1.1.2	 40 CFR Part 141: National Interim Primary Drinking Water 
Regulations 


Under the authority of the Safe Drinking Water Act, EPA has promulgated 
maximum contaminant levels (MCLs) for radionuclides in community water systems. 
MCLs for radionuclides have been established in two forms: radioactivity 
concentration limits for certain alpha-emitting radionuclides and an annual dose 
limit for the ingestion of certain beta/gamma-emitting radionuclides. See Section 
1.2.4.3 of Chapter 1 ("General Procedures for CERCLA Compliance With Other 
Statutes") and Section 4.2.1 of Chapter 4 ("Guidance for Compliance With 
Requirements of the Safe Drinking Water Act") of Part I of this guidance manual 
for a discussion on the relevance and appropriateness of drinking water MCLs. 


5.1.1.3	 40 CFR Part 190: Environmental Radiation Protection Standards for 
Nuclear Power Operations 


These standards, which were promulgated under authority of the Atomic 
Energy Act, set limits on radiation doses received by members of the general 
public from operations within the uranium fuel cycle (i.e., uranium milling, 
production of uranium hexafluoride, uranium enrichment, uranium fuel fabrication, 
operations of nuclear power plants using uranium fuel, and reprocessing of spent 
fuel). Part 190 states that these operations shall be conducted in a manner that 
limits the annual dose received by any member of the public to 25 millirem to the 
whole body, 75 millirem to the thyroid, and 25 millirem to any other organ. The 
standards apply to normal operations and planned discharges, not cleanup actions 
like those conducted under CERCLA. Therefore, 40 CFR Part 190 would not be 
applicable to CERCLA responses. The standards, however, may be relevant and 
appropriate to releases of radionuclides and radiation during the cleanup of 
radioactively contaminated sites. When evaluating the relevance and 
appropriateness of 40 CFR Part 190, lead agencies should consider that the 
standards apply to releases to all media and all potential exposure pathways 
(including direct radiation), but do not apply to doses caused by radon and its 
daughters. 


5.1.1.4	 40 CFR Part 192: Health and Environmental Protection Standards for 
Uranium and Thorium Kill Tailings 


The Uranium Mill Tailings Radiation Control Act of 1978 (UMTRCA) directed 
EPA to set standards to govern the stabilization, disposal, and control of 
uranium and thorium mill tailings. These standards have been promulgated in 40 
CFR Part 192. 


The standards in Part 192 apply to mill tailings at two categories of 
sites: (1) certain inactive uranium processing sites "designated" for 
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remedial action under section 102 of UMTRCA;4 and (2) commercial uranium and 
thorium processing sites licensed by the NRC or States (see Exhibit 5-1 for the 
standards for each type of site).5 Subparts A (for long-term internment of 
wastes), B (for lands or buildings with unrestricted use), and C (supplemental 
standards) of Part 192 apply to the designated inactive sites. DOE is responsible 
for conducting necessary remedial actions at these sites in order to comply with 
EPA's standards. Subparts D (for uranium) and E (for thorium) of Part 192 apply 
to the licensed commercial sites. Enforcement responsibilities for these subparts 
are vested in the NRC or the State that licenses the sites. The regulations for 
designated inactive sites and licensed commercial sites are similar with respect 
to design standards for control of releases. However, there are no general 
ground-water, closure, and corrective action standards for the inactive sites. 
Ground-water standards for inactive sites have been proposed (52 FR 36000, 
September 24, 1987) and are expected to be promulgated in early 1989.6 


Cleanup actions under CERCLA may be taken at licensed commercial uranium or 
thorium processing sites, and Subparts D and E are potentially applicable for any 
CERCLA actions taken at these sites.7 Part 192 also may be relevant and 
appropriate for remedial actions at other CERCLA sites that contain materials 
other than, but sufficiently similar to, uranium and thorium mill tailings (i.e., 
radium components of copper, zinc, aluminum and other ore-processing residues, 
contaminated soil, or any other waste-containiug more than 5 picocuries/gram of 
radium). The subsections that follow provide additional discussion on how these 
standards could be ARARs. For further guidance on this subject, lead agencies 
should consult with EPA's Office of Emergency and Remedial Response (OERR), ORP, 
and Regional Radiation Representatives. Lead agencies should also coordinate with 
OERR and the Office of Solid Waste (OSW) when developing ground-water protection 
standards at uranium and thorium mill tailings sites. 


4 Title I, section 102, of UMTRCA requires DOE to complete remedial action at 
22 specifically named (i.e., designated) inactive sites. It also authorizes DOE to 
designate any other processing site in the U.S. that requires remedial action in 
order to protect the public health, safety, and environment. DOE has designated two 
additional sites for remedial action under this authority. 


5 For licensed sites, NRC or State requirements would also apply, and the NRC 
and appropriate State should be consulted. 


6 Under UMTRCA §108(a)(3), DOE must meet the proposed standards until EPA 
finalizes the rule. 


7 In general, the standards in Subparts A, B, and C are applicable for cleanup 
actions conducted by DOE at the designated inactive uranium processing sites. DOE's 
cleanup actions at the designated inactive sites are conducted under UMTRCA, but not 
CERCLA, because releases of source, byproduct, and special nuclear material from 
these sites are excluded from CERCLA's definition of release (see CERCLA 
§101(22)(C)). 
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EXHIBIT 5-1 


HEALTH AND ENVIRONMENTAL PROTECTION STANDARDS 
FOR URANIUM AND THORIUM MILL TAILINGSa/ 


Type of Site Requirement Citation 


Inactive uranium 
processing sites 
designated for 
remedial action 


Performance standards for long-term 
effectiveness of remedial actions for 
controlling radioactive release. 


Design requirements for remedial 
actions for controlling releases of 
radon-222. 


Concentration limits for cleanup of 
radium-226 contamination in land at a 
processing site. 


Concentration limits for cleanup of 
radon decay products and gamma 
radiation in habitable or occupied 
buildings on a processing site. 


40 CFR section 
192.02(a) 


40 CFR section 
190.02(b) 


40 CFR section 
192.12(a) 


40 CFR section 
192.12(b)(1) -
(b)(2) 


Active commercial Closure performance standards for

uranium and controlling radiological hazards at

thorium processing disposal areas.

sites licensed by

the NRC or States.



Closure design standards to control 
releases of radon-222 at disposal 
areas. 


Concentration limits for radium-226 
contamination in land at a licensed 
and/or disposal site. 


Ground-water protection standards for 
uranium byproduct contamination of 
ground water during processing 
operations. 


Active commercial Requirements for closure of uranium

uranium and and thorium mill tailings sites.

thorium processing

sites licensed by Corrective action requirements for

the NRC or States. cleanup of contaminated ground water.



40 CFR section 
192.32 
(b)(1)(i) 


40 CFR section 
192.32 
(b)(1)(ii) 


40 CFR section 
192.32(b)(2) 


40 CFR section 
192.32 (a)(2) 


40 CFR section 
192.32 (b) 


40 CFR section 
192.33 


a/ Uranium Mill Tailings Radiation Control Act of 1978 ( UMTRCA) 
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Standards for Inactive Uranium Processing Sites 


The standards for inactive uranium processing sites are organized into 
control standards, standards for cleanup, and supplemental standards. Each set 
of standards is summarized below. 


Control Standards. The purpose of the control standards set forth in 40 
CFR Part 192 Subpart A is to provide for long-term stabilization and isolation 
in order to inhibit misuse and spreading of residual radioactive materials,h 


control releases of radon to air, and protect ground water and surface water. 
The standards for stabilization/isolation and radon releases are referenced in 
Exhibit 5-1; with respect to surface- and ground-water protection, the 
standards state that existing Federal and State regulations should be used and 
site-specific measures applied where needed. 


Cleanup Standards. The standards set forth in 40 CFR Part 192 Subpart B 
apply to the cleanup of residual radioactive material from land and buildings. 


The purpose of the standards for land cleanup is to limit the risk from 
inhalation of radon decay products in houses built on land contaminated with 
tailings, and to limit gamma radiation exposure of people using contaminated 
land. The specific standards are referenced in Exhibit 5-1. It is important to 
clarify that the land cleanup standards apply to "dispersed tailings," i.e., 
windblown or buried tailings on the processing site but separate from the 
tailings pile itself. When tailings have been transported off the processing 
site, cleanup of the off-site area to the levels described above also would be 
required. 


The objective of the cleanup standards for buildings is to reduce 
elevated indoor levels of radon decay products and gamma radiation due to 
residual radioactive material. Section 192.20(b)(3) states that remedial 
actions are not required to comply with the cleanup standards when there is 
reasonable assurance that residual radioactive materials are not the cause of 
an exceedance of the standards. Section 104(a)(3)(A) and (B) of CERCLA as 
amended by SARA prohibits response to releases of a naturally occurring 
substance "in its unaltered form" or "from products which are part of the 
structure of ... residential buildings or business or community structures." 
While radon is a naturally occurring substance, the radon cleanup standard in 
Part 192 is for increased radon levels created by man (i.e., from uranium mill 
tailings), not natural releases from an unaltered form. Similarly, the radon 
that is the subject of the standards is not from products that are part of the 
building's structure. Therefore, the cleanup standards for buildings may be 
ARARs for CERCLA responses to increased radon levels created by human 
activity. 


Supplemental Standards. As set forth in 40 CFR Part 192 Subpart C, 
alternative site-specific standards may be established under some special 


8 In the UMTRCA context, the term "residual radioactive material" means 
tailings and other waste that result from the processing of ores for the 
extraction of uranium. 
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circumstances that allow the selection and performance of remedial actions 
that come as close as reasonably achievable to meeting the more stringent 
standards discussed above. In general, these supplemental standards are not 
expected to be used often; they were provided for situations in which worker 
safety is an issue (such as remedial actions in the vicinity of steep cliffs 
or ravines), or for situations in which the materials do not pose a clear 
present or future hazard and improvements could be achieved only at 
unreasonably high cost. The supplemental standards should be used only when 
any of the following circumstances exist (see 40 CFR section 192.21 for more 
detail): 


(a)	 Remedial actions "would pose a clear and present 
risk of injury to workers or to members of the 
public notwithstanding reasonable measures to 
avoid or reduce risk;" 


(b)	 Remedial actions would create environmental harm 
that is “... long-term, manifest, and grossly 
disproportionate to health benefits that may 
reasonably be anticipated;" 


(c)	 The estimated costs of cleaning up land are 
unreasonably high relative to the long-term 
benefits, and the residual radioactive materials 
do not pose a clear present or future hazard; 


(d)	 The cost of cleaning up a building is clearly 
unreasonably high relative to the benefits; 


(e) There is no known remedial action; and 


(f)	 Radionuclides other than radium-226 and its 
decay products are present in significant 
quantities and concentrations. 


To assure remedies are adequately protective, the lead agency should use caution 
when considering the supplemental standards and should consult with OERR, ORP, 
and Regional staff before adopting supplemental standards for a CERCLA site. 
Although formal guidance on the use of these supplemental standards has not been 
prepared, there are several ORP memoranda that address this issue.9 


Standards for Licensed Commercial Sites 


As noted previously, the standards for licensed commercial sites are 
similar to those for inactive sites. However, the standards for licensed 
commercial sites address ground water and include the general design, 


9 For example, a memorandum from Allan Richardson (ORP) to William Librizzi 
(Emergency and Remedial Response Division), dated February 21, 1985, concerning 
the applicability of secondary standards to the Montclair/West Orange and Glen 
Ridge Radon sites. 
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construction, operation, closure, and corrective action requirements spelled out 
under RCRA. For example, these standards require surface impoundments to be 
designed and constructed in compliance with 40 CFR section 264.221, mill tailings 
to be managed so as to comply with the ground-water protection standard of 40 CFR 
section 264.92, and disposal areas at the end of the closure period to comply 
with the closure performance standard of 40 CFR section 264.111. These standards 
supplement the ground-water protection standards under RCRA by adding the 
elements molybdenum and uranium to the list of hazardous constituents referenced 
in 40 CFR section 264.93 and by specifying concentration limits for 
radioactivity. For a discussion of the applicability or relevance and 
appropriateness of RCRA requirements, see Chapter 2 of Part I. 


5.1.1.5	 40 CFR Part 440: Guidelines and New Source Performance 
Standards for Ore Mining and Dressing Point Source Category 
Effluent Limitations 


Subpart C of 40 CFR Part 440 establishes radionuclide concentration limits 
for liquid effluents from facilities that extract and process uranium, radium, 
and vanadium ores. These standards are applicable to surface-water discharges 
from certain kinds of mines and mills; they also may be relevant and appropriate 
to CERCLA actions involving discharges to surface waters of radioactively 
contaminated waste from other kinds of sites. These standards are more stringent 
than the NRC's concentration limits for discharges of uranium and radium to 
unrestricted waters (see 10 CFR Part 20, Appendix B, Table II). Therefore, when 
both 40 CFR Part 440 and 10 CFR Part 20 may be ARARs for the same site, the lead 
agency should apply the concentration limits in 40 CFR Part 440. 


5.1.2 EPA Advisories and Guidance To Be Consider 


EPA has published several advisories and/or pieces of guidance that may be 
useful for the lead agency to consider when conducting CERCLA responses at 
radioactively contaminated sites. Some of these are described briefly below: 


•	 "A Manual of Protective Action Guides and Protective 
Actions for Nuclear Incidents," EPA-520/1-75-001 (this 
document is in a loose-leaf binder form that is 
periodically updated) provides practical guidance to 
State, local, and other officials on criteria to use 
in planning protective actions for radiological 
emergencies that could present a hazard to the public. 
Interim agency recommendations are available for 
evacuation, temporary sheltering, and food 
replacement; guidance is also being developed for 
longer-term evacuation and decontamination. For 
further guidance on the use of this document, the lead 
agency should contact EPA's ORP. 


•	 A series of publications on techniques for reducing 
indoor radon levels (for example, "Radon Reduction 
Techniques for Detached Houses -- Technical Guidance," 
EPA/625/5-86/019, 
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June 1986) focus on temporary mitigation 
techniques--not techniques for removing contaminated 
soil. 


•	 "Technological Approaches to Cleanup of Radiologically 
Contaminated Superfund Sites," published on May 
23, 1988, identifies technologies potentially useful 
in removing the threat of radioactivity from Superfund 
sites that contain radionuclides. 


•	 "Guidance on the Definition and Identification of 
Commercial Mixed Low Level Radioactive and Hazardous 
Waste" provides guidance on when and how RCRA should 
apply to the management of low-level radioactive 
waste. (The document, published jointly in January 
1987 by EPA and NRC, appears as an attachment to a 
March 2, 1987, memorandum from OSW Director Marcia 
Williams to the Directors of EPA's Regional Hazardous 
Waste Divisions.) 


•	 "Suggested Guidelines for the Disposal of Naturally 
Occurring Radionuclides Generated by Drinking Water 
Treatment Plants," draft report prepared by the 
Radionuclide Waste Disposal Workgroup for EPA's Office 
of Drinking Water, January 1988. This document 
provides guidance to water suppliers and to State and 
local governments for the proper handling and disposal 
of waste byproducts from treatment facilities removing 
naturally occurring radionuclides from drinking water. 
This guidance may be useful for CERCLA actions 
involving ground-water extraction and treatment 
because naturally occurring radionuclides may 
concentrate in the treatment medium thus requiring 
special precautions for disposal.10 


5.2 NRC PROGRAMS 


The NRC licenses the possession and use of source, byproduct, and 
special nuclear material. The approximately 9,000 NRC licensees cover a wide 
spectrum in terms of the quantity of radioactive material possessed and the 
complexity of their operations. An extensive regulatory program exists to 
control the nuclear material operations of these licensees. As discussed in 
Section 5.2.1 many of the NRC's regulations are potential ARARs and, as 
discussed in Section 5.2.2, many NRC advisories and guidance materials would 
be useful to consider during CERCLA actions at radioactively contaminated 
sites. 


10 A joint OERR/ORP project is underway to study potential problems created 
when naturally occurring radionuclides are collected and concentrated in 
treatment systems used in Superfund remediations. 
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5.2.1 Potential NRC ARARs 


The NRC regulations that likely will have the greatest bearing on CERCLA 
responses are those contained in 10 CFR Parts 20 and 61. These regulations are 
discussed in Sections 5.2.1.1 and 5.2.1.2. Several other NRC regulations, 
however, may also be important, including those found in 10 CFR Parts 30, 40, 
and 70. These other regulations are discussed in Section 5.2.1.3. Key sections 
of all of these NRC regulations are summarized in Exhibit 5-2.11 


5.2.1.1 10 CFR Part 20: Standards for Protection Against Radiation 


These standards are designed to limit radiation hazards caused by NRC-
licensed activities. They apply to all NRC licensees, regardless of the type 
or quantity of nuclear material possessed or the type of operations conducted. 
Part 20 contains many substantive requirements that may have a bearing on 
CERCLA responses, including permissible dose levels (in terms of the general 
public's exposure to radiation), radioactivity concentration limits for 
effluents, precautionary procedures, and waste disposal requirements. 


In general, 10 CFR Part 20 may be applicable to CERCLA actions at NRC-
licensed facilities. Part 20 also may be relevant and appropriate to CERCLA 
actions at radioactively contaminated sites not licensed by the NRC. However, 
although numerous technical and administrative changes have been made to the 
standards since they were first developed in the late 1950's, Part 20 is now 
undergoing major revisions that will incorporate current developments in 
radiation protection principles (a proposed revision to Part 20 was published 
on January 9, 1986, 51 FR 1092). The proposed revisions to 10 CFR Part 20 
should be considered when developing a protective remedy. When promulgated, 
these revisions would be potential ARARs. 


The following sections summarize the provisions in Part 20 that 
establish permissible levels of radiation in unrestricted areas, concentration 
limits for discharges to unrestricted areas, and waste disposal requirements; 
the specific limits set by these provisions are listed in Exhibit 5-2. These 
provisions probably are the most important to CERCLA actions, but lead 
agencies should be aware that other provisions in Part 20 are also potential 
ARARs. 


Permissible Levels of Radiation in Unrestricted Areas 


Part 20 establishes a general requirement that persons engaged in NRC-
licensed activities make every reasonable effort to maintain radiation 
exposures "as low as is reasonably achievable" (ALARA). In addition, Part 20 
establishes several specific radiation dose limits for the protection of 
workers and members of the public (see Exhibit 5-2). The dose limits that 


11 Additional NRC regulations in 10 CFR Part 60, which govern the disposal 
of high-level radioactive wastes in geologic repositories, are not likely to 
be pertinent to CERCLA actions and thus are not discussed in this chapter. 
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EXHIBIT 5-2 


SELECTED NUCLEAR REGULATORY COMMISSION REQUIREMENTS 
FOR RADIOACTIVE WASTE MANAGEMENTa/ 


Action Requirement Citation 


Protection of 
workers in 
restricted areas 


Protection of 
the public 


Discharge to air 
and water 


Waste treatment 
and disposal 


Variety of radiation exposure limits 10 CFR section 
including dose limit of 1.25 rem/quarter 20.101-20.104 
to whole body. 


Radiation exposure limited to:	 10 CFR section 
20.105 


• Whole body dose of 0.5 rem/year; 


• 0.002 rem/hour; 


•	 0.1 rem in any 7 consecutive days; 
and 


•	 The dose limits in 40 CFR Part 190 
for uranium fuel cycle operations. 


Discharges must meet 10 CFR section 
radionuclide-specific concentrations 20.106 
limits in 10 CFR Part 20, Appendix B 


Various waste disposal requirements are 10 CFR section 
set that include concentration limits for 20.301 and 
disposal into sewers and for 20.302(a) 
incineration. 


a/ These standards are applicable to all categories of NRC 
licensees and to Agreement State licensees. Thus, they are 
potentially applicable only for CERCLA actions at sites licensed by 
the NRC, but may be relevant and appropriate to other radioactivity 
contaminated sites. 
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apply to members of the public are considered high relative to recent EPA 
standards (e.g., 40 CFR Parts 61 and 190) and may, depending on the 
circumstances at the site, be superceded by more stringent ARARs. The levels 
are based on the "Radiation Protection Guidance to Federal Agencies for the 
General Population," published by the Federal Radiation Council in 1960 (25 FR 
4402), which is currently being reviewed by EPA in concert with other Federal 
agencies. 


Lower dose limits currently apply to most radionuclide releases from NRC 
licensees. For example, 10 CFR section 20.106(g) incorporates the provisions 
of 40 CFR Part 190, which establish significantly lower dose limits for all 
releases from NRC-licensed operations within the uranium fuel cycle (see 
Section 5.1.1.3 of this chapter). Also, airborne releases from NRC licensees 
must not result in doses that exceed the limits set forth in the NESHAPs for 
radionuclides (see Section 5.1.1.1 of this chapter). 


Radioactivity in Effluents to Unrestricted Areas 


Section 20.106 establishes concentration limits for numerous 
radionuclides in airborne and liquid effluents to unrestricted areas. These 
limits are for annual average concentrations and do not apply to disposal of 
radioactive material into sanitary sewerage systems. The NRC may in some cases 
approve discharges of higher concentrations of radionuclides based on analysis 
of the discharge rate, properties of the effluents, anticipated human 
occupancy of the receiving area, background concentration of radionuclides, 
and other site-specific features. 


Several EPA standards, which establish more protective levels, should be 
used instead of the concentration limits in Part 20--if the EPA standards are 
ARARs. Specifically, the effluent limitations in 40 CFR Part 440 for radium-
226 and uranium are more protective than the liquid effluent concentration 
limits in 10 CER Part 20. The radiation dose limits in 40 CFR Parts 61 and 190 
are also lower than the doses on which the Part 20 concentration limits are 
based, such that the annual average concentrations in airborne and liquid 
discharges may have to be lower than those specified in section 20.106 in 
order to comply with 40 CFR Parts 61 and 190. 


Waste Disposal Requirements 


Part 20 allows NRC licensees to dispose of radioactive wastes in several 
different ways, including by: 


•	 transfer to another NRC licensee that is specifically 
authorized to receive it; 


•	 discharge to the sanitary sewer, subject to certain limits 
spelled out in 10 CFR section 20.303 and EPA's radiation 
standards in 40 CFR Part 190; 


•	 discharge into the ambient air or water, subject to the 
concentration limits set forth in 10 CFR section 20.106 
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and EPA's radiation standards in 40 CER Parts 61 and 190; 
or 


•	 any other method specifically authorized by NRC under 
section 20.302. Site-specific factors that NRC considers 
when authorizing alternate waste disposal methods include 
the kinds and quantities of radioactive materials 
involved, geological and hydrological characteristics, 
local surface- and ground-water uses, and the nature and 
location of other potentially affected facilities. 


5.2.1.2	 10 CFR Part 61: Licensing Requirements for Land Disposal of 
Radioactive Waste 


NRC regulations in 10 CFR Part 61 establish the procedures, criteria, 
and terms and conditions that apply to the issuing of licenses for the land 
disposal of radioactive waste received from other persons. The regulations are 
applicable to any new land disposal facility licensed by the NRC (where a new 
facility is defined as a facility for which a license application is submitted 
after December 27, 1982). Part 61 is applicable to existing licensed low-level 
waste disposal sites at license renewal, but it is not applicable to 
previously closed sites, including existing CERCLA sites containing low-level 
radioactive waste. The performance objectives and technical requirements may 
be relevant and appropriate to existing CERCLA sites containing low-level 
radioactive waste if the waste will be permanently left on site.12 However, 
radioactive wastes at CERCLA sites often fall outside the definition of wastes 
covered by Part 61, particularly when naturally occurring and 
accelerator-produced radioactive material (NARM) is involved. 


5.2.1.3	 10 CFR Parts 30, 40, and 70: Domestic Licensing of Byproduct, 
Source, and Special Nuclear Material 


Parts 30, 40, and 70 contain licensing requirements for the possess ion 
and use of byproduct, source, and special nuclear material, respectively. 
Activities associated with the generation, treatment, and storage of wastes 
containing these materials are licensed under each of these Parts, subject to 
the radiation protection standards in 10 CFR Part 20. Disposal of these wastes 
is regulated under 10 CFR Parts 20 and 61, discussed above. 


One section of these regulations that is particularly noteworthy is 10 
CFR Part 40, Appendix A. Appendix A incorporates the basic provisions of 
Subparts D and E of 40 CFR Part 192, and its health-based limits are entirely 


12 EPA Will soon propose new environmental standards for the management, 
storage, and disposal of low-level radioactive waste and certain NARM wastes 
(40 CFR Part 193). As of the writing of this guidance manual, these proposed 
standards were undergoing EPA's internal (Red Border) review process. Once the 
EPA standards are promulgated, the NRC will make necessary conforming 
amendments to Part 61. Also, lead agencies should consider the proposed EPA 
standards in developing protective remedies once the standards are published. 
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consistent with those in that and other EPA regulations. Appendix A, however, 
contains many provisions that are not in 40 CFR Part 192, such as detailed 
siting, design, and monitoring requirements. The latest revision to 10 CFR 
Part 40, Appendix A, was promulgated on November 13, 1987 (52 FR 43553); this 
revision addresses, at least in part, EPA's ground-water protection 
requirements found in 40 CFR Part 192. 


Parts 30, 40, and 70 may be applicable to CERCLA actions at sites 
licensed under the respective parts. In addition, Parts 30, 40, and 70 may be 
relevant and appropriate to other, non-licensed sites that contain radioactive 
contamination. 


5.2.2 NRC Advisories and Guidance To Be Considered 


The NRC has published numerous advisories and guidance materials (e.g., 
Regulatory Guides, Technical Position Papers, and NUREG documents) that are 
not ARARs but may be useful to consider when conducting CERCLA responses at 
radioactively contaminated sites. Example advisories and guidance that may be 
most useful are discussed below. 


"Disposal or On-site Storage of Residual Thorium or Uranium (Either as 
Natural Ores or Without Daughters Present) from Past Operations," is a 
technical position paper published by the NRC's Uranium Fuel Licensing Branch 
on October 23, 1981 (46 FR 52061). This technical position paper provides 
guidance on five on-site disposal and storage options. For the different 
options, there are progressively higher concentration limits for residual 
radioactivity, with progressively more restrictive controls placed on sites 
with higher concentrations. Option 1 establishes concentrations of natural 
thorium, depleted or enriched uranium, and uranium ores that the NRC staff 
believes are low enough to be buried without restrictions on the burial 
methods. The concentration limits for this option were developed to be 
consistent with EPA's cleanup standards in 40 CFR Part 192 (see Section 
5.1.1.5 of this chapter). EPA cautions, however, that this technical position 
paper is only guidance and, in places where the guidance may be less 
protective or in conflict with 40 CFR Part 192, Part 192 should take 
precedence. 


NUREG-1101, "On-site Disposal of Radioactive Waste," provides guidance 
to licensees seeking authorization (under 10 CFR section 20.302) to dispose of 
small quantities of radioactive material by on-site subsurface disposal. In 
particular, this guidance identifies application information to be submitted 
to the NRC, disposal methods and techniques acceptable to NRC staff, limiting 
conditions for disposal of different categories of radionuclides, and the 
technical methodology NRC staff will use to evaluate requests for approval of 
on-site burial. At present, three volumes of this guidance have been published 
and a fourth is in preparation. Agencies that may use this guidance are 
cautioned, however, that EPA's low-level waste disposal standards once 
proposed will be more restrictive (see footnote 12 for more detail on these 
forthcoming EPA standards). 


Regulatory Guide 1.86, "Termination of Operating Licenses for Nuclear 
Reactors," provides surface radioactivity and dose rate criteria for 
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determining when facilities and equipment can be released for unrestricted 
use. The criteria in this guide are the same as those published separately by 
the NRC's Division of Fuel Cycle and Material Safety in July 1982 ("Guidelines 
for Decontamination of Facilities and Equipment Prior to Release for 
Unrestricted Use or Termination of Licenses for Byproduct, Source, or Special 
Nuclear Material"). This guidance would be useful in assessing the hazards of 
residual radioactivity concentrations in equipment or in buildings; it should 
not be used to evaluate the concentrations in contaminated land or buried 
waste. Also, lead agencies are cautioned that the concentration limits in this 
guidance are quite old; however, no other guidance in this area currently 
exists. New residual radioactivity criteria are currently being developed by 
EPA's ORP, but these criteria are not expected to be promulgated until 1991. 


The NRC has published several reports that discuss regulatory controls 
for NARM. Because existing controls for NARM are fragmentary and non-uniform 
on both the Federal and State level, these reports may be useful in 
identifying ARARs for NARM waste at CERCLA sites. Two relatively recent 
reports that may be most useful in this regard are: (1) "Naturally Occurring 
and Accelerator-Produced Radioactive Materials--The 1987 Review," by the NRC's 
Office of Nuclear Material Safety and Safeguards; and (2) "Regulation of 
Naturally Occurring and Accelerator-Produced Radioactive Materials: An 
Update," NUREG-0976, October 1984. 


The NRC's Division of Low-Level Waste Management and Decommissioning has 
published a draft Technical Position Paper entitled "Environmental Monitoring 
of Low-Level Radioactive Waste Disposal Facilities" (September 1987). The 
purpose of this paper is to provide guidance, developed in accordance with 10 
CFR Part 61, to license applicants, licensees, and regulatory authorities with 
respect to the monitoring of low-level waste facilities. This document 
presents the NRC staff's opinion on technical requirements for site 
environmental monitoring, as well as a rationale for the need and use of the 
types of monitoring suggested. 


Finally, Appendix E of Revision 1 to NUREG-1213, "Plans and Schedules 
for Implementation of U.S. Nuclear Regulatory Commission Responsibilities 
Under the Low-Level Radioactive Waste Policy Amendments Act of 1985,” lists 
numerous NRC publications on low-level waste disposal. The documents listed 
might be of interest to technical staff developing remedial action 
alternatives and designs. 


5.3 DOE PROGRAMS 


As noted in the introduction of this chapter, most of DOE's operations 
are exempt from NRC's licensing and regulatory requirements. DOE's 
requirements for radiation protection and radioactive waste management are 
spelled out in a series of internal DOE orders. These orders, which are issued 
under the authority of the Atomic Energy Act and other statutes, have the same 
force for DOE facilities or "within DOE" as does a regulation. The 
requirements in the orders are legally enforceable by DOE against contractors 
that operate DOE installations; the orders do not apply to sites outside of 
DOE's jurisdiction. 
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The DOE orders are not promulgated requirements and are not potential 
ARARs. The orders have been developed for internal DOE use and are applicable 
only to DOE facilities. DOE orders are not subjected to public review and 
comment before issuance, and they are legally binding only because of 
contractual arrangements between DOE and its contractors (i.e., they are not a 
matter of public law). 


Because DOE's orders typically incorporate requirements promulgated by 
other Federal agencies, the orders should be consistent with existing 
regulations. To the extent that DOE orders are more stringent or cover areas 
not addressed by existing ARARs, they should be considered when necessary to 
develop a protective remedy. 


The most important DOE order concerning radiation protection and 
radioactive waste management is DOE 5400.3, "Radiation Protection of the 
Public and the Environment." DOE 5400.3 will integrate, consolidate, and 
update existing DOE requirements.13 As of early 1989, DOE 5400.3 was undergoing 
final internal review. 


DOE 5400.3 will establish broad standards and requirements designed to 
protect the public and environment against undue risk from radiation released 
from routine DOE activities and remedial actions. For example, it will 
establish the following radiation exposure limits for members of the public: 


•	 an effective dose equivalent of less than 100 
millirem/year (all exposure pathways considered);14 


•	 a dose of less than 5 rem/year to any organ (all 
exposure pathways considered); 


• doses of less than 25 millirem/year to the whole body 
and 75 millirem/year to any organ (only airborne 
emissions and exposure pathways considered);15 


• doses of less than 25 millirem/year to the whole body 
and 75 millirem/year to any organ (all exposure 
pathways 


13 Existing DOE requirements for radiation protection are found in, among 
other places, Chapter 11 of DOE Order 5480.1B, as amended by a memorandum from 
William A. Vaughan, Assistant Secretary of the Office of Environment, Safety, 
and Health, to the DOE Program Offices (August 5, 1985). This memorandum 
incorporated new radiation standards for protection of the public in the 
vicinity of DOE facilities. 


14 The effective dose equivalent is a weighted average of committed dose 
equivalents for specific organs. It provides a measure of the overall (i.e., 
whole body) carcinogenic and genetic effects resulting from a radionuclide 
exposure. 


15 Consistent with limits established by EPA into CFR Part 61. 
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considered, but only for releases from facilities that 
manage and store spent nuclear fuel, high-level, and 
transuranic wastes);16 


•	 an effective dose of less than 4 millirem/year (only 
the drinking water pathway considered);17 and 


•	 DOE personnel and contractors shall strive to ensure 
that radiation doses to members of the public are as 
low as reasonably achievable below the appropriate 
limits. 


In addition to establishing radiation exposure limits for individual 
members of the public, DOE 5400.3 is expected to include derived concentration 
guides (DCGs) for discharges of radioactively contaminated liquids to surface 
waters, aquifers, soil, and sanitary sewerage systems. Furthermore, the order 
may establish criteria for limiting radiation doses to aquatic organisms, as 
well as radiological monitoring requirements and requirements for detecting 
and assessing unplanned releases of radioactive material and the consequences 
of such releases. Also, one chapter of DOE 5400.3 may include detailed 
guidelines for residual radioactive material at DOE sites within the Formerly 
Utilized Sites Remedial Action Program and Remote Surplus Facilities 
Management Program. These guidelines may incorporate most of the same control 
and cleanup provisions of 40 CFR Part 192, as discussed in Section 5.1.1.4. 
The order will be supported by technical documents providing factors used to 
estimate external and internal doses received from exposure to radiation or 
radioactive materials,18 as well as expanded requirements and guidance on 
effluent and environmental monitoring. 


DOE has also published an interpretive rule in 10 CFR Part 962 that 
clarifies DOE's obligations under RCRA with regard to radioactive waste 
containing byproduct material owned or produced by DOE (52 FR 15937, May 1, 
1987). The rule states that all DOE radioactive waste defined as hazardous 
under RCRA is subject to regulation under both RCRA and the Atomic Energy Act; 
the nonradioactive hazardous component of the waste substance is subject to 
regulation under RCRA, and the actual radionuclides dispersed in the waste 
substance are subject to regulation under the Atomic Energy Act. When the 
application of both regulatory regimes proves conflicting or inconsistent in 
specific instances, RCRA yields to the Atomic Energy Act (i.e., the Atomic 
Energy Act requirements should take precedence). 


16 Consistent with limits established by EPA in 40 CFR Part 191. 


17 Consistent with limits established by EPA in 40 CFR Part 141. 


18 DOE draft reports: "Internal Dose Conversion Factors for Calculation 
of Dose to the Public" and "External Dose-Rate Conversion Factors for 
Calculation of Dose to the Public." EPA's ORP is preparing analogous dose 
conversion factors to be published in Federal Guidance Report No. 11. 
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CHAPTER 6 


POTENTIAL ARARs FOR CERCLA ACTIONS AT 
MINING, MILLING, OR SMELTING SITES 


6.0 INTRODUCTION 


In some ways, mining sites are unique with respect to other CERCLA sites 
because of the nature and volume of the wastes and the surface area of the 
sites. Several laws and statutes, described below, apply specifically to 
mining sites, namely the Uranium Mill Tailings Radiation Control Act (UMTRCA)1 


and the Surface Mining Control and Reclamation Act (SMCRA). Legislation 
described in other chapters may also contain potential ARARs. For example, 
Maximum Contaminant Levels promulgated under the Safe Drinking Water Act 
(SDWA) will generally be relevant and appropriate when mining wastes have 
contaminated ground water that is a current or potential drinking water 
supply. Federal Water Quality Criteria developed under the Clean Water Act 
(CWA) may be ARARs if mining waste has contaminated a stream, depending on the 
designated use of the stream. The policies and considerations used to 
determine whether a requirement is applicable to or relevant and appropriate 
for a mining site are essentially the same as those used to make that 
determination for any CERCLA site. State standards for cleanup of abandoned 
coal mines may also be ARARs depending upon the circumstances at a particular 
site. 


This chapter is organized into two major sections. Section 6.1 discusses 
potential ARARs under SMCRA, and because RCRA is an important source of 
potential ARARs for CERCLA actions at mining sites, Section 6.2 addresses the 
requirements under Subtitles C and D of RCRA as potential ARARs for the 
cleanup of mining sites under CERCLA. The process for determining ARARs under 
RCRA, however, is somewhat complicated by the fact that certain mining wastes 
are excluded from the RCRA definition of hazardous waste. 


6.1 SURFACE MINING CONTROL AND RECLAMATION ACT 


SMCRA, 30 USC §§1201 et seq., establishes a nationwide program for the 
protection of human health and the environment from the adverse effects of 
surface coal mining operations, current and past.2 Pursuant to SMCRA, the 
Department of the Interior, Office of Surface Mining, has promulgated 
standards for surface mining activities (30 CFR Part 816) that may be relevant 
and appropriate to mining sites on the NPL. 


Requirements under SMCRA may be applicable to CERCLA cleanup of sites 
associated with abandoned coal mines and may be relevant and appropriate to 


1 Standards developed under UMTRCA for stabilization, disposal, and 
control of uranium and thorium mill tailings are discussed in Chapter 5 of 
Part II of this guidance manual. 


2 Surface effects of underground coal mining are also covered. 


Word-searchable version – Not a true copy 







cleanup of other types of mining sites under CERCLA. (See Section 1.2.4.3 of 
Chapter 1 of Part I for further guidance on how to determine whether a 
requirement is relevant and appropriate). The requirements found in 30 CFR 
Part 816 may be relevant and appropriate for CERCLA actions at mining sites 
when, for example: 


•	 The site contains geologic materials containing 
sulfides,3 and there is a release or threat of a 
release of acid. Such a release could mobilize a 
related release of acid-soluble metals that are 
hazardous substances, thus disrupting the hydrologic 
balance and adversely affecting aquatic and other 
resources. In such situations, 30 CFR Part 816 
requirements that boreholes and shafts be sealed to 
prevent drainage from entering ground water, and that 
the drainage be treated to reduce toxic content, may be 
relevant and appropriate. (See 30 CFR sections 
816.4(b), (d), and (f)). 


•	 The site is subject to erosion (due to steep slopes and 
often arid conditions in mining areas) and thus 
releases from soils or wastes are contaminated by heavy 
metals. In such cases, revegetation requirements (30 
CFR section 816.111) may be relevant and appropriate, 
for example, to protect a cap at a CERCLA mining site 
from erosion and to prevent further releases of arsenic 
or heavy metals. Also, see 30 CFR section 
816.41(f)(1)(i) for requirements regarding burying 
materials that may be detrimental to vegetation. 


6.2 RESOURCE CONSERVATION AND RECOVERY ACT 


Under RCRA §3001(b), EPA is temporarily prohibited from regulating 
"solid waste from the extraction, beneficiation, and processing of ores and 
minerals" as hazardous waste, pending study and further regulation by EPA 
(this exclusion of wastes is known as the Bevill Amendment). Therefore, unless 
EPA has specifically listed a certain mining waste or waste stream in a formal 
rulemaking, Subtitle C requirements are not applicable to mining wastes nor to 
soil and debris wastes contaminated with mining wastes, since the 
contamination does not derive from a RCRA hazardous waste. This is true even 
if a waste would otherwise be considered a characteristic hazardous waste. 


For many of the wastes that result from the extraction and beneficiation 
of ores and minerals, EPA has determined that regulation of these wastes under 


3 Sulfide-containing materials are found at coal sites, as well as at many 
"hard rock" mining, milling, and smelting sites that are being addressed 
pursuant to CERCLA. 
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Subtitle C is not warranted at this time.d Therefore, Subtitle C requirements 
are not applicable to these wastes. In addition, since EPA has made a formal 
decision that regulation of these wastes under Subtitle C is not warranted, 
Subtitle C requirements for hazardous waste will generally not be relevant and 
appropriate to these wastes. To the extent that the circumstances at the site 
differ from general site characteristics that formed the basis of the decision 
(see 51 FR 24496), a different approach may be taken, and certain Subtitle C 
requirements may be relevant and appropriate. 


For wastes that result from the processing of ores and minerals, EPA has 
started to relist as hazardous certain processing wastes that were initially 
suspended under the Bevill Amendment. On September 13, 1988 (see 53 FR 35412), 
the Agency promulgated a final rule to remove the suspensions for the 
following six smelting wastes: 


•	 K064 -- Acid Plant Blowdown Slurry/Sludge Resulting 
from the Thickening of Blowdown Slurry at Primary 
Copper Smelting and Refining Facilities; 


•	 K065 -- Surface Impoundment Solids Contained in and 
Dredged from Surface Impoundments at Primary Lead 
Smelting Facilities; 


•	 K066 -- Sludge from Treatment of Process Wastewater 
and/or Acid Plant Blowdown at Primary Zinc Smelting and 
Refining Facilities; 


•	 K088 -- Spent Potliners from Primary Aluminum Reduction 
Facilities; 


•	 K090 -- Emission Control Dust or Sludge from 
Ferrochromiumsilicon Production Facilities; and 


•	 K091 -- Emission Control Dust or Sludge from 
Ferrochromium Production Facilities. 


As a result of this rulemaking, these six wastes are now listed as RCRA 
hazardous wastes. Therefore, requirements pertaining to these hazardous wastes 
are potential ARARs. 


On October 20, 1988, EPA proposed to revise the list of processing 
wastes excluded under the Bevill Amendment. The proposed rulemaking would have 
eliminated from the mining waste exclusion all but 15 specific high-volume 
processing wastes, which the agency would define as "special wastes" (53 FR 
41288). Based on public comments received on this rulemaking, EPA reproposed 
this rulemaking on April 17, 1989 (54 FR 15316) containing revised criteria by 
which wastes will be excluded under the Bevill Amendment. The proposal (which 
will be finalized in August, 1985) would designate 6 high-processing wastes as 


4 "Regulatory Determination for Wastes from the Extraction and 
Beneficiation of Ores and Minerals," 51 FR 24496 (July 3, 1986). 
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special wastes. Thirty-three other high-volume processing wastes would remain 
conditionally exempt from Subtitle C pending further rulemaking to determine 
their "special waste" status. That rulemaking will be completed by January, 
1990. 


Special wastes will be studied and presented in a report to Congress, 
and be subject to future regulation pursuant to RCRA §3001. All other mineral 
processing wastes will be regulated as hazardous wastes if the wastes exhibit 
one or more of the hazardous characteristics; Subtitle C requirements will be 
potential ARARs for these wastes. Decisions about whether a Subtitle C 
requirement is relevant and appropriate to wastes covered under this 
rulemaking, given the site circumstances, must be made on a case-by-case basis 
until a formal decision on whether to apply Subtitle C to these wastes is made 
(before January 1991). 


Mining wastes that are not currently regulated under Subtitle C are 
subject to Subtitle D requirements, which primarily provide performance 
standards that States use to identify unacceptable solid waste facilities or 
management practices. The Agency is developing regulations under Subtitle D 
designed specifically for mining wastes that will not be regulated as 
hazardous waste, since current Subtitle D regulations may not adequately 
address the risks from these wastes. It is anticipated that these Subtitle D 
regulations will address facility development, operation, closure, and 
postclosure maintenance. When promulgated, the revised Subtitle D regulations 
may be ARARs for Superfund actions. 
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CHAPTER 7 


CERCLA COMPLIANCE WITH STATE REQUIREMENTS 


7.0 INTRODUCTION 


CERCLA §121 provides that for any hazardous substance, pollutant, or 
contaminant that will remain on site, remedial actions undertaken pursuant to 
§§104, 106, 120, or 122 must satisfy any applicable or relevant and 
appropriate Federal requirement and any applicable or relevant and appropriate 
promulgated State standard, requirement, criterion, or limitation under State 
environmental or facility siting law that is more stringent than any Federal 
requirement if the State requirement is identified in a "timely" manner.1 This 
chapter presents guidance on how to address policy and procedural issues in 
identifying and complying with State ARARs. 


Indian Tribal Governments may adopt requirements and standards into 
Tribal law for control of the environmental quality of Tribal lands. The 
proposed revisions to the NCP treat Tribal requirements that meet the 
eligibility criteria for State ARARs, i.e., they are promulgated (legally 
enforceable and of general applicability) and more stringent than Federal 
requirements as potential ARARs for on-site remedial actions on Indian lands. 
Informal or unofficial standards or requirements that have not been adopted by 
resolution, ordinance, or other Tribal administrative procedures are unlikely 
to meet the eligibility criteria. Pending final action on the proposed 
revisions to the NCP, EPA is following this approach as a matter of policy.2 


This chapter first contains a description of the statutory criteria for 
determining whether a State requirement will be a potential ARAR. These 
criteria, which are analyzed in Section 7.1, include requirements that the 
State standard be "promulgated" and "more stringent." Sections 7.1.1 and 7.1.2 
provide a conceptual framework for analyzing whether a particular State 
standard satisfies these criteria. 


This chapter also outlines several common examples of State statutes 
that may be considered as potential ARARs, describes their basic 
characteristics, and provides policy guidance on situations in which they are 
likely to be potential ARARs. These State statutes include location standards 
and other siting requirements, State limitations on discharges of toxic 
pollutants to surface water, and antidegradation requirements for surface 
water, which are 


1 The proposed NCP states that the definition of "State" shall include 
"Indian Tribes," 53 FR 51479, 51477 (December 21, 1988). 


2 This policy is in accordance with the objective of EPA's Indian Policy 
(November 8, 1984), which is "to give special consideration to Tribal 
interests in making Agency policy, and to insure the close involvement of 
Tribal Governments in making decisions and managing environmental programs 
affecting reservation lands .... The Agency will recognize Tribal Governments 
as the primary parties for setting standards, making environmental policy 
decisions and managing programs for reservations, consistent with Agency 
standards and regulations." 
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described in Section 7.2. Policy guidance is provided on particular features 
of State location and siting standards, including waivers and override 
provisions and bans on facilities in particular locations. 


In addition to providing policy guidance on how the criteria for State 
ARARs should be analyzed, this chapter also describes the procedures for 
States to identify State ARARs. It sets forth the roles of the lead and 
support agencies in the process of communicating State ARARs and specifies 
points in the remedial process when State ARARs must be identified. The most 
important procedural requirements are specified in the Superfund Memorandum of 
Agreement (SMOA), and Section 7.3 describes how the SMOA is developed to 
enhance the process of identifying and communicating ARARs. Finally, this 
chapter contains a description of the basic requirements for timely, specific, 
accurate, and comprehensive identification and description of State ARARs. 


7.1 CRITERIA FOR DETERMINING IF A REQUIREMENT IS ELIGIBLE TO BE A STATE 


A State is responsible for the identification of potential State ARARs 
whether acting in the role of the lead or support agency during the remedial 
process.3 


The first step that is taken by a State in the process of determining 
whether requirements are eligible to be State ARARs is to compile the universe 
of State environmental or facility siting laws from which potential ARARs can 
be identified. Potential ARARs are identified on a site-specific basis during 
the critical points in the remedy selection process. CERCLA §121(d)(2)(A) 
specifically limits the scope of State ARARs to standards, requirements, 
criteria, or limitations under environmental or facility siting laws that are 
promulgated and more stringent than Federal requirements. Using the procedures 
described in Exhibit 7-1 and the accompanying text, a State must analyze 
potential ARARs to determine whether they meet these two criteria. 


7.1.1	 Identification and Determination of "Promulgated" State 
Requirements 


The eligibility of State requirements as ARARs is consistent with that 
of Federal requirements in that they both must be "promulgated," as opposed to 
non-promulgated guidance or advisories. "Promulgated" requirements are laws 
imposed by State legislative bodies and regulations developed by State 
agencies. The proposed NCP defines "promulgated" State requirements as State 
standards that are of general applicability and are legally enforceable. 


• Legally Enforceable 


Legally enforceable requirements are State regulations 
or statutes that: 


3 In both cases, the identification process includes a Federal review of 
and concurrence with the State finding in order for a remedial action to 
proceed. 
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--


--


Contain specific enforcement provisions; or 


Are enforceable by means of the general authority in other 
laws or in the State constitution. 


• General Applicability 


For a State requirement to be a potential ARAR, it must be of 
general applicability. The phrase “of general applicability” means 
that the requirement must be applicable to all circumstances 
covered by the requirement, not just Superfund sites (e.g., the 
provisions of this chapter apply to any person storing, 
collecting, transporting, processing, or disposing of solid 
waste). An example of a requirement that is not of general 
applicability is one that was promulgated for a particular CERCLA 
site or for CERCLA sites exclusively, and not for other hazardous 
wastes sites (e.g., promulgation of cleanup standards specific to 
one or more NPL sites but not other sites with releases of 
hazardous substances elsewhere in the State). 


In most cases, promulgated requirements will have clear indications of 
promulgation. Documentation of promulgation, such as the statute number, date 
of enactment, and the effective date of the requirements, is provided when a 
State law is adopted and can be obtained readily from the statute itself or 
its source, i.e., the enacting legislative body or agency. 


Promulgated State laws and regulations can contain provisions that range 
from chemical-specific numerical standards, the application of which can be 
clearly identified and considered, to narrative criteria, which do not contain 
specific requirements. The identification of the requirements through which 
narrative criteria are implemented on a site-specific basis may call for a 
review of other environmental statutes. 


State environmental laws that are typically written with narrative 
criteria are statutes that prohibit degradation or limit the discharge of 
toxic pollutants.4 The requirements that implement these laws are not 
necessarily formulated through promulgation of additional State regulations 
specific to the law; rather, they can be provisions contained within the State 
water quality standards statute, for example, or in other State statutes 
relating to the protection of natural resources. The promulgated requirements 
that implement State environmental laws can also range from numerical 
standards to non-quantitative narrative criteria, such as toxicity testing 
procedures. Following the identification of specific promulgated requirements, 
the application of the requirements must be interpreted on a site-specific 
basis. State policies or guidance used in implementing or 


4 General State environmental laws for consideration as potential ARARs 
are discussed further in Section 7.2. 
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interpreting narrative criteria or standards, although not ARARs, should be 
considered in determining the remedy. For example, if a State Water Quality 
Standard prohibits the discharge of “toxic pollutants in toxic amounts,” the 
remedial decision maker would need to decide what that means in the context of 
the site at issue, considering any pertinent State policies or guidance.5 


7.1.1.1 Criteria That Are To Be Considered (TBCs) 


Promulgated statutes may contain legally enforceable standards that are 
applied by State agencies through the issuance of limit-containing permits. 
Standards or limits that are not promulgated but are generally included in 
permits are not potential ARARs. Although these promulgated statutes are 
potential ARARs, any specific standards or limits that are derived from State 
regulations are not in themselves considered ARARs. This is true even if 
repeated application of the regulation results in the same numerical standard 
or limit being applied. However, these standards, as well as State advisories, 
guidance, non-binding guidelines, or other standards that are not legally 
binding or of general applicability may nevertheless be considered in 
fashioning a protective remedy for a site. Consistent with the treatment of 
Federal criteria that are to be considered, the scientific basis for State 
TBCs should be evaluated.6 


7.1.1.2 State Policies 


Non-promulgated State policies are not requirements, but are often 
developed and documented when State statutes or regulations are interpreted 
and implemented by State agencies (e.g., guidance memoranda or documents). 
These State policies are to be distinguished from promulgated “criteria” that 
are contained in a State statute and implemented via specific requirements 
found in the statute or in other promulgated State regulations. Non-
promulgated State policies help to shape the consistent application and 
enforcement of requirements and, as such, are classified as TBCs. Also, State 
policies may be needed to assist in the clarification of a requirement and may 
be used in determining how an ARAR should be applied. 


7.1.1.3 Relationship Between Local Requirements and State ARARs 


CERCLA §121(d) does not require CERCLA actions to comply with local laws, 
i.e., local laws in themselves are not ARARs. However, in some cases, 
requirements that are developed by a local or regional body and are adopted 
and legally enforceable by the State may be potential State ARARs. These 
requirements may include State standards that are set by regional boards as 


5 See section 7.2.2 of this guidance manual for further discussion of 
narrative criteria for the control of discharges of toxic pollutants. 


6 More information on TBCs is provided in Part I of this guidance 
manual. 
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Exhibit 7-1 


Procedures for Determining Eligibility of State ARARs 


1 The universe of potential State ARARs will 
vary considerably in each State. A list form 
which site-specific ARARs can be identified 
should be developed by each State through 
cooperation and coordination of various State 
agencies 


* References are to Part I of the “CERCLA Compliance With Other 
Laws Manual.” 
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well as local requirements that are part of a legally enforceable State 
“plan.”7 


For example, the California Porter-Cologne Water Quality Act (California 
Water Code Sections 13300-13999.16 and Title 23 of the California 
Administrative Code) directs nine regional boards to formulate regional water 
quality control plans that are designed to ensure protection of beneficial 
uses of the State’s waters. The State’s waters may be used for discharge of 
waste only if the discharge meets the regional board’s requirements. According 
to the Act, which ensures California’s eligibility to implement the Federal 
NPDES requirements, regional boards must issue the discharge requirements 
necessary to implement the water quality control plans. Substantive discharge 
requirements of each of California's regional water quality control plans, as 
with NPDES discharge requirements in other States, are potential ARARs for 
CERCLA discharges to the waters within the respective region. 


Some State laws require the adoption of a legally enforceable State “plan” 
containing requirements that are generated at the local or regional level. 
Hazardous waste management planning is often undertaken in this manner. For 
example, a State hazardous waste management plan may be prepared in 
conjunction with, and take into account, plans adopted by counties and 
regional councils of governments. The comprehensive plan, which is then 
adopted and implemented by the State, may contain potential State ARARs for 
CERCLA actions. 


The Federal Clean Air Act requires each State to adopt and submit to EPA a 
plan that provides for implementation, maintenance, and enforcement of primary 
and secondary ambient air quality standards. After consultation with 
appropriate State and local authorities, EPA designates areas within each 
State (called “air quality control regions”) that are deemed necessary or 
appropriate for the attainment and maintenance of these ambient air quality 
standards. The State Implementation Plan (SIP) must establish emission limits 
and other measures necessary to assure compliance with the ambient standards 
within each air quality control region.8 In some States, the regional bodies 
establish and enforce emission limits; in other States, regional bodies submit 
standards that are then implemented and enforced by the State. In both cases, 
the requirements of a regional air quality control body may be potential State 
ARARs for CERCLA on-site actions taken within the respective region. 


Local air toxics programs, although not eligible to be ARARs, deserve 
particular attention as TBCs. These programs are a key part of EPA’s national 
air toxics strategy. 


7 Local zoning requirements may be TBCs, and should be complied with 
when necessary to protect human health and the environment. 


8 Standards which are incorporated into a Federally-approved SIP are 
also Federally enforceable. 
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7.1.2 General Procedures for Determining if a Reguirement is 
“More Stringent” 


This section covers how to determine when a State standard is more 
stringent than a Federal requirement. It presents a conceptual framework for 
comparing State and Federal requirements and criteria for determining whether 
a proposed State ARAR is more stringent, should this comparison become 
necessary. 


The comparison of State and Federal requirements on the basis of stringency 
can be facilitated by first determining the authority under which the 
environmental program and its requirements were promulgated. In the case of 
State environmental programs that have been authorized by EPA to be fully 
administered and enforced in lieu of a Federal program, the stringency of the 
State requirements has already been established, i.e., the State program must 
be at least as stringent such that it provides for compliance with the 
requirements of the Federal Act. Establishing stringency can require more 
attention, however, when the State program has not been Federally authorized. 
In such cases, a comparison of requirements may call for an evaluation of the 
more stringent of two requirements. Guidelines for making this determination 
are presented in this section. 


7.1.2.1 State Programs That Have Been Federally Authorized 


Appendix B shows the relationship between Federal and State programs, in 
terms of authorization, under the major environmental statutes that are 
contained in the universe of potential ARARs (i.e., Part I and Part II of this 
guidance manual). If authorization for operating a Federal program has been 
acquired by a State, it can be seen that the requirements of the State program 
are at least as stringent as or more stringent than those requirements of the 
parallel Federal law or regulation. Therefore, a side-by-side comparison of 
Federal and State provisions is not necessary. When identifying potential 
ARARs under a State program which has gained Federal authorization, a State 
should select the authorized provisions of the State statute or regulation 
that address the site problems and remedies. For the purposes of 
identification and communication of State ARARs, the authorized State 
requirement is to be documented as the potential ARAR (as it is regarded as 
the requirement that is in effect). 


Federal environmental statutes may either contain the requirement or allow 
for the authorization of State programs to be carried out in lieu of direct 
administration in the State by EPA. The statute may allow all regulations to 
be formulated and adopted by the State, such as in RCRA requirements, or it 
may retain several rulemaking provisions under Federal jurisdiction, such as 
in the Clean Water Act. In either case, a State requirement that is Federally 
authorized must generally be “equivalent” to its Federal counterpart, 
equivalent meaning that the requirement is identical (enacted verbatim) or 
achieves the same result. In some instances, an identical State requirement is 
mandated for authorization to be gained. In addition, Federal statutes may 
allow States to promulgate “more stringent” requirements than those 
requirements provided by Federal law. These “more stringent” requirements may 
be in the form of effluent standards that lower a 
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concentration or volume of a pollutant discharge, for example, or they may be 
in the form of an additional or exclusive State requirement for which no 
comparable Federal requirement exists. 


7.1.2.2 State Programs That Have Not Been Federally Authorized 


•	 State Programs With No Federal Counterpart: A State may find that it 
needs to promulgate environmental regulations that involve aspects of 
pollution control addressing specific conditions within that State. 
Pennsylvania, for example, has promulgated strict wasteload management 
regulations that control the loading on public sewerage systems because 
of the deteriorated conditions of the aged conveyance and treatment 
systems in the State. A Federal counterpart to a State regulation such 
as this one may not exist, and Federal authorization will not be a 
factor that can be considered in determining stringency. However, if the 
provisions of a non-authorized State environmental regulation are 
pertinent to the conditions at a CERCLA site, the State requirements are 
potential ARARs; they are more stringent than Federal law in the sense 
that they add to Federal law requirements that are specific to the 
environmental conditions in the State.9 


• State Programs That Have a Federal Counterpart: A State may have 
promulgated requirements that parallel those associated with a Federal 
environmental program, but the State may not have sought or gained 
authorization for the program for various reasons. In the case of RCRA, 
a State may be denied authorization because of a lack of equivalency or 
consistency of all State requirements to such an extensive body of 
Federal requirements. Also, a State may only have partial authorization 
to implement select portions of RCRA. In the case of CERCLA, the Federal 
statute does not provide States with the opportunity to gain 
authorization for the administration of Superfund law. In neither case, 
however, does Federal law preclude a State from promulgating, 
administering, and enforcing requirements independently that parallel 
requirements of Federal law. For example, States may develop wetlands 
legislation, regulations or requirements that vary from Federal wetlands 
requirements. If these laws are deemed potential ARARs, a comparison of 
the requirements is necessary to assure that “more stringent” State 
requirements are identified. 


The State law may contain requirements that are exclusive (i.e., 
requirements that have no Federal counterpart) and are easily distinguished as 


9 Note that for a State ban on land disposal of hazardous waste to be a 
potential ARAR, it must also meet the criteria listed in CERCLA §121(D)(2)(C). 
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“new” requirements. These “new” requirements are more stringent because they 
add to Federal law requirements that are specific to the State. However, if 
“parallel” or “similar” provisions exist, a determination of the “more 
stringent” of the two must be made through a careful comparison. 


A State requirement that imposes a numerical standard is not difficult to 
compare to a Federal counterpart. For the State requirement to be more 
stringent, it may, for example, increase the number of regulated facilities or 
impose a more stringent pollutant discharge limitation. Sometimes State and 
Federal requirements may differ because of waiver or exception provisions. In 
such cases, the State requirement is more stringent if the Federal requirement 
permits consideration of waivers or exceptions, such as waivers for economic 
hardship, cost effectiveness, or funding limitations, but the State 
requirement does not. 


State requirements that are clearly less restrictive than Federal 
counterparts are not ARARs. State requirements that are equivalent to but not 
more stringent than Federal requirements are those that are: (1) identical to 
Federal requirements, i.e., enacted verbatim; or (2) not identical to Federal 
requirements but are substantively equivalent, i.e., that use the same or a 
different approach to achieve an identical result. In such situations, by 
complying with the Federal ARAR, the State requirement will have been 
adequately considered. 


7.1.2.3 Requirements That Are Not Directly Comparable 


Federal and State requirements may call for vastly different approaches to 
regulating the same contaminant, making a determination of the more stringent 
requirement somewhat difficult. For example, 40 CFR section 192.32(b) requires 
that releases of radon-222 from uranium byproduct materials to the atmosphere 
be limited so as not to exceed an average release rate of 20 picocuries per 
square meter per second (pCi/m2s). 


A similar State requirement may be as follows: 


Radiation Control Regulations, Title 17, Chapter 41, Section 17.45. 
Wastes, tailings, or stockpiled ore from active or inactive mining, 
milling, or manufacturing operations shall be kept in such a manner so 
as not to release radon-222 to the air in excess of 3xl0-9 uCi/ml. 


These standards are difficult to compare because of the use of a rate in the 
Federal requirement, as opposed to the use of a concentration level in the 
State requirement. 


If the actions required by each of the two statutes result in a predictable 
and measurable level of cleanup, the determination of the more stringent 
requirement is clear (e.g., determine which requirement leaves less 
ground-water contamination at a CERCLA site or which one requires a greatek 
percentage removal of a contaminant). However, the determination of the more 
stringent of two requirements that mandate different design or performance 
standards may become more difficult when the results of the actions are not 


7-9 


Word-searchable version – Not a true copy 







clearly predictable because they are measured via monitoring procedures after 
the remedial activity (e.g., a landfill liner that is required to be 
“impermeable” versus a liner that shall be of a specified thickness and 
composed of a certain material). The demonstration of a more stringent State 
requirement in this case requires evidence in the form of performance data, 
which may be unavailable. 


The lead and support agencies should communicate closely to reach an 
agreement on the most stringent, site-specific requirement to follow. The 
decision is to be based on best engineering judgment and not on completion of 
extensive testing or exhaustive research. Should a dispute arise, dispute 
resolution processes that have been established between the State and EPA are 
to be followed. The communication process and dispute resolution procedures 
are discussed in Section 7.3 of this chapter. 


7.2 AN EXAMINATION OF SEVERAL TYPES OF STATE LAWS 


7.2.1 State Siting Reguirements 


State siting requirements are a broad class of State requirements dealing 
with restrictions on the location of new, existing, and expanding hazardous 
waste treatment, storage, and disposal (TSD) facilities. Considerable 
independent development of State laws governing siting of hazardous waste 
facilities has occurred. In States that are authorized to administer and 
enforce the provisions of RCRA, siting requirements are at least as stringent 
as the siting location standards found in the Federal requirements of RCRA 
(which are briefly described in Section 7.2.1.1). However, because of the 
current lack of extensive Federal siting requirements, many States have either 
added technical requirements to land disposal options or added types of 
locations that must be specially considered. A 1987 survey of State 
requirements has shown that numerous State siting programs exist, and that the 
programs lack consistency in scope and vary in stringency.10 A thorough review 
and determination of the eligibility of State siting requirements is, 
therefore, required during the process of State ARARs identification. 


In this section, State siting criteria are reviewed, based on the 
eligibility criteria -- State ARARs must be “promulgated” and “more 
stringent.” First, a brief overview of Federal siting criteria is presented as 
a reference for comparing State requirements on the basis of stringency. 
Common State location standards are reviewed. Finally, several issues 
regarding State siting ARARs are examined. For example, the application of 
siting requirements may depend on whether the TSDF is “existing” or “new.” A 
discussion of this issue is presented in Section 7.2.1.3. 


10 Source: TBS (Temple, Barker, and Sloane, Inc.). Review of State 
Hazardous Waste Facility Siting Criteria, Revised Draft Final Report. U.S. 
EPA, Washington, D.C., 1987a. 
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7.2.1.1 Overview of Existing Federal Siting Reguirements and Criteria11 


The current location standards that restrict the siting of new hazardous 
waste facilities under RCRA are located in 40 CFR section 264.18. These 
standards restrict the location of or affect the design and operation of 
hazardous waste TSD facilities in three environmental settings: (1) fault 
zones; (2) 100-year floodplains; and (3) salt dome formations, salt bed 
formations, underground mines, and caves. In addition, two permit writers’ 
guidance manuals, “Criteria for Location Acceptability and Existing Applicable 
Regulations -- Phase I” and the “Vulnerable Hydrogeology Guidance Document,” 
contain criteria or other information useful in designing a remedy and that 
could be TBCs. 


EPA, as authorized by §3004(o)(7) of the Solid Waste Disposal Act as 
amended by the Hazardous and Solid Waste Amendments (HSWA) of 1984, is 
currently developing specific “criteria for the acceptable location of new and 
existing TSD facilities as necessary to protect human health and the 
environment.” EPA intends to cover several locations governed by these 
criteria, including wetlands, and to consider the relationship of a facility's 
location to ground and surface waters. The final rule may include bans, 
technical demonstrations, specific unit closure requirements with extended 
care, additional design and operating requirements, or a combination of these 
responses. EPA expects that the final rule will replace the existing location 
standards contained in 40 CFR section 264.18 and create a new Subpart T to 
Part 264. When the rule becomes final, States that elect to receive 
authorization to implement HSWA requirements must promulgate location 
standards that are at least as stringent. HSWA location standards will be a 
new baseline against which location requirements that are potential ARARs are 
measured for stringency in non-authorized States. Also, EPA is developing 
policies on how the cleanup of CERCLA sites will be affected by the new 
standards. These policies will impact development of future State location 
standards in authorized States. 


7.2.1.2 Eligibility of Siting Requirements as State ARARs 


In developing the location criteria required by HSWA, EPA conducted a study 
of State location standards.12 This study provided data for the analysis of 
the regulatory options EPA has developed for location standards. A summary of 
the information that was gathered is presented in this Section. The objective 
of presenting this information is to alert personnel responsible for the 
identification or review of State ARARs to State siting criteria that 


11 Source for material in this section: NUS Corporation, Summary 
Background Information Document for the Development of Subtitle C Location 
Standards under Section 3004(o)(7) of RCRA. U.S. EPA, Washington, D.C., 1988a. 


12 Source: TBS (Temple, Barker, and Sloane, Inc.). Review of State 
Hazardous Waste Facility Siting Criteria, Revised Draft Final Report. U.S. 
EPA, Washington, D.C., 1987a. 


7-11 


Word-searchable version – Not a true copy 







may qualify as ARARs and to issues pertinent to the application of those 
criteria. 


Currently, 33 States have imposed restrictions on the location of hazardous 
waste facilities that are more extensive than the existing Federal standards 
contained in RCRA (see Exhibit 7-2). The remaining 17 States have location 
controls (either in the form of regulations or guidance) that are equivalent 
to, but not more stringent than, RCRA standards.13 


Promulgated Siting Requirements 


The eligibility of location standards as potential State ARARs also depends 
on whether the requirements are promulgated, i.e., legally enforceable and of 
general applicability, as discussed in Section 7.1. Exhibit 7-3, which lists 
the 33 States that have met the “more stringent” criterion of State ARARs, 
illustrates whether the States also have requirements contained in legally 
enforceable statutes or regulations. Thirty-two of these States possess siting 
criteria that qualify as potential ARARs based on this premise. 


The requirement must also be of general applicability, i.e., it was not 
promulgated specifically for application to CERCLA remedial actions. As can be 
seen in Exhibits 7-5 through 7-7, State siting requirements may address many 
criteria specific to the site's location and its topographic, hydrologic, and 
geologic characteristics. In order to be eligible to be State ARARs, 
promulgated siting criteria must generally be applied throughout the State (or 
the area described by the statute) in determining the suitability of any site 
for waste disposal. In the exhibits, requirements that qualify as potential 
ARARs are either designated with an “R” (regulatory or statutory requirement) 
or a “C” (regulatory consideration) in the 33 States that have more stringent 
requirements. A regulatory consideration indicates that there is not a 
specific standard, but the State law contains a criterion that must be 
evaluated or assessed. 


More Stringent Siting Reguirements 


The States that use only siting board review procedures (with or without 
specific standards) are included in the group of 17 States that are not 
considered more stringent (as shown in Exhibit 7-4). It should be noted that 
undergoing review board procedures is not an ARAR. However, any substantive 
criteria established by a State review board, if legally binding on the review 
board's operations, may be a potential ARAR. 


In addition to review boards, many States have more than one agency 
involved in the planning, siting, and regulation of hazardous waste 
facilities. Other agencies may be required to consider such aspects as the 
adverse impacts of the scenic, historic, cultural, or recreational values of 


13 If the location standards for these States are part of an authorized 
RCRA program, the State requirements are to be identified as the ARARs for the 
site (see Section 7.1.2). 
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EXHIBIT 7-2



METHOD OF IMPLEMENTATION OF STATE SITING CRITERIA



Alaskaa



Arizona

Arkansas

California

Colorado

Connecticut

Delaware

Florida

Idahoa



Illinois

Iowa

Kentucky

Louisiana

Maine

Maryland

Massachusetts

Michigan

Minnesota

Mississippi

Missouri

Nevadaa



New Hampshire

New Jersey

New York

North Carolina

North Dakota

Oklahoma

Oregon

Pennsylvania

Rhode Island

Texas

Virginia

Washington

Wisconsin

West Virginia



Wyoming



State Statutes 
or Regulations 


X 
X 
X 
X 
X 
X 


X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 


X 


Guideline or Site 
Selection Principles 


X 
X 


X 


X 


X 


X 


a Regulations in these three States are proposed, rather than final. 


Source: TBS (Temple, Barker, and Sloane, Inc.) Review of State Hazardous Waste 
Facility Criteria, Revised Draft Final Report. U.S. EPA, Washington, D.C., 
1987a. 
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the site. When identifying ARARs in States with such agencies, it is important 
to distinguish promulgated substantive criteria and standards that have 
regulatory or statutory authority in that State from site selection principles 
or guidelines that may be TBCs. 


7.2.1.3 Summary of State Siting Requirements 


This Section discusses several important aspects of State siting 
requirements as potential ARARs and the importance of identifying the proper 
State siting requirements in addressing CERCLA actions. 


Common Location Criteria 


Exhibit 7-8 highlights the main categories of siting criteria with which 
the greatest number of States is concerned. The protection of some of these 
areas may be under State legislation other than RCRA-related laws, such as 
location-specific requirements of other Federal programs that are authorized 
to States (shown in Appendix B). 


State laws dealing with environmentally sensitive areas may range from 
specific quantitative requirements, such as setback distances expressed in 
miles or feet from the area, to general regulatory statements prohibiting 
facility location in areas where human health or the environment will be 
affected. States also approach the issue of protecting ground and surface 
water through a range of criteria, including general consideration of 
proximity to ground and surface water and prohibitions of facilities in 
certain locations, such as over recharge zones or aquifers; quantitative 
setback distances from water supplies or other water bodies; quantitative 
thickness or hydraulic conductivity in soil barriers; and designation of 
acceptable soil or rock type for facility siting. Many State laws and 
regulations contain highly specific numerical requirements in these areas; 
others, such as Colorado, only require “that there be some distance to ensure 
that hazardous materials will have no impact on the bodies of water.” If these 
types of requirements are promulgated, both are potential ARARs. 


Buffer zones can also vary, ranging from specific setback distances from 
residences, churches, schools, or hospitals to general statements precluding 
“interference” with “population areas” (neither term being defined). 
Requirements also may differ between land-based and non-land-based (e.g., 
incinerators) requirements. Consideration of air quality impacts may be 
triggered in either case. 


A requirement in four States (California, Missouri, Rhode Island, and North 
Carolina) is one in which siting depends on waste type. The State of Missouri 
limits wastes according to the corresponding vapor pressure, in order to 
decrease volatile releases. In the other three States, location restrictions 
differ according to highly specific classification systems for wastes. These 
classes define the wastes that are restricted for disposal in certain 
locations by the type or degree of hazard, ranging from waste that is “highly 
restrictive” (Rhode Island) to waste “containing pollutants that could be 
released above certain concentrations and cause degradation of waters” 
(California) to waste that is “nonhazardous” (North Carolina). All 
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definitions require careful examination, as they may or may not be identical 
to RCRA definitions of hazardous waste. 


Applicability or relevance and appropriateness of requirements to land-
based and non-land-based facilities may also vary within each State. The trend 
seen in the TBS survey is that non-land-based facilities are being addressed 
more frequently, with restrictive criteria being applied according to the 
location of the site. Determination of the proper classification of 
requirements necessitates a careful examination of the definition of the 
regulated facility contained in the promulgated regulation or law. 


New and Existing Facilities 


With respect to CERCLA remedial actions, State location standards might be 
identified as potential ARARs when: 


•	 An existing hazardous waste site is present in a restricted location 
and a corresponding action is called for (be it immediate removal, 
remediation, design and operating demonstration, or modified care); 
or 


•	 A new hazardous waste unit is created in a restricted location 
through treatment or consolidation and placement; or 


• A non-land-based unit is brought on site. 


Significant differences may exist between State location standards that 
cover new units and those standards that cover existing units, and the State’s 
application of the appropriate category of regulations to a Superfund site is 
subject to the State’s statutory definition of each. Because Superfund sites 
generally represent pre-existing (and unplanned) situations, the limitations 
for existing facilities may not apply to Superfund sites. New remedial 
activities on site, such as the placement of “old” treated waste in a “new” 
unit or the use of a mobile incinerator or air stripping, could be subject to 
the limitations for new facilities or could be limited by requirements for 
existing facilities. Again, determination of the proper set of standards based 
on the jurisdictional prerequisites is a critical part of the process of 
identifying potential State ARARs for siting. 


Exhibit 7-3 shows whether each State applies siting criteria to new, 
expanding, and existing facilities. States have shown an increasing concern 
with existing and expanding facilities because of facility failures that have 
needed to be addressed. 
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EXHIBIT 7-3

APPLICABILITY OF STATE SITING CRITERIA



New New and 
Facilities Only Expanding Facilities 


Alaskaa



Arizona

Arkansas

California

Colorado

Connecticut

Delaware

Florida

Idahoa



Illinois

Iowa

Kentucky

Louisiana

Maine

Maryland

Massachusetts

Michigan

Minnesota

Mississippi

Missouri

Nevadaa



New Hampshire

New Jersey

New York

North Carolina

North Dakota

Oklahoma

Oregon

Pennsylvania

Rhode Island

Texas

Virginia

Washington

Wisconsin

West Virginia

Wyoming



X 
X 
X 


X 
X 


X 
X 


X 
X 


X 
X 


X 


X 


X 
X 


X 
X 
X 


X	 X 
X 
X 
X 


X 


New, Expanding, and 
Existing Facilities 


X 


X 


X 


X 
X 
X 
X 
X 


X 


X 


X 
X 
X 
X 
X 
X 


X 


a Regulations in these three States are proposed, rather than final. 


NOTE: A State-specific interpretation of the definitions of “new” and 
“existing” facilities in relation to a given CERCLA action is required for 
determination of the set of requirements that may be potential ARARs. 


SOURCE: TBS (Temple, Barker, and Sloane, Inc.) Review of State Hazardous 
Waste Facility Criteria, Revised Draft Final Report. U.S. EPA, Washington, 
D.C., 1987a. 
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EXHIBIT 7-5 


AREAS IN WHICH THE LOCATION OF HAZARDOUS WASTE TSD FACILITIES 
IS PROHIBITED OR RESTRICTED BY VARIOUS STATES 


Endangered Recharge Mining Dam 
Parks, Species Zones, Historical Subsidence Coastal Karst Hazard Agricultural 


Wetlands etc. Habitat Aquifers Areas Areas Areas Watersheds Areas Areas Areas 


Alaskaa R R R R 
Arizona G G G R,G 
Arkansas R G G R G R 
California R 
Colorado 
Connecticut R 
Delaware G G G G G G 
Florida C C C 
Idahoa R 
Illinois R 
Iowa R R R R R R 
Kentucky R 
Louisiana 
Maine R R R R R 
Maryland  R,G G R  R,G G G G G G 
Massachusetts R R R R R 
Michigan R R R 
Minnesota R R 
Mississippi 
Missouri R R R 
Nevadaa R R R 
New Hampshire R R R 
New Jersey R R R R R R R R 
New York C C C C 
North Carolina G G G R G R R R 
North Dakota R 
Oklahoma 
Oregon R R R R R 
Pennsylvania R R R C R R R R 
Rhode Island R R R R 
Texas R G G R G G G G 


a Regulations in these three States are proposed, rather than final. 


SOURCE: TBS (Temple, Barker, and Sloane, Inc.) Review of State Hazardous Waste Facility Criteria, Revised Draft Final Report. U.S. EPA, Washington, D.C., 
1987a. 
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EXHIBIT 7-5 (continued) 


AREAS IN WHICH THE LOCATION OF HAZARDOUS WASTE TSD FACILITIES 
IS PROHIBITED OR RESTRICTED BY VARIOUS STATES 


Endangered Recharge Mining Dam 
Parks, Species Zones, Historical Subsidence Coastal Karst Hazard Agricultural 


Wetlands etc. Habitat Aquifers Areas Areas Areas Watersheds Areas Areas Areas 


Virginia R R R R R R R 
Washington R R R R R R R R 
West Virginia R R R R R 
Wisconsin R R 
Wyoming 


Key: R = Regulatory or statutory requirement 
G = Guideline or site selection principle 
C = Regulatory consideration 
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EXHIBIT 7-6



SITE HYDROGEOLOGIC AND GEOLOGIC CRITERIA FOR THE LOCATION OF HAZARDOUS WASTE TSD FACILITIES



Surface, 
Depth to Depth Aquifer Ground 
Water to Water Hydraulic Thickness Hydraulic Time of Water Flow Soil/ 
Table Aquifer Quality Conductivity of Soil Gradient Travel Direction Rock Type Slope 


Alaskaa R 
Arizona R G G 
Arkansas R G G G G R 
California R R R 
Colorado R R R 
Connecticut R 
Delaware G G G G G G G G 
Florida 
Idahoa R R 
Illinois 
Iowa R 
Kentucky R 
Louisiana 
Maine R R C 
Maryland G G 
Massachusetts C R 
Michigan R R 
Minnesota R 
Mississippi R R R R 
Missouri R R R R 
Nevadaa R 
New Hampshire R R R 
New Jersey R R R 
New York C 
North Carolina R R R 
North Dakota 
Oklahoma R R R R 
Oregon R 
Pennsylvania R R 
Rhode Island R 


a Regulations in these three States are proposed, rather than final. 


SOURCE: TBS (Temple, Barker, and Sloane, Inc.) Review of State Hazardous Waste Facility Criteria, Revised Draft Final Report. U.S. EPA, Washington, D.C., 
1987a. 
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EXHIBIT 7-6 (continued)



SITE HYDROGEOLOGIC AND GEOLOGIC CRITERIA FOR THE LOCATION OF HAZARDOUS WASTE TSD FACILITIES



Surface, 
Depth to Depth Aquifer Ground 
Water to Water Hydraulic Thickness Hydraulic Time of Water Flow Soil/ 
Table Aquifer Quality Conductivity of Soil Gradient Travel Direction Rock Type Slope 


Texas R G R R G R G 
Virginia R 
Washington R R R 
West Virginia 
Wisconsin R R 
Wyoming R R 


Key: R = Regulatory or statutory requirement 
G = Guideline or site selection principle 
C = Regulatory consideration 
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EXHIBIT 7-7 


STATE SETBACK CRITERIA FOR THE LOCATION OF HAZARDOUS WASTE TSD FACILITIES 


Recharge Faults/ 
Property Supply Surface Zones, Roads, Residences, Seismic Minimum Nuclear 
Lines Wells Water Aquifers etc. etc. Airports Areas Site Area Facilities 


Alaskaa R R R R 
Arizona G C G C C 
Arkansas R G G R R G 
California R 
Colorado R R 
Connecticut R 
Delaware G G G G 
Florida C C 
Idahoa R R R R R R 
Illinois R R R 
Iowa R 
Kentucky 
Louisiana R 
Maine R R 
Maryland G G R G 
Massachusetts R R R C 
Michigan R 
Minnesota R 
Mississippi R 
Missouri R R R 
Nevadaa R R R R 
New Hampshire R R R R R 
New Jersey R R R 
New York C C C C C C 
North Carolina R R R R R G 
North Dakota R 
Oklahoma R R 
Oregon R R R R 
Pennsylvania R R R R R 
Rhode Island R R 
Texas G G R 


a Regulations in these three States are proposed, rather than final. 


SOURCE: TBS (Temple, Barker, and Sloane, Inc.) Review of State Hazardous Waste Facility Criteria, Revised Draft Final Report. U.S. EPA, Washington, D.C., 
1987a. 
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EXHIBIT 7-7 (continued)



STATE SETBACK CRITERIA FOR THE LOCATION OF HAZARDOUS WASTE TSD FACILITIES



Recharge Faults/ 
Property Supply Surface Zones, Roads, Residences, Seismic Minimum Nuclear 
Lines Wells Water Aquifers etc. etc. Airports Areas Site Area Facilities 


Virginia R R C R 
Washington R R R R 
West Virginia 
Wisconsin R R R R R 
Wyoming R R 


Key: R = Regulatory or statutory requirement 
G = Guideline or site selection principle 
C = Regulatory consideration 
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EXHIBIT 7-8



COMMON STATE SITING CRITERIA



Protecting Environmentally Sensitive Areas 


Criterion 


Wetlands 


Endangered Species Habitats, Game-


lands, and Fish Hatcheries 


Parks, Preserves, and Recreational 


Areas 


Underground Mining/Subsidence Areas 


Protecting Ground Water and Surface Water 


Distance to Supply Wells and 


Water Supplies 


Distance to Surface Water 


Recharge Zones and Aquifers 


Depth to Water Table or Aquifer 


Hydraulic Conductivity and/or 


Thickness of Soil 


Soil of Rock Type 


Karst Areas 


Ensuring Adequate Buffer Zones 


Distance to Property Lines 


Distance to Residences 


__________________ 


a Includes proposed criteria. 


Number of Statesa 


23 


17 


16 


13 


20 


20 


18 


17 


15 


12 


12 


18 


17 


SOURCE: TBS (Temple, Barker, and Sloane, Inc.) Review of State 


Hazardous Waste Facility Criteria, Revised Draft Final Report. U.S. EPA, 


Washington, D.C., 1987a. 
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Waivers and Override Procedures 


Many State regulations have waivers to the siting requirements for 
“temporary" or “emergency” situations.14 These waivers are carefully defined 
in terms of: (1) duration; (2) circumstances that justify their use (for 
example, a limit on the amount of money that can be spent to construct 
temporary facilities); (3) necessity of public involvement; and (4) whether 
the permit may be renewed. 


Some limits on the use of waivers are designed to assure that the 
waivers are temporary. For example, Florida grants a permit for a temporary 
waste landfill in an emergency for no more than 6 months; Montana grants a 
variance, but there must be a public hearing, and the variance only lasts one 
year (although it can be renewed). Remedial actions at Superfund sites may 
qualify for waivers, depending upon their design and the particular 
requirements in that State. 


Bans 


CERCLA §121(d)(2)(C)(ii) provides that: 


“ . . State standard, requirement, criteria, or 
limitation (including any State siting standard or 
requirement) which could effectively result in the 
State-wide prohibition of land disposal of hazardous 
substances, pollutants, or contaminants shall not 
apply.” 


The application of this prohibition is limited, however, by criteria in 
§121(d)(2)(C)(iii) and (iv). Section (iii) states that: 


“Any State standard, requirement, criteria, or 
limitation referred to in clause (ii) shall apply 
where each of the following conditions is met: (I) The 
State standard, requirement, criteria or limitation is 
of general applicability and was adopted by formal 
means. (II) The State standard, requirement, criteria 
or limitation was adopted on the basis of hydrologic, 
geologic, or other relevant considerations and was not 
adopted for the purpose of precluding on-site remedial 
actions or other land disposal for reasons unrelated 
to protection of human health and the environment. 
(III) The State arranges for, and assures payment of 
the incremental costs of utilizing a facility for 
disposition of the hazardous substances, pollutants, 
or contaminants concerned.” 


Section (iv) covers the situation in which one State initiated a lawsuit against the 
Agency prior to May 1, 1986 (Picillo site, Rhode Island). It 


14 Note that waivers in State regulations are to be distinguished from 
waivers provided by CERCLA §121(d)(4) (e.g., for inconsistent application of a 
State requirement), which may be exercised by EPA, if warranted. 
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provides that the remedial action will conform to the State standard and that the 
State shall assure the availability of an off-site facility. 


One example of a State law that may meet the ban criteria is Florida’s 
prohibition on new landfills. The Florida Department of Environmental Regulation 
enacted a prohibition on new land disposal facilities because soil and ground-water 
conditions throughout the State precluded the identification of appropriate sites. 
According to the Florida Resource Recovery and Management Act, §403.7222(2): 


“The Legislature declares that, due to the 
permeability of the soil and high water table in 
Florida, future hazardous waste landfills shall be 
prohibited. Therefore, the Department of Environmental 
Regulations shall not issue a permit pursuant to 
§403.722 for a newly constructed waste landfill.” 


(The section allows permitting of temporary landfills in response to a hazardous 
waste management emergency for a period of up to 6 months.) 


The Florida prohibition may meet the criteria in CERCLA because it is 
authorized under the RCRA program; the RCRA program does not allow authorization of 
a State program containing a prohibition on TSD facilities “which has no basis in 
human health or environmental protection” (40 CFR 271.4(b)). Also, the State is in 
the process of arranging for utilization of a disposal facility that will meet its 
needs. 


Note that the Florida prohibition applies only to new facilities. The State 
recognizes that there are existing waste piles and surface impoundments that may be 
unable to achieve clean closure and will have to close as landfills.15 Therefore, 
the provision would allow closure of a landfill with waste left in place. 


Effective January 1, 1991, land disposal of hazardous waste will be prohibited 
in Louisiana (a RCRA-authorized State), according to Part VIII of the Louisiana 
Hazardous Waste Control Law, 1141.1E. A few waiver provisions will be included, but 
their applicability to CERCLA sites is presently unknown. 


7.2.2 Discharge of Toxic Pollutants to Surface Waters 


Both on-site and off-site CERCLA remedial actions may involve discharges of 
wastewaters to surface waters. The control of discharges of pollutants, including 
toxics, to waters of the United States is required by the CWA.16 The 1987 CWA 
amendments require States to: (1) identify water bodies where the discharge or 
presence of toxic pollutants listed pursuant to CWA §307(a) could reasonably be 
expected to interfere with the attainment of designated 


15 See Chapter 2 of Part I for definition of terms under RCRA. 


16 See Chapter 3 of Part I for further discussion of ARARs under the CWA. 
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uses; and (2) adopt numeric criteria for such toxic pollutants applicable to the 
water body that are sufficient to protect the designated use (CWA §303(c)(2)(B)). 
The substantive requirements of the State’s toxic pollutant control program may be 
ARARs for CERCLA discharges. 


States may regulate toxic pollutants with numerical criteria, narrative 
criteria, or a combination of the two. Limitations on discharges to water of toxic 
pollutants are often expressed in narrative (non-quantitative) terms. 


Pollutants that lend themselves to a chemical-specific analytical approach can 
be measured on an individual basis and their toxic properties evaluated. For these 
pollutants, States may have developed numerical criteria. However, the development 
of quantitative criteria for the entire possible range of toxic pollutants beyond 
those listed pursuant to CWA §307(a) would require resources considerably beyond 
current capabilities. 


In addition to the resource constraints, not all toxic substances can be 
analyzed according to a chemical-specific analytical approach. For these reasons, 
the regulation of toxic effluents often relies on biological monitoring methods in 
which the harmful toxic effects of the entire effluent are examined. Such an 
approach, called a general toxicity or a whole effluent approach, is usually applied 
when control of a combination of pollutants is desired, when instream conditions are 
complex, or when the State has not adopted numeric criteria for potential 
pollutants.17 These requirements will be expressed in terms of specific toxicity 
testing procedures or whole effluent toxicity limits. Although these requirements 
are non-numerical, the substantive aspects of the requirements, if promulgated, are 
potential ARARs for CERCLA discharges. 


Even when State standards rely on narrative criteria, such as “no toxics in 
toxic amounts,” the State is required by 40 CFR section 131.11(a)(2) to support the 
narrative criteria with specific methods for identifying, analyzing, and limiting 
point-source discharges of toxic pollutants. These methods, if promulgated, are then 
incorporated into the State water quality standards. According to the EPA Water 
Quality Standards Handbook, support for narrative criteria includes the 
specification of such factors as: (1) toxicity bioassay test; (2) number and type of 
indicator organisms; (3) application factors; (4) water body design conditions; and 
(5) instream biological sampling procedures.18 Any pertinent State policies or 
guidance 


17 See Chapter 3 of Part I for more information on the regulation of toxic 
effluents. 


18 The Water Quality Standards Handbook cites the Pennsylvania Water Quality 
Standards as illustrating the standard-setting process. In Pennsylvania, there are 
certain parameters for which criteria have been established. However, the 
Pennsylvania regulations also apply to substances for which specific criteria have 
not been established (“... the general criterion that these substances shall not be 
inimical or injurious to the designated water use applies”). The Pennsylvania 
standards define technical procedures to be used to establish a “safe concentration 
value.” 
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used to interpret the narrative criteria, while not ARARs, should be considered in 
determining the remedy. 


Toxics Discharge Prohibitions 


A number of States have considered administering general prohibitions on the 
discharge of toxic pollutants that are known carcinogens or are known to exhibit 
other qualities of toxicity. Limitations on the amount of the discharge vary on a 
State-by-State basis in the States’ proposals. In addition, the definition of a 
facility that is regulated by the prohibition may vary in the States’ proposals. 
These requirements, if promulgated, may be applicable or relevant and appropriate to 
CERCLA on-site discharges. It is important to note that it is necessary to examine 
the specific jurisdictional prerequisites of the law when identifying it as a 
potential ARAR. 


In one State, California, a toxics discharge prohibition has been enacted into 
State law. Other States, including Oregon, Louisiana, New York, Massachusetts, 
Missouri, Hawaii, and Tennessee, have been considering proposals based on 
California’s. 


If any of the proposed legislation in the States listed above becomes 
promulgated in State statutes or regulations, careful attention will need to be 
given to the language that defines the group of regulated facilities. With respect 
to CERCLA actions, Regional staff may find it necessary to request a legal 
interpretation of a definition from State officials. 


7.2.3 Antidegradation Reguirements for Surface Waters 


As a condition for approval of State water quality standards, EPA requires all 
States to adopt statutes or regulations that establish a policy for controlling the 
degradation of high quality waters (waters for which existing quality is higher than 
“fishable/swimmable”). In addition, States may promulgate other antidegradation 
requirements for surface waters which differ from those adopted pursuant to the CWA. 
If a CERCLA site cleanup involves a point-source discharge of treated effluent to 
high quality surface waters, a State’s antidegradation statute may be an ARAR for 
the new release. If protective State standards have been promulgated under an 
antidegradation statute, proposed CERCLA discharges to high quality receiving waters 
could be prohibited or limited. 


Antidegradation statutes or regulations are typically expressed in narrative 
and non-quantitative terms. However, pursuant to 40 CFR section 131.12, the States 
must also identify the methods for implementing the antidegradation requirement, 
i.e., the State should identify the requirements or set of requirements through 
which the antidegradation goals are implemented on a site-specific basis. The 
requirement is typically referred to as an “antidegradation requirement” (that is a 
requirement against degradation), but is sometimes called a “nondegradation 
requirement.” The requirement may be located in any of the States’ water quality 
standards that control point source discharges. 
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In general, antidegradation standards for surface waters differ from State to 
State, but those which have been adopted pursuant to the CWA must all include the 
following four components: 


1.	 Requirements for maintenance of existing instream 
uses; 


2.	 Requirements for maintenance of high quality 
waters, unless the State determines that 
degradation is necessary to accommodate important 
social and economic development; 


3.	 Requirements for maintenance of Outstanding 
National Resource Waters (ONRW); and 


4.	 Requirements for achievement of the highest 
statutory and regulatory controls on point 
sources of pollution before allowing degradation 
of high quality waters. 


Although the goal of EPA’s antidegradation policy is to ensure that 
States maintain the existing water quality of high quality waters (which 
should be reflected by the water quality standards), the ultimate test of the 
policy is whether all existing instream uses are protected. State requirements 
can recognize that water quality may be allowed to deteriorate under specified 
circumstances, as long as instream uses are protected. ONRW, however, 
represent a special group of high quality waters. The ONRW designation 
probably would be reserved for water in such areas as National or State parks, 
wildlife refuges, and other waters of exceptional significance. In contrast, 
it is the intention of the antidegradation policy to protect the existing 
quality of designated ONRW absolutely, i.e., for these waters, water quality 
and not instream uses is the prevailing criterion. States may prohibit new 
releases to ONRW; this requirement, if promulgated, is a potential ARAR for 
CERCLA discharges to ONRW. 


In some cases where instream criteria of water quality standards are not 
being achieved, designated uses are also not being attained. If the State is 
convinced that a designated use is not attainable, specified procedures must 
be followed for changing the designation. It should be noted, however, that 
the technology-based treatment requirements under §§301(b) and 306 of the CWA 
represent the minimum level of control that must be imposed on wastewater 
discharges, including CERCLA discharges. If the State is committed to 
achieving the designated use, all permits for new point-source discharges to 
the stream must reflect a level of treatment that will achieve the instream 
use. Although permits and other administrative requirements are not ARARs for 
CERCLA discharges, achievement of the instream use for a new release as a 
result of the CERCLA response action is a substantive requirement and is a 
potential ARAR for CERCLA discharges. 


The identification of State antidegradation requirements as potential 
ARARs may pose some practical problems for Superfund remedial actions. Because 
antidegradation statutes and regulations are often not expressed in 
quantitative terms, the State must additionally specify the corresponding 
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requirements. Similarly, the necessary State determinations in these statutes 
and regulations authorizing degradation are seldom quantitative. Therefore, it 
may require additional attention of State and Regional staff to determine 
whether an on-site remedial action will result in degradation, whether that 
degradation threatens existing (or potential) uses, and whether any necessary 
findings to authorize degradation can be made. 


7.2.4 Antidegradation Requirements for Ground Water 


Antidegradation requirements for ground water are increasingly common in 
State laws. Generally, antidegradation laws are prospective and are intended 
to prevent further degradation of water quality. At a CERCLA site, therefore, 
a State ground-water antidegradation law might preclude the injection of 
partially treated water into a pristine aquifer. It would not, however, 
require cleanup to the aquifer’s original quality prior to contamination, nor 
would it preclude the reinjection of partially treated water back into the 
already contaminated portion of the aquifer as long as the reinjection does 
not increase the existing level of contamination. 


7.3 THE PROCESS OF COMMUNICATING STATE ARARs 


7.3.1 Procedures for Ensuring Timely Communication of State ARARs 


CERCLA §121(d)(2)(A) requires States to identify ARARs “in a timely 
manner.” Timely communication of ARARs allows their efficient and complete 
consideration during the RI/FS process. It avoids duplication of effort and 
other time-consuming activities. This Section describes how the objective of 
timely identification and communication of State ARARS should be met. 


The proposed revisions to the NCP describe a specific set of 
relationships between lead and support agencies. This Section first discusses 
the responsibilities of the State in the identification of State ARARs. It 
then describes critical points in the remedial process that require 
communication of State ARARs. The last Section describes the process of 
resolving disputes between EPA and the State in the event of a disagreement. 


7.3.1.1 The Roles of the State 


The design and implementation of remedial actions can occur best when 
lead and support agencies work together in a partnership arrangement. CERCLA, 
as amended, and the proposed revisions to the NCP establish particular points 
at which interaction between lead and support agencies must occur in the pre-
remedial and remedial response processes. This section describes the 
responsibilities of the State and EPA under two scenarios: 


! When the State serves as support agency; and 


! When the State serves as lead agency. 


The responsibilities in identifying State ARARs, to a large extent, 
remain the same whether the State assumes the lead or support agency role. 
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When the State is the support agency, however, the procedural issues regarding 
State ARARs communication become more critical. This role is enhanced because 
the consideration of State ARARs will depend upon the State’s timely 
communication of adequately documented State ARARs to EPA. Features of the 
State’s roles as support and lead agency are highlighted below. 


The responsibilities of the State as the support agency are to: 


!	 Receive and review information from EPA about 
the nature of the contamination at the site and 
the preliminary remedial alternatives being 
considered; 


!	 Interact/ensure coordination with all 
appropriate State personnel for input on 
potential ARARs; 


!	 Identify chemical-specific and location-specific 
State ARARs during the site characterization 
phase of the RI/FS; 


!	 Identify action-specific ARARs after the initial 
screening of alternatives; 


!	 Provide justification of State ARARs selected 
(e.g., promulgated, more stringent, applicable 
or relevant and appropriate (see Section 7.3.2)) 
and respond in writing to EPA’s requests in a 
timely manner; and 


!	 Review the ROD for EPA’s selection of ARARs and 
any waivers of State ARARs. 


The State as the lead agency has the responsibility to: 


!	 Develop information about the site and the 
nature of the contamination, as well as about 
the remedial alternatives being considered; 


! Prepare an ARARs request to EPA; 


!	 Interact/ensure coordination with all 
appropriate State personnel for input on 
potential ARARs; 


!	 Identify site-specific State ARARs during the 
appropriate points in the RI/FS process; 


! Identify any waiver in the Proposed Plan; and 


! Document ARARs in the ROD. 


The State, in either role, retains responsibility for identifying State ARARs and 
communicating them in a timely manner. EPA, in either role, retains sole 
responsibility for making the final selection of ARARs for the site. In addition, 
the final authority to waive ARARs remains solely with EPA. 
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7.3.1.2 Critical Points in the Remedial Process for the Identification and 
Communication of State ARARs 


Several points in the remedial process are particularly important in terms of 
ARARs identification and communication. ARARs identification is generally tied to 
preparation of key documents (for example, the RI/FS report) and is critical for 
making decisions (for example, the selection of the preferred alternative for the 
Proposed Plan). The two key points during the remedial process that require ARARs 
identification and communication take place during preparation of the RI/FS report. 
If State ARARs are identified during other points in the remedial process, such as 
after the preparation of the Proposed Plan or after the ROD is adopted, EPA will 
consider the ARAR according to the processes described below. 


The following description of the critical phases for the communication of 
State ARARs assumes that EPA and the State play the roles of the lead and support 
agencies, respectively. 


During Preparation of the RI/FS: The proposed revisions to the NCP indicate 
that EPA and the State are to initiate discussions about potential ARARs and TBCs 
during the scoping phase of the RI/FS. Formal letters of request that will require a 
timely response from the State are to be prepared by EPA at two points during the 
RI/FS process. First, EPA, as the lead agency, should request in writing potential 
chemical- and location-specific ARARs from the State no later than the time at which 
site characterization data are available. After the initial screening of 
alternatives has been completed (but prior to the initiation of the comparative 
analysis), EPA should request in writing that the State communicate any 
action-specific ARARs and any additional potential ARARs that may have been 
identified based on new information about the site. The State should communicate 
potential State ARARs and TBCs in writing to EPA within 30 days of receipt of EPA’s 
letters of reguest. 


Following Preparation of the Proposed Plan: There are several reasons why it 
is critical that the State identify all potential State ARARs for a particular 
response action prior to preparation of the Proposed Plan. First, EPA, as the lead 
agency, in consultation with the State, is responsible for identifying a preferred 
remedial alternative for public comment. In making this determination, it is 
critical that all potential State ARARs have been identified, analyzed, and fed into 
the decision-making process. Second, State ARARs are an integral part of determining 
the standards of control and the remediation levels which assist in fashioning the 
hazardous waste management approaches. And finally, the timely identification of 
State ARARs will ensure that the public (including PRPs) and EPA will have an 
adequate opportunity to comment on the information pertaining to the remedial 
alternatives, including any proposed waivers from State ARARs. 


The public comment period should not be used by States as an opportunity to 
identify potential State ARARs that could have been identified and submitted to EPA 
in a timely manner. Nevertheless, a situation may arise where a potential State ARAR 
is identified and submitted to EPA during the 
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public comment period. When this occurs, EPA will need to give consideration to this 
new information, as it would any significant comment, criticism, or new data 
submitted during this comment period. In analyzing this new information, EPA should 
determine if it is an applicable or relevant and appropriate requirement. If so, the 
ARAR should be incorporated into the pertinent remedial alternatives and factored 
into the final decision making process. Where that ARAR prompts a significant change 
to the information presented in the proposed plan, the lead agency must either 
document the change in the ROD, or, in some instances, seek additional public 
comment. (The Guidance on Preparing Superfund Decision Documents: the Proposed Plan 
and Record of Decision, OSWER Directive 9355.3-02, June 1989, provides criteria for 
making this determination.) 


After the ROD is Adopted: After the ROD has been signed, newly promulgated 
State ARARs may be identified that could potentially cause EPA to change the remedy 
selected in the ROD. EPA will incorporate the new State ARAR into the remedial 
action if it is based on new scientific information that demonstrates that the 
proposed remedy is no longer protective. This reevaluation will generally take place 
at the 5-year review. For any other newly-promulgated State ARARs not meeting the 
aforementioned criteria, or any existing State ARARs not previously identified 
(i.e., not submitted in a timely manner), the EPA will use its discretion to 
determine whether to incorporate them into the remedial action. 


7.3.1.3 Dispute Resolution19 


The proposed revisions to the NCP outline a dispute resolution process that 
the Regions and States can use during the remedial action process. Typically, 
conflicts regarding ARARs identification are to be resolved by negotiation at the 
staff and management levels between the Regional office and the State, with 
assistance from EPA Headquarters, if warranted. Regardless of the dispute resolution 
process adopted by the Region and the State, it should be applied to any differences 
that might impede the response process. Unresolved disputes may ultimately be 
decided by the Assistant Administrator for Solid Waste and Emergency Response, if 
necessary. 


7.3.2 Documentation of State ARARs 


At those sites for which the State is not the lead agency, it is incumbent 
upon whomever is conducting the RI/FS to provide sufficient information about the 
site and remedial alternatives to permit the State to identify potential ARARs. In 
addition, it is the responsibility of the State to provide EPA with adequate 
information to enable EPA to determine which of the potential State ARARs are 
actually ARARs at the site under the various remedial alternatives. 


19 This section refers to procedures to be followed in the absence of a 
Superfund Memorandum of Agreement (SMOA), which is discussed in Section 7.3.3. 
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The State, as support agency, should seek to anticipate some of the questions 
that EPA might raise concerning potential State ARARs. The State should substantiate 
its submission by including the following: 


!	 Promulgated: evidence that the requirements are 
legally enforceable and of general 
applicability, e.g., a bill or statute number, 
date of enactment or effective date, or 
description of scope; 


!	 More Stringent: evidence that the requirement 
meets the criteria for stringency described in 
Section 7.1.2; and 


!	 Applicable or Relevant and Appropriate: a 
description of the connection between the 
statute, regulation, or provision and the site 
characteristics/remedies.20 


ARAR identification is a site-specific process. To ensure complete 
consideration of a State’s concern in the remedial design process, it is important 
for the State to point out the connection between the ARAR it identifies and the 
characteristics of the site or remedial alternatives under consideration. When the 
State is providing ARAR information to EPA, the State should explain in as clear and 
succinct a manner as possible the reasons that each requirement is proposed as an 
ARAR. A timely communication of ARARs is one that can be used without numerous 
requests for clarification and detail. Because in many cases only sections of a 
State statute or regulation may be ARARs, it is important for the State to 
accurately identify particular provisions and to provide references and citations to 
clarify its intent. 


7.3.3 Superfund Memorandum of Agreement and ARARs 


The Superfund Memorandum of Agreement (SMOA) delineates the working 
relationships between States and EPA Regions and defines their roles and 
responsibilities.21 CERCLA, as amended, provides for a cooperative Federal State 
relationship in all cleanup activities: pre-remedial, remedial, and enforcement. A 
SMOA is the mechanism through which non-site-specific, Federal-State roles are to be 
delineated. SMOAs are not mandatory but are strongly encouraged by EPA. 


In terms of ARAR identification, the SMOA can become the mechanism that: 


!	 Defines the requirements for interaction, 
including timeframes for review of response 
process documents and materials; and 


20 This analysis is consistent with that of Federal requirements. See Section 
1.2.4 of Part I. 


21 For more information on SMOAs, see Draft Guidance on Preparing a Superfund 
Memorandum of Agreement (SMOA), OSWER Directive 9375.0-01. 
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!	 Establishes a process for resolving disputes 
about implementation of the procedures in the 
SMOA or any site-specific assignments. 


A SMOA cannot identify in advance which State requirements are ARARs for 
specific sites. However, by establishing responsibilities for each party in 
identifying, communicating, and documenting ARARs and TBCs, the Agency hopes to 
minimize disputes between EPA and the States. The SMOA establishes a working 
relationship that will protect the technical and substantive interests of all 
parties, without introducing excessive administrative procedures or delay. 


SMOAs are negotiated to cover all Superfund activities in a State and should 
form the basis of subsequent site-specific agreements. The provisions of a SMOA 
should remain applicable for a number of years, although annual review and minor 
modifications may be required. 
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APPENDIX A 


POTENTIAL CLEAN AIR ACT ARARs FROM CLEAN AIR ACT PART C 
(PREVENTION OF SIGNIFICANT DETERIORATION) 


This appendix provides information on the requirements contained in Part C of 
the Clean Air Act for the prevention of significant deterioration (the PSD program) 
of air quality in attainment (or unclassified) areas. 


A.1 PSD CLASSIFICATION AND IMPLEMENTATION 


The PSD regulations (40 CFR Part 52) classify PSD areas as either Class I, 
Class II, or Class III.1 Each classification differs in the amount of growth it will 
permit before significant air quality deterioration would be deemed to occur. 
Significant deterioration is said to occur when the amount of new pollution would 
exceed the applicable maximum allowable increase (“increment”), the amount of which 
varies depending upon the classification of the area. The reference point for 
determining air quality deterioration in an area is the baseline concentration, 
which is essentially the ambient concentration existing at the time of the first PSD 
permit application submittal affecting that area. To date, PSD increments have been 
established only for sulfur dioxide, nitrogen dioxide, and particulate matter2 (see 
Exhibit A-1). 


PSD requirements are implemented through a pre-construction review process, 
conducted either by EPA, or by the State, if EPA has approved the State’s PSD plan 
or if the State has been delegated EPA’s authority. The review process requires that 
new major stationary sources and major modifications be carefully reviewed prior to 
construction to ensure compliance with the NAAQS and the applicable PSD air quality 
increments and application of the best available control technology (BACT) on the 
project’s emissions of all regulated pollutants (i.e., pollutants regulated under 
NAAQS, NESHAPs, and NSPS). Moreover, if application of a control system results 
directly in the release of pollutants that are not currently regulated under the 
CAA, the net environmental impact of such emissions must be considered in making the 
BACT determination for pollutants that are regulated. 


1 Class I areas have the smallest increments and thus allow only a small 
degree of air quality deterioration. Certain wilderness areas and national parks are 
mandatory Class I areas (see 40 CFR section 51.166). Class II areas can accommodate 
normal well-managed growth. Class III designations have the largest increments and 
are appropriate for areas desiring a larger amount of development (currently, no 
areas have been designated Class III). In no case is the air quality of an area 
allowed to deteriorate beyond the NAAQS. With the exception of the mandatory Class I 
areas, all clean areas in the country were initially designated as Class II. 


2 PSD increments for particulate matter less than 10 microns in particle size 
(PM10) are under development. 
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EXHIBIT A-1 


ALLOWABLE PSD INCREMENTSa 


(Fg/m3) 


Class I Class II Class III 


Sulfur Dioxide 


! annual 


! 24-hour 


! 3-hour 


Total Suspended 
Particulate Matter 


! annual 


! 24-hour 


Nitrogen Dioxide 


! annual 


2 20 40 


5b 91b 182b 


25b 512b 700b 


5 19 37 


10b 37b 75b 


2.5 25b 50b 


a 40 CFR section 52.21(c)



b Not to be exceeded more than once per year.
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A.2 APPLICABILITY OF PSD REVIEW 


A.2.1 Stationary Source 


A stationary source generally includes all pollutant-emitting 
activities that belong to the same industrial grouping, are located 
on contiguous or adjacent properties, and are under common control. 
Thus, all emissions points at a Superfund site would be considered 
one stationary source for purpose of determining applicability of PSD 
review. However, only major new sources or major modifications are 
subject to this review. Source size is defined in terms of “potential 
to emit,” i.e., the capability at maximum design capacity to emit a 
pollutant after the application of all required air pollution control 
equipment and after taking into account all Federally enforceable 
requirements restricting the type or amount (e.g., prohibition on 
nighttime operation) of source operation.3 


A.2.2 Major Source or Major Modification 


A “major stationary source” is any new source type belonging to 
a list of 28 source categories, e.g., petroleum refineries or primary 
lead smelters, that emit or have the potential to emit 100 tons per 
year or more of any regulated pollutant. The source categories are 
identified at 40 CFR section 52.21(b)(l)(i)(a)) (see Exhibit A-2). 
Any other source type (e.g., pollutant-emitting activities during a 
Superfund cleanup action) that emits (or has the potential to emit) 
250 or more tons of any regulated pollutant per year is also 
considered a major source. If Federally enforceable controls are 
imposed that limit emissions to less than 250 tons per year, PSD 
requirements will not apply. 


Where there is an existing major stationary source, a Superfund 
site could trigger a “modification” to that source. A “major 
modification” is generally a physical or operational change in a 
major stationary source that would result in a “significant” “net 
emissions increase” for any regulated pollutant. Specific numerical 
cutoffs that define “significant” increases are identified in 40 CFR 
section 52.21(b)(23) (see Exhibit A-3). A Superfund site would be 
considered a modification to an existing source (e.g., an ongoing 
industrial facility) only where the site is physically connected to 
or immediately adjacent to the existing source, a responsible party 
(RP) is conducting the cleanup, the (RP) is also the owner or 
operator of the existing source, and the CERCLA site is somehow 
associated with the operations of the existing source. Cleanup 
actions conducted by other than the owner or operator of the adjacent 
facility would not be considered a modification to the existing 
source. This is consistent with the interpretation of 


3 “Federally enforceable” means that: (1) the restriction must 
be required by a Federal or State permit granted under the applicable 
SIP or embodied in the SIP itself, and (2) the source and/or the 
enforcement authority must be able to show compliance or 
noncompliance. 
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EXHIBIT A-2



NAMED PSD SOURCE CATEGORIESa



1.	 Fossil fuel-fired steam electric plants of more than 250

million Btu/hr input



2. Coal cleaning plants (with thermal dryers)



3. Kraft pulp mills



4. Portland cement plants



5. Primary zinc smelters



6. Iron and steel mill plants



7. Primary aluminum ore reduction plants



8. Primary copper smelters



9.	 Municipal incinerators capable of charging more than 250 tons

of refuse per day



10. Hydrofluoric acid plants



11. Sulfuric acid plants



12. Nitric acid plants



13. Petroleum refineries



14. Lime plants



15. Phosphate rock processing plants



16. Coke oven batteries



17. Sulfur recovery plants



18. Carbon black plants (furnace process)



19. Primary lead smelters



20. Fuel conversion plants



21. Sintering plants
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EXHIBIT A-2 (continued) 


NAMED PSD SOURCE CATEGORIES 


22. Secondary metal production plants 


23. Chemical process plants 


24.	 Fossil fuel boilers (or combinations thereof) totaling more 
than 250 million Btu/hr heat input 


25.	 Petroleum storage and transfer units with a total storage 
capacity exceeding 300,000 barrels 


26. Taconite ore processing plants 


27. Glass fiber processing plants 


28. Charcoal production plants 


aSource: 40 CFR section 52.21(b)(1)(i)(a) 
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EXHIBIT A-3 


SIGNIFICANT EMISSION RATES 
FOR DETERMINING PSD MAJOR MODIFICATIONSa 


Pollutant Emissions Rate (tons/yr) 


Carbon monoxide 


Nitrogen oxides 


Sulfur dioxide 


Particulate matter 
(Total Suspended Particulates) 


PM10 


Ozone (VOC)



Lead



Asbestos



Beryllium



Mercury



Vinyl chloride



Fluorides



Sulfuric acid mist



Hydrogen sulfide (H2S)



Total reduced sulfur

(including H2S) 


Reduced sulfur compounds
(including H2S) 


Any other pollutant regulated
under the Clean Air Act 
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100



40



40



25



15



40 (of VOCs)



0.6



0.007



0.0004



0.1



1



3



7



10



10



10



Any emission rate
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EXHIBIT A-3 (Continued) 


SIGNIFICANT EMISSION RATES 
FOR DETERMINING PSD MAJOR MODIFICATIONSa 


Pollutant Emissions Rate (tons/yr) 


Each regulated pollutant	 Emission rate that causes 
an air quality impact of 1 
Fg/m3 or greater (24-hour
basis) in any Class I area
located within 10 km of 
the source 


a Extracted from 40 CFR section 52.21(b)(23). 
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modification under the CAA, i.e., only changes to a facility by the
owner or operator may be considered modifications. 


Fugitive emissions are not to be considered in determining 
whether a source would be a major source (i.e., the 100 or 250
tons/year threshold), except when such emissions come from source
categories listed in 40 CFR section 52.21(b)(1)(c)(iii). Fugitive 
emissions are those emissions that cannot reasonably be expected to
pass through a stack, vent, or other functionally equivalent opening,
such as a chimney, roof vent, or roof monitor. Fugitive emissions
would not be counted in with CERCLA site emissions unless the site is 
considered a modification to one of the listed source categories. 


To determine whether a modification’s “net emissions increase” 
would qualify as “significant,” the potential to emit resulting from 
the physical or operational change must be determined. This amount is
added to any other increase or decrease in actual emissions at that 
source (i.e., the source adjacent to the Superfund site) that are 
contemporaneous with the particular change (within the preceding 5
years, or in the case of an approved State program, such other period
that may be specified therein) and are otherwise creditable.4 If the 
total exceeds zero, a net emissions increase is considered to result 
from the change. For example, if the net emissions increase (i.e.,
the net difference between the Superfund cleanup activity and
increases/decreases at the adjacent facility) is larger than the 
numerical cut-offs for significant increases (see Exhibit A-3), then
the modification is a “major modification.” 


A.2.3 PSD Area 


PSD requirements will be applicable to a Superfund action when 
such action is a major source or modification for any criteria 
pollutant and the source is located in a PSD area. A PSD area is one
which the State has designated as an attainment area (or not
classified because of lack of data). (An area designated as a
non-attainment area is not a PSD area.) Although the area may be 
designated as an attainment area for one or more criteria pollutants,
substantive PSD requirements would cover any criteria pollutant
emitted on site by a major source or modification at a Superfund
site. 


A.2.4 Pollutants for Which Area Is PSD 


Once the lead agency has determined that the Superfund actions
may be a major source or modification located in a PSD area, further
analysis of potential emissions should be done to determine which
pollutants will be emitted. A PSD area may also be designated 
non-attainment for particular pollutants. In such a case, if
emissions were expected to contain pollutants 


4 A contemporaneous increase or decrease is creditable only if 
the relevant reviewing authority has not relied on it in issuing a 
PSD or other CAA permit for the source, and that permit is still in
effect when the increase in actual emissions from the particular
change occurs. 
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for which the area is designated attainment and pollutants for which
the area is designated non-attainment, both PSD and non-attainment
(new source -- see Section 2.1.3 of Chapter 2 of Part II)
requirements would be potential ARARs. 


A.2.5 PSD Review Applies to Significant Emissions 


The PSD review applies to all significant emissions of
regulated air pollutants at a major new source, and to significant
net increases at a major modification (see Exhibit A-3).5 In 
addition, an emission is still considered “significant” if the major 
source is constructed within 10 kilometers of a Class I area and has 
an impact on such an area equal to or greater than 1 microgram/cubic
meter (24-hour average) for any regulated pollutant. See 40 CFR
section 52.21(b)(23)(iii). 


The PSD regulations contain specific exceptions for some forms 
of construction. For example, PSD review requirements do not apply to 
a major source or modification that is a: 


•	 Nonprofit health or educational institution when 
such exemption is requested by the governor; or 


•	 Portable source which has already received a PSD 
permit and proposes relocation.6 


A.3 SUBSTANTIVE REQUIREMENTS OF PSD REVIEW 


A.3.1 Best Available Control Technology 


Any major source or modification subject to PSD review (a “PSD
source”) must ensure application of BACT. BACT requires the maximum
degree of reduction of continuous emissions achievable for each 
regulated pollutant. The analysis to determine what BACT is for a
particular source must evaluate the energy, environmental, economic,
and other costs associated with each alternative technology, and the 
benefit of reduced emissions that the technology would bring (some
States consider the duration of emissions in this analysis.) 


5 In determining whether the emissions of a particular pollutant
are “significant,” the net amount of emissions from all emissions
points within a source is estimated. 


6 Other conditions for obtaining a portable source exemptions 
are that: (1) emissions at the new location will not exceed 
previously allowed emission rates; (2) emissions at the new location
are temporary; and (3) the source will not adversely affect a Class I
area or contribute to either any known increment or violation of a
NAAQS. The source must provide reasonable advance notice to the 
reviewing authority of the relocation. 
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-- 


-- 


-- 


BACT is applied at each emissions point, and is required for 
each regulated pollutant being emitted by the source in significant
amounts (see Exhibit A-3). Moreover, the BACT analysis must also
consider emissions of nonregulated toxic pollutants in determining 
BACT for a regulated pollutant. Thus, for example, if two alternative
control devices would provide the same degree of reduction in
emissions of the regulated pollutant, but one of them is more 
effective in controlling unregulated toxic emissions, that device
would be more appropriate as BACT. In addition, if there is no
economically reasonable or technologically feasible way to accurately
measure the emissions, and hence to impose an enforceable emissions 
standard, the source may be required to use source design,
alternative equipment, work practices, or operational standards to
reduce emissions of the pollutant to the maximum extent. 


A.3.2 Ambient Air Quality Analysis 


Each source or modification undergoing PSD review must perform 
an air quality analysis to demonstrate that its new pollutant
emissions will not cause or contribute to air pollution in violation
of either the applicable NAAQS or PSD increment.7 This analysis must
be based on the applicable Air Quality Models (EPA-450/2-78-027R) or 
an approved substitute. The six basic steps in an air quality
analysis are as follows: 


• Define the impact area of the proposed major 
source or major modification for each applicable 
pollutant. To properly establish the impact area
(i.e., where the applicable emissions will have a
significant impact on ambient concentrations) in
order to determine compliance with applicable 
NAAQS and increments, the PSD source should 
consult the review agency dispersion modeling
contact to receive concurrence on: 


Selection of an appropriate dispersion 
model; 


of adequate and representative

meteorological data;

and



Techniques and assumptions to be used in
the analysis.8 


7 Some States may exempt a temporary source (e.g., fugitive dust
from construction operations) from the increment analysis for 
particulate matter (see below). 


8 The latest revisions of the EPA documents Guideline on Air 
Quality Models (revised, July 1986, and Supplement A, 1987) and the
Guidelines for Air Quality Maintenance Planning and Analysis, Volume
10 (October 1977) serve as helpful guidelines for acceptable
dispersion modeling. However, since no two scenarios are identical, 
it is the PSD source’s responsibility to consult with the review 
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Determination of the impact area of the proposed 
source must include all direct emissions, 
including both stack and quantifiable fugitive
emissions of applicable pollutants, and 
“Secondary emissions.” Secondary emissions are
those that would occur as a result of the 
construction or operation of the proposed source, 
but do not come from the source itself (e.g.,
off-site support facilities). However, temporary
emissions, such as those related to construction, 
need not be considered. 


• Establish appropriate inventories. The PSD source 
is required to compile an emissions inventory of
applicable criteria pollutants that have been
demonstrated to result in significant impacts. In
addition, an inventory of applicable noncriteria 
pollutants may be required to determine if these
pollutants exist or will exist in high
concentrations that may pose a threat to human 
health or welfare. Actual emissions should be 
used to reflect the impact that would be detected
by ambient air monitors. 


• Determine existing ambient air concentrations for 
these pollutants. The air quality analysis for 
criteria pollutants consists of ambient
monitoring data that represents air quality
levels in the last year’s period preceding the 
PSD application. EPA has published specific
guidelines for a PSD source in Ambient Monitoring
Guidelines for Prevention of Significant
Deterioration. The use of existing representative 
air quality data will be permitted in lieu of
site-specific monitoring where the data are
determined representative and adequate. For 
pollutants for which NAAQS do not exist, the,
required analysis will normally be based on
dispersion modeling alone. Further, de minimis 
increases of pollutants are exempt from 
monitoring requirements (see Exhibit A-4). 


• Determine how much of the increment is available. 
Sources that propose to emit sulfur dioxide,
nitrogen dioxide, or particulate matter must also
perform an analysis to compute how much of the 
PSD increment in that area remains available to 
them (see Exhibit A-1).Increment, concentration
is, in general, that portion of ambient air 
concentration in an area which results from: 


agency to ensure that the methods and procedures to be used in
performing the dispersion modeling are appropriate. 
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EXHIBIT A-4 


DE MINIMIS AIR QUALITY IMPACTS 
(PSD APPLICABILITY)a 


Carbon monoxide -- 575 Fg/m3, 8-hour average; 


Nitrogen dioxide -- 14 Fg/m3, annual average; 


Total suspended particulate -- 10 Fg/m3, 24-hour average; 


PM10 -- 10 Fg/m3, 24-hour average; 


Sulfur dioxide -- 13 Fg/m3 , 24-hour average; 


Ozone;b



Lead -- 0.1 Fg/m3, 24-hour average;



Mercury -- 0.25 Fg/m3, 24-hour average;



Beryllium -- 0.0005 Fg/m3, 24-hour average;



Fluorides -- 0.25 Fg/m3, 24-hour average;



Vinyl chloride -- 15 Fg/m3, 24-hour average;



Total reduced sulfur -- 10 Fg/m3, 1-hour average;



Hydrogen sulfide -- 0.04 Fg/m3, 1-hour average;



Reduced sulfur compounds 10 Fg/m3, 1-hour average.



a 40 CFR section 52.21(i)(4)(vii) 


b No de minimis air quality level is provided for ozone.
However, any net increase of 100 tons per year or more of volatile
organic compounds subject to PSD would be required to perform an 
ambient impact analysis including the gathering of ambient air
quality data. 
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-- Actual emissions from any major stationary 
sources on which construction commenced January
6,1975; and 


-- Actual emission increases and decreases at all 
stationary sources occurring after the baseline
date. 


The baseline date is the date after the “trigger” 
date (August 7, 1977 for sulfur dioxide and
particulate matter; February 8, 1988 for nitrogen 
dioxide) when the first complete PSD application is
submitted by a proposed major source or major
modification. The area in which the baseline date is 
triggered by a PSD permit application is known as the 
baseline area. In general, increment consumption and
expansion are based on actual emissions. However, if
little or no operating data are available, as in the 
case of permitted emissions units not yet in
operation at the time of the increment analysis, the
allowable emission rate must be used.9 


• Perform a screening analysis for each applicable 
pollutant. This interim, worst-case scenario analysis 
will primarily provide the PSD applicant with some
essential data: 


-- An approximation of the maximum downwind impacts; 


-- A general idea of the location of the maximum 
impacts; and 


-- Quick preliminary results. 


Both quantifiable fugitive emissions and stack emissions
should be included in the screening analysis. In
addition, if secondary emissions are quantifiable and are
expected to affect the air quality in the impact area, 
they should also be included in the screening analysis.
If the screening analysis shows that the source will not
cause or contribute to a violation of a NAAQS or PSD 
increment, no refined analysis is required. 


9 “Allowable emissions” is defined at 40 CER section 
52.21(b)(16) as the emissions rate using the maximum rated capacity
of the source and the most stringent of either NSPS/NESHAPs, SIP
limitation, or the emissions rate in a Federally enforceable permit. 
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• Perform a refined analysis to determine projected 
air quality resulting from emissions of applicable 
pollutants. The objective is to determine with
greater certainty whether the PSD source will in
fact cause or contribute to air pollution that
results in violation of either a NAAQS or a PSD 
increment. The refined dispersion modeling analysis
will use the emissions inventory and all other data
gathered up through the screening analysis. 
Concurrence from the reviewing agency is
recommended before starting the analysis to confirm
that the techniques used are considered valid. 


A.3.3 Other Impacts Analysis 


A source is required to analyze whether its proposed 
emissions increases will impair visibility or adversely impact soils 
or vegetation. 


A.3.4 No Adverse Impact on a Class I Area 


If emissions from a source could impact a Class I area, the 
regulations require notification to the Federal Land Manager and the
Federal official charged with direct responsibility for managing 
these lands. If the Federal Land Manager demonstrates that emissions
from a proposed source would impair air quality-related values, even
though the emissions levels would not cause a violation of a NAAQS or 
the allowable air quality increment, the Federal Land Manager may
recommend that the emission not be allowed. 


A.3.5 Other Requirements 


The regulations solicit and encourage public participation in 
the PSD review process. Also, post-construction monitoring is 
sometimes required of the PSD source. However, de minimis amounts 
under 40 CFR section 52.21(i)(8)(see Exhibit A-4) may be exempt from
this requirement. This requirement may also be satisfied by existing
monitors. 


A.4 NON-ATTAINMENT 


Any major source or major modification (same definition as 
under PSD, except that 100 tons per year is the “major” size
threshold for all source categories) that will emit NAAQS pollutants
for which an area has been designated non-attainment must comply with 
the requirements of Part D of the CAA with respect to those
pollutants. Many air quality regions are currently non-attainment for
ozone. The Part D requirements are as follows: 


• Offsets. At the time that the proposed new source 
is to begin operating, total allowable emissions 
from all existing sources in the area, including
the proposed source, must be “sufficiently less”
than total emissions from existing sources allowed 
under the applicable SIP prior to the permit
application. The term “sufficiently less” means
emissions 
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reductions that, when considered together 
with other SIP provisions, would constitute
“reasonable further progress” toward
attaining the NAAQS. This condition generally 
requires that the proposed source obtain an
offset, i.e., secure an emissions reduction 
elsewhere in the impact area of emissions ,of 
the pollutant(s) that it proposes to emit.
The offset must be better than one to one, 
i.e., the reduction must be greater than the
proposed emission. In addition, the reduction 
must be Federally enforceable. Some States
may exempt temporary sources from this
requirement. 


•	 Construction moratorium. CAA §110(a)(2)(I) 
provides that no major stationary source shall 
be constructed or modified in a non-attainment 
area if the emissions from the source will 
cause or contribute to concentrations of any 
pollutant for which the area is non-attainment
unless the non-attainment plan meets the
requirements of Part D. Major
sources/modifications are subject to offset 
requirements and the construction moratorium
only if they emit in major amounts the
pollutant for which the area is designated 
non-attainment. 


• Allowable concentrations. Emissions from the 
proposed source will not cause or contribute
to concentrations in excess of the allowable 
concentration of the pollutant permitted of 
new and modified sources under the applicable
non-attainment plan. 


•	 Lowest achievable emissions rate. The proposed 
source must apply the lowest achievable 
emission rate (LAER) control technology. LAER
means for any source the more stringent rate
of emissions based on either of the following
(40 CFR section 51.165(a)(1)(xiii)): 


-- The most stringent emissions limitation
that is contained in the SIP of any State for
such class or category of stationary source, 
unless the owner or operator of the proposed
stationary source demonstrates that such
limitations are not achievable; or 


-- The most stringent emissions limitation 
that is achieved in practice by such class or
category of stationary source. 


LAER must be at least as stringent as an
applicable NSPS. The LAER requirement (and 
other substantive 
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non-attainment new source review provisions) 
applies to each regulated pollutant emitted by
a major new source in a “major” amount -
i.e., in excess of 100 tons per year -- and by 
a major modification in a “significant” amount
(see Exhibit A-3) for which the area is
non-attainment. 


• Statewide compliance by the owner/operator. 
The owner or operator of the proposed source
demonstrates that all major sources that it
owns or operates elsewhere in the State are in
compliance with all applicable emission 
limitations and standards, or are on a 
compliance schedule to do so. 


•	 Non-attainment plan. The attainment plan 
is being implemented. 


If the proposed source or modification cannot meet
all of these conditions, it will not be allowed to be 
constructed. 
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APPENDIX B



FEDERAL/STATE RELATIONSHIPS UNDER MAJOR ENVIRONMENTAL STATUTES



ACT TITLE Does the statute allow for or Which provisions remain For those provisions that are Are there authorization 
require Federally authorized under exclusive Federal authorized to the State, must provisions requiring the 
State programs to carry out jurisdiction? the State program be identical States to adopt changes as 
provisions of the statute? or equivalent? Can the State Federal regulations change? 


program be more stringent? 


Federal Water Pollution 
Control Act (Clean Water 
Act) 


States can be authorized to 
administer and enforce all 
provisions of statute, 
[particularLy through the 
granting of NPDES permits, 
general permits, Federal 
facility permits, and dredge 
and fill permits]. 


States, if authorized, must 
develop compliance schedules 
for effluent limitations 
(§301), maximum daily load 
requirements, water quality 
standards (§303), and toxic 
chemicals listed in §307. 


States must assess attainment 
of water quality standards 
and identify strategies to 
achieve attainment of 
standards. 


States must implement a clean 
lake program and a non-point 
source management program. 


Only EPA can establish 
national effluent 
limitations guidelines and 
standards for industrial 
categories of point-source 
discharges [but permits may 
be based on more stringent 
State standards]. 
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State program must be 
"consistent" with all 
provisions of the Clean Water 
Act, must meet minimum 
regulations for State programs 
as defined by 40 CFR Part 121 
(certification of activities 
requiring a federal permit) 40 
CFR Part 123 (NPDES program), 
and 40 CFR Part 233 (dredge and 
fill program). 


States may adopt and enforce 
any discharge standard or 
limitation or other requirement 
respecting abatement of 
pollution if not less stringent 
than Federal requirements (CWA 
§510). 


State program must at all 
times be in accordance with 
the Clean Water Act and 
guidelines promulgated 
pursuant to CWA. The statute 
does not address how quickly 
States must reflect changes 
to the CWA or to Federal 
guidelines or criteria. 
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FEDERAL/STATE RELATIONSHIPS UNDER MAJOR ENVIRONMENTAL STATUTES 
(continued) 


ACT TITLE Does the statute allow for or Which provisions remain For those provisions that are Are there authorization 
require Federally authorized under exclusive Federal authorized to the State, must provisions requiring the 
State programs to carry out jurisdiction? the State program be identical States to adopt changes as 
provisions of the statute? or equivalent? Can the State Federal regulations change? 


program be more stringent? 


Resource Conservation and 
Recovery Act (RCRA) 


States may be authorized to 
issue permits and enforce 
regulations for hazardous 
waste TSD facilities. 


States must develop a 
continuing programs to 
compile, publish, and submit 
to EPA a complete inventories 
of all hazardous waste 
facilities in the States. 


States must develop solid 
waste management plans that 
prohibit waste disposal in 
"open dumps" and that provide 
for the closing or upgrading 
of all existing open dumps. 


EPA administers and enforces 
regulations on export of 
hazardous waste (RCRA 
§3017). 


HSWA regulations remain 
under Federal jurisdiction 
until State receives 
authorization 
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State programs must be 
"equivalent to Federal 
programs," "consistent with 
Federal and other approved 
State programs," and must 
provide "adequate" enforcement 
of compliance with Federal 
regulations. State programs may 
be more stringent. 


State solid waste plans must be 
"consistent with the minimum 
requirements" for approved 
State programs. 


State programs must be 
consistent with regulations 
promulgated under RCRA. When 
new Federal regulations are 
promulgated under HSWA, EPA 
has authority to issue, 
deny, and enforce permits 
until the State receives 
interim or final 
authorization for an amended 
program. 


When Federal regulations are 
promulgated under RCRA, 
however, the regulations are 
not applicable until the 
State program (if an 
authorized State) adopts 
those regulations (must 
adopt within 2 years). 


State programs are 
inconsistent if they 
unreasonably restrict 
movement of hazardous waste 
across State border’s or if 
they have no basis in human 
health or the environment 
and act as a prohibition on 
treatment, storage, and 
disposal of hazardous waste. 
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FEDERAL/STATE RELATIONSHIPS UNDER MAJOR ENVIRONMENTAL STATUTES



(continued)



ACT TITLE Does the statute allow for or Which provisions remain For those provisions that are Are there authorization 
require Federally authorized under exclusive Federal authorized to the State, must provisions requiring the 
State programs to carry out jurisdiction? the State program be identical States to adopt changes as 
provisions of the statute? or equivalent? Can the State Federal regulations change? 


program be more stringent? 


Underground Storage Tank States may develop and 
(UST) Regulations	 enforce detection, 


prevention, and correction 
regulations for underground 
oil and hazardous substance 
storage tanks. 


Endangered Species Act	 States may enter into A 
management agreement with the 
Department of the Interior to 
administer and manage areas 
established for the 
conservation of endangered or 
threatened species. 


States may establish program 
for conservation of all 
resident Federally-designed 
endangered or threatened 
species, including 
enforcement of protective 
regulations. 


Fish and Wildlife State may develop a 
Conservation Act of 1980	 conservation plan and program 


for non-same fish and 
wildlife not included in the 
Endangered Species Act. 
Program should provide an 
inventory of fish and 
wildlife species and 
determine actions to be taken 
to conserve species and their 
habitats. 


N.A. 


Only Department of Interior 
(DOI) may designate 
endangered species and 
critical habitats, 
promulgate protective 
regulations or prohibitions 
under this Act, and issue 
exemptions from these 
regulations. 


N.A. 


B-3 


State UST regulations must be 
"no less stringent" than 
Federal UST regulations. State 
regulations may be more 
stringent. 


State laws regarding export or 
import of endangered species 
"must not permit any activity 
prohibited under this Act, or 
prohibit any act authorized by 
an exemption under this Act." 


State laws concerning the 


N.A. 


N.A. 


taking of an endangered species 
"may be more restrictive" than 
Federal restrictions, "but not 
less restrictive.".. 


N.A. N.A. 
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FEDERAL/STATE RELATIONSHIPS UNDER MAJOR ENVIRONMENTAL STATUTES



(continued)



ACT TITLE Does the statute allow for or Which provisions remain For those provisions that are Are there authorization 
require Federally authorized under exclusive Federal authorized to the State, must provisions requiring the 
State programs to carry out jurisdiction? the State program be identical States to adopt changes as 
provisions of the statute? or equivalent? Can the State Federal regulations change? 


program be more stringent? 


Fish and Wildlife State agency must be 
Coordination Act	 consulted before any water 


body in the State is modified 
by a Federal agency; such 
modification must be approved 
jointly by head of State 
agency, Federal agency 
performing the action, and 
Department of the Interior. 


Rivers and Harbors Act	 The building of bridges, 
causeways, dams, or dikes 
over navigable waters of the 
U.S. falls under State 
authority only when the 
navigable portions of such 
waters are within the State's 
boundaries and when 
construction plans are 
approved by the Army Corps of 
Engineers. 


Wild and Scenic Rivers Act	 Rivers designated as State 
wild, scenic, or recreational 
rivers may apply for Federal 
designation as national wild, 
scenic, or recreational 
rivers. 


Management plane for rivers 
receiving such designation 
must be administered by the 
State. 


The State may participate in 
the administration and 
enforcemet of management 
plans for rivers designated 
as wild, scenic, or 
recreational rivers by 
Congress. 
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Only Department of Interior 
may acquire lands on which 
modification of a water body 
takes place, to ensure 
protection of fish and 
wildlife. 


All other construction of 
bridges, causeways, dams, or 
dikes over U.S. navigable 
waters must be approved by 
Congress. All regulation of 
such construction and other 
modification of these waters 
is administered and enforced 
by the Federal government. 


Department of Interior 
prepares comprehensive 
management plans for all 
national wild, scenic, and 
recreational rivers, with 
State consultation. 


Only the Department of the 
Interior is authorized to 
acquire lands and interests 
within boundaries of the 
national wild, scenic, or 
recreational river. 
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N.A. 


No restrictions on State 
regulations. 


Management program’s for wild 
and scenic rivers may establish 
plans of "varying degrees of 
intensity" for the protection 
and development of the river. 


N.A. 


N.A. 


N.A. 
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ACT TITLE Does the statute allow for or Which provisions remain For those provisions that are Are there authorization 
require Federally authorized under exclusive Federal authorized to the State, must provisions requiring the 
State programs to carry out jurisdiction? the State program be identical States to adopt changes as 
provisions of the statute? or equivalent? Can the State Federal regulations change? 


program be more stringent? 


Safe Drinking Water Act 
S	 National Primary Drinking 


Water regulations 


Safe Drinking Water Act 
S	 Underground Injection 


Control (UIC) programs 


- Wellhead Protection 


Marine Protection, Research, 
and Sanctuaries Act 


State may be authorized to 
administer and enforce 
national primary drinking 
water regulations (including 
MCLs and treatment technique 
requirements) and secondary 
drinking water regulations. 


State may be authorized to 
issue and enforce UIC permits 
and all Federal regulations 
concerning underground 
injection. 


States are required to adopt 
program to protect wells and 
recharge areas that supply 
public drinking water systems 
from contamination. 


No provision for State 
administration of Ocean 
Dumping Permit program or 
National Marine Sanctuaries 
Program. States may be called 
upon to assist in enforcing 
permits. 


EPA may rescind, upon making 
certain showings, variances 
and exemptions granted by 
the State. 


N.A. 


EPA is responsible for 
publishing guidance to 
assist States in preparing 
their wellhead protection 
programs (No Federal 
requirements). 


All provisions of Act remain 
under Federal jurisdiction, 
including establishment and 
enforcement of Ocean Dumping 
permit regulations and 
National Marine Sanctuaries 
Program. 
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State primary drinking water 
regulations must be "no less 
stringent" than Federal 
regulations and may be more 
stringent. State conditions for 
granting variances or 
exemptions must be no less than 
the stringent conditions under 
which Federal variances and 
exemptions are granted. 
Conditions may be more 
stringent. 


State regulations must be no 
less stringent than Federal UIC 
regulations. May be more 
stringent. 


N.A. 


N.A. 


State primary drinking water 
regulations must be no less 
stringent than Federal 
standards promulgated under 
Act. The statute and 
regulations do not address 
how quickly States must 
adopt changes to the SDWA or 
to Federal primary drinking 
water regulations. 


State regulations must be no 
less stringent than Federal 
standards promulgated under 
Act. The statute does not 
address how quickly States 
must reflect changes to SDWA 
or to Federal guidelines or 
criteria. 


N.A. 


N.A. 
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FEDERAL/STATE RELATIONSHIPS UNDER MAJOR ENVIRONMENTAL STATUTES



(continued)



ACT TITLE Does the statute allow for or Which provisions remain For those provisions that are Are there authorization 
require Federally authorized under exclusive Federal authorized to the State, must provisions requiring the 
State programs to carry out jurisdiction? the State program be identical States to adopt changes as 
provisions of the statute? or equivalent? Can the State Federal regulations change? 


program be more stringent? 


Uranium Mill Tailings 
Radiation Control Act 


Coastal Zone Management Act 


National Historic 
Preservation Act -
Preservation of historical 
and archeological data 
threatened by Federal agency 
project 


State may implement and 
enforce Uranium Mill 
Licensing requirements and 
issue licenses for uranium 
processing and uranium 
tailing depository sites. 


State may develop [and 
receive Federal grants for] a 
Coastal Zone Management 
Program that includes the 
authority to administer land 
and water use regulations, 
establish criteria and 
standards for local or State 
implementation, develop 
siting standards for energy 
and other facilities, and 
make void local land and 
water use regulations. 


Approved State may prepare 
and implement a comprehensive 
statewide historic 
preservation program and 
nominate sites to the 
National Register of Historic 
Places. 


N.A. 


State program and any 
amendments to it must be 
approved by Department of 
Commerce. Department may 
also overrule authorization 
of projects within the 
coastal zone. 


Department of Interior 
authorized to regulate the 
preservation of historical 
and archeological data 
threatened by project 
funded, permitted, or 
implemented by a Federal 
agency. 
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State licensing requirements 
must be "equivalent or more 
stringent" than Federal 
standards. 


No Federal program. State 
program must meet rules and 
regulations for such programs, 
including the assurance that 
local land and water use 
regulations are not 
"unreasonably restrictive." 


N.A. 


State requirements must be 
equivalent to any 
requirements ever 
promulagated under this Act. 


N.A. 


N.A. 
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ACT TITLE Does the statute allow for or Which provisions remain For those provisions that are Are there authorization 
require Federally authorized under exclusive Federal authorized to the State, must provisions requiring the 
State programs to carry out jurisdiction? the State program be identical States to adopt changes as 
provisions of the statute? or equivalent? Can the State Federal regulations change? 


program be more stringent? 


Toxic Substances Control States may establish [and 
Act	 receive Federal funding for] 


programs to prevent or 
eliminate unreasonable risks 
to health from toxic 
chemicals. Such programs 
complement but do not reduce 
the authority of EPA. 


Clean Air Act	 States must adopt plan to 
implement, maintain, 
administer, and enforce 
national primary and 
secondary ambient air quality 
standards. States may be 
authorized to enforce 
standards of performance for 
new stationary sources, and 
national emission standards 
for hazardous air pollutants 
(NESHAPs). 


EPA retains primary 
authority to administer and 
regulate PCB processing, 
storage, and disposal and 
TCDD disposal. 


EPA retains authority to 
develop air standards under 
the act, to determine the 
adequacy of State plans, and 
to promulgate regulations 
for a State that are 
necessary to bring a State 
plan into accordance with 
the Act. 
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States may not promulgate any 
rule concerning a toxic 
chemical regulated under TSCA, 
unless that rule is: (1) 
identical to a Federal 
requirement; (2) promulgated 
under Clean Air Act or other 
Federal law; (3) prohibits use 
of such chemical; or (4) is 
granted an exemption from EPA. 
TSCA program only enforces 
Federal laws. 


State must "adequately" enforce 
national primary and secondary 
ambient air quality standards 
and follow the minimum 
requirements for State programs 
contained in 40 CFR Part 51, 
unless EPA allows for a 
temporary emergency suspension 
of such standards. States 
retain authority to adopt 
emission standards and 
limitations and control 
strategies more stringent than 
those necessary to meet minimal 
Federal ambient standards. 


N.A. [EPA retains primary 
regulatory and enforcement 
authority.] 


EPA will notify State of 
necessary revision. If State 
fails to adopt revised plan 
within designated period, 
EPA will propose new 
regulations for State. 
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provisions of the statute? or equivalent? Can the State Federal regulations change? 


program be more stringent? 


S State air toxic programs Some States have adopted 


Occupational Safety and 
Health Act 


Hazardous Materials 
Transportation Act 


program to regulate toxic air 
pollutants not regulated by 
NESHAPS. These programs vary 
from State to State. 


State may assure 
responsibility for developing 
and enforcing OSHA standard 
through Federally-approved 
plan. 


States may participate in the 
enforcement of hazardous 
waste regulations through the 
Motor Carrier Safety 
Assistance program. State has 
some regulatory authority 
over intrastate hazardous 
waste transport [limited to 
traffic control and 
eliminating or reducing 
safety hazards peculiar to 
local areas]. 


The Act establishes no 
requirements for those State 
air toxic programs. EPA 
provides technical 
information to States 
through the National Air 
Toxics Information Clear
inghouse (NATICH) and the 
Control Technology Center. 


Department of Labor may 
retain authority to 
promulgate and enforce OSHA 
standards for at least first 
three years of approved 
State plan and until 
Department of Labor 
determines that OSHA 
criteria are being 
adequately enforced. 


Department of Transportation 
retains primary authority to 
develop and enforce 
hazardous waste 
transportation regulations. 
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N.A. 


State standards must be "at 
least as effective" in 
providing safe and healthful 
employment and places of 
employment as Federal 
standards. 


State laws concerning hazardous 
waste transportation that are 
inconsistent with Federal OSHA 
requirements will be preempted 
by Federal standards. Any state 
may apply to have a State law 
considered "consistent" or to 
have an inconsistent law not be 
preempted by Federal law. 


N.A. 


State standards always must 
be comparable to Federal 
standards promulgated under 
OSHA. 


N.A 
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program be more stringent? 


Farmland Protection Policy 
Act 


Flood Disaster Protection Act 


Fish and Wildlife Improvement 
Act 


State is given no specific 
authority to regulate Federal 
program activities that may 
affect preservation of 
farmland. State may be 
provided technical assistance 
to develop programs or 
policies to limit the 
conversion of farmland to 
nonagricultural uses. 


In order to be eligible for 
Federal flood insurance 
coverage, State must adopt 
and enforce adequate land use 
and control measures for 
floodplains. 


State has no explicit 
authority. Fish and Wildlife 
service may contract for 
State assistance in enforcing 
Federal laws under the Fish 
and Wildlife Act. 
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Department of Agriculture 
develops criteria for 
identifying the effects of 
Federal programs on the 
conversion of farmland to 
nonagricultural uses. 
These criteria should be 
used by Federal agencies to 
take into account adverse 
effects of their programs on 
preservation of farmland and 
to consider alternative 
action. 


Department of Housing and 
Urban Development develops 
the criteria by which the 
adequacy of State programs 
are judged. 


Department of Interior 
retains primary regulatory 
and enforcement authority. 
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N.A. N.A. 


State land use and control N.A. 
measures must be consistent 
with Federal criteria (found in 
24 CFR 1909-1910). 


N.A. N.A. 
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1.00 FINDINGS AND POLICY 
 
1.01 Authority:  Under the authority of the Rhode Island General Laws, Chapter 42-35, Chapter 


23-19.1, Chapter 23-19.14, Chapter 42-17.1-2, Chapter 46-12 and Chapter 46-13.1, 
particularly Sections 23-19.1-6, 23-19.1-10.3, 23-19.1-11.1, 46-12-3, and 46-12-5 of those 
Laws, the following rules and regulations are promulgated to administer these chapters for 
the investigation and remediation of contamination resulting from the unpermitted release of 
hazardous material, and shall be construed to be consistent with other Departmental 
regulations and the regulations of federal agencies. 


 
1.02 Legislative Intent and Policy:  The declaration of intent and public policy enumerated by 


the Legislature in Chapter 23-19.1, Chapter 23-19.14, Chapter 46-12 and Chapter 46-13.1-2, 
as amended, are hereby adopted as the administrative findings and policy upon which these 
rules and regulations are based. 


 
These findings recognize and declare that it is the policy of the State not to allow the 
unpermitted introduction of pollutants into the environment of the State.  It is also the policy 
of the State that the environment shall be restored, to the extent practicable, to a quality 
consistent with its beneficial uses. 


 
The Department has determined that contaminated sites exist in the State which pose a direct 
and/or potential threat to human health and the environment.  Furthermore, the 
contamination is often an obstacle to redevelopment due to the liability relating to the 
contaminated sites as a result of the fact that financial institutions are often cautious or 
unwilling to lend to businesses who wish to expand at or relocate to areas that have or are 
suspected to have contamination.  The remediation and control of these contaminated sites 
will clear the way for re-use and redevelopment and will reduce the artificial economic 
incentive to develop previously undisturbed natural resources. 


 
The purpose of these regulations is to create an integrated program requiring reporting, 
investigation and remediation of contaminated sites in order to eliminate and/or control 
threats to human health and the environment in a timely and cost-effective manner.  To 
ensure consistency and certainty in the process, clean up objectives for soil and groundwater 
have been developed to manage the risks to human health and the environment, and are to be 
applied in a manner consistent with the current and reasonably expected future use of the 
contaminated property. 


 
It has been and shall be the policy of the State to require performing parties to investigate, 
evaluate and remediate both existing and new unpermitted sources of pollutants, which will 
or may likely adversely affect human health or impact the waters, including groundwater, of 
the State.   


 
1.03 Functions:  The primary functions of the Department pursuant to these rules and regulations 


are to regulate the investigation and remediation of contamination resulting from releases of 
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hazardous materials; the granting, denial, suspension or revocation of approvals and permits 
for remediation of that contamination; and the granting, denial, suspension, revocation or 
approval of the plans and specifications for the installation of any equipment for such 
remediation. 


 
These regulations are intended to minimize environmental hazards resulting from the 
unpermitted release of hazardous materials.  These regulations are not designed to address 
aesthetic considerations after risk-based remediation is complete.  To the extent that 
nuisance conditions persist after human health and environmental risks have been 
eliminated, any disputes concerning these nuisance issues will continue to be addressed 
through other appropriate legal venues. 


 
2.00 ORGANIZATION AND METHOD OF OPERATIONS 
 
2.01 Organization:  Section 42-17.1-2 of the Rhode Island General Laws (R.I.G.L.), as amended, 


provides the Director of the Department of Environmental Management with the powers and 
duties to exercise all functions, powers and duties vested by Chapters 1-22 in Title 46 of the 
R.I.G.L. and Chapter 19.1 in Title 23 of the R.I.G.L., and requires the Director to issue and 
enforce such rules, regulations and orders as may be necessary to carry out the duties 
assigned. 
 
The Director is also charged with the protection of the environment from the effects of 
improper, inadequate or unsound management of hazardous waste which may pose a threat 
to public health and safety, and is the trustee for the natural resources of the State. 
 
Section 46-12-3 of the R.I.G.L. empowers the Director to develop comprehensive programs 
for the prevention, control and abatement of new or existing pollution of the waters of the 
State and to make, issue, amend and revoke rules and regulations for the prevention, control 
and abatement of such pollution.  Section 46-12-5 prevents the unpermitted or unapproved 
placement of a pollutant in any location where it may enter the waters of the State and 
prevents the unpermitted discharge of any pollutant into those waters.  Section 46-12-28 
includes groundwater as waters of the state and protects groundwater from the unapproved 
and unpermitted in-ground or surface discharge or disposal of industrial or commercial 
pollutants.    


 
Section 23-19.1-10 of the 1956 R.I.G.L., as amended, established the Department of 
Environmental Management as the permitting agency for hazardous waste management 
facilities and hazardous waste treatment processes and operations.  Section 23-19.1-6 grants 
the Director the authority to establish rules and regulations to protect the health and safety of 
the public and the environment from the effects of improper hazardous waste management. 


 
2.02 Operation and Enforcement:  The Department's Division of Site Remediation or its 


organizational successor within the Department is the lead State office for reviewing and 
approving response actions pursuant to these regulations.   
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When the Division becomes aware of an actual or potential release of hazardous materials, it 
may inspect and/or investigate the subject area in order to determine its compliance status 
and the necessity for response actions. For cases which have the potential for a release, such 
as an abandonment of containers of hazardous materials, the responsible party will be 
required to properly manage the material in order to eliminate any potential for harm to 
human health and/or the environment.  A jurisdictional release of hazardous materials occurs 
when analytical results indicate an exceedance of the appropriate reportable concentrations 
defined in these regulations.  Cases posing the potential to release hazardous materials and 
those consisting of actual releases require notification to the Division by the responsible 
party within 15 days of their discovery.  The Division will attempt to respond in writing 
within 45 days of the receipt of the notification as to whether additional response actions will 
be required in accordance with these regulations. 


 
If the Division determines that the reported release requires a response action, the area 
impacted by the release is considered to constitute a source area of contamination.  A site 
with one or more source areas is considered to be a contaminated site.  A contaminated site 
is the focus of the regulatory framework described in these regulations. 


 
The Division will respond by informing known responsible parties of their obligations under 
these regulations through the issuance of a Letter of Responsibility.  Failure to meet the 
obligations of these regulations may result in the issuance of enforcement actions including 
Notices of Violation and Immediate Compliance Orders or the filing of a civil action.  These 
enforcement actions are not exclusive remedies and may also include the assessment of civil 
administrative penalties or criminal sanctions.  


 
A contaminated site may also be addressed by a voluntary party which otherwise bears no 
responsibility for the contaminated site, but which may realize some benefit, economic or 
otherwise, from remediation.  Such parties will not proceed under an enforcement mode as 
described above, but instead may be informed of the necessary procedural steps in order to 
meet the requirements of these regulations through the issuance of a Voluntary Procedure 
Letter. 


 
Regardless of whether the contaminated site is addressed through the enforcement or 
voluntary program, remediation of the contaminated site under these regulations shall be 
performed with the goal of providing permanent protection to human health and the 
environment.  A release of hazardous material as defined in these regulations may include 
any mixture of hazardous substances.  The Division has facilitated the remedial process by 
establishing three methods for determining protective remedial objectives for the hazardous 
substances found to exist in soil and/or groundwater at any given contaminated site.  Method 
1 is a series of tables establishing conservative risk-based cleanup levels for commonly 
encountered hazardous substances.  Method 2 is a process by which the performing party can 
supplement or modify the Method 1 clean up levels to reflect site-specific circumstances.  
Method 3 corresponds to site-specific human health and/or ecological risk assessments 
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which may be used for assessing baseline risk and subsequently determining appropriate 
remedial objectives for all impacted media. 


 
Contaminated sites are likely to enter the site management process during a phase of the Site 
Investigation.  The Site Investigation process concludes with the selection of a site remedy 
or issuance of a Letter of Compliance if remedial action is not necessary.  For sites requiring 
remedial action, the performing party must propose a remedy at the conclusion of the Site 
Investigation.  The Division will approve acceptable remedies through the issuance of a 
Remedial Decision Letter which will request that the performing party submit for review and 
approval a Remedial Action Work Plan.  The Remedial Action Work Plan will describe the 
technical details of implementing the remedy.  The Division will approve acceptable 
Remedial Action Work Plans via an Order of Approval for complex site remedies and a 
Remedial Approval Letter for simple site remedies.  At the point in the process when the 
Division determines that no further action is necessary, the area impacted by the release in 
question will be determined to be compliant with these regulations and a Letter of 
Compliance will be issued. 


 
The Department may enter into Settlement Agreements with performing parties to perform 
response action(s) if the Department determines that the proposed response action(s) are 
appropriate and entering the agreement is in the public interest.  The Department must be a 
party to any settlement agreement entered under the authority of these regulations. 


 
When the Department enters into a Settlement Agreement, each party's liability for the 
response actions (including any future liability to the Department, relating to the release or 
threatened release that is the subject of the agreement) shall be limited as provided in the 
agreement pursuant to a covenant not to sue.  The covenant not to sue may, at the discretion 
of the Department, be transferred to successors or assigns who are not otherwise found to be 
a responsible party under these regulations.  The covenant not to sue may provide that future 
liability to the Department of a settling party under the agreement may be limited to the same 
proportion as that established in the original Settlement Agreement. 


 
Before the finalization of any Settlement Agreement, the Department shall provide an 
opportunity for public comment for a period of fourteen (14) days after the date of the notice 
of the proposed agreement.  The Department shall consider any written comments, views or 
allegations relating to the proposed agreement.  The proposed agreement shall be considered 
final when all substantive public comments have been addressed. 


 
2.03 Severability:  If any provision of these rules and regulations or the application thereof to any 


person or circumstances is held invalid by a court of competent jurisdiction, the remainder of 
the rules and regulations shall not be affected thereby.  The invalidity of any section or 
sections or parts of any section or sections shall not affect the validity of the remainder of 
these rules and regulations. 
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3.00 DEFINITIONS 
 
3.01 Active well shall mean a well equipped and capable of producing potable water which has 


been used for this purpose within the last 2 years.  
 
3.02 Aquifer shall mean a geologic formation, group of formations, or part of a formation capable 


of yielding a significant amount of groundwater to wells, springs or Surface Water. 
 
3.03 Asbestos shall mean any material consisting of the following materials: actinolite, amosite, 


anthophylite, chrysotile, crocidolite or tremolite. 
 
3.04 Authorized Representative shall mean any individual employed by any Person, including 


all forms of private, governmental and commercial entities included thereunder, in a position 
to commit the resources of that Person and bind that Person to any responsibilities and/or 
liabilities set forth under these regulations. 


 
3.05 Background shall mean the ambient concentrations of Hazardous Substances present in the 


environment that have not been influenced by human activities, or the ambient 
concentrations of Hazardous Substances consistently present in the environment in the 
vicinity of the Contaminated-Site which are the result of human activities unrelated to 
Releases at the Contaminated-Site. 


 
3.06 Bedrock shall mean the continuous solid rock that underlies gravel, soil or other surficial 


material, including any fractured zones within said rock. 
 
3.07 Bona Fide Prospective Purchaser shall mean an intentional purchaser of a Contaminated-


Site, who had documented their intent to purchase the property in writing and who has 
offered to pay fair market value for the property in the contaminated state.  Any former 
owner, former operator or other Person who is otherwise a Responsible Party or any Person 
who had more than ten percent (10%) equitable or other legal interest in any property 
impacted by the Contaminated-Site or any of the operations related to the contamination 
cannot be considered as a Bona Fide Prospective Purchaser. 


 
3.08 Carcinogenic Substance shall mean any substance defined as a carcinogen or suspected 


carcinogen by federal agencies and for which a quantitative health risk extrapolation is 
available. 


 
3.09 CERCLA shall mean the federal Comprehensive Environmental Response, Compensation 


and Liability Act of 1980, as amended by the Superfund Amendments and Reauthorization 
Act of 1986. 


 
3.10 Container shall mean any portable device in which a material is stored, transported, treated, 


disposed of or otherwise handled. 
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3.11 Contaminated-Site shall mean any Source Area or series of Source Areas that have not 
reached final resolution under the Remediation Regulations.  A Contaminated-Site may 
include unimpacted land between multiple Source Areas in close proximity to one another.  
A Contaminated-Site shall be considered to be independent of property lines. 


 
3.12 Department shall mean the Department of Environmental Management. 
 
3.13 Direct Exposure Criteria shall mean the concentrations of Hazardous Substances in soil 


protective of human health and the environment from exposures including but not limited to 
ingestion as identified in Table 1 of Rule 8.02.B (Method 1 Soil Objectives) or any other 
direct exposure criteria approved by the Director pursuant to Rule 8.02.C (Method 2 Soil 
Objectives) or Rule 8.04 (Method 3 Remedial Objectives) of the Remediation Regulations. 


 
3.14 Director shall mean the Director of the Department of Environmental Management, or that 


Director's designee. 
 
3.15 Emergency and Short-Term Response Action shall mean any activities undertaken 


immediately following the discovery of a Release of Hazardous Material in order to 
completely or partially contain, clean up or treat the Released material and remove an 
imminent hazard if it exists. 


 
3.16 Environmentally Sensitive Area shall mean any of the following areas:  
 


A. Areas which provide habitat for Federally endangered or threatened species as 
determined by the U.S. Department of Fish and Wildlife;  


 
B. Areas which provide habitat for State endangered or threatened species as 


determined by the Department through the Natural Heritage Program; 
 


C. Surface Water classified A, B or C by the Department or Wetlands; 
 


D. Coastal areas designated as Type 1 Conservation Areas or Type 2 Low-Intensity Use 
by the Rhode Island Coastal Resources Management Council; 


 
E. Tidal waters classified SA by the Department; 


 
F. State parks, management areas, wildlife areas or marine sanctuaries; or 


 
G. Natural areas owned or operated by government agencies or not-for-profit 


organizations for the purposes of preserving the natural character of the property. 
 
3.17 Excess Lifetime Cancer Risk shall mean the estimated probability that an individual's 


exposure to a substance could result in cancer. 
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3.18 Facility shall mean all contiguous land, structures and other appurtenances and 
improvements on the land used for treating, storing or disposing of Hazardous Waste. 


 
3.19 Free Liquid shall mean Liquid which readily separates from the solid portion of a material 


under ambient temperature and pressure. 
 
3.20 GA/GAA Area shall mean any area having a Groundwater classification of GA or GAA, 


including GA and GAA non-attainment designations, in accordance with the Groundwater 
Quality Regulations. 


 
3.21 GA Groundwater Objectives shall mean the concentrations of Hazardous Substances in 


Groundwater protective of human health and the environment which are identified in Table 3 
of Rule 8.03.B.i (Method 1 GA Groundwater Objectives) or any other GA Groundwater 
Objective approved by the Director pursuant to Rule 8.04 (Method 3 Remedial Objectives) 
of the Remediation Regulations. 


 
3.22 GA Leachability Criteria shall mean the concentrations of Hazardous Substances in soil 


identified in Table 2 of Rule 8.02.B (Method 1 Soil Objectives) or any other GA 
Leachability Criteria approved by the Director pursuant to Rule 8.02.C (Method 2 Soil 
Objectives) or Rule 8.04 (Method 3 Remedial Objectives) of the Remediation Regulations. 


 
3.23 GB Area shall mean any area having a Groundwater classification of GB, including GB 


non-attainment designations, in accordance with the Groundwater Quality Regulations. 
 
3.24 GB Groundwater Objectives shall mean the concentrations of Hazardous Substances in 


Groundwater protective of human health and the environment which are identified in Table 4 
of Rule 8.03.B.ii (Method 1 GB Groundwater Objectives) or any other GB Groundwater 
Objective approved by the Director pursuant to Rule 8.03.C (Method 2 GB Groundwater 
Objectives) or Rule 8.04 (Method 3 Remedial Objectives) of the Remediation Regulations. 


 
3.25 GB Leachability Criteria shall mean the concentrations of Hazardous Substances in soil 


identified in Table 2 of Rule 8.02.B (Method 1 Soil Objectives) or any other GB 
Leachability Criteria approved by the Director pursuant to Rule 8.02.C (Method 2 Soil 
Objectives) or Rule 8.04 (Method 3 Remedial Objectives) of the Remediation Regulations. 


 
3.26 Groundwater shall mean water found underground which completely fills the open spaces 


between particles of sand, gravel, clay, silt and Bedrock fractures.  The zone of materials 
filled with groundwater is called the zone of saturation. 


 
3.27 Hazard Index shall mean the calculation of the potential for non-cancer health effects as a 


result of exposure to one or more Hazardous Substances with the same or similar modes of 
toxic action or toxic endpoints. 
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3.28 Hazardous Material shall mean any material or combination or mixture of materials 
containing any Hazardous Substance.  Hazardous Material does not include Petroleum as 
defined in these regulations (i.e., virgin petroleum products). 


   
3.29 Hazardous Substance shall mean any substance designated as such pursuant to 40 CFR 


300.5 (incorporated by reference and attached in Appendix A).  Hazardous Substance also 
include any material that meets the definition of Hazardous Waste.  Hazardous Substance 
shall not include, for the purposes of these regulations, Asbestos or radioactive materials. 


  
3.30 Hazardous Waste shall mean any material defined as such waste pursuant to Rule 3.25 of 


the Rhode Island Rules and Regulations for Hazardous Waste Management. 
 
3.31 Imminent Hazard shall mean a Release of Hazardous Material meeting any of the 


following criteria: 
 


A. The Release poses an immediate and substantial threat or risk of acute or chronic 
adverse effect on human health; 


 
B. The Release poses a threat or risk of harm, which could cause immediate destruction 


or significant adverse impact on an Environmentally Sensitive Area or the 
contamination of a wellhead protection area or other drinking water source; 


 
C. The Release poses an immediate threat of fire or explosion.  Further factors to 


consider when evaluating Releases resulting in a threat of fire and explosion shall 
include: 


 
i. The ignitability of the Hazardous Material, and the mixture resulting from the 


Release of the Hazardous Material; 
 


ii. The reactivity of the Hazardous Material, and the mixture resulting from the 
Release of the Hazardous Material; 


 
iii. The potential incompatibility of the Hazardous Material, and the mixture 


resulting from the Release of the Hazardous Material, with other materials 
which can reasonably be expected to be stored or handled in the area of the 
Release; and 


 
iv. The potential impacts of a fire and/or explosion; and 


 
D. The Release may be influenced by site-specific factors which have the potential to 


lead to an imminent threat to human health or the environment. 
 
3.32 Impoundment or Surface Impoundment shall mean a natural topographic depression or 


man-made excavation, or diked area formed primarily of earthen materials (although it may 
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be lined with man-made materials), which is designed to hold an accumulation of Liquids, 
solids or materials containing free Liquids, and which is not a well.  Examples of 
impoundments include holding, storage, settling and aeration pits, ponds, and lagoons. 


 
3.33 Incompatible Materials shall mean materials which are unsuitable for: 
 


A. Placement in a particular device or management at a Contaminated-Site or facility 
because those materials may cause corrosion or decay of containment materials; or 


 
B. Commingling with another material under uncontrolled conditions because the 


commingling might produce heat or pressure, fire or explosion, violent reaction, 
toxic dusts, mists, fumes or gases or flammable fumes or gases. 


 
3.34 Industrial/Commercial Activity shall mean any activity related to the commercial 


production, distribution, manufacture or sale of goods or services, or any other activity 
which is not a traditional residential activity as defined by this Section including activities 
related to outdoor recreational areas with restrictions in place to limit potential exposure. 


 
3.35 Industrial/Commercial Direct Exposure Criteria shall mean the concentrations identified 


in the Industrial/Commercial column of Table 1 of Rule 8.02.B (Method 1 Soil Objectives) 
or any other Industrial/Commercial Direct Exposure Criteria approved by the Director 
pursuant to Rule 8.02.C (Method 2 Soil Objectives) or Rule 8.04 (Method 3 Remedial 
Objectives) of the Remediation Regulations. 


 
3.36 Inorganic Hazardous Substance shall mean any Hazardous Substance which is not an 


Organic Hazardous Substance. 
 
3.37 Leachability Criteria shall mean the concentrations of Hazardous Substances protective of 


GA/GAA and GB Areas, as appropriate, and the environment which are identified in Table 2 
of Rule 8.02.B (Method 1 Soil Objectives) or any other GA Leachability Criteria approved 
by the Director pursuant to Rule 8.02.C (Method 2 Soil Objectives) or Rule 8.04 (Method 3 
Remedial Objectives) of the Remediation Regulations. 


 
3.38 Liquid shall mean any material that expresses as separable Liquid by weight thirty percent 


(30%) or more of the material when exposed to a vacuum of 3/4 atmosphere for thirty (30) 
minutes. 


 
3.39 Manifest shall mean the Rhode Island Uniform Hazardous Waste Manifest provided by the 


Department or any other manifest approved by the United States Environmental Protection 
Agency for identifying, at a minimum, the quantity, composition, type and the origin, routing 
and destination of Hazardous Waste from the point of generation, to the point of treatment, 
storage, or disposal. 
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3.40 Method 1 shall mean the determination of appropriate soil and groundwater objectives based 
on the concentrations of Hazardous Substances identified in Table 1 and Table 2 of Rule 
8.02.B (Method 1 Soil Objectives) and Table 3 and Table 4 of Rule 8.03.B (Method 1 
Groundwater Objectives) of the Remediation Regulations. 


 
3.41 Method 2 shall mean the determination of appropriate soil and groundwater objectives based 


on the concentrations of Hazardous Substances developed using site-specific factors in 
accordance with Rule 8.02.C (Method 2 Soil Objectives) and Rule 8.03.C (Method 2 GB 
Groundwater Objectives) of the Remediation Regulations. 


 
3.42 Method 3 shall mean the determination of appropriate remedial objectives based on the 


concentrations of Hazardous Substances developed in accordance with Rule 8.04 (Method 3 
Remedial Objectives) and Rule 8.05 (Ecological Protection) of the Remediation Regulations. 


 
3.43 Non-Aqueous Phase Liquid (NAPL) shall mean an organic compound present at a 


concentration such that it exists as a separate phase in equilibrium with water. 
 
3.44 Operator shall mean the Person who is responsible for the operation of the activities at the 


Contaminated-Site.  For the purposes of these regulations, Persons who create or maintain a 
security interest in land by making loans, administering loans or participating in the financial 
workout of defaulted loans are not Operators, and such acts of themselves are not considered 
participation in management of a Contaminated-Site.  Activities that  are considered 
appropriate activities of a secured lender include, without limitation: 


 
A. Requiring or conducting site assessments on a Contaminated-Site; and 


 
B. Collecting income and rents from the site to the extent that such funds are not 


inappropriately diverted from being utilized toward remediation of the 
Contaminated-Site. 


 
3.45 Organic Hazardous Substance shall mean any Hazardous Substance containing the 


element carbon. 
3.46 Overburden shall mean the material present in the ground above bedrock. 
 
3.47 Owner shall mean the Person who owns the Contaminated-Site or part of the Contaminated-


Site. 
 
3.48 PCB or PCBs shall mean any chemical substance that is limited to the biphenyl molecule 


that has been chlorinated to varying degrees or any combination of substances which 
contains such substance. 


 
3.49 Performing Party shall mean any Bona Fide Prospective Purchaser, Responsible Party, 


voluntary party or any other party conducting an investigation of and/or Remediation at a 
Contaminated-Site. 


 
10 







 
3.50 Person shall mean an individual, trust, firm, joint stock company, corporation (including a 


government corporation), partnership, association, the Federal Government or any agency or 
subdivision thereof, a state, municipality, commission, political subdivision of a state, or any 
interstate body. 


 
3.51 Petroleum shall mean any virgin petroleum product including the following products: 
 


A. Unused distillate and residual oil including but not limited to gasoline, aviation fuels, 
kerosene, diesel, and heating oils; and 


 
B. Unused crankcase oil, lubricants, hydraulic oils, penetrant oils, tramp oils, quench 


oils, and other industrial oils. 
  
3.52 Public Water Supply System shall mean a system for the provision to the public of piped 


water for human consumption, provided such a system has at least fifteen (15) service 
connections or regularly serves an average of at least twenty-five (25) individuals daily at 
least sixty (60) days out of the year. 


  
3.53 RCRA shall mean the federal Solid Waste Disposal Act, as amended by the Resource 


Conservation and Recovery Act, as amended. 
 
3.54 Release shall be defined by 40 CFR 300.5 (incorporated by reference and attached as 


Appendix A) for purposes of the Remediation Regulations, but shall exclude any of the 
following: 


 
A. Any Release from a process, activity or Contaminated-Site allowed under a permit, 


license or approval by any regulatory process or legal authority;  
 


B. Any Release of Hazardous Materials solely derived from common household 
materials and occurring at the household; or  


C. Any Release that is completely contained within an area or structure designed and 
engineered to contain such materials.   


 
Release shall also include an actual or potential threat of Release. 


 
Concentrations of PCBs greater than 10 micrograms/100 cm2, as measured by a standard 
wipe test, on any surface shall constitute a Release.  The Director may determine that an area 
with PCB contamination at concentrations lower than specified above requires investigation 
and/or remediation due to site-specific circumstances. 


 
3.55 Remediation shall mean the act of implementing, operating and maintaining a Remedy or 


Remedial Action. 
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3.56 Remediation Regulations shall mean the Rules and Regulations for the Investigation and 
Remediation of Hazardous Material Releases. 


 
3.57 Remedy or Remedial Action shall mean those actions taken to rectify the effects of a 


Release of Hazardous Material, so that it does not cause a significant risk to present or future 
public health or welfare, or the environment.  


 
3.58 Residential Activity shall mean any activity related to a (1) residence or dwelling, including 


but not limited to a house, apartment, or condominium, or (2) school, hospital, day care 
center, playground, or unrestricted outdoor recreational area. 


 
3.59 Residential Direct Exposure Criteria shall mean the concentrations identified in the 


Residential column of Table 1 of Rule 8.02.B (Method 1 Soil Objectives) or any other 
Residential Direct Exposure Criteria approved by the Director pursuant to Rule 8.02.C 
(Method 2 Soil Objectives) or Rule 8.04 (Method 3 Remedial Objectives) of the 
Remediation Regulations. 


 
3.60 Responsible Party shall mean any or all of the following Persons: 
 


A. The Owner or Operator of a Vessel, Transport Vehicle, or a Contaminated-Site at 
which there is a known or suspected Release;  


 
B. Any Person who, at the time of storage or disposal of any Hazardous Material, 


owned or operated a Contaminated-Site at which there is a known or suspected 
Release; 


 
C. Any Person who, by contract, agreement, or otherwise, directly or indirectly, 


arranged for the disposal of Hazardous Material at a Contaminated-Site at which 
there has been a known or suspected Release; 


 
D. Any Person who accepts or accepted any Hazardous Materials for transport to 


disposal or treatment facilities or Contaminated-Sites selected by such Person and 
from which location there is a Release or a threatened Release of Hazardous 
Materials which causes the incurrence of response costs; 


 
E. Any Person who otherwise caused or is legally responsible for a Release of 


Hazardous Materials from a Vessel, Transport Vehicle or operation at a 
Contaminated-Site; and 


 
F. The Person or legal entity controlling a Contaminated-Site, Transport Vehicle, 


Vessel or activity that contains or led to a known or suspected Release. 
 


Responsible Party shall also mean any and all combinations of the abovementioned Persons. 
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The following parties are not Responsible Parties and shall not be held liable for costs or 
damages associated with a Release of Hazardous Materials:  


 
A. Persons otherwise liable who can establish by a preponderance of the evidence that 


the Release or threat of Release of Hazardous Materials and the damages resulting 
therefrom were caused solely by an act of God or an act of war; 


 
B. Persons who are defined as Bona Fide Prospective Purchasers of a Contaminated-


Site and have entered a settlement agreement with the Department related to the 
same Contaminated-Site; 


 
C. Persons who are not Operators and who act solely as custodial receivers or who can 


establish by a preponderance of evidence that they are an innocent landowner and the 
Release or threat of Release were caused solely by an act or omission of a third party 
other than an employer or agent of the defendant, or whose act or omission occurs in 
connection with a contractual relationship, existing directly or indirectly, with the 
defendant if the defendant establishes: 


 
i.  That it exercised due diligence in the acquisition of the Contaminated-Site at 


the time of purchase and exercised due care with respect to the Hazardous 
Material concerned, taking into consideration the characteristics of such 
Hazardous Material, in light of the facts and circumstances; and 


 
ii.  That it took precautions against foreseeable acts, or omissions of any such 


third party and the consequences that could foreseeably result from such acts 
or omissions; and 


 
D. Persons who maintain an indicia of ownership solely to protect a security interest in 


land and are not Operators. 
For the purposes of this definition, a secured lender is not deemed an Owner or an Operator 
if in order to protect its security interest the secured lender accepts title to a Contaminated-
Site through foreclosure, or by accepting the deed to the Contaminated-Site in lieu of 
foreclosure, and meeting the following requirements: 


 
A. The secured lender can demonstrate that no act of the secured lender or its agent(s), 


after accepting title, caused or contributed to a Release of Hazardous Materials; 
 


B. The secured lender provides notification, if required, pursuant to Rule 5.01 
(Notification of Release) if notification had not previously been provided to the 
Department; 


 
C. The secured lender does not acquire property which presents an Imminent Hazard, or 


in the event of discovery of an Imminent Hazard subsequent to foreclosure, the 
secured lender takes appropriate action pursuant to Section 6 (EMERGENCY AND 


 
13 







SHORT-TERM RESPONSE) of the Remediation Regulations to stop, minimize or 
remove the imminent threat; 


 
D. The secured lender provides the Department and its agents with access to the 


Contaminated-Site; and 
 


E. The secured lender acts diligently to sell or otherwise divest itself of ownership or 
possession of the Contaminated-Site in a timely manner.  For the first eighteen (18) 
months after accepting or taking title, the secured lender is presumptively assumed to 
be actively seeking to divest the property.  In this period, it is the burden of the 
Department to demonstrate that the lender is not pursuing reasonable good faith 
efforts.  For the time period after eighteen (18) months of accepting or taking title, 
the burden shifts to the secured lender to affirmatively demonstrate that it has 
undertaken, and continues to undertake, good faith efforts to sell the property. 


 
3.61 Sediment shall mean the unconsolidated inorganic and organic material that is suspended in 


and is being transported by Surface Water, or has settled out of Surface Water. 
 
3.62 Source Area shall mean the horizontal and vertical extent of natural or man-made media 


impacted by a Release of Hazardous Materials or causing a Release of Hazardous Materials 
at concentrations in excess of the reportable concentrations described in Rule 5.01.B 
(Reportable Concentrations for Soil) and Rule 5.01.C (Reportable Concentrations for 
Groundwater), and determined by the Department to pose a potential threat to human health 
and the environment.  For purposes of these regulations, sanitary landfills licensed under the 
Rules and Regulations for Solid Waste Management Facilities on or after 18 June 1992 are 
not source areas. 


 
3.63 Surface Water shall mean any body of water open to the atmosphere including brooks, 


streams, rivers, ponds, lakes, bays or Wetlands. 
 
3.64 Tank shall mean a stationary device designed to contain an accumulation of Hazardous 


Material which is constructed primarily of non-earthen materials which provide structural 
support. 


 
3.65 Transport Vehicle shall mean a motor vehicle, trailer or rail car used for the transportation 


of cargo by any mode.  Each cargo-carrying body (trailer, railroad freight car, etc.) is a 
separate Transport Vehicle. 


 
3.66 Treatment shall mean any method, technique, or process, including neutralization or 


incineration, designed to change the physical, chemical, or biological character or 
composition of any Hazardous Material. 


 
3.67 Underground Injection Control System shall mean any active or inactive system or 


structure used for the subsurface discharge of commercial or industrial wastewater. 
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3.68 Vadose Zone shall mean the full extent of the soil column existing above the elevation of 


Groundwater for the purposes of the Remediation Regulations. 
 
3.69 Vessel shall mean any boat or watercraft whether moved by oars, paddles, sails, or other 


power mechanism, inboard or outboard, or any other boat or structure floating upon the 
water whether or not capable of self locomotion, including house boats, barges and similar 
floating objects. 


 
3.70 Well shall mean a bored, drilled, or driven shaft or a dug hole, with a depth that is greater 


than its largest surface dimension, through which groundwater has flowed, flows, or may 
flow under natural or induced pressure and that has been modified for purposes of obtaining 
water. 


 
3.71 Wellhead Protection Area shall mean a three-dimensional zone, designated by the Director 


and delineated pursuant to Section 18 of the Groundwater Quality Regulations, surrounding 
a well or wellfield supplying a public water supply system, through which water will move 
toward and reach such well or wellfield. 


 
3.72 Wetland shall mean any area that is inundated or saturated by surface or groundwater at a 


frequency and duration sufficient to support, and that under normal circumstances do 
support, a prevalence of vegetation typically adapted for life in saturated soil conditions.  
Wetlands generally include swamps, marshes, bogs and similar areas. 


 
3.73 40 CFR ... shall mean that section or subsection of the Code of Federal Regulations, Title 


40, Protection of Environment, Chapter l, Environmental Protection Agency.  References to 
the Administrator, appearing therein, shall be interpreted as referring to the Director. 


 
 
 
 
 
4.00 PROHIBITIONS, MANAGEMENT, INSPECTIONS AND ANALYTICAL 


METHODS 
 
4.01 Prohibition on Unpermitted Release or Disposal:  No person shall release any hazardous 


material in any manner which may impact the classification or uses of the land, ground 
water, or Surface Water without complying with all applicable rules and regulations. 


 
4.02 Management of Unpermitted Releases:  Any responsible party who discovers or is notified 


of the potential unpermitted disposal, release or presence of hazardous materials released 
from, present on, or originating from its operations or property must immediately initiate 
investigations and actions as specified in Sections 5 (NOTIFICATION) through Section 12 
of these regulations. 
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Sites listed on the National Priorities List shall comply with therequirements of the National 
Contingency Plan (40 CFR Part 300).  Said sites shall also comply with these regulations 
where applicable or relevant and appropriate, or more stringent than EPA requirements, 
including, but not limited to, the requirements of Rule 8.0.  


 
4.03 Additional Compliance:  Any action taken pursuant to the requirements of these regulations 


must be done in compliance with all applicable environmental statutes and regulations.  
Nothing in these regulations shall be construed to limit the authority of the Department to act 
pursuant to other existing statutes and regulations. 


 
4.04 Inspections; Right of Entry:  For purposes of enforcement of these regulations, the Director 


may: 
A. Enter any place the Director has reason to believe hazardous materials are generated, 


used, stored, treated, or disposed of, and which may have contributed to a release; 
 


B. Inspect any place, material, vessel or transport vehicle that the Director has reason to 
believe is associated with a release of hazardous material; 


 
C. Obtain samples of any material, from any vessel or transport vehicle or place, which 


the Director has reason to believe was released, is or was contaminated by a release, 
or is otherwise associated with a release, of hazardous material; and 


 
D. Inspect and copy records, reports, information, or test results kept or maintained at 


any place, on any vessel or transport vehicle, that the Director has reason to believe 
is associated with a release of hazardous material. 


 
4.05 Analytical Methods:  To the extent that laboratory analysis is utilized pursuant to Section 5 


(NOTIFICATION), the analytical protocol shall be consistent with the specified methods 
listed in Appendix B.  Equivalent or alternative methods may be used throughout any other 
phase of the management of a contaminated-site with specific prior written approval from 
the Director. 


 
5.00 NOTIFICATION 
 
5.01 Notification of Release:  A responsible party must notify the Department, in writing, of the 


discovery of any release in accordance with the requirements of this Rule which was not 
previously reported to the Department by any responsible party.  Any release which requires 
notification pursuant to this Rule must be reported no later than 15 days after the discovery 
of the release. 


 
A. Exemptions from Notification: 
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Any release that  is solely the result of an underground injection control system or a 
leaking underground storage tank is exempt from the reporting requirements of the 
Remediation Regulations. 


 
B. Reportable Concentrations for Soil: 


 
For those concentrations of hazardous substances which are in excess of any of the 
soil objectives as specified in Tables 1 or 2 of Rule 8.02.B (Method 1 Soil 
Objectives), as appropriate, or which are not specified in Tables 1 or 2 and are in an 
amount and concentration which present a significant potential to cause an acute or 
chronic adverse effect on human health or the environment, the responsible party 
shall provide notification to the Division of Site Remediation consistent with Rule 
5.02 (Contents of Notification), except as otherwise provided in this Rule. 


 
Notification of a release for soil is not required provided that all of the following site 
conditions are met: 


 
i. The release has impacted an area currently limited to industrial/commercial 


activity; 
 


ii. The reasonably foreseeable future use of the property impacted by the 
release is limited to industrial/commercial activity; 


 
iii. The groundwater underlying the site is classified as a GB area; 


 
iv. There are no well head protection areas or active wells known to the 


performing party or their representatives within 500 feet; 
 


v. The hazardous substances of concern are listed in Table 1 and Table 2, and 
are at concentrations which are below the industrial/commercial direct 
exposure criteria, and below the GB leachability criteria as listed in those 
tables, respectively; 


 
vi. There are no GA/GAA areas within 500 feet of the release; 


 
vii. The abutting properties are used for industrial/commercial activity; and 


 
viii. There is no physical boundary of any wetland or surface water within 500 


feet of the release. 
 


C. Reportable Concentrations for Groundwater: 
 


Responsible parties that have had a release which has impacted or threatens to impact 
groundwater shall notify the Department when: 
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i. Any hazardous substance in groundwater is at a concentration which 


exceeds any of the groundwater objectives for the hazardous substance as 
specified in Tables 3 and 4 of Rule 8.03 (Groundwater Objectives), as 
appropriate; or 


 
ii. Any hazardous substance in groundwater which is not specified in Tables 3 


or 4 is in an amount and concentration which presents a significant 
potential to cause an acute or chronic adverse effect on human health or the 
environment; or 


 
iii. A responsible party has reasonable cause to believe that a discharge or 


release has occurred which may result in an exceedance of any appropriate 
groundwater objective. 


 
5.02 Contents of Notification:  For any release of hazardous materials which triggers notification 


pursuant to Rule 5.01 (Notification of Release), the written notification must include, but not 
necessarily be limited to, all of the following information (a form is provided in Appendix C 
which may be used as the notification submittal for all releases except for those releases 
posing an imminent hazard): 


 
A. The names, addresses and telephone numbers of:  the person notifying the 


Department of the release; the owner(s) and operator(s) of any properties impacted 
by the release or of the vessel where the release has occurred; any other responsible 
parties; and the contact person at the impacted area or vessel where the release has 
occurred; 


 
B. The city/town, street address, legal description (plat and lot) and the general location 


of the area impacted by the release; 
 


C. The date of and the circumstances leading to and surrounding the discovery of the 
release; 


 
D. An identification of the hazardous material released, the approximate concentrations 


of hazardous substances in the released material and the approximate quantity of the 
hazardous material released; 


 
E. An initial estimate of the source of the release and the extent of contamination 


resulting from the release; 
 


F. Measures taken or proposed to be taken in response to the release as of the time of 
notification; 
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G. Any other relevant information relating to the potential for environmental impacts 
and other factors evaluated in determining whether or not the release presents an 
imminent hazard, including but not limited to:  


 
i. A determination as to whether a release of hazardous material has the 


potential to adversely impact any wetland or surface water; and 
 


ii. A determination as to whether the extent of hazardous material 
contamination in soil or groundwater is within 500 feet of a surface water 
or wetland; 


 
H. A determination as to whether the release impacts an area utilized for residential 


activity, industrial commercial activity, or both; 
 


I. An identification of the underlying groundwater classification, and if the 
classification is GB, the distance to the nearest GA/GAA area; and 


 
J. An indication of whether a background determination consistent with Rule 8.06 


(Background Concentrations for Soil) will be performed and submitted subsequent to 
notification. 


 
 
6.00 EMERGENCY AND SHORT-TERM RESPONSE 
 
6.01 Emergency and Short-Term Response Actions:  The responsible party must immediately 


notify the Department with the information outlined in Rule 5.02 (Contents of Notification) 
and take appropriate action to stop or minimize a release of hazardous material posing an 
imminent hazard and/or any on-going spill of hazardous material at the time of discovery. 


 
All Emergency and Short-Term Response Actions undertaken by the responsible party must 
be conducted in a manner which is protective of human health and the environment. 


 
No Emergency and Short-Term Response Action undertaken by the responsible party may be 
conducted in a manner which increases the potential for harm, either short-term or long-term, 
to human health or the environment. 


 
6.02 Treatment Actions:  All Emergency and Short-Term Response Actions which include the 


treatment of hazardous material or of substances contaminated by a release of hazardous 
material must be approved by the Director prior to initiation. 


  
6.03 Duration:  The duration of Emergency and Short-Term Response Actions involving the 


treatment of hazardous material or of substances contaminated by a release of hazardous 
material will be determined on an incident-specific basis by the Department. 
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The duration of any portion of an approved Emergency and Short-Term Response Action 
involving hazardous waste treatment is limited to less than twenty-four (24) hours from the 
time of discovery of the release. 


 
6.04 Emergency Permits:  In cases where on-site treatment of hazardous waste is necessary to 


remove the imminent hazard, and it is anticipated to take longer than twenty-four (24) hours, 
responsible parties must obtain an Emergency Permit prior to initiating the treatment actions 
proposed as part of that response. 


 
Emergency Permit applications must include the manner and location of all proposed 
treatment operations. 


 
Application for an Emergency Permit may be made orally with a written application 
following no later than forty-eight (48) hours after the discovery of the release. 


 
Emergency Permits may be granted orally with a written permit subsequently issued. 


 
6.05 Emergency Permit Duration:  Emergency Permits shall not exceed ninety (90) days in 


duration. 
 
6.06 Public Notice:  All Emergency Permits will be accompanied by a public notice published in 


a local newspaper of largest regional circulation.  The responsible party will write that notice 
in a block ad format and be responsible for its publication.  A final copy of the public notice 
must be submitted and approved by the Department prior to publication.  The notice must be 
published within ten (10) days of the release. 


 
The notice shall contain, at a minimum, the following information: 


 
A. The name and address of the responsible party receiving the permit; 


 
B. A brief description of the hazardous wastes involved; 


 
C. A brief description of the treatment action and/or other actions authorized by the 


permit;  
 


D. The name and address of the permitting agency; and 
 


E. The duration and effective dates of the permit. 
 
6.07 Cessation Orders:  The Director may order, via an Immediate Compliance Order or Order 


to Cease and Desist, the immediate cessation of any Emergency and Short-Term Response 
Action without process if the Director has reason to believe that the termination of that 
response action is necessary to protect human health or the environment.  An order may also 
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be issued if the Director finds that the responsible party has not complied with the terms and 
conditions of an Emergency Permit or if the imminent hazard has been removed.    


 
6.08 Monitoring and Evaluation:  In all cases where an Emergency and Short-Term Response 


Action is initiated, the responsible party must, throughout the implementation of that action, 
monitor and evaluate the performance, effectiveness and completeness of the action in 
abating, preventing or eliminating contamination and, more specifically, the imminent 
hazard.  The Director may require the submittal of progress reports on a specified schedule 
throughout the Emergency and Short-Term Response Action.  


 
6.09 Emergency and Short-Term Response Report:  Following the completion of any 


Emergency and Short-Term Response Action, the responsible party undertaking the action 
must prepare an Emergency and Short-Term Response Report providing a detailed summary 
of all investigations and activities taken in response to the release.  This report must be 
submitted to the Department within thirty days of completion of the Emergency and Short-
Term Response Action. 


 
The Emergency and Short-Term Response Report must contain, where applicable, at least 
the following information: 


 
A. The basis for the determination of whether the release presented an imminent hazard; 


 
B. The design specifications of any physical structures built or installed as part of the 


response; 
 


C. A site plan showing the areal extent of the release and noting all treatment units, 
pertinent structures, areas, and/or other aspects of the release and Emergency and 
Short-Term Response Action; 


 
D. Documentation of any off-site migration of released material including notation of 


any factors, such as weather conditions, which may have caused or aggravated this 
migration; 


 
E. The locations of all samples, including those from monitoring activities, taken and 


the results of the analysis of those samples; 
 


F. The manifests, receipts and/or bills of lading for any hazardous material or material 
contaminated by the release; 


 
G. The nature, concentrations and extent of residual contamination.  In cases where the 


responsible party considers the Emergency and Short-Term Response Action as the 
final remedy, the responsible party must demonstrate compliance with Section 8 
(RISK MANAGEMENT); and 
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H. In cases where an Emergency Permit was issued, evidence that Public Notice was 
issued pursuant to the requirements of Rule 6.06 (Public Notice). 


 
6.10 Certification Requirements:  The Emergency and Short-Term Response Report and all 


associated progress reports must include the following statements signed by an authorized 
representative of the party specified: 


 
A. A statement signed by an authorized representative of the person who prepared the 


Emergency and Short-Term Response Report certifying the accuracy of the 
information contained in that report to the best of their knowledge. 


 
B. A statement signed by the responsible party responsible for the submittal of the 


Emergency and Short-Term Response Report certifying that the report is a complete 
and accurate representation of the circumstances known about the release and the 
subsequent response activities to the best of their knowledge. 


 
 
7.00 SITE INVESTIGATION 
 
7.01 Site Investigation:  The Director may require a performing party for any contaminated-site 


to conduct, in a specified amount of time, an investigation of the contaminated-site to 
adequately assess the nature and extent of contamination, and to evaluate and design a 
proposed remedy.  The Director shall base the decision to require the investigation on the 
available information regarding the mobility, toxicity and volume of the hazardous material 
released and the resultant potential for harm to human health or the environment. 


 
The Site Investigation must determine the nature and extent of the contaminated-site and the 
actual and potential impacts of the release.  Remedial alternatives shall be considered and 
data generated during the Site Investigation must be in such a form and substance as to aid in 
the selection of a remedy for the contaminated-site that is protective of both human health 
and the environment.   


 
The scope of the Site Investigation shall be tailored to specific conditions and circumstances 
at the site under investigation using professional judgement.  The Remedial Investigation 
may be conducted in phases which may focus on specific releases, source areas or exposure 
pathways.   


 
7.02 Site Investigation Work Plan:  Upon formal written notification from the Department that a 


Site Investigation is necessary, the performing party may develop, and submit to the 
Department for review, comment, guidance and approval, a work plan detailing the specific 
objectives of the Site Investigation, the data that is necessary to meet those objectives, and 
the methods which will be used to collect that data.  Unless otherwise specified by the 
Director, submittal of the Site Investigation Work Plan is voluntary. 
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7.03 Site Investigation Scope:  The Site Investigation Report shall contain the following 
information on the contaminated-site where the spill or release occurred, as appropriate: 


 
A. A list of specific objectives of the Site Investigation identifying all data collected to 


completely characterize the contaminated-site, the release, the impacts the release 
and to select a remedy; 


 
B. All information previously reported in a Notification of Release required by Rule 


5.01 (Notification of Release) and an Emergency and Short-Term Response Report 
required by Rule 6.09 (Emergency and Short-Term Response Report), if applicable.  
The performing party may elaborate and expand on any and all information found in 
those reports.  The performing party must correct any incorrect information or 
interpretations contained in those reports prior to their incorporation into the Site 
Investigation Report; 


 
C. Documentation of any past incidents or releases (fires, spills, explosions, leaks, etc.); 


 
D. A list of past owners and operators at the contaminated-site including their past uses 


of the property, a sequencing of property transfers and time periods of occupancy to 
the extent that this information is available; 


E. All previously existing environmental information which characterizes the 
contaminated-site and all information that led to the discovery of a contaminated-
site; 


 
F. A description of the current uses and zoning of the contaminated-site including a 


brief statement on each active operation performed therewith, a description of the 
processes employed, a list of all wastes generated, a list of all hazardous materials 
handled, and a statement summarizing any residential activity on the contaminated-
site; 


 
G. A locus map showing the location of the contaminated-site using the U.S. Geological 


Survey 7.5 minute quadrangle map or a copy of a section of that U.S.G.S. map; 
 


H. A site plan, drawn to scale, showing the locations of all buildings, activities and 
structures on the contaminated-site including, but not limited to: 


 
i. A North arrow; 


 
ii. Wells; 


 
iii. Underground injection control systems, septic tanks, underground storage 


tanks, piping and other underground structures; 
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iv. Outdoor hazardous material storage and handling areas, and extent of 
paved areas; 


 
v. The location of all environmental samples previously taken at the 


contaminated-site; 
 


vi. All waste management and disposal areas, active and/or historical; and 
 


vii. Property lines; 
 


I. A general characterization of the property surrounding the area affected by the 
release including, but not limited to: 


 
i. The location and distance to any surface water bodies within five hundred 


(500) feet of the contaminated-site; 
 


ii. The location and distance to any environmentally sensitive areas within 
five hundred (500) feet of the contaminated-site; 


 
iii. The actual sources of potable water for all properties immediately abutting 


the contaminated-site;  
iv. The location and distance to all public water supplies which have been 


active within the previous 2 years and within one (1) mile of the 
contaminated-site; 


 
v. A determination as to whether the release impacts any off-site area utilized 


for residential or industrial/commercial property or both; and 
 


vi. A determination of the underlying groundwater classification and if the 
classification is GB, the distance to the nearest GA/GAA area; 


 
J. Classifications of surface water and ground water at or surrounding the 


contaminated-site which could be potentially impacted by the release of hazardous 
materials; 


 
K. A description of the contamination resulting from the release including, but not 


limited to: 
 


i. Free liquids on the surface; 
 


ii. Concentrations of hazardous substances which can be shown to present an 
actual or potential threat to human health, including, but not limited to, any 
concentrations of hazardous substances in excess of any of the remedial 
objectives listed in Tables 1 or 2 of Rule 8.02.B (Method 1 Soil Objectives) 
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or Tables 3 or 4 of Rule 8.03.B (Method 1 Groundwater Objectives); or 
Section 12 (Special Requirements for Managing Arsenic in Soil); 


 
iii. A determination/opinion as to whether the release of hazardous material 


has the potential to adversely impact an environmentally sensitive area; 
 


iv. Contamination of man-made structures; 
 


v. Odors or stained soil; 
 


vi. Stressed vegetation; 
 


vii. The presence of excavated or stockpiled material and an estimate of its total 
volume;  


 
viii. Environmental sampling locations, sampling procedures and copies of the 


results of any analytical testing undertaken at the contaminated-site; and 
 


ix. A list of the hazardous substances at the contaminated-site; 
 


L. The concentration gradients of hazardous substances throughout the contaminated-
site for each media impacted by the release of hazardous materials; 


 
M. The methodology and results of any investigation conducted to determine 


background concentrations of hazardous substances identified at the contaminated-
site (for arsenic in soil - see Section 12); 


 
N. A listing and evaluation of the site-specific hydrogeological properties that  could 


influence the migration of hazardous substances throughout and away from the 
contaminated-site, including but not limited to, where appropriate: 


 
i.  The depth to groundwater; 


 
ii. The presence and effects of both the natural and man-made barriers to and 


conduits for contaminant migration; 
 


iii. A characterization of the bedrock; and 
 


iv. The groundwater contours, flow rates and gradients throughout the 
contaminated-site; 


 
O. A characterization of the topography and surface water and run-off flow patterns, 


including the flooding potential, of the contaminated-site; 
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P. The potential for hazardous substances from the contaminated-site to volatilize and 
any and all potential impacts of the volatilization to structures within the 
contaminated-site; 


 
Q. The potential for entrainment of hazardous substances from the contaminated-site by 


wind or erosion actions; 
 


R. Detailed protocols for all fate and transport models used in the Site Investigation;   
S. A complete list of all samples taken, the location of all samples, parameters tested for 


and analytical methods used during the Site Investigation;  
 


T. Construction plans and development procedures for all monitoring wells.  Well 
construction must be consistent with the requirements of Appendix I of the 
Groundwater Quality Regulations; 


 
U. Procedures for the handling, storage and disposal of wastes derived from and during 


the investigation if such procedures deviate from the Department's Guidelines for the 
Management of Investigation Derived Waste (Policy Memo 95-01); 


 
V. A quality assurance and quality control evaluation summary report for sample 


handling and analytical procedures, including, but not necessarily limited to, chain-
of-custody procedures and sample preservation techniques; and 


 
W. Any other site-specific factor that the Director has reason to believe is necessary to 


make an accurate decision as to the appropriate remedial action to be taken at the 
contaminated-site. 


 
7.04 Development of Remedial Alternatives:  The Site Investigation Report must contain a 


section proposing remedial alternatives.  This section must contain a minimum of two 
remedial alternatives other than the no action/natural attenuation alternative unless this 
requirement is waived by the Department.  It should be clear in this section which of these 
alternatives is most preferable.  Cost effectiveness, and permanency of the remedial 
alternatives may be used to support the selection of the preferred alternative.   


 
All alternatives must be supported by relevant data contained in the Site Investigation Report 
and consistent with the current and reasonably foreseeable land usage, and documentation of 
the following: 


 
A. Compliance with Section 8 (RISK MANAGEMENT); and Section 12 (SPECIAL 


REQUIREMENTS FOR MANAGING ARSENIC IN SOIL);  
 


B. Technical feasibility of the preferred remedial alternative;  
 


C. Compliance with State and local laws and regulations,  or other public concerns; and 
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D. The ability of the performing party to perform the preferred remedial alternative. 


 
7.05 Certification Requirements:  The Site Investigation Report and all associated progress 


reports must include the following statements signed by an authorized representative of the 
party specified: 


 
A. A statement signed by an authorized representative of the person who prepared the 


Site Investigation Report certifying the completeness and accuracy of the 
information contained in that report to the best of their knowledge; and 


 
B. A statement signed by the performing party responsible for the submittal of the Site 


Investigation Report certifying that the report is a complete and accurate 
representation of the contaminated-site and the release and contains all known facts 
surrounding the release to the best of their knowledge. 


 
7.06 Progress Reports:  Unless otherwise specified by the Director, the performing party must 


during the implementation of the Site Investigation, submit periodic progress reports on the 
status of the investigation and interim reports on any milestones achieved in the project. 


 
7.07 Public Notice:  Public Notice is required at two (2) points during the Site Investigation. 
 


A. Prior to the implementation of the Site Investigation field activities, the performing 
party must notify all abutting property owners and tenants that an investigation is 
about to occur; and 


 
B. When the Site Investigation is deemed complete, the Department will issue a 


program letter confirming that the performing party has adequately assessed the 
nature and extent of contamination at the contaminated-site.  Prior to the formal 
Department approval of the Site Investigation Report (in the form of a Remedial 
Decision Letter), the performing party must notify all abutting property owners, 
tenants and community well suppliers associated with any well head protection areas 
which encircle the contaminated-site that the investigation is complete and provide 
them with the findings of the investigation and any proposed remedial alternative 
which includes on-site treatment and/or containment of hazardous materials as part 
of the final remedy. 


 
7.08 Site Investigation Report:  A completed Site Investigation Report shall contain all the 


information set forth in Rules 7.03 (Site Investigation Scope), 7.04 (Development of 
Remedial Alternatives) and 7.05 (Certification Requirements) as necessary and appropriate 
to meet the goals of the Site Investigation.  The Site Investigation Report shall  be submitted 
to the Department with the Site Investigation Submission Checklist (appendix  �I�)for 
review and approval upon completion.  If the Site Investigation Report is deemed 
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unacceptable by the Department, the Department will identify the reasons why the report is 
unacceptable and direct the performing party to correct the deficiencies. 


 
All sources of information and assumptions presented in the Site Investigation Report and 
any other report incorporated therein must be properly referenced and documented. 


 
7.09 Remedy Selection:  Upon completion of the Site Investigation Report the Director shall 


issue a Remedial Decision Letter, identifying the preferred remedial alternative.  All 
preferred remedial alternatives which include on-site treatment and/or containment of 
hazardous materials as part of the final contaminated-site remedy shall be subject to public 
notice as specified in Rule 7.07 (Public Notice), and shall be subject to public review and 
comment regarding the technical feasibility of such preferred remedial alternative prior to 
issuance of the Remedial Decision Letter.  If none of the proposed remedial alternatives are 
acceptable, the Director shall require the performing party to consider other remedial 
alternatives. 


 
The Director's decision regarding the appropriateness of the site remedy shall be based upon 
the information contained within the decision record for the contaminated-site.  The decision 
record shall include the following: 


 
A. A finalized Site Investigation Report, specifically Rule 7.04 (Development of 


Remedial Alternatives); and 
 


B. A final response, approved by the Department, to substantive public comments 
required by Rule 7.07 (Public Notice).  If the responses to comment are prepared by 
the performing party, the responses must be approved by the Department in order for 
the responses to be considered final.  


 
 
 
 
 
 
 
8.00 RISK MANAGEMENT 
 
8.01 Remedial Objectives:  The appropriate remedial objectives for all hazardous substances in 


all impacted media at a contaminated-site shall be consistent with this Rule so as to manage 
the actual or potential risks to human health and the environment by ensuring that the 
following requirements are met: 


 
A. The remedial objective for each carcinogenic substance does not exceed a 1 X 10-6 


excess lifetime cancer risk level and the cumulative excess lifetime cancer risk posed 
by the contaminated-site does not exceed 1 X 10-5; 
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B. The remedial objective for each non-carcinogenic substance does not exceed a 


hazard index of 1 and the cumulative hazard index posed by the contaminated-site 
does not exceed 1 for any target organ; 


 
C. The remedial objective will not significantly contribute to adverse effects to any 


environmentally sensitive areas at or in the vicinity of the contaminated-site; 
 


D. The remedial objective will be protective of the natural resources of the State, 
including but not limited to groundwater; and 


 
E. The remedial objective shall address the requirements of Rule 8.07 (Upper 


Concentration Limits). 
 


Specific requirements for the development and application of concentration-based soil and 
groundwater objectives are presented throughout the remainder of this Section. 
Concentration-based soil and groundwater objectives may consider background conditions. 


 
8.02 Soil Objectives:  Unless otherwise specified in these regulations, soil contaminated as a 


result of a release of hazardous materials shall be remediated in a manner which meets the 
direct exposure and leachability criterion for each hazardous substance established in Rule 
8.02.B (Method 1 Soil Objectives: Tables 1 and 2), Rule 8.02.C (Method 2 Soil Objectives) 
or Rule 8.04 (Method 3 Remedial Objectives); or the background concentration of the 
hazardous substance as established by Rule 8.06 (Background Concentrations for Soils). 
All soil objectives must be consistent with Rule 8.01 (Remedial Objectives) and Rule 8.02.A 
(General Requirements for Soil Objectives). 


 
A. General Requirements for Soil Objectives: 


 
i. General Requirements for Direct Exposure Criteria: 


 
1. With respect to any hazardous substance in soil at a contaminated-


site, the Director may approve the application of a direct exposure 
criterion provided it is demonstrated to the satisfaction of the Director 
that the application of such direct exposure criterion at the 
contaminated-site will be protective of current and reasonably 
foreseeable future human exposure. 


 
2. Regardless of the method employed for determining the direct 


exposure criterion, the residential direct exposure criterion shall be 
applied throughout the vadose zone for each hazardous substance in 
soil, except as otherwise provided in this Rule. 
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The industrial/commercial direct exposure criterion may be applied to 
a depth of at least 2 feet below ground surface for each hazardous 
substance in soil if all of the following conditions are met: 


 
a. The contaminated-site is currently limited to 


industrial/commercial activity; 
 


b. Access to the property containing the contaminated-site is 
limited to individuals working at or temporarily visiting the 
subject parcel; 


 
c. The current and reasonably foreseeable future human 


exposure to soils at the contaminated-site is not expected to 
occur beyond a depth of 2 feet below ground surface; and 


 
d. An environmental land usage restriction consistent with Rule 


8.09 (Institutional Controls) is in effect with respect to the 
property, or to the portion of the property containing the 
contaminated-site; such an environmental land usage 
restriction shall ensure that the property or restricted portion 
thereof is not used for any residential activity in the future 
and that any future use of the property or restricted portion 
thereof is limited to industrial/ commercial activity. 


 
ii. General Requirements for Leachability Criteria: 


 
1. With respect to any hazardous substance in soil at a contaminated-


site, the Director may approve a leachability criterion provided it is 
demonstrated to the satisfaction of the Director that the application of 
such leachability criterion at the contaminated-site is protective of the 
following: 


 
a. The actual and potential uses of the groundwater at the 


contaminated-site by ensuring that, at a minimum, the 
leachability criterion will not contribute to an exceedance of 
the applicable groundwater objective for the hazardous 
substance as described in Rule 8.03 (Groundwater 
Objectives); and  


 
b. Surface water at or in the vicinity of the contaminated-site 


from potential migration of groundwater. 
 


2. Regardless of the method employed for determining the leachability 
criterion, the GA leachability criterion shall be applied throughout the 
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vadose zone for each hazardous substance in soil, except as otherwise 
provided in this Rule. 


 
The GB leachability criterion may be applied throughout the vadose 
zone for each substance in soil if both of the following conditions are 
met: 


 
a. The GB groundwater objective is applicable to the 


groundwater of concern underlying and downgradient of the 
contaminated-site in accordance with Rule 8.03 (Groundwater 
Objectives); and 


 
b. The application of the GB leachability criterion will not 


contribute to actual or potential impacts to surface water 
and/or sediments as described in the policies and regulations 
of the Division of Water Resources. 


 
iii. Method Requirements for Soil Objectives: 


 
For each of the hazardous substances at a contaminated-site, the Director 
shall approve the application of a Method 1 Soil Objective established in 
Rule 8.02.B (Method 1 Soil Objectives) provided that the application of the 
Method 1 Soil Objective is consistent with Rule 8.01 (Remedial Objectives), 
Rule 8.02.A (General Requirements for Soil Objectives) and the objective is 
specified in Tables 1 and 2, as appropriate. 


 
If no Method 1 Soil Objective has been promulgated for one or more 
hazardous substances in soil at a contaminated-site, then the following 
options are available: 


 
1. Method 2 may be used to develop soil objectives for the 


contaminated-site as described in Rule 8.02.C (Method 2 Soil 
Objectives).  Method 2 Soil Objectives may be used alone or in 
combination with other Method 1 Soil Objectives.  A combined 
Method 1 and Method 2 approach shall be considered to result in 
Method 2 Soil Objectives; or 


 
2. Method 3 may be used to develop soil objectives for the 


contaminated-site as described in Rule 8.04 (Method 3 Remedial 
Objectives). 


 
If a Method 1 Soil Objective has been promulgated for one or more 
hazardous substances in soil at a contaminated-site, then the following 
options are available: 
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1. The performing party may only propose Method 2 to develop 


leachability criteria, as described in Rule 8.02.C (Method 2 Soil 
Objectives).  Method 2 Leachability Criteria may be used alone or in 
combination with other Method 1 Leachability Criteria.  A combined 
Method 1 and Method 2 approach shall be considered to result in 
Method 2 Soil Objectives; or 


 
2. Method 3 may be used to develop soil objectives for the 


contaminated-site as described in Rule 8.04 (Method 3 Remedial 
Objectives). 


 
For hazardous substances in soil that are determined by either the 
Department or the performing party to have a potential to significantly 
contribute to adverse effects to any environmentally sensitive area at or in the 
vicinity of the contaminated-site, a Method 3 Ecological Risk Assessment 
shall be performed in accordance with Rule 8.05 (Ecological Protection). 


 
iv. Soil Objectives for Total Petroleum Hydrocarbons (TPH): 


 
Although not a single hazardous substance, TPH can be useful as an indicator 
of potential adverse impacts to human health from a release of hazardous 
materials.  TPH Soil Objectives shall be applied to a contaminated-site for 
which jurisdiction has been established through the discovery of a release as 
described in Section 5 (NOTIFICATION).  The Department will utilize these 
objectives for non-virgin petroleum/weathered petroleum situations as they 
occur at contaminated-sites. 


 
Accordingly, the Department shall require that soil objectives for TPH as 
described in this Rule be applied to a contaminated-site in conjunction with 
soil objectives for the hazardous substances established pursuant to this 
Section.  The Director shall approve the application of the functional 
equivalent of a direct exposure criterion and leachability criterion for TPH 
provided that the application of the criteria is consistent with Rule 8.01 
(Remedial Objectives) and Rule 8.02.A (General Requirements for Soil 
Objectives).  The performing party may apply the soil objectives for TPH 
described below or may develop soil objectives for TPH under Method 3, as 
described in Rule 8.04 (Method 3 Remedial Objectives). 


 
1. The following shall be considered the Method 1 Direct Exposure 


Criteria for TPH, subject to the provided requirements: 
 


a. The Method 1 Residential TPH Direct Exposure Criterion 
shall be 500 ppm; or 
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b. The Method 1 Residential TPH Direct Exposure Criterion 


may be 1000 ppm contingent upon field-verification by 
Department personnel to ensure that short-term risks are 
managed appropriately prior to approval as a final remedial 
objective; and 


 
c. The Method 1 Industrial/Commercial TPH Direct Exposure 


Criterion shall be 2500 ppm. 
 


2. The following shall be considered the Method 1 Leachability Criteria 
for TPH, subject to the provided requirements:  


 
a. The Method 1 GA TPH Leachability Criterion shall be 500 


ppm; or 
 


b. The Method 1 GA TPH Leachability Criterion may be 1000 
ppm and may be field-verified at the discretion of the 
Department to ensure that short-term risks are managed 
appropriately prior to approval as a final remedial objective; 
and 


c. The Method 1 GB TPH Leachability criterion shall be 2500 
ppm. 


 
For clarity, any reference to concentrations of hazardous substances in the 
following Rules shall be considered by the Department to be in addition to 
the appropriate concentrations of TPH as described herein:  Rule 8.02 (Soil 
Objectives), Rule 8.04 (Method 3 Remedial Objectives), Rule 8.06 
(Background Concentrations for Soils), Rule 8.08.A (Points of Compliance 
for Soils), Rule 8.09 (Institutional Controls) and Rule 8.10 (Compliance 
Sampling). 


 
B. Method 1 Soil Objectives: 


 
Unless otherwise prohibited by the Director, the Method 1 Soil Objectives specified 
in Tables 1 and 2 may be applied to a contaminated-site provided that the conditions 
set forth in Rule 8.01 (Remedial Objectives) and Rule 8.02.A (General Requirements 
for Soil Objectives) are met. 


 
i. Method 1 Direct Exposure Criteria: 


 
The Method 1 Direct Exposure Criteria are listed in Table 1. 


 
ii. Method 1 Leachability Criteria: 
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The Method 1 Leachability Criteria are listed in Table 2. 


 
With respect to the Method 1 Leachability Criteria for inorganic hazardous 
substances, the performing party shall conduct a laboratory test that 
demonstrates that the inorganic hazardous substance will not leach to 
groundwater at levels which exceed the applicable groundwater objective for 
the inorganic hazardous substance.  Accordingly, the resulting leachate 
concentration must not exceed the leachability criteria for the associated 
inorganic hazardous substance listed in Table 2. 


 
The performing party may perform the Synthetic Precipitation Leaching 
Procedure (SPLP; EPA Method 1312), the Toxicity Characteristic Leaching 
Procedure (TCLP; EPA Method 1311) or other procedures pre-approved by 
the Department to estimate potential leaching of inorganic hazardous 
substances at the contaminated-site. 
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 TABLE 1 
 
 DIRECT EXPOSURE CRITERIA  
 
 Substance 


 
Residential 


(mg/kg) 


 
Industrial/Commercial 


(mg/kg) 
 
Volatile Organics   
 
Acetone 


 
7,800 


 
10,000 


 
Benzene 


 
2.5 


 
200 


 
Bromodichloromethane 


 
10 


 
92 


 
Bromoform 


 
81 


 
720 


 
Bromomethane 


 
0.8 


 
2900 


 
Carbon tetrachloride 


 
1.5 


 
44 


 
Chlorobenzene 


 
210 


 
10,000 


 
Chloroform 


 
1.2 


 
940 


 
Dibromochloromethane 


 
7.6 


 
68 


 
1,2- Dibromo-3-chloropropane 
(DBCP) 


 
0.5 


 
4.1 


 
1,1-Dichloroethane  


 
920 


 
10,000 


 
1,2-Dichloroethane  


 
0.9 


 
63 


 
1,1-Dichloroethene  


 
0.2 


 
9.5 


 
cis-1,2-Dichloroethene  


 
630 


 
10,000 


 
Trans-1,2-Dichloroethene  


 
1,100 


 
10,000 


 
1,2-Dichloropropane  


 
1.9 


 
84 


 
Ethylbenzene 


 
71 


 
10,000 


 
Ethylene dibromide (EDB) 


 
0.01 


 
0.07 


 
Isopropyl benzene 


 
27 


 
10,000 


 
Methyl ethyl ketone 


 
10,000 


 
10,000 


 
Methyl isobutyl ketone 


 
1200 


 
10,000 


 
Methyl tertiary-butyl ether (MTBE) 


 
390 


 
10,000 


 
Methylene chloride 


 
45 


 
760 
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 TABLE 1 
 
 DIRECT EXPOSURE CRITERIA  
 
 Substance 


 
Residential 


(mg/kg) 


 
Industrial/Commercial 


(mg/kg) 
 
Styrene 


 
13 


 
190 


 
1,1,1,2-Tetrachloroethane 


 
2.2 


 
220 


 
1,1,2,2-Tetrachloroethane 


 
1.3 


 
29 


 
Tetrachloroethene 


 
12 


 
110 


 
Toluene 


 
190 


 
10,000 


 
1,1,1-Trichloroethane 


 
540 


 
10,000 


 
1,1,2-Trichloroethane 


 
3.6 


 
100 


 
Trichloroethene 


 
13 


 
520 


 
Vinyl chloride 


 
0.02 


 
3.0 


 
Xylenes (Total) 


 
110 


 
10,000 


 
Semivolatiles 
 
Acenaphthene 


 
43 


 
10,000 


 
Acenaphthylene 


 
23 


 
10,000 


 
Anthracene 


 
35 


 
10,000 


 
Benzo(a)anthracene 


 
0.9 


 
7.8 


 
Benzo(a)pyrenea 


 
0.4 


 
0.8 


 
Benzo(b)fluoranthene 


 
0.9 


 
7.8 


 
Benzo(g,h,i)perylene 


 
0.8 


 
10,000 


 
Benzo(k)fluoranthene 


 
0.9 


 
78 


 
1,1-Biphenyl 


 
0.8 


 
10,000 


 
Bis(2-ethylhexyl)phthalate 


 
46 


 
410 


 
Bis(2-chloroethyl)ether 


 
0.6 


 
5.2 


 
Bis(2-chloroisopropyl)ether 


 
9.1 


 
82 


 
4-Chloroaniline  (p-) 


 
310 


 
8200 
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 TABLE 1 
 
 DIRECT EXPOSURE CRITERIA  
 
 Substance 


 
Residential 


(mg/kg) 


 
Industrial/Commercial 


(mg/kg) 
2-Chlorophenol 50 10,000 
 
Chrysene 


 
0.4 


 
780 


 
Dibenzo(a,h)anthracenea 


 
0.4 


 
0.8 


 
1,2-Dichlorobenzene (o-DCB) 


 
510 


 
10,000 


 
1,3-Dichlorobenzene (m-DCB) 


 
430 


 
10,000 


 
1,4-Dichlorobenzene (p-DCB) 


 
27 


 
240 


 
3,3-Dichlorobenzidine 


 
1.4 


 
13 


 
2,4-Dichlorophenol 


 
30 


 
6,100 


 
Diethyl phthalate 


 
340 


 
10,000 


 
2,4-Dimethyl phenol 


 
1,400 


 
10,000 


 
Dimethyl phthalate 


 
1900 


 
10,000 


 
2,4-Dinitrophenol 


 
160 


 
4,100 


 
2,4-Dinitrotoluene 


 
0.9 


 
8.4 


 
Fluoranthene 


 
20 


 
10,000 


 
Fluorene 


 
28 


 
10,000 


 
Hexachlorobenzene 


 
0.4 


 
3.6 


 
Hexachlorobutadiene 


 
8.2 


 
73 


 
Hexachloroethane 


 
46 


 
410 


 
Indeno(1,2,3-cd)pyrene 


 
0.9 


 
7.8 


 
2-Methyl naphthalene 


 
123 


 
10,000 


 
Naphthalene  


 
54 


 
10,000 


 
Pentachlorophenol 


 
5.3 


 
48 


 
Phenanthrene 


 
40 


 
10,000 


 
Phenol 


 
6,000 


 
10,000 


 
Pyrene 


 
13 


 
10,000 
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 TABLE 1 
 
 DIRECT EXPOSURE CRITERIA  
 
 Substance 


 
Residential 


(mg/kg) 


 
Industrial/Commercial 


(mg/kg) 
1,2,4-Trichlorobenzene 96 10,000 
 
2,4,5-Trichlorophenol 


 
330 


 
10,000 


 
2,4,6-Trichlorophenol 


 
58 


 
520 


 
Pesticides/PCBs 
 
Chlordane 


 
0.5 


 
4.4 


 
Dieldrin 


 
0.04 


 
0.4 


 
Polychlorinated biphenyls (PCBs)b 


 
10 


 
10 


 
Inorganics 
 
Antimony 


 
10 


 
820 


 
Arsenicc 


 
7.0  


 
7.0  


 
Barium 


 
5,500 


 
10,000 


 
Berylliumc 


 
0.4 


 
1.3 


 
Cadmium 


 
39 


 
1,000 


 
Chromium III (Trivalent) 


 
1,400 


 
10,000 


 
Chromium VI (Hexavalent) 


 
390 


 
10,000 


 
Copper 


 
3,100 


 
10,000 


 
Cyanide 


 
200 


 
10,000 


 
Leadd 


 
150 


 
500 


 
Manganese 


 
390 


 
10,000 


 
Mercury 


 
23 


 
610 


 
Nickel 


 
1,000 


 
10,000 


 
Selenium 


 
390 


 
10,000 


 
Silver 


 
200 


 
10,000 


 
Thallium 


 
5.5 


 
140 
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 TABLE 1 
 
 DIRECT EXPOSURE CRITERIA  
 
 Substance 


 
Residential 


(mg/kg) 


 
Industrial/Commercial 


(mg/kg) 
Vanadium 550 10,000 
 
Zinc 


 
6,000 


 
10,000 


 
a Estimated quantitation limits 
b Direct exposure criteria for PCBs consistent with the Toxic Substance Control Act (TSCA) 
c Background Levels of Priority Pollutant Metals In Rhode Island Soils, T. O'Connor, RIDEM � For arsenic, see Section 12.0 
d Direct exposure criteria for Lead consistent with the Rhode Island Department of Health Rules and Regulations for Lead Poisoning 


Prevention [R23-24.6-PB], as amended 
 


 
 TABLE 2 
 
 LEACHABILITY CRITERIA 
 
 Substance 


 
GA 


Leachability 
(mg/kg except as 
otherwise noted) 


 
GB 


Leachability 
(mg/kg) 


 
Volatile Organics 
 
Benzene 


 
0.2 


 
4.3 


 
Carbon tetrachloride 


 
0.4 


 
5.0 


 
Chlorobenzene 


 
3.2 


 
100 


 
1,2-Dichloroethane  


 
0.1 


 
2.3 


 
1,1-Dichloroethene  


 
0.7 


 
0.7 


 
cis-1,2-Dichloroethene  


 
1.7 


 
60 


 
Trans-1,2-Dichloroethene  


 
3.3 


 
92 


 
1,2-Dichloropropane  


 
0.1 


 
70 


 
Ethylbenzene 


 
27 


 
62 


 
Ethylene dibromide (EDB) 


 
5E-04 


 
- 


 
Methyl �tertiary-butyl-ether (MTBE) 


 
0.9 


 
100 


 
Styrene 


 
2.9 


 
64 


 
Tetrachloroethene 


 
0.1 


 
4.2 
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 TABLE 2 
 
 LEACHABILITY CRITERIA 
Toluene 32 54 
 
1,1,1-Trichloroethane  


 
11 


 
160 


 
1,1,2-Trichloroethane  


 
0.1 


 
- 


 
Trichloroethene 


 
0.2 


 
20 


 
Vinyl chloride 


 
0.3 


 
- 


 
Xylenes  


 
540 


 
- 


 
Semivolatiles 
 
Benzo(a)pyrene 


 
240 


 
- 


 
Dichlorobenzene (all isomers) 


 
41 


 
- 


 
Diethylhexyl phthalate 


 
120 


 
- 
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 TABLE 2  
 
 LEACHABILITY CRITERIA 
 
 Substance 


 
 GA 
 Leachability 
 (mg/kg except as 
 otherwise noted) 


 
 GB 
 Leachability 
 (mg/kg) 


 
Naphthalene 


 
0.8 


 
- 


 
Pentachlorophenol 


 
7.1 


 
- 


 
1,2,4-Trichlorobenzene  


 
140 


 
- 


 
Pesticides/PCBs 


 
 


 
 


 
Chlordane 


 
1.4 


 
- 


 
Polychlorinated biphenyls (PCBs)a 


 
10.0 


 
10.0 


 
Substance 


 
GA 


Leachability 
(mg/l) 


 
 


 
Inorganics 
 
Antimony (TCLP/SPLP) 


 
0.05 


 
- 


 
Barium (TCLP/SPLP) 


 
23 


 
- 


 
Beryllium (TCLP/SPLP) 


 
0.03 


 
- 


 
Cadmium (TCLP/SPLP) 


 
0.03 


 
- 


 
Chromium (TCLP/SPLP) 


 
1.1 


 
- 


 
Cyanide (TCLP/SPLP) 


 
2.4 


 
- 


 
Lead (TCLP/SPLP) 


 
0.04 


 
- 


 
Mercury (TCLP/SPLP) 


 
0.02 


 
- 


 
Nickel (TCLP/SPLP) 


 
1 


 
- 


 
Selenium (TCLP/SPLP) 


 
0.6 


 
- 


 
Thallium (TCLP/SPLP) 


 
0.005 


 
- 


 
"-" No Method 1 GB Leachability Criteria promulgated 
a Leachability criteria for PCBs consistent with the Toxic Substance Control Act (TSCA) 
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C. Method 2 Soil Objectives:   
 


Method 2 allows for the consideration of limited site-specific information to modify 
Method 1 Soil Objectives or to calculate soil objectives for hazardous substances not 
listed in Table 1 or Table 2.  For the purposes of these regulations, a Method 2 Soil 
Objective shall refer to any soil objective which addresses site-specific conditions 
established pursuant to this Rule and in accordance with the appropriate information 
presented in Appendix D and Appendix E. 


 
The Department reserves the right to require the development of Method 2 Soil 
Objectives based on complicated conditions at a contaminated-site, including, but not 
limited to potential adverse impacts to adjacent surface water bodies or other 
potential impacts to human health and/or the environment. 


 
Method 2 Soil Objectives shall be consistent with Rule 8.01 (Remedial Objectives), 
Rule 8.02.A (General Requirements for Soil Objectives) and shall meet all of the 
following conditions in Rules 8.02.C.i through iv listed below: 


 
i. Direct exposure criteria shall only be developed under Method 2 for those 


hazardous substances which are not specified under Method 1 in Table 1.  
Method 2 Direct Exposure Criteria shall be developed using the default 
assumptions provided in Appendix D.  The chemical-specific inputs used to 
develop the Method 2 Direct Exposure Criteria are subject to the approval of 
the Director for each proposed application; 


 
ii. Method 2 Soil Objectives shall be developed for hazardous substances on the 


basis of the following assumptions and procedures: 
 


1. Based upon non-cancer health risk, a concentration of the hazardous 
substance associated with 100% of the Reference Dose shall be 
calculated consistent with residential or industrial/commercial 
activity as appropriate pursuant to Rule 8.02 A.i (General 
Requirements for Direct Exposure Criteria) using the algorithm 
specific to the ingestion pathway provided in Appendix D.  For a 
contaminated-site which impacts one or more properties utilized for 
any residential activity, a concentration of the hazardous substance 
associated with acute ingestion and the inhalation pathway shall also 
be calculated using the appropriate algorithms in Appendix D; 


 
2. A concentration of the hazardous substance associated with an 


Excess Lifetime Cancer Risk equal to no more than one excess cancer 
case in one million people exposed to the hazardous substance shall 
be calculated consistent with residential or industrial/commercial 
activity as appropriate pursuant to Rule 8.02.A.i (General 
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Requirements for Direct Exposure Criteria) using the algorithm 
specific to the ingestion pathway provided in Appendix D.  For a 
contaminated-site which impacts one or more properties utilized for 
any residential activity, a concentration of the hazardous substance 
associated with the inhalation pathway shall be calculated using the 
appropriate algorithm in Appendix D; 


 
3. For a contaminated-site impacting one or more properties utilized for 


any residential activity, the soil saturation concentration (Csat) of the 
hazardous substance above which pure liquid-phase contaminant is 
expected in the vadose zone shall be calculated using the equation 
provided in Appendix D and appropriate chemical-specific and/or 
soil specific data collected from the contaminated-site; 


 
4. For each concentration of hazardous substance calculated consistent 


with residential or industrial/commercial activity as appropriate  
pursuant to Rule 8.02.A.i (General Requirements for Direct Exposure 
Criteria), the lowest non-zero concentration estimated in Rule 
8.02.C.ii.1 through 3 above shall be the Method 2 Direct Exposure 
Criterion for the hazardous substance; 


 
5. Considering the groundwater classification at the contaminated-site, 


the Method 2 Leachability Criterion shall be developed utilizing a 
Department-approved leaching model or test method which 
demonstrates that the concentrations of the hazardous substance in 
soil at a contaminated-site now and in the reasonably foreseeable 
future will result in compliance with all applicable groundwater 
objectives for that hazardous substance.  Therefore, the Department 
shall approve the target groundwater objective for each hazardous 
substance established in accordance with this Section prior to the 
development of the associated Method 2 Leachability Criterion. 


 
Specifically, Method 2 Leachability Criteria shall be determined by 
performing the following: 


 
a. Method 2 Leachability Criteria for Organic Hazardous 


Substances: 
 


The performing party may provide a leaching-to-groundwater 
compliance demonstration with a Department-approved fate 
and transport model such as that discussed in Appendix E 
which incorporates site-specific information such as physical 
and chemical properties of the hazardous substances 
including, but not limited to toxicity and mobility, source 
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quantity, subsurface hydrogeological conditions and net 
precipitation; and 


 
b. Method 2 Leachability Criteria for Inorganic Hazardous 


Substances: 
 


The performing party shall conduct a laboratory test 
consistent with that described in Rule 8.02.B.ii (Method 1 
Leachability Criteria).  The performing party may develop a 
Method 2 Leachability Criterion for an inorganic hazardous 
substance by calculating a site-specific dilution/attenuation 
factor using the algorithm in Appendix E to be multiplied by 
the appropriate groundwater objective; 


 
6. A site-specific background concentration of the hazardous substance 


in soil may be calculated and considered for the hazardous substance 
pursuant to Rule 8.06 (Background Concentrations for Soils); and 


 
7. The Practical Quantitation Limit (PQL) of the hazardous substance 


using an appropriate analytical method for quantifying the 
concentration of the chemical in soil may be calculated and 
considered; 


 
iii. If the development of a Method 2 Soil Objective results in a concentration of 


a hazardous substance which exceeds any Upper Concentration Limit as 
described in Rule 8.07 (Upper Concentration Limits), then the Department 
reserves the right to require that the modification be adjusted downward to a 
concentration which prevents the exceedance; and 


 
iv. The development of Method 2 Soil Objectives shall be based upon 


information which is scientifically justified and completely documented with 
site data collected from the contaminated-site.  At a minimum, Method 2 Soil 
Objective development shall be documented with sufficient information to 
allow the Director to evaluate the following factors: 


 
1. The appropriateness and validity of any chemical-specific and/or site-


specific input parameters used; 
 


2. Whether the calculations were correctly performed; 
 


3. The potential for soils at the contaminated-site to pose a significant 
risk to human health and the environment after the proposed Method 
2 Soil Objectives are applied to the contaminated-site as part of a 
remedial action; and 
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4. Background levels for the applicable hazardous substances, if 


determined. 
 
8.03 Groundwater Objectives:  Unless otherwise specified in these regulations or otherwise 


provided by the Director, groundwater contaminated as a result of a release of hazardous 
materials located in a GA/GAA area shall be remediated to a concentration which meets the 
groundwater objective for each hazardous substance established in Rule 8.03.B.i (Method 1 
GA Groundwater Objectives) and specified in Table 3 or Rule 8.04 (Method 3 Remedial 
Objectives); the Groundwater Quality Regulations, or the background concentration of the 
hazardous substance. Any Method 3 GA Groundwater Objective which deviates from the 
Method 1 GA Groundwater Objective shall meet the requirements of Rule 13.04 of the 
Groundwater Quality Regulations. 


 
Groundwater contaminated as a result of a release of hazardous materials located in a GB 
area shall be remediated to a concentration which meets the groundwater objective for each 
hazardous substance established in Rule 8.03.B.ii (Method 1 GB Groundwater Objectives) 
and specified in Table 4, Rule 8.03.C (Method 2 GB Groundwater Objectives) or Rule 8.04 
(Method 3 Remedial Objectives); or the background concentration of the hazardous 
substance. 


 
All groundwater objectives must be consistent with Rule 8.01 (Remedial Objectives) and 
Rule 8.03.A (General Requirements for Groundwater Objectives). 


 
A. General Requirements for Groundwater Objectives: 


 
i. General Requirements for GA Groundwater Objectives: 


 
1. GA Groundwater Objectives may not be set at levels, except within 


an approved discharge zone or residual zone (as provided for in Rules 
13.03 and 13.04, respectively, of the Groundwater Quality 
Regulations) which will adversely affect the groundwater as a source 
of potable water or which will adversely affect other beneficial uses 
of groundwater, including but not to be limited to recreational, 
agricultural and industrial uses and the preservation of fish and 
wildlife habitat through the maintenance of surface water quality; and 


 
2. GA Groundwater Objectives may not be set at levels which exceed or 


have reasonable potential to cause exceedance of surface water 
quality standards established by the Rhode Island Water Quality 
Regulations for Water Pollution Control, October 1988, and 
amendments thereto. 


 
ii. General Requirements for GB Groundwater Objectives: 
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The GB Groundwater Objectives shall be applied in the restoration of the 
State's groundwater resources which are not for use as current or potential 
sources of drinking water.  GB Groundwater Objectives shall be based on the 
potential for volatile organic compounds found or suspected in GB areas to 
volatilize from the groundwater and migrate to indoor air.  These GB 
Groundwater Objectives are based on controlling the threat to human health 
from the inhalation of these hazardous substances. 


 
The GB Groundwater Objectives shall be applied to the restoration of 
groundwater in GB Areas under the control of the performing party, provided 
that the Department determines that the following conditions apply to the 
contaminated groundwater: 


 
1. The extent and nature of the groundwater contamination does not 


pose a substantial likelihood of exceeding a surrounding GA 
Groundwater Objective; 


 
2. The extent and nature of the groundwater contamination does not 


pose a substantial likelihood of adversely affecting current uses of 
groundwater, surface water resources or surrounding properties as 
they exist at the time that the site investigation work is conducted 
(i.e., adverse off-site impacts are eliminated or effectively mitigated); 


 
3. The groundwater of concern is not located in a designated buffer zone 


around a licensed solid waste management facility and specific 
exceedances are acknowledged as part of the operating permit; and 


 
4. The groundwater of concern does not pose a significant threat to the 


classification and/or actual and potential uses of the surface water 
bodies in the vicinity of the contaminated-site consistent with the 
policies and regulations of the Division of Water Resources, or to 
human health and the environment. 


 
 


iii. Method Requirements for Groundwater Objectives: 
1. Method Requirements for GA Groundwater Objectives: 


 
For each of the hazardous substances at a contaminated-site, the 
Director shall approve the application of a Method 1 GA 
Groundwater Objective established in Rule 8.03.B.i (Method 1 GA 
Groundwater Objectives) provided that the application of the Method 
1 GA Groundwater Objective is consistent with Rule 8.01 (Remedial 


 
46 







Objectives), Rule 8.03.A (General Requirements for Groundwater 
Objectives) and the objective is specified in Table 3. 


 
The performing party may develop groundwater objectives under 
Method 3, as described in Rule 8.04 (Method 3 Remedial 
Objectives).  Groundwater objectives developed using Method 3 may 
be used alone or in combination with other Method 1 Groundwater 
Objectives.  A combined Method 1 and Method 3 approach shall be 
considered to result in Method 3 GA Groundwater Objectives. 


 
2. Method Requirements for GB Groundwater Objectives: 


 
For each of the hazardous substances at the contaminated-site, the 
Director shall approve the application of a Method 1 GB 
Groundwater Objective established in Rule 8.03.B.ii (Method 1 GB 
Groundwater Objectives) provided that the Method 1 GB 
Groundwater Objective is consistent with Rule 8.01 (Remedial 
Objectives), Rule 8.03.A (General Requirements for Groundwater 
Objectives) and the objective is specified in Table 4. 


 
The following options are also available to the performing party with 
respect to GB Groundwater Objective development: 


 
a. Method 2 may be used to develop groundwater objectives for 


the contaminated-site as described in Rule 8.03.C (Method 2 
GB Groundwater Objectives).  Method 2 GB Groundwater 
Objectives may be used alone or in combination with Method 
1 GB Groundwater Objectives.  A combined Method 1 and 
Method 2 approach shall be considered to result in Method 2 
GB Groundwater Objectives; 


 
b. Method 3 may be used to develop groundwater objectives for 


the contaminated-site as described in Rule 8.04 (Method 3 
Remedial Objectives); or 


 
c. The Method 1 GA Groundwater Objectives as specified in 


Table 3 may be used for those hazardous substances not 
included in Table 4. 


 
For hazardous substances in groundwater that are determined by 
either the Department or the performing party to significantly 
contribute to adverse effects to any environmentally sensitive area at 
or in the vicinity of the contaminated-site, a Method 3 Ecological 
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Risk Assessment shall be performed in accordance with Rule 8.05 
(Ecological Protection). 


 
B. Method 1 Groundwater Objectives: 


 
Unless otherwise prohibited by the Director, the Method 1 Groundwater Objectives 
may be applied to a contaminated-site provided that the conditions set forth in Rule 
8.01 (Remedial Objectives) and Rule 8.03.A (General Requirements for 
Groundwater Objectives) are met. 


 
i. Method 1 GA Groundwater Objectives: 


 
Groundwater which is classified as a GA/GAA area is categorized as or 
presumed to be suitable for drinking water use without treatment, and is 
subject to the GA Groundwater Objectives listed in Table 3, and the 
Groundwater Quality Regulations. 


 
ii. Method 1 GB Groundwater Objectives: 


 
Groundwater which is classified as a GB area is presumed not suitable for 
use as a current or potential source of drinking water, and is subject to the 
GB Groundwater Objectives listed in Table 4. 
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 TABLE 3 
 
 GA GROUNDWATER OBJECTIVES 
 
 Substance 


 
GA Groundwater 


Objective 
(mg/l) 


 
Volatile Organics 
 
Benzene 


 
0.005 


 
Carbon tetrachloride 


 
0.005 


 
Chlorobenzene 


 
0.1 


 
1,2-Dibromo-3-chloropropane(DBCP) 


 
0.0002 


 
1,2-Dichloroethane  


 
0.005 


 
1,1-Dichloroethene  


 
0.007 


 
cis-1,2-Dichloroethene  


 
0.07 


 
trans-1,2-Dichloroethene  


 
0.1 


 
1,2-Dichloropropane  


 
0.005 


 
Ethylbenzene 


 
0.7 


 
Ethylene dibromide (EDB) 


 
0.00005 


 
Methyl tertiary-butyl ether (MTBE) 


 
0.04 


 
ethylene chloride M


 
 


0.005 
 
Styrene 


 
0.1 


 
Tetrachloroethene 


 
0.005 


 
Toluene 


 
1 


 
1,1,1-Trichloroethane  


 
0.2 


 
1,1,2-Trichloroethane  


 
0.005 


 
Trichloroethene (TCE) 


 
0.005 


 
Trihalomethanes (Total) 


 
0.1 


 
Vinyl chloride 


 
0.002 


 
Xylenes (Total) 


 
10 
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 TABLE 3 
 
 GA GROUNDWATER OBJECTIVES 
 
 Substance 


 
GA Groundwater 


Objective 
(mg/l) 


Semivolatiles 
 
Benzo(a)pyrene 


 
0.0002 


 
o-Dichlorobenzene  


 
0.6 


 
m-Dichlorobenzene  


 
0.6 


 
p-Dichlorobenzene  


 
0.075 


 
Diethylhexyl phthalate 


 
0.006 


 
Hexachlorobenzene 


 
0.001 


  
 
Naphthalene 


 
0.02 


 
Pentachlorophenol 


 
0.001 


 
1,2,4-Trichlorobenzene  


 
0.07 


 
Pesticides/PCBs 
 
Chlordane 


 
0.002 


 
Polychlorinated biphenyls (PCBs) 


 
0.0005 


 
Inorganics 


 
 


 
Antimony 


 
0.006 


 
Barium 


 
2 


 
Beryllium 


 
0.004 


 
Cadmium 


 
0.005 


 
Chromium (Total) 


 
0.1 


 
Cyanide 


 
0.2 


 
Lead 


 
0.015 


 
Mercury 


 
0.002 


 
Nickel 


 
0.1 
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 TABLE 3 
 
 GA GROUNDWATER OBJECTIVES 
 
 Substance 


 
GA Groundwater 


Objective 
(mg/l) 


 
Selenium 


 
0.05 


 
Thallium 


 
0.002 
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 TABLE 4 
 


 
 Substance 


 
GB Groundwater 


Objective 
(mg/l) 


 GB GROUNDWATER OBJECTIVES  


 
Benzene 


 
0.14 


 
Carbon Tetrachloride 


 
0.07 


 
Chlorobenzene 


 
3.2 


 
1,2-Dibromo-3-chloropropane (DBCP) 


 
0.002 


 
1,2-Dichloroethane  


 
0.11 


 
1,1-Dichloroethene  


 
0.007 


cis-1,2-Dichloroethene  
 


2.4 
 
trans-1,2-Dichloroethene  


 
2.8 


 
1,2-Dichloropropane  


 
3.0 


 
Ethylbenzene 


 
1.6 


 
Styrene 


 
2.2 


 
Methyl Tertiary-Butyl Ether (MTBE) 


 
5.0 


 
Tetrachloroethene 


 
0.15 


 
Toluene 


 
1.7 


 
1,1,1-Trichloroethane  


 
3.1 


 
Trichloroethene 


 
0.54 


 


 
 


C. Method 2 GB Groundwater Objectives: 
 


Method 2 allows for the consideration of limited site-specific information to modify 
Method 1 GB Groundwater Objectives or to calculate GB Groundwater Objectives 
for hazardous substances in groundwater not listed in Table 4, but which have the 
potential to volatilize.  For the purposes of these regulations, a Method 2 GB 
Groundwater Objective shall refer to any groundwater objective which has addressed 
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site-specific conditions pursuant to this Rule and in accordance with the appropriate 
information presented in Appendix F. 
The Department reserves the right to require the development of Method 2 GB 
Groundwater Objectives based on complicated conditions at the contaminated-site 
such as potential adverse impacts to adjacent surface water bodies, potential adverse 
impacts to surrounding GA/GAA areas or other potential impacts to human health 
and/or the environment. 


 
Method 2 GB Groundwater Objectives may be developed for hazardous substances 
which do not have promulgated Method 1 GB Groundwater Objectives listed in 
Table 4, or when conditions at the contaminated-site deviate significantly from the 
conservative assumptions used to calculate the Method 1 GB Groundwater 
Objectives as discussed in Appendix F, provided that the resulting Method 2 GB 
Groundwater Objective is based on detailed site-specific information. 


 
Method 2 GB Groundwater Objectives shall be consistent with Rule 8.01 (Remedial 
Objectives) and Rule 8.03.A (General Requirements for Groundwater Objectives) 
and shall meet all of the following conditions in Rules 8.03.C.i through iv listed 
below: 


 
i. The Method 2 GB Groundwater Objective shall be based, at a minimum, on 


the following: 
 


1. A scientifically acceptable volatilization model such as that described 
in Appendix F; or 


 
2. Transport and fate modeling that incorporates site-specific 


information on the hazardous substances, hydrogeological conditions 
at the contaminated-site, current and reasonably foreseeable building 
conditions, and which demonstrates that contamination will not 
infiltrate to indoor air and result in significant risk of harm to human 
health or the environment; and/or 


 
3. Soil gas characterization data, indoor air characterization data, and 


data resulting from field investigation activities conducted at and 
proximate to the contaminated-site; 


 
    ii. The Method 2 GB Groundwater Objectives shall not result in indoor or 


ambient air concentrations which pose a significant risk of harm to human 
health or the environment; 


 
iii. If the development of a Method 2 GB Groundwater Objective results in a 


concentration of a hazardous substance which exceeds any Upper 
Concentration Limit as described in Rule 8.07 (Upper Concentration Limits), 
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then the Department reserves the right to require that the modification be 
adjusted downward to a concentration which prevents the exceedance; and 


 
iv. Method 2 GB Groundwater Objectives shall be scientifically justified and 


sufficiently documented to demonstrate that the developed objectives are 
protective against migration of hazardous substances into indoor air or any 
other site-specific considerations.  At a minimum, Method 2 GB 
Groundwater Objective development shall be documented with sufficient 
information to allow the Director to evaluate the following: 


 
1. The appropriateness and validity of any chemical-specific and/or site-


specific input parameters used; 
 


2. Whether the calculations, modeling or sampling were correctly 
performed; 


 
3. The potential for groundwater at the contaminated-site to pose 


significant risk to human health and the environment after the 
proposed Method 2 GB Groundwater Objectives are applied to the 
contaminated-site as part of a remedial action; and 


 
4. Background levels for the applicable hazardous substances, if 


determined. 
 
8.04 Method 3 Remedial Objectives:  Method 3 Remedial Objectives allow for a site-specific 


risk assessment to be conducted by the performing party on either a voluntary basis, or as 
required by the Director, subject to requirements of Rule 8.01 (Remedial Objectives), and to 
the extent appropriate to Rule 8.02.A (General Requirements for Soil Objectives) and Rule 
8.03.A (General Requirements for Groundwater Objectives). 


 
Site-specific human health risk assessments shall be conducted only after review and 
approval of a Human Health Risk Assessment Workplan by the Department.  The 
methodology proposed in the Human Health Risk Assessment Workplan must be consistent 
with scientifically acceptable risk assessment practices and the fundamentals of risk 
assessment under EPA's Risk Assessment Guidance for Superfund.  The Human Health Risk 
Assessment Report, when completed according to the approved workplan, shall propose 
remedial objectives for all impacted environmental media, as appropriate. 


 
In addition, in reviewing the site-specific Method 3 Remedial Objectives derived pursuant to 
this Rule, the Director may evaluate the following factors: 


 
A. The potential for any remaining hazardous substances to pose a significant threat to 


human health or the environment; 
B. Correct application of the approved methodology; 
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C. The management of risk relative to any remaining contamination; 


 
D. Background levels for the applicable hazardous substances; and 


 
E. Circumstances related to the practicality of remediation. 


 
Method 3 Remedial Objectives shall also be utilized to develop remedial objectives which 
are protective of environmentally sensitive areas.  To the extent that remedial objectives 
protective of environmentally sensitive areas are required by the Director, the performing 
party must develop such remedial objectives in accordance with Rule 8.05 (Ecological 
Protection). 


 
If any Method 3 Remedial Objective results in an exceedance of any Upper Concentration 
Limit as described in Rule 8.07 (Upper Concentration Limits), then the Department reserves 
the right to require that the Method 3 Remedial Objective be adjusted downward to a 
concentration which prevents the exceedance. 


 
8.05 Ecological Protection:  Based on information provided in the Notification, Site 


Investigation or any other source, if a release of hazardous materials has the potential to 
adversely impact an environmentally sensitive area, then the Director may require the 
following, including but not limited to: 


 
A. An Ecological Risk Assessment, conducted in accordance with EPA/630/R-92/001, 


February 1992, Framework for Ecological Risk Assessment, or functional 
equivalent.  The Ecological Risk Assessment shall be conducted only after 
Department review and approval of an Ecological Risk Assessment Workplan; and 


 
B. An Ecological Risk Assessment Report, which proposes remedial objectives 


demonstrated to mitigate any risks to the impacted media identified in the Ecological 
Risk Assessment.  Soil objectives which result from the Ecological Risk Assessment 
Report shall be considered Method 3 Soil Objectives. 


 
8.06 Background Concentrations for Soil: 
 


A. Sampling of hazardous substances in background areas may be conducted to 
distinguish concentrations related to the contaminated-site from concentrations of 
hazardous substances not related to activities at the contaminated-site or to support 
the development of soil objectives under the provisions of Rule 8.02 (Soil 
Objectives). 


 
B. For purposes of defining background concentrations, samples shall be collected from 


areas that have the same characteristics as the soil at the contaminated-site, and meet 
the definition of background. 
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C. In order to evaluate or justify available data for the purposes of defining background 


concentrations, a performing party shall use a statistical method which is appropriate 
for the distribution of each hazardous substance and such method shall utilize a 
minimum of twenty samples*.  If the distribution of the hazardous substance data is 
inappropriate for statistical methods based on a normal distribution, then the data 
may be transformed.  If the distributions of individual hazardous substances differ, 
more than one statistical method may be required at a contaminated-site. 
 
*  Based on the statistically significant number of samples previously evaluated by the Department and 
on file to make the background determination for arsenic across the state, the requirements of Rule 
12.00 shall apply to evaluate arsenic in soil.    


 
D. For purposes of estimating background concentrations, values below the method 


detection limit shall be assigned a value equal to one-half of the method detection 
limit.  Measurements above the method detection limit, but below the practical 
quantitation limit shall be assigned a value equal to the method detection limit.  The 
Department may approve the use of alternate statistical procedures for handling data 
below the method detection limit or practical quantitation limit. 


 
8.07 Upper Concentration Limits:  Upper Concentration Limits in soil and groundwater are 


concentrations of hazardous substances which, if exceeded, may demarcate a transition 
between contaminated environmental media and waste in the environment.  Upper 
Concentration Limits are not applicable to soil which has been immobilized or encapsulated 
as part of an approved remedial response action. 


 
All remedial objectives shall address the following concentrations or conditions: 


 
A. The presence of non-aqueous phase liquids (NAPL) in any environmental medium 


shall be considered a condition that  exceeds Upper Concentration Limits; 
 


B. The Upper Concentration Limit for TPH in soil is 30,000 ppm; 
 


C. The Upper Concentration Limit for any hazardous substance in soil is 10,000 ppm; 
and 


 
D. Table 5 lists the Upper Concentration Limits in GB groundwater that  are protective 


against potential explosive conditions due to the volatilization of hazardous 
substances in groundwater to structures where human exposures cannot be 
reasonably expected to occur (see Appendix F). 
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 TABLE 5 
 
UPPER CONCENTRATION LIMITS FOR GB GROUNDWATER  
 
 Substance 


 
GB Groundwater UCL 


(mg/l) 
 
Benzene 


 
18 


 
Chlorobenzene 


 
56 


 
1,2-Dichloroethane  


 
670 


 
1,1-Dichloroethene  


 
23 


 
cis-1,2-Dichloroethene  


 
69 


 
trans-1,2-Dichloroethene  


 
79 


 
1,2-Dichloropropane  


 
140 


 
Ethylbenzene 


 
16 


 
Styrene 


 
50 


 
Toluene 


 
21 


 
1,1,1-Trichloroethane  


 
68 


 
Trichloroethene 


 
87 


 
 
8.08 Points of Compliance: 
 


A. Points of Compliance for Soils: 
 


i. The points of compliance for soils are points where the soil objectives 
established under Rule 8.02 (Soil Objectives) or Rule 8.04 (Method 3 
Remedial Objectives) shall be attained.  For soil objectives based on direct 
exposure to humans engaged in residential or industrial/commercial 
activities, the point of compliance shall be established in the soils throughout 
the contaminated-site, except as otherwise specified in Rule 8.02.A.i 
(General Requirements for Direct Exposure Criteria).  For soil objectives 
based on protection of GA/GAA or GB areas, the points of compliance shall 
be established throughout the contaminated-site in a manner consistent with 
Rule 8.02.A.ii (General Requirements for Leachability Criteria). 
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ii. For a contiguous volume of contaminated soil which is determined to pose 
risks associated with direct exposure to humans engaged in residential and 
industrial/commercial activities, separate and distinct points of compliance 
may be proposed, provided that such points of compliance are consistent with 
Rule 8.02.A.i (General Requirements for Direct Exposure Criteria) and are 
demonstrated to ensure protection of both residential and 
industrial/commercial activities.  Such points of compliance are subject to the 
approval of the Director. 


 
The performing party shall take affirmative steps to manage the 
contaminated-site such that the contaminated-site does not impact property 
which is not within the control of performing party, by ensuring that, at a 
minimum, the following requirements are met: 


 
1. The concentration of any hazardous substance in soil does not exceed 


the Method 1 Residential Direct Exposure Criterion as described in 
Rule 8.02 (Soils Objectives) and as specified in Table 1 at any point 
beyond the control of the performing party; 


 
2. The direct exposure criteria which is applied to the full areal extent 


which is under the control of the performing party does not present 
threats to human health and the environment at any point within that 
control pursuant to Rule 8.01 (Remedial Objectives), Rule 8.02 (Soil 
Objectives) or Rule 8.04 (Method 3 Remedial Objectives) as 
appropriate; and 


 
3. The performing party shall provide formal written documentation to 


the Department demonstrating the performing party's control over the 
full areal extent of the Method 1 Residential Direct Exposure 
Criterion exceedance including, but not limited to the following, as 
appropriate: 


 
a. Documented acceptance of any residential direct exposure 


criterion developed pursuant to Rule 8.04 (Method 3 
Remedial Objectives) and all supporting documentation used 
in their derivation from all landowners whose property is 
impacted by the release; and 


 
b. An environmental land usage agreement entered into by all 


impacted land owners pursuant to Rule 8.09 (Institutional 
Controls), if the exposure assumptions made in the 
development of the Method 3 Remedial Objective are such 
that they need to be institutionally maintained in order to 
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guarantee long-term protection of human health and the 
environment. 


 
iii. For a contaminated-site that  is determined to actually or potentially impact 


GA/GAA and GB areas, separate and distinct points of compliance for soils 
may be proposed, provided that such points of compliance are consistent with 
Rule 8.02.A.ii (General Requirements for Leachability Criteria) and are 
demonstrated to ensure compliance with both GA and GB Groundwater 
Objectives. 


 
iv. Points of compliance for soils based on impacts to environmentally sensitive 


areas shall be established throughout the contaminated-site or as determined 
in the ecological risk assessment performed in accordance with Rule 8.05 
(Ecological Protection). 


 
B. Points of Compliance for Groundwater: 


 
i. Points of Compliance with the GA Groundwater Objectives: 


 
Any point where the groundwater quality is monitored or where groundwater 
is withdrawn for use, excepting points within a discharge zone or residual 
zone approved pursuant to Section 13 of the Groundwater Quality 
Regulations, may be used to determine compliance with the groundwater 
objectives for the area.  Points of compliance with GA Groundwater 
Objectives may be on, or in close downgradient proximity to, the 
contaminated-site. 


 
ii. Points of Compliance with the GB Groundwater Objectives: 


 
1. Points of compliance with GB Groundwater Objectives shall be 


established at locations which provide ample warning prior to 
groundwater flow into, under and around structures.  Specifically: 


 
a. Points of compliance with the GB Groundwater Objectives 


shall be established along a line situated approximately 30 
feet (or any other appropriate and hydrologically defensible 
distance approved by the Director) laterally from any facility 
structure boundary, including, but not limited to utility 
conduits and structures such as sewer lines and pump houses; 


 
b. These points of compliance shall be situated along this line in 


a manner consistent with the groundwater flow direction; 
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c. The spacing between points of compliance on the line will 
depend on site-specific information such as size of the 
structure, and must be managed in such a way as to provide 
sufficient information regarding any potential impacts from 
contaminated groundwater volatilizing to indoor air; 


 
d. These points of compliance may be in addition to points of 


compliance designated for source control activities; and 
 


e. The Department reserves the right to require additional or 
separate points of compliance based on site-specific 
circumstances; 


 
2. The performing party shall take affirmative steps to eliminate 


migration of any hazardous substance in groundwater to a GB area 
which is not under the control of the performing party, by ensuring 
that, at a minimum, the following requirements are met: 


 
a. The concentration of the hazardous substance in groundwater 


does not exceed the Method 1 GB Groundwater Objective as 
specified in Table 4 at any point beyond the control of the 
performing party; and 


 
b. The GB Groundwater Objective which is applied to the full 


areal extent which is under the control of the performing 
party does not present threats to human health and the 
environment at any point within that control pursuant to Rule 
8.01 (Remedial Objectives), Rule 8.03.A (General 
Requirements for Groundwater Objectives), 8.03.C (Method 
2 GB Groundwater Objectives) or Rule 8.04 (Method 3 
Remedial Objectives) as appropriate; 


 
3. The performing party shall provide formal written documentation to 


the Department demonstrating the performing party's control over the 
full areal extent of the Method 1 GB Groundwater Objective 
exceedance including, but not limited to the following, as 
appropriate: 


 
a. Documented acceptance of the GB Groundwater Objectives 


and all supporting documentation used in their derivation 
from all landowners whose property is impacted by the 
release; and 
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b. An environmental land usage agreement entered into by all 
impacted land owners pursuant to Rule 8.09 (Institutional 
Controls), if the exposure assumptions made in the 
development of the GB Groundwater Objectives are such that 
they need to be institutionally maintained in order to 
guarantee long-term protection of human health and the 
environment. 


 
4. Points of compliance for groundwater based on impacts to 


environmentally sensitive areas shall be established throughout the 
contaminated-site or as determined in the ecological risk assessment 
performed in accordance with Rule 8.05 (Ecological Protection). 


 
8.09 Institutional Controls:  Performing parties must institute environmental land usage 


restrictions for all properties subject to final decisions which result in levels of hazardous 
substances greater than those protective against direct exposure associated with residential 
land usage; or are subject to final decisions under a variance pursuant to Rule 13.03 
(Variances) relating to a remedial objective pursuant to these regulations; or are subject to 
any final decisions based solely or in part on the limitation of reasonably foreseeable 
exposures to hazardous substances in any media. 


 
The owner(s) of the contaminated-site shall document their concurrence with this restriction 
by recording  an Environmental Land Usage Restriction , and filing it with the Department.  
The standard format for this agreement is provided in Appendix G.  The executed 
Environmental Land Usage Restriction  shall run with the land, as recorded on the title(s) to 
the property (or properties) on which the contaminated-site is situated, and shall be binding 
on all owners, successors and/or assigns.  This notice , and the associated restrictions and 
controls shall be subject to approval by the Director and shall include provisions to 
accomplish all of the following: 


 
A. Prohibit activities on the contaminated-site that may interfere with a remedial action 


and its operation and maintenance, long-term monitoring or other measures 
necessary to assure the integrity of the remedial action; 


 
B. Prohibit activities that may result in human exposure to levels of hazardous 


substances that  exceed the concentrations that have been determined to be protective 
of human health, or that may result in a release of hazardous materials which was 
contained as part of the remediation; 


 
C. Require prior notice to the Department of the owner's intent to convey any interest in 


the contaminated-site.  A conveyance of title, an easement, or other interest in the 
property or portion of the property shall not be consummated by the owner without 
complete and full disclosure of the plans and procedures, and adequate and complete 
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provision for the continued operation of the remedy and the prevention of releases 
and exposures as described in Rule 8.09.B; 


 
D. Grant to the Department and its designated representatives the right to enter the 


property at reasonable times for the purpose of monitoring compliance with the 
remedial action; and 


 
E.  Describe the restrictions placed on the property and/or the allowable uses of the 


property. 
 


A copy of the final, recorded notice must be submitted to the Department within fifteen (15) 
days of the date that it is entered into the Land Evidence Records. 


 
8.10 Compliance Sampling: 
 


A contaminated-site is considered by the Director to be compliant with the Remediation 
Regulations when it is demonstrated that the appropriate remedial objectives have been met 
at all source areas within the contaminated-site.  This Rule specifies procedures for 
determining compliance with the appropriate soil objectives and groundwater objectives 
applied to the contaminated-site.  Compliance procedures with all other remedial objectives 
shall be determined on a site-specific basis.  Rule 12.0 specifies requirements specific to 
arsenic in soil. 


 
A. Compliance with the Soil Objectives: 


 
All performing parties have, unless otherwise specified by the Director, two 
alternatives for determining compliance with soil objectives.  These alternatives are: 


 
i. A performing party may propose in the Remedial Action Work Plan to verify 


compliance by taking less than twenty samples for laboratory analysis.  This 
must be accomplished by a representative sampling program used to 
characterize the distribution and concentration of hazardous substances at the 
former source area.  The analytical results of all samples taken using this 
approach, including any and all specific samples which may be specified 
and/or taken by the Department, must be below the appropriate soil objective 
in order for the source area to be considered compliant with these 
Regulations; or 


 
ii. A performing party may propose in the Remedial Action Work Plan to verify 


compliance by geometrically griding the former source area and taking not 
less than twenty compliance samples for laboratory analysis at the 
intersecting points of the grid If a performing party utilizes this criteria they 
may also propose a statistical analysis methodology for determining 
compliance. The Department reserves the right to take or require additional 
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compliance samples as warranted, and the statistical evaluation shall account 
for all samples taken.  The methodology must meet the following criteria: 
1. No single sample result exceeds the soil objective by a factor of 5; 


 
2. No more than 10% of the individual sample results exceed the soil 


objective; and 
 


3. No single sample result exceeds any Upper Concentration Limit as 
defined by Rule 8.07 (Upper Concentration Limits). 


 
No compliance sampling plan shall be accepted that includes sample results 
outside the former source area in  the statistical evaluation of results. 


 
B. Compliance with the Groundwater Objectives: 


 
Compliance with the groundwater objectives shall be determined through laboratory 
analysis of representative samples used to characterize the distribution and 
concentration of hazardous substances migrating from the contaminated-site.  The 
analytical results of all samples taken using this approach must be below the 
appropriate groundwater objective in order for the contaminated-site to be considered 
compliant with these Regulations. 


 
8.11 Remedial Objective Approvals:  All remedial objectives must be approved by the 


Department at one of two points in the site management process.  These are: 
 


A. Rule 7.04 (Development of Remedial Alternatives); or 
 


B. Rule 9.02 (Remedial Objectives). 
 
 
9.00 REMEDIAL ACTION WORK PLAN  
 
9.01 Remedial Action Work Plan:  The performing party for a contaminated-site where 


remedial action is found to be necessary under these regulations must prepare and submit to 
the Department for review and approval a Remedial Action Work Plan documenting how the 
proposed remedial action will be implemented.  The Remedial Action Work Plan shall be 
submitted along with the required fee per Rule 10.02. The Director shall base the decision to 
require remedial action on the information available on the mobility, toxicity and volume of 
the hazardous material released and the resulting potential for harm to human health and the 
environment. 


 
The performing party may prepare and submit a limited Remedial Action Work Plan for 
interim or partial remedial actions.  Limited or partial Remedial Action Work Plans must 
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contain appropriate assurances that a more complete scope of activities will be evaluated as 
the contaminated-site is investigated and characterized. 


 
9.02 Remedial Objectives:  The Remedial Action Work Plan must present a remedial action 


which addresses remedial objectives for all impacted media at the contaminated-site in a 
manner consistent with Section 8 (RISK MANAGEMENT), including, as appropriate, the 
following: 


 
A. Groundwater Objectives:  The performing party must propose a remedial objective 


for all hazardous substances found to have actual or potential impacts on 
groundwater. 


 
B. Surface Water and Sediment Objectives:  The performing party must propose a 


remedial objective for all hazardous substances found to have actual or potential 
impacts on surface water and/or sediments, that is consistent with the actual and 
potential uses of the surface water and/or sediment in the impacted area, and the 
policies and regulations of the Division of Water Resources;   


 
C. Soil Objectives:  The performing party must propose a remedial objective for all 


hazardous substances and TPH found to have actual or potential impacts on soil, that 
is consistent with the actual and potential uses of the land in the impacted area.  The 
remedial objective for soil must also take into account the potential for the hazardous 
substances to leach into groundwater and/or surface water from these impacted soils 
and, subsequently, should be consistent with the actual and potential uses of the 
ground water and/or surface water in the impacted area and the policies and 
regulations of the appropriate regulatory authority for that resource; and  


 
D. Air Objectives:  The performing party must propose a remedial objective for all 


hazardous substances found to have actual or potential impacts on air quality, 
whether the impact is from gaseous or particulate emissions and/or entrainment on 
soil.  That air objective must be consistent with the requirements of the Rhode Island 
Clean Air Act and the rules and regulations promulgated pursuant thereto.  


 
The remedial objectives for each media should be expressed, wherever possible or 
appropriate, as a residual concentration of hazardous material or hazardous substance.  
However, for remedial actions which include no action/natural attenuation or combinations 
of engineering and institutional controls which involve containment of contaminated media, 
the Remedial Action Work Plan shall demonstrate that the proposed remedial action will 
address the remedial objectives for all impacted media at the contaminated-site in a manner 
consistent with Rule 8.01 (Remedial Objectives).  Department approval of this 
demonstration shall serve as the Remedial Objective Approval pursuant to Rule 8.11 
(Remedial Objective Approvals).  This demonstration may be in addition to the 
documentation of compliance with Section 8 (RISK MANAGEMENT) required by Rule 
7.04 (Development of Remedial Alternatives). 
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The remedial objectives must also consider and manage any short-term risks to human health 
and the environment associated with the remedial action implementation.  
The performing party must estimate the time period necessary to meet all appropriate 
remedial objectives for groundwater, surface water, sediment, soil and air.  In every case, a 
remedial action should be designed, whenever practicable, as a permanent solution to meet 
the remedial objectives for hazardous substances in all affected media in the shortest time 
frame feasible. 


 
9.03 Proposed Remedy:  The Remedial Action Work Plan shall clearly explain the proposed 


remedy and justify the ability of the remedy to meet the remedial objectives.  For remedies  
that include on-site treatment and/or containment of contaminated media, the Remedial 
Action Work Plan shall  include the  best management practices proposed  to: 


 
A. Prevent the infiltration/migration of hazardous substances at levels harmful to human 


health or the environment; 
 


B. Prevent direct contact with hazardous substances at levels harmful to human health 
and the environment; 


 
C. Eliminate volatilization and entrainment of hazardous substances; and 
 
D. Minimize and manage surface runoff from the area including during and after the 


remedial action.  The plan shall identify all locations of existing and/or proposed  
infiltration systems. 


 
9.04 Remediation of Impacted Groundwater:  The Remedial Action Work Plan must clearly 


explain how impacted groundwater will be remediated.  Remediation of groundwater must 
meet the requirements of Section 16 of the Groundwater Quality Regulations, as well as the 
requirements of Section 8 (RISK MANAGEMENT) of the Remediation Regulations.  Any 
Remedial Action Work Plan which includes the proposal of a discharge zone and/or a 
residual zone must submit the required proposals and meet the required demonstrations of 
Rules 13.03 and 13.04 of the Groundwater Quality Regulations, respectively. 


 
9.05 Limited Design Investigation:  The Director may require the performing party to include a 


proposed Limited Design Investigation in the Remedial Action Work Plan in order to gather 
information necessary for the design and construction of a specific remedy.  The performing 
party may also propose to include a Limited Design Investigation in the Remedial Action 
Work Plan in order to gather information necessary for the design and construction of a 
specific remedy.  Activities proposed as part of this Limited Design Investigation must meet 
the requirements of Section 7 (SITE INVESTIGATION) of these regulations. 
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9.06 Points of Compliance:  The Remedial Action Work Plan must clearly indicate the locations, 
for each impacted medium where hazardous substances will be measured in order to 
determine if the remedial objectives have been met.  These points will be designated Points 
of Compliance.  Remedial actions will be initially focussed on meeting remedial objectives 
set for the contaminated-site, and compliance must be measured throughout that 
contaminated-site.  The Points of Compliance must be managed in a manner consistent with 
Rule 8.08 (Points of Compliance).  Rule 12.0 specifies requirements unique to arsenic in 
soil. 


 
9.07 Proposed Schedule for Remediation:  The Remedial Action Work Plan must include a 


proposed schedule for implementing the proposed remedial action. 
 
9.08 Contractors and/or Consultants:  The performing party must include the names, addresses 


and telephone numbers of the contact persons of any contractors or consultants hired to 
implement or operate the remedy proposed in the Remedial Action Work Plan.  The 
responsibilities of each consultant and/or contractor must be clearly explained.  If the actual 
consultant or contractor has not been determined at the time of application, the expected 
duties of each company must be explained and the Department must be notified as soon as 
the specific companies are selected. 


 
9.09 Site Plan:  The Remedial Action Work Plan must include a site plan.  The site plan 


submitted as part of the Site Investigation, conducted pursuant to Rule 7.03.F, must be 
amended to include any further information available to the performing party, and the 
locations of all proposed remedial units and monitoring points.  The Points of Compliance 
must also be clearly marked on the site plan. 


   
9.10 Design Standards and Technical Specification:  The Remedial Action Work Plan must 


include all design standards and technical specifications necessary for the design of the 
proposed remedy.  Design standards and technical specifications will include, where 
appropriate: 


 
A. Identification of the materials of construction of all portions of the remedy; 


  
B. The type of equipment to be used, including unit capacity and dimensions; 


 
C. The results of any laboratory or pilot-scale tests conducted to determine the 


effectiveness of the proposed remedial action; and 
 


D. Any manufacturer's literature and/or technical guidance documents on the 
construction, implementation and/or operation of proposed units. 


 
These portions of the Remedial Action Work Plan must be prepared under the supervision of 
a Registered Professional Engineer in the State of Rhode Island, and stamped by that 
engineer prior to submittal. 
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9.11 Set-up Plans:  The Remedial Action Work Plan must explain any pre-operational staging or 


construction requirements which must be completed prior to the installation and operation of 
the proposed remedial actions.  These pre-operational staging or construction activities may 
include the installation of pads, liners, or berms; any intrusive activities; or any 
contaminated-site contouring or grading which may be necessary.  The Set-Up Plan must 
show how any construction or staging activities will be done in a manner in compliance with 
any applicable laws, rules and regulations. 


 
9.12 Effluent Disposal:  The Remedial Action Work Plan must include specific plans for the 


management and disposal of any products or by-products from the proposed remedial action. 
 This section must also identify what regulations must be complied with during, and what 
permits or approvals must be obtained prior to, any planned effluent disposal actions. 


 
9.13 Contingency Plan:  The Remedial Action Work Plan must include a Contingency Plan 


which clearly explains the procedures to be followed and the persons to be notified in the 
event of an unexpected incident involving hazardous materials at the contaminated-site.  The 
Contingency Plan must include, at a minimum, the following information: 


 
A. The names and telephone numbers of all emergency coordinators; 


 
B. All emergency response procedures and arrangements; and 


 
C. A description of the procedures necessary for the prevention of ignition and/or 


reaction of any flammable material or reactive materials, where appropriate. 
 


The Contingency Plan must be available at the contaminated-site at all times during the 
implementation and operation of the remedial action.  


 
9.14 Operating Log:  The Remedial Action Work Plan must include a proposed Operating Log 


which clearly and completely records activities on-site and shows how the implementation 
and operation of the remedial action is progressing.  This Operating Log must include, at a 
minimum, the following information: 


 
A. Time periods of operation of the remedial unit and approximate flow rates; 


 
B. Records of any analyses conducted as part of the remedial action; 


 
C. Instances of implementation of the Contingency Plan; and 


 
D.  An inspection plan designed to insure the proper operation of the proposed remedial 


unit.  Operating treatment units must be inspected at least weekly unless an 
alternative inspection frequency is approved by the Director. 
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Documentation of these inspections and any problems found and/or repairs made must be 
included. 


 
The Operating Log must be readily available at the contaminated-site during implementation 
and operation of the remedial action.  A copy of this log must be submitted to the 
Department annually unless an alternative submittal frequency is approved by the Director 
for the duration of the active operation of the treatment unit. 


 
The Operating Log must be kept for at least three (3) years following completion of the 
remedial action. 


 
9.15 Security Procedures:  The Remedial Action Work Plan must include a description of the 


security procedures proposed to prevent unknowing access to the contaminated-site or key 
features identified at the contaminated-site.  This section must include descriptions of any 
natural boundaries or any existing or proposed walls or fences surrounding the 
contaminated-site.  Means to control entry to the contaminated-site or key features identified 
at the contaminated-site must also be clearly explained. 


 
9.16 Shut-Down, Closure and Post-Closure Requirements:  The Remedial Action Work Plan 


must contain a section outlining the procedures required to shut-down and close the remedial 
units.  This section must also outline any proposed post-closure activities, including 
monitoring and/or institutional controls restricting future land usage at the contaminated-site. 
 All post-closure groundwater monitoring must be done in accordance with a program 
meeting the requirements of Section 12 of the Groundwater Quality Regulations. 


 
9.17 Institutional Controls and Notices:  The Remedial Action Work Plan must indicate a 


methodology for providing notice to the general community, and contain specific plans and 
implementation procedures for land usage restrictions, restrictions on the use of groundwater 
on the contaminated-site, and institutional controls in accordance with Rule 8.09 
(Institutional Controls) for all remedial actions that are not determined by the Director to 
provide a permanent solution.   


 
9.18 Compliance Determination:  The Remedial Action Work Plan must include a section 


outlining the procedures to be employed in order to demonstrate that the remedial objectives 
for the contaminated-site have been met.  Such compliance determination must be proposed 
in a manner consistent with Rule 8.10 (Compliance Sampling). 


 
9.19 Certification Requirements:  The Remedial Action Work Plan and all associated progress 


reports must include the following statements signed by an authorized representative of the 
party specified: 


 
A. A statement signed by an authorized representative of the person who prepared the 


Remedial Action Work Plan certifying the accuracy of the information contained in 
that report to the best of their knowledge; and 
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B. A statement signed by an authorized representative of the performing party 


responsible for the submittal of the Remedial Action Work Plan certifying that the 
report is a complete and accurate representation of the contaminated-site and the 
release and contains all known facts surrounding the release to the best of their 
knowledge. 


 
 
10.00 REMEDIAL ACTION APPROVALS 
 
10.01 Remedial Action Approvals:  The performing party must receive approval of the Remedial 


Action Work Plan from the Director prior to initiating any activities contained therein. 
 


Remedial Action Approvals that  include the treatment of hazardous waste at the 
contaminated-site will be in the form of a Temporary Remedial Action Permit subject to the 
requirements and conditions of R.I.G.L. 23-19.1-10.3, Emergency and Temporary Permits.  
The performing party must have a Temporary Remedial Action Permit throughout the period 
that hazardous waste is being treated. 


 
Approvals for remedial actions that  include the remediation of impacted groundwater in 
GA/GAA areas to remedial objectives other than those listed in Table 3 of Rule 8.03.B.i 
(Method 1 GA Groundwater Objectives) must obtain a Groundwater Quality Certification 
pursuant to the requirements of Section 17 of the Groundwater Quality Regulations. 


 
The Director may issue conditions to the Remedial Action Approval when the Director finds 
that those conditions are necessary to protect human health and the environment.  Conditions 
may include, but not necessarily be limited to, requirements that the  performing party 
provide financial assurances that the remedial action will continue. 


 
10.02 Remedial Action Approval Application Fees:  The application fee for Remedial Action 


Approvals shall be one thousand ($1,000.00) dollars. 
 
10.03 Change in Ownership, Administration and/or Location: 
 


A. At least thirty (30) days prior to any change in ownership of the contaminated-site or 
a change in operator of the Remedial Action, the performing party must notify the 
Director of the proposed change. 


 
B. Remedial Action Approvals shall be voidable whenever there is a change in 


ownership of the contaminated-site or a change in operator of the Remedial Action. 
 
10.04 Remedial Action Approval Modifications:  The performing party must apply to the 


Director for approval of any modifications that the performing party finds necessary during 
the design, construction or implementation of the remedy. 
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The Director may require modification of a permit or approval if there is reason to believe 
that the remedy is not working as anticipated.  
 
The Director may require a new Remedial Action Work Plan in cases where the Director 
determines that the proposed modifications substantially alter any process or the results of 
the remedy. 


 
10.05 Revocation or Suspension of Permits and Approvals:  The Director may order the 


immediate cessation of any remedial action whenever the Director determines that a 
performing party is not in compliance with all of the appropriate rules and regulations 
established by the Department, or that the performing party is not performing the remedial 
action in conformance with approved plans or conditions of a permit or approval. 


 
The Director may, in lieu of revocation or suspension of the permit or approval issued to the 
performing party, order that performing party to take whatever corrective action is needed to 
secure compliance with the rules and regulations established by the Department. 


 
 
11.00 REMEDIAL ACTION 
 
11.01 Operational Requirements:  These rules apply to all performing parties conducting any 


remedial action activities. 
 
11.02 Proper Operation and Maintenance:  The performing party must operate and maintain all 


portions, activities and/or operations in accordance with all the terms and conditions of its 
Remedial Action Approval, and all other applicable laws and regulations.  The Department 
must be notified in writing immediately if the performing party suspects or has reason to 
believe that any of the remedial objectives will not be met.  


 
11.03 Operating Records:  The performing party must maintain an operating log as specified in 


Rule 9.14 (Operating Log) or as otherwise specified by the Director in the Remedial Action 
Approval. 


 
11.04 Personnel Training:  The performing party must maintain a personnel training program as 


specified in the Remedial Action Approval. 
 
11.05 Progress Reports:  The performing party must submit progress reports at least quarterly.  


The reports must clearly explain all activities specified in the Remedial Action Approval 
which have been initiated or which have been completed.   


 
Progress reports must also include the results of all sampling and analysis conducted at the 
contaminated-site. 
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After completion of the remedial action, the results of all post-closure monitoring must be 
submitted to the Director. 


 
11.06 Effluent Disposal:  The performing party must dispose of all treated effluent, products 


and/or byproducts from the proposed remedial action in the manner specified in the 
Remedial Action Approval and in compliance with any other applicable rules and 
regulations. 


 
11.07 Initiator:  The performing party must comply with all applicable Rules of Section 5.00 of 


the Rules and Regulations for Hazardous Waste Management, as amended, for all hazardous 
waste shipments that they initiate. 


 
The performing party must comply with the requirements of the Rules and Regulations for 
Solid Waste Management Facilities, as amended, for all solid waste shipments that they 
initiate.  


 
11.08 Security:  The performing party must maintain a contaminated-site security program 


equivalent to that specified in the Remedial Action Approval. 
 
11.09 Closure and Post Closure:  The performing party must close the remedial action and 


maintain all post-closure requirements as specified in the Remedial Action Approval.  
Compliance with the Remedial Action Approval shall be documented in a Closure Report 
submitted to the Department for review and approval. 


 
 
12.0 SPECIAL REQUIREMENTS FOR MANAGING ARSENIC IN SOIL   
 
12.01 Background:  Arsenic is a naturally occurring element in soil.  Because background levels 


for arsenic across the state have been determined to be above the calculated risk-based value, 
per Rule 8.01, the Method 1 Residential, and Industrial/Commercial Exposure Criterion are 
set at 7.0 ppm.  This value represents the 95th percent upper confidence limit when natural 
background data across the state are statistically evaluated.  Based on the numerous samples 
evaluated by the Department in making this determination, and the prevalence of arsenic in 
the environment, the special requirements of Rule 12.00 shall apply to address arsenic in 
soil.    


12.02 Sampling Requirements:    
 


A. The performing party shall ensure that the number, location, depth, and distribution of 
arsenic samples taken as part of the site investigation are adequate to properly characterize 
the site, the release, and all specific areas of concern.  The Site Investigation submittal shall 
include the rationale utilized for selecting sample locations.     
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B. Minimum Sampling Frequency:  The following number of samples, at a minimum, shall 
be collected and analyzed for arsenic* to evaluate site conditions against the standard.  
Additional samples may be required based upon site-specific conditions. 


 
 


Site Size (acres)  Minimum # of Site Samples Required 
 
1 acre or less   10 samples minimum 
1 to 5 acres   10 samples + 2 per additional acre over 1st acre 
Greater than 5 acres   18 samples + 1 per additional acre over 5th acre  


 
*  Given the statistically significant number of arsenic samples on file at the Department and evaluated 
to make the background determination for arsenic across the state, the requirements  herein have been 
set to evaluate site-specific arsenic conditions against the standard, in lieu of the minimum 20 samples 
required per Rule 8.06.  


 
12.03 Determining Compliance with the Standard: 
 


Given the statistically significant number of arsenic samples evaluated by the Department 
across the state to determine natural background levels, the following procedures may be 
utilized for evaluating data collected in accordance with Rules 12.02 A &B above, to 
determine compliance with the 7.0 ppm Method 1 Direct Exposure Criterion for arsenic.  Site 
arsenic conditions meeting all these requirements shall be deemed consistent with state 
background levels, and hence be non-jurisdictional for arsenic: 
      


A.   No individual sample result from the data set shall be greater than 15 ppm, 
B. No greater than 10% of sample results from the data set shall exceed 7.0 ppm, 


and 
C. The average of all sample results shall be 7.0 ppm or less. 


 
Note: The laboratory method reporting limit shall be set at or below the standard (i.e. no greater than 7.0 ppm).  
Analytical results indicating �non-detect�, shall be evaluated at half the method reporting limit value when 
determining compliance with the standard above. . 


 
12.04  Remedial Options for Jurisdictional Arsenic Releases Above 7.0 ppm: 


 
 When arsenic is jurisdictional, the following remedial options may be utilized: 
 


A. Average source area arsenic levels between 7 and 15 ppm as the only contaminant of 
concern, with no individual sample result from the data set greater than 15 ppm: 


  
i. Excavation and removal of all contaminated soils with proposed 


confirmation sampling. 
ii. Encapsulation of existing soils with six inches (6�) minimum of clean soil 


that has arsenic levels less than 7.0 ppm, preventing erosion with adequate 
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vegetation and/or mulch, and recording of an appropriate Environmental 
Land Usage Restriction (ELUR) to maintain said engineering controls. 


iii. Encapsulation of existing soils with a minimum of three inches (3�) of 
asphalt or concrete, and recording of an appropriate ELUR to maintain said 
engineering controls. 


iv. Soil blending or tilling of wet/damp soil, with re-sampling per Rule 12.02 to 
determine compliance with the standard. 


v. Phytoremediation with re-sampling per Rule 12.02 to determine compliance 
with the standard. 


vi. A site-specific remediation plan that has been reviewed and approved in 
writing by the Department. 


 
B. Source area arsenic levels above 15 ppm:  


 
i. Excavation and removal of all contaminated soils with proposed 


confirmation sampling. 
ii. Encapsulation of existing soils with two feet (2�) of clean soil, preventing 


erosion with adequate vegetation and/or mulch, and recording of an 
appropriate ELUR to maintain said engineering controls. 


iii.  Encapsulation of existing soils with six inches (6�) of clean soil with a 
minimum of four inches (4�) of asphalt or concrete, and recording of an 
appropriate ELUR to maintain said engineering controls. 


iv. Encapsulation of existing soils with one foot (1�) of clean soil over a geo-
fabric material with minimum puncture strength of 120 lbs., and burst 
strength of 400 psi, and recording of an appropriate ELUR to maintain said 
engineering controls. 


v. A site-specific remediation plan that has been reviewed and approved in 
writing by the Department.  Capping alternatives proposed shall include 
measures equivalent to a two-foot (2�) soil cap. 


 
12.05 Certification Requirements for Sites Formerly Jurisdictional 
 


An owner of a site formerly jurisdictional under the "Rules and Regulations for the 
Investigation and Remediation of Hazardous Material Releases, as amended August 1996", 
for arsenic in soil (as the only contaminant of concern), may record on the property title a 
completed Release Form in Appendix H to certify compliance with the current arsenic 
standard if they meet the requirements of Rule 12.03, after forwarding said release form to 
the Department.   This Rule applies to sites where a previously approved remedy required 
the recording of an ELUR on the title to address arsenic in soil.  
 
 


13.00 VARIANCES AND EXTENSIONS 
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13.01 Applications:  An applicant may apply to the Director for a variance from or extension to 
any of these rules and regulations.  The Director may require the collection and/or 
submission of information the Director deems necessary to fully evaluate such application. 


 
13.02 Extensions:  The Director may upon request, issue an extension to any of the time tables and 


schedules required by these regulations in the form of a variance. 
 
13.03 Variances:  The Director may upon application, issue a variance under this rule when 


compliance with these rules and regulations would cause unreasonable or undue hardship to 
the applicant, provided the applicant can also present substantial evidence that the issuance 
of a variance will, at a minimum: 


 
A. provide protection to human health and the environment equivalent to that which is 


provided by these regulations; 
 


B. not result in exceedances of applicable remedial objectives as described in Section 8 
(RISK MANAGEMENT) beyond the control of the performing party; 


 
C. not endanger the public health and safety; 
D. not significantly interfere with the public use and enjoyment of any recreational 


resource; 
 


E. not significantly adversely impact any surface water or any groundwater, or cause 
contamination of any drinking water supply or tributary thereto; and 


 
F. not violate any provisions of any pertinent federal or state statutes, rules or 


regulations regarding air, land or water resources. 
 


In determining whether the applicant has met these requirements, the Director may consider 
background conditions.  Other conditions which the Director will take into consideration 
when evaluating a request for a variance will include, but not be limited to, groundwater 
classification, contaminant migration pathways, mobility and toxicity of constituents of 
concern, volume of contamination, institutional controls and the resulting risk to human 
health and the environment. 


 
The Director reserves the right to limit the effective time period for a variance. 


    
13.04 Department's Evidence:  The Department, through its authorized agents, may present 


evidence to the Director relative to any application or request for an extension or variance. 
 
13.05 Remonstrant:  Remonstrants who have been notified, as required by this rule, may present 


evidence to the Director relative to any application or request for an extension or variance it 
submits for approval or modification. 
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13.06 Decision:  The Director may grant or deny the variance after hearing provided, however, that 
the variance may be subject to such terms and conditions as the Director may deem 
necessary to protect the public health and safety, and the environment. 


 
 
 
14.00 PENALTIES AND APPEALS 
 
14.01 Penalties:  Administrative penalties may be assessed for any violation of these regulations 


and will be calculated based on the methodology specified in the Department of 
Environmental Management Rules and Regulations for the Assessment of Administrative 
Penalties.   


 
14.02 Appeals:  Any person affected by a decision of the Director pursuant to these regulations 


may, in accordance with the Administrative Rules of Practice and Procedure for the 
Department of Environmental Management, file a claim for an adjudicatory hearing to 
review the decision.  The party appealing a Department decision bears the burden of proving 
that they comply with the requirements of the rules and regulations herein and that the denial 
by the Department was arbitrary and capricious or characterized by an abuse of discretion. 
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The foregoing "Rules and Regulations for the Investigation and Remediation of Hazardous Material 
Releases, as amended 2004" after due notice and public comment are hereby adopted and filed with 
the Secretary of State, this __   th day of ______________, 2004  to become effective twenty (20) 
days thereafter, in accordance with the provisions of Chapters 42-17.1-2, 42-35, 23-19.1, 23-19.14, 
46-12 and 46-13.1 of the General Laws of Rhode Island, 1956, as amended. 
 
 
 


______________________________________ 
Frederick J. Vincent  Acting Director 
Department of Environmental Management 


 
 
 
Notice Given on:     ___31 July 2003___    
 
Public Comment Period:  31 July through 31 August 2003  
 
Filing Date:      ________________ , 2004   
 
Effective Date:     _________________,2004  
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Appendix A 
 DEFINITIONS INCORPORATED BY REFERENCE IN THE  
 REMEDIATION REGULATIONS 
 


National Contingency Plan 
 
40 CFR 300.5;  Definitions: 
 


"Hazardous substance" as defined by section 101(14) of CERCLA, means: Any substance 
designated pursuant to section 311(b)(2)(A) of the CWA; any element, compound, mixture, solution, 
or substance designated pursuant to section 102 of CERCLA; any hazardous waste having the 
characteristics identified under or listed pursuant to section 3001 of the Solid Waste Disposal Act 
(but not including any waste the regulation of which under the Solid Waste Disposal Act has been 
suspended by Act of Congress); any toxic pollutant listed under section 307(a) of the CWA; any 
hazardous air pollutant listed under section 112 of the Clean Air Act; and any imminently hazardous 
chemical substance or mixture with respect to which the EPA Administrator has taken action 
pursuant to section 7 of the Toxic Substances Control Act.  The term does not include petroleum, 
including crude oil or any fraction thereof which is not otherwise specifically listed or designated as 
a hazardous substance in the first sentence of this paragraph, and the term does not include natural 
gas, natural gas liquids, liquified natural gas, or synthetic gas usable for fuel (or mixtures of natural 
gas and such synthetic gas). 


 
 
"Release" as defined by section 101(22) of CERCLA, means any spilling, leaking, pumping, 


pouring, emitting, emptying, discharging, injecting, escaping, leaching, dumping, or disposing into 
the environment (including the abandonment or discarding of barrels, containers, and other closed 
receptacles containing any hazardous substance or pollutant or contaminant), but excludes:  Any 
release which results in exposure to persons solely within a workplace, with respect to a claim which 
such persons may assert against the employer of such persons; emissions from the engine exhaust of 
a motor vehicle, rolling stock, aircraft, vessel, or pipeline pumping station engine; release of source, 
byproduct, or special nuclear material from a nuclear incident, as those terms are defined in the 
Atomic Energy Act of 1954, if such release is subject to requirements with respect to financial 
protection established by the Nuclear Regulatory Commission under section 170 of such Act, or, for 
the purposes of section 104 of CERCLA or any other response action, any release of source, 
byproduct, or special nuclear material from any processing site designated under section 102(a)(1) or 
302(a) of the Uranium Mill Tailings Radiation Control Act of 1978; and the normal application of 
fertilizer.  For purposes of the NCP, release also means threat of release. 
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 Appendix B 
 ANALYTICAL METHODS FOR REPORTING 
 
 
Volatile Organic Compounds - EPA Method 8240, 8260, and 5035 
 
Semi-Volatile Organic Compounds - EPA Method 8270 
 
PCB/Pesticides - EPA Method 8080 
 
Inorganics - Compound Specific Applicable EPA Method 
 


Compound   EPA Method 
 


Antimony   6010, 6020, 7040, 7041, 7062 
Arsenic   6010, 6020, 7060, 7061, 7062, 7063 
Beryllium   6010, 6020, 7090, 7091 
Cadmium   6010, 6020, 7130, 7131 
Chromium III  Subtract Chromium VI from Total Chromium 
Chromium VI  7195, 7196, 7197, 7198, 7199 
Total Chromium 6010, 6020, 7190, 7191 
Copper   6010, 6020, 7210, 7211 
Cyanide   9010, 9012, 9013, 9213 
Lead    6010, 6020, 7420, 7421 
Manganese   6010, 6020, 7460, 7461 
Mercury   7470, 7471, 7472 
Nickel    6010, 6020, 7520, 7521 
Selenium   6010, 7740, 7741, 7742 
Silver    6010, 6020, 7760, 7761 
Zinc    6010, 6020, 7950, 7951 


 
 
Synthetic Precipitation Leaching Procedure (SPLP) - EPA Method 1312 
 
Toxicity Characteristic Leaching Procedure (TCLP) - EPA Method 1311  
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 Appendix C 
 OFFICE OF WASTE MANAGEMENT �  


SITE REMEDIATION SECTION 
 HAZARDOUS MATERIAL RELEASE NOTIFICATION FORM 
 
 THIS FORM IS NOT TO BE USED TO REPORT AN IMMINENT HAZARD  
 
1. Notifier Information 
 


Name:                                                                                                                             
Address:                                                                                                                            


 
Phone:                                                                                                                            


 
Status:        Owner       Operator       Secured Creditor       Voluntary 


 
 
2. Property Information 
 


Name of Site:                                                                                                                         
Site Address:                                                                                                                        


 
Plat/Lot Numbers:                                                                                                                        


 
Site Contact Person:                                                                                                                       


 
Site Contact Phone:                                                                                                                       


 
Site Land Usage Type:       Residential       Industrial/Commercial 


 
Location of Release:                                                                                                                        
                                                                                                                                                  
(attach site sketch as necessary) 


 
 
3. Release Information 
 


Date of Discovery:                                                                                                                        
Source :                                                                                                                             
Release Media:                                                                                                                           


 
Hazardous Materials and Concentrations:                                                                                                
                                                                                                                                                  
(attach certificates of analysis as necessary) 


 
Extent of Contamination:                                                                                                                   


 
                                                                                                                                                 


 
                                                                                                                                                   


 
 
4. Resource Information 
 


Site Land Usage:          Industrial/Commercial        Residential 
 


Adjacent Land Usage:        Industrial/Commercial        Residential 
 


Site Groundwater Class:        GA/GAA         GB 
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Adjacent Groundwater Class:       GA/GAA         GB 
(if different than site groundwater classification within 500 feet) 


 
Nearest Surface Water or Wetland: 


 
      Less Than 500 Feet        Greater Than 500 Feet 


 
Potential for adverse impact        Yes/No 


 
5. Potentially Responsible Parties 
 


Name:                                                                                                                                        
Address:                                                                                                                                       


 
Status:       Owner       Operator       Other:                                                                                    


 
Name:                                                                                                                                                                               


                                                                      
Address:                                                                                                                                        


 
Status:       Owner       Operator       Other:                                                                                     


 
 
6. Measures Taken or Proposed to be Taken in Response to Release 
 


                                                                                                                                                  
 


                                                                                                                                                  
 


                                                                                                                                                  
 
 
7. Other Significant Remarks About Release (Will a background determination be made?) 
 


                                                                                                                                                   
                                                                                                                                                   
                                                                                                                                                  


 
 


Signature:                                                        Date       /     /       
 


Title:                                                        
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 Appendix D  
 METHOD 2 DIRECT EXPOSURE CRITERIA 
 
Method 2 Direct Exposure Criteria: 
 


A. Ingestion: 
 


i. Residential Activity: 
 


1. Carcinogenic Substances: 






















IRS x ED x BW + IRS x ED x BW
BW x BW x 


EF x CPSo 
CF x AT x RISK = C


aaccca


ca


 


 
 
 
 
 
 
 
 
 
 


2. Non-Carcinogenic Substances: 


 
 
 
 
 






















 IRS x ED 


AT x BW  x 
EF


CF x RfD x HI 
  = C


cc


cco  


 
 


3. Acute Toxicity: 


RESIDENTIAL INGESTION ALGORITHM FOR CARCINOGENS IN SOIL: 


RESIDENTIAL INGESTION ALGORITHM FOR NON-CARCINOGENS IN SOIL: 


ACUTE INGESTION ALGORITHM FOR SOIL: 
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CF x IR
IR x TDHA  = C


ATs-at


w-at  


 
 
 
 


 RESIDENTIAL DEFAULT INPUT PARAMETERS 
 


ORAL INGESTION 
 


TERM 
 


DESCRIPTION 
 


UNITS 
 


VALUE 
 
C 


 
Concentration Of Contaminant In Soil 


 
mg/kg 


 
Calculated 


 
CPSo 


 
Carcinogenic Potency Slope Factor (Oral) 


 
(mg/kg/d)-1 


 
Chemical 
Specific 


 
RfDo 


 
Reference Dose (Oral) 


 
mg/kg/d 


 
Chemical 
Specific 


 
RISK 


 
Target Cancer Risk Level 


 
Dimensionless 


 
1 E-06 


 
HI 


 
Hazard Index 


 
Dimensionless 


 
1.0 


 
BWa 


 
Body Weight (Adult) 


 
kg 


 
70 


 
BWc 


 
Body Weight (Child Ages 1-6) 


 
kg 


 
15 


 
AT 


 
Averaging Time (Carcinogens) 


 
yr 


 
70 


 
ATc 


 
Averaging Time (Child Ages 1-6) 


 
yr 


 
6 


 
IRSa 


 
Soil Ingestion (Adult) 


 
mg/d 


 
100 


 
IRSc 


 
Soil Ingestion (Child Ages 1-6) 


 
mg/d 


 
200 


 
CF 


 
Conversion Factor 


 
mg-d/kg-yr 


 
3.65 E08* 


 
EF 


 
Exposure Frequency 


 
d/yr 


 
350 


 
EDa 


 
Exposure Duration (Adult) 


 
yr 


 
24 


 
EDc 


 
Exposure Duration (Child Ages 1-6) 


 
yr 


 
6 


 
ORAL ACUTE TOXICITY 
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 RESIDENTIAL DEFAULT INPUT PARAMETERS 


 
TDHA 


 
Ten Day Health Advisory (10 kg Child) 


 
mg/l 


 
Chemical 
Specific 


 
IRat-w 


 
Ingestion Rate Of Water  


 
l/d 


 
1 


 
IRat-s 


 
Ingestion Rate Of Soil  


 
g/d 


 
1 


 
CFat 


 
Conversion Factor (Acute Toxicity) 


 
kg/g 


 
1 E-03 


 
* Conversion factor: (365 d/yr)(1xE06 mg/kg) = 3.65 E08 mg-d/kg-yr: 
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ii. Industrial/Commercial Activity: 
 


1. Carcinogenic Substances: 






















IRS x ED
BW x 


EF x CPSo 
CF x AT x RISK = C


a


a


 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


2. Non-Carcinogenic Substances: 


INDUSTRIAL/COMMERCIAL INGESTION ALGORITHM FOR CARCINOGENS IN SOIL: 


INDUSTRIAL/COMMERCIAL INGESTION ALGORITHM FOR NON-CARCINOGENS IN SOIL: 


 


 
 
 
 
 





















  
IRS x ED 
AT x BW  x  


EF
CF x RfD x HI


   = C
a


aao  
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INDUSTRIAL\COMMERCIAL DEFAULT INPUT PARAMETERS 


 
TERM 


 
DESCRIPTION 


 
UNITS 


 
VALUE 


 
C 


 
Concentration Of Contaminant In Soil 


 
mg/kg 


 
Calculated 


 
CPSo 


 
Carcinogenic Potency Slope Factor (Oral) 


 
(mg/kg/d)-1 


 
Chemical 
Specific 


 
RfDo 


 
Reference Dose (Oral) 


 
mg/kg/d 


 
Chemical 
Specific 


 
RISK 


 
Target Cancer Risk Level 


 
Dimensionless 


 
1 E-06 


 
HI 


 
Hazard Index 


 
Dimensionless 


 
1 


 
BWa 


 
Body Weight (Adult) 


 
kg 


 
70 


 
AT 


 
Averaging Time (Carcinogens) 


 
yr 


 
70 


 
ATa 


 
Averaging Time, Adult (Non-carcinogens) 


 
yr 


 
25 


 
IRSa 


 
Soil Ingestion Rate (Adult) 


 
mg/d 


 
50 


 
EF 


 
Exposure Frequency 


 
d/yr 


 
250 


 
ED 


 
Exposure Duration  


 
yr 


 
25 


 
CF 


 
Conversion Factor 


 
mg-d/kg-yr 


 
3.65 E08* 


 
* Conversion factor: (365 d/yr)(1xE06 mg/kg) = 3.65 E08 mg-d/kg-yr: 
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B. Inhalation:  The RESIDENTIAL inhalation concentration shall be calculated using the 
following equations and the appropriate default input values: 


 
i. Carcinogenic Substances: 


 TA x   
PEF


1 + 
VF
1  x 


RfC
1  x ED x EF 


d/yr 365 x AT x HI = C






















 
 
 
 
 


 TA x  
PEF


1 + 
VF


1  x ED x EF x g/mg 1000 x URF


d/yr 365 x AT x RISK  = C







µ


 


 
ii. Non-Carcinogenic Substances: 


INHALATION ALGORITHM FOR CARCINOGENS IN SOIL: 


INHALATION ALGORITHM FOR NON-CARCINOGENS IN SOIL: 
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iii. Volatilization Factor: 


VOLATILIZATION FACTOR ALGORITHM: 


 
 
 
 


( )


 K)/ P - 1 ( )  ( + P 
P x D =                     :Where


 
 
 
 


 cm/m 10 x 
 K x P x D x 2 


) T x  x 3.14 ( x ) Q/C ( = ) /kgm ( VF


asasa


aei


224-


asaei


1/2
3


ρ
α


α
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 RESIDENTIAL DEFAULT INPUT PARAMETERS 


 
INHALATION 


 
TERM 


 
DESCRIPTION 


 
UNITS 


 
VALUE 


 
C 


 
Concentration Of Contaminant In Soil 


 
mg/kg 


 
Calculated 


 
RISK 


 
Target Cancer Risk Level (Carcinogens) 


 
Dimensionless 


 
10-6 


 
HI 


 
Hazard Index (Noncarcinogens) 


 
Dimensionless 


 
1 


 
AT 


 
Averaging Time (Carcinogens) 


 
years 


 
70 


 
AT 


 
Averaging Time (Noncarcinogens) 


 
years 


 
30 


 
URF 


 
Inhalation Unit Risk Factor (Carcinogens) 


 
(µg/m3)-1 


 
Chemical  
Specific 


 
RfC 


 
Inhalation Reference Concentration 
(Noncarcinogens) 


 
mg/m3 


 
Chemical 
Specific 


 
EF 


 
Exposure Frequency 


 
days/year 


 
350 


 
ED 


 
Exposure Duration 


 
years 


 
30 


 
VF 


 
Soil-To-Air Volatilization Factor 


 
m3/kg 


 
Chemical 
Specific 


 
PEF 


 
Particulate Emission Factor 


 
m3/kg 


 
4.51 x 109 


 
TA 


 
Time Adjustment Factor 


 
Dimensionless 


 
1 
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 DEFAULT INPUT PARAMETERS 


 
VOLATILIZATION FACTOR 


 
TERM 


 
DESCRIPTION 


 
UNITS 


 
VALUE 


 
VF 


 
Soil-To-Air Volatilization Factor 


 
m3/kg 


 
Calculated 


 
(Q/C) 


 
Inverse Of The Mean Concentration At The Center 
Of A 0.5 Acre Square Source 


 
g/m2-s per 


kg/m3 


 
101.8 


 
T 


 
Exposure Interval 


 
seconds 


 
7.9 x 108 


 
Dei 


 
Effective Diffusivity 


 
cm2/s 


 
Di(Pa


3.33/Pt
2) 


 
Pa 


 
Air-Filled Soil Porosity 


 
Dimensionless 


 
Pt-Θβ 


 
Pt 


 
Total Soil Porosity 


 
Dimensionless 


 
1-(β/ρs) 


 
Θ 


 
Soil Moisture Content 


 
 cm3-water g-


soil 


 
0.1 (10%) 


 
β 


 
Soil Bulk Density 


 
g/cm3 


 
1.5 


 
ρs 


 
True Soil Density Or Particle Density 


 
g/cm3 


 
2.65 


 
Kas 


 
Soil-Air Partition Coefficient 


 
 g-soil  
cm3-air 


 
(H/Kd) x 41 


 
Di 


 
Diffusivity In Air 


 
cm2/s 


 
Chemical 
Specific 


 
H 


 
Henry's Law Constant 


 
atm-m3/mol 


 
Chemical 
Specific 


 
Kd 


 
Soil-Water Partition Coefficient 


 
cm3/g 


 
Koc x OC 


 
Koc 


 
Organic Carbon Partition Coefficient 


 
cm3/g 


 
Chemical 
Specific 


 
OC 


 
Organic Carbon Content Of Soil 


 
fraction 


 
0.02 (2%) 
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C. Soil Saturation Limit (Csat): 


SOIL SATURATION LIMIT ALGORITHM FOR UNSATURATED SOILS (Csat): 


 
 
 
 
 


( ) ( )  x  S +  n x  Sx K  = C mmdsat Θ  


 
 
 


 
SOIL SATURATION (Csat) DEFAULT INPUT PARAMETERS 


 
TERM 


 
DESCRIPTION 


 
UNITS 


 
VALUE 


 
Csat 


 
Soil Saturation Concentration 


 
mg/kg 


 
Calculated 


 
Kd 


 
Soil-Water Partition Coefficient  


 
L/kg 


 
Chemical 
Specific/ 


or Koc * OC 
 
Koc 


 
Organic Carbon Partition Coefficient 


 
L/kg 


 
Chemical 
Specific 


 
OC 


 
Organic Carbon Content Of Surface Soil  


 
% 


 
2 


 
S 


 
Solubility 


 
mg/L-water 


 
Chemical 
Specific 


 
nm 


 
Soil Moisture Content 


 
Weight 
Fraction 


 
0.1 


 
Θm 


 
Soil Moisture Content 


 
L-water/ 
kg-soil 


 
0.1 


 
Note: Appendix D was also utilized for the development of Method 1 Direct Exposure Criteria. 
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 Appendix E 
 METHOD 2 LEACHABILITY CRITERIA  
 
Method 2 Leachability Criteria: 
 


A. Method 2 Leachability Criteria for Organic Hazardous Substances:  The Method 1 
Leachability Criteria were derived utilizing the SESOIL and AT123D models (available 
from General Science Services Corporation) to simulate the transport of organic hazardous 
substances and estimate levels of soil contamination which are protective of the appropriate 
groundwater objectives.  The following tables provide the inputs to the models which were 
used to estimate the Method 1 Leachability Criteria for organic substances. 


 
 


SESOIL CLIMATE INPUT PARAMETERS GENERAL 
 
Station Name - Providence WSO AP (Green State Airport) 
 


TERM 
 


UNITS 
 


VALUE 
 
Latitude 


 
Degrees 


 
41.733 


 
Longitude 


 
Degrees 


 
71.433 


 
Number of Years of Climate Data 


 
Years 


 
1 


 
Number of Years of Simulation 


 
Years 


 
5 
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SESOIL CLIMATE INPUT PARAMETERS BY MONTH 


 
TERM 


 
UNITS


 
OCT 


 
NOV 


 
DEC 


 
JAN 


 
FEB 


 
MAR 


 
Air Temperature 


 
oC 


 
12.33


0 


 
6.720 


 
0.280 


 
-


1.560 


 
-


1.110 


 
2.720 


 
Cloud Cover 
Fraction 


 
fraction 


 
0.500 


 
0.600 


 
0.600 


 
0.600 


 
0.600 


 
0.600 


 
Relative Humidity 


 
fraction 


 
0.750 


 
0.700 


 
0.750 


 
0.700 


 
0.700 


 
0.700 


 
Short Wave Albedo 


 
- 


 
0.180 


 
0.190 


 
0.270 


 
0.290 


 
0.330 


 
0.290 


 
Evapotranspiration* 


 
cm/day 


 
0.000 


 
0.000 


 
0.000 


 
0.000 


 
0.000 


 
0.000 


 
Rainfall Depth 
(Precipitation) 


 
cm 


 
9.010 


 
10.98


0 


 
11.17


0 


 
10.17


0 


 
9.500 


 
10.670


 
Mean Storm 
Duration 


 
days 


 
0.560 


 
0.530 


 
0.560 


 
0.560 


 
0.600 


 
0.570 


        







 
SESOIL CLIMATE INPUT PARAMETERS BY MONTH 


Number of Storms 
per Month 


- 4.390 5.720 6.000 5.660 5.260 5.890 


 
Length of Rainy 
Season Within 
Month 


 
days 


 
30.40


0 


 
30.40


0 


 
30.40


0 


 
30.40


0 


 
30.40


0 


 
30.400


 
 


SESOIL CLIMATE INPUT PARAMETERS BY MONTH (CONTINUED) 
 


TERM 
 
UNITS


 
APR 


 
MAY 


 
JUN 


 
JUL 


 
AUG 


 
SEP 


 
Air Temperature 


 
oC 


 
8.170 


 
13.28


0 


 
18.44


0 


 
21.61


0 


 
20.94


0 


 
17.330


 
Cloud Cover 
Fraction 


 
fraction 


 
0.600 


 
0.600 


 
0.600 


 
0.500 


 
0.500 


 
0.500 


 
Relative Humidity 


 
fraction 


 
0.700 


 
0.700 


 
0.750 


 
0.800 


 
0.800 


 
0.800 


 
Short Wave Albedo 


 
- 


 
0.190 


 
0.180 


 
0.180 


 
0.180 


 
0.180 


 
0.180 


 
Evapotranspiration* 


 
cm/day 


 
0.000 


 
0.000 


 
0.000 


 
0.000 


 
0.000 


 
0.000 


 
Rainfall Depth 
(Precipitation) 


 
cm 


 
10.59


0 


 
9.060 


 
7.370 


 
7.490 


 
9.900 


 
8.620 


 
Mean Storm 
Duration 


 
days 


 
0.540 


 
0.470 


 
0.370 


 
0.310 


 
0.390 


 
0.420 


 
Number of Storms 
per Month 


 
- 


 
5.600 


 
5.830 


 
5.190 


 
4.750 


 
5.220 


 
4.500 


 
Length of Rainy 
Season Within 
Month 


 
days 


 
30.40


0 


 
30.40


0 


 
30.40


0 


 
30.40


0 


 
30.40


0 


 
30.400


 
* Initial evapotranspiration set to zero; SESOIL approximates evapotranspiration using the water budget 


method (mass balance). 
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SESOIL SOIL INPUT PARAMETERS 


 
TERM 


 
UNITS 


 
VALUE 


 
Soil Name 


 
- 


 
- 


 
Soil Bulk Density 


 
g/cm3 


 
1.50 


 
Intrinsic Permeability 


 
cm2 


 
1.50E-07 


 
Soil Disconnetedness Index 


 
- 


 
7.50 


 
Effective Porosity 


 
- 


 
0.300 


 
Organic Carbon Content (Subsurface Soil) 


 
% 


 
0.100 


 
Cation Exchange Coefficient (Capacity) 


 
  milli eq.   
100g dry 


soil 


 
0.000 


 
Freundlich Equation Exponent 


 
- 


 
1.00 


 
 
 


 
SESOIL APPLICATION INPUT PARAMETERS 


 
TERM 


 
UNITS


 
VALUE 


 
Number of Years 


 
years 


 
1 


 
Number of Soil Layers 


 
layers 


 
3 


 
Application Area of Compartment 


 
cm2 


 
0.10E+07 


 
Latitude of the Site (Application Area) 


 
Degree


s 


 
41.733002 


 
Loading Type - (1) Spill - 
Instantaneous or (0) Steady 
Application - Continuous 


 
- 


 
0 


 
Loading Unit - (1) Mass per Unit Area 
or (0) Concentration 


 
- 


 
0 


 
Initial Chemical Concentration Given 
(1) or Not Given (0) 


 
- 


 
0 


 
Layer Number 


 
- 


 
1 


 
2 


 
3 
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SESOIL APPLICATION INPUT PARAMETERS 


 
TERM 


 
UNITS


 
VALUE 


 
Depths (Layer Thickness) 


 
cm 


 
0.10E+0


3 


 
0.10E+0


3 


 
0.10E+03 


 
Number of Sublayers/Layer 


 
- 


 
1 


 
1 


 
1 


 
Ph of Each Layer 


 
- 


 
default 


 
default 


 
default 


 
Intrinsic Permeability of Each Layer 


 
cm2 


 
1.5E-7 


 
1.5E-7 


 
1.5E-7 


 
Liquid Biodegradation (KDEL Ratios) 


 
- 


 
- 


 
1.00 


 
1.00 


 
Solid Biodegradation (KDES Ratios) 


 
- 


 
- 


 
1.00 


 
1.00 


 
Organic Carbon (OC) Content Ratios 
for Lower Layers 


 
- 


 
- 


 
1.00 


 
1.00 


 
Cation Exchange Coefficient (CEC) 
Ratios for Lower Layers 


 
- 


 
- 


 
1.00 


 
1.00 


 
Freundich (FRN) Ratio 


 
- 


 
- 


 
1.00 


 
1.00 


 
Adsorption (ADS) Ratio 


 
- 


 
- 


 
1.00 


 
1.00 


 
Pollutant Load Entering Each 
Layer 


 
µg/cm


2 


 
0.00 


 
LC* 


 
0.00 


 
Initial Pollutant Concentration for Any 
Sublayer 


 
µg/g 


(ppm) 


 
- 


 
- 


 
- 


 
Mass Transformed 


 
µg/cm2 


 
0.00 


 
0.00 


 
0.00 


 
Sink 


 
µg/cm2 


 
0.00 


 
0.00 


 
0.00 


  
µg/cm2 


 
0.00 


 
0.00 


 
0.00 


 
Volatilization Index 


 
- 


 
0.20 


 
0.20 


 
0.20 


 
Surface Runoff Participation Index 


 
- 


 
0.00 


 
- 


 
- 


 
Ratio Pollutant Concentration in Rain 
to Pollutant Maximum Solubility in 
Water 


 
- 


 
0.00 


 
- 


 
- 


 
Modified Summers Model Used (1) or 
Not (0) for Groundwater 
Concentration 


 
- 


 
0 


Ligand Input Mass 
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LC* = the back-calculated leachability criterion.  This value can be converted to a mass concentration by the 


following: 
(ug/cm2)(1/Soil Bulk Density)(1/Layer Thickness)(mg/1000ug)(1000g/kg) = Leachability Criterion (mg/kg) 


 
 


SESOIL CHEMICAL SPECIFIC INPUT PARAMETERS FOR: 
 ALL CHEMICALS 


 
TERM 


 
UNITS 


 
VALUE 


 
Base Hydrolysis Constant 


 
l/mol-day 


 
0.00 


 
Acid Hydrolysis Constant 


 
l/mol-day 


 
0/00 


 
Biodegradation Rate in Moisture 


 
1/day 


 
0.00 


 
Biodegradation Rate on Soil 


 
1/day 


 
0.00 


 
Ligand-Pollutant Stability Constant 


 
- 


 
0.00 


 
No. Moles Ligand/Mole Pollutant 


 
- 


 
0.00 


 
Ligand Molecular Weight 


 
g/mole 


 
0.00 
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AT123D INPUT PARAMETERS 


 
TERM 


 
UNITS 


 
VALUE 


 
No. of Points in X-Direction 


 
- 


 
1 


 
No. of Points in Y-Direction 


 
- 


 
1 


 
No. of Points in Z-Direction 


 
- 


 
1 


 
No. of Roots: No. of Series Terms 


 
- 


 
400 


 
No. of Beginning Time Step 


 
- 


 
13 


 
No. of Ending Time Step 


 
- 


 
61 * 


 
No. of Time Intervals for Printed Out Solution 


 
- 


 
1 


 
Instantaneous Source Control = 0 for Instant Source 


 
- 


 
1 


 
Source Condition Control = 0 for Steady Source 


 
- 


 
60 


 
Intermittent Output Control = 0 No Such Output 


 
- 


 
1 


 
Case Control = 1 Thermal, = 2 for Chemical, = 3 RAD 


 
- 


 
2 


 
Aquifer Depth, = 0.0 for Infinite Deep 


 
m 


 
0 


 
Aquifer Width, = 0.0 for Infinite Wide 


 
m 


 
0 


 
Begin Point of X-Source Location 


 
m 


 
-5 


 
End Point of X-Source Location 


 
m 


 
5 


 
Begin Point of Y-Source Location 


 
m 


 
-5 


 
End Point of Y-Source Location 


 
m 


 
5 


 
Begin Point of Z-Source Location 


 
m 


 
0 


 
End Point of Z-Source Location 


 
m 


 
0 


 
Hydraulic Conductivity 


 
m/hr 


 
0.53 


 
Hydraulic Gradient 


 
- 


 
0.005 


 
Longitudinal Dispersivity 


 
m 


 
20 


 
Lateral Dispersivity 


 
m 


 
2 


 
Vertical Dispersivity 


 
m 


 
2 


   


 
 96







 
AT123D INPUT PARAMETERS 


 
TERM 


 
UNITS 


 
VALUE 


X Dimension m 15 
 
Y Dimension 


 
m 


 
0 


 
Z Dimension 


 
m 


 
0 


 
61 * = The SESOIL program only allows a maximum time interval run of 19 months.  61 months (5 years of 


simulation) was the total time interval used to determine the maximum groundwater impact. 
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B. Method 2 Leachability Criteria for Inorganic Hazardous Substances: 


SITE-SPECIFIC DILUTION FACTOR ALGORITHM: 


 
 


) F - 1 ( ) Kid/IL ( + 1 = DF adj  
 
 
 


SITE-SPECIFIC DILUTION FACTOR 
 
TERM 


 
DESCRIPTION 


 
UNITS 


 
VALUE 


 
DF 


 
Site-specific dilution factor 


 
 


 
Calculated 


 
K 


 
Hydraulic conductivity of the unconsolidated aquifer 
underlying the release area 


 
ft/yr 


 
15000 


 
I 


 
Horizontal hydraulic gradient 


 
ft/ft 


 
0.005 


 
D 


 
Distance 


 
ft 


 
15 


 
I 


 
Infiltration rate 


 
ft/yr 


 
2.0 


 
L 


 
Length of the release area parallel to the direction of 
groundwater flow 


 
ft 


 
50 


 
Fadj 


 
Background concentration for groundwater divided by the 
appropriate groundwater objective for the hazardous 
substance, or, where the background concentration for 
groundwater can not be quantified, 1/2 the minimum detection 
limit for the hazardous substance divided by the appropriate 
groundwater objective for the hazardous substance. 


 
 


 
Chemical - 


Specific 
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 Appendix F  
 METHOD 2 GB GROUNDWATER OBJECTIVES  
 


Method 2 GB Groundwater Objective Algorithm and Input Parameters: 


GB GROUNDWATER OBJECTIVE ALGORITHM: 


 
 
 


( ) ( ) ( )
( ) ( ) ( ) 16.04    MW  VP 


 WS   T   C   =  C a
w  


 
 


METHOD 2 GB GROUNDWATER OBJECTIVE ALGORITHM AND DEFAULT 
INPUT PARAMETERS 


 
TERM 


 
DESCRIPTION 


 
UNITS 


 
VALUE 


 
Cw 


 
Water Concentration 


 
mg/L 


 
Calculated 


 
Ca 


 
Air Concentration 


 
mg/L 


 
Chemical 


Specific PEL* 
 
T 


 
Temperature of groundwater 


 
oK 


 
293 


 
WS 


 
Solubility 


 
mg/L-water 


 
Chemical 
Specific 


 
VP 


 
Vapor Pressure 


 
mm Hg 


 


 
Chemical 
Specific 


 
MW 


 
Molecular Weight 


 
g/mole 


 
Chemical 
Specific 


 
* Permissible Exposure Limit (PEL): 


The time-weighted average concentration in air that must not be exceeded during any 8-hour shift of a 40-hour work week. 
 


The PELs were developed by the Occupational Safety and Health Administration (OSHA) to protect workers from "a wide 
variety of health effects that could cause material impairment of health or functional capacity.  This includes protection against 
catastrophic effects such as cancer, cardiovascular, liver, and kidney damage; lung diseases, as well as more subtle effects 
resulting in central nervous system damage, narcosis, respiratory effects, and sensory irritation" . 


 
NOTE: The Upper Concentration Limits for GB areas were calculated using the above algorithm and an air concentration Ca set equal 


to 10% of the Lower Explosive Limit (10% LEL) which is defined as ten percent (10%) of the concentration of a compound in 
air below which a flame will not propagate if the mixture is ignited. 
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 Appendix G 
ENVIRONMENTAL LAND USAGE RESTRICTION 


 
This Declaration of Environmental Land Usage Restriction (�Restriction�) is made on this _____ day of 
_____________________, 20___ by [property owner], and its successors and/or assigns (hereinafter, 
the �Grantor�). 
 


WITNESSETH: 
 


 WHEREAS, the Grantor _______________________ (name) is the owner in fee simple of 
certain real property identified as [specify Plat, Lot(s), address and Town or City] Rhode Island (the 
�Property�), more particularly described in Exhibit A (Legal Description) which is attached hereto and 
made a part hereof;  
 
 WHEREAS, the Property (or portion thereof identified in the Class I survey which is attached 
hereto as Exhibit 2A and is made a part hereof) has been determined to  contain soil and/or groundwater 
which is contaminated with certain hazardous materials and/or petroleum in excess of applicable 
[residential or industrial/commercial direct exposure criteria, and/or applicable groundwater 
objective]  criteria pursuant to the Rules and Regulations for the Investigation and Remediation of 
Hazardous Material Releases (�Remediation Regulations�);  
 
 WHEREAS, the Grantor has determined that the environmental land use restrictions set forth 
below are consistent with the regulations adopted by the Rhode Island Department of Environmental 
Management (�Department�) pursuant to R.I.G.L. § 23-19.14-1;  
 
 WHEREAS, the Department's written approval of this Restriction is contained in the document entitled: 
[Remedial Decision Letter/ Settlement Agreement/ Order of Approval/ Remedial Approval Letter] 
issued pursuant to the Remediation Regulations;  
   
 WHEREAS, to prevent exposure to or migration of hazardous substances and to abate hazards to 
human health and/or the environment, and in accordance with the [Remedial Decision Letter/ Settlement 
Agreement/ Order of Approval/ Remedial Approval Letter], the Grantor desires to impose certain 
restrictions upon the use, occupancy, and activities of and at the [Property/Contaminated Site];  
 
 WHEREAS, the Grantor believes that this Restriction will effectively protect public health and 
the environment from such contamination; and 
 
 WHEREAS, the Grantor intends that such restrictions shall run with the land and be binding 
upon and enforceable against the Grantor and the Grantor�s successors and assigns. 


NOW, THEREFORE, Grantor agrees as follows: 
 
A. Restrictions Applicable to the [Property/Contaminated Site]:  In accordance with the [Remedial 


Decision Letter/ Settlement Agreement/ Order of Approval/ Remedial Approval Letter], the use, 
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occupancy and activity of and at the [Property/ Contaminated Site] is restricted as follows: 
 


i. No  residential use of the [Property/Contaminated Site] shall be permitted that is contrary to 
Department approvals and restrictions contained herein; 


 
ii. No groundwater at the [Property/Contaminated Site] shall be used as potable water;  


 
iii. No soil at the [Property/Contaminated Site] shall be disturbed in any manner without written 


permission of the Department�s Office of Waste Management, except as permitted in the 
Remedial Action Work Plan (RAWP) or Soil Management Plan (SMP) approved by the 
Department in a written approval letter dated _____________(date) Exhibit B and attached 
hereto;  


 
[iv. Humans engaged in activities at the [Property/Contaminated Site] shall not be exposed to soils 


containing hazardous materials and/or petroleum in concentrations exceeding the applicable 
Department approved direct exposure criteria set forth in the Remediation Regulations;  


 
[v. Water at the [Property/Contaminated Site] shall be prohibited from infiltrating soils containing 


hazardous materials and/or petroleum in concentrations exceeding the applicable Department 
approved leachability criteria set forth in the Remediation Regulations;  


 
[vi. No subsurface structures shall be constructed on the [Property/Contaminated Site] over 


groundwater containing hazardous materials and/or petroleum in concentrations exceeding the 
applicable Department approved GB Groundwater Objectives set forth in the Remediation 
Regulations;  


 
[vii. The engineered controls at the [Property/ Contaminated Site] described in the 


[RAWP or SMP] contained in Exhibit B attached hereto shall not be disturbed and shall be 
properly maintained to prevent humans engaged in [residential or industrial/commercial] 
activity from being exposed to soils containing hazardous materials and/or petroleum in 
concentrations exceeding the applicable Department-approved [residential or 
industrial/commercial] direct exposure criteria in accordance with the Remediation 
Regulations; and 


 
[viii. The engineered controls at the [Property/ Contaminated Site] described in the 


[RAWP or Soil Management Plan SMP] contained in Exhibit B attached hereto shall not 
be disturbed and shall be properly maintained so that water does not infiltrate soils 
containing hazardous materials and/or petroleum in concentrations exceeding the applicable 
Department-approved leachability criteria set forth in the Remediation Regulations.  


 
B. No action shall be taken, allowed, suffered, or omitted at the [Property/ Contaminated Site]  if such 


action or omission is reasonably likely to:  
 


i. Create a risk of migration of hazardous materials and/or petroleum;   
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ii. Create a potential hazard to human health or the environment; or  
iii. Result in the disturbance of any engineering controls utilized at the [Property/Contaminated 


Site], except as permitted in the Department-approved [RAWP or SMP] contained in 
Exhibit B.  


 
C. Emergencies:  In the event of any emergency which presents a significant risk to human health or to the 


environment, including but not limited to, maintenance and repair of utility lines or a response to 
emergencies such as fire or flood, the application of Paragraphs A (iii.-viii.) and B above may be 
suspended, provided such risk cannot be abated without suspending such Paragraphs and the Grantor 
complies with the following:  


 
i. Grantor shall notify the Department�s Office of Waste Management in writing of the emergency 


as soon as possible but no more than three (3) business days after Grantor�s having learned of 
the emergency.  (This does not remove Grantor�s obligation to notify any other necessary 
state, local or federal agencies.);  


 
ii. Grantor shall limit both the extent and duration of the suspension to the minimum period 


reasonable and necessary to adequately respond to the emergency;  
 


iii. Grantor shall implement reasonable measures necessary to prevent actual, potential, present and 
future risk to human health and the environment resulting from such suspension;  


 
iv. Grantor shall communicate at the time of written notification to the Department its intention to 


conduct the emergency response actions and provide a schedule to complete the emergency 
response actions;  


 
v. Grantor shall continue to implement the emergency response actions, on the schedule submitted 


to the Department, to ensure that the [Property/Contaminated Site] is remediated in 
accordance with the Remediation Regulations (or applicable variance) or restored to its 
condition prior to such emergency. Based upon information submitted to the Department at 
the time the ELUR was recorded pertaining to known environmental conditions at the 
[Property/Contaminated Site], emergency maintenance and repair of utility lines shall only 
require restoration of the [Property/Contaminated Site] to its condition prior to the 
maintenance and repair of the utility lines; and  


 
vi. Grantor shall submit to the Department, within ten (10) days after the completion of the 


emergency response action, a status report describing the emergency activities that have been 
completed.  


 
D. Release of Restriction; Alterations of Subject Area:  The Grantor shall not make, or allow or suffer to 


be made, any alteration of any kind in, to, or about any portion of the [Property/Contaminated Site] 
inconsistent with this Restriction unless the Grantor has received the Department's prior written approval 
for such alteration.  If the Department determines that the proposed alteration is significant, the 
Department may require the amendment of this Restriction.   Alterations deemed insignificant  by the 
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Department will be approved via a letter from the Department.  The Department shall not approve any 
such alteration and shall not release the [Property/Contaminated Site] from the provisions of this 
Restriction unless the Grantor demonstrates to the Department's satisfaction that Grantor has managed 
the [Property/Contaminated Site] in accordance with applicable regulations.  


 
E. Notice of Lessees and Other Holders of Interests in the [Property/Contaminated Site]: The Grantor, 


or any future holder of any interest in the [Property/Contaminated Site], shall cause any lease, grant, 
or other transfer of any interest in the [Property/Contaminated Site] to include a provision expressly 
requiring the lessee, grantee, or transferee to comply with this Restriction.  The failure to include such 
provision shall not affect the validity or applicability of this Restriction to the [Property/Contaminated 
Site].  


 
F. Enforceability:  If any court of competent jurisdiction determines that any provision of this Restriction 


is invalid or unenforceable, the Grantor shall notify the Department in writing within fourteen (14) days 
of such determination.  


 
G. Binding Effect:  All of the terms, covenants, and conditions of this Restriction shall run with the land 


and shall be binding on the Grantor, its successors and assigns, and each owner and any other party 
entitled to control, possession or use of the [Property/Contaminated Site] during such period of 
ownership or possession.  


 
H. Inspection & Non-Compliance:  It shall be the obligation of the Grantor, or any future holder of any 


interest in the [Property/Contaminated Site], to provide for annual inspections of the 
[Property/Contaminated Site] for compliance with the ELUR in accordance with Department 
requirements.  


 
[An officer or director of the company with direct knowledge of past and present conditions of the 
[Property/Contaminated Site] (the �Company Representative�), or] A qualified environmental 
professional will, on behalf of the Grantor or future holder of any interest in the 
[Property/Contaminated Site], evaluate the compliance status of the [Property/Contaminated Site] 
on an annual basis. Upon completion of the evaluation, the [Company Representative or] 
environmental professional will prepare and simultaneously submit to the Department and to the Grantor 
or future holder of any interest in the [Property/Contaminated Site] an evaluation report detailing the 
findings of the inspection , and noting any compliance violations at the [Property/Contaminated Site]. 
 If the [Property/Contaminated Site] is determined to be out of compliance with the terms of the 
ELUR, the Grantor or future holder of any interest in the [Property/Contaminated Site] shall submit a 
corrective action plan in writing to the Department within ten (10) days of receipt of the evaluation 
report, indicating the plans to bring the [Property/Contaminated Site] into compliance with the ELUR, 
including, at a minimum, a schedule for implementation of the plan. 
 
In the event of any violation of the terms of this Restriction, which remains uncured more than 
ninety (90) days after written notice of violation, all Department approvals and agreements relating 
to the [Property/Contaminated Site] may be voided at the sole discretion of the Department. 
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I. Terms Used Herein: The definitions of terms used herein shall be the same as the definitions contained 
in Section 3 (DEFINITIONS) of the Remediation Regulations.  


 
 
 
IN WITNESS WHEREOF, the Grantor has hereunto set (his/her) hand and seal on the day and year set 
forth above. 
 
[Name of person(s), company, LLC or LLP] 
 
 
By: _______________________________  ____________________________ 
 Grantor (signature)________________ ______Grantor (typed name)  
 
 
 
STATE OF RHODE ISLAND 
COUNTY OF ______________ 
 
 In (CITY/TOWN), in said County and State, on the _____ day of ___________, 20___, before 
me personally appeared ________________, to me known and known by me to be the party executing 
the foregoing instrument and (he/she) acknowledged said instrument by (him/her) executed to be 
(his/her) free act and deed. 
 
              
     Notary Public:  __________________________ 
      


My Comm. Expires: __________________________ 
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APPENDIX H 


 
RECORDED ENVIRONMENTAL LAND USAGE RESTRICTION RELEASE  


ARSENIC COMPLIANCE CERTIFICATION FORM 
 
 
This Certification of Environmental Compliance with Arsenic Restrictions is made this ______ day 
of __________, 20__ by ___________________ ("the Grantor"), pursuant to Rule 12.05 
�Certification Requirements for Sites Formerly Jurisdictional� of the Rules and Regulations for 
the Investigation and Remediation of Hazardous Material Releases, as amended 2004.  
 
 
 W I T N E S S E T H: 
 


WHEREAS, Grantor is the owner in fee simple of certain real property (the "Property") 
known as [Address/Location located in the City/Town of ________ in ___________ 
County][designated as Lot    , Plat   on the tax map of the City/Town of _________ in ______ 
County], more particularly described on Exhibit A (Legal Description of Property) which is attached 
hereto and made a part hereof; and 
 
WHEREAS, the Grantor has determined that pursuant to Chapter 19.1 of Title 23 of the Rhode 
Island General Laws; and to the environmental Rules and Regulations for the Investigation and 
Remediation of Hazardous Material Releases also known as the �Remediation Regulations�, as 


________, and /or the condition of the Property  is consistent with regulations adopted by the 
Department of Environmental Management ("the Department") to effectively protect public health 
and the environment from hazardous substances; and, 
 
WHEREAS, the required number of arsenic samples were collected and analyzed in accordance with 
Rules 12.02 A &B of the above referenced regulations; and  
 
WHEREAS, the evaluation of the analytical results was performed by _______________________, 
a Professional Engineer registered in the State of Rhode Island, and certified below to determine 
compliance with the 7.0 ppm Method 1 Direct Exposure Criterion for arsenic; 


 
 
 
 
 
 
 
 


__________________________________________________________ 
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amended, that the environmental land use restriction of record in the land evidence records of 



TOME

r







 
ARSENIC COMPLIANCE  


 
PROFESSIONAL ENGINEER CERTIFICATION 


 
I the undersigned, a registered Professional Engineer in the State of Rhode Island, 
hereby certify that I have evaluated the arsenic levels at the above referenced Property 
as of ___________________-(date), and determined the Property to be in compliance 
with the 7.0 ppm Method 1 Direct Exposure Criterion for arsenic, per the requirements 
set forth in the above referenced Remediation Regulations, as amended 2004.    


 
________________________________  _________________________ 
(P.E. signature)       (P.E. registration number) 
 


_____________________________________ 
 
NOW THEREFORE the Grantor certifies that Site arsenic conditions at the Property meet all of the 
requirements as set forth in Rule 12.00, and may be deemed consistent with state background levels, 
and hence be non-jurisdictional for arsenic.    
 
GRANTOR WARRANTS that all of the terms, and conditions of this Certification  shall run with 
the land and shall be binding  on the Grantor, the Grantor's successors and assigns, and each owner 
and any other party entitled to possession or use of the Property during such period of ownership, 
seizin, or possession. 
 
Signed under pains and penalties of perjury this ______day of _____________, 20_ __. 
 
________________________ _  
GRANTOR 
 
 
_________________________ 
Witness 
 
State of Rhode Island, County of:  __________________________ 
 
Before me on this ___________day of _______________, 20___ did appear, a person known to me 
and to me known and he/she did acknowledge the signing of this document to be his/her free act and 
deed. 
 
My Commission expires: ___________________  ____________________________ 
          Notary Public  
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APPENDIX �I� 


 
Section 7 of the "Remediation Regulations"  


Site Investigation Report (SIR)Checklist  
(The following information shall be completed and submitted with the SIR) 


 
Contact Name: 
Contact Address: 
Contact Telephone: 
 
Site Name: 
Site Address: 
 
 
 
 
 
 
 


SITE INVESTIGATION REPORT (SIR)S
PROJECT CODE: 
SIR SUBMITTAL DATE: 
CHECKLIST SUBMITTAL DATE: 


DIRECTIONS:  The box to the left of each 
SIR submission and is for RIDEM USE ON
specific sections and pages in the SIR that p
requirement.  Failure to include cross-refere
applicable, simply state that it is not applic
 
 


!  7.03.A.  List specific objective
impacts of the release and remedy. 


 
 
 


!  7.03.B.  Include information re
release notification form should be 
short-term response, if applicable. 


 
 
!  7.03.C.  Include documentation 
 


 
 


!  7.03.D.  Include list of prior pro
property transfers and time periods o

OFFICE USE ONLY 
ITE: 

item listed below is for the administrative review of the 
LY.  Under each item listed below, cross-reference the 
rovide detailed information that addresses each stated 
nces shall  delay review and approval.  If an item is not 


able and provide an explanation in the SIR. 


s of the SIR related to characterization of the release, 


ported in the Notification Of Release. A copy of the 
included in the SIR.  Include information relating to 


of any past incidents or releases. 


perty owners and operators, as well as sequencing of 
f occupancy. 
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!   7.03.E. Include previously existing environmental information which characterizes the 


contaminated-site and all information that led to the discovery of the contaminated-
site. 


 
 
 
!  7.03.F.  Include current uses and zoning of the contaminated site, including brief statements of 


operations, processes employed, waste generated, hazardous materials handled, and 
any residential activities on the site, if applicable.  (This section should be linked to the 
specific objectives section demonstrating how the compounds of concern in the 
investigation are those that are used or may have been used on the site or are those that 
may have impacted the site from an off-site source.) 


 
 
 
! 7.03.G.  Include a locus map showing the location of the site using US Geological Survey 


7.5-min quadrangle map or a copy of a section of that USGS map. 
 
 
 
!  7.03.H.  Include a site plan, to scale, showing: 
 


! Buildings 
 
! Activities 
 
!  Structures 
 
! North Arrow 
 
! Wells 
 
! UIC Systems, septic tanks, UST, piping and other underground structures 
 
! Outdoor hazardous materials storage and handling areas 
 
! Extent of paved areas 
 
! Location of environmental samples previously taken with analytical results 
 
! Waste management and disposal areas 
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! Property Lines 
 
 
 
! 7.03.I. Include a general characterization of the property surrounding the area including, but not 
limited to: 
 


! Location and distance to any surface water bodies within 500 ft of the site  
 
! Location and distance to any environmentally sensitive areas within 500 ft of the site  
 
! Actual sources of potable water for all properties immediately abutting the site 
 
! Location and distance to all public water supplies, which have been active within the 


previous 2 years and within one mile of the site 
 
! Determination as to whether the release impacts any off-site area utilized for 


residential or industrial/commercial property or both 
 
! Determination of the underlying groundwater classification and if the classification is 


GB, the distance to the nearest GA area 
 
 
 
 
! 7.03.J.  Include classifications of surface and ground water at and surrounding the site that could 


be impacted by a release. 
 
 
 
! 7.03.K.  Include a description of the contamination from the release, including: 
 


!   Free liquids on the surface 
 
!   LNAPL and DNAPL 


 
!   Concentrations of hazardous substances which can be shown to present an actual or 


potential threat to human health and any concentrations in excess of any of the 
remedial objectives; (reference Section 12 for requirements related to arsenic in soil).  


 
!   Impact to environmentally sensitive areas 


 
!   Contamination of man-made structures 
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! Odors or stained soil 
 


! Stressed vegetation 
 


! Presence of excavated or stockpiled material and an estimate of its total volume 
 
! Environmental sampling locations, procedures and copies of the results of any 


analytical testing at the site 
 


! List of hazardous substances at the site 
 
! Discuss if the contamination falls outside of the jurisdiction of the Remediation 


Regulations, including but not limited to USTs, UICs, and wetlands 
 
 
 
 
! 7.03.L. Include the concentration gradients of hazardous substances throughout the site for each 


media impacted by the release. 
 
 
 


! 7.03.M. Include the methodology and results of any investigation conducted to determine 
background concentrations of hazardous substances identified at the contaminated site  
(see Section 12 for Special Requirements for Managing Arsenic in Soil). 


 
 
! 7.03.N.  Include a listing and evaluation of the site specific hydrogeological properties which 


could influence the migration of hazardous substances throughout and away from the 
site, including but not limited to, where appropriate: 


 
! Depth to GW 


 
! Presence and effects of both the natural and man-made barriers to and conduits 


for contaminant migration 
 


! Characterization of bedrock 
 


! Groundwater contours, flow rates and gradients throughout the site 
 
 
! 7.03.O.  Include a characterization of the topography, surface water and run-off flow patterns, 


including the flooding potential, of the site 
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! 7.03.P.  Include the potential for hazardous substances from the site to volatilize and any and 


all potential impacts of the volatilization to structures within the site. 
 
 
 
! 7.03.Q.  Include the potential for entrainment of hazardous substances from the site by wind 


or erosion actions. 
 
 
 
! 7.03.R.  Include detailed protocols for all fate and transport models used in the Site 
Investigation. 
 
 
! 7.03.S.  Include a complete list of all samples taken, the location of all samples, parameters 


tested for and analytical methods used during the Site Investigation.  (Be sure to 
include the samples locations and analytical results on a site figure). 


 
 
! 7.03.T.  Include construction plans and development procedures for all monitoring wells.  Well 


construction must be consistent with the requirements of Appendix I of the 
Groundwater Quality Regulations. 


 
 
! 7.03.U. Include procedures for the handling, storage and disposal of wastes derived from and 


during the investigation. 
 
 
! 7.03.V.  Include a quality assurance and quality control evaluation summary report for sample 


handling and analytical procedures, including, but not limited to, chain-of-custody 
procedures and sample preservation techniques. 


 
 
 
! 7.03.W.  Include any other site-specific factor, that the Director believes, is necessary to 


make an accurate decision as to the appropriate remedial action to be taken at the 
site. 


 
 
 
! 7.04  Include Remedial Alternatives.  The Site Investigation Report must contain a minimum of 
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2 remedial alternatives other than no action/natural attenuation alternative, unless this 
requirement iswaived by the Department.  It should be clear which of these alternatives is 
most preferable.  All alternatives must be supported by relevant data contained in the Site 
Investigation Report and consistent with the current and reasonably forseeable land usage, 
and documentation of the following: 


 
 


! Compliance with Section 8 (RISK MANGEMENT); 
 
! Technical feasibility of the preferred remedial alternative; 


 
! Compliance with Federal, State and local laws or other public concerns; and 


 
! The ability of the performing party to perform the preferred remedial alternative 


 
 
! 7.05 Certification Requirements: The Site Investigation Report and all associated progress 


reports must include the following statements signed by an authorized representative of the 
party specified: 


 
!   A statement signed by an authorized representative of the person who prepared the 


Site Investigation Report certifying the completeness and accuracy of the 
information contained in that report to the best of their knowledge; and 


 
! A statement signed by the performing party responsible for the submittal of the Site 


Investigation Report certifying that the report is a complete and accurate 
representation of the site and the release and contains all known facts surrounding 
the release to the best of their knowledge 


 
 
! 7.06  Progress Reports:  If the Site Investigation is not complete, include a schedule for the 


submission of periodic progress reports on the status of the investigation and interim 
reports on any milestones achieved in the project 


 
 
7.07 Public Notice:  Be prepared to implement public notice requirements per Section 7.07 and 


7.09 of the Remediation Regulations when the Department deems the Site Investigation Report 
to be complete. 
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STATE OF RHODE ISLAND AND PROVIDENCE PLANTATIONS 
DEPARTMENT OF ENVIRONMENTAL MANAGEMENT 


 
 


RULES AND REGULATIONS FOR HAZARDOUS WASTE MANAGEMENT 
 
1.00 FINDINGS AND POLICY 
 
1.01 Purpose: These regulations are intended to minimize environmental hazards associated with 


the generation, transportation, treatment, storage and disposal of hazardous wastes, including 
the hazardous waste component of mixed radioactive and hazardous waste (mixed waste), the 
transportation of Septage, and the operation of hazardous waste treatment, storage and disposal 
facilities. They are also designed to promote planning and implementation of hazardous waste 
treatment, storage and disposal facilities where necessary and desirable. 


  
1.02 Authority: Under the authority of the 1956 Rhode Island General Laws, Chapters 23-19.1 and 


23-19.4 (2001 Reenactment) and particularly Sections 23-19.1-5, 23-19.1-6, 23-19.1-7, 23-
19.1-10, and 23-19.4-1 through 23-19.4-3 of that Law, the following rules and regulations are 
promulgated to administer this chapter, as amended, for the generation, transportation, 
treatment, storage and disposal of hazardous waste, including the hazardous waste component 
of mixed waste and the transportation and disposal of Septage, and shall supersede all previous 
rules and regulations.  


 
1.03 Administrative Findings: The declaration of intent and public policy enumerated by the 


Legislature in Chapters 23-19.l and 23-19.4 (2001 Reenactment), as amended, are hereby 
adopted as the administrative findings and policy upon which these rules and regulations are 
based. 


 
1.04 Application: The terms and provisions of these Rules and Regulations shall be liberally 


construed to permit the Department to effectuate the purposes of State law, goals, and policies. 
 
1.05 Functions: The primary functions of the Department are the regulation of hazardous wastes, 


including the hazardous waste component of mixed wastes, and the granting, denial, 
suspension or revocation of permits for the operation of hazardous waste management facilities 
and the granting, denial, suspension, revocation or approval of the plans and specifications for 
the installation of any equipment in such facilities. These functions also include the permitting 
of hazardous waste and Septage transporters. 


 
1.06 Severability: If any provision of these Rules and Regulations, or the application thereof to any 


person or circumstances, is held invalid by a court of competent jurisdiction, the validity of the 
remainder of the Rules and Regulations shall not be affected thereby. 


 
1.07 Superseded Rules and Regulations: On the effective date of these Rules and Regulations, all 


previous Rules and Regulations shall be superseded. However, any enforcement action shall be 
governed by the Rules and Regulations in effect at the time the alleged violations occurred. 
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2.00 ORGANIZATION AND METHOD OF OPERATIONS 
 
2.01 Organization: Section 23-19.1-10 (2001 Reenactment) of the 1956 R.I.G.L., as amended, 


established the Department of Environmental Management as the permitting agency for 
hazardous waste management facilities. Section 23-19.1-6 grants the Director the authority to 
establish rules and regulations to ensure proper, adequate and sound hazardous waste 
management. Section 23-19.1-5 contains provisions that enable the Director to regulate the 
hazardous waste component of mixed waste. Section 23-19.4-1 establishes the Department of 
Environmental Management as the permitting agency for Septage transporters. 


 
2.02 Adoption by Reference: 
 


A. All references to particular numbered section(s) or portion(s) of such numbered 
section(s) of 40 CFR or 49 CFR means that such numbered section(s) or portion(s) of 
such section(s) of 40 CFR and 49 CFR is or are incorporated by reference, including 
any cross-references to additional applicable regulations, notes, appendices, and 
diagrams, except where additions, modifications, or exceptions are specifically stated. 


 
B. 40 CFR parts 260 through 273 are incorporated by reference in their entirety, except as 


otherwise noted in these Rules and Regulations. Any term used within these Rules and 
Regulations not specifically defined within Rule 3.00 shall be defined as in the Federal 
regulations. Federal statutes and regulations that are cited in 40 CFR 260 through 273, that 
are not adopted by reference shall be used as guidance in interpreting the Federal 
regulations in 40 CFR Parts 260 through 273. 


 
C. The following provisions are incorporated by reference with the following modifications: 


 
1. In 40 CFR 261.4(e)(3)(iii), delete "in the Region where the sample is collected". 
 
2. In 40 CFR 262.42(a)(2), delete "for the Region in which the generator is located". 


 
3. 40 CFR 268.9(d) is incorporated by reference, except that wherever "EPA region or 


authorized State" appears, replace it with "EPA region one or State of Rhode Island". 
 


D. 40 CFR part 260 is incorporated by reference in its entirety except as provided below and 
elsewhere in these regulations:  


 
1. 40 CFR 260.1(a) -- delete “265” and replace with “266” 
2. 40 CFR 260.2(a) – delete “265” and replace with “266” 
3. 40 CFR 260.3 – delete “265” and replace with “266” 
 


E. 40 CFR Part 262 is incorporated by reference in its entirety except as provided below and 
elsewhere in these regulations: 
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1. The small quantity generator provisions of 40 CFR 262.20(e), 40 CFR 262.42(b), and 
40 CFR 262.44 do not apply, except for provisions of Rule 5.02(B) and (C) or as 
provided in Rules 5.05 and 5.06. 


 
2.03 Permit Conditions: All permits, except transporter permits and RAPs (Remedial Action 


Plans), must incorporate restrictions which are equivalent to 40 CFR Parts 264 (excluding 
264.301(l) and Appendix VI to Part 264), 270.30, 270.31, 270.32 and 270.33. RAPs shall 
comply with the terms and conditions in 40 CFR 270 Subpart H, as modified by Rule 16.02 of 
these regulations. 


 
3.00 DEFINITIONS 
 
 Notes: Any term used within these regulations not specifically defined within this section shall 


be defined as in 40 CFR 260.10. Relative to the definitions, "Existing tank system or existing 
component" and "New tank system or new tank component", in 40 CFR 260.10, the reference 
to "July 14, 1986", relative to the commencement of tank installation, applies only to a tank 
system owned or operated by a small quantity generator or any tank system (aboveground, 
onground, inground, or underground) that cannot be entered for inspection. Relative to a tank 
system (aboveground, onground, inground, or underground) that is not owned or operated by a 
small quantity generator and which can be entered for inspection, substitute "December 1, 
1992" wherever "July 14, 1986" appears in these two definitions in 40 CFR 260.10. 
 
Aboveground tank means a tank used to store or process hazardous waste or used oil that is 
not an underground storage tank as defined in the these Regulations. 


 
 Active portion shall mean any portion of a hazardous waste management facility which is 


being used or has been used in the past to unload, treat, store or dispose of hazardous waste, 
but does not include the closed portion. 


 
 Acutely hazardous waste shall mean materials identified in 40 CFR 261.33 (e) and wastes 


identified in 40 CFR 261.30(d) and in 40 CFR 261.11(a)(2).  
 
 “Administrator” or “Regional Administrator”  (or "Assistant Administrator" or "Assistant 


Administrator for Solid Waste and Emergency Response" or "EPA Administrator" or "State 
Director") as used in the portions of the Code of Federal Regulations which are incorporated 
by reference, shall mean the Director of the Department of Environmental Management, or 
his/her designee, except as follows: 


 
A. Use of the word "Administrator" or "Regional Administrator" (or "Assistant 


Administrator" or "Assistant Administrator for Solid Waste and Emergency Response" or 
"EPA Administrator") in any section of the Code of Federal Regulations that can not be 
delegated from EPA to any state, including Rhode Island and which include the following 
40 CFR sections: 262, Subpart E and 263, Subpart B regarding exports of hazardous 
waste; 268.5, 268.6, and 268.42(b) plus 268.44(a-m) regarding land disposal restrictions. 
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B. References to the Administrator or to the Regional Administrator, appearing therein, shall 
be interpreted as referring to the Director, except for such references in 40 CFR 260.10 
other than its use in the definition of a boiler, in 40 CFR 260.20(b) and 260.22, in 40 CFR 
261.4(f)(1), in 40 CFR 261.10 and 261.11, in 40 CFR 262, Subpart E and Subpart H, in 40 
CFR 264.12(a), in 40 CFR 265.12(a), in 40 CFR 268.5, in 40 CFR 268.13, in 40 CFR 
268.40, in 40 CFR 268.42(b), in 40 CFR 270.2, in 40 CFR 270.5, in 40 CFR 270.10(e)(2) 
and (e)(3), in 40 CFR 270.10(f)(2), in 40 CFR 270.10(g)(1)(i) and (iii), in 40 CFR 
270.10(f)(3), in 40 CFR 270.11(a)(3), in 40 CFR 270.14(b)(20), in 40 CFR 270.32(b)(2), 
in 40 CFR 271.5, in 270.110(h), and in any other section of 40 CFR not adopted by 
reference or not delegable to the State of Rhode Island. 


 
C. In A and B above, where "Administrator" or "Regional Administrator" do not mean the 


Director of the Department of Environmental Management, or his/her designee, 
“Administrator” shall mean the Administrator of the Environmental Protection Agency, or 
his/her designee, and “Regional Administrator” shall mean the Regional Administrator for 
the EPA region in which the facility is located, or his/her designee. 


 
 Asbestos shall mean actinolite, amosite, anthophylite, chrysotile, crocidolite and tremolite. 
 
 Base flood shall mean a flood that has a 1% or greater chance of recurring in any year. The 


100 year flood plain means any land that is subject to flooding as the result of a base flood. 
 
 Battery shall mean a device consisting of one or more electrically connected electrochemical 


cells, which is designed to receive, store, and deliver electric energy. An electrochemical cell 
is a system consisting of an anode, cathode, and an electrolyte, plus such connections 
(electrical and mechanical) as may be needed to allow the cell to deliver or receive electrical 
energy. The term battery also includes an intact, unbroken battery from which the electrolyte 
has been removed. 


 
 Boiler shall mean that term as defined in 40 CFR 260.10. However, variances from this 


definition may be granted by the Director in accordance with the provisions of Rule 4.02 of 
these regulations, the provisions of 40 CFR 260.32 and the procedures of 40 CFR 260.33. 


 
 Cathode Ray Tube (CRT) shall mean an electron tube or evacuated glass container, having a 


cathode or negative electrode at one end, and a device typically called an electron gun that 
projects a beam of electrons against a luminescent screen at the opposite end of the tube. A 
bright spot of light appears wherever the electrons strike the screen. Cathode ray tubes, or 
CRTs, are used as picture tubes in television receivers, visual display screens in radar-
receiving equipment, computer installations, and oscilloscopes. 


 
 Closed portion shall mean that portion of a facility which an owner or operator has closed in 


accordance with the approved facility closure plan and all applicable closure requirements. 
 
 Closure plan shall mean the plan prepared for closure in accordance with these rules and 


regulations. 
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 Coastal high hazard area shall mean the area subject to high velocity waters, including, but 


not limited to, hurricane wave wash or tsunamis as designated on Flood Insurance Rate Maps 
(FIRM) as Zone VI-30. 


 
 Community water system shall mean a system for the provision to the public of piped water 


for human consumption which serves at least 15 service connections used by year-round 
residents or regularly serves at least 25 year-round residents. 


 
 Consignee shall mean a person or agent to whom something is sent. 
 
 Container shall mean any portable device in which a material is stored, transported, treated, 


disposed of or otherwise handled. 
 
 Contingency plan shall mean a document setting out an organized, planned and coordinated 


course of action to be followed in case of a fire, explosion or release of hazardous waste or 
hazardous waste constituents which would threaten human health or the environment. 


 
 Critical habitat shall mean that area for an endangered species as defined in the Endangered 


Species Act, 16 U.S.C. 1532. 
 
 Department shall mean the Department of Environmental Management. 
 
 Designated facility shall mean a hazardous waste treatment, storage or disposal facility which 


has received an EPA permit (or a facility with interim status) in accordance with 40 CFR Parts 
270 and 124, a permit from a State authorized in accordance with 40 CFR Part 271, or that is 
regulated under 40 CFR 261.6 (c) (2) or 40 CFR 266 Subpart F and that has been designated 
on the manifest by the generator pursuant to Rule 5.03 (J) of these regulations. 
 


 Destination facility shall mean a facility that treats, disposes of, or conducts on-site recycling 
of a particular category of universal waste, except those management activities described in 40 
CFR 273.13(a) and (c) and 40 CFR 273.33(a) and (c). A facility at which a particular category 
of universal waste is only accumulated, is not a destination facility for purposes of managing 
that category of universal waste. 


 
 Director shall mean the Director of the Department of Environmental Management, or his/her 


designee. 
 
 Direct recharge area shall mean any area in which precipitation percolates to the water table 


and flows through subsurface materials to a specified area of discharge. The specified area of 
discharge may be a reach of a stream, a spring, a well or a well field. 


 
 Discharge shall mean the accidental or intentional spilling, leaking, pumping, pouring, 


emitting, emptying or dumping of hazardous waste into or on any land or water. 
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 Disposal shall mean the discharge, deposit, injection, dumping, spilling, leaking, abandoning 
or placing of any hazardous waste in, on, into or onto any land, other surface, or building, or 
into any water, stormwater system or sewer system. 


 
 Electric lamp shall mean the bulb or tube portion of a lighting device specifically designed to 


produce radiant energy, most often in the ultraviolet (UV), visible, and infrared (IR) regions of 
the electromagnetic spectrum. Examples of common electric lamps include, but are not limited 
to incandescent, fluorescent, high intensity discharge, and neon lamps. 


 
 Endangerment shall mean the introduction of a substance into groundwater so as to cause the 


maximum allowable contaminant levels established in the National Primary Drinking Water 
Standards or the standards contained in the Public Drinking Water Regulations of the Rhode 
Island Department of Health to be exceeded in the groundwater; or require additional 
treatment of the groundwater in order not to exceed the maximum contaminant levels 
established in any promulgated National Primary Drinking Water Standard or the standards 
contained in the Public Drinking Water Regulations of the Rhode Island Department of Health. 


 
 “EPA” ( or "United States Environmental Protection Agency" or "U.S. Environmental 


Protection Agency" or "Agency") as used in the portions of the Code of Federal Regulations 
which are incorporated by reference, shall mean the “Department’ or the “Department of 
Environmental Management, except as follows: 


 
A. References to "EPA Identification numbers", "EPA hazardous waste numbers", "EPA test 


methods", "EPA publications", "EPA form(s)", "EPA Guidance", or "EPA 
Acknowledgement of Consent". 
 


B. Use of "EPA" (or "United States Environmental Protection Agency" or "U.S. 
Environmental Protection Agency" or "Agency"), including its mailing address, where 
shown, in the following 40 CFR sections: in 260.10, in 260.11(a), in 261 Appendix ix, in 
264.12(a), in 265.12(a), in 268.1(e)(3), in 270.2, in 270.10(e)(2), in 270.32(a), in 
270.32(c), in 270.72(a)(5), in 270.72(b)(5), in 273.32(a)(3). 


 
C. Use of "EPA" (or "United States Environmental Protection Agency" or "U.S. 


Environmental Protection Agency" or "Agency") in any section of the Code of Federal 
Regulations which cannot be delegated to any state, including Rhode Island and which 
include the following 40 CFR sections: 262, Subpart E & Subpart H and 263, Subpart B 
regarding exports of hazardous waste; and 268.5, 268.6, and 268.42(b) plus 268.44 (a-m) 
regarding land disposal restrictions. 


 
D. Usage in the term "EPA region" in 40 CFR 260. 


 
EPA Identification Number, or I.D. No.,  shall mean the number assigned by EPA to each 
generator, hazardous waste transporter, and treatment, storage or disposal facility. 
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 Facility shall mean all contiguous land, structures and other appurtenances and improvements 
on the land used for treating, storing or disposing of hazardous waste or used oil. For the 
purposes of implementing corrective action under 40 CFR 264.101, the term shall mean all 
contiguous property under the control of the owner or operator seeking a RCRA subtitle C 
permit. The term shall also mean all contiguous property under control of the owner or 
operator of an interim status facility implementing corrective action.  


 
 Fault shall mean a fracture along which rocks on one side have been displaced with respect to 


those on the other side. 
 
 FIFRA shall mean the Federal Insecticide, Fungicide, and Rodenticide Act (7 U.S.C. 136-


136y). 
 
 Flood plain shall mean that area covered by a flood that has a one percent or greater chance of 


occurring in any year or of a magnitude equaled or exceeded once in 100 years on the average. 
 
 Generator shall mean any person, by site, who produces hazardous waste or imports hazardous 


waste from a foreign country or whose act or process produces hazardous waste or whose act 
first causes a hazardous waste to become subject to regulation. 


 
 Hazardous waste shall mean any waste or combination of wastes of a solid, liquid, contained 


gaseous, or semi-solid form which, because of its quantity, concentration, or physical or 
chemical characteristics, may cause or significantly contribute to an increase in mortality or an 
increase in serious irreversible or incapacitating reversible illness; or pose a substantial present 
or potential hazard to human health or the environment. 


 
Such wastes include, but are not limited to, those which are toxic, corrosive, flammable, or 
reactive; and which are listed as "Rhode Island Wastes" in Rule 3.00 of these regulations.  
 
Hazardous waste shall also mean any hazardous waste as defined in 40 CFR 261.3 or is 
subject to regulation under 40 CFR 261.7 and 261.33. Where the phrase solid waste appears in 
the Code of Federal Regulations, the word waste may be substituted. The small quantity 
generator provisions of 40 CFR 261.5 do not apply in Rhode Island, except for the provisions 
of Rule 5.02 (B) and (C) or as provided in Rules 5.05, 5.06, and 13.06B. The provisions of the 
household waste exemption contained within 40 CFR 261.4 (b) (1) do apply in Rhode Island, 
except as limited by Rule 5.00 of these regulations and except as provided in Rule 13.06B. 


 
Mixed waste as defined in Rule 3.00 is also a hazardous waste. 


 
Determination that a material is not a hazardous waste must be made in accordance with 40 
CFR 260.30, 260.31, and 260.33. 


 
Hazardous wastes that are recycled are subject to the provisions of 40 CFR 261.6 and the 
sections of 40 CFR Part 266 referenced therein, except as limited by Section 23-19.1-10 (f) of 
the Rhode Island General Laws and except as 40 CFR 261.6(a)(4) affects used oil that exhibits 
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one or more of the characteristics of hazardous waste. The Director may also regulate certain 
recycling activities as provided by 40 CFR 260.40 and 260.41. 


 
The publications listed in 40 CFR 260.11 are incorporated by reference. 


 
 Hazardous waste disposal facility shall mean real and personal property acquired, constructed 


or operated for the purpose of the disposal of hazardous waste. This term does not include a 
corrective action management unit into which remediation wastes are placed. 


 
 Hazardous waste incinerator shall mean an engineered device using controlled flame 


combustion for thermally degrading hazardous waste. 
 
 Hazardous waste management facility shall mean a facility, excluding vehicles, for collection, 


source separation, storage, processing, treatment, recovery or disposal of hazardous wastes, or 
a transfer station for hazardous waste, and may include a facility at which such activities occur 
and where waste has been generated. 


 
 Hazardous waste transporter shall mean a person, individual, firm, partnership, association 


and private or municipal corporation that transports hazardous waste. 
 
 Hazardous waste treatment or storage facility shall mean real and personal property acquired, 


constructed or operated for the purpose of storing or treating hazardous wastes. Facilities 
which accept household hazardous waste only, pursuant to Rule 5.00 of these regulations, are 
not deemed to be hazardous waste treatment or storage facilities. 


 
 Household hazardous waste shall mean waste which has been segregated from household 


waste as defined in 40 CFR 261.4(b)(1) and which would otherwise meet any of the definitions 
of a hazardous waste. This definition does not include hazardous wastes generated in 
households as part of a business, nor shall this definition extend to wastes from hotels and 
motels, bunkhouses, ranger stations, crew quarters, campgrounds, picnic grounds and day-use 
recreation areas, except for those wastes ordinarily left behind by guests or other users of these 
institutions. 


 
 Household refuse shall mean refuse generally produced at a home. 


 
 Incineration shall mean the treatment of hazardous waste using controlled flame combustion, 


the primary purpose of which is to thermally break down the hazardous waste. 
 
 Incinerator shall mean any enclosed device using controlled flame combustion that neither 


meets the criteria for classification as a boiler nor is listed as an industrial furnace. 
 
 Incompatible wastes shall mean a hazardous waste which is unsuitable for: 
 


A. Placement in a particular device or facility because it may cause corrosion or decay of 
containment materials; or 
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B. Commingling with another waste or material under controlled conditions because the 


commingling might produce heat or pressure, fire or explosion, violent reaction, toxic 
dusts, mists, fumes or gases or flammable fumes or gases. 


 
 Industrial furnace shall mean any device listed as such in 40 CFR 260.10 or other devices 


which the Director may, after notice and comment, add to the list based on one or more of the 
factors specified in part 13 of that definition. 


 
 Injection well shall mean a well or system of wells used for the disposal of hazardous waste by 


pumping the waste into deep wells where they are contained in the pores of permeable 
subsurface rock. 


 
 In operation shall mean a facility which is treating, storing or disposing of hazardous waste. 
 
 Land disposal facilities shall mean surface impoundments, waste piles, land treatment 


facilities and landfills. 
 
 Landfill shall mean a disposal facility or part of a facility where hazardous waste is placed in 


or on land and which is not a land treatment facility, a surface impoundment, an injection well, 
a waste pile, or a corrective action management unit. 


 
 Land treatment facility shall mean a facility or part of a facility at which hazardous waste is 


applied onto or incorporated into the soil surface; such facilities are disposal facilities if the 
waste will remain after closure. 


 
 Large Quantity Handler of Universal Waste shall mean a universal waste handler (as defined 


in this section) who accumulates 20,000 kilograms or more total of cathode ray tubes or their 
display devices, calculated collectively at any time, or who accumulates 5,000 kilograms 
(11,000 pounds) or more total of all other universal waste (batteries, pesticides, thermostats, 
mercury-containing devices, or mercury-containing lamps, calculated collectively at any time. 
This designation as a large quantity handler of universal waste is retained through the end of 
the calendar year in which 20,000 kilograms or more total of cathode ray tubes and their 
display devices, or 5,000 kilograms (11,000 pounds) or more total of all other universal waste 
is accumulated. 


 
 Liquid shall mean any waste that expresses as separable liquid by weight thirty percent (30%) 


or more of the waste when exposed to a vacuum of 3/4 atmosphere for thirty (30) minutes. 
 
 Load shall mean a mass or weight of a particular hazardous waste contained in one or more 


transporting container(s). 
 
 Local land authority shall mean a city or town council. 
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 Low- level mixed waste shall mean waste that contains both low-level radioactive waste and 
hazardous waste. 


 
 Low-level radioactive waste shall mean a radioactive waste which contains source material, 


special nuclear material, or byproduct material, and which is not classified as high-level 
radioactive waste, transuranic waste, spent nuclear fuel, or byproduct material as defined in 
section 11e.(2) of the Atomic Energy Act.  


 
 Manifest shall mean the Rhode Island Uniform Hazardous Waste Manifest provided by the 


Department or any other manifest (including manifests in electronic form) approved by the 
United States Environmental Protection Agency or the Department for identifying, but not 
limited to, the quantity, composition, type and the origin, routing and destination of hazardous 
waste from the point of generation, to the point of treatment, storage, or disposal.  


 
 Manufacturing and mining by-products shall mean secondary or incidental materials created 


in manufacturing or mining operations. 
 
 Mercury-containing device shall mean any electrical product or component, excluding 


batteries, lamps, and thermostats, which contains elemental mercury that is necessary for its 
operation and is housed within an outer metal, glass, or plastic casing. Mercury-containing 
devices include, but are not limited to, thermometers, barometers, electric switches and relays, 
thermocouples, manometers, and sphygmomanometers. 


 
 Mercury-containing lamp shall mean an electric lamp in which mercury is purposely 


introduced by the manufacturer for the operation of the lamp. For the purposes of universal 
waste management, mercury-containing lamps include fluorescent lamps and high intensity 
discharge (HID) lamps, including mercury vapor, metal halide and high pressure sodium lamps 
which would otherwise be a characteristic hazardous waste. 


 
 Mixed waste shall mean a waste that contains both hazardous waste and radioactive waste that 


is classified as source material, special nuclear material, or byproduct material subject to the 
Atomic Energy Act of 1954, as amended as of the effective date of these regulations. 


 
 NARM (Naturally occurring and/or Accelerator-produced Radioactive Material) shall 


mean radioactive materials that: 
 
A. Are naturally occurring and are not source, special nuclear, or byproduct materials as 


defined by the Atomic Energy Act, or 
 
B. Are produced by an accelerator. 


 
 On site shall mean the same or geographically contiguous property which may be divided by 


public or private right-of-way, provided the entrance and exit between the properties is at a 
cross-roads intersection, and access is by crossing as opposed to going along the right-of-way. 
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Non-contiguous properties owned by the same person connected by a right-of-way which he 
controls and to which the public does not have access is also considered on site property. 


 
 Operator shall mean the person who is responsible for the operation of the facility. 
 
 Owner shall mean the person who owns the facility or part of the facility. 
 
 PCB or PCBs shall mean any chemical substance that is limited to the biphenyl molecule that 


has been chlorinated to varying degrees or any combination of substances which contains such 
substances. 


 
 Person shall mean an individual, trust, firm, joint stock company, corporation (including a 


government corporation), partnership, association, the Federal Government or any agency or 
subdivision thereof, a state, municipality, commission, political subdivision of a state, or any 
interstate body. 
 


 Pesticide shall mean any substance or mixture of substances intended for preventing, 
destroying, repelling, or mitigating any pest, or intended for use as a plant regulator, defoliant, 
or desiccant, other than any article that: 


 
A. Is a new animal drug under the Federal Food, Drug, and Cosmetic Act (FFDCA) section 


201(w), or 
 
B. Is an animal drug that has been determined by regulation of the Secretary of Health and 


Human Services not to be a new animal drug, or 
 


C. Is an animal feed under FFDCA section 201(x) that bears or contains any substances 
described by paragraph (a) or (b) of this section. 


 
 Precious metal bearing wastes shall mean all materials destined for reclamation containing a 


concentration of gold, silver, rhodium, palladium and/or platinum which makes the waste 
economically recoverable including, but not limited to, plating baths and stripping solutions. 


 
Processing Used Oil means chemical or physical operations designed to produce from used 
oil, or to make used oil more amenable for production of, fuel oils, lubricants, or other used 
oil-derived products. Processing includes, but is not limited to: blending used oil with virgin 
petroleum products, blending used oils to meet the used oil fuel specifications, filtration, 
simple distillation, chemical or physical separation and re-refining. 
 


 Publicly owned treatment works shall mean a treatment works as defined by Section 212 of 
Public Law 92-500, "Federal Water Pollution Control Act" and which is owned by a state or 
municipality as defined by Section 502 (4) of this same law. 


 
  “RAP” shall mean a Remedial Action Plan as defined in 40 CFR 270.2. 
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 "RCRA" (or "Resource conservation and Recovery Act" or "Subtitle C of RCRA" or "RCRA 
Subtitle C" or "Subtitle C") as used in the portions of the Code of Federal Regulations which 
are incorporated by reference, when referring either to an operating permit or to the Federal 
hazardous waste program as a whole (i.e., not a specific provision of RCRA), shall mean the 
Rhode Island "Hazardous Waste Management Act of 1978", except as otherwise noted in these 
Rules and Regulations and except at 40 CFR 260.10 definition of "Act or RCRA", at 40 CFR 
Part 262 Appendix, at 40 CFR 270.2 definition of "RCRA" and at 40 CFR 270.51 reference to 
"EPA-issued RCRA permit". 


 
 Remediation Waste Management Site shall mean a facility where an owner or operator is or 


will be treating, storing, or disposing of hazardous remediation waste. 
 


Re-Refining Distillation Bottoms means the heavy fraction produced by vacuum distillation of 
filtered and dehydrated used oil.   


 
 Rhode Island Wastes shall mean any waste meeting the below-listed definitions of R001 


through R005 and R010.  
 
 Note: The waste codes R001 through R005 and R010  are only to be used if the waste meets 


the definition associated with these codes and does not meet any of the federal definitions of a 
hazardous waste. Rhode Island Fee Exemption Waste Codes (Waste codes R011-R016)  
indicate the waste is exempt from the Hazardous Waste Generation Fee described in Rules 5 
and 6 of these regulations and are to be used in addition to other applicable federal and state 
hazardous waste codes.  Also, RI waste codes R006 and R007, indicating the waste meets the 
definition of Extremely Hazardous Waste, shall be used in addition to applicable federal  
codes. 


 
A. Type 1A - Highly Toxic Waste (R001) shall mean a waste which meets any of the 


following criteria: 
 
1. The elutriate obtained by applying the Toxicity Characteristic Leaching Procedure to 


a representative sample of the waste has an acute oral LD50 in the rat of 0 to 50 mg/kg 
of body weight determined according to the protocol in Appendix 1, as calculated 
using a recognized reference or, where a recognized reference is not available, as 
actually measured; or 


 
2. A quantitative analysis of a liquid waste reveals that it contains a substance which in 


the concentration present in the waste causes the waste to have a waste LD50 
(calculated) of 50 mg/kg or less, as listed in a reference source approved by the 
Director. 


 
B. Type 1B - Moderately Toxic Waste (R001) shall mean a waste which meets any of the 


following criteria: 
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1. The elutriate obtained by applying the Toxicity Characteristic Leaching Procedure to 
a representative sample of the waste has an acute oral LD50 in the rat of greater than 
50 but less than 500 mg/kg of body weight determined according to the protocol in 
Appendix 1, as calculated using a recognized reference or, where a recognized 
reference is not available, as actually measured; or  


 
2. A quantitative analysis of a liquid waste reveals that it contains a substance which in 


the concentration present in the waste causes the waste to have a waste LD50 
(calculated) of greater than 50 mg/kg but less than 500 mg/kg of body weight as 
listed in a reference source approved by the Director. 


 
C. Type 1C - Slightly Toxic Waste (R001) shall mean a waste which meets any of the 


following criteria: 
 


1. The elutriate obtained by applying the Toxicity Characteristic Leaching Procedure to 
a representative sample of the waste has an acute oral LD50 in the rat of greater than 
500 but less than 5000 mg/kg of body weight determined according to the protocol in 
Appendix 1, as calculated using a recognized reference or, where a recognized 
reference is not available, as actually measured; or  


 
2. A quantitative analysis of a liquid waste reveals that it contains a substance which in 


the concentration present in the waste causes the waste to have a waste LD50 
(calculated) of greater than 500 but less than 5,000 mg/kg body weight as listed in a 
reference source approved by the Director. 


 
D. Type 2A - Highly Reactive Waste (R002) shall mean a waste which in itself is readily 


capable of initiating a detonation, or of explosive decomposition, or of a reaction at 
normal temperature and pressures, or which reacts explosively with water, or which is a 
forbidden explosive as defined in 49 CFR 173.54, or a Division 1.1, Division 1.2, or 
Division 1.3 explosive as defined in 49 CFR 173.53 or 49 CFR 173.50 respectively. 


 
E. Type 2B - Moderately Reactive Waste (R002) shall mean a waste which in itself is 


capable of initiating a detonation or explosive reaction, but requires a strong initiating 
source, or which must be heated under confinement before initiation, or which may react 
violently with water or oxidizable materials or which may form potentially explosive 
mixtures with water or oxidizable materials, or which may generate toxic fumes such as 
cyanide and sulfide bearing wastes. 


 
F. Type 2C - Slightly Reactive Waste (R002) shall mean a waste which in itself or when 


mixed with water is normally unstable or readily undergoes chemical change, but does not 
detonate or cause explosive reactions. 


 
G. Type 3A - Highly Flammable Waste (R003) shall mean: 
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1. Any liquid or gaseous material which is a liquid while under pressure, having a flash 
point below 73°F and a boiling point less than 100°F, or 


 
2. Any compressed gas or mixture for which a mixture of 13% or less (by volume) with 


air forms a flammable mixture, or the flammable range with air is wider than 12% 
regardless of the lower limit, or 


 
3. Any non-liquid as described in 40 CFR 261.21 (a) (2), or 


 
4. Any ignitable compressed gas as described in 40 CFR 261.21 (a) (3), or 


 
5. Any oxidizer as described in 40 CFR 261.21 (a) (4). 


 
H. Type 3B - Moderately Flammable Waste (R003) shall mean: 


 
1. A liquid having a flash point less than 73°F and a boiling point at or above 100°F, 


and those having a flash point at or above 73°F and a boiling point less than 100°F, or 
a liquid that ignites spontaneously in dry or moist air at or below 130°F, or 


 
2. Any compressed flammable gas or mixture having in the container an absolute 


pressure exceeding 40 psi at 70°F, or regardless of the pressure at 70°F, having an 
absolute pressure exceeding 104 psi at 130°F, or any liquid flammable materials 
having a vapor pressure exceeding 40 psi absolute at 100°F. 


 
I. Type 3C - Slightly Flammable Waste (R003) shall mean: 


 
1. Liquids having a flash point at or above 73°F, but not exceeding 200°F. 
 
2. Solid or semi-solids which readily gives off flammable vapors below 100°F. 


 
J. Type 4 - Corrosive Waste (R004) shall mean any non-aqueous waste, when mixed 50% by 


weight with distilled water, or any gaseous material such that a 2 molar aqueous solution, 
yields a pH less than or equal to 2.0, or greater than or equal to 12.5, as measured with a 
pH meter using the protocol specified in EPA's "Test Methods for the Evaluation of Solid 
Waste, Physical/Chemical Methods, SW-846. 


 
K. Type 5 - Rhode Island Special Hazardous Waste (R005) shall mean a waste which may 


not meet any of the other criteria set forth in this rule but which may still cause or 
significantly contribute to an increase in mortality or an increase in serious irreversible or 
incapacitating reversible illness or pose a substantial present or potential hazard to human 
health or the environment. 


 
L. Type 6 - Extremely hazardous waste (R006) shall mean any waste that: 
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1. contains any KNOWN CARCINOGEN as designated in regulatory rule-making by 
any of the federal agencies (OSHA, FDA, EPA or CPSC) in concentrations or 
amounts at or above the federally regulated level or at 1/10 of 1% (0.1%) by weight, 
whichever is more stringent, of any solid or liquid mixture. This rule does not apply 
to asbestos waste, or 


 
2. contains any TERATOGEN as identified by  EPA’s Integrated Risk Information 


System (IRIS)  in concentrations or amounts at or above the federally regulated level 
or at 0.1% by weight, whichever is more stringent, of any solid or liquid mixture, or 


 
3. contains any SUSPECT HUMAN CARCINOGEN as designated in regulatory rule-


making by any of the federal agencies (OSHA, FDA, EPA or CPSC) in 
concentrations or amounts at or above the federally regulated level or at 1% by 
weight whichever is more stringent, of any solid or liquid mixture. This rule does not 
apply to asbestos waste, or 


 
4. contains a substance which has an acute oral rat LD50 less than or equal to 2 mg/kg in 


a reference approved by the Director at or above 0.1% by weight of any solid or 
liquid mixture, or 


 
5. contains any U. S. Department of Transportation Class 2, Division 2.3 hazardous 


material (gas poisonous by inhalation), per 49 CFR 173.115 or Class 6, Division 6.1 
hazardous material (poisonous materials), per 49 CFR 173.132, or  


 
6. contains Industrial Chemicals selected due to their serious cumulative effects by 


OSHA and listed in Appendix II at or above 1% by weight of any solid or liquid 
mixture. However, if the industrial chemicals are less than 1% soluble, this rule only 
applies to these chemicals when they are soluble in the waste, or 


 
7. PCB waste (R007) shall mean any waste that contains polychlorinated biphenyls at a 


concentration of fifty parts per million (50 ppm) or greater, or shows ten micrograms 
per one hundred square centimeters (10 micrograms/100 cm²) as measured by 
standard wipe tests. Wastes containing PCBs at a concentration of 50 ppm or greater 
are also subject to additional regulations under TSCA (Toxic Substances Control Act) 
in 40 CFR 761.  


 
M. Rhode Island Waste Codes shall be as follows: 


 
Rhode Island Characteristic Wastes (R001-R007) 


 
Codes R001 – R005 and R010 are to be used only when the waste does not satisfy any of the federal 
criteria of a hazardous waste.  R006 and R007, indicating the waste meets the definition of Extremely 
Hazardous Waste, shall be used in addition to applicable federal codes. 
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1. Any waste meeting any of the definitions of Toxic Waste under items A, B, or C of 
this rule shall be designated as an R001 waste. 


 
2. Any waste meeting any of the definitions of Reactive Waste under items D, E, or F of 


this rule shall be designated as an R002 waste. 
 


3. Any waste meeting any of the definitions of Flammable Waste under items G, H, or I 
of this rule shall be designated as an R003 waste. 


 
4. Any waste meeting the definition of Corrosive Waste under item J of this rule shall be 


designated as an R004 waste. 
 


5. Any waste meeting the definition of Rhode Island Special Hazardous Waste under 
item K of this rule shall be designated as an R005 waste. 


 
6. Any waste meeting the definition of Extremely Hazardous Waste under item L of this 


rule shall be designated as an R006 waste, except as described in item 7, below. 
 


7. Any PCBs or PCB-contaminated material which meet the definition of Extremely 
Hazardous Waste under item L (7) of this rule shall be designated as an R007 waste. 


 
8. Any used oil that meets the definition of a characteristic hazardous waste that is 


subject to disposal and not sent for recycling or any used oil that is designated by the 
generator as hazardous waste and not sent for recycling, shall be designated as an 
R010 waste. 


 
 


Rhode Island Fee Exemption Waste Codes (R011-R016) 
 
These waste codes are to be used in addition to applicable state and federal waste codes: 
 


9. Secondary Waste: Waste generated by a hazardous waste management facility as a 
result of treatment, repackaging or storage of wastes received by the facility shall be 
designated as an R011 waste. This waste code shall be used in addition to other 
required waste codes. 


 
10. Precious metal bearing waste meeting the definition of a precious metal bearing waste 


as defined by Section 3 of the Rules and Regulations shall be designated as an R012 
waste. This waste code shall be used in addition to other required waste codes. 


 
11. Household hazardous waste meeting the definition of a household hazardous waste as 


defined by Section 3 of the Rules and Regulations shall be designated as an R013 
waste. This waste code shall be used in addition to other required waste codes. 
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12. Used oil or related materials that are managed in accordance with the requirements of 
Rule 15.00 shall be designated as an R014 waste. 


 
13. Waste not meeting the definition of a hazardous waste that is required to be on a 


Manifest by the destination state shall be designated as an R015 waste. This waste 
code shall be used in addition to other waste codes required by the destination state. 


 
14. Removal Action Waste generated (as listed on item 5 of the Manifest) by the 


Department or the United States Environmental Protection Agency in the course of 
emergency response or environmental remediation activities. This exemption shall 
only apply if the applicable government agency generating the waste while 
performing the remediation is not considered a Responsible Party as defined herein or 
pursuant to R.I. General Laws § 23.19.14-3. Such waste shall bear a State waste code 
of R016 code in addition to other waste codes required by the destination state. 


  
Use of the R016 waste code by the generating agency shall not prohibit the 
Department from collecting the Hazardous Waste Generation Fee as part of a cost 
recovery action from any other generator determined to be a responsible party 
associated with the removal action. 


 
Sanitary septage shall mean septage from individual sewage disposal systems containing 
human or animal excremental liquid or substance, any putrescible animal or vegetable matter, 
garbage and filth, including the discharge of water closets, laundry tubs, washing machines, 
sinks, dishwashers and the contents of septic tanks, cesspools or privies. 


 
Satellite accumulation shall mean the accumulation of as much as fifty-five (55) gallons of 
hazardous waste, or the accumulation of as much as one quart of acutely hazardous waste, in 
containers at or near any point of generation where the waste initially accumulates, which is 
under the control of the operator of the process generating the waste, without a permit or 
interim status and without complying with the requirements of 40 CFR 262.34(a) and without 
any storage time limit, provided that the generator complies with 40 CFR 262.34(c)(1)(i) and 
marks and labels his containers as required by Rule 5.04C. Accumulations in excess of these 
amounts are subject to the requirements of 40 CFR 262.34(c)(2) and to the marking and 
labeling requirements of Rule 5.04A.  


 
Septage shall mean any solid, liquid or semi-solid removed from septic tanks, cesspools, 
privies, domestic wastewater holding tanks or other similar individual sewage disposal 
systems. 


 
Small Quantity Handler of Universal Waste shall mean a universal waste handler (as defined 
in this section) who does not accumulate 20,000 kilograms or more total of cathode ray tubes 
or their display devices, calculated collectively at any time and who does not accumulate 5,000 
kilograms (11,000 pounds) or more total of all other universal waste (batteries, pesticides, 
thermostats, mercury-containing devices, or mercury-containing lamps), calculated 
collectively at any time.  
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Sole source aquifer shall mean those aquifers designated pursuant to Section 1424 (e) of the 
Safe Drinking Water Act of 1974 (Public Law 93-523) which solely or principally supply 
drinking water to a large percentage of a populated area. 


 
Solid Waste Management Unit (“SWMU”) shall mean a hazardous waste management 
facility or any portion thereof where solid wastes have been placed at any time, irrespective of 
whether the unit was intended for the management of solid or hazardous waste. Such unit 
includes any area at a facility at which solid wastes have been routinely and systematically 
released. SWMUs include regulated units as well as units used to manage nonhazardous solid 
wastes. 


 
Specification Used Oil is any used oil that meets the minimum allowable levels for Flash Point 
and does not contain constituents at concentrations that exceed any maximum allowable levels 
listed in Table I of Rule 15.03(e). 


 
"State(s)" (or "authorized state" or "approved state" or "approved program") as used in the 
portions of the Code of Federal Regulations which are incorporated by reference shall mean 
the state of Rhode Island, except as the term appears at 40 CFR 124.2(a) definitions of 
“Director”, “Interstate agency”, “Person” and “State”, at 40 CFR 260.10 definitions of 
"Person", "State", and "United States", at 40 CFR Part 262, at 40 CFR 264.143(e)(1), at 40 
CFR 264.145(e)(1), at 40 CFR 264.147(a)(1)(ii), (b)(1)(ii), (g)(2) and (g)(4), at 40 CFR 
265.143(d)(1), at 40 CFR 265.145(d)(1), at 40 CFR 265.147(a)(1)(ii), (g)(2), and (i)(4), at 40 
CFR 270.2 definitions of “application”, "approved program or approved State", "Director", 
"Interim Authorization", "Final Authorization", “Major Facility”,"Person", “Publicly Owned 
Treatment Facilities”, "State”, “State Director”, and “State/EPA Agreement”. 


 
Storage shall mean the actual or intended containment of hazardous waste, either on a 
temporary basis or for a period of years, in such a manner as not to constitute disposal of such 
hazardous waste. 


 
Storage facility shall mean any facility that stores hazardous wastes and that has a closure plan 
that provides for the complete removal of all wastes. 
 
Surface impoundment shall mean a facility or part of a facility which is a natural topographic 
depression, man-made excavation, or diked area formed primarily of earthen materials 
(although it may be lined with man-made materials), which is designed to hold an 
accumulation of liquid wastes or waste containing free liquids, and which is not an injection 
well. Examples of surface impoundments are holding, storage, settling and aeration pits, ponds 
and lagoons. 


 
Tank shall mean a stationary device designed to contain an accumulation of material, 
hazardous waste or used oil which is constructed primarily of non-earthen materials which 
provide structural support. 
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Thermostat shall mean a temperature control device that contains metallic mercury in an 
ampule attached to a bi-metal sensing element, and mercury-containing ampules that have 
been removed from these temperature control devices in compliance with the requirements of 
40 CFR 273.13(c)(2) or 273.33(c)(2). 
 
Tolling Agreement shall mean a contract between a used oil generator and a used oil 
processor/re-refiner pursuant to which used oil that is reclaimed by the used oil processor/re-
refiner is returned to the used oil generator for use as a lubricant, cutting oil or coolant.  


 
Toxicity Characteristic Leaching Procedure shall mean the procedure referenced in 40 CFR 
261 Appendix II. 


 
Transfer station shall mean an intermediate point in the transport of hazardous wastes where 
such wastes are brought, stored and transferred to vehicles for movement to other intermediate 
points or to the point of ultimate storage or disposal. 


 
Transport shall mean the movement of wastes from the point of generation to any off site 
intermediate points, and finally to the point of final storage, treatment or disposal. 


 
Transportation Unit shall mean any car, truck, tractor, or other device used in transportation 
on land, water, or in the air or any trailer, tank or other type of containment structure 
permanently or temporarily attached thereto. 


 
Transporter shall mean any person that transports hazardous waste other than on site or that 
transports Septage. 


 
Treatment shall mean any method, technique, or process, including neutralization or 
incineration, designed to change the physical, chemical, or biological character or composition 
of any hazardous waste as to neutralize such waste or so as to render such waste less 
hazardous, non-hazardous, safer to transport, amenable to storage, or reduced in volume, 
except such method or technique as may be included as part of the manufacturing process at 
the point of generation. 


 
Underground drinking water source shall mean an aquifer supplying drinking water for 
human consumption; or an aquifer in which the groundwater contains less than 500 mg/l total 
dissolved solids; or an aquifer designated as such by the Administrator of the Environmental 
Protection Agency or any Rhode Island state agency authorized to do so. 


 
 Underground Storage Tank (UST) means any tank or tank system that meets the definition of 


a UST contained in the Rhode Island Regulations for Underground Storage Facilities Used for 
Petroleum Products and Hazardous Materials (the “UST Regulations”). 


 
Universal Waste shall mean any of the following hazardous wastes that are subject to the 
universal waste requirements of 40 CFR part 273: 
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A. Batteries as described in 40 CFR 273.2; 
 


B. Pesticides as described in 40 CFR 273.3;  
 


C. Thermostats as described in 40 CFR 273.4; 
 


D. Cathode ray tubes (CRTs) as described in Rule 13.02 of these regulations; 
 


E. Mercury-containing devices as described in Rule 13.03 of these regulations; and 
 


F.    Mercury-containing lamps as described in Rule 13.04 of these regulations.  
 


 Universal Waste Handler:  
A. shall mean: 


1. A Generator (as defined in Rule 3.00) of universal waste; or 
 
2. The owner or operator of a facility, including all contiguous property, that receives 


universal waste from other universal waste handlers, accumulates universal waste, 
and sends universal waste to another universal waste handler, to a destination facility, 
or to a foreign destination. 


 
B. shall not mean: 
 


1. A person who treats (except under the provisions of 40 CFR 273.13(a) or (c), or 
273.33(a) or (c)), disposes of, or recycles universal waste; or 


 
2. A person engaged in the off-site transportation of universal waste by air, rail, 


highway, or water, including a universal waste transfer facility. 
 
 Universal Waste Transfer Facility shall mean any transportation-related facility including 


loading docks, parking areas, storage areas and other similar areas where shipments of 
universal waste are held during the normal course of transportation for ten days or less. 


 
 Universal Waste Transporter shall mean a person engaged in the off-site transportation of 


universal waste by air, rail, highway, or water. 
 
 Used Oil means oil that has been refined from crude oil (in whole or in part), or any synthetic 


oil which, through use or handling, has become unsuitable for its original purpose due to the 
presence of physical or chemical impurities or loss of original properties.  Used oil is a free-
flowing liquid at standard temperature and pressure.  Used oil shall include, but not be limited 
to, lubricating oils and greases, engine oils, metal working fluids, emulsive coolants, hydraulic 
fluids, refrigeration oils, electrical insulating oils, silicon oils and wire drawing oils.  Used oil 
does not include materials derived from crude or synthetic oils that are used as fuels (e.g., 
gasoline, jet fuel and diesel fuel) or used as cleaning agents or solvents (e.g., mineral spirits), 
which are subject to the waste characterization requirements under Rule 5.08 and may be 
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subject to additional parts of these Rules if the materials meet the definition of Hazardous 
Waste. 


 
 Used Oil Aggregation Point means any site or facility that accepts, aggregates, and/or stores 


used oil collected only from other used oil generation sites owned or operated by the owner or 
operator of the aggregation point. 


 
 Used Oil Burner means an owner or operator of a facility where used oil is burned for the 


purpose of energy recovery in used oil burning equipment. 
 


 Used Oil Burning Equipment means fuel burning equipment, including but not limited to, 
any space heater, industrial furnace or boiler that is used to burn used oil for the purpose of 
energy recovery. 


 
 Used Oil Collection Centers means any facility or site that accepts/aggregates and stores 


used oil collected from household used oil generators. 
 


 Used Oil Fuel means used oil that meets the specifications contained in Table 1 in Rule 
15.03 and is burned for energy recovery. 


 
 Used Oil Generator means any person, by site, whose act or process produces used oil that 


is not a "household used oil" or whose act first causes used oil to become subject to 
regulation. 
 


 Used Oil Marketer means any person who directs a shipment of used oil from their facility 
to a used oil burner or first claims that a shipment of used oil meets Specification Used Oil 
Requirements set forth in Table 1 of Rule 15.03.  
 


 Used Oil Processor or Re-refiner means a facility that conducts processing of used oil as 
defined in these Rules. 
 


 Used Oil Temporary Storage Facility means any transportation related facility including 
loading docks, parking areas, storage areas and other areas where shipments of used oil are 
held for more than 24 hours but not longer than 35 days during the normal course of 
transportation. Temporary storage facilities that store used oil for more than 35 days are 
subject to the used oil processor/re-refiner requirements of Rule 15.08. 
 


 Used Oil Transporter means any person, excluding household used oil generators, who 
transports used oil, any person who collects used oil from one or more generators and 
transports the collected oil, and owners and operators of used oil temporary storage facilities. 


 
 Vehicle shall mean any car, truck, tractor, or other device used in transportation including any 


trailer, tank or other type of containment structure permanently or temporarily attached 
thereto. 


 







 Washout shall mean the movement of hazardous waste from the active portion of the facility 
as a result of flooding. 


 
 Waste shall mean solid waste as defined in 40 CFR 261.2. 
  
 Waste LD50 (calculated) shall mean the value arrived at by applying to either the elutriate 


obtained from the Toxicity Characteristic Leaching Procedure or to a liquid waste the 
following equation: 
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where C = The concentration of a substance in a sample of the liquid waste or in the elutriate 
obtained by applying the Toxicity Characteristic Leaching Procedure to non-liquid 
waste (expressed as a fraction), and 


 
LD50 = Oral rat LD50 listed in a recognized source (mg/kg). 


 
 Waste pile shall mean any non-containerized accumulation of solid, non-flowing hazardous 


waste that is used for treatment or storage. 
 
 Wetlands shall mean marshes, swamps, bogs, ponds, rivers, river and stream flood plains and 


banks; areas subject to flooding or storm flowage, emergent and submergent plant 
communities in any body of fresh water including rivers and streams and that area of land 
within fifty feet (50') of the edge of any bog, marsh, swamp or pond. 


 
 40 CFR ... shall mean that section or subsection of the Code of Federal Regulations, Title 40, 


Protection of Environment, Chapter 1, Environmental Protection Agency. All references to 
Title 40 of the Code of Federal Regulations are 40 CFR as of July 1, 2004. 


 
 49 CFR ... shall mean that section or subsection of the Code of Federal Regulations, Title 49, 


Transportation. All references to Title 49 of the Code of Federal Regulations are 49 CFR as of 
October 1, 2004. 


 
4.00 VARIANCES 
 
4.01. Applications: An applicant may apply to the Director for a variance from any of these rules 


and regulations. The Director then may require the submission of any survey data, drawings, 
soil borings and tests, calculations, scientific tests, data or other information he deems 
necessary to evaluate such application. 
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4.02. Non-Permit Variances: The Director may upon application issue a variance under this rule 
when compliance with these rules and regulations would, in the Director's judgment, and upon 
presentation by the applicant of adequate proof, cause unreasonable or undue hardship, 
provided the applicant can also present adequate proof that the issuance of a variance: 
 
A. will provide protection of health and the environment equivalent to that which is provided 


by these rules, 
 
B. will not endanger the public health and safety, 


 
C. will not create a public or private nuisance, 


 
D. will not significantly interfere with the public use and enjoyment of any recreational 


resource, 
 


E. will not cause pollution in any surface body of water or any groundwater, or cause 
contamination of any drinking water supply or tributary thereto, 


 
F. will not violate any provisions of any rules or regulations adopted pursuant to Chapter 23-


23 (the Rhode Island Clean Air Act) of the General Laws of Rhode Island, as amended, 
 


G. will not be less stringent than 40 CFR 262.34 (b). 
 


The issuance or denial of a variance shall be preceded by public notice and opportunity for 
public comment. In no case shall the duration of any such variance exceed five years. 
Renewals or extensions may be given only after public notice and opportunity for public 
comment on each such renewal or extension. 
 


4.03. Permit Variances: In addition to the requirements of Rule 4.02, the Director or his designee 
must hold a public hearing prior to rendering a decision on any application. Prior to the 
hearing, the Director shall issue public notice on the radio and in a newspaper of general 
circulation in the area affected and shall notify by certified mail to the last known address: all 
persons requesting in writing such notification, all property owners within five hundred (500) 
feet of the perimeter of the site of the applicant's facility, the city or town in which the facility 
is located, and the applicant of the hearing date, time, and place. Such notices shall be made at 
least sixty (60) days prior to the date of the public hearing. Permit variances shall not be 
granted for a period to exceed one year.  


 
4.04. Department's Evidence: The Department through its authorized agents may present evidence 


to the Director or his designee relative to any application. 
 
4.05. Remonstrant: Remonstrants who have been notified, as required by this rule, may present 


evidence to the Director or his designee relative to any application. 
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4.06. Decision: The Director or his designee may grant or deny the variance after hearing provided, 
however, that such variance may be subject to such terms and conditions as the Director or his 
designee may deem necessary to protect the public health and safety and the environment. 


 
5.00 GENERATORS 
 
 These rules shall apply to all generators of hazardous waste. Rhode Island does not recognize 


federal exemptions for small quantity generators and the small quantity generator provisions of 
40 CFR 261.5, 262.20(e), 262.42(b) and 262.44 do not apply in Rhode Island, except for 
provisions of Rule 5.02(B) and (C) or as provided in Rules 5.05, 5.06, and 13.06B. Facilities 
which accept household hazardous waste only, for subsequent off-site management in 
accordance with these regulations, will be considered to be generators, subject to the 
requirements of this section. 


 
5.01 Identification: The generator shall apply for and obtain an EPA I.D. No. and shall not offer 


waste for shipment without an EPA I.D. No. All generators included in the federal system must 
apply to the Department for an EPA I.D. No. Small generators and others not included in the 
federal system but covered under Rhode Island rules and regulations must also apply for an 
EPA I.D. No. through the Department. Temporary EPA I.D. No.'s may be obtained from the 
Department. 


 
5.02 Storage: 
 


A. Any material designated as a hazardous waste stored on site by a generator for a period 
not to exceed 90 days, excluding satellite accumulation as defined in Rule 3.00, shall be 
termed 90 day accumulation. Such accumulated waste shall be excluded from storage 
permit requirements provided that it is managed in accordance with the provisions of these 
Rules and Regulations and in accordance with the provisions of 40 CFR 262.34, 264.175, 
and 265.15(d), except for 40 CFR 262.34 (d), (e), and (f). These regulations include, but 
are not limited to, requirements for personnel training, preparedness and prevention, 
contingency plans, secondary containment, and documentation of inspection of each 
hazardous waste storage area. Also, such waste must be properly disposed within the 90 
day accumulation period. 


 
B. Generators of less than 1000 kg/month of hazardous waste (inclusive of generators of less 


than 100 kg/month), accumulating hazardous waste in tanks, that do not accumulate over 
3000 kg on site at any time (90 day maximum storage), and that do not exceed the limits 
regarding generation of acute hazardous waste set out in 40 CFR 261.5 (e) (1) and (2), 
shall not be subject to 40 CFR 265, Subpart J (Tank Systems), except for 40 CFR 265.201. 


 
C. Generators of less than 1000 kg/month of hazardous waste (inclusive of generators of less 


than 100 kg/month), that do not accumulate over 3000 kg on site at any time (90 day 
maximum storage), and that do not exceed the limits regarding generation of acute 
hazardous waste set out in 40 CFR 261.5 (e) (1) and (2), shall not be subject to 40 CFR 
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265, Subpart CC (Air Emission Standards for Tanks, Surface Impoundments, and 
Containers). 


 
D. A small quantity generator or large quantity generator (as defined in 40 CFR 260.10) who 


generates wastewater treatment sludges from electroplating operations that meet the listing 
description for the RCRA hazardous waste code F006, may accumulate F006 waste on-
site for more than 90 days, but not more than 180 days without a permit or without having 
interim status provided that: 


 
1. The generator has implemented pollution prevention practices that reduce the amount 


of any hazardous substances, pollutants or contaminants entering F006 or otherwise 
released to the environment prior to its recycling; 


 
2. The F006 waste is legitimately recycled through metals recovery (i.e., on-site or off-


site recovery of distinct metal component(s) from the electroplating sludge, as 
separate end product(s)); 


 
3. No more than 20,000 kilograms (44,000 pounds) of F006 waste is accumulated on-


site at any one time (note: Any small quantity generator who accumulates more than 
1,000 kilograms (2200 pounds) per month of F006 waste or who accumulates more 
than 6,000 kilograms (13,200 pounds) of F006 waste on site at any time, immediately 
becomes a large quantity generator.); and 


 
 
4. The F006 waste is managed in accordance with the following: 
 


(a) The F006 waste is placed: 
 


(i) In containers and the generator complies with the applicable 
requirements of subparts I, AA, BB, and CC of 40 CFR part 265; and/or 


 
(ii) In tanks and the generator complies with the applicable requirements of 


subparts J, AA, BB, and CC of 40 CFR part 265, except §§ 265.197(c) 
and 265.200; and/or 


 
(iii) In containment buildings and the generator complies with subpart DD 


of 40 CFR part 265, and has placed its professional engineer 
certification that the building complies with the design standards 
specified in 40 CFR 265.1101 in the facility’s operating record prior to 
operation of the unit. The owner or operator must maintain the 
following records at the facility: 


 
(aa) A written description of procedures to ensure that the F006 


waste remains in the unit for no more than 180 days, a written 
description of the waste generation and management practices 
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for the facility showing that they are consistent with the 180-day 
limit, and documentation that the generator is complying with 
the procedures; or 


 
(bb) Documentation that the unit is emptied at least once every 180 


days. In addition, such a generator is exempt from all the 
requirements in subparts G and H of 40 CFR part 265, except 
for §§ 265.111 and 265.114. 


 
(b) The date upon which each period of accumulation begins is clearly marked and 


visible for inspection on each container; 
 
(c) While being accumulated on-site, each container and tank is labeled or marked 


clearly with the words, “Hazardous Waste” and complies with Rule 5.04 
labeling requirements; and 


 
(d) The generator complies with the requirements for owners or operators in 


subparts C and D in 40 CFR part 265, with 40 CFR 265.16, and with 40 CFR 
268.7(a)(5).  


 
5.03 Waste Shipment: The generator shall send hazardous waste only to a designated 


facility. The generator must not send hazardous waste from the property on which it is 
generated, on site, without preparing a manifest to accompany the waste, except where 
40 CFR 262.20(f) applies, nor shall he offer hazardous waste to a facility which does 
not have an EPA I.D. number, or to a hazardous waste transporter that does not have an 
EPA I.D. number and a valid RI Hazardous Waste Transporter Permit as indicated by 
an official sticker on each transportation unit. Use of a permitted hazardous waste 
transporter and use of a transporter with an EPA I.D. number are not required for those 
transportation situations where 40 CFR 262.20(f) applies. The following requirements 
also apply: 


 
A. The generator must package the waste in accordance with 49 CFR 173, 178 and 179. 
 
B. The generator, except for those shipments of exclusively used oil shall complete the 


generator section of the manifest prior to sending any hazardous waste from the property 
on which it is generated. The generator shall complete this section in accordance with the 
requirements of 40 CFR 262.21 and the requirements of these rules and regulations. The 
generator will also note in item 15 of the manifest if the waste is an R006 waste under 
paragraph (L) of the “Rhode Island Wastes” definition in Rule 3.00 of these regulations. 


 
C. The generator must complete the generator section of a Rhode Island Uniform Hazardous 


Waste Manifest or other approved manifest prior to the shipment of the waste. The 
Department may charge the generator a fee for the Department’s distribution of Rhode 
Island Uniform Hazardous Waste Manifests to the generator. If the generator uses other 
than a Rhode Island Uniform Hazardous Waste Manifest, he must include all of the 
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information required on the Rhode Island Manifest. Relative to hazardous waste generated 
in or destined for any state having a manifest reciprocity protocol with Rhode Island, the 
generator may use either the generator’s state manifest or the destination’s state manifest. 
Otherwise, the generator must use the destination state’s manifest if that state supplies the 
manifest and requires its use, and if not, the generator must use the Rhode Island Manifest. 
The generator may use Uniform Hazardous Waste Manifest Continuation Sheets (EPA 
Form 8700-22A), provided that it is allowed by the state in which the designated facility is 
sited. Generators desiring to use these continuation sheets shall create them in accordance 
with federal specifications, as shown in the Appendix of 40 CFR Part 262.  


 
D. After the hazardous waste transporter has signed the manifest, the generator shall remove 


the appropriate copy and either return it to the Department within five days or alternately, 
submit the information on this copy electronically in a format and in a time frame 
acceptable to the Department. The generator shall also remove the destination state's copy 
and mail it to the state in which the designated facility is located within five days. If the 
designated facility is in the state of Rhode Island, the generator shall either mail it to the 
State within five days or alternately, submit the information on this copy electronically in 
a format and in a time frame acceptable to the Department. Relative to any generator 
located in a state that does not employ an 8-copy manifest (as used in Rhode Island) and 
where that generator will use his state’s manifest, the generator shall make additional 
photocopies of the generator-completed manifest and label those copies as “generator to 
destination state” and “generator to generator state”, as appropriate, which will serve the 
same function as copies 6 & 7 of the Rhode Island manifest. 


 
E. The generator shall also maintain a copy of the manifest for his records. All remaining 


copies shall be turned over to the hazardous waste transporter and shall accompany the 
waste through the routing indicated by the generator. 


 
F. A generator must instruct the hazardous waste transporter to return the waste or deliver it 


to an alternate designated facility if he is unable to deliver it to the primary designated 
facility. 


 
G. A generator sending or receiving waste to or from a foreign country shall comply with 40 


CFR 262 Subpart E or 40 CFR 262 Subpart F. 
 


H. A generator shipping wastes via water or rail must comply with the provisions of 40 CFR 
262.23 (c) or (d) and 40 CFR 263.20 (e) or (f). 


 
I. A generator who does not receive a copy of a manifest from the designated facility to 


which that waste was sent within 35 days of the date that waste was accepted by the initial 
hazardous waste transporter must comply with the provisions of 40 CFR 262.42(a)(1-2) 
and file an exception report with the Department. [The provisions of 40 CFR 262.42(a)(1-
2) are incorporated by reference, except for the words “of greater than 1000 kilograms” in 
(a)(1-2)]. 
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J. A generator must designate on the manifest one designated facility, which is permitted to 
handle the waste described on the manifest. 


 
K. A generator may also designate on the manifest one alternate designated facility which is 


permitted to handle his waste in the event an emergency prevents delivery of the waste to 
the primary designated facility. 


 
5.04 Labeling 
 


A. The generator shall label the side of all hazardous waste containers, excluding satellite 
accumulation, in accordance with the provisions of 49 CFR 172 and include the following: 
 
1. The words “Hazardous Waste”. 
 
2. Generator's name and address of generating facility. 


 
3. The USDOT shipping name and the generic names of the principal hazardous waste 


components (if the proper USDOT shipping name is not conclusive in identifying the 
hazardous waste). 


 
4. The EPA or Rhode Island waste code. 


 
5. Date of containerization (accumulation start date). The accumulation start date is the 


date that hazardous waste first begins accumulating in a container or tank, exclusive 
of satellite accumulation. 


 
6. The Hazardous Waste Manifest Number (prior to being shipped off-site). 


 
B. The generator must label and mark every container, excluding those in satellite 


accumulation, in accordance with the provisions of 40 CFR 262.32 and must comply with 
respect to the initial hazardous waste transporter, with the requirements of 40 CFR 262.33. 


 
C. Satellite accumulation: The generator must include on each container in satellite 


accumulation, per Rule 3.00, the words "Hazardous Waste" and other words that identify 
the contents of the container.  


 
D. The generator must label the side of each hazardous waste tank per 40 CFR 262.34(a)(3) 


requirements and must record the accumulation start date for each hazardous waste tank. 
 
5.05 Biennial Reports: The generator (except for any small quantity generator, as defined in 40 


CFR 260.10) must prepare and submit a biennial report (on appropriate forms provided by the 
Department) in accordance with the provisions of 40 CFR 262.41. The generator must submit 
this report to the Department by April 1 of the even-number year, which reports hazardous 
waste activities for the immediately preceding odd-number year. All generators may also be 
required to submit other reports at the request of the Director. 
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5.06 Record Keeping: The generator shall keep all pertinent records relating to the generation of 


hazardous waste for a period of three years in accordance with the provisions of 40 CFR 
262.40 or for such longer periods as is required in an unresolved enforcement action. These 
records shall include but not be limited to Copies 3 and 8 of each Rhode Island manifest (or if 
another state’s manifest is used, the copy that the generator retains and the copy that the 
designated facility sends to the generator), a copy of each biennial report (excluding any small 
quantity generator, when not requested by the Director to prepare and submit a biennial 
report), a copy of each waste analysis and a copy of any tests and other determinations made 
regarding the content of the waste. All such records shall be made available to the Department, 
upon inspection or request. 


 
5.07 Permits: No permit shall be required for the generation of hazardous waste. The generator 


shall, however, obtain all required permits for its hazardous waste management activities not 
specifically exempted by the Rhode Island Hazardous Waste Management Act or these rules 
and regulations. 


 
5.08 Hazardous Waste Determination: The generator must determine if any of his wastes meet 


any of the definitions of a hazardous waste. He must first determine if his waste meets any of 
the federal definitions of hazardous waste as required by 40 CFR 262.11. If the waste does not 
meet any of the federal definitions, the generator must then determine if any of the Rhode 
Island waste types apply, as defined under the “Rhode Island Wastes” definition in Rule 3.00 
of these regulations. Regardless of any advisory opinions or statements from any laboratory or 
government agency, it remains the generator's responsibility to properly characterize his 
wastes. Testing employed by the generator to determine if a material is hazardous waste must 
be an approved method set forth in 40 CFR 260.11 or 40 CFR 261 Subpart C. Equivalent 
testing methods are not allowed. 


 
5.09 Authorized Agents: The generator shall submit to the Department the names and signatures of 


all agents of the generator authorized to sign the manifest. 
 
5.10 Notification of Spills or Releases: In the event of an actual or threatened spill or release of 


hazardous waste or material which presents any risk of injury to health or the environment, the 
generator or any other person having knowledge of the actual or threatened spill or release 
shall notify the Department immediately, and will provide all requested information dealing 
with such a spill or release. In all cases, the generator shall immediately take steps to prevent, 
contain and/or clean up the spill or release of hazardous waste or material. 


 
5.11 Inspections; Right of Entry: Pursuant to Title 23, Chapter 19.1, Section 12, "Inspections; 


Right of Entry", of the General Laws of Rhode Island, (2001 Reenactment), as amended, the 
Director may: 


 
A. enter any hazardous waste management facility, or any place the Director has reason to 


believe hazardous wastes are generated, stored, treated, or disposed of; 
 







32 


B. inspect vehicles which the Director has reasonable grounds to believe are being used for 
the transportation of hazardous wastes; 


 
C. inspect and obtain samples of any waste or other substances, labels, containers of waste or 


other substance, or samples from any vehicle in which hazardous wastes are transported or 
in which the Director has reason to believe hazardous wastes are transported; 


 
D. inspect and copy records, reports, information, or test results kept or maintained at a 


hazardous waste management facility. 
 
5.12 Hazardous Waste Generation Fee 
 


A. Each generator of hazardous waste shall pay a Hazardous Waste Generation Fee of 2.3 
cents per pound or 19 cents per gallon on waste generated. This fee shall apply to all 
wastes that are generated in Rhode Island and shipped on a hazardous waste manifest. The 
fee shall be collected by the hazardous waste transporter and in turn shall be paid to the 
Department as specified in Rule 6.16.  


 
B. Waste bearing Rhode Island Fee Exemption Waste Codes (R011-R016) as defined in Rule 


3 are exempted from the fee 
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6.00 TRANSPORTERS 
 
These rules shall apply to all transporters of hazardous waste and Septage, except as follows: 
 
A. On-site transportation of hazardous waste, per 40 CFR 263.10(b), and on-site 


transportation of used oil or Septage. 
 
6.01 Permit Requirements 


 
A. No person shall transport any hazardous wastes, used oil or Septage, but not including 


precious metal bearing wastes, in or on the land or waters of the state unless such person 
shall first have obtained a Hazardous Waste, used oil, or Septage Transporter Permit or 
temporary permit (as applicable) from the Director. However, this rule shall not apply to 
the following activities: 


 
1. The transportation of sewage sludge being produced at publicly owned or privately 


owned treatment plants, except where the sludge fails EPA's characteristics for 
hazardous waste as defined in Subpart C of 40 CFR 261. 


 
2. The use of non-permitted vehicles to collect and transport hazardous waste or used oil 


in emergency situations which present a threat to public health and safety. In the 
event of an emergency situation, the Department shall be immediately notified of 
each vehicle used for the cleanup and transportation of hazardous waste. After the 
notification, all collected hazardous waste or used oil must be managed in accordance 
with the Department's rules and regulations. 


 
3. The transportation of animal waste produced at farms. 


 
4. A transporter transporting household refuse unless he has cause to believe that the 


household refuse contains hazardous waste. 
 


5. The use of non-permitted vehicles to transport less than one liter of hazardous waste 
derived solely as a by-product of sampling activities. 


 
6. The use of non-permitted vehicles to transport hazardous waste for situations that 


satisfy 40 CFR 262.20(f). 
 


7. The transportation of any hazardous waste defined as a universal waste, per Rule 
3.00, and being managed as a universal waste. 
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A. For transporter permits, an application fee of $100.00 per transportation unit shall be paid 
by the hazardous waste, used oil or Septage transporter. An application fee of $50 per 
transportation unit shall be paid by a transporter of Septage that is generated in marine 
vessels. For transporter temporary permits, an application fee of $25 per transportation 
unit shall be paid by the hazardous waste, used oil or Septage transporter. 


 
B. The hazardous waste, used oil or Septage transporter's permit will be issued for a period 


not to exceed one year. 
 


C. The hazardous waste, used oil or Septage transporter’s temporary permit will be issued for 
a period not to exceed thirty-one days. 


 
D. The permit or temporary permit will be granted or renewed only for those hazardous 


waste, used oil or Septage transportation units which are listed on the permit application 
and which pass self inspection. A permit sticker, or temporary permit sticker, as 
appropriate, will be issued for each transportation unit which passes the inspection. This 
sticker is not transferable to any other transportation units. The transporter must maintain 
his permitted transportation units in compliance with inspection requirements, per Rule 
6.07, at all times. The Department reserves all rights to conduct inspections by 
Department personnel to verify and ensure compliance with regulatory requirements. 


 
E. A permitted hazardous waste transporter may also transport shipments of used oil in 


accordance with the requirements of Regulation 15.00. 
 


 
6.02 Permit Application Requirements 
 


A. Applications for a transporter permit or temporary permit must be submitted to the 
Director on forms provided by the Department and accompanied by the appropriate 
permitting fee (as specified in Rule 6.01) per transportation unit identified on the permit 
application. All transportation units used in the transportation of hazardous waste, used oil 
or Septage must be included on the permit application. 


 
B. All transporter applications must include the following: 


 
1. Name of applicant. 
 
2. Mailing address. 


 
3. EPA I.D. No. (hazardous waste and used oil transporters only). 


 
4. Business phone number. 


 
5. Name of the owner. 
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6. The name, address and phone number of the applicant's personnel who can be reached 
in case of an emergency. 


 
7. Year, make, VIN, and registration number of each transportation unit being permitted 


to transport hazardous waste, used oil or Septage. 
 


8. Locations to be used for the temporary storage (up to 72 hours) of hazardous waste in 
transportation units. 


 
9. For hazardous waste transporters only, a criminal background check must be 


submitted by the applicant consistent with R.I.G.L. 23-19.1-10 (e). Each criminal 
background check must be accompanied by a notarized affidavit from the applicant 
attesting to the veracity of the criminal background check. 


 
C. The hazardous waste or used oil transporter shall maintain liability insurance, including 


the hazardous materials rider (MCS 90) as specified in 49 CFR 387.7 (d), sufficient to 
provide coverage of $1,000,000.00 (one million dollars) per incident. However, 
transporters engaged exclusively in the transportation of sanitary septage need maintain 
liability insurance only sufficient to provide coverage of $300,000.00 (three hundred 
thousand dollars) per incident. 


 
D. The hazardous waste transporter shall apply for and obtain an EPA I.D. No. Hazardous 


waste transporters, covered by the federal system must apply directly to the Regional 
Office of the Environmental Protection Agency. Hazardous waste transporters not covered 
under the federal system must apply for an EPA I.D. No. through the Department. 


 
6.03 General Requirements 


 
A. It shall be the responsibility of the hazardous waste transporter to obtain all other required 


licenses and permits from other state and federal agencies prior to transporting any 
hazardous waste. 


 
B. The transporter is prohibited from transporting extremely hazardous waste, as indicated in 


item 15 of the hazardous waste manifest, on the following roads: 
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Town(s) Road From To 


Scituate, Johnston and 
Foster 


Route 6 Route 94 
Foster 


Hopkins Ave. 
Johnston 


Scituate and Smithfield Route 116 Scituate Ave. 
Scituate 


Snake Hill Road 
Smithfield 


Scituate and Cranston Route 12 Route 14 
Scituate 


Route 116 
Scituate 


Scituate Route 14 Route 102 Route 116 
Scituate and Foster Route 102 Route 94 


Foster 
Snake Hill Road 


Glocester 
Scituate and Foster Central Pike Route 94 


Foster 
Route 102 
Scituate 


Scituate Danielson Pike Route 6 Route 6 
Scituate Rocky Hill and Peeptoad 


Rd. 
Route 101 Route 116 or 


Sawmill Road 
Foster, Glocester and 


Scituate 
Route 101 Route 94 


Foster 
Route 6 
Scituate 


Smithfield and North 
Smithfield 


Reservoir Road In its entirety  


Smithfield and Lincoln Route 295 Douglas Pike 
(Exit 8 of Rt. 295) 


Lincoln  


Route 146 
(Exit 9 of Rt. 295) 


Warren School House Road Birch Swamp Road Long Lane 
Warren Serpentine Road In its entirety  


Jamestown North Main Road Route 138 East Shore Road 
Newport and Middletown Bliss Mine Road In its entirety  


Middletown Miantonomi Avenue Bliss Mine Road Valley Road 
Middletown Valley Road Miantonomi Road Route 138 


Foster Route 94 Route 101 Route 102 
Scituate 


Foster and Scituate Old Plainfield Pike Route 102 Route 12 
Scituate 


Middletown Aquidneck Avenue Wave Avenue Valley Road 
Middletown Wave Avenue In its entirety  


Little Compton 
and Tiverton 


Route 77 Peckham Road 
Little Compton 


Route 179 
Tiverton 


Tiverton Neck Road In its entirety  
Little Compton Peckham Road Route 77 Burchard Road 
Little Compton Burchard Road In its entirety  


Cumberland Reservoir Road Route 114 Massachusetts Line 
Cumberland Route 120 Mendon Road Massachusetts Line 


 
C. The roads on which the transportation of extremely hazardous waste is prohibited as listed 


in Regulation 6.03 (B) shall be posted conspicuously in the cab of each vehicle registered 
to the permittee. 


 
D. Extremely hazardous waste that is generated on roads on which the transportation of 


extremely hazardous waste is prohibited may be transported on these roads with prior 
permission of the Director. 
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E. In the event of a spill of hazardous waste by the transporter, he shall notify the 
Department immediately of the spill. In all cases of spills, the transporter shall 
immediately take steps to contain and clean up the hazardous waste. 


 
F. The transporter shall submit to the Department as part of the application the following: 


 
1. A description of the procedures that shall be employed by the transporter, pursuant to 


Rule 6.08, in responding to spills or other emergency situations that could arise 
during transporters' operations. Specific references shall be made to: 
 
(a) the training or instruction that the hazardous waste transporter personnel shall 


receive, 
 
(b) the emergency and safety equipment required to be on the transportation unit at 


all times, and 
 


(c) the arrangements for emergency services. 
 


2. A description of the absorbent material to be used for the cleanup of liquids. 
 
G. The transporter of hazardous wastes which are received in Rhode Island or which are 


destined for delivery to hazardous waste management facilities within Rhode Island shall 
not accept these wastes unless the containers of these wastes are labeled in accordance 
with Rule 5.04 of these rules and regulations. 


 
H. The transporting vehicle shall be marked on both sides and the back with the name and 


permit number of the transporter. These markings shall be painted on the vehicle in 
permanent contrasting colors and shall be visible and legible from a distance of 50 feet 
(marking size shall be no less than three inches in height). The official waste transporter 
sticker(s) provided by the Department shall be kept clean and legible. 


 
I. Transporters of hazardous wastes into the United States or who mix wastes of different 


USDOT descriptions into a single container must comply with all generator rules and 
regulations. 


 
J. Hazardous waste transporters who deliver hazardous wastes to other hazardous waste 


transporters must comply with the provisions of 40 CFR 263.20 (d). 
 


K. Transporters of hazardous wastes to foreign countries must comply with 40 CFR 263.20 
(g). 


 
L. These rules and regulations as applied to transporters of hazardous waste by water (bulk 


shipment) are modified by 40 CFR 263.20 (e) and 40 CFR 263.22 (b). 
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M. These rules and regulations as applied to transporters of hazardous wastes by rail are 
modified by 40 CFR 263.20 (f) and 40 CFR 263.22 (c). 


 
N. Transporters hauling Septage shall maintain records indicating the source and estimated 


volume of Septage picked up, the date of shipment, and the receiving publicly owned 
treatment works (POTW). All Septage must be delivered to a properly licensed POTW for 
disposal, unless the Department has given written permission for an alternate method of 
disposal. 


 
O. Transporters hauling Septage shall submit to the Department a yearly Septage transporter 


report identifying the source, quantity and destination of all Septage transported in the 
calendar year. The report shall be prepared in accordance with the Department’s standard 
for quarterly operating reports. The report for each calendar year shall be due on March 1st 
of the following year. 


 
6.04 Manifest Handling 
 


A. The transporter of hazardous waste shall not accept any hazardous waste, except sanitary 
septage or used oil, unless the generator section of the manifest has been completed by the 
generator. 


 
B. The hazardous waste transporter shall inspect the waste before accepting the waste to 


ensure the following: 
 


1. The number of containers match the number indicated in the generator section of the 
manifest. 


 
2. All containers are labeled as required by Rule 5.04. 
 
3. The total quantity of waste, as can be best estimated, matches the quantity indicated 


in the generator section of the manifest. 
 


4. That all containers appear sound and liquid tight. 
 


C. The hazardous waste transporter shall complete the transporter's section of the manifest, 
sign the manifest, and leave the manifest copies referenced in Rules 5.03 (D) and 5.03 (E) 
with the generator. 


 
D. The hazardous waste transporter shall keep the completed manifest, minus the copies 


referred to in Rules 5.03 (D) and 5.03 (E), with the hazardous waste until received by the 
consignee. 


 
E. The hazardous waste transporter will, upon receipt of the hazardous waste by the 


consignee, remove the transporter copy for his records and turn over the remaining copies 
to the consignee. 
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F. Copy 5 of the Rhode Island manifest (or if another state’s manifest is used, the appropriate 


copy to be retained by the transporter) shall be kept by the hazardous waste transporter for 
a period of three years from the date of the receipt of that waste. 


 
G. The hazardous waste transporter shall submit to the Director the names and signatures of 


all company personnel who are allowed to sign manifests. 
 


H. The hazardous waste transporter must deliver the hazardous waste only to the facility 
designated on the manifest. If this is not possible, he must contact the generator for further 
instructions and revise the manifest in accordance with the generator's instructions. 


 
I. The hazardous waste transporter will obtain the date and signature of the facility operator 


at the time of transfer of the waste to the facility. 
 


J. 40 CFR 263.20(h) does not apply to hazardous waste transporters. 
 
6.05 Record Keeping: The hazardous waste or Septage transporter shall keep all pertinent records 


relating to the transportation of hazardous waste or Septage for a period of three years after the 
waste has been delivered to a designated facility, or for such longer periods as is required in an 
unresolved enforcement action. 


 
6.06 Personnel, Equipment 
 


A. The transporter of hazardous waste shall provide adequate personnel to ensure the 
activities conducted are in compliance with all applicable laws and regulations. 


 
B. The hazardous waste transporter shall make provisions to prevent personnel from wearing 


clothing that is contaminated with hazardous waste. 
 


C. The hazardous waste transporter shall have all equipment necessary for transporting the 
hazardous waste in accordance with these rules and this equipment shall be on the 
transportation unit, available to the driver, at all times. All equipment shall be maintained 
in such a manner that it shall be fit for the purposes for which it was intended by the 
manufacturer. 


 
6.07 Inspections 
 


A. The transporter must have each transportation unit listed on the application self inspected 
annually prior to the receipt or renewal of the permit. 


 
B. The inspection shall include but not be limited to inspection of: 
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1. Confirmation of United States Department of Transportation (USDOT) Motor Carrier 
Safety Regulation vehicle inspection requirements per 49 CFR 396.17 and Appendix 
G of Subchapter B. 


 
2. Proper identification of the transporter clearly painted on the transportation unit, 


including permit number. 
 


3. Proper vehicle registration(s). 
 


4. Soundness of containment structure (tank, roll-off box trailer, etc.). 
 


5. Ability of tank or other liquid containers and any valves, hoses, pipes, etc., to hold 
liquids without leaking. 


 
6. Prohibited roads posted (hazardous waste transporters only). 


 
7. Emergency procedure posted. 


 
8. Communication. 


 
9. Protective clothing. 


 
10. Eyewash (at least one pint). 


 
11. First-aid supplies. 


 
12. Absorbent material. 


 
13. Confirmation of USDOT tanker retesting and inspection (if applicable), as required 


by 49 CFR 180.352. 
 


14. Fire Extinguisher 
 


15. Shovel 
 


C. The transporter shall maintain all transportation units used in transportation of hazardous 
waste or Septage, and listed on the application, to insure continual compliance with all of 
the requirements of these rules and regulations. 


 
6.08 Safety, Accidents 


 
A. Hazardous waste transporters shall be equipped with such safety equipment as to 


minimize chance of fire and explosion and to protect the health and safety of personnel 
associated with the transportation of hazardous waste and any other person who might 
come into contact with the waste. 
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B. The transporter shall have safety equipment available for use during spills, fires and other 


emergencies, including a suitable means of communication for summoning aid in an 
emergency. The transporter shall have and maintain, but not be limited to, the following 
safety equipment: 


 
1. Protective clothing and equipment to enable personnel associated with the 


transportation to work safely with the wastes that are accepted by the transporter. 
 
2. One eyewash apparatus (at least one pint) per vehicle which is readily available in 


case of emergency. 
 


3. First-aid supplies which are readily available in case of emergency. 
 


4. Absorbent Material. 
 


5. Fire Extinguisher. 
 


6. Shovel. 
 


C. The transporter shall make provisions for prompt control of fires, spills and other 
emergencies. 


 
1. The transporter shall prepare procedures for personnel to follow in the case of spills 


of hazardous waste or Septage and in the case of fire and other emergencies. The 
transporter shall post these procedures in a conspicuous place in their transportation 
unit. In addition, the hazardous waste transporter shall train and instruct personnel 
associated with the transportation of hazardous waste in these procedures. The 
hazardous waste transporter shall maintain records of the training and instruction 
programs that are held. 


 
2. The transporter shall collect hazardous waste or Septage that is accidentally 


discharged from a designated hazardous waste or Septage vehicle. The transporter 
shall collect soil contaminated by such discharge. Such collection shall be as rapid 
and thorough as possible. The hazardous waste transporter shall handle and dispose of 
such waste and soil in compliance with these rules and regulations. 


 
3. The transporter shall report immediately to the Rhode Island Department of 


Environmental Management all accidental discharges/spills of hazardous wastes or 
Septage or any other incident or accident which results or could result in a hazard to 
the public health and safety, or to the environment within the State of Rhode Island. 
The hazardous waste transporter shall also comply with the notification procedures 
and incident reports required by 49 CFR 171.15 and 171.16 regarding accidental 
discharge or spillage of hazardous materials or wastes. The Director may require that 
a written report of the incident or accident be provided to him. 
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6.09 Decontamination: Equipment used to handle hazardous waste; including, but not limited to, 


storage containers, processing equipment, trucks and loaders that are contaminated with 
hazardous waste; shall be decontaminated prior to being serviced or used for transportation of 
non-hazardous waste if servicing or use of contaminated equipment would cause a hazard to 
any person. Contaminated wash water, waste solutions or residues generated from washing or 
decontaminating the equipment shall be collected and disposed of as hazardous wastes in 
compliance with these rules. 


 
6.10 Containerization of Hazardous Waste: The transporter of hazardous waste shall not handle 


containerized hazardous waste unless the containers are constructed and maintained in 
accordance with the requirements of Code of Federal Regulations, Title 49, Transportation, 
Part 178. 


 
6.11 Powder, Dust, Fine Solids: To prevent hazardous waste from being blown by the wind, 


hazardous waste in the form of powder, dust or a fine solid shall be handled, stored and 
disposed of in covered containers. 


 
6.12 Gases, Mists, Vapors: Hazardous wastes that are capable of releasing hazardous gases, mists 


or vapors in excess of existing air quality standards or where the emitted hazardous materials 
could result in a hazard to public health and safety or the environment shall be handled in 
covered containers. 


 
6.13 Spill Control Equipment: The hazardous waste transporter, when transporting liquid 


hazardous waste in containers, shall have absorbent mats or materials on the vehicles capable 
of absorbing ten percent of the hazardous wastes in the event of a leak or spill. When 
transporting liquid hazardous waste in tank trucks, the hazardous waste transporter shall have a 
shovel and absorbent mats or materials on the vehicle capable of absorbing such small leaks as 
may occur when hoses are disconnected. 


 
6.14 Storage and Transfer Areas 
 


A. Hazardous waste and used oil storage and transfer areas shall be provided with secondary 
containment capabilities equivalent to those required by 40 CFR 265.193 (e) (1). 


 
B. A permitted transporter of hazardous waste may store such waste in their vehicle at their 


business location without a Hazardous Waste Transporter’s Hazardous Waste Temporary 
Storage and Transfer Station Letter of Authorization for up to and not exceeding seventy-
two (72) hours, excluding Sundays and federal and Rhode Island legal holidays, provided 
the following conditions are met: 


 
1. No waste is loaded onto or unloaded from the vehicle, even for the purpose of 


consolidation of loads. 
 
2. The site and vehicle are secured to prevent unauthorized access. 







43 


 
3. The vehicle has a permit to transport hazardous waste. 


 
C. Transporters shall obtain a Hazardous Waste Transporter’s Hazardous Waste Temporary 


Storage and Transfer Station Letter of Authorization for the following activities: 
 


1. Transferring of hazardous waste or used oil or temporary storage that includes 
transferring of hazardous waste or used oil at locations for up to seventy-two (72) 
hours, excluding Sundays and federal and Rhode Island legal holidays, at locations 
included on the application. 


 
2. Such a facility would not have to obtain a hazardous waste treatment and storage 


facility permit as provided for in Section 7 of these regulations for any activities 
allowed in the Letter of Authorization, but must operate the facility in accordance 
with any terms or conditions included in the Letter. Letters of Authorization under 
this section must be renewed annually, and are not transferable. 


 
D. Temporary storage of hazardous waste or used oil in the transporting vehicle at the 


location of a breakdown of the vehicle will only be allowed if the transporter notifies the 
Department of the location of the vehicle and the estimated time for repairs. 


 
E. All hazardous waste and used oil storage activities, with the exception of those allowed 


under Rule 6.14 (B), (C), and (D) or Rule 15.00, will require a storage permit from the 
Department, per Rule 7.00 requirements. 


 
6.15 Inspection; Right of Entry 
 


A. Pursuant to Title 23, Chapter 19.1, Section 12, "Inspections; Right of Entry", of the 
General Laws of Rhode Island, 2001 Reenactment, as amended, the Director may: 


 
1. enter any hazardous waste management facility, or any place that the Director has 


reason to believe hazardous wastes are generated, stored, treated, or disposed of; 
 
2. inspect vehicles which the Director has reasonable grounds to believe are being used 


for the transportation of hazardous wastes; 
 


3. inspect and obtain samples of any waste or other substance, labels, containers of 
waste or other substance, or samples from any portion of the facility and from any 
vehicle in which hazardous wastes are transported or in which the Director has reason 
to believe hazardous wastes are transported; 


 
4. inspect and copy records, reports, information, or test results kept or maintained at a 


hazardous waste management facility. 
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B. Any person obstructing or hindering, or in any way causing to be obstructed or hindered, 
the Director from the performance of his duties, or who shall refuse to permit the Director 
entrance to any premises, building, vehicle, plant or equipment, in the performance of his 
duties, shall be guilty of a misdemeanor and fined not more than five hundred dollars 
($500.00). 


 
6.16 Hazardous Waste Generation Fee: 
 


A. The hazardous waste transporter shall collect a fee for waste that is generated in Rhode 
Island and shipped on a hazardous waste manifest. 


 
B. The collected fee shall be in the amount of 2.3 cents per pound or 19 cents per gallon. The 


fee shall be paid for all eligible waste accepted for transportation within a quarter and is 
due no later than thirty (30) days after the end of the quarter. The fee shall be paid in the 
form of a check made payable to “Rhode Island General Treasurer” and shall be included 
with the quarterly transporter report as described in Rule 6.17. The fees shall be collected 
and deposited in the Department’s Emergency Response Fund.  


 
C. Waste bearing Rhode Island Fee Exemption Waste Codes (R011-R016) as defined in Rule 


3 are exempted from the fee. 
 


.  
 
6.17 Reporting requirements: 


 
The hazardous waste transporter shall submit quarterly reports for all waste that is picked up 
from generators in Rhode Island on a Manifest. The report shall be prepared in accordance 
with the Department’s standard for quarterly reports. Each report shall contain the required 
data elements for all wastes accepted for transportation within that quarter and is due no later 
than thirty (30) days after the end of the quarter. If no waste is accepted during the quarter, the 
hazardous waste transporter shall notify the Department in writing that no eligible waste was 
transported in that period of time. 


 
6.18 Evaluation of the Fees and Report: Each year the Department shall produce a written report 


of its evaluation of total fees collected during the past fiscal year (beginning July 1 and ending 
June 30). The Department shall produce the written evaluation within ninety (90) days of the 
close of the fiscal year and make the evaluation available to the public. The Department shall 
accept written comments on the report for a period of ninety (90) days following its release. 
After the close of the ninety (90) day comment period the Department will conduct a meeting 
to discuss the written comments that are received. 


 
 
7.00 ISSUANCE, RENEWAL AND CONDITIONS OF FACILITY PERMITS 
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 These rules shall apply to treatment, storage and disposal facilities, excluding facilities which 
accept, treat, and/or store only precious metal bearing waste. Precious metal bearing waste 
facilities shall be subject to the requirements of 40 CFR 266 Subpart F. 


 
7.01 FACILITIES 
 


A. Permits and Approvals - All persons who shall construct, substantially alter or 
operate a hazardous waste treatment, storage or disposal facility or who shall treat, 
store or dispose of hazardous waste must first obtain an operating permit or approval 
from the Director for such activities and must have such permits during the active life 
of the facility, and for any unit which closes after 26 January 1983, for any post-
closure care period required under these rules. When a facility or activity is owned by 
one person but is operated by another person, it is the operator’s duty to obtain a 
permit, except that the owner must also sign the permit application, as required per 40 
CFR 270.10(b). The following shall not require a permit or approval, nor shall the 
following be required to be in compliance with Rule 9 of these regulations: 


 
1. The storage of hazardous waste on-site by a generator in accordance with Rule 


5.02 of these regulations. 
 


2. The re-use, recycling or reclamation of hazardous waste as referred to in the 
“Hazardous Waste” definition in Rule 3.00 of these regulations. 


 
3. The treatment of waste at facilities which neutralize and/or treat aqueous waste at 


the site of generation where such treatment is subject to regulation under Section 
402 or 307(b) of the Federal Clean Water Act and Section 46-12-5 of the General 
Laws of Rhode Island, as amended, unless otherwise required by the Director, 
except for those operations at the facility which are not covered by either of the 
aforementioned laws. 


 
Note: Any sludge or other waste materials generated from the treatment of such 


aqueous waste must be managed as a hazardous waste if such sludge or waste 
material meets the criteria of a hazardous waste. 


 
4. The use of any totally enclosed treatment facility, per 40 CFR 270.1(c)(2)(iv). 


 
5. The use of any elementary neutralization unit, per 40 CFR 270.1(c)(2)(v) and that 


meets 40 CFR 265.1(c)(10) requirements. 
 


6. The combining of waste and absorbent material in a container that meets 40 CFR 
270.1(c)(2)(vii) requirements. 


 
Note:  Rule 7.01 A.4-6 procedures must be carried out in systems where equipment 


has been designed, engineered, and constructed so as to protect human 
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health and the environment, and complies with all other requirements within 
OSHA standards. 


 
 


B. Permit Restrictions for Landfills and/or Incinerators 
 


1. Operating permits will be granted only for those incinerator or landfill facilities 
for which the application can show, by a preponderance of evidence, will be 
located, designed, constructed and operated so as to prevent all of the following: 


 
(a) Endangerment of an underground drinking water source beyond the facility 


boundary. 
 


(b) Endangerment of an aquifer which has been designated by any federal or 
Rhode Island state agency as a sole source aquifer. 


 
(c) Contamination by discharge by any surface or sub-surface means causing a 


violation of any rule or regulation or standard of any federal or Rhode Island 
agency. 


 
2. Operating permits will not be granted for incinerator and/or landfill facilities 


which are to be located or are located in a one hundred year flood plain, a wetland, 
the direct recharge area of an existing or planned surface or groundwater 
community water system, the direct recharge area of a sole source aquifer or a 
coastal high hazard area, an active fault area or critical habitat. 


 
3. Operating permits will be granted only for those incinerator and/or landfill 


facilities for which an easement is granted to the state of Rhode Island. This 
easement shall be recorded in the land evidence records in the city or town in 
which the land is located, shall describe the entire facility, and have as its purposes 
the identification of the facility and its use as a hazardous waste disposal facility 
and the allowance of access to the property by the Director for the purpose of 
inspection, testing and investigations relating to protection of public health and the 
environment. 


 
C. Trial Burn Permits - The operator of an incinerator facility, prior to the receipt of an 


operating permit for the incineration of hazardous waste, must obtain from the Director 
a trial burn permit in accordance with the requirements of 40 CFR 270.62. Trial burn 
plans, required by 40 CFR 270.62 must include a waste analysis in accordance with 40 
CFR 264.341 and with the standards of 40 CFR 264.344. 


 
D. Emergency Permits - The Director may, where he finds an imminent and substantial 


endangerment to human health or the environment, issue a temporary emergency 
permit to a non-permitted facility to allow the treatment, storage or disposal of 
hazardous waste or to a permitted facility to allow the treatment, storage or disposal of 
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hazardous waste not covered by an effective permit, subject to the requirements of 40 
CFR 270.61. 


 
E. Existing Facilities - Existing facilities, those in operation on or before 19 November 


1980, may continue to operate with the approval of the Director, until the Department 
renders a decision on their permit application. These facilities must be in compliance 
with the standards of 40 CFR 265, except for the following: 


 
In 40 CFR 265.191(a), 265.191(c), and 265.193, compliance relative to the January 12, 
1988, July 14, 1986, and January 12, 1987 dates, respectively, is applicable only to a 
tank system owned or operated by a small quantity generator or any tank system 
(aboveground onground, inground, or underground) that cannot be entered for 
inspection. Relative to a tank system that is not owned or operated by a small quantity 
generator and which is a tank system (aboveground, onground, inground, or 
underground) that can be entered for inspection, "January 12, 1988", "July 14, 1986" 
and "January 12, 1987" shall be replaced with "December 1, 1992", wherever this date 
occurs in 40 CFR 265.191(a), 265.191(c), and 265.193, respectively. Where the 
sentence "If the facilities covered by the mechanism are in more than one Region, 
identical evidence of financial assurance must be submitted to and maintained with the 
Regional Administrators of all such Regions." appears in 40 CFR 265.143(g) and 
265.145(g), replace it with the sentence "If the facilities covered by the mechanism are 
in more than one State, identical evidence of financial assurance must be submitted to 
and maintained with the State Agency regulating hazardous waste or with the 
appropriate Regional Administrator if the facility is located in an unauthorized State". 
Any facility in existence on the effective date of statutory or regulatory amendments 
that render the facility subject to permitting requirements under these regulations shall 
be considered an existing facility under this rule. 


 
F. Ocean Disposal and Underground Injection Control - Disposal of hazardous wastes 


by ocean disposal and underground injection control (UIC) is prohibited. 
 


G. Publicly Owned Treatment Works - The owner or operator of a publicly owned 
treatment works which accepts hazardous waste for treatment is not required to apply for a 
permit and is deemed to have a permit under this section provided that such owner or 
operator complies with the requirements of 40 CFR 270.60 (c). 


 
7.02 Permit Specifications: All permits shall specify the following: 
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A. The name and location of the facility. 


 
B. A complete description of the operations at the facility requiring a permit with particular 


attention paid to any operational limitations and design capacity. 
 


C. A complete description of the hazardous wastes stored and/or treated at the facility. 
 


D. All monitoring requirements including specified methods and equipment. 
 


E. All reporting requirements of operational and monitoring activities. 
 
 
7.03 Compliance Schedules 
 


A. New facilities, those commencing operations after 19 November 1980, must be in 
compliance with all of these rules and regulations prior to the receipt of an operating 
permit. 


 
B. Existing facilities, those in operation on or before 19 November 1980, may receive a 


permit prior to compliance with all of these rules and regulations only in those 
instances where a compliance schedule is an integral part of the permit. 


 
C. Compliance schedules shall require compliance as soon as possible and shall, where 


entire compliance exceeds one (1) year, establish interim compliance requirements for 
periods less than one (1) year of duration. 


 
D. Progress reports concerning interim compliance requirements shall be submitted to the 


Director no later than fourteen (14) days following each period for which compliance 
requirements were established. 


 
7.04 Permit Posting: Any permit issued hereunder shall be the property of the State and loaned 


to a permittee and shall be maintained on the facility and kept legible. The issuance of a 
permit does not convey any property rights of any sort or any exclusive privilege. 


 
7.05 Change of Ownership, Administration and/or Location: 
 


A. Prior to a change in ownership of the facility or legal entity operating the facility or 
location or discontinuance of services, the Director shall be notified. 


 
B. A permit shall immediately become void and shall be returned to the Director upon 


change in location of any facility. 
 


C. A permit shall become voidable whenever there is any sale or change in ownership or 
membership of the legal entity operating the facility. A new entity, prior to the 
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commencing of operation of the facility, shall submit to the Director information 
indicating its technical ability to safely operate the facility, as well as its financial ability 
to maintain said facility. This information shall also contain a proposed date for transfer of 
permit responsibility, coverage, liability between current and new permittees, and any 
additional information which the Director may request. After a review of this information, 
the Director shall either approve or disapprove the transfer of the permit. For changes in 
ownership or operation at existing facilities having interim status, the requirements of 40 
CFR 270.72(a)(4) apply. For changes in ownership or operation at permitted facilities, the 
requirements of 40 CFR 270.40(b) apply.  


 
D. The original permittee shall remain fully liable under the terms of the permit and these 


regulations until the new owner or operator has been transferred the operating permit by 
the Director. 


 
7.06 Approval for New Areas and/or Services or Other Modifications: 
 


A. The permit shall apply only to the facility in operation at the time the permit is issued.  
 


B. Permit modifications, as established in 40 CFR 270.41 shall require Department 
approval and shall be considered by the Department only in accordance with the 
limitations established by 40 CFR 270.41 and 40 CFR 124.5. A permittee's request for 
modifications shall require Department approval for all classes of modifications and 
shall be treated as a permit application and subject to these rules and regulations, to 40 
CFR 270.42, and to applicable portions of 40 CFR 124.3. 


 
C. The submission of any application for modification of a permit does not stay any 


permit conditions. 
 
D. Modifications of existing facilities operating under Rule 7.01 (E) shall only be made in 


compliance with 40 CFR 270.72 (a) and (b), excluding 270.72(a)(1). The acceptance of 
new hazardous wastes at existing facilities will only be allowed at the Director's 
discretion. 


 
7.07 Separate Permits 
 


A. Separate permits shall be required for facilities which are located in separate geographical 
areas even though they are under the same management. 


 
B. Separate permits may be issued for distinct parts of a facility which can be identified as 


separate units. 
 
7.08 Fees: The combined application and permit fee shall be twenty-five thousand dollars ($25,000) 


for the issuance of a new permit and ten thousand dollars ($10,000) for the renewal of a permit. 
Any additional charges, if any, shall be determined by R.I.G.L. Section 23-19.1-14, as is or as 
shall be amended. 
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7.09 Issuance, Denial, Revocation or Suspension of Permits 
 


A. The Director is authorized by R.I.G.L. 23-19.1-10 to issue, revoke, or suspend a 
permit, or the Director may deny a permit. In doing so, the Director shall follow 
procedures established by these rules and regulations and by the applicable portions of 
40 CFR 124.3 and 124.5. 


 
B. No person shall construct, substantially alter, or operate any hazardous waste 


management facility, nor shall any person store, transport, treat or dispose of any 
hazardous waste, except as exempted by these regulations, without first obtaining a 
permit from the Director for the facility or activity; nor shall any person accept or 
deliver hazardous waste from or to any person who does not possess a permit for 
hazardous waste management from the Director without the prior written approval of 
the Director. This section shall not be construed to require permits for the generation of 
hazardous waste. 


 
C. Permits issued under this section shall be issued pursuant to rules and regulations 


promulgated by the Director under the authority of § 23-19.1-6. The Office of Waste 
Management shall review the permit application and shall issue to the applicant a draft 
permit upon finding the application acceptable, or shall issue a notice of intent to deny 
an application for an unacceptable application per Rule 8.06. Within fifteen (15) days 
following the issuance of the draft permit or the issuance of a notice of intent to deny 
the application, the Office of Waste Management shall give public notice of an 
informational workshop and public comment hearing pertaining to the draft permit or 
the intent to deny the application. The public notice shall also be advertised on the 
radio and published in a newspaper of general circulation in the area affected, and the 
Office of Waste Management shall notify the applicant, all persons requesting the 
notification in writing, all property owners within five hundred feet (500') of the 
perimeter of the site of the facility by mail directed to the last known address, and the 
city or town in which the hazardous waste management facility is located, including 
the mayor or town manager and the town or city council president. The list of property 
owners within five hundred feet of the site shall be provided to the Office of Waste 
Management by the applicant. Public notices shall include information equivalent to 
that required by 40 CFR 124.10 (a) and (d) and be provided to those persons identified 
in 40 CFR 124.10 (c) (1). The Office of Waste Management shall also make available 
to the public information equivalent to that required by 40 CFR 124.6 and 124.8. This 
draft permit required by 40 CFR 124.6 shall be made available, and the fact sheet 
required by 40 CFR 124.8 shall be provided, to those persons identified in 40 CFR 
124.10 (c) (1). 


 
D. Within fifteen (15) days after the date of the public notice of issuing the draft permit or 


the intent to deny the application, the Office of Waste Management shall hold an 
informational workshop. The purpose of the informational workshop shall be to 
discuss the type of facility or activity which is the subject of the draft permit or the 
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intent to deny the application; the type and quantity of wastes which are proposed to be 
managed, processed and/or disposed; a brief summary for the basis for the draft permit 
or the intent to deny the application; proposed permit conditions, including references 
to applicable statutory or regulatory provisions; reasons why any requested variances 
or alternatives to required standards do or do not appear justified; a description of the 
procedures for reaching a final decision on the draft permit or the intent to deny the 
application, which shall include the beginning and ending dates for the comment 
period hereafter, the address where comments will be received, the nature of the public 
comment hearing, and any other procedures by which the public may participate in the 
final decision; and the name and telephone number of a person to contact for further 
information. 


 
E. No earlier than sixty (60) days nor later than seventy-five (75) days following the 


initial public notice of the issuance of the draft permit or tentative denial of the 
application, a hearing shall be held for public comment. Comments from the applicant 
and/or any interested persons shall be recorded at the public hearing. Written 
comments, which shall be considered part of the record, may be submitted for thirty 
(30) days prior to the public comment hearing and thirty (30) days following the close 
of the public comment hearing, which shall constitute the public comment period. 


 
F. Within ninety (90) days after the close of the public comment period, the Office of 


Waste Management shall issue or deny the permit or accept or deny the application, as 
appropriate. The permit or denial of the permit, or acceptance or denial of the 
application, as appropriate, shall be in writing and shall include a response to each 
substantive public comment. In the case of a denial, the Office of Waste Management 
will cite each statutory or regulatory requirement which the applicant did not satisfy. 
Permits shall be issued only under conditions of proof of financial responsibility, 
posting of surety bonds, evidence of adequate liability insurance, and/or such other 
conditions as required by these regulations. The permit or its denial or the acceptance 
or denial of the application, as appropriate, shall be sent to the applicant and a copy of 
the same shall be sent to the municipality in which the facility or proposed facility is 
located or proposed to be located.  


 
G. Any interested person, as per R.I.G.L. 23-19.1-10(b)(5), may appeal the decision of the 


Office of Waste Management to the Department’s Administrative Adjudication 
Division, subject to that Division's rules and regulations and pursuant to the rules and 
regulations established by the Director. All appeals must be in writing and must be 
filed with the clerk of the Administrative Adjudication Division within thirty (30) 
calendar days of receipt of the contested permitting action. All appeals shall be heard 
before Division of Administrative Adjudication hearing officers. 


 
H. Permits may be revoked or suspended upon the initiative of any interested third party, 


but only for the causes identified in 40 CFR 270.41 or 270.43 or in R.I.G.L. 23-19.1-
10. 


 







52 


I. Whenever the Department determines that a permitted hazardous waste facility is not 
in compliance with all of the appropriate rules and regulations established by the 
Department, or that the permitted facility is not being operated in conformance with 
approved plans or permit conditions, it may, in lieu of revocation of the permit of that 
facility, order the permittee to take whatever corrective action is needed to secure 
compliance with the rules and regulations established by the Department. 


 
J. Permits may not be issued, nor shall public notice of a draft permit be issued under 


Rule 7.09 (C), for any facility whose application does not contain all of the substantive 
elements required by Rules 8.01-8.04, inclusive. 


 
7.10 Inspections 
 


A. The Department shall make or cause to be made such inspections, take such tests and 
samples and to make such investigations as it deems necessary. 


 
B. The Department or other designated authorized personnel shall conduct inspections 


and shall have the right to enter without prior notice to inspect any hazardous waste 
management facility for which an application has been received or for which a permit 
has been issued. Any application shall constitute permission for or willingness to 
comply with inspections, tests and investigations by the Director or his agents. 


 
C. The Department shall be afforded reasonable opportunity by the applicant or permittee 


to view the facility, examine records, obtain such required information as may be 
needed for inspection, testing and investigation, including the monitoring of any 
substances, and require the submission of reports. Refusal to allow reasonable 
inspections, tests or investigations or to submit reports shall constitute valid grounds 
for denial or revocation of a permit. Records, reports and information acquired through 
inspection, testing and investigation shall not be open to public inspection and their 
contents shall not be disclosed by the Director, except in the performance of the 
provisions of these rules and regulations or in the performance of his official duties. 


 
7.11 Inspection Reports and Correction of Deficiencies 
 


A. Hazardous waste facilities shall be given prompt notice by the Department of 
deficiencies discovered as a result of an inspection, test or investigation. 


 
B. The permittee, upon notification, shall be responsible to take immediate reasonable 


steps to minimize or correct any adverse impact on the environment resulting from 
non-compliance and shall not use a defense in any legal action that it would have been 
necessary to halt or reduce operations in order to maintain compliance. 


 
7.12 Duration of Permits: Permits for hazardous waste facilities shall be issued for a period not 


to exceed five (5) years and may be extended or renewed by the Director for a period not to 
exceed ten (10) years from the date upon which the original permit was effective. A new 
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permit is required at the end of the ten-year period and a complete application for that 
permit must be received prior to 180 days from the expiration date of the present permit. 


 
7.13 Renewal of Permits: 
 


A. The Office of Waste Management shall hold a public comment hearing, prior to 
renewal of any permit. 


 
B. Within fifteen (15) days following the preparation of a draft renewal permit, the Office 


of Waste Management shall give notice of the preparation of a draft renewal permit 
and a public comment hearing. Such notice shall be published in a newspaper of 
general circulation in the area affected, and shall notify the applicant, all persons 
requesting such notification in writing and all property owners within five hundred feet 
(500') of the perimeter of the site of the facility by mail directed to the last known 
address, and the city or town in which the hazardous waste management facility is 
located, including the mayor or town manager and the city or town council president. 
The list of property owners within five hundred feet of the site shall be provided to the 
Office of Waste Management by the applicant. The notice shall at least include the 
beginning and ending dates for the comment period hereafter, the address where 
comments will be received, and the name and telephone number of a person to contact 
for further information.  


 
C. No earlier than sixty (60) days nor later than seventy-five (75) days following the 


public notice of the preparation of a draft renewal permit, a hearing shall be held for 
public comment. Comments from the applicant and/or any interested persons shall be 
recorded at the public hearing. Written comments, which shall be considered part of 
the record, may be submitted for thirty (30) days prior to the public comment hearing 
and thirty (30) days following the close of the public comment hearing, which shall 
constitute the public comment period. 


 
D. Within ninety (90) days after the close of the public comment period, the Office of 


Waste Management shall issue or deny the renewal permit. The renewal permit 
(including any changes in permit conditions) or denial shall be in writing and shall 
include a response to each substantive public comment. In the case of a denial, the 
Office of Waste Management will cite each statutory or regulatory requirement which 
the applicant did not satisfy. Renewal permits shall be issued only under conditions of 
proof of financial responsibility, posting of surety bonds, evidence of adequate liability 
insurance, and/or such other conditions as required by these regulations. The renewal 
permit or the denial shall be sent to the applicant and a copy of the same shall be sent 
to the municipality in which the facility or proposed facility is located or proposed to 
be located.  


 
E. A renewal (extension) of a RCRA permit by the Director is considered by EPA to be 


equivalent to a Class 3 permit modification and the Office of Waste Management also 
shall follow any additional requirements specified for Class 3 permit modifications in 
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40 CFR Parts 270.42(c). 
 
 
8.00 GENERAL REQUIREMENTS FOR ALL FACILITIES  
 
8.01 Application Requirements 
 


A. All applications for permits or approvals shall be submitted to the Department's Office 
of Waste Management and be accompanied by plans and specifications which 
adequately describe the facility. Additional copies may be required by the Department. 


 
B. All applications must be signed by the operator in accordance with the provisions of 40 


CFR 270.11. In instances where the applicant is not the owner of the facility, the 
application must be co-signed by the owner. 


 
C. All applications must include a statement, signed by the same person(s) who signs the 


application, that the signatory(ies) certify(ies) the accuracy of all information 
contained within the application and makes himself subject to any penalties for 
inaccurate statements. The certification must contain wording equivalent to that 
provided for in 40 CFR 270.11 (d). 


 
D. The individual signing the application for the operator will also be required to sign any 


reports associated with the permit. 
 


E. A list of all owners of property, including addresses, within 500 feet of the perimeter 
of the facility must be included. 


 
F. The applicable requirements for the particular type of facility equivalent to those found 


in 40 CFR 270.17-21 must be included. 
 


G. Information must be submitted regarding protection of groundwater equivalent to that 
required by 40 CFR 270.14 (c) for the appropriate type facility. 


 
H. All applications for new facilities must be submitted to the Director at least 180 days 


prior to the expected commencement date of physical construction. 
 


I. Upon receipt of an application for a new facility, the Office of Waste Management 
shall notify both the chief executive officer and the city or town council president of 
the municipality in which the facility is proposed to be located of the receipt of such 
application. 


 
J. CFR 270.10(e)(iii) does not apply in the state of Rhode Island. 


 
K. Information must be submitted for Solid Waste Management Units equivalent to that 


required by 40 CFR 270.14(d). 
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8.02 Documentation of Ownership: Each application shall be accompanied by a list of the 


direct and indirect owners of the facility whether individual, partnership or corporation. If a 
corporation, the list shall include all officers, directors and other persons owning ten 
percent (10%) or more of the corporate stock. 


 
8.03 General Plan Requirements: All required plans shall be stamped by a professional 


engineer or land surveyor, as appropriate, registered with the State of Rhode Island. The 
plans shall be scaled to fit a standard 24 x 36 inch sheet wherever possible and shall be 
submitted in duplicate. 


 
8.04 Plans and Specifications: Each application shall include the following plans and 


specifications: 
 


A. A copy of the latest U. S. Geological Survey Topographical Map with the facility 
outlined on the survey. 


 
B. A site plan drawn to a minimum scale of one inch equals one hundred feet showing the 


following: 
 


1. On site 
• All structures 
• Location of operational units 
• Access control 


 
2. Within 500 feet of the perimeter of the facility 


• All property lines 
• All water lines 


 
3. Within 1,000 feet of the perimeter of the facility 


• Extent of the one hundred year flood plain, where applicable 
• Water courses 
• Watersheds of public surface water supplies 
• Public and private drinking water supply wells 
• Contours sufficient to show patterns of surface drainage 
• Barriers for drainage or flood control 
• Land uses 


 
4. A wind rose 


 
5. North arrow 


 
6. Map scale and date 
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C. The EPA Identification Number (I.D. No.). For facilities covered by the federal 
system, this number must be obtained from the regional office of the Environmental 
Protection Agency. For facilities not covered under the federal system, this number 
must be obtained through the Department. 


 
D. Photographs of existing facilities. 


 
E. The name, address and telephone number of the operator of the facility. 


 
F. A description of the facility including processes to be used and design capacities. 


 
G. A groundwater monitoring plan capable of determining the facility's impact on the 


groundwater in the uppermost aquifer underlying the facility. This plan must supply 
information equivalent to that required by 40 CFR 264.90-100. The Director may 
waive this rule upon written request of the operator where documented and 
demonstrated evidence is provided that any leakage or spillage of hazardous waste to 
the ground will be minimized to the greatest extent possible. 


 
H. A chemical and physical analysis of the hazardous wastes to be handled including the 


amounts of each waste and any handling information that should be known to properly 
handle waste in accordance with the provisions of 40 CFR Part 264. 


 
I. A copy of the waste analysis plan equivalent to the requirements of 40 CFR 264.13. 


 
J. A description of the security procedures and equipment required equivalent to the 


provisions of 40 CFR 264.14. 
 


K. A copy of the general inspection schedule equivalent to that required by 40 CFR 
264.15. 


 
L. A description of the preparedness and prevention plans equivalent to that required by 


40 CFR 264 Subpart C. 
 


M. A copy of the contingency plan equivalent to that required by 40 CFR 264 Subpart D. 
 


N. A description of procedures, structures or equipment used to: 
 


1. Prevent hazards in unloading. 
 


2. Prevent runoff from hazardous waste handling areas. 
 


3. Prevent contamination of water supplies. 
 


4. Mitigate effects of equipment failures and power outages. 
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5. Prevent undue exposure of personnel to wastes. 
 


O. A description of precautions to prevent accidental ignition or reaction if handling 
flammable, reactive and/or incompatible wastes or materials. 


 
P. The traffic pattern, estimated volume and control. 


 
Q. An outline of the introductory and continuing training programs by operators 


equivalent to that required by 40 CFR 264.16 to prepare personnel to operate or 
maintain the facility in a safe manner including a brief description of how training will 
be designed to meet actual job tasks in accordance with requirements. 


 
R. A copy of the closure plan that is in compliance with the requirements of 40 CFR 264 


Subpart G and 40 CFR 270.14 (b) (13). 
 


S. The longitude and latitude of the facility. 
 


T. A closure cost estimate for the facility plus a copy of the financial assurance 
mechanism and a copy of the insurance policy or other documentation showing the 
amount of insurance carried by the facility per the requirements of 40 CFR 264 
Subpart H and 40 CFR 270.14 (b) (15) & (16), except as follows: 


 
Where the sentence "If the facilities covered by the mechanism are in more than one 
Region, identical evidence of financial assurance must be submitted to and maintained with 
the Regional Administrator of all such Regions." appears in 40 CFR 264.143(h) and 
264.145(h), replace it with the sentence "If the facilities covered by the mechanism are in 
more than one State, identical evidence of financial assurance must be submitted to and 
maintained with the State Agency regulating hazardous waste or with the appropriate 
Regional Administrator if the facility is located in an unauthorized State.". The wording of 
documents required under Subpart H must be identical to the wording specified in 40 CFR 
264.151, except that the following substitutions must be made: 


 
Where the 40 CFR 264.151 wording says: Substitute: 
United States Environmental Protection Agency Rhode Island Department of Environmental 


Management 
EPA1 DEM 
United States Government2 State of Rhode Island 
EPA Regional Administrator or Regional Administrator3 Director 
Region(s) in which the facility(ies) is (are) located (delete) 
Appropriate (when used with Regional Administrator) (delete) 
Identical (used in certifying language) Equivalent 
Resource Conservation and Recovery Act Hazardous Waste Management Act of 1978 
RCRA HWMA 


 
1Except when used in "EPA identification number" and when used in "EPA and/or a state". 
2Except when referring to securities issued by the U. S. Government. 
3Except wherever 40 CFR 264.151 requires that owners and operators notify several Regional 







58 


Administrators of their financial obligations, the owner or operator shall notify both the Director 
and all Regional Administrators of Regions which are affected by the owner or operator's financial 
assurance mechanisms.  
 


U. For facilities that store containers of hazardous waste: 
 


1. The information required by 40 CFR 264.175 including a description of the 
containment system showing that the design and construction is in conformance 
with 40 CFR 264.175 (a) and including: 


 
(a) Basic design parameters, dimensions and materials of construction. 


 
(b) How the design promotes drainage or how containers are kept from contact 


with standing liquids. 
 


(c) Capacity of containment system. 
 


(d) Provisions for run-off control/prevention. 
 


(e) How accumulated liquids can be analyzed and removed to prevent overflow. 
 


2. Sketches, drawings or data demonstrating compliance with 1, above. 
 


3. Where incompatible wastes are stored or otherwise managed in containers, a 
description of the procedures used to ensure compliance with 40 CFR 264.177. 


 
4. Where flammable or reactive wastes are stored, a description of procedures used 


to ensure compliance with 40 CFR 264.176. 
 


V. For facilities that use tanks to store or treat hazardous waste, a description of the 
design and operating procedures that are equivalent to the requirements of 40 CFR 264 
Subpart J and 270.16.  


 
W. A description of the manifest handling procedures of the facility. 


 
X. An identification as to whether the facility is located in the 100 year flood plain. 


 
Y. An indication of whether the facility is new or existing and whether the application is 


new or revised. 
 
8.05 Flood Plain Operations: The application must describe how treatment and storage 


facilities located in the 100 year flood plain will be designed, constructed and operated in 
accordance with standards equivalent to those of 40 CFR 264.18 (b). 


 
8.06 Application Deficiencies: 
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A. For any application deemed deficient by the Department, the application shall be returned 


to the applicant, with a concise statement of the deficiencies. 
 
B. The Director may deny an application and not issue a draft permit, if the applicant does 


not adequately respond to Department-identified application deficiencies. 
 
C. The applicant may appeal the Director's decision to deny the application and not issue a 


draft permit to the Department's Administrative Adjudication Division. The appeal must 
be in writing and must be filed with the clerk of the Administrative Adjudication Division 
within thirty (30) calendar days of receipt of the contested application action. 


 
9.00 OPERATIONAL REQUIREMENTS FOR TREATMENT, STORAGE AND 


DISPOSAL FACILITIES 
 
 These rules, except Rules 9.16 and 9.20, apply to all facilities.  
 
9.01 Notices 
 


A. The owner or operator of a facility receiving hazardous wastes from a foreign source 
must notify the U. S. Environmental Protection Agency Regional Administrator in 
writing at least four (4) weeks in advance of the date each shipment is expected at the 
facility. 


 
B. The owner or operator of a facility receiving hazardous wastes from an off-site source 


(except where the operator is also the generator) must inform the generator in writing that 
he has the appropriate permit(s) for, and will accept, the waste the generator is shipping. 
The operator must keep a copy of this written notice as part of the operating record. 


 
9.02 Waste Analysis: The owner or operator of the facility must maintain and comply with the 


waste analysis plan submitted as part of his application in accordance with Rule 8.04 (I) of 
these rules and regulations and in accordance with 40 CFR 264.13. 


 
9.03 Groundwater Monitoring: The owner or operator of the facility must maintain and comply 


with the groundwater monitoring plan required by Rule 8.04 (G) of these rules and regulations 
and 40 CFR 264.90 -100, unless this requirement has been waived by the Director on the basis 
of the criteria in 40 CFR 264.90 (b) (3) and (4). 


 
9.04 Security: The owner or operator of the facility must maintain a security program equivalent to 


40 CFR 264.14. 
 
9.05 Inspection: The owner or operator of the facility must maintain an inspection program 


equivalent to 40 CFR 264.15. 
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9.06 Personnel Training: The owner or operator of the facility must provide for and maintain 
records of personnel training in a manner equivalent to 40 CFR 264.16. 


 
9.07 Flammable, Reactive or Incompatible Wastes: The owner or operator of the facility must 


take precautions to prevent the accidental ignition or reaction of flammable, reactive or 
incompatible wastes or materials equivalent to those described in 40 CFR 264.17 and Subpart 
C. 


 
9.08 Preparedness and Prevention: The facility owner or operator must comply with preparedness 


and prevention requirements equivalent to those in 40 CFR 264 Subpart C. 
 
9.09 Contingency Plan and Emergency Procedures: The facility owner or operator must 


complete a contingency plan as required by 40 CFR 264 Subpart D and comply with the 
conditions thereof. 


 
9.10 Manifests: The facility owner or operator must not accept any hazardous waste without a 


completed Rhode Island Uniform Hazardous Waste Manifest, or a completed generator’s state 
manifest for hazardous waste from any generator whose state has a manifest reciprocity 
protocol with Rhode Island, and must process the manifest according to standards equivalent to 
40 CFR 264.71. (Note: a facility accepting waste that is a hazardous waste in the generator’s 
state, but is not a hazardous waste in Rhode Island, shall require use of the generator’s state 
manifest, including generators located in states not having manifest reciprocity protocols with 
Rhode Island.) The facility owner or operator must report to the Director the attempted 
delivery of all unmanifested hazardous waste in accordance with 40 CFR 264.76. The facility 
owner or operator may use Uniform Hazardous Waste Manifest Continuation Sheets (EPA 
Form 8700-22A), provided that the state in which the generator is sited also approves of its 
use.  Facilities desiring to use these continuation sheets shall create them in accordance with 
federal specifications. After signing the manifest, the owner or operator must mail a copy to 
the Department, a copy to the state where the waste was generated and a copy to the generator 
within five days of receipt, or sooner if required by another state. A copy must be retained for 
his records. With respect to sending a copy of the manifest to the Department, the owner or 
operator may alternately satisfy this requirement by submitting the information on the manifest 
electronically to the Department in a format acceptable to the Department and in a time frame 
greater than five days but not less than quarterly. The facility shall also submit to the 
Department a quarterly report for all manifests received in that quarter in an electronic format 
acceptable to the Department. This submission shall include a written statement attesting to the 
accuracy and completeness of the information. This quarterly report shall include the following 
data for each manifest: 


 
• Manifest number 
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• Generator EPA ID Number 
 


• Generator Name 
 


• Transporter(s) EPA ID Number 
 


• Transporter(s) Name  
 


• Waste Codes 
 


• Waste Description 
 


• Waste Quantity 
 


• Date of Generation 
 
9.11 Discrepancy Reports: The facility owner or operator must handle manifest discrepancies in a 


manner equivalent to that described in 40 CFR 264.72. 
 
9.12 Operating Records: The facility owner or operator must maintain an operating record 


equivalent to that described in 40 CFR 264.73. For storage facilities this information must 
include, but is not limited to, a record of wastes received and wastes shipped, cross-referenced 
by manifest  tracking number. 


 
9.13 Record Availability: The facility owner or operator must make available to the Director, upon 


request, all records including those required by 40 CFR 270.10 (i) which the Director feels 
pertinent to the enforcement of these rules and regulations, and the facility operator must 
maintain these records on file for a minimum of three (3) years. In the event of unresolved 
enforcement actions, the records must be maintained until released by the Director. Upon 
closure, these records, including those showing waste disposal locations, must be submitted to 
the local land authority and to the Director. 


 
9.14 Biennial Report: The facility owner or operator must prepare and submit to the Director a 


biennial report in accordance with the dates and containing information equivalent to that 
required by 40 CFR 264.75. 


 
9.15 Authorized Agents: The facility owner or operator shall submit to the Department the names 


and signatures of all agents of the operator authorized to sign the Manifest. 
 
9.16 Closure and Post Closure: The facility owner or operator must close his facility, except 


incinerators and certain land disposal facilities, in accordance with the closure plan and in a 
manner equivalent to that required by 40 CFR 264 Subpart G. 
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9.17 Financial Requirements: The facility owner or operator must meet the financial requirements 
per 40 CFR 264 Subpart H using the wording contained in Rule 8.04 of these rules and 
regulations. Facility owners or operators choosing the trust fund described in 40 CFR 264.143 
(a) must, for new facilities, deposit the full amount of the closure cost estimate when the trust 
fund is established or, for existing facilities, deposit the full amount within one year from the 
effective date of this rule. 


 
9.18 Container Condition and Labeling 


 
A. The facility owner or operator must manage containers in a manner equivalent to 40 


CFR 264 Subpart I. 
 


B. The facility owner or operator must make certain that the side of all hazardous waste 
containers of 110 gallons or less have attached a label with information as required by 
Rule 5.04 (C) of these rules and regulations. 


 
9.19 Tank Construction, Design and Operation: Tanks used for the storage and/or treatment of 


hazardous wastes must be designed, constructed, and operated in a manner equivalent to that 
required by 40 CFR 264 Subpart J except that in 40 CFR 264.191(a), 264.191(c), and 264.193, 
compliance relative to the January 12, 1988, July 14, 1986 and January 12, 1987 dates, 
respectively, applies only to a tank system owned or operated by a small quantity generator or 
any tank system (aboveground, onground, inground, or underground) that cannot be entered for 
inspection. Relative to a tank system that is not owned or operated by a small quantity 
generator and which is a tank system (aboveground, onground, inground, or underground) that 
can be entered for inspection, "January 12, 1988", "July 14, 1986", and "January 12, 1987" 
shall be replaced with "December 1, 1992", wherever this date occurs in 40 CFR 264.191(a), 
264.191(c), and 264.193, respectively. 


 
9.20 Flood Plain Location: Owners and operators of all treatment and storage facilities located in 


the 100 year flood plain must, if applicable, comply with the procedures identified in Rule 8.05 
of these rules and regulations. 


 
9.21 Initiator: Owners and operators of facilities that initiate a hazardous waste shipment must 


comply with Rules 5.00 - 5.11 of these rules and regulations. 
 
9.22 Other Reports: The owner or operator must report to the Director, in addition to the reports 


required by Rules 9.11 and 9.14 of these rules and regulations, all reports required by 40 CFR 
264.77. 


 
9.23 Proper Operation and Maintenance: The permittee shall at all times properly operate and 


maintain the facility to achieve compliance with these rules and regulations. This includes 
adequate financing, staffing, training, laboratory and process controls and adequate back-up 
systems where necessary. 
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10.00    LAND DISPOSAL FACILITIES 
 
 These rules apply only to land disposal facilities. 
 
10.01 Design and Operational Requirements 


 
A. Land disposal facilities must be designed, operated and maintained in accordance with the 


appropriate standards of 40 CFR 264 and these rules and regulations. 
 
B. Surface impoundments must be designed, operated and maintained in accordance with the 


standards of 40 CFR 264.221 - .230, 265.221, and 265.229. 
 


C. Waste piles must be designed, operated and maintained in accordance with the standards 
of 40 CFR 264.250 - .258. 


 
D. Land treatment facilities must be designed, operated and maintained in accordance with 


the standards of 40 CFR 264.270 - .282, 265.272, and 265.273. 
 


E. Landfills  
 


1. Landfills must be designed, operated and maintained in accordance with the standards 
of 40 CFR 264.300 - .316, 265.301, 265.310, and 265.315. 


 
2. Landfills must also be located, designed and constructed in accordance with the 


following: 
 
(a) Landfills shall be designated as Class I, Class II, Class IIIA or Class IIIB. 
 
(b) All landfills shall be designed and constructed to meet the following minimum 


requirements. 
 


(i) There shall be a minimum distance of 500 feet between any active 
portion of the facility and any surface body of water and any wetland. 


 
(ii) The bottom liners shall be installed with a minimum slope of two 


percent and lead to collection sumps at all low points. 
 


(iii) The boundaries of all active portions shall be at least 500 feet from any 
private water supply or livestock water supply. 


 
(iv) Erosion, landslides and slumping shall be minimized. 


 
(v) Separate cells shall be provided for incompatible wastes. 
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(vi) There shall be gas collection and venting systems to prevent the lateral 
movement of gases generated within the landfill and to prevent the 
accumulation of these gases with confined structures on or adjacent to 
the landfill area. 


 
3. Class I Landfills shall be located only in "Till" areas as identified on the Ground 


Water Maps prepared by the United States Geological Survey and shall include in the 
design the following: 


 
(a) A two liner system installed on the bottom and all sides of any disposal area 


consisting of two membrane liners. 
 
(b) A leachate monitoring, collection and removal system installed above the top 


liner which consists of soils at least three feet thick and which allows leachate 
to move rapidly through the soils and collect in sumps. 


 
(c) A minimum of six inches of sand immediately overlaying and under the 


membrane liner. 
 


(d) Membrane liners which meet the following requirements: 
 


(i) Be of adequate strength and thickness to ensure mechanical integrity 
and have a minimum thickness of 30 mils. 


 
(ii) Be resistant to attack from soil bacteria and fungi. 


 
(iii) Has ample weather resistance to withstand the stress of extreme heat, 


freezing and thawing. 
 


(iv) Has adequate tensile strength to elongate sufficiently and withstand the 
stress of installation and/or use of machinery and equipment. 


 
(v) Be of uniform thickness, free from thin spots, cracks, tears, blisters and 


foreign particles. 
 


(vi) Be placed on a stable base. 
 


(vii) Has a permeability less than or equal to 1 x 10-12cm/sec or its 
equivalent. 


 
(viii) Be seamed in a manner which does not adversely affect any property of 


the membrane. 
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4. Class II Landfills may be located in either "Till" areas or "Outwash" areas as 
identified on the Ground Water Maps prepared by the United States Geological 
Survey and shall be of the same design as Class I Landfills. 


 
5. Class III Landfills may be located in either "Till" areas or "Outwash" areas as 


identified on the Ground Water Maps prepared by the United States Geological 
Survey. Class III Landfills located in "Outwash" areas and Class III Landfills located 
in "Till" areas shall meet the requirements of Rule 10.01 of these rules and 
regulations and 40 CFR 264.301 and 264 Subpart F. 


 
F. The Director may approve a design that affords protection equivalent to any of the classes 


in Rule 10.01 (E) of these rules and regulations. Prior to approving an equivalent design, 
the Director shall prepare a written opinion which shall compare and evaluate the 
proposed equivalent design with the requirements of the appropriate class and shall state 
his reasons for approving the proposed equivalent design. This written report shall be 
made available to the public prior to the public hearing required by Rule 7.09 (B) and (E). 


 
G. Class I Landfills may not accept "Type 6 - Extremely Hazardous Waste", "Type 2A - 


Highly Reactive Waste", and "Type 3A - Highly Flammable Waste". 
 


H. Class II Landfills may not accept "Type 6 - Extremely Hazardous Waste", "Type 1A - 
Highly Toxic Waste", "Type 2A - Highly Reactive Waste", "Type 2B - Moderately 
Reactive Waste", "Type 3A - Highly Flammable Waste", "Type 3B - Moderately 
Flammable Waste", and "Type 5 - Rhode Island Special Waste". 


 
I. Class III Landfills may not accept "Type 6 - Extremely Hazardous Waste", "Type 1A - 


Highly Toxic Waste", "Type 1B - Moderately Toxic Waste", "Type 2A - Highly Reactive 
Waste", "Type 2B - Moderately Reactive Waste", "Type 3A - Highly Flammable Waste", 
"Type 3B - Moderately Flammable Waste", and "Type 5 - Rhode Island Special Waste". 


 
10.02 Closure and Post Closure: The facility operator must close his facility in accordance with the 


closure plan and in a manner equivalent to that required by 40 CFR 264 Subpart G and 
whichever is applicable of 40 CFR 264.228, 264.258, 264.280 or 264.310. 


 
11.00    INCINERATOR FACILITIES 
 


These rules apply only to incinerator facilities as determined by 40 CFR 264.340 (a). 
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11.01 Design and Operational Requirements 
 


A. The owner or operator of incinerator facilities must design, operate and maintain them in 
accordance with the standards of 40 CFR 264.344 and 264.345. 


 
B. The owner or operator of incinerator facilities must design, operate and maintain them so 


that when operating they will achieve the destruction and removal efficiency and 
performance identified in 40 CFR 264.343. 


 
C. The owner or operator must identify the principal organic hazardous constituents 


(POHCs) in each waste stream of the trial burn plan required by Rule 7.01 (C) and must 
treat each to the extent required by 40 CFR 264.343. 


 
D. The owner or operator of the facility must close his facility in accordance with the closure 


plan and in a manner equivalent to that required by 40 CFR 264 Subpart G and 40 CFR 
264.351. 


 
E. The owner or operator of the facility must maintain a monitoring and inspection program 


equivalent to the requirements of 40 CFR 264.347. 
 
11.02 Regulation Exemptions: The owners or operators of incinerator facilities operated exclusively 


for the incineration of hazardous wastes described in 40 CFR 264.340 (b) and (c) need not 
comply with Rules 11.01 and 6.03 of these rules and regulations. 


 
12.00    MISCELLANEOUS UNITS 
 
 These rules apply to miscellaneous units as defined in 40 CFR 260.10. 
 
12.01 General and Operational Requirements: Miscellaneous units must comply with all 


applicable sections of Rules 8.00 and 9.00, as are or as amended. 
 
12.02 Additional Regulations for Miscellaneous Units: All miscellaneous units must comply with 


the requirements of 40 CFR 264 Subpart X and 40 CFR 270.23. 
 
13.00    UNIVERSAL WASTE 
 
13.01 Requirements for Universal Waste: The wastes listed in this rule are exempt from regulation 


under 40 CFR 262 through 270 except as specified in 40 CFR 273 and, therefore are not fully 
regulated as hazardous waste. The wastes listed in this rule are subject to regulation under 40 
CFR Part 273: 


 
A. Batteries as described in 40 CFR 273.2 
 
B. Pesticides as described in 40 CFR 273.3 
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C. Thermostats  as described in 40 CFR 273.4 
 


D. Cathode ray tubes (including the display devices containing the cathode ray tubes) as 
described in Rule 13.02 of these regulations. 


 
E. Mercury-containing devices as described in Rule 13.03 of these regulations. 


 
F. Mercury-containing Lamps as described in Rule 13.04 of these regulations. 


 
13.02 Applicability – Cathode ray tubes: The requirements of 40 CFR Part 273 apply to persons 


managing cathode ray tubes, as defined in these Rules.  
 


A. Generation of Waste, Cathode ray tubes: A waste cathode ray tube is a hazardous waste if 
it exhibits one or more of the characteristics identified in 40 CFR part 261, Subpart C. A 
used cathode ray tube becomes a waste on the date it is discarded. An unused cathode ray 
tube becomes a waste on the date the handler decides to discard it. 


 
B. The requirements of 40 CFR Part 273 do not apply to persons managing the following 


cathode ray tubes:  
 


1. Cathode ray tubes that are not yet wastes under 40 CFR 261: Rule 13.02(A) describes 
when cathode ray tubes become wastes.  


 
2. Cathode ray tubes that are not hazardous waste: A cathode ray tube is a hazardous 


waste if it exhibits one or more of the characteristics identified in 40 CFR part 261, 
Subpart C. 


 
13.03 Applicability – Mercury-containing devices: The requirements of 40 CFR Part 273 apply to 


persons managing mercury-containing devices, as defined in these Rules.  
 


A. Generation of Waste, Mercury-containing devices: A waste mercury-containing device is 
a hazardous waste if it exhibits one or more of the characteristics identified in 40 CFR part 
261, Subpart C. A used mercury-containing device becomes a waste on the date it is 
discarded. An unused mercury-containing device becomes a waste on the date the handler 
decides to discard it. 


 
B. The requirements of 40 CFR Part 273 do not apply to persons managing the following 


mercury-containing devices: 
 


1. Mercury-containing devices that are not yet wastes under 40 CFR 261: Rule  
13.03(A) describes when mercury-containing devices become wastes. 


 
2. Mercury-containing devices that are not hazardous waste: A mercury-containing 


device is a hazardous waste if it exhibits one or more of the characteristics identified 
in 40 CFR part 261, Subpart C. 
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13.04 Applicability - Mercury-containing lamps: The requirements of 40 CFR Part 273 apply to 


persons managing mercury-containing lamps, as defined in these Rules.  
 


A. Generation of Waste, Mercury-containing lamps: A waste mercury-containing lamp is a 
hazardous waste if it exhibits one or more of the characteristics identified in 40 CFR part 
261, Subpart C. A used mercury-containing lamp becomes a waste on the date it is 
discarded. An unused mercury-containing lamp becomes a waste on the date the handler 
decides to discard it. 


 
B. The requirements of 40 CFR Part 273 do not apply to persons managing the following 


mercury-containing lamps: 
 


1. Mercury-containing lamps that are not yet wastes under 40 CFR 261: Rule 13.04(A) 
describes when mercury-containing lamps become wastes. 


 
2. Mercury-containing lamps that are not hazardous waste: A mercury-containing lamp 


is a hazardous waste if it exhibits one or more of the characteristics identified in 40 
CFR part 261, Subpart C. 


 
13.05 Requirements for Universal Waste Handlers and Transporters: The following applies to 


universal waste handlers and universal waste transporters, relative to the universal wastes 
listed in Rule 13.01: 


 
A. The requirements of 40 CFR 264 and 40 CFR 265 do not apply, when handling these 


wastes. 
 
B. These handlers and transporters are exempt from 40 CFR 268.7 and 268.50, for these 


hazardous wastes. 
 


C. These handlers and transporters are not required to obtain a RCRA permit in order to 
manage these wastes. 


 
D. These handlers and transporters are subject to regulation under 40 CFR 273.  


 
13.06 Standards For Universal Waste Management: 40 CFR Part 273 is incorporated by reference 


in its entirety, except 273.1(a)(4), 273.5, 273.9 “Lamp”definition, 273.13(d), 273.14(e), 
273.33(d), 273.34(e) [since the Department  retains its own regulations for mercury-containing 
lamps, rather than adopting the federal regulations regarding such lamps] and as otherwise 
provided in these Rules. (See also definition of "EPA" for portions of the CFR where "EPA" is 
replaced by "Department").  
 
A. 40 CFR 273.1 – Scope. The provisions are incorporated by reference with the following 


changes to 273.1(a): 
 







69 


1. add “(4) Cathode ray tubes as defined in these Rules.” 
 
2.  add “(5) Mercury-containing devices as defined in these Rules. 


 
3. add “(6) Mercury-containing lamps as defined in these Rules.” 


 
B. 40 CFR 273.8– Applicability–household and conditionally exempt small quantity 


generator waste.  
 
40 CFR 273.8 is not incorporated by reference. Instead, the following provisions shall 
apply : 
 
(1)(a) Persons who are household hazardous waste collection facilities, as described in 


Rule 5.00, and who handle wastes of the types described in the “Universal Waste” 
definition in Rule 3.00, shall either handle those wastes in compliance with all 
requirements applicable to hazardous waste generators as provided in Rule 5.00 or 
shall handle those wastes as universal wastes per the requirements of this part. 


 
(1)(b) Persons who generate household waste as defined in 40 CFR 261.4(b)(1) and who 


generate wastes of the types described in the “Universal Waste” definition in Rule 
3.00 shall either handle those wastes as non-hazardous solid wastes or as universal 
wastes per the requirements of this part.   


 
(1)(c) Persons who are federal conditionally exempt small quantity generators as defined 


in 40 CFR 261.5 and who generate wastes of the types described in the “Universal 
Waste” definition in Rule 3.00 shall either handle those wastes in compliance with the 
requirements of 40 CFR 261.5 or shall handle those wastes as universal wastes per the 
requirements of this part. 


 
(2)  Persons who commingle regulated universal wastes with wastes of the types described 


in the “Universal Waste” definition in Rule 3.00 from households or from federal 
conditionally exempt small quantity generators, shall handle the commingled wastes 
as hazardous wastes or universal wastes per the requirements of this part. 


 
C. 40 CFR 273.9– Definitions. The provisions are incorporated by reference with the 


following changes: 
 
1. replace the definition of “Large Quantity Handler of Universal Waste” with the Rule 


3.00 definition of “Large Quantity Handler of Universal Waste”. 
 
2. replace the definition of “Small Quantity Handler of Universal Waste” with the Rule 


3.00 definition of “Small Quantity Handler of Universal Waste”. 
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3. delete “(4) Lamps as described in §273.5” from the definition of universal waste and 
add to the definition of “Universal Waste” “(4) Cathode ray tubes as defined in these 
Rules.” 


 
4. add to the definition of “Universal Waste” “(5) Mercury-containing devices as 


defined in these Rules.” 
 


5. add to the definition of “Universal Waste” “(6) Mercury-containing lamps as defined 
in these Rules.”  


 
D. CFR 273.11 – Prohibitions. The provisions are incorporated by reference with the 


following changes: 
 
1. add “(c) Prohibited from crushing or intentionally breaking universal waste.” 
 
2. add “(d) Prohibited from managing a significant number of broken items of universal 


waste of any given type on any day as universal waste. An insignificant number of 
items of unintentionally broken waste may be managed as universal waste, provided 
that they are immediately managed to prevent releases of any universal waste or 
component of universal waste to the environment, per the requirements of these 
universal waste regulations.” 


 
E. 40 CFR 273.13 - Waste Management. The provisions are incorporated by reference with 


the following changes: 
 
1. add “(d) Universal waste cathode ray tubes. A small quantity handler of universal 


waste must manage universal waste cathode ray tubes in a way that prevents releases 
of any universal waste or component of a universal waste to the environment, as 
follows: 


 
(1) A small quantity handler of universal waste must contain any universal waste 


cathode ray tube that shows evidence of breakage, leakage, spillage, or damage that 
could cause the release of glass particles under reasonable foreseeable conditions 
in a container. The container must be closed, structurally sound, compatible with 
the contents of the cathode ray tubes, and must lack evidence of breakage, leakage, 
spillage, or damage that could cause the release of glass particles under reasonably 
foreseeable conditions. 


 
(2) A small quantity handler of universal waste must contain unbroken cathode ray 


tubes in packaging that will minimize breakage during normal handling conditions. 
 


(3) A small quantity handler of universal waste must contain cathode ray tubes in 
packaging that will minimize releases of tube fragments and residues. 


 
(4) A small quantity handler of universal waste may conduct the following activities: 
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(i) Sort display devices/cathode ray tubes by type. 
(ii) Manage different types of display devices/cathode ray tubes in the same 


container. 
(iii) Test display devices/cathode ray tubes to determine if they are capable 


of being returned to service.  
(iv) Remove cathode ray tubes from display device casings.” 


 
2. add “(e) Universal waste mercury-containing devices. A small quantity handler of 


universal waste must manage universal waste mercury-containing devices in a way 
that prevents releases of any universal waste or component of a universal waste to the 
environment, as follows: 


 
(1). A small quantity handler of universal waste must contain any universal waste 


mercury-containing device that shows evidence of leakage, spillage, or 
damage that could cause leakage under reasonable foreseeable conditions in a 
container. The container must be closed, structurally sound, compatible with 
the contents of the mercury-containing devices, and must lack evidence of 
leakage, spillage, or damage that could cause leakage under reasonably 
foreseeable conditions. 


 
(2). A small quantity handler of universal waste may: 


 
(i) Mix different types of universal waste mercury-containing devices, or 


universal waste mercury-containing devices and universal waste 
thermostats in one container; or 


 
(ii) Remove mercury-containing ampules from universal waste mercury-


containing devices provided that the handler complies with 40 CFR 
273.13(c)(2)(i)-(viii) and (c)(3)(i)-(iii).” 


 
3. add “(f) Universal waste mercury-containing lamps. A small quantity handler of 


universal waste must manage universal waste mercury-containing lamps in a way that 
prevents releases of any universal waste or component of a universal waste to the 
environment, as follows:  


 
(1). A small quantity handler of universal waste must contain any universal waste 


mercury-containing lamp that shows evidence of leakage, spillage, or damage 
that could cause leakage under reasonable foreseeable conditions in a 
container. The container must be closed, structurally sound, compatible with 
the contents of the mercury-containing lamps, and must lack evidence of 
leakage, spillage, or damage that could cause leakage under reasonably 
foreseeable conditions.  
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(2). A small quantity handler of universal waste must contain unbroken mercury-
containing lamps in packaging that will minimize breakage during normal 
handling conditions. 


 
(3). A small quantity handler of universal waste must contain mercury-containing 


lamps in packaging that will minimize releases of lamp fragments and 
residues.” 


 
F. 40 CFR 273.14 – Labeling/marking. The provisions are incorporated by reference with 


the following changes: 
 
1. add “(e) Universal Waste cathode ray tubes (i.e. each cathode ray tube), or a container 


in which the cathode ray tubes are contained, must be labeled or clearly marked with 
any one of the following phrases: “Universal Waste – Cathode Ray Tube(s),” or 
“Waste Cathode Ray Tube(s),” or “Used Cathode Ray Tube(s)”.” 


 
2. add “(f) Universal waste mercury-containing devices (i.e., each mercury-containing 


device), or a container in which the mercury-containing devices are contained, must 
be labeled or clearly marked with any one of the following phrases: “Universal Waste 
– Mercury-Containing Device(s),” or “Waste Mercury-Containing Device(s),” or 
“Used Mercury-Containing Device(s)”.” 


 
3. add “(g) Universal waste mercury-containing lamps (i.e., each mercury-containing 


lamp), or a container in which the mercury-containing lamps are contained, must be 
labeled or clearly marked with any one of the following phrases: “Universal Waste – 
Mercury-Containing Lamps(s),” or “Waste Mercury-Containing Lamp(s),” or “Used 
Mercury-Containing Lamp(s)”.” 


 
G. 40 CFR 273.15 – Accumulation time limits. The provisions are incorporated by 


reference with the following changes to 273.15(c)(2): 
 
1. after “battery” delete “or”, add “,”, after “thermostat” add “, cathode ray tube, 


mercury-containing device, or mercury-containing lamp” 
 
H. 40 CFR 273.18 - Off-site shipments. The provisions are incorporated by reference with 


the following change: 
 
1. in paragraph (g) replace "appropriate regional EPA office" and "EPA regional office" 


with "Department". 
 


I. 40 CFR 273.31 – Prohibitions. The provisions are incorporated by reference with the 
following changes: 
 
1. add “(c) Prohibited from crushing or intentionally breaking universal waste.” 
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2. add “(d) Prohibited from managing a significant number of broken items of universal 
waste of any given type on any day as universal waste. An insignificant number of 
items of unintentionally broken waste may be managed as universal waste, provided 
that they are immediately managed to prevent releases of any universal waste or 
component of universal waste to the environment, per the requirements of these 
universal waste regulations .” 


 
J. CFR 273.32 – Notification. The provisions are incorporated by reference with the 


following changes: 
 
1. In 273.32(a)(1), after “ 5000 kilogram. storage limit” add “(or the 20,000 kilogram 


storage limit for cathode ray tubes)” 
 
2. In 273.32(b)((4) and 273.32(b)(5), after “thermostats” delete “ and lamps” and add “, 


and cathode ray tubes, mercury-containing devices, mercury-containing lamps” 
 


3. In 273.32(b)(5), after “5000 kg of universal waste” add “(or 20,000 kg of cathode ray 
tubes)” 


 
K. CFR 273.33 – Waste Management. The provisions are incorporated by reference with 


the following changes: 
 
1. add “(d) Universal waste cathode ray tubes. A large quantity handler of universal 


waste must manage universal waste cathode ray tubes in a way that prevents releases 
of any universal waste or component of a universal waste to the environment, as 
follows: 


 
(1). A large quantity handler of universal waste must contain any universal waste 


cathode ray tube that shows evidence of breakage, leakage, spillage, or 
damage that could cause the release of glass particles under reasonable 
foreseeable conditions in a container. The container must be closed, 
structurally sound, compatible with the contents of the cathode ray tubes, and 
must lack evidence of breakage, leakage, spillage, or damage that could cause 
the release of glass particles under reasonably foreseeable conditions. 


 
(2). A large quantity handler of universal waste must contain unbroken cathode 


ray tubes in packaging that will minimize breakage during normal handling 
conditions. 


 
(3). A large quantity handler of universal waste must contain cathode ray tubes in 


packaging that will minimize releases of tube fragments and residues. 
 


(4). A large quantity handler of universal waste may conduct the following 
activities: 
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(i) Sort display devices/cathode ray tubes by type. 
 
(ii) Manage different types of display devices/cathode ray tubes in the same 


container. 
 


(iii) Test display devices/cathode ray tubes to determine if they are capable 
of being returned to service. 


 
(iv) Remove cathode ray tubes from display device casings.” 


 
2. add “(e) Universal waste mercury-containing devices. A large quantity handler of 


universal waste must manage universal waste mercury-containing devices in a way 
that prevents releases of any universal waste or component of a universal waste to the 
environment, as follows: 


 
(1). A large quantity handler of universal waste must contain any universal waste 


mercury-containing device that shows evidence of leakage, spillage, or 
damage that could cause leakage under reasonable foreseeable conditions in a 
container. The container must be closed, structurally sound, compatible with 
the contents of the mercury-containing devices, and must lack evidence of 
leakage, spillage, or damage that could cause leakage under reasonably 
foreseeable conditions. 


 
(2). A large quantity handler of universal waste may: 


 
(i) Mix different types of universal waste mercury-containing devices, or 


universal waste mercury-containing devices and universal waste 
thermostats in one container; or 


 
(ii) Remove mercury-containing ampules from universal waste mercury-


containing devices provided that the handler complies with 40 CFR 
273.33(c)(2)(i)-(viii) and (c)(3)(i)-(iii).” 


 
3. add “(f) Universal waste mercury-containing lamps. A large quantity handler of 


universal waste must manage universal waste mercury-containing lamps in a way that 
prevents releases of any universal waste or component of a universal waste to the 
environment, as follows: 


 
(1). A large quantity handler of universal waste must contain any universal waste 


mercury-containing lamps that show evidence of leakage, spillage, or damage 
that could cause leakage under reasonably foreseeable conditions in a 
container. The container must be closed, structurally sound, compatible with 
the contents of the mercury-containing lamps, and must lack evidence of 
leakage, spillage, or damage that could cause leakage under reasonably 
foreseeable conditions. 
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(2). A large quantity handler of universal waste must contain unbroken mercury-


containing lamps in packaging that will minimize breakage during normal 
handling conditions. 


 
(3). A large quantity handler of universal waste must contain mercury-containing 


lamps in packaging that will minimize releases of lamp fragments and 
residues.” 


 
L. 40 CFR 273.34 – Labeling/marking. The provisions are incorporated by reference with 


the following changes: 
 
1. add “(e) Universal Waste cathode ray tubes (i.e. each cathode ray tube), or a container 


in which the cathode ray tubes are contained, must be labeled or clearly marked with 
any one of the following phrases: “Universal Waste – Cathode Ray Tube(s),” or 
“Waste Cathode Ray Tube(s),” or “Used Cathode Ray Tube(s)”.” 


 
2. add “(f) Universal waste mercury-containing devices (i.e., each mercury-containing 


device), or a container in which the mercury-containing devices are contained, must 
be labeled or clearly marked with any one of the following phrases: “Universal Waste 
– Mercury-Containing Device(s),” or “Waste Mercury-Containing Device(s),” or 
“Used Mercury-Containing Device(s)”.” 


 
3.  add “(g) Universal waste mercury-containing lamps (i.e. each mercury-containing 


lamp), or a container in which the mercury-containing lamps are contained, must be 
labeled or clearly marked with any one of the following phrases: “Universal Waste – 
Mercury-Containing Lamps(s),” or “Waste Mercury-Containing Lamp(s),” or “Used 
Mercury-Containing Lamp(s)”.” 


 
M. 40 CFR 273.35 – Accumulation time limits. The provisions are incorporated by 


reference with the following changes to 273.35(c)(2): 
 
1. after “battery” delete “or”, add “,”, after “thermostat” add “, cathode ray tube, 


mercury-containing device, or mercury-containing lamp” 
 


N. 40 CFR 273.38 - Off-site shipments. The provisions are incorporated by reference with 
the following change: 
 
1. In paragraph (g) replace "appropriate regional EPA office" and "EPA regional office" 


with "Department". 
 


O. 40 CFR 273.39 – Tracking universal waste shipments. The provisions are incorporated 
by reference with the following changes: 
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1. In 273.39(a)(2) and in 273.39(b)(2), after “thermostats” add “, or other mercury-
containing equipment, lamps, cathode ray tubes.” 


 
P. 40 CFR 273.51 – Prohibitions. The provisions are incorporated by reference with the 


following changes: 
 
1. add “(c) Prohibited from crushing or intentionally breaking universal waste.” 
 
2. add “(d) Prohibited from managing a significant number of broken items of universal 


waste of any given type in a transportation unit as universal waste. An insignificant 
number of unintentionally broken waste in a transportation unit may be managed as 
universal waste, provided that they are immediately managed to prevent releases of 
any universal waste or component of universal waste to the environment, per the 
requirements of these universal waste regulations.”  


 
Q. 40 CFR 273.60 – Applicability. The provisions are incorporated by reference with the 


following change: 
 
1. In paragraph (a) after the phrase “of this chapter,” add “to all applicable requirements 


of Rules 7.00, 8.00, and 9.00 and the sub-sections of those rules,” 
 


R. 40 CFR 273.61 - Off-site shipments. The provisions are incorporated by reference with 
the following change: 
 
1. in paragraph (c) replace "appropriate regional EPA office" and "EPA regional office" 


with "Department". 
 


S. 40 CFR 273.62 - Tracking universal waste shipments. The provisions are incorporated 
by reference with the following change to 273.62(a)(2): 
 
1. after “thermostats” add “cathode ray tubes, mercury-containing devices, mercury-


containing lamps” 
 


T. 40 CFR 273.80 – Petitions to Include Other Wastes, Under 40 CFR Part 273; 
General. The provisions are incorporated by reference with the following changes: 
 
1. In 273.80(b) and 273.80(c), delete “Administrator” and replace with “Director”. 


 
 
14.00    MIXED WASTE 
 
 These rules apply to Mixed Waste as defined in Rule 3.00.   
 
14.01 Requirements for Mixed Waste: Mixed Waste shall be subject to these Rules and 


Regulations and to the Rhode Island Department of Health’s “Rules and Regulations for the 
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Control of Radiation”. 
 
14.02 Conditional Exemptions: The provisions of 40 CFR 266 Subpart N are incorporated by 


reference, relative to the conditional exemptions for low-level mixed waste and the 
transportation and disposal conditional exemption for eligible NARM waste.  


 
15.00    USED OIL MANAGEMENT STANDARDS. 
 
15.01      Purpose and Applicability  


 
This Rule provides an alternative to managing used oil as hazardous waste under Rules 5.00-
12.00; it identifies those materials that may and may not be managed as used oil, and establishes 
standards for their handling, storage, transport, aggregation, collection, and burning of used oil as 
fuel.  This Rule also establishes management standards for used oil that is reused, sent for 
reclamation, processed or burned for energy recovery.  Used oil, as defined in Rule 3.00, that is to 
be reused, reclaimed, processed, re-refined or burned for energy recovery is subject to the 
requirements of Rule 15.00.   This Rule does not apply to used oil, or material derived from used 
oil, that is disposed, sent for disposal or used in a manner constituting disposal, which must be 
evaluated to determine if the used oil is subject to regulation as a hazardous waste in accordance 
with Rule 5.08 (Determination).  Used oil that does not meet the definition of a hazardous waste 
and is not managed in accordance with Rule 15.00 shall be managed as a solid waste in accordance 
with the applicable regulations. 
 


A.   Used oil that exhibits any of the hazardous waste characteristics identified in Rule 
3.00 or in 40 CFR 261 Subpart C is subject to Rule 15.00 except that the used oil may 
be excluded from burning for energy recovery pursuant to Rule 15.03.  


 
B.   Mixtures of used oil and hazardous wastes that are Federally listed in 40 CFR 261 


Subpart D shall be managed as hazardous waste; 
 


1.   Used oil that contains greater than 1,000 ppm of total halogens is presumed to 
have been mixed with one or more halogenated hazardous wastes listed in 40 CFR 
261 Subpart D. Persons may rebut the presumption that the used oil has been 
mixed with the hazardous waste designated in 40 CFR 261.31 (a) as F001 or F002 
by demonstrating through analysis that none of the following halogenated 
hazardous waste constituents are present in the used oil at a concentration of 
greater than 100 parts per million: tetrachloroethylene, trichloroethylene, 
methylene chloride, 1,1,1-trichloroethane, carbon tetrachloride, chlorinated 
fluorocarbons, chlorobenzene, 1,1,2-trichloro-1,2,2-triflouroethane, ortho-
dichlorobenzene, trichlorofluoromethane or 1,1,2-trichloroethane.  To rebut the 
presumption that the used oil has been mixed with any hazardous waste, other than 
F001 or F002, listed in 40 CFR 261, Subpart D, a person shall demonstrate that 
the used oil does not contain hazardous waste by having the used oil analyzed in 
accordance with Rule 5.08 and demonstrating that the used oil does not contain 
significant concentrations of halogenated hazardous constituents listed in 
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Appendix VIII of 40 CFR 261.  Unless and until such person has rebutted the 
presumption, a used oil containing more than 1,000 parts per million total 
halogens shall be considered a hazardous waste and shall be managed as such. 


 
2.   The rebuttable presumption set forth in Rule 15.01(B)(1) does not apply to metal 


working oils/fluids that contain chlorinated paraffins are not subject to  that are 
reclaimed/processed under a tolling arrangement as defined in Rule 15.04.  Metal 
working oils/fluids that are recycled in any other manner are subject to the 
rebuttable presumption set forth in Rule 15.01(B)(1). 


 
3.   Used oil contaminated with Chlorofluorocarbons (CFCs) removed from 


refrigeration units that is destined for reclamation is not subject to the rebuttable 
presumption set forth in 15.01(B)(1) above.  The rebuttable presumption does 
apply to used oil contaminated with CFCs from sources other than refrigeration 
units. 


 
C.   Mixtures of used oil and hazardous waste where the hazardous waste mixed with the 


used oil is hazardous only because it exhibits the characteristic of flammability 
contained in Rule 3.00 are subject to this Rule and may be managed accordingly if: 


 
1.   The resultant mixture does not exhibit any characteristics of hazardous waste 


identified in 40 CFR 261 Subpart C, and 
 


2.   The resultant mixture does not exhibit the characteristic of flammability as 
defined in Rule 3.00. 


 
Mixtures of used oil and flammable hazardous waste that do not meet the criteria listed 
in Rule 15.01(C)(1) and (2) are not subject to this Rule and shall be managed in 
accordance with Rule 5.08.  Mixtures of used oil and waste that is hazardous because it 
exhibits a characteristic, other than flammability, shall be managed in accordance with 
the requirements of Rule 5.08.  


 
D. Materials containing or otherwise contaminated with used oil are not regulated as used 


oil under this Rule if the used oil has been drained or removed to the extent practicable 
so that no free flowing liquid is present.   Such materials are subject to the waste 
characterization requirements under Rule 5.08 and may be subject to additional parts 
of these Rules if the materials meet the definition of Hazardous Waste.  Materials 
contaminated with used oil that are burned for energy recovery in accordance with 
Rule 15.03 are regulated under this Rule.  Mixtures of used oil and any petroleum 
based products shall be managed in accordance with  Rule 15.00. 


 
E. Used automotive engine oil filters that are not terne-plated and were not contaminated 


by mixtures of used oil and any Federally listed hazardous waste identified in 40 CFR 
261 Subpart D are not subject to Rule 15.00 or Rules 1.00 through and including 12.00 
and 17.00 if the filters were gravity hot-drained using one of the following methods: 
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1. Puncturing the filter anti-drain back valve or the filter dome end and hot draining; 


 
2. Hot-draining and mechanically crushing the filter; 


 
3. Any other equivalent hot draining method that will remove all pourable liquids 


from the filter; or 
 


4. Cold-draining and crushing using a mechanical, pneumatic, or hydraulic device 
designed for the purpose of crushing oil filters and effectively removing the oil.  


 
Used automotive engine oil filters that are terne-plated are not subject to Rule 15.00 or 
Rules 1.00 through and including 12.00 and 17.00 if the generator processes the filters 
in accordance with Rule 15.01(E), sends the processed filters out for scrap metal 
reclamation and documents the recycling of the filters.   


 
All free liquids that are collected as a result of any draining activity shall be properly 
managed in accordance with Rule 15.00.  Used automotive oil filters that are not fully 
drained using one of the methods prescribed above may be managed as a material 
contaminated with used oil in accordance with the requirements of Rule 15.00. 


 
F. Materials derived or otherwise reclaimed from used oil that are used in place of new 


product and are not burned for energy recovery or used in a manner constituting 
disposal are not used oil, are not hazardous waste and are not solid waste.  Materials 
derived from used oil that are burned for energy recovery are subject to the 
requirements of Rule 15.03. Materials derived from used oil that are used in a manner 
constituting disposal are subject to the requirements of Rule 5.08. 


 
G. Wastewater contaminated with “De Minimis” quantities of used oil that is discharged 


in accordance with the Department’s Water Quality Regulations, permits issued by 
local POTWs and Section 307 or Section 402 of the Clean Water Act is not regulated 
by this Rule.  De Minimis quantities for the purpose of this Rule shall be defined as 
leaks or drippings from equipment or machinery that enter the wastewater treatment 
system inadvertently during normal operations or maintenance.  Used oil that enters a 
wastewater treatment system as a result of abnormal manufacturing processes (e.g., 
pipeline or pump failures) or by direct discharges and any used oil removed from 
wastewater is subject to Rule 15.00. 


 
H. Used oil produced on vessels from shipboard operations is not subject to Rule 15.00 


until it is transported onto shore. 
 


I. Used oil containing levels of polychlorinated biphenyls (PCBs) that are determined to 
be below 50 ppm through analytical testing (or by satisfying the requirements of 40 
CFR 761.2) may be managed under Rule 15.00.  Used oil containing PCBs at levels of 
50 ppm or greater are hazardous wastes as defined in Rule 3.00 and shall be managed 
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in accordance with Rules 1.00-12.00 and 17.00. 
 


J. Household used oil generators are exempt from the provisions of Rule 15.00.  Once 
household generator used oil is in the possession of a used oil collection center, used 
oil transporter, used oil burner, or used oil processor/re-refiner, the used oil is subject 
to regulation under this Rule. 


 
K. Used oil re-refining distillation bottoms that are used as feedstock to manufacture 


asphalt products are not subject to the requirements of this Rule. 
 


L. Mixtures of used oil and fuel or other fuel products and tank bottoms from such 
mixtures are subject to this Rule. 


 
M. Used oil burners, used oil generators, used oil transporters, used oil temporary storage 


facilities, used oil collection centers, used oil aggregation points, used oil processor/re-
refiners and used oil marketers while handling used oil may also be subject to federal 
regulation by the USEPA pursuant to the Code of Federal Regulations (CFR).  Used 
oils containing any quantifiable levels of polychlorinated biphenyls (PCBs) are subject 
to  regulation under 40 CFR  761.20(e).  Used oils containing PCBs at levels of 50 
ppm or greater are subject to regulation under all of 40 CFR Part 761.  The storage of 
used oil onsite may also be subject to regulation by the USEPA under 40 CFR 112 
(SPCC Program). 


 
15.02 Prohibitions 
 
The following uses or activities are prohibited: 
 


A. The mixing of hazardous wastes with used oil, except as provided for in Rule 15.01(C);   
 


B. The use of any used oil for road oiling or dust suppression; 
 


C. Burning off-specification used oil as defined in Rule 15.03, unless the used oil is 
generated onsite and burned in used oil burning equipment with a capacity of equal to 
or less than 500,000 Btu per hour; 


 
D. Burning used oil for firefighter training; 


 
E. Management of used oil in anything other than containers or tanks; 


 
F. Any disposal of used oil to the land or waters of the State; 


 
G. The disposal of used oil into a subsurface discharge system or Underground Injection 


Control system (UIC); and 
 


H. Shipment of used oil to a facility that has not notified the Department of its used oil 
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activity and/or obtained the appropriate Letter of Authorization or Permit as required 
by Rule 15.00; unless the used oil is being managed as a hazardous waste in 
accordance with the requirements of Rules 5.00 and 6.00. 


 
15.03 Burning Used Oil for Energy Recovery 
 
This Rule applies to owners and operators of used oil burning equipment as defined in Rule 3.00. 
Used oil, or any fuel produced by processing used oil, may only be burned at a commercial facility 
in a space heater, industrial furnace or boiler provided that the used oil burner conducting the 
burning complies with all of the requirements of this section.   Used Oil Processor/re-refiner 
facilities that burn small amounts of used oil as a result of processing used oil are not subject to the 
requirements of Rule 15.03. 
 


A. Used oil burners that utilize used oil burning equipment with heat input capacity of less 
than or equal to 500,000 BTU/hr to burn either specification used oil or off-
specification used oil shall comply with the following requirements: 


 
1. The used oil burner only burns used oil that is generated onsite by routine facility 


processes; and 
 


2. The emissions produced by the used oil burning equipment are vented to ambient 
air outside of any building or structure. 


 
B. Used oil burners that utilize used oil burning equipment with heat input capacity of 


less than or equal to 500,000 BTU/hr to burn specification used oil that was not 
generated onsite shall comply with the following requirements: 


 
1. Prior to burning, the used oil burner has the used oil analyzed by a laboratory, or 


obtains certified copies of analytical test results conducted by a laboratory from 
the used oil generator, used oil transporter, or used oil processor/re-refiner to 
verify that it meets the definition of specification used oil; 


 
2. The used oil burner shall maintain copies of the actual analytical testing results at 


the facility where the burning activity occurs for a period of at least three years 
and shall provide such records to the DEM upon request; 


 
3. The used oil burner may aggregate off-specification used oil with virgin oil or 


specification used oil for the purposes of burning used oil onsite provided that the 
used oil burner first has the mixture of used oil analyzed to ensure that it meets the 
definition of specification used oil in accordance with this section, but may not 
aggregate for the purposes of producing specification used oil for off-site 
shipment; 


 
4. The used oil burner, prior to burning any used oil, shall notify the Department’s 


Office of Air Resources of his/her intent to burn specification used oil in 
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accordance with Rule 15.00 of the Hazardous Waste Management Regulations.  
Used oil burners subject to the requirements of Rule 15.03(B) shall obtain an EPA 
Identification Number by submitting a completed EPA Form 8700-12 to the 
Department. 


 
C. Used oil burners that utilize used oil burning equipment with heat inputs of greater 


than 500,000 BTUs/hr but less than 1,000,000 BTUs/hr to burn used oil shall comply 
with the following requirements: 


 
1. The used oil burner only burns used oil that meets the definition of specification 


used oil contained in Rule 15.03; 
 


2. Prior to burning, the used oil burner has the used oil analyzed by a laboratory, or 
obtains certified copies of analytical test results conducted by a laboratory from 
the used oil generator, used oil transporter, or used oil processor/re-refiner to 
verify that it meets the definition of specification used oil; 


 
3. The used oil burner shall maintain records of analytical testing at the facility 


where the burning activity occurs for a period of at least three years and shall 
provide such records to the DEM upon request; 


 
4. The used oil burner may aggregate off-specification used oil with virgin oil or 


specification used oil for the purposes of burning used oil onsite provided that the 
used oil burner first has the mixture of used oil analyzed to ensure that it meets the 
definition of specification used oil in accordance with this section, but may not 
aggregate for the purposes of producing specification used oil for off-site 
shipment; 


 
5. The used oil burner, prior to burning any used oil, shall notify the Department’s 


Office of Air Resources of his/her intent to burn specification used oil in 
accordance with Rule 15.00 of the Hazardous Waste Management Regulations.  
Used oil burners subject to the requirements of Rule 15.03(C) shall obtain an EPA 
Identification Number by submitting a completed EPA Form 8700-12 to the 
Department. 


 
D. Used oil burners that utilize used oil burning equipment with heat inputs of greater than 


or equal to 1,000,000 BTUs/hr to burn used oil shall comply with the following 
requirements: 


 
1. The used oil burner only burns used oil that meets the definition of specification 


used oil contained in these regulations; 
 


2. Prior to burning the used oil burner has the used oil analyzed by a laboratory, or 
obtains certified copies of analytical test results conducted by a laboratory from 
the generator, transporter or processor, to verify that it meets the definition of 
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specification used oil; 
 


3. The used oil burner shall maintain records of analytical testing at the facility 
where the burning activity occurs for a period of at least three years and shall 
provide such records to the Department upon request; 


 
4. The used oil burner may aggregate off-specification used oil with virgin oil or 


specification used oil for the purposes of burning used oil onsite provided that the 
used oil burner first has the mixture of used oil analyzed to ensure that it meets the 
definition of specification used oil in accordance with this section, but may not 
aggregate for the purposes of producing specification used oil for off-site 
shipment; 


 
5. The used oil burner shall obtain written approval for such activity from the 


Department’s Office of Air Resources pursuant to its Air Pollution Control 
Regulations prior to burning used oil.  Used oil burners subject to the requirements 
of Rule 15.03(B) shall obtain an EPA Identification Number by submitting a 
completed EPA Form 8700-12 to the Department. 


 
E. Specification used oil shall meet the limits established in Table 1 below.  Used oil 


burners, used oil generators, used oil transporters, used oil collection centers, used oil 
aggregation points, used oil processor/re-refiners and used oil marketers shall conduct 
the analytical test methods listed in Table I below in order to demonstrate that their 
used oil meets the definition of specification used oil.  Alternate test methods may be 
used provided the person, prior to testing, documents in writing that the test method to 
be used is approved by the EPA . 
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Table 1 
 


A B C 
Constituent/property Allowable levels 


(using Column C   test 
methods) 


Test Methods 


Arsenic 5 ppm maximum EPA Methods 7060A, 
7061A, 7062, 6010B or 
6020 


Cadmium 2 ppm maximum EPA Methods 7130, 
7131A, 6010B, or 6020 


Chromium 10 ppm maximum EPA Methods 7190, 7191, 
6010B, or 6020 


Lead 100 ppm maximum EPA Methods 7420, 7421, 
6010B, or 6020 


Polychlorinated 
biphenyls 
(PCBs) 


<2 ppm  ASTM Method 608/8081 
(see section 15.03(E)(3)) 


Flash Point 100 Degrees F minimum EPA Methods 1010 or 
1020A 


Total Halogens 1,000 ppm maximum  
(see section 15.03(E)(1))  


EPA Methods 9075, 9076, 
9077, 5050/9056, 
5050/9253, or 
ASTM Method D808-95 


 
1. Used oil that contains greater than 1,000 ppm total halogens is presumed to be a 


hazardous waste and is subject to the rebuttable presumption set forth in  Rule 
15.01(B)(1).  If the used oil burner successfully demonstrates that the halogens 
contained in the used oil are not listed in 40 CFR 261 Subpart D, then the 
allowable level of total halogens will be a maximum of 4,000 ppm. 


 
2. Test Methods identified in Table 1 as EPA Methods shall mean the test method as 


described in EPA Publication SW-846, “Test Methods for Evaluating Solid 
Waste-Physical/Chemical Methods, Edition III”.  


 
3. American Society for Testing and Materials. 


 
F. Used oil burners are subject to any applicable sections of the Oil Pollution Control 


Regulations and the Regulations for Underground Storage Facilities Used For 
Petroleum Products and Hazardous Materials and shall also comply with all of the 
following storage and handling requirements: 
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1. Storage Units.  Used oil burners shall not store used oil in units other than tanks 
and containers. 


 
2. Condition of Storage Units.  Containers and aboveground storage tanks used to 


store used oil onsite shall be: 
 


(a) In good condition and free of severe rusting, corrosion or structural defects.  
In the event that a container or aboveground storage tank has deteriorated to 
a point at which the container or tank threatens to leak, the used oil burner 
shall transfer the used oil from the failing storage unit to a container or above 
ground storage tank that is in good condition; 


 
(b) Liquid tight with no visible leaks. 


 
3. Secondary Containment for Containers and Aboveground Tanks.  Containers and 


aboveground tanks used to store used oil shall be equipped with a secondary 
containment feature that at a minimum has the following: 


 
(a) An impervious floor or bottom covering the entire storage area; and 


 
(b) Dikes, berms or walls capable of containing a spill or release; and 


 
(c) A capacity equivalent to a minimum of 100% of the volume of used oil 


stored at the facility; and 
 


(d) The entire system shall be impervious to used oil to prevent a release; or 
 


(e) An equivalent containment system may be substituted if prior approval is 
obtained from the Director. 


 
4. Storage in Underground Storage Tanks (USTs).  Used oil burners that store used 


oil in USTs shall do so in accordance with the Regulations for Underground 
Storage Facilities Used For Petroleum Products and Hazardous Materials. 


 
5. Exterior Storage.  Used oil burners that store used oil in containers and/or 


aboveground tanks outdoors shall either construct the storage area with a means to 
prevent the accumulation of stormwater in the secondary containment device; or 
obtain a Stormwater Permit from the Department’s Office of Water Resources 
prior to the construction of the storage area. 


 
6. Labeling.  Containers and aboveground storage tanks used to store used oil onsite 


shall be clearly and permanently marked with the words “Used Oil”.  Fill pipes for 
underground storage tanks used to store used oil at a used oil burner’s facility shall 
be clearly marked with the words “Used Oil”.  Markings for USTs shall comply 
with the requirements of the Rules and Regulations for Underground Storage 







86 


Facilities Used for Petroleum Products and Hazardous Materials. 
 


7. Response to releases.  Upon detection of a release of used oil a used oil burner 
shall perform the following: 


 
(a) Comply with the requirements of the Oil Pollution Control Regulations, the 


Regulations for Underground Storage Facilities Used For Petroleum 
Products and Hazardous Materials and all other applicable Federal, State 
and Municipal Statutes, Rules and Regulations relating to the release and 
handling of oil/pollutants; 


 
(b) Take immediate steps to stop the release; 


 
(c) Contain all of the released used oil; 


 
(d) Clean up and properly manage the used oil and any other materials that were 


contaminated with used oil; 
 


(e) Repair or replace any leaking or damaged storage units; and 
 


(f) Immediately notify the Department’s Emergency Response Program (at 222-
1360 or after hours at 222-3070), the local authorities and, if required by 49 
CFR 171.15, notify the National Response Center. 


 
 


8. Tracking.  Used oil burners who receive used oil from off-site shall keep a record 
of each shipment of used oil for a period of at least three years.  This record shall 
contain at least the following information: 


 
(a) Name, address and EPA Identification number, if applicable, of the used oil 


generator or used oil processor/re-refiner that generated the used oil; 
 


(b) The name, address and EPA Identification number of the used oil transporter 
who delivered the used oil; 


 
(c) Quantity of used oil received; 


 
(d) Date of shipment or delivery; 


 
(e) A cross-reference to the record of the used oil analysis or other information 


used to make the determination that the used oil meets the definition of 
specification used oil prior to burning. 


 
G. Management of Residues.  Used oil burners who generate residues from the storage or 


burning of used oil shall manage the residues in compliance with these Rules. 
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15.04 Used Oil Generator Standards  
 
Used oil generators are subject to the requirements of this Rule. Household used oil generators are 
not subject to the requirements of this section.  Once household used oil is accepted by a used oil 
collection center the used oil is subject to regulation under this Rule.  The owner or operator of 
vessels and the person removing or accepting used oil from the vessel are co-generators of the 
used oil and both are responsible for managing the used oil in compliance with this Rule once the 
used oil is transported ashore.  The co-generators may decide which of them will fulfill the 
requirements of this Rule.  Used oil generators shall store used oil onsite in containers, 
aboveground storage tanks or in underground storage tanks only provided that they comply with 
the following requirements: 
 


A. Container Storage.  Used oil generators that store used oil in containers shall do so in 
accordance with the following requirements: 


 
1. The amount of used oil stored on-site by a used oil generator shall not exceed 


1,320 gallons (equivalent to twenty-four 55 gallon drums) unless the used oil 
generator; 


 
(a) Prepares a contingency plan that satisfies all of the requirements of Rule 5.02 


and maintains the plan onsite for use in case of a fire spill or emergency; 
 


(b) Does not store the excess used oil (amount greater than 1,320 gallons) on-
site for greater than 180 days; and 


 
(c) Marks the containers holding the excess used oil with the initial date upon 


which the excess used oil began accumulating. 
 


2. Containers holding used oil shall be in good condition and free of rusting or 
structural defects that threaten the integrity of the container.  In the event that a 
container deteriorates and begins to leak the generator shall transfer the used oil to 
a container that is in good condition; 


 
3. Containers holding used oil shall be clearly marked with the words “Used Oil”; 


and 
 


4. Containers of used oil that are stored outside the facility shall be placed on an 
impervious surface under a roofed structure and protected from precipitation and 
flooding. 


 
B. Storage in Aboveground Storage Tanks (ASTs).  Generators that store used oil in 


ASTs shall do so in accordance with the following requirements: 
 


1. ASTs used by used oil generators to store used oil shall be registered with the 
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Department and managed in accordance with the Department’s Oil Pollution 
Control Regulations; 


 
2. The total amount of used oil stored in the ASTs shall not exceed two thousand 


(2,000) gallons at any time; 
 


3. Aboveground storage tanks holding used oil shall be permanently marked with the 
words “Used Oil”; and 


 
4. Aboveground storage tanks holding used oil shall be kept closed at all times, 


unless adding or removing used oil. 
 


C. Storage in Underground Storage Tanks (USTs).  Used oil generators that store used oil 
in USTs shall do so in accordance with the following requirements: 


 
1. Underground storage tanks used for storing used oil shall be registered with the 


Department and managed in accordance with the Regulations for Underground 
Storage Facilities Used For Petroleum Products and Hazardous Materials; and 


 
2. Underground storage tanks holding used oil shall have the fill pipe marked or labeled 


to clearly indicate used oil storage. 
 


D. Response to Used Oil Releases.  Used oil generators shall maintain an adequate 
volume of spill control equipment on-site to contain and clean up the entire volume of 
used oil stored onsite and upon detection of a release of used oil shall: 


 
1. Take immediate steps to stop and control the release; 


 
2. Clean up, contain and properly manage the used oil and other resultant wastes; 


 
3. Repair or replace all damaged or leaking containers or tanks prior to returning 


them to service;  
 


4. Notify the Department’s Emergency Response Program (at 222-1360 or after 
hours at 222-3070); the local authorities and, if required by 49 CFR 171.15, notify 
the National Response Center; and 


 
5. Comply with the requirements of the Oil Pollution Control Regulations, 


Regulations for Underground Storage Facilities Used For Petroleum Products 
and Hazardous Materials and all other applicable Federal, State and Municipal 
Rules and Regulations relating to the release and handling of spilled or released 
used oil. 


 
E. Processing of Used Oil.  Except as provided in section (E) (1) through (5) below; used 


oil generators that process or re-refine used oil are subject to the requirements of Rule 
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15.08. Used oil generators may conduct the following activities provided that the used 
oil is not sent off-site for burning as specification used oil: 


 
1. Filtering, cleaning or otherwise reconditioning used oil before returning it for 


reuse by the generator; 
 


2. Separating used oil from wastewater generated on-site to make the wastewater 
suitable for discharge in accordance with a permit issued by a local Publicly 
Owned Treatment Works (POTWs), the Department’s Water Quality Regulations 
and Section 307 or 402 of the Clean Water Act; 


 
3. Using oil mist collectors to remove used oil from the in-plant air to make the air in 


the plant suitable for continued recirculation; 
 


4. Draining or otherwise removing used oil from materials containing or otherwise 
contaminated with used oil in order to remove the oil to the extent practicable 
pursuant to Rule 15.01(D); and 


 
5. Filtering, separating or otherwise reconditioning used oil before burning it on-site 


in a space heater in accordance with Rule 15.04 (F). 
 


F. Burning of used oil on-site.  Used oil generators may burn used oil on-site in space 
heaters in accordance with the provisions of Rule 15.03. 


 
G. Off-site shipments.  Except as provided in sections (1) and (2) below, used oil 


generators shall ensure that their used oil is shipped off-site by a used oil transporter 
who is permitted by the Department in accordance with Rule 15.07 and Rule 6.00. 


 
1. Self-transportation.  A used oil generator of used oil may transport used oil 


generated on-site without complying with the transporter requirements contained 
in Rule 15.07, provided that: 


 
(a) The used oil is transported in a vehicle owned by the used oil generator or a 


vehicle owned by an employee of the used oil generator; 
 


(b) Not more than 55 gallons of used oil is transported at any time; 
 


(c) Containers used to transport used oil shall meet USDOT standards and be 
USDOT approved; and 


 
(d) The used oil is transported to an aggregation point as defined in Rule 3.00. 


 
2. Tolling arrangements.  Used oil generators may arrange for used oil to be 


transported by a used oil transporter that does not have an EPA identification 
number if the used oil is reclaimed under a contractual agreement pursuant to 
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which reclaimed oil is returned by the used oil processor/re-refiner to the used oil 
generator for use as a lubricant, cutting oil or coolant.  The contract (known as a 
“tolling arrangement”) shall indicate the following: 


 
(a) The type of used oil and the frequency of shipments; 


 
(b) That the vehicle used to transport the used oil to the processing/re-refining 


facility and to deliver the recycled used oil back to the used oil generator is 
owned and operated by the used oil processor/re-refiner; and 


 
(c) That the reclaimed oil will be returned to the used oil generator. 


 
3. Tracking. 


 
Used oil generators shall keep a record of each used oil shipment sent offsite for 
processing or burning for a period of at least three years which shall include the 
following: 


 
(a) The name and address of the used oil generator, used oil transporter or used 


oil processor/re-refiner who provided the used oil for transport; 
 


(b) The EPA Identification Number (if applicable) of the used oil generator, 
used oil transporter or used oil processor/re-refiner who provided the used 
oil for transport;  


 
(c) The quantity of used oil shipped; 


 
(d) The date the used oil was received by the used oil transporter or used oil 


processor/re-refiner; and 
 


(e) The name and signature of an agent of the used oil generator, used oil 
transporter or used oil processor/re-refiner who provided the used oil for 
transport. 


 
H. Service Companies.  Companies that service oil-fired furnaces that heat buildings may 


self-transport quantities of used oil not greater than 5 gallons generated by their service 
activity back to their facility in accordance with the following requirements: 


 
1. The used oil shall be placed in a closed container; 


 
2. The container shall be marked with the words “Used Oil”; 


 
3. The vehicle used for the transportation shall have adequate spill control material in 


the vehicle at all times; 
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4. The used oil shall be transferred to an appropriate storage container or tank upon 
return to the company’s place of business; 


 
5. The company shall be considered to be the generator of the used oil and shall 


manage the used oil in accordance with all of the applicable requirements of Rule 
15.00. 


 
I. The rebuttable presumption contained in Rule 15.01(B) applies to used oil generated 


and managed by used oil generators. 
 
15.05 Used Oil Aggregation Points 
 


A. Applicability.   This section applies to owners or operators of all used oil aggregation 
points as defined in Rule 3.00. 


 
B. Used Oil Aggregation Point requirements.   Used oil generators may consolidate used 


oil from multiple facilities that are owned and operated by their company at used oil 
aggregation points for storage purposes prior to shipping off-site provided that they 
comply with all of the used oil generator requirements contained in Rule 15.04. 


 
C. Transportation.  Owners and operators of used oil aggregation points may transport 


used oil without a permit from the point of generation to used oil aggregation points in 
shipments of not more than 55 gallons at one time in accordance with the requirements 
of Rule 15.04 (G)(1). 


 
15.06 Used Oil Collection Centers 
 


A. Applicability.  This section applies to owners or operators of used oil collection centers 
as defined in Rule 3.00. 


 
B. Persons who own or operate a used oil collection center shall obtain an EPA 


Identification Number and notify the Department of such activity and by submitting a 
completed Notification of Regulated Waste Activity form (EPA Form 8700-12). 


 
C. Used Oil Collection Center requirements.  Owners and operators of used oil collection 


centers shall comply with all of the used oil generator requirements contained in Rule 
15.04. 


 
D. Receiving Used Oil.  Used oil collection centers may accept household used oil only.  


Used oil collection centers that receive used oil that does not meet the definition of a 
household used oil are considered used oil processor/re-refining facilities and are 
subject to the requirements of Rule 15.08.  


 
15.07 Used Oil Transporter and Temporary Storage Facility Standards 
 







92 


A. Applicability.  This Rule shall apply to used oil transporters as defined in Rule 3.00.  
Used oil transporters who import or export used oil are subject to this Rule while the 
used oil is within the State of Rhode Island. 


 
B. Exceptions.  The following persons and activities are not subject to the requirements of 


this Rule: 
 


1. On-site transportation of used oil by a used oil generator or the owner or operator 
of the facility; 


 
2. Used oil generators who transport their used oil to aggregation points that are 


owned and operated by the used oil generator in shipments of not more than 55 
gallons in accordance with the requirements of Rule 15.04(G)(1); 


 
3. Transportation of household used oil to a used oil collection center by a household 


used oil generator.   
 


C. Transporter Restriction. 
 


1. Used oil transporters may not consolidate or aggregate loads of used oil at their 
facility unless they comply with the requirements of Rule 15.07(H) and may not 
process or re-refine used oil unless they comply with Rule 15.08; 


 
 


2. Transportation units used to transport hazardous waste shall be properly 
decontaminated in accordance with Rule 6.09 before transporting used oil; and 


 
3. Used oil transporters that direct a shipment of specification used oil to a used oil 


burner or first claim that the used oil meets the requirements for specification used 
oil shall be subject to the requirements of Rule 15.09. 


 
D. Permit Requirements.  Transporters of used oil shall: 


 
1. Obtain an EPA Identification Number by submitting to the Department a 


completed Notification of Regulated Waste Activity form (EPA form 8700-12); 
and 


 
2. Obtain a permit to transport used oil in accordance with the requirements of the 


Rule 6.01, unless the transporter already posses a valid permit issued by the 
Department for the transportation of hazardous waste.  A separate permit to 
transport used oil is not required if the transporter already has a permit issued by 
the DEM to transport hazardous waste.   


 
E. Liability Insurance.  Used oil transporters shall maintain liability insurance, including 


the hazardous material rider (MCS 90) as specified in 49 CFR 387.7(d), sufficient to 
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provide coverage of $1,000,000.00 (one million dollars) per incident. 
 


F. Used Oil Analysis.  Prior to transporting used oil to a used oil burner or a used oil 
processor/re-refiner facility or storing used oil at a used oil temporary storage facility, 
the used oil transporter shall determine if the used oil has a total halogen content of 
greater than 1,000 ppm.  This determination is made by testing the used oil or applying 
product knowledge of the materials in use and the process that generated the used oil.  
In the event that the used oil has a total halogen content greater than or equal to 1,000 
ppm, the used oil will be presumed to have been mixed with a halogenated hazardous 
waste.   In accordance with Rule 15.01(B) the transporter may rebut this presumption.  
The rebuttable presumption does not apply to metal working oils/fluids containing 
used oils contaminated with chlorinated paraffins and chlorofluorocarbons that are 
managed in accordance with Rule 15.01(B).  The used oil transporter shall maintain 
records of all analytical testing or determinations made based on product knowledge 
for a period of at least three (3) years.  The used oil transporter may use analytical data 
or written documentation demonstrating product knowledge obtained from the used oil 
generator when making a determination regarding the status of a shipment of used oil. 


 
G. Used Oil Transportation. 


 
1. A used oil transporter shall deliver shipments of used oil to only the following: 


 
(a) Another used oil transporter, provided that the transfer occurs at an approved 


used oil temporary storage or permitted hazardous waste treatment, storage 
and disposal facility and the other used oil transporter has obtained a permit 
from the Department and an EPA Identification Number; 


 
(b) If handling household used oil, a used oil collection facility that has obtained 


an EPA Identification Number;  
 


(c) A used oil processing/re-refining facility that has obtained an EPA 
Identification Number; or 


 
(d) A used oil burner’s facility that has obtained an EPA Identification Number. 


 
2. Used Oil Spills and Releases.  In the event of a spill or release of used oil the 


transporter shall: 
 


(a) Take immediate steps to stop and contain the release; 
 


(b) Immediately notify the Department’s Emergency Response Program (at 222-
1360 or after hours at 222-3070), the proper local authorities, and if required 
by 49 CFR 171.15 and/or 49 CFR 403.12(f), notify the National Response 
Center, and for transporting over water give notice as required by 33 CFR 
153.203; 
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(c) Provide a written report to the Department within ten (10) days of the 


incident detailing the steps that were taken to remediate the release and 
provide a written report to the USDOT, as required by 49 CFR 171.16; and 


 
(d) Clean up and properly dispose of any used oil that was discharged and any 


materials contaminated with the used oil. 
 


(e) In emergency situations, removal of used oil and materials contaminated 
with used oil may be conducted by a used oil transporter that does not have 
an EPA Identification Number, if so authorized by the Department. 


 
3. Tracking. 


 
(a) Used oil transporters shall keep a record of each used oil shipment accepted 


for transport for a period of at least three years which shall include the 
following: 


 
(i) The name and address of the used oil generator, used oil transporter 


or used oil processor/re-refiner who provided the used oil for transport; 
 


(ii) The EPA Identification Number (if applicable) of the used oil 
generator,   used oil transporter or used oil processor/re-refiner who 
provided the used oil for transport;  


 
(iii) The quantity of used oil accepted; 


 
(iv) The date of acceptance; and 


 
(v) The name and signature of an agent of the used oil generator, used oil 


transporter or used oil re-refiner who provided the used oil for transport. 
 


(b) Deliveries.  Used oil transporters shall keep a record of each shipment of 
used oil that is delivered to another used oil transporter, used oil 
processor/re-refiner, or used oil burner which shall include: 


 
(i) The name and address of the receiving facility or used oil transporter; 


 
(ii) The EPA Identification number of the receiving facility or used oil 


transporter; 
 


(iii) The quantity of used oil delivered; 
 


(iv) The date of the delivery; 
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(v) The name and signature, dated upon receipt of the used oil, of an 
agent of the receiving facility or used oil transporter. 


 
(vi) All records generated by the transportation of used oil shall be 


retained by the transporter for a period of at least three years. 
 


H. Used Oil Temporary Storage Facilities.  Used oil transporters may store used oil at 
their facility for not more than thrity-five days prior to transporting it to a regulated 
used oil facility provided that they first obtain written authorization  from the 
Director.This Rule shall not apply to used oil stored on a permitted transportation unit 
for less than seventy-two hours prior to offsite transportation, provided that the used 
oil is not transferred  off the transportation unit while in storage at the facility.  


 
1. Applicability.  This Rule applies to used oil temporary storage facilities where 


shipments of used oil are stored onsite for less than 35 days.  Used oil temporary 
storage facilities that store used oil for more than 35 days are subject to the 
requirements of Rule 15.08. 


 
2. Authorization Requirements.   All persons who shall construct, substantially alter, 


operate or own a used oil temporary storage facility shall first submit a complete 
application to the Office of Waste Management and obtain a Letter of 
Authorization from the Director prior to conducting any such activities on-site. 


 
3. Closure Plan and Financial Requirements.  Owners or operators of used oil 


temporary storage facilities shall develop a closure plan, complete with a cost 
estimate for closing down their facility, and submit this plan along with an 
application for Authorization as defined in Rule 15.07(G)(6) below.  Owners or 
operators shall document their  financial ability to complete the closure plan  
equivalent to the cost estimate contained within the closure plan.  If the owner or 
operator fails to satisfy these requirements the Director may deny their 
Application for Authorization.  


 
4. Operating a used oil temporary storage facility without a Letter of Authorization 


or a renewal of authorization is prohibited. 
 


5. Application Specifications.  All applications for Authorization shall contain at 
least the following information: 


 
(a) The location of the facility, including the Assessor’s Plat and Lot numbers; 


 
(b) The name and address of the property owner and operator of the Facility; 


 
(c) A complete description of the used oil transfer and storage operations at the 


facility; 
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(d) A site plan depicting the Facility’s floor plan, yard layout, drainage system 
and storage location(s). 


 
(e) A complete list of all pollution control and safety equipment to be utilized or 


maintained on-site. 
 


(f) A copy of the applicant’s liability insurance policy for the Facility; and 
 


(g) The facility’s closure cost estimate and financial assurance mechanism. 
 


6. Application Fees.   An application fee of six thousand dollars ($6,000.00) shall be 
submitted with each new application for a Letter of Authorization to operate a 
used oil temporary storage facility. 


 
7. Authorization Period.  Each Letter of Authorization shall be valid for a period of 


not more than three (3) years from the date of issuance. 
 
8. Expiration of Authorization/Renewal of Authorization.  At least ninety (90) days 


before the end of the authorization period specified above, the owner/operator may 
submit a renewal application in accordance with the requirements of this Rule in 
order to renew its Authorization to operate a used oil temporary storage facility. 
This application shall include all of the information required in Rule 15.07 (H) and 
a renewal application review fee of three thousand ($3,000.00) dollars. 


 
9. Posting.  Any Letter of Authorization issued hereunder shall be maintained on the 


Facility and posted in a conspicuous location. 
 


10. Change of Ownership or Location.   Changes in ownership, administration or 
location of used oil temporary storage facilities are subject to the following 
requirements: 


 
(a) The Director shall be notified in writing thirty days prior to a change in 


ownership of the facility or legal entity operating the facility or location or 
discontinuance of services; 


 
(b) A Letter of Authorization shall immediately become void and shall be 


returned to the Director upon change in location of any facility; 
 


(c) A Letter of Authorization is voidable at the sole discretion of the Department 
whenever there is any sale of the facility or change in ownership of the 
property of the legal entity operating the facility.  A new entity, prior to the 
commencing of operation of the facility, shall satisfy the Director of its 
ability to safely operate the facility, as well as its financial ability to operate 
and close said facility.  This demonstration to the Director by the new entity 
shall include a proposed date for the transfer of  the Letter of Authorization, 
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liability insurance coverage and any other information which the Director 
may request.  After a review of this information, the Director shall either 
approve or deny the transfer of the Letter of Authorization; 


 
(d) The original operator shall remain fully liable for the operation of the facility 


under the terms of the Authorization Letter and applicable regulations until 
the Director transfers the Authorization to the new owner/operator. 


 
11.  The Director may revoke or suspend a Letter of Authorization in the event that a 


determination is made by the Director that the facility is not being operated in a 
manner that is consistent with these Regulations or the Letter of Authorization. 


 
12. Used oil temporary storage facilities shall comply with the applicable sections of 


the used oil generator requirements contained in Rule 15.04(A), (B), (C) and (D). 
 


13. Storage Units.  Owners or operators of used oil temporary storage facilities may 
not store used oil in units other than tanks and containers. 


 
14. Condition of Storage Units.  Containers and aboveground storage tanks used to 


store used oil at used oil temporary storage facilities shall be: 
 


(a) In good condition and free of severe rusting, corrosion or structural defects.  
In the event that a container deteriorates and begins to leak the generator 
shall transfer the used oil to a container that is in good condition; 


 
(b) Liquid tight with no visible leaks; 


 
(c) Kept closed except when adding or removing used oil. 


 
15. Secondary Containment for Containers and Aboveground Storage Tanks (ASTs).  


Containers and ASTs used to store used oil shall be equipped with a secondary 
containment feature that at a minimum has the following: 


 
(a) An impervious floor or bottom covering the entire storage area; and 


 
(b) Dikes, berms or walls capable of containing a spill or release; and 


 
(c) A capacity equivalent to a minimum of 100% of the volume of used oil 


stored in the containers at the facility; and 
 


(d) The entire system shall be impervious to used oil to prevent a release; or 
 


(e) An equivalent containment system may be substituted if prior approval is 
obtained from the Director. 
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16. Exterior Storage.  Owners and operators of used oil temporary storage facilities  


that store used oil in containers and/or aboveground tanks outdoors shall either 
construct the storage area with a means to prevent the accumulation of stormwater 
in the secondary containment device; or obtain a Stormwater Permit from the 
Department’s Office of Water Resources prior to the construction of the storage 
area. 


 
17. Labeling.  Containers and aboveground storage tanks used to store used oil at used 


oil temporary storage facilities shall be clearly and permanently marked with the 
words “Used Oil”.  Fill pipes for underground storage tanks used to store used oil 
at used oil temporary storage facilities shall be clearly marked with the words 
“Used Oil”.  Markings for USTs shall comply with the requirements of the Rules 
and Regulations for Underground Storage Facilities Used for Petroleum Products 
and Hazardous Materials. 


 
18. Response to releases.  Upon detection of a release of used oil,  the owner or 


operator of a used oil temporary storage facility shall perform the following: 
 


(a) Take immediate steps to stop the release; 
 


(b) Contain all of the released used oil; 
 


(c) Clean up and properly manage the used oil and any other materials that were 
contaminated with used oil; 


 
(d) Repair or replace any leaking or damaged storage units prior to returning 


them to service; and 
 


(e) Immediately notify the Department’s Emergency Response Program (at 222-
1360 or after hours at 222-3070), the local authorities and, if required by 49 
CFR 171.15, notify the National Response Center. 


 
(f) Comply as applicable with the requirements of the Oil Pollution Control 


Regulations, Rules and Regulations for Underground Storage Facilities 
Used for Petroleum Products and Hazardous Materials and all other 
applicable Federal, State and Municipal Rules and Regulations relating to 
the release and handling of spilled or released used oil. 


 
19. Tracking. 


 
(a) Owners or operators of temporary storage facilities shall keep a written log 


of each used oil shipment received for temporary storage at the facility and 
of each offsite shipment of used oil from the facility for a period of at least 
three years.  The owner or operator shall also reconcile the incoming and 
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outgoing shipments of used oil every thirty five (35) days on the written log 
in order to demonstrate that used oil is not being stored for greater than the 
allowed thirty five (35) day time period.  The written logs shall be provided 
to the Department upon request. 


 
I. Management of residues.  Used oil transporters and temporary storage facilities who 


generate residues from the storage or transportation of used oil shall manage them in 
compliance with Rule 15.01(F). 


 
15.08 Used Oil Processor and Re-Refiner Standards 
 


A. Applicability.  The requirements of this Rule apply to owners and operators of 
facilities that process used oil as defined in Rule 3.00. 


 
1. The requirements of Rule 15.08 do not apply to: 


 
(a) Incidental processing that occurs during transport (e.g., settling and water 


separation); 
 


(b) Used oil removed from electrical transformers or turbines and filtered by the 
used oil transporter prior to being returned to its original use; 


 
(c) Used oil generators that conduct incidental processing in accordance with 


Rule 15.04(E); or 
 


(d) Used oil burners that conduct incidental processing operations during the 
normal course of used oil management prior to burning or that aggregate off-
specification used oil with virgin or specification used oil for the purposes of 
burning. 


 
2. Used oil processors/re-refiners are subject to other applicable Rules as follows: 


 
(a) Processors/re-refiners who generate used oil shall comply with the 


requirements of Rule 15.04; 
 


(b) Processors/re-refiners who transport used oil shall also comply with the 
requirements of Rule 15.07; 


 
(c) Processors/re-refiners who burn used oil for energy recovery shall also 


comply with the requirements of Rule 15.03; 
 


(d) Processors/re-refiners who direct a shipment of used oil to a used oil burner 
or first make the claim that used oil meets the requirements of specification 
used oil shall also comply with the requirements of Rule 15.09. 


 







100 


B. Permit Requirement.  All persons who shall construct, substantially alter, operate or 
own a used oil processing or re-refining facility shall first obtain a permit from the 
Director prior to conducting any such activities.  Operating a used oil processor/re-
refiner facility without a permit is prohibited. 


 
C. Liability Insurance.  Owners or operators of used oil processor/re-refiner facilities shall 


maintain liability insurance sufficient to provide coverage of $1,000,000.00 (one 
million dollars) per incident. 


 
D. Closure Plan and Financial Requirements.  Owners or operators of used oil 


processor/re-refiner facilities shall submit to the Department’s Office of Waste 
Management a closure plan, complete with a cost estimate for closure and cleanup of 
the facility, along with an application for a permit as set forth in Rule 15.08 herein.  
Owners or operators shall also include a financial assurance mechanism demonstrating 
the financial ability of the applicant to fund the closure cost estimate contained in the 
closure plan.  If the owner or operator fails to satisfy each of these requirements the 
Director may deny their application for a permit. 


 
E. Application Specifications.    All applications for a permit shall specify the following: 


 
1. The location of the facility including the Assessor’s Plat and Lot numbers; 


 
2. The name and address of the owner and operator of the facility; 


 
3. A complete description of the operations at the facility subject to the permit with 


specific statements of operational limitations and/or capacity limitations; 
 


4. A complete description of the types of used oil that will be stored onsite and the 
processing and or recycling activities that will be conducted onsite; 


 
5. A statement detailing any reporting or monitoring requirements that the 


owner/operator will conduct to ensure that the facility will be operated and 
maintained in compliance with these Regulations; 


 
6. A site plan depicting the Facility’s floor plan, yard layout, drainage system and 


storage location(s);  
 


7. A complete list of all pollution control and safety equipment to be utilized or 
maintained on-site; and 


 
8. A complete description of the applicant’s financial ability to safely operate, and 


maintain the Facility. 
 


F. Fees.  The application fee for a permit shall be submitted with the application and shall 
be ten thousand dollars ($10,000.00) for the issuance of a new permit and five 
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thousand dollars ($5,000.00) for the renewal of a permit. 
 


G. Permit Posting.  Any permit issued hereunder shall be posted in a conspicuous 
location, maintained onsite at the subject facility and be made available for review by 
the Department personnel upon request. 


 
H. Issuance, Denial, Revocation or Suspension of Permits.   The Director is authorized by 


R.I.G.L. 23-19.1-10 to issue, deny, revoke, or suspend a permit in accordance with 
these rules and regulations.  The DEM shall follow the procedures set forth in Rule 
7.09 for processing these applications and shall substitute the words “used oil 
processing/re-refining facility” for the words “hazardous waste management facility” 
as it is referred to in Rule 7.09. 


 
I. Application Requirements.  Applications submitted to the Department for the 


construction or modification of a facility that processes or re-refines used oil shall 
contain all of the applicable elements required in Rule 8.01 through and including Rule 
8.04, except for the information required by sections F, G and J of Rule 8.01. 


 
J. Duration and Renewal of Permits.  Permits for used oil processing or re-refining 


facilities shall be issued for a period not to exceed five (5) years and may be extended 
or renewed by the Director for a period of not more than five (5) years.   A new permit 
application is required at the end of the ten year period and shall be submitted at least 
one hundred eighty (180) days prior to the expiration of the existing permit.  Permit 
renewal applications will be processed in accordance with Rule 15.08 (H) and (I). 


 
K. Notification.  Used oil processors and re-refiners shall also notify the Department of 


such activity and obtain an EPA Identification Number by submitting to the 
Department a Notification of Regulated Waste Activity Form (EPA Form 8700-12). 


 
L. General Facility Standards.  Owners and operators of facilities that process or re-refine 


used oil shall comply with the following requirements: 
 


1. Facilities shall be maintained and operated to minimize the possibility of a fire, 
explosion or any accidental release of used oil to air, soil, groundwater or surface 
water which could threaten human health or the environment. 


 
2. All facilities shall be equipped with the following: 


 
(a) An internal communication or alarm system capable of providing immediate 


emergency instruction to facility personnel; 
 


(b) Devices, such as a telephones or other devices located in appropriate 
locations throughout the facility capable of summoning emergency 
assistance from local fire departments, police departments or the State 
Emergency Response team; 
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(c) Portable fire extinguishers or fire control equipment, spill control equipment 


and decontamination equipment designed to control and contain fires, spills 
or releases involving oil and related materials; and 


 
(d) Fire hoses and water of adequate volume and pressure or other fire 


suppressant systems such as foam producing equipment or automated 
sprinkler systems to provide for immediate response to fires in the facility 
and to meet all local and State building code requirements. 


 
M. Testing and maintenance of all facility equipment, including but not limited to, 


communication systems, alarm systems, fire control equipment, spill control 
equipment and decontamination equipment shall be conducted at least on an annual 
basis to ensure its proper operation at the time of an emergency. 


 
N. Personnel working in all areas of the facility where used oil is being poured, mixed, 


spread or otherwise handled shall have immediate access to an internal alarm or 
emergency communication device, either directly or through visual or voice 
communication with another employee.  In the event that only one employee is 
working during a particular shift, the employee shall have immediate access to an 
alarm or emergency communication device that is capable of summoning emergency 
responders and any other appropriate authority required to respond to an incident at the 
facility. 


 
O. The owner or operator of a used oil processing/re-refining facility shall provide no less 


than three (3) feet of aisle space within all storage areas at the facility to allow for the 
unobstructed movement of emergency response and fire department personnel and 
equipment.  


 
P. The owner or operator of a used oil processing/re-refining facility shall make the 


following arrangements with local and State authorities as appropriate for the amount 
and type of used oil being managed on-site: 


 
1. Arrangements to familiarize the police, fire departments and emergency response 


teams with the layout of the facility, properties of used oil handled at the facility 
and associated hazards, places were used oil is processed or stored and evacuation 
routes to be used by facility personnel. 


 
2. Where more than one fire or police department or other related authority might 


respond, a designation of a primary emergency authority should be made and an 
agreement reached with said authorities to provide support to the primary 
emergency authority. 


 
3. Agreements with State Emergency Responders, emergency response contractors 


and any other appropriate emergency equipment suppliers.  
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4. Arrangements with local hospitals to familiarize them with the properties of the 


used oil managed on-site and types of injuries or illnesses that could result from 
fires, explosions, or releases at the facility.   


 
5. If state or local officials decline to acknowledge or make such arrangements the 


used oil processor/re-refiner must document the refusal in its operating record. 
 


Q. Contingency Plan.  Owners and operators of used oil processing/re-refining facilities 
shall comply with the following requirements: 


 
1. Each owner or operator shall prepare and maintain a contingency plan for the 


facility that is designed to minimize hazards to human health and the environment 
from fires, explosions or any unplanned or sudden releases of used oil to air, soil 
or surface water.  The provisions of this plan shall be carried out immediately in 
the event of a spill, release or fire. 


 
2. The contingency plan shall describe the actions facility personnel will undertake 


to comply with this section in response to a fire, explosion, spill or release of used 
oil at the facility and include the following: 


 
(a) In the event that the facility has an existing Spill Prevention Control and 


Countermeasures Plan or hazardous waste contingency plan, the existing 
plan shall be amended to include the used oil management requirements of 
this Rule; 


 
(b) The plan shall describe the arrangements made with local and state 


authorities in accordance with Rule 15.08 (P); 
 


(c) The plan shall list names, addresses and phone numbers (office and home) of 
all persons qualified to act as an emergency coordinator for the facility, the 
list shall identify a primary emergency coordinator and this list shall be kept 
current.  Where more than one person is listed, those other than the primary 
emergency coordinator shall be listed in the order they will assume this role 
as alternates; 


 
(d) The plan shall list all emergency equipment located at the facility including, 


but not limited to, fire control equipment/systems, spill control equipment, 
communication/alarm systems and decontamination equipment.  The list 
shall be kept current and the plan shall include a sketch depicting the 
location and type of equipment; 


 
(e) The plan shall include an evacuation plan for facility personnel and shall 


include a sketch of all evacuation routes and alternate evacuation routes 
located at the facility. The plan shall also describe the signal to be used to 
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alert facility personnel to evacuate the facility. 
 


3. The owner or operator of the facility shall maintain onsite a copy of the 
contingency plan and all revisions to the plan and shall submit copies of the 
current plan to local fire and police departments, hospitals and State and local 
emergency response teams. 


 
4. The contingency plan shall be periodically reviewed and amended as necessary to 


reflect the current facility conditions (e.g., facility layout or equipment) including 
personnel changes, changes to the list of emergency coordinators and when 
affected by changes to the Rules or when the plan fails in an emergency. 


 
5. During all operating hours and non-operating hours there shall be one employee 


on-site, or on call, that is a designated emergency response coordinator.  This 
emergency response coordinator shall be thoroughly familiar with the facility’s 
contingency plan, all operations conducted at the facility, the location and 
characteristics of all used oil handled at the facility, the location of the required 
facility records and the facility layout.  In addition, the coordinator shall have the 
authority to commit the resources necessary to carry out the contingency plan in 
the event of an emergency. 


 
6. Whenever there is an imminent or actual emergency situation, the emergency 


coordinator present onsite shall immediately: 
 


(a) Activate the internal facility alarms or communication systems to alert the 
facility’s personnel; 


 
(b) Notify appropriate State or local agencies with designated response roles; 


 
(c) Identify the character, exact source, amount and areal extent of the release 


materials; 
 


(d) Assess the hazards to human health and the environment that may result 
from any release, fire or explosion.  This assessment shall include the 
immediate and potential affects of the incident to impact humans and the 
local environment and the potential for additional incidents like explosions; 


 
(e) Notify the Department Emergency Response Program and the National 


Response Center (using the 24 hour toll free number 800-424-8802) report 
his/her findings.  This report shall include: 


 
(i) Name and telephone number of the reporter; 


 
(ii) Name and address of the facility; 
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(iii) Time and type of the incident; 
 


(iv) Name and quantity of the materials involved; 
 


(v) Extent of the injuries resulting, if any; and 
 


(vi) The possible hazards to human health and the environment. 
 


(f) During the emergency the emergency coordinator shall take all reasonable 
measures necessary to ensure that fires, explosions and releases do not occur, 
reoccur or spread to other used oil or hazardous waste stored at the facility.  
These measures shall include, where applicable, stopping processes and 
operation, containing and collecting released materials and moving or 
isolating containers. 


 
(g) In the event that facility operations must be shut down due to a fire, 


explosion or release the emergency response coordinator shall monitor the 
equipment for a build-up of pressure, leaks, gas generation, or related failure 
where appropriate. 


 
(h) Immediately after the incident the emergency response coordinator shall 


provide for clean up and recycling or disposal of all used oil, waste or any 
other contaminated materials generated during the incident and clean up.  
The coordinator shall ensure that all affected areas of the facility have been 
adequately cleaned and all used oil and waste removed before allowing 
facility personnel back into the affected areas, and that any emergency 
equipment used during the incident is cleaned and fit for intended use prior 
to resuming operations. 


 
(i) The facility owner or operator shall notify the Director and any other 


appropriate State and local authority that all of the conditions in paragraph 
(h) above have been satisfied prior to resuming operations in the affected 
area. 


 
(j) The owner or operator shall note in the operating record the time, date and 


details of the incident that required the implementation of the facility’s 
contingency plan.  Within 15 days of the incident he/she shall submit a 
written report of the incident to the Director which includes the following: 


 
(i) Name, address and telephone number of the owner or operator; 


 
(ii) Name, address and telephone number of the facility; 


 
(iii) Date, time and type of incident that occurred; 
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(iv) Names and quantities of the materials involved; 
 


(v) The extent of any injuries; 
 


(vi) Assessment of actual or potential hazards to human health or the 
environment resulting; and 


 
(vii) Estimated quantity and disposition of the materials involved. 


 
R. Used Oil Analysis.  Prior to processing or otherwise managing used oil at a used oil 


processing/re-refining facility, the owner or operator shall determine the total halogen 
content of the used oil by having the used oil tested by an analytical laboratory or by 
applying product knowledge of the halogen content of the materials used and the 
process that generated the used oil.  In the event that the used oil has a total halogen 
content greater than or equal to 1,000 ppm, the used oil will be presumed to have been 
mixed with a hazardous waste. The owner or operator of the facility may rebut this 
presumption in accordance with the procedures contained in Rule 15.01(B).  The 
owner or operator of a processing/re-refining facility shall maintain records of all 
analytical testing or determinations made based on product knowledge for a period of 
at least three (3) years. 


 
S. Used Oil Analysis Plan.  Owners or operators of used oil processing/re-refining 


facilities shall develop and follow a written set of analytical procedures to ensure 
compliance with Rule 15.08(R).  The owner operator shall keep the analysis plan 
current, maintain it at the facility and the plan shall include the following: 


 
1. A statement indicating whether the determination of total halogen content of the 


used oil will be made based on knowledge of halogen content or sample analyses. 
 


2. If the owner or operator uses sample analyses for the determination of total 
halogen content, the plan shall indicate the following: 


 
(a) The analytical method used will be ASTM Method D808-95 or an equivalent 


method approved by the EPA and contained in EPA Publication SW-846, 
“Test Methods for Evaluating Solid Waste-Physical/Chemical Methods, 
Edition III”; 


 
(b) The sampling method used to obtain the representative sample, acceptable 


sampling methods include those listed in 40 CFR 261 Appendix I or an 
equivalent method approved by the Director; 


 
(c) The frequency of the sampling to be performed and an indication as to 


whether the analysis will be performed on-site or off-site. 
 


3. If the owner or operator determines the total halogen content of the used oil based 
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only on knowledge of the halogen content, the plan shall indicate the type and 
source of the information used in making this determination. 


 
4. If the total halogen content is determined to be greater than 1,000 ppm, the plan 


shall indicate the analytical test methods or information used to rebut the 
presumption of mixing hazardous waste and used oil.   


 
5. If specification used oil is received for burning on-site, the plan shall describe the 


analytical and sampling methods used to determine that the used oil meets the 
criteria established in Rule 15.03 and include the information regarding the total 
halogen content required in Rule 15.08 (S) (1-3).  The plan shall also indicate 
whether sampling and analysis will occur before or after processing/re-refining. 


 
T. Management of Used Oil.  Used oil processor/re-refiners as defined in Rule 3.00 that 


store used oil onsite shall comply with the applicable sections of the Regulations for 
Underground Storage Facilities Used For Petroleum Products and Hazardous 
Materials, the Oil Pollution Control Regulations and the following requirements: 


 
1. Storage Units.  Owners or operators of used oil processing/re-refining facilities 


may not store used oil in units other than tanks and containers as defined in Rule 
3.00.  


 
2. Condition of Storage Units.  Containers and aboveground storage tanks used to 


store used oil at processing/re-refining facilities shall be: 
 


(a) In good condition and free of severe rusting, corrosion or structural defects.  
In the event that a container deteriorates and begins to leak the generator 
shall transfer the used oil to a container that is in good condition; 


 
(b) Liquid tight with no visible leaks; 


 
(c) Kept closed except when adding or removing used oil. 


 
3. Secondary Containment for Containers and Above Ground Tanks (ASTs).  


Containers and aboveground tanks used to store used oil shall be equipped with a 
secondary containment feature that at a minimum has the following: 


 
(a) A floor or bottom that is impervious to used oil covering the entire area; and 


 
(b) Dikes, berms or retaining walls capable of containing a spill or release of 


used oil; and 
 


(c) A capacity equivalent to 100% of the volume of used oil stored in the 
containers at the facility; and 
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(d) The entire system shall be impervious to used oil to prevent a release; or 
 


(e) An equivalent containment system that is approved by the Director.    
 


4. Exterior Storage.  Used oil processor/re-refiners that store used oil in containers 
and/or aboveground tanks outdoors shall either construct the storage area with a 
means to prevent the accumulation of stormwater in the secondary containment 
device; or obtain a Stormwater Permit from the Department’s Office of Water 
Resources prior to the construction of the storage area. 


 
5. Labeling.  Containers and aboveground storage tanks used to store or process used 


oil at used oil processing/re-refining facilities shall be clearly and permanently 
marked with the words “Used Oil”.  Fill pipes for underground storage tanks used 
to store used oil at used oil processing/re-refining facilities shall be clearly marked 
with the words “Used Oil”.  Markings for USTs shall comply with the 
requirements of the Rules and Regulations for Underground Storage Facilities 
Used for Petroleum Products and Hazardous Materials. 


 
6. Response to releases.  Upon detection of a release of used oil,  the owner or 


operator of a used oil processing/re-refining  facility shall perform the following: 
 


(a) Take immediate steps to stop the release; 
 


(b) Contain all of the released used oil; 
 


(c) Clean up and properly manage the used oil and any other materials that were 
contaminated with used oil; 


 
(d) Repair or replace any leaking or damaged used oil storage units prior to 


returning them to service; and 
 


(e) Immediately notify the Department’s Emergency Response Program (at 222-
1360 or after hours at 222-3070), the local authorities and if required by 49 
CFR 171.15 notify the National Response Center. 


 
(f) Comply with the requirements of the Oil Pollution Control Regulations, 


Rules and Regulations for Underground Storage Facilities Used for 
Petroleum Products and Hazardous Materials and all other applicable 
Federal, State and Municipal Rules and Regulations relating to the release 
and handling of spilled or released used oil. 


 
U. Closure and Post Closure.  The owner or operator shall close the facility in accordance 


with the closure plan approved by the Director, in compliance with all of the 
requirements of the Approval Letter issued by the Department and in a manner 
equivalent to that required by 40 CFR 264 Subpart G.  
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V. Financial Requirements.  The owner or operator shall meet the financial requirements 


contained in 40 CFR 264 Subpart H as well as the requirements set forth in Rule 8.04 
T of these rules and regulations.  Owner or operators choosing the trust fund option 
described in 40 CFR 264.143(a) shall, for new facilities deposit the full amount of the 
closure cost estimate when the trust fund is established.     


 
W. Tracking. 


 
1. Used oil processors/re-refiners shall keep a record of each used oil shipment 


accepted for processing/re-refining which shall include the following: 
 


(a) The name, address and EPA Identification Number of the used oil 
transporter who delivered the used oil to the used oil processor/re-refiner; 


 
(b) The name, address and EPA Identification Number (if applicable) of the used 


oil generator or processor/re-refiner from whom the used oil was sent for 
processing or re-refining;  


 
(c) The quantity of used oil accepted; 


 
(d) The date of acceptance; 


 
(e) The name and signature of an agent of the processor/re-refiner who received 


the used oil. 
 


2. Deliveries.  Used oil processors/re-refiners shall keep a record of each shipment of 
used oil that is shipped off-site to another used oil processor/re-refiner, used oil 
burning facility which shall include: 


 
(a) The name, address and EPA Identification Number of the used oil 


transporter who delivers the used oil to the used oil processor/re-refiner, or 
used oil burning facility; 


 
(b) The EPA Identification number, name and address of the receiving used oil 


processor/re-refiner, used oil burning facility; 
 


(c) The quantity of used oil delivered; 
 


(d) The date the shipment was transported off-site; 
 


(e) The name and signature of an agent of the receiving facility or used oil 
transporter. 


 
3. The used oil processor/re-refiner shall retain for a period of at least three years all 
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records generated by the acceptance and delivery of used oil to and from its 
facility. 


 
X. Operating Record and Reporting. 


 
1. The owner or operator shall keep a written record at the facility that contains the 


following information as it becomes available and maintained until the closure of 
the facility: 


 
(a) Records and results of used oil analyses performed as described in sections 


15.08(R) & (S); and 
 


(b) Summary reports and details of all incidents that require implementations of 
the facility’s contingency plan. 


 
2. A used oil processor/re-refiner shall report to the Department on a biennial basis 


(by March 1 of each even numbered year), the following information regarding the 
previous year’s used oil activities: 


 
(a) The EPA Identification Number, name and address of the used oil 


processor/re-refiner; 
 


(b) The calendar year covered by the report; and 
 


(c) The quantities of used oil accepted for processing/re-refining and the manner 
in which the used oil is processed/re-refined, including the specific process 
employed. 


 
Y. Off-site shipment.  Used oil processors/re-refiners who initiate shipments of used oil 


off-site shall ship the used oil using a Rhode Island permitted used oil transporter who 
has an EPA Identification Number. 


 
Z. Management of Residues.  Used oil processors/re-refiners who generate residues from 


the storage, processing or re-refining of used oil shall manage the residues in 
compliance with Rule 15.01(F). 


 
15.09 Used Oil Marketer Standards 
 


A. Applicability.  The requirements of this Rule apply to any person that meets the 
definition of a used oil marketer contained in Rule 3.00. 


 
B. This Rule does not apply to the following persons: 


 
1. Used oil generators or used oil transporters who direct shipments of used oil to 


used oil processors/re-refiners who burn used oil incidentally as part of the 
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processing of the used oil. 
 


2. Persons who direct shipments of used oil to used oil burners that are not the first 
person to claim the used oil meets the requirements of Table I in Rule 15.03.  


 
C. Specification Used Oil.  Prior to initiating a shipment of used oil from a used oil 


generator to a used oil burner the used oil marketer shall comply with the following: 
 


1. Prior to shipping the used oil marketer has the used oil analyzed by a laboratory, 
or obtains certified copies of analytical test results conducted by a laboratory from 
the generator or transporter, to verify that the used oil meets the definition of 
specification used oil.   Used oil marketers may use process and product 
knowledge to verify that used oil meets the requirements of specification used oil 
if such knowledge is documented by the used oil generator or used oil transporter. 


 
2. The used oil marketer shall maintain all records of analytical testing or 


documentation of knowledge of the used oil from the date the shipment occurs for 
a period of at least three years and shall provide such records to the Department 
upon request. 


 
D. Any person subject to the requirements of this Rule shall also comply with the 


applicable Rules listed below depending on their activities: 
 


1. Rule 15.03, if their activity involves the burning of used oil; 
 


2. Rule 15.04; if their activity involves the generation of used oil; 
 


3. Rule 15.05; if their activity involves the aggregation of used oil; 
 


4. Rule 15.06; if their activity involves the collection of used oil; 
 


5. Rule 15.07; if their activity involves the transportation of used oil; 
 


6. Rule 15.08; if their activity involves the processing or re/refining of used oil, or 
involves the aggregation of or collection of used oil beyond what is allowed under 
Rules 15.05 and 15.06. 


 
E. Tracking.   


 
1. Used oil marketers shall keep a record of each used oil shipment received for 


transport for a period of at least three years which shall include the following: 
 


(a) The name and address of the used oil generator, used oil transporter or used 
oil processor/re-refiner who provided the used oil for transport; 
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(b) The EPA Identification Number (if applicable) of the used oil generator, 
used oil transporter or used oil processor/re-refiner who provided the used 
oil for transport;  


(c) The quantity of used oil accepted; 
 


(d) The date of acceptance; and 
 


(e) The name and signature of an agent of the used oil generator, used oil 
transporter or used oil processor/re-refiner who provided the used oil for 
transport. 


 
2. Deliveries.  Used oil marketers shall keep a record of each shipment of used oil 


that is delivered to another used oil transporter, processor/re-refiner, or used oil 
burner which shall include: 


 
(a) The name and address of the receiving facility or used oil transporter; 


 
(b) The EPA Identification number of the receiving facility or used oil 


transporter; 
 


(c) The quantity of used oil delivered; 
 


(d) The date of the delivery; 
 


(e) The name and signature, dated upon receipt of the used oil, of an agent of the 
receiving facility or used oil transporter. 


 
F. Record Keeping.  All records generated by the transportation of used oil shall be 


retained by the used oil marketer for a period of at least three years. 
 
G. Notification. Used oil marketers shall obtain an EPA Identification Number by 


submitting to the Department a Notification of Regulated Waste Activity form (EPA 
form 8700-12)  


 
 
16.00 CORRECTIVE ACTION 
 
16.01 Applicability:  


 
A. For a facility owner or operator seeking a new permit or a renewal permit (including a 


post closure permit) for the treatment, storage, or disposal of hazardous waste, the 
corrective action provisions of 40 CFR 264.101(a)-(c) are incorporated by reference. 
These provisions in 40 CFR 264.101 do not apply to a remediation waste management site 
unless it is part of a facility subject to a permit for treating, storing, or disposing of 
hazardous wastes that are not remediation wastes. 
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B. Additional requirements to address releases from certain types of solid waste management 


units, including regulated units (as defined in 40 CFR 264.90(a)(2)) and miscellaneous 
units, are provided in 40 CFR 264.90-.100, which are incorporated by reference.  


 
C. Pursuant to State law, The Department’s “Rules and Regulations for the Investigation and 


Remediation of Hazardous Material Releases” applies to remediation waste management 
sites, including, but not limited to, facilities and solid waste management units subject to 
the additional requirements of Rule 16.01 A and B. The Department has the authority to 
require additional remediation measures on a case by case basis, when necessary to protect 
human health and the environment, in accordance with 40 CFR 270.32. 


 
16.02 Permitting Options: A facility owner or operator that is required by the Department to obtain 


a permit to treat, store, or dispose of remediation waste that is hazardous shall comply with 
Rule 7 and 8 permitting requirements or shall seek a Remedial Action Plan permit (“RAP”).  
40 CFR 270 Subpart H is incorporated by reference except as follows: 


 
A. In 270.80(a), replace “§§ 270.3 through 270.66” with “Rules 7 and 8”. 
 
B. In 270.85(a), replace “§ 270.1” with “Rule 7.00 and 7.01” 


 
C. In 270.85(a)(1), replace §§ 270.3 through 270.66” with “Rules 7 and 8”. 


 
D. Add to 270.80(b) the following at the end of the paragraph:  


 
1. “The requirements of 7.01A, 7.02 – 7.09, 7.12-7.13, and 8.01-9.09 do not apply to 


RAPs unless further specified in this section of the Rules and Regulations.” 
 


E. In 270.140 and 270.150, replace “issuing Regional Office” with “Department”. 
 
F. In 270.155, replace the “EPA’s Environmental Appeals Board”, “the Environmental 


Appeals Board”, and “the Board” with “the Department’s Administrative Adjudication 
Division” and replace “under § 124.19 of this chapter” with “ as per R.I.G.L. 23-19.1-
10(b)(5)”. 


 
G. In 270.155, add “(c) All appeals must be in writing and must be filed with the clerk of the 


Administrative Adjudication Division within thirty (30) calendar days of the Director’s 
decision to approve or deny the RAP. All appeals shall be heard before Division of 
Administrative Adjudication hearing officers.” 


 
H. In 270.190, replace “EPA’s Environmental Appeals Board” and “the Environmental 


Appeals Board” with “the Department’s Administrative Adjudication Division”. 
 


I. In 270.190 add “(c)(4) The letter from the appealing person must be filed with the clerk of 
the Department’s Administrative Adjudication Division within thirty (30) calendar days of 
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the Director’s issuance of the decision.” 
 


J. Delete 270.215(c) and (d). 
 


K. In 270.230(e), before the colon add “(provided the alternate locations are not at facilities 
subject to permits for treating, storing, or disposing of hazardous wastes that are not 
remediation wastes.)” 


 
16.03 Management of Remediation Waste: 
 


A. The owner or operator of a remediation waste management site may seek to employ one or 
more of the following types of management units for increased flexibility in performing 
remediation: 
 
1. Corrective Action Management Units (CAMUs) as defined in 40 CFR 270.2 for 


treatment, storage, and/or disposal of remediation waste; 
 
2. Temporary Units (TUs) for treatment and/or storage of remediation waste under 40 


CFR 264.553; 
 


3. Staging Piles for storage of remediation waste. 
 


B. These management units are defined in and subject to the provisions and conditions of 40 
CFR 264.550-.554, which are incorporated by reference. 


 
C. The owner or operator of a remediation waste management site may choose to treat 


remediation waste and then dispose it in a permitted hazardous waste landfill, provided the 
waste is at least treated and disposed according to the provisions and conditions of 40 
CFR 264.555, which is incorporated by reference. 


 
17.00   APPEALS AND PENALTIES 
 
17.01 Enforcement Action Appeals: All requests for an adjudicatory hearing must be in writing and 


must be filed with the clerk of the Administrative Adjudication Division within twenty (20) 
days of receipt of the contested enforcement action. 


 
17.02 Civil Penalties for Violations: Persons who shall violate the provisions of these rules and 


regulations shall be subject to the penalties as provided for by Chapter 23-19.1-17 (2001 
Reenactment) of the General Laws of Rhode Island, 1956, as amended. 


 
17.03 Criminal Penalties for Violations: Persons who shall violate the provisions of these rules and 


regulations shall be subject to the penalties as provided for by Chapter 23-19.1-18, (2001 
Reenactment) of the General Laws of Rhode Island, 1956, as amended. 
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APPENDIX 1 - ACUTE ORAL LD50 (RATS) 
 
Young albino rats derived from Sprague-Dawley stock are used as test animals. All animals are kept 
under observation for five days prior to experimental use, during which period they are checked for 
general health and suitability as test animals. The animals are housed in stock cages and are permitted 
a standard laboratory diet plus water ad libitum, except during the sixteen hour period immediately 
prior to oral intubation when food was withheld. 
 
Initial screening is conducted in order to determine the general level of toxicity of the test material. 
Selected groups of albino rats are administered the test material at several dose levels. All doses are 
administered directly into the stomachs of the rats using a hypodermic syringe equipped with a ball-
tipped intubating needle. 
 
After oral administration of the test material, the rats are housed individually in suspended, wire mesh 
cages and observed for the following fourteen days. Initial and final body weights, mortalities, and 
reactions are recorded. A necropsy examination is conducted on all animals. 
 
At the end of the observation period, the acute oral median lethal dose (LD50 of the test material is 
calculated, if possible, using the techniques of Weil, Thompson, or Thompson and Weil (see below). 
The test material is then assigned a classification in accordance with Harold C. Hodge (see below). 
 


Weil, Carrol S., "Tables for Convenient Calculation of Median - Effective Dose (LD50 or 
ED50) and Instructions for Their Use", Biometrics, September 1952. 


 
Thompson, William R., "Use of Moving Averages and Interpolation to Estimate Median - 
Effective Dose", Bacteria Review, November 1947. 


 
Thompson, William R. and Carrol S. Weil, "On the Construction of Tables for Moving 
Average Interpolation", Biometrics, March 1952. 


 
Hodge, Harold C., "The LD50 and Its Value", American Perfumer and Cosmetics, 1965. 
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Appendix II - OSHA Industrial Chemicals with Serious Cumulative Effects 
(as of 2 April 1979) 


 
 
2-Acetylene Tetrabromide* Acrylamide 
Allyl Chloride Antimony compounds* 
Anisidine Benzyl chloride 
Bromoform (Tribromo-methane)* Butylamine 
tert-Butyl chromate n-Butyl glycidyl ether (BGE) 
Calcium cyanamide Carbon tetrabromide 
CatecholR (Pyrocatechol)* ChlordaneR


Chlorinated camphene (skin) Chlorinated diphenyl oxide 
Chlorobenzene (monochlorobenzene) Chlorobromomethane 
Chlorodiphenyl o-Chlorostyrene 
Coal tar pitch CragR (1,3-Bis(2,2,2-trichloro-1-hydroxyethyl))
Cyclohexanol Cyclohexanone 
Cyclohexene Cyclohexylamine (skin) 
2-n-Dibutyl aminoethanol p-Dichlorobenzene 
1,2-Dichloroethylene Dichloroethyl ether (skin) 
Dichloromonofluoromethane (F21) Dicyclopentadiene (Bicyclopentadiene) 
Diethylamine Difluorodibromomethane 
Diglycidyl ether (DGE) Dimethylamine 
Dimethylformamide o-Dinitrocresol 
3,5-o-Dinitrotoluamide (ZoaleneR) 
(Dinitrobenzamide) 


 


Dinitrotoluene Disulfiram* 
Endosulfan (ThiodanR)* Epichlorohydrin 
Ethanolamine 2-Ethoxyethyl acetate 
Ethyl bromide Ethylenediamine 
Ethylene glycol dinitrate Ethylene oxide 
Ethyl silicate FerbamR


Fluorine (gas) Formamide 
Hafnium Heptachlor 
Hexachlorocyclopentadiene Hexachloroethane* 
Hexachloronaphthalene Hydrogenated terphenyls 
Hydrogen fluoride Hydrogen selenide 
Hydroquinone Indene (Indonaphthene) 
Maleic anhydride Manganese cyclopentadienyl tricarbonyl 
Mercury and mercuric compounds* Methoxychlor* 
Methyl acrylate (acrylic acid, methyl ester) Methylal 
Methyl cellosolve and acetate Methyl chloride 
Methylcyclohexanol Methylcyclopentadienyl manganese tricarbonyl
Methylene bisphenyl isocyanate Methyl ethyl ketone peroxide 
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Methyl iodide Methyl isocyanate 
Methyl silicate Molybdenum* 
Monomethyl aniline Morpholine 
Naphthalene* Nitrogen trifluoride* 
2-Nitropropane Nitrotoluene 
Octachloronaphthalene Oxygen difluoride (gas) 
Pentachloronaphthalene Perchloroethylene (Tetrachloroethylene) 
Perchloryl fluoride p-Phenylene diamine 
Phenyl ether Phenylhydrazine 
Phenylphosphine Phosphorous trichloride 
Picric acid (dry) PivalR


Platinum* Propylene dichloride 
Propylene oxide n-Propyl nitrate 
Pyridine Quinone 
ResorcinolR RotenoneR* 
Sulfuryl fluoride Tellurium* 
1,1,2,2-Tetrachloroethane Tetrachloronaphthalene 
Tetraethyl lead Tetramethyl lead 
Tetranitromethane* Tetryl 
Tin, organic compounds 1,1,2-Trichloroethane 
Trichloronaphthalene 1,2,3-Trichloropropane 
Uranium Vinyl bromide 
Vinyl cyclohexene dioxide Vinylidene Chloride* 
Xylidine WarfarinR


 
*in solution 
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The foregoing Rules and Regulations for Hazardous Waste Management, including all 


subsequent amendments as indicated on the title page, after due notice and hearing, are hereby adopted 
and filed with the Secretary of State this ____ day of ____________, 2007, to become effective twenty 
days after filing, in accordance with the provisions of the General Laws of Rhode Island, 1956, as 
amended, Chapter 42-35, specifically §§ 42-35-3(a) and 42-35-4(b); Chapter 23-19.1, specifically § 
23-19.1-6(a); Chapter 23-19.4; and the Public Laws of Rhode Island, 1978, Chapter 229. 
 
 


_______________________________ 
 
W. Michael Sullivan, Director 
Department of Environmental Management 


 
Notice given on:  12/7/2005 (used oil) and 12/20/2006 (fee waiver)  
 
Public Hearing held on: 1/6/2006 and 1/19/2007 
 
Filing Date:   __________ 
 
Effective Date:   __________ 
 
HWREG014/CS 
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OFFICE OF MANAGEMENT AND
BUDGET


Guidelines for Ensuring and
Maximizing the Quality, Objectivity,
Utility, and Integrity of Information
Disseminated by Federal Agencies;
Republication


Editorial Note: Due to numerous errors,
this document is being reprinted in its
entirety. It was originally printed in the
Federal Register on Thursday, January 3,
2002 at 67 FR 369–378 and was corrected on
Tuesday, February 5, 2002 at 67 FR 5365.


AGENCY: Office of Management and
Budget, Executive Office of the
President.
ACTION: Final guidelines.


SUMMARY: These final guidelines
implement section 515 of the Treasury
and General Government
Appropriations Act for Fiscal Year 2001
(Public Law 106–554; H.R. 5658).
Section 515 directs the Office of
Management and Budget (OMB) to issue
government-wide guidelines that
‘‘provide policy and procedural
guidance to Federal agencies for
ensuring and maximizing the quality,
objectivity, utility, and integrity of
information (including statistical
information) disseminated by Federal
agencies.’’ By October 1, 2002, agencies
must issue their own implementing
guidelines that include ‘‘administrative
mechanisms allowing affected persons
to seek and obtain correction of
information maintained and
disseminated by the agency’’ that does
not comply with the OMB guidelines.
These final guidelines also reflect the
changes OMB made to the guidelines
issued September 28, 2001, as a result
of receiving additional comment on the
‘‘capable of being substantially
reproduced’’ standard (paragraphs
V.3.B, V.9, and V.10), which OMB
previously issued on September 28,
2001, on an interim final basis.
DATES: Effective Date: January 3, 2002.
FOR FURTHER INFORMATION CONTACT:
Brooke J. Dickson, Office of Information
and Regulatory Affairs, Office of
Management and Budget, Washington,
DC 20503. Telephone (202) 395–3785 or
by e-mail to
informationquality@omb.eop.gov.


SUPPLEMENTARY INFORMATION: In section
515(a) of the Treasury and General
Government Appropriations Act for
Fiscal Year 2001 (Public Law 106–554;
H.R. 5658), Congress directed the Office
of Management and Budget (OMB) to
issue, by September 30, 2001,
government-wide guidelines that
‘‘provide policy and procedural


guidance to Federal agencies for
ensuring and maximizing the quality,
objectivity, utility, and integrity of
information (including statistical
information) disseminated by Federal
agencies * * *’’ Section 515(b) goes on
to state that the OMB guidelines shall:


‘‘(1) apply to the sharing by Federal
agencies of, and access to, information
disseminated by Federal agencies; and


‘‘(2) require that each Federal agency
to which the guidelines apply—


‘‘(A) issue guidelines ensuring and
maximizing the quality, objectivity,
utility, and integrity of information
(including statistical information)
disseminated by the agency, by not later
than 1 year after the date of issuance of
the guidelines under subsection (a);


‘‘(B) establish administrative
mechanisms allowing affected persons
to seek and obtain correction of
information maintained and
disseminated by the agency that does
not comply with the guidelines issued
under subsection (a); and


‘‘(C) report periodically to the
Director—


‘‘(i) the number and nature of
complaints received by the agency
regarding the accuracy of information
disseminated by the agency and;


‘‘(ii) how such complaints were
handled by the agency.’’


Proposed guidelines were published
in the Federal Register on June 28, 2001
(66 FR 34489). Final guidelines were
published in the Federal Register on
September 28, 2001 (66 FR 49718). The
Supplementary Information to the final
guidelines published in September 2001
provides background, the underlying
principles OMB followed in issuing the
final guidelines, and statements of
intent concerning detailed provisions in
the final guidelines.


In the final guidelilnes published in
September 2001, OMB also requested
additional comment on the ‘‘capable of
being substantially reproduced’’
standard and the related definition of
‘‘influential scientific or statistical
information’’ (paragraphs V.3.B, V.9,
and V.10), which were issued on an
interim final basis. The final guidelines
published today discuss the public
comments OMB received, the OMB
response, and amendments to the final
guidelines published in September
2001.


In developing agency-specific
guidelines, agencies should refer both to
the Supplementary Information to the
final guidelines published in the
Federal Register on September 28, 2001
(66 FR 49718), and also to the
Supplementary Information published
today. We stress that the three
‘‘Underlying Principles’’ that OMB


followed in drafting the guidelines that
we published on September 28, 2001
(66 FR 49719), are also applicable to the
amended guidelines that we publish
today.


In accordance with section 515, OMB
has designed the guidelines to help
agencies ensure and maximize the
quality, utility, objectivity and integrity
of the information that they disseminate
(meaning to share with, or give access
to, the public). It is crucial that
information Federal agencies
disseminate meets these guidelines. In
this respect, the fact that the Internet
enables agencies to communicate
information quickly and easily to a wide
audience not only offers great benefits to
society, but also increases the potential
harm that can result from the
dissemination of information that does
not meet basic information quality
guidelines. Recognizing the wide variety
of information Federal agencies
disseminate and the wide variety of
dissemination practices that agencies
have, OMB developed the guidelines
with several principles in mind.


First, OMB designed the guidelines to
apply to a wide variety of government
information dissemination activities
that may range in importance and scope.
OMB also designed the guidelines to be
generic enough to fit all media, be they
printed, electronic, or in other form.
OMB sought to avoid the problems that
would be inherent in developing
detailed, prescriptive, ‘‘one-size-fits-all’’
government-wide guidelines that would
artificially require different types of
dissemination activities to be treated in
the same manner. Through this
flexibility, each agency will be able to
incorporate the requirements of these
OMB guidelines into the agency’s own
information resource management and
administrative practices.


Second, OMB designed the guidelines
so that agencies will meet basic
information quality standards. Given the
administrative mechanisms required by
section 515 as well as the standards set
forth in the Paperwork Reduction Act, it
is clear that agencies should not
disseminate substantive information
that does not meet a basic level of
quality. We recognize that some
government information may need to
meet higher or more specific
information quality standards than
those that would apply to other types of
government information. The more
important the information, the higher
the quality standards to which it should
be held, for example, in those situations
involving ‘‘influential scientific,
financial, or statistical information’’ (a
phrase defined in these guidelines). The
guidelines recognize, however, that
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information quality comes at a cost.
Accordingly, the agencies should weigh
the costs (for example, including costs
attributable to agency processing effort,
respondent burden, maintenance of
needed privacy, and assurances of
suitable confidentiality) and the benefits
of higher information quality in the
development of information, and the
level of quality to which the information
disseminated will be held.


Third, OMB designed the guidelines
so that agencies can apply them in a
common-sense and workable manner. It
is important that these guidelines do not
impose unnecessary administrative
burdens that would inhibit agencies
from continuing to take advantage of the
Internet and other technologies to
disseminate information that can be of
great benefit and value to the public. In
this regard, OMB encourages agencies to
incorporate the standards and
procedures required by these guidelines
into their existing information resources
management and administrative
practices rather than create new and
potentially duplicative or contradictory
processes. The primary example of this
is that the guidelines recognize that, in
accordance with OMB Circular A–130,
agencies already have in place well-
established information quality
standards and administrative
mechanisms that allow persons to seek
and obtain correction of information
that is maintained and disseminated by
the agency. Under the OMB guidelines,
agencies need only ensure that their
own guidelines are consistent with
these OMB guidelines, and then ensure
that their administrative mechanisms
satisfy the standards and procedural
requirements in the new agency
guidelines. Similarly, agencies may rely
on their implementation of the Federal
Government’s computer security laws
(formerly, the Computer Security Act,
and now the computer security
provisions of the Paperwork Reduction
Act) to establish appropriate security
safeguards for ensuring the ‘‘integrity’’
of the information that the agencies
disseminate.


In addition, in response to concerns
expressed by some of the agencies, we
want to emphasize that OMB recognizes
that Federal agencies provide a wide
variety of data and information.
Accordingly, OMB understands that the
guidelines discussed below cannot be
implemented in the same way by each
agency. In some cases, for example, the
data disseminated by an agency are not
collected by that agency; rather, the
information the agency must provide in
a timely manner is compiled from a
variety of sources that are constantly
updated and revised and may be


confidential. In such cases, while
agencies’ implementation of the
guidelines may differ, the essence of the
guidelines will apply. That is, these
agencies must make their methods
transparent by providing
documentation, ensure quality by
reviewing the underlying methods used
in developing the data and consulting
(as appropriate) with experts and users,
and keep users informed about
corrections and revisions.


Summary of OMB Guidelines
These guidelines apply to Federal


agencies subject to the Paperwork
Reduction Act (44 U.S.C. chapter 35).
Agencies are directed to develop
information resources management
procedures for reviewing and
substantiating (by documentation or
other means selected by the agency) the
quality (including the objectivity,
utility, and integrity) of information
before it is disseminated. In addition,
agencies are to establish administrative
mechanisms allowing affected persons
to seek and obtain, where appropriate,
correction of information disseminated
by the agency that does not comply with
the OMB or agency guidelines.
Consistent with the underlying
principles described above, these
guidelines stress the importance of
having agencies apply these standards
and develop their administrative
mechanisms so they can be
implemented in a common sense and
workable manner. Moreover, agencies
must apply these standards flexibly, and
in a manner appropriate to the nature
and timeliness of the information to be
disseminated, and incorporate them into
existing agency information resources
management and administrative
practices.


Section 515 denotes four substantive
terms regarding information
disseminated by Federal agencies:
quality, utility, objectivity, and
integrity. It is not always clear how each
substantive term relates—or how the
four terms in aggregate relate—to the
widely divergent types of information
that agencies disseminate. The
guidelines provide definitions that
attempt to establish a clear meaning so
that both the agency and the public can
readily judge whether a particular type
of information to be disseminated does
or does not meet these attributes.


In the guidelines, OMB defines
‘‘quality’’ as the encompassing term, of
which ‘‘utility,’’ ‘‘objectivity,’’ and
‘‘integrity’’ are the constituents.
‘‘Utility’’ refers to the usefulness of the
information to the intended users.
‘‘Objectivity’’ focuses on whether the
disseminated information is being


presented in an accurate, clear,
complete, and unbiased manner, and as
a matter of substance, is accurate,
reliable, and unbiased. ‘‘Integrity’’ refers
to security—the protection of
information from unauthorized access
or revision, to ensure that the
information is not compromised
through corruption or falsification. OMB
modeled the definitions of
‘‘information,’’ ‘‘government
information,’’ ‘‘information
dissemination product,’’ and
‘‘dissemination’’ on the longstanding
definitions of those terms in OMB
Circular A–130, but tailored them to fit
into the context of these guidelines.


In addition, Section 515 imposes two
reporting requirements on the agencies.
The first report, to be promulgated no
later than October 1, 2002, must provide
the agency’s information quality
guidelines that describe administrative
mechanisms allowing affected persons
to seek and obtain, where appropriate,
correction of disseminated information
that does not comply with the OMB and
agency guidelines. The second report is
an annual fiscal year report to OMB (to
be first submitted on January 1, 2004)
providing information (both quantitative
and qualitative, where appropriate) on
the number, nature, and resolution of
complaints received by the agency
regarding its perceived or confirmed
failure to comply with these OMB and
agency guidelines.


Public Comments and OMB Response
Applicability of Guidelines. Some


comments raised concerns about the
applicability of these guidelines,
particularly in the context of scientific
research conducted by Federally
employed scientists or Federal grantees
who publish and communicate their
research findings in the same manner as
their academic colleagues. OMB
believes that information generated and
disseminated in these contexts is not
covered by these guidelines unless the
agency represents the information as, or
uses the information in support of, an
official position of the agency.


As a general matter, these guidelines
apply to ‘‘information’’ that is
‘‘disseminated’’ by agencies subject to
the Paperwork Reduction Act (44 U.S.C.
3502(1)). See paragraphs II, V.5 and V.8.
The definitions of ‘‘information’’ and
‘‘dissemination’’ establish the scope of
the applicability of these guidelines.
‘‘Information’’ means ‘‘any
communication or representation of
knowledge such as facts or data * * *’’
This definition of information in
paragraph V.5 does ‘‘not include
opinions, where the agency’s
presentation makes it clear that what is
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being offered is someone’s opinion
rather than fact or the agency’s views.’’


‘‘Dissemination’’ is defined to mean
‘‘agency initiated or sponsored
distribution of information to the
public.’’ As used in paragraph V.8,
‘‘agency INITIATED * * * distribution
of information to the public’’ refers to
information that the agency
disseminates, e.g., a risk assessment
prepared by the agency to inform the
agency’s formulation of possible
regulatory or other action. In addition,
if an agency, as an institution,
disseminates information prepared by
an outside party in a manner that
reasonably suggests that the agency
agrees with the information, this
appearance of having the information
represent agency views makes agency
dissemination of the information subject
to these guidelines. By contrast, an
agency does not ‘‘initiate’’ the
dissemination of information when a
Federally employed scientist or Federal
grantee or contractor publishes and
communicates his or her research
findings in the same manner as his or
her academic colleagues, even if the
Federal agency retains ownership or
other intellectual property rights
because the Federal government paid for
the research. To avoid confusion
regarding whether the agency agrees
with the information (and is therefore
disseminating it through the employee
or grantee), the researcher should
include an appropriate disclaimer in the
publication or speech to the effect that
the ‘‘views are mine, and do not
necessarily reflect the view’’ of the
agency.


Similarly, as used in paragraph V.8.,
‘‘agency * * * SPONSORED
distribution of information to the
public’’ refers to situations where an
agency has directed a third-party to
disseminate information, or where the
agency has the authority to review and
approve the information before release.
Therefore, for example, if an agency
through a procurement contract or a
grant provides for a person to conduct
research, and then the agency directs
the person to disseminate the results (or
the agency reviews and approves the
results before they may be
disseminated), then the agency has
‘‘sponsored’’ the dissemination of this
information. By contrast, if the agency
simply provides funding to support
research, and it the researcher (not the
agency) who decides whether to
disseminate the results and—if the
results are to be released—who
determines the content and presentation
of the dissemination, then the agency
has not ‘‘sponsored’’ the dissemination
even though it has funded the research


and even if the Federal agency retains
ownership or other intellectual property
rights because the Federal government
paid for the research. To avoid
confusion regarding whether the agency
is sponsoring the dissemination, the
researcher should include an
appropriate disclaimer in the
publication or speech to the effect that
the ‘‘views are mine, and do not
necessarily reflect the view’’ of the
agency. On the other hand, subsequent
agency dissemination of such
information requires that the
information adhere to the agency’s
information quality guidelines. In sum,
these guidelines govern an agency’s
dissemination of information, but
generally do not govern a third-party’s
dissemination of information (the
exception being where the agency is
essentially using the third-party to
disseminate information on the agency’s
behalf). Agencies, particularly those that
fund scientific research, are encouraged
to clarify the applicability of these
guidelines to the various types of
information they and their employees
and grantees disseminate.


Paragraph V.8 also states that the
definition of ‘‘dissemination’’ does not
include ‘‘* * * distribution limited to
correspondence with individuals or
persons, press releases, archival records,
public filings, subpoenas or adjudicative
processes.’’ The exemption from the
definition of ‘‘dissemination’’ for
‘‘adjudicative processes’’ is intended to
exclude, from the scope of these
guidelines, the findings and
determinations that an agency makes in
the course of adjudications involving
specific parties. There are well-
established procedural safeguards and
rights to address the quality of
adjudicatory decisions and to provide
persons with an opportunity to contest
decisions. These guidelines do not
impose any additional requirements on
agencies during adjudicative
proceedings and do not provide parties
to such adjudicative proceedings any
additional rights of challenge or appeal.


The Presumption Favoring Peer-
Reviewed Information.As a general
matter, in the scientific and research
context, we regard technical information
that has been subjected to formal,
independent, external peer review as
presumptively objective. As the
guidelines state in paragraph V.3.b.i: ‘‘If
data and analytic results have been
subjected to formal, independent,
external peer review, the information
may generally be presumed to be of
acceptable objectivity.’’ An example of a
formal, independent, external peer
review is the review process used by
scientific journals.


Most comments approved of the
prominent role that peer review plays in
the OMB guidelines. Some comments
contended that peer review was not
accepted as a universal standard that
incorporates an established, practiced,
and sufficient level of objectivity. Other
comments stated that the guidelines
would be better clarified by making peer
review one of several factors that an
agency should consider in assessing the
objectivity (and quality in general) of
original research. In addition, several
comments noted that peer review does
not establish whether analytic results
are capable of being substantially
reproduced. In light of the comments,
the final guidelines in new paragraph
V.3.b.i qualify the presumption in favor
of peer-reviewed information as follows:
‘‘However, this presumption is
rebuttable based on a persuasive
showing by the petitioner in a particular
instance.’’


We believe that transparency is
important for peer review, and these
guidelines set minimum standards for
the transparency of agency-sponsored
peer review. As we state in new
paragraph V.3.b.i: ‘‘If data and analytic
results have been subjected to formal,
independent, external peer review, the
information may generally be presumed
to be of acceptable objectivity. However,
this presumption is rebuttable based on
a persuasive showing by the petitioner
in a particular instance. If agency-
sponsored peer review is employed to
help satisfy the objectivity standard, the
review process employed shall meet the
general criteria for competent and
credible peer review recommended by
OMB–OIRA to the President’s
Management Council (9/20/01) (http://
www.whitehouse.gov/omb/inforeg/
oira_review-process.html), namely, ‘that
(a) peer reviewers be selected primarily
on the basis of necessary technical
expertise, (b) peer reviewers be expected
to disclose to agencies prior technical/
policy positions they may have taken on
the issues at hand, (c) peer reviewers be
expected to disclose to agencies their
sources of personal and institutional
funding (private or public sector), and
(d) peer reviews be conducted in an
open and rigorous manner.’ ’’


The importance of these general
criteria for competent and credible peer
review has been supported by a number
of expert bodies. For example, ‘‘the
work of fully competent peer-review
panels can be undermined by
allegations of conflict of interest and
bias. Therefore, the best interests of the
Board are served by effective policies
and procedures regarding potential
conflicts of interest, impartiality, and
panel balance.’’ (EPA’s Science Advisory
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Board Panels: Improved Policies and
Procedures Needed to Ensure
Independence and Balance, GAO–01–
536, General Accounting Office,
Washington, DC, June 2001, page 19.)
As another example, ‘‘risk analyses
should be peer-reviewed and
accessible—both physically and
intellectually—so that decision-makers
at all levels will be able to respond
critically to risk characterizations. The
intensity of the peer reviews should be
commensurate with the significance of
the risk or its management
implications.’’ (Setting Priorities,
Getting Results: A New Direction for
EPA, Summary Report, National
Academy of Public Administration,
Washington, DC, April 1995, page 23.)


These criteria for peer reviewers are
generally consistent with the practices
now followed by the National Research
Council of the National Academy of
Sciences. In considering these criteria
for peer reviewers, we note that there
are many types of peer reviews and that
agency guidelines concerning the use of
peer review should tailor the rigor of
peer review to the importance of the
information involved. More generally,
agencies should define their peer-review
standards in appropriate ways, given the
nature and importance of the
information they disseminate.


Is Journal Peer Review Always
Sufficient? Some comments argued that
journal peer review should be adequate
to demonstrate quality, even for
influential information that can be
expected to have major effects on public
policy. OMB believes that this position
overstates the effectiveness of journal
peer review as a quality-control
mechanism.


Although journal peer review is
clearly valuable, there are cases where
flawed science has been published in
respected journals. For example, the
NIH Office of Research Integrity recently
reported the following case regarding
environmental health research:


‘‘Based on the report of an investigation
conducted by [XX] University, dated July 16,
1999, and additional analysis conducted by
ORI in its oversight review, the US Public
Health Service found that Dr. [X] engaged in
scientific misconduct. Dr. [X] committed
scientific misconduct by intentionally
falsifying the research results published in
the journal SCIENCE and by providing
falsified and fabricated materials to
investigating officials at [XX] University in
response to a request for original data to
support the research results and conclusions
report in the SCIENCE paper. In addition,
PHS finds that there is no original data or
other corroborating evidence to support the
research results and conclusions reported in
the SCIENCE paper as a whole.’’ (66 FR
52137, October 12, 2001).


Although such cases of falsification
are presumably rare, there is a
significant scholarly literature
documenting quality problems with
articles published in peer-reviewed
research. ‘‘In a [peer-reviewed] meta-
analysis that surprised many—and some
doubt—researchers found little evidence
that peer review actually improves the
quality of research papers.’’ (See, e.g.,
Science, Vol. 293, page 2187 (September
21, 2001.)) In part for this reason, many
agencies have already adopted peer
review and science advisory practices
that go beyond journal peer review. See,
e.g., Sheila Jasanoff, The Fifth Branch:
Science Advisers as Policy Makers,
Cambridge, MA, Harvard University
Press, 1990; Mark R. Powell, Science at
EPA: Information in the Regulatory
Process. Resources for the Future,
Washington, DC., 1999, pages 138–139;
151–153; Implementation of the
Environmental Protection Agency’s Peer
Review Program: An SAB Evaluation of
Three Reviews, EPA–SAB–RSAC–01–
009, A Review of the Research Strategies
Advisory Committee (RSAC) of the EPA
Science Advisory Board (SAB),
Washington, DC., September 26, 2001.
For information likely to have an
important public policy or private sector
impact, OMB believes that additional
quality checks beyond peer review are
appropriate.


Definition of ‘‘Influential’’. OMB
guidelines apply stricter quality
standards to the dissemination of
information that is considered
‘‘influential.’’ Comments noted that the
breadth of the definition of ‘‘influential’’
in interim final paragraph V.9 requires
much speculation on the part of
agencies.


We believe that this criticism has
merit and have therefore narrowed the
definition. In this narrower definition,
‘‘influential’’, when used in the phrase
‘‘influential scientific, financial, or
statistical information’’, is amended to
mean that ‘‘the agency can reasonably
determine that dissemination of the
information will have or does have a
clear and substantial impact on
important public policies or important
private sector decisions.’’ The intent of
the new phrase ‘‘clear and substantial’’
is to reduce the need for speculation on
the part of agencies. We added the
present tense—‘‘or does have’’—to this
narrower definition because on
occasion, an information dissemination
may occur simultaneously with a
particular policy change. In response to
a public comment, we added an explicit
reference to ‘‘financial’’ information as
consistent with our original intent.


Given the differences in the many
Federal agencies covered by these


guidelines, and the differences in the
nature of the information they
disseminate, we also believe it will be
helpful if agencies elaborate on this
definition of ‘‘influential’’ in the context
of their missions and duties, with due
consideration of the nature of the
information they disseminate. As we
state in amended paragraph V.9, ‘‘Each
agency is authorized to define
‘influential’ in ways appropriate for it
given the nature and multiplicity of
issues for which the agency is
responsible.’’


Reproducibility. As we state in new
paragraph V.3.b.ii: ‘‘If an agency is
responsible for disseminating influential
scientific, financial, or statistical
information, agency guidelines shall
include a high degree of transparency
about data and methods to facilitate the
reproducibility of such information by
qualified third parties.’’ OMB believes
that a reproducibility standard is
practical and appropriate for
information that is considered
‘‘influential’’, as defined in paragraph
V.9—that ‘‘will have or does have a
clear and substantial impact on
important public policies or important
private sector decisions.’’ The
reproducibility standard applicable to
influential scientific, financial, or
statistical information is intended to
ensure that information disseminated by
agencies is sufficiently transparent in
terms of data and methods of analysis
that it would be feasible for a replication
to be conducted. The fact that the use
of original and supporting data and
analytic results have been deemed
‘‘defensible’’ by peer-review procedures
does not necessarily imply that the
results are transparent and replicable.


Reproducibility of Original and
Supporting Data. Several of the
comments objected to the exclusion of
original and supporting data from the
reproducibility requirements.
Comments instead suggested that OMB
should apply the reproducibility
standard to original data, and that OMB
should provide flexibility to the
agencies in determining what
constitutes ‘‘original and supporting’’
data. OMB agrees and asks that agencies
consider, in developing their own
guidelines, which categories of original
and supporting data should be subject to
the reproducibility standard and which
should not. To help in resolving this
issue, we also ask agencies to consult
directly with relevant scientific and
technical communities on the feasibility
of having the selected categories of
original and supporting data subject to
the reproducibility standard. Agencies
are encouraged to address ethical,
feasibility, and confidentiality issues
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with care. As we state in new paragraph
V.3.b.ii.A, ‘‘Agencies may identify, in
consultation with the relevant scientific
and technical communities, those
particular types of data that can
practicably be subjected to a
reproducibility requirement, given
ethical, feasibility, or confidentiality
constraints.’’ Further, as we state in our
expanded definition of
‘‘reproducibility’’ in paragraph V.10, ‘‘If
agencies apply the reproducibility test
to specific types of original or
supporting data, the associated
guidelines shall provide relevant
definitions of reproducibility (e.g.,
standards for replication of laboratory
data).’’ OMB urges caution in the
treatment of original and supporting
data because it may often be impractical
or even impermissible or unethical to
apply the reproducibility standard to
such data. For example, it may not be
ethical to repeat a ‘‘negative’’
(ineffective) clinical (therapeutic)
experiment and it may not be feasible to
replicate the radiation exposures
studied after the Chernobyl accident.
When agencies submit their draft agency
guidelines for OMB review, agencies
should include a description of the
extent to which the reproducibility
standard is applicable and reflect
consultations with relevant scientific
and technical communities that were
used in developing guidelines related to
applicability of the reproducibility
standard to original and supporting
data.


It is also important to emphasize that
the reproducibility standard does not
apply to all original and supporting data
disseminated by agencies. As we state in
new paragraph V.3.b.ii.A, ‘‘With regard
to original and supporting data related
[to influential scientific, financial, or
statistical information], agency
guidelines shall not require that all
disseminated data be subjected to a
reproducibility requirement.’’ In
addition, we encourage agencies to
address how greater transparency can be
achieved regarding original and
supporting data. As we also state in new
paragraph V.3.b.ii.A, ‘‘It is understood
that reproducibility of data is an
indication of transparency about
research design and methods and thus
a replication exercise (i.e., a new
experiment, test, or sample) shall not be
required prior to each dissemination.’’
Agency guidelines need to achieve a
high degree of transparency about data
even when reproducibility is not
required.


Reproducibility of Analytic Results.
Many public comments were critical of
the reproducibility standard and
expressed concern that agencies would


be required to reproduce each analytical
result before it is disseminated. While
several comments commended OMB for
establishing an appropriate balance in
the ‘‘capable of being substantially
reproduced’’ standard, others
considered this standard to be
inherently subjective. There were also
comments that suggested the standard
would cause more burden for agencies.


It is not OMB’s intent that each
agency must reproduce each analytic
result before it is disseminated. The
purpose of the reproducibility standard
is to cultivate a consistent agency
commitment to transparency about how
analytic results are generated: the
specific data used, the various
assumptions employed, the specific
analytic methods applied, and the
statistical procedures employed. If
sufficient transparency is achieved on
each of these matters, then an analytic
result should meet the ‘‘capable of being
substantially reproduced’’ standard.


While there is much variation in types
of analytic results, OMB believes that
reproducibility is a practical standard to
apply to most types of analytic results.
As we state in new paragraph V.3.b.ii.B,
‘‘With regard to analytic results related
[to influential scientific, financial, or
statistical information], agency
guidelines shall generally require
sufficient transparency about data and
methods that an independent reanalysis
could be undertaken by a qualified
member of the public. These
transparency standards apply to agency
analysis of data from a single study as
well as to analyses that combine
information from multiple studies.’’ We
elaborate upon this principle in our
expanded definition of
‘‘reproducibility’’ in paragraph V.10:
‘‘With respect to analytic results,
‘capable of being substantially
reproduced’ means that independent
analysis of the original or supporting
data using identical methods would
generate similar analytic results, subject
to an acceptable degree of imprecision
or error.’’


Even in a situation where the original
and supporting data are protected by
confidentiality concerns, or the analytic
computer models or other research
methods may be kept confidential to
protect intellectual property, it may still
be feasible to have the analytic results
subject to the reproducibility standard.
For example, a qualified party,
operating under the same
confidentiality protections as the
original analysts, may be asked to use
the same data, computer model or
statistical methods to replicate the
analytic results reported in the original
study. See, e.g., ‘‘Reanalysis of the


Harvard Six Cities Study and the
American Cancer Society Study of
Particulate Air Pollution and Mortality,’’
A Special Report of the Health Effects
Institute’s Particle Epidemiology
Reanalysis Project, Cambridge, MA,
2000.


The primary benefit of public
transparency is not necessarily that
errors in analytic results will be
detected, although error correction is
clearly valuable. The more important
benefit of transparency is that the public
will be able to assess how much an
agency’s analytic result hinges on the
specific analytic choices made by the
agency. Concreteness about analytic
choices allows, for example, the
implications of alternative technical
choices to be readily assessed. This type
of sensitivity analysis is widely
regarded as an essential feature of high-
quality analysis, yet sensitivity analysis
cannot be undertaken by outside parties
unless a high degree of transparency is
achieved. The OMB guidelines do not
compel such sensitivity analysis as a
necessary dimension of quality, but the
transparency achieved by
reproducibility will allow the public to
undertake sensitivity studies of interest.


We acknowledge that confidentiality
concerns will sometimes preclude
public access as an approach to
reproducibility. In response to public
comment, we have clarified that such
concerns do include interests in
‘‘intellectual property.’’ To ensure that
the OMB guidelines have sufficient
flexibility with regard to analytic
transparency, OMB has, in new
paragraph V.3.b.ii.B.i, provided agencies
an alternative approach for classes or
types of analytic results that cannot
practically be subject to the
reproducibility standard. ‘‘[In those
situations involving influential
scientific, financial, or statistical
information * * * ] making the data and
methods publicly available will assist in
determining whether analytic results are
reproducible. However, the objectivity
standard does not override other
compelling interests such as privacy,
trade secrets, intellectual property, and
other confidentiality protections. ’’
Specifically, in cases where
reproducibility will not occur due to
other compelling interests, we expect
agencies (1) to perform robustness
checks appropriate to the importance of
the information involved, e.g.,
determining whether a specific statistic
is sensitive to the choice of analytic
method, and, accompanying the
information disseminated, to document
their efforts to assure the needed
robustness in information quality, and
(2) address in their guidelines the
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degree to which they anticipate the
opportunity for reproducibility to be
limited by the confidentiality of
underlying data. As we state in new
paragraph V.3.b.ii.B.ii, ‘‘In situations
where public access to data and
methods will not occur due to other
compelling interests, agencies shall
apply especially rigorous robustness
checks to analytic results and document
what checks were undertaken. Agency
guidelines shall, however, in all cases,
require a disclosure of the specific data
sources that have been used and the
specific quantitative methods and
assumptions that have been employed.’’


Given the differences in the many
Federal agencies covered by these
guidelines, and the differences in
robustness checks and the level of detail
for documentation thereof that might be
appropriate for different agencies, we
also believe it will be helpful if agencies
elaborate on these matters in the context
of their missions and duties, with due
consideration of the nature of the
information they disseminate. As we
state in new paragraph V.3.b.ii.B.ii,
‘‘Each agency is authorized to define the
type of robustness checks, and the level
of detail for documentation thereof, in
ways appropriate for it given the nature
and multiplicity of issues for which the
agency is responsible.’’


We leave the determination of the
appropriate degree of rigor to the
discretion of agencies and the relevant
scientific and technical communities
that work with the agencies. We do,
however, establish a general standard
for the appropriate degree of rigor in our
expanded definition of
‘‘reproducibility’’ in paragraph V.10:
‘‘ ‘Reproducibility’ means that the
information is capable of being
substantially reproduced, subject to an
acceptable degree of imprecision. For
information judged to have more (less)
important impacts, the degree of
imprecision that is tolerated is reduced
(increased).’’ OMB will review each
agency’s treatment of this issue when
reviewing the agency guidelines as a
whole.


Comments also expressed concerns
regarding interim final paragraph
V.3.B.iii, ‘‘making the data and models
publicly available will assist in
determining whether analytic results are
capable of being substantially
reproduced,’’ and whether it could be
interpreted to constitute public
dissemination of these materials,
rendering moot the reproducibility test.
(For the equivalent provision, see new
paragraph V.3.b.ii.B.i.) The OMB
guidelines do not require agencies to
reproduce each disseminated analytic
result by independent reanalysis. Thus,


public dissemination of data and
models per se does not mean that the
analytic result has been reproduced. It
means only that the result should be
CAPABLE of being reproduced. The
transparency associated with this
capability of reproduction is what the
OMB guidelines are designed to
achieve.


We also want to build on a general
observation that we made in our final
guidelines published in September
2001. In those guidelines we stated: ‘‘...
in those situations involving influential
scientific[, financial,] or statistical
information, the substantial
reproducibility standard is added as a
quality standard above and beyond
some peer review quality standards’’ (66
FR 49722 (September 28, 2001)). A
hypothetical example may serve to
illustrate this point. Assume that two
Federal agencies initiated or sponsored
the dissemination of five scientific
studies after October 1, 2002 (see
paragraph III.4) that were, before
dissemination, subjected to formal,
independent, external peer review, i.e.,
that met the presumptive standard for
‘‘objectivity’’ under paragraph V.3.b.i.
Further assume, at the time of
dissemination, that neither agency
reasonably expected that the
dissemination of any of these studies
would have ‘‘a clear and substantial
impact’’ on important public policies,
i.e., that these studies were not
considered ‘‘influential’’ under
paragraph V.9, and thus not subject to
the reproducibility standards in
paragraphs V.3.b.ii.A or B. Then
assume, two years later, in 2005, that
one of the agencies decides to issue an
important and far-reaching regulation
based clearly and substantially on the
agency’s evaluation of the analytic
results set forth in these five studies and
that such agency reliance on these five
studies as published in the agency’s
notice of proposed rulemaking would
constitute dissemination of these five
studies. These guidelines would require
the rulemaking agency, prior to
publishing the notice of proposed
rulemaking, to evaluate these five
studies to determine if the analytic
results stated therein would meet the
‘‘capable of being substantially
reproduced’’ standards in paragraph
V.3.b.ii.B and, if necessary, related
standards governing original and
supporting data in paragraph V.3.b.ii.A.
If the agency were to decide that any of
the five studies would not meet the
reproducibility standard, the agency
may still rely on them but only if they
satisfy the transparency standard and—
as applicable—the disclosure of


robustness checks required by these
guidelines. Otherwise, the agency
should not disseminate any of the
studies that did not meet the applicable
standards in the guidelines at the time
it publishes the notice of proposed
rulemaking.


Some comments suggested that OMB
consider replacing the reproducibility
standard with a standard concerning
‘‘confirmation’’ of results for influential
scientific and statistical information.
Although we encourage agencies to
consider ‘‘confirmation’’ as a relevant
standard—at least in some cases—for
assessing the objectivity of original and
supporting data, we believe that
‘‘confirmation’’ is too stringent a
standard to apply to analytic results.
Often the regulatory impact analysis
prepared by an agency for a major rule,
for example, will be the only formal
analysis of an important subject. It
would be unlikely that the results of the
regulatory impact analysis had already
been confirmed by other analyses. The
‘‘capable of being substantially
reproduced’’ standard is less stringent
than a ‘‘confirmation’’ standard because
it simply requires that an agency’s
analysis be sufficiently transparent that
another qualified party could replicate it
through reanalysis.


Health, Safety, and Environmental
Information. We note, in the scientific
context, that in 1996 the Congress, for
health decisions under the Safe
Drinking Water Act, adopted a basic
standard of quality for the use of science
in agency decisionmaking. Under 42
U.S.C. 300g–1(b)(3)(A), an agency is
directed, ‘‘to the degree that an Agency
action is based on science,’’ to use ‘‘(i)
the best available, peer-reviewed
science and supporting studies
conducted in accordance with sound
and objective scientific practices; and
(ii) data collected by accepted methods
or best available methods (if the
reliability of the method and the nature
of the decision justifies use of the
data).’’


We further note that in the 1996
amendments to the Safe Drinking Water
Act, Congress adopted a basic quality
standard for the dissemination of public
information about risks of adverse
health effects. Under 42 U.S.C. 300g–
1(b)(3)(B), the agency is directed, ‘‘to
ensure that the presentation of
information [risk] effects is
comprehensive, informative, and
understandable.’’ The agency is further
directed, ‘‘in a document made available
to the public in support of a regulation
[to] specify, to the extent practicable—
(i) each population addressed by any
estimate [of applicable risk effects]; (ii)
the expected risk or central estimate of
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risk for the specific populations
[affected]; (iii) each appropriate upper-
bound or lower-bound estimate of risk;
(iv) each significant uncertainty
identified in the process of the
assessment of [risk] effects and the
studies that would assist in resolving
the uncertainty; and (v) peer-reviewed
studies known to the [agency] that
support, are directly relevant to, or fail
to support any estimate of [risk] effects
and the methodology used to reconcile
inconsistencies in the scientific data.’’


As suggested in several comments, we
have included these congressional
standards directly in new paragraph
V.3.b.ii.C, and made them applicable to
the information disseminated by all the
agencies subject to these guidelines:
‘‘With regard to analysis of risks to
human health, safety and the
environment maintained or
disseminated by the agencies, agencies
shall either adopt or adapt the quality
principles applied by Congress to risk
information used and disseminated
pursuant to the Safe Drinking Water Act
Amendments of 1996 (42 U.S.C. 300g–
1(b)(3)(A) & (B)).’’ The word ‘‘adapt’’ is
intended to provide agencies flexibility
in applying these principles to various
types of risk assessment.


Comments also argued that the
continued flow of vital information from
agencies responsible for disseminating
health and medical information to
medical providers, patients, and the
public may be disrupted due to these
peer review and reproducibility
standards. OMB responded by adding to
new paragraph V.3.b.ii.C: ‘‘Agencies
responsible for dissemination of vital
health and medical information shall
interpret the reproducibility and peer-
review standards in a manner
appropriate to assuring the timely flow
of vital information from agencies to
medical providers, patients, health
agencies, and the public. Information
quality standards may be waived
temporarily by agencies under urgent
situations (e.g., imminent threats to
public health or homeland security) in
accordance with the latitude specified
in agency-specific guidelines.’’


Administrative Correction
Mechanisms. In addition to commenting
on the substantive standards in these
guidelines, many of the comments noted
that the OMB guidelines on the
administrative correction of information
do not specify a time period in which
the agency investigation and response
must be made. OMB has added the
following new paragraph III.3.i to direct
agencies to specify appropriate time
periods in which the investigation and
response need to be made. ‘‘Agencies
shall specify appropriate time periods


for agency decisions on whether and
how to correct the information, and
agencies shall notify the affected
persons of the corrections made.’’


Several comments stated that the
OMB guidelines needed to direct
agencies to consider incorporating an
administrative appeal process into their
administrative mechanisms for the
correction of information. OMB agreed,
and added the following new paragraph
III.3.ii: ‘‘If the person who requested the
correction does not agree with the
agency’s decision (including the
corrective action, if any), the person
may file for reconsideration within the
agency. The agency shall establish an
administrative appeal process to review
the agency’s initial decision, and specify
appropriate time limits in which to
resolve such requests for
reconsideration.’’ Recognizing that
many agencies already have a process in
place to respond to public concerns, it
is not necessarily OMB’s intent to
require these agencies to establish a new
or different process. Rather, our intent is
to ensure that agency guidelines specify
an objective administrative appeal
process that, upon furthercomplaint by
the affected person, reviews an agency’s
decision to disagree with the correction
request. An objective process will
ensure that the office that originally
disseminates the information does not
have responsibility for both the initial
response and resolution of a
disagreement. In addition, the agency
guidelines should specify that if the
agency believes other agencies may have
an interest in the resolution of any
administrative appeal, the agency
should consult with those other
agencies about their possible interest.


Overall, OMB does not envision
administrative mechanisms that would
burden agencies with frivolous claims.
Instead, the correction process should
serve to address the genuine and valid
needs of the agency and its constituents
without disrupting agency processes.
Agencies, in making their determination
of whether or not to correct information,
may reject claims made in bad faith or
without justification, and are required to
undertake only the degree of correction
that they conclude is appropriate for the
nature and timeliness of the information
involved, and explain such practices in
their annual fiscal year reports to OMB.


OMB’s issuance of these final
guidelines is the beginning of an
evolutionary process that will include
draft agency guidelines, public
comment, final agency guidelines,
development of experience with OMB
and agency guidelines, and continued
refinement of both OMB and agency
guidelines. Just as OMB requested


public comment before issuing these
final guidelines, OMB will refine these
guidelines as experience develops and
further public comment is obtained.


Dated: December 21, 2001.
John D. Graham,
Administrator, Office of Information and
Regulatory Affairs.


Guidelines for Ensuring and
Maximizing the Quality, Objectivity,
Utility, and Integrity of Information
Disseminated by Federal Agencies


I. OMB Responsibilities


Section 515 of the Treasury and
General Government Appropriations
Act for FY2001 (Public Law 106–554)
directs the Office of Management and
Budget to issue government-wide
guidelines that provide policy and
procedural guidance to Federal agencies
for ensuring and maximizing the
quality, objectivity, utility, and integrity
of information, including statistical
information, disseminated by Federal
agencies.


II. Agency Responsibilities


Section 515 directs agencies subject to
the Paperwork Reduction Act (44 U.S.C.
3502(1)) to—


1. Issue their own information quality
guidelines ensuring and maximizing the
quality, objectivity, utility, and integrity
of information, including statistical
information, disseminated by the agency
no later than one year after the date of
issuance of the OMB guidelines;


2. Establish administrative
mechanisms allowing affected persons
to seek and obtain correction of
information maintained and
disseminated by the agency that does
not comply with these OMB guidelines;
and


3. Report to the Director of OMB the
number and nature of complaints
received by the agency regarding agency
compliance with these OMB guidelines
concerning the quality, objectivity,
utility, and integrity of information and
how such complaints were resolved.


III. Guidelines for Ensuring and
Maximizing the Quality, Objectivity,
Utility, and Integrity of Information
Disseminated by Federal Agencies


1. Overall, agencies shall adopt a
basic standard of quality (including
objectivity, utility, and integrity) as a
performance goal and should take
appropriate steps to incorporate
information quality criteria into agency
information dissemination practices.
Quality is to be ensured and established
at levels appropriate to the nature and
timeliness of the information to be
disseminated. Agencies shall adopt
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specific standards of quality that are
appropriate for the various categories of
information they disseminate.


2. As a matter of good and effective
agency information resources
management, agencies shall develop a
process for reviewing the quality
(including the objectivity, utility, and
integrity) of information before it is
disseminated. Agencies shall treat
information quality as integral to every
step of an agency’s development of
information, including creation,
collection, maintenance, and
dissemination. This process shall enable
the agency to substantiate the quality of
the information it has disseminated
through documentation or other means
appropriate to the information.


3. To facilitate public review, agencies
shall establish administrative
mechanisms allowing affected persons
to seek and obtain, where appropriate,
timely correction of information
maintained and disseminated by the
agency that does not comply with OMB
or agency guidelines. These
administrative mechanisms shall be
flexible, appropriate to the nature and
timeliness of the disseminated
information, and incorporated into
agency information resources
management and administrative
practices.


i. Agencies shall specify appropriate
time periods for agency decisions on
whether and how to correct the
information, and agencies shall notify
the affected persons of the corrections
made.


ii. If the person who requested the
correction does not agree with the
agency’s decision (including the
corrective action, if any), the person
may file for reconsideration within the
agency. The agency shall establish an
administrative appeal process to review
the agency’s initial decision, and specify
appropriate time limits in which to
resolve such requests for
reconsideration.


4. The agency’s pre-dissemination
review, under paragraph III.2, shall
apply to information that the agency
first disseminates on or after October 1,
2002. The agency’s administrative
mechanisms, under paragraph III.3.,
shall apply to information that the
agency disseminates on or after October
1, 2002, regardless of when the agency
first disseminated the information.


IV. Agency Reporting Requirements
1. Agencies must designate the Chief


Information Officer or another official to
be responsible for agency compliance
with these guidelines.


2. The agency shall respond to
complaints in a manner appropriate to


the nature and extent of the complaint.
Examples of appropriate responses
include personal contacts via letter or
telephone, form letters, press releases or
mass mailings that correct a widely
disseminated error or address a
frequently raised complaint.


3. Each agency must prepare a draft
report, no later than April 1, 2002,
providing the agency’s information
quality guidelines and explaining how
such guidelines will ensure and
maximize the quality, objectivity,
utility, and integrity of information,
including statistical information,
disseminated by the agency. This report
must also detail the administrative
mechanisms developed by that agency
to allow affected persons to seek and
obtain appropriate correction of
information maintained and
disseminated by the agency that does
not comply with the OMB or the agency
guidelines.


4. The agency must publish a notice
of availability of this draft report in the
Federal Register, and post this report on
the agency’s website, to provide an
opportunity for public comment.


5. Upon consideration of public
comment and after appropriate revision,
the agency must submit this draft report
to OMB for review regarding
consistency with these OMB guidelines
no later than July 1, 2002. Upon
completion of that OMB review and
completion of this report, agencies must
publish notice of the availability of this
report in its final form in the Federal
Register, and post this report on the
agency’s web site no later than October
1, 2002.


6. On an annual fiscal-year basis, each
agency must submit a report to the
Director of OMB providing information
(both quantitative and qualitative,
where appropriate) on the number and
nature of complaints received by the
agency regarding agency compliance
with these OMB guidelines and how
such complaints were resolved.
Agencies must submit these reports no
later than January 1 of each following
year, with the first report due January 1,
2004.


V. Definitions
1. ‘‘Quality’’ is an encompassing term


comprising utility, objectivity, and
integrity. Therefore, the guidelines
sometimes refer to these four statutory
terms, collectively, as ‘‘quality.’’


2. ‘‘Utility’’ refers to the usefulness of
the information to its intended users,
including the public. In assessing the
usefulness of information that the
agency disseminates to the public, the
agency needs to consider the uses of the
information not only from the


perspective of the agency but also from
the perspective of the public. As a
result, when transparency of
information is relevant for assessing the
information’s usefulness from the
public’s perspective, the agency must
take care to ensure that transparency has
been addressed in its review of the
information.


3. ‘‘Objectivity’’ involves two distinct
elements, presentation and substance.


a. ‘‘Objectivity’’ includes whether
disseminated information is being
presented in an accurate, clear,
complete, and unbiased manner. This
involves whether the information is
presented within a proper context.
Sometimes, in disseminating certain
types of information to the public, other
information must also be disseminated
in order to ensure an accurate, clear,
complete, and unbiased presentation.
Also, the agency needs to identify the
sources of the disseminated information
(to the extent possible, consistent with
confidentiality protections) and, in a
scientific, financial, or statistical
context, the supporting data and
models, so that the public can assess for
itself whether there may be some reason
to question the objectivity of the
sources. Where appropriate, data should
have full, accurate, transparent
documentation, and error sources
affecting data quality should be
identified and disclosed to users.


b. In addition, ‘‘objectivity’’ involves
a focus on ensuring accurate, reliable,
and unbiased information. In a
scientific, financial, or statistical
context, the original and supporting
data shall be generated, and the analytic
results shall be developed, using sound
statistical and research methods.


i. If data and analytic results have
been subjected to formal, independent,
external peer review, the information
may generally be presumed to be of
acceptable objectivity. However, this
presumption is rebuttable based on a
persuasive showing by the petitioner in
a particular instance. If agency-
sponsored peer review is employed to
help satisfy the objectivity standard, the
review process employed shall meet the
general criteria for competent and
credible peer review recommended by
OMB–OIRA to the President’s
Management Council (9/20/01) (http://
www.whitehouse.gov/omb/inforeg/
oira_review-process.html), namely,
‘‘that (a) peer reviewers be selected
primarily on the basis of necessary
technical expertise, (b) peer reviewers
be expected to disclose to agencies prior
technical/policy positions they may
have taken on the issues at hand, (c)
peer reviewers be expected to disclose
to agencies their sources of personal and
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institutional funding (private or public
sector), and (d) peer reviews be
conducted in an open and rigorous
manner.’’


ii. If an agency is responsible for
disseminating influential scientific,
financial, or statistical information,
agency guidelines shall include a high
degree of transparency about data and
methods to facilitate the reproducibility
of such information by qualified third
parties.


A. With regard to original and
supporting data related thereto, agency
guidelines shall not require that all
disseminated data be subjected to a
reproducibility requirement. Agencies
may identify, in consultation with the
relevant scientific and technical
communities, those particular types of
data that can practicable be subjected to
a reproducibility requirement, given
ethical, feasibility, or confidentiality
constraints. It is understood that
reproducibility of data is an indication
of transparency about research design
and methods and thus a replication
exercise (i.e., a new experiment, test, or
sample) shall not be required prior to
each dissemination.


B. With regard to analytic results
related thereto, agency guidelines shall
generally require sufficient transparency
about data and methods that an
independent reanalysis could be
undertaken by a qualified member of the
public. These transparency standards
apply to agency analysis of data from a
single study as well as to analyses that
combine information from multiple
studies.


i. Making the data and methods
publicly available will assist in
determining whether analytic results are
reproducible. However, the objectivity
standard does not override other
compelling interests such as privacy,
trade secrets, intellectual property, and
other confidentiality protections.


ii. In situations where public access to
data and methods will not occur due to
other compelling interests, agencies
shall apply especially rigorous
robustness checks to analytic results
and document what checks were
undertaken. Agency guidelines shall,
however, in all cases, require a
disclosure of the specific data sources
that have been used and the specific
quantitative methods and assumptions
that have been employed. Each agency
is authorized to define the type of
robustness checks, and the level of


detail for documentation thereof, in
ways appropriate for it given the nature
and multiplicity of issues for which the
agency is responsible.


C. With regard to analysis of risks to
human health, safety and the
environment maintained or
disseminated by the agencies, agencies
shall either adopt or adapt the quality
principles applied by Congress to risk
information used and disseminated
pursuant to the Safe Drinking Water Act
Amendments of 1996 (42 U.S.C. 300g–
1(b)(3)(A) & (B)). Agencies responsible
for dissemination of vital health and
medical information shall interpret the
reproducibility and peer-review
standards in a manner appropriate to
assuring the timely flow of vital
information from agencies to medical
providers, patients, health agencies, and
the public. Information quality
standards may be waived temporarily by
agencies under urgent situations (e.g.,
imminent threats to public health or
homeland security) in accordance with
the latitude specified in agency-specific
guidelines.


4. ‘‘Integrity’’ refers to the security of
information—protection of the
information from unauthorized access
or revision, to ensure that the
information is not compromised
through corruption or falsification.


5. ‘‘Information’’ means any
communication or representation of
knowledge such as facts or data, in any
medium or form, including textual,
numerical, graphic, cartographic,
narrative, or audiovisual forms. This
definition includes information that an
agency disseminates from a web page,
but does not include the provision of
hyperlinks to information that others
disseminate. This definition does not
include opinions, where the agency’s
presentation makes it clear that what is
being offered is someone’s opinion
rather than fact or the agency’s views.


6. ‘‘Government information’’ means
information created, collected,
processed, disseminated, or disposed of
by or for the Federal Government.


7. ‘‘Information dissemination
product’’ means any books, paper, map,
machine-readable material, audiovisual
production, or other documentary
material, regardless of physical form or
characteristic, an agency disseminates to
the public. This definition includes any
electronic document, CD–ROM, or web
page.


8. ‘‘Dissemination’’ means agency
initiated or sponsored distribution of


information to the public (see 5 CFR
1320.3(d) (definition of ‘‘Conduct or
Sponsor’’)). Dissemination does not
include distribution limited to
government employees or agency
contractors or grantees; intra- or inter-
agency use or sharing of government
information; and responses to requests
for agency records under the Freedom of
Information Act, the Privacy Act, the
Federal Advisory Committee Act or
other similar law. This definition also
does not include distribution limited to
correspondence with individuals or
persons, press releases, archival records,
public filings, subpoenas or adjudicative
processes.


9. ‘‘Influential’’, when used in the
phrase ‘‘influential scientific, financial,
or statistical information’’, means that
the agency can reasonably determine
that dissemination of the information
will have or does have a clear and
substantial impact on important public
policies or important private sector
decisions. Each agency is authorized to
define ‘‘influential’’ in ways appropriate
for it given the nature and multiplicity
of issues for which the agency is
responsible.


10. ‘‘Reproducibility’’ means that the
information is capable of being
substantially reproduced, subject to an
acceptable degree of imprecision. For
information judged to have more (less)
important impacts, the degree of
imprecision that is tolerated is reduced
(increased). If agencies apply the
reproducibility test to specific types of
original or supporting data, the
associated guidelines shall provide
relevant definitions of reproducibility
(e.g., standards for replication of
laboratory data). With respect to
analytic results, ‘‘capable of being
substantially reproduced’’ means that
independent analysis of the original or
supporting data using identical methods
would generate similar analytic results,
subject to an acceptable degree of
imprecision or error.


[FR Doc. 02–59 Filed 1–2–02; 1:36 pm]
BILLING CODE 3110–01–M


Editorial Note: Due to numerous errors,
this document is being reprinted in its
entirety. It was originally printed in the
Federal Register on Thursday, January 3,
2002 at 67 FR 369–378 and was corrected on
Tuesday, February 5, 2002 at 67 FR 5365.
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Addendum 
06/24/2004 


 
This addendum updates the contact information for submittal of Requests for Correction 
under the Information Quality Guidelines (Section 8.2 of the Guidelines for Ensuring and 
Maximizing the Quality, Objectivity, Utility, and Integrity of Information Disseminated 
by EPA, October, 2002) 
 
An affected person may submit an RFC via any one of the methods listed here: 


• E-mail at quality@epa.gov 
• Fax at (202) 565-2441 
• Mail to Information Quality Guidelines Staff, Mail Code 2811R, U.S. EPA, 1200 


Pennsylvania Ave., N.W., Washington, DC, 20460 
• By courier or in person to Information Quality Guidelines Staff, Ronald Reagan 


Building, Room M1200, 1300 Pennsylvania Ave., N.W., Washington, DC 
 
 
 


Addendum 
05/13/2005 


 
This addendum updates the link for the EPA Integrated Error Correction Process found in 
Section 4.4, footnote 8, page 12 of the Guidelines for Ensuring and Maximizing the 
Quality, Objectivity, Utility, and Integrity of Information Disseminated by EPA, October, 
2002. 
 
_____________________________ 
 
 8 Integrated Error Correction Process for Environmental Data.  
http://oaspub.epa.gov/enviro/ets_grab_error.smart_form 
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1 Introduction 


The Environmental Protection Agency (EPA) is committed to providing public access to 
environmental information. This commitment is integral to our mission to protect human health 
and the environment. One of our goals is that all parts of society - including communities, 
individuals, businesses, State and local governments, Tribal governments - have access to 
accurate information sufficient to effectively participate in managing human health and 
environmental risks. To fulfill this and other important goals, EPA must rely upon information 
of appropriate quality for each decision we make. 


Developed in response to guidelines issued by the Office of Management and Budget (OMB)1 


under Section 515(a) of the Treasury and General Government Appropriations Act for Fiscal 
Year 2001 (Public Law 106-554; H.R. 5658), the Guidelines for Ensuring and Maximizing the 
Quality, Objectivity, Utility, and Integrity of Information Disseminated by the Environmental 
Protection Agency (the Guidelines) contain EPA’s policy and procedural guidance for ensuring 
and maximizing the quality of information we disseminate. The Guidelines also outline 
administrative mechanisms for EPA pre-dissemination review of information products and 
describe some new mechanisms to enable affected persons to seek and obtain corrections from 
EPA regarding disseminated information that they believe does not comply with EPA or OMB 
guidelines. Beyond policies and procedures these Guidelines also incorporate the following 
performance goals: 


•	 Disseminated information should adhere to a basic standard of quality, including 
objectivity, utility, and integrity. 


•	 The principles of information quality should be integrated into each step of EPA’s 
development of information, including creation, collection, maintenance, and 
dissemination. 


•	 Administrative mechanisms for correction should be flexible, appropriate to the 
nature and timeliness of the disseminated information, and incorporated into 
EPA’s information resources management and administrative practices. 


OMB encourages agencies to incorporate standards and procedures into existing information 
resources management practices rather than create new, potentially duplicative processes. EPA 
has taken this advice and relies on numerous existing quality-related policies in these Guidelines. 
EPA will work to ensure seamless implementation into existing practices. It is expected that 
EPA managers and staff will familiarize themselves with these Guidelines, and will carefully 
review existing program policies and procedures in order to accommodate the principles outlined 
in this document. 


1Guidelines for Ensuring and Maximizing the Quality, Objectivity, Utility, and Integrity of Information 
Disseminated by Federal Agencies, OMB, 2002. (67 FR 8452) Herein after “OMB guidelines”. 
http://www.whitehouse.gov/omb/fedreg/reproducible2.pdf 
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EPA's Guidelines are intended to carry out OMB's government-wide policy regarding 
information we disseminate to the public. Our Guidelines reflect EPA's best effort to present our 
goals and commitments for ensuring and maximizing the quality of information we disseminate. 
As such, they are not a regulation and do not change or substitute for any legal requirements. 
They provide non-binding policy and procedural guidance, and are therefore not intended to 
create legal rights, impose legally binding requirements or obligations on EPA or the public 
when applied in particular situations, or change or impact the status of information we 
disseminate, nor to contravene any other legal requirements that may apply to particular agency 
determinations or other actions. EPA's intention is to fully implement these Guidelines in order 
to achieve the purposes of Section 515. 


These Guidelines are the product of an open, collaborative process between EPA and numerous 
EPA stakeholders. The Guidelines development process is described in the Appendix to this 
document. EPA received many public comments and has addressed most comments in these 
Guidelines. A discussion of public comments is also provided in the Appendix and is grouped by 
overarching themes and comments by Guidelines topic areas. EPA views these Guidelines as a 
living document, and anticipates their revision as we work to further ensure and maximize 
information quality. 


Introduction 4 







Guidelines for Ensuring and Maximizing the Quality, Objectivity, Utility, and Integrity of Information Disseminated by EPA 


2 EPA Mission and Commitment to Quality 


2.1 EPA’s Mission and Commitment to Public Access 


The mission of the EPA is to protect human health and safeguard the natural environment upon 
which life depends. EPA is committed to making America's air cleaner, water purer, and land 
better protected and to work closely with its Federal, State, Tribal, and local government 
partners; with citizens; and with the regulated community to accomplish its mission. In addition, 
the United States plays a leadership role in working with other nations to protect the global 
environment. 


EPA's commitment to expanding and enhancing access to environmental information is 
articulated in our Strategic Plan. EPA works every day to expand the public's right to know 
about and understand their environment by providing and facilitating access to a wealth of 
information about public health and local environmental issues and conditions. This enhances 
citizen understanding and involvement and provides people with tools to protect their families 
and their communities. 


EPA statutory responsibilities to protect human health and safeguard the natural environment are 
described in the statutes that mandate and govern our programs. EPA manages those programs in 
concert with numerous other government and private sector partners. As Congress intended, each 
statute provides regulatory expectations including information quality considerations and 
principles. Some statutes are more specific than others, but overall, each directs EPA and other 
agencies in how we regulate to protect human health and the environment. For example, the Safe 
Drinking Water Act (SDWA) Amendments of 1996 set forth certain quality principles for how 
EPA should conduct human health risk assessments and characterize the potential risks to 
humans from drinking water contaminants. Information quality is a key component of every 
statute that governs our mission. 


2.2 Information Management in EPA 


The collection, use, and dissemination of information of known and appropriate quality are 
integral to ensuring that EPA achieves its mission. Information about human health and the 
environment -- environmental characteristics; physical, chemical, and biological processes; and 
chemical and other pollutants -- underlies all environmental management and health protection 
decisions. The availability of, and access to, information and the analytical tools to understand it 
are essential for assessing environmental and human health risks, designing appropriate and 
cost-effective policies and response strategies, and measuring environmental improvements. 


EPA works every day to ensure information quality, but we do not wait until the point of 
dissemination to consider important quality principles. While the final review of a document 
before it is published is very important to ensuring a product of high quality, we know that in 
order to maximize quality, we must start much earlier. When you read an EPA report at your 
local library or view EPA information on our web site, that information is the result of processes 
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undertaken by EPA and our partners that assured quality along each step of the way. To better 
describe this interrelated information quality process, the following presents some of the major 
roles that EPA plays in its effort to ensure and maximize the quality of the information: 


•	 EPA is a collector and generator of information: While most of our programs 
rely on States, Tribes, or the private sector to collect and report information to 
EPA, there are some programs in which EPA collects its own information. One 
example is the Agency's enforcement and compliance program, under which EPA 
collects samples in the field or conducts onsite inspections. We also conduct 
original, scientific research at headquarters, in Regional Offices, and at our 
research laboratories to investigate and better understand how our environment 
works, how humans react to chemical pollutants and other environmental 
contaminants, and how to model our natural environment to assess the potential 
impact of environmental management activities. Ensuring the quality of collected 
information is central to our mission. 


•	 EPA is a recipient of information: EPA receives a large amount of information 
that external parties volunteer or provide under statutory and other mandates. 
Much of the environmental information submitted to EPA is processed and stored 
in Agency information management systems. While, we work to ensure and 
maximize the integrity of that information through a variety of mechanisms and 
policies, we have varying levels of quality controls over information developed or 
collected by outside parties. This information generally falls into one of four 
categories: 


�	 Information collected through contracts with EPA. Examples of this 
information include studies and collection and analysis of data by parties 
that are under a contractual obligation with EPA. Since EPA is responsible 
for managing the work assigned to contractors, EPA has a relatively high 
degree of control over the quality of this information. 


�	 Information collected through grants and cooperative agreements 
with EPA. Examples of this information include scientific studies that are 
performed under research grants and data collected by State agencies or 
other grantees to assess regulatory compliance or environmental trends. 
Although EPA has less control over grantees than contractors, EPA can 
and does include conditions in grants and cooperative agreements 
requiring recipients to meet certain criteria. 


�	 Information submitted to EPA as part of a requirement under a 
statute, regulation, permit, order or other mandate. Examples of this 
information include required test data for pesticides or chemicals, Toxics 
Release Inventory (TRI) submissions and compliance information 
submitted to EPA by States and the regulated community. EPA ensures 
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quality control of such information through regulatory requirements, such 
as requiring samples to be analyzed by specific analytical procedures and 
by certified laboratories. However, each EPA program has specific 
statutory authorities which may affect its ability to impose certain quality 
practices. 


�	 The final category of information that is not included in any of the above 
three categories includes information that is either voluntarily 
submitted to EPA in hopes of influencing a decision or that EPA 
obtains for use in developing a policy, regulatory, or other decision. 
Examples of this information include scientific studies published in 
journal articles and test data obtained from other Federal agencies, 
industry, and others. EPA may not have any financial ties or regulatory 
requirements to control the quality of this type of information. 


While the quality of information submitted to EPA is the responsibility of the 
original collector of the information, we nevertheless maintain a robust quality 
system, that addresses information related to the first three bullets above by 
including regulatory requirements for quality assurance for EPA contracts, grants, 
and assistance agreements. For the fourth category, we intend to develop and 
publish factors that EPA would use in the future to assess the quality of voluntary 
submissions or information that the Agency gathers for its own use. 


•	 EPA is a user of information: Upon placement in our information management 
systems, information becomes available for use by many people and systems. 
EPA users may include Program managers, information product developers, or 
automated financial tracking systems. Depending on the extent of public release, 
users may also include city planners, homeowners, teachers, engineers, or 
community activists, to name a few. To satisfy this broad spectrum of users, it is 
critical that we present information in an unbiased context with thorough 
documentation. 


EPA is moving beyond routine administration of regulatory information and 
working in concert with States and other stakeholders to provide new information 
products that are responsive to identified users. Increasingly, information 
products are derived from information originally collected to support State or 
Federal regulatory programs or management activities. Assuring the suitability of 
this information for new applications is of paramount importance. 


•	 EPA is a conduit for information: Another major role that EPA plays in the 
management of information is as a provider of public access. Such access enables 
public involvement in how EPA achieves it mission. We provide access to a 
variety of information holdings. Some information distributed by EPA includes 
information collected through contracts; information collected through grants and 
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cooperative agreements; information submitted to EPA as part of a requirement 
under a statute, regulation, permit, order, or other mandate; and information that 
is either voluntarily submitted to EPA in hopes of influencing a decision or that 
EPA obtains for use in developing a policy, regulatory, or other decision. In some 
cases, EPA serves as an important conduit for information generated by external 
parties; however, the quality of that information is the responsibility of the 
external information developer, unless EPA endorses or adopts it. 


2.3 EPA's Relationship with State, Tribal, and Local Governments 


As mentioned in the previous section, EPA works with a variety of partners to achieve its 
mission. Our key government partners not only provide information, they also work with EPA to 
manage and implement programs and communicate with the public about issues of concern. In 
addition to implementing national programs through EPA Headquarters Program Offices, a vast 
network of EPA Regions and other Federal, State, Tribal and local governments implement both 
mandated and voluntary programs. This same network collects, uses, and distributes a wide 
range of information. EPA plans to coordinate with these partners to ensure the Guidelines are 
appropriate and effective. 


One major mechanism to ensure and maximize information integrity is the National 
Environmental Information Exchange Network (NEIEN, or Network). The result of an important 
partnership between EPA, States and Tribal governments, the Network seeks to enhance the 
Agency's information architecture to ensure timely and one-stop reporting from many of EPA’s 
information partners. Key components include the establishment of the Central Data Exchange 
(CDX) portal and a System of Access for internal and external users. When fully implemented, 
the Network and its many components will enhance EPA and the public’s ability to access, use, 
and integrate information and the ability of external providers to report to EPA. 
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3 OMB Guidelines 


In Section 515(a) of the Treasury and General Government Appropriations Act for Fiscal Year 
2001 (Public Law 106-554; H.R. 5658), Congress directed OMB to issue government-wide 
guidelines that “provide policy and procedural guidance to Federal agencies for ensuring and 
maximizing the quality, objectivity, utility, and integrity of information (including statistical 
information) disseminated by Federal agencies....” The OMB guidelines direct agencies subject 
to the Paperwork Reduction Act (44 U.S.C. 3502(1)) to: 


•	 Issue their own information quality guidelines to ensure and maximize the 
quality, objectivity, utility, and integrity of information, including statistical 
information, by no later than one year after the date of issuance of the OMB 
guidelines; 


•	 Establish administrative mechanisms allowing affected persons to seek and obtain 
correction of information maintained and disseminated by the agency that does 
not comply with the OMB or agency guidelines; and 


•	 Report to the Director of OMB the number and nature of complaints received by 
the agency regarding agency compliance with OMB guidelines concerning the 
quality, objectivity, utility, and integrity of information and how such complaints 
were resolved. 


The OMB guidelines provide some basic principles for agencies to consider when developing 
their own guidelines including: 


•	 Guidelines should be flexible enough to address all communication media and 
variety of scope and importance of information products. 


•	 Some agency information may need to meet higher or more specific expectations 
for objectivity, utility, and integrity. Information of greater importance should be 
held to a higher quality standard. 


•	 Ensuring and maximizing quality, objectivity, utility, and integrity comes at a 
cost, so agencies should use an approach that weighs the costs and benefits of 
higher information quality. 


•	 Agencies should adopt a common sense approach that builds on existing 
processes and procedures. It is important that agency guidelines do not impose 
unnecessary administrative burdens or inhibit agencies from disseminating 
quality information to the public. 
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4 Existing Policies and Procedures that Ensure and Maximize Information Quality 


EPA is dedicated to the collection, generation, and dissemination of high quality information. 
We disseminate a wide variety of information products, ranging from comprehensive scientific 
assessments of potential health risks,2 to web-based applications that provide compliance 
information and map the location of regulated entities,3 to simple fact sheets for school children.4 


As a result of this diversity of information-related products and practices, different EPA 
programs have evolved specialized approaches to information quality assurance. The OMB 
guidelines encourage agencies to avoid the creation of “new and potentially duplicative or 
contradictory processes.” Further, OMB stresses that its guidelines are not intended to “impose 
unnecessary administrative burdens that would inhibit agencies from continuing to take 
advantage of the Internet and other technologies to disseminate information that can be of great 
benefit and value to the public.” In this spirit, EPA seeks to foster the continuous improvement 
of existing information quality activities and programs. In implementing these guidelines, we 
note that ensuring the quality of information is a key objective alongside other EPA objectives, 
such as ensuring the success of Agency missions, observing budget and resource priorities and 
restraints, and providing useful information to the public. EPA intends to implement these 
Guidelines in a way that will achieve all these objectives in a harmonious way in conjunction 
with our existing guidelines and policies, some of which are outlined below. These examples 
illustrate some of the numerous systems and practices in place that address the quality, 
objectivity, utility, and integrity of information. 


4.1 Quality System 


The EPA Agency-wide Quality System helps ensure that EPA organizations maximize the 
quality of environmental information, including information disseminated by the Agency. A 
graded approach is used to establish quality criteria that are appropriate for the intended use of 
the information and the resources available. The Quality System is documented in EPA Order 
5360.1 A2, “Policy and Program Requirements for the Mandatory Agency-wide Quality 
System” and the “EPA Quality Manual.”5 To implement the Quality System, EPA organizations 
(1) assign a quality assurance manager, or person assigned to an equivalent position, who has 
sufficient technical and management expertise and authority to conduct independent oversight of 
the implementation of the organization's quality system; (2) develop a Quality Management 
Plan, which documents the organization's quality system; (3) conduct an annual assessment of 
the organization's quality system; (4) use a systematic planning process to develop acceptance or 
performance criteria prior to the initiation of all projects that involve environmental information 


2 http://cfpub.epa.gov/ncea/cfm/partmatt.cfm 


3 http://www.epa.gov/enviro/wme/ 


4 http://www.epa.gov/kids 


5 EPA Quality Manual for Environmental Programs 5360 A1. May 2000. 
http://www.epa.gov/quality/qs-docs/5360.pdf 
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collection and/or use; (5) develop Quality Assurance Project Plan(s), or equivalent document(s) 
for all applicable projects and tasks involving environmental data; (6) conduct an assessment of 
existing data, when used to support Agency decisions or other secondary purposes, to verify that 
they are of sufficient quantity and adequate quality for their intended use; (7) implement all 
Agency-wide Quality System components in all applicable EPA-funded extramural agreements; 
and (8) provide appropriate training, for all levels of management and staff. 


The EPA Quality System may also apply to non-EPA organizations, with key principles 
incorporated in the applicable regulations governing contracts, grants, and cooperative 
agreements. EPA Quality System provisions may also be invoked as part of negotiated 
agreements such as memoranda of understanding. Non-EPA organizations that may be subject to 
EPA Quality System requirements include (a) any organization or individual under direct 
contract to EPA to furnish services or items or perform work (i.e., a contractor) under the 
authority of 48 CFR part 46, (including applicable work assignments, delivery orders, and task 
orders); and (b) other government agencies receiving assistance from EPA through interagency 
agreements. Separate quality assurance requirements for assistance recipients are set forth in 40 
CFR part 30 (governing assistance agreements with institutions of higher education, hospitals, 
and other non-profit recipients of financial assistance) and 40 CFR parts 31 and 35 (government 
assistance agreements with State, Tribal, and local governments). 


4.2 Peer Review Policy 


In addition to the Quality System, EPA's Peer Review Policy provides that major scientifically 
and technically based work products (including scientific, engineering, economic, or statistical 
documents) related to Agency decisions should be peer-reviewed. Agency managers within 
Headquarters, Regions, laboratories, and field offices determine and are accountable for the 
decision whether to employ peer review in particular instances and, if so, its character, scope, 
and timing. These decisions are made consistent with program goals and priorities, resource 
constraints, and statutory or court-ordered deadlines. For those work products that are intended 
to support the most important decisions or that have special importance in their own right, 
external peer review is the procedure of choice. For other work products, internal peer review is 
an acceptable alternative to external peer review. Peer review is not restricted to the penultimate 
version of work products; in fact, peer review at the planning stage can often be extremely 
beneficial. The basis for EPA peer review policy is articulated in Peer Review and Peer 
Involvement at the U.S. Environmental Protection Agency.6 The Peer Review Policy was first 
issued in January, 1993, and was updated in June, 1994. In addition to the policy, EPA has 
published a Peer Review Handbook,7 which provides detailed guidance for implementing the 
policy. The handbook was last revised December, 2000. 


6Peer Review and Peer Involvement at the U.S. EPA. June 7, 1994. 
http://www.epa.gov/osp/spc/perevmem.htm 


7Peer Review Handbook, 2nd Edition, U.S. EPA, Science Policy Council, December 2000, EPA 
100-B-00-001. http://www.epa.gov/osp/spc/prhandbk.pdf 
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4.3 Action Development Process 


The Agency’s Action Development Process also serves to ensure and maximize the quality of 
EPA disseminated information. Top Agency actions and Economically Significant actions as 
designated under Executive Order 12866 are developed as part of the Agency's Action 
Development Process. The Action Development Process ensures the early and timely 
involvement of senior management at key decision milestones to facilitate the consideration of a 
broad range of regulatory and non-regulatory options and analytic approaches. Of particular 
importance to the Action Development Process is ensuring that our scientists, economists, and 
others with technical expertise are appropriately involved in determining needed analyses and 
research, identifying alternatives, and selecting options. Program Offices and Regional Offices 
are invited to participate to provide their unique perspectives and expertise. Effective 
consultation with policy advisors (e.g., Senior Policy Council, Science Policy Council), co
regulators (e.g., States, Tribes, and local governments), and stakeholders is also part of the 
process. Final Agency Review (FAR) generally takes place before the release of substantive 
information associated with these actions. The FAR process ensures the consistency of any 
policy determinations, as well as the quality of the information underlying each policy 
determination and its presentation. 


4.4 Integrated Error Correction Process 


The Agency’s Integrated Error Correction Process8 (IECP) is a process by which members of the 
public can notify EPA of a potential data error in information EPA distributes or disseminates. 
This process builds on existing data processes through which discrete, numerical errors in our 
data systems are reported to EPA. The IECP has made these tools more prominent and easier to 
use. Individuals who identify potential data errors on the EPA web site can contact us through 
the IECP by using the "Report Error" button or error correction hypertext found on major data 
bases throughout EPA's web site. EPA reviews the error notification and assists in bringing the 
notification to resolution with those who are responsible for the data within or outside the 
Agency, as appropriate. The IECP tracks this entire process from notification through final 
resolution. 


8Integrated Error Correction Process for Environmental Data. 
http://www.epa.gov/cdx/iecp.html 
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4.5 Information Resources Management Manual 


The EPA Information Resources Management (IRM) Manual9 articulates and describes many of 
our information development and management procedures and policies, including information 
security, data standards, records management, information collection, and library services. 
Especially important in the context of the Guidelines provided in this document, the IRM 
Manual describes how we maintain and ensure information integrity. We believe that 
maintaining information integrity refers to keeping information "unaltered," i.e., free from 
unauthorized or accidental modification or destruction. These integrity principles apply to all 
information. Inappropriately changed or modified data or software impacts information integrity 
and compromises the value of the information system. Because of the importance of EPA's 
information to the decisions made by the Agency, its partners, and the public, it is our 
responsibility to ensure that the information is, and remains, accurate and credible. 


Beyond addressing integrity concerns, the IRM Manual also includes Agency policy on public 
access and records management. These are key chapters that enable EPA to ensure transparency 
and the reproducibility of information. 


4.6 Risk Characterization Policy and Handbook 


The EPA Risk Characterization Policy and Handbook10 provide guidance for risk 
characterization that is designed to ensure that critical information from each stage of a risk 
assessment is used in forming conclusions about risk. The Policy calls for a transparent process 
and products that are clear, consistent and reasonable. The Handbook is designed to provide risk 
assessors, risk managers, and other decision-makers an understanding of the goals and principles 
of risk characterization. 


4.7 Program-Specific Policies 


We mentioned just a few of the Agency's major policies that ensure and maximize the quality of 
information we disseminate. In addition to these Agency-wide systems and procedures, Program 
Offices and Regions implement many Office-level and program-specific procedures to ensure 
and maximize information quality. The purpose of these Guidelines is to serve as a common 
thread that ties all these policies together under the topics provided by OMB: objectivity, 
integrity and utility. EPA's approach to ensuring and maximizing quality is necessarily 
distributed across all levels of EPA’s organizational hierarchy, including Offices, Regions, 
divisions, projects, and even products. Oftentimes, there are different quality considerations for 
different types of products. For example, the quality principles associated with a risk assessment 


9 EPA Directive 2100 Information Resources Management Policy Manual. 
http://www.epa.gov/irmpoli8/polman/ 


10Risk Characterization Handbook, U.S. EPA, Science Policy Council, December 2000. 
http://www.epa.gov/osp/spc/2riskchr.htm 
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differ from those associated with developing a new model. The Agency currently has a 
comprehensive but distributed system of policies to address such unique quality considerations. 
These Guidelines provide us with a mechanism to help coordinate and synthesize our quality 
policies and procedures. 


4.8 EPA Commitment to Continuous Improvement 


As suggested above, we will continue to work to ensure that our many policies and procedures 
are appropriately implemented, synthesized, and revised as needed. One way to build on 
achievements and learn from mistakes is to document lessons learned about specific activities or 
products. For example, the documents that present guidance and tools for implementing the 
Quality System are routinely subjected to external peer review during their development; 
comments from the reviewers are addressed and responses reviewed by management before the 
document is issued. Each document is formally reviewed every five years and is either reissued, 
revised as needed, or rescinded. If important new information or approaches evolve between 
reviews, the document may be reviewed and revised more frequently. 


4.9 Summary of New Activities and Initiatives 


In response to OMB's guidelines, EPA recognizes that it will be incorporating new policies and 
administrative mechanisms. As we reaffirm our commitment to our existing policies and 
procedures that ensure and maximize quality, we also plan to address the following new areas of 
focus and commitment: 


•	 Working with the public to develop assessment factors that we will use to assess 
the quality of information developed by external parties, prior to EPA’s use of 
that information. 


•	 Affirming a new commitment to information quality, especially the transparency 
of information products. 


•	 Establishing Agency-wide correction process and request for reconsideration 
panel to provide a centralized point of access for all affected parties to seek and 
obtain the correction of disseminated information that they believe does not 
conform to these Guidelines or the OMB guidelines. 


Existing Policies and Procedures that Ensure and Maximize Information Quality 14 







Guidelines for Ensuring and Maximizing the Quality, Objectivity, Utility, and Integrity of Information Disseminated by EPA 


5 Guidelines Scope and Applicability 


5.1 What is “Quality” According to the Guidelines? 


Consistent with the OMB guidelines, EPA is issuing these Guidelines to ensure and maximize 
the quality, including objectivity, utility and integrity, of disseminated information. Objectivity, 
integrity, and utility are defined here, consistent with the OMB guidelines. “Objectivity” focuses 
on whether the disseminated information is being presented in an accurate, clear, complete, and 
unbiased manner, and as a matter of substance, is accurate, reliable, and unbiased. “Integrity” 
refers to security, such as the protection of information from unauthorized access or revision, to 
ensure that the information is not compromised through corruption or falsification. “Utility” 
refers to the usefulness of the information to the intended users. 


5.2 What is the Purpose of these Guidelines? 


The collection, use, and dissemination of information of known and appropriate quality is 
integral to ensuring that EPA achieves its mission. Information about the environment and 
human health underlies all environmental management decisions. Information and the analytical 
tools to understand it are essential for assessing environmental and human health risks, designing 
appropriate and cost-effective policies and response strategies, and measuring environmental 
improvements. 


These Guidelines describe EPA’s policy and procedures for reviewing and substantiating the 
quality of information before EPA disseminates it. They describe our administrative mechanisms 
for enabling affected persons to seek and obtain, where appropriate, correction of information 
disseminated by EPA that they believe does not comply with EPA or OMB guidelines. 


5.3 When Do these Guidelines Apply? 


These Guidelines apply to “information” EPA disseminates to the public. “Information,” for 
purposes of these Guidelines, generally includes any communication or representation of 
knowledge such as facts or data, in any medium or form. Preliminary information EPA 
disseminates to the public is also considered “information” for the purposes of the Guidelines. 
Information generally includes material that EPA disseminates from a web page. However not 
all web content is considered "information" under these Guidelines (e.g., certain information 
from outside sources that is not adopted, endorsed, or used by EPA to support an Agency 
decision or position). 


For purposes of these Guidelines, EPA disseminates information to the public when EPA 
initiates or sponsors the distribution of information to the public. 


•	 EPA initiates a distribution of information if EPA prepares the information and 
distributes it to support or represent EPA’s viewpoint, or to formulate or support a 
regulation, guidance, or other Agency decision or position. 
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•	 EPA initiates a distribution of information if EPA distributes information 
prepared or submitted by an outside party in a manner that reasonably suggests 
that EPA endorses or agrees with it; if EPA indicates in its distribution that the 
information supports or represents EPA’s viewpoint; or if EPA in its distribution 
proposes to use or uses the information to formulate or support a regulation, 
guidance, policy, or other Agency decision or position. 


•	 Agency-sponsored distribution includes instances where EPA reviews and 
comments on information distributed by an outside party in a manner that 
indicates EPA is endorsing it, directs the outside party to disseminate it on EPA’s 
behalf, or otherwise adopts or endorses it. 


EPA intends to use notices to explain the status of information, so that users will be aware of 
whether the information is being distributed to support or represent EPA’s viewpoint. 


5.4 What is Not Covered by these Guidelines? 


If an item is not considered “information,” these Guidelines do not apply. Examples of items that 
are not considered information include Internet hyperlinks and other references to information 
distributed by others, and opinions, where EPA’s presentation makes it clear that what is being 
offered is someone’s opinion rather than fact or EPA’s views. 


“Dissemination” for the purposes of these Guidelines does not include distributions of 
information that EPA does not initiate or sponsor. Below is a sample of various types of 
information that would not generally be considered disseminated by EPA to the public: 


•	 Distribution of information intended only for government employees (including 
intra- or interagency use or sharing) or recipients of government contracts, grants, 
or cooperative agreements. Intra-agency use of information includes use of 
information pertaining to basic agency operations, such as management, 
personnel, and organizational information. 


•	 EPA’s response to requests for agency records under the Freedom of Information 
Act (FOIA), the Privacy Act, the Federal Advisory Committee Act (FACA), or 
other similar laws. 


•	 Distribution of information in correspondence directed to individuals or persons 
(i.e., any individual, group, or entity, including any government or political 
subdivision thereof, or Federal governmental component/unit). 


•	 Information of an ephemeral nature, such as press releases, fact sheets, press 
conferences, and similar communications, in any medium that advises the public 
of an event or activity or announces information EPA has disseminated 
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elsewhere; interviews, speeches, and similar communications that EPA does not 
disseminate to the public beyond their original context, such as by placing them 
on the Internet. If a speech, press release, or other “ephemeral” communication is 
about an information product disseminated elsewhere by EPA, the product itself 
will be covered by these Guidelines. 


•	 Information presented to Congress as part of the legislative or oversight 
processes, such as testimony of officials, information, or drafting assistance 
provided to Congress in connection with pending or proposed legislation, unless 
EPA simultaneously disseminates this information to the public. 


•	 Background information such as published articles distributed by libraries or by 
other distribution methods that do not imply that EPA has adopted or endorsed 
the materials. This includes outdated or superseded EPA information that is 
provided as background information but no longer reflects EPA policy or 
influences EPA decisions, where the outdated or superseded nature of such 
material is reasonably apparent from its form of presentation or date of issuance, 
or where EPA indicates that the materials are provided as background materials 
and do not represent EPA’s current view. 


•	 These Guidelines do not apply to information distributed by recipients of EPA 
contracts, grants, or cooperative agreements, unless the information is 
disseminated on EPA’s behalf, as when EPA specifically directs or approves the 
dissemination. These Guidelines do not apply to the distribution of any type of 
research by Federal employees and recipients of EPA funds, where the researcher 
(not EPA) decides whether and how to communicate and publish the research, 
does so in the same manner as his or her academic colleagues, and distributes the 
research in a manner that indicates it does not necessarily represent EPA’s official 
position (for example, by including an appropriate disclaimer). The Guidelines do 
not apply even if EPA retains ownership or other intellectual property rights 
because the Federal government paid for the research. 


•	 Distribution of information in public filings to EPA, including information 
submitted to EPA by any individual or person (as discussed above), either 
voluntarily or under mandates or requirements (such as filings required by 
statutes, regulations, orders, permits, or licenses). The Guidelines do not apply 
where EPA distributes this information simply to provide the public with quicker 
and easier access to materials submitted to EPA that are publicly available. This 
will generally be the case so long as EPA is not the author, and is not endorsing, 
adopting, using, or proposing to use the information to support an Agency 
decision or position. 


•	 Distribution of information in documents filed in or prepared specifically for a 
judicial case or an administrative adjudication and intended to be limited to such 
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actions, including information developed during the conduct of any criminal or 
civil action or administrative enforcement action, investigation, or audit involving 
an agency against specific parties. 


5.5	 What Happens if Information is Initially Not Covered by these Guidelines, but EPA 
Subsequently Disseminates it to the Public? 


If a particular distribution of information is not covered by these Guidelines, the Guidelines may 
still apply to a subsequent dissemination of the information in which EPA adopts, endorses, or 
uses the information to formulate or support a regulation, guidance, or other Agency decision or 
position. For example, if EPA simply makes a public filing (such as facility data required by 
regulation) available to the public, these Guidelines would not apply to that distribution of 
information. However, if EPA later includes the information in a background document in 
support of a rulemaking, these Guidelines would apply to that later dissemination of the 
information in that document. 


5.6	 How does EPA Ensure the Objectivity, Utility, and Integrity of information that is 
not covered by these Guidelines? 


These Guidelines apply only to information EPA disseminates to the public, outlined in section 
5.3, above. Other information distributed by EPA that is not covered by these Guidelines is still 
subject to all applicable EPA policies, quality review processes, and correction procedures. 
These include quality management plans for programs that collect, manage, and use 
environmental information, peer review, and other procedures that are specific to individual 
programs and, therefore, not described in these Guidelines. It is EPA’s policy that all of the 
information it distributes meets a basic standard of information quality, and that its utility, 
objectivity, and integrity be scaled and appropriate to the nature and timeliness of the planned 
and anticipated uses. Ensuring the quality of EPA information is not necessarily dependent on 
any plans to disseminate the information. EPA continues to produce, collect, and use information 
that is of the appropriate quality, irrespective of these Guidelines or the prospects for 
dissemination of the information. 
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6 Guidelines for Ensuring and Maximizing Information Quality 


6.1 How does EPA Ensure and Maximize the Quality of Disseminated Information? 


EPA ensures and maximizes the quality of the information we disseminate by implementing well 
established policies and procedures within the Agency as appropriate to the information product. 
There are many tools that the Agency uses such as the Quality System,11 review by senior 
management, peer review process,12 communications product review process,13 the web guide,14 


and the error correction process.15  Beyond our internal quality management system, EPA also 
ensures the quality of information we disseminate by seeking input from experts and the general 
public. EPA consults with groups such as the Science Advisory Board and the Science Advisory 
Panel, in addition to seeking public input through public comment periods and by hosting public 
meetings. 


For the purposes of the Guidelines, EPA recognizes that if data and analytic results are subjected 
to formal, independent, external peer review, the information may generally be presumed to be 
of acceptable objectivity. However, this presumption of objectivity is rebuttable.  The Agency 
uses a graded approach and uses these tools to establish the appropriate quality, objectivity, 
utility, and integrity of information products based on the intended use of the information and 
the resources available. As part of this graded approach, EPA recognizes that some of the 
information it disseminates includes influential scientific, financial, or statistical information, 
and that this category should meet a higher standard of quality. 


6.2 How Does EPA Define Influential Information for these Guidelines? 


“Influential,” when used in the phrase “influential scientific, financial, or statistical 
information,” means that the Agency can reasonably determine that dissemination of the 
information will have or does have a clear and substantial impact (i.e., potential change or effect) 
on important public policies or private sector decisions.16 For the purposes of the EPA's 


11EPA Quality Manual for Environmental Programs 5360 A1. May 2000. 
http://www.epa.gov/quality/qs-docs/5360.pdf 


12Peer Review Handbook, 2nd Edition, U.S. EPA, Science Policy Council, December 2000, EPA 
100-B-00-001. http://www.epa.gov/osp/spc/prhandbk.pdf 


13EPA's Print and Web Communications Product Review Guide. http://www.epa.gov/dced/pdf/review.pdf 


14Web Guide. U.S. EPA. http://www.epa.gov/webguide/resources/webserv.html 


15Integrated Error Correction Process. http://www.epa.gov/cdx/iecp.html 


16The term "clear and substantial impact" is used as part of a definition to distinguish different categories of 
information for purposes of these Guidelines. EPA does not intend the classification of information under this 
definition to change or impact the status of the information in any other setting, such as for purposes of determining 
whether the dissemination of the information is a final Agency action. 
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Information Quality Guidelines, EPA will generally consider the following classes of 
information to be influential, and, to the extent that they contain scientific, financial, or statistical 
information, that information should adhere to a rigorous standard of quality: 


•	 Information disseminated in support of top Agency actions (i.e., rules, substantive 
notices, policy documents, studies, guidance) that demand the ongoing 
involvement of the Administrator's Office and extensive cross-Agency 
involvement; issues that have the potential to result in major cross-Agency or 
cross-media policies, are highly controversial, or provide a significant opportunity 
to advance the Administrator's priorities. Top Agency actions usually have 
potentially great or widespread impacts on the private sector, the public or state, 
local or tribal governments. This category may also include precedent-setting or 
controversial scientific or economic issues. 


•	 Information disseminated in support of Economically Significant actions as 
defined in Executive Order 12866, entitled Regulatory Planning and Review (58 
FR 51735, October 4, 1993), Agency actions that are likely to have an annual 
effect on the economy of $100 million or more or adversely affect in a material 
way the economy, a sector of the economy, productivity, competition, jobs, the 
environment, public health or safety, or State, Tribal, or local governments or 
communities. 


•	 Major work products undergoing peer review as called for under the Agency’s 
Peer Review Policy. Described in the Science Policy Council Peer Review 
Handbook, the EPA Peer Review Policy regards major scientific and technical 
work products as those that have a major impact, involve precedential, novel, 
and/or controversial issues, or the Agency has a legal and/or statutory obligation 
to conduct a peer review. These Major work products are typically subjected to 
external peer review. Some products that may not be considered “major” under 
the EPA Peer Review Policy may be subjected to external peer review but EPA 
does not consider such products influential for purposes of these Guidelines. 


•	 Case-by-case: The Agency may make determinations of what constitutes 
“influential information” beyond those classes of information already identified 
on a case-by-case basis for other types of disseminated information that may have 
a clear and substantial impact on important public policies or private sector 
decisions. 


6.3 How Does EPA Ensure and Maximize the Quality of “Influential” Information? 


EPA recognizes that influential scientific, financial, or statistical information should be subject 
to a higher degree of quality (for example, transparency about data and methods) than 
information that may not have a clear and substantial impact on important public policies or 
private sector decisions. A higher degree of transparency about data and methods will facilitate 
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the reproducibility of such information by qualified third parties, to an acceptable degree of 
imprecision. For disseminated influential original and supporting data, EPA intends to ensure 
reproducibility according to commonly accepted scientific, financial, or statistical standards. It is 
important that analytic results for influential information have a higher degree of transparency 
regarding (1) the source of the data used, (2) the various assumptions employed, (3) the analytic 
methods applied, and (4) the statistical procedures employed. It is also important that the degree 
of rigor with which each of these factors is presented and discussed be scaled as appropriate, and 
that all factors be presented and discussed. In addition, if access to data and methods cannot 
occur due to compelling interests such as privacy, trade secrets, intellectual property, and other 
confidentiality protections, EPA should, to the extent practicable, apply especially rigorous 
robustness checks to analytic results and carefully document all checks that were undertaken. 
Original and supporting data may not be subject to the high and specific degree of transparency 
provided for analytic results; however, EPA should apply, to the extent practicable, relevant 
Agency policies and procedures to achieve reproducibility, given ethical, feasibility, and 
confidentiality constraints. 


Several Agency-wide and Program- and Region-specific policies and processes that EPA uses to 
ensure and maximize the quality of environmental data, including disseminated information 
products, would also apply to information considered “influential” under these Guidelines. 
Agency-wide processes of particular importance to ensure the quality, objectivity, and 
transparency of “influential” information include the Agency's Quality System, Action 
Development Process, Peer Review Policy, and related procedures. Many “influential” 
information products may be subject to more than one of these processes. 


6.4	 How Does EPA Ensure and Maximize the Quality of “Influential” Scientific Risk 
Assessment Information? 


EPA conducts and disseminates a variety of risk assessments. When evaluating environmental 
problems or establishing standards, EPA must comply with statutory requirements and mandates 
set by Congress based on media (air, water, solid, and hazardous waste) or other environmental 
interests (pesticides and chemicals). Consistent with EPA's current practices, application of these 
principles involves a “weight-of-evidence” approach that considers all relevant information and 
its quality, consistent with the level of effort and complexity of detail appropriate to a particular 
risk assessment. In our dissemination of influential scientific information regarding human 
health, safety17 or environmental18 risk assessments, EPA will ensure, to the extent practicable 


17“Safety risk assessment” describes a variety of analyses, investigations, or case studies conducted by EPA 
to respond to environmental emergencies. For example, we work to ensure that the chemical industry and state and 
local entities take action to prevent, plan and prepare for, and respond to chemical emergencies through the 
development and sharing of information, tools, and guidance for hazards analyses and risk assessment. 


18Because the assessment of “environmental risk” is being distinguished from “human health risk,” the term 
"environmental risk" as used in these Guidelines does not directly involve human health concerns. In other words, an 
“environmental risk assessment” is in this case the equivalent to what EPA commonly calls an “ecological risk 
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and consistent with Agency statutes and existing legislative regulations, the objectivity19 of such 
information disseminated by the Agency by applying the following adaptation of the quality 
principles found in the Safe Drinking Water Act20 (SDWA) Amendments of 199621: 


(A) 	 The substance of the information is accurate, reliable and unbiased. This involves the use 
of: 
(i) the best available science and supporting studies conducted in accordance with 


sound and objective scientific practices, including, when available, peer reviewed 
science and supporting studies; and 


(ii) data collected by accepted methods or best available methods (if the reliability of 
the method and the nature of the decision justifies the use of the data). 


(B) 	 The presentation of information on human health, safety, or environmental risks, 
consistent with the purpose of the information, is comprehensive, informative, and 
understandable. In a document made available to the public, EPA specifies: 


(i) 	 each population addressed by any estimate of applicable human health risk or 
each risk assessment endpoint, including populations if applicable, addressed by 
any estimate of applicable ecological risk22; 


(ii) the expected risk or central estimate of human health risk for the specific 


assessment”. 


19OMB stated in its guidelines that in disseminating information agencies shall develop a process for 
reviewing the quality of the information. “Quality” includes objectivity, utility, and integrity. “Objectivity” involves 
two distinct elements, presentation and substance. Guidelines for Ensuring and Maximizing the Quality, Objectivity, 
Utility, and Integrity of Information Disseminated by Federal Agencies, OMB, 2002. (67 FR 8452) 
http://www.whitehouse.gov/omb/fedreg/reproducible2.pdf 


20Safe Drinking Water Act Amendments of 1996, 42 U.S.C. 300g-1(b)(3)(A) & (B) 


21The exception is risk assessments conducted under SDWA which will adhere to the SDWA principles as 
amended in 1996. 


22Agency assessments of human health risks necessarily focus on populations. Agency assessments of 
ecological risks address a variety of entities, some of which can be described as populations and others (such as 
ecosystems) which cannot.  The phrase "assessment endpoint" is intended to reflect the broader range of interests 
inherent in ecological risk assessments.  As discussed in the EPA Guidelines for Ecological Risk Assessment (found 
at http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=12460), assessment endpoints are explicit expressions of the 
actual environmental value that is to be protected, operationally defined by an ecological entity and its attributes. 
Furthermore, those Guidelines explain that an ecological entity can be a species (e.g., eelgrass, piping plover), a 
community (e.g., benthic invertebrates), an ecosystem (e.g., wetland), or other entity of concern.  An attribute of an 
assessment endpoint is the characteristic about the entity of concern that is important to protect and potentially at 
risk. Examples of attributes include abundance (of a population), species richness (of a community), or function (of 
an ecosystem). Assessment endpoints and ecological risk assessments are discussed more fully in those Guidelines 
as well as other EPA sources such as Ecological Risk Assessment Guidance for Superfund: Process for Designing 
and Conducting Ecological Risk Assessments - Interim Final found at 
http://www.epa.gov/oerrpage/superfund/programs/risk/ecorisk/ecorisk.htm 
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populations affected or the ecological assessment endpoints23, including 
populations if applicable; 


(iii) each appropriate upper-bound or lower-bound estimate of risk; 
(iv) each significant uncertainty identified in the process of the assessment of risk and 


studies that would assist in resolving the uncertainty; and 
(v) peer-reviewed studies known to the Administrator that support, are directly 


relevant to, or fail to support any estimate of risk and the methodology used to 
reconcile inconsistencies in the scientific data. 


In applying these principles, “best available” usually refers to the availability at the time an 
assessment is made. However, EPA also recognizes that scientific knowledge about risk is 
rapidly changing and that risk information may need to be updated over time. When deciding 
which influential risk assessment should be updated and when to update it, the Agency will take 
into account its statutes and the extent to which the updated risk assessment will have a clear and 
substantial impact on important public policies or private sector decisions. In some situations, 
the Agency may need to weigh the resources needed and the potential delay associated with 
incorporating additional information in comparison to the value of the new information in terms 
of its potential to improve the substance and presentation of the assessment. 


Adaptation clarifications 


In order to provide more clarity on how EPA adapted the SDWA principles in this guidance in 
light of our numerous statutes, regulations, guidance and policies that address how to conduct a 
risk assessment and characterize risk we discuss four adaptations EPA has made to the SDWA 
quality principles language. 


EPA adapted the SDWA principles by adding the phrase “consistent with Agency statutes and 
existing legislative regulations, the objectivity of such information disseminated by the Agency” 
in the introductory paragraph, therefore applying to both paragraphs (A) and (B). This was done 
to explain EPA's intent regarding these quality principles and their implementation consistent 
with our statutes and existing legislative regulations. Also, as noted earlier, EPA intends to 
implement these quality principles in conjunction with our guidelines and policies. The 
procedures set forth in other EPA guidelines set out in more detail EPA's policies for conducting 
risk assessments, including Agency-wide guidance on various types of risk assessments and 
program-specific guidance. EPA recognizes that the wide array of programs within EPA have 
resulted not only in Agency-wide guidance, but in specific protocols that reflect the 
requirements, including limitations, that are mandated by the various statutes administered by 
the Agency. For example, the Agency developed several pesticide science policy papers that 
explained to the public in detail how EPA would implement specific statutory requirements in 
the Food Quality Protection Act (FQPA) that addressed how we perform risk assessments. We 
also recognize that emerging issues such endocrine disruption, bioengineered organisms, and 
genomics may involve some modifications to the existing paradigm for assessing human health 


23Ibid. 
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and ecological risks. This does not mean a radical departure from existing guidance or the 
SDWA principles, but rather indicates that flexibility may be warranted as new information and 
approaches develop. 


EPA introduced the following two adaptations in order to accommodate the range of real-world 
situations that we confront in the implementation of our diverse programs. EPA adapted the 
SDWA quality principles by moving the phrase "to the extent practicable" from paragraph (B) to 
the introductory paragraph in this Guidelines section to cover both parts (A) and (B) of the 
SDWA adaptation.24 The phrase refers to situations under (A) where EPA may be called upon to 
conduct "influential" scientific risk assessments based on limited information or in novel 
situations, and under (B) in recognition that all such “presentation” information may not be 
available in every instance. The level of effort and complexity of a risk assessment should also 
balance the information needs for decision making with the effort needed to develop such 
information. For example, under the Federal Insecticide, Fungicide and Rodenticide Act25 


(FIFRA) and the Toxic Substances and Control Act26 (TSCA), regulated entities are obligated to 
provide information to EPA concerning incidents/test data that may reveal a problem with a 
pesticide or chemical. We also receive such information voluntarily from other sources. EPA 
carefully reviews incident reports and factors them as appropriate into risk assessments and 
decision-making, even though these may not be considered information collected by acceptable 
methods or best available method as stated in A(ii). Incident information played an important 
role in the Agency's conclusion that use of chlordane/heptachlor termiticides could result in 
exposures to persons living in treated homes, and that the registrations needed to be modified 
accordingly. Similarly, incident reports concerning birdkills and fishkills were important 
components of the risk assessments for the reregistration of the pesticides phorate and terbufos, 
respectively. In addition, this adaptation recognizes that while many of the studies incorporated 
into risk assessments have been peer reviewed, data from other sources may not be peer 
reviewed. EPA takes many actions based on studies and supporting data provided by outside 
sources, including confidential or proprietary information that has not been peer reviewed. For 
example, industry can be required by regulation to submit data for pesticides under FIFRA or for 
chemicals under TSCA. The data are developed using test guidelines and Good Laboratory 
Practices (GLPs) in accordance with EPA regulations. While there is not a requirement to have 
studies peer reviewed, such studies are reviewed by Agency scientists to ensure that they were 
conducted according to the appropriate test guidelines and GLPs and that the data are valid. 


The flexibility provided by applying “to the extent practicable” to paragraph (A) is appropriate 
in many circumstances to conserve Agency resources and those of the regulated community who 
otherwise might have to generate significant additional data. This flexibility is already provided 


24The discussion in this and following paragraphs gives some examples of the types of assessments that 
may under some circumstances be considered influential. These examples are representative of assessments 
performed under other EPA programs, such as CERCLA 


257 U.S.C. 136 et seq. 


2615 U.S.C. 2601 et seq. 
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for paragraph (B) in the SDWA quality principles. Pesticide and chemical risk assessments are 
frequently performed iteratively, with the first iteration employing protective (conservative) 
assumptions to identify possible risks. Only if potential risks are identified in a screening level 
assessment, is it necessary to pursue a more refined, data-intensive risk assessment. This is 
exhibited, for example, in guidance developed for use in CERCLA and RCRA on tiered 
approaches. In other cases, reliance on “structure activity relationship” or “bridging data” allows 
the Agency to rely on data from similar chemicals rather than require the generation of new, 
chemical-specific data. While such assessments may or may not be considered influential under 
the Guidelines, this adaptation of the SDWA principles reflects EPA's reliance on less-refined 
risk assessments where further refinement could significantly increase the cost of the risk 
assessment without significantly enhancing the assessment or changing the regulatory outcome. 


In emergency and other time critical circumstances, risk assessments may have to rely on 
information at hand or that can be made readily available rather than data such as described in 
(A). One such scenario is risk assessments addressing Emergency Exemption requests submitted 
under Section 18 of FIFRA27 which, because of the emergency nature of the request, must be 
completed within a short time frame. As an example, EPA granted an emergency exemption 
under Section 18 to allow use of an unregistered pesticide to decontaminate anthrax in a Senate 
office building. The scientific review and risk assessment to support this action were necessarily 
constrained by the urgency of the action. Other time-sensitive actions include the reviews of new 
chemicals under TSCA. Under Section 5 of TSCA28, EPA must review a large number of 
pre-manufacture notifications (more than 1,000) every year, not all of which necessarily include 
"influential" risk assessments, and each review must be completed within a short time frame 
(generally 90 days). The nature of the reviews and risk assessment associated with these 
pre-manufacture notifications are affected by the limited time available and the large volume of 
notifications submitted. 


The flexibility provided by applying “to the extent practicable” to paragraph (A) is appropriate 
to account for safety risk assessment practices. This flexibility is already provided for paragraph 
(B) in the SDWA quality principles. We applied the same SDWA adaptation for use with human 
health risk assessments to safety risk assessments with the needed flexibility to apply the 
principles to the extent practicable. “Safety risk assessments” include a variety of analyses, 
investigations, or case studies conducted by EPA concerning safety issues. EPA works to ensure 
that the chemical industry and state and local entities take action to prevent, plan and prepare for, 
and respond to environmental emergencies and site specific response actions through the 
development and sharing of information, tools and guidance for hazard analyses and risk 
assessment. For example, although the chemical industry shoulders most of the responsibility for 
safety risk assessment and management, EPA may also conduct chemical hazard analyses, 
investigate the root causes and mechanisms associated with accidental chemical releases, and 
assess the probability and consequences of accidental releases in support of agency risk 


27 Section 18 of FIFRA, 7 U.S.C. 136p 


28 Section 5 of TSCA, 15 U.S.C. 2604 
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assessments. Although safety risk assessments can be different from traditional human health 
risk assessments because they may combine a variety of available information and may use 
expert judgement based on that information, these assessments provide useful information that is 
sufficient for the intended purpose. 


Next, EPA adapted the SDWA quality principles by adding the clause “including, when 
available, peer reviewed science and supporting studies” to paragraph (A)(i). It now reads: “the 
best available science and supporting studies conducted in accordance with sound and objective 
scientific practices, including, when available, peer reviewed science and supporting studies.” In 
the Agency’s development of "influential" scientific risk assessments, we intend to use all 
relevant information, including peer reviewed studies, studies that have not been peer reviewed, 
and incident information; evaluate that information based on sound scientific practices as 
described in our risk assessment guidelines and policies; and reach a position based on careful 
consideration of all such information (i.e., a process typically referred to as the “weight-of-
evidence” approach29). In this approach, a well-developed, peer-reviewed study would generally 
be accorded greater weight than information from a less well-developed study that had not been 
peer-reviewed, but both studies would be considered. Thus the Agency uses a “weight-of-
evidence” process when evaluating peer-reviewed studies along with all other information. 


Oftentimes under various EPA-managed programs, EPA receives information that has not been 
peer-reviewed and we have to make decisions based on the information available. While many 
of the studies incorporated in risk assessments have been peer reviewed, data from other sources, 
such as studies submitted to the Agency for pesticides under FIFRA30 and for chemicals under 
TSCA, may not always be peer reviewed. Rather, such data, developed under approved 
guidelines and the application of Good Laboratory Practices (GLPs), are routinely used in the 
development of risk assessments. Risk assessments may also include more limited data sets such 
as monitoring data used to support the exposure element of a risk assessment. In cases where 
these data may not themselves have been peer reviewed their quality and appropriate use would 
be addressed as part of the peer review of the overall risk assessment as called for under the 
Agency's peer review guidelines. 


Lastly, EPA adapted the SDWA principles for influential environmental (“ecological”) risk 
assessments that are disseminated in order to use terms that are most suited for such risk 
assessments. Specifically, EPA assessments of ecological risks address a variety of entities, 


29 The weight-of-evidence approach generally considers all relevant information in an integrative 
assessment that takes into account the kinds of evidence available, the quality and quantity of the evidence, the 
strengths and limitations associated of each type of evidence, and explains how the various types of evidence fit 
together. See, e.g., EPA's Proposed Guidelines for Carcinogen Risk Assessment (Federal Register 61(79): 
17960-18011; April 23, 1996) and EPA's Guidelines for Carcinogen Risk Assessment (Federal Register 51(185): 
33992-34003; September 24, 1986), available from: www.epa.gov/ncea/raf/, and EPA's Risk Characterization 
Handbook (Science Policy Council Handbook: Risk Characterization, EPA 100-B-00-002, Washington, DC:  U.S. 
EPA, December 2000). 


3040 CFR part 158 
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some of which can be described as populations and others (such as ecosystems) which cannot. 
Therefore, a specific modification was made to include "assessment endpoints, including 
populations if applicable" in place of the term “population” for ecological risk assessments and 
EPA added a footnote directing the reader to various EPA risk policies for further discussion of 
these concepts in greater detail. 
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6.5 Does EPA Ensure and Maximize the Quality of Information from External Sources? 


Ensuring and maximizing the quality of information from States, other governments, and third 
parties is a complex undertaking, involving thoughtful collaboration with States, Tribes, the 
scientific and technical community, and other external information providers. EPA will continue 
to take steps to ensure that the quality and transparency of information provided by external 
sources are sufficient for the intended use. For instance, since 1998, the use of environmental 
data collected by others or for other purposes, including literature, industry surveys, 
compilations from computerized data bases and information systems, and results from 
computerized or mathematical models of environmental processes and conditions has been 
within the scope of the Agency's Quality System31. 


For information that is either voluntarily submitted to EPA in hopes of influencing a decision or 
that EPA obtains for use in developing a policy, regulatory, or other decision, EPA will continue 
to work with States and other governments, the scientific and technical community, and other 
interested information providers to develop and publish factors that EPA would use to assess the 
quality of this type of information. 


For all proposed collections of information that will be disseminated to the public, EPA intends 
to demonstrate in our Paperwork Reduction Act32 clearance submissions that the proposed 
collection of information will result in information that will be collected, maintained and used in 
ways consistent with the OMB guidelines and these EPA Guidelines. These Guidelines apply to 
all information EPA disseminates to the public; accordingly, if EPA later identifies a new use for 
the information that was collected, such use would not be precluded and the Guidelines would 
apply to the dissemination of the information to the public. 


31 EPA Quality Manual for Environmental Programs 5360 A1. May 2000, Section 1.3.1. 
http://www.epa.gov/quality/qs-docs/5360.pdf 


32 44 U.S.C. 3501 et seq. 
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7 Administrative Mechanism for Pre-dissemination Review 


7.1 What are the Administrative Mechanisms for Pre-dissemination Reviews? 


Each EPA Program Office and Region will incorporate the information quality principles 
outlined in section 6 of these Guidelines into their existing pre-dissemination review procedures 
as appropriate. Offices and Regions may develop unique and new procedures, as needed, to 
provide additional assurance that the information disseminated by or on behalf of their 
organizations is consistent with these Guidelines. EPA intends to facilitate implementation of 
consistent cross-Agency pre-dissemination reviews by establishing a model of minimum review 
standards based on existing policies. Such a model for pre-dissemination review would still 
provide that responsibility for the reviews remains in the appropriate EPA Office or Region. 


For the purposes of the Guidelines, EPA recognizes that pre-dissemination review procedures 
may include peer reviews and quality reviews that may occur at many steps in development of 
information, not only at the point immediately prior to the dissemination of the information. 
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8 Administrative Mechanisms for Correction of Information 


8.1	 What are EPA's Administrative Mechanisms for Affected Persons to Seek and 
Obtain Correction of Information? 


EPA’s Office of Environmental Information (OEI) manages the administrative mechanisms that 
enable affected persons to seek and obtain, where appropriate, correction of information 
disseminated by the Agency that does not comply with EPA or OMB Information Quality 
Guidelines. Working with the Program Offices, Regions, laboratories, and field offices, OEI will 
receive complaints (or copies) and distribute them to the appropriate EPA information owners. 
“Information owners” are the responsible persons designated by management in the applicable 
EPA Program Office, or those who have responsibility for the quality, objectivity, utility, and 
integrity of the information product or data disseminated by EPA. If a person believes that 
information disseminated by EPA may not comply with the Guidelines, we encourage the person 
to consult informally with the contact person listed in the information product before submitting 
a request for correction of information. An informal contact can result in a quick and efficient 
resolution of questions about information quality. 


8.2 What Should be Included in a Request for Correction of Information? 


Persons requesting a correction of information should include the following information in their 
Request for Correction (RFC): 


•	 Name and contact information for the individual or organization submitting a 
complaint; identification of an individual to serve as a contact. 


•	 A description of the information the person believes does not comply with EPA 
or OMB guidelines, including specific citations to the information and to the EPA 
or OMB guidelines, if applicable. 


•	 An explanation of how the information does not comply with EPA or OMB 
guidelines and a recommendation of corrective action. EPA considers that the 
complainant has the burden of demonstrating that the information does not 
comply with EPA or OMB guidelines and that a particular corrective action 
would be appropriate. 


•	 An explanation of how the alleged error affects or how a correction would benefit 
the requestor. 


• An affected person may submit an RFC via any one of methods listed here: 
• Internet at http://www.epa.gov/oei/qualityguidelines 
• E-mail at quality.guidelines@epa.gov 
• Fax at (202) 566-0255 
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•	 Mail to Information Quality Guidelines Staff, Mail Code 28221T, U.S. 
EPA, 1200 Pennsylvania Ave., N.W., Washington, DC, 20460 


•	 By courier or in person to Information Quality Guidelines Staff, OEI 
Docket Center, Room B128, EPA West Building, 1301 Constitution 
Ave., N.W., Washington, DC 


8.3 When Does EPA Intend to Consider a Request for Correction of Information? 


EPA seeks public and stakeholder input on a wide variety of issues, including the identification 
and resolution of discrepancies in EPA data and information. EPA may decline to review an 
RFC under these Guidelines and consider it for correction if: 


•	 The request does not address information disseminated to the public covered by 
these Guidelines (see section 5.3 or OMB’s guidelines). In many cases, EPA 
provides other correction processes for information not covered by these 
Guidelines. 


•	 The request omits one or more of the elements recommended in section 8.2 and 
there is insufficient information for EPA to provide a satisfactory response. 


•	 The request itself is “frivolous,” including those made in bad faith, made without 
justification or trivial, and for which a response would be duplicative. More 
information on this subject may be found in the OMB guidelines. 


8.4 How Does EPA Intend to Respond to a Request for Correction of Information? 


EPA intends to use the following process: 


• Each RFC will be tracked in an OEI system. 


•	 If an RFC is deemed appropriate for consideration, the information owner office 
or region makes a decision on the request on the basis of the information in 
question, including a request submitted under section 8.2. Rejections of a request 
for correction should be decided at the highest level of the information owner 
office or region. EPA’s goal is to respond to requests within 90 days of receipt, by 
1) providing either a decision on the request, or 2) if the request requires more 
than 90 calendar days to resolve,  informing the complainant that more time is 
required and indicate the reason why and an estimated decision date. 


•	 If a request is approved, EPA determines what corrective action is appropriate. 
Considerations relevant to the determination of appropriate corrective action 
include the nature and timeliness of the information involved and such factors as 
the significance of the error on the use of the information and the magnitude of 
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the error. For requests involving information from outside sources, considerations 
may include coordinating with the source and other practical limitations on EPA’s 
ability to take corrective action. 


•	 Whether or not EPA determines that corrective action is appropriate, EPA 
provides notice of its decision to the requester. 


•	 For approved requests, EPA assigns a steward for the correction who marks the 
information as designated for corrections as appropriate, establishes a schedule 
for correction, and reports correction resolution to both the tracking system and to 
the requestor. 


OEI will provide reports on behalf of EPA to OMB on an annual basis beginning January 1, 
2004 regarding the number, nature, and resolution of complaints received by EPA. 


8.5	 How Does EPA Expect to Process Requests for Correction of Information on Which 
EPA has Sought Public Comment? 


When EPA provides opportunities for public participation by seeking comments on information, 
the public comment process should address concerns about EPA’s information. For example, 
when EPA issues a notice of proposed rulemaking supported by studies and other information 
described in the proposal or included in the rulemaking docket, it disseminates this information 
within the meaning of the Guidelines. The public may then raise issues in comments regarding 
the information. If a group or an individual raises a question regarding information supporting a 
proposed rule, EPA generally expects to treat it procedurally like a comment to the rulemaking, 
addressing it in the response to comments rather than through a separate response mechanism. 
This approach would also generally apply to other processes involving a structured opportunity 
for public comment on a draft or proposed document before a final document is issued, such as a 
draft report, risk assessment, or guidance document. EPA believes that the thorough 
consideration provided by the public comment process serves the purposes of the Guidelines, 
provides an opportunity for correction of any information that does not comply with the 
Guidelines, and does not duplicate or interfere with the orderly conduct of the action. In cases 
where the Agency disseminates a study, analysis, or other information prior to the final Agency 
action or information product, it is EPA policy to consider requests for correction prior to the 
final Agency action or information product in those cases where the Agency has determined that 
an earlier response would not unduly delay issuance of the Agency action or information product 
and the complainant has shown a reasonable likelihood of suffering actual harm from the 
Agency's dissemination if the Agency does not resolve the complaint prior to the final Agency 
action or information product. EPA does not expect this to be the norm in rulemakings that it 
conducts, and thus will usually address information quality issues in connection with the final 
Agency action or information product. 
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EPA generally would not consider a complaint that could have been submitted as a timely 
comment in the rulemaking or other action but was submitted after the comment period. If EPA 
cannot respond to a complaint in the response to comments for the action (for example, because 
the complaint is submitted too late to be considered and could not have been timely submitted, or 
because the complaint is not germane to the action), EPA will consider whether a separate 
response to the complaint is appropriate. 
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8.6	 What Should be Included in a Request Asking EPA to Reconsider its Decision on a 
Request for the Correction of Information? 


If requesters are dissatisfied with an EPA decision, they may file a Request for Reconsideration 
(RFR). The RFR should contain the following information: 


•	 An indication that the person is seeking an appeal of an EPA decision on a 
previously submitted request for a correction of information, including the date of 
the original submission and date of EPA decision. A copy of EPA’s original 
decision would help expedite the process. 


•	 Name and contact information. Organizations submitting an RFR should identify 
an individual as a contact. 


•	 An explanation of why the person disagrees with the EPA decision and a specific 
recommendation for corrective action. 


• A copy of the original RFC of information. 


•	 An affected person may submit a Request for Reconsideration (RFR) via any one 
of the methods listed here: 
• Internet at http://www.epa.gov/oei/qualityguidelines 
• E-mail at quality.guidelines@epa.gov 
• Fax at (202) 566-0255 
•	 Mail to Information Quality Guidelines Staff, Mail Code 28221T, U.S. 


EPA, 1200 Pennsylvania Ave., N.W., Washington, DC, 20460 
•	 By courier or in person to Information Quality Guidelines Staff, OEI 


Docket Center, Room B128, EPA West Building, 1301 Constitution 
Ave., N.W., Washington, DC 


EPA recommends that requesters submit their RFR within 90 days of the EPA decision. If the 
RFR is sent after that time, EPA recommends that the requester include an explanation of why 
the request should be considered at this time. 


8.7 How Does EPA Intend to Process Requests for Reconsideration of EPA Decisions? 


EPA intends to consider RFR using the following process: 


• Each RFR will be tracked in an OEI system. 


•	 OEI sends the RFR to the appropriate EPA Program Office or Region that has 
responsibility for the information in question. 
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•	 The Assistant Administrator (AA) or Regional Administrator (RA) information 
owner presents to an executive panel. The executive panel would be comprised of 
the Science Advisor/AA for the Office of Research and Development (ORD), 
Chief Information Officer/AA for OEI, and the Economics Advisor/AA for the 
Office of Policy, Economics and Innovation (OPEI.). The 3-member executive 
panel would be chaired by the Chief Information Officer/AA for OEI. When the 
subject of the RFR originated from a member office, that panel member would be 
replaced by an alternate AA or RA. While the executive panel is considering an 
RFR, the decision made on the initial complaint by the information owner office 
or region remains in effect. 


• The executive panel makes the final decision on the RFR. 


•	 EPA’s goal is to respond to each RFR within 90 days of receipt, by 1) providing 
either a decision on the request or 2) if the request requires more than 90 calendar 
days to resolve, informing the complainant that more time is required and indicate 
the reason why and an estimated decision date. 


•	 If a request is approved, EPA determines what type of corrective action is 
appropriate. Considerations relevant to the determination of appropriate 
corrective action include the nature and timeliness of the information involved 
and such factors as the significance of the error on the use of the information and 
the magnitude of the error. For requests involving information from outside 
sources, considerations may include coordinating with the source, and other 
practical limitations on EPA's ability to take corrective action. 


•	 Whether or not EPA determines that corrective action is appropriate, EPA 
provides notice of its decision to the requester. 


•	 For approved requests, EPA assigns a steward for the correction who marks the 
information as designated for corrections as appropriate, establishes a schedule 
for correction, and reports correction resolution to both the tracking system and to 
the requestor. 
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Appendix A

IQG Development Process and Discussion of Public Comments



A.1 Introduction 


EPA's Guidelines are a living document and may be revised as we learn more about how best to 
address, ensure, and maximize information quality. In the process of developing these 
Guidelines, we actively solicited public input at many stages. While the public was free to 
comment on any aspect of the Guidelines, EPA explicitly requested input on key topics such as 
influential information, reproducibility, influential risk assessment, information sources, and 
error correction. 


Public input was sought in the following ways: 


•	 An online Public Comment Session was held March 19-22, 2002, as the first draft of the 
Guidelines was being developed. EPA received approximately 100 comments. 


•	 A Public Meeting was held on May 15, 2002, after the draft Guidelines were issued. 
There were 99 participants, 13 of whom made presentations or commented on one or 
more issues. 


•	 A 52 day Public Comment period lasted from May 1 to June 21, 2002, where comments 
could be mailed, faxed, or e-mailed to EPA. EPA received 55 comments during this 
period. 


•	 A meeting with State representatives, sponsored and supported by the Environmental 
Council of the States (ECOS), was held on May 29, 2002. 


• A conference call between EPA and Tribal representatives was held on June 27, 2002. 


More detailed information on the public comments is available through an OEI web site, serving 
as the home page for the EPA Information Quality Guidelines through the development and 
implementation process. Please visit this site at http://www.epa.gov/oei/qualityguidelines. 


We have established a public docket for the EPA Information Quality Guidelines under Docket 
ID No. OEI-10014. The docket is the collection of materials available for public viewing 
Information Quality Guidelines Staff, OEI Docket Center, Room B128, EPA West Building, 
1301 Constitution Ave., N.W., Washington, DC, phone number 202-566-0284. This docket 
consists of a copy of the Guidelines, public comments received, and other information related to 
the Guidelines. The docket is open from 12:00 PM to 4:00 PM, Monday through Friday, 
excluding legal holidays. An index of docket contents will be available at 
http://www.epa.gov/oei/qualityguidelines. 
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A.2 General Summary of Comments 


During the various public comment opportunities, EPA received input from a diverse set of 
organizations and private citizens. Comments came from many of EPA's stakeholders - the 
regulated community and many interest groups who we hear from frequently during the 
management of EPA's Programs to protect the nation's land, air, water, and public health. 
Government agencies at the Federal, State, Tribal, and local level also commented on the 
Guidelines. OMB sent comments to every Federal agency and EPA received comments from two 
members of Congress. Beyond our government colleagues, the private sector voiced many 
concerns and helpful recommendations for these Guidelines. We would like to take this 
opportunity to thank all commenters for providing their input on these Guidelines. Due to the 
tight time frame for this project, this discussion of public comments generally describes the 
major categories of comments and highlights some significant comments, but does not contain 
an individual response to each public comment. 


Comments received by EPA during the public comment period reflect a diversity of views 
regarding EPA's approach to developing draft Guidelines as well as the general concept of 
information quality. Some commenters included detailed review of all Guidelines sections, while 
others chose to address only specific topics. In some cases, commenters provided examples to 
demonstrate how current EPA procedures may not ensure adequate information quality for a 
specific application. Commenters provided general observations such as stating that these 
Guidelines did not sufficiently address EPA's information quality problems. Some commenters 
offered that the Guidelines relied too much on existing policies. Interpretations of the intent of 
the Data Quality Act were offered by some commenters. One comment noted that improvement 
of data quality is not necessarily an end in and of itself. Another comment was that the goal of 
Guidelines should be more to improve quality, not end uncertainty. Public interest and 
environmental groups voiced concern over what they believed was an attempt by various groups 
to undermine EPA's ability to act in a timely fashion to protect the environment and public 
health. Some commenters stated that the directives of the Data Quality Act and OMB cannot 
override EPA's mission to protect human health and the environment per the statutory mandates 
under which it operates. 


EPA was congratulated for the effort and, in some cases, encouraged to go even further in 
addressing information quality. Some commenters encouraged EPA to provide additional 
process details, provide more detailed definitions, augment existing policies that promote 
transparency, and share more information about the limitations of EPA disseminated 
information. In one case, EPA was encouraged to develop a rating scheme for its disseminated 
information. 


This section discusses public comments and our responses to many of the important questions 
and issues raised in the comments. First, we provide responses to some overarching comments 
we received from many commenters, then we provide a discussion of public comments that were 
received on specific topics addressed in the draft Guidelines. 
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•	 Tone: Commenters criticized the "defensive tone", "legalistic tone", and the lack 
of detail afforded in the Guidelines. Some commenters said that it was not clear 
what the Guidelines were explaining, or how they might apply to various types of 
information. We understand and agree with many of these criticisms and have 
made attempts to better communicate the purpose, applicability, and content of 
these Guidelines. 


•	 Plan for implementation: Commenters suggested that the Guidelines should 
describe EPA's plans for implementing the Guidelines. These Guidelines provide 
policy guidance, and as such, do not outline EPA's plan for implementation. That 
is, they do not describe in great detail how each Program and Regional Office will 
implement these principles. We do not intend to imply that each Office will 
implement them in conflict with one another, but rather assume that because each 
Program implements a different statutory mandate or mandates, there will be 
some inherent differences in approach. Beyond internal implementation, we agree 
that there is more work and communication to be conducted with information 
providers and users to optimize the provisions set forth in these Guidelines. 


•	 Commitment to public access: One commenter suggested that we "remove 
outdated information" from our web site. Other commenters suggested that when 
a complaint has been filed that the information should be removed from public 
view while a complaint is being reviewed. This is generally unacceptable to EPA 
in light of our commitment to providing the public with access to information; 
however, in certain cases EPA may consider immediate removal of information 
(for example, when it is clear to us that the information is grossly incorrect and 
misleading and its status cannot be adequately clarified through a notice or other 
explanation). With respect to outdated information, sometimes it serves a 
historical purpose, and should continue to be disseminated for that purpose. 


A.3 Response to Comments by Guidelines Topic Area 


A.3.1 Existing Policy 


Many commenters told us that we rely excessively on existing EPA information quality policies. 
Commenters provided specific examples of areas they believed were demonstrative of our lack 
of commitment to or uneven implementation of our existing policies. Some commenters also 
pointed out that there are key areas in which we lack policies to address quality and, as a result, 
the Guidelines should address such issues in more detail. Some commenters also noted that EPA 
itself has highlighted lessons learned with existing approaches to information product 
development. 


Ongoing improvement in implementing existing processes is a key principle of quality 
management. We view these Guidelines as an opportunity to enhance existing policies and 
redouble our commitment to quality information. 
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The concept of peer review is considered in three Guidelines sections. (1) Application of the 
Agency's Peer Review Policy language for "major scientific and technical work products and 
economic analysis used in decision making" as a class of information that can be considered 
"influential" for purposes of the Guidelines; ( 2) Use of "peer-reviewed science" as a component 
of some risk assessments; and (3) Use of the Agency's Peer Review Policy as one of the 
Agency-wide processes to ensure the quality, objectivity, and transparency of "influential" 
scientific, financial, and statistical information under the Guidelines. 


Some commenters expressed concerns regarding application of peer review in EPA. 
Commenters suggest that current peer reviews are not sufficiently standardized, independent, or 
consistently implemented. Peer review is a cornerstone to EPA’s credibility and we must ensure 
that the process always works as designed. For this reason, we conduct routine assessments to 
evaluate and improve the peer review process. 


Commenters also questioned whether peer review is an adequate means to establish 
"objectivity." We note that OMB guidelines specifically allow for the use of formal, external, 
independent peer review to establish a presumption of objectivity. OMB guidelines also state 
that the presumption of objectivity is rebuttable, although the burden of proof lies with the 
complainant. Some commenters asked for additional definitions for peer review terms. Our 
current peer review policy is articulated in Peer Review and Peer Involvement at the U.S. 
Environmental Protection Agency.33 Additional discussion regarding the application of 
peer-reviewed science is provided in the discussion of comments on risk assessment. 


A.3.2 Scope and Applicability 


We received a number of comments on section 1.1 (What is the Purpose of these Guidelines?) of 
the draft Guidelines. Some commenters argued that the Guidelines should be binding on EPA, 
that they are legislative rules rather than guidance, or that the Guidelines must be followed 
unless we make a specific determination to the contrary. Others argued that the Guidelines 
should not be binding or that we should include an explicit statement that the Guidelines do not 
alter substantive agency mandates. Some suggested that our statements retaining discretion to 
differ from the Guidelines sent a signal that EPA was not serious about information quality. 


With respect to the nature of these Guidelines, Section 515 specifies that agencies are to issue 
“guidelines.” As directed by OMB’s guidelines, we have issued our own guidelines containing 
nonbinding policy and procedural guidance. We see no indication in either the language or 
general structure of Section 515 that Congress intended EPA’s guidelines to be binding rules. 


We revised this section (now section 1 in this revised draft) by adding a fuller explanation of 
how EPA intends to ensure the quality of information it disseminates. This section includes 
language explaining the nature of our Guidelines as policy and procedural guidance. This 
language is intended to give clear notice of the nonbinding legal effect of the Guidelines. It 


33http://epa.gov/osp/spc/perevmem.htm 
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notifies EPA staff and the public that the document is guidance rather than a substantive rule and 
explains how such guidance should be implemented. Although we believe these Guidelines 
would not be judicially reviewable, we agree that a statement to this effect is unnecessary and 
have deleted it. In response to comments that EPA clarify that the Guidelines do not alter 
existing legal requirements, we have made that change. In light of that change, we think it is 
clear that decisions in particular cases will be made based on applicable statutes, regulations, and 
requirements, and have deleted other text in the paragraph that essentially repeated that point. 
Elsewhere in the document, EPA has made revisions to be consistent with its status as guidance. 


Some commenters argued that all EPA disseminated information should be covered by the 
Guidelines and that we lack authority to “exempt” information from the Guidelines. Others 
thought that the coverage in EPA’s draft was appropriate. EPA does not view its Guidelines as 
establishing a fixed definition and then providing “exemptions.” Rather, our Guidelines explain 
when a distribution of information generally would or would not be considered disseminated to 
the public for purposes of the Guidelines. As we respond to complaints and gain experience in 
implementing these Guidelines, we may identify other instances where information is or is not 
considered disseminated for the purposes of the Guidelines. 


Some commenters cited the Paperwork Reduction Act (PRA), 44 U.S.C. 3501 et seq., to support 
their argument that the Guidelines should cover all information EPA makes public. EPA’s 
Guidelines are issued under Section 515 of the Treasury and General Government 
Appropriations Act for Fiscal Year 2001, which directs OMB to issue government-wide 
guidelines providing policy and procedural guidance to Federal agencies. In turn, the OMB 
guidelines provide direction and guidance to Federal agencies in issuing their own guidelines. 
EPA’s Guidelines are  intended to carry out OMB’s policy on information quality. One 
commenter cited in particular the term “public information” used in the PRA as evidence of 
Congress’s intent under Section 515. In EPA’s view, this does not show that Congress intended a 
specific definition for the key terms, “information” and “disseminated,” used in Section 515. In 
the absence of evidence of Congressional intent regarding the meaning of the terms used in 
Section 515, EPA does not believe the PRA requires a change in EPA’s Guidelines. 


We agree with commenters who noted that even if a particular distribution of information is not 
covered by the Guidelines, the Guidelines would still apply to information disseminated in other 
ways. As stated in section 1.4, if information is not initially covered by the Guidelines, a 
subsequent distribution of that information will be subject to the Guidelines if EPA adopts, 
endorses, or uses it. 


Some commenters made specific recommendations about what should and should not be covered 
by the Guidelines. In addition to the specific recommendations, some suggested that the “scope 
and applicability” section was too long, while others thought it had an appropriate level of detail. 
Based on other agencies’ guidelines and public comments, EPA has removed much of the detail 
from the discussion of Guidelines coverage. These revisions were intended to shorten and 
simplify the discussion without changing the general scope of the Guidelines. 
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We revised our definition of “information” in section 5.3, in response to a comment requesting 
that the Agency make clear that information from outside sources is covered by the Guidelines if 
EPA adopts, endorses, or uses it to support an Agency decision or position. In section 5.4, we 
modified several of the provisions. We added statements of “intent” or similar language to define 
the scope of several of the provisions. Accordingly, dissemination would not include distribution 
of information “intended” for government employees or recipients of contracts, grants, or 
cooperative agreements. Nor would information in correspondence “directed to” individuals or 
persons be covered. This recognizes that there may be instances where EPA may use a letter 
written to an individual in a way that indicates it is directed beyond the correspondent and 
represents a more generally applicable Agency policy. The Guidelines would apply in such a 
case. EPA has created a category for information of an “ephemeral” nature, including press 
releases, speeches, and the like. The intent was that the Guidelines should not cover 
communications that merely serve as announcements, or for other reasons are intended to be 
fleeting or of limited duration. Consistent with other agency guidelines, we have added language 
indicating that the Guidelines do not cover information presented to Congress, unless EPA 
simultaneously disseminates this information to the public. 


Some commenters thought all information from outside sources should be covered by the 
Guidelines, even if EPA does not use, rely on, or endorse it. Others wished to clarify the point at 
which the Guidelines cover information from outside sources. As noted above, section 1.4 of the 
Guidelines explains how subsequent distributions of information in public filings may become 
subject to the Guidelines. We continue to think that EPA’s own public filings before other 
agencies should not generally be covered by the Guidelines as long as EPA does not 
simultaneously disseminate them to the public, since use of this information would be subject to 
the requirements and policies of the agency to which the information is submitted. 


We received a number of comments, including from OMB, arguing that the provision regarding 
information related to adjudicative processes was too broad, and that the Guidelines should 
cover some or all information related to adjudicative processes, particularly administrative 
adjudications. In addition to shortening this section, we have limited this provision to 
information in documents prepared specifically for an administrative adjudication. This would 
include decisions, orders, findings, and other documents prepared specifically for the 
adjudication. As indicated in the Draft Guidelines, our view is that existing standards and 
protections in administrative adjudications would generally be adequate to assure the quality of 
information in administrative adjudications and to provide an adequate opportunity to contest 
decisions on the quality of information. For example, in permitting proceedings, parties may 
submit comments on the quality of information EPA prepares for the permit proceeding, and 
judicial review is available based on existing statutes and regulations. Narrowing the provision 
to information prepared specifically for the adjudication should make clear that the Guidelines 
would not generally provide parties with additional avenues of challenge or appeal during 
adjudications, but would still apply to a separate distribution of information where EPA adopts, 
endorses, or uses the information, such as when EPA disseminates it, on the Internet, or in a 
rulemaking, or guidance document. When we intend to adopt information such as models or risk 
assessments for use in a class of cases or determinations (e.g., for use in all determinations under 
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a particular regulatory provision), EPA often disseminates this information separately and in 
many instances requests public comment on it. Accordingly, it is not clear that there would be 
many instances where persons who are concerned about information prepared specifically for an 
adjudication would not have an opportunity to contest the quality of information. 


We respectfully disagree with a commenter’s recommendation that regulatory limits established 
by EPA should be subject to the Guidelines. The Guidelines apply to information disseminated 
by EPA, not to regulatory standards or other Agency decisions or policy choices. In response to 
comments regarding information disseminated in rulemakings and other matters subject to public 
comment, EPA considers that this information would be disseminated within the meaning of the 
Guidelines, although we would generally treat complaints regarding that information 
procedurally like other comments on the rulemaking or other matter. 


A.3.3 Sources of Information 


We received many comments on how the Guidelines apply to external parties, the shared quality 
responsibilities between EPA and external parties, and specific EPA responsibilities when using 
or relying on information collected or compiled by external parties. 


EPA roles: Some commenters emphasized that ensuring quality of information at the point of 
dissemination is no substitute for vigorous efforts by EPA to receive quality information in the 
first place and therefore for information providers to produce quality information. One 
commenter stated that EPA cannot be responsible for all aspects of the quality of the information 
we disseminate. In response to this and other comments, we have provided additional language 
in these Guidelines on the various roles that EPA assumes in either ensuring the quality of the 
information we disseminate or ensuring the integrity of information EPA distributes. One 
comment suggested that we mention the role of the National Environmental Information 
Exchange Network in ensuring information integrity, which we have done in section 2.4 of the 
Guidelines. 


Assessment factors: Overall, public input was positive and welcoming of our proposal to 
develop assessment factors to evaluate the quality of information generated by third parties. A 
few commenters offered their involvement in the development of these factors, their advice on 
how to develop such factors, and some examples of what assessment factors we should consider. 
EPA staff have provided such comments to the EPA Science Policy Council workgroup that was 
charged with developing the assessment factors. EPA welcomes stakeholder input in the 
development of these factors and published draft assessment factors for public comment in 
September 2002. 


Coverage of State Information: Some commenters suggested that our Guidelines must apply to 
all information disseminated by EPA, including information submitted to us by States. Whereas 
some commenters stressed that the quality of information received by EPA is the responsibility 
of the providers, others expressed concern about the potential impact that EPA’s Guidelines 
could have on States. We believe it is important to differentiate between information that we 
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generate and data or information generated by external parties, including States. State 
information, when submitted to EPA, may not be covered by these Guidelines, but our 
subsequent use of the information may in fact be covered. We note, however, that there may be 
practical limitations on the type of corrective action that may be taken, since EPA does not 
intend to alter information submitted by States. However, EPA does intend to work closely with 
our State counterparts to ensure and maximize the quality of information that EPA disseminates. 
Furthermore, one commenter stated that if regulatory information is submitted to an authorized 
or delegated State program, then the State is the primary custodian of the information and the 
Guidelines would not cover that information. We agree with that statement. 


We also received comments regarding the use of labels, or disclaimers, to notify the public 
whether information is generated by EPA or an external party. We agree that disclaimers and 
other notifications should be used to explain the status of information wherever possible, and we 
are developing appropriate language and format. 


A statement regarding Paperwork Reduction Act clearance submissions has been added in 
response to comment by OMB. 


A.3.4 Influential Information 


EPA received a range of comments on its definition of “influential.” Below we provide a 
summary of the comments raised and EPA’s response. 


Several commenters generally assert that the definition is too narrow. Other commenters 
indicated that under EPA's draft definition, only Economically Significant actions, as defined in 
Executive Order 12866, or only Economically Significant actions and information disseminated 
in support of top Agency actions, are considered "influential." We disagree. To demonstrate the 
broad range of activities covered by our adoption of OMB’s definition, we reiterate the 
definition below and include an example of each type of action, to illustrate the breadth of our 
definition. “Influential,” when used in the phrase “influential scientific, financial, or statistical 
information,” means that the Agency can reasonably determine that dissemination of the 
information will have or does have a clear and substantial impact on important public policies or 
important private sector decisions. We will generally consider the following classes of 
information to be influential: information disseminated in support of top Agency actions; 
information disseminated in support of “economically significant” actions; major work products 
undergoing peer review; and other disseminated information that will have or does have a clear 
and substantial impact (i.e., potential change or impact) on important public policies or 
important private sector decisions as determined by EPA on a case-by-case basis. In general, 
influential information would be the scientific, financial or statistical information that provides a 
substantial basis for EPA’s position on key issues in top Agency actions and Economically 
Significant actions. If the information provides a substantial basis for EPA’s position, EPA 
believes it would generally have a clear and substantial impact. 
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Top Agency actions: An example of a top Agency action is the review of the National 
Ambient Air Quality Standards (NAAQS) for Particulate Matter. Under the Clean Air 
Act, EPA is to periodically review (1) the latest scientific knowledge about the effects on 
public health and public welfare (e.g., the environment) associated with the presence of 
such pollutants in the ambient air and (2) the standards, which are based on this science. 
The Act further directs that the Administrator shall make any revisions to the standards 
as may be appropriate, based on the latest science, that in her judgment are requisite to 
protect the public health with an adequate margin of safety and to protect the public 
welfare from any known or anticipated adverse effects. The standards establish allowable 
levels of the pollutant in the ambient air across the United States, and States must 
development implementation plans to attain the standards. The PM NAAQS were last 
revised in 1997, and the next periodic review is now being conducted. 


“Economically significant” rules: An example of a rule found to be economically 
significant is the Disposal of Polychlorinated Biphenyls (PCBs) Final Rule. In 1998, EPA 
amended its rules under the Toxic Substances Control Act (TSCA), which addresses the 
manufacture, processing, distribution in commerce, use, cleanup, storage and disposal of 
PCBs. This rule provides flexibility in selecting disposal technologies for PCB wastes 
and expands the list of available decontamination procedures; provides less burdensome 
mechanisms for obtaining EPA approval for a variety of activities; clarifies and/or 
modifies certain provisions where implementation questions have arisen; modifies the 
requirements regarding the use and disposal of PCB equipment; and addresses 
outstanding issues associated with the notification and manifesting of PCB wastes and 
changes in the operation of commercial storage facilities. EPA would consider the 
information that provides the principal basis for this rule to be influential information. 


Peer reviewed work products: An example of a major work product undergoing peer 
review is the IRIS Documentation: Reference Dose for Methylmercury. Methylmercury 
contamination is the basis for fish advisories. It is necessary to determine an intake to 
humans that is without appreciable risk in order to devise strategies for decreasing 
mercury emissions into the environment. After EPA derived a reference dose (RfD) of 
0.0001 mg/kg-day in 1995, industry argued that it was not based on sound science. 
Congress ordered EPA to fund an National Research Council/National Academy of the 
Sciences panel to determine whether our RfD was scientifically justifiable. The panel 
concluded that the 0.0001 mg/kg-day was an appropriate RfD, based on newer studies 
than the 1995 RfD. The information in this document was evaluated, incorporated, and 
subjected to comment by the Office of Water, where it contributed in large part to 
Chapter 4 of Drinking Water Criteria for the Protection of Human Health: 
Methylmercury (EPA/823/R-01/001) January 2001. The peer review mechanism was an 
external peer review workshop and public comment session held on November 15, 2000, 
accompanied by a public comment period from October 30 to November 29, 2000. 


Case-by-base determination – PBT Chemicals Rule: An example of a case-by-case 
determination is the Guidance Document for Reporting Releases and Other Waste 
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Management Activities of Toxic Chemicals: Dioxin and Dioxin-like Compounds 
(December, 2000). In a final rule published October 29, 1999, EPA lowered the reporting 
thresholds for certain persistent bioaccumulative toxic (PBT) chemicals that are subject to 
reporting under Section 313 of the Emergency Planning and Community Right-to-Know Act of 
1986 (EPCRA) and Section 6607 of the Pollution Prevention Act of 1990 (PPA). We also added 
a category of dioxin and dioxin-like compounds to the EPCRA Section 313 list of toxic 
chemicals and established a 0.1 gram reporting threshold for the category. In addition, EPA 
added certain other PBT chemicals to the EPCRA Section 313 list of toxic chemicals and 
established lower reporting thresholds for these chemicals. As a result of this rulemaking, we 
developed a guidance document on the reporting requirements for the dioxin and dioxin-like 
compounds category, as well as a number of other guidance documents. The dioxin guidance 
document provides guidance on how to estimate annual releases and other waste management 
quantities of dioxin and dioxin-like compounds to the environment from certain industries and 
industrial activities. Due to the high interest level of stakeholders, we solicited public comments 
on the draft guidance document and formed a workgroup of interested stakeholders. The 
workgroup reviewed all public comments, provided their own comments, and then reviewed and 
commented on the final draft. 


Case-by-case determination – National Water Quality Inventory Report: A second 
example of a case-by-case determination is the National Water Quality Inventory Report 
to Congress. The National Water Quality Inventory Report to Congress is a biennial 
report to Congress and the public about the quality of our nation's waters. It is prepared 
under Section 305 (b) of the Clean Water Act (CWA), which requires States and other 
jurisdictions to assess the health of their waters and the extent to which water quality 
supports State water quality standards and the basic goals of the CWA. States' Section 
305 (b) assessments are an important component of their water resource management 
programs. These assessments help States: implement their water quality standards by 
identifying healthy waters that need to be maintained and impaired waters that need to be 
restored, prepare their Section 303 (d) lists of impaired waters, develop restoration 
strategies such as total maximum daily loads and source controls, and evaluate the 
effectiveness of activities undertaken to restore impaired waters and protect healthy 
waters. 


A number of commenters said that EPA created a limited definition of what types of information 
are to be considered “influential,” and that we have no rational basis to do so. A number of 
commenters also stated that “all Agency information should be considered influential”; that “all 
data relied upon by the Agency should meet a high standard of quality regardless of the type”; or 
that “‘influential’ information includes information used to support any EPA action, not just 
‘top’ Agency actions.” EPA followed OMB’s guidelines in establishing a definition for 
“influential” information that was not all-encompassing. OMB stated “the more important the 
information, the higher the quality standards to which it should be held, for example, in those 
situations involving “influential scientific, financial or statistical information...”. OMB narrowed 
the definition of “influential” in their final guidance as follows: 
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In this narrower definition, “influential”, when used in the phrase “influential 
scientific, financial, or statistical information”, is amended to mean that “the 
agency can reasonably determine that dissemination of the information will have 
or does have a clear and substantial impact on important public policies or 
important private sector decisions” (67 FR 8455). 


OMB also amended their definition to say that “each agency is authorized to define “influential” 
in ways appropriate for it given the nature and multiplicity of issues for which the agency is 
responsible” (67 FR 8455). We adopted OMB’s “influential” definition. Once the Agency 
reviewed the wide range of information disseminated to the public, such as major rulemakings, 
risk assessments, rule related guidance, health advisories, annual reports, fact sheets, and 
coloring books, it became apparent that there were reasons to distinguish between “influential” 
information and other information. EPA adopted OMB’s definition for “influential” and used 
types of information the Agency disseminates to further explain what information is included. 


Another commenter suggested that EPA should not indicate whether disseminated information is 
“influential” when it is first disseminated but should wait to designate information as 
“influential” until either an information correction request is made or a final agency action is 
taken. We intend to consider this point, as well as other comments made about when 
disseminated information becomes influential, as the Agency implements the Guidelines. 


One commenter suggests that the definition of the term “influential” should be more narrow. 
Specifically, the commenter states the following: 


Within the relatively narrow sphere of “disseminated” information, an agency 
should reserve the designation of “influential” for information disseminated in 
support of agency actions that are “major” regulations under Executive Order 
12866, provide a “significant” opportunity to advance the agency’s mandate by 
other means, or involve precedent-setting or reasonably controverted issues. This 
designation recognizes that procedures to promote the quality of information have 
significant costs, and that the most significant (and therefore the most costly) of 
such procedures should be reserved for information that is the most important in 
terms of the agency’s mission. 


EPA agrees with the commenter that there are significant costs associated with ensuring that 
information disseminated by the Agency is of high quality. Consequently, EPA chose a 
definition of the term “influential” to cover information that, when disseminated, will result in a 
clear and substantial impact on important public policies and private sector decisions. We 
believe that this definition balances the costs associated with implementing the Guidelines, the 
need to ensure high quality information, and the Agency’s mission to protect human health and 
safeguard the natural environment. 


Several commenters indicated that it is inappropriate for EPA to base its definition of 
“influential” on categories of actions. They suggest that the definition be based instead on the 


Appendix 46 







Guidelines for Ensuring and Maximizing the Quality, Objectivity, Utility, and Integrity of Information Disseminated by EPA 


content of the information. We consider our definition to be based on information content, given 
that those categories of disseminated information we defined as influential are those that EPA 
can reasonably determine will or do have a clear and substantial impact on important public 
policies or private sector decisions. We note here that, in addition to the specific classes of 
disseminated information we have defined as “influential,” EPA has reiterated the “case-by-
case” portion of the OMB “influential” definition. This general provision is intended to capture 
disseminated information, based on its content, that would not otherwise rise to the level of 
“influential” under the other parts of our definition (i.e., top Agency actions, Economically 
Significant actions, major peer reviewed products). 


Several commenters assert that EPA should categorically state that certain specific types of 
disseminated information products are influential, and that we should categorically state that 
certain specific types of disseminated information products are not influential. Given the vast 
array of information disseminated by the Agency, and given the fact that certain information 
may have a clear and substantial impact on important public policies or private sector decisions 
at one time, but not have such an impact later on (and vice versa), classifying types of 
information as “influential” or otherwise upfront is difficult and could be misleading. We intend 
to rely on our definition in determining whether specific types of disseminated information 
products are to be considered “influential” for purposes of the Guidelines. 


A.3.5 Reproducibility 


Some commenters stated that there needs to be more clarity in the definition of “reproducibility” 
and related concepts. We have tried to provide definitions that are consistent with OMB 
guidelines. Also, our Guidelines now include that EPA intends to ensure reproducibility for 
disseminated original and supporting data according to commonly accepted scientific, financial, 
or statistical standards. Many commenters thought there should be some kind of method to 
consider reproducibility when proprietary models, methods, designs, and data are used in a 
dissemination. Some commenters discourage all use of proprietary models; others suggest 
proprietary model use be minimized with application limited to situations in which it is 
absolutely necessary. We understand this concern, but note that there are other factors that are 
appropriately considered when deciding whether to use proprietary models, including feasibility 
and cost considerations (e.g., it may be more cost-effective for the Agency to use a proprietary 
model in some situations than to develop its own model). In cases where the Agency relies on 
proprietary models, these model applications are still subject to our Peer Review Policy. Further, 
as recently directed by the Administrator, the Agency's Council on Regulatory Environmental 
Modeling is now revitalizing its development of principles for evaluating the use of 
environmental models with regard to model validation and certification issues, building on 
current good modeling practices. In addition, these Guidelines provide for the use of especially 
rigorous “robustness checks” and documentation of what checks were undertaken. These steps, 
along with transparency about the sources of data used, various assumptions employed, analytic 
methods applied, and statistical procedures employed should assure that analytic results are 
“capable of being substantially reproduced.” 
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Regarding robustness checks, commenters were concerned that the EPA did not use the term 
“especially rigorous robustness checks.” We have modified our Guidelines to include this term. 
Some commenters speculated on the ability of the Agency's Peer Review program to meet the 
intent of the Guidelines and were concerned about the process to rebut a peer review used to 
support the objectivity demonstration for disseminated information. Our Peer Review program 
has been subject to external review and we routinely verify implementation of the program. 
Affected persons wishing to rebut a formal peer review may do so using the complaint resolution 
process in these Guidelines, provided that the information being questioned is considered to be 
“disseminated” according to the Guidelines. 


Regarding analytic results, some commenters indicated that the transparency factors identified 
by EPA (section 6.3 of the Guidelines) are not a complete list of the items that would be needed 
to demonstrate a higher degree of quality for influential information. EPA agreed with the list of 
four items that was initially provided by the OMB and recognizes that, in some cases, additional 
information regarding disseminated information would facilitate increased quality. However, 
given the variety of information disseminated by the Agency, we cannot reasonably provide 
additional details for such a demonstration at this time. Also, in regards to laboratory results, 
which were mentioned by several commenters, these Guidelines are not the appropriate place to 
set out for the science community EPA’s view of what constitutes adequate demonstration of test 
method validation or minimum quality assurance and quality control. Those technical 
considerations should be addressed in the appropriate quality planning documentation or in 
regulatory requirements. 


EPA has developed general language addressing the concept of reproducibility and may provide 
more detail after appropriate consultation with scientific and technical communities, as called for 
by OMB in its guidelines. We have already begun to consult relevant scientific and technical 
experts within the Agency, and also have planned an expedited consultation with EPA's Science 
Advisory Board (SAB) on October 1, 2002. Based on these initial consultations, EPA may seek 
additional input from the SAB in 2003. These consultations will allow EPA to constructively and 
appropriately refine the application of existing policies and procedures, to further improve 
reproducibility. In the interim, EPA intends to base the reproducibility of disseminated original 
and supporting data on commonly accepted scientific, financial, or statistical standards. 


A.3.6 Influential Risk Assessment 


General Risk Assessment 


Risk assessment is a process where information is analyzed to determine if an environmental 
hazard might cause harm to exposed persons and ecosystems (paraphrased from Risk 
Assessment in the Federal Government, National Research Council, 1983). That is: 


Risk = hazard x exposure 


For a chemical or other stressor to be "risky," it must have both an inherent adverse effect on an 
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organism, population, or other endpoint and it must be present in the environment at 
concentrations and locations that an organism, population, or other endpoint is exposed to the 
stressor. Risk assessment is a tool to determine the likelihood of harm or loss of an organism, 
population, or other endpoint because of exposure to a chemical or other stressor. To assist those 
who must make risk management decisions, risk assessments include discussions on uncertainty, 
variability and the continuum between exposure and adverse effects. 


Risk assessments may be performed iteratively, with the first iteration employing protective 
(conservative) assumptions to identify possible risks. Only if potential risks are identified in a 
screening level assessment is it necessary to pursue a more refined, data-intensive risk 
assessment. The screening level assessments may not result in "central estimates" of risk or 
upper and lower-bounds of risks. Nevertheless, such assessments may be useful in making 
regulatory decisions, as when the absence of concern from a screening level assessment is used 
(along with other information) to approve the new use of a pesticide or chemical or to decide 
whether to remediate very low levels of waste contamination. 
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OMB Guidelines 


In its guidelines OMB stated that, with respect to influential information regarding health, safety 
or environmental risk assessments, agencies should either adopt or adapt the quality principles in 
the Safe Drinking Water Act (SDWA) Amendments of 1996.34,35 In the background section of 
the OMB guidelines, OMB explains that "the word ‘adapt' is intended to provide agencies 
flexibility in applying these principles to various types of risk assessment." 


Guidelines Development Consideration 


EPA carefully and practically developed the adaptation of the SDWA quality principles using 
our considerable experience conducting human health and ecological36 risk assessments as well 
as using our existing policies and guidance. 


EPA conducts many risk assessments every year. Some of these are screening level assessments 
based on scientific experts' judgments using conservative assumptions and available data and can 
involve human health, safety, or environmental risk assessments. Such screening assessments 
provide useful information that are sufficient for regulatory purposes in instances where more 
elaborate, quantitative assessments are unnecessary. For example, such assessments could 
indicate, even with conservative assumption, the level of risk does not warrant further 
investigation. Other risk assessments are more detailed and quantitative and are based on 
research and supporting data that are generated outside EPA. For example, pesticide reviews are 
based on scientific studies conducted by registrants in accordance with our regulations and 
guidance documents. Our test guidelines and Good Laboratory Practices (GLPs)37 describe 
sound scientific practices for conducting studies needed to assess human and environmental 
hazards and exposures. Such studies are not required to be peer-reviewed. Risk assessments 
based on these studies can include occupational, dietary, and environmental exposures. 


34 Safe Drinking Water Act Amendments of 1996, 42 U.S.C. 300g-1(b)(3)(A) & (B). 


35 In section III.3.ii.C. of its guidelines, OMB states that: “With regard to analysis of risks to human health, 
safety and the environment maintained or disseminated by the agencies, agencies shall either adopt or adapt the 
equality principles applied by Congress to risk information used and disseminated pursuant to the Safe Drinking 
Water Act Amendments of 1996 (42 U.S.C. 300g-1(b)(3)(A) & (B)). Agencies responsible for dissemination of vital 
health and medical information shall interpret the reproducibility and peer-review standards in a manner appropriate 
to assuring the timely flow of vital information from agencies to medical providers, patients, health agencies, and the 
public. Information quality standards may be waived temporarily by agencies under urgent situations (e.g., imminent 
threats to public health or homeland security) in accordance with the latitude specified in agency-specific 
guidelines”. 


36Because the assessment of “environmental risk” is being distinguished in OMB’s adaptation of the 
SDWA quality principles from “human health risk”, the term "environmental risk" as used in these Guidelines does 
not directly involve human health concerns. In other words, “environmental risk assessment” is, in this case, the 
equivalent to what EPA commonly refers to as “ecological risk assessment”. 


3740 CFR part 160 for FIFRA and 40 CFR part 792 for TSCA. 
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The results of these risk assessments are conducted and presented to policy makers to inform 
their risk management decisions. EPA currently has numerous policies that provide guidance to 
internal risk assessors on how to conduct a risk assessment and characterize risk. The EPA Risk 
Characterization Policy38 and associated guidelines are designed to ensure that critical 
information from each stage of a risk assessment is used in forming conclusions about risk and 
that this information is communicated from risk assessors to policy makers. 


EPA Existing Policies and Guidance 


Current EPA guidance and policies incorporate quality principles. These are designed to ensure 
that critical information from each stage of a risk assessment is used in forming conclusions 
about risk and that this information is communicated from risk assessors to policy makers. One 
example is the EPA Risk Characterization Policy39 which provides a single, centralized body of 
risk characterization implementation guidance to help EPA risk assessors and risk managers 
make the risk characterization process transparent and risk characterization products clear, 
consistent and reasonable (TCCR). These principles have been included in other Agency risk 
assessment guidance, such as the Guidelines for Ecological Risk Assessment.40 Other examples 
of major, overarching guidelines for risk assessments include: Guidelines For Exposure 
Assessment 41, Guidelines For Neurotoxicity Risk Assessment,42 and Guidelines For Reproductive 
Toxicity Risk Assessment.43 Each of these documents has undergone external scientific peer 
review as well as public comment prior to publication. Additionally, individual EPA offices have 
developed more specific risk assessment policies to meet the particular needs of the programs 
and statutes under which they operate.44 EPA's commitment to sound science is evidenced by our 
ongoing efforts to develop and continually improve Agency guidance for risk assessment. 


38http://www.epa.gov/OSP/spc/rcpolicy.htm 


39 Ibid. 


40US EPA(1998). Guidelines for ecological risk assessment (Federal Register 63(93):26846-26924). 
http://www.epa.gov/ncea/raf. 


41US EPA (1992). Guidelines For Exposure Assessment. Federal Register 57(104):22888-22938. 
http://www.epa.gov/ncea/raf/. 


42US EPA (1998). Guidelines For Neurotoxicity Risk Assessment. Federal Register 63(93):26926-26954. 
http://www.epa.gov/ncea/raf/. 


43US EPA (1996). Guidelines For Reproductive Toxicity Risk Assessment. Federal Register 61(212):56274-
56322. http://www.epa.gov/ncea/raf . 


44 The Office of Solid Waste and Emergency Response has developed Tools for Ecological Risk 
Assessment for Superfund Risk Assessment. One example is the Ecological Risk Assessment Guidance for 
Superfund: Process for Designing and Conducting Ecological Risk Assessments - Interim Final. 
http://www.epa.gov/oerrpage/superfund/programs/risk/ecorisk/ecorisk.htm 
http://www.epa.gov/oerrpage/superfund/programs/risk/tooleco.htm 
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EPA's Experience Conducting Risk Assessments 


The first EPA human health risk assessment guidelines45 were issued in 1986. In 1992, the 
Agency produced a Framework for Ecological Risk Assessment46 which was replaced by the 
1998 Ecological Risk Assessment Guidelines.47 As emphasized elsewhere in this document, the 
statutes administered by EPA are diverse. Although the majority of risk assessments conducted 
within the Agency are for chemical stressors, we also assess risks to biological and physical 
stressors. In addition to risk assessment guidelines, both the EPA Science Policy Council and the 
EPA Risk Assessment Forum have coordinated efforts to address the complex issues related to 
data collection and analysis for hazard and exposure assessments. Thus, the Agency has 
considerable experience in conducting both screening level and in-depth assessments for a wide 
array of stressors. 


Most environmental statutes obligate EPA to act to prevent adverse environmental and human 
health impacts. For many of the risks that we must address, data are sparse and consensus about 
assumptions is rare. In the context of data quality, we seek to strike a balance among fairness, 
accuracy, and efficient implementation. Refusing to act until data quality improves can result in 
substantial harm to human health, safety, and the environment. 


Public Comments 


We received a range of public and stakeholder comments on the adaptation of the SDWA 
principles for "influential" human health, safety, and environmental risk assessments that are 
disseminated by EPA. Some commenters stated that we should adopt the SDWA quality 
principles for human health risk, safety and environmental risk assessments. Many commenters 
sought clarification on reasons for EPA's adaptation of the SDWA quality principles for human 
health risk assessments and additional information on how we plan to address this process. 
Others urged us to adapt the SDWA principles rather than adopt, because of certain elements in 
the SDWA principles that may not be applicable to all risk assessments such as a "central 
estimate of human risk for the specific populations affected." Others stated that we should 
neither adapt nor adopt SDWA principles because the "Data Quality Act" does not authorize 
importing decisional criteria into statutory provisions where they do not apply. The decisional 
criteria set forth in SDWA are expressly limited to SDWA. We also received comments at a 
level of detail that are more appropriate for implementation of the Guidelines than for the 
formulation of the Guidelines. These include comments regarding the use of clinical human test 
data, and comments regarding the use of particular types of assumptions in risk assessments. To 
the extent that an affected person believes that our use of data or assumptions in a particular 


4551 FR 33992-34054, 24 September 1986. 


46Framework For Ecological Risk Assessment, U.S. EPA, Risk Assessment Forum, 1992, EPA/630/R-
92/001. 


47Guidelines For Ecological Risk Assessment, U.S. EPA, Risk Assessment Forum, 1998, EPA/630/R-
95/002F. http://cfpub.epa.gov/ncea/cfm/ecorsk.cfm 
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dissemination of information is inconsistent with these Guidelines, the issue can be raised at that 
time. 


A few commenters raised a question regarding a conflict between EPA’s existing policies and 
the SDWA principles and asked us to identify the conflicting specific risk assessment standards 
and make every effort to reconcile the conflicting standards with the SDWA principles. A few 
commenters stated that EPA should not have two separate standards for risk assessments (i.e., 
one for influential and one for non-influential), but that all risk assessments should be considered 
influential. Another stated that if there is a conflict between existing policies and the SDWA 
principles, EPA should identify the conflicting specific risk assessment standards and make 
every effort to reconcile the conflicting standards with the SDWA principles. Some commenters 
have questioned why the “best available, peer reviewed science and supporting studies” 
language of SDWA was conditioned by terms such as “to the extent practicable” or “as 
appropriate.” 


Adaptation of SDWA Quality Principles 


Public comments received by the Agency on the draft Guidelines were widely divergent. As no 
obvious consensus could be drawn, we carefully considered comments and arguments on 
adoption and adaptation. We also reviewed our experience with the SDWA principles, existing 
policies, and the applicability and appropriateness of the SDWA language with regard to the 
variety of risk assessments that we conduct and have determined that, to best meet the statutory 
obligations of the many statutes EPA implements, it remains most appropriate to adapt the 
SDWA principles to human health, safety, and environmental risk assessments. 


In response to public comments we have removed “as appropriate” from these Guidelines in our 
SDWA adaptation. EPA agrees that the phrase peer reviewed science “as appropriate” was 
unclear. We revised this statement in part (A) to "including, when available, peer-reviewed 
science and supporting studies.” EPA introduced such adaptations in order to accommodate the 
range of real-world situations we address in the implementation of our diverse programs. 


Numerous commenters expressed that EPA did not provide adequate clarifications of how we 
adapted the principles and what our thinking was on each adaptation. In these Guidelines we 
have provided detailed clarifications regarding each adaptation made to the original SDWA 
language and other remarks regarding our intent during the implementation of the SDWA 
adaptation for influential disseminations by EPA. We direct reader to the Guidelines text for 
such clarifications. 


A.3.7 Complaint Resolution 


A few commenters noted that EPA should outline how an affected person would rebut the 
presumption of objectivity afforded by peer review. EPA believes this determination would be 
made on a case-by-case basis considering the circumstances of a particular peer review and has 
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decided not to provide specific suggestions for affected persons on how to rebut the presumption 
of objectivity afforded by a peer review. 


OMB and other commenters noted that agencies’ guidelines needed to make clear that a request 
for correction can be filed if an affected person believes that information does not comply with 
the EPA Guidelines and the OMB guidelines. EPA has added language in the EPA Guidelines to 
make sure this is more clear to readers. 


EPA received numerous comments on the EPA definition of affected persons. In the draft 
Guidelines, EPA had adopted OMB's definition. EPA agrees with comments suggesting that, 
instead of elaborating on the definition of "affected person," a more open approach would be to 
ask complainants to describe how they are an affected person with respect to the information that 
is the subject of their complaint. EPA is asking that persons submitting requests for correction 
provide, among other things, such an explanation. EPA has revised the Guidelines accordingly, 
so that we may consider this information along with other information in the complaint in 
deciding on how to respond. 


Some commenters noted that the EPA Guidelines do not state how the process will work, 
specifically, for States, municipalities, and EPA. They expressed concern of being “caught in the 
middle,” so to speak, on trying to get their own information corrected. EPA does not believe that 
the Guidelines needed greater details on how States will work with EPA to address complaints, 
but intends to work closely with States to better ensure timely correction. EPA does appreciate 
the frustration of an information owner in seeing what they deem "incorrect" information in a 
disseminated document or web site. However, EPA notes that this is a very complex issue that 
cannot be addressed with general language in the Guidelines for all cases. 


Several comments indicated that EPA appears to have given itself "carte blanche" authority to 
"elect not to correct" information. The commenters stated that there was no valid reason why 
EPA would opt out of correcting information and that all errors should be corrected. To the 
contrary, EPA like every Federal agency wants to correct wrong information. The issue is not as 
simple as the correction of an improper zip code or phone number on the EPA web site. Even 
these simple errors may be very complex if it would involve changing data in an EPA and/or 
State database. Furthermore, EPA is not certain of the volume of complaints it will receive after 
October 1 and therefore needed to provide a general provision in the Guidelines to recognize that 
once EPA approves a request, the corrective action may vary depending on the circumstances. 
On a case-by-case basis, EPA will determine the appropriate corrective action for each 
complaint. EPA determined that this was the most reasonable approach. The revision also 
recognizes practical limitations on corrective action for information from outside sources. 


Several commenters noted that EPA needs to establish time frames for the complaint process. 
Commenters stated that EPA should establish time frames for when affected persons can submit 
a complaint on an information product, when EPA needs to responds to affected persons with a 
decision on discrete, factual errors, when EPA would respond to affected persons with a decision 
on more complex or broader interpretive issues, and when an affected person should submit a 
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request for reconsideration. One commenter suggested that EPA solicit all complaints at one 
time during a 6-month window or another time frame. EPA notes that commenters provided 
helpful examples and well thought out proposals for such a suite of time frames and appreciates 
the public input. 


EPA did not agree on the need to develop two separate time frames for complaints that are more 
factual in nature versus those that are more complex. One commenter suggests a 15-day time 
line for discrete factual errors and a 45-day time line for all other complaints. Another 
commenter recommended 30 days for factual errors and 60 days for all other complaints. 
Another commenter advised EPA to model this complaint process according to the FOIA 
process. This commenter also suggested a 3-week time line for more numeric corrections and 60 
days for "broader interpretive issues or technical questions." While EPA appreciates the value of 
these approaches, they might be problematic to implement. However, as EPA learns more about 
the nature of this complaint process following some period of implementation, these suggested 
approaches could be revisited. 


EPA also agreed with commenters that a window of opportunity for commenters to submit a 
request for reconsideration made sense. EPA has advised affected persons in these Guidelines to 
submit a request for reconsideration within 90-days of the initial complaint decision by EPA. 


Some commenters asked that EPA establish time lines for when EPA would take corrective 
action. EPA does not anticipate that there would be any value in applying a specific time frame 
for this action and prefers to look at each complaint and appropriate corrective action on a 
case-by-case basis, as discussed above. 


Commenters suggested that 45 days was a reasonable time frame for EPA to get back to the 
affected person with either a decision or a notice that EPA needs more time. One group noted 
that HHS, SSA, and NRC adopted the 45-day window. EPA disagreed with this approach and 
instead opted for a 90-day time frame similar to the DOT Guidelines. 


EPA received many comments on how EPA should structure its internal processes for the 
complaint resolution process. Several comments specifically discussed the role that OEI should 
play in the initial complaint and the requests for reconsideration. EPA does not agree that OEI 
should be the arbiter on all requests for reconsideration, but does view the role of OEI in the 
process as an important one. Namely, OEI may work to help ensure consistent responses to 
complaints and requests for reconsideration. Other comments recommending specific internal 
implementation processes are being considered as EPA designs the correction and request for 
reconsideration administrative processes in greater detail. 


Many commenters argued that Assistant Administrators and Regional Administrators should not 
decide requests for reconsideration because they would be biased or would have a conflict of 
interest when deciding complaints regarding information disseminated by their own Offices or 
programs, or if they had to reconsider decisions made by their own staffs. EPA does not agree. 
This type of decision making is within the delegated decision making authority of EPA's 
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officials, and these decisions should be presumed to be unbiased absent a specific showing that a 
decision maker is not impartial in a particular case. EPA does agree with commenters who noted 
that it is important to make consistent decisions on cross-cutting information quality issues. In 
order to achieve appropriate consistency of response to affected persons on requests for 
reconsideration and to ensure that cross-cutting information quality issues are considered across 
the Agency at a senior level, EPA intends for an executive panel to make the final decisions on 
all requests for reconsideration. Furthermore, we felt it important to add greater detail on the 
time frame within which EPA would respond to a requestor on their request for reconsideration. 
We have added that it is EPA’s goal to respond to requesters regarding requests for 
reconsideration within 90 days. 


EPA received many recommendations in public comments to include the public in the EPA 
complaint process. Specifically, commenters requested that EPA notify the public about all 
pending requests to modify information and one commenter stated that EPA should allow the 
public to comment on information corrections requests for information that are considered 
"central to a rulemaking or other Final Agency Action" before EPA accepts or rejects the request. 
As a general matter, EPA does not intend to solicit public comment on how EPA should respond 
to requests for correction or reconsideration. EPA also does not intend to post requests for 
correction and requests for reconsideration on the EPA web site, but we plan to revisit this and 
many other aspects of the Guidelines within one year of implementation. 


EPA also received many comments on how information that is currently being reviewed by EPA 
in response to a complaint appears to the public on the EPA web site or some other medium. 
Some commenters recommended the use of flags for all information that has a complaint pending 
with a note that where appropriate, challenged information will be pulled from dissemination and 
removed from EPA's web site. Other commenters stated that the information in question should 
be removed from public access until the resolution process has been completed. Still other 
commenters requested that EPA not embark on self-censorship. As a general rule, EPA has 
decided not to flag information that has a complaint pending. EPA believes that information that 
is the subject of a pending complaint should not necessarily be removed from public access based 
solely on the receipt of a request for correction. 


A.4 Next Steps 


EPA is actively developing new policies and procedures, as appropriate, to improve the quality of 
information disseminated to the public. Some activities specifically support ensuring and 
maximizing the quality, objectivity, utility, and integrity of information. For instance, we are 
consulting with the scientific community on the subject of reproducibility. The EPA Science 
Advisory Board (SAB) is performing an expedited consultation on the subject on October 1, 
2002. Based on this initial consultation, EPA and the SAB may consider a full review of 
reproducibility and related information quality concepts in 2003. Furthermore, as noted earlier, 
the EPA Science Policy Council has commissioned a workgroup to develop assessment factors 
for consideration in assessing information that EPA collects or is voluntarily submitted in support 
of various Agency decisions. 
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As new processes, policies, and procedures are considered and adopted into Agency operations, 
we will consider their relationship to the Guidelines and determine the extent to which the 
Guidelines may need to change to accommodate new activity. 
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1 THE COURT: Good morning, everyone. Good


2 morning, ladies and gentlemen. I hope you enjoyed your


3 day off. We'll make you pay for it today, I'm sure.


4 The attorneys have informed me that they've


5 agreed to take a witness out of order, which we do


6 sometimes to accommodate people who have time


7 constraints or other issues.


8 And as you recall, Dr. Woodard was on the stand


9 when we broke. What we're going to do is take a break


10 from Dr. Woodard. You're going to hear testimony from


11 a different defense witness, Mr. Neri, I believe; is


12 that correct?


13 MR. NUGENT: Yes, your Honor.


14 THE COURT: And we'll complete the testimony of


15 Mr. Neri, and then we'll move back to Dr. Woodard.


16 Okay? All right. Mr. Nugent.


17 MR. NUGENT: Thank you, your Honor. Mr. Neri.


18 KENNETH MICHAEL NERI. first having been duly


19 sworn, testified as follows:


20 THE CLERK: Please state your name and spell


21 your last name for the record.


22 THE WITNESS: My name is Kenneth Michael Neri,


23 Sr.


24 THE CLERK: Your last name, can you please spell


25 that.







1 THE WITNESS: N-E-R-I.


2 THE COURT; Good morning, Mr. Neri.


3 THE WITNESS: Good morning.


4 THE COURT: Thanks for being here. And you may


5 inquire, Mr. Nugent.


6 MR. NUGENT: Thank you, your Honor.


7 DIRECT EXAMINATION BY MR. NUGENT


8 Q. Mr. Neri, can you state your name and address for


9 the record, please.


10 A. Again, my name is Kenneth Michael Neri, Sr. My


11 address right now is in Glocester, but I used to live


12 on 6 Amber Street in Johnston, Rhode Island.


13 Q. Where is 6 Amber Street in Johnston in relation to


14 the former Metro-Atlantic plant?


15 A. We lived about 500 yards -- actually, in Johnston,


16 there's a river and then it's North Providence. We


17 lived right across, directly across from


18 Met ro-At lan t ic .


19 MR. NUGENT: Can we have P la in t i f f ' s Exhibit


20 137, p lease. That ' s a full exhibit a l ready, your


21 Honor.


22 THE COURT: Yes .


23 Q. Mr. Neri, can you see that on your screen?


24 A. Not yet. Okay.


25 MR. NUGENT: Can we have a closer view.







1 Q. If you look to the left side of the screen, do you


2 see where it says "Johnston"?


3 A. No. I see Smith Street. Okay. Johnston, yes.


4 Q. Is that the direction you would travel to go to


5 Amber Street?


6 A. Yes.


7 Q. How long did you live on Amber Street in Johnston?


8 A. From the time I was 6 years old until I was 21.


9 Q. And when did you move, what year did you move?


10 A. 1968.


11 Q. During the years that you lived on Amber Street,


12 did you have an occasion to walk by the Metro-Atlantic


13 plant?


14 A. Yes. Every day. From the time I was, I'd say,


15 seven, eight years old, we were allowed to play down


16 there. There's railroad tracks down there and the


17 railroad, naturally. When we were kids, we used to


18 build rafts and play in the tracks and stuff like that.


19 I went to school at St. Lawrence, which was in North


20 Providence, and what we used to do was actually take


21 the railroad tracks to cut off about 10 or 15 minutes


22 of a walk.


23 If you walk down George Waterman Road and then


24 take a right to go to St. Lawrence, it would cut off


25 about ten minutes, so we used to cut through every day.







1 Q. Can you describe where the railroad tracks were in


2 relation to the Woonasquatucket River?


3 A. It runs right along the banks of the


4 Woonasquatucket River.


5 Q. Can you estimate how far the railroad tracks were


6 from the edge of the Woonasquatucket River,


7 approximately?


8 A. No more than 20 feet.


9 Q. Referring to the map that's in front of you, can


10 you see an area along the Woonasquatucket River where


11 the railroad tracks would run?


12 A. Trying to find out where -- this is the river


13 right here, right?


14 Q. Do you see Smith Street right on the top, on an


15 angle?


16 A. Yes.


17 Q. Does that help you --


18 A. Okay. This is the river right here.


19 Q. You can touch the screen and that will actually --


20 A. This the river?


21 Q. Yes.


22 A. What was the question, again? I'm sorry?


23 Q. Where were the railroad tracks?


24 A. Right against it. Like I said, 20 feet on the


25 picture would be the left side, on the Johnston side.







1 Q. So where the words "Johnston" --


2 A. Yes. That would probably be the railroad tracks.


3 Q. How often would you walk along those railroad


4 tracks?


5 A. From the time I was in the fifth grade at St.


6 Lawrence to the ninth grade, every single morning,


7 every single night. When we were eight and nine, we


8 used to play down there practically every night. My


9 buddies -- again, I had a pretty unique thing where I


10 lived in Johnston, but most of my friends were in North


11 Providence, because I went to St. Lawrence so we used


12 to go back and forth every day.


13 Q. When you were in high school, did you ever have an


14 occasion to walk along those railroad tracks?


15 A. Yes.


16 Q. How often would you go down there?


17 A. When I was in high school, I went there every


18 night because my girlfriend lived in North Providence,


19 but until I got my own car, which was maybe about 16,


20 17 years old.


21 I still used the tracks after that because we


22 were only allowed to use the car on weekends and stuff


23 like that. We had only one car so --


24 Q. So up until the time you were 16, you would walk


25 along those tracks?







1 A. Yeah. Every day.


2 Q. When you walked along the tracks to the west side


3 of the Woonasquatucket River, did you ever look back at


4 the former Metro-Atlantic plant?


5 A. Every day.


6 Q. And did you ever notice anything unusual along the


7 riverbank?


8 A. They used to stack barrels along the river banks


9 from where I was, which is Amber Street, and if you --


10 I can't -- this map is pretty small, but if you walked


11 down Amber Street, and I was facing Metro-Atlantic


12 area, okay, it would be from Amber Street to the right


13 where all the barrels were.


14 Q. Okay. Did you ever notice anything else unusual


15 along the riverbank from the side of the Metro-Atlantic


16 plant?


17 A. Yeah. Between where the bridge was, between the


18 bridge and I would say between anywhere from -- because


19 I don't have a tape line, but anywhere from a hundred


20 feet to a hundred yards, which is 300 feet, there was a


21 pipe protruding out of the bank about one to two feet


22 below the surface.


23 Q. When you mentioned the bridge, can you point to


24 the bridge you're referring to?


25 A. I would imagine it would be right here.







10


1 Q. All right. And that's the Smith Street overpass


2 above the Woonasquatucket River?


3 A. Correct.


4 . Q. And you estimated a distance from that point


5 down --


6 A. Towards my house. From Smith Street towards my


7 house, which is the bridge, on the left side of the


8 bank, which would be North Providence side, there was a


9 pipe protruding out. And it used to stick out I'm


10 going to estimate -- well, it was enough to go -- the


11 bank went this way, and the pipe went that way so the


12 stuff would come out, the chemical would come out and


13 go right into the water.


14 Q. When you observed something coming out, what did


15 it look like?


16 A. It was different colors. Sometimes it was yellow,


17 sometimes it was black, sometimes purple. It was all


18 different colors when it hit the water.


19 Q. Did you observe the water change color when it hit


20 the water?


21 A. Abso lu te ly .


22 Q. How often would you see any activity with that


23 pipe?


24 A. Again, like, the pipe used to extract


25 approximately around 3:30, 4:00 approximately every
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1 day. Like I said, I mean, every day I'd go by the same


2 exact time but -- I'm sorry, I didn't see the


3 extractions all the time. But when I went by there


4 after school, if I stayed after school or something, I


5 would see the chemical.


6 Q. You don't actually know what was coming out of the


7 pipe; is that right?


8 A. No, I do not.


9 Q. As far as a time frame goes, what years would you


10 estimate that you would see the material coming out of


11 that pipe and in the river?


12 A. I'd say from '64 to -- '63 to '68.


13 Q. When you walked along the river, did you ever see


14 any activity, trucks or equipment?


15 A. Yes. We used to kid because we saw trucks and


16 tractor -- well, it's actually a bulldozer. And we


17 used to see the -- well, mostly here, because we were


18 kind of blind-sided with the trees. There was trees


19 that were there, but it would sound like if you watch a


20 desert movie with tanks, you would hear that clatter on


21 the tank think. We would hear that a lot, going back


22 and forth, back and forth. That started about 3:30 and


23 then around dusk.


24 Q. If you were to point out on this map where that


25 tree area was, could you show us?
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1 A. I'm trying to figure out where Amber Street is on


2 the map, and I can give you a better idea. This thing


3 i s so smal 1 .


4 Q. Are you familiar with Steere Avenue on the


5 opposite side?


6 A. Yes. I know where Steere Avenue is. I think that


7 was a little -- probably, if I was looking at the river


8 here, Steere Avenue is probably a little to the right


9 for me.


10 Q. So Amber would be north of where Steere Avenue is?


11 A. If that's what --


12 Q. Up is north. You mentioned that you would hear


13 this sound, like a tank sound. How often would you


14 hear these sounds?


15 A. Okay. We heard those every night. It was mostly


16 in the summertime because it would get dark early in


17 the winter, but mostly it would from the time about


18 3:30, four o'clock until dusk.


19 Q. Was that every day?


20 A. Every day.


21 Q. And was that a constant thing every year or just


22 one year?


23 A. No. That was all the time.


24 Q. And the time frame, can you tell us what years you


25 would hear this?
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1 A. Again, it's been a long -- I'm going to say it was


2 a constant thing. It was very -- all the time. I


3 mean, I always heard it. I'm going to say from the


4 time I was eight, nine years old until, you know, I


5 moved out of there.


6 Q. And you were 21 when you moved out?


7 A. Yes.


8 THE COURT: So let's put some years on that,


9 just so everybody --


10 MR. NUGENT: I believe he testified --


11 Q. 1968 is when you moved out?


12 A. Yes, I did. I moved out in '68.


13 Q. And you were born in 1947?


14 A. '47.


15 Q. So if you were nine years old, it would be from


16 1956 to 1968, approximately?


17 A. Yeah. '55, '56, yes.


18 Q. And did it continue until the time you moved out?


19 A. Just about, yes.


20 Q. Now, was there any clearing at Metro-Atlantic that


21 you could actually observe activity?


22 A. Absolutely. The clearing, what we saw was just


23 about directly across from my street.


24 Q. Did you see buildings?


25 A. Through the trees and stuff, yes, you could.
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1 Q. Besides what you heard, the sounds that you heard,


2 did you ever get a glimpse of any machinery?


3 A. Yeah. They had a -- I call it a tow motor,


4 because I was in the carpet business, but they call a


5 forklift. They'd bring the barrels out in pallets.


6 Q. Which direction were they going?


7 A. Going towards Steere Avenue.


8 Q. On this map, they would be going south?


9 A. Yes. Right down here.


10 Q. Did you observe that equipment come back?


11 A. Back and forth, yes.


12 Q. Did you make any observations about the load that


13 it was carrying?


14 A. Barrels.


15 Q. And when it came back, did it have barrels on it?


16 A. No.


17 Q. Did you see trucks at that south direction as


18 well?


19 A. Yes.


20 Q. Did you see trucks with barrels going south?


21 A. Yes.


22 Q. And when the trucks came back up north, did they


23 have barrels?


24 A. No.


25 Q. Besides the forklift, did you ever see any other
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1 kind of equipment there?


2 A. Bulldozer,


3 Q. You actually could see a bulldozer from your


4 vantage point?


5 A. I seen it once or twice, but I mean, most of the


6 time we heard it, because, like I said, it was more


7 towards Whipple than -- the clearing was at Amber


8 Street, but they would go towards Whipple.


9 Q. If you look at this map and the top of the page is


10 north --


11 A. Going from north to south.


12 Q. You're pushing your hand to the right. Are you


13 saying to the south?


14 A. Yes. North to south.


15 Q. All right. If you had to mark on this map, where


16 was that tractor sound coming from?


17 A. Right across from Amber Street. Wherever Amber


18 Street is on this map, it would be right across and to


19 the right.


20 Q. Could you indicate anywhere on this map that would


21 be close to where the sound was coming from?


22 A. Like I said, I can't see the streets on the


23 Johnston side.


24 THE COURT: Is this the best map we have.


25 THE WITNESS: What's that?
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1 THE COURT: I'm asking the attorneys. Is this


2 the best map we have? I thought there was another map


3 that maybe had a little more detail on it.


4 MR. NUGENT: We can go closer up from -- I don't


5 know if that helps at all.


6 THE COURT: Maybe it would be useful to use the


7 aerial photographs that have been introduced. That


8 might be --


9 MR. NUGENT: Fine. I don't know what exhibit


10 they are. I don't know if you have them in hard copy.


11 MR. HARDING: 145.


12 THE COURT: Plaintiff's 145. Why don't we try


13 that.


14 Q. Can you see an aerial photograph on your screen?


15 A. Yes.


16 Q. All right. And using the Smith Street at the top


17 of the page, does that help orient you to this


18 particular location?


19 A. I would say we were probably right around here.


20 THE COURT: Hold it, Mr. Nugent.


21 MR. NUGENT: Okay.


22 THE COURT: The document you have up on the


23 screen now has not been admitted as a full exhibit.


24 I'm thinking of the color aerial photograph,


25 Plaintiff's Exhibit --
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1 MR. PIROZZOLO: May I suggest 236, your Honor.


2 THE COURT: 236?


3 MR. PIROZZOLO: Is that the one your Honor --


4 THE COURT: Yeah. That's the one I'm thinking


5 of. So can we get that photo fully onto the screen?


6 Q. Mr. Neri, do you see the map --


7 A. Correct.


8 Q. -- that's in front of you?


9 A. Yes.


10 Q. And you can see the label, Centredale Manor and


11 the Brook Vi1lage?


12 A. Right.


13 Q. You've been back to the property, haven't you,


14 since you lived there?


15 A. I would say we were probably right about here, in


16 this area right here.


17 Q. Can you touch the screen.


18 A. I am. I'm touching it.


19 Q. Right there. Is that where you lived?


20 A. Right around that area, yes.


21 Q. And where was the opening so you could see the


22 activity at Metro-Atlantic?


23 A. Right about here.


24 MR. PIROZZOLO: Excuse me, your Honor, I didn't


25 get that question.
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1 THE COURT: Where was the opening so you could


2 see the activity of Metro-Atlantic.


3 MR. PIROZZOLO: Thank you very much, your Honor.


4 Q. And where were the tractor sounds coining from?


5 A. Right here.


6 Q. Did you ever see any activities with the barrels


7 that you haven't described so far?


8 A. We used to kid around because at times, at least


9 once a week, they used to burn them, and they used to


10 blow up and go into the air, and we thought we had the


11 best fireworks in the neighborhood. But, yeah, I seen


12 them burned. They used to burn them, bury them and


13 stack them. Some of them used to fall in the water.


14 As a matter of fact, some of the empty barrels we used


15 to use for rafts. Put them on the bottom of rafts, the


16 barrels themselves. Some of them used to stay in the


17 water.


18 Q. What you just described, was that on a regular


19 basis you observed those things?


20 A. Yes.


21 MR. NUGENT: That's all I have, your Honor.


22 MR. PIROZZOLO: Your Honor, may the map as


23 marked be printed.


24 THE COURT: Are you going to ask him to refer to


25 anything on that map?
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1 MR. PIROZZOLO: Eventually, yes.


2 THE COURT: Why don't we do it when all is done.


3 CROSS-EXAMINATION BY MR. PIROZZOLO


4 Q. Good morning, Mr. Neri.


5 A. Good morning.


6 Q. I shook hands with you this morning when I came in


7 the courtroom. I represent Emhart in this case.


8 A. Okay.


9 Q. Have you ever heard of Emhart?


10 A. No.


11 Q. Actually, at the time that you were talking about


12 in the direct examination, you knew that there was a


13 factory of some kind and some other facilities on the


14 other side of the river?


15 A. Correct. We used to call it Metro-At!antic.


16 Q. And you didn't make any distinction between


17 Metro-Atlantic and New England Container?


18 A. No.


19 Q. You didn't think of it as two different operations


20 or two different businesses?


21 A. No.


22 Q. Okay. And you used to call it Metro-Atlantic?


23 A. Yes. That's what the sign said in the front.


24 Q. And by the front, you mean up on Smith Street?


25 A. Correct.
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1 Q. There was no sign along the river?


2 A. No.


3 Q. And it's clear that the area -- let me ask -- you


4 marked with an arrow the area where you lived?


5 A. As much as I can see from here, yes.


6 Q. As close as you can?


7 A. Yes.


8 Q. So do you see where Smith Street is?


9 A. This should be Smith Street right here.


10 Q. Right. And you would agree that where you marked


11 is south of Smith Street?


12 A. If that's south, yes.


13 Q. Assume it's south. You were south of Smith


14 Street. So the area you marked would you say is four,


15 five hundred, eight hundred feet south of the


16 buildings?


17 A. Directly across, you're talking about?


18 Q. Where the arrows are that you marked.


19 A. From one side of the river to the other side,


20 yeah, about --


21 Q. Not my question. What you call the Metro-Atlantic


22 buildings on Smith Street --


23 A. Okay.


24 Q. -- they extended south on Smith Street for an


25 area?
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1 A. Okay.


2 Q. Then did you ever see a barrel processing plant


3 there, where there was a fire or burning barrels?


4 A. Yes.


5 Q. And that was south of the Metro-Atlantic


6 buildings?


7 A. If this is south on this side, yeah.


8 Q. Okay. Now, from the end of the barrel burning


9 area, or b u i l d i n g , barrel burning area to the place


10 where you marked on the map that you saw the barrels


11 near the river, how far was that?


12 A. From my house, about --


13 Q. Not from your house. From the end of the barrel


14 burning b u i l d i n g .


15 A. From here to here?


16 Q. Yes.


17 A. I'm going to say no more than 100 yards.


18 Q. A hundred yards?


19 A. Yeah.


20 Q. Okay. Now, along the river, there's a line of


21 trees, right?


22 A. Correct.


23 Q. And the Johnston side of the river is much higher


24 than the river? It's a pretty steep bank there?


25 A. On some of it, yes.
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1 Q. And in the time of year when there are leaves on


2 the trees, you really can't see across, can you?


3 A. Only through the opening.


4 Q. Otherwise, the trees obstruct the view?


5 A. Yes.


6 Q. So the only time you could see, really see across


7 is in the wintertime?


8 A. Yes.


9 Q. Now, you said that what you testified to here


10 today was something you saw from 1963 to '68?


11 A. Actually, it was sooner than that.


12 Q. Do you remember in your deposition you said that


13 you saw what you described here today from 1955 to


14 1963?


15 A. Yeah.


16 Q. You do remember that?


17 A. Yes.


18 Q. Okay.


19 A. The questions they asked me in that time frame.


20 Q. Do you remember saying that at that point you grew


21 up, and you started doing other things?


22 A. Correct.


23 Q. And were not playing or being with your friends in


24 the area of the railroad tracks anymore?


25 A. Not total -- I mean, are you saying that we never
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1 went back there, you mean? Is that what you're asking


2 me?


3 Q. Generally, you spent less time there?


4 A. Less time, correct.


5 Q, Because you had other interests? You grew up?


6 A. Exactly.


7 Q. You don't know who put the barrels or who buried


8 the barrels?


9 A. .No, I do not.


10 Q. You just saw barrels. And you don't have any idea


11 what was in the barrels?


12 A. No, I do not.


13 Q. This pipe you described, you have no idea what was


14 coming out of the pipe?


15 A. No, I do not.


16 Q. In fact, you don't know who put anything in the


17 pipe to come out of the pipe?


18 A. No, I do not.


19 Q. Did your father work for one of those companies?


20 A. No.


21 Q. Now, you worked for a company called D & S Screw?


22 A. Yes.


23 Q. And is D & S Screw near the Woonasquatucket River?


24 A, It's on the opposite side of the bridge.


25 Q. So it would be north of Smith Street?
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1 A. Yes.


2 Q. And you worked there about when?


3 A. I'm sorry?


4 Q. About when did you work there?


5 A. What year?


6 Q. Approximately. It's a long time ago.


7 A. Oh, boy. I'm going to say '66.


8 Q. Okay. And during that time, did you see anyone


9 from D & S Screw dumping waste into the river?


10 MR. NUGENT: Objection, your Honor. Beyond the


11 scope.


12 THE COURT: Sustained.


13 Q. Did you have a chance to observe the river?


14 A. Yes.


15 Q. Did you ever observe the river after being in the


16 vicinity of D & S Screw?


17 MR. NUGENT: Objection, your Honor. Same


18 objection.


19 MR. PIROZZOLO: He was asked if things were


20 floating in the river, barrels were in the river, your


21 Honor.


22 THE COURT: The case has nothing to do with D &


23 S Screw. So if I understand your testimony, D & S


24 Screw was further up beyond the bridge?


25 THE WITNESS: Yes. On the opposite side of the
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bri dge.


THE COURT: Then sustained.


Q. And did you say -- did you ever see barrels


explode?


A. Yes.


And you'd see them fly as high as the treetops?


Yes.


And where was the area where the barrels exploded?


In the area I indicated, in this area right here.


Thank you. And you left elementary school around


Q.


A.


Q.


A.


Q.


1963?


A. '64.


Q. Now, you testified in your deposition, do you


recall, that the barrels that you saw --


MR. NUGENT: Objection, your Honor.


MR. PIROZZOLO: Page 46.


MR. NUGENT: Your Honor, he has to use the


deposition properly.


THE COURT: Put the deposition on the screen.


Show it to me and the witness.


MR. PIROZZOLO: To save time, let me ask the


question without the deposition.


Q. Did you see barrels being -- drums being burned


during the period 1957 to 1963?


A. Saw them what, being burned?







26


1 Q. Was the time that you saw barrels being buried --


2 A. Oh, buried.


3 Q. -- the period 1957 to 1963?


4 A. I would say it was a little more than '63. A


5 little further than '63.


6 MR. PIROZZOLO: May the drawing, the picture


7 that's now on the screen be printed, your Honor, before


8 we go to another thing.


9 THE COURT: You're done with that?


10 MR. PIROZZOLO: I believe I'm done with that.


11 THE COURT: We'll print that out and make that


12 236B. Go ahead. Ask your next question.


13 (Plaintiff's Exhibit 236B marked full.)


14 MR. PIROZZOLO: Can we zoom in on page 46.


15 THE COURT: What line are you referring to?


16 MR. PIROZZOLO: Starting at line 18.


17 Q. Do you remember giving a deposition --


18 THE COURT: Wait a second. Wait a second.


19 Slide that up so I can see the rest of it.


20 MR. PIROZZOLO: I'm sorry?


21 THE COURT: Slide it up so I can see the rest of


22 it. Thank you.


23 All right. You may ask him from line 15 to line


24 24.


25 Q. Mr. Neri , you remember giving a deposition?
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1 A. Yes, I do.


2 Q. And in the course of that deposition, you were


3 asked about the period 1957 to 1963?


4 A. Yes.


5 Q. And is that a section of your deposition in front


6 of you?


7 A. Yes.


8 Q. And were you asked: "Did you see the drums


9 being -- did that take place during the period 1957 to


10 1963?"


11 THE COURT: No. I said line 15 to line 24.


12 Start on line 15.


13 MR. PIROZZOLO: Okay. I'm sorry, your Honor.


14 Q. You were asked the question at your deposition:


15 "You were asked some questions about the drums that you


16 saw being buried. Do you recall that?"


17 A. Yes.


18 Q. And you said yes. And then you were asked: "And


19 did you see the drums being -- did that take place


20 during the period 1957 to 1963?" And you answered:


21 "In that area, yes."


22 THE COURT: Next question.


23 Q. And then you were asked: "And I believe at your


24 EPA deposition, you were able to show the location


25 where the drums were being buried; is that correct?"
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1 And your answer was: "Correct."


2 A. Yes.


3 Q. You recall that testimony?


4 A. Yes.


5 Q. Thank you. And that was -- you gave a deposition


6 not only in this case but to the EPA?


7 A. Yes.


8 MR. PIROZZOLO: I'd like to show the witness


9 page 29 and 30 of the same deposition.


10 THE COURT: Put it on so I can see it.


11 MR. PIROZZOLO: Starting at line 24 on page 29


12 and then going over to page 30.


13 THE COURT: Well, you're only showing me 29 so I


14 can't see 30.


15 MR. PIROZZOLO: I'm just about to show you, your


16 Honor.


17 THE COURT: Up to what line?


18 MR. PIROZZOLO: Up to line 3.


19 THE COURT: All right. Go ahead.


20 Q. Mr. Neri, do you remember being asked at your


21 deposition: "So the activity that we have been


22 discussing on the Metro-Atlantic property you saw from


23 approximately the years 1955 to 1963; is that correct?"


24 A. Yes.


25 Q. And you answered: "Yes"?
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1 A. Yes.


2 Q. Thank you. Now, do you remember a b u i l d i n g being


3 built next to the river during that period, 1955 to


4 1963?


5 A. I don't recal1.


6 Q. Pardon?


7 A. I don't recal1.


8 Q. Now, you walked by the Metro-Atlantic site, you


9 said, almost every day during that period?


10 A. Yes.


11 Q. And did you ever see a building that was high and


12 relatively small next to the river?


13 A. There was a shack next to the river that I thought


14 you were talking about. I don't know if that's it.


15 Q. All you remember is a shack?


16 A. A smaller building.


17 Q. You don't remember a relatively tall building?


18 A. Not that I can recall.


19 Q. The old Metro-Atlantic building, was that new or


20 old?


21 A. It was there as far as I can remember.


22 Q. Did that look like an old m i l l building?


23 A. No. It was a brick building as far as I remember.


24 Q. I'm sorry?


25 A. It was brick. It was a brick front. With, you
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1 know, glass and stuff.


2 Q. So it was there as early as you could ever


3 remember?


4 A. Yeah. I know there was stores next to it, there


5 were wooden buildings. But Metro-Atlantic, if I can


6 remember, was a long building along Smith Street.


7 Q. Do you have any idea how old that bu i l d i n g was?


8 A. No. Do not.


9 Q. Did it look like an old building to you?


10 A. It was brick. How can it look old?


11 Q. Okay. When you were walking along the railroad


12 tracks, you could look across the river?


13 A. In spots, yes.


14 Q. So if you start down on Smith Street, how did you


15 get down -- was the railroad track below the bridge at


16 Smith Street?


17 A. No. It was in line with the bridge. It wasn't


18 below.


19 Q. Well, did the train go across Smith Street on the


20 surface?


21 A. Yes.


22 Q. So you could just turn from Smith Street onto the


23 track?


24 A. Yes.


25 Q. And at that point, was there a bank between the
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1 railroad track and Johnston, or was it level grade?


2 A. A level grade.


3 Q. So if you turned -- if you're walking down Smith


4 Street towards North Providence, you would turn from


5 Johnston, you're walking down Smith Street toward North


6 Providence --


7 A. Yes.


8 Q. -- you get to the railroad track?


9 A. Take a right.


10 Q. You would take a right on the track?


11 A. Yes.


12 Q. And then you could walk down the track --


13 A. Yes.


14 Q. -- to where you were going?


15 A. Yes.


16 Q. At some point, was there a bank on your right, a


17 high bank on your right?


18 A. After Amber Street, there was a bank.


19 Q. After what, I'm sorry?


20 A. After Amber Street.


21 Q. After Amber Street.


22 A. Yes.


23 Q. And was it around the place where the barrel


24 burning or the barrel burying was?


25 A. Yeah. That area was like a marsh or a swamp on
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1 the other side, North Providence side. That's where


2 all the activity -- yeah, it was in there all the way


3 up to the water.


4 Q. So the area you're describing was, if you were on


5 the railroad track walking south, on the left would be


6 this area of barrels?


7 A. Yeah. That was my side, but it was before Amber


8 Street.


9 Q. Try and stay with me. You're going down the


10 track?


11 A. Yes.


12 Q. Heading south?


13 A. Yes.


14 Q. On your left-hand side is the Metro-Atlantic?


15 A. Yes.


16 Q. Okay. You keep going down there, and, at some


17 point, there's a high bank on the right?


18 A. Yes.


19 Q. Okay. And, at some point, there's the barrel


20 burning?


21 A. Yes.


22 Q. Was the barrel burning where the bank started to


23 get high?


24 A. Yes.


25 Q. How high was the bank at that point, about?
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1 A. On the Johnston side?


2 Q. On the Johnston side. Thirty feet, 20 feet?


3 A. I'm going to say 20.


4 Q. It was pretty steep?


5 A. Yep.


6 Q. Now, going back and forth to school --


7 A. Yep.


8 Q. -- every day, you had a chance to see from the


9 railroad track to the Metro-Atlantic property?


10 A. Correct.


11 Q. Okay. And you don't recall a building being


12 built?


13 A. I do not recal1.


14 Q. Do you recall a building being demolished?


15 A. In what year are you talking?


16 Q. During this time that you were going by.


17 A. The only b u i l d i n g I can think of that was


18 demolished was the warehouse fire they had on that side


19 of the railroad tracks.


20 Q. That was later in the 1970's?


21 A. I don't know if it was the '70's or '60's, to be


22 honest with you. It was early. It was earlier than


23 '70's, I think. The Winkelman's warehouse you're


24 talking about? It was called Winkelman and


25 Fiegelstein's warehouse.
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1 Q. I see. So that's the only thing you remember was


2 something that was destroyed in a fire?


3 A. Yes.


4 Q. When you were walking along the river by the


5 railroad track, did you go by a place where they were


6 taking barrels and putting them over a flame of some


7 kind? Did you ever see that?


8 A. Putting them over a flame?


9 Q. Yeah. Don't remember anything like that?


10 A. No. We saw the fire and the barrels going up, but


11 not actually somebody putting them on a flame, no.


12 Q. Now, in 1963, how old were you?


13 A. '63? I'd say I was 16.


14 Q. When were you born?


15 A. '47.


16 Q. Did you ever see any people near the barrels?


17 A. I don't know what you mean. Workers? Yeah.


18 Workers were there.


19 Q. And did you recognize the people?


20 A. No. I didn't know who they were.


21 Q. You didn't know who those people were?


22 A. No.


23 Q. Okay. And did you ever know whether there was any


24 manufacturing of hexachlorophene on the site?


25 A. No. I do not.
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Q. Did you know about anything about trichlorophenol?


A. No.


Q. Did you have any idea of what chemicals were on


the site?


A. No, I do not.


MR. PIROZZOLO: No further questions, your


Honor.


THE COURT: Redirect?


MR. NUGENT: I have a couple of questions.


REDIRECT EXAMINATION BY MR. NUGENT


Q. Mr. Neri , you were asked about on the Johnston


side of the Woonasquatucket River, a steep bank; is


that correct?


A. Yes.


Q. Is that where your grandmother lived?


A. Just before that.


Q. And did you have occasion to walk up that bank to


go to your grandmother's house.


A. Yeah. Plus, I was at my friend's house, Tommy,


who was next door. He lived on the bank.


Q. You have to speak slowly.


A. Yeah. I had occasion to go on the bank.


Q. And you mentioned a friend, Tommy?


A. Yes.


Q. And from the top of the bank, could you look down
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1 on the Metro-Atlantic?


2 A. That's where we used to sit to see the fireworks.


3 Q. When you say "fireworks," the barrels --


4 A. Yeah.


5 Q. Was that a regular event?


6 A. Yes.


7 Q. So these barrels that would go up in the air, that


8 was something that happened all the time; is that


9 correct?


10 A. Not every day. Maybe once a week. Once, you


11 know, every couple -- you know, usually on Saturdays or


12 the weekends or whatever.


13 Q. And as far as the tractor sounds --


14 A. Those were every day.


15 Q. Every day?


16 A. Every day.


17 Q. What about the weekends?


18 A. Saturday.


19 Q. What about the burying of barrels, was that every


20 day or frequent?


21 A. Well, the tractor sounds, which I'm assuming


22 that's what they were doing, every day.


23 MR. NUGENT: That's all I have. Thanks.


24 THE COURT: Any recross?


25 MR. PIROZZOLO: Yes, your Honor.
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1 RECROSS-EXAMINATION BY MR. PIROZZOLO


2 Q. Did see the tractor?


3 A. Yes.


4 Q. What color was It?


5 A. Yellow.


6 Q. And whose tractor was it?


7 A. Metro-Atlantic's, as far as I know.


8 Q. You have no idea whose tractor that was?


9 A. No. No.


10 Q. Did you know whether it was NECC's tractor?


11 A. I'm sorry?


12 Q. Did you know whether it was New England Container


13 Corporation's tractor?


14 A. As I said before, we never knew it was a


15 container. It was always called Metro-Atlantic.


16 That's what we called it.


17 Q. And you made no distinction between New England


18 Container and Metro-Atlantic?


19 A. No.


20 Q. Did you know what Metro-Atlantic did, what their


21 business was?


22 A. As far as we knew, it was a chemical plant.


23 Q. Did you know they made chemicals?


24 A. No, I do not.


25 Q. Did you know what New England Container did?







38


\
j


1 A. No, I do not.


2 Q. Did you have any idea how the -- did you know


3 where New England Container got the barrels?


4 MR. NUGENT: Your Honor, objection. This is


5 beyond the scope of --


6 THE COURT: Sustained.


7 MR. PIROZZOLO: Thank you, your Honor.


8 THE COURT: I have a couple of questions for


9 you, Mr. Neri .


10 Could somebody put the original map back up, I


11 think it was 137.


12 Would you highlight -- not h i g h l i g h t , but blow


13 up the area a little bit. Blow it up even a little


14 more toward the road down at the bottom.


15 MR. NUGENT: Do you want the jury to see this?


16 THE COURT: There's a map that shows the rest of


17 the property going further south. I don't remember the


18 number.


19 MR. PIROZZOLO: I think that's 236, your Honor.


20 THE COURT: No. That's the photograph. Okay.


21 This is -- take it further south. That's what I want


22 to get at. Show that to the witness and the jury,


23 please.


24 Can you see that? See that map on your screen?


25 THE WITNESS: Yes, your Honor. J see the map.
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1 THE COURT: Now, can you identify there's some


2 buildings that are -- you see where Smith Street


3 crosses the river, right?


4 THE WITNESS: Right here.


5 THE COURT: And that's the tracks are on the


6 other side of the river, and you're walking down,


7 right?


8 THE WITNESS: I'm assuming the tracks are right


9 here.


10 THE COURT: Okay. Now, what I want you to do


11 is, do you see that -- let me ask you this, You


12 described this pipe.


1.3 THE WITNESS: Correct.


14 THE COURT: Can you just show me on this map the


15 location of where you remember that pipe being.


16 THE WITNESS: Again, I can't tell what the feet


17 thing is, but, I mean, I'm going to say it was right


18 around here, Right there.


19 THE COURT: And you remember the buildings, the


20 Metro-Atlantic buildings are right there off of Smith


21 Street, sort of nearby where you just pointed; is that


22 right?


23 THE WITNESS: I'm assuming that this and this is


24 the Metro, the front.


25 THE COURT: Okay. So that's where you recall
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1 that pipe, that's where you recall it entering the


2 river?


3 THE WITNESS: Yes.


4 THE COURT: Where you pointed to, closer to


5 Smith Street.


6 THE WITNESS: Yes.


7 THE COURT: Now, down where you drew the line


8 where the tracks are, you see there's a little square


9 down there near the bottom?


10 THE WITNESS: Yes. That's the little shack.


11 THE COURT: Now, that represents a structure.


12 Now, you talked about a shack?


13 THE WITNESS: Yeah.


14 THE COURT: Now, is that where you recall the


15 shack being?


16 THE WITNESS: Yes.


17 THE COURT: Right there?


18 THE WITNESS: Yes, your Honor.


19 THE COURT: And would you just describe what you


20 recall that structure -- in as much detail as you can,


21 would you just describe what you recall that structure


22 looking like.


23 THE WITNESS: No, your Honor. I just called it


24 the shack.


25 THE COURT: What kind of materials was it made
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1 of, how tall was it, how wide was it?


2 THE WITNESS: I really can't say.


3 THE COURT: Okay. Dimensional1y, do you


4 remember any --


5 THE WITNESS: That was like 30 feet -- probably


6 30 feet in from the bank of their side. It was kind of


7 like in between the trees you could see it, like, you


8 know.


9 THE COURT: So it wasn't right on the river, it


10 was 30 feet back from the river?


11 THE WITNESS: About, I think, yes.


12 THE COURT: So you think it was right around the


13 location of that structure that's on the map?


14 THE WITNESS: I'm just assuming this structure


15 is that shack that I saw. I don't know -- this is


16 like -- I don't know what these buildings are or


17 anything, like I just said.


18 THE COURT: I understand. But that's the only


19 structure you recall seeing in that vicinity?


20 THE WITNESS: Yes.


21 THE COURT: Okay. Do the jurors have any


22 questions? Could you pass them up.


23 Counsel, come up, please.


24 (Side-bar conference.)


25 THE COURT: "When you and your friends used the







42


1 barrels as rafts, did you, on occasion, happen to get


2 any of the leftover materials from those barrels on


3 you? Did anything happen afterwards to you or your


4 friends from the materials?"


5 MR. NUGENT: Okay with me.


6 THE COURT: No objection? Okay. Second


7 question. "Describe the fireworks more. Was it out of


8 a pit or open flames, oven causing it, what time of day


9 or night?


10 MR. NUGENT: No objection.


11 MR. PIROZZOLO: Your Honor, I thought your Honor


12 was going to go on to ask him where on the other map


13 the barrel burying he had seen was. I wonder if I


14 could ask him -- it's still on the screen, ask him


15 where the pipe was, you asked him where the b u i l d i n g


16 was, you asked him farther south. At this point --


17 THE COURT: I think he's identified it on the


18 other map.


19 MR. NUGENT: Color map.


20 THE COURT: It's just the color map is more


21 modern, doesn't have the old structures on it. That's


22 all I wanted to know.


23 (End of side-bar conference.)


24 THE COURT: A couple of questions from the jury.


25 First one is when you and your friends used the barrels
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1 as rafts, did you, on occasion happen to get any of the


2 leftover materials on you, and if so, did anything


3 happen to you or your friends as a result of getting


4 those materials on you?


5 THE WITNESS: Okay. The barrels that we got


6 were the ones that were along the back bank that fell


7 -- and they were empty. They were just empty. We


8 never opened them or anything.


9 THE COURT: Okay. The second question, could


10 you describe -- what you described as the fireworks,


11 could you describe that in more detail. And if you


12 recall, for example, was it coming out of a pit, were


13 there open flames or an open flamed oven that was


14 causing it, what time of day or night did you observe


15 this?


16 THE WITNESS: Okay. All right. First of all,


17 the burning of the barrels were, if you came to -- if I


18 was on Amber Street looking at Metro, the burning of


19 the barrels were to my right, in that area, which was


20 blocked by trees. We could see, you know, like a


21 yellow flame and stuff. And you could see like the


22 smoke. And then you'd know the barrels were going to


23 come up. You know, they'd explode. It was -- I don't


24 know if it was a pit, because where I was, I was on the


25 opposite side of the river, so I don't know if it was a
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1 pit or what it was. It was an area that they used to


2 use to burn.


3 THE COURT: Just so that we're real clear on


4 what you're saying, would you put 236 back up on the


5 screen, please.


6 Now, you see that picture that's on your screen?


7 THE WITNESS: Yes.


8 THE COURT: And you can kind of get yourself


9 more oriented again. This is a more modern photograph,


10 but it shows the site with the new housing buildings on


11 it, but you get yourself more oriented to the property.


12 THE WITNESS: Yes.


13 THE COURT: Just so we're clear, when you're


14 describing that, where you saw the flames coming from


15 and the barrels going up in the air exploding and so


16 forth, just point to where on the property you think


17 that was coming from.


18 THE WITNESS: I would say right around here,


19 this area here.


20 THE COURT: Okay. Now, the jury also asked,


21 what time of day or night did you observe this?


22 THE WITNESS: You're talking a long time ago. I


23 would say afternoon. Afternoons. It wasn't at night.


24 It wasn't dark or anything like that. I don't recall


25 that it was dark.
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1 THE COURT: And I want to follow-up with what


2 the juror asked, but how many times, if you can put a


3 number on it, how many times do you think you observed


4 this kind activity of fire and barrels being shot --


5 THE WITNESS: For a while, I would say a


6 minimum of once a week.


7 THE COURT: For how long a period of time?


8 THE WITNESS: Went on for a couple of years that


9 I can recal1 .


10 THE COURT: So this was a regular activity?


11 This wasn't sort of one fire that happened that was a


12 big deal. It was sort of a regular thing?


13 THE WITNESS: No. We used to look forward to


14 it.


15 THE COURT: Did it happen the same day every


16 week or a different day?


17 THE WITNESS: Like I say, I don't want to say


18 the wrong thing here, but it probably was on Saturdays.


19 Because I remember sitting -- you know, we used to


20 actually go, oh, the fires going. We got to sit down


21 and wait for the results. So I mean, if it was after


22 school, I don't think we would have done that. So I'm


23 going to say, you know, Saturdays.


24 THE COURT: There's no wrong thing. As long as


25 you're testifying what you remember.
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THE WITNESS: I don't want to say the wrong


thing. There was activity there.


THE COURT: Anything further, ladies and


gentlemen?


All right. You may step down. Your testimony


is complete. Thank you very much.


THE WITNESS: Thank you.
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1              (DEPOSITION COMMENCED AT 10:20 A.M.)
2                       JOSEPH BUONANNO
3                     Being duly sworn, deposes and 
4     testifies as follows: 
5                     THE REPORTER:  Would you 
6     state your name and spell your last name for 
7     the record.
8                     THE WITNESS:  Joseph 
9     Buonanno, B-U-O-N-A-N-N-O.
10                EXAMINATION BY MS. CERVENKA
11  Q.  Mr. Buonanno, thank you for coming here 
12     today.  Would you please state your residence 
13     address?
14     A.   681 Main Street, Wakefield.
15  Q. Do you have any other residence?
16     A.   Yes. 
17  Q. Where is that?
18     A.   Delray Beach, Florida.
19  Q. Can you spell that, please, for the 
20     stenographer?
21     A.   D-E-L-R-A-Y, it is all one word.
22  Q. What is the street address on that?
23     A.   It is Delray Beach, by the way.  1213 
24     South Ocean Boulevard.
25  Q. Are those all of your present resident 
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1     addresses?
2     A.   Yes.
3  Q. Thank you.  Just to let you know who I am, I 
4     am Jennifer Cervenka, and I am lawyer 
5     representing New England Container Company, 
6     which is involved in a lawsuit involving both 
7     it and Emhart Industries.
8     A.   Okay.
9  Q. I am going to ask you a series of questions 
10     today, and you will give answers.  They will 
11     be taken down by the stenographer.  I will 
12     need you to speak clearly, not state anything 
13     over my questions to you, and then answer 
14     verbally as opposed to nonverbally, so no 
15     shaking of the head, or nodding of the head; 
16     is that okay with you?
17     A.   Yes.
18  Q. If I ask you a question, I will assume that 
19     you understand the question, so therefore if 
20     you really do not understand my questions, 
21     ask me, and I will be happy to rephrase them, 
22     and clarify that for you?
23     A.   Okay.  I don't know if I can, if any of 
24     my answers are going to be different.  I 
25     don't remember all of the stuff that we did a 
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1     year or two ago, but I will do the best I 
2     can.
3  Q. Mr. Buonanno, when you talk about all of the 
4     stuff you did a year or two ago, what are you 
5     referring to?
6     A.   The same thing, but over at Edwards and 
7     Angell.  They had a suit against my father's 
8     company, Metro Atlantic, and that was, the 
9     Supreme Court threw it out.
10  Q. That was a separate lawsuit that you are 
11     making reference to?
12     A.   Well, it was still run by, yes, and New 
13     England Container was in there, too. 
14                     MR. PIROZZOLO:  If it will 
15     help, I have with me copies of a deposition 
16     given by Joseph Buonanno, Jr., on January 17, 
17     2003, in the case of Emhart Industries, Inc., 
18     versus Home Insurance, et al.  I also have a 
19     copy of a deposition given in the case of, by 
20     Mr. Buonanno, in the case of Crown Metro, 
21     Inc., versus Emhart Industries, Inc., on 
22     April 23, 2001.  I would be agreeable to the 
23     depositions being marked as exhibits and be 
24     usable in this case as if actually taken in 
25     this case, and avoid the need for 
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1     Mr. Buonanno to repeat testimony he has 
2     already given, but that is up to you, if that 
3     is acceptable to you.
4                     MS. CERVENKA:  Why don't I go 
5     through my questions, and then you can ask 
6     questions at a later time, and certainly mark 
7     any exhibits that you would like to mark. 
8                     MR. PIROZZOLO:  Whatever you 
9     like.
10  Q. Mr. Buonanno, it appears you have given two 
11     depositions previously in a different 
12     lawsuit?
13     A.   Yes.
14                     MS. CERVENKA:  Mark this as 
15     Exhibit 1.
16          (EXHIBIT 1 MARKED FOR IDENTIFICATION)
17  Q. Mr. Buonanno, have I handed to you what has 
18     been marked as Defendant's Exhibit 1, which 
19     is a notice of your deposition with an 
20     attached subpoena; have you seen this before?
21     A.   Yes.
22  Q. And is this the subpoena that is attached to 
23     the notice that you showed up pursuant to?
24     A.   Sorry.
25  Q. Did you show up here today pursuant to this 
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1     subpoena that is attached to Exhibit 1?
2     A.   Yes.
3  Q. And the deposition was originally scheduled 
4     for December 8, and rescheduled to this date; 
5     is that correct?
6     A.   Correct.
7  Q. Mr. Buonanno, are you currently employed?
8     A.   No.
9  Q. Are you retired?
10     A.   Yes.
11  Q. Prior to your retirement, where did you work?
12     A.   I worked at CNC.
13  Q. What does CNC stand for?
14     A.   It is Carlson, Noonan and Carlson.
15  Q. What type of company is that?
16     A.   Textile chemical.
17  Q. Does it still exist?
18     A.   I think so, but it was taken over.  It 
19     has to be ten years ago or more.  Let's see, 
20     yes, at least ten years ago.
21  Q. And for how long of a time period did you 
22     work for CNC?
23     A.   You got me on that.  About fifteen 
24     years, maybe.
25  Q. Fifteen years ending approximately ten years 
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1     ago?
2     A.   Yes.
3  Q. What did you do for CNC?
4     A.   I was a salesman.
5  Q. What types of products did you sell?
6     A.   We sold textile and paper chemicals.
7  Q. Did you do anything else for CNC?
8     A.   No.
9  Q. Prior to CNC, did you work someplace else?
10     A.   Yes.
11  Q. Where did you work?
12     A.   Metro Atlantic.
13  Q. When did you work at Metro Atlantic?
14     A.   1959, about.  Up to the time I went to 
15     CNC, it was 20 some-od years.
16  Q. Did you work anywhere between the time you 
17     worked for Metro Atlantic and CNC, was there 
18     another employer between those two?
19     A.   No.
20  Q. Would you have been employed by Crown Metro?
21     A.   Yes, Crown Metro, Metro Atlantic, I am 
22     not sure whether before Metro Atlantic it was 
23     Atlantic Chemical.  I worked for Atlantic 
24     Chemical.  Metro Atlantic merged.  They 
25     bought a company in Coventry which was bought 
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1     out by Hurst, the company.  It was Metro 
2     Dyestuff Corporation, and they got together 
3     and headed Metro Atlantic.
4  Q. At some point, what is Crown Metro, how is 
5     that related to Metro Atlantic, if at all?
6     A.   Well, they merged.  Crown Chemical and 
7     Metro Atlantic merged to become Crown Metro.
8  Q. Do you know when that occurred?
9     A.   I don't remember that one.
10  Q. What did you do for Crown Metro?
11     A.   I was in sales, and I did a little 
12     purchasing.
13  Q. Talking earlier, you thought that you were 
14     employed by Metro Atlantic in the 1959 time 
15     period?
16     A.   About that, yes.
17  Q. Were you employed at any time prior to 1959, 
18     or you believe you started in 1959?
19     A.   Well, full time, but I worked in the 
20     summer at the, at Metro Atlantic, or Atlantic 
21     Chemical.
22  Q. So you worked part time for Metro Atlantic at 
23     a time period prior to 1959?
24     A.   Yes.
25  Q. And can you recall when that time period was 
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1     when you worked part time for Metro Atlantic?
2     A.   I was in school.  Possibly 1953 or 1954, 
3     maybe earlier.
4  Q. So you worked part time for Metro Atlantic 
5     from 1953 or 1954, approximately?
6     A.   Approximately.
7  Q. Until 1959; is that correct?
8     A.   Yes, approximately, yes.
9  Q. In 1959 you began a full-time position with 
10     Metro Atlantic; is that correct?
11     A.   Yes.
12  Q. How long did your full-time position last 
13     with Metro Atlantic, if you recall?
14     A.   Well, I mean it is all basically one in 
15     the same.  I worked for Crown Metro up until 
16     the time they merged with Crown Chemical, the 
17     transition, they changed names, and I was 
18     still doing the same thing.  I don't remember 
19     when they merged.
20  Q. What did you start doing in 1959 as a 
21     full-time job?
22     A.   I worked in the lab doing application 
23     work.
24  Q. Is that all that you did in your full-time 
25     position?
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1     A.   Well, until I learned as much of the 
2     textile and paper industry that I could.  And 
3     then I went out on the road as a salesman.
4  Q. Was that for Metro Atlantic?
5     A.   Yes.
6  Q. And can you recall how long you were doing 
7     sales for Metro Atlantic?
8     A.   Forever. 
9  Q. Prior to it becoming Crown Metro?
10     A.   It has to be, prior to Crown Metro, I 
11     don't know.  Crown Metro, I think, basically 
12     is what I worked -- no, I don't remember.
13  Q. Was it several years?
14     A.   Before it became Crown Metro?
15  Q. That you were in sales?
16     A.   I think it was about maybe four or five 
17     years, but don't hold me to that.  The dates 
18     --
19  Q. I understand.  So you believe it may have 
20     been four or five years in that full-time 
21     position for Metro Atlantic?
22     A.   Metro Atlantic, I'm sorry.  As a 
23     salesman, I was from about 1959 to about 
24     whenever Metro Atlantic and Crown got 
25     together.  It might have been 18 years, I 
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1     don't know.  If you have the time where Crown 
2     Metro, I mean Metro Atlantic and Crown Metro 
3     merged, it was up to that time and then on.
4  Q. Would it seem correct to you that it would be 
5     in 1968, approximately?
6     A.   That I worked for --
7  Q. That Metro Atlantic would have been Crown 
8     Metro.  If you don't know, that is okay.  I 
9     am just asking for what you recall here as 
10     you sit here today. 
11     A.   It is about that.  Yes, 1968, 1969.
12  Q. I am just trying to get at really how much 
13     time you spent in the sales position for 
14     Metro Atlantic.  And from what I understand, 
15     it was 1959 to approximately when Metro 
16     Atlantic became Crown Metro, correct?
17     A.   Yes.  I did a little bit of purchasing 
18     in between.  I don't remember the dates.  I 
19     had an ulcer and they had to keep me off the 
20     road for three or four months.  I did some 
21     purchasing.
22  Q. Why did they keep you off the road for three 
23     or four months?
24     A.   Because I had a bleeding ulcer and back 
25     then, it was, they didn't know a heck of a 
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1     lot about it.  That is why they kept me off.
2  Q. When you say they, you mean Metro Atlantic?
3     A.   Yes.
4  Q. When you worked at Metro Atlantic in your 
5     part-time position, who owned Metro Atlantic?
6     A.   My father, Hug Banino, Henry Perinni, I 
7     think there was another fellow who handled 
8     the New York office, but I don't remember his 
9     name.
10  Q. Did those owners remain owners when you went 
11     into your full-time position for Metro 
12     Atlantic?
13     A.   Yes.
14  Q. When you were in your part-time position for 
15     Metro Atlantic, who was responsible for 
16     managing Metro Atlantic's operations?
17     A.   My uncle, Bernie Buonanno.
18  Q. Is that the same as when you went into your 
19     full-time position there?
20     A.   Yes.
21  Q. What did Metro Atlantic do?
22     A.   Made textile chemicals.
23  Q. What did do you when you were in your 
24     part-time position for Metro Atlantic?
25     A.   I worked in the lab, the application 
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1     lab.
2  Q. Did you do anything else?
3     A.   No.
4  Q. And when you went into your full-time 
5     position, you did sales, plus a little bit of 
6     purchasing, correct?
7     A.   Yes.
8  Q. For three or four months?
9     A.   Somewhere in that vicinity, yes.
10  Q. When you worked in the application lab, what 
11     did you do there, what were your 
12     responsibilities in that position?
13     A.   We tested and applied chemicals to 
14     pieces of cloth.  If we had a new chemical or 
15     we were trying to match Dupont, or one of 
16     those, we would test our product against 
17     Dupont's.  It was almost like a little 
18     textile finishing company, but it was 
19     miniature size in that we had water 
20     repellents we tested and crease resistant 
21     stuff we tested.  All of those things that go 
22     into finishing cloth.  We did a miniature 
23     application of that to see if we were close 
24     to our competitor.
25  Q. There were no manufacturing operations that 
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1     took place in the application lab, were 
2     there?
3     A.   No.  Unless you want that we had also a, 
4     not where I worked, but we had a research 
5     lab.  They would try to match or come up with 
6     something better than our competitors.
7  Q. Is the research lab different from the 
8     application lab?
9     A.   Yes.  One you apply the chemicals that 
10     the research lab came up with, or the 
11     competitors, where we tested theirs against 
12     ours.
13  Q. Were they in the same building?
14     A.   Yes.
15  Q. Did you ever work in the research lab?
16     A.   No.
17  Q. So there were chemicals being handled in the 
18     application lab; is that fair to say?
19     A.   Yes.
20  Q. How were the -- were there any chemicals 
21     stored there in the application lab?
22     A.   Small bottles of stuff.  No 25-gallon or 
23     55-gallon stuff.  Whatever we were testing 
24     against, that is what we had at the time.
25  Q. Where would you get those small bottles of 
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1     chemicals?
2     A.   We either got samples from, we would go 
3     to a company we wanted to compete with, and 
4     we would try to get as friendly as possible 
5     to the people in there and get a sample of 
6     the product that they were using.  We would 
7     bring it back to Metro, and test it against 
8     what we were making, and then send them the 
9     results.
10  Q. For the control sample, would you get that 
11     from the research lab?
12     A.   No.  We manufactured these different 
13     chemicals, and we would get a sample out of 
14     the drum, or whatever, and we would test it 
15     against the competitor's.
16  Q. When you say drum, were there chemicals that 
17     were stored in drums someplace?
18     A.   Yes.  There had to be.
19  Q. Where were they stored?
20     A.   They were stored in the main 
21     manufacturing building.
22  Q. Did that have a name, the main manufacturing 
23     building?
24     A.   Yes.  The main manufacturing building.
25  Q. Okay.  Fair enough.  In general, can you 
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1     describe the types of products that were 
2     manufactured by Metro Atlantic?
3     A.   Well, I am a little hazy on some of the 
4     chemicals that went into it.  It was water 
5     repellent, which you put on raincoats.  The 
6     name of our water repellants were cravanette 
7     and raindeer, and then we had dye fixatives, 
8     which is a chemical, if you have worn a 
9     madras shirt and it rains, and you take it 
10     off, you still have the shirt on, because it 
11     bleeds all over you.  You don't want the dye 
12     to come out, so you put in a dye fixative and 
13     that makes the dye-part of the fabric.
14  Q. That makes sense.  Any other types of 
15     products that you can recall that were 
16     manufactured by Metro Atlantic?
17     A.   There were defoamers.  There were 
18     softeners.  Fire retardants.  There were 
19     resins, like melamine and well resins were in 
20     the building.  One room was for regular 
21     chemicals that were just mixed, and then 
22     there was chemicals that were made in a 
23     reactor. 
24  Q. You distinguish between the chemicals made in 
25     a reactor and chemicals that were just mixed?
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1     A.   Yes.
2  Q. Are chemicals mixed in a reactor?
3     A.   Yes and no. 
4  Q. Explain the difference?
5     A.   Where we made some of the softeners and 
6     water repellents, it is like -- are you from 
7     Rhode Island?
8  Q. Not originally.
9     A.   If you are making a milkshake or a 
10     cabinet, you don't know what a cabinet is, 
11     but that's all right.  You mix it.  That is 
12     all you do, is just mix it.  It is just like 
13     suspended in an emulsion.  After time, it 
14     could fall out of suspension.  Where as a 
15     reactor is under pressure, and it actually 
16     makes the chemical part of the fabric so it 
17     will not wash out.
18  Q. You mentioned a couple of specific products 
19     when we were talking about the water 
20     repellents, the cravenette and the rain deer?
21     A.   Yes.
22  Q. Were there other specific products that you 
23     can recall as you sit here today that were 
24     manufactured or sold by Metro Atlantic, not 
25     categories, but specific names of products?
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1     A.   Water repellent, fire retardant, 
2     softeners, dye fixatives.  The resins like 
3     urea-formaldehyde and melamine resins.  I 
4     said softeners.  Well, I may be able to 
5     remember it in a little while.
6  Q. I have an exhibit that we are going to look 
7     at in a little bit that has specific product 
8     names, and we will get to that.  I just 
9     wanted to see if you recall any specific 
10     product names.  We have two so far.  Can you 
11     let me know if you remember anything else as 
12     we go along?
13     A.   When I say softeners, we had silicone 
14     softeners, wax softeners, we had wax water 
15     repellants, and silicone water repellents.  
16     Softener was just a generic name for 
17     different types of, we had probably four wax 
18     water repellents and maybe three silicone.
19  Q. In your sales position for Metro Atlantic, 
20     did you have to learn what the constituents 
21     were of the particular products that you were 
22     selling?
23     A.   Generally.  I know it was silicone or a 
24     wax or a melamine, that sort of thing.
25  Q. How would you learn about what was in the 


Page 20


1     particular products before you went out and 
2     sold them?
3     A.   They had a bulletin.
4  Q. When you say they had a bulletin, you mean 
5     Metro Atlantic had a bulletin?
6     A.   Yes.  I know you have a bulletin book 
7     around here somewhere.  It is just, it gives 
8     you the general idea of what the product is, 
9     and what it can do, and how to use it.  You 
10     would not get, they would not give us any of 
11     the specifications of what was in there 
12     because salesmen would blab it out if they 
13     knew what it was.
14  Q. You considered it trade secret, so to speak?
15     A.   Kind of, yes.  You don't want to give 
16     somebody a bulletin and they hand it to 
17     somebody else.  Although, I would have liked 
18     it if they did it with me.  They just give 
19     the bulletin, and they would say generic 
20     silicone water repellent, or wax, and so on.
21  Q. And who at Metro Atlantic would know what 
22     constituents went into a particular product?
23     A.   Well, the people who were in the lab.  I 
24     think most of them are gone now.
25  Q. This is the application or research lab?
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1     A.   Research.
2  Q. In your position as a sales officer at Metro 
3     Atlantic, would you travel to your customers?
4     A.   Yes.
5  Q. Where were the Metro Atlantic customers 
6     located?
7     A.   From Canada to all over the place.  We 
8     had a place in Canada.  We had a place in 
9     Rhode Island.  We had a place in New Jersey.  
10     Ogmore, Pennsylvania, Cuba.
11  Q. Do you remember any of the customer's names?
12     A.   International Paper.  We had Scott 
13     Paper, Kimberly Clark, Fort Howard Paper.   
14     We had Newport Finishing.  That was textile.  
15     Duro Finishing, Swan Finishing.  I don't 
16     remember all of them.  They are the ones that 
17     would have used our product.
18  Q. Would those customers place orders through 
19     you?
20     A.   Usually.  Sometimes.  If I got a tank 
21     truck worth, I didn't want to tell my father.  
22     We go in and let them show it.  If they liked 
23     it, they would call the plant, the purchasing 
24     department, and say we want 20 drums of this, 
25     or a tank truck of that.
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1  Q. Would you take them samples to look at?
2     A.   Yes.  After we had tried the samples out 
3     and it worked, we would bring samples to them 
4     so they could try it and see if it worked.
5  Q. So there was some communication ahead of time 
6     from the customer to Metro Atlantic asking 
7     for a particular product which you would then 
8     subsequently deliver?
9     A.   I didn't, it came by truck.
10  Q. When you would go out on a sales call, tell 
11     me what a typical sales call is when you are 
12     in your position at Metro Atlantic, what 
13     would you do?
14     A.   After they have been our customer, or 
15     going to have them be our customer?
16  Q. Let's start with, this is a potential new 
17     customer, what is your sales call like?
18     A.   You go in and introduce yourself, and 
19     give the card.  If we know they are using a 
20     particular type of chemical, we may leave the 
21     brochure.
22  Q. This is the full tin?
23     A.   The full tin.  After about four lunches 
24     and two dinners with their wives, they will 
25     either say, or not, that they will try the 
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1     product.  And then samples are delivered to 
2     them, and they try it, and they tell us if it 
3     worked or not.
4  Q. With existing customers, what would you do?
5     A.   Go in and say, how are you doing?  If 
6     somebody came in with a cheaper product, or a 
7     new product, they would give us a sample of 
8     it, and we would try to match it and bring it 
9     back.  You went in, you don't have to beat 
10     them over the head with the same product.  If 
11     they say a guy came in a few cents cheaper, 
12     it does not sound like much, but if you are 
13     buying 50 drums, or a tank wagon with a 
14     couple of thousand gallons, it means 
15     something.
16                     MS. CERVENKA:  Mark this as  
17     Exhibit 2. 
18          (EXHIBIT 2 MARKED FOR IDENTIFICATION)
19  Q. Mr. Buonanno, I am handing you what has been 
20     marked as defendant's Exhibit 2, and I will 
21     have you take a look at that, and then I will 
22     ask you some questions. 
23               (WITNESS PERUSES DOCUMENT)
24     A.   Okay.
25  Q. I represent to you this is a copy from a 
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1     Sanborn map of the Metro Atlantic facility 
2     and surrounding area from 1965.  Have you 
3     ever seen this map before?
4     A.   Yes.
5  Q. And you recognize the Metro Atlantic 
6     buildings on this map?
7     A.   Yes.
8  Q. Could you, with a blue pen, circle the Metro 
9     Atlantic property and buildings on that map?
10     A.   Yes.
11  Q. So you have just circled an area that is 
12     between Smith Street and the Woonasquatucket 
13     river?
14     A.   Yes, the raceway.
15  Q. Where is the raceway, if you could just mark 
16     it north, south, the raceway?
17     A.   Yes.
18  Q. Which runs down sort of the middle of the 
19     property?
20     A.   It is to, we had some of it on both 
21     sides, just a few, and then mostly on the 
22     west side of the raceway that was.
23  Q. You are saying the majority of the Metro 
24     Atlantic buildings were on the west side of 
25     the raceway?
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1     A.   Yes.
2  Q. I would like to go through each of these 
3     buildings and talk about them to get an idea 
4     of the physical layout and what happened in 
5     each building, to the best of your 
6     recollection?
7     A.   Okay.
8  Q. Why don't you start with, it looks like the 
9     largest building on this property, which 
10     says, if you can read that, store fact, it is 
11     sort of a long noodle of a building?
12     A.   This?
13  Q. Yes. 
14     A.   This was, this would be the where, this 
15     would be the shipping department, basically.
16  Q. The building that says store fact is the 
17     shipping department?
18     A.   Yes.
19  Q. And what does that mean, things would be 
20     stored there and shipped from there?
21     A.   Well, what they would do is call if 
22     somebody, whatever the deliveries were for 
23     that day, they bring the drums to this floor, 
24     and they would then load up the trucks and 
25     deliver them.  This was not what you would 







e3fa10f1-96cc-4e93-a95a-43a7dead09e9


January 14, 2009 Joseph Buonanno


www.AlliedCourtReporters.com ALLIED COURT REPORTERS, INC. (401)946-5500 or (888)443-3767


8 (Pages 26 to 29)


Page 26


1     call permanent storage.  This was more like 
2     the day, what is going out for the day.
3  Q. And can you describe physically what this 
4     building looked like, as you recall?
5     A.   Well, the building was built in 1830, I 
6     think.  It was rock and masonry.  The ones 
7     down here were made of brick.  And these up 
8     here were clavin-type buildings.
9  Q. This shipping building, was it also the 
10     manufacturing building?
11     A.   Part of it.  Well, no, not that 
12     building.  The one right there was, they did 
13     manufacturing.
14  Q. You are pointing to a northern portion of 
15     that building as the manufacturing space?
16     A.   One of the manufacturing places, yes.
17  Q. Can I ask you to label with numbers the 
18     buildings, and we will identify what those 
19     numbers coordinate with.  So number 1 would 
20     be the shipping building, and so you can just 
21     draw an arrow and put a 1. 
22     A.   Okay.
23  Q. And then to the north of that, you have 
24     identified that as one of the manufacturing 
25     buildings?
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1     A.   Yes.
2  Q. And describe to me what went on in that 
3     building?
4     A.   That is where they did the mixing, 
5     coffee and vanilla milkshakes, it was just 
6     mixing.  You put two or three products 
7     together and mix them.
8  Q. What were they mixed in?
9     A.   Tanks.
10  Q. Did you also have the reactors?
11     A.   Not there.
12  Q. Where were your reactors?
13     A.   The reactors were over here.
14  Q. So let's put a number 2 with an arrow to 
15     manufacturing, mixing of chemicals?
16     A.   Okay.
17  Q. And then number 3 will be where Metro 
18     Atlantic had the reactors?
19     A.   Okay.
20  Q. The building that you have labeled as 3, is 
21     that connected to 1 and 2?
22     A.   Yes, they are all connected.
23  Q. Is there anything more connected to this 
24     building, or 1, 2 and 3 is the entire 
25     building?
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1     A.   Well, a little further down, I am not 
2     sure which building it represents, but that 
3     would be, the boiler room might have been 
4     there.  Over here we had the office space in 
5     the lab.
6  Q. Let's talk about, continue to talk about 1, 2 
7     and 3?
8     A.   Okay.
9  Q. Was this a single-story or multi-story 
10     building?
11     A.   Multi-story building.
12  Q. How many stories?
13     A.   Three stories.
14  Q. And were there different things being done on 
15     the first story, depending on where you are 
16     in 1, 2 or 3, or was it used for one purpose?
17     A.   The bottom floor was one purpose.
18  Q. And that was the basement?
19     A.   Yes.
20  Q. What was done in the basement?
21     A.   Filling of drums.
22  Q. And what would be filled in the drums?
23     A.   Whatever chemicals were being made in 
24     the specific places.
25  Q. That were then to be shipped to customers?
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1     A.   That's right.
2  Q. What type of floor did the basement have?
3     A.   Cement, I think.  Wait a minute, I think 
4     it had a coating, but I don't remember.
5  Q. Were there different staging areas for 
6     filling the drums in the basement?
7     A.   Yes.  The product was put into the 
8     tanks, or the reactors, on the second floor.  
9     They were mixed and drums were filled.  The 
10     drums went under the reactors on the first 
11     floor.
12  Q. So they were filled on the first floor, and 
13     mixed on the second floor?
14     A.   Right.
15  Q. How did it get from the reactors on the 
16     second floor to the basement level?
17                     MR. PIROZZOLO:  Objection.  I 
18     thought he said the first floor. 
19     A.   Well, they mixed it on the second floor, 
20     and they filled the drums on the first floor.
21  Q. So it gets mixed on which floor?
22     A.   It gets mixed on the second floor.
23  Q. And then how does that mixture get to the 
24     first floor to then fill in the drums?
25     A.   I should say it is mixed between the 
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1     second floor and the first floor.  You have, 
2     the top of your tanks are right on the second 
3     floor.  The tanks protrude through the floor, 
4     and the drums are filled underneath the 
5     tanks.
6  Q. So these are the reactors that protrude from 
7     the second floor into the basement; is that 
8     correct?
9     A.   Yes.
10  Q. And under those, the bottom of those 
11     reactors, are drums that get --
12                     MR. PIROZZOLO:  Objection. 
13                     MS. CERVENKA:  You can 
14     answer, if you understand the question. 
15     A.   They are filled on the bottom floor.
16  Q. Once you have a batch of chemicals that are 
17     mixed in a reactor, to get into those drums 
18     on the basement, what is the process?
19     A.   They are put on to the tank, and they 
20     are filled.
21  Q. So those reactors are, the top of the 
22     reactors are on the second floor, and the 
23     bottom of those reactors are on the basement 
24     level?
25     A.   Yes.


Page 31


1  Q. Just through the ceiling of the basement?
2     A.   Yes.
3  Q. How many reactors were there on the second 
4     floor, if you recall?
5     A.   Three.
6  Q. And then how many barrels or tanks, excuse 
7     me, would you use to mix chemicals, that sort 
8     of nonreactor mixing?
9     A.   We probably had four, I think.
10  Q. So you had four tanks and three reactors on 
11     the second floor?
12     A.   Yes.  Not at the same place.
13  Q. At opposite ends of the building?
14     A.   Yes.
15  Q. So the ends of the building where you had the 
16     mixing and the tanks, there was no protrusion 
17     into the basement ceiling; is that correct?
18     A.   Yes.  I just said they were filled on 
19     the second floor, and, I mean, yes, the 
20     chemicals were put into the reactors on the 
21     second floor, and they were put into drums on 
22     the first floor.
23  Q. If you had a mixing of chemicals in a tank, 
24     would you then take that product down to the 
25     basement level?
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1     A.   I think I said that about four times.
2  Q. I am trying to understand the difference and 
3     the process between the mixing in the 
4     reactors and getting that product into 
5     barrels, and the mixing in the tanks and 
6     getting those into the barrels?
7     A.   It is the same process.
8  Q. So there's a connection between the tanks and 
9     the basement level, just like the reactors?
10     A.   Yes.  They go through the floor.
11  Q. Understood.  There is another level of this 
12     manufacturing building, which is, I guess, 
13     the second floor.  There is the basement, the 
14     first floor, and the second floor; is that 
15     correct?
16     A.   Yes.
17  Q. What was on the top floor, let's call it the 
18     top floor?
19     A.   Well, they kept empty drums up there.  
20     They would get the drums and put it on the 
21     second floor, and then bring them down to the 
22     basement to fill.
23  Q. It is used for storage of empty drums?
24     A.   Yes.
25  Q. And that sat above the first floor where you 


Page 33


1     have the reactors and the tanks?
2     A.   Yes.
3  Q. The reactors and tanks sat above the basement 
4     level, in which there was filling of drums?
5     A.   My God, I think she's got it.
6  Q. Anything else that occurred in that building 
7     that you have not told me about?
8     A.   No.  I said that, that building, no, not 
9     that I recall.
10  Q. You mentioned earlier there is a boiler room 
11     that is south of the --
12     A.   It is down here somewhere.
13  Q.  -- of the manufacturing building?
14     A.   Yes.
15  Q. Can you circle that and make an arrow, and 
16     put a 4 next to it?
17     A.   Yes.  Well, it was south of the 
18     manufacturing floor, but I don't remember all 
19     of these buildings.  It was somewhere in 
20     here. 
21                     MR. PIROZZOLO:  May I see 
22     that, please?
23                     THE WITNESS:  Yes. 
24  Q. When you say, somewhere in here, for the 
25     record --
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1     A.   One of these buildings here.
2  Q. You have circled what looks like a collection 
3     of buildings south of the manufacturing 
4     building, the 1, 2, 3?
5     A.   Yes.  All I remember is when you come, 
6     you have the reactors and then the next 
7     building you go into was the reactors.  Now, 
8     I don't know if they broke through the wall, 
9     I don't think so.  I am not sure what these 
10     buildings are here, if they are not the 
11     boiler room.
12  Q. When you say the next room is the reactors, 
13     are you making reference to the manufacturing 
14     building we just discussed?
15     A.   Yes.
16  Q. Not a separate building?
17     A.   No.
18  Q. What other buildings were on the property, 
19     the Metro Atlantic, that you can identify 
20     here?
21     A.   There was a garage here, which was used 
22     for a number of things.  I know they would 
23     rent it out.  They made rubber products for 
24     the hockey industry, they made pucks.  And 
25     instead of having the hockey player tape the 
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1     top of the stick, they had this rubber thing 
2     they popped over it.  It was a satellite 
3     company.  Sometimes they would rep this out, 
4     and sometimes they would not.
5  Q. During your time at Metro Atlantic, was it 
6     rented out to a third party?
7     A.   Some of the time a rubber company.
8  Q. A rubber company?
9     A.   Yes.
10                     MR. PIROZZOLO:  Let me see 
11     what you were pointing to, Mr. Buonanno.
12                     THE WITNESS:  Right here.
13  Q. Can you circle the building you were 
14     referring to, which appears to be between the 
15     manufacturing building and the 
16     Woonasquatucket River, and label it 5?
17     A.   Yes.
18  Q. Anything else that went on in the garage that 
19     you can recall, other than the rubber making?
20     A.   No, I can't remember if there was 
21     anything.
22  Q. You referred to it as a garage?
23     A.   Yes.
24  Q. It was a building that had a bunch of bays in 
25     it?
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1     A.   Yes.
2  Q. How many bays?
3     A.   I don't know.
4  Q. Multiple?
5     A.   Yes.
6  Q. It looks like a long building, but you don't 
7     remember how many bays?
8     A.   I don't remember how many bays, no.
9  Q. I don't think we marked the boiler room?
10     A.   I had done this, so.
11  Q. Why don't you put an arrow from this 
12     collection of buildings, out to the margin, 
13     and label it 4.  And then for the record, 
14     that is the approximate area of the boiler 
15     room?
16     A.   Okay.
17  Q. Is that accurate?
18     A.   Yes.
19  Q. Any other buildings that we have not talked 
20     about on the property?  What is this building 
21     that is directly adjacent to the 
22     Woonasquatucket?
23     A.   They made, they made something for 
24     Pfizer there.
25  Q. That is the lexachlorofene manufacturing 


Page 37


1     building?
2     A.   Yes.
3  Q. And was that a pre-existing building on the 
4     property?
5     A.   No.  That was built.
6  Q. How big was that building?
7     A.   Maybe, I don't know, 50 x 50.  I am not 
8     sure.
9  Q. Had you ever been inside of it when you were 
10     at Metro Atlantic?
11     A.   Yes.
12  Q. Why were you inside of it, for what purpose?
13     A.   Because it was on my father's property.  
14     I just walked through it.  I did some, I did 
15     help them bring some of the chemicals in.
16  Q. That was when you were in your sales 
17     position?
18     A.   No.  I think that is when I was in my 
19     not being able to go out on the road because 
20     of the ulcer.
21  Q. When you had a bleeding ulcer, you were 
22     carrying in chemicals?
23     A.   It was not bleeding, but I was not 
24     supposed to be taking customers out and 
25     giving them three or four cocktails.
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1  Q. Fair enough.  Do you recall what type of 
2     equipment was in that building, the 
3     lexachlorofene manufacturing building?
4     A.   Mixing tanks.
5  Q. Reactors?
6     A.   I don't know.  I can't remember whether 
7     there was a reactor or not.
8  Q. How many mixing tanks?
9     A.   I think they only had one.
10  Q. How big was it?
11     A.   Not a big one.  Maybe, I'm not sure.
12  Q. Did it have any pipes running from it that 
13     went exterior to the building?
14     A.   Exterior to the building?
15  Q. Yes, that ran outside of the building from 
16     the tanks?
17     A.   No.  It was not, I think the only pipes 
18     that ran out were to the sewer.
19  Q. There was a sewer there at that time when you 
20     were there?
21     A.   Yes.
22  Q. Where was the sewer connection, if you will, 
23     if you can recall?
24     A.   The sewer, that, I don't know.  All of 
25     the pipes that went to the sewer company, it 
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1     was not an a cesspool-type thing.  It went to 
2     the sewer company. 
3  Q. No septic system on site?
4     A.   No.
5  Q. That is what you mean?
6     A.   Yes.
7  Q. But you believe there was a sewer connection 
8     between the buildings, from the buildings?
9     A.   Yes.
10  Q. Can you just label this lexachlorofene 
11     building and give this a number 6?
12     A.   Okay.
13  Q. Were there any pipes or other conduits from 
14     the lexachlorofene building that ran into the 
15     Woonasquatucket?
16     A.   No.  Not that I know of.
17  Q. Were there any pipe systems or conduits that 
18     ran from the manufacturing building into the 
19     Woonasquatucket?
20     A.   No.  As far as I know, they all went 
21     into the, what do you call it, the sewer 
22     company, or whatever that thing is.
23  Q. Did you actually view a connection to a sewer 
24     system?
25     A.   Well, they had a drain, and the drain 
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1     went out.  I knew it was, I know it went to 
2     the, I am not getting that word right, the 
3     municipality.
4  Q. The sewer facility?
5     A.   Yes.
6  Q. Were there any pipes or pipe systems, or 
7     conduits, that ran from the manufacturing 
8     building into this raceway that you described 
9     earlier?
10     A.   I don't know.  I don't think so, because 
11     sometimes this would dry up, and if it did, 
12     so no.  When it was a textile company, this 
13     was used for a waterwheel, the anchor for the 
14     waterwheel was still in the building.
15  Q. In the manufacturing building?
16     A.   Yes.
17  Q. But it was not used by Metro Atlantic?
18     A.   No.  It was a little ancient.
19  Q. Was there a hole in the building where the 
20     waterwheel was vis-a-vis the raceway?
21                     MR. PIROZZOLO:  Objection.
22     A.   No, except where the axle for the 
23     waterwheel went out, but there was no hole 
24     that could be any drainage or anything.
25  Q. Where was the waterwheel located in the 
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1     building?
2     A.   Well, the cradle for the waterwheel was 
3     somewhere around there.
4  Q. You are pointing to approximately the middle 
5     of the manufacturing building?
6     A.   Downstairs.
7  Q. In the basement?
8     A.   Yes.  When they had, when they went to 
9     electricity, the wheel went out.  That's how 
10     old the building was.
11  Q. You said sometimes the raceway would dry up?
12     A.   Yes.
13  Q. And you viewed that while you worked at Metro 
14     Atlantic?
15     A.   Yes.
16  Q. How often would it dry up?
17     A.   I don't know.  Whenever there is a real 
18     drought, and water was not coming over the 
19     damn into the raceway, it would dry out.
20  Q. Did that ever smell bad, the raceway?
21     A.   No, not really.
22  Q. What did it look like, if you can recall, 
23     generally?
24     A.   A miniature canal, I guess you could 
25     say.
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1  Q. Did it have any color to it?
2     A.   No.
3  Q. It had no color?
4     A.   No.
5  Q. It was brown?
6     A.   No, I mean except for muddy water, or 
7     something like that.
8  Q. You mentioned drains, were you referring to 
9     drains in the manufacturing building?
10     A.   Yes.
11  Q. What types of drains were in there, and where 
12     were they located?
13     A.   They were located on the floor of the 
14     first floor.
15  Q. Being the manufacturing floor?
16     A.   No, the delivery floor.
17  Q. The basement?
18     A.   Yes.
19  Q. So there were drains in the basement and that 
20     is where the drums are being filled?
21     A.   Right.
22  Q. And there are no drums on the manufacturing 
23     floor?  I mean no drains on the manufacturing 
24     floor?
25     A.   No.
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1  Q. No drains on the top floor?
2     A.   No.  Not that I ever spotted.
3  Q. And did these drains run along the side of 
4     the floor?
5                     MR. PIROZZOLO:  Objection. 
6  Q. What did the drains look like, where were 
7     they on the floor?
8     A.   Where they did just the mixing, they 
9     were basically under the tanks, and they 
10     would all go into the sewer system.
11  Q. Were there multiple drains?
12     A.   No, it was more like a trough, and it 
13     would all be tilted to go into the pipes that 
14     went to the sewer.
15  Q. There was one drain system, if you will?
16     A.   Yes.
17  Q. With multiple entry points?
18     A.   Yes.
19  Q. What would go into these drains?
20     A.   What would go into the drains, whenever 
21     they washed out the tanks, it would go into 
22     the sewer.
23  Q. Wash out the tanks that were on the first 
24     floor, the manufacturing floor?
25     A.   Yes.
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1  Q. And so they would fall down then into the 
2     basement level and go into those drains?
3     A.   Yes.
4  Q. And then would there be any washing of the 
5     basement floor?
6     A.   Yes.
7  Q. And that wash water would go into the drains?
8     A.   Yes, to the sewer.
9  Q. Were there any spills of chemicals and the 
10     process of getting the mixed chemicals into 
11     the drums on the basement level?
12     A.   Not usually.  There could have been, but 
13     it is very expensive, anything that falls on 
14     the floor.
15  Q. Looking a little bit north on this map, there 
16     looks to be a building close to Smith Street 
17     that says lab on it?
18     A.   Yes.
19  Q. It is right here?
20     A.   Yes.
21  Q. Is that where the application lab was 
22     located?
23     A.   Application.
24  Q. And the research lab as well?
25     A.   Yes.


Page 45


1  Q. Can you circle that, and put a line out to 
2     the margin as number 7 being the labs?
3     A.   Yes.
4  Q. What about the buildings that --
5     A.   Offices.
6  Q. Those are offices?
7     A.   Yes.
8  Q. How many offices were there?
9     A.   Five, I think.
10  Q. Five offices, can you circle the building 
11     that was the multiple offices?
12     A.   Yes.
13  Q. And put a line out to the margin, and that 
14     will be number 8?
15     A.   Okay.
16  Q. Is that where you would be when you are on 
17     the property, when you are doing your sales?
18     A.   Yes.  They had one office where all of 
19     the salesmen went in and wrote out the 
20     reports.
21  Q. Then you have crossed out a building on the 
22     Metro Atlantic site?
23     A.   I don't think we owned that.  That was, 
24     I think the furniture company that was right 
25     here stored stuff in there, except the third 







e3fa10f1-96cc-4e93-a95a-43a7dead09e9


January 14, 2009 Joseph Buonanno


www.AlliedCourtReporters.com ALLIED COURT REPORTERS, INC. (401)946-5500 or (888)443-3767


13 (Pages 46 to 49)


Page 46


1     floor, because there was a pigeon condo.
2  Q. Was this building that you crossed out owned 
3     by Metro Atlantic and leased to someone else?
4     A.   No.
5  Q. It was not owned by Metro Atlantic?
6     A.   As far as I know.
7  Q. Why did you put a circle around that to 
8     include that?
9     A.   I did, I was just doing, that is why I 
10     crossed it out afterwards, because we didn't 
11     do any manufacturing or anything over there.
12  Q. What about in this collection of buildings to 
13     the south where you said is sort of the 
14     approximate area of the boiler room; are 
15     there other rooms or buildings there?
16     A.   There was one.  I think, this might have 
17     been the maintenance shack.
18  Q. The one furthest south?
19     A.   Somewhere in here was a maintenance 
20     shack.
21  Q. And that is a little bit beyond what you have 
22     marked as the approximate area of the boiler 
23     room?
24     A.   Yes.  I said I was not sure what this 
25     was.  I remember that the maintenance 
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1     department was there.
2  Q. Can you circle that and mark it as a 9?
3     A.   Yes.
4  Q. What went on in the maintenance shack?
5     A.   Maintenance.
6  Q. Storage?
7     A.   No.  There was, we had maybe three or 
8     four maintenance men.  If we had a problem 
9     with a reactor, or a mixing tank, or 
10     installing a drain or something on one of the 
11     tanks, we had these guys to do it.
12  Q. So there was maintenance equipment stored 
13     there; is that correct?
14     A.   I guess.  If you are talking about pipes 
15     and fittings and stuff like that, yes.
16  Q. Would the actual fixing of reactors occur in 
17     the maintenance shack?
18     A.   No.
19  Q. They would go to the manufacturing building 
20     and fix it?
21     A.   Yes.
22  Q. So it would just be tools that they would 
23     need to fix equipment located elsewhere?
24                     MR. PIROZZOLO:  Objection.
25     A.   Yes.  We need maintenance men, and that 
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1     is where they sat if they didn't have 
2     anything to do, but they usually did.
3                     MR. PIROZZOLO:  Objection.
4  Q. Was there any connection between the 
5     maintenance shack and the raceway?
6     A.   No, not that I know of.  Everything we 
7     had went into the sewer.
8  Q. In the buildings that you circled that you 
9     said was an approximate area for the boiler, 
10     can you recall whether or not there was 
11     anything else in those buildings?
12     A.   No.  It was two boilers.
13  Q. Was there a power plant on the property?
14     A.   No.
15  Q. Any other place on the property where 
16     chemicals would be stored that you have not 
17     identified already?
18     A.   We had, they had storage tanks out here.
19  Q. Storage tanks between the manufacturing 
20     building and the raceway?
21     A.   Yes.
22  Q. So this is an exterior storage area?
23     A.   Yes.
24  Q. And how would the tanks be stored there?
25                     MR. PIROZZOLO:  Objection.
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1     A.   Sorry, I don't understand that.
2  Q. Was there a platform on which the tanks would 
3     sit?
4     A.   I think, they had cement pads, as far as 
5     I know, if I remember correctly.  It would 
6     have to be, or it would not stay up.
7  Q. Was it a storage area for filled barrels or 
8     empty barrels?
9                     MR. PIROZZOLO:  Objection.
10     A.   It was a storage area for basically raw 
11     materials.
12  Q. That would be used in the manufacturing 
13     process?
14     A.   That's correct.
15  Q. So you would have raw materials that would 
16     come in and that would get stored in that 
17     outside area?
18     A.   That's right.
19  Q. And the only other area that you would store 
20     the barrels would be on that top floor of the 
21     manufacturing facility?
22     A.   Empty barrels.
23  Q. Empty barrels?
24     A.   Yes.
25  Q. What about filled barrels, other than the 
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1     storage area you just talked about?
2                     MR. PIROZZOLO:  Objection.
3     A.   If I remember correctly, barrels, when 
4     we would get an order, they filled the 
5     barrels and stored them in this an area until 
6     the trucks took them away.
7  Q. When you say that area?
8     A.   The areas we talked about before.
9  Q. The exterior storage area?
10     A.   No, inside.
11  Q. Inside?
12     A.   Yes.
13  Q. And that was on the basement level?
14     A.   No.  They would put those drums, they 
15     would bring them up to the shipping 
16     department.
17  Q. Where was the shipping department located 
18     again?
19     A.   Right here, right across from there.
20  Q. That is in the manufacturing building, the 
21     shipping department?
22     A.   Yes.
23  Q. And what floor is that?
24     A.   Second.
25  Q. That is not the top floor and not the 
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1     basement but the manufacturing level?
2     A.   Yes.
3  Q. In an area reserved just for the shipping?
4     A.   Yes.
5  Q. That was a storage of filled barrels with 
6     product to be shipped to customers?
7     A.   Yes.
8  Q. Did the manufacturing operations at Metro 
9     Atlantic generate any waste?
10     A.   Any waste, no.  Any waste would cost us 
11     money.
12  Q. Any leftover raw materials that Metro 
13     Atlantic would accumulate?
14     A.   Well, the raw materials were not used 
15     all of it in one batch.  It would still be in 
16     the tank.
17  Q. Did you have a situation where you would have 
18     any used materials that would be leftover, or 
19     it would all go into the product?
20     A.   It would all go into the product, or if 
21     it was, we had the raw material.  If it was 
22     1,000-gallon tank and you needed 500 of the 
23     raw material, it would go into the drum and 
24     there would still be 500 in the storage tank, 
25     if that is what you mean.
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1  Q. Would you ever have a situation where a batch 
2     of materials was not mixed properly and it 
3     could not be sent to the customer?
4     A.   Well, that is a yes and a no. 
5  Q. Explain, please?
6     A.   Okay.  If the product was not up to 
7     snuff, they would put it into drums, and then 
8     when we made another batch of it, we would 
9     throw a couple of drums in that batch, too, 
10     which would basically still have all of the 
11     stuff that is supposed to be in that thing, 
12     but it could get, we had 1000-gallon, 
13     2000-gallon tank, and you could put the three 
14     drums in and it would be absorbed.  We would 
15     not dump anything like that because you are 
16     talking thousands of dollars worth of 
17     product.
18  Q. That is one situation where it could be 
19     reused?
20     A.   Yes.
21  Q. And you said it is a yes and no answer, were 
22     there circumstances where it could not be 
23     reused?
24     A.   Yes, we could not use it, but no, we 
25     would not throw it away.  If there was 
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1     something that went bad, then it was, you 
2     would call a company that will take a product 
3     that isn't right and we would sell it to them 
4     for .10 on the dollar or .50 on the dollar.
5  Q. What was that company?
6     A.   I don't remember the name of it.  When 
7     you don't have the right product, they either 
8     dispose of it, or they rework it.
9  Q. Was there any disposing of leftover chemicals 
10     on the property itself?
11     A.   No.
12  Q. Was there any buried of anything on the 
13     property, the Metro Atlantic property?
14     A.   Buried, what do you mean?
15  Q. If there is leftover materials that could not 
16     be used, was it buried at the property?
17     A.   Buried?
18  Q. Yes. 
19     A.   Not that I know of.
20  Q. Anything sent down the Woonasquatucket?
21     A.   No.
22  Q. Anything put into the raceway?
23     A.   No, not that I know of.
24  Q. What about just regular garbage that is 
25     created by operations at the site, what would 
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1     happen to that garbage?
2                     MR. PIROZZOLO:  Objection.
3     A.   We had containers, truck away things 
4     that would come in and take it.
5  Q. It would be disposed of off site?
6     A.   Yes.
7  Q. And then of the wash water we discussed 
8     previously, that would all go into drains; is 
9     that correct?
10     A.   Yes, into the sewer.
11  Q. Is there any wash water that would not go 
12     into the drains?
13     A.   No, because there is nowhere to put it.
14                     MS. CERVENKA:  Mark this as 
15     Exhibit 3. 
16          (EXHIBIT 3 MARKED FOR IDENTIFICATION)
17  Q. I am handing to you what has been marked as  
18     Exhibit 3, and take a moment to review that 
19     and let me know when you are done. 
20                     MR. PIROZZOLO:  We have been 
21     marking them by the name of the deponent.  I 
22     think it will be easier to do that. 
23                     MS. CERVENKA:  We can do that 
24     at the end. 
25                     MR. PIROZZOLO:  We are going 
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1     to mark this as Exhibit Buonanno 3. 
2                     MS. CERVENKA:  That is fine. 
3     A.   This is a synopsis of our bulletins that 
4     we sent out.
5  Q. I am going to, I want to ask you about 
6     specific products listed, but I just wanted 
7     you to quickly look through this to see what 
8     I have attached, and then we can go through 
9     it. 
10               (WITNESS PERUSES DOCUMENT)
11     A.   Okay.
12                     MR. PIROZZOLO:  Are these all 
13     one thing, or a compilation of things? 
14                     MS. CERVENKA:  It is a 
15     compilation, which I will explain.
16  Q. What has been marked as Buoanno Exhibit 3 is 
17     a collection of excerpts from a technical 
18     manual, the first being from 1950, and then 
19     attached at the back is one from 1972.  And I 
20     just want to ask you about some of the 
21     products listed on here, if you know if they 
22     are manufactured by Metro Atlantic. 
23     A.   Okay.
24  Q. You don't have to --
25                     MR. PIROZZOLO:  I am not 
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1     following that.  What are we doing?  Not that 
2     it matters, if you are just showing him a 
3     list and asking him to identify if he knows 
4     things that were manufactured.
5                     MS. CERVENKA:  Correct. 
6                     MR. PIROZZOLO:  I would 
7     object to this list at this point, because I 
8     don't see any foundation for it.  It does 
9     seem to all go together.
10                     MS. CERVENKA:  It is a 
11     collection of excerpts.
12  Q. Looking at the first page, which has 1950 at 
13     the top, and Page 314?
14     A.   Okay.
15  Q. Do you recognize what this document is?
16     A.   Yes.  It is the trade names of the stuff 
17     that we made at Metro Atlantic.
18  Q. At the top it says technical manual and 
19     yearbook of the American Association of 
20     Textile Chemists and Colorists.  Is this 
21     something that you would use or reference 
22     when you were working for Metro Atlantic?
23     A.   If I was selling Acudry, I would tell 
24     them it was a, I don't know was, that a wax?  
25     No, it was a resin finish.
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1  Q. Have you seen a list like this before, are 
2     you familiar with these types of technical 
3     manuals?
4     A.   The bulletin.  This is just like taking 
5     the name off the bulletin and just put down 
6     what it was used for, basically.
7  Q. I want to ask you about a couple of products 
8     that are listed here?
9     A.   Okay.
10  Q. On Page 1, going down to the middle of the 
11     page, it says Atco and Atco flameproof, flame 
12     retardant borates and other fusible salts.  
13     Is that a product that was manufactured by 
14     Metro Atlantic?
15     A.   I don't know.  The only reason I am 
16     saying that is we do, some of our chemical 
17     companies cheat a little.  In other words, 
18     they buy something from Dow or something, and 
19     they just put it in our own drum and label 
20     it, because we cannot make everything.  If we 
21     can get it, so one of our customers says, we 
22     need a flameproof agent, if it is not in our 
23     stock, then they buy it from another company 
24     and repackage it and sell it.
25  Q. This Atco, do you know what that refers to?
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1     A.   Atlantic Chemical Company.
2  Q. How is that related to Metro Atlantic?
3     A.   Well, it started out as Atlantic 
4     Chemical Company.  Then when they merged with 
5     Metro Dyestuff Corporation, it became Crown 
6     Metro.
7  Q. And the products sold by Metro Atlantic, were 
8     they still referred to as Atco?
9     A.   A lot of them were, yes.
10  Q. But you don't know if Metro Atlantic 
11     manufactured or sold this product that I am 
12     referring you to, the Atco flameproof?
13     A.   I know we had a flameproof, a fire 
14     retardant, again, I am not sure if this is 
15     one of the reworked ones.  I know it sounds 
16     crazy, but if one of our customers said they 
17     want something and we don't make it, we don't 
18     want them to go ask somebody else, and they 
19     can get their foot in the door, we will get 
20     it.  We will buy the product and repackage 
21     it.  I don't remember.  This is a long time 
22     ago, in the '50s, I am still in school.
23  Q. I understand that.  I guess I am having you 
24     look at this list to see if you recognize any 
25     of these products as being Metro Atlantic 
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1     products that you may have sold during your 
2     time at Metro Atlantic.  If you don't know, 
3     that is okay?
4     A.   I don't know.
5  Q. On the second page of Exhibit 3, there is a 
6     reference again about midway down to an 
7     Atco GS-14; do you see that, the 39 mildew 
8     resistant?
9     A.   Yes.
10  Q. Do you recall ever selling that form at Metro 
11     Atlantic?
12     A.   No, not that.
13  Q. You don't recognize that as a Metro Atlantic 
14     product?
15     A.   Not one that I had any relationship 
16     with.
17  Q. Okay.  What about just a few down, this Atco 
18     Merpene HTW, is that a product that you were 
19     familiar with when you worked at Metro 
20     Atlantic?
21     A.   No.  I never used that.
22  Q. Do you know if that is a Metro Atlantic 
23     product?
24     A.   No, I don't.
25  Q. Taking you several pages back to a page which 


Page 60


1     is listed AATCC products, and then it has 72 
2     next to it, the page number is 281?
3     A.   Okay.
4  Q. And then flip to the next page?
5     A.   Okay.  The next page from 281?
6  Q. Yes, 282.
7     A.   Okay.
8  Q. Down to F, it is listed alphabetically, where 
9     it says Fyran; do you see that?
10     A.   Fyran DWG?
11  Q. Yes.  I am going to ask you about that, too.  
12     Do you recognize either Fyran or Fyran DWG as 
13     a Metro Atlantic product?
14     A.   No.  That is not something that I was 
15     connected with.
16  Q. On the next page, there is a product listed 
17     under P, Penesode JG; do you see that?
18     A.   Yes, I do.
19  Q. Do you recognize that as a Metro Atlantic 
20     product?
21     A.   No.
22  Q. Not a product that you sold?
23     A.   No. 
24  Q. Did Metro Atlantic sell slimeaside products, 
25     something referred to as slimeaside?
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1     A.   Yes.
2  Q. What is a slimeaside?
3     A.   It was used in the paper industry when 
4     they would manufacture paper and they 
5     pulverized the wood, and the wood is put 
6     through a digester.  And it goes into a head 
7     box where the pulp is extruded onto the 
8     screen that makes the paper.  If there is any 
9     slime on it, it will become part of the 
10     paper, and slime is 99 percent water.  When 
11     it hit the dry cans, it would dry up to be a 
12     hole.  And first of all, they don't want 
13     holes in the paper.  And second, if it is a 
14     big enough hole, and the paper is going 
15     through it like that, it will rip and the 
16     room will fill up with paper until they stop 
17     it.  You cannot instantly stop it, the paper 
18     machine keeps going.  That's what the 
19     slimeaside was for.
20  Q. How many slimeaside products did Metro 
21     Atlantic make?
22     A.   Two I think, I am not sure.
23  Q. Was there a trade name for the slimeaside?
24     A.   I think it was Metro Atlantic 
25     Slimeaside, I think.  I am not sure what the 
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1     name was.
2  Q. Do you know what constituents were put into 
3     the slimeaside product?
4     A.   No.
5  Q. To whom was the slimeaside product sold?
6     A.   Paper companies, paper manufacturing 
7     companies.
8  Q. And are there specific companies that you can 
9     recall that it was sold to, specific paper 
10     companies?
11     A.   Scott Paper.  I remember Scott because 
12     they were Kleenex people.  Who else.  I can't 
13     remember who else.  I know there must have 
14     been another one or two, but I can't 
15     remember.
16  Q. And that was manufactured by Metro Atlantic 
17     for the duration of when you were employed by 
18     it?
19     A.   As far as I know.  I can't say it was 
20     the whole time I was there.
21  Q. Did you sell a lot of it?
22     A.   No, not a lot.
23  Q. What about trichlorophenol, or TCP, was that 
24     made by Metro Atlantic during your time 
25     there?
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1     A.   I don't think they made that kind of a 
2     product.  I think that is more of a raw 
3     material.
4  Q. Did they use that type of product?
5     A.   It is familiar, but I don't know.  I am 
6     not sure what they may have used it in.
7  Q. You mentioned earlier fire retardants?
8     A.   Yes.
9  Q. That were manufactured by Metro Atlantic?
10     A.   Yes.
11  Q. Do you know what went into those fire 
12     retardants, what constituents?
13     A.   No, that I am not sure of.  If I hear 
14     the name, I may be able to say yes, that is 
15     it.
16  Q. Did Metro Atlantic manufacture antibacterial 
17     type products or finishes?
18     A.   I think that is kind of like a 
19     slimeaside.
20  Q. Do you equate that as a slimeaside?
21     A.   I don't know if that's bacterial.  I 
22     don't know.  Unless it has something to do 
23     with the hexachlorophene.  Pfizer used to 
24     make a soap with hexachlorophene in it.
25  Q. What about mildew resistant finishes or 
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1     products, did Metro Atlantic make any of 
2     those?
3     A.   Yes.
4  Q. And what products were those, what names did 
5     they have?
6     A.   I think they called it mild Air, I am 
7     not sure.  I think it was Mild Air.
8  Q. Mild Air, okay.  To whom was Mild Air sold, 
9     what types of customers?
10     A.   Textile finishers.
11  Q. Can you recall any specific textile 
12     finishers?
13     A.   No.
14  Q. The name of the customers?
15     A.   No.
16  Q. What about on the fire retardants, can you 
17     recall who Metro Atlantic would have sold 
18     those products to?
19     A.   I am trying to think of what textile 
20     finishing companies would have used that.  
21     There was one in Coventry, I can't remember 
22     the name.  There were a lot of companies that 
23     used fire retardants.
24  Q. It was a popular type of product?
25     A.   Yes.  They didn't want the kids to burn 
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1     up in their nightgowns and stuff like that.
2  Q. Do you recall Metro Atlantic manufacturing 
3     any fennel-based products?
4     A.   No.  When I became a salesman, I got 
5     away from a lot of the, what do you call it, 
6     the products that we used to manufacture our 
7     products.
8  Q. Prior to sales, you were more exposed to that 
9     in your part-time position?
10     A.   Yes.  That is a long way, when I was in 
11     the laboratory, I knew a lot of the raw 
12     materials, but that is 40 years ago.
13  Q. Why don't we talk about those raw materials 
14     that you may have dealt with when you were in 
15     your part-time position.  Can you recall any 
16     specific raw materials that were handled in 
17     the lab?
18     A.   Melamine.  Urea-formaldehyde, silicones, 
19     waxes, I know if I sit and talk about it for 
20     a while, I may be able to recall.  I knew 
21     something as a urea-formaldehyde resin, or 
22     a wax resin, or water repellants, or 
23     something.
24  Q. Were PCBs used by Metro Atlantic?
25     A.   I don't know.  I don't think so.
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1  Q. Are there any documents that you know of or 
2     that you would have access to that would show 
3     what raw materials Metro Atlantic would have 
4     used?
5     A.   No.  You should have most of that with 
6     that, and I don't know if Bernie has any 
7     records, but he might.
8  Q. I am just asking you personally?
9     A.   No.
10  Q. And what about any documents that you have, 
11     or have access to, that shows the finished 
12     products that were sold by Metro Atlantic?
13     A.   I have nothing.  
14                     MS. CERVENKA:  I don't have 
15     any further questions.  Thank you. 
16                     MR. PIROZZOLO:  I do have 
17     some questions.  May we take a break before 
18     we begin?
19                     (OFF THE RECORD) 
20             EXAMINATION BY MR. PIROZZOLO
21  Q. I represent Emhart Industries, Inc.
22     A.   Okay. 
23  Q. I know you have appeared today without legal 
24     counsel.  You are entitled to have counsel.  
25     If you feel you want legal counsel present, 


Page 67


1     let me know and I will be glad to recess my 
2     interrogation to give you an opportunity to 
3     confer with your legal counsel.  I notice my 
4     colleague did not ask you that question 
5     beforehand, but it is up to her.
6     A.   I did have, Burke was my guy.  I think 
7     my answers will be the same as they were 
8     before. 
9  Q. It is up to you.  If you feel you want legal 
10     counsel, I want to give you that opportunity?
11     A.   I will let you know.
12  Q. Mr. Buonanno, it has been quite a while since 
13     you have been on the Metro Atlantic center 
14     land; is that right?
15     A.   Yes.
16  Q. It is fair to say about 40 years have passed?
17     A.   Close, yes.
18  Q. Now, when you looked at Exhibit 2, did you 
19     understand the buildings pictured between the 
20     raceway and Woonasquatucket River were all 
21     Metro Atlantic buildings?
22     A.   I don't know if that was Metro Atlantic.  
23     That might have been Pfizer, I am not sure.
24  Q. Let me ask you this, do you know that at some 
25     point in time there was a barrel reclamation 
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1     operation in the vicinity of Metro Atlantic?
2     A.   Yes.
3  Q. Was that identified as New England Container 
4     Company?
5     A.   Yes.
6  Q. Do you recall that that New England Container 
7     Company operation was to the south, or away 
8     from Smith Street, in relation to the Metro 
9     Atlantic facility?
10     A.   Yes.
11  Q. Now, I would like to draw your attention to 
12     the area that you circled as the boiler room?
13     A.   Okay.
14  Q. I will point out another area; do you see 
15     this area that I am pointing to here?
16     A.   Yes.
17  Q. Would you agree that is attached to, somewhat 
18     attached, to the Metro Atlantic manufacturing 
19     building, but to the south of it?
20     A.   Yes.
21  Q. And do you see there is no building south of 
22     the area you circled as the boiler room on 
23     this map, just south of here?  I know you are 
24     thinking.  Have you gotten mixed up, is this 
25     area, I am making the circle but not marking 
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1     it, is that the New England Container 
2     operation, and this area the boiler room?
3     A.   The boiler room, I think, would be this, 
4     and if I remember correctly, if this is where 
5     the reactors are, then the boiler room would 
6     be right here.
7  Q. Right here?
8     A.   Yes.
9  Q. And would this be New England Container?
10     A.   I was not even thinking of New England 
11     Container, but yes.
12  Q. Do you mind if I draw a circle?
13     A.   No.
14  Q. I am going to draw a circle in red around a 
15     set of buildings here; would you agree what I 
16     circled in red was the new facility?
17     A.   Yes, now that you bring that up. 
18  Q. I will draw an arrow there and write NECC?
19     A.   Okay.  New England Container was not in 
20     my head, and I just remembered at the end of 
21     our building, there is a --
22                     MR. PIROZZOLO:  I will go 
23     back to it.  I understand it has been a long 
24     time and you may have made a mistake.
25                     THE WITNESS:  Yes.
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1  Q. The area you just pointed out to me, and I 
2     was going to point to, is this the area you 
3     think was the boiler room?
4     A.   Yes.  I mean, there was a space between 
5     Metro Atlantic and New England Container.
6  Q. Would you say just north of that space is the 
7     boiler room?
8     A.   Yes.
9  Q. I am going to draw an arrow to what you 
10     pointed to and write boiler room; is that 
11     okay?
12     A.   Okay.
13  Q. Is that correct of your recollection 
14     concerning the buildings on the site? 
15     A.   I would say, yes, close to. 
16  Q. You have had your deposition taken before?
17     A.   Yes. 
18                     MR. PIROZZOLO:  I ask this 
19     document be marked as Buonanno 4. 
20          (EXHIBIT 4 MARKED FOR IDENTIFICATION)
21  Q. Mr. Buonanno, I am placing before you a copy 
22     of a transcript of your deposition, the 
23     deposition of Joseph Buonanno, Jr., which was 
24     taken before Florence Almeida, a notary 
25     public in or for the State of Rhode Island, 
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1     at the offices of Ratcliffe, Burke and 
2     Harten, 2400 BankBoston Plaza, Providence 
3     Rhode Island, on Friday April 23, 2001, 
4     beginning at 10:00.  I ask you to take a look 
5     at that deposition, and would you agree with 
6     me that is the testimony you gave at the time 
7     of that deposition?
8     A.   I'm sorry.
9  Q. Take a look at that, is that a transcript of 
10     the testimony you give at that deposition?
11     A.   Well, I don't know if anything was 
12     slipped in between, but I did make a 
13     deposition, if you say this is it.
14  Q. Assuming that this is an accurate copy of the 
15     transcript at your deposition?
16     A.   Yes.
17  Q. Was Mr. Burke your lawyer at that time?
18     A.   Yes.
19  Q. Was the deposition taken at his office?
20     A.   I think it was.
21  Q. Ratcliffe, Burke and Harten?
22     A.   Yes.
23  Q. If I were to ask you all of the questions 
24     that were asked at that deposition, would you 
25     give the same answers today as you did at 
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1     that time?
2                     MS. CERVENKA:  Objection. 
3                     MR. PIROZZOLO:  Do you want 
4     me to ask him all of the questions, I will?   
5     If you are objecting to that, I will ask him 
6     every question. 
7                     MS. CERVENKA:  He cannot know 
8     every question that was asked of him.  I am 
9     objecting.  You can do what you want, and if 
10     you can answer. 
11     A.   Are you kidding?  By now I have CRS, and 
12     I am not going to tell you what that stands 
13     for, but I don't know what to say.  I guess 
14     it would be something I would have to, you 
15     are asking me if that is everything that I 
16     answered to?
17  Q. I am asking you if I asked you the questions 
18     again, would you give substantially the same 
19     answers?
20                     MS. CERVENKA:  Same 
21     objection.
22     A.   I don't know.  I might say, I don't 
23     know.  I would assume pretty close to what I 
24     said before.
25  Q. At that deposition, did you give true and 
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1     complete testimony to the best of your 
2     knowledge?
3     A.   Yes, I did.
4  Q. As far as you know, you gave accurate 
5     information; is that correct?
6     A.   Yes.
7                     MR. PIROZZOLO:  I will ask 
8     that the deposition transcript be marked as 
9     the next exhibit. 
10          (EXHIBIT 5 MARKED FOR IDENTIFICATION)
11  Q. Mr. Buonanno, I am showing you a transcript 
12     of the deposition that was taken in the case 
13     of Emhart Industries, Inc., versus Home 
14     Industries Company, et al.  And it was on 
15     January 17, 2003 at the offices of Holland 
16     and Knight in Providence?
17     A.   What is Home Industries?
18  Q. Home Industries is an insurance company, and 
19     in that case, there were a number of 
20     insurance companies, Insurance Company of 
21     North America, Liberty Mutual, OneBeacon, and 
22     United States Fire Insurance, and Emhart was 
23     the plaintiff. 
24     A.   Where was this?
25  Q. That was taken in Providence.
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1     A.   At Edwards and Angell?
2  Q. Holland and Knight.
3     A.   I went to three of them.  Where was 
4     Holland and Knight?
5  Q. It is in Providence, it is at 1 Financial 
6     Plaza.
7     A.   I can't say I remember this one.  Is 
8     that in the same building as Edwards and 
9     Angell?
10                     MS. CERVENKA:  It is. 
11                     THE WITNESS:  I am not sure, 
12     but I can see where I have, funny I should 
13     pick this one.  It says, tell me about the 
14     raceway and the waterwheel.  It says, but the 
15     wheel would have been down in the basement 
16     level, it would not be outside the building.  
17     Well, it would have been outside of the 
18     building.
19  Q. Let's go in order, if I may.  I will 
20     represent to you, Mr. Buonanno, that that is 
21     a copy of a transcript of the deposition that 
22     you gave?
23     A.   Okay.
24  Q. It was given on January 17, 2003 here in 
25     Providence. 
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1     A.   Okay.
2  Q. And assuming that that is accurate, did you, 
3     at that time, give true and complete 
4     information to the best of your knowledge at 
5     that time?
6     A.   Yes.
7  Q. I have a few questions from this deposition?
8     A.   Go ahead.
9  Q. First of all, you started working for Metro 
10     Atlantic part time in what year, 
11     approximately, or how old were you when you 
12     started?
13     A.   I was, I think I was fifteen.
14  Q. So that would make it around 1951?
15     A.   Yes.
16  Q. Thereabouts?
17     A.   Maybe 16, I am not sure.
18  Q. When you worked part time, what kind of work 
19     did you do?
20     A.   Mostly scut work.
21  Q. Does that mean cleaning up?
22     A.   Cleaning up, emptying and taking barrels 
23     out of trailer trucks, and loading finished 
24     chemicals in the big trucks that delivered 
25     raw materials and then take our products to 
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1     customers.
2  Q. And at some point in time, you became a 
3     full-time employee?
4     A.   Yes.
5  Q. Approximately when did that occur?
6     A.   I would say 1958, I think.  Wait a 
7     minute, I graduated, maybe about, maybe 
8     around 1960, '61.  I had gone to college part 
9     time.
10  Q. So you became full time when you went to 
11     college?
12     A.   When I graduated.
13  Q. When you graduated from college?
14     A.   Yes.
15  Q. Before you graduated from college, did you 
16     work part time for Metro Atlantic?
17     A.   In the summer I think is when I usually 
18     would work.  If I wanted a car, I had to 
19     work.
20  Q. So it would be fair to say that in around 
21     1961 you began to work full time?
22     A.   Somewhere in there.
23  Q. What work did you do at that time?
24     A.   I was in sales.
25  Q. Did you make calls on customers?
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1     A.   Yes.
2  Q. And did you work for Metro Atlantic 
3     continuously from that time until Metro 
4     Atlantic merged with Crown Chemical?
5     A.   Yes.
6  Q. And during that time, when you reported to 
7     work at Metro Atlantic, did you report to 
8     work at the Metro Atlantic facility on Smith 
9     Street?
10     A.   Yes.
11  Q. Once Metro Atlantic merged with Crown 
12     Chemical, did you continue to work for the 
13     merged company?
14     A.   Yes.
15  Q. Were you doing substantially the same work?
16     A.   Yes.
17  Q. And when that merger took place, did you then 
18     report for work at the Crown Chemical 
19     facility on Dudley Street?
20     A.   Yes.
21  Q. Was it at about that time all of the 
22     operations were moved to Dudley Street?
23     A.   Yes, because we didn't do anything.
24  Q. Following the time you started to report to 
25     work at Dudley Street, was the manufacturing 
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1     at the Smith Street location discontinued?
2     A.   I am not sure.  I know we were bringing 
3     everything over there.  Whether we did a 
4     little bit for a couple of months there 
5     before everything was brought over, but to my 
6     knowledge, I think everything came over.
7  Q. Would you say within a couple of months 
8     everything was wrapped up at Smith Street?
9     A.   Yes.
10  Q. After you went to work for Crown Metro, did 
11     you ever have the occasion to go to Smith 
12     Street?
13     A.   No.
14  Q. So you would not have any knowledge as to 
15     what was going on on the Smith Street site at 
16     that point?
17     A.   No.
18  Q. You were aware that New England Container 
19     Corporation had an operation on the Smith 
20     Street site?
21     A.   Yes.
22  Q. And from time to time, you were able to see 
23     that operation?
24     A.   After we left, I don't think I went over 
25     there.  I don't think I went over there after 
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1     Metro Atlantic left the site.
2  Q. In answer to my colleague's question, you 
3     described the way the building at Metro 
4     Atlantic was laid out?
5     A.   To the best of my ability, yes. 
6  Q. To my understanding it is a building with, is 
7     it correct that it was a building of three 
8     floors, a basement, a first floor and a 
9     second floor?
10     A.   Yes.
11  Q. And the tops of the vessels were on the 
12     second floor?
13     A.   Yes.
14  Q. And were the vessels themselves on the first 
15     floor?
16     A.   Well, the tops of the vessels protruded 
17     on the second floor.  The bottom of it was 
18     protruding down to the basement to where the 
19     valves were to empty the barrels.
20  Q. The center part of the vessels would have 
21     been on the first floor?
22                     MS. CERVENKA:  Objection as 
23     to clarification as to what the first floor 
24     is.
25                     THE WITNESS:  The basement.
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1     A.   The bottom part of --
2  Q. Would the bottom part of the vessel be in the 
3     basement?
4     A.   Yes.
5  Q. Would the top part of the vessel protrude to 
6     the second floor?
7     A.   Right.
8  Q. And was the rest of the vessel within the 
9     first floor?
10                     MS. CERVENKA:  First floor 
11     being? 
12     A.   The bottom of the vessel, three-quarters 
13     of the vessel was in the cellar, and maybe 
14     just the top of the vessel would be on the 
15     first floor.  They did it that way to 
16     facilitate filling.
17  Q. I understand.  There was yet another floor 
18     above what we are calling the first floor, 
19     which was the second floor?
20     A.   Yes.
21  Q. And that floor did not have vessels, either 
22     tops or bottoms, or any vessels?
23     A.   No.
24  Q. That floor was used to store something?
25     A.   Empty drums, empty drums, yes.
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1  Q. By the way, did you see the square 
2     hexachlorophene building being built?
3     A.   Yes.
4  Q. Was that built on a slab?
5     A.   I presume so.  I know there was no 
6     cellar to it.
7  Q. Because there is some inconsistency in your 
8     testimony between the first, second and the 
9     floor of the basement, let me try to clear 
10     that up.  Did the Metro Atlantic main 
11     manufacturing building have a basement, a 
12     first floor, and a second floor?
13     A.   Yes.
14                     MR. PIROZZOLO:  I have no 
15     further questions. 
16                     MS. CERVENKA:  I have a 
17     couple of follow-up questions.  
18             RE-EXAMINATION BY MS. CERVENKA
19  Q. Could you give me the exact address of the 
20     Metro Atlantic facility at which you worked, 
21     was it located on Smith Street?
22     A.   It was.  I think it was 2072 Smith 
23     Street.  Did I remember it, my God.
24  Q. And there wasn't another site at which Metro 
25     Atlantic operated while you were employed by 
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1     it, was there?
2     A.   Not in Rhode Island.
3  Q. My colleague asked you about the dates during 
4     which you were doing your part-time work, and 
5     then your full-time work?
6     A.   Yes.
7  Q. And I asked you those questions as well?
8     A.   Yes.  I was thinking I graduated from 
9     Massanutten Military Academy in '57, and I 
10     thought I started working right after.  But I 
11     went to the University of Rhode Island, and I 
12     went to Lowell Technical Institute, it isn't 
13     Lowell now, it is U-Mass Lowell, but it was 
14     the eminent textile college.  I had to learn 
15     about textiles and paper.
16  Q. And you had testified when I asked you the 
17     question about when you started your 
18     full-time position that you had started 
19     approximately in 1959.  When my colleague 
20     asked you about when you started your 
21     full-time position, you said approximately 
22     1961, is it sometime between 1959 and 1961?
23     A.   Yes.  I forgot about the Massanutten 
24     Military Academy.  It was kind of a, I had 
25     such a good time there that I remember that, 
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1     and I hated the college, but yes.  I was not 
2     thinking of going to college, which I did. 
3  Q. And that was a two-year or four-year program?
4     A.   I did two years at URI, and then I think 
5     it was, and my father said, I want you to go 
6     to Lowell Tech to learn about textiles, which 
7     I did.
8  Q. How long were are you at Lowell Tech?
9     A.   I think two years, if I remember 
10     correctly.
11  Q. So 1961 would be the date then?
12     A.   Yes.
13  Q. And then same thing on the part time, when I 
14     asked you when you had started with your 
15     part-time position with Metro Atlantic, you 
16     had said approximately 1953 to 1954.  When 
17     you were asked by my colleague when you 
18     started your part-time position, it was 
19     around 1951, can you clarify that?  Is it 
20     fair to say you started in your part-time 
21     position somewhere between 1951 and 1954?
22     A.   Yes.  I was fifteen or sixteen, if I can 
23     remember correctly.  And then I did part time 
24     until I got out of school, so that was --
25  Q. When were you born, what year?
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1     A.   I would not ask you that question.   
2     1938.
3  Q. I am just trying to get the date?
4     A.   1938.
5  Q. Thank you.  My colleague was also asking you 
6     questions about the type of work you did in 
7     your part-time position?
8     A.   Yes.
9  Q. And you described the so-called scut work?
10     A.   Yes.
11  Q. Did you also work in the application lab?
12     A.   Yes. 
13                     MS. CERVENKA:  I have no 
14     further questions.  Thank you. 
15                     MS. HYNES:  I have no 
16     questions. 
17                     MS. CERVENKA:  Would you, 
18     Mr. Buonanno, like to review your deposition 
19     transcript and sign it?
20                     THE WITNESS:  Yes, please. 
21                    (CLOSED AT 12:40 P.M.)
22     
23     
24     
25     
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1                         C E R T I F I C A T E
2                 I, Barbara Warner, Notary Public, do hereby


           certify that I am expressly approved as a person
3            qualified and authorized to take depositions pursuant


           to the Rules of Civil Procedure of the Superior Court,
4            especially, but without restriction thereto, under


           Rule 30 of said Rules; that the Witness was first
5            sworn by me; and that the foregoing transcript


           contains a true record of the proceedings.
6


                IN WITNESS WHEREOF, I have hereunto set my hand
7            and seal this 28th day of January, 2009.
8
9                                                         


           ______________________________________________________
10            BARBARA WARNER, NOTARY PUBLIC/CERTIFIED COURT REPORTER
11


           My commission expires October 15, 2010.      
12
13
14
15
16
17
18
19
20
21
22
23
24
25
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Supplemental Expert Report


Emhart Industries, Inc. v. New England Container Company, Inc. et al.
U.S. District Court of Rhode Island C.A. No. 06-218-S 


James R. Kittrell, Ph.D.
KSE, Inc.


P.O. Box 368
Amherst, MA 01004


May 5, 2010


I have been retained by Foley Hoag UP, counsel to Emhart Industries, Inc. ("Emhart"),
in the above captioned litigation, to provide expert assistance and advice with respect to certain
technical matters relating to the Centredale Manor Restoration Project Superfund Site in North
Providence, Rhode Island. I have been asked to supplement my reports of December 21, 2009
and March 31, 2010 as to the critical review of the reports and opinions of Dr. Barbara B. Taylor
and Mr. David Mauro on the sources of PCDDs and PCDFs at the Centredale Manor Restoration
Project Superfund site, based on new information from the Time Critical Removal Action
completed in February 2010.


Qualifications of Dr. J.R. Kittrell
My qualifications, resume, and experience can be found in my Expert Report, dated


January 15, 2009, in my Expert Report dated May 21, 2009, my expert report dated December
21, 2009, and my expert report of March 31, 2010. As I have noted in previous reports, I have
performed chemical fingerprinting studies to determine the industrial source of soil
contamination, and am familiar with the scientific methodology for conducting such studies,
including published literature on the subject. To update my background summarized in my
March 31, 2010 report, I am now engaged by the U.S. Department of Justice in three concurrent
cases to utilize my expertise in chemical fingerprinting, in order to identify source contributions
and contamination profiles at various sites of interest, including a Superfund Site.


Documents Reviewed
To update the list of documents reviewed in preparation of my four earlier expert reports,


additional documents and information that I have examined are cited within and/or are
summarized in Exhibit 1 of this report.
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Opinion
Absence of Evidence of Discharges of Wastes from Emhart HCP Manufacturing Plant


The evidence 1 have seen that was generated during the course of the Time Critical
Removal Action (TCRA) at the groundwater action area, which 1 understand includes the former
site of the Metro Atlantic hexachlorophene manufacturing (HCP) building, confirms my earlier
opinion that spillage or leaks or waste from Na-2,4,5-TCP processing at the HCP plant could not
have been the source of 2,3,7,8-TODD contamination at the site.


The TCRA removal activities uncovered evidence of a larger black pipe, which was
likely part of a connection into the clay pipe sewer system at the Metro Atlantic HCP building.
That evidence includes photos of the black pipe and pipe connection, which in my experience
would have been likely to have been used to connect the HCP building to the sewer system.


Well planned chemical manufacturing plants in the 1960's would undoubtedly have been
connected to the sewer system, if such a connection were available. The HCP operation requires
heat, which would likely be provided by low pressure steam, and would produce condensate to
be disposed of. The TCRA photos show a smaller black pipe that runs axially within the clay
pipe. Low pressure steam was likely contained within this inner black pipe for transfer from the
power plant to the HCP plant for heating of the 1-1CP process. The resulting hot condensate from
the steam, along with other wastes, were likely contained within the outer clay pipe, which was
likely the Metro Atlantic sewer pipe connection to the municipal sewer.


North Providence Town Council records from 1956 and 1964 and the deposition of
Carleton Maine indicate that Metro Atlantic was tied into the town sewage system, and that
Metro Atlantic's chemical wastes were discharged into the sewer system. Metro Atlantic would
undoubtedly have arranged to connect its HCP plant to the same sewer connection. The pipes
uncovered during the r PC R A excavation were very probably used to connect the HCP plant to
Metro Atlantic's previously existing connection to the town sewer system. Having a connection
to the local municipal sewer system would have been necessary both for discharge of any
condensate and chemical wastes, as well as for sanitary facilities for workers at the plant. This
information also corroborates the deposition testimony of Joseph Buonanno that there was no
onsite "septic system" at the IICP building, and that the plant drains from the HCP building
discharged into the municipal sewer system.


Also, Mr. Kastrinos' most recent addendum report indicates that the removal action
activities uncovered no evidence of a drywell or leaching trenches (i.e., the Buonanno "septic
system") in the area of the HCP building, which is further evidence that there must have been a
sewer connection in that building.


Given the existence of the sewer connection, and because the HCP plant was on a
concrete slab, it is extremely unlikely that any liquid wastes would have been discharged onto
the site due to the 11CP manufacturing operation. As I noted in my earlier report, there was no
evidence of any spillage or leaks of the Na-2,4,5-TCP during operation of the plant, either when
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the raw material was pumped into the reactor, or during the manufacturing process itself. As I
noted in my earlier report of December 21, 2009, if there had been any such spillage inside the
building onto the concrete slab, or onto any concrete footing that would likely have been used to
support the plant equipment, the plant workers would have noticed the spill immediately,
because the fumes from TCP are extremely noxious. Similarly, if there had been any spillage
onto the ground outside the building, such a spill would have been noticed (and avoided) because
of the fumes and the economic loss of raw material.


More significantly, the existence of the sewer connection and the concrete slab and
footings suggests that the HCP manufacturing plant was likely properly designed with high
professional standards. This design and operating standard would be consistent with the product
that was being produced, which was a pharmaceutical grade FICP. For example, I note that the
process was designed to minimize the possibility of any spillage or leakage of liquid or solid
material. This design is also consistent with my expectation of Metro Atlantic design practices
that would have been required by Eli Lilly in the prior Triflural in operations.


After the first reaction step was completed, Mr. Cleary explained in his deposition that
the purified, precipitated Na-2,4,5-TCP from the first reactor was "extracted" into
perchloroethylene. The use of the term "extracted" means that the solid TCP material would not
have been physically handled or shoveled into the second reactor, as suggested by Mr. Menoutis,
which would have risked product contamination of pharmaceutical grade HCP, or spill or loss of
material. Instead, extracting the filtered mass of solid crystals of Na-2,4,5-TCP by dissolving it
into perchloroethylene would have ensured that all of the Na-2,4,5-TCP material would have
been transferred into the second reactor, without spillage or loss or contamination, which would
be consistent with the goal of producing a pharmaceutical grade product. Nor would it he likely
that the process would have resulted in any spillage or waste of solid material through the
Nuchar carbon filtration process. As Mr. Cleary explained in his sworn statement, the used
Nuchar "filter cake" was removed and discarded. In my experience, in this sort of chemical
plant at the time, such a filter cake would have been directly discarded into Metro Atlantic's
existing dumpster and eventually trucked off site, as Mr. Turcone testified was the practice at
Metro Atlantic in his depositions. This disposal practice for the spent Nuchar cake is also
consistent with Professor Stellaeci's conclusions that Nuchar could not have been present in the
soil.


Absence of Evidence of Dumping of Chemical Drums at the HCP Building Site


Finally, according to the deposition of Vincent Buonanno, no drums were used in the
supply or operation of the HCP plant. I note that the existence of several chemical drum lids
uncovered during the removal action is consistent with my opinion that the heterogeneity of the
chemical constituents found at the site is not consistent with contamination arising from the HCP
manufacturing operation. Instead, the presence of the drum lids suggests that the area of the
HCP plant was subject to dumping of, or drainage from, drums and thus was probably exposed to
the chemical contents of those drums.
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This report has been prepared based upon the documents and other information available
to me at the time of writing the report. In the event that additional documents and information
are produced or discovered, I reserve the right to supplement this report as necessary to include
my analysis of this new information.


The foregoing is a true and correct statement of my professional opinions concerning this
matter. If called to testify under oath, I would so testify.


I declare under the penalty of perjury that the foregoing is true and correct.


May 5, 2010
James R. Kittrell, Ph.D.
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Exhibit I


Supplemental List of Documents Reviewed
in Preparation of Expert Report
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Supplemental List of Documents


I . David Mauro Deposition of March 26, 2010


2. Mauro Deposition of March 26, 2010, exhibits 5, 6, and 7


3. Map of Bennett Soil Boring Locations from March 22, 2010


4. TCRA Completion of work report


5. Photographs of TCRA work performed in Area B, showing the general excavation
sequence, the dewatering apparatus (coffer dam, dewatering wells, and water
treatment), debris removed from the excavation (concrete, pipe segments, crushed
drum lids, and other metal debris), intact steel, clay, and copper pipes, discolored
soils, and water behind the coffer dam.


6. John Kastrinos Supplemental Report March 2010


7. John Kastrinos Addendum Report March 2010


8. John Kastrinos Rebuttal Report March 2010


9. Muriel Robinette Supplemental Report of December 24, 2009


10. Joseph Buonanno Deposition of January 14, 2009


I I. Vincent Buonanno Deposition of October 22, 2009


12. Herbicide data from EPA


13. Chemical Week Buyer Guide 1970 at page 494


14. MMR Monthly Progress Report May 1998


15. MMR Monthly Progress Report October 2000


16. Monthly Progress Report # 13 for MMR


17. Formation pathways from 2,4,5-TCP to PCDD/F [Okamoto]


18. Formation of PCDDs and PCDFs during incineration of 2,4,5-T


19. Identification and Quantification of PCDDs and PCDFs in 2,4,5-T


20. Radian Report of March 1984


21. Stellacci Supplemental Report


22. Stellacci Expert Report


23. PCA Tutorial V.3.01 [Schleps]


24. Final Site Investigation Report IT Corp


25. US EPA Dioxin Fingerprinting 2005
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26. Carlton Maine Deposition of April 29, 2009


27. Town Council Meeting Minutes of August 3, 1964


28. Town Council Meeting Minutes of July 6, 1964


29. Town Council Meeting Minutes of October 1, 1956


30. John 'Furcone Deposition of December 16, 2002


31. John Turcone Deposition of October 29, 2008


32. John Turcone Deposition of November 30, 2009


33. September 2009 Action LEA Documents March 10, 2010 (Bates Number: LEA-
000001 to LEA-005998)


34. George Mann Customer Binders 1 to 6 Containing:


a. New England Container Company Supplemental 104(e) Response (2.8.2002)


b. New England Container Company Supplemental 104(e) Response (8.22.2002)


c. Vincent Buonanno Deposition (3.25.2003)


d. Raymond Nadeau Affidavit (10. 27.2000)


e. Raymond Nadeau Interview (12,11.2001)


f. Raymond Nadeau Statement (8.14.2002)


g. Raymond Nadeau Deposition (12.27.2002)


It Felix John Palumbo Interview (12.27.2001)


i. Felix John Palumbo Declaration (6.12.2002)


. Providence Sunday Journal Article (8.20.1961)


k. Providence Sunday Journal Article (3.20.1966)


I. Notification of Hazardous Waste Activity (8.18.1980)


m. RCRA Inspection Checklist (10.27.1981)


n. EPA Facility Biennia' I fazardous Waste Report (1983)


o. Hazardous Waste Permit Application (8.5.1983)


P. Massachusetts Hazardous Waste Manifest


q. EPA Preliminary Assessment (8.26.1985)


r. George Mann Letter to RIDEM (10.11.1988)


s. Massachusetts Hazardous Waste Manifest (9.19.1989)


t. RIDEM Biennial Report (1989)
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Li. RI Pollution Discharge Elimination System Notice of Intent (3.25.1993)


v. Massachusetts DEP Letter to Stoneham Town Administrator (11.24.1995)


w. EPA Hazardous Waste Report (1995)


x. George Mann Undated 104(e) Response


y. Directory of New England Manufacturers Listings 1950-53; 1955-62; 1964,
1966-71


z. Corporate Documents


aa. George Mann Obituaries


bb. EPA Evidentiary Summary


cc. Rough Draft of George Mann Deposition Taken October 30, 2008


dd. George Mann & Co. Brochure


35. Expert Report of Gregory C. Fu, dated May, 6, 2010
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I.	 INTRODUCTION


1.1	 Purpose of Report


This Addendum to Expert Report (Addendum) is submitted in connection with the case of Emhart
Industries, Inc. v. New England Container Company, Inc. et al. (U.S. District Court, District of Rhode
Island, Civil Action No. 06-218-S). This case relates to the Centredale Manor Superfund Site in North
Providence, Rhode Island, as designated by the United States Environmental Protection Agency (EPA).
This Addendum addresses additional data generated and observations made during the 2009 excavation of
soils in an area on the western side of the Site. That work was performed by Loureiro Engineering
Associates, Inc. (LEA) as a Time-Critical Removal Action (TCRA), pursuant to an Administrative
Settlement Agreement and Order on Consent (AOC) (U.S. EPA, 2009). The observations and opinions
presented in this Report are based largely on my review of LEA's 25 February 2010 TCRA Report. The
Report summarizes the activities undertaken by LEA in performing the TCRA, and contains supplemental
materials generated in connection therewith, including Field Reports, field notes, and photographs. The
TCRA area is shown on Figure 1.


The purpose of this Addendum is to present my assessment of the newly-acquired data and observations
of Loureiro Construction, Inc. (LCI) personnel, and discuss whether these data and observations affect the
substance of my expert opinion in this case as it was presented in my Expert Report of January 2009 and
my Supplemental Expert Report of December 2009. In addition, this Report provides comments on the
December 2009 Supplemental Opinion of Muriel Robinette pertaining to the TCRA. In the December
2009 Supplemental Opinion, Ms. Robinette sought to further support her opinions, presented in her June
2009 Report, with "recent site data and conditions in the vicinity of the former hexachlorophene
manufacturing facility." Notably, Ms. Robinette's Supplemental Opinion offered virtually no additional
information to support her opinions; it preceded the publication of LEA's TCRA Report containing new
data by almost three months. Ms. Robinette's additional information cited in support of her opinion
includes portions of EPA "Finding of Facts and Conclusions of Law" from the AOC, which Emhart has
contested and which EPA previously has presented in its Remedial Investigation (RI) Report (Battelle,
2005).


To summarize, the data, field observations, and photographic evidence in LEA's TCRA Report, and the
opinions presented in Ms. Robinette's Supplemental Opinion, do not lead me to alter the opinions
provided in my January 2009 Expert Report and December 2009 Supplemental Expert Report regarding
the sources of contamination or fate and transport of contaminants at the Site. .


1.2	 Site Background


The Site, as defined by the EPA and as presented in my January 2009 Expert Report and December 2009
Supplemental Expert Report, includes a peninsula on which various operations pertinent to this
Addendum have been conducted, and adjacent and downstream surface waters, their banks and wetlands,
and sediments within those surface water features.. The term "peninsula" as used in this report refers to
the land area, which includes a small wetland that is located at the southern tip of the peninsula, on the
northernmost banks of Allendale Pond. In order from upstream to downstream, the adjacent and
downstream surface waters (and their banks, wetlands and sediments), comprise the tail race (a narrow
channel used in historic mill operations) on the east side of the Peninsula; the Woonasquatucket River
channel on the west side of the Peninsula; Allendale Pond to the south of the Peninsula; the Oxbow area,
which includes a channel section of the Woonasquatucket River, a broad wetland area, and an isolated
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pond (the oxbow feature that gives the area its name); and the Lyman Mill Pond. These features are
shown on Figure 1 of my January 2009 Report.


My opinion in this case, as presented in my January 2009 Expert Report, is that contaminants detected in
samples taken on the peninsula, and in the tail race and the Woonasquatucket River, including dioxins and
polychlorinated biphenyls (PCBs), are primarily associated with NECC' s drum refurbishing operations.
Further, it is my opinion that contaminants were transported from the tail race and Woonasquatucket
River channel to downstream surface waters,  including Allendale Pond and Lyman Mill Pond, by erosion,
scouring, and transport, particularly during periods of high river flow.


Throughout this Addendum, I will refer to one or more of the four Site areas (designated A, B, C, and D)
that were delineated in my January 2009 Expert Report. The Addendum focuses, however, on the TCRA
Excavation Area (Figure 1), which covered Area B and a portion of the northwest corner of Area C. The
four areas are shown on Figure 2 of my January 2009 Report.


The remainder of the Addendum is organized as follows: Section II summarizes my comments on field
observations and data contained in LEA's TCRA Report; Section III provides my comments on TCRA-
related elements of the December 2009 Supplemental Opinion of Muriel Robinette; and Section IV
provides a summary of the Addendum as it pertains to the expert opinions that I have provided previously
in this case.


*Exhibits from my January 2009 Expert Report and December Supplemental Expert Report, are incorporated herein by reference.
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It. TIME-CRITICAL REMOVAL ACTION (TCRA)


2.1	 Purpose and scope of TCRA


The EPA designated as a "Groundwater Action Area" an area on the western side of the Peninsula,
including a section of Woonasquatucket River bank. EPA's stated purpose for performing the TCRA in
this area was to protect human health and the environment. The TCRA comprised the following
elements:


n A cofferdam constructed of inter-locking steel sheet-piles was installed to serve as a temporary
groundwater barrier for the excavation work, and to help facilitate dewatering of the work area by
temporary "deep" wells.


The pre-determined work area was excavated to specified lines and grades; generally, the upper
fill soils (from ground surface down to El. 99) were to be excavated and stockpiled on site for re-
use as backfill, while soils between El. 99 and El. 95 to 89 were to be excavated for off-site
disposal.


n Potentially contaminated soils and sediments encountered during the excavation were segregated,
stockpiled, sampled, tested and shipped to a disposal facility in Canada.


n The excavation area was backfilled with imported soils and clean soils that were removed from
the excavation and segregated from potentially-contaminated soils.


n The cofferdam was driven deeper, such that the top of the cofferdam was just below the river bed,
to serve as an impermeable barrier to groundwater flow.


n An impermeable cap was emplaced over the excavation area.


n The surface was paved to restore the area for parking lots servicing the Brook Village apartment
building.


2.2	 Observations made by field personnel during the TCRA


Several key observations were noted by Loureiro Construction, Inc. (LCI) field personnel, who were on-
site during the performance of the TCRA. Specifically, LCI noted features that indicate this area was
used for disposal of a variety of wastes, including combustion by-products, such as ash and cinders,
petroleum, and scrap metal including steel drum lids. These materials were observed at depths of roughly
7 to 10 ft below grade (LEA, 2009), at elevations generally ranging from El. 99 to 93, indicating the
material likely was either disturbed in place or buried, most likely by heavy equipment, such as a
backhoe. These observations are consistent with NECC's historical use of the area -- documented by
aerial photographic evidence, responses to EPA information requests, and deposition testimony -- for
storage or disposal of miscellaneous material, including tanks and drums.


These following observations were obtained from daily field records (notes that were kept by LCI
personnel), LCl/LEA photographs taken during the field work, descriptions of the subsurface soils as
presented on the boring logs, and other referenced sources of information.
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A.	 Presence of ash, cinders and other fill materials


n Ash, cinders and other burning/combustion byproducts or residues were noted in the near-surface
and deeper fills that were encountered and excavated during the TCRA. For example, Mr.
Nathan Emmons,. Health & Safety Site Supervisor and the employee responsible for perimeter
and site air quality monitoring, noted that as the excavation initiated on 4 September 2009, "ash-
looking layers" were encountered, along with pieces of clay and steel pipe.


n On 14 September 2009, Mr. Emmons documented the first of several drum lids that were found in
the excavation. The lid was "located approximately 7 ft below grade and 4 ft north of the
southernmost sheeting," at an elevation of approximately El. 93 to 94.


n On 14 September 2009, as excavations proceeded down to El. 89, Mr. Emmons noted "lots of
orange or rust-colored soil, layers of black and gray soil."


▪ On 16 September 2009, in the area to be excavated down to El. 93, "ash-looking material (was)
discovered in excavations" between El. 99 and 93. (See Photograph 2 in Appendix A).


n On 16 September 2009 another drum lid was discovered between El. 99 and 93, in good
condition, with paint underneath.


n On 17 September 2009, in the area to be excavated down to El. 89, two additional drum lids were
encountered, one was "in good shape (although crumpled), with a burgundy (sic) colored soil
compacted within the folds of the crushed lid. The other was very rotted and crumpled." (See
Photograph 3 in Appendix A).


n Beneath a clean, granular upper fill soil horizon (approximately 4 to 6 ft thick), several
photographs indicate zones of black ash or cinders in the fill, and oxidized soils. For example, a
photograph dated 29 September 2009 exhibits a large, irregular bright red patch of ash or bum
residues that was exposed by the excavator bucket at or above El. 95.


B.	 Oily Sheens and possible petroleum contamination


n Mr. Emmons documented that an "oily sheen and orange-yellow discoloration was seeping into
the water" on 14 September 2009, at an approximate elevation of El. 89.


A photograph taken on 16 September 2009 similarly shows a variegated sheen floating on
standing water near the base of the excavation (approximately El. 89). (See Photograph 1 in
Appendix A).


2.3	 Fill thickness and grades


Beneath the pavement that was removed in the TCRA, LEA identified granular fill that had the
appearance of fill typically used to grade sites for development. This granular fill extended down to an
elevation of roughly El. 99 to 97, below which the character of the fill changed to a heterogeneous
mixture of sand, gravel, rubble and waste materials, including scrap metal, drum lids, ash and cinders.
LEA identified odors, staining, and elevated VOC readings (detected by PID field-screening) below this
elevation (El. 97 to 99), consistent with the screening and laboratory testing results that LEA and others
observed in previous investigations at the Site. Accordingly, below these pre-determined and pre-
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approved elevations, LEA segregated the contaminated materials for transport to an off-site disposal
facility.


2.4	 Soil quality testing


The soils that were sampled as part of a sampling program and segregated for off-site disposal were tested
for dioxins and furans, polychlorinated biphenyls (PCBs), metals, volatile organic compounds (VOCs),
and petroleum hydrocarbons. The laboratory testing detected 2,3,7,8-TCDD and PCE, as well as the
following parameters:


▪ Other dioxin congeners including 1,2,3,7,8,-Pentachlorodibenzo-p-dioxin, 1,2,3,7,8,9-
Hexachlorodibenzo-p-dioxin, 1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin, 1,2,3,4,6,7,8-
Heptachlorodibenzo-p-dioxin, and Octachlorodibenzodioxin.


• Furans including total pentachlorodibenzofurans, total hexachlorodibenzofurans, total
heptachlorodibenzofitrans, and octachlorodibenzofuran.


n Various metals, including chromium, mercury, molybdenum, lead, and zinc_


— C50 petroleum hydrocarbons.


• Polychlorinated biphenyls (PCBs) - Aroclor 1254 and Aroclor 1260.


2.5	 Conclusions regarding data and observations from the TCRA


A.	 Contaminants and Waste Materials Encountered in the TCRA


In summary, the TCRA revealed evidence of contaminants that are consistent with NECC's
activities in Area B and the northwest portion of Area C, including petroleum and burning by-
products (i.e., ash, cinders and heavily-oxidized soils [evident in rust-like staining]). In addition,
various contaminants, including metals, furans, dioxins, VOCs; and petroleum hydrocarbons were
detected in soil samples from the TCRA excavation. In summary, the TCRA excavation revealed
a variety of contaminants, which is consistent with NECC' s processing of drums from a wide
range of industries.


The presence of contaminants from NECC's operation at this specific location is also consistent
with evidence from historical aerial photographs showing trucks parked in the area (EPA, 2000
and Mutch, 2009). According to deposition testimony by former employees, including Raymond
Nadeau (2008), the trucks that delivered drums to NECC parked in this general location and used
it as a staging area for NECC's drum-burning operation.


Moreover, photographs and observations of steel drum lids encountered at depth in the excavation
are consistent with NECC's storage of drums and unloading of drums from trucks parked in this
area, as well. Based on his analysis of 1970 and 1972 aerial photographs, Robert Mutch
describes in his Expert Reports observing vehicles, tanks, drums and other equipment in Area B,
which is within the TCRA excavation area. Further, Mr. Mutch states that he observed similar
features in the 26 April 1970 photograph that he obtained and reviewed in connection with
preparing his Supplemental Expert Report. Specifically Mulch identified "several drums" within
the "Miscellaneous Material" area, which encompassed Area B and part of Area C (Mutch 2009).
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Regarding Metro-Atlantic's former operations, according to Thomas Cleary, no steel drums were
used in the hexachlorophene manufacturing process, and the only by-product generated was a
solid material — Nuchar Fiberfio, which was used to remove impurities, including color (Cleary,
2003, and 2008). In contrast, the drum lids observed in the TCRA were steel. Moreover, a bung,
which is used in closed-head drums designed to store liquids, is clearly visible on one of the
photographs (Photograph 3 in Appendix A). Finally, no evidence of subsurface structures, such
as dry wells or leaching trenches, which could serve as a means of on-site disposal of liquid
wastes, was encountered in the TCRA excavation.


The TCRA excavation did, however, encounter a vitrified clay pipe with belled joints, one copper
pipe, and two steel pipes, which may have provided utility service, including water and sewer and
possible steam heat, to the former hexachlorophene manufacturing building. Based on the
orientation of the belled joints and the slope of the vitrified clay pipe (based on LEA's field
measurements using a carpenters' level), it appears the pipe sloped to the east/northeast from the
footprint of the former hexachlorophene manufacturing building.


B. Site Grades and Implications Regarding Flooding


The shallow, granular fill observed in the TCRA area apparently was placed for grading purposes,
to prepare for development of the Brook Village apartment building and adjacent parking areas.
The base elevation of the granular fill deposits (approximately El. 99) likely corresponds roughly
to the ground surface elevation as it existed prior to development of Brook Village. As stated in
my June 2009 Expert Report, the estimated flood elevation under the most severe flooding events
in the Woonasquatucket River ranges from El. 99 to El. 100 in this area of the Site. Therefore,
depending on local topographic conditions, including possible use of berms or other flood control
measures, this area of the Site may have been flooded periodically under severe storm events such
as the floods that occurred on 11 September 1954 and 18 March 1968 (USGS).


With respect to the possible transport of contaminants under these periodic flood conditions, there
was no evidence from the TCRA of elevated levels of contamination in fill materials at or above
El. 99 in the TCRA, or in previous investigations within the former footprint of the
hexachlorophene manufacturing building (Area B). Moreover, during parts of 1964 and 1965
when hexachlorophene manufacturing may have taken place in Area B, the peak river-stage
conditions in the Woonasquatucket River were over a foot lower than the peaks observed in the
aforementioned flood events. For example, based on U.S. Geological Survey (USGS) water data
for the Woonasquatucket River, the annual peak gage heights in 1964 and 1965 were roughly 5.4
ft, compared to peak gage heights of 7.03 ft and 7.75 ft that occurred during the severe storm
events in 1954 and 1968, respectively.


C. Summary


In summary, none of the data, field observations, or photographic evidence in the TCRA Report
leads me to alter the opinions provided in my January 2009 Expert Report and December 2009
Supplemental Report regarding the sources of contaminants, or fate and transport of contaminants
at the Site.
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III. COMMENTS ON 1 HE DECEMBER 2009 SUPPLEMENTAL OPINION OF MURIEL
ROBINETTE


Muriel Robinette prepared a Supplemental Opinion, dated 23 December 2009, on behalf of NECC, for
Robinson & Cole, LLP of Stamford, Connecticut. Ms. Robinette described in the Report how her
interpretations of the TCRA work supports the opinions in her June 2009 Report; however, little new data
were available at the time she prepared her Supplemental Opinion, which pm-dates LEA's TCRA Report
by almost three months. I found no evidence in Ms. Robinette's Supplemental Opinion Report that
supports the opinions she previously rendered on the case. This Addendum section provides my
comments in sequence following the organization of Ms. Robinette's Supplemental Opinion.


3.1	 Comments on Section 1- Summary of the 2009 TCRA


Under Section 1.1, Details of 2009 TCRA, in the 1'` bullet point, Ms. Robinette stated the following,
referring to LEA subsurface profiles, which are shown on Figure 2 of her report:


"Highest 2,3,7,8-TCDD concentrations at depth are closest to the embankment of the river."


Contrary to Ms. Robinette's statement, the figure illustrates total dioxinlfuran concentrations, not 2,3,7,8-
TCDD concentrations. Regardless, this statement doesn't support Ms. Robiriette's opinion that
contaminants in this area resulted from releases from Metro-Atlantic's hexachlorophene manufacturing
process. If the manufacturing process released contaminants to the subsurface, the concentrations would
logically be highest beneath the footprint of the former hexachlorophene manufacturing building, rather
than outside of the footprint along the embankment.


Ms. Robinette states further:


"Highest concentrations of 2,3,7,8-TCDD are shown in the sand & gravel, below the surficial fill
layer."


This statement similarly does not support Ms. Robinette's opinion that the contaminants are the result of
releases from the hexachlorophene manufacturing process; she offers no explanation of how the
contaminants were allegedly released. Moreover, the statement is inaccurate because the figure indicates
that the highest concentrations of dioxins/furans in soil were not detected in the sand and gravel; rather
they were detected in the overlying fill deposits in borings CMS-451 and MW-055. Further, based on
data in LEA's TCRA Report, evidence of fill materials were encountered at depths that are much greater
than the interpreted fill/sand & gravel contact shown on Figure 2 of Ms. Robinette's December 2009
Supplemental Opinion. For example, LCI field personnel observed materials such as drum lids, ash and
cinders, at elevations ranging from E1.99 to 93. Accordingly, contaminants at these depths, which are up
to approximately 6 ft below the base of the surficial fill layer, probably resulted from excavation and
burial of waste material, or some other form of disturbance, such as backfilling a pit or depression. With
respect to groundwater, no distinction can be made between contaminant concentrations in the fill and the
sand and gravel, respectively, because none of the wells were screened exclusively within the fill
deposits.
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In the third bullet, Ms. Robinette states:


"Tetrachloroethylene concentrations are suggestive of the presence of non aqueous phase liquid
(NAPL) in this localized area, yet tetrachloroethylene is generally not detected elsewhere on the
CMRP site."


I disagree with this statement. Tetrachloroethylene (PCE) was in fact detected at several locations in the
vicinity of NECC's operations, as illustrated on Figure 3-33 of the January 2009 Expert Report by Mr.
Robert Mutch. Specifically, PCE was detected at the same concentration range in samples within the
TCRA area (10,000 to 100,000 Rg/kg) at two locations within Area C: 1.) along the banks of the
Woonasquatucket River, in an area where Mr. Mutch identified evidence of drum stockpiling or disposal
through analysis of aerial photographs; and 2.) near the southern wall of the southernmost section of
NECC's building (see Figure 2-10 of Mr. Mutch's January 2009 Report). PCE was also detected at lower
concentrations (less than 1,000 to 10,000 ttg/kg) in the area west/southwest of NECC's buildings.
According to deposition testimony, this area was used by NECC for drum stockpiling.


Based on the deposition testimony and expert reports of Aspland and Kittrell, NECC's responses to U.S.
EPA's information requests (NECC, 2002) indicate that PCE likely was present in residuals contained in
drums that NECC received from the following customers:


—George-Mann 8E-Company
American Hoechst
Kraus Chemical
Cranston Print Works
Eastern Color and Chemical
Organic Dyestuffs
Dytex Chemical Co.
G.M. Gannon
Malden Mills Industries
American Mineral Spirits Company
T.H. Baylis Company
Indusol,
Quonset Naval Base
Otis Air Force Base
Warwick Chemical Corporation


In light of this information, and the detection of PCE in the vicinity of NECC' s former operations, Ms.
Robinette had no basis to contend that PCE is unrelated to NECC's former operations.


Lastly, referring to the co-location of PCE, 2,4,5-Trichlorophenol, and 2,3,7,8-TCDD, Ms. Robinette
states:


"The co-located contaminants and their depths in this particular area of the CMRP site is unique."


These contaminants were in fact detected together at other locations that are far from the TCRA area. For
example, the three contaminants were detected in samples CMS-456-B and CM-SO-MW-01-0406 (at
well MW-01S), both of which were located in the tail race area, to the southeast and east, respectively, of
the former NECC building.
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12	 Comments on Section 2 - Relationship or Conditions Identified in 2009 TCRA to Historical
Site Activities


In seeking to relate the TCRA excavation area to Metro-Atlantic's former hexachlorophene
manufacturing operation, Ms. Robinette cites Figures 6, 7, and 8 (of her December 2009 Report), which
superimpose the TCRA soil excavation area over aerial photographs dated 1965, 1970, and 1972,
respectively. The TCRA excavation area covers the former hexachlorophene manufacturing building,
which appears on the 1965 photograph; however, it also extends south, covering an area where trucks are
visible (in Ms. Robinette's Figures 6 and 7) to the south of the former hexachlorophene manufacturing
building. This is consistent with the deposition testimony of Raymond Nadeau and others, who recalled
that drums were delivered by truck to NECC and were generally stockpiled on the banks of the
Woonasquatucket River, including an area due south of the former hexachlorophene building (Figure 29
of my January 2009 Expert Report), and in a broad open area south and west of NECC's buildings
(Nadeau, 2008, Buonanno, 2008). Additionally, Mr. Nadeau stated that residuals were dumped out of the
drums by NECC employees prior to conveying the drums through NECC' s furnace (Nadeau, 2002).


The deposition testimony also is consistent with Mr. Mutch's aerial photographic interpretations. Mr.
Mutch identified drums in the same general area of the TCRA excavation, based on features he identified
in a 26 April 1970 aerial photograph (Mutch's Supplemental Expert Report of December 2009), and
among "miscellaneous material," including drums and tanks, which he interpreted from a 30 April 1972
aerial photograph (Mutch's January 2009 Expert Report).


The presence of contaminated soils in the TCRA area is, therefore, consistent with both aerial
photographic evidence and deposition testimony identifying both the storage of drums and releases of
residuals from drums by NECC in this area.


Ms. Robinette also describes a historical topographic map prepared, at her request, by Eastern
Topographies, Inc., from 1970 aerial photographs. Ms. Robinette compared the 1970 spot elevations of
roughly El. 99 with elevation contours of 102 to 103 shown on a 1981 Site pre-development plan
prepared by Robinson Green and Beretta Corporation. Based on this comparison, Ms. Robinette
concluded that the TCRA area was raised by filling approximately 3 ft prior to development. Her
observations are roughly consistent with the thickness of clean granular fill identified by LEA during the
TCRA. For example, a similar thickness of granular fill was documented in test borings conducted in
Area B, including MW-05S, LEA-01, LEA-02, and LEA-03 (LEA's interpreted fill thickness is illustrated
on Figure 2 of Ms. Robinette's December 2009 Supplemental Opinion).


Based on these data and interpretations, Ms. Robinette concluded that "the area has experienced slight
filling since its historical use for manufacturing, and thus the site contaminants at depth were not placed
there as a result of recent site redevelopment." Although very few samples were collected for laboratory
analysis from shallow fill in this area, her conclusion is nonetheless consistent with field observations and
field-screening data; evidence of contamination (discolored soils, odors, and staining) and contaminated
fill materials were generally observed below El. 99, which is Ms. Robinette's estimated pre-development
(i.e., 1970) ground surface elevation.


Nonetheless, Ms. Robinette's observations provide no bases to distinguish between releases that Ms.
Robinette alleges occurred from Metro-Atlantic's HCP manufacturing operation and releases that,
according to the fact record, occurred from NECC's storage or disposal of drums and their contents
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within and adjacent to Area B. The TCRA encountered evidence of NECC's historical use of this area, in
the form of fill materials (ash, cinders, drum lids) found within the TCRA area, at depths that were below
the interpreted pre-development ground surface elevation (El. 99).


3.3	 Comments on Section 3 of Ms. Robinette's Report - Conclusions


Ms. Robinette's remarks in the bullet list following the introductory paragraph generally reiterate
opinions that rely on speculation regarding waste streams from the former hexachlorophene
manufacturing process. My December 2009 Supplemental Expert Report disputes these opinions in
detail. Further, Ms. Robinette's Supplemental Opinion offers no new data or observations that evidence
releases of materials, such as PCE or 2,4,5-trichlorophenol, that were used in the hexachlorophene
manufacturing process.
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IV. CLOSURE AND SUMMARY


In summary, based on my review of data, field observations, and photographic evidence in LEA's TCRA
Report, and the opinions presented in Ms. Robinette's December 2009 Supplemental Opinion, I have
found no information that leads me to alter the opinions provided in my January 2009 Expert Report and
December 2009 Supplemental Expert Report regarding the sources of contaminants or.fate and transport
of contaminants at the Site.


The foregoing is a true and correct statement of my professional opinions concerning this matter. If
called to testify under oath, I would so testify.


I declare under the penalty of perjury that the foregoing is true and correct.


astrinos, P.G., P.HG, LSP
ident


31	 s.	 2010


ItIntigation130018104212010-03-Addendum Repart12010-0331-HAI-TCRA Addendurn-f. doe
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APPENDIX A


Photographs from time-critical removal action







Photograph 1: Variegated sheen on standing water near base of excavation
(approximately El. 93 above mean sea level (ns11), observed on 16
September 2009.


Photograph 2: Fill. containing material with the appearance of ash
encountered between approximately El. 99 and El. 93 owl on 16
.Ceptornhet, 21)09 


Centredale Manor Superfund Site
	


Date of Photographs; 16-17 September 2009
North Providence, RI 	 Page 1 of 2
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Photograph 3: Crushed drum lid found between approximately El. 93 and
El. 89 msl on 17 September 2009.


Centredale Manor Superfund Site	 Date of Photographs: 16-17 September 2009
North Providence, RI 	 Page 2 of 2
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United States District Court, 


N.D. New York. 
UNITED STATES of America, Plaintiff, 


v. 
GENERAL ELECTRIC COMPANY, Defendant. 


Town of Fort Edward, Intervenor. 
 


No. 1:05-CV-1270. 
Nov. 2, 2006. 


As Amended Nov. 7, 2006. 
 
Background: United States brought action seeking 
approval of proposed consent decree with polluter 
pursuant to Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA). Town 
intervened to challenge provision of consent decree 
exempting polluter from requirement of obtaining 
federal, state, or local permits to build and operate 
processing facility. 
 
Holdings: The District Court, Hurd, J., held that: 
(1) proposed consent decree was reasonable, fair, 
consistent with CERCLA, and in public interest, and 
(2) proposed facility for processing contaminated 
sediment dredged from river was exempt from local 
permitting requirements. 


  
Consent decree approved. 


 
West Headnotes 


 
[1] Federal Civil Procedure 170A 2397.2 
 
170A Federal Civil Procedure 
      170AXVII Judgment 
            170AXVII(A) In General 
                170Ak2397 On Consent 
                      170Ak2397.2 k. Form and Requisites; 
Validity. Most Cited Cases  
 


In reviewing proposed consent decree in re-
sponse action under CERCLA, district court must 
determine if it is fair, reasonable, and faithful to 
CERCLA's objectives. Comprehensive Environ-
mental Response, Compensation, and Liability Act of 
1980, §§ 101-405, 42 U.S.C.A. §§ 9601-9675. 


 
[2] Federal Civil Procedure 170A 2397.2 
 
170A Federal Civil Procedure 
      170AXVII Judgment 
            170AXVII(A) In General 
                170Ak2397 On Consent 
                      170Ak2397.2 k. Form and Requisites; 
Validity. Most Cited Cases  
 


To determine procedural fairness of proposed 
consent decree, negotiation process is reviewed to 
gauge its candor, openness, and bargaining balance. 
 
[3] Federal Civil Procedure 170A 2397.2 
 
170A Federal Civil Procedure 
      170AXVII Judgment 
            170AXVII(A) In General 
                170Ak2397 On Consent 
                      170Ak2397.2 k. Form and Requisites; 
Validity. Most Cited Cases  
 


Substantive fairness of proposed consent decree 
deals with corrective justice and accountability; party 
should bear cost of harm for which it is legally re-
sponsible. 
 
[4] Federal Civil Procedure 170A 2397.2 
 
170A Federal Civil Procedure 
      170AXVII Judgment 
            170AXVII(A) In General 
                170Ak2397 On Consent 
                      170Ak2397.2 k. Form and Requisites; 
Validity. Most Cited Cases  
 


In evaluating reasonableness of proposed CER-
CLA consent decree, court should consider probable 
effectiveness of proposed remedial responses, 
whether settlement compensates public for actual and 
anticipated costs of remedial and response measures, 
and whether settlement that does not fully compen-
sate for costs is nonetheless cost-effective alternative 
to litigation that will conserve public and private re-
sources. Comprehensive Environmental Response, 







  
 


Page 2


460 F.Supp.2d 395 
(Cite as: 460 F.Supp.2d 395) 


{ W0206936; 1}© 2011 Thomson Reuters. No Claim to Orig. US Gov. Works. 


Compensation, and Liability Act of 1980, §§ 101-
405, 42 U.S.C.A. §§ 9601-9675. 
 
[5] Federal Civil Procedure 170A 2397.2 
 
170A Federal Civil Procedure 
      170AXVII Judgment 
            170AXVII(A) In General 
                170Ak2397 On Consent 
                      170Ak2397.2 k. Form and Requisites; 
Validity. Most Cited Cases  
 


In evaluating proposed CERCLA consent decree, 
deference is accorded to government agency and 
other parties proposing settlement. Comprehensive 
Environmental Response, Compensation, and Liabil-
ity Act of 1980, §§ 101-405, 42 U.S.C.A. §§ 9601-
9675. 
 
[6] Federal Civil Procedure 170A 2397.2 
 
170A Federal Civil Procedure 
      170AXVII Judgment 
            170AXVII(A) In General 
                170Ak2397 On Consent 
                      170Ak2397.2 k. Form and Requisites; 
Validity. Most Cited Cases  
 


Proposed consent decree between Environmental 
Protection Agency (EPA) and polluter for remedia-
tion of contaminated sediment in river was reason-
able, fair, consistent with CERCLA, and in public 
interest, where thousands of comments were received 
on both sides of issue, bargaining balance was fairly 
even, decree called for polluter to bear cost of harm 
by agreeing to conduct remediation and make pay-
ment to United States for costs it had and would incur 
related to remediation, proposed remedy was techni-
cally adequate, and approval of consent order would 
allow remediation to go forward after many years of 
delay. Comprehensive Environmental Response, 
Compensation, and Liability Act of 1980, §§ 101-
405, 42 U.S.C.A. §§ 9601-9675. 
 
[7] Environmental Law 149E 196 
 
149E Environmental Law 
      149EV Water Pollution 
            149Ek194 Permits and Certifications 
                149Ek196 k. Discharge of Pollutants. Most 


Cited Cases  
 
Environmental Law 149E 439 
 
149E Environmental Law 
      149EIX Hazardous Waste or Materials 
            149Ek436 Response and Cleanup; Liability 
                149Ek439 k. Remedial and Removal Ac-
tions in General; Cleanup Plans. Most Cited Cases  
 


Proposed facility for processing contaminated 
sediment dredged from river was “entirely onsite,”  
and thus was exempt from local permit requirements, 
even though facility would be on canal located 1.4 
miles from river, and canal was not itself contami-
nated, where contaminated area was 200 mile stretch 
of river, and proposed location was suitable and con-
venient. Comprehensive Environmental Response, 
Compensation, and Liability Act of 1980, § 121(e), 
42 U.S.C.A. § 9621(e); 40 C.F.R. § 300.400(e). 
 
*396 Hon. Glenn T. Suddaby United States Attorney 
for the Northern District of New York, Albany, NY 
(Barbara D. Cottrell, William H. Pease, Ass't United 
States Attorneys, of Counsel), United States Dept. of 
Justice ENRD/EES, Washington, DC (Brian G. 
Donohue, Peter K. Kautsky, of Counsel), for Plain-
tiff. 
 
Spriggs & Hollingsworth, Washington, DC (Donald 
W. Fowler, Stephen A. Klein, of Counsel), Green-
berg Traurig, LLP, Albany, NY (Henry M. Green-
berg, of Counsel), General Electric Co., Albany, NY 
(Michael S. Elder, Sheri L. Moreno, of Counsel), for 
Defendant. 
 
McNamee, Lochner, Titus & Williams, P.C., Albany, 
NY (John J. Privitera, of counsel), Mark J. 
Schachner, Glens Falls, NY, for Intervenor. 
 
Hon. Eliot Spitzer, Attorney General for the State of 
New York, Katherine Hudson, Esq., Eugene J. Leff, 
Esq., Ass't Attorneys General, of Counsel, Albany, 
NY, for Proposed Amicus State of New York. 
 


MEMORANDUM-DECISION and ORDER 
HURD, District Judge. 
I. INTRODUCTION 


The United States of America brought this action 
against General Electric Company (“GE”) pursuant 
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to the Comprehensive Environmental Response, 
Compensation, and Liability Act (“CERCLA”), 42 
U.S.C. §§ 96019675. It sought injunctive relief and 
recovery of response costs. A hearing on the issues, 
described in detail below, was held in Utica, New 
York, on August 2, 2006. Decision was reserved. 
 
II. FACTUAL BACKGROUND 


The following facts are as alleged in the com-
plaint and as set forth in the record. The background 
facts are not in contention. 
 


GE operated two capacitor manufacturing facili-
ties along the upper Hudson River in New York 
State. GE used polychlorinated biphenyls (“PCBs”) 
in its operations. Over a period of about thirty years, 
ending in 1977, GE discharged oils containing PCBs 
both directly and indirectly into the Hudson River. 
The total quantity of PCBs discharged directly into 
the river has been estimated to be as high as 
1,330,000 pounds (approximately 605,000 kilo-
grams). 
 


PCBs introduced into the river adhere to sedi-
ments, with some fraction being carried in the water 
column. PCBs are hazardous substances within the 
meaning of CERCLA. 42 U.S.C. § 9601(14). PCBs 
have been detected in the Hudson River from the 
Village of Hudson Falls (“Hudson *397 Falls” ) in the 
north to the Battery in New York City in the south, 
leading to the designation of an almost 200 river-mile 
stretch of the river as the Hudson River PCBs Super-
fund Site (“Site” ) pursuant to CERCLA. See 26 
U.S.C.A. § 9507 (2002) (establishing a Hazardous 
Substance Superfund); see also 42 U.S.C.A. § 9611 
(2005) (setting forth uses for the Superfund). PCBs 
have been found in water, sediments, plant life, ani-
mal life, and the soils at the Site. 
 


Areas of Hudson River sediments upstream 
(north) of the former Fort Edward Dam also contain 
PCBs, after exposure to the contamination when the 
water level dropped following removal of the dam in 
1973. These five “Remnant Deposits”  are included 
within the Site. The Upper Hudson River portion of 
the Site covers just over 43 river miles from the Fen-
imore Bridge in Hudson Falls to the Federal Dam at 
Troy. The Lower Hudson River portion of the Site 
begins at the Federal Dam at Troy and continues to 
the southern tip of Manhattan at the Battery in New 
York City. 


 
In September 1984 the United States Environ-


mental Protection Agency (“EPA”) placed the Site on 
the National Priorities List. See 42 U.S.C.A. § 
9605(a)(8)(B) (2005). It then issued a Record of De-
cision (“1984 ROD”) for the Site. The 1984 ROD 
required a detailed evaluation of the Waterford Water 
Works public water supply treatment facility. The 
New York State Department of Environmental Con-
servation (“NYS DEC”), funded by the EPA, con-
ducted a study at the Waterford Water Works and 
concluded that standards applicable to public water 
supplies were met. 
 


The 1984 ROD also required in-place capping, 
containment, and monitoring of exposed sediments 
(the Remnant Deposits), as well as stabilization of 
associated riverbanks and revegetation of the areas. 
Pursuant to a 1990 consent decree, GE completed the 
remediation for the Remnant Deposits called for by 
the 1984 ROD. It continues to conduct maintenance 
and long-term monitoring pursuant to that consent 
decree. 
 


An interim “No Action”  remedy was selected for 
the Hudson River sediments because of uncertainty 
surrounding reliability and effectiveness of technolo-
gies available to remediate the contaminated river 
sediment. 
 


In 1989 EPA initiated a reassessment and feasi-
bility study, in part due to availability of improved 
technologies for sediment dredging and treatment. 
EPA proposed a plan for sediment cleanup in the 
Upper Hudson River portion of the Site which called 
for dredging contaminated sediment. The plan was 
released for comment. Thousands of comments, both 
in favor of and opposed to dredging, were received. 
GE strongly opposed dredging. 
 


In February 2002, the EPA issued another Re-
cord of Decision (“2002 ROD”) selecting a remedy 
for the Upper Hudson River portion of the Site. The 
2002 ROD requires targeted environmental dredging 
of about 2.65 million cubic yards of sediment (con-
taining about 150,000 pounds of PCBs) from the 
river, in two phases. The 2002 ROD called for the 
dredged sediment to be transported, by barge or in-
river pipeline, to a sediment processing/transfer facil-
ity (“processing facility” ). At the processing facility 
the sediment would undergo dewatering and stabili-
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zation prior to being sent to an appropriate, licensed 
off-site landfill for disposal. Treated water would be 
returned to the river. Transport of the dewatered 
sediment offsite for disposal would be by rail or pos-
sibly by barge. Places in the river that were dredged 
would be backfilled with material that was brought in 
by barge or rail. 
 


*398 The 2002 ROD specified that the process-
ing facility would be considered on site for purposes 
of the CERCLA permit exemption. (2002 ROD at 
90.) Also, the EPA was tasked with selecting a site 
for the processing facility. 
 


Completion of the remediation called for by the 
2002 ROD was expected to take six years-one year 
for the phase one dredging and five years for phase 
two. The cost of this remediation was estimated at 
$460 million. 
 


In the first phase only about ten percent of the to-
tal dredging would take place. The 2002 ROD set 
Engineering Performance Standards, containing ob-
jective criteria, to assure that the dredging would 
comport with human health and environmental stan-
dards,FN1 and would be timely completed. External 
peer review of the phase one dredging in light of the 
Engineering Performance Standards would be con-
ducted. Additionally, a written report at the conclu-
sion of phase one dredging would be subject to peer 
review to assure the effectiveness of the remedy as 
set forth in the Engineering Performance Standards. 
Necessary modifications would be made to the dredg-
ing process and/or performance standards. Phase two 
dredging would then begin. 
 


FN1. The Engineering Performance Stan-
dards set forth in the 2002 ROD address 
dredging-related resuspension of sediments 
from the river bottom, residual levels of 
PCBs subsequent to dredging, and the pro-
ductivity of the dredging work. In addition, 
the 2002 ROD set forth quality of life stan-
dards addressing light, noise, odor, traffic, 
and navigational concerns. 


 
In July 2002 and August 2003 the United States 


and GE entered into Administrative Orders on Con-
sent. Pursuant to these orders on consent GE under-
took a sediment sampling program, collecting over 
50,000 samples. GE also mapped the river sediment 


using side-scan sonar and other methods which, in 
combination with the sediment sampling, was used to 
target and refine dredging locations. GE developed a 
remedial design for the ROD remedy comprised of a 
detailed plan for dredging, transport, and disposal of 
sediment as well as replacing the habitat. Work plans 
for the design of dredging, baseline monitoring, cul-
tural and archeological resources assessment, and 
habitat delineation and assessment were developed. A 
community health and safety plan was also devel-
oped. Pursuant to the 2002 and 2003 orders on con-
sent, GE reimbursed EPA for certain past costs and 
agreed to pay certain costs incurred by EPA in the 
future, totaling $35.625 million. 
 


Meanwhile, the EPA proceeded to evaluate sites 
for a processing facility. First locations had to be 
identified that met the requirements for a processing 
facility; The site had to be appropriate to be used to 
transfer sediment from the river to a processing area, 
dewater the sediment, treat the water, and transfer the 
dewatered sediment to rail or barge for off-site dis-
posal. In December 2002 EPA issued a facility siting 
concept document identifying decision-making mile-
stones including developing engineering and siting 
criteria, implementing community involvement ac-
tivities, identifying and evaluating potential sites, and 
conducting site-specific field investigations. Twenty-
four potential sites had been identified by June 2003. 
Site visits were conducted and various data were 
evaluated to determine suitability (such as proximity 
of residences and rail facilities). Potential sites were 
narrowed to a field of seven final candidates. Addi-
tional evaluation was conducted bringing the final 
field to five. The field was further narrowed to three 
after considering in particular the amount of useable 
acreage, rail yard suitability, waterfront suitability, 
environmental *399 conditions, road access, and 
proximity to dredge areas. 
 


In April 2004 the EPA released a Draft Facility 
Siting Report for a 90day public comment period. 
Five potential sites were specified as suitable and 
three were recommended. An industrial area in the 
Town of Fort Edward (“Fort Edward”) was among 
the three recommended potential sites.FN2 Comments 
were evaluated and further investigations were con-
ducted. The EPA then selected the Bethlehem and 
Fort Edward sites for processing facilities for the 
phase one remedy. The Fort Edward site is located 
along the Champlain Canal approximately 1.4 miles 







  
 


Page 5


460 F.Supp.2d 395 
(Cite as: 460 F.Supp.2d 395) 


{ W0206936; 1}© 2011 Thomson Reuters. No Claim to Orig. US Gov. Works. 


from the Hudson River.FN3 
 


FN2. The other recommended potential sites 
were in the Town of Schaghticoke, Rensse-
laer County and in Bethlehem, Albany 
County. 


 
FN3. The Champlain Canal runs as a chan-
nel in and along the Hudson River for thirty-
seven miles, from Waterford to Fort Ed-
ward. At Fort Edward the Champlain Canal 
diverges from the river, cutting across land 
in a northeasterly direction for twenty-three 
miles until it meets the southern tip of Lake 
Champlain at Whitehall. 


 
The proposed location for the processing 
facility is on the northeastern extension of 
the canal, about 11/2 miles from where it 
diverges from the river. 


 
After considerable negotiations, the proposed 


Consent Decree was agreed upon by the United 
States and GE. The Consent Decree adopts the dredg-
ing remedy selected by the 2002 ROD. It was pub-
lished in the Federal Register pursuant to 28 C.F.R. § 
50.7 and 42 U.S.C. § 9622(d). See Notice of Lodging 
of Consent Decree, 70 Fed.Reg. 5977101 (Oct. 13, 
2005). 
 


The proposed Consent Decree contains multitu-
dinous provisions (it is more than 75 single-spaced 
pages long). Of particular interest here is a provision 
that purports to exempt GE from any requirements 
for permits for work conducted entirely on-site. This 
provision further specifies that the processing facility 
will be considered to be on-site for purposes of the 
CERCLA permit exemption. It states: 
 


As provided in Section 121(e) of CERCLA and 
Section 300.400(e) of the NCP, no permit shall be 
required for any portion of the Work conducted en-
tirely on-site (i.e., within the areal extent of con-
tamination or in very close proximity to the con-
tamination and necessary for implementation of the 
Work). The Sediment Processing/Transfer Facil-
ity(ies) shall be considered on-site for purposes of 
the CERCLA Section 121(e) permit exemption. 
Where any portion of the Work that is not on-site 
requires a federal or state permit or approval, Set-
tling Defendant shall submit timely and complete 


applications and take all other actions necessary to 
obtain all such permits or approvals. 


 
(Proposed Consent Decree at 12 ¶ 8(a)) (empha-


sis added.) Thus, according to this provision of the 
Consent Decree, GE will not be required to obtain 
federal, state or local permits to build and operate the 
processing facility. 
 


Pursuant to the Consent Decree, in addition to 
building a processing facility GE must perform phase 
one work consisting of limited dredging in the upper 
Hudson River, and processing and disposal of the 
dredged sediment as well as the follow-up evaluation 
set forth in the 2002 ROD. However, the Consent 
Decree permits GE to opt out of performing work 
during phase two. As explained by the government, 
the opt out provision was included because of the 
uncertainty of the scope of remediation (and its cost) 
during phase two due to the peer review and possibly 
resulting work plan changes. The Consent Decree 
provides that if GE opts out of phase two perform-
ance, then the government*400 may use any avail-
able provision of law to accomplish the remedy, in-
cluding, for example, issuing a unilateral administra-
tive order, seeking injunctive relief requiring GE to 
perform the remedy, and performing the remedy it-
self using Superfund monies then suing GE for reim-
bursement. Thus, under the Consent Decree, GE's 
liability for remediation of the Hudson River PCBs 
Superfund Site is resolved only if it performs both 
phase one and phase two of the selected remedy. 
 


Further, the Consent Decree sets forth stipulated 
penalties should GE fail to perform the required 
remediation. 
 


In addition to performance of remediation relat-
ing to phases one and two, the Consent decree re-
quires GE to pay up to $43,000,000 of costs incurred 
by EPA for phase one work and evaluation and, if GE 
elects to perform phase two, pay up to an additional 
$32,500,000 of EPA's response costs for the remain-
der of the required remediation. GE would also be 
responsible for payments relating to the CERCLA-
required five-year follow-up reviews. Thus, under the 
proposed Consent Decree GE has agreed to pay up to 
a total of $78 million of response costs incurred at the 
Hudson River PCBs Superfund Site in addition to the 
$37 million it has already paid pursuant to adminis-
trative orders on consent. 
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III. PROCEDURAL HISTORY 


The United States filed the complaint in this ac-
tion on October 6, 2005. A proposed Consent Decree 
was filed on the same day. On May 17, 2006, the 
United States moved for entry of the Consent Decree. 
GE agreed not to oppose entry of or challenge any 
provision of the Consent Decree. 
 


On June 2, 2006, Fort Edward moved to inter-
vene to oppose entry of the Consent Decree so long 
as it contained paragraph 8(a), which, as described 
above, exempts the processing facility from federal, 
state or local permits that would otherwise be re-
quired. Fort Edward argued that the permit exemp-
tion paragraph was illegal and unenforceable because 
the processing facility at the selected site could not be 
“entirely onsite”  under CERCLA 121(e)(1).FN4 The 
United States agreed to Fort Edward's intervention 
request, turning the focus to the substantive issue of 
the permit exemption and the meaning of “entirely 
onsite.”  On July 6, 2006, the motion to intervene was 
granted, giving Fort Edward the permission it sought 
to intervene for the limited purpose of challenging 
the permit exemption. The order states: 
 


FN4. The Complaint in Intervention states: 
 


The Town intervenes herein because the 
May 17, 2006 proposed Judicial Consent 
Decree is illegal and unenforceable as a 
matter of federal law and local law in that 
it declares, without any basis in fact or 
law, that a massive proposed hazardous 
waste treatment facility, which would be 
built if the Judicial consent Decree is or-
dered by this Court, is “entirely on-site”  
when it is, in fact, in an entirely clean area 
of the Town, 1.4 miles away from the 
Hudson River PCB Site.... The Town 
hereby seeks a declaratory judgment that 
the proposed Judicial Consent Decree is 
illegal, unenforceable and may not be “so 
ordered”  by this Court so long as it con-
tains the illegal and offensive paragraph 
8(a). 


 
(Compl. in Intervention ¶ 1.) 


 
that the Town of Fort Edward is permitted limited 
intervention in this matter solely to present oral ar-


gument (as well as responsive pleadings) to this 
Court on July 28, 2006, with respect to whether the 
dewatering facility selected by the U.S. Environ-
mental Protection Agency related to the sediment 
dredging project of the Upper Hudson River, is 
“on-site”  for purposes of Section 121(e) of the 
Comprehensive Environmental Response, Com-
pensation, and Liability Act, *401 42 U.S.C. § 
9621(e), and its supporting regulations. 


(Order Docket No. 24.) The United States filed a 
response to Fort Edward's objection to the permit 
exemption. General Electric also made a submission 
in this regard. Oral argument was heard on August 2, 
2006. Appearances were made by the United States, 
Fort Edward, General Electric, and proposed amicus 
State of New York. It was noted that Fort Edward's 
motion to intervene had been granted. Decision on 
the motion to enter the Consent Decree was reserved. 
 
IV. DISCUSSION 
 
A. Statutory & Regulatory Framework 
 


CERCLA 121(e)(1) states that other permits are 
not required for remediation that takes place “entirely 
onsite.”  Specifically, the statute provides that “ [n]o 
Federal, State, or local permit shall be required for 
the portion of any removal or remedial action con-
ducted entirely onsite, where such remedial action is 
selected and carried out in compliance with this sec-
tion.”  42 U.S.C. § 9621(e)(1). EPA regulations repeat 
the “entirely onsite”  permit exemption. Hazardous 
Substances Response Rules, 40 C.F.R. § 300.400(e) 
(2006). The EPA rules go on to define onsite: “The 
term on-site means the areal extent of contamination 
and all suitable areas in very close proximity to the 
contamination necessary for implementation of the 
response action.”  Id. 
 
B. Standard of Review 


[1] In reviewing a proposed consent decree, a 
district court must determine if it “ is fair, reasonable, 
and faithful to the objectives of”  CERCLA. United 
States v. Cannons Eng'g Corp., 899 F.2d 79, 84 (1st 
Cir.1990); see Publicker Indus. Inc. v. United States 
(In re Cuyahoga Equip.), 980 F.2d 110, 119-20 (2d 
Cir.1992) (finding that the lower court “acted within 
its discretion in approving the settlement agreement 
as fair, reasonable and consistent with CERCLA's 
objectives” ). 
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[2][3] The fairness inquiry has two facets, proce-
dural and substantive fairness. Cannons Eng'g Corp., 
899 F.2d at 86. To determine procedural fairness the 
negotiation process is reviewed to “gauge its candor, 
openness, and bargaining balance.”  Id. Substantive 
fairness deals with “corrective justice and account-
ability; a party should bear the cost of the harm for 
which it is legally responsible.”  Id. at 87. 
 


[4] Evaluation of the reasonableness of a pro-
posed CERCLA consent decree also has multiple 
facets. Id. at 89. For example, the “ technical ade-
quacy, primarily concerned with the probable effec-
tiveness of proposed remedial responses,”  must be 
considered. Id. at 89-90. Also important considera-
tions are whether the settlement “compensates the 
public for the actual (and anticipated) costs of reme-
dial and response measures,”  and whether a settle-
ment that does not fully compensate for costs is none-
theless a cost-effective alternative to litigation that 
will conserve public and private resources. Id. at 90. 
 


CERCLA has two main objectives: “ to encour-
age prompt and effective responses to hazardous 
waste releases and to impose liability on responsible 
parties.”  In re Cuyahoga Equip., 980 F.2d at 119; 
Cannons Eng'g Corp., 899 F.2d at 90-91. It is appar-
ent that consideration of CERCLA's objectives over-
lays determinations of both fairness and reasonable-
ness. 
 


[5] Moreover, in evaluating the proposed Con-
sent Decree, deference is accorded to a government 
agency, such as the EPA, and other parties proposing 
the settlement. In re Cuyahoga Equip., 980 F.2d at 
118 (citing *402Chevron, U.S.A. Inc. v. Natural Res. 
Def. Council, 467 U.S. 837, 842-44, 104 S.Ct. 2778, 
2781-82, 81 L.Ed.2d 694 (1984); Cannons Eng'g 
Corp., 899 F.2d at 84). Further, the policy of encour-
aging settlements is particularly strong where the 
settlement is proposed by a government agency act-
ing in the public interest. Id.; Cannons Eng'g Corp., 
899 F.2d at 84. 
 
C. Analysis 


As noted previously, the proposed Consent De-
cree is a long and detailed compromise for remedia-
tion of the PCB-laden Hudson River reached after 
lengthy negotiations between the EPA and GE. The 
government has submitted a lengthy and detailed 
memorandum addressing the objections lodged dur-


ing the public comment period and demonstrating 
how the Consent Decree is fair and reasonable in 
light of those comments. Deference must be accorded 
to the government's recommendation that the Consent 
Decree be entered. 
 


[6] There is no indication that there was any flaw 
in the negotiation process that would render it proce-
durally unfair. For example, in 1989 when the EPA 
released its proposed plan for remediation which in-
cluded dredging contaminated sediment, thousands of 
comments were received on both sides of the issue. 
GE was opposed to dredging. However, as technol-
ogy improved and GE conducted testing of the sedi-
ment, GE became committed to the dredging remedy 
and now supports entry of the Consent Decree. There 
is no reason to speculate that the parties were any-
thing but candid and open throughout the negotia-
tions. Further, the bargaining balance is fairly even 
with the government in a strong bargaining position 
and GE being a large company with substantial re-
sources. The negotiation process was procedurally 
fair. 
 


The proposed Consent Decree is also substan-
tively fair. PCBs were introduced into the Hudson 
River at GE's capacitor manufacturing plants at Hud-
son Falls and Fort Edward; there is no assertion to the 
contrary. Thus, GE is bearing the cost of the harm by 
agreeing to conduct remediation and make payment 
to the United States for costs it has and will incur 
related to the remediation. The Consent Decree effec-
tively holds GE accountable for the hazardous sub-
stance contamination of the river. The Consent De-
cree is both procedurally and substantively fair. 
 


As to reasonableness, no question has been 
raised about the technical adequacy of the remedy. 
(See, e.g., Intervenor's Mem. Support at 3 (stating 
that “ the Town supports this remedy.” )) In fact, in the 
early stages of planning for the clean-up of the river, 
no remedy for the sediment was chosen. Rather, se-
lection of the remedy was delayed until technological 
advances were made that provided a feasible and 
effective remedy. Also, review processes are in place 
to evaluate the effectiveness of the dredging remedy 
after phase one and make adjustments to improve 
effectiveness if necessary prior to beginning phase 
two. Because of the review and adjustment process 
built into the remedy it is impossible to accurately 
predict the cost for phase two. However, GE has 
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agreed to either conduct the phase two remediation, 
or in the alternative, opt out of phase two, and possi-
bly be liable for the response costs incurred by EPA 
in conducting phase two. 
 


Additionally, GE has completed remediation of 
the Remnant Deposits called for in the 1984 ROD 
and it continues maintenance and monitoring of those 
areas. It has undertaken sediment sampling and river 
sediment mapping programs to target and refine 
dredging locations pursuant to administrative orders 
on consent. It has incurred the costs associated with 
completing the Remnant Deposit remediation and the 
sampling and mapping programs. It also has reim-
bursed EPA for certain past costs incurred and agreed 
to *403 reimburse certain future costs. Under the 
proposed consent decree GE will pay up to $78 mil-
lion to cover government costs, in addition to the $37 
million already paid. These payments and the work 
GE will perform go far in compensating the public. 
 


Further, approval of the Consent Order will al-
low remediation to go forward after many years of 
delay. The compromise represented by the Consent 
Order is a cost-effective alternative to litigation that 
will allow government and GE resources to be spent 
on remediation rather than litigation. In sum, the 
Consent Order is reasonable. Finally, as demon-
strated by the analysis above, the Consent Order is 
faithful to the CERCLA objectives of encouraging 
prompt and effective responses and imposing liability 
on responsible parties. 
 


Intervenor Fort Edward argues that the proposed 
Consent Order is not fair and reasonable when 
viewed in conjunction with CERCLA Section 121, 
42 U.S.C. § 9621(e)(1). The essence of its argument 
is that paragraph 8(a) of the Consent Order purports 
to designate the processing facility as “on site”  (and 
exempt from permitting requirements) when, if built 
at the selected Champlain Canal location, it does not 
fall within the CERCLA definition of “entirely on 
site.”  Fort Edward contends that a processing facility 
located at the Champlain Canal is not exempt under 
Section 121, but must be subject to federal, state, and 
local permit requirements. 
 


As set forth above, CERCLA exempts remedia-
tion activities which occur “entirely onsite”  from 
federal, state, and local permit requirements. 42 
U.S.C. § 9621(e)(1). EPA regulations define “on-


site”  as within “ the areal extent of contamination and 
all suitable areas in very close proximity to the con-
tamination necessary for implementation of the re-
sponse action.”  40 C.F.R. § 300.400(e)(1). This defi-
nition of “on-site”  cannot be challenged. FN5 See 42 
U.S.C. § 9613(a) (directing that review of EPA regu-
lations pertaining to CERCLA may be challenged 
within ninety days of promulgation; otherwise, the 
regulations are not subject to review). To restate the 
regulation in other words, in order to be considered 
on site, the location must be necessary, suitable, and 
in very close proximity to the contaminated area. 
 


FN5. Because the regulations at issue cannot 
be challenged, arguments relating to the 
public comments to the proposed rule, 
which in effect challenge the rule, are imma-
terial. For example, Fort Edward relies (in 
part) upon State of Ohio v. EPA, 997 F.2d 
1520 (D.C.Cir.1993). However, State of 
Ohio was a challenge to a proposed regula-
tion and its reasoning is inapposite here. 


 
Here the contaminated area is the Hudson River. 


There is agreement that the Champlain Canal location 
is suitable and convenient. (Intervenor's Reply Mem. 
at 3 (“The Town agrees that the general location of 
the facility is suitable and convenient.” )) It also is 
agreed that locating the processing facility near the 
river to efficiently handle the contaminated sediment 
dredged from the river, return the water removed 
from the sediment to the river, and transport the de-
watered sediment to a disposal site is necessary to the 
dredging remedy. 
 


Contention arises regarding whether it is in very 
close proximity to the contamination thereby meeting 
the definition of “on site”  and whether it is “entirely 
on site”  pursuant to CERCLA. 
 


EPA contends that the Champlain Canal site is in 
close proximity to the contamination-the Hudson 
River sediment. Further, the EPA has propounded its 
intent that any processing facility selected would be 
considered on site for purposes of CERCLA § 121(e), 
42 U.S.C. § 9621(e)(1), at least since issuance of the 
2002 ROD defining it as such. 
 


*404 The Hudson River PCBs Superfund Site is 
almost 200 miles long. In comparison to the overall 
size of the Site, a processing facility a mere 1.4 miles 
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away could easily be considered to be in very close 
proximity. Even compared to the 43mile Upper Hud-
son River portion of the Site, a facility 1.4 miles from 
the river would be in very close proximity. That the 
Champlain Canal is not contaminated with hazardous 
substances is irrelevant. The EPA's view that the 
Champlain Canal location is in very close proximity 
to the contamination and therefore “on site”  is rea-
sonable. Its interpretation of its regulations is entitled 
to deference. See Chevron U.S.A. Inc., 467 U.S. at 
844, 104 S.Ct. at 2782. 
 


Fort Edward argues that the EPA's interpretation 
that the processing facility is “on site”  does not com-
port with CERCLA's requirement that exempt reme-
diation activities be “entirely”  on site. A plain read-
ing of the statute illustrates the error in Fort Edward's 
argument. Entirely means wholly or completely. See 
Black's Law Dictionary 573 (8th ed.2004). Partially 
is the antonym of wholly and completely. Thus, if the 
processing facility was not “entirely”  on site it would 
be “partially on site.”  If it were “partially on site”  it 
would be part on site and part off site.FN6 The se-
lected location for the processing facility at Cham-
plain Canal is either “on site”  or “off site.”  It is 
clearly not “partially on site.”  Rather, it is entirely on 
site. The EPA's interpretation that the processing fa-
cility is “entirely”  on site does comport with CER-
CLA § 121(e). 
 


FN6. Although not at issue here, it seems 
apparent that the word “entirely”  was in-
cluded in Section 121 to assure that, to the 
extent that remediation activity takes place 
off site, permit requirements apply. 


 
[7] The location of the processing facility at 


Champlain Canal is necessary, suitable, and in very 
close proximity to the contamination, therefore meet-
ing the EPA definition of “on site.”  Also, contrary to 
Fort Edward's arguments, it is “entirely on site”  
within the meaning of CERCLA. 
 
V. CONCLUSION 


Deference is accorded to the United States and 
GE as the parties proposing the settlement. The pro-
posed Consent Decree is both procedurally and sub-
stantively fair. It also is reasonable and faithful to the 
objectives of CERCLA. The Champlain Canal loca-
tion selected for the processing facility is necessary, 
suitable, and in very close proximity to the contami-


nated Hudson River, thereby meeting the EPA defini-
tion of “on site.”  This finding is not contrary to 
CERCLA provisions, because the processing facility 
is, in fact, “entirely”  (not partially) on site. Having 
given careful consideration to all the provisions of 
the proposed Consent Decree, it is determined that it 
is reasonable, fair, consistent with CERCLA, and in 
the public interest. 
 


Accordingly, it is 
 


ORDERED that 
 


1. The proposed Consent Decree is AP-
PROVED; and 
 


2. The approved Consent Decree, filed simulta-
neously herewith, constitutes a Final Judgment pur-
suant to Fed.R.Civ.P. 54(b). 
 


IT IS SO ORDERED. 
 
N.D.N.Y.,2006. 
U.S. v. General Elec. Co. 
460 F.Supp.2d 395 
 
END OF DOCUMENT 
 
 








IFrance::.co Stellacci
Paul M. Cook Career Development Associate Professor
Department of Materials Science and Engineering
MIT


Massachusetts Institute of Technology
77 Massachusetts Avenue, Building 13-4053
Cambridge, Massachusetts 02139-4307


Phone 617.452.3704
Fax	617.324.2500
Email	frstella©rnitedu
http :lid m se. mit. ed u/fac u 4/fa cu It y/frstell a/


December 24, 2009


This supplemental report is submitted in connection with the case of Emhart Industries Inc. v. New England


Container Company Inc. et al. (U.S. District Court, District of Rhode Island, Civil Action No. 06-218-S). This case


relates to the Centredale Manor Superfund Site in North Providence, Rhode Island, as designated by the United


States Environmental Protection Agency (EPA). This supplemental report responds to the opinions rendered on


behalf of New England Container Company, Inc. (NECC) by Mr. Menoutis. Transcript of deposition testimony by


Mr. Menoutis was also reviewed and considered in the comments and opinions I've provided herein.


There are many points of disagreement that I have with Mr. Menoutis' report.ln fact, I find many


calculationmistakes, many unsubstantiated assumptions, as well as many bold statements that have no scientific


basis. Yet, I will comment only on the main areas of disagreement, that is the points that are central to the
formation and understanding of his opinion.


1. My expert opinion is that the quantities of reagents that Mr. Menoutisassumes were used in the Metro-Atlantic's


HCP process are incorrect: they are in clear conflict with the size of reactors present at the Metro-Atlantic site and


conflict with Mr. Cleary's statement. Indeed, I opine that the quantities per batch that Mr. Menoutis assumed, are


—3 times larger than what they were in reality. I base this opinion on the following facts:


a)On page 5 of his report Mr Menoutis uses the quantities identified in the paper entitled ZEP "formula" to


quantitatively describe the HCP manufacturing process. This assumption is flawed.


Mr. Menoutis reports the amount of reactants placed in the first vessel, which according to Mr. Cleary was


a 1,000 gallons reaction vessel. It is worth noting that reaction vessels are not filled more than 75%


percent of their total capability, for safety and practical reasons.


Yet Mr. Menoutis asserts that 3,078 lbs of 36% of Na-2,4,5-TCP are placed together with 5280 lbs of 30%


NaOH leading to the quantitative precipitation of 1108 lbs. of Na-2,4,5-TCP. It is immediately evident that


after the precipitation what is left are 2,078 lbs of water (density 1 Kg/I), 5172 lbs of —30% NaOH (density


of 1.33 Kg/I), and 1108 lbs. of Na-2,4,5-TCP (density 1.68 Kg/I). The resulting volume is 760 gallons. This


does not take into account the presence of methanol, a substance with a lower density than water which


would increase the occupied volume in the reaction vessel, and hence the estimated volume (760


gallons) has to be considered a lower limit. As a consequence my expert opinion is that the quantities Mr.


Menoutis asserts go in the first reaction vessel are not technically feasible.


b)Additional evidence that leads me to disagree with the overall quantities Mr. Menoutis asserts were used


in the HCP process is the following. On page 5 of his reportMr. Menoutis goes on to calculate the amount


of solid filter waste on the filter media, again using incorrectly what is written in the ZEP "formula". He


claims that 133 lbs of Na-2,4,5-TCP to arelost on the filter. This is a truly unreasonable finding for a


chemical process. Such a large precipitate quantitylost to the filter would (i) require daily filter


replacement, (ii) significantly negatively affect the total yield of the product, (iii) require a completely not


understandable differentiation between 1000 lbs of product and 133 lbs of lost material. I opine that this


residue must have been significantly smaller if it existed at all.
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I note that Mr. Menoutis is postulating that 133 lbs of a solid Na-2,4,5-TCP was lost while close to 1000


lbs of product were manually taken from one container to another. Both of these quantities are too large


to be realistic. In any commercial chemical process waste and losses are minimized, filters are not


discarded unless unusable and there is not a chemical process in the developed world that requires


worker to shovel close to % of a ton of material everyday, especially materials with a strong and irritating


odor.


c)Additionally on page 7 of Mr. Menoutis' report, he points out that Mr. Cleary states that one pound of


CaCO3 was added to neutralize any residual sulfuric acid. Yet Mr. Menoutis' calculations lead to the need
for 14.5 lbs of CaCO3. This inconsistency can be reconcile by accepting that the process was performed


on a much smaller scale than the one Mr. Menoutisassumes.


In conclusion, my expert opinion is that the HCP manufacturing process was done to produce 300 lbs of HCP in


every batch, as stated by Mr. Cleary in his statement. This does not imply that what is written in the ZEP "formula"


is necessarily wrong, rather it is my opinion that the ZEP "formula" is just a list of reactants, written about the HCP


manufacturing. It also is my opinion that the quantities identified in the ZEP "formula" were scaled down to fit in


the reactors that were acquired and for which a true reaction process was designed. The process as I


understanding it started from -1078 lbs of 36% of Na-2,4,5-TCP not 3,078 lbs and hence uses only -40% of the


total capacity of the reactors.


A general result of this consideration is that all quantities in Mr. Menoutis report should be divided by a factor of


-3 (2.88).


2. In my expert opinion the calculations used by Mr. Menoutis to estimate the amount of 2,3,7,8-TODD are either


technically wrong because they are based on simple calculation mistakes, or scientifically wrong because they


conflict with the basic scientific limits of solubility, or lacking any scientific or technical evidence. Therefore, I opine


that the content of Table 1 in Mr. Menoutis report cannot be used to determine the quantities of 2,3,7,8-TODD


present in the Metro-Atlantic alleged waste streams.


Here are my detailed opinions relative to this point.


a)Mr Menoutis' report contains a clerical yet important mistake on page 9. When calculating the amount of


Na-2,4,5-TCP, he uses the weight of the 36% water solution, not the weight of the substance itself (1000


lbs). Given that this contradicts directly what is written on page 5, one has to think of a simple mistake.


The result of this error is that all of the quantities derived from this number, that is all of his estimated


quantities of 2,3,7,8-TCDD, are wrong by a factor of -3 (3.078).


Given thatMr. Menoutis' clerical error (factor of -3) in the calculation of the 2,3,7,8-TCDD present in


solution comes in addition to an error in the estimate of the volume of the reaction (again a factor of -3),
all of the quantities estimated in Table 1 on page 10 are -9 times (precisely 8.51) larger than the actual


amount.


b)The second major mistake in the calculation of 2,3,7,8-TODD present in the waste comes from use of the


10-50 ppm limit as a way of calculating the amount of 2,3,7,8-TCDD present in water. It has been


reported that 2,3,7,8-TCDD can be present at concentrations ranging from '10 to 50 ppm quantities in


acqueous solution that contain organic molecules that are mildly to weakly water soluble as Na-2,4,5-TCP


and 2,4,5-TCP. Yet, it has been well documented that the solubility of 2,3,7,8-TCDD is 3.17x10-7 g/L [1] in


pure water. Hence, in the alleged water streams whose existence Mr. Menoutis has postulated ignoring


the Buonannos' statement that the Metro-Atlantic HCP plant was connected to the sewer, the solubility of
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2,3,7,8-TCDD would have been 0.000317 ppm (or equivalently 0.317 ppb). This is a fundamental


thermodynamics limit that cannot be exceeded; violating this law is equivalent to saying that the constant


of gravity can be changed. I point out that Mr. Menoutis has calculated the amount of 2,3,7,8-TCDD in an


alleged aqueous waste stream under his own assumption that TCP would be separated by it,and ,hence,


water would not contain any significant amount of aromatic molecules able to capture 2,3,7,8-TCDD .


Accordingly, the presence of 2,3,7,8-TCDD in this water would be in the ppb not in the ppm range.


The result of this point combined with the previous points is that the calculated amount of 2,3,7,8-TCDD


present in an alleged waste stream in Mr. Menoutis report is wrong by a combined factor of -270,000


times (relative to the 10 ppm case, 1,350,000 relative to the 50 ppm case). Hence the maximum amount


of 2,3,7,8-TODD present in this acqueouswaste stream would be -5	(i.e. 0.000005 g) and not 0.7 to 7


9.
c)In Table 1 of Mr.Menoutis' report there is a calculation of the amount of 2,3,7,8-TCDD present onNuchar,


this calculationis based on a 95-98% 2,3,7,8-TODD removal on Nuchar. As explained in my expert report,


one cannot provide a single recovery number as to the effectiveness of Nuchar because the number


depends on the surface area of Nuchar available for adsorption. In myexpert report, I show that all of the


2,3,7,8-TODD present would have been adsorbed on <1% the total surface area of the Nuchar present;


thus, substantially all the 2,3,7,8-TCDD would have been captured. There is no scientific ground on


whichMr. Menoutis bases his '95-98%' removal rate of 2,3,7,8-TCDD. As discussed in my expert opinion


substantially all the 2,3,7,B-TCDD would have been captured by the Nuchar present in reaction.


d)Finally, the last column of Table 1 of Mr. Menoutis' report contains calculations on the 2,3.7,8-TODD


allegedly present in the still bottoms of the distillation of POE, whichis assumed to have occurred in the


HCP process. My views is thatno 2,3,7,8-TODD was present at that distillation stage. Mr. Menoutisopines


that all of the left 2,3,7,8-TODD remaining after the Nuchar stage of the reaction would not end up in the


second crop of HOP shipped toKalo Laboratories or in the distilled POE. However, Mr. Menoutis renders


his opinion in the absence of all of the critical data needed, such as partition coefficients, or any other


scientific basis. Mr. Menoutis' opinion is nothing more than a baseless assumption.


In conclusion, the quantities of 2,3,7,8-TCDD shown in Table 1 on page 10 of Mr. Menoutis' report are wrong,


either because they are based on clerical mistakes (column 2,3,4,5), or on scientific mistakes (column 3), or are


due to a lack of any scientific or technical support (column 4 and 5).


3. Finally, I disagree with Mr. Menoutis' assumptions that there would be "spent"waste in the HOP process that


would be discarded. I find this assumption to lack of scientific basis and to be in contradiction to the general


principle that the overall cost of a process must be kept to a minimunn.ln general, Mr. Menoutisalways assumes


the worst possible industrial and/or chemical practices, which very often means the least profitable. One particular


example stands out. Mr. Menoutis states that the 5280 lbs of 30% NaOH solution would be quickly spent because


the NaOH would rapidly be consumed in salting2,4,5-TCP to Na-2,4,5-TOP. The solubility limit of 2,4,5-TCP in


water is 0.1g/100ml; hence, it is easy to calculate that only -14 lbs of Na01-lwas used per batch. Thus, a single


50801bs batch of NaOH would have been sufficient to reduce all of the 2,4,5-TCP used during Metro-Atlantic's


HCP operation. Accordingly, it is much more reasonable to expect that the 5280 lbs of 30% NaOHwas never


discarded, as Mr. Cleary states, instead of assuming, as does Mr. Menoutis, that a shipment of close to 2 tons of


NaOH water solution was made every day. Similar arguments can be used to challenge Mr. Menoutis assumption


that spent liquids were disposed from the HCP process.
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My finalconclusion is that Mr. Menoutis' opinion that 2,3,7,8-TODD contained in liquid wastewas deposited on site


is wrong, because there was minimal liquid waste generated from the HCP process. Even if one were to assume


for arguments sake that there was a liquid waste containing 2,3,7,8-TCDD, the amount of any such 2,3,7,8-TODD


would be infinitesimal.


The foregoing is a true statement of my professional opinions concerning this matter. If called to testify under


oath, I would so testify.


I declare under the penalty of perjury that the foregoing is true and correct.


Sincerely,


Francesco Stellacci


Associate Professor of Materials Science







Appendix A


List of all errors in Menoutis report not discussed in the report.


•Na2SO4 is stated to precipitate out of solution. However, in my view,Na2SO4would not precipitate as the


reaction would generate enough water to keep it in solution.


•The mass balance calculations in steps 3 and 4 do not contain paraformaldehyde. This is a major mistake


that probably is due to the fact that this reagent is missing from the ZEP "formula", a further indication that


the ZEP "formula" is simply a list of reagents.


•I disagree with Mr. Menoutis' opinion that there would be a substantial amount of spent H2SO4from the


HCP process.
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January 12, 2009


Expert Opinion from Francesco Stellacci on "Metro Atlantic" vs. NECC


Background


I am an associate professor of Materials Science and Engineering at the Department of Materials Science and Engineering at


MIT. I have been a faculty member at MIT since September 2002. I am an expert in nano-materials (materials whose size is
in the nanometer scale, the most commonly known being carbon black) surface properties. I research the surface properties of
nanoparticles. I have published in all major scientific journals (e.g. Science, Nature, Nature Materials, Nature
Nanotechnology, Advanced Materials, Nano Letters, etc.). I have more than 45 papers published or in press, and 8 patent
applications. I have won awards such as the Packard Fellowship, the DuPont Young Investigator award, the NASA Nanotech


Brief, the Technology Review TR35 'Top Innovators under 35', and the Popular Science Magazine 'Brilliant Ten'. I teach


(and have developed) a laboratory class called "Materials Laboratory" and a class called "Nanoscale Materials". I run a
research group whose composition is on average around 10 PhD students and 5 post-doctoral scholars. Each of them has a


research project that involves the study of surface properties of nanomaterials. Approximately 3 (between graduate students
and post-docs) deal with carbon materials (specifically carbon nanotubes and graphite). My CV is attached (Appendix A).


Retention


I have been retained as an expert consultant by Emhart Industries Inc.


I am being paid at my regular consulting rate of $300 per hour. I have not been retained as an expert in any legal proceeding
before.


I have been asked to examine the Metro Atlantic hexachlorophene (HCP) manufacturing process. I also was asked to give my


professional opinion concerning the process which I understand was operated by Metro Atlantic for less than one year in the


mid 60s including the role that Nuchar plays in the removal of contaminants in the synthetic process for Na-2,4,5-
trichlorophenolate (TCP).


Information Reviewed


Attached is a list of all of the materials that I have received and subsequently reviewed. (Appendix B) In the same Appendix
there is also a list of materials that I have independently reviewed.


Description of the Process.


The following is a description of the Metro Atlantic process for the manufacturing of hexachlorophene ("HCP") based for the
most part on the written statement by Mr. Cleary the inventor of the process. As much as possible I have tried to use Mr.
Cleary's own words, I added explanations when I felt they were needed. In order to render the description as readable as a
technical document can be, I have chosen not to use quotation for Mr. Cleary words. However, the original description can be
found in Appendix C for reference.
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Figure 1. Schematic of the synthesis process used at Metro Atlantic to produce HCP. The drawings used are
consistent with common practices in organic chemistry. Words and formulas on or next to the arrow indicate the
most important reaction conditions.


Diamond-Alkali Company supplied Metro Atlantic with a 30% NaOH (sodium hydroxide) solution in water of Na-2,4,5-
trichlorophenolate (2,4,5-TCP) with a small percentage (less than 2%) of residual methanol, remaining from the production
of 2,4,5-TCP from tetrachlorobenzene. The solution also contained 2,4,5-trichlorophenol. This solution was transferred from
the tanker directly into the reaction vessel.
Given my own knowledge of chemical processes reasonable practices and the high volatility of this product it is my expert
opinion that it is highly unlikely that spills happened during this transfer stage. High volatile chemicals are liquids that
rapidly evaporate leaving a strong smell, for some chemicals this is something that leads to human discomfort, as a
consequence these chemicals are kept and transferred in ways that avoid their exposure to the atmosphere. Mr. Cleary's
testimony confirms this fact.
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The scheme of the reaction is illustrated in Figure 1. Once in the reaction vessel, the solution from Diamond-Alkali was
treated with 30% aqueous NaOH to convert any residual 2,4,5-trichlorophenol in the solution to Na-2,4,5- trichlorophenolate.
During this step the Na-2,4,5-trichlorophenolate would precipitate out of solution. The Na-2,4,5-trichlorophenolate
precipitate was collected by filtration and then washed with 30% aqueous solution of NaOH. The 30% aqueous NaOH
solution was collected and reused in subsequent batches.
This procedure follows common and safe chemical synthetic practices and is among the most effective to achieve the starting
reagent needed. The implementation of this step indicates Mr. Cleary was concerned with the yields of the reaction. It is my
opinion that this step is not strictly necessary, it was done only to improve yield and decrease by-products of the overall
reaction, in my professional opinion it would reasonably add cost to the fmal product.


Next, the Na-2,4,5-trichlorophenolate was re-protonated, that is the sodium atom was replaced with an hydrogen atom (see
Fig. 1). The filter cake, which is purified Na-2,4,5-trichlorophenolate, was transferred to another reaction vessel.
Perchloroethylene (PCE) was added and the reaction vessel heated to 50°C. Sulfuric acid was added slowly with agitation
(stirring). Agitation was stopped two hours following completion of sulfuric acid addition. This allowed the biphasic mixture
to separate and resulted in a quantitative (i.e. with no by-product) conversion of all the Na-2,4,5-trichlorophenolate to 2,4,5-
trichlorophenol. The aqueous phase was collected and re-used in subsequent batches. The organic phase is a solution of pure
2,4,5-trichlorophenol in PCE, and was transferred to another reaction vessel.


The 2,4,5-trichlorophenol solution in PCE was heated to 75° C. Paraformaldehyde (0.5 equivalents) was added to the reaction
mixture, followed by slow addition of sulfuric acid (0.5 equivalents). This reaction resulted in the formation of an
intermediate compound, which, although not identified at the time, was probably 3,4,6-trichloro-2-(hydroxmethyl)phenol.
Both the paraformaldehyde and sulfuric acid are limiting reagents in the reaction and as a result there is only partial
conversion to the intermediate. Therefore, some 2,4,5-trichlorophenol (approximately 0.5 equivalents) remained un-reacted in
the reaction vessel. The products of this reaction were not isolated, and were taken directly into the next step of the HCP
manufacturing process.


The reaction mixture was maintained at 75° C and additional sulfuric acid (0.5 equivalents) was added slowly. The reaction
mixture was agitated for a further two hours after addition of the sulfuric acid. This reaction resulted in the formation of
hexachlorophene. The reaction was complete after two hours and an aliquot of the liquid was removed and the melting point
was determined precisely to establish complete conversion of hexachlorophene.


The reaction mixture was maintained at 75° C. Calcium carbonate (approximately 1 lb.) was added to the reaction vessel to
neutralize any residual sulfuric acid. A fine powder form of Nuchar (10 lbs.) was added to the reaction vessel and the solution
was stirred for approximately 30 minutes. The solution was hot filtered to remove the Nuchar and calcium sulfate by-
products. The filter cake was then washed with PCE.


This is the only step where Nuchar was added. The Nuchar was not re-used in subsequent batches.


The hexachorophene solution was allowed to cool to room temperature, at which time the hexachlorophene precipitated out
of solution. The final product (the precipitate) was collected by filtration and dried.


The first crop of hexachlorophene was sent to Sterling-Winthrop, Inc. The dried HCP product was a solid and was placed in
50-lb. fiber drums. The PCE was recovered and re-used. Additional hexachlorophene that precipitated out of solution while
recovering the solvents (i.e., the second crop) was sent to Kalo Laboratory for recrystallization from PCE.







Francesco Stellacci
Associate Professor
Department of Materials Science and Engineering
MIT


I T
Massachusetts Institute of Technology
77 Massachusetts Avenue, Building 13-4053
Cambridge, Massachusetts 02139-4307


Phone	 617.452.3704
Fax	 617.324.2500
Email	 frstella@mit.edu
http://dmse.mit.edu/faculty/faculty/frstella/


Chemical Formula	 Top View
	


Side View


Figure 2. Chemical formula and structure filling model for 2,3,7,8-tetrachlorodibenzo-p-dioxin (in the text referred to
as 'dioxin'. The Side View clearly shows the planarity of the molecule. The translucent grey cloud is the calculated
(Chem3D Pro) solvent accessible surface of the molecule, a representation of the electronic cloud on the molecule.


I have been asked to give my professional opinion as to whether any dioxin would have been produced during the HCP
manufacturing process that I have described.


In my opinion, the process would not produce dioxin or any similar molecule. I cannot find a single step in which such


molecules would have been generated even as trace by-products. It is possible that some dioxin would have been present as a
contaminant in one of the starting materials, specifically in Na-2,4,5-trichlorophenolate. Any dioxin that might have been
present as a contaminant would have been removed by the Nuchar that was added during the final step of the reaction, which
I will describe below.


The Metro Atlantic process contained a purification step in which Nuchar was added to the reaction mixture. Nuchar is a


brand name for a form of carbon black; it is a fine particulate material made of carbon atoms similar to graphite, whose
surface has a high affinity (i.e. strongly attractive) to molecules such as dioxin. In present days, Nuchar would be defined as a


nanomaterial with a highly active surface. Once a planar molecule with delocalized electrons (such as dioxin or
hexachloroxanthene) binds to graphitic carbon atoms, it does not detach anymore. This concept is presently used to bind


molecules to a novel form of carbon materials called carbon nanotubes.[1] Carbon nanotubes surfaces are similar to Nuchar
surfaces.


Molecules are formed by the bonding of atoms, most bonds are very directional (like sticks between balls). There is a class of


bond in which this is not the case, rather the electrons that take part in the bonding do not reside in between atoms, but are
more 'free' to move around, hence these electrons are called delocalized. Delocalized electrons can be pictured as a soft


cloud of charges, they can strongly attract other delocalized electrons, as two soft surfaces can always mold each other to
become complementary. Carbon materials (when in graphitic form) are very rich in such electrons, and hence they strongly
atti	 act small molecules such as dioxin that have a few delocalized electrons (Figure 2).


In the Metro Atlantic HCP process Nuchar was used as a means to purify the final product, which for Metro Atlantic meant
decolorize it. This approach (in the eyes of modem science) makes perfect sense because in the HCP product color would be


determined by the presence of small quantities of molecules with delocalized electrons. Nuchar (carbon black) would be the


perfect material choice to remove such molecules. Nuchar was added in the second to last step of the process, where 10 lbs.
of Nuchar were added and left in solution (while stirring) for 30 minutes. Then the Nuchar was removed by filtration and


discarded. The last step of the reaction consisted of isolating the pure (i.e. decolorized) product by a simple precipitation.
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During the 30 minutes in which Nuchar was in contact with the reaction mixture it acted like a sponge, attracting and
trapping all of the molecules that were present with delocalized electrons. In order for the Nuchar to be effective in removing


impurities such as dioxin there should have been be enough Nuchar surface in solution to allow for the allocation of the
dioxin that could have been present. To establish this point I first found an upper limit of the quantity of dioxin present in the
reaction. I based this determination on Mr. Cleary's written statement (page 90 line 14 dep. on 2/10/03) and four independent


reports. [2] In his deposition testimony Mr. Cleary stated that the Na-2,4,5-tricholorophenolate that Metro Atlantic purchased
from Diamond Alkali contained less that 19,000 pig of dioxin per Kg of Na-2,4,5-tricholorophenolate. Mr. Cleary estimated
that the impurity level for Na-2,4,5-trichlorophenolate was 10,000 to 50,000 lug of dioxin per Kg. To be safe (on the


conservative side), I used 50,000 pig per Kg as the quantity present. Then I used Mr. Cleary's description of the Metro


Atlantic process to determine a reasonable value for the quantity used in each batch reaction (350 lbs. of Na-2,4,5-


trichlorophenolate). This meant that in each batch reaction there was an upper limit of 8 g of dioxin. This amount of dioxin
would occupy a total area of 1000 to 5000 m 2. In the literature [3] I found values for the surface area of Nuchar that range
from 300 to 2000 m2 per g of Nuchar. I decided to use 300 m 2 per g to be on the safe side (on the conservative side). Based
on 500 m2 per Kg it is easy to calculate that in a single batch there were –1,600,000 m 2 of active Nuchar surface ready to
adsorb the dioxin. This means that after adsorption of the dioxin more than 99 % of the Nuchar surface was still free and


available to adsorb something else. Therefore, I conclude that the quantity of the Nuchar used in the Metro Atlantic HCP


manufacturing process would have been sufficient to adsorb all of the dioxin from the solution mixture. The process used to
perform these calculations is illustrated in Figure 3
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	 •
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of dioxin


every batch


10,000 to 50,000 lig
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Figure 3. Schematic representation of the process used to calculate the area for the dioxin and the Nuchar used in the
process.
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I have read conflicting reports on whether Nuchar adsorbs irreversibly to the dioxin, I believe that at the heart of such reports


is the failure to consider the relative quantity of Nuchar surface area and adsorbed material. The calculations shown above
clearly demonstrate that the Metro Atlantic HCP process was using Nuchar in the regime where it does not release molecules


after adsorption. In fact there was more that 100 times the Nuchar needed to absorb the dioxin. In simpler words, 0.1 lbs of
Nuchar would have been sufficient to remove irreversibly all the dioxin from the reaction, yet Metro Atlantic chose to use 10


lbs.


In conclusion, my opinion is that no dioxin would be generated in the HCP process, and that the procedure in place removed
all the dioxin, if any, that was present in the Na-2,4,5-trichlorophenolate that was used as a starting reagent.


2. I have also been asked my professional opinion regarding whether the Nuchar used by Metro Atlantic in its
hexachlorophene manufacturing process would have had any effect on hexachloroxanthene that may have been present or


possibly generated during the hexachlorophene manufacturing process.


If hexachloroxanthene had been present in the reaction vessel it too would have been adsorbed on the Nuchar as well as


dioxin. Both are planar molecules with delocalized electrons. Hence for the reasons described above hexachloroxanthene


would have adsorbed on the free adsorption sites of the Nuchar.


3. I have also reviewed the internal standard procedures used by the US EPA to validate their recovery procedures in


extracting dioxin from the samples recovered from the Centredale Manor site during the remedial investigation. I hereby
summarize the procedures as I understand them, and provide my professional opinion on their implications.


As discussed above, polychlorinated dibenzo-p-dioxins (PCDD's) were present in the 2,4,5-trichlorophenol purchased from


Diamond-Alkali. 2,4,5-Trichlorophenol is the starting materials for the Metro-Atlantic HCP manufacturing process. Nuchar
(a form of activated carbon) was used by Metro-Atlantic in the HCP manufacturing process to de-colorize the final product.


As a result, Nuchar removed all the PCDD's resulting from the manufacture of 2,4,5-trichlorophenol. No additional PCDD's
would have been generated in the HCP manufacturing process. Therefore, with all the PCDD's adsorbed onto the Nuchar the


internal standard recovery data on the site samples would have been severely affected if the PCDD originated from Metro-


Atlantic. As explained below this is because of the high affinity of Nuchar surfaces to chemical molecules, that would have
affected the efficiency of recovery during the internal standards tests.


This last point requires examination of the analytical procedures. The analytical methodologies employed conformed to EPA


testing method 8280B and 8290A, according to the Centerdale Manor Restoration Project, Remedial Investigation.
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Method 8280B: Analysis of PCDD's and PCDF's by High-Resolution Gas Chromatography/Low-Resolution Mass
Spectrometry (HGRS/LRMS).


Method 8280B is appropriate for testing water, soil, fly-ash or chemical waste samples for PCDD/PCDF.


The Soil, fly-ash and chemical waste samples are extracted using Dean-Stark water trap and a Soxhlet extractor. The solvent


is toluene. An illustration of the type of apparatus that would have been employed is shown below.


Toluene is placed in the flask. A known amount of sample is placed in the soxhlet and the soxhlet is placed inside the


glassware. The Dean-Stark apparatus is attached to the top of the glassware holding the soxhlet and a reflux condenser is


attached to the top of the Dean-Stark apparatus. The toluene is heated to a temperature above its boiling point (110 °C), until
the toluene can be seen cooling on the reflux condenser. The toluene/water mixture condenses and solvent droplets drip


down into the Dean-Stark apparatus. Here the water and toluene are separated, with the water dropping to the bottom of the
Dean-Stark apparatus and the toluene dripping back down over the soxhlet containing the sample. This results in the


continuing extraction of PCDD/PCDF from the sample in the soxhlet and removal of water from the sample. After a given


period of time, the apparatus is allowed to cool the room temperature. The PCDD/PCDF's are now in the toluene solution.


At this point, a known amount of 37C14 radio-labeled 2,3,7,8-TCDD is added to the toluene solution. Radio-labeled isotopes
have the same chemical properties, but a different atomic mass. Radio-labeling allows measurement of the efficiency of the
clean-up process. The toluene solution containing the sample is put through a series of procedures such as: acid/base


washing, filtration through alumina, silica gel, Florosil or activated carbon on Celite. After clean-up the toluene is removed
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by rotary-evaporation and the sample is injected into a HGRS/LRMS capable of identifying the selected ions. The 3704


radio-labeled 2,3,7,8-TCDD is measured as a percentage recovered. This percentage recovery is the indicative of whether the


clean-up is also removing some of the PCDD/PCDF's in the sample. Typically, a high percentage recovery of 3704
radio-labeled 2,3,7,8-TCDD is required to ascertain whether the clean-up procedures are having little or no effect on the
recovery of PCDD/PCDF's from the sample.


Water samples are extracted in a separating funnel using methylene chloride as the solvent. Once the PCDD/PCDF are in the


methylene chloride solution, a known amount of 3704 radio-labeled 2,3,7,8-TCDD is added. The methylene chloride
solution may be subjected to the same clean-up procedures as the soil, fly-ash or chemical waste samples. After removal of


the methylene chloride by rotary evaporation the sample is injected into a HGRS/LRMS capable of identifying the selected
ions. The 37C14 radio-labeled 2,3,7,8-TCDD is quantified as a percentage recovered. The particulate matter is extracted using
the same procedure as soil, fly-ash or chemical waste.


Method 8290A: Analysis of PCDD's and PCDF's by High-Resolution Gas Chromatography/Low-Resolution Mass
Spectrometry (HGRS/LRMS).


Method 8290A is appropriate for testing water, soil, fly-ash or chemical waste samples for PCDD/PCDF.


The Soil, fly-ash and chemical waste samples are extracted using Dean-Stark water trap and a Soxhlet extractor. The solvent
is toluene. The apparatus employed is the same as above.


A known amount of sample is placed in a Soxhlet, followed by addition of a known amount of 13C 12 radio-labeled 2,3,7,8-
TCDD. The sample is continually extracted with toluene for a given period of time. After cooling the PCDD/PCDF and the
13C12 radio-labeled 2,3,7,8-TCDD are in the toluene solution. The sample is subjected to the same clean-up procedures from
method 8280B. The toluene is removed by rotary evaporation and injected into a HGRS/LRMS capable of identifying the
selected ions. The 13C 12 radio-labeled 2,3,7,8-TCDD is measured as a percentage recovered. The percentage recovery is the
indicative of how well the toluene is extracting the PCDD/PCDF's from the sample. Typically, a high percentage recovery
of 13C12 radio-labeled 2,3,7,8-TCDD is required for optimal quantitative analysis.


Water samples are extracted in a separating funnel. A known amount of water and a known amount of 13C 12 radio-labeled
2,3,7,8-TCDD in methylene chloride is added to the water. The water is extracted with methylene chloride. The methylene


chloride solution may be put though the same clean-up procedures as the soil, fly-ash or chemical waste samples. After
removal of the methylene chloride by rotary evaporation the sample is injected into a HGRS/LRMS capable of identifying
the selected ions. The 13C12 radio-labeled 2,3,7,8-TCDD is quantified as a percentage recovered. The particulate matter is
extracted using the same procedure as soil, fly-ash or chemical waste.


Centerdale Manor Restoration Project, Remedial Investigation (CMRP 4. 
The internal standard recovery data from the CMRP RI is indicative of the absence of activated carbon in the samples


analyzed. This is explained by examination of the CMRP RI data, which reveals that the 3704 radio-labeled 2,3,7,8-TCDD


was recovered in 60-90% yields. Therefore, the clean-up procedures had minimal effect on the recovery of PCDD/PCDF's
from the samples. Further examination of the CMRP RI data reveals that the 13C12 radio-labeled 2,3,7,8-TCDD was


recovered in 71-103% yields. Therefore, the analytical method was functioning correctly with minimal effect on the
recovery of PCDD/PCDF's from the samples.
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It is my professional opinion that if the samples analyzed had activated carbon present, the internal standard recoveries for


13C12 radio-labeled 2,3,7,8-TCDD would be extremely low, in the order of 1% or less. Therefore, all the samples analyzed in
the CMRP RI report did not have activated carbon associated with the PCDD, as a result, it is my professional opinion that


the sample analyzed in the CMRP report did not come from the Metro-Atlantic HCP manufacturing process.


Furthermore, Cutie et al. [4] notes that toluene would not be effective at removing 2,3,7,8-TCDD from activated carbon, even
after a long period of continual extraction. Cutie et al. go on to say that only o-dichlorobenzene is effective at removing


2,3,7,8-TCDD from activated carbon. This is indicative of the absence of activated carbon in the samples analyzed. The
13C12 radio-labeled 2,3,7,8-TCDD would not have been removed from the activated carbon by toluene. Had PCDD/PCDF


been associated with activated carbon (as would be expected if the PCDD/PCDF were derived from the Metro Atlantic HCP


production), the internal standard recoveries would have been extremely low. Instead the data show that the internal standard
recoveries were extremely high for sample analyzed from CMRP site.
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The foregoing is a true and correct statement of my professional opinion concerning this matter. If called to testify under oath


I would so testify.
I declare under the penalty of perjury that the foregoing is true and correct.


Sincerely,


Francesco Stellacci


Associate Professor of Materials Science
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perspectives 1973, 15-25.
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Congress, page 1021.
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1
	


(Proceedings out of the presence of the jury as


2
	


follows:)


3
	


THE COURT: Good morning, everyone. I want to


4
	


go over a couple of things before we bring the jury in.


5
	


First of all, did you have a chance to talk last


	


6
	


night regarding how you want to handle this question to


	


7
	


the witness about the other acquisition?


	


8
	


MR. NATHANSON: Your Honor, I took your advice,


	


9
	


and I think since the witness is here rather than


	


10
	


having him come back as a rebuttal witness would make


	


11
	


more sense if the Court is going to allow him to


	


12
	


testify to testify now. Mr. Pirozzolo did send me a


	


13
	


disclosure last night so I was informed what the basis


	


14
	


is of his opinion with respect to that document.


	


15
	


He has not been offered as an expert yet. I


	


16
	


don't think he can testify about the document as a fact


	


17
	


witness. He wasn't part of the transaction then. 	 If


	


18
	


he is going to be offered as an expert, I will object


	


19
	


similar to the reasons why I did in the motion in


	


20
	


limine, that I don't think you should be allowed to


	


21
	


give expert testimony of what's, essentially, a legal


	


22
	


opinion or to testify about what he believes the intent


	


23
	


of the parties to the agreement were.


	


24
	


THE COURT: Just dealing with that objection in


	


25
	


advance, my ruling is going to be that he will be
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allowed to testify as an expert, as I said during the


motions in limine, with respect to the nature of


corporate transactions and how they function and so


forth. He'll not be allowed to express an opinion as


to the ultimate issue of whether Emhart was a successor


or not because of the reasons that I stated in the


motion in limine, that he -- the reasons I stated


originally was that he had not reviewed those


transactional documents. I guess he has reviewed them


now. And do you intend to ask him that question?


MR. PIROZZOLO: Well, your Honor, I intend to


ask him whether the insurance -- whether this contract


transferred the insurance policies as an asset, and I


expect him to say it did not.	 I'll ask him why, and


he'll point out the provisions in the agreements that


he relies upon for that view.	 I think he's an expert


in corporate transactions. The jury would --


THE COURT: You mean did not transfer to Bengal,


is that what you're saying?


MR. PIROZZOLO: Yes. He did not transfer to


Bengal. 


THE COURT: Assuming the foundation is laid and


the review of the documents and so forth, I will allow


him to testify on that point. You'll be able to


cross-examine him on that point. You'll be able to put 
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on any evidence that you have to rebut that. I think


that is going to be appropriate testimony. So that's


the way I'm going to handle that.


MR. NATHANSON: When the time comes, I will


object.


THE COURT: Certainly. You need to preserve


your objections.


MR. NATHANSON: Let me just say, even separate


from that, in the disclosure there's also talking about


what he thinks the intent of the parties was beyond


what the agreement does, and I see that as a separate


issue. 


THE COURT: I agree. And consistent with my


rulings on the motion in limine, these expert witnesses


are not going to be allowed to testify as to what was


in the minds of people at the times of these events,


and that's the way I handled it up to now, and that's


what I'm going to --


MR. PIROZZOLO:	 I don't intend to ask him to


read the minds of the people at the time.


THE COURT: Okay. Publication of the policies.


Did you work that out?


MR. PIROZZOLO: Well, I don't know we've worked


it out. We are prepared to show the jury each policy


pointing out the -- 
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THE COURT: No. The question was you were going


to either agree to do this by a stipulation, or I was


going to allow it consistent with the procedure that I


outlined. So the only question is whether you agreed


to a stipulation or are we going to do it the other


way.


MR. PIROZZOLO: We don't have a stipulation. We


sent over what we intend to show. If there's anything


in addition, I think they can show it.


THE COURT: The last thing I want to tell you


-- a couple other things I want to take up, but we'll


do it at the morning break, because I do want to get


the jury in here.


I do want you to be aware, if you are not aware


that we do have the ability, with respect to some of


these chalks, we do have the ability for you to mark up


the chalks on that screen with markings and the ability


to then make a color copy of whatever the screen


displays with your markings. All right? There's a


color printer down here under the desk. The marked up


chalk, then, if the chalk or the document, for example,


whatever that was, 217, that was admitted. On


cross-examination, if you wish to point out additional


events, you can make markings on that screen, note


where those events are, and then can print that and we
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1
	


can introduce it as 217A. Okay? I want you both to be


	


2
	


aware that that capability exists.


	


3
	


All right. Are you going to get to the


	


4
	


deposition of Cleary before the break?


	


5
	


MR. PIROZZOLO:	 I doubt it, your Honor.


	


6
	


THE COURT: I have my rulings on the objections


	


7
	


so I'll give them to you at the break. All right.


	


8
	


Let's get the jury in.


	


9
	


(Proceedings in the presence of the jury as


	


10
	


follows:)


	


11
	


THE COURT: Good morning, ladies and gentlemen.


	


12
	


Have a seat. Welcome back. We're ready to commence


	


13
	


the trial for the day.	 Let's get Mr. Cattaneo back on


	


14
	


the stand.


	


15
	


ROBERT CATTANEO, resumes stand.


	


16
	


All right.	 Mr. Cattaneo, have a seat. You're


	


17
	


still under oath, and you may inquire.


	


18
	


MR. PIROZZOLO: Thank you, your Honor.


	


19
	


CONTINUATION OF DIRECT EXAMINATION BY MR. PIROZZOLO 


	20
	


Q.	 Mr. Cattaneo, just to review briefly where we left


	


21
	


off yesterday, you testified that you have handled


	


22
	


numerous corporate transactions for Black & Decker?


	


23
	


A.	 Yes. That's correct.


	


24
	


Q.	 And have those transactions involved sales of both


	


25
	


assets and entire companies?
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A.	 Yes.


Q.	 In the course of handling transactions of that


kind, have you prepared and negotiated agreements?


A.	 Yes.


Q.	 And is part of the skill that you bring to bear on


those transactions the ability to read and interpret


agreements?


A.	 Yes.


Q.	 And is part of it the ability to understand


complex corporate transactions in very thick and


voluminous sets of documents?


A.	 I hope so.


Q.	 And you've been doing that for how many years,


roughly?


A.	 Twenty-seven.


Q.
	 Twenty-seven years. And in addition to your being


a member of the bar and graduating from law school, do


you do other things to keep your professional skills up


to date and improving?


A.	 Sure.


Q.	 What kinds of -- just generally, what kinds of


things do you do to maintain your professional skills?


A.	 Well, I read articles in law journals and other


publications.	 I attend continuing education seminars.


Q.	 Now, in preparation for testimony today, did you 
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review any transactions between USM Corporation and


Bengal Corporation?


A.	 Yes, I did.


Q.
	 And what was that that you reviewed?


A.	 I reviewed a purchase and sale agreement that was


dated February 22nd, 1980.


Q.	 I'm going to show you Defendant's Exhibit 89 and


ask if you could identify that.


A.	 Yes. This is the purchase and sale agreement.


MR. PIROZZOLO: Is it necessary to always speak


into the microphone, your Honor?


THE COURT:	 It's helpful.


MR. PIROZZOLO: Okay. Sorry.


A.	 Yes. This is the purchase and sale agreement that


I reviewed.


Q.	 And I think you already gave the date of that, is


that February 22nd, 1980?


A.	 That's correct.


Q.	 Okay. And are you -- do you have the skill to


read and understand that agreement?


A.	 Yes.


Q.
	 And did you read the agreement?


A.	 Yes, I did.


Q.	 And do you understand the agreements and the


nature of the transaction?







1 1


1
	


A.	 Yes, I do.


2
	


Q.	 Okay.	 Preliminarily, as of February 22, 1980, was


3
	


Bostik South already a part of USM Corporation?


4
	


A.	 Yes.	 It had been liquidated and the business of


5
	


Bostik South was being operated as a division of USM


6
	


Corporation.


7
	


Q.	 And at that time, did USM Corporation have other


8
	


businesses?


9
	


A.	 Yes.


10
	


Q.	 Did it have many other businesses?


11
	


A.	 Yes.


12
	


Q.	 And did you know where the corporate office was of


13
	


USM at that time?


14
	


A.	 I believe at that time, since it was after Emhart


15
	


Corporation had acquired USM Corporation, that the


16
	


corporate headquarters had been consolidated in


17
	


Farmington, Connecticut.


18
	


Q.	 Was it your understanding that corporate direction


19
	


and management was at Farmington, Connecticut?


20
	


A.	 Yes.


21
	


Q.	 And did that management control or manage


22
	


operations all over the world for USM?


23
	


A.	 Yes.


24
	


Q.	 And did that include various businesses and


25
	


activities?
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A.	 Yes.


Q.
	 Now, does this agreement pertain to any particular


business of USM?


A.	 Yes, it does.


Q.	 Would you please explain what business it pertains


to?


A.	 It's limited to the sale of the assets that relate


to the business of the chemical business that was


located in Greenville, South Carolina.


Q.	 And when you say a sale of assets of the chemical


business in Greenville, South Carolina, what did


that -- what does that consist of?


A.	 Well, what happened was that almost all of the


operating assets, the plant, the physical assets, as


well as intangible assets, accounts receivable,


intellectual property, were transferred, and some


liabilities of that business were transferred, as well,


to the purchaser so that the purchaser could continue


to conduct the business that was conducted in


Greenville, South Carolina.


Q.	 Were other businesses that formally had been


Bostik South in existence at that time?


A.	 Yes.


Q.	 And were those business assets part of this


transaction?
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1
	


A.	 No.	 It was confined to the South Carolina


	


2
	


operation.


	


3
	


MR. PIROZZOLO: Now, your Honor, I would offer


	


4
	


Defendant's Exhibit 89 as our next exhibit.


	


5
	


MR. NATHANSON: No objection.


	


6
	


THE COURT:	 Defendant's 89 will be full.


	


7
	


(Defendant's Exhibit 89 marked full.)


	


8
	


MR. PIROZZOLO: May that exhibit be published to


	


9
	


the jury?


	


10
	


THE COURT: Cover page?


	


11
	


MR. PIROZZOLO:	 For starters, yes.


	


12
	


THE COURT: All right. Yes.


	


13
	


Q.	 Looking at the cover page, would you point out


	


14
	


those provisions that describe in general what the


	


15
	


agreement is about?


	


16
	


MR. NATHANSON: Objection, your Honor.


	


17
	


THE COURT:	 I'll sustain the objection.	 I think


	


18
	


you need to rephrase that question.


	


19
	


Q.	 Okay.	 Is there anything on the cover page that


	


20
	


pertains to the opinion you've just given?


	


21
	


MR. NATHANSON: Objection.


	


22
	


THE COURT:	 I guess I'm not clear on what you're


	


23
	


trying to get at here. The document speaks for itself.


	


24
	


MR. PIROZZOLO:	 I'm asking him to point out the


	


25
	


provisions that show what was being sold, your Honor.
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1
	


And maybe I could do it just generally.


	


2
	


THE COURT: Ask him that question.


	


3
	


Q.	 Would you now, Mr. Cattaneo, starting with the


	


4
	


cover page and then going through the agreement, point


	


5
	


out those provisions that show that what is being sold


	


6
	


are the South Carolina operation?


	


7
	


MR. NATHANSON: Objection.


	


8
	


THE COURT: Grounds?


	


9
	


MR. NATHANSON: That is not a proper subject of


	


10
	


expert testimony.


	


11
	


THE COURT:	 Well, I'll overrule it.	 Go ahead.


	


12
	


A.	 Yes. On the cover page, below the word "witness"


	


13
	


there's the recital that describes in general terms


	


14
	


what the agreement is about, and you'll see the first


	


15
	


whereas clause describes the seller's desire to sell,


	


16
	


the seller being USM Corporation, desire to sell assets


	


17
	


that relate to the business carried on at its


	


18
	


Greenville, South Carolina facility, and the subsequent


	


19
	


whereas clause that reflects the purchaser's desire to


	


20
	


purchase those assets.


	


21
	


Q.	 Now, if you would go through the agreement. 	 Is


	


22
	


there another portion of the agreement that you could


	


23
	


point to that would support your view?


	


24
	


A.	 Yes. On page two of the agreement --


	


25
	


MR. PIROZZOLO: May I have just a moment to
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1
	


bring page two up on the screen?


	


2
	


Q.	 Please proceed.


	


3
	


A.	 It's numbered Section 1 entitled "Sale of Certain


	


4
	


Assets of Bostik South." And again, this in general


	


5
	


describes what is being sold, and it -- by its terms,


	


6
	


it's confined to that portion of the business and those


	


7
	


assets of Bostik South located at Echelon Road,


	


8
	


Donaldson Center, Greenville, South Carolina.


	


9
	


It also refers to Section 3, which goes through


	


10
	


in more detail what those assets that are being


	


11
	


transferred are. And further refers to Section 7 of


	


12
	


the agreement which provides a description of the


	


13
	


liabilities that relate to that business that are being


	


14
	


assumed by the purchaser.


	


15
	


Q.	 Is there anything on another page of the agreement


	


16
	


that supports your conclusions?


	


17
	


A.	 Well, as I said, in Section 3 of the agreement


	


18
	


which starts on page three.


	


19
	


MR. PIROZZOLO: May we have page three, please.


	


20
	


A.	 There is a more detailed description of the assets


	


21
	


that are being transferred.


	


22
	


Q.	 Could you point that out to the Court and jury.


	


23
	


A.	 Yes.	 In Section 3A1, Section 3A will have a list


	


24
	


of the assets that are being transferred. So in 3A1,


	


25
	


there's a description of the real estate that's located
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1
	


in Greenville, South Carolina that's being transferred.


2
	


In 3A2, which is later on page three, there's a


3
	


description of various items of personal property and


4
	


other assets that are being transferred. And in that


5
	


Section 3A2, as you read through it, there's a specific


6
	


exclusion of any businesses, properties or assets that


7
	


don't relate to the business that was being operated in


8
	


South Carolina.


9
	


So it makes it abundantly clear that the assets


10
	


that are being transferred are only those that relate


11
	


to that facility in South Carolina.


12
	


MR. PIROZZOLO:	 Excuse me, your Honor.	 I don't


13
	


want to interrupt the flow of testimony, but the


14
	


technician is highlighting sections as the witness is


15
	


testifying, but they go away from the screen. Should


16
	


we be preserving those highlighted pieces and, if so,


17
	


how do we do that?


18
	


THE COURT:	 I don't see a need to do that, and I


19
	


don't -- unless there's an objection to the technician


20
	


doing that, I don't have a problem with it.	 I think


21
	


it's helpful to the jury. 	 That's simply drawing


22
	


attention to the section the witness is speaking about.


23
	


So unless there's an objection, and I assume the


24
	


defendants will probably be doing the same thing, I'm


25
	


not going to have a problem with it. 	 But I don't think
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it needs to be preserved.


MR. PIROZZOLO: Okay. Thank you, your Honor.


Q.	 Please proceed, Mr. Cattaneo.


A.	 Yes, sir. And then throughout this provision


there are references to various exhibits to the


agreement that in more detail list the specific assets


that are being transferred. There's one other aspect


of this Section 3A2, and now I'm onto page four,


because that section continues onto page four. At the


very end of that indented portion of that section


there's an exclusion, again, to make it clear, that


certain assets that may have tangential relationships


to the chemical business are not being transferred.


And so at the very end, there's the underlined


words "but excluding," and then there's a list of


assets that are being excluded, including among the


excluded assets are assets used in common with any


other plant, division or subsidiary of seller or


seller's parents. Again, making it clear that the


assets that are being transferred were those that


solely related to the South Carolina operation and not


any assets that had use in any other of the businesses


of USM Corporation or its affiliates.


MR. PIROZZOLO: Can we go back to page three, 


please. 
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Q.
	 On page three, there's a word I've put a mark on,


or under. Does that have any significance, the word


"only"?


A.	 Yes.	 I mean, it, again, clarifies the limitation


of the assets that are being transferred to those that


only relate to that South Carolina facility, and it


exclusively relates to that facility.


Q.	 Is the complete phrase, "relating only to the


business of manufacturing and selling chemicals," et


cetera?


A.	 Yes.


Q.	 Is there another section that you rely upon in


support of your conclusion?


A.	 Well, one of the conclusions that I reached


related to whether or not this agreement transferred


insurance assets.


Q.
	 And what was that conclusion?


A.	 My conclusion was that this agreement does not


transfer insurance assets, and there are other


provisions that I think make that very clear in


addition to those that I've already pointed out.


Q.	 Could you point out those provisions to the Court


and jury?


A.	 Yes.	 I think that one of the very notable ones is


in Section 7.7C, which would be on page -- I'm sorry.
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1
	


It's Section 7B2 on page 12. To put this in context,


	


2
	


the earlier provisions of Section 7 describe the


	


3
	


liabilities that relate to the South Carolina operation


	


4
	


that are being assumed by the purchaser. And Section


	


5
	


7B further describes or assists in the reading of


	


6
	


Section 7A, that is the liabilities are being


	


7
	


transferred by showing in more detail the liabilities


	


8
	


that are being excluded from the assumption by the


	


9
	


purchaser.


	


10
	


So these liabilities that are described in


	


11
	


Section 7B are being retained by USM Corporation, and


	


12
	


the most relevant of those is described in Section 7B 2


	


13
	


at the bottom of page 12, which includes insured claims


	


14
	


against the seller arising solely out of any acts or


	


15
	


omissions occurring prior to the closing date.


	


16
	


Now, what that does is that that makes it clear


	


17
	


that liabilities that for which USM Corporation had


	


18
	


insurance coverage were being retained by USM


	


19
	


Corporation and were not being transferred to Bengal


	


20
	


Corporation. The reason that that would happen is that


	


21
	


the insurance policies were being retained under the


	


22
	


earlier provisions of Section 3 by USM Corporation. So


	


23
	


you would want to match the retention of those


	


24
	


insurance policies and the coverage that they afford to


	


25
	


the retention of the liabilities that are insured
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1
	


against.


2
	


Q.	 Thank you. Is there any other provision that


3
	


supports your conclusions?


4
	


A.	 Well, I think there's at least one more. 	 That's


	


5
	


Section 9, which are the representations that were made


	


6
	


by USM Corporation in connection with the sale of the


	


7
	


South Carolina operation.


	


8
	


Q.	 What page is that?


	


9
	


A.	 It starts on page 15 and goes on for several


	


10
	


pages.	 Unfortunately, I can't point you to a specific


	


11
	


provision there because it's the absence of a provision


	


12
	


that is telling, and that is in contracts like this,


	


13
	


where a business is being sold, the purchaser relies on


	


14
	


representations that are made by the seller, statements


	


15
	


of fact that relate to the business that's being sold.


	


16
	


And so it's very typical in contracts that transfer


	


17
	


businesses that there will be extensive representations


	


18
	


about those aspects of the business that are being


	


19
	


transferred. And I think what's telling about Section


	


20
	


9 is that USM Corporation makes no representations


	


21
	


about insurance coverage, and it would be very typical


	


22
	


that if insurance coverage were being transferred there


	


23
	


would be extensive representations concerning what


	


24
	


those insurance coverages were so that the purchaser


	


25
	


would know what was being transferred. The absence of
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1
	


those representations, I think, corroborates the


	


2
	


earlier sections that exclude insurance assets from


	


3
	


what's being transferred.


	


4
	


Q.	 In that type of transaction, is there often a


	


5
	


schedule of insurance policies that would be


	


6
	


transferred?


	


7
	


A.	 Yes.


	


8
	


Q.	 And is there any such schedule in this agreement?


	


9
	


A.	 No, there is not.


	


10
	


Q.	 Is there any other provision, or absence of


	


11
	


provision, in the agreement that supports your


	


12
	


conclusion that insurance policies were not


	


13
	


transferred?


	


14
	


A.	 None that I can recall.


	


15
	


Q.	 Okay.


	


16
	


MR. PIROZZOLO: Thank you. No further


	


17
	


questions, your Honor.


	


18
	


THE COURT: All right. Thank you.


	


19
	


Mr. Nathanson?


	


20
	


CROSS-EXAMINATION BY MR. NATHANSON 


	21
	


Q.	 Good morning, Mr. Cattaneo.


	


22
	


A.	 Good morning.


	


23
	


Q.	 You do not have any familiarity with insurance


	


24
	


law; is that correct?


	


25
	


A.	 Not specific, no.
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1
	


Q.	 And in preparing your opinions in this case, you


	


2
	


do not give any consideration to any insurance law


	


3
	


issues, isn't that correct?


	


4
	


A.	 Yes. That's correct.


	


5
	


Q.	 In preparing your opinions in this case, you did


	


6
	


not review the actual insurance policies that Century


	


7
	


and OneBeacon issued to Crown-Metro, isn't that


	


8
	


correct?


	


9
	


A.	 That's correct.


	


10
	


Q.	 Today the majority of your billable hours are


	


11
	


representing Black & Decker?


	


12
	


A.	 Yes.


	


13
	


Q.	 And for your work in this case, you're charging


	


14
	


Emhart $380 an hour?


	


15
	


A.	 I think that that number is dated.


	


16
	


Q.	 What is it now?


	


17
	


A.	 I think it's $410.


	


18
	


Q.	 That's the customary rate for your professional


	


19
	


services?


	


20
	


A.	 Yes, it is.


	


21
	


Q.	 Back when you did your report in August of 2005,


	


22
	


it was $380 an hour then?


	


23
	


A.	 It's gone up.


	


24
	


Q.	 And you first started working on matters for Black


	


25
	


& Decker in 1980 or 1981?
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1
	


A.	 Yes, that's correct.


2
	


Q.	 You had no involvement with Emhart before your


3
	


involvement with Black & Decker, isn't that correct?


4
	


A.	 That's correct.


5
	


Q.	 Starting in 1989, you started to do merger and


	


6
	


acquisitions work for Black & Decker?


7
	


A.	 Yes.


	


8
	


Q.	 That involved selling off divisions of Emhart


	


9
	


after Black & Decker acquired Emhart?


	


10
	


A.	 Yes.


	


11
	


Q.	 You have no firsthand knowledge of any corporate


	


12
	


transactions regarding Emhart before that time?


	


13
	


A.	 That's correct.	 I was not involved in any.


	


14
	


Q.	 In August 2005, you prepared an expert report in


	


15
	


this matter.	 I may have asked you that already,


	


16
	


correct?


	


17
	


A.	 Yes, I did.


	


18
	


Q.	 And in that report, you concluded that


	


19
	


Crown-Metro's rights under its insurance policy had


	


20
	


been transferred to Emhart?


	


21
	


A.	 Yes.


	


22
	


Q.	 And in reaching that conclusion last August 2005,


	


23
	


you did not consider the February 1980 purchase and


	


24
	


sale agreement between USM and Bengal Corporation?


	


25
	


A.	 That's correct.
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1
	


Q.	 Now, isn't it correct that in 1980, the Bostik


2
	


South division of USM was no longer doing business in


3
	


Rhode Island?


4
	


A.	 I don't know that for a fact. I know that pieces


	


5
	


of the Rhode Island operation had been sold, but I


	


6
	


don't know whether or not any of it remained.


	


7
	


Q.	 Hadn't, after the plant moved from Centredale to


	


8
	


Dudley Street, hadn't the plant been closed and then


	


9
	


moved to South Carolina?


	


10
	


A.	 I know that portions of it had.	 I don't know for


	


11
	


a fact that all of it had.


	


12
	


Q.	 Other than the plant in -- in 1980, other than the


	


13
	


plant in Greenville, South Carolina, what other


	


14
	


operation areas did Bostik South have?


	


15
	


A.	 I mean, by that time, the Bostik South was a


	


16
	


division of USM Corporation, and that division only


	


17
	


related to the South Carolina operation. USM


	


18
	


Corporation and Emhart Corporation, its parent, had


	


19
	


other chemical businesses that operated in multiple


	


20
	


facilities.


	


21
	


Q.	 Now, back in 2000, when the EPA first asserted a


	


22
	


claim against Emhart in connection with the Centredale


	


23
	


site, you did review the February 1980 purchase and


	


24
	


sale agreement between USM and Bengal Corporation,


	


25
	


isn't that correct?







  


25   


1


2


3


4


5


6


7


8


9


10


11


12


13


14


15


16


17


18


19


20


21


22


23


24


25 


A.	 Yes I did.


Q.	 And the purpose of your review at that time was to


determine whether Bengal Corporation had assumed the


responsibility of Bostik South for environmental


liabilities that related to its former operations?


A.	 Yes.


Q.	 At that time back in 2000, your conclusion was


that Emhart could make that argument?


A.	 It had an argument.


Q.	 Not necessarily a winning one but at least you


felt that they could make an argument, isn't that


correct?


A.	 Yes.


Q.	 Let's take a look at the agreement. Could you put


D-89 back up, please? We turn to page 11. This is the


section that you just talked about with Mr. Pirozzolo


on what liabilities were assumed by Bengal Corporation,


which were excluded, correct?


A.	 Yes.


Q.	 And you talked -- return to page 12, with


Mr. Pirozzolo about 7B2?


A.	 Yes.


Q.
	 And that's referring to product liability claims,


correct?


A.	 Well, it does refer to product liability claims
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but it's not limited.	 It goes on to say, "Or any other


tort, breach of contract," and it describes other


liabilities.	 It goes on to refer to other tort, breach


of contract, crime, Workman's Compensation or insured


claims.	 So it's not limited to product liability


claims.


Q.	 If we turn the page to page 13, paragraph three,


there's a paragraph there that refers to any violation


of laws, rules or regulations including, without


limitation, EPA and OSHA regulations, and any other


governmental agency to the extent that such violations


relate only to the time prior to the closing date?


A.	 Yes.


Q.
	 Back in 2000, is that a paragraph that you


considered with respect to whether Bengal Corporation


had assumed the responsibility for cleaning up the


Centredale site?


A.	 Yes.


Q.	 And back when Metro-Atlantic was at the Centredale


site, there weren't any laws, rules or regulations at


that time that had been violated in connection with the


site, isn't that correct?


A.	 None that I know of.


Q.	 Isn't that why you thought that Emhart at least


had an argument that Bengal Corporation, and I think
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Bengal Corporation changed its name to the new


Crown-Metro, might be responsible for the cleanup of


the site?


A.	 Yes.


Q.	 And, in fact, you were aware, weren't you, that


the EPA in 2000 or 1999 asserted a claim against both


Emhart and the new Crown-Metro, isn't that correct?


A.	 Yes.


Q.
	 In fact, if you know, the EPA and OSHA weren't


even around back in the time when Metro-Atlantic was


operating at the site, isn't that correct?


A.	 Yes. That is correct.


Q.	 Now, also in 2000, did you consider the issue that


you just testified about with respect to whether the


February 1980 purchase and sale agreement only applied


to assets and liabilities of Bostik South in South


Carolina?


A.	 I'm sorry.	 Did I consider that?


Q.	 Yes.


A.	 Yes.


Q.	 Was your conclusion at that time that the


agreement was ambiguous?


A.	 Ambiguous in the sense that it only applied to the


South Carolina facility?


Q.	 Correct.
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1
	


A.	 Not in terms of assets. 	 I thought that this


	


2
	


provision was a bit ambiguous, the provision that you


	


3
	


pointed out with respect to the assumption of the


	


4
	


liabilities.


	


5
	


Q.	 What about the issue as to whether the assets were


	


6
	


limited to just the South Carolina operation or not.


	


7
	


Did you conclude that that was ambiguous back in 2000?


	


8
	


A.	 I don't think so.


	


9
	


Q.	 Let me see if I can refresh your recollection any.


	


10
	


You recall that I took your deposition in this case?


	


11
	


A.	 Yes, I do.


	


12
	


Q.	 And that was at Mr. Pirozzolo's office back in


	


13
	


February of this year, correct?


	


14
	


A.	 If you say so. You did take my deposition.


	


15
	


Q.	 Okay.


	


16
	


A.	 And it was at Mr. Pirozzolo's office.


	


17
	


Q.	 Sometime after your August 2005 report and today?


	


18
	


A.	 Yes.


	


19
	


Q.	 And there was a court reporter there like we have


	


20
	


one now who was taking down my questions and your


	


21
	


answers, correct?


	


22
	


A.	 Yes.


	


23
	


Q.	 And you were under oath just like you are today?


	


24
	


A.	 Yes, that's correct.


	


25
	


Q.	 Let me show you the question, see if this
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refreshes your recollection any.


THE COURT: Do you have a copy for me, please?


MR. NATHANSON: May I approach the bench?


THE COURT: Yes.


MR. NATHANSON: Your Honor, could I have


Mr. Russell just put the page on the screen, as well?


THE COURT: Witness only. What page are you


looking at?


MR. NATHANSON: Hold on one second. Page 60.


MR. PIROZZOLO: Objection, your Honor.


MR. NATHANSON: Actually, 59 and 60.


THE COURT: Just one second.


All right. You're not really refreshing


recollection.	 He didn't say that he didn't recall


anything.	 He made a statement.	 He testified to, in


effect, and if you're going to impeach him with --


MR. NATHANSON:	 I don't think I'm thinking to


impeach him.	 He talked about ambiguities in the


deposition transcript.	 By showing him that, I'm


wanting to know if it refreshes his recollection.


THE COURT: You refresh recollection if he


doesn't recall something.	 He didn't say he didn't


recall when he thought he said what he thought.


MR. NATHANSON: All right. 	 I'll do it that way 


then. 







30


	


1
	


MR. PIROZZOLO: Your Honor, my question is a


2
	


procedure. When the deposition is being showed to the


3
	


witness, is it also being shown to the Court and jury?


4
	


THE COURT: No. Not to the jury.	 It's being


5
	


shown to me.


6
	


MR. PIROZZOLO: Thank you.


	


7
	


THE COURT: All right. Give me the page and


8
	


line, please.


	


9
	


MR. NATHANSON: The question is on page 59,


	


10
	


starting on line 12.


	


11
	


Q.	 And I asked you, Mr. Cattaneo, would you take a


	


12
	


look at that, focusing on number two, goes on to page


	


13
	


three and four, take a look at that paragraph. My


	


14
	


question is, you may not have enough time, do you have


	


15
	


an opinion on whether that paragraph would include


	


16
	


rights to insurance policies.


	


17
	


And then the answer appears on page 60.


	


18
	


MR. NATHANSON: May I read that into the record,


	


19
	


your Honor?


	


20
	


THE COURT: Just give me a second, please.


	


21
	


MR. NATHANSON: Sure.


	


22
	


THE COURT: Yes.


	


23
	


Q.	 Your answer was: "Here is what my concern is, but


	


24
	


I don't know that I can reach an opinion based merely


	


25
	


on reading this one provision. My recollection is that
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one of the ambiguities, one of the bases for an


ambiguity is that there was something in this document


that would likely be interpreted to as qualifying both


the transfer of assets and liabilities to those that


relate to a specific facility.	 I think it was a


specific facility in South Carolina. 	 I don't know you


can get that from reading, that's my recollection, for


when I think I read this agreement in 2000. 	 I'd be


happy to read this whole agreement. To be fair about


it, it would take my longer than -- I'm happy to sit


here and read it all." Do you recall my asking you


that question, and you giving that answer?


A.	 Yes, I did.


Q.
	 Let's take a look at the agreement in a little bit


more detail. Now, you referred to page one of the


agreement. D89, put that up on the screen. Page one


refers to the operations located in Greenville, South


Carolina, correct?


A.	 Yes.


Q.	 And at that time, isn't it correct that Bostik


South had no operations, to your knowledge, in Rhode


Island?


A.	 I'm sorry. At the time of this contract?


Q.	 Correct.


A.	 I don't know that that -- I don't know about that.
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1
	


Q.	 Okay. Page two, you talked about Section 1. That


2
	


refers to the assets of Bostik South, correct?


3
	


A.	 Yes.


4
	


Q.	 And then it says "located at," and it gives an


5
	


address?


6
	


A.	 Yes.


7
	


Q.	 And that, in fact, at that time was the address of


	


8
	


Bostik South in Greenville, South Carolina?


	


9
	


A.	 Yes.


	


10
	


Q.	 You're not aware of any location at that time in


	


11
	


Rhode Island, correct?


	


12
	


A.	 No, I'm not.


	


13
	


Q.	 Now, paragraph -- let's turn to page three. You


	


14
	


referred to paragraph 3A1. And that refers to real


	


15
	


property owned by the seller, and real property is


	


16
	


land?


	


17
	


A.	 Yes.


	


18
	


Q.	 And then talked about 3A2, and that talks about


	


19
	


personal properties and assets. And those are assets,


	


20
	


you know, other than land, correct?


	


21
	


A.	 Yes.


	


22
	


Q.	 And include movable pieces of property, and


	


23
	


include other things like intellectual rights such as


	


24
	


patents or insurance policies or things like that.	 It


	


25
	


could potentially?
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A.	 Yes. Although I think this paragraph is -- you're


right.	 I'm sorry.	 It does.	 Yes.	 It includes


intangible assets, as well.


Q.	 This refers to the assets of Bostik South relating


only, like Mr. Pirozzolo said, to the business of


manufacturing and selling chemicals, colors,


intermediates, and reserval, et cetera, correct?


A.	 Yes.


Q.	 And this particular paragraph doesn't refer to a


specific location, does it?


A.	 At least not in that first sentence it does not,


no.


Q.
	 The categories of assets are listed in Exhibit B,


correct?


A.	 Yes.


Q.	 And those categories also don't list a specific


location, isn't that correct?


A.	 I'd like to take a look at it.


Q.
	 Sure.	 It's towards the back.


A.	 No, it does not list the location.


Q.	 Back to page three and four, Section 3A2, do you


have that? Turn to page four.


A.	 Yes.


Q.	 The list of assets includes executory contracts on


line three, correct?
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A.	 Yes.


Q.	 And an executory contract is a contract where all


the performance by the parties to the contract has not


yet occurred?


A.	 Yes.


Q.	 And an insurance policy would be an executory


contract because there are obligations that continue


for some time?


MR. PIROZZOLO: Objection, your Honor.


THE COURT: Overruled. You may answer that


question.


A.	 You asked me that question in my deposition.


Q.
	 Yeah, I did.


A.	 And I said that it was.	 I have learned since that


executory or -- I'm sorry, insurance contracts where


all of the premiums have been paid are not considered


executory even though the insurer may still have


obligations under the policy.


Q.	 And an insurance policy you pay the premium?


A.	 Yes.


Q.	 And then at some time in the future, if the terms


of the policies are met, then the insurance company has


to perform a service?


A.	 Yes.


MR. NATHANSON: That's all the questions I have.
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1
	


Thank you.


2
	


THE COURT: Mr. O'Connor.


3
	


MR. O'CONNOR:	 I'll be very brief.	 I've got


4
	


here what's Exhibit 217, your Honor?


	


5
	


THE COURT: Maybe we can bring that up on the --


	


6
	


one of the technicians can bring that up on the screen.


	


7
	


MR. O'CONNOR:	 Plaintiff's 217, yes


	


8
	


I believe this was admitted yesterday for all


	


9
	


purposes.


	


10
	


THE COURT: Yes.


	


11
	


CROSS-EXAMINATION BY MR. O'CONNOR 


	12
	


Q.	 Mr. Cattaneo, my name is Kevin O'Connor.	 I just


	


13
	


have one brief question for you. On this exhibit it


	


14
	


shows Bostik South, Inc. being liquidated into USM


	


15
	


Corporation in 1977?


	


16
	


A.	 Yes.


	


17
	


Q.	 At the time of that liquidation, are you familiar


	


18
	


with what operations Bostik South owned?


	


19
	


A.	 I know that it had the South Carolina operation,


	


20
	


but I don't know if it had any others that were in


	


21
	


Bostik's -- in the subsidiary called Bostik South at


	


22
	


that time.


	


23
	


Q.	 So I take it that means that when Bostik South


	


24
	


was -- when the Bostik South assets were sold in 1980


	


25
	


to Bengal, you don't know if all the Bostik South, Inc.
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1
	


1977 operations were included in that sale or not?


2
	


A.	 That's correct.	 I do not know that.


3
	


MR. O'CONNOR:	 That's all I have, your Honor.


4
	


THE COURT: Thank you, Mr. O'Connor.


5
	


Mr. Nugent?


6
	


MR. NUGENT:	 I have a few questions, your Honor.


7
	


Can we have Exhibit 217 again, please.


8
	


THE COURT: Yes.


9
	


CROSS-EXAMINATION BY MR. NUGENT 


10
	


Q.	 Good morning, Mr. Cattaneo. My name is Mark


11
	


Nugent.


12
	


A.	 Good morning.


13
	


Q.	 Referring to the same Exhibit 217, I'm going to


14
	


draw your attention to 1987. It says USM Corp changed


15
	


its name to Emhart Enterprises Corp, merged into Emhart


16
	


Industries; is that correct?


17
	


A.	 Yes.


18
	


Q.	 It was your testimony yesterday that in 1987


19
	


Emhart purchased or assumed the liability and assets of


20
	


USM in that transaction?


21
	


A.	 As a result of the second part of that


22
	


transaction, the merger. As a result of the merger of


23
	


what was USM Corporation into Emhart Industries, Inc.,


24
	


Emhart Industries, Inc. would become responsible for


25
	


all of the liabilities of USM Corporation.
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1
	


Q.	 Was that the link between Emhart and the


2
	


Centredale site in that 1987 transaction?


3
	


A.	 Yes.


4
	


Q.	 So that was the first time that Emhart had assumed


5
	


any liability for the pollution or contamination at the


6
	


Centredale site; is that correct?


	


7
	


A.	 That's correct.


	


8
	


Q.	 So prior to 1987, before that transaction, Emhart


	


9
	


had not assumed any liability for any pollution or


	


10
	


contamination at the Centredale site, isn't that true?


	


11
	


A.	 That's correct.


	


12
	


Q.	 So in 1984, Emhart had no liability for the


	


13
	


assets -- strike that, the pollution and contamination


	


14
	


at the Centredale site?


	


15
	


A.	 Correct.


	


16
	


MR. NUGENT:	 That's all I have.	 Thank you.


	


17
	


THE COURT: Thank you, Mr. Nugent.


	


18
	


Mr. Pirozzolo, redirect?


	


19
	


MR. PIROZZOLO: Yes, your Honor.


	


20
	


REDIRECT EXAMINATION BY MR. PIROZZOLO 


	21
	


Q.	 Mr. Cattaneo, would you need to know anything in


	


22
	


detail about insurance law to know whether insurance


	


23
	


policies were transferred as part of an asset sale?


	


24
	


A.	 No.


	


25
	


MR. NATHANSON: Objection.
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THE COURT: Overruled.


Q.	 You said that you reviewed the Bengal agreement in


the year 2000. Your deposition was in the year 2006?


A.	 Yes.


Q.	 Between the time you reviewed the agreement and


the year 2000 and the time that it was presented to you


by counsel for the defendants at your deposition, had


you reviewed the agreement?


A.	 No.


Q.	 And at the deposition, did you have an opportunity


to read the agreement thoroughly and consider all of


its provisions?


A.	 No.


Q.
	 Subsequent to the deposition, did you do that?


A.	 Yes.


Q.	 And is it subsequent to that that you arrived at


the conclusions that you've testified to this morning?


A.	 Yes.


Q.
	 You said that you had learned something about


executory contracts since the deposition. Could you


explain how?


A.	 How I learned that?


Q.	 Yes.


A.	 I spoke to our counsel, which was either you or


Mr. Binder, about the law regarding insurance contracts
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as being executory.


Q.	 Thank you. Can I ask you to turn to page three of


the agreement.


A.	 It's not on my screen, but I have the paper copy.


Q.	 There is a provision that begins with the words


"specifically excluding" under paragraph two?


A.	 Yes.	 I see it.


Q.	 Just to put it in context, Section 3 begins with


the words "business and assets to be transferred,


instruments of transfer, agreements not assigned"?


A.	 Yes.


Q.
	 Okay. And Part A says "purchased assets"?


A.	 Yes.


Q.	 Purchased assets. And two falls under A, and this


phrase that begins "specifically excluding" is in part


two?


A.	 Yes.


Q.	 Could you read that clause that begins with


"specifically excluding" to the Court and jury.


A.	 It says "Specifically excluding the business,


properties and assets of Bostik South including,


without limitation, the machinery and equipment to be


retained by seller listed on Exhibit C related to the


manufacture and sale of adhesives and coatings, the


categories of which products are described in Exhibit
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D."


Q.
	 And did that business property, machinery and


products relate to other business of Bostik South?


A.	 Yes, by its terms.


MR. NATHANSON: Objection.


THE COURT: Sustained. The document speaks for


itself on this point.


MR. PIROZZOLO: Thank you. I have no further


questions.


THE COURT: Is there any recross?


MR. NUGENT:	 I have a couple of questions on


that, your Honor.


RECROSS-EXAMINATION BY MR. NUGENT 


Q.	 Mr. Cattaneo, you just pointed out a section


called "specifically excluding" in that contract; is


that correct?


A.	 Yes.


Q.
	 And as corporate counsel for Black & Decker, when


a contract excludes something, that's an important part


of that contract, isn't it?


A.	 Yes.


Q.	 And Black & Decker relies upon the term exclusion


as a significant agreement in that contract, isn't that


true?


A.	 Sure.
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Q.	 In fact, Black & Decker relies upon the terms of


that contract including the exclusion for that


transaction, the purchase and sale?


A.	 Yes.


MR. NUGENT: Thank you.


THE COURT: All right.	 Thank you. All right.


Mr. Cattaneo, I think your testimony is complete. You


may step down. Thank you very much.


THE WITNESS: Thank you, your Honor.


THE COURT: Mr. Pirozzolo, would you call your


next witness, please.


MR. PIROZZOLO:	 I'm sorry?


THE COURT: Would you call your next witness,


please. 


MR. PIROZZOLO: We were going to publish the


insurance policies to the Court and jury.


THE COURT: Yes. Thank you for reminding me.


Ladies and gentlemen, you recall yesterday I


admitted all of the insurance policies as full


exhibits, Exhibits 1, 2, 2A, 3, 4, 5 and 6, plaintiff's


exhibits.	 I'm now going to have counsel publish the


provisions of those agreements to you, that means show


them to you on the screen. So Mr. Pirozzolo will do


that.	 He's not testifying. 	 He's simply pointing out


to you what policy it is and what provisions he wants
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1
	


to draw your attention to, and then defense counsel


2
	


will be able to do the same for any additional


3
	


provisions they want to draw your attention to. This


4
	


is just to help you understand the exhibits and the


	


5
	


policies.


	


6
	


Go ahead, Mr. Pirozzolo.


	


7
	


MR. PIROZZOLO: May we have Exhibit 2. I would


	


8
	


invite the jury's attention to this provision or this


	


9
	


statement, to this statement, and to this line.


	


10
	


THE COURT: Okay. Thank you.


	


11
	


MR. PIROZZOLO:	 Is that procedure satisfactory,


	


12
	


your Honor?


	


13
	


THE COURT: Yes.	 I just want to be clear, since


	


14
	


we're using terms, this is what we've been referring to


	


15
	


as the Century primary policy; is that correct?


	


16
	


MR. PIROZZOLO:	 It is, your Honor.


	


17
	


THE COURT: All right.	 So you've heard


	


18
	


reference to the Century primary policy that is Exhibit


	


19
	


2. Counsel is drawing your attention to those sections


	


20
	


indicated.	 All right.	 Go ahead.


	


21
	


MR. PIROZZOLO: Thank you, your Honor. May we


	


22
	


have the next page. I would draw the attention of the


	


23
	


Court and jury to this section. And particularly to


	


24
	


this and this number and these words.


	


25
	


THE COURT: Okay. Thank you.
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1
	


MR. PIROZZOLO: Thank you. May we have the next


2
	


page. Can we have the next page. May we point out


3
	


this provision. Proceed to the next page, please.


4
	


This is 482, I point out this provision. 	 Thank you.


5
	


Then page 483, I point out this section. Can we have a


	


6
	


little more of that section. Thank you.


	


7
	


That's all that I would be inviting the jury's


	


8
	


attention to in Plaintiff's Exhibit 2.	 Does the Court


	


9
	


want the defendant to point out any --


	


10
	


THE COURT: Yes.	 I'd like them to pick up


	


11
	


Exhibit 2 at this time as well. 	 Let's do it one


	


12
	


document at a time.


	


13
	


MR. NATHANSON: Nothing extra to point out at


	


14
	


this time, your Honor.


	


15
	


THE COURT: All right.	 Mr. O'Connor?


	


16
	


MR. O'CONNOR:	 No, your Honor.


	


17
	


THE COURT: Mr. Nugent?


	


18
	


MR. NUGENT:	 No, your Honor.


	


19
	


MR. PIROZZOLO: May we have Exhibit 1. May I


	


20
	


say, your Honor, this is the Century excess policy.


	


21
	


THE COURT: Yes.


	


22
	


MR. PIROZZOLO: Thank you. 	 I would ask to point


	


23
	


out this block and particularly this, this, this, this


	


24
	


line, and this section.	 Thank you.


	


25
	


Can we go to the next page. Ask that you point
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out this section.	 I'm inviting attention to the line


that takes two columns and then the left-hand of text,


text on the left-hand.


THE COURT: Can that be made larger?


MR. PIROZZOLO: The problem is the length of the


first line, your Honor.


THE COURT: Go ahead.


MR. PIROZZOLO: May we have the next one, which


is page 165. Actually, can we have, before 165, page


162.


I would invite attention to that line, the line


that reads Endorsement number 5.


Can we now go to 165. Point out this section


and particularly this line.	 I'm sorry.	 This line.


And then this section. And then can we point out this.


THE COURT: Okay.


MR. PIROZZOLO: That's all I have from that


policy. Do the defendants have anything?


THE COURT: That was the Century excess policy.


Mr. Nathanson?


MR. NATHANSON: No additions at this time, your


Honor. 


THE COURT: Thank you. I assume the others


don't have anything.


MR. O'CONNOR: That's correct, your Honor.
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MR. PIROZZOLO: May we go down to Exhibit 3.


THE COURT: Before you get to that, did that


cover 2A as well or have you not done 2A yet?


MR. PIROZZOLO: Those are the portions of 2 that


became 2A that I covered. There's no separate 2A at


this time.


THE COURT: I wanted to cover that so the jury


is not confused. Century excess policy is Exhibit 1.


The Century primary policy is Exhibit 1. Now we're


moving on to the next policy. You may describe it.


MR. PIROZZOLO: We will at some time ask, with


the Court's permission, to assemble a paper exhibit of


pages that are pertinent.


THE COURT: Yes. We'll talk about that later.


Go ahead.


MR. PIROZZOLO: Thank you, your Honor. We point


out this and this.	 Particularly that.	 And this, and


this, and this.


THE COURT: All right.


MR. PIROZZOLO: I have nothing further from that


policy. 


THE COURT: Mr. O'Connor?


MR. O'CONNOR:	 Nothing, your Honor.


THE COURT: Then that is Exhibit 3, and that's


the Employers Surplus Lines policy, the OneBeacon
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policy.	 All right.	 Next.


MR. PIROZZOLO: Exhibit 4 is the INA policy that


has the number 64674. I would point out this. I have


nothing further from that policy, your Honor.


THE COURT: Okay. This is the -- describe which


policy this is again.


MR. PIROZZOLO: This is the disputed policy.


This is the policy as to which OneBeacon claims it was


incorporated in its policy by mistake.


THE COURT: So Mr. O'Connor, do you wish to


point anything out on this?


MR. O'CONNOR:	 No, your Honor.


THE COURT: And the other counsel, I assume not.


Okay. Thank you.


MR. PIROZZOLO:	 Next is Exhibit 5. This is the


North River policy. Point out this.	 If we could go to


page 1073, which is the next page, point out this.


Thank you. Can we go to page 1074. Point out


this portion.


Go to page 1082, point out this. Point out this


line.	 Point out this line from here to here. This as


well.


THE COURT: Okay.


MR. PIROZZOLO: Go on to page 1084. Can we


point out this section.
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THE COURT: Okay.


MR. PIROZZOLO: Go on to 1085. 	 Point out this,


this and this. Then could we go over to the next


column.


THE COURT: Okay.


MR. PIROZZOLO: There are no other provisions of


the North River policy that I will be pointing to.


THE COURT: All right. Counsel for North River


wish to draw attention to --


MR. HARDING: Yes, your Honor.


THE COURT: Go ahead.


MR. HARDING: Go back to Exhibit 5 again.	 If we


could bring up page 1084.


THE COURT: Doesn't matter which of you does it.


MR. HARDING:	 I'd like to draw the jury's


attention to the end of Section 4 of that page through


the end of paragraph A. And then if we could go to


page 1101 and highlight this section.


That's all I have. Thank you very much.


THE COURT: Thank you. All right.


Mr. Pirozzolo? I think you still have Exhibit 6 to go.


MR. PIROZZOLO:	 I don't think there's need to --


it may be confusing. Maybe --


THE COURT: What is Exhibit 6?


MR. PIROZZOLO:	 I wasn't going to invite the
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jury's attention to any particular provisions of


Exhibit 6, because I think it's clear that's just the


Aetna underlying policy in 1984.


THE COURT:	 All right.	 Fine.


MR. PIROZZOLO: Thank you.


THE COURT: Okay. That agreement is, the Aetna


agreement is just an exhibit to provide you, ladies and


gentlemen, with the context of where the North River


policy fits in the scheme of -- overall scheme of


insurance coverage, and, obviously, Aetna is not a


defendant and the Aetna policy is not an issue before


you.


All right. Very well. Then are you ready to


call your next witness?


MR. PIROZZOLO: Yes, I am. 	 Mr. Buonanno,


please. 


MR. NATHANSON: Just going to reshuffle lawyers.


THE COURT: Sure.


While we're doing this, let's have counsel come


up to the bench for a moment.


(Side-bar conference.)


THE COURT: Sure. I just don't want to waste


any time. There is an issue I have on my list about


Exhibit 306, Defendant's Exhibit 306, which was


referred to in openings that you need to get marked for
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1
	


identification.	 Is there anything else you need to do


2
	


with that or is that --


3
	


MR. NUGENT: What is 306?


4
	


THE COURT: I'm not sure. You gave me a copy of


	


5
	


it. That just needs to be marked for identification.


	


6
	


Is that all? Is that it?


	


7
	


MR. O'CONNOR:	 Isn't the designation of it


	


8
	


Defendant's 306 already marked for identification?


	


9
	


THE COURT:	 I think so.	 I just didn't know if


	


10
	


you needed to do anything else with it.


	


11
	


MR. O'CONNOR:	 No.	 That's it.


	


12
	


THE COURT: I just wanted to bring up with you,


	


13
	


you mentioned that you're going to be putting


	


14
	


together -- Anne, we can go off the record on this.


	


15
	


(Discussion off the record.)


	


16
	


(End of side-bar conference.)


	


17
	


THE COURT: All right.	 Mr. Buonanno, would you


	


18
	


please stand and be sworn in by the clerk.


	


19
	


JOSEPH BUONANNO, first having been duly sworn,


	


20
	


testified as follows:


	


21
	


THE CLERK: Please state your name and spell


	


22
	


your last name for the record.


	


23
	


THE WITNESS: Joseph Buonanno, Jr.,


	


24
	


B-U-O-N-A-N-N-O.


	


25
	


THE COURT: You may inquire, Mr. Pirozzolo.
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MR. PIROZZOLO: Thank you, your Honor.


DIRECT EXAMINATION BY MR. PIROZZOLO 


Q.	 Mr. Buonanno, would you once again state your name


and address.


A.	 Joseph Buonanno, Jr., 681 Main Street, Wakefield,


Rhode Island.


Q.	 And Mr. Buonanno, at some point in time, did you


have anything to do with a company known as


Metro-Atlantic?


A.	 Yes, I did.


Q.
	 And did your family have anything to do with that


company?


A.	 Yes, they did.


Q.	 And would you please tell the Court and jury what


your family had to do with the company known as


Metro-Atlantic.


A.	 My father started the company under a different


name.	 I guess in the late '40's.


Q.
	 What was the name when your father started the


company?


A.	 Atlantic Chemical Company.


Q.	 Do you remember approximately what date it was


started?


A.	 No, I don't.	 No.


Q.
	 And at some point in time, did the name of the
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company change?


A.	 Yes, it did.


Q.	 And what was the name changed to?


A.	 Metro-Atlantic.


Q.	 Now, at some time, did you actually work for the


company?


A.	 Yes, I did.


Q.	 When did you start working for the company?


A.	 About 1953, I guess.


Q.	 And how old were you at that time? How old are


you now?


A.	 Sixty-eight.


Q.	 Sixty-eight now? Which means you were born in


1939?


A.	 '38.


Q.
	 '38.	 I stand corrected. And you started working


in, was it in the 1950's?


A.	 Yes.


Q.	 So you were a teenager at that time?


A.	 Yes.


Q.	 Okay. And what type of work did you do as a


teenager at that time?


A.	 Everything from unloading trucks to washing


beakers in the lab.


Q.	 And in the course of your work, did you have the 







52


	


1
	


occasion to go to various places in the plant?


2
	


A.	 Yes.


3
	


Q.	 And so are you familiar with the look of the


4
	


plant, the facilities and what was there?


	


5
	


A.	 Yes.


6
	


Q.	 Now, subsequent to the time you worked there as a


	


7
	


teenager, did you work for the company?


	


8
	


A.	 I'm sorry?


	


9
	


Q.	 After your teenage years when you were doing kind


	


10
	


of manual labor, did you then work for the company?


	


11
	


A.	 Yes.


	


12
	


Q.	 What did you do subsequently?


	


13
	


A.	 Later on, I got into sales.


	


14
	


Q.	 I'm sorry?


	


15
	


A.	 Into sales.	 I was a salesman.


	


16
	


Q.	 And for how long did you work for Metro-Atlantic?


	


17
	


A.	 Right through until it merged with Crown,


	


18
	


Crown-Metro.


	


19
	


Q.	 Was that around 1968?


	


20
	


A.	 Yes.


	


21
	


Q.	 Thank you.


	


22
	


MR. PIROZZOLO: May I have just a moment. May I


	


23
	


ask that Exhibit 100 be shown to the witness.


	


24
	


THE COURT: Okay. Plaintiff's 100?


	


25
	


MR. PIROZZOLO:	 Plaintiff's 100.
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Q.	 Mr. Buonanno, Plaintiff's Exhibit 100 is before


you. Do you see the picture there?


A.	 Yes.


Q.	 Is that a fair representation of the


Metro-Atlantic plant?


A.	 Yes.


Q.	 And that was located at Centredale?


A.	 Yes.


MR. PIROZZOLO:	 I would offer Exhibit 100, your


Honor. 


THE COURT: Any objection?


MR. O'CONNOR:	 No, your Honor.


MR. NUGENT:	 No, your Honor.


MR. HARDING:	 No objection.


THE COURT:	 All right.	 Exhibit 100 will be


admitted in full.


(Plaintiff's Exhibit 100 marked full.)


THE COURT: That's the entire document you're


referring to, correct?


MR. PIROZZOLO: Yes, your Honor.


THE COURT: All right.


THE JUROR: I was just wondering is the jury


allowed to view the document that the witness is


viewing?


THE COURT: Once a document is admitted into 
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1
	


evidence, it will then be shown to you on the screen.


2
	


THE JUROR: Thank you.


3
	


THE COURT: By the way, I neglected to ask any


4
	


of you if you had questions for Mr. Cattaneo. Did any


5
	


of you write out questions? Would you submit that up


6
	


to the clerk, please. That's my fault and it's because


7
	


I've never done this before. I have to get used to my


8
	


new procedure.


	


9
	


MR. PIROZZOLO: Your Honor, Mr. Cattaneo is


	


10
	


still here so no harm is done.


	


11
	


THE COURT: Let's have counsel come up to the


	


12
	


side bar.	 Mr. Nathanson, would you come up, please.


	


13
	


(Side-bar conference.)


	


14
	


THE COURT: The question from the juror is were


	


15
	


there any liens against Emhart by the federal


	


16
	


Government. To tell you the truth, I have no idea.


	


17
	


MR. PIROZZOLO: I have no idea what that has to


	


18
	


do with Cattaneo or what the case is about.


	


19
	


THE COURT: Okay.


	


20
	


MR. NATHANSON:	 I don't object. Doesn't seem


	


21
	


relevant to me.


	


22
	


MR. O'CONNOR: I assume it meant some kind of


	


23
	


environmental lien.


	


24
	


THE COURT: Well, I'm not going to allow the


	


25
	


question because I can't imagine what relevance it has.
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1
	


We're simply going to tell the juror that what I


2
	


perceive, what I described at the beginning of trial if


3
	


the question is not a permissible question. 	 Leave it


4
	


at that.


	


5
	


MR. NUGENT: When we get on the record --


	


6
	


THE COURT: We're on the record.


	


7
	


MR. NUGENT:	 I didn't look at the screen.	 I had


	


8
	


no objection to, as you said, the entire document, but


	


9
	


then I looked at the screen. They're showing the whole


	


10
	


document. They covered the document.


	


11
	


MR. PIROZZOLO:	 I was going to inquire about


	


12
	


that. When your Honor asked about the whole document,


	


13
	


I don't think we were necessarily going to show the


	


14
	


whole document to the jury at this time.


	


15
	


THE COURT: The reason I asked the question was


	


16
	


there's a lot of written material in that document.


	


17
	


But you didn't object so -- is that because of what you


	


18
	


were viewing on the screen?


	


19
	


MR. NUGENT: We had our own screen. I was


	


20
	


looking at the flat exhibit on my screen and their


	


21
	


screen is a cropped version.


	


22
	


THE COURT:	 I'll allow the picture. They're


	


23
	


going to object to the rest of it. 	 I'm going to


	


24
	


sustain their objection. We can hear argument on that.


	


25
	


It's an article, still hearsay.
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MR. PIROZZOLO:	 It's published matter of that


age is admissible.


THE COURT: Depends what part of it. I haven't


read the document. There's all sorts of stuff in


there. You can draw that information out from this


witness, whatever historical information. Maybe some


of it is admissible, but I'm not just going to


wholesale admit the document.	 I haven't read it.	 I


don't know what's in there. Could be anything in


there.


MR. PIROZZOLO:	 It gives the -- benign article


of the industry.


THE COURT: The question you asked him was for


the picture. That's what you asked for him originally.


That's what you questioned him about. If you want to


get the rest of the document in, you'll have to spend


some more time on it. We'll see.


(End of side-bar conference.)


THE COURT: With respect to the question,


consistent with the procedure I outlined to you at the


beginning of the trial, I'm not going to allow that


question, I'm not going to explain why I'm not allowing


questions and I don't want any of you to be discouraged


from exercising your privilege to ask questions. So


let that be.
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1
	


Now, an objection has been asserted to the last


2
	


document and I allowed the objection and heard it in


3
	


light of the fact that what appeared on defense


4
	


counsel's screen was not the entire document. So in


5
	


light of that objection, I'm going to sustain the


6
	


objection at this point.	 If you wish to inquire


	


7
	


further on this exhibit, then we'll see what happens.


	


8
	


MR. PIROZZOLO: Your Honor, may the picture be


	


9
	


published to the jury at this time?


	


10
	


THE COURT: Yes. The picture, I'll admit the


	


11
	


picture, if you wish, as a separate exhibit. 	 We'll


	


12
	


call it 100A, and that can be published to the jury.


	


13
	


MR. PIROZZOLO: Thank you, your Honor.


	


14
	


(Plaintiff's Exhibit 100A marked full.)


	


15
	


THE COURT: We are definitely trying out every


	


16
	


technological capability of this courtroom, ladies and


	


17
	


gentlemen.	 Go ahead, Mr. Pirozzolo.


	


18
	


MR. PIROZZOLO: May we now have Exhibit 136.


	


19
	


THE COURT:	 Is this a stipulated exhibit?


	


20
	


MR. PIROZZOLO:	 I'm sorry?


	


21
	


THE COURT:	 Is this exhibit stipulated to?


	


22
	


MR. O'CONNOR:	 No, it's not, your Honor.


	


23
	


THE COURT: All right.	 Let's not show anything


	


24
	


to the jury.


	


25
	


MR. PIROZZOLO:	 I'm not.
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THE COURT: Very well.


BY MR. PIROZZOLO: 	(Continuing)


Q.	 Mr. Buonanno, can you see this all right?


A.	 Yes.


Q.	 Could you tell the Court and jury what that is?


A.	 It's a schematic of the land and the buildings at


Crown-Metro.


Q.	 Is that something that you've previously put some


marks on?


A.	 Yes.


Q.	 I'm going to show you another piece of paper. Is


this a counterpart of the smaller one that I just gave


you?


A.	 Yes.


Q.	 And is that the actual document that you put marks


on?


A.	 Yes.


Q.	 And is that a -- do you recognize that as a map or


a plan of the area where Metro-Atlantic was located?


A.	 Yes.


Q.	 And in your deposition, were you asked to locate


various portions of buildings and facilities on that


site?


A.	 Yes.


Q.
	 And did you do so?
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A.	 Yes.


Q.	 And are you able to, using that map, show the


Court and jury what appears, what was on the site at


the time you worked for Metro-Atlantic?


A.	 Yes, I think so.


Q.
	 Okay.	 Is this large board a fair -- is this large


board a copy of the map that you marked?


A.	 Yes.


MR. PIROZZOLO:	 I would offer this, your Honor.


THE COURT: Any objection?


MR. NUGENT: Your Honor, can we have a time


frame? Is it an accurate depiction as to when you


worked there?


THE WITNESS: Yes.


MR. NUGENT: What time?


Q.	 During what time did you work for Metro-Atlantic?


A.	 From the middle '50's, early '50's to retirement.


Moved from Centredale to Providence.


Q.	 That was around 1968?


A.	 Yes. There are a few changes from the '40's to


the '60's.	 But this is basically


Q.	 Using this map, are you able to show what those


changes were?


A.	 Yes.


MR. PIROZZOLO: May we show the board?
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THE COURT: Is there any objection?


MR. O'CONNOR: No objection, your Honor.


MR. NUGENT:	 No objection, your Honor.


MR. HARDING: No objection, your Honor.


THE COURT: Very well then. 	 Plaintiff's 136 may


be admitted in full. You may publish it to the jury


using the copy on the easel.


(Plaintiff's Exhibit 136 marked full.)


MR. PIROZZOLO: May I inquire whether that can


be seen?


THE COURT: I see nods.


MR. PIROZZOLO: Should I move it closer?


THE COURT: You sure can, if you wish.


MR. NUGENT:	 Is that in front of the witness?


THE COURT: We'll see how it goes. What are you


intending to do here?


MR. PIROZZOLO:	 I'd like the witness to explain


where the different buildings were.


THE COURT: You want him to come out and explain


it? 


MR. PIROZZOLO:	 I think so.


THE COURT: Counsel has a right to see that. So


move it over here somewhere where counsel and the jury


can see it.


Can you walk around there, Mr. Buonanno.
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THE COURT:	 Mr. Pirozzolo, I really don't like


the way this is working.	 I can't see that.	 Is this


screen hooked up? Let's use the screen and have him


point things out on the screen, then it will be


displayed on the large screen.


All right.	 Now, Mr. Buonanno, you can point to


things by touching the screen that's in front of you,


and it will show up on all the screens.


THE WITNESS: Thank you, your Honor.


BY MR. PIROZZOLO: 	(Continuing)


Q.
	 Mr. Buonanno, can you point out or show the


location on the -- first of all, we need the whole


thing.


Mr. Buonanno, what is this road here?


A.	 That is Smith Street, if I remember correctly. 	 I


can't see the map too clearly but --


Q.
	 Do you want the paper map?


A.	 Smith Street, yes.


Q.
	 Okay. And what is the area between the arrows?


A.	 That would be Woonasquatucket River? I can't tell


quite --


Q.	 Would this be the Woonasquatucket River?


A.	 Yes.


Q.	 And what is this?


A.	 That is not part of our property.
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Q.	 What is this?


MR. PIROZZOLO: Your Honor, I'm having trouble


figuring out how to do this.	 I'm sorry.	 I apologize.


THE WITNESS:	 It's kind of hard to see this.


Q.	 Could you on the screen show us where Smith Street


is?


A.	 Over here.


MR. PIROZZOLO: Does that work, your Honor?


THE COURT: Yes.


Q.	 Could you on the screen show us where the


Woonasquatucket River is?


A.	 Here.


Q.	 Could you on the screen show us the location of


the tailrace?


A.	 Right along here.


Q.	 And what is -- do you have an understanding of


what the tailrace was?


A.	 Yes.


Q.
	 What was it?


A.	 It was used to power the water wheel, which


there's no -- it's been around since the early 1800's,


and it had a water wheel for power.


Q.	 Did you, in fact, ever see the water wheel?


A.	 No.	 But the base of it was still in the mill.


Q.
	 The remains of the water wheel?
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A.	 Yes.


Q.	 And did Metro-Atlantic ever use the water wheel?


A.	 No.


Q.	 If we go, could you point out where what's called


the headrace is? Is it the part to the north of the


building, the headrace?


A.	 I think it would be up in here.


Q.	 Okay. Thank you. Could I ask you to outline the


location of the Metro-Atlantic buildings as they were


in the late '50's and early '60's.


THE COURT: Could you enlarge that portion of


the site that includes the buildings? Thank you.


Q.	 Was there a single building or more than one


building?


A.	 More than one building.


Q.	 What was the relationship of the buildings to each


other?


A.	 They were connected.


Q.	 So could you walk from one building to another


without going outside?


A.	 Most of them, yeah. Except for the new building


that was put up.


Q.	 The buildings you've just outlined --


A.	 Yes.


Q.	 - are those the ones that were all connected and
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1
	


that you could walk from one to another?


2
	


A.	 Yes.


3
	


Q.	 Now, you mentioned a new building. Could you


4
	


point out where the new building is?


5
	


A.	 There.


	


6
	


Q.	 And when approximately was that building built?


	


7
	


A.	 I think '60's.


	


8
	


Q.	 Okay. And what was that building used for?


	


9
	


A.	 For making hexachlorophene.


	


10
	


Q.	 What's hexachlorophene?


	


11
	


A.	 It's an ingredient that goes --


	


12
	


MR. O'CONNOR:	 Objection, your Honor.


	


13
	


Foundation.


	


14
	


THE COURT: Sustained. You need to ask him how


	


15
	


he knows.


	


16
	


Q.	 Do you -- did you have any knowledge concerning


	


17
	


the substance that was manufactured in that building?


	


18
	


A.	 It was used in soap, particularly pHisoHex.


	


19
	


Q.	 And do you know what substance was used to make


	


20
	


the material that was made in that building?


	


21
	


A.	 I'm not sure.


	


22
	


Q.	 Could you describe the original buildings that


	


23
	


you've outlined as connected buildings?


	


24
	


A.	 They had offices, the laboratories, the


	


25
	


manufacturing sections, the shipping. That's about it.
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Q.	 Was there manufacturing in those buildings?


A.	 Yes.


Q.	 And what type of manufacturing was that?


A.	 Textile chemicals.


Q.	 Now, Mr. Buonanno, you worked for a period of time


as a salesman for Metro-Atlantic?


A.	 Yes.


Q.	 And did you sell those products?


A.	 Yes.


Q.	 And did you know what the products were?


A.	 Yes.


Q.	 Going back to the new building, did you sell the


products made by that building?


A.	 No.


Q.	 Did you sell other products?


A.	 Yes.


Q.	 And were they made in the larger building?


A.	 Yes.


Q.	 Before we leave the map, are you familiar with an


operation known as New England Container?


A.	 Yes.


Q.	 Are there buildings that were used by New England


Container illustrated on this plan?


A.	 Yes.


Q.
	 Could you indicate where those were?
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1
	


A.	 Right here.


2
	


MR. PIROZZOLO: Can this be printed, your Honor?


3
	


THE COURT: You want what's on the screen


4
	


printed?


	


5
	


MR. PIROZZOLO: What's on the screen.


	


6
	


THE COURT: We're going to do that. 	 Don't touch


	


7
	


anything. Just write NCC next to the part you


	


8
	


indicated was New England Container, or NEC or just


	


9
	


write out NEC next to that.


	


10
	


THE WITNESS: How do you do that?


	


11
	


THE COURT:	 Using your finger.	 Never mind.	 It


	


12
	


doesn't look like it's working. Just go ahead and


	


13
	


print that out as it is.	 All right.	 We're printing


	


14
	


that out.	 That will be 136A.


	


15
	


MR. PIROZZOLO: Yes, your Honor.


	


16
	


THE COURT: Go ahead.


	


17
	


(Plaintiff's Exhibit 136A marked full.)


	


18
	


Q.	 Mr. Buonanno, could you describe the type of


	


19
	


products that Metro-Atlantic made and that you sold?


	


20
	


A.	 Well, there was quite a number.


	


21
	


Q.	 Could I show you Plaintiff's Exhibit 104 and see


	


22
	


if that refreshes your recollection.


	


23
	


THE COURT: He didn't fail to recall yet so take


	


24
	


the exhibit back from him. Go ahead and answer the


	


25
	


question.
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1
	


A.	 We sold defoamers, softeners, fire retardants,


2
	


water repellants, dye fixatives. All basically that


3
	


type of chemical.


4
	


Q.	 What were they used for?


5
	


A.	 They were used for finishing cloths. Also had


	


6
	


resins.	 I'm sorry.	 Forgot that one.


	


7
	


Softener would be a piece of cloth for the


	


8
	


hands. Defoamers was to keep foam down while you were


	


9
	


finishing the cloths so spots wouldn't get on the


	


10
	


fabric.	 Fire retardant, as it says, used in kids'


	


11
	


pajamas and things like that when they had that big


	


12
	


problem.	 Water repellants.


	


13
	


Resins were used for cloths for the boys for


	


14
	


nice soft hands, and for the crinolines the girls used


	


15
	


to wear in the '50's, something very stiff.


	


16
	


Q.	 And from time to time, were you at the plant?


	


17
	


A.	 Yes.


	


18
	


Q.	 Could you describe the way the plant was kept in


	


19
	


terms of cleanliness?


	


20
	


A.	 It was always washed down. You had to make sure


	


21
	


it was always washed down so there was no contamination


	


22
	


from one product to another.


	


23
	


Q.	 And when the plant was washed down, how was the


	


24
	


wash water disposed of?


	


25
	


A.	 Into the sewer.
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MR. O'CONNOR:	 Objection, your Honor.


THE COURT: Sorry?


MR. O'CONNOR:	 Objection.	 Foundation.


THE COURT: Overruled.


A.	 It was washed down into the sewer, and the sewer


to the municipal sewerage.


Q.	 Could you describe how the plant looked and how it


would be washed?


A.	 Well, the tanks would be washed down, the floors


would be washed down, and all that water would go into


the sewer line and out to the municipal sewer.


Q.	 Now, you said tanks. The plant was a chemical


plant?


A.	 Correct.


Q.	 And these tanks had something to do with making


products?


A.	 Yes.


Q.
	 Could you tell us what the tanks consisted of or


vessels consisted of?


A.	 Well, they were mostly -- well, they were iron,


steel and glass. They were anywhere from 400 gallons


to 3,000 gallons.


MR. O'CONNOR: Your Honor, can we get some


clarification as to which buildings we're talking about


here?
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THE COURT: Yes. You can narrow this down. I


think that will be appropriate.


Q.	 Were those tanks in the -- we call the connected


buildings the main building?


A.	 Yes.	 In the connected buildings.


Q.	 Were those tanks that you've described in that set


of buildings?


A.	 Yes.


Q.
	 And what were the -- the tanks had different uses?


A.	 Some were just basic mixing tanks like a blender


or something, and the others are what are called


reactors, which were used for making resins.


Q.	 And when the cleaning or washing operation


occurred that you've described, was it those tanks that


were washed?


A.	 Yes.


Q.	 What would happen to the material that had been


mixed in the tanks before washing?


A.	 They were either put into drums or pumped into


tank trucks or storage tanks.


Q.	 And were those materials finished product?


A.	 Yes.


Q.
	 And did Metro-Atlantic do anything or take steps


to conserve its finished product?


MR. O'CONNOR: Objection, your Honor.
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Foundation.


THE COURT: Well, I'm not clear what you mean by


"conserve," so I'll sustain the objection. 	 But if you


could just be more clear about what you're asking, I


may allow it.


Q.	 What did Metro-Atlantic do with its finished


products?


A.	 It was put in 55-gallon drums or put into storage


tanks.


Q.	 Okay. And did it take steps to avoid losing any


of it?


A.	 Yes.


Q.
	 And what did it do?


A.	 Anywhere the -- well, we had valves and anywhere


that the tanks were -- the part that -- where the drain


was was inside the buildings, so if by any chance


something spilled, it would go into the sewer system.


Q.	 But as a general practice, did Metro-Atlantic keep


the finished product for sale?


A.	 Oh, absolutely.	 Yeah.


Q.
	 Why was that?


A.	 Well, it was a storage. We had it until the


customer needed something, and it was shipped to them


either in 18-wheelers or tank truck.


Q.	 This question is too obvious. Did the product
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have value?


A.	 Yes.


Q.	 And would that be a reason why you would make sure


you kept all the product?


A.	 Absolutely.


MR. O'CONNOR:	 Objection.


THE COURT: Overruled.


Q.	 Now, did Metro-Atlantic use raw materials to make


its products?


A.	 Yes.


Q.	 And did some of those raw materials come in liquid


form?


A.	 Yes.


Q.
	 And how did the raw materials come, what type of


storage or containers did they come in?


A.	 They were in 55-gallon drums. They also came in


bags, and those that came in the tank truck were put


into storage tanks.


Q.	 And did Metro-Atlantic take any steps to prevent


the loss of that kind of material?


A.	 Yes.


Q.
	 What did Metro-Atlantic do?


A.	 Well, we kept an eye on anything, make sure it


didn't leak. And we just made sure we didn't lose


anything.
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Q.
	 Why didn't you want to lose anything?


A.	 Because it's very expensive, some of the stuff was


$10 a pound.


Q.	 And with respect to solid material, non-liquid


material, what did you do to make sure that that didn't


spill or leak or that you lose any?


A.	 All of the stuff was put in an area where the


floors were cement and had drains. So if anything


spilled, it went on a floor that it wouldn't go


anywhere, except the drain.


Q.	 Did you have anything, as part of your


Metro-Atlantic's business practice, did it want to keep


all of these both solid and liquid material that it


bought?


A.	 Yes.


Q.	 Now, occasionally, did Metro-Atlantic run a


process and end up with material that was not up to


standard or off spec?


A.	 Yes.


Q.
	 What is off-spec material?


A.	 It's material that doesn't come up to the standard


of what that product is supposed to be.


Q.	 And would that mean that you couldn't sell it to


the customers that it was intended for?


A.	 As it was, yes.
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1
	


Q.	 As it was, you couldn't sell it?


2
	


A.	 On your question, no, we couldn't sell it.


3
	


Q.	 What did you do with off-spec material?


4
	


A.	 There were two things we could do with it. One,


5
	


if it wasn't too far off spec, we would add one or two


6
	


of the drums, maybe three, depending on how bad it was,


7
	


back into the product, a new batch, and it would be


8
	


incorporated back. And if it wasn't something we could


9
	


use, we'd sell it to reprocessors, people that buy


10
	


chemicals that are not up to the manufacturer's


11
	


specifications. They would buy it, and they would take


12
	


out whatever they could, whatever good stuff that was


13
	


in it they would take out and sell that.


14
	


Q.	 Was that done off the Metro-Atlantic site?


15
	


A.	 We'd like to say not too often.	 But yes, any time


16
	


that happened, it was either reworked or sold to


17
	


chemical people who reworked it themselves, trying to


18
	


get whatever good material out of it they could.


19
	


Q.	 My question is when you sold it to these people,


20
	


did they take it away?


21
	


A.	 Yes.


22
	


THE COURT: Let's stop now and take our morning


23
	


break.	 It's 11 o'clock.	 So ladies and gentlemen,


24
	


Charlie will show you into the jury room. There's some


25
	


snacks available for you. Remember my instructions
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that you're not to discuss the case at all prior to


deliberations.	 All right.


(Proceedings out of the presence of the jury as


follows:)


THE COURT: Anything that you wish to take up?


No? 


All right. On the Cleary deposition, I have one


question.	 There's an objection on page -- I think it's


page 70 to 71. There is some cross-designated


testimony by defendants, and Emhart is objecting on the


basis of relevance and hearsay.


Before I ruled on that, I wanted to give you an


opportunity to explain to me what this testimony -- why


you are seeking to introduce it. So who's designated


this testimony.


MR. O'CONNOR:	 Specifically, your Honor, which


parts are you talking about, both parts or the top


objection and the bottom objection?


THE COURT: I'm referring to the bottom of page


70 through most of page 71, that is it's indicated


there that Emhart has an objection on relevance and


hearsay grounds.


MR. NUGENT:	 My understanding, your Honor, is


that this witness was interviewed by a Ms. Gardener and


after that conversation, Ms. Gardener sent a letter
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1
	


back, a memo memorializing what was discussed between


2
	


this witness and Ms. Gardener. 	 I believe this is


3
	


designated by the defense as cross-examination, so to


4
	


speak.	 This is the plaintiff's witness, and we're


5
	


using this testimony as cross-examination.


6
	


THE COURT: Okay.	 I understand that. But first


7
	


of all, what's the relevance? Let's deal with that.


8
	


What is the relevance of this document or the


	


9
	


conversation or information that's in this section of


	


10
	


the testimony?


	


11
	


MR. HARDING: Your Honor, he describes in the


	


12
	


affidavit materials, and in the back and forth issues


	


13
	


with respect to the process that was used in connection


	


14
	


with the manufacturing at the site, and it goes


	


15
	


directly to some of the issues that experts are raising


	


16
	


in this case about the Cleary process and how it worked


	


17
	


and what the elements of it were. The main reason for


	


18
	


designating this was the marked section in which the


	


19
	


documents in which Cleary makes statements to the EPA


	


20
	


in an affidavit about the process that amplifies some


	


21
	


of the stuff in the record where he's asked about it.


	


22
	


So I certainly don't see any basis for a


	


23
	


relevance objection. It deals directly with the hex


	


24
	


manufacturing process that's at issue.


	


25
	


THE COURT: Then you've got the hearsay problem.
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1
	


This testimony seems to be introducing through Cleary a


	


2
	


letter to Cleary from Gardener, in which Gardener


	


3
	


attaches a memorandum written by Gardener after a


	


4
	


telephone call with Cleary?


	


5
	


MR. HARDING: Right. Then Mr. Cleary takes that


	


6
	


memorandum and marks it up making corrections in his


	


7
	


own handwriting as to -- to make it in his view an


	


8
	


accurate statement. So there are things from the


	


9
	


document as he got it from the EPA person that he then


	


10
	


changed, you know, and sent back to them and said


	


11
	


here's what needs to be changed to make this an


	


12
	


accurate description. So it's his own statements that


	


13
	


the declarant, in effect, he adopts -


	


14
	


THE COURT: That's what I'm asking you. Does he


	


15
	


adopt the Cleary memorandum with his own changes, and


	


16
	


that's clear in this deposition?


	


17
	


MR. HARDING:	 Right.	 I don't have it handy. We


	


18
	


can pull the exhibit and have your Honor read through


	


19
	


the exhibit.


	


20
	


THE COURT: Based on that, I'm going to overrule


	


21
	


that objection.


	


22
	


MR. BINDER:	 There's one clarification point.


	


23
	


We had no objection to the two memoranda, Exhibits 12


	


24
	


and 15, which we assembled together to create the


	


25
	


statement Mr. Cleary said was accurate. Our objection







77


	


1
	


was to these intermediate letters that have


	


2
	


transmittals back and forth and do not contain


	


3
	


Mr. Cleary's statement. What we objected to only as


	


4
	


hearsay is the letter from the EPA investigator saying


	


5
	


here is something, let me know if it's right or wrong.


	


6
	


We have no problem, though, with the actual statement


	


7
	


that she transmitted together with the document


	


8
	


prepared by Mr. Cleary where he marked what he believed


	


9
	


to be as that statement or to make it correct. So are


	


10
	


these other transmittal letters to which we object as


	


11
	


hearsay.


	


12
	


THE COURT: That seems fairly reasonable.


	


13
	


MR. NUGENT:	 That's fine.


	


14
	


THE COURT: So can you modify the designation so


	


15
	


that it accounts for that? You're just trying to get


	


16
	


in the adopted statement; is that right?


	


17
	


MR. HARDING: The other question we had, there's


	


18
	


multiple designations we discussed with the plaintiff.


	


19
	


Everyone was agreeable to have one person play


	


20
	


Mr. Cleary in terms of it being read in.	 Is it to be


	


21
	


read sequentially, you know, in the order that it's in


	


22
	


the deposition without regard to who designated it so


	


23
	


that there's, you know, a flow rather plaintiff reads


	


24
	


their designations and defendants read theirs?


	


25
	


THE COURT:	 I think it's your call, because it's
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1
	


being presented as their witness. So the question is


	2
	


how do you wish to present that aspect of the


	3
	


deposition, which is effectively cross-examination?


	4
	


MR. HARDING:	 We'll discuss it, and discuss it


	5
	


with Emhart.


	6
	


THE COURT: You can have it all read by one


	7
	


person, and I'll explain to the jury that this is


	8
	


comprehensive testimony that includes both direct and


	9
	


cross-examination. Or for effect, if you wish to give


	10
	


effect or emphasis by having a separate reader or


	11
	


separate questioner, I'll allow you to do that in order


	12
	


to draw those questions out. You let me know how you


	13
	


want to do it.


	14
	


I'm going to pass out a Xerox copy of what you


	15
	


gave me yesterday with just writing in now -- I'm


	16
	


writing "overruled" on this objection with respect to


	17
	


page 70 and 71 but subject to the understanding that we


	18
	


have just discussed.


	19
	


Where I've marked "S," the objection has been


	20
	


sustained, where I've marked "0," the objection is


	21
	


overruled.	 If you could just modify the reading


	22
	


accordingly. All right. Anything else? I'll see you


	23
	


in about 20 minutes.


	24
	


(Short recess.)


	25
	


(Proceedings in the presence of the jury as
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follows:)


THE COURT: Ready to proceed?


MR. PIROZZOLO: Yes, your Honor. Thank you.


THE COURT: Go ahead.


BY MR. PIROZZOLO: 	(Continuing)


Q.	 Mr. Buonanno, before the recess, I think we


covered finished products and raw materials?


A.	 Yes.


Q.	 So you had raw material delivered in barrels and


as dry material and pumped into tanks?


A.	 Pumped from tank trucks.


Q.	 And finished product -- did finished product


always end up in barrels?


A.	 Not always, no.


Q.
	 What other kind of finished products was there?


A.	 Some of them was pumped into tanks, and from there


they would be pumped into tank trucks.


Q.	 We covered, before the recess, off-spec material.


That off-spec material, how was that contained?


A.	 Off-spec was either reworked a couple of drums at


a time into good batches, or it was sold to chemical


companies who took off-spec materials and reworked them


and tried to salvage chemicals out of it.


Q.	 Okay. Now, when raw material was delivered in


barrels, where were the barrels kept?
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A.	 They were stored in the mill. They were separated


by class, and they were stored in the mill.


Q.	 What kind of floor did the mill have?


A.	 It had a, like an asphalt floor or cement floor, I


guess you'd say.


Q.	 And when raw materials came in bulk in tank


containers, how were they stored?


A.	 They were stored in storage tanks.


Q.
	 And where were those located?


A.	 On the property. Naturally, on the outside of the


building.


Q.	 Were barrels stored outside of the building?


A.	 No.


Q.	 When finished product was in barrels, where were


those finished barrels stored until shipment?


A.	 Various places in the mill and in the area where


the shipping department was.


Q.	 Now, you described the vessels inside the mill


building that were used for actually manufacturing --


A.	 Yes.


Q.	 - - material. And those vessels included reactors 


and mixers?


A.	 Correct.


Q.	 And were there other kinds of vessels?


A.	 Not really.
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1
	


Q.	 Okay. Were those -- how was raw material


2
	


introduced into those vessels?


3
	


A.	 They were either pumped in from storage tanks. If


4
	


it was a small amount, we had a system to pump out of


	


5
	


drums the amount that had to be used. They were put on


	


6
	


a scale, and the amount of chemical was supposed to be


	


7
	


in there, they'd watch the scale, when it got up to


	


8
	


that point, then they would cut it off.


	


9
	


Q.	 And when finish -- when a process finished, how


	


10
	


did the finished product leave the vessels?


	


11
	


A.	 They were joined into drums or they were pumped to


	


12
	


storage tanks.


	


13
	


Q.	 Now, were there procedures in place to conserve or


	


14
	


to prevent the loss of either raw materials or finished


	


15
	


product?


	


16
	


A.	 Well, it was just careful how they put it in. We


	


17
	


didn't have any special catch basin to catch the


	


18
	


chemicals, but we didn't get that kind of spill. We


	


19
	


have quick shut-offs if something were to happen, if


	


20
	


one of the drums that we had bought had a hole in it


	


21
	


that leaked, it would be shut off immediately.


	


22
	


Q.	 So did you take any steps to prevent the spilling


	


23
	


of either raw material or finished product or material


	


24
	


in process?


	


25
	


MR. O'CONNOR: Objection, your Honor.
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THE COURT: Sustained. He's answered that


question.	 Go ahead.


Q.	 Did Metro-Atlantic store any barrels outside?


A.	 No.


Q.	 Do you know what kind of businesses or


manufacturers were in the '50's and '60's upstream of


Metro-Atlantic on the Woonasquatucket River?


MR. NUGENT: Objection, your Honor.


THE COURT: Asking him if he knows. 	 Let's go


from there. Overruled.


A.	 There were at least two other mills, one Esmond


Finishing --


Q.	 The question is do you know.


A.	 Yes.	 I'm sorry.	 Yes.


Q.
	 How do you know?


A .	 They were our neighbors. They were just a couple


of miles away.


Q.	 Do you know what kind of businesses they were?


A.	 Yes.


Q.	 How do you know?


A.	 Because we sold to them.


Q.	 Okay. What type of businesses were they?


A.	 They were textile finishing companies.


Q.	 What is that?


A.	 That's people who finished cloth by dyeing them or
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1
	


printing them or putting whatever chemicals that we


	


2
	


manufacture onto the fabric.


	


3
	


Q.	 And did those companies use dyes?


	


4
	


A.	 Yes.


	


5
	


Q.	 And from time to time, did you have any experience


	


6
	


with the dyes?


	


7
	


MR. O'CONNOR: Objection, your Honor.


	


8
	


THE COURT: Sustained. You need to rephrase


	


9
	


that question.


	


10
	


Q.	 Did you ever see anything in the Woonasquatucket


	


11
	


River other than clear water?


	


12
	


A.	 No.


	


13
	


MR. O'CONNOR:	 Objection, your Honor.


	


14
	


THE COURT: Sustained. Time frame. Too


	


15
	


ambiguous.


	


16
	


Q.	 In the '50's and '60's, when you were working for


	


17
	


Metro-Atlantic, did you have the occasion from time to


	


18
	


time to see the Misquamicut River?


	


19
	


A.	 Yes.


	


20
	


THE COURT: What river?


	


21
	


MR. PIROZZOLO: Have I got it wrong?


	


22
	


Woonasquatucket River.	 I'm sorry.


	


23
	


MR. O'CONNOR: Objection, your Honor.


	


24
	


THE COURT:	 All right.	 I'll allow it.


	


25
	


Overruled. Go ahead.







84


	


1
	


Q.	 And --


	2
	


THE COURT: He didn't answer the question yet.


	


3
	


Q.	 Did you from time to time in the '50's and '60's


	


4
	


have occasion to see the Woonasquatucket River?


	


5
	


A.	 Yes.


	


6
	


Q.	 And did you ever observe anything in the river


	


7
	


other than clear water?


	


8
	


A.	 Dyes.


	


9
	


MR. O'CONNOR:	 Objection.


	


10
	


THE COURT: Overruled.


	


11
	


A.	 Colors.


	


12
	


Q.	 Color?


	


13
	


A.	 Yes.


	


14
	


Q.	 Where did that color come from?


	


15
	


MR. O'CONNOR:	 Objection, your Honor.


	


16
	


THE COURT: Does he know. You have to find out


	


17
	


if he knows.


	


18
	


Q.	 Do you know where that color came from?


	


19
	


A.	 One of the two mills upstream.


	


20
	


Q.	 How do you know that?


	


21
	


MR. O'CONNOR:	 Objection.


	


22
	


THE COURT: Overruled. How do you know that?


	


23
	


How do you know?


	


24
	


THE WITNESS: Because they were -- they dyed


	


25
	


cloth there, and what excess I guess went down the
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river. 


MR. O'CONNOR:	 Objection.


THE COURT: All right.	 I'm going to sustain the


objection.


Q.	 Did Metro-Atlantic ever put dyes into the river?


A.	 No.


Q.	 In fact, did Metro-Atlantic ever dump anything


into the river?


MR. O'CONNOR:	 Objection.


MR. PIROZZOLO: Well, time frame?


THE COURT: Be more specific.


MR. O'CONNOR:	 Foundation, time frame.


THE COURT: Sustained.


Q.	 During the time that you worked for


Metro-Atlantic, did Metro-Atlantic ever dump anything


into the river?


A.	 No, not to my knowledge at all.


Q.	 Why not?


A.	 Because everything was connected to the sewer.


Q.	 Now, earlier this morning, you pointed out the


tailrace?


A.	 Correct.


Q.	 During the time you worked for Metro-Atlantic,


what was -- could you describe what the tailrace looked


like?
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A.	 It was just water coming from the dam and


through -- there was stuff in there, but it was like


carts from the market that was next door, people kind


of threw some stuff in there.


Q.	 And did Metro-Atlantic do something with respect


to the tailrace?


A.	 No.


Q.	 Did Metro-Atlantic change the look of the


tailrace?


A.	 Later on, it was covered over.


Q.
	 Could you describe how it was covered over?


A.	 All I know is that they filled it with sand. 	 I


don't know if they put a pipe through there or not.


They shut off the dam and the water that was going down


the tailrace would go down to the Woonasquatucket.


Q.	 Now, what did Metro-Atlantic do with normal, solid


waste?


MR. O'CONNOR:	 Objection, your Honor.


THE COURT: You need to state the grounds for


your objection using one word or a rule. 	 I probably


neglected to tell you that, but I would like you to do


that.


MR. O'CONNOR:	 Foundation, your Honor.


THE COURT: Sustained.


Q	 Did you have occasion to see how Metro-Atlantic
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1
	


handled solid waste?


2
	


A.	 Yes.


3
	


Q.	 Was there a Dumpster on the site?


4
	


A.	 Yes.


5
	


Q.	 Was there any other vessels for solid waste?


6
	


A.	 No.


7
	


Q.	 Okay. How was the Dumpster disposed of?


	


8
	


A.	 We had a company. I think it was called


	


9
	


Truck-Away.


	


10
	


Q.	 What did Truck-Away do with that?


	


11
	


A.	 They took away whatever solid waste we had.


	


12
	


Q.	 When Metro-Atlantic used material in drums -


	13
	


A.	 Yes.


	


14
	


Q.	 -- what did it do with the empty drums?


	


15
	


A.	 They were sold to New England Container Company.


	


16
	


Q.	 Did the drums have any value?


	


17
	


A.	 Yes. They had some value.


	


18
	


Q.	 So did Metro-Atlantic just throw the drums away,


	


19
	


or did it sell them?


	


20
	


A.	 We sold them.


	


21
	


Q.	 And did Metro-Atlantic ever bury drums on its


	


22
	


property?


	


23
	


A.	 No.


	


24
	


Q.	 When it sold drums, empty drums, did


	


25
	


Metro-Atlantic make sure it had used up the materials
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1
	


that were in the drum?


2
	


A.	 Yes.


3
	


Q.	 Were they empty?


4
	


A.	 Yes.


5
	


Q.	 Was there an occasion when there was an explosion?


6
	


MR. NUGENT: Objection, your Honor.	 Relevancy.


	


7
	


THE COURT: Overruled.


	


8
	


A.	 We had a -- well, we had a tank. The tank didn't


	


9
	


explode. On the top of the tank, they had pressure


	


10
	


bolts, which would break off before the critical


	


11
	


pressure in the tank went so it would just blow the top


	


12
	


off, and that's what we had.


	


13
	


Q.	 Approximately when did that occur?


	


14
	


A.	 I'm not sure.	 Early '60's maybe, or '50's.


	


15
	


MR. PIROZZOLO: Can I have just a moment, your


	


16
	


Honor. May something be shown to the witness?


	


17
	


THE COURT:	 I don't know what it is. What is


	


18
	


it? Is it an exhibit? Is it marked for identification


	


19
	


as an exhibit?


	


20
	


MR. PIROZZOLO:	 It's marked for identification


	


21
	


as an exhibit.


	


22
	


THE COURT: What number?


	


23
	


MR. PIROZZOLO:	 115.


	


24
	


THE COURT: All right. Before you show that,


	


25
	


are you seeking to refresh the witness's recollection?
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MR. PIROZZOLO: Right now, I intend to use it to


refresh his recollection as to the date.


THE COURT: All right. Go ahead.


Q.	 Mr. Buonanno, do you see the page before you?


A.	 Yes.


Q.	 And do you see -- can you see the date on that?


Do you see the date?


A.	 Yes.


Q.	 Can you read what's been highlighted there?


MR. NUGENT:	 I object, your Honor.


THE COURT: Look at it to yourself. Don't read


it out loud.


MR. PIROZZOLO: That's what I mean, read it to


yourself.


MR. NUGENT: There's been no statement he


doesn't recall the incident. 	 He just didn't recall the


date.


THE COURT:	 I think it's pretty clear he didn't


recall the time frame, and I think he's trying to


refresh his recollection as to the time frame so I'm


going to allow it. Objection overruled. Go ahead.


A.	 Yes.


Q.
	 Does that refresh your recollection as to when


this event occurred?


A.	 Yes.
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Q.	 And when was it?


A.	 In the late '60's.


Q.	 Late '60's?


A.	 I think.	 If I could see that.	 Nineteen sixty --


I can't see the last one. 	 Nineteen sixty --


MR. O'CONNOR:	 Objection, your Honor.	 He's just


reading the date.


THE COURT: Right. Don't read what you see.


The question is if it refreshes your recollection. 	 If


it doesn't, it doesn't.


A.	 About the incident, yes. And it was in the late


'60's.


Q.	 Now, can you describe what occurred with respect


to this tank?


A.	 What led up to it?


THE COURT: Is there an objection?


MR. O'CONNOR: Could you just take the exhibit


down. 


THE COURT: Yes.


Q.	 Could you describe what occurred with respect to


the tank?


A.	 They -- we were having a delivery brought in to --


in a tank truck. And the driver was instructed where


to hookup to the formaldehyde tank. The particular


product that he was delivering has a freezing point of
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1
	


about 56 degrees. It has to be warm. And there was


2
	


some residue in his pipes coming to where he would


3
	


deliver into our tank, and he moved the truck back to


4
	


get a steam line to steam out that particular valve.


5
	


And when it was melted, the chemical in his line was


6
	


melted sufficiently enough so he could pump it. He


7
	


hooked it up to the wrong line, and he pumped the


	


8
	


product, and I'm not sure exactly what the product was,


	


9
	


into the formaldehyde tank. And this caused a bit of a


	


10
	


reaction in the tank, and then the bolts blew off the


	


11
	


top of the tank.


	


12
	


Q.	 Is there something about the way the tank is built


	


13
	


to accommodate -- to handle a situation like that?


	


14
	


A.	 Yes.


	


15
	


Q.	 Would you describe that.


	


16
	


A.	 Most tanks have -- you have a top that can come on


	


17
	


and off, and the bolts that hold the top on have a


	


18
	


bursting strength less than what it would take to blow


	


19
	


the tank up. So when it got to a certain pressure, the


	


20
	


bolts would break and the top would pop off, like a


	


21
	


safety valve.


	


22
	


Q.	 Now, on that occasion, did the top pop off?


	


23
	


A.	 Yes.


	


24
	


Q.	 Could you describe what happened after the top


	


25
	


popped off?
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A.	 Some of the chemical blew over into the property


next door and the parking lot of the market.


Q.	 Okay. Thank you. Mr. Buonanno, do you know some


of the raw materials that were used at the site?


A.	 There was formaldehyde, urea, certain waxes, high


melting and low melting point waxes, urea, fillers,


melamine resin.	 Basically, that's -


Q.
	 Was PCE used?


A.	 I don't know. Not that I know of.


Q.	 Mr. Buonanno, I'd like to show you Plaintiff's


Exhibit 104 and ask if that would refresh your


recollection as to any additional chemicals that were


used at the site.


A.	 Yes.


Q.
	 Would you please tell what additional chemicals


were used at the site?


A.	 Well, silicone, paraffin-based waxes --


MR. O'CONNOR: Objection, your Honor.


A.	 I'm reading it here so -


MR. O'CONNOR:	 He's simply reading from the


document.


THE COURT: Right. You're not to read from the


document. The question is does this refresh your


recollection. You need to testify only from your own


recollection. There may be another reason why at some 
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point through you or another witness that this document


comes in, but not at the moment anyway. Look it over.


If it refreshes your recollection, then testify from


your memory.


Now, you can give the document back to counsel,


and then you can proceed to answer the question.


A.	 It brings up a recollection of what the products


that we made, but I didn't know all the products that


were -- all the raw materials that were in the


products. We had, as I said, different type of waxes,


different type of silicones, different kinds of


melamine resins, different strengths. As I say,


silicones.


Q.	 Now, is the Exhibit 104, do you recognize that as


a list of Metro-Atlantic products?


A.	 Yes.


Q.
	 Was that a list of products that you sold when you


were employed by Metro-Atlantic as a salesman?


A.	 Yes.	 Most of them.


Q.
	 And is that a correct and accurate list?


A.	 Yes. Mostly, I would think. There might be a few


that were added, but I don't think so.


MR. PIROZZOLO: I would offer the document, your


Honor.


THE COURT: Any objection?
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MR. PIROZZOLO:	 104.


MR. O'CONNOR:	 I have no objection, your Honor.


MR. NUGENT:	 No objection, your Honor.


MR. HARDING: No objection, your Honor.


THE COURT: All right. Then 104 will be


admitted in full.


(Plaintiff's Exhibit 104 marked full.)


THE COURT: Do you wish to publish that?


MR. PIROZZOLO:	 I don't think we want to read it


line by line, but if we could show a few pages so the


jury will be familiar with what it looks like.


THE COURT: Sure. Okay.	 Let's keep moving.


MR. PIROZZOLO:	 May I have Exhibit 102.


Q.	 Mr. Buonanno, I show you premarked Exhibit 102.


Can you look at that and see if you can identify that?


A.	 Yes.


Q.	 What is that?


A.	 This was a -- it's a deposition where I sat down


and answered some questions.


Q.	 Was that something that you submitted to the EPA?


A.	 Yes.	 I think it was, yes.


Q.
	 What type of information is contained in that?


A.	 My recollections of what went on at


Metro-Atlantic, Crown-Metro or Metro-Atlantic.


Q.	 And you submitted that to the Government in
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	1
	


response to their requests?


	


2
	


A.	 Yes.


	


3
	


MR. PIROZZOLO: Your Honor, I would offer


	


4
	


Exhibit 102.


	


5
	


THE COURT: Any objection?


	


6
	


MR. NUGENT:	 No objection, your Honor.


	


7
	


MR. O'CONNOR:	 No objection, your Honor.


	


8
	


MR. HARDING: No objection, your Honor.


	


9
	


THE COURT: All right.	 102 then will be


	


10
	


admitted in full.


	


11
	


(Plaintiff's Exhibit 102 marked full.)


	


12
	


MR. PIROZZOLO: Again, if that may be exhibited


	


13
	


to the jury so they know what it is.


	


14
	


THE COURT: All right. Not the cover page, but


	


15
	


the next page may be displayed to the jury.


	


16
	


The cover page, ladies and gentlemen, is just a


	


17
	


letter from his attorney submitting it. The document


	


18
	


itself is the second page that you see on the screen.


	


19
	


All right.


	


20
	


MR. PIROZZOLO: I have no further questions,


	


21
	


your Honor.


	


22
	


I'm sorry.	 I forgot something.


	


23
	


BY MR. PIROZZOLO: 	(Continuing)


	


24
	


Q.	 Mr. Buonanno, in connection with the Centredale


	


25
	


site, has there been any litigation?
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MR. NUGENT:	 Objection, your Honor.


Q.	 Do you know of any litigation?


THE COURT: There's an objection. What's the


grounds?


MR. NUGENT:	 It's on relevancy.	 It's a little


too broad, has there been litigation.


Q.	 Has your family --


THE COURT: Let me rule on the objection before


you ask the next question. I'll sustain the objection.


You may ask another question.


Q.	 Has your family -- Mr. Buonanno, your father


founded the company?


A.	 Yes.


Q.
	 And he is deceased?


A.	 Yes.


Q.	 Is his estate -- is there a proceeding involving


his estate?


A.	 Yes.


Q.	 And in that proceeding, has there been some


litigation with Emhart?


A.	 Yes.


Q.	 Could you tell us, in substance, what that


litigation involves?


A.	 They are saying that whatever inheritance my


father gave me is subject to -- I don't know the word,
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1
	


but they can come in and try to take all that


	


2
	


inheritance.


	


3
	


Q.	 That's a contribution to the cleanup?


	


4
	


A.	 Yes.


	


5
	


MR. PIROZZOLO: Okay. Thank you.


	


6
	


THE COURT: All right.	 Mr. O'Connor?


	


7
	


CROSS-EXAMINATION BY MR. O'CONNOR.


	8
	


Q.	 Mr. Buonanno, my name is Kevin O'Connor.	 I


	


9
	


represent OneBeacon in this case. Now, you just


	


10
	


referred to some litigation that you're involved with


	


11
	


involving your father's estate?


	


12
	


A.	 That's correct.


	


13
	


Q.	 And it's your understanding that as a result of


	


14
	


that, what's being sought against you in that


	


15
	


litigation is proceeds from what you were left by your


	


16
	


father?


	


17
	


A.	 Yes.


	


18
	


Q.	 And do you understand that the basis for that


	


19
	


claim is that Metro-Atlantic is responsible for the


	


20
	


contamination at the Centredale site?


	


21
	


A.	 Yes.


	


22
	


Q.	 So you have an interest in showing that


	


23
	


Metro-Atlantic is not, in fact, responsible for that


	


24
	


contamination, isn't that correct, sir?


	


25
	


A.	 Yes.
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1
	


MR. O'CONNOR: Can we bring back up the last


2
	


exhibit that was shown? I believe it was Exhibit 102.


3
	


Q.	 Sir, you testified that this is a response to an


4
	


information request that you provided to EPA, correct?


5
	


A.	 Yes.


	


6
	


MR. O'CONNOR: Could we move to the page showing


	


7
	


answer 2G.


	


8
	


Q.	 Sir, what's highlighted in 2G, is that a response


	


9
	


that you provided to the EPA?


	10
	


A.	 Yes.


	


11
	


Q.	 Okay. And does not that response, in substance,


	


12
	


say that you've got no personal knowledge as to whether


	


13
	


or not materials were sent down into a municipal sewer


	


14
	


system from the Metro-Atlantic property?


	


15
	


A.	 No.


	


16
	


Q.	 Doesn't say that?


	


17
	


A.	 Okay. Yes.


	


18
	


Q.	 It says that you, while you believe that materials


	


19
	


were sent into the sewer, you don't know that to be a


	


20
	


fact, right?


	


21
	


A.	 Yes.


	


22
	


Q.	 So when you told the jury that materials from the


	


23
	


Metro-Atlantic site, when you told them here today that


	


24
	


materials from the Metro-Atlantic site were sent into


	


25
	


the sewer system, you don't know that to be true,
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correct?


A.	 As far as my knowledge is, everything went into


the sewer.


Q.	 Well, you told EPA that you didn't know that,


right?


A.	 I told -- well, maybe it was the way it was asked.


As far as I know, everything went into the sewer.


There was nothing that went into the river.


Q.	 Did your responsibilities at the Metro-Atlantic


site have anything to do with the sewer system?


A.	 No.


Q.
	 And did your work involve you at all with the


sewer system?


A.	 I'm sorry?


Q.	 Did your work for Metro-Atlantic involve you at


all with the sewer system?


A.	 No.


Q.	 Isn't it a fact that you've got no idea whether


that site was hooked up to the municipal sewer system?


A.	 That's not true.	 It was.


Q.
	 You don't know that to be the case for a fact,


sir, do you, and that's what you told the EPA?


A.	 No. What I said was I had no knowledge that


anything ever was dumped other than to the sewer, but


everything was connected to the sewer.
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	1
	


Q.	 Sir, why don't you read your response, 2G, to the


2
	


jury.


3
	


A.	 It says does not have personal knowledge that any


4
	


material --


5
	


Q.	 Start at the beginning, sir, with "Other"?


	


6
	


A.	 Other than stating that --


	


7
	


MR. O'CONNOR: Your Honor, I'll withdraw that


	


8
	


question.	 I'll read it myself and ask him if I read it


	


9
	


correctly.


	


10
	


THE COURT: Go ahead.


	


11
	


Q.	 (Reading:) Other than stating the entities by


	


12
	


which respondent was employed or engaged in the


	


13
	


manufacture of chemicals, respondent has no information


	


14
	


responsive to this inquiry. Respondent believes that


	


15
	


the materials at the site were flushed into the


	


16
	


municipal sewer; however, respondent's duties at the


	


17
	


site did not require respondent to have specific


	


18
	


knowledge of this fact, and respondent does not have


	


19
	


personal knowledge that any materials were so disposed.


	


20
	


Respondent believes that a portion of the site located


	


21
	


in the southerly extremity thereof was used for refuse


	


22
	


burning; however, respondent has no personal knowledge


	


23
	


of the character or nature of the materials so


	


24
	


disposed.	 Did I read that correctly, sir?


	


25
	


A.	 Yes, you did.







  


101   


1


2


3


4


5


6


7


8


9


10


11


12


13


14


15


16


17


18


19


20


21


22


23


24


25 


THE COURT: You mixed up a couple of words. It


says "burning refuse" not "refuse burning." It's not


material, but the substance is correct.	 I just want to


alert the jury that the actual language is the language


in the document itself. The mistakes were of no


importance. Go ahead.


MR. O'CONNOR:	 I apologize, your Honor. 	 I


didn't mean to read it incorrectly.


THE COURT: I understand that.


MR. O'CONNOR: Could we highlight the


declaration at the bottom, please, or enlarge it.


Q.	 Sir, is that your signature?


A.	 Yes.


Q.
	 And by signing there, did you understand that you


were declaring information in this document to be true?


A.	 Yes.


Q.	 And that it was complete?


A.	 I'm sorry?


Q.	 And that it was complete?


A.	 Yes.


Q.	 And that it was correct?


A.	 Yes.


Q.	 You testified in response to questions by


Mr. Pirozzolo about cleaning of vats and cleaning of


vessels used in the manufacture of chemicals at
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Metro-Atlantic. Do you recall that testimony?


A.	 Yes.


Q.	 Were you talking about the main mill buildings as


you've described them to the jury?


A.	 Yes.


Q.	 Were you talking about what you described to the


jury as the, quote, new building?


A.	 Yes.	 No.	 I wasn't.	 I was talking about that


particular building.


Q.	 You identified for the jury a building that was


built sometime in the 1960's, and your testimony didn't


relate to that building, did it?


A.	 No.


Q.	 Now, your job at Metro-Atlantic, when you started


full-time employment there, was as a salesman, correct?


A.	 Yeah.	 Sales full-time.


Q.
	 And you had a sales territory?


A.	 Yes.


Q.	 And your job involved you going out and making


sales calls?


A.	 Correct.


Q.	 And as such, a substantial part of your time was


spent away from the plant, correct?


A.	 Yes.


Q.
	 And isn't it a fact that up to 90 percent of your
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time was spent away from the plant?


A.	 No.


Q.	 You don't think that's true?


A.	 No.


Q.	 Do you recall having your deposition taken in this


case?


A.	 Yes.


Q.
	 Do you recall being asked how much of your time


was spent away from the plant?


A.	 No, I don't.	 I mean, I spent a few years at the


plant learning how the plant ran, and then I went into


sales.


Q.	 So it's not your testimony now that when you


started working full-time, you went immediately into


sales?


A.	 When I started working full-time, I did not go


immediately into sales. That was my job for about 20


years, but I had to learn a little bit about what was


going on in the mill.


Q.	 And that was at the start of your job before you


began your sales position?


A.	 Yes.


Q.	 Was that before the new building was constructed?


A.	 Yes.


Q.	 You also testified about the types of chemicals
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made by Metro-Atlantic, correct?


A.	 Yes.


Q.	 And you've identified them as textile chemicals?


A.	 Textile and/or paper.


Q.	 What's the difference?


A.	 Really nothing. They're both cellulose products,


and I would say 80 percent or 90 percent of the


products we made for textiles you could use in the


paper industry.


Q.	 You used the word "cellulose"? What was that word


you used?


A.	 Cellulose, paper and woven fabrics are cellulosic.


Q.	 Okay. And is it fair to say that Metro-Atlantic


had a specialty in the development or the manufacture


for sales of chemicals for use in finishing cellulose


products?


A.	 Part of what we did was, yes.


Q.
	 What else was there?


A.	 There was man-made products, nylon, rayon, Dacron,


that sort of thing.


Q.	 So those are other types of fabrics?


A.	 Yes.


Q.	 So the specialty of Metro-Atlantic was in the


manufacture of finishing chemicals for paper and


textile products?
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1
	


A.	 Correct.


2
	


Q.	 And is it fair to say that Metro-Atlantic was less


3
	


familiar with the manufacture -- let me ask it this


4
	


way. Did Metro-Atlantic manufacture any other types of


5
	


products?


	


6
	


A.	 Not to my recollection.


	


7
	


Q.	 So it's also fair to say that Metro-Atlantic


	


8
	


wouldn't be as familiar with the procedures and


	


9
	


materials involved in manufacturing other types of


	


10
	


products?


	


11
	


A.	 No. We had a pretty good staff.	 I mean, just


	


12
	


because we didn't sell that particular industry doesn't


	


13
	


mean that they wouldn't know how to use it. We've made


	


14
	


chemicals for other chemical companies to use in their


	


15
	


processes.


	


16
	


Q.	 Now, your testimony about the company's practices


	


17
	


with respect to either reusing or selling


	


18
	


off-specification products, do you recall that


	


19
	


testimony?


	


20
	


A.	 Yes.


	


21
	


Q.	 Now, your knowledge in that subject matter is


	


22
	


related to the short time -- two-year time period when


	


23
	


you were learning how the plant operated before you


	


24
	


began your sales career, correct?


	


25
	


A.	 Yes.
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Q.	 And is it fair to say that once you began your


sales career, the vast majority of your time was spent


away from the plant?


A.	 Yeah. About four days a week, yeah.


Q.	 And those days of the week that you weren't at the


plant, you don't know what was happening there,


correct?


A.	 Yes.


MR. O'CONNOR:	 I don't have any further


questions at this time.


MR. NUGENT: Just a moment, your Honor.


CROSS-EXAMINATION BY MR. NUGENT 


Q.	 Mr. Buonanno, you stated your father was one of


the partners who founded the company that became


Metro-Atlantic; is that correct?


A.	 That's correct.


Q.	 And at one time, you also became a general manager


of Crown-Metro, isn't that true?


A.	 Yes.


Q.
	 And there's been discussion about the barrel


reconditioning plant, New England Container Corp, which


was also located on the peninsula in the same area; is


that correct?


A.	 Correct.


Q.	 And was it your uncle, Bernie Buonanno, who was
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1
	


the president and general manager of New England


	


2
	


Container?


	


3
	


MR. PIROZZOLO: Objection, your Honor.


	


4
	


THE COURT: What's your objection, scope?


	


5
	


MR. PIROZZOLO: Beyond the scope of the direct.


	


6
	


THE COURT:	 It is beyond the scope, so I'll


	


7
	


sustain the objection.


	


8
	


MR. NUGENT:	 I'll continue on, your Honor.


	


9
	


Q.	 At one time, was Bernie Buonanno both the GM of


	


10
	


Metro-Atlantic and New England Container at the same


	


11
	


time?


	


12
	


A.	 I don't know.	 I'm not sure whether he was or not


	


13
	


Q.	 You also have a cousin named Bernie Buonanno?


	


14
	


A.	 Correct.


	


15
	


Q.	 Were you known as Jay Buonanno?


	


16
	


A.	 Yes.


	


17
	


Q.	 And you have a cousin Vincent Buonanno?


	


18
	


A.	 Yes.


	


19
	


Q.	 You described an incident involving an explosion


	


20
	


of one of the tanks and the top came off?


	


21
	


A.	 Right.


	


22
	


Q.	 Do you recall your testimony?


	


23
	


A.	 Yes.


	


24
	


Q.	 Were you there before the delivery man arrived?


	


25
	


A.	 Yes.
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Q.	 Where were you?


A.	 I was in the office.


Q.	 Did you see him hookup to the tank?


A.	 No, I did not.


Q.	 Did you see him try to clean out the line?


A.	 No.


Q.
	 In fact, did you see anything that he did until


after you heard the explosion?


A.	 No.


Q.	 So what you told us about how this happened was


what you heard, isn't that correct?


A.	 Yes. I was told by our delivery guy who handles


the deliveries.


Q.	 All right.	 Did you ever have any duties regarding


the so-called new building, the hexachlorophene


manufacturing building?


A.	 I watched it being built. 	 I was in it for a


while.


Q.	 You didn't sell any of those products, did you?


A.	 No. There was only one customer that had that


product.


Q.	 So your duties as a salesman did not relate to the


sale of the hexachlorophene?


A.	 No.


Q.
	 And since you were the son of the owner, you were
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1
	


not responsible for cleaning up any sludge or wastes in


2
	


that building, isn't that true?


3
	


MR. PIROZZOLO: Objection, your Honor.


4
	


THE COURT: Overruled.


5
	


A.	 No, I was not.


6
	


Q.	 In fact, you were not responsible for cleaning


7
	


sludge from any of the presses in any of the buildings,


	


8
	


were you?


	


9
	


A.	 No.


	


10
	


Q.	 When Mr. O'Connor pointed out paragraph 2G of your


	


11
	


104 response to the EPA, there was a mention of an area


	


12
	


where waste was dumped and burned. Did you see that?


	


13
	


A.	 No.	 But I heard him say about --


	


14
	


MR. NUGENT:	 Can I have that -- I believe it's


	


15
	


page five of that exhibit.


	


16
	


THE CLERK: What exhibit number?


	


17
	


MR. NUGENT:	 It's Plaintiff's 102.	 It


	


18
	


Defendant's 210 as well, but Plaintiff's 102.


	


19
	


Q.	 Can you see that enlarged portion of 2G?


	


20
	


A.	 Yes.


	


21
	


Q.	 Half way down where it says, "Respondent believes


	


22
	


that a portion of the site located at the southerly


	


23
	


extremity thereof was used for burning refuse; however,


	


24
	


respondent has no personal knowledge of the character


	


25
	


and nature of the material so disposed." Did I read
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1
	


that correctly?


	


2
	


A.	 Yes.


	


3
	


Q.	 So under oath, you told the EPA that refuse was


	


4
	


disposed of at the south end of that property, and it


	


5
	


was burned; is that correct?


	


6
	


A.	 Yes.


	


7
	


MR. NUGENT: Can we have Exhibit 136 that was


	


8
	


plaintiff's exhibit -- the map. 	 Can we enlarge that a


	


9
	


little bit for the area near the property.


	


10
	


Q.	 Do you see that map that was originally shown to


	


11
	


you on direct examination?


	


12
	


A.	 Yes.


	


13
	


Q.	 This building here, can you describe -- what


	


14
	


building is that?


	


15
	


A.	 That's where the hexachlorophene was manufactured.


	


16
	


Q.	 All right. And with regard to the compass points,


	


17
	


north, south, east, west, can you point to the


	


18
	


southerly side of this diagram or this map?


	


19
	


MR. PIROZZOLO: Objection, your Honor. He


	


20
	


doesn't have the whole thing in front of him.


	


21
	


MR. NUGENT:	 I'm sure he's familiar with the


	


22
	


property.


	


23
	


THE COURT: If he can do it from this document,


	


24
	


let him do it.	 If he needs the whole thing, he can use


	


25
	


that.
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MR. PIROZZOLO:	 I'm sorry.	 Is he doing it from


the screen or the document? The screen is only part of


it.


THE COURT: Can you tell north, south, east and


west given what's in front of you on the screen,


Mr. Buonanno?


THE WITNESS:	 I'm not sure which end is south.


Q.	 I'll withdraw the question.	 Correct me if I'm


wrong, Mr. Buonanno, you've identified the road up here


as Smith Street; is that correct?


A.	 Yes.


Q.	 And Smith Street is on what side of the property,


do you know?


A.	 I know it was on the front, but I'm not sure what,


north, south, east, west.


Q.	 Where was New England Container in comparison to


the hexachlorophene building?


A.	 Right here.


Q.	 When you mentioned an area where refuse would be


dumped and burned, where would that be? Can you point


that out?


A.	 It would be around New England Container.


MR. PIROZZOLO:	 I object, because he's not


showing him the whole site.


MR. NUGENT: Maybe we can enlarge the drawing.
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site.


on.


THE COURT: All right.


MR. PIROZZOLO: Even that doesn't have the whole


MR. NUGENT:	 I'll have to erase this here. Hang


THE COURT: All right. Go ahead.


Q.	 Once again, on this drawing, can you locate the


new building where the hexachlorophene was


manufactured? And where was the New England Container


Company? And where was the refuse burning area?


A.	 Right there.	 (Indicating.)


Q.	 Did you actually see any refuse burning on the


property?


A.	 The only refuse that was burned was the stuff that


was inside the barrels. Sometimes my uncle would give


me a call and ask me if I could help him out, and along


with my cousin, and the barrels that he got in from


Metro-Atlantic and other chemical companies and textile


companies around the Northeast were brought there, and


the drums were tipped upside down and put into ovens,


which burned the refuse or whatever was in them. You


couldn't get a hundred percent of stuff out of the


barrels, so that's where the refuse and stuff was


burned.


Q.	 You're describing the process that takes place at
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New England Container Company?


A.	 Right.


4.
	 But you didn't work there; is that right?


A.	 Part-time.


Q.	 So you worked part-time at New England Container;


you also worked at Metro; is that right?


A.	 When I was younger and not on the road, along with


my cousin, Bernie, we did some -


Q.	 Now, we previously marked that response to the


EPA, the 104 request. That request was directed to you


and Metro-Atlantic.	 It wasn't directed to New England


Container, was it?


A.	 No. All I said was refuse burning. And the only


refuse burning that we had done was the stuff that was


in the drums. We had Truck-Away for any other refuse.


Q.	 So the EPA wasn't asking you what does New England


Container do. They asked you and Metro-Atlantic, what


did you do. And you responded that we had a waste area


in the south end of the property and we burned it


there; is that correct?


MR. PIROZZOLO: Objection.


THE COURT: Overruled.


A.	 Well, I guess if that's the south, this is the


south end of the property. The refuse was burned,


which was in the drums, and that went to New England
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1
	


Container.


2
	


Q.	 Mr. Buonanno, you testified that Metro-Atlantic


3
	


never dumped any chemicals into the Woonasquatucket


4
	


River; is that true? Is that what you said?


	


5
	


A.	 Up to the point that I was there, no, I had no


	


6
	


knowledge of ever doing it.


	


7
	


Q.	 When did you start there again, what year?


	


8
	


A.	 About 1953 or 4.


	


9
	


Q.	 All right. Then if Metro-Atlantic never dumped


	


10
	


any chemicals in the Woonasquatucket River, then you


	


11
	


were never subject to any orders to cease and desist by


	


12
	


any Government agency then; is that true? Is that what


	


13
	


you're saying?


	


14
	


A.	 That I don't know.


	


15
	


Q.	 All right.


	


16
	


MR. NUGENT: Your Honor, I'd like to show the


	


17
	


witness Defendant's Exhibit 40, the middle part of the


	


18
	


exhibit.


	


19
	


THE COURT: Can you identify the page, the


	


20
	


middle part? It's only a one-page exhibit so -


	


21
	


MR. NUGENT:	 The middle part.	 Exhibit 40, the


	


22
	


middle part.


	


23
	


THE COURT: All right. You can call that up and


	


24
	


show it to the witness only and highlight whatever


	


25
	


portion you wish.
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Q.	 First of all, do you see that line where I've just


highlighted?


A.	 Yep. Yes. Sorry.


Q.
	 Does that say "dumping in Woonasquatucket"?


A.	 It says, "dumping in Woonasquatucket."


Q.	 At the top of the page, you see "Town Council


Special Meeting, North Providence, Rhode Island,


November 19th, 1956"?


A.	 Yes.


Q.	 And I'm going to read this paragraph, and I'm


going to ask you if I read it correctly.


(Reading:) Dumping in Woonasquatucket. The


Metro-Atlantic Company has been ordered by the State


Division of Sanitary Engineering to stop dumping


chemicals in the river raceway Mr. Avatuno, town


solicitor, reported at a special meeting. Tests have


been made by the Division of Engineering showed


evidence of pollution caused by the chemicals.


According to Mr. Avatuno, the state has instructed


Mr. Buonanno to cease and desist from dumping chemicals


in the raceway, and the state will follow-up the order


with criminal action and injunction, if necessary.


Did I read that correctly?


A.	 Yes.


Q.	 Does that refresh your recollection as to whether
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Metro-Atlantic had ever dumped chemicals in the


Woonasquatucket River?


A.	 I never knew this existed.


Q.	 Well, were you aware of any other town meetings in


the Town of North Providence that dealt with


Metro-Atlantic and dumping issues while you were


working there?


A.	 No.	 I don't.


Q.
	 By 1956, is it your testimony that Metro-Atlantic


was already connected to the sewer?


A.	 I know it was in the '50's, yes. 	 That's what I


understood.


Q.	 So if Metro-Atlantic was connected in the '60's,


why did the State Division of Sanitary Engineer order


cease and desist dumping into the river?


MR. PIROZZOLO: Objection, your Honor.


MR. NUGENT:	 If he knows, your Honor.


THE COURT: All right. Do you know why?


THE WITNESS:	 No, I don't.


MR. PIROZZOLO:	 I believe counsel misspoke as to


the date.


THE COURT:	 Let's get it clarified. 	 I think


there's maybe some miscommunication going on. When was


it your understanding that the company was connected to


the sewers?
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1
	


THE WITNESS:	 Sometime in the '50's.


2
	


THE COURT: Sometime in the '50's?


3
	


THE WITNESS: Yes.


4
	


THE COURT: I'm not sure your question is


5
	


pertinent now, but go ahead.


6
	


MR. NUGENT: Your Honor, I'd like to mark this


7
	


as a full exhibit.


	


8
	


THE COURT: This is number 40?


	


9
	


MR. NUGENT:	 40, the middle portion.


	


10
	


THE COURT: The whole document or just the


	


11
	


middle portion?


	


12
	


MR. NUGENT: Just the middle portion.


	


13
	


THE COURT: All right.	 Is there any objection


	


14
	


to Defendant's 40?


	


15
	


MR. PIROZZOLO: Your Honor, there are other town


	


16
	


council minutes so that I would have an objection to


	


17
	


having only these minutes offered without the others


	


18
	


that deal with this subject matter.


	


19
	


THE COURT: Well, you'll have your opportunity


	


20
	


to introduce any other minutes that you wish. The


	


21
	


question is now is there an objection -- unless there


	


22
	


are minutes tied to this issue. Are you saying this


	


23
	


document is not complete? Is that your objection?


	


24
	


MR. PIROZZOLO: Well, I don't know.	 I have only


	


25
	


one page here.	 I don't know if this is the whole thing
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or not. 


MR. NUGENT: Your Honor, this is being offered


for cross-examination, obviously.


MR. PIROZZOLO: I thought he was using it to


cross-examine the witness.


MR. NUGENT: Correct.


THE COURT: He is.


MR. PIROZZOLO: Refresh his recollection.


THE COURT: All right. Come on up.


(Side-bar conference.)


THE COURT: I don't want a lot of bench


conferences, but I want to clarify some things here.


First of all, these are public records.	 They're going


to come in at some point, I assume, through some


witness.	 I don't think this witness has actually


authenticated this document. Probably not appropriate


to offer it through him technically, but, at the end of


the day, this document is probably going to come in and


so are all the other minutes assuming they're properly


authenticated. So can't you all stipulate to the


introduction of all these town council minutes, and


then use them how ever you wish?


MR. PIROZZOLO: That's what I'm driving at, your


Honor. We have certified copies of the minutes. What


I have in front of me is not the whole thing.
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1
	


MR. NUGENT:	 I'm not stipulating to the


2
	


admissibility of all the minutes of the meetings of the


3
	


town council. What I'm saying is this is one exhibit


4
	


for cross-examination to impeach him. He said he never


5
	


dumped chemicals. This is an exhibit that impeaches


6
	


his testimony.


	


7
	


THE COURT: You can take that position, and


	


8
	


that's fine.	 I'm not trying to pressure you. But if


	


9
	


that's your position, then you've misused this


	


10
	


document.	 Now, you didn't object. So I let him do


	


11
	


what he did because nobody objected to it. He read the


	


12
	


document into the record.


	


13
	


So number one, he didn't say that he didn't


	


14
	


recall.	 So you first tried to use it to refresh


	


15
	


recollection when, in fact, he had really not recalled


	


16
	


anything.	 He made a statement. What you really did


	


17
	


was impeach him with a document. The fact is he had


	


18
	


never seen this document so you're impeaching him with


	


19
	


a document he has no knowledge of. So it's not


	


20
	


permissible for either refreshing recollection or


	


21
	


impeachment, and you didn't object.


	


22
	


The reason I brought you up here was let's get


	


23
	


it straight.	 If you use these document to refresh his


	


24
	


recollection, the witness has to say I don't recall or


	


25
	


otherwise indicate that he doesn't recall, and then
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1
	


only use it to refresh recollection.


2
	


If you want to use it for impeachment, then


3
	


there's got to be some basis for how this document


4
	


impeaches him. The document may come in otherwise and


5
	


impeach him, but, you know, I think you got away with


	


6
	


something here. So so be it.	 I'm not going to allow


7
	


the document in unless you do it by stipulation.


	


8
	


You've indicated you can't. So at this point, there's


	


9
	


an objection to the document. 	 I'm sure you'll be able


	


10
	


to get it in otherwise.


	


11
	


MR. PIROZZOLO:	 I'm going to eventually offer


	


12
	


the minutes because we have certified copies.


	


13
	


THE COURT: Whatever.	 I'm taking it as it


	


14
	


comes. That's it for now.


	


15
	


(End of side-bar conference.)


	


16
	


THE COURT: The objection to Exhibit 40 at this


	


17
	


point is sustained. 	 Go ahead.


	


18
	


MR. NUGENT:	 That's all I have, your Honor.


	


19
	


THE COURT: Thank you, Mr. Nugent.


	


20
	


Mr. O'Connor?


	


21
	


MR. HARDING:	 No questions.


	


22
	


MR. O'CONNOR:	 I've already asked my questions.


	


23
	


THE COURT: That's right.	 It's hard to follow


	


24
	


sometimes. All right. Redirect?


	


25
	


MR. PIROZZOLO: May we have 102.
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THE COURT:	 This is Plaintiff's 102.


MR. PIROZZOLO:	 Plaintiff's 102, yes, your


Honor. 


REDIRECT EXAMINATION BY MR. PIROZZOLO 


Q.	 Can you get to 2G of 102. 	 Mr. Buonanno, I'd like


to just get into a time sequence, if we can. When --


in 1956, you were 17 years old; is that right?


A.	 Correct.


Q.	 And as a teenager, you were working at the


Metro-Atlantic plant?


A.	 Yes.


Q.	 And during that time, were you helping out


cleaning up, washing things and that sort of thing,


manual labor?


A.	 Yes.	 Manual labor.


Q.	 And during that time, did you have the occasion to


go all over the plant?


A.	 Yes.


Q.	 Now, how long did you work in that way in the


Metro-Atlantic plant, until about what year?


A.	 About '58 or 9.	 '59, I think, was when I went


there full-time.


Q.	 Okay. Then at a later point in time, you became a


salesman?


A.	 Correct.
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Q.	 About when did you become a salesman?


A.	 '68.


Q.	 '68? The plant closed in '68.


A.	 Not '68.	 Wait a minute.


Q.	 How old were you about when you became a salesman?


A.	 About twenty --


MR. NUGENT: Your Honor, I believe this is


beyond the scope of my cross-examination.


	


MR. PIROZZOLO:	 I don't think so.


THE COURT: I'm not sure what this area of


questioning really relates to, so I don't know yet.


I'm going to let it go for a bit, and see where you're


going. Do you know how old you were when you began as


a salesman?


THE WITNESS: Twenty.


THE COURT: Twenty? Okay.


Q.	 So that would have been about 1958?


A.	 Yes.	 I'm sorry.	 Yeah.


Q.	 Then when you became a salesman, you were on the


road?


A.	 Yes.


Q.	 Okay. And during the time you were a salesman,


from time to time you were away from the plant?


A.	 Yes.


Q.
	 And were there times when you were at the plant?
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1
	


A.	 Yes.


2
	


Q.	 And when you were at the plant, did you have an


3
	


opportunity to see what was going on at the plant?


4
	


MR. O'CONNOR:	 Objection, your Honor.	 Leading.


5
	


THE COURT: Sustained.


6
	


Q.	 When you were at the plant, did you see what was


	


7
	


happening?


	


8
	


MR. O'CONNOR:	 Objection, your Honor.	 Leading.


	


9
	


THE COURT:	 I'm going to allow a little bit of


	


10
	


leading here.	 Let's get through this.	 Go ahead.


	


11
	


A.	 Yes.


	


12
	


Q.	 But when you were away, did you see the plant?


	


13
	


A.	 No.


	


14
	


Q.	 Now, the document that you were asked about that


	


15
	


has paragraph 2G in it, that was prepared with your


	


16
	


lawyer after the EPA proceeding, was it?


	


17
	


A.	 Yes.


	


18
	


Q.	 Okay. And if we can read the section that


	


19
	


Mr. O'Connor asked you about, it said, "Respondent


	


20
	


believes that materials at the site were flushed into


	


21
	


the municipal sewer."


	


22
	


A.	 Yes.


	


23
	


Q.	 What did you base that belief on?


	


24
	


A.	 That everything we had was -- went into the sewer.


	


25
	


I mean, we didn't have any pipes going out into the
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1
	


river.


2
	


Q.	 Now, did you -- did you have responsibility for


3
	


maintaining the sewer?


4
	


A.	 No.


	


5
	


Q.	 And did you answer in the EPA document,


	


6
	


"Respondent's duties at the site did not require


	


7
	


respondent to have specific knowledge of this fact;" is


	


8
	


that right?


	


9
	


A.	 Yes.


	


10
	


Q.	 And you didn't watch every time something went


	


11
	


into the sewer, that wasn't your job?


	


12
	


A.	 No.


	


13
	


Q.	 Is that why you qualified your answer to the EPA?


	


14
	


A.	 Yes.


	


15
	


MR. O'CONNOR:	 Objection, your Honor.


	


16
	


THE COURT: Overruled.


	


17
	


Q.	 And you said that you didn't have personal


	


18
	


knowledge that any material was so disposed. Is that


	


19
	


because you didn't see everything go down the sewer?


	


20
	


MR. O'CONNOR: Objection, your Honor.


	


21
	


Q	 Did you see everything go down the sewer?


	


22
	


THE COURT: Okay. I take it the question was


	


23
	


withdrawn based on the objection. There's a new


	


24
	


question pending.	 "Did you see everything go down the


	


25
	


sewer?" Are you objecting to that?
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MR. O'CONNOR:	 No, your Honor.


THE COURT: All right.


A.	 No, I didn't see everything go down the sewer.


Q.	 Now, further down in this paragraph, there's


reference to the site. Do you see the word "site"


capitalized? Do you see it?


A.	 Yes.


Q.
	 What did you understand "site" to include?


A.	 Where refuse was being burned. And the only


refuse that would be burned was burned at New England


Container Company. I never saw them ever burning


anything anywhere else.


Q.	 Did you understand that the word "site" referred


to the area that was occupied by New England Container?


A.	 Yes.


Q.	 And in fact, do you know one way or the other what


the EPA considers to be the site?


A.	 Yes.


Q.	 What does the EPA consider to be the site?


A.	 For the burning or everything?


Q.	 No.	 For everything.


A.	 Where our property was, I assume.


Q.	 Does it include the whole peninsula?


A.	 Yes.


Q.	 And the river itself?
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A.	 Yes.


Q.
	 Did you prepare this answer with the help of your


lawyer?


A.	 No.


MR. NUGENT: Before the witness is shown any


exhibits, I'd appreciate seeing what the exhibit will


be.


THE COURT: Refer by number what you're going to


show.


MR. PIROZZOLO:	 Exhibit 101.


MR. NUGENT:	 Plaintiff's 101?


MR. PIROZZOLO:	 Plaintiff's 101.


MR. NUGENT:	 I'm going to have an objection to


that, your Honor.


THE COURT: I understand. You may give the


witness a copy of the documents you're referring to,


but I want to know why -- I want you to ask whatever


your question is.	 Let's see where you're going with


this.	 I don't know what you're doing with this.


MR. PIROZZOLO: I was going to use it to refresh


the witness's recollection, if I could.


THE COURT: Of what?


MR. PIROZZOLO: Regarding this complaint of


dumping into the river that was asked about on


cross-examination.
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THE COURT: I don't recall the witness saying he


didn't recall anything.


MR. PIROZZOLO: That's right.


THE COURT: You can, I guess, ask your question.


I don't recall that this witness said that there was


something that he did not recall.


MR. PIROZZOLO:	 I haven't asked him yet.


THE COURT: All right. Ask him a question.


Q.	 Do you recall that there was some complaint in the


mid-1950's against Metro-Atlantic about matter going


into the river?


A.	 No. 


Q.
	 Show you Exhibit 101.


THE COURT: What page are you referring the


witness to?


MR. PIROZZOLO: The first page. The first


substantive page.


Q.	 My only question to you is whether reading that


refreshes your recollection concerning that incident?


A.	 No, it does not.


Q.	 At the time of the -- in 1956, you were just a


laborer at the plant?


A.	 Yes.


Q.	 You didn't have responsibility for dealing with


town officials or inspectors or anything like that?
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1
	


A.	 No.	 It was just a summer job.


2
	


Q.	 And your summer job was just a labor job?


3
	


A.	 Yes.


4
	


Q.	 Thank you.


5
	


MR. PIROZZOLO: I have no further questions,


6
	


your Honor.


	


7
	


THE COURT: Any recross?


	


8
	


MR. NUGENT:	 No, your Honor.


	


9
	


MR. O'CONNOR:	 None, your Honor.


	


10
	


MR. HARDING:	 No, your Honor.


	


11
	


THE COURT: Very well.	 Ladies and gentlemen, do


	


12
	


any of you have any questions you want to pass up? No


	


13
	


one? All right. Very well.	 Okay.	 Mr. Buonanno, then


	


14
	


your testimony is complete. You may step down. Thank


	


15
	


you very much.


	


16
	


THE WITNESS: Thank you, your Honor.


	


17
	


THE COURT: Do you have another witness?


	


18
	


MR. PIROZZOLO: Yes, I do, your Honor. Your


	


19
	


Honor, my colleague reminds me about asking the jury


	


20
	


whether they had questions.


	


21
	


THE COURT: We already did that.


	


22
	


MR. PIROZZOLO: You did?


	


23
	


THE COURT: Yes. They don't have anything.


	


24
	


MR. PIROZZOLO: Thank you. Mr. Joseph Nadeau.


	


25
	


JOSEPH NADEAU, first having been duly sworn,
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testified as follows:


THE CLERK: Please state your name and spell


your last name for the record.


THE WITNESS: Joseph Nadeau, N-A-D-E-A-U.


THE COURT: Have a seat. Good afternoon,


Mr. Nadeau.	 Mr. Pirozzolo.


DIRECT EXAMINATION BY MR. PIROZZOLO 


Q.	 Mr. Nadeau, could you give your full name and


address.


A.	 Joseph Nadeau. 212 Money Hill Road, Chepachet,


Rhode Island.


Q.	 Are you employed at the present time?


A.	 Yes, sir.


Q.	 By whom are you employed?


A.	 Perot Systems.


Q.	 At some point in time, were you employed by


Metro-Atlantic?


A.	 Yes.


Q.
	 And were you also employed by New England


Container Corporation?


A.	 Yes.


Q.	 And could you tell us when you were employed by


each of those companies?


A.	 The early '60's on New England Container; '64, '65


Metro-Atlantic.
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Q.	 Now, going to the time that you were employed by


New England Container, what job did you have at that


employment?


A.	 It was not a particular job.	 I was just a


laborer.	 I loaded trucks, unloaded trucks, ran the


sandblaster, took things off the burning station. Just


general labor.


Q.	 Can I ask you to move up a little closer to the


mike or move the mike closer to you. Thanks. Okay.


In the course of that work, did you -- that


time, did you report to work to the New England


Container site each day, or each working day?


A.	 It was a summer job, and I reported every day for


the summer.


Q.
	 Okay. And for how many summers did you do that?


A.	 I believe it was two.


Q.	 And did you work for New England Container during


the school year?


A.	 No.


Q.	 Okay. How old were you when you were doing that


job for New England Container?


A.	 Sixteen, 17.


Q.	 Okay. Did you have an opportunity to see how New


England Container operated?


A.	 Yes.
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Q.	 Okay. Would you describe the operation?


A.	 They refurbished barrels so what they did was they


picked up barrels from other sites, brought the barrels


in, those barrels went through several processes, were


cleaned up, painted, stored in different areas, and


then sent off to whoever was buying the barrels.


Q.	 When a -- start out with when a barrel first came


to New England Container, how did it get delivered to


New England Container?


A.	 There were drivers from New England Container that


would go to the sites to pick those barrels up, bring


them back to the site.


Q.	 Did they come from various companies?


A.	 They came from all over the state.


Q.
	 The State of Rhode Island?


A.	 The State of Rhode Island, maybe Connecticut. I'm


not quite sure.


Q.	 And when they first arrived at New England


Container, before New England Container did anything


with it, what did they do? Did they do anything to


look at the barrels?


A.	 They had a storage area behind the building along


the Woonasquatucket where they would stack the barrels.


Q.	 Did they inspect the barrels before they came?


A.	 I'm not sure.
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1
	


Q.	 Okay. So they would stack the barrels, and then


2
	


what would happen next with the barrels?


3
	


A.	 As the barrels were needed, they were brought to


4
	


normally the burning station. They would go to the


5
	


burning station. They were sanded.


	


6
	


Q.	 Let's go through it step by step. What was the


	


7
	


burning station?


	


8
	


A.	 It was a pit on the outside of the building that


	


9
	


was connected to the building by a track system. The


	


10
	


individual on the outside would take those open-ended


	


11
	


barrels, tip them upside down, put them on the rail,


	


12
	


and they would be drawn through, into the building,


	


13
	


over a burn, over an open flame.


	


14
	


Q.	 What was the fuel for the open flame?


	


15
	


A.	 Don't know.


	


16
	


Q.	 Well, maybe -- was there some fuel for the flame?


	


17
	


A.	 There was fuel for the flame, obviously.


	


18
	


Q.	 So it was like a big barbecue or --


	


19
	


A.	 It was open flames, I'm guessing it was gas. 	 I'm


	


20
	


just guessing it was gas, and the flame would shoot up


	


21
	


into the barrel and burn the inside of the barrel and


	


22
	


the paint off the outside.


	


23
	


Q.	 I want to make sure we visualize this correctly.


	


24
	


The barrel -- at some point, the barrel would be upside


	


25
	


down and open over this pit?
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1
	


A.	 True.


2
	


Q.	 And a flame from some source would go into the


3
	


barrel?


4
	


A.	 True.


5
	


Q.	 Okay. And then what did that do to the barrel?


6
	


A.	 It burned off any residue of whatever was in that


7
	


barrel out of the barrel and burned the paint off the


	


8
	


outside of the barrel.


	


9
	


Q.	 Okay. And then when the burning part was


	


10
	


finished, what happened to the barrel?


	


11
	


A.	 The barrels were pulled off the rail on the inside


	


12
	


of the building. Any ash or whatever that was still


	


13
	


remaining was kicked out into the pit. The barrels


	


14
	


would go to another station where they were


	


15
	


sandblasted.


	


16
	


Q.	 Okay. Now, when the barrel was -- would it be


	


17
	


correct, when the barrel was burned, it was hot?


	


18
	


A.	 Yes.


	


19
	


Q.	 How was it handled, if it was hot?


	


20
	


A.	 Men with gloves would pull it off.


	


21
	


Q.	 So taking the ash out was done by manual labor,


	


22
	


people with gloves?


	


23
	


A.	 Yes.


	


24
	


Q.	 And that ash, that ash you said would go into the


	


25
	


pit?
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1
	


A.	 I think we kicked it back out into the pit.


2
	


Q.	 I'm sorry.


3
	


A.	 I believe we kicked it back out into the pit,


4
	


because it was right there at the door where they were


5
	


taken off the station.


6
	


Q.	 After that, where did the barrels next go?


	


7
	


A.	 They were sandblasted.


8
	


Q.	 What is sandblasting?


	


9
	


A.	 They were put on a rotating device, and it was


	


10
	


like small metal beads would blast it onto it to clean


	


11
	


any debris to shine up the barrel in preparation to be


	


12
	


reconditioned and painted.


	


13
	


Q.	 Then after the sandblasting, what would happen


	


14
	


with the barrels?


	


15
	


A.	 They went to a rolling station. There was also an


	


16
	


inspection process somewhere along the line.	 I'm not


	


17
	


quite sure how that went so that they didn't do a lot


	


18
	


of work for a barrel that wasn't going to be fit to be


	


19
	


reused.	 But from that point, it went to a rolling


	


20
	


station where they put the beads along the edge of the


	


21
	


55-gallon drums, and from there it went to a paint


	


22
	


station.


	


23
	


Q.	 And what happened at the paint station?


	


24
	


A.	 The customers that would -- those barrels were


	


25
	


being sold to had their own particular colors that they







  


135   


1


2


3


4


5


6


7


8


9


10


11


12


13


14


15


16


17


18


19


20


21


22


23


24


25 


wanted on a barrel, or if they were just a general use


barrel, which would have been just plain black. So if


it was a custom barrel, it was painted to the specs of


the job. Most of the barrels were black.


Q.	 In some cases, was the customer's logo put on


barrels?


A.	 I don't believe we put any logos on. 	 I think it


was just paint.


Q.	 Just a color?


A.	 Just a color.


Q.	 Now, after the barrels were painted, what would


happen to them?


A.	 Depending on, from what I can remember, some of


those barrels were stored in one of the storage areas,


or if it was a rush delivery, after the paint was


dried, those barrels were loaded onto trucks and


delivered to the specific customer.


Q.
	 Did New England Container have its own trucks?


A.	 Yes.


Q.	 So they had trucks that both picked up and


delivered barrels?


A.	 Yes.


Q.	 Did barrels ever arrive at New England Container


for refurbishing that New England Container determined


were not suitable?
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1
	


A.	 Very few of them showed up, as far as I know, that


2
	


were considered -- because the driver wouldn't pick


3
	


them up, because they would catch heck from the boss


4
	


for bringing a barrel that was junk. So we didn't want


5
	


any junk on the lot.


6
	


Q.	 So if a New England Container truck picked up the


	


7
	


barrels and it found the barrels defective, they


	


8
	


wouldn't bring them in?


	


9
	


A.	 The way I understood it, if a driver went to the


	


10
	


site and the driver looked at the barrel and saw a


	


11
	


gaping hole, he was not going to pick that barrel up.


	


12
	


The way I understood it, when the driver showed up


	


13
	


at a site to pick up barrels, if there was a damaged


	


14
	


barrel with a hole in it, a big hole, a noticeable


	


15
	


damage, the driver would not accept that barrel.


	


16
	


Q.	 And when a customer delivered barrels to New


	


17
	


England Container, did New England Container do


	


18
	


anything about looking at the barrels before it


	


19
	


accepted them?


	


20
	


A.	 There was some level of inspection. What it was,


	


21
	


I don't know.


	


22
	


Q.	 To your knowledge, did New England Container ever


	


23
	


dispose of defective barrels?


	


24
	


A.	 Some barrels that were defective, we called them


	


25
	


leakers, they were painted a black color. They were
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1
	


sold as burn drums, which meant that people would buy


2
	


them to put in their backyard to burn their trash.


3
	


Q.	 And did New England Container dispose of any drums


4
	


on the site?


5
	


A.	 Not that I'm aware of.


6
	


MR. PIROZZOLO: Your Honor, I'd be going into


7
	


his employment at Metro-Atlantic at this time. Should


	


8
	


I start?


	


9
	


THE COURT: How long will your direct take of


	


10
	


this witness?


	


11
	


MR. PIROZZOLO:	 I think it will be a


	


12
	


half-an-hour.


	


13
	


THE COURT: Why don't we break now. All right.


	


14
	


Ladies and gentlemen, this is a good time to break for


	


15
	


the day, so I will let you go. Just remember my


	


16
	


instructions to you of not to discuss the case with


	


17
	


anyone, among yourselves or with anyone else, and not


	


18
	


to do any independent research, not to expose yourself


	


19
	


to anything regarding this case. 	 I'm going to be doing


	


20
	


my best to keep things moving here. So be here bright


	


21
	


and early tomorrow morning, 8:45. We'll hit the ground


	


22
	


running at nine o'clock.


	


23
	


(Proceedings out of the presence of the jury as


	


24
	


follows:)


	


25
	


THE COURT: All right. You need to move things
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1
	


along. We've only -- we haven't covered much ground


2
	


here. We're not through witnesses that -- we're not


3
	


even half-way through the witnesses you identified for


4
	


today. So you need to keep things moving. There's a


5
	


lot of dead time as you're calling for exhibits to be


6
	


brought up and people are looking around and that dead


7
	


time adds up. So we need to -- you need to be more


8
	


quick, I think.	 Everyone needs to pay attention to


	


9
	


that because in a trial of this length that's going to


	


10
	


eat up a lot of time.


	


11
	


The second thing I want to just remind you of,


	


12
	


if I haven't made a point of this up to this time, when


	


13
	


you state objections you need to say "Objection" and


	


14
	


one word or if you want to refer me to a rule, that's


	


15
	


fine, too.	 Usually a word, foundation, relevance,


	


16
	


leading, whatever, that is sufficient. 	 But I want to


	


17
	


know what your grounds are. If you don't have the


	


18
	


right grounds, I may not sustain the objection. So


	


19
	


please do that.


	


20
	


And finally, with respect to the use of


	


21
	


documents, I'm going to be very strict about using


	


22
	


documents, putting them in front of witnesses, whether


	


23
	


it's to refresh recollection or for impeachment


	


24
	


purposes, it has to be done correctly. The witness has


	


25
	


to state that he doesn't recall something before you
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1
	


can refresh his recollection. So there's no need to


2
	


put a document in front of a witness to refresh


3
	


recollection until a witness doesn't recall something.


4
	


All right? When it comes to impeachment, a prior


	


5
	


inconsistent statement, for example, then the way it


6
	


was done by Mr. Nathanson earlier, put the statement in


	


7
	


front of the witness, go through the question and


	


8
	


answer, did I ask that question, did you give that


	


9
	


answer. And give me a moment to look at whatever it is


	


10
	


you're referring to so I can make an initial


	


11
	


determination of whether it is truly inconsistent with


	


12
	


the statement made from the stand. All right? So


	


13
	


that's the practice I follow, and I want everyone to


	


14
	


follow it.


	


15
	


All right. Does anyone have anything else they


	


16
	


would like to take up before we break?


	


17
	


MR. O'CONNOR: Your Honor, I just want to


	


18
	


confirm whether we're going to continue with the


	


19
	


witnesses designated for today in the same order


	


20
	


tomorrow, or are we doing something different?


	


21
	


THE COURT: Sure. That's a reasonable request.


	


22
	


Is that the order in which they'll be presented,


	


23
	


Nadeau, Roy, and then deposition of Cleary?


	


24
	


MR. PIROZZOLO:	 I believe Roy is not available


	


25
	


tomorrow so he would have to come back on Monday.
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1
	


THE COURT: All right.


2
	


MR. PIROZZOLO: I have other live witnesses


3
	


subpoenaed for tomorrow, and I would propose to take


4
	


the live witnesses before we read Cleary's deposition,


5
	


use Cleary's deposition only if we run out of


6
	


witnesses.	 I hasten to say, your Honor, that the


7
	


witnesses, the additional live witnesses I expect to be


8
	


very short.


9
	


THE COURT: Who are they?


10
	


MR. PIROZZOLO: We gave the list yesterday.


11
	


THE COURT: Turcone, Lane, Murphy.


12
	


MR. BINDER: Yes. We also have Paterson. We


13
	


mentioned to the Court and I told the defendants


14
	


afterwards I neglected to mention Paterson.


15
	


THE COURT:	 In fairness to the defendants, is it


16
	


fair to say it will be Turcone, Lane, Murphy, and


17
	


Paterson?


18
	


MR. BINDER: There's still Raymond Nadeau, your


19
	


Honor, who was listed on for today that we haven't


20
	


reached.


21
	


THE COURT: Correct.	 I'm sorry.	 I skipped over


22
	


him. And Raymond Nadeau. Those are the witnesses


23
	


we'll hear from tomorrow?


24
	


MR. PIROZZOLO: The other is the deposition of


25
	


Vincent Buonanno.
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1
	


THE COURT:	 If we get to that. And I'll go


2
	


through that and have my rulings to you tomorrow


3
	


morning.


4
	


MR. O'CONNOR: And your Honor, Monday's


5
	


witnesses under the 48-hour --


6
	


MR. PIROZZOLO:	 I'm going to have to let them


7
	


know later.	 I don't know.


8
	


THE COURT: All right. Let them know by the end


9
	


of today.


10
	


MR. PIROZZOLO:	 I'll let them know by the end of


11
	


the day.


12
	


MR. O'CONNOR: Thank you.


13
	


THE COURT: All right. Anything else? All


14
	


right.	 We'll see you tomorrow morning.


15
	


(Court concluded at 1:05 p.m.)


16


17


18


19


20


21


22


23


24


25
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1	 MR. PIROZZOLO: Mr. Joseph Nadeau.


	


2	 JOSEPH NADEAU, first having been duly sworn,


	


3	 testified as follows:


THE CLERK: Please state your name and spell


	


5	 your last name for the record.


	


6	 THE WITNESS: Joseph Nadeau, N-A-D-E-A-U.


THE COURT: Have a seat. Good afternoon,


	8 	 Mr. Nadeau. Mr. Pirozzolo.


	9 	 DIRECT EXAMINATION BY MR. PIROZZOLO


	


10	 Q.	 Mr. Nadeau, could you give your full name and


	


11	 address.


	


12	 A.	 Joseph Nadeau. 212 Money Hill Road, Chepachet,


	


13	 Rhode Island.


	


14	 Q.	 Are you employed at the present time?


	


15	 A.	 Yes, sir.


	


16	 Q.	 By whom are you employed?


	


17	 A.	 Perot Systems.


	


18	 Q.	 At some point in time, were you employed by


	


19	 Metro-Atlantic?


	


20	 A.	 Yes.


	


21	 Q.	 And were you also employed by New England


	


22	 Container Corporation?


	


23	 A.	 Yes.


	


24	 Q.	 And could you tell us when you were employed by


	


25	 each of those companies?
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1	 A.	 The early '60's on New England Container; '64, '65


	


2	 Metro-Atlantic.


	


3	 Q.	 Now, going to the time that you were employed by


	


4	 New England Container, what job did you have at that


	


5	 employment?


	


6	 A.	 It was not a particular job. I was just a


	


7	 laborer. I loaded trucks, unloaded trucks, ran the


	


8	 sandblaster, took things off the burning station. Just


	


9	 general labor.


	


10	 Q.	 Can I ask you to move up a little closer to the


	


11	 mike or move the mike closer to you. Thanks. Okay.


	


12	 In the course of that work, did you -- that


	


13	 time, did you report to work to the New England


	


14	 Container site each day, or each working day?


	


15	 A.	 It was a summer job, and T reported every day for


	


16	 the summer.


	


17	 Q.	 Okay. And for how many summers did you do that?


	


18	 A.	 I believe it was two.


	


19	 Q.	 And did you work for New England Container during


	


20	 the school year?


	


21	 A.	 No.


	


22	 Q.	 Okay. How old were you when you were doing that


	


23	 job for New England Container?


	


24	 A.	 Sixteen, 17.


	


25	 Q.	 Okay. Did you have an opportunity to see how New
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1	 England Container operated?


	


2	 A.	 Yes.


	


3	 Q.	 Okay. Would you describe the operation?


	


4	 A.	 They refurbished barrels so what they did was they


	


5	 picked up barrels from other sites, brought the barrels


	


6	 in, those barrels went through several processes, were


	


7	 cleaned up, painted, stored in different areas, and


	


8	 then sent off to whoever was buying the barrels.


	


9	 Q.	 When a -- start out with when a barrel first came


	


10	 to New England Container, how did it get delivered to


	


11	 New England Container?


	


12	 A.	 There were drivers from New England Container that


	


13	 would go to the sites to pick those barrels up, bring


	


14	 them back to the site.


	


15	 Q.	 Did they come from various companies?


	


16	 A.	 They came from all over the state.


	


17	 Q.	 The State of Rhode Island?


	


18	 A.	 The State of Rhode Island, maybe Connecticut. I'm


	


19	 not quite sure.


	


20	 Q.	 And when they first arrived at. New England


	


21	 Container, before New England Container did anything


	


22	 with it, what did they do? Did they do anything to


	


23	 look at the barrels?


	


24	 A.	 They had a storage area behind the building along


	


25	 the Woonasquatucket where they would stack the barrels.
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	1 	 Q.	 Did they inspect the barrels before they came?


	


2	 A.	 I'm not sure.


	


3	 Q.	 Okay. So they would stack the barrels, and then


	


4	 what would happen next with the barrels?


	


5	 A.	 As the barrels were needed, they were brought to


	


6	 normally the burning station. They would go to the


	


7	 burning station. They were sanded.


	


8	 Q.	 Let's go through it step by step. What was the


	


9	 burning station?


	


10	 A.	 It was a pit on the outside of the building that


	


11	 was connected to the building by a track system. The


	


12	 individual on the outside would take those open-ended


	


13	 barrels, tip them upside down, put them on the rail,


	


14	 and they would be drawn through, into the building,


	


15	 over a burn, over an open flame.


	


16	 Q.	 What was the fuel for the open flame?


	


17	 A.	 Don't know.


	


18	 Q.	 Well, maybe -- was there some fuel for the flame?


	


19	 A.	 There was fuel for the flame, obviously.


	


20	 Q.	 So it was like a big barbecue or --


	


21	 A.	 It was open flames, I'm guessing it was gas. I'm


	


22	 just guessing it was gas, and the flame would shoot up


	


23	 into the barrel and burn the inside of the barrel and


	


24	 the paint off the outside.


	


25	 Q.	 I want to make sure we visualize this correctly.
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1	 The barrel -- at some point, the barrel would be upside


	


2	 down and open over this pit?


	


3	 A.	 True.


	


4	 Q.	 And a flame from some source would go into the


	


5	 barrel?


	


6	 A.	 True.


	


7	 Q.	 Okay. And then what did that do to the barrel?


	


8	 A.	 It burned off any residue of whatever was in that


	


9	 barrel out of the barrel and burned the paint off the


	


10	 outside of the barrel.


	


11	 Q.	 Okay. And then when the burning part was


	


12	 finished, what happened to the barrel?


	


13	 A.	 The barrels were pulled off the rail on the inside


	


14	 of the building. Any ash or whatever that was still


	


15	 remaining was kicked out into the pit. The barrels


	


16	 would go to another station where they were


	


17	 sandblasted.


	


18	 Q.	 Okay. Now, when the barrel was -- would it be


	


19	 correct, when the barrel was burned, it was hot?


	


20	 A.	 Yes.


	


21	 Q.	 How was it handled, if it was hot?


	


22	 A.	 Men with gloves would pull it off.


	


23	 Q.	 So taking the ash out was done by manual labor,


	


24	 people with gloves?


	


25	 A.	 Yes.
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1	 Q.	 And that ash, that ash you said would go into the


	


2	 pit?


	


3	 A.	 I think we kicked it back out into the pit.


	


4	 Q.	 I'm sorry.


	


5	 A.	 I believe we kicked it back out into the pit,


	


6	 because it was right there at the door where they were


	


7	 taken off the station.


	


B	 Q.	 After that, where did the barrels next go?


	


9	 A.	 They were sandblasted.


	


10	 Q.	 What is sandblasting?


	


11	 A.	 They were put on a rotating device, and it was


	


12	 like small metal beads would blast it onto it to clean


	


13	 any debris to shine up the barrel in preparation to be


	


14	 reconditioned and painted.


	


15	 Q.	 Then after the sandblasting, what would happen


	


16	 with the barrels?


	


17	 A.	 They went to a rolling station. There was also an


	


18	 inspection process somewhere along the line. I'm not


	


19	 quite sure how that went so that they didn't do a lot


	


20	 of work for a barrel that wasn't going to be fit to be


	


21	 reused. But from that point, it went to a rolling


	


22	 station where they put the beads along the edge of the


	


23	 55-gallon drums, and from there it went to a paint


	


24	 station.


	


25	 Q.	 And what happened at the paint station?
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	1 	 A.	 The customers that would -- those barrels were


	2 	 being sold to had their own particular colors that they


	


3	 wanted on a barrel, or if they were just a general use


	


4	 barrel, which would have been just plain black. So if


	


5	 it was a custom barrel, it was painted to the specs of


	


6	 the job. Most of the barrels were black.


	


7	 Q.	 In some cases, was the customer's logo put on


	8 	 barrels?


	9 	 A.	 I don't believe we put any logos on. I think it


	


10	 was just paint.


	


11	 Q.	 Just a color?


	


12	 A.	 Just a color. .


	13	 Q.	 Now, after the barrels were painted, what would


	


14	 happen to them?


	


15	 A.	 Depending on, from what I can remember, some of


	


16	 those barrels were stored in one of the storage areas,


	


17	 or if it was a rush delivery, after the paint was


	


18	 dried, those barrels were loaded onto trucks and


	


19	 delivered to the specific customer.


	


20	 Q.	 Did New England Container have its own trucks?


	


21	 A.	 Yes.


	


22	 Q.	 So they had trucks that both picked up and


	


23	 delivered barrels?


	


24	 A.	 Yes.


	


25	 Q.	 Did barrels ever arrive at New England Container







for refurbishing that New England Container determined


	


2	 were not suitable?


	


3	 A.	 Very few of them showed up, as far as I know, that


	


4	 were considered -- because the driver wouldn't pick


	


5	 them up, because they would catch heck from the boss


	


6	 for bringing a barrel that was junk. So we didn't want


	


7	 any junk on the lot.


	


8	 Q.	 So if a New England Container truck picked up the


	


9	 barrels and it found the barrels defective, they


	


10	 wouldn't bring them in?


	


11	 A.	 The way I understood it, if a driver went to the


	


12	 site and the driver looked at the barrel and saw a


	


13	 gaping hole, he was not going to pick that barrel up.


	


14	 The way I understood it, when the driver showed up


	


15	 at a site to pick up barrels, if there was a damaged


	


16	 barrel with a hole in it, a big hole, a noticeable


	


17	 damage, the driver would not accept that barrel.


	


18	 Q.	 And when a customer delivered barrels to New


	


19	 England Container, did New England Container do


	


20	 anything about looking at the barrels before it


	


21	 accepted them?


	


22	 A.	 There was some level of inspection. What it was,


	


23	 I don't know.


	


24	 Q.	 To your knowledge, did New England Container ever


	


25	 dispose of defective barrels?
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	1 	 A.	 Some barrels that were defective, we called them


	


2	 leakers, they were painted a black color. They were


	


3	 sold as burn drums, which meant that people would buy


	


4	 them to put in their backyard to burn their trash.


	


5	 Q.	 And did New England Container dispose of any drums


	


6	 on the site?


	


7	 A.	 Not that I'm aware of.


	


8	 MR. PIROZZOLO: Your Honor, I'd be going into


	


9	 his employment at Metro-Atlantic at this time. Should


	


10	 I start?


	


11	 THE COURT: How long will your direct take of


	


12	 this witness?


	


13	 MR. PIROZZOLO: I think it will be a


	


14	 half-an-hour.


	


15	 THE COURT: Why don't we break now. All right.


	


16	 Ladies and gentlemen, this is a good time to break for


	


17	 the day, so I will let you go. Just remember my


	


18	 instructions to you of not to discuss the case with


	


19	 anyone, among yourselves or with anyone else, and not


	


20	 to do any independent research, not to expose yourself


	


21	 to anything regarding this case. I'm going to be doing


	


22	 my best to keep things moving here. So be here bright


	


23	 and early tomorrow morning, 8:45. We'll hit the ground


	


24	 running at nine o'clock.


25
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	1 	 SEPTEMBER 15, 2006


	


2	 CONTINUATION OF DIRECT EXAMINATION BY MR. PIROZZOLO


	


3	 Q.	 Good morning, Mr. Nadeau.


	


4	 A.	 Good morning.


	5 	 Q.	 Yesterday, at the close of your testimony, just to


	


6	 orient us, I believe I had asked you some questions


	7 	 about your employment at NECC, do you recall that's


	


8	 where we left off?


	


9	 A.	 Yes.


	


10	 Q.	 Okay. Now, following your employment at NECC, did


	


11	 you go to work for Metro-Atlantic?


	


12	 A.	 Yes, I did.


	


13	 Q.	 And when did you work for Metro-Atlantic?


	


14	 A.	 I believe I worked one summer there, early '60's.


	


15	 And I worked full-time starting in the summer of '64


	


16	 through August of '65.


	


17
	


Q.	 Could you just repeat the dates you worked there.


	


18	 A.	 I believe I worked the summer of early '60's, and


	


19	 then I worked full-time from the summer, from like July


	


20	 of '64 through August of '65.


	


21	 Q.	 Thank you. And could you tell us, in general,


	


22	 what type of work you did during the summer and then


	


23	 during the period 1964 to 1965?


	


24	 A.	 Pretty much whatever we were told to do. We were


	


25	 utility-type people. I ran filter presses, worked on
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	1 	 the dryer for the reserve salt, emptied tanks, cleaned


	


2	 out tanks, emptied tanks into drums for delivery, help


	


3	 make some of the batches for the contents of whatever


	


4	 the product was into the vat. Those type of things.


	


5	 Q.	 Didn't you say you did practically all the --


	


6	 worked on all the manufacturing operations one way or


	


7	 another?


	


8	 A.	 Did a lot of little things, yes.


	


9	 Q.	 And in doing that work, did that take you to all


	


10	 of the parts of the plant?


	


11	 A.	 Pretty much, yes.


	


12	 Q.	 So would it be fair to say then that you know


	


13	 where the different facilities were located?


	


14	 A.	 Yes.


	


15	 Q.	 You may recall in your deposition you located


	


16	 different Metro-Atlantic and other buildings on the


	17	 site, do you recall that?


	


18	 A.	 Yes.


	


19	 Q .	 I'm going to give you Plaintiff's Exhibit 137 and


	


20	 ask if you can, with a highlighter, just highlight the


	


21	 Metro-Atlantic building, building or buildings.


	


22	 A.	 I believe Metro-Atlantic is down in this corner


	


23	 that I've circled -- no. This is New England


	


24	 Container. I'm sorry. This is Metro-Atlantic up in


	


25	 here. This is the maintenance building and another
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1	 facility here that was used for drying the reserve


	2 	 salt. And this is the building that we referred to as


	3 	 the Texas tower, but where they made hexachlorophene,


	


4	 you know, hexa something or -- the guys referred to as


	


5	 the Texas tower, the guys that worked there.


	


6	 Q.	 I'm going to color in what you call the Texas


	


7	 tower, if I may. Did you outline this?


	


8	 A.	 Yes. That was the maintenance building where we


	


9	 did the reserve salt.


	


10	 Q.	 I'm going to color that in.


	


11	 A.	 The rest of this was the Metro-Atlantic.


	


12	 Q.	 Does it go over to here? Is this part of it?


	


13	 A.	 I'm not sure. The front offices were here, and we


	


14	 had a storage area in that corner.


	


15	 Q.	 Over here?


	


16	 A.	 Yes.


	


17	 Q.	 And here?


	


18	 A.	 I'm not sure. I can't remember.


	


19	 Q.	 You don't remember that You do remember this?


	


20	 A.	 Yes.


	


21	 Q.	 And here?


	


22	 A.	 I believe that was probably the offices. I'm not


	


23	 sure. I can't remember now.


	


24	 Q.	 So if I colored it in yellow, what were


	


25	 Metro-Atlantic building?
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1	 A.	 Pretty much what I remember, yes.


	


2	 THE COURT: Go put that on that screen so


	


3	 opposing counsel can see everything you just colored


	


4	 in, not to the jury.


	


5	 Now, just so that the record is clear here,


	


6	 Mr. Nadeau, everything that is colored in, fully


	


7	 colored in, you're saying is Metro-Atlantic. The thing


	8 	that's circled, that's New England Container?


	


9	 THE WITNESS: That's true.


	


10	 THE COURT: Is that right?


	


11	 THE WITNESS: That's correct.


	


12	 THE COURT: All right.


	


13	 MR. PIROZZOLO: I'm going to ask him to make


	


14	 some more marks, your Honor, to make it clearer.


	


15	 THE COURT: That's fine. I just want counsel to


	


16	 be able to see what's happening with the witness.


	


17	 Q.	 Mr. Nadeau, I'm going to ask you what you call the


	


18	 Texas tower, is that the same building as the


	


19	 hexachlorophene?


	


20	 A.	 Yes.


	


21	 Q.	 I'm going to put an "H" there. Now, this building


	


22	 colored in yellow, I believe you said is the


	


23	 maintenance?


	


24	 A.	 The building closest to the street was part of the


	


25	 maintenance area. The south end was where we dried the
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1	 reserve salt and packaged it.


	


2	 Q.	 So I'm going to put an "M." 	 So I put an "M" with


	


3	 an arrow to the building that's the maintenance?


	


4	 A.	 Yes.


	


5	 Q.	 And an "S" with an arrow to the salt?


	


6	 A.	 Reserve salt.


	


7	 Q.	 Reserve salt. Now, all of the rest in yellow, is


	


8	 that the manufacturing plant?


	


9	 A.	 Minus the offices, yes.


	


10	 Q.	 In which part is the offices?


	


11	 A.	 The offices were closest to Smith Street.


	


12	 Q.	 So I will put an arrow with "0" for office.


	


13	 A.	 Yes.


	


14	 Q.	 And the rest I'll put an arrow with a "P" for


	


15	 plant?


	


16	 A.	 True.


	


17	 Q.	 Have I followed your direction?


	


18	 A.	 As I remember.


	


19	 Q.	 Thank you very much.


	


20	 THE COURT: All right. Now, show it to counsel.


	


21	 MR. HARDING: Could this be printed off?


	


22	 THE COURT: It will be. I'll get to that. Are


	


23	 you going to ask him to make any more markings?


	


24	 MR. PIROZZOLO: I am.


	


25	 THE COURT: Okay. I'd like to wait to print it
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1	 until all markings are made, and then it will be made a


	


2	 supplemental Exhibit 137A. Go head.


	


3	 MR. PIROZZOLO: Thank you, your Honor.


	


4	 Q.	 Mr. Nadeau, you made a circle around an area. Is


	


5	 that the New England Container?


	


6	 A.	 Yes, it is.


	


7	 Q.	 May I write "NECC" inside that circle?


	


8	 A.	 Whatever.


	


9	 Q.	 I'll use an arrow again. It's easier. NECC.


	


10	 I've got an arrow pointing to the NECC building; is


	


11	 that right?


	


12	 A.	 Correct.


	


13	 Q.	 What is this?


	


14	 A.	 I don't remember.


	


15	 Q.	 Do you know if that's a part of NECC?


	


16	 A.	 I can't remember.


	


17	 Q.	 Okay. Now, do you remember if there was an area


	


18	 where it was referred to as a dump site?


	19	 A.	 I know there was an area referred to as a dump


	


20	 site. I've never been there.


	


21	 Q.	 I'm sorry, I interrupted you. I'm sorry?


	


22	 A.	 I had never visited that site. I hadn't seen it.


	


23	 I knew that it was somewhere down off the parking lot.


	


24	 Q.	 Do you know, generally, where it was?


	


25	 A.	 It was past New England Container. Where exactly,
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	1 	 I'm not sure. I never visited it.


	


2	 Q.	 Would the dump site have been in this direction


	3 	 from New England Container?


	


4	 A.	 Yes.


	


5	 Q.	 If Smith Street is north, would it be south of --


	


6	 A.	 It would be south.


	


7	 Q.	 Okay. Mark that with an arrow.


	


8	 THE COURT: Well, wait. Wait. He hasn't said


	


9	 that he knows exactly where it is. He said in what


	


10	 direction it was, so why don't you put that onto the


	


11	 projector. Put it on the projector. Now, you can ask


	


12	 him to indicate the direction in which that --


	


13	 Q.	 Mr. Nadeau, at some point south of the -- first of


	


14	 all, let me ask you to point to Smith Street.


	


15	 A.	 Smith Street would be up at the top. It's not on


	


16	 the map here where I can see. This is Smith Street


	


17	 right here.


	


18	 Q.	 Okay. Thank you. Now, at some point, the


	


19	 tailrace and the river come together?


	


20	 A.	 I believe that's true.


	


21 	 Q.	 That's not shown on this map?


	


22	 A.	 I can't see it, no.


	


23	 Q.	 In other words, the map ends before that part?


	


24	 A.	 True.


	


.25	 Q.	 Was the dump beyond the end of the map?
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1	 A.	 I don't know.


	


2	 Q.	 But in any event, it was south of the buildings?


	


3	 A.	 It was south of the buildings.


	


4	 Q.	 But how far, you just don't know?


	


5	 A.	 No idea.


	


6	 Q.	 Okay.


	


7	 MR. PIROZZOLO: May I mark the map with south?


	


8	 THE COURT: It's on the map. There's a compass


	


9	 right on the map in the lower left corner.


	


10	 MR. PIROZZOLO: I would offer 137 as marked.


	


11	 THE COURT: Is there any objection?


	


12	 MR. NETBURN: No, your Honor.


	


13	 THE COURT: Do you all intend to ask the witness


	


14	 to mark up the map, as well?


	


15	 MR. NUGENT: Not at this time, your Honor.


	


16	 THE COURT: All right.


	


17	 MR. NETBURN: No, your Honor.


	


18	 THE COURT: Is there any objection from --


	


19	 MR. LEVENS: No objection, your Honor.


	


20	 THE COURT: Okay. Then if you could -- can we


	


21	 print that if it's on the projector? Put that on the


	


22	 projector as marked up and we'll print that. Just


	


23	 leave it there, we'll print it.


	


24	 MR. PIROZZOLO: You don't get the whole thing,


	


25	 though, your Honor.
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1	 THE COURT: Zoom out.


	


2	 MR. NETBURN: Your Honor, can the arrow be


	


3	 removed?


	


4	 THE COURT: Yes. All right, that's good. Print


	


5	 that.


	


6	 MR. PIROZZOLO: It's still not the whole thing.


	


7	 I think it's beyond the field. It's too big for --


	


8	 THE COURT: Okay. Move to your next question.


	


9	 MR. PIROZZOLO: May this be published to the


	


10	 jury, your Honor?


	


11	 THE COURT: Yes.


	


12	 Q.	 Mr. Nadeau, would you point out for the jury the


	


13	 letters that have been marked on this plan on the


	


14	 screen?


	


15	 A.	 What do you want me to do?


	


16	 MR. PIROZZOLO: I'm sorry, your Honor. I just


	


17	 don't know how to do this.


	


18	 Q.	 Can you point on the screen to the office area?


	


19	 A.	 Right there.


	


20	 Q.	 Thank you. Could you point on the screen to the


	


21	 manufacturing plant?


	


22	 A.	 (Indicating.)


	


23	 Q.	 Is that that entire yellow --


	


24	 A.	 That entire block.


	


25	 Q.	 Could you point on the screen to the maintenance
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1	 building?


	


2	 A.	 (Indicating.)


	


3	 Q.	 Can you point on the screen to the salt?


	


4	 A.	 (Indicating.)


	


5	 Q.	 Can you point on the screen to the hexachlorophene


	


6	 building?


	


7	 A.	 (Indicating.)


	8 	 Q.	 Can you point on the screen to the New England


	9 	 Container?


	


10	 A.	 (Indicating.)


	


11	 Q.	 Thank you.


	


12	 MR. PIROZZOLO: I offer 137A.


	


13	 THE COURT: Call it 137A. Without objection, it


	


14	 will be admitted in full.


	


15	 (Plaintiff's Exhibit 137A marked full.)


	


16	 Q.	 Now in the course of your working for


	


17	 Metro-Atlantic, as you said, you had the opportunity or


	


18	 the occasion to go through the entire plant, were


	


19	 fluids delivered from vessels and from storage areas in


	


20	 pipes?


	


21	 A.	 Yes.


	


22	 Q.	 Could you describe in your own words what the


	


23	 piping looked like?


	


24	 A.	 Some of the piping came from the storage tanks


	


25	 that ran along the walls, had valves affixed to it with
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1	 nozzles that hoses were attached to. Some of the


	


2	 product came out of storage tanks that we hooked the


	


3	 hose to and ran it to the particular vat we needed to


	


4	 move it to or pump it to or transport it from drums to.


	


5	 Q.	 And did you ever notice any leaks or spills either


	


6	 from the vats or the pipes?


	


7	 A.	 Yes.


	


8	 Q.	 And could you describe what you observed?


	


9	 A.	 On occasions, some of the chemicals would erode


	


10	 the pipes and whatever that product was, the raw


	


11	 product, it would drip.


	


12	 Q.	 And what was done when that occurred, that kind of


	


13	 thing occurred?


	


14	 A.	 Usually, we told someone, and someone from


	


15	 maintenance would come and replace that pipe.


	


16	 Q.	 What would you do with whatever dripped or came


	


17	 out?


	


18	 A.	 Hosed it down. Wash it away.


	


19	 Q.	 And -- I'm sorry?


	


20	 A.	 It would wash away.


	


21	 Q.	 Thank you. Now, you pointed out the building that


	


22	 contained the -- where the hexachlorophene -- you


	


23	 called it the Texas tower?


	


24	 A.	 Yes.


	


25	 Q.	 What was that building used for?
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1	 A.	 They made the hexachlorophene product there. I


	


2	 was never in it. There was only two gentlemen, I


	


3	 believe, or three gentlemen that ever worked there, and


	


4	 I never was part of that operation.


	


5	 Q.	 But that was the place where they made the


	


6	 hexachlorophene?


	


7	 A.	 Yes.


	


8	 Q.	 Do you know how the raw materials got to that


	9 	 building?


	


10	 A.	 I do not.


	


11	 Q.	 Do you know how the finished product left that


	


12	 building?


	


13	 A.	 I do not.


	


14	 Q.	 Do you know any of the other products that


	


15	 Metro-Atlantic made?


	


16	 A.	 Well, they made the reserve salt. They made a


	


17	 product called Rane-Pel, which was a water repellant.


	


18	 Actsoft PE, which I think was another repellant. There


	


19	 was a product called 40S. I'm not quite sure what that


	


20	 product was, but it was a filtered product. We ran it


	


21	 through a filter press.


	


22	 They had dozens of products. I can't remember


	


23	 them all at this point in time.


	


24	 Q.	 We're not asking for all, but can you give us the


	


25	 ones you do remember?
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	1 	 A.	 Those are the ones that stand out.


	


2	 Q.	 Okay. Thank you. Now, did chemicals --


	


3	 withdrawn. When chemicals arrived at Metro-Atlantic,


	


4	 were they sometimes stored in tanks?


	


5	 A.	 Yes.


	


6	 Q.	 Could you just describe how chemicals would get


	


7	 into the tanks?


	


8	 A.	 Usually they were pumped from a vehicle, a vehicle


	


9	 would show up, a tank truck. They would hook a hose to


	


10	 the valve on the truck and onto the valve outside and


	


11	 open the valve and pressure it into the tank.


	


12	 Q.	 And how would the chemicals from those tanks end


	


13	 up getting used for manufacturing?


	


14	 A.	 Pretty much the same way we would pump them from


	


15	 the storage tanks to the vats where the product was


	


16	 being mixed.


	


17	 Q.	 Did sometimes raw materials come in barrels?


	


18	 A.	 Yes.


	


19	 Q.	 How were those delivered and stored?


	


20	 A.	 They would come through shipping. From there,


	


21	 they would be put in storage areas throughout the


	


22	 plant. Some of the products were up on the third


	


23	 floor, I believe. Others went to the second. I'm not


	


24	 quite sure. But they were dispensed throughout the


	


25	 building.
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Q.	 Did the raw materials that came in barrels, was


	


2	 that usually a liquid?


	


3	 A.	 Yes.


Q.	 How did you get -- how did Metro-Atlantic get the


	


5	 liquid out of the barrels in order to put it into


	


6	 processes?


	


7	 A.	 Either pump it out or dump the drum.


Q.	 On the occasions when it was pumped out, could you


	9 	 describe how that pump worked, or looked like?


	


10	 A.	 It was a small pump. We would put the hose into


	


11	 the barrel, the other end into the vat, and start the


	


12	 pump. The suction would move the product to the vat.


	


13	 Q.	 And in that way was a required or a measured


	


14	 amount taken out of the barrel for a particular


	


15	 process?


	


16	 A.	 Yeah. They used scales or, if they knew the


	


17	 volume that needed to go in, say they needed 50


	


16	 gallons, then a 55-gallon -- or a 50-gallon drum would


	


19	 be poured into the mix.


	


20	 Q.	 That's the occasion when they pour the entire ---


	


21	 A.	 Yes.


	


22	 Q.	 How did they go about pouring an entire 55-gallon


	


23	 drum of liquid into the mix?


	


24	 A.	 We had hand trucks that would tip over, and some


	


25	 of the openings to the tanks were low enough that it
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1	 would just allow it to happen. Just dumped it over.


	


2	 Q.	 On occasions when raw material was put into the


	


3	 mix, would anything spill?


	


4	 A.	 Sure.


	


5	 Q.	 And what would you do with whatever might have


	


6	 spilled?


	


7	 A.	 We would -- depending on -- some things we didn't


	


8	 add water to. They reacted violently to water. But


	


9	 most of the time it was -- we would steam them or hit


	


10	 them with water and then they would go down the French


	


11	 drain.


	


12	 Q.	 Thank you. Now, was there an occasion when an


	


13	 explosion occurred?


	


14	 A.	 Yes.


	


15	 Q.	 Were you there when that happened?


	


16	 A.	 I wasn't there when it happened. I heard about


	


17	 it. I can't remember how I heard about it. I don't


	


18	 know whether I was even still working there at the time


	


19	 when that happened, but I heard the story because my


	


20	 brother was there.


	


21	 Q.	 But you didn't, in fact, see the explosion?


	


22	 A.	 I didn't see it.


	


23	 Q.	 Okay. Now, did Metro-Atlantic have a way of


	


24	 disposing of solid waste? Is there a Dumpster?


	


25	 MR. NETBURN: Objection.
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1	 THE COURT: Don't lead the witness. Sustained.


	


2	 Ask another question.


	


3	 Q.	 Did Metro-Atlantic have a way of disposing of


	


4	 solid waste?


	


5	 A.	 Some of the things that we trashed went into the


	


6	 Dumpster. Some of the byproducts were shoveled and put


	


7	 into barrels. Some of the byproducts were washed off


	8 	 the floor into the drain.


Q .
	 And in connection with the work you did at


	


10	 Metro-Atlantic, did you ever do anything with the


	


11	 expectation or intention of damaging the environment?


	


12	 MR. NUGENT: Objection.


	


13	 THE COURT: I'm going to allow it. Overruled.


	


14	 A.	 Would you repeat that?


	


15	 THE COURT: The reporter will read the question


	


16	 back.


	


17	 (Pending question read by the reporter.)


	


18	 A.	 No.


	


19	 Q.	 Did you ever think you were doing anything wrong?


	


20	 A.	 No.


	


21	 MR. PIROZZOLO: Thank you. I have no further


	


22	 questions.


	


23	 One more question.


	


24	 Q.	 Do you recall a time when there was a fire?


	


25	 A.	 There were several fires.
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1	 Q.	 Do you remember a fire involving a heater of some


	


2	 kind?


	


3	 A.	 Yes.


	


4	 Q.	 Could you tell us about that fire? First of all,


	


5	 could you tell us when that occurred?


	


6	 MR. NUGENT: Objection, your Honor, on


	


7	 relevance.


	


8	 THE COURT: Can't tell yet. I'm going to allow


	


9	 it.


	


10	 MR. NUGENT: Can I be heard on that, your Honor?


	


11	 THE COURT: Well, let me find out the time


	


12	 period first, all right? What time period are you


	


13	 referring to?


	


14	 Q.	 When did the fire occur, approximately?


	


15	 A.	 '64, '65. That's my recollection. I remember the


	


16	 fire that involved a methanol tank.


	


17	 Q.	 I don't understand. Methanol?


	


18	 A.	 Methanol.


	


19	 Q.	 What's methanol?


	


20	 A.	 It was a raw product that was delivered. It's a


	


21	 very flammable product. I think they even use it in


	


22	 race cars.


	


23	 Q.	 Where was that a fire, in the building or --


	


24	 A.	 It was in the building.


	


25	 Q.	 Which building?
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	1 	 A.	 It was in the main building.


	


2	 Q.	 And did it require the fire department?


	


3	 A.	 The fire department may have showed up, but my


	4 	 brother and I put it out.


	


5	 Q.	 Okay. Could you describe it as fully as you can


	


6	 remember what the fire looked like?


	


7	 A.	 I was across the street when the alarms went off.


	B 	 I went through the door. My brother was standing there


	9 	 with a hose. What was happening was the methanol was


	


10	 coming out of the valve on fire. I grabbed another


	


11	 hose and we -- together we walked towards it pushing


	


12	 the methanol on fire into the French drain. When we


	


13	 got to the valve, we shut it off. The fire stopped.


	


14	 The fire went down the drain into the river. Not the


	


15	 river but the tail section.


	


16	 Q.	 Did the fire involve anything that a delivery man


	


17	 had done?


	


18	 A.	 I think the delivery man might have got burned.


	


19	 He wasn't there when I came through the door.


	


20	 Q.	 Do you know what started the fire?


	21	 A.	 The delivery man. He had a heater that he wanted


	


22	 to put methanol in to use. Apparently, it was either


	


23	 still hot or still burning when he cracked the valve.


	24	 MR. PIROZZOLO: Thank you. I have no further


	


25	 questions.
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1	 CROSS-EXAMINATION BY MR. NUGENT


	


2	 Q.	 Good morning, Mr. Nadeau.


	3 	 A.	 Good morning.


	


4	 Q.	 You stated you worked at both Metro-Atlantic and


	5 	 New England Container; is that correct?


	


6	 A.	 Yes.


	


7	 Q.	 And during the year that you worked there, did you


	


8	 find that that was a common occurrence, that workers


	


9	 would work in both places?


	


10	 A.	 Yes.


	


11	 Q.	 In fact, would you say that they were


	


12	 interchangeable?


	


13	 A.	 It was not the norm, but a lot of people did work


	


14	 in both places.


	


15	 Q.	 Did you ever provide information to the EPA


	


16	 regarding the interchangeability of the workers between


	


17	 the two places?


	


18	 A.	 I may have.


	


19	 Q.	 You mentioned the French drains. They were in the


	


20	 basement of the main building?


	


21	 A.	 True.


	


22	 Q.	 And what was the floor of the main building made


	


23	 out of?


	


24	 A.	 The basement floor was concrete.


	


25	 Q.	 All right. And would you describe what the French
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	1 	 drains, as you call them, what they look like?


	


2	 A.	 A French drain is basically a form trough, made


	


3	 out of concrete, and it had steel grates over the top.


	


4	 That drain ran along the length of the building, the


	


5	 building I worked in most of the time, and it had a


	


6	 hole on the far end that opened to the tail -- the


	7 	 thing that people call the tail, the water area on the


	8 	 backside of the building.


	9 	 Q.	 When you say the tail, you mean the water outside


	


10	 the building?


	


11	 A.	 Yes.


	


12	 Q.	 All right. And did you ever see the water outside


	


13	 the building change color after you washed the floor


	


14	 off?


	


15	 A.	 I'm sure it did. I didn't look.


	


16	 Q.	 But as you sit here today, do you remember ever


	


17	 seeing water change color after the floor was washed in


	


18	 the basement of the main building?


	


19	 A.	 Like I said, I never looked to see if it changed.


	


20	 Logic tells me it did.


	


21	 Q.	 All right. So at the time that you worked at


	


22	 Metro-Atlantic, and I presume you used the hose along


	


23	 with the other workers to wash off the basement floor?


	


24	 A.	 Yes.


	


25	 Q.	 And the material that was washed off the basement
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	1 	 floor came from the presses?


	


2	 A.	 Came from the presses.


Q
	


And that included black sludge, or some kind of


	


4	 sludge?


	


5	 A.	 I think it was carbon that they used to filter


	


6	 but, yes, it was black or gray.


	


7	 Q.	 When you washed off the floor at that time, you


	


B	 were aware that it was going out to the tailrace, the


	


9	 river outside?


	


10	 A.	 True.


	


11	 Q.	 And so there was no question in your mind that it


	


12	 was not going to the municipal sewer, was it?


	


13	 A.	 There was no question in my mind. It was going


	


14	 outside.


	


15	 Q.	 You mentioned some leaks from pipes inside the


	


16	 building; is that correct?


	


17	 A.	 Yes.


	


18	 Q.	 And when the leaks would -- strike that. The


	


19	 leaks were inside the building and the material would


	


20	 fall on the concrete floor; is that correct?


	


21	 A.	 If it was on the basement level, yes.


	


22	 Q.	 Right. All right. But you mentioned you would


	


23	 wash the floor after a leak; is that correct?


	


24	 A.	 Yes.


	


25	 Q.	 All right. So when you washed the floor after a
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1	 leak, the workers for Metro-Atlantic caused that leak


	


2	 material to go out into the river; is that correct, by


	


3	 hosing it off the floor?


	


4	 A.	 Yes.


	


5	 Q.	 All right. So the leak itself never went out into


	


6	 the ground, right? It was inside the building?


	


7	 A.	 It was in the building.


	


8	 Q.	 And the leak itself never went directly into the


	


9	 river, did it?


	


10	 A.	 No.


	


11	 Q.	 The only way that leaked material got out into the


	


12	 environment was when the workers hosed it off the floor


	


13	 and pushed it and forced it outside into the river,


	


14	 isn't that true?


	


15	 A.	 That's probably one of the ways.


	


16	 Q.	 All right. The washing of the floor in the main


	


17	 building after the presses had the sludge discharged


	


18	 onto the floor, was that a regular occurrence, washing


	


19	 the floor down?


	


20	 A.	 A better picture of that -- we did wash the floor


	


21	 down, but we were always instructed to shovel off, and


	


22	 it's not like we dumped the sludge on the ground and


	


23	 just washed it over on the drain. Most of it, most of


	


24	 it -- most of the guys, there were a few guys that


	


25	 wouldn't shovel it, but most of us shoveled the bulk of
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	1 	 it up, and then whatever was on the floor there was no


	2 	 other way to get it out of there but to wash it off the


	


3	 floor.


	


4	 Q.	 But at the time you worked there, how old were


	


5	 you?


	


6	 A.	 I was 17, 18.


	


7	 Q.	 All right. So when you're 17, 18 years old, you


	


8	 were not in charge of disposing of those barrels, were


	


9	 you?


	


10	 A.	 No.


	


11	 Q.	 Your job was basically to provide labor inside to


	


12	 shovel or to hose off, is that correct?


	


13	 A	 Filter it, clean it up, shovel it.


	


14	 Q.	 All right. So the disposal of those barrels that


	


15	 contain the sludge, that was somebody else's job?


	


16	 A.	 After it was shoveled up, if we put it into the


	


17	 fiber drums, we took it up onto the second floor and


	


18	 put it in a Dumpster.


	


19	 Q.	 And after that, do you know where it went?


	


20	 A.	 I have no clue.


	


21	 Q.	 With regard to the material that went down the


	22	 drain that was washed in the drain, the sludge


	


23	 material, how often would that occur?


	


24	 A.	 Filtering was done pretty much on a daily basis


	


25	 for the two products, reserve salts and 40S.
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	1 	 Q.	 Can you describe what kind of clothes you had to


	2 	 wear when you worked there at Metro-Atlantic?


	


3	 A.	 The clothes we wore, we wore until they broke.


	4 	 Some people had uniforms. Most of us young guys, we


	


5	 just wore jeans and shirts, T-shirts, whatever. We


	6 	 changed up when we got to work. We changed up before


	


7	 we left. We left the clothes standing in a corner. We


	8 	 bought shoes once or twice a month and threw the shoes


	9 	 away because they were pretty much -- they would break


	


10	 right down. We bought cheap shoes from Woolworth's, or


	


11	 whatever, and just threw them away.


	


12	 Q.	 Do you recall if you had to replace your clothes


	


13	 and shoes every week?


	


14	 A.	 Every couple of weeks, probably.


	


15	 Q.	 And why did you have to throw away your clothes


	


16	 and shoes?


	


17	 A.	 The shoes themselves were cheap, to begin with,


	


18	 but they were plastic, and we bought them like that


	


19	 because the products that we worked in, if you had a


	


20	 good pair of leather boots you were going to be


	


21	 spending good money for no return. The clothes, I


	


22	 threw them away because my stepmother wouldn't wash


	


23	 them. She wouldn't put them with the other clothes.


	


24	 Q.	 Were they usable after a week or so?


	


25	 A.	 No. After weeks of working with resin, you could
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	1 	 stand them in the corner, and they'd be there when you


	


2	 came back.


	


3	 Q.	 Did you also work with some acid material?


	


4	 A.	 Yes.


	


5	 Q.	 Did you ever have -- strike that. Did you ever


	


6	 experience any acid on your skin or on your clothes?


	


7	 A.	 Yes.


	


8	 Q.	 And what happened when that got on your skin or


	


9	 clothes?


	


10	 A.	 Acid will eat a hole in your clothes, and it made


	


11	 holes in your skin.


	


12	 Q.	 And to your knowledge, was that a regular


	


13	 occurrence?


	


14	 A.	 I'm guessing everyone that ever worked there has


	


15	 little white spots on their arms like I do, or little


	


16	 white spots where acid dripped on them.


	


17	 Q.	 The materials that would cause your clothes and


	


18	 shoes to be thrown away every week or two, that was the


	


19	 type of material that was being washed down in the


	


20	 French drains, isn't that true?


	


21	 A.	 Yes.


	


22	 Q.	 And you knew that some of the material was burning


	


23	 a hole in your shoes and your clothes and your skin,


	


24	 and that was the material that was being washed down


	


25	 the drain, too?
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	1 	 A.	 Yes.


	


2	 Q.	 You mentioned a methanol fire; is that correct?


	


3	 A.	 Yes.


	


4	 Q.	 That was in the main building?


	


5	 A.	 Yes.


	


6	 Q.	 And the methanol fire was, as I said, it was


	


7	 inside the building, correct?


	8 	 A.	 Yes.


	9 	 Q.	 Could you describe -- strike that. Is it fair to


	


10	 state that the fire was put out when you and your


	


11	 brother used the hoses to wash the methane down the


	


12	 French drains?


	


13	 A.	 The fire was put out when we shut the valve, but


	


14	 the methanol that was on fire we washed down the


	


15	 drains, correct.


	


16	 Q.	 All right. So any fire or methanol would have


	


17	 been contained inside the building except it was washed


	


18	 outside?


	


19	 A.	 It went right down. It was a flowing fire that


	


20	 went right outside the building.


	


21	 Q.	 All right. None of the building structure itself


	


22	 was burnt?


	


23	 A.	 Not that I'm aware of.


	


24	 Q.	 Sometimes when the barrels -- strike that. You


	


25	 also worked at New England Container; is that correct?
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1	 A.	 Yes.


	


2	 Q.	 And at Metro-Atlantic, did they have some barrels


	


3	 that had plastic liners?


	


4	 A.	 Yes.


	


5	 Q.	 So did you have experience handling barrels with


	


6	 plastic liners at both Metro-Atlantic and New England


	


7	 Container?


	


8	 A.	 Yes.


	


9	 Q.	 And do you know why barrels would have plastic


	


10	 liners?


	


11	 A.	 Some of the customers ordered the -- I think,


	


12	 ordered barrels with plastic liners, but the reason


	


13	 that we put plastic liners in there was the product


	


14	 kept better, I believe, in plastic. For whatever


	


15	 reason, we were told to put plastic in these drums.


	


16	 Q.	 And did you ever have a job that required you to


	


17	 remove the used plastic from a drum?


	


18	 A.	 When I worked for New England Container, we


	


19	 removed plastic bags from drums that came from the dye


	


20	 companies, when we were stacking the barrels.


	


21	 Q.	 What did you do with those used plastic bags from.


	


22	 the containers?


	


23	 A.	 They had empty barrels in the area. We threw the


	


24	 bags on the ground or threw them into the empty drums.


	


25	 Q.	 Could you repeat that? I didn't hear you.
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1	 A.	 When we unloaded the trucks that had plastic bags


	


2	 in them, we would just pull the plastic out of the


	


3	 drum, throw them on the ground, put them in other empty


	


4	 drums. There was also rubber gaskets along with that,


	


5	 too.


	


6	 Q.	 Isn't it true that the plastic bags that you


	


7	 referred to, they were taken down in the back part of


	


8	 the facility and dumped on the ground?


	


9	 A.	 That I don't know.


	


10	 Q.	 You don't know that?


	


11	 A.	 No. All I can tell you is I took plastic bags out


	


12	 of drums, threw them on the ground while I was working,


	


13	 then later on we policed them up and threw them into


	


14	 barrels.


	


15	 MR. NUGENT: Your Honor, I'd like to use a


	


16	 portion of a deposition. Referring to page 14, lines


	


17	 14 through 18.


	


18	 THE COURT: Do you have a copy for me?


	


19	 MR. NUGENT: I think Scott has one on the


	


20	 system. I don't know if he can display it to the


	


21	 Court.


	


22	 THE COURT: All right. Just display it.


	


23	 Q.	 Mr. Nadeau, do you recall giving a deposition on


	


24	 December 17th, 199 -- strike that, December 17th, 2002,


	


25	 here in Providence?
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1	 Mr. Nadeau, do you remember giving a deposition


	


2	 back in 2002?


	3 	 A.	 Yeah. I remember giving my deposition.


	


4	 Q.	 Okay. And I know it was three years ago. Do you


	


5	 remember it?


	


6	 A.	 I remember it.


	


7	 Q.	 All right. Did you have a better recollection


back in 2002 than you do today?


	9 	 A.	 I may have. Like I said earlier, stuff happened.


	


10	 If you read the rest of my deposition, I said my memory


	


11	 is fuzzy on some of the stuff because this was 40


	


12	 something years ago.


	


13	 Q.	 Correct.


	


14	 A.	 I did not take bags down in the back and dump them


	


15	 on the ground. I did take them and throw them on the


	


16	 ground when I was loading the trucks.


	


17	 Q.	 Do you have --


	


18	 A.	 I have it in front of me.


	


19	 Q.	 You have it in front of you. Now, have you had an


	


20	 opportunity to read lines 14 through 18?


	


21	 A.	 Yes.


	


22	 Q.	 And does that refresh your recollection as to what


	


23	 you did with the plastic bags?


	


24	 MR. PIROZZOLO: Objection, your Honor.


	


25	 THE COURT: I think he's answered the question.
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1	 You may use the question and answer.


	


2	 MR. NUGENT: May I read that to the witness?


	


3	 MR. PIROZZOLO: Your Honor, the answer, however,


	


4	 is in the passive voice. The witness's answer to


	


5	 deposition is in the passive voice.


	


6	 THE COURT: I understand, but it's appropriate


	


7	 use of prior testimony. He may use it.


Q.	 I'm going to read a few lines to you, Mr. Nadeau.


	


9	 I'm just going to ask you did I read that correctly


	


10	 initially. Okay? Line 14.


	


11	 "Okay. And the barrels that would have the


	


12	 plastic bags in them that you referred to, did you


	


13	 observe what happened to those plastic bags?


	


14	 Answer: Those bags were taken down in the back


	


15	 part of the facility and dumped on the ground."


	


16	 Did I read that correctly?


	


17	 A.	 Yes, sir.


	


18	 Q.	 All right. Do you recall making that statement


	


19	 during your deposition?


	


20	 A.	 If it's on my deposition, I made that statement.


	


21	 Q.	 On direct examination, you were asked to point out


	


22	 the building referred to as the Texas tower?


	


23	 A.	 Yes, sir.


	


24	 Q.	 Correct? And just -- was that where they made the


	


25	 hexachlorophene?
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1	 A.	 I believe that's true.


	


2	 Q.	 You never worked in that building, did you?


	


3	 A.	 I didn't work in any part of it, right.


	


4	 Q.	 So you really don't have any information as to --


	


5	 A.	 I have no direct information on it at all.


	


6	 Q.	 Any -- strike that. You're not familiar with the


	


7	 process of making hexachlorophene in that building, are


	


8	 you?


	


9	 A.	 I never saw the. process. I was never involved in


	


10	 any part of it.


	


11	 Q.	 When you worked at New England Container, did you


	


12	 have an occasion to shovel out the pit?


	


13	 A.	 No. No, I did not.


	


14	 Q.	 Did you have a chance to observe other workers at


	


15	 New England Container shovel out the pit?


	


16	 A.	 I can't remember right now if I've ever seen


	


17	 anyone doing it.


	


18	 Q.	 You worked in the reserve salt building; is that


	


19	 correct?


	


20	 A.	 Yes.


	


21	 Q.	 That was at Metro-Atlantic?


	


22	 A.	 Yes.


	


23	 Q.	 The reserve salt building, as you pointed on the


	


24	 map, that was adjacent to the main building?


	


25	 A.	 It was adjacent to the maintenance building.
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1	 Q.	 The maintenance building. You mentioned -- let me


	


2	 just check my notes here.


	


3	 Did you mention some corrosion of pipes or metal


in the reserve salt building?


	


5	 A.	 Yes.. Not in the reserve salt building. We made


	


6	 the reserve salt in the other -- in the main building.


	


7	 It was dried and packaged in the building where I call


	


8	 the reserve salt building.


	


9	 Q.	 So where was the metal that was corroded?


	


10	 A.	 The vats where it was made, it would eat the


	


11	 agitator blades right off. The reserve salt, from what


	


12	 we were told, was a metal stripper, so it had abilities


	


13	 to clean metal and corrode metal.


	


14	 Q.	 So the blades inside the vat would wear away?


	


15	 A.	 Eat 'em right off.


	


16	 Q.	 Was that material from the reserve salt, was that


	


17	 also the material that was washed into the French


	


18	 drains?


	


19	 A.	 We filter the reserve salt, part of the process


	


20	 after the shoveling and washing whatever was left on


	


21	 the floor.


	


22	 Q.	 Besides the effect on your clothes handling the


	


23	 material, can you describe whether there was any odor


	


24	 or smell when you worked at Metro-Atlantic?


	


25	 A.	 There were all kind of odors and smells there. We
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	1 	 worked with ammonia, formaldehyde, acids. Sulfane was


	


2	 a particularly nasty acid, and there was some nasty


	


3	 stuff.


	


4	 Q.	 When you say it was nasty stuff, what do you mean


	


5	 by that?


	


6	 A.	 It would eat holes in you, or eat holes in your


	


7	 clothes. It would cause nosebleeds. It was chemicals.


	


8	 MR. NUGENT: Just one moment, your Honor, while


	


9	 I check my notes.


	


10	 That's all I have, your Honor.


	


11	 THE COURT: Thank you.


	


12	 MR. NETBURN: No questions, your Honor.


	


13	 MR. LEVENS: No questions, your Honor.


	


14	 THE COURT: Thank you. Is there redirect,


	


15	 Mr. Pirozzolo?


	


16	 MR. PIROZZOLO: Yes, your Honor.


	


17	 REDIRECT EXAMINATION BY MR. PIROZZOLO


	


18	 Q.	 Mr. Nadeau, you said that your clothes would get


	


19	 stiff?


	


20	 A.	 Yes.


	21	 Q.	 In fact, wasn't one of the products that


	


22	 Metro-Atlantic made a product to make fabric stiffen?


	


23	 A.	 It was a resin, yes.


	


24	 Q.	 Was that its purpose, to make fabric stiff?


	


25	 A.	 Yes.
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1	 Q.	 It was sold for that purpose?


	


2	 A.	 Yes.


	


3	 Q.	 Now, you worked both for Metro-Atlantic and for


	


4	 NECC?


	5 	 A.	 Yes.


	


6	 Q.	 And you described this morning, yesterday --


	


7	 you've described during your testimony work you did for


	8 	 NECC and work you did for Metro-Atlantic?


	9 	 A.	 Yes.


	


10	 Q.	 And you did the same on cross-examination?


	


11	 A.	 Yes.


	


12	 Q.	 Okay. And the testimony you gave regarding the


	


13	 plastic bags on cross-examination, that was when you


	


14	 were working for NECC?


	


'15	 A.	 Yes.


	


16	 Q.	 Did you understand that both Metro-Atlantic and


	


17	 NECC were in different businesses?


	


18	 A.	 Yes.


	


19	 Q.	 Okay. One was a manufacturer of products?


	


20	 A.	 Yes.


	


21	 Q . 	 And the other was -- business was to reclaim and


	


22	 resell used barrels?


	


23	 A.	 Yes.


	


24	 Q.	 And those were two different businesses?


	


25	 A.	 Yes.
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	1 	 Q.	 As you understood it. Now, did you also handle


	


2	 plastic bags and residue when you worked for


	


3	 Metro-Atlantic?


	


4	 A.	 Yes.


	


5	 Q.	 And how did you handle the disposal of that when


	


6	 you worked for Metro-Atlantic?


	


7	 A.	 When I worked for Metro-Atlantic, we were putting


	


8	 products into the plastic bags. I wasn't removing


	


9	 them. I was using them to fill an order.


	10	 Q.	 Were there occasions when you disposed of plastic


	


11	 bags and other residue, solid residue, at


	


12	 Metro-Atlantic?


	


13	 A.	 Yes.


	


14	 Q.	 And did you describe that process during your


	


15	 deposition, do you recall?


	


16	 A.	 I don't remember. I don't remember.


	


17	 MR. PIROZZOLO: May I show the witness a


	


18	 portion?


	19	 THE COURT: No, because you can ask him the


	


20	 question how it was handled first.


	


21	 Q.	 Do you recall that material was removed from one


	


22	 floor to another at Metro-Atlantic?


	


23	 A.	 Yes.


	


24	 Q.	 And how was that done?


	


25	 A.	 The waste material?
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	1 	 Q.	 Um-hum. (Affirmative.)


	


2	 A.	 It was either put in drums, tossed into the


	


3	 Dumpster, and residues that were on the floor were


	


4	 hosed off.


	


5	 Q.	 Was there a Dumpster?


	


6	 A.	 Yes.


	


7	 Q.	 How was the material from the upper floors, how


did it get to the Dumpster?


	


9	 A.	 The Dumpster was right outside the second floor


	


10	 window. We walked -- actually, it was a big doorway.


	


11	 We walked over to the edge and pushed the empty barrels


	


12	 -- not the empty barrels, but the barrels with the


	


13	 solvents into the Dumpster.


	


14	 Q.	 So if I get the picture then, you went to a


	


15	 doorway in the wall?


	


16	 A.	 Yes.


	


17	 Q.	 That was on the second or third story of the


	


18	 building?


	


19	 A.	 That was above the basement so it was the first,


	


20	 second floor, however you look at it.


	


21	 Q.	 It was up?


	


22	 A.	 It was up.


	


23	 Q.	 Up in the air, and we know that there was


	


24	 something to catch what you dumped out?


	


25	 A.	 Yes.
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1	 Q.	 What was there to catch what you dumped out?


	


2	 A.	 The Dumpster.


	


3	 Q.	 A Dumpster?


A.	 Yes.


	


5	 Q.	 All right. And did you ever look in that


	


6	 Dumpster?


	


7	 A.	 Yes.


	


8	 Q.	 And did you see plastic bags in that Dumpster?


	


9	 A.	 There were plastic bags, paper bags, fiber drums,


	


10	 garbage.


	


11	 MR. PIROZZOLO: Thank you. Thank you very much,


	


12	 Mr. Nadeau.


	


13	 THE COURT: Any recross?


	


14	 MR. NUGENT: Briefly, your Honor.


	


15	 RECROSS-EXAMINATION BY MR. NUGENT


	


16	 Q.	 On redirect, Mr. Pirozzolo just asked you whether


	


17	 New England Container and Metro were two totally


	


18	 separate companies, and do you recall that question?


	


19	 A.	 Yes.


	


20	 Q.	 Did you ever describe the relationship between


	


21	 those two companies as incestuous?


	


22	 A.	 Yes.


	


23	 Q.	 Why was that?


	


24	 A.	 It was family. They were brothers that owned


	


25	 them, and it was incestuous to me.
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1	 MR. NUGENT: Thank you.


	


2	 THE COURT: All right. Mr. Nadeau, your


	


3	 testimony may be complete; may not be complete.


	


4	 Do any of you ladies and gentlemen have any


	


5	 questions you'd like to hand up to the clerk? Anybody


	6 	 have any? No?


	


7	 All right. Very well then. You may step down.


	8 	 Thank you very much.


	9 	 Next witness.


	


10	 MR. PIROZZOLO: Raymond Nadeau, please.


	


11	 RAYMOND NADEAU, first having been duly sworn,


	


12	 testified as follows:


	


13	 THE CLERK: Please state and spell your last


	


14	 name for the record.


	


15	 THE WITNESS: Raymond Nadeau, N-A-D-E-A-U.


	


16	 THE COURT: Good morning, Mr. Nadeau.


	


17	 THE WITNESS: Good morning.


	


18	 THE COURT: Speak clearly into that microphone.


	


19	 And you may inquire, Mr. Pirozzolo.


	


20	 THE WITNESS: Yes, sir.


	


21	 MR. PIROZZOLO: Thank you, your Honor.


	


22	 DIRECT EXAMINATION BY MR. PIROZZOLO


	


23	 Q.	 Mr. Nadeau, if you would give your full name and


	


24	 address.


	


25	 A.	 Raymond Nadeau, 233 Spring Hill Road, Chepachet,
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1	 Rhode Island.


	


2	 Q.	 Are you currently employed?


	


3	 A.	 I'm retired.


	


4	 Q.	 You're retired. At any time -- at a time in the


	


5	 past, did you work for a company called New England


	


6	 Container Corporation?


	


7	 A.	 Yes, I did.


	


8	 Q.	 Approximately when did you work for that company?


	


9	 A.	 1956 to 1969.


	


10	 Q.	 And how old were you in 1956?


	


11	 A.	 Twenty-one.


	


12	 Q.	 During the time, 1956 to 1969, did you do


	


13	 different jobs for New England Container?


	


14	 A.	 I did them all.


	


15	 Q.	 Did your job change during that time from one type


	


16	 of job to another?


	


17	 A.	 Yeah. I ended up being a truck driver, full-time


	


18	 truck driver.


	


19	 Q.	 Okay. When did you become a full-time truck


	


20	 driver, approximately?


	


21	 A.	 The last seven years that I worked there.


	


22	 Q.	 So it would be around 1962?


	


23	 A.	 Yeah.


	


24	 Q.	 Okay. And if we can focus then on the period 1956


	


25	 to 1962, could you tell us what type of work you did?
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1	 A.	 I did everything. I burned the barrels. I


	


2	 de-dented the barrels. I ran the sandblaster. I


	


3	 tested them in the water tank for leaks. I worked on


	


4	 the back end of the oven and put the covers on them.


	


5	 After that, I painted them. I was a painter for quite


	


6	 a while there, too.


	


7	 Q.	 Can you, for the Court and jury, just describe the


	


8	 New England Container operation from the time barrels


	9 	 arrived until the time the barrels left?


	


10	 A.	 We took them off the trucks, put them in the


	


11	 incinerator to burn them. They were in the plant.


	


12	 They got rolled. They'd roll the dents out of them,


	


13	 then they went to the sandblaster, then they went to


	


14	 the guy that lined them. It looked like a Teflon


	


15	 lining, and then he put them in the ovens, and then


	


16	 they were headed up at the back of the oven and put in


	


17	 different places. We had to check the years on the


	


18	 bottom just to make sure the old ones all stayed


	


19	 together and the newer ones were together.


	


20	 Q.	 Did you do anything during -- you unloaded trucks?


	


21	 A.	 I did everything, yeah.


	


22	 Q.	 Before trucks were unloaded, did you do anything


	


23	 to inspect the barrels?


	


24	 A.	 Yeah.


	


25	 Q.	 What did you do to inspect the barrels?
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	1 	 A.	 We checked the dates on the bottom. If they were


	


2	 heavy, we left them on the truck.


	


3	 Q.	 Why did you leave them on the truck if they were


	


4	 heavy?


	


5	 A.	 Because stuff was in them, and we couldn't get rid


	


6	 of it, so we told the guys take it out of here.


	


7	 Q.	 So was it your practice not to take barrels that


	


8	 had material in them?


	


9	 A.	 We were told by the boss don't take them.


	


10	 Q.	 So if a truck showed up with barrels with


	


11	 something in them, did the driver then take those back,


	


12	 take those away?


	


13	 A.	 Yeah. He took them.


	


14	 Q.	 So it would be correct then that you handled empty


	


15	 barrels?


	


16	 A.	 Some had stuff in them. Wasn't much.


	


17	 Q.	 Mostly empty?


	


18	 A.	 Yeah.


	


19	 Q.	 Okay. Now, the first step in processing the used


	


20	 barrels involved some kind of incineration?


	


21	 A.	 Yes.


	


22	 Q.	 Was there a fuel for the incineration?


	


23	 A.	 Yes.


	


24	 Q.	 How did that work?


	


25	 A.	 Gas.







54


	


1	 Q.	 Was that the ordinary city gas?


	


2	 A.	 Yeah.


	


3	 Q.	 So it was piped in from the city?


A.	 Yeah.


	


5	 Q.	 Okay. And could you describe what that looked


	


6	 like? Was it a burner? A flame?


	


7	 A.	 It was an enclosed burner with an active burner.


	


8	 It burned the smoke out so it wouldn't pollute the air.


Q.
	 Can you try and give us in words as good a picture


	


10	 as you can of what that burner looked like and how it


	


11	 worked?


	


12	 A.	 It was big. It had a chain that rotated. It took


	


13	 the barrel -- you can tip the barrel up on it, and it


	


14	 took it through the burner, and the stuff that didn't


	


15	 burn it fell out on the inside and a chain dragged it


	


16	 back into a pit.


	


17	 Q.	 Okay. So the barrel was in some way rotated


	


18	 through the flame?


	


19	 A.	 It just stood upside down and went straight


	


20	 through.


	


21	 Q.	 Okay. I'm trying to picture it. The barrel is


	


22	 upside down?


	


23	 A.	 Yeah.


	


24	 Q.	 It's going up across a flame?


	


25	 A.	 One shoots -- there's two or three -- there's
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	1 	 flames from the top, the sides, the bottom.


	


2	 Q.	 Does the flame hit both the outside and inside of


	


3	 the barrel?


	


4	 A.	 Yes. Yup.


	


5	 Q.	 Okay.


	


6	 So some kind of burner shoots a flame at the


	


7	 outside and inside. How about the top or bottom?


	


8	 A.	 We used to throw the cover on the top so it would


	


9	 burn the cover, too.


	


10	 Q.	 So it burned whatever was on top?


	


11	 A.	 Yeah.


	


12	 Q.	 And now you said, as a result of that, something


	


13	 fell into a pit?


	


14	 A.	 The ashes.


	


15	 Q.	 Ashes?


	


16	 A.	 Yeah.


	


17	 Q.	 Would you describe what happens to the ashes?


	


18	 A.	 If there was stuff that didn't burn, that fell out


	


19	 of the drum.


	


20	 Q.	 How big was this flame? Was it a huge flame?


	


21	 Small flame?


	


22	 A.	 No.


	


23	 Q.	 How hot was it?


	


24	 A.	 I don't know. I didn't stick my hand in it.


	25	 Q.	 I didn't mean -- was it -- could you go close to
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	1 	 it?


	


2	 A.	 Well, yeah. You had to, to tip the drum up to put


	


3	 the drum in.


	


4	 Q.	 Okay. Now, after the barrel went through the


	


5	 flame, then what happened to it?


	


6	 A.	 It went on a conveyor into the building.


	


7	 Q.	 The next step was the sandblasting?


	


8	 A.	 No. De-dented. Take the dents out.


	


9	 Q.	 Was that done by hand or by machine?


	


10	 A.	 Machine.


	


11	 Q.	 And then after that, what happened?


	


12	 A.	 It went to the sandblaster.


	


13	 Q.	 What does the sandblaster do?


	


14	 A.	 It takes all the ash and everything off it. It


	


15	 cleans it right down to bare metal.


	


16	 Q.	 What happens to the ash -- what happened to the


	


17	 ash or whatever that came off as a result of the


	


18	 sandblasting?


	


19	 A.	 It went up into a dust collector.


	


20	 Q.	 And where did the dust go after that?


	


21	 A.	 It was put in drums.


	


22	 Q.	 And then after the sandblasting, where did the


	


23	 barrel go?


	


24	 A.	 It got lined.


	


25	 Q.	 You say lined?
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	1 	 A.	 They lined it with a Teflon, some kind of a Teflon


	


2	 paint.


	


3	 Q.	 And then after that, where did it go?


	


4	 A.	 It went down where it had to be painted.


	


5	 Q.	 And then was it -- how was it painted, with a


	


6	 spray or with a brush?


	


7	 A.	 A guy painted it with a spray. Water base, water


	8 	 coming down, it would catch the paint.


	


9	 Q.	 Water-base paint?


	


10	 A.	 No, the paint was water. It had a waterfall in


	


11	 the back of it.


	


12	 Q.	 1 see. What kind of paint was used, do you know?


	


13	 A.	 Enamel.


	


14	 Q.	 Okay. And after it was painted, I assume it would


	


15	 dry?


	


16	 A.	 It went through an oven.


	


17	 Q.	 Was it a baking oven?


	


18	 A.	 Yeah, it was about 200 degrees just to dry it.


	19	 Q.	 Okay. And then what happened next?


	


20	 A.	 We stacked them. If they were going to be shipped


	


21	 out, we stacked them.


	


22	 Q.	 Okay. Now, the material that fell into the pit,


	


23	 going back to the burning operation, what did New


	


24	 England Container do with that material?


	


25	 A.	 We loaded them in drums.







58


	1 	 Q.	 Then what did you do with the drums?


	


2	 A.	 We dumped them in the back.


	


3	 Q.	 When you say "the back," where was the back?


	


4	 A.	 Down in the dump.


	


5	 MR. PIROZZOLO: Okay. See Exhibit 107, the map.


	6 	 THE COURT: What number?


	7 	 Q.	 Mr. Nadeau, you were in court this morning when


	8 	 your brother was testifying, you recall that?


	9 	 A.	 Yes.


	


10	 Q.	 And you recall I asked him to mark the location of


	


11	 certain things on a plan?


	


12	 A.	 Yes.


	


13	 Q.	 Okay. And I'm showing you a copy of the plan that


	


14	 he marked. Can you see that all right?


	


15	 A.	 Kind of dark.


	


16	 Q.	 Pardon?


	


17	 A.	 Dark.


	


18	 THE COURT: Lighten that up.


	


19	 Q.	 Are you able to see that now?


	


20	 A.	 Yes.


	


21	 Q.	 Okay. Now, do you see where the label "NECC"


	


22	 appears?


	


23	 A.	 Yes.


	


24	 Q.	 And do you see the area that's called the -- do


	


25	 you find the tailrace?
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1	 A.	 Pardon me?


	


2	 Q.	 Do you see the tailrace on the plan?


	


3	 A.	 I don't understand.


	


4	 Q.	 Let me see. Do you see the area that I've marked


	


5	 with the arrow?


	


6	 A.	 Yes.


	


7	 Q.	 Do you recognize that as a body of water or


	


8	 tailrace?


	


9	 A.	 Oh, yes.


	


10	 Q -	 Okay. And do you recognize on this side, do you


	


11	 see the river?


	


12	 A.	 Yes.


	


13	 Q.	 And you see an area between this tailrace and the


	


14	 river?


	


15	 A.	 Yes.


	


16	 Q.	 And do you see the place that your brother marked


	


17	 with "NECC"?


	


18	 A.	 Yes.


	


19	 Q.	 You see it right there?


	


20	 A.	 Yes.


	


21	 Q.	 Thank you. Now, using this map, can you show us


	


22	 where the dump was?


	


23	 A.	 Right down at the point where the two rivers come


	


24	 together.


	


25	 Q.	 Is it below the area shown on the map?
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1	 A.	 Yes.


	


2	 Q.	 To the south?


	


3	 A.	 South, yes.


	


4	 Q.	 Thank you. Did you ever go there?


	


5	 A.	 Yes..


	


6	 Q.	 What was your purpose in going there?


	


7	 A.	 We were throwing the plastic bags down there.


Q.	 Were you throwing anything else down there?


	


9	 A.	 The dust from the duster.


	


10	 Q.	 Thank you. And at the time that you were dumping


	


11	 things in that area, did you think that you were doing


	


12	 anything wrong?


	


13	 A.	 No. It was legal then.


	


14	 Q.	 Did you think you were doing any harm to the


	


15	 environment?


	


16	 MR. NUGENT: Objection, your Honor.


	


17	 A.	 No.


	


18	 THE COURT: Overruled.


	


19	 Q.	 Now, from time to time, did you see any fires at


	


20	 NECC?


	


21	 A.	 Yes.


	


22	 Q.	 How often did you see a fire?


	


23	 A.	 I can't remember.


	


24	 Q.	 About?


	


25	 A.	 It's been too long. I can't --
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	1 	 Q.	 You did see fires from time to time?


	


2	 A.	 We had fires, yes.


	


3	 Q.	 Where did you see fires take place?


	


4	 A.	 One time the furnace was on fire, the pit caught


	


5	 on fire.


	


6	 Q.	 That's the pit where you burn the barrels?


	


7	 A.	 Yeah.


	


8	 Q.	 Okay. How about the dump, did you ever see the


	


9	 dump on fire?


	


10	 A.	 No.


	


11	 Q.	 Do you ever recall the fire department coming to


	


12	 put out a fire in the dump?


	


13	 A.	 No.


	


14	 Q.	 Were there ever any explosions while you worked


	


15	 for NECC?


	


16	 A.	 I remember when the tank blew up.


	


17	 Q.	 What tank?


	


18	 A.	 At Metro. The big tank outside.


	


19	 Q.	 Were you there?


	


20	 A.	 No. I was in the truck on Smith Street. I could


	


21	 see it. I thought the plant blew up. It looked like


	


22	 an atomic bomb going off.


	


23	 Q.	 Okay. Can you tell us when that occurred?


	


24	 A.	 I can't remember that.


	


25	 Q.	 Can you tell us approximately when?
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1	 A.	 I wouldn't even want to guess.


	


2	 Q.	 I'm sorry?


	


3	 A.	 I wouldn't even want to guess when it was.


	


4	 Q.	 But you do recall that?


	


5	 A.	 I remember that.


	


6	 Q.	 Could you describe what you heard?


	


7	 A.	 I didn't hear nothing. I just seen a big orange


	


8	 thing, looked like an atomic bomb going off.


	


9	 Q.	 Thank you. Now, I've asked you about your work


	


10	 until 1962 when you became a truck driver?


	


11	 A.	 Yes.


	


12	 Q.	 From 1962 to 1969, you drove a truck for NECC?


	


13	 A.	 Yes.


	


14	 Q.	 Would you describe your work as a truck driver for


	


15	 NECC?


	


16	 A.	 I delivered barrels, and I picked empty barrels


	


17	 up.


	


18	 Q.	 During that time, were you away from NECC most of


	


19	 the time?


	


20	 A.	 Yes.


	


21	 Q.	 And that was because you were on the road?


	


22	 A.	 When I wasn't on the road, I had to work in the


	


23	 building.


	


24	 Q.	 Now, do you remember any of the places where you


	


25	 picked up barrels, any of the companies you picked them
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1	 up from?


	


2	 A.	 I told the guy on my deposition, but I can't


	


3	 remember all of them.


	


4	 Q.	 Can you tell us the ones you do remember?


	


5	 A.	 Crown Chemical was one. We used to deliver to


	


6	 Metro, Warwick Chemical, Duoset up in Connecticut, U.S.


	


7	 Oil, Apex.


	8 	 Q.	 Do you remember --


	


9	 A.	 I just can't --


	


10	 Q.	 Do you remember Hoechst Chemical?.


	


11	 A.	 Hoechst Chemical. Yes. I used to go there


	


12	 weekly.


	


13	 Q.	 That's H-O-E-S-T?


	


14	 A.	 H-E-R-T-Z, I think.


	


15	 Q.	 And where was that?


	


16	 A.	 H-O-E-C-H-T, something like that that was up in


	


17	 Warwick, I think, or --


	


18	 Q.	 Try the spelling, H-O-E-S-T?


	


19	 A.	 H-O-E-C-H-T, or something.


	


20	 Q.	 C-H-T. Do you recall any others?


	


21	 A.	 Bayliss Chemical. I can't remember. It's too


	


22	 far.


	


23	 Q.	 Do any others come to mind? We're just asking you


	


24	 to do your best.


	


25	 A.	 That's what I'm doing. Too many years.
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	1 	 Q.	 Okay. If no other come --


	


2	 A.	 If I sat down in the corner for about an hour, I


	


3	 could probably come up with names for you, but right


	


4	 now, I can't.


	


5	 Q.	 Have you given us all that come to mind right now?


	


6	 A.	 When the guy come to my house and asked me, I told


	


7	 him everything I knew.


	


8	 Q.	 Okay. Do you recall a company named Bradford


	


9	 Soap?


	


10	 A.	 Yes. That was one of them.


	


11	 Q.	 Was that one you picked up material from?


	


12	 A.	 Yeah.


	


13	 Q.	 Do you remember George Mann?


	


14	 A.	 Yes.


	


15	 Q.	 Was that another company you picked up barrels


	


16	 from?


	


17	 A.	 Yes.


	


18	 Q.	 Now, when you were working for NECC and you picked


	


19	 up barrels, did you take all barrels or did you take


	


20	 only the barrels that NECC would handle?


	


21	 A.	 The only ones we could recondition.


	


22	 Q.	 And would you take barrels full of material?


	


23	 A.	 No.


	


24	 Q.	 Would you take damaged barrels?


	


25	 A.	 If we could straighten the dents out yes, I did.
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1	 Q.	 Would you take leaking barrels, or barrels with


	


2	 holes in them?


	


3	 A.	 I took them if they gave them to us for nothing.


We used to do them and sell them to Parks and


	


5	 Recreation for the parks. They used to put the rubbish


	


6	 barrels out in their parks.


	


7	 Q.	 Was it your practice not to take any barrels that


	


8	 contain material?


	


9	 R.	 Right.


	


10	 MR. PIROZZOLO: No further questions, your


	


11	 Honor.


	


12	 THE COURT: Thank you, Mr. Pirozzolo.


	


13	 CROSS-EXAMINATION BY MR. NUGENT


	


14	 Q.	 Good morning, Mr. Nadeau.


	


15	 A.	 Good morning.


	


16	 Q.	 You mentioned that a man had come to speak with


	


17	 you and you told him everything you knew; is that


	


18	 correct?


	


19	 A.	 Correct.


	


20	 Q.	 And was that a man from the EPA?


	


21	 A.	 I don't know who it was. It was . a flock of them


	


22	 that came after that.


	


23	 Q.	 Did you -- was your memory better at that time


	


24	 than it is here today?


	


25	 A.	 Oh, yeah.
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1	 Q.	 And when you met with that man, did you sign --


2 A.	 I signed a paper.


	


3	 Q.	 A paper?


	


4	 A.	 Yes, I did.


	5 	 MR. NUGENT: Can we have Defendant's 327 for the


	


6	 witness?


	


7	 Q.	 Can you see the screen?


	


8	 A.	 If I signed the paper, I said it. But some things


	9 	 I don't remember saying. But if I signed that paper, I


	


10	 said it.


	


11	 Q.	 Okay. Could you go to the last page? Do you see


	


12	 a signature on that page?


	


13	 A.	 Yes.


	


14	 Q.	 And is that the document that you signed for the


	


15	 man from EPA?


	


16	 A.	 If I signed it, that's the document.


	


17	 MR. NUGENT: Your Honor, I'd like permission to


	


18	 use this document as a past recollection recorded.


	


19	 THE COURT: I don't know that there's any need


	


20	 for that. You haven't asked him questions to see what


	


21	 his recollection is. So why don't we see what he


	


22	 recalls. You're seeking to introduce the entire


	


23	 document; is that right?


	


24	 MR. NUGENT: Yes. I can read portions of it,


	


25	 but I was going to ask him "Does this refresh your
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1	 recollection." He said today he doesn't have the


	


2	 memory today that he did back --


	


3	 THE COURT: That's in general. Why don't you


	


4	 get to your specific questions and then use it to


	


5	 refresh recollection, if needed.


	


6	 MR. NUGENT: Okay.


	


7	 Q.	 This statement was in what year, do you remember?


	


8	 A.	 No.


	


9	 Q.	 If I said the year 2000, would that refresh your


	


10	 recollection?


	


11	 A.	 I see it. It could have been. I don't remember


	


12	 the year.


	


13	 THE COURT: Come on up to the bench. Don't say


	


14	 anything. Come on up to the bench.


	


15	 (Side-bar conference.)


	


16	 THE COURT: I don't know what is in this


	


17	 document, but it seems to me the way you should


	


18	 approach this is to ask him the specific questions, see


	


19	 if he recalls those questions, and if he does not


	


20	 recall the questions then show him this document.


	


21	 We'll look at what he said. You can ask him if that


	


22	 refreshes his recollection, then you'll get your


	


23	 answer.


	


24	 MR. NUGENT: Your Honor, the document is


	


25	 entitled affidavit. And on the last page he signed it
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1	 under pains and penalties of perjury.


	


2	 THE COURT: That's the same as a deposition.


	


3	 MR. NUGENT: And under Federal Rule 803.5, it's


	4 	 a past recollection recorded under oath, and I'm asking


	5 	 him to read his past recollection recorded. He's


	


6	 already testified, in general, whatever I said to that


	


7	 man is all I know.


	8 	 THE COURT: Under the same theory, you can


	9 	 introduce or read into the record an entire deposition


	


10	 or, you know, -- 803.5?


	


11	 MR. NUGENT: Yes.


	


12	 THE COURT: When was that deposition given?


	


13	 MR. NUGENT: 2000. Unlike a deposition, your


	


14	 Honor, he actually signed it. This is a signed


	


15	 affidavit.


	


16	 MR. PIROZZOLO: I don't think he's laid a


	


17	 foundation for past recollection recorded. I don't


	


18	 think he's laid a foundation for failure of


	


19	 recollection. This statement is consistent with what


	


20	 he testified to.


	


21	 MR. NUGENT: The foundation is --


	


22	 MR. PIROZZOLO: Seems to me if there's some


	


23	 question --


	


24	 THE COURT: One at a time.


	


25	 MR. PIROZZOLO: Seems to me if there's some







69


	


1	 question, first, he doesn't remember; second, that he


	


2	 isn't refreshed after about it after looking at this,


	


3	 then maybe that one statement would be appropriate.


	


4	 has to lay a normal foundation for past recollection.


	


5	 If that were found to be proper, we could just shove


	


6	 all the summary judgment affidavits at you.


	


7	 MR. NUGENT: The foundation is, he said, "I told


	


8	 that man everything I know. It's in the document."


	


9	 THE COURT: The problem is -- that's not what


	


10	 the problem is. The problem is whether he has


	


11	 presently insufficient recollection to suffice, and


	


12	 that hasn't been established, because he hasn't been


	


13	 asked enough yet to -- he's generally said "Well, I


	


14	 remember better back then than I do now", but you


	


15	 haven't asked him anything specific yet to which he has


	


16	 said, "I just don't recall."


	


17	 MR. NUGENT: I asked him, "Do you remember what


	


18	 you said to that gentleman?"


	


19	 THE COURT: It's got to be on the specific


	


20	 topics. So you've got to go through each of the


	


21	 topics, and then we'll see.


	


22	 (End of side-bar conference.)


	


23	 THE COURT: Go ahead and ask the next question.


	


24	 BY MR. NUGENT: (Continuing)


	


25	 Q.	 Mr. Nadeau, do you remember what you were asked by
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	1 	 the gentleman from the EPA before you signed the


	


2	 statement?


	


3	 A.	 I don't even remember which guy was the EPA.


	


4	 Q.	 Do you remember what answers you gave to him?


	


5	 A.	 I don't remember the guy, I'm telling you. If I


	6 	 signed the paper, I said it. How can I explain it any


	


7	 different? I had to say it if I signed the paper. But


	


8	 there's things in there that I -- if you asked me, I


	9 	 wouldn't remember.


	


10	 Q.	 Today you wouldn't remember?


	


11	 A.	 But I have to admit I said it, because I signed


	


12	 the paper.


	


13	 Q.	 Okay.


	


14	 A.	 I don't want to hide nothing.


	


15	 Q.	 Do you recall discussing the barrels from


	


16	 Metro-Atlantic coming over to New England Container


	


17	 with that gentleman from EPA?


	


18	 THE COURT: Mr. Nugent, I think rather than


	


19	 asking him whether he recalls what he said at an


	


20	 earlier time, you need to just ask him about the


	


21	 substance of whatever it was.


	


22	 MR. NUGENT: Okay.


	


23	 Q.	 When you worked at New England Container, did


	


24	 barrels come over from Metro-Atlantic?


	


25	 A.	 Yes.
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1	 Q.	 And did those barrels contain black sludge?


	


2	 A.	 No


	


3	 MR. NUGENT: Now I have another reason to use


	


4	 this, your Honor. May I use 327?


	


5	 Can you show him paragraph two on the first


	


6	 page.


	


7	 A.	 I don't remember saying that, but if I --


	


8	 THE COURT: Wait. There's no question before


	


9	 you. Wait a minute.. What are you referring to?


	


10	 Direct me to what you're referring to.


	


11	 MR. NUGENT: It's a handwritten statement.


	


12	 THE COURT: No, no. What line?


	


13	 MR. NUGENT: About half-way down the page begins


	


14	 with "Some of these" --


	


15	 THE COURT: All right.


	


16	 MR. NUGENT: Actually just before that, it says,


	


17	 "Barrels also came".


	


18	 THE COURT: All right. You may read that to


	


19	 him.


	


20	 MR. NUGENT: From where it says "Barrels also


	


21	 came" to the rest of that paragraph?


	


22	 THE COURT: Yes.


	


23	 MR. PIROZZOLO: Objection.


	


24	 THE COURT: What? Yes.


	


25	 MR. PIROZZOLO: Your Honor, this isn't a
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1	 foundation. This again is passive voice.


	


2	 THE COURT: All right. I understand your


	


3	 objection. It's overruled. You may direct the witness


	


4	 to that portion of his prior statement.


	


5	 Q.	 Mr. Nadeau, I'm going to read something from your


	


6	 staterrent. I'm going to ask you did I read it


	


7	 correctly, then I'll have some follow-up questions.


	


8	 First of all, "Barrels also came from the


	


9	 Metro-Atlantic plant. Some of these barrels were


	


10	 filled with a black sludge which came from the


	


11	 Metro-Atlantic presses. The sludge was taken to the


	


12	 landfill located below the New England Container plant


	


13	 and dumped, and then the barrels were reconditioned"?


	


14	 A.	 Right.


	


15	 Q.	 Is that true?


	


16	 A.	 Yes. We didn't take the full barrels.


	


17	 THE COURT: Wait. I understand you might want


	


18	 to add things, but you need to only respond to the


	


19	 questions that are before you. That's the process that


	


20	 we work by here.


	


21	 THE WITNESS: Sorry.


	


22	 THE COURT: Go ahead.


	


23	 Q.	 So you agree that barrels from Metro-Atlantic that


	


24	 were filled with a black sludge came over to New


	


25	 England Container and were dumped out the back in the
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1	 landfill?


	


2	 A.	 They dumped it down in the dump.


Q.
	 Right. So when you testified earlier on direct.


	


4	 that plastic bags and the sand from the sandblasting


	


5	 went back, not only did plastic bags go to the landfill


	


6	 and sand product go to the landfill, but black sludge


	


7	 from Metro-Atlantic went to the landfill?


	


8	 A.	 Yeah. From Metro, yeah.


	


9	 Q.	 Did you ever see -- strike that. You worked there


	


10	 for a number of years, right?


	


11	 A.	 Yeah.


	


12	 Q.	 At New England Container. Did you know any of the


	


13	 other workers at Metro-Atlantic? Did you ever talk to


	


14	 them?


	


15	 A.	 Yeah.


	


16	 Q.	 Did you know some of them by name?


	


17	 A.	 Yes.


	


18	 Q.	 And did you -- strike that. Were you familiar


	


19	 with Metro-Atlantic trucks?


	


20	 A.	 Yes.


	


21	 Q.	 Did you ever see Metro-Atlantic trucks down in the


	


22	 landfill?


	


23	 A.	 Yes.


	


24	 Q.	 Did you ever see the Metro-Atlantic trucks down in


	


25	 the landfill dumping the barrels?
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	1 	 A.	 Yes.


	


2	 Q.	 Did you ever see workers from Metro-Atlantic


	


3	 dumping things in the landfill?


	


4	 A.	 Just the truck drivers went down there. That's


	


5	 all I seen, the truck drivers went down there, and they


	


6	 dumped it, then they brought the empty barrel back to


	


7	 us.


	


8	 Q.	 And you personally observed this?


	9 	 A.	 Yes.


	


10	 Q.	 Now, in addition to -- strike that. Did you ever


	


11	 see bulldozers or heavy equipment in that landfill


	


12	 area?


	


13	 A.	 Yes.


	


14	 Q.	 And what were they doing with the backhoe or the


	


15	 bulldozer?


	


16	 A.	 The bulldozer. They were flattening it out.


	


17	 Q.	 You witnessed this?


	


18	 A.	 I witnessed it, yes.


	


19	 Q.	 Was there a construction company that kept heavy


	


20	 equipment in the same area?


	


21	 A.	 They was next to us.


	


22	 Q.	 And was that heavy equipment used disperse the


	


23	 landfill or flatten it out?


	


24	 A.	 Yes.


	


25	 Q.	 Did you also see them putting gravel on top of







	


1	 that landfill?


	


2	 A.	 No.


	


3	 Q.	 When they flattened it out, what did you observe


	


4	 them doing?


	


5	 A.	 They just pushed everything right into the point.


	


6	 Q.	 The point, the peninsula?


	


7	 A.	 Where they both come together, yes.


	


8	 Q.	 When you say they both came together, that's where


	


9	 the rivers came together?


	


10	 A.	 Yes.


	


11	 Q.	 So they were using -- strike that. The bulldozers


	


12	 were pushing the landfill material towards where the


	


13	 rivers met?


	


14	 A.	 Yeah.


	


15	 Q.	 And that material in the landfill, there's no


	


16	 doubt in your mind, included black sludge from


	


17	 Metro-Atlantic?


	


18	 A.	 Yes.


	


19	 Q.	 In addition to the barrels from Metro-Atlantic


	


20	 being dumped in the landfill, the material that ended


	


21	 up in the pit at New England Container, that was also


	


22	 dumped in the landfill?


	


23	 A.	 Yes.


	


24	 Q.	 So before the barrels would go through the burning


	


25	 process at New England Container, the barrels would be
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1	 tipped upside down; is that right?


	


2	 A.	 Yes.


	


3	 Q.	 And they'd have residue in the barrels?


	4 	 A.	 Yes.


	


5	 Q.	 So on direct testimony when you said, "The barrels


	


6	 we wouldn't take barrels with anything in it," all


	


7	 the barrels had some residue?


	8 	 A.	 Well, they got some residue, yeah.


	9 	 Q.	 Right. You say you wouldn't take barrels that


	


10	 were full or half full, or something like that?


	


11	 A.	 I couldn't pick 'em up.


	


12	 Q	 Right. But you're not saying they were sparkling


	


13	 clean barrels?


	


14	 A.	 No.


	


15	 Q.	 So the barrels would come in, and they'd have


	


16	 residue from various chemical companies; is that


	


17	 correct?


	


18	 A.	 Yes.


	


19	 Q.	 And I know you were trying very hard to help us


	


20	 with the names of some of these places that you picked


	


21	 up as a truck driver. I'm going to mention some names


	


22	 and ask you if that refreshes your recollection.


	


23	 Bradford Soap Works?


	


24	 A.	 Yes.


	


25	 Q.	 Warwick Chemical?
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1	 A.	 Yes.


	


2	 Q.	 Gasteen Chemical? Maybe I'm mispronouncing it,


	


3	 but -- in North Providence, Rhode Island?


	


4	 A.	 What's the name?


	


5	 Q.	 I'm reading a handwritten note from your


	


6	 statement. It looks like G-A-S-T-E-N-N 	 T-E-E-N


	


7	 Chemical. I'll move on. Balfour Packing?


	


8	 A.	 I don't remember that.


	


9	 Q.	 Crown Chemical?


	


10	 A.	 Crown Chemical, yes.


	


11	 Q.	 Hoechst Chemical?


	


12	 A.	 Yes.


	


13	 Q.	 TH Bayliss Chemical?


	


14	 A.	 Yes.


	


15	 Q-	 Organic Chemical?


	


16	 A.	 Yes.


	


17	 Q-	 Dieter Chemical?


	


18	 A.	 Dytex.


	


19	 Q.	 Dytex.


	


20	 A.	 Yes.


	


21	 Q.	 Dytex Chemical. Thompson Chemical?


	


22	 A.	 Yes.


	


23	 Q.	 Teknor-Apex?


	


24	 A.	 Yes.


	


25	 Q.	 Worcester Textile?
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1	 A.	 Yes.


	


2	 Q.	 Greenville Finishing?


	


3	 A.	 Yes.


	4 	 Q.	 I'm skipping over some I can't read. George Mann?


	


5	 A.	 Yes.


	6 	 Q.	 Those are some of the chemical companies and other


	


7	 manufacturers that sent their barrels to New England


	8 	 Container?


	9 	 A.	 Yes.


	


10	 Q.	 And if some of those barrels contained flammable


	


11	 liquid, before it went into the processing, did any of


	


12	 the workers throw a match --


	


13	 A.	 Yes.


	


14	 Q.	 -- in those barrels?


	


15	 A.	 They did.


	


16	 Q.	 So you remember workers from New England Container


	


17	 intentionally throwing a match into a barrel?


	


18	 A.	 We burned it before it went in the burner.


	


19	 Q.	 Right. When you threw a match into a barrel with


	


20	 flammable material, what happened?


	


21	 A.	 Whoosh.


	


22	 Q.	 And you knew, when you threw a match into a


	


23	 barrel, that's going to happen?


	


24	 A.	 Yeah.


	


25	 Q.	 There was another process that resulted in ash
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	1 	 being generated, where was that performed?


A.	 When it was sandblasted.


	


3	 Q.	 Okay. Would that ash be dumped in the landfill,


as well?


	


5	 A.	 Yeah. That was like a fine, fine powder.


	


6	 Q.	 During the painting process, was there any


	


7	 disposal of the painting materials?


	


8	 A.	 Yes.


	


9	 Q.	 Into the landfill?


	


10	 A.	 Yes.


	


11	 Q.	 Do you know what chemicals were disposed of


	


12	 through the painting process?


	


13	 A.	 It was just the paint that the water caught. It


	


14	 was just like a lump. I used to throw it in a 5-gallon


	


15	 pail and put a cover on it, and we threw it down there.


	


16	 Q.	 How often would you see barrels with black sludge


	


17	 come over from Metro-Atlantic and get dumped behind the


	


18	 New England Container building?


	


19	 A.	 A few times a week.


	


20	 Q.	 And did that go on every month?


	


21	 A.	 Yeah.


	


22	 Q.	 Every year you worked there?


	


23	 A.	 Every time I see it, yeah.


	


29	 Q.	 And you worked there --


	


25	 A.	 Fifteen years.
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	1 	 Q.	 -- fifteen years?


	


2	 A.	 Thirteen, 14, I think.


	


3	 Q.	 When was your last year working?


	


4	 A.	 '69.


	


5	 Q.	 All right. So during 1965, did you see barrels


	


6	 come over from Metro-Atlantic and get dumped out in the


	


7	 back?


	


8	 A.	 Yes.


	9 	 Q.	 Were you aware of any arrangement between


	


10	 Metro-Atlantic and New England Container where


	


11	 Metro-Atlantic would ask New England Container to


	


12	 dispose of their waste?


	


13	 A.	 No.


	


14	 Q.	 You just saw the Metro-Atlantic trucks going over


	


15	 there?


	


16	 A.	 See them go by, yeah.


	


17	 Q.	 Did you know any of those truck drivers?


	


18	 A.	 Yeah. One was my brother-in-law. The other one


	


19	 was Johnnie Palumbo.


	


20	 Q.	 So your brother-in-law was one of the guys driving


	


21	 a Metro-Atlantic truck?


	


22	 A.	 He used to blow the horn at me when he went by.


	


23	 Q.	 And your brother-in-law beeped the horn as he was


	


24	 taking those black sludge barrels from Metro-Atlantic


	


25	 out to the landfill?
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1	 A.	 Yeah.


	


2	 Q.	 Johnnie Palumbo?


	


3	 A.	 Yeah.


	


4	 Q.	 Was he Felix? You mean Felix Palumbo?


	


5	 A.	 Felix, yeah. We called him Johnnie, yeah.


	


6	 Q.	 That's what I figured.


	


7	 MR. NUGENT: That's all I have. Thank you.


	


8	 THE COURT: Thank you, Mr. Nugent. Any


	


9	 questions for Century or OneBeacon?


	


10	 MR. O'CONNOR: Not for OneBeacon, your Honor.


	


11	 MR. LEVENS: No questions, your Honor.


	


12	 THE COURT: Redirect.


	


13	 MR. PIROZZOLO: Couple of questions.


	


14	 REDIRECT EXAMINATION BY MR. PIROZZOLO


	


15	 Q.	 Mr. Nadeau, you were trying to help us with the


	


16	 names of companies that you picked up barrels from.


	


17	 A.	 Yes.


	


18	 Q.	 If I show you a document, can it help you remember


	


19	 all of the names, or all of the names you at least


	


20	 remembered at one time?


	


21	 A.	 I guess.


	


22	 MR. PIROZZOLO: May I show the document to the


	


23	 witness?


	


24	 THE COURT: What document is it?


	


25	 MR. PIROZZOLO: It's a list of names.
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1	 THE COURT: No. What exhibit number is it?


	


2	 MR. PIROZZOLO: It's Defendant's Exhibit 327.


	


3	 THE COURT: All right. You may show him that.


	


4	 MR. PIROZZOLO: May I just hand it to him, or


	


5	 show him on the ELMO?


	


6	 THE COURT: It doesn't matter. Why don't you


	


7	 hand it to him. It might be easier for him to read.


Q.	 Mr. Nadeau, I'm going to hand you a document and


ask you to look at the list that begins here and goes


	


10	 onto here. See if that refreshes your recollection as


	


11	 to the names of companies that you picked up barrels


	


12	 from.


	13	 (Witness reads document.)


	


14	 Q.	 Could you tell us now, now that you've been


	


15	 refreshed, all the companies that you can remember that


	


16	 you picked up barrels from?


	


17	 A.	 That's them.


	


18	 Q.	 Could you tell us --


	


19	 THE COURT: Well, just to expedite this, are


	


20	 there more than what Mr. Nugent identified?


	


21	 MR. PIROZZOLO: Yes, there is.


	


22	 THE COURT: Why don't you identify those for him


	


23	 and ask him if he recalls.


	


24	 0.	 Did you pick up barrels from U.S. Oil?


	


25	 A.	 Yes. That's right on here.
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1


2


3


Q.


A.


Q.


Did you pick up barrels from Bradford Soap Works?


Yes.


You told us about Warwick Chemical?


4 A. Right.


5 Q. Eastern Chemical, did you pick up barrels from?


6 A. Yes.


7 Q. From Fairfax Packing?


8 A. Colfax.


9 Q. Is it Ofax?


10 A. Colfax.


11 Q. Colfax Packing.	 Crown Chemical?


12 A. Yes.


13 Q. You told us about Hoechst Chemical?


14 A. Yes.


15 Q. From TH Bayliss Chemical?


16 A. Bayliss.


17 Q. Bayliss Chemical.	 You picked them up from there?


18 A. Yes.


19 Q. Organic Chemical?


20 A. Yes.


21 Q. Dytex Chemical?


22 A. Yes.


23 Q. Thompson Chemical?


24 A. Yes.


25 Q. Teknor-Apex?
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	1 	 A.	 Yes.


	


2	 Q.	 Quonset Chemical?


	


3	 A.	 Quonset.


	


4	 Q.	 Quonset?


	


5	 A.	 Yes.


	


6	 Q.	 Okay. Esso Oil?


	


7	 A.	 Yes.


	


B	 Q.	 And you picked them up from Webster Textile?


	


9	 A.	 Webster? Worcester Textile.


	


10	 Q.	 Worcester Textile?


	


11	 A.	 Yes.


	


12	 Q.	 Greenville Finishing?


	


13	 A.	 Yes.


	


14	 Q.	 Did you pick up chemicals from Otis Air Force


	


15	 Base?


	


16	 A.	 I didn't pick up chemicals. I picked up. drums.


	


17	 Q.	 Pardon?


	


18	 A.	 I didn't pick up chemicals. I picked up drums.


	


19	 Q.	 Drums. I meant to say drums. Otis Air Force


	


20	 Base. Did you pick up drums from Quonset Naval Base?


	


21	 A.	 Yes.


	


22	 Q.	 You've told us already about George Mann?


	


23	 A.	 Yes.


	


24	 Q.	 Thank you. And you said in your deposition and


	


25	 here that you saw the Metro-Atlantic truck at the dump?
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	1 	 A.	 I seen them dump.


	


2	 Q.	 Okay. First of all, the pit at New England


	


3	 Container was emptied from time to time?


	4 	 A.	 Yeah.


	


5	 Q.	 And did you, in fact, personally dump barrels of


	


6	 sludge from that pit two or three times a week?


	


7	 A.	 I didn't, no.


	


8	 Q.	 Did somebody do it?


	9 	 A.	 I dumped it once in a while but not two or three


	


10	 times a week.


	


11	 Q.	 Did other people dump it from there?


	


12	 A.	 Yes.


	


13	 Q. And how often was the pit dumped?


	


14	 A.	 Maybe once or twice a week it was cleaned out.


	


15	 Q.	 So once or twice a week somebody dumped from


	


16	 there?


	


17	 A.	 Yeah.


	


18	 Q.	 Now, in fact, New England Container, you described


	


19	 the relationship between New England Container and


	


20	 Metro-Atlantic as incestuous?


	


21	 A.	 I don't understand what that is.


	


22	 Q.	 You didn't use that word?


	


23	 A.	 No.


	


24	 Q.	 In fact, New England Container used to borrow the


	


25	 Metro-Atlantic truck?
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1	 A.	 No. Not for delivering, no.


	


2	 MR. PIROZZOLO: May I show the witness something


	3 	 from a deposition?


	


4	 THE COURT: You want to use his deposition?


	


5	 MR. PIROZZOLO: Yes.


	


6	 THE COURT: Use it in the usual manner.


	


7	 Q.	 Did you give a deposition in a case Russell


	


8	 Stanley Holdings, Inc. versus Vincent Buonanno?


	


9	 MR. NUGENT: Objection, your Honor.


	


10	 THE COURT: Do you have a copy of the deposition


	


11	 you wish to use?


	


12	 MR. PIROZZOLO: I do.


	


13	 THE COURT: Would you pass it up, please.


	


14	 Opposing counsel have a copy?


	


15	 MR. PIROZZOLO: We have copies for them.


	


16	 THE COURT: All right.


	


17	 MR. NUGENT: I don't have a copy, your Honor.


	


18	 MR. PIROZZOLO: We have copies for you.


	


19	 THE COURT: What page?


	


20	 MR. PIROZZOLO: I'm referring to page 23, line


	


21	 8. Beginning on line 8 through line 12.


	


22	 MR. NUGENT: What page?


	


23	 MR. PIROZZOLO: Page 23, lines 8 to 12.


	


24	 THE COURT: You may use it, but I want you to go


	


25	 back to line 19 on page -- I'm sorry. Wait a minute.
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Start with line 18 on page 22, go to -- make it line 12


	


2	 on page 23.


	


3	 Q.	 Mr. --


	


4	 THE COURT: First of all, you need to confirm


	


5	 that he gave this deposition.


	


6	 MR. PIROZZOLO: Right.


	


7	 Q.	 Mr. Nadeau, you recall giving a deposition in


	


8	 another case?


	


9	 A.	 Yes.


	


10	 Q.	 That was the case of Russell Stanley versus


	


11	 Vincent Buonanno?


	


12	 A.	 I don't remember the names. I remember Buonanno's


	


13	 name, but the other guy --


	


14	 Q.	 I'm going to show you a page from the deposition,


	


15	 if I may. Is that your signature?


	


16	 A.	 Yes.


	


17	 Q.	 What is the date?


	


18	 A.	 4/24/2002.


	


19	 Q.	 You now. recall -- do you now recall you gave a


	


20	 deposition on April 24th, 2002?


	


21	 A.	 I don't remember when the dates was until you just


	


22	 showed me. It was too long ago.


	


23	 Q.	 But you signed it, in any event?


	


24	 A.	 Like I said, if I signed it, I said it.


	


25	 Q.	 Okay. Now, in that deposition --
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1	 MR. NUGENT: Excuse me, your Honor. That


	


2	 signature is not -- that isn't an exhibit. That's


	


3	 not -- he didn't sign the deposition. They're


	


4	 referring to an entirely different document.


	


5	 THE COURT: I understand. So that we not burden


	


6	 the jury with this back and forth, I'm going to send


	


7	 you out, ladies and gentlemen, for our morning break.


	


8	 I'll get this straightened out with the attorneys while


	


9	 you enjoy a snack, and we'll have you back in here in


	


10	 about 20 minutes or so, all right? Charlie.


	


11	 (Proceedings out of the presence of the jury as


	


12	 follows:)


	


13	 THE COURT: Okay. Let's get this straightened


	


14	 out.


	


15	 MR. PIROZZOLO: I think my brother is right,


	


16	 that is a signature on the statement. I thought that


	


17	 was a signature on the deposition.


	


18	 THE COURT: All right. Now, it doesn't matter


	


19	 that it was in another case. That doesn't have


	


20	 anything to do with it. It's a prior sworn statement.


	


21	 All right.


	


22	 So when we come back, you'll straighten that out


	


23	 about the signatures. Mr. Nadeau recalls giving this


	


24	 deposition. He doesn't recall the exact date, and


	


25	 you'll proceed to read him the prior question and
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	1.	 answer.


	


2	 MR. PIROZZOLO: Thank you, your Honor.


	


3	 THE COURT: All right. Is there anything else?


	


4	 MR. PIROZZOLO: No, your Honor.


	


5	 THE COURT: Okay. See you in about 20 minutes.


	


6	 (Short recess)


	


7	 MR. PIROZZOLO: Always a problem.


	


8	 THE COURT: Okay. What is it?


	


9	 MR. PIROZZOLO: I need to report to the Court


	


10	 outside the hearing of the jury, we were advised -- one


	


11	 of my colleagues was advised by one of the witnesses


	


12	 we've subpoenaed today, Mr. Turcone, that he is a


	


13	 co-worker of one of the jurors. I guess my thought is


	


14	 to ask him to come back on Monday, and over the weekend


	


15	 consider whether we want to call him. Otherwise, I


	


16	 don't know. It's at the Court's pleasure as to what to


	


17	 do about something like this.


	


18	 THE COURT: Which juror is it?


	19	 MR. PIROZZOLO: I don't know. I didn't want to


	


20	 inquire any further.


	


21	 THE COURT: All right. I'd like to find out


	


22	 which juror, and you can make your decision about


	


23	 whether you want to call that witness.	 -


	


24	 MR. PIROZZOLO: I'd rather call him today. He's


	


25	 lined up for today.
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1	 THE COURT: Weil, he's right here, so which


	


2	 juror is it?


	


3	 MR. BINDER: Joseph DeFusco, your Honor.


	


4	 THE COURT: Well, you think about it over the


	


5	 weekend. We'll take it up on Monday morning at 8:45,


	


6	 and if we need to do anything at that point, if you're


	


7	 going to put on the witness, then chances are I will


	


8	 conduct a brief voir dire with the juror in the


	


9	 presence of counsel and inquire on the matter. I think


	


10	 that would be the way to handle that.


	


11	 MR. PIROZZOLO: Okay. I do think I do want to


	


12	 call the witness, but I just don't want to -- we have


	


13	 plenty to do today so no delay by waiting until Monday


	


14	 except Mr. Turcone would be inconvenienced having to


	


15	 come back another day.


	


16	 THE COURT: Mr. Farley, you've got your hand up.


	


17	 MR. FARLEY: Your Honor, if that's going to move


	


18	 the order of witnesses up to the point we have


	


19	 firefighter testimony, I'd just like to make an


	


20	 objection to the testimony of the firefighters outside


	


21	 the presence of the jury so I don't have to do it every


	


22	 time one of the firefighters goes in the box.


	


23	 THE COURT: What's the objection?


	


24	 MR. FARLEY: It would be on relevance. Your


	


25	 Honor, the firefighters are expected to testify about
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1	 general fires and explosions at the property. The


	2 	 plaintiff wants to use this testimony as proof of an


	


3	 exception to the pollution exclusion.


	4 	 THE COURT: Are we going to get to the


	


5	 firefighter testimony today?


	6 	 MR. PIROZZOLO: I was hoping to. Yes, your


	7 	 Honor.


	8 	 THE COURT: All right. So if we get to it, you


	9 	 know, they can testify as to explosions or fires, and


	


10	 if they know about such explosions and fires, and we've


	


11	 already had testimony on that today.


	


12	 MR. FARLEY: We have, your Honor, but it will be


	


13	 testimony about the same thing that we've already


	


14	 heard, and at this point it's becoming prejudicial --


	


15	 THE COURT: I don't agree with that.


	


16	 MR. FARLEY: Thank you, your Honor.


	


17	 THE COURT: All right. Let's get the jury in.


	


18	 (Proceedings in the presence of the jury as


	


19	 follows:)


	


20	 THE COURT: Ladies and gentlemen, I apologize


	


21	 for the brief delay. We had a little snowstorm of


	


22	 insulation in the courtroom due to some construction


	


23	 going on elsewhere in the courthouse, and we had to


	


24	 find out what the source of it was and get it cleaned


	


25	 up before we brought you back in. Something is coming
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1	 in through those vents. So I've halted the


	


2	 construction until 1:00 or 1:30. There shouldn't be


	


3	 any problem.


	


4	 All right. Mr. Pirozzolo.


	


5	 MR. PIROZZOLO: Mr. Nadeau.


	


6	 THE COURT: Mr. Nadeau, you're back on the


	


7	 stand.


	


8	 BY MR. PIROZZOLO: (Continuing)


	


9	 Q.	 Mr. Nadeau, you gave testimony in a deposition in


	


10	 a case involving Russell Stanley Holdings versus


	


11	 Vincent Buonanno; is that correct?


	


12	 A.	 I think so, yes.


	


13	 Q.	 And did you testify concerning the dump?


	


14	 A.	 Right.


	


15	 Q.	 Okay. And you were asked at that deposition, "How


	


16	 far from the plant was it"? And you said, "Quite a


	


17	 ways where the two rivers met. I don't know if it was


	


18	 four or five hundred feet, but it was quite a ways


	


19	 away." Does that refresh your recollection?


	


20	 A.	 Yes, yes.


	


21	 Q.	 It was quite a ways away, four or five hundred


	


22	 feet?


	


23	 A.	 Yes.


	


24	 Q.	 Okay. And you testified you went down to the dump


	


25	 area probably once a month?
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1	 A.	 Yes.


	


2	 Q. And you probably went to the dump area with Joseph


	


3	 Chapelli?


	4	 A.	 Yes.


	


5	 Q.	 And you didn't know how many times you went down


	


6	 with him?


	


7	 A.	 No. I don't remember.


	8 	 Q.	 Now, wasn't it so that New England Container used


	9 	 to borrow Metro-Atlantic's truck with the hydraulic


	


10	 tailgate?


	


11	 A.	 Yes.


	


12	 Q.	 And the reason New England Container borrowed the


	


13	 Metro-Atlantic truck is because you couldn't pick the


	


14	 drums up without the hydraulic tailgate?


	


15	 MR. O'CONNOR: Objection, your Honor. Leading.


	


16	 THE COURT: Sustained.


	


17	 Q.	 Did you testify that New England Container used to


	


18	 borrow one of Metro's trucks with the hydraulic


	


19	 tailgate?


	


20	 A.	 Yes.


	


21	 Q.	 Why did you borrow that truck?


	


22	 A.	 To dump the barrels that had the dust in it from


	


23	 the duster.


	


24	 Q.	 And how much did the barrels weigh?


	


25	 A.	 Five, six hundred pounds.







94


	


1	 Q.	 And did you need the truck in order to handle


	


2	 them?


	


3	 A.	 Yeah.


	


4	 Q.	 Now, in this case, you gave a deposition. Do you


	


5	 recall that?


	


6	 A.	 I don't recall much.


	


7	 Q.	 Okay. Do you remember Mr. Binder took your


	


8	 deposition? He's sitting right here.


	


9	 A.	 Oh, yes. I remember him.


	


10	 Q.	 And he asked you questions about the dumping. Do


	


11	 you remember that?	 -


	


12	 A.	 Yeah.


	


13	 Q.	 And do you recall that you told him that you --


	


14	 MR. NUGENT: Objection, your Honor.


	


15	 THE COURT: I need a copy of anything you're


	


16	 going to use. Give opposing counsel a page and line


	


17	 number, please.


	


18	 MR. PIROZZOLO: Page 45, beginning at line 6.


	


19	 THE COURT: Okay.


	


20	 MR. PIROZZOLO: To page 46, line 2.


	


21	 THE COURT: I don't understand what you're using


	


22	 this for at this point. Ask him whatever questions it


	


23	 is that you want answers to, and then we'll see what --


	


24	 Q.	 In fact, Mr. Nadeau, you saw the Metro-Atlantic


	


25	 truck at the dump?
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1	 A.	 Yes.


	


2	 Q.	 Okay. And it was too far away for you to see the


	


3	 faces of the people who were at the dump with the


	


4	 truck?


	


5	 MR. O'CONNOR: Objection.


	


6	 MR. LEVENS: Objection.


	


7	 THE COURT: Overruled.


	


8	 MR. NUGENT: Your Honor, he's leading. It's his


	


9	 own witness.


	


10	 THE COURT: I understand. Don't lead the


	


11	 witness. I'll sustain the objection. Don't lead the


	


12	 witness.


	


13	 Q.	 Were you able to see the faces of the people near


	


14	 the Metro-Atlantic truck when that was at the dump?


	


15	 A.	 I seen them go by. When they were going to the


	


16	 dump, they blew the horn at me.


	


17	 Q.	 Did you previously testify that the only reason


	


18	 you knew it was Metro-Atlantic is that it was a


	


19	 Metro-Atlantic truck?


	


20	 A.	 Yeah.


	


21	 Q.	 And that you couldn't recognize the people?


	


22	 A.	 I didn't say I couldn't recognize them.


	


23	 Q.	 You were asked this question at your deposition.


	


24	 "You couldn't recognize those people, could you?


	


25	 Answer: You already asked me that.
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	1 	 Question: i just want to be clear. Could you


	


2	 recognize the people?


	


3	 Answer:" --


	


4	 THE COURT: Mr. Pirozzolo, you have to direct me


	


5	 and opposing counsel to the page and line that you're


	6 	 using so that I can follow along and make sure you're


	


7	 reading this correctly. So where are you?


MR. PIROZZOLO: Line 10, page 45.


	9 	 Q.	 Were you asked the question: "Could you recognize


	


10	 the faces of anybody who was dumping anything in


	


11	 there"?


	


12	 A.	 Yes, he asked me.


	


13	 Q.	 Did you answer, did you at your deposition say:


	


14	 "No. The only reason I knew who it was, it was guys


	


15	 that drove the truck for Metro"?


	


16	 A.	 It was just two drivers.


	


17	 Q.	 Mr. Nadeau, you worked at the NECC plant until


	


18	 1962?


	


19	 A.	 '69.


	


20	 Q.	 You worked for NECC until '69, but from '62 to '69


	


21	 you drove a truck?


	


22	 A.	 I was on the road, and in the shop when there was


	


23	 no deliveries.


	


24	 MR. PIROZZOLO: No further questions.


	


25	 MR. NUGENT: I have no questions, your Honor.
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1	 MR. O'CONNOR: No questions, your Honor.


	


2	 MR. LEVENS: I have no questions, your Honor.


	


3	 THE COURT: All right. Thank you, Mr. Nadeau.


	


4	 You may -- wait one minute.


	


5	 Ladies and gentlemen, do you have any questions


	


6	 you'd like to pass up? All right. Don't forget, you


	


7	 have the right to send your questions up, if you have


	


8	 them. Okay.


	


9	 Mr. Nadeau, you may step down. Thank you very


	


10	 much.


	


11	 THE WITNESS: Thank you.


12


13


14


15


16


17


18


19


20


21


22


23


24
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1	 JOHN TURCONE, first having been duly sworn,


	


2	 testified as follows:


	


3	 THE CLERK: Please state and spell your last


name for the record.


	


5	 THE WITNESS: John Turcone, T-U-R-C-O-N-E.


	


6	 THE COURT: Good morning, Mr. Turcone. You may


	


7	 inquire, Mr. Pirozzolo.


	


8	 DIRECT EXAMINATION BY MR. PIROZZOLO


	9 	 Q.	 Mr. Turcone, could you once again for the Court


	


10	 and jury give your name and address.


	


11	 A.	 John Turcone, 7 Court Avenue, Jamestown, Rhode


	


12	 Island.


	


13	 Q.	 And are you -- at the current time, are you


	


14	 employed?


	


15	 A.	 Yes.


	


16	 Q.	 And by whom are you employed?


	


17	 A.	 Ashawan Communications.


	


18	 Q.	 What type of work do you do, generally?


	


19	 A.	 Generally, I'm a retired telephone engineer.


	


20	 Q.	 Thank you. And did you at one time work for


	


21	 Metro-Atlantic?


	


22	 A.	 Yes.


	


23	 Q.	 And did you at one time work for New England


	


24	 Container Corporation?


	


25	 A.	 Only on a part-time basis, after hours.
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	1 	 Q.	 Okay. During what period of time did you work for


	2 	 Metro-Atlantic?


	


3	 A.	 It was either August or September of '63 through


	


4	 January of '65.


	


5	 Q.	 And what type of work did you do for


	


6	 Metro-Atlantic?


	


7	 A.	 It was basically a laborer or a go-for.


	


8	 Q.	 What type of laborer or going for things did you


	


9	 do?


	


10	 A.	 Cleaned up matter. We moved barrels around. We


	


11	 delivered stuff here and there around the complex,


	


12	 watched the tanks, washed the tanks, cleaned the tanks,


	


13	 ground flake substance into a powder. That was about


	


14	 it.


	


15	 Q.	 In the course of working for Metro-Atlantic, did


	


16	 you have the occasion to go to different parts of the


	


17	 plant and operation?


	


18	 A.	 Yes.


	


19	 Q.	 And did you have the opportunity to observe


	


20	 whether Metro-Atlantic had a Dumpster?


	


21	 A.	 Yes.


	


22	 Q.	 Could you tell us where the Dumpster was located?


	


23	 A.	 It was in the driveway near the rear door. We had


	


24	 access through it through the second floor. You had


	


25	 the ground floor, then you had the second floor.
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1	 MR. PIROZZOLO: Could we exhibit to the witness


	


2	 Plaintiff's Exhibit 222.


	


3	 Can we enlarge the portion of 222 that shows the


	


4	 Metro-Atlantic's building.


	


5	 Q.	 Do you recall, Mr. Turcone, at your deposition,


	


6	 you made some marks on a plan showing the


	


7	 Metro-Atlantic and the New England Container sites, or


	


8	 buildings, I should say?


	


9	 A.	 If I did, I honestly don't recall but --


	


10	 Q.	 Are you able to show us where the Dumpster was


	


11	 located?


	


12	 A.	 I would say it's number 10.


	


13	 Q.	 There's a number 10 on the map?


	


14	 A.	 Yeah.


	


15	 Q.	 Thank you. You believe the Dumpster was located


	


16	 there?


	


17	 A.	 Yes.


	


18	 Q.	 Now, you said something about the first floor and


	


19	 second floor. Was the Dumpster on the ground?


	


20	 A.	 Yes.


	


21	 Q.	 And how did material from the second floor get


	


22	 into the Dumpster?


	


23	 A.	 It had some old doors that opened in, and we would


	


24	 just take the stuff to the doors and tip it into the


	


25	 Dumpster.
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	1 	 Q.	 And push it down?


	


2	 A.	 Um-hum. (Affirmative.)


	


3	 Q.	 And how did other material get into the Dumpster?


	


4	 A.	 It was either thrown in or dumped in.


	


5	 Q.	 Okay. And was the Dumpster used to deposit


	


6	 Metro-Atlantic's solid waste?


	


7	 MR. NUGENT: Objection, your Honor, leading.


	


8	 Q.	 What was the Dumpster used for?


	


9	 A.	 Whatever debris we had left over that we were told


	10	 to dump in it. That's what we did. Whatever debris or


	


11	 materials left over, we just threw it in the Dumpster.


	


12	 Q.	 Okay. Now, during the time you worked for


	


13	 Metro-Atlantic, did you also work part-time for NECC?


	


14	 A.	 Yes.


	


15	 Q.	 And what type of work did you do for NECC?


	


16	 A.	 We used to open the drums and burn them.


	17	 Q.	 And could you briefly describe the process of


	


18	 opening the drums and burning them?


	


19	 A.	 Opening the drum, it's like a giant can opener,


	


20	 and it would take the lid off and have another machine


	


21	 to put the bead on it. Then we would throw the -- pile


	


22	 the drums outside, and they would be burned to clean


	


23	 them so they could be sandblasted and painted.


	


24	 Q.	 When you say "burned," how -- can you describe how


	


25	 they were burned?
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1	 A.	 It was like a giant oven that had a conveyor belt


	


2	 that ran through it, and it was -- had gas flames and


	


3	 it just burned them. It was fed through the oven.


	


4	 Q.	 And was the burning -- was there any kind of a


	


5	 place where any debris from the burning ended up?


	


6	 A.	 Just on the ground, as far as .I remember.


	


7	 Q.	 And was that under the burning place?


	


8	 A.	 I honestly can't say.


	


9	 Q.	 Okay. Do you know where the barrels came from?


	


10	 A.	 Some, I guess, came from Metro-Atlantic. The rest


	


11	 I saw trucks coming in, but that was about it. I


	


12	 really don't know where they came from.


	


13	 Q.	 Trucks brought barrels there?


	


14	 A.	 Yes.


	


15	 Q.	 Okay. Now, in any of the work you did for


	


16	 Metro-Atlantic or for NECC, did you have any intention


	


17	 or expectation of doing anything harmful to the


	


18	 environment?


	


19	 MR. LEVENS: Object.


	


20	 MR. NETBURN: Objection.


	


21	 THE COURT: I'll allow it. Overruled.


	


22	 A.	 No.


	


23	 Q.	 Did you think you were doing the right thing?


	


24	 MR. NETBURN: Objection, your Honor.


	


25	 THE COURT: Sustained.







	


1	 MR. PIROZZOLO: Thank you. No further


	


2	 questions.


	


3	 CROSS-EXAMINATION BY MR. NUGENT


	


4	 Q.	 Good morning, Mr. Turcone.


	


5	 A.	 Good morning.


	6 	 MR. NUGENT: Can we have Plaintiff's Exhibit 222


	


7	 that was referred to in direct examination.


	


8	 Q.	 Do you have that in front of you?


	


9	 A.	 Yes.


	


10	 MR. NUGENT: Does the jury have that in front of


	


11	 them, as well?


	


12	 THE COURT: I don't think it's been moved as a


	


13	 full exhibit.


	


14	 MR. PIROZZOLO: I'm sorry, your Honor. I


	


15	 intended to. I have no objection to it being published


	


16	 to the jury. May the witness point out number 10? I


	


17	 thought -- I missed that.


	18	 MR. NUGENT: I have no objection, your Honor.


	


19	 THE COURT: Other counsel?


	


20	 MR. LEVENS: No objection, your Honor.


	


21	 MR. NETBURN: No, objection, your Honor.


	


22	 THE COURT: All right. Then why don't we go


	


23	 back, and, Mr. Turcone, whoever did it, would you


	


24	 highlight number 10, the area of number 10? You may


	


25	 publish that to the jury.
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1	 MR. PIROZZOLO: May that be printed, your Honor?


	


2	 MR. NUGENT: I'm going to have a few other


	


3	 markings.


	


4	 THE COURT: Let's wait until it's fully marked


	


5	 up.


	


6	 MR. NUGENT: It's been published?


	


7	 THE COURT: It's been published, yes.


	


8	 Q.	 Mr. Turcone, you see number 10. That's where you


	


9	 referred to the second floor and the Dumpster; is that


	


10	 correct?


	


11	 A.	 Yes.


	


12	 Q.	 Can you point out the building where -- strike


	


13	 that. There's also an X. Do you see one of the


	


14	 buildings with an X?


	


15	 A.	 Yes.


	


16	 Q.	 Can you point to the building with an X, please?


	


17	 A.	 (Indicating.)


	


18	 Q.	 Is there -- maybe there's more than one X. I'm


	


19	 referring to a building along the river.


	


20	 A.	 (Indicating.)


	


21	 Q.	 That building right there. Do you know what was


	


22	 made in that building?


	


23	 A.	 No.


	


24	 Q.	 You never worked in that building, did you?


	


25	 A.	 Yes, I did work there.
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	1 	 Q.	 What did you do in that building?


	


2	 A.	 Whatever was being made in there, I would watch.


	3 	 They tell me to watch like for an hour. And after


	


4	 that, I would either turn water on that was down or


	


5	 shut it down, and go over and get one of the managers


	


6	 in the main building, and they'd come over and take


	


7	 care of it.


	


8	 Q.	 I'm going to ask you, do you know what was made in


	


9	 the building? I'm not asking you for the technical


	


10	 name. Did you call that material something?


	


11	 A.	 For lack of knowledge, if I recall properly, the


	


12	 final product that came out of it was a reddish-orangy


	


13	 solution. Water was added to it. It turned bright


	


14	 yellow. So we used to call it Agent Orange.


	


15	 Q.	 That's what I was going to ask you. When you


	


16	 worked at Metro-Atlantic, is it fair to state that the


	


17	 product that was being made in the building along the


	


18	 river that you have indicated on Exhibit 222, you and


	


19	 others would call it Agent Orange; is that correct?


	


20	 A.	 I'm going to say that I referred to it as that. I


	


21	 don't know if others did.


	


22	 Q.	 Okay. Of all the buildings at the Metro-Atlantic


	


23	 site, was that the closest building to the river?


	


24	 A.	 Looking at the picture, I'd say yes. You had the


	


25	 main building next to that other tributary on the other
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1	 side.


	


2	 Q.	 Not including the tailrace or the headrace?


	


3	 A.	 All right. I'm going to say yes.


	


4	 Q.	 Was that building in -- we're referring to this


	


5	 building along the river that you described where there


	


6	 may be Agent Orange, was that building constructed


	


7	 while you were working at Metro-Atlantic between 1963


	


8	 and 1965?


	


9	 A.	 No. If I recall, it was there when I got there.


	


10	 Q.	 Was that the newest building, to your knowledge?


	


11	 A.	 To my knowledge.


	


12	 MR. NUGENT: Your Honor, I'd like to refer to


	


13	 the witness's deposition, page 45.


	


14	 THE COURT: I need a copy. Page and line?


	


15	 MR. NUGENT: Line -- the whole question starts


	


16	 at number 10, but referring to 12, pretty much the rest


	


17	 of the . page.


	


18	 THE COURT: Okay. So just wait a minute,


	


19	 please.


	


20	 All right. Go ahead.


	


21	 MR. NUGENT: Page 45, lines 12 through 24.


	


22	 Q.	 Do you see the page now?


	


23	 A.	 Um-hum. (Affirmative.)


	


24	 Q.	 Do you recall giving a deposition in December of


	


25	 2002 in this case?
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1	 A.	 Yes.


	


2	 Q.	 And I'm going to read, starting on line 12 the


	


3	 question and answer, then I'm going to ask you if I


	


4	 read that correctly. "And this building that was


	


5	 marked as number 4, was that building in use throughout


	


6	 the period of time when you were employed at


	


7	 Metro-Atlantic?


	


8	 Answer: It was built when I started there. So


	


9	 it wasn't there when. I first got there. It was a new


	


10	 building.


	


11	 Question: Was the building built at some point


	


12	 after you went to Metro-Atlantic?


	


13	 Answer: Started, yes.


	


14	 Question: And do you recall about how long


	


15	 after you got there that the building was put up?


	


16	 Answer: I don't kno. Six months. Hard to


	


17	 say".


	


18	 Did I read that correctly?


	


19	 A.	 Yes.


	


20	 Q.	 Does that refresh your recollection as to whether


	


21	 that building was a newly constructed building when you


	


22	 were working between '63 and '65 at Metro-Atlantic?


	


23	 A.	 If I said it, I guess I did. Let me tell you


	


24	 something. I had a heart attack in January. So some


	


25	 things I remember fully and some things I don't.
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1	 Q.	 I understand that. Its fair to say you had a


	


2	 better memory back in 2002 when you gave this


	


3	 deposition than today?


	


4	 A.	 Yes.


	


5	 Q.	 Did you ever observe a pipe from that building


	


6	 that we just described, the new building outside of the


	


7	 building?


A.	 Yes.


	


9	 Q.	 And where did that pipe lead?


	


10	 A.	 To the river.


	


11	 Q.	 Was there some reason why you remember that pipe


	


12	 from the new building into the river?


	


13	 A.	 It had to be replaced every so often.


	


14	 Q.	 Is that based on your observations?


	


15	 A.	 Yes.


	


16	 Q.	 And what did you observe about the pipe that led


	


17	 from the new building into the river?


	


18	 A.	 That it would deteriorate through use


	


19	 Q.	 Was it kind of a corrosive effect?


	


20	 A.	 Yes.


	


21	 Q.	 So the metal pipe that led from the new building


	


22	 into the river would corrode away; is that correct?


	


23	 A.	 Yeah. Actually, when they showed it to me, the


	


24	 bottom would wear out. It would go from a regular size


	


25	 pipe on top to a thin piece of steel on the bottom.
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	1 	 Q.	 Your personal knowledge is that it was replaced on


	


2	 a regular basis?


	


3	 A.	 Yes. They would have to shut it down, and they.


	


4	 would call them, and they would come and replace it.


	


5	 Q.	 In that new building, is that where they were


	


6	 making this product that you referred to as Agent


	


7	 Orange?


	


8	 A.	 Yes.


	


9	 Q.	 In the other buildings, the main plant buildings,


	


10	 did you ever observe waste materials being washed down


	


11	 the drain, the French drains, when you were working


	


12	 there?


	


13	 A.	 Just when we cleaned up the mess from the presses,


	


14	 whatever residue was left on the floor, we would just


	


15	 wash it into the drain.


	


16	 Q.	 Do you know where that drain led to?


	


17	 A.	 To be honest with you, no.


	


18	 Q.	 Would it be fair to say that -- strike that. Was


	


19	 it your understanding that it led to somewhere out back


	


20	 of the building?


	


21	 MR. PIROZZOLO: Objection, your Honor.


	


22	 THE COURT: Sustained.


	


23	 MR. NUGENT: Your Honor, referring to page 12 of


	


24	 the witness's deposition.


	


25	 THE COURT: Line?
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1	 MR. NUGENT: Just a minute, your Honor.


	


2	 Actually, line 13.


	


3	 THE COURT: Line 13 or page 13?


	


4	 MR. NUGENT: No. Page 13, line 15.


	


5	 THE COURT: All right.


	6 	 MR. NUGENT: Do you have lines 15 through 21?


	


7	 Q.	 Do you see that, Mr. Turcone?


	


8	 THE COURT: Just a minute. There's an objection


	9 	 to the question.


	


10	 THE WITNESS: Do you want me to answer that?


	


11	 MR. NUGENT: Let's wait for the Judge for a


	


12	 second.


	


13	 THE COURT: I don't understand what the


	


14	 objection would be so you go ahead and ask him that.


	


15	 Q.	 And so the question: "So to the best of your


	


16	 knowledge, the trough emptied into some type of body of


	


17	 water?


	


18	 Answer: (Witness nods) Yes."


	


19	 Do you remember answering yes, that to your


	


20	 knowledge the trough emptied into some body of water,


	


21	 at this deposition?


	


22	 A.	 If I said yes, I guess I did. But I wasn't aware


	


23	 of -- I assumed it was a sewer.


	


24	 Q.	 You never mentioned a sewer at your deposition,


	


25	 did you, three years ago, four years ago?
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1	 A.	 No.


	


2	 Q.	 The building where they made that product that you


	


3	 referred to as Agent Orange, did it also have a name or


	


4	 nickname for that building?


	


5	 A.	 Not that I was aware of.


	


6	 Q.	 Did you ever hear it called the -- or referred to


	


7	 as a Texas tower?


	


8	 A.	 No.


	


9	 Q.	 Since then, even being in the courtroom --


	


10	 A.	 Yes.


	


11	 Q.	 -- you've never heard it? You've heard of that?


	


12	 A.	 In the courtroom, but not then.


	


13	 Q.	 Right. And didn't you discuss the fact that the


	


14	 reason it was called the Texas tower, why it was called


	


15	 that?


	


16	 A.	 No. The people I was talking with had the reason


	


17	 why they called it that, how it got its nickname.


	


18	 Q.	 As far as working at New England Container, you


	


19	 were working there at night after you worked a full


	


20	 shift at Metro-Atlantic; is that correct?


	


21	 A.	 Yes.


	


22	 Q.	 And you were just working --


	


23	 A.	 To make some extra money.


	


24	 Q.	 Right. And how many times did you actually work


	


25	 at New England Container?
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1	 A.	 I don't know. Three or four, five or six.


	


2	 Q.	 It wasn't a great number of the times, was it?


	


3	 A.	 No.


	


4	 Q.	 Most of your work was done at Metro-Atlantic?


	


5	 A.	 Yes.


	


6	 Q.	 As far as the pipe that had to be replaced that


	


7	 led to the river, did you also see any material coming


	


8	 out of that pipe?


	


9	 A.	 Whatever they drained through it, I don't know


	


10	 what it was.


	


11	 Q.	 But did you see something that would come out of


	


12	 that pipe?


	


13	 A.	 Yes.


	


14	 Q.	 And it came out of that pipe directly into the


	


15	 Woonasquatucket River?


	


16	 A.	 Yes.


	


17	 MR. NUGENT: That's all I had. Thanks.


	


18	 THE COURT: Are we ready to -- first of all,


	


19	 other defense counsel have questions?


	


20	 CROSS-EXAMINATION BY MR. NETBURN


	


21	 Q.	 Good morning, sir.


	


22	 A.	 Good morning.


	


23	 MR. NETBURN: Could we please have 222, again.


	


24	 Is that being shown to the jury, your Honor?


	


25	 THE COURT: Yes.
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1	 Q.	 Mr. Turcone, could you point out where you worked


	


2	 when you worked for New England Container? Just touch


	


3	 the screen.


	


4	 A.	 (Indicating.)


	


5	 Q.	 And when you worked there, I think you said that


	


6	 you were putting 55-gallon drums, were they, on a


	


7	 conveyor belt?


	


8	 A.	 Yes.


	


9	 Q.	 And these would go into the incinerator?


	


10	 A.	 Yes.


	


11	 Q.	 These were industrial drums?


	


12	 A.	 As far as I know, they were.


	


13	 Q.	 Okay. And they came from various industrial


	


14	 companies?


	


15	 A.	 I guess so.


	


16	 Q.	 Okay. These were stockpiled outside?


	


17	 A.	 Yes.


	


18	 Q.	 How were they stacked? Were they stacked on top


	


19	 of each other or sideways?


	


20	 A.	 They were stacked on top of each other. End on


	


21	 end.


	


22	 Q.	 Okay. The drums -- would you physically take them


	


23	 and turn them over and put them on the conveyor?


	


24	 A.	 Yes.


	


25	 Q.	 Okay. And these drums, when they came into New
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1	 England Container, they hadn't been wiped dry and clean


	


2	 on the inside, were they?


	


3	 A.	 Not to my knowledge.


	4 	 Q.	 No. There was always something in it. At least


	5 	 something was still in it; is that right?


	


6	 A.	 That's a yes and no answer. Some did, some


	


7	 didn't.


Q.	 There was always something in the drums, wasn't


	9 	 there? .


	10	 A.	 No.


	


11	 Q.	 Okay. And in fact, sometimes the drums were a


	12	 quarter full, weren't they?


	


13	 A.	 They could have been. I don't remember. .


	14	 MR. NETBURN: May I approach, your Honor?


	


15	 MR. PIROZZOLO: Could that answer be stricken,


	


16	 your. Honor?


	


17	 THE COURT: No. Is this the same deposition or


	


18	 different?


	


19	 MR. NETBURN: It is not, your Honor.


	


20	 THE COURT: A different one. Okay. What page


	


21	 and line?


	


22	 MR. NETBURN: Page 27,' line 5 through line 9.


	


23	 MR. PIROZZOLO: Your Honor, may I have a moment


	


24	 to get that?


	


25	 THE COURT: Yes.
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1	 MR. NETBURN: May I put it on the ELMO?


	


2	 THE COURT: Show it to the witness only, yes.


	3 	 MR. NETBURN: Yes. And counsel.


	


4	 MR. PIROZZOLO: Do you have an extra copy?


	


5	 MR. NETBURN: I do not, but it's on the screen


	


6	 now, and I'll zoom it up.


	


7	 Q.	 Mr. Turcone, you were questioned about your work


	


8	 at New England Container and Metro-Atlantic by the


	


9	 United States Environmental Protection Agency, isn't


	


10	 that right?


	


11	 A.	 Yes.


	


12	 Q.	 You gave a sworn statement?


	


13	 A.	 Yes.


	


14	 Q.	 That was before a court reporter. That was back


	


15	 in 1999, wasn't it?


	


16	 A.	 I guess so.


	


17	 Q.	 Is there --


	


18	 A.	 I saw the date, yes.


	


19	 Q.	 There's no doubt in your mind, is there, sir?


	


20	 A.	 No.


	


21	 Q.	 Okay. And you were under oath at that time,


	


22	 weren't you?


	


23	 A.	 Say again?


	


24	 Q.	 You were under oath?


	


25	 A.	 Yes.
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1	 Q.	 And during that sworn statement, you were asked


	


2	 the question --


	


3	 MR. PIROZZOLO: Objection, your Honor, to


	4 	 reading it.


	


5	 THE COURT: I'm sorry?


	6 	 MR. PIROZZOLO: I object to counsel reading the


	


7	 question.


	8 	 THE COURT: Prior --


	9 	 MR. PIROZZOLO: It's not, your Honor. It's


	


10	 consistent.


	


11	 THE COURT: I don't agree. You may go through


	


12	 the question. That's page 27, line --


	


13	 MR. NETBURN: Five through 9, your Honor.


	


14	 Actually, 5 through 11, please.


	


15	 THE COURT: Five through 11.


	


16	 Q.	 And during that examination, you were asked the


	


17	 question: "When you retrieve the drums and place them


	


18	 on the conveyor, how much residue would they contain?"


	


19	 You were asked that question, weren't you, sir?


	


20	 A.	 Yes.


	


21	 Q.	 And your answer was: "They could contain anything


	


22	 from something to about a quarter full." That was your


	


23	 answer, wasn't it?


	


24	 A.	 That's what I said.


	


25	 Q.	 And the question was: "What size drums were
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they?"


	


2	 And you answered: "55 gallons;" is that right?


	


3	 A.	 Yes.


	


4	 Q.	 And some of this residual material, when you


	


5	 turned the drums over, it would go on the ground,


	


6	 right?


	


7	 A.	 Yes.


	


8	 Q.	 And the ground was just dirt?


	


9	 A.	 Yes.


	


10	 Q.	 And some of it went into the incinerator and


	


11	 became ash; is that right?


	


12	 A.	 Yes.


	


13	 MR. NETBURN: I have nothing further, your


	


14	 Honor. Thank you.


	


15	 THE COURT: Thank you, Mr. Netburn.


	


16	 MR. LEVENS: No questions, your Honor.


	


17	 THE COURT: All right. Mr. Pirozzolo, redirect.


	


18	 REDIRECT EXAMINATION BY MR. PIROZZOLO


	


19	 Q.	 Mr. Turcone, what you just described was during


	


20	 the time you worked for NECC; is that right?


	


21	 A.	 Yes.


	


22	 Q.	 That was the NECC operation you were describing?


	


23	 A.	 Yes, I was.


	


24	 Q.	 And, in fact, you have -- didn't know what was in


	


25	 any of the drums anyway, did you?
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	1 	 A.	 No.


	


2	 Q.	 And you talked about the hexachlorophene plant.


	


3	 You didn't know -- did you know that hexachlorophene


	4 	 was being made in that plant when you worked for


	


5	 Metro-Atlantic?


	


6	 A.	 No. I wasn't aware of that.


	


7	 Q.	 Did you know of any of the chemicals being used in


	8 	 that plant when you worked for Metro-Atlantic?


	9 	 A.	 Could you be more specific?


	


10	 Q.	 Let me ask you, how old were you when you worked


	


11	 for Metro-Atlantic, approximately?


	


12	 A.	 Nineteen.


	


13	 Q.	 Nineteen. And had you graduated from high school?


	


14	 A.	 Yes.


	


15	 Q.	 But you were working as a laborer, not as a


	


16	 chemist?


	


17	 A.	 That's correct.


	


18	 Q.	 You weren't involved in any of the chemical


	


19	 formulations?


	


20	 A.	 No.


	


21	 Q.	 And did you know, or did you observe certain


	


22	 materials being delivered to the hexachlorophene plant?


	


23	 A.	 Yes.


	


24	 Q.	 And how were they delivered?


	


25	 A.	 By truck.
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	1 	 Q.	 How did the trucks deliver the materials to the


	


2	 plant --


	


3	 MR. NUGENT: Objection, your Honor.


	


4	 Q.	 -- physically?


	


5	 MR. NUGENT: Beyond the scope of


	


6	 cross-examination.


	


7	 THE COURT: What does this relate to?


	


8	 MR. PIROZZOLO: I'm sorry?


	


9	 THE COURT: What subject of cross does this


	


10	 relate to?


	


11	 MR. PIROZZOLO: His knowledge of what was -- he


	


12	 had a name for this, and I'm trying to bring out what


	


13	 he saw.


	


14	 THE COURT: All right. I'll give you some


	


15	 latitude, brief latitude.


	


16	 Q.	 How did the material get from the truck into the


	


17	 inside of the plant?


	


18	 A.	 They were put on a tailgate, lower it, and used a


	


19	 hand truck and truck the barrels into the plant.


	


20	 Q.	 By barrel; is that right?


	


21	 A.	 Yes.


	


22	 Q.	 Okay. You didn't see what was in the barrels?


	


23	 A.	 No.


	


24	 Q.	 Now, did you see any material come out of the


	


25	 plant?
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	1 	 MR. NUGENT: Objection, your Honor.


	


2	 MR. PIROZZOLO: Same point, your Honor.


	3 	 THE COURT: Overruled. Go ahead.


	4 	 A.	 Yes.


	


5	 Q.	 Okay. And how did the material come out of the


	


6	 plant in a way that you could see it?


	


7	 MR. NUGENT: Objection, your Honor. I think the


	


8	 question is overly broad. If he means -- the pipe that


	


9	 I referred to is one thing, but if he's referring -- I


	


10	 think he's referring to the --


	


11	 MR. PIROZZOLO: I'm not referring to that pipe.


	


12	 THE COURT: Rephrase the question. Counsel is


	


13	 correct. It's too broad.


	


14	 Q.	 Did you see finished product come out of the


	


15	 plant?


	


16	 A.	 I really don't know.


	


17	 Q.	 Now, in cross-examination by my brothers, you were


	


18	 asked about whether there was a name for the material


	


19	 in the plant?


	


20	 A.	 I'm sure they had a specific name for it, but what


	


21	 I called it was a nickname because of what was going on


	


22	 in that era.


	


23	 Q.	 Your nickname was Agent Orange?


	


24	 A.	 Orange, yes.


	


25	 Q.	 Didn't you name it Agent Orange because you saw
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1	 something of an orange color?


	


2	 A.	 Yes.


	


3	 Q.	 How did you see the orange color? Where did you


	4 	 see this orange color?


	


5	 A.	 That was one of the -- whatever came out. Whether


	6 	 it was complete or not, it was that color that they


	


7	 shipped out.


	B 	 Q.	 The product was orange?


	9 	 A.	 Right.


	


10	 Q.	 How did you happen to see the product that was


	


11	 shipped out? Was it -- maybe that question -- was it


	


12	 in a barrel? Did it go out of a pipe? How did you see


	


13	 what color the product was that went out?


	


14	 A.	 It was transferred to a barrel.


	


15	 Q.	 And you saw it being transferred to the barrel?


	


16	 A.	 Yes.


	


17	 Q.	 Okay. Did you see the raw materials transferred


	


18	 into the barrels? I misspoke. Did you see the raw


	


19	 materials transferred into the mixing containers or


	


20	 vats?


	


21	 A.	 Yes.


	


22	 Q.	 What color was that?


	


23	 A.	 I don't recall, to be honest with you.


	


24	 Q.	 But you say the material that came out of the vats


	


25	 was orange in color?
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1	 A.	 Yes.


	


2	 Q.	 And is that why you called it Agent Orange?


	


3	 A.	 Yes.


	


4	 Q.	 And this was around 1964?


	


5	 MR. NUGENT: Objection, your Honor. Leading


	


6	 again.


	


7	 Q.	 Was this around 1964?


	


8	 A.	 Could have been.


	


9	 Q.	 Did you have any idea what the chemicals were in


	


10	 either the stuff going in or the stuff coming out?


	


11	 A.	 No. I had no idea.


	


12	 Q.	 You weren't -- I don't mean to be facetious, but


	


13	 you weren't there as a chemist or --


	


14	 A.	 No.


	


15	 Q.	 Okay. Now you said you had some responsibilities


	


16	 for cleaning?


	


17	 A.	 Yes.


	


18	 Q.	 And part of those responsibilities involved the


	


19	 main Metro-Atlantic plant?


	


20	 A.	 Yes.


	


21	 Q.	 In that main plant, you put -- did you -- how did


	


22	 you get rid of solid material, non-liquid material?


	


23	 MR. NUGENT: Objection, your Honor. I didn't


	


24	 ask any questions about solid material.


	


25	 THE COURT: Correct. Sustained.
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	1 	 Q.	 You were asked about washing material into a


	2 	 trough?


	


3	 A.	 Yes.


	4 	 Q.	 Was there solid material before you did the


	


5	 washing?


	


6	 A.	 Solid material was put into drums.


MR. NUGENT: Objection, your Honor. Again, same


	8 	 objection.


	9 	 THE COURT: I'm going to overrule it. That's a


	


10	 yes or no question. Was there solid material that was


	


11	 washed into the trough?


	


12	 Q.	 My question is whether --


	


13	 THE COURT: No. Just answer the question I just


	


14	 put to you.


	


15	 THE WITNESS: Yes.


	


16	 THE COURT: All right. Go ahead.


	


17	 Q.	 And with respect to that, you're talking about the


	


18	 main building?


	


19	 A.	 Yes.


	


20	 Q.	 Not the hexachlorophene building?


	


21	 A.	 Correct.


	


22	 Q.	 Thank you. Now I just want to be clear, this


	


23	 trough you're talking about was not at the


	


24	 hexachlorophene building?


	


25	 A.	 That's right.
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1	 Q.	 Thank you. What was the ground like around the


	


2	 hexachlorophene building?


	


3	 A.	 As I remember, it was just a gravel parking lot.


	


4	 around it.


	


5	 Q.	 Was it tar? Asphalt?


	


6	 A.	 No. Just gravel.


	


7	 Q.	 Gravel. I'm still not clear. When you saw


	


8	 material being dumped from a barrel, from a truck, to


	


9	 the hexachlorophene building in a barrel, were you


	


10	 inside the building or outside the building?


	


11	 A.	 It wasn't dumped.


	


12	 Q.	 How did it get in?


	


13	 A.	 They brought it in, in barrels, and the barrels


	


14	 were emptied. Hoist them up to the second platform,


	


15	 and they were emptied into the kettle.


	


16	 Q.	 So let me just -- a drum is brought from the


	


17	 outside of the building?


	


18	 A.	 Or wherever.


	


19	 Q.	 Let's go in sequence. The drum is first on the


	


20	 outside of the building?


	


21	 A.	 Yes.


	


22	 Q.	 A truck brings it to the building?


	


23	 A.	 Yes.


	


24	 Q.	 The drum is then hoisted?


	


25	 A.	 Yes.
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1	 Q.	 Is that right? And it's hoisted into the


	


2	 building?


	


3	 A.	 Yes.


	


4	 Q.	 How does it get in the building?


	


5	 A.	 Through a door.


	


6	 Q.	 Is there a door on the second floor of the


	


7	 building, or an opening?


	


8	 A.	 No. Not that I recall.


Q.	 Well, how does it get through the wall of the


	


10	 building on the second floor?


	


11	 A.	 Through the door on the first floor. I believe


	


12	 they had a chain fall, and they had a grip and you


	


13	 could lift it up.


	


14	 Q.	 So the barrel goes in the door on the first floor


	


15	 and then gets hoisted inside the building to the second


	


16	 floor?


	


17	 A.	 Yes.


	


18	 Q.	 And then how does it get dumped into the second


	


19	 floor into the vat?


	


20	 THE COURT: I think if you don't use the term


	


21	 "dumped", I think it may be easier. "Poured" may be a


	


22	 better word, okay? I think that's causing some


	


23	 confusion.


	


24	 MR. PIROZZOLO: I'm sorry, your Honor.


	


25	 Q.	 How does the substance that's in the barrel get
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1	 poured into the containers, or mixing containers, in


	


2	 the building, as you saw it?


	


3	 A.	 The -- I don't know what you want to call them.


	


4	 There's like a -- a guy in charge would come, and he


	


5	 would just take so much of this and so much of that and


	


6	 pour it into the kettle.


	


7	 Q.	 When they poured it, did some of it spill?


	


8	 MR. NUGENT: Objection, your Honor. Leading.


	


9	 Again, beyond the scope of cross.


	


10	 THE COURT: Overruled on both counts. Go ahead.


	


11	 Answer that question.


	


12	 A.	 No. They were pretty good about that.


	


13	 Q.	 Okay. So now you've told us how the material gets


	14	 in. Did you ever see the material coming out of the


	


15	 vats?


	


16	 A.	 It would come out of the bottom through a spigot.


	


17	 Q.	 Would you describe how that happened?


	


18	 A.	 I'll be honest, I just don't remember.


	


19	 Q.	 So you don't remember seeing it come out?


	


20	 A.	 I don't recall exactly how they got it out.


	


21	 Q.	 How did you see it orange?


	


22	 A.	 Well, it's just something that sticks in your


	


23	 mind. I mean, the rest was like mechanical. But this


	


24	 was like something you've never seen before.


	


25	 Q.	 So you remember something was orange, but you
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1	 can't remember how you saw it?


	


2	 A.	 That's right.


	


3	 Q.	 Okay. Do you remember whether any of it got


	


4	 spilled when it came out?


	


5	 A.	 No..


	


6	 Q.	 When -- you were responsible for washing the


	


7	 building? I don't mean responsible. From time to


	


8	 time, you washed the building?


	


9	 A.	 No. We would wash down whatever they told us to


	


10	 do. We'd do what we were told, basically.


	


11	 Q.	 Okay. And did that involve washing?


	


12	 A.	 I guess for a better term, yes.


13 .	 Q.	 How did you go about doing that? How did you get


	


14	 the water or whatever you were using to wash?


	


15	 A.	 They would have a water hose in there, and we'd


	


16	 just wash it down.


	


17	 Q.	 And was it washed with water?


	


18	 A.	 Yes.


	


19	 Q.	 And was there ever any solid material that was


	


20	 washed away with the water?


	


21	 A.	 Where are we talking?


	


22	 Q.	 In the hexachlorophene building. In the --


	


23	 A.	 No. Not that I'm aware of.


	


24	 Q.	 Okay. Your memory is there was no solid material


	


25	 washed away with the water?
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1	 A.	 Right.


	


2	 Q.	 Was there any chemical liquid washed away with the


	


3	 water?


A.	 If I recall.


	


5	 MR. FIROZZOLO: Thank you. I don't have any


	


6	 further questions, your Honor.


	


7	 MR. NETBURN: No, your Honor.


	


8	 MR. NUGENT: No questions, your Honor.


	


9	 THE COURT: Before you step down, do the jurors


	


10	 have any questions of this witness? No one? All


	


11	 right. You may step down.


12


13


14


15


16


17


18


19


20


21


22


23


24


25
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FOR INCLUSION IN THE ADMINISTRATIVE RECORD


September 11,2007


United States Environmental Protection Agency
Region 1 - New England Regional Office
One Congress Street, Suite 1100 (HBO)
Boston, Massachusetts 02114-2023


Attn: Anna Krasko, Project Manager


RE: Remedial Alternatives for Source-area Soil
Centredale Manor Restoration Project Superfund Site
North Providence, Rhode Island


Dear Ms. Krasko:


This letter augments correspondence of June 8 and July 18, 2007, submitted on behalf of Emhart
Industries, Inc. ("Emhart"), and responds to the United States Environmental Protection
Agency's (EPA's) correspondence of August 14, 2007 regarding the remedial alternatives that
EPA is evaluating for source-area soils at the above-referenced site. The remedial alternatives
being evaluated by EPA are: (i) no further action; (ii) upgrade and maintain existing caps and
parking lots; and (iii) convert to RCRA caps and maintain. These alternatives were presented at
the April 23, 2007 dialog meeting. At that meeting, the EPA project team explained that the
second alternative contemplates importing soil to re-grade the caps with three percent slopes to
direct water away from the capped soils. The EPA project team further explained that the third
alternative contemplates the incorporation of a geomembrane liner and importing soil to re-grade
the caps with three percent slopes in converting the existing caps to RCRA caps. As presented
herein, the remedial alternatives that are being evaluated should include an additional and
separate alternative for monitoring and maintenance of the existing caps.


As presented in the June 8 and July 18, 2007 letters, upgrades to the existing caps and parking
lots or conversion of the existing caps to RCRA caps are not warranted. In response to the
referenced correspondence, EPA stated in its letter dated August 14, 2007 that it will continue to
evaluate the three alternatives. Moreover, EPA will reconsider its initial screening efforts to
confirm that the three alternatives represent the appropriate universe of potential approaches for
the source-area soils. While EPA's reconsideration of its initial screening is certainly
appropriate, the constituent concentrations in the source-area soils do not warrant upgrades to the
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existing caps and parking lots, or conversion of the existing caps to RCRA caps, as explained
below.


According to EPA, constituents are present in the capped materials at concentrations that exceed
the Rhode Island Department of Environmental Management's (RIDEM's) residential direct
exposure criteria (RDEC). While it may be argued that EPA's second and third remedial
alternatives identified above may minimize the potential for constituents to leach from the
capped materials, these alternatives would provide no greater protection to human health via the
direct exposure pathways than the protection provided by the existing caps. Monitoring and
maintenance of the existing caps will continue to provide a direct barrier to contact with
constituents present in the underlying source-area soils. With the implementation of regular
monitoring and maintenance, there is no need to upgrade the existing caps or to convert them to
RCRA-type systems to ensure the protection of huniam health from potential risks via direct
contact.


The issue regarding whether the existing caps need to be upgraded or converted to minimize the
potential for constituents to leach from the capped materials is presented in the remainder of this
correspondence. The applicability of the leachability criteria is first presented followed by a
summary of the constituent concentrations reported by EPA in the source-area soils. The
rationale for understanding why the conditions in the source-area soils do not warrant an upgrade
to the existing caps or conversion of the existing caps to RCRA-type systems is then presented,
followed by a recommendation for the most prudent and, in our view, the only appropriate long-
term remedy for the source-area soils.


Applicability of GB Leachabilitv Criteria
According to EPA and the June 30, 2005 Interim Final Remedial Investigation Report prepared
by Battelle (Report), constituents are present in the capped materials at concentrations that
reportedly exceed RIDEM's leachability criteria. A summary of these constituents is provided in
Table 4-4 of the Report. The leachability criteria are intended to ensure protection of the
designated groundwater classification. The groundwater beneath and downgradient of the site is
classified as GB. In accordance with the RIDEM Remediation Regulations (DEM-DSR-01-93),
the GB leachability criteria apply to site soils as long as the application of these criteria will not
contribute to actual or potential impacts to surface water and/or sediment. As stated in the
Report, the constituents identified in the source-area soils at concentrations that exceed
RIDEM's leachability criteria are not adversely impacting surface water and sediment quality
proximate to the site. Therefore, the GB leachability criteria apply to the site. Pursuant to the
RIDEM Remediation Regulations, the GB leachability criteria apply to the soils throughout the
vadose zone, which at the site has an average thickness of approximately five feet.


The GB leachability criteria have been established by RIDEM for certain volatile organic
compounds (VOCs) and polychlorinated biphcnyls (PCBs) only. For other constituents,
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teachability criteria established through a laboratory test such as the Toxicity Characteristic
Leaching Procedure (TCLP) or the Synthetic Precipitation Leaching Procedure (SPLP) may be
used to demonstrate that the constituents will not leach to groundwater at levels which exceed
the groundwater objective. Such demonstrations are only necessary for areas in which
groundwater is classified as GA. As explained above, groundwater at the site is classified as GB.
Thus, RIDEM's leachability criteria apply only to the specific VOCs and PCBs that may be
present in source-area soils, for which such criteria are listed in RIDEM's Remediation
Regulations.


Constituent Concentrations
As provided in Table 4-4 of the Report, the constituents reported to exceed the GB leachability
criteria include VOCs reported to be present in soil samples collected from borings advanced in
the areas of the cap. These borings include soil borings CMS-405, CMS-408, CMS-417,
CMS-419, CMS-060, and MW-05S. A summary of the constituents reported to be present at
each of these locations is presented as follows:


Soil Borings CMS-405 and CMS-408
Soil borings CMS-405 and CMS-408 are located in the Centerdale Manor south parking lot.
Based on laboratory analytical data obtained for soil samples collected from the vadose zone at
these boring locations, benzene was reported to be present at maximum concentrations of 130
milligrams per kilogram (mg/kg) (CMS-405) and 480 mg/kg (CMS-408). The reported
concentrations of benzene exceed the GB leachability criteria (4.3 mg/kg). No other borings
located in this area were characterized to contain constituent concentrations that exceed the GB
leachability criteria.


Based on the laboratory analytical results of groundwater samples collected from nearby
monitoring well MW-09S, no VOCs were reported to exceed criteria for the GB groundwater
objective. Benzene was reported to be present at a maximum concentration of 21 micrograms
per liter (ug/1) for this well location. This concentration is less than the criteria established for
the GB groundwater objective (140 ug/1).


Soil Borings CMS-417 and CMS-419
Soil boring CMS-417 is located in the Brook Village parking lot at the northern extent of Cap #2.
Based on laboratory analytical data obtained for soil samples collected from the vadose zone at
this boring location, chlorobenzene, cw-l,2-dichloroethylene, ethylbenzene, tetrachloroethylene,
trichloroethylene, and toluene were reported to be present at concentrations that exceed the
applicable GB leachability criteria as presented in Table 4-4 of the Report. With the exception
of trichloroethylene, the same VOCs were reported to be present at concentrations that exceed
the applicable GB leachability criteria in the soil samples collected from soil boring CMS-419,
located in the Centerdale Manor north parking lot.
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The vertical distribution of VOCs reported in the vadose zone at locations CMS-417 and
CMS-419 are summarized in Table 4-5 of the Report, As presented in this table, the highest
VOC concentrations are found within two feet of the ground surface, with significantly lower
concentrations in deeper samples collected from the vadose zone. In fact, the concentrations for
all constituents are below the respective GB leachability criteria in the vadose zone samples
nearest the water table. For location CMS-417, VOCs were lower than the GB leachability
criteria for the deepest sample collected from this boring (3-4 feet below ground surface (bgs)).
For location CMS-419, VOCs were lower than the GB leachability criteria for the deepest three
samples collected from this boring (3-8 feet bgs). These reported data indicate that the VOCs are
primarily present in the upper most horizon of the soil column, and although presumably present
for several decades, they are not mobilizing downward in the soil column.


Based on the laboratory analytical results of groundwater samples collected from nearby
monitoring wells MW-01S and MW-06S, no VOCs were reported to exceed criteria for the GB
groundwater objective. No VOCs were detected in the groundwater at monitoring well MW-01S
and except for chlorobenzene, no VOCs were reported to be present in the groundwater samples
collected from monitoring well MW-06S at other than estimated concentrations. Chlorobenzene
was reported to be present in groundwater at monitoring well MW-06S at a maximum
concentration of 190 ug/1. This concentration is less than the criteria established for the GB
groundwater objective (3,200 ng/1).


Soil Borings CMS-060 and MW-05S
Soil boring CMS-060 is located in the northern extent of Cap #2. Based on laboratory analytical
data obtained for soil samples collected from the vadose zone at this boring location,
tetrachloroethylene was reported to be present at a maximum concentration estimated by the
analyzing laboratory to be 63 mg/kg. Based on this result, the reported concentration exceeds
the GB leachability criteria (4.2 mg/kg). No other VOCs were reported to be present in soil at
concentrations that exceed the GB leachability criteria at this location.


Soil boring MW-05S is located in the Brook Village parking lot. Based on laboratory analytical
data obtained for soil samples collected from a depth of 4 - 6 feet below the ground surface at
this boring location, tetrachloroethylene was reported to be present at a maximum concentration
estimated by the analyzing laboratory to be 300 mg/kg. Based on this result, the reported
concentration exceeds the GB leachability criteria (4.2 mg/kg). No other VOCs were reported to
be present in soil at this location at concentrations that exceed the GB leachability criteria.


Based on the laboratory analytical results of groundwater samples collected from monitoring
well MW-05S, cis-1,2-dichloroethylene, trichloroethylene, and tetrachloroethylene were reported
to be present in groundwater. A maximum c/>l,2-dichloroethylene concentration of 1,600 ug/1
was reported for this location. This concentration is below the criteria established for the GB
groundwater objective (3,200 ug/1). A maximum trichloroethylene concentration of 2,500 jag/1
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was reported for this location, which exceeds the criteria established for the GB groundwater
objective (540 ug/1). For the groundwater samples collected from this monitoring well,
tetrachloroethylene was reported to be present at a concentration of 61,000 |ig/l. This
concentration exceeds the criteria established for the GB groundwater objective (150 ug/1).


Basis for Long-Term Remedy for Source-Area Soils
Based on the results provided in the Report, the VOCs are believed to be stable within the soil
because the soils have been in place under the existing asphalt cap for at least several decades.
This is not surprising given that asphalt systems historically have been used as low-permeability
caps and may provide barriers to infiltration that are as protective, if not more protective, than
geomembrane liners. The fact that VOCs are not present in the groundwater at reported
concentrations above the GB groundwater objective at the locations discussed above
demonstrates that the existing asphalt parking lots are adequate to protect human health and the
environment from potential risks associated with constituents that may leach from source-area
soils.


In the area of soil boring MW-05S, trichloroethylene and tetrachloroethylene were reported to be
present in the soil sample collected from a depth of 4 - 6 feet below the ground surface and
believed to be within the zone of water table fluctuation. As presented in the Report, the average
thickness of the vadose zone at the site is approximately five feet. The Report suggests that the
presence of trichloroethylene and tetrachloroethylene at this location appears to result from a
subsurface release, or lateral migration from a nearby surface source. In this area, as well as in
the other source-areas, the impacts to soil are localized and not laterally extensive.


With regard to groundwater, the Report also notes the following:


• Concentrations of VOCs are below the GB groundwater objectives except for
trichloroethylene in the sample collected at one location (MW-05S) and
tetrachloroethylene in the samples collected at monitoring wells MW-05S, MW-14M,
andMW-13D.


• The extent of trichloroethylene and tetrachloroethylene dissolved in groundwater at
concentrations that exceed the GB groundwater objectives is limited at the site.


• The VOC concentrations have generally decreased or remained consistent over time.
• The VOCs are not adversely impacting surface water and sediment quality at the site.


In summary, tetrachloroethylene reportedly is present at one location, CMS-060, within the area
of the constructed caps at concentrations that reportedly exceed the GB leachability criteria.
Tetrachloroethylene and other VOCs are reportedly present in other source-area soils localized
under the existing asphalt parking lots at concentrations that reportedly exceed the GB
leachability criteria. These constituents are not migrating downward through the vadose zone
and are not leaching to groundwater. In the area of soil boring MW-05S, the reported presence
of trichloroethylene and tetrachloroethylene appears to be the result of a subsurface release, or
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lateral migration from a nearby surface source. At the site, the VOCs reported to be present in
groundwater at concentrations that exceed the GB groundwater objectives are limited to
trichloroethylene (only at monitoring well MW-05S) and tetrachloroethylene. The extent of the
dissolved-phase plume at the site is limited.


Recommendation
In accordance with the RIDEM Rules and Regulations for Groundwater Quality (RIDEM
Regulation 12-100-006), groundwater classified GB are those groundwater resources not suitable
for public or private drinking water use. The GB groundwater designation for the site essentially
establishes an incomplete human health exposure pathway. Thus, there is no adverse impact on
human health from the potential leaching of constituents through source-area soils. Because
VOCs are not adversely impacting surface water and sediment quality at the site, there is no
potential risk to the environment from the potential leaching of constituents through source-area
soils. The concern regarding purported effects of cosolvency or enhanced solubility as a result of
the reported co-occurrence of VOCs and 2,3,7,8-tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD) at
monitoring well MW-05S was addressed in AMEC's letters dated June 8 and August 15, 2007.
Therefore, the constructed caps and existing asphalt cap are protective of human health and the
environment, and the cap enhancements under consideration by EPA are unnecessary.


As suggested, we have reviewed the Battelle document entitled, Final Technical Memorandum -
Approach for Developing a Long-term Remedy for Source-area Soils (July 2004)
(Memorandum). Battelle prepared the Memorandum to evaluate source-area soil and
groundwater data relative to applicable regulatory criteria, identify contaminant transport and
exposure pathways, and to recommend an approach for developing a long-term remedy to
address the transport and exposure pathways. According to Battelle, the caps were constructed
to minimize human exposure to contaminated soils and to prevent soil erosion and transport.
Based on the evaluation presented in the Memorandum, Battelle recommended that the long-
term remedial approach for the source-area soils should focus on preventing direct exposure to
and erosion of contaminated soils. Battelle also recommended that because there is little
evidence that leaching of contaminants from soil to groundwater is occurring, additional
measures to prevent leaching should not be necessary, provided that the paved and capped
surfaces are maintained.


Accordingly, an alternative for monitoring and maintenance of the existing caps should be
included in the feasibility study evaluation. Moreover, it is clear that, based on the constituent
concentrations in soil and groundwater in the source-area, monitoring and maintenance to ensure
the protectiveness and integrity of the existing caps and pavement at the site is the most
appropriate long-term remedy for the source-area soils. Therefore, EPA is requested to
reconsider the need to evaluate cap enhancements for the source-area soils. As presented in the
June 8 and July 18, 2007 letters submitted on Emhart's behalf, the caps constructed over the
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source-area soils are protective of human health and the environment, and upgrades to the
existing caps and parking lots or conversion of the existing caps to RCRA caps is unwarranted.


Sincerely,


LOUREIRO ENGINEERING ASSOCIATES, INC.


David N. Scotti, P.O.
Project Manager


Copy to: Eve Vaudo (EPA)
Deirdre Dahlen (Battelle)
Louis Maccarone (RIDEM)
Jerry Muys, Esq.
Jeffrey Karp, Esq.
Laura Ford Brust, Esq.
Russell Keenan (AMEC)
Patrick Gwinn (AMEC)
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1. I, Gregory C. Fu, have been retained by counsel of Emhart Industries in this proceeding to
serve as an expert in the field of organic chemistry.


2. I received a Bachelor of Science degree in Chemistry from the Massachusetts Institute of
Technology (MIT) in 1985, having worked in the laboratory of Professor K. Barry Sharpless. I
worked in the laboratory of Professor David A. Evans at Harvard University and received a
Ph.D. degree in Organic Chemistry in 1991. I undertook postdoctoral studies in the laboratory
of Professor Robert H. Grubbs at the California Institute of Technology from 1991-1993.


3. I was appointed an assistant professor of chemistry at MIT in 1993, and I am currently the
Firmenich Professor of Chemistry at MIT.


4. I have received a number of awards and recognitions, including the Corey Award of the
American Chemical Society and the Mukaiyama Award of the Society of Synthetic Organic
Chemistry of Japan, as well as election as a fellow of the American Academy of Arts and
Sciences and the Royal Society of Chemistry.


5. In this report I have been asked to further discuss the synthesis of 2,4,5-trichlorophenol
(2,4,5-TCP) and the generation of dioxins during its synthesis. An outline of a sequence for the
synthesis of 2,4,5-TCP is illustrated in Figure 1. The first process is the chlorination of benzene
to generate 1,2,4,5-tetrachlorobenzene, and the second process is the formation of a phenol by a
substitution reaction to produce 2,4,5-TCP.


Figure 1. Schematic illustration of a method for the synthesis of 2,4,5-TCP from benzene.
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Ideally, the manufacture of 2,4,5-TCP from benzene would proceed by the pathway that is
illustrated in Figure 1 with no undesired reactions. In practice, however, reactions other than
the desired reactions do occur. For example, under manufacturing conditions for the formation
of 2,4,5-TCP, 2,3,7,8-tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD), 2,3,7,8-
tetrachlorod ibenzofuran (2,3,7,8 -TCDF), and other polychlorinated dibenzo-p-dioxins (PCDD's)
and polychlorinated dibenzofurans (PCDF's) are produced as contaminants (e.g., The Chemical
Scythe; Chapter 1). The distribution of the various side products is dependent on the reaction
conditions.
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6. The first process in the illustrated synthesis of 2,4,5-TCP is the chlorination of benzene to
generate 1,2,4,5-tetrachlorobenzene (Figure 1). In this process, hydrogens on the benzene ring
are replaced with chlorines (Figure 2).


Figure 2. Schematic overview of the chlorination of benzene: Generation of a mixture of
chlorinated benzenes.
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Thus, benzene is first chlorinated to form chlorobenzene, which can then undergo further
chlorination to afford varying amounts of three distinct dichlorobenzenes. A third chlorination
can generate three trichlorobenzenes, and a fourth chlorination can produce three
tetrachlorobenzenes, only one of which is 1,2,4,5-tetrachlorobenzene (A). Thus, even if it were
possible to selectively chlorinate benzene to generate only tetrachlorinated product, three
isomers, not just 1,2,4,5-tetrachlorobenzene (A), will be formed.


However, chlorination reactions of benzene do not provide only tetrachlorobenzenes. Just
as trichlorobenzenes are chlorinated under the reaction conditions to produce
tetrachlorobenzenes (Figure 2), under these same conditions tetrachlorobenzenes are converted
to pentachlorobenzene. In other words, the replacement of hydrogens with chlorines does not
abruptly stop when there are four chlorines on the ring. Thus, chlorination methods that
generate tetrachlorobenzenes also produce 1,2,3,4,5-pentachlorobenzene, which in turn can be
further chlorinated to provide 1,2,3,4,5,6-hexachlorobenzene.
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In summary, the chlorination of benzene does not generate 1,2,4,5-tetrachlorobenzene
exclusively, but instead leads to a mixture of chlorinated benzenes that differ in the number
and /or in the position of the chlorines (e.g., U.S. Patent 2,843,637).


Upon subjection to the phenol -formation conditions for the conversion of 1,2,4,5-
tetrachlorobenzene to 2,4,5-TCP, the highly chlorinated benzenes can be converted to
chlorinated phenols other than 2,4,5 -TCP (for a few examples, see Figure 3).


Figure 3. Schematic illustration of the formation of chlorinated phenols from chlorinated
benzenes.
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These chlorinated phenols, in turn, can combine with other chlorinated phenols to form
dioxins under the phenol-formation conditions, analogously to the way that 2,4,5-TCP is
converted into 2,3,7,8-TCDD (for a few examples, see Figure 4).
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Figure 4. Schematic illustration of the formation of dioxins from chlorinated phenols.


Thus, the manufacture of 2,4,5-TCP via chlorination of benzene, followed by formation of a
phenol, can result in the formation of a variety of dioxins in addition to 2,3,7,8-TCDD.


7. In this report I have been asked to opine on the use of charcoal (activated carbon) to
remove dioxin impurities. I would not expect charcoal to remove a particular congener(s) of
dioxin to the exclusion of the other congeners (e.g., see the Stellacci report).


8. 2,4,5-TCP/Na 2,4,5-TCP synthesized by Diamond Alkali in 1965 was not purified of all
dioxins (Dioxin Registry Report, Diamond Alkali Company), and it likely contained dioxins
other than 2,3,7,8-TCDD. If the 2,4,5-TCP contained 2,3,7,8-TCDD with only a very small
amount of other dioxins, then it likely came from purified 1,2,4,5-tetrachlorobenzene or from
purified 2,4,5-TCP.


This report has been prepared on the basis of documents and other information available to
me at the time of writing this report. In the event that additional documents and information
are produced or discovered, I reserve the right to supplement this report as necessary to include
my analysis of this new information.


The foregoing is a true and correct statement of my professional opinions concerning this
matter. If called to testify under oath, I would so testify.
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I declare under the penalty of perjury that the foregoing is true and correct.


Prof. Gregory C. Fu
January 7, 2011
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Supplemental Expert Report


Emhart Industries, Inc. v. New England Container Company, Inc. et al.
U.S. District Court of Rhode Island C.A. No. 06-218-S 


James R. Kittrell, Ph.D.
KSE, Inc.


P.O. Box 368
Amherst, MA 01004


January 7, 2011


I have been retained by Foley Hoag LLP, counsel to Emhart Industries, Inc. ("Emhart"),
in the above captioned litigation, to provide expert assistance and advice with respect to certain
technical matters relating to the Centredale Manor Restoration Project Superfund Site (CMRP)
in North Providence, Rhode Island. I have been asked to supplement my reports of December
21, 2009 and March 31, 2010 to provide a review of the recent reports and opinions of Dr.
Barbara B. Taylor and Mr. David Mauro on the source of PCDDs and PCDFs at the Centredale
Manor Restoration Project Superfund site, prompted by new information in their recent reports
and deposition testimony.


Qualifications of Dr. J.R. Kittrell
My qualifications, resume, and experience can be found in my Expert Report, dated


January 15, 2009, in my expert report dated May 21, 2009, my expert report dated December
21, 2009, my expert report of March 31, 2010 and my expert report of May 6, 2010. As I have
noted in previous reports, I have performed chemical fingerprinting studies to determine the
industrial source of soil and water contamination, and am familiar with the scientific
methodology for conducting such studies, including published literature on the subject. To
update my background, I am now engaged by the U.S. Department of Justice in three concurrent
cases to utilize my expertise in chemical fingerprinting, in order to identify source contributions
and contamination profiles at various sites of interest, including a Superfund Site. In addition,
in the present report, I will express an opinion about the use of distillation, extraction,
sedimentation, and decantation in the purification steps involved with the manufacture of 2,4,5-
trichlorophenol (TCP). I am an expert in these topics, as witnessed by a recent award to KSE,
Inc. by the U.S. Department of Energy of a grant of $3 million to accelerate the
commercialization of a new Reactive Distillation technology being developed by KSE to greatly
reduce energy consumption in distillation operations. My CV and my testimony in the past 4
years are updated in Exhibits 1 and 2.
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Summary of Opinion
Among other sources, I have reviewed extensive historical information derived from


internal documents of companies producing 2,4,5-TCP and herbicides, as summarized by
NIOSH (National Institute for Occupational Safety and Health) in various Dioxin Registry
Reports. These NIOSH reports were produced to record possible health effects on workers due
to exposure to TCDD (2,3,7,8-Tetrachlorodibenzo-p-dioxin). The reports also contained
extensive information about the methods and technology of manufacture of TCP.


1. In the period of operation of the Metro-Atlantic HCP plant and beyond, two forms of
2,4,5-TCP (TCP) were produced by the chemical industry. Diamond Alkali and
Monsanto produced and sold a Crude TCP that was produced directly from their TCP
formation reactors, without substantial further processing. This Crude TCP contained
20 to 50 ppm of 2,3,7,8-TCDD. The Crude TCP also exhibited a dioxin congener
profile that consisted of 2,3,7,8-TCDD, along with higher chlorinated PCDDs, and with
2,3,7,8-TCDF and higher chlorinated PCDFs.


2. In the period of operation of the Metro-Atlantic HCP plant and beyond, Dow Chemical,
Hooker Chemical, and other companies produced and sold a Purified TCP, involving
significant further purification technology to further refine their Crude TCP. This
Purified TCP contained generally much less than 1 ppm 2,3,7,8-TCDD. In addition, the
Purified TCP exhibited a dioxin congener profile consisting of small amounts of 2,3,7,8-
TCDD, and virtually no other congeners.


3. In my opinion, more likely than not, the dioxin congener profiles of the "source-like"
samples at the CMRP site that have been identified by Dr. Taylor are not consistent with
Crude TCP from Diamond Alkali delivered to the Metro-Atlantic site in 1964-1965. It
is highly unlikely that spillage of Crude TCP used in the Metro-Atlantic HCP plant
created the TCDD contamination of Taylor's "source-like" samples at the CMRP Site.


4. In my opinion, more likely than not, the dioxin congener profiles demonstrate that the
TCDD in Taylor's "source-like" CMRP samples originated from NECC barrels brought
on site, stored in the vicinity of the former location of the Metro-Atlantic HCP plant, and
originating from herbicides leaking out of, or discarded from, these barrels. Based on
the dioxin congener profile, the herbicide was produced from Purified TCP, likely after
the Hexachlorophene plant was shut down in 1965 and after the structure was removed
thereafter.


5. More likely than not, the TCDD contamination occurred from herbicides leaking from
approximately 5,000 barrels delivered in 1969 to NECC from Quonset Naval Station
and Otis Air Force Base, after which aerial photographs show barrels stacked at the
former site of the Metro-Atlantic HCP plant.
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Documents Reviewed
I incorporate by reference the list of documents reviewed in preparation of each of my five


earlier expert reports, and a list of references provided to Robinson and Cole in response to their
request of November 12, 2010. Additional documents and information that I have examined are
cited as footnotes within this report, and/or are summarized in Exhibit 3 of this report.


Opinion
In my opinion, Diamond Alkali TCP could not be responsible for the dioxin congener


profile found at the CMRP site, and could not have been the origin of the 2,3,7,8-TCDD found
there. Rather, in my opinion, the source of the 2,3,7,8-TCDD contamination at the CMRP site
was more likely than not leakage from, or dumping of, barrels from the NECC barrel
reclamation facility on the CMRP site, such as the 2400 drums NECC received from Quonset
Navel Base, and the 2400 drums that NECC received from Otis Air Base in 1969.


In their initial reports and depositions, Dr. Taylor and Mr. Mauro have concluded that
selected soil samples were contaminated by 2,3,7,8-TCDD in a pattern that exhibited "source-
like" characteristics, but they did not identify the "source". In later reports, they have
concluded that the 2,3,7,8-TCDD contamination on the site originated specifically from the
former Metro-Atlantic hexachlorophene (HCP) plant building. The period of operation of the
Metro Atlantic HCP plant started in 1964 for less than a year.'


Thomas Cleary has testified that Metro Atlantic used "crude trichlorophenol that was
shipped from Diamond Alkali in Newark..." and that the "grade of trichlorophenol that was
purchased from Diamond-Alkali was relatively uniform and consisted of nothing but the
contents of the reactor after they had performed the reaction. It was full of whatever was made
in the reaction"2 In concurrence, Dr. Taylor has stated "Metro-Atlantic used a crude, unpurified
form of a sodium salt of 2,4,5-TCP (from Diamond Alkali in New Jersey) in the HCP
production process."3 Therefore, Dr. Taylor must assume that the crude, unpurified form of
TCP produced by Diamond Alkali exhibits the dioxin congener profile that she found on the
Centredale Manor Restoration Project (CMRP) Superfund site. Dr. Taylor describes this
congener profile as one that "was composed of 2,3,7,8-TCDD with little or no concentrations of
the other 21 TCDD isomers and little to no concentrations of the other 114 PCDD/PCDF
congeners. "4 In this report, I use the term TCP to denote the sodium salt of TCP, or the
hydrogen form of TCP, or dilutions of TCP with water and/or caustic.


Cleary, Thomas F., Deposition, page 37 reference showing "new hexachlorophene plant" in Providence Sunday
Journal Business Weekly, May 30, 1965, and deposition page 53 reference to HCP plant operation for "Probably --
less than a year", February 10, 2003.
2 Cleary, Thomas F., Deposition, page 40 lines 18-19, and page 51, lines 5-10, February 10, 2003
3 Taylor, Barbara B., Supplemental Report H, page 4-1, lines 26-27, June 22, 2010 (June 2010A).
4 Taylor, Barbara G., Supplemental Report II, page 4-1, lines 7-9, June 22, 2010 (June 2010A).
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Dr. Taylor's assumption that Diamond Alkali's TCP contains only the 2,3,7,8-TCDD, and
no other congener, is incorrect. Only a purified TCP could contain only 2,3,7,8-TCDD, without
any of the other congeners. These other congeners generally boil at a higher temperature than
2,3,7,8-TCDD, and can be readily separated by distillation under reduced pressure. As will be
discussed below, Diamond Alkali did not produce a purified TCP during the period of operation
of the Metro Atlantic plant. Hence, Diamond Alkali TCP could not have been the origin of the
2,3,7,8-TCDD found at the CMRP site.


More likely than not, the source of the 2,3,7,8-TCDD contamination at the CMRP site was
leakage from, or dumping of, barrels from the NECC barrel reclamation facility on the CMRP
site. As noted in my January 15, 2009 report and my May 21, 2009 report, NECC received
2400 drums from Quonset Naval Base, and 2400 drums from Otis Air Base, both in the late
1960's. An aerial photograph of the site shows a marked increase in drum storage after this
time. Photographs also show drums were stored at the site of the former Metro Atlantic HCP
plant. These drums likely contained residues of herbicides and pesticides containing 2,3,7,8-
TCDD, and perhaps even the herbicide Agent Orange, a notorious source of 2,3,7,8-TCDD.
Unlike the Diamond Alkali TCP, these specific herbicides at CMRP were manufactured from a
purified form of 2,4,5-TCP, for which 2,3,7,8-TCDD was the dominant PCDD present. Other
barrel sources may also have contributed to contamination of the NECC site, such as those from
George Mann Company, a Rhode Island distributor of 2,4,5-TCP.


Manufacturing Sources of 2,4,5-Trichlorophenol


Dr. Taylor assumes that all TCP in commercial use in 1964-1965 was equal in its 2,3,7,8-
TCDD content and its dioxin congener profile. There is no basis for such an assumption. As a
result, Dr. Taylor (and Mr. Mauro) failed to consider whether the dioxin congener profile at the
CMRP site could be from TCP manufacturers other than Diamond Alkali, whose dioxin
congener profile matched the dioxin congener profile from the CMRP site. The alternative
could and should have been considered.


Extensive information on the manufacturing methods used by the manufacturers of TCP is
available through surveys and compilations of the National Institute for Occupational Safety
and Health (NIOSH), as part of their Dioxin Registry. 5 A study was made of workers in 12
facilities to evaluate health effects of workers. The Diamond Alkali plant, which manufactured
2,4,5-TCP and various herbicides, was one of those facilities.


The list of companies surveyed in the Dioxin Registry is shown in Table 1. Eight of these
plants manufactured 2,4,5-TCP, one of which is Diamond Alkali. In addition, a major use for
TCP was in the manufacture of herbicides, including Tactical Herbicides such as Agent Orange
used by the military extensively during the Viet Nam war. Young has provided data that


5 Fingerhut, Marilyn A., et al., "Mortality Among U.S. Workers Employed in the Production of Chemicals
Contaminated with 2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD)", Report PB91-125971, NIOSH, Cincinnati, OH,
December 10, 1990.







Table 1
NIOSH Dioxin Registry


Manufacturing Plants Potentially Exposing Workers to Dioxins 7
Duration


1 Diamond
Alkali


Newark, NJ 1951-1969 X X X


2 Syntex
(USA)


Verona, MO 1968-1972 X X X


3 Hercules
Vertac


Jacksonville,
AR


1958-1979 X X X


4 Thomson
Hayward


Kansas City,
KS


1957-1978 X X X


5 Rhone-
Poulenc


Portland, OR 1961-1962 X


6 Thompson
Chemical


St. Louis,
MO


1949-1970 X X X X


7 Monsanto
Company


Sauget, EL 1960-1969 X


8 Monsanto
Company


Nitro, WV 1948-1969 X X


9 Dow
Chemical


Midland, MI 1942-1982 X X X X


10 Hooker/
Occidental


Niagra Falls,
NY


1949-1973 X


11 Givaudan
Corp.


Clifton, NJ 1947-1984 X


12 Amchem
Products


Ambler, PA 1949-1978 X


Z;4;54.,
acid:


C.,binpanY
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Diamond Alkali was a minor supplier of Tactical Herbicides to the military, representing about
5% of the military requirements. 6


Dr. Taylor incorrectly assumes that all of these plants manufactured TCP in an identical
manner, thereby assuming every plant generates an identical dioxin congener profile. In
particular, Dr. Taylor assumed that the TCP purification section of the plants were identical,
which is the portion of the plant that dictates the purity of TCP and the presence or absence of


6 Young, Alvin L., The History, Use, Disposition, and Environmental Fate of Agent Orange", p. 44, Springer
Science + Business Media (2009).
7 Fingerhut (1990), op cit., Table 2, page 28.
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various dioxin and furan congeners. She made no effort to determine the method of
manufacture of TCP of each plant and its associated dioxin congener profile, in order to
determine which manufacturing plant matched the dioxin congener profile of soil samples from
the CMRP site. Instead, Dr. Taylor simply relied on a publication by Firestone et al, with no
further due diligence.


Dr. Taylor and Mr. Mauro do not consider the possibility that the dioxin congener profile at
the CMRP site is not from Diamond Alkali, but rather from one of the other manufacturers of
Table 1. These other manufacturers listed in Table 1 made herbicides from 2,4,5-TCP, which
would have carried that dioxin congener profile into the herbicide. Samples from the CMRP
site show the presence of herbicides 2,4,5-T, Silvex, 2,4-D, and MCPP. There is no other
known source for these herbicides other than the military in the late 1960's. NECC brought
thousands of barrels onto the CMRP site from Otis Air Force Base and Quonset Naval Station,
both of which used these herbicides sufficiently to cause their own sites to be remediated. Dr.
Taylor and Mr. Mauro should have considered this alternative in their source investigation.


In fact, it is clear that the various plants of Table 1 did not produce TCP with an identical
dioxin congener profile. Table 2 shows that the production specification of Dow Chemical
Company for 2,3,7,8-TCDD was 1 ppm in 1966. However, Metro Atlantic used Diamond
Alkali crude TCP from about 1964 to 1965. 8 Unlike Dow's Purified TCP, the "Crude" TCP
purchased by Metro Atlantic from Diamond Alkali was not purified. The Diamond Alkali
Crude TCP had about 15-25 times the amount of 2,3,7,8-TCDD compared to the Dow Purified
TCP product. Thus, there is no reason to expect that the Dow Purified TCP and the Diamond
Alkali Crude TCP had identical dioxin congener profiles.


Table 2
	Dioxin Content of Diamond Alkali Product unlike that of Dow Product 


Diamond Alkali
Date. of Specification Dow Production Specification 	 2,3;7,g.TCDTCConient


for 2,3.7,8 Tam), Ppm' 	of 2,4;5. TCP.; p pm 
1966	 Less than 1 ppm	 15 to 25 ppm I°


1970 Less than 0.5 ppm Shut Down 8/1/69


Less than 0.1 ppm


To the contrary, an experienced process chemist would not expect the TCP manufacturing
methods, and hence the dioxin congener profiles, to be identical among the manufacturing
plants listed in Table 1. Some manufacturers used ethylene glycol as a solvent, and others did


8 In May of 1965, a photograph of the "new" Metro Atlantic HCP plant appeared in the Providence Sunday Journal.
9 Crummett, W.B. and R. H. Stehl (Dow Chemical), "Determination of Chlorinated Dibenzo-p-dioxins and
Dibenzofurans in Various Materials", pp. 15-25, Environmental Health Perspectives, September (1973).
I° Cleary, Thomas F., Deposition, page 90, lines 14-16, February 10, 2003.


1971
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not. Some manufacturers had extensive temperature controls, and others did not. There are
numerous pre-1965 patents on TCP manufacture, which would dictate that manufacturing
methods were different." A reading of these patents, alone, shows a variety of manufacturing
methods for producing 2,4,5-TCP, as would be expected for the variety of manufacturers in
Table 1. As cited in my earlier reports, there are even more post-1964 patents on TCP
manufacturing methods. As a consequence, one skilled in the art would expect a variety of
dioxin congener profiles from the variety of manufacturers. Therefore, a valid chemical
fingerprinting analysis must consider these alternative sources of dioxin contamination at the
CMRP site, through matching of the dioxin congener profiles of CMRP site samples with those
of the various manufacturers.


There is absolutely no basis for Dr. Taylor's assumption that all TCP in commercial use in
1964-1965 was equal in its 2,3,7,8-TCDD content, or its dioxin congener profile. Without
investigating the internal workings of the TCP plants of the various manufacturers in Table 1,
Dr. Taylor simply assumed that the dioxin congener profile of the Diamond Alkali TCP plant
was identical to that which she alleges was reported by Firestone, et al. (see below). In fact, the
data in Table 2 would lead an experienced scientist to expect that the dioxin congener profile
would not be equal among the manufacturing plants surveyed by NIOSH (Table 1), nor among
the various manufacturers' samples analyzed by Firestone.


Congener Profiles of Firestone Data Relied Upon by Taylor


In my opinion, Dr. Taylor does not have the necessary training, education, or experience in
the chemistry of operating plants, in order to draw a conclusion as to the source of the dioxin
contamination at the CMRP site. At a minimum, Dr. Taylor failed to (i) examine equipment
and reactions in the Diamond Alkali plant listed in Table 1, to determine if this plant could
produce Crude TCP with a dioxin congener profile that matches the congener profile of the
CMRP site samples; (ii) examine the dioxin congener profile of the other TCP-producing plants
of Table 1, to determine if their purified dioxin congener profile could have been transmitted to
the NECC site; (iii) recognize that no. Diamond Alkali TCP was included in the samples
analyzed by Firestone; (iv) accurately represent the dioxin and fin-an congener profiles
published by Firestone, and did not report that the Firestone profiles do not match those of the


II See, for example, Widiger, A. H., British Patent No. 788,141, "Method of Making Trichlorophenol Mixtures
which are Rich in the 2,4,5-Isomer", December 23, 1957.


See also Nikawitz, E.J. and W.S. Gump, U.S. Patent 2,509,245, "Preparation of 2,4,5-Trichlorophenol", May
30, 1950.


See also Fike, E.A. and Seaton, W. H., U.S. Patent 3,055,950, "Manufacture of Trichlorophenols", September
25, 1962.


See also Jenney, T.M. and B.H. Nicolaisen, U.S. Patent 2,748,174, "Process for the Recovery of Pure 2,4,5-
Trichlorophenol from the Products of the Alkaline Hydrolysis of 1,2,4,5-Tetrachlorbenzene", May 29, 1956.


See also Nicolaisen, B.H., U.S. Patent 2,755,307, "Process for the Recovery of 2,4,5-Trichlorophenol", July
17, 1956.


See also Krantz, K.W., U.S. Patent 2,665,314, "Selective Chlorination of 2,5-Dichlorophenal to 2,4,5-
Trichlorophenol in the Presence of 2,4-Dichlorophenal", January 5, 1954.







Idcatificatici:


2,4,5-TCP-Na 9/67 None 0 None


8 2 7/70 None	 02,4,5-TCP Trichlorofuran


9 2,4,5-TCP 3 7/70 2,3,7,8 TCDD	 0.07 None


Table 3
Dioxin/Furan Data Duplicated from Firestone Data Table 12


Of Analyses of 2,4,5-Trichloro henol


Identified


2,7-Dichlorodioxin
2,3,7,8-TCDD


0.72
1.4 (See Note)


Tri-, Tetra- and
Perna Chlorofurans


5 2,4,5-TCP-Na 9/69


2,4,5-TCP


2,4,5-TCP


1,3,6,8-TCDD	 0.3
2,3,7,8-TCDD	 6.0 (See Note)


Pentachloro Dioxin	 1.5


Tetrachlorofuran


None


6 1 6/69


7 2 7/70


Note: Reported concentration determined by GC with EC detector. Compound identification confirmed by spectra
match from combined gas chromatograph/mass spectrometer.


fr: Date
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CMRP site; and (v) recognize that the presence of herbicides on the site, such as 2,4,5-T,
Silvex, 2,4-D and MCPP, are indicators of another possible source of the dioxin congener
profile selected by Dr. Taylor as "source-like".


Dr. Taylor relied, in part, upon congener data published by David Firestone, et al., to argue
that the dioxin congener profile for 2,4,5-TCP should consist of 2,3,7,8-TCDD, and nothing
else. The Firestone data are reproduced and cited in Table 3, below.


In the left column of Table 3 are shown sample numbers used by Firestone to identify
samples of various chlorophenols that his group analyzed and published. The specific sample
numbers reproduced in Table 3 are those that represent his sample identification in the
published paper.


Note in the third column of Table 3 that these samples were provided by three different
manufacturers. Mr. Firestone did not report the names of any of these three manufacturers, and
specifically did not report if Diamond Alkali was one of the three manufacturers. The dioxin
congener profile for each manufacturer will be discussed shortly, but the congener profile
certainly varies among the manufacturers, based on Table 3 results.


12 Firestone, David, et al., "Determination of Polychlorodibenzo-p-dioxins and Related Compounds in Commercial
Chlorophenols", Journal of the AOAC, Vol. 55, No. 1, pages 85-92, 1972
*Does not provide information on the actual date of manufacture.
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The fourth column of Table 3 denotes the date of receipt of the sample by David Firestone
and his research group. These dates of receipt range from 1967 to 1970. Before and during this
period of receipt of the Firestone samples, the chemical industry was installing TCP purification
methods and facilities at their TCP plants, which reduced the concentration of 2,3,7,8-TCDD
and its congeners in their 2,4,5-TCP product, and herbicides produced therefrom.


As an example of the technology used for purified TCP, Diamond Alkali installed an
activated charcoal column in September, 1967, to purify its TCP by removing TCDD and its
congeners from the Diamond Alkali crude TCP product. The 2,3,7,8-TCDD content of the
Diamond Alkali Crude TCP was 20 to 30 ppm. For their purified TCP, the TCDD content was
1 ppm and below. 13 Importantly, the use of the activated carbon column does not substantially
alter the PCDD/PCDF congener profile like some of the purification techniques discussed
below.


In 1965, Hercules developed and installed a solvent extraction system that reduced the
dioxin content of their crude 2,4,5-TCP, which was subsequently used to manufacture 2,4,5-T.
The solvent was recovered using a distillation column, also called a "still". The Dioxin
Registry Report states "The 'still bottoms' contents were predominately TCA, relatively high
levels of TCDD, and other dioxin isomers or other organic contaminants that may have been
formed in the process." 14 Compared to the TCDD concentration of Diamond Alkali TCP in
1965 of about 25 ppm (Table 2), the Hercules plant produced a purified TCP in 1965 with a
TCDD content of less than 1 ppm. 15


The dioxin concentrations measured by Firestone, et al., are shown in Table 3. All of the
TCP samples from the three manufacturers cited by Firestone contain TCDD at concentrations
substantially lower than the TCDD content of Crude TCP produced by Monsanto or Diamond
Alkali (to be discussed below). More likely than not, these Firestone samples were from
Purified TCP, not Crude TCP as assumed by Dr. Taylor.


Furans are a common impurity in TCP, particularly when TCDD is present. The frequent
presence of fiirans in Table 3 is expected_ Bopp, et al. analyzed sediments of estuaries
influenced by runoff and discharges from the Diamond Alkali manufacturing site, and found
that 2,3,7,8-TCDF was about one-third the concentration of 2,3,7,8-TCDD. 16 The Firestone
results of Table 3 show that tri, tetra, and pentachlorofurans should be found in TCP. Dr.
Taylor should have observed and stated that none of the "source-like" samples from the CMRP


13 Marlow, David and Marilyn Fingerhut, "Dioxin Registry Report: Report Prepared by Review Documents from
Diamond Shamrock Corporation, Diamond Alkali Company, Newark, New Jersey", NIOSH Report 117.16, pages
6, 45 and 46, Cincinnati, OH, June (1986).
14 Marlow, David et al., "Dioxin Registry Report for Hercules, Inc.1 and Vertac Chemical Corporation,
Jacksonville, Arkansas", for Site Visits during 1980, 1982, 1985 and 1986, page 11, NIOSH Report No. 117.10,
Cincinnati, OH, January (1991).
15 Ibid, page 51.
16 Bopp, Richard F., et al., "A Major Incident of Dioxin Contamination: Sediments of New Jersey Estuaries",
Environ. Sci. Technolo., Vol. 25, No. 5, pages 951-956, 1991.
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site contained 2,3,7,8-TCDF or any other furans, unlike the majority of samples evaluated by
Firestone, et al.


Clearly, none of these Firestone samples of 2,4,5-TCP contain 2,3,7,8-TCDD at the
concentration of 25 ppm. That is, none of the dioxin concentrations of samples analyzed by
Firestone are high enough to represent the Diamond Alkali production of 2,4,5-TCP in 1964 and
1965. Hence, no samples in Table 3 represented Diamond Alkali TCP that was shipped to
Metro-Atlantic in the 1964 to 1965 period of its operation. I7 The inevitable conclusion is that
Dr. Taylor simply assumed that the TCP produced by one of the Table 3 manufacturers, whose
TCP was tested by Firestone, was equivalent to the TCP shipped to Metro-Atlantic. That
assumption is clearly incorrect, based on the TCDD concentrations of Table 3.


Dr. Taylor represents that the dioxin congener profile of 2,4,5-TCP should consist of
2,3,7,8-TCDD, and nothing else. The only entry in Table 3 that meets this profile is Sample
No. 9, produced by Manufacturer No. 3 and submitted to Firestone in 1970. This sample is
undoubtedly a Purified TCP, and contains only TCDD. That sample does not support her
assertion that Crude TCP contains only TCDD and no other congeners.


All other TCP samples of Table 3 do not match the dioxin congener profile that is stated by
Dr. Taylor to represent the "source-like" samples of the CMRP Superfund Site. The Firestone
samples have other homologues or congeners present in addition to 2,3,7,8-TCDD. In addition,
the samples commonly contain furans, which are also produced as byproducts along with
TCDD. This topic will be further considered.


Note that Dr. Taylor appears to have selected Samples 5 and 6 as a representative dioxin
congener profile of 2,4,5-TCP. She argues that the correct congener profile should be obtained
from samples that had been tested by GC/MS analyses. All dioxin concentrations reported by
Firestone (Table 3) were measured by a gas chromatograph (GC) with an ECD detector,
including Samples 5 and 6. The mass spectrometer (MS) was not used to measure the
concentration of dioxin by Firestone, et al. The mass spectrometer was simply used to compare
the spectra, in order to verify that the TCDD peak on the GC was indeed TCDD. Normally, this
MS confirmation of the TCDD peak on the GC would be sufficient to rely on all the GC
analyses for TCDD. Since the MS confirmed the TCDD peak from the GC for one
manufacturer, Dr. Taylor should have explained why she believes the TCDD peaks from the GC
were unreliable for the other TCP manufacturers, particularly since she assumes that all TCP
among manufacturers is identical.


The ECD detector used by Firestone, et al. is extremely sensitive to small concentrations
of chlorinated species. Based on my personal experience in using an ECD detector at KSE,
more likely than not the peaks used to measure the other dioxins in Table 3 were valid analyses


17 Activated charcoal treatment of Diamond Alkali 2,4,5-TCP was not begun until September 18, 1967. Marlow, op
cit., June, 1986. Page 39.
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and must be considered. Dr. Taylor had no valid reason for discarding all other samples of
Table 3.


In addition, Firestone, et al. used the mass spectral fragments for confirmation of the
tetrachlorofuran peak from the GC.' 8 Dr. Taylor should have also accepted the MS verification
of tetrachlorofurans in the results of Firestone et al. The CMRP samples selected by Dr. Taylor
do not show the dioxin congener profiles that she attributes to the work of Firestone, et al.


In addition, Firestone, et al. used the mass spectral fragments for octachloroethers.
Octachloroethers likely arise in the manufacture of TCP by dehydration of tetrachlorophenols.
Diphenyl chlorinated ethers are also reported by Rappe in 2,4,5-T and Herbicide Orange. ° In
this reference, Rappe states "All samples...showed the presence of tri-, tetra-, and/or
pentachlorodiphenyl ethers (PCDPEs)." The authors note that the PCDPEs yield mass
fragments in mass spectrometer analysis with the same fragments as the corresponding PCDF.
Firestone, et al. did not address this issue in presenting data on the dioxin congener profile of
2,4,5-TCP.


Any chemical profile for Crude TCP from Diamond Alkali should include tetrachlorofurans
and other PCDDs, as well as 2,3,7,8-TCDD.


Dr. Taylor failed to examine equipment and reactions in the Diamond Alkali plant in Table
1, to determine if each manufacturing process could produce Crude TCP with a dioxin congener
profile that matches the congener profile of the contaminated "source-like" samples found on
the CMRP site. Dr. Taylor also failed to examine the dioxin congener profile of the other TCP-
producing plants of Table 1, to determine if their purified dioxin congener profile could have
been transmitted to the NECC site through herbicides contained in barrels. Furthermore, Dr.
Taylor failed to recognize that no Diamond Alkali TCP was included in the samples analyzed
by Firestone. Dr. Taylor failed to accurately represent the dioxin and furan congener profiles
published by Firestone, et al. and did not report that the Firestone profiles do not match those of
the CMRP site.


Moreover, Dr. Taylor failed to recognize that the presence of herbicides on the site, such as
2,4,5-T, Silvex, 2,4-D and MCPP (which could not have come from Metro-Atlantic and the
only known source is the military in the late 1960's), are indicators of another possible source
of the dioxin congener profile selected by Dr. Taylor as "source-like". These herbicides carry
the dioxin congener profile of the 2,4,5-TCP feedstock from which they were made. The dioxin
congener profile is the DNA of the 2,4,5-trichlorophenol, being passed on to subsequent
herbicides produced from the TCP, such as 2,4,5-T and Agent Orange.


18 Firestone, et al., op cit., page 89, Table I.
19 Reppe, Christopher, H.R. Buser, and H. Bosshardt, "Identification and Quantification of Polychlorinated
Dibenzo-p-dioxins (PCDDs) and Dibenzofurans (PCDFs) in 2,4,5-T and Herbicide Orange", Chemosphere, No. 5,
pp. 431-438, 1978.
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Indeed, David Cleverly, of the U.S. EPA, has observed that "The congener profile of 2,4-D
salts and esters seems to mimic a combustion source profile in the number of congeners
represented, and in the minimal amount of 2,3,7,8-TCDD relative to all 2,3,7,8-substituted
congeners. A major difference is the prevalence of 1,2,3,7,8-PeCDD in 2,4-D...." 20 Dr. Taylor
and Mr. Mauro simply attributed all other PCDDs and PCDFs on the CMRP site to combustion
sources, or to "urban background", or to "site-specific background". No detailed chemical
fingerprinting of the site was conducted by them, to justify and document this vague attribution.


In my opinion, based on a review of her resume and her technical reports, Dr. Taylor does
not have the necessary training, education, or experience in the chemistry of operating chemical
plants, in order to draw a science-based conclusion as to the source of the dioxin contamination
at the CMRP site. Simply looking at the data is not enough.


Scientific Basis for Dioxin Congener Profiles in TCP Manufacturing Plants
In my opinion, Dr. Taylor's theory concerning the dioxin congener profile found at the


CMRP site is supported neither by the Firestone data nor by the science of the chemical
reactions involved in the manufacture of Crude TCP.


The primary approach to manufacture Crude 2,4,5-TCP is by phenolating 1,2,4,5-
tetrachlorobenzene (TCB). The primary reaction is thought to proceed through an intermediate
compound, trichloroanisole (TCA).21 TCA is a reported product by all manufactures in Table 1.
Dioxin congeners and homologues arise as byproducts from side reactions occurring in the
manufacture of 2,4,5-TCP. These side reactions occur as series reactions, wherein a reaction
product further reacts to produce the byproduct. Or, the side reactions can proceed as parallel
reactions, wherein a contaminant of the TCB participates in reactions in parallel with the
primary reaction, thereby producing the byproduct. The theory of series and parallel reactions
has been well-developed, and shows that the amounts of these byproducts depend on the
temperature of the reaction, the time of the reaction, and the concentrations of the reacting
species--'-°'-3 .


The most toxic byproduct is 2,3,7,8-TCDD. It is recognized to be produced from 2,4,5-TCP
at high temperatures and under conditions of high alkalinity. 24 This condition occurs at the end
of the reaction cycle, when the 2,4,5-TCP concentration is high, and the 1,2,4,5-


2° Cleverly, D., J. Schaum, G. Schweer, J. Becker, and D. Winters, 1997, "The Congener Profiles of Anthropogenie
Sources of Chlorinated Dibenzo-p-dioxins and Chlorinated Dibenzofurans in the United States", Presentation at
Dioxin '97, The 17 th International Symposium on Chlorinated Dioxins and Related Compounds, August 25-29,
Indianapolis, IN.
21 Brooker, E.G., "Novel Manufacture of 2,4,5-Trichloropbenol", U.S. Patent 4,306,098, December 15, 1981.
22


Levenspiel, Octave, "Chemical Reaction Engineering", John Wiley & Sons, New York (1962).
23


Holland, Charles D. and Rayford G. Anthony, "Fundamentals of Chemical Reaction Engineering", Prentice-
Hall, Inc. Englewood Cliffs, NJ (1979).
24 Brooker, Op cit., column 1, lines 44-48.
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Tetrachlorobenzene concentration is low. The TCDD is formed as a multi-step condensation of
two molecules of 2,4,5-TCP, as shown in Equation 1, below.


These equations are schematic representations of the dioxin formation reactions, and are
designed to elucidate the feed impurities that can lead to the various dioxins reported by
Firestone, et al. Additional schematic representations of the dioxin formation reactions are
shown in Exhibit 4, which emphasize the molecules that may combine to form these specific
congeners. Again, these are not mechanistic representations of the actual reaction sequence.


Equation (1)25


CI	 a
1,2,4,5-Tetrachlorobenzene 2,4,5-Trichlorophenol 	 2,3,7,8-Tetrachlorodibenzo-p-dioxin


As shown in the above equation, each position on the ring is given an identifying number.
The reaction starts with 1,2,4,5-tetrachlorobenzene (TCB). The designation "Cl" in Equation 1
represents a chlorine atom, and there is a Cl atom at each of four positions of the TCB.


At alkaline conditions, the chlorine atom in the 1 position on the TCB is hydrolyzed to form
the TCP, as a result of the substitution of the —OH group for the —C1 group at the 1 position.
The —OH group changes the TCB to a phenol. The reaction does not proceed in a single step as
represented in Equation 1, but the equation illustrates the formation of 2,4,5-TCP. This reaction
gives off heat, and the temperature and pressure in the reactor can rise rapidly during the
reaction. The reaction starts at about 150 °C, and can rise to approach 300°C.


Near the end of the reaction of all the available TCB, the reactor contains substantial
amounts of 2,4,5-TCP. Where there is enough TCP, two molecules of TCP react together to
form the 2,3,7,8-TCDD, also shown in Equation 1. The dioxin is characterized by the two
oxygen atoms (or 0 designation) in the molecule. Equation 1 forming TCDD is not the only
side reaction that occurs. Equation 2 illustrates the formation of furans as another side reaction.


25 Dryden, F.E., et al., "Dioxins: Volume III. Assessment of Dioxin Forming Chemical Processes", Report No.
EPA-600/2-80-158, U.S. Environmental Protection Agency, page 69, June, 1980
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Equation (2)26
CI  


CI CI
CI


CI
	


cl
1 ,2,4,5 -Tetrachlorobenzene 2,4,5-Trichlorophenol


	
2,3,7,8-Tetrachl orodibenzofuran


In Equation 2, the reaction of TCB to TCP occurs as before in Equation I. However, in
Equation 2, the TCP does not react with another TCP. In Equation 2, TCP reacts with TCB.
One molecule of TCB reacts with one molecule of TCP, to form the furan. 27 See Exhibit 4.


It is not surprising that 2,3,7,8-TCDF is expected to be present as an impurity whenever
2,3,7,8-TCDD is present, because the 2,3,7,8-TCDF would be formed first. Bopp, et al. report
about 1/3 as much TCDF is found as there is TCDD. 28 There is more TCDD than TCDF
because the TCDF is formed earlier in the reaction, where TCB is still present in large amounts,
to react with TCP_ Large amounts of TCB are present in the initial stages of the reaction
(before the TCB is consumed and forms TCP), and thus at lower temperature. The lower
temperature slows the rate of reaction, producing less TCDF than TCDD, as observed by Bopp.
This sequence is shown graphically in Exhibit 4.


Firestone et al. have found furans in commercial grades of 2,4,5-TCP, as reported for
Samples 5, 6, and 8 of Table 3. In Samples 4 and 9, the TCP has been sufficiently purified in its
manufacture that almost all the TCDD has been removed, and the TCDF is likely below the
detection limit. Dr. Taylor did not report the presence of furans in the TCP, when she used
Firestone, et al. as a source reference to support her theory that TCP should have a congener
profile consisting only of TCDD and nothing else. Dr. Taylor also did not recognize that some
manufacturers produced Purified TCP, which would alter their TCP congener profile from that
of Diamond Alkali Crude TCP. Dr. Taylor's theory of the congener profile is not supported by
the Firestone data, nor by the science of the chemical reactions involved in. the manufacture of
Crude TCP.


More likely than not, the dioxin congener profile of Crude 2,4,5-TCP will, in fact, contain
some 2,3,7,8-TCDF. Dr. Taylor found no TCDF in her "source-like" congener profiles for
samples from the CMRP site. The only explanation for the absence of TCDF in Taylor's


26 Hay, A., "Chemistry and Occurrence of Dioxins", The Chemical Scythe, Chapter 1, Plenum Press, page 8, 1981
27 Ibid.


28 Bopp, et al., op cit, Figure 3, page 954.
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"source-like" congener profile is that the CMRP samples were contaminated by Purified TCP
(to reduce its TCDD content, which also reduced the TCDF concentration), or by herbicides
produced from Purified TCP. In short, the dioxin congener profile of the CMRP samples is not
scientifically consistent with contamination by a Crude TCP produced by Diamond Alkali.


Firestone, et al. also report a homologue of TCDD to be present in 2,4,5-TCP, shown in
Sample 6 of Table 3 as 1,3,6,8-TCDD. This member of the dioxin congener profile is present in
the Firestone samples because of impurities in the 1,2,4,5-TCB used to make Crude TCP. TCB
is formed by adding chlorine atoms sequentially to benzene. As noted below, there are a
number of positions on the benzene ring to which the chlorine can attach. When 1,2,4,5-TCB is
being manufactured, some of the chlorine attaches at the 1,2,3,5-TCB positions, shown below in
Equation 3. Note that the Cl atoms are attached to the benzene ring in slightly different
positions than was seen for the 1,2,4,5-TCB shown in Equation 1.


CI
	 a


1,2,3,5-Tetrachlorobenzene 	 2,4,6-Trichlorophenol
	


1,3,6,8-Tetrachlorodibenzo-p-dioxin


A minor fraction of the total 1,2,4,5-TCB is found as 1,2,3,5-TCB. When 1,2,3,5-TCB is
included in the TCP reactor, Equation 3 shows this fraction of 1,2,3,5-TCB is converted into an
impurity, shown as 2,4,6-TCP. At high temperatures, the —OH groups of two molecules of
2,4,6-TCP react together to form the dioxin bonds shown in Equation 3. When the adjacent Cl
groups are removed, the byproduct that is formed is 1,3,6,8-TCDD. Firestone found this
particular congener, as shown in the TCP Sample 6 of Table 3. This congener is not found in
the "source-like" CMRP samples identified by Dr. Taylor, because the "source-like" CMRP
samples originated from Purified TCP, not from Crude TCP produced by Diamond Alkali.


It is costly to produce 99.9999+% pure 1,2,4,5-TCB, and then produce very pure 2,4,5-TCP
devoid of congeners, and then convert that TCP to an herbicide, and spray it on the ground to
kill weeds. In fact, even today technical grade 1,2,4,5-TCB is only 90% pure (Aldrich Catalog
2008-2009, page 2464). Therefore, impure 1,2,4,5-TCB is used. A direct result is the inclusion
of some 1,2,3,5-TCB in the TCB being fed to the TCP reactor, and the formation of 1,3,6,8-


29 Dryden, F.E., et al., "Dioxins: Volume ILL Assessment of Dioxin Forming Chemical Processes", Report No.
EPA-600/2-80-158, U.S. Environmental Protection Agency, page 60, June, 1980
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TCDD. The formation of this homologue is not only a theoretical possibility. Due to cost
considerations, more likely than not, the dioxin congener profile of Crude TCP will, in fact,
contain some 1,3,6,8-TCDD.


Firestone, et al. also report the presence of 2,7-dichloro-p-dioxin in TCP Sample 5 of Table
3. This congener is formed because the 1,2,4,5-TCB contains additional impurities. The
benzene ring shown above is chlorinated to form TCB by adding one chlorine atom at a time.
Benzene is converted to dichlorobenzene, which is converted to trichlorobenzene, which is
converted to the desired tetrachlorobenzene (TCB) that can be converted to 2,4,5-TCP.


As tetrachlorobenzene is produced, it contains some trichlorobenzene as an impurity. This
impurity remains because it is difficult and costly to remove every molecule of trichlorobenzene
from the tetrachlorobenzene. The result is shown in Equation 4. The trichlorobenzene impurity
in the TCB reacts to form dichlorophenol. Then, similar to the reaction of trichlorophenol in
Equation 1, the dichlorophenol in Equation 4 reacts to form 2,7-Dicblorodibenzo-p-dioxin
(DCDD), as shown in Equation 4:


Equation (4)30
CI  


C I


8


O	 ci


CI
	


CI
,2,4-Trichlorobenzene	 2,4-Dichlorophenol


	
2,7-Dichlorodibenzo-p- dioxin


The crude 2,4,5-TCP product of Equation 1 thus will contain some amounts of 2,7-DCDD
as an impurity. Firestone shows 2,7-DCDD as an impurity in Sample 5 of Table 3.


In addition to the TCDF, the 1,3,6,8-TCDD, and the DCDD impurities discussed above, the
TCB feed to the TCP reactor can contain pentachlorinated benzene, with five chlorine atoms
instead of the four chlorine atoms in TCB. That impurity can lead to higher chlorinated dioxins.
Firestone, et al. report pentachlorodibenzo-p-dioxins in Sample 7 of Table 3. A common higher
dioxin at the CMRP site is the hexachlorodibenzo-p-dioxin, as shown in Equation 5. These
higher dioxins would be found in Crude TCP, but not in the Purified TCP.


3° Dryden, F.E., et al., "Dioxins: Volume III. Assessment of Dioxin Forming Chemical Processes", Report No.
EPA-600/2-80-158, U.S. Environmental Protection Agency, page 70, June, 1980
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Equation (5)31


1,2,3,4,5-Pentachlorobenzene	 2,3,4,6-Tetrachlorophenol	 1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin


Dr_ Taylor's "source-like" samples from the CMRP site have a dioxin congener profile that
contains no higher dioxins, and is typical of Purified TCP. The "source-like" samples selected
by Dr. Taylor do not have a dioxin congener profile similar to Crude TCP, which have higher
dioxins, as will be discussed further in the next section.


Crude 2,4,5-TCP contains relatively large amounts of TCDD. Crude TCP from Diamond
Alkali contained 15 - 25 ppm TCDD, and Dr. Taylor has testified that the TCDD content of
Crude TCP from Diamond Alkali may reach 100 ppm. The dioxin congener profile of Crude
TCP must also contain detectable amounts of other congeners and homologues of 2,3,7,8-
TCDD, unless the TCP has been purified. The "source-like" dioxin congener profile found by
Dr. Taylor in selected samples from the CMRP site is not consistent with the chemical profile of
Crude TCP that was used by Metro Atlantic in their HCP manufacturing plant.


Dioxin Congener Profile of Crude and Purified TCP
In my opinion, the "source-like" congener profile identified by Dr. Taylor is the profile of


Purified TCP. Therefore, Dr. Taylor's "source-like" congener profiles could not have
originated from site contamination by Crude TCP from Diamond Alkali. Diamond Alkali did
not produce a Purified TCP, and could not have produced a dioxin congener profile similar to
that of the "source-like" samples from the CMRP site.


As a result of the toxicity of the TCDD component of the dioxin congener profile of 2,4,5-
TCP and herbicides produced from TCP (including Agent Orange), much of the analytical data
are collected with an emphasis on the TCDD. Often, many other congeners are not measured.
However, the Dioxin Registry referenced earlier contains a wealth of information that can be
used by an experienced process chemist or process chemical engineer with knowledge of the
equipment and technology used in historical chemical plants. Being an expert in these areas, I


31 Dryden, F.E., et al., "Dioxins: Volume III. Assessment of Dioxin Forming Chemical Processes", Report No.
EPA-600/2-80-158, U.S. Environmental Protection Agency, page 84, June, 1980
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have reviewed the detailed information provided by the companies themselves to NIOSH, EPA,
and OSHA, and compiled by NIOSH.


The NIOSH reports from the Dioxin Registry are cited in Exhibit 3, and I will refer to
individual reports by the name of the company being surveyed in each report. Table 1 contains
the names of companies surveyed in the Dioxin Registry Reports that employees of KSE, Inc.
acquired on my behalf. Part of these companies in Table 1 are basic in 2,4,5-TCP (i.e., they
manufacture the TCP and the herbicides made therefrom). These companies are identified by
the notation of an "X" in the column headed by TCP of Table 1. Companies of Table I that are
not basic in TCP would purchase their TCP from the producing companies. Those companies
that are not basic in TCP are not denoted by an "X" in the column of Table 1 for TCP, but with
an "X" that represents the individual products that they produce.


Agent Orange (which is a 1:1 mixture of 2,4-D and 2,4,5-T) is not shown as a product in
Table 1, because the original source document did not list this herbicide. However, many of
these companies in Table 1 did produce Agent Orange, and other rainbow herbicides. Young
provides a list of companies selling rainbow herbicides to the military. 32


A tabulation of those companies in Table I that produced 2,4,5-TCP is presented in
Table 4. Footnotes to Table 4 provide important source information.


32 Young, Alvin L., "The History, Use, Disposition, and Environmental Fate of Agent Orange", p. 44, Springer
Science + Business Media, New York (2009).







	T.046:610 
None33Diamond Alkali 10 to 4034CrudeNewark, NJ


Monsanto NoneCrudeNitro, WV 4-5537


Jacksonville, ARHercules/Vertac 0.2-0.842Purified Toluene
Extractions '


Table 4: Dioxin Registry: Producers of Crude and Purified 2,4,5-TCP
TY Pe of	 P 19654 966


Produced	 Pu	 ation


Dow Chemical Midland, MI Purified Coil Reactor,
Decantation,
Distillation35


< 0.5 ppm DL
in 196736


Hooker/Occidental Niagra Falls, NY Purified Distillation38 < 139


Thompson Chemical St. Louis, MO Purified Unknown 0.24°


Syntex/ Hoffman-Taff Verona, MO Purified Heptane
Extraction43


0.06 to < 1


Thompson-Hayward Kansas City, KS Produced 1959 Only Explosion n/a
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33	 •Diamond Alkali Dioxin Registry Report, p. 2, states that an activated charcoal purification column was added in September,
1967.
34 Diamond Alkali Dioxin Registry Report, Table 9, pp. 45-47. Note that the crude 2,4,5-TCP product was diluted with water
and caustic. The TCDD concentration depends on the degree of dilution. Table 9 also reports TCDD concentration of 2,4,5-T
acid product, with similar TCDD results to that of the crude TCP.
35Dow Dioxin Registry Report, pp. 13-18 and 117-119.
36 Dow Dioxin Registry Report, pp. 148-174.
37 Monsanto Dioxin Registry Report, Table 20, pp. 98-99. Analyses are provided only of 2,4,5-T acid, and not TCP. Data
shown are taken from April, 1965 to May, 1966, the period of operation of Metro Atlantic HCP plant. See also summary on
page 23 of the Dioxin Registry Report. The TCDD concentration of the 2,4,5-TCP will generally be higher, due additional
weight of 2,4,5-T per unit of TCP.
3S Hooker Dioxin Registry Report, pg. 9, states that most of the 2,4,5-TCP produced was the high purity product used for HCP
manufacture. One customer was American Hoechst. One customer was Givaudan Corp. This distillation separates the high
boiling bottoms product containing TCDD, and not TCA, or lower boiling products.
39 Hooker Dioxin Registry Report, Table 6, pp. 22-23.
40 Thompson Chemical Dioxin Registry Report, pg. 3, Lists average production TCDD from samples of Agent Orange of
unknown date with a mean value of 0.17 ppm.
4141 Hercules Dioxin Registry Report, pp. 10-11, notes that toluene extraction was begun in 1965, removing TCDD from the
2,4,5-TCP product.
42 Hercules Dioxin Registry Report, pp. 51-52, Table 4 provides extensive 1965 data on TCDD content of 2,4,5-T acid, from <I
ppm to 3.3 ppm. Dow TCDD analyses on Hercules product appear lower than Hercules, so Hercules early testing using their
own method may be higher than the actual TCDD content. By 1967, Hercules data on the TCDD content of 2,4,5-T are
routinely less than 0.2 ppm, in better agreement with Dow tests on Hercules product.
43 Syntex Registry Report, p. 4, reports that n-heptane extraction of crude 2,4,5-TCP was performed whenever the TCA content
of the crude TCP exceeded 2%. The heptane layer from this extraction was then extracted again with an unstated solvent, and
the TCA was recycled to the TCP reactor. Hoffman-Taft produced Agent Orange from April 1970 to January 1972. Their
Agent Orange was manufactured from the purified TCP, and contained less than i ppm TCDD. A further purification by
distillation of this TCP was conducted for manufacture of 11CP. The TCDD content of this distilled TCP was measured by the
U.S. FDA at 0.067 ppm. The HCP manufactured from this distilled TCP contained less than 20 ppb of TCDD. These TCDD
measurements by the FDA were cited from an FDA memo of 1971.
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As shown in Table 4, only two companies produced Crude TCP in the period of operation of
the Metro Atlantic HCP plant, Diamond Alkali, Inc. and Monsanto Company. Data from the
Dioxin Registry were collected from records of these two companies by NIOSH. Based on
these company records, the TCDD content of the Crude TCP of these two companies was found
to be about 10 to 50 ppm. As will be discussed later with Table 7, these two companies sold
Crude TCP to other companies for formulation into herbicides. Thus, the impact of these two
companies was significant on the typical TCDD content of herbicides, including Agent Orange.


The Crude TCP produced by these two companies was simply taken from the TCP reactor,
perhaps filtered, and diluted to provide a constant amount of active ingredient (30 to 40%).
This dilution of the Crude TCP affects the absolute concentration of TCDD in the Crude TCP.
The values reported in Table 4 are intended to be the commercial product of each company, at
the dilution used by that company for their commercial product.


All of the companies in Table 4 produced a Crude TCP within their manufacturing plant.
However, most of the companies purified the TCP before sale. The Purified TCP had improved
color and odor. The purification also removed TCDD and other congeners.


Purification of TCP by Distillation


A common method of purification of Crude TCP is distillation, or the use of a "still". In
distillation, the Crude TCP is heated to cause it to boil. This process is conducted also to
produce fine spirits, where distillation in a "still" is used to boil off grain alcohol, leaving
behind water, to make a high proof alcoholic beverage.


When Crude TCP is distilled, low boiling materials such as methanol are boiled out of the
mixture first. Any distillation of low boiling materials is irrelevant to the production of Purified
TCP. Any reference in the Dioxin Registry to such distillation should not be considered to be
relevant to the manufacture of Purified TCP.


One column in Table 5 shows the boiling point of TCP and a number of PCDDs and
PCDFs. Note that 2,4,5-TCP boils at 253 °C. As the temperature of the Crude TCP is raised to
253°C , by further heating, TCP will begin boiling away from a mixture containing the PCDDs
and PCDFs in Table 5. Note also, from Table 5, that 2,3,7,8-TCDD does not boil until about
421 °C. As an idealized result, a distillation column can boil out the TCP, leaving behind in the
"still-bottoms" all of the higher chlorinated PCDDs and PCDFs. In this idealized case, the
manufacturer produces a Purified form of 2,4,5-TCP from the Crude TCP, which contains no
dioxins whatsoever. This idealized dioxin congener profile of the Purified TCP would contain
no dioxins.


In actual commercial practice, the separation of the distillation column is not ideal.
Practically, a few drops of the lower chlorinated PCDDs and PCDFs can be entrained up in the
vapor with the TCP. Further, the vessel is not heated to 253 °C due to the potential for
decomposition of 2,4,5-TCP. Instead, the pressure in the vessel is reduced to 35 — 40 min Hg,
which in turn reduces the boiling point of the 2,4,5-TCP below the decomposition temperature.
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In addition, by lowering the pressure in the vessel, the boiling points of the PCDDs and PCDFs
are also reduced. This practical result is that the Purified 2,4,5-TCP may not be completely free
of TCDD after distillation. The Purified TCP can contain 1 ppm TCDD, or less, depending on
how efficiently the distillation column was designed, operated, temperature controlled and
pressure controlled. Lesser amounts of the higher chlorinated congeners will be present in the
Purified TCP, because they boil at higher temperatures than TCDD, as shown in Table 5.
Hooker Chemical produced Purified TCP, and would have a dioxin congener profile somewhat
like that of the "source-like" samples nominated by Dr. Taylor.


Table 544
Properties of Chlorinated Dioxins and Furans


INAW CAS No.
..11dilliW
Point °C


Water
Solubility


AWL
2,4,5-Trichlorophenol 4 95-95-4 253 1,000,000
Tetrachlorobenzene* 95-94-3 243-264 -


2,4,6-Trichlorophenol* 88-06-2 246 -


2,3,6-Trichlorophenol* 933-75-5 254 -


2,4,6-Trichloroarnsole* 87-40-1 246 -
2,3 6-Trichloroanisole 50375-10-5 254 -
Pentachlorobenzene* 608-93-5 275-277 -


2,7-Dichlorodibenzo-p-dioxin 33857-26-0 350 -


1,2,3,47Tetrachlorodibenzo-p-dioxin 30746-58-8 419 0.55
Z3;7;8:7-Tetrac.hlOrOdiberizO-p ,:ilioxin 17146A14 ::42t::: .0:.	 :5:
2,3,7,8-Tetrachlorodibenzofuran 51207-31-9 438 0.4
1,2,3,7-Tetrachlorodibenzo-p-dioxin 67028-18-6 438 0.4
1,3,6,8-Tetrachlorodibenzo-p-dioxin 30746-58-8 438 0.25
1,2,3,4,7-Pentachlorodibenzo-p-dioxin 39227-61-7 464 0.1
2,3,4,7,8-Pentachlorodibenzofuran 51207-31-4 464 0.35
1,2,3,4,7,8-Hexachloro-dibenzo-p-dioxin 39227-26-8 487 0.022
1,2,3,4,7,8-Hexachlorodibenzofuran 70658-26-9 487 0.008
Octachloro-dibenzo-p-dioxin 3268-87-9 501 0.0004
1,2,3,4,6,7,8-Heptachloro-dibenzo-p-dioxin 35822-46-9 507 0.0012
1,2,3,4,6,7,8-Heptachlorodibenzofuran 67462-39-4 507 0.001
1,2,3,4,7,8,9-Heptachlorodibenzofuran 55673-89-7 507 No Data
Octachlorodibenzofuran 39001-02-0 510 - 537 0.001


When TCP is purified by distillation, there will be a "still-bottoms", or residue, from the
"still" that remains after distilling off all of the 2,4,5-TCP. This "still bottoms", or residue, will


44 Mackay, D., et al., "Illustrated Handbook of Physical-Chemical Properties and Environmental Fate for Organic
Chemicals", Volume II, Lewis Publishers, Chelsea, MI, pages 388-427, and pages 506-521, 1992
45 Average of high and low values
46 "2,4,5-Trichlorophenol", International Chemical Safety Card, National Institute for Occupational Safety and
Health, may, 2010, available at; http://www.cdc.goviniosh/ipcsneng/neng0879.html  
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be rich in PCDDs and PCDFs. Hooker Chemical reported data on the TCDD content of the
Purified TCP and the residue produced in their operations, as shown in Table 6.


The TCDD content of the Purified TCP produced by Hooker is shown in Table 6 to be less
than 1 ppm, in 1965. The Dioxin Registry Report, quoting Hooker records, states the Crude
TCP was distilled. Thereby, the Purified TCP is able to be reduced to 1 ppm TCDD. The "still-
bottoms" contained 494 ppm of TCDD, which represented the PCDD/PCDF rich, high boiling
point product from the still. If the TCDD content is weight averaged, the TCDD content of the
Crude TCP from Hooker can be calculated, as reported in Table 6.


As shown in Table 6, the Crude TCP from Hooker contained about 50 ppm TCDD, quite
similar to the Crude TCP from Diamond Alkali However, Hooker did not sell Crude TCP.
Since the high boiling PCDDs/PCDFs have been removed by distillation, it is scientifically
impossible for the TCP sold by Hooker and the TCP sold by Diamond Alkali to exhibit a
similar dioxin congener profile. Dr. Taylor concluded that the Firestone Samples 5 and 6 from
Table 3 had a dioxin congener profile similar to that of the "source-like" samples from the
CMRP site. These dioxin congener profiles are those of a Purified TCP, containing 1 to 6 ppm
TCDD along with 2,3,7,8 TCDD and some furans representing PCDDs/PCDFs boiling near
TCDD. Diamond Alkali did not produce a Purified TCP, and could not have produced a dioxin
congener profile similar to that of the "source-like" samples from CMRP.


Table 6
Hooker Chemical TCDD Balance


1965
Source: Hooker Dioxin Registry Report (on. 20 & 23


1Zesidne
. 	 ...........	 ..	 . ...	 ..	 .	 ...
,Pittified.'ITCR...........:..................................,.... -.....-


........................:.,..........
; .!Criade13C.:....,.., --:i


	 elated)
Annual Production, Tons 193 1,752 1,945


TCDD Concentration, ppm 494 ppm < 1 ppm < 50 ppm


Purification of TCP by Extraction


As noted in Table 4, Hercules Chemical Company (predecessor to Vertac) and Hoffman-
Taff Chemical Company (predecessor to Syntex) used extraction to purify their Crude Na-2-4-
5-TCP. Toluene and Heptane were used as extraction solvents, both of which are physically
similar to (and contained in) motor gasoline. These are hydrocarbon solvents, which are
immiscible with water (hence the adage that oil and water don't mix).


Solvent extraction takes advantage of the property that Na-2,4,5-TCP is soluble in water.
Hence, since "likes" dissolve "likes", Na-2-4-5-TCP will not be soluble in toluene or heptanes.


By contrast, the PCDDs and PCDFs are not very soluble in water. Only about 0.35
micrograms of 2,3,7,8-TCDD can dissolve in one liter of water. Therefore, the PCDDs and
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PCDFs will be comparably soluble in toluene or hexane. The higher boiling PCDDs, near the
bottom of Table 5, will be less soluble in water and more soluble in oil than will be TCDD.


Now, suppose we poured equal portions of Crude Na-2-4-5-TCP and toluene or hexane into
a jar, and sealed it. Now, shake the jar vigorously for a few minutes, and set it on a table to
settle. Just like a mixture of Wesson Oil and water, the water will settle to the bottom of the jar,
and the toluene/heptane phase will rise to the top.


The toluene/heptane phase will have dissolved most of the PCDDs and PCDF's because
they are preferentially soluble in oil. The aqueous phase will contain most of the Na-2-4-5-
TCP, and little of the lower chlorinated PCDDs and PCDFs. Note that, although the TCDD is
not very soluble in water (0.35 µg/L) the higher boiling PCDDs are extremely insoluble in water
(hexachlorodibenzo-p-dioxin is 0.02 µg/L, ten times lower solubility than TCDD).


As a result, the extraction process produces a Purified Na-2-4-5-TCP that is greatly reduced
in TCDD. Hercules and Hoffman-Taff produced Purified TCP containing 0.06 to 1 ppm
TCDD. However, the higher chlorinated PCDDs and PCDFs are even less soluble, so the
Purified Na-2-4-5-TCP (an aqueous phase) is depleted in higher chlorinated PCDDs, by an
order of magnitude. Hence, the dioxin congener profile of a Purified Na-2-4-5-TCP produced
by extraction will contain small amounts of TCDD, but virtually no higher chlorinated
congeners (below detection limit)


Again, the Purified Na-2-4-5-TCP from extraction exhibits a dioxin congener profile very
similar to that of the "source-like" CMRP samples, identified by Dr. Taylor. The dioxin
congener profile of a Purified Na-2,4,5-TCP and Dr. Taylor's "source-like" CMRP samples
could not have originated from site contamination by Diamond Alkali Crude TCP.


It should also be noted that the Hercules and Hoffman-Taff technologies must recover the
toluene and heptane from the PCDDs, in order to reuse them in further extraction process. This
recovery of the solvent is accomplished by distillation. The toluene and heptane boil below
about 200°C. By raising the temperature of the extract solution, toluene and heptane boil off,
leaving a "still bottoms" very rich in PCDDs and PCDFs, which represents the PCDDs removed
in the purification of the Na-2-4-5-TCP.


The Hoffman-Taff plant also produced HCP, from a highly purified TCP (see footnotes to
Table 4 where U.S. FDA measurements of TCDD in the Purified TCP measured at 0.067 ppm).
The Times Beach TCDD incident was due to this extract still bottoms that was extremely rich in
TCDD, resulting from purification of the TCP.


The Times Beach TCDD contamination was not from Purified TCP and was not due to the
HCP operations of Hoffman-Taff. It arose from disposal of the still bottoms from purification
of the TCP. Even though the Metro Atlantic HCP plant consumed Crude TCP and produced
HCP, there is no analogy between Metro Atlantic and the Times Beach TCDD contamination.
Metro Atlantic did not purify the TCP to produce the concentrated extract still bottoms.
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Hoffman-Taff had a single storage tank containing 4300 gallons of toluene still bottoms,
containing 343 ppm TCDD a7 This single tank represented about 40,000 pounds of still
bottoms, or about 20,000 kg. This single tank of concentrated still bottoms at Hoffman-Taff
contained hundreds of times more TCDD than was delivered to Metro Atlantic to produce HCP,
in an entire year_


Combined Processing to Produce Purified TCP 


As seen in Table 4, Dow Chemical had the most extensive purification facilities, involving
temperature control to reduce PCDD/PCDF formation reactions, segregation and incineration of
PCDDs/PCDFs produced, and distillation. Distillation technology for purification of Crude
TCP has already been discussed, above.


In the reactors to convert TCB into 2,4,5-TCP, it is known that PCDDs are formed at high
temperatures.'" Dow developed and installed a coil reactor, which avoids the high temperatures
at the end of cycle that was common in the conventional Autoclave jacketed stirred tank
reactors used by the chemical industry. The avoidance of high temperatures also avoided
formation of much of the PCDDs in the manufacture of TCP.


In the manufacture of TCP from TCB, TCB is first converted to trichloroanisole (TCA),
which is then converted to Na-2,4,5-TCP. At the end of the reaction cycle to form Na-2-4-5-
TCP, not all the TCA is converted to Na-2-4-5-TCP. When the reactor is discharged, the TCA
settles out of the aqueous phase containing the Na-2-4-5-TCP. This is because TCA has an oily
character, much like toluene and heptanes discussed above.


Most of the industry recognized that the TCA was an intermediate product in the formation
of Na-2-4-5-TCP. The industry separated TCA from the Na-2-4-5-TCP product, by pumping
off the oily layer. To save money, the industry pumped this recovered TCA back to the TCP
reactor when the next batch of Na-2-4-5-TCP was being manufactured. The industry converted
this recovered TCA into more Na-2-4-5-TCP.


Dow recognized the oily character of the TCA phase. The TCA phase preferentially
contained higher chlorinated PCDDs and PCDFs just like the toluene and heptane discussed
above, with less being contained in the aqueous Na-2-4-5-TCP phase. If the TCA were
recycled back to the TCP reactor for the next batch, it also carries the PCDDs and PCDFs from
the prior batch. The PCDDs and PCDFs accumulate in the reactor, and subsequent batches of
Na-2-4-5-TCP contain ever more PCDDs and PCDFs than the prior batches. There is nowhere
else for the PCDDs to go.


Dow therefore carefully separated the TCA phase from the Na-2-4-5-TCP product, and
separately incinerated the TCA phase. This operation selectively removed the higher
chlorinated PCDDs and PCDFs at the bottom of Table 5, just like the extraction technology


47 Syntex Dioxin Registry Report, page 2.
48 Brooker, op cit.
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discussed above. Hence, the Purified Na-2-4-5-TCP contained small concentrations of TCDD,
and much less of the higher congeners such as the penta, hexa, and hepta dioxins. These latter
higher chlorinated dioxins were below the laboratory detection limit for the Purified TCP
produced and sold by Dow.


The dioxin congener profile from Dow was very similar to the dioxin congener profile of
the "source-like" samples from the CMRP site, identified by Dr. Taylor.


Interestingly, Dow had much more advanced analytical facilities than the other TCP
producers in Table 1. Although only summary analytical data are presented in the Dow Dioxin
Registry Report (see footnotes in Table 4), excellent analytical data are available for the
Purified TCP sold by Dow, as well as a number of process streams within the plant. The
Purified TCP produced by Dow contained TCDD, but little of the higher PCDDs/PCDFs, even
with a low detection limit


However, Dow did produce analyses of the waste streams from the process, which should be
enriched in both TCDD and the higher congeners that should have been present in the Crude
TCP produced by Dow. These waste steams do show the presence of the higher congeners of
PCDDs, which contain more chlorine atoms than TCDD. The presence of the higher congeners
in the waste streams is further proof that the dioxin congener profile of Crude TCP produced by
Diamond Alkali contained these higher PCDDs. The dioxin congener profile of the "source-
like" CMRP samples does not contain these higher PCDDs, only TCDD. The "source-like"
congener profile identified by Dr. Taylor is the profile of a Purified TCP, not a Crude TCP.


Other Producers of Herbicides


The NIOSH Dioxin Registry Reports contain information on other producers of herbicides,
who do not manufacture their own 2,4,5-TCP. These herbicide manufacturers purchased TCP
from the TCP manufacturers listed in Table 4.


I have reviewed the Dioxin Registry Reports for these other herbicide manufacturers, and
the results of my examination are reported in Table 7. Most of these herbicide manufacturers
purchased Crude TCP. As a result, the dioxin congener profile of these herbicides, including
Agent Orange, will reflect that of the Crude TCP.
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Table 7
Dioxin Registry: Producers of Herbicides from Purchased 2,4,5-TCP


C c mp11 1 cootion 19.651 6 •Sotiret...,	 ,


Amchem Products, Inc. Ambler, PA Purchased 2,4,5-T from Monsanto, Nitro, WV


Monsanto Company Sauget, IL Acquired 2,4,5-T from Monsanto, Nitro Wv49
Thompson-Haywood Kansas City, KS Purchased 2,4,5-TCP from Dow Chemical"


Rhone-Poulenc, Inc. Portland, OR Purchased from Diamond Alkali after 1960. Also
purchased herbicide intermediates from others.


Givaudan Corp. Clifton, NJ Purchased from Hooker from 1949-197151


Dioxin Congener Profile of Crude TCP in Herbicides
In my opinion, more likely than not, the dioxin congener profile of the "source-like"


samples at the CMRP site is not consistent with Crude TCP from Diamond Alkali delivered to
the Metro-Atlantic site in 1964-1965.


In my opinion, more likely than not, the dioxin congener profiles demonstrate that the
TCDD in the "source-like" samples identified by Dr. Taylor originated from NECC barrels
brought on site, stored in the vicinity of the former location of the Metro-Atlantic HCP plant,
and originating from herbicides leaking out of, or discharged from, these barrels. Based on the
TCDD profile, the herbicide was produced from Purified TCP, and likely after the Metro-
Atlantic plant was shut down in 1965 and the structure removed.


More likely than not, the TCDD contamination occurred from herbicides leaking from
approximately 5,000 barrels delivered to NECC from Quonset Naval Station and Otis Air Base,
after which aerial photographs show barrels stacked on or near the former site of the Metro-
Atlantic HCP plant.


Herbicide 2,4,5-T will bear the same congener profile as the 2,4,5-TCP raw material used in
its production. Additional dioxin/furan congeners are not formed during the 2,4,5-T reaction.
The reaction to form 2,4,5-T is conducted in the range of 90°C to 130°C, which is well below


49 From Monsanto/Saugus Dioxin Registry Report, pg. 27, Monsanto/Saugus reported TCDD in samples of 2,4,5-T
from 1960-1964 with mean value of 8.5 ppm. For 1965, 1966, 1967 and 1968, the mean values were 23, 10.5, 8.8,
and 3.4 ppm. In 1970, the mean value was 2.3 ppm
" Thompson-Haywood Dioxin Registry Report, pg. 1, notes that Thompson-Haywood produced several batches of
2,4,5-TCP on their site in 1959. Production was terminated after an explosion of the reactor and death of 3
workers. From 1971-1979, the mean value of TCCD in 2,4,5-TCP purchased from Dow was below 0.1 ppm (pg
13).
51 Givaudan Dioxin Registry Report, Table 1, page 10. The TCDD concentration of 3 samples of purified TCP
from Hooker were less than 0.05 ppm, two samples were less than 0.1 ppm, and two samples were less than 1 ppm,
in 1970-1971 ( pp. 4 and 11). Samples from of TCP from Dow in 1978 contained less than 10 ppb of TCDD.
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Table 8
Dioxin Congeners in 83 Samples of 2,4,5-T Acid 56
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the temperature required to produce TCDD and higher congeners 52 '53 . Subsequent purification
steps in the manufacture of the herbicide will not alter the dioxin/furan compounds. The dioxin
congener profile from the Crude TCP or the Purified TCP will be present in the feed TCP to the
herbicide plant, and is carried through the process, and appears in the final product 54.


Analyses of samples of 2,4,5-T have shown the presence of higher congeners than only
TCDD. As shown in Table 8, Young reported that 80% of the samples analyzed showed the
presence of HxCDD congeners at a mean concentration of 0.16 ppmss


Table 9 presents dioxin congeners that have been identified in herbicide formulations, with
TCP congeners reported for comparison. Rappe reported levels of TCDF congeners as high as
0.4 ppm, as well as the presence of other congeners57 . Analytical results vary significantly
among the various samples, as would be expected for the use of TCP from several
manufacturers. As discussed above, 2,4,5-T herbicide will bear the congener profile of the
2,4,5-TCP raw material from which it was produced. Commercial 2,4,5-TCP product varied in
dioxin/furan congener content, with some suppliers providing a highly purified product, while


52 Marlow, D.A., et al., "Dioxin Registry Report for Hercules, Inc. and Vertac Chemical Corporation, Jacksonville,
Arkansas", Report No. 117.10, Industrywide Studies Branch, Division of Surveillance, Hazard Evaluations, and
Field Studies, Center for Disease Control, pages 13-15, January, 1991
53 Esposito, M.P., et al., "Dioxins", Report No. EPA-600/2-80-197, U.S. Environmental Protection Agency, pages
98-99, November, 1980
54 Esposito, M.P., et al., "Dioxins", Report No. EPA-600/2-80-197, U.S. Environmental Protection Agency, pages
98-99, November, 1980
55 Young, A.L., "The History, Use, Disposition, and Environmental Fate of Agent Orange", Springer
Science+Business Media, LLC, New York, page 171, 2009
56 Young, A.L., "The History, Use, Disposition, and Environmental Fate of Agent Orange", Springer
Science+Business Media, LLC, New York, page 171, 2009
57 Rappe, C., at al., "Identification and Quantification of Polychlorinated Dibenzo-p-Dioxins (PCD's) and
Dibenzofurans (PCDF's) in 2,4,5-T-Ester Formulations and Herbicide Orange", Chemosphere, No. 5, pages 431-
438, 1978
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others provided essentially a crude, unpurified product. Analyses of 2,4,5-T and Herbicide
Orange reflect the wide variation in the purity of the 2,4,5-TCP raw material. Agent Orange
will also reflect the congener profile of 2,4-D, a component in Agent Orange.


Table 9
Dioxin Congener Profiles Identified in Trichloro henol and Herbicides


ItIPPIC Alla 1 Y7-ed
Concreners Tdtptifiedi


Chibrina led Phenols (CP),
Dio:44$ fait 'arid F104*4 .19:


Youngm 2,4,5-T Acid TCDD's, Penta-CDD's, Hexa-CDD's,
Hepta-CDD's, Octa-CDD


Rappe, Gara, and Buser 59 Commercial 2,4,6-TCP TCDF's, Penta-CDF's, Hexa-CDF's, Hepta-
CDF's


Woolson, et al.6° TCP Hexa-CDD's, Hepta-CDD's, Octa-CDD's
Rappe, Buser, and Bosshardt 61 Commercial


2,4,6-TCP
TCDF's, Penta-CDF's, Hex-CDF's, Hepta-
CDF's


Woolson, et al.62 2,4,5-T TCDD's, Hex-CDD's
Woolson, et al.63 2,4-D TCDD's
Woolson, et al." Silvex TCDD's
Rappe, et aI.65 2,4,5-T Ester Tri-CDD's, TCDD's, TCDF's
Rappe, et al." Herbicide Orange Di-CDD's, Tri-CDD's, TCDD's, Penta-


CDD's, Tri-CDF's, TCDF's, Penta-CDF's,
Ahling, et al.67 2,4,5-T 2,4,5-TCP, Penta-CP, TCDD, Penta-CDD,


Octa-CDD, TCDF, Penta-CDF
Bopp, et al." Estuary Sediment * TCDD, OCDD, TCDF


58 Young, A.L., "The History, Use, Disposition, and Environmental Fate of Agent Orange", Springer Science+Business Media,
LLC, New York, page 171, 2009
59 Rappe, C., Gara, A., and Buser, H.R., "Identification of Polychlorinated Dibenzofurans (PCDF's) in Commercial
Chlorophenol Formulations", Chemosphere, No. 12, pages 981-991, 1978
6° Woolson, RA., et al., "Survey of Polychlorodibenzo-p-Dioxin Content in Selected Pesticides", J. Agr. Food Chem., Vol. 20,
No. 2, pages 351-354, 1972
61 Rappe, C., et al., "Dioxins, Dibenzofurans, and other Polyhalogenated Aromatics; Production, Use, Formation and
Destruction", Part I: Production, Chemistry, and Distribution, Annals New York Academy of Sciences, 0077-8923/79/0329-
001 $01.7510 01979, NYAS, 1979
62 Woolson, E.A., et al., "Survey of Polychlorodibenzo-p-Dioxin Content in Selected Pesticides", J. Agr. Food Chem., Vol. 20,
No. 2, pages 351-354, 1972
63 Woolson, E.A., et al., "Survey of Polychlorodibenzo-p-Dioxin Content in Selected Pesticides", J. Agr. Food Chem., Vol. 20,
No. 2, pages 351-354, 1972
64 Woolson, E.A., et al., "Survey of Polychlorodibenzo-p-Dioxin Content in Selected Pesticides", J. Agr. Food Chem., Vol. 20,
No. 2, pages 351-354, 1972
65 Rappe, C., et al., "Identification and Quantification of Polychlorinated Dibenzo-p-Dioxins (PCD's) and Dibenzofurans
(PCDF's) in 2,4,5-T-Ester Formulations and Herbicide Orange", Chemosphere, No. 5, pages 431-438, 1978
66 Rappe, C., et al., "Identification and Quantification of Polychlorinated Dibenzo-p-Dioxins (PCD's) and Dibenzofurans
(PCDF's) in 2,4,5-T-Ester Formulations and Herbicide Orange", Chemosphere, No. 5, pages 431438, 1978


7 Ahling, B., et al., "Formation of Polychlorinated Dibenzo-p-Dioxins and Dibenzo-furans During Compbustion of a 2,4,5-T
Formulation", Chemosphere, No. 8, pages 461-468, 1977
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Herbicides were found in CMRP samples, including 2,4,5-T, Silvex, 2,4-D and MCPP.
Herbicides were detected in at least 11 samples, including CMS-060-B, 419-B, 451-H, 427-D,
417-B, 451-F, 451-H, 451-J, 455-C, 45-5F, and 456-B. Furthermore, the decomposition
products of these herbicides can affect the chemical profile of the site. In particular the product
of biodegradation of 2,4,5-T in soil is 2,4,5-Trichloropheno16 9 TCP can arise from
biodegradation, and should not be misinterpreted as originating from the Metro-Atlantic HCP
plant. Dr. Taylor failed to appreciate the possibility of TCDD contamination of the site by
herbicides, manufactured from Purified TCP and thus matching the dioxin congener profile of
Taylor's "source-like" CMRP samples.


In my opinion, TCDD or TCP contamination of the site near the Metro-Atlantic HCP
building could not have originated from leaking pipes below the slab building. Robinette has
suggested that such practice was common among chemical manufacturers in the 1960's, 7° but
she is wrong and has no relevant experience in this area. In my direct experience, a contract
chemical manufacturer would not have laid pipe beneath the slab of an operating plant in the
1960's, or any other time. A contract manufacturer requires considerable flexibility in the
layout of his pipe lines. The contracts under which they operate are frequently changed, and
new pipeline connections are needed for new products_ It is inconceivable that a small chemical
manufacturer would bury his process piping under a layer of concrete. Furthermore, a photo is
available of the slab after removal of the HCP building. Concrete foundations are evident above
the slab, likely used to support centrifuges. However, no evidence of pipes penetrating the slab
can be seen. In my opinion and experience, no TCDD or TCP contamination could have
penetrated the slab of the HCP building while the building was intact and the plant was being
operated.


In my opinion, more likely than not, the dioxin congener profiles of the "source-like"
samples at the CMRP site are not consistent with Crude TCP from Diamond Alkali delivered to
the Metro Atlantic site in 1964-1965.


In my opinion, more likely than not, the dioxin congener profiles demonstrate that the
TCDD in the "source-like" CMRP samples identified by Dr. Taylor originated from NECC
barrels brought on site, stored in the vicinity of the former location of the Metro Atlantic HCP
plant, and originating from herbicides leaking out of, or discarded from, these barrels. Based on
the TCDD profile, the herbicide was produced from a Purified TCP, and likely after the Metro
Atlantic plant was shut down in 1965 and the structure removed.


More likely than not, the TCDD contamination occurred from herbicides leaking from
approximately 5,000 barrels delivered to NECC from Quonset Naval Station and Otis Air Force


63 Bopp, R.F., et al., "Incident of Dioxin Contamination: Sediment of New Jersey Estuaries", Envirn. Sci. Tech., Vol. 25, No. 5,
pages 951-956, 1991
6969 Montgomery, John I-1., "Groundwater Chemicals Desk Reference", pp. 924-927, CRC Press Lewis Publishers,
New York (1996).
70 Robinette, Muriel S., Deposition Transcript, pp. 120-125, October 21, 2010.
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Base, after which aerial photographs show barrels stacked on the former site of the Metro
Atlantic HCP plant.


Congener Profile of Diamond Alkali Plant Soils and Sediments


Dr. Taylor has used data related to the Diamond Alkali manufacturing plant to provide
support for her contention that Diamond Alkali Crude TCP exhibited a dioxin congener profile
that consists of 2,3,7,8-TCDD, and no other congeners. In my opinion, these data do not
support her hypothesis and, as discussed below, are inconsistent with her conclusions.


Passaic River Sediment Data


Passaic River sediment data have been extensively analyzed by Chaky in his PhD thesis, the
New York Academy of Sciences, and various authors such as Bopp that have been cited in
earlier reports. These sources have demonstrated that the dioxin congener profile from
sediment samples does not match that of the "source-like" CMRP samples identified by Dr.
Taylor.


In particular, the Passaic River sediment samples do not show the CMRP "source-like"
profile consisting of 2,3,7,8-TCDD and virtually no other congener present. I have already
presented a Passaic River sediment profile in Table 1 of my December 21, 2009 report, taken
from data summaries of the New York Academy of Sciences. This congener profile shows that
2,3,7,8-TCDD represented only 0.6% of all PCDDs and PCDFs in that sample.


Additionally, as already cited in this present report, Bopp, et al. have shown that 2,3,7,8-
TCDF is present in the Passaic River sediment samples in concentrations of about one-third that
of 2,3,7,8-TCDD. Again, these data are inconsistent with the conclusions of Dr. Taylor, that the
Diamond Alkali Crude TCP contains only 2,3,7,8-TCDD, and virtually no other congener, as
typified by the "source-like" CMRP samples nominated by Dr. Taylor.


Diamond Alkali Soils Data


Soil samples from the Diamond Alkali plant site at 80 Lister Avenue in Newark, NJ are
available for analysis of possible dioxin congener profiles that might represent the Crude TCP
manufactured by Diamond Alkali, and shipped to Metro Atlantic in 1964-1965.


I do not endorse the use of these data, due to the questionable value and reliability of the
data, as I prefer the more reliable scientific analysis of the information in the Dioxin Registry
Reports. The soils data may not be representative of the Crude TCP produced in normal
operations by Diamond Alkali_ Other products were produced by Diamond Alkali, which could
influence the composition of soils data. Abnormal operations, such as the explosion that
occurred at the Diamond Alkali plant, may influence the composition of soils data.
Nevertheless, soils data from the Lister Avenue site are presented in Table 10 to show that, if
Dr. Taylor relies on these data, they also contain higher PCDDs and PCDFs.







James R. Kittrell, Ph.D.
January 7, 2011
Page 31


Table 10. Diamond Alkali Soils Datan in ng/kg


Oct, 1990 Oct, 1990 Oct, 1990
Sample ID Al A2 A3


Matrix Soil Soil Soil
Data Package 4410 91-0265 4410 91-0265 4410 91-0265


Congener
2378 TCDF 1,200 1,800 4,300
Total TCDF 130,000 290,000 570,000
23-7 -S 'TCDD 530,000 390,000 3,900,000


4,000,000Total TCDD 580,000 420,000


12378 PeCDF 2,600 1,100 16,000
23478PeCDF 16,000 3,200 94,000
Total PeCDF 150,000 150,000 420,000
12378 PeCDD 16,000 3,800 6,100
Total PeCDD 160,000 19,000 97,000
123478 HxCDF 120,000 (5,900) 710,000
123678 HxCDF 13,000 (220) 96,000
123789 HxCDF 8,900 18,000 (55,000)
234678 HxCDF 300 29,000 710
Total HxCDF 230,000 50,000 1,400,000
123478 HxCDD 4,900 1,700 3,300
123678 HxCDD 4,300 8,700 6,300
123789 HxCDD 1,700 3,600 1,900
TOTAL HxCDD 50,000 29,000 69,000
1234678 HpCDF (400,000) DL (85,000) DL (2,300,000 )DL
1234789 HpCDF 13,000 1,900 80,000
Total HpCDF 66,000 52,000 240,000
1234678 HpCDD 23,000 140,000 22,000
Total HpCDD 34,000 150,000 60,000
Total OCDF 600,000 73,000 4,400,000
Total OCDD 52,000 160,000 160,000
TOTAL PCDD 876,000 778,000 4,386,000


TOTAL PCDF 1,472,000 717,000 8,670,000


TOTAL PCDD/PCDF 2,348,000 1,495,000 13,056,000


71 Analytical Data Summary Tables Related to Passaic River Study, Presented to U.S. EPA Region II and NJ
Department of Environmental Protection and Energy, Appril 22, 1993, 82722001
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Dr. Taylor argues that the "source-like" samples that she selected from the CMRP site
exhibit a congener pattern typical of Crude TCP produced by Diamond Alkali. This "source-
like" congener pattern from the CMRP site consists of 2,3,7,8-TCDD, and virtually no other
congeners. Dr. Taylor failed to consider the NIOSH reports and data in her analysis.


Refer to the soils data from the Diamond Alkali Lister Avenue plant shown in Table 10.
Regardless of the ratio of 2,3,7,8-TCDD to any other parameter, the analyses of data from the
CMRP site should have shown the presence of the other congeners shown in Table 10. These
congeners are at high enough concentration that modern GC/MS techniques should have
identified at least some of these congeners at the CMRP site. These congener measurements in
Table 10 are above their detection limits.


Again, I am not arguing that the soils data from the Lister Avenue site should be considered
to be representative of the dioxin congener pattern of Crude TCP manufactured by Diamond
Alkali in 1964-1965. In my opinion, my earlier analysis provides a scientific basis to establish
the dioxin congener profile of Crude TCP and Purified TCP. My analysis is based on a
scientific investigation of internal company documents providing the actual technology used,
and actual plant samples from, the historical manufacturers of TCP.


In my opinion, the soils data from the Diamond Alkali Lister Avenue site, whatever their
origin, do not support the hypothesis by Dr. Taylor that Crude TCP should exhibit a dioxin
congener profile consisting of 2,3,7,8-TCDD, and virtually no other congeners.


Additional Opinions Concerning Mr. Mauro's New Opinion Testimony


I have been asked by Foley Hoag to comment on Mr. Mauro's supplemental report of
June 28, 2010 and his deposition testimony on October 13 and 14, 2010, insofar as Mr. Mauro
claims to have performed additional Exploratory Data Analysis ("EDA")on data from the Site
and to have "better explain[ed}" his use of EDA than he did in his original report. See Mauro,
David M., Deposition Transcript, p. 85 (October 14, 2010). For the reasons discussed below, it
is my opinion that Mr. Mauro does not perform valid EDA in his supplemental report, nor does
he offer a better explanation of EDA. In fact, Mr. Mauro's conclusions in his supplemental
report are even less reliable than those in his original report, including because he frequently
relies on relatively less percentage variability in the data than he did in his original report.


Overview: Exploratory Data Analysis 


Mr. Mauro states that his primary work in this case is to perform Exploratory Data Analysis.
He observes that Exploratory Data Analysis is a subset of the field of Statistics.


It is true that Exploratory Data Analysis (EDA) is a minor subset of the field of Statistics.
The topic of EDA was fully described by its founder, John W. Tukey, and is described in his


'11111111MW
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book on this topic.72 EDA provides techniques, primarily graphical, to examine underlying
assumptions in data analysis.


I have reviewed Mr. Mauro's reports, and have found no applications of EDA in his work.
Mr. Mauro misrepresents his work as a statistical analysis using EDA techniques. This is
important because Mr. Mauro's analysis would have benefitted from actual statistical
comparisons to determine if the two populations of points (i.e., the "clusters") are actually
different from one another. In particular, Mr. Mauro conceded at his deposition that he
describes populations of graphical points along factor axes as comprising "clusters" or "groups"
based on his subjective assessment of how close these points are to one another. To conduct a
valid EDA, however, he should have employed objective, statistical criteria to determine
whether these so-called clusters are actually different from one another.,


Mr. Mauro's Flawed Approach to Principal Component Analysis


Principal Components Analysis (PCA) is a method for analyzing large, multivariate data
sets. At each step in the PCA process, an equation is generated that is intended to account for
sufficient variability to describe the underlying relationships among the variables. Each
equation, known as a factor, can be displayed as the axis of a graph_


In an earlier report, I criticized the PCA purportedly attempted by Mr. Mauro because he
limited his analysis to three factors, apparently to enable him to make three dimensional plots of
his results. However, the principal strength of PCA is that it enables data with more than three
dimensions to be analyzed. Mr. Mauro's arbitrary restriction of the number of factors to be
analyzed creates fatal flaws in his analysis.


When he was deposed about his original report, Mr. Mauro recognized that the percent of
the total variance of the data that was accounted for by the three parameter model (3
eigenvalues) was too low, being about 60 to 70% of the variability. Conventionally, the
variability not accounted for by the model used in the PCA could represent the inherent
variability in the data itself, of perhaps 10%. As a result, the application of PCA generally
accounts for more than 90% of the total variance of the data.


Nevertheless, Mr. Mauro reduced the number of parameters in his model to provide only
two factors in his most recent report. For one data set reported by Mr. Mauro and shown in
Table 11 73 , for example, two factors account for only 67% of the total variance of the data.


72Tukey, John W., "Exploratory Data Analysis", Addison-Wesley Publishing Company, Reading, MA (1977).
73 Taken from supplementary production by Mr. Mauro, transmitted from Mr. Mauro to Mr. Peloso of Robinson &
Cole LLP on October 16, 2009. This is an illustrative table, the specific data set for which is unimportant to the
discussion of this report.







SameWes of correlation metro, and related statistics (Norm Cone sr- evenithingsts)
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Value number
Elgenvalue % Total Cumulative Cumulative


variance Eigenvalue 
7.979696 46.93938 7.97969 48.9394
3,618561 20,89736 11.46825 67.83672
1.998894 11.75820
1.8371451 9.83026


13,49714
15,13428


79.3949
89.0252


3


0.5338281 3.14017 15,86811 92.1654
0.498483 2.93213 16,16 58 95.0975
0.3325881 1.95640 16.46916 97.0539
0.2114051 1.24356 18.71057 98.29758
0,1658821 0.97448 16.87623 99.27199
0.(345698. 1 0.281360 18.82489 99.540510
0.0352561 0.20739 16.95715 99.7479


12	 0.0225821 0,13284
43	 0.0087931 0.05173


16.97973
16.986531	 99.9325.


99.8808


14	 0.0066911 0.03936 16.99522 99.9719
0.0027701 0.01829 1699799 99.988216


16	 0.0019941 0.01173 16.99998 99.9999
17	 0.0000201 0.00012 17.00000, 100.0000
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Table II
Variance of the PCA for Increasing Numbers of Eigenvalues


In Mauro's Analysis of CMRP Data


13•RiVILEGED AND CONFIDENTIAL
	


CMRP workbook 2 - set 3.otw


Commonly, PCA makes use of a plot of so-called "eigenvalues" to determine the number of
parameters to retain before proceeding with interpretations of the PCA results. In Figure 1,
taken from the same source as Table 1, is a plot of the eigenvalues in one data set used by Mr.
Mauro in his PCA. The percentages by each point in Figure 1 represent the percentage of the
total variance of the data set that is accounted for, by each eigenvalue in the linear model being
fitted to the data in the PCA. For two eigenvalues, the sum of the variance contribution of the
first two eigenvalues is summed, again showing that two factors account for about 67% of the
total variance.


Generally, it is desired to continue to add eigenvalues until the eigenvalue curve of Figure 1
is past the "knee in the curve. That is, for Figure I, one would normally use 5 to 7 eigenvalues
to describe the data set being fit by the linear model used in PCA. After the eigenvalue plot
becomes asymptotic, the remaining variance not described by the linear model begins to
represent the inherent variability of the data, due to sampling errors, analytical errors, and the
like.


Importantly, when only two eigenvalues are used, the linear equation used in the PCA does
not fit the data. This "lack of fit" of the linear equation to the data usually will lead to
misinterpretations of the clusters of residuals plotted by Mr. Mauro.
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Figure 1


Eigenvalue Plot for Mauro's Analysis of CMRP Data
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As an illustration of the impact of "lack of fit" of the linear model used in the PCA
conducted by Mr. Mauro, consider the data of Figure 2. The data points in Figure 2 represent
the calculated trajectory of a tennis ball shot from an air cannon. The blue diamonds in Figure 2
show the height of the tennis ball as a function of time. The ball first rises, and then falls to the
ground. The elevation of the tennis ball at each point in time is shown in Figure 2.


Figure 2
Single Parameter Fit of a Linear Model to the Trajectory of a Tennis Ball
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The red line in Figure 2 represents a least squares fit of the data of Figure 2 by a one parameter
linear model. Obviously, the "lack of fit" of the single parameter linear model is pronounced,
accounting for perhaps 50% of the variability of the data (correlation coefficient is 0.53)


In Figure 3 is shown the Residual Plot of the data of Figure 2. This residual plot is
analogous to the cluster plots presented by Mr. Mauro for the CMRP data. The concept being
addressed by Mr. Mauro was to use the PCA to determine if the cluster of residuals for the
"source-like" data was different from the cluster of residuals from the remaining CMRP data.


In Figure 3, the analogous question is whether Population 1 of the data set is different from
Population 2, to a high degree of statistical significance. Note that the number of points in
"Population 1" is so numerous that they almost appear to be a solid, horse-shoe shaped curve.


Figure 3
Plot of Residuals from One Parameter Linear Model with Least Squares Fit


For these particular data, we know that there is only one population of data points, and yet
Figure 3 would suggest by visual assessment that there are two populations of points. Had we
performed a statistical analysis, we would learn that the points of Population 2 are not
significantly different from the points of Population 1. Because of the simple data set of Figure
2, we really do not need a statistical analysis to draw that conclusion. However, Mr. Mauro
needs to perform a statistical analysis to assess the "clusters" of CMRP data of his reports.


The major conclusion of Figure 3 is that a clustering of points can be caused by "lack of fit"
of the linear model, and not because the two populations of data of Figure 3 are truly different.
The risk of "lack of fit" causing the appearance of two populations is increased, whenever a
PCA is attempted when the percent of variability of the fitted model is low. This "horse-shoe"
pattern of the points in Figure 3 is discussed in the literature of PCA. It arises because of the
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trending deviation of the data from the linear model, shown in Figure 2. It is an indicator of
"lack of fit" of the model. It should be noted that the factor scores are not influenced by the
number of parameters used in the model in PCA, due to orthogonality.


Finally, Figure 4 shows the improvement in the least squares fit when a two parameter
model is used. The correlation coefficient of this least squares fit exceeds 99%, avoiding the
difficulties arising from the "lack of fit" issues of Figures 2 and 3.


Figure 4
Two Parameter Least Squares Fit of Tennis Ball Data


Cluster Analysis and PCA


Mr. Mauro has testified that he is not examining clusters of points in his reports; he is
analyzing groups of points. Cluster analysis is a topic in pattern recognition 74, which Mr.
Mauro asserts he has not done.


However, Mr. Mauro has not provided a similar defense of the use of "groups" arising from
a residual analysis in PCA, in order to determine if the "source-like" groups represent a
different population from the other CMRP population. As noted in the above figures, it is
particularly important to provide an analysis of the statistical significance of differences in these
two apparent populations (or groups) of data from the CMRP site. Cluster analysis provides a
statistical assessment. PCA does not.


Theodoridis, S. and K. Koutroumbas, "Pattern Recognition", Fourth Ed. Elesevier, New York (2009).
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Mr. Mauro is not using a scientific basis for his conclusions as to differences between the
two populations of data. To further conclude, or even imply, that the "source-like" data
originated from Crude TCP, or still further that these "source-like" data originated from Crude
TCP manufactured by Diamond Alkali, is totally without merit.


PCA is a tool used to analyze the structure of the data75, not the clusters of the data. It is
used to create linear combinations of the congeners, to see which are grouped together and
thereby to better understand the possible sources that may produce such combinations, using a
scientific analysis of the potential sources of contamination. In such an analysis, any number of
factors can be used, without being limited by three dimensional graphs as done by Mr. Mauro.
Had he properly used PCA, he may have been able to avoid the "lack of fit" issues discussed
above.


The difficulty faced by Mr. Mauro is that a scientific insight into the actual sources of
contamination is required, not just a "black box" vaguely represented by the HCP building
location. The scientific analysis requires a complete compilation of possible sources and their
congener profiles, for Crude TCP, for Purified TCP, and for other additional potential sources.
Mr. Mauro, as well as Dr. Taylor, refuses to perform a scientific analysis of the equipment and
operations of the Metro Atlantic HCP plant, or of the equipment and operations of the Diamond
Alkali Crude TCP production. As a result, they are unable to establish a dioxin congener profile
of the various potential sources. Instead, they are forced to simply match data sets from various
general types of sources, without any scientific investigation or clear foundation and relevance.
That method is tantamount to simply picking an "ace of spades" from a deck of cards based on a
superficial observation of its features. It is not chemical fingerprinting based on sound science
and the scientific method.


Mixtures of Background Samples and TCDD Contaminated Samples


Mr. Mauro attempts to argue that the CMRP site is composed of mixtures of background
amounts of congeners (urban background) and "source-like" contamination by TCDD. 76 Mr.
Mauro has provided no scientific justification for this opinion. The data presented by Mr.
Mauro cannot be represented by a single straight line connecting two individual points,
providing the linearity needed for combinations such as those described by Mr. Mauro.


There are established procedures for assessing and establishing background concentrations
of contaminants in soils.77 Mr. Mauro has not addressed any of these procedures to assess what
is background, the distribution of background samples, or the use of background samples for
adjustment of the impact of background data on contaminated samples. Mr. Mauro has not
identified which samples he views to represent urban background, and how he determined


75 See, for example, Tabachnick, B.G. and L.S. Fidel!, "Using Multivariate Statistics", Fifth Edition, pp. 25-30,
Pearson, Boston (2007).
76 Mauro, David M., Deposition Transcript, pp.70-100, October 14, 2010.
77 See, for example, Naval Facilities Engineering Command, "Guidance for Environemental Background Analysis,
Volume I: Soil", User's Guide, UG-2049-ENV, Port Hueneme, CA, April, 2002.
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which samples represent urban background. Also, he did not appear to use urban background
samples in any analysis. He did not consider., for example, the substantial, contribution to
contamination of the general site by the presence of an incineration facility that was burning
hazardous wastes, located on the CMRP site, in his assessments of urban background on the
site.


In my ()pinion, Mr. Mauro cannot provide, and has not provided, a scientific basis for his
analysis of the site data, including his assertion that the CMRP site contamination arises from a
mixture of "source-like" contamination with the background contamination on the site.


This report has been prepared based upon the documents and other information available to
me at the time of writing the report. In the event that additional documents and information are
produced or discovered, I reserve the right to supplement this report as necessary to include my
analysis of this new information.


I declare, under penalty of perjury, that the foregoing is true and correct.


January 7, 2011  
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RESUME


J.R. Kittrell


Office Address:
	


KSE, Inc.
P.O. Box 368
Amherst, MA 01004
Tel: (413) 549-5506


Education: 	B.S. in Chemical Engineering
Oklahoma State University


M.S. in Chemical Engineering
University of Wisconsin


Ph.D. in Chemical Engineering
University of Wisconsin


Post-doctoral Studies in Chemical Engineering
University of Wisconsin


Employment:


Since 1980, President, of KSE, Inc., a company with two business missions:


• Invention, development and licensing of new technology, primarily for application in the
petroleum, chemicals, and environmental industries. Holds over 50 U.S. patents in petroleum,
chemical and environmental areas, along with foreign counterparts.


• Professional services in litigation and consultation.
o Chemical fingerprinting of environmental contamination,
o Benzene content of chemical and petroleum products,
o Assessment and control of trace hazardous contaminants in workplace air,
o Chemical and petroleum manufacturing technology,
o Intellectual property management,
o Chemistry of highly reactive and self-decomposing compounds, and runaway reactions,
o Fire and explosion cause and origin analysis,
o Air pollution and air pollution control,
o Fuels and chemicals technology, product quality, manufacturing standards, industry


practices, design and economics
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Employment (continued)


• Professor and Associate Professor of Chemical Engineering, University of
Massachusetts, Amherst, Massachusetts, Lecturing and Research in Catalysis, Air
Pollution Control, Catalyst Deactivation, Reaction Engineering, Mathematical
Modeling, and Process Design and Economics.


• Arthur D. Little, Inc., Consultant in petroleum refining, management, petroleum
products, and petroleum economics, Cambridge, MA.


• A.D. Little Management Institute, Lecturing and short courses in Petroleum Refining
and Economics to representatives of international petroleum companies and countries,
Cambridge, MA.


• Standard Oil Company of California, Operating Assistant, N.P. (corporate management
development program), startup and operation of plants in commercial hydrogen
generation, reforming, and hydrocracking complex, El Segundo, CA.


• Chevron Research Company, Senior Research Engineer and Research Engineer, group
leader and engineer in catalyst and process development in hydrocracking and
hydroprocessing, design interface, new project evaluations, and jet fuel production,
Richmond, CA.


• DuPont Experimental Station, Research Engineer, Wilmington, DE.


• Exxon Research Laboratories, Research Engineer, Baton Rouge, LA.


• Kerr McGee Oil Refinery, Process Engineer, Cushing, OK.


Dr. Kittrell has published about 100 technical articles and is an inventor on about 50
U.S. patents in the environmental, chemicals, and petroleum fields. He is a member of the
American Institute of Chemical Engineers, the American Chemical Society, the Air & Waste
Management Association, ASHRE and the National Fire Protection Association. He is a
Principal Member of the NFPA Technical Committee on Transportation of Flammable Liquids.
He has received numerous competitive awards for advanced scientific and commercial studies
under the various U.S. government agency SBIR programs. One of his inventions received the
R&D 100 Award, as one of the 100 most technologically significant new products of the year,
termed "The Oscars of Invention" by the Chicago Tribune. KSE received the SBIR Technology
of the Year Award, for Environment, Energy & Resource Management. The Company was also
recognized by the U.S. EPA Environmental Innovator Technology Award, the SBIR Program of
the Year Award, and by a second R&D 100 Award. KSE has been awarded a grant of $3
million by the U.S. DOE to accelerate commercialization of KSE's new Reactive Distillation
technology for energy savings in distillation.


My consulting rate is $290/hour.
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Dr. James R. Kittrell: Summary of Recent Litigation Services


Dr. Kittrell has provided depositions, court appearances, and arbitration testimony in the
past four years:


• Magistrate Hearing, United States of America v. Sunoco, Inc., United States District Court
for the Eastern District of Pennsylvania, Case No. 05-6336, February 5, 2008, Ms. Rachael
Jacobson, Esq. and Mr. David Street, Esq., United States Department of Justice,
Washington, DC 20005-7611.


• Arbitration Institute of the Stockholm Chamber, Case No. Arbitration 087/2005, BP
Chemicals Limited v. Shanghai Wujing Chemical Company and China National Technical
Import & Export Corporation, November 17 - December 4, 2008, Stockholm, Sweden_ Mr.
George Ruttinger, Esq. Crowell & Moring, Washington, DC. Ms. Kimberly Nobles,
Crowell & Moring, Irvine, CA.


• Thomas Wayne Reese v. Gans Ink & Supply Co., et al, Superior Court of the State of
California for the County of Los Angeles, Central Civil West, No. BC 332936, September
4, 2009, Daniel R. Blakey, Steptoe & Johnson LLP, 633 West Fifth St, Suite 700, Los
Angeles, CA 90071.


• Emhart Industries v. New England Container Company, Inc., United States District Court,
District of Rhode Island, Civil Action No. 06-218-S, November 10, 2009, Philip C. Swain,
Foley Hoag LLP, Seaport World Trade Center West, 155 Seaport Boulevard, Boston, MA
02210-2600.


• Arch Chemicals, Inc., et al. v. Radiator Specialty Company, United States District Court,
District of Oregon, Portland Division, No. 3:07-cv-1339-HU, March16, 2010, Thomas D.
Allen, Weinberg, Wheeler, Hudgins, Gunn & Dial, LLC, 950 East Paces Ferry Road, Suite
3000, Atlanta, GA 30326.


• Emhart Industries v. New England Container Company, Inc., United States District Court,
District of Rhode Island, Civil Action No. 06-218-S, May 7, 2010, Jack R. Pirozzolo, Foley
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Exhibit 4


Schematic Representation of Dioxin and Furan
Formation Reactions







James R. Kittrell, Ph.D.
January 7, 2011
Page 58


Schematic Representation of Dioxin and Furan Formation Reactions


Equation (A)78 


Cl


CE


Na-2,4,5-Trichlorophenol	 2,3,7,8-Tetrachlorodibenzo-p -dioxin


Equation (13)79


CI


CI


CI


C I CI


0
Na-2,4,5-Trichlorophenol 	 1,2,4,5-Tetrachlorobenzene	 2,3,7,8-Tetrachlorodibenzofuran


78 Dryden, F.E., et al., "Dioxins: Volume III. Assessment of Dioxin Forming Chemical Processes", Report No.
EPA-600/2-80-158, U.S. Environmental Protection Agency, page 69, June, 1980
79 Hay, A., "Chemistry and Occurrence of Dioxins", The Chemical Scythe, Chapter 1, Plenum Press, page 8, 1981
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TCB + TCP Furan
TCB Plentiful


Moderate Amounts of TCP


CP + TCP Dioxin
TCB Depleted and Much TCP
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Equation (C)


C I
	


CI


CI


C I


CI
	


CI
Na-2,4,6-Trichlorophenol
	


1,3,6,8-Tetrachlorodibenzo-p -dioxin


Progress of Reaction in TCP Reactor
Conditions for Formation of Dioxins and Furans


Longer Reaction Time
Higher Temperature







0


8


0	 CI


CI


CI


Na-2,3,4,6-Tetrachlorophenol


Equation (F)81 
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Equation (D)8°


CI


Na-2,4-Dichlorophenol


Equation (E)


2,7-Dichlorodibenzo-p-dioxin


" Dryden, F.E., et al., "Dioxins: Volume Ill. Assessment of Dioxin Forming Chemical Processes", Report No.
EPA-600/2-80-158, U.S. Environmental Protection Agency, page 70, June, 1980
81 Dryden, F.E., et al., "Dioxins: Volume III. Assessment of Dioxin Forming Chemical Processes", Report No.
EPA-60012-80-158, U.S. Environmental Protection Agency, page 84, June, 1980
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Emhart Industries, Inc. v. New England Container Company, Inc., et al. 
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James R. Kittrell, Ph.D. 
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Amherst, MA 01004 


January 15, 2009  
 


 
I have been retained by Foley Hoag LLP, as counsel to Emhart Industries, Inc. 


(“Emhart” ), in the above captioned litigation, to provide expert assistance and advice 
with respect to certain technical matters relating to the Centredale Manor Restoration 
Project Superfund Site in North Providence, Rhode Island.  I have been asked to render 
an opinion as to the identity of chemicals that, more likely or not, may have been used, 
handled, shipped or stored in steel drums for a number of companies, during the period 
1948 through 1972. 


I have examined the documents provided in this case, documents cited in this 
report, and documents from reference sources and the trade literature.  Based upon this 
information, my training and experience, and my analyses, I have made the following 
observations and formed the following opinions based upon a reasonable degree of 
engineering certainty: 


Qualifications of Dr. J.R. Kittrell 
I am an expert in the development and analysis of chemical manufacturing, including 


intellectual property relating to the chemical process technology, and the means of 
shipping raw materials, products and waste materials.  I have provided expert opinions in 
a number of litigation cases involving Superfund sites.  I have recently testified in a 
major environmental contamination litigation case, a Superfund site in Pennsylvania at a 
former zinc smelter.  In a major ongoing case, the U.S. Department of Justice has 
retained me to identify the source and identity of a large petroleum fuels contamination 
near Philadelphia. 


 I also provide expert assistance to develop engineering estimates of the benzene 
content of chemical solvents, petroleum solvents, and constituents of paint, ink, and 
agricultural chemicals.  I am an expert in the manufacture of materials containing 
benzene, and benzene regulations.  I have assessed the benzene content of petroleum 
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products over the past three decades, and provide expert assistance on historical benzene 
content of products, manufacturing methods of products potentially containing benzene, 
control methods, and workplace air quality.   


My employer, KSE, Inc., operates a laboratory for the development and evaluation of 
new chemical technology and products for the petroleum, environmental air pollution 
control, and chemical industries.  We routinely analyze chemicals for trace contaminants 
by gas chromatographic and other analytical methods.   


I am currently President of KSE, Inc., and have over 30 years of engineering 
experience in the petroleum, chemical, and natural gas industries, with emphasis on 
manufacturing, transportation, and distribution.  I provide expert assessments of the 
technology and source of historical environmental contamination, analyses of cause and 
origin of plant fires and explosions, and the economic consequences thereof.  I am 
experienced in manufacturing; in properties of petroleum and chemical products; in 
transportation, distribution, and storage facilities; and application of industry practices 
and standards.  In applications of this expertise, I also have considerable experience in 
maritime losses.  I have extensive expertise in the use of chemical fingerprinting to 
identify the source and identity of petroleum and chemicals products contamination. 


  In addition, I provide expert evaluations of the safety, operability, economic, and 
environmental impact of manufacturing plants, including emerging process technologies.  
I am experienced in the evaluation of product safety, OSHA regulations relating to air 
quality and hazard communications, and use of Material Safety Data Sheets.  I am an 
expert in reactive chemistry, and the potential for and cause of runaway reactions and 
explosions, such as those involving calcium hypochlorite or magnesium.   


I have provided extensive technical consulting services to the petroleum industry and 
the chemical industry, both in the U.S. and internationally.  This includes strategic 
planning studies, development of national policy studies, assistance to plant operations, 
evaluations and development of storage terminals, market and market share assessments, 
assessments of product transportation systems, and refinery and plant valuations. 


I have published about 100 technical articles and am an inventor on about 50 U.S. 
patents in the environmental, petroleum, and chemicals fields.  Prior to joining KSE, I 
was a Professor of Chemical Engineering for a decade at the University of Massachusetts, 
Amherst.  I taught petroleum refining in graduate courses in Chemical Engineering.  I 
was previously an Operating Assistant in the Chevron oil refinery in El Segundo, 
California, where I worked in the manufacturing department.  Among other activities, I 
have operated refinery units producing gasoline and petroleum solvents.  I was earlier 
responsible for petroleum process development, new catalyst development, and 
petroleum products evaluations at the Chevron Research and Technology Company, 
Richmond, California.  I have also worked for Exxon, DuPont, and the Kerr McGee Oil 
Company, and was a consultant to Arthur D. Little, Inc. in Petroleum Refining.  Among 
other engagements, I taught Petroleum Refining to individuals from petroleum exporting 
nations (OPEC).  I have consulted in petroleum refining and petroleum products for the 
Queen’s Royal Commission on Petroleum in Australia, for the Liquid Fuels Trust Board 
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of the government of New Zealand, for PetroCanada, and for Petroleos de Venezuela, the 
national petroleum company of Venezuela.  For these clients, I have also evaluated the 
safety and operability of emerging petroleum processing technologies.  I was a consultant 
to the U.S. EPA in assessing the cost of and likely technology for benzene removal from 
gasoline in the U.S. petroleum industry  


I received the B.S. Degree in Chemical Engineering from Oklahoma State University, 
and the M.S. and Ph.D. degrees in Chemical Engineering at the University of Wisconsin.  
Also, I conducted post-doctoral studies in Chemical Engineering at the University of 
Wisconsin, in catalysis and reactor engineering.  I am a member of the American Institute 
of Chemical Engineers, the American Chemical Society, the Air & Waste Management 
Association, ASHRE, and the National Fire Protection Association (NFPA).  I am a 
Principal Member of the NFPA Technical Committee on the Transportation of 
Flammable Liquids.  I regularly serve on annual advisory panels for the U.S. EPA, to 
recommend funding for specific fields of environmental research.  I have received 
numerous competitive awards for scientific and commercial studies under various U.S. 
government agency SBIR award programs.  I am an inventor of the CARE Monitor for 
measuring trace concentrations of chlorinated hydrocarbons, which received the R&D 
100 Award, for one of the 100 most technologically significant new products of year, and 
described as “The Oscars of Invention”  by the Chicago Tribune.  I am also the inventor 
of the AIR Process, a photocatalytic technology for air pollution control and indoor air 
quality control.  This technology has received the SBIR of the Year Award for 
Environment, Energy & Resource Management, for developing an innovative new 
technology through the SBIR program, resulting in the improvement in everyday life and 
the betterment of mankind.  I have also been recognized by the U.S. EPA Environmental 
Technology Innovator Award and by the R&D 100 Award for process development and 
new products in air pollution control technology. 


My curriculum vita and compensation rate are provided in Exhibit 1.  Prior testimony 
for the past four years and publications for the past 10 years are presented in Exhibit 2.  I 
have been assisted in this investigation by an employee of KSE, Inc., Dr. Carl R. Dupre.  
His curriculum vita is attached in Exhibit 3. 


Documents Reviewed 
 The documents and information that I examined are summarized in each section 
of my report. 


Opinion 
 I have been asked to review documents and to provide an opinion regarding certain 
companies identified to me by representatives of Foley Hoag LLP.  My opinions relating 
to each of these companies are addressed below. 
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American Mineral Spirits Company 
 American Mineral Spirits Company (hereafter “AMSCO”) operated two facilities in 
the Rhode Island, Massachusetts, and Connecticut region during the period being 
investigated (1948-1972).  For the early part of the period, the business operations of 
AMSCO were located on 370 Allens Avenue in Providence, RI.  In approximately 1967, 
the business operations were moved to 1 Pier Road, East Providence, RI.   


 The Pure Oil Company began acquiring AMSCO in 1946, and AMSCO became a 
division of The Pure Oil Company in 1961.  AMSCO became a division of Unocal when 
Unocal acquired The Pure Oil Company in 1965.  Unocal sold assets comprised of 
AMSCO to Ashland Chemicals in 1992.  Unocal is now a subsidiary of Chevron. 


 The facilities in Rhode Island were used for storage, blending, packaging and 
distribution of petrochemicals.  According to Unocal1, the operations at the location did 
not significantly change over the period being investigated.  Generally, chemicals arrived 
at the facility in bulk, and then were loaded on truck or packaged and shipped to 
customers in the amounts requested.  The only equipment used at this facility was tanks, 
piping, and pumps.  No products were manufactured. 


 Chemicals were delivered by ship to the facility, and were unloaded into tanks by 
pumps.  Product was then delivered from the facility via tank trucks or via 55 gallon 
drums.  Other chemicals were transported to the facility by barge or tanker truck, and the 
product delivered via tank trucks or via 55 gallon drums.  Still other chemicals were 
delivered to the facility in 55 gallon drums, and would have been sold in 55 gallon drums 
without repackaging. 


 When deliveries of chemicals were made to customers in drums, the empty drums 
from that customer were taken back.  New England Container Company (“NECC”) 
purchased and reconditioned empty drums from AMSCO.  AMSCO used 55 gallon 
drums throughout the entire period in question.  The number of drums purchased from 
NECC from 1966 through 1972 is listed in Year-End Reports, attached to the Unocal 
Response to Information Request.  According to NECC, the drums brought to the NECC 
site from AMSCO were closed head drums2. 


 NECC has collected information from trade journals to identify chemicals used at the 
AMSCO site.  These chemicals are listed in Attachment C of the NECC Response to 
Information Request3. 


 I have reviewed the following documents: 


• Unocal 104(e) response of June 21, 2002. 


                                                 
1 Response to Information Request by Unocal regarding Centredale Manor Restoration Project Superfund 
Site, transmitted by Mr. Theodore C. Hadley, June 21, 2002. 
2 New England Container Company, Inc.  Supplemental Response to CRCLA § 104(e) Information 
Requests.  February 8, 2002. 
3 New England Container Company, Inc.  Supplemental Response to CRCLA § 104(e) Information 
Requests.  August 22, 2002. 
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• New England Container Company Supplemental 104(e) response of February 8, 
2002. 


• New England Container Company Supplemental 104(e) response of August 22, 
2002. 


• Various Chemical Week Buyer’s Guides: 1962, 1964, 1965, 1970, 1971, 1972. 
• Oil Paint and Drug Reporter, 1948. 
• Vince Buonanno Deposition of March 25, 2003. 
• Vince Buonanno Deposition of March 28, 2003. 
• Christopher Meyer Deposition of November 14, 2008 
• EPA Notice of Liability Letter of April 5, 2002. 
• EPA Notice of Liability Letter of March 3, 2003. 
• Unocal Annual Reports. 
• Various Pleadings. 


 
 Based on this information and my knowledge of the chemical and petroleum 
industries during the period of 1948 through 1972, it is my professional opinion that the 
following chemicals would, more likely than not, have been stored, transported, and/or 
included for waste disposal in 55 gallon steel drums by AMSCO.  Since AMSCO 
operated a national business and the data are reported on a national scale, I am unable to 
determine, at present, which of AMSCO’s sites would have transported, stored, or used 
for waste disposal the steel drums containing each of these individual chemicals.   
 


1. 1,1,1 Trichloroethane 
2. 1,2,4 Trichlorobenzene 
3. 1,4 Dioxane 
4. 1-Dodecane 
5. Acetone 
6. Acetic Acid 
7. 2-Ethylbutyl Alcohol 
8. 2- Ethylhexyl Alcohol 
9. Mixed Butyl Alcohols 
10. Denatured Alcohol 
11. Diacetone Alcohol 
12. Ethyl Alcohol 
13. Isobutyl Alcohol 
14. Isopropyl Alcohol 
15. Methyl Alcohol 
16. Methyl Amyl Alcohol 
17. n-Butyl Alcohol 
18. n-Propyl Alcohol 
19. Primary n-Amyl Alcohol 
20. sec-Butyl Alcohol 
21. Aluminum m-Phosphate 
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22. Aluminum Powder 
23. Amines 
24. Aqua Ammonia 
25. Mixed Amyl Acetates 
26. Ethylene Glycol 
27. Crude Aromatics 
28. Benzene 
29. Benzimidazole 
30. Benzol 
31. Bronze Powders 
32. Butyl Decyl Phthalate 
33. sec-Butyl Acetate 
34. Carbon Tetrachloride 
35. Chlorobenzene 
36. Cyclohexane 
37. Cyclohexanol 
38. Cyclohexene 
39. Cyclohexanone 
40. Dibutyl Phthalate 
41. Dicapryl Phthalate 
42. Didecyl Adipate 
43. Didecyl Phthalate 
44. Diethanolamine 
45. Diethyl Phthalate 
46. Diethylamine 
47. Diisobutyl Ketone 
48. Diisodecyl Phthalate 
49. Diisooctyl Phthalate 
50. Diisopropylamine 
51. Lacquer Diluents 
52. Dimethyl Phthalate 
53. Dipropylene Glycol 
54. Dodecene 
55. Ethanolamine 
56. Ethyl Ether 
57. Triethylene Glycol Monobutyl Ether 
58. Diethylene Glycol Monoethyl Ether 
59. Diethylene Glycol Monomethyl Ether 
60. Dipropylene Glycol Monomethyl Ether 
61. Ethylene Glycol Monobutyl Ether 
62. Ethylene Glycol Monoethyl Ether 
63. Ethylene Glycol Monomethyl Ether 
64. Propylene Glycol Methyl Ether 
65. Tripropylene Glycol Methyl Ether 
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66. Ethyl Acetate 
67. Ethyl Amyl Ketone 
68. Dichloroethane 
69. Ethylene Glycol Monoethyl Ether Acetate 
70. Formaldehyde 
71. Glycerin 
72. Heptane 
73. Heptenes 
74. Herbicides 
75. Hexane 
76. Hexylene Glycol 
77. Natural Insecticide Bases 
78. Insecticide Carriers & Diluents 
79. Insecticides 
80. Isoamyl Acetate 
81. Isobutyl Acetate 
82. Isoheptane 
83. Isohexane 
84. Isooctane 
85. Isopentane 
86. Isophorone 
87. Isopropyl Acetate 
88. m-Dichlorobenzene 
89. Methyl Acetone 
90. Methyl Amyl Acetate 
91. Methyl Ethyl Ketone 
92. Methylene Chloride 
93. Morpholine 
94. n-Amyl Acetate 
95. Blending Naphtha 
96. Cleaners Naphtha 
97. Deodorized Naphtha 
98. Heavy Naphtha 
99. Hydrogenated Naphtha 
100. Rosin Naphtha 
101. Solvent Naphtha 
102. Straight Run Naphtha 
103. V.M. & P. Naphtha 
104. n-Pentane 
105. n-Propyl Acetate 
106. o-Dichlorobenzene 
107. Olefins 
108. Paint Removers 
109. Organic Perchlorates 
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110. Cellulose Plasticizers 
111. Epoxy Plasticizers 
112. Lacquer Plasticizers 
113. Resin Plasticizers 
114. Vinyl Plasticizers 
115. Polyethylene Emulsions 
116. Polyethylene Glycols 
117. Polyvinyl Acetate Emulsion 
118. 1,2 Dichloropropane 
119. Propylene Glycol 
120. Nitrocellulose Solvents 
121. Non-Flammable Solvents 
122. Adhesive Solvents 
123. Cellulose Acetate Solvents 
124. Chlorinated Solvents 
125. Coal-Tar Solvents 
126. Cosmetic Solvents 
127. Crude Solvents 
128. Drug Extracting Solvents 
129. Dry Cleaning Solvents 
130. Dye Solvents 
131. Enamel Solvents 
132. Ethyl Cellulose Solvents 
133. Fats & Oils Solvents 
134. Fluorinated Solvents 
135. Glycol Ethers Solvents 
136. High Flash Solvents 
137. Ink Solvents 
138. Insecticide Solvents 
139. Lacquer Solvents 
140. Metal Degreasing Solvents 
141. Naphtha Solvents 
142. Nitrocellulose Solvents 
143. Non-Flammable Solvents 
144. Odorless Solvents 
145. Paint Solvents 
146. Petroleum Solvents 
147. Proprietary Solvents 
148. Refrigerant Solvents 
149. Resin Solvents 
150. Rubber Solvents 
151. Shellac Solvents 
152. Terpenes Solvents 
153. Varnish Solvents 
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154. Mineral Solvents 
155. Agricultural Spray Bases 
156. Cattle Spray Bases 
157. Fly Spray Bases 
158. Stoddard Solvent 
159. Paint Strippers 
160. Tetrachloroethylene 
161. Tetrapropylene 
162. General Thickening Agents 
163. Odorless Thinners 
164. Odorless Paint, Varnish & Lacquer Thinners 
165. Paint, Varnish & Lacquer Thinners 
166. Toluene 
167. Trichloroethylene 
168. Tricresyl Phosphate 
169. Tricresyl Phosphite 
170. Triethanolamine 
171. Triethylamine 
172. Triethylene Glycol 
173. Tripropylene Glycol 
174. Xylene 


 
 The 30(b)(6) deposition of Mr. Christopher Meyer, of Chevron, confirmed the large 
annual number of drums purchased by AMSCO from NECC during the period of interest, 
and confirmed that NECC also purchased drums from AMSCO, which would have been 
reconditioned.  In the deposition, Mr. Meyer reported that AMSCO was in the business of 
buying, blending, repackaging, and selling petroleum hydrocarbons in various containers 
including 55 gallon drums.  Recognizing that Mr. Meyer had no specific knowledge of 
chemicals other than listed in the Unocal 104(e) response, Mr. Meyer reported the 
following chemicals in use at the site.  Based on this information and my knowledge of 
the chemical and petroleum industries during the period of 1948 through 1972, it is my 
professional opinion that the following chemicals would, more likely than not, have been 
stored, blended, transported, and/or included for waste disposal in 55 gallon steel drums 
by AMSCO at its Rhode Island sites during 1948-1972.  This list does not supersede or 
replace any items on the list above. 
 


1. Petroleum Hydrocarbons 
2. Aliphatic Hydrocarbons 
3. Acetone 
4. Methyl ethyl ketone 
5. Methyl isobutyl ketone 
6. Isopropyl alcohol 
7. Mineral spirits 
8. Lactol spirits 
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9. Hexane 
10. Heptane 
11. Liquefier 


 
 
 Esso Energy, Inc. 
 Esso Energy, Inc. is reported by NECC to have sent or arranged to have drums 
delivered to the NECC site4.  Esso Energy was located in East Providence, Rhode Island.  
According to NECC, Esso Oil drums were brought to the site between 1952 and 1971 for 
reconditioning.  Raymond Nadeau’s interview indicates that the Esso drums typically 
contained 4-5 gallons of oil residue and motor oil.  In his deposition, Steve L. Tatum, an 
employee of ExxonMobil, testified that he has seen references to a drum filling line being 
present at the Esso East Providence terminal.  Based on the history he has seen of the site, 
he assumes that the drum filling line was in existence in the 1960’s.  


 Standard Oil of New Jersey was formed with the breakup of the Standard Oil Trust.  
Standard Oil of New Jersey has used the Esso brand for marketing and for naming of 
subsidiaries, where Esso is a derivation of the first letters of Standard Oil.  In addition, 
Standard Oil of New Jersey has used the Enjay Chemical Company name, where Enjay is 
a derivation of the first letters of New Jersey.  Standard Oil of New Jersey has also used 
Humble Oil and Refining, a company that was a predecessor to Standard Oil of New 
Jersey.  The name of Standard Oil of New Jersey was changed to Exxon Corporation and 
later to ExxonMobil Corporation.  I have seen references to all these company names in 
the documents available to me, and am familiar with the general relationship among 
them. 


 According to the 30(b)(6) deposition of Tatum, ExxonMobil had a oil terminal site in 
East Providence, RI.  A recent letter from the Facility Coordinator of the East Providence 
terminal is discussed below. 


 The East Providence terminal would receive large shipments of products relevant to 
the oil trade from various oil refineries, store, and ship oil products in smaller quantities.  
Additives could be added to various products prior to shipment.  As noted, a drum filling 
line was likely present at the terminal, at least for part of the period of interest.  
According to Tatum, “…it’s likely that the drums of product that we shipped were then 
returned by the customer when they picked up another shipment.”   When asked if the 
returned drums would have been cleaned before you put new product in them, Tatum 
replied that “We would not have put new product in it without proper treatment.”   No 
new product would be added to a drum that had residue in it.  All these facts and 
observations are consistent with my knowledge and experience in the industry. 


                                                 
4 New England Container Company, Inc.  Supplemental Response to CRCLA § 104(e) Information 
Requests.  February 8, 2002. 
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 NECC has collected information from trade journals to identify chemicals used at the 
Esso terminal.  These chemicals are listed in Attachment I of the NECC Response to 
Information Request5. 


 I have reviewed the following documents: 


• New England Container Company Supplemental 104(e) response of February 8, 
2002. 


• New England Container Company Supplemental 104(e) response of February 8, 
2002. 


• Chemical Week Buyer’s Guide: 1962 
• Oil Paint and Drug Reporter, 1949. 
• Raymond Nadeau Affidavit. 
• Raymond Nadeau Interview. 
• EPA Evidentiary Summary. 
• 30(b)(6) Deposition and exhibits of Steve L. Tatum, October 14, 2008. 
• Various Pleadings. 


 
 Based on this information, the existence of a drum filling line at this facility, and my 
knowledge of the chemical and petroleum industries during the period of 1948 through 
1972, it is my professional opinion that the following chemicals would, more likely than 
not, have been stored, transported, and/or included for waste disposal in 55 gallon steel 
drums by Esso at the East Providence terminal during the period in question.   
 


1. Unleaded Premium Gasoline 
2. Leaded Premium Gasoline 
3. Unleaded Regular Gasoline 
4. Leaded Regular Gasoline 
5. Kerosene 
6. Diesel Fuel 
7. Lubricating Oils of various grades 
8. Motor Oil Residues 
9. Heating Oil 
10. Solvent Naphtha (petroleum), light aromatic 
11. Benzene, 1,2,4-trimethyl- 
12. N-Propylbenzene 
13. Xylene 
14. Cumene 
15. Benzene, 1,2,3-trimethyl- 
16. Solvent naphtha (petroleum), heavy aromatic 
17. Lubricating Oil Additive Packages 
18. Gasoline Additive Packages 


                                                 
5 New England Container Company, Inc.  Supplemental Response to CRCLA § 104(e) Information 
Requests.  August 22, 2002. 
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19. Ethylene dibromide and/or Ethylene dichloride  
20. Antioxidant Additive Packages 
21. Stabilizing Additive Packages 
22. Dyes 
23. Metal Deactivation Additive Packages 
24. Corrosion Inhibition Additive Packages 


 
In addition to drums, these products would also have been transported in ships, barges, 
trucks, and pipelines. 


The fuel additives packages listed above typically contain one or more active 
ingredients dispersed or dissolved into a carrier oil.  There are numerous chemicals used 
as additives, a representative list being shown below.  More likely than not, the additive 
packages, which were stored, transported, and/or included for waste disposal in 55 gallon 
steel drums by Esso at the East Providence terminal during the period in question, would 
have contained one or more chemicals selected from the following list of additives: 


1. Zinc dithiophosphate (ZDP); 
2. Zinc dialkyldithiophosphate (ZDDP); 
3. Tricresylphosphate (TCP). 
4. Dimethylsilicones (dimethylsiloxanes) 
5. Calcium Sulfonate 
6. Calcium Alkyl Phenate 
7. Diethylenetriamine 
8. Triethylenetetramine 
9. Tetraethylenepentamine 
10. Aminoethylethanolamine 
11. Molybdenum sulfide 
12. Tricresyl phosphate 
13. Polydimethylsiloxane 
14. Polyisobuthylene 
15. Polymethylacrylate 
16. Polyalkenyl succinimide 
17. Ethylene-propylene copolymer 
18. Calcium alkylsulfonate 
19. Molybdenum disulfide (MoS2) 
20. Boron nitride (BN) 
21. Tungsten disulfide (WS2) 
22. 2,2’ thiodiethylene bis[3-(3,5-di-tert-butyl-4-hydroxyphenyl)propionate] 
23. 4,4’-Thiobis(2-tert-butyl-5-methylphenol) 
24. 2,2’-Thiobis(4-methyl-6-tert-butyl-phenol) 
25. 3,5-bis-(1,1-dimethylethyl)-4-hydroxy benzenepropanoic acid 
26. Zinc diethlydithiophosphate 
27. Metal phenoxides 
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An example of such a fuel additive package that could have been used during the 
period of interest is shown in a Materials Safety Data Sheet sent to the Battalion Chief of 
the East Providence, RI fire department by ExxonMobil in 20056.  The constituents of the 
additive package are tabulated below.  Similar or identical components could have been 
used in additive packages throughout the period of interest, for example by using one or 
more of the 27 optional additives listed above.  The residues would have been found in 
steel drums.   


 
1. Solvent Naphtha (petroleum), light aromatic 
2. Polyolefin alkyl phenol alkyl amine 
3. Benzene, 1,2,4-trimethyl- 
4. N-Propylbenzene 
5. Xylene 
6. 2-Ethanol hexanol 
7. Cumene 
8. Benzene, 1,2,3-trimethyl- 
9. Solvent naphtha (petroleum), heavy aromatic 


 
 Based on this information and my knowledge of the chemical and petroleum 
industries during the period of 1948 through 1972, it is also my professional opinion that 
the following chemicals identified by Mr. Tatum in his deposition would, more likely 
than not, have been stored, transported, and/or included for waste disposal in 55 gallon 
steel drums by Esso.  Since Esso operated a national business and the data are reported on 
a national scale, I am unable to determine, at present, which of Esso’s sites would have 
transported, stored, or used for waste disposal the steel drums containing each of these 
individual chemicals.  Mr. Tatum provided observations about many of these products, in 
his 30(b)(6) deposition. 


 
1. Crude Aromatics 
2. Automotive Specialty Products 
3. Anti-rust products 
4. Dispersing Agents 
5. Herbicides and/or Herbicide Bases 
6. Hexane 
7. Insecticides and/or Insecticide Bases 
8. Solvents 
9. Mineral Spirits 
10. Stoddard Solvent 


                                                 
6 Letter to Chief James Devine, LEPC/East Providence Fire Department, from Joel Echmalian, Facility 
Coordinator, ExxonMobil Refining and Supply Company, 1001 Wampanoag Trail, East Providence, RI 
02915 (401) 434-2900, November 29, 2005. 







James R. Kittrell, Ph.D. 
January 15, 2009 
Page 14 
 


 


 


 


11. Tanning Agents 
 


Teknor Apex Company / Thompson Chemical Company 
Teknor Apex Company was founded as Apex Tire in 1924, a tire sales and recapping 


company in Pawtucket, RI.  Apex Tire began producing rubber compounds and rubber 
finished products in 1945 and vinyl compounds in 1946.  In 1946, Apex Tire and Rubber 
acquired Thompson Chemical Company, a manufacturer of plasticizers and other 
chemicals in Attleboro, MA.  The company began producing vinyl garden hose in the late 
1950’s.  Apex Tire and Rubber and Thompson Chemical were acquired by Conoco in 
1964.   In 1967, Conoco divested the Apex/Thompson operations, and the present day 
Teknor Apex Company was formed. 


Teknor Apex operates two sites at 505 Central Avenue in Pawtucket, RI and 330 
Oakhill Avenue in Attleboro, MA, both of which were identified by NECC as a source of 
drums.  During the time period of interest (1948-1972), the Pawtucket, RI facility 
manufactured rubber compounds, vinyl chloride compounds, rubber finished products, 
vinyl garden hose, vinyl wire coating, and plasticizers.  During the time period of interest, 
the Attleboro, MA facility manufactured a broad array of ester plasticizers and other 
rubber and plastics compounding materials.  Plasticizer production in Pawtucket was 
relocated to the Attleboro operation in 19657. 


During the 1950’s, additional sites were established in Hebronville, MA and 
Aberdeen, MS.  Neither of these sites was identified by NECC as a source of drums.  
Today, Teknor Apex is a global company with numerous locations worldwide. 


Raw materials at both the Pawtucket, RI and Attleboro, MA locations were received 
both in bulk form, and in a variety of smaller containers, including metal drums.  Liquid 
wastes were generally handled in drums, while solid wastes were handled in various 
types of bags, boxes, fiber drums, and direct disposal to dumpster containers8. 


Teknor Apex / Thompson Chemical used 55 gallon metal drums throughout the time 
period in question.  The New England Container Company (NECC) purchased and 
reconditioned empty drums from Teknor Apex / Thompson Chemical.   According to 
NECC, Teknor Apex / Thompson Chemical sent closed head drums containing oil 
residues, chemicals used in garden hose manufacture, and other chemical residues for 
reconditioning.  Drums were sent to NECC from both the Pawtucket, RI and the 
Attleboro, MA facilities9.   


I have reviewed the following documents: 


                                                 
7 7 Response to Information Request by Teknor Apex Company regarding Centerdale Manor Superfund 
Site, transmitted by David F. Yopak,  May 4, 2001 
8 Response to Information Request by Teknor Apex Company regarding Centerdale Manor Superfund Site, 
transmitted by David F. Yopak,  May 4, 2001 
9 New England Container Company, Inc.  Supplemental Response to CRCLA § 104(e) Information 
Requests.  August 22, 2002. 
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• New England Container Company Supplemental 104(e) response of February 
8, 2002. 


• New England Container Company, Inc.  Supplemental Response to CRCLA § 
104(e) Information Requests.  August 22, 2002.  


• New England Container Company, Inc.  Supplemental Response to CRCLA § 
104(e) Information Requests, Appendix N, August 22, 2002. 


• Response to Information Request by Teknor Apex Company regarding 
Centredale Manor Superfund Site, transmitted by David F. Yopak,  May 4, 
2001 


• William J. Murray deposition, January 24, 2008 
• Interview of Raymond Nadeau, December 11, 2001 
• Teknor Apex company brochure 
• Documents from Teknor Apex website (http://technorapex.com/history.html) 


NECC has collected information from trade journals to identify chemicals used at the 
Thompson Chemical site.  These chemicals are listed in Attachment N of the NECC 
Response to Information Request10. 


In this report, solids are generally viewed as being handled in containers other than 
steel drums.  However, several of the specific chemicals tabulated in the list below are 
normally found in the solid form.  Although solids are not typically handled in drums, 
these chemicals are included in the list because they were specifically identified in 
documents as solid waste disposed in drums. 


 Based on this information and my knowledge of the chemical and petroleum 
industries during the period of 1948 through 1972, it is my professional opinion that the 
following chemicals would, more likely than not, have been stored, transported, and/or 
included for waste disposal in 55 gallon steel drums by Thompson Chemical Co. at its 
Pawtucket, RI or Attleboro, MA facilities during 1948-1972: 
 


1. Di(2-ethylhexyl) adipate 
2. Di(2-ethylhexyl) azelate 
3. Di(2-ethylhexyl) phthalate 
4. Di(2-ethylhexyl) sebacate 
5. Dibutyl adipate 
6. Dibutyl phthalate 
7. Didecyl adipate 
8. Didecyl phthalate 
9. Diisobutyl phthalate 
10. Diisodecyl adipate 
11. Diisodecyl phthalate 
12. Diisooctyl adipate 


                                                 
10 New England Container Company, Inc.  Supplemental Response to CRCLA § 104(e) Information 
Requests.  August 22, 2002. 
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13. Diisooctyl azelate 
14. Diisooctyl phthalate 
15. Diisooctyl sebacate 
16. Isooctyl decyl adipate 
17. Dioctyl adipate 
18. Dioctyl azelate 
19. Dioctyl isophthalate 
20. Dioctyl sebacate 
21. Ditridecyl phthalate 
22. Isooctyl decyl adipate 
23. Isooctyl decyl phthalate 
24. Isooctyl isodecyl phthalate 
25. C7 – C12 alcohols 
26. Phthalic anhydride 
27. Sebacic acid 
28. Adipic acid 
29. Azelaic acid 
30. Trimellitic anhydride 
31. Alkyl epoxy stearate 
32. Filter press cake (carbon black, diatomaceous earth, plasticizer) 
33. Lauryl mercaptan 
34. n-Dodecyl mercaptan 
35. t-Dodecyl mercaptan 
36. Waste oil 
37. Kerosene 
38. Lauroyl chloride 
39. Methanol (antifreeze) 
40. Ethylene glycol (antifreeze) 
41. Lubricating oils (gear oil, lube oil, motor oil) 
 


Brown and Sharpe Manufacturing Co. 
Brown and Sharpe Manufacturing Company (hereafter referred to as “B&S”) 


operated two facilities in Rhode Island during the time period being investigated (1948-
1972).  B&S manufacturing operations were located at 140 Waterman Avenue in 
Providence, RI from 1952 through 1972, and at 200 Frenchtown Road in North 
Kingstown from 1964 until the present.   


B&S operated a machine tool and precision instrument manufacturing operation.  
During the time period being investigated, B&S manufactured pumps, grinding 
machines, screw machines, hand tools, and coordinate measuring machines.  A variety of 
oils, cleaning solvents, metal treating compounds, and paints were used as part of the 
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manufacturing process.  The basic nature of the manufacturing operation, metal cutting 
and processing, did not change significantly over the period of interest11.    


Raw materials were received both in the form of bulk shipments, and in a variety of 
smaller containers, including metal drums.  Waste materials were generally handled, 
stored, and disposed in drums12.    


Many of the raw material and waste documents that I have reviewed were from the 
time period 1980-1994.  The basic operations for producing machined metal parts and 
assembling them into final tools and instruments changed little between the time period 
of the documents (1980-1994) and the time period of interest (1948-1972).  Cutting oils, 
degreasers and cleaners, metal treating compounds, coolants, and paints similar to those 
reported in the reviewed documents would also have been used during the time period of 
interest, and would have been handled and disposed of in a similar manner. 


Numerous items in the list of chemicals more likely than not handled in drums are 
solids.  In this report, solids are generally viewed as being handled in containers other 
than steel drums.  Although solids are not typically handled in drums, the solids listed 
below are listed as components in waste stored in drums, often in the form of a water 
solution.  Many of these represent water-based solutions for surface treating of metal 
parts. 


B&S used 55 gallon drums throughout the time period in question.  The New England 
Container Company (NECC) purchased and reconditioned empty drums from B&S   
According to NECC, Brown and Sharpe sent closed head drums containing metal 
shavings and lubricating oils to NECC for re-conditioning13. 


I have reviewed the following documents: 


• BNS Response to EPA Information Request Pursuant to Section 104 of CERCLA,  
June 27, 2003 


• William Durfee Deposition, March 20, 2008 
• Sandra Kearney Deposition, January 29, 2008 
• New England Container Company, Inc.  Supplemental Response to CRCLA § 


104(e) Information Requests.  August 22, 2002. 
• Interview of Raymond Nadeau, December 11, 2001 
• Vince Buonanno Deposition of March 28, 2003 
• Rhode Island Department of Environmental Management, Permanent Closure 


Application for Underground Storage Facilities, June 13, 1989 


                                                 
11 Response to Information Request by BNS Co. regarding Centerdale Manor Superfund Site, transmitted 
by Michael Warren June 27, 2003 
12 Hayes, J.W., “Phase I Environmental Assessment Report, Brown and Sharpe Manufacturing Facility”, 
Groundwater Technology, August 20, 1993 
13 New England Container Company, Inc.  Supplemental Response to CRCLA § 104(e) Information 
Requests.  August 22, 2002. 
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• Rhode Island Department of Environmental Management, Biennial Report for the 
Year 1989, Brown and Sharpe Mfg. Co. 


• Contingency Plan for Brown and Sharpe Manufacturing Company, revised 
January 26, 1984 


• Rhode Island Department of Environmental Management, Hazardous Waste 
Inspection Report, December 6, 1982 


• Procedure: Disposal of Hazardous Wastes at Rhode Island Operations, Brown and 
Sharpe Manufacturing Company, May 10, 1982 


• Various Uniform Hazardous Waste Manifests, Commonwealth of Massachusetts 
Department of Environmental Protection, February, 1985, 1988, 1991, 1994 


• Hayes, J.W., “Phase I Environmental Assessment Report, Brown and Sharpe 
Manufacturing Facility”, Groundwater Technology, August 20, 1993 


• Letter from Richard Evans, Rhode Island Department of Environmental 
Management, to James Andrade, Brown and Sharpe Manufacturing, September 
25, 2000, and  various Sherwin-Williams Material Safety Data Sheets for paints 
appended to that letter (Bates  B&S0214-B&S0294) 


 
 Based on this information and my knowledge of the chemical and petroleum 
industries during the period of 1948 through 1972, it is my professional opinion that the 
following chemicals would, more likely than not, have been stored, transported, and/or 
included for waste disposal in 55 gallon steel drums by B&S at its Rhode Island facility 
during 1948-1972: 


 
1. 1,1,1-Trichloroethane 
2. Methylene chloride 
3. Steel fines (iron, steel, aluminum, bronze, silicates, with 


cutting/lubricating oil) 
4. Hydraulic oil 
5. Mineral spirits (Naphthalite, Naphtha, AMSCO 140, Safety Solvent) 
6. Aluminum phosphate (M-100) 
7. Sodium aluminate (M-100) 
8. Chromic acid 
9. Hydrochloric acid 
10. Oxalic (Oxylic) acid 
11. Sodium oxide (Blue Gold) 
12. Phosphoric acid 
13. Methanol 
14. Methyl ethyl ketone 
15. Sodium hydroxide (Strat-O-Kleen, Nickel Pentrate) 
16. Sodium gluconate  (Strat-O-Kleen) 
17. 1,2-Diazo pyrasol (Black Dye) 
18. Lubricating oil 
19. Trisodium phosphate (Photo activator concentrate) 
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20. Acetic stannous chloride (Endurion) 
21. Sodium nitrate (Nickel Pentrate) 
22. Potassium nitrate (Nickel Pentrate) 
23. Industrial lime beds (calcium oxide, silicates, metals) 
24. Paint thinner 
25. Paint sludge 
26. Waste oil from coolant 
27. Nitric acid 
28. Sulfuric acid 
29. Ethylene glycol (antifreeze) 
30. Agitene (petroleum solvent) 
31. Nitrate salts 
32. Cyanide mixture 
33. Toluene (paint solvent) 
34. Xylene (paint solvent) 
35. Methyl n-amyl ketone (paint solvent) 
36. Isopropyl acetate (paint solvent) 
37. n-Butyl acetate (paint solvent) 
38. Amorphous silica (paint component) 
39. Calcium carbonate (paint component) 
40. Titanium dioxide (paint pigment) 
41. Methyl ethyl ketone (paint solvent) 
42. 2-Propanol (paint solvent) 
43. 2-Methyl-1-propanol (paint solvent) 
44. Methyl isobutyl ketone (paint solvent) 
45. Chromium zinc oxide (paint component) 
46. Cyclohexanone (paint solvent) 
47. Toluene diisocyanate polymer (paint component) 
48. Hexamethylene diisocyanate polymer (paint component) 
49. Toluene diisocyanate (paint component) 
50. Lead chromate (paint component) 
51. Talc (paint component) 
52. Quartz (paint component) 
53. Ethanol (paint solvent) 
54. VM&P naphtha (paint solvent) 
55. Light aliphatic hydrocarbon solvent  (paint solvent) 
  
 


 Wayland Chemical Co. 
Wayland Chemical Company operated a chemical manufacturing facility in Lincoln, 


Rhode Island during the time period being investigated (1948-1972).  Wayland Chemical 
Company manufacturing operations were located at Industrial Circle, in Lincoln.  
According to the New England Manufacturers Directory for the time period being 
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investigated, Wayland Chemical Company manufactured photographic chemicals, 
phosphate ester surfactants, stripping compounds, and nitro-aromatics. 


Wayland Chemical began chemical manufacturing operations at the Lincoln, RI site 
in the early 1960’s.  Wayland Chemical merged with Philip A. Hunt Chemical 
Corporation in 1965.  Philip A. Hunt Chemical Corporation was then acquired by Olin 
Corporation in 1984 to form Olin Hunt Specialty Products, Inc.  In 1989, Olin sold the 
photographic chemicals business of Olin Hunt to Fuji Film to form FUJIFILM Hunt 
Chemicals.  Olin subsequently sold the electrostatic toner business to the Lafayette Group 
in 1996 to form Hunt Imaging. 


Raw materials would have been received by Wayland Chemical both in the form of 
bulk shipments, and in a variety of smaller containers, including metal drums.  Products 
would have been shipped in a variety of containers, including 55 gallon metal drums.  
Wayland Chemical would have used 55 gallon drums throughout the time period in 
question.  The New England Container Company (NECC) purchased and reconditioned 
empty drums from Wayland Chemical14. 


Several of the specific chemicals in the list of chemicals more likely than not handled 
in drums are solids.  In this report, solids are generally viewed as being handled in 
containers other than steel drums.   These chemical products were, more likely than not, 
sold in the form of water solutions in metal drums. 


 NECC has collected information from trade journals to identify chemicals used at the 
Wayland Chemical site.  These chemicals are listed in Appendix Q of the NECC 
Response to Information Request15.   I have also reviewed product information from the 
time period in question provided by Olin Corporation16.   


I have reviewed the following documents: 


• New England Container Company, Inc.  Supplemental Response to CRCLA § 
104(e) Information Requests.  February 8, 2002. 


• New England Container Company, Inc.  Supplemental Response to CRCLA § 
104(e) Information Requests.  August 22, 2002. 


• Various Chemical Week Buyer’s Guides: 1963, 1965, 1970, 1971, 1972. 
• Vince Buonanno Deposition of March 28, 2003 
• Directory of New England Manufacturers, 28th Edition, George D. Hall Co., 


Boston (1964) 
• Directory of New England Manufacturers, 30th Edition, George D. Hall Co., 


Boston (1966) 


                                                 
14 New England Container Company, Inc.  Supplemental Response to CRCLA § 104(e) Information 
Requests.  February 8, 2002. 
15 New England Container Company, Inc.  Supplemental Response to CRCLA § 104(e) Information 
Requests.  August 22, 2002. 
16 Olin Corporation Response to the USEPA Section 104 Information Request regarding the Centredale 
Manor Restoration Project Superfund Site, North Providence, Rhode Island, December 14, 2007 







James R. Kittrell, Ph.D. 
January 15, 2009 
Page 21 
 


 


 


 


• Directory of New England Manufacturers, 32th Edition, George D. Hall Co., 
Boston (1968) 


• Directory of New England Manufacturers, 34th Edition, George D. Hall Co., 
Boston (1970) 


• Directory of New England Manufacturers, 36th Edition, George D. Hall Co., 
Boston (1972) 


• FUJIFILM Hunt Chemical Response to Request for Information – CERCLA 
Section 104 regarding the Centredale Manor Restoration Project Superfund Site, 
North Providence, Rhode Island, December 14, 2007 


• FUJIFILM Hunt Chemical Response to Request for Information – CERCLA 
Section 104 regarding the Centredale Manor Restoration Project Superfund Site, 
North Providence, Rhode Island, December 18, 2007 


• Olin Corporation Response to the USEPA Section 104 Information Request 
regarding the Centredale Manor Restoration Project Superfund Site, North 
Providence, Rhode Island, December 14, 2007 


 
 Based on this information and my knowledge of the chemical and petroleum 
industries during the period of 1948 through 1972, it is my professional opinion that the 
following chemicals would, more likely than not, have been stored, transported, and/or 
included for waste disposal in 55 gallon steel drums by Wayland in its Lincoln, RI 
facility during 1948-1972: 


 
1. 2-Ethylhexyl phosphate  
2. Di-nonyl phenoxy poly(ethyleneoxy)ethyl phosphate 
3. Mono-nonyl phenoxy poly(ethyleneoxy)ethyl phosphate 
4. Nitrilo tri (ethyl acid phosphate) 
5. Ethylenediaminetetra(methylene phosphonic acid) 
6. Di-ethylenetriaminepenta(methylene phosphonic acid) 
7. Ethanolamine-N,N-di-(methylene phosphonic acid) 
8. Hydrochloric acid 
9. 1-Hydroxyethane-1,1-diphosphonic acid 
10. Potassium salt of ethylenediaminetetra(methylene phosphonic acid) 
11. Nitrilotris(methylene phosphonic acid) 
12. Sodium salt of nitrilotris(methylene phosphonic acid) 
13. Sodium salt of di-ethylenetriaminepenta(methylene phosphonic acid) 
14. o-Tolyltriazole sodium salt 
15. m-Tolyltriazole sodium salt 
16. Glycerol monooleate 
17. Isooctyl acid phosphate 
18. o-Toluene diamine 


 
Some of the entries for Wayland Chemical Company in the Chemical Week Buyer’s 


Guide for the time period of interest are stated in generic categories, such as; “Detergents, 
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Synthetic”, or “Dispersing, Agent, Paper”.  These generic descriptions do not provide 
sufficient information to identify the specific chemicals involved, and the containers in 
which they would have been handled.  Additional documents would likely provide the 
identity of the generic chemicals, and their container size, such as purchasing, production, 
and shipping records; waste and environmental records; health and safety records such as 
Material Safety Data Sheets (MSDS); insurance maps and records; and trade references. 


 
T.H. Baylis Company 


The T.H. Baylis Company (hereafter referred to as “Baylis”) operated a chemical 
repackaging and distribution facility in Rhode Island during the time period being 
investigated (1948-1972).  Baylis began operations in approximately 1949, and was 
initially located on Gano Street in Providence, RI.  The company subsequently relocated 
to Whipple Street in Providence, and in 1968, relocated to 61 Glenham Avenue in 
Warwick, RI.   


Baylis was a distributor and wholesaler of a wide variety of chemical products used 
primarily in the jewelry and textile industries.  Materials were received in bulk, drums, 
glass or plastic carboys (acids), and various boxes, fiber drums, cartons, and bags17.  
Products were shipped to customers in drum size containers and smaller18.  Waste 
materials were stored in drums19,20. 


Many of the documents that I have reviewed that described chemical materials 
purchased and sold by Baylis, and described waste materials from the Baylis operations, 
were from the time period 1980-1999.  Although the Baylis business grew in size after 
the time period in question, the basic nature of the business and the kinds of materials 
purchased and sold did not21.  The same chemical materials that were reported in the 
reviewed documents would also have been used during the time period of interest, and 
would have been handled and disposed of in a similar manner. 


Several of the specific chemicals in the list of chemicals more likely than not handled 
in drums are solids.  In this report, solids are generally viewed as being handled in 
containers other than steel drums.  Although solids are not typically handled in drums, 
these chemical were specifically identified as components in wastes that Baylis stored in 
drums22. 


                                                 
17 Deposition of Richard H. Baylis, march 14, 2008 
18 Deposition of Richard H. Baylis, march 14, 2008 
19 Letter, Warren Fitch to Catherine Garypie, USEPA, with attached  RIDEM Waste Manifests, 1980 – 
1985 (Bates EPA10916 – EPA 10961) 
20Hartley, J.P., “Drum Characterization Project, Progress Report No. 15”, Goldberg-Zoino and Associates, 
Inc., May 21, 1990 , and attached documents  
21 Deposition of Richard H. Baylis, March 14, 2008 
22 Hartley, J.P., “Drum Characterization Project, Progress Report No. 15”, Goldberg-Zoino and Associates, 
Inc., May 21, 1990 , and attached documents  
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Baylis received purchased materials in drums, stored and shipped product to 
customers in drums, and stored waste materials in drums.  Baylis would have used 55 
gallon drums throughout the time period in question.  The New England Container 
Company (NECC) purchased and reconditioned empty drums from Baylis Chemical23. 


I have reviewed the following documents: 


• New England Container Company, Inc.  Supplemental Response to CRCLA § 
104(e) Information Requests.  February 8, 2002. 


• New England Container Company, Inc.  Supplemental Response to CRCLA § 
104(e) Information Requests.  August 22, 2002. 


• Vince Buonanno Deposition of March 28, 2003 
• Interview of Raymond Nadeau, December 11, 2001 
• Interview of Felix Palumbo, December 27, 2001 
• Deposition of Joseph Cifelli, February 13, 200 
• Letter, Warren Fitch to Catherine Garypie, USEPA, with attached  RIDEM Waste 


Manifests, 1980 – 1985 (Bates EPA10916 – EPA 10961) 
• “Environmental Site Assessment T.H. Baylis Co., Warwick, Rhode Island, 


Goldberg-Zoino Associates, Inc., July 2, 1987 
• “Company Penalized for Sodium Cyanide Spill”, Providence Journal, October 7, 


1987 
• T.H. Baylis Company to Rhode Island Department of Environmental 


Management, Generator Biennial Hazardous Waste Report for 1987 
• Hartley, J.P., “Drum Characterization Project, Progress Report No. 15”, 


Goldberg-Zoino and Associates, Inc., May 21, 1990 
• Environmental Assessment Report, Prepared for the Rhode Island Department of 


Transportation and the Federal Highway Administration, Rhode Island 
Department of Environmental Management, May, 1999 


• Deposition of Richard H. Baylis, March 14, 2008 
• Deposition of Gloria J Fournier, November 13, 2008 
• THBC Response to Request for Information Pursuant to Section 104 of CERCLA 


in Relation to the New England Container Company Inc. Formerly Located at the 
Centredale Manor Restoration Project Superfund Site in North Providence, Rhode 
Island 


 
 Based on this information and my knowledge of the chemical and petroleum 
industries during the period of 1948 through 1972, it is my professional opinion that the 
following chemicals would, more likely than not, have been stored, transported, and/or 
included for waste disposal in 55 gallon steel drums by Baylis in its Providence, RI 
facility during 1948-1972: 


 


                                                 
23 New England Container Company, Inc.  Supplemental Response to CRCLA § 104(e) Information 
Requests.  February 8, 2002. 
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1. Perchloroethylene 
2. 1,1,1-Trichloroethane 
3. Trichloroethylene 
4. Acetone 
5. Cutting oils 
6. Polishing Compound 
7. Lacquer thinner 
8. Sodium cyanide 
9. Aluminum sulfate 
10. Disodium phosphate 
11. Ferrous sulfate 
12. Monopotassium phosphate 
13. Potassium sodium tartrate (Rochelle’s salt) 
14. Sodium bicarbonate 
15. Sodium citrate 
16. Sodium metabisulfate 
17. Sodium sulfate 
18. Stannous chloride 
19. Tetrapotassium phosphate 
20. Tricalcium phosphate 
21. Zinc oxide 
22. Methyl ethyl ketone 
23. Methanol 
24. Isopropanol 
25. Methylene chloride 
26. Mineral spirits 
27. Trichlorotrifluoroethane 
28. Toluene 
29. Xylene 
30. Castor oil 
31. Ethanol (denatured) 
32. Ethylene Glycol (antifreeze) 
33. Sodium hydroxide (caustic soda) 
34. Hydrochloric acid 
35. Sulfuric acid 
36. Acetic acid 
37. Phosphoric acid 
38. Fluoroboric acid 


 
Documents describing waste materials identified in drums at the T.H. Baylis facility 


contain many trade names or descriptions, such as “Electromet CB”, or “Soak HS”, 
which do not provide sufficient information to identify the specific chemicals contained 
in the drums.  Additional discovery documents such as purchasing records, and shipping 
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records, would likely provide additional information regarding the identity of the 
chemicals. 


 
Industrial Solvents and Chemicals, Inc. (Indusol, Inc.). 


Industrial Solvents and Chemicals, Inc., otherwise known as Indusol, Inc., (hereafter 
referred to as “Indusol”), operated a chemical manufacturing facility in Massachusetts 
during the time period being investigated (1948-1972).  Indusol manufacturing operations 
were located at 11 Depot Street, Sutton, MA.   


Indusol began chemical manufacturing operations at the Sutton, MA site in 1954.  
Indusol produced a variety of PVC plastisols, solvent based lacquers, coatings and 
adhesives, and custom solvent mixtures.  Indusol also repackaged and resold various 
solvents as a distributor24,25. 


Indusol made extensive use of steel drums in their manufacturing operations: 


• Many raw materials were received in 55 gallon metal drums26,27. 


• As part of the manufacturing process, both intermediate mixtures, such as 
color master batches in plasticizers, and final products were mixed in open-
head 55 gallon drums28,29. 


• Many final products were packed and shipped in 55 gallon metal drums30,31.  


• Waste products were collected and stored in drums.  Liquid wastes were often 
pumped out of the storage drums into tank trucks from a waste disposal 
company32,33. 


• Indusol made extensive use of drum reconditioning and refurbishing.  
Indusol’s manufacturing processes and product shipping utilized primarily 
open-head drums.  For these purposes, closed-head metal drums, which raw 


                                                 
24 30(b)(6) Deposition of Indusol, Inc., John Baldwin Sr., John J. O’Connor, Jr., and John J. O’Conner II, 
and exhibits attached to the deposition, October 9, 2008. 
25 Deposition of John Baldwin, Sr., December 4, 2008. 
26 30(b)(6) Deposition of Indusol, Inc., John Baldwin Sr., John J. O’Connor, Jr., and John J. O’Conner II, 
and exhibits attached to the deposition, October 9, 2008. 
27 Deposition of John Baldwin, Sr., December 4, 2008. 
28 30(b)(6) Deposition of Indusol, Inc., John Baldwin Sr., John J. O’Connor, Jr., and John J. O’Conner II, 
and exhibits attached to the deposition, October 9, 2008. 
29 Deposition of John Baldwin, Sr., December 4, 2008. 
30 30(b)(6) Deposition of Indusol, Inc., John Baldwin Sr., John J. O’Connor, Jr., and John J. O’Conner II, 
and exhibits attached to the deposition, October 9, 2008. 
31 Deposition of John Baldwin, Sr., December 4, 2008. 
32 30(b)(6) Deposition of Indusol, Inc., John Baldwin Sr., John J. O’Connor, Jr., and John J. O’Conner II, 
and exhibits attached to the deposition, October 9, 2008. 
33 Deposition of John Baldwin, Sr., December 4, 2008. 
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materials were received in, were often refurbished into open-head drums for 
use in Indusol manufacturing and product shipment34,35. 


Many of the specific chemicals in the list of chemicals more likely than not handled 
in drums are solids.  These solids were components in Indusol formulated products, such 
as plastisols, lacquers, and adhesives.  These formulated Indusol products were viscous 
liquids, and were, more likely than not, packed and shipped in drums. 


The New England Container Company (NECC) purchased and reconditioned empty 
drums from Indusol36. 


I have reviewed the following documents: 


• 30(b)(6) Deposition of Indusol, Inc., John Baldwin Sr., John J. O’Connor, Jr., and 
John J. O’Conner II, and exhibits attached to the deposition, October 9, 2008. 


• Deposition of John Baldwin, Sr., December 4, 2008. 
• New England Container Company Supplemental 104(e) response of February 8, 


2002. 
• New England Container Company, Inc.  Supplemental Response to CRCLA § 


104(e) Information Requests.  August 22, 2002. 
• Various product formulation cards from Indusol manufacturing records (Bates 


Indusol 00001 – Indusol 00357). 
 


 Based on this information and my knowledge of the chemical and petroleum 
industries during the period of 1948 through 1972, it is my professional opinion that the 
following chemicals would, more likely than not, have been stored, transported, and/or 
included for waste disposal in 55 gallon steel drums by Indusol at its Sutton, MA facility 
in the period 1948-1972: 
 


1. Polyvinyl Chloride 
2. Alkyl aryl sulfonate (Duponal G) 
3. Trisnonylphenyl Phosphite 
4. Bis(2-Ethylhexyl)phthalate di-(2-ethylhexyl) phthalate 
5. Di-n-Octyl Phthalate 
6. Bis(ethylhexyl) phthalate (Flexol 1010)  
7. DDA (distearyl dimethyl ammonium chloride) 
8. DIDA (di-isodecyl adipate) 
9. DOA (di-octyl adipate) 
10. Di-butyl phthalate 
11. Di-ethyl phthalate 
12. DIDP (di-isodecyl phthalate) 


                                                 
34 30(b)(6) Deposition of Indusol, Inc., John Baldwin Sr., John J. O’Connor, Jr., and John J. O’Conner II, 
and exhibits attached to the deposition, October 9, 2008. 
35 Deposition of John Baldwin, Sr., December 4, 2008. 
36 New England Container Company, Inc.  Supplemental Response to CRCLA § 104(e) Information 
Requests.  February 8, 2002. 
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13. Di-hexyl phthalate 
14. DIOP (Di-iosoctyl phthalate) 
15. Di-octyl phthalate 
16. Di-decyl phthalate 
17. Di-(2-ethylhexyl) phthalate) (Flexol 380) 
18. Butyloxy phthalate (buterol) 
19. Amberlac 80 (alkylated resin) 
20. Bakelite (phenolic resin) 
21. BR 9400 (pure phenolic resin) 
22. DER 300 (Epoxy resin) 
23. Piccopale 70 (non-reactive olefin-diene resin) 
24. Styrosol 4440 (alkyl resin) 
25. Syloid 308 (polyurethane resin) 
26. Uformite F-200 E (urea-formaldehyde-alcohol condensate resin) 
27. Uformite F-240 (urea-formaldehyde resin) 
28. Uformite MM-55 (melamine-formaldehyde resin) 
29. Varcum 30-30 (phenolic resin) 
30. Ferro 900 (epoxy resin stabilizer) 
31. Ferro 703 (fatty acid zinc salt) 
32. Ferro 903 (barium stabilizers) 
33. Ferro 840 (alkyl tin) 
34. Zinc Chloride 
35. Zinc Stearate 
36. Acrysol GS (polyacrylic acid) 
37. Emery (iso-stearic acid) 
38. Exon 654 (tri-cresyl phosphate, tri-o-tolyl ester of phosphoric acid) 
39. PEG 400 (polyethylene glycol) 
40. Polyethylene glycol dimethyl acrylate 
41. Polyethylene glycol mono-oleate 
42. Estane (thermoplastic urethanes) 
43. Geon 202 (co-polymer of 98% PVC and 2% vinylidine chloride) 
44. Hycar 1472 (acrylonitrile butadiene synthetic rubber) 
45. Monoplex S-70 (monomeric epoxy ester) 
46. Paraplex G-53 (polyester plasticizer) 
47. Santocel Z (silica aerogel) 
48. Aroclor 1048 (PCB; polychlorinated biphenyl) 
49. Aroclor 1254 (PCB; polychlorinated biphenyl) 
50. Aroclor 1268 (PCB; polychlorinated biphenyl) 
51. o-Amyl phenol (2-penyl phenol) 
52. 1,1-Bisphenol 
53. Cyclohexanone 
54. DDB (dodecyl benzene) 
55. Hylene M-50 (p,p’-diphenylmethylene diisocyanate) 
56. TCP (tricresyl phosphate, tri-o-tolyl phosphate) 
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57. OIB (octyl iodo benzene) 
58. Octyl phenol 
59. Phenol 
60. Barytes (barium sulfate) 
61. Cadmium orange (cadmium selenosulfide) 
62. Cadmium Red (cadmium selenide) 
63. Cadmium Yellow (cadmium sulfide) 
64. Chrome yellow (lead(II)-chromate) 
65. Chromic AO (chromium oxide) 
66. Citation red (light barium pigment) 
67. Golden cadmium yellow (Ciba-Geigy X-2283) 
68. Green gold (nickel azo-yellow pigment) 
69. Montery red (pigment red 2277) 
70. Molybdate orange (PbCrO4·PbMoO4·PbSO4) 
71. Monarch Blue (alpha-copper phthalocyanine) 
72. Polymeric orange (sodium (E)-6-hydroxy-5-((4-


sulfophenyl)diazenyl)naphthalene-2-sulfonate) 
73. R7489 Orange 
74. Carbon black 
75. Red oxide (iron oxide) 
76. Scarlet red (1-((E)-(2-methyl-4-((E)-o-


tolyldiazenyl)phenyl)diazenyl)naphthalen-2-ol) 
77. Tan 20 (magnesium ferrate) 
78. Titanium dioxide 
79. Zulu Blue (copper phthalocyanine) 
80. Acrysol GS (thickening agent) 
81. Neoprene WRT (polychloropropene) 
82. Neoprene AC (polychloropropene)  
83. Barium hydroxide 
84. Calcium carbonate 
85. Calcium oxide 
86. Tricyano pyrrolidine 
87. V-1216 (polyolefins) 
88. Vydox (PTFE) 
89. Vinylite XYHL (polyvinyl butyrol) 
90. Barium naphthalenate 
91. Calcium naphthalate 
92. Colbalt naphthalate 
93. E-82 (oxynaphthoic acid metal complex) 
94. Lead naphthalenate 
95. Zinc naphthalenate 
96. Paraplex G-61 (Epoxidized soy bean oil) 
97. Acetone 
98. Amyl acetate  
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99. Benzene 
100. n-Butyl acetate 
101. Butyl cellosolve 
102. Conoco H-300 (high boiling aralkyl hydrocarbon) 
103. Di-isobutyl ketone 
104. Ethyl acetate 
105. Ethyl amyl ketone  
106. Heptane 
107. Hexane 
108. Isopar (iso-parafinic fluids) 
109. Isopropyl acetate 
110. Kerosene 
111. n-Octanol 
112. Mineral spirits 
113. Methyl cellosolve acetate 
114. Methyl ethyl ketone 
115. Methyl isobutyl ketone 
116. THF (tetrahydrofuran) 
117. Toluene 
118. Varsol 
119. Xylene 
120. Naphtha 
121. Butyl alcohol 
122. Isopropyl alcohol 
123. Glycerol (Prior 100) 
124. Texanol Isobutrate (monoisobutyrate ester of 2,2,4-trimethylpentane-


1,3-diol  
125. 1,1,1-Trichloroethane 
126. Methylene Chloride 
127. Perchloroethylene 
128. Acronal V-205 (70% aqueous dispersion of carbethoxylated octyl ester 


of acrylic acid) 
129. Antioxidant B (3-methoxy-3-oxopropyl 3-(4-hydroxy-2,2,6,6-


tetramethylpiperidin-1-yl)propanoate) 
130. Cab-o-sil M-5 (fumed silica) 
131. Diethylene triamine 
132. Epichlorohydrin 
133. Aluminum Stearate 
134. Antimony oxide 
135. Butyl Stannate 
136. Cadmium octanoate 
137. Calcium oxide 
138. Dyphos (PbHPO3) 
139. Magnesium oxide 
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140. Methyl zimate (zinc dimethyldithiocarbonate) 
141. 200 (polydimethyl siloxone) 
142. Zetax (zinc salt of 2-mercaptobenzothiazole) 
143. Zinc oxide 
144. Oleic acid 
145. Stearic acid 


 
Cardinal Chemical Company/Eastern Resins Corporation 


The Cardinal Chemical Company moved to its present location in Woonsocket, RI in 
1960.  Originally, the company dealt with textile chemicals and water treatment for 
boilers.  The company started an epoxy resins business before 1960.  The division of 
Cardinal Chemical that was devoted to their epoxy resin business was Eastern Resins.   


By 1981, Cardinal Chemical was no longer selling textile chemicals or boiler water 
chemicals.  As a result of its exclusive focus on epoxy resins, the name of Cardinal 
Chemical was changed to Eastern Resins Corporation (“ERC”) in the early 1990’s. 


I understand that textile chemistry expert Dr. J.R. Aspland has been retained to 
provide an opinion on the textile chemicals likely handled by The Cardinal Chemical 
Company during the relevant time period.  Accordingly, I have confined my examination 
and opinion to the non-textile chemicals likely used and handled by ERC during the 
relevant time period. 


As noted in the deposition of Mr. David Viola, ERC purchased the raw materials 
from distributors, including the epoxy resin raw materials, and various fillers, pigments, 
thickeners, diluents, plasticizers, and catalysts.  These distributors, in turn, purchased 
from large manufacturers such as Shell, Dow, and Celanese.  The catalysts are various 
organic amines, which are mixed with the base epoxy raw materials to cause the reaction 
to form the hardened epoxy resin.  Mr. Viola reports that the plasticizer was typically 
benzyl alcohol.  Mr. Viola reports that ERC maintains file cabinets of Material Safety 
Data Sheets, which identify the chemical compounds contained in all the raw materials of 
ERC. 


According to Mr. Viola, the ERC raw materials are typically purchased in 55 gallon 
drums, and the products can be sold in drums or in smaller containers.  Prior to 1972, Mr. 
Viola reports that there would be 40 to 50 drums on the site at a time.  Elsewhere in the 
deposition, Mr. Viola reports that ERC has a building full of steel drums.  Mr. Viola 
reports that NECC took away empty drums.  NECC has also identified Cardinal 
Chemical as a customer. 


ERC devises custom epoxy formulations to meet the requirements of its customers.  
ERC has files of historical recipes that identify the proper components, amounts and 
mixing times to achieve various physical and chemical properties required by each epoxy 
resin customer.  In addition, ERC develops new recipes as needed.  ERC then selects the 
proper type and amounts of these chemicals, and then mixed, reacted, and packaged the 
epoxy resin product for each customer. 
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From the manufacturing operations, a residue of epoxy resin needs to be cleaned up.  
Based on the deposition of Mr. Viola, methylene chloride was used to clean epoxy resin 
from surfaces.  Epoxy resin is also known to be soluble in other chlorinated solvents.  
ERC also had some paint to be disposed of.  Mr. Viola reports that a hazardous waste 
company was employed to dispose of the hazardous waste itself.  The waste solvents 
would also contaminate steel drums.  Mr. Viola asserts that these contaminated drums 
were not taken by NECC.  However, Mr. Viola did not identify other companies that 
removed drums that had been contaminated by chlorinated solvents, but were not used to 
transport the hazardous waste itself.  No information was provided by Mr. Viola on 
materials used to control weeds and pests, which also would also have likely stored, 
received, or handled in drums. 


I have reviewed the following documents: 


• Cardinal Chemical 104(e) response of August 22, 2002. 
• New England Container Company Supplemental 104(e) response of February 8, 


2002. 
• New England Container Company Supplemental 104(e) response of August 22, 


2002. 
• Chemical Listing in New England Container Company Supplemental 104(e) 


response of August 22, 2008. 
• David Viola Deposition of March 7, 2008 with exhibits. 
• Vincent Buonanno Deposition of March 28, 2003. 


 
 If copies of ERC’s MSDS’s were available, they would facilitate identification of 
specific chemicals.  Based on the above documents, information, and my knowledge of 
the chemical and petroleum industries during the period of 1948 through 1972, it is my 
professional opinion that the following chemicals would, more likely than not, have been 
stored, transported, and/or included for waste disposal in 55 gallon steel drums by ERC in 
1948-1972: 


1. Epoxy resins 
2. Products of epichlorohydrin and bisphenol-A 
3. Catalysts 
4. Amines 
5. Diluents 
6. Plasticizers 
7. Benzyl alcohol 
8. Hydrocarbon solvents. 
9. Chlorinated solvents 
10. Methylene chloride. 
11. Thickeners 
12. Thixotropic agents 
13. Fumed silica 
14. Curing agents 
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15. Pigments 
16. Fillers 
17. Glycidol ethers 
18. Aminoethyl piperazine 
19. Isophorondiamine. 
20. Epi-Rez 828 
21. Epicure 3200 
22. Epicure 3200-34 


 
 Quonset Naval Base 
 Based on available documents, NECC received 2400 closed head drums from 
Quonset Naval Base near Warwick, RI in 1969.  I understand that an NECC witness has 
stated that the drums contained turbine oil residues and oil/jet fuel.   


 The Quonset Naval Air Station (NAS) at Quonset Point, south of Warwick, was 
commissioned as a Navy base in 1941.  The Quonset Point NAS was a major air station 
in World War II, and continued until its closure in 1974.  The delivery of significant 
numbers of drums in 1969, about five years before closure, is consistent with 
preparations for closure of the base.   


 Historical maps of the base show air fields and helicopter pads.  These aircraft would 
certainly have been fueled by aviation gasoline.  The base was also home to a major 
overhaul and repair facility.  Later, jet aircraft would have been fueled by jet fuel, also 
known as turbine fuel.  Lubricating oils and hydraulic oils would have also been on base.  
I do not see on the historical maps any fueling and maintenance stations for trucks and 
automobiles, but these likely were present on site and would be identified with further 
investigation.  Additives for leaded aviation gasoline, jet fuel, lubricating oil, and 
hydraulic fluid would have been on the site.  Storage would have included both tanks and 
steel drums.  In addition, weed and insect control, and base laundries, would have utilized 
chlorinated solvents, with drum storage.  A report by the U.S. Army Corps of Engineers 
identifies soil contaminated by arsenic and groundwater contaminated by 
trichloroethylene at the site.  Of course, arsenic compounds were used as pesticides 
and/or herbicides, and trichloroethylene was used as a solvent and degreasing agent for 
engine maintenance and the like. 


 I have reviewed the following documents: 


• New England Container Company Supplemental 104(e) response of February 8, 
2002. 


• New England Container Company Supplemental 104(e) response of August 22, 
2002. 


• Statement of Raymond Nadeau, August 14, 2002. 
• Deposition of Raymond Nadeau, September 10, 2008 
• http://quonsetpoint.artinruins.com/quonset_map_nav.htm. 
• http://quonsetpoint.artinruins.com/quonset_text.htm. 
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• http://quonsetpoint.artinruins.com/quonset_main.htm. 
• http://quonsetpoint.artinruins.com/full_base_map1.htm. 
• www.en.wikipedia.org/wiki/Naval_Air_Station_Quonset_Point. 
• U.S. Army Corps of Engineers, New England District “Update Report for Rhode 


Island”, Concord Massachusetts, October 31, 2008.  HomePage: 
http://www.nae.usace.army.mil/ 


• JP-8 Material Safety Data Sheet, Phillips 66, August 1995. 
• Lieber, Eugene and Edward P. Cashman, “Lubricating Oil Additives”, U.S. Patent 


2,599,337, June 3, 1952. 
• White, Ellis R., “Anticorrosive”, U.S. Patent 2,368,605, January 30, 1945. 
• Humphreys, Robert L. and Bruce B. Farrington, “Extreme Pressure Lubricating 


Compositions”, U.S. Patent 2,073,841”, March 16, 1937. 
• Stevens, Donald R. and William A. Gruse, “2,6-Di-Tertiary-Butyl-4-Methyl 


Phenol”, U.S. Patent 2,654,582, December 9, 1941. (inhibits oxidation in 
petroleum products) 


• Hnizda, Vincent F., “Jet Fuel Additive”, U.S. Patent 3,718,444, February 27, 
1973. 


• Andress, Harry J., “Organic Compositions Containing Secondary C6 to C9 
Trialkyl Phenols, or their Mixtures, as Antioxidants”, U.S. Patent 3,609,081, 
September 28, 1971. 


• Kennedy, Brian R. and Louis de Vries, “Lubricating Oil Additives and 
Compositions Containing Such Additives”, U.S. Patent 3,778,370, Dec. 11, 1973. 


 
 These references are intended to be illustrative of the records which specify the 
chemicals that would have been used on the Quonset NAS during the period of interest.  
The list is not intended to be all-inclusive.  There are additional references which I have 
reviewed and used in my regular consulting work on environmental matters. 


 Based on the above documents, information, and my knowledge of the chemical and 
petroleum industries during the period of 1948 through 1972, it is my professional 
opinion that the following chemicals would, more likely than not, have been stored, 
transported, and/or included for waste disposal in 55 gallon steel drums at the Quonset 
NAS on or before the end of 1969: 


1. Leaded Auto Gasoline 
2. Jet Fuel 
3. Leaded Aviation Gasoline 
4. Lubricating Oil 
5. Hydraulic Oil 
6. Aromatic hydrocarbons 
7. Aliphatic hydrocarbons 
8. Naphthenic hydrocarbons 
9. Lead Scavenging Additives, including Ethylene dibromide and/or 


Ethylene dichloride. 
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10. Freeze Point Depressing Additives 
11. Pour Point Depressing Additives 
12. Antioxidant Additives 
13. Stabilizing Additives 
14. Dyes 
15. Metal Deactivation Additives 
16. Static Dissipation Additives 
17. Corrosion Inhibition Additives 
18. Deicing Additives 
19. Ethylene glycol monomethyl ether 
20. Bactericidal additives 
21. Acid neutralizers 
22. Antifoam agents 
23. Antirust agents 
24. Antiwear agents 
25. Corrosion inhibitors 
26. Detergents 
27. Dispersant 
28. Emulsifiers 
29. Oiliness enhancers 
30. Tackiness agents 
31. Viscosity index improvers 
32. Polyalkenyl succinimide dispersant 
33. Multifunctional ethylene-propylene copolymer additives 
34. Calcium alkylsulfonate detergent 
35. Cleaning Solvents including trichloroethylene 
36. Cleaning Solvents including perchloroethylene 
37. Pesticides 
38. Herbicides 


 
The fuel additives listed above are dispersed or dissolved in packages using a carrier 


oil.  There are numerous possible chemicals used as additives, a representative list being 
shown below; the additive packages would have been combinations selected from this 
same list: 


1. N,N’-di-sec-butyl-p-phenylenediamine 
2. N,N’-diisopropyl-p-phenylenediamine 
3. N,N’-dioctyl-p-phenylenediamine 
4. N,N’-bis-(1,4-dimethylpentyl)-p-phenylenediamine 
5. N,N’di-sec-butyl-o-phenylenediamine 
6. 2,6-Di-tert-butylphenol 
7. 2,6-Di-tert-butyl-4-methylphenol 
8. 2,4-Dimethyl-6-tert-butylphenol 
9. Triethylenetetramine di (monononylphenolate) 
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10. N-sec-butyl, N’-phenyl-o-phenylenediamine 
11. Mixed 2,6-dialkyl- and 2,4,6-trialkylphenols 
12. 2,4-Di-tert-butylphenol (60% weight min.) and mixed tert butylphenols 


(40 weight percent max.) 
13. Butylated ehtylphenols (55 weight percent min.) and butylated ethyl-and 


dimethylphenols (45 weight percent max.) 
14. 4,6-Di-tert-butyl-2-methylphenol (45 weight percent min.), mixture of 6-


tert-butyl-2-methylphenol and 2,4,6,-tri-tert-butylphenol (40 weight 
percent min.), and other butylated phenols (15 weight percent max.) 


15. 2,3-Dimethyl-6-tert-butylphenol (72 weight percent) and a mixture of 
methyl- and dimethyl-tert-butylphenols (28 weight percent) 


16. Di-and tri-isoprophylphenols (75 weight percent min.) and di- and tri-tert-
butylphenols (25 weight percent max.) 


17. N,N’-disalicylidene-1,2-ethanediamine 
18. N,N’-disalicylidene-1,2-propanediamine 
19. N,N’-disalicylidene-1,2-cyclohexanediamine 
20. Disalicylidene-N-methyl-dipropylenetriamine 
21. ethylene glycol monomethyl ether (EGME) 
22. diethylene glycol monomethyl ether (DiEGME) 
23. toluene 
24. solvent naphtha (petroleum), heavy aromatic 
25. dinonylnaphthylsulphonic acid 
26. 2-propanol 
27. naphthalene 
28. Adipate Ester, (Adipic Acid, Diisooctyl Ester) 
29. Acrylic Copolymer 
30. Zinc dithiophosphate (ZDP); 
31. Zinc dialkyldithiophosphate (ZDDP); 
32. Tricresylphosphate (TCP). 
33. Dimethylsilicones (dimethylsiloxanes) 
34. Calcium Sulfonate 
35. Calcium Alkyl Phenate 
36. Diethylenetriamine 
37. Triethylenetetramine 
38. Tetraethylenepentamine 
39. Aminoethylethanolamine 
40. Molybdenum sulfide 
41. Tricresyl phosphate 
42. polydimethylsiloxane 
43. Polyisobuthylene 
44. Polymethylacrylate 
45. polyalkenyl succinimide 
46. ethylene-propylene copolymer 
47. calcium alkylsulfonate 







James R. Kittrell, Ph.D. 
January 15, 2009 
Page 36 
 


 


 


 


48. Molybdenum disulfide (MoS2) 
49. Boron nitride (BN) 
50. Tungsten disulfide (WS2) 
51. 2,2’ thiodiethylene bis[3-(3,5-di-tert-butyl-4-hydroxyphenyl)propionate] 
52. 4,4’-Thiobis(2-tert-butyl-5-methylphenol) 
53. 2,2’-Thiobis(4-methyl-6-tert-butyl-phenol) 
54. 3,5-bis-(1,1-dimethylethyl)-4-hydroxy benzenepropanoic acid 
55. Zinc diethlydithiophosphate 
56. metal phenoxides 
57. Ethylene glycol monomethyl ether 
58. Dimethyldialkyl-ammoniumchloride 
59. Dimethylalkylbenzyl-ammoniumchloride 
60. Disalicylidepropanediamine 


 
 
 Otis Air Base 
 Based on available documents, NECC received 2400 closed head drums from Otis 
Air Base near Falmouth, MA in 1969.  I understand that an NECC witness stated that the 
drums contained “turbine oil residues”. 


 The Otis Air Base, the Otis Air National Guard Base, and Massachusetts Military 
Reservation cover 22,000 acres immediately south of the Cape Cod Canal.  It is located 
in Barnstable County, and includes parts of the towns of Bourne, Mashpee and Sandwich.  
Portions of the area have been used for military purposes since 1911.  Army operations in 
this area include numerous motor pools, including vehicle repairs, parts cleaning, oil 
changes, body work and repainting.  From 1955 through 1972, the US Air Force operated 
Otis Air Force Base.  According to military references, these Air Force Operations 
included the use of petroleum products and other hazardous materials such as cleaning 
solvents.  Spills and leaks occurred. 


 In addition to the fuels and additives described above for Quonset NAS, the 
environmental remediation program at the Otis Air Base site has demonstrated the 
historical use of trichloroethane, tetrachloroethylene, and dichloroethylene, along with 
other organic hydrocarbons.  Other areas of the base have additionally demonstrated the 
historical use of carbon tetrachloride and trichloroethylene.  Numerous areas of the base 
have additionally demonstrated the historical use of Ethylene dibromide (EDB), a lead 
scavenger used as a fuel additive in leaded gasoline.  Although no dates of use are 
identified in these environmental assessments, EDB is a known marker compound, 
providing a chemical fingerprint of the use of this chemical during the time period no 
earlier than about 1935 and no later than about 1975. 


 I have reviewed the following documents: 


• New England Container Company Supplemental 104(e) response of February 8, 
2002. 
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• New England Container Company Supplemental 104(e) response of August 22, 
2002. 


• Statement of Raymond Nadeau, August 14, 2002. 
• Deposition of Raymond Nadeau, September 10, 2008. 
• JP-8 Material Safety Data Sheet, Phillips 66, August 1995. 
• http://www.globalsecurity.org/military/facility/mmr.htm. 
• http://www.mmr.org/2007_booklet.htm. 
• Lieber, Eugene and Edward P. Cashman, “Lubricating Oil Additives”, U.S. Patent 


2,599,337, June 3, 1952. 
• White, Ellis R., “Anticorrosive”, U.S. Patent 2,368,605, January 30, 1945. 
• Humphreys, Robert L. and Bruce B. Farrington, “Extreme Pressure Lubricating 


Compositions”, U.S. Patent 2,073,841”, March 16, 1937. 
• Stevens, Donald R. and William A. Gruse, “2,6-Di-Tertiary-Butyl-4-Methyl 


Phenol”, U.S. Patent 2,654,582, December 9, 1941. (inhibits oxidation in 
petroleum products) 


• Hnizda, Vincent F., “Jet Fuel Additive”, U.S. Patent 3,718,444, February 27, 
1973. 


• Andress, Harry J., “Organic Compositions Containing Secondary C6 to C9 
Trialkyl Phenols, or their Mixtures, as Antioxidants”, U.S. Patent 3,609,081, 
September 28, 1971. 


• Kennedy, Brian R. and Louis de Vries, “Lubricating Oil Additives and 
Compositions Containing Such Additives”, U.S. Patent 3,778,370, Dec. 11, 1973. 


 
 These references are intended to be illustrative of the records which specify the 
chemicals that would have been used at Otis during the period of interest.  The list is not 
intended to be all-inclusive.  There are additional references which I have reviewed and 
used in my regular consulting work on environmental matters. 


 Based on the above documents, information, and my knowledge of the chemical and 
petroleum industries during the period of 1948 through 1972, it is my professional 
opinion that the following chemicals would, more likely than not, have been stored, 
transported, and/or included for waste disposal in 55 gallon steel drums at Otis on or 
before the end of 1969: 


1. Leaded Gasoline 
2. Jet Fuel 
3. Leaded Aviation Gasoline 
4. Lubricating Oil 
5. Hydraulic Oil 
6. Aromatic hydrocarbons 
7. Aliphatic hydrocarbons 
8. Naphthenic hydrocarbons 
9. Lead Scavenging Additives, including Ethylene dibromide and/or 


Ethylene dichloride. 
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10. Freeze Point Depressing Additives 
11. Pour Point Depressing Additives 
12. Antioxidant Additives 
13. Stabilizing Additives 
14. Dyes 
15. Metal Deactivation Additives 
16. Static Dissipation Additives 
17. Corrosion Inhibition Additives 
18. Deicing Additives 
19. Ethylene glycol monomethyl ether 
20. Acid neutralizers 
21. Antifoam agents 
22. Antirust agents 
23. Antiwear agents 
24. Corrosion inhibitors 
25. Detergents 
26. Dispersant 
27. Emulsifiers 
28. Oiliness enhancers 
29. Tackiness agents 
30. Viscosity index improvers 
39. Polyalkenyl succinimide dispersant 
40. Multifunctional ethylene-propylene copolymer additives 
41. Calcium alkylsulfonate detergent 
42. Bactericidal additives 
43. Chlorinated Cleaning Solvents 
44. Trichloroethylene 
45. Perchloroethylene 
46. Carbon Tetrachloride 
47. Dichloroethylene 
48. Trichloroethane 
49. Pesticides 
50. Herbicides 


 


The fuel additives listed above are dispersed or dissolved in packages using a carrier 
oil.  There are numerous possible chemicals used as additives, a representative list being 
shown below; the additive packages would have been combinations selected from this 
same list: 


1. N,N’-di-sec-butyl-p-phenylenediamine 
2. N,N’-diisopropyl-p-phenylenediamine 
3. N,N’-dioctyl-p-phenylenediamine 
4. N,N’-bis-(1,4-dimethylpentyl)-p-phenylenediamine 
5. N,N’di-sec-butyl-o-phenylenediamine 
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6. 2,6-Di-tert-butylphenol 
7. 2,6-Di-tert-butyl-4-methylphenol 
8. 2,4-Dimethyl-6-tert-butylphenol 
9. Triethylenetetramine di (monononylphenolate) 
10. N-sec-butyl, N’-phenyl-o-phenylenediamine 
11. Mixed 2,6-dialkyl- and 2,4,6-trialkylphenols 
12. 2,4-Di-tert-butylphenol (60% weight min.) and mixed tert butylphenols 


(40 weight percent max.) 
13. Butylated ehtylphenols (55 weight percent min.) and butylated ethyl-and 


dimethylphenols (45 weight percent max.) 
14. 4,6-Di-tert-butyl-2-methylphenol (45 weight percent min.), mixture of 6-


tert-butyl-2-methylphenol and 2,4,6,-tri-tert-butylphenol (40 weight 
percent min.), and other butylated phenols (15 weight percent max.) 


15. 2,3-Dimethyl-6-tert-butylphenol (72 weight percent) and a mixture of 
methyl- and dimethyl-tert-butylphenols (28 weight percent) 


16. Di-and tri-isoprophylphenols (75 weight percent min.) and di- and tri-tert-
butylphenols (25 weight percent max.) 


17. N,N’-disalicylidene-1,2-ethanediamine 
18. N,N’-disalicylidene-1,2-propanediamine 
19. N,N’-disalicylidene-1,2-cyclohexanediamine 
20. Disalicylidene-N-methyl-dipropylenetriamine 
21. Ethylene glycol monomethyl ether (EGME) 
22. Diethylene glycol monomethyl ether (DiEGME) 
23. Toluene 
24. Solvent naphtha (petroleum), heavy aromatic 
25. Dinonylnaphthylsulphonic acid 
26. 2-propanol 
27. Naphthalene 
28. Adipate Ester, (Adipic Acid, Diisooctyl Ester) 
29. Acrylic Copolymer 
30. Zinc dithiophosphate (ZDP); 
31. Zinc dialkyldithiophosphate (ZDDP); 
32. Tricresylphosphate (TCP). 
33. Dimethylsilicones (dimethylsiloxanes) 
34. Calcium Sulfonate 
35. Calcium Alkyl Phenate 
36. Diethylenetriamine 
37. Triethylenetetramine 
38. Tetraethylenepentamine 
39. Aminoethylethanolamine 
40. Molybdenum sulfide 
41. Tricresyl phosphate 
42. Polydimethylsiloxane 
43. Polyisobuthylene 
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44. Polymethylacrylate 
45. Polyalkenyl succinimide 
46. Ethylene-propylene copolymer 
47. Calcium alkylsulfonate 
48. Molybdenum disulfide (MoS2) 
49. Boron nitride (BN) 
50. Tungsten disulfide (WS2) 
51. 2,2’ thiodiethylene bis[3-(3,5-di-tert-butyl-4-hydroxyphenyl)propionate] 
52. 4,4’-Thiobis(2-tert-butyl-5-methylphenol) 
53. 2,2’-Thiobis(4-methyl-6-tert-butyl-phenol) 
54. 3,5-bis-(1,1-dimethylethyl)-4-hydroxy benzenepropanoic acid 
55. Zinc diethlydithiophosphate 
56. Metal phenoxides 
57. Ethylene glycol monomethyl ether 
58. Dimethyldialkyl-ammoniumchloride 
59. Dimethylalkylbenzyl-ammoniumchloride 
60. Disalicylidepropanediamine 


 
 Paragon Chemicals 


NECC identified Paragon Chemicals as a company that shipped steel drums to the 
NECC site, reportedly containing paint residue.  From listings in Thomas’ Register, 
Paragon Chemicals was a subsidiary of Isochem Corporation, also known as Isochem 
Resins.  Paragon Chemicals, of Cook Street, Rhode Island, was identified by NECC as a 
company that sent or arranged for drums to be delivered to the NECC site. 


Isochem Corporation manufactured detergents, dispersing and emulsifying agents and 
stabilizers, at 99 Cook Street in Lincoln, RI.  Isochem Resins Co. also manufactured 
epoxy resin formulations, stripping agents, coatings and compounds, according to the 
same reference.  Herman C. Selya was president of both Isochem Resins Co. and 
Isochem Corporation, according to a 1964 letter that Selya sent to the Rhode Island 
Secretary of State and Selya’s 2007 obituary in the Providence Journal.  An FTC 
complaint is also registered for improper labeling of a stripper product, against a firm 
identified as “H-S Enterprises, Inc. (Isochem Resins Co.)”, at Cook Street in Lincoln.  
The complaint identified Herman Selya as President of H-S Enterprises, Inc.  Rohm and 
Haas Co. acquired Isochem Resins in 1983. 


According to Schedule 3(p) of the Rohm and Haas Helmerich Deposition Exhibit 3A, 
Isochem held Trademarks and Service Marks for the following products: Novimide 
Resin, a defoamer, two lubricant marks, a resin dissolver, and an acetone substitute.  
According to NASA Report CR-206537, Novimide 700 is manufactured by Isochem 


                                                 
37 W.G. Dean and L.E. Connor, “A Study for Development of Aerothermodynamic Test Model Materials 
and Fabrication Technique”, NASA CR-2065, NASA Langley Research Center, Lockheed Missiles & 
Space Company, June, 1972. 
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Resins Co.  Novimide 700 is identified as a two-part thermo-setting plastic consisting of 
an imide Novolac filled with an oxide/trioxide of antimony. 


In Schedule 3(u) Rohm and Haas Helmerich Deposition Exhibit 3A is an equipment 
list showing equipment owned on July 20, 1983 by Isochem of Lincoln, RI 02865.  
Exhibits 4 and 5 are MSDS's for products, some of which were issued by Isochem Resins 
Company, 99 Cook Street, Lincoln, RI 02865, and some of which are raw materials 
apparently used by Isochem.  The MSDS forms generally appear to have dates around 
1972. 


I have reviewed the following documents. 


• New England Container Company Supplemental 104(e) response February 8, 
2002. 


• New England Container Company Supplemental 104(e) response August 22, 
2002. 


• Thomas’ Register (1970) 
• FTC Decision in In re H-S Enterprises, Inc. November 26, 1971. 
• W.G. Dean and L.E. Connor, “A Study for Development of Aerothermodynamic 


Test Model Materials and Fabrication Technique”, NASA CR-2065, NASA 
Langley Research Center, Lockheed Missiles & Space Company, June, 1972. 


• EPA Evidence File 
• Corporate Records 
• Obituaries 
• Rohm and Haas Deposition Subpoena, March 7, 2008. 
• Rohm and Haas Response to Request for Documents, April 7, 2008. 
• Deposition by Stephen A. Helmerich, November 12, 2008. 


 
 Based on the above documents, information, and my knowledge of the chemical and 
petroleum industries during the period of 1948 through 1972, it is my professional 
opinion that the following chemicals would, more likely than not, have been stored, 
transported, and/or included for waste disposal in 55 gallon steel drums by Isochem or 
Paragon during 1948-1972: 


1. Alcohols 
2. Detergents 
3. Dispersing Agents 
4. Emulsifying Agents 
5. Epoxy Resins 
6. Imide Novolac 
7. Organic Solvents 
8. Stabilizers 
9. Stripping agents, coatings and compounds 
10. Defoamer 
11. Lubricants 
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12. Resin Dissolver 
13. Acetone Substitute 
14. Epichlorohydrin-Glycol Reaction Products 
15. Dibutyl Phthalate 
16. Alkyl Ether-Silane 
17. Alkyl Ether 
18. Modified Amino Propyl Triethoxy Silane 
19. Hexamethylene diamine 
20. 2-Diamino Cyclohexane 
21. Reliance Chemical Silicone Antifoam 105 
22. Organic Polyanhydride C6H2 (C2O3)2 
23. para-Nonylphenol 
24. Koppers Polyester Resin 1010-5 
25. Cobalt Salt of Naphthenic Acid Solution 
26. Epoxy Novolac Resins 431 and 438 
27. Glycidal Ether 
28. Isochemstrip 701 – 708 – 708TS 
29. Isochemterge 1405 
30. Cellosolve Acetate 
31. Epicure 855 
32. Methyl Isobutyl Ketone 
33. Stoddard Solvent 
34. Trimont 748 Alkyl Glyidal Ether 
35. Metaphenylene Diamine 
36. Triethylene tetramine 
37. Tetraethylene 
38. Pentamine 
39. Cresylic Acid 
40. Diethylamine 


 
Original Bradford Soap Works 


Original Bradford Soap Works (hereafter referred to as Bradford Soap) operated a 
soap manufacturing facility in Rhode Island during the time period being investigated 
(1948-1972).  The Bradford Soap manufacturing operations were located at 200 
Providence Street, West Warwick, Rhode Island.   


Bradford Soap produces a broad range of personal cleansing products, proprietary 
soap bases, and specialized industrial cleansing product.  Bulk soap bases, produced from 
tallow or oils, are mixed with fragrances, pigments, and other soap constituents to 
produce the final personal and industrial cleansing products.  Personal cleansing products 
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were predominantly packaged and sold in solid bar form.  Industrial products were often 
produced in liquid form, and were shipped in metal drums38. 


Large volume raw materials such as tallow, soap lye, palm oil, coconut oil, muriatic 
acid, and others were received and stored in bulk.  Smaller volumes raw materials such as 
fragrances, colorants, and other soap constituents, were received and stored in steel 
drums, plastic jugs, bags, or boxes39. 


Many of the raw material and other documents that I have reviewed were from the 
time period 1980-2007.  The basic operations and raw materials for producing soaps have 
changed little between the time period of the documents, and the time period of interest 
(1948-1972).  Tallow, palm and coconut oils, lye, colorants, and fragrances similar to 
those reported in the reviewed documents would also have been used during the time 
period of interest, and would have been received, handled, and disposed of in a similar 
manner. 


Bradford Soap used 55 gallon drums throughout the time period in question.  The 
New England Container Company (NECC) purchased and reconditioned empty drums 
from Bradford Soap.   According to NECC, Bradford Soap sent closed head drums 
containing liquid soap residues for reconditioning40. 


I have reviewed the following documents: 


•  Response of The Original Bradford Soap Works, Inc. to EPA Information 
Request Pursuant to Section 104 of CRCLA,  May 31, 2001 


• John H. Howland Deposition, March 20, 2008, and all exhibits appended to that 
deposition 


• New England Container Company, Inc.  Supplemental Response to CRCLA § 
104(e) Information Requests.  August 22, 2002. 


• Interview of Raymond Nadeau, December 11, 2001 
• Vincent Buonanno Deposition of March 28, 2003 
• Interview of Felix John Palumbo, December 27, 2001 
• George, E.D., “Soap with Suspended Particles”, US Patent 6,403,543 B1, 


assigned to Original Bradford Soap Works, Inc., June 11, 2002 
• Operating Permit No. RI-14-06 to Original Bradford Soap Works, Inc., Pursuant 


to the Provisions of Air Pollution Control Regulation No. 29, State of Rhode 
Island and Providence Plantations Department of Environmental Management, 
Office of Air Resources 


• Rhode Island Department of Environmental Management, Small Quantity 
Hazardous Waste Generator Report, August 7, 2007 


• Spill Prevention, Control, and Countermeasures Plan, Original Bradford Soap 
Works, October, 1998 


                                                 
38 John H. Howland deposition, February 26, 2008 
39 Spill Prevention, Control, and Countermeasures Plan, Bradford Soap Works, October, 1998 
40 New England Container Company, Inc.  Supplemental Response to CRCLA § 104(e) Information 
Requests.  August 22, 2002. 
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• Letter from William Barnes, Original Bradford Soap Works, Inc. to Stephen 
Majkut, Department of Environmental Management, October 21, 1980 


• Letter from William Barnes, Original Bradford Soap Works, Inc. to Beverly 
Migliore, Department of Environmental Management, November 20, 1986 


• Rhode Island Department of Environmental Management, Emergency Response 
Report, Response No. 89-9, February 13, 1989 


 
 Based on this information and my knowledge of the chemical and petroleum 
industries during the period of 1948 through 1972, it is my professional opinion that the 
following chemicals would, more likely than not, have been stored, transported, and/or 
included for waste disposal in 55 gallon steel drums by Bradford Soap at its West 
Warwick, RI facility during 1948-1972: 


1. Methanol 
2. Ethanol 
3. Xylene 
4. Isopropyl alcohol 
5. Cutting oils 
6. Lubricating oils 
7. Lanolin 
8. Mineral oil 
9. Industrial soap 
10. Ergosan 
11. Sodium hydroxide 
12. Potassium hydroxide 


 


Documents that I have reviewed indicate that additional raw materials such as 
fragrances, food grade dyes, and “other soap constituents” were received, stored, and 
handled in drums41,42.  Documents that I have reviewed also indicate that liquid soap 
products were packaged and shipped in metal drums43.  According to NECC, 100 to 150 
drums per month were received from Bradford with liquid soap residues.  These 
documents do not provide sufficient information to identify the specific components used 
in these liquid soap products.  Additional discovery documents such as formulations for 
liquid soap products would likely provide the identity of the components used in those 
products.  In my opinion, it is more likely than not than one or more chemicals of the 
following list were stored, transported, and/or included for waste disposal in 55 gallon 
steel drums by Bradford Soap at its West Warwick, RI facility during 1948-1972: 


1. Cylonol (fatty acid ester) 
2. Fats 
3. Antioxidants 
4. Glycerin 


                                                 
41 Spill Prevention, Control, and Countermeasures Plan, Bradford Soap Works, October, 1998 
42 John H. Howland deposition, February 26, 2008 
43 John H. Howland deposition, February 26, 2008 
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5. Sodium chloride 
6. Tallow 
7. Coconut oil 
8. Olive oil 
9. Palm oil 
10. Red oil 
11. Soybean oil 
12. Almond meal soap 
13. Bath oil soap 
14. Castile soap 
15. Chicken fat soap 
16. Coconut soap 
17. Cold cream soap 
18. Deodorant soap 
19. Face soap 
20. Flea soap for dogs 
21. Glycerin soap 
22. Hand soap 
23. Kosher soap 
24. Lanolin soap 
25. Medicated soap for acne 
26. Medicated soap for feet 
27. Neutral soap 
28. Oatmeal soap 
29. Olive oil soap 
30. Palm oil soap 
31. Pine tar soap 
32. Soap for babies 
33. Transparent soap 
34. Wood flower soap 
35. Dyes 
36. Brine 
37. Cocoa butter 
38. Emollients 
39. Exfoliants 
40. Perfumes 
41. Macadamia nut oil 
42. Fragrances 
43. Detergents 
44. Stearates 
45. Sodium cocoate 
46. Sodium tallowate 
47. Palm kernel oil 
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This report has been prepared based upon the documents and other information 
available to me at the time of writing the report.  In the event that discovery continues, or 
additional documents and information are produced or discovered, I reserve the right to 
supplement this report as necessary to include my analysis of this new information. 


I understand that I may be asked to review additional information about other 
chemicals that may have been sent to the site by NECC customers, and perform the above 
analysis concerning those chemicals.  If asked to do so, I would employ the same 
methodology used above. 


The foregoing is a true and correct statement of my professional opinions concerning 
this matter.  If called to testify under oath, I would so testify.   


I declare under the penalty of perjury that the foregoing is true and correct. 


 
 
 
 
 
_________________________    _January 14, 2009_______ 
   James R. Kittrell, Ph.D.  
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Exhibit 1:  
Curriculum Vita: Dr. J.R. Kittrell 
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BIOGRAPHICAL SKETCH 
J.R. Kittrell 


Office Address: KSE, Inc. 
   P.O. Box 368 
   Amherst, MA 01004 
   (413) 549-5506 
 
Education:  B.S. in Chemical Engineering, Oklahoma State University 
   M.S. in Chem. Engineering, NSF Graduate Fellow, U. Wisconsin 
   Ph.D. in Chem. Engineering, NSF Graduate Fellow, U. Wisconsin 
   NSF Postdoctoral Fellow, Chem. Engineering, Univ. of Wisconsin 
Employment: 
 
1980-present President of KSE, Inc., a process development/professional services firm 


with process development emphasizing chemicals manufacture, catalytic 
air pollution control, chemicals, energy and fuels, and polymer 
processing technology.   


 
 Professional services: intellectual property, reactive chemistry, 


environmental engineering, petroleum refining and products, fires and 
explosions, chemical process operations and safety, process 
development, and fuels processing. 


 
1970-1980 Professor of Chemical Engineering, University of Massachusetts, Amherst 
 
1972-1977 Arthur D. Little, Inc., Consultant and lecturer in petroleum refining and 


management to U.S. and international clients, Cambridge, MA. 
 
1969-1970 Standard Oil Company of California, Operating Assistant, N.P. 


(corporate management development), startup and operation of plants in 
commercial hydrogen generation and hydrocracking complex.  El 
Segundo, CA. 


 
1966-1970 Chevron Research Company, Senior Research Engineer and Research 


Engineer, group leader and engineer in catalyst and process development 
in hydrocracking and hydroprocessing. 
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Professional Experience: 
 


• Author of about 100 technical papers on chemistry, petroleum refining, 
air pollution control technology, catalysts, and chemical reactor 
engineering 


• Inventor or co-inventor on about 50 patents on chemicals processing, 
catalysts, air pollution control, waste reduction, polymerization, and 
petroleum refining 


• Two Time Winner of the R&D 100 Award,  and recognition for new 
process development successes through the  SBIR Technology of the 
Year Award for Environment, Energy, & Resource Management, the 
EPA Environmental Technology Innovator Award, and numerous 
competitive Federal research awards. 


• Indoor air quality invention was used to remove ethylene from 
International Space Station. 


• Technical Expert with approximately 70 litigation cases associated with 
intellectual property, chemical plant design and operation, 
transportation, benzene exposure, environmental contamination, 
chemical fingerprinting and analysis, fires, explosions, and current 
operating standards and practices, for chemical plants, petroleum 
refineries, and natural gas plants. 


• Technical Expert in Reactive Chemistry, including reactions of calcium 
hypochlorite, reactions of magnesium, dust explosions, nitration 
reactions and explosive byproducts, and reactions of tetranitromethane.  


• KSE operates a chemical laboratory for new chemical, petroleum and 
environmental inventions, for analytical chemistry studies, and for 
reactive chemistry studies.  Meets all federal, state, and local codes for 
handling flammable, combustible, and hazardous chemicals. 


• NFPA Committee on the Transportation of Flammable Liquids 
 


Compensation Rate: $290/hour plus expenses. 
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Exhibit 2 
Recent court appearances, depositions and publications 
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Dr. James R. Kittrell 


 
 Dr. Kittrell has provided expert testimony within the past four years as 
summarized below: 
 


• District Court of 122nd Judicial District, Galveston County, Texas, Sterling 
Chemicals, Inc. v. Babcock Borsig AG, Babcock Kraftwerkstechnik GMBH, 
Babcock Borsig Power Environment GMBY, f/k/a/ Steinmueller Corp., and/or 
Steinmueller Corporation; and Texaco, Inc., and Texaco Development 
Corporation, July 13, 2005, Grotefeld & Denenberg, LLC, Attorneys at Law, 
Bingham Farms, MI. 


• Janice A. Weidner, Guardian of the Estate of James H. Weidner v. OHA/REIS 
Environmental, Inc. et al., and Scott Technologies, Inc. v. ConocoPhillips 
Company,  U.S. District Court for the Southern District of Illinois, Southern 
Division, Third Judicial Circuit, Madison County, Illinois, January 10, 2006, 
Burroughs, Hepler, Broom, MacDonald, Hebrank & True, LLP, Attorneys at 
Law, Edwardsville, IL.  


• Xavier Loyola and Cordelia Loyola v. Union Oil Company of California, et 
al., Superior Court of the State of California for the County of Los Angeles-
Central District, February 22, 2006, Akin Gump Strauss Hauer & Feld LLP, 
Attorneys at Law, 2029 Century Park East, Suite 2400, Los Angeles, CA 
90067-3012. 


• Viacom International, Inc. v. Admiral Insurance Company, et al., Superior 
Court of New Jersey, Law Division—Somerset County; Docket No. Som-L-
739-99, November 14-15, 2006.  Duane Morris LLP, 380 Lexington Ave., 
New York, NY 10168; Siegel, Napierkowski & Park, 553 Fellowship Road, 
Suite 120, Mr. Laurel, NJ 08054. 


• Magistrate Hearing, United States of America v. Sunoco, Inc., United States 
District Court for the Eastern District of Pennsylvania, Case No. 05-6336, 
February 5, 2008, USDOJ, Ms. Rachael Jacobson, Esq. and Mr. David Street, 
Esq., United States Department of Justice, Washington, DC 20005-7611. 


• Arbitration Institute of the Stockholm Chamber, Case No. Arbitration 
087/2005, BP Chemicals Limited v. Shanghai Wujing Chemical Company 
and China National Technical Import & Export Corporation, November 17 - 
December 4, 2008, Stockholm, Sweden.  Mr. George Ruttinger, Esq.  Crowell 
& Moring, Washington, DC.  Ms. Kimberly Nobles, Cowell & Moring, Irvine, 
CA. 
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 Dr. Kittrell’s publications of the last 10 years: 
  
1. Kittrell, J.R. and J.W. Shepanzyk (Schering-Plough Corp.), “Photocatalytic 


Destruction of Hexane Eliminates Emissions in Contact Lens Manufacture”, 
A&WMA Conference on Emerging Solutions to VOC and Air Toxics Control, 
Clearwater, FL, March 1, 1996. 


2. Kittrell, J.R., C.W. Quinlan, and E.K. Zimmermann (BASF Corp.), “Pentane 
Emissions Control by Photocatalytic Technology in the Expandable Polystyrene 
Industry”, to be presented at Air &Waste Management Association 89th Annual 
Meeting, Nashville, TN, June (1996). 


3. Kittrell, J.R. and C.W. Quinlan, “Control and Monitoring of VOC Emissions in 
Polyurethane Foaming Operations”, Polyurethane Foam Association Spring 
Technical Program, Arlington, VA, May 11, 1995. 


4. Kittrell, J.R. and C.W. Quinlan, “Air Stripping & Photocatalytic Oxidation”, J. 
Environmental Protection, 6, No. 9, 15-22, September (1995). 


5. Kittrell, J.R. and C.W. Quinlan (KSE, Inc.), A. Gavaskar and B.C. Kim (Battelle), 
and M.H. Smith and P.F. Carpenter (USAF), "Air Stripping Teams with 
Photocatalytic Technology in Successful Groundwater Remediation Demonstration", 
Air & Waste Management Association, 88th Annual Meeting, San Antonio, Texas, 
June, 1995. 


6. Kittrell, J.R., D.J. Hennessey, V. Gallardo, J. Smaldone, and M. Nalipinski (US 
EPA), “Full Scale Photocatalytic Destruction of SVE Emissions”, World Environ 
Congress, Cincinnati, OH, October 28, 1996. 


7. Kittrell, J.R., P.S. Chintawar, and J.C. Graf (NASA), “Photocatalytic Destruction of 
Ethylene in Air”, Third International Conference on TiO2 Photocatalytic Purification 
and Treatment of Water and Air, Orlando, FL, September 23-26, 1997. 


8. Kittrell, J.R., J.C. Graf (NASA) and P.S. Chintawar, “Photocatalytic Purification of 
Spacecraft Air: Ethylene Destruction”, SAE Paper No. 981803, 28th International 
Conference on Environmental Systems, Danvers, MA, July 13-16, 1998. 


9. Kittrell, J.R., D.J. Hennessey, V. Gallardo, J. Smaldone, and M. Nalipinski, “Full-
Scale Photocatalytic Destruction of SVE Emissions”, Environmental Technology, 8, 
No. 3, 30-35 (1998). 


10. Kittrell, J.R., B. deWaal, R.A.H. Brunet, C.A. Wise, and G.N. Mackin, “AIR Process: 
Advanced Photocatalytic VOC Destruction”, 14th Annual Conference on 
Contaminated Soils, University of Massachusetts, Amherst, MA, October 19-22 
(1988). 


11. Kittrell, et. al., “Site Remediation Using Photocatalytic VOC Destruction of 
Chlorinated Hydrocarbons”, Air & Waste Management Association 92nd Annual 
Mtg., St. Louis, MO, June 20-24 (1999). 


12. Kittrell, J.R. and D.A. Gerrish, “Novel Catalysts for Photocatalytic Air Emissions 
Control”, Proceedings of the 2001 NSF Design, Service and Manufacturing Research 
Conference, Tampa, FL, January 7-10 (2001). 
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13. Kittrell, J.R. and D.A. Gerrish, “Solar Photocatalysts for Air Pollution Control”, 
Proceedings of the 2001 NSF Design, Service and Manufacturing Research 
Conference, Tampa, FL, January 7-10 (2001). 


14. Kittrell, J.R. and D.A. Gerrish, “Air Pollution Control with Photocatalytic Adsorption 
Integrated Reaction Technology”, AIChE Spring National Meeting, Houston, TX, 
April 22-26 (2001). 


15. Kittrell, J.R., C.R. Dupre and D.A. Gerrish, “Advanced Catalytic Indoor Air Cleaning 
Methods”, Specialty Conference on Indoor Air Quality Problems and Engineering 
Solutions, Air & Waste Management Association and U.S. EPA, Research Triangle 
Park, NC, July 21-23 (2003). 


16. Kittrell, J.R., C.R. Dupre, and M.F. Malone, “Partnering of Small Business and 
University in the SBIR Program”, A.I.Ch.E. National Meeting, Austin, TX, 
November 7-12 (2004). 


17. Kittrell, J.R., C.R. Dupre and D.A. Gerrish, “Advances in Photocatalytic Remediation 
Technology”, Remediation: The Journal of Environmental Cleanup Costs, 
Technologies, and Techniques, 16, No. 3, 81-91, Summer (2006). 


18. R. S. Huss, M. F. Malone and J. R. Kittrell, " Design Method for Distillation with a 
Side Car Reactor," paper 374b, AIChE 2007 Annual Meeting, Salt Lake City, 
November (2007). 


 
Patents of past 10 years: 
 
19. Kittrell, James R. and Charles W. Quinlan, “Process for the Preparation of 


Copolymers of Maleic Anhydride and Alkyl Vinyl Ethers”, U.S. Patent 5,189,122, 
Feb. 23, 1993. 


20. Kittrell, James R. and Charles W. Quinlan, “Process for the Stabilization of 
Copolymers of Maleic Anhydride and Alkyl Vinyl Ethers”, U.S. Patent 5,340,918, 
Aug. 23, 1994. 


21. Kittrell, James R. and David A. Gerrish, “Two Stage Process and Catalyst for 
Photocatalytic Conversion of Contaminants”, U.S. Patent 6,179,971, January 30, 2001. 


22. Kittrell, James R., “Two Stage Process and Apparatus for Photocatalytic and Catalytic 
Conversion of Contaminants”, U.S. Patent 6,179,972, January 30, 2001. 


23. Kittrell, James R., “Process and Catalyst for Photocatalytic Conversion of 
Contaminants”, U.S. Patent 6,221,259, April 24, 2001. 


24. Kittrell, James R., David A. Gerrish, and Michael C. Milazzo, “Method, Catalyst, and 
Photocatalyst for the Destruction of Phosgene”, U.S. Patent 6,464,951, October 15, 2002. 


25. Kittrell, James R., David A. Gerrish, and Michael C. Milazzo, “Method, Catalyst, and 
Photocatalyst for the Destruction of Phosgene”, U.S. Patent 6,596,664, July 22, 2003. 


26. Kittrell, J.R., et al., “Catalyst Composition”, U.S. Patent 7,348,288, March 25, 2008. 
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RESUME 
Carl R. Dupre 


 
Office Address:    KSE, Inc. 
   P.O. Box 368 
   Amherst, MA  01004 
       
Education:  UNIVERSITY OF MASSACHUSETTS, Amherst, Massachusetts 


Ph.D., Chemical Engineering, 1973. 
UNIVERSITY OF MASSACHUSETTS, Amherst, Massachusetts 
M.S., Chemical Engineering, 1970. 


   WORCHESTER POLYTECHNIC INSTITUTE, Worcester, Massachusetts 
   B.S., Chemical Engineering, 1968. 
Employment:  
2002 − Present KSE, Inc. Senior Engineering Manager.  Manages industrial chemicals and 


polymers development, environmental health & safety, engineering, scale up and 
field installations. 


1994 – 2002 Bayer Corporation: Technology Manager / Principal Scientist.  Oversaw product 
development, quality improvement, cost reduction, and customer/market technical 
support for styrenic plastics business.  Developed and commercialized new ABS 
products for extrusion market with optimized cost, performance, and quality.  
Coordinated manufacturing projects to improve cost and quality of products.   


1992 – 1994 Monsanto Company Plastics Division: Technology Manager.  Managed exploratory 
process and product research for styrenic polymers.  Responsible for identification, 
feasibility demonstration, and development of new low cost manufacturing 
technology, and strategic competitive positioning. 


1991 – 1992 Monsanto Chemical Group, Japan: Technology Director. Responsible for 
construction and initial operation of MCG Japan Technical Center, R&D support to 
established MCG businesses in Japan, and new business development in Japan. 


1986 – 1991 Monsanto Company Plastics Division:  R&D Manager.  Managed manufacturing 
process development programs and oversaw polymerization technologies, latex 
processing, and product formulation development. Held process environmental 
responsibility.   


1982 – 1986 Monsanto Company, New Business Development:  R&D Manager.  Managed technical 
development and commercialization of a novel reactive molding nylon system.  
Established and supported initial manufacturing operations. 


1979 – 1982 Monsanto Company, Plastics Division: Group Supervisor. Oversaw process 
development and pre-commercial activities.  Provided process design and scale-up 
information. 


1968 – 1979 Monsanto Company, Plastics Division:  Senior Research Engineer, Research 
Engineer, and Manufacturing Process Engineer.   Led laboratory and bench scale 
feasibility studies.  Performed modeling and computer simulation, experimental 
polymerization studies, cost estimations, and projected commercial economic 
analysis.  Analyzed and tested product samples, developed polymer 
structure/property relationships, and performed process scale-up studies. 


 
Other Work Experience: 


• Inventor or co-inventor on 4 patents on polymerization processes and author of over 
30 technical reports on polymerization processes and product polymer 
compositions. 


• Broad international experience (U.S., Japan, Europe) in R&D and new business 
development and commercialization. 
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• Received numerous internal Monsanto Company awards for successful 
commercialization of new polymer products, polymerization processes, and process 
improvements for reduction of VOC air emissions. 
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Documents Reviewed by KSE Inc. in Emhart vs. NECC 
 


1. MA DEP hazardous waste report for Brown and Sharpe MFG, Inc. (February 24, 
1994). 


 
2. Louisiana DEP hazardous waste report for Brown and Sharpe MFG, Inc. 


(February 24, 1994). 
 


3. Louisiana DEP hazardous waste report for Brown and Sharpe MFG, Inc. 
(February 24, 1994). 


 
4. MA DEP hazardous waste report for Brown and Sharpe MFG, Inc. (January 17, 


1991). 
 


5. MA DEP hazardous waste report for Brown and Sharpe MFG, Inc. (May 06, 
1988). 


 
6. Alexander and Alexander, Inc report for Brown and Sharpe MFG, Inc. (June 16, 


1994). 
 


7. Groundwater Technology, Inc. report for Brown and Sharpe MFG, Inc. (August 
20, 1993). 


 
8. United States District Court for the District of Rhode Island C.A. No. 91-0690B. 


 
9. Newspaper article from January 26, 1985 for Brown and Sharpe MFG, Inc. . 


 
10. RIDEM report for Brown and Sharpe MFG, Inc. (October 19, 2000). 


 
11. Paint consumption report for Brown and Sharpe MFG, Inc. (October 10, 2000). 


 
12. Paint consumption report for Brown and Sharpe MFG, Inc. (October 19, 2000). 


 
13. RIDEM report for Brown and Sharpe MFG, Inc. (December 5, 2000). 


 
14. MSDS from Sherman-Williams Co. (November 1, 1995). 


 
15. MSDS from Sherman-Williams Co. (April 8, 1994). 


 
16. MSDS from Sherman-Williams Co. (November 1, 1992). 


 
17. MSDS from Sherman-Williams Co. (February 16, 1994). 


 
18. MSDS from Sherman-Williams Co. (November 1, 1992). 
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19. MSDS from Sherman-Williams Co. (July 25, 1988). 


 
20. MSDS from Sherman-Williams Co. (February 16, 1994). 


 
21. MSDS from Raffi and Swanson, Inc. (February 14, 1994). 


 
22. MSDS from Ken-Lac, Inc. (May 16, 1986). 


 
23. MSDS from Sherman-Williams Co. (September 27, 1996). 


 
24. MSDS from Sherman-Williams Co. (March 27, 1997). 


 
25. MSDS from Sherman-Williams Co. (March 27, 1997). 


 
26. MSDS from Sherman-Williams Co. (March 27, 1997). 


 
27. MSDS from Sherman-Williams Co. (March 27, 1997). 


 
28. MSDS from Sherman-Williams Co. (March 27, 1997). 


 
29. MSDS from Sherman-Williams Co. (March 27, 1997). 


 
30. MSDS from Sherman-Williams Co. (July 1, 1982). 


 
31. MSDS from Sherman-Williams Co. (August 15, 1988). 


 
32. MSDS from Raffi and Swanson, Inc. (March 30, 1989). 


 
33. MSDS from Raffi and Swanson, Inc. (January 4, 1989). 


 
34. MSDS from Sherman-Williams Co. (August 15, 1988). 


 
35. Materials characterization data sheet to Brown and Sharpe MFG, Inc. 


 
36. Materials characterization data sheet to Brown and Sharpe MFG, Inc. 


 
37. Materials characterization data sheet to Brown and Sharpe MFG, Inc. 


 
38. Waste material profile sheet for generator Brown and Sharpe MFG, Inc. 


(September 8, 1993). 
 


39. Waste material profile sheet for generator Brown and Sharpe MFG, Inc. 
(September 8, 1993). 
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40. Waste material profile sheet for generator Brown and Sharpe MFG, Inc. 


(September 30, 1992). 
 


41. Waste material profile sheet for generator Brown and Sharpe MFG, Inc. (January 
11, 1994). 


 
42. Waste material profile sheet for generator Brown and Sharpe MFG, Inc. (January 


11, 1994). 
 


43. Waste material profile sheet for generator Brown and Sharpe MFG, Inc. (January 
11, 1994). 


 
44. Waste material profile sheet for generator Brown and Sharpe MFG, Inc. (January 


11, 1994). 
 


45. Waste material profile sheet for generator Brown and Sharpe MFG, Inc. (January 
11, 1994). 


 
46. Materials characterization data sheet to Brown and Sharpe MFG, Inc. (February 2, 


1994). 
 


47. Materials characterization data sheet to Brown and Sharpe MFG, Inc. (February 2, 
1994). 


 
48. Waste material profile sheet for generator Brown and Sharpe MFG, Inc. (August  


8, 1993). 
 


49. Materials characterization data sheet to Brown and Sharpe MFG, Inc. (February 2, 
1994). 


 
50. Waste material profile sheet for generator Brown and Sharpe MFG, Inc. (January  


11, 1994). 
 


51. Materials characterization data sheet to Brown and Sharpe MFG, Inc. (January 29, 
1993). 


 
52. Materials characterization data sheet to Brown and Sharpe MFG, Inc. (February 2, 


1994). 
 


53. Materials characterization data sheet to Brown and Sharpe MFG, Inc. (January 29, 
1993). 
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54. Recertification of material characterization data sheet for generator Brown and 
Sharpe (February 28, 1994). 


 
55. Recertification of material characterization data sheet for generator Brown and 


Sharpe (February 28, 1994). 
 


56. Materials characterization data sheet to Brown and Sharpe MFG, Inc.  
57. Materials characterization data sheet to Brown and Sharpe MFG, Inc.  


 
58. Materials characterization data sheet to Brown and Sharpe MFG, Inc.  


 
59. Materials characterization data sheet to Brown and Sharpe MFG, Inc.  


 
60. Waste material profile sheet for generator Brown and Sharpe (September 8, 


1993). 
 


61. MSDS for Sherwin-Williams’ Polane T Custom Polyurethane Coating. 
 


62. MSDS for Sherwin-Williams’ Polane Plus Custom Polyurethane Coating. 
 


63. MSDS for Sherwin-Williams’ R7 K 54 Reducer No. 54. 
 


64. MSDS for Sherwin-Williams’ High-Solids Industrial Enamel. 
 


65. MSDS for Sherwin-Williams’ Strippable Coating, White. 
 


66. MSDS for Sherwin-Williams’ Industrial Enamel Yellow Tint Base. 
 


67. NH DEP, Air Resources Division Permit Application Review Summary for 
Polane T Enamel. 


 
68. MSDS for Sherwin-Williams’ Red Industrial Enamel. 


 
69. MSDS for Sherwin-Williams’ F63 L73 Phthalo Blue Non-Lead Colors. 


 
70. MSDS for Sherwin-Williams’ F63 Y 60 Chrome Yellow. 


 
71. MSDS for Sherwin-Williams’ R6 K 30 Polane Plus Reducer. 


 
72. MSDS for Sherwin-Williams’ R7 K 84 Polane Reducer. 


 
73. MSDS for Lacquer Thinner from Safetec. 


 
74. Deposition of Steve L. Tatom for ExxonMobil (October 14, 2008). 
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75. Exhibits from Deposition of Steve L. Tatom for ExxonMobil (October 14, 2008). 


 
76. Statement of Raymond Nadeau. 


 
77. Affidavit of Raymond Nadeau. 


 
78. Letter from ExxonMobil Refining and Supply Company of East Providence R.I to 


Battalion Chief James Devine (November 29, 2005). 
79. U.S. EPA RCRA Subtitle Site Identification Form for ExxonMobil of Providence, 


R.I (March 1, 2002). 
 


80. NECC 104(e) response for Otis Air Force Base (August 8, 2002). 
 


81. NECC Supplemental 104(e) Response for Otis Air Force Base (August 22, 2002). 
 


82. NECC 104(e) response for Quonset Naval Base (August 8, 2002). 
 


83. NECC Supplemental 104(e) Response for Quonset Naval Base (August 22, 2002). 
 


84. U.S. Patent Number:  2,599,337. 
 


85. U.S. Patent Number:  2,368,605. 
 


86. U.S. Patent Number:  2,073,841. 
 


87. U.S. Patent Number:  2.265.582. 
 


88. NOAA Scientific memo to EPA (December 2, 2001). 
 


89. U.S. Patent Number:  3,718,444. 
 


90. U.S. Patent Number:  3,609,081. 
 


91. U.S. Patent Number:  3,778,370. 
 


92. Canadian Patent Number:  CA 589,609. 
 


93. Deposition of Raymond Nadeau (September 10, 2008). 
 


94. Deposition of Christopher Meyers for Esso Energy (October 14, 2008). 
 


95. PARAGON CHEMICALS 
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 New England Container Company Supplemental 104(E) Response (2.8.2002) 


 New England Container Company Supplemental 104(e) Response (8.22.2002) 


 Thomas’ Register (1970) 


 FTC Decision in In re H-S Enterprises, Inc. (11.26.1971) 


 NASA Contractor Report (6.1972) 


 EPA Evidence File 


 Corporate Records 


 Obituaries 


 Pleadings: 


 -- March 7, 2008 Rohm and Haas Document Subpoena 


 -- March 7, 2008 Rohm and Haas Deposition Subpoena 


 -- November 12, 2008 Deposition  


96. INDUSTRIAL SOLVENTS AND CHEMICALS, INC. 


 New England Container Company Supplemental 104(e) Response (2.8.2002) 


 New England Container Company Supplemental 104(e) Response (8.22.2002) 


 Deposition Materials: 


 -- October 9, 2008 Deposition and Exhibits 


 -- December 4, 2008 Rough Deposition Transcript 


 -- Formulation Cards  


97. WAYLAND CHEMICAL 


 New England Container Company Supplemental 104(e) response (2.8.2002) 


 New England Container Company Supplemental 104(e) response (8.22.2002) 


 1964 Chemical Week Buyer’s Guide 


 1965 Chemical Week Buyer’s Guide 
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 1970 Chemical Week Buyer’s Guide 


 1971 Chemical Week Buyer’s Guide 


 1971 Chemical Week Buyer’s Guide 


 1972 Chemical Week Buyer’s Guide 


 Vincent Buonanno Deposition (3.25.2003) 


 EPA PRP Evidentiary Summary -- Wayland Chemical 


 Directory of New England Manufacturers, select excerpts from 1964 to 1972 


 Providence Journal Article (3.20.1981) 


 Providence Journal Article (7.28.1982) 


 Providence Journal Article (8.28.1982) 


 PR Newswire Article (3.1.1983) 


 SEC Form 10-K (12.31.1983) 


 SEC Form 10-K (12.31.1984) 


 SEC Form 10-K (12.31.1985) 


 PR Newswire Article (11.23.1988) 


 December 18, 2007 FUJIFILM 104(e) Response 


 December 14, 2007 FUJIFILM 104(e) Response 


 December 14, 2007 Olin 104(e) Response 


 EPA Evidence Summary 


98. TEKNOR APEX f/k/a THOMPSON CHEMICAL 


 New England Container Company Supplemental 104(e) Response (2.8.2002) 


 New England Container Company Supplemental 104(e) Response (8.22.2002) 


 Teknor Apex 104(e) Response (5.4.2001) 


 Teknor Apex 30(b)(6) Deposition and Exhibits (William J. Murray) (1.24.2008) 







James R. Kittrell, Ph.D. 
January 15, 2009 
Page 65 
 


 


 


 


 Joseph Cifelli Interview (1.2.2002) 


 Raymond Nadeau Affidavit (10.27.2000) 


 Raymond Nadeau Interview (12.11.2001) 


 Raymond Nadeau Statement (8.14.2002) 


 Teknor Apex Brochure 


 Teknor Apex Dun & Bradstreet Summary from Westlaw 


 1990 HPC Company/Chemical List 


 EPA Envirofacts (3.28.2001) 


 Teknor Apex Letter to RIDEM (10.29.2001) 


 Teknor/Apex Thompson Chemical Internal Summary 


 Teknor Apex Website Information 


 September 26, 1971 Providence Sunday Journal Article 


 March 18, 1984 Providence Sunday Journal Article 


 April 13, 1993 Journal Bulletin Article 


 July 23, 2008 Email Correspondence with Opposing Counsel (REMOVED) 


 Pleadings 


 -- July 23, 2007 Teknor Apex Document Subpoena 


 -- August 7, 2007 Objections to Teknor Apex Document Subpoena 


 -- December 7, 2007 Teknor Apex Document Subpoena 


 -- December r7, 2007 Jonathan Fain Deposition Subpoena 


 -- December 7, 2007 David Yopak Deposition Subpoena 


99.  CARDINAL CHEMICAL (n/k/a EASTERN RESINS CORP.) 


 Cardinal Chemical 104(e) response (8.22.2002) 


 New England Container Company Supplemental 104(e) response (2.8.2002) 
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 New England Container Company Supplemental (104(e) response (8.22.2002) 


 Chemical listing in New England Container Company Supplemental 104(e) 
 response (8.22.2002) 


 David Viola Deposition (with exhibits) (3.7.2008) 


 Vincent Buonanno Deposition (3.28.2003) 


100. ESSO ENERGY, INC. n/k/a EXXONMOBIL 


 New England Container Company Supplemental 104(e) response (2.8.2002) 


 New England Container Company Supplemental 104(e) response (8.22.2002) 


 - 1962 Chemical Week Buyer’s Guide 


 Raymond Nadeau Affidavit 


 Raymond Nadeau Interview 


 1949 Oil Paint and Drug Reporter 


 EPA Evidence Summary 


 Pleadings 


 -- February 21, 2008 (30(b)(6) Deposition Subpoena 


 -- February 22, 2008 Notice of 30(b)(6) Deposition Subpoena 


 -- October 17, 2007 Document Subpoena 


 -- October 1, 2007 Notice of Document Subpoena 


101. AMERICAN MINERAL SPIRITS CO. n/k/a UNOCAL) 


 Unocal 104(e) response (6.21.2002) 


 New England Container Company Supplemental 104(e) Response (2.8.2002) 


 New England Container Company Supplemental 104(e) Response (8.22.2002) 


 -- 1962 Chemical Week Buyer’s Guide 


 -- 1964 Chemical Week Buyer’s Guide 
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 -- 1965 Chemical Week Buyer’s Guide 


 -- 1970 Chemical Week Buyer’s Guide 


 -- 1971 Chemical Week Buyer’s Guide 


 -- 1972 Chemical Week Buyer’s Guide 


 Vincent Buonanno Deposition (3.25.03) 


 Vincent Buonanno Deposition (3.28.03) 


 1948 Oil Paint and Drug Reporter 


 April 5, 2002 EPA Notice of Liability Letter 


 March 3, 2003 EPA Notice of Liability Letter 


 Unocal Annual Reports 


 Pleadings 


 -- July 23, 2007 American Mineral Spirits Document Subpoena and  
 Ineffective Service Documentation 


 -- November 5, 2007 Chevron Corporation Document Subpoena 


 -- November 28, 2007 Objections to Chevron Corporation Document 
 Subpoena 


 -- February 21, 2008 Unocal 30(b)(6) Deposition Subpoena 


 -- February 25, 2008 Unocal 30(b)(6) Deposition Subpoena Return of 
 Service 


102. ORIGINAL BRADFORD SOAP WORKS 


 New England Container Company Supplemental 104(e) Response (2.8.2002) 


 New England Container Company Supplemental 104(e) Response (8.22.2002) 


 Bradford Soap 104(e) Response (5.31.2001) 


 Bradford Soap 30(b)(6) Deposition Transcript with Exhibits (John Hathaway 
 Howland) (2.26.2008) 
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 Vincent Buonanno Deposition (3.25.2003) 


 Vincent Buonanno Deposition (3.28.2003) 


 Joseph Cifelli Interview (1.2.2002) 


 Raymond Nadeau Affidavit (10.27.2000) 


 Raymond Nadeau Interview (12.11.2001) 


 Raymond Nadeau Statement (8.14.2002) 


 Felix John Palumbo Interview (12.27.2001) 


 Felix John Palumbo Declaration (6.12.2002) 


 Bradford Soap Patent (Soap with Suspended Particles (6.11.2002) 


 Bradford Soap Clean Air Act Operating Permit (8.23.2006) 


 EPA Envirofacts (8.6.2001) 


 EPA Pesticide Data Submitters List (9.30.2007) 


 Bradford Soap Small Quantity Hazardous Waste Generator Report (8.7.2007) 


 RIDEM Emergency Response Report (2.13.1989) 


 Bradford Soap Letter to RIDEM (10.25.1979) 


 Bradford Soap Letter to RIDEM (10.21.1980) 


 Bradford Soap Letter to RIDEM (11.20.1986) 


 RIDEM Letter to Bradford Soap (11.24.1986) 


 Bradford Soap Spill Prevention, Control and Countermeasure Plan (10.1998) 


 Formula for Bradsyn PC from RIDEM File 


103. BROWN & SHARPE INC. AND BROWN AND SHARPE MANUFACTURING 
CO. (n/k/a HEXAGON METROLOGY, INC, BNS CO. AND PRECISION 
INDUSTRIES 


 Hexagon Metrology Inc. 104(e) Response 


 BNS Co. 104(e) Response 
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 Precision Industries 104(e) Response 


 Hexagon Metrology 30(b)(6) Deposition Transcript and Exhibits 


 -- Transcript 


 -- Exhibits 


 BNS Co. 30(b)(6) Deposition Transcript and Exhibits 


 -- Transcript 


 -- Exhibits 


 New England Container Company Supplemental 104(e) response (8.22.2002) 


 Raymond Nadeau Interview (12.11.2001) 


 Vincent Buonanno Deposition (3.28.2003) 


 Brown & Sharpe RIDEM Documents 


 Brown & Sharpe Documents Produced  


T.H. Baylis Co. (a/k/a THBC, INC.) 


 THBC 104(e) response (11.2007) 


 New England Container Company Supplemental 104(e) response (2.8.2002) 


 New England Container Company Supplemental 104(e) response (8.22.2002) 


 Vincent Buonanno Deposition (3.25.2003) 


 Vincent Buonanno Deposition (3.28.2003) 


 Joseph Cifelli Deposition (2.13.2003) 


 Raymond Nadeau Affidavit (10.27.2000) 


 Raymond Nadeau Statement (8.14.2002) 


 Raymond Nadeau Interview (12.11.2001) 


 Felix John Palumbo Interview (12.27.2001) 


 Felix John Palumbo Declaration (6.12.2002) 







James R. Kittrell, Ph.D. 
January 15, 2009 
Page 70 
 


 


 


 


 EPA Notice of Potential Liability (3.3.2003) 


 RIDEM Documents, early 1980s filed by T.H. Baylis Co., Inc. (sent 4.2.2002) 


 RIDEM letter to T.H. Baylis Company (6.26.1987) 


 Environmental Site Assessment of T.H. Baylis by GZA (7.2.1987) 


 Providence Journal Article (10.7.1987) 


 RIDEM Generator Biennial Hazardous Waste Report (8.29.1988) 


 Providence Journal Article (7.17.1989) 


 Drum Characterization Project - Progress Report by GZA (5.21.1990) 


 Providence Journal article (1.22.1993) 


 Environmental Assessment report for RI Dep’t. Transportation & FHA (5.1999) 


 Providence Phoenix article:  Shaky Settlements (2.22.2001 - 3.1.2001) 


 Deposition of Richard H. Baylis and Exhibits (3.14.2008) 


 Deposition of Gloria Fournier (11.13.2008) 


 March 3, 2003 Notice of Liability  
 


Draft of J. Richard Aspland expert report (1.13.09) 
 








UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
WASHINGTON. D.C. 20460
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MEMORANDUM


SUBJECT: ARARs Explained In Twelve Pages


FROM:	 TO SheeRe. -4-le Acting Director
Office of Program Management


TO:	 Distribution


We think you will find the enclosed paper useful for your staff as a brief review of a
complex area of EPA policy and procedures. We have prepared "Introduction to ARARs:
Applicable or Relevant and Appropriate Requirements" to help the Technology Innovation Office
provide training about the Comprehensive Environmental Response, Compensation, and Liability
Act (CERCLA).


In completing this paper as the ARARs chapter to meet the short publication deadline of
the newly revised CERCLA Orientation Manual, we were grateful to receive timely assistance
from an expert review team. The team was composed of participants from all divisions of the
Office of Emergency and Remedial Response, as well as from the Office of Waste Programs
Enforcement and the Office of General Counsel.


We are enclosing a single-sided copy for the use of your office to facilitate duplication
of this paper for distribution to staff. For further information, inquiries may be directed to Rhea
Cohen of my staff, at (202) 260-2200.


ofv-ge.j Reeyeed Patu_,Y







INTRODUCTION TO ARARs:


APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS


Compliance with the applicable or relevant and appropriate requirements (ARARs) of
other environmental laws is a cornerstone of CERCLA. To avoid simply displacing the
contamination at a site from one medium (i.e., air, soil. water) into another, identification of
ARARs is the major prerequisite for setting cleanup goals, selecting the remedy, and
determining how to implement the remedy while assuring protec tion of human health and the
environment. However, the diverse characteristics of CERCLA sites preclude the
development of prescribed ARARs, so that, by necessity, identification of ARARs is
conducted on a site-by-site basis. This paper is designed to introduce the reader to the basic
policies and procedures for implementing ARARs and to foster consistent, nationwide
application of these policies and procedures.


DEFINITION OF ARARs


Congress provided a statutory basis for ARARs in the Superfund Amendments and
Reauthorization Act (SARA) of 1986, which added Sec. 121, "Cleanup Standards", to the
Comprehensive Environmental Response, Compensation. and liability Act (CERCLA) of
1980. According to Sec. 121(d), which mandates the degree of cleanup that must be
achieved on CERCLA sites, response actions conducted under Sections 104, "Response
Authorities", and 106, "Reimbursement", of the statute must at least attain (or the decision
document should justify the waiver(s) of) all applicable or relevant and appropriate
requirements (ARARs) of other Federal environmental laws, more stringent State
environmental laws, and State facility-siting laws. ARARs include:


• Any standard, requirement, criterion, or limitation under any Federal environmental
law, such as the Toxic Substances Control Act (TSCA), the Safe Drinking Water Act
(SDWA), the Clean Aix Act (CAA), the Marine Protection, Research, and Sanctuaries
Act (MPRSA), and the Resource Conservation and Recovery Act (RCRA).


• Any promulgated standard, requirement, criterion, or limitation under a State
environmental or facility-siung law, including those contained in EPA-approved
programs, that has been identified by the State to EPA in a timely manner.


SARA modified the waivers listed in the 1985 National Contingency Plan (the NCP, 40
CFR Part 300.68 (1985)) and established State standards as ARARs if they have been
promulgated, are enforceable, and are more stringent than similar Federal standards. For the
purposes of CERCLA, the term "State" includes the Territories and Possessions of the United
States, as well as the Federally-recognized Indian tribes. In March 1990, EPA promulgated
revisions to the National Oil and Hanrdous Substances Contingency Plan (NCP) that
incorporate the ARARs provisions contained in SARA.
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Applicable Requirements and Relevant and Appropriate Requirements


ARARS consist of two sets of requirements, those that are applicable and those that are
relevant and appropriate. Applicable requirements are those substantive standards that
specifically address the situation at a CERCLA site; however, an applicable requirement need
not have been promulgated specifically to apply to CERCLA sites. Decisionmakers have
minimal discretion in determining whether a requirement is legally applicable; if the
jurisdictional prerequisites of the requirement, when objectively compared to the
circumstances at the site, show a direct correspondence, the requirement is applicable. These
prerequisites consist of identifying: (1) who is subject to the statute or regulation; (2) what
types of substances or activities fall under the authority of the, statute or regulation; (3) what
is the time period for which the statute or regulation is in effect; and, (4) what types of
activities does the statute or regulation require, limit, or prohibit. If a requirement is not
legally applicable, a decisionmaker must exercise best professional judgment to determine
whether it is relevant and appropriate under the circumstances of the release of contamination.


The procedure for determining whether a requirement is relevant and appropriate is a two-
step process. First, to determine relevance, the decisionmaker must determine whether the
requirement addresses problems or situations sufficiently similar to the circumstances of the
proposed response action. Second, for appropriateness, the determination must be made as to
whether the requirement would also be well-suited to the conditions of the site. There are
eight comparisons which must be made, where pertinent, in determining relevance and
appropriateness (40 CFR Part 300.400(g)2)):


• The respective purposes of the requirement and of the CERCLA action;


The medium regulated or affected by the requirement and that which is contaminated
or affected at the CERCLA site;


The substances regulated by the requirement and those found at the CERCLA site;


The activities regulated by the requirement and the remedial action contemplated at the
CERCLA site;


• Any variances, waivers, or exemptions of the requirement and their availability for the
circumstances at the CERCLA site;


• The respective type of place regulated and that affected by the release or CERCLA
action;


• The type and size of the structure or facility regulated, and such affected by the
release or contemplated by the CERCLA action; and,


• Any consideration of use or potential use of affected resources,
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respectively, in the requirement and at the CERCLA site.


Note that in some cases, only a portion of a requirement will be both relevant and
appropriate. Once a requirement is deemed relevant and appropriate, it must be attained (or
waived). If a requirement is not both relevant and appropriate, it is not an ARAR.


To-Be-Considered Requirements (TBC's)


Many Federal and State environmental and public health agencies develop criteria,
advisories, guidance, and proposed standards that are not legally enforceable but contain
information that would be helpful in carrying out, or in determining the level of
protectiveness or, selected remedies. In other words, "to be considered" (TBCs) materials are
meant to complement the use of ARARs, not to compete with or replace them. Because
TBCs are not ARARs, their identification and use are not mandatory.


In conjunction with the completion of the baseline risk assessment, where no ARARs
address a particular situation, or the existing ARARs do not ensure sufficient protectiveness
(e.g., because of cumulative effects due to either multiple pathways for exposure to a
contaminant, or multiple contaminants in a single pathway), the TBC advisories, criteria, or
guidelines should be used to set cleanup targets. In such cases, health advisories or toxicity
values, together with standardized exposure assumptions, are used in setting the preliminary
remediation goals.


Also, TBCs may be invaluable in deciding how to carry out a particular remedy. Many
ARARs have broad performance criteria but do not provide specific instructions for
implementation. Often those instructions are contained in supplemental program guidance.


SCOPE OF ARARs


ARARs are identified on a site-by-site basis for all on-site response actions where
CERCLA authority is the basis for cleanup. The lead agency (e.g., EPA, another Federal
agency, or a State) as well as the supporting agencies must identify and discuss information
about potential ARARs with each other. For Fund-financed CERCLA sites and for those
actions taken pursuant to CERCLA Section 106 authority, EPA makes the final decision on
ARARs. Cleanups at all CERCLA sites, regardless of which agency has the lead, must
comply with (or waive) ARARs. It is important to recognize that CERCLA addresses two
types of response actions, remedial and removal; two classes of requirements, substantive and
administrative; and, two cleanup locations, on-site and off-site.


Remedial Actions


According to CERCLA and the 1990 NCP, all remedial actions taken under CERCLA
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must meet ARARs at the completion of.the action (or justify a waiver). Further, the 1990
NCP requires CERCLA remedies to attain or waive ARARs during the course of a remedial
action. Moreover, where an ARAR requires a permit, CERCLA provides for the on-site work
to comply with only the substantive, but not the administrative, requirements of the ARAR.
Complying with ARARs both during the implementation and upon completion of an action
helps the lead agency assure that the activity can be carried out in a manner that is protective
of human health and the environment.


Removal Actions


Although the statute specifies ARARs only for on-site remedial actions, the implementing
rule, the NCP (at 40 CFR Part 300.415(i)), requires removal actions to attain ARARs to the
extent practicable, considering the exigencies of the situation at the site. Regulations under
other environmental and public health laws may help determine the appropriate manner in
which to proceed with a removal action. Removal actions generally focus on the stabilization
of a release or threat of release and mitigation of near-term threats. For example, a removal
action may be conducted to remove large numbers of leaking drums and the associated
contaminated soil.


EPA has adopted two criteria for determining practicability: the urgency of the situation
and the scope of the removal action. Because of the urgency at the site, an On-Scene
Coordinator (OSC) may have to undertake an immediate response to remove or stabilize
leaking drums near a residential area in order to prevent a fire or explosion. Where such
conditions constrain or preclude efforts to identify and attain ARARs, the OSC's
documentation of these conditions will be considered sufficient basis for justifying not
attaining all ARARs. Where a removal action is for a limited purpose (e.g., to address a
direct-contact threat to nearby schoolchildren), attainment of soil cleanup ARARs that would
require a more extensive response action may be beyond the scope of the removal action, and,
therefore, impracticable. Moreover, requirements are only ARARs when they pertain to the
specific action(s) undertaken on-site. For example, if the removal of the drums also included
excavating highly contaminated soil, the removal action would not have to meet standards for
other media, if those standards might be ARARs for a final remedial action at the site.


Substantive Requirements


Although a substantive requirement usually specifies a level or standard of control, it
could instead provide performance criteria or location restrictions. In addition, monitoring
requirements are considered substantive, for the purpose of ascertaining whether the levels
and limitations set in the decision document have been attained.


Remedies conducted entirely on-site must comply with only the substantive provisions of
requirements that are ARARs, pursuant to CERCLA Sec. 121(d)(2). Also, CERCLA Sec.
121(e)(1) specifically exempts on-site actions from obtaining Federal, State, and local permits,
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although the substantive provisions of permitting programs that are ARAR must be met (or
waived). This permit exemption applies to all on-site CERCLA activities both before and
after the remedy has been selected. The exemption applies regardless of whether the lead
agency is EPA, another Federal agency, or a State, when the activity (which could be an
investigation or a Sec. 106 action) is conducted entirely on-site.


Administrative Requirements


Exemption from administrative requirements for on-site actions promotes expeditious
response to protect human health and the environment from actual and potential threats at
CERCLA sites. Congress recognized that subjecting CERCLA decisionmaking to the myriad
of overlapping and potentially disparate administrative requirements of other Federal and State
laws might significantly lengthen response time. Moreover, CERCLA has its own set of
procedures designed to promote the type of consultation and public review generally achieved
during the permit application process. These procedures address the remedy selection process
and also provide opportunities for systematic State and community involvement.


Administrative requirements consist of those mechanisms that facilitate the
implementation of the substantive requirements of statutes or regulations. In other words,
requirements that in and of themselves do not define a level or standard of control are
considered administrative; e.g., approval by or consultation with administrative bodies,
application for permits, documentation, reporting, and recordkeeping. However, EPA
recognizes the benefits of consultation, coordination, reporting, and other such practices and
strongly encourages decisionmakers to engage in these activities, as well.


On-Site vs. Off-Site


CERCLA and the NCP provide decisionmakers with guidelines on the ways to determine
whether actions will be conducted on-site. In the NCP, the term "on-site" means the
geographical (or, as the NCP calls it, the "areal") extent of the contamination and all suitable
areas in very close proximity to the contamination that are necessary for implementation of
the response action. In this definition EPA includes both the surface area and the air above
the site, as well as the hydrogeologic contamination beneath the surface, including the
ground-water plume.


This broad definition of "on-site" provides EPA with flexibility in situations where
implementation necessitates conducting activities outside of the waste area itself and/or in
areas not contiguous to the site. Cleanup actions that fall within this definition must meet the
substantive but not the administrative requirements. On the other hand, response actions
carried out off-site are simply subject to applicable law, including administrative requirements
and any specified procedures for obtaining permits. For off-site actions, of course, no
analysis of relevant and appropriate requirements is needed, and no statutory ARARs waivers
are available.
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TYPES OF ARARs


Any substantive environmental (or State facility-siting) requirement has the potential to be
an ARAR. Due to the complexity of the universe of such requirements, EPA divides ARARs
into three categories to facilitate identification:


• Chemical-specific ARARs usually are either health- or risk-based numerical values or
methodologies that establish the acceptable amount or concentration of a chemical that
may remain in or be discharged to the environment. Where more than one
requirement addressing a contaminant is determined to be ARAR, the requirement that
should be used is the one that is the most stringent. Note, however, that in some
cases, a less stringent requirement is more well-suited to the circumstances at a site,
such that a more stringent requirement will not be deemed to be relevant and
appropriate under the circumstances.


• Location-specific ARARs generally restrict certain activities or limit concentrations of
hazardous substances solely because of geographical or land use concerns.
Requirements addressing wetlands, historic places, floodplains, or sensitive ecosystems
and habitats are potential location-specific ARARs.


• Action-specific ARARs usually are restrictions on the conduct of certain activities or
the operation of certain technologies at a particular site. Regulations that dictate the
design, construction, and operating characteristics of incinerators, air stripping units, or
a landfill construction are examples of action-specific ARARs.


Some ARARs might not fit neatly into any one of these categories while others may
qualify for more than one. Even if an ARAR does not fall into any such category, it may
still be an ARAR if it meets all the jurisdictional definitions for a requirement to be an
ARAR.


TIMING OF COMPLIANCE


Although CERCLA stipulates only that ARARs must be met at the completion of the
remedial action, the NCP requires attainment of ARARs during remediation, as well. During
the course of the Remedial Design/Remedial Action (RD/RA), the lead agency is responsible
for ensuring that all Federal and State ARARs identified for the action are being met, unless a
waiver has been invoked.


An example is air stripping. Air stripping units designed to treat ground water
contaminated with volatile organic compounds (VOCs) have the potential to emit VOCs into
the air. Where Federal and State ARARs governing air emissions of VOCs or the operation
of air strippers have been identified, the remedial action should attain those ARARs durzin
the course of cleanup. However, ARARs that are used to determine final remediation levels
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apply only at the completion of the action. Thus, in the air-stripping example, the ground-
water cleanup levels would not be met until the completion of the air-stripping action, which
could last as little as a few months to several decades.


CERCLA provides a number of waivers, including one for interim actions, as long as the
final action attains the waived standard. If there is doubt about whether an ARAR can be met
during the remedial activity, but no doubt that it will be met at completion of the remedy, this
waiver can be considered.


POINT OF COMPLIANCE


Points of compliance for attaining precise remediation levels are established on a site-
specific basis. There are some general policies for establishing points of compliance. For
ground water, remediation levels should generally be attained throughout the contaminated
plume, or beyond the edge of the waste management area when waste is left in place (as in a
closed, capped landfill). EPA does acknowledge, however, that in specific ground-water
cases, an alternative point of compliance might be more protective of public health and the
environment. For air, the selected levels should be established for the maximum exposed
individual, considering reasonably expected use of the site and surrounding area. For surface
waters, the selected levels should be attained at the point, or points, where the release enters
the surface waters.


WAIVERS


In certain instances, EPA may choose an on-site cleanup method which does not meet an
ARAR. CERCLA Sec. 121(d) establishes six conditions under which an ARAR may be
waived:


• Interim Measure


• Greater Risk to Health and the Environment


• Technical Impracticability


• Equivalent Standard of Performance


• Inconsistent Application of State Requirements


• Fund-Balancing


These waivers can be used for both remedial and removal actions; they apply to ARARs
compliance only on-site. One of these waivers must be invoked for each ARAR that the
remedy will not attain. Other statutory requirements, such as the one mandating remedies that
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are protective of human health and the environment, may not be waived.


Interim Measure


The Interim Measure waiver (CERCLA Sec. 121(d)(4)(A)) is for a temporary action that
does not attain all ARARs, but will be followed by measures that will complete the cleanup
and attain all ARARs. The interim action should neither exacerbate the problems at the site
nor interfere with the final remedy. An Interim Measure waiver may be useful when a final
remedy is divided into several smaller actions or operable units.


Greater Risk to Health and the Environment


The Greater Risk to Health and the Environment waiver (CERCLA Sec. 121(d)(4)(B)), is
for situations in which compliance with an ARAR would result in greater risk than
noncompliance. Before invoking this waiver, site decisionmakers need to consider the
magnitude, duration, and reversibility of adverse impacts resulting from compliance with such
an ARAR, as compared with the protectiveness of a remedy that is not in compliance. Only
for ARARs that would cause greater risk can one invoke this waiver.


Technical Impracticability


The Technical Impracticability waiver (CERCLA Sec. 121(d)(4)(C)) may be used when
compliance with an ARAR is infeasible from an engineering perspective. The term
"impracticable" means an unfavorable balance of engineering feasibility and reliability.


Because engineering is ultimately limited by costs, estimated costs are a legitimate—but not
the primary--consideration in determining feasibility.


Equivalent Standard of Performance


The Equivalent Standard of Performance waiver (CERCLA Sec. 121(d)(4)(D)) may be
invoked when an ARAR can be equaled or exceeded through an alternate cleanup method,
which should achieve contaminant limitations and demonstrate reliability and effectiveness as
a system. Although this permits flexibility in choosing a cleanup technology, it must not
reduce the standard of performance or the required level of control.


Inconsistent Application of State Requirements


CERCLA Sec. 121(d)(4)(E) allows the selection of a remedy that does not comply with a
State ARAR when that State has applied that particular requirement inconsistently. The
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waiver is designed to avoid unreasonable restrictions at CERCLA sites if those State
requirements have not been applied to non-CERCLA sites. Because EPA presumes State
standards are applied consistently, the State does not have to document consistency unless
requested to do so. Variably applied or inconsistently enforced State standards may prompt
the invocation of this waiver. A single example of the State's having chosen or approved a
less stringent standard than that specified in the ARAR may be sufficient justification for the
waiver.


Fund-Balancing


A Fund-Balancing waiver (CERCLA Sec. 121(d)(4)(F)) may be applied when the cost of
attaining an ARAR for a solely Fund-financed action does not represent a reasonable balance
between the availability of Fund monies for remedies at other sites and the degree of
protection anticipated at the site. In other words, the waiver may be invoked when meeting
an ARAR would entail such cost in relation to the added degree of protection or reduction of
risk that remedial action at other sites might be jeopardized. As with all waivers, however,
the selected remedy still must comply with the statutory requirement for protectiveness.


It is EPA policy to routinely consider, though not necessarily to invoke, this waiver when
the cost of attaining an ARAR is four times the national average cost of an operable unit.
For example, the threshold amount in 1991 was approximately $57.6 million. The waiver
may be considered at funding levels below the threshold, as well.


ARARs: CERCLA's RELATIONSHIP TO OTHER LAWS


The Nation's goal to protect human health and the environment led to the enactment of
environmental laws which address releases, or threats of releases, of hazardous substances.
Each environmental statute has its own focus, whether to control the level of pollutants
introduced into a single medium or to address a specified area of concern, such as pesticides
or waste cleanup. The following charts summarize how four major Federal statutes interact
with CERCLA actions.
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RCRA
	


The Resource Conservation and Recovery Act (RCRA, 42 USC Secs. 6901-6987) was
enacted in 1976 to address the problem of how to safely dispose of huge volumes of newly-
generated solid and hazardous waste. RCRA authorizes a general regulatory program for the
"cradle-to-grave" management of all process wastes that are hazardous, and requires
corrective action for releases of such wastes.


RCRA standards may be potential ARARs and may be central to selecting remedies at
certain CERCLA sites. In assessing cleanup remedies, CERCLA requires EPA to consider
the long-term uncertainties associated with land disposal, long-term maintenance costs, and
other considerations typical of RCRA (RCRA Orientation Manual, EPA Pub. No. 530-SW-
90-036).


RCRA implements (at 40 CFR Parts 240-280) four distinct, yet interrelated, regulatory
programs:
Subtitle C Hazardous Waste Management Program sets national standards for hazardous
waste management and provides for oversight of State implementation of RCRA;
Subtitle D Solid Waste Management Program sets national standards for the management
of solid waste (e.g., municipal solid waste landfills);
Subtitle I Underground Storage Tank (UST) Program is designed to protect ground
water from leaking underground storage tanks; and,
Subtitle J Medical Waste Program establishes a two-year demonstration program to track
medical waste from generation to disposal.


Subtitle C hazardous waste requirements most directly relate to CERCLA because of the
similarity of sites and wastes. The standards for managing hazardous waste affect many
CERCLA response decisions (e.g., which off-site disposal facility to use or which regulatory
requirements to consider in response actions).


Example of the use of RCRA: Whenever a Ch.RCLA remedial action involves on-site
treatment, storage, or disposal (TSD) of hazardous waste, the action must meet RCRA
technical TSD standards (40 CFR Part 264).


Although a hazardous waste might not be specifically a RCRA-listed hazardous waste,
RCRA regulations may be found to be relevant and appropriate to a CERCLA site. Thus,
RCRA can directly influence remedial action design and implementation.


For ARARs information concerning Land Disposal Restrictions and other RCRA
requirements, refer to the RCRA section of the Compendium of CERCLA ARARs Fact
Sheets and Directives (EPA Pub. No. 9347.3-15).


(please see following chart)
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CWA
	


The objective of the Clean Water Act (CWA, 33 USC Secs. 1251-1376), enacted in 1977
and amended by the Water Quality Act of 1987, is to restore and maintain the quality and
integrity of the United States' surface waters. The control of discharges to these waters is
accomplished by means of Federal and State discharge standards.


• The CWA provisions (40 CFR Part 122) that are most likely to be ARARs for CERCLA
actions address: (1) water quality criteria; (2) surface-water quality; (3) direct discharges to
surface waters; (4) indirect discharges to publicly-owned treatment works (POTWs); and, (5)
discharges of dredge-and-fill materials into surface waters, including wetlands.


• CERCLA Sec. 121(d)(2)(B)(i) says that hazardous substances, pollutants, or contaminants
left on-site at the conclusion of the remedial action shall attain Federal water quality criteria,
where relevant and appropriate under the circumstances of the release.


• According to CWA Sec. 303, States must promulgate water quality standards, and these will
be applicable to CERCLA discharges. States are required to establish numerical or narrative
standards which will be used to protect the designated use of the water body. These State
water quality standards are based on Federal water quality criteria developed by EPA.


• Effluent guidelines are set by the permitting authority, either EPA or the State. These
guidelines are numerical values or standards which any discharge must meet and with which
a CERCLA discharge must comply.


CAA
	


The Clean Air Act (CAA, 42 USC Secs. 7401-7642) is a comprehensive Federal statute
designed to control and abate air pollution through regulation of air emissions from mobile
and stationary sources. It involves a series of interrelated regulatory programs implemented
by Federal, State, and local authorities. While the initial legislation addressing air pollution
was enacted in 1955, the CAA of 1963 is generally considered to be the precursor of today's
CAA. The CAA was further amended in 1967, 1970, 1977, and in November 1990.


• The Act is implemented at 40 C1-K Parts 50-99. For six pollutants (carbon monoxide, lead,
nitrogen dioxide, particulate matter equal to or less than 10 microns particle size (PMia) ,
ozone which results from the emissions of volatile organic compounds (VOCs), and sulfur
oxides) the National Ambient Air Quality Standards (NAAQS) have been established (40
C1-1( Part 50). States are responsible for implementing the NAAQS, which are potential
ARARs in those States that have furnished EPA their State Implementation Plans (SIPS)
stating their strategy for achieving and maintaining the NAAQS.


• The CAA and CERCLA interact in two ways: (1) CAA hazardous air pollutants are
included as CERCLA hazardous substances, and, (2) CAA emissions limitations may
become potential ARARs for CERCLA responses. Note that some air emissions limits are
promulgated under RCRA (40 Ciqt Parts 264 and 269).


• CAA emissions limitations may become ARARs for CERCLA responses in three ways: they
provide triggers for Superfund action (i.e., if baseline conditions (pre-cleanup) exceed air
standards, action may be warranted), cleanup standards for addressing unremediated
conditions, and emission standards for cleanup technologies employed in a response action.


(plegee see following chart)
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SDWA
	


The Safe Drinking Water Act of 1974 (42 USC Secs. 300f-300j-11) was last amended in
1986. It requires EPA to establish regulations to protect human health from contaminants in
drinking water. CERCLA Sec. 121(d)(2)(A)(i) requires an on-site CERCLA remedial action
to attain SDWA standards or levels of control where they are ARARs. Also, CERCLA Sec.
121(d)(2)(A) requires remedies to attain non-zero Maximum Contaminant Level Goals
(MCLGs), where relevant and appropriate under the circumstances of the site.


The SDWA implements (at 40 CFR Parts 141-143) the following programs: (1) Drinking
water standards; (2) Underground Injection Control programs; and, (3) Sole-Source Aquifer
and Wellhead Protection programs. Each of these programs either contains standards which
may be potential ARARs or has developed guidance "to be considered" (TBCs) for certain
CERCLA actions such as ground-water remediation.


SDWA regulations apply to CERCLA site discharges by establishing cleanliness standards,
placing restrictions on technology, and triggering response actions at the sites.


Primary drinking water standards, which consist of contaminant-specific standards known as
Maximum Contaminant Levels (MCLs), are enforceable at the Federal level. MCLs are set
as close as feasible to MCLGs, which are strictly health-based and do not take into account
cost or feasibility of attaining the goals. While EPA sets and enforces the Federal MCLs
and MCLGs, States may adopt and enforce more stringent primary standards. Secondary
standards to regulate the aesthetic quality of water supplies are not enforceable at the
Federal level, unless incorporated into a binding State standard.


MCLs and non-zero MCLGs are generally relevant and appropriate for water that is used, or
is to be used, for drinking. The MCLs are established acceding to MCLGs, as appropriate
to the site. A proposed MCL is a TBC where no promulgated standard exists.


An example of how SDWA regulations become potential ARARs in a CERCLA action is
the use of MCLs to set cleanup goals for ground water contaminated with volatile organic
compounds (VOCs). EPA has established enforceable MCLs for VOCs in public drinking
water supplies. These MCLs are usually not applicable but may be relevant and appropriate
for remediating ground water used for drinking.


More information on the subject of ARARs for CERCLA actions can be found in these documents
(listed in order of publication number):


NatjAinal Contingency Plan and Index (EPA/OERR Pub. No. 9200.2-14)


• ARARs Questions & Answers Fact Sheet: Revised NCP (EPA Pub. No. 9234.2-10/FS)


ARARs Handbook (EPA Pub. No. 9234.2-23)


ARARs Training Course (EPA Pub. No. 9234.2-24)


• Compendium of CERCL4 ARARs Fact Sheets and Directives (EPA Pub. No. 9347.3-15) [current
through August 1991; for later ARARs documents, see latest catalogue of Superfund Program
publications]
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Research: Emhart Industries, Inc.


(1) Curriculum Vitae


I received my B.S. in Color Chemistry and M.S. in Dyeing from the University of Leeds (UK)
and his Ph.D. in Textile Chemistry from the University of Manchester (UK).
I taught textile chemistry at the University of Manchester Institute of Science and Technology
for six years. I left the UK in 1966. Before joining Clemson University, in 1983, I was Group
Leader of Dye Applications Research at Southern Dyestuff Company (purchased by Sandoz,
now Clariant) and then Textile Research Manager for Reeves Brothers Inc., both in Charlotte,
North Carolina, for a total of eighteen years industrial experience. My general areas of interest
include dye synthesis, dye applications, pigments and pigmenting, color - measurement, shade -
sorting, textile finishing, printing and coated fabrics. I am a Fellow of both the Textile Institute
and the Society of Dyers and Colorists. The 1991-92 academic year was spent in the Dyestuff
Research laboratories of Ciba-Geigy in Basel, Switzerland. I received the outstanding Teacher
Award in the College of Commerce & Industry (1993-4) and the Joseph J. Lyons Teaching
Award (1995-6). In 1999 I spent a six month long sabbatical in the Colour Chemistry Dept. of
Leeds University (UK) and after my return; I was awarded the Harold C. Chapin Award for
service to the American Association of Textile Chemist and Colorists followed by the William
Weaver Paper of the Year Award in 2005. I received the Award for Faculty Excellence from the
Clemson Board of Trustees for the years 2000 and 2002.


Research


• Fluorescence of dyeings and laundered fabrics (bispectralspectrometry)
• Fastness properties of dyeings on novel polymers.
• Implementation of novel shade sorting software for color users from color instrument
manufacturers to apparel cutters.
• Influence of fiber, yam & fabric parameters on the physical properties of coated fabrics.
• Synthesis of isotopic tracers for studying diffusion in nylon dyeing.
• Effect of color distribution on the color appearance of yams, fibers and fabrics.
(microspectrometry)
• Interactions between pigment particles and polymers.


Recent Publications


"Textile Dyeing and Coloration" AATCC, Re. Triangle Park, 1997, ISBN # 0-96133501-7, 410
pages.
"Colorants: Dyes" Chap. II of "Color for Science, Art and Technology" Ed. Nassau, Elsevier,
New York, 1998, ISBN # 0-44489846-8,32 pages.
"Instrumental Shade Sorting: Past, Present and Future" Chap 20 of "Color Technology in the
Textile Industry" AATCC, 1997.
Selected Refereed Papers:
"Interactions & Relationships Between Fibers, Surfactants, Dyes and Fluorescent Brighteners"
J.R. Aspland, Advances in Col. Science and Tech., Vol. 2 - 7 (1999) p.42.
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"Alternative Mathematical Approaches to Shade Sorting " J. R.Aspland, J. P. Jarvis, et. al., Color
Research and Applications, Vol. 25-5, Oct. 2000, p.269 _
"The Influence of Blending on the Color Appearance of Black & White Fiber Blends" I. R.
Aspland and M. Zhou, T.C.C. and A. D. R (formerly Textile Chemist and Colorist), Vol. 32- I 0,
2000.
"Comparison of Color Difference Equations for Textiles: CMC(2:1) and CIEDE2000" Richard
Aspland and Pramod Shanbhag, Amer. Text. Chem. & Color, Vol. 26-6, June 2004, p. 26.


Consulting


Many of the major textile companies have utilized my services as have around a dozen law
firms, who sought expert witnesses, mainly for patent cases. However, my involvement in legal
disputes has not been called into play since 2002. (A detailed list of publications is attached as
Exhibit A.)


(2) Engagement for the Emhart v NECC Project


I have been asked to determine those chemicals, used in products sold by the NECC customers
and by Emhart Industries, Inc. ("Emhart") listed in Exhibit B, that, in the period 1948 - 1972,
would have been shipped in steel drums, and thus would have been contained in residues in the
drums those companies sent to NECC for reconditioning.


I am being compensated for my time at the rate of $1500 per day.


(3) Background: Dyes and Pigments (Colorants),


Introduction: The textile chemical industry today, and in the years since 1972, has not
fundamentally changed since the relevant time period of 1948 — 72. The chemicals that are used
today and in the past three decades would generally have been the same as those used during the
relevant time period. For this project, I have reviewed documents from various textile
companies from the relevant time period that describe products and chemicals used, as well as
documents from later time periods that describe chemicals then in use.


In general, the chemicals used in the later time periods would have been in use during the
relevant time period. I will discuss my opinions on the chemicals used by individual companies,
and will identify the documents and information which I rely on for those opinions, below.
Before I do that, I offer the following background and historical information on the textile
chemical industry.


Definition: 


Dyes are colored chemicals which are soluble in water (or air) at the time and place of their
interaction with specific textile fibers/films.


Pigments are products which are insoluble and require the intervention of a binder chemical
(essentially an adhesive) to attach them to many different polymers.
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a) The Manufacture of Colorant Chemicals.
Regardless of their aqueous solubility, all synthetic organic chemical colorants are made by a
limited number of what are referred to as "unit processes". These include sulfonation, nitration,
amination, chlorination, acylation, and hydrolysis. These processes are carried out successively
and, even for relatively simple colorants, the final product may be at least half-a —dozen (and
often, many more) reaction steps away from the original raw materials. The most basic raw
materials are benzene, naphthalene, and anthracene, all of which are cyclic aromatic
hydrocarbons. In addition, anthraquinone is also aromatic and cyclic, but it is not a hydrocarbon,
but a substituted hydrocarbon. The reaction products of those raw materials which lie between
them and the final colorant molecules, are known as "intermediates", see Tables I through XX,
in Fierz-David and Blangey, "Fundamental Processes of Dye Chemistry"(1949).


b) The Number of Colored Products.


A dye company may require in its line of color products a large number and variety of chemical
structural formulae (constitutions).


In 1969, some 46 companies in the United States were selling circa. 6000 colorants of about
1500 different chemical constitutions, for use in 11 different fiber application categories, with as
many as 20 to 25 commercial products being sold of the more popular dye structures.


c) Physical Form of Colorants.


Most colors were, and are, sold as powders, and were probably shipped in fiber drums.
Exceptions: Some vat colors and disperse dyes are sold as aqueous dispersions; some sulfur
dyes are sold as pre-reduced solutions; some pigments are sold in dispersions along with binding
resins, and a few acid dyes are sold in solution. These latter sorts .of dyes and pigments would
probably have been shipped in 55 gallon steel drums.


d) Sale of Colorants


A "color" sales company does not have to synthesize anything, but could standardize, mix,
disperse and sell products, all of which have been manufactured elsewhere. Such companies
would probably use inert diluents, such as dextrose, dispersants such as sodium lignin sulfonate,
hydrotropes such as urea, and other simple salts, such as sodium chloride and buffer salts. Most
of these would probably have been shipped in dry form, except sodium lignin sulfonate in
aqueous form, which would probably have been shipped in 55 gallon steel drums.


e) Dye Impurities


The nature of dye manufacturing is such that no purification steps are performed. The
manufacture of individual dyes can involve up to two dozen reactions. Those reactions may
create small amounts of by products which are not removed by purification. Thus, any of the by-
products can be carried forward to the finished, saleable dyes, i.e. without purification. For dyes
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that are delivered in 55 gallon steel drums, those by products would be included in the drums that
were delivered to customers.
(4) Background: Non-Colored Chemicals (Textile Auxiliaries)


Definition of textile auxiliaries:


Any chemical or mixture of chemicals which can assist to achieve desired results in a textile
manufacturing process, such as preparation, bleaching, dyeing, printing, and finishing, can be
called a "textile auxiliary". These are divided into two groups: surfactants, and non-surfactants.


a) Surfactants. Any chemical which has a portion of its molecule which is strongly polar
and/or water attracting (hydrophilic), and another portion which is only weakly polar and
unattractive to water (hydrophobic), is a surfactant. Such molecules will be attracted to the
interface between hydrophobic and hydrophilic materials, e.g. between oil and water.


Surfactants are a huge array of around 6000 different chemicals with a wide range of structures
and functions, which may lead to their being given alternative names such as "scouring, soaping,
wetting, softening, dispersing, emulsifying, leveling, retarding, and compatibilizing agents".


These are all sub-sets of surfactants, in which their hydrophilic portions may be anionic (sulfates,
sulfonates, carboxylates), cationic (containing positively charged nitrogen), non-ionic (with a
multiplicity of ethylene oxide groups), or amphoteric (having both anionic and cationic
character, depending on the pH.). Their hydrophobic portions are most frequently derived from
natural products containing long hydrocarbon chains. For example, waxes are the esters of fatty
acids and fatty alcohols. Depending on the particular wax, both halves of the molecule can have
different carbon chains of from 8-20 atoms long. Fats are the glycerides (glycerol esters) of the
same range of fatty acids as the waxes and the source of glycerol (glycerine (propane-1,2,3-
triol)). Often, fatty acid (or fatty alcohol) groups of similar carbon chain lengths are effectively
inter-changeable with respect to the properties of derived surfactants e.g. stearyl and palmityl
groups of C-18 and C-16 respectively.


Synthetic surfactants have hydrophobic segments which can be made up of quite different
arrangements of carbon and other atoms, as in alkyl-aryl combinations (alkyl being carbon
chains and aryl being unsaturated carbon rings).


b) Non-Surfactants. Such chemicals can perform other tasks such as buffering pH, chelating
(sequestering) metal ions, mordanting dyes, improving the fastness of dyeings, and other
miscellaneous functions, including those of the "carrier chemicals" which were designed to
facilitate the dyeing of polyester at the atmospheric boil. But, formulation of textile auxiliaries
whose primary purpose is not that of a surfactant, may well require the subsidiary use of a
surfactant, for example, to keep a primary chemical in a fine state of dispersion.


(5) Textile Auxiliary Sales Companies.


Paralleling color sales companies, a textile auxiliary sales company does not have to manufacture
or chemically synthesize any chemicals. A company may sell any number of individual textile


5







auxiliary agents and "proprietary" mixtures of the same without manufacturing any of the
component chemicals. In the trade, this is often spoken of as the "drum and barrel" business.
(6) Specialty Finishing Chemicals


This is a group of chemicals characterized by their functional effect on textile goods. These
effects include "durable press" finishes, water repellent finishes, flame-retardant finishes. These
will be discussed separately below in different categories.


(7) Waste Products


i) Mineral Acids. There are strong (mineral) acids, notably sulfuric, hydrochloric and nitric
acids, which are widely used raw materials in textile chemical and dye manufacturing These are
shipped at very high concentrations and are so highly corrosive that they would not be suitable
for delivery in lined 55 gallon steel drums. They are normally shipped in inert containers which
range from glass lined through special polypropylene and Teflon (PTFE) drums, and in anything
from special tank cars, "cubitainers" to reinforced glass carboys. Reaction products containing
waste mineral acids would only be disposed of in steel drums if they were either extremely dilute
or had first been neutralized by addition of basic materials. Suppliers could ship the unused
acids in lined steel drums if their concentrations were less than a few percent.


ii) Organic Acids. Acetic, formic, citric and other weaker {less corrosive) acid solutions could
have been delivered in 55 gallon steel drums and, if any of them were unused or remaining in
such 55 gallon drums, could have been disposed of in similar containers.


iii) Alkalis and Salts. Unused alkaline materials, such as: sodium hydroxide, potassium
hydroxide, lithium hydroxide, sodium carbonate, and others, (which could have been delivered
as solutions, or in solid form, in 55 gallon steel drums), would have been disposed of in a landfill
or sent off site in 55 gallon steel drums for reconditioning, as would many inorganic salts, such
as: sodium sulfate, sodium sulfite, sodium chloride, sodium nitrite, aluminum chloride,
magnesium chloride, and others, and this would have been the case for reaction catalysts
containing heavy metals, such as: iron salts, chromium salts, cobalt salts, copper salts;
magnesium salts; and many others.


iv) Other Organic Residues. In textile chemical manufacturing, there would have been unused
or remaining organic residues in 55 gallon steel drums. They would have included chlorinated
solvents, alcohols, aromatic hydrocarbons, and aliphatic hydrocarbons, and other oils, fats and
waxes. These drums would have been disposed in a landfill or sent off site for reconditioning.
Although ethylene oxide is a vital building block in many nonionic textile chemical compounds,
notably surfactants, it is gaseous, and except for the special case of being deliverable as a
solution, e.g. U.S.Pat. 4,344,916 (1966) it was generally delivered in gas cylinders in the time
period of this work.


(8) Materials Relied Upon.


The materials I have relied upon in forming my opinion include: textile industry publications,
dyeing industry publications, filings with the Environmental Protection Agency, filings with the
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Rhode Island Department of Environmental Management, and documents and testimony that I
understand was obtained in discovery in this case. Those materials are listed in Appendix C to
this report.


(9) Opinion: Chemicals Likely Shipped by NECC Customers to NECC. 


Based on my review of the information provided to me, my own research and knowledge of the
textile chemical industry and the dye manufacturing and auxiliary and intermediates business
during the relevant time period, the following companies (10.1 to 10.16) were, directly or
indirectly, involved in the textile business. I then describe the chemicals that were probably
shipped to and from each of these companies in steel barrels to NECC during the relevant time
period of 1948 - 72.


(10) Details by Company: 


In the following section, (10), detailed information is given for seventeen companies
involved with chemicals of possible interest to this research.


Note: There are some products listed subsequently, e.g. Epsom salts, for which the volume of
company business would dictate whether it was more expedient to purchase and store these
products in bags rather than in 55 gallon drums. But for the largest majority, drum storage
would have been preferred.
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(10.1). Cranston Print Works
Cranston Print Works (Cranston) is a textile fabric printing company. Cranston prints textiles by
applying colorants to textiles. Cranston would have used dyes or pigments in pastes and with
binders. The company also made engraved chrome plated copper rollers to print the individual
colors of a design.


Cranston Print Works supplied a response to the EPA's request for information in 2002. That
response listed chemicals used for the various operations of Cranston Print Works and its related
division Bercen Chemical from 1924 — 1996. The EPA response from Cranston lists the
following chemicals used during the above time period:


Print-roller plating and engraving processes:


Acids
Chromic acid (most probably made in situ from sodium bichromate and sulfuric acid)


Alkali
Caustic soda


Chlorinated Solvents
Methylene chloride


Solvents
Xylene


Those chemicals, with the exception of xylene and the components of chromic acid would
probably have been received by Cranston in 55 gallon steel drums.


The chemicals used by Cranston include the following:


Bleaching process chemicals: caustic soda (sodium hydroxide), hydrogen peroxide, sodium
silicate, and a wetting agent such as the Bercen product New Kierpine Special (an anionic
surfactant, pine oil blend). Those chemicals, except the New Kierpine Special, would probably
have been received in 55 gallon steel drums.


Printing process chemicals: vat dyes or pigments (vat colors), which are anthraquinone
derivatives; aniline black (black pigment from the oxidation of aniline); chrome dyes (which
complex with chromium salts and fibers); colorants which Cranston says could contain cadmium
(most probably inorganic cadmium sulfide pigments); Cranston says that, after 1963, it used
fiber reactive dyes, acid dyes, disperse dyes and pigments; after 1963 it used lignins as dye
dispersing agents (lignins are complex mixtures of chemicals extractable from wood on sulfite
bleaching and which include carbohydrates and phenolic residues); starch based thickeners; after
'1963, Cranston says it used synthetic print paste thickeners, by including polyvinyl alcohol
(PVA), polyvinyl acetate (PVAc), ethyl cellulose and mineral spirits, known as aliphatic naphtha
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(which Cranston says was stored in an underground tank). Of these chemicals, anthraquinoid
(anthraquinonoid) vat and disperse dyes in paste form would probably have been delivered in 55
gallon steel drums; aniline, solutions of lignates, and starch would probably have been delivered
in 55 gallon drums.


Finishing process chemicals: starch based resins, solutions of glyoxyl formaldehyde resins, and
solutions of urea/formaldehyde resins; softeners made from tallow (natural wax), probably a
fatty acid, probably stearic acid; and Bercen products, such as: Catalyst MXM, Softener DSA,
and Softener NHB, Cream Softener and Velvo Finish (a blend of sulfonated oils). Of these
products, the resins and the softeners were probably received in 55 gallon steel drums, except the
urea/formaldehyde resins which Cranston says were made on site.


Cleaning Agents: water: Bercen Chemical product Blanklene, which was a blend of solvents
used for cleaning textile printing blankets found on roller print and screen print machines;
Bercen Chemical product Berclean, which contained a mixture of chlorinated solvents used for
cleaning motors and rolls. These solvents would probably have included:


Methylene chloride
Perchloroethylene
1,1,1-Trichloroethane
Trichloroethylene


These would have been received by Cranston or Bercen in 55 gallon steel drums.
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(10.2). Eastern Color and Chemical


Eastern Color and Chemical {Eastern) is a textile auxiliary company. Eastern makes chemicals
that help textile manufacturers facilitate the processes of making quality goods. In as much as
this company carries a wide range of products, which in my opinion is typical of the textile
auxiliary business, I have described those products in detail, and will refer to this description
when it applies to the same sort of products that were used by other NECC clients.


Eastern provided a response to the EPA's request for information in 2001. The response
describes the products that were made by the company during the year 2000. It listed chemicals
that the company mixed to make softeners, antistatic agents, optical brighteners (FBA's), flame
retardants, resins, dye fixatives, gas fading inhibitors, anti crocking agents, binders, shoelace
tipping solutions, adhesives, dulling agents, water repellents, fluoro-polymers, dyeing auxiliaries,
and scouring agents. Eastern also describes a printing division that manufactured printing inks.


The response from Eastern says that the nature of its operations and the products during the
period 1952 — 69 are similar to the company's "current operations," and that many of the
products made are similar in composition, with only minor modifications. In my opinion, that
means that many of the same basic chemicals would have been used in the relevant time period
of 1948 - 72, with a few simple modifications in the proportions and quantities used in the
recipes of the products, except for certain specialty chemicals, particularly biocides, carriers, and
flame-retardants, which the EPA has since regulated and the usage of those particular chemicals
has changed.


Note: whenever it is opined that the raw materials used to make a product could have been
received in 55 gallon steel drums, there are some exceptions. For example: ethylene oxide
(normally a gas) and concentrated (corrosive) mineral acids. See Section (7) of this report.


The Eastern response describes the chemicals that the company used in general terms, in terms of
physical properties and functions, without identifying the structures of individual chemical
entities used. In my opinion, the actual chemical entities can be described as follows:


(1) ECCOGARD MP-413: Eastern describes this as a highly concentrated mildewicide and
bactericide, which can be applied to acrylic polymers before extrusion to provide durability.
Although the area of biocide chemistry, toxicity and performance has changed over the past few
decades, in my opinion it is likely that the chemicals used for these functions in the 1948 — 72
time period would have included:


2,2'-Methylenebis (4-chlorophenol)
2,2'-Methylenebis (3,4,6-trichlorophenol) (hexachlorophene)
Pentachlorophenol
N-phenylsalicylanilide
Tributyl tin oxide
Zinc naphthenate
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For example, these chemical entities were described in J.T. Marsh, "An Introduction to Textile
Finishing" (1966); see also D. Heyward, "Textile Finishing" (2003). Arsenic compounds would
have been used for this purpose early in the 1948 — 72 time period, but would probably have
been phased out by 1972. All of these chemicals would have been shipped in 55 gallon steel
drums. The raw chemical materials that Eastern would have used to make these products would
probably have been received by Eastern in 55 gallon steel drums.


(2) ECCOSTAT SK: Eastern describes this as a durable cationic antistatic agent for synthetic
and hair fibers. In my opinion, the chemicals used to make this product are cationic fatty or
hydrocarbon derivatives, sometimes ethoxylated, often with quaternary nitrogen in the molecule
e.g. trioctyl methyl ammonium chloride, or cetyl pyridinium bromide. All of those chemicals
would have been received by the company in water solutions in 55 gallon steel drums.


(3) ECCOSTAT 90: Eastern describes this as a nonionic water soluble antistatic agent for
synthetic fabrics and fibers that would give the fabrics the property of slickness (lubricity). The
chemicals used in this product would be aminated and ethoxylated fatty acid residues, from
treatment of derivatives of animal or vegetable fats with amines and ethylene oxide. With the
exception of ethylene oxide, see section (7), those chemicals would have been received by the
company in 55 gallon steel drums.


(4) Catalysts: In most textile cases these assist in cross linking cotton (cellulose fibers) to give
crease resistant finishes_ These include:


Magnesium chloride
Zinc chloride
Aluminum chloride
Magnesium nitrate
Zinc nitrate
Ammonium hydrochlorides
Amine hydrochlorides.


Less frequently they can be organic complexes with latent acidic components. They differ
primarily in the speed with which they cause the cross-linking reactions to occur. As a group
they are called Lewis Acids.


(i) Catalyst RD Liquid: Eastern describes this as a buffered melamine (1,3,5-Triazine-2,4,6-
triamine)/inorganic salt (supplied as a liquid), used with a fast acting resin catalyst. This catalyst
would probably have been magnesium nitrate or zinc nitrate. These chemicals would have been
received by the company in 55 gallon steel drums.


(ii) Catalyst SL Concentrated: Eastern describes this as a metallic zinc organic acid emulsion
catalyst, designed for use in silicone water repellant. This would probably have been:


Zinc octanoate
Zinc naphthenate.
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These would have been shipped in 55 gallon steel drums. The raw chemical materials that
Eastern would have used to make these products would probably have been received by Eastern
in 55 gallon steel drums, but could have been made in situ from zinc salts and caprylic (octanoic)
or naphthenic acids.


(iii) Catalyst MCW: Eastern describes this as a magnesium chloride solution catalyst,
designed for use with resins and variety of finishing baths. This would have been shipped in 55
gallon steel drums. The raw chemical materials that Eastern would have used to make these
products would probably have been received by Eastern in 55 gallon steel drums.


(iv) Catalyst MPC: Eastern describes this as an organic acid catalyst, for melamine and
melamine (1,3,5-Triazine-2,4,6-triamine) replacement resins. This would probably be an organic
molecule or complex that, on heating, would release a latent (masked) mineral acid catalyst.
Such a compound probably would be the sodium salt of chloroacetic acid, and this would have
been shipped in 55 gallon drums. The raw chemical materials that Eastern would have used to
make these products would probably have been received by Eastern in 55 gallon steel drums.


(v) Catalyst M907: Eastern describes this as an organic acid catalyst, for a melamine (1,3,5-
triazine-2,4,6-triamine) replacement resin called ECCO RES M907 (which does not contain
formaldehyde). This would probably have been similar to Catalyst MPC, possibly with a
formaldehyde scavenger, such as:


Ethylene glycol
Di-ethylene glycol


This would have been shipped in 55 gallon steel drums. The raw chemical materials that Eastern
would have used to make these products would probably have been received by Eastern in 55
gallon steel drums.


(vi) ECCO U-07: Eastern describes this as an isocyanate cross linking agent, for water borne
polyurethanes. The isocyanate used would probably be hexamethylene diisocyanate, which
would have been delivered in 55 gallon drums as either a solvent solution or an aqueous
dispersion. The raw chemical materials that Eastern would have used to make these products
would probably have been received by Eastern in 55 gallon steel drums.


(vii) ECCO BRITE: Cross-linker T-801-142: Eastern describes this as an aziridine. This
would contain two aziridine components (each containing two highly reactive 2 carbon, 1
nitrogen rings) as part of a cross linker, for water borne acrylics and polyurethanes. The actual
aziridines used would probably have been based on aliphatic diisocyanates or bischlorofoimates,
of which the Battelle Memorial Institute found those derived from hexamethylene diisocyanate
to be the most effective (1961). Like the diisocyanates, the arizidines would probably have been
shipped in 55 gallon steel drums. The raw chemical materials that Eastern would have used to
make these products would probably have been received by Eastern in 55 gallon steel drums.
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(5) Defoaming agents can be divided into those which do not use silicone chemicals and those
which do.


i) Defoamers which do not use silicone include fatty acids, fatty esters (glycerides), higher
alcohols, poly-glycols and phosphate esters such as tri butyl phosphate and are exemplified by
ECCO Defoamer 33-NS and ECCO Defoamer NS-405. The fatty acid chemicals that fit this
description would be:


Diethylene glycol monolaurate
Diethylene glycol monoricinoleate
Diethylene glycol monostearate
Diethylene glycol oleate
Glycerol monooleate
Glycerol monosterate


These probably would have been shipped in 55 gallon drums. The raw chemical materials that
Eastern would have used to make these products would probably have been received by Eastern
in 55 gallon steel drums.


ii) Defoamers which do use silicone chemicals are described by Eastern as ECCO Defoamer
Heavy, ECCO Defoamer KD-3, ECCO Defoamer R-22 and ECCO Defoamer SD-6, special
purpose silicone defoamers. These derive their properties from their having differing
proportions of the chemicals dimethylsiloxane and oxyalkalene units and perhaps different
dispersing systems. The latter three would be delivered as dilute aqueous emulsions in 55 gallon
steel drums. Eastern's ECCO defoamer "Heavy" is a paste, but probably also would be
delivered the same way. The raw chemical materials that Eastern would have used to make these
products would probably have been received by Eastern in 55 gallon steel drums.


(6) Anti-migrants: These would be comparable to Thickeners for Print Pastes. These are, by and
large, polysaccharides such as: alginates, guar and xanthate gums, modified starches and
cellulose derivatives. Alginates, from seaweed, are by far the most prevalent. Eastern's
Antimigrant GL is, in my opinion, an alginate, while Eastern's Thickener ECCO WW is clearly a
gum, probably guar. Both would be shipped in 55 gallon steel drums. The raw chemical
materials that Eastern would have used to make these products would probably have been
received by Eastern in 55 gallon steel drums.


(7) Dye Levelers and Retardants: These would be for controlling dye uptake (to achieve a level,
or uniformly dyed, result) on ionic fibers. The principle technique requires a dye-bath chemical
which will be attracted to the fiber, in competition with the dye, and thereby retard the rate of
dyeing. Eastern's ECCO LEVELER 700 and NYZIST are both anionic compounds that compete
for the cationic sites in wool, silk and nylon fibers, with the anionic dyes used to dye these fibers.
Almost any anionic compound will work to some extent, but anionic surfactants would be widely
used, such as:


Alkyl sulfonate
Aryl sulfonate
Alkyl naphthalene sulfonates
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Dioctyl sodium sulfosuccinate
Sodium dodecylbenzene sulfonate.


In any case, it is usual to keep the fibers well wetted-out and the dyes well dispersed by also
including a non-ionic surfactant, such as Eastern's ECCO LEVELLERS WC-4, WC-4
Concentrated and NH-2. One example of a non-ionic surfactant used as a leveler would be a
fatty acid ethoxylate. These products would be shipped in 55 gallon steel drums. The raw
chemical materials that Eastern would have used to make these products would probably have
been received by Eastern in 55 gallon steel drums.


Eastern's products Retarders OC and Retarder 8500 are levelers for cationic dyes. Acrylic fibers
generally carry anionic dye sites within the fibers and are dyed with cationic dyes. Their rates of
dyeing can be controlled by the inclusion of cationic compounds within the dye-bath, again, to
compete with the cationic dyes for the fiber and slow the dyeing rate. It is probable that these
products are quaternary ammonium salts, such as:


Cetyl tri-methyl ammonium chloride (hexadecyl-trimethyl-ammonium chloride).


Like any other cationic surfactant, these would be shipped in 55 gallon steel drums. The raw
chemical materials that Eastern would have used to make these products would probably have
been received by Eastern in 55 gallon steel drums.


(8) Dye Carriers: Although carriers, which facilitate the dyeing of polyesters with disperse dyes,
have been progressively regulated by the EPA since the mid 70's, Eastern's product list in 2000
suggests that the company would probably have used different dye carriers during the relevant
time period of 1948 — 72, but, in my opinion, starting in the mid-I950's, the company would
have used the carriers:


Chlorobenzenes (monochlorobenzene)
1,2-Dichlorobenzene (o-dichlorobenzene)
Di-ethyl phthalate
Di-(ethylhexyl)phthalate
Di-n-octyl phthalate
o-Phenylphenol (orthophenylphenol)
1,2,4-Trichlorobenzene
1,2,4,5-Tetrachlorobenzene,


simply because those were the most common approaches. Carriers came in many contrasting
chemical types, but they were all sparingly water-soluble and volatile organic aromatic solvents.
In the 1960's most polyester dyehouses used:


1,1-Biphenyl
Dibutylbenzoate (di-n-butylbenzoate or di-tert-butylbenzoate)
Methylnaphthalene
o-Phenylphenol (orthophenylphenol)
1,2,4-Trichlorobenzene,
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and it is most likely that Eastern used these as well during that time period. These carriers would
have been shipped in 55 gallon steel drums. Eastern's products in 2000, POLYDYOL EV-M
and POLYOL H2-V-5 would probably have been dibutylbenzoate or N-alkylphthalimide.
Eastern's POLYDYOL 216 is a 1,1-biphenyl carrier. These carriers would also have been
shipped in 55 gallon steel drums. The raw chemical materials that Eastern would have used to
make these products would probably have been received by Eastern in 55 gallon steel drums.


The need for carriers was eliminated, to a large extent, by the advent of dyeing under pressure at
higher temperatures of 230-270 degrees Fahrenheit, which began in the mid to late 1960's and
accelerated through to the 1990's.


(9) Dye Fixatives: As with levelers and retardants, dye fixatives mainly rely on after-treating
dyed goods with high molecular weight, colorless materials of an opposite ionic charge to that of
the dyes. They form complex (pigmentary) salts on the fibers which will not so readily dissolve
as the dyes themselves (when washed). Eastern's products ECCOFIX EN-33, ECCOFIX FD-3,
ECCOFIX NF-50, ECCOFIX NAS and ECCOFIX SB-N fall into this category. In my opinion,
the chemical formulations for these Eastern products would have been condensation products of
formaldehyde and dicyandiamide and melamine (1,3,5-triazine-2,4,6-triamine). They would all
have been shipped in 55 gallon steel drums. By contrast, ECCOFIX EX-N, which is an anionic,
sulfonated polymeric derivative of phenol /formaldehyde, coats the surface of the cationic nylon
fibers, forming an anionic barrier that repels any anionic (acid) dye from escaping. These
products would also be shipped in 55 gallon steel drums. The raw chemical materials that
Eastern would have used to make these products would probably have been received by Eastern
in 55 gallon steel drums.


(10) Water Repellent Finishes: There are three primary types of water repellant used in the
textile industry which are based on waxes, silicones and fluorocarbons. The former have good
repellency, low price, poor durability to washing and no oil repellency; the silicones have
softness, breathability, better durability, but no oil or soil repellency; the fluorocarbons have oil
and water repellency, good durability, but are high priced_ By suitable formulation, the
perfounance within each broad category can be optimized for different textile substrates_ These
three groups can lead to at least eight different types of chemical on the finished fibers, without
including hybrid finishes.


Eastern listed 14 durable water repellents under the trade name RANEOFF, of which 11 were for
textiles, nine fluorocarbon based and two based on silicones. The fluorocarbon repellents would
have been:


Perfluorinated alcohols
Perfluorinated acrylates.


The silicone based repellents would have been polysiloxane derivatives. Eastern also listed two
semi- durable products under the ECCOPEL label: L, for production of aluminum soaps (from
aluminum formate), and Z for production of zirconium soaps. The chemicals to make these
products would have been soaps, probably:
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Sodium stearate
Paimitate (from palmitic acid (hexadecanoic acid))
Aluminum acetate
Aluminum formate
Zirconium acetate.


All of these products would be sold as aqueous emulsions and shipped in 55 gallon metal drums.
The raw chemical materials that Eastern would have used to make these products would
probably have been received by Eastern in 55 gallon steel drums.


(11) Gas Fading Inhibitors: The best of these are amines that are substantive to those fibers
(acetate, nylon, spandex and polyester) which are dyed with disperse dyes containing amino or
substituted amino groups. The fading inhibitors must be more basic than the amino groups in the
dyes, since their purpose is to act as scavengers for acidic nitrogen oxides (gas fumes) in the air.
Eastern says only that its inhibitors are emulsifiable, durable, and substantive. In my opinion,
the functional chemical ingredient in Eastern's inhibitors (CELLAMINE 51-G and
CELLAMINE CONC) would probably be N,N'-diphenylethylenediamine. If the inhibitors are
applied in padding (i.e., continuously) the substantivity requirement is not essential, as in
Eastern's CELLAMINE IH-2L. The chemical formula for the non-substantive inhibitor would
probably be tri-ethanolamine and/or melamine (1,3,5-triazine-2,4,6-triamine). All of these
products would have been supplied in dispersion or solutions in 55 gallon steel drums. The raw
chemical materials that Eastern would have used to make these products would probably have
been received by Eastern in 55 gallon steel drums.


(12) Softeners, lubricants, anti-crocking agents, and antistatics: It is worthwhile noting that
many of the chemical compounds used in textile manufacture, particularly through dyeing,
printing, and finishing can have some combination of all the above capabilities, so it is hard not
to have redundancies in classification. For example, there is a relationship between lubricity and
anti-crocking, in that lubricants also cause or assist in anticrocking behavior. Many of these
products have some hydrophobic character and would be expected to cause problems of
compatibility with hydrophobic (synthetic) fibers and/or disperse dyes. The key here is always
compatibility with other components of the total system being used. Cationic quaternary alkyl
ammonium compounds such as dimethyl-distearyl ammonium salt would have been widely used,
as are poly-dimethylsiloxane (silicone) polymer emulsions. There are also softeners which are
anionic, such as long chain alkyl sulfates, sulfonates, sulfosuccinates, soaps. They, can easily be
washed off, but should not be used when cationic components are also in the system.


Eastern's product list includes synthetic softeners, softener waxes, lubricating materials, and
anti-crocking agents.


i) Eastern describes its ECCOSOFT C 200 softener as a cationic, substantive fatty type, which
would probably be a dimethyl-distearyl ammonium salt. Eastern's ECCOSOFT 36 GRA and
ECCOSOFT UL 30C softeners are both described as an amide type softener, akin to
diethylaminostearamide. Eastern's ECCOSOFT 300W is described as a nonionic softener,
which would probably be a polyethylene emulsion or a fatty ester emulsion. Eastern's 348
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softener is described as cationic and silicone based, which would probably be derived from a
polydimethylsiloxane polymer with some amino-ethylamino-propyl side chains and quatemized.
Eastern's P30 and P90 softeners are described as polyethylene softeners, which would be
polyethylene emulsions. Eastern's C805 and CS 300 softeners are both described as cationic and
quaternary, which would most probably be dimethyl-distearyl ammonium salt emulsions.
Eastern's SP 8 softener is described as a silconized wax base softener, which would probably be
a poly-dimethlysiloxane (silicone) polymer emulsion. Eastern's SPI softener is described just as
a cationic softener, which would most probably closely resemble a dimethyl-distearyl
ammonium salt emulsion. Eastern's ACROSOFT softener is described as an amine functional
silicone type softener, which probably would be an amino functional siloxane/emulsion.
Eastern's ACROSOFT PSS softener is described as a siliconized polyethylene, which would
probably be a mixture of siloxane and polyethylene emulsion. Eastern's ECCOSOFT S softener
is described as a nonionic silicone softener is probably a polysiloxane emulsion. All of the
above products would probably have been shipped in 55 gallon steel drums. The raw chemical
materials that Eastern would have used to make these products would probably have been
received by Eastern in 55 gallon steel drums.


ii) Eastern's product list also includes "softener waxes," which are simply forms of the above
softeners in a higher concentration, in a semi solid form, rather than in a liquid emulsion.


Eastern's BASE WAX C 200 would probably be dimethyl-distearyl ammonium salt.
Eastern's BASE WAX 36 GRA would probably be dimethylaminostearamide.
Eastern's BASE WAX N 60 is described as a nonionic softener, would probably be a
polyethylene emulsion or a fatty ester emulsion.
Eastern's ECO WAX UL 100 is described as a fatty amide softener, which would
probably be the reaction product of alkyl amines, such as ethanolamine, with a fatty acid,
and most probably be hydroxyethyl stearamide.


All of these would most probably have been shipped in 55 gallon steel drums. The raw chemical
materials that Eastern would have used to make these products would probably have been
received by Eastern in 55 gallon steel drums.


iii) Eastern lists three lubricant products.


ECCOLUBE AD is a mixture of ethylene glycol and mineral oil
ECCOLUBE 5-8 is a silicone oil.
ECOLUBE JL-LF is described as a low foaming dye bath lubricant, which would
probably be a block copolymer of polydimethysiloxane and polyoxyethylene or
polyoxypropylene in an aqueous emulsion.


All of these would be shipped in 55 gallon steel drums. The raw chemical materials that Eastern
would have used to make these products would probably have been received by Eastern in 55
gallon steel drums.


iv) Eastern's Lenox Chemical Company division also lists a variety of lubricant products. Five
of them: are mineral oil dispersions:
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LENOLUBE 100 AS,
LENOLUBE 98,
LENOLUBE 398,
LENOLUBE 89 — MC, and
LENOLUBE 0-9200.


Lenox also lists four synthetic lubricants, which would all probably be silicone polydimethyl
siloxane emulsions:


LENOLUBE 1300-H MOD,
LENOLUBE N-3086 AS,
LENOLUBE N-3086 MC, and
SYNTHOLUBE RT-8-MOD.


Another three Lenox lubricants are:


LENOLUBE OC-3, described as a natural lubricant and antistat, which would probably
be a saturated fatty acid glyceride in oil, fat, or wax form, or an emulsion,


LENSOL 200 SMC 20, described as a highly antistatic lubricant for cotton and
poly/cotton, and


LENOLUBE MLA, described as a highly antistatic lubricant for polypropylene.


Both of these last pair of lubricants (200 SMC 20and MLA) would probably be dilute organic oil
and water emulsions, such as mineral oil or saturated fatty acid glycerides.


All of these LENOLUBE Lubricant products would have been shipped in 55 gallon steel drums.
The raw chemical materials that Eastern would have used to make these products would
probably have been received by Eastern in 55 gallon steel drums.


v) Lenox Chemical Company also lists three antistatic agents. They are additives that minimize
static in fabrics by conducting charges that have built up away from the fiber surfaces. The
descriptions of these products in the Eastern/Lenox product list are vague, and there are a variety
of chemical constructs that have been used in the industry as antistatic agents. The most that I
can say about them in general is that they would probably be quaternary amino derivatives,
sometimes in a complex with anionic surfactants, sometimes fatty amide and polyglycol
derivatives, sometimes phosphoric esters, sometimes complex silicones. Based on the
description in the Eastern/Lenox product list, they would be available in the form of aqueous
solutions or emulsions, and thus would have been shipped in 55 gallon steel drums. The raw
chemical materials that Eastern would have used to make these products would probably have
been received by Eastern in 55 gallon steel drums.


(13) Binders and anti-crocking agents: These are the "glues" by which dispersed pigment
particles are held onto fibers during printing. Generally, they should not rub off (crock) and the
fabrics should not feel any different in the printed, as opposed to the unprinted, areas. They are
often acrylic resins, which are intrinsically flame retardant
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Eastern lists a variety of anti-crocking agents and binders, as follows:


LOW CROCK H-10 is styrene butadiene rubber in emulsion.
ECCO RESIN 234 is an acrylic emulsion.
ECCO RESIN BINDER 4501 is a vinyl resin emulsion.
ECCOBOND W-7630 is a polyurethane based resin.
ECCOBINDER LOW CROCK 5990, ECCOGARD B17 and ECCOGARD BV-46 are all
probably acrylic emulsions.
ECCOGARD N-100 is a polyurethane binder in emulsion form.


All of these would have been shipped in 55 gallon steel drums. The raw chemical materials that
Eastern would have used to make these products would probably have been received by Eastern
in 55 gallon steel drums.


(14) Pigment Dispersions: The key here is not in the pigments themselves but in the various
dispersion types. Most are non-ionic aqueous emulsions.


Eastern lists three "pigment whites," one "clear base" (ECCOPAKE CLEAR BASE 801-148)
and six "pigment colors." All of these except the clear base are water insoluble solid materials
dispersed in water with a dispersing agent based on ethylene oxide condensates with C12 to C20
alcohols. The clear base product would be the same thing except it does not include the solid
materials, just the water and dispersing agent. These would probably all have been shipped in 55
gallon steel drums. The raw chemical materials that Eastern would have used to make these
products would probably have been received by Eastern in 55 gallon steel drums.


Eastern also lists five products called dulling agents, which are probably white pigments ranging
from kaolin through talc, barium sulfate to the titanium dioxide used in ECCO DULLER W-55-
Q, along with binders. The binders are usually various grades of starch or gum product such as
Dextrin. ECCO DULLER SBF is stated to be more durable and may utilize a soft acrylic binder.


(15) Sequestering Agents (Chelating Agents): Most commercial textile sequestering agents are
in a class of chemicals known as aminopolycarboxylates. Three of the most important are:
ethylene diamine tetra acetic acid (EDTA), diethylene triamine penta acetic acid (DTPA) and
bishydroxyethyl glycine (DEG), all as the corresponding sodium salts. They form complex ring
structures around unwanted metal ions such as aluminum, iron, copper, and nickel, or any other
metal that would have a deleterious effect on the dye or fabric.


Eastern lists five sequestering agents.


SOLON CONC is an EDTA.
SOLON F is probably a mixture of EDTA, DTPA, and DEG.
SOLON FE Special and FE Extra are both DEG.
SOLON AL is probably a mixture of EDTA, DTPA, and DEG.
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All of these would be aqueous solutions shipped in 55 gallon steel drums. The raw chemical
materials that Eastern would have used to make these products would probably have been
received by Eastern in 55 gallon steel drums.


(16) Printing Clears and Thickeners and Printing Auxiliaries: Printing clears are highly viscous
solutions of gum thickening agents. Printing thickeners are various gums that are added to a
printing paste. Printing binders are resins that glue the printing pigment to the fabric. The
following have been listed by Eastern:


ECCOBRITE CLEAR CONC OLH is an aqueous solution of gum, probably Guar.
ECCOBRITE THICKENER PDQ is a thickener that is most probably a solution of


synthetic thickener, such as a copolymer of methacrylic acid and vinylacetate.
ECCOBRITE AUXILIARY ALC is most likely to be a hydrotrope, such as an ethylene


glycol or glycerol.
ECCOBRITE PENETRANT CC is a surfactant, most probably a linear alcohol


ethoxylate or a alkyl phenol ethoxylate.
ECCOBRITE ANTIWICK AG-1 is an auxiliary thickener used to prevent "haloing", or


frosting, of printing ink, most probably a nonionic fatty acid amide, such as stearamide.


All of these would be shipped in 55 gallon steel drums. Many of the raw chemical materials that
Eastern would have used to make these products would probably have been received by Eastern
in 55 gallon steel drums.


Eastern also lists five printing auxiliaries that are all metallic print binders or metallic ink.
Because metallic print inks were not widely available during most of the relevant time period of
1948 — 72, these metallic print binders and inks were probably not sold or shipped by Eastern in
that time frame.


(17) Stiffening Agents: A stiffening agent is applied to textiles to make the feel (hand) or flex
of the fabric more "boardy", or less soft. Eastern's product list includes four stiffening agents,
all of which are vinyl resins. Eastern would have used and sold a similar group of stiffening
agents in the relevant time period of the 1948 — 72, and would probably have included some of
the formulations of acrylic resins. In my opinion, the vinyl resins Eastern would have used and
sold during that time would have been:


Methacrylates and
Methyl methacrylates, and
Vinyl resins based on styrene and butadiene.


Because Eastern's product list emphasizes that one of its stiffening agents, ECCO RESIN
BINDER 02, is formaldehyde free, suggests to me that Eastern previously did offer urea
formaldehyde and melamine formaldehyde as stiffening agents during the relevant time period.
These would all have been in aqueous emulsion form and would have been shipped in 55 gallon
steel drums. The raw chemical materials that Eastern would have used to make these products
would also have been received by Eastern in 55 gallon steel drums.
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(18) Optical Brighteners: More properly referred to as Fluorescent Brightening Agents (FBA's),
these are like colorants, or dyes, except that FBA treated fabrics reflect no intrinsic color from
visible light, but absorb ultraviolet light, and reflect it in the visible region. The chemical
structures of FBA's depend on the fibers for which they are intended. Eastern lists ten FBA's,
and would probably have offered most of them during the relevant time period of 1948 — 72.
Their products are largely recommended for polyester, nylon, polyamide, cellulose-acetate fibers
and their blends. The exceptions are ECCOWHITE TW-B and ECCOWHITE NW, which are
only for nylon, and are most probably both derivatives of the condensation of any one of the
many substituted cyanuric chloride (symmetrical chlorotriazine) derivatives with
diaminostilbenedisulfonic acid. The majority, ECCOWHITE AHEA-HF, ECCOWHITE OP
(0P-10), ECCOWHITE C-704 CONC, ECCOWHITE PSO, ECCOWHITE S-132,
ECCOWHITE 5261, ECCOWHITE ON CONC are all non-ionic and suitable for man-made
fibers and their blends. Although some general possibilities can be mentioned, the chemical
structures available are legion (as is the case with dyes). These include:


Benzoxazoles
Coumarins,
Naphthalimides,


and other types.


(19) Miscellaneous Surfactants:
i) Synthetic Detergents and Emulsifiers: These are surfactants that are used to scour and


clean textiles, and facilitate the making of emulsions such as print paste. Eastern lists ten
detergent and emulsifier products; all but the first one listed, ECCOTERGE MV CONC, would
probably have been shipped in 55 gallon steel drums.


ECCOTERGE 200 is a polyethoxylated fatty acid.
ECCOTERGE ASB is an alkyl aryl sulfonate amine salt.
ECCOTERGE 35S is a sodium salt of an alkyl aryl sulfonate.
ECCOTERGE EOX is an ethylene oxide derivative of a hydrophobic hydrocarbon based


residue.
ECCOFUL NMR is a fulling agent (also known as milling and felting agents) which is an


acid and alkali (pH) insensitive ethylene oxide derivative of a hydrophobic hydrocarbon based
residue.


ECCOTERGE 112 and ECCOTERGE NF 2 are both a combination of ethoxylated
alcohol and solubilizer, probably isopropanol.


ECCOTERGE A015 is a sulfonate based on a natural fat, probably stearyl.


All of these listed products would probably have been shipped in 55 gallon steel drums. Many of
the raw chemical materials that Eastern would have used to make these products would probably
have been received by Eastern in 55 gallon steel drums, but ethylene oxide would not be one of
them.
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ii) Scouring Agents: These are generally surfactants or solvents that are used to clean or scour
textiles or machinery. Eastern lists seven products as scouring agents. ECCO CLEAN RPW is
an emulsion of solvent, which would probably have been selected from:


Carbon tetrachloride
Dichloromethane (methylene chloride)
Perchloroethylene
Solvent naphtha
1,1,1-Trichloroethane
Trichloroethylene


and a surfactant, probably polyethoxylated fatty acid.


ECCOCLEANER 930 CONC, ECCOCLEANER HRLO, ECCOSCOUR WA305, and
ECCOSCOUR RC are probably ethoxylated fatty esters or fatty amides.


CELLAMINE LN is probably an ethoxylated fatty amide which includes a gas fading
inhibitor, probably N,N'-diphenylethylenediamine.


CELLAMINE OLN is probably an ethoxylated fatty amide which includes an optical
brightener, probably a cournarone.


All of these would probably have been shipped in 55 gallon steel drums. Most of the raw
chemical materials that Eastern would have used to make these products would probably have
been received by Eastern in 55 gallon steel drums, but not ethylene oxide.


iii) Wetting Agents and Penetrants: These are chemicals that allow water to penetrate rapidly
into textile products. Eastern lists six different wetting agents; one of them, ECCOWET FS-40,
is a fluorosurfactant, which was probably not made by Eastern in the relevant time period. The
other five wetting agent products were probably available during the relevant time period of
1948 — 72.


ECCOWET W50 and ECCOWET M75 are sulfated organic esters.
ECCOWET LF is a sodium salt of an alkyl naphthalene sulfonate.
ECCOWET Y1505 is an ethylene oxide derivative of a high carbon content alcohol.
ECCOWET RU-NF is probably a nonionic ethoxylated fatty acid glyceride.


All of the latter five would probably have been shipped in 55 gallon steel drums. The raw
chemical materials that Eastern would have used to make these products would probably have
been received by Eastern in 55 gallon steel drums


(20) Thermosetting Resins: These are products that are applied to textiles, and become a high
molecular weight polymer when they are heated. Eastern lists six thermosetting resin products.


ECCO REZ M300 is a methylated melamine formaldehyde resin.
ECCO REZ GLX is a glyoxal formaldehyde resin.
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ECCO RESIN NFA is an alkyd type resin, which is a condensation product of a
polybasic acid and a polyhydric alcohol, probably maleic acid ((Z)-Butenedioic acid) and
glycerol (Propane-1,2,3-triol).


ECCO REZ M907 is a melamine (1,3,5-Triazine-2,4,6-triamine) replacement resin that
does not contain formaldehyde, probably a methyl methacrylate resin.


ECCO REZ U21 is a water borne polyurethane solution.
ECCO RESIN N87 is a polyester resin solution, probably an alkyd type resin.


All of these would probably have been shipped in 55 gallon steel drums. The raw chemical
materials that Eastern would have used to make these products would probably have been
received by Eastern in 55 gallon steel drums.


(21) Shoe Lace Tipping Solutions: Eastern lists two products under this category. One of these,
SOLVENT B 100, is probably acetone. There are two nylon Tipping Solutions, which are also
solvents, these are probably phenolics such as:


meta-Cresol (3-methylphenol).


All of these would probably have been shipped in 55 gallon steel drums. The raw chemical
materials that Eastern would have used to make these products would probably have been
received by Eastern in 55 gallon steel drums.


(22) Flameproofing agents, flame retardants and plastics: The products from Eastern are applied
to the surface of textiles and may or may not be absorbed into the internal phase of the fibers.
Almost all flameproofing and flame retardant agents are based on phosphorous with nitrogen and
bromine being other elements which frequently are included. Eastern lists 13 of these products.


ECCO FLAMEPROOF LB-2 and ECCOGARD WS-2 are designed for cotton fabrics,
and are probably ammonium phosphates or polyphosphates, with or without ammonium bromide
and urea.


ECCO FLAMEPROOF CPE and ECCOGARD A-10 are designed for nylon, and are
probably also ammonium phosphates along with a cyclic oligomeric phosphonate.


ECCO FLAMEPROOF WN-17 is designed for wool, and is probably potassium
hexafluorozirconate or potassium hexafluorotitanate.
ECCO FLAMEPROOF PE-100, which is designed for polyester, and
ECCOGARD W-2 and ECCOGARD A-12, which are designed for polypropylene, are


probably applied by coating fabrics with an acrylic binder containing decabromo-bisphenyl
oxide.


ECCOGARD A-5, and ECCOGARD A-7, both designed for polyester, are probably
some form of cyclic oligomeric phosphonates.


ECCOGARD A-10 and ECCOGARD A-10 BASE are designed for nylon and
polyurethane, and are probably some combination (recipe) derived from the possibilities above.


ECCOGARD BV-17 and ECCOGARD BV-46 are soft, intrinsically non-flammable
acrylic binders and would probably be ethyl acrylates.
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All of these would probably have been shipped in 55 gallon steel drums. The raw chemical
materials that Eastern would have used to make these products would probably have been
received by Eastern in 55 gallon steel drums.


{23) Adhesive Agents: Adhesive products may be used for production support, to attach labels
and the like. Eastern lists three adhesive products, ECCO ADHESIVE PS-5 and ECCO
ADHESIVE PS-55 and ECCO ADHESIVE U-720.


ECCO ADHESIVE PS-5 and ECCO ADHESIVE PS-55 are solvent based acrylic
polymer adhesives.


ECCO ADHESIVE U-20 substitutes a urethane polymer.


All of these would probably have been shipped in 55 gallon steel drums. The raw chemical
materials that Eastern would have used to make these products would probably have been
received by Eastern in 55 gallon steel drums.


(24) Scrooping Agents: A scooping agent is an normally an acid that is used to treat silk to give
it a desireable feel (hand). Eastern lists one scrooping agent, ECCOSCROOP RS. This is
probably a polyacrylic acid solution, and would have been shipped in 55 gallon steel drums. The
raw chemical materials that Eastern would have used to make these products would probably
have been received by Eastern in 55 gallon steel drums.


(25) Corrosion Inhibitors: These are products that are used (in the textile industry) to protect
equipment. Eastern lists two anionic corrosion inhibitors. ECCORO 15-2 could be phosphate
based, while ECCORO 30 could be a phosphate salt of an organic polymeric quaternary
ammonium compound. These would probably have been shipped in 55 gallon steel drums. The
raw chemical materials that Eastern would have used to make these products would probably
have been received by Eastern in 55 gallon steel drums.


However, in my opinion, from reading of the literature and brief discussion with a metallurgy
expert, textile equipment (largely stainless steel) is adequately protected by passivation of the
metal by a layer of inert metal oxide, formed by air oxidation.


(26) Spin Finishes, Fiber and Yarn Finishes: These are combinations of antistatic agents,
emulsifiers and lubricants which are used to treat threads and yarns. Lenox lists five spin finish
products and eight fiber and yarn finish products. This number is not surprising, for the
sophistication of spin finish formulations for the emerging man-made fibers resulted in at least
50 patents between 1938 and 1973. And yet, in broad teints the physical functions of the
blended products have not changed much. It is in the permutations and combinations within
recipes that the complexities (often proprietary) arise.


The patents include as lubricants the usual suspects (alkyl esters, triglycerides, glycols, waxes,
mineral oils, polyethylenes, poly alkylsilanes, etc.); they include at least 16 different possible
lubricating surfactant emulsifiers, such as: anionic, cationic ionic and non-ionic (from
polyoxyethylene compounds, quaternary alkyl compounds, to sulfonated oils) and 17 different
antistatic agents (from cationic nitrogen compounds with hydrocarbon moieties, carboxyethyl
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alkylphosphonic acid salts, to N,N'-di-(2-hydroxyethyl) fatty acid amides). The actual nature of
the individual spin finish mixtures sold by Eastern is beyond the scope of my knowledge and
experience. Non-the-less, all of them would probably have been shipped in 55 gallon steel
drums, and the chemical raw materials that Eastern would have used to make these products
would probably have been received by Eastern in 55 gallon steel drums.


(27) Anti-slip, Antistatic and Cohesive Finishes: All the products listed by Lenox in the product
Guide 2000 under these categories, and also those listed as lubricants, see above [Section 8B
(Eastern Chemical and Color), 12), sections iv) and v)J, are the outcome of formulated recipes
(like those of the spin finishes in the previous paragraph 26). All the recipes listed as Lenox
products are designed to facilitate particular fiber, yarn and fabric processes, without fly waste
and shedding of fibers. There are no novel or unique chemistries involved beyond the mixing of
amounts of the lubricants, emulsifiers and antistatic agents referred to in 26) above. The USDA
looked into this area for cotton processing in the 1980's, but, with the exception of
HYDROLENE H, which is a cohesion promoter for all fibers, Lenox has concentrated on
formulations for most man-made and synthetic fibers.
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(10.3). Organic Dyestuffs


Organic Dyestuffs (Organic) was a dye mixing company based in East Providence, RI. Organic
Dyestuffs' June 4, 2001 response to the EPA's 104(e) questionnaire says that Organic mixed dry
powdered dyestuffs and textile chemical auxiliaries such as soaps, softeners, and after treatments
for dyeing. Examples included dye fixatives, fatty softeners, detergents and soaps as well as
direct, disperse and basic dyes.


The following chemicals, listed alphabetically in the company's 104(e) response to questions
from the EPA, would have been delivered to the company, or used by the company, in 55 gallon
steel drums (with the exception of the concentrated sulfuric acid noted previously, in sections (7)
and (10.2), during the relevant time period of 1948 — 72. Where there is no source or cite listed
after these, the basis is my experience as a chemist and in the textile chemical industry):


Acids
Acetic acid
Citric acid
Citric acid anhydrous granular
Formic Acid
Glacial Acetic Acid
Hydroxy Acetic Acid
Oxalic Acid
Stearic Acid (octadecanoic acid, according to Colorants)
Sulfamic Acid
Sulfonic Acid AA (acrylamido-2-methylpropane sulfonic acid)
Sulfuric Acid 66 (be) 93%
Sulfuric Acid
Tartaric Acid (2,3-dihydroxybutanedioic acid)
Triple Pressed Stearic Acid


Acrylates
Rhoplex 8-15 (an acrylic polymer, according to www.rohmandhaas.com)
Rhoplex SR-488 (an acrylic polymer, according to www.rohmandhaas.com )


Alcohols
Cresylic acid (mixed cresols (methylphenols))
Denatured alcohol
Isopropyl Alcohol 99%
Tetrahydro Furfuryl Alcohol
Tridecyl Alcohol


Alkalis
Ammonia 26
Calcium hypochlorite
Caustic potash (potassium hydroxide)
Caustic soda (sodium hydroxide)
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Amines
Calamine 51-G (N,N'-diphenylmethyl ethylenediamine, as explained above in the section


On Eastern Color and Chemical)
Developer MTD (meta-toluene diamine, according to the Colour Index)
Hampene 215 Powder (EDTA derivative, according to the CAS number)
Hampene NA4 Ex Fine (EDTA derivative, according to the CAS number)
Hampex #80 (EDTA derivative, according to the CAS number)
Hampshire NTA 150 (EDTA derivative, according to the CAS number)
Morpholine


Chlorinated Solvents
o-Dichlorobenzene (Orthodichlorobenzene (dye carrier))
Perchloroethylene
Tri-Ethane (1,1,1-trichloroethane)


Dyes
Erie Congo 48 (C.I.Direct Red 28 dye, 1 mole benzidine coupled to 2 moles napthionic


acid, according to the Colour Index)


Dye Intermediates/Precursors/Assistants
Amaril Napthol AS-SW solution (an azoic coupling component, according to the ATCC


product index, and the Colour Index)
DuPont Fiber Identification Stain #4 (mixture of dyes for identifying the different fibers


in a fabric)
ECCOFIX 101 (a cationic dye fixative for improving the wash fastness of anionic


dyeings)
ECCO Retarder 0-42 (a cationic salt that competes with the dye when dyeing acrylic


fibers)
Meta Toluylene Diamine Flakes (a dye intermediate, 2,4-diaminotoluene)
Mordant 3N2 (a metallic mordant, added to complex with dyeings and improve their


fastness)
Naphthol AS — LG (an azoic coupling component, terephthaloylbis(5-chloro-2,4-


dimethoxyacetanilide), according to the Colour Index)
Phenyl Methyl Pyrazolone (a dye coupling compound, 1-phenyl-3-methyl-S-pyrazolone,


according to the Colour Index)


Fatty acid derivatives
Alrosol B (a fatty acid amide, according to ec.com)
Ahcowet SDS (an ionic surfactant, which, according to an Internet source,


www.coloranthistory.org , is a sulfated butyloleate fatty ester)
Monowet MO-70E (dioctyl sodium sulfosuccinate, according to "Textile Finishing" by


D.Heywood)
Naphtholean A (Neovadine AN (fatty acid ethylene oxide condensate, according to


Textile Finishing)
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Nopco 1186-A (sodium salt of dioctyl sulfosuccinate, according to Colorants and Textile
Chemistry)


Glycols
Dowanol EM (polyethylene glycol monomethyl ether, according to www.nextbis.com)
ECCOLUBE 100 Conc (ethylene glycol and mineral oil, as explained above in 10B)
Ethylene glycol
Nonisol 300 (polyethylene glycol monolaurate, according to "Colorants and Auxiliaries",


J. Shore ( Vol.I, Colorants")
Polyglycol E-400 (polyethylene glycol)
Renex #20 (polyethylene glycol, according to www.aktasdis.com )
Sorbit AC (polyethylene glycol 400, according to JSTOR)


Lignins
Goulac (calcium lignosulfate, according to the MSDS)
Marasperse N (a by product of paper pulp bleaching, sodium lignin sulfonate)


Miscellaneous
Casein (a milk protein)
Crystal urea
Dowanol EE (2 ethoxyethanol, according to www.nextbis.com)
Dowicide A (pentachlorophenol, according to www.berkeley.edu)
ECCO Defoamer NSD (a non silicone defoamer)
ECCOPEL (zirconium salts, as explained above)
ECCOWET 66 (sulfonated organic esters, as explained above)
Emulphor ON-870 (dodecylalcohol 20 mol ethylene oxide, according to ec.com)
Formaldehyde 37%
Shotted Urea
Tributyl Phosphate


Naphthalene Derivatives
Alkalate #2 (naptha, according to the product's Material Safety Data Sheet ("MSDS"))
Beta Naphthol (2-hydroxy naphthalene)
Developer BON (2-hydroxy naphthoic acid, according to the Colour Index.)
Naftolo MM-BS (an azoic coupling component, 3-hydroxy-N-phenyl-2-napthamide,


according to ChemDraw)
Naftolo MMD (an azoic coupling component, 2-hydroxy 3-carboxy napthalene amide,


according to the Colour Index)
Naphthol AS-OL 20% Solution (3-hydroxy-2-naphth-o-anisidide, according to Colour


Index)
Naphthol AS-SW 33-1/3% Solution (3-hydroxy-N-2-naphthyl-2-naphthamide, according


to Colour Index)
Ultrawet DS (sodium salt of an alkyl naphthalene sulfonic acid, according to US Patent


No. 6,165,320)
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Oils
Century 1152 saponified red oil (a glyceride of 12-hydroxy-9-octoate, according to


Textile Finishing)
Pine Oil (a long alkyl chain of mixed fatty acids and terpenes)
Twitchell Oil 7420 (sulfonated mineral oil textile softener and lubricant, according to US


Patent No. 4,104,212)


Phenyl (benzene) Derivatives
Biphenyl (1,1-biphenyl)
Blaneophor AW High Cone (an optical whitener, 7-diethylamino 4-methylchromen- Z-


one, according to www.chemind.com )
Butyl benzoate
Conco AAS-98-S (dodecyl benzene sulfonate, according to the MSDS)
Methyl Diethglamine Courmarin (methyl diethylamine coumarin)
Mutyl Benzoate (methyl benzoate)
Naphthol AS — SG ( 2-Hydroxy-11-H-benzo(a)earbazole-3-carbox-p-anisidide, according


to Colour Index)
Phenyl Methyl Carbinol ((ethyl-2-hydroxy) benzene, based on United States Patent No.


3,927,121)
Richonic Acid B (dodecylbenzene sulfonic acid, according to www.ec.com)
Tergitol TMN (a nonylphenol ethoxylate, according to www.dow.com)
Tergitol TP-9 (a nonylphenol ethoxylate, according to www.dow.com)
Toluene
Ultrawet 60-L(sodium alkyl benzene sulfonic acid, according to US Patent No.


3,671,461)
Uvitex A Dbl. Paste (an optical brightener for acrylic fibers, a benzimidazole, according


to AATC Buyer's Guide)


Pyrrolidines
Luviskol K-30 (polyvinyl pyrrolidone, according to the CAS number)
M-Pyrol (1-methylpyrolidine-2-one, according to the CAS number)
PVP K-30 (same as Luviskol above)


Quaternary Ammonium compounds/Ammonium salts
Alacsan DBC 50 (a quaternary benzyl methyl ammonium chloride, according to U.S.


Patent No. 3,577,528)
Alipal CO-436 (an ammonium nonoxynol-4-sulfate, according to an Internet source,


www.environmentalchemistry.com ("ec.com")
Ammonium chloride
Barquat TC (a quarternary ammonium compound, dimethylbenzyl ammonium chloride,


according to ec.com)
ECCO SOFT #300 WB (cationic quaternary amine, ECCO product list)
Hydroxylaturnonium Acid Sulfate
Hydroxylammonium Sulfate
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Sequestering Agents
Sequestrene NA4 (a sequestering agent, an EDTA derivative)
Sequestrene ST (a sequestering agent, an EDTA derivative)


Silicone polymers
Antifoam A (a silicone polymer, according to www.dowcorning.com )
Antifoam AF-S M (a silicone polymer, according to www.dowcorning.corn)
SAG #47 (silicone antifoamers, according to the AATC Buyers Guide)
SAG 5441 (silicone antifoamers, according to the AATC Buyers Guide)


Sodium salts
Neutral Chromate of Soda
Nitrate of Soda
Soda Ash
Sodium Acetate
Sodium Bichromate
Sodium Bisulphate
Sodium Chromate Anhydrous
Sodium Nitrate
Sodium Perborate
Sodium Stannate
Sodium Sulfate
Sodium Sulphide
Sodium Tripolyphosphate
Tetra Sodium Pyrophosphate
Vatrolite 35 E (disodium dithionite, according to the Colour Index


Surfactants
Igepal CO 620 (ethoxylated nonylphenol, according to the CAS number)
Igepal CO-630 (nonylphenoxypolyethylene oxide, according to the CAS number)
Igepal CO 990 (nonylphenoxypolyethanol, according to the CAS number)
Nacconal NR (an anionic surfactant, an alkyl aryl sulfonate
Sipex 7WC (blend of ionic and non-ionic surfactants, according to U.S. Patent No.


5,093,031)


Waxes
Carnauba wax (a low melting solid, myricil cerotate, according to Textile Finishing, D.


Hayward ("Textile Finishing"))
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(10.4). A. Harrison


According to A. Harrison's questionnaire responses to the EPA on May 3, 2002, and October 10,
2007, the company manufactures and compounds specialty chemicals for the textile industry,
including soaps, scours, defoamers, fixing agents, polyethylene and polyethylene emulsions,
softeners, detergents and scouring products, sulfonated oils, nonionic surfactants, silicones, and
various oils. It is based in North Providence, Rhode Island. It has been in business at that
location since 1883 (a new building was built on the site after a fire in 1970).


The company was apparently a customer of NECC during the relevant time period of 1948 — 72,
according to the NECC EPA questionnaire and deposition testimony of NECC employees, such
as the Vincent Buonnano depositions. NECC states that A. Harrison shipped closed head drums
containing "solvents" to NECC. According to the deposition of Joan Byers of A. Harrison, the
company shipped open headed steel drums to NECC for reconditioning. In my opinion, A.
Harrison would have received raw materials in both open and closed head 55 gallon steel drums,
and probably would have sent some of each sort of drum to NECC for reconditioning.


In Richard Harrison and Joan Byers' depositions, and in the formula cards marked as an exhibit
in the Harrison deposition, the witnesses identified the following chemicals that the company
purchased or used which would have been received or used in 55 gallon, steel drums during the
relevant time period of 1948 - 72:


Acids
Stearic acid (Octadecanoic acid)
Sulfuric acid


Alcohols
Isopropanol


Alkalis
Caustic soda (sodium hydroxide)
KOH (potassium hydroxide)
Sodium hydroxide


Amines
Diethanolamine
Hampene 100(EDTA derivative, according to the CAS number)
Hampex #80 (EDTA derivative, according to the CAS number)
Iberscour (an EDTA derivative, according to Chemical Trade Name Directory, M.Ash


and I. Ash)
Versene (an EDTA derivative, according to www.dow.com (nonylphenoxy polyethylene


oxide, according to the CAS number)


Fatty acid derivatives
Iberterge (fatty acid amine with ethylene oxide, according to US Patent No. 3,438,925)
Tallow (a fatty acid glyceride, derived from animal bones)
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Glycols
Diethylene glycol
Ethylene glycol
Iberlene (polyvinyl ethylene glycol emulsion, according to Chemical Trade Name


Directory, M.Ash and I. Ash)


Miscellaneous
Casein (a milk protein)
Dextrin (a starch derivative)
Dowicide (pentachlorophenol, according to www.berkeley.edu)
Dowicide A (72% sodium o-phenylphenate, according to wwww.dow.com)
Formaldehyde
Ibertex (polyvinyl acetate emulsion, according to Chemical Trade Name Directory,


M.Ash and I. Ash
Pegospearse S-9 (2-hydroxypropyl octadecanaote, according to www.ec.com


Oils
Castor oil
Neats foot oil (sulfonated lard, and oleic acid, according to www.neatsfootoil.com)
Red Oil
Sperm oil (tetradecanoic acid glyceride, from a sperm whale, according to the J. Bull.


Chem. Soc. Jpn. 1935, 12, 570)
Tall oil (a mixture of five different fatty acids, mostly oleic acid and linoleic acid (cis,


cis-9,12-octadecadienoic acid), plus resins)


Quaternary Ammonium compounds
Varisoft 100 (distearyl dimethyl ammonium chloride, according to US Patent No.


3,619,278)


Surfactants
CO-630 (Igepal, nonylphenoxypolyethylene oxide, according to the CAS number)
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(10.5). Duro Finishing Corporation


Duro Finishing Corp.(Duro) operated a dyeing and finishing company in Fall River,
Massachusetts. Duro makes textile auxiliaries, such as wetting agents, fabric softeners, water
repellents, "permanent press" agents, defoamers, whiteners, and textile lubricants (glycols). The
company grinds pigment and blends printing inks for paper and textiles.


According to its response to the EPA 104(e) questionnaire, Duro's products included dyed and/or
finished fabrics and printed textiles. The 104 (e) response describes its raw materials in a vague
manner, stating that they include dyestuffs, mineral spirits, ammonia, acids, caustics, and
finishing solutions to impart waterproofing (water repellency), stain resistance or wrinkle
resistance.


However, a review of EPA and Massachusetts Department of Environmental Protection records
concerning Duro from the 1990's and early 2000's discloses a number of raw materials that were
used or stored at the Duro facility. Based on my knowledge of the textile chemistry and
dyestuffs industry during the relevant time period of 1948 — 72, and during the 1980's and
1990's, and my knowledge of the dye manufacturing and auxiliaries and intermediates business,
in my opinion it is unlikely that Duro would have changed the basic chemistry of its dyes and
related products in the 1980's and 1990's from the chemical formulations that Duro would have
used in the relevant time period.


In my opinion the following chemicals listed in EPA and Masschusetts Department of
Environmental Protection records concerning Duro from the 1980's and 1990's would have been
used or manufactured by Duro during the relevant time period, and would have been stored and
shipped in 55 gallon steel drums:


Alcohols
Isopropyl alcohol {solvent)


Chlorinated Solvents
Monochlorotoluene (intermediate chemical)


Napthalene
Naphthalene {textile chemical, colorant raw material and for mothballs)


Phenyl Derivatives
1,1-biphenyl (dye carrier raw material)


Solvents
Toluene (intermediate chemical or solvent)
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(10.6). Warwick Chemical Corporation


Warwick Chemical Company (Warwick) was a textile chemical company with a facility in
Wood River Junction, Rhode Island. It was apparently in operation at Wood River
Junction throughout the relevant time period until 1971. According to NECC's responses to
the EPA's 104(e) questionnaire, Warwick was a customer of NECC, and sent open
head drums containing "paste or chemical residues" and "white pasty materials"
from its Wood River Junction facility to NECC for reconditioning.


Sequa Corporation, which owned Warwick during the relevant time period, submitted a response
to the EPA's 104(e) questionnaire which explained that, during the relevant time period,
Warwick was in the business of manufacturing chemicals for the textile industry. Sequa
provided a history of Warwick prepared in 1945 which explained that Warwick's products
serviced the textile, paint, rubber, paper, plastic, and other industries, and that its textile water
repellent finishes under the trade names "Norane" and "Impregnole" were nationally known in
the textile trade. And a 1949 newspaper article describes Warwick's Wood River Junction
facility as being in the business of the production of organic chemicals for all industries, and on
the development of household, industrial, and other non-textile use for synthetic detergents and
other surface active agents. Sequa also provided copies of Sun Chemical Company's (Sequa's
predecessor) annual reports from 1962 and 1971, which explained that Sun opened a new
Warwick textile products plant in South Carolina in 1962, and that Warwick's operations at the
Wood River Junction plant were transferred to South Carolina by 1971.


Sequa's response described the raw materials used by Warwick as methanol, formaldehyde and
mineral spirits. It did not provide specific information on the products Warwick made or its raw
materials used during the relevant time period. But NECC did provide in its supplemental
response to the SEC 104(e) questionnaire a list of chemicals, raw materials and specialties
handled by Warwick during the relevant time period, from Chemical Week Buyers Guide and
Textile World from the relevant time period. Based on my review of that list, my knowledge of
the textile chemistry and dyestuffs industry during the relevant time period of 1948 — 72, and my
knowledge of the dye manufacturing and auxiliaries and intermediates business, in my opinion
the following chemicals listed as being handled by Warwick during the relevant time period
would have been used or manufactured by Warwick or would have been stored and shipped in 55
gallon steel drums in its Wood River Junction facility before 1971:


Alcohols
Ethanol (used as a solvent, cleaning agent and alkylating agent)


Amine Salts
Triethanolamine oleate (used as an anionic surfactant)
Triethanolamine stearate (used as an anionic surfactant)


Bactericides and Fungicides
Copper 8-quinolate
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Dyes
Dyes


Dye Precursors
Salicylic acid (used as a precursor in the manufacture of dyes)


Fatty Acid Derivatives
Fatty alcohol sulfates (used in the manufacture of anionic surfactant)
Fatty amides (used in the manufacture of an anionic surfactant)
Fatty esters (used as a precursor in the manufacture of an anionic surfactant and a


softener or as a lubricant)


Mildew Preventatives (chemical entities were described in J.T. Marsh, "An Introduction to
Textile Finishing" (1966); see also D. Heyward, "Textile Finishing" {2003)


2,2'-Methylenebis (4-chlorophenol)
2,2'-Methylenebis (3,4,6-trichlorophenol) (hexachlorophene)
Pentachlorophenol
N-phenylsalicylanilide
Tributyl tin oxide
Zinc naphthenate


Miscellaneous
Aluminum formate (used in water repellent finishing)
Glyoxal (used in the manufacture of cross-linking textile finishes)
Polyvinyl acetate (used as a "hand" modifier)
Potassium stearate (used as a soft soap)
Starch (used as a thickener, print paste and stiffening agent)


Moth-Proofing Agents (according to the Handbook of Fiber Science and Technology, Volume
II, "Chemical processing of fibers and fabrics: functional finishes, Part B", by Lewin and Sello)


(2-(bis(3,5-Dichloro-2-hydroxyphenyl)methyl)benzenesulfonic acid
2-(bis(3,5-Dichloro-2-hydroxyphenypmethyl)-5-chlorobenzenesulfonic acid
5-Chloro-2-(4-chloro-2-(3-{3,4-dichlorophenyOureido)phenoxy)benzenesulfonic acid
1-Chloro-N-(2,4-dichloro-6-(3,5-dichlorophenoxy)phenyl)methanesulfonamide
1-Chloro-N-(3,4-dichlorophenyOmethanesulfonamide
Dieldrin


Oil
Oil (used in the textile industry as a precursor to the manufacture of surfactants and


finishing agents and as a lubricant)


Pigments
Hansa yellow
Pigments
Pigment dispersions
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Quaternary Ammonium Compounds/Ammonium Salts
Ammonium oleate (used as an anionic surfactant)
Ammonium stearate (used as an anionic surfactant)
Benzyltrimethylammonium chloride (used as a cationic surfactant)
Cetyl dimethyl benzyl ammonium chloride (used as a cationic surfactant)


Resins
Acrylic resins (used in the manufacture of binders for print pastes)
Melamine-formaldehyde resin (used in textile finishing)
Phenolic-formaldehyde resin (used in textile finishing)
Polyethylene resin (used as a softener)
Urea-formaldehyde resin (used in textile finishing)


Resin Intermediates/Catalysts
Dimethyl urea (used in the manufacture of thermosetting resins in textile finishing)
Zinc salts (used as a catalyst in the manufacture of cross-linking resins)


Softeners
Butyl oleate (used as a softener)


Surfactants
Alkyl benzene sulfonic acid (used as an anionic surfactant or as a precursor to


manufacturing an anionic surfactant)
Alkyl naphthalene sulfonates (used as an anionic surfactant)
Benzalkonium chlorides (used as a cationic surfactant)
Polyethylene glycol stearate (used as a nonionic surfactant)
Salts of dodecylbenzene sulfonic acid (used as a surfactant)
Sulfonated tallow (used as a surfactant)


Surfactant Intermediates
Glycerol monostearate (used as a precursor in the manufacture of an anionic surfactant,


and a softener or as a lubricant)
Lauryl chloride (used as intermediate in the manufacture of surfactants)
Lauryl bromide (used as intermediate in the manufacture of surfactants)
Lauryl dimethylamine (used as intermediate in the manufacture of surfactants)
Lauryl pyridinium chloride (used as intermediate in the manufacture of surfactants)
Myristyl chloride (used as a intermediate for the manufacture of surfactants and textile


finishes)
Myristyl diethyl benzyl ammonium chloride (used as a cationic surfactant)
Oleyl chloride (used as an intermediate in the manufacture of surfactants)
Palmityl chloride (used as a precursor in the manufacture of surfactants and finishing


agents and as a lubricant)
Sebacyl chloride (used as precursor in the manufacture of surfactants)
Tetradecyl bromide (used as a cationic surfactant precursor)
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Waxes
Paraffin wax (used as an emulsion)
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(10.7). Cal Chemical Corporation


I understand that Cal Chemical had a facility in Coventry, Rhode Island, which began operations
in 1967. Its response to the EPA's 104(e) questionnaire Cal Chemical states that it was a
distributor of starches and dextrine adhesives to the paper and textile industry. Cal Chemical's
response contended that it had no business relationship with NECC, that it did not manufacture
chemicals, and that it did not handle drums. However, it did state that it used the following raw
materials in its operations: dextrine; solvitose (a wetting agent); sodium laurel sulfate (a wetting
agent); and non-ionic surfactant (detergent). The response did concede that the non-ionic
surfactant material was in drums.


NECC's response to the EPA's 104(e) questionnaire says that Cal Chemical sent 12 — 20 drums
per month to NECC, which contained residue in the form of solvents and other compounds.
NECC. NECC also provided in its supplemental response to the SEC 104(e) questionnaire a list
of chemicals, raw materials and specialties handled by Cal Chemical during the relevant time
period, from the 1972 Chemical Week Buyers Guide.


Based on my review of that list, my knowledge of the textile chemistry and dyestuffs industry
during the relevant time period of 1948 — 72, and my knowledge of the dye manufacturing and
auxiliaries and intermediates business, in my opinion the following chemicals listed as being
handled by Cal Chemical during the relevant time period would have been used or manufactured
by Cal or would have been stored and shipped in 55 gallon steel drums during the 1967 — 72 time
period.


Alcohols
Isopropanol (cleaning solvent, reaction solvent)


Alkalis
Ammonium hydroxide


Chlorinated Solvents
Methylene chloride (solvent)
1,1,1-Trichloroethane (solvent)


Glycols
Triethylene glycol (Tergitol) (sequestering agent)


Solvents
Acetone (solvent for disperse dyes)
Methyl ethyl ketone (solvent for dyes)
Toluene (solvent in dye manufacturing)
Xylene (solvent in vat dye manufacturing)
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(10.8). Putnam Herzl Finishing Co.


understand that Putnam was a Putnam, Connecticut textile chemical and finishing company.
NECC listed Putnam as a supplier of open head drums in its responses to the EPA's 104(e)
questionnaire, which sent open head and closed head barrels to NECC, containing residues of
dyes and other substances for textiles.


A Wesleyan University report dated May 19, 1964 listed the following chemicals collected at
Putnam's facility:


Acids
Acetic acid
Hydrochloric acid


Alkalis
Sodium carbonate
Sodium hydroxide


Dyes
Dyes


Miscellaneous
Trisodium polyphosphate


Solvents
Varsol


Another Wesleyan University report dated May 25, 1964 listed the following chemicals collected
at Putnam:


Acids
Acetic acid
Oxalic acid


Alkalis
Sodium hydroxide


Ammonium Compounds
Ammonium sulfate


Dyes
Dyes
Dye fixing agent


Solvents
Varsol
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The report also listed a Connecticut Department of Environmental Protection record from April
13, 1976 concerning Putnam which discloses a number of raw materials that were found or used
or stored at the Putnam facility at that time.


Based on my knowledge of the textile chemistry and dyestuffs industry during the relevant time
period of 1948 — 72, and during the 1970's, my knowledge of the dye manufacturing and
auxiliaries and intermediates business, my understanding and opinion that it is unlikely that
Putnam would have changed the basic chemistry of its dyes and related products in the 1970's
from the chemical formulations that Putnam would have used in the relevant time period, in my
opinion the following chemicals in the Wesleyan University reports from 1964, or listed in
Connecticut Department of Environmental Protection records concerning Putnam from the
1970's, would have been used or manufactured by Putnam during the relevant time period, and
would have been stored and shipped in 55 gallon steel drums:


Acids
Acetic acid
Formic acid
Hydrochloric acid
Oxalic acid


Alkalis
Ammonia
Sodium carbonate
Sodium hydroxide


Dyes
Dyes (probably direct and sulfur dyes)
Dye fixing agent (probably dicyandiamide)


Miscellaneous
Ammonium sulfate
Copper sulfate
Hydrogen peroxide
Urea


Sodium salts
Monosodium phosphate
Soda phosphate
Sodium bicarbonate
Sodium chloride
Sodium hydrosulfite
Sodium nitrate
Sodium perborate
Sodium silicate
Sodium sulfide
Sodium tripolyphosphate
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Tetrasodium polyphosphate
Trisodium polyphosphate


Solvents
Mineral spirits
Varsol (hydrocarbon solvent)
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(10.9). Greenville Finishing


Greenville Finishing Co. was a bleaching, mercerizing, dyeing, heat transfer printing, and
finishing company with a facility in Greenville, RI. NECC's responses to the EPA's 104(e)
questionnaire stated that Greenville Finishing sent both open and closed head drums to NECC,
about 75 to 100 drums per month to NECC, which contained residues of dye, alcohol and
chemicals.


Although I have not seen any specific records disclosing the particular chemicals used by
Greenville Finishing during the relevant time period, Rhode Island Department of Environmental
Management records list a number of raw materials that were used or stored at the Greenville .
Finishing facility in the 1980's. Based on my knowledge of the textile chemistry and dyestuffs
industry during the relevant time period of 1948 — 72, and during the 1970's and 1980's, and my
knowledge of the dye manufacturing and auxiliaries and intermediates business, in my opinion it
is unlikely that Greenville Finishing would have changed the basic chemistry of its products in
the 1970's and 1980's from the chemical formulations that Greenville Finishing would have used
in the relevant time period. Therefore, in my opinion the following chemicals listed in Rhode
Island Department of Environmental Protection records concerning Greenville Finishing from
the 1980's would have been used or manufactured by Greenville Finishing during the relevant
time period, and would have been stored and shipped in 55 gallon steel drums:


Alkalis
Ammonia
Sodium hydroxide


Sodium salts
Sodium silicate


Solvents
Waste thinner (probably Varsol, (hydrocarbon solvent ))
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110.10). Dytex Chemical Co.


Dytex Chemical Co. (Dyetex) was a Pawtucket, RI company (or possibly Central Falls, RI)
which operated as a chemical repackaging company that produced chemicals for various
industries, including textile manufacturing. NECC's responses to the EPA 104(e) questionnaire
NECC stated that Dytex sent drums to NECC containing liquid soap and cleaner fluid residues,
cleaners, soaps and solvents.


I have several Dytex reports to the Rhode Island department of Environmental Management
from 1988 and 1992, and an ESS Laboratory report concerning Dytex from 1996, and EPA
reports concerning Dytex from the 1990's 2000's, which list a number of raw materials that were
used or stored at the Dytex facility or found at the Dytex site. I have also reviewed an undated
list of Dytex chemical products, and various undated Dytex product sheets. Based on my
knowledge of the textile manufacturing industry during the relevant time period of 1948 — 72,
and during the 1970's, 1980's, and 1990's, and my knowledge of the textile manufacturing and
auxiliaries and intermediates business, in my opinion it is unlikely that Dytex would have
changed the basic chemistry of its products in the 1970's and 1980's and 1990's from the
chemical formulations that Dytex would have used in the relevant time period. Therefore, in my
opinion the following chemicals listed in the Rhode Island reports concerning Dytex from 1988
and 1992 and the ESS Laboratory report or in the Dytex product list or product sheets would
have been used or manufactured by Dytex during the relevant time period, and would have been
stored and shipped in 55 gallon steel drums, except chromic, nitric acid and sulfuric acid.


Acids
Acetic acid
Boric acid
Chromic acid
Diglycolic acid
Fluoroboric acid
Formic acid
Glycolic acid
Hydrochloric acid
Hydroxyacetic acid
Methoxyacetic acid
Nitric acid
Oleic acid
Oxalic acid
Phosphoric acid
Silicic acid
Sulfamic acid
Sulfuric acid


Alcohols
Butanol (butyl alcohol)
Denatured alcohol
Ethanol
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Isopropyl alcohol
Methanol


Alkalis
Ammonium hydroxide
Calcium hypochlorite
Potassium hydroxide
Sodium hydroxide


Ammonium salts
Ammonium bifluoride
Ammonium chloride
Ammonium sulfate


Chlorinated Solvents
Carbon tetrachloride
Furniture stripper (most likely methylene chloride)
Methylene chloride
Perchloroethylene
Trichloroethane
Trichloroethylene
Triethane 1,1,1 (most likely 1,1,1-trichloroethane)


Glycols
Ethylene glycol
Diethylene glycol
Propylene glycol


Miscellaneous
Aluminum sulfate
2-Butoxyethanol
Calcium chloride
Copper cyanide
Copper sulfate
Diatomaceous earth
Ethylene dichloride
Formaldehyde
Freon (fluorocarbon)
Glycerine (Propane-1,2,3-triol)
Hydrogen peroxide
Tellurium salts
Urea


Naphthalene Derivatives
Aliphatic napthyls
2,7-Naphthalene diol
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2-Naphthol-3,6-disulfonic acid
Solvent naptha


Nickel salts
Nickel acetate
Nickel carbonate
Nickel chloride
Nickel sulfate


Oils
Mineral oil
Turpentine (pine oil distillate, containing terpenes)


Phenyl Derivatives
Benzyl chloride
Benzyl cyanide
n-Butylbenzene
sec-Butylbenzene
Creosote (polyaromatic hydrocarbons, with phenol and cresols ((methylphenols))
Cresylic acid (mixture of cresols (methylphenols))
Cyclohexanone
Ethyl benzene
4-Isopropyltoluene
Phenol
n-Propylbenzene
Styrene
1,3,5-Trimethylbenzene
1,2,4-Trimethylbenzene


Potassium salts
Potassium chloride
Potassium cyanide
Potassium phosphate


Sodium salts
Borax (sodium borate)
Mono sodium phosphate
Sodium acetate
Sodium bicarbonate
Sodium bisulfate
Sodium bisulfite
Sodium carbonate
Sodium chloride
Sodium chromate
Sodium cyanide
Sodium fluoride
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Sodium hypochlorite
Sodium methoxide
Sodium nitrate
Sodium orthosilicate
Sodium oxalate
Sodium perborate
Sodium silicate
Sodium tripolyphosphate
Tetra sodium pyrophosphate
Tri sodium phosphate


Solvents
Acetone
Butyl acetate
Butyl cellosolve
Cellosolve acetate
Dimethyl formarnide
Ethyl acetate
Hexane
Methyl acetate
Methyl ethyl ketone
Mineral spirits
Toluene
Xylene


Surfactants
Dowanol EB (2-Butoxyethanol, according to www.chemindustry.com)
Dowanol EE (2-Ethoxyethanol, according to www.chemindustry.com )
Dowanol EM (Polyethylene Glycol Monomethyl Ether, according to www_nextbio.com)


Zinc salts
Zinc chloride
Zinc cyanide
Zinc sulfate
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(10.11). Kraus Chemical


Kraus Chemical Co. (Kraus) was a chemical distribution and packaging company which had a
facility in East Providence, Rhode Island. I understand that it manufactured and distributed
industrial supplies and chemicals. NECC identified Kraus as a customer that sent open head and
closed head drums to NECC for reconditioning in its responses, which contained residues of
"solvents and caustics."


Although I have not seen any specific records disclosing the chemicals used by Kraus during the
relevant time period, I have reviewed articles about raw materials and chemicals that were used
by Kraus during the 1980's and 1990's, Rhode Island Department of Environmental
Management records from the 1990's and 2000's, and an undated metered bulk delivery product
list which lists a number of raw materials that were used or stored at the Kraus facility. Based on
my knowledge of the textile manufacturing industry during the relevant time period of 1948 —
72, and during the 1970's through the 2000's, and my knowledge of the textile manufacturing
and auxiliaries and intermediates business, in my opinion it is unlikely that Kraus would have
changed the basic chemistry of its products from the chemical formulations that Kraus would
have used in the relevant time period. Therefore, in my opinion the following chemicals listed in
the articles, Rhode Island records, and the Kraus Chemical metered bulk delivery product list
would have been used or manufactured by Kraus during the relevant time period, and would
have been stored and shipped in 55 gallon steel drums, with the previously noted exceptions of
the corrosive mineral acids.


Acids
Acetic acid
Boric acid
Chromic acid
Fluoroboric acid
Formic acid
Hydrochloric acid
Nitric acid
Oxalic acid
Phosphoric acid
Stearic acid
Sulfuric acid


Alcohols
Ethanol
Isobutanol
Isopropanol
Methanol


Alkalis
Ammonia
Ammonium hydroxide
Potassium hydroxide
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Sodium hydroxide


Amines
Diethanolamine
Diethylamine
Triethanol amine
Tri ethyl amine


Ammonium salts
Ammonium acetate
Ammonium bicarbonate
Ammonium bifluoride
Ammonium chloride
Ammonium persulfate
Ammonium phosphate
Ammonium sulfate


Barium salts
Barium carbonate
Barium chloride


Cadmium compounds
Cadmium oxide
Cadmium sulfate


Calcium salts
Calcium carbonate
Calcium chloride
Calcium hypochlorite
Calcium stearate


Chlorinated Solvents
Methylene chloride
Perchloroethylene (tetrachloroethylene)
Trichloroethylene
1,1,1-Trichloroethane


Colbalt salts
Cobalt chloride
Cobalt sulfate


Copper salts
Copper carbonate
Copper sulfate
Copper cyanide
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Glycols
Diethylene glycol
Ethylene glycol
Triethylene glycol


Iron salts
Ferric chloride
Ferric nitrate
Ferric sulfate


Magnesium salts
Magnesium carbonate
Magnesium chloride
Magnesium sulfate


Miscellaneous
Aluminum sulfate
Foi	 inaldehyde
Glycerine (propane-1,2,3-triol)
Hydrogen peroxide
Lead fluoroborate
Sorbitol ((2S,3R,4R,5R)-hexane-1,2,3,4,5,6-hexol)
Sulfur
Sulfur trioxide (oleum)
Talc
Tin fluoroborate


Nickel salts
Nickel acetate
Nickel carbonate
Nickel chloride
Nickel fluoroborate
Nickel sulfamate
Nickel sulfate


Potassium salts
Potassium bichromate
Potassium carbonate
Potassium chloride
Potassium citrate
Potassium cyanide
Potassium fluoride
Potassium nitrate
Potassium persulfate
Potassium phosphate
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Potassium pyrophosphate
Potassium stannate
Potassium tripolyphosphate


Sodium salts
Borax (sodium borate)
Glauber's salt (sodium sulfate)
Sodium acetate
Sodium benzoate
Sodium bicarbonate
Sodium bichromate
Sodium bisulfate
Sodium bisulfite
Sodium carbonate
Sodium chlorate
Sodium chloride
Sodium chromate
Sodium citrate
Sodium cyanide
Sodium fluoride
Sodium hydrosulfite
Sodium hypochlorite
Sodium nitrate
Sodium nitrite
Sodium perborate
Sodium phosphate
Sodium pyrophosphate
Sodium silicate
Sodium stannate
Sodium sulfate (anhydrous)
Sodium sulfite
Sodium thiosulfate
Sodium tripolyphosphate


Solvents
Acetone
Benzene
n-Butyl acetate
Ethyl acetate
Isobutyl acetate
Methyl ethyl ketone
Methyl isobutyl ketone
Toluene
Xylene
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(10.12). G.M. Gannon


G.M. Gannon Co. was a chemical distribution business in Warwick, RI, which I understand
began doing business in 1969. NECC's response to the EPA's 104(e) questionnaire stated that
G.M. Gannon sent closed head drums to NECC containing "solvents."


I have reviewed a G.M Gannon brochure that shows a number of chemicals labeled on 55 gallon
steel drums, and also lists a large number of chemicals products. I have also reviewed Rhode
Island department of Environmental Management records from the 1980's, 1990's, and early
2000's, several newspaper articles which describe various chemicals found or spilled at the G.M.
Gannon site, and an environmental site assessment concerning the GM Gannon site prepared in
2002. Based on my knowledge of the textile manufacturing industry during the relevant time
period of 1948 — 72, and during the 1970's, 1980's and 1990's, and my knowledge of the textile
manufacturing and auxiliaries and intermediates business, in my opinion it is unlikely that G.M.
Gannon would have changed the basic chemistry of its products in the 1970's, 1980's and 1990's
from the chemical formulations that G.M. Gannon would have used in the relevant time period.
Therefore, in my opinion the following chemicals listed in the G.M. Gannon brochure, and the
Rhode Island records and newspaper articles concerning G.M. Gannon would have been used or
manufactured by G.M. Gannon during the 1969 — 72 time period, and would have been stored
and shipped in 55 gallon steel drums, with the usual exceptions for the corrosive mineral acids.


Acetates
Amyl acetate (pentyl ethanoate)
2-Ethylhexyl acetate


Acids
Acetic acid
Boric acid
Chromic acid
Citric acid
Formic acid
Hydrochloric acid
Hydrofluoric acid
Lactic acid
Nitric acid
Oleic acid
Oxalic acid
Phosphoric acid
Stearic acid
Sulfamic acid
Sulfuric acid


Alcohols
Amyl alcohol (1-pentanol)
Butyl alcohol
n-Butylalcohol
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Cyclohexanol
Diacetone alcohol (4-Hydroxy-4-methyl-pentan-2-one)
Dibutyl alcohol
Ethanol
Ethylhexanol
2-Ethylhexanol
Isobutyl alcohol
Isopropyl alcohol
n-Propyl alcohol


Alkalis
Ammonium hydroxide
Sodium hydroxide


Aluminum salts
Aluminum chloride (listed as "snow fines")
Aluminum stearate
Aluminum sulfate


Amines
Diethanolamine
Diethylamine
Diethylene triamine
Ethanolamine
Morpholine
Triethanolamine
Triethylamine


Ammonium salts
Ammonium bicarbonate
Ammonium bifluoride
Ammonium chloride
Ammonium nitrate
Ammonium persulfate
Ammonium phosphate
Ammonium sulfate
Ammonium thiosulfate
Diammonium phosphate
Monoammonium phosphate


Calcium salts
Calcium Carbonate
Calcium chloride
Calcium stearate







Chlorinated Solvents
o-Dichlorobenzene
p-Dichlorobenzene
Methylene chloride
Monochlorobenzene
Perchloroethylene
Tetrachlorobenzene
Trichlorobenzene
1,2,4-Trichlorobenzene
Trichloroethane
Trichloroethylene


Copper salts
Copper cyanide
Copper sulfate


Fatty Acid Derivatives
Coconut fatty acid (a mixture of about nine fatty acids)
Fatty acids (various)
Hydrogenated fatty acids
Tall oil (a mixture of five different fatty acids, mostly oleic and linoleic, plus resins)
Tallow fatty acid


Glycols
Diethylene glycol
Ethylene glycol
Glycol ethers
Polyethylene glycol
Polypropylene glycol
Propylene glycol
Methylene glycol


Iron salt
Ferric chloride


Ketones and Aldehydes
Cyclohexanone
Formaldehyde
Isophorone (3,5,5-Trimethy1-2-cyclohexen-l-one)


Magnesium salts
Epsom salts (Magnesium sulfate heptahydrate)*
Magnesium carbonate
Magnesium chloride
Magnesium oxide
Magnesium stearate*
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Magnesium sulfate
(The * indicates products which were probably stored in bags.)


Miscellaneous
Acetic anhydride
Glycerine (Propane-1,2,3-triol)
Glyceryl monostearate
Hydrogen peroxide
Melamine (1,3,5-Triazine-2,4,6-triamine)
Paraffin wax
Sorbitol ((2S,3R,4R,5R)-hexane-1,2,3,4,5,6-hexol)
Stannous chloride
Sulfur
Urea
Urethanes


Oils
Castor oil
Pine oil
Red oil


Phenyl Derivatives
Anthranilic acid (2-aminobenzoic acid)
Benzoic acid
Butyl benzoate
Dodecylbenzene sulfonic acid
Phenol
Sodium benzoate
Styrene
Tri-cresylphosphate (tri-o-tolyl ester of phosphoric acid)


Phosphorus derivatives
Phosphoric acid
Phosphoric anhydride
Phosphorous trichloride
Tributyl phosphate


Phthalates
Butyl phthalate
Isobutyl phthalate
Isodecyl phthalate
Octyl phthalate


Potassium salts
Potassium carbonate
Potassium chloride







Potassium citrate
Potassium cyanide
Potassium ferro cyanide
Potassium hydroxide
Potassium permanganate
Potassium stannate
Potassium tripolyphosphate
Tetra potassium phosphate


Sodium salts
Borax (sodium borate)
Chlorinated trisodium phosphate
Disodium metaphosphate
Glauber's salt (sodium sulfate)
Hexaphos (sodium hexametaphosphate powder)
Monosodium phosphate
Sodium acetate
Sodium acid pyrophosphate
Sodium bicarbonate
Sodium benzoate
Sodium bicarbonate
Soditun bisulfate
Sodium bichromate
Sodium bisulfrte
Sodium carbonate
Sodium chlorate
Sodium chlorite
Sodium chromate
Sodium citrate
Sodium cyanide
Sodium fluoride
Sodium formate
Sodium hexametaphosphate
Sodium hydrosulfite
Sodium hypochlorite
Sodium metaphosphate
Sodium metasilicate
Sodium nitrate
Sodium nitrite
Sodium orthosilicate
Sodium perborate
Sodium silicofluoride
Sodium sulfate
Sodium sulfide
Sodium sulfite
Sodium sulfhydrate
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Sodium tetraphosphate
Sodium thiocyanate
Sodium thiosulfate
Sodium tripolypho spate
Tetrasodium phosphate
Trisodium phosphate


Solvents
Acetone
n-Butyl acetate
Diisobutyl acetate
Ethyl acetate
Fluorocarbon solvent
Fluorsolve (Freon)
Heptane
Hexane
Isobutyl acetate
Isobutyl ketone
Isopropyl acetate
Methyl acetone
Methyl ethyl acetone
Methyl ethyl ketone
Methyl formamide
Methyl isobutyl acetone
Methyl isobutyl ketone
Mineral spirits
n-Propyl acetate
Toluol (toluene)
Xylene


Wax
Paraffin wax


Zinc / Zinc compounds
Zinc cyanide
Zinc dust
Zinc oxide
Zinc nitrate
Zinc sulfate
Zinc sulfite
Zinc stearate* see asterisks above.
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(10.13). George Mann & Company


I understand that George Mann was an industrial chemical and manufacturing company located
in Providence, Rhode Island, which made and distributed a wide variety of chemicals throughout
the relevant time period.


NECC's responses to the EPA 104(e) questionnaire indicate that George Mann sent 40 — 50
closed headed drums per month to NECC containing residues of toluene, naptha, methyl ethyl
ketone, ammonia, and solvents. Although at least one company named George Mann & Co.,
Inc., which I understand was affiliated with the original George Mann, did provide a response to
the EPA's 104(e) questionnaire, I have not seen any dated listing of the products used or sold by
George Mann during the relevant time period. However, in its responses to the EPA 104(e)
questionnaire, NECC provided a list of chemical substances handled by George Mann during the
relevant time period, from Chemical Week Buyers Guide and Textile World from the same time
period. In addition, I have reviewed articles about George Mann from the 1960's, as well as
records about the company from the EPA, the Rhode Island Department of Environmental
Management and the Massachusetts Department of Environmental Protection, some articles and
other correspondence from the 1980's and 1990's, and a Hazardous Waste Permit Application
from 1983, which also lists chemical substances used or spilled by George Mann during those
time periods. I have also reviewed the deposition of George Maim dated October 30, 2008,
concerning the discussion of certain chemicals that the company made or handled during the
relevant time period. Additional material included an undated George Mann and Company, Inc.
Brochure, headed "Distributor of Chemicals for Industry since 1921", which listed close to 200
products. Based on my review of those materials, my knowledge of the textile chemistry and
dyestuffs industry during the relevant time period, (1948 — 72), and my knowledge of the textile
manufacturing and auxiliaries and intermediates business, and my opinion that it is unlikely that
George Mann would have changed the basic chemistry of their manufacturing and related
products in the 1980's and 1990's from the chemical formulations that George Mann would have
used in the relevant time period, it is my opinion the following chemicals listed as being handled
by George Mann during the relevant time period, or listed as being used or spilled or stored at
George Mann's facility during the 1980's and 1990's, would have been used or manufactured by
George Mann or would have been stored and shipped in 55 gallon steel drums:


Acids
Acetic acid
Chloroacetic acid
Gluconic acid ((2R,3S,4R,5R)-2,3,4,5,6-pentahydroxyhexanoic acid)
Hydrochloric acid
Hydroxyacetic acid
Nitric acid
Oleic acid ((9Z)-Octadec-9-enoic acid)
in-Phosphoric acid
Stearic acid (Octadecanoic acid)
Sulfuric acid
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Alcohols
n-Butyl alcohol
Cresols (methylphenols)
Cyclohexanol
Ethanol
Glycerine (Propane-1,2,3-triol)
Methanol


Algicides


Alkalis
Aqueous ammonia
Bleach
Caustic potash (potassium hydroxide)
Caustic soda (sodium hydroxide)


Amines
Chelating agents (EDTA analogues)
Cyclohexylamine
Diethanolamine
Diethylamine
Ethylenediamine
EDTA
Hexamine
Monoethanolamine
Morpholine
Triethanolamine
Triisopropylamine


Bactericides
Bactericides
Pentachlorophenol


Chlorinated Solvents
Carbon tetrachloride
Chlorobenzene
o-Dichlorobenzene
Methylene chloride
Perchloroethylene
1,2,4-Trichlorobenzene
1,1,1-Trichloroethane
Trichloroethylene
2,4,5-Trichlorophenol
2,4,6-Trichlorophenol
1,1,2-Trichloro-1,2,2-trifluoroethane
Trichlorofluoromethane
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Fatty Acid Derivatives
Tallow fatty acid


Fungicides
Fungicides
Pentachlorophenol


Glycols
Diethylene glycol monobutyl ether
Diethylene glycol monoethyl ether
Diethylene glycol monomethyl ether
Dipropylene glycol monomethyl ether
Ethylene glycol
Glycols
Glycol ethers
Hexylglycol
Polyethylene glycols
Propylene Glycol
Triethylene glycol


Herbicides


Miscellaneous
Aluminum sulfate
Cyclohexanone
Epoxy resins
Formaldehyde
Iron
Methyl acrylate
MEK peroxide (methyl ethyl ketone peroxide)
Polyethylene calcium chloride
Polyoxypropylene
Urea
Zinc chloride


Oils
Epoxidized soy bean oil


Phenyl Derivatives
Benzoic acid
Ethyl benzene
Cresylic acid (mixture of cresols (methylphenols))
Methyl salicylate
Pentachlorophenol
Phenol
Sodium xylene sulfonate
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Styrene monomer
Toluene diisocyanate
Tricresyl phosphate (tri-o-tolyl ester of phosphoric acid)


Phthalates
Diallyl phthalate
Di-n-Butyl phthalate
Di-(2-ethylhexyl) phthalate
Diethyl phthalate
Di-n-octyl phthalate


Sodium salts
Sodium gluconate
Sodium hypochlorite
Sodium m-phosphate
Sodium m-silicate
Sodium o-silicate
Sodium phenylphenate
Sodium phosphate
Sodium tetraphosphate


Solvents
Acetone
2-Butanone
Diethylether
2-Ethoxyacetate
Ethyl acetate
Isopropyl acetate
Isopropyl alcohol
Methyl ethyl ketone (MEK)
Mineral spirits
Monoethyl ether
Naphtha (solvents)
Petroleum hydrocarbon
Toluene
Vinyl toluene
Xylene


Surfactants
Dow Coming's silicones
Dow's surfactant line
Richardson's Richanol and Richonates, (lauryl sulfate, U.S.Patent, 4,077,896)
Triton (Rohm & Haas),
Triton X-100, (alkylphenol ethylene oxide condensate)
Triton 101, (nonylphenol ethoxylate, U.S.Patent, 5,865,869)







(10.14). Universal Chemical


Universal Chemical (Universal) was a chemical company located in Ashton, Rhode Island, or
Cumberland, Rhode Island, which I understand made and distributed all types of chemicals,
including resins, plastics, and intermediaries. NECC's responses to the EPA's 104(e)
questionnaire do not state what sort of drums that Universal sent to NECC, or the nature of the
chemical residue in those drums. But NECC did provide a list of chemical substances handled
by Universal during the relevant time period, from Chemical Week Buyers Guide and Textile
World. Based on my review of that list, my knowledge of the textile chemistry and dyestuffs
industry during the relevant time period of 1948 — 72, and my knowledge of the textile
manufacturing and auxiliaries and intermediates business, in my opinion the following chemicals
listed as being handled by Universal during the relevant time period would have been used or
manufactured by Universal or would have been stored and shipped in 55 gallon steel drums in its
Cumberland, Rhode Island facility:


Acids
2-Ethylhexyl phosphoric acid
Isooctyl phosphoric acid
Laurie acid phosphate (dodecanoic acid phosphate)


Glycols
Diethylene glycol monostearate


Fatty Acid Derivatives
Dioctyl sodium sulfosuccinate


Miscellaneous
Glycerol monostearate
Carbonizing penetrants (probably a linear alcohol ethoxylate or an alkyl phenol


ethoxylate)
Softeners for textiles (probably cationic quaternary alkyl ammonium compounds such as


dimethyl-distearyl ammonium salt, poly-dimethlysiloxane (silicone) polymer emulsions, or
polyethylene emulsions and anionic softeners such as long chain alkyl sulfates, sulfonates and
sulfosuccinates)


Waxes
Waxes (probably glycerol esters of fatty acids)
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(10.15). Malden Mills Industries


Malden Mills was a company in Lawrence, Massachusetts that manufactured textiles, including
circular knit, polyester fleece fabrics. NECC's responses to the EPA's 104(e) questionnaire
stated that Malden Mills sent closed and open head drums to NECC. But NECC did not describe
the chemical residue that was contained in the drums that Malden Mills sent to NECC.


Malden Mills' response to the EPA's 104(e) questionnaire indicates that its manufacturing
processes included dyeing of yarn, knitting, printing, finishing and inspecting for finished fabrics
and printed textiles. Malden Mills also listed some broad categories of raw materials that it used
during the relevant time period, as well as later time periods. Based on my knowledge of the
textile chemistry and dyestuffs industry during the relevant time period of 1948 — 72, and during
the later time period through the 1980's to 2000's, and my knowledge of the dye manufacturing
and auxiliaries and intermediates businesses, in my opinion the following chemicals listed in
Malden Mills' EPA 104(e) questionnaire response would have been used or manufactured by
Malden Mills during the relevant time period, and would have been stored and shipped in 55
gallon steel drums:


Chlorinated Solvents
Carbon tetrachloride
Perchloroethylene
1,1,1 Trichloroethane


Resins
Urea- formaldehyde resins


Surfactants
Surfactants (for scouring, probably alkyl aryl sulfonates, and sodium lauryl sulfonate)


The company also would have used many dyes that would have been contained in 55 gallon steel
drums; carriers for dyeing polyester that would have been contained in 55 gallon steel drums,
such as


Chlorinated Solvents
Trichlorobenzene


Phenyl Derivatives
o-Phenylphenol
Biphenyl


Cationic Fixing Agents
Cationic fixing agents, such as dicyandiamide,for fixing Direct dyes,


that would have been contained in 55 gallon steel drums.
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(10.16). Cardinal Chemical Company (Eastern Resins)


Cardinal Chemical Company (Cardinal) was a chemical company located at 1174 Fall River
Street, Woonsocket, Rhode Island. It appears that many of the chemicals offered for sale by
Cardinal in drums between 1964 and 1971, according to the 1964 Chemical Week Buyers Guide,
and the 1971 Textile World, were textile chemicals. I understand from the NECC supplemental
response to the U.S. EPA's 104(e) questionnaire that Cardinal sent closed head drums containing
solvents and other chemical substances to NECC during the relevant time period of 1948-72.


I have also reviewed the 30(b)6 deposition of David Viola (March 7, 2008), President of Eastern
Resins Corp, which is the successor to Cardinal Chemical Company. Mr. Viola was the son of
the owner of Cardinal Chemical Company, which became known as Eastern Resins some time in
the 1990's. Mr. Viola described the business of Cardinal Chemical as "mainly textile chemicals
and water treatment for boilers." According to Mr. Viola, the company was also in the resin and
epoxy resin business during the relevant time period of 1948-72. I will confine my opinion here
to the chemicals handled, used or sold by Cardinal Chemical, which I understand to be textile
chemicals.


I understand that Cardinal Chemical and Eastern Resins have no records of the chemical
formulations or records of specific products handled, used or sold at the company prior to 1972.
But NECC did provide in its supplemental response to the EPA 104(e) questionnaire a list of
chemicals, raw materials and specialties handled by Cardinal during the relevant time period,
from Chemical Week Buyers Guide and Textile World from the relevant time period. Based on
my review of that list, my knowledge of the textile chemistry and dyestuffs industry during the
relevant time period of 1948 — 72, my knowledge of the dye manufacturing and auxiliaries and
intermediates business, and my review of the David Viola deposition and exhibits, it is my
professional opinion that the following chemicals would have been stored and shipped in 55
gallon steel drums. In my professional opinion the following chemicals listed as being handled
by Cardinal during the relevant time period would have been used or manufactured by Cardinal
or would have been stored and shipped in 55 gallon steel drums in its Fall River Street facility
before 1971:


Dyeing Assistants and Auxiliaries
Dye carriers
Dye fixing (setting) agents
Dye leveling agents
Dye retarding agents
Dye stripping agents (disodium dithionite)


Fatty Acid Derivatives
Fatty acid alkanolamides
Fatty acid esters
Sulfated (sulfonated) fatty acids


Gums, Sizes, Starches, Thickeners
Gums (e.g. Arabic, Karaya, Locust Bean, Tragacanth)
Starches, (e.g. corn and potato)
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Synthetic thickeners (e.g. polyvinyl alcohol)


Insecticides
Dieldrin (1 ,2,3,4,1 0,1 0-Hexachloro-6,7- epoxy-1,4,4a,5 ,6,7,8, 8 a-octahydro-endo, exo-


1 ,4:5,8-dimethanonaphthalene)


Mildewcides
Mildew preventative


Miscellaneous
Chelating (sequestering) agents e.g. EDTA and derivatives
Dye carriers
Fire-retarding agents
Latexes
Melamine
Optical brighteners
Plasticizers
Polyglycols
Silicone water repellants
Softeners
Stiffening agents (sizes)


Moth-Proofing agents
Moth-proofing agents


Oil
Coconut oil


Pesticides
Chlordane (Octachloro-4,7-methanohydroindane)


Pigment Related
Pigment binders ( acrylic latexes)


Plastics
Acrylic
Allyl resin
Aromatic polyimides
Chlorinated polyether
Epoxy resins
Ethylene co-polymers
Furane molding compounds
Melamine-formaldehyde molding compounds
Phenolic cast resins
Polyester resins
Polyethylene co-polymers
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Polypropylene modified vinyl chloride
Silicones
Styrene-butadiene thermoplastic elastomers
Urea-formaldehyde resins
Urethanes


Surfactants.
Detergents
Dispersing agents
Emulsifying agents
Quaternary Ammonium Compounds
Wetting agents


Waxes
Wax additives
Wax discs
Wax emulsion compounds
Wax fiber lubricant emulsions
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(10.17). Metro Atlantic, Inc.


I have reviewed materials describing the history and business and operations of Metro Atlantic,
Inc., also known as Atlantic Chemical and later as Crown-Metro, Inc., which I understand is the
predecessor to entities subsequently associated with Emhart Industries ("Metro Atlantic"). The
materials I have reviewed, including newspaper articles, technical bulletins, and various
statements provided to the EPA by Emhart and NECC, indicate that Metro Atlantic operated a
textile auxiliary manufacturing operation in Centredale, Rhode Island during most of the relevant
time period, until 1971. It also appears that Metro Atlantic did send drums to NECC for
reconditioning during the relevant time period.


I also reviewed various materials to determine what chemicals would have been used or
manufactured by Metro Atlantic or would have been stored and shipped in 55 gallon steel drums
during the relevant 1948 — 72 time period. CNC Chemicals' purchased the Metro Atlantic
facility at Dudley Street and Eddy Street in Providence, RI in August 1974. CNC Chemicals'
provided a response to the EPA's 104(e) questionnaire which listed following raw materials:


Alcohols
Glycerine (Propane-1,2,3-triol)


Glycols
Glycols


Miscellaneous
Fats
Formaldehyde
Glues
Urea
Waxes


Oils
Parafinic oil
Napthenic oil


In addition, I reviewed Metro Atlantic bulletins from 1969 (or earlier) which listed products sold
by Metro Atlantic. I also reviewed a newspaper article from 1963 which stated that there was a
spill of sulfur trioxide (oleum). I also reviewed a newspaper article from 1969 that indicated that
Metro Atlantic sold pigments. I also reviewed a newspaper article from 1965 about Metro
Atlantic's hexachlorophene manufacturing operation. That article also indicated that Metro
Atlantic was making trifluralin for Eli Lilly. I also reviewed a statement from Thomas Cleary
which described the details of the hexachlorophene manufacturing operations. That statement
indicated that no barrels were used in the hexachlorophene manufacturing operation.


Based on my review of these materials, my knowledge of the textile chemistry and dyestuffs
industry during the relevant time period of 1948 — 72, and my knowledge of the dye
manufacturing and auxiliaries and intermediates business, in my opinion the following chemicals
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that I understand were used or sold by Metro Atlantic during the relevant time period would have
been used or would have been stored and shipped in 55 gallon steel drums during the relevant
time period:


Acids
Sulfuric acid


Fatty Acid Derivatives
Fatty acid
Fatty alcohols
Sodium salt of oleyl methyl tauride
Sulfated tallow


Glycols
Alkyl aryl polyethylene glycol ether


Miscellaneous
Alkyl sulfonate
Aluminum salts
Cationic polyethylene emulsion
Copper containing dye fixing agents
Ethylene oxide
Ethylene urea solution
Glues
Lanolin
Methylated methylol melamine (1,3,5-Triazine-2,4,6-triamine)
Naptha
Nonionic polyethylene softener
Polyvinyl acetate (PVAc)
Sulfur trioxide (oleum)
Waxes
Zirconium salts


Oils
Sulfated castor oil
Sulfated vegetable oil


Phenyl Derivatives
Cresylic acid (mixture of cresol (methylphenols))
Polystyrene
Trifluralin (a,a,a-trifluoro-2,6-dinitro-N,N-dipropyl-p-toluidine) (yellow-orange


crystalline solid)


Resins
Dimethylol ethylene urea resin
Melamine formaldehyde resin
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Urea-formaldehyde resin


Sodium salts
Sodium chlorite


Solvents
Varsol (hydrocarbon solvent)


Water Repellents
Silicone based water repellents
Pyridine based water repellents
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The foregoing is a true and correct statement of my professional opinions concerning this matter.
If called to testify under oath, I would so testify.


I declare under the penally of perjury that the foregoing is true and correct.


Dated:  	 Signed	
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EXHIBIT B NECC CUSTOMERS ABOUT WHICH AN OPINION IS RENDERED


1. Cranston Print Works


2. Eastern Color and Chemical


3. Organic Dyestuffs


4. A. Harrison


5. Duro Finishing Corporation


6. Warwick Chemical Corporation


7. Cal Chemical Corporation


8. Putnam Herzl Finishing Co.


9. Greenville Finishing


10. Dytex Chemical Co.


11. Kraus Chemical


12. G.M. Gannon


13. George Mann & Company


14. Universal Chemical


15. Malden Mills Industries


16. Metro Atlantic, Inc.
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EXHIBIT C - Materials Used or Relied Upon for this Report and Opinion Texts


"Colorants and Auxiliaries, Volumes 1 and 2" Ed. John Shore, J.S.D.C., Bradford, 1990.


"Textile Printing", 2nd.edition, Ed. L.W.C.Miles, J.S.D.C., Bradford, 1994.


"An Introduction to Textile Finishing", 2nd. edition, J.T.Marsh, Chapman and Hall,
London,1996.


"Textile Finishing", Ed. D.Heywood, J.S.D.C., Bradford, 2004.


"Handbook of Fiber Science and Technology: Vol. II, Chemical Processing of Fibers and
Fabrics, Functional Finishes, Part B", Ed. M.Lewin and S.B. Sello, Marcel Dekker, New York
and Base1,1984.


"Colour Index", 3rd. edition, J.S.D.C. and A.A.T.C.C, Bradford and London, 1971.


"Buyers Guide", July, 1983, Vol.15, No.7, Textile Chemist and Colorist, Research Triangle
Park, N.C.


"Fundamental Processes of Dye Chemistry" Fierz-David and Blangey, Nescience, New York
and London, 1949.


Materials provided by counsel


A. HARRISON: 


1. A. Harrison & Co. 104(e) Response (5.3.2002)


2. A. Harrison & Co. Supplemental 104(e) Response (10.10.2007)


3. New England Container Company Supplemental 104(e) response (2.8.2002)


4. New England Container Company Supplemental 104(e) response (8.22.2002)


5. Vincent Buonanno Deposition (3.25.2003)


6. Vincent Buonanno Deposition (3.28.2003)


7. Richard Harrison Deposition (with exhibits) (1.25.2008)


8. Richard Harrison Deposition (cont.) (with exhibits) (3.13.2008)


9. Joan Byers Deposition (3.13.2008)


10. RIDEM Investigation Report (3.5.1986)
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G.M. GANNON: 


1. New England Container Company Supplemental 104(e) Response (2.8.2002)


2. New England Container Company Supplemental 104(e) Response (8.22.2002)


3. G.M. Gannon 104(e) Response (5.6.2002)


4. G.M. Gannon Brochure


5. G.M. Gannon Letters to RIDEM (7.14.1989)


6. RIDEM Letter to G.M. Gannon (9.14.1982)


7. RIDEM Complaint Investigation Report (3.23.1984)


8. RIDEM Hazardous Waste Generator Inspection


9. RIDEM Hazardous Waste Generator Inspection (8.31.1983)


10. RIDEM File Memo (4.18.1984)


11. RIDEM Emergency Response Report (6.10.1987)


12. RIDEM File Memo (5.17.1989)


13. RIDEM File Memo (7.12.1989)


14. RIDEM Biennial Report (1989)


15. RIDEM Emergency Response Report (8.2.1989)


16. Corporate Documents


17. March 22, 2002 Environmental Site Assessment Prepared for Mann Chemical


18. June 19, 2002 Norfolk Ram Group RIDEM Transmittal


19. December 26, 2007 - The Independent Article


20. February 18, 2007 - The Providence Journal Obituaries


21. November 6, 2005 - The Bay Journal Article


22. January 18, 2001 Ropak Press Release


23. Undated Covalent Technologies, Inc. Brochure


24. Undated UK Business Park Article re Ellis & Everard


25. Undated Article re Ellis & Everard Results for Year Ended April 30, 1997


26. March 28, 1984 - The Providence Journal
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27. November 3, 1981 - The Providence Journal


28. Undated Harvest Group, Inc. Article


29. In re China Nat'l Chemical Construction Shenzhen Company Decision on Appeal


30. Pleadings


a. December 14, 2007 Bright Star Deposition Subpoena


b. December 7, 2007 Barbara Gannon Deposition Subpoena


c. November 5, 2007 Bright Star Document Subpoena


CAL CHEMICAL: 


1. New England Container Company Supplemental 104(e) Response (2.8.2002)


2. New England Container Company Supplemental 104(e) Response (8.22.2002)


3. Cal Chemical 104(e) Response (5.10.2002)


4. Cal Chemical Follow-up 104(e) Response (11.16.2007)


5. Cal Chemical 30(b)(6) Deposition of Charles Lamendola (2.29.2008)


6. Vincent Buonanno Deposition (3.28.2003)


7. Raymond Nadeau Interview (12.11.2001)


8. EPA Waste Site Cleanup & Reuse Information on Great Lakes Container Corp,


Owned by Cal Chemical


9. EPA Evidentiary Summary Memo


CRANSTON PRINT WORKS: 


1. New England Container Company Supplemental 104(e) Response (2.8.2002)


2. New England Container Company Supplemental 104(e) Response (8.22.2002)


3. Cranston Print Works 104(e) Response (6.12.2002)


4. Cranston Print Works 30(b)(6) Deposition (George W. Shuster) (L 16.2008)


5. Raymond Nadeau Interview (12.11.2001)


6. Vincent Buonanno Deposition (3.28.2003)
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7. Cranston Print Works Patent for Paper Saturant (12.28.1990)


8. RCRA Subtitle C Site Identification Form (3.1.2004)


9. RIDEM 1984 Hazardous Waste Generator Report


10. RIDEM 1987 Generator Biennial Hazardous Waste Report


11. 1993 Hazardous Waste Report


12. 1995 Hazardous Waste Report


13. 1997 Hazardous Waste Report


14. 1999 Hazardous Waste Report


15. Bercen Letter to RIDEM (11.14.2002)


16. EPA Notice of Liability Letter


17. Background Summary


18. DNR Article


19. Corporate Information


20. List of Directors and Officers


21. Pleadings


a. December 7, 2007 Cranston Print Works 30(b)(6) Subpoena


b. December 7, 2007 Deposition Subpoena of George Shuster and Return of Service


c. December 7, 2007 Deposition Subpoena of Henry Donaldson and Return of


Service


d. July 23, 2007 Cranston Print Works Document Subpoena


DURO FINISHING: 


1. Duro Industries 104(e) response (7.15.2003)


2. New England Container Company Supplemental 104(e) response (2.8.2002)


3. New England Container Company Supplemental 104(e) response (8.22.2002)


4. Felix John Palumbo Interview (12.27.2001)


5. Felix John Palumbo Declaration (6.12.2002)
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6.	 Felix John Palumbo Deposition (12.20.2002)


'7.	 Vincent Buonanno Deposition (3.28.2003)


S.	 Cyn Environmental Services Letter (5.11.1995)


9. Duro Industries Release Notification Retraction Form & Report (8.29.1996)


10. Massachusetts Uniform Hazardous Waste Manifest (8.30.1996)


11. Material Safety Data Sheet (1.22.1991)


12. Massachusetts DEP Response Action Forms (undated)


13. Massachusetts Uniform Hazardous Waste Manifest, various dates 1991 to 2003


14. Phase I Report (1.2002)


15. Massachusetts Uniform Hazardous Waste Manifest (8.2001)


16. Immediate Response Action Completion Report (8.2004)


17. Massachusetts DEP Notice of Audit Findings (6.20.2006)


18. Maryland Uniform Hazardous Waste Manifest (10. 10.2002)


19. Immediate Response Action Status Report (6.3.2003)


20. December 20, 2007 Nortek 104(e) Response


21. July 1, 1997 Environmental Contaminants Encyclopedia PCP Entry


22. World Health Organization Intrl Agency for Research on Cancer vol. 48


23. June 1991 Source Reduction of Chlorinated Solvents Report


24. May 1995 Pollution Prevention Studies in the Textile Wet Processing Industry


25. Directory of New England Manufacturers Listings 1948-1971


26. Duro Industries Website Information


27. June 11, 2001 Business Wire Article


28. Corporate Records


29. Pleadings


a. July 23, 2007 Duro Document Subpoena


b. December 7, 2007 Duro Deposition Subpoena
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DYTEX CHEMICAL: 


1. New England Container Company Supplemental 104(e) response (2.8.2002)


2. New England Container Company Supplemental 104(e) response (8.22.2002)


3. Raymond Nadeau Affidavit (10.27.2000)


4. Raymond Nadeau Statement (8.14.2002)


5. Raymond Nadeau Interview (12.11.2001)


6. Raymond Nadeau Trial Testimony (9.15.2006)


7. Dytex letter to Central Falls Fire Department (10.14.1982)


8. Dytex letter to Rhode Island Division of Air and Hazardous Materials (5.17.1983)


9. Rhode Island Division of Air and Hazardous Materials Memorandum (6.7.1983)


10. EPA Envirofacts TRIS Report for 1987 & 1988 (attached to EPA Evidentiary


Summary - Dytex Chemical)


11. Dytex letter to RIDEM (3.3.1988)


12. RIDEM case summary (8.1.1990)


13. Dytex Emergency and Hazardous Chemical Inventory (5.20.1992)


14. ESS Laboratory Certificate of Analysis (7.16.1996)


15. EPA New England Press Release (11.7.1996)


16. Providence Journal article (attached to EPA Evidentiary Summary - Dytex


Chemical)(11.12.1996)


17. EPA description of Dytex Chemical site (updated 7.15.2002)


18. Pesticide.org announcement regarding alpha bac (6.11.2008)


19. EPA Federal Register: Termination of Pesticide Producing Establishment's


Registration (6.11.2008)


20. EPA Envirofacts Data Warehouse Report on Dytex (6.11.2008)


21. Dytex Automotive Chemicals (undated)


22. Dytex Oil Products (undated)


23. Dytex Complete List of Products (undated)
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24. Dytex various product sheets (undated)


EASTERN COLOR AND CHEMICAL: 


1. Eastern Color & Chemical 104(e) response (5.3.2001)


2. New England Container Company Supplemental 104(e) response (2.8.2002)


3. New England Container Company Supplemental 104(e) response (8.22.2002)


4. Chemical Listing Contained in New England Container Company Supplemental


104(e) response (8.22.2002)


5_	 Raymond Nadeau Statement (10.27.2000)


6. Raymond Nadeau Interview (121.11.2001)


7. Felix John Palumbo Interview (12.27.2001)


8. Joseph Cifelli Interview (1.2.2002)


9. Felix John Palumbo Declaration (6.12.2002)


10. Felix John Palumbo Deposition (12.20.2002)


11. Vincent Buonanno Deposition (3.25.2003)


12. Vincent Buonanno Deposition (3.28.2003)


13. Barry Shepard Deposition (1.18.2008)


14. Directory of New England Manufacturers, excerpts from 1960 and 1972


15. Providence Sunday Journal newspaper article (6.8.1958)


16. Providence Sunday Journal newspaper article (4.19.1959)


17. Chemical Week Buyers Guide (2008)


18. 2008 Chemicals Yellow Pages (2008)


19. Eastern Color Million Dollar Database Profile


20. Eastern Color Reference USA Profile


21. Eastern Color 1998 Investext Report


22. Eastern Color 2004 Investext Report


23. Pleadings
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a. July 23, 2007 Eastern Color Document Subpoena


b. December 7, 2007 Barry Shepard Deposition Subpoena


c. December 7, 2007 Eastern Color 30(b)(6) Deposition Subpoena


G.M. HOLDINGS: 


1. New England Container Company Supplemental 104(e) Response (2.8.2002)


2. New England Container Company Supplemental 104(e) Response (8.22.2002)


3. Vincent Buonanno Deposition (3.25.2003)


4. Raymond Nadeau Affidavit (10. 27.2000)


5. Raymond Nadeau Interview (12.11.2001)


6. Raymond Nadeau Statement (8.14.2002)


7. Raymond Nadeau Deposition (12.27.2002)


8. Felix John Palumbo Interview (12.27.2001)


9. Felix John Palumbo Declaration (6.12.2002)


10. Providence Sunday Journal Article (8.20.1961)


11. Providence Sunday Journal Article (3.20.1966)


12. Notification of Hazardous Waste Activity (8.18.1980)


13. RCRA Inspection Checklist (10.27.1981)


14. EPA Facility Biennial Hazardous Waste Report (1983)


15. Hazardous Waste Permit Application (8.5.1983)


16. Massachusetts Hazardous Waste Manifest


17. EPA Preliminary Assessment (8.26.1985)


18. George Mann Letter to RIDEM (10.11.1988)


19. Massachusetts Hazardous Waste Manifest (9.19.1989)


20. RIDEM Biennial Report (1989)


21. RI Pollution Discharge Elimination System Notice of Intent (3.25.1993)


22. Massachusetts DEP Letter to Stoneham Town Administrator (11.24.1995)
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23. EPA Hazardous Waste Report (1995)


24. George Mann Undated 104(e) Response


25. Directory of New England Manufacturers Listings 1950-53; 1955-62; 1964, 1966-71


26. Corporate Documents


27. George Mann Obituaries


28. EPA Evidentiary Summary


29. Rough Draft of George Mann Deposition Taken October 30, 2008


30. George Mann & Co. Brochure


GREENVILLE FINISHING: 


1. New England Container Company Supplemental 104(e) response (2.8.2002)


2. New England Container Company Supplemental 104(e) response (8.22.2002)


3. Vincent Buonanno Deposition (3.28.2003)


4. Joseph Cifelli Interview (1.2.2002)


5. Raymond Nadeau Affidavit (10.27.2000)


6. Raymond Nadeau Statement (8.14.2002)


7. Raymond Nadeau Trial Testimony (9.15.2006)


8. Felix John Palumbo Interview (12.27.2001)


9. Felix John Palumbo Declaration (6.12.2002)


10. Directory of New England Manufacturers, various excerpts from 1948 to 1972


11. Rhode Island Department of Environmental Management Memo (12.10.1986)


12. Massachusetts Department of Environmental Quality Engineering (7.31.1990)


KRAUS CHEMICAL BINDER: 


1. New England Container Company Supplemental 104(e) response (2.8.2002)


2. New England Container Company Supplemental 104(e) response (8.22.2002)


3. Providence Journal article (8.9.1986)
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4. Providence Journal article (10.7.1987)


5. CISTAR Associates, Inc. Report (3.11.1988)


6. Providence Journal article (2.16.1992)


7. RIDEM letter of responsibility (8.23.1995)


8. Providence Journal article (7.21.1998)


9. Providence Journal article (2.1.1999)


10. Levine-Fricke letter to EPA regarding remedial action plan (2.10.2001)


11. Kraus Chemical Products (undated)


MALDEN MILLS: 


1. Malden Mills Industries, Inc.'s 104(e) response (7.31.2002)


2. New England Container Company Supplemental 104(e) response (2.8.2002)


3. New England Container Company Supplemental 104(e) response (8.22.2002)


4. Vincent Buonanno Deposition (3.28.2003)


5. EPA PRP Evidentiary Summary - Malden Mills Industries, Inc.


ORGANIC DYESTUFFS: 


1. Organic Dyestuffs 104(e) Response (6.4.2001)


2. New England Container Company Supplemental 104(e) response (2.8.2002)


3. New England Container Company Supplemental 104(e) response (8.22.2002)


4. List of Chemicals Used By Organic Dyestuffs from New England Container


Company Supplemental 104(e) response (8.22.2002)


5. Raymond Nadeau Interview (10.11.2001)


6. Raymond Nadeau Affidavit (8.14.2002)


7. Vincent Buonanno Deposition (3.25.2002)


8. Michael Sylvia Deposition (with exhibits) (2.4.2008)


9. Directory of New England Manufacturers (1972)
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10. RIDEM Complaint and Inspection Report (10.24.1986)


11. EPA ENVIROFACTS Query (3.28.200 1)


12. Review of Organic Dyestuffs Formulation Cards


13. March 3, 2003 EPA Notice of Potential Liability Letter


14. Organic Dyestuffs Shipping Keys


15_	 2007 Organic Dyestuffs Annual Report


16. 2008 Organic Dyestuffs Annual Report


17. Rhode Island Secretary of State Corporate Summary for Organic Dyestuffs


18. Organic Dyestuffs Website Information


19. Organic Dyestuffs Million Dollar Database Profile


20. Organic Dyestuffs Reference USA Profile


21. Organic Dyestuffs 2006 Investext Report


22. Organic Dyestuffs 1998 Investext Report


23. Pleadings


a. July 23, 2007 Organic Dyestuffs Document Subpoena


b. December 7, 2007 Organic Dyestuffs Deposition Subpoena


c. December 7, 2007 Greg Gormley Deposition Subpoena


PUTNAM HERZL: 


1. New England Container Company Supplemental 104(e) response (8.22.2002)


2. Raymond Nadeau Interview (8.11.2001)


3. Felix John Palumbo Interview (12.27.2001)


4. Felix John Palumbo Declaration (6_12.20)


5. Felix John Palumbo Deposition {12.20.2002)


6. Wesleyan University Hall Laboratory of Chemistry Report (5.19.1964)


7. Wesleyan University Hall Laboratory of Chemistry Report (5.25.1964)


8. Conn. Dept Env't Protection Memo (5.23.1975)
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9. Putnam Herzl letter to Conn. Dep't of Env't Protection (4.13.1976)


10. Putnam Hertzl Letter to EPA (1.26.1982)


11. EPA report (2.2.1982)


12. EPA letter to Putnam Hertzl (4.20.1982)


13. Conn. Dep't Env't Protection Report (8.18.1982)


14. EPA letter to Putnam Herzl (11.23.1984)


15. Conn. Dep't Env't Protection Report (5.15.1985)


16. Conn. Dep't Env't Protection Report (11.25.1987)


17. Conn. Dep't Env't Protection Report (12.2.1987)


18. Conn. Dept Safety - Donald F. Burton Witness Statement (12.31.1987)


19. H.A.M.S. Report (7.15.1981)


UNIVERSAL CHEMICALS: 


1.	 New England Container Company Supplemental 104(e) response (2.8.2002)


2.	 New England Container Company Supplemental 104(e) response (8.22.2002)


a. 1965 Chemical Week Buyer's Guide


b. 1970 Chemical Week Buyer's Guide


c. 1971 Chemical Week Buyer's Guide


d. 1972 Chemical Week Buyer's Guide


3.	 Vincent Buonanno Deposition (3.25.2003)


4.	 Universal Chemicals EPA Evidentiary Summary


5.	 Supplemental R.I., N.Y. and N.J. Corporate Records


6.	 Pleadings


a. March 4, 2008 Lonza, Inc. Deposition and Document Subpoena


b. February 27, 2008 Lonza Inc. Deposition and Document Subpoena
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WARWICK CHEMICAL: 


1.	 Sequa 104(e) response (5.7.2002)


2.	 New England Container Company Supplemental 104(e) response (2.8.2002)


3.	 New England Container Company Supplemental 104(e) response (8.22.2002)


a. 1962 Chemical Week Buyer's Guide


b. 1964 Chemical Week Buyer's Guide


c. 1965 Chemical Week Buyer's Guide


d. 1970 Chemical Week Buyer's Guide


e. 1971 Chemical Week Buyer's Guide


f. 1972 Chemical Week Buyer's Guide


g. 1965 Textile Finishes Chart


h. 1962 Textile World


i. 1963 Textile World


j. 1964 Textile World


k. 1965 Textile World


1. 1968 Textile World


m. 1969 Textile World


4.	 Raymond Nadeau Affidavit


5.	 Raymond Nadeau Interview


6.	 Joseph Cifelli Affidavit


7.	 Joseph Cifelli Deposition (9.30.02)


8.	 Vincent Buonanno Deposition (3.25.03)


9.	 Vincent Buonanno Deposition (3.28.03)


10.	 1947 Oil Paint and Drug Reporter


11.	 April 18, 2002 Sun Chemical Letter to EPA


12.	 Pleadings


a. July 23, 2007 Warwick Document Subpoena
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b. February 21, 2008 Sequa 30(b)(6) Deposition Subpoena


METRO ATLANTIC


1. "This is Metro-Atlantic" Article Reprinted from Apparel Manufacturer (Dec. 1956)


2. "Tank Explosion Hurls Chemical" (Jan. 9, 1968)


3. "Metro-Atlantic Plans New Operation at Greenville, NC"


4. "Crown-Metro Purchased by USM Corp." (Sept. 5, 1969)


5. "Chemical Spill Spreads Fumes in Centredale"


6. Joseph Buonanno Deposition of Jan. 15, 2003 Ex. 05 - Ltr. from Lawrence Insurance


Agency, Inc. to Maurice Saval, Inc. dated April 7, 1969


7. Thomas Cleary Deposition of Feb. 10, 2003 Ex. 03 -- "Pharmaceutical Products Added"


in Providence Sunday Journal Business Weekly (May 30, 1965)


8. Bernard Buonanno 104(e) Response dated July 21, 1999


9. Joseph Buonanno 104(e) Response dated April 30, 1999


10. NECC 104(e) Response dated March 19, 1999
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S?i^crfund Records Center 
SITE: C ^ - f r c ^ c\ (tT,. 
BREAK: V ^ ^ 
OTHER: ' - f ' ^Xl^VX^ 


PPC 9444.1992(09) 


CLARIFICATION ON WHAT CONSTITUTES DIOXIN RELATED MATERIALS 


Office of Solid Waste and Emergency Response SDMS DOCID 455642 


December 24,1992 


Ms. Jackie Noles 
Operations Manager 
Laidlaw Envirormiental Services (TS), Inc. 
208 Watlington Industrial Drive 
Reidsville, North Carolina 27320 


Dear Ms. Noles: 


This letter is a reply to your July 20,1992 letter to the 
Agency in which you requested clarification on what constitutes 
dioxm related materials. I understand my staff has been in contact 
with you about the lateness of our response, and I appreciate your 
patience. -' 


Your first question addresses the regulation of dioxin-
containing wastes. Specifically, your question asks under which 
waste codes are dioxins regulated. Your letter asks if F020 F021 


T h l ^ ^ ^ ' ^°^^ ' ^°^^ ' ^°^^ ' ™17' ™41, and D042 (as defined ^t 
40 CFR DD261.31,261.24) are the waste codes under which dioxin is 
regulated. You are correct. These waste codes apply, but are not 
tiie only waste codes which may apply to dioxin containing wastes 
For example, F032 wastes (wastes generated at wood preserving 
processes which use chlorophenolic formulations) contain dioxS. 
Wastes which have Land Disposal Restriction (LDR) fi-eatinent 
standards for certain dioxins and furans include F039 "multi-source 
leachate," K043 (2,6-dichlorophenol waste from the production of 
2,4-D , and K099 (untreated wastewater from the production of 


Your second question relates to proper characterization of 
dioxm-contaming wastes based on known process information 
bpecihcally, your question states that if any constitiients exist 
m a material for which it was listed, but no identifiable process 
exists which would generate one of the above listed wastes, would 
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the waste be regulated, provided that no other EPA codes apply? The 
"F" waste codes (hazardous wastes from non-specific sources) would 
not apply if a waste contains dioxin but does not meet the listing 
descriptions for the dioxin listings in 40 CFR 261.31. The "D" 
codes (codes which correspond to the toxic contaminant causing a 
solid waste to meet the characteristic of toxicity) would only 
apply if the levels of the respective constituents are above the 
regulatory level. The "D" codes listed above may contain impurities 
of dioxin. 


The third question asks if the processes do apply, but the 
constituents listed in Appendix VII are not present in the waste, 
would tiie F020-F023 and F026-F028 waste codes apply? The waste 
codes would apply if the waste did not meet a specific exemption as 
specified in 40 CFR 261.4. This is true even if no Appendix VIII 
constituents are present. Please note, however, that any person 
may, pursuant to 40 CFR 260.22, petition the Agency to exclude the 
wastes at a particular facility from regulation as a listed 
hazardous waste. 


The fourth question asks what wastes generated from products 
which are derivatives of pentachlorophenol would be classified as 
F021? Any substance which is related stiucturally and can be made 
from pentachlorophenol in one or more steps is a derivative of 
pentachlorophenol. Examples include, but are not limited to, sodium 
pentachlorophenate, octachlorodibenzodioxin, octachlorodiphenyl 
ether, and potassium pentachlorophenate. 


The fifth question asks what wastes generated from products 
which are derivatives of tri- and tetra-chlorophenols would be 
classified as F021? Derivatives of tri- and tetiachlorophenols 
include tri- and tetra-chlorophenoxy derivatives of carboxylic 
acids which include the most common tri- and tetra-chlorophenoxy 
acetic acids and their salts as well as the tri- and 
tetra-chlorophenoxy derivatives of other acids such as propionic 
acid, butyric acid, etc. Ester and ether derivatives include methyl 
ethyl, propyl, butyl esters and ethers as well as phenolic esters 
and ethers. Amine salts and other salts include all derivatives of 
tri- and tetra-chlorophenoxy acids reacted with various bases. 


Your sixth question asks whether D017, D041, and/or D042 
wastes can be landfilled in a Subtitle C landfill. It is important 
to emphasize that no matter what the hazardous waste is, the 
landfill must first be permitted to accept that specific hazardous 
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waste. D017 is a restricted waste and must be treated to reduce the 
concentration of silvex to 7.9 mg/kg or less, prior to landfilling. 
Although LDR standards for dioxin containing wastes are based on 
concentration levels, the dioxin listing rule (50 FR 1978) requires 
special management standards for certain types of units which 
manage F020-23 and F026-28: (1) Incineration in accordance with 40 
CFR 264.343 and 40 CFR 265.352; (2) Thermal tireatinent to 99.9999 
percent Destruction and Removal Efficiency (DRE) in accordance with 
40 CFR 265.383. D041 and D042 wastes can be landfilled if tiie 
landfill is permitted to accept the waste. 


With regard to your last question, you ask if samples identify 
the presence of constituents listed in Appendix VII, but the 
original process generating the material and any previously 
applicable wastecodes are unknown, would the samples be excluded 
from RCRA regulation at the time of disposal, unless it is found 
that characteristic codes D017, D041, and/or D042 or other 
characteristic codes apply? If the waste in question cannot be 
traced back to an original process that would generate a waste 
meeting any listing description, then it is exempt from regulation 
providing that it does not fail a hazardous waste characteristic 
test. Please be advised that State regulations may be more 
stringent than federal regulations, and that TCDD 
(2,3,7,8-tetrachlorodibenzo-p-dioxin) is a hazardous substance 
under CERCLA, regardless of its source. 


If you have any further questions, please contact Mr. Rick 
Brandes, Chief, Waste Identification Branch at (202) 260-4770. 


Sincerely, 
Sylvia K. Lowrance, Director 
Office of Solid Waste 


cc: Judy Sophianopolis, Region IV 
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PPC 9441.1984(01) 
 
 
SOILS FROM MISSOURI DIOXIN SITES, WHETHER HAZARDOUS 
 
JAN -6 1984 
 
MEMORANDUM 
 
SUBJECT:  Soils from Missouri Dioxin Sites 
 
FROM:     John H. Skinner, Director 
 
TO:       David Wagoner, Director 
          Air and Waste Management Division Region VII 
 
We have reviewed the results of the analytical program for 
soils from Missouri dioxin sites, in response to your request 
for an interpretation as to whether or not these soils are RCRA 
hazardous wastes 
 
The analyses indicate the presence of a number of toxic com- 
pounds in many of the soil samples taken from various sites. 
However, the presence of these toxicants in the soil does not 
automatically make the soil a RCRA hazardous waste.  The origin 
of the toxicants must be known in order to determine that they 
are derived from a listed hazardous waste(s).  If the exact 
origin of the toxicants is not known, the soils cannot be con- 
sidered RCRA hazardous wastes unless they exhibit one or more of 
the characteristics of hazardous waste (i.e., ignitability, cor- 
rosivity, reactivity, or extraction procedure toxicity). 
 
If there are any questions, please contact Matt Straus in 
the Waste Identification Branch (FTS 382-4770). 
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INTRODUCTION


This work plan is based on the scope of work provided by the U.S. Army Corps of Engineers (COE)
dated October 15. 2004, as modified on March 10. 2005. This work will be performed under Task Order
No. 01 for Contract No. DACW33 -01 - D-0004. Centredale Manor Restoration Project Superfiind Site.
Sampling will he conducted at the Centredale Manor Restoration Project (CMRP) Superfund site in North
Providence. Rhode Island. A groundwater sample will be collected from Monitoring Well MW-05S and
analyzed for dioxin/furans and volatile organic compounds (VOCs). Results from the dioxinlfuran testing
will he used to evaluate whether dioxin concentrations in groundwater are continuing to decline compared
to previous data. Results from the VOC testing will be used to evaluate temporal trends in VOC
concentrations. Semi-permeable Membrane Devices (SPMD) will he deployed in the river and in Well
MW-05S; co-located sediment samples will also be collected. SPMDs and co-located sediment samples
will be analyzed for 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD). SPMD and co-located sediment results
will be used to assess if there is a continuing source of dioxin contamination to the Woonasquatucket
River in the vicinity of Well MW-05S. Sampling is tentatively scheduled to occur in late May or early
June 2005, when the ambient air temperature is expected to be at or above I9EC. This should ensure
sufficient uptake of contaminants to the SPMDs. Additionally, SPMDs will not be deployed during high-
flow (>400 cubic feet/second) conditions typical of a spring thaw, as this may not accurately reflect the
ambient concentrations within the water column due to the increased water volume. On-line flow data
from the USGS stream gauge on the Woonasquatucket River will be monitored during the field study, and
USACE and USEPA contacted in the event that flow conditions increase substantially (200 cfs).


Sample collection and analysis will be conducted in accordance with the following documents:


Final Quality Assurance Project Plan Addendum, Interim Data Collection, Centredale Manor
Restoration Project Site (QAPP Addendum; September. 2002), as modified in the Errata Sheet
(November, 2002).


Final Health and Safety Plan litr the Interim Data Collection Remedial Investigation and
Feasibility Study for the Centredale Manor Restoration Project Supeilimd Site (HASP;
September, 2002).


Final Field Sampling Plan, for the Interim Data Collection Remedial Investigation and Feasibility
Studylbr the Centredale Manor Restoration Project Supeifitnd Site (FSP; September, 2002).


Low Stress (Low Flow) Purging and Sampling Procedure For The Collection Of Ground Water
Samples From Monitoring Wells. U.S. Environmental Protection Agency, Region I. (Revision 2,
July 30, 1996)


Sample collection activities will be conducted during two one-day field events. The first field event will
include deployment of SPMDs and collection of co-located sediments. The second field event will
include SPMD retrieval after a four-week exposure period and collection of groundwater from Well MW-
05S. Additional details regarding sample collection and SPMD deployment and retrieval are discussed
below.
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GROUNDWATER SAMPLE COLLECTION


One groundwater sample will be collected from Well MW-05S. The monitoring well is located on the
eastern bank of the Woonasquatucket River in the Brook Village parking lot (Figure 1). Sampling is
scheduled to occur in late June 2005. and will coincide with SPMD retrieval.


Field methods will generally follow the same protocol as described in the 2002 Interim Data Collection
FSP (Battelle. 2002). The monitoring well will be purged and groundwater sample will be collected
following the procedures specified in the USEPA Region I document Low Stress (Low Flow) Purging and
Sampling Procedurefiv the Collection olGround Water Samples from Monitoring Wells (July 30, 1996).
Parameters that will be measured during purging include pH (Oakton p11 Tester2) as well as conductivity.
and temperature (YSI model 33). Based on previous sampling records for this well, the volume of water
purged from the well prior to sampling is not expected to exceed approximately 1 gallon. Investigation
derived waste (IDW) will include purge water from the well and personal protective equipment (PPE).
Decontamination in the field will not be necessary, as dedicated sampling equipment will he used. No
field rinsate blank will be collected. Additional details regarding handling and disposal of1DW are
discussed separately below.


Table 1 lists the sample ID numbers which will be assigned to samples collect during this survey. Sample
container, volume requirements, storage conditions, holding times and receiving laboratories are defined
in Table 2.


Table 1. Sample IDs for Groundwater Sampling.


Medium/
Matrix


Sample location Sample ID
Sample


Description
Analytical Parameter


Groundwater MWO5S CMS-GW-MWO5S-05 Well MWO5S Dioxin/Furan & VOC


Groundwater MWO5S CMS-GW-MWO5S-05 D U
Field duplicate:
Well MWO5S


VOC


Table 2. Groundwater Sample Container, Sample Size, Preservation Requirements, Holding


Times and Analytical Laboratories.


Medium/


Matrix


Analytical


Parameter


Minim urn


Sample
Volume


Containers
Preservation


Requirements


Maximum
Holding


Time


Laboratory for


Shipping


Ground-
water


Dioxin/Furan
Full w/ 1/2 inch


headspace


I-1, amber
glass bottle


(Teflon lined
caps)


2 bottles


Cold (4±2°C) 1-year (a)


(614) 424-4028


Karen Tracy


Battelle Columbus
505 King Avenue


Columbus, OH 43201


VOC
Full (no


headspace)


40-mL glass
VOA vial


4 vials
collected for
each sample


Cold (4±2°C),
pH <2 with


HCI


14-d


Carrie Gamher
301 Alpha Drive


RIDC Park


Pittsburgh, PA 15238
Phone: (412) 963-7058


(a) Per EPA Method 1613. Rev .11 for dioxinifuran. ague( us samples may be stored for up to one year if stored as
described in the method.
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SPMD PREPARTION, DEPLOYMENT, AND RETRIEVAL AND COLLECTION OF
CO-LOCATED SEDIMENT SAMPLES


SPMD Setup — SPMDs and the associated cages will be provided by Environmental Sampling
Technologies (EST). The membranes and cages will arrive pre-cleaned, and ready to he deployed. The
SPMD is composed of flat. low-density polyethylene tubing containing a thin film of a pure, high-
molecular weight lipid (triolein). The SPMD is placed upon a carrier or 'spider', which is a metal plate
with posts arranged in a pattern so that the maximum amount of SPMD surface area is exposed when the
membrane is woven through the posts. The SPMDs will be loaded onto the carriers by EST and shipped
in pre-cleaned secure containers similar to paint cans, which will only be opened immediately prior to
deployment. The carriers will be placed inside of perforated stainless steel cages in the field during
installation.


EST will fortify each individual SPMD with a field surrogate (prepared by Battelle) or permeability
reference compound that will allow the amount of leaching or loss from the SPMDs during field
deployment to be approximated. The field surrogate will be ' 7C1-2,3,7,8-TCDD. Battelle Columbus will


prepare the field surrogate solution at a concentration of 4 pg/i in nonane. The field surrogate solution
will be shipped to EST, where each SPMD will be fortified with 100 4 of the field surrogate' (for a total
of 400 pg ' 7C1-2,3,7,8-TCDD; represents approximately two times the normal spike amount used during
sample analysis). 37 C1- 370-2.3,7,8-TC7DD was selected as the field surrogate because it is expected to
exhibit similar chemical behavior to that of the target analyte, TCDD. Further, this solution is readily
available and is already included in the dioxinifuran calibration standards used for chemical analysis.


Sample Locations — Six sample locations have been selected for SPMD deployment (approximate
locations shown in Figure 2) five locations in the river and one location in the Brook Village parking lot
at Well MW-05S. River locations have been selected with respect to the area of expected discharge of
VOC-contaminated groundwater, as determined from the vapor-to-water diffusion study conducted by the
U.S. Geological Survey in 1999 (USGS, 2000). Three oldie five river stations (SPMD-2, -3 and -4) will
be located within the area of expected discharge. The other two river stations (SPMD-1 and -5) will he
located outside the area of expected discharge. River stations will include:


• SPMD-1 will he located approximately 250 feet upstream of Well MW-05S;


• SPMD-2 will be located approximately 10 to 15 feet upstream of Well MW-05S;
• SPMD-3 will he located approximately 10 to 15 feet downstream of Well MW-05S;


• SPMD-4 will be located approximately 25 feet downstream from the mid-point between Stations
2 and 3; and


• SPMD-5 will be located approximately 250 feet downstream of Well MW-05S.


Field Measurements Recorded During SPMD Deployment — Station coordinates will be measured
using a hand-held Global Positioning System (GPS) and recorded in the field notes at the time of
deployment. The estimated position error of the GPS unit is 3-4 M. In addition to recording the satellite
acquired coordinates, at each sampling location the field team will describe the physical location of the
sample station.


Groundwater levels will be measured at Well MW-05S and nearby piezometers, including P2, P3 and P20
(Figure 1). The surface water elevation will also he recorded at the USGS gauge station located near the
RT44 bridge. Additionally, surface water levels in the river will be measured using surveying equipment.
The relative differences in hydraulic head between the groundwater and surface water will be evaluated at


A smaller spike volume may be used provided the total spike amount is 400 pg of the field surrogate (e.g., if field
surrogate solution is prepared at 8 pg/:L, then a 50 :1, spike will be used).
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each SPMD location using a mini-piezometer (Figure 3). The piezometer will be inserted into the


sediment to a depth equivalent to where the bottom of the SPMD cage will rest (Figure 3). Note that


negative differences in hydraulic head (relative to the river) may be more difficult to evaluate (e.g., less


accurate) in cases where the current is moving quickly or the water is cloudy. The relative difference in


head (reported either as a positive or negative difference in hydraulic head), as well as the specifications


of the mini-piezometer (diameter, length, tubing diameter), will he recorded in the field notes.


On-line flow data from the USGS stream gauge #01114500 on the Woonasquatucket River


(http://waterdata.usgs.gov/rUnwis/uv/?site no=01114500&PARAmeter cd=00065,00060)  will he


monitored daily during the 4-week exposure period. USACE and IJSEPA will be contacted in the event


that flow conditions increase substantially (e.g., high-flow conditions) so that a decision can be made


regarding early SPMD retrieval.


SPMD Deployment — SPMD cages will be deployed in 1.5 to 3 feet of water at river locations with


relatively similar environments (e.g.. homogenous bottom) and in depositional areas located near the


eastern shore of the river. At each river location a total of 2 cages will he deployed. One large cage


containing four individual SPMDs will be positioned approximately 6 inches above the sediment bottom


in order to sample the water column (Figure 4). The second, smaller cage containing two individual


SPMDs will be buried in the sediment to a depth so that the top of the cage is approximately 3 inches


below ground surface. At Well MW-05S, a modified cage (sized to fit within the well) containing two


SPMDs will be deployed in the well such that the cage is immersed in the well water.


SPMDs begin contaminant uptake from the moment of exposure; theretbre. care will be taken to


minimize handling and exposure of the SPMDs to the atmosphere during deployment and retrieval
activities. During SPMD deployment, cages will he installed beginning at the location furthest upstream


and the buried SPMD will be deployed prior to the installation of the water column SPMDs. A pit will be


dug deep enough so that the SPMD cage is buried approximately 3 inches below ground surface. A


canister containing two SPMDs will be placed into each pit, secured to a steel bar with cables, and the pit


will be filled in with sediment. The current in this area of the Woonasquatucket River moves relatively


quickly, even under low flow conditions, and any sediment suspended during burial of the first SPMD


should wash downstream quickly and should not significantly influence the SPMDs deployed within the


water column. The large cage at each site will be positioned approximately 6 inches above the sediment


surface and secured to a steel bar with cables. The water temperature will he recorded at the time of


deployment and retrieval. Rinsate blanks will not he collected in the field.


Collection of Co- located Sediments — During SPMD deployment, co-located sediment samples will be


collected at each of the five SPMD river locations from a depth equivalent to the center depth of the cage


(likely to be between .5 and 1 foot in depth). Sediment will be collected within I foot of the SPMD


location using either a pre-cleaned stainless steel, Kynar coated scoop or small grab sampler.


SPMD Retrieval - • SPMDs will be retrieved after 4-weeks exposure. Upon retrieval, the entire SPMD


cage will he collected and disassembled; the SPMD membranes will he carefully removed using pre-


cleaned forceps and transferred to a 16 oz jar for shipment to Battelle's Columbus laboratory. For the


river locations, the two SPMDs in the buried cage will be combined into one analytical sample and the


four SPMDs from the larger cage will be combined into two analytical samples. At Well MW-05S, the


two SPMDs will be combined to one analytical sample.


Cages will be rinsed and scrubbed with site water to remove sediment material; this rinsate (site water)


will be returned to the river. The cages and carriers will he returned to Battelle. decontaminated, and


returned to EST. SPMD cages and spiders will be decontaminated at Battelle using a bristle brush,


AlconoxTM soap or equivalent, and clean water to remove all remaining sediment or other residue. The
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SPMD equipment will then he triple rinsed with distilled water, followed by a methanol rinse.
Decontamination waste will be collected and disposed of as routine laboratory waste. IDW from the field
investigation will include PPE; IDW will he handled and disposed of as discussed below.


Field QC — Field QC will include five SPMD duplicates (each of the five large cages will contain four
SPMDs that will be combined into two analytical samples, which arc essentially replicates) and one
SPMD trip blank. The SPMD trip blank will he an unexposed SPMD sampling device that is not
removed from the pre-cleaned. secure container.


Tables 3 and 4 lists the sample ID numbers which will he assigned to the SPMD and sediment samples
collected during this survey, respectively. Sample container, storage conditions, holding times and
receiving laboratories are defined in Table 5.


INVESTIGATION DERIVED WASTE (IDW)


IDW from the groundwater and SPMD/sediment collection activities will be contained in a 55-gallon
drum, which will be stored within Cap Area #2 near the Brook Village parking lot. IDW will include
purge water, PPE (e.g. nitrite gloves) and miscellaneous sampling equipment. Battelle's sub-contractor,
ONYX Environmental, will be responsible for the transportation and disposal of the IDW (dioxin bearing,
non-F027 listed waste). Transportation and disposal is tentatively scheduled for July or August 2005, at
the completion of all planned field investigations.


SPMD cages and spiders will he decontaminated at Battelle: decontamination waste will be collected and
disposed of as routine laboratory waste.


Table 3. Sample IDs for SPMD Sampling (a)


Matrix
SampleSamp
location


Description Sample ID Analysis


SPMD


SPMD- I


Upstream, sediment CMS-S PM Dl-S-0 I


[CDI)


Upstream, water column C MS-SPMD I-W-O I


Upstream. water column CMS-SPMD 1-W-02


SPMD-2


Discharge zone 1. sediment CMS-SPMD2-S-01


Discharge zone I. water column CMS-SPMD2-W-01


Discharge zone 1. water column CMS-SPM 1)2-W-02


SPMD-3


Discharge zone 2. sediment CMS-SPMD 3-S-01


Discharge zone 2. water column CMS-SPMD3-W-0l


Discharge zone 2, water column CMS-SPMD 3-W-02


SPMD-4


Discharge zone 3 sediment CMS-SPMD4-S-01


Discharge zone 3. water column CMS-SPMD4-W-01


Discharge zone 3. water column CMS-SPMD4-W-02


SPMD-5


Downstream . sediment CMS-SPMD5-S-0 I


Downstream. water column CMS-SPMD5-W-01


Downstream. water column CMS-SPMD5-W-02


SPMD MW-05S Well MW-05S
C


1
MS-SPMD-MWO5S-


0
TCDE)


(a) Collected after 4-week exposure.
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Table 4. Sample IDs for Sediment Sampling


Matrix Sample
location Description Boring H) Analysis


Sediment


SPMD-1 Upstream C MS-SD-5001 (a)


WIN)


SPMD-2 Discharge zone 1 CMS-SD-5002 (a)


SPMD-3 Discharge zone 2 CMS-SD-5003 (a)


SPMD-4 Discharge zone 3 CMS-SD-5004 (a)


SPMD-5 Downstream CMS-SD-5005 (a)


(a) Sample IDs will be assigned based upon the Boring ID (above) and the depth interval collected. For example.
the first sediment collected at boring CMS-SD-500I at a depth of 0.0 to 0.5 feet will be assigned a Sample ID of
CM S-S D-500 I -0005-01.


Table 5. SPMD and Sediment Sample Container, Sample Size, Preservation Requirements,
Holding Times and Analytical Laboratories


Medium/
Matrix


Analytical
Parameter


Minimum
Sample
Volume


Containers
Preservation


Requirements


Maximum
Holding


Time


Laboratory for
Shipping


SPMDs TCDD N/A
16 oz glass
jar, wide


mouth
Cold (4+2°C)


I year
(if frozen)


Karen Tracy
Battelle Columbus
505 King Avenue


Columbus, 0E143201
(614) 424-4028Sediment TCDD 1/2 full


125 mL
pre-cleaned


jar
Col d (4+2°C)


I year
(if frozen)


SAMPLE ANALYSIS


The groundwater samples will be analyzed for dioxin/furans (17 congeners) and VOCs according to the
Final Ouality Assurance Project Plan Addendum, Interim Data Collection, Centredale Manor
Restoration Project Site (QAPP Addendum; September, 2002), as modified in the Errata Sheet
(November. 2002). SPMD and co-located sediments will be analyzed for 2,3,7,8-TCDD according to the
Final Ouality Assurance Project Plan Addendum 3, Lyman Mill Pond Sediment Investigation, Centredale
Manor Restoration Project Site (March, 2005). Deviations to the QAPP addendums (September 2002 and
March 2005) include:


a. Analysis parameters are limited to dioxinifurans and VOCs in groundwater and TCDD
SPMD and co-located sediment, only.


b. The F-020 waste classification was removed by EPA effective December 19, 2002. Solid
IDW will he disposed of as dioxin-bearing, non F-027 waste. Wastes from the project
will be treated as routine laboratory waste, unless notified otherwise in writing from
USEPA.


c. Field quality control (QC) samples will include a field duplicate for VOCs in
groundwater; five field duplicates for the SPMDs (replicate SPMDs deployed in the
water column); and one SPMD trip blank. No other field QC samples will be collected
(e.g., rinsate blank).


d. Laboratory-based QC samples for the groundwater dioxinlfuran testing will include one
procedural blank (PB) and one laboratory control sample (LCS). Samples will be
extracted and then processed through cleanup with the SPMD/sediment samples. Results
from the SPMD/sediment laboratory-based QC samples (see f below) will be used to
monitor data quality in terms of accuracy and precision.


e. Laboratory-based QC for groundwater VOC testing will include one PB. one LCS, one
matrix spike (MS) and one matrix spike duplicate (MSD).







Groundwater, SPMD and Sediment Collections
	


April 200
CMRP Site
	


Page 7


f. SPMD and co-Iocated sediment samples (n = 21) will he prepared for TCDD analysis in
one analytical hatch and will share one set of laboratory QC samples, including one PB,
one LCS, one MS, one MSI) and one standard reference material (SRM).


g. The SPMDs will he extracted as follows: Place the SPMD in a glass extraction jar and
add 100 nil., hexane, covering the membrane, Each sample will be spiked with
isotopically labeled analogs of lifte,cn of the seventeen 2.3,7,8-substituted PCDD/PCDF.
Tightly seal the glass jar to minimize exposure to laboratory air. Extract for 12 hours
using shaker technique and decant the extract into an Erlenmeyer flask. Repeat the
extraction two more times, once with 100 ml., of hexane for 12 hours which is followed
by a 2 hour shake. Extract cleanup will follow the methods described in the QA PP
Addendum 3 (March. 2005).


h. For TCDD testing of SPMDs and co-located sediments, the sample extracts will not be
fortified with the cleanup standard, 37C1-2.3,7,8-TCDD, prior to column cleanup, as this
standard will he used as the field surrogate instead.


Samples will be stored at Battelle for a period of up to 6 months, after which samples will either be
disposed or returned to the COE.


DATA MANAGEMENT AND REPORTING


Field notes and laboratory data will be submitted for third party validation as specified in the QAPP
Addendum (September, 2002). USEPA Region I will be responsible for third party validation of the
dioxin/furan and WD[) data. Battelle's sub-contractor. Environmental Standards of Valley Forge. PA,
will be responsible for validation of the VOC groundwater data.


Field and final, validated analytical data (i.e.. groundwater dioxin/furan and VOC data and
SPMD/sediment TCDD data) will be loaded into the project database in accordance with the Final Data
Management Plan Update, Interim Data Collection, Centredale Manor Restoralii»2 Project Site (DMP
Update; September. 2002). as modified in the Addendum to the Data Management Plan (January, 2004).
Battelle will be responsible for providing final, validated dioxintfuran and VOC data in electronic format
as specified in the DMP.


Sample collection and analysis results will be provided in a letter report that will briefly describe the
methods and results of the sampling effort. The letter report will include tables of the final, validated data
and a map showing the sample locations. The letter report will he a combined report, including results
from companion field investigations planned for the site (e.g., surface water). The letter report will be
prepared and submitted once data from all field investigations (i.e., surface water, groundwater, SPMD
sediment) are available as final, validated data.


REFERENCES


U.S. Geological Survey. 2000. Distribution of Selectee' Volatile Organic Compounds Determined with
Water-to-Vapor Diffusion Samplers at the Interface Between Ground Water and Surface Water,
Centredale Manor Site, North Providence, Rhode Island, September 1999. USGS Open File
Report No. 00-276.
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Figure 1. Groundwater monitoring well, piezometer and staff gauge locations.
Groundwater will only be collected at Well MW-05S (see red box area).
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Clear tubing (Tygon or vinyl)


Figure 3. Diagram of mini-piezometer to be used to determine relative differences in
hydrostatic head at SPMD deployment sites (Figure is modified from a drawing taken


from the wehsite of MILE_ Products).
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Figure 4. Diagram of SPMD deployment at the CMRP site.
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From: Ford, Laura [LAFord@SWIDLAW.com I
Sent: Tuesday, January 21, 2003 1:38 PM
To: Colhurn T. Cherney (E-mail); Howard Castleman (E-mail); Muys, Jerome; Laurie Burt (E-mail);
Noah Sachs (E-mail): Richard J. Welch (E-mail); Stuart Deans (E-mail); Fitch. Tony
Cc: 'David Scotti (E-mail)'
Subject: FW: Centredale Manor


Per Stuart's request. please find attached an email from Eve Vaudo re the F020 waste code.


1.aura


	 Original Message	


From: Vaudo.Eve@eparnail.epa.gov Imailto:Vando.Eveiib,eparnail.epa...]


Sent: Thursday, December 19. 2002 10:47 PM


To: Muys, Jerome


Cc: Krasko.Anna@reparnail.epa.g.ov


Subject: Centredale Manor


Dear Jerry:


This message follows our discussion earlier today. EPA has reviewed


your letter dated December 9, 2002. We continue to believe that the


production of hexachlorophene at the site is a source of the


contamination. Ilowever, at this time, the information about the


processes used to manufacture hexachlorophene at the chemical company is


inconclusive. The PRPs may proceed on that basis (i.e., the waste is


not designated F020). We intend to continue to investigate the


manufacturing processes used at the site and will continue to reevaluate


this issue.


Please call me at (617) 918- l 089 if you have any questions.


Sincerely,


Eve Vaudo


rile://CADocuments and Settings\TEMP\Local Settings\Temporary Internet Files\OLK2F... 11/24/2010
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1.INTRODUCTION


On behalf of Emhart Industries, Inc. (Emhart), Loureiro Engineering Associates, Inc. (LEA) has


prepared this addendum (Addendum No. 1) to the February 2010 Completion of Work Report


(CWR), which documents the performance of a Time-Critical Removal Action (TCRA) for the


United States Environmental Protection Agency (USEPA)-designated Groundwater Action Area


of the Centredale Manor Restoration Project Superfund Site located in North Providence, Rhode


Island (Site). The TCRA was performed in accordance with an Administrative Settlement


Agreement and Order on Consent (Order) (CERCLA Docket No. 01-2009-0086), dated August


11, 2009.


The TCRA activities documented in the CWR included: (i) excavating potentially impacted


soils and sediments to specified lines and grades and disposing the material off-site; (ii) installing


steel sheeting to control surface water during construction activities; (iii) backfilling and re-


grading the area of excavation; (iv) constructing an impermeable cap over the Groundwater


Action Area; and (v) installing groundwater monitoring points for future sampling. Addendum


No. 1 documents the performance of groundwater sampling activities following the submittal of


the CWR. This addendum has been prepared pursuant to the Statement of Work (SOW) attached


as Appendix A to the Order and meets the requirements of § 300.165 of the National


Contingency Plan (NCP) (40 C.F.R. Part 300), entitled -OSC Reports."


The groundwater sampling activities documented in this addendum were performed in


accordance with a USEPA-approved Field Sampling Plan (FSP), dated December 23, 2009. The


sampling activities involved the collection of groundwater samples at monitoring wells


MW-GWR-001 and MW-GWR-002, installed pursuant to the TCRA Work Plan and located as


shown in Drawing A.1.


2.METHODS


2.1	Monitoring Well Development


Monitoring wells MW-GWR-00I and MW-GWR-002 were developed using surge and over-


pumping techniques. The Field Report Forms used to record data during the development


process are provided as Attachment A.1. The monitoring wells were developed until the


geochemical parameters monitored in the field had stabilized, the discharged water was visibly


clear, and the turbidity of the discharged water at each location was below 5 nephalometric


turbidity units (NTUs). During the well development process, the water purged from each well


G \Projects \ 1512.1,90 RAddendum No. I - CWRMext doc
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was containerized. This investigation-derived waste was transported from the Site on March 16,


2010 for proper disposal at the Stablex Canada, Inc. facility located in Blainville, Quebec,
Canada.


2.2	Groundwater Sampling Pump Deployment


On January 14, 2010, the tubing and peristaltic pumps used to sample the wells were deployed at


monitoring wells MW-GWR-001 and MW-GWR-002. In accordance with the FSP, the tubing


intake was placed at the mid-point of the saturated screen of each well. At each well-head, the


tubing was secured to the top of the casing to minimize any disturbance to the water flowing


through the well that might be caused by movement of the tubing. The tubing was connected to


the peristaltic pump set within the well vault at each location.


2.3	Water Level Measurements


On February 2, 2010, depth-to-water measurements were recorded at piezometer and monitoring


well locations within and surrounding the Groundwater Action Area. The depth-to-water


measurements are recorded on the Field Report Forms provided as Attachment A.1, and in Table


1 of Drawing A.1. The measurements were used to calculate the groundwater elevation from the


surveyed top-of-casing elevation at each piezometer/well. The calculated groundwater


elevations arc shown in Table I of Drawing A.1.


2.4	Groundwater Sampling


On February 2, 2010, samples were obtained from monitoring wells MW-GWR-001 and


MW-GWR-002. The samples were collected using a modified low-flow sampling technique, in


accordance with the FSP. During the well purging process, groundwater was monitored in the


field for geochemical parameters using a water-quality meter equipped with an in-line, flow-


through cell. The measured parameters were recorded on the Field Report Forms provided as


Attachment A.1, Each monitoring well was purged until the measured field parameters of


temperature, specific conductance, pl I, dissolved oxygen, and oxidation-reduction potential had


stabilized, and turbidity was measured to be below 1 NTU. During the sampling process, the


water purged from each well was containerized in accordance with the FSP. This investigation-


derived waste was transported from the Site on March 16, 2010 for proper disposal at the Stablex


Canada, Inc. facility located in Blainville, Quebec, Canada.


In accordance with the FSP, both filtered and unfiltered samples were obtained. The samples


were collected directly into appropriate, laboratory-prepared containers. Also, during this


G:AProjects115ELP9011,Addrnclum No I - (:WR\Texi.dot
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sampling event, quality assurance/quality control (QA/QC) samples were obtained in accordance


with the USEPA-approved Project-Specific Quality Assurance Project Plan (QAPP), dated


December 23, 2009. The QA/QC samples included: (i) one field equipment rinsate blank


sample; (ii) one field duplicate sample obtained from well MW-GWR-00]; (iii) one site-specific


matrix-spike (MS) and associated matrix-spike duplicate (MSD) sample; and (iv) one


performance evaluation (PE) sample. Upon collection, the field and QA/QC sample containers


were placed on ice in secure coolers prior to shipping them to the analyzing laboratory.


The groundwater samples were handled in accordance with the chain-of-custody protocols


provided in the QAPP. The samples were shipped to TestAmerica of West Sacramento,


California, for laboratory analysis. The laboratory was instructed to place all filtered samples


"On Hold" and to analyze all of the unfiltered and QA/QC samples for polychlorinated


dibenzodioxin/polyehlorinated dibenzofuran (PCDD/PCDF) compounds using USEPA SW-846


Method 8290A. The results of the laboratory analyses were validated by Environmental


Standards, Inc. of Valley Forge, Pennsylvania, a third-party data validator. All laboratory


analytical and QA/QC procedures were performed in accordance with the QAPP.


	


3.	RESULTS


	


3.1	Groundwater Elevations


Groundwater elevations for the depth-to-water measurements recorded on February 2, 2010 are


shown in Drawing A.1. The elevations range between approximately 105 feet above mean sea


level (amsl) at the northern extent of the Site and 94 feet amsl at the southern extent of Cap No.


1, resulting in groundwater flow generally from north to south across the Site under a shallow


hydraulic gradient. For the northern extent of the Site, including the Groundwater Action Area,


the groundwater gradient was calculated to be approximately 0.004 feet per foot (ft/ft). For the


southern half of the Site, the groundwater gradient was calculated to be approximately 0.002


ft/ft.


As shown in Drawing A.1, the primary direction of groundwater flow is toward the south,


although there is a slight southwest component of flow toward the Woonasquatucket River. The


hydraulic mound previously observed near the former location of monitoring well MW-05S is no


longer present.
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3.2	Laboratory Analytical Results


A summary of the PCDD/PCDF congeners detected in the three unfiltered field samples (Sample


1I)s 1138338UF, 1138339UF and 1138342UF) and two QC samples (Sample Ills 1138343UF


(Equipment Blank) and 1138344 (Performance Evaluation Sample) is provided in Table A.1.


The TestAmerica Laboratory Analytical Report is provided as Attachment A.2, and the


Environmental Standards, Inc. Quality Assurance Review Report is provided as Attachment A.3.


As shown in Table A.1 dioxin/furan congeners were reported by the laboratory to be present in


the unfiltered field samples. However, based on the Quality Assurance Review provided by


Environmental Standards, Inc., most of the reported concentrations, including all of the reported


concentrations of 2,3,7,8-tetrachlorodihenzo-p-dioxin (2,3,7,8-TCDD), have been qualified: (i)


as estimated, because the constituents were detected at concentrations below the lower


calibration limits (J); (ii) as estimated maximum possible concentrations (EMPCs) (Q); and/or


(iii) as estimated, due to the reported presence of the compounds in the corresponding laboratory


method blank (B). Nonetheless, Environmental Standards, Inc. found the quality of the data for


the PCDD/PCDF compounds reported to be present in the samples to be generally acceptable.


However, the following minor qualifications were made:


.The results for various PCDD/PCDF compounds in several samples were qualified as not-


detected (U) due to the presence of these compounds in associated laboratory or equipment


blanks. These data are summarized in Table A.2.


-The results for various PCDD/PCDF compounds in several samples were qualified as


EMPCs due to out-of-criteria ion abundance ratios. These data are summarized in Table A.3.


•All positive results reported with concentrations less than the lower calibration limits were


qualified as estimated (J). These data are summarized in Table A.4.


Based on an evaluation of supporting QA/QC samples, Environmental Standards, Inc. noted that:


•The PE sample (ID 1138344) results were within accuracy requirements supported by


vendor-certified acceptance limits. The Vendor-Certified Certificate of Analysis is provided


as Attachment A.4.


▪The results for the field duplicate pair (Sample IDs 1138338UF and I 138342UF) were within


acceptable limits of precision and sample representativeness specified in the validation


guidelines.
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Octachlorodibenzufuran (OCDF) was reported to be present in the equipment blank (Sample


ID I 138343UF) at a concentration of 1.4 picograms per liter (pg/L).


Based on their review, Environmental Standards, Inc. qualified some of the data reported by the


laboratory, and while some of the data have certain limitations as identified by Environmental


Standards, Inc., the data are, nevertheless, suitable for the purpose of evaluating compliance with


the Project Action Level (PAL) associated with the TCRA, The remaining, unqualified


analytical data arc acceptable for use as reported by the laboratory. In light of this finding,


TestAmerica was not instructed to analyze the filtered groundwater samples that were collected


during the sampling event.


4.EVALUATION OF LABORATORY ANALYTICAL RESULTS


The laboratory analytical results of the groundwater samples obtained from monitoring wells


MW-GWR-001 and MW-GWR-002 were compared to both the USEPA Maximum Contaminant


Level (MCL) of 30 pg/L for 2,3,7.8-TCDD, and the USEPA-defined Project Action Limit (PAL)


of 10 pgl L for 2,3,7,8-TCDD, which is specified in Work Sheet No. 15 of the QAPP. The


concentrations of 2,3,7,8-TC1)1) reported for these samples are below both the MCL value and


the PAL value for this compound.


5.SUMMARY AND CONCLUSIONS


Groundwater samples were obtained from the two monitoring wells installed pursuant to the


TCRA Work Plan and the samples were analyzed for PCDDs/PCDFs. The groundwater data


were validated, and the data were found to be suitable for the purpose of evaluating compliance


with the PAL associated with the TCRA. The concentrations of 2,3,7,8-TCDD reported by the


laboratory are below the MCL value of 30 pg/I, and the USEPA-defined PAL of 10 pg/L,


demonstrating compliance with the PAL. The TCRA has reduced short-term risk and, as


contemplated, provides for a permanent remedy consistent with the long-term remedies presently


under evaluation by USEPA staff Moreover, the TCRA has resulted in the permanent removal


of contaminant mass, and provides for the overall, long-term protection of human health and the


environment. Based on the foregoing, the objectives of the TCRA defined in the September 10,


2009 Work Plan have been satisfied. Accordingly, the TCRA should he considered an


appropriate long-term remedy for this area of the Site.
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Revision No. 0


Date: April 2010


6.	CERTIFICATION STATEMENT


"Under penalty of law, I certify that to the best of my knowledge, after appropriate inquiries of


all relevant persons involved in the preparation of the report, the information submitted is true,


accurate, and complete. I am aware that there are significant penalties for submitting false


information, including the possibility of fine and imprisonment for knowing violations."


Jeffrey J. Loureiro. P.E., LEP


Project Coordinator
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Notice


Development of this document was funded, wholly or in part, by the United States
Environmental Protection Agency under Contract No. 68-W8-0098. It has been
subjected to the Agency’s review process and approved for publication as an EPA
document.


The policies and procedures established in this document are intended solely for the
guidance of government personnel. They are not intended and cannot be relied upon
to create any rights, substantive or procedural, enforceable by any party in litigation
with the United States. The Agency reserves the right to act at variance with these
policies and procedures and to change them at any time without public notice.
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NIOSH
NPDES


NPL


O&M


OSHA


OSWER


q 1*


PRP


QA


QAPP


QC


RAS


RCRA


RD


RfD


RI/FS


ROD


RPM


SAP


SARA


SAS


SDWA


SI


SITE


SOP


s o w


SPHEM


SWDA


TAT


TBC


TCL


TOM


TSCA


WPRR


National Institute for Occupational Safety and Health


National Pollutant Discharge Elimination System


National Priorities List: A list of sites identified for remediation under CERCLA.


Operation and maintenance


Occupational Safety and Health Administration


Office of Solid Waste and Emergency Response


Cancer potency factor: The lifetime cancer risk for each additional mg/kg body
weight per day of exposure.


Potentially responsible party


Quality assurance


Quality assurance project plan: A plan that describes protocols necessary to
achieve the data quality objectives defined for an RI. (See SAP.)


Quality control


Routine analytical services


Resource Conservation and Recovery Act


Remedial design


The reference dose (RfD) is an estimate (with uncertainty spanning perhaps an
order of magnitude) of a daily exposure to the human population (including
sensitive subgroups) that is likely to be without appreciable risk of deleterious
effects during a lifetime.


Remedial investigation/ feasibility study


Record of Decision: Documents selection of cost-effective Superfund-
financed remedy.


Remedial Project Manager: The project manager for the lead Federal agency.


Sampling and analysis plan, consisting of a quality assurance project plan
(QAPP) and a field sampling plan (FSP).


Superfund Amendments and Reauthorization Act of 1986. (See CERCLA.)


Special analytical services


Safe Drinking Water Act


Site investigation


Superfund innovative technology evaluation


Standard operating procedures


Statement of Work


Superfund public health evaluation manual


Solid Waste Disposal Act


Technical assistance team


To be considered


Target compound list


Technical directive memorandum


Toxic Substances Control Act


Work plan revision request
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Chapter 1
Introduction


1.1 Purpose of the RI/FS


The remedial investigation and feasibility study
(RI/FS) process as out l ined in this guidance
represents the methodology that the Superfund
program has established for characterizing the nature
and extent of risks posed by uncontrolled hazardous
waste sites and for evaluating potential remedial
options. This approach should be viewed as a
dynamic, flexible process that can and should be
tailored to specific circumstances of individual sites: it
is not a rigid step-by-step approach that must be
conducted identically at every site. The project
manager’s central responsibility is to determine how
best to use the flexibility built into the process to
conduct an efficient and effective RI/FS that achieves
high quality results in a timely and cost-effective
manner. A significant challenge project managers
face in effectively managing an RI/FS is the inherent
uncertainties associated with the remediation of
uncon t ro l led  hazardous  was te  s i tes .  These
uncertainties can be numerous, ranging from potential
unknowns regarding site hydrogeology and the actual
extent of contamination, to the performance of
treatment and engineering controls being considered
as part of the remedial strategy. While these
uncertainties foster a natural desire to want to know
more, this desire competes with the Superfund
program’s mandate to perform cleanups within
designated schedules.


The objective of the RI/FS process is not the
unobtainable goal of removing all uncertainty, but
rather to gather information sufficient to support an
informed risk management decision regarding which
remedy appears to be most appropriate for a given
site. The appropriate level of analysis to meet this
objective can only be reached through constant
strategic thinking and careful planning concerning the
essential data needed to reach a remedy selection
decision. As hypotheses are tested and either
rejected or confirmed, adjustments or choices as to
the appropriate course for further investigations and
analyses are required. These choices, like the
remedy selection itself, involve the balancing of a
wide variety of factors and the exercise of best
professional judgment.


1.2 Purpose of the Guidance
This guidance document is a revision of the U.S.
Environmental Protection Agency’s (EPA) Guidance
on Remedial Investigations Under CERCLA (May
1985) and Guidance on Feasibility Studies Under
CERCLA (June 1985). These guidances have been
consolidated into a single document and revised to
(1) reflect new emphasis and provisions of the
Superfund Amendments and Reauthorization Act
(SARA), (2) incorporate aspects of new or revised
guidance related to aspects of remedial investigations
and feasibility studies (RI/FSs), (3) incorporate
management initiatives designed to streamline the
RI/FS process, and (4) reflect experience gained from
previous RI/FS projects.


The purpose of this guidance is to provide the user
with an overall understanding of the RI/FS process.
Expected users include EPA personnel, State
agencies responsible for coordinating or directing
activities at National Priorities List (NPL) sites,
potentially responsible parties (PRPs), Federal facility
coordinators, and  consu l tan ts  o r  compan ies
contracted to assist in RI/FS-related activities at NPL
s i tes .  Th is  gu idance descr ibes  the  genera l
procedures for conducting an RI/FS.1 Where specific
guidance is currently available elsewhere, the RI/FS
guidance will simply highlight the key points or
concepts as they relate to the RI/FS process and
refer the user to the other sources for additional
details.


1.3 Overview of CERCLA
Reauthorization


SARA was signed by the President on October 17,
1986, to amend the Comprehensive Environmental
Response, Compensation, and Liability Act of 1980


1 This guidance document does not typically address differences
in the general procedures (e.g., work plan preparation,
reporting requirements) between a Fund-financed and PRP-
conducted RI/FS, and the flexibility discussed for certain
activities may not pertain to a PRP-conducted RI/FS.
Therefore, when PRPs are conducting an RI/FS, this guidance
document must be used in conjunction with the “Interim
Guidance on PRP Participation in the RI/FS Process” (see
Appendix A).
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(CERCLA). While SARA did not change the basic
structure of CERCLA, it did modify many of the
exist ing requirements and added new ones.
References made to CERCLA throughout this
document should be interpreted as meaning
“CERCLA as amended by SARA.”


Many of the new provisions under CERCLA having
the greatest impact on the RI/FS process are
contained in §121 (Cleanup Standards). Other notable
changes that also affect the RI/FS process are
contained in §104 (Response Authorities, in particular
Health-Related Authorities), portions of §104 and
§121 regarding State involvement, §117 (Public
Participation), §110 (Worker Protection Standards),
and §113 (Civil Proceedings). Highlights of these
sections are summarized below.


1.3.1 Cleanup Standards


Section 121 (Cleanup Standards) states a strong
statutory preference for remedies that are highly
reliable and provide long-term protection. In addition
to the requirement for remedies to be both protective
of human health and the environment and cost-
effective, additional remedy selection considerations
in 5121(b) include:


l A preference for remedial actions that employ
treatment that permanently and significantly
reduces the volume, toxicity, or mobility of
h a z a r d o u s  s u b s t a n c e s ,  p o l l u t a n t s ,  a n d
contaminants as a principal element


l Offsite transport and disposal without treatment is
the least favored alternative where practicable
treatment technologies are available


l The need to assess the use of permanent
solutions and alternative treatment technologies
or resource recovery technologies and use them
to the maximum extent practicable


Section 121 (c) also requires a periodic review of
remedial actions, at least every 5 years after initiation
of such action, for as long as hazardous substances,
pollutants, or contaminants that may pose a threat to
human health or the environment remain at the site. If
it is determined during a 5-year review that the
action no longer protects human health and the
environment, further remedial actions will need to be
considered.


1.3.1.1 Applicable or Relevant and Appropriate
Requirements


Section 121(d)(2)(A) of CERCLA incorporates into law
the CERCLA Compliance Policy, which specifies that
Superfund remedial actions meet any Federal
standards, requirements, criteria, or limitations that
are determined to be legally applicable or relevant


and appropriate requirements (ARARs). Also included
is the new provision that State ARARs must be met if
they are more stringent than Federal requirements.
Federal statutes that are specifically cited in CERCLA
include the Solid Waste Disposal Act (SWDA), the
Toxic Substances Control Act (TSCA), the Safe
Drinking Water Act (SDWA), the Clean Air Act (CAA),
the Clean Water Act (CWA), and the Marine
Protection Research and Sanctuaries Act (MPRSA).
Additional guidance on ARARs is provided in the
“CERCLA Compliance with Other Statutes” manual
(U.S. EPA, Draft, August 1988).


Sec t ion  121(d) (4 )  o f  CERCLA iden t i f ies  s ix
circumstances under which ARARs may be waived:


l The remedial action selected is only a part of a
total remedial action (interim remedy) and the
final remedy will attain the ARAR upon its
completion.


l Compliance with the ARAR will result in a greater
risk to human health and the environment than
alternative options.


l Compl iance with the ARAR is technical ly
impracticable from an engineering perspective.


l An alternative remedial action will attain an
equivalent standard of performance through the
use of another method or approach.


l The ARAR is a State requirement that the state
has not consistently applied (or demonstrated the
i n t e n t  t o  a p p l y  c o n s i s t e n t l y )  i n  s i m i l a r
circumstances.


l For §104 Superfund-financed remedial actions,
compliance with the ARAR will not provide a
balance between protecting human health and the
environment and the availability of Superfund
money for response at other facilities.


1.3.1.2 Offsite Facilities
The new statutory requirements contained in
§121 (d)(3) for acceptable offsite disposal facilities, in
most respects, incorporate previous Agency policy.
Offsite disposal facilities receiving contaminants must
be in compliance with Resource Conservation and
Recovery Act (RCRA) and other Federal and State
laws. In addition, the unit receiving the waste must
have no releases to ground water, surface water, or
soil; other units that have had releases at the facility
must be under an approved corrective action
program.


1.3.2 Health Assessments


Under CERCLA §104(i) (Health-Related Authorities),
the Agency for Toxic Substances and Disease
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Registry (ATSDR) must conduct a health assessment
for every site proposed for inclusion on the NPL. The
purpose of these health assessments is to assist in
determining whether current or potential risk to
human health exists at a site and whether additional
information on human exposure and associated health
risks is needed. The health assessment is required to
be completed “to the maximum extent practicable”
before completion of the RI/FS.


1.3.3 State Involvement


Section 104(c)(3)(C) of CERCLA remains in effect
requiring a lo-percent State cost share for remedial
actions at privately operated sites and 50 percent at
publicly operated sites. 2 Section 104(c)(3)(A) and
104(c)(6) of CERCLA provide that the operation and
ma in tenance  o f  g round-  and  su r face-wa te r
restoration measures be considered part of remedial
action for up to 10 years after commencement of
operations or until remedial action is complete,
whichever is earlier. Therefore, such activities during
the lo-year period would be eligible for either 50 or
90 percent Federal funding depending on whether the
site was publicly or privately operated.


Section 121(d)(2)(A) of CERCLA specifies that more
stringent State ARARs apply if they are identified in a
timely manner by the state. Section 121 (f) requires
EPA to develop regulations for substantial and
meaningful State involvement in the remedial
response process and specifies certain minimum
requirements.


1.3.4 Community Involvement


Section 117 of CERCLA (Public Participation)
emphasizes the importance of early, constant, and
responsive relations with communities affected by
S u p e r f u n d  s i t e s  a n d  c o d i f i e s ,  w i t h  s o m e
modifications, current community relations activities
applied at NPL sites. Specifically, the law requires
publication of a notice of any proposed remedial
action (proposed plan) in a local newspaper of
general circulation and a “reasonable opportunity” for
the public to comment on the proposed plan and
other contents of  the administrat ive record,
particularly the RI and the FS. In addition, the public
is to be afforded an opportunity for a public meeting.
The proposed plan should include a brief explanation
of the alternatives considered, which will usually be in
the form of a summary of the FS. Unlike the FS,
however, the proposed plan will also provide an
explanation of the preliminary preference for one of
the options. Notice of the final plan adopted and an
explanation of any significant changes from the
proposed plan are also required. CERCLA also


2Remedial planning activities for the RI/FS and remedial design
continue to be 100 percent federally funded.


authorizes technical assistance grants for local
citizens’ groups potentially affected by an NPL site.
The grants are to be used in obtaining assistance in
interpreting information on the nature of hazards
posed by the site, the results of the RI/FS, any
removal actions, the Record of Decision (ROD), and
the remedial design and remedial action.


1.3.5 Administrative Record


S e c t i o n  1 1 3  o f  C E R C L A  r e q u i r e s  t h a t  a n
administrative record be established “at or near the
facility at issue.” The record is to be compiled
contemporaneously and must be available to the
public and include all information considered or relied
on in select ing the remedy, including publ ic
comments on the proposed plan.


1.3.6 Worker Safety
Section 126(c) of CERCLA directed the Occupational
Safety and Health Administration (OSHA) to issue,
within 60 days of the date of enactment of SARA, an
interim final rule that contains employee protection
requirements for workers engaged in hazardous
waste operations. OSHA’s interim final rule (29 CFR
1910.120) was published in the Federal Register on
December 19, 1986, with full implementation of this
rule required by March 16, 1987. The worker safety
rule will remain in effect until the final standard is
issued by OSHA and becomes effective.


1.3.7 Enforcement Authorities


Section 122(e) authorizes EPA to use “special
notice” procedures, which for an RI/FS, establishes a
60-day moratorium period to provide time for formal
negotiation between EPA and the PRPs for conduct
of the RI/FS activities. This 60-day period may be
extended to 90 days if within the 60-day time period,
the potentially responsible parties (PRPs) provide
EPA with a good faith offer to conduct or finance the
RI/FS.


SARA allows for administrative consent orders to be
signed using the authorities of Section 122(d)(3) as
pertaining to Section 104(b) without having to make a
finding of imminent and substantial endangerment.
Section 104(a)(l) outlines special requirements for a
PRP-lead RI/FS. These requirements include:
making the determination that a PRP is qualified to
perform the RI/FS; arranging for a third party to assist
in oversight of the RI/FS; and requiring that PRPs pay
for third party oversight.3


3Specific guidance on PRP participation in the RI/FS process is
found in Appendix A. Detailed guidance on PRP oversight is
currently under preparation in the Office of Solid Waste and
Emergency Response (OSWER).
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 1.4 The RI/FS Process Under CERCLA
Although the new provisions of CERCLA have
resulted in some modifications to the RI/FS process,
the basic components of the process remain intact.
The RI continues to serve as the mechanism for
collecting data to characterize site conditions;
determine the nature of the waste; assess risk to
human health and the environment; and conduct
treatability testing as necessary to evaluate the
potential performance and cost of the treatment
technologies that are being considered. The latter
also supports the design of selected remedies. The
FS continues to serve as the mechanism for the
development, screening, and detailed evaluation of
alternative remedial actions.


The various steps, or phases, of the RI/FS process
and how they have been modified to comply with the
new provisions in CERCLA are summarized below. It
is important to note that the RI and FS are to be
conducted concurrently and that data collected in the
RI influence the development of remedial alternatives
in the FS, which in turn affects the data needs and
scope of treatability studies and additional field
investigations. Two concepts are essential to the
phased RI/FS approach. First, data should generally
be collected in several stages, with initial data
collection efforts usually limited to developing a
general understanding of the site. As a basic
understanding of site characteristics is achieved,
subsequent data collection efforts focus on filling
identi f ied gaps in the understanding of si te
characteristics and gathering information necessary to
evaluate remedial alternatives. Second, this phased
sampling approach encourages identification of key
data needs as early in the process as possible to
ensure that data collection is always directed toward
providing information relevant to selection of a
remedial action. In  th is  way the overa l l  s i te


   characterization effort can be continually scoped to
minimize the collection of unnecessary data and
maximize data quality.


Because of the interactive and iterative nature of this
phase of the RI and FS process, the sequence of the
various phases and associated act ivi t ies, as
described below and presented in Figure 1-1, will
frequently be less distinct in practice. A generic
timeline intended to illustrate the phasing of RI/FS
activities is presented in Figure 1-2. The actual
timing of individual activities will depend on specific
site situations.


1.4.1 Scoping


Scoping is the initial planning phase of the RI/FS
process, and many of the planning steps begun here
are continued and refined in later phases of the
RI/FS. Scoping activities typically begin with the
collection of existing site data, including data from


previous investigations such as the preliminary
assessment and site investigation. On the basis of
this information, site management planning is
undertaken to preliminarily identify boundaries of the
study area, identify likely remedial action objectives
and whether interim actions may be necessary or
appropriate, and to establish whether the site may
best be remedied as one or several separate
operable units. Once an overall management strategy
is agreed upon, the RI/FS for a specific project or the
site as a whole is planned. Typical scoping activities
include:


  Initiating the identification and discussion of
potential ARARs with the support agency


   Determining the types of decisions to be made
and identifying the data and other information
needed to support those decisions


   Assembling a “technical advisory committee” to
assist in these activities, to serve as a review
board for important deliverables, and to monitor
progress, as appropriate, during the study


  Preparing the work plan, the sampling and
analysis plan (SAP) (which consists of the quality
assurance project plan (QAPP) and the field
sampling plan (FSP)), the health and safety plan,
and the community relations plan


Chapter 2 describes the various steps in the scoping
process and gives general information on work-
planning methods that have been effective in planning
and executing past RI/FSs.


1.4.2 Site Characterization
During site characterization, field sampling and
laboratory analyses are initiated. Field sampling
should be phased4 so that the results of the initial
sampling efforts can be used to refine plans
developed during scoping to better focus subsequent
sampling efforts. Data quality objectives are revised
as appropriate based on an improved understanding
of the site to facilitate a more efficient and accurate
characterization of the site and, therefore, achieve
reductions in time and cost.


A preliminary site characterization summary is
prepared to provide the lead agency with information
on the site early in the process before preparation of
the full RI report. This summary will be useful in
determining the feasibility of potential technologies
and in assisting both the lead and support agencies
with the initial identification of ARARs. It can also be


4Emphasis is placed on rapid turnaround of sampling results to
avoid the need to remobilize and reprocure contractors.
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Figure 1-1. Phased RI/FS Process. 


sent to ATSDR to assist them in performing their
health assessment of the site.


A baseline risk assessment is developed to identify
the existing or potential risks that may be posed to
human health and the environment by the site. This
assessment also serves to support the evaluation of
the no-action alternative by documenting the threats
posed by the site based on expected exposure
scenarios. Because this assessment identifies the
primary health and environmental threats at the site, it
also provides valuable input to the development and
evaluation of alternatives during the FS. Site
characterization activities are described in Chapter 3.


1.4.3 Development and Screening of
Alternatives


The development of alternatives usually begins during
or soon after scoping, when likely response scenarios
may first be identified. The development of
alternatives requires (1) identifying remedial action
objectives; (2) identifying potential treatment,
resource recovery, and containment technologies that
will satisfy these objectives; (3) screening the


technologies based on their effectiveness,
implementability, and cost; and (4) assembling
technologies and their associated containment or
disposal requirements into alternatives for the
contaminated media at the site or for the operable
unit. Alternatives can be developed to address
contaminated medium (e.g., ground water), a specific
area of the site (e.g., a waste lagoon or contaminated
hot spots), or the entire site. Alternatives for specific
media and site areas either can be carried through
the FS process separately or combined into
comprehensive alternatives for the entire site. The
approach is flexible to allow alternatives to be
combined at various points in the process.


As practicable, a range of treatment alternatives,
should be developed, varying primarily in the extent to
which they rely on long-term management of
residuals and untreated wastes. The upper bound of
the range would be an alternative that would
eliminate, to the extent feasible, the need for any
long-term management (including monitoring) at the
site. The lower bound would consist of an alternative
that involves treatment as a principal element (i.e.,
treatment is used to address the principal threats at
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the site), but some long-term management of
portions of the site that did not constitute “principal
threats” would be required. Between the upper and
lower bounds of the treatment range, alternatives
varying in the type and degrees of treatment and
associated containment/ disposal requirements should
be included as appropriate. In addition, one or more
containment option(s) involving little or no treatment
should be developed as appropriate, and a no-action
alternative should always be developed.


Once potential alternatives have been developed, it
may be necessary to screen out certain options to
reduce the number of alternatives that will be
analyzed in detail in order to minimize the resources
dedicated to evaluating options that are less
promising. The necessity of this screening effort will
depend on the number of alternatives initially
developed, which will depend partially on the
complexity of the site and/ or the number of available,
suitable technologies. For situations in which it is
necessary to reduce the initial number of alternatives
before beginning the detailed analysis, a range of
alternatives should be preserved, as practicable, so
that the decisionmaker can be presented with a
variety of distinct, viable options from which to
choose. The screening process involves evaluating
alternatives with respect to their effectiveness,
implementability, and cost. It is usually done on a
general basis and with limited effort (relative to the
detailed analysis) because the information necessary
to fully evaluate the alternatives may not be complete
at this point in the process. The development and
screening of alternatives is discussed in Chapter 4.


1.4.4 Treatability Investigations


Should existing site and/or treatment data be
insufficient to adequately evaluate alternatives,
treatability tests may be necessary to evaluate a
particular technology on specific site wastes.
Generally, treatability tests involve bench-scale
testing to gather information to assess the feasibility
of a technology. In a few situations, a pilot-scale
study may be necessary to furnish performance data
and develop better cost estimates so that a detailed
analysis can be performed and a remedial action can
be selected. To conduct a pilot-scale test and keep
the RI/FS on schedule, it will usually be necessary to
identify and initiate the test at an early point in the
process. Treatability investigations are described in
Chapter 5.


1.4.5 Detailed Analysis


Once sufficient data are available, alternatives are
evaluated in detail with respect to nine evaluation
criteria that the Agency has developed to address the
statutory requirements and preferences of CERCLA.
The alternatives are analyzed individually against
each criterion and then compared against one


another to determine their respective strengths and
weaknesses and to identify the key tradeoffs that
must be balanced for that site. The results of the
detailed analysis are summarized and presented to
the decisionmaker so that an appropriate remedy
consistent with CERCLA can be selected. The
detailed analysis of alternatives is described in
Chapter 6.


1.5 Special Sites
The use of treatment technologies and, therefore, the
development of a complete range of options, may not
be practicable at some sites with large volumes of
low concentration wastes (e.g., large municipal
landfills or mining sites). Remedies involving
treatment at such si tes may be prohibi t ively
expensive or difficult to implement. Therefore, the
range of alternatives initially developed may be
focused primarily on various containment options.
Although this guidance does not specifically state how
all such sites should be addressed, factors are
discussed that can be used, as appropriate, to help
guide the development and evaluation of alternatives
on a case-by-case basis.


1.6 Community Relations
Community relations is a useful and important aspect
of the RI/FS process. Community relations activities
serve to keep communities informed of the activities
at the site and help the Agency anticipate and
respond to community concerns. A community
relations plan is developed for a site as the work plan
for the RI/FS is prepared. The community relations
plan is based on interviews with interested people in
the community and will provide the guidelines for
future community relations activities at the site. At a
minimum, the plan must provide for a site mailing list,
a conveniently located place for access to all public
information about the site, an opportunity for a public
meeting when the RI/FS report and proposed plan are
issued, and a summary of public comments on the
RI/FS report and proposed plan and the Agency’s
response to those comments.


The specific community relations requirements for
each phase of the RI/FS are integrated throughout
this guidance document since they are parallel to and
support the technical activities. Each chapter of this
guidance has a section discussing community
relations requirements appropriate to that specific
phase of the RI/FS. Additional program requirements
are described in the draft of Community Relations in
Superfund: A Handbook (U.S. EPA, Interim, June
1988).


1.7 Lead and Support Agency
Throughout this guidance the terms “lead agency”
and “support agency” are used to reflect the fact that
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either EPA or a State or Federal facility can have the
lead responsibility for conducting an RI/FS. The
support agency plays a review and concurrence role
and provides specific information as necessary to the
lead agency (e.g., ARAR identification). The roles of
the lead and support agencies in each phase of the
RI/FS process are described at the end of each
chapter.


1.8 Remedial Project Manager Role and
Responsibilities


The Remedial Project Manager’s (RPM’s) role in
overseeing an RI/FS involves, to a large extent,
ensuring that the work progresses according to the
priorities and objectives established during site
management and project planning. This role requires
planning project scopes early and deriving cost
estimates for the specific tasks and activities
described in the Statement of Work (SOW).5 It is the
RPM’s responsibility to develop realistic cost


est imates, m o n i t o r  a n d  c o n t r o l  c o n t r a c t o r
expenditures, and manage changing site conditions
within the allocated budget. The RPM facilitates the
interactions among EPA staff, State representatives,
contractor personnel, PRPs, and the public to ensure
that all involved parties are aware of their roles and
responsibilities. Throughout the following chapters,
and particularly in the discussions of scoping
(Chapter 2) and site characterization (Chapter 3),
suggestions are provided to guide the RPM in
developing approaches for conducting RI/FSs so that
high-quality deliverables are produced in a timely
and cost-effective manner. Additional suggestions
specific to management of RI/FSs may be found in
the Superfund Federal-Lead Remedial Project
Management Handbook (U.S. EPA, December 1986)
and Superfund State-Lead Remedial Project
Management Handbook (U.S. EPA, December 1986).
Oversight responsibilities for PRP-lead RI/FSs are
outlined in Appendix A of this guidance.


5OSWER is developing cost estimating guides and a reference
document for use by RPMs that will provide historical averages
for the cost of the various RI/FS tasks.
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Chapter 2
Scoping the RI/FS


2.1 Introduction


Scoping is the ini t ial  planning phase of si te
remediation and is begun, at least informally, by the
lead agency’s RPM as part of the funding allocation
and planning process. The lead and support agencies
should meet and, on the basis of  avai lable
information, begin to (1) identify the types of actions
that may be required to address site problems; (2)
identify whether interim actions are necessary or
appropriate to mitigate potential threats, prevent
further environmental degradation, or rapidly reduce
risks significantly, and (3) identify the optimal
sequence of site actions and investigative activities.


Once the lead and support agencies initially agree on
a general approach for managing the site, the next
step is to scope the project(s) and develop specific
project plans. Project planning is done to:


Determine the types of decisions to be made


  Identify the type and quality of data quality
objectives (DQOs) needed to support those
decisions


Describe the methods by which the required data
will be obtained and analyzed


Prepare project plans to document methods and
procedures


The activities described above relate directly to the
establishment of DQOs - statements that specify the
type and quality of the data needed to support
decisions regarding remedial response activities. The
establishment of DQOs is discussed in detail in Data
Qualify Objectives for Remedial Response Activities
(U.S. EPA, March 1987, hereafter referred to as the
DQO Guidance).


The ability to adequately scope a specific project is
closely tied to the amount and quality of available
information. Therefore, it is important to note that the
scope of the project and, to some extent the specific
project plans, are developed iteratively (i.e., as new
information is acquired or new decisions are made,
data requirements are reevaluated and, if appropriate,
project plans are modified). In this way, scoping helps


to focus activities and streamline the RI/FS, thereby
preventing needless expenditures and loss of time in
unnecessary sampling and analyses.


Figure 2-l shows the key steps in the scoping
process.1


2.2 Project Planning
Once a general site management approach has been
agreed upon, planning can begin for the scope of a
specific project. The specific activities conducted
during project planning include:2


Meeting with lead agency, support agency, and
contractor personnel to discuss site issues and
assign responsibilities for RI/FS activities


Collecting and analyzing existing data to develop
a conceptual site model that can be used to
assess both the nature and the extent of
contamination and to identify potential exposure
pathways and potential human health and/or
environmental receptors


Initiating limited field investigations if available
data are inadequate to develop a conceptual site
model and adequately scope the project


Identifying preliminary remedial action objectives
and likely response actions for the specific project


Preliminarily identifying the ARARs expected to
apply to site characterization and site remediation
activities


Determining data needs and the level of analytical
and sampling certainty required for additional data


1 See Appendix A for a delineation of responsibilities between
the lead agency and the PRPs during the scoping process.


2 For a PRP-lead RI/FS the PRPs are typically responsible for
these activities except for conducting community interviews.
This responsibility rests with the lead agency. Specific activities
performed by the PRPs during scoping are determined during
the negotiation period and should be specified in the
agreement between the PRPs and the lead agency.
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Figure 2-1. Scoping.
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if currently available data are inadequate to
conduct the FS


Identifying the need and the schedule for
treatability studies to better evaluate potential
remedial alternatives


Designing a data collection program to describe
the selection of the sampling approaches and
analytical options. (This selection is documented
in the SAP, which consists of the FSP and QAPP
elements.)


Developing a work plan that documents the
scoping process and presents anticipated future
tasks


Identifying and documenting health and safety
protocols required during field investigations and
preparing a site health and safety plan


Conducting community interviews to obtain
information that can be used to develop a site-
specific community relations plan that documents
the objectives and approaches of the community
relations program


2.2.1 Conduct Project Meeting


To begin project planning, a meeting should be held
involving key management from the lead and support
agencies. The purpose of this meeting is to allow key
personnel to become involved in initial planning
decisions and give them the opportunity to discuss
any special concerns that may be associated with the
site.  Furthermore, this meeting should set a
precedent for the involvement of key personnel
periodically throughout the project. Additional
attendees should include contractor personnel who
will be conducting the RI/FS and performing the risk
assessment , N a t u r a l  R e s o u r c e  T r u s t e e
representatives, when applicable, and individuals with
pr io r  exper ience a t  the  s i te  [e .g . ,  the  f ie ld
investigation team (FIT)] or other similar sites who
may be able to provide additional insight into effective
techniques for addressing potential site problems.


2.2.2 Collect and Analyze Existing Data
Before the activities necessary to conduct an RI/FS
can be planned, it is important to compile the
available data that have previously been collected for
a site. These data can be used to determine the
additional work that needs to be conducted both in
the field and within the community. A thorough search
of existing data should help avoid duplication of
previous efforts and lead to a remedial investigation
that is more focused and, therefore, more efficient in
its expenditure of resources.


Information describing hazardous waste sources,
migration pathways, and human and environmental
receptors for a given site is available from many
sources. Some of the more useful sources are listed
in Table 2-1. Site investigation (SI) data3 gathered in
the hazard ranking process (the process by which a
site is listed on the NPL) may be located in files
maintained by the EPA Regional offices, the FIT, the
technical assistance team (TAT), contractors, and the
state.


Data relating to the varieties and quantities of
hazardous wastes disposed of at the site should be
compiled. The results from any previous sampling
events should be summarized in terms of physical
and chemical characteristics, contaminants identified,
and their respective concentrations. Results of
environmental sampling at the site should be
summarized, and evidence of soil, ground water,
surface water, sediment, air, or biotic contamination
should be documented. If available, information on the
precision and accuracy of the data should be
included.


Records of disposal pract ices and operat ing
procedures  a t  the  s i te ,  inc lud ing  h is to r ica l
photographs, can be reviewed to identify locations of
waste materials onsite, waste haulers, and waste
generators. If specific waste records are absent,
waste products that may have been disposed of at
the site can be identified through a review of the
manufacturing processes of the waste generators.


A summary of existing site-specific and regional
information should be compiled to help identify
surface, subsurface, atmospheric, and biotic migration
pathways. Compiled information should include
geology, hydrogeology, hydrology, meteorology, and
ecology. Regional information can help to identify
background soil, water, and air quality characteristics.
Data on human and environmental receptors in the
area surrounding the site should be compiled.
Demographic and land use information will help
identify potential human receptors. Residential,
municipal, or industrial wells should be located, and
sur face  water  uses  shou ld  be  iden t i f i ed  fo r
surrounding areas and areas downstream of the site.


Existing information describing the common flora and
fauna of the site and surrounding areas should be
co l lec ted .  The  loca t ion  o f  any  th rea tened ,
endangered, or rare species, sensitive environmental
areas, or critical habitats on or near the site should be
identified. Available results from any previous
biological testing should be compiled to document


3 The expanded site investigation (ESI) conducted by the pre-
remedial program will provide valuable data (e.g., geophysics,
surveys, well inventories) and should serve as an important
source of information during the scoping process for
establishing the hypotheses to be tested concerning the nature
and extent of contamination.
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any known ecological effect such as acute or chronic
toxicity or bioaccumulation in the food chain.


Once the available data have been collected, they are
analyzed to (1) establish the physical characteristics
of a site to help determine the scope of future
sampling efforts; and (2) conceptually model potential
exposure pathways and receptors to assist in the
preliminary assessment of risk and the initial
identification of potential remedial technologies. Each
of these uses is discussed below.


2.2.2.1 Establish Physical Characteristics of the
Site


The analysis of existing data serves to’ provide a
better understanding of the nature and extent of
contamination and aids in the design of remedial
investigation tasks. If quality assurance information on
existing sampling data is available, it should be
reviewed to assess the level of uncertainty associated
with the data. This is important to establish whether
sampl ing wi l l  be needed to ver i fy or s imply
supplement existing data. Important factors to
consider when reviewing existing data are the
comparability of the data (e.g., time of sampling), the
analytical methods, the detection limits, the analytical
laboratories, and the sample collection and handling
methods.4


Existing data should be used to develop a site
description, which should include location, ownership,
topography, geology, land use, waste type, estimates
of waste volume, and other pertinent details. The site
description should also include a chronology of
significant events such as chemical storage and
disposal practices, previous site visits, sampling
events, regulatory violations, legal actions, and
changes in ownership. In addition, information
concerning previous cleanup actions, such as
removal of containerized waste, is often valuable for
determining the characteristics of any wastes or
contaminated media remaining at the site. All sources
of information or data should be summarized in a
technical memorandum or retained for inclusion in the
RI report.


2.2.2.2 Develop a Conceptual Site Model


Information on the waste sources, pathways, and
receptors at a site is used to develop a conceptual
understanding of the site to evaluate potential risks to
human health and the environment. The conceptual
site model should include known and suspected


4 Regardless of the origin and quality of existing data,
they typically are useful in constructing hypotheses
concerning the nature and extent of contamination.


sources of contamination, types of contaminants and
affected media, known and potential routes of
migration, and known or potential human and
environmental receptors. This effort, in addition to
assisting in identifying locations where sampling is
necessary, will also assist in the identification of
potential remedial technologies. Additional information
for evaluating exposure concerns through the use of
a conceptual  model is provided in the D Q O
Guidance. An example of a conceptual model is
provided in Figure 2-2.


2.2.2.3 Determine the Need for and Implement
Limited Additional Studies


If the conceptual understanding of a site is poor and
the collection of site-specific data would greatly
enhance  the  scop ing  e f fo r t ,  a  l im i ted  f ie ld
investigation may be undertaken as an interim
scoping task prior to developing the work plan.5


Normally, the investigation is limited to easily obtain-
able data, where results can be achieved in a short
time. Examples of tasks are as follows:


  Preliminary geophysical investigations


  Resident ial ,  industr ial ,  and agricul tural  wel l
sampling and analysis


  Measurement of well-water level, sampling (only
for pre-existing monitoring wells), and analysis


Limited sampling to determine the need for waste
treatability studies


  Air monitoring


  Site mapping


  Preliminary ecological reconnaissance


2.2.3 Develop Preliminary Remedial Action
AIternatives


Once the existing site information has been analyzed
and a conceptual understanding of the site is
obtained, potential remedial action objectives should
be identified for each contaminated medium (Chapter
4 presents examples of remedial action objectives)
and a preliminary range of remedial action alternatives
and associated technologies should be identified. This
ident i f i ca t ion  i s  no t  meant  to  be  a  de ta i led
investigation of alternatives. Rather, it is intended to
be a more general classification of potential remedial
actions based upon the initially identified potential
routes of exposure and associated receptors. The
identification of potential technologies at this stage will
help ensure that data needed to evaluate them (e.g.,


5 The specific procedures for initiating limited field
investigation will be dependent on the lead agency’s
administrative and contractual requirements.
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Btu value of wastes to evaluate thermal destruction
capabilities) can be collected as early as possible. In
addition, the early identification of technologies will
allow earlier determinations as to the need for
treatability studies.


Technologies that may be appropriate for treating or
disposing of wastes should be identified along with
sources  o f  l i t e ra tu re  on  the  techno log ies ’
effectiveness, applications, and cost. Further
assistance in the investigation of technologies is
provided in the Technology Screening Guide for
Treatment of CERCLA Soils and Sludges (U.S. EPA,
September 1988). Innovative technologies and
resource recovery options should be included if they
appear feasible.


To the extent practicable, a preliminary list of broadly
defined alternatives should be developed that reflects
the goal of presenting a range of distinct, viable
options to the decision-maker. This list would
therefore include as appropr iate a range of
alternatives in which treatment that significantly
reduces the toxicity, mobility, or volume of waste is a
principal element; one or more alternatives that
involve containment with little or no treatment; and a
no-action alternative. The list should be limited to
only those alternatives that are relevant and carry
some significant potential for being implemented at
the site. In this way, the preliminary identification of
remedial actions will allow an initial identification of
ARARs and will help focus subsequent data-
gathering efforts.


Involvement of the various agencies at this time will
help in identifying remedial alternatives and scoping
field activities. The development of alternatives is
described in more detail in Chapter 4 of this
d o c u m e n t .  


2.2.4 Evaluate the Need for Treatability Studies


If remedial actions involving treatment have been
identified for a site, then the need for treatability
studies should be evaluated as early as possible in
the RI/FS process. This is because many treatability
studies, especially pilot testing, may take several
months or longer to complete. If a lengthy study is
required and is not initiated early, completion of the
FS may be delayed.


The initial activities of treatability testing include
researching other potentially applicable data,
designing the study, and procuring vendors and
equipment. As appropriate, these activities should
occur concurrently with site characterization efforts so
that if it is determined that a potential technology is
not feasible, planned treatability activities for this
technology can be terminated. Chapter 5 provides
guidance on scoping treatability studies.


2.2.5 Begin Preliminary Identification of
ARARs and To Be Considered (TX)
Information


A preliminary identification of potential ARARs and
TBC information in the scoping phase can assist in
initially identifying remedial alternatives and is useful
for initiating communications with the support agency
to facilitate the identification of ARARs. Furthermore,
early identification of potential ARARs will allow better
planning of field activities.6 Because of the iterative
nature of the RI/FS process, ARAR identification
cont inues  th roughout  the  RI /FS as  a  be t te r
understanding is gained of site conditions, site
contaminants, and remedial action alternatives.


ARARs may be categorized as chemical-specific
requirements that may define acceptable exposure
levels and therefore be used in establ ishing
preliminary remediation goals; as location-specific
requirements that may set restrictions on activities
within specific locations such as floodplains or
wetlands; and as action-specific, which may set
controls or restrictions for particular treatment and
disposal activities related to the management of
hazardous wastes.  The document,  “CERCLA
Compliance with Other Laws Manual” (U.S. EPA,
Draft, May 1988) contains detailed information on
identifying and complying with ARARs.


Potential chemical- and location-specific ARARs
are identified on the basis of the compilation and
evaluation of existing site data. A preliminary
evaluation of potential action-specific ARARs may
also be made to assess the feasibility of remedial
technologies being considered at this time. In addition
to federal ARARs, more stringent state ARARs must
also be identified. Other federal and state criteria,
advisories, and guidance and local ordinances should
a lso  be  cons idered ,  as  appropr ia te ,  in  the
development of remedial action alternatives.


For documentation purposes, a list should be
maintained of potential ARARs as they are identified
for a site. As the RI/FS progresses, each ARAR will
need to be defined. The assistance of the appropriate
support agency should be sought in identifying
support  agency ARARs and conf irming their
applicability or relevance and appropriateness.


2.2.6 Identify Data Needs


The identification of data needs is the most important
part of the scoping process. Data needs are identified
by evaluating the existing data and determining what
additional data are necessary to characterize the site,
develop a better conceptual understanding of the site,


6 In addition, compliance with certain environmental statutes
(e.g., the National Historic Preservation Act) is simplified by
early consultation with the responsible Federal agency.
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better define the ARARs, narrow the range of
remedial alternatives that have been identified, and
support enforcement activities.


The need for additional site data is evaluated relative
to meeting the site-specific RI/FS objectives. In
general, the RI/FS must obtain data to define source
areas of contamination, the potential pathways of
migration, and the potential receptors and associated
exposure pathways to the extent necessary to:


Determine whether, or to what extent, a threat to
human health or the environment exists


 Develop and evaluate remedial  a l ternat ives
(including the no-action alternative)


 Support future enforcement or cost-recovery
activities


If additional data are needed, the intended uses of the
data are identified, strategies for sampling and
analyses are developed, DQOs are established, and
priorities are assigned according to the importance of
the data in meeting the objectives of the RI/FS.


The possible uses of the data include the following:


  Monitoring during implementation


 Health and safety planning


  Site characterization


  Risk assessment


  Evaluating alternatives


  Determining the PRP


 Engineering the design of alternatives


A more complete description of the data uses and
their appropriate analytical levels (Figure 2-3) can be
found in the DQO Guidance.


Setting priorities for data use helps to determine the
highest level of confidence required for each type of
data. For example, add i t iona l  da ta  on  so i l
contamination may be necessary for all the uses
listed above but may be of highest priority for risk
assessment and evaluation alternatives. Within these
two use categories, the evaluation of alternatives may
require a much greater level of confidence in the
contaminant types and concentrations on site so that
cost estimates for treatment can be prepared to meet
or approach the goal of a + 50 percent/-30 percent
accuracy level. As a result, data needs specifying the
level of allowable uncertainty would be set for the
evaluation of alternatives use category and would
therefore provide an acceptable level of confidence
for the remaining data uses.


Sensitivity analyses may be useful in evaluating the
acceptable level of uncertainty in data. Critical
parameters in any of the use categories can be varied
over a probable range of values that were identified in
the conceptual site model and that determine the
effect on meeting the RI/FS objectives. For example,
preliminary treatment costs for contaminated soil can
be calculated for various contaminant types and
volumes. The sensitivity that contaminant volume and
type has on treatment cost can be assessed so that
sufficient site characterization data are collected to
allow costing of treatment alternatives during the FS
using a goal of +50 percent/-30 percent cost
accuracy.


In the development of data requirements, time and
resource constraints must be balanced with the
desired confidence level of the data. The turnaround
time necessary for certain analytical procedures may,
in some cases, preclude achieving the original level
of confidence desired.


Likewise, resource constraints such as the availability
of a laboratory, sampling and analysis equipment, and
personnel may also influence the determination of
data requirements. Because of the high cost of
sampling and analysis for contaminants on the
hazardous substances list, data acquisition should be
focused only on the data quality and quantity
necessary and sufficient to meet the RI/FS objectives.
It is also important to do any necessary logistical
planning once data needs are identified. For example,
if it will be necessary to acquire aerial photographs to
adequately evaluate a site, it should be noted early in
the process so that the acquisition can begin early.


2.2.7 Design a Data Collection Program


Once the level of confidence required for the data is
established, strategies for sampling and analysis can
be developed. The ident i f icat ion of sampl ing
requirements involves specifying the sampling design;
the sampling method; sample numbers, types, and
locations;. and the level of sampling quality control.
Data may be collected in multiple sampling efforts to
use resources efficiently, and the level of accuracy
may increase as the focus of sampling is narrowed.
The determination of analytical requirements involves
specifying the most cost-effective analytical method
that, together with the sampling methods, will meet
the overall data needs for the RI/FS. Data quality
requirements specified for sampling and analysis
include precision, accuracy, representativeness,
completeness, and comparability.


A description of the methods to be used in analyzing
data obtained during the RI should be included in a
SAP. The level of detail possible in defining the data
evaluation tasks will depend on the quality of the site
conceptual model. If the site is well understood, data
evaluation techniques should be specified and
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DATA USES ANALYTICAL LEVEL TYPE OF ANALYSIS


Figure 2-3. Summary of analytical levels appropriate to data uses.


described. This information is especially important if evaluation techniques could be included, and in
numerical modeling is anticipated. If little existing addition to describing site characterization techniques,
information is available, the task descriptions may be methods to be used in the risk assessment also
very general, since it may not be clear which data should be described.
evaluat ion techniques wi l l  be appropriate. I f
information is lacking, descriptions of potential
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2.2.8 Develop a Work Plan


Tasks to be conducted during the RI/FS should be
identified and documented in a work plan. Although
this work plan will constitute the planning through the
completion of the   RI/FS, the level of detail with which
specific tasks can be described during scoping will
depend on the amount and quality of existing data.
Therefore, in situations in which additional data are
needed to adequately scope the development and
evaluation of alternatives, emphasis should be placed
on limiting the level of detail used to describe these
subsequent tasks and simply noting that the scope of
these activities will be refined later in the process.
This will reduce the time needed to prepare and
review the initial work plan. As the RI/FS process
progresses and a better understanding of the site is
gained, these task descriptions can be refined. The
preliminary descriptions of tasks needed to complete
the RI/FS should be documented in the work plan and
can be used as a basis for scheduling and estimating
the RI/FS budget.


2.2.9 Identify Health and Safety Protocols


Protecting the health and safety of the investigative
team and the general public is a major concern during
remedial response actions. Workers may be exposed
to a variety of hazards including toxic chemicals,
biological agents, radioactive materials, heat or other
physical stresses, equipment-related accidents, and
fires or explosions. The surrounding community may
be at increased risk from unanticipated chemical
releases, fires, or explosions created by onsite
activities. In recognition of these concerns, OSHA has
published regulations that stress the importance both
of an underlying health and safety program and of
site-specific safety planning. The following is a list of
documents that contain regulations pertaining to
workers at hazardous waste sites:


American National Standards, Practices for
Respiratory Protection (American National
Standards Institute, 1980)


Guidance Manual for Superfund Activities,
Volumes l-9 (National Institute for Occupational
Safety and Health, 1985)


Occupational Health Guidelines for Chemical
Hazards (National Institute for Occupational
Safety and Health, 1981)


Safety Manual for Hazardous Waste  S i t e
Investigations (U. S. EPA, 1979)


Interim Standard Operating Safety Guides (U.S.
EPA, 1982)


Occupational Safety and Health Guidance Manual
f o r  H a z a r d o u s  W a s t e  S i t e  A c t i v i t i e s
(NlOSH/OSHA/USCC/USEPA, 1985)


 NIOSH/OSHA Pocket Guide to Chemical Hazards
(National Institute for Occupational Safety and
Health, 1978)


  National fire Codes (National Fire Protection
Association, 1981)


2.2.10 Conduct Community Interviews


The community relations staff members, which can
be either lead agency or contractor personnel and
technical staff, should work together during the
scoping process so that there is sufficient information
to conduct community interviews. Community
relations staff members then meet with the identified
groups or individuals to gain an understanding of the
site’s history and the community’s involvement with
the site from the community’s perspective. The lead
agency will determine on a site-specific basis the
type and number of interviews that need to be
conducted to obtain sufficient information to develop
an effective community relations plan. The results of
the interviews should be made available to all
technical staff members to assist in identifying
potential waste types and disposal practices, potential
pathways of contamination, and potential receptors.
On the basis of an understanding of the issues and
concerns of the community, the community relations
history, and the citizens’ indicated preferences for
how they would like to be informed concerning site
activities, the community relations plan is prepared.
Plans should provide opportunities for public input
throughout the remedial  p lanning process as
appropriate.


2.3 Deliverables and Communication
There are several points during the scoping process
when communication is required between the lead
agency and its contractor and/or the support agency
(see Table 2-2). It is especially important that
discussion and information exchange occur if interim
actions or limited field investigations are considered
necessary. For all RI/FSs, it is desirable for the lead
and support agencies and their contractors to review
existing data and to agree on the major tasks to be
conducted at a site. Specific guidance for the timing
and nature of communications between the lead and
support agencies is provided in the “Superfund
M e m o r a n d u m  o f  A g r e e m e n t  G u i d a n c e ”  ( i n
preparation).


Deliverables required for all RI/FSs in which field
investigations are planned consist of a work plan, an
SAP, a health and safety plan (HSP), and a
community relations plan (CRP). Although these plans
usually are submitted together, each plan may be
delivered separately. Each of these plans is described
below.
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2.3.1 Work Plan


2.3.1.1 Purpose


The work plan documents the decision and evaluation
made during the scoping process and presents
anticipated future tasks. It also serves as a valuable
tool for assigning responsibilities and setting the
project’s schedule and cost. Information on planning
work for lead agency staff may be found in the
Super fund  Federa l -Lead  Remed ia l  P ro jec t
Management Handbook (U.S. EPA, December 1986);
and the Superfund State-Lead Remedial Project
Management Handbook (U.S. EPA, December 1986).
The primary user of the RI/FS work plan is the lead
agency for the site (usually either the EPA Region or
the appropriate federal or state agency) and the
project team that will execute the work. Secondary
users of the work plan include other groups or
agencies serving in a review capacity, such as EPA
Headquarters and local government agencies. The
work plan is usually made available for public
comment (often in conjunction with a public meeting)
and is placed in the Administrative Record.


2.3.1.2 Preparation
The work plan presents the initial evaluation of
existing data and background information performed
during the scoping process, including the following:


An analysis and summary of the site background
and the physical setting


An analysis and summary of previous responses


  Presentation of the conceptual site model,
including an analysis and summary of the nature
and extent of  contaminat ion; prel iminary
assessment of human health and environmental
impacts; and the additional data needed to
conduct the baseline risk assessment


  Preliminary identification of general response
actions and alternatives and the data needed for
the evaluation of alternatives


The work plan also defines the scope and objectives
of RI/FS activities to the extent possible. The scope
of the RI site characterization should be documented
in the work plan, with detailed descriptions provided in
the SAP. Later tasks will usually be scoped in less
detail, pending the acquisition of more complete data
about the site.


The initial work plan is prepared prior to the RI site
characterization. 7 Because the RI/FS process is


7 In enforcement cases, PRPs are typically responsible for the
development of the work plan (See Appendix A).


dynamic and iterative, the work plan or supplemental
plans, such as the QAPP and the FSP, can be
modified during the RI/FS process to incorporate new
information and refined project objectives. The work
plan should be revised, if necessary, before (1)
additional iterations of site characterization activities,
and (2) treatability investigations. On federal-lead
sites, a work plan revision request (WPRR) is
submitted for approval of any significant changes to
the budget schedule, or scope. EPA has found
technical directive memorandums (TDMs) to be
useful for decreasing administrative time when the
proposed work plan changes do not affect the total
budget or schedule.


2.3.1.3 Work Plan Elements
Five elements (Introduction, Site Background and
Physical Setting, Initial Evaluation, Work Plan
Rationale, and RI/FS Tasks) typically are included in a
work plan. These elements are described in Appendix
B.


Among the  e lements  to  be  inc luded  i s  the
specification of RI/FS tasks. For federal-lead sites,
14 standard tasks have been defined to provide
consistent reporting and allow more effective
monitoring of RI/FS projects. Figure 2-4 shows
these tasks and their relationship to the phases of an
RI/FS, and detailed task definitions are included in
Appendix B. Although RI/FSs that are not federal-
lead projects are not required to use these standard
tasks, their  use provides a valuable project
management tool that allows for compilation of
historical cost and schedule data to help estimate
these tasks during project planning and management.


Project  Management Considerat ions. Project
management considerations may be specified in the
work plan to define relationships and responsibilities
for selected task and project management items. This
specification is particularly useful when the lead
agency is using extensive contractor assistance. The
following project management considerations may be
discussed in the work plan:


Identification of staff (the lead agency’s RPM, the
PRP’s project manager, the contractor, the
contractor’s site manager, and other team
members)


Coordination among the lead agency, the support
agency, the PRPs and the contractors performing
the work


  Coordination with other agencies (Typically, the
lead  agency ’s  RPM is  the  focus  fo r  the
coordination of all other agency and private
participation in site activities and decisions.)
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Table 2-2. Communication and Deliverables During Scoping


Potential Methods
Information Needed Purpose of Information Exchange


Interim actions (if necessary) For lead agency and contractor to identify actions that will Meeting
abate immediate threat to public health or prevent further Tech Memo
degradation of the environment; to obtain concurrence of Other
support agency


Limited field investigations (if necessary) For lead agency and contractor to improve focus of RI and Meeting
reduce time and cost; to obtain concurrence of support Tech Memo
agency Other


Summary of existing data; field studies For lead agency and contractor to confirm need for field Meeting
conducted prior to FS; identification of studies; for lead agency and contractor to plan data Tech Memo
preliminary remedial action alternatives collection; to obtain support agency review and Other


concurrence


Documentation of quality assurance (QA) and For contractor to obtain lead agency review and approval; SAP (FSP,QAPP)
field sampling procedures for lead agency to obtain support agency review and


comment


Documentation of health and safety procedures For contractor to obtain lead agency agreement that Health and safety plan
OSHA safety requirements are met


Documentation of all RI/FS tasks For contractor to obtain lead agency review and approval; Work plan
for lead agency to obtain support agency concurrence


Coordination of subcontractors, if any, and
description of health and safety requirements and
responsibilities


Interface for federal-lead projects with the
Contract Laboratory Program (CLP), if needed, to
minimize sampling requirements by use of field
screening, to schedule analyses well ahead of
sampling trips, and to accurately complete CLP
paperwork


Cos t  con t ro l  ( inc lud ing  a  descr ip t ion  o f
procedures for contractors to report expenditures)


Schedule control (including a description of
schedule tracking methods and procedures for
contractors to report activities to the lead agency)


Identification of potential problems so that the
RPM and site manager can develop contingency
plans for resolution of problems during the RI/FS


Evidentiary considerations, if needed, to ensure
that project staff members are trained with regard
to requirements for admissibility of the work in
court


Cost and Key Assumptions. For federal-lead sites,
the RI/FS work plan includes a detailed summary of
projected labor and expense costs,8 broken down by
the 14 tasks listed in Figure 2-3 and described in
Appendix B, and a description of the key assumptions
required to make such a cost estimate. During


8The estimated RI/FS costs prepared by the RPM during the
scoping process will form the basis for evaluating costs proposed
by the contractor in the work plan and should help facilitate the
control of project costs as the RI/FS proceeds. Cost estimates
may not be required for State- and PRP-lead RI/FSs.


scoping, more detailed costs typically are provided for
the RI site characterization tasks than for later phases
of the RI/FS. The less-detailed costs may be refined
as field investigations progress and the nature and
extent of site contamination is more fully understood.


RI/FS costs vary greatly among sites and are
influenced by the following:


The adequacy of existing data


The size and complexity of the site


  The level of personnel protection required for
onsite workers


The number and depth of wells required and the
types of subsurface conditions where wells will be
installed


The number and types of media sampled


  The number of  samples required for  each
medium


The need for support of enforcement activities


   The need for bench- or pilot-scale tests


Schedule. The anticipated schedule for the RI/FS is
formulated on the basis of the scope of the project,
including the identification of key activities and
deliverable dates. As with cost, the scheduling of
tasks varies among sites.
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2.3.1.4 Report Format


The work plan should include the elements described
in Appendix B. Table 2-3 provides a suggested
format.


Table 2-3. Suggested RI/FS Work Plan Format


Executive Summary


1. Introduction


2. Site Background and Setting


3. Initial Evaluation


Types and volumes of waste present
   Potential pathways of contaminant migration/preliminary


public health and environmental impacts
   Preliminary identification of operable units


Preliminary identification of response objectives and
remedial action alternatives


4. Work Plan Rationale


  DQO needs
  Work plan approach


5. RI/FS Tasks


6. Costs and Key Assumptions


7. Schedule


8. Project Management


  Staffing


  Coordination


9. References


Appendices


2.3.2 Sampling and Analysis Plan (SAP)


2.3.2.1 Purpose
The SAP consists of two parts: (1) a quality
assurance project plan (QAPP) that describes the
policy, organization, functional activities, and quality
assurance and quality control protocols necessary to
achieve DQOs dictated by the intended use of the
data; and (2) the field sampling plan (FSP) that
provides guidance for all fieldwork by defining in detail
the sampling and data-gathering methods to be
used on a project. The FSP should be written so that
a field sampling team unfamiliar with the site would be
able to gather the samples and field information
required. Guidance for the selection and definition of
field methods, sampling procedures, and custody can
be acquired from the Compendium of Superfund Field
Operations Methods, which is a compilation of
demonstrated field techniques that have been used
during remedial response activities at hazardous
waste sites (U.S. EPA, September 1987, hereafter
referred to as the Compendium). To the extent
possible, procedures from this Compendium should
be incorporated by reference. In addition, the FSP
and QAPP should be submitted as a single document
(although they may be bound separately to facilitate
use of the FSP in the field). These efforts will


streamline preparation of the document and reduce
the time required for review.


The purpose of the SAP is to ensure that sampling
data collection activities will be comparable to and
compatible with previous data collection activities
performed at the site while providing a mechanism for
planning and approving field activities. The plan also
serves as a basis for estimating costs of field efforts
for inclusion in the work plan.


2.3.2.2 Plan Preparation and Responsibilities


Timing. A SAP is prepared for all field activities. Initial
preparation takes place before any field activities
begin, but the SAP may be amended or revised
several times during the RI site characterization,
treatability investigations, or during the FS as the
need for field activities is reassessed and rescoped.


Preparation and Review. EPA, the states, PRPs, or
the contractors conducting the work should prepare
S A PS for all field activities performed. The lead
agency’s project officer must approve the SAP.
Signatures on the title page of the plan usually show
completion of reviews and approvals. Environmental
sampling should not be initiated until the SAP has
received the necessary approvals.9 A suggested
format for a SAP is listed in Table 2-4.


2.3.2.3 Field Sampling Plan Elements


The FSP consists of the six elements contained in
Table 2-4. These elements are described more fully
in Appendix B.


2.3.2.4 Quality Assurance Project Plan Elements


The QAPP should contain 14 elements. These
elements are listed in Table 2-4 and described in
Appendix B. The required information for each of the
elements of a QAPP need not be generated each
time a QAPP is prepared. Only those aspects of a
QAPP that are specific to the site being investigated
need to be explicitly described. If site-specific
information is already contained in another document
(e.g., the FSP) it need only be referenced. Similarly,
any information contained in guidance documents
such as the D Q O  G u i d a n c e  shou ld  on ly  be
referenced and not repeated in the QAPP.


2.3.3 Health and Safety Plan


2.3.3.1 Purpose


Each remedial response plan will vary as to degree of
planning, special training, supervision, and protective
equipment needed. The health and safety plan


9 Approval to conduct limited sampling (see Section 2.2.2.3)
may be given as part of the interim authorization to prepare the
work plans.
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Table 2-4. Suggested Format for SAP (FSP and QAPP)


FSP


1. Site Background


2. Sampling Objectives


3 Sample Location and Frequency


4. Sample Designation


5. Sampling Equipment and Procedures


6. Sample Handling and Analysis


QAPP


Title Page


Table of Contents


1. Project Description


2. Project Organization and Responsibilities


3. QA Objectives for Measurement


4. Sampling Procedures


6. Sample Custody


6. Calibration Procedures


7. Analytical Procedures


6. Data Reduction, Validation, and Reporting


9. Internal Quality Control


10. Performance and Systems Audits


11. Preventative Maintenance


12. Data Assessment Procedures


13. Correctwe Actions


14. Quality Assurance Reports


prepared to support the field effort must conform to
the firm’s or agency’s health and safety program
which must be in compliance with OSHA.


The site health and safety plan should be prepared
concurrently with the SAP to identify potential
problems early, such as the availability of adequately
trained personnel and equipment. OSHA requires that
the plan include maps and a detailed site description,
results of previous sampling activities, and field
reports. The plan preparer should review site
information, along with proposed activities, and use
professional judgment to identify potentially hazardous
operations and exposures and prescribe appropriate
protective measures. Appendix B of the Occupational
Safety and Health Guidance Manual for Hazardous
Waste Site Activities (NlOSH/OSHA/USCG/USEPA,


1985) provides an example of a generic format for a
site health and safety plan that could be tailored to
the needs of a specific employer or site.


2.3.3.2 Elements of the Health and Safety Plan


Each site health and safety plan should include, at a
minimum, the 11 elements described in Appendix B
of this guidance. The specific information required in
a site health and safety plan is listed in 29 CFR
1910.120.


2.3.3.3 Site Briefings and Inspections


The OSHA regulation requires that safety briefings be
held “prior to initiating any site activity and at such
other times as necessary to ensure that employees
are apprised of the site safety plan and that it is being
followed.”


The final component of site health and safety
planning or informational programs is site auditing to
evaluate compliance with and effectiveness of the site
health and safety plan. The site health and safety
officer or that person’s designee should carry out the
inspections.


2.3.4 Community Relations Plan


2.3.4.1 Purpose


The CRP documents the community relations history
and the issues of community concern. It should
describe the techniques that will be needed to
achieve the objectives of the program. The plan is
used by community relations staff, but it should also
be used by federal and state agency technical staff
members when planning technical work at the site.


2.3.4.2 Community Relations Plan Elements


Report preparation methods, the elements contained
in a CRP, and a recommended format are included in
Community Relations in Superfund: A Handbook (U.S.
EPA, Interim, June 1988). This handbook also
includes useful examples of community relations
plans.
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Chapter 3
Site Characterization


3.1 Introduction


During site characterization, the sampling and
analysis plan (SAP), developed during project
planning, is implemented and field data are collected
and analyzed to determine to what extent a site poses
a threat to human health or the environment. The
major components of site characterization are
presented in Figure 3-1 and include:


Conducting field investigations as appropriate


Analyzing field samples in the laboratory


Evaluating results of data analysis to characterize
the site and develop a baseline risk assessment


  Determining if data are sufficient for developing
and evaluating potential remedial alternatives


Because information on a site can be limited prior to
conducting an RI, it may be desirable to conduct two
or more iterative field investigations so that sampling
efforts can be better focused. Therefore, rescoping
may occur at several points in the RI/FS process.
During site characterization, rescoping and additional
sampling may occur if the results of field screening or
laboratory analyses show that site conditions are
significantly different than originally believed. In
addition, once the analytical results of samples have
been received (either from a laboratory or a mobile
lab) and the data evaluated, it must be decided
whether further sampling is needed to assess site
risks and support the evaluation of potential remedial
alternatives in the FS. At this time, it is usually
apparent whether the data needs identified during
project planning were adequate and whether those
needs were satisfied by the first round of field
sampling. As discussed in Chapter 4, there are also
points during the FS when the need for additional field
studies may be identified. These additional studies, if
needed, can be conducted during subsequent site
characterization activities.


This chapter provides detailed descriptions of those
activities that may be required during the RI site
characterization. As discussed earlier, the complexity
and extent of potential risks posed by Superfund sites
is highly variable. Therefore, the lead and support


agencies will have to decide on a site-specific basis
which of the activities described in this chapter must
be conducted to adequately characterize the
problem(s) and help in the evaluation of remedial
alternatives.


3.2 Field Investigation Methods
Field investigation methods used in Rls are selected
to meet the data needs established in the scoping
process and outlined in the work plan and SAP. This
section provides an overview of the type of site
characterization data that may be required and the
investigative methods used in obtaining these data.
The following sections describe methods for (1)
implementing field activities, (2) investigating site
physical characteristics, (3) defining the sources of
contamination, and (4) evaluating the nature and
extent of contamination. Specific information on the
field investigation methods described below is
contained in the Compendium. Sections of the
Compendium that apply to particular types of field
investigations are shown in Table 3-1.


3.2.1 Implement Field Activities


In addition to developing the SAP, fieldwork support
activities, such as the following, are often necessary
before beginning fieldwork:


  Assure that access to the site and any other
areas to be investigated has been obtained


 P r o c u r e  s u b c o n t r a c t o r s  s u c h  a s  d r i l l e r s ,
excavators, surveyors, and geophysicists


 P r o c u r e  e q u i p m e n t  ( p e r s o n a l  p r o t e c t i v e
ensembles, air monitoring devices, sampling
equipment, decontamination apparatus) and
supplies (disposables, tape, notebook, etc.)


 Coordinate with analytical laboratories, including
sample scheduling, sample bottle acquisition
reporting, cha in -o f -cus tody  records ,  and
procurement of close support laboratories or
other in-field analytical capabilities


  Procure onsite facilities for office and laboratory
space, decontamination equipment, and vehicle
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Figure 3-1. Major components of site characterization.


maintenance and repair, and sample storage, as   Provide for storage or disposal of contaminated
well as onsite water, electric, telephone, and material (e.g., decontamination solutions,
sanitary utilities disposable equipment, drilling muds and cuttings,
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Table 3-1. Relationship Among Site Characterization Tasks
and the Compendium


Applicable Sections and
Subsections of the Compendium
of Superfund Field Operations


Tasks Methods
Field Investigation 7, 11, 15


Air


Biota1 12


Close support laboratories 5.2, 7, 15


RI-derived waste disposal 3.2, 5.2.6.4, 8.1.6.3


Soil gas


Support 3, 17, 16, 19, 20


Well logging 8.1, 8.3


Mapping and survey 14


Geophysical 8.4


Well installation 8.1, 8.5


Ground water 8.5


Soil 8.1, 8.2, 8.3


Source testing 7, 13, 15


Surface water 10


Sample analysis


Fieldwork, close support 5.2, 15
laboratory
Data validations 16


Sample management 4, 5, 6


Data evaluation 16


1 OSWER is currently developing a Superfund environmental
evaluation manual that will provide guidance for conducting
ecological investigations.


well-development fluids, well-purging water,
and spill-contaminated materials)


Since procurement activities can take up to several
months, they should be initiated as early as possible
so as not to affect the overall RI/FS schedule.
Schedule impacts should also be avoided by
structuring contracts, where possible, such that there
is no need to reprocure services for subsequent site
characterization activities. This may be accomplished
using contract options that are exercised only in the
event that additional services or facilities are required
(e.g., basic ordering agreements for well drilling).


Mobile labs or labs located near the site can often
reduce the time necessary for completing RI
activities. If such quick-turnaround analysis is
available, it can be used to determine the location and
type of subsequent sampling that must take place to
more completely characterize the site. This may also
alleviate the need to reprocure subcontractors, and
significantly accelerate the completion of the RI. If
such analytical techniques are to be employed, the


work plan and SAP should allow for decisions on
subsequent activities to be made in the field with oral
approval from key management personnel.


3.2.2 Investigate Site Physical Characteristics


Data on the physical characteristics of the site and
surrounding areas should be collected to the extent
necessary to define potential transport pathways and
receptor populations and to provide sufficient
engineering data for development and screening of
remedial action alternatives. Information normally
needed can be categorized as surface features
(including natural and artificial features), geology,
soils, surface water hydrology, hydrogeology,
meteorology, human populations, land use(s) and
ecology.


3.2.2.1 Surface Features


Surface features may include facility dimensions and
locations (buildings, tanks, piping, etc.), surface
disposal areas, fencing, property lines and utility lines,
roadways and railways, drainage ditches, leachate
springs, sur face-water  bod ies ,  vegeta t ion ,
topography, residences, and commercial buildings.
Features such as these are usually identified for
possible contaminant migration and the location of
potentially affected receptors. Investigation of surface
features should not be limited to those that are onsite,
but should include significant offsite features as well.
Other facilities in the area that are potential
contr ibutors to contaminat ion should also be
identified.


A history of surface features at the site can be
developed from existing data. As discussed in
Chapter  2 ,  the  da ta  may  inc lude  h is to r i ca l
photographs, past topographic surveys, operational
records, and information obtained during interviews
with owners, operators, local residents, and local
regulatory agencies. Review of historical photographs
is sometimes the most valuable of these methods.
Aerial photographs are often available from such
sources as the Environmental Monitoring Support
Laboratory, Las Vegas (EMSL-LV), the Envi-
ronmental Photographic Interpretation Center (EPIC),
and the Soil Conservation Service of the U.S.
Department of Agriculture.


Existing surface features may be described using
aerial photography, surveying and mapping, and site
inspection. Inspection of the site and the surrounding
areas is normally augmented with photographs.
Section 14 of the Compendium presents additional
details on land surveying, aerial photography, and
mapping.
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3.2.2.2 Geology


Geology may control or affect the following aspects of
a site:


 The depths, locations, and extents of water-
bearing units or aquifers


The release of contaminants and their subsequent
movement


 The  eng ineer ing  geo log ic  aspec ts  o f  s i te
exploration and remediation


The investigation of site geology should be tailored to
ensure the identification of those features that will
affect the fate and transport of contaminants. For
example, an understanding of site geology is less
important at a site at which release of contaminants
occurs by volatilization to the atmosphere than at a
site at which contaminants are moving toward the
water table.


To understand the geology of a site, one must
d e t e r m i n e  t h e  g e o l o g y  o f  b e d r o c k  a n d  o f
unconsolidated overburden and soil deposits. Table
3-2 summarizes specific information on overburden
and bedrock geology that may be needed. The
degrees to which overburden and bedrock geology
must be understood depend on the geologic
character of the site area, as well as the physical
characteristics of the site itself. An understanding of
regional geologic character ist ics is useful  in
determining which aspect of site geology may have
the greatest influence on the fate and transport of
contaminants and the use of potential remedial
technologies.


In general, an investigation of site geology should
include the following steps:


  Determination of regional geology from available
information


Reconnaissance mapping of the area, which may
include geophysical investigations onsite


  Subsurface explorations


The degree to which these steps are undertaken will
be determined by the degree to which the need to
evaluate geologic aspects of the site dictates the
invest iga t ions  needed in  the  RI /FS.  These
investigation methods are described in detail in
Section 8 of the Compendium and summarized in
Table 3-2.


3.2.2.3 Soils and the Vadose Zone


Properties of surface soils and the vadose zone
influence the type and rate of contaminant movement
to the subsurface and subsequently to the water


table. Contaminants that can move through the
surface soil and into the vadose zone may move
directly to the water table or they may be partially or
fully retained within the vadose zone to act as
continual sources of ground-water contamination.
Engineering, physical, and chemical properties of soil
and vadose zone materials can be measured in the
field or in the laboratory. Table 3-3 summarizes
t y p i c a l  m e t h o d s  f o r  s o i l  a n d  v a d o s e  z o n e
investigations.


3.2.2.4 Surface-Water Hydrology


Surface-water features may include erosion patterns
and surface-water bodies such as ditches, streams,
ponds, and lakes. The transport of contaminants in
surface-water bodies is largely controlled by flow,
which in streams is a function of the gradient,
geometry, and coefficient of friction. A description of
how flow is measured can be found in Section 10 of
the Compendium. Contaminants have three possible
modes of transport: (1) sorption onto the sediment
carried by the flow, (2) transport as suspended solid,
and (3) transport as a solute (dissolved). The
transport of dissolved contaminants, which move the
fastest, can be determined by characterizing the flow
of the surface water and the contaminant dispersion.
Sediment and suspended solid transport involve other
processes such as deposition and resuspension.
Table 3-4 presents the surface-water information
that may be required for characterizing sites.


If potential pathways include surface water, necessary
data about impoundments may include (1) physical
dimensions such as depth, area, and volume; (2)
residence time; and (3) current direction and rates.
As with impoundments, the direction and velocity of
lake currents are often highly variable and, as a
result, are difficult to measure and accurately predict.
Site mapping will provide much of this information.
Measurement techniques (which are specified in
Section 10, Surface Hydrology, of the Compendium)
include the use of current meters and drogue
tracking.


3.2.2.5 Hydrogeology
Determinat ion of s i te hydrogeology involves
identi fy ing geologic characterist ics, hydraul ic
properties, and ground-water use, as defined in
Tables 3-5 and 3-6 and described in Section 8 of
the Compendium. The determination of site geology
and hydrogeology can often be incorporated into a
single investigative program. Regional hydrogeologic
cond i t ions  can  be  de te rmined f rom ex is t ing
information; site-specific hydrogeologic conditions
can be determined using subsurface explorations,
well installations, and field testing of hydraulic
properties. Table 3-7 summarizes the typical data
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Table 3-2. Summary of Site Geology Information
Information Needed Purpose of Rationale


collected and available analytical methodologies used
during a hydrogeologic investigation.


3.2.2.6 Meteorology


Meteorological data are often required to characterize
the atmospheric transport of contaminants for risk
assessment determinations and provide real-time
m o n i t o r i n g  f o r  h e a l t h  a n d  s a f e t y  i s s u e s .
Representative offsite and site-specific data may be
obtained using sampling methods outlined in Section
11, “ M e t e o r o l o g y  a n d  A i r  Q u a l i t y , ”  o f  t h e
Compendium. This publication also discusses data
requirements for using refined air quality modeling
and applicable models. Table 3-8 summarizes
atmospheric investigations.


3.2.2.7 Human Populations and Land Use
Informat ion should be col lected to ident i fy,
enumerate, and characterize human populations
potentially exposed to contaminants released from a
site. For a potentially exposed population, information
should be collected on population size and location.
Special consideration may be given to identifying
potentially sensitive subpopulations (e.g., pregnant


women, infants) to better facilitate the characterization
of risks posed by contaminants exhibiting specific
effects (e.g., mutagens, teratogens). Census and
other survey data may be used to identify and
describe the population potentially exposed to
contaminated media. Information may also be
available from U.S. Geological Survey maps, land use
plans, zoning maps, and regional planning authorities.


Data describing the type and extent of human contact
with contaminated media also are needed,1 including:


Location and use of surface waters
- Drinking water intakes and distribution


- Recreational (swimming, fishing) areas


- Connection between surface-water bodies


 Local use of ground water as a drinking-water
source


- Number and location of wells


1 In some situations, information may be available from the
ATSDR if they previously have conducted health consultations.
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Table 3-5. Aspects of Site Hydrogeology


Geologic aspects


- Type of water-bearing unit or aquifer (overburden,
bedrock)


- Thickness, areal extent of water-bearing units and
aquifers


- Type of porosity (primary, such as intergranular pore space,
or secondary, such as bedrock discontinuities or solution
cavities)


- Presence or absence of impermeable units or confining
layers


- Depths to water table; thickness of vadose zone


Hydraulic aspects


- Hydraulic properties of water-bearing unit or aquifer
(hydraulic conductivity, transmissivity, storativity, porosity,
dispersivity)


- Pressure conditions (confined, unconfined, leaky confined)


- Ground-water flow directions (hydraulic gradients, both
horizontal and vertical), volumes (specific discharge), rate
(average linear velocity)


- Recharge and discharge areas


- Ground-water or surface water interactions; areas of
ground-water discharge to surface water


- Seasonal variations of ground-water conditions


Ground-water use aspects
- Identify existing or potential aquifers


- Determine existing near-site use of ground water


Table 3-6. Features of Ground-Water Systems


Components of Ground-Water Systems


- Unconfined aquifers


- Confining beds


- Confined aquifers


- Presence and arrangement of components


Water-bearing openings of the dominant aquifer


- Primary openings


- Secondary openings


Storage and transmission characteristics of the dominant aquifer


- Porosity


- Transmissivity


Recharge and discharge conditions of the dominant aquifer


   Human use or access to the site and adjacent
areas


- Residential


- Commercial


-   Recreational use


Location of population with respect to site


- Proximity


-   Prevailing wind direction


Information on expected land use, as well as current
land use, is desirable. Available population growth
projections, land use plans, and zoning maps can
help develop expected exposure scenarios. This
information may be obtained from zoning boards, the
census bureau, regional planning agencies, and other
local governmental entities.


3.2.2.8 Ecological Investigations 


Biological and ecological information collected for use
in the baseline risk assessment aids in the evaluation
of impacts to the environment and also helps to
ident i f y  po ten t ia l  e f fec ts  w i th  regard  to  the
implementation of remedial actions. The information
should include a general identification of the flora and
fauna associated in and around the site with particular
e m p h a s i s  p l a c e d  o n  i d e n t i f y i n g  s e n s i t i v e
environments, especially endangered species and
their habitats and those species consumed by
humans or found in human food chains. Examples of
sensitive environments include wetlands, flood plains,
wildlife breeding areas, wildlife refuges, and specially
designated areas such as wild and scenic rivers or
parks.


Depending on the specific circumstances, data may
be needed for species that have key ecological
functions in particular ecosystems, such as primary or
secondary producers, decomposers, scavengers,
predators, or species that occupy key positions in the
f o o d  c h a i n s  o f  h u m a n s  o r  o t h e r  s p e c i e s .
Bioaccumulation data on food chain organisms, such
as aquatic invertebrates and fish, may be particularly
important to both environmental risk and human risk
assessment. 2 Data gathered through biological
assessment techniques (e.g., bioassays and/or field
monitoring) may be useful in situations where there
are complex mixtures, incomplete toxicity information,
and/or unidentified or unmeasured compounds. The
Natural Resources Trustees for the site should be
contacted to determine if other ecological data are
available that may be relevant to the investigation. A
summary of environmental information that may be
needed and potential collection methods is provided
in Table 3-9.


Prudent judgment on the part of the site managers is
required to ensure that only relevant data that will aid
in evaluating potential ecological risk and/or potential
remedial actions are collected. Because human health
risks may be more substantial than ecological risks,
and the mitigative actions taken to alleviate risks to
human health are often sufficient to mitigate potential
ecological risks as well, extensive ecological
investigations may not be required for many sites.


2 Ecological Information collected to aid in the assessment of risk
to humans exposed through food chain contamination should
be used in accordance with the Superfund Public Health
Evaluation Manual (U.S. EPA, October 1986).
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The use of a review committee comprised of
individuals experienced in conducting ecological
investigations is encouraged to provide design,
planning, and oversight for these investigations and to
follow through to the selection of an environmentally
sound remedy. Section 12 of the Compendium
addresses environmental information that may be
needed and potential collection methods.


3.2.3 Define Sources of Contamination
Sources of contamination are often hazardous
substances contained in drums, tanks, surface
impoundments, waste piles, and landfills. In a
practical sense, heavily contaminated media (such as
s o i l s )  m a y  a l s o  b e  c o n s i d e r e d  s o u r c e s  o f
contamination, especially if the original source (such
as a leaking tank) is no longer present on the site or
is no longer releasing contaminants.


Source characterization involves the collection of data
describing (1) facility characteristics that help to
identify the source location, potential releases, and
engineering characteristics that are important in the
evaluation of remedial actions; (2) the waste
characteristics, such as the type and quantity of
contaminants that may be contained in or released to
the environment; and (3) the physical or chemical
characteristics of hazardous wastes present in the
source. Key source characterization data are
summarized in Table 3-10.


The location and type of existing containment should
be determined for all known sources. In addition,
where  the  hazardous  subs tance  remains  in
containment vessels, the integrity of the containment
structure should be determined so that the potential
for release and its magnitude can be evaluated. This
determination is especially important for buried drums
or tanks, because corrosion may be rapid. These
data, as well as the data identified in Table 3-10,
may be obtained largely through site inspections,
mapping, remote sensing, and sampling and analysis.
The waste type should be determined for each
source. If available waste manifests or facility records
can be reviewed, the industrial processes that
resulted in generation of the waste should be
determined and the types of contaminants usually
present in the process waste identified. Often,
sources are sampled and analyzed for contaminants
found on the Target Compound List (TCL) (formerly
the Hazardous Substances List) or other lists such as
those developed for RCRA3. Quantities of wastes
may be estimated for each waste type either from
verifiable inventories of containerized wastes, from
sampling and analysis, or from physical dimensions of
the source. Section 13 of the Compendium and


3 Guidance on determining whether wastes are RCRA-listed or
characteristic wastes can be found in the CERCLA
Compliance with Other Laws Manual (U.S. EPA, May 1988).


Characterization of Hazardous Waste Sites - A
Methods Manual, Volume II (U.S. EPA, April 1985)
describe methods suitable for sampling and analysis.


It may be possible to determine the location and
extent of sources and the variation of materials within
a  w a s t e  d e p o s i t  b y  n o n c h e m i c a l  a n a l y s i s .
Methodologies for this determination, which are
described in Section 8 of the Compendium, include
geophysical surveys. A variety of survey techniques
(e.g., ground-penetrating radar, electrical resistivity,
electromagnetic induction, magnetometry, and
seismic profiling), can effectively detect and map the
location and extent of buried waste deposits. Aerial
photography and infrared imagery can aid in defining
sources through interpretation of the ecological
effects that result from stressed biota. However, all of
these geophysical methods are nonspecific, and
subsequent sampling of the sources will probably be
required to provide the data for evaluation of source
control measures at the site.


3.2.4 Determine the Nature and Extent of
Contamination


The final objective of the field investigations is to
characterize the nature and extent of contamination
such that informed decisions can be made as to the
level of risk presented by the site and the appropriate
type(s) of remedial response. This process involves
using the information on source location and physical
site data (e.g., ground-water flow directions, over
land flow patterns) to give a preliminary estimate of
the locations of contaminants that may have migrated.
An iterative monitoring program is then implemented
so that, by using increasingly accurate analytical
techniques, the locations and concentrations of
contaminants that have migrated into the environment
can be documented.


The sampling and analysis approach that should be
used is discussed in Section 4.5.1 of the D Q O
Guidance. In short, the approach consists of, where
appropriate, initially taking a large number of samples
using field screening type techniques and then, based
on the results of these samples, taking additional
samples - to be analyzed more rigorously - from
t h o s e  l o c a t i o n s  t h a t  s h o w e d  t h e  h i g h e s t
concentrations in the previous round of sampling. The
final step is to document the extent of contamination
using an analytical level that yields data quality that is
sufficient for the risk assessment and the subsequent
analysis and selection of remedial alternatives.


At hazardous waste sites the nature and extent of
contamination may be of concern in five media:
ground water, soil, surface water, sediments, and air.
The methodologies for conducting sampling and
analysis for each of these media are discussed
below. More detailed descriptions of the investigation
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process can be found in the DQO Guidance and the
Compendium.


3.2.4.1 Ground Water
T h e  n a t u r e  a n d  e x t e n t  o f  g r o u n d - w a t e r
contamination should be evaluated both horizontally
and vert ical ly.  On the basis of geologic and
hydrogeologic investigations, it should be determined
if contamination of an aquifer(s) is possible and if
such contamination could potentially affect human or
environmental receptors. Following this, a ground-
wate r  mon i to r ing  p rogram may  need  to  be
implemented, concentrating the placement of wells in
the direction of ground-water flow, in aquifers
subject to contamination, and in places where they
would indicate an existing or future threat to receptor
populations. However, because of the uncertainties
associated with subsurface migration, identifying
background levels, and determining if there is a
contribution from other sources, sampling should also
be conducted in the area perceived to be upgradient
from the contaminant source.


Because of the significant investment necessary to
drill new wells and the resulting limited number of
samples, neither Level I  nor f ield-screening
techniques are appropriate for analysis of ground
water, other than to possibly better define chemical
analysis parameters. Geophysical techniques can be
useful in identifying the location of plumes and
thereby assisting in the location of monitoring wells.
However, geophysical techniques are subject to
inf luences f rom external  factors and are not
appropriate at all sites. Therefore, care must be taken
in employing these methods, and their results should
always be confirmed with analytical sampling. Specific
guidance on conducting ground water sampling
investigations and response activities can be found in
the Compendium, the DQO Guidance, and the
“Guidance on Remedial Actions for Contaminated
Ground Water at Superfund Sites” (U.S. EPA, Draft,


 August 1988).


3.2.4.2 Soil


As with ground-water sampling, the intent of soil
sampling is to characterize and estimate the limits of
exist ing soi l  contamination. Field-screening
techniques (e.g., soil gas analysis, mobile laboratories
for target compounds) can be useful for directing soil
sampling into areas of greatest contamination or “hot
spots.” If existing information provides no basis for
predicting where hot spots might occur, sampling
locations can be chosen in a grid pattern of
appropriate size such that investigators can be
confident that areas of high concentration have been
loca ted .  Of ten ,  espec ia l l y  i f  so i l  has  been
contaminated as a result of overland flow of
contaminants from defined sources, sampling can be


concentrated in those areas that, either through
topography or evidence such as drainage channels, it
is most likely that contaminants have been deposited.
As with ground water, soil contamination should be
documented in both vertical and horizontal directions.
This approach will help determine both areas of
contamination and background concentrations. Soils
to be analyzed usually can be obtained by hand,
allowing many samples to be taken and initially
analyzed with instruments such as a photoionization
detector. Results of field screening can then be used
to determine which samples should be further
analyzed using more rigorous methods.


3.2.4.3 Surface Water
Leachate from contaminant sources or discharge of
contaminated ground water can resul t  in the
contamination of surface waters. Surface-water
sampling locations should be chosen at the perceived
location(s) of contaminant entry to the surface water
and downstream, as far as necessary, to document
the extent of contamination. As with soil, the relative
ease of obtaining samples allows many samples to be
taken and analyzed using field screening methods, a
subset of which can be chosen for more rigorous
analysis.


Contamination of surface water is sometimes the
result of an incidental release of contaminants such
as  the  over f low ing  o r  b reach  o f  a  su r face
impoundment. In these cases, it is not likely that
r o u t i n e  s u r f a c e  w a t e r  s a m p l i n g  w i l l  s h o w
contamination that has or may occur. Therefore, to
document whether such releases occur, sampling
should be conducted during or following periods of
heavy rainfall when possible.


3.2.4.4 Sediments
A potentially more serious and common problem
associated with surface water is the contamination of
sediments. Whereas contamination in surface water
tends to become diluted or transformed as it travels
downstream, contaminants deposited in ‘sediments
tend to remain in place. It is therefore important to
monitor for sediment contamination if it is suspected
that surface water has been contaminated.


The choice of sampling locations for sediments is
similar to the criteria applied to surface-water
sampling. Field-screening techniques can be useful
in defining areas of contamination. However, it should
be noted that sediment contamination often consists
of inorganics and/or nonvolatile organics for which
field screening techniques are not as applicable.
Therefore, in designing a sampling program,
consideration of the contaminants of concern is very
important.
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3.2.4.5 Air


Volatilization of organics and emissions of airborne
particulates can be a concern at hazardous waste
sites. For sites at which it appears that air emissions
are a problem (e.g., surface impoundments containing
volatile organics, landfills at which there is evidence
of methane gas production and migration), an air
emissions monitoring program should be undertaken.
A field-screening program is recommended to
determine if there is an air pollution problem, both for
volatile organics and fugitive dust emissions. Because
of the highly variable nature of air emissions from
h a z a r d o u s  w a s t e  s i t e s ,  c o n s i d e r a t i o n  o f
meteorological conditions at the time of sampling is
essential for the proper documentation of potential air
pollution.


3.2.5 Additional Site Characterization


In some situations, additional site information may be
required to refine our understanding of the site and
better evaluate specific remedial alternatives.
Examples include:


  Better delineation of contaminated areas and
depths of contamination so that quantities of
contaminated media to be processed can be
calculated more accurately


Characteristics of the media that would affect the
feasibility of the remedial alternative, such as soil
permeability for soil-vapor extraction


  Pertinent site characteristics not discovered
earlier in the initial site characterization effort


Before additional site characterization is initiated, the
QAPP/FSP should be reviewed and modified as
appropriate to guide the collection of additional site
data. In addition, site data collected and evaluated as
part of the initial RI site characterization should be
reviewed and compared to the data needs identified
for conducting the detailed analysis of alternatives.
Reviewing data needs during the preplanning step is
also useful in predicting the necessary number of
samples and types of analyses required.


3.3 Laboratory Analyses
Data that will be used as the basis for decision-
making requires that the analysis of samples in
laboratories meets specific QA/QC requirements. To
meet these requirements, federal- or state-lead site
investigations have the option of using mobile
laboratories; the CLP, which is established by EPA: or
a non-CLP laboratory that meets the DQOs of the
site investigation.4


4 The type of laboratory analyses that will be utilized for a
PRP-lead RI/FS may also include any of those listed above,
if approved by the RPM (See Appendix A).


The CLP provides analytical services through a
nationwide network of laboratories under contract to
EPA. The lead agency chooses whether or not to use
a CLP laboratory on the basis of available CLP
capacity and the analytical requirements that meet the
DQOs. If the CLP is not used, a laboratory may be
procured using standard bidding procedures.


Under the CLP, the majority of analytical needs are
met through standardized laboratory services
provided by Routine Analytical Services (RAS). The
RAS program currently provides laboratory services
for the analysis of organics and inorganics in water or
solid samples. Other specialized types of analysis not
yet provided by standardized laboratory contracts may
be scheduled on an as-needed basis under the
special analytical services (SAS) program. The SAS
program is designed to complement the RAS program
by providing the capability for specialized or custom
analytical requirements. If an analytical need is not
ordinarily provided by routine analytical services
(FWS), a specific subcontract can be awarded under
the SAS program to meet a particular requirement.


The decision whether to use mobile laboratories or a
CLP or non-CLP laboratory should be based on
several factors including the analytical services
required, the number of samples to be analyzed, the
desired turnaround t ime, and the ant ic ipated
turnaround time of the laboratory at the time samples
are to be sent. Mobile or non-CLP laboratories
located close to the site may be the best choice
when fast turnaround of analytical results is required
to meet specific sampling objectives or would result in
a significant reduction of the overall RI/FS schedule.
To facilitate the most efficient completion of the RI,
mobile or non-CLP laboratories can be used to
in i t ia l l y  document  the  na ture  and ex ten t  o f
contamination. Selected duplicate samples can be
sent to CLP laboratories to confirm and validate the
analytical results from the mobile or non-CLP
laboratories. This process assists in the timely
completion of the RI and the initiation of FS activities,
while still ensuring that legally defensible data are
available for decision-making and potential cost-
recovery actions.


If a non-CLP laboratory is used, analytical protocols
need to be specified in the bid packages sent to
laboratories that are under consideration. For
federal-lead sites, laboratories receiving invitations
to bid have usually been approved by the EPA
Regional QA representative. For state-lead sites at
which non-CLP laboratories are used, the laboratory
usually subcontracts with the prime contractor when
the project is initiated.


Section 5 of the Compendium presents the details of
procedures for the use of CLP laboratories and non-
CLP laboratories. The User’s Guide to the Contract
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Laboratory Program (U.S. EPA, December 1966) also
presents procedures for use of the CLP.


3.4 Data Analyses
Analyses of the data collected should focus on the
development or refinement of the conceptual site
model by presenting and analyzing data on source
character ist ics, t h e  n a t u r e  a n d  e x t e n t  o f
contamination, the contaminated transport pathways
and fate, and the effects on human health and the
environment. Data collection and analysis for the site
characterization is complete when the DQOs that
were developed in scoping (including any revisions
during the RI) are met, when the need (or lack
thereof) for remedial actions is documented, and
when the data necessary for the development and
evaluation of remedial alternatives have been
obtained. The results of the RI typically are presented
as an analysis of site characteristics and the risk
associated with such characteristics (i.e., the baseline
risk assessment).


3.4.1 Site Characteristics


The evaluation of site characteristics should focus on
the current extent of contamination and estimating the
t rave l  t ime to , and  p red ic t ing  con taminan t
concentrations at, potential exposure points. Data
should be analyzed to describe (1) the site physical
characteristics, (2) the source characteristics, (3) the
nature and extent of contamination, and (4) the
i m p o r t a n t  c o n t a m i n a n t  f a t e  a n d  t r a n s p o r t
mechanisms.


3.4.1.1 Site Physical Characteristics


Data on site physical characteristics should be
analyzed to describe the environmental setting at the
site, including important surface features, soils,
geology, hydrology, meteorology, and ecology. This
analysis should emphasize factors important in
determining contaminant fate and transport for those
exposure pathways of concern. For example, if
migration of contamination in ground water is of
concern, these factors may include the properties of
the unsaturated zone, the rate and direction of flow in
the aquifer(s), and the extent of subsurface systems.


3.4.1.2 Source Characteristics
Data on source characteristics should be analyzed to
describe the source location; the type and integrity of
any existing waste containment; and the types,
quantities, chemical and physical properties, and
concentrations of hazardous substances found. The
actual and potential magnitude of releases from the
source and the mobility and persistence of source
contaminants should be evaluated.


3.4.1.3 The Nature and Extent of Contamination


An analysis of data collected concerning the study
area should be performed to describe contaminant
concentration levels found in environmental media in
the study area. Analyses that are important to the
subsequent r isk assessment and subsequent
development of remedial alternatives include the
horizontal and vertical extent of contamination in soil,
ground water, surface water, sediment, air, biota, and
f a c i l i t i e s . 5 S p a t i a l  a n d  t e m p o r a l  t r e n d s  i n
contamination may be important in evaluating
transport pathways. Data should be arranged in
tabular or graphical form for clarity. Figure 3-2
shows an example of how the extent of soil and
ground-water contamination can be represented in
terms of excess lifetime cancer risk. Similar figures
can be prepared showing concentrations rather than
risk values.


3.4.1.4 Contaminant Fate and Transport


Results of the site physical characteristics, source
characteristics, and extent of contamination analyses
are combined in the analyses of contaminant fate and
transport. If information on the contaminant release is
available, the observed extent of contamination may
be used in assessing the transport pathway’s rate of
migration and the fate of contaminants over the
period between release and monitoring. Contaminant
fate and transport may also be estimated on the basis
o f  s i te  phys ica l  charac te r is t i cs  and source
characteristics.


Either analysis may use analytical or numerical
modeling. While field data generally best define the
extent of contamination, models can interpolate
among and extrapolate from isolated field samples
and can interpret field data to create a more detailed
description. Models also can aid the data reduction
process by providing the user with a structure for
organizing and analyzing field data.


Models applicable to site characterization can be
grouped according to their relative accuracy and their
ability to depict site conditions. Simplified models
(e.g., analytical and semianalytical models) can
quantitatively estimate site conditions with relatively
low accuracy and resolution. Typically, they provide
order-of-magnitude estimates and require that
simplified assumptions be made regarding site
conditions and chemical characteristics.


More detailed numerical models (e.g., numerical
computer codes) provide greater accuracy and
resolution because they are capable of representing


5 Cross-media contamination should be considered (e.g.,
potential for contaminated soils to act as a source for ground-
water contamination due to leaching from the soil).
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spatial variations in site characteristics and irregular
geometries commonly found at actual sites. These
models can also represent the actual configuration
and effects of remedial actions on site conditions.
Detailed mathematical models are sometimes
appropriate for investigations in which detailed
information on contaminant fate and transport is
required.


Models also are useful for screening alternative
remedial actions and may be used for a detailed
analysis of alternatives. Deciding whether analytical or
numerical models should be used and selecting
appropr ia te  mode ls  fo r  e i the r  the  remed ia l
investigation or the feasibility study can be difficult.
Modeling may not be needed if site conditions are
well understood and if the potential effectiveness of
different remedial actions can be easily evaluated. In
selecting and applying models, it is important to
remember that a model is an artificial representation
of a physical system and is only one way of
characterizing and assessing a site. A model cannot
replace, nor can it be more accurate than, the actual
site data. Additional information on determining
contaminant fate and transport is provided in the
“Superfund Exposure Assessment Manual” (U.S.
EPA, April 1988).


3.4.2 Baseline Risk Assessment


3.4.2.1 General Information


Baseline risk assessments provide an evaluation of
the potential threat to human health and the
environment in the absence of any remedial action.
They provide the basis for determining whether or not
remedial action is necessary and the justification for
performing remedial actions. The baseline risk
assessment will also be used to support a finding of
imminent and substantial endangerment if such a
finding is required as part of an enforcement action.
Detailed guidance on evaluating potential human
health impacts as part of this baseline assessment is
provided in the Superfund Public Health Evaluation
Manual (SPHEM) (U.S. EPA, October 1986).6


Guidance for evaluating ecological risks is currently
under development within OSWER.


In general,  the object ives of a basel ine r isk
assessment may be attained by identifying and
characterizing the following:


 Toxicity and levels of hazardous substances
present in relevant media (e.g., air, ground water,
soil, surface water, sediment, and biota)


6 This guidance is currently undergoing revision.


 Environmental fate and transport mechanisms
within specific environmental media such as
physical, chemical, and biological degradation
processes and hydrogeological conditions


Potential human and environmental receptors


Potential exposure routes and extent of actual or
expected exposure


 Extent of expected impact or threat; and the
likelihood of such impact or threat occurring (i.e.,
risk characterization)


Level(s) of uncertainty associated with the above
items


The level of effort required to conduct a baseline risk
assessment depends largely on the complexity of the
site. The goal is to gather sufficient information to
adequately and accurately characterize the potential
risk from a site, while at the same time conduct this
assessment as efficiently as possible. Use of the
conceptual site model developed and refined
previously will help focus investigation efforts and,
therefore, streamline this effort. Factors that may
affect the level of effort required include:


 The  number ,  concen t ra t ion ,  and  types  o f
chemicals present


Areal  extent of contamination


  The quality and quantity of available monitoring
data


 T h e  n u m b e r  a n d  c o m p l e x i t y  o f  e x p o s u r e
pathways (including the complexity of release
sources and transport media)


The required precision of sample analyses, which
in turn depends on site conditions such as the
extent of contaminant migration and the proximity,
characteristics, and size of potentially exposed
population(s)


  The availability of appropriate standards and/or
toxicity data


3.4.2.2 Components of the Baseline Risk
Assessment


The risk assessment process can be divided into four
components:


  Contaminant identification


 Exposure assessment


 Toxicity assessment
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LEGEND*


Soil Area Exceeding 10-6


Lifetime Cancer Risk


Ground Water Exceeding
10-6 Lifetime Cancer Risk


*NOTE: 1. Site-specific features should be shown
as appropriate (e.g., actual of potential
ground-water users).


SCALE IN FEET 2. Contamination can be represented by
concentrations in addition to risk levels.


Figure 3-2. Representation of the areal extent of contamination.
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  Risk characterization


Figure 3-3 illustrates the risk assessment process
and its four components. A brief overview of each
component follows.


Contaminant Ident i f icat ion. The object ive of
contaminant identification is to screen the information
that is available on hazardous substances or wastes
present at the site and to identify contaminants of
concern to focus subsequent efforts in the risk
assessment process. Contaminants of concern may
be selected because of their intrinsic toxicological
properties, because they are present in large
quantities, or because they are presently in or
potentially may move into critical exposure pathways
(e.g., drinking water supply).


It may be useful for some sites to select “indicator
chemicals” as part  of  this process.7 I n d i c a t o r
chemicals are chosen to represent the most toxic,
persistent, and/or mobile substances among those
identified that are likely to significantly contribute to
the overall risk posed by the site. In some instances,
an indicator chemical may be selected for the
purpose of representing a “class” of chemicals (e.g.,
TCE to represent all volatiles). Although the use of
indicator chemicals serves to focus and streamline
the assessment on those chemicals that are likely to
be of greatest concern, a final check will need to be
made during remedy selection and the remedial
action phase to ensure that the waste management
strategy being implemented addresses risks posed by
the range of contaminants found at the site.


Exposure Assessment The objectives of an exposure
assessment are to identify actual or potential
exposure pathways, to characterize the potentially
exposed populations, and to determine the extent of
the exposure. Detailed guidance on conducting
exposure assessments is provided in the Superfund
Exposure Assessment Manual (U.S. EPA, April
1988), and is briefly discussed below.


Identifying potential exposure pathways helps to
conceptualize how contaminants may migrate from a
source to an existing or potential point of contact. An
exposure pathway may be viewed as consisting of
four elements: (1) A source and mechanism of
chemical release to the environment; (2) An
environmental transport medium (e.g., air, ground
water) for the released chemical; (3) A point of
potential contact with the contaminated medium
(referred to as the exposure point); and (4) An
exposure route (e.g., inhalation, ingestion) at the
exposure point.


7 The methodology for identifying indicator chemicals for
assessing human health risks is described in the Superfund
Public Health Evaluation Manual (U.S. EPA, October 1986).


The analysis of the contaminant source and how
contaminants may be released involves characterizing
the contaminants of concern at the si te and
determining the quantities and concentrations of
contaminants released to environmental media. Figure
3-4 presents a conceptual example identifying actual
and potential exposure pathways.


Once the source(s) and release mechanisms have
been identified, an analysis of the environmental fate
and transport of the contaminants is conducted. This
analysis considers the potential environmental
transport (e.g., ground-water migration, airborne
transport); transformation (e.g., biodegradation,
hydrolysis, and photolysis); and transfer mechanisms
(e.g., sorption, volatilization) to provide information on
the potential magnitude and extent of environmental
contamination. Next, the actual or potential exposure
points for receptors are identified. The focus of this
effort should be on those locations where actual
contact with the contaminants of concern will occur or
is likely to occur. Last, potential exposure routes that
describe the potential uptake mechanism (e.g.,
ingestion, inhalation, etc.) once a receptor comes into
contact with contaminants in a specific environmental
medium are identified and described. Environmental
media that may need to be considered include air,
ground water, surface water, soil and sediment, and
food sources. Detailed procedures for estimating and
calculating rates of exposure are described in detail in
the Super-fund Exposure Assessment Manual.


After the exposure pathway analysis is completed, the
poten t ia l  fo r  exposure  shou ld  be  assessed.
Information on the frequency, mode, and magnitude
of exposure(s) should be gathered. These data are
then assessed to yield a value that represents the
amount of contaminated media contacted per day.
This analysis should include not only identification of
current exposures but also exposures that may occur
in the future if no action is taken at the site. Because
the frequency mode and magnitude of human
exposures will vary based on the primary use of the
area (e.g., residential, industrial, or recreational), the
expected use of the area in the future should be
evaluated. 8The purpose of this analysis is to provide
decision-makers with an understanding of both the
current risks and potential future risks if no action is
taken. Therefore, as part of this evaluation, a
reasonable maximum exposure scenario should be
developed, which reflects the type(s) and extent of
exposures that could occur based on the likely or
expected use of the site (or surrounding areas) in the


8 This evaluation does not require an extensive analysis of
demographic trends and a statistically measurable confidence
level for the prediction of future development, only that the
likely use (based on past and current trends, zoning
restrictions, etc.) be evaluated.
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future.9 The reasonable maximum exposure scenario
is presented to the decision-maker so that possible
implications of decisions regarding how to best
manage uncertainties can be factored into the risk
management remedy selection.


The final step in the exposure assessment is to
integrate the information and develop a qualitative
and/or quantitative estimate of the expected exposure
level(s) resulting from the actual or potential release
of contaminants from the site.


Toxicity Assessment. Toxicity assessment, as part of
the Super-fund baseline risk assessment process,
considers (1) the types of adverse health or
environmental effects associated with individual and
multiple chemical exposures; (2) the relationship
between magnitude of exposures and adverse
effects; and (3) related uncertainties such as the
weight of evidence for a chemical’s potential
carcinogenicity in humans. Detailed guidance for
conducting toxicity assessments is provided in the
SPHEM.


Typically, the Super-fund risk assessment process
relies heavily on existing toxicity information and does
not involve the development of new data on toxicity or
dose-response relationships. Available information
on many chemicals is already evaluated and
summarized by various EPA program offices or
c r o s s - A g e n c y  w o r k  g r o u p s  i n  h e a l t h  a n d
environmental effects assessment documents. These
documents or profiles will generally provide sufficient
toxicity and dose-response information to allow both
qualitative and quantitative estimates of risks
associated with many chemicals found at Superfund
sites. These documents often estimate carcinogen
exposures associated with specific lifetime cancer
risks (e.g., risk-specific doses or RSDs), and
systemic toxicant exposures that are not likely to
present appreciable risk of significant adverse effects
to human populations over a lifetime (e.g., Reference
Doses or RfDs).


Risk Characterization. In the final component of the
risk assessment process, a characterization of the
potential risks of adverse health or environmental
effects for each of the exposure scenarios derived in
the exposure assessment, is developed and
summarized. Estimates of risks are obtained by
integrating information developed during the exposure
and toxicity assessments to characterize the potential
or actual  r isk,  including carcinogenic r isks,
noncarcinogenic risks, and environmental risks. The
final analysis should include a summary of the risks
associated with a site including each projected


9Additional guidance on developing reasonable maximum
exposure scenarios will be provided in the upcoming revision of
the SPHEM.


exposure route for contaminants of concern and the
distribution of risk across various sectors of the
population. In addition, such factors as the weight-
of-evidence associated with toxicity information, and
any uncer ta in t ies  assoc ia ted w i th  exposure
assumptions should be discussed.


Characterization of the environmental risks involves
identifying the potential exposures to the surrounding
ecological receptors and evaluating the potential
effects associated with such exposure(s). Important
factors to consider include disruptive effects to
populations (both plant and animal) and the extent of
perturbations to the ecological community.


The results of the baseline risk assessment may
indicate that the site poses little or no threat to human
health or the environment. In such situations, the FS
should be either scaled down as appropriate to that
site and its potential hazard, or eliminated altogether.
The results of the RI and the basel ine r isk
assessment will therefore serve as the primary means
of documenting a no-action decision. If it is decided
that the scope of the FS will be less than what is
presented in this guidance or eliminated altogether,
the lead agency should document this decision and
receive the concurrence of the support agency.


3.4.3 Evaluate Data Needs


As data are collected and a better understanding of
the site and the risks that it poses are obtained, the
preliminary remedial action alternatives developed
during scoping should be reviewed and refined. The
available data should be evaluated to determine if
they are sufficient to develop remedial alternatives. If
they are not, additional data gathering will be
required. When sufficient data are available, remedial
response objectives with respect to the contaminants
of concern, the areas and volumes of contaminated
media, and existing and potential exposure routes and
receptors of concern can be developed as part of the
FS.


3.5 Data Management Procedures
An RI may generate an extensive amount of
information, the quality and validity of which must be
cons is ten t l y  we l l  documented  because  th is
information will be used to support remedy selection
decisions and any legal or cost recovery actions.
Therefore, field sampling and analytical procedures
for the acquisition and compilation of field and
laboratory data are subject to data management
procedures. 10 The discussion on data management


1 0 DQOs will govern the data management procedures used,
and the QAPP/FSP will identify both field-collected and
analytical data. Information to be recorded should include
sampling information, recording procedures, sample
management, and QC concerns.
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Figure 3-3. Components of the risk assessment process.
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procedures is divided into three categories: field
activities, sample management and tracking, and
document control and inventory.


3.5.1 Field Activities


During site characterization and sampling, consistent
documenta t ion  and  accura te  recordkeep ing
procedures are critical because subsequent decisions
will be made on the basis of information gathered
during these tasks. Aspects of data management for
sampling activities during site characterization include:


Quality Assurance/Quality Control (QA/QC)
Plans - These documents provide records of
responsibility, adherence to prescribed protocols,
nonconformity events, corrective measures, and
data deficiencies.


A Data Security System - This system outlines
the measures that will be taken in the field to
sa feguard  cha in -o f -cus tody  records  and
prevent free access to project records, thereby
guarding against accidental or intentional loss,
damage, or alteration.


Field Logs - The daily field logs are the primary
record for field investigation activities and should
include a description of any modifications to the
procedures outlined in the work plan, field
sampling plan, or health and safety plan, with
justifications for such modifications. Field
measurements and observations should be
recorded directly into the project log books.
Examples of field measurements include pH,
temperature, conductivity, water flow, air quality
parameters, and soil characteristics. Health and
safety monitoring, sampling locations, sampling
techniques, and a general description of daily
activity are typically included in the daily log. Any
unusual occurrences or circumstances should be
documented in these logs and can be used for
reference in determining the possible causes for
data anomalies discovered during data analysis.
Data must be recorded directly and legibly in field
log books with entries signed and dated. Changes
made to original notes should not obliterate the
original information and should be dated and
signed. Standard format information sheets
should be used whenever appropriate and should
be retained in permanent files.


Documentation involved in maintaining field sample
inventories and proper chain-of-custody records
may include the following11:


11 Specific requirements may vary between state- and
federal-lead sites.


 Sample Identification Matrix


 Sample Tag


 Traffic Report


 High-Hazard Traffic Report


 SAS Packing List


 Cha in-o f -Custody  Form


 Notice of Transmittal


Receipt for Samples Form


  Central Regional Laboratory (CRL) Sample Data
Report


  Shipping Airbill


Additional information for each of these items, along
with the instructions for their completion, can be
found in Section 6.2 of the Compendium.


3.5.2 Sample Management and Tracking
A record of sample shipments, receipt of analytical
results, submittal of preliminary results for QA/QC
review, completion of QA/QC review, and evaluation
of the QC package should be maintained to ensure
that only final and approved analytical data are used
in the site analysis. In some instances, the use of
preliminary data is warranted to prepare internal
review documents, begin data analysis whi le
minimizing lost time for the turnaround of QA/QC
comments, and continue narrowing remedial action
alternat ives. Prel iminary data are considered
unofficial, however, and preliminary data used in
analyses must be updated upon receipt of official
QA/QC comments and changes. Sample results
should not be incorporated in the site characterization
report unless accompanied by QA/QC comments.


The DQOs stated for each task involving sample
analysis must specify whether the information is valid
with qualifiers or not and must specify which qualifiers
can invalidate the use of certain data. For instance,
reproducibility of plus or minus 20 percent may be
acceptable in a treatability study but may not be
acceptable for determining the risk to human health
from drinking water. Acceptability of data quality is not
established until the reviewed QA/QC package
accompanies the analytical data.


The acceptable QA/QC package should be defined in
the approved site QAPP for each discrete task.
Where use of the CLP is involved, review by the CRL
QA Office is typical but may vary from one Region to
the next and may vary from one state to the next in
the case of state-lead sites. Nevertheless, the
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DQOs outlined for the use of the data will dictate the
level of review required.


3.5.3 Document Control and Inventory


Sample results should be managed in a standardized
form to promote easy reporting of data in the site
characterization report. Precautions should be taken
in the analysis and storage of the data collected
during site characterization to prevent the introduction
of errors or the loss or misinterpretation of data.


The document inventory and filing systems can be
set up on the basis of serially numbered documents.
These systems may be manual or automated. A
suggested structure and sample contents of a file for
Superfund activities are shown in Table 3-11. The
relationship of this filing system to the Administrative
Record is discussed in the “Interim Guidance on
Administrative Records for Selection of CERCLA
Response Actions” (U.S. EPA, Draft, June 1988).


3.6 Community Relations Activities
During Site Characterization


Two-way communication with interested members of
the community should be maintained throughout the
RI. The remedial project manager and Community
Relations Coordinator keep local officials and
concerned citizens apprised of site activities and of
the schedule of events by implementing several
community relation activities. These actions are
usually delineated in the community relations plan and
typically include, but are not limited to, public
information meetings at the beginning and end of the
RI; a series of fact sheets that will be distributed to
the community during the investigation and will
describe up-to-date progress and plans for
remedial activities; telephone briefings for key
members of the community, public officials and
representatives of concerned citizens, and periodic
news releases that describe progress at the site.


The files containing the Administrative Record should
be established once the RI/FS work plan is finalized
and kept at or near the site. It is recommended that
the files containing the Administrative Record be kept
at one of the information repositories for public
information at or near the site and near available
copying facilities. Copies of site-related information
should be made available to the community and
should typically include the RI/FS work plan, a
summary of monitoring results, fact sheets, and the
community relations plan. The objective of community
relations activities during the RI is to educate the
public on the remedial process and keep the
community informed of project developments as they
occur, thereby reducing the likelihood of conflict
arising from a lack of information, misinformation, or
speculation. As directed in the community relations


Table 3-11. Outline of Suggested File Structure for
Superfund Sites


Congressional lnquiries and Hearings:
     Correspondence
       Transcripts
       Testimony
    Published hearing records


Remedial Response:
Discovery
- Initial investigation reports
- Preliminary assessment report
- Site inspection report
- Hazard Ranking System data


Remedial planning
- Correspondence
- Work plans for RI/FS
- Rl/FS reports
- Health and safety plan
- QA/QC plan
- Record of decision/responsiveness summary


Remedial implementation
- Remedial design reports
-  Permits
- Contractor work plans and progress reports
- Corps of Engineers agreements, reports, and


correspondence


State and other agency coordination
- Correspondence
- Cooperative agreement/Superfund state contract
- State quarterly reports
- Status of state assurances
- Interagency agreements
- Memorandum of Understanding with the state


Community relations
- Interviews
- Correspondence
- Community relations plan
- List of people to contact, e.g.. local officials, civic


leaders, environmental groups
- Meeting summaries
- Press releases
- News clippings
- Fact sheets
- Comments and responses
- Transcripts
- Summary of proposed plan
- Responsiveness summary


Imagery:
Photographs
Illustrations
Other graphics


Enforcement
Status reports
Cross-reference to any confidential enforcement files and
the person to contact


          Correspondence
Administrative orders


Contracts
Site-specific contracts
Procurement packages
Contract status notifications
List of contractors


Financial Transactions:
Cross-reference to other financial files and the person to
contact


       Contractor cost reports
Audit reports
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plan, all activities should be tailored to the community
and to the site.


3.7 Reporting and Communication
During Site Characterization


During site characterization, communication is
required between the lead agency and the support
agency.12 In addition to routine communication
between members of the lead agency and their
contractor on project progress, written communication
is required between the lead agency and the support
agency as follows:


1.


2.


3.


4.


5.


The lead agency should provide the draft work
plan to the support agency for review and
comment (discussed in Chapter 2.)


The lead agency should provide information on
contaminant types and affected media to the
suppor t  agency  fo r  ARAR ident i f i ca t ion
(chemical- a n d  l o c a t i o n - s p e c i f i c  A R A R
determinations are finalized once the site
characterization is complete).


The lead agency should provide data obtained
during site characterization to ATSDR.13


The lead agency should provide a preliminary
summary of site characterization to the support
agency (this may serve as the mechanism for
ARAR identification).


The lead agency should provide a draft RI report
for review and comment by the support agency.


Table 3-12 summarizes the points during site
characterization when written or oral communication
is recommended.


3.7.1 Information for ARA R Identification


The information for the support agency’s use in
identifying ARARs should include a description of the
contaminants of concern, the affected media, and any
physical features that may help identify location-
specific ARARs. This information may be supplied by
the preliminary site characterization summary (as


discussed below) or by a letter or other document.
The support agency shall provide location- and
chemical-specific ARARs to the lead agency before
preparation of the draft RI report.


3.7.2 Preliminary Site Characterization
Summary


A summary of site data following the completion of
initial field sampling and analysis should be prepared.
This summary should briefly review the analytical
results of investigative activities to provide the lead
agency  w i th  a  re fe rence  fo r  eva lua t ing  the
development and screening of remedial alternatives.
In addition, the preliminary site characterization
summary may be used to assist the support agency
in identification of ARARs and provide ATSDR with
data (prior to issuance of the draft RI) to assist in
their health assessment efforts.


The format of this summary is optional and is left to
the discretion of the lead-agency RPM. The format
may range from a technical memorandum, which
s imp ly  l i s ts  the  loca t ions  and quant i t ies  o f
contaminants at the site, to a rough draft of the first
four chapters of the RI report (see Table 3-13). Use
of the technical memorandum and a progress
meeting is strongly encouraged over the latter to
better facilitate RI/FS schedules and sampling
progress in the field.


3.7.3 Draft RI Report


A draft RI report should be produced for review by
the support agency and submitted to ATSDR for its
use in preparing a health assessment and also serve
as documentation of data collection and analysis in
support of the FS. The draft RI report can be
prepared any time between the completion of the
baseline risk assessment and the completion of the
draft FS. Therefore, the draft RI report should not
delay the initiation or execution of the FS.


Table 3-13 gives a suggested format for the draft RI
report. The report should focus on the media of
concern and, therefore, does not need to address all
the site characteristics listed, only those appropriate
at that specific site.


1 2


1 3


Reporting and communicating during a PRP-lead RI/FS is
discussed in Appendix A and in the forthcoming “Draft
Guidance on Oversight of Potentially Responsible Party
Remedial Investigations and Feasibility Studies.”
Guidance for coordinating remedial and ATSDR health
assessment activities is provided in OSWER Directive
9285.4-02.
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Table 3-12. Reporting and Communication During Site Characterization


Information Needed Purpose
Potential Methods of
Information Provision


Need to rescope field
activities on the basis of
results of field observations


Need to rescope field
activities on the basis of
results of sample analysis


Preliminary results of field
investigation tasks (e.g.,
geophysical explorations,
monitoring well installation.
etc.)
Descriptive and analytical
results of initial site
characterization results
(excluding risk assessment)


Listing of contaminants,
affected media; location of
wetlands, historic sites, etc.


Refined remedial action
objectives


Documentation of site
characterization field activities
and analyses including any
treatability testing


Needed only if screening indicates that field activities need to be
rescoped; for lead agency and contractor to identify methods to improve
effectiveness of site characterization activities; for lead agency to obtain
support agency review and concurrence


Needed only if analysis of laboratory data indicates field activities need
to be rescoped; for lead agency and contractor to identify methods to
improve effectiveness of site characterization activities; for lead agency
to obtain support agency review and concurrence


Provided by the contractor to the lead agency; need and method of
communication at lead agency’s discretion


Provides lead agency with early summary of site data; assists in
supporting agency with identification of ARARs; may also be submitted
to ATSDR for use in preparing health assessment.


For support agency’s use in identifying chemical- and location- Preliminary site
specific ARARs. characterization summary


For lead agency and contractor to define the basis for developing
remedial action alternatives; obtain review and comment from the
support agency
Required for members of lead agency and their contractor to prepare for
public comment and FS support documentation


Meeting
Tech memo


Other


Meeting
Tech memo


Other


Tech memos


Preliminary site
characterization summary


Meeting
Tech memo


Other


Draft RI report
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Table 3-13. Suggested RI Report Format


Executive Summary


1. Introduction
1.1 Purpose of Report
1.2 Site Background


1.2.1 Site Description
1.2.2 Site History


1.23 Previous investigations
1.3 Report Organization


2. Study Area Investigation
2.1 includes field activities associated with site characterization. These may include physical and chemical monitoring of some, but


not necessarily all, of the following:
2.1.1 Surface Features (topographic mapping, etc.) (natural and manmade features)
2.1.2 Contaminant Source Investigations
2.1.3 Meteorological Investigations
2.1.4 Surface-Water and Sediment Investigations
2.1.5 Geological Investigations
2.1.6 Soil and Vadose Zone Investigations
2.1.7 Ground-Water Investigations
2.1.8 Human Population Surveys
2.1.9 Ecological Investigations


2.2 If technical memoranda documenting field activities were prepared, they may be included in an appendix and summarized in this
report chapter.


3. Physical Characteristics of the Study Area
3.1 Includes results of field activities to determine physical characteristics. These may include some, but not necessarily all, of the


following:
3.1.1 Surface Features
3.1.2 Meteorology
3.1.3 Surface-Water Hydrology
3.1.4 Geology
3.1.5 Soils
3.1.6 Hydrogeology
3.1.7 Demography and Land Use
3.1.8 Ecology


4. Nature and Extent of Contamination
4.1 Presents the results of site characterization, both natural chemical components and contaminants in some, but not necessarily all,


of the following media:
4.1.1 Sources (lagoons, sludges, tanks, etc.)
4.1.2 Soils and Vadose Zone
4.1.3 Ground Water
4.1.4 Surface Water and Sediments
4.1.5 Air


5. Contaminant Fate and Transport
5.1 Potential Routes of Migration (i.e., air, ground water, etc.)
5.2 Contaminant Persistence


5.2.1 If they are appliable (i.e., for organic contaminants), describe estimated persistence in the study area environment and
physical, chemical, and/or biological factors of importance for the media of interest.


5.3 Contaminant Migration
5.3.1 Discuss factors affecting contaminant migration for the media of importance (e.g., sorption onto soils. solubility in water,


movement of ground water, etc.)
5.3.2 Discuss modeling methods and results, if applicable.


6. Baseline Risk Assessment
6.1 Human Health Evaluation


6.1.1 Exposure Assessment
6.1.2 Toxicity Assessment
6.1.3 Risk Characterization


6.2 Environmental Evaluation
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Table 3-13 Continued


7. Summary and Conclusions
7.1 Summary


7.1.1 Nature and Extent of Contamination
7.1.2 Fate and Transport
7.1.3 Risk Assessment


7.2 Conclusions
7.2.1 Data Limitations and Recommendations for Future Work
7.2.2 Recommended Remedial Action Objectives


Appendices
A. Technical Memoranda on Field Activities (if available)
B. Analytical Data and QA/QC Evaluation Results
C. Risk-Assessment Methods
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Chapter 4
Development and Screening of Alternatives


4.1 Introduction


4.1.1 Purpose of Alternative Development and
Screening


The primary objective of this phase of the FS is to
develop an appropriate range of waste management
options that will be analyzed more fully in the detailed
analysis phase of the FS. Appropriate waste man-
agement options that ensure the protection of human
health and the environment may involve, depending
on site-specific circumstances, the complete
elimination or destruction of hazardous substances at
the site, the reduction of concentrations of hazardous
substances to acceptable health-based levels, and
prevention of exposure to hazardous substances via
engineering or institutional controls, or some
combination of the above. Alternatives are typically
d e v e l o p e d  c o n c u r r e n t l y  w i t h  t h e  R I  s i t e
characterization, with the results of one influencing
the other in an iterative fashion (i.e., RI site
characterization data are used to develop alternatives
and screen technologies, whereas the range of
alternatives developed guides subsequent site
characterization and/or treatability studies). An
overview of the entire FS process is presented in the
following subsections.


4.1.2 FS Process Overview


The FS may be viewed (for explanatory purposes) as
occurring in three phases: the development of
alternatives, the screening of the alternatives, and the
detailed analysis of alternatives. However, in actual
practice the specific point at which the first phase
ends and the second begins is not so distinct.
Therefore, the development and screening of
alternatives are discussed together to better reflect
the interrelatedness of these efforts. Furthermore, in
those instances in which circumstances limit the
number of available options, and therefore the
number of alternatives that are developed, it may not
be necessary to screen alternatives prior to the
detailed analysis.


4.1.2.1 Development and Screening of
Alternatives


Alternatives for remediation are developed by
assembling combinations of technologies, and the
media to which they would be appl ied, into
alternatives that address contamination on a sitewide
basis or for an identified operable unit. This process
consists of six general steps, which are shown in
Figure 4-1 and briefly discussed below:


Develop remedial action objectives specifying the
contaminants and media of interest, exposure
pathways, and preliminary remediation goals that
permit a range of treatment and containment
alternatives to be developed. The preliminary
remediation goals are developed on the basis of
chemical-specific ARARs, when available, other
available information (e.g., Rfds), and site-
specific risk-related factors.1


   Develop general  response act ions for each
medium of interest  def in ing containment,
treatment, excavation, pumping, or other actions,
singly or in combination, that may be taken to
satisfy the remedial action objectives for the site.


   Identify volumes or areas of media to which
general response actions might be applied, taking
into account the requirements for protectiveness
as identified in the remedial action objectives and
the chemical and physical characterization of the
site.


Identify and screen the technologies applicable to
each general response action to eliminate those
that cannot be implemented technically at the
site.2 The general response actions are further


1 These preliminary remediation goals are reevaluated as site
characterization data and information from the baseline risk
assessment become available.


2 It is important to distinguish between this medium-specific
technology screening step during development of alternatives
and the alternative screening that may be conducted
subsequently to reduce the number of alternatives prior to the
detailed analysis.
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Figure 4-1 Alternative development.
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defined to specify remedial technology types
(e.g., the general response action of treatment
can be further defined to include chemical or
biological technology types).


   Identify and evaluate technology process options
to select a representative process for each
technology type retained for consideration.
Although specific processes are selected, for
alternative development and evaluation, these
processes are intended to represent the broader
range of process options within a general
technology type.


  Assemble the selected representative technolo-
gies into alternatives representing a range of
treatment and containment combinations, as
appropriate.


Figure 4-2 provides a generic representation of this
process. Section 4.2 contains a more detailed
description and specific examples of alternative
development.


For those situations in which numerous waste
management options are appropriate and developed,
the assembled alternatives may need to be refined
and screened to reduce the number of alternatives
that will be analyzed in detail. This screening aids in
streamlining the feasibility study process while
ensuring that the most promising alternatives are
being considered.


As discussed earlier, in other situations the number of
viable or appropriate alternatives for addressing site
problems may be limited; thus, the screening effort
may be minimized or eliminated if unnecessary. The
scope of this screening effort can vary substantially-
depending on the number and type of alternatives
developed and the extent of information necessary for
conducting the detailed analysis. The scope and
emphasis can also vary depending on either the
degree to which the assembled alternatives address
the combined threats posed by the entire site or on
the individual threats posed by separate site areas or
contaminated media. Whatever the scope, the range
of treatment and containment alternatives initially
developed should be preserved through the
alternative screening process to the extent that it
makes sense to do so.


As part of the screening process, alternatives are
analyzed to investigate interactions among media in
terms of both the evaluation of technologies (i.e., the
extent to which source control influences the degree
of ground-water or air-quality control) and sitewide
protectiveness (i.e., whether the alternative provides
sufficient reduction of risk from each media and/or
pathway of concern for the site or that part of the site
being addressed by an operable unit). Also at this
stage, the areas and quantities of contaminated


media initially specified in the general response
actions may also be reevaluated with respect to the
effects of interactions between media. Often, source
control actions influence the degree to which
ground-water remediation can be accomplished or
the time frame in which it can be achieved. In such
instances, further analyses may be conducted to
modify either the source control or ground-water
response actions to achieve greater effectiveness in
sitewide alternatives. Using these refined alternative
configurations, more detailed information about the
technology process options may be developed. This
information might include data on the size and
capacities of treatment systems, the quantity of
mater ials required for construct ion, and the
configuration and design requirements for ground-
water collection systems.


Information available at the time of screening should
be used primarily to identify and distinguish any
differences among the various alternatives and to
evaluate each al ternat ive with respect to i ts
effectiveness, implementability, and cost. Only the
alternatives judged as the best or most promising on
the basis of these evaluation factors should be
retained for further consideration and analysis.3


Typically, those alternatives that are screened out will
receive no further consideration unless additional
information becomes available that indicates further
evaluation is warranted. As discussed in Section
4.2.6, for sites at which interactions among media are
not significant, the process of screening alternatives,
described here, may be applied to medium-specific
options to reduce the number of options that will
either be combined into sitewide alternatives at the
conclusion of screening or will await further evaluation
in the detailed analyses. Section 4.3 contains more
detail about screening alternatives.


4.1.2.2 Detailed Analysis of Alternatives


During the detailed analysis, the alternatives brought
through screening are further refined, as appropriate,
and analyzed in detail with respect to the evaluation
criteria described in Chapter 6. Alternatives may be
further refined and/or modified based on additional
site characterization or treatability studies conducted
as part of the RI. The detailed analysis should be
conducted so that decision-makers are provided
with sufficient information to compare alternatives with
respect to the evaluation criteria and to select an
appropriate remedy. Analysis activities are described
in greater detail in Chapter 6.


3 As with the use of representative technologies, alternatives
may be selected to represent sufficiently similar management
strategies; thus, in effect, a separate analysis for each
alternative is not always warranted.
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4.1.3 Alternative Ranges


Alternatives should be developed that will provide
decision-makers with an appropriate range of
options and sufficient information to adequately
compare alternatives against one another. In
developing alternatives, the range of options will vary
depending on site-specific conditions. A general
description of ranges for source control and ground-
water response actions that should be developed, as
appropriate, are described below.


4.1.3.1 Source Control Actions


For source control actions, the following types of
alternatives should be developed to the extent
practicable:


   A number of treatment alternatives ranging from
one that would eliminate or minimize to the extent
feasible the need for long-term management
(including monitoring) at a site to one that would
use treatment as a primary component of an
alternative to address the principal threats at the
site.4 Alternatives within this range typically will
differ in the type and extent of treatment used
and the management requirements of treatment
residuals or untreated wastes.


One or more alternatives that involve containment
of waste with little or no treatment but protect
human health and the environment by preventing
potential exposure and/or reducing the mobility of
contaminants.


  A no-action alternative5


Figure 4-3 conceptually illustrates this range for
source control alternatives.


Development of a complete range of treatment
alternatives will not be practical in some situations.
For example, for sites with large volumes of low
concentrated wastes such as some municipal landfills
and mining sites, an alternative that eliminates the
need for long-term management may not be
reasonable given site conditions, the limitations of
technologies, and extreme costs that may be
involved. If a full range of alternatives is not


4 Alternatives for which treatment is a principal element could
include containment elements for untreated waste or treatment
residuals as well.


5 Although a no-action alternative may include some type of
environmental monitoring, actions taken to reduce the potential
for exposure (e.g., site fencing, deed restrictions) should not be
included as a component of the no-action alternatives. Such
minimal actions should constitute a separate “limited” action
alternative.


developed, the specific reasons for doing so should
be briefly discussed in the FS report to serve as
documentation that treatment alternatives were
assessed as required by CERCLA.


4.1.3.2 Ground-water Response Actions
For ground-water response actions, alternatives
should address not only cleanup levels but also the
time frame within which the alternatives might be
achieved. Depending on specific site conditions and
the aquifer characteristics, alternatives should be
developed that achieve ARARs or other health-
based levels determined to be protective within
varying time frames using different methodologies.
For aquifers currently being used as a drinking water
source, alternatives should be configured that would
achieve ARARs or risk-based levels as rapidly as
possible. More detailed information on developing
remedial alternatives for ground-water response
actions may be found in “Guidance on Remedial
Actions for Contaminated Ground Water at Super-fund
Sites” (U.S. EPA, August 1988).


4.2 Alternative Development Process
The alternative development process may be viewed
as consisting of a series of analytical steps that
involves making successively more specific definitions
of potential remedial activities. These steps are
described in the following sections.


4.2.1 Develop Remedial Action Objectives
Remedial action objectives consist of medium-
specific or operable unit-specific goals for protecting
human health and the environment. The objectives
should be as specific as possible but not so specific
that the range of alternatives that can be developed is
unduly limited. Column two of Table 4-1 provides
examples of remedial action objectives for various
media.


Remedial action objectives aimed at protecting human
health and the environment should specify:


The contaminant(s) of concern


Exposure route(s) and receptor(s)


  An acceptable contaminant level or range of
levels for each exposure route (i.e., a preliminary
remediation goal)


Remedial action objectives for protecting human
receptors should express both a contaminant level
and an exposure route, rather than contaminant levels
alone, because protectiveness may be achieved by
reducing exposure (such as capping an area, limiting
access, or providing an alternate water supply) as
well as by reducing contaminant levels. Because


4 - 7







Figure 4-3 Conceptual treatment range for source control.







Figure 4-3 (Continued)
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r e m e d i a l  a c t i o n  o b j e c t i v e s  f o r  p r o t e c t i n g
environmental receptors typically seek to preserve or
restore a resource (e.g. ,  as ground water) ,
environmental objective(s) should be expressed in
terms of the medium of interest and target cleanup
levels, whenever possible.


Although the preliminary remediation goals are
established on readily available information [e.g.,
reference doses (Rfds) and risk-specific doses
(RSDs)] or frequently used standards (e.g., ARARs),
the final acceptable exposure levels should be
determined on the basis of the results of the baseline
risk assessment and the evaluation of the expected
exposures and associated risks for each alternative.
Contaminant levels in each media should be
compared with these acceptable levels and include an
evaluation of the following factors:


Whether the remediation goals for all carcinogens
of concern, including those with goals set at the
chemica l -spec i f i c  ARAR leve l ,  p rov ides
protection within the risk range of 10-4 to 10-7.


   Whether the remediation goals set for all non-
carcinogens of concern, including those with
goals set at the chemical-specific ARAR level,
are sufficiently protective at the site.


  Whether environmental effects (in addition to
human health effects) are adequately addressed.


Whether the exposure analysis conducted as part
of the risk assessment adequately addresses
each significant pathway of human exposure
identified in the baseline risk assessment. For
example, if the exposure from the ingestion of fish
and drinking water are both significant pathways
of exposure, goals set by considering only one of
these exposure pathways may not be adequately
protective. The SPHEM provides additional details
on establishing acceptable exposure levels.


4.2.2 Develop General Response Actions


General response actions describe those actions that
will satisfy the remedial action objectives. General
response actions may include treatment, containment,
excavation, extraction, disposal, institutional actions,
or a combination of these. Like remedial action
objectives, general response actions are medium-
specific.


General response actions that might be used at a site
are initially defined during scoping and are refined
throughout the RI/FS as a better understanding of site
conditions is gained and action-specific ARARs are
identified. In developing alternatives, combinations of
general  response act ions may be ident i f ied,
particularly when disposal methods primarily depend
on whether the medium has been previously treated.


Examples of potential general response actions are
included in column three of Table 4-l.


4.2.3 Identify Volumes or Areas of Media
During the development of alternatives an initial
determination is made of areas or volumes of media
to which general response actions might be applied.
This initial determination is made for each medium of
interest at a site. To take interactions between media
into account, response actions for areas or volumes
of media are often refined after sitewide alternatives
have been assembled. The refinement of alternatives
is discussed at greater length in Section 4.3.1.


Defining the areas or volumes of media requires
careful judgment and should include a consideration
of not only acceptable exposure levels and potential
exposure routes, but also site conditions and the
nature and extent of contamination. For example, in
an area with contamination that is homogeneously
distributed in a medium, discrete risk levels (e.g.,
1 0-5, 10-6) or corresponding contaminant levels
may provide the most rational basis for defining areas
or volumes of media to which treatment, containment,
or excavation actions may be applied. For sites with
discrete hot spots or areas of more concentrated
contamination, however, it may be more useful to
define areas and volumes for remediation on the
basis of the site-specific relationship of volume (or
area) to contaminant level. Therefore, when areas or
volumes of media are defined on the basis of site-
specific considerations such as volume versus
concentration relationships, the volume or area
addressed by the alternative should be reviewed with
respect to the remedial action objectives to ensure
that alternatives can be assembled to reduce
exposure to protective levels.


4.2.4 Identify and Screen Remedial
Technologies and Process Options


In this step, the universe of potentially applicable
technology types and process options is reduced by
evaluating the options with respect to technical
implementability. In this guidance document, the term
“technology types” refers to general categories of
technologies, such as chemical treatment, thermal
destruction, immobilization, capping, or dewatering.
The term “technology process options” refers to
specific processes within each technology type. For
example, the chemical treatment technology type
would include such process options as precipitation,
ion exchange, and oxidation/reduction. As shown in
columns four and five of Table 4-1, several broad
technology types may be identified for each general
response action, and numerous technology process
options may exist within each technology type.


Technology types and process options may be
identified by drawing on a variety of sources including


4 - 1 5







references developed for application to Superfund
sites and more standard engineering texts not
specifically directed toward hazardous waste sites.
Some of these sources are included in Appendix D of
this document.


During this screening step, process options and entire
technology types are eliminated from further
c o n s i d e r a t i o n  o n  t h e  b a s i s  o f  t e c h n i c a l
implementability. This is accomplished by using
readily available information from the RI site
charac te r i za t ion  on  con taminant  t ypes  and
concentrations and onsite characteristics to screen
out technologies and process options that cannot be
effectively implemented at the site.


Two factors that commonly influence technology
s c r e e n i n g  a r e  t h e  p r e s e n c e  o f  i n o r g a n i c
contaminants, which limit the applicability of many
types of treatment processes, and the subsurface
conditions, such as depth to impervious formations or
the degree of fracture in bedrock, which can limit
many types of containment and ground-water
collection technologies. This screening step is site-
specific, however, and other factors may need to be
considered. Figure 4-4 provides an example of initial
technology screening for ground-water remediation
at a site having organic and inorganic contaminants
and shallow, fractured bedrock.


As with all decisions during an RI/FS, the screening of
technologies should be documented. For most
studies, a figure similar to Figure 4-4 provides
adequate information for this purpose and can be
included in the FS report.


4.2.5 Evaluate Process Options


In the fourth step of alternative development, the
t e c h n o l o g y  p r o c e s s e s  c o n s i d e r e d  t o  b e
implementable are evaluated in greater detail before
selecting one process to represent each technology
type. One representative process is selected, if
possible, for each technology type to simplify the
subsequent  deve lopment  and  eva lua t ion  o f
alternatives without limiting flexibility during remedial
design. The representative process provides a basis
for developing performance specifications during
preliminary design; however, the specific process
actually used to implement the remedial action at a
site may not be selected until the remedial design
phase. In some cases more than one process option
may be selected for a technology type. This may be
done if two or more processes are sufficiently
different in their performance that one would not
adequately represent the other.


Process options are evaluated using the same criteria
- effectiveness, implementability, and cost - that are
used to screen alternatives prior to the detailed
analysis. An important distinction to make is that at


th is  t ime these c r i te r ia  a re  app l ied  on ly  to
technologies and the general response actions they
are intended to satisfy and not to the site as a whole.
Furthermore, the evaluation should typically focus on
effectiveness factors at this stage with less effort
directed at the implementability and cost evaluation.


Because o f  the  l im i ted  da ta  on  innovat ive
technologies, it may not be possible to evaluate these
process opt ions on the same basis as other
demonstrated technologies. Typically, if innovative
technologies are judged to be implementable they are
retained for evaluation either as a “selected” process
option (if available information indicates that they will
provide better treatment, fewer or less adverse
effects, or lower costs than other options), or they will
be “represented” by another process option of the
same technology type. The evaluation of process
options is illustrated in Figure 4-5 and discussed in
more detail below.


4.2.5.1 Effectiveness Evaluation


Specific technology processes that have been
identified should be evaluated further on their
effectiveness relative to other processes within the
same technology type. This evaluation should focus
on: (1) the potential effectiveness of process options
in handling the estimated areas or volumes of media
and meeting the remediation goals identified in the
remedial action objectives;6 (2) the potential impacts
to human health and the environment during the
construction and implementation phase; and (3) how
proven and reliable the process is with respect to the
contaminants and conditions at the site.


Information needed to evaluate the effectiveness of
technology types for the different media includes
contaminant type and concentration, the area or
vo lume o f  con tamina ted  med ia ,  and ,  when
appropriate, rates of collection of liquid or gaseous
media. For some media it may be necessary to
conduct preliminary analyses or collect additional site
data to adequately evaluate effectiveness. This is
often the case for processes in which the rates of
removal or collection and treatment are needed for
evaluation, such as for ground-water extraction,
su r face-wate r  co l lec t ion  and  t rea tment ,  o r
subsurface gas collection. In such cases, a limited
conceptual design of the process may need to be
developed, a n d  m o d e l i n g  o f  t h e  p o t e n t i a l
environmental transport mechanisms associated with
their operation may be undertaken. Typically,
however, such analyses are conducted during the


6The ability of some collection/removal systems, such as
ground-water pumping, to sufficiently recover contaminated
media for subsequent treatment may also be assessed as part
of this evaluation.
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later phases of the FS when alternatives are refined
and evaluated on a sitewide basis.


If modeling of transport processes is undertaken
during the alternative development and screening,
phases of the FS to evaluate removal or collection
technologies, and if many contaminants are present
at the site, it may be necessary to identify indicator
chemicals, as is often done for the baseline risk
assessments, to simplify the analysis. Typically,
indicator chemicals are selected on the basis of their
usefulness in evaluating potential effects on human
health and the environment. Commonly selected
indicator chemicals include those that are highly
mobile and highly toxic.


4.2.5.2 Implementability Evaluation


Implementability encompasses both the technical and
administrative feasibility of implementing a technology
process. As discussed in Section 4.2.4, technical
implementability is used as an initial screen of
technology types and process options to eliminate
those that are clearly ineffective or unworkable at a
site. Therefore, this subsequent, more detailed
evaluation of process options places greater
e m p h a s i s  o n  t h e  i n s t i t u t i o n a l  a s p e c t s  o f
implementability, such as the ability to obtain
necessary permits for offsite actions, the availability of
treatment, storage, and disposal services (including
capacity), and the availability of necessary equipment
and skilled workers to implement the technology.


4.2.5.3 Cost Evaluation
Cost plays a limited role in the screening of process
options. Relative capital and O&M costs are used
rather than detailed estimates. At this stage in the
process, the cost analysis is made on the basis of
engineering judgment, and each process is evaluated
as to whether costs are high, low, or medium relative
to other process options in the same technology type.
As discussed in Section 4.3, the greatest cost con-
sequences in site remediation are usually associated
with the degree to which different general technology
types (i.e., containment, treatment, excavation, etc.)
are used. Using different process options within a
technology type usually has a less significant effect
on cost than does the use of different technology
types.


4.2.6 Assemble Alternatives
In assembling alternatives, general response actions
and the process options chosen to represent the
various technology types for each medium or
operable unit are combined to form alternatives for
the site as a whole. As discussed in Section 4.1.2.1,
appropriate treatment and containment options should


be developed. To assemble alternatives, general
response actions should be combined using different
technology types and different volumes of media
and/or areas of the site. Often more than one general
response action is applied to each medium. For
example, a l t e r n a t i v e s  f o r  r e m e d i a t i n g  s o i l
contamination will depend on the type and distribution
of contaminants and may include incineration of soil
from some portions of the site and capping of others.


For sites at which interactions among media are not
significant (i.e., source control actions will not affect
ground-water or surface-water responses) the
combination of medium-specific actions into site
wide alternatives can be made later in the FS
process, either after alternatives have been screened
or prior to conducting the comparative analysis of
alternatives. For example, if media interactions are
not of concern, an FS might describe three source
control options, three soil remediation options, and
four ground-water remediation options, (instead of
developing numerous comprehensive sitewide
alternatives). Although this approach permits greater
flexibility in developing alternatives and simplifies the
analyses of sitewide alternatives, it may involve
greater effort in developing and analyzing medium-
specific options.


Figure 4-6 illustrates how general response actions
may be combined to form a range of sitewide
alternatives. For this relatively simple example, the
two media of interest are soil and ground water. The
range of alternatives developed include a no-action
alternative (alternative 1); a limited action alternative
(alternative 2); source containment options with and
without ground water treatment (alternatives 3 and 4);
and three alternatives that employ various levels of
source treatment, with ground-water collection and
treatment (alternatives 5, 6, and 7).


Although not shown in this example, a description of
each alternative should be included in the FS report.
For the alternatives presented in Figure 4-6, such
descriptions would include the locations of areas to
be excavated or contained, the approximate volumes
of soil and/or ground water to be excavated and
collected, the approximate locations of interceptor
trenches, the locations of potential city water supply
hook-ups, the locations of connections to the local
p u b l i c l y  o w n e d  t r e a t m e n t  w o r k s  ( P O T W ) ,
management options for treatment residuals, and any
other information needed to adequately describe the
alternative and document the logic behind the
assembly of general response actions into specific
remedial action alternatives. In describing alternatives,
it may be useful to note those process options that
were not screened out and that are represented by
those described in the alternative.
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a This is a conceptual example using the example of carcinogenic risk ranges; however, In general, when MCLs are available they will apply.


Figure 4-8. Assembling a range of alternative examples.


4.3 Alternatives Screening Process


4.3.1 Alternatives Definition


technologies or remediation timeframes have not
been fully characterized (except for timeframes
i d e n t i f i e d  t o  d e v e l o p  g r o u n d - w a t e r  a c t i o n
alternatives). Furthermore, interactions among media,
which may influence remediation activities, have
usually not been fully determined, nor have sitewide
protectiveness requirements been addressed.
Therefore, at this point in the process, such aspects
of the alternatives may need to be further defined to


Before beginning screening, alternatives have been
a s s e m b l e d  p r i m a r i l y  o n  m e d i u m - s p e c i f i c
considerations and implementability concerns.
Typically, few details of the individual process options
have been identified, and the sizing requirements of
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form the basis for evaluating and comparing the
alternatives before their screening.


4.3.1.1 Specific Objectives


Alternatives are initially developed and assembled to
meet a set of remedial action objectives for each
medium of interest. During screening, the assembled
alternatives should be evaluated to ensure that they
protect human health and the environment from each
potential pathway of concern at the site or those
areas of the site being addressed as part of an
operable unit. If more than one pathway is present,
such as inhalation of airborne contaminants and
ingestion of contaminants in ground water, the overall
risk level to receptors should be evaluated. If it is
found that an alternative is not fully protective, a
reduction in exposure levels for one or more media
will need to be made to attain an acceptable risk
level.


In refining alternatives, it is important to note that
protectiveness is achieved by reducing exposures to
acceptable levels, but achieving these reductions in
exposures may not always be possible by actually
cleaning up a specific medium to these same levels.
For example, protection of human health at a site may
require that concentrations of contaminants in
drinking water be reduced to levels that could not
reasonably be achieved for the water supply aquifer;
thus, protection could be provided by preventing
exposures with the use of a wellhead treatment
system. The critical selection of how risk reductions
are to be achieved is part of the risk management
decisionmaking process.


4.3.1.2 Define Media and Process Options


Alternatives should be defined to provide sufficient
quantitative information to allow differentiation among
a l te rna t ives  w i th  respect  to  e f fec t iveness ,
implementability, and cost. Parameters that often
require additional refinement include the extent or
volume of contaminated material and the size of
major technology and process options.


Refinement of volumes or areas of contaminated
media is important at some sites at which ongoing
releases from the source (or contaminated soils)
significantly affect contaminant levels in other media
(e.g., ground water) because such interactions may
not have been addressed when alternatives were
initially developed by grouping medium-specific
response actions. If interactions among media appear
to be important at a site, the effect of source control
actions on the remediation levels or time frames for
other media should be evaluated.


Figure 4-7 provides an example of such an analysis
in which volatile organics in soil are migrating into an


underlying aquifer composed of unconsolidated
materials. Using a model of transport processes at
the site, the effect of different soil removal actions on
ground-water remediat ion (using a specif ied
extraction scheme) could be estimated. In this
example, development of alternatives that consider
ground water actions independent of soil removal
(i.e., the no-soil-removal scenario) could result in
underestimating the achievable remediation level or
overestimating the time frame for ground-water
remediation. This could result in an overestimation of
the extraction and treatment requirements for
technology processes for ground water. By evaluating
soil and ground water actions together, the rates and
volumes of ground water extraction to achieve the
target remediation levels can be refined more
accurately.


After the alternatives have been refined with respect
to volumes of media, the technology process options
need to be defined more fully with respect to their
effectiveness, implementability, and cost such that
differences among alternatives can be identified. The
following information should be developed, as
appropriate, for the various technology processes
used in an alternative:


  Size and configuration of onsite extraction and
treatment systems or containment structures -
For media contaminated with several hazardous
substances, i t  may be necessary to f i rst
determine which contaminant(s) impose the
greatest treatment requirements; then size or
configure accordingly. Similarly, for ground-
water extraction technologies at sites with multiple
ground-water contaminants, it may be necessary
to evaluate which compounds impose the
greatest limits on extraction technologies, either
because of their chemical/physical characteristics,
concentration, or distribution in ground water.


  Time frame in which treatment, containment, or
removal goals can be achieved - The remediation
time frame is often interdependent on the size of
a treatment system or configuration of a ground-
water extraction system. The time frame may be
determined on the basis of specific remediation
goals (e.g., attaining ground-water remediation
goals in 10 years), in which case the technology
is sized and configured to achieve this; the time
frame may also be influenced by technological
limitations (such as maximum size consideration,
performance capabilities, and/or availability of
adequate  t rea tment  sys tems or  d isposa l
capacity).


   Rates or flows of treatment - These will also
influence the sizing of technologies and time
frame within which remediation can be achieved.
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 TIME IN YEARS


Figure 4-7. Time to achieve 10-4 to 10-6 risk level for a single-contaminant for ground water cleanup under various soil
removal alternatives.


Spatial requirements for constructing treatment or and other legal considerations. These may also


con ta inment  techno log ies  o r  fo r  s tag ing encompass some ac t ion - ,  l oca t ion - ,  and


construction materials or excavated soil or waste chemical-specific ARARs.


Distances for disposal technologies - These
include approximate transport distances to
acceptable offsite treatment and disposal facilities
and distances for water pipelines for discharge to
a receiving stream or a POTW.


Required permits for offsite actions and imposed
limitations - These include National Pollutant
Discharge El iminat ion System (NPDES),
pretreatment, and emission control requirements;
coordination with local agencies and the public;


4.3.2 Screening Evaluation


Defined alternatives are evaluated against the short-
and long-term aspects of three broad criteria:
effectiveness, implementability, and cost. Because
the purpose of the screening evaluation is to reduce
the number of alternatives that will undergo a more
thorough and extensive analysis, alternatives will be
evaluated more generally in this phase than during
the detailed analysis. However, evaluations at this
time should be sufficiently detailed to distinguish
among alternatives. In addition, one should ensure
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that the alternatives are being compared on an
equivalent basis (i.e., definitions of treatment
alternatives are approximately at the same level of
detail to allow preparation of comparable cost
estimates).


Initially, specific technologies or process options were
evaluated primarily on the basis of whether or not
they could meet a particular remedial action objective.
During alternative screening, the entire alternative is
evaluated as to its effectiveness, implementability,
and cost.


During the detailed analysis, the alternatives will be
evaluated against nine specific criteria and their
individual factors rather than the general criteria used
in screening. Therefore, individuals conducting the FS
should be familiar with the nine criteria (see Section
6.2.2) at the time of screening to better understand
the direction that the analysis will be taking. The
relationship between the screening criteria and the
nine evaluation criteria is conceptually illustrated in
Figure 4-8.


It is also important to note that comparisons during
screening are usual ly made between simi lar
alternatives (the most promising of which is carried
forward for further analysis); whereas, comparisons
during the detailed analysis will differentiate across
the entire range of alternatives. The criteria used for
screening are described in the following sections.


4.3.2.1 Effectiveness Evaluation


A key aspect of the screening evaluation is the
effectiveness of each alternative in protecting human
health and the environment. Each alternative should
be evaluated as to its effectiveness in providing
protection and the reductions in toxicity, mobility, or
volume that it will achieve. Both short- and long-
term components of  ef fect iveness should be
evaluated; short-term referring to the construction
and implementation period, and long-term referring
to the period after the remedial action is complete.
Reduction of toxicity, mobility, or volume refers to
changes in one or more characteristics of the
hazardous substances or contaminated media by the
use of treatment that decreases the inherent threats
or risks associated with the hazardous material.


4.3.2.2 Implementability Evaluation


Implementability, as a measure of both the technical
and administrative feasibility of constructing,
operating, and maintaining a remedial action
alternative, is used during screening to evaluate the
combinations of process options with respect to
conditions at a specific site. Technical feasibility
refers to the ability to construct, reliably operate, and
meet technology-specific regulations for process
options until a remedial action is complete; it also


includes operation, maintenance, replacement, and
monitoring of technical components of an alternative,
if required, into the future after the remedial action is
complete. Administrative feasibility refers to the ability
to obtain approvals from other offices and agencies,
the availability of treatment, storage, and disposal
services and capacity, and the requirements for, and
availability of, specific equipment and technical
specialists.


The determination that an alternative is not technically
feasible and is not available will usually preclude it
from further consideration unless steps can be taken
to change the condit ions responsible for the
determination. Typically, this type of “fatal flaw”
would have been identified during technology
screening, and the infeasible alternative would not
have been assembled. Negative factors affecting
administrat ive feasibi l i ty wi l l  normally involve
coordination steps to lessen the negative aspects of
the alternative but will not necessarily eliminate an
alternative from consideration.


4.3.2.3 Cost Evaluation


Typically, alternatives will have been defined well
enough before screening that some estimates of cost
are available for comparisons among alternatives.
However, because uncertainties associated with the
definition of alternatives often remain, it may not be
practicable to define the costs of alternatives with the
accuracy desired for the detailed analysis (i.e., +50
percent to -30 percent).


Absolute accuracy of cost estimates during screening
is not essential. The focus should be to make
comparative estimates for alternatives with relative
accuracy so that cost decisions among alternatives
will be sustained as the accuracy of cost estimates
improves beyond the screening process. The
procedures used to develop cost estimates for
alternative screening are similar to those used for the
detailed analysis; the only differences would be in the
degree of alternative refinement and in the degree to
which cost components are developed.


Cost estimates for screening alternatives typically will
be based on a variety of cost-estimating data. Bases
for screening cost estimates may include cost curves,
generic unit costs, vendor information, conventional
cost-estimating guides, and prior similar estimates
as modified by site-specific information.


Prior estimates, site-cost experience, and good
engineering judgments are needed to identify those
unique items in each alternative that will control these
comparative estimates. Cost estimates for items
common to al l  a l ternat ives or indirect  costs
(engineering, financial, supervision, outside contractor
support, contingencies) do not normally warrant
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substantial effort during the alternative screening
phase.


Both capital and O&M costs should be considered,
where appropriate, dur ing  the  sc reen ing  o f
alternatives. The evaluation should include those
O&M costs that will be incurred for as long as
necessary, even after the initial remedial action is
complete. In addition, potential future remedial action
costs should be considered during alternative
screening to the extent they can be defined. Present
worth analyses should be used during alternative
screening to evaluate expenditures that occur over
different time periods. By discounting all costs to a
common base year, the costs for different remedial
action alternatives can be compared on the basis of a
single figure for each alternative.


A more detailed discussion of cost evaluations is
presented in Chapter 6.


4.3.2.4 Innovative Technologies


Technologies are classified as innovative if they are
developed fully but lack sufficient cost or performance
data for routine use at Superfund sites. In many
cases, it will not be possible to evaluate alternatives
incorporating innovative technologies on the same
basis as available technologies, because insufficient
data exist on innovative technologies. If treatability
testing is being considered to better evaluate an
innovative technology, the decision to conduct a test
should be made as early in the process as possible to
avoid delays in the RI/FS schedule.


Innovative technologies would normally be carried
through the screening phase if there were reason to
believe that the innovative technology would offer
significant advantages. These advantages may be in
the form of  bet ter  t reatment performance or
implementability, fewer adverse impacts than other
available approaches, or lower costs for similar levels
of performance. A “reasonable belief” exists if
indications from other full-scale applications under
similar circumstances or from bench-scale or pilot-
scale treatability testing supports the expected
advantages.


4.3.3 Alternative Screening


4.3.3.1 Guidelines for Screening
Alternatives with the most favorable composite
evaluation of all factors should be retained for further
consideration during the detailed analysis. Alternatives
selected for further evaluation should, where
practicable, preserve the range of treatment and
containment technologies initially developed. It is not
a requirement that the entire range of alternatives
originally developed be preserved if all alternatives in


a portion of the range do not represent distinct viable
options.


The target number of alternatives to be carried
through screening should be set by the project
manager and the lead agency on a site-specific
basis. It is expected that the typical target number of
alternatives carried through screening (including
containment and no-action alternatives) usually
should not exceed 10. Fewer alternatives should be
carr ied through screening, i f  possible, whi le
adequately preserving the range of remedies. If the
alternatives being screened are still medium-specific
and do not address the entire site or operable unit,
the number of alternatives retained for each specific
medium should be considerably less than 10.


4.3.3.2 Selection of Alternatives for Detailed
Analysis


Once the evaluation has been conducted for each of
the alternatives, the lead agency and its contractor
should meet with the support agency to discuss each
of the alternatives being considered. This meeting
does not correspond to a formal quality control review
stage but provides the lead agency and its contractor
with input from the support agency and serves as a
forum for updating the support agency with the
current direction of the FS.


T h e  a l t e r n a t i v e s  r e c o m m e n d e d  f o r  f u r t h e r
consideration should be agreed upon at this meeting
so that documentation of the results of alternative
screening is complete; any additional investigations
that may be necessary are identified; and the detailed
analysis can commence.


Unselected alternatives may be reconsidered at a
later step in the detailed analysis if similar retained
alternatives continue to be evaluated favorably or if
information is developed that identifies an additional
advantage not previously apparent. This provides the
flexibility to double check a previous decision or to
review variations of alternatives being considered
(e.g., consideration of other similar process options).
However, i t  i s  e x p e c t e d  t h a t  u n d e r  m o s t
circumstances, once an alternative is screened out it
will not be reconsidered for selection.


4.3.3.3 Post-screening Tasks
The completion of the screening process leads
directly into the detailed analysis and may serve to
identify additional investigations that may be needed
to adequately evaluate alternatives. To ensure a
smooth transition from the screening of alternatives to
the detailed analysis, it will be necessary to identify
and begin verifying action-specific ARARs and
initiate treatability testing (if not done previously) and
additional site characterization, as appropriate.
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Although the consideration of action-specific ARARs
begins earlier as process options are combined, the
identification of action-specific ARARs will need to
be more definitive as the alternatives become better
defined. At the conclusion of screening, sufficient
information should exist on the technologies and the
most probable configurations of technologies so that
the lead agency and support agency can better define
and agree on action-specific ARARs. As with
chemical-specific ARARs, action-specific ARARs
should include all Federal requirements and any State
requirements that either are more stringent than
Federal ARARs or specify requirements where no
Federal ARARs exist.


Once the field of alternatives has been narrowed, the
technology processes of greatest interest can be
identified. At this point, the need for treatability tests
(if not identified earlier) can be determined for
process options that will require additional data for
detailed analysis. Although the results of treatability
testing may not be used until the detailed analysis,
they should be initiated as early in the process as
possible to minimize any potential delays on the FS
schedule. The type and scope of treatability tests
depends on the expected data requirements for
detailed analysis of alternatives. Factors involved in
determining the need for and scope of treatability
studies are discussed in Chapter 5.


In some cases, the need for addit ional si te
characterization may also be identified during the
screening phase. Because the nature and extent of
contamination is usually well defined at this time,
additional field investigations should be conducted
only to better define the effect of site conditions on
the performance of the technology processes of
greatest interest.


4.4 Community Relations During
Alternative Development and
Screening


The community relations activities implemented for
site characterization may also be appropriate during
the development of alternatives. Activities focus on
providing information to the community concerning
the development and screening of  remedial
alternatives and obtaining feedback on community
interests and concerns associated with such alter-
natives. Community relations activities should be
site- and community-specific and are usually
stipulated in the community relations plan that is
prepared during scoping activities. Community
relations activities during the development of
alternatives may include, but are not limited to, a fact
sheet describing alternatives identified as potentially
feasible, a workshop presenting citizens with the
Agency’s considerations for developing alternatives,
briefings for local officials and concerned citizens on


alternatives under consideration, a small group
meeting for citizens involved with the site, and news
releases describing technologies being evaluated. It is
important to note that public interest typically
increases as the feasibility study progresses; and that
the technical adequacy of a remedy does not ensure
community acceptance. Therefore, the community
relations activities should be planned and conducted
to address such interest and potential concerns.


If alternatives are being developed concurrently with
the RI site characterization, information on the
screening of technologies and remedial alternative
development should be included in public information
materials and act ivi t ies prepared during si te
characterization. If alternatives are developed after
site characterization, additional community relations
activities should be conducted. In general, community
relations activities during alternative development and
screening are most appropriate if citizens are
significantly concerned over site conditions, and RI/FS
activities that are being implemented at the site. The
level of effort for community relations at this phase
should be described in the community relations plan.


4.5 Reporting and Communication
During Alternative Development and
Screening


Although no formal report preparation is required
during the development and screening of alternatives
(except whatever routine administrative and project
management tracking methods have been designated
for use by the lead agency and its contractor(s))7,
some form of written documentation of the methods,
rationale, and results of alternative screening (e.g.,
graphical representation similar to Figures 4-5 and
4-6 or a technical memorandum) needs to be
provided to the lead and support agencies. If a
technical memorandum is prepared, it can serve as
the basis for later development of the chapter(s) in
the FS report that discusses the development and
screening of alternatives.


Communication among the lead and support agencies
and their contractor(s) is very important to obtain
input and agreement on the technologies or
p rocesses  and  a l te rna t i ves  cons idered  fo r
implementation at the site. As shown in Table 4-2,
communication should occur to facilitate the initial
screening of technologies and process options, to
agree on what additional site data may be needed,
and to gain input and agreement on the choice of
representative processes and combinations to be


7 The RPM may require a written deliverable from the PRPs
during alternative development and screening for a PRP-lead
RI/FS.
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used to assemble alternatives. In addition, the
following key coordination points are required:


  The lead and support agencies should agree on
the set of alternatives selected for detailed
analysis.


  The lead and support agencies must coordinate
identification of action-specific ARARs.


  The lead agency and i ts contractor are to
evaluate the need for any additional investigations
that may be needed before they conduct the
detailed analysis.


For purposes of speed and efficiency, the preferred
approach for the exchange of information is through
meetings. However, other approaches that facilitate
e f fec t ive  rev iew and input  (e .g . ,  techn ica l
memorandums for review) may be used at the lead
agency’s discretion.


Because the final RI/FS report may eventually be
subject to judicial review, the procedures for


evaluating, defining, and screening alternatives should
be well documented, showing the rationale for each
step. The following types of information should be
documented in the final RI/FS report to the extent
possible:


Chemical - a n d / o r  r i s k - b a s e d  r e m e d i a l
objectives associated with the alternative


  Modifications to any media-specific alternatives
initially developed to ensure that risk from
multiple-pathway exposures and interactions
among source- and ground-water-remediation
strategies are addressed


   Definition of each alternative including extent of
remediation, volume of contaminated material,
size of major technologies, process parameters,
cleanup timeframes, transportation distances, and
special considerations


Notation of process options that were not initially
screened out and are being represented by the
processes comprising the alternative


Table 4-2. Reporting and Communication During Alternative Development and Screening


Information Needed Purpose


All potential technologies included for
consideration


For lead agency and contractor to identify
potential technologies; for lead agency to
obtain support agency review and
comment


Potential Methods for Information Provision


Meeting
Tech Memo


Other


Need for additional field data or
treatability studies


For lead agency and contractor to
determine whether more field data or
treatability tests are needed to evaluate
selected technologies; for lead agency to
obtain support agency review and
comment


Process evaluation and alternative
development


Results of alternative screening (if
conducted)


For lead agency and contractor to
communicate and reach agreement on
technology screening and alternative
development; for lead agency to obtain
support agency review and comment


For lead agency and contractor to
communicate and reach agreement on
alternative screening; for lead agency to
obtain support agency review and
comment


Identification of action-specific ARARs For lead agency to obtain input from the
support agency on action-specific ARARs


Need for additional investigation For lead agency and contractor to
determine whether additional investigations
are needed to evaluate selected
alternatives; for lead agency to obtain
support agency review and comment


Meeting
Tech Memo


Other


Meeting
Tech Memo


Other


Meeting
Tech Memo


Other


Meeting
Letter
Other


Meeting
Tech Memo


Other
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Chapter 5
Treatability Investigations


5.1 Introduction


As discussed earlier, the phased RI/FS process is
intended to better focus the site investigation so that
only those data necessary to support the RI/FS and
the decision-making process are collected. Data
needs are initially identified on the basis of the
understanding of the site at the time the RI/FS is
initially scoped. Therefore, initial sampling and testing
efforts may be limited until a more complete
understanding of the site allows subsequent sampling
efforts to be better focused. As site information is
collected during the RI and alternatives are being
developed, additional data needs necessary to
adequately evaluate alternatives during the detailed
analysis are often identified. These additional data
n e e d s  m a y  i n v o l v e  t h e  c o l l e c t i o n  o f  s i t e
characterization data, as described in Chapter 3, or
treatability studies to better evaluate technology
performance. This chapter is intended to provide an
overview of the types of treatability studies (i.e.,
bench scale, pilot scale) that may be used, their
specific purposes, and important factors that need to
be considered when contemplating their use.


5.1.1 Objectives of Treatability Investigations


Treatability studies are conducted primarily to achieve
   the following:


  Provide suff ic ient data to al low treatment
alternatives to be fully developed and evaluated
during the detailed analysis and to support the
remedial design of a selected alternative


  Reduce cost and performance uncertainties for
treatment alternatives to acceptable levels so that
a remedy can be selected


5.1.2 Overview of Treatability Investigations


Treatability studies to collect data on technologies
identified during the alternative development process
are conducted, as appropriate, to provide additional
information for evaluating technologies. The RI/FS
contractor and the lead agency’s RPM must review
the existing site data and available information on
technologies to determine if treatability investigations
are needed. As discussed earlier, the need for


treatability testing should be identified as early in the
RI/FS process as possible. A decision to conduct
treatability testing may be made during project
scoping if information indicates such testing is
desirable. However, the decision to conduct these
activities must be made by weighing the cost and
time required to complete the investigation against
the potential value of the information in resolving
uncertainties associated with selection of a remedial
action. In some situations a specific technology that
appears to offer a substantial savings in costs or
significantly greater performance capabilities may not
be identified until the later phases of the RI/FS. Under
such circumstances it may be advantageous to
postpone completion of the RI/FS until treatability
studies can be completed. Project managers will need
to make such decisions on a case by case basis. In
other situations, treatability investigations may be
postponed until the remedial design phase.


The decision process for treatability investigations is
shown conceptually in Figure 5-1 and consists of
the following steps:


     Determining data needs


Reviewing existing data on the site and available
literature on technologies to determine if existing
data are sufficient to evaluate alternatives


  Perform treatability tests, as appropriate, to
determine performance, operating parameters,
and  re la t i ve  cos ts  o f  po ten t ia l  remed ia l
technologies


Evaluating the data to ensure that DQOs are met


5.2 Determination of Data Requirements
To the extent possible, data required to assess the
feasibility of technologies should be gathered during
the site characterization (e.g., moisture and heat
content data should be collected if incineration of an
organic waste is being considered). Because data
requirements will depend on the specific treatment
process and the contaminants and matrices being
considered, the results of the site characterization will
influence the types of alternatives developed and
screened, which will in turn influence additional data
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Figure 5-1. Treatability investigations.


needs .  However ,  da ta  co l lec ted  dur ing  s i te
characterization will not always be adequate for
assessing the feasibility of remedial technologies,
and, in fact, the need for detailed data from
treatability tests may not become apparent until the
initial screening of alternatives has been completed. A
description of data requirements for selected
technologies is presented in Table 5-l. T h e
Technology Screening Guide for Treatment of
CERCLA Soils and Sludges (U.S. EPA. September


1988) summarizes data needs for a larger number of
available and innovative technologies. The Superfund
Innovative Technology Evaluation (SITE) program is
another source to assist with the identification of data
needs and to obtain performance information on
innovative technologies.


Additional data needs can be identified by conducting
a more exhaustive literature survey than was originally
conducted when potential technologies were initially


5 - 4







Table 5-1. Typical Data Requirements for Remediation Technologies


Technology Waste Matrix Example Data Required


Thermal Destruction Soils Moisture content
Heat value
Chlorine content
Destruction efficiency


Liquids Heat value
Concentration of metals
Destruction efficiency


Air Stripping Ground Water Concentration of volatile contaminants. Concentration of non-volatile contaminants
Contaminant removal efficiencies (obtainable from mathematical models)


Metal Hydroxide
Precipitation


Ground Water Metals concentration
Contaminant removal efficiency
Sludge generation rate and composition


In Situ Vapor
Extraction


Soils Soil type
Particle size distribution. Concentration of volatile compounds
Presence of non-volatile contaminants
Contaminant removal efficiencies (usually requires bench- or pilot-scale work)


Note: Tables used in this outline are only partial examples.


being identified. The objectives of a literature survey
are as follows:


  Determine whether the performance of those
technologies under consideration have been
sufficiently documented on similar wastes
considering the scale (e.g., bench, pilot, or full)
and the number of times the technologies have
been used


Gather information on relative costs, applicability,
removal efficiencies, O&M requirements, and
implementability of the candidate technologies


Determine testing requirements for bench or pilot
studies, if required


5.3 Treatability Testing
Certain technologies have been demonstrated
sufficiently so that site-specific information collected
during the site characterization is adequate to
evaluate and cost those technologies without
conducting treatability, testing. For example, a
ground-water investigation usually provides sufficient
information from which to size a packed tower air
stripper and prepare a comparative cost estimate.
Other examples of when treatability testing may not
be necessary include:


A developed technology is well proven on similar
applications.


  Substantial experience exists with a technology
employing treatment of well-documented waste
materials. (For example, air stripping or carbon
adsorption of ground water containing organic
compounds for which treatment has previously
proven effective.)


   Relatively low removal efficiencies are required
(e.g., 50 to 90 percent), and data are already
available.


Frequently, technologies have not been sufficiently
demonstrated or characterization of the waste alone
is insufficient to predict treatment performance or to
estimate the size and cost of appropriate treatment
units. Furthermore, some treatment processes are not
sufficiently understood for performance to be
predicted, even with a complete characterization of
the wastes. For example, often it is difficult to predict
biological toxicity in a biological treatment plant
without pilot tests. When treatment performance is
difficult to predict, an actual testing of the process
may be the only means of obtaining the necessary
data. In fact, in some situations it may be more
cost-effective to test a process on the actual waste
than it would be to characterize the waste in sufficient
detail to predict performance.


Treatability testing performed during an RI/FS is used
to adequately evaluate a specific technology,
including evaluating performance, determining
process sizing, and estimating costs in sufficient
detail to support the remedy-selection process.
Treatability testing in the RI/FS is not meant to be
used solely to develop detailed design or operating
parameters that are more appropriately developed
during the remedial design phase.


Treatability testing can be performed by using
bench-scale or pilot-scale techniques, which are
described in detail in the following sections. However,
in general, treatability studies will include the following
steps:


   Preparing a work plan (or modifying the existing
work plan) for the bench or pilot studies
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   Performing field sampling, and/or bench testing,
and/or pilot testing


  Evaluating data from field studies, and/or bench
testing, and/or pilot testing


  Preparing a brief report documenting the results
of the testing


5.3.1 Bench-Scale Treatability Studies


Bench testing usually is performed in a laboratory, in
which comparatively small volumes of waste are
tested for the individual parameters of a treatment
technology. These tests are generally used to
determine if the “chemistry” of the process works
and are usually performed in batch (e.g., “jar tests”),
with treatment parameters varied one at a time.
Because small volumes and inexpensive reactors
(e.g., bottles or beakers) are used, bench tests can
be used economically to test a relatively large number
of both performance and waste-composit ion
variables. It is also possible to evaluate a treatment
system made up of several technologies and to
generate limited amounts of residuals for evaluation.
Bench tests are typically performed for projects
involving treatment or destruction technologies.
However, care must be taken in attempting to predict
the performance of full-scale processes on the basis
of these tests.


Bench-scale testing is useful for a developing
technology, because it can be used to test for a wide
variety of operating conditions.1 In such cases, bench
tests can also be used to determine broad operating
conditions to allow optimization during additional
bench or possibly larger-scale pilot tests to follow.


Bench-scale testing usually consists of a series of
tests, with the results of the previous analysis


  determining the next set of conditions to evaluate.
The first tests usually cover a broad range of potential
operating conditions in order to narrow the conditions
for subsequent tests. For example, pH is the most
important parameter for hydroxide precipitation of
heavy metals. An initial “screening” jar test might be
performed in which the pH range is varied from 7
through 12 in whole pH units. After finding a minimum
metals concentration at pH 9, additional testing could
be performed at narrower pH intervals around 9. The
initial screening tests need not be performed to the
same high level of accuracy used in the final tests to
predict treatment effectiveness.


1 Bench tests may also be conducted for well-developed and
documented technologies that are being applied to a new
waste.


Bench-scale testing can usually be performed over
a few weeks or months, and the costs are usually
only a small portion of the total RI/FS cost.


Bench-scale testing should be performed, as
appropriate, to determine the following:


Effectiveness of the treatment alternative on the
waste (note that for some technologies bench-
scale testing may not be sufficient to make a final
effectiveness determination)


Differences in performance between competing
manufacturers (e.g., activated carbon adsorption
isotherms, polymer jar tests)


Differences in performance between alternative
chemicals (e.g., alum versus lime versus ferric
chloride versus sodium sulfide)


Sizing requirements for pilot-scale studies (e.g.,
chemical feed systems)


Screening of technologies to be pilot tested (e.g.,
sludge dewatering)


Sizing of those treatment units that would
sufficiently affect the cost of implementing the
technology


Compatibility of materials with the waste


The preplanning information needed to prepare for
bench-scale treatability testing includes: a waste
sampling plan; waste characterization; treatment goals
(e.g., how clean or resistant to leaching does the
waste need to be); data requirements for estimating
the cost of the technology being evaluated (e.g.,
sufficient for an order of magnitude cost estimate
(i.e., +50/-30 percent)); and information needed for
procurement of equipment and analytical services.


5.3.2 Pilot-Scale Treatability Studies


Pilot studies are intended to simulate the physical as
well as chemical parameters of a full-scale process;
therefore, the treatment unit sizes and the volume of
waste to be processed in pilot systems greatly
increase over those of bench scale. As such, pilot
tests are intended to bridge the gap between bench-
level analyses and full-scale operation, and are
intended to more accurately simulate the performance
of the full-scale process.


Pilot units are designed as small as possible to
minimize costs, yet large enough to get the data
required for scaling up. Pilot units are usually sized to
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minimize the physical and geometric effects of test
equipment on treatment performance to simulate
full-scale performance. Examples of these effects
include mixing, wall effects, accurate settling data,
and generation of sufficient residues (sludges, off
gases, etc.) for additional testing (dewatering, fixation,
etc.). Pilot units are operated in a manner as similar
as possible to the operation of the full-scale system
(i.e., if the full-scale system will be operated
continuously, then the pilot system would usually be
operated continuously).


In many instances, significant time is required to
make a changeover in operating conditions of a pilot
plant and get a reliable result of the change.
Therefore, time and budget constraints often limit the
ability to test a large number of operating conditions.
Since pilot tests usually require large volumes of
waste that may vary in characteristics, consideration
should be given to performing tests on wastes that
are representative of actual site conditions and full-
scale operations (e.g., it may be necessary to blend
or spike wastes to test all waste characteristics
anticipated at the site and/or to conduct onsite tests
using mobile laboratories).


In addition to the preplanning requirements for
bench-scale tests, information needed to prepare for
a pilot-scale treatability test includes:


  Site information that would affect pilot-test
requirements (i.e., waste characteristics, power
availability, etc.)


  Waste requirements for testing (i.e., volumes,
pretreatment, etc.)


Data requirements for technologies to be tested


Because substantial quantities of material may be
processed in a pilot test and because of the
mater ial ’s hazardous character ist ics,  special
precautions may be required in handling transport and
disposal of processed waste. It may be necessary to
obtain an agreement with a local sewer authority or
cognizant State agencies or to obtain an NPDES
permit for offsite discharge of treated effluent. Solid
residuals must be disposed of properly offsite or
stored onsite to be addressed as part of the remedial
action.


5.4 Bench Versus Pilot Testing
Alternatives involving treatment or destruction
technologies may require some form of treatability
testing, if their use represents first-of-its-kind
applications on unique or heterogeneous wastes.


Once a decision is made to perform treatability
studies, the RI/FS contractor and lead agency
remedial project manager will have to decide on the


type of treatability testing to use. This decision must
always be made taking into account the technologies
under consideration, performance goals, and site
characteristics.


The choice of bench versus pilot testing is affected
by the level of development of the technology. For a
technology that is well developed and tested, bench
studies are often sufficient to evaluate performance
on new wastes. For innovative technologies, however,
pilot tests may be required since information
necessary to conduct full-scale tests is either limited
or nonexistent.


Pilot studies are usually not required for well-
developed technologies except when treating a new
waste type or matrix that could affect the physical
operating characteristics of a treatment unit. For
example, incineration of fine sands or clay soils in a
rotary kiln that has been developed for coarser solids
can result in carryover of fine sands into the
secondary combustion chamber.


During the RI/FS process, pilot- scale studies should
be limited to situations in which bench-scale testing
or field sampling of physical or chemical parameters
provide insufficient information from which to evaluate
an alternative (e.g., it is difficult to evaluate the ability
of a rotary kiln incinerator to handle a new waste
matrix using a bench-scale test). Pilot-scale tests
may also be required when there is a need to
investigate secondary effects of the process, such as
air emissions, or when treatment residues (sludge, air
emissions) are required to test secondary treatment
processes.


Because of the time required to design, fabricate, and
install pilot- scale equipment and to perform tests for
a reasonable number of operating conditions,
conducting a pilot study can add significant time and
cost to the RI/FS. The decision to perform a pilot test
should, therefore, be considered carefully and made
as early in the process as possible to minimize
potential delays to the FS.


To determine the need for pilot testing, the potential
for improved performance or savings in time or
money during the implementation of a technology
should be balanced against the additional time and
cost for pilot testing during the RI/FS. Technologies
requiring pilot testing should also be compared to
technologies that can be implemented without pilot
testing. Innovative technologies should be considered
if they offer the potential for more efficient treatment,
destruction of the waste, or significant savings in time
or money required to complete a remedial action.


The final decision as to how much treatability testing
(or collection of additional data of any kind) should be
undertaken involves balancing the value of the
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additional data against increased cost, schedule
delay, and level of allowable uncertainty in the
remedy-selection process. Generally, one of the
following choices must be made:


Collect more data using treatability testing


   Provide additional safety factors in the remedial
design to accommodate the uncertainties


Proceed with the remedy selection, accepting the
u n c e r t a i n t y  a n d  t h e  p o t e n t i a l  c o s t  a n d
performance consequences


The final decision may be a combination of several of
these choices. The lead agency’s RPM must base
the decision upon the characteristics of the site, the
cost of the studies, and the uncertaint ies of
proceeding without them.


Table 5-2 provides a comparison between bench
and pilot studies, and Table 5-3 shows examples of
bench and pilot testing programs.


5.4.1 Testing Considerations


Shipment of substantial volumes of contaminated
material from a site for testing can prove to be
difficult; 2 residual material not consumed in testing will
need to be disposed of safely, and the disposal must
be adequately documented. Therefore, the volume of
materials to be tested offsite should be minimized to
avoid related problems.


A second testing consideration is the possible
difficulty of getting a representative sample of waste
for treatability testing. For example, although
ground-water samples collected from monitoring
wells during site characterization may be available for
testing treatment technologies, separate extraction
wells may need to be used to produce the required
ground- water flow patterns during remedial actions.
Consequently, because the characteristics of ground
water from extraction wells may be different from
monitoring wells, representative waste samples may
be unavailable until extraction wells are installed and
pumped.


A similar concern arises when trying to obtain
representative samples for testing the treatment of
contaminated soil. Since the soil characteristics will
vary both horizontally and vertically on the site it may
not be possible to obtain a sample that fully
represents full-scale conditions without blending or
spiking.


2 See 40 CFR parts 260 and 261 for specific details on
treatability study sample exemptions.


5.4.2 Data Quality Objectives


The data quality required for analytical results of
treatability tests is a key concern since it greatly
affects the cost and time required for the analyses.
Analytical levels and corresponding levels of quality
are discussed in Chapter 2 of this guidance.


Since the results of bench and pilot studies are used
to support selection of a remedial alternative, results
of such studies will support the ROD and become
part of the Administrative Record. Furthermore,
results of treatability testing also may be used on
other sites with similar characteristics. Therefore,
procedures followed in testing should be well
documented. Sampling and analyses for tests used to
develop predictive results will need to be performed
with the same level of accuracy and care that was
used during the site characterization. Because cost
and time required for analyses increase significantly
with increased quality, potential savings can be
derived by carefully determining the level(s) of data
quality necessary for each analytical level required.


Table 5-4 presents the data quality usually required
for the various analyses that may be performed
during treatability investigations. Bench- and pilot-
scale testing require some moderate and some
high-quality data. Sufficient high-quality data are
needed to document treatment performance of the
technologies considered for further evaluation.


5.5 Treatability Test Work Plan
Laboratory testing can be expensive and time
consuming. A well-written work plan is a necessary
document if a treatability testing program is to be
completed on time, within budget, and with accurate
results. Preparation of a work plan provides an
opportunity to run the test mentally and review
comments before starting the test. It also reduces the
ambiguity of communication between the lead
agency’s RPM, the contractor’s project manager, the
technician performing the test, and the laboratory
technician performing the analyses on test samples.
The treatability test work plan, which may be an
amendment to the original work plan, if the need for
the treatability tests was not identified until later in the
process, or a separate one specifically for this phase.
Regardless, the work plan should be reviewed and
approved by the lead agency’s RPM. The RPM and
RI/FS contractor should determine the appropriate
level of detail for the work plan since a detailed plan
is not always needed and will require time to prepare
and approve. In some situations the original work plan
may adequately describe the treatability tests and a
separate plan is not required (e.g., the need for
treatability testing can be identified during the scoping
phase if existing information is sufficient). Section
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Table 5-2. Bench and Pilot Study Parameters


Parameter Bench Pilot


Purpose Define process kinetics, material Define design and operation criteria,
compatibility, impact of environmental materials of construction, ease of material
factors, types of doses of chemicals, handling and construction, etc.
active mechanisms, etc.


Size


Quantity of Waste and Materials
Required
Number of Variables That Can Be
Considered


Time Requirements


Typical Cost Range


Most Frequent Location


Limiting Considerations


Laboratory or bench top


Small to moderate amounts


1-100% of full scale


Relatively large amounts


Many Few (greater site-specificity)


Days to weeks Weeks to months


0.5-2% of capital costs of remedial 2-5% of capital costs of remedial
action action 1


Laboratory Onsite


Wall, boundary and mixing effects; Limited number of variables; large waste
volume effects; solids processing difficult volume required; safety, health, and other
to simulate; transportation of sufficient risks; disposal of process waste material
waste volume


1 Actual percentage cost of pilot testing will depend significantly on the total cost of the remedial action.


2.3.1 and Appendix B.2 provide additional information are to be taken, which containers are to be used,
on work plan preparation. which preservatives, etc.


5.5.1 Bench-Scale Treatability Work Plan


Table 5-5 provides a suggested work plan format for
bench-scale testing; the various sections of the’
recommended format for the work plan are described
below.


  Treatability Test Plan - Include the variable
cond i t ions  tha t  a re  to  be  tes ted  (e .g . ,  a
combination of 4 pH units and 5 doses of a
chemical would produce 40 discrete tests [if
replicated]); include parameters to be measured if
they vary for different test conditions.


Project Description and Site Background - Briefly
describe the site and the types, concentrations,
and distributions of contaminants of concern
(concentrating on those for which the technology
is being considered).


Remedial Technology Description - Give a brief
description of the technology(ies) to be tested.


Test Objectives - Describe the purpose of the
test, the data that are to be collected from the
bench-scale test, and how the data will be used
to evaluate the technology.


Specialized Equipment and Materials - Describe
unique equipment or reagents required for the
test.


Experimental Procedures - List specific steps to
be performed in carrying out the bench-scale
test; include volumes to be tested, descriptions of
reactors to be employed, and materials needed
(i.e., transfer by graduated cylinder 500 ml of
waste to a 600 ml borosilicate glass beaker).
Specify the accuracy of measurements by
specifying standard laboratory glassware (e.g., a
graduated cylinder has 5 percent accuracy
whereas a pipet has 1 percent) and how samples


   Analytical Methods - The analytical method is
dependent on test objectives, technology, waste,
and other site factors. Survey available analytical
methods and select the most appropriate.
Describe analytical procedures or cite and
reference standard procedures to be employed
and define the level of accuracy needed for each
of the analyses (perform initial testing to roughly
determine optimal operating conditions; and use
moderately accurate analytical techniques or
ana lyses  o f  on ly  one  o r  a  few ind ica to r
compound(s) to greatly reduce the time and cost
of these initial tests). After achieving best
treatment, perform more complete and accurate
testing to confirm the earlier results. Most bench
tests require results in short order to allow varied
test runs. Bench tests remote from the analyzing
laboratory are difficult; therefore, analyze the
duplicate final or check samples by the CLP, if
necessary.


   Data Management - Testing procedures must be
well documented, using bound notebooks,
photographs, etc.; provisions need to be made for
making backup copies of critical items of data.
Describe the parameters to be measured,
accuracy that the results are to be recorded to,
and how these are to be recorded. Prepare a
sample data sheet to be used in the bench test;
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Table 5-3. Examples of Bench- and Pilot-Scale Testing Programs
Remedial Technology Example Testing Programs


A. Air Pollution and Gas Migration Control
1. Capping
2. Dust Control
3. Vapor Collection and Treatment (carbon adsorption,


air stripping, etc.)


B. Surface Water Controls
1. Capping
2. Grading
3. Revegetation
4. Diversion and Collection


Bench: Soil density and bearing capacity vs. moisture content
curves for proposed capping materials


C. Leachate and Ground-Water Controls
1. Containment barriers (slurry walls, grout curtains,


etc.)
2.   Ground-water pumping (well points, suction wells,


etc.)
3. Subsurface collection drains
4. Permeable treatment beds (limestone, activated


carbon)
5. Capping


D. Direct Waste Control
1. Thermal Treatment
2. Solidification/Stabilization
3. Biological Treatment


  Activated sludge
  Facultative lagoons
  Trickling filters


4. Chemical Treatment
  Oxidation/reduction
  Precipitation
  Neutralization
 Ion exchange resins


5. Physical Treatment
    Carbon adsorption


Flocculation
Sedimentation


    Membrane processes
Dissolved air flotation


       Air stripping
Wet air oxidation


6. In Situ Treatment
  Vapor extraction
   Soil flushing
   Microbial degradation
 Neutralization/detoxification
 Precipi tat ion
 Ni t r i f i ca t ion


7. Land Disposal (landfill, land application)


E. Soil and Sediment Containment and Removal
1. Excavation
2. Dredging
3. Grading
4. Capping
5. Revegetation


Pilot: In-place soil densities; determination of gas withdrawal
rates to control releases


Bench: Column testing of capping material compatibility with
wastes present


Pilot: In-place testing of geotextiles for control of erosion in
grassed diversion ditches


Bench: Determination of basicity and headloss vs. grain size of
limestone materials for a treatment bed; determination of
chemical compatibility of compacted clay with a leachate
stream


Pilot: In-place testing of a soil-type and grain-size
specification and tile-drain configuration for a subsurface
collection drain


Bench: Characterization of chemical and heat content of
hazardous waste mixes; chemical, physical, and biological
treatability studies to define rate constants, minimal-maximal
loading rates and retention times, optimal pH and temperature,
sludge generation rates and characteristics, and oxygen
transfer characteristics; chemical type and dose rates; solids
flux rate vs. solids concentration in sludge thickening systems;
air/volume ratios for stripping towers


Pilot: Test burns to determine retention times, combustion-
chamber and after-burner temperatures, destruction and
removal efficiency, and fuel requirements for the incineration of
a waste; endurance performance tests on membranes in
reverse-osmosis units for ground-water treatment; in situ
microbial-degradation testing of nutrient-dose and aeration
rates to support in-place degradation of underground leak;
evaluation of in-place mixing procedures for the solidification
of a sludge in a lagoon


Bench: Determination of soil-adsorptive (cation exchange
capacity) properties and chemical composition


Pilot: Small-scale dredging to assess sediment resuspension
or production rates


Table 5-4. Data Quality for Treatability Investigations
Analytical Level Field Data


Level II/ Feasibility screening
Level III


Bench/Pilot Data


Testing to optimize operating conditions
Monitoring
Predesign sizing


Level IV/
Level V


Enforcement related evaluations and Establish design criteria establishing standards documenting
recommendations of alternatives performance in treatability studies to screen alternatives


include procedures to be employed to ensure that
the results are protected from loss.


   Data Analysis and interpretation - Describe in
detail the procedures to be followed to reduce
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Table 5-5. Suggested Format for Bench-Scale Work
Plan


1. Project Description and Site Background
2. Remediation Technology Description
3. Test Objectives
4. Specialized Equipment and Materials
5. Laboratory Test Procedures
6. Treatability Test Plan Matrix and Parameters to Measure


8.
Analytical Methods
Data Management


9. Data Analysis and Interpretation
10. Health and Safety
11. Residuals Management


raw analyt ical  data to a form useful  for
interpretation. The most helpful are methods of
graphical interpretation based on known physical
or chemical phenomena or common practice
(e.g., plotting concentrations of metal remaining in
solution versus pH or chemical dosage).


   Health and Safety - Modify the site health and
safety plan as needed to account for waste
handling and onsite testing operations.


   Residual Management - Describe the types of
residuals anticipated and how they will be
managed.


5.52 Pilot-Scale Treatability Work Plan


Table 5-6 contains a suggested work plan format.
Although many of the sections are similar to those of
the bench-scale work plan format, differences
between the two are discussed below.


Table 5-6. Suggested Format for Pilot-Scale Work
Plan


1. Project Description and Site Background
2. Remedial Technology Description
3. Test Objectives
4. Pilot Plant Installation and Startup
5. Pilot Plant Operation and Maintenance Procedures
6. Parameters to be Tested
7. Sampling Plan
8. Analytical Methods
9. Data Management
10. Data Analysis and Interpretation
11. Health and Safety
12. Residuals Management


   Pilot Plant Installation and Startup - For onsite
pilot studies, describe the equipment required and
method to be employed to get the equipment
onsite and installed for the test period.


 P i l o t  P l a n t  O p e r a t i o n  a n d  M a i n t e n a n c e
Procedures - Describe the specific conditions
under which the pilot test will be conducted. Pilot
plants are normally run with relatively large
volumes of waste to simulate full-scale operation
and, therefore, waste characteristics usually have
to be measured and operating controls adjusted
(e.g., chemical feed rates) to match instructions


for startup and shutdown of the pilot plant. These
specif icat ions need to be included in the
procedures list.


Parameters to be Tested - List the operating
conditions under which the pilot units are to be
tested and the variations in control parameters
that are to be evaluated (e.g., chemical feed rates
or pH set points in a chemical precipitation test,
or combustion temperature or gas residence time
for an incinerator test).


Sampling Plan - Describe locations and a
schedule for samples to be taken from the pilot
plant to determine performance; readings from
in-line instruments, such as pH probes and
sampling methods, containers, preservative,
labeling, etc., should be included.


Health and Safety Plan - Health and safety
concerns are more critical during pilot tests
because larger amounts of waste are involved
and equipment is more complex. Equipment
design and construction must comply with
applicable code requirements.


5.6 Application of Results


5.6.1 Data Analysis and Interpretation


Following the completion of the treatability testing,
results are reduced to a useful in accordance with the
work plan. Data are interpreted on the technology’s
effectiveness, implementability, and/or cost, and
anticipated results are compared with actual results.
Graphical techniques are frequently used to present
the results. Note that the level of reliability of the test
results is usually based on the accuracy of the
analytical methods employed.


Major differences between the anticipated and actual
results may necessitate a modification of the work
plan and retesting of the technology. In addition,
raw-waste and effluent characteristics as well as
by-products and emissions are evaluated to predict
the ability of a full-scale unit to respond to variations
in waste composit ion and meet performance
specifications.


5.6.2 Use of the Results in the RI/FS Process


The purpose of a treatability evaluation is to provide
information needed for the detailed analysis of
alternatives and to allow selection of a remedial action
to be made with a reasonable certainty of achieving
the response objectives. All results are useful, even
negative ones, because they can be used to eliminate
technologies for further consideration. The results of
bench and pilot tests can be used to ensure that
conventional and innovative treatment or destruction
technologies can be evaluated equally with non-
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treatment alternatives during the detailed analysis
phase of the FS. Secondary use of treatability results
provides information for the subsequent detailed
design of the selected remedial technology. Operating
condi t ions must be careful ly  and completely
documented so that this information can be used in
the full-scale system.


The characteristics of residuals from the remedial
technology should be determined during pilot testing.
This information is useful in determining how the
residuals can be handled or disposed and in
predicting the effects of their disposal or ‘emission.
Information can often be collected to determine if the
residuals should be considered hazardous wastes or
disposed of as a non-hazardous waste.


5.6.3 Scaling up to Full-Scale


The study f indings need to be evaluated for
application of the technology at full-scale; the
limitations of the bench- or pilot-scale test (size,
wal l ,  and boundary effects,  etc.)  need to be
compensated for. Scale-up can be done on the
basis of either previous experience with the treatment
equipment with other wastes or established rules of
similitude (used to relate physical laws to variations in
scale) and mathematical models. This evaluation may
include a sensitivity analysis to identify the key
parameters and unknowns that can affect a full-
scale system. The potential need for process
modifications during design or operation must be
considered.


5.7 Community Relations During
Treatability Investigations


Treatability testing is potentially controversial within a
community and, therefore, additional community
relations activities may be required. An assessment of
issues and concerns the community may have about
planned treatability testing should be conducted. The
assessment should augment the previously prepared
community relations plan (if treatability testing was not
part of the original work plan) and should include a
discussion of any issues unique to the proposed
procedures such as onsite pilot testing, transporting
contaminated materials offsite, schedule changes
resulting from conducting bench or pilot tests,
disposal of residuals, uncertainties pertaining to
innovat ive  techno log ies ,  and the  degree  o f
development of the technology being tested.


Additional community relations implementation
activities may be recommended in the assessment
and may include a public meeting to explain the
proposed bench or pilot test, a fact sheet describing


the technology and proposed test, a briefing to public
officials about the treatability studies, and small group
consultations with members of the community
concerned about EPA’s actions at the site. Other
community relations activities may be needed, and
consultations between the lead agency’s project
manager and the community relations coordinator
should be used to establ ish the appropriate
community relations activities.


5.8 Reporting and Communication
During Treatability Investigations


Deliverables for the treatability investigations are
listed in Table 5-7 and include the following:


  Revised work plans, as necessary, including
bench and/or pilot tests


Revised QAPP/FSP, as necessary


Test results and evaluation report


Table 5-7. Reporting and Communication During
Treatability Investigations


Potential Method for
Information Needed Purpose Information Provision


Need for Treatability For lead agency and Meeting
Testing contractor to determine Tech Memo


whether more cost and
performance data are
needed to evaluate
alternatives and select
remedy; for lead
agency to obtain
support agency review
and comment


Approval of Site Data Obtain lead agency QAPP (revised)
Collection or approval of treatability FSP
Treatability Testing activities Treatability Study


Work Plan


The treatability test evaluation report should describe
the testing that was performed, the results of the
tests, and an interpretation of how the results would
affect the evaluation of the remedial alternatives being
considered for the site. Effectiveness of the treatment
technology for the wastes on the site should be
presented. This report should also contain an
evaluation of how the test results would affect
treatment costs developed during the detailed
analysis of alternatives (e.g., chemical requirements
or settling rates required for effective treatment).
Because the report may be used as an information
source by other EPA and contractor staff at other
sites with similar characteristics, it should be written
clearly and concisely.
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Chapter 6
Detailed Analysis of Alternatives


6.1 Introduction


6.1.1 Purpose of the Detailed Analysis of
Alternatives


The detailed analysis of alternatives consists of the
analysis and presentation of the relevant information
needed to allow decisionmakers to select a site
remedy, not the decisionmaking process itself. During
the detailed analysis, each alternative is assessed
against the evaluation criteria described in this
chapter. The results of this assessment are arrayed
to compare the alternatives and identify the key
tradeoffs among them. This approach to analyzing
alternatives is designed to provide decisionmakers
with sufficient information to adequately compare the
alternatives, select an appropriate remedy for a site,
and demonstrate satisfaction of the CERCLA remedy
selection requirements in the ROD.


The specific statutory requirements for remedial
actions that must be addressed in the ROD and
supported by the FS report are listed below. Remedial
actions must:


l Be pro tec t i ve  o f  human hea l th  and  the
environment


l Attain ARARs (or provide grounds for invoking a
waiver)


l Be cost-effective


l Utilize permanent solutions and alternative
treatment technologies or resource recovery
technologies to the maximum extent practicable


l Satisfy the preference for treatment that reduces
toxicity, mobility, or volume as a principal element
or provide an explanation in the ROD as to why it
does not


In addition, CERCLA places an emphasis on
evaluating long-term effectiveness and related
considerations for each of the alternative remedial
a c t i o n s  ( $ 1 2 1  ( b ) ( l ) ( A ) ) .  T h e s e  s t a t u t o r y
considerations include:


A) the long-term uncertainties associated with land
disposal;


B) the goals, objectives, and requirements of the
Solid Waste Disposal Act:


C) the persistence, toxici ty, and mobil i ty of
hazardous substances and their constituents, and
their propensity to bioaccumulate;


D) short- and long-term potential for adverse
health effects from human exposure;


E) long-term maintenance costs:


F) the potential for future remedial action costs if the
alternative remedial action in question were to fail;
and


G) the potential threat to human health and the
env i ronment  assoc ia ted w i th  excavat ion ,
transportation, and redisposal, or containment.


Nine evaluation criteria have been developed to
a d d r e s s  t h e  C E R C L A  r e q u i r e m e n t s  a n d
considerations listed above, and to address the
additional technical and policy considerations that
have proven to be important for selecting among
remedial alternatives. These evaluation criteria serve
as the basis for conducting the detailed analyses
during the FS and for subsequently selecting an
appropriate remedial action. The evaluation criteria
with the associated statutory considerations are:


  Overall protection of human health and the
environment


l Compliance with ARARs (B)


  Long- te rm e f fec t i veness  and  permanence
(A,B,C,D,F,G)


l Reduction of toxicity, mobility, or volume (B,C)


l Short-term effectiveness (D,G)


l Implementability
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  Cost (E,F)


l State acceptance (relates to Section 121 (f))


l Community acceptance (relates to Sections 113
and 117)


6.1.2 The Context of Detailed Analysis


The detailed analysis of alternatives follows the
development and screening of alternatives and
precedes the actual selection of a remedy. As
discussed in Chapter 4, the phases of the FS may
overlap, with one beginning before another is
completed, or they may vary in the level of detail
based on the complexity or scope of the problem.
The extent to which alternatives are analyzed during
the detailed analysis is influenced by the available
data, the number and types of alternatives being
analyzed, and the degree to which alternatives were
previously analyzed during their development and
screening.


The evaluations conducted during the detailed
analysis phase bui ld on previous evaluat ions
conducted during the development and screening of
alternatives. This phase also incorporates any
t r e a t a b i l i t y  s t u d y  d a t a  a n d  a d d i t i o n a l  s i t e
characterization information that may have been
collected during the RI.


The results of the detailed analysis provide the basis
for identifying a preferred alternative and preparing
the proposed plan. Upon completion of the detailed
analysis, the FS report, along with the proposed plan
(and the RI report if not previously released), is
submitted for public review and comment. The results
of the detailed analysis supports the final selection of
a remedial action and the foundation for the Record
of Decision.


 6 . 1 . 3 Overview of the Detailed Analysis


A detailed analysis of alternatives consists of the
following components:


l Further definition of each alternative, if necessary,
with respect to the volumes or areas of
contaminated media to be addressed, the
technologies to be used, and any performance
requirements associated with those technologies


l An assessment and a summary profile of each
alternative against the evaluation criteria


l A comparative analysis among the alternatives to
assess the relat ive performance of each
alternative with respect to each evaluation
criterion


Figure 6-1 illustrates the steps in the detailed
analysis process.


6.2 Detailed Analysis of Alternatives


6.2.1 Alternative Definition
Alternatives are defined during the development and
screen ing  phase  (see  Chap te r  4 )  to  match
contaminated media with appropriate process
options.1 However, the alternatives selected as the
most promising may need to be better defined during
the detailed analysis. Each alternative should be
reviewed to determine if an additional definition is
required to apply the evaluation criteria consistently
and to develop order-of-magnitude cost estimates
(i.e., having a desired accuracy of + 50 percent to
-30 percent). The information developed to define
alternatives at this stage in the RI/FS process may
consist of preliminary design calculations, process
flow diagrams, sizing of key process components,
prel iminary si te layouts, and a discussion of
limitations, assumptions, and uncertainties concerning
each alternative. The following examples illustrate
situations in which additional alternative definition is
appropriate:


l The assumed sizing of the process option must
be revised on the basis of results of treatability
data (e.g., a taller air stripping tower with more
packing is required to attain the treatment target).


l A different process option is to be used to
represent the technology type on the basis of the
results of treatability data (e.g., activated carbon
rather than air stripping is required).


l The estimated volume of contaminated media has
been refined on the basis of additional site
characterization data.


As described in Chapter 4, alternatives can be
developed and screened on a medium-specific or
sitewide basis at the lead agency’s discretion.
Although it is acceptable to continue the evaluation of
alternatives on a medium-specific basis during the
detailed analysis, it is encouraged that alternatives be
configured to present the decision-maker with a
range of discrete options each of which addresses
the entire site or operable unit being addressed by
the FS.2 Therefore, if separate alternatives have been
developed for different areas or media of the site, it is
recommended that they be combined during the
detailed analysis phase to present comprehensive


1 This matching is done by identifying specific remedial action
objectives (e.g., a risk-based cleanup target such as 1x10-s)
and sizing process options to attain the objective (e.g., 10
ground-water extraction wells extracting 50 gpm each,
activated carbon treatment for 500 gpm).


2 This approach will better facilitate and simplify the nine criteria
evaluation and preparation of a rationale for remedy selection
in the Record of Decision.
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Figure 6-1. Detailed analysis of alternatives.


options addressing all potential threats posed by the
site or that area being addressed by the operable
unit. This can be accomplished either at the
beginning of the detailed analysis or following the
individual analysis when the alternatives are
summarized and a comparative analysis is performed.


6.2.2 Over view of Evaluation Criteria


The detailed analysis provides the means by which
facts are assembled and evaluated to develop the
rationale for a remedy selection. Therefore, it is
necessary to understand the requirements of the
remedy selection process to ensure that the FS
analysis provides the sufficient quantity and quality of
information to simplify the transition between the FS
report and the actual selection of a remedy. The
analyt ical  process descr ibed here has been
developed on the basis of statutory requirements of
CERCLA Section 121 (see Section 6.1.1); earlier
program initiatives promulgated in the November 20,
1985, National Contingency Plan; and site-specific


experience gained in the Super-fund program. The
nine evaluation criteria listed in Section 6.1.1
encompass statutory requirements and technical,
cost, and institutional considerations the program has
determined appropriate for a thorough evaluation.


Assessments against two of the criteria relate directly
to statutory findings that must ultimately be made in
the ROD. Therefore, these are categorized as
threshold criteria in that each alternative must meet
them.3 These two criteria are briefly described below:


l Overall Protection of Human Health and the
Environment (described in Section 6.2.3.1) - The
assessment against this criterion describes how
the alternative, as a whole, achieves and
maintains protection of human health and the
environment.


3 The ultimate determination and declaration that these findings
can be made of the selected remedy is contained in the ROD.
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l Compliance with ARARs (described in Section
6.2.3.2) - The assessment against this criterion
describes how the alternative complies with
ARARs, or if a waiver is required and how it is
justified. The assessment also addresses other
information from advisories, criteria, and guidance
that the lead and support agencies have agreed is
“to be considered.”


The five criteria listed below are grouped together
because they represent the primary criteria upon
which the analysis is based.


Long-term Effectiveness and Permanence
(described in Section 6.2.3.3) - The assessment
of alternatives against this criterion evaluates the
long-term effect iveness of al ternat ives in
maintaining protection of human health and the
environment after response objectives have been
met.


Reduction of Toxicity, Mobility, and Volume
Through Treatment (described in Section 6.2.3.4)
- The assessment against this criterion evaluates
the anticipated performance of the specific
treatment technologies an alternative may
employ.


Short-term Effectiveness (described in Section
6.2.3.5) - The assessment against this criterion
examines the effectiveness of alternatives in
protecting human health and the environment
during the construction and implementation of a
remedy until response objectives have been met.


Implementability (described in Section 6.2.3.6) -
This assessment evaluates the technical and
administrative feasibility of alternatives and the
availability of required goods and services.


Cost (described in Section 6.2.3.7) - This
assessment evaluates the capital and operation
and maintenance (O&M) costs of each alternative.


The level of detail required to analyze each alternative
against these evaluation criteria will depend on the
type and complexity of the si te, the type of
technologies and alternatives being considered, and
other project-specific considerations. The analysis
should be conducted in sufficient detail so that
decisionmakers understand the significant aspects of
each alternative and any uncertainties associated with
the evaluation (e.g., a cost estimate developed on the
basis of a volume of media that could not be defined
precisely).


The final two criteria, state or support agency
acceptance and community acceptance, will be
evaluated following comment on the RI/FS report and
the proposed plan and will be addressed once a final
decision is being made and the ROD is being
prepared. The criteria are as follows:


l State (Support Agency) Acceptance (described in
Section 6.2.3.8) - This assessment reflects the
s t a t e ’ s  ( o r  s u p p o r t  a g e n c y ’ s )  a p p a r e n t
preferences among or concerns about alter-
natives.


l Community Acceptance (described in Section
6 .2 .3 .9 )  - Th is  assessment  re f lec ts  the
community’s apparent preferences among or
concerns about alternatives.


Each of the nine evaluation criteria has been further
divided into specific factors to allow a thorough
analysis of the alternatives. These factors are shown
in Figure 6-2 and discussed in the fol lowing
sections.


6.2.3 Individual Analysis of Alternatives


6.2.3.1 Overall Protection of Human Health and
the Environment


This evaluation criterion provides a final check to
assess whether each alternative provides adequate
protection of human health and the environment. The
overall assessment of protection draws on the
assessments conducted under other evaluation
criteria, especially long-term effectiveness and
permanence, shor t - te rm e f fec t i veness ,  and
compliance with ARARs.


Evaluation of the overall protectiveness of an
alternative during the RI/FS should focus on whether
a specific alternative achieves adequate protection
and should describe how site risks posed through
each pathway being addressed by the FS a r e
eliminated, reduced, or controlled through treatment,
engineering, or institutional controls. This evaluation
also allows for consideration of whether an alternative
poses any unacceptable short-term or cross-media
impacts.


6.2.3.2 Compliance with ARARs


This evaluation criterion is used to determine whether
each alternative will meet all of its Federal and State
ARARs (as defined in CERCLA Section 121) that
have been identified in previous stages of the RI/FS
process. The detailed analysis should summarize
which requirements are applicable or relevant and
appropriate to an alternative4 and describe how the
alternative meets these requirements. When an
ARAR is not met, the basis for justifying one of the
six waivers allowed under CERCLA (see Section
1.2.1.1) should be discussed.


4 This effort will require input from the support agency.
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OVERALL PROTECTION
OF HUMAN HEALTH


AND THE ENVIRONMENT


       How Alternative Provides Human
Health and Environmental Protection


LONG-TERM
EFFECTIVENESS


AND PERMANENCE


l Magnitude of l Treatment Process Used and
Residual Risk Materials Treated


l Adequacy and
Reliability of
Controls


l Amount of Hazardous
Materials Destroyed or
Treated


l Degree of Expected
Reductions in Toxicity,
Mobility, and Volume


l Degree to Which
Treatment Is Irreversible


l Type and Quantity of
Residuals Remaining After
Treatment


l Compliance With Chemical-Specific
ARARs


l Compliance With Action-Specific ARARs


l Compliance With Location-Specific ARARs


l Compliance With Other Criteria, Advisories,
and Guidances


SHORT-TERM
EFFECTIVENESS


    Protection of Community
During Remedial Actions


l Ability to Construct and
Operate the Technology


    Capital
costs


l Protection of Workers
During Remedial Actions


l Reliability of the
Technology


*Operating and
Maintenance Costs


l Environmental Impacts


l Time Until Remedial
Action Objectives Are
Achieved


l Ease of Undertaking l Present Worth
Additional Remedial cost
Actions, if Necessary


l Ability to Monitor Effective-
ness of Remedy


l Ability to Obtain
Approvals From Other
Agencies


l Coordination With Other
Agencies


l Availability of Offsite
Treatment, Storage, and
Disposal Services and
Capacity


l Availability of Necessary
Equipment and
Specialists


l Availability of Prospective
Technologies


1 These criteria are assessed following comment on the RI/FS report and the proposed plan.


Figure 6-2. Criteria for detailed analysis of alternatives.


The fol lowing should be addressed for each
alternative during the detailed analysis of ARARs:5


5 Other available information that is not an ARAR (e.g.,
advisories, criteria, and guidance) may be considered in the
analysis if it helps to ensure protectiveness or is otherwise
appropriate for use in a specific alternative. These TBC
materials should be included in the detailed analysis if the lead
and support agencies agree that their inclusion is appropriate.


l Compliance with chemical-specific ARARs (e.g.,
maximum contaminant levels) - This factor
addresses whether the ARARs can be met, and if
not, whether a waiver is appropriate.


l Compliance with location-specific ARARs (e.g.,
preservation of historic sites) - As with other
A R A R - r e l a t e d  f a c t o r s ,  t h i s  i n v o l v e s  a
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consideration of whether the ARARs can be met
or whether a waiver is appropriate.


l Compliance with action-specific ARARs (e.g.,
RCRA minimum technology standards) - It must
be determined whether ARARs can be met or will
be waived.


The actual determination of which requirements are
applicable or relevant and appropriate is made by the
lead agency in consultation with the support agency.
A summary of these ARARs and whether they will be
attained by a specific alternative should be presented
in an appendix to the RI/FS report. A suggested
format for this summary is provided in Appendix E of
this guidance. More detailed guidance on determining
whether requirements are applicable or relevant and
appropriate is provided in the “CERCLA Compliance
with Other Laws Manual” (U.S. EPA, Draft, May
1988).


6.2.3.3 Long-term Effectiveness and
Permanence


The evaluation of alternatives under this criterion
addresses the results of a remedial action in terms of
the r isk remaining at the si te after response
objectives have been met. The primary focus of this
evaluation is the extent and effectiveness of the
controls that may be required to manage the risk
posed by treatment residuals and/or untreated
wastes. The following components of the criterion
should be addressed for each alternative:


l Magnitude of residual risk - This factor assesses
the residual risk remaining from untreated waste
or treatment residuals at the conclusion of
remedial activities, (e.g., after source/soil
containment and/or treatment are complete, or
after ground-water plume management activities
are concluded). The potential for this risk may be
measured by numerical standards such as cancer
risk levels or the volume or concentration of
contaminants in waste, media, or treatment
r e s i d u a l s  r e m a i n i n g  o n  t h e  s i t e .  T h e
characteristics of the residuals should be
considered to the degree that they remain
hazardous, taking into account their volume,
toxicity, mobility, and propens i ty  to  b io -
accumulate.


l Adequacy and reliability of controls - This factor
assesses the adequacy and suitability of controls,
if any, that are used to manage treatment
residuals or untreated wastes that remain at the
site. It may include an assessment of containment
systems and institutional controls to determine if
they are sufficient to ensure that any exposure to
human and environmental receptors is within
protective levels. This factor also addresses the
long-term reliability of management controls for


providing continued protection from residuals. It
includes the assessment of the potential need to
replace technical components of the alternative,
such as a cap, a slurry wall, or a treatment
system; and the potential exposure pathway and
the risks posed should the remedial action need
replacement.


Table 6-1 lists appropriate questions that may need
to be addressed during the analysis of long-term
effectiveness.


6.2.3.4 Reduction of Toxicity, Mobility, or
Volume Through Treatment


This evaluation criterion addresses the statutory
preference for selecting remedial actions that employ
treatment technologies that permanently and
significantly reduce toxicity, mobility, or volume of the
hazardous substances as their principal element. This
preference is satisfied when treatment is used to
reduce the principal threats at a site through
destruction of toxic contaminants, reduction of the
total mass of toxic contaminants, irreversible
reduction in contaminant mobility, or reduction of total
volume of contaminated media.


This evaluation would focus on the following specific
factors for a particular remedial alternative:


l The treatment processes the remedy will employ,
and the materials they will treat


l The amount of hazardous materials that will be
destroyed or treated, including how the principal
threat(s) will be addressed


l The degree of expected reduction in toxicity,
mobility, or volume measured as a percentage of
reduction (or order of magnitude)


l The degree to which the treatment will be
irreversible


l The type and quantity of treatment residuals that
will remain following treatment


l Whether the alternative would satisfy the statutory
preference for treatment as a principal element6


In evaluating this criterion, an assessment should be
made as to whether treatment is used to reduce
principal threats, including the extent to which toxicity,
mobility, or volume are reduced either alone or in


6 It may be that alternatives for limited actions (e.g., provision of
an alternative water supply) will not address principal threats
within their narrow scope.
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Table 6-1. Long-Term Effectiveness and Permanence
Analysis Factor Specific Factor Considerations


Magnitude of residual l What is the magnitude of the remaining risks?
risks What remaining sources of risk can be identified? How much is due to treatment residuals. and how


much is due to untreated residual contamination?
Will a 5-year review be required?


Adequacy and What is the likelihood that the technologies will meet required process efficiencies or performance
reliability of controls specifications?


What type and degree of long-term management is required?
What are the requirements for long- term monitoring?
What operation and maintenance functions must be performed?
What difficulties and uncertainties may be associated with long-term operation and maintenance?
What is the potential need for replacement of technical components?
What is the magnitude of the threats or risks should the remedial action need replacement?
What is the degree of confidence that controls can adequately handle potential problems?
What are the uncertainties associated with land disposal of residuals and untreated wastes?


combination. Table 6-2 lists typical questions that
may need to be addressed during the analysis of
toxicity, mobility, or volume reduction.


6.2.3.5 Short-term Effectiveness
This evaluation criterion addresses the effects of the
alternative during the construction and implementation
phase until remedial response objectives are met
(e.g., a cleanup target has been met). Under this
criterion, alternatives should be evaluated with
respect to their effects on human health and the
environment during implementation of the remedial
action. The following factors should be addressed as
appropriate for each alternative:


l Protection of the community during remedial
actions - This aspect of short-term effectiveness
a d d r e s s e s  a n y  r i s k  t h a t  r e s u l t s  f r o m
implementation of the proposed remedial action,
such as dust from excavation, transportation of
hazardous materials, or air-quality impacts from
a stripping tower operation that may affect human
health.


l Protection of workers during remedial actions -
This factor assesses threats that may be posed to
workers and the effectiveness and reliability of
protective measures that would be taken.


l Environmental impacts - This factor addresses
the potential adverse environmental impacts that
may result from the construction and imple-
mentation of an alternative and evaluates the
reliability of the available mitigation measures in
preventing or reducing the potential impacts.


l Time until remedial response objectives are
achieved - This factor includes an estimate of the
time required to achieve protection for either the


entire site or individual elements associated with
specific site areas or threats.


Table 6-3 lists appropriate questions that may need
to be addressed during the analysis of short-term
effectiveness.


6.2.3.6 Implementability


The implementability criterion addresses the technical
and administrative feasibility of implementing an
alternative and the availability of various services and
materials required during its implementation. This
criterion involves analysis of the following factors:


l Technical feasibility


- Construction and operation - This relates to
the technical difficulties and unknowns
associated with a technology. This was
initially identified for specific technologies
during the development and screening of
alternatives and is addressed again in the
detailed analysis for the alternative as a
whole.


- Reliability of technology - This focuses on the
likelihood that technical problems associated
with implementation will lead to schedule
delays.


- Ease of undertaking additional remedial action
- This includes a discussion of what, if any,
future remedial actions may need to be
undertaken and how difficult it would be to
implement such additional actions. This is
particularly applicable for an FS addressing an
interim action at a site where additional
operable units may be analyzed at a later
time.
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Table 6-2. Reduction of Toxicity, Mobility, or Volume Through Treatment
Analysis Factor Specific Factor Considerations


Treatment process and  Does the treatment process employed address the principal threats?
remedy Are there any special requirements for the treatment process?


Amount of hazardous
material destroyed or  
treated


What portion (mass, volume) of contaminated material is destroyed?
What portion (mass, volume) of contaminated material is treated?


Reduction in toxicity, To what extent is the total mass of toxic contaminants reduced?
mobility, or volume To what extent is the mobility of toxic contaminants reduced?


To what extent is the volume of toxic contaminants reduced?


Irreversibility of the To what extent are the effects of treatment irreversible?
treatment


Type and quantity of What residuals remain?
treatment residual What are their quantities and characteristics?


What risks do treatment residuals pose?


Statutory preference   Are principal threats within the scope of the action?
for treatment as a Is treatment used to reduce inherent hazards posed by principal threats at the site?
principal element


Table 6-3. Short-Term Effectiveness


Analysis Factor Basis for Evaluation During Detailed Analysis


Protection of What are the risks to the community during remedial actions that must be addressed?
community during
remedial actions


How will the risks to the community be addressed and mitigated?
What risks remain to the community that cannot be readily controlled?


Protection of workers  What are the risks to the workers that must be addressed?
during remedial What risks remain to the workers that cannot be readily controlled?
actions How will the risks to the workers be addressed and mitigated?


Environmental What environmental impacts are expected with the construction and implementation of the
impacts alternative?


What are the available mitigation measures to be used and what is their reliability to minimize
potential impacts?
What are the impacts that cannot be avoided should the alternative be implemented?


Time until remedial How long until protection against the threats being addressed by the specific action is achieved?
response objectives 
are achieved


How long until any remaining site threats will be addressed?
How long until remedial response objectives are achieved?


- Monitoring considerations - This addresses
the ability to monitor the effectiveness of the
remedy and includes an evaluation of the
risks of exposure should monitoring be
insufficient to detect a system failure.


l Administrative feasibility


- Activities needed to coordinate with other
offices and agencies (e.g., obtaining permits
for offsite activities or rights-of-way for
construction)


l Availability of services and materials 6.2.3.7 Cost


- Availability of adequate offsite treatment,
storage capacity, and disposal services


- Availability of necessary equipment and
specialists, and provisions to ensure any
necessary additional resources


- Availability of services and materials, plus the
potential for obtaining competitive bids, which
may be particularly important for innovative
technologies


- Availability of prospective technologies


Table 6-4 lists typical questions that may need to be
addressed during the analysis of implementability.


A comprehensive discussion of costing procedures
for CERCLA sites is contained in the Remedial Action
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Table 6-4. Implementability
Analysis Factor


Technical Feasibility
Specific Factor Considerations


Ability to construct and
operate technology


Reliability of technology


Ease of undertaking additional
remedial action, if necessary


Monitoring considerations


Administrative Feasibility


Coordination with other
agencies


Availability of Services and
Materials


Availability of
treatment, storage capacity,
and disposal services


Availability of necessary
equipment and specialists


Availability of prospective
technologies


What difficulties may be associated with construction?
What uncertainties are related to construction?


What steps are required to coordinate with other agencies?
What steps are required to set up long-term or future coordination among agencies?
Can permits for offsite activities be obtained if required?


What is the likelihood that technical problems will lead to schedule delays?


What likely future remedial actions may be anticipated?
How difficult would it be to implement the additional remedial actions, if required?


Do migration or exposure pathways exist that cannot be monitored adequately?
What risks of exposure exist should monitoring be insufficient to detect failure?


Are adequate treatment, storage capacity, and disposal services available?
How much additional capacity is necessary?
Does the lack of capacity prevent implementation?
What additional provisions are required to ensure the needed additional capacity?


Are the necessary equipment and specialists available?
What additional equipment and specialists are required?
Does the lack of equipment and specialists prevent implementation?
What additional provisions are required to ensure the needed equipment and
specialists?


Are technologies under consideration generally available and sufficiently demonstrated
for the specific application?
Will technologies require further development before they can be applied full-scale to
the type of waste at the site?
When should the technology be available for full-scale use?
Will more than one vendor be available to provide a competitive bid?


Costing Procedures Manual (U.S. EPA, September
1985). The application of cost estimates to the
detailed analysis is discussed in the following
paragraphs.


Capital  Costs.  Capital costs consist of direct
(construction) and indirect (nonconstruction and
overhead) costs. Direct costs include expenditures for
the equipment, labor, and materials necessary to
install remedial actions. Indirect costs include
expenditures for engineering, financial, and other
services that are not part of actual installation
activities but are required to complete the installation
of remedial alternatives. (Sales taxes normally do not
apply to Superfund actions.) Costs that must be
incurred in the future as part of the remedial action
alternative should be identified and noted for the year
in which they will occur. The distribution of costs over
time will be a critical factor in making tradeoffs
between capital-intensive technologies (including
alternative treatment and destruction technologies)


and less capital-intensive technologies (such as
pump and treatment systems).


Direct capital costs may include the following:


Construction costs - Costs of materials, labor and
equipment required to install a remedial action


   Equipment costs - Costs of remedial action and
service equipment necessary to enact the remedy
(these materials remain until the site remedy is
complete)


  Land and site-development costs - Expenses
associated with the purchase of land and the site
preparation costs of existing property


Buildings and services costs - Costs of process
and nonprocess buildings, utility connections,
purchased services, and disposal costs


  Relocation expenses - Costs of temporary or
permanent accommodations for affected nearby
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residents. (Since cost estimates for relocations
can be complicated, FEMA authorities and EPA
Headquarters should be consulted in estimating
these costs.)


   Disposal costs - Costs of transporting and
disposing of waste material such as drums and
contaminated soils


Indirect capital costs may include:


   Engineering expenses - Costs of administration,
design, construction supervision, drafting, and
treatability testing


  License or permit costs - Administrative and
technical costs necessary to obtain licenses and
permits for installation and operation of offsite
activities


Startup and shakedown costs - Costs incurred to
ensure system is operational and functional


   Contingency allowances - Funds to cover costs
resulting from unforeseen circumstances, such as
adverse  weather  cond i t ions ,  s t r i kes ,  o r
c o n t a m i n a n t  n o t  d e t e c t e d  d u r i n g  s i t e
characterization


Annual O&M Costs. Annual O&M costs are post-
construction costs necessary to ensure the continued
effectiveness of a remedial action. The following
annual O&M cost components should be considered:


Operating labor costs - Wages, salaries, training,
overhead, and fringe benefits associated with the
labor needed for post-construction operations


Maintenance materials and labor costs - Costs for
labor, parts, and other resources required for
routine maintenance of facilities and equipment


Auxiliary materials and energy - Costs of such
items as chemicals and electricity for treatment
plant operations, water and sewer services, and
fuel


Disposal of residues - Costs to treat or dispose
of residuals such as sludges from treatment
processes or spent activated carbon


Purchased services - Sampling costs, laboratory
fees, and professional fees for which the need
can be predicted


Administrative costs - Costs associated with the
administration of remedial O&M not included
under other categories


Insurance, taxes, and licensing costs - Costs of
such items as liability and sudden accidental
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insurance; real estate taxes on purchased land or
rights-of-way; l i cens ing  fees  fo r  ce r ta in
technologies: and permit renewal and reporting
costs


  Maintenance reserve and contingency funds -
Annual payments into escrow funds to cover
costs of anticipated replacement or rebuilding of
equipment and any large unanticipated O&M
costs


  Rehabilitation costs - Cost for maintaining
equipment or structures that wear out over time


   Costs of periodic site reviews - Costs for site
reviews that are conducted at least every 5 years
if wastes above health-based levels remain at
the site


The costs of potential future remedial actions should
be addressed, and if appropriate, should be included
when there is a reasonable expectation that a major
component of the alternative will fail and require
replacement to prevent significant exposure to
contaminants. Analyses described under Section
6.2.3.3, “Long-term Effectiveness and Perma-
nence,” should be used to determine which
alternatives may result in future costs. It is not
expected that a detailed statistical analysis will be
required to identify probable future costs. Rather,
qualitative engineering judgment should be used and
the rationale documented in the FS report.


Accuracy of Cost Estimates. Site characterization and
treatability investigation information should permit the
user to refine cost estimates for remedial action
alternatives. It is important to consider the accuracy
of costs developed for alternatives in the FS.
Typically, these “study estimate” costs made during
the FS are expected to provide an accuracy of + 50
percent to -30 percent and are prepared using data
available from the RI. It should be indicated when it is
not realistic to achieve this level of accuracy.


Present Worth Analysis. A present worth analysis is
used to evaluate expenditures that occur over
different time periods by discounting all future costs
to a common base year, usually the current year.
This allows the cost of remedial action alternatives to
be compared on the basis of a single figure
representing the amount of money that, if invested in
the base year and disbursed as needed, would be
sufficient to cover all costs associated with the
remedial action over its planned life.


In  conduct ing  the  present  wor th  ana lys is ,
assumptions must be made regarding the discount
rate and the period of performance. The Superfund
program recommends that a discount rate of 5
percent before taxes and after inflation be assumed.
Estimates of costs in each of the planning years are







made in constant dollars, representing the general
purchasing power at the time of construction. In
general, the period of performance for costing
purposes should not exceed 30 years for the purpose
of the detailed analysis.


Cost Sensitivity Analysis. After the present worth of
each remedial action alternative is calculated,
individual costs may be evaluated through a
sensitivity analysis if there is sufficient uncertainty
concerning specific assumptions. A sensitivity
analysis assesses the effect that variations in specific
assumptions a s s o c i a t e d  w i t h  t h e  d e s i g n ,
implementation, operation, discount rate, and effective
life of an alternative can have on the estimated cost
of the alternative. These assumptions depend on the
accuracy of the data developed during the site
characterization and treatability investigation and on
predictions of the future behavior of the technology.
Therefore, these assumptions are subject to varying
degrees of uncertainty from site to site. The potential
effect on the cost of an alternative because of these
uncertainties can be observed by varying the
assumptions and noting the effects on estimated
costs. Sensitivity analyses can also be used to
optimize the design of a remedial action alternative,
p a r t i c u l a r l y  w h e n  d e s i g n  p a r a m e t e r s  a r e
interdependent (e.g., treatment plant capacity for
contaminated ground water and the length of the
period of performance).


Use of sensitivity analyses should be considered for
the factors that can significantly change overall costs
of an alternative with only small changes in their
values, especially if the factors have a high degree of
uncertainty associated with them. Other factors
chosen for analysis may include those factors for
which the expected (or estimated) value is highly
uncertain. The results of such an analysis can be
used to identify worst-case scenarios and to revise
estimates of contingency or reserve funds.


The following factors are potential candidates for
consideration in conducting a sensitivity analysis:


The effective life of a remedial action


   The O&M costs


The duration of cleanup


  The volume of contaminated material, given the
uncertainty about site conditions


  Other design parameters (e.g., the size of the
treatment system)


   The discount rate (5 percent should be used to
compare alternative costs, however, a range of 3
to 10 percent can be used to invest igate
uncertainties)


The results of a sensitivity analysis’ should be
discussed during the comparison of alternatives.
Areas of uncertainty that may have a significant effect
on the cost of an alternative should be highlighted,
and a rationale should be presented for selection of
the most probable value of the parameter.


6.2.3.8 State (Support Agency) Acceptance
This assessment evaluates the technical and
administrative issues and concerns the state (or
support agency in the case of State-lead sites) may
have regarding each of the alternatives. As discussed
earlier, this criterion will be addressed in the ROD
once comments on the RI/FS report and proposed
plan have been received.


6.2.3.9 Community Acceptance
This assessment evaluates the issues and concerns
the publ ic may have regarding each of the
alternatives. As with state acceptance, this criterion
will be addressed in the ROD once comments on the
RI/FS report and proposed plan have been received.


6.2.4 Presentation of Individual Analysis


The analysis of individual alternatives with respect to
the specified criteria should be presented in the FS
report as a narrative discussion accompanied by a
summary table. This information will be used to
compare the alternatives and support a subsequent
analysis of the alternatives made by the decision-
maker in the remedy selection process. The narrative
discussion should, for each alternative, provide (1) a
description of the alternative and (2) a discussion of
the individual criteria assessment.


The alternative description should provide data on
techno logy  components  (use  o f  innova t ive
technologies should be identified), quantities of
hazardous materials handled, time required for
implementation, process sizing, implementation
requirements, and assumptions. These descriptions,
by clearly articulating the various waste management
strategies for each alternative, will also serve as the
basis for documenting the rationale of the applicability
or relevance and appropriateness of potential Federal
and State requirements. Therefore, the significant
ARARs for each alternative should be identified and
integrated into these discussions.


The narrative discussion of the analysis should, for
each alternative, present the assessment of the
alternat ive against each of the cr i ter ia.7 T h i s
discussion should focus on how, and to what extent,
the various factors within each of the criteria are


7 As noted previously, State and community acceptance will be
addressed in the ROD once comments have been received on
the RI/FS report and proposed plan.
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addressed .8 The uncertainties associated with
specific alternatives should be included when
changes in assumptions or unknown conditions could
affect the analysis (e.g., the time to attain ground-
water cleanup targets may be twice as long as
estimated if assumptions made about aquifer
characteristics for a specific ground-water extraction
alternative are incorrect.) An example of an individual
analysis is presented in Appendix F.


The FS also should include a summary table
highlighting the assessment of each alternative with
respect to each of the nine criteria. Appendix F
provides an example of such a summary table.


6.2.5 Comparative Analysis of Alternatives


Once the alternatives have been described and
individual ly assessed against the cri ter ia, a
comparative analysis should be conducted to evaluate
the relative performance of each alternative in relation
to each specific evaluation criterion. This is in
contrast to the preceding analysis in which each
alternative was analyzed independently without a
consideration of other alternatives. The purpose of
this comparative analysis is to identify the advantages
and disadvantages of each alternative relative to one
another so that the key tradeoffs the decisionmaker
must balance can be identified.


Overal l  protect ion of  human heal th and the
environment and compliance with ARARs will
generally serve as threshold determinations in that
they must be met by any alternative in order for it to
be eligible for selection. The next five criteria (long-
term effectiveness and permanence; reduction of
toxicity, mobility, and volume through treatment;
short-term effectiveness; implementability; and cost)
will generally require the most discussion because the
major tradeoffs among alternatives will most
frequently relate to one or more of these five.


State and community acceptance will be addressed in
the ROD once formal comments on the RI/FS report
and the proposed plan have been received and a final
remedy selection decision is being made.


6.2.6 Presentation of Comparative Analysis


The comparative analysis should include a narrative
discussion describing the strengths and weaknesses
of the alternatives relative to one another with respect
to each criterion, and how reasonable variations of


8 The factors presented in Tables 6-1 through 6-4 have been
included to illustrate typical concerns that may need to be
addressed during the detailed analysis. It will not be necessary
or appropriate in all situations to address every factor in these
tables for each alternative being evaluated. Under some
circumstances, it may be useful to address other factors not
presented in these tables to ensure a better understanding of
how an alternative performs with respect to a particular criterion.


key uncertainties could change the expectations of
their relative performance. An effective way of
organizing this section is, under each individual
criterion, to discuss the alternative(s) that performs
the best overal l  in that category, with other
alternatives discussed in the relative order in which
they perform. If innovative technologies are being
considered, their potential advantages in cost or
performance and the degree of uncertainty in their
expected performance (as compared with more
demonstrated technologies) should also be
discussed. Appendix F provides an example of a
comparative analysis.


The presentation of differences among alternatives
can be measured either qualitatively or quantitatively,
as appropriate, and should identify substantive
differences (e.g., greater short-term effectiveness
concerns, greater cost, etc.). Quantitative information
that was used to assess the alternatives (e.g.,
specific cost estimates, time until response objectives
would be obtained, and levels of residual con-
tamination) should be included in these discussions.


6.3 Post-RI/FS Selection of the
Preferred Alternative


Following completion of the RI/FS, the results of the
detailed analyses, when combined with the risk
management judgments made by the decision-
maker, become the rationale for selecting a preferred
alternative and preparing the proposed plan.
Therefore, the results of the detailed analysis, or
more specifically the comparative analysis, should
serve to highlight the relative advantages and
disadvantages of each alternative so that the key
tradeoffs can be identified. It will be these key
tradeoffs coupled with risk management decisions
that will serve as the basis for the rationale and
provide a transition between the RI/FS report and the
development of a proposed plan (and ultimately a
ROD). Specific guidance for preparing proposed
plans and RODS is provided in the draft guidance on
preparing Superfund decision documents.


6.4 Community Relations During
Detailed Analysis


Site-specific community relations activities should be
identified in the community relations plan prepared
previously. While appropriate modifications of
activities may be made to the community relations
plan as the project progresses, the plan should
generally be implemented as written to ensure that
the community is informed of the alternatives being
evaluated and is provided a reasonable opportunity to
provide input to the decision-making process.


Often, a fact sheet is prepared that summarizes the
feasible alternatives being evaluated. As appropriate,
small group consultations or public meetings may be
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held to discuss community concerns and explain
alternatives under consideration. Public officials


6.5 Reporting and Communication
should be briefed and press releases prepared


During Detailed Analysis
describing the alternatives: Other activities ‘identified
in the community relations plan should be imple-


Once the draft RI/FS report is prepared, the lead
agency obtains the support agency’s review and


mented. concurrence, the public’s review and comment, and


The objective of community relations during the
detailed analysis is to assist the community in
understanding the alternatives and the specific
considerations the lead agency must take into
account in selecting an alternative. In this way, the
community is prepared to provide meaningful input
during the upcoming public comment period.


Table 6-5. Suggested FS Report Format


local agency and PRP input, if appropriate. The RI/FS
report also provides a basis for remedy selection by
EPA (or concurrence on State and Federal facility
remedy) and documents the development and
analysis of alternatives. A suggested FS report format
is given in Table 6-5.


Executive Summary
1. Introduction


1.1 Purpose and Organization of Report
1.2 Background Information (Summarized from RI Report)


1.2.1 Site Description
1.2.2 Site History
1.2.3 Nature and Extent of Contamination
1.2.4 Contaminant Fate and Transport
1.2.5 Baseline Risk Assessment


2. Identification and Screening of Technologies
2.1 Introduction
2.2 Remedial Action Objectives -


Presents the development of remedial action objectives for each medium of interest (i.e., ground water, soil, surface
water, air, etc.). For each medium, the following should be discussed:
- Contaminants of interest
- Allowable exposure based on risk assessment (including ARARs)
- Development of remediation goals


2.3 General Response Actions -
For each medium of interest, describes the estimation of areas or volumes to which treatment, containment, or


exposure technologies may be applied.
2.4 Identification and Screening of Technology Types and Process Options - For each medium of interest, describes:


2.4.1 Identification and Screening of Technologies
2.4.2 Evaluation of Technologies and Selection of Representative Technologies


3. Development and Screening of Alternatives
3.1 Development of Alternatives -


Describes rationale for combination of technologies/media into alternatives. Note: This discussion may be by medium
or for the site as a whole.


3.2 Screening of Alternatives (if conducted)
3.2.1 Introduction
3.2.2 Alternative 1


3.2.2.1 Description
3.2.2.2 Evaluation


3.2.3 Alternative 2
3.2.3.1 Description
3.2.3.2 Evaluation


3.2.4 Alternative 3
4. Detailed Analysis of Alternatives


4.1 Introduction
4.2 Individual Analysis of Alternatives


4.2.1 Alternative 1
4.2.1.1 Description
4.2.1.2 Assessment


4.2.2 Alternative 2
4.2.2.1 Description
4.2.2.2 Assessment


4.2.3 Alternative 3
4.3 Comparative Analysis


Bibliography
Appendices
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Appendix A
Interim Guidance on PRP Participation in the RI/FS Process*


I. Introduction


This memorandum sets forth the pol icy and
procedures governing the participation of potentially
responsible parties (PRPs) in the development of
remedial investigations (RI) and feasibility studies (FS)
under the Comprehensive Environmental Response,


 Compensation, and Liability Act (CERCLA), as
amended by the Superfund Amendments and
Reauthor iza t ion  Ac t  (SARA)  o f  1986.  Th is
memorandum discusses:


  The initiation of enforcement activities including
PRP searches and PRP notification;


The circumstances in which PRPs may conduct
the RI/FS;


The development of enforceable agreements
governing PRP RI/FS activities;


Initiation of PRP RI/FS activities and oversight of
the RI/FS by EPA;


EPA control over PRP RI/FS activities; and


PRP participation in Agency-financed RI/FS
activities.


More detailed information regarding each of the above
topics is included in Attachments l -4 of  this
appendix. 


This document is consistent with CERCLA and EPA
guidance in effect as of October 1988, and is
in tended to  supersede the  March  20 ,  1984
memorandum from Assistant Administrators Lee M.
Thomas and Courtney M. Price entitled “Participation
of Potentially Responsible Parties in Development of
Remedial Investigations and Feasibility Studies Under
CERCLA” (OSWER Directive No. 9835.1). Users of
this guidance should consult the RI/FS Guidance or
any relevant guidance or policies issued after
distribution of this document before establishing


* This memorandum was signed by the AA OSWER and
released for distribution on May 16, 1988. Technical
clarifications/updates have been made to this guidance for
insertion into Appendix A of the “Interim Final Guidance for
Conducting Remedial Investigations and Feasibility Studies”
(October 1988-OSWER Directive No. 9355.3-01) (Referred
to herein as the RI/FS Guidance).


EPA/PRP responsibilities for conducting RI/FS
activities. Additional guidance regarding procedures
for EPA oversight activities will be available in the
Office of Waste Program Enforcement’s (OWPE)
forthcoming “Guidance Manual on Oversight of
Potentially Responsible Party Remedial Investigation
and Feasibility Studies”.


II. Background
Sections 104/122 of CERCLA provide PRPs with the
opportunity to conduct the RI/FS when EPA
determines (1) that the PRPs are qualified to conduct
such activities and (2) they will carry out the activities
in accordance with CERCLA requirements and EPA
procedures. 1 The Agency will continue its policy of
early and timely PRP searches as well as early PRP
notification and negotiation for RI/FS activities.


It is also the policy of EPA to encourage the early and
active participation of PRPs in conducting RI/FS
activities. EPA believes that early participation of
PRPs in the remedial process will encourage PRP
implementation of the selected remedy. PRP
participation in RI/FS activities will ensure that they
have a better and more complete understanding of
the selected remedy, and thus will be more likely to
agree on implementation of the remedy. Remedial
activities performed by PRPs will also conserve Fund
monies, thus making additional resources available to
address other sites.


As part of the Agency’s effort to encourage PRP
participation in remedial activities, EPA will consider
the PRPs’ role in conducting RI/FS activities when
assessing an overall settlement proposal for the
remedial design and remedial action. For example,
when the Agency performs a non-binding allocation
of responsibility (NBAR), the Agency may consider
previous PRP efforts and cooperation. This will
provide an additional incentive for PRPs to be
cooperative in conducting RI/FS activities.


1 The legal authority to enter into agreements with PRPs is
found in CERCLA Section 122(a). This section then refers to
response actions conducted pursuant to Section 104(b). For
the purposes of this guidance, Sections 104/122 will be cited
when referring to such authority.







Although EPA encourages PRP participation in
conducting the RI/FS, the Agency and CERCLA
impose certain conditions governing their partici-
pation. These conditions are intended to assure that
the RI/FS performed by the PRPs is consistent with
Federal requirements and that there is adequate
oversight of those activities. These conditions are
discussed both in Section Ill and Attachment I of this
memorandum.


At the discretion of EPA, a PRP (or group of PRPs)
may assume full responsibility for undertaking RI/FS
activities pursuant to Sections 104/122 of CERCLA.
The terms and conditions governing the RI/FS
activities should be specified in an Administrative
Order. The use of Administrative Orders is authorized
in CERCLA Section 122(d)(3); they are the preferred
type of agreement for RI/FS activities since they are
authorized internally and therefore, may be negotiated
more quickly than Consent Decrees. Before SARA,
Administrat ive Orders were signed using the
author i t ies of  Sect ion 106 of CERCLA. New
provisions in SARA allow for Orders to be signed
using the authorities of Sections 1041122; Section
104/122 Orders do not require EPA to make a finding
of imminent and substantial endangerment.


RI/FS activities developed subsequent to the
Administrative Order are set forth in a Statement of
Work, which is then embodied or incorporated by
reference into the Order. A Work Plan describing
detailed procedures and criteria by which the RI/FS
will be performed is developed by the PRPs and, after
approval by EPA, should also be incorporated by
reference into the Administrative Order.


It is the responsibility of the lead agency to ensure
the qual i ty of the effort  i f  the PRPs assume
responsibility for conducting the RI/FS. Therefore,
EPA will establish oversight procedures and project
controls to ensure that the response actions are
c o n s i s t e n t  w i t h  C E R C L A  a n d  t h e  N a t i o n a l
Contingency Plan (NCP). Section 104(a)(1) of
CERCLA mandates that no PRP be allowed to
undertake an RI/FS unless EPA determines that the
party(ies) conducting the RI/FS is qualified to do so.
In addition, Section 104(a)(l) requires that a qualified
party be contracted with or arranged for to assist in
overseeing and reviewing the conduct of the RI/FS
and, that the PRPs agree to reimburse EPA for the
costs associated with the oversight contract or
arrangement.


III. Initiation of Enforcement Activities
As part of effective management of enforcement
activities, timely settlements for RI/FS activities are to
be pursued. This includes conducting PRP searches
early in the site discovery process and subsequent
notification to all PRPs of their potential liability and of
their opportunity to perform response activities.


Guidance on conducting timely and effective PRP
searches is contained in the guidance manual,
"Potentially Responsible Party Search Manual"
(August 17, 1987 - OSWER Directive No. 9834.6).


EPA policy has been to notify PRPs of their potential
liability for the planned response activities, to
exchange information about the site, and to provide
PRPs with an opportunity to undertake or finance the
response activities themselves. In the past this has
been accomplished by issuing a “general notice”
letter to the PRPs. In addition to the use of the
general notice letter, Section 122(e) of CERCLA now
authorizes EPA to use “special notice” procedures,
which for an RI/FS, establish a 60 to 90 day
moratorium and formal negotiation period. The
purpose of the moratorium is to provide time for
formal negotiation between EPA and the PRPs for
conduct of RI/FS activities. In particular, use of the
special  not ice procedures tr iggers a 60 day
moratorium on EPA conduct of the RI/FS. During the
60 day moratorium, if the PRPs provide EPA with a
“good faith offer” to conduct or finance the RI/FS, the
negotiation period can be extended to a total of 90
days. EPA considers a good faith offer to be a written
proposal where the PRPs make a showing of their
qualifications and willingness to conduct or finance
the RI/FS. Minor deficiencies in the PRPs’ initial
submittals should not be grounds for a determination
that the offer is not a good faith offer or that the
PRPs are unable to perform the RI/FS.


To facilitate, among other things, PRP participation in
the RI/FS process, Section 122(e)( 1) requires the
special notice letter to provide the names and
addresses of other PRPs, the volume and nature of
substances contributed by each PRP, and a ranking
by volume of substances at the site, to the extent this
information is available at the time of special notice.
Regions are encouraged to release this information to
PRPs when the notice letters are issued. To expedite
settlements, Regions are also encouraged to give
PRPs as much guidance as possible concerning the
RI/FS process. It is appropriate to transmit to PRPs
copies of important guidance documents such as the
RI/FS Guidance, as well as model Administrative
Orders  and  S ta tements  o f  Work .  A  mode l
A d m i n i s t r a t i v e  O r d e r  c a n  b e  f o u n d  i n  t h e
memorandum from Gene Lucero entitled, “Model
CERCLA Section 106 Consent Order for an RI/FS”
(January 31, 1985 - OSWER Directive No. 9835.5).
This model order is currently being revised to reflect
SARA requirements and will be forthcoming. A model
Statement of Work has been included as Appendix C
to the RI/FS Guidance, while a model Statement of
Work for PRP-lead RI/FSs is currently being
d e v e l o p e d  b y  O W P E .  O t h e r  R e g i o n a l  a n d
Headquarters guidance relating to technical issues
may be given to PRPs, as well as examples of project
plans (plans that must be developed prior to the
conduct of the RI/FS) that are of high quality. A
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description of the required project plans is included in
Attachment II.


Although use of the special notice procedures is
discretionary, Regions are encouraged to use these
procedures in the majority of cases. If EPA decides
not to employ the special  not ice procedures
described in Section 122(e), the Agency will notify the
PRPs in writing of such a decision, including an
explanation as to why EPA believes the use of the
special notice procedures is inappropriate. Additional
information on the content of special notice letters,
including the use of these notice provisions, can be
found in the memorandum entitled “Interim Guidance
on Notice Letters, Negotiations, and Information
Exchange” (October 19, 1987 - OSWER Directive
No. 9834.10).


Section 121 (f)( 1) requires that the State be notified of
PRP negotiations and that an opportunity for State
participation in such negotiations be provided. In
addition, Section 12 2(j)(l) requires that if a release or
threat of release at the site in question may have
resulted in damages to natural resources, EPA must
notify the appropriate Federal or State Trustee and
provide an opportunity for the Trustee to participate in
the negotiations. To simplify the notification of Federal
Trustees, the Agency intends to provide a list of
p r o j e c t s  i n  t h e  S u p e r f u n d  C o m p r e h e n s i v e
Accomplishments Plan (SCAP) to the Trustees as
notice to participate in the negotiations. In those
cases where there is reason to believe that a
significant natural resource will be affected, direct
coordination with the Federal and/or State Trustee will
be required.


IV. Conditions for EPA Involvement in,
and PRP Initiation of, RI/FS Activities


Under Section 104(a)( 1) EPA may authorize PRPs to
conduct RI/FS activities at any site, provided the
PRPs can do so promptly and properly and can meet
the conditions specified by EPA for conducting the
RI/FS. These conditions are discussed in Attachment
I of this appendix and involve the scope of activities,
the organization of the PRPs, and the PRPs’ (and
their contractors’) demonstrated expertise. EPA
encourages PRPs to conduct the RI/FS provided that
the PRPs commit in an Order (or Consent Decree)
under CERCLA Sections 104/122 (or Sections
106/122 for a Decree) to conduct a complete RI/FS to
the satisfaction of EPA, under EPA oversight.2


Oversight of RI/FS activities by the lead agency is
required by Section 104(a)(l) and is intended to
assure that the RI/FS is adequate for lead agency


2 For a State-lead enforcement site the State is responsible for
oversight unless otherwise specified in the agreement between
the State and EPA. EPA should maintain communication with
the State to ensure that the State is providing oversight of the
remedial activities.


identification of an appropriate remedy, and that it will
otherwise meet the Agency requirements of CERCLA,
the NCP, and relevant Agency guidance. EPA will
allow PRPs to conduct RI/FS activities and will
provide review and oversight under the following
general circumstances.


EPA’s priority is to address those NPL sites that have
been identified on the SCAP. The SCAP is an EPA
management plan which ident i f ies si te- and
activity-specific Superfund financial allocations for
each quarter of the current fiscal year. When
employing Section 122(e) notice procedures, EPA will
notify PRPs of its intention to conduct RI/FS activities
at NPL sites in a manner that allows at least 90 days
notice before obligating the funds necessary to
complete the RI/FS (see Section Ill of this guidance).
During this time frame PRPs may elect to conduct the
RI/FS, under the review and oversight of EPA. If the
PRPs agree to conduct the RI/FS they must meet the
conditions discussed in Attachment I. The scope and
terms for conducting the studies are embodied in an
Agreement; as mentioned in Section II, Administrative
Orders are the preferred type of Agreement for RI/FS
activities.


EPA will not engage in lengthy discussions with PRPs
over whether the PRPs will conduct the RI/FS; rather,
EPA will adhere to the time frames established by the
Section 122 special notice provisions. In most
instances, once Fund resources have been obligated
to conduct the RI/FS, the PRPs will no longer be
eligible to conduct the RI/FS activities at the site.


The actions described below are typically taken to
initiate RI/FS activities:


EPA develops a site-specific Statement of Work
(SOW) in advance of the scheduled RI/FS start.
This SOW is then provided to the PRPs along
with a draft of the Administrative Order (or
Consent Decree) at the initiation of negotiations.
(PRPs may, with EPA approval, submit a single
site plan that incorporates the elements of an
SOW and a detailed Work Plan as a first
deliverable once the Agreement has been signed.
This combined site plan must clearly set forth the
scope of the proposed RI/FS and would be
incorporated into the Agreement in place of the
SOW.)


Final provisions of the SOW are negotiated with
the Order.


   EPA determines whether the PRPs possess the
necessary capabilities to conduct an RI/FS in a
t ime ly  and  e f fec t i ve  manner  (conduc ted
simultaneously with other negotiations).


  EPA develops a Community Relations Plan
specifying any activities that may be required of
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the PRPs. (Community relations activities are
discussed in Attachment II.)


EPA determines contractor and staff resources
required for oversight and initiates planning the
necessary oversight requirements. This process
may include preparing a Statement of Work, if a
contractor is to develop an “oversight plan.”


EPA and PRPs ident i fy and procure any
necessary assistance.


PRPs submit a Work Plan to EPA for Agency
review and approval. The Work Plan must present
the methodology and rationale for conducting the
RI/FS as well as detailed procedures and
requirements, if such procedures have not been
set forth in the Agreement. This Work Plan, which
in most instances is one of the first deliverables
under the Order, is commonly incorporated into
the Agreement following EPA approval.


PRPs are responsible for obtaining access to the
site; however, if access cannot be obtained, EPA,
with the assistance of DOJ, will secure access
subject to PRP reimbursement for the costs
incurred in securing such access.


These standardized actions ensure that the scope of
the RI/FS activities to be conducted by the PRPs, and
the procedures by which the RI/FS is performed, are
consistent with EPA policy and guidance. Additional
actions may be required either for a technically
complex site or for a site where a number of PRPs
are involved. Regardless of the circumstances, the
actions listed in this section should be negotiated as
expeditiously as possible. Specific elements of these
actions are discussed in Attachment II.


V. Development of the RI/FS
Administrative Order or Consent
Decree


The PRPs must respond to EPA’s notice letter by
either declining, within the t ime specif ied, to
participate in the RI/FS, or by offering a good faith
proposal to EPA for performing the RI/FS. Declining
to participate in the RI/FS may be implied if the PRPs
do not negotiate during the moratorium established by
the notice letter. If the PRPs have declined to
participate, or the time specified has lapsed, EPA will
obligate funds for performing the RI/FS. If a good faith
proposal is submitted, EPA will negotiate with the
PRPs on the scope and terms for conducting the
RI/FS.


The results of successful negotiations will, in most
cases, be contained in an Administrative Order, or
where the site is in litigation, in a Judicial Consent
Decree entered into pursuant to Section 122(d) of
CERCLA. Guidance for the development of an


Administrat ive Order is provided in OWPE’s
document “Administrative Order: Workshop and
Guidance Materials” (September 1984), and in the
memorandum from Gene Lucero entitled “Model
CERCLA Section 106 Consent Order for an RI/FS”
(January 31, 1985). (The latter guidance is currently
being revised since the provisions in SARA allow for
Orders to be signed using the authorities of Sections
104/122.)


An Administrative Order (or Consent Decree) will
generally contain the scope of activities to be
performed (either as a Statement of Work or Work
Plan), the oversight roles and responsibilities, and
enforcement options that may be exercised in the
event of  noncompl iance (such as st ipulated
penalties). In addition to the above, the Agreement
will typically include the following elements, as agreed
upon by EPA, the PRPs, and other signatories to the
Agreement.


Jurisdiction - Describes EPA’s authority to enter
into Administrative Orders or Consent Decrees.


Parties bound - Descr ibes  to  whom the
Agreement applies and is binding upon.


Purpose - Describes the purpose of the
Agreement in terms of mutual objectives and
public benefit.


Findings of fact, determination, and conclusions
of law - Provides an outline of facts upon which
the Agreement is based, including the fact that
PRPs are not subject to a lesser standard of
liability and will not receive preferential treatment
from the Agency in conducting the RI/FS.


Notice to the State - Verifies that the State has
been notified of pending site activities.


Work to be performed - Provides that PRPs
submit project plans to the lead-agency for
review and approval before commencing RI/FS
activities. Project plans are those plans developed
in order to effectively conduct the RI/FS project
and include: a Work Plan, describing the
methodology, rationale, and schedule of all tasks
to be performed during the RI/FS; a Sampling and
Analysis Plan, describing the field sampling
procedures to be performed as well as the quality
assurance procedures which will be followed for
sampling and analysis (including a description of
how the data gathered during the RI/FS will be
managed) and the analytical procedures to be
employed; and a Health and Safety Plan
describing health and safety precautions to be
exercised while onsite. (More information on the
contents of these project plans can be found in
Attachment II of this appendix.)
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Compliance with CERCLA, the NCP, and
Relevant Agency Guidance - Specifies that the
actions at a site will comply with the requirements
of CERCLA, the NCP, and relevant Agency
guidance determined to be appropriate for site
remediation.


Reimbursement of costs - Specifies that PRPs
will assume all costs of performing the work
required by the Agreement. In addition, this
section commits PRPs to reimbursement of costs
associated with oversight activities. This includes
reimbursement for qualified party assistance in
oversight, as required by Section 104(a)(l). This
section should also specify the nature and kind of
cost documentation to be provided and the
process for billing and receiving payment.


Reporting - Specifies the type and frequency of
reporting that PRPs must provide to EPA.
Normally the reporting requirements will, at a
minimum, include the required project plans as
well as those deliverables required by the RI/FS
Guidance. Additional reporting requirements are
left to the discretion of the Regions. That is,
Regions may require additional deliverables such
as interim reports on particular RI or FS activities.


Designated EPA, State,  and PRP project
coordinators - Specifies that EPA, the State, and
PRPs shall each designate a project coordinator.


Site access and data availability - Stipulates that
PRPs shall allow access to the site by EPA, the
State, and oversight personnel. Access will be
provided for inspection and monitoring purposes
that in any way pertain to the work undertaken
pursuant to the Order. In addition, access will be
provided in the event of project takeover. This
section also stipulates that EPA will be provided
with all currently available data.


Record preservation - Specifies that all records
must be maintained by both parties for a
minimum of 6 years after termination of the
Agreement, followed by a provision requiring
PRPs to offer the site records to EPA before
destruction.


Administrative record requirements - Provides
that all information upon which the selection of
remedy is based must be submitted to EPA in
fu l f i l lmen t  o f  the  admin is t ra t i ve  record
requirements pursuant to Sect ion 113 of
CERCLA. (Additional information on administrative
record requirements is contained in Attachment
Ill.)


Dispute resolution - Specifies steps to be taken if
a dispute occurs. The Administrative Order states


that with respect to all submittals and work
performed, EPA will be the final arbiter, while the
court is the final arbiter for a Consent Decree.
(More information on dispute resolution can be
found in Attachment IV of this appendix.)


  Delay in performance/stipulated penalties -
Specifies EPA’s authority to invoke stipulated
penalties for noncompliance with Order or Decree
provisions. Section 121 of CERCLA requires that
Consent Decrees contain provisions for penalties
in an amount not to exceed $25,000 per day. In
addition to stipulated penalties, Section 122(l)
provides that Section 109 civil penalties apply for
violations of Administrative Orders and Consent
Decrees. Delays that endanger public health
and/or the environment may result in termination
of the Agreement and EPA takeover of the RI/FS.
(More information on stipulated penalties can be
found  in  the  Of f i ce  o f  En fo rcement  and
Compliance Monitoring’s (OECM) “Guidance on
the Use of Stipulated Penalties in Hazardous
Waste Consent Decrees” (September 21, 1987)
and in Attachment IV of this appendix.)


   Financial assurance - Specifies that PRPs should
have adequate financial resources or insurance
coverage to address liabilities resulting from their
RI/FS activities. When using contractors, PRPs
should certify that the contractors have adequate
insurance coverage or that contractor liabilities
are indemnified.


Reservation of rights - States that PRPs are not
released from all CERCLA liability through
compliance with the Agreement, or completion of
the RI/FS. PRPs may be released from liability
relating directly to RI/FS requirements, if PRPs
complete the RI/FS activities to the satisfaction of
EPA.


   Other claims - Provides that nothing in the
Agreement shall constitute a release from any
claim or liability other than, perhaps, for the cost
of the RI/FS, if completed to EPA satisfaction.
Also provides that nothing in the Agreement shall
constitute preauthorization of a claim against the
Fund under CERCLA. This section should also
specify the conditions for indemnification of the
U.S. Government.


  Subsequent modifications/additional work -
Specifies that the PRPs are committed to perform
any additional work or subsequent modifications
which are not explicitly stated in the Work Plan, if
EPA determines that such work is needed to
enable the selection of an appropriate response
action. (Attachment IV contains additional
information on this clause.)
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VI. Statement of Work and Work Plan
Based upon available models and guidance, the
Region should present to the PRPs at the initiation of
negotiations a Statement of Work (SOW) and draft
Administrative Order. The SOW describes the broad
objectives and general activities to be undertaken in
the RI/FS. (The PRPs may develop the SOW if it is
determined to be appropriate for a particular case.)
Once the PRPs receive the SOW they develop a
more  de ta i l ed  Work  P lan ,  wh ich  shou ld  be
incorporated by reference into the Order following
EPA approval. The Work Plan expands the tasks
described in the SOW and presents the rationale and
methodology (including detailed procedures and
schedules) for conducting the RI/FS. It should be
noted that EPA, rather than the PRPs, may develop
the work plan in the event of unusual circumstances.


VII. Review and Oversight of the RI/FS
To ensure that the RI/FS conforms to the NCP and
the requirements of CERCLA, including Sections
104(a)( 1) and 121, EPA will review and oversee PRP
activities. Oversight is also required to ensure that the
RI/FS will result in sufficient information to allow for
remedy selection by the lead agency.


The oversight activities that EPA, the State, and other
oversight personnel will be performing should be
determined prior to the initiation of the RI/FS.
Different mechanisms will be used for the review and
oversight of different PRP products and activities.
These mechanisms, and corresponding PRP
activities, should be determined and if possible
incorporated in the Order. Generally, the following
oversight activities should be specified:


Review of plans, reports, and records;


Oversight of field activities (including maintenance
of records and documentation);


   Meetings; and


   Special studies.


Section 104(a)(l) requires that the President contract
with or arrange for a “qualified person” to assist in
the oversight and review of the conduct of the RI/FS.
EPA believes that qualified persons, for the purposes
of overseeing RI/FS activities, are those firms or
individuals with the professional qualifications,
expertise, and experience necessary to provide
assurance that the Agency is conducting meaningful
and effective oversight of PRP activities. In this
context, the qualified person generally will be either
an ARCS, TES, or REM contractor. EPA employees,
employees of other Federal  agencies, State
employees, or any other qualified person EPA


determines to be appropriate however, may be asked
to perform the necessary oversight functions.


As part of the Section 104 requirements, PRPs are
required to reimburse EPA for qualified party
oversight costs. It is Agency policy to recover all
response costs at a site including all costs associated
with oversight. Additional guidance on oversight and
project control activities is presented in Attachments
Ill and IV, respectively.


VI I I. Control of Activities
EPA will usually not intervene in a PRP RI/FS if
activities are conducted in conformance with the
conditions and terms specified by the Order. When
deficiencies are detected, EPA will take immediate
steps to correct the PRP activities. Deficiencies will
be corrected through the use of the following
activities: (1) identification of the deficiency; (2)
demand for corrective measures; (3) use of dispute
resolution mechanisms, where appropriate; (4)
imposition of penalties; and if necessary, (5) PRP
RI/FS termination and project takeover or judicial
enforcement. These activities are described in detail
in Attachment IV of this appendix.


IX. PRP Participation in Agency-
Financed RI/FS Activities


PRPs that elect not to perform the RI/FS should be
allowed an opportunity for involvement in a Fund-
financed RI/FS. Private parties may possess technical
expertise or knowledge about a site which would be
useful in developing a sound RI/FS. Involvement by
PRPs in the development of a Fund-financed RI/FS
may also expedite remediation by identifying and
satisfactorily resolving differences between the
Agency and private parties.


Section 113(k)(2)(B) requires that interested persons,
including PRPs, be provided an opportunity for
participation in the development of the administrative
record. PRP participation may include the submittal of
information, relevant to the selection of remedy, for
inclusion in the record and/or the review of record
contents and submittal of comments on such
contents.


The extent of additional PRP involvement will be left
to the discretion of the Region and may include
activities such as:


  Access to the site to observe sampling and
analysis activities;


Access to validated data and draft reports.


With respect to PRP access to a site, it is within the
Regions’ discretion to impose conditions based on
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safety and other relevant considerations. To the
extent that the Region determines that access is
appropriate under the circumstances, PRPs must
reimburse EPA for all identifiable costs incurred with
the connection of the accesses afforded the PRPs,
and must execute appropriate releases in favor of the
EPA and its contractors. With respect to providing
data, it should be noted that the Region is required to
allow private citizens access to the same information
that is provided to the PRPs. The Regions must
there fo re  take  th is  in to  cons idera t ion  when
determining the extent of the PRP’s involvement in a
Fund-financed RI/FS.


Aside from participation in the administrative record,
which is a statutory requirement, the final decision
whether to permit PRPs to participate in other
aspects of the Fund-financed RI/FS (as well as the


scope of any participation) rests with the Regions.
This decision should be based on the ability of PRPs
to organize themselves so that they can participate as
a single entity, and the ability of PRPs to participate
without undue interference with or delay in completion
of the RI/FS, and other factors that the Regions
determine are relevant. The Region may terminate
PRP par t ic ipa t ion  in RI /FS deve lopment  i f
unnecessary expenses or delays occur.


X. Contact
For further information on the subject matter
discussed in this interim guidance, please contact
Susan Cange (FTS 475-9805) of the Guidance and
Oversight Branch, Off ice of  Waste Program
Enforcement.
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Attachment I
Conditions for PRP Conduct of the RI/FS


Organization and Management
When several potentially responsible parties are
involved at a site they must be able to organize
themselves quickly into a single representative body
to negotiate with EPA. To facilitate this negotiation
process, EPA will make available the names and
addresses of other PRPs, in accordance with the
settlement provisions of CERCLA Section 122(e).
Either a single PRP or an organized group of PRPs
may assume responsibility for development of the
RI/FS.


Scope of Activities
As part of the negotiation process PRPs must agree
to follow the site-specific Statement of Work (SOW)
as the basis for conducting an RI/FS. PRPs are
required to submit an RI/FS Work Plan setting forth
detai led procedures and tasks necessary to
accomplish the RI/FS activities described in the SOW.
EPA may approve reasonable modifications to the
SOW and will reject any requests for modifications
that are not consistent with CERCLA (as amended by
SARA), the NCP, the requirements set forth in this
guidance document, the RI/FS Guidance, or other
relevant CERCLA guidance documents.


Demonstrated Capabilities


PRPs must demonstrate to EPA that they possess, or
are able to obtain, the technical expertise necessary
to perform all relevant activities identified in the SOW,
and any amendments that may be reasonably
anticipated to that document. In addition, PRPs must
demonstrate that they possess the managerial
expertise and have developed a management plan
sufficient to ensure that the proposed activities will be
properly controlled and efficiently implemented. PRPs
must also demonstrate that they possess the financial
capability to conduct and complete the RI/FS in a
timely and effective manner. These capabilities are
discussed briefly below.


   Demonstrated Technical Capability


PRPs should be required to demonstrate the
technical capabilities of key personnel involved in
executing the project. Personnel qualifications may be


demonstrated by submitting resumes and references.
PRPs may demonstrate the capabilities of the firm
that will perform the work by outlining their past areas
of business, relevant projects and experience, and
overall familiarity with the types of activities to be
performed as part of the remedial investigation and
feasibility study.


It is important that qualified firms be retained for
performing RI/FS activities. Firms that do not have the
necessary expertise for performing RI/FS studies may
create unnecessary delays in the project and may
create situations which further endanger public health
or the environment. These situations may be created
when PRP contractors submit insufficient project
plans, submit deficient reports, or perform inadequate
field work. Furthermore, excessive Agency oversight
may be required in the event that an unqualified
contractor performs the RI/FS; the Agency may have
to significantly increase its workload by providing
repeated reviews of project plans, reports, and
oversight of field activities.


The PRPs must also demonstrate the technical
capabilities of the laboratory chosen to do the
analysis of samples collected during the RI/FS. If a
non-CLP laboratory is selected, EPA may require a
submission from the laboratory which provides a
comprehensive statement of the laboratories’
personnel qualifications, equipment specifications,
security measures, and any other material necessary
to prove the laboratory is qualified to conduct the
work.


  Demonstrated Management Capability


PRPs must demonstrate that they have the
administrative capabilities necessary for conducting
the RI/FS in a responsible and timely manner. A
management plan should be submitted to EPA either
during negotiations or as a part of the Work Plan
w h i c h  i n c l u d e s  a  d i s c u s s i o n  o f  r o l e s  a n d
responsibilities of key personnel. This management
plan should include an RI/FS team organization chart
describing responsibilities and lines of authority.
Positions and responsibilities should be clearly related
to technical and managerial qualifications. The PRPs
should also demonstrate an understanding of effective
communications, information management, quality
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assurance, and quality control systems. PRPs usually
procure the services of consultants to conduct the
required RI/FS activities. The consultants must
demonstrate, in addition to those requirements stated
above, effective contract management capabilities.


  Demonstrated Financial Capability


The PRPs should develop a comprehensive and
reasonable estimate of the total cost of anticipated
RI/FS activities. EPA will decide on a case-by-case
basis if the PRPs will be required to demonstrate that
they have the necessary financial resources available
and committed to conduct the RI/FS activities. The
resources estimated should be adequate to cover the
anticipated costs for the RI/FS as well as the costs
for oversight, plus a margin for unexpected expenses.
If, during the conduct of the RI/FS the net worth of
the financial mechanism providing funding for the
RI/FS is reduced to less than that required to
complete the remaining activities, the PRPs should
immediately notify EPA. Under conditions specified in
the Order, PRPs are required to complete the RI/FS


irregardless of initial cost estimates or financial
mechanisms.


Assistance for PRP Activities


If PRPs propose to use consultants for conducting or
assisting in the RI/FS, the PRPs should specify the
tasks to be conducted by the consultants and submit
personnel and corporate qualifications of the pro-
posed firms to the EPA for review. Verification should
be made that the PRPs’ consultants have no conflict
of interest with respect to the project. Any consultants
having current EPA assignments as prime contractors
or as subcontractors must obtain approval from their
EPA Contract Officers before performing work for
PRPs. Lack of clarification on possible conflicts of
interest may delay the PRP RI/FS. EPA will reserve
the right to review the PRPs’ proposed selection of
consultants and will disapprove their selection if, in
EPA’s opinion, they either do not possess adequate
technical capabilities or there exists a conflict of
interest. It should be noted that the responsibility for
selection of consultants rests with the PRPs.
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Attachment  II
Initiation of PRP RI/FS Activities


Development of the Statement of Work


After the PRPs have been identified in the PRP
Search Report they are sent either a general notice
letter followed by a special notice letter or a general
notice letter followed by an explanation pursuant to
Section 122(a) why special notice procedures are not
being used. EPA will engage in negotiations with
those PRPs who have submitted a good faith offer in
response to the notice letter and therefore have
volunteered to perform the RI/FS. While the PRPs are
demonstrating their capabilities for conducting the
RI /FS,  EPA wi l l  negot ia te  the  te rms o f  the
Administrative Order. Either an acceptable Statement
of Work or Work Plan must be incorporated by
reference into the Agreement.


The Statement of Work (SOW) is typically developed
by EPA and describes, in a comprehensive manner,
all RI/FS activities to be performed, as reasonably
anticipated, prior to the onset of the project. The
SOW focuses on broad objectives and describes
general activities that will be undertaken to achieve
these objectives. Detailed procedures by which the
work will be accomplished are not presented in the
SOW, but are described in the subsequent Work Plan
that is developed by the PRPs. In certain instances,
with the approval of EPA, PRPs may prepare a single
site plan incorporating the elements of an SOW and a
Work Plan. In such instances, the site plan will be
incorporated into the Order in place of the broader
s o w .


Use of the EPA Model SOW


EPA has developed a model SOW defining a
comprehensive RI/FS effort which is contained in the
RI/FS Guidance. Additionally, a model SOW for a
PRP-lead RI/FS is being developed by OWPE and
will be forthcoming. The Regions should develop a
site-specific SOW based upon the model(s). RI/FS
projects managed by PRPs will involve, at a
minimum, all relevant activities set forth in the EPA
model SOW. Further, all plans and reports identified
as deliverables in the EPA model SOW must be
identified as deliverables in the site-specific SOW
and/or the Work Plan developed by the PRPs.
Additional deliverables may be required by the


Regions and should be added to the Administrative
Order.


Modification of the EPA Draft SOW Requirements


The activities set forth in the model SOW are
considered by EPA to be the critical RI/FS activities
that are required by the NCP. PRPs should present
detailed justifications for any proposed modifications
and amendments to the activities set forth in the
SOW. EPA will review all proposed modifications and
approve or disapprove their inclusion in the SOW
based on available information, EPA policy and
guidance, overall program objectives, and the
requirements of the NCP and CERCLA. EPA will not
allow modifications that, in the judgment of the
Agency, will lead to an unsatisfactory RI/FS or
inconsistencies with the NCP.


Review of the RI/FS Project Plans


RI/FS project plans include those plans developed for
the RI/FS. At a minimum the project plans should
include a Work Plan, a Sampling and Analysis Plan, a
Health and Safety Plan, and a Community Relations
Plan. The Community Relations Plan is developed by
EPA and should include a description of the PRPs’
role in community relations activities, if any. EPA
review and approval of the work plan and sampling
and analysis plan will usually be required before PRPs
can begin site activities. An example when limited
project activities may be initiated prior to approval of
the project plans would be if additional information is
required to complete the Sampling and Analysis Plan.
Additionally, conditional approvals to the Work Plan
and Sampling and Analysis Plan may be provided in
order to initiate field activities in a more timely
manner. It should be noted that EPA does not
“approve” the PRPs’ Health and Safety Plan but
rather, it is reviewed to ensure the protection of public
health and the environment. The PRPs may be
required to amend the plan if EPA determines that it
does not adequately provide for such protection.


Contents of the Work Plan


The Work Plan expands the tasks of the SOW, and
the responsibilities specified in the Agreement, by
presenting the rationale and methodology (including
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detailed procedures) for conducting the RI/FS.
Typically the Work Plan is developed after the draft
Order and then incorporated into the Agreement. In
some cases however, it may be appropriate for EPA
to develop the Work Plan prior to actual negotiation
with the PRPs and attach the plan to the draft
Agreement. The PRP RI/FS Work Plan must be
consistent with current EPA guidance. Guidance on
developing acceptable Work Plans is available in the
RI/FS Guidance. Addit ional guidance wi l l  be
forthcoming in the proposed NCP. Once the Work
Plan is approved by EPA, it becomes a public
document and by the terms of the Agreement, should
be incorporated by reference into that document. The
Work Plan should, at a minimum, contain the
following elements.


Inroduction/Background Statement - PRPs should
provide an introductory or background statement
describing their understanding of the work to be
performed at the site. This should include
historical site information and should highlight
present site conditions.


Objectives - A statement of what is to be
accomplished and how the information will be
utilized.


Scope - A detailed description of the work to be
performed including a definition of work limits.


Management Plan - A description of the project
management showing personnel with authority and
responsibility for the appropriate aspects of the
project and specific tasks to be performed. A
single person should be identified as having


 overall responsibility for the project.


Work Schedule - A statement outlining the
schedule for each of the required activities. This
could be presented in the form of a Gantt or
milestone chart. The schedule in the Work Plan
must match that in the draft Order.


Deliverables - A description of the work products
that will be submitted and their schedule for
delivery. The schedule should include specific
dates, if possible. Otherwise, the schedule should
be in terms of the number of days/week after
approval of the work plan.


Contents of the Sampling and Analysis Plan.


A Sampling and Analysis Plan (SAP) must be
submitted by the PRPs before initiation of relevant
field activities. This plan contains two separate
elements: a Field Sampling Plan and a Quality
Assurance Project Plan. These documents were
previously submitted as separate deliverables, but are
now combined into one document. Though the SAP
s typically implemented by PRP contractors, it is the


responsibility of the PRPs to ensure that the goals
and standards of the plan are met. (Verification that
the goals and standards of the SAP are met will also
be part of EPA’s oversight responsibilities.) The SAP
should contain the following elements:


Field Sampling Plan - The Field Sampling Plan
includes a detailed description of all RI/FS
sampling and analytical activities that will be
performed. These activities should be consistent
with the NCP and relevant CERCLA guidance.
Further guidance on developing Field Sampling
Plans is presented in the RI/FS Guidance.


Quality Assurance Project Plan - The SAP must
include a detai led descr ipt ion of  qual i ty
assurance/quality control (QAQC) procedures to
be employed during the RI/FS. This section is
intended to ensure that the RI/FS is based on the
correct level or extent of sampling and analysis
required to produce sufficient data for evaluating
remedial alternatives for a specific site. A second
objective is to ensure the quality of the data
col lected during the RI/FS. Guidance on
appropriate QAQC procedures may be found in
the RI/FS Guidance as well as “Data Quality
Objectives for the RI/FS Process” (March 1987 -
OSWER Directive No. 9355.0-7B).


If the SAP modifies any procedures established in
relevant guidance, it must provide an explanation and
justification for the change.


  Other Project Plans


Other project plans that are likely to be required in the
RI/FS process include the Health and Safety Plan and
the Community Relations Plan.


Health and Safety Plan - PRPs should include a
Health and Safety Plan either as part of the Work
Plan or as a separate document. The Health and
Safety Plan should address the measures taken
by the PRPs to ensure that all activities will be
conducted in an environmentally safe manner for
the workers and the surrounding community. EPA
reviews the Health and Safety Plan to ensure
protection of public health and the environment.
EPA does not, however, “approve” this plan.
Guidance on the appropriate contents of a Health
and Safety Plan may be found in the RI/FS
Guidance. In addit ion, Health and Safety
requirements are found in “OSHA Safety and
Health Standards: Hazardous Waste Operations
and Emergency Response” (40 CFR Part
1910.120).


Community Relations Plan - EPA must prepare a
Community Relations Plan for each NPL site. The
extent of PRP involvement in community relations
activities should be detailed in this plan. Additional
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information on Community Relations activities is
contained below.


   Review and Approval


PRPs must submit all of the required RI/FS project
plans (with the exception of the Community Relations
Plan which is developed by EPA) to EPA for review,
and in the case of the Work Plan and SAP, approval.
EPA will review the plans for their technical validity
and consistency with the NCP and relevant EPA
guidance. Typically, the Agency must review and
approve these plans before PRPs can begin any site
activities. Any disagreements that arise between EPA
and PRPs over the contents of the plans should be
resolved according to the procedures set forth in the
dispute resolution section of the relevant EPA/PRP
Agreement.


Community Relations


EPA is responsible for developing and implementing
an effective community relations program, regardless
of whether RI/FS activities are Fund-financed or
conducted by PRPs. At State-lead enforcement
sites, funded by EPA under Superfund Memoranda of
Agreement (see the “Draft Guidance on Preparation
of a Superfund Memorandum of Agreement (October
5, 1987 - OSWER Directive No. 9375.0-01)), the
State has the responsibility for development and
implementation of a community relations program.
PRPs may, under certain circumstances, assist EPA
or the State in implementing the community relations
activities. For example, PRPs may wish to participate
in community meetings and in preparing fact sheets.
PRP participation in community relations activities
would, however, be at the discretion of the Regional
Office, or the State, and would require oversight by
the lead-agency. E P A  w i l l  n o t  u n d e r  a n y
circumstances negotiate press releases with PRPs.


  EPA designs and implements community relations
activities according to CERCLA and the NCP. A
Community Relations Plan must be developed by
EPA for all NPL sites as described by the EPA
guidance, “Community Relations in Superfund: A
Handbook” (U.S. EPA, 1988 - OSWER Directive No.
9230.0-03). The Community Relations Plan must be
independent of negotiations with PRPs. Guidance for
conduct ing community relat ions act iv i t ies at
Superfund enforcement sites is specifically addressed
by Chapter VI of the Handbook and the EPA memo
entitled “Community Relations Activities at Superfund
Enforcement Sites--Interim Guidance” (November
1988 - OSWER Directive No. 9230.0-38). In some
instances the decision regarding PRP participation in
community relations activities will be made after the
Community Relations Plan has been developed. As a
result, the plan will need to be modified by EPA to
reflect Agency and PRP roles and responsibilities.


EPA, or the State, will provide the Community
Relations Plan to all interested parties at the same
time. In general, if the case has not been referred to
the Department of Justice (DOJ) for litigation,
community relations activities during the RI/FS should
be the same for Fund- and PRP-lead sites. If the
case has been (or may potentially be) referred to
DOJ for litigation, constraints will probably be placed
on the scope of activities. The EPA Community
Relations Plan may be modified after consultation with
the technical enforcement staff, the Regional Counsel
and other negotiation team members, including, if the
case is referred, the lead DOJ or Assistant United
States Attorneys (i.e., the litigation team). This
technical and legal staff must be consulted prior to
any public meetings or dissemination of fact sheets or
other information; approval must be obtained prior to
releases of information and discussions of technical
information in advance. PRP part ic ipat ion in
implementing community relations activities will be
subject to EPA (or State) approval in administrative
settlements and EPA/DOJ in civil actions. Key
activities specific to community relations programs for
enforcement sites include the following:


   Public Review of Work Plans for Administrative
Orders


The PRP Work Plan, as approved by EPA, is
incorporated into the Administrative Order (or
Consent Decree). Once the Agreement is signed, it
becomes a public document. Although there is no
requirement for public comment on an Administrative
Order, Regional staff are encouraged to announce,
after the Order is final, that the PRP is conducting the
RI/FS. Publication of notice and a corresponding 30-
day comment period is required however, for Consent
Decrees.


Availability of RI/FS Information from the PRPs


PRPs, in agreeing to conduct the RI/FS, must also
agree to provide all information necessary for EPA to
implement a Community Relations Plan. The
Agreement should identify the types of information
that PRPs  will provide, and contain conditions
concerning the provision of this information. EPA
should provide the PRPs with the content of the plan
so that the PRPs can fully anticipate the type of
information that will be made public. All information
submitted by PRPs will be subject to public inspection
(i.e., available through Freedom of Information Act
requests, public dockets, or the administrative record)
unless the information meets an exemption. An
example would be if the information is deemed either
as enforcement sensitive by EPA, or business
c o n f i d e n t i a l  b y  E P A  ( b a s e d  o n  t h e  PRPs’
representations), in conformance with 40 CFR Part 2.
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Development of the ATSDR Health Assessment


Section 104(j)(6) of CERCLA requires the Agency for
Toxic Substances and Disease Registry (ATSDR) to
perform health assessments at all NPL facilities
according to a specified schedule. The purpose of the
health assessment is to assist in determining whether
any current or potential threat to human health exists
and to determine whether additional information on
human exposure and associated health risks is
needed.


The EPA remedial project manager (RPM) should
coordinate with the appropriate ATSDR Regional
representative for initiation of the health assessment.
In general, the health assessment should be initiated
at the start of the RI/FS. The ATSDR Regional
representative will provide information on data needs
specific to performing a health assessment to ensure
that all necessary data will be collected during the RI.
The RPM and the ATSDR Regional representative
should also coordinate the transmission and review of
pertinent documents dealing with the extent and
nature of site contamination (i.e., applicable technical
memoranda and the draft RI). As ATSDR has no
provisions for withholding documents, if requested by
the public, the RPM must discuss enforcement
sensitive documents and drafts with the ATSDR
Regional representative rather than providing copies
to them. This will ensure EPA’s enforcement
confidentiality. Further guidance on coordination of
RI/FS activities with ATSDR can be found in the
document entitled “Guidance for Coordinating ATSDR
Health Assessment Activities with the Superfund
Remedial Process” (March 1987 - OSWER Directive
No. 9285.4-02).


Identification of Oversight Activities


EPA will review RI/FS plans and reports as well as
  provide field oversight of PRP activities during the


RI/FS. To ensure that adequate resources are
committed and that appropriate activities are


performed, EPA should develop an oversight plan that
defines the oversight act ivi t ies that must be
performed including EPA responsibilities, RI/FS
products to be reviewed, and site activities that EPA
will oversee. In planning for oversight, EPA should
consider such factors as who will be performing
oversight and the schedule of activities that will be
monitored. A tracking system for recording PRP
milestones should be developed. This system should
also track activities performed by oversight personnel
and other appropriate cost items such as travel
expenses.


Identification and Procurement of EPA Assistance
In accordance with Section 104(a)(1) EPA must
arrange for a qualified party to assist in oversight of
the RI/FS. The following section provides guidance for
identifying and procuring such assistance for EPA
activities.


l Assistance for EPA Activities


As specified in Section 104(a)(l), EPA is required to
contract with or arrange for a qualified person to
assist in oversight of the RI/FS. Qualified individuals
are those groups with the professional qualifications,
expertise, and experience necessary to provide
assurance that the Agency is conducting appropriate
oversight of PRP RI/FS activities.


Normally, EPA will obtain oversight assistance either
through the Technical Enforcement Support (TES)
contract, the Alternative Remedial Contracts Strategy
Contract (ARCS), or occasionally through the
Remedial Action (REM) contracts. In some cases
oversight assistance may be provided by States
through the use of  Cooperat ive Agreements.
Oversight assistance may also be obtained through
the  U.S.  Army Corps  o f  Eng ineers  o r  o ther
governmental agencies; interagency Agreements
should be utilized to obtain such assistance.
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Attachment  III
Review and Oversight of the RI/FS


Review of Plans, Reports, and Records


EPA will review all RI/FS products which are
submitted to the Agency as specified in the Work
Plan or Administrative Order. PRPs should ensure
t h a t  a l l  p l a n s ,  r e p o r t s ,  a n d  r e c o r d s  a r e
comprehensive, accurate, and consistent in content
and format with the NCP and relevant EPA guidance.
After this review process, EPA will either approve or
disapprove the product. If the product is found to be
unsatisfactory, EPA will notify the PRPs of the
discrepancies or deficiencies and will require
corrections within a specified time period.


  Project Plans


EPA will review all project plans that are submitted as
deliverables in fulfillment of the Agreement. These
plans include the Work Plan, the Sampling and
Analysis Plan (including both the Field Sampling Plan
and the Quality Assurance Project Plan), and the
Health and Safety Plan. If the initial submittals are not
sufficient in content or scope, the RPM will request
that the PRPs submit revised document(s) for review.
EPA does not “approve” the PRP’s Health and
Safety Plan but rather, it is reviewed to ensure the
protection of public health and the environment. The
PRP’s Work Plan and Sampling and Analysis Plan, on
the other hand, must be reviewed and approved prior
to the initiation of field activities. Conditional approval
to these plans may be provided in order to initiate
field activities in a more timely manner.


The PRPs may be required to develop additional
Work Plans or modify the initial Work Plan contained
in or created pursuant to the Agreement. These
changes may result from the need to: (1) re-
evaluate the RI/FS activities due either to changes in
or unexpected site conditions; (2) expand the initial
Work Plan when additional detail is necessary; or (3)
modify or add products to the Work Plan based on
new information (e.g., a new population at risk). EPA
will review and approve all Work Plans and/or
modifications to Work Plans once they are submitted
for review.


  Reports


PRPs will, at a minimum, submit monthly progress
reports, technical memorandums or reports, and the
draft and final RI/FS reports as required in the
Agreement. To assist in the development of the RI/FS
and review of documents, additional deliverables may
be specified by the Region and included in the
Agreement. These reports and deliverables will be
reviewed by EPA to ensure that the activities
specified in the Order and approved Work Plan are
being properly implemented. These reports will
generally be submitted according to the conditions
and schedule set forth in the Agreement. Elements of
the PRP reports are discussed below.


Monthly Progress Reports - The review of monthly
progress reports is an important activity performed
during oversight. These reports should provide
sufficient detail to allow EPA to evaluate the past and
projected progress of the RI/FS. PRPs should submit
these written progress reports to the RPM. The report
should describe the actions and decisions taken
during the previous month and activities scheduled
during the upcoming reporting period. In addition,
technical data generated during the month (i.e.,
analytical results) should be appended to the report.
Progress reports should also include a detailed
statement of the manner and extent to which the
procedures and dates set forth in the Agreement/
Work Plan are being met. Generally, EPA will
determine the adequacy of the performance of the
RI/FS by reviewing the following subjects discussed in
progress reports:


Technical Summary of Work


The monthly report will describe the activities and
accomplishments performed to date. This will
generally include a description of all field work
completed, such as sampling events and
installation of wells; a discussion of analytical
results received; a discussion of data review
activities; and a discussion of the development,
screening, and detailed analysis of alternatives.
The report will also describe the activities to be
performed during the upcoming month.
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Schedule


EPA will oversee PRP compliance with respect to
those schedules specified in the Order. Delays,
with the exception of those specified under the
Force Majeure clause of the Agreement, may
result in penalties, if warranted. The RPM should
be immediately notified if PRPs cannot perform
required activities or cannot provide the required
deliverables in accordance with the schedule
specified in the Work Plan. In addition, PRPs
should notify the RPM when circumstances may
delay the completion of any phase of the work or
when circumstances may delay access to the
site. PRPs should also provide to the RPM, in
writing, the reasons for, and the anticipated
duration of, such delays. Any measures taken or
to be taken by the PRPs to prevent or minimize
the delay should be described including the
timetables for implementing such measures.


  Budget


The relationship of budgets to expenditures
should be tracked where the RI/FS is funded with
a financial mechanism established by the PRPs. If
site activities require more funds than originally
estimated, EPA must be assured that the PRPs
are financially able to undertake additional
expenditures. While EPA does not have the
authority to review or approve a PRP budget,
evaluating costs during the course of the RI/FS
allows EPA to effectively monitor activity to
ensure timely completion of RI/FS activities. If the
PRPs run over budget, EPA must be assured that
they can continue the RI/FS act ivi t ies as
scheduled. Therefore, i f  speci f ied in the
Agreement, PRPs shou ld  submi t  budget
expenditures and cost overrun information to
EPA. Budget reports need not present dollar
amounts, but should indicate the relationship
between remaining available funds and the
estimate of the costs of remaining activities.


Problems
Any problems that the PRPs encounter which
could affect the satisfactory performance of the
RI/FS should be brought to the immediate
attention of EPA. Such problems may or may not
be a force majeure event, or caused by a force
majeure event. EPA will review problems and
advise the PRPs accordingly. Problems which
may arise include, but are not limited to:


- Delays in mobilization or access to necessary
equipment;


-  Unant ic ipated laboratory/analyt ical  t ime
requirements:


- Unsatisfactory QA/QC performance;


- Requirements for additional or more complex
sampling;


- Prolonged unsatisfactory weather conditions;


- Unanticipated site conditions; and


- Unexpected, complex community relations
activities.


Other Reports - All other reports, such as
technical reports and draft and final RI/FS reports,
should be submitted to EPA according to the
schedule contained in the Order or the approved
Work Plan. EPA will review and approve these
reports as they are submitted. Suggested formats
for the RI/FS reports are presented in the RI/FS
Guidance.


  Records


PRPs should preserve all records, documents, and
information of any kind relating to the performance of
work at the site for a minimum of 6 years after
completion of the work and termination of the
Administrative Order. After the 6-year period, the
PRPs should offer the records to EPA before their
destruction.


Document control should be a key element of all
recordkeeping. The following activities require careful
recordkeeping and will be subject to EPA oversight:


Administration - PRP administrative activities
should be accurately documented and recorded.
Necessary precautions to prevent errors or the
loss or misinterpretation of data should be taken.
At a minimum, the following administrative actions
should be documented and recorded:


- Contractor work plans, contracts, and change
orders;


- Personnel changes;


- Communications between and among PRPs,
the State, and EPA officials regarding
technical aspects of the RI/FS;


- Permit application and award (if applicable);
and


- Cost overruns.


Technical Analysis - Samples and data should be
handled according to procedures set forth in the
Sampling and Analysis Plan. Documentation
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establishing adherence to these procedures
should include:


- Sample labels:


- Shipping forms;


- Chain-of-custody forms; and


- Field log books.


All analytical data in the RI/FS process should be
managed as set forth in the Sampling and
Analysis Plan. Such analytical data may be the
product of:


- Contractor laboratories;


- Environmental and public health studies; and


- Reliability, performance, and implementability
studies of remedial alternatives.


Decision Making - Actions or communications
among PRPs that involve decisions affecting
technical  aspects of the RI/FS should be
documented. Such actions and communications
include those of the project manager (or other
PRP management entity), steering committees, or
contractors.


l Administrative Record Requirements


Section 113(k) of CERCLA requires that the Agency
establish an administrative record upon which the
selection of a response action is based. A suggested
list of documents which are most likely to be included
in any adequate administrative record is provided in
the memorandum entitled “Draft Interim Guidance on
Administrative Records for Selection of CERCLA
Response Actions” (June 23, 1988 - OSWER
Directive No. 9833.3A). More detailed guidance will
be forthcoming, including guidance provided in the
revisions to the NCP. There are, however, certain
details associated with compiling and maintaining an
administrative record that are unique to PRP RI/FS
activities.


EPA is responsible for compiling and maintaining the
administrative record, and generating and updating an
index. If EPA and the PRPs mutually agree, the PRPs
may be al lowed to house and maintain the
administrative record file at or near the site; they may
not,  however,  be responsible for the actual
compilation of the record. Housing and maintaining
the administrative record would include setting up a
publicly accessible area at or near the site and
ensuring that documents remain and are updated as
necessary. EPA must always be responsible for
deciding whether documents are included in the


administrative record; transmitting records to the
PRPs; and maintaining the index to the repository.


T h e  i n f o r m a t i o n  w h i c h  m a y  c o m p r i s e  t h e
administrative record must be available to the public
from the time an RI/FS Work Plan is approved by
EPA. Once the Work Plan has been approved the
PRPs must transmit to EPA, at reasonable, regular
intervals, all of the information that is generated
during the RI/FS that is related to selection of the
remedy. The required documentation should be
specified in the Administrative Order. The Agreement
should also specify those documents generated prior
to the RI/FS that must be obtained from the PRPs for
inclusion in the record file. This may include any
previous studies conducted under State or local
authorities, management documents held by the
PRPs such as hazardous waste shipping manifests,
and other information about site characteristics or
conditions not contained in any of the above
documents.


Field Activities
l Field Inspections


Field inspect ions are an important oversight
mechanism for determining the adequacy of the work
performed. EPA wi l l  therefore conduct f ie ld
inspections as part of its oversight responsibilities.
The oversight inspections should be performed in a
way that minimizes interference with PRP site
activities or undue complication of field activities. EPA
will take corrective steps, as described in Section VII
and Attachment IV of this appendix, if unsatisfactory
performance or other deficiencies are identified.


Several field-related tasks may be performed during
oversight inspections. These tasks include:


On-site presence/inspection - As specified in
Section 104(e)(3), EPA reserves the right to
conduct on-site inspections at any reasonable
time. EPA will therefore establish an on-site
presence to assure itself of the quality of work
being conducted by PRPs. At a minimum, field
oversight will be conducted during critical times,
such as the installation of monitoring wells and
during sampling events. EPA will focus on
whether the PRPs adhere to procedures specified
in the SOW and Work Plan(s), especially those
concerning QA/QC procedures. Further guidance
regarding site characterization activities is
p r e s e n t e d  i n  t h e  R I / F S  G u i d a n c e ,  t h e
“Compendium of Superfund Field Operations
Methods” (August 1987 - OSWER Directive No.
9355.0-l 41), the “ R C R A  G r o u n d  W a t e r
Technical Enforcement Guidance Document”
(September 1986 - OSWER Directive No.
9950.1) the NEIC Manual for Groundwater l
Subsurface Investigations at Hazardous Waste
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Si tes  ( U . S .  E P A ,  1 9 8 1 c ) ,  a n d  O W P E ’ s
forthcoming “Guidance on Oversight of Potentially
Responsible Party Remedial Investigations and
Feasibility Studies.”


Collection and analysis of samples - EPA may
collect a number of QA/QC samples including
blank, duplicate, and split samples. The results of
these sample analyses will be compared to the
results of PRP analyses. This comparison will
enable EPA to identify potential quality control
problems and therefore help to evaluate the
quality of the PRP investigation.


Environmental Monitoring - EPA may supplement
any PRP environmental monitoring activity. Such
supplemental monitoring may include air or water
studies to determine additional migration of
sudden releases that may have occurred as a
result of site activities.


  QA/QC Audits


EPA may either conduct, or require the PRPs to
conduct (if specified in the Agreement), laboratory
audits to ensure compliance with proper QA/QC and
analytical procedures, as specified in the Sampling
and Analysis Plan. These audits will involve on-site
inspections of laboratories used by PRPs and
analyses of selected QA/QC samples. All procedures
must be in accordance with those outlined in The
User’s Guide to the Contract Laboratory Program,
(U.S. EPA, 1986) or otherwise specified in the
Sampling and Analysis Plan.


  Cha in -o f -Cus tody


Chain-of-custody procedures will be evaluated by
EPA. This evaluation will focus on determining if the
PRPs and their contractors adhere to the procedures
set forth in the Sampling and Analysis Plan. Proper
chain-of-custody procedures are described in the
National Enforcement Investigation Center (NEIC)
Policies and Procedures Manual, (U.S. EPA, 1981 b).
Evaluation of chain-of-custody procedures will
occur during laboratory audits as well as during on-
site inspections of sampling activities.


Meetings


Meetings between EPA, the State, and PRPs should
be held on a regular basis (as specified in the
Agreement) and at critical times during the RI/FS.
Such critical times may at a minimum include when
the SOW and the Work Plan are reviewed, the RI is
in progress and completed, remedial alternatives are
developed and screened, detailed analysis of the


alternatives is performed, and the draft and final RI/FS
reports are submitted. These meetings will discuss
overall progress, d isc repanc ies  in  the  work
performed, problems encountered in the performance
of RI/FS activities and their resolution, community
relations, and other related issues and concerns.
While meetings may be initiated by either the PRPs
or EPA at any time, they will generally be conducted
at the stages of the RI/FS listed below.


  Initiation of Activities


EPA, the State, and the PRPs may meet at various
times before field activities begin to discuss the initial
planning of the RI/FS. Meetings may be arranged to
discuss, review, and approve the SOW; to develop
the EPA/PRP Agreement; and to develop, review, and
approve the Work Plan.


  Progress


EPA may request meetings to discuss the progress of
the RI/FS. These meetings should be held at least
quarterly and will focus on the items submitted in the
monthly progress reports and the findings from EPA
oversight activities. Any problems or deficiencies in
the work will be identified and corrective measures
will be requested (see Section VIII and Attachment IV
of this appendix).


  Closeout


EPA may  reques t  a  c loseou t  meet ing  upon
completion of the RI/FS. This meeting will focus on
the review and approval of the final RI/FS report,
termination of the RI/FS Agreement, and any final
on-site activities which the PRPs may be required to
perform. These activities may include maintaining the
site and ensuring that fences and warning signs are
properly installed. The transition to remedial design
and remedial action will also be discussed during this
meeting.


Special Studies
EPA may determine that special studies related to the
PRP RI/FS are required. These studies can be
conducted to verify the progress and results of RI/FS
activities or to address a specific complex or
controversial issue. Normally, special studies are
performed by the PRPs; however, there may be
cases in which EPA will want to conduct the
independent studies. The +PRPs should be informed
of any such studies and given adequate time to
provide necessary coordination of site personnel and
resources. If not provided for in the Agreement,
modifications to the Work Plan may be required.
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Attachment IV
Control of Activities


Identification of Deficiencies
Oversight activities may identify unsatisfactory or
deficient PRP performance. The determination of
such performance may be based upon findings such
as:


Work products are inconsistent with the SOW or
Work Plan;


Technical deficiencies exist in submittals or other
RI/FS products;


  Unreasonable delays occur while performing
RI/FS activities; and


Procedures are inconsistent with the NCP.


Corrective Measures


The need to perform corrective measures may arise
in the event of deficiencies in reports or other work
products, or unsatisfactory performance of field or
laboratory activities. When deficiencies are identified
corrective measures may be sought by: (1) notifying
the PRPs; (2) describing the nature of the deficiency;
and (3) either requesting the PRPs to take whatever
actions they regard as appropriate or setting forth
appropriate corrective measures. The following
subsections describe this process for each of the two
general types of activities that may require corrective
measures.


Corrective Measures Regarding Work Products


Agency review and approval procedures for work
products generally allow three types of responses: (1)
approval; (2) approval with modifications; and (3)
non-approval. Non-approval of a work product
(including project plans) immediately constitutes a
notice of deficiency. EPA will immediately notify the
PRPs if any work product is not approved and will
explain the reason for such a finding.


Approval with modifications will not lead to a notice of
deficiency if the modifications are made by the PRPs
without delay. If the PRPs significantly delay in


responding to the modifications, the RPM would issue
a notice of deficiency to the PRP project manager
detailing the following elements:


- A description of the deficiency or a statement
describing in what manner the work product
was found to be deficient or unsatisfactory;


- Modifications that the PRPs should make in
the work product to obtain approval;


- A request that the PRPs prepare a plan, if
necessary, or otherwise identify actions that
will lead to an acceptable work product;


- A schedule for submission of the corrected
work product;


- An invitation to the PRPs to discuss the
matter in a conference; and


- A statement of the possibility of EPA takeover
at the PRPs’ expense, EPA enforcement, or
penalties (as appropriate).


Corrective Measures Regarding Field Activities


When the lead agency discovers that the PRPs (or
their contractors) are performing the RI/FS field work
in a manner that is inconsistent with the Work Plan,
the PRPs should be notified of the finding and asked
to voluntarily take appropriate corrective measures.
The request is generally made at a progress meeting,
or, if immediate action is required, at a special
meeting held specifically to discuss the problem. If
corrective measures are not voluntarily taken, the
RPM should, in conjunction with appropriate Regional
Counsel, issue a notice of deficiency containing the
following elements:


- A description of the deficiency;


- A request for an explanation of the failure to
per fo rm sa t i s fac to r i l y  and  a  p lan  fo r
address ing  the  necessary  cor rec t i ve
measures;
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-  A statement that fai lure to present an
explanation may be taken as an admission
that there is no valid explanation;


- An invitat ion to discuss the matter in a
conference (where appropriate);


- A statement that stipulates penalties may
accrue or are accruing, project termination
may occur, and/or civil action may be initiated
if appropriate actions are not taken to correct
the deficiency; and


- A descript ion of the potent ial  l iabi l i t ies
incurred in the event that appropriate actions
are not taken.


Modifications to the Work Plan/Additional Work


Under the Administrative Order (or Consent Decree),
PRPs agree to complete the RI/FS, including the
tasks required under either the original Work Plan or
a subsequent or modified Work Plan. This may
include determinations and evaluations of conditions
that are unknown at the time of execution of the
Agreement. Modifications to the original RI/FS Work
Plan are frequently required as field work progresses.
Work not explicitly covered in the Work Plan is often
required and therefore provided for in the Order. This
work is usually identified during the RI and is driven
by the need for further information in a specific area.
In general, the Agreement should provide for fine-
tuning of the RI, or the investigation of an area
previously unidentified. As it becomes clear what
additional work is necessary, EPA will notify the PRPs
of the work to be performed and determine a
schedule for completion of the work.


EPA must ensure that clauses for modifications to the
Work Plan are included in the Agreement so that the
PRPs will carry out the modifications as the need for
them is identified. To facilitate negotiation on these
points, EPA may consider one or more of the
following provisions in the Agreement for addressing
such situations:


-  Def in ing  the  l im i ts  o f  add i t iona l  work
requirements;


- Specifying the dispute resolution process for
modified Work Plans and additional work
requirements;


-  Defining the appl icabi l i ty of st ipulated
penalties to any additional work which the
PRPs agree to undertake.


Dispute Resolution


As discussed elsewhere in this guidance, the RI/FS
Order developed between EPA and the PRPs sets


forth the terms and conditions for conducting the
RI/FS. An element of this Agreement is a statement
of the specific steps to be taken if a dispute arises
between EPA (or its representatives) and the PRPs.
These steps should be well defined and agreed upon
by all signatories to the Agreement.


A dispute with respect to the Order is followed by a
specific period of discussion with the PRPs. After the
discussion period, EPA issues a final decision which
becomes incorpora ted  in to  the  Agreement .
Administrative Orders should clarify that with respect
to all submittals and work performed, EPA will be the
final arbiter. The court, on the other hand, is the final
arbiter for Consent Decrees.


Penalties


As an incentive for PRPs to properly conduct the
RI/FS and correct any deficiencies discovered during
the conduct of the Agreement, EPA should include
stipulated penalties. Section 121 provides up to
$25,000 per day in stipulated penalties for violations
of a Consent Decree while Section 122 allows EPA to
seek or impose civil penalties for violations of
Administrative Orders.3 Penalties should begin to
accrue on the first day of the deficiency and continue
to be assessed until the deficiency is corrected. The
type of violation (i.e., reporting requirements vs.
implementation of construction requirements), as well
as the amounts, should be specified as stipulated
penalties in the Agreement to avoid negotiations on
this point which may delay the correction. The
amounts should be set pursuant to the criteria of
Section 109 and as such must take into account the
nature, circumstances, extent, and gravity of the
violations as well as the PRPs’ ability to pay, prior
history of violations, degree of culpability, and the
economic benefit resulting from noncompliance.
Additional information on stipulated penalties can be
found in OECM’s “Guidance on the Use of Stipulated
Penalties in Hazardous Waste Consent Decrees”
(September 27, 1987).


Project Takeover
Generally, EPA will consult with PRPs to discuss
deficiencies and corrective measures. If these
discussions fail, EPA has two options: (1) pursue
legal action to force the PRPs to continue the work;
or (2) take over the RI/FS. If taking legal action will
not significantly delay implementation of necessary
remedial or removal actions, EPA may commence
civil action against the noncomplying PRP to enforce
the Administrative Order. Under a Consent Decree,
the matter would be presented to the court in which


3 In order to provide for stipulated penalties in an Administrative
Order the parties must voluntarily include them in the terms of
the Agreement.
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the Decree was filed to enforce the provisions of the
Decree.


If a delay in RI/FS activities endangers public health
and/or the environment or will significantly delay
implementation of necessary remedial actions, EPA
should move to replace the PRP activities with
Fund-financed actions. The RPM will take the
appropriate steps to assume responsibility for the


RI/FS, including issuing a stop-work order to the
PRPs and notifying the EPA remedial contractors. In
issuing stop work orders, RPMs should be aware that
Fund resources may not be automatically available.
But, in the case of PRP actions which threaten
human health or the environment, there may be no
other course of action. Once this stop work order is
issued, a fund-financed RI/FS will be undertaken
consistent with EPA funding procedures.
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Appendix B
Elements of RI/FS Project PIans


I. Elements of a Work Plan1


Introduction - A general explanation of the reasons
for the RI/FS and the expected results or goals of the
RI/FS process are presented.


Site Background and Physical Setting - The current
understanding of the physical setting of the site, the
site history, and the existing information on the
condition of the site are described. (See Section
2.2.2.1.)


Initial Evaluation - The conceptual site model
developed during scoping is presented, describing the
potential migration and exposure pathways and the
preliminary assessment of human health and
environmental impacts. (See Section 2.2.2.2).


Work Plan Rationale - Data requirements for both the
risk assessment and the alternatives evaluation
identified during the formulation of the DQOs are
documented, and the work plan approach is
presented to illustrate how the activities will satisfy
data needs.


RI/FS Tasks - The tasks to be performed during the
RI/FS are presented. This description incorporates RI
site characterization tasks identified in the QAPP and
the FSP, the data evaluation methods identified
during scoping (see Sect ion 2.2.9),  and the
preliminary determination of tasks to be conducted
after site characterization (see Section 2.2.7 of this
guidance).


II. Standard Federal-Lead RI/FS Work
Plan Tasks


Task 1. Project Planning (Project Scoping)


This task includes efforts related to initiating a project
after the SOW is issued. The project planning task is
defined as complete when the work plan and
supplemental plans are approved (in whole or in part).
The following typical elements are included in this
task:


1 These elements are required in a work plan but do not
necessarily represent the organization of a work plan.


Work plan memorandum


Kickoff meeting (RI/FS brainstorming meeting)


Site visit/meeting


Obtaining easements/permits/site access


Site reconnaissance and limited field investigation


Site survey2/topographic map/review of existing
aerial photographs


Collection and evaluation of existing data


Development of conceptual site model


Identification of data needs and DQOs


Identification of preliminary remedial action
objectives and potential remedial alternatives


Identification of treatability studies that may be
necessary


Preliminary identification of ARARs


Preparation of plans (e.g., work plan, health and
safety plan, QAPP, FSP)


Initiation of subcontract procurement


In i t ia t ion  o f  coord inat ion wi th  ana ly t ica l
laboratories (CLP and non-CLP)


Task management and quality control


Task 2. Community Relations


This task incorporates all efforts related to the
preparation and implementation of the community
relations plan for the site and is initiated during the
scoping process. It includes time expended by both
technical and community relations personnel. This
task ends when community relations work under Task


2 A site survey may be conducted during project planning or
may occur during the field investigation task but should not
occur in both.
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12 is completed, but the task does not include work
on the responsiveness summary in the ROD (see
Task 12). The following are typical elements included
in this task:


   Conducting community interviews


Preparing a community relations plan


     Preparing fact sheets


Providing public meeting support


 Providing technical  support  for  community
relations


    Implementing community relations


Managing tasks and conducting quality control


Task 3. Field Investigation


This task involves efforts related to fieldwork in
conducting the RI. It includes the procurement of
subcontractors related to field efforts. The task begins
when any element, as outlined in the work plan, is
approved (in whole or in part) and fieldwork is
authorized. 3 Field investigation is defined as complete
when the contractor and subcontractors are
demobilized from the field. The following activities are
typically included in this task:


   Procurement of subcontracts


  Mobilization


  Media sampling


  Source testing


   Geology/hydrogeological investigations


  Geophysics


Site survey/topographic mapping (if not performed
in project planning task)


  Field screening/analyses


  Procurement of subcontractors


  RI waste disposal


Task management and quality control


Task 4. Sample Analysis/ Validation


This task includes efforts relating to the analysis and
validation of samples after they leave the field.
Separate monitoring of close support laboratories may
be required. Any efforts associated with laboratory
procurement are also included in this task. The task


3 Note that limited fieldwork during project scoping may be
authorized as part of the work assignment to prepare the RI/FS
work plan.
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ends on the date that data validation is complete. The
following typical activities are usually included in this
task:


  Sample management


  Non-CLP analyses


Use of mobile laboratories


    Data validation


Testing of physical parameters


Task management and quality control


Task 5. Data Evaluation


This task includes efforts related to the analysis of
data once it has been verified that the data are of
acceptable accuracy and precision. The task begins
on the date that the first set of validated data is
received by the contractor project team and ends
during preparation of the RI report when it is deemed
that no additional data are required. The following are
typical activities:


     Data evaluation


Data reduction and tabulation


 E n v i r o n m e n t a l  f a t e  a n d  t r a n s p o r t  m o d e l -
ing/evaluation


Task management and quality control


Task 6. Assessment of Risks
This task includes efforts related to conducting the
baseline risk assessment. The task will include work
t o  a s s e s s  t h e  p o t e n t i a l  h u m a n  h e a l t h  a n d
environmental risks associated with the site. Work will
begin during the RI and is completed once the
baseline risk assessment is completed.4 The following
are typical activities:


  Identification of contaminants of concern (or
indicator chemicals)


  Exposure assessment (including any modeling
performed specifically for this function)


  Toxicity assessment


  Risk characterization


Task management and quality control


4 Limited efforts to assess potential human health and
environmental risks are, to some extent, initiated during
scoping when the conceptual site model is being developed.







 Task 7. Treatability Study/Pilot Testing


This task includes efforts to prepare and conduct
pilot, bench, and treatability studies. This task begins
with the development of work plans for conducting
the tests and is complete once the report has been
completed. The following are typical activities:


Work plan preparation or work plan amendment


Test facility and equipment procurement


Vendor and analytical service procurement


Equipment operation and testing


Sample analysis and validation


   Evaluation of results


   Report preparation


Task management and quality control


Task 8. Remedial Investigation Reports


This task covers all efforts related to the preparation
of the findings once the data have been evaluated
under Tasks 5 and 6. The task covers all draft and
final RI reports as well as task management and
quality control. The task ends when the last RI
document is submitted by the contractor to EPA. The
following are typical activities:


  Preparation of a preliminary site characterization
summary (see Section 3.7.2 of this guidance)


  Data presentation (formatting tables, preparing
graphics)


   Writing the report


Reviewing and providing QC efforts


Printing and distributing the report


  Holding review meetings


  Revising the report on the basis of agency
comments


Providing task management and control


Task 9. Remedial Alternatives
Development/Screening


This task includes efforts to select the alternatives to
undergo full evaluation. The task is initiated once
sufficient data are available to develop general


response actions and begin the initial evaluation of
potential technologies. This task is def ined as
complete when a final set of alternatives is chosen for
detailed evaluation. The following are typical activities:


  Identifying/screening potential technologies


  Assembling potential alternatives


  Identifying action-specific ARARs


  Evaluating each alternative on the basis of
screening criteria (effectiveness, implementability,
cost)


Reviewing and providing QC of work effort


Preparing the report or technical memorandum


  Holding review meetings


Refining the list of alternatives to be evaluated


Task 10. Detailed Analysis of Remedial
Alternatives


This task applies to the detailed analysis and
comparison of alternatives. The evaluation activities
inc lude  pe r fo rm ing  de ta i l ed  human hea l th ,
environmental, and institutional analyses. The task
begins when the alternatives to undergo detailed
analysis have been identified and agreed upon and
ends when the analysis is complete. The following are
typical activities:5


  Refinement of alternatives


Individual analysis against the criteria


  Comparative analysis of alternatives against the
criteria


Review of QC efforts


  Review meetings


Task management and QC


Task 11. Feasibility Study (or RI/FS) Reports


Similar to the RI reports task, this task is used to
report FS deliverables. However, this task should be
used in lieu of the RI reports task to report costs and
schedules for combined RI/FS deliverables. The task
ends when the FS (or RI/FS) is released to the public.
The following are typical activities:


5 State and community acceptance will be evaluated by the lead
agency during remedy selection.
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  Presenting data (formatting tables, preparing
graphics)


    Writing the report


Printing and distributing the report


   Holding review meetings


  Revising the report on the basis of agency
comments


Providing task management and quality control


Task 12. Post RI/FS Support


This task includes efforts to prepare the proposed
plan, the responsiveness summary, support the ROD,
conduct any predesign activities, and close out the
work assignment. All activities occurring after the
release of the FS to the public should be reported
under this task. The following are typical activities:


Preparing the predesign report


Preparing the conceptual design


    Attending public meetings


   Wr i t ing  and rev iewing the  respons iveness
summary


Supporting ROD preparation and briefings


Reviewing and providing QC of the work effort


Providing task management and QC


Task 13. Enforcement Support
This task includes efforts during the RI/FS associated
with enforcement aspects of the project. Activities
vary but are to be associated with efforts related to
PRPs. The following are typical activities:


   Reviewing PRP documents


   Attending negotiation meetings


   Preparing briefing materials


Assisting in the preparation of ROD


Providing task management and QC


Task 14. Miscellaneous Support


This task is used to report on work that is associated
with the project but is outside the normal RI/FS scope
of work. Activities will vary but include the following:


Specific support for coordination with and review
of ATSDR activities and reports


  Support for review of special State or local
projects


The following are some specific comments applicable
to the 14 tasks described above:


All standard tasks or all work activities under each
task need not be used for every RI/FS. Only
those that are relevant to a given project should
be used.


Tasks include both draft and final versions of
deliverables unless otherwise noted.


The phases of a task should be reported in the
same task (e.g., field investigation Phase I and
Phase II will appear as one field investigation
task).


If an RI/FS is divided into distinct operable units,
each operable unit should be monitored and
reported on separately. Therefore, an RI/FS with
several operable units may, in fact, have more
than 15 tasks, although each of the tasks will be
one of the 15 standard tasks.


Costs associated with project management and
technical QA are included in each task.


Costs associated with procuring subcontractors
a r e  i n c l u d e d  i n  t h e  t a s k  i n  w h i c h  t h e
subcontractor will perform work (not the project
planning task).


Lists of standard tasks define the minimum level
of reporting. For federal-lead tasks, some RPMs
and contractors currently report progress in a
more detailed fashion and may continue to do so
as long as activities are associated with standard
tasks.


III. Elements of a Quality Assurance
Project Plan


Title Page - At the bottom of the title page, provisions
should be made for the signatures of approving
personnel. As a minimum, the QAPP must be
approved by the following:


   S u b c o n t r a c t o r ’ s  p r o j e c t  m a n a g e r  ( i f  a
subcontractor is used)


  Subcontractor’s QA manager (if a subcontractor
is used)


Contractor’s project manager (if applicable)
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Contractor’s QA manager (if applicable)


Lead agency’s project officer


Lead agency’s QA officer (if applicable)


Provision should be made for the approval or review
of others (e.g., regional laboratory directors), if
applicable.


Table of Contents - The table of contents will include
an introduction, a serial listing of the 16 QAPP
elements, and a listing of any appendixes that are
required to augment the QAPP. The end of the table
of contents should include a list of the recipients of
official copies of the QAPP.


Project Description - The introduction to the project
description consists of a general paragraph identifying
the phase of the work and the general objectives of
the investigation. A description of the location, size,
and important physical features of the site such as
ponds, lagoons, streams, and roads should be
included (a figure showing the site location and layout
is helpful). A chronological site history including
descriptions of the use of the site, complaints by
neighbors, permitting, and use of chemicals needs to
be provided along with a brief summary of previous
sampling efforts and an overview of the results.
Finally, specific project objectives for this phase of
data gathering need to be listed, and ways in which
the data will be used to address each of the
objectives must be identified. Those items above
that are also included in the work plan need not
be repeated in the QAPP and, instead, may be
incorporated by reference.


Project Organization and Responsibilities - This
element identifies key personnel or organizations that
are necessary for each activity during the study. A
table or chart showing the organization and line of
authority should be included. When specific personnel
cannot be identified, the organization with the
responsibility should be listed.


QA Objectives for Measurement - For individual
matrix groups and parameters, a cooperative effort
should be undertaken by the lead agency, the
principal engineering firm, and the laboratory staff to
define what levels of quality should be required for
the data. These QA objectives will be based on a
common understanding of the intended use of the
data, available laboratory procedures, and available
resources. The field blanks and duplicate field sample
aliquots to be collected for QA purposes should be
itemized for the matrix groups identified in the project
description.


The selection of analytical methods requires a
familiarity with regulatory or legal requirements
concerning data usage. Any regulations that mandate


the use of certain methods for any of the sample
matrices and parameters listed in the project
description should be specified.


The detection limits needed for the project should be
reviewed against the detection limits of the laboratory
used. Special attention should be paid to the
detection limits provided by the laboratory for volatile
organic compounds, because these limits are
sometimes insufficient for the analysis of drinking
water. Detection limits may also be insufficient to
assess attainment of ARARs. For Federal-lead
projects, if QA objectives are not met by CLP RASs,
then one or more CLP SASS can be written.


Quantitative limits should be established for the
following QA objectives:


1. Accuracy of spikes, reference compounds


2. Precision


3. Method detection limits


These limits may be specified by referencing the
SOW for CLP analysis, including SAS requests, in an
appendix and referring to the appendix or owner/
operator manuals for field equipment.


Completeness, representativeness, and comparability
are quality characteristics that should be considered
during study planning. Laboratories should provide
data that meet QC acceptance criteria for 90 percent
or more of the requested determinations. Any sample
types, such as control or background locations, that
require a higher degree of completeness should be
identified. “Representativeness“ of the data is most
often thought of in terms of the collection of
represen ta t i ve  samples  o r  the  se lec t ion  o f
representative sample aliquots during laboratory
analysis.  "Comparability" is a consideration for
planning to avoid having to use data gathered by
different organizations or among different analytical
methods that cannot reasonably be compared
because of differences in sampling conditions,
sampling procedures, etc.


Sampling Procedures - These procedures append
the site-specific sampling plan. Either the sampling
plan or the analytical procedures element may
document field measurements or test procedures for
hydrogeological investigations.


For each major measurement, including pollutant
measurement systems, a description of the sampling
procedures to be used should be provided. Where
applicable, the following should be included:


A description of techniques or guidelines used to
select sampling sites


B - 5







A description of the specific sampling procedures
to be used


Charts, flow diagrams, or tables delineating
sampling program


A description of containers, procedures, reagents,
and so forth, used for sample collection,
preservation, transport, and storage


A discussion of special conditions for the
preparation of sampling equipment and containers
to avoid sample contamination


A description of sample preservation methods


A discussion of the time considerations for
shipping samples promptly to the laboratory


Examples of the custody or chain-of-custody
procedures and forms


A description of the forms, notebooks, and
procedures to be used to record sample history,
sampling conditions, and ana lyses  to  be
performed


The DQO document described above can also be
incorporated by reference in this section. In addition,
the Compendium of Superfund Field Operations
Methods (U.S. EPA, September 1987) contains
information pertinent to this section and can be
incorporated by reference.


Sample Custody - Sample custody is a part of any
good laboratory or field operation. If samples were
needed for  legal  purposes,  chain-of-custody
procedures, as defined by the NEIC Policies and
Procedures (U.S. EPA, June 1985), would be used.
Custody is divided into three parts:


   Sample collection


  Labora to ry


   Final evidence files


The QAPP should address all three areas of custody
and should refer to the User’s Guide to the Contract
Laboratory Program (U.S. EPA, December 1986) and
Regional guidance documents for examples and
instructions. For federal-lead projects, laboratory
custody is described in the CLP SOW; this may be
referenced. Final evidence files include all originals of
laboratory reports and are maintained under
documented control in a secure area.


A sample or an evidence file is under custody if:


It is in your possession.


It is in your view, after being in your possession.


It was in your possession and you placed it in a
secure area.


It is in a designated secure area.


A QAPP should provide examples of chain-of-
custody records or forms used to record the chain of
custody for samples, laboratories, and evidence files.


Calibration Procedures - These procedures should
be identified for each parameter measured and should
include field and laboratory testing. The appropriate
standard operating procedures (SOPS) should be
referenced, or a written description of the calibration
procedures to be used should be provided.


Analytical Procedures - For each measurement,
either the applicable SOP should be referenced or a
written description of the analytical procedures to be
used should be provided. Approved EPA procedures
or their equivalent should be used.


Data Reduction, Validation, and Reporting - For each
measurement, the data reduction scheme planned for
collected data, including all equations used to
calculate the concentration or value of the measured
parameter, should be described. The principal criteria
that will be used to validate the integrity of the data
during collection and reporting should be referenced.


lnternal Qualify Control - All specific internal QC
methods to be used should be identified. These
methods include the use of replicates, spike samples,
split samples, blanks, standards, and QC samples.
Ways in which the QC information will be used to
qualify the field data should be identified.


Performance and Systems Audits - The QAPP should
describe the internal and external performance and
systems audits that will be required to monitor the
capability and performance of the total measurement
system. The current CLP Invitation for Bids for
organic and inorganic analyses may be referenced for
CLP RAS performance and systems audits. The
Compendium of Superfund Field Operations Methods
(U.S. EPA, September 1987) may be referenced for
routine fieldwork.


The systems audits consist of the evaluation of the
components of  the measurement systems to
determine their proper selection and use. These
audits include a careful evaluation of both field and
laboratory QC procedures and are normally performed
before or shortly after systems are operational.
However, such audits should be performed on a
regular schedule during the lifetime of the project or
continuing operation. An onsite systems audit may be
required for formal laboratory certification programs.
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After systems are operational and are generating
data, performance audits are conducted periodically
to determine the accuracy of the total measurement
system or its component parts. The QAPP should
include a schedule for conducting performance audits
for each measurement parameter. Laboratories may
be required to part ic ipate in the analysis of
performance evaluation samples related to specific
projects. Project plans should also indicate, where
applicable, scheduled participation in all other
interlaboratory performance evaluation studies.


In support of performance audits, the environmental
monitoring systems and support laboratories provide
necessary audit materials and devices, as well as
technical assistance. These laboratories conduct
regular interlaboratory performance tests and provide
guidance and assistance in the conduct of systems
audits. The laboratories should be contacted if
assistance is needed in the above areas.


Preventive Maintenance - A schedule should be
provided of the major preventative maintenance tasks
that will be carried out to minimize downtime of field
and laboratory instruments. Owner’s manuals may be
referenced for field equipment.


Specific Routine Procedures Used to Assess Data
(Precision, Accuracy, and Completeness) - The
precision and accuracy of data must be routinely
assessed for all environmental monitoring and
measurement data. The QAPP should describe
specific procedures to accomplish this assessment. If
enough data are generated, statistical procedures
may be used to assess the precision, accuracy, and
completeness. If statistical procedures are used, they
should be documented.


Corrective Actions - In the context of QA, corrective
actions are procedures that might be implemented on
samples that do not meet QA specifications.
Corrective actions are usually addressed on a case-
by-case basis for each project. The need for
corrective actions is based on predetermined limits
for acceptability. Corrective actions may include
resampling, reanalyzing samples, or audit ing
laboratory procedures. The QAPP should identify
persons responsible for initiating these actions,
procedures for identifying and documenting corrective
actions, and procedures for reporting and followup.


Quality Assurance Project Plans - QAPPs should
identify the method to be used to report the
performance of measurement systems and data
quality. This reporting should include results of
performance audits, results of systems audits, and
significant QA problems encountered, along with
recommended solutions. The RI report should include
a separate QA section that summarizes the data
quality.


IV. Elements of a Field Sampling Plan6


Site Background - If the analysis of existing data is
not included in the work plan or QAPP, it must be
included in the FSP. This analysis would include a
description of the site and surrounding areas and a
discussion of known and suspected contaminant
sources, probable transport pathways, and other
information about the site. The analysis should also
include descriptions of specific data gaps and ways in
which sampling is designed to fil l those gaps.
Including this discussion in the FSP will help orient
the sampling team in the field.


Sampling Objectives - Specific objectives of a
sampling effort that describe the intended uses of
data should be clearly and succinctly stated.


Sample Location and Frequency - This section of the
sampling plan identifies each sample matrix to be
collected and the constituents to be analyzed. A table
may be used to clearly identify the number of
samples to be collected along with the appropriate
number of replicates and blanks. A figure should be
included to show the locations of existing or proposed
sample points.


Sample Designation - A sample numbering system
should be established for each project. The sample
designation should include the sample or well
number, the sampling round, the sample matrix (e.g.,
surface soil, ground water, soil boring), and the name
of the site.


Sampling Equipment and Procedures - Sampling
procedures must be clearly written. Step-by-step
instructions for each type of sampling are necessary
to enable the field team to gather data that will meet
the DQOs. A list should include the equipment to be
used and the material composition (e.g., Teflon,
stainless steel)  of  the equipment along with
decontamination procedures.


Sample Handling and Analysis - A table should be
included that identifies sample preservation methods,
types of sampling jars, shipping requirements, and
holding times. SAS requests and CLP SOWS may be
referenced for some of this information.


Examples of paperwork and instructions for filling out
the paperwork should be included. Use of the CLP
requires that t raf f ic reports,  chain-of-custody
forms, SAS packing lists, and sample tags be filled
out for each sample. If other laboratories are to be
used, the specific documentation required should be


6 Field sampling plans are site-specific and may include
additional elements.
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identified. Field documentation includes field
notebooks and photographs.


Provision should be made for the proper handling and
disposal of wastes generated onsite. The site-
specific procedures need to be described to prevent
contamination of clean areas and to comply with
existing regulations.


V.


1.


2.


3.


Elements of a Health and Safety
Plan


Medical surveillance requirements


A description of the frequency and types of air
monitoring, personnel monitoring, and environ-
mental sampling techniques and instrumentation
to be used


The name of a site health and safety officer and
the names of key personnel and alternates
responsible for site safety and health


7. Site control measures


8. Decontamination procedures


9. Standard operating procedures for the site


A health and safety risk analysis for existing site 10. A contingency plan that meets the requirements
conditions, and for each site task and operation of 29 CFR 1910.120(l)(1) and (l)(2)


Employee training assignments 11. Entry procedures for confined spaces


4.


5.


6.


A description of personal protective equipment to
be used by employees for each of the site tasks
and operations being conducted
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Appendix C
Model Statement of Work for Remedial Investigations and Feasibility Studies


Introduction
This model statement of work (SOW) was developed
to provide users of this guidance with an illustrative
example of how the specific tasks1 carried out during
a remedial investigation (RI) and feasibility study (FS)
may be presented. Because an RI/FS is phased in
accordance with a site’s complexity and the amount
of available information, it may be necessary to
modify components of the SOW in order to tailor the
tasks to the specific conditions at a site. Similarly, the
level of detail and the specification of individual tasks
will vary according to the budget, size, and complexity
of the contract. Therefore, a SOW may differ, or


additional tasks may be added to what is presented
here.


A SOW should begin with a section identifying the
site, its regulatory history, if any, and a statement and
discussion of the purpose and objectives of the RI/FS
within the context of that particular site. This section
should be followed by a discussion of the specific
tasks that will be necessary to meet the stated
objectives. The SOW should be accompanied by U.S.
EPA’s Guidance for Conducting Remedial Investi-
gations and Feasibility Studies Under CERCLA (EPA,
October 1988).


1 REM contractor standard tasks have been developed for cost
accounting purposes (see Appendix B) and are the basis of the
format of this model SOW.
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Model SOW for Conducting an R/IFS


Purpose


The purpose of this remedial investigation/feasibility
study (RI/FS) is to investigate the nature and extent of
contamination at the OTR site and to develop and
evaluate remedial alternatives, as appropriate. The
contractor will furnish all necessary personnel,
materials, and services needed for, or incidental to,
performing the RI/FS, except as otherwise specified
herein. The contractor will conduct the RI/FS in
accordance with the Guidance for Conducting
Remedial Investigations and Feasibility Studies Under
CERCLA (U.S. EPA, October 1988).


This statement of work (SOW) has been developed
for the OTR site that operated as a former drum
recycling center from 1968 through 1979. OTR was
proposed for inclusion to the NPL in September 1980
and appeared as final on the NPL in September 1981.
A removal action taken in 1982 removed all visible
drums and disposed of them in an offsite landfill.
Three buildings remain onsite along with visibly
stained soil that is assumed to be contaminated with
TCE, benzene, and other organics. It is suspected
that releases from the site have contaminated nearby
surface waters and ground waters beneath the site.


 S c o p e
The specific RI/FS activities to be conducted at the
OTR site are segregated into 11 separate tasks.


Task 1 - Project Planning


Task 2 - Community Relations


Task 3 - Field Investigations


Task 4 - Sample Analysis/Validation


Task 5 - Data Evaluation


Task 6 - Risk Assessment


Task 7 - Treatability Studies


Task 8 - RI Report(s)


Task 9 - Remedial Alternatives Development and
Screening


Task 10 - Detailed Analysis of Alternatives


Task 11 - FS Report(s)


The contractor shall specify a schedule of activities
and deliverables, a budget estimate, and staffing
requirements for each of the tasks which are
described below.


Task 1 Project Planning


Upon receipt of an interim authorization memorandum
(used to authorize work plan preparation) and this
SOW from U.S. EPA outlining the general scope of
the project, the contractor shall begin planning the
specif ic RI/FS activi t ies that wi l l  need to be
conducted. As part of this planning effort, the
contractor will compile existing information (e.g.,
topographic maps, aerial photographs, data collected
as part of the NPL listing process, and data collected
as part of the drum removal of 1982) and conduct a
site visit to become familiar with site topography,
access routes, and the proximity of potential
receptors to site contaminants. Based on this
information (and any other available data), the
contractor will prepare a site background summary
that should include the following:


   Local Regional Summary - A summary of the
location of the site, pertinent area boundary
fea tu res  and genera l  s i te  phys iography ,
hydrology, geology, and the location(s) of any
nearby drinking water supply wells.


Nature and Extent of Problem - A summary of the
actual and potential onsite and offsite health and
environmental effects posed by any remaining
contamination at the site. Emphasis should be on
providing a conceptual understanding of the
sources of contamination, potential release
mechanisms, potential routes of migration, and
potential human and environmental receptors.


History of Regulatory and Response Actions - A
summary of any previous response actions
conducted by local, State, Federal, or private
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parties. This summary should address any
enforcement activities undertaken to identify
responsible parties, compel private cleanup, and
recover costs. Site reference documents and
their locations should be identified.


  Preliminary Site Boundary - A preliminary site
boundary to define the initial area(s) of the
remedial investigation. This preliminary boundary
may also be used to define an area of access
control and site security.


The contractor will meet with EPA to discuss the
following:


The proposed scope of the project and the
specific investigative and analytical activities that
will be required


Whether there is a need to conduct limited
sampling to adequately scope the project and
develop project plans


Preliminary remedial action objectives and general
response actions


Potential remedial technologies and the need for
or usefulness of treatability studies


Potential ARARs associated with the location and
contaminants of the site and the potential
response actions being contemplated


Whether a temporary site office should be set up
to support site work


Once the scope has been agreed upon with EPA, the
contractor will (1) develop the specific project plans to
meet the objectives of the RI/FS2 and (2) initiate
subcontractor procurement and coordination with
analytical laboratories. The project plans will include:
a work plan which provides a project description and
outlines the overall technical approach, complete with
corresponding personnel requirements, activity
schedules, deliverable due dates, and budget
estimates for each of the specified tasks; a sampling
and analysis plan [composed of the field sampling
plan (FSP) and the quality assurance project plan
(QAPP)]; a health and safety plan; and a community
relations plan. The latter three plans are described
below.


Sampling and Analysis Plan - The contractor will
prepare a SAP which will consist of the following:


2 At some sites it may be necessary to
plan initially until more is learned about
more thorough project planning effort
develop final workplans.


submit an interim work
the site. A subsequent,
can then be used to


Field Sampling Plan. The FSP should specify and
outline all necessary activities to obtain additional site
data. It should contain an evaluation explaining what
add i t iona l  da ta  a re  requ i red  to  adequate ly
characterize the site, conduct a baseline risk
assessment, and support the evaluation of remedial
technologies in the FS. The FSP should clearly state
sampling objectives; necessary equipment; sample
types, locations, and frequency; analyses of interest;
and a schedule stating when events will take place
and when deliverables will be submitted.


Quality Assurance Project Plan. The QAPP should
address all types of investigations conducted and
should include the following discussions:


A project description (should be duplicated from
the work plan)


A project organization chart illustrating the lines of
responsibility of the personnel involved in the
sampling phase of the project


Quality assurance objectives for data such as the
required precision and accuracy, completeness of
data, representativeness of data, comparability of
data, and the intended use of collected data


Sample custody procedures during sample
collection, in the laboratory, and as part of the
final evidence files


The type and frequency of calibration procedures
for field and laboratory instruments, internal
quality control checks, and quality assurance
performance audits and system audits


Preventative maintenance procedures and
schedule and corrective action procedures for
field and laboratory instruments


Specific procedures to assess data precision,
representativeness, comparability, accuracy, and
comp le teness  o f  spec i f i c  measurement
parameters


Data documentation and tracking procedures


Standard operating procedures for QA/QC that
have been established within EPA will be
referenced and not duplicated in the QAPP.


Health and Safety Plan - The contractor will develop
an HSP on the basis of site conditions to protect
personnel involved in site act ivi t ies and the
surrounding community. The plan should address all
applicable regulatory requirements contained in 20
CFR 1910.120(i)(2) - Occupational Health and Safety
Administration, Hazardous Waste Operations and
Emergency Response, Interim Rule, December 19,
1986; U.S. EPA Order 1440.2 - Health and Safety
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Requirements for Employees Engaged in Field
Activities; U.S. EPA Order 1440.3 - Respiratory
Protection; U.S. EPA Occupational Health and Safety
Manual; and U.S. EPA Interim Standard Operating
Procedures (September, 1982). The plan should
provide a site background discussion and describe
personnel responsibilities, protective equipment,
heal th and safety procedures and protocols,
decontamination procedures, personnel training, and
type and extent of medical surveillance. The plan
should identify problems or hazards that may be
encountered and how these are to be addressed.
Procedures for protecting third parties, such as
visitors or the surrounding community, should also be
provided. Standard operating procedures for
ensuring worker safety should be referenced and
not duplicated in the HSP.


Community Relations Plan - The contractor will
prepare a community relations plan on how citizens
want to be involved in the process based on
interviews with community representatives and
leaders. The CLP wi l l  descr ibe the types of
information to be provided to the public and outline
the opportunities for community comment and input
during the RI/FS. Deliverables, schedule, staffing, and
budget requirements should be included in the plan.


The work plan and corresponding activity plans will be
submitted to EPA as specified in the contract or as
discussed in the initial meeting(s). The contractor will
provide a quality review of all project planning
deliverables.


Task 2 Community Relations


The contractor will provide the personnel, services,
materials, and equipment to assist EPA in undertaking
a community relations program. This program will be
integrated closely with all remedial response activities


  to ensure community understanding of actions being
taken and to obtain community input on RI/FS
progress. Community relations support provided by
the contractor will include, but may not be limited to,
the following:


  Revisions or additions to community relations
plans, including definition of community relations
program needs for each remedial activity


  Es tab l i shment  o f  a  commun i ty  in fo rmat ion
repository(ies), one of which will house a copy of
the administrative record


   Preparation and dissemination of news releases,
fact sheets, slide shows, exhibits, and other
audio-visual materials designed to apprise the
community of current or proposed activities


  Arrangements of briefings, press conferences,
workshops, and public and other informal
meetings


  Analysis of community attitudes toward the
proposed actions


Assessment of the successes and failures of the
community relations program to date


   Preparation of reports and participation in public
meetings, project review meetings, and other
meetings as necessary for the normal progress of
the work


  S o l i c i t a t i o n ,  s e l e c t i o n ,  a n d  a p p r o v a l  o f
subcontractors, if needed


Deliverables and the schedule for submittal will be
identified in the community relations plan discussed
under Task 1.


Task 3 Field Investigations


The contractor will conduct those investigations
necessary to characterize the site and to evaluate the
actual or potential risk to human health and the
environment posed by the site. Investigation activities
will focus on problem definition and result in data of
adequate technical content to evaluate potential risks
and to support the development and evaluation of
remedial alternatives during the FS. The aerial extent
of investigation will be finalized during the remedial
investigation.


Site investigation activities will follow the plans
developed in Task 1. Strict chain-of-custody
procedures will be followed and all sample locations
will be identified on a site map. The contractor will
provide management and QC review of all activities
conducted under this task. Activities anticipated for
this site are as follows:


Surveying and Mapping of the Site3 - Develop a
map of the site that includes topographic
information and physical features on and near the
site. If no detailed topographic map for the site
and surrounding area exists, a survey of the site
will be conducted. Aerial photographs should be
used, when available, along with information
gathered during the preliminary site visit to
identify physical features of the area.


Waste Characterization - Determine the location,
type, and quantities as well as the physical or
chemical characteristics of any waste remaining
at the site. If hazardous substances are held in


3 May be conducted under Task 1 as part of the site visit or
limited investigation.
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containment vessels, the integri ty of the
containment structure and the characteristics of
the contents will be determined.


  Hydrogeologic Investigation - Determine the
presence and potential extent of ground water
contamination. Efforts should begin with a survey
of previous hydrogeologic studies and other
existing data. The survey should address the
soi l ’s retent ion capacity/mechanisms, dis-
charge/recharge areas, regional flow directions
and qual i ty,  and the l ikely ef fects of  any
alternatives that are developed involving the
pumping and disruption of ground water flow.
Results from the sampling program should
estimate the horizontal and vertical distribution of
contaminants, the contaminants’ mobility, and
p r e d i c t  t h e  l o n g - t e r m  d i s p o s i t i o n  o f
contaminants.


  Soils and Sediments Investigation - Determine
the vertical and horizontal extent of contamination
of surface and subsurface soils and sediments
and identify any uncertainties with this analysis.
Information on local background levels, degree of
hazard, location of samples, techniques used, and
methods of analysis should be included. If initial
efforts indicate that buried waste may be present,
the probable locations and quantities of these
subsurface wastes should be identified through
the use of appropriate geophysical methods.


Surface Water Investigation - Estimate the extent
and fate of any contamination in the nearby
surface waters. This effort should include an
evaluation of possible future discharges and the
degree of contaminant dilution expected.


  Air Investigation - Investigate the extent of
atmospheric c o n t a m i n a t i o n  f r o m  t h o s e
contaminants found to be present at the site. This
effort  should assess the potent ial  of  the
contaminants to enter the atmosphere, local wind
patterns, and the anticipated fate of airborne
contaminants.


Information from this task will be summarized and
included in the RI/FS report appendixes.


Task 4 Sample AnalysislValidation
The contractor will develop a data management
system including field logs, sample management and
tracking procedures, and document control and
inventory procedures for both laboratory data and
field measurements to ensure that the data collected
during the investigation are of adequate quality and
quantity to support the risk assessment and the FS.
Collected data should be validated at the appropriate
field or laboratory QC level to determine whether it is
appropriate for its intended use. Task management


and quality controls will be provided by the contractor.
The contractor will incorporate information from this
task into the RI/FS report appendixes.


Task 5 Data Evaluation
The contractor will analyze all site investigation data
and present the results of the analyses in an
organized and logical manner so that the relationships
between site investigation results for each medium
are apparent. The contractor will prepare a summary
that describes (1) the quantities and concentrations of
specific chemicals at the site and the ambient levels
surrounding the site; (2) the number, locations, and
types of nearby populations and activities; and (3) the
potential transport mechanism and the expected fate
of the contaminant in the environment.


Task 6 Risk Assessment


The contractor shal l  conduct a basel ine r isk
assessment to assess the potential human health and
environmental risks posed by the site in the absence
of any remedial action. This effort will involve four
components: contaminant identification, exposure
assessment, t o x i c i t y  a s s e s s m e n t ,  a n d  r i s k
characterization.


Contaminant Identification - The contractor will
review available information on the hazardous
substances present at the site and identify the
major contaminants of concern. Contaminants of
concern should be selected based on their
intrinsic toxicological properties because they are
present in large quantities, and/or because they
are currently in, or potentially may migrate into,
critical exposure pathways (e.g., drinking water).


Exposure Assessment - The contractor will
identify actual or potential exposure pathways,
characterize potentially exposed populations, and
evaluate the actual or potent ial  extent of
exposure.


Toxicity Assessment - The contractor will provide
a toxicity assessment of those chemicals found to
be of concern during site investigation activities.
This will involve an assessment of the types of
adverse  hea l th  o r  env i ronmenta l  e f fec ts
associated with chemical exposures, the
relationships between magnitude of exposures
and adverse effects, and the related uncertainties
for contaminant toxicity, (e.g., weight of evidence
for a chemical’s carcinogenicity).


Risk Characterization - The contractor will
integrate information developed during the
e x p o s u r e  a n d  t o x i c i t y  a s s e s s m e n t s  t o
characterize the current or potential risk to human
health and/or the environment posed by the site.
This characterization should identify the potential
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for adverse health or environmental effects for the
c h e m i c a l s  o f  c o n c e r n  a n d  i d e n t i f y  a n y
uncertainties associated with contaminant(s),
toxicity(ies), and/or exposure assumptions.


The risk assessment will be submitted to EPA as part
of the RI report.


Task 7 Treatability Studies
The contractor will conduct bench and/or pilot studies
as necessary to determine the suitability of remedial
technologies to site conditions and problems.
Technologies that may be suitable to the site should
be identified as early as possible to determine
whether there is a need to conduct treatability studies
to better estimate costs and performance capabilities.
Should treatability studies be determined to be
necessary, a testing plan identifying the types and
goals of the studies, the level of effort needed, a
schedule for completion, and the data management
guidelines should be submitted to EPA for review and
approval. Upon EPA approval, a test facility and any
necessary equipment, vendors, and analytical
services will be procured by the contractor.


Upon completion of the testing, the contractor will
evaluate the results to assess the technologies with
respect to the goals identified in the test plan. A
report summarizing the testing program and its results
should be prepared by the contractor and presented
in the final RI/FS report. The contractor will implement
all management and QC review activities for this task.


Task 8 RI Report


Monthly reports will be prepared by the contractor to
describe the technical and financial progress at the
OTR site. Each month the following items will be
reported:


Status of work and the progress to date


Percentage of the work completed and the status
of the schedule


Difficulties encountered and corrective actions to
be taken


The activity(ies) in progress


Activities planned for the next reporting period


Any changes in key project personnel


Actual expenditures (including fee) and direct
labor hours for the reporting period and for the
cumulative term of the project


  Projection of expenditures needed to complete
the project and an explanation of significant
departures from the original budget estimate


Monthly reports will be submitted to U.S. EPA as
specified in the contract. In addition, the activities
conducted and the conclusions drawn during the
remedial investigation (Tasks 3 through 7) will be
documented in an RI report (supporting data and
information should be included in the appendixes of
the report). The contractor will prepare and submit a
draft RI report to EPA for review. Once comments on
the draft RI report are received, the contractor will
prepare a final RI report reflecting these comments.


Task 9 Remedial Alternatives Development and
Screening


The contractor will develop a range of distinct,
hazardous waste management alternatives that will
remediate or control any contaminated media (soil,
surface water, ground water, sediments) remaining at
the site, as deemed necessary in the RI, to provide
adequate protection of human health and the
environment. The potential alternatives should
encompass, as appropriate, a range of alternatives in
which treatment is used to reduce the toxicity,
mobility, or volume of wastes but vary in the degree
to which long-term management of residuals or
untreated waste is required, one or more alternatives
involving containment with little or no treatment; and a
no-action alternative. Alternatives that involve
minimal efforts to reduce potential exposures (e.g.,
site fencing, deed restrictions) should be presented
as “limited action” alternatives.


The following steps will be conducted to determine
the appropriate range of alternatives for this site:


  Establish Remedial Action Objectives and
General Response Actions 4 - Based on existing
information, si te-specif ic remedial  act ion
objectives to protect human health and the
environment should be developed. The objectives
should specify the contaminant(s) and media of
concern, the exposure route(s) and receptor(s),
and an acceptable contaminant level or range of
levels for each exposure route (i.e., preliminary
remediation goals).


Preliminary remediation goals should be established
based on readily available information (e.g., Rfds) or
chemical-specif ic ARARs (e.g.,  MCLs).  .The
contractor should meet with EPA to discuss the
remedial action objectives for the site. As more
information is collected during the RI, the contractor,


4 Preliminary remedial action objectives are developed as part of
the project planning phase.
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in consultation with EPA, will refine remedial action
objectives as appropriate.


General response actions will be developed for each
medium of interest defining contaminant, treatment,
excavation, pumping, or other actions, singly or in
combination to satisfy remedial action objectives.
Volumes or areas of media to which general response
actions may apply shall be identified, taking into
account requirements for protectiveness as identified
in the remedial action objectives and the chemical
and physical characteristics of the site.


Identify and Screen Technologies - Based on the
developed general response actions, hazardous
waste treatment technologies should be identified
and sc reened to  ensure  tha t  on ly  those
technologies applicable to the contaminants
present, their physical matrix, and other site
characteristics will be considered. This screening
will be based primarily on a technology’s ability to
effectively address the contaminants at the site,
but will also take into account a technology’s
implementability and cost. The contractor will
select representat ive process opt ions, as
appropriate, to carry forward into alternative
development. The contractor will identify the need
for treatability testing (as described under Task 7)
for those technologies that are probable
candidates for consideration during the detailed
analysis.


Configure and Screen Alternatives - The potential
technologies and process opt ions wi l l  be
combined into media-specif ic or si tewide
alternatives. The developed alternatives should be
defined with respect to size and configuration of
the representative process options; time for
remediation; rates of flow or treatment; spatial
requirements; distances for disposal; and required
permits, imposed limitations, and other factors
necessary to evaluate the alternatives. If many
dist inct,  viable opt ions are avai lable and
developed, a screening of alternatives will be
conducted to limit the number of alternatives that
undergo the detailed analysis and to provide
consideration of the most promising process
options. The alternatives should be screened on a
general basis with respect to their effectiveness,
implementability, and cost. The contractor will
meet with EPA to discuss which alternatives will
be evaluated in the detailed analysis and to
facilitate the identification of action-specific
ARARs.


Task 10 Detailed Analysis of Alternatives


The contractor will conduct a detailed analysis of
alternatives which will consist of an individual analysis
of each alternative against a set of evaluation criteria


and a comparative analysis of all options against the
evaluation criteria with respect to one another.


The evaluation criteria are as follows:


Overall Protection of Human Health and the
Environment addresses whether or not a remedy
provides adequate protection and describes how
risks posed through each pathway are eliminated,
reduced, or controlled through treatment,
engineering controls, or institutional controls.


Compliance with ARARs addresses whether or
not a remedy will meet all of the applicable or
relevant and appropriate requirements of other
Federal and State environmental statutes and/or
provide grounds for invoking a waiver.


Long-Term Effectiveness and Permanence
refers to the ability of a remedy to maintain
reliable protection of human health and the
environment over time once cleanup goals have
been met.


Reduction of Toxicity, Mobility, or Volume Through
Treatment is the anticipated performance of the
treatment technologies a remedy may employ.


Short-Term Effectiveness addresses the period
of time needed to achieve protection and any
adverse impacts on human health and the
environment that may be posed during the
construction and implementation period until
cleanup goals are achieved.


I m p l e m e n t a b i l i t y  i s  the  techn ica l  and
administrative feasibility of a remedy, including
the availability of materials and services needed
to implement a particular option.


Cost includes estimated capital and operation and
maintenance costs. and net present worth costs.


State Acceptances (Support Agency) addresses
the technical or administrative issues and
concerns the support agency may have regarding
each alternative.


Community Acceptance5 addresses the issues
and concerns the public may have to each of the
alternatives.


The individual analysis should include: (1) a technical
description of each alternative that outlines the waste
management strategy involved and identifies the key


5 These criteria will be addressed in the ROD once comments
on the RI/FS report and proposed plan have been received
and will not be included in the RI/FS report..
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ARARs associated with each alternative; and (2) a
discussion that profiles the performance of that
alternative with respect to each of the evaluation
criteria. A table summarizing the results of this
analysis should be prepared. Once the individual
analysis is complete, the alternatives wi l l  be
compared and contrasted to one another with respect
to each of the evaluation criteria.


Task 11 FS Report(s)


Monthly contractor reporting requirements for the FS
are the same as those specified for the RI under Task
8.


The contractor will present the results of Tasks 9 and
10 in a FS report. Support data, information, and
calculations will be included in appendixes to the
report. The contractor will prepare and submit a draft
FS report to EPA for review. Once comments on the
draft FS have been received, the contractor will
prepare a final FS report reflecting the comments.6


Copies of the final report will be made and distributed
to those individuals identified by EPA.
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Appendix D
Bibliography of Technology Process Resource Documents


I. Containment Technologies
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Lutton, R.J. 1982. Evaluating Cover Systems for Solid
and Hazardous Waste. SW867 (Revised Edition),
U.S. EPA, Washington, DC.


The Asphalt Institute. Nov.  1976.  Aspha l t  in
Hydraulics. Manual Series No. 12 (MS-12), The


Lutton, R.J. et al. 1979. Design and Construction of
Covers for Solid Waste Landfills. EPA-600/2-


Asphalt Institute. 79-165, U.S. EPA, Cincinnati, OH.


Brady, N.C. 1974. The Nature and Properties of Soils.
8th Ed., MacMillan, NY.


Brawner,  C.O.,  Ed. 1980. First  Internat ional
Conference on Uranium Mine Waste Disposal.
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Chamberlain, E.J., and A.J. Gow. 1979. Effect of
Freezing and Thawing on the Permeability and
Structure of Soils. Engineering Geology, 13 ,
Elsevier Scientific Publishing Co., Amsterdam, The
Netherlands, pp. 73-92.


Daniel, D.E., and H.M. Liljestrant, Univ. of Texas.
Jan. 1984. Effects of Landfill Leachates on Natural
L iner  Sys tems. Chemical  Manufacturer ’s
Association.


England, C.B. 1970. Land Capability; A Hydrologic
Response Unit in Agricultural Watersheds. ARS
41-172, Agricultural Research Service, U.S.
Department of Agriculture.


Ghassemi, M. May 1983. Assessment of Technology
for Constructing and Installing Cover and Bottom
Liner Systems for Hazardous Waste Facilities. Vol.
1 ,  E P A  C o n t r a c t  N o .  6 8 - 0 2 - 3 1 7 4 ,  w o r k
assignment No. 109, U.S. EPA.


Kays, W.B. 1977. Construction of Linings for
Reservoirs, Tanks, and Pollution Control Facilities.
John Wiley & Sons, NY.


Kmet, P., K.J. Quinn, and C. Slavik. Sept. 1981.
Analysis of Design Parameters Affecting the
Collection Efficiency of Clay Lined Landfills. Univ.
of Wisconsin Extension.


Lambe, W.T., and R.V. Whitman. 1979. Sol id
Mechanics, SI Version. John Wiley and Sons, NY.


Morrison, W.R., and L.R. Simmons. 1977. Chemical
and Vegetative Stabilization of Soil: Laboratory and
Field Investigations of New Materials and Methods
for Soil Stabilization and Erosion Control. Bureau of
Reclamation Report No. 7613.


Oldham, J.C., et al. 1977. Materials Evaluated as
Potential Soil Stabilizers. Paper No. S-77-15
Army Engineers, Waterways Experimental Station,
Vicksburg, MS.


Richards, L.A. 1965. Physical Condition of Water in
Soil. In: Methods of Soil Analysis - Part . C.A.
Black, Ed., American Society of Agronomy, Inc.


Schroeder, P.R., et al. The Hydrologic Evaluation of
Landfil l Performance (HELP) Model. Vol. 1,
EPA/530-SW-84-009, U.S. EPA.


Tchobanoglous, G., et al. 1977. So l id  Was tes :
Engineering Principles and Management Issues.
McGraw-Hill, NY.


U.S. EPA. Construction Quality Assurance for
Hazardous Waste Land Disposal Facilities. Public
Comment Draft, J.G. Herrmann, Project Officer.
EPA/530-SW-85-021, U.S. EPA.


U.S. EPA. July 1982. Draft  RCRA Guidance
Document Landfill Design, Liner Systems and Final
Cover. U.S. EPA.
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Warner, R.C., et al. Demonstration and Evaluation of
the Hydrologic Effectiveness of a Three Layer
Landf i l l  Surface Cover Under S tab le  a n d
Subsidence Conditions - Phase I, Final Project
Report.


Warner, R.C., et al. Multiple Soil Layer Hazardous
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Instrumentation and Monitoring. In: Land Disposal
of Hazardous Waste Proceedings of the Tenth
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Dust Controls


Ritter, L. J., Jr., and R.J. Paquette. 1967. Highway
Engineering. 3d Ed., The Ronald Press Co., NY.
pp. 726-728.
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Bureau of Reclamation. Pressure Grouting. Technical
Memo 646.
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Technology Plans.


Sediment Control Barriers
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Erosion and Sediment Control  Handbook.
Department of Conservation, State of California.
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Sediment Control Planning and Implementation.
U.S. EPA, Environmental Protection Technical
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Sediment Containing Toxic Substance Procedure,
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U.S. EPA. June 1982. Handbook - Remedial Action
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Shuster, J. 1972. Controlled Freezing for Temporary
Ground Support. Proceedings, 1st North American
Rapid Excavation and Tunneling Conference.


Xanthakos, P. SIurry Walls. McGraw Hill, NY.


II. Treatment Technologies


Air Emission Controls/Gas Treatment


Bonner, T., et al. 1981. Hazardous Waste Incineration
Engineering. Noyes Data Corporation.


Kern, D.Q. 1950. Process Heat Transfer. McGraw-
Hill, NY.


Kohl, A., and F. Riesenfeld. 1979. Gas Purification.
Gulf Publishing Co.
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Ed., 1973, McGraw-Hill, NY.


Research and Education Association. 1978. Modern
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Control. Research and Education Association.


Biological Treatment


Benefield, L.D., and C.W. Randall. 1980. Biological
Process Design for Wastewater  Treatment.
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Clark, J.W., W. Viessman, Jr., and J. Hammar. 1977.
Water Supply and Pollution Control. IEP, Dun-
Donnelly, NY.


Eckenfelder, W., Jr. 1980. Principles of Water Quality
Management. CBI Publishing, Boston.


Fair, G., J. Geyer, and D. Okun. 1968. Water and
Wastewater Engineering. Vol. 2, John Wiley, NY.


Junkins, R., et al. 1983. The Activated Sludge
Process: Fundamentals of Operation. Ann Arbor
Science Publishers, Ann Arbor, Ml.


Manual of Practice No. 16, Anaerobic Sludge
Digestion. W PCF, 1968.


Metcalf & Eddy. 1972. Wastewater Engineering:
Treatment, Disposal, Reuse. 2nd Ed., McGraw-
Hill, NY.
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Overcash. 1979. Design of Land Treatment Systems
for Industrial Wastes.


Shreve, R. N., and J.A. Brink, Jr. 1977. Chemical
Process Industries. McGraw-Hill, NY.


Smith, E.D., et al. 1980. Proceedings First National
Symposium/Workshop, Rotat ing Biological
Contractor Technology. University of Pittsburgh.


Speece, R.E., and J.F. Malina, Jr., Eds. 1973.
Applications of Commercial Oxygen to Water and
Wastewater Systems. Univ. of Texas, Austin.


U.S. EPA. Dec. 1985. Guide for Identifying Cleanup
Alternatives at Hazardous- Waste Sites and Spills.
EPA/600/3-83/063; NTIS PB86-144664, U.S.
EPA.


U.S. EPA. 1980. Hazardous Waste Land Treatment,
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U.S. EPA. Dec. 1984. Permit Guidance Manual on
Hazardous Waste Land Treatment Demonstrations.
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Treatment and Disposal. U.S. EPA.
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Oct. 1983. Process Design Manual for Land
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016, U.S. EPA.


Vesilind, P.A. Sludge Treatment and Disposal.


Chemical Treatment
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Treatment of Industrial Wastes. Noyces Data
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1979. Wastewater Engineering: Treatment,
Disposal, Reuse. 2nd Ed.


McHugh, M.A., and V.J. Krukonis. 1986. Supercritical
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Butterworth Publishers, Boston.
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Treatment) References: Scull, G.W., and K.D.
Uhrich. Electrochemical Removal of Heavy Metals
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Simpson, D.K. Safety Handling Hydrazine. Prepared
for the Water Industrial Power Conference,
Southfield, MI, Oct. 16-19, 1983.


Tsusita, R.A., et al. 1981. Pretreatment of Industrial
Wastes Manual of Practice. No. FD-3, Water
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In Situ Treatment
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NTIS, Springfield, VA.


American Petroleum Institute. Feb. 1982. Enhancing
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Gasoline by Increasing Available Oxygen. Texas
Research Institute.
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1985. Feasibility Studies on the Use of Hydrogen
Peroxide to Enhance Microbial Degrations of
Gasoline. API Publication 4389.


Baker, R., et al. Oct. 1986. In Situ Treatment for Site
Remediation. Paper presented at Third Annual
Hazardous  Was te  Law and  Management
Conference, Seattle, WA, and Portland, OR.


Ellis, W.D., and T.R. Fogg. August 1986. Treatment
of Soi ls Contaminated With Heavy Metals.
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Flathman, P.E., and J.A. Caplan. April 1985.
Biological Cleanup of Chemical Spills. Paper
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Nyer, E.K. 1985. Treatment Methods for Organic
Contaminants: Biological Methods - In Situ
Treatment. In Groundwater Treatment Technology.
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U.S. EPA. 1985. In Situ Treatment - Bioreclamation.
In Remedial Action at Waste Disposal Sites.
Revised, EPA/625/6/-85/006, U.S. EPA.
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Treatment Techniques for Contaminated Surface
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Background Information for In Situ Treatment.
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Restoration via Accelerated In Situ Biodegradation
of Organic Contaminants. In Proceed ings ,
N W W A / A P I  C o n f e r e n c e  o n  P e t r o l e u m
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Cheremisinoff, P.N., and F. Ellerbusch. 1980. Carbon
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Gosset, J.M., et al. June 1985. Mass Transfer
Coefficients and Henry’s Constants for Packed-
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Appendix E
Documentation of ARARs


The accompanying table presents a suggested format
for summarizing the identification and documentation
of ARARs in the RI/FS process. This format assumes
that two previous ARARs identification steps have
taken place during the RI/FS. First, it assumes that a
list of Federal and State ARARs has been developed
through consultations between the lead and support
agencies. This list should include chemical-,
location-, and action-specific requirements and, in
the case of multiple ARARs (e.g., both a Federal and
State requirement for a particular chemical), the
ARAR to be used for the site or alternative (generally
the more stringent) should be specified. Second, it
assumes that the key requirements and the reasons
for their applicability or relevance and appropriateness
have been integrated into the narrative descriptions of
each alternative as part of the “Detailed Analysis”
chapter in the FS report. This appendix, therefore,
serves as a summary of the ARARs for each
alternative and indicates whether the alternative is
anticipated to meet those ARARs, or, if not, what type
of waiver would be justified.


The suggested format for the documentation of
ARARs is presented here in the form of an example.
The example is intended for illustrative purposes only;
the ARARs identified for the sample alternatives may
not be appropriate in a specific site situation.


The site in the example was a battery and cleaning
solution storage facility operated and closed prior to
the effective date of the RCRA hazardous waste
storage regulations. The site is also located in a
floodplain. The site consists of two areas of
contaminated soil: Area 1 is contaminated with lead;
Area 2 is contaminated with TCE. There is also a
ground water plume associated with the site that
contains levels of TCE as high as 100 ppb and lead
as high as 500 ppb. The alternatives evaluated in
detail for the site are:


Alternative 1 - No action


  Alternative 2 - Capping of the contaminated soil;
natural attenuation of the ground water


  Alternative 3 - In situ soil vapor extraction of the
TCE-contaminated soil; capping of the lead-


contaminated soil; ground water pump/treat with
offsite discharge to a nearby creek


   Alternative 4 - In situ soil vapor extraction of the
TCE-contaminated soil; in situ fixation of the
lead-contaminated area, followed by a soil cap;
ground water pump/treat with offsite discharge to
a nearby creek


  A l te rnat ive  5 -  Inc inera t ion  o f  the  TCE-
con tamina ted  so i l ; o f f s i t e  d i s p o s a l  o f
nonhazardous ash in the Subtitle D facility; in situ
fixation of the lead-contaminated soil, followed
by a soil cap; ground water pump/treat with off
site discharge to a nearby creek


For this example, it has been assumed that the TCE
is not an RCRA-listed or characteristic waste but that
the lead-contaminated area is hazardous because of
its characteristic of EP toxicity. Following in-situ
fixation, the lead-contaminated soil is anticipated to
be nonhazardous. Because none of the alternatives
involves the placement of RCRA hazardous waste
( lead-con tamina ted  so i l ) ,  the  land  d isposa l
restrictions are assumed to be neither applicable nor
relevant and appropriate.


The example also assumes that post-closure care
requ i rements  o f  RCRA (e .g . ,  g round  wate r
monitoring) will generally be relevant and appropriate
wherever closure is performed with waste in place.


Finally, it is also assumed that the RCRA location
standards, while not applicable because none of the
alternatives involve RCRA-regulated treatment,
storage, or disposal, are nonetheless relevant and
appropriate to all the action alternatives. Typically, the
rationale for determinations of applicability or
relevance and appropriateness will be integrated into
the description of alternatives in the detailed analysis
of the FS report.


The following table identifies the applicable or relevant
and appropriate requirements for each of the five
alternatives, indicates whether the alternative is
expected to achieve that standard, and notes any
ARAR waivers that may be required-
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Case Example of Detailed Analysis


Introduction
Purpose


Site Background


This appendix provides an example of how the results
of the individual and comparative analyses of remedial
alternatives may be presented in the FS report. As
discussed in Chapter 6 of this guidance, the individual
analysis consists of a narrative description of the
alternative including a discussion of how the
alternative performs with respect to each of the
evaluation criteria1 The comparative analysis that
follows the individual analysis consists of a narrative
discussion summarizing the relative performance of
the alternatives in relation to one another.


The amount of information presented in a detailed
analysis will depend on the complexity of the site and
on the extent of invest igat ions and analysis
conducted. In addition, as noted in Chapter 6, the
level of detail and extent of discussion for the
individual subfactors under each criterion will vary
based on the relevance of that particular criterion to
the alternatives being considered and the scope of
the action being taken. Therefore, the amount of
detail required to adequately document the results of
the evaluations and the specific subfactors that will
actually be discussed may differ somewhat from that
presented in this case example.


The site used in this example is an old battery and
cleaning solution storage facility located in a rural
area. Improper handling and storage activities at this
site from 1968 to 1978 resulted in both soil and
g r o u n d  w a t e r  c o n t a m i n a t i o n .  T h e  a r e a  o f
contamination referred to as Area 1 contains 25,000
cub ic  yards  (cy )  o f  con tamina ted  so i l  w i th
concentrat ions of lead exceeding 200 mg/kg
(concentrations of lead reach 500 mg/kg at several
locations within this area). There is also a discrete
area of approximately 20,000 cy of TCE-contami-
nated soil at the site referred to as Area 2. Analysis of
soil samples from this area show TCE concentrations
up to 6 percent and slightly elevated levels of metals
compared to background. Al though the r isk
assessment did not identify a human health or
environmental risk from these metals, there is a small
possibility that hot spots of metal contamination may
have been missed. The soils of both Areas 1 and 2
are fairly permeable. Figure F-l presents a simplistic
map of the site.


The reader should also keep in mind that an actual
RI/FS report will typically include maps, plans,
schematics, and cost details that would be presented
in previous chapters of the report (e.g., Development
and Screening of Alternatives) or in the detailed
analysis chapter itself. The purpose of this particular
example is to give readers an idea of the types of
information that should be provided when describing
ind iv idua l  a l te rnat ives  and d iscuss ing the i r
performance against the evaluation criteria.


1 The criteria are discussed in the following order: overall
protection of human health and the environment; compliance
with ARARs; long-term effectiveness and permanence;
reduction of toxicity, mobility, or volume through treatment;
short-term effectiveness; implementability; and cost.
Community and state acceptance will generally not be
addressed until the ROD, following receipt of formal comments
on the RI/FS report and the proposed plan.
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The affected aquifer is shallow, with the water table
lying approximately 12 feet under the site, and is
currently used for drinking water. This aquifer has the
characteristics of a Class IIA aquifer as defined under
U.S. EPA’s Ground Water Classification System. The
aquifer consists of fractured bedrock, making ground
water containment technologies difficult to implement.
Ground water extraction may also be difficult due to
the fractured bedrock. A plume of TCE above the 5
mg/l Maximum Contaminant Level (MCL) (measured
as high as 50 ppm) is estimated to be moving in the
direction of residential wells at an interstitial velocity
of 65 ft/yr. The nearest residential well is 600 feet
f r o m  t h e  s i t e  b o u n d a r y  a n d  t h e  p l u m e  o f
contaminated ground water is likely to reach the well
in an estimated 1 to 3 years at concentrations
exceeding federal drinking water standards. Sampling
conducted during the RI shows that no existing
residential wells are currently contaminated.


The exposure pathways of concern identified during
the baseline risk assessment include direct contact
with possible ingestion of contaminated soil (1 x
1 0-3 associated excess cancer risk), and potential
ingestion of contaminated ground water in the future







Figure F-1. Site map case example.


through existing or newly installed offsite wells (2 x
1 0-2 associated excess cancer risk). The MCL for
TCE (5     ) has been determined to be a relevant
a n d  a p p r o p r i a t e  r e m e d i a t i o n  l e v e l  f o r  t h e
contaminated ground water at this site since the
ground water is used for drinking water. Based on the
site-specif ic r isk assessment, the MCL was


determined to be sufficiently protective as the aquifer
remediation goal.


The risk assessment also concluded that 200 mg/kg
for lead in soil would be a protective level for
expected site exposures along with a 1 x 1 0- 6
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excess cancer risk level for TCE-contaminated soil
(56 ppm). Based on investigations of activities at the
site, the TCE-contaminated soil has not been
determined to be a listed, RCRA hazardous waste
since the cleaning solution records indicate the
solutions contained less than 10 percent TCE.
However, the lead-contaminated soil is an RCRA
hazardous waste by characteristic in this instance due
to EP-toxicity. None of the waste is believed to have
been disposed at the site after November 19, 1980
(the effective date for most of the RCRA treatment,
storage, and disposal requirements).


the alternative reduces the risk from potential
exposure pathways through treatment, engineering, or
institutional controls. This evaluation also examines
whether alternatives pose any unacceptable short-
term or cross-media impacts.


The major Federal and State requirements that are
applicable or relevant and appropriate to each
alternative are identified. The ability of each
alternative to meet all of its respective ARARs or the
need to justify a waiver is noted for each.


The site is located in a state with an authorized
RCRA program for closure which subsumes Federal
requirements and specifies more stringent state
requirements. Therefore, only the state closure
requirements need to be analyzed for potential
applicability or relevance and appropriateness to the
remedial alternatives considered. No potential
location-specific ARARs have been identified for this
site.2 Additionally, this example assumes that EPA
and the State have agreed upon what non-ARAR
information (i.e., guidance, advisories) is to be
considered in designing the remedial alternatives.


Long-term effectiveness and permanence are
evaluated with respect to the magnitude of residual
risk and the adequacy and reliability of controls used
to manage remaining waste (untreated waste and
treatment residuals) over the long-term. Alternatives
that af ford the highest degrees of  long-term
effectiveness and permanence are those that leave
little or no waste remaining at the site such that
long- te rm ma in tenance  and  mon i to r ing  a re
unnecessary and reliance on institutional controls is
minimized.


Detailed Analysis - Case Example
Individual Analysis of Alternatives


The assembled remedial action alternatives represent
a range of distinct waste management strategies
which address the human health and environmental
concerns associated with the site. Although the
selected alternative will be further refined as
necessary  dur ing  the  p redes ign  phase,  the
description of the alternatives and the analysis with
respect to the nine criteria presented below reflect
the fundamental  components of  the var ious
alternative hazardous waste management approaches
being considered for this site.


The discussion on the reduction of toxicity, mobility,
or volume through treatment addresses the
anticipated performance of the treatment technologies
a remedy may employ. This evaluation relates to the
statutory preference for selecting a remedial action
that employs treatment to reduce the toxicity,
mobility, or volume of hazardous substances. Aspects
of this criterion include the amount of waste treated
or destroyed, the reduction in toxicity, mobility, or
volume, the irreversibility of the treatment process,
and the type and quantity of residuals resulting from
any treatment process.


The primary components of each alternative are listed
in Figure F-2 and a technical description of these
components is presented. After the technical
description, a discussion of the alternative with
respect to overall protection of human health and the
environment; compliance with ARARs; long-term
effectiveness and permanence; reduction of toxicity,
mobility, or volume through treatment; short-term
effectiveness; implementability; and cost follows.


Evaluation of alternatives with respect to short-term
effectiveness takes into account protection of workers
and the community during the remedial action,
environmental impacts from implementing the action,
and the time required to achieve cleanup goals.


The analysis of each alternative with respect to
overal l  protect ion of  human heal th and the
environment provides a summary evaluation of how


The analysis of implementability deals with the
technical and administrative feasibility of implementing
the alternatives as well as the availability of necessary
goods and services. This criterion includes such
items as: the ability to construct and operate
components of the alternatives; the ability to obtain
services, capacities, equipment, and specialists; the
ability to monitor the performance and effectiveness
of technologies; and the ability to obtain necessary
approvals from other agencies.


2 Determinations of what standards/requirements are applicable
or relevant and appropriate are made on a site-specific basis
and, in some cases, on an alternative-specific basis.
Therefore, the ARAR determinations in this example should
not be construed necessarily as appropriate rationales for such
determinations at other sites.


The cost estimates presented in this report are
order-of-magnitude level estimates. These costs
are based on a variety of information including quotes
from suppliers in the area of the site, generic unit
costs,  vendor information, convent ional cost
estimating guides, and prior experience. The
feasibility study level cost estimates shown have been
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Figure F-2. Alternative components case example.


prepared for guidance in project evaluation and
implementation from the information available at the
time of the estimate. The actual costs of the project
will depend on true labor and material costs, actual
site conditions, competitive market conditions, final
project scope, the implementation schedule, and
other variable factors. A significant uncertainty that
would affect the cost is the actual volumes of
contaminated soil and ground water. Most of these
uncertainties would affect all of the costs presented in
this FS similarly.


Capital costs include those expenditures required to
implement a remedial action. Both direct and indirect
costs are considered in the development of capital
cost estimates. Direct costs include construction
costs or expenditures for equipment, labor, and
materials required to implement a remedial action.
Indirect costs include those associated with
engineering, permitting (as required), construction
management, and other services necessary to carry
out a remedial action.


Annual O&M costs, which include operation labor,
maintenance materials, and labor, energy, and


purchased services, have also been determined. The
estimates include those O&M costs that may be
incurred even after the initial remedial activity is
complete. The present worth costs have been
determined for 30 years at a 5 percent discount rate.


Alternative 1 - No Action


The no-action alternative provides a baseline for
comparing other alternatives. Because no remedial
activities would be implemented with the no-action
alternat ive, l o n g - t e r m  h u m a n  hea l t h  and
environmental risks for the site essentially would be
the same as those identified in the baseline risk
assessment.


Criteria Assessment


Alternative 1 provides no control of exposure to the
contaminated soil and no reduction in risk to human
health posed through the ground water. It also allows
fo r  the  poss ib le  con t inued  mig ra t ion  o f  the
contaminant plume and further degradation of the
ground water.


F - 4







Because no action is being taken, it would not meet
any  app l i cab le  o r  re levan t  and  appropr ia te
requirements such as the MCL for TCE.


This alternative includes no controls for exposure and
no long-term management measures. All current
and potential future risks would remain under this
alternative.


This alternative provides no reduction in toxicity,
mobility, or volume of the contaminated soil or ground
water through treatment.


There would be no additional risks posed to the
community, the workers, or the environment as a
result of this alternative being implemented.


There are no implementability concerns posed by this
remedy since no action would be taken.


The present worth cost and capital cost of Alternative
1 are estimated to be $0 since there would be no
action.


Alternative 2-5: Common Components


Al l  o f  the  remain ing  a l te rna t i ves  have  four
components in common (use of institutional controls,
reconstruction of access road, erection of a fence
around the site, and ground water monitoring).
Although the description of these components is not
repeated in the discussions for each alternative,
differences in their planned implementation are
identified where appropriate.


  Institutional controls: The current owner has
agreed to allow the state to place a deed
restriction on the site which would prohibit soil
excavation and construction of buildings on any
part of the site still containing hazardous materials
upon completion of the remedy.3 In addition, a
local ground water well regulation requiring state
review of all installation plans for ground water
wells would be used to prohibit the installation of
drinking water supply wells in contaminated parts
of the aquifer.


  Road reconstruction: Some of the road on the
site (primarily near Area 2) would be restabilized
and improved to allow construction activities and
the movement of materials.


  Fencing: Approximately 1,600 feet of fencing
would be installed around the perimeter of the site
to restrict public access. Signs warning of the
presence and potential danger of hazardous
materials would be posted on the fence to further
discourage unauthorized access to the site.


3 The legal authority to implement deed restrictions will vary from
state to state. Therefore, a key factor to consider during the
evaluation of institutional controls is whether a particular state
can actually impose restrictions on specific activities or
whether their authorities are limited to nonenforceable actions
such as deed notices.


  Ground water monitoring: Two new monitoring
wells would be installed offsite. Analytical results
from the new wells, some of the existing wells,
and the residential wells would be used to monitor
future conditions and to assess the effectiveness
of the final action. Sampling would be conducted
quarterly with four replicate samples at each well.
The samples would be analyzed for volatiles and
metals and results compared to background
values using the Student’s T-test. If the mean
value of any compound at any facility boundary
well is greater than background at the 0.05
significance level in two successive sampling
rounds, appropriate investigative and remedial
action(s) would be initiated as necessary.


Alternative 2 - Cap and Natural Attenuation


The primary components of Alternative 2 are capping
of Areas 1 and 2 and natural attenuation of the
contaminated ground water. Two caps would be
ins ta l led ,  a  3 -ac re  cap  over  Area  1  ( lead-
contaminated soil) and a 3-acre cap over Area 2
(TCE-contaminated soi l ) .  The cap would be
consistent with the State RCRA landfill closure
requirements. While these requirements are not
applicable since the action does not involve the
disposal of any RCRA hazardous waste, certain
closure requirements have nevertheless been
determined to be relevant and appropriate to this
alternative. The State’s RCRA requirements are more
specific and stringent than the Federal requirements,
which require a cap to have a permeability less than
or equal to the permeability of natural underlying soil.
The soil/clay caps would include a 2-foot thick
compacted clay barrier layer with a permeability not to
exceed 10-7 cm/sec, a geonet drainage layer, and a
cover layer equal to the average frost level
(approximately 3.5 feet) above the barrier layer. This
cover layer would include 6 inches of topsoil and 3
feet of compacted native soil materials. The drainage
layer and the extra frost protection depth are
necessary because the rainfall rate would exceed
surface runoff and evaporation rates, and the average
frost depth (3.5 feet) is greater than the minimum 2
feet of cover recommended by U.S. EPA.


A geonet drainage layer was chosen for this
alternative since the Hydrologic Evaluation of Landfill
Performance (HELP) model showed it to be more
effective than sand in controlling leachate production
but it is comparable in cost. The HELP model
predicted a 75 to 80 percent reduction in leachate
production. Geotextile layers would be laid on either
side of the geonet drain to prevent clogging. A
minimum slope of 3 percent would be provided to
meet state requirements. To achieve this slope, it is
estimated that 4,000 cy of backfill material from
elsewhere on the site would have to be placed prior
to cap construction.
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To determine the effect of natural attenuation on the
contaminated ground water, two assumptions about
the subsurface have been made. First, despite the
fractured nature of the bedrock, it has been assumed
that the subsurface is homogeneous to facilitate the
evaluation. Second, the potential for reduction in TCE
concent ra t ions  has  been assessed us ing  a
hydrogeologic model. The model took into account
the fact that the cap would reduce existing leachate
production by 75 percent. This model predicted that
the concentration of TCE in the ground water would
be reduced to a 1 x 10-4 excess cancer risk level
(280       at the edge of the contaminated soil areas
within 35 years, a 1 x 10-5 excess cancer risk level
(28       in 60 years, and a 1 x 10 -6 excess cancer
risk level (2.8        approximately equal to the MCL) in
approximately 100 years.


An alternate water supply would be included in this
alternative to provide a safe and reliable source of
drinking water until levels in the aquifer reached
acceptable levels. The alternate system would consist
of two new community wells4 installed upgradient of
the contamination, 1,000 to 2,000 feet from the site
and a water main along the county road to feeder
pipes for each resident. The required pumping
capacity is estimated to be 100 gpm and the wells
would provide water for the four residents located
closest to the site, downgradient of the contaminated
plume. The well water would be monitored for TCE
and lead as part of the site-wide monitoring plan on
a semiannual basis until the MCL levels are met and
then thereafter consistent with the relevant and
appropriate aspects of the RCRA post-closure care
program.


Criteria Assessment


Although protective of human health since exposure
to all contamination would be controlled, Alternative 2
would allow continued migration of the existing
contaminated ground water.  I t  would prevent
exposure to the contaminated soil and would
minimize further release of contaminants to the
ground water by limiting future infiltration through the
cap.


This alternative would control exposure to the
contaminated ground water through provision of an
alternate supply of dr inking water and deed
restrictions until the MCL for TCE is eventually
reached. The ground water may require up to 100
years of natural attenuation to reach the chemical-
specific ARAR of 5      of TCE at the edge of the
contaminated soil. Landfill closure requirements are
not applicable to this alternative since the planned
actions do not involve the disposal of any RCRA


4 The actual location of these wells would be determined during
predesign activities.


hazardous waste; however, certain landfill closure
requirements have been determined to be relevant
and appropriate. This alternative would meet the
RCRA landfill closure requirements by constructing a
soil/clay cap that meets the State RCRA standards,
and the guidance specifications that the lead and
support agencies have agreed are to be considered
(TBC).


In order for this alternative to remain effective over
the long-term, careful maintenance of the alternate
water supply through monitoring and periodic repair of
pipes and pumps and careful maintenance of a
healthy vegetative layer over the caps would be
required. Any erosional damage of the caps would
have to be repaired. Failure to address reduction in
the cap’s impermeability could result in increased
leachate production, subsequent ground water
contamination, and the potential for direct contact
with the contaminated soil. Because the contaminated
soil would remain onsite and because the ground
water may remain contaminated above health-based
levels for  100 years,  long-term monitor ing,
maintenance, and control would be required under
this alternative. An alternate water supply and
institutional controls would be used to limit risk to
p r e s e n t  a n d  p o t e n t i a l  f u t u r e  u s e r s  o f  t h e
contaminated ground water. The institutional controls
would only be effective with a high degree of certainty
in the short term, not over the long term; once all
design and construction activities are complete. The
local municipality cannot ensure the enforceability of
the local water use regulation beyond a few years.
Because this alternative would leave hazardous
substances onsite, a review would be conducted at
least every 5 years to ensure that the remedy
continues to provide adequate protection of human
health and the environment in accordance with
CERCLA 121 (c).


This alternative would provide no reduction in the
toxicity, mobility, or volume of the contaminated soil
or ground water through treatment. The 20,000 cy of
TCE-contaminated soil and 25,000 cy of lead-
contaminated soil would remain onsite.


Within an est imated 6 months of beginning
construction, the caps and the alternate water supply
would be installed preventing direct exposure and
reducing ground water contaminant migration.
Provision of the alternate water supply would alleviate
the risk from ingestion of contaminated ground water.
The potential for a slight, temporary increase of risk
to the community (and workers) due to particulate
emissions during construction of the caps would be
con t ro l l ed  th rough  the  use  o f  dus t  con t ro l
technologies (e.g., water or foam sprays).


No special techniques, materials, permits, or labor
would be required to construct either the wells or
caps. The native soil and clay are available locally,
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within 20 miles of the site. About 50,000 cy of soil
and clay would be needed to construct the caps. The
action could be enhanced by enlarging the caps if
more contaminat ion were discovered and by
expanding the alternate water supply if more residents
were affected than originally estimated.


The 30-year present worth cost of this alternative is
estimated to be $4,800,000, with a capital cost of
$4,200,000 and an annual O&M cost of $60,000.
The capital cost is primarily for the installation of the
caps. The annual O&M costs are primarily for the
ground water monitoring program and for maintaining
the caps.


Alternative 3 - In Situ Soil Vapor Extraction, Cap,
Ground Water Pump and Treat


This alternative consists of capping Area 1 (lead-
contaminated soil) with the same soil/clay cap as
described in Alternative 2 (2 feet of clay underlying a
surface drainage layer and 3.5 feet of soil), using in
situ vapor extraction to treat the TCE-contaminated
soil in Area 2, extracting the ground water, and
treating it onsite through an air stripping system and
discharging it to a tributary of North Creek.


The soil vapor extraction technology involves
collection of soil vapor from the unsaturated zone by
applying a vacuum at a series of extraction points.
The vacuum not only draws vapor f rom the
unsaturated zone, but also decreases the pressure
around the soil particles, thereby releasing additional
volatiles. In addition, due to the pressure differential,
clean air from the atmosphere enters the soil to
replace the extracted air.


Pilot tests conducted during the RI showed vapor
extraction to be a feasible and effective technology
for removing TCE from the soil at this site. It is
anticipated that the TCE can be removed to 56 ppm
which is the 1 x 10-6 risk level for the direct
contact exposure route within 3 to 5 years. This
represen ts  a  99 .9  percen t  reduc t ion  in  the
concentration. To provide flexibility of operation, the
contaminated area would be divided into two discrete
areas, each with its own vapor extraction system. The
major components of each vapor extraction system
would include: 20 extraction wells, the necessary
piping and valves, and a positive displacement blower
(vacuum pump). The air discharged would be sent
through two activated carbon units and the carbon
would be regenerated for reuse.


Because the evacuation and collection of volatiles
would be through a vacuum system, volat i le
contaminants would be controlled as a single point
emission. The potential for fugitive losses of air
contaminants would be minimal.


A ground water extraction scenario consisting of five
wells at a combined pumping rate of 300 gpm was
selected after a series of numerical simulations with a
variety of well arrangements. This arrangement was
found to provide more rapid restoration of the shallow
aquifer than other arrangements evaluated (see
Chapter # of the FS). The three onsite extraction
wells would be located within the TCE plume but
downgradient of its center. They would reverse the
na tu ra l  g round  wate r  f l ow d i rec t ion  o f fs i te
immediately, so the contaminants would not migrate
further than their existing location. The residential
wells should not be contaminated in the future.
Because it was determined that the pumping rate
should not depress the ground water table more than
10 feet, not all of the plume could be captured by the
onsite wells. Two offsite wells would be used to
remediate the area of the offsite contaminated
aquifer.


The ground water model simulation for this scenario
assumed that the soil remedial action would include
treatment of the TCE-contaminated soil to levels
indicated above, and that the lead-contaminated soil
would be capped. The simulation indicated that the
shallow aquifer could be restored to 5 mg/l (MCL) in
25 to 40 years. Without soil remediation, from 60 to
100 years would be required. Monitoring would be
used to determine when the ground water cleanup
goal of 5     had been reached at the boundaries of
the waste management area and to evaluate the
effectiveness of the alternative.


To treat the extracted ground water, an air stripper
would be constructed on the site. The air stripper
would be a counter-current packed tower, where air
enters at the bottom and exhausts at the top while the
ground water flows down through the media. The air
stripper would be approximately 45 feet tall and 4 feet
in diameter and would be designed to meet the
performance goal of 5 mg/l TCE concentrations. The
exhaust air would be discharged through carbon beds
to collect the volatiles by adsorption. The carbon
would be sent offsite for regeneration upon bed
exhaustion. Because little iron or other metals are in
the ground water, no pretreatment to prevent fouling
of the air stripper would be required.


Upon completion of ground water treatment, the water
would be discharged offsite to the nearby tributary of
North Creek. An NPDES permit would be obtained
before implementation.


Criteria Assessment
This alternative would protect both human health and
the environment. Soil vapor extraction and the cap
over the contaminated soil would reduce risk to
human health by direct contact and soil ingestion.
Ground water extraction and onsite treatment would
reduce the threat to human health by ingestion of







contaminated ground water, and reduce the possibility
of further environmental degradation.


This alternative would meet the MCL for TCE. To
meet action-specific ARARs, the air treatment
systems for this alternative would be designed to
meet State air pollution control standards. Preliminary
analysis also indicates that the ground water
treatment system can be designed to meet State
N P D E S  l i m i t a t i o n s  w h i c h  w i l l  r e s u l t  i n  n o
exceedances of the Water Quality Standards in the
c reek .  Because  the  t rea tment  o f  the  TCE-
contaminated soil would be conducted entirely in situ
and the TCE is not a listed, RCRA hazardous waste,
placement of RCRA hazardous waste would not
occur and the land disposal restrictions would not be
applicable nor relevant and appropriate. The cap
constructed over Area 1 would meet the State RCRA
requirements for landfill closure as under Alternative
2.


To provide for long-term effectiveness of this
alternative, careful maintenance of the controls would
be needed. As discussed for Alternative 2, the
alternate water supply and cap would require
maintenance. Further ground water contamination is
reduced by removal of TCE through soil vapor
extraction. Because lead is not expected to migrate
rapidly, failure of the cap would increase the potential
risk through direct contact but pose little or no
concern for further ground water contamination.
Human health risks posed by ingestion of ground
water in the future would be reduced to less than
5      by the pump and treat systems. However,
because of the fractured nature of the bedrock, the
ability of the pump and treat system to effectively
reach the cleanup goal is somewhat uncertain. To
determine its long-term effectiveness and to lessen
the uncertainty of reaching cleanup goals, the ground


  water pump and treat systems would be monitored
under a long-term program. Necessary modifications
to either system would be made based on monitoring
results. The area treated by soil vapor extraction
would not require any additional maintenance or
monitoring upon completion of the technology. This
alternative also would require a 5-year review.


Vapor extraction is an irreversible treatment process
that would reduce the toxicity of contaminated soil by
removing over 99.9 percent of TCE from 20,000 cy of
soil. The TCE would be collected on carbon.5 The air
stripper would also reduce the toxicity and mobility of
TCE in the ground water. Contaminants in the air
stream would be collected on carbon and destroyed
during regeneration making this ground water
treatment component irreversible. This alternative
w o u l d  l e a v e  2 5 , 0 0 0  c y  o f  u n t r e a t e d  l e a d -


5TCE would be destroyed by incineration when the carbon is
regenerated.


contaminated soil onsite under a soil/clay cap. This
alternative meets the statutory preference for using
treatment as a principal element since the principal
threats are addressed through treatment.


During operation of the vapor extraction system, the
contaminated soil would remain uncovered, although
the fence to be installed around the site would
discourage trespassers and limit potential exposure.
Although unlikely, the possibility of a small additional
risk through inhalation to the community would exist if
the extracted air collection system were to fail. As
with the soil vapor extraction system, there is the
slight additional risk of failure of the air collection
system on the air stripper. Safety techniques
including monitoring the equipment would be used to
minimize any failures of the components. Once the
extraction and treatment systems are installed, the
contaminant plume would begin to recede from its
current position. Between 25 and 40 years would be
required to reach ground water remediation goals,
and 3 to 5 years of soil vapor extraction would be
required to reach soil remediation goals.


Th is  a l te rna t ive  invo lves  the  use o f  p roven
technologies. The cap requires 25,000 cy of soil and
clay to be brought to the site, placed, and graded to
construct the cap. The onsite air stripper and both
gaseous carbon adsorption systems require available
equipment. Operation of the alternative would require
frequent monitoring of the ground water and the air to
assess the effectiveness of the soil vapor extraction
and ground water extraction and treatment systems.
Controlling operating conditions would be necessary
to improve the effectiveness of these systems. Soil
vapor extraction uses reliable equipment. Engineering
judgment would be required during operation to
determine the operating parameters of the alternative,
such as air flow rate in the air stripper, the blower
speed in the vapor extraction system, and TCE in the
exhaust gas. All of the components could be
expanded if additional contamination were discovered.
The 30-year present worth cost is estimated to be
$7,300,000 with a projected $3,300,000 for capital
expenditures and $440,000 for year 1 annual O&M
costs. The most expensive item is the soil/clay cap
followed by the ground water treatment system. The
O&M costs would cover operating the soil and ground
water treatment systems from year 1 to 5. After year
5 the O&M costs would drop to approximately
$200,000 to continue ground water treatment and
monitoring.


Alternative 4 - In Situ Soil Vapor Extraction, In
Situ Soil Fixation, Cap, and Ground Water Pump
and Treat
This alternative includes in situ soil vapor extraction of
TCE-contaminated soil (Area 2), in situ soil fixation
of lead-contaminated soil (Area 1), cap (Area 1), and
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ground water pump and treat components of
Alternative 3.


The moisture content of the soil has been determined
to be approximately 50 percent under worst case
conditions. Using this information and results from
vendor tests, it has been determined that a minimum
dose of one part solidification reagent to two parts soil
is required for migration control of lead. Testing has
shown that the optimum solidification reagent mixture
would consist of approximately 50 percent fly ash and
50 percent kiln dust. Thus, approximately 7,000 tons
each of fly ash and cement kiln dust would be
required. The reagents would be added in situ with a
backhoe. As one area of the soil is fixed, the
equipment could be moved onto the fixed soil to
blend the next section. It is anticipated that the soil
volume would expand approximately 20 percent due
to the fixation process. This additional volume would
be used to achieve the needed slope for the cap. An
RCRA soil/clay cap placed over the solidified material
is necessary to prevent infiltration and additional
hydraulic stress on the fixed soil. It is estimated that
the fixation would reduce lead migration by 40
percent and that the fixed soil would pass the EPTox
levels for lead.


Criteria Assessment


This alternative would protect human health and the
environment. This alternative protects against direct
contact with contaminated soil and further ground
water degradation by treating part of the soil and
fixing and capping the remaining soil. It protects
against ingestion of contaminated ground water by
collecting and treating the affected aquifer to health-
based levels.


This alternative meets the MCL for TCE and action-
specific ARARs such as air and water discharge
limits. As with Alternative 3, the land disposal
restrictions are not an ARAR for this alternative since
placement does not occur. The cap would meet State
RCRA requirements for landfill closure.


The long-term effectiveness of this alternative would
be enhanced by the application of treatment
technologies that reduce the inherent hazards posed
by the sources; all of the contaminated soil would be
t rea ted  or  immobi l i zed  by  f i xa t ion  and the
contaminated ground water would also be extracted
and treated. Even in the unlikely event of cap failure
in Area 1, the fixed soil would pose little if any risk of
ground water contamination. The potential for cap
failure would be minimized through the maintenance
program. This alternative would also require a 5-year
review.


Soil vapor extraction and air stripping with gaseous
carbon adsorption are irreversible. Soil fixation would
reduce the mobility of lead by about 40 percent but


would increase the volume of contaminated soil from
25,000 cy to about 30,000 cy. Al though this
technology is not completely irreversible, the
possibility exists that the contaminants could regain
some mobility should the cap fail. However, the risk
would be small. The residual soil remaining following
treatment would not pose a risk to human health or
the environment. This alternative satisfies the
statutory preference for using treatment as a principal
element since it addresses principal threats posed by
the site through treatment.


D u r i n g  t h e  v a p o r  e x t r a c t i o n  p r o c e s s ,  t h e
contaminated soil would be uncovered and the
potential exists for contaminant release into the air
(although the risk would be small due to the control
system that would be used). In situ soil fixation would
release some particulate matter into the atmosphere.
However, the fixation process would require only a
few months for implementation, lessening the
likelihood of any potential risk. Dust control methods
would be used to limit the release of particulate
matter.


Implementability information for the soil vapor
extraction system, the cap, and the ground water
pump and treat systems to be used for th is
evaluation, is provided under Alternative 3. As for the
additional fixation process, vendors needed to fix the
soil are readily available. The necessary reagents are
available within 50 miles of the site. All of the
components could be expanded i f  addit ional
contamination was discovered.


The 30-year present worth cost of this alternative is
estimated to be $10,200,000. The primary cost items
are the cap, the ground water treatment system, and
the soil fixation of Area 2. The capital cost is
estimated to be $6,200,000, with an annual O&M
cost of $480,000 for the first 5 years. After year 5,
the O&M costs would decrease to $200,000 for
ground water treatment and monitoring.


Alternative 5 - Incineration, In Situ Soil Fixation,
Ground Water Pump and Treat


This alternative contains components of Alternatives 3
and  4  bu t  in t roduces  a  therma l  des t ruc t ion
component to address the TCE-contaminated soil.
The lead-contaminated soil in Area 1 would be fixed
and covered with a soil/clay cap, as described in
Alternative 4. The ground water would be addressed
through pumping and treating, via an air stripper, as
described in Alternat ives 3 and 4. The TCE-
contaminated soil in Area 2 would be excavated and
treated onsite by a thermal destruction unit.


For the purposes of this analysis, the thermal
destruction unit is assumed to be a rotary kiln unit.
The specific type of incineration would be determined
in the Remedial Design phase after competitive







bidding has taken place. The incinerator would be
mobilized, operated, and closed according to the
specific requirements found in RCRA, Subpart O (40
CFR 264.340). The substantive requirements of the
permitting process, though not applicable because the
action does not involve RCRA-regulated hazardous
waste, have been determined to be relevant and
appropriate. A discussion of the ARARs associated
with the remediation of Area 1 and the ground water
can be found under Alternative 4.


It is estimated that approximately 20,000 cy of
contaminated soil would need to be excavated and
treated. The risk from the remaining soil would not
exceed 1 x 10-6 excess cancer risk level as soil
containing TCE at concentrations greater than 56
ppm would be excavated. There are still some
uncertainties with this volume estimate so it would be
necessary to sample during excavation to determine
when sufficient material has been removed.


Incineration of soils contaminated with organic
compounds is a proven technology. Conservative
estimates about the organic and moisture contents
were made to develop the incineration component.
The incinerator would be operated continuously (24
hours/day, 365 days/year) in order to reduce the
thermal stress on the refractory, although some down
time would be required (20 percent) for regular
maintenance. Due to the need to maintain continuous
operation, a waste pile for the purpose of temporary
storage would be constructed in accordance with the
relevant and appropriate requirements of RCRA (40
CFR 264.251) which requires a liner and leachate
collection system. This storage would ensure
operation during periods of poor weather when
excavation may not be possible.


The incinerator would operate at a feed rate of 3.5
  tons/hr. At this feed rate and assuming that about


20,000 cy of material would be excavated, more than
1 year would be required for incineration. About 30
gallons/hr of fuel oil would be required to run the
incinerator. It is assumed that the incinerator would
be operated to achieve 99.8 percent TCE removal
from the soil and a destruction efficiency as required
by RCRA. Specific operating practices to meet the
performance objectives, including 99.99 percent
destruction of stack emissions as dictated by Subpart
O of RCRA, would be determined through a trial burn
at the site after installation of the incinerator. Other
performance standards include hydrogen chloride
emissions not to exceed 1.8 kg/hr and particulate
matter emissions of less than 0.08 grains per day
standard cubic foot.


The facility would use a dry scrubber system for
emission control, which would almost eliminate the
need for wastewater treatment. Any water from
emission control  and from decontaminat ion
procedures would be treated in the onsite ground


water treatment system. The residual soil and
collected ash is assumed to be nonhazardous and
can be disposed of in a solid waste disposal facility in
compliance with Subtitle D of RCRA. In the event that
they cannot be delisted due to the presence of
metals, either residuals will be managed as part of the
closure of Area 2 (lead-contaminated soil).


Criteria Assessment
This alternative would be protective of human health
and the environment. The contaminated ground water
would be collected and treated, reducing further the
threat of ingesting contaminated ground water. The
risk from ingesting ground water would be lowered to
less than 1 x 10-6. The direct contact risk would be
reduced by fixing soil exceeding 200     lead and
incinerating TCE-contaminated soil with an excess
cancer risk level greater than 1 x 10-6.


Although this alternative would involve the excavation
and placement of waste, thus making the land
disposal restr ict ions a potent ial  ARAR, TCE-
contaminated soil at this site is not an RCRA
hazardous waste and therefore these requirements
would not be applicable. The U.S. EPA is undertaking
an LDR rulemaking that will specifically apply to soil
and debris. Until that rulemaking is completed, the
CERCLA program will not consider the land disposal
restrictions to be relevant and appropriate to soil and
debris that does not contain RCRA-restricted
wastes.


The long-term effectiveness of this alternative is
enhanced by the destruction of about half of the
contaminated soil by thermal destruction and
reduction in the mobility of contaminants in the other
half through fixation. The ground water pump and
treat component is also effective but would require
l o n g - t e r m  m a n a g e m e n t  o r  m o n i t o r i n g  a n d
maintenance. The area where soil is removed for
incineration would not require long-term monitoring
whereas the contaminated soil that is fixed would
remain under a cap and would require long-term
monitoring and maintenance. This alternative could be
enhanced to effectively control greater areas of
contamination or different contaminants (i.e., possible
metals in Area 2). Because the fixed soil will remain
onsite, this alternative would require a 5-year review.


This alternative reduces the toxicity, mobility, and
volume of soi l  contaminants by incinerat ion.
Incineration would destroy an estimated 99.8 percent
of the hazardous constituents present in the soil of
Area 2, based on previous experience with this
technology at other sites. Approximately 18,000 cy of
treated soil that would pose minimal risk to human
health or the environment would be disposed offsite
in the local municipal landfill. Approximately 30,000 cy
of soil in Area 1 would remain although the mobility of
the lead would be reduced by approximately 40
percent through fixation. Virtually no risk from this soil
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would exist as long as the cap is properly maintained
to control exposure. Ninety-six percent of the
contaminants in the ground water would be removed
and eventually destroyed as discussed under
Alternatives 3 and 4. This alternative meets the
statutory preference for using treatment as a principal
element since it addresses the principal threats posed
by the site through treatment.


Fixation would require approximately 6 months to
complete and would potentially release particulate
matter into the air. Excavation and incineration would
require approximately a year and may release
volatiles into the air. The minor risks from both
situations to both workers and the community would
be temporary. Air monitoring and foam covers would
be used to further minimize the likelihood of risk. The
additional risk to workers through operating an
incinerator (because of the complexity of the
equipment and the high operational temperatures)
would be mitigated through the proper use of safety
protocols, proper drainage controls, and restrictions
on access to contaminated areas. Although emissions
from the incinerator would comply with all air quality
regulations, potential accidental releases could
temporarily affect air quality in the vicinity of the site.


This alternative is inherently difficult to implement due
to the incineration component. Operation of an
incinerator is mechanically complex and has stringent
mon i to r ing  requ i rements  to  p rov ide  p roper .
performance. Consequently, the incinerator and
associated facilities require highly trained staff and a
substantial amount of attention. In addition, it may be
necessary to postpone the implementation until an
available mobile incinerator can be found. If metal
concentrations in the soil are very high, incineration
would not be used and the soil would be fixed along
with the soil in Area 1.


It has been estimated that the present worth cost for
this alternative would be $16,000,000, primarily
because of the incineration component. The capital
cost would be $13,000,000 and the first year annual
O&M is estimated at $1,200,000 with most of the
cost as a result of operating the incinerator.
Subsequent year O&M costs would be about
$200,000 since only the ground water treatment and
monitoring systems would be operating.


Table F-l summarizes the above discussion.


Comparative Analysis
In the following analysis, the alternatives are
evaluated in relation to one another for each of the
evaluation criteria.6 The purpose of this analysis is to


6 State and community acceptance will be addressed in the
ROD following comments on the RI/FS report and the
proposed plan.


identify the relative advantages and disadvantages of
each alternative.


Overall Protection of Human Health and the
Environment


All of the alternatives, except Alternative 1 (no action),
provide adequate protection of human health and the
environment. Risk through direct contact and ground
water ingestion are reduced to cancer risk levels less
than 1 x 10-6 through each pathway. Alternatives 3,
4, and 5 prevent further migration of the contaminated
ground water by extracting and treating the plume to
health-based ARAR levels.


Alternative 2 achieves protection by preventing
exposure through capping and natural attenuation of
the contaminated ground water. Alternative 3
combines treatment to reduce the risk from the
TCE-contaminated soil and ground water and
capping of the lead area. Alternatives 4 and 5 reduce
risks posed by all portions of the site through
treatment.


There is some uncertainty about the potential
presence of metals in the TCE-contaminated soil of
Area 2. If metal concentrations of concern are
present, only Alternatives 2 and 5 would protect
against direct contact and further ground-water
contamination through a cap and incineration,
respectively. Incineration of metal-contaminated soil
may result in a hazardous waste residue which would
have to be disposed of in a hazardous waste landfill.
Alternatives 3 and 4 rely on vapor extraction to
remedy the soil in Area 2. Soil vapor extraction would
not lower risks from metals to human health or the
environment.


Compliance with ARARs


The evaluation of the ability of the alternatives to
comply with ARARs included a review of chemical-
specif ic and act ion-specif ic ARARs that was
presented earlier in the report. There are no known
location-specific ARARs for this site. All alternatives
will meet all of their respective ARARs except the
no-action alternative.


Long-Term Effectiveness and Permanence


Alternatives 4 and 5 afford the highest degrees of
long-term effectiveness and permanence because
both  a l te rna t ives  use  t rea tment  o r  f i xa t ion
technologies to reduce hazards posed by all known
wastes at the site. While some contaminated soil
wou ld  rema in  a f te r  imp lementa t ion  o f  bo th
alternatives, it would be fixed to reduce mobility.
These two alternatives differ only in the technology
used  to  t rea t  the  TCE- laden  so i l .  A l though
incineration would destroy more TCE than soil vapor
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extraction, both alternatives reduce risks posed by the
waste to a 1 x 10-6 cancer risk levels through both
the ground water and soil pathways.


Alternatives 4 and 5 would rely on a soil/clay cap to
control infiltration, a reliable technology if properly
maintained. In addition, Alternative 5 would also
employ a solid waste landfill to manage the residue
from incineration. Upon completion, some long-term
maintenance of the cap and ground water monitoring
would be required for both alternatives until the
alternative has met the health-based cleanup goals
for ground water, at which point the monitoring can
be discontinued. These alternatives would have
almost no long-term rel iance on inst i tut ional
controls.


Alternative 3 eliminates the risk of exposure at the
site to the same levels as Alternatives 4 and 5 in the
short-term; however, it relies solely upon a cap for
controlling the waste remaining in Area 1. Although
capping is an effective and accepted approach for
reducing risk from direct contact with wastes, it is
less reliable in the long-term than treatment to
remove or fix contaminants in soil since the inherent
hazard of the lead would remain. Since a potential for
cap failure, however small, would exist, the long-
term effectiveness of Alternative 3 would not be as
rel iable as Alternat ives 4 and 5. Long-term
management requirements for Alternative 3 are
similar as those of Alternative 4 or 5; operation of the
ground water pump and treat systems would be
required for 25 to 40 years. However, the capped
area under Alternative 3 is greater in size than the
capped areas under Alternatives 4 and 5.


Alternative 2 leaves all of the contaminated waste at
the site and relies solely upon a cap and institutional
controls to prevent exposure. Although the alternate
w a t e r  s u p p l y  l o w e r s  t h e  r i s k  o f  i n g e s t i n g
contaminated ground water from existing wells, the
local municipality estimates that the existing
regulations to be used as institutional controls would
not be effective with a high degree of certainty for
more than 5 to 10 years in preventing the installation
of new wells and the ingestion of contaminated
ground water.


Alternative 2 also has long-term ground water
monitoring and cap maintenance requirements
(mowing, revegetation, cap repair) which are more
critical for the effectiveness of this alternative since all
of the waste (without any type of treatment to reduce
their mobility, toxicity, or volume) remains at the site
under the caps. Failure to detect a problem with the
cap may result in direct contact with the contaminated
soil and further degradation of the ground water
through leachate production. Monitoring will continue
until the health-based cleanup goals are met. A 5-


year review would be necessary to verify that the
remedy remains protective.


Reduction of Toxicity, Mobility, or Volume
Through Treatment


Alternatives 4 and 5 use treatment or fixation
technologies to reduce the inherent hazards posed by
all known waste at the site. Both of these alternatives
would either treat, fix, or excavate and incinerate all
soil posing more than a 1 x 10-6 excess cancer risk
level by ingestion. Both alternatives treat the ground
water and then treat the contaminated air stream from
the air stripper with GAC. Regeneration of the GAC
ultimately destroys the ICE. The soil vapor extraction
system also contains GAC gaseous treatment. Both
alternatives also fix the soil contaminated with lead,
reducing the mobility of the lead by an estimated 40
percent. Neither alternative completely treats all of the
soil at the site. Both alternatives produce 30,000 cy of
fixed soil, and 18,000 to 20,000 cy of treated soil.
Under Alternative 5, 18,000 cy of soil (with 99.8
percent of the TCE destroyed) would remain. Under
Alternative 4, 20,000 cy of soil (with 99.9 percent of
the TCE removed and ultimately destroyed) would
remain. These two alternatives would satisfy the
statutory preference for treatment as a principal
element.


Alternative 3 treats the principal threats posed by the
soil and the ground water and thus also satisfies the
statutory preference for treatment as a principal
e lement .  Approx imate ly  25 ,000  cy  o f  lead-
contaminated soil would remain untreated onsite.
However, the mobility of this lead is very low.
Alternative 3 reduces the toxicity of 20,000 cy of
TCE-contaminated soil by using soil vapor extraction
at Area 1. Alternative 3 also reduces the volume and
toxicity of contaminated ground water.


Alternative 2 uses no treatment technologies. All of
the contaminated soil, controlled by a cap, and all of
the contaminated ground water would remain,
although the contaminants in the groundwater will
naturally attenuate.


Short-Term Effectiveness
Alternative 2 is anticipated to have the greatest
short-term effectiveness. Alternative 2 presents the
least amount of risk to workers, the community, and
the environment. Some particulate emissions from
cap installation is anticipated during implementation;
however, dust control methods should reduce this
risk. The other alternatives could release volatiles
during excavation activities or soil vapor extraction.
These emissions may be more difficult to control.


The time required to achieve short-term protection
would be shorter than for any other alternative. It is
anticipated that only 6 months would be required to


F - 1 2



























install a new cap and to provide an alternate water
supply. Alternatives 3 and 4, involving vapor
extraction require 3 to 5 years before the risk from
direct soil contact and ingestion is controlled.


Alternatives 3 and 4 are very similar with respect to
short-term effectiveness. Implementing the soil
vapor extraction system requires the most time of the
source control actions. There is a small potential for
risk to the community, workers, and the environment
through volatile emissions during extraction to the air
in the unlikely event of control failure.


Alternative 5 would take longer to implement than
Alternative 2 and has a greater potential of releasing
volatiles to the atmosphere during excavation than
Alternatives 3 and 4. However, implementation of
Alternative 5 would take less time than Alternatives 3
and 4 since incineration would require less time than
soil vapor extraction to remediate the soil to safe
levels. However there may be a possibility of volatile
emissions during excavation that would need to be
controlled. Alternative 5 has the disadvantage of
requiring incineration equipment (the most technically
complex equipment of any of the alternatives) which
could increase the risk to workers in the event of a
failure. Careful implementation of standard safety
protocols would lessen this risk.


Implementability
Alternative 2 would be the simplest to construct and
operate. While construction of a cap would have
significant materials handling requirements, the
materials are available locally. Expansion of the cap
could incorporate other areas of contamination if
discovered during activities at the site, specifically if
metals become an issue at Area 2. Periodic
maintenance of the cap should control its reliability in
the future. The ground water monitoring program
would determine the effectiveness of the cap at
decreasing future contamination of the ground water.
The alternate water supply would reliably supply safe
drinking water despite the fractured nature of the
aquifer.


Construction requirements for Alternative 3 are fairly
s imp le .  A l te rna t i ve  3  has  more  opera t iona l
requirements than Alternatives 1 and 2 because of
the soil vapor extraction system and the air stripper.
As with the other alternatives, i f  addit ional
contamination is found at the site, the components
could be sized to include the additional areas.
However, if metals were found in Area 2, soil vapor
extraction would not effectively treat the soil and
another technology would need to be used to control
the risk from direct contact.


Soil vapor extraction is a fairly reliable technology
because of its mechanical simplicity. Very little


downtime is anticipated. However, as with any in situ
treatment system, samples throughout the soil (both
varying in location and in depth) must be taken
frequently to determine the effectiveness of the
technology.


Alternat ive 3 would require readi ly avai lable
engineering services and cap materials. An air
stripper could readily be obtained and constructed
onsite. All of the treatment technologies proposed for
this alternative are proven. However, it would be
difficult to evaluate the effectiveness of the ground
water extraction system in the fractured aquifer. It
would be difficult to determine where to install
extraction wells to intercept contamination since the
fractures would be difficult to locate. Additional
treatability studies for the soil treatment component of
this alternative and some fracture trace analysis
would help ensure the success of this alternative.


Alternative 4 is more complex than Alternative 3
because of the in situ soil fixation component. While
this component has no addit ional operat ion
requirements, it would require additional construction
techniques that would have to be supplied by
specialists in this area. Vendors for soil fixation are
readily available. Additional treatability work may be
required to optimize the reagent doses. Other than
the in-situ solidification component, Alternative 4 is
similar to Alternative 3 in terms of implementability.
However, the solidification component could be easily
used on Area 2 if significant metal contamination
were found.


Alternative 5 is the most complex alternative to
construct and, during implementation, to operate.
However, despite anticipated frequent downtime due
to mechanical complexity,, incineration could reliably
meet the cleanup goals. A mobile incinerator would
have to be located and brought onsite. During
operation of the incinerator, this alternative would
require the most attention because incinerators
require periodic sampling of the residue and
modification of operating parameters. However, the
incinerator would operate for slightly more than a
year, whereas the soil vapor extraction system of
Alternative 4 would operate for 3 to 5 years.


As with Alternatives 3 and 4, some initial treatability
work would be necessary to determine operating
parameters. Other than locating, constructing, and
operating the incinerator, the other implementability
aspects of this alternative are similar to Alternatives 3
and 4. Incineration would also not be effective in
treating Area 2 soils if metals are determined to be a
health risk. The ash would be a hazardous waste
under this scenario and would require disposal at an
RCRA Subtitle C landfill.
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Cost alternatives because of the incinerator component.
The cost details of all of the alternatives are included
in the appendix to this FS report.


Alternative 2 has a lower present worth and O&M
cost than Alternative 3, but because of the additional
cap required, it has a higher capital cost ($4,200,000
versus $3,300,000). The cap is one of the most
expensive components to construct. Alternative 4 has
a higher capital, O&M, and present worth cost than
Alternatives 2 and 3. Alternative 5 has the highest
capital ($13,000,000), first year O&M ($1,200,000),
and present worth cost ($16,000,000) of all of the


State Acceptance
To be addressed in the ROD.


Community Acceptance


To be addressed in the ROD.
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FOREWORD


The U.S. Environmental Protection Agency has developed this guidance as part of its
Quality System, an Agency-wide program of quality assurance for environmental data.  One
component of this Quality System is the requirement that investigators use a systematic planning
process as mandated in EPA Order 5360.1 CHG 1:  Policy and Program Requirements for the
Mandatory Agency-wide Quality System (EPA, 1998b).  EPA strongly recommends the Data
Quality Objectives (DQO) Process as the appropriate systematic planning process for decision
making.  The DQO Process is an important tool for project managers and planners to define the
type, quality, and quantity of data needed to make defensible decisions.


Data Quality Objectives Process for Hazardous Waste Site Investigations (QA/G-4HW) is
based on the principles and steps developed in Guidance for the Data Quality Objectives Process
(QA/G-4) (EPA, 1994b) but is specific to hazardous waste site investigations.  This guidance is
also consistent with Data Quality Objectives Process for Superfund: Interim Final Guidance
(EPA, 1993) and Soil Screening Guidance: User’s Guide (EPA, 1996a).  Although this
document focuses on EPA applications, such as site assessments under the Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA) and the Resource
Recovery and Conservation Act (RCRA), this guidance is applicable to programs at the state and
local level. 


This publication is one of the U.S. Environmental Protection Agency Quality System
Series documents.  These documents describe the EPA policies and procedures for planning,
implementing, and assessing the effectiveness of the Quality System and provide suggestions and
recommendations for using the various components of the Quality System.


•  Data Quality Objectives Decision Error Feasibility Trials (DEFT) Software
(QA/G-4D) (EPA, 1994c)


•  Guidance for Quality Assurance Project Plans (QA/G-5) (EPA, 1998c)
•  Guidance for Data Quality Assessment: Practical Methods for Data Analysis


(QA/G-9) (EPA, 1996b)
•  Data Quality Evaluation Statistical Toolbox (DataQUEST) (QA/G-9D) (EPA, 1997)


These and other related documents are available on the EPA’s Quality Staff’s Web site, 
www.epa.gov/quality.  Questions regarding this or other available system series documents
may be directed to: 


Quality Staff (2811R)
U.S. Environmental Protection Agency
Washington, DC 20460
(202) 564-6830
FAX (202) 565-2441
E-mail:  quality@epa.gov
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CHAPTER 0


INTRODUCTION


0.1 PURPOSE AND SCOPE OF THIS DOCUMENT


Data Quality Objectives Process for Hazardous Waste Site Investigations (QA/G-4HW)
provides general, nonmandatory guidance on developing Data Quality Objectives (DQOs) for
environmental data collection operations in support of hazardous waste site investigations. 
Application of the DQO Process will help site managers plan to collect data of the right type,
quality, and quantity to support defensible site decisions.


This document focuses on planning for the collection of environmental measurement data
in support of the more intensive investigations conducted under the Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA or “Superfund”) and the
Resource Conservation and Recovery Act’s (RCRA’s) Corrective Action (CA) program, such as
RCRA Facility Investigations (RFIs) and Superfund Remedial Investigations (RIs).  Persons
conducting hazardous waste site investigations in other, non-regulatory situations, such as real
estate transfers and brownfields redevelopment, may also benefit from using this guidance.


Although this guidance primarily addresses environmental data collection during intensive
investigations such as RFIs and RIs, other stages of data collection operations during hazardous
waste site investigations (e.g., site assessment phases, remedial operations) can find value in using
this guidance.  However, investigators may need to adapt the DQO Process to their specific
problem.  For example, during early site assessment phases, where investigators generally examine
existing site information and conduct site reconnaissance, planning teams can benefit from the
qualitative DQO steps, but may have to allow for a more liberal interpretation of the quantitative
steps.


0.2 RATIONALE FOR THE DOCUMENT


The DQO Process can be applied to environmental data collection operations under a
variety of situations.  To address the wide range of planning needs in the environmental
community, the U.S. Environmental Protection Agency’s (EPA’s) Quality Staff has developed
several generic documents about the DQO Process: Guidance for the Data Quality Objectives
Process (QA/G-4) (EPA, 1994b) and its related document, Data Quality Objectives Decision
Error Feasibility Trials (DEFT) Software (QA/G-4D) (EPA, 1994c).  The general guidance on
the DQO Process presents basic guidance on the DQO Process for environmental decision making
under a range of general problem types.  DEFT is interactive software that determines the
approximate number of samples and associated costs that would be needed to satisfy a set of
DQOs.  This document is tailored to hazardous waste site investigations.  Use of the DQO
Process satisfies the requirement for systematic planning of EPA Order 5360.1 CHG 1, Policy
and Program Requirements for the Mandatory Agency-wide Quality System, (EPA, 1998b). 
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1.  STATE THE PROBLEM


Summarize the contamination problem that will require new environmental
data, and identify the resources available to resolve the problem; develop


conceptual site model.


2.  IDENTIFY THE DECISION


Identify the decision that requires new environmental data to address the
contamination problem.


3.  IDENTIFY INPUTS TO THE DECISION


Identify the information needed to support the decision and specify which
inputs require new environmental measurements.


4.  DEFINE THE STUDY BOUNDARIES


Specify the spatial and temporal aspects of the environmental media that the
data must represent to support the decision.


5.  DEVELOP A DECISION RULE


Develop a logical "if. . . then. . ." statement that defines the conditions that
would cause the decision maker to choose among alternative actions.


6.  SPECIFY LIMITS ON DECISION ERRORS


Specify the decision maker's acceptable limits on decision errors, which are
used to establish performance goals for limiting uncertainty in the data.


7.  OPTIMIZE THE DESIGN FOR OBTAINING DATA


Identify the most resource-effective sampling and analysis design for generating
data that are expected to satisfy the DQOs.


Figure 1. The Data Quality Objectives Process


0.3 INTENDED AUDIENCE


This document was developed for persons involved in the management, investigation, or
oversight of hazardous waste sites.  To maximize the effectiveness of the document, users should
consult the specific guidance and requirements of the program under which their site is being
administered.


Prior to initiating the planning of a data collection event, all members of the DQO planning
team should review this document.  By becoming familiar with the steps and concepts of the DQO
Process, team members will be better able to participate and contribute to the successful planning
of the investigation.  To ensure that all stakeholders (such as private citizens) have an
understanding of the DQO Process, this guidance should be made available in public dockets.


0.4 THE DQO PROCESS


The DQO Process is a seven-step
iterative planning approach used to prepare
plans for environmental data collection
activities (see Figure 1).  It provides a
systematic approach for defining the criteria
that a data collection design should satisfy,
including: when, where, and how to collect
samples or measurements; determination of
tolerable decision error rates; and the number
of samples or measurements that should be
collected.


DQOs, outputs of the DQO Process,
are qualitative and quantitative statements that
are developed in the first six steps of the DQO
Process.  DQOs define the purpose of the data
collection effort, clarify what the data should
represent to satisfy this purpose, and specify
the performance requirements for the quality
of information to be obtained from the data. 
These outputs are then used in the seventh
and final step of the DQO Process to develop
a data collection design that meets all
performance criteria and other design
requirements and constraints.


In the context of a hazardous waste
site investigation, a planning team may use the DQO Process at many stages of its involvement at
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the site—from initial early assessments to site investigations and remedial operations.  For
example, a team may wish to determine whether or not a bioremediation technology has been
effective in removing hazardous constituents from land-farmed sludge, and in particular, whether
remediation should stop or continue for another year.  There are risks involved in making the
wrong decision in either case.  If remediation halts before contaminant concentrations in the
sludge have dropped below regulatory levels, then the land farm area may pose a hazard to human
health and the environment.  Conversely, if remediation continues when it is not needed, resources
such as personnel and money will be spent needlessly.  By using the DQO Process, the team
members can clearly define what data and information about the bioremediation technology are
needed; and they can develop a data collection design to help them obtain the right type, quantity,
and quality of data they need to make a sound decision about whether the technology has been
effective. 


0.4.1 Planning and the EPA Quality System


EPA Order 5360.1 CHG 1: Policy and Program Requirements for the Mandatory
Agency-wide Quality System, (EPA, 1998b), requires the use of a systematic planning process for
all data collection and/or use by or for the Agency.  The Order states that environmental data
operations should be planned using a systematic planning process based on the scientific method. 
The planning process should have a common-sense, graded approach to ensure that the level of
detail in planning is commensurate with the importance and intended use of the work and the
available resources.


Elements of a systematic documented planning approach include:


• Identification and involvement of the project manager, sponsoring organizations,
officials, project personnel, stakeholders, scientific experts, etc. (DQO Step 1);


• Description of the project goal, objectives, and issues to be addressed 
(DQO Steps 2 and 5);


• Identification of project schedule, resources, milestones, and any applicable
regulatory and contractual requirements (DQO Step 2);


• Identification of the type of data needed and the ways in which the data will be
used to support the project objectives and decisions (DQO Steps 3 and 4);


• Determination of the quantity of data needed and specification of performance
criteria for measuring quality (DQO Step 6);


• Description of how, when, and where the data will be obtained (including existing
data) and identification of any constraints on data collection (DQO Step 7).
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While not mandatory, the DQO Process is the recommended planning approach for many EPA
data collection activities, especially for the investigation of hazardous waste sites.


0.4.2 The DQO Process and EPA’s Quality System at the Project Level


A project’s life cycle comprises three phases: planning, implementation, and assessment. 
In the planning phase, site investigators specify the intended use of environmental data to be
collected and plan the management and technical activities (e.g., sampling) needed to generate the
data using the DQO Process.  During the implementation phase, investigators put the plan
developed in the first phase into action by constructing a QA Project Plan and collecting and
analyzing samples (or measurements) in conjunction with QA and QC protocols.  In the
assessment phase, investigators evaluate the results of the sampling and analysis through Data
Quality Assessment (DQA) to determine if the assumptions and performance requirements
specified during planning were satisfied. 


The DQO Process is flexible and iterative.  Often, especially for more complicated sites, a
larger planning team may be more efficient because a broader range of technical and stakeholder
issues may arise.  Regardless of the complexity of the site or the size of the planning team, it is
common for the team to return to earlier steps to rethink the DQO outputs.  These iterations
through the earlier steps of the DQO Process can lead to a more focused design that can save
resources in later field investigation activities.


In Superfund, the outputs of the DQO Process are most often used during the RI to
develop the sampling design for the Field Sampling Plan (FSP) and to prepare the QA Project
Plan.  The FSP and QA Project Plan are often combined to create the Sampling and Analysis Plan
(SAP).  In Superfund RIs, the SAP helps investigators ensure that data collection activities are
consistent with previous data collection activities at the site.  The SAP also provides a system for
planning and approving field activities and is the basis for estimating the cost of data collection
activities.


In RCRA Corrective Actions, the DQO Process is used most often during the RFI. 
Investigators use the outputs of the DQO Process to prepare the QA Project Plan for the RFI. 
Investigators then incorporate the QA Project Plan and the sampling design developed by the
DQO Process into the RFI Workplan.  In RCRA Corrective Action, site owners (or permittees)
will most often be conducting the RFI.  Therefore, the RFI Workplan allows a permittee to
present to the oversight agency the permittee’s plans to characterize the nature and extent of the
release or contamination.  As the RFI Workplan should meet with the oversight agency’s
approval, permittees are encouraged to use the DQO Process to demonstrate the defensibility of
their data collection plan.
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0.4.3 Benefits of the DQO Process


One important benefit of the DQO Process is that it provides investigators with a reliable
methodology for clarifying how decisions about the site will be supported by environmental data
and for establishing site-specific performance criteria for these decisions.  In general, the DQO
Process also:


• improves the application and interpretation of sampling designs by using statistical
and scientific principles for optimization;


• addresses the right questions early in the investigation by obtaining better
knowledge of the waste constituents;


• achieves efficiency through generating the appropriate type and amount of data
necessary to answer the question;


• helps investigators conserve resources by determining which data collection and
analysis methods are most appropriate for the data quality needs of the study; and


• provides investigators with a stopping rule—a way for the planning team to
determine when enough data of sufficient quality have been collected to make site
decisions with the desired level of confidence.


0.4.4 Statistical Aspects of the DQO Process


The DQO Process has both qualitative and quantitative aspects.  The qualitative parts
promote logical, practical planning for environmental data collection operations and complement
the more quantitative aspects.  The quantitative parts use statistical methods to design the data
collection plan that will most efficiently control the probability of making an incorrect decision. 


In general, the statistical procedures used in the DQO Process provide:


• a scientific basis for making inferences about a site (or portion of a site) based on
environmental data;


• a basis for defining decision performance criteria and assessing the achieved
decision quality of the data collection design;


• a foundation for defining QA and QC procedures that are more closely linked to
the intended use of the data;


• quantitative criteria for knowing when site investigators should stop data
collection (i.e., when the problem has been adequately characterized);
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• a solid foundation for planning subsequent data collection activities; and


• a scientific and statistical basis to support the investigators’ ensuing decision.


Although the statistical aspects of the DQO Process are important, planning teams may
not be able to apply statistics to every hazardous waste site investigation problem.  For example,
in the early stages of site assessment [e.g., RCRA Facility Assessments, Superfund Preliminary
Assessments/Site Inspections (PAs/SIs)], statistical data collection designs may not be warranted
by program guidelines or site-specific sampling objectives.  In some cases, investigators may only
need to use judgmental sampling or make authoritative measurements to confirm site
characteristics.


The media being investigated also may determine whether or not the use of statistical
methods will be limited.  For example, in ground water studies, investigators may locate
monitoring wells based on prior knowledge of likely contaminant flow pathways instead of a
purely statistical sampling design.  The planning team should examine different aspects of the data
collection problem and discuss whether statistical methods are needed with respect to the
decisions being made and extent of inference desired.  A discussion of these types of problems is
presented in Section 0.6 of this guidance.


0.4.5 Availability and Need for Statistical Assistance


Planning teams that need assistance on the more complex statistical aspects of the DQO
Process should consult an environmental statistician.  However, guidance on statistical and
sampling procedures may be found in Guidance for Data Quality Assessment: Practical Methods
for Data Analysis (QA/G-9) (EPA, 1996b).  Statistical books of environmental sampling and
analysis include: Statistical Methods for Environmental Pollution Monitoring by Richard O.
Gilbert (1987); Statistics for Environmental Engineers by Paul M. Berthouex and Linfield C.
Brown (1994); Geostatistical Error Management by Jeffery C. Myers (1997); and Environmental
Statistics and Data Analysis by Wayne R. Ott (1995).  In addition, the Quality Staff also has
developed a PC-based software, Data Quality Evaluation Statistical Toolbox (DataQUEST)
(QA/G-9D) (EPA, 1997).  DataQUEST helps investigators assess the data once it has been
collected.


0.5 THE DQO PROCESS APPLIED TO RCRA CORRECTIVE ACTION AND
SUPERFUND


0.5.1 Application of the DQO Process


The DQO Process may be applied to any environmental data collection activity performed
at RCRA CA facilities or Superfund sites.  Readers will generally find the DQO Process steps and
activities in this guidance are most applicable during the RFI or RI.







1In addition, interim actions or emergency-response actions (e.g., stabilization, removal of wastes, institutional
controls, supply of drinking water) may occur at any time during the program administration of a site or facility.  Interim
actions are used to control or minimize ongoing risks to human health and the environment.
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In general, there are five elements to Superfund and RCRA CA programs (see Figure 2):
initial site assessment, site investigation, evaluation of remedial alternatives, remedy selection, and
remedy implementation.1  Although there are differences between the administration and
regulatory setting of the site assessment, site investigation, evaluation of remedial alternatives,
remedy selection, and remedy  implementation programs, one of EPA’s current initiatives is to
develop consistency between the policies and procedures of Superfund and RCRA CA.  For
further information on the changes proposed to RCRA CA and the program’s relationship to
Superfund, readers should consult Federal Register Vol. 55, No. 145, July 27, 1990 and Federal
Register Vol. 61, No. 85, May 1, 1996.


Initial Site Assessment.  In most cleanup programs, the first phase is an initial site
assessment.  The purpose of this activity is to gather information on site conditions, releases,
potential releases, and exposure pathways.  Investigators use this information to determine
whether a cleanup may be required or to identify areas of concern for further study.  Information
collected during this phase usually forms the basis for determining whether the next stage, site
investigation, is warranted.


RCRA Facility Assessment
(RFA)


Preliminary Assessment/Site
Inspection (PA/SI)


RCRA Facility Investigation
(RFI)


Remedial Investigation
(RI)


Corrective Measures Study
(CMS)


Feasibility Study
(FS)


Corrective Measures
Implementation (CMI)


Remedial Design/Remedial
Action (RD/RA); Remedy


Operation and Maintenance


RCRA Corrective Action Program Superfund


Initial Site Assessment


Site Investigation


Evaluation of Remedial
Alternatives


Remedy Selection


Remedy Implementation


Record of Decision
(ROD)


Permit Modification or
Amended Order


Figure 2.  Comparison of Phases of Hazardous Waste Site Investigations between the
RCRA Corrective Action Program and Superfund
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 In the RCRA CA program, the initial site assessment is called the RCRA Facility
Assessment.  EPA or a state authority conducts the RFA to determine whether there is any threat
to human health and the environment at a facility.  During the RFA, investigators identify and
evaluate solid waste management units (SWMUs) and other areas of concern for releases to all
media.  In addition, investigators determine the need for further investigation and interim
measures.  If the facility poses a threat to human health or the environment, investigators may
require corrective action either by a corrective action order or through the facility’s permit
conditions.  For further guidance on the RFA, readers should consult RCRA Facility Assessment
(RFA) Guidance (EPA, 1986).


In the Superfund program, this phase is called the Preliminary Assessment/Site Inspection. 
EPA or a state authority conducts a PA on a site listed in the Comprehensive Environmental
Response, Compensation, and Liability Information System.  The PA is generally limited in scope
and consists of collecting available information and conducting a site reconnaissance.  The
purpose of the PA is to determine whether the site may pose a threat to human health and the
environment.  If investigators determine through the PA that further investigation is needed, then
an SI will be initiated.  During the SI, investigators usually collect environmental measurements to
determine what hazardous substances are present at the site and whether or not they are being
released to the environment.  One objective of the SI is to provide a basis for ranking the site’s
hazards for possible placement of the site on the National Priorities List (NPL).  A second
objective of the SI is to determine if the site poses any immediate health or environmental risks
and requires emergency response.  For further information on the PA/SI, readers should consult
Guidance for Performing Preliminary Assessments Under CERCLA (EPA, 1991a) and Guidance
for Performing Site Inspections Under CERCLA (EPA, 1992a). 


Site Investigation.  The purpose of this phase is to determine the nature and extent of
contamination at a site, quantify risks posed to human health and the environment, and gather
information to support the selection and implementation of appropriate remedies.  


In the RCRA CA program, this phase is known as the RCRA Facility Investigation.  The
facility owner or permittee generally conducts the RFI with oversight from EPA or a state
authority.  Through the RFI, the facility owner characterizes the nature, extent, direction, rate,
movement, and concentration of releases at the facility as well as the chemical and physical
properties of the site that are likely to influence contamination migration and cleanup.  For further
information on the RFI, readers should consult RCRA Facility Investigation (RFI) Guidance
(Volumes I-IV) (EPA, 1989b), RCRA Corrective Action Plan (EPA, 1994a), and Soil Screening
Guidance: User’s Guide (EPA, 1996a).


In Superfund, this phase is referred to as the Remedial Investigation.  RIs are conducted at
sites placed on the NPL.  EPA, state authorities, or potentially responsible parties may conduct
RIs.  During the RI, investigators define the nature and extent of contamination at the site and
conduct a baseline risk assessment.  For further information, readers should consult Guidance for
Conducting Remedial Investigations and Feasibility Studies Under CERCLA (EPA, 1988), Risk
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Assessment Guidance for Superfund: Volume I—Human Health Evaluation Manual, Part B,
Development of Risk-Based Preliminary Remediation Goals (RAGS HHEM, Part B) (EPA,
1991c), and Soil Screening Guidance: User’s Guide (EPA, 1996a).


Evaluation of Remedial Alternatives.  The purpose of this phase is to assess the
advantages and disadvantages of different potential remedial alternatives for the site or facility.  In
general, this stage is concurrent with either the RFI or RI, and investigators use data collected
during the RFI or RI to develop options for remedial alternatives.  In the RCRA CA program, this
stage is known as the Corrective Measures Study.  For more information on the Corrective
Measures Study, readers should consult RCRA Corrective Action Plan (EPA, 1994a) and RCRA
Corrective Action Inspection Guidance Manual (EPA, 1995a).   In Superfund, this stage is the
Feasibility Study (FS).  For more information on the FS, readers should consult Guidance for
Conducting Remedial Investigations and Feasibility Studies Under CERCLA (EPA, 1988).  


Remedy Selection.  During this stage, EPA selects a remedy for the site or facility that
should be protective of human health and the environment, and should maintain that protection
over time.  In the RCRA CA program, either a permit modification or an amended order is issued
by EPA or a State to support the selection of the final remedy.  In Superfund, EPA prepares a
Record of Decision to support the selection of the final remedy and documents data, analyses, and
policy considerations that contributed to the remedy’s selection.


Remedy Implementation.   Remedy implementation consists of several activities: remedy
design, remedy construction, remedy operation and maintenance, and remedy completion.  In the
RCRA CA program, these activities are known as Corrective Measures Implementation.  In
Superfund, these activities are called Remedial Design/Remedial Action (RD/RA) and Operation
and Maintenance.  Documentation for the remedy implementation should include the
investigators’ plans and methods to determine whether the remedy is effective and when remedial
goals have been achieved. 


0.5.2 Using This Document to Help Plan Studies


Planning teams should be familiar with the guidance before beginning the DQO Process
and should document each step of the planning process, including all inputs and outputs. 
However, in some studies, investigators may not be able to complete Steps 6 and 7 in the manner
described in the guidance.  In these situations, investigators should always apply the fundamental
underlying principles of the steps, base their data collection plans on some explicit consideration
of tolerable uncertainty in the data, and document the reasons why the steps were not completed.


0.5.3 Other Guidance and Requirements Applicable to Investigations


This guidance provides nonmandatory instructions for applying the DQO Process to data
collection activities at sites and facilities under RCRA Corrective Action or Superfund.  Although
this document has attempted to incorporate the programs’ most current policies and guidelines,
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readers should determine their program’s latest requirements before conducting an investigation. 
In Section 0.5.1, documents useful for different stages of hazardous waste site investigations have
been listed.  Readers should refer to those documents as a starting point.  To determine what
guidance is the most appropriate and current, readers may wish to consult the RCRA/Superfund
Hotline at (800) 424-9346, or in the Washington, DC, Metropolitan Area at (703) 412-9810.


0.6 SPECIAL CONSIDERATIONS FOR DIFFERENT MEDIA


This section contains a brief discussion of the different types of media that may be
addressed in hazardous waste site investigations and, in general, some of the various problems
one may encounter when applying the DQO Process.  Note that this discussion is not an
exhaustive list of considerations but is intended to give a sample of the types of issues and
challenges that may arise.  In all cases, the planning team should have scientific advisors who are
experts in the media and conditions of the study.


0.6.1 Surface Soil


The various hazardous waste programs define surface soils differently depending on the
purpose of the investigation and the exposure pathways for surface soils.  In general, surface soils
are considered to be the top 1 inch (or 2 centimeters) of soil.  (However, under certain conditions,
some programs alternatively define surface soil as the top 6 inches of soil.  Readers should
determine their program’s requirements.)  Development of DQOs for surface soil investigations is
generally straightforward because of the relative ease in preparing a statistical sampling design in a
medium that is more stable, static, and readily bounded than other media.  In fact, readers will find
that the majority of examples of the DQO Process are presented in the surface soil medium.  


However, planning teams may encounter a few problems in the application of the DQO
Process to surface soils.  For example, site surface soils may be extremely heterogeneous (e.g.,
soils with a wide range of particle sizes from clays and silts to cobbles, and even wastes such as
plastic scrap or fiberglass insulation).  Because contamination adheres differently to the various
components of the soil and debris, investigators will have to consider how to develop a sampling
design that will collect measurements that are truly representative of the media and the
contamination.  In addition, a highly heterogeneous surface soil presents problems in the actual
physical sampling of the media.  Investigators should determine what methods are most
appropriate for the physical characteristics of the site.  For more information on surface soil
sampling considerations, readers should consult Soil Screening Guidance: User’s Guide (EPA,
1996a).


0.6.2 Subsurface Soil


Subsurface soils present a problem to investigators because the soils are difficult to
characterize fully.  By most definitions, subsurface soils represent the soil media from
approximately 1 inch below the ground surface to the top of the water table.  When using the
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alternate definition of surface soil, the subsurface soil represents the soil media from 6 inches
below the ground surface to the top of the water table.  This zone can be a few inches or a few
tens of feet in thickness.  The characterization of subsurface soils is important because the soils
may affect other media significantly.  Contaminants from this zone can migrate to the surface or
to ground water, where contaminants may pose a risk to human health.  For a thick subsurface
soil, sampling can be very expensive, requiring mobilization of drill crews and collection and
analysis of deep soil cores.  In addition, practical considerations such as concern about
transferring contamination to lower soil zones can limit the number of samples taken in the
subsurface soil.  Because of these constraints and the natural variability of the subsurface,
planning teams can be faced with a great deal of uncertainty in their subsurface soil data.  


The science of and methods used in subsurface investigations are evolving continually.  An
elementary example of the application of the DQO Process to subsurface soils may be found in
Soil Screening Guidance: User’s Guide (EPA, 1996a), and a more complex discussion of soil
sampling in general in Myers (1997).


0.6.3 Ground Water


Ground water is difficult to characterize because aquifers can be geographically and
vertically extensive and complex.  In addition, because ground water is usually flowing,
investigators should be concerned with the temporal boundaries when defining a ground water
population to characterize.  Most planning teams encounter problems when trying to develop a
statistical sampling design for ground water investigations.  Investigators have developed some
innovative approaches to this dilemma.  For example, to determine whether a contaminant source
has impacted ground water, investigators may use a statistical analysis of well measurements
upgradient and downgradient from the source.  For determining whether or not a ground water
pump-and-treat technology is effective, investigators may use a statistical time series analysis of
ground water data to assess whether contaminant concentrations are decreasing significantly.  A
statistical approach also may be used for locating wells along a point of compliance to ensure that
a plume migrating past that point is detected with a specified level of confidence.


For further information on ground water monitoring, readers may wish to consult
Considerations in Ground-Water Remediation at Superfund Sites and RCRA Facilities (EPA,
1991b), Guidance Document on the Statistical Analysis of Ground-Water Monitoring Data at
RCRA Facilities (EPA, 1989), and Methods for Evaluating the Attainment of Cleanup
Standards, Volume 2: Ground Water (EPA, 1992b).


0.6.4 Surface Water


In surface water investigations, the planning team’s objective is generally to characterize
the nature, extent, and rate of migration of contaminants to the medium.  Like ground water,
surface water can be difficult to characterize because of its three dimensions and its variation over
time.  However, surface water is easier to access for measurements than ground water. 
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Investigators can often monitor streams and lakes at key locations.  Usually, surface water
investigations will require the characterization of not only the water itself but also the bottom
sediments and biota of the environment.  The dynamics of sediment analysis with the problem of
thin stratification can be complex.  Depending on the hydrologic system, contaminants from the
ground water may also affect surface water.  For further information, readers should consult
RCRA Facility Investigation Guidance (RFI), Volume III, Air and Surface Water Releases (EPA,
1989) and Guidance for Conducting Remedial Investigations and Feasibility Studies Under
CERCLA (EPA, 1988).


0.6.5 Air


Air is difficult to characterize because investigators should consider how to collect data on
a three-dimensional medium whose properties can change rapidly over time.  Meteorological
conditions such as wind speed and direction can greatly affect the concentrations of contaminants
present in the air.  In most cases, investigators will be concerned with contaminants such as
volatile organics and airborne particulates, possibly being released to the environment from
surface impoundments, landfills, or contaminated soils.  Often, the planning team will need to
determine whether air contaminants are present at the site or facility boundary.  Generally, a
monitoring network is set up along this boundary or models developed to predict exposure. 
Readers should consult RCRA Facility Investigation Guidance (RFI), Volume III, Air and
Surface Water Releases (EPA, 1989) and Guidance for Conducting Remedial Investigations and
Feasibility Studies Under CERCLA (EPA, 1988) for more information.  


0.7 ORGANIZATION OF THIS DOCUMENT


Chapters 1 through 7 describe procedures for implementing the DQO Process at
hazardous waste sites.  Each chapter describes a step of the DQO Process, provides background
material on the purpose of the step, and discusses the activities that produce the DQO outputs. 
Chapter 8 describes some of the more important activities following the completion of the DQO
Process.  This guidance is supported by several appendices.  Appendix A compares three different
documents that present versions of the DQO Process—Guidance for the Data Quality Objectives
Process EPA (QA/G-4) (EPA, 1994b), the Department of Energy’s “Streamlined Approach for
Environmental Restoration (SAFER)” from its Remedial Investigation/Feasibility Study (RI/FS)
Process, Elements, and Technical Guidance (DOE, 1993), and the American Society for Testing
and Materials (ASTM) Standard Practice for Generation of Environmental Data Related to
Waste Management Activities: Development of Data Quality Objectives (ASTM, 1996). 
Appendix B contains a glossary of terms used in this guidance, Appendix C is a DQO Case Study
involving judgmental sampling schemes, and Appendix D is a DQO Case Study involving
probabilistic sampling.
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THE DATA QUALITY OBJECTIVES PROCESS


State the Problem


Identify the Decision


Identify Inputs to the Decision


Define the Study Boundaries


Develop a Decision Rule


Specify Limits on Decision Errors


Optimize the Design for Obtaining Data


STATE THE PROBLEM
Purpose


Summarize the contamination problem that 
will require new environmental data, and 
identify the resources available to resolve the 
problem.


Activities


Identify members of the planning team.


Develop/refine the conceptual site model.


Define the exposure scenarios.


Specify the available resources and constraints.


Write a brief summary of the contamination 
problem.


CHAPTER 1


STEP 1:  STATE THE PROBLEM


1.1 BACKGROUND


The DQO Process may be applied to the investigation of contamination problems at
hazardous waste sites during different phases—from initial site assessment activities to
evaluations of remedial operations.  By using the DQO Process, the site manager and the planning
team can develop a framework for addressing specific contamination problems and determine
sampling designs that are intended to collect the right type, quantity, and quality of data to
support decision making.  


This step encourages site managers to consider the broad context of the problem so that
important issues are not overlooked.   Step 1 activities include forming a description of the
contamination problem, defining the planning team and determining organizational and
management issues (e.g., determining members’ roles, financial resources, and constraints). 


1.2 ACTIVITIES


The three most important activities are to:







2In the Superfund program, the decision maker will typically be the site manager, also known as the Remedial Project
Manager (RPM).  If the RPM is not the decision maker, the person with this authority should be identified.  In the RCRA
Corrective Action program, the facility’s oversight agency will need to determine a decision maker, because “site managers” in
this case typically will be facility operators or permit holders who do not have the authority to make decisions such as
acceptable risk levels for the site.
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• describe the contamination problem that presents a potential threat or unacceptable
risk to human health and the environment, and 


• establish the DQO planning team,


• identify resources and organization/management issues needing resolution.


1.2.1 Identify Members of the Planning Team


The DQO planning team usually includes the site manager, regulatory authorities, and
associated technical staff, together with stakeholders from the local community if appropriate.


The site manager2 is typically the decision maker for the site and should actively
participate in DQO development but may delegate responsibility for accomplishing planning tasks
to the other members of the team.  The decision maker also makes the final determination on the
tolerable probability for the risk of decision errors in Step 6 of the DQO Process.


Regulatory Authorities are entities having policy inputs to the decision to be made.  For
example, State environmental organizations, EPA Regional staff, or local jurisdictions that require
their viewpoints to be incorporated into the process to ensure a successful conclusion.


The technical staff should include representatives who are knowledgeable about technical
issues that may arise over the course of several project phases.  Depending on the nature of the
contamination problem, the planning team of multidisciplinary experts may include QA specialists,
samplers, chemists, modelers, technical project managers, human health and ecological risk
assessors, toxicologists, biologists, ecologists, geologists, soil scientists, engineers, executive
managers, data users or statisticians.


Stakeholders may consist of interested persons from the local community, such as nearby
residents, local government authorities, and local businesses concerned with contamination
problems and subsequent activities at the site.


DQO development does not always require a large planning team that includes every
available area of expertise.  For small sites with familiar contamination problems, the site manager
may want to complete DQO development with a small team consisting of, for example, an
environmental engineer, sampling expert, and laboratory manager.  However, as the DQO Process
is iterative, further experts can be added as the problem becomes more fully developed.
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1.2.2 Develop/Refine the Conceptual Site Model


A conceptual site model (CSM) is a functional description of the contamination problem. 
The CSM should be initiated at the start of a project and carefully maintained and updated
throughout the life of the site activities.  The CSM is often accompanied by a CSM diagram
(Figure 3), which illustrates the relationships among:


• locations of contaminant/waste sources or locations where contamination exists,
• types and expected concentrations of contaminants, 
• potentially contaminated media and migration pathways, and
• potential human and ecological targets or receptors. 


The planning team initially develops the CSM by collecting all available historical site data,
including QA and QC documentation associated with previous environmental data collection
activities.  Presenting historical site data in this manner provides a foundation for identifying data
gaps and focuses on where the problems of potentially unacceptable contamination may or may
not exist.


Most hazardous waste programs have certain specific steps for developing CSMs, and
investigators should consult their program’s requirements.  For Superfund, planning teams should
consult Guidance for Performing Site Inspections Under CERCLA (EPA, 1992a), Guidance for
Conducting Remedial Investigation and Feasibility Studies Under CERCLA (EPA, 1988), and
Soil Screening Guidance: User’s Guide (EPA, 1996a).  For RCRA Corrective Action, planning
teams should refer to Soil Screening Guidance: User’s Guide (EPA, 1996a) which provides a
checklist for developing an extensive, detailed CSM that was developed for use in soil screening
but that investigators may find helpful in preparing CSMs for hazardous waste sites in general.


1.2.3 Define the Exposure Scenarios


At hazardous waste sites, the goal of investigation activities is usually to define site
conditions that indicate or could lead to an unacceptable threat or exposure to human or
ecological receptors.  Whereas the CSM developed previously describes potential pathways, the
preliminary exposure scenario describes the set of pathways that are consistent with future uses or
activities at the site.  For Superfund sites in particular, future uses and activities at the site may be
different from the site’s current or past uses and activities.  For example, a former tannery site
may be designated for future residential use.  In this scenario, former activities that might lead to
exposure, such as site workers coming into contact with hazardous sludge, may no longer apply;
rather, the planning team may have to consider different activities under which exposure may
occur, such as children coming into contact with contaminants through ingesting soil.


Investigators should combine information on potential human and ecological receptors
around the site with likely contaminant migration pathways to develop preliminary exposure
scenarios.  The extent and methods for defining the scenarios may also depend on program-
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Figure 3.  Example of a Conceptual Site Model (CSM) Diagram
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specific requirements that the planning team should determine and consider when defining
exposure scenarios.


For the early phases of investigation activities, it is necessary to establish which complete
exposure pathways exist for each medium and land-use combination.  In general, the planning
team will:


• identify currently contaminated media to which individuals or sensitive ecosystems
may be exposed;


• identify potential contaminants of concern based on historical site use, analytical
data, and anecdotal information;


• define the current and future land use;


• determine the Applicable or Relevant and Appropriate Requirements (ARARs) for
the site;


• for cases where multiple contaminants exist and ARARs are not available for all of
the contaminants, develop risk-based contaminant-specific cleanup goals (for
Superfund, these are called preliminary remediation goals or PRGs.  Chemical-
specific PRGs are concentrations based on ARARs or are concentrations based on
risk assessment.  Risk-based cleanup goals should also be developed for those
contaminants for which meeting all ARARs is not considered protective); and


• identify available toxicity values for all the contaminants of concern and assemble
these values along with the information obtained in the previous steps into
exposure scenarios that should represent the highest exposure that could
reasonably occur at the site.  


More detailed information on accomplishing the above activities under Superfund can be
found in Risk Assessment Guidance for Superfund: Volume I—Human Health Evaluation
Manual, Part B, Development of Risk-Based Preliminary Remediation Goals (RAGS HHEM,
Part B) (EPA, 1991c) and  Risk Assessment Guidance for Superfund: Volume II—Environmental
Evaluation Manual (RAGS EEM) (EPA, 1991d).  Note that the models, equations, and
assumptions presented in Soil Screening Guidance: User’s Guide (EPA, 1996a) to address
inhalation exposures supersede those described in RAGS HHEM, Part B, for residential soils. 
More information for completing these activities under RCRA Corrective Action may be found in
RCRA Facility Investigation Guidance, Volumes I-IV (EPA, 1989) and in the Federal Register,
Vol. 55, No. 145, July 27, 1990.
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1.2.4 Specify the Available Resources and Constraints


The planning team should specify the approximate monetary budget for the data collection
activity. This estimate should account for developing DQOs, constructing the QA Project Plan,
and implementing the sampling (or taking measurements), chemical analysis activity, and data
handling and interpretation phases.  In addition, the planning team should specify available
personnel, contractual vehicles (if available), and any other additional resources.


The planning team should also look at the “big picture” with respect to the total cost of
investigation and cleanup activities at the site.  For example, performing a more thorough and
expensive data collection event at one stage of the investigation may provide the data needed to
make decisions at later stages, thereby eliminating the need for an additional sampling round and
possibly reducing the total cost of the investigation.


In this activity, the planning team also determines the time constraints (e.g., compliance
with RCRA permits) for completing the required site evaluations.  Other issues to consider may
include political factors, such as public concern, and whether health and ecological risks are time
critical.


1.3 OUTPUTS


The main output of this step is a description of the contamination problem with its
regulatory and programmatic context, the CSM and an estimate of the budget, schedule, and
personnel necessary to implement the appropriate response for the site.  The output should also
identify the DQO planning team members and outline their most important responsibilities.
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THE DATA QUALITY OBJECTIVES PROCESS


State the Problem


Identify the Decision


Identify Inputs to the Decision


Define the Study Boundaries


Develop a Decision Rule


Specify Limits on Decision Errors


Optimize the Design for Obtaining Data


Purpose


IDENTIFY THE DECISION


To identify the decision that requires 
new environmental data to address the 
contamination problem.


Activities


Identify the principal study question.


Define the alternative actions that could 
result from the resolution of the principal 
study question. 


Combine the principal study question and the 
alternative actions into a decision statement.


Organize multiple decisions.


CHAPTER 2


STEP 2: IDENTIFY THE DECISION


2.1 BACKGROUND


The purpose of this step is to define the decision statement which combines the key
question the study will attempt to resolve with the alternative actions that may be taken.  In the
DQO Process, the decision statement is abbreviated to simply “the decision.”


2.2 ACTIVITIES


There are four activities in this step: identify the principal study question, define the
alternative actions, combine the principal study question and alternative actions into a decision
statement, and organize multiple decisions.  Site managers usually address these activities in the
order in which they appear in this chapter, but occasionally the team may wish to identify
alternative actions before developing the principal study question.  In some cases, the team will
choose a decision statement specific to the requirements of the overall Agency or regulatory
program.







Final
EPA QA/G-4HW January 200020


2.2.1 Identify the Principal Study Question


The planning team reviews the problem stated in Step 1 and uses this information to
identify the principal study question.  The purpose of the principal study question is to allow
investigators to narrow the scope of the search for information needed to address the problem.  It
is recommended that the initial iterations of the DQO Process concentrate on only one principal
study question.  Secondary study questions may be investigated in subsequent iterations.  Some
examples of principal study questions are provided in Table 1.


Table 1.  Example Principal Study Questions


Stage Principal Study Questions


Early Assessment
Evaluations


Has a release of hazardous waste that poses a potential threat
to human health or the environment occurred?


Does the site contamination pose an unacceptable risk to
human health or the environment?


Advanced Assessment
Evaluations


Where do the contaminant concentrations exceed ARARs or
exceed contaminant concentrations corresponding to the
preliminary remediation goal for the site?


Assessment of Remedial
Operations


Is the remedial technology performing at a level that will
ensure remedial objectives are met?


Cleanup Attainment
Evaluations


Has the final remediation level or removal action level been
achieved?


2.2.2 Identify Alternative Actions that Could Result from the Resolution of the Principal
Study Question


In this activity, the planning team identifies alternative actions that may be taken based on
the outcome of the study and that correspond with the selected principal study question.  The
team will need to confirm that the actions associated with the decision will help resolve the
contamination problem and determine if those actions are consistent with and satisfy the
regulatory objectives.  In addition, based on the statement of the problem and principal study
question, investigators should verify that the actions help achieve the goal of protecting human
health and the environment.   Example alternative actions are provided in Table 2.


2.2.3 Combine the Principal Study Question and the Alternative Actions into a Decision
Statement


In this activity, the team combines the alternative actions identified in the previous activity
and the principal study question into a decision statement that presents a choice among alternative
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Table 2.  Example Alternative Actions


Stage Alternative Actions


Early Assessment
Evaluations


(i) Recommend that the site requires no further evaluation; or
(ii) Recommend that the site warrants consideration of further


assessment or a possible response action.


Advanced
Assessment
Evaluations


(i) Recommend that the site requires no further evaluation; or
(ii) Recommend that the site warrants a possible response action.


Assessment of
Remedial
Operations


(i) Recommend that the current remedial technology continues
operation; or


(ii) Recommend that a new remedial technology or modifications to
the current technology be considered.


Cleanup
Attainment
Evaluations


(i) Recommend that the site has achieved cleanup goals and proceed
with delisting procedures; or


(ii) Recommend that further response is appropriate for the site.


actions.  The following standard form may be helpful in drafting decision statements: “Determine
whether or not [environmental conditions/criteria from the principal study question] require (or
support) [taking alternative actions].”  Examples of decision statements are provided in Table 3.


2.2.4 Organize Multiple Decisions  


If several separate decision statements should be defined to address the problem, the team
should identify the relationships among the decisions and the sequence in which the decisions
should be resolved.  This activity may be regarded as placing the decision statements in an order
of relative priority.  The team may wish to document the decision resolution sequence and
relationships in a diagram or flowchart.


2.3 OUTPUTS


The output of this step is a decision statement or set of statements that link the principal
study question to possible or potential actions that will resolve the problem.
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Table 3.  Example Decision Statements


Stage Decision Statements


Early Assessment
Evaluations


Determine whether a release that poses a potential threat to human
health and the environment has occurred and requires further
consideration or a response action, or recommend that no further
investigation is necessary.


Determine whether site contamination poses an unacceptable risk to
human health and the environment and requires further consideration
or a response action, or recommend that no further investigation is
necessary.


Advanced
Assessment
Evaluations


Determine where contaminant concentrations exceed ARARs or
PRGs for the site and require further consideration or response
action, and where no further investigation is necessary.


Assessment of
Remedial
Operations


Determine whether the remedial technology is attaining operational
goals and should remain in operation, or whether a new technology
or modifications to the current technology should be implemented


Cleanup
Attainment
Evaluations


Determine whether remedial objectives have been met such that no
further action is required at the site and proceed with delisting
procedures, or whether further response is appropriate for the site.
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THE DATA QUALITY OBJECTIVES PROCESS


State the Problem


Identify the Decision


Identify Inputs to the Decision


Define the Study Boundaries


Develop a Decision Rule


Specify Limits on Decision Errors


Optimize the Design for Obtaining Data


Purpose


To identify the information that will be required to 
support the decision and specify which inputs 
require new environmental measurements.


IDENTIFY INPUTS


Identify the information that will be required to 
resolve the decision statement.


Determine the sources for each item of 
information identified.


Identify the information needed to establish the 
action level.


Confirm that appropriate analytical methods 
exist to provide the necessary data.


Activities


CHAPTER 3


STEP 3:  IDENTIFY THE INPUTS TO THE DECISION


3.1 BACKGROUND


The purpose of this step is to identify the informational inputs needed to support the
decision statement and to specify which inputs will require environmental measurements.  This
information is necessary so that the proper data may be collected to resolve the decision
statement.  To collect data that will be useful to resolve the decision statement, the planning team
should identify what attributes are essential.  The action level—such as an ARAR, a soil screening
level (SSL), a PRG, or a RCRA Subpart S Action Level—is another important input that will be
considered during this step.   Once the planning team has determined what needs to be measured,
the team will refine the specifications and criteria for the measurements in later steps of the DQO
Process. 


A conceptual understanding of the site (i.e., conceptual site model), as developed in Step
1, “State the Problem,” which relates contaminant types and their sources to exposure pathways
and receptors, is useful for identifying inputs.  This conceptual site model and the decision
statement defined in Step 2, “Identify the Decision,” are previous outputs that are important to
consider during this step.  
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3.2 ACTIVITIES


The following subsections describe activities that will help identify inputs to the decision.


3.2.1 Identify the Information That Will Be Required to Resolve the Decision Statement 


The type of informational inputs necessary will depend on which approach is used to
resolve the decision statement: sampling, modeling, or a combination of these approaches.  For
example, data on soil characteristics and hydrogeology are needed as inputs to model contaminant
transport and dispersion through ground water in order to determine potential risks to receptors. 
The conceptual site model serves as a frame of reference for the data collection effort.  Based on
available data, the CSM summarizes how site-related contamination may pose a risk to human
health and the environment.  Some components of the conceptual site model may be estimated
using mathematical equations and assumptions (i.e., modeling), and other components may be
estimated by directly measuring some characteristic of the site (i.e., inference from a planned
sampling study).  


The analytical results of previous data collection activities should be summarized with
respect to contaminants of interest; contaminant concentrations in each medium and the practical
concentration ranges of concern; anticipated analytical methods; and analytical method
performance characteristics (precision, bias, and method detection limits, etc.) to obtain a
preliminary understanding of the problem.


A site visit or possibly a photographic site reconnaissance should be conducted (or the
results from one recently completed should be obtained) to determine whether observations are
consistent with the current understanding of the site.  During this visit, the site should be searched
for signs of contamination, such as discolored or odorous surface water, stressed vegetation, or
discolored soil.  Topographic maps should be used to mark locations and to estimate the extent of
source areas or the presence of sensitive environs.  The report should include information that will
help assess the apparent stability of the site, such as leaking containment structures or weakening
berms.  Limited sampling should be conducted with portable equipment and additional anecdotal
information gathered from local sources that may reveal disposal areas or practices that were
previously unknown and may affect contaminant migration.


The planning team should list all information needed to resolve the decision statement. 
Diagraming techniques may help organize the inputs and show logical or temporal relationships.


3.2.2 Determine the Sources for Each Item of Information Identified


The planning team should identify existing sources for the informational inputs that will be
required to resolve the decision statement.  Sources may include historical records, regulations,
directives, engineering standards, scientific literature, previous site investigations, professional







3In this document, the term “action level” refers to the value chosen in the DQO Process that provides the criterion
for choosing between alternative actions.  Readers will note that the RCRA Corrective Action program also uses the term
“action level.”  To avoid confusion between the like terms, this document refers to action levels in the context of the RCRA CA
program as “RCRA Subpart S Action Levels.”  
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judgment, or new environmental measurements.  Those inputs derived from new environmental
measurements will be the main focus of subsequent DQO Process steps.


3.2.3 Identify the Information Needed to Establish the Action Level


The planning team will specify the basis for setting the action level.3  The action level is
the threshold value that provides the criterion for choosing between alternative actions.  Action
levels may be based on regulatory thresholds or standards, such as contaminant-specific ARARs
or RCRA Subpart S Action Levels; they may be derived from site-specific risk considerations,
such as RCRA media cleanup levels, PRGs, or soil screening levels; or they may be based on
other criteria.  If no existing source for action levels can be identified during this step, the site
manager should decide how to develop a realistic concentration goal to serve as an action level
for the field investigation design and evaluation.  The goal of the current activity is merely to
identify the regulatory or technical basis for setting the action level; the actual numerical value of
the action level will be specified in Step 5, “Develop a Decision Rule.”  If the decision will be
stated with respect to a background level, then instead of naming an action level, the team should
identify where the background location will be chosen, and collect information on the
characteristics of this background location.  It is of great importance that the characteristics of the
background location be compatible with those of the area under investigation.


3.2.4 Confirm that Appropriate Analytical Methods Exist to Provide the Necessary Data


The planning team should develop a list of potentially appropriate measurement methods
for each item of necessary information.  When data collection involves the chemical or biological
sampling and analysis of environmental samples, it is preferable (if possible) to select a laboratory
that is properly accredited to perform such analyses.  Such laboratories are accredited through the
National Environmental Laboratory Accreditation Program, which uses standards set by the
National Environmental Laboratory Accreditation Conference.  The main purpose here is to
identify any situations where it may not be possible in practice to measure what is wanted.  By
identifying these situations early in the DQO Process, the planning team can consider other
possible approaches, such as measuring surrogates, indicator variables, or adjustment of action
levels to detection limits.  Additional considerations about measurement detection limits are
addressed in Step 5.


3.3 OUTPUTS


The outputs that will result from Step 3 activities include a list of informational inputs
needed to resolve the decision statement and the sources of that information, including new
environmental measurements.  An example is given in Table 4.
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Table 4. Example Inputs for a Site Investigation Decision


Information Needed Potential Source


Concentration values for arsenic, lead,
and mercury in site soils


New environmental measurements (soil sampling
and analysis)


Action level for each contaminant Soil screening levels (SSLs)
Preliminary remediation goal (PRG) calculations
Record of Decision (ROD)
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THE DATA QUALITY OBJECTIVES PROCESS


State the Problem


Identify the Decision


Identify Inputs to the Decision


Define the Study Boundaries


Develop a Decision Rule


Specify Limits on Decision Errors


Optimize the Design for Obtaining Data


Purpose


Activities


To define the spatial and temporal boundaries that 
the data must represent to support the decision.


DEFINE BOUNDARIES


Define the geographic area to which the 
decision statement applies.


Specify the characteristics that define the 
population of interest.


When appropriate, divide the population into 
strata that have relatively homogenous 
characteristics.


Define the scale of decision making.


Identify any practical constraints on data 
collection.


Determine the time frame to which the 
decision applies. 


Determine when to collect data.


CHAPTER 4


STEP 4:  DEFINE THE BOUNDARIES OF THE STUDY


4.1 BACKGROUND


The purpose of this step is to clarify the site characteristics that the environmental
measurements are intended to represent.  In this step, the planning team clearly defines the set of
circumstances (i.e., spatial and temporal boundaries) that will be covered by the decision
including:


• spatial conditions or boundaries of the site or release that define what should be
studied and where samples should be taken, and


• temporal boundaries that describe what the time frame of the study data should be
and when the samples should be taken.


Practical constraints that could interfere with sampling at the site also are identified in this step. 
The planning team should try to anticipate any obstacles that may interfere with the full
implementation of the field sampling plan that will be developed from the DQOs and study design.
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Applicable information from previous DQO steps that will be necessary to develop
boundaries includes information from the conceptual site model developed in Step 1, “State the
Problem,” such as:


• site contaminants present or likely to be present and their potential sources;


• potential migration pathways, exposure routes, and receptors;


• the site’s physical and chemical characteristics that affect contaminant distribution
and enhance or decrease the likelihood of movement within and among media; and


• future use of the site.


This information is taken into account along with the decision statement or statements identified
in Step 2, “Identify the Decision.”


4.2 ACTIVITIES


The following subsections describe activities that provide details on specific portions of
the boundaries step.  Figure 4 illustrates schematically how boundaries may be defined for soil
contamination problems.  An accurate map of the site is critical.


4.2.1 Specify the Characteristics That Define the Population of Interest


The planning team should specify the characteristics that define the population of interest
for the field investigation.  The term “population” refers to the total collection or universe of
objects, contaminated media, or people to be studied, from which samples will be drawn.  It is
important to clearly define the attributes that make up the population by stating them in a way that
clarifies the focus of the study (for example, “2, 3, 7, 8-tetrachlorodibenzo-p-dioxin” (TCDD) is
more specific than “dioxin”).  In many cases, it is useful to state both the contaminant of concern
and the matrix in which it is contained.  For example, if a team is investigating lead contamination
in soils at a site, the preferred specification of the population would be “lead contained in surface
and subsurface soils.”  The possibility of intermedia transport also should be considered.


4.2.2 Define the Spatial Boundary of the Decision Statement


(1) Define the geographic area and media to which the decision statement
applies.  The geographic area is a region marked by some physical feature (e.g.,
volume, length, depth, width, political boundary) that limits the extent of the field
investigation.  Some examples of geographic areas are an operable unit of a
Superfund site, the SWMU of a RCRA facility, the limits of a metropolitan city,
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1.  Define Population of Interest.


2.  Define Geographic Area of the Investigation and Media of Concern.


3.  Stratify the Site.


4.  Define the Temporal Boundaries of the Decision Statement.


5.  Define Scale of Decision Making.


· Soil is the medium that is likely to be contaminated.
· Lead is the contaminant of concern.
· Intermedia transfer is not considered to be an important


factor at this site.


Surface Soil (Media of Concern)
Property Boundaries (Defines


Area of Investigation)


Subsurface Soil


· Time frame to which decisions apply (make a decision at the end of 4 years).
· When to collect data (sample every 6 months).


· The scale of decision making for surface soil is based on risk exposure to
residential families living on 1/2-acre lots.


Area of Low-Intensity
Activity


Area of High-Intensity
Activity


Figure 4.  Example of Defining Spatial Boundaries for a Soil Contamination Problem







4Stratification is used to reduce the variability of contaminant concentrations and, therefore, to reduce the number of
samples needed to meet the limits of decision error defined in Chapter 6.
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the property boundaries, and the natural habitat range of a particular animal
species.  The depth of the geographic area also should be included as this may bear
on the selection of an action level.


(2) When appropriate, divide the population into strata that have relatively
homogeneous characteristics. Using existing information, divide or stratify4 the
population or geographic area of the study into subsets or smaller areas that
exhibit relatively homogeneous properties within each subset.  Strata may be
physically based, such as geological strata that affect contaminant distribution; or
based on other factors, such as activity patterns that determine the likelihood of
contamination.  Stratification is desirable for studying subpopulations or for
reducing the complexity of the problem by breaking it into more manageable
pieces.  It also can improve the efficiency of the sampling design.  The site
manager can then choose to make separate decisions about each stratum as well as
the entire population.


4.2.3 Define the Temporal Boundaries of the Decision


(1) Determine the time frame to which the study data apply.  It may not be
possible to collect data over the full time period to which the decision will apply,
particularly when long-term exposures are assumed in the future-use scenario. 
Therefore, the planning team needs to determine the most appropriate time frame
that the data should represent (e.g., the study data will reflect the condition of the
contaminant leaching into ground water over a period of 100 years) and determine
a time frame for data collection that will best represent the full time period within
the study constraints.  Time frames should be defined for the overall population
and for any subpopulations of interest.  The planning team should note potential
uncertainties due to mismatches between short time frames for sample collection
versus long time periods to which the decision will apply.


(2) Determine when to collect data.  Conditions may vary over the course of a study
due to weather, seasonal variations, or other factors.  For example, a study to
measure exposure to volatile organic compounds from a contaminated site may
give misleading information if the sampling is conducted in the colder winter
months rather than in the warmer summer months.  Therefore, the planning team
should determine when conditions will be most favorable for collecting data and
then select the time period that will reflect best the conditions of interest.
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4.2.4 Define the Scale of Decision Making


The scale of decision making is the smallest area or volume of the media, or the shortest
time frame associated with the contamination problem of the site for which the planning team
wishes to control decision errors.  The goal of this activity is to define subsets of media about
which the planning team will be able to make independent decisions that satisfy the decision error
constraints specified in Step 6.  The scale may range from the entire geographic boundaries of the
site to the smallest area that can be remediated with a given technology.  The scale of decision
making is sometimes called a decision unit.  The scale of decision making may be based on:


(1) Risk.  The scale of decision making based on risk is determined by the relative
exposure that an area presents to the receptor (i.e., the size of the decision unit is
determined by the exposure scenario).  The scale of decision making based on risk
is referred to as an exposure unit (EU).  An example of an EU is the ½ -acre
residential lot used for the soil ingestion exposure route in Soil Screening
Guidance: User’s Guide (EPA, 1996a).  Alternatively, the scale of decision
making for the inhalation or migration to ground water exposure pathway is the
entire contaminant source.


(2) Permits/regulatory conditions.  A regulatory scale for decision making may be
applied in RCRA Corrective Actions.  The planning team may be required to make
decisions for defined areas such as SWMUs.


(3) Technological considerations.  A technological scale for decision making may be
defined as the most efficient area or volume of the medium that can be removed or
remediated with the selected technology.  These areas or volumes are called
remediation units (RUs).  An example of an RU is the area of soil that can be
removed by one pass of a bulldozer or the activities of a stationary backhoe.


(4) Financial.  The financial scale is based on the actual cost to remediate that area of
contaminated land.  An extremely large EU, for example, may not be acceptable
owing to the high cost of cleaning such a large area.


(5) Other considerations.  Here, the scale of decision making is based on practical
factors or on a combination of risk and technological factors that dictate a specific
size. Examples are “hot spots,” whose size may be based on historical site use and
an acute exposure scenario.   Examples of scales of decision making are included
in Table 5.


A temporal scale of decision making might be necessary for studies where contamination
varies significantly over time.  For example, at a site with contaminated ground water,
investigators may be concerned that quarterly sampling of perimeter monitoring wells might
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Table 5.  Examples of Scales of Decision Making


Scenario Scale Chosen


Risk-Based:  A lead smelter in Montana has
contaminated approximately 35 acres with lead
tailings and ash. The smelter site is surrounded by
residential homes, and it is likely that the site could
be used as residential lots in the future.  The primary
contaminant of concern on the site is lead in the soil,
the exposure pathway is ingestion, and the primary
target receptor is small children.  One of the primary
activities of children that exposes them to soil is
playing in their backyards in play areas that are
devoid of vegetation.


The planning team and the risk assessor want to
control uncertainty in the sampling data related to the
area or volume where children get the majority of their
exposure.  Therefore, the scoping team sets the scale of
decision making to a 14' x 14' area, which is the
average size of a backyard play area.


Technology-Based:  A Midwestern coke plant has
discharged process waste water into lagoons on its
property, resulting in the contamination of sediments
with organic chemicals.  The lagoons are surrounded
by a wetland area that is the primary concern as a
receptor for the contamination, but there are no
human receptors nearby.  The cleanup of the lagoons
will involve more than one type of remediation
practice and is most likely to involve bioremediation
and incineration to reduce the influence of the
organic chemicals.  


The planning team at this site chooses to evaluate each
lagoon separately based on the assumption that each
lagoon has homogeneous contamination that could be
remediated by a single, but possibly separate,
remediation process.  Therefore, each lagoon is
considered to be a distinct RU. 


Other:  The soil at an abandoned transformer
production and reclamation facility has been
contaminated with PCBs (polychlorinated biphenyls). 
The expected future use of the site is light industrial,
and the major route of exposure is through soil
ingestion.  The site manager is most concerned with
exposure to trespassing children who play on the site.


The planning team does not believe that there is a
strong correlation between the size of a soil area and
the relative amount of exposure that the children will
receive.  However, from the anticipated site activities of
the children, they can select a size area (scale) that will
be protective under the reasonable maximum exposure
if that area had an average concentration of PCBs
below the sampling and analysis action level.  For this
site, ½-acre is chosen as the scale of decision making. 
While this decision has to be based on some
assumptions of risk and consideration of the receptor’s
activities, the planning team finally must estimate the
size area that will protect the children rather than
relying on a direct correlation between soil area and
risk. 
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inadvertently allow rapidly migrating contamination to go undetected for too long and 
possibly endanger human health or the environment.  Therefore, the investigators may choose a
shorter period, such as a month, between sampling events.


4.2.5 Identify Any Practical Constraints on Data Collection  


The team will identify any constraints or obstacles that could potentially interfere with the
full implementation of the field sampling plan, such as weather conditions when sampling is not
possible; the inability to gain access to sampling locations; or the unavailability of personnel, time,
or equipment.  For example, it may not be possible to take surface soil samples beyond one
property boundary of a site because permission is not granted by the owner of the adjacent
property.


4.3 OUTPUTS


The outputs of this step are:


• a detailed description of the characteristics that define the population of interest;


• a detailed description and illustration of the geographic limits of each
environmental medium (e.g., soil, water, air) within which the field investigation
will be carried out;


• the time period in which samples will be taken and to which decisions will apply;


• the most appropriate scale of decision making for each medium of concern; and


• a description of practical constraints that may impede sampling.
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5The term “statistical parameter” refers to the key characteristics of the population of interest.  By definition, it is
unknown and can only be estimated by measuring a similar characteristic from a sample.  For hazardous waste site
investigations, the statistical parameters could be the overall mean level of contamination at the site, or upper 1 percent of
contaminants (99th percentile) present on the site.  It is standard practice to refer to population parameters using Greek letters,
and their counterparts (sample statistics) by ordinary (Latin) letters.
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THE DATA QUALITY OBJECTIVES PROCESS


State the Problem


Identify the Decision


Identify Inputs to the Decision


Define the Study Boundaries


Develop a Decision Rule


Specify Limits on Decision Errors


Optimize the Design for Obtaining Data


Purpose


Activities


Develop a logical "if...then..." statement that 
defines the conditions that would cause the 
decision maker to choose among alternative 
actions.


Specify the action level for the decision.


Specify the statistical parameter (such as mean, 
median, maximum, or proportion) that 
characterizes the population of interest.


Combine the outputs from the previous 
DQO steps and develop a decision rule.


DEVELOP A DECISION RULE


Confirm that measurement detection limits will 
allow reliable comparisons with action level.


CHAPTER 5


STEP 5:  DEVELOP A DECISION RULE


5.1 BACKGROUND


In this step the planning team continues to build on the previous components of the
decision-making framework established in earlier steps of the DQO Process.  Specifically, the
planning team:


• specifies the statistical parameter5 that characterizes the population of interest;


• specifies the action level for the decision;


• confirms that the action level is above measurement detection limits so that reliable
comparisons can be made; and







Final
EPA QA/G-4HW January 200036


• combines the statistical parameter, the scale of decision making, and the action
level into an unambiguous decision rule that addresses the contamination problem. 


The decision rule actually states what regulatory response action would be appropriate
depending on whether the statistical parameter is greater or less than the action level.  In practice,
environmental data will be used to estimate the parameter but will almost surely differ from the
true parameter value.  Natural variability in data combined with the need to take a relatively small
sample has created this unknown difference.


It is important to keep in mind that the decision rule in Step 5 is a “theoretical” decision
rule that is stated in terms of what the decision maker ideally would like to know in order to
choose the correct course of action.  This activity is performed this way so that the DQOs are
specified as generic performance requirements that allow flexibility in the statistical sampling
design.  In Step 5, the planning team members focus on what they would want to do if they could
know with absolute certainty.  One of the consequences of specifying the decision rule in these
theoretical terms is that one need not address statements about the uncertainty of the parameter as
part of the decision rule itself.  The uncertainty that will apply to estimates of the parameter is
addressed in Steps 6 and 7 of the DQO Process. 


The decision rule combines the outputs from earlier steps, including the decision statement
from Step 2, “Identify the Decision,” the variables to be measured from Step 3, “Identify the
Inputs to the Decision,” and the scale of decision making from Step 4, “Define the Boundaries of
the Study.”


5.2 ACTIVITIES


5.2.1 Specify the Statistical Parameter That Characterizes the Population of Interest


The statistical parameter of interest is a descriptive measure (such as a mean, difference
between two means, median, proportion, or maximum) that specifies the characteristic or attribute
that the decision maker would like to know about the statistical population. In some cases, the
study outcome or regulatory objectives state or imply a particular statistical parameter of interest;
in other cases, it should be decided by the planning team.  


The best guideline to follow when selecting a parameter of interest is to ask the question
“What would I, the site manager, like to know?”  If the answer is an average, then a mean or
median might be selected.  If the site manager would like to ensure that values in the population
of interest fall below some concentration, a proportion or percentile should be used.  If the site
manager is interested in hot spots, then the maximum concentration or a certain diameter of hot
spot might be a reasonable choice.  If the site manager is interested in comparing the average
between two populations (i.e., the site vs. background), then the parameter of interest is the
difference between the mean of the site and the mean of the background.  Choosing more
complex parameters of interest (e.g., the third-highest maximum value) may lead to complex and
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resource-intensive sampling designs in Step 7, “Optimize the Design for Obtaining Data,” and
should be avoided during the initial phases of DQO development.  


The mean, a measure of central tendency in a population, is useful when the action level is
based on long-term average health effects (e.g., chronic conditions, carcinogenicity) and when the
population is fairly homogenous and has a relatively small variability (variance).  Estimating the
mean generally requires fewer samples than other parameters; however, the sample mean is not as
good an estimate when the distribution underlying the population is highly skewed or when the
population contains a large proportion of values that are less than the measurement method
detection limit. 


The population median is an alternative representation of the center of the population and
is defined as that value where 50 percent of the values of the population are smaller than the
median and 50 percent of the values are larger.  Unlike the sample mean, the sample median is a
good estimator of the center of a population that is highly skewed and can be used even if the
population contains a large proportion of values that are less than the measurement detection
level.  However, because statistical tests concerning the median rely on fewer assumptions than do
hypothesis tests concerning the mean, estimating the population median for use in statistical tests
usually requires large sample sizes.


A proportion represents the number of objects in a population having (or not having)
some characteristic divided by the total number of objects in the population.  This characteristic
may be qualitative, such as leaking drums versus nonleaking drums; or quantitative, such as drums
with concentration levels of a contaminant greater than some fixed level.  A proportion is useful if
the population consists of discrete objects such as drums or finite units.


A percentile represents conditions where x percent of the distribution is less than or equal
to the percentile value.  For example, if the 95th percentile of a site is equal to 40 ppm, then 95
percent of the concentration levels at the site are less than or equal to 40 ppm.  Statistical tests
concerning percentiles are equivalent to those concerning proportions.  Common population
parameters at hazardous waste sites are upper percentiles (upper proportions) because they are
conservative and protect against extreme health effects.  A percentile provides controls for
extreme values and is useful when the population contains a large number of values less than the
analytical method detection limit.  However, estimating upper percentiles for use in a statistical
test usually requires large sample sizes.


5.2.2 Specify the Action Level for the Decision


The action level is a contaminant concentration or numerical value derived from ARARs
or risk-based methodologies, such as the PRG development process, which, when applied to site-
specific conditions, results in the establishment of a numerical criterion for deciding whether the
contamination levels are unacceptable.
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If the decision maker believes that the final remediation level could be one of two different
levels, then the more stringent one should be chosen for the action level.  A more stringent action
level may require selection of more precise analytical methods—with appropriate detection
limits— than would satisfy the less stringent action level; or it may require replicate analysis.  In
Superfund investigations, the planning team may need to develop PRGs and should refer to the
Risk Assessment Guidance for Superfund, Volume I—Human Health Evaluation Manual, Part B,
Development of Risk-Based Preliminary Remediation Goals (RAGS HHEM, Part B) (EPA,
1991c). Investigators should note that the models, equations, and assumptions used to develop
risk-based action levels in Soil Screening Guidance: User’s Guide (EPA, 1996a) supersede those
described in RAGS HHEM, Part B, (EPA, 1991c) for residential soils.  For RCRA Corrective
Action, the planning team may need to develop media cleanup levels as discussed in the Federal
Register, Vol. 55, No. 145, July 27, 1990, “Corrective Action for Solid Waste Management Units
at Hazardous Waste Management Facilities; Proposed Rule.”  


There are several types of ARARs that remedial or removal actions may have to comply
with.  These include chemical-specific requirements that establish an acceptable residual amount
or concentration of a contaminant, engineering design performance, action-specific requirements,
or location-specific requirements.  There are also nonpromulgated advisories or guidance
documents that are not legally binding, referred to as “to-be-considered materials.”  In many
instances, to-be-considered materials are part of risk assessment and are used to determine the
level of cleanup necessary for health and environmental protection.


5.2.3 Confirm That the Action Level Exceeds Measurement Detection Limits


The planning team should examine the potential measurement methods identified in Step 3
and determine the detection limits for those methods.  This performance information is used in
this activity to confirm the feasibility of using that method to compare site concentrations to the
action level.  For example, if the detection limit exceeds the action level, then either a better
method should be specified or a different approach should be used, such as measuring surrogates
or indicators.  This method performance information also will be used in Step 7, “Optimize the
Design for Obtaining Data.”


There are many different definitions of detection limits.  The planning team should use the
definition that is of most use for the decision rule at hand.  For example, a decision rule that
merely requires confirmation of the existence of a contaminant would require a detection limit that
assumes a high probability of positive identification and presence in the matrix (and reasonably
low probability of false confirmation).  On the other hand, a decision rule that requires
comparison of a mean contaminant concentration to a threshold action level value would require
the detection limit to be defined in terms of the reliability of quantitation [such as a limit of
quantitation or practical quantitation limit (PQL)].
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5.2.4 Combine the Outputs from the Previous DQO Steps and Develop a Decision Rule


The planning team combines the decision statement, parameter of interest, scale of
decision making, and action level into an “if. . .then. . .” statement that describes the conditions
that would lead to a specific regulatory response action.


5.3 OUTPUTS


The output of this step is the “if...then...” decision rule.  Examples of such a decision rule
are shown in Table 6.


Table 6.  Examples of a Decision Rule


If the mean perchloroethylene (PCE) concentration of each downgradient well is greater than
the PCE concentration in an upgradient well, then further assessment and response are
required; otherwise, no further evaluation is necessary.


If the mean level of arsenic is less than or equal to 1.0ppb, then the soil will be left in situ,
otherwise the soil shall be removed to an approved site.
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THE DATA QUALITY OBJECTIVES PROCESS


State the Problem


Identify the Decision


Identify Inputs to the Decision


Define the Study Boundaries


Develop a Decision Rule


Specify Limits on Decision Errors


Optimize the Design for Obtaining Data


Purpose


To specify the decision maker's tolerable limits 
on decision errors, which are used to establish 
performance goals for limiting uncertainty in 
the data.


SPECIFY LIMITS 
ON DECISION ERRORS


Activities


Determine the possible range of the parameter 
of interest.


Specify a range of possible parameter values 
where the consequences of a false negative 
decision error are relatively minor (gray region).


Assign probability values to points above and 
below the action level that reflect the tolerable 
probability for the occurrence of decision errors.


Define both types of decision errors and 
their potential consequences and select the 
baseline condition.


CHAPTER 6


   STEP 6:  SPECIFY TOLERABLE LIMITS ON DECISION ERRORS


6.1 BACKGROUND


The purpose of this step is to specify quantitative performance criteria for the decision rule
expressed as probability limits on potential errors in decision making.  The probability limits on
decision errors specify the level of confidence the site manager desires in conclusions drawn from
site data.  These decision performance criteria will be used in Step 7, “Optimize the Design for
Obtaining Data,” to generate a resource-effective field investigation sampling design.


Setting tolerable limits on decision errors is neither obvious or easy.  It requires the
planning team to weigh the relative effects of threat to human health and the environment,
expenditure of resources, and consequences of an incorrect decision, as well as the less tangible
effects of credibility, sociopolitical cost, and feasibility of outcome.  In the initial phases of the
DQO development, these probabilities need only be approximated to explore options in sampling
design and resource allocation.  The effects of altering these probabilities on sampling plans and
resources may be explored using the software, Data Quality Objectives Decision Error
Feasibility Trials (DEFT) Software (EPA, 1994c).
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6.1.1 Sources of Error in Hazardous Waste Site Investigations


A decision error occurs when the data mislead the site manager into choosing the wrong
response action, in the sense that a different response action would have been chosen if the site
manager had been able to access “perfect data” or absolute truth.


The possibility of a decision error exists because the parameter of interest is estimated
using data that are never perfect but are subject to different variabilities at different stages of
development, from field collection to sample analysis.  The combination of all these errors is
called “total study error,” and for sampling at hazardous waste sites, this can be broken down into
two main components:


(1) Sampling design error.  This error (variability) is influenced by the sample
collection design, the number of samples, and the actual variability of the
population over space and time.  It is impractical to sample every unit of the
media, and limited sampling may miss some features of the natural variation of the
contaminant concentration levels.  Sampling design error occurs when the data
collection design does not capture the complete variability within the media to the
extent appropriate for the decision of interest. 


(2) Measurement error.  This error (variability) is influenced by imperfections in the
measurement and analysis system.  Random and systematic measurement errors are
introduced in the measurement process during physical sample collection, sample
handling, sample preparation, sample analysis, and data reduction.


In some cases, total study error may lead to a decision error.  Therefore, it is essential to
reduce total study error to a minimum by choice of sample design and measurement system in
order to reduce the possibility of making a decision error.


6.1.2 Decision Making


The possibility of making a decision error, although small, is undesirable due to the
adverse consequences arising from that incorrect decision.  It can be controlled through the use of
a formal statistical decision procedure, known as hypothesis testing.  When hypothesis testing is
applied to site assessment decisions, the data are used to choose between a presumed baseline
condition of the environment and an alternative condition.  The test can then be used to show
either that the baseline condition is false (and therefore the alternative condition is true) or that
there is insufficient evidence to indicate that the baseline condition is false (and therefore the site
manager decides by default that the baseline condition is true).  The burden of proof is placed on
rejecting the baseline condition, because the test-of-hypothesis structure maintains the baseline
condition as being true until overwhelming evidence is presented to indicate that the baseline
condition is not true.  For example, the site manager may presume that a site is contaminated (the
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baseline condition) in the absence of strong evidence (data) that indicates the site is clean (the
alternative condition).  


A decision error occurs when the limited amount of data collected leads the site manager
to decide that the baseline condition is false when it is true, or to decide that the baseline
condition is true when it is really false.  These two types of decision errors are classified as a false
rejection error and a false acceptance error, respectively.  In some circumstances, a false rejection
error is known as a false positive error, and a false acceptance error as a false negative error.  In
statistical language, the baseline condition is called the null hypothesis (H0) and the alternative
condition is called the alternative hypothesis (Ha).  A false rejection decision error occurs when
the decision maker rejects the null hypothesis when it is really true; a false acceptance decision
error occurs when the decision maker fails to reject the null hypothesis when it is really false.


 
Consider an example where the site manager strongly believes that the overall average


level of contaminant of concern exceeds the action level (i.e., the baseline condition or null
hypothesis states that COC concentrations exceed the action level).  If the sampling data, by
chance, contained an abnormally large proportion of low values, the site manager would
erroneously conclude that the COC concentrations do not exceed the action level when in reality
the true average did exceed the action level; the site manager would then be making a false
rejection decision error.  


Statisticians often refer to the false rejection decision error as a Type I error and the
measure of the size of this error as alpha ("), the level of significance.   Statisticians often refer to
a false acceptance decision error as a Type II error; the measure of the size of this error is called
beta ($), also known as the complement of the power of a test.  Both alpha and beta are
expressed numerically as probabilities.


6.1.3 Controlling Decision Errors


Although the possibility of decision errors can never be totally eliminated, it can be
minimized and controlled.  To control the possibility of decision errors, the planning team focuses
on the largest components of total study error.  If the sampling design error is believed to be
relatively large, the chance of decision error may be controlled by collecting a larger number of
samples or developing a better sampling design.  If the analytical component of the measurement
error is believed to be relatively large, it may be controlled by analyzing multiple individual
samples, or by using more precise and accurate analytical methods.   


In some cases, placing a stringent (i.e., very small) limit on the possibility of both types of
decision errors is unnecessary for making a defensible decision.  If the consequences of one
decision error are relatively minor, it may be possible to make a defensible decision based on
relatively imprecise data or on a small amount of data (e.g., when the consequences of deciding
that areas of a site are hazardous—when in reality they are not—are relatively minor in early
phases of site assessment).  In this case, the site manager may make a decision during this stage of
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How to Read a Decision Performance Goal Diagram:  Figures 5 and 6 show in graphical
form some key outputs of Step 6 of the DQO Process.  The full meaning and interpretation of a
Decision Performance Goal Diagram (DPGD) should be clear after reading the rest of section
6.2.  As the explanation progresses, it may be helpful to keep in mind that the DPGD represents
a set of  “what if?” conditions in the following sense.  A decision maker asks, “what if the true
concentration of contaminants was this high and how strong is my aversion to having the data
mislead me into taking the wrong action?”  The true concentration is represented on the
horizontal axis.  The decision maker’s aversion to taking a wrong action is expressed as
tolerable probabilities of committing a decision error, which are indicated along the vertical
axis.  The action level defines the true concentration above which some action should be taken
(such as further investigation or remediation).  


the investigation by using a moderate amount of data, analyzed using a field screening analytical
method, and only using a limited number of confirmatory analyses.  


Conversely, if the consequences of decision errors are severe, the site manager will want
to develop a data collection design that exercises more control over sampling design and
measurement error.  For example, during the cleanup attainment evaluation phase, deciding that a
site is not hazardous when it truly is may have serious consequences because the site may pose a
risk to human health and to the environment.  Therefore, the decision made during this phase of
the assessment process may need to be supported by a large amount of data, and analyzed using
very precise and accurate analytical methods. 


A site manager should balance the consequences of a decision error against the cost of
limiting the possibility of this error.  It may be necessary to iterate between Step 6 and Step 7
several times before this balance between limits on decision errors and costs of data collection
design is achieved.  This is not an easy part of the DQO Process.  The balancing of the risk of
incorrect decision with potential consequences should be fully explored by the planning team. 
Resorting to arbitrary values such as “false rejection = 0.05, false acceptance = 0.20” is not
recommended; the circumstances of the investigation may allow for a less stringent choice, or
possibly a more stringent requirement.  In the early stages of DQO development, it is
recommended that a very stringent choice be made and the consequences of that choice be
investigated by using the DEFT software (EPA, 1994c). 


6.2  ACTIVITIES


The following subsections describe the process of establishing decision performance
criteria.  The combined information from these activities is graphically displayed as Decision
Performance Goal Diagrams (DPGDs) in Figures 5 and 6 or charted in decision error limits tables
in Tables 7 and 8.  Both of these methods illustrate the site manager’s tolerable risk of decision
errors.
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Figure 5.  An Example of a Decision Performance Goal Diagram –
Baseline Condition: Parameter Exceeds Action Level
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Figure 6.  An Example of a Decision Performance Goal Diagram –
Baseline Condition Parameter Is Less Than Action Level
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Table 7.   Decision Error Limits Table Corresponding to Figure 5


True Concentration Correct Decision Tolerable Probability of Making
an Incorrect Decision


0 to 60 ppm does not exceed action
level


5%


60 to 80 ppm does not exceed action
level


10%


80 to 100 ppm does not exceed action
level


gray region—no probability
specified


100 to 150 ppm exceeds action level 10%


greater than 150 ppm exceeds action level 1%


Table 8.   Decision Error Limits Table Corresponding to Figure 6


True
Concentration


Correct Decision Tolerable Probability of Making
an Incorrect Decision


0 to 60 ppm does not exceed action
level


5%


60 to 100 ppm does not exceed action
level


10%


100 to 120 ppm exceeds action level gray region—no probability
specified


120 to 150 ppm exceeds action level 20%


greater than 150
ppm 


exceeds action level 5%


    


6.2.1 Determine the Possible Range of the Parameter of Interest


The planning team should establish the possible range of the parameter of interest by
estimating its upper and lower bounds based on currently available information and professional
judgment.  This helps focus the process of defining probability limits on decision errors on only
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Example:  The range of the population mean shown in Figures 5 and 6 is between 0 and 210
ppm.  Note that for purposes of interpreting a DPGD, the concentration values on the
horizontal axis represent true values of the parameter of interest, not the estimated value from
the data.


the relevant values of the parameter.  The team may use historical data, including analytical data
(if they are available) as a starting point for defining the possible range of the parameter of
interest.  The team also should ensure that the range is sufficiently wide to account for
uncertainties or gaps in the information used to set the range.  For example, if the parameter of
interest is a mean, the range may be defined using the lowest and highest concentrations at which
the contaminant is thought to exist at the site.


6.2.2 Define Both Types of Decision Errors, Identify Their Potential Consequences and
Select the Baseline Condition


The planning team should designate the areas above and below the action level as the
range where the two types of decision errors may occur.  Next, the team should define the
baseline condition (null hypothesis) based on the relative consequences of the decision errors. 
This activity has four steps:


(1) Define both types of decision errors and establish the “true state of nature”
for each decision error.  The team should state both decision errors in terms of
the parameter of interest, the action level, and the alternative actions.  An example
of a decision error is to “decide that the true mean concentration of site-related
contaminants exceeds the action level and remediation is necessary when in fact
the mean concentration of site-related contaminants does not exceed the action
level and remediation is not necessary.”  


The “true state of nature” is the actual condition of the parameter in the media but
unknown to the decision maker.  Each decision error consists of two parts: the
true state of nature and the conclusion the decision maker reaches.  For example,
the true mean concentration of site-related contaminants does not exceed the
action level (the “true state of nature”); however, the site manager has determined
from the data that the mean concentration of site-related contaminants exceeds the
action level (the conclusion reached by the decision maker).


(2) Specify and evaluate the potential consequences of each decision error.  The
team should consider the consequences of making each decision error.  For
example, potential consequences of incorrectly deciding that the parameter is
below the action level (when in fact it is above the action level) include potential
threats to human health and the environment.  Conversely, potential consequences
of incorrectly deciding that the value of the parameter of interest is above the
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action level (when in fact it does not exceed the action level) include spending
unnecessary resources to study further and/or possibly to remediate an
uncontaminated site.  


The team should evaluate the potential consequences of decision errors at several
points within the false rejection and false acceptance ranges.  For example, the
consequences of a decision error when the true parameter value is only just 10%
above the action level may be minimal because it may cause only a moderate
increase in the risk to human health.  Conversely, the consequences of a decision
error when the true parameter is an order of magnitude above the action level may
be severe because it could significantly increase the risk to human health and
threaten the local ecosystem.


(3) Establish which decision error has more severe consequences near the action
level.  The site manager should use the evaluation of the potential consequences of
the decision errors to establish which decision error has the more severe
consequences near the action level.  For example, the site manager would judge
the threat of health effects from a site contaminated with acutely hazardous waste
against spending unnecessary resources to remediate a clean site. 


(4) Define the baseline condition (null hypothesis) and the alternative condition
(alternative hypothesis), and assign the terms “false rejection” and “false
acceptance” to the appropriate decision error.  The baseline assumption is the
one that will be kept until overwhelming evidence (in the form of data to be
collected at the site) is presented to make the site manager reject the baseline
assumption in favor of the alternative.  One rationale is to set the baseline
condition equal to the true state of nature that exists when the more severe error
occurs, therefore guarding against the occurrence of this error because the baseline
assumption will only be abandoned with reluctance (i.e., weight of the data
indicating it should be wrong).  A false rejection decision error corresponds to the
more severe decision error, and a false acceptance decision error corresponds to
the less severe decision error.  Note that under some RCRA regulations the choice
of baseline and alternative have already been set.  For example, in a delisting
petition, the baseline condition is that the waste is hazardous, and the alternative is
that it is not hazardous.  This means that the petitioner has to present
overwhelming evidence (data) to show that the baseline is incorrect.
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Example.  The action level has been set at 100 ppm in Figures 5 and 6. (Note that the action
level is represented by a vertical dashed line at 100 ppm.)  Figure 5 shows the case where a site
manager considers the more severe decision error to occur above the action level.  Figure 6
shows the reverse, the case where the site manager considers the more severe decision error to
occur below the action level.  As the hypothesis test for the second case is the reverse of the first
case, the false rejection and false acceptance errors are reversed (on opposite sides of the action
level).  For illustrative purposes, this chapter focuses on the first case, shown in Figure 5.


6.2.3 Specify a Range of Possible Parameter Values Where the Consequences of a False
Acceptance Decision Error are Relatively Minor (Gray Region)


The gray region is one component of the quantitative decision performance criteria the site
manager establishes during the DQO Process to limit impractical and infeasible sample sizes.  The
gray region is a range of possible parameter values near the action level where it is “too close to
call.”  This gray area is where the sample data tend toward rejecting the baseline condition, but
the evidence (data statistics) is not sufficient to be overwhelming.  In essence, the gray region is
an area where it will not be feasible to control the false acceptance decision error limits to low
levels because the high costs of sampling and analysis outweigh the potential consequences of
choosing the wrong course of action.  


In statistical language, the gray region is called the “minimum detectable difference” and is
often expressed as the Greek letter delta ()).  This value is an essential part of the calculations for
determining the number of samples that need to be collected so that a site manager may have
confidence in the decision made based on the data collected.


The first boundary of the gray region is the action level.  The other boundary of the gray
region is established by evaluating the consequences of a false acceptance decision error over the
range of possible parameter values in which this error may occur.  This boundary corresponds to
the parameter value at which the consequences of a false acceptance decision error are significant
enough to have to set a limit on the probability of this error occurring.


The width of the gray region may be wide during early phases of the site assessment
process, where further evaluation of the site can identify if the parameter of interest is slightly less
than the action level.  Similarly, during a cleanup attainment evaluation phase, the width of the
gray region may also be wide as use of a wide gray region will usually yield conclusive evidence
of a successful remediation.  However, if the site manager believes that the cleanup process has
only remediated to the extent that the parameter is close to the action level, a narrow gray region
will be necessary to detect successful remediation.  In general, the narrower the gray region, the
greater the number of samples needed to meet the criteria. 







6The value of 0.01 should not be considered a prescriptive value for setting decision error rates, nor should it be
considered as EPA policy to encourage the use of any particular decision error rate.
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Example.  Consider the DPGD Shown as Figure 5.  Notice that the site manager has located
the action level at 100 ppm and edge of the gray area at 80 ppm.  This implies that when the
sample data mean is less than 80 ppm (and the planning assumptions regarding variability hold
true), then the data will be considered to provide “overwhelming evidence” that the true mean
(unknown, of course) is below the action level.


6.2.4 Assign Probability Values to Points Above and Below the Action Level that Reflect
the Tolerable Probability for the Occurrence of Decision Errors


A decision error limit is the probability that a decision error may occur for a specific value
of the parameter of interest.  This probability is an expression of the decision maker’s tolerance
for uncertainty but does not imply that a decision error will occur.  Instead it is only a measure of
the risk a decision-maker is willing to assume. 


At a minimum, the site manager should specify a false rejection decision error limit at the
action level and a false acceptance decision error limit at the other end of the gray region based on
the consequences of the respective errors.  Severe consequences (such as extreme risks to human
health) should have stringent limits (small probabilities), whereas moderate consequences may
have less stringent limits.  In general, the tolerable limits for making a decision error should
decrease as the consequences of a decision error become more severe farther away from the
action level.


The most stringent limits on decision errors that are typically encountered for
environmental data are 0.01 (1%) for both the false rejection and false acceptance decision errors. 
This guidance recommends using 0.01 as the starting point for setting decision error rates.2  If the
consequences of a decision error are not severe enough to warrant this stringent decision error
limit, this value may be relaxed (a larger probability may be selected).  However, if this limit is
relaxed from a value of 0.01 for either the decision error rate at the action level or the other
bound of the gray region, the planning team should document the rationale for relaxing the
decision error rate.  This rationale may include regulatory guidelines; potential impacts on cost,
human health, and ecological conditions; and sociopolitical consequences.


6.3 OUTPUTS


The outputs from this step are the site manager’s tolerable decision limits based on a
consideration of the consequences of making an incorrect decision.  These limits on decision
errors can be expressed in a decision error limits table (Tables 7 and 8) or in a DPGD as
illustrated in Figures 5 and 6.
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Example.  It is often useful to summarize the decision error limits in either a table or a graph.  Figure 5
and Table 7 show that from the action level to a true value of 135 ppm for the parameter of interest, the
site manager will tolerate a 10 percent chance of deciding that the true value is below the action level,
based on field investigation data.  If the true value is greater than 135 ppm, the site manager will
tolerate only a 1 percent chance of deciding the true value is really below the action level.  Below the
action level, from 60 to 80 ppm the site manager will tolerate deciding the true value is above the action
level 10 percent of the time, and between 40 and 60 ppm the site manager will allow a false acceptance
decision error rate of 5 percent.  These probabilities represent the risk to the site manager of making an
incorrect decision.
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THE DATA QUALITY OBJECTIVES PROCESS


State the Problem


Identify the Decision


Identify Inputs to the Decision


Define the Study Boundaries


Develop a Decision Rule


Specify Limits on Decision Errors


Optimize the Design for Obtaining Data


Purpose


Activities


OPTIMIZE THE DESIGN


To identify a resource-effective sampling and 
analysis design for generating data that are 
expected to satisfy the DQOs.


Review the DQO outputs and existing 
environmental data.


Develop general data collection design 
alternatives.


Formulate the mathematical expressions 
necessary for each design alternative. 


Select the most resource-effective design that 
satisfies all DQOs.


Document the operational details and theoretical 
assumptions of the selected design in the Quality 
Assurance Project Plan (QAPP).


Select the sample size that satisfies the DQOs for 
each design alternative.


CHAPTER 7


STEP 7:  OPTIMIZE THE DESIGN FOR OBTAINING DATA 


7.1 BACKGROUND


The purpose of this step is to identify a resource-effective field investigation sampling
design that generates data that are expected to satisfy the site manager’s decision performance
criteria, as specified in the preceding steps of the DQO Process.  To develop the optimal design
for this study, it may be necessary to work through this step more than once after revisiting
previous steps of the DQO Process.  The output of this step is the sampling design that will guide
development of QA project documentation, such as the field sampling and analysis plan and the
QA Project Plan required for EPA investigations.


This step provides a general description of the activities necessary to generate and select
data collection designs that satisfy decision performance criteria defined in Step 6, “Specify
Tolerable Limits on Decision Errors.”  In addition, it contains information about how DQO
outputs from the previous six steps of the DQO Process are used in developing a statistical
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design.  However, this document does not give detailed guidance on the mathematical procedures
involved in developing a statistical data collection design.  Investigators may refer to Cochran
(1977) or Thompson (1992) for theoretical discussions, Chapters 2 through 10 of Gilbert (1987),
and Methods for Evaluation of the Attainment of Cleanup Standards: Volume 1 (EPA, 1989a)
for more information.  It should be stressed that if critical design assumptions are seriously
violated, the data may become unusable for the specified purpose.


For most field investigations, a probabilistic sampling approach will be necessary to have a
scientific basis for extrapolating results from a set of samples to the entire site or large areas of the
site.  All probability sampling designs have an element of randomization, which allows probability
statements to be made about the quality of estimates derived from the data.  Therefore, probability
samples are useful for testing hypotheses about whether a site is contaminated, what the level of
contamination is, and what other problems common to hazardous waste sites have occurred.  By
combining an effective probabilistic data collection design with a statistical hypothesis test, the
decision maker will be able to optimize resources such as funding, personnel, and time while still
meeting DQOs.  There are many different probability sampling designs, each with advantages and
disadvantages.  A few of the most basic sampling designs are described in Table 9; other
probability designs, such as rank set sampling and search sampling, are beyond the scope of this
guidance.


A nonprobabilistic sampling (judgmental sampling) design is developed when the site
manager (or technical expert) selects the specific sampling locations based on the investigator’s
experience and expert knowledge of the site.  Typically, this is useful to confirm the existence of
contamination at specific locations, based on visual or historical information.  Judgmental samples
can be used subjectively to provide information about specific areas of the site, often useful during
the preliminary assessment and site investigation stages—provided there is substantial information
on the contamination sources and history.


However, when nonprobabilistic sampling approaches are used, quantitative statements
about data quality are limited only to the measurement error component of total study error and
the results cannot be extrapolated to the entire site unless the data are being used to support
explicit (usually deterministic) scientific models, such as ground water contaminant fate and
transport.


If a judgmental data collection design is chosen, it is important to implement and
document the applicable activities of this DQO step.  This approach will help the planning team
document the reasons for selecting a nonprobabilistic sampling scheme, the reasons for selecting
specific sampling locations, and the expected performance of the data collection design with
respect to qualitative DQOs only.  If the site manager wishes to draw conclusions about areas of
the site beyond the exact locations where samples were taken or if statistically defensible
conclusions are desired, then a probabilistic approach should be used.
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Table 9.  Probabilistic Sampling Designs


Simple Random Sampling —The basic probability sample is the simple random sample
(SRS).  With  SRS, every possible sampling point has an equal probability of being selected,
and each sample point is selected independently from all other sample points.  
Pros:  SRS is appropriate when little information is available for a site, and the population does
not contain any trends.  
Cons:  If some information is available, SRS may not be the most cost-effective (efficient)
sampling design.


Systematic Sampling — Systematic sampling achieves a more uniform spread of sampling
points than SRS by selecting sample locations using a spatial grid, such as a square, rectangle,
or triangle, in two or three dimensions.  
Pros:  Sampling locations are located at equally spaced points so they may be easier to locate in
the field than simple random samples.  
Cons:  A systematic sample should not be used if the contamination exhibits any cyclical
patterns. 


Stratification — Stratified random sampling is used to improve the precision of a sampling
design.  For stratified sampling, the study area is split into two or more nonoverlapping strata
(subareas) where physical samples within a stratum are more similar to each other than to
samples from other strata.  Sampling depth, concentration level, previous cleanup attempts, and
confounding contaminants can be used as the basis for creating strata.  Stratification is an
accepted way to incorporate prior knowledge and professional judgment into a probabilistic
sampling design.  Once the strata have been defined, each stratum is then sampled separately
using one of the simple methods (e.g., SRS).  
Pros:  A stratified sample can be more cost-effective and can be used to ensure that important
areas of the site are represented in the sample.  In addition, parameter estimates can be
developed for each stratum.  
Cons:  Analysis of the data is more complicated than for other sampling designs.


Composite Sampling — Composite sampling is used to estimate the population mean when
chemical analysis costs are high compared to sampling costs or if the between-sample
variability is much larger than analytical variability.  Composite sampling involves physically
mixing two or more samples before analysis.  This method should be used in conjunction with a
sample design in order to determine sample locations (e.g., SRS with compositing).  
Pros:  Composite sampling can be a cost-effective way to select a large number of sampling
units and provide better coverage of the site without analyzing each unit.  It also is useful if the
samples will be used as a screening device.  
Cons:  Composite sampling should not be used when information about extreme values or
variability is required or when samples are changed by the mixing process (e.g., volatile
chemicals). 
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7.2 ACTIVITIES


7.2.1 Review the DQO Outputs and Existing Environmental Data


The outputs from the previous steps of the DQO Process provide a succinct collection of
information that is used to develop the data collection design in the following ways:


• the inputs, boundaries, and decision rule are used in determining the type, location,
and timing of samples; and


• the limits on decision errors provide crucial information for selecting the number of
samples to be collected and the number of analyses per sample.


Information regarding the expected variability of contaminants is necessary for most
probabilistic data collection designs, and any existing environmental data from the site (or from
similar sites) should be reviewed for potential use in statistical analysis or in defining the
boundaries of the study.  Information about existing environmental data may have been identified
during Step 1, “State the Problem,” and Step 3, “Identify the Inputs to the Decision.”  If no
existing data are available, it may be necessary to conduct a limited field investigation to acquire
an preliminary estimate of variability.


7.2.2 Develop General Data Collection Design Alternatives


The planning team should develop alternative data collection designs that could generate
data needed to test the hypothesis.  These alternatives should, at a minimum, include the sample
selection technique, the sample type, the sample size, and the number of analyses per sample.  To
generate alternative designs, the planning team may vary the sampling design, the type of samples
collected, the field sampling or analytical methods used, or the number of replicate analyses
performed on samples. 


It is important not to rule out any alternative field sampling or analytical methods due to
preconceptions about whether or not the method is sufficient.  It should be remembered that the
objective of the statistical design is to limit the total study error, which is a combination of
sampling design and measurement error, to tolerable levels so that the site manager’s decision
performance criteria are satisfied.  Designs that balance the number of field samples with the
number of laboratory analyses should be considered. 


7.2.3 Formulate the Mathematical Expressions Necessary for Each Design Alternative


Two mathematical expressions are necessary for optimizing each data collection design
alternative in relation to the decision performance criteria.  First, a tentative method for analyzing
the resulting data (e.g., a student’s t-test or a tolerance interval) should be specified, along with
any available sample size formulas corresponding to the proposed method.  This information will
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be used to solve for the minimum sample size that satisfies the decision maker’s limits on decision
errors.  Second, a cost function that relates the total number of samples to the costs of sampling
and analysis should be developed.  This information will be used to compare the cost-effectiveness
of different sampling designs.


Some common data analysis methods and sample size formulas are contained in Table 10
and described in-depth in Guidance for Data Quality Assessment (QA/G-9) (EPA, 1996b).  The
types of tests applied at hazardous waste sites can be broadly classified as one-sample (single-site)
tests or two-sample (double-site) tests.  In one-sample cases, data from a site are compared with
an absolute criterion such as a regulatory threshold or an ARAR.  In this case, the parameter of
interest is usually a mean, median, percentile, or proportion of contamination levels within each
scale of decision making, such as an EU.  In the two-sample cases, data from a site are compared
with data from another site or background area.  In this case, the parameter of interest is usually
the difference between the two means, two medians, two proportions, or two percentiles, and the
action level is often zero.  If two independent random samples are taken at the same site at two
different times, such as before and after some remediation activity, then the first set of
measurements can be interpreted as if for site A, and the second set of measurements can be
interpreted as if for site B.


7.2.4 Select the Sample Size That Satisfies the DQOs for Each Design Alternative


The planning team should calculate the sample size for each data collection design
alternative.  If none of the data collection designs satisfies all of the decision performance criteria
(including cost), the planning team may need to:


• increase the tolerable limits on decision errors;


• increase the width of the gray region; 


• increase funding for sampling and analysis;


• change the boundaries (it may be possible to reduce sampling and analysis costs by
changing or eliminating subgroups that will require separate decisions); or


• relax other project constraints.


To assist the team in generating their development of alternative designs, EPA has
developed the software, Data Quality Objectives Decision Error Feasibility Trials (QA/G-4D)
(DEFT) (EPA, 1994c).  DEFT is a personal computer software package developed to assist the
site manager and planning team in evaluating whether the DQOs are feasible before the
development of the final data collection design is started.  To do this, DEFT software uses the
DQO outputs generated in Steps 1 through 6 of the DQO Process to evaluate several basic data
collection designs, including simple random sampling, simple random sampling with composite
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Table 10.  Common Sample Size Formulas


Statistical
Test


Parameter of Interest and
Baseline Conditions


Sample Size Formula


One-
Sample t-
test


Parameter of Interest:
Mean n '


(z1&" % z1&$)
2s 2


)2
%


z 2
1&"


2
Baseline Conditions:


Mean # AL
Mean $ AL


One-
Sample
Test for a
Proportion


Parameter of Interest:
Proportion
Percentile


n '
z1&" AL(1&AL) % z1&$ GR(1&GR)


)


2


Baseline Conditions:
Proportion (Percentile) # AL
Proportion (Percentile) $ AL


Two-
sample t-
test1


Parameter of Interest:
Difference between two means n ' 2


(z1&"%z1&$)
2s 2


)2
%


z 2
1&"


4
Baseline Conditions


mean(site1) - mean(site2) # 0
mean(site1) - mean(site2) $ 0


Two-
Sample
Test for
Proportion
s1


Parameter of Interest:
Difference between two
percentiles


n '
2(z1&"%z1&$)


2P̄(1&P̄)


(P2&P1)
2


where P̄ '
(P1%P2)


2
Baseline Conditions:


Site 1 percentile is less than
or equal to Site 2 percentile


Notation: AL = Action Level
GR = other bound of the gray region
" = the false rejection error rate at the action level
$ = the false acceptance error rate at the other bound of the gray region 
P = proportion
s  = estimate of the standard deviation
) = width of gray region
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samples, and stratified random sampling.  The software then estimates the number of samples and
the associated cost required to meet DQOs of each data collection design under consideration. 


If the DQOs are not feasible, DEFT software allows the site manager to relax some of the
DQOs until a feasible alternative is achieved.  The software allows the user to change the action
level, the false rejection error rates, the false acceptance error rates, the gray region, the estimate
of the standard deviation, and the sample collection and analysis costs.  For each change, the
software computes a new sample size and total cost, which the site manager can evaluate.  If the
DQOs are feasible but do not take full advantage of the sampling and analysis budget, the site
manager can use DEFT software to specify more stringent DQOs.


7.2.5 Select the Most Resource-Effective Design that Satisfies all DQOs


The planning team should perform a sensitivity analysis on the alternative designs to see
how each design performs when the assumptions are changed and to view the impact on costs and
resources.  Typically, this analysis involves changing certain design parameters within some
reasonable range, and seeing how each of these changes influences the ability of the design to
achieve expected decision error limits.  For example, if the contaminant variability is higher or
lower than assumed for the design, what happens to the design performance?  Or, if the final
remediation level is more or less stringent than the assumed action level, what happens to the
decision performance goals? 


A performance curve is extremely useful in investigating the expected performance of
alternative designs to determine if they are likely to satisfy the DQOs established and to compare
several different alternative designs.  A performance curve, which is similar in concept to a
statistical power curve, represents the probability of deciding that the parameter of interest is
greater than the action level over the range of possible population parameters.  When no error is
associated with a decision, there are two possibilities: the ideal performance curve is equal to zero
if the parameter is less than the action level, and equal to one if the parameter is above the action
level.  In other words, in an ideal world, the risk of making any decision errors would be zero and
the gray region would simply be the action level.  However, because decisions are based on
imperfect data, it is impossible to achieve this ideal power function.  Instead, the performance
curve will most likely yield values that are small below the action level and large above the action
level.  Figure 7 shows the difference between the graphs of an ideal performance curve and a
realistic performance curve function.  A design that produces a very steep performance curve (i.e.,
closer to the ideal) is preferred over one that is relatively flat, all other things (such as cost) being
equal.  Figure 8 shows a performance curve overlaid on a Decision Performance Goal Diagram.  


7.2.6 Document the Operational Details and Theoretical Assumptions of the Selected
Design in the Quality Assurance Project Plan


Once the final data collection design has been selected, it is important to ensure the design
is properly documented.  This improves efficiency and effectiveness of later stages of the data 
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collection and analysis process, such as the development of field sampling procedures, QC
procedures, and statistical procedures for data analysis.  The key to successful design
documentation is in drawing the link between the statistical assumptions on which the design is
based and the practical activities that ensure these assumptions generally hold true.


For EPA programs, the operational requirements for implementing the data collection
design are documented in the Field Sampling Plan and the QA Project Plan.  Design elements that
should be documented include:


• sample size;
• sample type (e.g., composite vs. grab samples);
• general collection techniques (e.g., split spoon vs. core drill, or activated charcoal


media vs. evacuated canister);
• sample support (i.e., the amount of material to be collected for each sample);
• sample locations (surface coordinates and depth) and how locations were selected;
• timing issues for sample collection, handling, and analysis;
• analytical methods (or performance standards); and
• QA and QC protocols. 


Note that proper documentation of the model and assumptions used for collecting data is
essential to maintain the overall validity of the study in the face of unavoidable deviations from the
original design.  In some cases, the QA Project Plan can be used instead of a Field Sampling Plan
but this will depend on the decision of the site manager.


7.3 OUTPUTS


The outputs for this step include the optimal (most resource-effective) data collection
design for the field investigation, along with documentation of the key assumptions underlying the
design.
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CHAPTER 8


BEYOND THE DQO PROCESS:
QUALITY ASSURANCE PROJECT PLANS AND DATA QUALITY ASSESSMENT


8.1 OVERVIEW


This chapter outlines some important quality management steps and actions that occur
after the DQO Process has been completed.  


8.2 THE PROJECT LIFE CYCLE


A project’s life cycle consists of three principal phases: planning, implementation, and
assessment .  Each of these three phases demand attention to quality assurance issues and these
issues are illustrated in Figure 9.  This document focuses on just the planning phase.


8.2.1 Planning


During the planning stage, investigators specify the intended use of the data to be
collected and plan the management and technical activities (such as sampling) that are needed to
generate the data.  The DQO Process is the foundation for the planning stage and is supported by
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Figure 9.  The DQO Process is the Initial Component of the Project Level of EPA’s Quality
System (For each component, the corresponding Quality Series document is denoted.)
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Figure 10.  The Iterative Nature of the DQO Process


a sampling design, the generation of appropriate data quality indicators, standard operating
procedures, and finally the mandatory QA Project Plan.   The DQO Process is iterative (Figure
10) and is allowed to terminate when the DQO outputs are acceptable to the decision maker with
respect to potential decision error rates and expenditure of resources.


8.2.2 Implementation


During the implementation phase of the Data Life Cycle, investigators collect and analyze
samples according to the specifications of the QA Project Plan and the field sampling and analysis
plan.  QA and QC protocols such as technical systems audits and performance evaluations are
conducted to ensure that data collection activities are conducted correctly and in accordance with
the QA Project Plan.  In Superfund Remedial Investigations (RIs), the sampling design and the
other DQO outputs are used to develop the QA Project Plan and the FSP, which in turn are
combined to create the SAP.  The SAP provides detailed site-specific objectives, QA and QC
specifications, and procedures for conducting a successful field investigation that are intended to
produce data of the quality needed to satisfy the site manager’s decision performance criteria.  In
the RCRA Corrective Action Program, the DQO Process can be used to prepare for RFIs.  Both
the QA Project Plan and the sampling design are then combined to create the RFI Workplan.


A QA Project Plan is composed of up to 24 elements grouped into four classes-project
management, measurement/data acquisition, assessment/oversight, and data validation and
usability (Table 11).  Not all elements need to be addressed for every project.  However, other
projects may require additional information that is not contained in the 24 elements.  The final
decision on what elements need to be addressed is made by the overseeing or sponsoring EPA 
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Table 11.  QA Project Plan Elements


A.  Project Management


A1 Title and Approval Sheet A6 Project/Task Description
A2 Table of Contents A7 Quality Objectives and Criteria for Measurement


Data
A3 Distribution List A8 Special Training Certification
A4 Project/Task Organization A9 Documents and Records
A5 Problem Definition/Background


B.  Measurement/Data Acquisition


B1 Sampling Process Design B7 Instrument/Equipment Calibration and
B2 Sampling Methods (Experimental Design) Frequency
B3 Sample Handling and Custody B8 Inspection/Acceptance Requirements for
B4   Analytical Methods Supplies and Consumables
B5 Quality Control B9 Non-Direct Measurements
B6 Instrument/Equipment Testing, Inspection, B10 Data Management


and Maintenance


C.  Assessment/Oversight


C1 Assessments and Response Actions C2 Reports to Management


D. Data Validation and Usability


D1 Data Review, Verification, and Validation D2 Verification and Validation Methods
D3 Reconciliation with User Requirements


organization.  No environmental data collection or use may occur without an EPA-approved QA
Project Plan in place except under special conditions. 


Class A: Project Management.  This class of QA Project Plan elements addresses
project management, project history and objectives, and roles and responsibilities of the
participants.  Class A elements help ensure that project goals are clearly stated, that participants
understand the project goals and approach, and that the planning process in documented.


Class B: Measurement/Data Acquisition.  Class B elements cover all aspects of the
measurement system design and implementation as well as ensure that appropriate methods for
sampling, analysis, data handling, and QC are employed and documented.  Goals for data quality
are specified in this class.
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Class C: Assessment/Oversight.  This class will help to ensure that the QA Project Plan
is implemented as prescribed.  Class C elements address activities for assessing the effectiveness
of project implementation and associated QA and QC.


Class D: Data Validation and Usability.  This class of elements helps to ensure that data
meet the specified criteria.  Class D elements address QA activities that occur after data collection
is complete.


Guidance documents useful to ensure the successful implementation of the project are:


• Guidance for QA Project Plans (QA/G-5) (EPA, 1998c).  Guidance on the
construction of the mandatory plan for data collection that describes the necessary
QA and QC activities that should be implemented in order to ensure the data will
be sufficient to meet the intended DQOs.


• Guidance for the Preparation of SOPs for Quality-Related Documents (QA/G-6)
(EPA, 1995b).  A general description of the format for SOP documents.


• Guidance on Technical Assessments for Environmental Data Operations
(QA/G-7) (EPA, 2000).  This document describes various kinds of assessments
such as technical systems audits that are important to ensure data and information
are being produced according to the QA Project Plan.


8.2.3 Assessment


During the assessment phase, data are verified and validated in accordance with the QA
Project Plan, and a DQA is performed to determine if the DQOs have been satisfied.  DQA is a
scientific and statistical evaluation to determine whether environmental data are of the right type,
quality, and quantity to support Agency decisions.  DQA consists of five steps that parallel the
activities of a statistician analyzing a data set for the first time.  However, it makes use of
statistical and graphical tools that even nonstatisticians can apply to data sets.


DQA is built on a fundamental premise: data quality, as a concept, is meaningful only
when it relates to the intended use of the data.  Data quality does not exist without some frame of
reference; one must know the context in which the data will be used in order to establish a
yardstick for judging whether or not the data set is adequate.


By performing DQA, environmental scientists and managers can answer two fundamental
questions: (1) Can the decision (or estimate) be made with the desired confidence, given the
quality of the data set?  and (2) How well can the sampling design used to collect the data set be
expected to perform in other data collection events under difference conditions?  The first
question addresses the data user’s immediate needs.  For example, if the data provide evidence
strongly in favor of one course of action over another, then the decision maker can proceed
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knowing that the decision will be supported by unambiguous data.  If the data do not show
sufficient evidence to favor one alternative, then the data analysis alerts the decision maker to this
uncertainty.  The second question addresses the data user’s future needs.  Often, investigators
decide to use a certain sampling design at a location different from that for which it was first
designed.  In these cases, they should determine how well the design is expected to perform given
that the outcomes and environmental conditions will differ from those of the original event.  By
estimating the outcomes before the sampling design is implemented, investigators can make any
necessary modifications and thus prevent costly additional follow-up rounds of sampling to
supplement inadequate data.  DQA (see Figure 11) involves the application of statistical tools to
determine whether the variability and bias in the data are small enough to allow the site manager
to use the data to support the decision with acceptable confidence.


Guidance for the assessment phase includes:


• Guidance for Data Quality Assessment (QA/G-9) (EPA, 1996b).  The
scientific and statistical process that determines whether the data meet the
desired DQO.  These practical methods for data analysis are supplemented
by software Data Quality Evaluation Statistical Toolbox (QA/G-9D)
(DataQUEST) (EPA, 1997).


To conclude the assessment phase, it is necessary to document all the relevant information
collected over all phases of the project’s life cycle.  The conclusion from a DQA must be
presented in a fashion that facilitates the comprehension of the important points.  Care
should be taken to explaining statistical nomenclature and avoid use of statistical jargon whenever
possible.


8.2.4 Beyond Data Quality Assessment


The ultimate goal of the DQO Process is to collect data of the right type, quality, and
quantity to support defensible site decisions; DQA is the final step in ensuring this goal has been
reached.  One aspect of the entire process that should not be overlooked is the documentation of
results obtained during DQA because future studies may have need of important statistical
information derived during the investigation of data to confirm their conformance to the planned
DQO.  The importance of maintaining a unified documentation throughout the entire life cycle of
a project cannot be under estimated.
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1.  Review DQOs and Sampling Designs


Review DQO outputs; if DQOs have not been developed, define the statistical
hypothesis and specify tolerable limits on decision errors; and


Review the sampling design and the data collection documentation for consistency.


2.  Conduct Preliminary Data Review


Generate statistical quantities and graphical representations that describe the data. Use
this information to learn about the structure of the data and to identify any


patterns or relationships.


3.  Select the Statistical Test


Select the most appropriate procedure for summarizing and analyzing the data based on
the preliminary data review.  Identify the underlying assumptions of the test.


4.  Verify the Assumptions of the Statistical Test


Examine the underlying assumptions of the statistical test in light of the
environmental data.


5.  Draw Conclusions From the Data


Perform the calculations of the statistical hypothesis test and document the inferences
drawn as a result of these calculations; and


Evaluate the performance of the sampling design if the design is to be used again.


Figure 11.   Data Quality Assessment 
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APPENDIX A


A COMPARISON OF DQO PROCESS DOCUMENTS


The EPA developed the DQO Process as an approach that allows decision makers to
specify measures of the quality of their decisions in order to resolve questions on the type, quality,
and quantity of data needed to support these decisions.  This process represents an evolution from
valid concerns about the quality of data to concerns about the quality of decisions that will be
made from the data.  Several federal agencies and industry groups have developed their own
guidance on implementing the DQO Process to meet their own needs.  Although these guidance
documents may appear to be different in some respects, the various approaches generally reflect
the specific concerns and priorities of the sponsoring organization rather than fundamental
differences in philosophy.  These approaches are all based on the need to make decisions under
uncertain conditions in environmental protection activities, and all have the DQO Process at their
core.


This appendix reviews and compares three guidance documents developed by different
organizations (two federal agencies and one national standards organization) that include methods
labeled the DQO Process.  This review identifies similarities and differences among the
documents, discusses how the differences may influence users of the documents, and shows that
the DQO Process is flexible enough to be applied and adapted to a wide range of problems.  The
three documents chosen for this appendix are:


• Guidance for the Data Quality Objectives Process (EPA, 1994).  Office of
Research and Development, September 1994, EPA/600/R-96/055.  (This
document is referred to as EPA DQO.)


• Standard Practice for Generation of Environmental Data Related to Waste
Management Activities: Development of Data Quality Objectives, D5792–95,
American Society of Testing and Materials (ASTM), January 1996.  (This
document is referred to as ASTM DQO.)


• Module 7, “Streamlined Approach for Environmental Restoration (SAFER)” in
Remedial Investigation/Feasibility Study (RI/FS) Process, Elements and
Technical Guidance, Department of Energy (DOE), EH 94007658, December
1993.  (This document is referred to as DOE SAFER.)


These comparative statements are based on an assessment of whether a particular issue was
specifically and extensively addressed in the document itself.  The absence of a particular issue in
a document reflects the needs of its particular audience and should not necessarily be regarded as
a potential deficit.
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EPA DQO presents the original development of the DQO Process.  Although strongly
modeled on the EPA DQO approach, ASTM DQO depicts efforts by a standards organization to
recast the DQO Process in a standards environment, where many opposing views should be
reconciled in the production of the standard.  DOE SAFER combines the DQO Process with the
Observational Approach (OA) and the result is the Streamlined Approach for Environmental
Restoration (SAFER).  The basis of the OA is the observational method, a technique originally
developed to manage uncertainty in the design and construction of subsurface facilities such as
tunnels.  The essence of OA is that remedial action can and should be initiated without “full”
characterization of the nature and extent of the contamination.


The comparison of these documents has been divided into three specific discussion areas. 
First, is a general comparison of the prevalent strategy employed by each document, to assist in
understanding why the separate documents might present the DQO Process in different ways. 
Second, a comparison of the EPA DQO Process to the DOE SAFER methodology is presented. 
This comparison describes the most substantive differences between documents; SAFER tends to
rely more on the Observational Approach, including only some elements of the DQO Process. 
Finally, there is a discussion of the differences among the three documents in their presentation of
decision rules and decision quality measures, which are key outputs of the DQO Process. 


A.1 GENERAL COMPARISON


The approach taken by each of the three reviewed documents is best expressed by quotes
from the documents themselves:


• EPA DQO.  “The U.S. Environmental Protection Agency (EPA) has developed
the Data Quality Objectives (DQO) Process as an important tool for project
managers and planners to determine the type, quantity, and quality of data needed
to support Agency decisions.”


• ASTM DQO.  “The DQO Process is a logical sequence of seven steps that leads
to decisions with a known level of uncertainty.  It is a planning tool used to
determine the type, quantity, and adequacy of data needed to support a decision. 
It allows the users to collect proper, sufficient, and appropriate information for the
intended decision.” 


• DOE SAFER.  “The U.S. Department of Energy (DOE) developed the
Streamlined Approach for Environmental Restoration (SAFER) as a methodology
tailored to the challenges of conducting environmental restoration efforts under
conditions of significant uncertainty.  SAFER was developed primarily by
integrating the Data Quality Objectives (DQO) Process with the Observational
Approach (OA).”
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In all instances, the guidance documents emphasize that the approaches are planning tools.  The
documents intend for users to put into up-front planning a significant effort and appropriate
amount of funds to reduce subsequent costs by focusing the data collection and decision making
on only those things absolutely and clearly needed to solve the problem at hand.


These three documents are based on the need to make decisions under uncertain
conditions in environmental management and restoration scenarios.  EPA DQO and ASTM DQO
present the DQO Process in a similar “seven-step” format.  For the most part, the ASTM DQO
models itself after the EPA DQO document.  DOE SAFER, on the other hand, does not use the
“seven-step” format explicitly, but implicitly incorporates the process in describing the steps in
Remedial Investigation/Feasibility Study (RI/FS) planning and through to the Remedial
Design/Remedial Action (RD/RA) phase of environmental restoration.


Table A-1 compares the three approaches by different subject categories.  A review of the
first two subject categories, “Use” and “Audience,” indicates why the presentations of the DQO
Process vary from one document to the next as each organization sought to develop a
presentation useful for its own needs.  An examination of the next three categories (“When
Applied,” “Focus,” and “Planning Emphasis”) shows that all three documents view the DQO
Process as an integral part of project planning for a data collection activity.  “Explicit Stakeholder
Participation” is addressed to some degree in all three documents but receives by far the greatest
emphasis in DOE SAFER.  The next three subject categories (“Action Oriented,” “Uncertainty
Addressed Directly,” and “Conceptual Model”) are related and will be discussed further later in
this appendix.  Finally, it should be noted that all three documents consider the DQO Process to
be an iterative endeavor, in which applicable steps are revisited as new information is gathered
during the project.


A.2 COMPARISON OF EPA DQO TO DOE SAFER


Because ASTM DQO and EPA DQO both describe the DQO Process using very similar
approaches, their comparison consists primarily of describing differences in terminology and how
an industry standards group applies the seven DQO steps as opposed to how a federal agency
applies them.  DOE SAFER represents a difference in philosophy from EPA DQO and ASTM
DQO; therefore, a comparison of SAFER with EPA DQO is more substantive. 


A.2.1 Safer and the Observational Approach


DOE developed SAFER to address the need, from a scientific and engineering
perspective, to make decisions under uncertain conditions while maintaining progress throughout
the environmental restoration process.  SAFER is a methodology that is used to help streamline
the RI/FS process and to manage changes to the selected remedy.  SAFER is a combination of the
DQO Process and the Observational Approach.
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Table A-1.  Key Categories Addressed in DQO Process Documents


Subject EPA DQO ASTM DQO DOE SAFER


Use EPA environmental
decisions


Waste management
environmental data
collection


DOE Environmental
Restoration (ER) Projects
(CERCLA/RCRA
activities)


Audience EPA Project Managers
Stakeholders


Project managers
Decision makers


DOE ER Project Managers
Stakeholders


When Applied Part of the data collection
planning process


Part of the data collection
planning process


Part of the data collection
planning process


Focus Is the planning process Is the planning process Applied as an adjunct to
the RI/FS, RD/RA
planning processes 


Planning Emphasis Very strong Very strong Strong


Explicit Stakeholder
Participation


Environmental community Limited Explicit, integral, frequent,
significant


Action Oriented Action related, but not
streamlined


Action related, but not
streamlined


Intended to initiate action
more quickly


Uncertainty
Addressed
Directly


Sampling error,
measurement error 


Sampling error,
measurement error 


Sampling error,
Measurement error,
Probable conditions


Conceptual Model Critical Needed Extremely critical


Iterative Yes Yes Yes


The Observational Approach is based on the Observational Method.  Originally introduced
by the French soil scientist, Karl Terzaghi, the approach is described as follows (Terzaghi, 1961):


Soil engineering projects, such as dams, tunnels, and foundations, require a
vast amount of effort and labor securing only roughly approximate values for the
physical constants that appear in the (design) equations.  The results of the
computations are not more than working hypotheses, subject to confirmation or
modification during construction.  In the past, only two methods have been used
for coping with the inevitable uncertainties: either adopt an excessively
conservative factor of safety, or make assumptions in accordance with general,
average experience.  The first method is wasteful; the second is dangerous.


A third method is provided that uses the experimental method.  The
elements of this method are “learn-as-you-go”:  Base the design on whatever
information can be secured.  Make a detailed inventory of all the possible
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differences between reality and the assumptions.  Then compute, on the basis of
the original assumptions, various quantities that can be measured in the field.  On
the basis of the results of such measurements, gradually close the gaps in
knowledge, and if necessary modify the design during construction. 


Used by Terzaghi, the observational procedure led to significant successes in reducing project
duration and cost.


When DOE developed SAFER, the agency wanted an approach that was proactive, yet
compatible and compliant with existing environmental regulations.  Figure A-1 shows the SAFER
process in a regulatory framework.  The DOE SAFER guidance emphasizes the role of SAFER
throughout the entire remediation process—from scoping and RI/FS to RD/RA.  SAFER helps
focus the RI/FS by emphasizing planning, making appropriate use of available data, and quickly
converging on realistic remedial alternatives.  SAFER streamlines the RD/RA by providing for
modifying the remedy—according to preestablished contingency plans—as new information is
gained.


A.2.2 Comparing SAFER to the DQO Process


SAFER targets the full sequence of decisions, from initial characterization to confirmation
of the cleanup, and provides templates, checklists, and detailed definitions to help users work
through SAFER elements.  EPA DQO does not discuss a particular framework in which the
process is applied; rather, the document states only that the process should be applied whenever
environmental data collection efforts are to be undertaken.  However, EPA DQO addresses the
sequential nature of decision making by emphasizing that the DQO Process may be applied to
many different problems throughout the investigation characterization, all the way to confirmation
of the cleanup. 


Although these distinctions do not result in different descriptions of the DQO Process in
the two documents, they do explain why DOE SAFER places emphasis on contingency plans and
monitoring plans in addition to data collection planning, while EPA DQO discusses data
collection planning focused on decision making.  Contingency plans are part of managing
uncertainty during the actual cleanup phase.  Monitoring plans are defined during the Feasibility
Study phase to ensure that deviations can be detected and that the appropriate contingency plan is
identified.  This procedure streamlines the RI/FS by reducing the need to continually refine
probable conditions by collecting data until minimal uncertainty exists.  The net result is to ensure
that the cost of the data collection that occurs is minimized by balancing the need to reduce
uncertainty with the ability to manage it (i.e., have contingency plans ready and available).  The
full-spectrum approach of DOE SAFER requires consideration of what happens in the field, how
the equipment performs, and what all the unknown events are that could keep the project from a
clean closure. 
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Figure A-1.  DOE SAFER Framework Diagram







7This assumption is somewhat misleading because one could thoroughly sample a site with the best sampling
equipment, and uncertainty about the performance of the technology could still exist.
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There are certain elements in the DQO Process and SAFER that play such an important
role in making cleanup actions more streamlined and efficient that they deserve detailed scrutiny. 
Five elements are examined here: (1) measurement systems and sources of uncertainty, (2)
optimization and trade-offs, (3) probable conditions and probable performance, (4) decision rules,
and (5) reasonable deviations. 


A.2.2.1 Measurement Systems and Sources of Uncertainty


DOE SAFER groups the sources of environmental restoration uncertainty into three broad
areas:  site conditions, remedial technology performance, and regulatory requirements.  Each of
these areas are defined by a set of probable conditions that researchers would say is their “best
guess” at what they will find.  A fourth area, measurement system limitations, is also mentioned
but is addressed extensively in other parts of SAFER.


It is assumed that uncertainty in the first two areas can be reduced through enhancement
of the measurement system.3  DOE SAFER defines “measurement system” in general and broad
terms.  The measurement system encompasses “what data are to be collected, how they should be
collected in the field and packaged and transported, how samples should be analyzed in the
laboratory, and how data will be evaluated.”  This broad definition partially overlaps SAFER’s
definition of the role of the decision rule as “establishing . . . the types and quality of data to be
collected.”  To manage the uncertainty that remains after the measurement system has been
enhanced, contingency plans are developed.  Contingency plans are designed to handle the
reasonable deviations; unreasonable deviations result in an identified data gap that will need to be
filled through data collection efforts.  During implementation of the selected remedy, monitoring
plans will identify that a deviation is occurring and say which contingency plan is necessary. 
Figure A-2 shows the SAFER components and the relationships just described as they relate to
uncertainty. 


EPA DQO distinguishes among the different components that make up SAFER’s
“measurement system” and provides more details than SAFER on how input from stakeholders
can be used to guide the selection of the type and quality of data to collect.  EPA DQO discusses
the individual components— the decision rule and the decision error tolerances that should be
supplied by the decision maker.  EPA DQO continues in a standard statistical hypothesis testing
framework to talk about the additional components of the total problem such as the specific
sampling design that should be selected, the statistical tests that will be executed using the data,
and the selection of the optimal sample size.  Selection among the alternatives for each of these
components depends on assumptions about the site, the statistical model assumed, the expected
performance of the chosen statistical test (i.e., power of the test), and above all, the desired levels
for the Type I and II (false rejection and false acceptance) decision errors.  The desired quality or
precision of the data will be dictated by how far away the decision makers expect the site data to
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Uncertainty 
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Uncertainty


How to deal
with uncertainty
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with measurement
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identif ied and measured


Remaining uncertainty
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+
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enhanced measurement
system, additional data
collection


Manage through
contingency plans and
monitoring plans


Figure A-2.  Components of Uncertainty in DOE
SAFER


be from the “cut point” or action level
specified in the decision rule, along
with the magnitude of allowable
decision error and the indifference
region (gray region) for the decision. 


EPA DQO has a more limited
use of the term measurement error. 
The guidance states that when one
cannot know the true value of a
population parameter, it is because
there is sampling error (natural
variability in true state of the
environment) and “measurement
error” (which is a combination of
errors that occur in the collection,
handling, preparation, analysis, and
reduction of sample data).  The
combination of sampling error and
measurement error is called total study
error.


A2.2.2  Optimization/Tradeoffs


DOE SAFER does not provide detailed guidance for making the tradeoff between
reducing uncertainty (improving the measurement systems) and managing uncertainty (increasing
the reliance on improved contingency planning).  SAFER does not explicitly use EPA DQO’s
statistical hypothesis testing framework for discussing decision errors; rather, SAFER’s only
guidance is that stakeholders should “mutually agree” on trade-offs.  SAFER does state that
contingency plans need to be developed for only the reasonable deviations, as judged by the
stakeholders.  This places a limit on how much total uncertainty can be considered.


Similarly, EPA DQO provides only limited guidance on what to do if the sample size
and/or data quality requirements cannot be met within the stakeholders’ budget and time
constraints and their limits on decision errors.  EPA DQO addresses such balancing of tradeoffs in
DQO Step 7, “Optimize the Design.”  EPA DQO includes in the optimization not only need to
assess the tradeoffs for balancing increased sampling costs with reduced decision errors, but also
the need to optimally match the problem and decision statements to the sampling designs,
statistical tests, and sample size calculations.


EPA DQO does not explicitly consider SAFER’s last two sources of uncertainty (i.e.,
technology performance and regulatory requirements), so the optimization that is discussed in
EPA DQO is the optimization of the sampling design, which refers to the tradeoff of cost versus
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decision-error reduction.   SAFER expands on the full range of tradeoffs required, from planning
to remedial action.


A2.2.3  Probable Conditions/Probable Performance


SAFER and EPA DQO differ as to how much prior information and confidence in the
conceptual model stakeholders should bring to the process.  SAFER alludes to some statistical
decision theory tools  that depend more heavily on the quality of prior information provided by
stakeholders; however, such tools are not explicitly used in the statistical hypothesis testing
framework around which EPA DQO is built.


SAFER requires the stakeholders to provide estimates of site conditions, to the point of
making estimates of what contaminant concentrations may exist.  This is required because they
should then specify what are the reasonable deviations (versus unreasonable deviations) that can
be expected at the site.  Stakeholders should also specify the probable performance of the
remedial alternatives.  EPA DQO uses a conceptual model as the source of the estimate of
expected total study error.  However, specific levels of expected contamination are not required
input as they are in SAFER.  SAFER uses the difference between the estimated and measured
responses to determine whether the environmental system is best represented by the probable
condition or by a deviation—which would trigger the contingency plan.  The ability to determine
significant differences is critical to the success of SAFER.


A.2.2.4  Decision Rules


DOE SAFER uses the term “decision rules” in a much more general context than does
EPA DQO.  For EPA DQO, a decision rule is a structured statement of the following form: “IF
(the true population parameter of interest) is (greater than/less than/equal to) the action level,
THEN take action #1.”  DOE SAFER gives a much more general description of decision rules,
saying they “summarize how uncertainty will be reduced by the data measurement system”; “are
formulated to clearly identify data needs and data uses”; and “are used to identify data that are
collected during monitoring to identify deviations and to determine when the remedial goals have
been accomplished.” 


One may interpret the relationship between DOE SAFER and EPA DQO such that many
of the functions ascribed to the decision rule in SAFER are in fact implemented by the DQO
Process.  For example, whereas SAFER says that the decision rules summarize how uncertainty in
the estimates of population parameters based on sample data can be reduced, EPA DQO states
that this uncertainty can be reduced by: (1)  choosing an appropriate sampling design selected on
the basis of what problem is being addressed and how the conceptual model hypothesizes the
contamination is spatially distributed, (2)  choosing appropriate sample collection and analysis
equipment, and (3) choosing larger sample sizes.  In addition, the decision maker specifies what
decision error is “acceptable” and specifies the size of the gray region—both of which will be
taken into consideration in selecting an optimal design and determining the operational form of
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the decision rule.  In this interpretation, the EPA DQO Process can be seen as being embedded as
a tool or functional routine within the larger SAFER process.


A.2.2.5 Reasonable Deviations


Identifying which deviations are reasonable and preparing contingency plans to address
them are primary SAFER techniques.  This process of identifying reasonable deviations
streamlines the RI/FS by lessening the need to attempt to eliminate uncertainty.  If contingency
plans are prearranged in the event a reasonable deviation from probable conditions is encountered,
action can continue in the field under a wide variety of conditions.  SAFER thus claims to have a
“bias for action.”


Somewhat comparable concepts to SAFER’s reasonable deviations are boundary
conditions and the “gray region” in the DQO Process.  However, the consequences of being
outside the limits are very different.  When EPA DQO decision makers specify a gray area, they
are saying they are not concerned about or are not willing to spend the resources to control
decision errors in the gray area.  Outside the gray region, the decision makers specify acceptable
limits on decision errors.  When SAFER stakeholders specify the reasonable deviation interval,
they are saying site conditions or performance indicators inside this interval can be addressed
through contingency plans.  Values outside this interval are unreasonable deviations and are
unlikely (or will not affect remedial activities) and are not amenable to contingency planning. 


A.3 DECISION RULES AND DECISION QUALITY MEASURES


The initial steps of the DQO Process are designed to focus the investigation on what the
real problem is, what decisions need to be made to solve the problem, and what the boundaries of
the decision are.  After this has been accomplished, it is possible to develop an ideal decision rule
and specify measures of desired quality for an operational decision rule considering the reality of
uncertainty.  These two activities are presented somewhat differently in each of the documents
(EPA DQO Chapters 5-7, ASTM DQO Section 6.6-6.8, and DOE SAFER Submodule 7.2) and
are a potential source of confusion among those comparing the documents.


A.3.1 Develop an Ideal Decision Rule


Readers should be careful to keep in mind the difference between (1) the concept of the
ideal decision rule and desired decision quality, and (2) the concept of the operational decision
rule and achievable decision quality.  There is a natural tendency to confuse the two concepts as
the three documents use different terminologies for similar concepts.  An ideal decision rule does
not consider uncertainty but clearly states the kind of decision that the planning team desires to
make.  An operational decision rule will actually be applied to the data and will take into account
the uncertainty that will enter into the decision process.  The following paragraphs explain how
these concepts are treated differently among EPA DQO, ASTM DQO, and DOE SAFER.
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EPA DQO:  EPA DQO is very explicit about defining the ideal decision rule (and only the
ideal decision rule) in Step 5.  It defines the ideal decision rule as:


 
If (the parameter of interest) is greater than the (action level),


then (take appropriate action for the problem),
otherwise (take appropriate action for no problem).


ASTM DQO:  This document addresses an operational decision rule instead of an ideal
decision rule.  This operational decision rule depends on the concept of acceptable
decision error tolerances, an idea the document has not introduced at this stage.  This
point also highlights an instance of two documents using the same terminology (and
identical glossary definitions) for two very different concepts.  ASTM DQO uses action
level in the sense of the “to-be-determined decision point” in the operational rule, whereas
EPA DQO uses action level in the sense of “level of concern” in the ideal decision rule. 
This difference is a critical distinction and causes comprehension problems for those
comparing both documents.


DOE SAFER:  This module does not explicitly discuss either form—ideal or
operational—of the decision rule.  Instead, one page is dedicated to a discussion of the
benefits of having decision rules.  However, it is unclear if DOE SAFER is presenting
ideal or operational decision rules.


A.3.2 Measures of Desired Quality


Once the statement of the ideal decision rule has been completed, it becomes the
responsibility of all stakeholders to agree on (or the decision maker to specify) some measure of
the desired quality of an operational decision rule that takes uncertainty into account.  All three
documents generally follow the same underlying ideas in presenting measures of desired decision
quality.  However, there are both conspicuous and subtle differences in the presentations that may
serve to confuse those new to the concept.  In addition, understanding may be difficult because of
identical terminology with different meanings from one document to the next. 


There are several fundamental quality measures which can be displayed on a basic decision
quality measure graph (see Figure A-3) and which are discussed below.  Using this basic graph as
a model, it is possible to discuss the derivation of the decision quality measures for each of the
three documents using approximately the same scale to make cross-comparisons apparent.  Figure
A-4 shows an example of the quality measure depictions for each document and Table A-2
contains a summary of this discussion.


• Horizontal axis:  The axes have approximately the same function in each instance;
however, each document gives the axis a somewhat different label.
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  Figure A-3.  Basic Decision Quality Measure Graph


• Level of Concern:  EPA DQO has labeled the level of concern “Action Level” and
states that it is one of the boundaries of the “Gray Region.”  ASTM DQO calls it
“Regulatory Threshold.”  It is somewhat unclear if DOE SAFER use of “cut
point” is the same as “level of concern,” but the way it is presented graphically
argues otherwise.  (See discussion of vertical axis and probability curve below.) 


• Vertical axis:  This element serves the same function in both EPA DQO and
ASTM DQO although each document gives it a somewhat different label.  Again,
it is unclear how DOE SAFER uses this axis.  It appears that in its presentation it
has simply “folded” the basic graph at the 50/50 point and is using qualitative
labeling of the probabilities.  (See discussion of probability curve.) 


• Probability Curve:  For each possible true value, the probability curve shows the
desired probability of concluding there is a problem and that some action should be
taken.  This element is present in all three documents.  ASTM DQO presents it as
a continuous function, DOE SAFER has folded the probability curve at the 50/50
point, and EPA DQO has chosen to present the curve in discrete portions (i.e, only
at several points).  The sections of the probability curve between the action level
and another selected point are essentially hidden behind the gray region, that
subset of the true values of the parameter where relatively large decision error
rates are considered tolerable.  The left and right tails of the probability curve have
simply been turned into “step functions” at selected points, one on each edge of
the gray region, and one farther out on each tail. 


• “Low” and “High” Probability Points:  EPA DQO and ASTM DQO use low and
high probability points (i.e., a true value where it is important to have a low
probability of taking action and a true value where it is important to have a high
probability of taking action) to bound their gray region and for use in statistical
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Table A-2.  Fundamental Elements of the Basic Decision Quality Measures


EPA DQO ASTM DQO DOE SAFER


Horizontal Axis True Value of the
Parameter


Possible True
Concentration


True Concentration


Level of Concern Action Level Regulatory
Threshold


Cut Point


Vertical Axis Probability of Deciding
That the Parameter
Exceeds the Action Level


Probability of
Taking Action


Unlabeled, Folded,
Qualitative


Probability Curve Discrete, Gray Region Straightforward Folded


Probability Points Statistical Hypothesis,
Gray Region Boundaries


Statistical
Hypothesis


(Not explicitly
used)


50/50 Probability
Point


Covered by Gray Region To-Be-Determined
Decision Point


Cut Point,
“Folding” Point


False rejections
and False
acceptances


Tied to statistical null
hypothesis


Tied to taking
action


Unclear


 hypothesis testing.  One or the other of these will serve as the null hypothesis in
the statistical framework, depending on the importance of taking action at the
action level/regulatory threshold.  (Note: The graphical presentation in this
document for EPA DQO is based on a null hypothesis (baseline assumption) that
the action level/regulatory threshold has been exceeded.  EPA DQO also covers
the possibility of the opposite null hypothesis—that the action level is not being
exceeded—whereas ASTM DQO does not.)  DOE SAFER does not explicitly
make use of these points. 


• 50/50 Probability Point:  The 50/50 probability point is not used explicitly by EPA
DQO since it is covered up by the gray region.  DOE SAFER uses the 50/50 point
to fold the basic graph and labels this point the cut point, i.e., the true value where
either decision is considered acceptable.  The 50/50 probability point (“Action
Level”) used in ASTM DQO represents the “to be determined” decision point.  A 
resulting characteristic of this operational rule decision point is that it will have a
50/50 probability for the true value that it happens to coincide with.
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A final consideration is that the use of the qualifiers “false positive” (false rejection error)
and “false negative” (false acceptance error) are not identical among the three documents, which
may lead to some confusion.  EPA DQO uses both qualifiers in the context of statistical
hypothesis testing.  With this approach a false rejection decision error is made when the null
hypothesis is incorrectly rejected and a false acceptance decision error is made when the null
hypothesis is incorrectly accepted.  The ASTM DQO document takes a different approach, tying
the definition of these two terms to whether or not action should have been taken.  With this
approach a false rejection decision error is made when action is taken that was unnecessary and a
false acceptance decision error is made when no action is taken although it should have been. 
Depending on how the null hypothesis is stated, these different sets of definitions could mean the
same thing or they could mean exactly the opposite of each other.  It is unclear how DOE SAFER
uses these terms, although the text suggests that it may be using the EPA DQO approach.


A.4 CONCLUSION


With regard to decision rules and decision quality measures, the user of any one of these
documents should be able to deal with general concepts, as all three documents use somewhat
similar underlying ideas.  However, any user who tries to reconcile the differences between any
two documents or gets into a discussion with a user of another document about a particular detail
will need to be wary of the differences in presentation, terminology, and specific methodology that
have been described in this section, so as to avoid miscommunication.


The EPA’s Quality System requires the use of a systematic planning process but does not
mandate the use of the EPA DQO Process.  It does, however, highly recommend the adoption of
the DQO Process and use of the DQO Process fully meets the Agency’s requirements.  Use of
other planning processes are acceptable, but care should be taken to ensure misunderstanding of
key techniques does not occur.
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APPENDIX B


GLOSSARY OF TERMS USED IN THIS DOCUMENT


action level:  the numerical value that causes a decision maker to choose one of the alternative
actions (e.g., compliance or noncompliance).  It may be a regulatory threshold standard,
such as a maximum contaminant level for drinking water; a risk-based concentration level;
a technological limitation; or a reference-based standard.  Note that the action level
defined here is specified during the planning phase of a data collection activity; it is not
calculated from the sampling data.


alternative condition:  a tentative assumption to be proven either true or false.  When hypothesis
testing is applied to site assessment decisions, the data are used to choose between a
presumed baseline condition of the environment and an alternative condition.  The
alternative condition is accepted only when there is overwhelming proof that the baseline
condition is false.  This is often called the alternative hypothesis in statistical tests.


baseline condition:  a tentative assumption to be proven either true or false.  When hypothesis
testing is applied to site assessment decisions, the data are used to choose between a
presumed baseline condition of the environment and an alternative condition.  The baseline
condition is retained until overwhelming evidence indicates that the baseline condition is
false.  This is often called the null hypothesis in statistical tests.


bias:  the systematic or persistent distortion of a measurement process that causes errors in one
direction (i.e., the expected sample measurement is different from the sample’s true value.


boundaries:  the spatial and temporal conditions and practical constraints under which
environmental data are collected.  Boundaries specify the area or volume (spatial
boundary) and the time period (temporal boundary) to which a decision will apply. 
Samples are collected within these boundaries.  


data collection design:  see sampling design.


data quality objectives (DQOs):  qualitative and quantitative statements derived from the DQO
Process that clarify study objectives, define the appropriate type of data, and specify
tolerable levels of potential decision errors that will be used as the basis for establishing
the quality and quantity of data needed to support decisions. 


data quality objectives process:  a quality management tool to facilitate the planning of
environmental data collection activities.  Data quality objectives are the qualitative and
quantitative outputs from the DQO process.
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decision error:  the error that occurs when the data mislead the site manager into choosing the
wrong response action, in the sense that a different response action would have been
chosen if the site manager had access to unlimited “perfect data” or absolute truth.  In
statistical tests, decision errors are labeled as false rejection or false acceptance depending
on the concerns of the decision maker and the baseline condition chosen.


defensible:  the ability to withstand any reasonable challenge related to the veracity or integrity of
project and laboratory documents and derived data.


false rejection decision error:  the error that occurs when a decision maker rejects the baseline
condition (null hypothesis) when it actually is true.  Statisticians usually refer to the limit
on the possibility of a false rejection error as alpha ("), the level of significance, or the size
of the critical region, and it is expressed numerically as a probability. 


false acceptance decision error:  the error that occurs when a decision maker accepts the
baseline condition when it is actually false.  Statisticians usually refer to the limit on the
possibility of a false acceptance decision error as beta ($) and it is related to the power of
the statistical test used in decision making. 


gray region:  the range of possible parameter values near the action level where the cost of
determining that the alternative condition is true outweighs the expected consequences of
a decision error.  It is an area where it will not be feasible to control the false acceptance
decision error limits to low levels because the high costs of sampling and analysis
outweigh the potential consequences of choosing the wrong course of action.  It is
sometimes referred to as the region where it is “too close to call.”


judgmental sampling:  a subjective selection of sampling locations based on experience and
knowledge of the site by an expert without the use of a probabilistic method for sample
selection.


limits on decision errors:  the acceptable decision error rates established by a decision maker. 
Economic, health, ecological, political, and social consequences should be considered
when setting limits on decision errors.


mean:  a measure of central tendency.  A population mean is the expected value (“average”
value) from a population.  A sample mean is the sum of all the values of a set of
measurements divided by the number of values in the set. 


measurement error:  the difference between the true or actual state and that which is reported
from measurements.
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median:  a measure of central tendency, it is also the 50th percentile.  The sample median is the
middle value for an ordered set of n values; represented by the central value when n is odd
or by the average of the two most central values when n is even.  


medium:  a substance (e.g., air, water, soil) that serves as a carrier of the analytes of interest.  


natural variability:  the variability that is inherent or natural to the media, objects, or people
being studied.


parameter:  a descriptive measure of a characteristic of a population.  For example, the mean of
a population (µ). 


percentile:  a value on a scale of 100 that indicates the percentage of a distribution that is equal
to or below it.  For example, if 10 ppm is the 25th percentile of a sample, then 25 percent
of the data are less than or equal to 10 ppm and 75 percent of the data are greater than 10
ppm. 


performance curve:  the probability of deciding that the parameter of interest is greater than the
action level over the range of possible population parameters.  It is similar in concept to a
statistical power curve.  The performance curve is used to assess the goodness of a test or
to compare two competing tests.


planning team:  the group of people who perform the DQO Process.  Members include the
decision maker (senior manager) site manager, representatives of other data users, senior
program and technical staff, someone with statistical expertise, and a QA and QC advisor
(such as a QA manager).


population:  the total collection of objects or people to be studied and from which a sample is to
be drawn.


power curve:  the probability of rejecting the baseline condition over the range of the population. 


probabilistic sampling:  a random selection of sampling locations that allows the sampling
results to be extrapolated to an entire site (or portion of the site).


quality assurance (QA):  an integrated system of management activities involving planning,
implementation, documentation, assessment, reporting, and quality improvement to ensure
that a product, item, or service is of the type and quality needed and expected by the
customer.


QA Project Plan:  a document describing in comprehensive detail the necessary QA, QC, and
other technical activities that should be implemented to ensure that the results of the work
performed will satisfy the stated performance criteria.
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quality control (QC):  the overall system of technical activities that measures the attributes and
performance of a process, item, or service against defined standards to verify that they
meet the stated requirements established by the customer; operational techniques and
activities that are used to fulfill requirements for quality.


range:  the numerical difference between the minimum and maximum of a set of values.


sample: (i) a single item or specimen from a larger whole or group, such as any single sample of
any medium (e.g., air, water, soil); or


(ii) a group of samples from a statistical population whose properties are studied to gain
information about the whole.


The definition is decided by context of usage.  


sample variance:  a measure of the dispersion of a set of values.   Small variance indicating a
compact set of values; larger variance indicates a set of values that is far more spread out
and variable.


sampling:  the process of obtaining a subset of measurements from a population.


sampling design:  a design that specifies the final configuration of the environmental monitoring
effort to satisfy the DQOs.  It includes what types of samples or monitoring information
should be collected; where, when, and under what conditions they should be collected;
what variables are to be measured; and what QA and QC components will ensure
acceptable sampling error and measurement error to meet the decision error rates specified
in the DQOs.  The sampling design is the principal part of the QA Project Plan.


sampling design error:  the error due to observing only a limited number of the total possible
values that make up the population being studied.  Sampling errors are distinct from those
due to imperfect selection; bias in response; and mistakes in observation, measurement, or
recording. 


statistic:  a function of the sample measurements (e.g., the sample mean or sample variance). 


total study error:  the sum of all the errors incurred during the process of sample design through
data reporting.   This is usually conceived as a sum of individual variances at different
stages of sample collection and analysis.


variance:  see sample variance.
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Figure C-1.  Building A and Surrounding Area - Phase 1


APPENDIX C


JUDGMENTAL SAMPLING 
DQO CASE STUDY: ACCONADA STORAGE FACILITY


Background


This case concerns a hypothetical commercial storage facility operated by Acconada, Inc.
and located in Northern Florida.  The surrounding area is a mix of light industrial, commercial,
and residential properties.  Acconada, Inc. owns approximately 25 acres on which hazardous and
non-hazardous materials have been stored, handled, and sold.  Building A was the hazardous
materials and hazardous waste storage warehouse.  This case study addresses only the early
stages of site assessment for Building A and the grounds immediately surrounding Building A.


Acconada, Inc. has been in operation since the 1940s, when the storage area was built for
general warehousing operations.  Documentation indicates that operations have involved the
receipt of hazardous materials since at least the early 1980s, as well as the receipt of non-
hazardous materials.  During a recent reconnaissance visit to the site, a group of 55-gallon drums
were observed in the unpaved area immediately adjacent to the entrance to Building A.  The soil
around the drums was stained, indicating possible leaking.  The interior of Building A is currently
undergoing closure under the Resource Conservation and Recovery Act (RCRA) and is therefore
not included in this case study.  Figure C-1 depicts Building A, the immediate surroundings, and 
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the location of the leaking drums.  This figure does not show the entire 25-acre Acconada site, as
only Building A and its immediate surroundings are addressed in this case study. 


Hazardous wastes have typically been received at the Acconada facility in 55-gallon drums
and  other waste containers.  According to Acconada records, there have been no previous
(known or  suspected) releases of hazardous substances to the environment.  This case study
begins with an initial site assessment under CERCLA and in coordination with the ongoing RCRA
activities at the site. 


Step 1:  State the Problem


This step summarizes the contamination problem, identifies the planning team, develops a
conceptual site model, identifies exposure scenarios, and determines the resources available for
the study.


Identify Members of the Planning Team — The planning team includes the EPA Regional
Remedial Project Manager (RPM); a management representative from Acconada, Inc.; and
technical staff including a field sampling expert, a chemist from the analytical laboratory, a risk
assessor, and a geologist with expertise in sampling designs for surface soil.  A town council
member joined the planning team to represent the local government and the interests of nearby
residents and businesses.  The primary decision maker is the Acconada manager.  The RPM is
responsible for approving documents and plans on behalf of EPA as well as providing guidance
and suggestions.


Develop the Conceptual Site Model — There is evidence that minor spills or leaks
occurred at Acconada based on visible staining of the surface soil around the containers in front of
Building A.  Figure C-2, the Conceptual Site Model (CSM), illustrates the possible pathways and
exposure routes that the planning team considered.  According to the available information and
statements of the workers, the leaking containers contain a pesticide, Chlordane.  Chlordane, a
chemical commonly found at NPL sites, was used as a pesticide from 1948 until 1988.  All uses of
Chlordane were banned by the EPA in 1983 except for termite control, which was banned in
1988.  Chlordane is a thick liquid which ranges in color from colorless to amber.  Chlordane
adheres strongly to soil particles at the surface, is not likely to enter groundwater, breaks down
very slowly, and can remain in soil for over 20 years.  Exposure to Chlordane can affect the
nervous system, digestive system, and liver in people and animals.


Define the Exposure Scenarios — The 25-acre Acconada site has been proposed for sale
and transfer for residential and commercial mixed-use development.  The pending sale and the
potential risk to humans prompted the concern regarding whether the surface and subsurface soils
pose an unacceptable risk to human health and the environment.  Potential human receptor
populations include construction workers, future residents, or visitors who may come in contact
with the contaminated soils or airborne particulates.  Access to the facility continues to be
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Figure C-2.  Conceptual Site Model


restricted; therefore, exposure is limited to personnel working at the facility and individuals
permitted to enter the area.  Exposure may occur if these individuals have direct physical contact
with hazardous substances or if they inhale airborne particles.  Individuals involved in activities
that involve disturbance of the drums, soil, or vegetation in contaminated areas (such as grounds
keepers or backhoe operators) also may be exposed to contaminants through inhalation. 


Although Chlordane is unlikely to enter groundwater, the team confirmed that
groundwater issues are addressed in a separate and more complex study that involves other
buildings on the site with multiple contaminants of concern.  This more complex study was
undertaken to address the groundwater issues as a result of other site activities not associated
with Building A; and these issues are therefore, beyond the scope of this case study.  However,
the team considered it important to cooperate with and be informed of other site investigation
activities to avoid duplication of effort and inconsistencies.
 


Specify Available Resources and Constraints — Although a specific budget was not
initially established, the planning team members all expressed their interest in an efficient and
acceptable sampling and analysis approach.  The planning team recognized that the cost of
investigating and remediating the site was an important component of the cost analysis for the
overall redevelopment business decision.  The planning team agreed to submit the estimated cost
of this part of the overall site investigation for Acconada management approval before significant
resources were committed for data collection or remediation. 
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Although there were not specific budgetary constraints, there was a critical time
constraint.  Acconada management decided to remove the leaking drums within two weeks,
depending on equipment and personnel availability.  Acconada management would like to remove
any highly contaminated soil simultaneously with the removal of the drums so that acute risks
could be mitigated quickly and cost effectively.  Therefore, any sampling and decision making
about the soil associated with the drums had to occur concurrently with these drum removal
operations.  The planning team also recognized that there would need to be a second phase of
investigation to more thoroughly investigate risks.


Step 2:  Identify the Decision 


In this step, the principal study question will be made into a decision statement that will
address the contamination problem.


Identify the Principal Study Question — For the investigation of acute risks, the team
identified the principal study question as:  “Does this site pose a serious and/or immediate threat
to human health and the environment?”


Identify Alternative Actions that Could Result from Resolving the Principal Study
Question — The possible outcomes or actions that may result include: 


• remove the highly contaminated soil associated with the leaking drums, and/or implement
institutional or engineering controls to restrict access and potential exposure; versus


• leave the soil in place and include the area as part of the next phase of investigation.


Combine the Principal Study Question and Alternative Actions into A Decision Statement
— The team combined the alternative actions and the principal study question into a decision
statement:


 “Determine whether this site poses a serious and/or immediate threat to human health or
the environment and thus requires an immediate response action.”


Organize Multiple Decisions — The team decided to clarify the relationships among the
multiple decisions based on the information available at this time. The team considered it very
likely that following the immediate removal of the drums and associated soil if necessary, further
investigation would be required to determine whether or not the contamination posed an
unacceptable risk to human health and the environment.  Therefore, the team identified two
phases of investigation (see Figure C-3).  Phase 1 would address the drum removal and potential 
removal of soil in close proximity to the drums.  Phase 2 would address the larger area
surrounding Building A.  The team recognized that subsequent decisions would have to be made
if the Phase 2 area was found to pose an unacceptable risk.  However, the team decided that those
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Figure C-3.  Decision Diagram


subsequent decisions could
be addressed better after
evaluating the results of
Phase 2; hence those
subsequent decisions are not
shown in Figure C-3 and are
not addressed in this case
study.


Step 3:  Identify the Inputs
to the Decision


Here the study team
assembles all the relevant
information that bears on the
decision statement including
information on the
availability of chemical
methods, detection limits,
and specific sources for
needed information.


Identify the
Information that Will Be Required to Resolve the Decision Statement — The team gathered the
existing information, which included documentation of site activities, reports from the site
workers, and photographs of the site.  The team found the information consistent with their
current understanding of the problem.  


The team documented the visible soil stains, presumably from the drums, but they did not
discover any existing analytical data from the site.  The team decided that soil samples would be
required to confirm the reported contamination.  If the contamination posed a serious or
immediate threat, then the team anticipated that a removal action would be needed.  Specifically,
the team would require data to confirm the contamination and the contaminant(s) of concern. 


Determine the Sources for each Item of Information Identified —Much of the information
needed was already available to the planning team as described above.  The environmental data
would need to be generated through sampling and analysis of the soil and contents of the drums in
front of Building A.


Identify the Information Needed to Establish the Action Level—The information needed
to establish the action level includes the potential chemicals of concern (Chlordane) and existing
state and federal requirements or recommendations for clean-up levels. 







 1Strategic Diagnostics Inc.  1997.  User’s Guide for EnviroGardTM Chlordane in Soil Test Kit.
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Confirm that Appropriate Analytical Methods Exist to Provide the Necessary Data —
The severe time constraint for obtaining results and making a decision prompted the team to look
into field measurement methods.  Consultation with field sampling and laboratory analysis experts
confirmed that this investigation was an appropriate candidate for applying field measurement
techniques.  SW846 Draft Method 4041, Soil Screening for Chlordane by Immunoassay, is a
semi-quantitative procedure for determining whether Chlordane is present above or below specific
concentrations.  The lower limit of detection (LLD) is 14 ppb.  The lower end of the test range
can be calibrated as low as 20 ppb, which is the lower limit of quantitation (LLQ); the upper end
of the test range can be as high as necessary.  When exact concentrations of Chlordane are
required, traditional laboratory methods such as Method 8081 (gas chromatography) or Method
8270 (gas chromatography/mass spectrometry) can be used.  In addition, these methods can be
used to provide laboratory confirmation of the Method 4041 results.


Given the short time frame the planning team had in which to make a decision about the
soil surrounding the drums, the team agreed that they would use the screening method.  Prior to
making this decision, the team reviewed the performance of the screening method to make sure
the method would be appropriate for their intended use.  In addition, the team confirmed that test
kits are commercially available for Method 4041 (e.g., EnviroGardTM).  EnviroGardTM is accepted
by EPA for SW846 Draft Method 4041.  The average cost per sample is less than $20 (materials
only) and approximately 16 tests can be run in less than an hour.  Past field tests with this test kit
indicated a high degree of reliability.


The EnviroGardTM Chlordane in Soil Test Kit uses polyclonal antibodies that bind with
either Chlordane or Chlordane-Enzyme Conjugate.  More specifically, a 10 gram soil sample
containing Chlordane is added to a test tube containing Assay Diluent.  Then, Chlordane-Enzyme
Conjugate is added, which competes with Chlordane for antibody bonding sites.  The test tube is
incubated for 15 minutes after which time the unbound molecules are washed away.  A clear
solution of chromogenic substrate is added to the test tube which is converted to a blue color in
the presence of bound Chlordane-Enzyme Conjugate.  A sample with a low Chlordane
concentration allows the antibody to bind many Chlordane-Enzyme Conjugate molecules resulting
in a dark blue solution.  Conversely, in a high Chlordane concentration, fewer Chlordane-Enzyme
Conjugate molecules are bound to the antibodies resulting in a lighter blue solution.  In other
words, color development is inversely proportional to Chlordane concentration.  


The Chlordane level in a sample of unknown concentration is determined by comparison
to assay calibrator levels by visual comparison or with a spectrophotometer.1  Each test kit
includes three standard calibrators for Chlordane at 20, 100, and 600 ppb.  However, soil extracts
may be diluted to allow for interpretation at different concentrations of Chlordane.  For example,
if the expected range of Chlordane concentration exceeds 600 ppb, the soil extract may be diluted
1:10 in 90% methanol (as documented in the assay procedure).  This would allow for
interpretation at Chlordane concentrations of 200, 1000, and 6000 ppb (i.e., .2, 1, and 6 ppm). 







 2USEPA.  October, 1996.  Region I, EPA-New-England, Immunoassay Guidelines for Planning Environmental
Projects.


  3Strategic Diagnostics Inc. 1997.  User’s Guide for EnviroGardTM Chlordane in Soil Test Kit.
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While the range of concentration can be varied according to site conditions, note that the ratio for
interpreting Chlordane concentration remains unchanged.  For example, samples can be
interpreted by comparison to standard calibrators for 20, 100, 600 ppb or .2, 1, 6 ppm; the
concentrations for each set of calibrators is distinct, yet the ratio within each set is equivalent (i.e.,
1:5:30).  The action level or concentration of interest should be set at the middle calibrator
because the precision of an immunoassay is highest in the center of the working range.  


One important limitation of the test kit is that the test kit cannot differentiate between
Chlordane and other structurally similar compounds, but detects their presence to differing
degrees.  In other words, non-target compounds are cross-reactive in that they will compete for
the finite number of antibody binding sites.2  Cross-reactivity will impact the color development
and yield erroneous results.  Specifically, the presence of Endrin, Endosulfan I and II, Dieldrin,
and Heptachlor will cause positive test results at lower concentrations than Chlordane alone. 
However, Aldrin, Toxaphene, Lindane, Alpha-BHC, and Delta-BHC require higher
concentrations than Chlordane for a positive result.3  For this reason, the test kits are appropriate
only when there is existing information on the COC.  Accurate information on the concentration
range is less critical because the soil extract can be diluted and the assay performed again should
the sample test tube contain less color than the highest calibration tube (i.e., when the Chlordane
concentration exceeds that of the highest calibrator).


Step 4:  Define the Boundaries of the Study


The desired outputs from this step are: a detailed description of the characteristics that
define the population of interest, the spatial component of media addressed by the decision, the
time period in which samples will be taken and to which decisions apply, the smallest subarea
affected by the decision, and any practical constraints that could impact the sampling plan.


Specify the Characteristics that Define the Population of Interest — The Acconada site
manager was interested in identifying the worst-case conditions in the area of concern.  Therefore,
the team agreed that the target population for this investigation would be the surface soil that was
visibly stained.  The team also agreed that the characteristic of interest for that target population
was the concentration of Chlordane, although they recognized that they might find other
contaminants.  The team consulted the Superfund Soil Screening Guidance to define “stained
surface soil” as the top 2 centimeters of discolored soil in the area of concern.  The team
recognized that the leaked Chlordane might have penetrated further down into the soil, and that
any soil removal operations would have to consider greater depths of removal.  However,
sampling only the top 2 centimeters would minimize the chance of diluting the sample with
unstained soil that might lie under the surface.







 4USEPA.  1991.  Removal Program Representative Sampling Guidance, Volume 1-Soil.  PB92-963408.  Office of
Emergency and Remedial Response, Washington, DC.
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Define the Spatial Boundaries of the Decision — The boundaries for the site included the
area in front of Building A (excluding the paved loading dock area) where the drums are located
and where the stained soil is visible (see Figure C-1). 


Define the Temporal Boundaries of the Decision —The planning team did not anticipate
specific seasonal or daily variations that would significantly impact the data collection.  The key
temporal requirement was for the soil sampling to coincide with related drum removal activities so
that field engineers and the decision maker could evaluate results and address contingencies
efficiently.


Define the Scale of Decision Making —The team determined that the relatively small size
of the Phase 1 area of concern, together with the preferred soil removal technology, allowed for a
practical and cost-effective option to remediate the entire area containing the drums and stained
soil.  Therefore, they decided to designate the entire Phase 1 area of concern as the scale of
decision making.  The team agreed that a different approach to the scale of decision making might
be appropriate in Phase 2. 


Identify Any Practical Constraints on Data Collection — The team determined that no
sampling would be conducted on or under existing pavement.  The team acknowledged that
inclement weather might delay the sampling schedule.  In addition, testing with EnviroGardTM


should be performed at temperatures between 18 and 27EC (64 and 81EF) for optimal results, and
kit materials should be allowed to adjust to ambient temperature.  Any sampling data that would
be used to make the decision on removing soil would need to occur prior to or during the removal
of the drums.  Because the team had agreed to use the immunoassay test kits (e.g.,
EnviroGardTM), the number of samples would be constrained by the number of tests per kit for
maximum cost-effectiveness.  Each kit contains 20 tubes, which the team has decided to run as 16
tests with the other tubes used for quality control samples.  Therefore, the team would collect
samples in multiples of 16.  The potential problem of differing test kit performances due to soil
type and moisture content would be examined after collection of the data to determine if
significant bias was presented by the chemist and geologist.


Given that the objective was to identify worst-case conditions, and the target population
was defined as the surface soil that was visibly stained, the team agreed to use staff expertise to
determine the sampling locations, instead of implementing a probability-based sampling design. 
The team recognized that this application of judgmental sampling—where the subjective selection
of sampling locations is based on historical information, visual inspection, or best professional
judgment of the sampling team—was valid for this early investigation because the Phase 1
objective was to identify and confirm acutely hazardous conditions.4  However, the team also
recognized that their results and conclusions would have limitations.  They knew that their
measurements could not be extrapolated beyond the immediate locations at which samples were
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taken, and that the assumptions underlying most statistical procedures would not hold.  These
limitations were acceptable to the team because of the limited objective of Phase 1.  Regardless of
the outcome of Phase 1, the need for defensible conclusions about larger areas, based on valid
statistical inferences, would be addressed in Phase 2.


Step 5:  Develop a Decision Rule


In this step, all the information is reduced to an “if...then...” statistical decision rule that
defines the choice of actions for the decision maker.


Specify the Statistical Parameter that Characterizes the Population of Interest — The
contamination scenario describes a problem in which some areas may have much greater levels of
Chlordane than the surrounding areas, as evidenced by the visible stains around the  drums.  Given
this “hot spot” contamination scenario, and the team’s desire to find the worst areas as part of a
screening effort, the team selected the maximum concentration of Chlordane in surface soil as the
statistical parameter.  


Specify the Action Level for the Decision — The team reviewed readily available state and
federal regulatory requirements when establishing an action level for Chlordane.  The State of
Florida regulatory clean-up level was found to be 4.0 ppm for Chlordane-contaminated soil.  The
U.S. EPA soil screening level (SSL) for Chlordane was calculated to be slightly higher, at 4.7
ppm SSL for ingestion of Chlordane (a non-carcinogen) in residential soil.  The team agreed to
use the slightly more stringent state clean-up level of 4.0 ppm as the action level, to ensure that
areas known to be above the clean-up level were remediated as part of the removal effort.  The
team acknowledged that this was a judgment call based as much on potential community
perceptions as it was on risk management considerations.


Confirm that the Action Level Exceeds Measurement Detection Limits — The action level
of 4.0 ppm exceeds the lower limit of quantitation (LLQ) of SW846 Draft Method 4041, Soil
Screening for Chlordane by Immunoassay.  Specifically, the test range spans from a lower limit of
quantitation (LLQ) of 20 ppb, up to an unspecified maximum screening level. 


Combine the Outputs from the Previous DQO Steps and Develop a Decision Rule — The
team incorporated the statistical parameter that characterizes the population of interest, the scale
of decision making, and the action level.  They stated an operational decision rule that would
clarify what action to take based on the results of each sample:


If any one surface soil sample result from an area of visibly stained soil indicates a
concentration of Chlordane above 4 ppm, then remove at least the top 6 inches of soil in
the Phase 1 area of concern; otherwise do not remove the soil.
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Step 6:  Specify Limits on Decision Errors
 


The team already had agreed to use professional judgment to identify visibly stained soils
to sample and measure using field tests kits, hence the field sampling would not involve a
probability-based sampling design.  Consequently, there is no probability-based theory for reliably
estimating the magnitude of sampling errors, and any inferences would be confined to the sample
locations judgmentally selected in the field.  Nonetheless, the team recognized that it was still
possible to commit decision errors.  Measurement errors could occur during sample analysis. 
Sampling errors are caused by variability of Chlordane concentrations in the visibly stained soil
areas.  In the case of a judgmental design, the magnitude of sampling errors can not be reliably
estimated, although measurement error can be quantified. 


The team identified the two possible decision errors that they could make based on the
environmental data: 1) deciding that a visibly stained area is not contaminated with Chlordane at
or above 4 ppm when, in fact, the area is contaminated at or above 4 ppm; or 2) deciding that a
visibly stained area is contaminated with Chlordane at or above 4 ppm, when in fact, it is not.  In
the first case, unacceptable contamination would be left on-site, and in the second case, unneeded
remediation would be carried out.  Next, the team defined the null hypothesis and the alternate
hypothesis.  


Ho = visibly stained area is contaminated at or above 4 ppm
Ha = visibly stained area is not contaminated above 4 ppm


Once the null hypothesis was stated, the team identified the first decision error described
above as a Type I or false rejection error which occurs when the decision maker erroneously
rejects the null hypothesis.  A Type II error or false acceptance would occur when the decision
maker erroneously fails to reject the null hypothesis.  The types of decision errors and
consequences of those errors are summarized in the table below.


Test
Result


True
Value


Decision Error Tolerable
Decision Error
Rate


Consequences


< 4 ppm > 4 ppm False Rejection:  Test result is
below 4 ppm and remediation is
not needed when, in fact,
maximum Chlordane concentration
is equal to or above 4 ppm.


The team did not set
tolerable decision
error rates because, 
the judgmental
sampling approach
does not allow for the
assessment of whether
or not specific
decision error rate
limits have been
attained.


Threats to human
health and the
environment.


> 4 ppm < 4 ppm False Acceptance:  Test result is
equal to or above 4 ppm and soil
remediation is called for when, in
fact, maximum Chlordane
concentration is below 4 ppm.  


Unnecessary
expenditures for
further investigation
and/or remediation.







 5USEPA.  December, 1996.  Method 4041, Soil Screening for Chlordane by Immunoassay. 
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The team recognized that it would not be possible to assess whether or not specific
decision error rate limits were attained.  However, they did obtain quantitative data on
measurement method performance from the EPA web site and from Strategic Diagnostics, Inc.
(SDI), the company that sells EnviroGardTM Chlordane in Soil Test Kits.  The team viewed this
information about measurement method performance as a “best case” lower limit on the overall
decision error rate (i.e., without being able to know the decision error rate, they knew it had to be
greater than the measurement method error rate.  In a field trial, 32 soil samples were evaluated
by Method 4041 and Method 8080, a well-established laboratory method, at action levels of 1
ppm and 10 ppm.  Interpretation of results at 1 ppm resulted in 2 (6.3%) erroneous negative
results and 0 (0%) erroneous positive results.  Interpretation of results at 10 ppm resulted in 0
(0%) erroneous negative results and 2 (6.3%) erroneous positive results.5  When the team
reviewed this data, they noted that the erroneous results occurred when the true value (according
to Method 8080) was near the action level.  In addition, the team was aware that immunoassay
screening methods often have a positive bias to protect against erroneous negative results (i.e.,
missing contamination when it is truly there above the threshold).  According to SDI,
EnviroGardTM  Chlordane in Soil Test Kits have a 30% positive bias.  The team decided that the
overall performance of the measurement method was satisfactory.  


Step 7:  Optimize the Design 


What was unusual in Phase 1 was that the team had discussed the design well before they
reached Step 7 due to time constraints and the circumstances of this early Phase 1 investigation. 
They had agreed to use the immunoassay test kit with a judgmental sampling approach (i.e.,
nonprobabilistic sampling).  The team recognized that choosing a judgmental sampling design
instead of a probabilistic sampling scheme would mean that their conclusions would be limited to
the immediate vicinity in which a physical sample had been collected, based on the visual staining. 
The main question to be resolved in Step 7, given all the foregoing requirements and constraints
described in Steps 1 through 6, was how to implement the judgmental design in the field so that
there was a defensible protocol for selecting the sampling locations and making timely decisions
based on the results obtained.


The team reviewed documentation from other sites where Method 4041 had been used as
a screening tool.  The intended use of Method 4041 at Acconada was consistent with this
historical information.  In addition, the test kit manufacturers confirmed that the Phase 1 scenario
was an appropriate use of the test kit given that the team had existing information on the COC
and was prepared to conduct laboratory confirmation of the results.  Laboratory confirmation is
necessary because of cross-reactivity as described in Step 3.  Laboratory confirmation of the
results generated by Method 4041 would be conducted as well as laboratory analysis of samples
from the drums as Method 4041 cannot test pure product. 







 6Gilbert, R.O.  and P.G. Doctor. 1985.  “Determining the Number and Size of Soil Aliquots for Assessing Particulate
Contaminant Concentrations.”  Journal of Environmental Quality, 14:286-292. 
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The team discussed the issue of sample support because of their interest in obtaining
reliable estimates of the true concentration of Chlordane in the collected soil samples.  Research
has indicated that a larger number of 1-gram or 10-gram aliquots of soil are required to estimate
the true concentration of a field sample with specified accuracy as compared to 100-gram
aliquots.6  Although this research addressed multiple aliquots drawn from a larger mass of soil, the
basic concept that homogeneity of a soil sample increases as the number of particles increases
and/or the volume of individual particles decreases is relevant.  Given this information and that the
selected test kit requires a 10-gram soil sample, the team agreed to take 100-gram soil samples
that would be scooped from the top 2 cm of soil.  Each 100-gram soil sample would be
homogenized.  Then, using a standard subsampling procedure, a 10-gram aliquot would be
obtained and prepared for method extraction in accordance with Method 4041.  The team
reasoned that a 10-gram aliquot of a 100-gram homogenized sample would be more
representative of a particular area of stained soil than a 10-gram sample taken directly from that
area of stained soil.    


Before the test kit could be used, the team had to determine the appropriate dilution factor
based on the 4 ppm Chlordane action level.  The EnviroGardTM Test Kit includes standard
calibrators of 20, 100, and 600 ppb which would not permit a comparison at 4 ppm.  Therefore,
the team determined that  the sample assay would be diluted by a factor of 40, which would allow
for comparison at .8, 4, and 24 ppm Chlordane.  This is the appropriate dilution because the
action level is set in the center of the working range where the precision of an immunoassay is
best.  In this case, imprecision will increase as the concentration either increases or decreases from
4 ppm Chlordane.


The team discussed that the selected method and action level would require the analysis of
an aliquot of a diluted sample and how that dilution may affect the analytical results.  For the
proposed method, dilution occurs after extraction of the entire 10-gram soil sample.  Because an
aliquot is drawn from the extract, not the 10-gram sample of soil, the homogeneity of the sample
extract is expected to be higher than that of the soil sample.  As a result of this discussion, the
team agreed that analyzing aliquots of the diluted sample extract, in accordance with the method,
should result in acceptable method performance.


In light of the documentation from other sites, EPA, and the manufacturer of the test kits;
current knowledge of Acconada site conditions; understanding of the limitations of a judgmental
sampling design and Method 4041 performance; and the planned laboratory confirmation, the
team agreed that a judgmental sampling design using Method 4041 would be adequate for Phase
1 of the investigation.  Therefore, the sampling team proceeded to identify approximately 18 areas
of visibly stained soil.  They estimated that one sample would be taken from each of the 18
identified areas.  However, the team expected that two or more samples would be taken from the
areas that appeared to be less homogeneous in appearance, and the assay would be performed in
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duplicate to increase the precision of the test.  The team anticipated that in addition to the planned
samples and necessary QC samples, they may need to retest areas with ambiguous results or
sample other areas of interest that are identified during the sampling event.  The team agreed to
order 4 test kits, which would allow for 64 samples.  The results from the test kits would be used
to make removal decisions on-site.  In addition, all samples would be confirmed by laboratory
analysis.  While the confirmation data would not be available until after the removal effort had
been completed, this data would provide a measure of the test kit performance and would provide
additional information on site contamination for Phase 2 of this investigation.   


The team ordered the test kits, finalized the DQO outputs, and documented key
discussions and assumptions.  This information was a critical input for the next activity leading to
the Phase 1 data collection, the development of the QA Project Plan. 
 


EPILOGUE


The sampling and analysis described in Step 7 was completed in accordance with the QA
Project Plan.  The results indicated that most of the areas of visibly stained soil had positive
results for Chlordane.  Based on these results, the top six inches of contaminated soil was
removed with the drums located in front of Building A in accordance with RCRA and CERCLA
requirements.  A visual inspection indicated no remaining contamination.  One additional
judgmental sample was taken in each area where the drums had been located, and no Chlordane
was detected.  Further confirmation sampling was left for Phase 2.


Once the removal action was completed, the planning team began to address the potential
for unacceptable contamination in the larger area surrounding Building A.  The planning team
agreed to work through the DQO Process again as they began Phase 2 of the site assessment. 
The team anticipated that some of the DQO outputs would remain the same as those for the
removal action, but expected that the additional information that they had would be used to refine
the outputs for the current iteration.  In order to avoid duplication, the outputs that are not
changed in a substantive way from the previous outputs are simply summarized below.  However,
outputs that are significantly different are explained in more detail.


Step 1: State the Problem


Planning Team and CSM — The team and decision maker (i.e., the Acconada manager)
remain the same as in Phase 1.  The CSM (Figure C-2) is applicable for Phase 2, except that the
team was concerned about the possible release of contaminants other than Chlordane, given the
possibility that drums containing other contaminants may have been stored temporarily in other
parts of the Phase 2 area in the past.  The soil and drums in front of Building A were removed
based on the analytical results of Phase 1, which indicated that the area had been contaminated
with Chlordane.  It is possible that all of the unacceptably contaminated soil has not been removed
and a threat to human health and the environment remains.   
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The team anticipated that much of the contaminated soil was removed during Phase 1. 
However, the team recognized that there would be a potential for contamination in the areas
outside the Phase 1 area of concern as well as unacceptable contamination that was not detected
in Phase 1.  While there are no reports about waste containers being stored to the side or behind
Building A, the team considered it a possibility.  Furthermore, containers that were stored to the
sides or the back of Building A may have leaked or spilled prior to removal.  Working from this
scenario, the team agreed that they would search for anomalous areas of contamination (i.e., hot
spots) that were distinct from the general area around Building A.  


Define the Exposure Scenarios — The future use scenario (i.e., mixed-use), potential
receptors (i.e., primarily children through dermal exposure or ingestion), and current exposure
scenario (i.e., on-site personnel and visitors through direct physical contact with soil or by
inhalation of particles) remained the same as in Phase 1. 


Specify Available Resources and Constraints — Cost of investigating and remediating the
site for a residential future use scenario should be less than the value of the property.  Otherwise,
other land use alternatives would be considered before significant resources are committed for
data collection or remediation.  No practical constraints were identified for sampling or analysis. 
A 6-month target was set for resolving the contamination problem around Building A. 


Step 2: Identify the Decision


Principal Study Question —  Does site contamination pose an unacceptable risk to human
health and the environment?  The team defined unacceptable risk in terms of hot spots where
stored drums may have spilled or leaked.  


Alternative Actions — 


• Take a response action, such as remediate the soil, implement institutional or
engineering controls to restrict access and potential exposure, and/or recommend
further investigation; versus


• Recommend no further evaluation;


Decision Statement —Determine whether site contamination poses an unacceptable risk to
human health and the environment and requires further investigation or a response action (e.g.,
removal, remediation, engineering controls), or recommend that no further investigation is
needed.


Step 3: Identify Inputs to the Decision


Information Required to Resolve the Decision — The team reviewed the information that
already had been collected (i.e., documentation of site activities, reports from the site workers,
and photographs of the site).  In addition, the team reviewed the documentation from the Phase 1







Final
EPA QA/G-4HW January 2000C-15


data collection (e.g., DQOs, QA Project Plan, analytical results, remedial reports).  The team
agreed that new environmental data would be required to draw some conclusions about the other
areas around Building A. 
 


Information Sources —The environmental data would need to be generated through
sampling and analysis of soil around Building A.  However, the other information was already
available to the planning team.  The risk assessor reviewed the Phase 1 data (extent of
contamination as well as concentration) and the future use scenario.  The risk assessor’s primary
interest was to identify any areas where waste containers had been stored and if spills or leaks had
resulted. 


Confirm Appropriate Analytical Methods Exist— Method 8081 (gas chromatography) or
Method 8270 (gas chromatography/mass spectrometry) can be used to determine the
concentration of Chlordane in soil.  The team did not anticipate that Method 4041 would be used
as it had been in Phase 1 because the team was less knowledgeable about the nature of
contamination in the larger Phase 2 area of concern.  Therefore, laboratory methods would be
more appropriate should a more complex mixture of contaminants be present.


Step 4: Define the Study Boundaries


Characteristics of  the Population of Interest — The team agreed that the Phase 2
investigation would focus on surface soil around Building A, whether or not it was visibly stained. 
Therefore, the target population was defined as the top 2 cm of soil.  The characteristic of interest
was the concentration of Chlordane in the surface soil.  However, the team had recognized in
Step 1 that other contaminants may be present if drums containing contaminants other than
Chlordane has been stored in the Phase 2 area of concern.


Spatial Boundaries — The team defined the Phase 2 area of concern as the fenced area
surrounding Building A, but excluding the paved access area (Figure C-4).  The paved areas are
impractical to sample and no significant contamination is expected under the pavement as the area
has been paved for several decades.  The Phase 2 area is approximately 270 ft x 150 ft
(approximately 40,000 ft2).  However, the building and paved area accounted for approximately
12,000 ft2.  Therefore, the Phase 2 area of concern was approximately 28,000 ft2.  The team had
no existing data to use as a basis for further subdividing the site, nor any indication that further
subdivision was appropriate.


Temporal Boundaries —The team made no specification on when to collect data, nor
were there any concerns about cyclical phenomena that might affect the sampling and analysis. 


Size and Intensity of Hot Spots — The data from Phase 1 and the site history indicated
that drums were typically stored in clusters of four, the number of drums that would fit on a single
pallet.  If four drums were placed on a pallet, they could be contained in a circle with an
approximate diameter of 10 feet.  The Phase 1 data also indicated that a single positive
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measurement of Chlordane at or above 4 ppm (the action level in Phase 1) was sufficient to
identify an area of concern.  Therefore, the risk assessor decided that the hot spots in Phase 2
could be reliably observed by a single measurement at or above 4 ppm Chlordane.


Practical Constraints on Data Collection — No sampling would be done under existing
pavement.  Inclement weather could affect the sampling schedule. 


Step 5: Develop a Decision Rule


Confirm that Measurement Detection Limits are Appropriate — Method 8081 (gas
chromatography) or 8270 (gas chromatography/mass spectrometry) are appropriate for sampling
Chlordane and related chemicals.  The detection limit for both methods is well below 4 ppm.


Phase 2 Area of Concern


N


Paved Road


Location of Removed 55-Gallon
Drums and Stained Soil


Fence


Loading Area


Building A
Hazardous Materials,


etc.


Figure C-4.  Building A and Surrounding Area - Phase 2


Decision Rule — If at least one hot spot with a diameter of 10 ft or greater and at least a
4 ppm Chlordane concentration exists, then investigate the boundaries of the hot spot; otherwise
conclude that the Phase 2 area does not require remediation.


Step 6: Specify Limits on Decision Errors


Determine the Possible Range of the Parameter of Interest — The data from Phase 1
indicated that a range of 0-100 ppm Chlordane was appropriate. 


Define Both Types of Decision Errors, Consequences, and the Baseline Condition — The
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team identified the two possible decision errors that they could make based on the environmental
data.  Next, they established the consequences of those errors.


Decision Errors, Consequences, and the Baseline Condition — 


Decision Error Consequences


“Decide at least one hot spot with a diameter of 10 ft or
greater and at least a 4 ppm Chlordane concentration
does not exist and remediation is not necessary when, in
fact, a hot spot does exist.”  


Threats to human health and the
environment.


“Decide at least one hot spot with a diameter of 10 ft or
greater and at least a 4 ppm Chlordane concentration
does exist and remediation is necessary when, in fact, a
hot spot does not exist.”  


Unnecessary expenditures for
further investigation and/or
remediation.


The first decision error listed in the table above would occur when no single measurement
indicated a Chlordane concentration at or above 4 ppm.  This decision error could occur as a
result of measurement error, or if the hot spot was very heterogeneous, such that some areas
within the 10 foot diameter were below 4 ppm, while other areas were at or above 4 ppm.  The
second decision error listed above (i.e., deciding that at least one hot spot with a diameter of at
least 10 ft does exist and further investigation is necessary when, in fact, a hot spot does not exist)
could occur in two ways: (a) if an area of elevated concentration smaller than the defined hot spot
diameter of 10 ft happened to fall on a sampling grid location; or (b) if the laboratory erroneously
reports a Chlordane concentration of at least 4 ppm for a measurement at any sampling location.


The team agreed the baseline condition should be “at least one hot spot exists.”  The hot
spot is considered to exist with one positive measurement for Chlordane at or above 4 ppm. 
Therefore, the null and alternate hypothesis can be stated as:


Ho = at least one hot spot with a diameter of 10 ft or greater and at least a 4 ppm
Chlordane concentration exists.
Ha = at least one hot spot with a diameter of 10 ft or greater and at least a 4 ppm
Chlordane concentration does not exist.


The baseline condition establishes which of the decision errors described above is a false
rejection (Type I) error and which is the false acceptance (Type II) error.  A false rejection error
occurs when the decision maker rejects the null hypothesis in favor of the alternate hypothesis
based on the observation of misleading environmental data.  In other words, a false rejection error
would occur if the decision maker decides that a hot spot does not exist when, in fact, it does. 
Conversely, a false acceptance decision error occurs when the decision maker incorrectly fails to
reject the null hypothesis (i.e., when the decision maker decides that a hot spot does exist when, in
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fact, it does not.) 


Gray Region — No grey region is established for this phase of the study because there are
only two possible outcomes: a hot spot with a diameter of 10 feet or greater and at least a 4 ppm
Chlordane concentration exists or a hot spot does not exist. 


Tolerable Probability for Decision Errors — The team agreed that a 0.80 probability of
hitting a round hot-spot with a diameter of 10 feet or greater and at least a 4 ppm Chlordane
concentration was acceptable. 


Step 7:  Optimize the Design


The team wanted to be able to draw conclusions about the entire area that was sampled
and not just the precise sample locations.  As a result, the team did not consider a judgmental
sampling scheme for this iteration as they had in Phase 1.  The team evaluated a number of
probabilistic sampling schemes.  The team determined a grid design to be the most appropriate
design that would meet the specified DQOs.  


Grid sampling uses a specified pattern (e.g., square, triangular, rectangular, or hexagonal
grid) along which samples are taken at regular intervals.  The location of the first sample is chosen
at random and the remaining (n-1) sampling locations are placed according to the specified
pattern.  The advantage of grid sampling is that the target population is uniformly represented in
the sample.  In addition, grid sampling is practical to implement in the field.  Grid sampling is
commonly used when searching for hot spots.  One disadvantage of grid sampling is the
possibility that the grid will be aligned with some existing pattern of contamination. 


A square grid was selected over other grid shapes because it is simpler to implement in the
field.  Grid spacing is determined by the shape and size of hot spots as well as the desired
confidence of locating a hot spot of the specified shape and size.  The smaller a hot spot one is
trying to find, the more dense the grid needs to be.  An elliptically-shaped hot spot requires a finer
grid than a circular shape.  As discussed previously, the hot spots were expected to be circular
and at least 10 ft in diameter.  The team selected a sampling design that would detect a round hot-
spot (diameter 10 ft or greater) with 0.80 probability.  The team determined that a 9.9 foot square
grid would be required to meet the team’s DQOs.  This would require 285 samples locations to
cover the approximately 28,000 ft2 area of concern.  The team recognized that a 10 foot grid
would be more practical to implement in the field.  By increasing the grid size to 10 feet, and
maintaining a probability of detection at 0.80, a hot spot diameter of 10.1 feet could be detected
using the same number of samples.  The planning team decided this was acceptable.  The sampling
locations for the 10 foot square grid are shown in Figure C-5.  


While the team remained concerned about larger hot spots (diameter of 10 feet or
greater), they acknowledged that smaller sizes could occur.  Therefore, once the team had
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Building A


Paved Road


Loading Area


+   Eliminated sample locations
+    Sample locations


Phase 2 area of concern boundary


Figure C-5.  Phase 2 final sample locations with 52 sample
locations eliminated from initial plan


selected the grid size which met their constraints, they were interested to know the probability of
detecting hot spots of various sizes given the selected 10 foot grid size.  The probability of hitting
a hot spot (y) of a given diameter (x) is plotted in Figure C-6.  Furthermore, the team recognized
that these probabilities were somewhat higher than they could expect to achieve in practice
because of the somewhat idealized assumptions underlying the standard performance curve for
hot spot detection, as in Figure C-6 (e.g., homogeneity of contamination, uniform circular shape
of hot spot, measurement system that always detects presence of hot spots).  After discussing
these issues, the team remained in agreement that the 10 foot square grid was an adequate design.
 


Building A


Paved Road


Loading Area


+  Sample locations


Phase 2 area of concern boundary


Figure C-6.  Phase 2 initial sample locations based on 10
foot square grid
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Figure C-7.  Probability of hitting a hot spot with a
diameter of x feet given a 10 foot square grid


The team considered the sample locations shown in Figure C-5.  They noted that along the
eastern and western boundaries, sample locations were almost directly on the boundary line.  The
team choose to eliminate these locations from the design because they had been conservative in
establishing the boundary.  In addition, along the southern boundary of the area of concern,
sample locations were identified just at the edge of the paved loading area and road.  The team
opted to eliminate these locations from the design as well because the edges of the pavement were
not precise and would overlap many of these sample locations.  The team did not consider
eliminating any sample locations from the northern boundary because the sample locations were a
couple feet inside the boundary.  In sum, 52 samples were eliminated from the initial square
design for a revised total of 233 sample locations for Phase 2.  The estimated cost of
implementing a square grid design with 233 samples was within the budget.


Conclusion


Prior to Phase 2 sampling the team prepared a QA Project Plan as required, which
included documentation of the design illustrated in Figure C-7 and the related assumptions.  Phase
2 sampling was conducted in accordance with the QA Project Plan.  Analysis of the Phase 2 data
indicated Chlordane contamination above 4 ppm near the western side of the building.  Based on
these results, the team agreed that the next step for this site was to explore the boundaries of the
hot spot(s) before any remedial action was taken in a third phase of investigation.  Although a
description of the planning and implementation of Phase 3 is beyond the scope of this case study,
the Phase 3 investigation resulted in the delineation and removal of contaminated soil along the
west side of Building A.  
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APPENDIX D


PROBABILISTIC SAMPLING
DQO CASE STUDY: BLUE MOUNTAIN SMELTER


Background


The Blue Mountain Smelter site (Blue Mountain) is a 150-acre site located in the
southeastern United States, approximately one-half mile from the coast of the Gulf of Mexico. 
The elevation of the site is near sea-level and portions of the site are marshy.  Large petrochemical
and industrial complexes are located north and northeast of the site.  Industrial waste disposal
facilities and undeveloped marshy areas neighbor the site to the south and southwest.  Residential
areas are west and northwest of the site.


The water table is only a few feet below the ground surface.  Surface waters surrounding
the site are brackish with gradient flow toward the ocean (southeast).  Ground water flow follows
the gradient, towards the Gulf of Mexico.


Temperatures in this area range from 10-50 EF in winter to 70-110 EF in summer. 
Prevailing winds are from the northwest and are generally steady from 5-15 mph with gusts to 50-
70 mph during frequent summer thunderstorms.  Precipitation in the region is 100-150 inches per
year with 50 percent falling during the spring months (March through June).  The remaining 50-
75 inches of annual precipitation are distributed unevenly throughout the remaining months.  A
site plan depicting points of interest is shown in Figure D-1.


Tin smelting operations began at Blue Mountain in 1941.  The site ownership and plant
operation changed several times without major restructuring of smelting processes until copper
smelting operations were added in 1989.


Operations resulted in the production of a variety of wastes, many of which still remain,
untreated and onsite.  As of 1992, piles of residual smelting wastes covered approximately 10
acres of the site.  Iron-rich liquids were recovered using ponds averaging 10 feet deep and
covering about 80 acres of the site.  Oxidized ferric chloride collected in the ponds was sold to
wastewater treatment operators until 1983, when ferric chloride production ceased at Blue
Mountain because of changes in the smelting process.  A scrubber system used for removing
sulfur dioxide from stack emissions produced calcium sulfate (gypsum) sludge, which was also
ponded onsite (Figure D-1).


During the 1970s and 1980s, spent catalysts were stored onsite with minimal recovery
efforts.  Some uranium-bearing spent catalysts, considered to be low-level radioactive materials,
were buried in a permitted landfill located in the southern part of the site in 1978.  This landfill is
clearly delineated and monitored quarterly by a state agency.







Final
EPA QA/G-4HW January 2000D-2


Licensed closed
low-level


radioactive landfill


N


300 feet


building drainage
ditch


pond


slag pile


Figure D-1.  Blue Mountain Smelter Site Map


 In the early 1980s, a small area near the smelter building was leased for the processing of
still bottoms and waste oil from chemical and refining companies.  Several associated tanks and
drums and a small building remained at the time this study was conducted.  It is estimated that
buildings cover 15 acres of the site.  At the time the DQO Process was initiated, wastes remaining
from site activities had not yet been adequately characterized.


The Blue Mountain Smelter site was listed in the Comprehensive Emergency Response,
Compensation, and Liability Information System in 1979.  Based on its Hazard Ranking System
(HRS) score, this site was proposed to be added to the National Priorities List (NPL) in 1988,
and was placed on the NPL in 1990.  A neighboring industry purchased the onsite slag piles for
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recovery of metals, and thereby relieved the potentially responsible party (PRP) of removal and
disposal obligations for the slag wastes.


Site characterization efforts included early assessment remedial investigations for which
limited amounts of data were available for planning.  Preliminary onsite surface soil analyses
indicated concentrations of arsenic as high as 720 mg/kg; some analyses also indicated above
background levels of cadmium, copper, and mercury.


Because limited resources were available for this effort, the U.S. Environmental Protection
Agency (EPA) negotiated the consent of all stakeholders to treat this site as a pilot for the
Superfund Accelerated Cleanup Model (SACM).  Based on earlier site work, the treatment
decision was classified as an Advanced Assessment Decision, Phase I.


Step 1: State the Problem


This step summarizes the contamination problem, identifies members of the planning team,
develops a conceptual site model, and identifies exposure scenarios.


Identify Members of the Regional Decision Team-The planning or Regional Decision
Team (RDT) was led by the EPA Regional Remedial Project Manager (RPM) together with a
chemist from the EPA Regional Environmental Services Division (ESD), a risk assessor from the
EPA Regional Superfund office, a representative of the firm contracted by the PRP to conduct
remediation activities, a hydrogeologist, the EPA Regional Superfund Quality Assurance Officer,
a soil scientist with statistical training, and the site project manager representing the PRP.


Develop the Conceptual Site Model-Figure D-2 depicts the Conceptual Site Model
(CSM), which links the primary and secondary sources of contamination, the mechanisms of
release to the environment, the exposure pathways, and exposure routes to the receptors.  After
reviewing the CSM, the RDT identified soil contamination as the most critical issue that was not
already being addressed.  Therefore, for this DQO Process, they limited their focus to surface soil. 
Other media were being addressed under separate efforts and were, therefore, not a concern to
the RDT for this investigation.


The RDT listed residual metals from the smelting operations as the primary contaminants
of concern (COCs) at this site.  Sampling efforts undertaken during previous site investigation
activities revealed levels of arsenic as high as 720 mg/kg.  In addition, elevated levels of cadmium,
copper, and mercury had been found in some samples.  At the time of this study, no applicable or
relevant and appropriate requirements (ARARs) existed for surface soils contaminated with heavy
metals in an industrial setting.


Define Preliminary Exposure Scenarios-The RDT believed that sources of actual and
potential contamination were contaminants lying within six inches of the surface of the soil, in
ponds, in the landfill, in tanks and drums, and in visually identifiable slag piles.  The RDT assumed 
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Figure D-2 Conceptual Site Model
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an industrial future land use scenario for this site.  Based on the history of land use of the site and
surrounding area, residential and recreational future use scenarios seemed unreasonable. 


The primary exposure scenario at this site was determined to be heavy metal
contamination of the surface soils ingested or inhaled by onsite workers through wind-entrained
dusts (stirred up by direct contact).  All other exposure scenarios (e.g. airborne heavy metal
exposures to offsite residents and biota) were secondary to the primary exposure scenario and
were being addressed through other efforts.


Specify Available Resources and Constraints-The RDT’s funding for this study, which
was provided by the PRP, was approximately $50,000.  Based on the results of this study, the
team would address and finance subsequent work, such as the remedial design, with additional
funding.


Site workers and local residents living west and northwest of the site were concerned
about the chronic effects of the airborne dust and direct exposure to the contaminants of concern. 
A practical limit  of 6-12 months for completion of this study was well received in discussions
with residential and employee groups.


Step 2: Identify the Decision


This step requires the team to identify the decision that will address the contamination
problem.


Identify the Principal Study Question-As other primary sources of contamination were
either being removed or were being addressed in separate investigations, the RDT confined the
scope of their study to onsite surface soil.  The RDT believed that contaminated soil posed a
threat to the environment, primarily through ingestion and inhalation of wind-entrained dusts
caused by direct contact and, secondarily, through leaching of contaminants to ground water and
contaminant runoff to surface waters and sediments. The RDT identified as the following principal
study question: “Do the concentrations of heavy metals in the surface soil exceed risk-based
concentration limits?”


Identify Alternative Actions-The alternative actions that could result from the resolution
of the principal study question are: Recommend site status to be listed as Site Evaluation
Accomplished (SEA), or recommend further assessment or a possible response action.


Combine the Principal Study Question and the Alternative Actions into a Decision
Statement-The first action eliminates the need for further study or cleanup activities at this site,
the second necessitates additional assessment and/or cleanup work. The RDT combined these two
outcomes with the study question to formulate the decision statement:
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Determine whether heavy metal contamination of the surface soil poses a hazard to
worker health by exceeding risk-based concentration levels and warrants remediation, or
whether the contamination is less than the risk-based concentration levels and
investigators may proceed with a Site Evaluation Accomplished (SEA) determination.


Step 3: Identify Inputs to the Decision


In this step, the RDT identifies the types of information  needed to resolve the decision
statement and the method for obtaining this information. The RDT  identifies the information
required to resolve the decision statement, as well as the sources for each informational input. The
RDT then determines which health-based or risk-based criteria should be used to determine the
action level.  Finally, the appropriate measurement methods that will provide the necessary data
are identified.


Identify the Information Required to Resolve the Decision Statement-In order to
determine whether concentrations of metals in the surface soils exceeded risk-based concentration
limits the RDT needed to answer three questions:


C What types of heavy metals are present in the surface soils?
C What EPA human health risk measures exist to assess potential worker health


risks?
C Does the surface soil pose a hazard to worker health?


The RDT relied upon the Conceptual Site Model and site-specific risk assessment to develop
Preliminary Remediation Goals (PRG) for the contaminants that present the most risk to onsite
workers.  Although previously collected data would be used for initial estimates of contaminant
distribution and maximum contaminant concentrations, the RDT determined that they would need
to collect new environmental measurements to adequately resolve the whether the surface soil
poses a risk to worker health.


Determine The Sources For Each Informational Input-The RDT examined all of the
previously conducted surface soil studies at the site and found that four contaminants had been
observed at concentrations above background levels: arsenic, cadmium, copper, and mercury. 
Contaminant toxicity values for these four metals were gathered from the Integrated Risk
Information System (IRIS) and Health Effects Assessment Summary Tables (HEAST) for both
carcinogenic and noncarcinogenic effects (Table D-1).  The RDT then performed a concentration
toxicity screen for these contaminants, as suggested by Superfund DQO guidance (EPA, 1995). 
The results of this toxicity screen (Table D-2)  indicated that 99 percent of total risk to workers is
due to arsenic in the surface soils.  Thus, the RDT narrowed the list of COCs to only one
contaminant, arsenic.
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Table D-1.  Toxicity Information for Contaminants of Concern at Blue Mountain Smelter
Site
NONCARCINOGENIC TOXICITY


Oral Inhalation


Constituent RfD0  (mg/kg-day) Source RfDi  (mg/kg-day) Source


Arsenic 3.0E-04 IRIS -- --


Cadmium 1.0E-03 IRIS -- --


Copper 3.7E-02 HEAST -- --


Mercury 3.0E-04 HEAST 3.0E-04 IRIS


CARCINOGENIC TOXICITY


Oral Inhalation


Constituent SF0 (mg/kg/day)-1 Wt of
Evidence


Source Sfi  (mg/kg-day)-1 Wt of
Evidence


Source


Arsenic 1.5E+00 A IRIS 1.5E+01 A IRIS


Cadmium -- B1 EPA_ED10 6.3E+00 B1 IRIS


Copper -- -- -- -- -- --


Mercury -- -- -- -- -- --
Note: Wt of evidence rankings are based upon EPA Cancer Guidelines, which define Group A and Group B toxins as the


following:
Group A: Known human carcinogen.  Sufficient epidemiological evidence to support casual association
between exposure and cancer; and
Group B: Probable human carcinogen.  Limited evidence in epidemiologic studies (B1) and/or sufficient
evidence from animal studies (B2).
SF = cancer slope factor
RfD = reference dose
-- : these data had not been developed by EPA at the time of publication.


Table D-2.  Concentration Toxicity Screen for Contaminants of Concern at the Blue
Mountain Smelter Site


Noncarcinogenic
Contaminant Toxicity


Carcinogenic Contaminant
Toxicity


Onsite Soils


Constituent Oral RfD0


(mg/kg-day)
Inhalation
RfDi


(mg/kg-day)


Oral SF0


(mg/kg-day)-1
Inhalation  Sfi


(mg/kg-day)-1
Max.
Conc.
(mg/kg)


Risk
Factor


Percent of
Total Risk


Arsenic 3.0E-04 — 1.5E+00 1.5E+01 720.00 2.E+06 99


Cadmium 5.0E-04 — — 6.3E+00 .94 2.E+03 <1


Copper 3.7E-02 — -- — 130.00 4.E+03 <1


Mercury 3.0E-04 8.6E-05 — -- .18 6.E+02 ~0


Note: RfD = reference dose
SF = cancer slope factor
-- = data not available
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Identify The Information Needed to Establish The Action Level-At the time this study was
conducted, EPA’s policy was to remediate to a risk-based cleanup level between 10-6 to 10-4


excess risk of cancer and a noncarcinogenic hazard quotient (HQ) less than 1.0, as specified in the
preamble to the National Contingency Plan (40 CFR 300.430(e)(2)). A PRG for arsenic was
developed by the RDT to meet these risk-based levels.  In accordance with Risk Assessment
Guidance for Superfund: Volume I—Human Health Evaluation Manual (Part B, Development of
Risk-based Preliminary Remediation Goals, EPA/540/R-2/003) (EPA, 1991), the following site-
specific data were gathered: media of concern (surface soil), chemical of concern (arsenic), and
probable future land use scenario (industrial).  The RDT employed a site-specific risk assessment
to develop a PRG that met these criteria.


Confirm That Appropriate Measurement Methods Exist-The RDT selected  SW-846
method 7060 as the most appropriate analytical method for this investigation, providing the most
accuracy and precision available for measuring arsenic in soils.  Table D-3 presents a summary of
characteristics of the 7060 method.


Table D-3.  The Selected SW-846 Analytical Method for Measuring Arsenic in Surface Soil
Analyte Method Equiv.


Method
Principl
e


Bias
(R%)


Precision (RSD%) MDL
(mg/kg)


Cost
($/analysis)


Arsenic 7060 206.2 GFAA1 96 5 1 75
1GFAA = Graphite Furnace Atomic Absorption


Step 4: Define the Boundaries of the Study


In this step, the RDT further defines the limitations and interpretations of the DQO
analysis, determines the geographic and temporal boundaries and identifies economic and practical
constraints.


Identify the Spatial Boundaries-The site boundaries were selected as the geographical
boundaries for this study.  Because arsenic is generally water-insoluble and does not tend to
migrate in soil, the RDT  believed that contamination would not be likely to spread offsite, even
within a lengthy sampling and analysis time frame. The general stability of arsenic in soil gave the
RDT flexibility in planning sampling and analysis.


The spatial boundaries were based on concern over long-term exposure to workers. 
Although the depth of contamination was not known, the RDT decided that for initial planning
purposes the top 6 inches of soil was the limit to which onsite workers could be exposed. 
Although the RDT examined the possibility of worker exposure to soils deeper than 6 inches
during construction or excavation activities, the RDT decided that these exposures would
generally be short-term and would not pose a threat to worker health.


Specify the Scale of Decision-making-The scale of decision-making is defined as the
smallest unit to which the decision rule is applied. The goal of the RDT was to establish a scale of
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decision-making that minimized total costs of site investigation (planning, sampling, and analysis)
as well as remediation. The RDT wanted to balance the cost of sampling many small units, which
would require taking many samples, with the cost of taking fewer samples by delineating larger
sampling units. With smaller units the RDT would reduce  total remediation costs of the site's
surface soil by cleaning up smaller contaminated areas.  With larger areas the RDT would reduce
sampling and analysis costs by having fewer samples collected and analyzed. 


The RDT decided to divide the site into EUs.  An EU is the expected area over which an
individual may be exposed to contaminated media while performing routine activities during a
specified time.  The risk assessor assumed that the average time worked at the site was 8 hours a
day, 5 days a week over 30 years.  Over this time period, the worker spent time in a small area,
visiting other areas only occasionally and perhaps never visiting other more remote or inaccessible
areas.


The persons most likely to receive the highest doses of contamination were the onsite
workers.  Based on previous studies of similar sites, one half acre (21,840 sq. ft.) was considered
to be the smallest reasonable area covered by an onsite worker during daily industrial activities. 
Hence, for this soil cleanup effort, EU was defined as 21,840 square feet.


For this 150-acre site, the RDT determined that they needed to address approximately 45
acres of soil in this decision, after excluding buildings (15 acres), ponds (80 acres), and slag piles
(10 acres).  This area comprised approximately 90 EUs.


Identify the Temporal Boundaries-There was no additional temporal boundary placed on
the study since arsenic is relatively stable over time.  Therefore, it was not imperative that the
RDT investigate and remediate within a short time frame.  However, there was considerable
worker and public concern over on-going exposure at the site.  In order to minimize public
concern, the team planned on finishing this study within 6 to 12 months.  There were no
seasonally induced boundaries on sample collection activities since the climate of the area allowed
for year round sampling and arsenic concentrations in the surface soil were not known to fluctuate
with climate.


Identify Practical Constraints-Site samples had to be collected during the third plant shift
(11:00 p.m. - 7:00 a.m.) to avoid interference with routine daily plant activities.  A member of the
site owner’s security staff had to be employed to satisfy the owner’s legal and safety concerns.


Step 5: Develop a Decision Rule


In this step, the team combines the qualitative information about site contamination with
measurable, health-based concentration criteria in an “if...then..” statement called the decision
rule.
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Specify the Statistical Parameter Characterizing the Population of Interest-The RDT was
more concerned with the chronic health effects of arsenic contamination in the surface soil than
with acute effects.  In measuring the long-term effects of a heavy metal in the surface soil, risk
assessors use the mean concentrations of the COCs, because this parameter best represents the
random integration of exposure over the long term.  Hence, the RDT selected mean concentration
of arsenic within each EU (21,840 sq. ft.) as the most appropriate parameter characterizing the
population of interest.


Specify the Action Level for the Decision-The Preliminary Remedial Goal (PRG) that the
RDT calculated for arsenic in the surface soil was 600 mg/kg.  This PRG was calculated in
accordance with Risk Assessment Guidance for Superfund: Volume I—Human Health Evaluation
Manual (Part B, Development of Risk-based Preliminary Remediation Goals, EPA/540/R-2/003)
(EPA, 1991) and compared favorably with soil cleanup levels at other Superfund sites.  Soil
cleanup concentrations for arsenic have ranged from 70-200 mg/kg for sites with anticipated
future residential use to 500-1000 mg/kg for sites with anticipated industrial use.


The RDT selected an arsenic concentration of 600 mg/kg as the action level for this site. 
The detection limit of the analytical method proposed for this study (see Table D-3) was 600
times lower than the action level selected.


Develop The Decision Rule-The decision rule is as follows:


If the mean concentration of arsenic in the surface soil within an EU is less than 600
mg/kg, then do not study the EU further and consider Site Evaluation Accomplished.


Otherwise, if the mean concentration of arsenic in the surface soil within an EU is greater
than or equal to 600 mg/kg, then continue with investigation and/or remediation of this
EU.


Step 6: Specify Tolerable Limits on Decision Errors


In this step, the RDT establishes quantitative performance criteria for the sampling design. 
Tolerable probability values are assigned for each type of potential decision error. 


Determine The Possible Range of The Parameter of Interest-The highest soil
concentration of arsenic observed at this site in previous investigations was 720 mg/kg (see Table
D-2).  The RDT selected an arsenic concentration of 2000 mg/kg as a conservative maximum
mean concentration within an EU, after considering the known smelting activities at the site. 
Surface soil arsenic concentrations at previously studied smelter sites have generally been much
lower than 2000 mg/kg.  The lower limit for arsenic was set at 0 mg/kg, because arsenic is known
to occur naturally  in low levels in soil.
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Define Both Types of Decision Errors and Their Potential Consequences-Two potential
decision errors could be made based on interpreting sampling and analytical data:


Decision Error A: Concluding that the mean arsenic concentration within an EU was less than
600 mg/kg when it was truly greater than 600 mg/kg, or


Decision Error B: Concluding that the mean arsenic concentration within an EU was greater
than 600 mg/kg when it was truly less than 600 mg/kg.


The consequences of Decision Error A, incorrectly deciding an EU was “clean” (mean
arsenic concentration less than 600 mg/kg), would have immediate and future health implications,
because that EU would be listed as Site Evaluation Accomplished and would not be evaluated
further.  This decision would leave contaminated soil undetected and would likely increase health
risks for onsite workers.  Furthermore, future investigations of the site could reveal the true,
hazardous level of contamination, which could possibly present legal and credibility problems for
the EPA.


The consequences of Decision Error B, incorrectly deciding an EU was “not clean”
(mean arsenic concentration greater than or equal to 600 mg/kg), would cause the needless
expenditure of resources (e.g., funding, time, sampling crew labor, and analytical capacity).  As a
result, the RDT would be less capable of adequately responding to truly pressing problems at this
site (e.g., remediation of ponds and other contaminated areas).  Either these needs would not be
addressed, or limited EPA resources would be expended in order to complete the additional work. 
Furthermore, it is likely that the next phase of investigation would reveal the true benign level of
contamination, and the EPA could be accused of being overly cautious and wasteful.


After examining the consequences of both decision errors, the RPM decided that Decision
Error A, incorrectly deciding that the mean arsenic concentration is less than the action level of
600 mg/kg, posed more severe consequences because the true state of soil contamination ([As] >
600 mg/kg) could go undetected for months or even years, all the while exposing onsite workers
to unacceptable concentrations of arsenic.


Consequently, the baseline condition chosen for this site was that the mean arsenic
concentration within an EU was truly greater than or equal to the action level of 600 mg/kg. 


In statistical language, the baseline condition becomes the null hypothesis (H0) and the
alternative, the alternative hypothesis (Ha).  This can be written as:


H0:   [arsenic]mean $ 600 mg/kg
Ha:   [arsenic]mean < 600 mg/kg
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A false rejection decision error occurs when the null hypothesis is falsely rejected. In this
case, such an error would have occurred if the RDT decided that the mean was less than 600
mg/kg, when in fact, the true mean soil concentration was greater than or equal to 600 mg/kg.


A false acceptance decision error occurs when the null hypothesis is falsely accepted . In
this case, such an error would have occurred if the environmental data indicated that the mean
concentration was greater than or equal to 600 mg/kg when, in fact, the true concentration was
less than 600 mg/kg.


Specify the Boundaries of the Gray Region-The gray region defines a range that is less
than the action limit, but too close to the action limit to be considered “clean,” given uncertainty
in the data. When the null hypothesis (baseline condition) assumes that the site is contaminated (as
in this case study), the upper limit of the gray region is bounded by the action level; the lower
limit is determined by the decision maker. 


The RDT evaluated the potential of making false acceptance errors (determining
incorrectly that further investigation is not needed for the EU) and decided that it was very
important not to make false acceptance errors.  However, to decrease the likelihood of
committing false acceptance errors, the RDT would need greater confidence in the data that were
collected, which would require increased sampling and analysis (and increase total cost of the field
investigation).  Weighing the costs of increased sampling and analysis versus the costs of false
acceptance errors, the RDT chose 500 mg/kg as the desired lower limit for the gray region.


The RDT chose 500 mg/kg with the full understanding that this could be subsequently
altered depending on what occurred in Step 7 of the DQO Process.  The RDT was aware that
several iterations of the DQO Process could be necessary before settling on a final design to
collect the data.


Assign Probability Values to Decision Errors-Following The Data Quality Objectives
Process, (EPA QA/G-4) (EPA, 1994), the RDT initially set the allowable decision errors outside
the 500-600 mg/kg gray region at 1 percent (p = .01). This means that the RDT wanted to collect
and analyze enough samples so that the chance of making either a false rejection or a false
acceptance decision error was only one-in-a-hundred, an exceptionally stringent criterion that
would demand many samples.  The RDT planned to use DEFT [The Data Quality Objectives
Decision Error Feasibility Trials Software, (EPA QA/G-4D) (EPA, 1994)] to aid with
preliminary design in Step 7 and to explore other design options in order to optimize data quality
within the given budget of $50,000.  The RDT determined that the DEFT capabilities were
applicable to this problem and were adequate to support the initial design activities in Step 7.  The
information collected for this step of the DQO Process is summarized in Table D-4.
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Table D-4.  Initial Data Quality Criteria
Needed Parameter Criteria


Action Level 600 mg/kg


Gray Region 500-600 mg/kg


Null Hypothesis (H0) Mean [As] $ 600 mg/kg


False Acceptance
Decision Error Limit


chance of decision error = .01 at 500 mg/kg


False Rejection Decision
Error Limit


chance of decision error = .01 at 600 mg/kg


Step 7: Optimize the Design for Data Collection


In this final step of the DQO process, the RDT used the DQO criteria that were identified
in Steps 1 through 6 to explore the feasibility of various data collection alternatives.  This step
also allowed the RDT to identify and reject options that did not meet the DQOs (i.e., would not
produce data sufficient for the decision quality that was specified).  In so doing, it helped the RDT
discover which designs did not provide information of acceptable quality.


Review The DQO Outputs And Existing Environmental Data-Two factors drove the
RDT’s design decision: the cost and the quality of the environmental samples collected and
analyzed.  Their goal was to gather data of acceptable quality within the specified budget of
$50,000.  Using the SW-846 analytical method listed in Table D-3, the initial cost estimate for
collecting a field sample was $100, with a laboratory analysis cost of $75 per physical sample. 
The relative standard deviation (rsd) for the measurement was 5% (Table D-3) and so the
estimated measurement standard deviation for the method operating at the Action Level of 600
was then 30 (5% X 600).  Turning to the field variability component, the RDT decided to
consider the “worst case” scenario where the field variability is estimated at 10 times the
laboratory variability is the estimated field variability = 300.  Combining these variabilities
together to create the total variability (total variability = field variability + laboratory variability,
where the variability is in the form of the statistical variance) gives total variability  = 3002 + 302


=90900, giving the estimated total standard deviation as
90900 ' 302.


As the maximum observed value was 720 (Table D-2), this figure was deemed appropriate by the
RDT.


Identify General Data Collection Design Alternatives-The RDT considered two main
design alternatives: simple random sampling and composite sampling.  The RDT planned to first
explore was simple random sampling for 90 EUs.  The RDT would explore compositing and other
options only if the simple random alternative proved too costly.
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Formulate The Mathematical Expressions Necessary For Each Data Collection Design


Sample Size


The RDT used DEFT to explore the impacts of the design constraints described in the
previous sections.  For initial calculations, DEFT offered a simple random sampling strategy using
a t-test to calculate sample size.  This approach assumed that each sample collected would be
analyzed once, and that sampling and analysis variability was uniform for the set of samples
considered.  The sample size formulas used in the calculations was:


where ^F2 = estimated total variance,
zp = the pth percentile of the standard normal distribution,
"  = false rejection decision error rate,
$  = false acceptance decision error rate,
)  = the width of the gray region, and
n  = the number of samples.


Select the Sample Size That Satisfies the DQOs for Each Data Collection Design


Simple Random Sampling for Initial Data Quality Objectives


The RDT used the DEFT software to calculate the number of samples needed to meet the
initial false rejection and false acceptance error limits specified in Step 6. The DEFT inputs and
outputs for this sampling design are summarized in Table D-5.  Given the decision error limits of
1 percent, and a gray region from 500-600 mg/kg, the RDT could not afford to implement a
simple random sampling design for 90 EUs.  This design would have cost over $3.16 million to
implement and would have required that 200 samples be collected from each EU.  The Decision
Performance Goal Diagram generated by DEFT with the inputs for this design option is presented
in Figure D-3.  Since this design did not even come close to the $50,000 budget, the RDT decided
to explore the idea of composite sampling.


Composite Sampling for Initial Data Quality Objectives


DEFT was used to derive the required number of composite samples per DU.  The RDT
developed DEFT inputs for a composite sampling design in which eight “scoops” were collected
from each EU and combined for analysis.  Eight “scoops” was considered optimal by the RDT as
the field sampling crew was experienced with collecting units of eight, the QC criteria for eight
“scoops” clearly described, and from background evidence on the characteristics of the Blue
Mountain site, sufficient to be deemed enough to be representative of the are from which they 
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Table D-5.  DEFT Inputs and Outputs for SRS and Composite Sampling for the Initial and
Relaxed Error Limits for 90 EUs


Parameter Initial SRS Input Initial Composite
Input


Relaxed SRS
Input


Relaxed Composite
Input


Sampling Cost $100 ea. $40 ea. (per “scoop”) $100 ea. $40 ea. (per “scoop”)


Analytical Cost $75 ea. $75 ea. $75 ea. $75 ea.


Action Level 600 mg/kg 600 mg/kg 600 mg/kg 600 mg/kg
Gray Region 500-600 mg/kg 500-600 mg/kg 400-600 mg/kg 400-600 mg/kg


Null Hypothesis
(H0)


Mean [As] $ 600
mg/kg


Mean [As] $ 600
mg/kg


Mean [As] $ 600
mg/kg


Mean [As] $ 600
mg/kg


False Acceptance
Decision Error


500 mg/kg 
(p = .01)


500 mg/kg 
(p = .01)


400 mg/kg 
(p = .30)


400 mg/kg 
(p = .30)


False Rejection
Decision Error


600 mg/kg
(p = .01)


600 mg/kg
(p = .01)


600 mg/kg
(p = .05)


600 mg/kg
(p = .05)


Standard Deviation 302 mg/kg 302 mg/kg 302 mg/kg 302 mg/kg


Number of “scoops” N/A 8 N/A 8


Measurement SD/ N/A 0.099 N/A 0.099


Parameter Initial SRS
Output


Initial Composite
Output


Relaxed SRS
Output


Relaxed Composite
Output


Number
samples/EU


201 30 13 3


Cost/EU $35,175 $11,850 $2,275 $1,185


Total Cost $3,166,750 $1,066,500 $204,750 $106,650


were drawn.   The sampling cost for composite sampling was $40/scoop to reflect the lower cost
of collecting, bagging, labeling, and handling of scoops composited into a single sample the field. 
That means that the total cost of collecting one composite sample was $320 (i.e., $40 x 8).  This
one composite sample would then be analyzed in the laboratory for $75, so that the total cost of
obtaining arsenic concentrations averaged over 8 locations would be $395 (i.e., $320 + $75).  For
comparison, the cost of obtaining information from 8 locations individually through the simple
random sampling design would be $1,400 [i.e., ($100 x 8) + ($75 x 8)].


DEFT calculated that this design would have required that 30 samples be collected from
each EU, for a total cost of over $1 million.  The Decision Performance Goal Diagram generated
by DEFT for this composite sampling design is identical to the one generated for the simple
random sampling design, which is presented in Figure D-3.  The DEFT inputs and outputs for this
design are listed in Table D-5.  Since this composite sampling design far exceeded the given
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budget of $50,000, the RDT decided to return to Step 6, relax the decision error limits, and
expand the size of the gray region.


Simple Random Sampling with Relaxed Error Limits


The RDT discussed the potential consequences of both types of error again.  They
determined that, since they were not as concerned with making false acceptance errors (wrongly
remediating a "clean" EU), that they would relax this limit as far as the representatives of the PRP
would allow, which was 30 percent (p = .3).  They also agreed that, given the current and
suspected future use of the site, the false rejection error rate could be relaxed to 5 percent (p =
.05). In addition, they decided to enlarge the gray region from 500-600 mg/kg to 400-600 mg/kg. 
The DEFT inputs and outputs for this design are summarized in Table D-5.  This design would
have required that the RDT collect 13 samples per EU, for a total cost of $204,750.  The
Decision Performance Goal Diagram generated by DEFT with the inputs for this design is
presented in Figure D-4.  Since the cost of implementing this design was still about four times the
budget, the RDT decided to combine composite sampling with these relaxed decision error limits.


Composite Sampling with Relaxed Error Limits


Using the eight “scoop” model and reduced cost of sample collection ($40/scoop), the
RDT ran DEFT with the relaxed decision error limits and a wider gray region.  The DEFT inputs
and outputs for this design are summarized in Table D-5.  The Decision Performance Goal
Diagram generated by DEFT for these inputs was identical to the diagram generated for the
“relaxed” simple random sampling design shown in Figure D-4.  Although composite sampling
with relaxed error limits cut the total cost to $106,650 but still twice the allocated budget.


The RDT realized that they would have to find another means of generating an
appropriate design while remaining within budget.  To do this, they turned back to Step 4 of the
DQO Process, Define the Boundaries of the Study.


Revisiting Step 4: Simple Random Sampling for Larger Decision Units


The RDT recognized that one of the drivers of cost was the large number of EUs because
the sample sizes calculated based on the DQOs had to be applied to each of the 90 EUs.  The
RDT decided to re-examine the scale of decision making, which was discussed in Step 4, Define
the Boundaries.  After discussion of typical activities at this site, the risk assessor agreed that ½-
acre EUs might be overly conservative, and workers would probably integrate their exposure over
much larger areas over a 30-year period.  The RDT, therefore, considered partitioning the site
into larger Decision Units (DUs).


The RDT determined that they could divide the surface soil OU into four distinct areas
based upon the potential threat that the area posed to site workers.  The primary surface soils
about which they were concerned were those that were commonly traversed by the workers.  
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Figure D-3.  Decision Performance Goal Diagram for Initial DEFT Inputs
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Figure D-4.  Decision Performance Goal for Relaxed DEFT Inputs
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Figure D-5.  Blue Mountain Smelter Site Decision Units


They were also concerned about the surface soils near the slag piles and near the ponds, since
these areas were the sites of daily worker activities and would soon become the sites of remedial
activities (in some places, remediation had already begun).  They were least concerned about
remote portions of the site, where workers rarely ventured.  The RDT decided to split the site into
four distinctly different areas: near-building, near-slag pile, near-pond, and remote (Figure D-5). 
These four Decision Units were much larger than any of the 90 EUs considered earlier.  The
approximate surface area of each is listed in Table D-6.  Rather than collect data and make 
decisions for each of the smaller 90 EUs, the team decided to sample and make a decision for
each of the four DUs.


The consequences of both types of decision error were far greater for DUs than for EUs,
because DUs were so much larger and would result in more wasted resources if sampling falsely
indicated that contamination was above the action level, and would pose greater health
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Table D-6.  DEFT Inputs and Outputs for SRS for Four Decision Units


Parameter Near-bldg.
Input (7 acres)


Near-Slag Pile
Input (10 acres)


Near-Pond
Input (9 acres)


Remote Input
(19 acres)


Sampling Cost $100 ea. $100 ea. $100 ea. $100 ea.


Analytical Cost $75 ea. $75 ea. $75 ea. $75 ea.


Action Level 600 mg/kg 600 mg/kg 600 mg/kg 600 mg/kg


Gray Region 500-600 mg/kg 500-600 mg/kg 500-600 mg/kg 500-600 mg/kg


Null Hypothesis
(H0)


Mean [As] $ 
600 mg/kg


Mean [As] $ 
600 mg/kg


Mean [As] $ 
600 mg/kg


Mean [As] $ 
600 mg/kg


False
Acceptance
Decision Error
Limit


500 mg/kg
(p = .20)


500 mg/kg
(p = .20)


500 mg/kg
(p = .20)


500 mg/kg
(p = .20)


False Rejection
Decision Error
Limit


600 mg/kg
(p = .01)


600 mg/kg
(p = .05)


600 mg/kg
(p = .10)


600 mg/kg
(p = .20)


Standard
Deviation


302 mg/kg 302 mg/kg 302 mg/kg 302 mg/kg


Parameter Near-Bldg. SRS
Output


Near-Slag Pile
SRS Output


Near-Pond SRS
Output


Remote SRS
Output


Number of
Samples


95 58 42 27


Cost $16,625 $10,150 $7,350 $4,725


Total Cost for All Four DUs $38,850


consequences if sampling falsely indicated that they were below the action level.  Recognizing that
these larger units carried greater decision error consequences, the RDT revisited Step 6 of the
DQO process and produced limits of the decision errors that would apply to the DUs (Table D-6).


The team established a gray region of 500 to 600 mg/kg and a limit of 0.2 was assigned to
the false acceptance (deciding that the soil concentration is at least 600 mg/kg when, in fact, it
was 300 mg/kg) for three of the four DUs (near-building, near-slag pile, near-pond).  A similar
limit of 0.2 was assigned to the false acceptance for the remote DU.  Because this DU was much
larger than the other DUs and more seldomly visited by workers, the financial consequences of
making a decision to remediate this DU if it was, in fact, below the 600 mg/kg action level would
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be severe.  The consequences of false rejection errors, however, depended on the number of
persons likely to be exposed if the problem was not addressed.  Since most of the workers’ daily
activities occurred in the vicinity of the buildings, the RDT selected a limit of 0.01 for the
acceptable false rejection error rate in the near-building DU.  Fewer persons worked near the slag
and pond piles, so the RDT selected a limit of 0.05 and 0.1 respectively for these areas.  The RDT
selected limit of 0.2 for the remote areas, where no workers spent a significant amount of time. 
These limits are summarized in Table D-6.


DEFT calculated that the total cost of implementing the a simple random sampling design
that met the criteria discussed above to be $38,850, which fell well within the $50,000 budget for
site sampling and analysis.  This design would entail that 95 samples be collected from the near-
building DU, 58 samples be collected from the near-slag pile, 42 from the near-pond DUs, and
that 27 samples be collected from the remote DU.  Although acceptable, the RDT decided to
explore the possibility of composite sampling for a DU design.


Composite Sampling for Each Decision Unit


Composite sampling entailed combining soil samples collected within each DU and
analyzing all the composited samples.  This option reduced the number of samples needed to
estimate the mean arsenic level for each DU.  The team recognized that some information would
be lost if they chose this type of sampling, especially for DUs that tested above the action level. 
Composite sampling data from DUs that tested positive would not indicate the extent of
contaminated surface soil within the DU, whereas simple random sampling data provided more
information about contaminant localization within a DU.  The RDT noted that simple random
sampling data would be useful if data collected in this first round of sampling indicated that the
DU needed further investigation, because the RDT could use it to develop a better estimate of
variability for second round DQOs.  Regardless, the team wanted to explore the possible savings
using the compositing approach.


The DEFT inputs and outputs for this sampling design are presented in Table D-7.  The
total cost for the RDT to implement this design was $16,590, well within the $50,000 budget. 
The RDT then noted that if the original criteria of the probability of both decision errors being
0.01 had been adhered to, the total cost would have been $47,400 with 30 samples (each
containing 8 “scoops”) from each DU.


Select The Most Resource-effective Design That Satisfies All The DQOs-In the end, the
RDT decided to implement the simple random sampling for four DUs (shown in Table D-6). 
Although both the SRS and the composite designs for the DU model proved cost-effective, the
RDT felt that the simple random sample provided valuable information about contaminant
distribution that was lost under the composite design.  With a simple random sample, any DU for
which the hypothesis test result is negative (failure to reject the idea that the mean equals or
exceeds 600 mg/kg) can be easily located and would provide useful information about the extent
of contamination for a Phase II investigation.  However, if a sample that indicated that arsenic 
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Table D-7.  DEFT Inputs and Outputs for Composite Sampling for Four Decision Units


Parameter Near-bldg.
Input (7 acres)


Near-Slag Pile
Input (10 acres)


Near-Pond
Input (9 acres)


Remote Input
(19 acres)


Sampling Cost $40 ea. (per
scoop)


$40 ea. (per
scoop)


$40 ea. (per
scoop)


$40 ea. (per
scoop)


Analytical Cost $75 ea. $75 ea. $75 ea. $75 ea.


Action Level 600 mg/kg 600 mg/kg 600 mg/kg 600 mg/kg


Gray Region 500-600 mg/kg 500-600 mg/kg 500-600 mg/kg 500-600 mg/kg


Null Hypothesis
(H0)


Mean [As] $ 
600 mg/kg


Mean [As] $ 
600 mg/kg


Mean [As] $ 
600 mg/kg


Mean [As] $ 
600 mg/kg


False
Acceptance
Decision Error
Limit


500 mg/kg
(p = .20)


500 mg/kg
(p = .20)


500 mg/kg
(p = .20)


500 mg/kg
(p = .10)


False Rejection
Decision Error
Limit


600 mg/kg
(p = .01)


600 mg/kg
(p = .05)


600 mg/kg
(p = .10)


600 mg/kg
(p = .20)


Standard
Deviation


302 mg/kg 302 mg/kg 302 mg/kg 302 mg/kg


Number of
“scoops”


8 8 8 8


Measurement
SD/
Total SD


0.099 0.099 0.099 0.099


Parameter Near-Bldg.
Composite
Output


Near-Slag Pile
Composite
Output


Near-Pond
Composite
Output


Remote
Composite
Output


Number of
Samples


15 9 7 4


Cost $5,925 $3,555 $2,765 $1,580


Total Cost for All Four DUs $13,825
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contamination was greater than the action limit in a composite sample, the RDT would not know
if the high level of contamination was due to a single, highly contaminated “scoop,” or if it was
due to a number of moderately contaminated “scoops.”  The RDT decided that this additional
information about contaminant variability would provide them with a more complete idea of
arsenic contamination in the surface soil and could potentially save enormous future sampling
costs.


Conclusions and Results


After considering existing field data and toxicity information, the RDT decided to focus its
study on arsenic.  A concentration toxicity screen estimated that arsenic contributed
approximately 99 percent of the total risk to onsite workers.  New data were needed to decide
which, if any, of the 90 EUs had unacceptably high levels of arsenic.  The RDT utilized the DQO
Process to plan a study of arsenic contamination in surface soil.  The first pass through the
process (the 90-EU scale of decision making) did not end with a satisfactory sampling design.  All
alternatives exceeded the sampling and analysis budget.  A second pass through the process,
however, focused on larger DUs and concluded with an affordable design.


Design Alternatives-Decision error limits were established and DEFT software was used
to determine the best simple random sampling and composite sampling designs.  These designs all
had costs that far exceeded the $50,000 that was budgeted for sampling and analysis.


The RDT decided to divide the site into 4 different areas (DUs) and test these rather than
the 90 EUs.  Decision errors became more critical because the larger areas caused greater
consequences of the decision errors.  Decision error limits were set for each of the four areas, and
DEFT was used to find suitable simple random and compositing designs.  Although the
compositing design was less costly, the RDT elected to go with the simple random sample plan. 
If a problem area were found, the data from the simple random sample plan would then be useful
in determining the extent and distribution of contamination in that area.  Data from composited
samples would not serve that purpose.


DQO Outputs-The RDT developed a sampling and analysis plan that:


C Reflected the desired decision performance criteria and the known site situation;
C Provided a basis for project planners to develop a work/QA plan that, if implemented


correctly, would produce data of adequate quality and quantity for making the decisions
with the desired confidence;


C Developed a sampling design that did not exceed the allocated budget for this effort; and
C Considered future use of the data, ensuring that the data would be helpful in the event that


information was needed on the distribution and extent of contamination within decision
units.
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Statistical Assumptions-The formula used to determine sample size (equation 1, Step 7:
Optimize the Design for Data Collection) makes several important assumptions: Normality,
Independence, and Estimated Total Variability.  The first two assumptions are reasonably
impervious to minor failings and do not greatly affect the sample size; the Estimated Total
Variability, however, directly affects the sample size.  The more precisely this can be estimated or
controlled, the lower the number of samples required.  In this case, the RDT estimated the field
variability to be an order of magnitude greater than the laboratory variability as defined by the
standard deviation (standard deviation field = 10 times the standard deviation laboratory) leading
to a total standard deviation of 302.  If the RDT had defined it differently with respect to variance
(variance field = 10 times variance laboratory) it would have led to a total standard deviation of
99.5 (variance laboratory = 302, therefore variance field = 10 X 302, add together, then the square
root taken) and a much lower number of samples required.


This potential source of confusion can only be resolved by estimating the total variance
through preliminary sampling.  In this case the RDT elected to use the most conservative method
to estimate total variance as preliminary data was unavailable.  Using a large total variance when
it should be much smaller results in a diminuation of potential false rejection and false acceptance
decision error rates in decision-making.  Properly estimating the total variance enables the gray
region to be reduced to a minimum thereby improving decision making.


Results-The RDT completed its sampling design by selecting random sample locations
within each DU.  They then arranged for collection and analysis of the samples.  The data were
assessed using the DQA process and only one sample was found to have an arsenic concentration
significantly above the action level.  This sample was located in the area east of the former ore
storage building, indicating the possibility of some localized contamination (a hot spot).  Since
none of the other samples were significantly above the action level, the RDT turned its focus for
the second phase of their investigation to the development of DQOs for surface soils in the “near-
building” DU, adjacent to the former ore storage building.  The remainder of the site surface soil
was characterized as Site Evaluation Accomplished, as indicated by the decision rule of Step 5.
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Directive 9355.3-01FS3 


The Feasibility Study



Development And Screening

Of Remedial Action Alternatives



This  fact sheet is the third in a series of four 
that summarizes the remedial in
vestigation/feasibility study (RI/FS) process. 
The previous two fact sheets in this series 
discuss scoping the RI/FS (OSWER Directive 
No. 9355.3-0lFS1) and site characterization and 
treatability studies (OSWER Directive No. 
9355.3-01FS2). This fact sheet provides a 
summary of Chapter 4 of the Guidance for 
Conducting Remedial Investigations and 
Feasibility Studies Under CERCLA (October 


1988, OSWER Directive 9355.3-01), which 
discusses  the development and screening of 
alternatives for remedial action. In addition, 
this fact sheet provides information intended 
to assist the Remedial Project Manager (RPM) 
in managing this portion of the feasibility 
study (FS) efficiently and effectively. 


The FS process consists of the develop
ment and screening of remedial action 
alternatives and a detailed analysis of a 


limited number of the most promising options 
to establish the basis for a remedy selection 
decision. 


A range of viable alternatives should be 
developed that meet the remedial response 
objectives developed during scoping and 
refined as the study progresses. This range 
should reflect the program expectations to 
address the principal threats posed by the site 
(i.e., liquids and highly toxic and/or highly 
mobile waste) through treatment, and consider 
engineering controls (e.g., containment) to 
address low-level contaminated materials and 
wastes for which treatment is impracticable. 
Institutional controls should be considered 
primarily as supplements to engineering 
controls. 


In addition to the program expectations, RPMs 
should consider the types of response actions 
selected for other sites with similar problems 
or contaminants to identify only those 
remedial alternatives that carry high potential 
of being an effective solution for site 
problems. As appropriate, the range of source 
control alternatives should include options 
employing treatment as a principal element, 
one or more containment alternatives, and the 
no-action alternative. The major components 
that comprise the development and screening 
process are presented in Figure 1. 


Note: The no-action alternative is used as 
a baseline to compare other alternatives. 
Measures, such as actions taken to reduce 
the potential for exposure (e.g.. site 
fencing) should not be included as 
components of no-action alternatives. Such 
minimal actions should be studied as a 
separate, limited-action alternative. 
Environmental monitoring may be included 
as part of a no-action alternative. 
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Development and 
Screening Activities 


Establish Remedial Action 
Objectives 


The preliminary remedial action objectives 
identified during scoping are refined as 
necessary during this phase of the RI/FS to 
develop medium-specific goals for protecting 
human health and the environment. Remedial 
action objectives specify: 


• The contaminant(s) and media of concern 
• The exposure route(s) and receptor(s) 
•	 The remediation goal(s) for each exposure 


route 


An example of a remedial action objective is 
reducing concentrations of TCE in potable 
ground water to 5 ppb. 


The contaminants, media of concern, and 
exposure routes are the most important 
preliminary sources of information necessary 
for the development of alternatives. That is, 
the identification of appropriate remedial 
technologies can be initiated without 
identifying the final remediation goal or the 
exact  c leanup requirement .  These 
requirements will need to be identified prior to 
the detailed analysis of alternatives. 


During the development of alternatives, 
preliminary remediation goals are established 
based on readily available information such as 
applicable or relevant and appropriate 
requirements (ARARs). Whereas, final 
remediation goals take into consideration the 
results of site characterization and the 
baseline risk assessment. The baseline risk 
assessment defines the risks posed by a site 
and establishes the need (or lack thereof) for 
remedial action. 


Note: Identification of location- and 
chemical-specific ARARs, begun during 
scoping, should be completed during 
alternatives development. Examples of such 
requirements include: 


• Maximumcontaminant levels (MCLs) 
• Water quality criteria 
• State-action levels for drinking water 
• State air emission standards 


Develop General Response 
Actions 


General response actions are selected to 
satisfy the remedial action objectives for each 
medium of concern. These actions, initially 
defined during scoping, are refined during this 
phase and relate to basic methods of 
protection such as treatment or containment. 
General response actions may be combined to 
form alternatives such as treatment of highly 
toxic material with containment of the 
treatment residuals. 


The volume or area to which general response 
actions might be applied should be identified 
at this  time and based on: the exposure routes, 
the known nature and extent of contamination, 
and preliminary remediation goals and a 
preliminary list of action-specific ARARs. 
Action-specific ARARs set restrictions on 
particular remedial activities as related to the 
management of hazardous wastes. 


Identify and Screen Appropriate 
Technologies 


Throughout the RI/FS Guidance and this fact 
sheet, the term “technology” refers to general 
categories of technologies, such as chemical 
treatment or capping. The term “technology 
process option” refers to specific alternative 
processes  within each technology family, 
such as ion exchange or use of a soil clay cap. 


Note: Typical sources of information can 
be used to identity technology needs and to 
determine capabilities of technology 
process options include: 
• ORD technology experts 
• SITE program staff 
•	 Technology Screening Guide for 


Treatment of CERCLA Sludges and 
Soils (EPA/540/2-88/004, September 
1988) 


• Appendix D of the RI/FS Guidance 
• Contractor process engineers 
• Equipment vendors 


A list of potentially applicable technolo
gies and technology process options, 
corresponding to the identified general 
response actions, is compiled and then 
reduced by evaluating the process options 
with respect to technical implementability. 
That is, existing information on technologies 


and site characterization data are used to 
screen out process options that cannot be 
effectively implemented at the site. Figure 4-4 
of the RI/FS Guidance illustrates the 
necessary documentation for this evaluation 
of process implementability and can be 
included in the FS report. 


To the extent possible, design parameters for 
the technologies being considered should be 
identified to focus sampling efforts during the 
site characterization phase. Field investigation 
activities will be ongoing during the 
development and screening of alternatives 
due to the interactive nature of the RI and FS, 
which are conducted concurrently. 


Select Representative Process 
Options 


To simplify the development and evaluation of 
alternatives, one representative process 
option should be selected, if possible, for each 
technology type remaining after the technical 
implementability screening procedure.  
Effectiveness, implementability, and cost are 
the criteria used to evaluate and select 
representative process options (see page 3 for 
a description of these criteria). The sources of 
information used to identify the best 
representative process option are the same as 
those used to identify technology types. 
During remedial design, other process options 
may be selected if they are found to be more 
advantageous. 


Note: Given the performance  uncertainty 
often 
technologies, it may not be possib1e to 
evaluate innovative  process options on the 
same basis as conventional processes. If 
availabl e 
innovative  technologies will provide 
comparable 
performance, fewer or lesser adverse 
impacts, or lower cost for a 
of performance, they should be retained for 
further evaluation. 


innovative with assosciated 


that indicates information 


treatment superior or 


similar level 


Reevaluate Data Needs 


The need for additional data may become 
apparent after representative process options 
have been selected. Process engineers, 
equipment vendors, and PRP in-house 
engineers and chemists can help in 
de te rmin ing  which  da ta  a re  r e -
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quired to assess potential process limitations 
and which data are required to establish 
design criteria. 


Treatability studies are typically needed 
whenever treatment has been identified as a 
viable alternative. These studies provide data 
on technologies and their effectiveness on a 
specific waste found at a site. Treatability 
studies  may not be necessary in those 
instances where information already exists 
about a treatment process and its performance 
on the same type of waste found at the site. 


Assemble Technologies Into 
Alternatives 


To assemble alternatives, general response 
actions should be combined, using different 
process options applicable to different 
volumes of media or areas of the site, to meet 
all remedial action objectives. For example, an 
alternative might call for incinerating the most 
highly contaminated soil from a portion of the 
site, while capping other less contaminated 
areas. When combining alternatives, it is 
necessary to consider interactions between 
media, such as the interaction between ground 
water and soils through dissolution, 
precipitation, and adsorption processes. 
Consideration should also be given to how 
general response actions can be integrated in 
the most efficient ways. For example, residual 
streams  that could be addressed by two 
different response actions may be best 
handled together, such as sludge from a 
metals  precipitation process and ash from 
onsite incineration. A description of each 
alternative should be included in the FS 
report, including the logic behind the 
assembly of the specific remedial action 
alternatives. 


Screen Alternatives, If Required 


The alternative development process should 
focus only on the most viable options for site 
remediation. In the event that a large number 
of viable alternatives remains at the 
conclusion of the assembly of alternatives, an 
additional screening process should be used 
to limit the number of alternatives that must 
undergo the detailed analysis. 


Source control alternatives retained through 
the screening process should include those 
options that have a significant potential for 
being implemented at the site. The range of 
options that may be retained could include: 


• Treatment options that minimize 


long-term management requirements and 
address principal threats 


• Containment options, used either in 
conjunction with treatment or alone, that 
reduce exposure to waste 


•	 A no-action alternative (which should be 
maintained throughout the analysis) 


Note: Generally no more than five source 
control alternatives should be carried 
through to detailed analysis. Fewer 
alternatives may be appropriate in the case 
of an early action where options are 
limited or obvious, or when program 
guidance or ARARs establish appropriate 
alternatives. 


For ground-water response actions, 
alternatives should not only address 
remediation or clean-up levels but also the 
estimated time frame within which these 
clean-up levels  might be achieved. Although 
the goal of ground-water response actions is 
to return the ground water to its beneficial 
uses  (i.e., health-based levels should be 
achieved for potentially drinkable water), it 
should be recognized that it may not always 
be practicable to attain this goal. 
Contingencies may need to be planned for and 
discussed in the Record of Decision (see 
Cons idera t ions  in  Ground  Water  
Remediation at Superfund Sites, October 
1989, OSWER Directive No. 9355.4-03). 
Information on the range of alternatives for 
groundwater remedial response actions may 
be found in the Guidance on Remedial 
Actions for Contaminated Groundwater at 
Superfund Sites (December 1988, OSWER 
Directive No. 9283.1-2). 


During screening, each alternative should be 
evaluated with regard to: 


•	 Short- and long-tern effectiveness and 
reductions achieved in toxicity, mobility, 
or volume 


•	 Implementability including technical and 
administrative feasibility 


• Grossly disproportionate cost 


The “short-term” is considered to be the 
remedial construction and implementation 
period, while “long-term” begins once the 
remedial action is complete and remedial 
action objectives have been met. 


Technical feasibility includes the ability to 
construct, reliably operate, and meet 
regulations, as well as the ability to meet the 
operations and maintenance, replacement, and 


monitoring requirements after completion of 
the remedial action. Administrative feasibility 
includes the ability to obtain approvals from 
other agencies; the availability of treatment, 
storage, and disposal services; and the 
availability of equipment and technical 
expertise. 


The objective of the cost evaluation is to 
eliminate from further consideration those 
alternatives whose costs are grossly excessive 
for the effectiveness they provide. Cost 
estimates for alternatives should be 
sufficiently accurate to continue to support 
resulting decisions when their accuracy 
improves beyond the screening level. Capital, 
O&M, and present worth costs should be 
determined. Documentation of the screening 
process, if conducted, is required, Figure 4-5 
of the RI/FS Guidance provides an example of 
adequate documentation. 


Note: Potential action-specific ARARs, 
identified earlier, in the process, are 
evaluated further with respect to the 
remaining remedial action alternatives. 
This process continues until the 
comparative  analysis of he detailed 
analysis. By this time all action-specific 
ARARs must be identified. 


Development and 
Screening Deliverables 


Although generally no formal report is 
required during this phase of the FS, it is 
important that the lead and the support 
agencies agree in writing on the set of 
alternatives selected for detailed analysis. 
Based on agreement between the lead and 
support agencies, the following information 
should be documented in the FS report, which 
is submitted following the detailed analysis of 
alternatives: 
•	 Chemical- and/or risk-based remedial 


objectives 
•	 Technologies evaluated and reasons for 


exclusion or inclusion 
• Process option representation rationale 
•	 Rationale for screening out alternatives, if 


applicable 
•	 Clear, concise description of each 


alternative, including its respective 
chemical-, location-, and action-specific 
ARARs 


The Detailed Analysis Fact Sheet con
tains a further description of the con-
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tents of the FS report (OSWER Directive No. 
9355.3-01FS4.) 


RPM Responsibilities 


The RPM is responsible for managing this 
phase of the FS and specifically to ensure that 
adequate technical support is provided and 
that control of the project’s schedule and cost 
is maintained. 


Technical Supervision 


Activities needed to ensure that adequate 
technical supervision is provided during the 
development and screening of alternatives 
include: 


•	 Communication with the support agency, 
the contractor, and other technical 
experts (i.e., members of the Technical 
Advisory Committee [TAC]) to obtain 
e a r l y  a g r e e m e n t  o n  t h e  
technologies /a l ternat ives  to  be 
considered and on ARARs. 


•	 It may be appropriate for ORD’s START 
team to be included on the TAC when 
treatment will be considered for complex 
or difficult to treat waste. See the Scoping 
Fact Sheet (OSWER Directive No. 9355.3-
01FSl) for additional information on the 
START team and other technical experts. 


• Emphasize, and provide direction to the 
contractor or potentially responsible 
parties (PRPs) (if it is a PRP-lead RI/FS), 
on the need to focus the effort to identify 
and screen technologies so that only a 
reasonable range of viable alternatives is 
developed. 


Schedule and Cost Control 


Recommendations that should aid in schedule 
and cost control of this phase of the RI/FS 
include the following: 


•	 Hold frequent meetings or conference 
calls  to monitor progress. These meetings 
can be informal, with discussion focusing 
on work plan activities that need to be 
accomplished in the immediate future and 
the status of in-progress tasks that 


should be completed. Avoid creating 
delays associated with the preparation of 
lengthy deliverables to monitor progress. 


•	 Review contractor monthly financial 
statements and make sure all costs are 
reasonable and justifiable. If appropriate, 
monthly financial statements should be 
supplemented by talking with the 
contractor’s project manager about the 
schedule and budget. 


•	 Control the schedule for inter- and 
intra-agency reviews, and schedule 
review meetings in advance to emphasize 
the deadlines for completion of reviews. 


•	 Understand the significance of the labor 
hour cost to determine if the most 
efficient staffing levels are being used. 


•	 Anticipate cost and schedule problems 
based on the contractor’s previous 
month’s performance and take actions to 
minimize cost overruns and schedule 
delays. 


Enforcement 
Considerations 


The development and screening of remedial 
alternatives is conducted much the same 
whether it is being financed by the Fund or by 
PRPs. If this phase of the RI/FS is being 
conducted by the PRPs, they will review, and 
if necessary, propose refinement of the 
remedial action objectives proposed by EPA 
during the project planning phase. Revision of 
the objectives is subject to EPA approval. 
After refinement of the remedial action 
objectives, the PRPs will typically conduct, 
under the oversight of EPA, all aspects of this 
phase of the FS. It is suggested that EPA 
reviews be scheduled after: screening 
technologies and process options, assembling 
alternatives, screening alternatives, and 
identifying action-specific ARARs. Additional 
information describing PRP participation in the 
RI/FS and EPA’s oversight role can be found 
in Appendix A of the RI/FS Guidance and in 
OWPE’s Model Statement of Work for PRP-
Conducted Remedial Investigations and 
Feasibility Studies (June 2, 1989). 


Points to Remember 


• Apply the framework provided by the 
RI/FS Guidance appropriately, and 
avoid trying to satisfy each step 
unnecessarily. 


• Begin the development of alternatives 
as soon as preliminary information on 
site characteristics is available. 


• Draw on the experience of contractor 
process engineers, vendors, ORD, and 
other RPMs to help identify appropriate 
technologies and process options. 


• Focus alternative development only on 
the most 
remediation. Generally, no more then 
five sitewide source control options 
should be analyzed in detail. 


• Conduct alternatives screening when 
more alternatives have been developed 
than can reasonably be evaluated. 


• To the extent possible, identify design 
parameters for the technologies being 
considered so that relevant data can be 
collected during site characterization. 


• Develop 
innovative  technologies and retain for 
detailed analysis if they have the 
potential for comparable or superior 
treatment performance, fewer or lesser 
adverse impacts, or lower costs for a 
similar level of performance than a 
conventional technology. 


• Communicate with key personnel, 
including the TAC, throughout this 
portion of the FS. 


• Establishproject management controls 
such as status meetings. 


• Closely monitor PRP activities. 


site for options viable 


involving alternatives 
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This fact sheet describes the role of cost in the selection of remedial actions under the Comprehensive 
Environmental Response, Compensation, and Liability Act (CERCLA, commonly referred to as Superfund).  Cost is 
a central factor in all Superfund remedy selection decisions.  The objective of this fact sheet is to clarify the current 
role of cost as established in existing law, regulation, and policy.  This fact sheet does not elevate or establish a new 
role for cost in the Superfund program, but rather describes the current role of cost as established by the Superfund 
statute (CERCLA) and the Superfund regulations (the National Oil and Hazardous Substances Contingency Plan 
(NCP)),  and as expanded upon in EPA guidance. 


Through the distribution of this fact sheet, EPA hopes to ensure that all stakeholders involved in the 
Superfund process fully understand the important role that cost plays in remedy selection under existing law and policy, 
and to summarize recent initiatives aimed at enhancing the cost-effectiveness of remedial actions. These  initiatives 
include the National Remedy Review Board, Remedy Selection Rules of Thumb, and Updating Remedy Decisions. 
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Understanding the role of cost in the 
Superfund remedy selection process requires an 
understanding of  the  statutory  and  regulatory 
provisions that guide this process.  CERCLA 
established five principal requirements for the 
selection of remedies. Remedies must: 


1)	 Protect human health and the environment; 


2)	 Comply with applicable or relevant and 
appropriate requirements (ARARs) unless a 
waiver is justified; 


3)	 Be cost-effective; 


4)	 Utilize permanent solutions and alternative 
treatment technologies or resource recovery 
technologies to the maximum extent 
practicable; and 


5)	 Satisfy a preference for treatment as a 
principal element, or provide an explanation 
in the Record of Decision (ROD) why the 
preference was not met. 


The NCP sets forth the Remedial 
Investigation/Feasibility Study (RI/FS) process for 
gathering the information necessary to select a remedy 
that is appropriate for the site and fulfills these 
statutory mandates.  The RI includes sampling and 
analysis to characterize the nature and extent of site 
contamination, performance of a baseline risk 
assessment to assess the current and potential future 
risks to human health and the environment posed by 
that contamination, and the conduct of treatability 
studies to evaluate the potential costs and effectiveness 
of treatment or recovery technologies in reducing the 
toxicity, mobility, or volume of specific site waste. 
The FS includes the development and screening of 
alternative remedial actions, and the detailed 
evaluation and comparison of the final candidate 
cleanup options. Typically, a range of options is 
developed during the FS concurrently with the RI site 
characterization, with the results of each influencing 
the other in an iterative fashion. 


The NCP also lays out a two-step selection 
process, in which a preferred remedial action is 
presented to the public for comment in a Proposed 
Plan, which summarizes preliminary conclusions as to 
why that option appears most favorable based on the 
information available and considered during the FS. 
Following the receipt and evaluation of public 
comments on the Proposed Plan, which may include 
new information (e.g., a fuller view of community 
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input on the options, new information on technology 
performance), the decision maker makes a final 
decision and documents the selected remedy in a ROD. 
For a general discussion of this process, see EPA's 
"Guidance for Conducting Remedial Investigations 
and Feasibility Studies Under CERCLA Interim 
Final," OSWER Directive 9355.3-01, October 1988, 
and "Guide to Selecting Superfund Remedial Actions," 
OSWER Directive 9355.0-27FS, hereinafter referred to 
as the RI/FS Guidance and the Remedy Selection 
Guidance, respectively. 


In addition to the items discussed in more detail 
below, it is important to keep in mind that remedial 
action costs are influenced, in general, by the quality 
of the conceptual site model (CSM), which is a three-
dimensional “picture” of site conditions that illustrates 
contaminant distributions, release mechanisms, 
exposure pathways, migration routes, and potential 
receptors.  The CSM documents current site conditions 
and is supported by maps, cross sections, and site 
diagrams that illustrate what is known about human 
and environmental exposure through contaminant 
release and migration to potential receptors.  It is 
initially developed during the scoping phase of the 
RI/FS, and modified as additional information 
becomes available. Careful evaluation of site risks, 
incorporating reasonable assumptions about exposure 
scenarios and expected future land use, and the 
definition of principal threat waste generally 
warranting treatment, help to prevent implementation 
of costly remediation programs that may not be 
warranted. 


In addition, EPA expects that the appropriately 
consistent application of existing national policy and 
guidance will result in the selection of cost-effective 
remedies. Guidance that promotes cost-effective 
decision making includes the Presumptive Remedy 
series, Soil Screening Guidance, and Land Use 
Guidance.  For more information, see OSWER 
Directives 9355.0 - 47FS, 9355.4-14FSA, and 9355.7-
04, respectively. 
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During the first step of the FS, a range of remedial 
alternatives is developed and then screened in order to 
identify those alternatives that should be considered in 
more detail.  Cost estimates developed for each option 
comprise  the short- and long-term cost of remediation, 
including capital costs (e.g., the costs to put remedial 
technology in place, including those for equipment, 


labor, materials, and services), and the annual costs of 
operations and maintenance (O & M) for the entire 
period during which such activities will be required. 
Costs should be discounted to a common base year to 
evaluate expenditures over time. A discount rate of 
seven percent before taxes and after inflation should be 
used to account for the time value of money (see 
“Revisions to OMB Circular A-94 on Guidelines and 
Discount Rates for Benefit-Cost Analysis,” OSWER 
Directive 9355.3-20, June 25, 1993).  A  more 
complete description of remedial action cost estimating 
can be found in the RI/FS Guidance. 
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In elaborating the RI/FS process, the NCP 
instructs decision makers on how to implement both 
the mandate to utilize permanent solutions and 
treatment to the maximum extent practicable and the 
requirement to select remedial actions that are cost-
effective.  Specifically, the NCP establishes the 
program goal and expectations found at 40 CFR 
300.430(a)(1)(iii) (See Exhibit 1).  These expectations 
identify the appropriate methods of protection which 
generally should guide the development of cleanup 
options for common types of site situations, while 
allowing flexibility to modify these expectations to take 
into account truly unique site circumstances. 


The NCP states that the overall goal of the remedy 
selection process is "to select remedies that are 
protective of human health and the environment, that 
maintain protection over time, and that minimize 
untreated waste" (40 CFR 300.430(a)(1)(i)). This goal 
reflects CERCLA's emphasis on treatment as the 
preferred method of protection.  However, recognizing 
that CERCLA tempers its emphasis on permanent 
solutions and treatment through the addition of the 
qualifier "to the maximum extent practicable," and 
also contains the co-equal mandate for remedies to be 
cost-effective, the NCP goes on to state that, in 
general, “EPA expects to use treatment to address the 
principal threats posed by a site, wherever practicable. 
Principal threats for which treatment is most likely to 
be appropriate include liquids, areas contaminated 
with high concentrations of toxic compounds, and 
highly mobile materials” (40 CFR 
300.430(a)(1)(iii)(A)) (see "A Guide to Principal 
Threat and Low Level Threat Wastes," Publication 
9380.3-06FS, November 1991). 


At the same time, "EPA expects to use 
engineering controls, such as containment, for waste 
that poses a relatively low long-term threat or where 
treatment is impracticable," and to combine these 


2








������� � 


������� ����������	� 


Protection of human health and the 
environment can be achieved through a variety of 
methods: treatment to destroy or reduce the inherent 
hazards posed by hazardous substances, engineering 
controls (such as containment), and institutional 
controls to prevent exposure to hazardous substances. 
The NCP sets out the types of remedies that are 
expected to result from the remedy selection process 
(Sec. 300.430(a)(1)(iii)). 


� Treat principal threats, wherever practicable. 
Principal threats for which treatment is most 
likely to be appropriate are characterized as: 


� Areas contaminated with high 
concentrations of toxic compounds; 


� Liquids and other highly mobile materials; 
� Contaminated media (e.g., contaminated 


ground water, sediment, soil) that pose 
significant risk of exposure; or 


� Media containing contaminant 
concentrations several orders of magnitude 
above health-based levels. 


�	 Appropriate remedies often will combine 
treatment and containment. For a specific site, 
treatment of the principal threats(s) may be 
combined with containment of treatment 
residuals and low-level contaminated material. 


�	 Containment will be considered for wastes that 
pose a relatively low long-term threat or where 
treatment is impracticable.  These include 
wastes that are near health-based levels, are 
substantially immobile, or otherwise can be 


methods and use of institutional controls, as 
appropriate, at sites with both types of contaminated 
materials (40 CFR 300.430(a)(1)(iii)(B) and (C)). 


In addition, “EPA expects to use institutional 
controls such as water use and deed restrictions to 
supplement engineering controls as appropriate for 
short- and long-term management to prevent or limit 
exposure to hazardous substances, pollutants, or 
contaminants. . .. The use of institutional controls shall 
not substitute for active response measures (e.g., 


reliably contained over long periods of time; wastes 
that are technically difficult to treat or for which 
treatment is infeasible or unavailable; situations 
where treatment-based remedies would result in 
greater overall risk to human health or the 
environment during implementation due to potential 
explosiveness, volatilization, or other materials 
handling problems; or sites that are extraordinarily 
large where the scope of the problem may make 
treatment of all wastes impracticable, such as 
municipal landfills or mining sites. 


�	 Institutional controls are most useful as a 
supplement to engineering controls for short-
and long-term management.  Institutional 
controls (e.g., deed restrictions, prohibitions of 
well construction) are important in controlling 
exposure during remedial action implementation 
and as a supplement to long-term engineering 
controls. Institutional controls alone should not 
substitute for more active measures (treatment or 
containment) unless such active measures are 
found to be impracticable. 


�	 Innovative technologies should be considered 
if they offer the potential for comparable or 
superior treatment performance, fewer/lesser 
adverse impacts, or lower costs for similar 
levels of performance than demonstrated 
technologies. 


�	 Ground waters will be returned to their 
beneficial uses wherever practicable within a 
timeframe that is reasonable given the 
particular circumstances of the site.  


treatment and/or containment of source material, 
restoration of ground waters to their beneficial uses) as 
the sole remedy unless such active measures are 
determined not to be practicable, based on the 
balancing of trade-offs among alternatives that is 
conducted during the selection of remedy” (40 CFR 
300.430(a)(1)(iii)(D)). 


The NCP also contains the following expectation 
for Ground Water Response Actions: "EPA expects to 
return usable ground waters to their beneficial uses 
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whenever practicable, within a time frame that is 
reasonable given the particular circumstances of the 
site. When restoration of ground water to beneficial 
uses is not practicable, EPA expects to prevent further 
migration of the plume, prevent exposure to the 
contaminated ground water, and evaluate further risk 
reduction" (40 CFR 300.430(a)(1)(iii)(F)). This 
recognizes that there may be particular site 
circumstances (e.g., DNAPL in fractured bedrock) 
where complete restoration will not be practicable. 


These Superfund program expectations guide the 
development of remedial alternatives during the FS. 
Although cost is not a specific element of the 
Superfund program expectations, the recognition that 
different waste management approaches (i.e., 
combinations of treatment, containment, and 
institutional controls) may be appropriate at different 
sites depending on the types of threats posed, reflects 
a "built-in" sensitivity to the issue of cost in the 
Superfund remedy selection process (e.g., large sums 
of money should not be spent treating low-level threat 
wastes). These expectations reflect EPA's belief that 
certain source materials are generally addressed best 
through treatment because of technical uncertainties 
regarding the long-term reliability of containment of 
these materials, and/or the serious consequences of 
exposure should a release occur.  These expectations 
also reflect the conclusion that other source materials 
generally can be reliably contained. 
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The NCP describes cost as one of three 
"screening" criteria (the others being effectiveness and 
implementability) used to identify higher cost 
alternatives that should not be carried forward for 
detailed evaluation.  Alternatives may be screened out 
if they: 


1.	 Provide "effectiveness and implementability 
similar to that of another alternative by employing 
a similar method of treatment or engineering 
control, but at greater cost" (40 CFR 
300.430(e)(7)(iii)). 


2.	 Have costs that are "grossly excessive compared to 
[their] overall effectiveness" (40 CFR 
300.430(e)(7)(iii)). For example, the costs 
associated with treating a complex mixture  of 
heterogeneous  wastes  without  discrete  hot 
spots  (e.g., a large municipal landfill) would 
likely be considered excessive in comparison to 
the effectiveness of such treatment. As a result, a 


treatment alternative for such a site would likely 
be eliminated from consideration during the 
screening process. 


Cost estimates at the alternative screening stage 
should focus on relative, rather than absolute, 
accuracy. At the screening stage, it may also be 
unnecessary to evaluate costs that are common to all 
alternatives. 
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The purpose of the detailed analysis is to 
objectively assess the alternatives with respect to nine 
evaluation criteria that implement the statutory 
provisions of CERCLA section 121.  This analysis 
consists of an individual evaluation of each alternative 
with respect to each criterion, and a comparison of 
options designed to determine the relative performance 
of the alternatives and identify major trade-offs among 
them (i.e., relative advantages and disadvantages) with 
respect to the same factors. 


The decision maker uses information assembled 
and evaluated during the detailed analysis in selecting 
a remedial action.  Cost estimates at the detailed 
analysis stage should capture all remedial costs and, 
whenever possible, should provide an accuracy of +50 
percent to -30 percent.  Sensitivity analysis may be 
warranted if a cost estimate might vary significantly 
with relatively small changes in the underlying 
assumptions, especially those concerning the effective 
life of a remedial action, the O & M costs, the duration 
of cleanup, site characteristics (e.g., volume of 
contaminated material), and the discount rate (RI/FS 
Guidance, page 6-12). 


The actual process of selecting a Superfund 
remedy is the decision making bridge between 
development of remedial alternatives during the FS 
and documentation of the selected remedy in a ROD. 
The process begins with the identification of a 
preferred remedial alternative from among those 
developed in the FS. This preferred alternative is then 
presented to the public for comment in the form of a 
Proposed Plan. Based on the review of public 
comments, a final remedy selection decision is made 
and documented in a ROD. 
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Cost is a critical factor in the process of 
identifying a preferred remedy.  In fact, CERCLA and 
the NCP require that every remedy selected must be 
cost-effective.  A brief summary of the relationship 
between the nine remedy selection criteria and the five 
principal statutory remedy selection requirements will 
provide a useful context for a discussion of the role of 
cost in the remedy selection process.  For a more 
detailed discussion of the nine criteria and the remedy 
selection process in general, see EPA's Remedy 
Selection Guidance. 
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During the remedy selection process, nine 
evaluation criteria are considered in distinct groups 
which play specific roles in working toward the 
selection of a remedy that satisfies the five principal 
statutory requirements.  The nine evaluation criteria 
include two "threshold" criteria, five "balancing" 
criteria (including cost), and two "modifying" criteria 
(state and community acceptance), as illustrated in 
Exhibit 2. The modifying criteria are considered to the 
extent possible during the process leading up to and 
including the Proposed Plan, and are fully considered 
after public comments on that plan have been received. 
Following receipt and consideration of public 
comments, including any new information they might 
contain, the decision maker makes a final decision 
which is documented in the ROD. 


The first two statutory requirements -- protection 
of human health and the environment, and compliance 
with ARARs (unless a waiver is justified) --  are 
embodied   in  the  two  threshold criteria. A remedial 
alternative must satisfy these two requirements to be 
eligible for further evaluation against the other seven 
factors. 


Advantages and disadvantages of alternatives that 
satisfy the threshold criteria are balanced using the five 
balancing criteria, and the two modifying criteria (if 
there is enough information to consider these latter 
criteria in advance of the formal public comment 
process).  This balancing determines which option 
represents the remedy that utilizes "permanent 
solutions and alternative treatment technologies or 
resource recovery technologies to the maximum extent 
practicable” (MEP) for that site (40 CFR 
300.430(f)(1)(ii) (E)). The decision maker considers the 
statutory preference for treatment as an “overlay” to 
inform and direct this balancing (id.). 


The alternatives are also separately evaluated 
against a subset of the criteria to make the 
determination of which option(s) satisfy the statutory 
cost-effectiveness. A remedial alternative is cost-
effective if its “costs are proportional to its overall 
effectiveness” (40 CFR 300.430(f)(1)(ii)(D)).  Overall 
effectiveness of a remedial alternative is determined by 
evaluating the following three of the five balancing 
criteria: long-term   effectiveness   and  permanence; 
reduction  in toxicity, mobility and volume (TMV) 


through treatment; and short-term effectiveness (See 
Exhibit 3).  Overall effectiveness is then compared to 
cost to determine whether the remedy is cost-effective 
(id.). 


Cost considerations are therefore factored into the 
balancing of alternatives in two ways.   Cost is factored 
into the determination of cost-effectiveness, as 
described above. And, cost is evaluated along with the 
other balancing criteria in determining which option 
represents the practicable extent to which permanent 
solutions and treatment or resource recovery 
technologies can be used at the site.  This balancing 
emphasizes two of the five criteria (long-term 
effectiveness and permanence, and reduction of TMV 
through treatment) (40 CFR 300.430(f)(1)(ii)(E)). 
However, in practice, decisions typically will turn on 
the criteria that distinguish the different cleanup 
options most. The expectations anticipate some of the 
likely tradeoffs in several common situations, although 
site-specific factors will always play a role. 
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Section 121 of CERCLA specifies that all 
remedial actions must "meet any Federal standards, 
requirements, criteria or limitations that are 
determined to be legally applicable or relevant and 
appropriate requirements." Specific statutes cited in 
CERCLA that might present such an ARAR include 
the Solid Waste Disposal Act, the Toxic Substances 
Control Act, the Safe Drinking Water Act, the Clean 
Air Act, the Clean Water Act, and the Marine 
Protection Research and Sanctuaries Act.  In addition 
to the Federal ARAR requirement, remedial actions 
must meet any applicable or relevant and appropriate 
promulgated State standard, requirement, criterion or 
limitation if it is more stringent than the corresponding 
Federal requirement.  As previously discussed, 
compliance with ARARs is one of the two threshold 
criteria for the selection of a preferred remedy. 
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NINE CRITERIA STATUTORY FINDINGS 


PROTECTION OF HUMAN HEALTH 
AND THE ENVIRONMENT 


PROTECTION OF HUMAN HEALTH 
AND THE ENVIRONMENT 


COMPLIANCE WITH ARARs COMPLIANCE WITH ARARs OR 
JUSTIFICATION OF A WAIVER 


LONG-TERM EFFECTIVENESS 
AND PERMANENCE 


TOXICITY, MOBILITY, OR 
VOLUME REDUCTION 
THROUGH TREATMENT 


SHORT-TERM EFFECTIVENESS 


COST-EFFECTIVENESS 


UTILIZATION OF PERMANENT 
SOLUTIONS AND TREATMENT OR 
RECOVERY TO THE MAXIMUM 
EXTENT PRACTICABLE ("MEP") IMPLEMENTABILITY 


COST 


STATE AGENCY ACCEPTANCE 


COMMUNITY ACCEPTANCE 


PREFERENCE FOR TREATMENT AS A 
PRINCIPAL ELEMENT OR EXPLANATION AS 
TO WHY PREFERENCE NOT SATISFIED 


Cost is not a factor in the identification of ARARs. 
However, CERCLA authorizes the waiver of an ARAR 
with respect to a remedial alternative if any one of six 
bases exist (See Exhibit 4).  As described below, cost 
may be a consideration with respect to determining 
whether a technical impracticability, equivalent level 
of performance, or Fund-balancing waiver
warranted. 
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Cost is relevant to the technical impracticability 
waiver, because engineering feasibility is ultimately 
limited by cost.  EPA has stated that cost can be 
considered in evaluating technical impracticability, 
although it "should generally play a subordinate role" 
and should not be a major factor unless compliance 
would be "inordinately costly" (55 FR at 8748, March 
8, 1990)  Thus, the role of cost in evaluating technical 
impracticability is more limited than in the general 
balancing of tradeoffs with respect to the remedy 
selection criteria, but cost may be considered in certain 
cases. 
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This waiver is available when an alternative will 
provide a level of performance equivalent to that 
required by the ARAR, but through an alternative 
design or method of operation.  While cost is not 
considered in evaluating equivalence, this waiver can 
provide cost-saving flexibility in selecting remedies. 
Alternative, less expensive technologies that attain the 
same outcome (e.g., concentration of residuals) should 
be explored before concluding that a highly costly 
approach must be adopted because it is an action-
specific ARAR. 
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For Fund-financed remedies, the fund-balancing 
waiver may be invoked when compliance with an 
ARAR would not provide a balance between the need 
to provide protection at a site and the need to address 
other sites.  EPA's policy is to consider this waiver 
when the total cost of a remedy is greater than four 
times the national average cost of remediating an 
operable unit (currently, 4x$10 million, or
million), or in other cases where "EPA determines 
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LONG-TERM EFFECTIVENESS 
AND PERMANENCE 


• MAGNITUDE OF RESIDUAL RISK 
• ADEQUACY AND RELIABILITY OF 


CONTROLS 


REDUCTION OF TOXICITY, MOBILITY, 
OR VOLUME THROUGH TREATMENT 


• TREATMENT PROCESS USED AND 
MATERIALS TREATED 


• AMOUNT OF HAZARDOUS MATERIALS DESTROYED 
OR TREATED 


• DEGREE OF EXPECTED REDUCTIONS IN TOXICITY, 
MOBILITY, AND VOLUME 


• DEGREE TO WHICH TREATMENT IS IRREVERSIBLE 
• TYPE AND QUANTITY OF RESIDUALS REMAINING 


AFTER TREATMENT 


• CAPITAL COSTS 
• OPERATIONS AND 


MAINTENANCE COSTS 
• PRESENT WORTH COST 


COST 


SHORT-TERM EFFECTIVENESS 


• PROTECTION OF COMMUNITY DURING 
REMEDIAL ACTIONS 


• PROTECTION OF WORKERS DURING 
REMEDIAL ACTIONS 


• ENVIRONMENTAL IMPACTS 
• TIME UNTIL REMEDIAL OBJECTIVES 


ARE ACHIEVED 


COST
EFFECTIVENESS 
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that the single site expenditure would place a 
disproportionate burden on the fund" (55 FR at 8750). 
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Even when waivers are not available, the NCP 
provides opportunity for cost-savings in achieving 
cleanup goals.  For example, the NCP requires cleanup 
to relevant and appropriate Maximum Contaminant 
Levels (MCLs) and non-zero MCL goals (MCLGs) 
when remediating contaminated ground water whose 
beneficial use is as a drinking water source.  However, 
the time frame over which the MCLs must be achieved 
may be adjusted, depending on such factors as whether 
the aquifer is currently being used or likely to be 
needed in the near future. In some cases, allowing for 
an extended time frame to achieve cleanup standards 
provides the opportunity to develop less intensive, 
lower cost alternatives. 
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The Administrative reforms announced in October 
1995 include several initiatives that are intended, in 
part, to control remedy costs and further facilitate the 
achievement of cost-effective cleanup. 
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The National Remedy Review Board brings 
together senior EPA technical and policy experts to 
review and make recommendations on proposed 
cleanup actions at sites where the estimated cost for the 
preferred alternative is more than $30 million, or more 
than $10 million and 50% greater than the cost of the 
least costly, protective, ARAR-compliant alternative. 
Regional decision makers are expected to give the 
Board's recommendations substantial weight. However, 
other important factors may influence the final 
Regional decision, such as public comment or 
technical analysis of remedial options. This reform 
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does not supersede any delegated decision making 
authority. 
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Rules of thumb consist of key principles and 
expectations corresponding to three major policy areas 
in the remedy selection process:  assessment and 
management of risk; treatment of principal threats 
versus containment of low-level threat waste; and 
ground water response actions.  The purpose of this 
initiative is to promote consistent, reasonable, and 
cost-effective decision making through the appropriate 
application of national policy and guidance.  In 
addition, EPA is developing a set of "Management 
Review Triggers" that will flag senior EPA 
management attention to specific aspects of proposed 
remedies that should be examined closely to ensure 
they are justified by site-specific conditions. Together, 
rules of thumb and management triggers will become 
part of a standard list of Superfund issues on which 
Headquarters, Regions and States work together to 
ensure appropriate application of national policy and 
guidance. 
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The purpose of this reform is to encourage 
Superfund RODs. These updates are intended to bring 
past remedy decisions into line with the current state 
of knowledge with respect to remediation science and 
technology, and in so doing to improve the cost-
effectiveness of site remediation while ensuring 
reliable protection of human health and the appropriate 
changes to remedies selected in existing  environment. 
The primary focus of the “Update” reform effort will 
be ground water sites, as ground water science has 
advanced a great deal since the inception of the 
Superfund program.  Three basic types of updates will 


be emphasized, although other types of updates are not 
excluded: a) where new remediation technology is 
available; b) where remediation objectives or 
approaches need revision; and c) where streamlining 
of a ground water monitoring program is reasonable. 
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1.	 The alternative is an interim measure that will 
become part of a total remedial action that will attain 
the ARAR; 


2.	 Compliance with the requirement will result in 
greater risk to human health and the environment than 
other alternatives; 


3.	 Compliance with the requirement is technically 
impracticable from an engineering perspective; 


4.	 The alternative will attain a standard of performance 
that is equivalent to that required under the otherwise 
applicable standard, requirement, or limitation 
through use of another method; 


5.	 With respect to a state requirement, the state has not 
consistently applied, or demonstrated the intention to 
consistently apply, the promulgated requirement in 
similar circumstances at other remedial actions within 
the state; or 


6.	 For Fund-financed response actions only, an 
alternative that attains the ARAR will not provide a 
balance between the need for protection of human 
health and the environment at the site and the 
availability of Fund monies to respond to other sites. 


NOTICE: The policies set out in this memorandum are intended solely as guidance.  They are not intended, nor can they be relied upon, to create 
any rights enforceable by any party in litigation with the United States.  EPA officials may decide to follow the guidance provided in this 
memorandum, or to act at variance with the guidance, based on an analysis of specific site circumstances.  The Agency also reserves the right to 
change this guidance at any time without public notice. 
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